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Abstract: There were about 4,000-5,000 brown bears (Ursus arctos) on the Scandinavian Peninsula around 1850; 65% were in Norway, which 
had the densest population. Apparently because of overexploitation, numbers declined rapidly until about 1930, when the brown bear was 
virtually extinct in Norway and about 130 were left in the 4 isolated populations that survived in Sweden. After 1930, the population began to 
increase after stringent protection. There are now about 700 bears in Scandinavia, with about 2% in Norway. Although the forests of Scandinavia 
have been totally changed by intensive, large-scale forestry, harvest pressure still seems to be the major factor affecting the population. Managers 
have an obvious need for information to manage this increase in population. They want to know how and where the increase will occur, when it 
will occur, and what they can do to manage it. Currently we are studying (1) population dynamics and dispersal to learn about mechanisms and 
patterns of increase and (2) relationships between bears and people, domestic sheep, and moose (Alces alces). We have found that females 
recolonize areas much more slowly than males, so the expansion wave front is steep for females and much flatter for males. The result is female 
areas with a high density of bears surrounded by areas with relatively low density. Outside the expanding front of females, the population is 
dominated by males (about 85%), predominately subadults or young adults (i.e., dispersing individuals). Mean home ranges of adult males are 
much larger in the peripheral areas (7,760 km2) than in the female areas (1,530 km2). Brown bears in Scandinavia seem to present little threat to 
people. Preliminary data suggest a low predation rate on adult moose, but a higher rate on calves. The greatest management challenge of the 
increasing bear population is depredations on the 2.2 million unattended domestic sheep on open range in Norway. These issues will become 
more important also in other areas as we are more successful in saving bear populations. 
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Most brown bear populations are declining and becom- 
ing fragmented and isolated, primarily due to overhar- 
vest and habitat destruction (Servheen 1990). Therefore, 
many management actions are aimed at saving small and 
isolated populations (Knight and Eberhardt 1985, 
Servheen 1990, Mattson and Reid 1991). However, there 
are some increasing brown bear populations, particularly 
in eastern and northern Europe (Chestin et al. 1992, 
Swenson et al. 1994a). We are conducting research to 
help management authorities in Sweden and Norway deal 
with their expanding bear population. Herein, we dis- 
cuss the research needs in this situation and present some 
preliminary results that may be useful for other research- 
ers and managers in similar situations. 

This article reports from the Scandinavian brown bear 
research project, which is a cooperative project con- 
ducted in Sweden and Norway. The project has been 
supported by the Swedish Environmental Protection 
Agency, Norwegian Institute for Nature Research, Swed- 
ish Hunters' Association, Norwegian Directorate for Na- 
ture Management, World Wildlife Fund (WWF Sweden 
and Norway), Carl Tryggers Foundation, Olle och 
Signhild Engkvists Foundation, Fylkesmannen i 
Hedmark, Fjiillenheten, Lansstyrelsen i Norrbotten, 
Grimso Research Station, STORA, Orsa Besparingsskog, 
Alvdalens besparingsskog, Korsnis, Iggesunds Bruk, 

Volvo, Norma and Vattenfall Norrbotten. We are grate- 
ful to those who have done most of the field work 
in this project, especially P. Ahlqvist, E. Axelsson, E. 
Backman, R. Bj0rnstad, S. Brunberg, B. T. Baekken, 
S. Danielsson, B. and K. Floren, P. Granberg, U. Grinde, 
T. Hagen, S. Hedberg, E. Isakson, G. Jacobsen, E. 
Maartmann, E. Mickelsson, A. Nordin, K. A. Olander, 
O. Persson, L. Petterson, P. Segerstr6m, H. Solvang, 
S. Svensson, and E. Saetre. 

HISTORY OF THE SCANDINAVIAN 
BROWN BEAR POPULATION 

Brown bears were once distributed throughout Nor- 
way and Sweden. Based on bounty data, we estimated 
that there were 4,000-5,000 bears on the Scandinavian 
Peninsula around 1850 (Swenson et al. 1995). Norway 
had the highest densities with about 65% of the bears. 
Policy in both countries at that time was to exterminate 
bears, and numbers declined rapidly, apparently due to 
overexploitation. By 1930, the brown bear was vir- 
tually extinct in Norway and as few as 130 bears may 
have been present in the 4 subpopulations that survived 
in Sweden (Swenson et al. 1994a, 1995). Although 
the core areas are geographically isolated, they are 
probably not genetically isolated (Taberlet et al. 1995). 
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The Scandinavian brown bear was apparently saved by 
several laws in Sweden around the turn of the century, 
which gave bears refuge in national parks and stopped 
the killing of bears (Swenson et al. 1995). By 1943 bears 
had increased in number and a short autumn hunting sea- 
son was initiated in 2 areas. In spite of hunting, Sweden's 
bear population increased by about 1.5%/year during the 
last 50 years. It expanded into Norway and now num- 
bers almost 700 (Swenson et al. 1994a, 1995). In north- 
ernmost Norway, bears entered from Russia and Finland 
(Wikan 1970). The increase of the bear population in 
Sweden appears to result from reducing bear mortality 
and has occurred in spite of an apparent habitat degrada- 
tion. During the last 50 years, much of the forest within 
the bear's range has been transformed to single-aged 
stands with large clearcuts and an extensive and dense 
road network. For example, the amount of forest roads 
in Sweden wider than 3.5 m has increased from none in 
1950 to >150,000 km in 1990 (Nilsson 1990). Brown 
bears have not been considered in forest management in 
Sweden. Still, the apparent trend in the brown bear popu- 
lation in Sweden during this period correlated closely and 

negatively with the calculated harvest rate (Swenson and 

Sandegren In Press). This suggests that managers have 
the option to control or stop the population increase by 
increasing the harvest rate. 

PROBLEMS ASSOCIATED WITH THE 
INCREASING POPULATION 

The people in Sweden and Norway are overwhelmingly 
in favor of maintaining populations of bears. In Norway, 
95% of those questioned favored having bears in the coun- 

try, although only 15% favored an increased population 
(Dahle 1987). In Sweden 98% of those asked were in 
favor of having large predators in the country and 61% 

thought predators should be allowed or actively helped 
to live in areas they preferred (Norling et al. 1981). This 
is reflected in government policy. Swedish policy allows 
bears to increase and expand naturally, in principle into 
their former range of all mainland Sweden, ensuring a 
viable population (Frisen and Eriksson 1992). In Nor- 

way, the goal is to reestablish viable populations in 5 ar- 
eas along the national border (Milj0verdepartementet 
1992). 

The problems of an increasing brown bear population 
fall into 4 categories: (1) economic consequences like 
loss of livestock such as domestic sheep and reindeer, (2) 
competition for moose between hunters and bears, (3) 
fear of bears as a threat to personal safety, and (4) gen- 
eral fear of the unknown. It is extremely important that 

managers address these concerns if they are to success- 
fully manage the population increase. 

Economic Consequences 
Sheep.-The negative economic consequences of bears 

in Norway derive primarily from predation on domestic 

sheep. Over 2.2 million sheep graze unattended on open 
range in the forests and mountains throughout Norway 
(S0rensen et al. In Press). This form of sheep husbandry 
is not labor-intensive, as is herding, and developed after 
the large predators, especially brown bear and wolverine 
(Gulo gulo) were nearly exterminated. This large num- 
ber of unattended sheep is a result of government subsi- 
dies to agriculture and particularly to sheep raising to 

support the economy in thinly populated rural areas. In 
1992 and 1993, Norway compensated farmers for about 
2,000 sheep documented as killed by bear, or 0.08% of 
those on open range. Although this loss is miniscule at 
the national level, it can be substantial for individual 
farmers. Farmers receive about $400 for an ewe and 
$150 (1994 U.S. dollars), for a lamb, which is 100-200% 
of their slaughter value. Farmers also are paid for extra 

herding and extra feed if sheep must be taken off the 

range early (S0rensen et al. In Press). In spite of this, 
many rural people feel that bears threaten the viability 
of their communities by threatening their main liveli- 
hood. The mass media in Norway also tends to be nega- 
tive towards bears (Frafjord 1988). This polarization 
makes the dissemination of information more difficult 
because pro- and anti-bear groups often accept or reject 
information according to whether it fits their ideology. 

The situation in Sweden is very different. The gov- 
ernment does not subsidize rural settlement to the ex- 
tent that Norway does, much farmland has been 

replanted to forest in these areas, and mechanization 
has reduced employment in forest industries. There- 

fore, bear ranges generally have a lower human popu- 
lation density in Sweden than in Norway. Sheep farming 
is not as heavily subsidized as it is in Norway. There 
are about 500,000 sheep in Sweden, but it is rare for 

sheep to be left unattended in bear areas. As a result, 
only 96 sheep were documented as killed by bears in 
Sweden in fiscal year 1993-94. 

Reindeer.-The brown bear is not a significant preda- 
tor on reindeer (Bjarvall et al. 1990). In Sweden, rein- 
deer owners were compensated for 1,010 bear-killed 
reindeer in the record-high year of 1992-93, but that 
number was still only 8% of the total number of 

predator-killed reindeer for which compensation was 

paid (R. Franzen, Swedish Environmental Protec- 
tion Agency, Stockholm, pers. commun., 1994). The 
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following year, the government compensated owners for 
only 134 (3%). 

Swedish tourist offices often use the bear to symbolize 
wilderness in their marketing campaigns. It has also been 
chosen as the provincial mammal for Harjedalen in cen- 
tral Sweden. To our knowledge the positive economic 
consequence of bears on tourism has not been documented 
in Scandinavia. The bear is rarely used as a positive mar- 
keting symbol in Norway, to our knowledge. 

Competition with Moose Hunters 
Brown bears prey upon moose (Haglund 1974, Ballard 

et al. 1981, Danilov 1983, Van Ballenberghe 1987, 
Vaisfeld and Chestin 1993). As Scandinavian hunters 
are accustomed to harvesting moose in a generally preda- 
tor-free environment (Cederlund and Sand 1991), they 
fear that harvest will decline when bear densities increase. 
Several studies in North America have concluded that 
brown bears can be important predators, especially on 
moose calves, but the effects of this predation are still 
being debated (Karns 1987, Ballard 1992, Boutin 1992, 
Gasaway et al. 1992, Miller and Ballard 1992, Messier 
1994). 

Threat to Human Safety 
The threat of the grizzly bear to human safety has been 

well documented in North America (Herrero 1985). 
Chestin (1993) found that brown bears were more ag- 
gressive toward humans in central and eastern Russia than 
in European Russia. The Scandinavian brown bear does 
not appear to be aggressive towards people, and the last 
fatalities were 1902 in Sweden and 1906 in Norway 
(Zetterberg 1951, Myrberget 1969). Even when bear 
populations were much higher, there were few bear- 
caused human fatalities in Scandinavia (Zetterberg 1951, 
Myrberget 1969). 

RESEARCH NEEDS 
Yalden (1993) wrote that reintroducing large carnivores 

was a daunting challenge. The only successful reintro- 
duction of a bear population we know of is that of the black 
bear (Ursus americanus) in Arkansas in the USA. It was 
initiated and carried out with no public input and mini- 
mal publicity (Smith and Clark 1994). This perhaps indi- 
cates the management difficulties of such an effort. 
Although the brown bear population is naturally expand- 
ing in Scandinavia, managers must have adequate infor- 
mation to guide decisions and public involvement. If our 
managers were granted 3 wishes, they would probably 
want to know the following: (1) What can I expect in terms 

of numbers, sex, and ages of bears in the expanding front? 
(2) When will it happen? and (3) What can I do about it? 

We have studied the Scandinavian brown bear popula- 
tion in a northern and a southern study area using radio- 
telemetry since 1984 and 1985, respectively (Wabakken 
et al. 1992). Using these data as a base, we will continue 
our research project until 1998 or 1999 to try to answer 
these questions. We are studying population dynamics, 
dispersal, and the relationships between bears and people, 
sheep, and moose. We will also evaluate population 
monitoring schemes. 

Population Dynamics 
Data on population dynamics are important for the 

management of declining populations to estimate the rate 
of decline and identify potentially limiting factors (Knight 
and Eberhardt 1984, 1985; Wielgus et al. 1994). These 
data are also important for managing increasing popula- 
tions: the rate of increase must be known to regulate hunt- 
ing to reduce the rate of increase, to stop population 
growth, or to limit the area of distribution, according to 
management goals. So far, we have radiomarked a total 
of about 170 individuals in the study areas to evaluate 
population dynamics. Based on harvest records and ear- 
lier population estimates, we estimated the potential rate 
of increase for our population at about 7% and the actual 
increase to be about 1.5% annually over 50 years 
(Swenson et al. 1994a). However, Eberhardt et al.'s 
(1994) method based on mortality and survival data esti- 
mates a population increase of 11-13% annually for our 
study populations (Swenson et al. unpubl. data). We will 
estimate a minimum viable population size, using our data 
on population dynamics, because population goals in both 
countries are expressed in terms of this. 

Dispersal 
The pattern of dispersal determines whether the popu- 

lation expands geographically as fast as its rate of in- 
crease. Few data are available on dispersal of brown 
bears (McLellan 1994). However, available data on black 
bears and grizzly bears agree that dispersal is sex-biased 
with males usually dispersing far and females establish- 
ing their home range in or near their mother's home 
range (Interagency Grizzly Bear Comm. 1987, Rogers 
1987, Blanchard and Knight 1991, Schwartz and 
Franzmann 1992). Our data show a similar pattern 
(Swenson et al. 1994b). This suggests that the expand- 
ing wave front will be rather flat for males and steep for 
females (Fig. 1). Shapes of wave fronts differ among 
mammals (Usher 1987, Lubina and Levin 1988, Hartman 
1995). Determining the shape of the wave front for an 
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Fig. 1. Hypothetical cross section of the wave front of an expanding brown bear population and general differences in 
demography and home range sizes based on preliminary results from Scandinavia (1984-95). K is ecological carrying 
capacity. 

expanding brown bear population is important for man- 
agers to predict the future. We hope to estimate the 
speed of expansion by comparing maps of present bear 
distribution with those prepared by Bjarvall (1978) from 
the mid-1970s. 

Our hypothesized wave front (Fig. 1) is based on our 
observations that females concentrate in slowly expand- 
ing areas and that males dominate outside these areas. 
The sex ratio of harvested bears inside 4 areas of Swe- 
den containing 96% of the harvested females was 53% 
females (n = 329) compared with 15% (n = 97) outside 
during 1981-93 (Swenson et al. 1994b). The sex ratio 
of harvest within female concentration areas was sur- 
prising considering that females with young are protected 
from hunting. The age structure of males also differed, 
with a greater proportion of subadult males (2-3 years 
old) shot outside these female areas and a greater pro- 
portion of older adults (>8 years) shot inside (Table 1, X2 
= 7.72, 3 df, P < 0.05). The 2-3 year-old group most 
actively disperses. The subadult males appear more fre- 
quently outside the female areas, and cub mortality seems 
to be higher there (Swenson et al. 1994b). In addition, 
the adult males outside the female areas have home ranges 
that are about 5 times larger (mean of 7,760 km2) than 
those inside the female areas (1,530 km2, Wabakken et 
al. 1992). Thus, managers must be aware that bears 

have a significantly different demography inside and out- 
side these female areas. 

Danger for People, Domestic Sheep, and 
Moose 

The concern that people have about bears as a threat to 
their safety seems to arise from a lack of information. 
Our project field people have compiled information about 
their encounters with bears to describe bear reactions when 
meeting people. The results have shown that the Scandi- 
navian brown bear is not an agressive bear (Swenson et 
al. 1996). Management agencies have prepared brochures 
based on our results so the public will receive realistic 
information about the danger of meeting a Scandinavian 

Table 1. Age distribution of hunter-killed male bears within 
and outside female concentration areas in Sweden, 1981-93. 

Percent 
Age category Age (years) Inside a Outside b 

Yearlings 1 23 18 
Subadults 2-3 11 31 
Young adults 4-7 35 33 
Older adults 8+ 31 18 

a n = 65 
b n =45 
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brown bear. Additionally, hunters can better interpret 
bear behavior and hopefully avoid shooting bears that they 
meet unexpectedly. 

Bear depredation on livestock in Norway is a major 
problem of our expanding bear population. Although 
some preventative measures have been tried, domestic 
sheep losses are closely correlated with the bear popula- 
tion increase in the 2 sheep-producing areas at the edge 
of the bear population expansion front (Sag0r et al. In 
Press). It seems evident that sheep cannot roam unat- 
tended if bears are in the area. We have just completed a 
4-year study of bear-sheep relations with recommenda- 
tions for changes in sheep husbandry (Wabakken and 
Maartmann 1994). The Norwegian government has 
bought the sheep from 3 farmers with heavy losses and 
subsidize their conversion to milk production. We will 
follow radiomarked bears in this area to document the 
reaction of bears when the sheep are removed. Will the 
bears move on to new sheep ranges? 

The effect of bears on moose has been a subject of de- 
bate for many years and was studied by Haglund (1974) 
in the 1960s through snowtracking. They tracked bears 
in snow for 563 km and observed 8 attacks on moose, all 
of which were unsuccessful. In the 1970s, the moose 
population in Scandinavia began an increase that has led 
to the highest densities in the world (Cederlund and 
Markgren 1987). During the last decade, these densities 
have declined in many places, so it is a bad time for a 
potential competitor to increase. We are using Haglund's 
(1974) method of snowtracking and are cooperating with 
moose researchers working in areas with and without 
bears. Our preliminary results suggest that, even with 
much greater moose and bear densities, the bear is still 
not an effective predator of adult moose. We have also 
begun radiomarking newborn moose calves, because bear- 
caused mortality on calves has been reported to be much 
greater (Ballard 1992, Gasaway et al. 1992). Our pre- 
liminary results suggest that mortality due to bears is con- 
siderably greater for calves than for adult moose. 

Population Monitoring 
Monitoring declining bear populations can help deter- 

mine when management has been successful, but it is 
extremely difficult (Eberhart et al. 1986, Garshelis 1993). 
We face the same problems: how will managers monitor 
bear populations when this research ends? At the present, 
biologists in Norway and hunter representatives in Swe- 
den compile and verify observations of bears. There are 
several problems with this method, such as inaccurate 
reports (Elgmork et al. 1976) and a greater willingness to 
report bear observations where bears are rare than where 

they are common. However, this method may be useful 
to document the expansion of especially the female ar- 
eas. That can be a good monitoring tool, at least while 
the population is increasing. 

BEYOND SAVING THE POPULATION 
There are many small and declining bear populations 

in the world (Servheen 1990). The history of the Scandi- 
navian brown bear population has shown that we can suc- 
cessfully save small populations and allow them to 
increase (Swenson et al. 1995). In this time of increasing 
competition for land and resources, it is important to re- 
search and understand the mechanism of expansion in 
brown bear populations and plan for success. When suc- 
cess finally comes, we must be prepared to cope with the 
new management challenges caused by more bears, and 
especially more bears in areas where they were previ- 
ously exterminated and where people had become used 
to a bear-free environment. 
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