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Abstract

The purpose of the research is to study of the features of the fauna of wild ungulates helminths on the different regions
of the Belarus.

Materials and methods. The research was carried out in the State Research-Production Association "The Scientifically-
Practical Center of the National Academy of Sciences of Belarus for bio-resources" and in forestry farms of Belarus. The
distribution of ungulates in winter was studied using winter route counts. GPS receivers were used for a reliable assessment
of biotope confinement. We used the method of counting game animals by year-round mapping of encounters and tracks
with the help of thermal imagers. To assess the seasonal distribution, the structure of the biocenosis was compared with
the distribution of wild ungulate species on it. To assess the species selectivity of a certain biocenosis, the share of the
species in the biotope and the share of this biotope in the farm were determined. The G-test was used to analyze the
obtained materials. Animal feces were examined using the McMaster, sedimentation, and flotation methods.

Results and discussion. It is determined that in the model forest areas, the red deer dominates in the structure of ungulates.
Biotopes with stand density above 0.6 ungulates sem. Reindeer are used to an insignificant extent (K=-0.2, G =42.7, P = 0.03).
The biotopic distribution of roe deer in spring and autumn does not differ significantly (G = 116.7, P = 0.01). At this time, animals
prefer areas with a predominance of broad-leaved species (D or.) (K= 0.86, G = 53.1, P < 0.01). During the rutting season, pine-
moss forests are preferred (G = 37.4, P < 0.01). In the warm season, the red deer prefers forests with a predominance of pine
trees in the stand (K = 0.6, G = 37.4, P < 0.01). Bilberry pine forests are preferred by females in spring and summer (adults and
semi-adults) (K=0.42, G=32.4, P <0.01), males — mossy pine forests during the growing season (K=0.22, G=28.91, P =0.03). In
the parasitological situation in the red deer population, representatives of the Cestoda class are replaced by representatives of
the Trematoda class. Representatives of the class Nematoda, genus Dictyocaulus sp. remain dominant. Representatives of the
genus Strongylata, Trichostrongylus and Protostrongylus are constantly present. The genera Chabertia, Neoascaris, Cooperia are
replaced, of the Nematoda class into the following genera: Oesophagostomum, Capillaria, Muellerius capillaris of the same class.
The coefficient of common species composition of red deer and European roe worms is 46%, European roe and elk — 18, red
deer and elk — 22%. On the territory of the Republic of Belarus, a rich species composition of helminths was revealed in European
bison and a high degree of occurrence of helminths in this host. More than half of the animals in bison populations are carriers of
infection with helminths: Belovezhskaya — 51.3, Polesskaya — 89.05%. Moreover, most of them have one type of helminths (from
50.0 to 66.7%) or two types of helminths (from 25.0 to 38.0%). Three or more types of helminths recorded simultaneously are rare.
Representatives of the Nematoda class are 6 times superior to other classes of parasitic helminths (G =39.8; P < 0.01).
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AHHOTauus

Llenb nccneposaHuii: n3yvyeHume 0ocobeHHoCTe FeJ'IbMI/IHTOd)ayH bl AVKNX KOMbITHbIX B Pa3NMMYHbIX PErMOHaxX Eenapycm.

Matepuanbl n metopgbl. ViccnegosaHmsa npoBogunu B [0OCyAapCTBEHHOM HayuyHO-NMPOV3BOACTBEHHOM O6befUHEHUN
«HayuyHo-npaktnyeckuin ueHtp HAH Benapycn no 6uopecypcam» 1 B necxosax benapycu. MsyyeHne pacnpepeneHus
KOMbITHbIX 3UMO MPOBOAUIIN C MOMOLLbIO 3UMHUX MapLUPYTHbIX YYeToB. [1nA HageKHOM oLeHKn bruoTonuyeckon npu-
YPOUEHHOCT UCMOMb30BaNyn NpuemHrKkn GPS. NpumeHAnn MeTof yueTa OXOTHUYbKMX XKMUBOTHbBIX MyTEM KPYTIOroANYHOro
KapTUPOBaHUA BCTPEY U CJIE0B C MOMOLLbIO TEMIOBU30POB. [1N1f OLeHKM CE30HHOTO pacnpefeneHmns CTpyKTypy buoLe-
HO3a CpaBHMBaNV C pacnpefeneHmem Ha Hem BUAOB AVKMX KOMbITHbIX. [InA OLeHKM BUAOBOI n3bupaTtenbHOCTY onpege-
NeHHoro 6roueHo3a onpeaenany JoNo Buaa B 6uoTtone 1 Josio 3Toro 6notona B X03AWCTBE. 1A aHanm3a nonyyeHHbIX
MaTepuranos ncnonb3osanu G-tecr. lMpu n3yyeHnmn napasntodayHbl GpeKkanum >XUBOTHbIX UCCNeAoBaNy MeToaammn Mak-
MacTtepa, ocaxkgeHna n ¢notaymm.

PesynbTaTbl 1 06Cy>KeHMe. YCTaHOBEHO, UTO B JIECHBIX MAaCCMBAX M3 KOMbITHbIX JOMUHMPYET 611aropofHbiil ofieHb. brio-
TOMbI C MIOTHOCTbIO NonynAuUK Bbiwe 0,6 y KONbITHbIX ceM. OneHn BcTpeyatoTca He vacTto (K=-0,2, G=42,7, P =0,03). buo-
TonMyecKoe pacnpepenieHne Kocylb BECHON 1 OCEHbIO CyLLeCTBEHHO He pa3nunyaetca (G=116,7, P = 0,01). lNpepacTasute-
nn knacca Cestoda B nonynsauum 6naropofgHoro ofieHa CMeHATCA NpefcTaBuTenamMmn Knacca Trematoda. MNMpepactaButenu
knacca Nematoda, poga Dictyocaulus ocTatotca gomuHmpytowmmu, poaos Strongylata, Trichostrongylus n Protostrongylus
— NOCTOsIHHO NpucyTcTBytowmmu. 3 knacca Nematoda renbmuHTbl pogos Chabertia, Neoascaris, Cooperia 3ameHaA0TCA Ha
Muellerius capillaris v npepctaButenen pogos Oesophagostomum, Capillaria. KoadduumeHT o6wHOCTM BUAOBOro cocTaBa
651aropoHOro oNeHA 1 eBPONeNCKo KOCynu coctaBnsaeT 46%, eBponenckon Kocynu 1 nocs — 18, 61aropofHoro oneHsa u
noca - 22%. Ha tepputopun Pecny6nunku benapycb BbisiBfieH 60raTbiii BUAOBOI COCTAB 1 BbICOKAsA CTeMNeHb BCTPeYaemMocTy
reflbMMHTOB Y 3y6pa. bonee NonoBrHbI XKMBOTHbIX B NOMYNALMAX 3ybpa 3apakeHbl refibMMHTamu: B benosexckon nyue
- 51,3, B lNonecckom 3anosegHuke — 89,05%. Mpu 3ToM y 60NbLUNMHCTBA 13 HUX 3aperncTpypoBaH OAUH BUJ reIbMUHTOB
(50,0-66,7%) nnn gBa (25,0-38,0%). OgHOBPEMEHHO Tpu 1 6onee BULOB refIbMUHTOB BCTpeYatoTca peako. Mpeactasutenu
knacca Nematoda BcTpeuatotca B 6 pa3 valye apyrux (G =39,8, P < 0,01).

KnioueBble cnoBa: A1iKre KOMbITHbIE, cbayHa reibMMHTOB, BUAOBOW COCTaB, Benapbe

BnarogapHocTb: ViccnegoBaHus BbiNMonHEHbI Npy GUHAHCOBOW noafepkKe HaumoHanbHo akagemun Hayk (MrHck, bena-
pycb), KomuTteTa no Hayke u TexHonorusam Pecnybnukn benapycb. Mbl 6narogapHbl Padanio Kosanbuuky (MHCTUTYT 6110-
normm mnekonutarowmx Monbckon akagemny Hayk) 3a BO3MOXHOCTb OCBavBaTb HOBble METOAbl 1 MPOBOAUTb HayuYHble
MCCNeOBaHSA B paMKax yuyacTusa B MEXAYHapOAHOM npoekTe «bruopasHoobpasme KpynHbIx MiekonuTaowmnx BoctouHoi
EBponbl u Cnbrpu Ha ypoBHe reHeTnYecKas M3MeHUMBOCTb nonynaunii» — BIOGEAST (2015).

npOBpa‘lHOCTb (I)I/IHaHCOBOI;I AeATeNIbHOCTWN: B NpeiCTaBIEHHbIX MaTepUanax Uin Metoax aBTop He UMeeT CI)VIHaHCOBOIh
3anHTEPECOBAHHOCTHN.

KoHGNUKT nHTepecoB oTcyTCTBYeT

Ona yutnposaHusa: lona3 C. B. TenbMUHTbI AVKNX KOMbITHBIX, OOMTalOLWKMX B pa3HbIX paioHax benapycu // Poccuincknin
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https://doi.org/10.31016/1998-8435-2022-16-1-33-49
© MNonas C. B., 2022

2022;16(1):33-49 Russian Journal of Parasitology / Poccuiicknini napasutonornyeckmnii xypHan



®AYHA, MOPOONIOTNA N CUCTEMATUKA MAPA3UTOB

Introduction

The habitat, the area of distribution of various
species of wild ungulates, their territorial interfer-
ence is important in the structural organization of
wild ungulates in the territory of Belarus. Due to
the creation of new and the development of exist-
ing populations of wild ungulates, the occurrence
of territorial competition between them is pos-
sible. This process affects the natural settlement of
red deer in places where they live together with
European bison. In 2013, the process of depopu-
lation of wild boar in the habitats of the species
has begun owing to the outbreak of African swine
fever in Belarus. With the rapid decrease in the
number of wild boars, as the major food item of
predators, the process of changing the number of
roe deer is ongoing. This leads to a change in the
structure of ungulate animal communities and
may affect interspecies relationships.

Wild ungulate communities’” structural orga-
nization determines the constancy of helminths
fauna complexes. Changes in the structure of
ungulate communities’ lead to the occurrence of
parasitic succession.

Helminth’s fauna of wild ungulates is an im-
portant role in the formation of biocenoses. Any
infection affects the condition and stability of the
population. Helminths are one of the determining
factors in the reproduction and vitality of young
animals. Many types of helminths cause diseases
leading to a deterioration of the physiological
state and death of animals [16]. The high number
of animals contributes to infection with helminths
and increases their epizootic and epidemiological
significance.

The total elimination of wild boar in the Republic
of Belarus led to changes in biocenoses and had an
impact on the parasitological situation in wild ani-
mal populations. This has caused to do helmintho-
logical research focused on studying the formation
of parasitic succession of wild ungulates.

Evaluation of species composition of hel-
minths of wild ungulates in view of the structural
organization, the regularity of formation and
functioning of ungulates' communities is a scien-
tific basis for the preservation of their sustainabil-
ity and biodiversity.

European bison (Bison bonasus) is a rare spe-
cies of the world theriofauna living in a number of
countries and on the territory of the Republic of
Belarus. To further increase the size of its popu-
lation, conservation and management measures
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have been developed. These measures are aimed
at preserving the existing European bison popula-
tion and enriching the population with new indi-
viduals as a result of the importation of animals
from other countries.

At present, the problem of parasitoses is very
relevant. In Belarus work is under way not only
to conserve bison but also to acclimatize other
animals for further breeding. Therefore, it is nec-
essary to have complete information about the
species of helminths that may impact on the vi-
ability of bison and to know factors affecting the
viability of helminthosis. One of these factors is
the transmission of helminths from one organism
to another. And for that reason, it is important to
know helminths of what animals can get on an-
other animal and can them to adapt parasitizing
in the future.

Materials and methods

Scientific research was carried out in The State
Research-Production Association "The Scientif-
ically-Practical Center of the National Academy
of Sciences of Belarus for bio-resources” and in
forestry farms of Belarus (fig. 1) in period from
2008 to 2019. They are located in different regions
of the Republic of Belarus. Negoreloe experimen-
tal forestry farm is in the central region. Ostrovec
forestry farm is in the northwest region. Polessky
radiation-ecological reserve is in southeast re-
gion, Belovezhskaya Pushcha National Park - in
the southwestern region of the Republic of Be-
larus.

RUSSIAN
FEDERATIO!

OLAND

Fig. 1. Forestry farms

According to recommendations, the winter
distribution of ungulates was studied using win-
ter route censuses. Assessment of the structure
population of Cervidae was carried out on long-

2022;16(1):33-49



term accounting transects. The width of the ac-
counting strip where excrement is being evalu-
ated has a projection 2 meters wide, censuses
was carried out by quarters and sections being
allocated according to forest inventory materials
(type of forest, composition, age and thickness of
stand). GPS receivers were used for a reliable as-
sessment of biotopic confinement. The distribu-
tion of ungulates in the warm season was studied
using the methods of fixing traces of vital func-
tions on the substrate. The method of accounting
of game animals was used by year-round mapping
of encounters and tracks using thermal imagers.
The accounting of game animals by the method
of year-round mapping of encounters and traces
is based on year-round registration of encounters
of ungulates at stations that allows establishing
the number and distribution of large animals liv-
ing there. The basis for this is the regular registra-
tion, mapping and research of animal encounters,
traces of their vital functions and other monitor-
ing. For this, the places of meeting of animals by
species, their tracks on snow or soil, traces of their
vital activity are registered. For this, the places of
meeting of animals by species, their tracks on
snow or soil, traces of their vital functions are
registered. When registering an animal, a binding
was carried out using GPS equipment to a certain
quarter and allotment.

Visual observation was carried out using ther-
mal imaging devices with detailed fixation of
the place, date, time, type of animal, their num-
ber, and, if possible, gender and age (age group).
For moose and deer, age groups were indicated
whenever possible: underyearlings, yearlings, and
adults. For roe deer, only fingerlings and adults
are indicated.

To assess the seasonal distribution, the struc-
ture of the biocenosis (according to the stations’
forest taxation description) was compared with
the distribution of wild ungulate species on it. To
assess the selectivity of species of a certain bioce-
nosis, the share of the species in biotope and the
share of this biotope in the farm were determined.
Such studies were carried out for the winter,
spring and rutting seasons. The G-test was used to
analyze the obtained materials.

To study the parasite fauna, laboratory meth-
ods of sedimentation and flotation were used.
The study of the occurrence, composition, degree
of infection, the coefficient of commonness of
wild ungulate helminths, helminthocoproscopic
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(ovoscopy and larvoscopy) research, cultivation
of ruminant strongylates, cultivation and identi-
fication of invasive nematode larvae were carried
out according to the Lynn Shore Garcia [8] meth-
odology. Parasitological studies were carried out
according to the McMaster test, mastered within
the framework of participation in the BIOGEAST
program (The Seventh Framework Program of
Marie Curie - People, International Research Staff
Exchange) (2015). The McMaster test was carried
out as follows: 3 g of fresh feces were thoroughly
mixed with 42 ml of water and filtered through
a 100-mesh sieve into a crucible. The filtrate was
placed in 2 centrifuge tubes and centrifuged for
3 min. The supernatant was discarded and the
precipitate was again diluted with saturated saline
solution and thoroughly mixed. The suspended
sediment was collected from each test tube by a
Pasteur pipette and filled in each chamber of the
MacMaster glass. Following this, the slide is ex-
amined under the x 4 lenses of the microscope
objective and all parasite eggs and larvae in each
chamber are counted. This number is multiplied
by 50, which gives the number of eggs and larvae
per gram of feces.

Results and discussion

A complex of factors influences the dynamics
of the number of ungulates. The structure of phy-
tocenoses is an essential factor determining the
seasonal distribution of ungulates. Due to the de-
crease in the number of wild boars in 2013, some
regularities were noted in the change in the struc-
ture of populations not only of wild boar, but also
roe and elk. This process is quite interesting from
both theoretical and practical (hunting) point of
view and requires a detailed investigation.

In Italy, an analysis of the distribution patterns
between sex and age classes of fallow deer (Dama
dama) was carried out in addition to modifying
the aggregation patterns as a function or degree of
coverage in different habitats in the coastal sub-
Mediterranean environment. The animals pre-
ferred large open meadows, small clearings, for-
ests and swamps. Choice of habitat varies greatly
depending on gender and age [1].

The distribution of forest formations on the
territory of the Palush Forestry in the Ostrovets
Forestry Enterprise is given in Table 1. Among
the forested lands, conifers are dominant: they
account for 69.3% of the area, among them pine
forests occupy 59.3%, and spruce — 10.0%. Partial-
ly ripe and ripe prevail in the stand. The stand is

Russian Journal of Parasitology / Poccuiicknini napasutonornyeckmnii xypHan



®AYHA, MOPOONIOTNA N CUCTEMATUKA MAPA3UTOB

mainly represented by the following species: pine,
birch, black alder, aspen, maple, oak, hornbeam
and others are present in small quantities. There
are very well developed European and warty eu-
onymus, goat willow, hazel, wild apple and oth-
ers in the undergrowth. The cover contains forbs,
which are also well developed. Open areas ac-
count for 37.7%.

The ecological structure of forest ecosystems is
quite similar. On the territory of all model farms,
pine forests noticeably predominate over other
types of forest ecosystems (table 1). As a rule,
these are middle-aged forest complexes, about 50
years old. The territory is dominated by uplands,
and the share of coniferous biotopes, on average,
is 63.7%, small-leaved forests occupy about 28.2%
of the area of stations.

Ecological structure of forest ecosystems of the Negorelsky
experimental forestry farm and Ostrovets forestry farm

For all forests, biotopes with a growing den-
sity of more than 0.6 are used by ungulates of the
Deer family to an insignificant extent (K = -0.2,
G =42.7, P = 0.03), regardless of the abundance
of forage.

Before the beginning of the biological year
2016, the density of red deer in the Ostrovets for-
estry farm in the territory of the Palushy forestry
was 5.2, elk - 0.6, European roe deer 6.5 individu-
als per 1000 hectares of land.

In this forestry, elk prefers forest complexes
with a predominance of aspen and gray alder for-
ests and nettle forest types with rich herbage al-
ready in April (K =0.48, G=42.7,P = 0.03). These
biotopes, as well as willows, play an essential role
and dominate in the warm season. In general, the
distribution of elk at the station significantly dif-
fers from its ecological structure in
spring (G =137.3, P < 0.01), summer
(G=160.3, P <0.01) and autumn (G
= 141.5, P < 0.01). The most similar
indicators of the distribution of elk

Table 1

Predominant tree species Negt;relsky experimental Ostrovets forestry in summer and during the rut (G =
orestry farm, % farm, % 137 P = 0.05). In th iod
Pine 017 039 .7,f =0. 53. nthe autumn.perlfo ,
a preference for sphagnous pine for-
Birch 20.05 17.54 P phag P
ests was noted (table 2).
Spruce 12.62 9.78
Black alder o > An analy51§ of the r?Iatlonshlp pe—
Broad-leaved formations 1.30 0.14 tv}xlfeen p opu.latl'or? denSItY a?d habitat
racteristics is important for -
Aspen e e c aracterist cs.s portant fo asse.ss
ing the ecological needs of a species,
Others 5.57 8.97

In assessing the spatial biotopic distribution,
the following seasons were identified: winter,
spring, summer (rutting period for roe deer), au-
tumn or rutting period. For convenience and clar-
ity of presentation of the materials, the following
tables show data on the distribution of ungulates
of the deer family in the territory of the stations by
the prevailing species. In the text, additional ma-
terials will be provided by forest types. The analy-
sis for each species is carried out separately for
stations. The combined group “others” in the table
on the seasonal distribution of ungulates includes
willows, fellings of different ages. For elk and roe
deer, these biotopes are quite important, and play
a significant role in the warm season, accounting
for 38.8 and 42.8% of all registrations on aver-
age (G = 0.2, P > 0.05). The share of this group of
biotopes when registering the distribution of red
deer is not so great, 21.2% (G = 5.24, P < 0.05 and
G =7.44, P > 0.01, respectively).
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its potential impact on ecosystems,
and its interspecific interactions [4].

Various methods are used to obtain informa-
tion on the distribution and use of the habitat of
local ungulate populations. Aerial photography
from the air over closed coniferous forests is un-
reliable due to the invisibility of animals. Snow
footprint surveys can be used to determine the
distribution of animals in midwinter and their
habitat in dense forests. Deer tracks are recorded
on straight transects and habitat areas are mea-
sured at 50-meter intervals [3].

Age ratios are regularly used to monitor un-
gulate populations. However, it remains unclear
what conclusions can be drawn from this index,
as multiple life cycle changes can affect the ob-
served ratio. All vital signs can influence the ratio
of calves to adult females [7].

Research results have shown that males can
influence the population dynamics of ungulates
by being a component of population density, and
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Table 2
Seasonal distribution of populations of wild ungulates in the Ostrovets forestry, %
Spring Summer Autumn
Predominant tree Roe Elk Deer

species Pine Elk Deer Roe Elk Deer (rutting (rutting (rutting Roe

season) season) season)
Pine 8.0 44.44 18.18 5.26 38.71 26.09 5.88 56.52 8.33
Birch 4.0 5.56 4.55 0.0 9.68 0.0 0,0 2.17 2.78
Spruce 0.0 2.78 0.0 0.0 0.0 0.0 5.88 2.17 2.78

Black alder 20.0 2.78 4.55 15.79 6.45 0.0 11.76 4.35 0.0

Broad-leaved formations 16.0 19.44 31.82 21.05 12.90 17.39 11.76 17.39 38.89
Aspen 24.0 5.56 9.09 10.53 3.23 4.35 23.53 2.17 2.78
Others 28.0 19.44 31.82 47.37 29.03 52.17 41.18 15.22 44.44

considering the mechanisms by which males can
actively influence the demographic indicators of
females, it is confirmed that the choice of measure
density is important [9].

Currently, the topical issue is the creation of
free-living and dynamically developing popula-
tions of fallow deer. Fallow deer has a very wide
range of forages, but is prone to consumption. She
prefers an easily digestible, less coarse and ligni-
fied food that is rich in nutrients and water, in
contrast to elk and red deer. For free-living ani-
mals living in Western Europe, such stations are
open mosaic areas of the territory - small island
forest areas, with an area of about 1.5-2 hectares
among large agricultural fields, as well as large
meadow complexes with bushy areas. The most
optimal areas are forest complexes with an area of
50-180 hectares, with a long forest edge. Animals
prefer overgrown areas of clearings, which are
12-20 years old. Such territories are characterized
by rich undergrowth and an abundance of herba-
ceous vegetation. The fallow deer avoids large for-
est complexes with small undergrowth. In forest
complexes, animals choose areas with young for-
est crops. Deciduous and broad-leaved forests are
also favorable. The most preferred areas for deer
are areas with a share of open field areas of about
60-70%.

"Explanations” for sexual segregation of un-
gulates are no more than prerequisites for habitat
segregation, because they do not include a com-
petitive habitat selection model. One factor is pro-
posed based on the ideal free distribution of mu-
tually competing, optimally foraging individual
animals [5].

The main part of the population, including
free-living individuals of this species, is concen-
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trated in the western part of Poland. This may be
due to the high proportion of agricultural land-
scapes in the area under consideration. In the
non-growing season, animals prefer to concen-
trate on fields with winter wheat, alfalfa, corn,
sugar beet, clover, winter rape. Sometimes such
herds in the autumn-winter period can include
18-24 individuals. When carrying out measures
to form free-living populations of this species, it
is necessary to take into account the potential for
competition of fallow deer and roe deer for habit-
able biotopes.

The availability and availability of food is es-
sential in the formation of free-living populations.
As an example, let us give the formation of a free-
living population of fallow deer on the territory of
Boranovichi forestry farm. When 30 individuals
of fallow deer were released in March 2012, the
main part of the herd migrated to the floodplain
areas of the Shchara River into the upland conif-
erous forest complex. The distance was about 16
km currently, on the territory of the Baranovichi
forestry, the population is located in the same
area of the territory where the feeding conditions
are quite favorable, and the pressure of predators
on animals is not significant. Since the release of
animals to the land, the number of fallow deer has
not changed. The lack of feed, combined with oth-
er factors, led to a slowdown in the growth rate of
this group. These features of the formation of the
free-living population of the fallow deer, as well as
the influence of predators on it, were the basis for
developing recommendations for creating a simi-
lar grouping of the species on the territory of the
Ostrovets forestry farm.

Competitive interactions between different
species of ungulates are an important aspect of
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the formation of their stably developing popula-
tions. Biotopic competition is the most significant
for free-living populations. The presence of ani-
mals in different biotopes, as well as their seasonal
change, is the most important parameter in as-
sessing this type of relationship [13]. The annual
load on various components of biocenoses can be
judged by the most used biotopes. Besides this, an
assessment of the impact of each species on indi-
vidual biotopes provides information on interspe-
cific interactions [15].

When studying the effect of group size on
feeding behavior and the level of synchronization
of movements among females of the fallow deer
population in Central Italy, it was found that the
proportion of foraging and synchronization of
movements decreased with increasing group size.
The proportion of foraging was higher in animals
at the edge of the group than in animals in the
center of the group; hence, there seems to be a
trade-oft between protection from predators and
foraging interventions, both of which diminish as
the food supply decreases [6].

The influence of the density of individual spe-
cies on the components of biocenoses is consid-
ered in the work of R. J. Putman [14]. Studies have
shown that even species that are similar in lifestyle
(different species of deer) are not able to compete
with each other when using different components
of the same resource (food preferences). However,
with an increase in the density of individuals of
the species, a complete overlap of the used food
objects occurs, which leads to the use of atypical
habitats (field ecotype of roe deer), or migration.

The main difficulty is assessing the density of
interacting species in different biotopes through-
out the year. The most preferred period for col-
lecting baseline data is winter with stable, but not
high, snow cover. When conducting research at
unfavorable times, only the potential for competi-
tion can be identified.

Interesting results on the spacing and interfer-
ence between roe deer Capreolus capreolus and
fallow deer Dama dama in natural conditions.
These two species most often use similar biotopes:
ecotonic areas between forest and field. The large
groups, occupying ecotonic and forest areas of the
territory, formed by fallow deer in the inhabited
places by them. There is a small population of roe
deer in such areas and it prefers open field bio-
topes. The density of roe deer is higher in areas
where the population of fallow deer is small or do
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not occur, i.e., where food resources are sufficient
for each species and there is no trophic competi-
tion [2].

We studied the effect of changes in the den-
sity of red deer on the formation of parasitic suc-
cession. The helminth fauna of wild animals of
the Deer family is diverse. Natural and climatic
conditions of the Republic of Belarus are favor-
able for the development of helminthoses in wild
ungulates. The composition of helminths and in-
fection by them are different and depend both on
the specificity of the parasite and on biotic and
abiotic factors, on the geographical distribution,
nutritional characteristics.

Moderately warm summers, atmospheric pre-
cipitation and rather mild winters have a positive
effect on the circulation and preservation of the
invasive beginning in the external environment.

Helminths' locations are closely related to their
hosts and geographic environment. Depending
on the animal’s visits of the lands, humidity, plant
species composition, and additional reservoir
hosts, the intensity of infection external environ-
ment and other factors can be identified danger-
ous, safe and medium-dangerous biocenosis.
Dangerous biocenoses include young deciduous
forests, old mixed forests with a well-developed
herbaceous cover and deciduous undergrowth,
forest and floodplain meadows, meadow bogs.
The safest for wild ungulates are boggy decidu-
ous forests, sphagnum bogs, young forest stands,
old dry and sphagnum pine forests, since the
passage of the full life (reproductive) cycle of the
helminth is impossible here. Medium hazardous
areas include soils with a neutral pH index, with
a well-developed herb cover, an average density
of middle-aged plantations, suitable for the de-
velopment of trichostrongylids, protostrongylids,
trichocephalids, etc. They also include dry mixed
forests, old spruce, young coniferous forest.

One of the most important factors that form
the helminth fauna of animals is the possibility
of interchange of parasites between individuals
of different ungulate species. Helminth eggs to-
gether with animal feces enter the external envi-
ronment, thereby contributing to its pollution and
the spread of helminthiases among other animals.

Currently, one of the main factors in the for-
mation of helminthic-faunistic complexes is a hu-
man activity, which resulted in the reduced role of
land as a natural forage reserve for ungulates, but
increases the value hunting farms and veterinary
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prophylactic measures, which are aimed at main-
taining the strength and health of the herd. As a
result of acclimatization and introduction, there
is an expansion of the species composition and an
increase in the number of animals, but the analy-
sis and registration of the helminthological com-
position of the imported individuals is not carried
out, which leads to the appearance of new types of
helminths on the territory of Belarus, often patho-
genic for aboriginal species. The continuously in-
creasing anthropogenic impact makes it relevant
to carry out an integrated assessment of the state
of the environment, analysis of the formation and
development trends in red deer populations.

Also, a factor that forms the helminth fauna of
animals is the possibility of interchange of para-
sites between individuals of different species of
ungulates.

Helminthological studies of mouflon and Eu-
ropean fallow deer were carried out in the Os-
trovets forestry in 2016. Both species - captive
type of keeping where you create the most favor-
able conditions for the existence of the animal,
resulting in an increase in their numbers, which
increases their economic importance. With an in-
crease in the density of ungulates, the depletion
of young animals is observed, the structure of the
population is disturbed, the reproductive capac-
ity decreases, which leads to intensive infection
with helminths and outbreaks of helminthosis, to
significant changes in the ecology of all joints of
biogeocenoses, against which there is an increase
in the number of diseases of various etiologies,
which inevitably affects the state and the size of
the ungulate population.

Ostrovets forestry is located in the temperate
zone of the so-called Atlantic-continental region.
The climatic conditions of this zone are created
mainly under the influence of the sea and conti-
nental air of temperate latitudes. The winter is rel-
atively mild, with frequent thaws; such conditions
have a positive effect on the circulation and pres-
ervation of the invasive beginning in the external
environment. Accordingly, the fallow deer para-
site fauna closely correlates with environmental
conditions in individual hunting farms.

When assessing the infection of the European
fallow deer in winter, it was found that the total
extensiveness of the infection is 71.4%. The hel-
minth fauna is represented by the class Nematoda.
The study identified 8 genera of helminths: Dic-
tyocaulus, Strongylata, Trichostrongylus, Proto-
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strongylus, Muellerius capillaris, Cooperia, Oster-
tagia, Oesophagostomum. The dominant genus
is Dictyocaulus (dominance index (DI) - 32.5%)
and Muellerius capillaris (DI - 31.25%) (table 3).

Representatives of two classes Trematoda and
Nematoda have been identified in the mouflon in
the Ostrovets forestry. The total infection rate was
66.7%, which is lower than that of the fallow deer
population in the same aviary. The dominant spe-
cies in the mouflon population is Muellerius capil-
laris (DI - 61.5%), as in the case of the European
fallow deer population (table 4).

The appearance of nematodes of the genus
Paramphistomum and the specie Fasciola hepati-
ca in biosamples of mouflon in winter with an in-
fection rate of 4.7% and 9.5%, respectively, due to
colonization by imaginal paramphistomas of the
body and the attainment of a new generation of
puberty by trematodes. Trematode of the genus
Paramphistomum and the specie Fasciola hepat-
ica develops with the participation of a mollusk,
an inhabitant of deep-water bodies of water with
a moderate current with well-developed aquatic
vegetation. The active life of mollusks begins in
the second half of April - the first ten days of May,
and continues until the onset of autumn frosts.

When introduced, animals acquire indigenous
parasites, while infecting territories with new spe-
cies of helminths imported together with acclima-
tizers, some of which cannot adapt to new condi-
tions of existence for one reason or another, while
others find their owners. European fallow deer,
like European mouflon, and like other species of
acclimatized and re-acclimatized animals, getting
into new ecological conditions, lose part of the
species diversity of parasites. This is facilitated by
the absence of intermediate hosts of certain types
of parasites, specific vectors, changes in climatic
regimes, changes in diet and other factors. On the
other hand, animals in new conditions can be in-
vaded by parasites that were not characteristic of
them earlier due to direct contact with the inhab-
itants of the new region.

According to the data of the study, it was found
that worms of the nematode class are the most
common in fallow deer and mouflon. The follow-
ing genera predominate: Dictyocaulus, Muelleri-
us capillaris, Protostrongylus, Oesophagostomum
(table 5). The specie Muellerius capillaris occurs
in all seasons with predominance in winter — the
extensiveness of infection is 38.6+4.3, a gradual
decrease in the spring period is 17.5+4.45, and the
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Table 3
European fallow deer helminths in Ostrovets forestry farm (winter 2015-2016)

Dictyocaulus 314 0.74 325 2.5+0.6
Strongylata 2.9 0.03 1.25 1
Trichostrongylus 5.7 0.09 3.75 1.5+0.5
Protostrongylus 71.4 0.2 11.4 1.75+0.25
Muellerius capillaris 34.3 0.71 31.25 2,18+0.21
Cooperia 2.8 0.03 1.25 1
Ostertagia 5.7 0.2 8.75 2.334£0.33
Oesophagostomum 17.14 0.2 8.75 1.17+0.17

Table 4

Fauna of mouflon helminths in Ostrovets forestry farm (winter 2015-2016)

Nematoda
Dictyocaulus 23.8 0.52 G4 2.25%0.9
Strongylata 4.7 0.05 0.08 1
Trichostrongylus 4.7 0.05 0.08 1
Protostrongylus 14.3 0.57 10.3 4+2.1
Muellerius capillaris 429 3.43 61.5 7.64+3.36
Oesophagostomum 4.7 0.1 1.7 1
Trematoda
Paramphistomum 4.7 0.1 1.7 1
Fasciola hepatica 9.5 0.33 6 3.5+0.5

Table 5
Dominance Index (DI) and occurrence (Oc) of helminths in European fallow deer and Mouflon in 2015-2016

Dictyocaulus 32.5 31.4 - - - - 9.4 23.8 35.7 13.3 18.75 12.5
Strongylata 1.25 2.9 = = 87.2 46.7 0.08 4.7 = = = =
Trichostrongylus 3.75 5.7 73.5 11.1 - - 0.08 4.7 - - 31.25 12,5
Protostrongylus 114 71.4 = = 4.5 20.0 10.3 14.3 = = = =
Muellerius capillaris 31.25 34.3 353 22.2 0.4 6.7 61.5 42.9 35.7 13.3 12.5 8.3
Ostertagia 125 2.8 0.41 = = 6.7 = = = = 18.75 125
Oesophagostomum 8.75 5.7 - - - - 1.7 4.7 - - - -
Cooperia = 17.5 7.4 = - 20.0 - - - - - -
Capillaria - 31.4 - - - - - - 21.4 13.3 12.5 8.3
Paramphistomum - 2.9 - - - - 1.7 - - - - -
Fasciola hepatica - 5.7 - - - - 6.0 - - - - -
Moniezia expansa - 71.4 - - - - - - 7.1 6.7 - -
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extent of infection is reached in the summer pe-
riod - 7.5£0.8. Studies have also shown a certain
resistance of larvae to low temperatures, which is
evidence that some of the non-infective nematode
larvae can remain viable during the winter and in-
duce spring infection of intermediate hosts (ter-
restrial molluscs) immediately after their release
after hibernation.

The coefficient of species composition com-
monality of fallow deer and mouflon is 60%. There
is no data on the species typical for the territory of
Belarus only for European fallow deer and mou-
flon. Thus, we can conclude that the modern fau-
na of fallow deer and mouflon helminths on the
territory of the Republic of Belarus is formed on
the basis of the interchange of parasites between
individuals of different ungulate species.

FAUNA, MORPHOLOGY AND SYSTEMATICS OF PARASITES

In 2014-2016, helminthological studies of
European roe deer were carried out in the Neg-
oreloye Experimental Forestry farm. During the
helminthological study, it was carried out that in
winter roe deer have helminths of 2 classes: Nem-
atoda and Cestoda; Strongylus sp. class Nemato-
da. Elis 12.8% (II - 1-4 lv. in f.z.m.). In spring,
the studied animals were infected with 8 species
of nematodes. Class Cestoda representatives were
not observed. The occurrence of Dictyocaulus sp.
amounted to 17.9% (II - 1-5lv. in f.z.m.). In sum-
mer, 2 classes of helminths: Nematoda and Cesto-
da were registered in roe deer. 9 nematode species
and 1 cestode species are of them. The maximum
occurrence was observed for Dictyocaulus sp.
-17.9% (II - 1-2 lv. in m.f.v.) In the autumn pe-
riod, Moniezia expansa appears, the occurrence of
which is 12.8% (II - 1-4 ov.in m.f.v) (fig. 2).
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Summer in Capreolus capreolus in the Negoreloye
experimental forestry farm
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in different seasons

A coproscopic study of biosamples in winter
revealed two classes of helminths: Nematoda and
Trematoda. The maximum extensiveness of the
infection of Parafasciolopsis fasciolaemophora
is 45.5% (II - 3-6 lviin m.f.v.). In the spring pe-
riod, the studied animals also had two classes of
helminths: Nematoda and Trematoda. As in the
winter period, the maximum EI was observed in
P. fasciolaemophora and amounted to 55.5% (4-9
lv. in m.f.v.). In summer, trematodes of the species
P. fasciolaemophora prevailed over other species.
EI - 90% (IT — 4-8 Iv.in m.f.v). The trematode P.
fasciolaemorha develops with the participation of
the mollusk Planorbarius corneus (horny coil), an
inhabitant of deep-water bodies with a moderate
watercourse with well-developed aquatic veg-
etation. In such reservoirs, the elk finds salvation
from bloodsuckers, finds food and watering place.
Infection of animals occurs when drinking or eat-
ing aquatic plants. In the autumn, the infestation
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of P. fasciolaemophora decreases. The extensive-
ness of the infection is 44.4% (IS - 3-8 Iv. in m.f.v.)
(fig. 3). We have found that P. fasciolaemophora
is currently found in Belarus only in elk, which
confirms its status as the main host.

The identification and study of the species com-
position of helminthoses in the summer-autumn
period in red deer was carried out on the territory
of the Negoreloye experimental forestry and the
aviary of the Ostrovets forestry farm. Representa-
tives of 5 genera of helminths have been registered
in the noble deer of the Negoreloye Experimental
Forestry farm. Representatives of 5 genera of hel-
minths have been registered in the noble deer of
the Negoreloye Experimental Forestry farm. On
the territory of the aviary of the Ostrovets forestry
farm, 5 genera of helminths were also identified,
which were different in their composition (table 6).

The results of our research show that the char-
acteristics of the helminth fauna depend on the
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Table 6

Fauna of red deer helminths in forestry in the summer-autumn period

Fig. 3. Occurrence of elk helminths

(Alces alces) in the Negoreloye experimental

forestry farm in different seasons

ropean roe deer and elk has a ap-
parent dependence on the season.
In European roe deer, the mini-

Genus/ Slfecies T Negoreloye Experimental . )

of helminth Forestry farm mum occurrence of helminths is
Dictyocaulus 16.7/0.17/17 27.8/0.39/47 observed in winter (23.1%). By the
Strongylata 66.7/1.7/62.5 11.1/0.17/20 spring, the occurrence increases
Trichostrongylus 16.7/0.17/17 5.6/0.06/7 and is 25.6%, reaching maximum
Protostrongylus 16.7/0.17/17 5.6/0.06/7 values in summer (28.9%). From
Muellerius capillaris 11.1/0.17/20 autumn to winter, the frequency of
o 33.3/0.33/12.5 occurrence decreases and is 25.7%.

Note. Occurrence, % / abundance index / dominance index, %

nature of the territories and environmental con-
ditions (climate, diet, geographical distribution,
contact with other ungulates and contact with
livestock [10].

The transmission factors of helminths are
water, soil, feed. The data from the study of soil,
plants and standing water bodies are given in
table 7, from which it follows that the contamina-
tion of biological samples with eggs and helminth
larvae correlates with the fauna of helminths in
animals in the summer-autumn period. The max-
imum number of Strongyloides sp. observed near
territories where wild ungulates graze (50 m from
the edge of the forest) 9%. Near the population
of wild ungulates, the level of infestation of ter-
ritories by helminths increases. The number of
eggs Oesophagostomum sp. prevails and amounts
to 13.4%. Also, near the population of wild ungu-
lates, the contamination of plants with pathogens
of helminthoses is 37.5%. With the onset of favor-
able conditions and the establishment of an op-
timal temperature regime, the contamination of
biological samples increases. Consequently, soils,
water bodies and plants serving as food for wild
ungulates play an essential role in the formation
of the helminth fauna.

We found that in the Negoreloye experimental
forestry farm, the occurrence of helminths in Eu-
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The occurrence of helminths in
elk has the same tendency as in
roe deer - an increase from winter
to summer, with a decrease in autumn. The per-
centage of occurrence of helminths in elk in all
seasons is higher than in roe deer and deer, and
amounts to 63.6-83.3%.

In red deer, the occurrence of helminths in dif-
ferent seasons of the year in Negoreloye experi-
mental forestry farm varies insignificantly. There
is a decrease in it from the winter period (41.7%)
to spring (38.1%), a gradual increase in the sum-
mer (44.4%) and a slight decrease in autumn
(42.9%) (fig. 4).

Contacts of wild ungulates in pasture areas
lead to a common composition of helminths,
which is found during coproscopic reseach.

The total destruction of wild pig as a preven-
tive measure to control the spread of the pathogen
of African pig fever has led to an increase in the
number of red deer and a gradual stabilization of
its population density. There is also a gradual in-
crease in the number of European roe deer. The
number of elk was not significantly changed. In the
parasitological situation in the red deer population,
representatives of the Cestoda class are replaced by
representatives of the Trematoda class (fig. 5).

In the dynamics of representatives of the fauna
of wild ungulate helminths, researcher [17, 18]
noted significant fluctuations in the occurrence of
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Table 7

Contamination by helminths of territories near the distribution of populations of wild ungulates
in the summer-autumn period

Soil Strongyloides sp. - 1.2%

Strongyloides sp. — 9% Strongyloides sp. - 5.3%

Standing water bodies Nematodirus sp. - 1%
Oesophagostomum sp. — 13.4%
Ostertagia sp. — 11.8%
Trichostrongylus sp. — 4.2%

Paramphistomum sp. - 6.8%

Not found Trichostrongylus sp. - 3.6%

Plants Strongyloides sp. - 6.8%
Dictyocaulus sp. - 16.4%

Oesophagostomum sp.— 14.3%

Strongyloides sp. - 7.4%

Not found Dictyocaulus sp. - 4.8%

H Alces alces

Winter

Spring  Summer Autumn

M Capreolus capreolus

m Cervus elaphus

genera: Oesophagostomum, Capillaria,
Muellerius of the same class. At the same
time, the coefficient of common species
composition of red deer and European
roe is 46%, European roe and elk - 18%,
red deer and elk - 22% (fig. 6).

In a resich of samples of red deer in
the Belovezhskaya Pushcha on the ter-
ritory of the Republic of Belarus it was
found that there are worms Classes

Fig. 4. The occurrence of helminths in animals
of the Deer family in the Negoreloye experimental
forestry farm in different seasons

the main species of helminths, when some fell out
and others became widespread. Dominating are
the representatives of a class Nematoda genus Dic-
tyocaulus, representatives of the genus Strongylata,
Trichostrongylus, Protostrongylus are constantly
present. The genera Chabertia, Neoascaris, Coope-
ria of class Nematoda are replaced by the following

Nematoda and Trematoda. The total oc-
currence of helminths in red deer was
53.8%. On average, there were 1.5%0.5
types of helminths per infected individ-

ual. Representatives of the Trematoda class domi-
nated. Dominance index of Paramphistomum sp.
amounted to 55.6% (table 8).

In a resich of samples of red deer in the Be-
lovezhskaya Pushcha on the territory of the Re-
public of Poland, it was found that the occur-
rence of helminths is 73.3%. They belong to the

class Nematoda. On average, there were

20 2.1£0.5 types of helminths per infected
y 3 -2,4833x3 + 20,7x2 - 49,017x + 39,6 individual (table 9).

15 Polesskiy radiation-ecological reserve

10 ¥ Nematoda appeared in the Republic of Belarus in

 Trematoda 1988 shortly after the Chernobyl disaster.

5 \ m Cestoda This is the Belarusian exclusion zone with

an area of 217 thousand hectares. The re-

0 - served zone occupies part of the Bragin,

2008 2009 2015 2016 Khoiniki and Narovlya districts of the

Fig. 5. Changes in the occurrence of helminth class

by red deer in the territory of the Negoreloye experimental

forestry farm for the period from 2008 to 2016
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Gomel region. On the territory of the
Polesskiy Radiation-Ecological Reserve,
which is located in the southern region
of the Republic of Belarus, the occur-
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= 2009 Fig. 6. Changes in the occurrence
2015 of helminths in red deer by genus
on the territory of the Negoreloye
experimental forestry farm over
the period from 2008 to 2016
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Table 8
Fauna of red deer helminths in Belovezhskaya Pushcha on the territory of the Republic of Belarus (2015)
Genus/Species of helminth Occurrence,% Abundance index, specimens Dominance index,%

Nematoda
Dictyocaulus 7.7 0.08 11.1
Strongylata 7.7 0.08 11.1
Muellerius capillaris 15.4 0.15 22.2

Trematoda
Paramphistomum 30.8 0.38 | 55.6

Table 9

Fauna of helminths and occurrence of helminths in red deer in

Belovezhskaya Pushcha on the territory
of the Republic of Poland (2015)

belongs to the class Nematoda.
The specie Anoplocephala per-
foliata, a member of the Anoplo-
cephalidae family of the Cestoda

e I Occurrence,%, I;tleclts:glosf;iﬂ:::: class, and the specie Delafondia

- vulgaris of the Strongylidae family

Nematoda of the Nematoda class, are rare. In

Dictyocaulus sp. 200 2 total, in the wild horse 6 species of

Mucllerius sp. 200 25 helminths belonging to two class-

i oRlios s oIy 20.0 12 es: Cestoda — 1 species and Nema-

Ostertagia sp. 33.33 18 toda -5 species were registered of
Trichostrongylus sp. 13.33 2-4 the reserve territory (table 11).

Strongyloides sp. 67 z At the end of the last centu-

Capillaria sp. 67 3 ry, more than 60% of the world

rence of helminths in European roe deer is 97.4%,
with mixed invasion dominating. On the territory
of the reserve, in European roe deer registered 18
species of helminths (table 10) belonging to three
classes: Trematoda - 4 species (22.2%), Cestoda
- 3 species (16.6%) and Nematoda — 11 species
(61.1%).

On the territory of the Polesie radiation-eco-
logical reserve, the occurrence of helminths of
different species in a wild horse is different. The
dominant species is Parascaris equorum, which
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population of bison was kept in

Belovezhskaya Pushcha (Belarusian and Polish
parts), which determined the need for interna-
tional research on its conservation, dispersal and
use. In 1991, on the territory of the Republic of
Belarus, there were 3 populations of European
bison - Belovezhskaya, Borisov-Berezinskaya and
Ozerskaya. There were 353 animals in them. In
the same year, the Nalibok group with a herd of
15 animals was added to the existing populations.
In 1996, 17 bison were brought to the Polesie Ra-
diation and Ecological Reserve, establishing the

2022;16(1):33-49



FAUNA, MORPHOLOGY AND SYSTEMATICS OF PARASITES

Table 10

Species composition of helminths, occurrence and intensity of infection of helminths of European roe deer
in the Polessky Radiation-Ecological Reserve of the Republic of Belarus

Species of helminths Occurrence, % I.ntens.1 70 hel.m iy Localization, organ
infection, specimens
Fasciola hepatica 12.5 1-3 Biliary tract of the liver
Dicrocoelium dendriticum 6.3 1-4 Biliary tract of the liver
Parafasciolopsis fasciolaemorpha 43.8 10-42 Biliary tract of the liver
Liorchis scotiae 18.8 5-65 Rumen
Taemg hy datzgenfz lar‘vae 15.7 1-2 Serous membrane
(Cysticercus tenuicollis)
Echinococcus granulosus larvae 15.7 1-2 Liver parenchyma
Bunostomum trigonocephalum 28.1 2-37 Small intestine
Moniezia expansa 3.2 1 Small intestine
Ostertagia ostertagi 15.7 13-103 Abomasum and small intestine
Haemonchus contortus 25.0 11-170 Abomasum and small intestine
Trichostrongylus capricola 9.4 1-7 Abomasum and small intestine
Trichocephalus ovis 9.4 3-7 Large intestine
Oesophagostomum venulosum 31.3 2-19 Large intestine
Chabertia ovina 18.8 44-148 Large intestine
Protostrongylus sp. 3.2 Bronchi and bronchioles
Varestrongylus capreoli 3.2 Bronchi and bronchioles
Dictyocaulus eckerti 21.8 5-17 Bronchi and bronchioles
Setaria labiato-papillosa 6.3 1-2 ’Ihorac1c. cavity fmd
abdominal cavity
Table 11 cies reached 2043 heads. The op-
Species of helminths, the occurrence and intensity of infection timal number for the Republic of
of helminths in wild horsgs in the southern region Belarus is 1500 individuals. There
of the Republic of Belarus . . .
is already a lot of bison available
st Occurrence Intensity of helminth for our territory, and today there
of helminths,% infections, specimens . .
is no acute problem of preserving
Anoplocephala perfoliata 2.1 2-4 . ; :
the species — there is a question
Oyuris equi 12 220 of its genetic diversity. In some
Parascaris equorum 234 o1 of the 11 existing groupings, the
ST S TS 287 615 number of animals is double the
Delafondia vulgaris 2.1 2-4 optimal habitat. So, most of all
Alfortia edentatus 156 2-4 bison in the Belovezhskaya popu-

Polesie population. Then, every year, one after an-
other, Osipovichskaya (initially 15 animals), Ozy-
orskaya (18), and Naydayan (13) began to appear.
After a break, in 2005 the Lyaskovichi micro-
population of 14 individuals was formed. The last
two of those listed are created in the Pripyatsky
National Park. By that time, the total number of
bison in the country had doubled to 680. Almost
10 years later, in 2014, 50 animals were intro-
duced into the Krasny Bor hunting farm, which
gave rise to a new local group. In 2018, 20 forest
giants became the ancestors of the Dyatlov micro-
population. In 2019, the total number of the spe-
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lation is 593. In second place in

their number is Osipovichskaya (470), in third
- Ozyorskaya (378). This is followed by Krasno-
borskaya (190) and Polesskaya (174). All other
groups have not increased even 100 animals over
the years. But the worst of all is in the Borisov-
Berezinsky population, where there are currently
only 15 animals — exactly 11 fewer than in the ini-
tial population in 1994. Currently, it is planned to
create a new Cherikov group of European bison
in the lands of the Cherikov forestry with horn-
beam-oak-dark coniferous forests over 40 years
old, with glades, meadows, wetlands and reclama-
tion canals. The floodplains here are rich, the food
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supply is sufficient. The minimum area is 30,000
hectares, where at least 10,000 hectares are cov-
ered with forest crops. Also, this territory does not
experience a strong anthropogenic pressure in the
form of agriculture.

One of the most important aspects of ecologi-
cal research in the Republic of Belarus is the study
of bison helminths as a factor influencing the sta-
bility of its population.

Helminths disrupt homeostasis and cause the
emergence and development of pathological states
of organs and systems of the animal body [12]. In
this regard, the degree of infection of bison with
various helminths, which also serve as the gate-
way for the penetration of pathogenic microflora
into the tissues of the body;, is of interest. Animals
not only become more susceptible to infectious
diseases, but also harder to tolerate adverse cli-
matic conditions.

Parasitological surveys of the Bialowieza bison
population showed that the occurrence of hel-
minths in this population is 51.3%. The frequen-
cy of occurrence by class in infected animals is:

Cestoda - 5.0%, Trematoda — 30.0%, Nematoda —
90.0%. Representatives of 6 genera are registered.
Representatives of two genera are dominant: Dic-
tiocaulus and Neoascaris.

The occurrence of helminths among bison in
the Porozovskoye forestry is higher than in the
Sukhopolskoye forestry. The species richness was
authentically 5 and 7 species, respectively. In both
forestries, representatives of the genus Dictiocau-
lus dominated, the occurrence of which was 34.28
and 30.00%, respectively. Worms Fasciola hepatica
have been registered among bison in the Belians-
koye forestry of Belovezhskaya Pushcha. Infection
rate is 80%, the intensity of infection is up to 55
specimens. In the Korolevo-Mostovskoye forest-
ry of Belovezhskaya Pushcha, eggs and larvae of
helminths of two classes were found: Nematoda
and Trematoda. The extensiveness of infection is
66.6%. In the Nikorskoye forestry of Belovezhska-
ya Pushcha, the extensiveness of infection is also
66.6%. Registered helminths belong to two classes:
Nematoda and Trematoda. Intensity of infection
in this forestry is not high (table 12).

Table 12
Fauna of helminths and their occurrence in European bison in the forestries of Belovezhskaya Pushcha
Porozovskoe Sukhopolskoye LT Nikorskoe forestry
Belyanskoe forestry Mostovskoe .
forestry forestry (white forest)
of Belovezhskaya forestry
Species of helminths of Belovezhskaya of Belovezhskaya Pushcha of Belovezhskava of Belovezhskaya
Pushcha Pushcha ¥ Pushcha
Pushcha

o 11 (@) 11 (@) 11 (@) I (0] I
Dictyocaulus sp. 30.0 1-2 34.28 2-4 20.0 1-2
Oesophagostomum sp. 7.8 2 20.0 1
Ostertagia sp. 4.4 1 8.6 3-8 333 11
Neoascaris sp. 17.8 1-2 17.1 2-9 33.3 1
Trichostrongulus sp. 4.4 1 16.6 1

1-7 1-55
Fasciola hepatica 289 5.7 1-6 80.0 33.3 1-3 40.0 1-3
P @ (17)

Paramphistomum sp. 7.8 1-12 114 2-6 16.6 2 13.3 1-2
Dicrocoelium sp. 16.6 2 6.6 2
Ashworthius sidemi 8.3 9-12

Note. O - the occurrence of different species of helminths, %; Il - intensity of infection by helminths (Min-max (X)), specimens

European bison (17 animals) was brought to
the Polesie State Radiation-Ecological Reserve in
1996. The peculiarity of the ecological habitat of
bison in the reserve (large territory, strict protec-
tion regime, removal of almost all types of anthro-
pogenic load, significant areas of former farm-
land), the nature of forest vegetation, regional
climate features favor the habitation of these wild.
Helminthological studies in this area showed that
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helminths of various families are recorded in bi-
son of the Polissya population (table 13). Nema-
todes accounted for 78.6%, trematodes — 12.3%
and cestodes — 7.1%. Dominated were Capillaria
bovis, Oesophagostomum venulosum, Oe. radia-
tum, and trematode Paramphistomum cervi. The
subdominant specie is Setaria labiato-papillosa.
The extent of bison helminth infection varied
from 89.05%. One species of helminth is found in
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24.7% of bison. In animals, two species are found
simultaneously, which is 51.8% and three species
- 11.7%, less often — 4 species — 7.1%, 5 species —
3.5% and 6 species — 1.2%. Nematodirus helvetia-
nus is more common in young bison.

The largest number of helminth species was
recorded in Belovezhskaya population of Europe-
an bison - 37 species, the helminth fauna of which
has already formed [11]. In Polesie State Radia-
tion-Ecological Reserve, 15 species of helminths
have been recorded among European bison (table
13). The formation of the fauna of helminths in
this area continues.

Table 13

Fauna of helminths and occurrence of helminths
of European bison of the Polissya population

Species of helminths e ot
Fasciola hepatica 13.45
Paramphistomum cervi 18.7
Moniezia expansa 7.65
Dictyocaulus viviparus 5,35
Neoascaris sp. 10.6
Nematodirus helvetianus 11.8
Capillaria bovis 224
Trichocephalus ovis 43
Bunostomum trigonocephalum 12.5
Haemonchus contortus 13.4
Setaria labiato-papillosa 3.8
Ostertagia ostertagi 15.2
Oesophagostomum radiatum 22.0
Oe. venulosum 22.0
Cooperia oncophora 11.5

Conclusions

The study of the species composition and fac-
tors influencing its formation in farms in differ-
ent territories allows predicting the appearance of
certain helminths in wild ungulates, identifying
the most common and pathogenic species and
developing measures to control and prevent these
helminths.

In model forestrys, red deer dominates of the
total number of registrations on average. Ungu-
lates of the Deer family use biotopes with a stand
density above 0.6 to an insignificant extent (K =
-0.2,G=42.7,P =0.03).

The biotopic distribution of roe deer in spring
and autumn does not differ significantly (G =
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116.7, P = 0.01). At this time, animals prefer areas
with a predominance of broad-leaved species (D
or.) (K=0.86,G=53.1, P <0.01). During the rut-
ting season, pine-moss forests are preferred (G =
37.4,P <0.01).

In the warm season, the red deer prefers forests
with a predominance of pine trees in the stand (K
= 0.6, G = 374, P < 0.01). Bilberry pine forests
are preferred by females in spring and summer
(adults and semi-adults) (K = 0.42, G =32.4,P <
0.01), males - mossy pine forests during the grow-
ing season (K =0.22, G =28.91, P = 0.03).

In the red deer population, representatives of
the Cestoda class are replaced by representatives
of the Trematoda class. Representatives of the
class Nematoda, genus Dictyocaulus remain dom-
inant. Representatives of the genus Strongylata,
Trichostrongylus, Protostrongylus are constantly
present. The genera Chabertia, Neoascaris, Coo-
peria are replaced of the Nematoda class into the
following genera: Oesophagostomum, Capillaria,
Muellerius capillaris of the same class.

The coefficient of common species composition
of red deer and European roe worms is 46%, Eu-
ropean roe and elk - 18%, red deer and elk - 22%.

On the territory of the Republic of Belarus,
a rich species composition of helminths was re-
vealed in European bison and a high degree of oc-
currence of helminths in this host. More than half
of the animals in the bison populations are carri-
ers of helminths: Belovezhskaya - 51.3%, Poless-
kaya — 89.05%. Moreover, most of them have one
species of helminths (from 50.0 to 66.7%) or two
species of helminths (from 25.0 to 38.0%). Three
or more species of helminths recorded simultane-
ously are rare. Representatives of the Nematoda
class are 6 times superior to other classes of par-
asitic helminths (G = 39.8, P < 0.01). The bison
helminth complex differs in different populations,
as it is at the stage of formation in some of them.
During the acclimatization of bison in new fau-
nistic complexes, they, along with other members
of the biocenosis, begin to participate in the circu-
lation of local helminth species.
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