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Abstract: A majority of free-ranging wisent (Bison bonasus L.) populations in Ukraine is critically
threatened by the acts of warfare. The only relatively safe populations dwell in the Carpathians.
One of them, the herd inhabiting Skolyvsky Beskyd National Park, lives in close proximity to larger
herds from the Bieszczady Mountains in Poland and National Park Poloniny in Slovakia. Creating
conditions for a mutual exchange of individuals within those populations could secure the genetic
diversity of the Ukrainian herd in the long term. Such migrations are however limited by the
permeability of forest corridors, linking herds dwelling across Polish and Slovak borders.
Additionally, a border fence along the Ukrainian border effectively prevents any transboundary
movements of large mammals. In this paper, ecological conditions along the national borders of
those three countries are analyzed, and existing obstacles for animal movements are identified. A
concept for the creation of a functional metapopulation of wisents, within this transboundary region
of the Carpathians is proposed.

Keywords: European bison; Ukraine; war; the Carpathians; metapopulation; transboundary area;
connectivity

1. Introduction

Large mammals are particularly vulnerable to anthropopression because of their extensive
spatial requirements, usually low reproductive rates, and often insufficient population numbers.
Additionally, the presence of those species stimulates conflicts related to damages to crops,
competition with the livestock, or traffic accidents [1,2]. Being an attractive source of meat and
trophies, they are often threatened by overhunting or poaching [3,4].

Due to their nutritional requirements, foraging habits, and biomass, large herbivores are
significant components of complex food webs and are the main food source for predators and
scavengers. They contribute to the maintenance of habitat mosaics and exert essential impacts on
vegetation dynamics and nutrient cycling [2,5]. In many cases, habitat patches that are suitable for
the survival of large mammals are too small to support their viable populations due to strongly
modified and fragmented contemporary landscapes [6]. Therefore, so important is the maintenance
of networks of ecological corridors providing a linkage among isolated subpopulations, which may
allow them to function as a metapopulation. Large intact tracts of forest habitats are particularly
valuable for that purpose [7-9].

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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The wisent (European bison) Bison bonasus L., the largest native mammal inhabiting forest
ecosystems of Europe, belongs to gregarious species, spending their lives in groups counting from a
few animals to even several tens of individuals. The species was rescued from the brink of extinction
a hundred years ago, when only a few animals remained alive in captivity. Therefore, the present
world population originates from just 12 founders. Hence, its gene pool is extremely narrow, and as
a consequence, the level of inbreeding within existing populations is excessively high [10]. Therefore,
to avoid further loss of genetic diversity, it is so important to maintain populations of this species at
possibly high numbers [11]. For this species, a minimal, genetically safe population is estimated for
about 100 individuals [12,13].

Free-ranging wisents have been restored to the Carpathians through introductions after their
absence, lasting for about 250 years. At the moment within this eco-region, their populations exist in
four countries: Poland, Slovakia, Romania, and Ukraine. All of them consist of individuals belonging
to the Lowland-Caucasian line [14,15]. According to the official census, there are now: 750 wisents in
Poland in herds of the Bieszczady Mountains, 58 animals in National Park Poloniny in Slovakia, and
96 in three herds within Ukrainian Carpathians [16].

By the 90s of the XXth century, the numbers of this species within the whole territory of Ukraine
were estimated at 685 individuals. However, due to mismanagement, overhunting, poaching, etc.,
the numbers of free-ranging wisents dwindled there to 425, and four of the formerly created free-
ranging herds were lost. Presently, animals belonging to three remaining herds in the Carpathians
constitute almost 25% of the whole Ukrainian population. The herd from Skolyvski Beskydy N.P.,
situated just some 30 km from the Polish herd in the Bieszczady Mountains, counts 43 animals [16].
Since their ranges are being relatively the least threatened by acts of present warfare, the survival of
Carpathian herds is extremely important for the future existence of this species in Ukraine [17].
Moreover, wisents inhabiting the Ukrainian part of the Carpathians may, in some perspective,
provide a connection between Polish, Slovak, and Romanian herds, extending the range of this
species over the whole eco-region. Therefore, so important seems the facilitation of transboundary
contacts among wisents dwelling in Polish Bieszczady Mountains, Slovak N.P. Poloniny, and
Ukrainian Skolyvski Beskydy N.P., allowing for creation of their functional metapopulation.

There were several attempts in the past to identify the most effective ecological corridors
allowing for wildlife migrations along the Carpathian arch [18-20]. Nevertheless, together with
changing conditions of land cover and local development, limiting continuous tracts of forests, as
well as specific requirements of wisents towards their migration routes, it is necessary to confirm and
update available knowledge on ecological connectivity there and indicate potential ecological
corridors for wisents within the transboundary area of those three neighboring countries.

Therefore, this paper aims at the identification of potentially the most optimal solutions,
allowing for wisents to move among present home ranges of the closely situated herds of Poland,
Slovakia, and Ukraine.

2. Study Area, Materials, Methods

Data for this paper was collected within the transboundary area of Poland, Slovakia, and
Ukraine, including Bieszczadzki National Park with Forest Districts of Lutowiska, Stuposiany, Cisna,
and Komancza (including two landscape parks) on the Polish side, Poloniny National Park in
Slovakia, and the Uzhansky National Park with recently established National Park Boikivshchyna
(partially the Nadsiansky Landscape Park) in Ukraine (Figure 1).
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Figure 1. National parks and other protected areas within the potential home range of wisent
metapopulation within the transboundary area of Poland, Slovakia, and Ukraine. 1 - Bieszczadzki
National Park; 2 - Poloniny National Park; 3 - Uzhansky National Park; 4 - Skolyvski Beskyd National
Park; 5 - Boikivshchyna National Park; 6 - Doliny Sanu Landscape Park; 7 - Cisniarisko-Wetlinski
Landscape Park.

Within this area, the elevation of its highest peak is 1346 m above sea level, and the forest cover
occupies up to 85% of the range. Among forest stands, the beech-fir (Fagus sylvatica-Abies alba)
association dominates, while along watercourses, alder-willow (Alnus glutinosa-Salix spp.) stands
occur. The Scotch pine (Pinus sylvestris) overgrows former cultivated fields [21].

Included were all available records of wisents’ presence (direct observations, tracts, feces, and
telemetric fixes) collected in Poland between 2003-2022, in Slovakia between 2004-2024, and in
Ukraine between 2003-2024, in a proximity of national borders. Data was collected by staff members
of national parks, rangers, and foresters of three countries and the staff of the Carpathian Wildlife
Research Station of the Polish Academy of Sciences. In total, 105758 such records were considered in
this analysis.

The distribution of data was analyzed with the ArcView 9.3 software (Esri Polska:
https://www.esri.pl/, accessed on 10.08.2024). Habitat (parameters were classified according to the
CORINE Land Cover (CLC), including the features of the terrain (elevation above sea level), land
cover, and potential human-related obstacles for animal movements (settlements, roads, fencing).

3. Results

Generally, when animals were approaching the line of a national border, they were following
the least demanding route, leading to possibly the lowest available part of the mountain ridge. This
was particularly well visible along the state border between Poland and Slovakia, which runs along
the main ridge of the Carpathians (Figure 2)
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Figure 2. An example of recorded wisents crossings (arrows) along the Polish-Slovak border

considering the elevation above sea level.

The maximal elevation where wisents were observed within this area was 1145 m above sea
level; however, this was only one record. Above 1000 m, only 5 observations were recorded. An
absolute majority of wisents’ occurrence was recorded there between 555 and 705 m above sea level.
Nevertheless, even the records obtained there at the highest elevations come from the forested area.

Regarding preferences towards the land cover, there was a strong tendency for movements of
wisents to select forested areas or at least to cross an open land at its possibly the most narrow stretch.
Since the whole extend of the Polish-Slovak border is below the timberline (in Bieszczady estimated
for about 1150 m above sea level), this relation could not be well observed there. However, along the
Polish-Ukrainian border there are numerous open areas belonging to former villages that
disappeared after 1945. Therefore, wisents approaching the border, although they were using those
open habitat patches for grazing, generally preferred to stay under tree canopy (Figure 3).
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Figure 3. An example of recorded wisents crossings (arrows) along the Polish-Ukrainian border in

relation to land cover. Dark gray areas represent forests.

Within the zone wide for 150 m, which we assumed as the area when wisents are the most likely
to cross the state border, 56% of their records of occurrence were within the forested land, while the

remaining 44% were recorded on open land.

A critical barrier preventing wisents’ movements is a border fence (so-called , systiema”) along
the Ukrainian border. Presently, none of the large ungulates inhabiting this area is able to come
across. The distribution of records of wisents’ presence along the eastern Polish border clearly proves

this situation (Figures 3 and 4).
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Figure 4. Distribution of records of wisents” presence along the border between Poland and Ukraine
and the border fence. Dark gray areas represent forests. Black shapes represent settlements.

4. Discussion

Within the transboundary zone in the Carpathians of Poland, Slovakia, and Ukraine, there are
presently three separate populations of wisents. Together they count over 900 individuals, which
makes this potential metapopulation the second in numbers after Polish and Belarussian herds, living
in Bialowieska Forest [16]. Such population size could assure its viability over a considerable period
of time.

An important aspect suggesting the urgent need to secure the future of wisent population in the
Ukrainian Carpathians is the fact that those are the only herds of this country still living outside the
area directly threatened by the acts of warfare. Other Ukrainian herds are situated either in close
proximity of military activities or their home ranges became already heavily mined [17,22]. It is well
known that due to its body size and gregarious behavior, this species is particularly vulnerable to
anthropopression, especially persecution, illegal killing, etc. The disappearance of wisents from
Biatowieska Forest in 1919 was a direct effect of such events connected with World War I [10].
Presently, Ukrainian herds in the Carpathians are too small to guarantee their viability in the long
term, and their supplementation with new individuals through an import of animals from other
countries is too difficult now due to the current political situation.

Therefore, an optimal solution for mitigation of their further inbreeding would be the creation
of conditions for spontaneous migrations of animals among Polish, Slovak, and Ukrainian herds
[13,23]. A favorable circumstance for such initiative is the existence of the International Biosphere
Reserve , Eastern Carpathians”, including national and landscape parks, situated exactly within the
transboundary area of those three countries. Part of this area belongs also to the Natura 2000 site.
Mutual international agreements may make the management of wildlife populations more efficient
there and help to protect remaining patches of natural forest habitats within this area [24-26] (Figure
1).

Former papers concerning the possibilities for animal migrations along the Carpathian range
were mostly based upon theoretical assumptions using the habitat suitability index (HSI) [18-20]. In
this paper, we attempted to collect data from all three neighboring countries on the presence records
of wisents along national borders. These datasets were compared with land cover and elevation
maps, as well as confronted with potential barriers for animals’ movements like border fences,
settlements, or transportation routes.

In general, the Carpathians, with forest habitats strongly dominating there, are assumed to be a
large migration corridor for the wildlife, connecting the south-eastern part of Europe with the center
of the continent [18,20]. Nevertheless, across this mountain chain lead numerous roads and railroads,
and in many places mountain valleys are densely inhabited by people. Therefore, natural migration
routes are often difficult to pass by large mammals, especially the human shy species like wisents in
the Carpathians [27,28]. Exceptionally favorable conditions for wildlife movements are within some
80 km along the Polish-Slovak border, from the border with Ukraine at Krzemieniec Peak in the east
and the border crossing between Poland and Slovakia at Barwinek in the west. Within this distance
there is only one rarely used railroad connecting Poland and Slovakia at Nowy Lupkéw and one
second-class public road leading to the small border crossing Radoszyce-Palota. Former villages
encroaching mountain valleys on the Polish side mostly disappeared after 1945. Therefore, since the
whole of this area is situated below the timberline, it is covered by dense forests with only a few small
openings. Earlier observations on wisents crossing the Carpathian ridge there proved that animals
within this area could select their routes without any obstacles [29,30].

According to obtained records on wisents” presence along the country border there, for their
crossings they prefer sites at possibly low elevations at mountain passes, but in fact single bulls were
occasionally observed even at high ridges of Bieszczady [15]. Since there are no local plans for
changes in forest management and land use patterns, there is no need for establishing special
corridors securing possibilities for wisent movements between those two countries. A quite different
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situation exists along borders between Poland and Slovakia on one side and Ukraine on the other.
Between the Slovak-Ukrainian border crossing Ubla-Velikij Bereznyj and the Polish-Ukrainian
border crossing Kroscienko-Smolnyca, there is a distance of some 130 km. Only some 20 km to the
north are outside of protected areas like national or landscape parks, so a majority of this area remains
under legal protection. River San, which flows along the Polish-Ukrainian border there, is shallow
and narrow, not posing any obstacles for wisent crossings. Nevertheless, on the Ukrainian side there
are a main road and a major railroad leading from the Lvov Province in the north to the Zakarpacie
Province in the south. Both routes are without any installations allowing for undisturbed crossings
by animals. Also, the density of human settlements is much higher there compared to the Polish side,
while the percentage of forest cover is considerably lower (Figure 5).
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Figure 5. A comparison of land cover at the Polish-Ukrainian border in the Bieszczady Mountains.
Dark areas represent forests (source: Google Maps, accessed 18.04.2024, modified).

Additional obstacle for animal migrations is a border fence built up along the former Soviet
border in the 80s of the XX century, partially neglected in the beginning of the XXI century but
recently considerably reinforced. It runs from several hundred meters up to eight km parallel to the
actual country border, and such construction is impassable for large ungulates, like it has been proved
in relation to other installations along borderlines [31,32] (Figure 4).

Unfortunately, any attempt to make some gaps in this infrastructure, allowing for animal
movements, is beyond the competency of the Forest or National Park Service and especially difficult
now due to present military activities.

The most important for future functioning of wisents’” metapopulation within this
transboundary area is a potential ecological corridor connecting Skolivski Beskyd N.P. in Ukraine,
which is inhabited by a free-ranging wisent herd, and Bieszczadzki N.P. in Poland, which is a part of
the home range of an eastern subpopulation of wisents in Bieszczady Mountains [33]. A majority of
this narrow route is now covered by forests; however, there are several critical points between closely
situated settlements in Ukraine where habitat improvements and protection of forest cover would be
necessary in the future (Figure 6).
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Figure 6. Potential connectivity between wisent population of the Bieszczady Mountains and the
home range of the herd at Skolivski Beskyd National Park. HSI: habitat suitability index. Dark gray
areas represent forests, black shapes—settlements. Arrows show points between settlements, critical
for connectivity (source: [18], modified).

Therefore, the establishment of metapopulation of wisents among three neighboring countries
is potentially possible since there are favorable conditions regarding the land cover (high percentage
of forests and low intensity of land use) and the dominance of protected areas in this region. At the
moment, there are no natural or anthropogenic obstacles for wisents’” movements between Poland
and Slovakia; however, making possible an exchange with Ukrainian herd is currently more
complicated and will require further maintenance of continuous forest tracts along the potential
migration route. Especially important are critical, narrow passages between neighboring villages [34].

Therefore, considering present threats for the remaining part of wisent herds in this country,
further efforts towards the creation of conditions allowing for the connectivity of the Carpathian herd
in Ukrainian Skolyvski Beskyd with Polish and Slovak neighbors are urgent. An approach towards
the creation of transboundary metapopulation of wisents proposed in this paper can be useful in
cases of small, isolated populations, threatened with inbred, established in neighboring countries
with various policies towards the wildlife and different conservation regimes. The success of future
management of this wisent population towards the maintenance of its genetic diversity should
depend mostly upon effective protection of ecological connectivity, first of all the continuous tracts
of forests among home ranges of populations in three neighboring countries.

5. Conclusions

The declining population of free-ranging wisents in Ukraine and further threats connected with
the acts of warfare there seriously threaten the future of the species in this country. Connection of
wisents from Ukraine with herds dwelling in the Polish and Slovak Carpathians into one functional
metapopulation may assure further viability of Ukrainian subpopulation. Generally, habitat
conditions within this range still allow for animals” migrations; however, a critical factor can be the
further maintenance of continuous forest cover along the route connecting the Skolyvski Beskyd
range in Ukraine with the Bieszczady Mountains in Poland. Currently, an artificial barrier along the
Ukrainian border is a major obstacle for maintaining connectivity among wisents in Poland, Slovakia,
and Ukraine.
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