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Irma Ražanskė 1, Marlena Wojciechowska 2 , Marta Kloch 2 , Wanda Olech 2 and Algimantas Paulauskas 1,*

1 Faculty of Natural Sciences, Vytautas Magnus University, K. Donelaičio 58, LT-44248 Kaunas, Lithuania
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Abstract: The European bison is a species well known for its low genetic variability due to historical
bottleneck incidents. Restoration of the European bison population in Lithuania began at the end of
the 20th century, and the Lithuanian population was re-established with ten individuals from the
Prioksko-Terrasny reserve in Russia and one free-roaming individual captured in Lithuania. This
research focused on the genetic diversity and genetic structure of European bison in Lithuania based
on microsatellite markers and mtDNA sequences. The results of the microsatellite analysis revealed
that the Lithuanian population (n = 34) has a different genetic structure to individuals in Poland
(n = 16), Germany (n = 10), and Sweden (n = 6). The analysis of the mtDNA sequences showed a
low level of variation, with two haplotypes observed in the Lithuanian bison population. H1 was
more frequent and was also found in Poland, Romania, and Russia. The results of this investigation
show that individuals should be continuously genetically monitored, registering their migrations
and relocations for the successful management of the species in Lithuania.
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1. Introduction

The European bison (Bison bonasus), also known as wisent, is the largest herbivore in
Europe, and its distribution used to stretch from Central and Eastern Europe to Western
Asia [1]. By the beginning of the 20th century, the species had experienced a dramatic
bottleneck. No free-living individuals were left in the wild or in semi-wild settings. Habi-
tat selection and the behaviour of the European bison reintroduced from an enclosure
to an anthropogenic landscape were based on a few individuals left in zoos and private
collections [2]. Eleven Lowland (Bison bonasus bonasus) and just one Caucasian “M 100
KAUKASUS” (Bison bonasus caucasicus) wisents established two genetic lines of the Euro-
pean bison: the Lowland line (LB) and the Lowland-Caucasian line (LC) [1,3–5].

The European bison has near-threatened (NT) status on the IUCN Red List [6]. Despite
the world population at the end of 2021 consisting of 9554 individuals, according to the
European Bison Pedigree Book, of which 7266 were free roaming [7], the European bison
has a low genetic variability and a high level of inbreeding [8,9]. It is possible that the
low level of genetic variability is due to the small number of founders arising out of a
serious bottleneck [10]. There are other issues too that go beyond the small number of
founders: for example, around 90% of the males in the current population have a copy of
the Y chromosome from its founder Plebejer, while two other male founders are under-
represented [1,4,11,12].

The low genetic variability of the European bison population in Lithuania is not an
exception. The European bison restoration project began in Lithuania in the 1970s, and just
ten wisents (two males and eight females) from the Prioksko-Terrasny reserve in Russia
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were used to establish the population in the country. In addition, one individual was
captured in Lithuania in 1971 and moved to the enclosure, and together they formed a
group of 11 ancestors of today’s Lithuanian population [13]. Currently, there are three
subpopulations in Lithuania: one in the district of Panevėžys (Figure 1, yellow) and two
others in the districts of Kėdainiai (Figure 1, green and blue). Another subpopulation of
18 individuals migrated to Dzūkija from Belarus (the region of Grodno) in 2020 (Figure 1,
orange). The Grodno population of the European bison was translocated from Poland
(Białowieża) in 1998. The population reached its optimal number of individuals in 2011
(160 individuals). Since 2019, the population has continued to grow to 400 individuals [14].
The Lithuanian government has prepared a plan to manage the sustainability of the Euro-
pean bison population in Lithuania, and individuals are being relocated from the central
part of the country (Panevėžys and Kėdainiai) to Dzūkija.
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To maintain as high a genetic variability as possible, it is important to continually
monitor the genetic status of the current population [15]. Moreover, many studies suggest
that the effective population size should be increased because small subpopulations have a
greater possibility of being affected by genetic drift, which may lead to a decrease in genetic
variability and an increase in inbreeding levels [16–18]. Previous genetic studies revealed
that the genetic composition of European bison may be complex due to historical events,
such as their reintroduction from various locations, the unknown or mixed origin of herds,
and breeding with domestic cattle [19]. Microsatellite markers are commonly applied for
genetic variability analysis because they are abundant, require a small amount of DNA
for the analysis, and show codominant inheritance [20,21]. Meanwhile, only a few studies
have used mitochondrial DNA (mtDNA) markers to analyse the variability of maternal
lineages [15,19,22]. The current study focuses on genetic diversity and genetic structure
using two types of markers, nuclear microsatellite and the mitochondrial DNA D-loop,
for the analysis of the European bison population in Lithuania. To prepare a future plan
for the conservation of the European bison population in Lithuania, the genetic variability
within and between herds should be analysed. These studies are crucial before making any
decisions or actions to restore the genetic diversity of the Lithuanian bison population.
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2. Materials and Methods
2.1. Sample Collection and DNA Isolation

The tissue samples for genetic research were collected from dead animals (muscle,
n = 27) (e.g., killed by car or train accidents or natural mortality or culled due to illness
or anatomical injuries) and from live animals (ear, n = 4) immobilised for identification
purposes. All samples were collected under permits AAA 2019-04-01 No. 12 and 2020-03-09
No 14. The population of free-living bison, consisting of 276 individuals, was divided into 3
main herds based on the geographical territory. One herd of 61 bison (17 males, 32 females
and 12 young ones) lives in an area of 17,572 ha in Panevėžys district. Two herds live in
Kėdainiai district: the first herd of 151 bison (47 males, 71 females, and 33 young ones) live
in an area of 13,035 ha; the second herd of 64 bison (18 males, 30 females, and 16 young
ones) live in an area of 12,243 ha. Samples were taken from a total of 31 European bison
from Lithuania’s three subpopulations in the period 2019–2022 (subpopulation Panevėžys
1, n = 10; subpopulation Kėdainiai 2, n = 14; subpopulation Kėdainiai 3, n = 7) (Figure 1).
One ear tissue sample was collected from the new herd in Dzūkija (subpopulation Dzūkija
4), and two ear tissue samples were collected from the individuals at Kaunas Zoo, Lithuania
(pedigree numbers: 14,137, 14,985). A further 32 samples (muscle, n = 17; blood, n = 15) for
comparative analysis were randomly taken from the European Bison Gene Resource Bank
(the collection of biological material) located at the Department of Animal Genetics and
Conservation in the Warsaw University of Life Sciences. The tissue samples originated from
Poland (Białowieża, n = 11; Bieszczady, n = 5), Germany (Damerower, n = 5; Hardehausen,
n = 2; Springe, n = 2; Karlsruhe, n = 1), and Sweden (Avesta, n = 6).

Genomic DNA from tissue samples was extracted with the “Genomic DNA Purifica-
tion Kit” (Thermo Fisher Scientific Baltics, Vilnius, Lithuania) using the standard protocol
and following the manufacturer’s instructions. DNA from the blood was extracted using
a GeneJet Whole Blood Genomic DNA Purification Kit (Thermo Fisher Scientific Baltics,
Vilnius, Lithuania) according to the manufacturer’s instructions. The purity and concentra-
tion of the extracted DNA were determined using UV spectrophotometry. The DNA was
then diluted to 100 ng/uL.

2.2. Microsatellite Analysis

All the samples were genotyped using 13 microsatellite markers (BOVIRBP, BT-
JAB1, BM6438, BM2830, TGLA122, ETH10, BM1225, BM1818, BM723, ETH121, TGLA53,
TGLA227, and HEL9) recommended by the International Society of Animal Genetics
(ISAG)—Food and Agriculture Organization (FAO) (Table 1) [23]. The polymerase chain
reaction was performed in a 15 µl solution containing 1U DreamTaq DNA Polymerase, 1X
DreamTaq Green buffer, 0.4 mM dNTP, 4 mM MgCl2, and 0.3 µM of each primer, ~100 ng
DNA, and nuclease-free water up to the final volume. The markers were grouped into
four multiplex reactions based on their size and annealing temperature. The first group
(BOVIRBP, BTJAB1, BM6438, BM2830, and TGLA122) and second group (ETH10, BM1225,
BM1818, and TGLA53) were subjected to the following thermocycling conditions: 95 ◦C
denaturation for 5 min, 35 cycles at 95 ◦C for 45 s, 55 ◦C for 45 s and 72 ◦C for 30 s, and an
extension for 10 min at 72 ◦C. The third group (BM723 and ETH121) was subjected to the
following thermocycling conditions: 95 ◦C for 15 min, followed by three cycles at 84 ◦C for
2 min, 55 ◦C for 20 s, and 72 ◦C for 10 s, then 35 cycles at 94 ◦C for 15 s, 55 ◦C for 20 s, and
72 ◦C for 10 s, and finally at 72 ◦C for 30 min. The fourth group (TGLA227 and HEL9) was
subjected to the following thermocycling conditions: 95 ◦C for 1 min followed by 30 cycles
at 95 ◦C for 1 min, 56 ◦C for 1 min, and 72 ◦C for 1 min, and a final elongation at 72 ◦C for
5 min. The 1.5% agarose gel electrophoresis of the PCR products was used to determine the
specificity and the amplification efficiency of each microsatellite primer. After determining
the successfully amplified microsatellite loci, multiplex PCR amplification with primers
labelled with different fluorescent dyes (FAM and CY) was carried out. All PCR products
were genotyped through capillary electrophoresis (ABI 3100 Genetic Analyzer, Applied
Biosystems, Waltham, MA, USA), and the GeneScanTM-500 LIZ size standard (Applied
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Biosystems, Waltham, MA, USA) was used as the internal standard. The resulting fragment
sizes were read using GeneMapper™ 6.0 (Applied Biosystems, Foster, CA, USA) software.

Table 1. Characteristics of the 13 microsatellite loci used in this study.

Marker Forward Primer Sequence (5′-3′) Reverse Primer Sequence (5′-3′) Fluorescent Dye

BOVIRBP 5′-GTATGATCACCTTCTATGCTTC-3′ 5′-GCTTTAGGTAATCATCAGATAGC-3′ 6FAM
BTJAB1 5′-CATTAAGGGCTGGGATTCCT-3′ 5′-AGATTTCTGGAGGAGGCTCACAGCA-3′ 6FAM
BM6438 5′-TTGAGCACAGACACAGACTGG-3′ 5′-ACTGAATGCCTCCTTTGTGC-3′ 6FAM
BM2830 5′- ATGGGCGTATAAACACAGATG-3′ 5′-TGAGTCCTGTCACCATCAGC-3′ CY3

TGLA122 5′-CCCTCCTCCAGGTAAATCAGC-3′ 5′-AATCACATGGCAAATAAGTACATAC-3′ 6FAM
ETH10 5′-GTTCAGGACTGGCCCTGCTAACA-3′ 5′-CCTCCAGCCCACTTTCTCTTCTC-3′ 6FAM

BM1225 5′-TTTCTCAACAGAGGTGTCCAC-3′ 5′-ACCCCTATCACCATGCTCTG-3′ 6FAM
BM1818 5′-AGCTGGGAATATAACCAAAGG-3′ 5′-AAGTGCTTTCAAGGTCCATGC-3′ CY3
TGLA53 5′-GCTTTCAGAAATAGTTTGCATTCA-3′ 5′-ATCTTCACATGATATTACAGCAGA-3′ CY3
BM723 5′-ACCCTTGGTTTTCTGCTGG-3′ 5′-CATCCTGTGTGAGTGTTGTGG-3′ 6FAM
ETH121 5′-CCAACTCCTTACAGCAAATGTC-3′ 5′-ATTTAGAGCTGGCTGGTAAGTG-3′ 6FAM

HEL9 5′-CCCATTCAGTCTTCAGAGGT-3′ 5′-CACATCCATGTTCTCACCAC-3′ 6FAM
TGLA227 5′-CGAATTCCAAATCTGTTAATTTGCT-3′ 5′-ACAGACAGAAACTCAATGAAAGCA′-3′ CY3

2.3. mtDNA Analysis

Sequencing of the mtDNA was performed for samples collected from Lithuania
(n = 31). An 884 bp fragment of the mtDNA control region was amplified using the primers
(FBIS F 5′-CCCCTTCCATTAGATCACGA-3′ and RBISR 5′-CGCCGTACTCCTGTTADCTT-
3′) [22]. PCR was performed in 20 µL total volume containing 1X PCR Master Mix buffer
(Thermo Fisher Scientific Baltics, Vilnius, Lithuania), 0.16 pmol of each primer, and 50 ng
of template DNA. The cycling parameters were an initial denaturation step at 95 ◦C for
5 min, followed by steps at 94 ◦C for 1 min, 61 ◦C for 1 min, and 72 ◦C for 1 min. This
cycle was repeated 30 times, followed by 4 min of a final extension at 72 ◦C. The PCR
products were visualized on 1.5% agarose gel stained with ethidium bromide. DNA was
extracted using the GeneJET™ Gel Extraction Kit (Thermo Fisher Scientific Baltics, Vilnius,
Lithuania) according to the manufacturer’s instructions. Purified PCR products were sent
to a sequencing service (Macrogen, the Netherlands).

2.4. Data Analysis

Genetic diversity was analysed by locus. Allele frequencies, the number of private alle-
les, observed heterozygosity (Ho), expected heterozygosity (He), and inbreeding coefficient
(Fis) were calculated using GenAlEx version 5.5 software [24]. An allele was considered to
be a private allele when it was found only in a single population, but was absent in others.
To evaluate the genetic divergence between populations, Principal Coordinates Analysis
(PCoA) based on Nei’s genetic distances was conducted using GenAlEx software. The ge-
netic structure was analysed by conducting Bayesian cluster analysis with a Markov chain
algorithm (MCMC) for 100,000 iterations with 100,000 replications, repeating each assumed
value of K (1–10) ten times using STRUCTURE version 2.3.4 [25]. To find the most probable
number of clusters, the ad hoc statistic ∆K was calculated using the Evanno method [26]
implemented in STRUCTURE HARVESTER, version 0.6.94 [27]. Mean posterior probability
(LnP(D)) was considered in order to determine the number of clusters within the dataset.

The obtained mtDNA sequences were edited, and then aligned with each other and
with the previously published sequences in GenBank by using BLASTn and ClustalW
computer algorithms implemented in the MegaX software package [28]. The representative
samples obtained in this study were submitted to the GenBank database under accession
numbers OQ442722–OQ442723. The phylogenetic tree of European bison mtDNA se-
quences was constructed by maximum likelihood method with the Tamura–Nei parameter
model and bootstrap analysis of 1000 replicates. Numbers from the tree indicate bootstrap
support values < 50% (not shown). mtDNA sequences were compared with previously
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published GenBank sequences of European bison under the accession numbers U34294,
KY055664, EU272053-EU272055, KP866323, KP866326-KP866328, and HQ437665 (originat-
ing from Poland, Romania, and Russia). Sequences of Indian bison (Bos gaurus) (GenBank:
MK770201 and MK584900) and cattle (Bos taurus) (GenBank: AB085920 and FN562624)
were used for the outgroup. The software DnaSP version 6.12.03 was used to estimate
the diversity parameters, including the number of haplotypes, haplotype, and nucleotide
diversity [29].

3. Results
3.1. Microsatellite Genetic Diversity and Genetic Structure

A total of 66 European bison were successfully genotyped at 13 microsatellite loci, and
a total of 47 alleles were detected. Two of the thirteen loci (BOVIRBP and TGLA227) were
monomorphic in all the studied European bison. In total, 10 private alleles were found in
the analysed individuals. Eight private alleles were found in the Lithuanian population,
while one was found in the German one, and one was found in the Swedish one. Six
private alleles were found with very low frequencies. The high-frequency private alleles
(frequency rate ≥ 0.100) were found at three polymorphic microsatellite loci in Lithuania:
BM6438 262 (0.190), BM723 146 (0.371), ETH121 204 (0.100), and 214 (0.217) (Table 2). One
private allele (ETH121 194) was detected at a low frequency (0.083) in individuals from
Sweden. The number of private alleles per population based on location varied due to the
different number of samples (n) (Table 3). The mean number of alleles (Na) and expected
heterozygosity (He) were highest for the individuals from Lithuania (Na = 2.91, He = 0.34)
and lowest for those from Poland (Bieszczady) (Na = 2.10, He = 0.27). The values of Ho
observed across all loci ranged from 0.23 to 0.32 (average, 0.29). The inbreeding coefficient
across the analysed samples (Fis) was in the range of−0.148 to 0.026, with a mean of−0.076
(Table 3). Non-significant negative values of the inbreeding coefficient were identified for
European bison from Lithuania.

Table 2. Allele frequency by the population of the selected three loci. Populations from Lithuania,
Poland, (Białowieża and Bieszczady), Sweden, and Germany were analysed. Unique (private) alleles
with a frequency rate of ≥0.100 are in bold.

Loci Allele Lithuania Poland
(Białowieża)

Poland
(Bieszczady) Sweden Germany

BM6438
262 0.190 0 0 0 0
264 0.776 0.727 0.400 0.500 0.500
274 0.034 0.273 0.600 0.500 0.500

BM723
146 0.371 0 0 0 0
148 0.629 0.864 0.600 0.667 0.650
152 0 0.136 0.400 0.333 0.350

ETH121

186 0.050 0.091 0.100 0.500 0.350
192 0.633 0.909 0.900 0.417 0.650
194 0 0 0 0.083 0
204 0.100 0 0 0 0
214 0.217 0 0 0 0
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Table 3. Mean values, weighted mean values, and standard errors (SE) of the genetic diversity indices
(number of alleles (Na), observed heterozygosity (Ho), expected heterozygosity (He), and inbreeding
coefficient (Fis)) at 13 microsatellite loci among the European bison populations.

Population N Na Ho He Fis

Lithuania 31
Mean 2.91 0.32 0.34 −0.038

SE 0.59 0.05 0.05 0.102

Poland, Białowieża 11
Mean 2.21 0.23 0.24 −0.148

SE 0.29 0.06 0.04 0.111

Poland, Bieszczady 5
Mean 2.10 0.25 0.27 −0.122

SE 0.26 0.05 0.03 0.077

Sweden 6
Mean 2.23 0.27 0.25 0.026

SE 0.20 0.05 0.03 0.100

Germany 10
Mean 2.39 0.30 0.30 −0.098

SE 0.26 0.05 0.05 0.095

Total 63
Weighted mean 2.58 0.29 0.30 −0.076

SE 0.14 0.02 0.02 0.043

In the structure analysis, LnP(D) and ∆K statistics were used to determine the most
likely value of genetic cluster K. After plotting the results using STRUCTURE HARVESTER,
the most probable number of clusters was obtained at the K = 2 value (Figure 2). However,
since there are individuals from four different countries, the K = 4 value was also examined
(Figure 3). The STRUCTURE analysis revealed that Lithuanian subpopulations tend to
group into a separate genetic cluster and are highly genetically distinct from the other
analysed European bison individuals. The Polish population from Białowieża has a strong
structuring pattern, but a few individuals have German–Swedish structural patterns. The
Polish population from Bieszczady is grouped with the German–Swedish cluster, but one
individual shows structural relatedness with the Polish population from Białowieża. The
STRUCTURE analysis at a K = 4 value showed that two individuals in Kaunas Zoo in
Lithuania are more genetically related to the German–Swedish and Polish clusters (Figure 3).
Furthermore, another individual from Dzūkija, which migrated from Belarus, has patterns
similar to those of both the Lithuanian and Białowieża populations.
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PCoA was also performed to provide the genetic structure among the studied Euro-
pean bison individuals. The first three principal coordinates explained 17.80%, 9.58%, and
8.48% of the total variance, respectively (Figure 4). Individuals from the populations in
Germany and Sweden are more genetically related to each other, but still form separate
genetic groups based on PCoA (Figure 4).
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3.2. Genetic Variation Based on mtDNA

Thirty-one mtDNA sequences of the European bison from Lithuania revealed only
two haplotypes. H1 was observed in 28 individuals, and H2 was observed in 3 individuals.
The difference between the two haplotypes was a single base deletion at position 379.
Haplotype diversity (Hd) among the 31 samples was estimated to be 0.1806, and nucleotide
diversity (π) was 0.000.

The phylogenetic tree shows that the sequences obtained from Lithuanian bison clus-
tered with the sequences from other countries (Figure 5). However, the genetic relationships
were left unresolved due to the small number of variable sites. For this reason, the distribu-
tion of variable sites among the nucleotide sequences was determined by MEGAX software.
Among all the analysed sequences, five haplotypes were defined by five variable sites
(Table 4). Comparative analysis of the sequences from GenBank showed that Lithuanian
individuals belonging to H1 (GenBank: OQ442722) were identical to those obtained in
Poland (GenBank: KY055664, EU272053), Romania (GenBank: KP866326-KP866329), and
Russia (GenBank: HQ437665). The Lithuanian individuals belonging to H2 (GenBank:
OQ442723) were 100% identical to European bison from Poland (GenBank: EU272054).
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Table 4. Variable sites observed among mtDNA sequences of European bison from Lithuania and
other countries. Dot indicates the same base; dash indicates the insertion/deletion base.

Haplotype GenBank Accession Numbers
Nucleotide Position

Country
35 355 381 382 465

H1

OQ442722

− − C − C

Lithuania
KP866326, KP866327, KP866328, KP866329 Romania

KY055664 EU272053 Poland
HQ437665 Russia

H2
OQ442723 − − − − · Lithuania
EU272054 Poland

H3 EU272055 − − · C · Poland

H4 U34294 − G · − T Poland

H5 KP866323 A − · − · Romania

4. Discussion

The genetic diversity of the European bison population in Lithuania has not previously
been studied. However, a few studies have been performed on the genetic diversity of
European bison due to the fact that this species is protected and the collection of material
for any studies is complicated.

The results of this study showed that the Lithuanian population is genetically distinct
from the Polish, German, and Swedish individuals. Two individuals from the Lithuanian
population, whose samples were obtained from the zoo in Kaunas, Lithuania (pedigree
numbers: 14,137 and 14,985), show their relatedness to the cluster from the Polish, German,
and Swedish populations. An individual from the Dzūkija region, which borders Belarus
(Figures 2 and 3, indicated by an arrow) also has a strong genetic structure pattern of the
Polish–German–Swedish genetic cluster (Figure 2, green). This is unsurprising because the
majority of European bison herds in Belarus originate from Białowieża in Poland because
of their reintroduction in 1952. In addition, Białowieża territories in Poland and Belarus
were separated in 1981 by a border fence [30].

A small number of alleles per locus was observed in the Polish (NaMAX = 3.64) [12],
Belarusian (NaMAX = 2.73) [31], and German (NaMAX = 2.36) [32] populations, and these
values were close to that quantified in our study (NaMAX = 2.91). It should be noted that
a low heterozygosity was found between three subpopulations in Lithuania (Kėdainiai
district (1) and (2), and Panevėžys district), but the weighted average mean of the number
of alleles was 2.91. Population genetic parameters might be influenced by differences in
sample size. The analysis performed using STRUCTURE HARVESTER showed the most
probable number of clusters: analysed individuals could be divided into two clusters
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(K = 2), with the first formed by the Lithuanian population and the other by individuals
from Poland, Germany, and Sweden. A few bison from Lithuania are more similar to the
second cluster: two individuals from Kaunas Zoo and one from the new herd in Dzūkija.
One possible explanation for this could be the pedigree of the bison samples.

In this study, a negative coefficient of inbreeding in the European bison from Lithuania
was observed. A possible explanation for such values could be a low number of alleles for
a number of loci. It shows that heterozygous genotypes occur more often compared with
the expected frequency of genotypes in accordance with the Hardy–Weinberg equilibrium.
Similar findings have also been reported for European bison in earlier studies conducted
in Belarus and Poland [31,33]. In general, the inbreeding coefficient for the European
bison population has been estimated to be positive [34,35]. A high inbreeding coefficient
could be associated with a small number of founders. It is also important to notice that
inbreeding and heterozygosity can be related to increasing European bison susceptibility to
vector-borne pathogens [36].

Despite a visible genetic difference between the populations in Lithuania and those in
Poland, Germany, and Sweden, the results obtained in this study confirm that there is a
very low genetic diversity among European bison. In several previous studies, a low level
of genetic diversity has been confirmed in European bison, not only based on microsatellite
markers, but also mitochondrial DNA [15,22,31,37,38] and whole genome single nucleotide
polymorphism (SNP) markers [34,39].

In the current study, two mitochondrial haplotypes for European bison were found in
Lithuania. The mtDNA analyses indicated the absence of nucleotide diversity (π = 0). These
findings were not surprising because a small number of haplotypes was also identified in
European bison populations from other countries [15,22]. Meanwhile, the American bison
(Bison bison) shows higher levels of mtDNA diversity despite the fact that the population has
undergone a bottleneck phenomenon during their history [19]. The high levels of mtDNA
diversity could be explained by a higher number of founders from different American
bison herds. As previously reported, the European bison populations were restored from a
limited number of founders, which resulted in lower genetic diversity [15,33]. Studies of
the European and American bison mtDNA revealed evidence of hybridization between
bison and cattle (Bos taurus) [15,40–42]. Such cattle DNA introgression may influence the
purity of bison herds.

To practise proper genetic management of the Lithuanian bison population, it is crucial
to understand the actual genetic structure of all the subpopulations. The genetic difference
between the Lithuanian bison subpopulations and other populations is probably due to
isolation and/or their different founding groups. After releasing individuals in the 1970s,
the bison population in Lithuania was isolated from other populations due to geographic
distance, and no new animals were transported to Lithuania for many years. Such isolation
and the small effective population number could have caused the differences observed
due to low genetic diversity. The results of the current study show that the microsatellite
markers used in this analysis could be applied to identify the population structure of
European bison and determine their level of heterozygosity. The analysis of mtDNA
sequences demonstrates low genetic diversity in the Lithuanian bison population. The
reason for this is that mtDNA represents a single locus, and therefore it may require to be
used with a larger number of markers.

5. Conclusions

This study demonstrates the loss of genetic diversity of the European bison in Lithua-
nia based on the analysis of the microsatellite loci and mtDNA D-loop sequences. It should
be noted that the genetic structure of the Lithuanian population has a specific genetic
background because it was formed from individuals from the Prioksko-Terrasny reserve
in Russia. In addition, the new population in the Dzūkija region is being formed, which
based on data from 2020, consists of 18 individuals. This subpopulation has a different
genetic structure given that it migrated from Grodno in Belarus in 2019. Currently, the
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Lithuanian government is relocating individuals to Dzūkija (seven European bison have
already been relocated) from the central region (Panevėžys, Kėdainiai) and is planning to
continue this relocation.
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