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Abstract: Reintroduction of European bison into the natural environment is one of the most im-
portant conservation measures applied for this species. After creating a free herd of European bison, 
spatial monitoring is crucial. It allows for observation of the population, as well as the detection of 
potential threats and needs for intervention. In 2016, a new free herd of European bison was intro-
duced to the Żednia District in Knyszyńska Forest. After a few months spent in the acclimation 
enclosure, the animals were released. The course of their acclimatisation was observed with GPS 
collars during the next 7 years. Thanks to telemetry monitoring, we could determine the moment 
when the herd stabilised its home range within available habitats. Monitoring performed for 7 years 
after the release of the herd confirmed the previously established home range. The fact that the 
animals remain close to the release site and that there is no damage to the winter crops confirms 
that the reintroduction site was well chosen. 

Keywords: European bison; home range; telemetry; conservation; range expansion;  
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1. Introduction 
The reintroduction of European bison into the natural environment is often contro-

versial [1]. The risk of conflict with people, especially the risk of damage to agricultural 
crops, raises reasonable concerns [2,3]. Feeding on crops can also be potentially harmful 
to this species [4]. Moreover, the presence of European bison close to human settlements 
may be considered dangerous due to the potential risk of attack [5]. There is also potential 
risk of pathogen transmission between European bison and cattle [6]. Currently, the Eu-
ropean bison has the status of “near-threatened” on the IUCN red list; however, it is still 
close to the status of “vulnerable” due to the population size of the species [7]. Therefore, 
it is extremely important to continue creating small herds not only in Poland, but also in 
other European countries [8,9]. The formation of new herds is also important due to the 
current geopolitical situation, which may result in a decrease in the number of European 
bison [10]. In addition, the presence of European bison and their activities may have the 
potential to influence the features and functions of ecosystems. European bison are graz-
ers and may contribute to the maintenance and restoration of open habitats [11]. It is also 
considered an umbrella species; hence, its presence and protection of the habitat may also 
support other species [11,12]. 

There are 2223 European bison in free-range populations in Poland [13]. More than 
half of the country’s population lives in north-eastern Poland, in the following forest com-
plexes: Białowieska, Knyszynska, Augustowska, Romincka, and Borecka. The 
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populations in the Romincka and Augustowska Forests and the new herd in Knyszynska 
Forest are the subjects of this study. Knyszynska Forest, located in north-eastern Poland, 
is one of the largest forest complexes in this country. The forest complex is intersected by 
agricultural lands, numerous watercourses, and enclaves of meadows and pastures. A 
free-ranging herd of European bison released over 50 years ago is inhabiting the north-
eastern part of Knyszynska Forest (the Waliły and Krynki forest districts) [14,15]. 

The Żednia Forest District, located to the south of the home range of this population, 
has not been permanently inhabited by European bison, with only single individuals or 
small groups of animals appearing there periodically and during migration. The Żednia 
Forest District, bordering Knyszynska Forest and Białowieska Forest, has been recognised 
as an important area for connectivity of both European bison populations [15]. The for-
mation of a “bridge” enabling permanent contact between these two populations will ex-
pand the range of the European bison from the Białowieska and Knyszynska Forests, as 
well as the natural migration of individuals between the herds and the exchange of genetic 
material [15]. The permanent presence of European bison in the Żednia Forest District will 
increase the biodiversity of this area, as well as improve its attractiveness for tourists. In 
addition, the formation of a second herd in Knyszynska Forest creates a potential oppor-
tunity to disperse the main herd over a larger area, which should have a positive impact 
on further management of this population. 

European bison reintroductions in Poland are based on a system of acclimatisation 
enclosures [16]. In the winter season, preselected individuals are translocated to an accli-
matisation enclosure, with an area of several hectares. Most often, this founding group 
has animals from two or more different populations. The selection of individuals for the 
group is a key factor. Usually, the group consists of 6–8 individuals, which include one 
older cow whose role is to be the leader of the group, one adult bull, and adult cows 
around 5 years old, as well as juveniles and calves [16]. The appropriate composition of 
the new herd allows for a quick establishment of the hierarchy and social relations in the 
group. After being released, they stay together in the enclosure for several weeks. During 
this period, social relations are established among members of the future free-ranging 
herd. Thanks to this, the risk of animals separating after release, dispersing in an unknown 
direction or joining another herd is minimised [17,18]. Activities in Żednia were planned 
in the same way. 

The reintroduction of large herbivores into the environment is always associated 
with the risk of animals dispersing after their release, which would be a failure of the 
project [18]. There is also a risk of animals leaving their predefined area, which has been 
observed in the case of both European and American bison [17–19]. On the basis of the 
example of American bison reintroduced in 2017 in the Banff National Park in Canada, it 
can be concluded that the use of a number of precautions and limitations for animals can 
bring satisfactory results and ensure the presence of the herd in their predefined area [20]. 
Therefore, it is important to conduct spatial monitoring during the first years after rein-
troduction, which helps in assessing the effectiveness of the applied methods and mini-
mising risks [17,19,20]. 

The aim of the study was to analyse data concerning the first years of the herd’s life 
after reintroduction and to try to assess the applied releasing method, which may have an 
impact on improving the manner of formation of subsequent free-range European bison 
population. 

2. Materials and Methods 
2.1. Study Area 

The area of European bison reintroduction was located in the southern part of the 
Knyszynska Forest complex in the region administered by the Żednia Forest District. The 
“Sokole” meadow complex is traversed by a year-round watercourse and surrounded by 
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forest on all sides. There are no large agricultural crops in the vicinity of this area, and the 
nearest villages with low-density housing are several kilometres away. 

An area of approximately 60 km2 was available for the dispersal of the European bi-
son (Figure 1). However, the area potentially available for European bison in this region 
is much larger, over 150 km2 of mostly forest area, without extensive development of hu-
man settlements. The reintroduction of the European bison herd in the Żednia Forest Dis-
trict was preceded by several years of preparation. A number of tasks were carried out to 
improve the food base of the species, access to water, and the possibility of feeding ani-
mals during the winter. Tens of hectares of mid-forest meadows have been re-established 
by being mown and returned to agricultural use, while haystacks and feeding racks have 
been built where hay collected from meadows is spread during the winter. 

 
Figure 1. The area of reintroduction of European bison in the Żednia Forest District in Knyszynska 
Forest. 

For the needs of the project, an acclimatisation enclosure of 4.5 ha was built in the 
central part of the forest–meadow landscape in a predefined home range of this herd (Fig-
ure 1). The enclosure, made of wooden poles, was additionally secured with an electric 
fence. Within the enclosure, a water reservoir and necessary infrastructure elements in-
cluding a water pool, feeders, and storing and feeding racks were built. 

The chosen location of the new herd release allowed for the minimisation of both the 
risk of animals leaving and the possible damage to agricultural crops during the winter. 
The distance of the acclimatisation enclosure from the nearest villages was 2 km to the 
north (Sokole village) and 2.5 km to the south (Majdan village). The national road, which 
can be a barrier for European bison, was over 3 km away to the west off the enclosure. 
From the north, the area of reintroduction was isolated by a road (8 km from the acclima-
tisation enclosure), which constituted an effective barrier for the European bison while 
hindering the reintroduced herd from joining the population already functioning in the 
northern part of Knyszynska Forest. 
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2.2. Animals 
At the end of 2015 and beginning of 2016, eight animals (seven cows aged 1–9 years 

and a 6 year old bull) were brought to the acclimatisation enclosure from Białowieska 
Forest. The bull and the oldest cow were equipped with telemetry collars (Ecotone), which 
facilitated the monitoring of the herd after its release. As expected, the oldest cow took the 
lead of the group. The animals stayed in the enclosure until the beginning of May 2016. 
After being released into the wild, the herd was monitored using telemetry and direct 
observation. 

2.3. Data Collection 
Data from two collared female European bison (a cow, the group’s leader in 2016–

2019, and another adult cow, wearing the transmitter from December 2021) were used for 
the analysis. The population of European bison in Żednia formed one herd; therefore, the 
data obtained from a single transmitter represents the behaviour of the entire group. Te-
lemetry collars were equipped with two types of transmitters—VHF and GPS-GSM. The 
GPS transmitter recorded the location at intervals of 1 h, usually transmitting 24 animal 
locations per day. The collected data were sent to the server within an interval of 6 h. 

After filtering the data and rejecting erroneous measurements, a total of 18,540 loca-
tions collected in 2016–2019 and 4322 registered in 2022 were used for further analysis. 
For the analysis, the year was divided into two seasons: summer (May–October) and win-
ter (November–April). A total of 14,297 locations were registered in the summer, along 
with 8567 locations in the winter. The analyses of the activity of the European bison herd 
were carried out in several periods: 
1. The day of leaving the acclimatisation enclosure; 
2. The first 3 weeks after release; 
3. Three subsequent years on a monthly basis and the seventh year after reintroduction, 

broken down by seasons: summer (May–October) in 2016, 2017, 2018, and 2022 and 
winter (November–April) at the turn of 2016/2017, 2017/2018, and 2018/2019. 
The studies did not include the years 2019–2021 because collar failures prevented the 

continuity of telemetric monitoring. The analyses were performed in the Quantum Gis 
3.22 spatial information system. On the basis of the data, the range of the area was calcu-
lated using the minimal convex polygon and kernel 95% methods [21,22]. The value of 
daily movement was determined as the sum of 24 measurements (interval 1 h), performed 
on each day of monitoring. The average daily distance was calculated for each season. The 
greatest distance in a straight line between the herd and the acclimatisation enclosure in 
each season was also determined. The distances from the acclimatisation enclosure were 
compared separately for the summer seasons (2016, 2017, 2018, and 2022) and winter sea-
sons (2016/2017, 2017/2018, and 2018/2019). The Kruskal–Wallis test was used, due to the 
lack of normality distribution of data [23]. 

3. Results 
3.1. First Day after Release 

The opening of the enclosure and official release of the European bison took place on 
11 May 2016; however, the animals did not leave the enclosure until 2 days later, in the 
early morning, after which they began active exploration of the available environment 
(Figure 2). Within 24 h, the European bison covered a distance of 9308 m, which was also 
the longest daily movement in the 2016 summer season. On that day, they explored an 
area of 3.11 km2 (MCP) and moved 3299 m away from the enclosure. In the evening, they 
returned to the area of the acclimatisation enclosure and stayed in the vicinity of the fence 
(800 m). 
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Figure 2. The activity of the European bison in the first 24 h after leaving the enclosure. 

3.2. The First Weeks after Release 
During the first weeks, the European bison discovered the available space. Movement 

towards new areas took place (Figure 3). Area changes occurred every 2–5 days (Table 1). 

Table 1. European bison activity in the first weeks after release. 

Day MCP (km2) 
Daily Move-

ment (m) 
SD Daily Move-

ment 
Maximum Distance 

from Enclosure 
14–20 May 2016 2.10 4043 671 2500 
21–25 May 2016 2.40 4264 1992 2200 
26–27 May 2016 2.10 6285 3308 3249 
28–29 May 2016 2.90 6990 3898 3860 
30–31 May 2016 0.75 3908 1010 1500 

In the first week after release (14–20 May 2016), the European bison explored the for-
est and meadows on both sides of the watercourse. They moved away from the acclimati-
sation enclosure for a maximum of 2500 m. The animals covered an average of 4043 m 
(±671 m) per day. The explored area (MCP) was 2.1 km2. 

In the second week (21–25 May 2016), they moved their range to the east and west. 
They were still in close proximity to the enclosure (2200 m). The penetrated area (MCP) 
was 2.4 km2, and the average daily movement was 4264 m (±1992 m). 

A sudden change of the explored area took place on May 26, when the herd moved 
in a south-western direction, reaching the road, 3249 m from the acclimatisation enclosure. 
The herd walked away, without attempting to cross the road, and returned to the “Sokole” 
meadows, where it remained another day. On 26 May, the movement distance was 8624 
m, whereas, on the next day, they covered only 3946 m, moving through the meadows on 
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the western side of the watercourse. During these 2 days, the European bison explored an 
area of 2.1 km2. 

 
Figure 3. MCP areas of the European bison in the first weeks after release. 

The next visible change occurred on 28 May, when the European bison moved to the 
east side of the watercourse and began to move east away from the acclimatisation enclo-
sure to a distance of 3860 m, which was the largest distance since the animals were re-
leased. The explored area in this 2 day period was 2.9 km2, and the average daily move-
ments were on average 6990 m (±3898.6 m), representing one of the greatest in the entire 
growing season of 2016. 

On 30–31 May, the herd again explored the western side of the watercourse in the 
“Sokole” meadows, covering an average of 3908 m (±1009.8 m) per day within an area of 
0.75 km2. 

3.3. Summer Season 
Figures 4 and 5 show the areas of MCP and kernel 95% in the analysed summer sea-

sons. In the discussed period, visible changes in the use of the available environment were 
observed. 
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Figure 4. Minimal convex polygon areas during growing seasons. 

 
Figure 5. Kernel 95% areas during growing seasons. 
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Values illustrating the activity of animals in particular summer seasons are presented 
in Table 2. Throughout the summer season of 2016, the European bison explored the avail-
able environment around the acclimatisation enclosure, moving away from it to a maxi-
mum of 3679 m. In the period from the release to the end of October 2016, they explored 
an area of 25.3 km2. For this period, the area of kernel 95% was 7.8 km2, and the average 
daily movement was 5182 m. 

Table 2. MCP, kernel 95%, and daily movement values in the monitored summer seasons. 

Year MCP (km2) Kernel 95% (km2) Daily Movement (m) SD (m) 
2016 25.3 7.8 5182 1985 
2017 30.0 10.6 4678 1991 
2018 47.0 16.7 5832 2875 
2022 51.3 18.4 4219 1659 

In the following year, the summer area (MCP) increased by 20% in the north-eastern 
direction, reaching the size of 30 km2. The area of kernel 95% was 10.6 km2, concentrated 
in a similar area to that in 2016 (Table 2). During the day, the European bison covered an 
average of 5148 m (SD ± 1991 m). The acclimatisation enclosure was still in the centre of 
the European bison area. The borders of the European bison area reached 4678 m from the 
enclosure. 

The 2018 summer season brought significant changes. The area of the herd (MCP) 
increased to 47 km2, and the area of kernel 95% was 16.7 km2 (Table 2). The animals began 
to explore the area in the northern part of the Żednia Forest District, moving away from 
the acclimatisation enclosure as far as 7306 m. During the day, the European bison covered 
an average of 5832 m (SD ± 2875 m). 

The following years did not bring any significant changes in the size of the explored 
areas. It can be assumed that the population established its area in the third year of its 
presence. For comparison purposes, the summer home range from 2022, which covers the 
area explored by the herd in 2018 by more than 80%, was taken into account. The total 
area (MCP) in the 2022 growing season was 51.3 km2, and the area of kernel 95% was 18.4 
km2. Daily movements averaged 4219 m (SD ± 1659 m) (Table 2). 

In the first year of monitoring, the area of kernel 95% accounted for 30% of the MCP 
area. In subsequent summer seasons, this ratio increased to 35%, subsequently remaining 
at this level. The borders of the area were 3.7 km to the east and 7.5 km to the north from 
the acclimatisation enclosure. To the west and south, the border of the area was marked 
by a national road running 3–3.6 km away from the acclimatisation enclosure. 

The population size slowly grew. No calves were recorded in 2016 and 2017. The first 
two European bison calves appeared in the herd in the year 2018. In 2019, another two 
calves appeared, and one death took place; therefore, the population consisted of 11 indi-
viduals. The following years brought further development of the herd size, reaching 24 
individuals in 2022. 

3.4. Winter Season 
Figures 6 and 7 present the use of the available environment by the European bison 

in successive winter seasons. Similarly to the summer seasons, the area of the herd in-
creased. 
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Figure 6. Minimal convex polygon areas during winter seasons. 

 
Figure 7. Kernel 95% areas during winter seasons. 
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Values illustrating the activity of the European bison in particular winter seasons are 
presented in Table 3. In the first winter season, the herd moved over an area of 26.2 km2, 
close to its summer home range. They also explored the forests northeast of the area to a 
small extent, moving away from the acclimatisation enclosure to a maximum of 5224 m. 
The area of kernel 95% in this period amounted to 10 km2, focused in the central part of 
the area, in meadows, and at feeding places (Figure 7). Daily movements were slightly 
greater than in the summer season, at the level of 5747 m (Table 3). 

Table 3. MCP, kernel 95%, and daily movement values in the monitored winter seasons. 

Year MCP (km2) Kernel 95% (km2) Daily Movement (m) SD (m) 
2016/2017 26.2 10 5747 2394 
2017/2018 30 6.7 4055 2087 
2018/2019 47 3.9 1723 1543 

The winter of 2017/2018 did not bring any significant changes. The population for-
aged over a slightly larger area of 29.7 km2, focusing its activity in the central area (Kernel 
95% 6.7 km2) (Table 3). 

As in the case of the MCP area, the change took place in the winter of 2018/2019. The 
population spent most of the winter within the northern borders of its new area, which 
accounted for 32.6 km2 (MCP). The European bison activity was concentrated in the south-
ern and northern parts of the home range, across an area of only 3.9 km2. This coincided 
with a much lower level of daily movement, with average of 1723 m (SD ± 1543 m). The 
border of the winter area was 7 km from the acclimatisation enclosure (Table 3). 

The ratio of kernel 95% to MCP in winter decreased year by year. In the first year of 
observation, the area of kernel 95% accounted for 38% of the MCP area, in contrast to 22% 
in the second and only 12% in the third. 

3.5. The Distance from the Acclimatisation Enclosure 
The distance from the enclosure in the summer seasons increased every year, and all 

seasons were significantly different (p < 0.001, χ2 = 1366.4, df = 3). A noticeable change be-
tween the 2017 and 2018 seasons could be observed. A statistically significant decrease in 
the distance from the enclosure occurred in the 2016/2017 and 2017/2018 (p < 0.001, χ2 = 

437.0, df = 2), and then stabilised later on. In the subsequent season of 2018/2019, the dis-
tances from the acclimatisation enclosure were smaller than in the first season of 
2016/2017, but did not differ from those in the 2017/2018 season (Figure 8). 

 
Figure 8. Distance from acclimatisation enclosure in particular summer seasons (A) and winter sea-
sons (B). Statistically significant differences across all summer seasons, as well as between the winter 
season 2016/2017 and the other two seasons were observed (◦ represents a single observation, * rep-
resents extreme outlier). 
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4. Discussion 
In the first period after the release of the European bison, changes in the occupied 

area, which occurred every few days, could be explained in several ways. However, they 
were probably a result of similar exploratory behaviour observed in European bison from 
different populations. Changes in the area every few days may represent the way Euro-
pean bison learn about a new habitat, as also observed in other reintroduced herds [20,24]. 

The size of the European bison area is mainly determined by the availability of food 
[25]. Because of its body size and food requirements, approximately 40 kg of biomass per 
day, the European bison has high demands concerning the area of its home range [16]. 
Significant differences in the herd’s home ranges were observed in ecosystems differing 
in the richness of the food base. Groups of European bison living in mown meadows and 
mid-forest clearings of Białowieska Forest, which provided an abundant food base, occu-
pied very small areas (approximately 24 km2 on average). Groups living mainly in forest 
areas penetrated twofold larger territories [25–27]. On the other hand, because of the less 
abundant food base, the European bison population living in the northern part of 
Knyszynska Forest occupies much larger areas, of over 100 km2 [14,28]. 

The areas explored by our herd increased year by year. The size of their home range 
finally stabilised in the third year after release, remaining at a constant level since then. 
During the next 4 years, the area increased by only 10%, despite a population size that 
tripled in its 7 years of existence. The seasonal home range of the European bison in this 
population is similar to the areas occupied by European bison in the Białowieska and 
Borecka Forests [26–28]. 

During the first 3 weeks after release, the European bison often moved around, and 
the average distance of daily movements for this period was 4934 m (±1.997 m), which is 
more than three times longer than the average distance covered per day by European bi-
son in the Bieszczady Mountains and almost twice as long as the average daily movements 
of European bison in Białowieża Forest [26,29,30]. At the same time, this distance was two 
times shorter than the daily movements typical for the European bison population inhab-
iting the northern part of Knyszynska Forest [14]. The observed daily movements of the 
Żednia herd were similar to those recorded in a herd of the European bison released into 
the wild in Germany [24]. 

In the described case, during the first 3 months, the European bison moved approxi-
mately 3.6 km away from the enclosure, equating to approximately 1200 m per month. 
This is a much higher result than that found in the reintroduced herd in Germany [24]. 
After 3 years of monitoring, the border of the home range, at the farthest point, was situ-
ated 7.5 km from the acclimatisation enclosure. 

Research on American bison showed a gradual decrease in importance of the accli-
matisation area, no longer being used by the animals in later observations [19,20]. The 
acclimatisation enclosure in Żednia is still located in the central part of the European bison 
home range, which confirms the proper choice of the location of release site. The uneven 
expansion of the range of the European bison population in Żednia is probably a result of 
environmental conditions. As predicted, the herd expanded its area to the north and in 
the west; however, in the south, the national road 686 represents a significant barrier. In 
the southeast, there are inhabited villages. Roads and human settlements often constitute 
a barrier to the movement of wild animals [31,32]. The abundant food base in the summer 
season and supplementary feeding in the winter season probably prevented the animals 
from crossing these barriers [33]. 

To sum up the obtained results, it can be assumed that the reintroduction of Euro-
pean bison to the Żednia Forest District in Knyszynska Forest was a successful project. 
The availability of the “Sokole” meadows, as well as the surrounding forests rich in food, 
provided the European bison with all their living needs, regardless of whether they pre-
ferred open areas or forests [34–37]. Almost 7 years after the release of the animals, the 
area occupied by the herd remained stable despite the growing population. Stable use of 
the same area and lack of attempts to change it are proof of the perfect selection of 
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conditions for the reintroduction of European bison. This allows hope for future develop-
ment of the new herd [16,38,39]. 
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