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Table 4. List of currently active bilateral and trilateral agreements relating to cooperative management of large carnivores in 
Fennoscandia, i.e. Norway, Sweden, and Finland. 

Year Agreement 

2011 Agreement between the Ministry of Environment, Sweden, and the Ministry of Environment, Norway, on 
management of genetically important wolves in the Scandinavian wolf population . 12 August 2011 .

2012 Memorandum of Understanding regarding the establishment and continuance of a public web-based database 
(Skandobs) for geographic information on large carnivore observations in Norway and Sweden (Norwegian 
Institute for Nature Research and Swedish Environmental Protection Agency) . 25 March 2012 .

2012 Memorandum of Understanding regarding management strategies for the Scandinavian wolf population (Nor-
wegian Directorate for Nature Management and Swedish Environmental Protection Agency) . 25 April 2012 .

2015 Memorandum of Understanding regarding the establishment and continuance of a monitoring system for large 
carnivores in Sweden and Norway (Norwegian Environment Agency and Swedish Environmental Protection 
Agency) . 25 March 2015 .

2020 Tri-lateral framework document for transboundary cooperation on management and conservation of wolves 
in Fennoscandia (Ministry of Agriculture and Forestry of Finland, Norwegian Environment Agency, Swedish 
Environmental Protection Agency) . September/October 2020 .

Genetics of brown bears in northern Europe

By Alexander Kopatz

Keywords: Brown bear, genetic structure, mitochondrial DNA, noninvasive genetic sampling, phylo-
geography, population monitoring, Ursus arctos, Y chromosome

Abstract: From the dawn of wildlife genetics, brown bears in Scandinavia have been studied using 
molecular genetic methods and hence have been substantial in the development of these methods, 
which are now the gold standard in DNA-based monitoring of many wildlife species. This chapter in-
troduces the constantly evolving field of DNA-based assessments to monitor and to study the history of 
brown bears. Genetic studies enable us to understand better past processes, such as the recolonisation 
after the last Ice Age, and present status, such as migration, and other factors influencing brown bear 
populations in the north of Europe.

Genetics and the development of DNA-based population monitoring

Genetics is the study of heredity and how an organism’s genes are associated with the environment it 
is living in . The genetic variability or genetic diversity of a species and/or a population is essential for 
its adaptability to e .g . changing environmental conditions and therefore its viability and long-term 
survival (Frankham 1995; 2005; Lacy 1997; Allendorf et al . 2010) . Molecular genetic methods 
have been crucial for the understanding of speciation and evolution as well as historical and current 
processes in Ursid biology and distribution . Genetic information helps us understand what may have 
shaped the brown bear (Ursus arctos) population in northern Europe and provides us with knowledge 
about its past as well as current status .

The development of DNA-technology has revolutionised how we monitor our natural environ-
ment and has also helped to improve our knowledge on numerous species, including brown bears . 
Individual brown bears, as every sexually reproducing species, differ genetically . An individual’s ge-
netic profile is unique, except for identical twins . Individuals usually differ in appearance and behav-
iour, however, these often-subtle differences are challenging to assess by human observers in other 
mammals . A genetic profile holds valuable information for deeper analyses, especially in comparison 
with the profiles from other bears, whether in the same region, adjacent areas, or across regional and 
national borders . Having precise genetic information from individual brown bears enables the assess-
ment of genetic relatedness, which in turn allows addressing important questions concerning their 
management and conservation .

To obtain genetic information from an individual wild animal, a biological sample, such as tissue, 
blood, bones, hairs, or feces, must be collected in the field and then genetically analysed in the labo-
ratory . In Scandinavia, brown bears are mainly monitored with the help of non-invasively collected 
material . Non-invasive sampling means that it is not required to directly have contact with, disturb, 
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or capture an animal to collect a biological sample . Instead, DNA is extracted from biological samples 
left in the field by the individual itself, for example, in the form of feces or hairs . Such samples are 
routinely collected by wildlife rangers, hunters, and also hikers (Bellemain et al . 2005; Kindberg/
Swenson 2018) . Individual brown bears are then genetically “tagged” in the laboratory based on their 
unique DNA-profile; new individuals are identified and already known individuals are genetically 
“recaptured” . Especially the recapture of known individuals is crucial to obtain reliable population 
size estimates of brown bears . Over the last decade, DNA has become the population monitoring 
method of choice for wildlife management authorities in Sweden and Norway, and Finland is cur-
rently in the process of establishing the same method . Data based on non-invasive collection methods 
create a solid scientific foundation to estimate the population size of bears in a given area, but also 
provide additional highly valuable information, such as population distribution, population density, 
and the sex ratio, i .e . the proportion between males and females in the population, which is important 
to understand reproduction and the effect of hunting quotas (Bischof et al . 2016; 2020; Kindberg/
Swenson 2018) .

Feces and hair samples make up the largest part of biological materials collected for DNA analysis  
of brown bears in Scandinavia . The individuals identified, the date their sample was collected in 
the field, as well as their location and additional information, are stored and made accessible for the 
public in the Scandinavian monitoring database “Rovbase” (www .rovbase .no) . Besides samples and 
information on brown bears, this database also contains similar information from other large car-
nivores collected and analysed via the same methods in Scandinavia (see e .g . Taberlet et al . 1999; 
Schwartz et al . 2007) . The Scandinavian brown bear was the main model species at the dawn of 
molecular methods for the development, design and quality of the genetic methods used today in 
the population monitoring of wildlife species on a global scale (Bellemain et al . 2005; Kindberg 
et al . 2011; Swenson et al . 2011) . The improvement of the genetic methods is an ever-ongoing process 
(Norman et al . 2013; Norman/Spong 2015; De Barba et al . 2017) .

Phylogeography of brown bears in northern Europe

In 1994, Taberlet/Bouvet (1994) published a groundbreaking study on the phylogeography of 
brown bears in Europe based on mitochondrial DNA-lineages of northern European brown bears . 
The authors identified two different brown bear DNA-lineages, indicating that Scandinavia was re-
colonised by bears from two different population refugia coming to Scandinavia from two different 
directions after the last glacial maximum: from the north and the south (Fig . 1a) . The Quaternary 
cold periods of the Pleistocene (2 .6 million to 11,700 years ago) generally had great influence on life 
in Europe . As a result of the Scandinavian Ice Sheet, flora and fauna of the Holocene, the current geo-
logical epoche (11,700 years ago to today), experienced range contractions, expansion, and sometimes 
also extinctions in the northern hemisphere; most species were restricted to refuge areas in the south-
ern parts of Europe . This Ice Age is ultimately responsible for today’s composition and distribution 
of species in northern Europe (Siivonen 1982; Hewitt 1996; Taberlet et al . 1998) . Once tempera-
tures were on the rise and ice caps retreated at the end of the last glacial maximum (~22,000–17,000 
years ago), animal and plant species followed the retreating ice . The leading edges of these expansion 
fronts can be characterised by consecutive occurrences of so-called genetic population bottlenecks .  
A population bottleneck describes the drastic reduction in the number of individuals in a group or 
population accompanied by loss of genetic variation (Nei et al . 1975) . Such bottlenecks, if severe 
enough, can be traced back in time with modern genetic methods (Hewitt 1996) . Radiocarbon-dated 
bone remains suggest that the brown bear was one of the earliest carnivorous mammals to re-colonise 
northern Europe at a comparably rapid pace, which was genetically confirmed by haplogroup data 
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(Hewitt 1999; 2000; Sommer/Benecke 2005; Korsten et al . 2009; Davison et al . 2011) . Today, the 
brown bear still is one of the most important model species to illustrate Late Quaternary mammalian 
phylogeography and the application of genetic methods .

The first genetic assessment of brown bears in Europe used mitochondrial DNA (mtDNA) with 
the goal to identify potential conservation units, i .e . areas and populations valuable for the long-
term conservation of the species (Moritz 1994) . Mitochondrial DNA is exclusively inherited from  
the mother to her offspring and, in contrast to nuclear DNA, stored in the mitochondrion of all 
cells in an eukaryotic organism’s body, i .e . animal, plant and fungal organisms with cells contain-
ing nucleus and nuclear envelope . The analysis of mtDNA is the basis for the tracking of a species’ 
phylogeography, i .e . the historic and genetic processes and patterns across large time scales that have 
shaped the current distribution of a species (Hewitt 1996) . The mtDNA of brown bears from the 
northern part of Scandinavia was shown to be part of the eastern lineage or clade, which is also 
characteristic for bears in Russia, Romania, and Slovakia . This suggests that northern Scandinavia 
was re-colonised by bears from eastern Europe via Russia and Finland . The mtDNA of brown bears 
from the southern part of Scandinavia was characteristic of the western lineage, which suggests that 
southern Scandinavia was re-colonised by brown bears which had their Ice Age refugium on the 
Iberian Peninsula, i .e . the so-called southern clade of bears found in central and southern Europe 
(Taberlet/Bouvet 1994) .

The striking results of this first study inspired a number of follow-up research, which highlighted 
that these two clades originated from two separated Quaternary refugia in the far west and east of 
Europe (Fig . 1a–b; cf . Kohn et al . 1995; Taberlet et al . 1995; 1998; Hewitt 1999; 2000; Hofreiter 
et al . 2002; Sommer/Benecke 2005; Saarma et al . 2007; Zachos et al . 2008; Korsten et al . 2009; 
Davison et al . 2011; Keis et al . 2013; Xenikoudakis et al . 2015; Anijalg et al . 2018; Ersmark et 
al . 2019) . Further analyses of mtDNA lineages pointed to a Carpathian refuge of the eastern lineage 
(Fig . 1b; cf . Sommer/Benecke 2005; Zachos et al . 2008) . Also, a much higher matrilineal diversity 
was found in bears in Finland and northwestern Russia compared to the bottlenecked Scandinavian 
population . This is likely due to the connection of the Finnish and northwestern Russian population 
to the large and stable populations in Russia, while the Scandinavian population was likely isolated 
from potential immigration of new individuals from the east (Saarma et al . 2007) . A recent study 
challenged the scenario of the Iberian peninsula as refugial area, as the genetic analyses of historical 
material of bears from Belgium and France indicate that this specific haplotype may be the origin of 
expansion of brown bears into southern Scandinavia (Ersmark et al . 2019) .

The general conclusion is that the eastern and western genetic lineages of brown bears diverged 
about 0 .85 million years ago and that bears re-colonised first southern Scandinavia from western 
Europe, followed by northern Scandinavia from eastern Europe . Here, both mtDNA-lineages pos-
sibly met about 5,000–9,000 years ago (Taberlet et al . 1995; Xenikoudakis et al . 2015), after the ice 
shield from the last glaciation had melted (Siivonen 1982) . The eastern and western mtDNA-lineages 
are highly divergent, and a follow-up study further described the delination or contact zone in the 
middle of Sweden, where these two clades meet . The width of the contact zone was estimated to be 
~130 kilometres . At the time of the study, only four individuals were identified that have crossed the 
contact zone from one lineage to the other (Taberlet et al . 1995) . Overall, the mtDNA-haplotype 
diversity especially in southern Scandinavia was higher, as the genetic analysis of historical samples 
of brown bears archived at Swedish museums suggested (Xenikoudakis et al . 2015) .

The current distribution of brown bears in Europe is shaped by centuries of severe persecution, 
bounty hunting, and rigorous extermination efforts (Zedrosser et al . 2011; Albrecht et al . 2017) . 
Brown bears were also eradicated from most parts of northern Europe, and the once continuous 
population was split into the Scandinavian to the west and the Karelian in the east (Curry-Lindahl 
1972; Swenson et al . 1995) . It is assumed that the population in Scandinavia at its lowest point at the 
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or capture an animal to collect a biological sample . Instead, DNA is extracted from biological samples 
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end of the 19th century was not larger than about 100 individuals (Swenson et al . 1994) . Due to the 
beginning of modern conservation-oriented thinking and management in the early 1970s, brown 
bear populations, along with other large carnivores, started to recover and to re-colonise their former 
distribution range in northern Europe (Chapron et al . 2014) . However, despite regional comebacks, 
such as in northern Europe, brown bears and other large carnivores are still under substantial pres-
sure and considered as endangered in Europe and other parts of the world (Dalerum et al . 2009; 
Ripple et al . 2014) .

Assessing contemporary status by using nuclear DNA

Shortly after the first studies of mtDNA in brown bears and other wildlife had emerged, more 
genetic markers as well as new techniques were developed to enable the study of diversity via nuclear 
genetic variation . Such studies investigate historic as well as contemporary genetic patterns by using  
highly variable genetic markers, such as microsatellites or short-tandem-repeats (STRs) . Micro- 
satellites have been used since the 1990s, and their application intensified until recently (Paetkau/
Strobeck 1994; Paetkau et al . 1995; Taberlet et al . 1997) . With the development of next-generation 
sequencing and genomics, even more informative genetic marker systems were developed, such as 
single-nucleotide-polymorphisms (SNPs; Norman et al . 2013) or restriction site-associated DNA 
sequencing (RADseq; Andrews et al . 2016) . All genetic marker systems have their advantages but 
also shortcomings . Mitochondrial DNA, inherited from the mother, can only enable insights into 
female-mediated genes and gene flow . In comparison, nuclear DNA is inherited from both parents 
and can be applied to the study of the more recent history as well as the current status of populations 
in relation to genetic variation, inbreeding, population substructure, interpopulation connectivity 
via gene flow and more, all of which are important for conservation and management of a species 
(Frankham 1995; 2005; Waples/Gaggiotti 2006; Allendorf et al . 2010) . Norman et al . (2013) 
published a SNP-panel to study genetics and specifically the relatedness among individuals in 
Scandinavian brown bear . In contrast to the first nuclear genetic markers, the higher resolution of 
SNPs allows even more specific assessment of the genetic relationships among bears without prior 
biological information on their relatedness and family groups (Norman/Spong 2015) .

In 2000, the first study on brown bears in Sweden using microsatellites was published (Waits et al .  
2000) . It was also the first comprehensive assessment of the brown bear’s contemporary genetic  
variation and population structure using genetic methods in northern Europe . The results of that 
study showed that the genetic diversity of brown bears in Sweden was comparable to brown bear 
populations in North America . This was surprising, considering the drastic population decline and 
bottleneck Scandinavian brown bears had experienced due to the intensive hunt . The study also 
showed that the Swedish population appeared to be subdivided into four different subpopulations, 
of which the southernmost was geographically located below the previously described contact zone 
where the two distinct mtDNA-lineages meet (Taberlet et al . 1995) . The same study was re-
analysed with advanced Bayesian statistical methods a few years later, and the authors concluded that 
the Swedish population consisted not of four but rather of three subpopulations, with the individuals 
from the previously identified two northernmost subpopulation showing substantial geographical 
overlap, leading to the conclusion that these two subpopulations comprise of just one unit (Manel 
et al . 2004), shaped by isolation-by-distance (Schregel et al . 2018) .

The reasons for the distinct genetic structure of brown bears in Scandinavia remained unclear 
until Xenikoudakis et al . (2015) published a study based on the genetic analysis of archived mu-
seum samples using historical bone, skin, and tooth samples . Their findings showed that the current 
genetic structure is the result of historical ecological processes . The authors reported that also the 
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historical Scandinavian population consisted of these three subpopulations and concluded that the 
current subdivision is not caused by anthropogenic fragmentation and a genetic bottleneck due to 
over-hunting . Based on the findings of different studies it is likely the combined effect of ecological 
processes such as e .g . the density of bears and level of relatedness among individuals in and between 
areas which can influence the dispersal and successful reproduction of bears outside their natal area . 
This has been indicated by results assessing kin-related structure (Støen et al . 2005; 2006; Frank 
et al . 2021) and gene flow among the areas in Sweden and Norway (Schregel et al . 2017; 2018) . The  
current anthropogenic pressure, however, may sustain and manifest the current fragmentation fur-
ther, as it has also been observed in other hunted wildlife species (Jerina/Adamic 2008; Krofel  
et al . 2012; Frank et al . 2021) . Overall, these results warrant further studies into the history and 
biology of the Scandinavian brown bear population .

The disconnect of the Scandinavian and Karelian brown bear populations had strong effects on 
the genetics of both populations (Schregel et al . 2012; Kopatz et al . 2014; 2021) . The genetic differ-
ences between these populations become obvious when bears from both populations are genotyped 
and compared with so-called Y-chromosomal markers (Bidon et al . 2014; Schregel et al . 2015;  
Hirata et al . 2017) . Analogous to the mtDNA, the non-recombining fragment of the Y-chromosome 
enables the assessment of the paternal diversity and male lineages . This is of high interest, because 
such analyses can reveal dispersal patterns as males generally are the dispersing sex in brown bears, 
while females remain philopatric and tend to stay near their natal area (Støen et al . 2005; Zedrosser  
et al . 2007) . Two recent studies analysed brown bears from the Scandinavian and the Karelian popu-
lations and documented strong genetic differentiation between these bear subpopulations as well as 
that the Y-haplotype diversity was distributed unevenly (Schregel et al . 2015; Kopatz et al . 2021) . 
As reported by Schregel et al . (2015), Y-haplotype data of bears from Finland, northern Norway 
and northwestern Russia were high, with 32 haplotypes identified . In contrast, only four haplotypes 
could be found in the Scandinavian population in Sweden and in western and southern Norway . The 
haplotype distribution underlined the substantial subdivision of the bear populations in Scandinavia 
and Karelia (Schregel et al . 2012; 2017; Kopatz et al . 2014; 2021) . Overall, these results suggested 
that the genetic recovery processes of these two populations have likely been very different (Kopatz 
et al . 2021) . It is assumed that the Scandinavian bear population recovered to a large extent on its 
own, while in comparison the Karelian brown bear population in Finland and northern Norway 
experienced influx from the east, i .e . Russia (Tammeleht et al . 2010; Keis et al . 2013; Kopatz et al . 
2014), which resulted in a population divided into two subpopulations, a northern and a southern 
one (Saarma/Kojola 2007; Tammeleht et al . 2010; Kopatz et al . 2014) . The southern subpopula-
tion showed a strong connection to bear populations in northwestern Russia, supporting the as-
sumption of substantial migration and gene flow from Russia into Finland during the last decades 
(Keis et al . 2013; Kopatz et al . 2014) . These high immigration rates, in contrast to the situation in 
Scandinavia, likely led also to the gradual mixing of these two subpopulations, so that more and 
more brown bears were showing the genetic signatures from both populations (Hagen et al . 2015; 
Kopatz et al . 2017) .

In general, brown bear populations in Scandinavia and in Finland have recovered from population 
lows at the end of the 19th century (Chapron et al . 2014) . Based on latest research, the population 
expansion front with bears from Scandinavia has entered Finland, i .e . bears from Scandinavia have 
dispersed into Finland (Kopatz et al . 2021) . Also a few individuals from the Karelian population have 
been detected in Sweden, albeit considerably fewer, suggesting asymmetric migration (Fig . 2) . This 
suggests that the Scandinavian bear population seems to have recovered earlier and therefore started 
expanding earlier compared to the Karelian population . These results highlight that conservation-
oriented policies and wildlife management can lead to successful population recovery as well as the 
restoration of genetic connectivity between fragmented populations of brown bears (Kopatz et al . 2021) .
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bottleneck Scandinavian brown bears had experienced due to the intensive hunt . The study also 
showed that the Swedish population appeared to be subdivided into four different subpopulations, 
of which the southernmost was geographically located below the previously described contact zone 
where the two distinct mtDNA-lineages meet (Taberlet et al . 1995) . The same study was re-
analysed with advanced Bayesian statistical methods a few years later, and the authors concluded that 
the Swedish population consisted not of four but rather of three subpopulations, with the individuals 
from the previously identified two northernmost subpopulation showing substantial geographical 
overlap, leading to the conclusion that these two subpopulations comprise of just one unit (Manel 
et al . 2004), shaped by isolation-by-distance (Schregel et al . 2018) .

The reasons for the distinct genetic structure of brown bears in Scandinavia remained unclear 
until Xenikoudakis et al . (2015) published a study based on the genetic analysis of archived mu-
seum samples using historical bone, skin, and tooth samples . Their findings showed that the current 
genetic structure is the result of historical ecological processes . The authors reported that also the 
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historical Scandinavian population consisted of these three subpopulations and concluded that the 
current subdivision is not caused by anthropogenic fragmentation and a genetic bottleneck due to 
over-hunting . Based on the findings of different studies it is likely the combined effect of ecological 
processes such as e .g . the density of bears and level of relatedness among individuals in and between 
areas which can influence the dispersal and successful reproduction of bears outside their natal area . 
This has been indicated by results assessing kin-related structure (Støen et al . 2005; 2006; Frank 
et al . 2021) and gene flow among the areas in Sweden and Norway (Schregel et al . 2017; 2018) . The  
current anthropogenic pressure, however, may sustain and manifest the current fragmentation fur-
ther, as it has also been observed in other hunted wildlife species (Jerina/Adamic 2008; Krofel  
et al . 2012; Frank et al . 2021) . Overall, these results warrant further studies into the history and 
biology of the Scandinavian brown bear population .

The disconnect of the Scandinavian and Karelian brown bear populations had strong effects on 
the genetics of both populations (Schregel et al . 2012; Kopatz et al . 2014; 2021) . The genetic differ-
ences between these populations become obvious when bears from both populations are genotyped 
and compared with so-called Y-chromosomal markers (Bidon et al . 2014; Schregel et al . 2015;  
Hirata et al . 2017) . Analogous to the mtDNA, the non-recombining fragment of the Y-chromosome 
enables the assessment of the paternal diversity and male lineages . This is of high interest, because 
such analyses can reveal dispersal patterns as males generally are the dispersing sex in brown bears, 
while females remain philopatric and tend to stay near their natal area (Støen et al . 2005; Zedrosser  
et al . 2007) . Two recent studies analysed brown bears from the Scandinavian and the Karelian popu-
lations and documented strong genetic differentiation between these bear subpopulations as well as 
that the Y-haplotype diversity was distributed unevenly (Schregel et al . 2015; Kopatz et al . 2021) . 
As reported by Schregel et al . (2015), Y-haplotype data of bears from Finland, northern Norway 
and northwestern Russia were high, with 32 haplotypes identified . In contrast, only four haplotypes 
could be found in the Scandinavian population in Sweden and in western and southern Norway . The 
haplotype distribution underlined the substantial subdivision of the bear populations in Scandinavia 
and Karelia (Schregel et al . 2012; 2017; Kopatz et al . 2014; 2021) . Overall, these results suggested 
that the genetic recovery processes of these two populations have likely been very different (Kopatz 
et al . 2021) . It is assumed that the Scandinavian bear population recovered to a large extent on its 
own, while in comparison the Karelian brown bear population in Finland and northern Norway 
experienced influx from the east, i .e . Russia (Tammeleht et al . 2010; Keis et al . 2013; Kopatz et al . 
2014), which resulted in a population divided into two subpopulations, a northern and a southern 
one (Saarma/Kojola 2007; Tammeleht et al . 2010; Kopatz et al . 2014) . The southern subpopula-
tion showed a strong connection to bear populations in northwestern Russia, supporting the as-
sumption of substantial migration and gene flow from Russia into Finland during the last decades 
(Keis et al . 2013; Kopatz et al . 2014) . These high immigration rates, in contrast to the situation in 
Scandinavia, likely led also to the gradual mixing of these two subpopulations, so that more and 
more brown bears were showing the genetic signatures from both populations (Hagen et al . 2015; 
Kopatz et al . 2017) .

In general, brown bear populations in Scandinavia and in Finland have recovered from population 
lows at the end of the 19th century (Chapron et al . 2014) . Based on latest research, the population 
expansion front with bears from Scandinavia has entered Finland, i .e . bears from Scandinavia have 
dispersed into Finland (Kopatz et al . 2021) . Also a few individuals from the Karelian population have 
been detected in Sweden, albeit considerably fewer, suggesting asymmetric migration (Fig . 2) . This 
suggests that the Scandinavian bear population seems to have recovered earlier and therefore started 
expanding earlier compared to the Karelian population . These results highlight that conservation-
oriented policies and wildlife management can lead to successful population recovery as well as the 
restoration of genetic connectivity between fragmented populations of brown bears (Kopatz et al . 2021) .
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Genetic information enabled a large body of scientific literature on the brown bears of northern Europe  
and has considerably increased the scientific understanding of population genetics as well as under- 
scored the importance of genetics for conservation . Many of the studies presented would not have 
been possible without the strong collaborative spirit of national authorities and research groups . Espe- 
cially Norway and Sweden have harmonised the monitoring and their methods and are now equipped 
with a unique common population monitoring system and database . The brown bear is one of the best-
studied mammals in the world (Brooke et al . 2014), and the Scandinavian brown bear in particular  
has been of crucial importance in the development of the genetic monitoring of wildlife in general .
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Genetic information enabled a large body of scientific literature on the brown bears of northern Europe  
and has considerably increased the scientific understanding of population genetics as well as under- 
scored the importance of genetics for conservation . Many of the studies presented would not have 
been possible without the strong collaborative spirit of national authorities and research groups . Espe- 
cially Norway and Sweden have harmonised the monitoring and their methods and are now equipped 
with a unique common population monitoring system and database . The brown bear is one of the best-
studied mammals in the world (Brooke et al . 2014), and the Scandinavian brown bear in particular  
has been of crucial importance in the development of the genetic monitoring of wildlife in general .

Bibliography 

Albrecht et al . 2017: J . Albrecht/K . A . Barton/N . Selva/ 
R . S . Sommer/J . E . Swenson/R . Bischof, Humans and 
climate change drove the Holocene decline of the brown 
bear . Scientific Reports 7, 10399, 2017 . 

Allendorf et al . 2010: F . W . Allendorf/P . A . Hohenlohe/ 
G . Luikart, Genomics and the future of conservation 
genetics . Nature Reviews Genetics 11, 2010, 697–709 .

Andrews et al . 2016: K . R . Andrews/J . M . Good/M . R . 
Miller/G . Luikart/P . A . Hohenlohe, Harnessing 
the power of RADseq for ecological and evolutionary 
genomics . Nature Reviews Genetics 17, 2016, 81–92 .

Anijalg et al . 2018: P . Anijalg/S . Y . W . Ho/J . Davison/ 
M . Keis/E . Tammeleht/K . Bobowik/I . L . Tumanov/  
A . P . Saveljev/E . A . Lyapunova/A . A .Vorobiev/N . I . 
Markov/A . P . Kryukov/I . Kojola/J . E . Swenson/S . B . 
Hagen/H . G . Eiken/L . Paule/U . Saarma, Large-scale 
migrations of brown bears in Eurasia and to North 
America during the Late Pleistocene . Journal of Bio- 
geography 45, 2018, 394–405 .

Bellemain et al . 2005: E . Bellemain/J . E . Swenson/ 
O . Tallmon/S . Brunberg/P . Taberlet, Estimating 
population size of elusive animals with DNA from 
hunter-collected feces: Four methods for brown bears . 
Conservation Biology 19, 2005, 150–161 .

Bidon et al . 2014: T . Bidon/A . Janke/S . R . Fain/H . G . 
Eiken/S . B . Hagen/U . Saarma/B . M . Hallstrom/ 
N . Lecomte/F . Hailer, Brown and polar bear Y chro-
mosomes reveal extensive male-biased gene flow within 
brother lineages . Molecular Biology and Evolution 31, 
2014, 1353–1363 .

Bischof et al . 2016: R . Bischof/H . Brøseth/O . Gimenez, 
Wildlife in a Politically Divided World: Insularism In-
flates Estimates of Brown Bear Abundance . Conservation 
Letters 9, 2016, 122–130 .

Bischof et al . 2020: R . Bischof/C . Milleret/P . Dupont/  
J . Chipperfield/M . Tourani/A . Ordiz/P . de Val-
pine/D . Turek/J . A . Royle/O . Gimenez/Ø . Flagstad/  
M . Akesson/L . Svensson/H . Broseth/J . Kindberg, 
Estimating and forecasting spatial population dynamics 
of apex predators using transnational genetic monitoring . 
Proceedings of the National Academy of Sciences 117, 
2020, 30531–30538 .

Brooke et al . 2014: Z . M . Brooke/J . Bielby/K . Nambiar/  
C . Carbone, Correlates of research effort in carnivores: 
body size, range size and diet matter . PLoS One 9, 2014 . 
https://doi .org/10 .1371/journal .pone .0093195 .

Chapron et al . 2014: G . Chapron/P . Kaczensky/J . D . C . 
Linnell/M . von Arx/D . Huber/H . Andrén/J . V . 
López-Bao/M . Adamec/F . Álvares/O . Anders/ 
L . Balčiauskas/V . Balys/P . Bedő/F . Bego/J . C . 
Blanco/U . Breitenmoser/H . Brøseth/L . Bufka/ 
R . Bunikyte/P . Ciucci/A . Dutsov/T . Engleder/ 
C . Fuxjäger/C . Groff/K . Holmala/B . Hoxha/Y . Ilio- 
poulos/ O . Ionescu/J . Jeremić/K . Jerina/G . Kluth/ 
F . Knauer/I . Kojola/I . Kos/M . Krofel/J . Kubala/ 
S . Kunovac/J . Kusak/M . Kutal/O . Liberg/A . Majić/ 
P . Männil/R . Manz/E . Marboutin/F . Marucco/ 
D . Melovski/K . Mersini/Y . Mertzanis/R . W . Mysła-
jek/S . Nowak/J . Odden/J . Ozolins/G . Palomero/ 
M . Paunović/J . Persson/H . Potočnik/P .-Y . Quen-
ette/G . Rauer/I . Reinhardt/R . Rigg/A . Ryser/ 
V . Salvatori/T . Skrbinšek/A . Stojanov/J . E . Swenson/  
L . Szemethy/A . Trajçe/E . Tsingarska-Sedefcheva/  
M . Váňa/R . Veeroja/P . Wabakken/M . Wölfl/S . Wölfl/ 
F . Zimmermann/D . Zlatanova/L . Boitani, Recovery of 
large carnivores in Europe’s modern human-dominated 
landscapes . Science 346, 2014, 1517–1519 .

Curry-Lindahl 1972: K . Curry-Lindahl, The Brown 
Bear (Ursus arctos) in Europe: Decline, Present Distribu-
tion, Biology and Ecology . In: International Association 
for Bear Research and Management (eds .), Bears: Their 
biology and management . IUCN Publications New Se-
ries 23 (Calgary 1972) 74–80 .

Dalerum et al . 2009: F . Dalerum/E . Z . Cameron/K . Kun-
kel/M . J . Somers, Diversity and depletions in continen-
tal carnivore guilds: implications for prioritizing global 
carnivore conservation . Biology Letters 5, 2009, 35–38 .

Davison et al . 2011: J . Davison/S . Y . W . Ho/S . C . Bray/ 
M . Korsten/E . Tammeleht/M . Hindrikson/K . Øst-
bye/E . Østbye/S .-E . Lauritzen/J . Austin, Late-Qua-
ternary biogeographic scenarios for the brown bear  
(Ursus arctos), a wild mammal model species . Quaternary 
Science Reviews 30, 2011, 418–430 .

De Barba et al . 2017: M . De Barba/C . Miquel/S . Lo-
breaux/P . Y . Quenette/J . E . Swenson/P . Taberlet, 
High-throughput microsatellite genotyping in ecology: 
improved accuracy, efficiency, standardization and suc-
cess with low-quantity and degraded DNA . Molecular 
Ecology Resources 17, 2017, 492–507 .

Ersmark et al . 2019: E . Ersmark/G . Baryshnikov/ 
T . Higham/A . Argant/P . Castaños/D . Döppes/ 

105

M . Gasparik/M . Germonpré/K . Lidén/G . Lipecki/  
A . Marciszak/R . Miller/M . Moreno-García/ 
M . Pacher/M . Robu/R . Rodriguez-Varela/M . Rojo 
Guerra/M . Sabol/N . Spassov/J . Storå/C . Valdiose- 
ra/A . Villaluenga/J . R . Stewart/L . Dalén, Genetic 
turnovers and northern survival during the last glacial 
maximum in European brown bears . Ecology and Evo-
lution 9, 2019, 5891–5905 .

Frank et al . 2021: S . C . Frank/F . Pelletier/A . Kopatz/ 
A . Bourret/D . Garant/J . E . Swenson/H . G . Eiken/  
S . B . Hagen/A . Zedrosser, Harvest is associated with 
the disruption of social and fine-scale genetic structure 
among matrilines of a solitary large carnivore . Evolution-
ary Applications 14, 2021, 1023–1035 .

Frankham 1995: R . Frankham, Conservation Genetics . 
Annual Review of Genetics 29, 1995, 305–327 .

Frankham 2005: R . Frankham, Genetics and extinction . 
Biological Conservation 126, 2005, 131–140 .

Hagen et al . 2015: S . B . Hagen/A . Kopatz/J . Aspi/I . Ko-
jola/H . G . Eiken, Evidence of rapid change in genetic 
structure and diversity during range expansion in a re-
covering large terrestrial carnivore . Proceedings of the 
Royal Society of London . Series B: Biological Sciences 
282, 2015 . https://doi .org/10 .1098/rspb .2015 .0092 .

Hewitt 1996: G . M . Hewitt, Some genetic consequences of 
ice ages, and their role in divergence and speciation . Bio-
logical Journal of the Linnean Society 58, 1996, 247–276 .

Hewitt 1999: G . M . Hewitt, Post-glacial re-colonization 
of European biota . Biological Journal of the Linnean 
Society 68, 1999, 87–112 .

Hewitt 2000: G . Hewitt, The genetic legacy of the Qua-
ternary ice ages . Nature 405, 2000, 907–913 .

Hirata et al . 2017: D . Hirata/T . Mano/A . V . Abramov/  
G . F . Baryshnikov/P . A . Kosintsev/K . Murata/ 
R . Masuda, Paternal phylogeographic structure of the 
brown bear (Ursus arctos) in northeastern Asia and the 
effect of male-mediated gene flow to insular populations . 
Zoological Letters 3, 2017, 21 .

Hofreiter et al . 2002: M . Hofreiter/C . Capelli/ 
M . Krings/L . Waits/N . Conard/S . Munzel/ 
G . Rabeder/D . Nagel/M . Paunovic/G . Jambresic/ 
S . Meyer/G . Weiss/S . Pääbo, Ancient DNA analyses reveal  
high mitochondrial DNA sequence diversity and parallel 
morphological evolution of late pleistocene cave bears . 
Molecular Biology and Evolution 19, 2002, 1244–1250 .

Jerina/Adamic 2008: K . Jerina/M . Adamic, Fifty Years of 
Brown Bear Population Expansion: Effects of Sex-Biased 
Dispersal on Rate of Expansion and Population Struc-
ture . Journal of Mammalogy 89, 2008, 1491–1501 .

Keis et al . 2013: M . Keis/J . Remm/S . Y . W . Ho/J . Davi-
son/E . Tammeleht/I . L . Tumanov/A . P . Saveljev/ 
P . Männil/I . Kojola/A . V . Abramov/T . Margus/ 
U . Saarma/A . Phillimore, Complete mitochondrial 
genomes and a novel spatial genetic method reveal cryp-
tic phylogeographical structure and migration patterns 
among brown bears in north-western Eurasia . Journal of 
Biogeography 40, 2013, 915–927 .

Kindberg/Swenson 2018: J . Kindberg/J . E . Swenson, 
Björnstammens storlek i Sverige 2017 . Scandinavian 

Brown Bear Research Project Rapport 2018-3 (Orsa 
2018) . 

Kindberg et al . 2011: J . Kindberg/J . E . Swenson/G . Erics-
son/E . Bellemain/C . Miquel/P . Taberlet, Estimating 
population size and trends of the Swedish brown bear Ursus 
arctos population . Wildlife Biology 17, 2011, 114–123 .

Kohn et al . 1995: M . Kohn/F . Knauer/A . Stoffella/ 
W . Schröder/S . Pääbo, Conservation genetics of the 
European brown bear – a study using excremental PCR of 
nuclear and mitochondrial sequences . Molecular Ecology 
4, 1995, 95–104 .

Kopatz et al . 2014: A . Kopatz/H . G . Eiken/J . Aspi/I . Ko-
jola/C . Tobiassen/K . F . Tirronen/P . I . Danilov/S . B . 
Hagen, Admixture and gene flow from Russia in the 
recovering Northern European brown bear (Ursus arc-
tos) . PLoS One 9, 2014 . https://doi .org/10 .1371/journal .
pone .0097558 .

Kopatz et al . 2017: A . Kopatz/H . G . Eiken/J . Schregel/ 
J . Aspi/I . Kojola/S . B . Hagen, Genetic substructure 
and admixture as important factors in linkage disequilib-
rium-based estimation of effective number of breeders in 
recovering wildlife populations . Ecology and Evolution 
7, 2017, 10721–10732 .

Kopatz et al . 2021: A . Kopatz/O . Kleven/I . Kojola/ 
J . Aspi/A . J . Norman/G . Spong/N . Gyllenstrand/ 
L . Dalén/I . Fløystad/S . B . Hagen/J . Kindberg/ 
Ø . Flagstad, Restoration of transborder connectivity 
for Fennoscandian brown bears (Ursus arctos) . Biological 
Conservation 253, 2021, 11–25 .

Korsten et al . 2009: M . Korsten/S . Y . Ho/J . Davison/ 
B . Pahn/E . Vulla/M . Roht/I . L . Tumanov/I . Ko-
jola/Z . Andersone-Lilley/J . Ozolins/M . Pilot/  
Y . Mertzanis/ A . Giannakopoulos/A . A . Vorobiev/  
N . I . Markov/A . P . Saveljev/E . A . Lyapunova/A . V . 
Abramov/P . Mannil/H . Valdmann/S . V . Pazetnov/  
V . S . Pazetnov/A . M . Rokov/U . Saarma, Sudden ex-
pansion of a single brown bear maternal lineage across 
northern continental Eurasia after the last ice age: a 
general demographic model for mammals? Molecular 
Ecology 18, 2009, 1963–1979 .

Krofel et al . 2012: M . Krofel/M . Jonozovič/K . Jerina, 
Demography and mortality patterns of removed brown 
bears in a heavily exploited population . Ursus 23, 2021, 
91–103 .

Lacy 1997: R . C . Lacy, Importance of genetic variation to 
the viability of mammalian populations . Journal of Mam-
malogy 78, 1997, 320–335 .

Manel et al . 2004: S . Manel/E . Bellemain/J . E . Swenson/  
O . François, Assumed and inferred spatial structure 
of populations: the Scandinavian brown bears revisited . 
Molecular Ecology 13, 2004, 1327–1331 .

Moritz 1994: C . Moritz, Defining Evolutionarily-Sig-
nificant-Units for Conservation . Trends in Ecology & 
Evolution 9, 1994, 373–375 .

Nei et al . 1975: M . Nei/T . Maruyama/R . Chakraborty, 
The Bottleneck Effect and Genetic Variability in Popu-
lations . Evolution 29, 1975, 1–10 .

Norman/Spong 2015: A . J . Norman/G . Spong, Single nu-
cleotide polymorphism-based dispersal estimates using 
noninvasive sampling . Ecology and Evolution 5, 2015, 
3056–3065 .



106

Norman et al . 2013: A . J . Norman/N . R . Street/G . Spong, 
De novo SNP discovery in the Scandinavian brown bear 
(Ursus arctos) . PLoS One 8, 2015 . https://doi .org/10 .1371/
journal .pone .0081012 .

Paetkau/Strobeck 1994: D . Paetkau/C . Strobeck, Mi-
crosatellite analysis of genetic variation in black bear 
populations . Molecular Ecology 3, 1994, 489–495 .

Paetkau et al . 1995: D . Paetkau/W . Calvert/I . Stirling/  
C . Strobeck, Microsatellite analysis of population struc-
ture in Canadian polar bears . Molecular Ecology 4, 1995, 
347–354 .

Ripple et al . 2014: W . J . Ripple/J . A . Estes/R . L . Beschta/  
C . C . Wilmers/E . G . Ritchie/M . Hebblewhite/ 
J . Berger/B . Elmhagen/M . Letnic/M . P . Nelson/O . J . 
Schmitz/D . W . Smith/A . D . Wallach/A . J . Wirsing, 
Status and Ecological Effects of the World’s Largest 
Carnivores . Science 343, 2014 . https://doi .10 .1126/science . 
1241484 .

Saarma et al . 2007: U . Saarma/S . Y . Ho/O . G . Pybus/ 
M . Kaljuste/I . L . Tumanov/I . Kojola/A . A . Voro-
biev/N . I . Markov/A . P . Saveljev/H . Valdmann/E . A . 
Lyapunova/A . V . Abramov/P . Mannil/M . Korsten/ 
E . Vulla/S . V . Pazetnov/V . S . Pazetnov/S . V . Putch-
kovskiy/A . M . Rokov, Mitogenetic structure of brown 
bears (Ursus arctos L .) in northeastern Europe and a new 
time frame for the formation of European brown bear 
lineages . Molecular Ecology 16, 2007, 401–413 .

Saarma/Kojola 2007: U . Saarma/I . Kojola, Matrilineal 
genetic structure of the brown bear population in Fin-
land . Ursus 18, 2007, 30–37 .

Schregel et al . 2012: J . Schregel/A . Kopatz/S . B . Hagen/  
H . Broseth/M . E . Smith/S . Wikan/I . Wartiainen/  
P . E . Aspholm/J . Aspi/J . E . Swenson/O . Makarova/ 
N . Polikarpova/M . Schneider/P . M . Knappskog/ 
M . Ruokonen/I . Kojola/K . F . Tirronen/P . I . Dani-
lov/H . G . Eiken, Limited gene flow among brown bear 
populations in far Northern Europe? Genetic analysis 
of the east-west border population in the Pasvik Valley . 
Molecular Ecology 21, 2012, 3474–3488 .

Schregel et al . 2015: J . Schregel/H . G . Eiken/F . A . 
Grøndahl/F . Hailer/J .Aspi/I . Kojola/K . Tirronen/ 
P . Danilov/A . Rykov/E . Poroshin/A . Janke/J . E . Swen- 
son/S . B . Hagen, Y chromosome haplotype distribu-
tion of brown bears (Ursus arctos) in Northern Europe 
provides insight into population history and recovery . 
Molecular Ecology 24, 2015, 6041– 6060 .

Schregel et al . 2017: J . Schregel/A . Kopatz/H . G . 
Eiken/J . E . Swenson/S . B . Hagen, Sex-specific genetic 
analysis indicates low correlation between demograph-
ic and genetic connectivity in the Scandinavian brown 
bear (Ursus arctos) . PLoS One 12, 2017 . https://doi .org/  
10 .1371/journal .pone .0180701 .

Schregel et al . 2018: J . Schregel/J . Remm/H . G . Eiken/  
J . E . Swenson/U . Saarma/S . B . Hagen, Multi-level pat-
terns in population genetics: Va riogram series detects 
a hidden isolation-by-distance-dominated structure of 
Scandinavian brown bears Ursus arctos . Molecular Biol-
ogy and Evolution 9, 2018, 1324–1334 .

Schwartz et al . 2007: M . K . Schwartz/G . Luikart/R . S 
Waples, Genetic monitoring as a promising tool for 

conservation and management . Trends in Ecology & 
Evolution 22, 2007, 25–33 . https://doi .org/10 .1016/ 
j .tree .2006 .08 .009 .

Siivonen 1982: L . Siivonen, The history of the Fennoscan-
dian mammal fauna . Acta Zoologica Fennica 169, 1982, 
7–10 .

Sommer/Benecke 2005: R . S . Sommer/N . Benecke, The 
recolonization of Europe by brown bears Ursus arctos 
Linnaeus, 1758 after the Last Glacial Maximum . Mammal 
Review 35, 2005, 156–164 .

Støen et al . 2005: O .-G . Støen/E . Bellemain/S . Sæbø/J . E . 
Swenson, Kin-related spatial structure in brown bears 
Ursus arctos . Behavioral Ecology and Sociobiology 59, 
2005, 191–197 .

Støen et al . 2006: O .-G . Støen/A . Zedrosser/S . Sæbø/J . E . 
Swenson, Inversely density-dependent natal dispersal in 
brown bears Ursus arctos . Oecologia 148, 2006, 356–364 .

Swenson et al . 1994: J . E . Swenson/F . Sandegren/A . Bjär- 
vall/A . Soderberg/P . Wabakken/R . Franzen, Size, 
trend, distribution and conservation of the brown bear 
Ursus arctos population in Sweden . Biological Conser-
vation 70, 1994, 9–17 .

Swenson et al . 1995: J . E . Swenson/P . Wabakken/F . San-
degren/A . Bjärvall/R . Franzén/A . Söderberg, The 
near extinction and recovery of brown bears in Scandina-
via in relation to the bear management policies of Norway 
and Sweden . Wildlife Biology 1, 1995, 11–25 .

Swenson et al . 2011: J . E . Swenson/P . Taberlet/E . Bel-
lemain, Genetics and conservation of European brown 
bears Ursus arctos . Mammal Review 41, 2011, 87–98 .

Taberlet/Bouvet 1994: P . Taberlet/J . Bouvet, Mito-
chondrial DNA polymorphism, phylogeography, and 
conservation genetics of the brown bear Ursus arctos in 
Europe . Proceedings of the Royal Society of London . 
Series B: Biological Sciences 255, 1994, 195–200 .

Taberlet et al . 1995: P . Taberlet/J . E . Swenson/F . San-
degren/A . Bjärvall, Localization of a Contact Zone 
between Two Highly Divergent Mitochondrial DNA 
Lineages of the Brown Bear Ursus arctos in Scandinavia . 
Conservation Biology 9, 1995, 1255–1261 .

Taberlet et al . 1997: P . Taberlet/J . J . Camarra/S . Grif- 
fin/E . Uhres/O . Hanotte/L . P . Waits/C . Dubois- 
Paganon/T . Burke/J . Bouvet, Noninvasive genetic 
tracking of the endangered Pyrenean brown bear popu-
lation . Molecular Ecology 6, 1997, 869–876 .

Taberlet et al . 1998: P . Taberlet/L . Fumagalli/A . G . 
Wust-Saucy/J . F . Cosson, Comparative phylogeo- 
graphy and postglacial colonization routes in Europe . 
Molecular Ecology 7, 1998, 453– 464 .

Taberlet et al . 1999: P . Taberlet/L . P . Waits/G . Luikart, 
Noninvasive genetic sampling: look before you leap . 
Trends in Ecology & Evolution 14, 1999, 323–327 . https://
doi .org/10 .1016/S0169-5347(99)01637-7 .

Tammeleht et al . 2010: E . Tammeleht/J . Remm/M . Kor-
sten/J . Davison/I . Tumanov/A . Saveljev/P . Mannil/ 
I . Kojola/U . Saarma, Genetic structure in large, con-
tinuous mammal populations: the example of brown 
bears in northwestern Eurasia . Molecular Ecology 19, 
2010, 5359–5370 .

Waits et al . 2000: L . Waits/P . Taberlet/J . E . Swenson/ 
F . Sandegren/R . Franzén, Nuclear DNA microsatellite 

107

analysis of genetic diversity and gene flow in the Scan-
dinavian brown bear (Ursus arctos) . Molecular Ecology 
9, 2000, 421–431 .

Waples/Gaggiotti 2006: R . S . Waples/O . Gaggiotti, 
What is a population? An empirical evaluation of some 
genetic methods for identifying the number of gene pools 
and their degree of connectivity . Molecular Ecology 15, 
2006, 1419–1439 .

Xenikoudakis et al . 2015: G . Xenikoudakis/E . Ersmark/  
J . L . Tison/L . Waits/J . Kindberg/J . E . Swenson/ 
L . Dalén, Consequences of a demographic bottleneck 
on genetic structure and variation in the Scandinavian 
brown bear . Molecular Ecology 24, 2015, 3441–3454 .

Zachos et al . 2008: F . E . Zachos/M . Otto/R . Unici/ 
R . Lorenzini/G . B . Hartl, Evidence of a phylogeo-
graphic break in the Romanian brown bear (Ursus arctos) 
population from the Carpathians . Mammalian Biology 
73, 2008, 93–101 .

Zedrosser et al . 2007: A . Zedrosser/O .-G . Støen/S . Sæbø/  
J . E . Swenson, Should I stay or should I go? Natal dis-
persal in the brown bear . Animal Behaviour 74, 2007, 
369–376 .

Zedrosser et al . 2011: A . Zedrosser/S . M . J . G . Steyaert/  
H . Gossow/J . E . Swenson, Brown bear conservation and 
the ghost of persecution past . Biological Conservation 
144, 2011, 2163–2170 .

Dr . Alexander Kopatz 
Norwegian Institute for Nature Research
Trondheim
Norway
alexander .kopatz@nina .no

Fig. 1. a: Illustration of the phylogeography of the brown bear across Europe, based on the results by Taberlet/Bouvet 1994 
(figure after Taberlet et al. 1998, fig. 2, copyright by Wiley); b: Brown bear postglacial colonisation routes with main 
refugial areas in Iberia, Italy, the Balkans and the Caucasus (figure after Hewitt 2000, fig. 2, copyright by Nature).
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Fig. 1. a: Illustration of the phylogeography of the brown bear across Europe, based on the results by Taberlet/Bouvet 1994 
(figure after Taberlet et al. 1998, fig. 2, copyright by Wiley); b: Brown bear postglacial colonisation routes with main 
refugial areas in Iberia, Italy, the Balkans and the Caucasus (figure after Hewitt 2000, fig. 2, copyright by Nature).
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Fig. 2. Illustration of the asymmetric number of migrants per 
generation between the brown bear populations of Scandi-
navia (west) and Karelia (east), based on Kopatz et al. 2021 
(background map source: Horizon [modified], distribution 
data source: Large Carnivore Initiative for Europe, 2012–2016; 
bear icon by Freepik available on flaticon.com).
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Abstract: Hibernation is an adaptive strategy to cope with unfavourable environmental conditions. 
Bears are the only large mammal that use this strategy during winter. They reduce their body tem-
perature by several degrees and their metabolism by 20–50 % during hibernation. However, bears 
have an exceptional position among hibernators, because they are the only mammal with delayed 
implantation, gestation, parturition, and lactation during hibernation. Bears do not consume food 
but must rely on fat reserves during winter and give birth to one to three cubs during hibernation. 
In general, the length of hibernation is shorter at more southern latitudes and increases towards the 
north, and bears lose 20–45 % of their body weight during this time. Three types of winter dens are 
used by brown bears in Scandinavia: excavated anthill and soil dens (74 % of all dens), natural cavity 
dens (11 %), and open nest dens (15 %). Reproductive success in female brown bears is affected by 
the choice of den type, and females hibernating in better insulated dens have a higher probability of 
producing offspring. Brown bears prefer to den in forested areas that provide shelter from wind and 
cold temperatures, as well as at higher altitudes and areas with steeper slopes. Bears are especially 
sensitive to human disturbances during hibernation and prefer to den far from human infrastructure 
and settlements.

Introduction

Hibernation in mammals, i .e . the time period that an animal spends in a dormant or “sleeping” state, 
is an adaptive strategy to cope with unfavourable environmental conditions, such as winter (Nelson 
1973; Nelson et al . 1973) . It most commonly occurs in small mammals, such as ground squirrels, 
marmots, or bats, and can last from several days up to several months, depending on the species, 
ambient temperature, time of year, and an individual’s body condition (Nelson 1973; Geiser 1998; 
Humphries et al . 2003) . The physiology of a hibernating mammal in winter is profoundly different 
from its active state during the other times of the year . Hibernation is in generally characterised by 
physical inactivity, a reduction of physiological functions, low metabolic rate, and a reduction of the 
body temperature to as low as 0 °C (Barnes 1989; Geiser 2004; Friebe 2015) .

Hibernating mammals do not necessarily remain torpid, i .e . inactive, throughout the entire hiber-
nation season . Rather, hibernation usually is characterised by bouts of torpor that last several days 
or weeks, but are interrupted by periodic bouts with higher activity, i .e . short-term arousals . During 
those active bouts, the biochemical and physiological parameters return to an almost normal level, 
probably to recover from the physiological costs caused by metabolic depression (Prendergast  
et al . 2002; Humphries et al . 2003; Astaeva/Klichkhanov 2009) . These time periods generally also 
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