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Abstract

The intensification of the hunting industry leads to an increase in the number of animals and creates conditions for
the spread of invasions, incl. helminthic. The transboundary position of the Western regions of Ukraine contributes
to the expansion of the species composition and habitats of helminths, which in the current climate change can
complicate the epizootic situation of dangerous invasions. On the basis of the literature and the results of our own
research, potential risks to the hunting economy for the emergence of new helminthiasis caused by the species-
species have been identified. In the work the influence on the helminth fauna of ungulates, kept under conditions
in the aviary, modifying and regulating environmental factors, is analyzed. The modern changes in the phenology
and ontogeny of pathogens of mass infestations, first of all in geo-helminths, have been investigated. For the
causative agent of dictiocaulosis, prolongation of the seasonality of invasion by larvae has been established. It is
shown that the decrease in the extent and intensity of invasion of individual trematodes correlates with the dynam-
ics of their intermediate hosts. The data on the effectiveness of remediation with aqueous solutions of polyhexa-
methyleneguanidine chloride, landing sites were obtained by decontamination of soil in wildlife clusters, in order
to minimize their infestation by nematode larvae. The proposed remedy is an organic compound, does not scare
away animals, but by contacting organic and inorganic constituents of the soil and lose their potential toxicity.

(o) ERE Efficiency of destruction of larvae of Strongylid and Strongylate in the sample ranged from 78 % to 87 %, and in
the surface (up to 5 cm) soil layers — 96100 %. Research findings should be reflected in planned antiparasitic
measures.
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1. Introduction

In the context of increasing anthropogenic load on the
environment, the issue of biodiversity conservation, the
reproduction of ecosystem components, and the rational use
of natural resources are extremely important. One of the
ways of preserving and replenishing the faunistic complexes
of natural biocenoses, indigenous to the past or introduced
species, is the breeding of animals, including hunting, cap-
tive and semi-voluntary, carried out for conservation or
commercial purposes. Thus, thanks to artificial breeding
measures, many species of animals, such as bison and bison,
were preserved from complete extinction (Veselyi, 2010;
Danilkin, 2011; Ponomar & Kruchynenko, 2014; Sokolov &
Mykytyn, 2014).

The intensification of the hunting industry leads to an in-
crease in the number of animals and, accordingly, the vol-
ume of exploitation of their populations. At the same time,

due to biotechnical and hunting-economic measures, such as
the regulation of predator numbers, organization of feeding,
diet enrichment and protection, the influence of modifying
factors, which inhibited the growth of the number of ani-
mals, is significantly reduced. On the other hand, the influ-
ence of regulatory, biotic factors is increasing. For example,
as the number of livestock grows, conditions for the spread
of invasions, including helminthiasis, which is a natural
factor in the regulation of the number of animals, and also
cause significant economic losses due to the reduction of
fertility, market and trophy qualities, culling of the products
obtained (Govorka et al., 1988; Egorov, 1995; Subbotin,
2011). They also adjust seasonal dynamics, and hence the
magnitude and intensity of the invasion, the recent changes
in seasonal isotherms, which have already been documented
by us and in local natural populations potentially dangerous
for the economic activity of helminth species.
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Research of helminth fauna in new economic conditions,
study of invasive features, biological features of parasites,
their phenology in modern climatic changes, popularization
of new scientific data, will help to strengthen the control of
epizootic status in agrocenoses, development of scientifical-
ly substantiated measures (Davudov, 2008; Dovhii et al.,
2011; Subbotin, 2011).

The introduction into practice of modern science and
best practices in the prevention of parasitic diseases, the
voluntary keeping of wild ungulates, will contribute to the
increase of their livestock, increase the production of quali-
ty, environmentally friendly, cost-effective production is
especially advisable in modern conditions.

The purpose of the study is to analyze, under current
climatic changes, the impact on ungulates of ungulates in
the aviary, modifying and regulating environmental factors.

2. Materials and methods

The research was conducted in hunting farms of the
aviary type and in adjacent livestock farms of Rivne and
Volyn, located on the territory of Volyn Polissya. A retro-
spective and prospective analysis of the spread of cattle
helminthiasis in the Rivne region was conducted on the
basis of their own materials and statistical reporting data
from the Rivne Regional State Veterinary Laboratory. La-
boratory studies were performed on the basis of the labora-
tory of parasitology of the Rivne NDVS, and later in the
Experimental Station of epizootology of the Institute of
Infectious Diseases of NAAS. The results of more than 600
coproscopic studies have been performed using convention-
al methods. The study of the intensity of molluscan lesions
by larval forms of trematodes was performed according to
the method of V. I. Zdun (Zdun, 1957), by compressor
method, followed by microscopy.

The theoretical analysis of scientific literary sources,
synthesis, generalization, comparison, concretization are
used in the work.

3. Results and discussion

In recent years, in the hunting farms of Ukraine, the
number of wild ungulates has declined. Thus, according to
the data of the Statistical Bulletin “Doing Hunting”, the total
number of ungulates in Ukraine in 2012 was 239.6 thousand
heads, in 2015 — 231.3 thousand heads, in 2016 — 220.2
thousand heads. The greater interest of hunting area users is
to breed wild animals in aviaries, for the purpose of letting
them into their own lands and for sale to other farms. Be-
tween 2000 and 2016, the state increased the number of wild
ungulates from 44 to 220, and the number of the main stock
reached almost 3.000 (Vedennia myslyvskoho hospodarstva
u 2014-16 rr). The majority of the stock of captive ungulates
belongs to the representatives of the contract of ruminants:
deer, fallow deer, mouflon. Due to the deteriorating epizoot-
ic of African wild boar plague, work on breeding and keep-
ing these livestock is temporarily suspended.

According to the data of the State Statistics Service of
Ukraine in the three surveyed farms of Rivne and Volyn
oblasts (BARS LLC, Sokil MSC and DLMG Zverevske),
there has also been an increase in livestock since 2016. by
2018, the number of aviaries increased from 112 to 223
individuals.

Helminthoses of ungulates have a number of features
caused by both physical and geographical conditions — the
territory is divided between two climatic zones and is rich in
natural biotopes of adjacent feeders, and mainly mixed na-
ture of trematodose-nematode infestations complicated by
special geochemical and ecological areas.

According to Kharchenko V. A. (Kharchenko, 2004),
161 species of helminth parasites of wild ungulates have
been registered in Europe, 99 species have been identified in
Ukraine; 56 species of elk are parasitized, noble deer — 78,
spotted deer — 17, roe deer — 86, fallow deer — 40, bison — 5,
mouflon — 64, boar — 35 species of helminths. Species that
do not have a narrow specialization in the choice of the
owner predominate — parasite in several species of ungu-
lates, including farm animals. Relatively specific are rumi-
nants, including 3 species of deer, 2 of elk and roe deer.
Indeed species specification is revealed in 26 species
(Kharchenko, 2004).

According to the statistical reports and own half-century
studies, in the agricultural and wild animals of the region, 43
species of helminths were identified, 15 of them flat (7 —
trematodes, 8 — cestodes) and 28 species of nematodes. The
identification of 10 helminth species was performed at the
level of genus traits. Conducted by us helmintovoscopic
studies of wild (aviary) ungulates showed the presence in
the European fallow deer of LLC-company “Bars” in Dera-
zhnensky forest of Kostopil district, Rivne region, Strongy-
loides papillosus (EI — 100 %), Dictyocaulus viviparus (EI —
60 %, Eab — 60 %) EI — 60 %), Trichostrongylus capricola
(EI — 20 %) found in the aviary at feeding sites. According
to Pepko V. A. and co-authors (2016), larvae of the europe-
an species (EI — 100 %, II — 32), spotted deer (EI — 100 %, II
— 24) and surveyed flocks were registered in the region.
cattle (EI — 70 %, II — 15). The composition of the helminth
fauna depended on the season. In autumn and winter trema-
todes prevailed, in spring and summer — nematodes. Accord-
ing to our research, the mouflon, which is kept exclusively
in the aviaries of Sokil LLC (Kostopil district, Rivne region)
in the region, was affected by Dictyocaulus filaria, Tricho-
strongylus colubiformis, Muellerius capillaries. Terns in-
fected with Liorchis sp., D. viviparus, Trich. colubiformis,
M. capillaries, and in the fallow deer — D. viviparus, Trich.
colubiformis with an extent of 100 % (Pepko et al., 2016). In
wild boars, Fasciola hepatica infestation is common. A
peculiarity of parasite fauna of open-air farms, where a
considerable number of individual species are collected in a
limited area, is the partial restriction of contacts with poten-
tial sources of invasion. As a consequence, a small variety
of helminths is observed, with high rates of invasion magni-
tude and intensity.

A somewhat different situation in free-living ungulates,
which is typical of carrying out unauthorized, unmanaged,
migration, including in transboundary territories, carrying
accompanying parasites. In view of this, there is a need to
expand the range of their potentially hazardous species,
taking into account zoogeographical and climatic conditions.
Thus, according to A. M. Subbotina, the parasitic system of
wild ungulates of Belarus includes 37 species. In particular,
bison revealed 16 species of helminths, elk — 17, roe deer —
19, boar — 16 species. In the wild ungulates of Belarus, 17
species are found, which are also found in domestic rumi-
nants and carnivores, as well as in pigs (Subbotin, 2011).
Given the similar conditions and openness to animals of the
boundaries between adjacent, close territories, we should
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pay attention to the search for these species in our country.
For example, since 2014, recorded cases of infection of
animals Sparganum spirometra erinacei.

Among the parasites we have discovered are dominated
by representatives of the Nemathelminthes type, which, by
their life cycle features, are predominantly geo-helminths,
and thus show a close dependence of phenology on the abi-
otic environmental factors. Broader connections with envi-
ronmental conditions are inherent in Plathelminthes flat-
worms: modifying factors affect both the worm organism
and its intermediate hosts, participants in complex develop-
mental cycles.

There are significant climatic changes in the world that
may affect the geographical distribution of ungulates. Ac-
cording to the Ukrainian Hydrometeorological Institute, in
recent years, the average winter temperature in Polissya has
increased by 1.5-1.8 °C, against 0.5—1 °C in Ukraine. As a
result, the average annual temperature increase in the
Northwestern region of Ukraine is the largest and exceeds
the long-term average by 2-2.5 °C. In addition, the precipi-
tation deficit reaches up to 30 % of the annual amount. Me-
teorological and eco-geographical characteristics erase or
alter the conventional boundaries of physical and geograph-
ical zoning: it is noted that the southern boundary of the
Mixed Forests zone has moved 50-100 km to the north.
Such modifying factors usually have an impact on inverte-
brates, including parasites: areas of distribution change,
ontogeny accelerates, phenology changes.

In the region, weather changes that have taken place over
the last decade reveal trends that are characteristic of the
continental climate:

- high and abnormally high air temperatures and short
but excessive rainfall in summer;

- low temperatures, heavy rainfall in the first half of win-
ter and relative warming at the end of the season;

- a sharp decrease in air temperature in early spring,
which is protracted.

Temperature has a direct and indirect effect on the phys-
iology of helminths, determining the rate of ontogenesis and
life expectancy. Active life of poikilothermic animals is
possible only within a certain temperature range, which may
be different in different species. Experimental data show
that with increasing temperature, the duration of develop-
ment gradually decreases, with a certain range of tempera-
tures reaches a minimum, and with a further increase in
temperature may again increase. The dependence of the rate
of development on temperature is partly explained by the
usual physical and chemical laws. According to the Vant-
Goff-Arrhenius rule, “the rate of the chemical process (me-
tabolism in the body) increases by 10 ° by 2—3 times”. The
temperature factor, of course, is determining, but not the
only one. Equally important is the relative humidity and
absolute residence environment. Some features of phenolo-
gy and ontogeny of dominant helminth species under mod-
ern climatic changes are traced in field materials.

The analysis, for the period 1992-2009, of the results of
coproscopic studies of samples taken from farm animals
showed that the region is dominated by: trematodoses —
fasciculosis and paramphistomatosis, and nematodoses —
dictiocaulosis of ruminants. Dynamic increase in the index
of invasiveness of animals with fasciolosis was noted. Thus,
from 1992 to 1994, the average percentage of infected rumi-
nants was 3.3 and 5.9 %, respectively, in 1996, the exten-
sinvation rate of cattle with fascioli was 10.7 %, and in 2001

— 11.85 %. During the period 1992-2001, the level of fascia
invasion in the animals of the northern (Polesie) and south-
ern (Forest-steppe) regions of the region increased dynami-
cally, accounting for 14.3 and 8.4 %, respectively, in 2001.
Retrospective indicators of the extent of paramphistomatous
invasion are close in value: 5.4 % in 2002, 7.8 % in 2004
(Zhyhaliuk et al., 2009).

In animals from the northern regions, the studied index
was always higher than the same as in the animals from the
southern regions, but since the mid-90s there has been a
gradual approximation of the magnitudes of extensinvasion
of the north and south. The high rates of contamination of
animals from both physical and geographical zones are
explained by the adjacency of the territories and the com-
mon water basin, as well as by the high values of the coeffi-
cient of faunistic similarity of the fauna of the intermediate
feeders. However, high percentages indicate the presence of
processes and factors contributing to the development of
infestation, among which are the number of biotopes of
intermediate trematodes and the extent of their invasion by
larval helminth stages. Why, in turn, contribute to the spring
excess precipitation and the growth of the June isotherm,
typical of the 2000s. The exception was 2019, which was
characterized by a lack of precipitation in the north and
moderate droughts in the south.

To confirm this, we conducted a study of mollusks col-
lected from biotopes within aviary farms and surrounding
settlements. Directly 15 natural terrestrial species (Zebrina
cylindrical, Teneba fructosum, Helicella candicans, Helicel-
la sp., Jaminia potaniniana, Helix vulgaris, Helix pomatia,
Helix lutescens, Succinea putris, Cochiluscima subgracea,
Cochiluscima subgracea, Cochiluscima subgracea, Achaea
capresta, Cochilcapa arbepiaxa, Achaea cresta, arabicus
subsp. nemoralis, Monacha carthusiana, Chondrulla tri-
dens) and 12 aquatic species (Lymnea truncutula, Lymnea
stagnalis, Lymnea auricularia, Galba palustris, Planorbis
(Anisus) vortex, Planorbis planorbis, Planorbis (Anisus)
lencostoma, Radix ovataent Bithyat, Bithyata, Bithyata,
Bithyata, Bithyata corneus, Viviparus contectus) shellfish.
Of these, 9 species have been shown to participate in the
spread of helminth infestations: Helicella candicans, Heli-
cella sp., Succinea putris, Monacha carthusiana, Chon-
drulla tridens — intermediate hosts of Dicrocoelium lancea-
tum; Lymnea truncutula, Lymnea stagnalis, Lymnea auricu-
laria — intermediate hosts of Fasciola hepatica and Fasciola
gigantica; Planorbis (Anisus) vortex, Planorbis planorbis,
Planorbis (Anisus) lencostoma, Radix ovate are intermediate
hosts of the Paramphist of the River Leorchys, and Bithynia
leachi, Bithynia tentaculata are intermediate hosts of Opis-
torhis felineus, Prosthogonimus ovat. Settlement density
from 8 to 15 molluscs per square meter, EI from 0.2 to
65 %.

Of the 9 permanent biotopes surveyed small ponds found
in all. An analysis of the magnitude of invasion of molluscs
showed that the most susceptible to infection with the agent
of fasciulosis is L. truncutula, which, depending on the
season of year, is infested with larvae of fascioles by 3—
40 %. So in May — June 2015, the infestation rate reached
3-20 %, and since July it increased to 40 %, keeping the
value until the end of the pasture season — in October. In
2019, no cases of fasciulosis, either wild boar or cattle, were
recorded. A probable cause was the drying up of aquatic
biotopes of planorbids, which led to their absence during the
grazing season, or reduced the number to 1-4 copies/m’.
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The abundance of terrestrial molluscs, especially quarantine
species of slugs, is considerable and requires further study
of their possible epizootic significance.

More pronounced data on the effects of temperature and
humidity were obtained for D. filaria, which was isolated
from sheep and mouflon in the farms of Kostopil district. In
1993, the following experiment was conducted to study the
timing of maturation of the dictiocaulus larvae to the inva-
sive stage and the timing of their viability. In the artificial
biotope, at the beginning of each month, 2 packages of
group samples of faeces, weighing up to 300 g, were laid,
pre-protecting them from drying out. Bookmarks were made
in sunlit and shaded areas. Three days later, daily larvoscopy
was started, before invasive larvae appeared. Further, the
samples were examined 5 days before the death of hel-
minths. For the differentiation of dictiocauluses from other
nematodes, staining was standard procedure using meth-

Table 1
Terms of maturation and survival of dictiocaulus larvae

ylene blue solution. Under similar conditions, the experi-
ment was repeated in 2019, recording the temperature and
humidity.

It has been found that the ontogeny starts at a threshold
temperature of + 6 °C, which lasts 4—6 days in a row. As
shown in table 1, there is a species-specific temperature
optimum and an appropriate humidity regime of the sur-
rounding air. In the summer months, the temperature is
optimal, deviations in terms of invasive larvae — insignifi-
cant, and the duration of existence determines the humidity
of the environment: the larvae of stages 2 and 3 sustained
dehydration for 20-25 days, then mostly died. In 2019, the
determinants of the invasiveness of juvenile diktiokaul, the
number of atmospheric opals and the duration of the dry
season, became. However, due to the abnormally warm
autumn-winter months, the seasonality of the infestation
became longer.

1993 p. 2019 p.
Months F{)midi h:t/:;ge exp;tt:ncy, Light Ir;::;ge expggncy, Tomidi Apr;leoclil[r:itte? '
C days days Shadow days days C tion, mm
January -8.9 ) ) A ) ) -5 31
- - 26 4
February -6 ) ) & ) ] +0,9 14
- - 18 14
March -2 ) ) & 19 -8 +4,2 24
April +6,9 I8 60 1 59 +9,6 35
’ - - A 19 60 ’
10 21 10 35
May +13,6 1 35 & 10 40 +14,4 102
June +16,7 > 28 4 20 +21,7 48
7 35 102 6 25
July +19,8 ! 21 ! 22 +18,4 84
’ 8 35 (o2 9 41 ’
August +18,5 7 >0 6 35 +19,6 75
’ 8 57 (2 6 49 ’
September +12,9 10 > ’ 37 +14,6 40
’ 14 65 (22 11 45 ’
October +7.9 ) ) o > +5,7 9,9
’ - - A 18 65 ’ ’
- - 27 29
November -0,3 ) ) & 30 s +5,7 2,9
December 2,1 : : & : : +2,3 23

During the maintenance of wild ruminants in captivity,
their way of life and nutrition changes, and anthropogenic
factor (transport of animals, feeding of imported feeds, or-
ganization of sanitary control) begins to play a leading role
in the formation of the parasitic system (Zdun, 1957). Given

the prolongation of the invasive activity of geo-helminths,
the rehabilitation of sub-sites, namely the disinfection of soil
at wildlife sites, is essential to minimize their re-infestation.
To this end, we have proposed the use of aqueous solutions
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of polyhexamethyleneguanidine (PGMG) chloride, at a
concentration of 0.4 %, at a dose of 200—300 ml/m?.

The basis for the experiment was the results of the study
of the effects of PGMG solutions on larvae of intestinal
Strongylid and pulmonary Strongylate extracted from fae-
ces. In particular, larvae of Strongyloides (Strongyloides sp.)
And Dictyocaulus (Dictyocaulus sp.) PGMGhI in concentra-
tions of 0.1-0.2 % were reduced by 70-80 %, with drug
concentrations of 0.3 % efficiency reached 90-95 %.

Test results in the enclosure of Bars LLC, showed that in
the surface layer of soil PGMG solutions effectively neutral-
ize both pathogenic microorganisms and helminth larvae.
Efficiency of destruction of larvae of Strongylid and Stron-
gylate in the sample ranged from 78 % to 87 %, and in the
surface (up to 5 cm) soil layers — 96-100 % (Pepko et al.,
2016). In addition, PGMG preparations are odorless, do not
scare off animals, but lose their potential toxicity by contact-
ing organic and inorganic soil constituents.

The results of the research were taken into account by
the farms when planning the treatment and preventive anti-
parasitic measures of livestock rehabilitation.

4. Conclusions

The transboundary position of the Western regions of
Ukraine contributes to the expansion of the species compo-
sition and habitats of helminths, which in the current climate
change can complicate the epizootic situation of dangerous
invasions. Changes in the phenology and ontogeny of path-
ogens of mass infestation under the influence of environ-
mental factors, especially in geogelmint, need special con-
trol. Thus, for diktiokaul, prolongation of the seasonality of
invasion by larvae was established, and the decrease in the
extensiveness of individual trematodes shows a clear corre-
lation with the dynamics of their intermediate hosts, which
should be reflected in planned antiparasitic measures.

PGMG preparations can be used for deworming and dis-
infection of soil contaminated with excrement in places of
animal accumulation, to prevent mass reinfection of ani-
mals.

The introduction into practice of modern science and
best practices in the prevention of parasitic diseases by the
free-keeping of wild ungulates will increase the number of
their livestock, increase the production of quality, environ-
mentally friendly, profitable products.

Prospects for further research. Further research will fo-
cus on the continuation of monitoring parasitological studies
and factors contributing to the spread of helminthiasis and
the improvement of deworming methods of wild ungulates
in semi-detained conditions.
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