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Abstract

In the 1930s, the Scandinavian brown bear was close to extinction due to vigorous exterm-
ination programmes in Norway and Sweden. Increased protection of the brown bear in
Scandinavia has resulted in the recovery of four subpopulations, which currently contain
close to 1000 individuals. Effective conservation and management of the Scandinavian
brown bear requires knowledge of the current levels of genetic diversity and gene flow
among the four subpopulations. Earlier studies of mitochondrial DNA (mtDNA) diver-
sity revealed extremely low levels of genetic variation, and population structure that
grouped the three northern subpopulations in one genetic clade and the southernmost
subpopulation in a second highly divergent clade. In this study, we extended the ana-
lysis of genetic diversity and gene flow in the Scandinavian brown bear using data from 19
nuclear DNA microsatellite loci. Results from the nuclear loci were strikingly different
than the mtDNA results. Genetic diversity levels in the four subpopulations were equi-
valent to diversity levels in nonbottlenecked populations from North America, and signi-
ficantly higher than levels in other bottlenecked and isolated brown bear populations.
Gene flow levels between subpopulations ranged from low to moderate and were cor-
related with geographical distance. The substantial difference in results obtained using
mtDNA and nuclear DNA markers stresses the importance of collecting data from both
types of genetic markers before interpreting data and making recommendations for the
conservation and management of natural populations. Based on the results from the
mtDNA and nuclear DNA data sets, we propose one evolutionarily significant unit and

four management units for the brown bear in Scandinavia.
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Introduction

The number and distribution of brown bears (Ursus arctos)
have declined world-wide by more than 50% since the
mid-1800s due to habitat destruction and overexploitation
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by humans (Servheen 1990). One factor that may threaten
the survival of many of these populations is the loss
of genetic diversity and an increase in inbreeding due
to population bottleneck effects and decreased gene
flow (Wright 1977). The near extinction and subsequent
recovery of brown bears in Scandinavia has been well
documented (Ekman 1910; Lonnberg 1929; Aaseth 1934,
1935; Swenson et al. 1994, 1995), and thus provides an
excellent record of a mammalian population bottleneck
and subsequent population expansion. The Scandinavian



422 L. WAITS ET AL.

mtDNA
Contact Zone

40 km

Fig. 1 Distribution of the brown bear in Scandinavia. The four
study areas (N, NS, M, S) are defined by the 90% harmonic mean
of female bears killed by hunters during 1981-1993 (Swenson
et al. 1998). The line between study areas M and S represents the
mitochondrial DNA (mtDNA) contact zone between the highly
divergent Eastern and Western Europe haplotypes.

brown bear population was close to 5000 bears in the
mid-1800s with 65% in Norway, and 35% in Sweden
(Swenson etal. 1995). Due to vigorous extermination
programmes, the population size plummeted rapidly
after this time, and in 1930 the population reached a low
point of approximately 130 bears distributed in four
subpopulations that subsequently survived. Sweden was
the first to protect the bear by removing bounties in 1893,

protecting the bear on Crown land in 1913, and protecting,

the bear on all lands in 1927 (Swenson et al. 1995). In
Norway, national bounties on bears were not removed
until 1930, and the bear did not receive full protection
until 1972. As a result, the bear population in Sweden
recovered, and the population in Norway was eliminated.

Currently, the Scandinavian brown bear population is
large (about 1000 individuals) and expanding, with 98%
of the bears localized in Sweden (Swenson et al. 1995;
Sandegren & Swenson 1997). These bears are distributed
in four geographical regions called NN, NS, M, S and
defined as female concentration areas (Swenson et al. 1994)
(Fig. 1). These female concentration areas are located

\
\

where bears were still present during the population bottle-
neck, and are thought to represent four surviving relict
populations, maintained separately because of strong
philopatry of females (Swenson etal. 1994, 1995). The
existence of geographically separated bear concentration
areas and the recent population bottleneck raise concerns
about the current and future genetic health of this popu-
lation. Studies of mitochondrial DNA (mtDNA) sequence
diversity in a 264 bp region of the 5’ hypervariable segment
of the control region from 26 individuals have detected
only two mtDNA sequence variants (haplotypes) (Taberlet
& Bouvet 1994; L. Waits, unpublished). Interestingly, these
haplotypes differ substantially (7% sequence divergence)
and are geographically distributed, as one haplotype
(Eastern) is localized to the three northern subpopula-
tions, and the second haplotype (Western) is localized to
the southernmost subpopulation. Based on these results,
Taberlet et al. (1995) proposed two separate brown bear
colonizations of Scandinavia, one from the east and one
from the south. The contact zone for these two mtDNA
haplotypes (Fig. 1) was further characterized by diagnostic
restriction enzyme digestion of 127 bears sampled through-
out Scandinavia (Taberlet etal. 1995), and only four
individuals had mtDNA haplotypes from across the
contact zone. Two males from the M subpopulation had
the Western haplotype and two males from the S sub-
populations had the Eastern haplotype. Based on these
results, a conservative plan to manage the southernmost
and the three northern female concentration areas as two
distinct conservation units was suggested.

Due to its maternal mode of transmission, mtDNA can
only provide information concerning female-mediated
gene flow. Thus, it is essential to characterize further the
genetic status of the Scandinavian brown bear population
using nuclear DNA markers. Microsatellite loci, consist-
ing of tandem repeats of a short core sequence of one to
five nucleotides, are particularly useful for population
genetic studies of natural populations (Bruford & Wayne
1993; Queller et al. 1993) as they are abundant and widely
dispersed in eukaryotic genomes (Tautz et al. 1986; Tautz
1989; Weber & May 1989), have a high mutation rate and
are highly polymorphic (Dallas 1992; Dietrich et al. 1992;
Ellegren 1992). Microsatellite analysis has been used to
estimate genetic diversity in North American black (U.
americanus) (Paetkau & Strobeck 1994) and brown bear
populations (Paetkau et al. 1998a), to examine paternity
and reproductive success in brown bears (Craighead et al.
1995), and to assess population structure in polar bears
(U. maritimus) and brown bears (Paetkau et al. 1995, 1998b).
Consequently, we initiated a study of nuclear DNA diver-
sity in the Scandinavian brown bear by collecting micro-
satellite data for 380 individuals at 19 loci. The goals of
this study were: (1) to quantify and compare the levels of
nuclear DNA diversity for the total population and each
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of the four subpopulations; (2) to estimate the degree of
genetic differentiation and the level of gene flow among
the four subpopulations; and (3) to compare results from
nuclear DNA and mtDNA data sets.

Materials and methods

Sampling and DNA extraction

Three hundred and eighty brown bears were sampled in
Scandinavia from 1986 to 1996. The number of individuals
sampled from each female concentration area was as
follows: 29 in NN, 108 in NS, 88 in M, and 155 in S. These
female concentration areas have been characterized as the
90% harmonic mean of female bears killed by hunters
during 1981-1993 (Swenson et al. 1998). The size of each
study area is as follows: NN —8000 km2, NS -15 000 km?,
M -23 000 km?2, and S =10 100 km2. From north to south,
the study areas are separated by the following distances:
NN and NS -19 km, NS and M -79 km and M and S 82 km.

Tissue samples were collected from eitheQ\sunter-killed
bears or bears immobilized for field studies, and were
stored in 95% ethanol until extraction. DNA was isolated
using a standard protocol involving overnight digestion
with proteinase K followed by phenol-chloroform puri-
fication (Maniatis et al. 1982).

Genetic typing

Nineteen microsatellite loci (GT), were amplified using
polymerase chain reaction (PCR) primers described in
Paetkau & Strobeck (1994), Paetkau etal. (1995) and
Taberlet et al. (1997). Loci G1A, G1D, G10B, G10C, G10L,
G10P, G10M, G10X, G10H, G100, G10J were cloned from
an American black bear DNA library (Paetkau & Strobeck
1994; Paetkau et al. 1995) and loci UarMU10, UarMU05,
UarMU15, UarMU23, UarMU50, UarMU51, UarMU59,
and UarMU61 were cloned from a European brown bear
DNA library (Taberlet et al. 1997). Loci will be referred to
by their single letter designation (Ursus americanus group)
or two-digit numerical designation (U. arctos group),
hereafter. In Taberlet etal. (1997) three primers were
presented for each locus. In this study, we used the
following primers: forward and reverse for loci 15, 50, 61,
forward and internal for loci 10, 23, 51, 59, and internal
and reverse for 05. ’

One primer of each pair was synthesized with a fluore-
scent dye group—6-FAM, TET, or HEX (ABI) on the 5
end to allow detection and sizing of fragments on an ABI
Prism 377 DNA sequencer. To maximize throughput, six
multiplex PCRs were performed with the following com-
bination of loci: (1) A,B,C,D,L; @ M, P; 3) 61, J; 4) O,
X, 51; (5) H, 23, 59; and (6) 05, 50. Loci 15 and 10 were
amplified separately. R reactions of 12 uL were
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performed using 50-100 ng of DNA, 0.1-1um of each
primer, 75mm Tris-HCl (pH9.0), 20mm (NH,,SO,,
0.01% Tween 20, 2.5 mM MgCl,, 200 um (multiplex) or
50 um (standard) of each dNTP, and 0.5U of Goldstar
DNA polymerase (Eurogentec). After an initial denatura-
tion of 2 min at 95 °C, 30-35 cycles of 10 s at 94 °C, 10 s at
52-56 °C, 15s at 72 °C were performed followed by a
final extension step for 5 min at 72 °C. One-quarter of the
PCR product was run on an agarose gel to estimate dilu-
tions for multiplexing on the acrylamide gel. The PCR
products were combined so that all loci could be scored
on three gels: gel 1 included multiplex 1 and 2; gel 2
included multiplex 3, 4, and locus 15; gel 3 included mul-
tiplex 5, 6 and locus 10. One microlitre of each multiplex
mixture was added to 2 pL of a loading buffer containing
0.25 pL of GS350 Tamra standard (PE Applied Biosystems),
0.30 uL of dye, and 1.45 pL of formamide. The loading
mix was denatured at 92 °C for 3 min and loaded on a 6%
Long-Ranger™ acrylamide gel of an ABI Prism 377 DNA
sequencer (PE Applied Biosystems) and run at 2670V
for 2.5 h. The gels were analysed using the GENESCAN™
672 version 2.0 and GENOTYPER™ version 1.1 software
packages.

mtDNA haplotype characterization

To rapidly distinguish between two known mtDNA control
region haplotypes (Eastern, Western), we developed a
new diagnostic technique using a one-step competitive
PCR amplification with fluorescently labelled primers.
PCR primers were designed to detect diagnostic sites
in the mtDNA control region sequence of Scandinavian
brown bears. An earlier study of mtDNA sequence
diversity in the European brown bear identified two
haplotypes in Scandinavian bears that were shown to
differ by 18 nucleotides out of 269. To design diagnostic
primers for competitive PCR, we chose two regions with
a high concentration of diagnostic sites, which pro-
duced a PCR product size that could be easily loaded
together with nuclear DNA microsatellite PCR products
on an acrylamide gel. The length of the primers was
adjusted so that all primers had approximately the
same Tm. The diagnostic primers for the Eastern
haplotype were CtrlE; 5-ACTATTTTACCCCATGTCT-3,
and CtrlE; 5-TCGAGGCCTGGTGATC-3’, where F and
R stand for forward and reverse, respectively. The
diagnostic primers for the Western haplotype were
CtrlW 5-TATCTTACCCCGTGTCC-3" and CTRLW, 5'-
TCGAGGCCTGGTGACT-3". Both of the CtrlE primers
were fluorescently labelled with Tet, and the CtrlW
primers were labelled with Fam. Competitive PCRs were
performed in a 12-uL reaction using 50-100 ng of DNA,
0.1 um of each primer, 0.075 m Tris-HCI (pH 9.0), 0.020 M
(NH,),SO,, 0.01% Tween 20, 0.0025 mm MgCl,, 50 um



























