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Kopatz, Alexander, Genetic structure of the brown bears (Ursus arctos) in
Northern Europe. 
University of Oulu Graduate School; University of Oulu, Faculty of Science, Department of
Biology; Bioforsk – Norwegian Institute for Agricultural and Environmental Research,
Svanhovd, Svanvik, Norway
Acta Univ. Oul. A 624, 2014
University of Oulu, P.O. Box 8000, FI-90014 University of Oulu, Finland

Abstract

Wild populations of large carnivores in Europe were almost wiped out during the last centuries.
Nowadays, the number of brown bears in North and Eastern Europe has increased, and the current
situation suggests that these populations have recovered or are in the process of recovery.
Knowledge of the population genetic consequences of demographic recovery in large carnivores,
especially across national borders and on broader geographical scales, is still limited. In this study,
we collected 3,757 fecal and hair samples as well as 881 tissue samples from brown bears across
Northern Europe, with a focus on the Finnish population and neighboring areas, to investigate the
population structure, connectivity, and genetic diversity on a spatial as well as a temporal scale.
Bayesian clustering analysis of the population structure suggested the division of brown bears in
Northern Europe into several genetic clusters, and the subdivision of the Finnish population into
a northern and southern subpopulation. The estimation of gene flow pointed to better connectivity
of the bears between Southern Finland and Western Russia, while migration between Scandinavia
and Northern Finland as well as between Scandinavia and Southern Finland/Western Russia
appeared to be restricted. Genetic clusters identified in Finland, Russia and Northern Norway
displayed high genetic diversity, which was among the highest reported in wild brown bears.
Recovery of the Finnish population has been accompanied by a detected range expansion towards
the north, while genetic differentiation between clusters has decreased and genetic diversity has
increased in the southern population, suggesting expansion from the south. Our results
demonstrated that the immigration of bears from Russia still plays a major role in the Finnish bear
population; however, connectivity between the Finnish-Russian population and Scandinavian
bears appears to be restricted and should be improved, as well as regularly monitored.

Keywords: gene flow, genetic diversity, non-invasive genetic sampling, population
recovery, population structure, wildlife monitoring





Kopatz, Alexander, Karhun (Ursus arctos) geneettinen rakenne Pohjois-Euroopassa. 
Oulun yliopiston tutkijakoulu; Oulun yliopisto, Luonnontieteellinen tiedekunta, Biologian laitos;
Bioforsk – Norwegian Institute for Agricultural and Environmental Research, Svanhovd,
Svanvik, Norja
Acta Univ. Oul. A 624, 2014
Oulun yliopisto, PL 8000, 90014 Oulun yliopisto

Tiivistelmä

Suurpetojen luonnonpopulaatiot hävisivät Euroopasta melkein kokonaan viimeisten vuosisato-
jen aikana. Ruskeakarhujen määrä on viime aikoina kasvanut Pohjois- ja Itä-Euroopassa, ja kar-
hupopulaatiot ovat toipuneet tai toipumassa. Tieto demografisen toipumisen geneettisistä seura-
uksista populaatioissa on varsin rajoittunutta etenkin laajemmassa maantieteellisessä mittakaa-
vassa, yli valtiorajojen. Keräsimme tätä tutkimusta varten 3757 uloste- ja karvanäytettä ja 881
kudosnäytettä Suomesta ja sen lähialueilta. Tarkoituksenamme oli kartoittaa Pohjois-Euroopan
karhupopulaatioiden geneettistä rakennetta ja monimuotoisuutta, sekä populaatioiden välisiä
yhteyksiä huomioiden ajallinen ja maantieteellinen ulottuvuus. Bayesiläisen ryhmittelyanalyy-
sin perusteella Pohjois-Euroopan karhut jakaantuvat useaan geneettiseen ryhmään. Suomen
populaatiossa erottuivat eteläinen ja pohjoinen alapopulaatio. Analyysit geenivirran määrästä
osoittivat, että Etelä-Suomen ja Länsi-Venäjän karhupopulaatiot ovat yhteneväisemmät, kun taas
migraatio Skandinavian ja Pohjois-Suomen sekä Etelä-Suomen ja Länsi-Venäjän välillä vaikut-
taisi olevan rajoittunutta. Suomesta, Venäjältä ja Pohjois-Norjasta tunnistetut alaryhmät olivat
geneettisesti hyvin monimuotoisia, ja muuntelu oli korkeampaa kuin koskaan aiemmin karhuilla
havaittu. Suomen karhupopulaation toipuessa ja levitessä pohjoiseen, geneettinen erilaistuminen
maan sisällä on vähentynyt ja eteläisen alapopulaation monimuotoisuus kasvanut. Tämä viittaa
populaation laajentumiseen etelästä käsin. Tulosten perusteella karhujen tulomuutto Venäjältä on
yhä tärkeää Suomen populaatiolle. Suomen ja Venäjän karhupopulaatioiden yhteyttä Skan-
dinavian karhupopulaatioihin tulisi seurata ja parantaa.

Asiasanat: ei-invasiivinen geneettinen näytteenotto, geenivirta, geneettinen
monimuotoisuus, populaation elpyminen, populaatiorakenne, riistaeläinten seuranta
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b Slope 

COTY Cubs-of-the-year 

D Population density 

DNA Deoxyribonucleic acid 
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 local inbreeding coefficient 

FST Proportion of genetic variation due to differences among 

 populations; index of population differentiation 

HE Expected heterozygosity 

HO Observed heterozygosity 

HWE Hardy–Weinberg equilibrium 

IBD Isolation by distance 

K Number of clusters 

LD Linkage disequilibrium 

mtDNA Mitochondrial DNA 

N Sample size 

Nc Census population size 

Ne Effective population size 
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q Membership coefficient 

RFU Relative fluorescence units 

STR  Short tandem repeat 

SNP Single nucleotide polymorphism 
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1 Introduction 

1.1 The “carnivore comeback” 

Wild populations of large carnivores in Europe went through a history of intense 

persecution and most populations were wiped out during the last centuries 

(Woodroffe 2000, Dalerum et al. 2009). As one consequence of conservation 

efforts and actions to protect these species, some populations have recovered or 

are in the process of recovery and population sizes have increased (see e.g. 

Kindberg et al. 2011, Kaczensky et al. 2012). These changes underline the 

process of what may be called the “carnivore comeback” (Enserink & Vogel 

2006) or, in light of the general trend in the recovery of many wildlife species, a 

“wildlife comeback” (Deinet et al. 2013). The comeback of carnivore species has 

created the possibility to study the genetic processes of these animals during and 

after recovery, as well as their role as top predator species for the whole 

ecosystem (Smith et al. 2003, Estes et al. 2011, Ordiz et al. 2013, Ripple et al. 

2014). 

Accompanied by the recovery of large carnivore populations and their 

increase in numbers, animals have returned to areas in which these species have 

not been abundant for at least several decades. This abundance of carnivores may 

cause conflicts with people inhabiting such areas. Such conflicts mainly arise due 

to livestock predation, competition on other, hunted game species, or, although 

rare, attacks on humans (Breck 2004, Graham et al. 2005). In order to achieve 

effective management and to keep the public informed on the numbers and status 

of large carnivore populations, regular monitoring of areas inhabited by the grey 

wolf (Canis lupus), lynx (Lynx lynx), brown bear (Ursus arctos) and/or wolverine 

(Gulo gulo) has been established in most countries.  

Despite the ongoing recovery, most large carnivore populations continue to 

be threatened and vulnerable to extinction (Crooks 2002, Cardillo et al. 2005, 

Liberg et al. 2012, Kaczensky et al. 2012). These populations are still facing 

fragmentation, isolation and a loss of connectivity resulting from habitat 

discontinuity and anthropogenic disturbance. Current knowledge of the 

connectivity among populations following the demographic recovery in Northern 

Europe is still limited, especially across national borders and broader 

geographical scales. 
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1.2 Genetic assessment of wild animal populations 

Genetic variability of a species and its populations plays a major role in assessing 

its viability and consequently long-term survival (Lacy 1997). Determining and 

understanding the underlying genetic mechanisms that influence these 

populations is an integral part of population and conservation genetic research. 

Conservation genetics is a scientific discipline merging different fields of biology 

and genetics in order to conserve and restore genetic diversity. Conservation 

genetics applies the theory and techniques of molecular ecology, population 

genetics and other fields to investigate inbreeding, genetic diversity, population 

structures and connectivity among populations, as well as taxonomic uncertainties 

(see e.g. Frankham et al. 2010). Conservation genetics and molecular ecology are 

presently the keystone fields in wildlife research. Many populations, such as 

wolves and bears, are nowadays being studied, and some are regularly monitored, 

utilizing the power of genetic information (Schwartz et al. 2007). Information on 

the connectivity among populations, scrutinized by estimating the degree of 

genetic differentiation and gene flow, is crucial in planning possible actions to 

counteract the effects of genetic drift (Mills et al. 2003). The degree of 

connectivity is strongly linked to the long-term viability of populations and 

especially important for small populations (Schwartz et al. 2002, Long et al. 

2005).  

Microsatellites or short tandem repeats (STRs) are nowadays commonly used 

in genetic monitoring and research. STRs are short DNA sequences of di-, tri- or 

tetra nucleotide repeats, typically 30 to 200 bp, located in the noncoding regions 

of the genome (Allendorf & Luikart 2013). STRs used in population genetic 

studies are selected based on high polymorphism among individuals and 

neutrality to selection. Such markers are rather simple to apply to genetic material 

and are used to study different characteristics and parameters of concern in 

conservation genetics (e.g. inbreeding), as well as to identify individuals for 

population size estimation. The number of STRs needed to allow individual 

identification depends on allelic variation and the frequency of alleles, as well as 

the species, population, sample material and aim of the research. Six to eight 

markers are usually sufficient for this aim. The use of STRs has become the gold 

standard in wildlife monitoring and research (Bruford & Wayne 1993, Beaumont 

& Bruford 1998, Schwartz et al. 2007).  

The current genetic and demographic situation, and possibly the history of a 

population, can be revealed by genetic monitoring (Vilà et al. 2003, Carmichael et 
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al. 2007, Kendall et al. 2009, Yang & Jiang 2011). Consequently, the information 

gained with the help of molecular techniques creates a viable basis for making 

decisions and planning management actions. Further advances are currently being 

made, and next-generation sequencing has opened access for wildlife researchers 

to the emerging field of conservation genomics, which has the potential to 

enormously increase the amount of genetic data on wild populations of animals 

(Li et al. 2010, Andrew et al. 2013). 

1.2.1 Non-invasive genetic monitoring 

Traditional methods for monitoring large predators are based on animal sightings, 

track counting and the capture of individuals for capture–mark–recapture studies. 

Due to the elusive nature of all of these species, such techniques are difficult to 

implement as a general monitoring scheme, especially across large areas (e.g. 

Mills et al. 2003). Specifically, reports of observations, animal tracks, and 

markings may remain unfeasible. Previous studies have indicated that estimates 

based on direct observations can be heavily prone to bias and may lead to an 

overestimate of the number of individuals in many areas (Solberg et al. 2006, 

Kindberg et al. 2011). Furthermore, the capture of a large carnivore for 

registration and marking requires substantial effort, is cost intensive and involves 

direct contact of the personnel with the animal. It is a situation that requires 

skilled staff and may cause enormous stress for the animal, as well as the people 

involved (Cattet et al. 2008). Here, non-invasively sampled genetic data have the 

potential to deliver information on the number of individuals, gender, and status 

and connectivity patterns of and among populations of large predators in a much 

more cost-effective and less cumbersome way. This technique allows the 

collection of data that may contribute to the conservation and management of 

these species without disturbing them (see e.g. Taberlet et al. 1999, Eggert et al. 

2003, Waits 2004). 

Non-invasive genetic sampling methods have been developed since the 1990s 

to investigate wild animals in a restricted area and to determine the number of 

individuals (see e.g. Taberlet et al. 1997, Bellemain et al. 2005, Stenglein et al. 

2010, Brøseth et al. 2010). These methods, based on the collection of biological 

material such as hairs or feces followed by DNA extraction and genetic analysis, 

do not require direct contact with the target animal. Samples can be collected in 

the field by researchers and managers, as well as hunters and laymen. Also, these 

methods allow the sampling of elusive animals and the identification of 



 20

individuals with the use of a selected panel of microsatellite markers (STRs). The 

non-invasive genetic sampling approach has been refined for brown bears and 

applied in monitoring and research in several countries and regions (e.g. 

Bellemain et al. 2005, Kendall et al. 2008, De Barba et al. 2010). However, the 

genetic analysis of biological samples, collected non-invasively in the field (such 

as feces and other material that has been exposed to the environment for a certain 

amount of time) may hold problems, such as negative or false genotyping and 

unreliable results. These problems may be avoided by strict protocols for sample 

collection and laboratory analysis (Murphy et al. 2007, Panasci et al. 2011). 

Furthermore, the techniques have been shown to be rather cost-effective and 

feasible in assessing wild carnivore populations (e.g. Waits & Paetkau 2005, 

Solberg et al. 2006). The approach is of potentially great value for the 

conservation and the management of large carnivores, as it enables the estimation 

of important population parameters from genetic data, such as census and 

effective population sizes, population density, genetic diversity, the degree of 

inbreeding and gene flow among populations (Quéméré et al. 2010, Roberts et al. 

2011, Wang et al. 2011). 

1.2.2 Genetic diversity and inbreeding 

The amount of genetic variation of a population provides information on the 

demographic characteristics and history of the population or group of interest. A 

lack of genetic diversity may hint at a reduction in the number of individuals in 

the past, e.g. a genetic bottleneck. Such parameters provide important information 

on the viability and for the management of such populations (Laikre et al. 2009). 

Genetic diversity is dependent on the number of individuals in the group or 

population and on the amount of gene flow from other populations, as well as 

natural selection over time (Frankham 1996).  

Inbreeding, the mating of related individuals, is often a consequence of a 

small population size. Due to genetic drift, especially when a population is 

isolated, genetic variation is lost and will, over the course of generations, 

eventually lead to unification among individuals (Allendorf et al. 2013). The 

mating of close relatives increases the level of homozygosity and possibly of 

expression of recessive deleterious alleles. Inbreeding poses a major threat to 

many small and endangered populations, because it is expected to lead to lower 

fitness (“inbreeding depression”; see e.g. Keller & Waller 2002, O’Grady et al. 
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2006). Possible counter strategies to avoid mating with close relatives have been 

documented (Pusey 1987, Zedrosser et al. 2007, Pemberton 2008). 

The STRs selected for a genetic study should be independent of one another. 

A test for linkage disequilibrium (LD), the non-random association of alleles at 

different loci within and across the populations in question, should therefore 

always be conducted. LD can often be found in small populations. If substantial 

LD is found, it may point to the sampling of families and close relatives, or to 

events in the present or the recent past among or within the populations of 

interest, e.g. recent mixing of two, formerly separated populations or severe 

inbreeding within a population (Allendorf et al. 2013). 

1.2.3 Population structure and gene flow 

Numerous populations of wild animals are structured or subdivided into separate 

groups. Within such a group, random mating may occur. Genetic drift, however, 

further drives the differentiation among groups within a population (Allendorf et 

al. 2013). Populations of wild carnivores can show subdivision across distances 

due to isolation by distance (IBD; correlation of geographical and genetic 

distance), as well as local, fine-scale structuring caused by the mating system, 

dispersal, social behavior and other species-related characteristics (see e.g. Forbes 

& Hogg 1999, Aspi et al. 2006, Lowe & Allendorf 2010). Furthermore, barriers 

to migration, including topographical barriers such as mountains or water bodies, 

may impede gene flow between areas. Lastly, human-made barriers, including 

roads and fences, as well as human activity, such as hunting and habitat 

destruction, can cause population fragmentation. Therefore, knowledge of the 

genetic structure and differentiation of groups or subpopulations within and 

across regions is important for conservation and management (Paetkau et al. 

1999, Proctor et al. 2005, Geffen et al. 2007, Musiani et al. 2007).  

The structure of a population may be strongly influenced by its recent and 

long-term history (Hewitt 2000). Even after the recovery of a once-declined, 

bottlenecked population, the patterns of historical fragmentation and isolation 

(from before the bottleneck) might still be detectable in the genetic make-up of 

the population (see e.g. Flagstad et al. 2003). Thus, genetic methods can be 

utilized to estimate the degree of connectivity between different populations, 

especially over larger distances where the observations and data on dispersing 

animals are scarce (Lowe & Allendorf 2010). It is also important to investigate 

connectivity among subpopulations in order to be able to plan suitable 
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management actions, for instance to maintain migration corridors between genetic 

clusters and allow gene flow (see. e.g. Vilà et al. 2003, Drechsler et al. 2003, 

Lowe & Allendorf 2010). Dispersing animals can keep subpopulations connected 

and ultimately affect gene flow, the growth in the population size and population 

survival (Vilà et al. 2003, Lowe & Allendorf 2010). One has to keep in mind, 

however, that dispersal among populations can be estimated and measured in 

different ways, which may lead to varying results and consequences (Drechsler et 

al. 2003, Mills et al. 2003). Most importantly, one has to differentiate between 

demographic and genetic connectivity. The former describes the contribution of 

immigrants to the population growth rate compared to the local recruitment, i.e. 

mortality and birth rates of the residents, while the latter describes the absolute 

number of dispersers among populations (Lowe & Allendorf 2010). 

1.2.4 Population bottlenecks 

A drastic decline in the number of individuals of a group or population is often 

followed by a loss of genetic variation. A sudden, substantial decrease in 

population size, e.g. due to persecution, hunting, natural disasters or other 

impacts, can lead to a scenario comparable to founder events. In such a case, the 

gene pool represents only a fraction of individuals of an assumedly larger 

population. Such a demographic bottleneck can cause a genetic bottleneck, in 

which the effective size of a population is substantially reduced (see also 1.2.5 

below). As a consequence, random drift may lead to a loss of genetic variation. 

The effect of genetic drift – dependent on the velocity of the demographic 

bottleneck – is a distortion of allele frequencies, causing the loss of rare alleles, 

which might accelerate the fixation of deleterious alleles. A severe population size 

reduction is detectable with genetic methods, tracing deviations from the expected 

mutation–drift equilibrium (see 3.6.2 in Material and Methods; Bouzat 2010, 

Peery et al. 2012). 

1.2.5 Effective population size (Ne) and population census size (Nc) 

The effective population size (Ne) is the number of individuals effectively 

contributing to the population. Ne represents a crucial parameter in a population 

that is difficult to determine without molecular genetic information. Ne represents 

the size of an ideal (Wright-Fisher) population, with all its simplifications, which 

would express a similar magnitude of genetic drift as the population being 
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investigated (Allendorf et al. 2013). For the sustainable management of wild 

populations, knowledge of Ne is of importance, because it may allow deductions 

about the current status and viability of a population. For various reasons, the 

effective size is usually smaller than the census size of a population (Nc). 

Population sizes may differ between generations or seasons, not every individual 

of a population is involved in breeding, the sex ratio may be uneven and/or a 

varying number of offspring may be produced. The ratio of effective vs. census 

size, Ne/Nc, observed over time, is an important indicator of the population’s 

viability, as it could point to possible population fluctuations, variance in family 

sizes and an unequal sex ratio (Frankham 1995, Ficetola et al. 2010, Luikart et al. 

2010, Brekke et al. 2011). 

1.2.6 Genetic changes in an expanding population 

A population size increase and range expansion can also lead to changes in 

genetic structure and diversity. Investigating and describing the genetic 

mechanisms and patterns occurring during expansions and shifts in the 

geographical range of a species is a challenge in conservation genetics (Ray et al. 

2003, Excoffier et al. 2009, Petit 2011, Arenas et al. 2011). However, insights into 

and understanding of these patterns are essential to understand the dynamics and 

consequences of these processes and their effect, e.g. in biological invasions 

resulting from climate change (Parmesan & Yohe 2003, McInerny et al. 2009, 

Chen et al. 2011, Schloss et al. 2012). Understanding is also important for making 

predictions and observing the processes in populations during recovery and 

recolonization after conservation efforts have been implemented, and when 

previously fragmented populations reconnect (Austerlitz et al. 1997, Ibrahim et 

al. 1998, Ramakrishnan et al. 2010).  

During range expansion, individuals representing the expansion front initially 

display genetic structuring into subpopulations, accompanied by decreasing 

genetic diversity towards the front (Austerliz et al. 1997, Le Corre & Kremer 

1998, Ibrahim et al. 1998, De Giorgio et al. 2011). As time elapses, this spatial 

population structure becomes less apparent due to gene flow among 

subpopulations, leading to homogenization among them (Austerliz et al. 1997, 

Excoffier et al. 2009, Ramakrishnan et al. 2010). This may eventually lead to an 

increase in genetic diversity within subpopulations. Therefore, maintaining and 

improving connectivity, and increasing population size are supposed to lead to an 

increase in genetic diversity and long-term viability of populations (Frankham 
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1996, Reed et al. 2003, Traill et al. 2007). Few studies have investigated long-

term temporal changes in genetic structure and diversity during periods of 

population increase and expansion as well as population decline (see e.g. Nussey 

et al. 2005; Short & Petren 2011, Jansson et al. 2012). However, these empirical 

relationships are often ambiguous in wild animal populations, especially in many 

larger mammals (see e.g. Amos & Harwood 1998, Nussey et al. 2005). 

Due to their history of permanent persecution and drastic decline in numbers, 

wild and currently recovering populations of large terrestrial carnivores, such as 

the brown bear, could potentially serve as a model to investigate the patterns and 

processes of population recovery and range expansion. To date, knowledge of the 

population genetic consequences of demographic recovery in large carnivores, 

especially across national borders and on broader geographical scales (such as 

e.g. Pilot et al. 2006, Tammeleht et al. 2010, Stronen et al. 2013, Hindrikson et al. 

2013), has remained limited (Dalerum et al. 2009). 



 25

2 Objectives of the study 

In this study, we applied and tested non-invasive genetic sampling techniques and 

used the collected samples as well as tissue samples from legally harvested brown 

bears (Ursus arctos) from Northern Europe, with the emphasis on the Finnish 

population and neighboring areas, to investigate the large-scale population 

structure, connectivity and genetic diversity on a spatial as well as a temporal 

scale.  

The objectives were:  

1. To determine whether the bears belong to one genetic unit or whether the 

populations may be subdivided into different genetic clusters (I, II, and IV);  

2. To analyze possible demographic bottlenecks in the past history of the 

species (I, II, and IV); 

3. To investigate the genetic structure and diversity on a temporal scale using a 

recovering brown bear population as model (V); 

4. To assess the validity of estimations of census population size as well as 

effective population sizes based on non-invasively collected sample material 

(II); 

5. To evaluate the usefulness of a modification of a non-invasive survey and 

monitoring method for bear research and management purposes (III). 
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3 Material and methods 

In the following, the study species and populations investigated in this study are 

described, and information on the study area is provided. Such detailed 

information is not included in the original papers. Furthermore, a brief description 

of the sample collection, DNA extraction and genetic analyses is presented.  

3.1 The study species 

The brown bear (Ursus arctos), described by Linneus in 1758, is one of the eight 

species of the bear family Ursidae (order Carnivora). Brown bears have the 

widest distribution compared to the other bear species and are mainly abundant 

across the northern hemisphere in Europe, Asia and Northwestern America 

(Servheen et al. 1999, Fig. 1). Various types of habitat are suitable for brown 

bears, including boreal forests, woodland, alpine and subalpine mountain areas, as 

well as deserts and arctic tundra (Servheen 1990). The IUCN Red List of 

endangered species classifies the brown bear as of “least concern” (McLellan et 

al. 2013). 

Bears are characterized as generalists, with an omnivorous diet, and brown 

bears in Europe and Northern America spend the winter denning for up to seven 

months (Servheen 1999). Due to this, the annual time window to study brown 

bears in Northern Europe is rather short compared to other large carnivores in 

Europe, with about 160 days of winter and more than a month longer in the 

northern parts of Fennoscandia (Manchi & Swenson 2005). Brown bears live 

solitarily and display territorial behavior (Dahle et al. 2006, Støen et al. 2006). 

The mating system of brown bears is promiscuous (Bellemain et al. 2006), and 

sexually selected infanticide occurs, which appears to be the main reason for cub 

mortality in some regions (Swenson et al. 1997 & 2001). Dispersal is sex biased 

(McLellan & Hovey 2001). While males tend to leave their natal area, females 

establish their home ranges in close proximity to, and sometimes partly 

overlapping with, their mother (Proctor et al. 2004, Støen et al. 2005). Compared 

to the North American Grizzly (Ursus arctos horribilis) and the brown bears 

living on the Kamchatka peninsula in the Russian Far East, the European brown 

bear does not act in such an aggressive manner as reported from these regions and 

tends to avoid contact with humans (Herrero 1985, Sundell et al. 2006, Moen et 

al. 2012). Nevertheless, the European brown bear, especially a female with cubs, 

can be dangerous to humans, for instance if surprised, injured or cornered. In 
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Europe, fatal conflicts in direct contact with humans seldom occur (Nyholm 1995, 

De Giorgio et al. 2007, Frosch et al. 2011). 

 

Fig. 1. Worldwide distribution of brown bears (dark grey). The map is freely available 

at Wikimedia commons, downloaded on 12 December 2013. The original colours were 

converted to greyscale. 

The brown bear was once abundant throughout Europe, but experienced intensive 

hunting and extirpation during the last centuries. Intensive persecution and 

transformation of the habitat by humans has caused the near eradication of the 

species in Europe (Servheen 1999). Legislative measures and conservation efforts 

started to be effective in the 1960s and 1970s, and created the basis for the return 

of the brown bear into formerly inhabited regions in Northern Europe (Pulliainen 

1990 & 1997, Swenson et al. 1994; 1995, Kaczensky et al. 2012). Today, the 

largest populations of bears, with more than a thousand individuals, can only be 

found in Eastern and Northern Europe (Fig. 2; Kaczensky et al. 2012).  

Knowledge of the current connectivity among bears over the whole of 

Northern Europe and across national borders, including Norway, Finland and 

Western Russia, is scarce (Tammeleht et al. 2010). The demographic history of 

the brown bear in Northern Europe is also characterized by extinction and 

subsequent recolonization (Sørensen et al. 1990, Swenson et al. 1995, Ermala et 

al. 2003, Danilov 2005). Presumably, a small number of individuals may have 

survived in refugial areas in the farthest parts of Northern and Eastern Europe 

(Swenson et al. 1994 & 1995). It has been assumed that the bears of Northern 
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Norway and Finland belong to the Russian population (Pulliainen et al. 1990 & 

1997, Swenson & Wikan 1996). However, ongoing migration between these bears 

and the Scandinavian population has not previously been investigated.  

DNA samples for genetic research and monitoring of brown bears can be 

acquired by non-invasive genetic sampling, i.e. the collection of hair and fecal 

remains in the field and systematic hair trapping. Both biological sample 

materials have their advantages and disadvantages. The collection of feces is 

more random and samples often originate from areas near human structures and 

roads. Fecal collections strongly depend on the bear’s individual behavior, 

habitat, and weather conditions. Several groups of people, namely employees of 

wildlife management agencies, researchers, hunters, and laymen, are involved in 

the collection of feces. Hair trapping is systematically conducted across a specific 

area by trained personnel, and requires a behavioral response of the bears (De 

Barba et al. 2010b, Kopatz et al. 2012). Previous studies have revealed a gender 

bias in fecal samples towards male bears, most probably because male bears more 

frequently use roads and tend to roam closer to human structures, and are 

therefore more likely to be sampled (Nellemann et al. 2007). However, hair 

trapping has been found to result in a more balanced outcome in sampling from 

female and male bears, because hair traps are usually systematically built across a 

research area, including remote areas a greater distance from humans, in which 

females and cubs tend to stay. Nevertheless, capture heterogeneity is not 

uncommon in capture–mark–recapture studies (see e.g. Boulanger et al. 2008). 

The bear populations of Europe have been the focus of numerous genetic 

studies (Swenson et al. 2011). Some of the first studies to test the feasibility of 

non-invasive genetic sampling for individual identification and population sizes 

estimation of elusive mammals were conducted on bears (e.g. Taberlet et al. 1997, 

Woods et al. 1999, Mowat & Strobeck 2000, Bellemain et al. 2005). Furthermore, 

studies on bears have demonstrated that the application of these techniques can 

enable ecosystem-wide and inter-ecosystem investigations on the population 

genetics of a species (Kendall et al. 2008, Haroldson et al. 2010, Tammeleht et al. 

2010, Proctor et al. 2012).  

3.2 The studied populations 

The study area covered the whole of Finland, as the main study population was 

the bear population of Finland, due to its central placement between the large 

populations of Russia and Scandinavia (Fig. 2). In addition, the study area 
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covered the neighboring areas of Finland, and bear samples from the populations 

of Russia (Russian Karelia, Arkhangelsk), Norway (Pasvik, Troms) and Sweden 

(Västerbotten) were included (see Fig. 2 and 4).  

 

Fig. 2. Brown bear distribution in North-Western Europe: permanent (dark grey), 

occasional (grey). Map: Large Carnivore Initiative for Europe (LCIE), European 

Commission, modified. The map is freely available at the website of the European 

Commission, downloaded on 7 September 2012 and cropped and modified to black 

and white. 

In Finland, the brown bear was distributed throughout the country until the 

beginning of the 19th century (Nyholm & Nyholm 1999). At the end of the 19th 

century, bears appeared to be extinct from central, southern and western Finland, 

while observations of bears were still reported in the north and east (Ermala 

2003). Historical records indicate that the brown bear population of Finland went 
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through a demographic bottleneck, with at least 9,000 individuals killed between 

1875 and 2000 (Ermala 2003). Only about 800 of these were killed between 1910 

and 1968, after which the remaining number of bears was estimated from the 

records to be about 150 individuals (Pulliainen 1970). 

Systematic records of bear observations started in Finland in 1978, and 

estimates based on these observations suggested an increase from approximately 

300 to 800 bears between 1978 and 2003 (Nyholm 1995, Kojola & Määttä 2004, 

Fig. 4). Records of border-crossing bears coming from Russia by the Finnish 

Border Guard between 1968 and 1995 also indicated a growing number of bears 

migrating into Finland. This migration is assumed to have supported the growth 

of the Finnish population (Pulliainen 1983, 1990 & 1997, Nyholm & Nyholm 

1999). Since 1992, the annual estimation of bear numbers in Finland has been 

based on effort-corrected observations reported by moose hunters during the 

hunting season (September–December; Kojola et al. 2006; Fig. 3). The most 

recent effort-corrected observation-based estimates of the number of cubs-of-the-

year (COTY) were suggestive of a number between 1,150 and 1,950 bears in 

Finland in 2009, with the highest densities in the south along the Finnish–Russian 

border (Wikman 2010; Fig. 2 and 3). In this area, records of killed bears have also 

indicated a particularly high proportion of female bears (Kojola & Laitala 2000, 

Kojola et al. 2003, Kojola & Heikkinen 2006). 

The Finnish brown bear population is located between the large populations 

of Russia and the populations in Scandinavia. The Republic of Karelia and the 

Murmansk Oblast are the neighboring districts on the Russian side. Based on 

hunting records, observations, and track counting, the estimated numbers of bears 

in these districts in 1990 were about 3,500 and 500 bears, respectively (Danilov 

1994, Chestin 1999). Towards the north, Finland shares a border with Norway, 

where non-invasive genetic sampling of scats and hairs has documented small 

brown bear populations in the Pasvik Valley, in the Karasjok-Anarjohka region 

and in the area of Dividalen in Troms (Eiken et al. 2009a, Fig. 4). In Sweden, 

towards the west, effort-corrected moose-hunter observations combined with non-

invasive genetic capture–recapture studies have been used to estimate the 

population at approximately 3,300 bears in the country (Kindberg et al. 2011). 
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Fig. 3. Graph representing the temporal increase in the brown bear population size 

estimated in Finland from 1978 to 2012 (Wikman 2010, modified; additional data from 

2011 and 2012 by the Finnish Game and Fisheries Research Institute). 

In Scandinavia, the brown bear also nearly became extinct, with the exception of 

a few areas that nowadays are characterized as female concentration areas 

(Swenson et al. 1995 & 1998). Estimates suggest that the brown bear population 

totaled up to 5000 individuals in the mid-1800s, of which 65% were in Norway 

and 35% in Sweden (Swenson et al. 1995). Around 1930, the Scandinavian 

population reached its minimum, with circa 130 bears divided into four relict 

subpopulations in Sweden, and the species being extinct in Norway. The brown 

bear has been fully protected in Sweden since 1972 and in Norway since 1973, 

which has resulted in the recovery of the population in Sweden, from where 

Norway is believed to have been repopulated (Swenson et al. 1995). Latest 

number on the brown bear population in Norway using nation-wide non-invasive 

genetic sampling of feces and hair resulted in the identification of 137 individuals 

in 2012 (Aarnes et al. 2013). 

In Russia, the brown bear has also been intensively hunted, and reduced 

numbers of bears have been reported (Chestin et al. 1992). Chestin et al. (1992) 

described the decreasing population size of bears in Russia during the 1960s. 

However, the number of bears increased rapidly again and is assumed to have 

supported the recovery of the species in Finland in the 1970s and 1980s 

(Pulliainen 1990). Despite fluctuations in population sizes in different regions 
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across Russia, the estimated number of bears appears to have increased from 

123,869 individuals in the 1990s to 133,980 bears in 2008 (Chestin 1999, 

Kolesnikov 2009). 

Studies on brown bears from Northern Europe have suggested a 

contemporary genetic structuring and the existence of separate genetic 

populations (Waits et al. 2000, Manel et al. 2004, Eiken et al. 2009b, Tammeleht 

et al. 2010). A study applying autosomal microsatellites suggested that Finnish 

bears are divided into a northern and a southern population (Tammeleht et al. 

2010). A recent mitochondrial genome study of bears in Northeastern Europe also 

indicated a northern and a southern cluster influenced by mitogenetic haplogroups 

from European Russia (Keis et al. 2012), and affirmed earlier studies on the 

maternal lineages of bears in the region (Saarma et al. 2007, Saarma & Kojola 

2007). Furthermore, previous phylogenetic studies have indicated the historical 

existence of a large, genetically uniform group throughout Northern Eurasia, 

including Finland and Northern Scandinavia (Korsten et al. 2009, Saarma & 

Kojola 2007), while bears in Southern Sweden and Southern Norway appear to 

originate from two lineages of colonization after the last glaciation (Taberlet & 

Bouvet 1994, Taberlet et al. 1995, Davison et al. 2011). 

3.3 The study areas 

The habitat of Northern Europe is characterized by an arctic and a boreal 

ecosystem, including large, forested areas with Scots pine (Pinus silvestris) and 

birch (Betula pubescens), peat land and mires, as well as open tundra in the far 

north. The forested areas are impacted by intensive forestry management and 

logging. Some areas, especially along national borders, are protected, either as 

nature conservation areas or for military and security purposes. The latter type of 

area contains fences, is unknown in its precise location and length, and follows 

the national border. Fencing is also intensively practiced to protect and safeguard 

semi-domestic reindeer herds in the reindeer husbandry area. Human density in 

Northern Europe gradually decreases from the south to the north. The area 

surrounding the former border of the Soviet Union, or the Schengen border today, 

is characterized by the Fennoscandian Green Belt, overseen by the European 

Green Belt initiative (Karivalo & Butorin 2006).  
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3.4 Field methods and sample collection 

This study used samples collected from most areas known to be inhabited by a 

large number of brown bears, also described as female concentration areas in 

Finland, Northern Norway and Northern Sweden (Swenson et al. 1998, Kojola et 

al. 2003). Samples from Russian Karelia were preferably collected from across 

the region, since bear density estimates are rather vague (see e.g. Fig. 2). Being 

located at the western edge of the assumedly large bear population of European 

Russia, the main research areas were thus the whole of Finland, Northeastern 

Norway, Northern Sweden and Northwestern Russia, specifically the Republic of 

Karelia (Fig. 4). Furthermore, bear samples from the areas between these regions 

were collected and analyzed. Samples originated from the years 1996 to 2010 

(Fig. 4). However, the focus was on the populations of Finland, Pasvik in 

Northern Norway and the Russian Republic of Karelia. Over 3,000 non-invasive 

samples (feces and hair) as well as over 800 tissue samples were collected. The 

furthest direct distance between two samples was approximately 1,500 km. Since 

genetic monitoring continued throughout the study, the number of samples 

continually increased in successive publications (I, II, and IV).  

Non-invasive genetic sampling was conducted throughout the season with the 

help of wildlife managers and volunteers, mainly consisting of the collection of 

feces (see e.g. Bellemain et al. 2005). Systematic sampling using hair trapping (as 

described by Woods et al. 1999) was conducted during the summer and late 

summer in selected areas and in close collaboration with authorities to detect and 

monitor brown bears (Smith et al. 2007, Eiken et al. 2009a, Kopatz et al. 2011). 

Tissue samples of legally harvested bears during the autumn in Finland were 

provided by the Finnish Game and Fisheries Research Institute. 
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Fig. 4. Sampling locations of the 1,122 brown bears included in this study: Finland 

(black circles), Kainuu (white circles), Russian Karelia (grey squares), Pasvik (white 

triangles), Troms (black squares), Västerbotten (black triangles) and Arkhangelsk 

(grey pentagrams). 

3.4.1 Modification of the hair-trapping method for the surveillance of 

bear activity close to human structures (Objective 5) 

The application of hair trapping to sample brown bears has been conducted for 

several years (see above 3.4), and we tested an intensive variant of this method to 

monitor brown bear activity around a cattle farm in Pasvik, Norway (III). The 

Norwegian Nature Inspectorate had been informed of bear sightings around a 

cattle farm in the Pasvik Valley, an area in the northwestern part of Norway, 

between Russia and Finland (see Fig. 4). We selected two research areas: one 

around the farm and one in the close vicinity but without human settlements and 

having low human activity. We divided both areas into 10 grids of 2.5 km x 2.5 

km in size and placed one hair trap in each cell. Hair traps were built as described 

by Woods et al. (1999) using a non-rewarding liquid bait made of fermented fish 

and pig blood. Approximately 1.5 liters of lure was placed in the middle of the 
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trap, preferably on rotten wood or moss. Barbed wire was spanned around the lure 

at a height of approximately 40 centimeters. The total study period was four 

weeks and hair traps were visited every week to collect hair samples and renew 

the scent lure (III).  

3.5 DNA extraction and amplification 

Fecal samples were collected using a special stabilizing buffer (Invitek) or were 

frozen (-20 °C) immediately subsequent to collection. If frozen, sample material 

was immediately transferred into the stabilization buffer on arrival at the 

laboratory and prior to DNA extraction (PSP Spin Stool DNA Plus Kit, Invitek). 

Hair samples were collected into paper envelopes and stored at a dry, cool and 

dark place until DNA extraction (DNeasy Tissue Kit, Quiagen). Tissue samples 

were preserved in 95% alcohol until extraction was performed (DNeasy Tissue 

Kit, Quiagen).  

We used a total of 13 dinucleotide markers (STRs) developed for bears: G1A, 

G1D, G10B, G10L (Paetkau & Strobeck 1994, Paetkau et al. 1995); Mu05, 

Mu09, Mu10, Mu15, Mu23, Mu50, Mu51, and Mu59 (Taberlet et al. 1997), plus 

one marker for sex determination using the primers SE47 (Yamamoto et al. 2002) 

and R143 (50-AGGTGGCTGTGGCGGCA-30), published in Paper I. Concurrent 

with Paper I, we conducted a study to validate these STRs for their species 

sensitivity, precision, and probability of identity for bears across Northern Europe 

(Eiken et al. 2009b, Andreassen et al. 2012). One marker (Mu26) showed large 

deviations from the expected heterozygosity in several bear populations 

investigated, probably due to null alleles present at this locus. Although included 

in the analyses of Paper I, we discarded this marker for future analyses after 

validation of the STRs (Andreassen et al. 2012).  

Laboratory protocols during DNA extraction and amplification were strict 

and in accordance with the guidelines on the genetic analysis of forensic animal 

material, as published by Linacre et al. (2011). Non-invasively collected samples 

were independently genotyped two times if heterozygous and three times if 

homozygous for the specific marker. Peak height threshold values during scoring 

of the alleles were required to be at minimum of or larger than 300 RFU. An 

identity was assigned when all runs across all markers used were consistent. 

Consensus genotyping was not conducted.  
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3.6 Genetic analyses 

A final total of 1,122 individual brown bear genotypes were used for analysis of 

the population structure and genetic variation (Fig. 4). These data were based on 

3,757 non-invasively collected fecal and hair samples, as well as 881 tissue 

samples from legally harvested bears. Since a large number of samples were 

collected non-invasively, the uniqueness of the genotypes was verified by 

calculating the probability of identity using Gimlet v. 1.3.2 software (Valiere 

2002), and tests for allelic dropout, the presence of null alleles, and possible 

scoring errors caused by stutter peaks were performed with Micro-Checker 

software (Van Oosterhout et al. 2004). 

3.6.1 Population structure and connectivity (Objective 1) 

The population structure was investigated with Bayesian cluster algorithms using 

the program Structure (Pritchard et al. 2000) and incorporating the geographical 

locations of each sample (longitude, latitude) into the analysis using Geneland 

(Guillot et al. 2005; see I, II, IV, and V). We tested for grouping using factorial 

correspondence analysis (FCA) with the program Genetix (Belkhir et al. 1996–

2006). Once the subdivision of a population is revealed, one should determine the 

degree of differentiation between and among the clusters identified. Population 

differentiation was tested with AMOVA and the pairwise FST was estimated with 

the program Arlequin (Excoffier & Lischer 2010). Data series that exceeded the 

average generation time of a brown bear of about 10 years (Tallmon et al. 2004) 

were divided into temporal cohorts (V). 

We estimated migration rates between pairs of clusters with the program 

BayesAss (I and II; Wilson & Rannala 2003). Furthermore, we calculated the 

number of migrants per generation using the private allele method (I and V; 

Barton & Slatkin 1986) implemented in the program Genepop (Rousset 2008). 

We used Spagedi software (Hardy & Vekemans 2002) to estimate the correlation 

between geographical distance and kinship of individual brown bears pairs (I, IV 

and V). 

3.6.2 Population bottlenecks (Objective 2) 

During a bottleneck, rare alleles are rapidly lost, since their frequency in the 

population is by definition very low. However, this will only slightly affect 
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heterozygosity due to the low frequency these rare alleles, resulting in a period of 

heterozygote excess relative to a stable population. One method to test whether a 

population has undergone a bottleneck is to test for this heterozygote excess 

(Cornuet & Luikart 1997). Another approach is a test of the ratio between the 

number of alleles k and the range of allele sizes r of the population in question. 

During a bottleneck, as stated before, alleles are randomly lost, and k thus 

decreases. This happens faster than the decrease in range, as r is only affected 

when alleles at the outer ends of the range are lost. Thus, in a bottlenecked 

population, this ratio decreases (M-ratio; Garza & Williamson 2001). Both 

methods were applied to investigate whether genetic bottlenecks have occurred in 

the genetic clusters identified (I, II and IV). 

3.6.3 Genetic diversity and inbreeding (Objectives 1 and 3) 

For all clusters identified, as well as for the Finnish bear population as a whole, 

heterozygosity and the number of alleles were estimated with the program 

Arlequin (Excoffier & Lischer 2010), and deviation from the Hardy–Weinberg 

equilibrium using Genepop (Rousset 2008; I, II, IV, and V). Within temporal 

samples, allelic richness was also determined using the program FSTAT (Goudet 

2001; V). Inbreeding and the amount of LD across loci and populations was 

assessed during all projects with Genetix (Belkhir et al. 1996–2004; I, II, III, IV 

and V). 

Temporal data series based on annually collected samples, such as the tissue 

samples from legally harvested bears in Finland, were also analyzed on a yearly 

basis to reveal possible changes during the study period (see below 3.6.5).  

3.6.4 Effective population size and census size (Objective 4) 

The ratio between the population size (Nc) and effective population size (Ne) is 

an important indicator of population viability (Luikart et al. 2010). We used data 

from the Pasvik Valley during 6 years (2005–2010) to estimate the magnitude and 

between-year variation in the Ne/Nc ratio (II). 

We used the DNA-based single session capture–mark–recapture (CMR) 

method to estimate Nc and Ne, as it has been shown to work well even with 

capture heterogeneity of individuals and small population sizes (Miller et al. 

2005) and found to be more efficient than other field-based methods (Solberg et 

al. 2006). To avoid biased estimates and to maximize both the detection and 
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sampling frequencies of individuals, we used the combined data from the 

opportunistic and systematic sampling approaches to estimate Nc and Ne 

(Boulanger et al. 2008, Gervasi et al. 2008, De Barba et al. 2010). The annual 

estimates of Nc were produced using both Capwire (Miller et al. 2005), based on 

the two innate rates model (TIRM), and using ordered samples (Miller et al. 2005, 

2007, Bromaghin 2007) and CAPTURE (Otis et al. 1978), based on the Mh Chao 

(a closed-population heterogeneity estimator). To estimate population density (D), 

we first estimated the annual effective sampling areas to correct for geographical 

closure violation by creating a concave buffer around each sample location. As no 

home-range estimates were available for bears in the Pasvik population, we 

applied both an upper and a lower buffer. The upper and lower buffers were based 

on home-range sizes estimated from telemetry data on males and females, 

respectively, from neighboring populations in Sweden (Dahle & Swenson 2003, 

Støen et al. 2006). In addition, the mean maximum distance (MMD) between 

resampling events (Obbard et al. 2010) and the equivalent circular home-range 

sizes of individual bears were determined for individuals with at least five 

resampling events during a year in the Pasvik area.  

Ne was estimated annually with the software LDNe (Waples & Do 2008), 

which is based on LD data. The method uses the principle that with a declining 

Ne, LD is generated by genetic drift and can thus be used to calculate Ne (Hill 

1981). We also calculated Ne with the online software OneSamp (Tallmon et al. 

2008), which utilizes approximate Bayesian computation and allows user-

specified priors. We tested for consistency using differing priors (minimum and 

maximum effective population size) in the analysis settings (Tallmon et al. 2008). 

To determine the magnitude and stability of the Ne/Nc ratio across years, we 

calculated the Ne/Nc ratio for all 6 years. In this context, we also tested for a 

correlation between Ne and Nc across years, to test the hypothesis that Ne may be 

estimated from Nc (and vice versa), using the Pearson’s product-moment 

correlation implemented in the software R (R Development Core Team 2011). We 

also used the same function to test for correlation between the different estimators 

used for the estimation of Nc and Ne across the years. 

3.6.5 Temporal changes in genetic structure and diversity 

(Objective 3) 

To reveal temporal changes in genetic parameter estimates (see above), we 

estimated genetic parameters for each cluster suggested by the program Structure 
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(Pritchard et al. 2000) on a yearly basis (V). We then performed linear regressions 

of the estimates from the annual analyses against the year of harvest using the 

statistical package R (R Core Development Team 2013). In addition, the annual 

mean latitude for each cluster was regressed against the year of harvest to test for 

directional movement (i.e. range expansion).  

We investigated the temporal relationship between population size and 

genetic composition. Annual estimates of pairwise FST, AMOVA, and the number 

of migrants between clusters were related to annual bear population size 

estimates, which are reported each year by the Finnish Game and Fisheries 

Research Institute. These estimates are based on the observed number of females 

with COTY using sightings recorded by 1,700 large carnivore contact persons and 

data on movements and home ranges from GPS-collared females followed by the 

COTY. Population size estimates were derived by multiplying the number of 

litters-of-the-year by ten (see Swenson et al. 1995). 

3.6.6 Surveillance of brown bear activity near human structures 

(Objective 5) 

The number of the detected and identified bears in both research areas was used 

to test for differences between the study areas. We evaluated the data based on 

graphical comparisons of the weekly number of bears caught per trap per area. In 

addition, we investigated the overall activity of the bears by summing the weekly 

number of bears caught per trap per area during the study period. This resulted in 

the total number of bear visits per hair trap during the study, which was compared 

between the two study areas using general linear models (GLMs) as implemented 

in the statistical package R (R Development Core Team 2012). As our data 

consisted of counts of bear visits, we specified the statistical model using a log-

link and Poisson distribution (i.e. log-linear model). This was done by specifying 

family = Poisson in the GLM formulae in R (R Development Core Team 2012). 

The analysis was repeated for each gender separately to identify potential 

differences between the sexes. In all cases, standard diagnostic plots were used to 

check the validity of model assumptions. 



 41

4 Results and discussion 

4.1 Population structure and connectivity (Objective 1) 

The Bayesian assignment analyses of population structure suggested the division 

of brown bears in Northern Europe into several genetic clusters (I, II, IV). We 

found the bear population in Finland to consist of two partly overlapping clusters, 

a northern and a southern one (IV). Most bears from Russian Karelia were 

assigned to the southern cluster (IV) (Fig. 5), which was also indicated by the 

previous study, using a restricted number of samples from a smaller area in 

Eastern Finland (I). This has been the general assumption for a long time, and we 

have now confirmed this using genetic data from whole Finland. Our results 

demonstrate that even nowadays the influence of bears from Russian Karelia on 

the genetic composition of the Finnish brown bear population is still substantial 

(IV). Furthermore, it has been proposed that the brown bear population in the 

Northern part of Norway, namely Finnmark, is connected to the Finnish-Russian 

bear population (Swenson & Wikan 1996). This was partly confirmed by our 

results. The northern cluster consisted of bears sampled in Northern Finland and 

neighboring areas in Northeastern Norway (Pasvik) and Russia (Murmansk) (I, II, 

IV). Samples from bears from Pinega in Archangelsk indicated a separate genetic 

cluster further east in Russia (I). Moreover, the bears from Scandinavia belonged 

to a separate cluster, including bears from Sweden and Northwestern Norway (II, 

IV).  

The degree of differentiation varied among the identified clusters. While the 

clusters in Finland and Russian Karelia showed substantial overlap, bears in 

Scandinavia and Arkhangelsk were separated from clusters in Southern and 

Northern Finland. Pairwise FST and AMOVA analyses revealed greater 

differentiation of the Finnish bears towards Scandinavia and Arkhangelsk (I, II, 

IV). However, the analyses performed on population structure alone may not be 

enough to demonstrate this for certain, and the lack of continuous sampling 

between Finland and Russian Karelia towards the bears in Scandinavia and 

Arkhangelsk may explain this result to some extent. 
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Fig. 5. Genetic structuring across Northern Europe (V). Assignment of bears sampled 

during 2006–2010 in Northwestern Europe with the program Structure (Pritchard et al. 

2000). Bar plots show the assignment probabilities for each bear to one of the three 

identified clusters (a). Genotypes are sorted “clockwise” in accordance with their 

location from the southwest in Sweden to the southeast in Finland and Russia from 

left to right: Västerbotten (south–north) and Troms (west–east), Pasvik (north–south) 

and Northern Finland (west–east), and Southern Finland and Russian Karelia (north–

south). The y-axis shows the calculated membership coefficient (q). b) The maps 

present the genotypes in accordance with their assignment in Structure and 

geographical location: the western cluster in Scandinavia, namely Västerbotten and 

Troms, the northern cluster and the southern cluster. c) Maps on the bottom show the 

assignment with the program Geneland (Guillot et al. 2005). 

Therefore, we attempted to quantify the amount of gene flow among the clusters 

and regions (I, II). The structural pattern found might also be an effect of IBD, 

leading to the result that a large amount of individuals may express mixed 

membership to different groups (Rowe & Beebee 2007, Frantz et al. 2009, 

Tammeleht et al. 2010). Especially under continuous sampling, the influence of 

IBD on the populations seems substantial (Fig. 6, IV), suggesting that it is the 



 43

major influence shaping the bear populations in Fennoscandia and Northwestern 

Russia (I, IV). However, the results of the estimation of gene flow pointed to 

better connectivity and thus gene flow between bears from Southern Finland and 

Western Russia, while migration between Scandinavia, including Northern 

Finland and Southern Finland/Western Russia, appeared to be restricted (I, II, IV). 

Furthermore, results on migration rates indicated a reasonable amount gene 

flow between the bears from Southern Finland and Russian Karelia and the 

population located in Arkhangelsk, with a bidirectional migration rate of about 

30% (I). Connectivity towards Scandinavia, on the other hand, appeared 

restricted. We found a high proportion of self-recruitment of 94 to 98% for the 

bears in the west (Sweden and Northwestern Norway) (II). These results suggest 

connectivity of the bear populations of Finland and Russia, as well as within 

Scandinavia. However, connectivity between Finland and Scandinavia appeared 

to be very low, pointing to genetic isolation (II, IV). 

The identified population structure could be caused by the sampling scheme 

(Schwartz & McKelvey 2009). This may be the case for the areas between 

populations, where few or no bears were sampled, such as the area towards 

Västerbotten, Troms, and Arkhangelsk (see Fig. 4). However, as the estimated 

migration rates differed between bears from different regions, this can be 

interpreted in terms of differences in connectivity.  

The north–south division of the Finnish bear population found by Tammeleht 

et al. (2010) was affirmed in our study (IV). However, due to continuous 

sampling, we were also able to detect a substantial degree of overlap between the 

two clusters. Tammeleht et al. (2010) used 70 Finnish bear samples and reported a 

pairwise FST between the two Finnish clusters of FST = 0.067, which is higher 

than in our data. Although the set of microsatellite markers differed, this may 

suggest that admixture between these populations might have increased since 

then, or that there was an effect of the sampling scheme (Schwartz & McKelvey 

2009).  

Notably, a large number of bears could not be assigned unambiguously to one 

of the identified clusters. These individuals were mainly sampled in the southern 

part of Finland along the border with Russia (and in Russian Karelia), and this 

raises the question of their origin. Decreasing membership coefficients may be 

caused by increasing admixture of different populations, which might lead to 

difficulties in clearly assigning individual genotypes to either of the identified 

clusters. On the other hand, the increased number of genotypes with low 

membership values, located mainly in the southern part of Finland, hint at an 
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increasing influence of possibly other, undetected subpopulations and the fine-

scale structure to the east and south, e.g. towards St Petersburg and possibly 

further towards Estonia (Tammeleht et al. 2010). If the bear populations further 

east or south in Russia have shared the same history of persecution, their recovery 

and expansion may explain the gradual increase in immigrating individuals from 

other populations into Finland, for instance due to presaturation, as has been 

described for bears in Scandinavia and Finland (Swenson et al. 1998, Kojola & 

Laitala 2000).  

 

Fig. 6. Correlation between geographical distance and kinship of the brown bears in 

Finland and Russian Karelia (N = 346) analysed with the program Spagedi (Hardy & 

Vekemans 2002). All distance classes differ significantly from the mean kinship of the 

population. (IV) 

Even though the genetic structure identified is under the influence of IBD, this 

pattern may not be the sole explanation for the subdivision. Rather, the situation 

in Finland may be also explained by considering the history of brown bears in the 

country. With the recent demographic bottleneck of the Finnish bear population in 

mind, it may be possible that the two clusters have been better connected in the 

past. During the time of extensive persecution, the number of individuals 

plummeted and the population may have become divided. According to historical 

records, the brown bear was virtually extinct from most parts of Finland, with the 

exception of the southeast area, near the border with Russia (Nyholm & Nyholm 



 45

1999). The demographic recovery may have enabled a re-joining of the two 

clusters. If this was the case, the differentiation between the two populations was 

probably never high. The low, yet significant FST values could be explained by 

such a scenario (Schwartz et al. 2002). Perhaps the northern and the southern 

cluster identified represent two lineages of recolonization of Finland during the 

last decades: one lineage from the southeast and the other from the northeast. The 

occurrence of historic migration events has been indicated by the results of 

analyses using the mitochondrial genome (Keis et al. 2012). However, recent 

information and data from areas further east remain vague. Further studies using 

mtDNA have also shown that the population’s structure revealed by autosomal 

microsatellite markers is seen by the composition of haplotypes in the Finnish 

population (Saarma et al. 2007, Korsten et al. 2009). Two different haplogroups 

were identified in Finland, of which one was only found in the south (Saarma & 

Kojola 2007). Since patterns in the distribution of mitochondrial haplogroups 

represent phylogeographic relationships, these findings point to different lineages 

during recolonization, which possibly originated after the last glaciation (Taberlet 

& Bouvet 1994, Davison et al. 2011, Bray et al. 2013). 

There are a few possible scenarios that could explain the genetic structure 

found: historic reasons could be one, and present barriers to gene flow another. 

After bear populations were hunted down, most areas in Northern Europe were 

free of bears until conservation efforts and restrained hunting allowed 

repopulation again, starting in the 1960s and 1970s. Therefore, it is not unlikely 

that the current genetic structure determined is still representative of the 

subdivision experienced during the time of persecution and shaped by the small 

number of bears surviving in a few, separated refugial areas. 

In addition, there might be barriers to dispersal, such as forestry practices, 

causing discontinuities in the habitat and landscape, or other anthropogenic 

influences such as fencing and large predator removal (see e.g. Aspi et al. 2008, 

Jansson et al. 2012). However, no obvious, geographical barriers are known to 

exist. Nevertheless, the density of brown bears in Finland decreases rapidly from 

east to west and towards the north (Kojola & Heikkinen 2006, Wikman 2010), 

pointing to a possible influence of hunting and other anthropogenic factors. Illegal 

hunting may be an issue, but is difficult to investigate and even more difficult to 

prove (Liberg et al. 2012). Whether other, environmental factors may play a role 

has yet to be investigated. 
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4.2 Population bottlenecks (Objective 2) 

We did not find any signs of a genetic bottleneck in the recent past in any of the 

populations investigated (I, II, IV), except for bears from Scandinavia (IV). A 

possible explanation could be that despite the heavy eradication of brown bears 

that has been reported and recorded, several populations of a sufficient size, large 

enough to compensate for genetic losses, may have survived the period of 

persecution. Another explanation could be that the demographic bottleneck and 

the following genetic bottleneck have not been severe or long enough to cause a 

drastic loss in genetic variation. (Williamson-Natesan 2005, Busch et al. 2007, 

Peery et al. 2012). It may also be that both scenarios occurred simultaneously and 

perhaps independently in the different regions. The fact that we still detected 

signs of a genetic bottleneck in the data for the Scandinavian bears supports the 

assumption that this population has been without contact with the eastern 

populations for a long time.  

4.3 Genetic diversity and inbreeding (Objectives 1 and 3) 

Genetic clusters found in Finland, Russia, and Northern Norway displayed high 

genetic diversity in HE and HO = 0.83 (I, II, IV). These heterozygosities were 

among the highest reported in wild brown bears and comparable to the values 

previously found in Russia and Romania (> 0.76, Tammeleht et al. 2010, Straka 

et al. 2011). Although different autosomal markers were used, heterozygosities in 

general were higher than reported from the Swedish bear population (< 0.7, Waits 

et al. 2000, Støen et al. 2005; II). A similar result was obtained when comparing 

the number of alleles per locus. Finnish and Russian bears displayed up to 

A < 10.8 alleles, while on average only A < 6.9 alleles per locus were found in 

Scandinavia (II). Overall, only a few loci deviated from the HWE or showed 

elevated FIS values. Marker Mu26 showed a significant, elevated FIS for Russian 

Karelia and Arkhangelsk (I). However, after the validation study (Andreassen et 

al. 2012), this marker was discarded from the subsequent studies due to possible 

null alleles being present in some populations. 

Significant LD in a couple of marker pairs and across two clusters was found 

in the temporal sample of the Finnish population (1996–2000 and 2001–2005). 

This result does not appear critical or question the selection of the panel of loci 

applied, since the LD was not found to be present across the whole dataset. For 

population genetic analyses, it poses the question of what may have caused this 
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overlapping LD. On the one hand, it may still reflect a common history of both 

clusters, which may have formed one population in the past. On the other hand, it 

may point to the non-random associations of allele pairs in contact zones of 

genetically differentiated populations during the process of admixture 

(Ramakrishnan et al. 2010). 

4.4 Temporal changes in genetic structure and diversity 

(Objective 3) 

In one study (V), we analyzed the genotypes of brown bears from 1996 to 2010 

collected in Finland during the legal annual harvest. We used this dataset to 

investigate whether the process of recovery of the population has left 

characteristics detectable in the genetic make-up in the Finnish brown bear. The 

average geographical location of the genetic clusters identified moved northwards 

by one degree of latitude within the study period (Fig. 7a and c). This represents a 

direct distance of about 110 km or 7.4 km per year. Furthermore, genetic 

differentiation between the clusters diminished in a linear manner (Fig. 7d), 

which was accompanied by an increasing number of bears that could not be 

unambiguously assigned to the identified clusters (Fig 7e). The number of 

migrants per generation between the clusters nearly tripled (Fig. 7f).  

Expected as well as observed heterozygosity increased strongly in the 

southern cluster, most likely due to increased admixture between the clusters. 

According to studies on range expansion, increased heterozygosity as well as the 

decreasing genetic structure point to substantial homogenization of both clusters. 

This can be expected after a certain period of admixture between populations 

(Austerliz et al. 1997, Excoffier et al. 2009, Ramakrishnan et al. 2010). All 

results strongly hint at substantially increased admixture across the temporal 

scale, and possibly at further gene flow from the east, causing confounding effects 

in the structural composition of the bear population. Some of these genetic 

changes correlated with the variation in bear numbers across years, which 

nevertheless could only partly explain the observed changes.  
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Fig. 7. Annual parameters describing the population genetic structure from 1996 to 

2010 of the Finnish brown bear population (N = 819) showed a significant regression 

with the harvest year. (V) a-c) Range expansion in the Finnish brown bear population 

during 1996–2010 as indicated by directional changes in the relationship between 

annual mean latitude of the detected genetic clusters and year of harvest: a) Southern 

subpopulation (b = 0.088 (CI 0.060, 0.166); R2 = 0.76; P < 0.001); b) individuals not 

assigned unambiguously (q < 0.7); c) northern subpopulation (b = 0.086 (CI 0.032, 

0.139); R2 = 0.44; P < 0.01). d-e) Temporal changes in parameters describing the 

population genetic structure of the Finnish brown bear population: d) Pairwise FST 

between the two subpopulations (b = −0.002 (CI −0.002, −0.001); R2 = 0.71; P < 0.001); 

e) proportion of individuals assigned ambiguously (q < 0.7) to both of the two 

subpopulation (b = 0.054 (CI 0.005, 0.105), z = 2.12; P < 0.05); f) number of migrants per 

generation between the two subpopulations (b = 0.090 (CI 0.042, 0.138); R2 = 0.52; 

P < 0.01) 

Theoretical studies have indicated that genetic structuring and subsequent 

homogenization may occur during range expansion (Austerliz et al. 1997, Le 

Corre & Kremer 1998, Ibrahim et al. 1998, De Giorgio et al. 2011, Excoffier et 

al. 2009, Arenas et al. 2012). The basic empirical test of these predictions 
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involves sampling at fine temporal scales to track the genetic changes as they 

arise during the range expansion. However, this has rarely been carried out for 

wild animal populations and at larger scales. As predicted from theory, we found 

that genetic differentiation between clusters identified using Bayesian assignment 

decreased during the study period. Large terrestrial carnivores may be potential 

models for testing these predictions due to their recent population history of 

persecution and following recolonization.  

4.5 Effective population size and census size (Objective 4) 

The population size (Nc), effective population size (Ne), and the ratio between 

these may have practical value in conservation, because they have been suggested 

to be important indicators of population viability (Ficetola et al. 2010, Luikart et 

al. 2010, Brekke et al. 2011). To identify possible temporal patterns in these 

estimates, we analyzed genetic data collected during six consecutive years in the 

Pasvik Valley in Northern Norway (II). 

To estimate Nc, we used two models, TIRM and Mh Chao, and the results for 

both were similar, revealing a high correlation between the two estimators across 

the years. Both methods showed the largest Nc value in 2007 and the lowest value 

in 2010. The mean estimated population size in Pasvik was, depending on the 

method, 39.5 to 45.3 brown bears. 

We estimated the effective sampling areas in the Pasvik Valley to be used to 

estimate densities, and found overall mean population densities between 5.4 and 

13.1 individuals/1000 km2. The densities we detected were comparable to that 

found in northern Sweden (10 bears per 1000 km2), but lower than in southern 

Sweden (Støen et al. 2006). Densities appeared to be lower than in North America 

(Mowat et al. 2005, Kendall et al. 2008), although these differences may be due 

to differences in methodology. Danilov (2005) estimated substantially higher 

densities in Russian Karelia, but the estimates were only based on the hunting bag 

and bear observations. Moreover, densities may vary among areas. Brown bears 

are not evenly distributed across Northern Europe, and core and peripheral areas 

are identifiable (Swenson et al. 1998, Kojola & Laitala 2000, Kojola et al. 2003, 

Kojola & Heikkinen 2006, Kindberg et al. 2011).  

We detected an almost three-fold difference between the LDNe and the 

OneSamp estimates for Ne. However, the LDNe estimate may be biased and 

underestimates Ne in small and extensively sampled populations because of 

family over-representation (Luikart et al. 2010), and the high number of 
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significant linkage disequilibria found in the Pasvik population may indicate the 

sampling of closely related individuals (Slate & Pemberton 2007). Furthermore, 

non-invasive genetic sampling data yielded no information about the age of 

individuals, and the sampling of overlapping generations may generate a biased 

Ne estimate (Luikart et al. 2010). The result of such an Ne estimate may be 

somewhere between the number of breeding pairs and the effective population 

size (Waples 2005).  

Due to the mentioned bias in the LDNe results, we only used the Ne estimates 

generated with OneSamp to calculate annual Ne/Nc ratios (Tab. 2). These ratios 

ranged from 0.53 to 0.82, with a mean of 0.64 (Nc from TIRM), and from 0.42 to 

0.76, with a mean of 0.57 (Nc from Mh Chao). The mean annual Ne/Nc ratio of 

approximately 0.6 is very high compared with other published ratios for brown 

bears. For North American grizzly bears, the Ne/Nc ratio ranged from 0.20–0.38 

in a simulated population using a demographic estimate (Harris & Allendorf 

1989), and from 0.04–0.19 using a genetic estimate (Paetkau et al. 1998). In 

southern Sweden, the ratio ranged from 0.06 to 0.14, also using a genetic estimate 

(Tallmon et al. 2004). The two latter studies were conducted in populations in 

which isolation and/or bottleneck events had led to low heterozygosity, which 

may explain the very low ratio compared to our estimates. However, the 

demographic estimate also is lower than in our study in Pasvik. Nunney (2000) 

and Storz et al. (2002) have shown that differences in methods for estimating Ne 

may produce results that are not necessarily comparable, which could also cause 

differences in the Ne/Nc ratio. Nevertheless, our estimate does not appear to 

represent genetic stochastic effects, as it was relatively stable for all 6 years. As it 

seems that fluctuations in population size, variance in family size and an unequal 

sex ratio have a negative impact on the Ne/Nc ratio (Frankham 1995), the 

relatively high ratio may indicate that Pasvik is a stable population. In addition, 

the Ne/Nc ratio has been shown to be generally higher in smaller populations 

(Palstra & Ruzzante 2008), which might also apply to the Pasvik population. 

Pasvik may receive continuous migration from the east, which is indicated by the 

relatively high genetic heterogeneity, and this may bias the Ne upwards by 

causing the local Ne to approach the global or metapopulation Ne (Pray et al. 

1996, Palstra & Ruzzante 2008, England et al. 2010, Luikart et al. 2010), thus 

resulting in a higher Ne/Nc ratio. 
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Table 2. Annual estimates of the effective population size (Ne) and the Ne/Nc ratio in 

brown bears in the Pasvik Valley, 2005–2010. The estimates for Ne using the 

ONeSAMP method were applied to calculate Ne/Nc ratios using the two innate rates 

model (Nc1) and the Mh Chao (Nc2) Nc estimates (II). 

Year N LDNe (Pcrit = 0.05) ONeSAMP Ne/Nc1 Ne/Nc2 

Ne CI (95%) Ne CI (95%) 

2005 27 9.1 7.2–11.6 25.3 21.5–33.9 0.703 0.649 

2006 24 18.0 13.1–26.1 20.5 18.5–24.4 0.526 0.500 

2007 44 21.1 17.4–26.0 36.9 33.5–42.0 0.659 0.551 

2008 36* 10.2 8.3–12.3 27.4 24.4–33.4 0.596 0.517 

2009 31 10.7 8.1–14.4 18.1 16.1–22.8 0.548 0.421 

2010 24 12.0 9.2–15.9 22.1 19.1–28.3 0.819 0.762 

Mean 31 13.5  25.1  0.642 0.567 

N, number of detected individuals by DNA analysis 

*One individual with a partial genotype was deleted from the data set. 

4.6 Surveillance of brown bear activity near human structures 

(Objective 5) 

The European brown bear is an elusive species, and solutions and actions to 

resolve human–bear conflict situations often suffer from a lack of information, 

especially on the number of bears in an area at a given time, at and around the 

location of an incident. 

The application of hair trapping to sample brown bears has been conducted 

for several years, and we tested an intensive variant of this method to monitor 

brown bear activity around a cattle farm in Pasvik, Norway. We collected 85 hair 

samples and identified 13 different individuals by STR analysis. In the farm area, 

we detected exclusively 4 males on a single occasion, except for a female that 

was detected in both areas. In comparison, nine bears (2 males, 7 females) were 

detected for more than one week in the area without settlements (Fig. 8). 

Conclusively, the removal of one bear in particular would be difficult to justify 

based on our results. Furthermore, the test under conditions in the field 

demonstrated that hair trapping has the potential to survey bears at specific 

locations, which is of importance in wildlife management (III). 
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Fig. 8. Brown bears identified per 2.5 km x 2.5 km grid square per week near a farm in 

area 1 and in control area 2 without human structures in Pasvik Valley, Norway (III). 

Each bear is represented by a circle indicating the identity number and sex (light = 

female; dark = male). Human settlements (farms, houses, cabins) are drawn as black 

squares and roads as black lines. 
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5 Management implications and future 
perspectives 

The recovery of the brown bear populations has so far mainly been documented 

by estimations based on observational data on COTY. We demonstrated that the 

recovery of the population and the supposed increase in bear numbers is also 

reflected in the genetic characteristics of the population(s). Nevertheless, the 

brown bear in Northern Europe is divided into several genetic groups. 

Subpopulations at the western edge of the Russian population seemed rather well 

connected, and parameters of genetic diversity underline the recovery of bears 

and recolonization of their formerly occupied habitat. The bear groups displayed a 

considerable amount of admixture and gene flow. However, in regions with low 

bear densities and high pressure due to human impact, connectivity appeared to 

be restricted, as is the case between the bears of Finland and Russia and those in 

Scandinavia. The level of population differentiation between the bears from these 

areas suggests a lack of gene flow among the bears. Future management actions 

and hunting permission should consider the very low amount of migration 

throughout the northernmost parts of Fennoscandia. Although bears are still 

hunted in the far north, population estimates remain vague due to the lower 

density of humans and therefore the lack of observational data. Regular, non-

invasive genetic sampling combined with capture–mark–recapture estimates 

should be performed to increase the certainty in how many bears actually roam 

these regions. 

So far, nationwide non-invasive genetic monitoring has only been conducted 

in Norway, the country with the lowest number of bears in Northern Europe (see 

e.g. Tobiassen et al. 2011, Aarnes et al. 2013). Bears in Sweden are regularly 

monitored non-invasively in different districts at intervals of a few years (see e.g. 

Kindberg & Swenson 2009, 2010). Non-invasive genetic sampling has only been 

applied on a few occasions in Finland, although the forestry industry has created 

excellent conditions for this type of assessment, and especially sampling, with a 

dense net of forest roads in most areas. Therefore, this sampling technique should 

deliver accurate data and a feasible basis for population size estimations and 

genetic monitoring. Furthermore, researchers, managers, and politicians, as well 

as conservationists, should not underestimate the impact of non-invasive genetic 

sampling methods on public opinion towards large carnivores, and not least 

towards the authorities involved (Ransom et al. 2012). This study demonstrates 
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that non-invasively obtained genetic data may be further used to investigate the 

genetic structure of populations on a large spatial and temporal scale. 

Non-invasive genetic sampling has made great advances in recent years, 

alongside improvements in laboratory methods, which also made this study 

possible. New developments and decreasing costs of high throughput DNA 

sequencing and SNP detection offer unique possibilities to broaden our genetic 

knowledge of wild animals. In combination with non-invasive genetic methods, 

we will soon be able to perform genomic monitoring. The genome of a male 

brown bear (“Pilot”) from Pasvik, shot in 2011, has been fully sequenced and has 

already been a focus of studies on the evolution of bears (Hailer et al. 2012), as 

well as the development of finer, robust methods in wildlife research and 

monitoring (Kleven et al. 2012, Bidon et al. 2013, Norman et al. 2013). More 

studies are on the way, utilizing the opportunities a full genome sequence 

provides, including SNP-chip development and spatial as well as contemporary 

and historical Y-chromosomal patterns across Northern Europe (Bidon et al., 

submitted, Schregel et al., in preparation).  

 



 55

References 

Aarnes SG, Tobiassen C, Brøseth H, Spachmo B, Bakke BB, Hagen SB & Eiken HG 
(2013) Populasjonsovervåking av brunbjørn 2009–2012: DNA-analyse av prøver 
innsamla i Norge i 2012. Bioforsk Rapport. Svanvik. 

Allendorf FW, Luikart G & Aitken SN (2013) Conservation and the Genetics of 
Populations. Chichester, UK, Wiley-Blackwell. 

Amos W & Harwood J (1998) Factors affecting levels of genetic diversity in natural 
populations. Philos Trans R Soc Lond B Biol Sci 353: 177–186. 

Andreassen R, Schregel J, Kopatz A, Tobiassen C, Knappskog PM, Hagen SB, Kleven O, 
Schneider M, Kojola I, Aspi J, Rykov A, Tirronen KF, Danilov PI & Eiken HG (2012) 
A forensic DNA profiling system for Northern European brown bears (Ursus arctos). 
Forensic Sci Int Genet 6: 798–809. 

Andrew RL, Bernatchez L, Bonin A, Buerkle CA, Carstens BC, Emerson BC, Garant D, 
Giraud T, Kane NC, Rogers SM, Slate J, Smith H, Sork VL, Stone GN, Vines TH, 
Waits L, Widmer A & Rieseberg LH (2013) A road map for molecular ecology. Mol 
Ecol 22: 2605–2626. 

Arenas M, Ray N, Currat M & Excoffier L (2012) Consequences of range contractions and 
range shifts on molecular diversity. Mol Biol Evol 29: 207–218. 

Aspi J, Roininen E, Ruokonen M, Kojola I & Vila C (2006) Genetic diversity, population 
structure, effective population size and demographic history of the Finnish wolf 
population. Mol Ecol 15: 1561–1576. 

Aspi J, Roininen E, Ruokonen M, Kojola I & Vila C (2008) Genetic structure of the 
northwestern Russian wolf populations and gene flow between Russia and Finland. 
Conserv Genet 10: 815–826. 

Austerlitz F, Jung-Muller B, Godelle B & Gouyon PH (1997) Evolution of Coalescence 
Times, Genetic Diversity and Structure during Colonization. Theor Popul Biol 51: 
148–164. 

Barton NH & Slatkin M (1986) A Quasi-equilibrium theory of the distribution of rare 
alleles in a subdivided population. Heredity 56: 409–411. 

Beaumont M & Bruford MW (1999) Microsatellites in conservation genetics. Goldstein 
DB & ̈Schlötterer C (ed) Microsatellites. Evolution and Applications. New York, 
Oxford University Press. 

Belkhir K, Borsa P, Chikhi L, Raufaste N & Bonhomme F (1996–2004) GENETIX 4.05, 
logiciel sous Windows pour la génétique des populations. Montpellier, Laboratoire 
Génome, Populations, Interactions, CNRS UMR 5171, Université de Montpellier II. 
URL: http://kimura.univ-montp2.fr/genetix/. Cited 2013/12/12. 

Bellemain E, Swenson JE, Tallmon DA, Brunberg S & Taberlet P (2005) Estimating 
population size of elusive animals with DNA from hunter-collected feces: four 
methods for brown bears. Conserv Biol 19: 150–161. 

Bellemain E, Zedrosser A, Manel S, Waits LP, Taberlet P & Swenson JE (2006) The 
dilemma of female mate selection in the brown bear, a species with sexually selected 
infanticide. Proc Biol Sci, 273: 283–291. 



 56

Bidon T, Frosch C, Eiken HG, Kutschera VE, Hagen SB, Aarnes SG, Fain SR, Janke A & 
Hailer F (2013) A sensitive and specific multiplex PCR approach for sex 
identification of ursine and tremarctine bears suitable for non-invasive samples. Mol 
Ecol Resour 13: 362–368. 

Boulanger J, Kendall KC, Stetz JB, Roon DA, Waits LP & Paetkau D (2008) Multiple data 
sources improve DNA-based mark-recapture population estimates of grizzly bears. 
Ecol Appl 18: 577–589. 

Bouzat JL (2010) Conservation genetics of population bottlenecks: the role of chance, 
selection, and history. Conserv Genet 11: 463–478. 

Bray SCE, Austin JJ, Metcalf JL, Østbye K, Østbye E, Lauritzen SE, Aaris-Sørensen K, 
Valdiosera C, Adler CJ & Cooper A (2013) Ancient DNA identifies post-glacial 
recolonisation, not recent bottlenecks, as the primary driver of contemporary mtDNA 
phylogeography and diversity in Scandinavian brown bears. Divers Distrib 19: 245–
256. 

Breck SW (2004) Minimizing carnivore-livestock conflict: the importance and process of 
research in the search for optimal solutions. Fascione A, Delach A, Smith ME (ed) 
Predators and people: from conflict to conservation. Washington D.C., Island Press. 

Brekke P, Bennett PM, Santure AW & Ewen JG (2011) High genetic diversity in the 
remnant island population of hihi and the genetic consequences of re-introduction. 
Mol Ecol 20: 29–45. 

Bromaghin JF (2007) The genetic mark-recapture likelihood function of capwire. Mol Ecol 
16: 4883–4884. 

Bruford MW & Wayne RK 1993. Microsatellites and their applications to population 
genetic studies. Curr Opin Genet Dev 3: 939–943. 

Brøseth H, Flagstad Ø, Wärdig C, Johansson M & Ellegren H (2010) Large-scale 
noninvasive genetic monitoring of wolverines using scats reveals density dependent 
adult survival. Bio Cons 143: 113–120. 

Busch JD, Waser PM & DeWoody JA (2007) Recent demographic bottlenecks are not 
accompanied by a genetic signature in banner-tailed kangaroo rats (Dipodomys 
spectabilis). Mol Ecol 16: 2450–2462. 

Cardillo M, Mace GM, Jones KE, Bielby J, Bininda-Emonds ORP, Sechrest W, Orme 
CDL & Purvis A (2005) Multiple causes of high extinction risk in large mammal 
species. Science 309: 1239–1241. 

Carmichael LE, Krizan J, Nagy JA, Fuglei E, Dumond M, Johnson D, Veith A, Berteaux D 
& Strobeck C (2007) Historical and ecological determinants of genetic structure in 
arctic canids. Mol Ecol 16: 3466–3486. 

Cattet M, Boulanger J, Stenhouse G, Powell RA & Reynolds-Hogland ML (2008) An 
evaluation of long-term capture effects in ursids: Implications for wildlife welfare and 
research. J Mammal 89: 973–990. 

Charbonnel N & Pemberton J (2005) A long-term genetic survey of an ungulate population 
reveals balancing selection acting on MHC through spatial and temporal fluctuations 
in selection. Heredity 95: 377–388. 



 57

Chen IC, Hill JK, Ohlemuller R, Roy DB & Thomas CD (2011) Rapid range shifts of 
species associated with high levels of climate warming. Science 333: 1024–1026. 

Chestin I (1992) The brown bear (Ursus arctos L.) in the USSR: numbers, hunting and 
systematics. Ann Zool Fenn 29: 57–68. 

Chestin I (1999) Status and management of the brown bear in Russia. Servheen C, Herrero 
S & Peyton B (ed) Bears - status survey and conservation action plan. Cambridge, 
IUCN. 

Cornuet, J. M. & Luikart, G. 1997. Description and power analysis of two tests for 
detecting recent population bottlenecks from allele frequency data. Genetics, 144, 
2001–2014. 

Dahle B, Støen OG & Swenson JE (2006) Factors influencing home-range size in subadult 
brown bears. J Mammal 87: 859–865. 

Dahle B & Swenson JE (2003) Seasonal range size in relation to reproductive strategies in 
brown bears Ursus arctos. J Appl Ecol 72: 660–667. 

Dalerum F, Cameron EZ, Kunkel K & Somers MJ (2009) Diversity and depletions in 
continental carnivore guilds: implications for prioritizing global carnivore 
conservation. Biol Lett 5: 35–38. 

Danilov PI (1994) The brown bear of Northwest Russia. Int Conf Bear Res Manage 9: 
199–203. 

Danilov PI (2005) Game animals of Karelia – Ecology, resources, management, protection. 
Moscow, Nauka. 

Davison J, Ho SYW, Bray S, Korsten M, Tammeleht E, Hindrikson M, Osbye K, Ostbye E, 
Lauritzen SE, Austin J, Cooper A & Saarma U (2011) Late-Quaternary biogeographic 
scenarios for the brown bear (Ursus arctos), a wild mammal model species. Quat Sci 
Rev 30: 418–430. 

De Barba M, Waits LP, Garton EO, Genovesi P, Randi E, Mustoni A & Groff C (2010) 
The power of genetic monitoring for studying demography, ecology and genetics of a 
reintroduced brown bear population. Mol Ecol 19: 3938–3951. 

De Barba M, Waits LP, Genovesi P, Randi E, Chirichella R & Cetto E (2010) Comparing 
opportunistic and systematic sampling methods for non-invasive genetic monitoring 
of a small translocated brown bear population. J Appl Ecol 47: 172–181. 

De Giorgio F, Rainio J, Pascali VL & Lalu K (2007) Bear attack – A unique fatality in 
Finland. Forensic Sci Int 173: 64–67. 

DeGiorgio M, Degnan JH & Rosenberg NA (2011) Coalescence-time distributions in a 
serial founder model of human evolutionary history. Genetics 189: 579–593. 

Deinet S, Ieronymidou C, McRae L, Burfield IJ, Foppen RP, Collen B & Böhm M (2013) 
Wildlife comeback in Europe: The recovery of selected mammal and bird species. 
London, Final report to Rewilding Europe by ZSL, BirdLife International and the 
European Bird Census Council.  

Drechsler M, Frank K, Hanski I, O'Hara RB & Wissel C (2003) Ranking metapopulation 
extinction risk: From patterns in data to conservation management decisions. Ecol 
Appl 13: 990–998. 



 58

Eggert LS, Eggert JA & Woodruff DS (2003) Estimating population sizes for elusive 
animals: the forest elephants of Kakum National Park, Ghana. Mol Ecol 12: 1389–
1402. 

Eiken HG, Andreassen RJ, Kopatz A, Bjervamoen SG, Wartiainen I, Tobiassen C, 
Knappskog PM, Aspholm PE, Smith ME & Aspi J (2009a) Population data for 12 
STR loci in Northern European brown bear (Ursus arctos) and application of DNA 
profiles for forensic casework. Forensic Sci Int Genet 2: 273–274. 

Eiken HG, Ollila LE, Aspholm PE, Ollila T, Bergsvåg M, Smith ME, Kopatz A, Magga S, 
Sulkava P, Aspi J & Wartiainen I (2009b) Hair snares applied to detect brown bears in 
Øvre Anárjohka and Lemmenjoki National Parks. Bioforsk Report. Svanvik. 

England PR, Luikart G & Waples RS (2010) Early detection of population fragmentation 
using linkage disequilibrium estimation of effective population size. Conserv Genet 
11: 2425–2430. 

Enserink M & Vogel G (2006) Wildlife conservation – The carnivore comeback. Science 
314: 746–749. 

Ermala A (2003) A survey of large predators in Finland during the 19th – 20th centuries. 
Acta Zool Lit 13: 15–20. 

Estes JA, Terborgh J, Brashares JS, Power ME, Berger J, Bond WJ, Carpenter SR, 
Essington TE, Holt RD, Jackson JB, Marquis RJ, Oksanen L, Oksanen T, Paine RT, 
Pikitch EK, Ripple WJ, Sandin SA, Scheffer M, Schoener TW, Shurin JB, Sinclair 
AR, Soule ME, Virtanen R & Wardle DA (2011) Trophic downgrading of planet 
Earth. Science 333: 301–306. 

Excoffier L, Foll M & Petit RJ (2009) Genetic consequences of range expansions. Annu 
Rev Ecol Evol Syst 40: 481–501. 

Excoffier L & Lischer HEL (2010) Arlequin suite ver 3.5: a new series of programs to 
perform population genetics analyses under Linux and Windows. Mol Ecol Resour 10: 
564–567. 

Ficetola GF, Padoa-Schioppa E, Wang J & Garner TWJ (2010) Polygyny, census and 
effective population size in the threatened frog, Rana latastei. Anim Conserv 13: 82–
89. 

Fitzsimmons NN, Buskirk SW & Smith MH (1995) Population history, genetic variability, 
and horn growth in bighorn sheep. Conserv Biol 9: 314–323. 

Flagstad O, Walker CW, Vila C, Sundqvist AK, Fernholm B, Hufthammer AK, Wiig O, 
Kojola I & Ellegren H (2003) Two centuries of the Scandinavian wolf population: 
patterns of genetic variability and migration during an era of dramatic decline. Mol 
Ecol 12: 869–880. 

Forbes SH & Hogg JT (1999) Assessing population structure at high levels of 
differentiation: microsatellite comparisons of bighorn sheep and large carnivores. 
Anim Conserv 2: 223–233. 

Frankham R (1995) Effective population-size adult-population size ratios in wildlife – a 
review. Genet Res 66: 95–107. 

Frankham R (1996) Relationship of genetic variation to population size in wildlife. 
Conserv Biol 10: 1500–1508. 



 59

Frankham R, Ballou JD & Briscoe DA (2010) Introduction to Conservation Genetics. 
Cambridge, Cambridge University Press. 

Frantz AC, Cellina S, Krier A, Schley L & Burke T (2009) Using spatial Bayesian 
methods to determine the genetic structure of a continuously distributed population: 
clusters or isolation by distance? J Appl Ecol 46: 493–505. 

Frosch C, Dutsov A, Georgiev G & Nowak C (2011) Case report of a fatal bear attack 
documented by forensic wildlife genetics. Forensic Sci Int Genet 5: 342–344. 

Garza JC & Williamson EG (2001) Detection of reduction in population size using data 
from microsatellite loci. Mol Ecol 10: 305–318. 

Geffen E, Anderson MJ & Wayne RK (2004) Climate and habitat barriers to dispersal in 
the highly mobile grey wolf. Mol Ecol 13: 2481–2490. 

Gervasi V, Ciucci P, Boulanger J, Posillico M, Sulli C, Focardi S, Randi E & Boitani L 
(2008) A preliminary estimate of the apennine brown bear population size based on 
hair-snag sampling and multiple data source mark–recapture huggins models. Ursus 
19: 105–121. 

Goudet J (2001) FSTAT. A program to estimate and test gene diversities and fixation 
indices. (version 2.9.3). URL: http://www2.unil.ch/popgen/softwares/fstat.htm. Cited 
2013/04/01. 

Graham K, Beckerman AP & Thirgood S (2005) Human-predator-prey conflicts: 
ecological correlates, prey losses and patterns of management. Bio Cons 122: 159–
171. 

Guillot G, Mortier F & Estoup A (2005) Geneland: a computer package for landscape 
genetics. Mol Ecol Notes 5: 712–715. 

Hailer F, Kutschera VE, Hallström BM, Klassert D, Fain SR, Leonard JA, Arnason U & 
Janke A (2012) Nuclear genomic sequences reveal that polar bears are an old and 
distinct bear lineage. Science 336: 344–347. 

Hardy OJ & Vekemans X (2002) SPAGeDi: a versatile computer program to analyse 
spatial genetic structure at the individual or population levels. Mol Ecol Notes 2: 618–
620. 

Haroldson MA, Schwartz CC, Kendall KC, Gunther KA, Moody DS, Frey K & Paetkau D 
(2010) Genetic analysis of individual origins supports isolation of grizzly bears in the 
Greater Yellowstone Ecosystem. Ursus 21: 1–13. 

Harris RB & Allendorf FW (1989) Genetically effective population-size of large mammals 
- an assessment of estimators. Conserv Biol 3: 181–191. 

Herrero S (1985) Bear attacks. Their causes and avoidance. New York, The Lyons Press. 
Hewitt G (2000) The genetic legacy of the Quaternary ice ages. Nature 405: 907–913. 
Hill WG (1981) Estimation of effective population size from data on linkage 

disequilibrium. Genet Resour 38: 209–216. 
Hindrikson M, Remm J, Männil P, Ozolins J, Tammeleht E & Saarma U (2013) Spatial 

genetic analyses reveal cryptic population structure and migration patterns in a 
continuously harvested grey wolf (Canis lupus) population in North-Eastern Europe. 
PLoS ONE 8: e75765. 



 60

Ibrahim KM, Nichols RA & Godfrey MH (1996) Spatial patterns of genetic variation 
during expansion. Heredity 77: 282–291. 

Jansson E, Ruokonen M, Kojola I & Aspi J (2012) Rise and fall of a wolf population: 
genetic diversity and structure during recovery, rapid expansion and drastic decline. 
Mol Ecol 21: 5178–5193. 

Kaczensky P, Chapron C, Von Arx M, Huber D, Andrén H & Linnell JD (2012) Status, 
management and distribution of large carnivores – bear, lynx, wolf & wolverine – in 
Europe. Brussels, IUCN/SSC Large Carnivore Initiative for Europe. 

Keis M, Remm J, Ho SYW, Davison J, Tammeleht E, Tumanov IL, Saveljev AP, Männil P, 
Kojola I, Abramov AV, Margus T, Saarma U & Phillimore A (2012) Complete 
mitochondrial genomes and a novel spatial genetic method reveal cryptic 
phylogeographical structure and migration patterns among brown bears in north-
western Eurasia. J Biogeogr 40: 915–927. 

Keller LF & Waller DM (2002) Inbreeding effects in wild populations. Trends Ecol Evol 
17: 230–241. 

Kendall KC, Stetz JB, Boulanger J, Macleod AC, Paetkau D & White GC (2009) 
Demography and genetic structure of a recovering grizzly bear population. J Wildl 
Manage 73: 3–17. 

Kendall KC, Stetz JB, Roon DA, Waits LP, Boulanger JB & Paetkau D (2008) Grizzly 
bear density in Glacier National Park, Montana. J Wildl Manage 72: 1693–1705. 

Kindberg J & Swenson JE (2010) Beräkning av björnstammens storlek i Västerbotten 2009. 
Skandinaviska björnprojektet Rapport 2010: 4. 

Kindberg J & Swenson JE (2011) Beräkning av björnstammens storlek i Norrbotten 2010. 
Skandinaviska björnprojektet Rapport 2011: 6. 

Kindberg J, Swenson JE, Ericsson G, Bellemain E, Miquel C & Taberlet P (2011) 
Estimating population size and trends of the Swedish brown bear Ursus arctos 
population. Wildl Biol 17: 114–123. 

Kleven O, Hallström B, Hailer F, Janke A, Hagen S, Kopatz A & Eiken HG (2012) 
Identification and evaluation of novel di- and tetranucleotide microsatellite markers 
from the brown bear (Ursus arctos). Conserv Genet Resour 4: 737–741. 

Kojola I, Danilov PI, Laitala HM, Belkin V & Yakimov A (2003) Brown bear population 
structure in core and periphery: analysis of hunting statistics from Russian Karelia and 
Finland. Ursus 14: 17–20. 

Kojola I, Hallikainen V, Nygren T, Pesonen M & Ruusila V (2006) Recent trends and 
harvest in Finland’s brown bear population. Ursus 17: 159–164. 

Kojola I & Heikkinen S (2006) The structure of the expanded brown bear population at the 
edge of the Finnish range. Ann Zool Fenn 43: 258–262. 

Kojola I & Laitala HM (2000) Changes in the structure of an increasing brown bear 
population with distance from core areas: another example of presaturation female 
dispersal? Ann Zool Fenn 37: 59–64. 

Kojola I & Määttä E (2004) Suurpetojen lukumäärä ja lisääntuminen vuonna 2003. 
Helsinki, Riistantutkimuksen tiedote. 



 61

Kopatz A, Eiken HG, Aspholm PE & Hagen SB (2012) Hair trapping versus field 
sampling of feces and hair – a comparison of two strategies to collect brown bear 
samples in 2007 and 2011 at the Pasvik Valley, Norway. Bioforsk Report. Svanvik. 

Kopatz A, Eiken HG, Aspholm PE, Tobiassen C, Bakke BB, Schregel J, Ollila T, 
Makarova O, Polikarpova N, Chizhov V & Hagen SB (2011) Monitoring of the 
Pasvik-Inari-Pechenga brown bear population in 2007 and 2011 using hair-trapping. 
Bioforsk Report. Svanvik. 

Korsten M, Ho SYW, Davison J, Phän B, Vulla E, Roht M, Tumanov IL, Kojola I, 
Andersone-Lilley Z, Ozolins J, Pilot M, Mertzanis Y, Giannakopoulos A, Vorobiev 
AA, Markov NI, Saveljev AP, Lyapunova EA, Abramov AV, Männil P, Valdmann H, 
Pazetnov SV, Pazetnov VS, Rõkov AM & Saarma U (2009) Sudden expansion of a 
single brown bear maternal lineage across northern continental Eurasia after the last 
ice age: a general demographic model for mammals? Mol Ecol 18: 1963–1979. 

Kovach RP, Gharrett AJ & Tallmon DA (2013) Temporal patterns of genetic variation in a 
salmon population undergoing rapid change in migration timing. Evol Appl 6: 795–
807. 

Karivalo LK & Butorin A (2006) The Fennoscandian Green Belt. Terry A, Ullrich K & 
Riecken U (ed) The Green Belt of Europe—from vision to reality. Gland, IUCN. 

Lacy RC (1997) Importance of genetic variation to the viability of mammalian populations. 
J Mammal 78: 320–335. 

Laikre L, Nilsson T, Primmer CR, Ryman N & Allendorf FW (2009) Importance of 
genetics in the interpretation of favourable conservation status. Conserv Biol 23: 
1378–1381. 

Le Corre V & Kremer A (1998) Cumulative effects of founding events during colonisation 
on genetic diversity and differentiation in an island and stepping-stone model. J Evol 
Biol 11: 495–512. 

Li R, Fan W, Tian G, Zhu H, He L, Cai J, Huang Q, Cai Q, Li B, Bai Y, Zhang Z, Zhang Y, 
Wang W, Li J, Wei F et al. (2010) The sequence and de novo assembly of the giant 
panda genome. Nature 463: 311–317. 

Liberg O, Chapron G, Wabakken P, Pedersen HC, Hobbs NT & Sand H (2012) Shoot, 
shovel and shut up: cryptic poaching slows restoration of a large carnivore in Europe. 
Proc Biol Sci 279: 910–915. 

Linacre A, Gusmao L, Hecht W, Hellmann AP, Mayr WR, Parson W, Prinz M, Schneider 
PM & Morling N (2011) ISFG: Recommendations regarding the use of non-human 
(animal) DNA in forensic genetic investigations. Forensic Sci Int Genet 5: 501–505. 

Lindén H, Danilov PI, Gromtsev AN, Helle P, Ivanter EV & Kurhinen J (2000) Large-
scale forest corridors to connect the taiga fauna to Fennoscandia. Wildl Biol 6: 179–
188. 

Long ES, Diefenbach DR, Rosenberry CS, Wallingford BD & Grund MRD (2005) Forest 
cover influences dispersal distance of white-tailed deer. J Mammal 86: 623–629. 

Lowe WH & Allendorf FW (2010) What can genetics tell us about population connectivity? 
Mol Ecol 19: 3038–3051. 



 62

Luikart G, Ryman N, Tallmon DA, Schwartz MK & Allendorf FW (2010) Estimation of 
census and effective population sizes: the increasing usefulness of DNA-based 
approaches. Conserv Genet 11: 355–373. 

Manchi S & Swenson JE (2005) Denning behaviour of Scandinavian brown bears Ursus 
arctos. Wildl Biol 11: 123–132. 

Manel S, Bellemain E, Swenson JE & Francois O (2004) Assumed and inferred spatial 
structure of populations: the Scandinavian brown bears revisited. Mol Ecol 13: 1327–
1331. 

McInerny GJ, Turner JR, Wong HY, Travis JM & Benton TG (2009) How range shifts 
induced by climate change affect neutral evolution. Proc Biol Sci 276: 1527–1534. 

McLellan BN & Hovey F (2001) Natal dispersal of grizzly bears. Can J Zool 79: 838–844. 
McLellan BN, Servheen C, Huber D (Bear Specialist Group) (2013) Ursus arctos. IUCN 

Red List of Threatened Species. 
Miller CR, Joyce P & Waits LP (2005) A new method for estimating the size of small 

populations from genetic mark-recapture data. Mol Ecol 14: 1991–2005. 
Miller CR, Joyce P & Waits LP (2007) Ordered vs. unordered samples: response to 

Bromaghin. Mol Ecol 16: 4885–4885. 
Mills LS, Schwartz MK, Tallmon DA & Lair KP (2003) Measuring and interpreting 

connectivity for mammals in coniferous forests. Zabel CJ & Anthony RG (ed) 
Mammal Community Dynamics: Management and Conservation in the Coniferous 
Forests of Western North America. Cambridge, Cambridge University Press. 

Moen GK, Støen OG, Sahlen V & Swenson JE (2012) Behaviour of solitary adult 
Scandinavian brown bears (Ursus arctos) when approached by humans on foot. PLoS 
One 7: e31699. 

Mowat G, Heard DC, Seip DR, Poole KG, Stenhouse G & Paetkau DW (2005) Grizzly 
Ursus arctos and black bear U. americanus densities in the interior mountains of 
North America. Wildl Biol 11: 31–48. 

Mowat G & Strobeck C (2000) Estimating population size of grizzly bears using hair 
capture, DNA profiling, and mark-recapture analysis. J Wildl Manage 64: 183–193. 

Murphy MA, Kendall KC, Robinson A & Waits LP (2007) The impact of time and field 
conditions on brown bear (Ursus arctos) faecal DNA amplification. Conserv Genet 8: 
1219–1224. 

Musiani M, Leonard JA, Cluff HD, Gates CC, Mariani S, Paquet PC, Vilà C & Wayne RK 
(2007) Differentiation of tundra/taiga and boreal coniferous forest wolves: genetics, 
coat colour and association with migratory caribou. Mol Ecol 16: 4149–4170. 

Nellemann C, Støen OG, Kindberg J, Swenson JE, Vistnes I, Ericsson G, Katajisto J, 
Kaltenborn BP, Martin J & Ordiz A (2007) Terrain use by an expanding brown bear 
population in relation to age, recreational resorts and human settlements. Bio Cons 
138: 157–165. 

Norman AJ, Street NR & Spong G (2013) De novo SNP discovery in the Scandinavian 
brown bear (Ursus arctos). PLoS One 8: e81012. 



 63

Nussey DH, Coltman DW, Coulson T, Kruuk LE, Donald A, Morris SJ, Clutton-Brock TH 
& Pemberton J (2005) Rapidly declining fine-scale spatial genetic structure in female 
red deer. Mol Ecol 14: 3395–3405. 

Nyholm ES (1995) Suomen suurpetokannat vuosina 1991–1993. Ahma, ilves ja karhu 
runsastuneet. Helsinki, Riistantutkimuksen tiedote. 

Nyholm ES & Nyholm KE (1999) Status and management of the brown bear in Finland. 
Servheen C, Herrero S & Peyton B (ed) Bears – status survey and conservation action 
plan. Cambridge, IUCN. 

O’Grady JJ, Brook BW, Reed DH, Ballou JD, Tonkyn DW & Frankham R (2006) 
Realistic levels of inbreeding depression strongly affect extinction risk in wild 
populations. Bio Cons 133: 41–51. 

Obbard ME, Howe EJ & Kyle CJ (2010) Empirical comparison of density estimators for 
large carnivores. J Appl Ecol 47: 76–84. 

Ordiz A, Bischof R & Swenson JE (2013) Saving large carnivores, but losing the apex 
predator? Bio Cons 168: 128–133. 

Otis DL, Burnham KP, White GC & Anderson DR (1978) Statistical inference from 
capture data on closed animal populations. Wildlife Monogr 62: 7–135. 

Paetkau D, Amstrup SC, Born EW, Calvert W, Derocher AE, Garner GW, Messier F, 
Stirling I, Taylor MK, Wiig Ø & Strobeck C (1999) Genetic structure of the world’s 
polar bear populations. Mol Ecol 8: 1571–1584. 

Paetkau D, Calvert W, Stirling I & Strobeck C (1995) Microsatellite analysis of population 
structure in Canadian polar bears. Mol Ecol 4: 347–354. 

Paetkau D, Shields GF & Strobeck C (1998) Gene flow between insular, coastal and 
interior populations of brown bears in Alaska. Mol Ecol 7: 1283–1292. 

Paetkau D & Strobeck C (1994) Microsatellite analysis of genetic variation in black bear 
populations. Mol Ecol 3: 489–495. 

Palstra FP & Ruzzante DE (2008) Genetic estimates of contemporary effective population 
size: what can they tell us about the importance of genetic stochasticity for wild 
population persistence? Mol Ecol 17: 3428–3447. 

Panasci M, Ballard WB, Breck S, Rodriguez D & Densmore III LD (2011) Evaluation of 
faecal DNA preservation techniques and effects of sample age and diet on genotyping 
success. J Wildl Manage 75: 1616–1624. 

Parmesan C & Yohe G (2003) A globally coherent fingerpring of climate change impacts 
across natural systems. Nature 421: 37–42. 

Peery MZ, Kirby R, Reid BN, Stoelting R, Doucet-Beer E, Robinson S, Vasquez-Carrillo 
C, Pauli JN & Palsboll PJ (2012) Reliability of genetic bottleneck tests for detecting 
recent population declines. Mol Ecol 21: 3403–3418. 

Pemberton J (2008) Wild pedigrees: the way forward. Philos Trans R Soc Lond B Biol Sci 
275: 613–621. 

Petit RJ (2011) Early insights into the genetic consequences of range expansions. Heredity 
106: 203–204. 



 64

Pilot M, Jedrzejewski W, Branicki W, Sidorovich VE, Jedrzejewska B, Stachura K & Funk 
SM (2006) Ecological factors influence population genetic structure of European grey 
wolves. Mol Ecol 15: 4533–4553. 

Pray LA, Goodnight CJ, Stevens L, Schwartz JM & Yan GY (1996) The effect of 
population size on effective population size: An empirical study in the red flour beetle 
Tribolium castaneum. Genet Res 68: 151–155. 

Pritchard JK, Stephens M & Donnelly P (2000) Inference of population structure using 
multilocus genotype data. Genetics 155: 945–959. 

Proctor MF, McLellan BN, Strobeck C & Barclay RM (2005) Genetic analysis reveals 
demographic fragmentation of grizzly bears yielding vulnerably small populations. 
Proc Biol Sci 272: 2409–2416. 

Proctor MF, McLellan BN, Strobeck C & Barclay RMR (2004) Gender specific dispersal 
distances for grizzly bears analysis revealed by genetic analysis. Can J Zool 82: 1108–
1118. 

Proctor MF, Paetkau D, McLellan BN, Stenhouse GB, Kendall KC, Mace RD, Kasworm 
WF, Servheen C, Lausen CL, Gibeau ML, Wakkinen WL, Haroldson MA, Mowat G, 
Apps CD, Ciarniello LM, Barclay RMR, Boyce MS, Schwartz CC & Strobeck C 
(2012) Population fragmentation and inter-ecosystem movements of grizzly bears in 
western Canada and the northern United States. Wildlife Monogr 180: 1–46. 

Pulliainen E (1983) Behavior of an expanding population of the brown bear (Ursus arctos) 
in Northern Europe. Mamm Biol 48: 290–297. 

Pulliainen E (1990) Recolonization of Finland by the brown bear in the 1970s and 1980s. 
Aquilo Zool 27: 21–25. 

Pulliainen E (1997) The expansion of brown bears from east into Finland. International 
Bear News 6: 10–11. 

Pusey AE (1987) Sex-biased dispersal and inbreeding avoidance in birds and mammals. 
Trends Ecol Evol 2: 295–299. 

Quéméré E, Crouau-Roy B, Rabarivola C, Louis EE Jr & Chikhi L (2010) Landscape 
genetics of an endangered lemur (Propithecus tattersalli) within its entire fragmented 
range. Mol Ecol 19: 1606–1621. 

Ramakrishnan AP, Musial T & Cruzan MB (2010) Shifting dispersal modes at an 
expanding species' range margin. Mol Ecol 19: 1134–1146. 

Ransom JI, Kaczensky P, Lubow BC, Ganbaatar O & Altansukh N (2012) A collaborative 
approach for estimating terrestrial wildlife abundance. Bio Cons 143: 219–226. 

Ray N, Currat M & Excoffier L (2003) Intra-deme molecular diversity in spatially 
expanding populations. Mol Biol Evol 20: 76–86. 

Reed DH, O'Grady JJ, Brook BW, Ballou JD & Frankham R (2003) Estimates of minimum 
viable population sizes for vertebrates and factors influencing those estimates. Bio 
Cons 113: 23–34. 

Ripple WJ, Estes JA, Beschta RL, Wilmers CC, Ritchie EG, Hebblewhite M, Berger J, 
Elmhagen B, Letnic M, Nelson MP, Schmitz OJ, Smith DW, Wallach AD & Wirsing 
AJ (2014) Status and ecological effects of the world’s largest carnivores. Science 343: 
1241484. 



 65

Roberts DG, Baker J & Perrin C (2011) Population genetic structure of the endangered 
Eastern Bristlebird Dasyornis brachypterus; implications for conservation. Conserv 
Genet 12: 1075–1085. 

Saarma U, Ho SY, Pybus OG, Kaljuste M, Tumanov IL, Kojola I, Vorobiev AA, Markov 
NI, Saveljev AP, Valdmann H, Lyapunova EA, Abramov AV, Mannil P, Korsten M, 
Vulla E, Pazetnov SV, Pazetnov VS, Putchkovskiy SV & Rokov AM (2007) 
Mitogenetic structure of brown bears (Ursus arctos L.) in northeastern Europe and a 
new time frame for the formation of European brown bear lineages. Mol Ecol 16: 
401–413. 

Saarma U & Kojola I (2007) Matrilineal genetic structure of the brown bear population in 
Finland. Ursus 18: 30–37. 

Schloss CA, Nunez TA & Lawler JJ (2012) Dispersal will limit ability of mammals to 
track climate change in the Western Hemisphere. Proc Natl Acad Sci USA 109: 8606–
8611. 

Schwartz MK, Luikart G & Waples RS (2007) Genetic monitoring as a promising tool for 
conservation and management. Trends Ecol Evol 22: 25–33. 

Schwartz MK & McKelvey KS (2009) Why sampling scheme matters: the effect of 
sampling scheme on landscape genetic results. Conserv Genet 10: 441–452. 

Schwartz MK, Mills LS, McKelvey KS, Ruggiero LF & Allendorf FW (2002) DNA 
reveals high dispersal synchronizing the population dynamics of Canada lynx. Nature 
415: 520–522. 

Servheen C (1990) The status and management of the bears of the world. Victoria, Int 
Conf Bear Res Manage Monogr Series No 2. 

Servheen C, Herrero S & Peyton B (1999) Bears - Status Survey and Conservation Action 
Plan. Cambridge, IUCN. 

Short KH & Petren K (2011) Fine-scale genetic structure arises during range expansion of 
an invasive gecko. PLoS One 6: 1–9. 

Slate J & Pemberton JM (2007) Admixture and patterns of linkage disequilibrium in a 
free-living vertebrate population. J Evol Biol 20: 1415–1427. 

Smith DW, Peterson RO & Houston DB (2003) Yellowstone after wolves. Bioscience 53: 
330–340. 

Smith ME, Ollila LE, Bjervamoen SG, Eiken HG, Aspholm PE, Kopatz A, Aspi J, Kyykkä 
T, Ollila T, Sulkava P, Makarova O, Polikarpova N & Kojola I (2007) Final Report: 
Monitoring of the Pasvik-Inari brown bear population using hair snares. Svanvik, The 
North Calotte Council Environment Cooperation. 

Solberg KH, Bellemain E, Drageset OM, Taberlet P & Swenson JE (2006) An evaluation 
of field and non-invasive genetic methods to estimate brown bear (Ursus arctos) 
population size. Bio Cons 128: 158–168. 

Stenglein JL, Waits LP, Ausband DE, Zager P & Mack CM (2010) Efficient, noninvasive 
genetic sampling for monitoring reintroduced wolves. J Wildl Manage 74: 1050–1058. 

Storz JF, Ramakrishnan U & Alberts SC (2002) Genetic effective size of a wild primate 
population: Influence of current and historical demography. Evolution 56: 817–829. 



 66

Stronen AV, Jdrzejewska B, Pertoldi C, Demontis D, Randi E, Niedzialkoska M, Pilot M, 
Sidorovich VE, Dykyy I, Kusak J, Tsingarska E, Kojola I, Karamanlidis AA, 
Ornicans A, Lobkov VA, Dumenko V & Czarnomska SD (2013) North-south 
differentiation and a region of high diversity in European wolves (Canis lupus). PLoS 
ONE 8: e76454. 

Støen OG, Zedrosser A, Saebo S & Swenson JE (2006) Inversely density-dependent natal 
dispersal in brown bears Ursus arctos. Oecologia 148: 356–64. 

Støen OG, Bellemain E, Sæbø S & Swenson JE (2005) Kin-related spatial structure in 
brown bears Ursus arctos. Behav Ecol Sociobiol 59: 191–197. 

Sundell J, Kojola I & Hanski I (2006) A new GPS–GSM-based method to study behavior 
of brown bears. Wildlife Soc B 34: 446–450. 

Swenson JE, Sandegren F, Bjarvall A, Soderberg A, Wabakken P & Franzen R (1994) Size, 
trend, distribution and conservation of the brown bear Ursus arctos population in 
Sweden. Bio Cons 70: 9–17. 

Swenson JE, Sandegren F, Brunberg S & Segerström P (2001) Factors associated with loss 
of brown bear cubs in Sweden. Ursus 12: 69–80. 

Swenson, JE, Sandegren F & Söderberg A (1998) Geographic expansion of an increasing 
brown bear population: evidence for presaturation dispersal. J Anim Ecol 67: 819–826. 

Swenson JE, Sandegren F, Söderberg A, Bjärvall A, Franzén R & Wabakken P (1997) 
Infanticide caused by hunting of male bears. Nature 386: 450–451. 

Swenson JE, Taberlet P & Bellemain E (2011) Genetics and conservation of European 
brown bears Ursus arctos. Mammal Review 41: 87–98. 

Swenson JE, Wabakken P, Sandegren F, Bjärvall A, Franzén R & Söderberg A (1995) The 
near extinction and recovery of brown bears in Scandinavia in relation to the bear 
management policies of Norway and Sweden. Wildl Biol, 1: 11–25. 

Swenson JE & Wikan S (1996) A brown bear population estimate for Finnmark County, 
North Norway. Fauna Norvegica Ser A 17: 11–15. 

Sørensen OJ (1990) The brown bear in Europe in the mid 1980's. Aquilo Ser Zool 27: 3–16. 
Taberlet P & Bouvet J (1994) Mitochondrial DNA polymorphism, phylogeography, and 

conservation genetics of the brown bear Ursus arctos in Europe. Philos Trans R Soc 
Lond B Biol Sci 255: 195–200. 

Taberlet P, Camarra JJ, Griffin S, Uhres E, Hanotte O, Waits LP, Dubois-Paganon C, 
Burke T & Bouvet J (1997) Noninvasive genetic tracking of the endangered Pyrenean 
brown bear population. Mol Ecol 6: 869–876. 

Taberlet P, Swenson JE, Sandegren F & Bjärvall A (1995) Localisation of a contact zone 
between two highly divergent mitochondrial lineages of the brown bear Ursus arctos 
in Scandinavia. Conserv Biol 9: 1255–1261. 

Taberlet P, Waits LP & Luikart G (1999) Noninvasive genetic sampling: look before you 
leap. Trends Ecol Evol 14: 323–327. 

Tallmon DA, Bellemain E, Swenson J & Taberlet P (2004) Genetic monitoring of 
Scandinavian brown bear effective population size and immigration. J Wildl Manage 
68: 960–965. 



 67

Tallmon DA, Koyuk A, Luikart G & Beaumont MA (2008) ONeSAMP: a program to 
estimate effective population size using approximate Bayesian computation. Mol Ecol 
Resour 8: 299–301. 

Tammeleht E, Remm J, Korsten M, Davison J, Tumanov I, Saveljev A, Mannil P, Kojola I 
& Saarma U (2010) Genetic structure in large, continuous mammal populations: the 
example of brown bears in northwestern Eurasia. Mol Ecol 19: 5359–5370. 

R Development Core Team (2011) R: A Language and Environment for Statistical 
Computing. Vienna, Austria, R Foundation for Statistical Computing. 

R Development Core Team (2012) R: A Language and Environment for Statistical 
Computing. Vienna, Austria, R Foundation for Statistical Computing. 

R Development Core Team (2013) R: A Language and Environment for Statistical 
Computing. Vienna, Austria, R Foundation for Statistical Computing. 

Tobiassen C, Brøseth H, Bergsvåg M, Aarnes SG, Bakke BB, Hagen SB & Eiken HG 
(2011) Populasjonsovervåking av brunbjørn 2009–2012: DNA-analyse av prøver 
innsamla i Norge i 2010. Bioforsk Rapport. Svanvik. 

Traill L, Bradshaw C & Brook B (2007) Minimum viable population size: A meta-analysis 
of 30 years of published estimates. Bio Cons 139: 159–166. 

Valière N (2002) GIMLET: a computer program for analysing genetic individual 
identification data. Mol Ecol Notes 2: 377–379. 

Van Oosterhout C, Hutchinson WF, Wills DPM & Shipley P (2004) MICRO-CHECKER: 
software for identifying and correcting genotyping errors in microsatellite data. Mol 
Ecol Notes 4: 535–538. 

Vilà C, Sundqvist AK, Flagstad O, Seddon J, Bjornerfeldt S, Kojola I, Casulli A, Sand H, 
Wabakken P & Ellegren H (2003) Rescue of a severely bottlenecked wolf (Canis 
lupus) population by a single immigrant. Proc Biol Sci 270: 91–97. 

Waits L, Taberlet P, Swenson JE, Sandegren F & Franzen R (2000) Nuclear DNA 
microsatellite analysis of genetic diversity and gene flow in the Scandinavian brown 
bear (Ursus arctos). Mol Ecol 9: 421–431. 

Waits LP (2004) Using noninvasive genetic sampling to detect and estimate abundance of 
rare wildlife species. Thompson WL (ed) Sampling rare or elusive species: Concepts, 
designs, and techniques for estimating population parameters. Washington D.C., 
Island Press. 

Waits LP & Paetkau D (2005) Noninvasive genetic sampling tools for wildlife biologists: a 
review of applications and recommendations for accurate data collection. J Wildl 
Manage 69: 1419–1433. 

Wang IJ, Johnson JR, Johnson BB & Shaffer HB (2011) Effective population size is 
strongly correlated with breeding pond size in the endangered Californian tiger 
salamander, Ambystoma californiense. Conserv Genet 12: 911–920. 

Waples RS (2005) Genetic estimates of contemporary effective population size: to what 
time periods do the estimates apply? Mol Ecol 14: 3335–3352. 

Waples RS & Do C (2008) LDNe: a program for estimating effective population size from 
data on linkage disequilibrium. Mol Ecol Resour 8: 753–756. 



 68

Wikman M (2010) Riistakannat 2010. Riistaseurantojen tulokset. Wikman M (ed) Riista- 
ja kalatalous - selvityksiä. Helsinki, Riista- ja kalatalouden tutkimuslaitos. 

Williamson-Natesan EG (2005) Comparison of methods detecting bottlenecks from 
microsatellite loci. Conserv Genet 6: 551–562. 

Wilson GA & Rannala B (2003) Bayesian inference of recent migration rates using 
multilocus genotypes. Genetics 163: 1177–1191. 

Woodroffe R (2000) Predators and people: using human densities to interpret declines in 
large carnivores. Anim Conserv 3: 165–173. 

Woods JG, Paetkau D, Lewis D, McLellan BN, Proctor MF & Strobeck C (1999) Genetic 
tagging of free-ranging black and brown bears. Wildl Soc B 27: 616–627. 

Yamamoto K, Tsubota T, Komatsu T, Katayama A, Murase T, Kita I & Kudo T (2002) 
Sex identification of japanese black bear, Ursus thibetanus japonicus, by PCR based 
on Amelogenin Gene. J Vet Med Sci 64: 505–508. 

Yang J & Jiang Z (2011) Genetic diversity, population genetic structure and demographic 
history of Przewalski’s gazelle (Procapra przewalskii): implications for conservation. 
Conserv Genet 12: 1457–1468. 

Zedrosser A, Støen OG, Sæbø S & Swenson JE (2007) Should I stay or should I go? Natal 
dispersal in the brown bear. Anim Behav 74: 369–376. 

 



 69

Original articles 

I  Kopatz A, Eiken HG, Hagen SB, Ruokonen M, Esparza-Salas R, Schregel J, Kojola I, 
Smith ME, Wartiainen I, Aspholm PE, Wikan S, Rykov A, Makarova O, Polikarpova 
N, Tirronen KF, Danilov PI & Aspi J (2012) Connectivity and population subdivision 
at the fringe of a large brown bear (Ursus arctos) population in North Western Europe. 
Conservation Genetics 13(3): 681–692. 

II  Schregel J, Kopatz A, Hagen SB, Brøseth H, Smith ME, Wikan S, Wartiainen I, 
Aspholm PE, Aspi J, Swenson JE, Makarova O, Polikarpova N, Schneider M, 
Knappskog PM, Ruokonen M, Kojola I, Tirronen KF, Danilov PI & Eiken HG (2012) 
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: 3474–3488. 

III  Kopatz A, Hagen SB, Smith ME, Ollila LE, Aspholm PE & Eiken HG (2013) A 
modification of the hair-trapping method for surveillance of problematic bear activity 
close to a farm – a case study from the Pasvik Valley in Norway. Annales Zoologici 
Fennici 50: 327–332. 

IV  Kopatz A, Eiken HG, Aspi J, Kojola I, Tobiassen C, Tirronen KF, Danilov PJ & 
Hagen SB (2014) Admixture and gene flow from Russia in the recovering Northern 
European brown bear (Ursus arctos). Manuscript. 

V  Hagen SB, Kopatz A, Aspi J, Kojola I & Eiken HG (2014) Evidence of rapid change 
in genetic structure and diversity following range expansion in a large terrestrial 
carnivore. Manuscript. 

The journal articles are reprinted with permission from Springer (I), John Wiley 

and Sons (II) and the Finnish Zoological and Botanical Publishing Board (III). 

The original publications are not included in the electronic version of the 

dissertation. 
  



 70

 



A C T A  U N I V E R S I T A T I S  O U L U E N S I S

Book orders:
Granum: Virtual book store
http://granum.uta.fi/granum/

S E R I E S  A  S C I E N T I A E  R E R U M  N A T U R A L I U M

608. Jansson, Eeva (2013) Past and present genetic diversity and structure of the
Finnish wolf population

609. Myllykoski, Matti (2013) Structure and function of the myelin enzyme 2′,3′-cyclic
nucleotide 3′-phosphodiesterase

610. Lehto, Tuomas (2013) The importance of persuasive systems design in enhancing
consumers’ perceptions and adoption of health behavior change support systems

611. Hernoux-Villière, Audrey (2013) Catalytic depolymerisation of starch-based
industrial waste : use of non-conventional activation methods and novel reaction
media

612. Lawrence, Carl (2013) Innovating with information technology in a globalized
world : being proactive about culture

613. Ardanov, Pavlo (2013) Priming capacities of endophytic Methylobacterium sp. on
potato (Solanum tuberosum L.)

614. Koskela, Anni (2013) Wolverine habitat selection, diet and conservation genetics

615. Holm, Jana (2013) Catalytic pretreatment and hydrolysis of fibre sludge into
reducing sugars

616. Kemi, Ulla (2013) Adaptation to growing season length in the perennial
Arabidopsis lyrata

617. Aalto, Esa (2013) Genetic analysis of demography and selection in Lyrate
rockcress (Arabidopsis lyrata) populations

618. Rodríguez, Pilar (2013) Combining lean thinking and agile software development :
how do software-intensive companies use them in practice?

619. Vatka, Emma (2014) Boreal populations facing climatic and habitat changes

620. Isomursu, Marja (2014) Host–parasite interactions of boreal forest grouse and
their intestinal helminth parasites

621. Ponnikas, Suvi (2014) Establishing conservation management for avian threatened
species

622. Matusek, Florian (2014) Selective privacy protection for video surveillance

623. Virtanen, Elina (2014) Effects of haulm killing and gibberellic acid on seed potato
(Solanum tuberosum L.) and techniques for micro- and minituber production in
northern latitudes



A
B
C
D
E
F
G

UNIVERSITY OF OULU  P .O. B  00  F I -90014 UNIVERSITY OF OULU FINLAND

A C T A  U N I V E R S I T A T I S  O U L U E N S I S

S E R I E S  E D I T O R S

SCIENTIAE RERUM NATURALIUM

HUMANIORA

TECHNICA

MEDICA

SCIENTIAE RERUM SOCIALIUM

SCRIPTA ACADEMICA

OECONOMICA

EDITOR IN CHIEF

PUBLICATIONS EDITOR

Professor Esa Hohtola

University Lecturer Santeri Palviainen

Postdoctoral research fellow Sanna Taskila

Professor Olli Vuolteenaho

University Lecturer Veli-Matti Ulvinen

Director Sinikka Eskelinen

Professor Jari Juga

Professor Olli Vuolteenaho

Publications Editor Kirsti Nurkkala

ISBN 978-952-62-0429-1 (Paperback)
ISBN 978-952-62-0430-7 (PDF)
ISSN 0355-3191 (Print)
ISSN 1796-220X (Online)

U N I V E R S I TAT I S  O U L U E N S I SACTA
A

SCIENTIAE RERUM 
NATURALIUM

U N I V E R S I TAT I S  O U L U E N S I SACTA
A

SCIENTIAE RERUM 
NATURALIUM

OULU 2014

A 624

Alexander Kopatz

GENETIC STRUCTURE OF THE 
BROWN BEARS (URSUS ARCTOS) 
IN NORTHERN EUROPE

UNIVERSITY OF OULU GRADUATE SCHOOL;
UNIVERSITY OF OULU,
FACULTY OF SCIENCE, DEPARTMENT OF BIOLOGY;
BIOFORSK – NORWEGIAN INSTITUTE FOR AGRICULTURAL AND ENVIRONMENTAL RESEARCH

A
 624

AC
TA

A
lexander K

opatz


	Abstract
	Tiivistelmä
	Acknowledgements
	Abbreviations
	Table of contents
	List of original articles
	1 Introduction
	1.1 The “carnivore comeback”
	1.2 Genetic assessment of wild animal populations
	1.2.1 Non-invasive genetic monitoring
	1.2.2 Genetic diversity and inbreeding
	1.2.3 Population structure and gene flow
	1.2.4 Population bottlenecks
	1.2.5 Effective population size (Ne) and population census size (Nc)
	1.2.6 Genetic changes in an expanding population


	2 Objectives of the study
	3 Material and methods
	3.1 The study species
	3.2 The studied populations
	3.3 The study areas
	3.4 Field methods and sample collection
	3.4.1 Modification of the hair-trapping method for the surveillance ofbear activity close to human structures (Objective 5)

	3.5 DNA extraction and amplification
	3.6 Genetic analyses
	3.6.1 Population structure and connectivity (Objective 1)
	3.6.2 Population bottlenecks (Objective 2)
	3.6.3 Genetic diversity and inbreeding (Objectives 1 and 3)
	3.6.4 Effective population size and census size (Objective 4)
	3.6.5 Temporal changes in genetic structure and diversity(Objective 3)
	3.6.6 Surveillance of brown bear activity near human structures(Objective 5)


	4 Results and discussion
	4.1 Population structure and connectivity (Objective 1)
	4.2 Population bottlenecks (Objective 2)
	4.3 Genetic diversity and inbreeding (Objectives 1 and 3)
	4.4 Temporal changes in genetic structure and diversity(Objective 3)
	4.5 Effective population size and census size (Objective 4)
	4.6 Surveillance of brown bear activity near human structures(Objective 5)

	5 Management implications and futureperspectives
	References
	Original articles



