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Based on the geographic location of male and female bears shot in Finland in 1954–
2003, we examined regional differences in the population structure of peripheral 
brown bear (Ursus arctos). More bears were shot in western and northern locations 
in 1954–1963 than in 1993–1998. Between 1954–1963 male and female bears were 
shot in equal proportions, whereas between 1993–2003 more males than females were 
shot in western and northern locations. During 1968–1995, the population growth rate 
was strikingly higher in southern than in northern parts of Finland. Our results provide 
evidence that the peripheral Finnish brown bear population increases towards both the 
north and west, which may occur because of a higher harvesting rate in the north and a 
recent population expansion from the east.

Introduction

A range expansion in animal populations is 
influenced by factors that affect dispersal and 
population growth (Wielgus & Bunnell 1994, 
Swenson et al. 1998, Ims & Hjermann 2001). In 
brown bear (Ursus arctos), females are signifi-
cantly more philopatric than males (Blanchart 
& Knight 1991, Mace & Waller 1997, Swenson 
et al. 1998, McLellan & Hovey 2001) and long-
distance female dispersal has been documented 
only within populations at presaturation densi-
ties (Swenson et al. 1998).

The Finnish brown bear population may rep-
resent an example of a peripheral population, 
because a part of the western edge of the Eura-
sian distribution zone was recently located in 
eastern Finland (Pulliainen 1990). Due to the 
population increase and expansion during the 

last few decades (Nyholm 1990, Pulliainen 1990, 
1997), bears are observed throughout the coun-
try. The proportion of males and subadult bears, 
however, increases with the distance from the 
eastern core areas (Kojola et al. 2003). Previous 
studies of the Finnish bear population structure 
(Kojola & Laitala 2000, Kojola et al. 2003) did 
not consider sex and age effects simultaneously, 
nor were the factors relating to the South–North 
direction explored.

We examined long-term spatial changes in 
brown bear population and population structure 
in Finland in light of predictions derived from 
female-biased philopatric behavior. Because dis-
persal tendencies are highest among subadult 
males (Swenson et al. 1998), we predicted, due to 
the recent recolonization from the east (Pulliainen 
1983a, 1983b, 1997), that the proportion of sub-
adult males will increase towards the west. We 
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also examined the change in population structure 
along the South–North gradient because popula-
tion density in northern Finland is much lower 
than that in southern Finland (Kojola 2002). 

Material and methods

Finland was divided into the northern and south-
ern segments, with the northern area comprising 
the reindeer management area and the southern 
part represented by the rest of Finland (Fig. 1). 
We calculated population annual growth rate (λ) 
between 1968 and 1995 separately for the north-
ern and southern areas using the formula EXP 
([ln(Et1) – ln(Et)]/(t1 – t)) in which E is the popu-
lation estimate, t1 equals year 1995 and t equals 
year 1968. To achieve 1968 population estimates 
for the different parts of the country, we divided 
the countrywide estimate (150; Pulliainen 1983a) 
according to the proportions of bears shot in Fin-
land in 1966–1969 in these areas (75.9% in the 
northern area, n = 278, cf. Mäensyrjä 1971). As 
such, we assume 110 bears for the northern area 
and 40 bears for the southern area. Estimates 
for 1995 (170 in the northern area and 560 in 
the southern area) were published by Anony-
mous (1996). The number of Finnish–Russian 
border crossings by bears was 5-fold higher in 
1995 than in 1968 (Pulliainen 1997), which is 
in accordance with the difference in population 
estimates (150 vs. 730).

Data on the locations of female and male 
bears shot in Finland (Fig. 2) in 1954–1963 
were extracted from a map published by Pul-
liainen (1963). In 1993–2003 hunters used forms 
and maps for recording information about killed 
bears. Most bears (81.0%) shot in 1996–2003 in 
southern Finland (n = 695) were aged based on 
cementum annuli in rudimentary premolar teeth 
(analysed at Matson’s laboratory, Montana). 
Unfortunately, we were able to collect premolar 
data from less than half of the hunter-killed bears 
(39.2%) in northern Finland (n = 148).

We compared the geographic location of 
bears shot in the northern area in 1954–1963 and 
1993–1998. The more recent period was limited 
to years prior to 1999, because in the beginning 
of 1998 the reindeer management area was sub-
divided into western and eastern hunting areas, 

each with separate quotas. We compared the sex 
ratio of bears shot in northern and southern Fin-
land and the location of males and females in the 
entire study area in 1993–2003. To evaluate the 
effect of age on home-range location, we divided 
the aged bears into subadults (2–4 years of age) 
and adults (> 4 years of age).

We used two parameters for the location 
of each bear. In the South–North direction, the 
location was the distance from the equator (km), 
and in the West–East direction the distance from 
the 27° meridian (Fig. 1). Because the distances 
did not meet the assumption of normality (Lil-
liefors probabilities < 0.05 in Kolmogorov-Smir-
nov test) we used Mann-Whitney U-test when 
one independent variable was available. When 
two independent variables were treated simul-
taneously (sex and age class for year period 
1993–2003) we sorted cases by distance and 

Fig. 1. The two study areas and distances from equator 
and 27° meridian (km).
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then recovered the distances with rank orders 
which enabled us to perform parametric tests 
(two-way ANOVAs; Conover & Iman 1981).

Results and discussion

Bears shot between 1954 and 1963 were located 
in more western and northern locations than 
were the bears shot between 1993 and 1998 (Fig. 
3, Mann-Whitney U-test: U120,802 = 65473, P < 
0.001, U = 15216, P < 0.001, respectively). This 
difference between the eastern and western loca-
tions remained when the comparison was made 
for the northern study area only (U94,83 = 2991, P 
= 0.007, U = 4941, P = 0.002, respectively, Fig. 
1). These data suggest that the edge of the north-
ern section core area was located more western 
and northern in 1954–1963 than in 1993–1998. 
Harvest rates in the northern area during the 
1960s were evidently very high, because the offi-
cial statistics indicate that the mean number of 
bears shot annually between 1963 and 1968 was 
about 3 times higher than that between 1993 and 
1998 (Mäensyrjä 1971, Kojola et al. 2004). For 
example, in 1968 when the population estimate 
for the whole country was 150 bears (Pulliainen 

1983a), 51 bears were harvested in the northern 
segment (Mäensyrjä 1971). The harvest rate was 
far above the estimates for sustainable harvest 
in brown bear populations (Knight & Eberhardt 
1985, Miller 1990, Swenson et al. 1994).

Between 1993 and 2003, the average location 
across the West–East gradient was associated 
with the bear sex (ANOVA: F = 7.90, df = 1,311, 
P = 0.005, Fig. 4), but not with age (F = 0.41, 
P = 0.525). There was no two-tailed interaction 
detected between sex and age on location (F = 
1.27, P = 0.260). Males were also shot in more 
northern locations than females (F = 12.03, P 
= 0.001). There was no age effect and no two-
tailed interaction effect between age class and 
sex on location in the South–North direction 
(age effect; F = 0.37, P = 0.543, interaction; F = 
0.21, P = 0.647). The sex ratio was more male-
biased in the northern area (73.9%, n = 184) than 
in the southern area (64.2%, n = 618, χ2 = 5.92, 
df = 1, P = 0.015). The sex ratio did not differ 
with the location in either the West–East direc-
tion or the south-north direction in 1954–1963 
(Mann-Whitney U-test: U87,33 = 1493, P = 0.735, 
U = 1439, P = 0.984). 

The annual growth rate (λ) of brown bear 
populations in 1968–1995 was lower in northern 

Fig. 2. Locations of bears shot in Finland during (data for 1954–1963 from Pulliainen 1963).
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than southern Finland (1.016 and 1.103, respec-
tively). Estimates of harvesting rates are lacking, 
but the 6-fold lower population growth rate in 
the northern study area may be due to a higher 
harvesting rate, because human harvest is usu-
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Fig. 3. The distribution of 
the location of the hunter-
killed bears in South–North 
and West–East directions 
(data for 1954–1963 from 
Pulliainen 1963).
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Fig. 4. The distribution of the locations in South–North and West–East direction, shot in 1993–2003 in Finland.

ally the only important mortality factor in low-
density brown bear populations (Servheen 1990). 
The differences in harvesting rates between 
northern and southern Finland likely result from 
differences in management policy. For example, 
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in the early 1970s, bears were protected in many 
southern localities while no protection existed in 
the northern areas (Mäensyrjä 1971).

Although we predicted that the proportion 
of subadult males would increase from east to 
west, the results of our ANOVA model with 
rank-transformed locations did not support this 
prediction. The more western location of males 
(Fig. 4), however, was in line with the hypoth-
esized peripheral nature of the Finnish bear 
population as it increases with the distance from 
the eastern core regions (Pulliainen 1983, 1997, 
Kojola & Laitala 2000, Kojola et al. 2003). Our 
results also indicate that the bear population in 
northern Finland remained more peripheral than 
in southern Finland.

The results of this study indicate a link 
between expansion history and regional differ-
ences in adult sex ratio in a species that has a sex 
bias in dispersal, and also suggests a connection 
between harvest rate and sex ratio. These find-
ings are relevant for the future management and 
harvest policy, because population growth rate 
is likely to be correlated with the proportion of 
adult females in the population.

Acknowledgements

We want to thank Seija-Sisko Kilpelä and Anita Väisänen 
for help in data collection, and Hannu Pöysä for advice in 
statistical analysis.

References

Anonymous 1996: Management of brown bear, wolf, wolver-
ine and lynx in Finland. — MMM Publications 6/1996. 
41 p.

Blanchart, B. M. & Knight, R. R. 1991: Movement of Yel-
lowstone grizzly bears. — Biol. Cons. 58: 41–67.

Conover, W. J. & Iman, R. L. 1981: Rank transformations as 
a bridge between parametric and nonparametric statis-
tics. — Am. Stat. 35: 124–129.

Ims, R. A. & Hjermann, D. O. 2001: Condition-dependent 
dispersal. — In: Clobert, J., Danchin, E., Dhondt, A. 
A. & Nichols, J. D. (eds.), Dispersal: 217–229. Oxford 
Univ. Press, Oxford.

Knight, R. R. & Eberhardt, L. 1985: Population dynamics of 
Yellowstone grizzly bears. — Ecology 66: 323–324.

Kojola, I. 2002: Suurpetojen lukumäärä ja lisääntyminen 
vuonna 2001. — Riistantutkimuksen tiedote 182: 1–17.

Kojola, I. & Laitala, H.-M. 2000: Changes in the structure of 
an increasing brown bear population with distance from 
core areas: another example of presaturation female dis-
persal? — Ann. Zool. Fennici 37: 59–64.

Kojola, I., Nygren, T., Pesonen, M. & Ruusila, V. 2003: What 
do observations by moose hunters tell about the occur-
rence of brown bear in Finland. — Suomen Riista 49: 
93–101. [In Finnish with English summary].

Kojola, I., Danilov, P. I., Laitala, H.-M., Belkin, V. & Yaki-
mov, A. 2003: Brown bear population structure in core 
and periphery: analysis of hunting statistics from Rus-
sian Karelia and Finland. — Ursus 14(1): 17–20.

Mace, R. D. & Waller, J. S. 1997: Spatial and temporal inter-
action of male and female grizzly bears in northwestern 
Minnesota. — J. Wildl. Manage. 61: 39–52.

Mäensyrjä, O. 1971: Korpiemme kontio. Eilen, tänään, huo-
menna. — Karisto, Hämeenlinna.

McLellan, B. & Hovey, F. 2001: Natal dispersal of grizzly 
bears. — Can. J. Zool. 79: 838–844.

Miller, S. D. 1990: Detection of differences in brown bear 
density and population composition caused by hunting. 
— Proc. Int. Conf. Bear. Res. Manage. 8: 393–404.

Nyholm, E. S. 1990: Brown bear population and management 
in Finland in the 1980’s. — Aquilo, Ser. Zool. 27: 27–31.

Pulliainen, E. 1963: Occurrence and habits of the bear (Ursus 
arctos) in Finland. — Suomen Riista 16: 23–30. [In 
Finnish with English summary].

Pulliainen, E. 1983a: Expansion of the brown bear (Ursus 
arctos) into Finland from the east. — Suomen Riista 30: 
71–78. [In Finnish with English summary].

Pulliainen, E. 1983b: Behaviour of an expanding population 
of the brown bear (Ursus arctos) in northern Europe. 
— Z. Säugertierkunde 48: 290–297.

Pulliainen, E. 1990: Recolonization of Finland by brown bear 
in the 1970s and 1980s. — Aquilo, Ser. Zool. 27: 21–25.

Pulliainen, E. 1997: The expansion of brown bears from east 
into Finland. — International Bear News 6(3): 10–11.

Reynolds, H. V. III 1993: Evaluation of the effects of harvest 
on grizzly bear population dynamics in the northcentral 
Alaskan range. — Alaska Dept. Fish and Game, Federal 
Aid in Wildlife Restoration, Final Report.

Servheen, C. 1990: The status and conservation of the bears 
of the world. — Int. Conf. Bear Res. Manage. Monogr. 
Ser. 2: 1–32.

Swenson, J., Sandegren, F. & Söderberg, A. 1998: Geo-
graphic expansion of an increasing brown bear popula-
tion: evidence for presaturation dispersal. — J. Anim. 
Ecol. 67: 819–826.

Swenson, J., Sandegren, F., Bjärvall, A., Söderberg, A., 
Wabakken, P. & Franzman, R. 1994: Size, trend, distri-
bution and conservation of the brown bear Ursus arctos 
in Sweden. — Biol. Cons. 70: 9–17.

Wielgus, R. B. & Bunnell, F. L. 1994: Dynamics of a small, 
hunted brown bear Ursus arctos population in south-
western Alberta, Canada. — Biol. Cons. 67: 161–166.

This article is also available in pdf format at http://www.sekj.org/AnnZool.html


