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Simple Summary: The European bison is the largest species of land mammal in Europe and was
on the verge of extinction after the First World War. Through the efforts of scientists, wildlife
managers, protected areas administrators, and environmental NGOs, the species has been saved
from total extinction. All protective activities began in Poland, where the most bison survived, and
the initiator of this undertaking was Jan Stanislaus Sztolcman. We aimed to analyse the possibility
of reintroducing free-ranging wisents in an area in the north of Romania where the species existed
until 1852. Near the analysed area, several wisents were released in the last decade, and now their
number has increased to over 50 specimens. The study highlighted the ecological favourability of
certain forests where reintroduction would be successful. Additionally, in order to connect the actual
and future populations, certain ecological corridors were determined. The species is important for its
ecological role as well as from scientific, educational, and sustainable development viewpoints.

Abstract: We analysed the possibility of reintroducing the European bison (Bison bonasus L.) in the
north of Romania—in Suceava, Neamt, , and Maramures, counties—as well as increasing the wild
European bison population in Neamt, county to improve the genetic quality of the existing population.
Currently, there is a population of over 50 individuals in the wild in Vânători Neamt, Natural Park,
Romania. At the same time, an attempt was made to identify the connecting corridors between the
free European bison in Neamt, county and other populations through new nuclei of European bison
released in Suceava and Maramures, counties. In this regard, the hunting grounds with the highest
ecological potential for the analysed species were identified using GIS spatial analysis techniques. The
aim was also to trace possible ecological corridors linking different reintroduction locations, taking
into account the ecological claims of the species. The analysis also followed the size of the European
bison groups to be released, the sex ratio of each group, and the periodicity of their releasing. In
order to reach viable populations, scenarios and simulations were carried out depending on the age,
number, and sex of the relocated specimens. In this regard, the dynamics and the minimum viable
population that could survive without risk of extinction were highlighted. The analysis showed
that the analysed area has a high potential for the reintroduction of European bison in the wild.
The release and creation of new European bison nuclei in the wild creates the premises for natural
contacts with the existing free populations in the wild, genetic improvement, and increasing fauna
diversity with ecological, social, and economic implications.

Keywords: European bison; dynamics; hunting ground; reintroduction; sex ratio; GIS modelling

1. Introduction

The European bison is the largest land mammal in Europe, and it lives in mixed
herds, which are the basic units in the formation of European bison populations. It is an
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endangered species, being scientifically classified in the category of “vulnerable” species by
the IUCN guidelines [1]. The species is of great importance for the conservation/restoration
of biodiversity, especially in terms of vegetation, helping to maintain a mosaic structure of
the ecosystem and landscape, by consuming excess vegetation in the glades, meadows, and
afforested meadows [2–4]. This, together with its rare presence and impressive appearance,
make the European bison a keystone species in nature conservation. In the Holocene,
the species was widespread throughout Europe except for the southern extremities of the
continent, namely Spain, southern Italy, and the southern Balkan Peninsula [2–4]; however,
at high densities, it is problematic due to the damage it causes, as is the case in some regions
in Poland.

Reintroductions in the case of the European bison species are based on the strategy [5]
edited by the IUCN which is currently under review. According to it, the bison species can
be saved from extinction as an element of wildlife in the forest and steppe ecosystems of
Central and Eastern Europe only by reaching, for each genetic line, a target population of
3000 individuals in the wild. In 2019, there were 8461 bison, of which 1738 lived in captivity,
479 in semi-liberty, and 6244 specimens in the wild [6]. In 2019, there were 9112 European
bison, of which 1792 lived in captivity, 501 in semi-liberty, and 6819 free-ranging. The total
numbers of European bison with disregard to type of maintenance and genetic line (EBPB
2021) are high in Belarus (2356 individuals), Germany (609), Poland (2316), Russia (1798),
Ukraine (387), and Romania (214).

Among the conservation measures recommended in the strategy mentioned above are:

- The continuous breeding of captive and semi-free individuals, as the populations of
European bison in zoos and reservations constitute a valuable genetic reserve for this
species;

- The continuation of reintroductions in the wild. These must be based on appropriate
scientific data, requiring the identification of new reintroduction sites located mainly
in the historical area of the species;

- Ensuring the natural transfer of the gene pool between free herds in the Carpathians.

The decline of the European bison’s area followed by the bison’s disappearance from
today’s territory in Romania took place from the end of the 18th century to the beginning
of the 19th century. The last areas in which the European bison survived were the Călimani
Mountains, the Bârgău Mountains, and the Rodna Mountains [7–9].

As in the rest of Europe, the extinction of the European bison in the wild was caused
by a number of factors, including poaching, competition with domestic species, and habitat
loss [10].

The existence of these reports regarding the presence of the wisent mainly in the
western part of the Eastern Carpathians and in Transylvania can be explained by the
belonging of this region to the Austrian Empire and by the existence, at that time, of an
administrative system which was better developed than that in neighbouring Moldova.
It is very possible that the European bison survived even longer in the eastern part of the
Carpathian Mountains in the corresponding counties of Moldova (Suceava and Neamt, ;
Figure 1).

The toponymic analysis can give additional information regarding the natural char-
acteristics of the area. The highest toponymic concentration in Romania regarding the
European bison is found in the so-called “European bison area”—the Carpathian area in
the counties of Suceava, Neamt, , Maramures, , and Bistrit,a—which is the subject of a serious
argument regarding the presence of the species and the creditworthiness of habitats in
this area. For the toponymic analysis, the Romanian word for wisent, i.e., ”zimbru”, and
its derivatives were taken into consideration [7]. The restoration of the European bison
herds in the Romanian Carpathians is vital for the success of the reintroduction programme
for the entire area of the Carpathian Mountains. Now, there are three populations in the
wild in Romania: one with over 50 specimens within Vânători Neamţ Natural Park, one
with more than 100 specimens in the T, arcu Mountains (Caras, , Severin County), and one
with 29 specimens in the Făgăras, Mountains [11,12]. The proximity of the Vânători Neamt,
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population to the free-range herds in Ukraine creates a real opportunity to connect these
populations and fulfil one of the goals of the European bison action plan [5].

Forests 2022, 13, x FOR PEER REVIEW 3 of 18 
 

 

 

Figure 1. Geographical position of the study area. 

The toponymic analysis can give additional information regarding the natural char-

acteristics of the area. The highest toponymic concentration in Romania regarding the Eu-

ropean bison is found in the so-called “European bison area”—the Carpathian area in the 

counties of Suceava, Neamț, Maramureș, and Bistrița—which is the subject of a serious 

argument regarding the presence of the species and the creditworthiness of habitats in 

this area. For the toponymic analysis, the Romanian word for wisent, i.e., ”zimbru”, and 

its derivatives were taken into consideration [7]. The restoration of the European bison 

herds in the Romanian Carpathians is vital for the success of the reintroduction pro-

gramme for the entire area of the Carpathian Mountains. Now, there are three populations 

in the wild in Romania: one with over 50 specimens within Vânători Neamţ Natural Park, 

one with more than 100 specimens in the Țarcu Mountains (Caraș, Severin County), and 

one with 29 specimens in the Făgăraș Mountains [11,12]. The proximity of the Vânători 

Neamț population to the free-range herds in Ukraine creates a real opportunity to connect 

these populations and fulfil one of the goals of the European bison action plan [5]. 

The first specimens of European bison were released in 1952, and now there are 46 

free living populations in Europe, located in 9 countries [6]. Despite this, the European 

bison remains a species whose behaviour in the wild is not fully known. For example, the 

wisent’s dietary preferences are controversial. Some studies claim that, historically, the 

European bison is mainly a grazer [13]. As an ecological adaptation to forest habitats, the 

wisent’s diet is now considered to be mixed herbivory, i.e., grazing enhanced with brows-

ing, allowing utilization of a woody plant food base [4]. 

However, the ability to digest lignin, which is more developed than in other ungu-

lates, is an adaptation to forest life [14]. The European bison can chew sprouts and even 

twigs, bark, vines, leaves, buds, etc. In general, older scientific works, under the influence 

of the theory that the European bison is mainly dependent on the consumption of the 

herbaceous layer, tend to underestimate the importance of tree and shrub species, while 

recent scientific works highlight a significant percentage of them in the European bison’s 

diet [15]. 

Models made by GIS simulations have shown that, historically, the European bison 

has been spread in full-stocked forest massifs, suggesting that shoots, buds, etc., are an 

important part of its diet [16]. The European bison prefers deciduous and mixed forests, 

rarely being found in coniferous ones due to the lack of trophic conditions. In deciduous 

forests, wisents find food in abundance throughout the growing season. The mosaic for-

ests are the most favourable for this mammal, as the wisent flocks have territories that 

Figure 1. Geographical position of the study area.

The first specimens of European bison were released in 1952, and now there are 46 free
living populations in Europe, located in 9 countries [6]. Despite this, the European bison
remains a species whose behaviour in the wild is not fully known. For example, the wisent’s
dietary preferences are controversial. Some studies claim that, historically, the European
bison is mainly a grazer [13]. As an ecological adaptation to forest habitats, the wisent’s diet
is now considered to be mixed herbivory, i.e., grazing enhanced with browsing, allowing
utilization of a woody plant food base [4].

However, the ability to digest lignin, which is more developed than in other ungulates,
is an adaptation to forest life [14]. The European bison can chew sprouts and even twigs,
bark, vines, leaves, buds, etc. In general, older scientific works, under the influence of the
theory that the European bison is mainly dependent on the consumption of the herbaceous
layer, tend to underestimate the importance of tree and shrub species, while recent scientific
works highlight a significant percentage of them in the European bison’s diet [15].

Models made by GIS simulations have shown that, historically, the European bison
has been spread in full-stocked forest massifs, suggesting that shoots, buds, etc., are an
important part of its diet [16]. The European bison prefers deciduous and mixed forests,
rarely being found in coniferous ones due to the lack of trophic conditions. In deciduous
forests, wisents find food in abundance throughout the growing season. The mosaic forests
are the most favourable for this mammal, as the wisent flocks have territories that include
open areas, such as meadows or pastures in various stages of secondary succession—
clearings, clear-cuttings, patches of natural regeneration, or stands of young trees up to
10 years old [17–20].

The attraction for open areas comes from the fact that more food is available there
compared to full-stocked forests [4,10,21,22].

For this reason, some authors recommend that approximately 20% of the area intended
for reinforcement be made up of open lands, stating that proximity to agricultural lands is
not desirable [23].

Although in the Bieszczady Mountains of the Polish Carpathians and in the Eastern
Carpathians (Vânători Neamţ Natural Park), the European bison in the wild reached their
upper altitude limit (1200 m altitude), in the much higher Ţarcu Mountains, they also
explored the alpine treeline at altitudes higher than 2000 meters. A similar behaviour
is observed in the Caucasus region, where the European bison descend in the winter
along the forested valleys, while in summer, they look for food in the alpine meadows,
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located at more than 2000 meters elevation [24]. Given the amplitude of its historical area,
the climatic variables (average annual temperature, average temperature in winter, and
annual rainfall) usually used to characterize the ecological niche of a species are not very
important in the case of the wisent. The variables referring to vegetation cover and land
use are important. Under normal conditions, where they can easily find food, free-ranging
European bison avoid urban settlements and highways, while using forest roads or poorly
trafficked roads as well as agricultural lands. European bison look for quiet areas with
mosaic-type landscapes composed by meadows and deciduous and mixed forests with
fragmented stands and low slopes [25–27].

At the landscape scale, European bison avoid areas with human influences, such
as settlements, roads with higher traffic volumes, or areas where direct encounters with
people are likely to occur [25,28,29].

In Romania, the hunting management is carried out on administrative units called
“hunting grounds”. In Romanian legislation, the bison is considered a fully protected
game species [30]. The objectives of the analysis were to identify those hunting grounds in
the analysed area that offer the best ecological conditions for the development of wisent
populations. The aim was also to establish possible ecological corridors necessary for
the natural exchange of individuals between free herds. Such studies have already been
performed and successfully implemented for the conservation/reintroduction of the wisent
in the wild [31].

2. Materials and Methods
2.1. Favourable Habitats

The work aimed to establish hunting grounds (HG) in the counties of Suceava, Neamt, ,
and Maramures, , where new specimens of European bison could be released. The term
“hunting ground” (HGs) shall not be taken as such, but for its ecologically protective
meaning as network of nuclei and corridors able to increase and maintain the genetic
diversity of these populations. For this purpose, favourable habitats were established on all
hunting grounds in Suceava, Neamt, , and Maramures, counties (Figure 1), and the analysis
was carried out on a large scale using GIS spatial analysis techniques that allow mapping
all the factors that influence both favourably and restrictively the studied species, allowing
quantitative and qualitative definition of proper habitats as well as the classification of
territories at different scales and details of analysis [32–36].

In the first stage, a complex database was created on a raster map (spatial resolution
of 25 m) combined with vector databases (Landuses classes, hunting ground limits, road
network, built area limits, etc.). CORINE Land Cover 2018 [37] and representative data
of the environmental and anthropogenic factors influencing the studied species for the
entire pilot area were used as cartographic materials. CLC is the most widely used land
cover database in Europe, providing the accuracy needed for such research and ensuring a
consistent projection over time (implementation began in 1990). CorridorDesigner ArcMap
extensions were used to process data on the movement of the analysed species from one
hunting ground to another.

Based on species requirements, as shown in the Introduction chapter, reflecting the
specificity of the area, habitat favourability was measured by six variables: elevation,
slope, distance from paved roads, distance from settlements, land use, and degree of
fragmentation of forests. For each class of each variable, a specific suitability score was
assigned depending on the influence that each category has on the European bison [38,39].
The range categories specified for the six variables have been established in accordance
with the studies conducted for the reintroduction of the wisent into Europe.

The EU-DEM database raster, version 1.0, with a spatial resolution of 25 m was used
for the elevation factor, which provides enough details to be included as a factor in the
European bison favourability model.

The following thresholds were taken into account based on data provided by GPS
collars worn by some individuals released in Vânători Neamţ Natural Park regarding
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movements, space use and resource selection, direct observations, and conclusions of other
wisent reintroduction studies related to the Carpathians [31,38].

Considering the physical–geographical and ecological peculiarities specific to the
Romanian Oriental Carpathians and the altitudinal distribution of forest formations, the
following altitude categories were chosen: 0–300 m (30 points suitability), 300–500 m
(50 points), 500–800 m (100 points), 800–1000 m (80 points), 1000–1300 m (40 points),
1300–1700 m (10 points) and higher than 1700 m (0 points).

Distance from paved roads was included in the modelling using the multiple buffer
function. Then categories of distances were set up, assigning no suitability points up to
500 m (0 points), followed by 50 points (500–1000 m), and finally 100 points for buffers
larger than 1000 m.

Larger thresholds were set up for settlements based on the fact that the European bison
can occur near isolated settlements or scattered houses. The following categories were
established: 0–500 m (0 points), 500–1000 m (75 points), and 1000–10,000 m (100 points).

Land use, according to CLC 2018, took into account the land cover classes. Given the
multitude of uses, the classes were grouped into 7 categories (Table 1).

Table 1. Land use classes and their suitability points.

No. of Points Land Use Classes

0 points

111—continuous urban areas, 112—Artificial areas, 121—Industrial,
commercial and transport units, 122—Road and rail networks and associated

lands, 124—Airports, 131—Mineral extraction sites, 132—Dump sites,
133—Construction sites, 141—Green urban areas, 142—Sport and leisure

facilities, 331—Beaches, dunes, sands, 332—Bare rocks, 333—Sparsely
vegetated areas, 512—Water bodies

20 points

211-non-irrigated agricultural land, 212—Permanently irrigated land,
213—Arable land, 221—Vineyards, 222—Fruit trees and berry plantations,

322—Moors and heathland, 411—Inland marshes, 511—Water courses,
512-Water bodies

40 points 312—coniferous forests

70 points 311—deciduous forests

80 points 231—pastures, 242—Complex cultivation patterns, 243—Land mainly
occupied by agriculture, with significant areas of natural vegetation

90 points 321—natural meadows, 324—Transitional woodland shrub

100 points 313 mixed forests

Slope was measured by ArcMap software 10.7., being classified into the following
categories according to the accessibility thresholds: <15 degrees (100 points), 15–20 degrees
(70 points), 20–25 degrees (50 points), 25–30 degrees (20 points), >30 degrees (0 points).

For the forest connectivity, defined by the Morphological Spatial Pattern Analysis
(MSPA), the following categories have been established: no forest—areas without forest
vegetation (30 points); young forest, without patches of full-stocked forests, but connected
at one end with a bridge, a link, or an inner or outer edge (50 points); island—a forest area
without any patch of full-stocked forest, but isolated from full-stocked forest (40 points); the
outer edge of the forest—the outer perimeter of a full-stocked forest (70 points); bridge—a
forest area, thin, which does not contain a full-stocked forest and which connects at least
two different full-stocked forest areas (70 points); loop—a forest area, thin, which does
not contain full-stocked forest and which connects parts of the same full-stocked forest
(50 points); inner forest—the inner part of a forested area, a certain distance from the
forest–non-forest boundary (90 points); the inner edge of the forest—the inner perimeter
of a full-stocked forest that is “perforated” (interrupted) by enclaves with uses other than
forest use (100 points).
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For the Ukrainian Carpathians, Deodatus, F. [38] took into consideration only five geo-
data sets in order to assess the suitability of habitats: land cover, forest/open aria ratio, alti-
tude, terrain roughness, and human proximity. In one of their articles, Kuemmerle et al. [16]
use for its model 14 predictors (land cover, forest fragmentation, distance to core forest, land
cover diversity, road density, distance to settlements, population density, nighttime lights,
elevation, slope, southernness, and latitude) without considering bioclimatic variables. In
another article, the same Kuemmerle uses 10 predictors (land cover, forest fragmentation,
distance to core forest, distance to forest, slope, aspect, terrain ruggedness, distance to
settlements, distance to roads and railways, and distance to protected areas) [20].

Our model tried to provide a robust solution with only 6 variables, which could
capture the specificity of the Carpathian area in northern Romania.

The habitat favourability model (HSM) allowed the reclassification and combination
of the 6 habitat variables. In this regard, the habitat modelling menu was used. In order to
obtain easily interpretable results, a reclassification was carried out according to Table 2.
European-bison-friendly habitats are considered to be those that have obtained scores
higher than 50 points.

Table 2. Reclassification of the score given, by habitat favourability categories.

Category The Name of the Category Score (fv) Points

0 non-habitat 0
1 limited habitat 0–25
2 moderate habitat 25–50
3 good habitat 50–75
4 excellent habitat >75

The available food resources are the resources that adjust or determine the use of a
certain territory by the European bison. In the specialized literature, the “areas suitable
for breeding” stand for those areas large enough to allow at least one calving in freedom,
while the “areas suitable for herd development” mean those areas large enough to allow, in
conditions of freedom, the growth of the herd over 10 years [40].

For the European bison, the minimum area suitable for breeding (breeding patches) is
about 2500 ha, representing the area required for a herd containing at least 5 females [41],
while the minimum area suitable for herd development (population patches) is about
8000 ha [38].

For each of the hunting grounds in the study area, the following indicators
were calculated:

F = Σ (Si × fvi)/k (1)

where:
F—the favourability,
Si—the area corresponding to each category of habitat, according to Supplementary Files S1;
fvi—favourability (score) of each habitat category, according to Supplementary Files S1;
k = 400,000—the favourability constant obtained by multiplying the minimum area

for herd development (8000 ha) with the minimum score per hectare of a favourable habitat
(50 points) resulting in the minimum score required at the level of the minimum area for
the herd development (400,000 points).

Therefore, the F index is a quantitative index to describe the favourability, expressing
the ratio between the total score of a hunting ground and the minimum score required at
the level of the minimum area for the herd development. A ratio greater than one conveys
that the hunting ground meets the conditions to ensure the development of the wisent
population in the wild. A ratio smaller than one means that the hunting ground shall not
be considered for the reintroduction of the European bison.

Fs = Σ (Si × fvi)/S (2)
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where:
Fs—specific favourability,
Si—the area corresponding to each category of habitat i, according to Supplementary Files S1;
fvi—favourability (score) of each habitat category, according to Supplementary Files S1;
Fs is a qualitative index, which expresses the score of one hectare of the respective

hunting ground.
The higher Fs is above 50 points, the more suitable the hunting ground is for rein-

forcement/population. The hunting grounds for which Fs is less than 50 points are not
recommended to be considered for the reintroduction of the European bison species.

A hunting ground suitable for reinforcement with wisent must simultaneously meet
both conditions related to the two indicators, namely F > 1 and Fs > 50 points.

For each hunting ground, the area of favourable habitats was calculated by summing
the areas of categories 3 and 4 in Table 1 if their score was higher than 50.

The optimal number for a batch, as well as for the sex ratio, was established in
accordance with the action plan developed at the European level [41].

The use of the corridor modelling menu allowed the tracing of ecological corridors
that connect different locations, taking into account the ecological demands of the Eu-
ropean bison species. During the menu run, the areas identified as having potential for
reinforcement were combined so that they represented the terminus points of the corridors.

The methodology was tested within the Vânători Neamt, Natural Park; the natural
corridors used by the animals in the wild between the northern and southern areas of the
Park overlapped with the corridors modelled in GIS.

2.2. The Dynamics of the Future Herds Released in the Wild

In conservation biology, the minimum viable population is the smallest population that
can exist without the risk of extinction due to natural, demographic, or genetic threats [42].
The criteria for determining this number are arbitrary. For example, it is considered that
a minimum viable population is possible if there is a 95% probability that it will exist in
the wild for at least 100 years, or if 95% of the initial heterozygosity is maintained after
100 years [39,43].

Considering the aforementioned details, in order to be able to establish the minimum
number of the herds to be released, the specialized software Vortex was used. In order to
ensure statistical relevance, the simulations were replicated 500 times. The chosen period
was 100 years, and a support capacity of 500 specimens was considered, a cover value for
the threshold beyond which it is considered that an European bison population can be
considered demographically stable [5].

3. Results
3.1. Determining the Favourable Habitats and Hunting Grounds (HG)

In the first stage, digital models were made for the six variables considered in calculat-
ing the favourability: altitude, distance from roads, distance from settlements, land use,
slope, and the connectivity categories for the forest (Figure 2).

By considering all the factors, it was possible to create a digital image of the habitats
by degrees of favourability (Figure 3) as well as a map that shows the favourability of each
HG in the analysed area (Figure 4).

A very high favourability, which is an excellent habitat for the European bison, can be
noticed in the forested mountain areas of Neamt, and Suceava counties, to which large areas
of Maramures, county are added (Figure 3). Thus, an extended area of 1796 km2 (28.7%)
within Maramures, county, 1175.6 km2 (13.9%) in Suceava county, and 1161.7 km2 (19.9%)
in Neamt, county are included in habitats with excellent favourability. To these figures,
further areas of 3215.7 km2 from Suceava county, 2013.4 km2 from Maramures, county, and
1685.9 km2 from Neamt, county which offer good favourability for Bison bonasus are added
(Figure 3). As shown in Supplementary Files S1 as well as in Figures 3 and 4, it appears that
several groups of HGs could be considered for the reinforcement of the European bison
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population. The HGs taken into account have a favourability score of over 50 points. The
groups were made in such a way that the HGs in a group have common borders that are
easy to trespass.

Isolated higher-reliability HGs were not taken into account, i.e., neighbouring only
with HGs with a favourability of less than 50 points. In doing so, the following groups of
HGs were identified (number and name):

- Suceava county:
(a) 21 Rarău, 22 Botos, ana, 23 Negrileasa, 24 Frasin, 47 Voronet, , 69 Râs, ca, 70 Suha Mare,

71 Suha Mica;
(b) 25 Dragos, a, 27 Moldovit,a, 28 Demacus, a, 29 Brodina, 30 Nisipitu, 31 Straja, 32 Putna,

33 Codru Voivodeasa, 40 Sucevit,a, 41 Solca, 45 Humor Monastery;
(c) 5 Chiril, 9 Negris, oara, 11Tes, na, 12 Cos, na, 17 Botus, , 18 Măgura.
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The first two groups can be considered for repopulation, in which case there is good
continuity of favourable habitat. The third group is isolated in the southwest of Suceava
county and has no connection with other areas with favourable habitats.
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- Neamt, County:
(a) 1 Tazlău, 3 Iapa, 4 Calu, 6 Doamna-Oantu, 8 Murgoci, 9 Ardelut,a, 10 Maierus, ,

11 Tarcău, 12 Floarea, 13 Damuc, 14 Bicajel;
(b) 7 Bisericani, 17 Schit, 19 Grint,ies, 20 Galu, 21 Hangu, 23 Sabasa, 24 Pipirig, 25 Secu,

26 Nemt, isor, 29 Magazia, 33 Cuejdi-Almas;

As for Neamt, county, both groups are favourable and have good continuity in terms
of favourability. In addition, they ensure continuity with the high-scoring HGs from
Suceava county.

- Maramures, county:
(a) 21 Baia Sprie, 22 Izvoare, 23 Agris, , 24 Huta, 25 Săpânt,a, 26 Câmpulung Tisa,

31 Valea Neagră;
(b) 14 Salistea, 15 Baicu Ieud, 16 Botiza, 19 Slatioara, 20 Budes, ti, 51 Strâmbu, 52 Rioaia,

53 T, ibles, MM, 54 Suciuri-Gros, i;
(c) 2 Faina, 3 Novat, 4 Viseu, 5 Rica, 7 Repedea, 8 Ruscova, 9 Bistra, 18 Bârsana.

Of the three groups identified, the first one, located in the north-northwest of Maramures,
county, is somehow isolated. The other two groups have higher potential and possible
continuity with the favourable areas in Suceava county (Supplementary Files S1).

3.2. The Dynamics in Space and Time of the Future Herds Released in the Wild

For the analysis of spatial dynamics, as shown above, several groupings of HGs were
identified as potential areas for the reinforcement of the European bison. In this sense, three
such areas were established in Suceava and Maramures, counties, and two were established
in Neamt, county. Ecological corridors can be created between the release locations between
the nuclei of the relocated European bison specimens.

Thus, the area made up of the hunting grounds 27 Moldovit,a, 29 Brodina, 31 Straja,
33 Codru Voivodeasa, and 40 Sucevit,a, has the advantage of being connected with the
ecological corridor already identified in Ukraine [38], which could make a connection
between the herds of free-range wisents from Ukraine and Romania. With a length of
26 km, this corridor starts from Vyzhnytsky National Park in Ukraine, passing through the
localities of Lăpus, na, S, ipotele Siretului and Falcău in Romania (Figure 5).
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Running the corridor modelling menu, the areas identified as having potential for
reinforcement were combined in order to reach the terminal points of the corridor. Figure 5
shows all the analysed corridors across the study area.

In the case of the Tazlău–Magazia corridor, there is a narrow section for crossing the
DN15, caused by real estate development, on either side of this road. The Suha Mare–
Putna corridor trespasses the national road between Bucs, oaia and Gura Humorului and
between Moldovit,a and Sucevit,a. Crisscrossing the Făina–T, ibles, corridor implies using
the Vaser Valley and trespassing another national road in the Vişeul de Sus area. The
Magazia–Suha Mare, Putna–Straja (the border with Ukraine), and Putna–Făina corridors
ensure the movement of the animals without any restrictions.

For the benchmark Bialowieza area, the minimum viable population was estimated at
about 250 specimens (150 adult), considering the 95% probability of survival over a period
of 100 years [44]. At present, in Bialowieza (Poland) there is a free herd of 770 specimens [6].

For the analysed area, the first scenario involved an initial herd of 5 adults (3 males
and 2 females) which, without other later additions, would have at the end of the 100-year
period a probability to survive of 34.6%, much lower than the probability of 95% necessary
to keep the herd in the wild during this period.

A second scenario, which involved supplementing the initial herd with another
16 specimens (groups of four adults, two males and two females, released at 4-year inter-
vals), increased the probability of survival to 99.4%. Based on this scenario, analyses were
performed, and assumptions were considered regarding the proportion of the sexes and the
age of the supplemented specimens. Thus, the simulation of hr4 (1) took into account, for
the same number of supplemented specimens and for the same time intervals (four times,
starting with year 4, at intervals of 4 years), a sex ratio of 3:1. The hr4 (2) simulation refers to
a sex ratio of 1:3, and the hr4 (3) simulation analyses the supplementation with two females
of 1–2 years old and two males of 1–2 years old (Table 3).

Table 3. The variables used for hr4 simulations associated with the wisent 2 scenario/simulation.

Scenario/Simulation Wisent 2 hr4 (1) hr4 (2) hr4 (3)

Adult females—supplementation 2 1 3 0

Adult males—supplementation 2 3 1 0

Young females—supplementation 0 0 0 2

Young males—supplementation 0 0 0 2
where: wisent 2—scenario with supplementation; hr4 (1)—the number of females is the lowest; hr4 (2)—the
number of females, regardless of age, is the highest; hr4 (3)—equal number of young females and males.

The sex ratio of the additional European bison is important, the most advantageous
variant being the one where the number of females is the highest (simulation hr4 (2)), and
the most disadvantageous being the one in which the number of females, regardless of
age, is the smallest (hr4 simulation (1)). If the supplementation is carried out, each time
with 1 adult male and 3 females, the probability of survival reaches 99.8% (Figure 6). It is
also found that, in the long run, supplementation with young specimens has only a slight
negative effect compared to that performed with adult specimens, mainly caused by their
non-participation in mating for a short period of time.

The simulations showed that adding four adults shortly after the first release of
four females brings the probability of survival to 99.8%, identical to the probability resulting
from the gradual release of 16 specimens over 16 years in four trials.

In order to be able to compare the efficiency of herd supplementation in a single loca-
tion (wisent 2 scenario) with the same number of specimens in two locations, a new scenario
was considered (wisent 3). In order to maintain the same total number of supplemented
specimens, in wisent 3 scenario, the supplementations of the herds in the two locations
should be performed for each herd with one adult male and one adult female (compared
to the two adult females and two adult males provided in the wisent 2 scenario). After
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500 simulations, the probability of population survival in the wisent 3 scenario was 81.6%
for the initial herd, 60.6% for the herd from the second reinforcement location, and of
87.0%, for the cumulative number of the two locations. In all three cases, the probability of
population survival is lower than desired (95%).
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tion (European bison 2) and hr4 (1), hr4 (2), hr4 (3) simulations.

For the wisent 2 scenario (a single reinforcement location), the survival likelihood
was 99.4%, which confirms the conclusion that the latter scenario is the most favourable
regarding the subsequent evolution of the herd (Figure 7).
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4. Discussion

The analysed area—the HGs located in Suceava, Neamt, , and Maramures, counties—is
favourable as a whole to the reintroduction of European bison, especially in the case of the
HGs located in the phytoclimatic floors FM2—the mountain mixture floor, FM1 + FD4—the
montane–premontane floor of beech forests, and FD3—the hilly floor of durmast oak forests,
beech forests, and oak–beech forests.

In the case of Suceava county, two potential clusters of HGs were identified for the
release of wisent into the wild. These show continuity of favourability with the groupings
of the HGs from Neamt, county, but also with a corresponding grouping from Maramures,
county. Both locations are suitable for reinforcement/repopulation with wisent because
the indices that reflect favourability are appropriate; a natural communication is ensured
between the existing wisent in the wild in Vânători Neamt, Natural Park and these future
reinforcement nuclei. A reinforcement/repopulation into these HGs is very important
from the viewpoint of the conservation of the species in the northern part on the Romanian
Carpathians, as is ensuring natural communication with the free-ranging European bison
herds in Ukraine.

For the actual release action, the HGs with superior favourability will be chosen, but
the possibility of moving the European bison into the neighbouring HGs that have suitable
habitats will be considered.

It is desirable that the exchange of specimens between free herds occupying adjacent
territories should take place naturally based on the use of the favourable habitats, as shown
in Figures 3 and 4. The corridor modelling menu allowed the setting of ecological corridors,
which can make connections between different locations taking into account the ecological
demands of the European bison.

As for the carrying capacity for the European bison, it was determined only in partic-
ular conditions for some locations in Europe. In the case of the Bialowieza Forest, with a
density of more than 5–6 specimens/1000 ha, the European bison require complementary
food, which is associated with decreasing fertility [43].

The action plan developed at the European level [41], in conjunction with the continen-
tal analysis of the favourable areas for the European bison species, associates continuous
areas larger than 200 km2 [39], providing conditions for the existence of a herd of at least
50–60 specimens (thus resulting in a density of 0.3–0.4 European bison/km2, the equivalent
of 3–4 specimens/1000 ha). More detailed assessments have been made in the Bieszczady
Mountains in the Polish Carpathians, where European bison have been reinforced since
1963. The most visited forests were those located at altitudes between 500 and 800 meters.
In Bieszczady National Park, both in winter and summer, more than 90% of the wisent were
found in areas covered with forest vegetation [22]. In the immediate vicinity, in Poloniny
National Park in Slovakia, due to the existence of many abandoned lands, the percentage of
forest use is only 50% in summer and 75% in winter [45]. A coniferous forest, to be visited
by European bison, requires larger areas of meadows or pastures where the European
bison can easily find food. In general, the mosaic habitat ensures the sustainability of the
presence of European bison by ensuring various food sources throughout the year [29].
Taking into account the Polish experience, the carrying capacity in the Carpathians was
estimated at 0.4 European bison/km2 [28,39]. This coincides with the estimations made
for the American bison herds in Yellowstone and Wood Buffalo National Parks [46] and
with the suggested carrying capacity for the European bison in Central Europe [43]. In the
analysed study area, in the case of Vânători Neamt, Natural Park, the analysis of the areas
used more intensely by the wisent, determined by the Kernell method (for the percentage
of 95%), showed that a herd of 45 free specimens used 160 km2, which represents approxi-
mately 3 specimens/1000 ha. This value is close to the one aforementioned in the literature.
Therefore, at the level of the Romanian Oriental Carpathians, an average carrying capacity
is about 3–4 specimens/1000 ha, with the specification that it may vary locally, depending
on specific conditions.
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Regarding the appropriate age for reinforcement, young specimens are less experi-
enced and therefore prone to higher mortality. On the other hand, if they survive, juveniles
can adapt more easily and are less affected by captivity or stress during and after re-
lease [47]. For mammals in general, although the number of reinforcement studies is low,
the release of adult specimens increases the success rate of reinforcement [48]. The size
and composition of the first group to be released (the founding group) is very important,
especially if this is not followed relatively quickly by other groups. The smaller the initial
group is, the more effort will have to be made later. Releasing a larger number of specimens
increases the chances of success for reinforcement.

The calculations performed for large mammals show that the success rate is ensured
by releasing, over time, 20–40 specimens [49].

For the European bison, it is recommended that the minimum initial group should
be of five specimens, preferably 10 or even more. For example, in the Bialowieza Forest
(Poland), 38 specimens (14M, 24F) were released gradually over 20 years, while in the
Borecka area (Poland), 15 specimens (7M, 8F) were released over just 2 years [14]. In
Vânători Neamt, Natural Park (Romania), 30 specimens (14M, 16F) were released over
8 years in groups of 3–5 specimens, and in the Armenis, area (Caras, -Severin, Romania),
within 5 years, 51 specimens (14M, 37F) were released in groups larger than 10 specimens.
Even if, ideally, the M:F sex ratio for the wisent is 1:5, due to real conditions, it is desirable
that it should be 1:2 or at least 1:1.5. In order to quickly establish a social hierarchy, the
group must contain at least 2–3 males of different ages and a few adult females. For males,
it is recommended that they be a mating male (6–12 years old), a successor (4–6 years old),
and a young male (less than 4 years old).

Regarding the analysis area, there are natural predators of the wisent, mainly wolves
and bears. In this respect, a small number of released animals can be affected until they
develop skills to survive. In the wild, the animals have their first contact with predators
in the presence of their parents, which provides them the necessary protection and thus
provides them basic survival lessons. For the animals bred in captivity and released
afterwards, these experiences with local conditions are lacking, so pre-release techniques
must be developed in some cases. The problem can be solved by keeping the animals,
for periods of time that can include the calving of the offspring, in large acclimatization
pens located in the reinforcement areas in order to allow different levels of contact with
predators [50].

There are two main release strategies that are used for reinforcements.
The “soft” strategy involves acclimatizing the specimens to the new environment by

keeping them in the release area for a long time and providing them complementary food
only when needed, while the “hard” strategy involves the relatively immediate release of
the specimens into the new environment [51].

To ensure the success of the European bison reintroduction programme, it is necessary
to release, at first, at least 3–4 groups of wisents so as to form and develop a stable,
sustainable herd of at least 25–30—preferably 50—individuals. It would be advisable for the
first group of wisents to include 6–10 specimens with a sex ratio close to 1:2. Depending on
the chosen strategy, the groups of European bison that will be brought can be acclimatized
for a period of 3–12 months. If desired, the last group can be kept as the queen herd. The
European bison specimens that will be included in the reintroduction programme will be
carefully selected from a genetic viewpoint and will be monitored through collars using
UHF/GPS Iridium technology. In the case of small herds of 10–20 specimens, especially for
those that are isolated from the other populations in the wild, it is necessary to improve the
genetic structure of the herd and to avoid the loss of rare or underrepresented genes by
new releases of specimens with known pedigree [11].

This total number of individuals must be released in small groups with a certain
periodicity into the HGs with high favourability for the viability of the wisent.

In 2012, the first release of a group of wisents (five specimens) took place in the
Vânători Neamt, Natural Park (Romania). New releases were made in 2013 (five speci-
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mens), in 2014 (six specimens), in 2015 (two specimens), in 2016 (three specimens), in 2017
(four specimens), in 2018 (one specimen), and in 2019 (four specimens), totalling 30 speci-
mens (14M, 16F). In Armenis, (Romania), the releases had a different dynamic, so that in
2015, 15 specimens were released; in 2016, 14 specimens; in 2017, 10 specimens; and in 2019,
12 specimens. The general proportion of the sexes was 14M, 37F; in general, the specimens
were young.

In conclusion, the number of releases, their periodicity, the number of animals released
will take into account the aforementioned aspects, stating that these elements eventually
depend on the number of animals available, the proportion of sexes and ages, the carrying
capacity of the release location, the movements of the animals, and the reaction of the local
communities. The coordinating team, which must take decisions based on the reality on the
ground, is essential for a proper reinforcement/release process. It should be understood
that repopulating a large species with the aim of obtaining a viable herd in the wild stretches
over a long period of time (decades).

5. Conclusions

Romania has good conditions for setting, conserving, and developing new free-ranging
European bison populations. Given the success of the reintroduction of wisents in various
forests in Europe, the initiative in the analysed area also has a high chance of success.
Thus, possible areas for release were identified in the north of Romania. These areas are
within the counties of Neamt, , Suceava, and Maramures, , where wisents existed in the past.
Additionally, in these areas, there are possible link corridors for European bison herds.

In this regard, the analysed forest ecosystems are favourable to the existence and
development of viable European bison populations. There are also real chances for contact
between different herds of wisent to increase genetic diversity and invigorate the species in
the wild.

The setting of the final location for the European bison release will be performed by
the local authorities, considering the following elements:

- Forest vegetation (composition, consistency, age, regeneration, grass cover, etc.);
- Additional areas not covered by forest vegetation (meadows, alpine barren zones,

meadows, pastures, creditworthiness, property, etc.);
- Water sources and their availability throughout the year (relatively constant flow, frost,

pollution, multiple use, etc.);
- Potential man-made or natural barriers (fences, precipices, deep rivers, roads, settle-

ments, new infrastructure projects) and their permeability (traffic, fords, etc.);
- Existing infrastructure on the HGs (food lands, feeders, salt marshes, fodder de-

pots/bailments, feeding places, hunting lodges, etc.);
- Social acceptance.

As one of the variants of the soft strategy involves the release of the European bison in
a different location than the one where they were previously quarantined/acclimatized,
the existing infrastructure can be used (pens, fenced areas, fodder depots, etc.) in different
phases of reinforcement, even if these facilities are located on the HGs with low favourability
according to annex no. 1. The use of the existing infrastructure will reduce the financial
effort for the reinforcement, and if it is located in accessible places, it will be able to
contribute to increasing social acceptance.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/f13060920/s1. Table S1: HG characterization from the viewpoints
of favourability, specific favourability, and the area suitable for development ranged decreasingly,
depending on the specific favourability, for each county.
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