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Natal dispersal, adult home ranges and site fidelity of mountain 
hares Lepus timidus in the boreal forest of Sweden 

Fredrik Dahl & Tomas Willebrand

Dahl, F. & Willebrand, T. 2005: Natal dispersal, adult home ranges and site 
fidelity of mountain hares Lepus timidus in the boreal forest of Sweden. - Wildl. 
Biol. 11: 309-317.

Using radio-telemetry we investigated natal dispersal, adult home ranges and 
site fidelity of mountain hares Lepus timidus in northern Sweden. We captured 
48 leverets from 20 litters while these were still suckling and radio-tracked them 
for up to 37 months. Leverets showed limited dispersal; < ⅓ moved far enough 
to leave the home range of an average adult female. We radio-collared and 
tracked 73 adult hares to determine annual and seasonal home ranges along with 
site fidelity. Males had significantly larger annual and winter-spring home ranges 
than did females. Both sexes, and especially males, had significantly larger 
home ranges during winter-spring than during summer-autumn. Adults showed 
strong site fidelity. None of the adults dispersed from an established home range 
even though some long-distance excursions were recorded, especially for the 
males during the breeding season in spring. Limited natal dispersal and a high 
degree of adult site fidelity suggest that dispersal of mountain hares, as juve-
niles or as adults, occurs at a low rate in the boreal forest during prevailing con-
ditions, i.e. during low densities and in a continuous population. We conclude 
that the mountain hare seems to be a philopatric species compared with other 
small game species in the same ecosystem.
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The importance of spatial dynamics in management and 
conservation of wildlife has received increased attention 
in recent years (e.g. Sutherland et al. 2000, Clobert et al. 
2001). Movements have the potential of buffering local 
variations in population numbers, and buffer zones could 
be used as simple means to reduce risks of potential over-
harvest as suggested by Willebrand & Hörnell (2001) 
for willow grouse Lagopus lagopus. At the population 

level, dispersal is arguably the most important move-
ment an animal makes, because it moves individuals 
from one area to another. Seasonal movements can cre-
ate large temporal changes in abundance, even in spe-
cies that would not normally be considered migratory, 
but do not move animals between populations (Begon et 
al. 1996, Clobert et al. 2001). Natal dispersal was defined 
by Greenwood (1980) as dispersal from the birth site to 

13257 WB4_2005-v2.indd   309 01/12/05   14:00:14

Downloaded From: https://complete.bioone.org/journals/Wildlife-Biology on 01 Sep 2024
Terms of Use: https://complete.bioone.org/terms-of-use



310 © WILDLIFE BIOLOGY · 11:4 (2005)

that of first reproduction or potential reproduction, and 
is often the only long-distance movement an animal will 
make (Dice & Howard 1951, Sutherland et al. 2000, 
Engen et al. 2002). Information on both natal dispersal 
rate and distance moved is needed to understand the 
effect of dispersal on population dynamics (Pulliam et 
al. 1992, Schumaker 1996), but such detailed information 
is known only for a limited number of species (Suther
land et al. 2000). Despite its importance only one pre-
vious study has been published on natal dispersal of any 
hare species, viz. the snowshoe hare Lepus americanus, 
tracking leverets from suckling until they had established 
adult home ranges (Gillis & Krebs 1999). Breeding dis-
persal, i.e. the subsequent movements of adults after 
their first reproduction (Greenwood & Harvey 1982), 
usually occurs at lower frequency than natal dispersal, 
but can be important for the lifetime reproductive suc-
cess of individuals (Clutton-Brock 1988, Newton 1989). 
Although not within the scope of this paper, dispersal 
also has important consequences for population genet-
ics (Aars & Ims 2000).

Home-range size can be used to determine the spatial 
scale to which dispersal distances should be weighted. 
Annual home-range sizes (MCP) are well known for the 
mountain hare Lepus timidus in Scotland, e.g., Hewson 
& Hinge (1990) found home ranges to be 113 ha and 89 
ha for males and females, respectively. In Scandinavia, 
however, only a few limited studies have investigated 
home-range size, and none of them followed the hares 
for a whole year (Seiskari 1957, Olsson 1997). 

The mountain hare is one of Sweden’s most popular 
game species due to its extensive range; 40,000-200,000 
have been bagged annually during the last 25 years. 
Several studies using bag data have pooled the moun-
tain hare with capercaillie Tetrao urogallus and black 
grouse T. tetrix in a coherent group of small game show-
ing similar patterns of population dynamics (Hörnfeldt 
1978, Small et al. 1993). In Sweden, the synchronous 
fluctuation of the small game community in the boreal 
forest is attributed to the alternative prey hypothesis, 
where predators act as a link to the microtine 3-4 year 
cycle (Marcström et al. 1988, 1989, Lindström et al. 
1994). It should be noted, however, that the periodicity 
and degree of synchrony may vary in different parts of 
Scandinavia and the former Soviet Union (Labutin 1960, 
Lindén 1988). Still, it is doubtful if bag data can be used 
to resolve any detailed pattern of mountain hare popu-
lation dynamics at a local scale.

In this study we measured natal dispersal, and annu-
al/seasonal home ranges of adult mountain hares in the 
boreal forest of northern Sweden. We also investigated 
the site fidelity of adult individuals. The aim of our study 

was to develop an understanding of the dispersal of the 
mountain hare in the boreal forest. That is, the way ani-
mals displace themselves over the landscape, both as 
juveniles and as breeding adults.

Material and methods

Study area
The 100-km2 large study area was situated in the bore-
al region of northern Sweden (64°20'N, 20°10'E). The 
area is dominated by intensively managed coniferous 
forest (Ball et al. 2000). The climate is continental with 
cold winters (-11°C in January) and moderately warm 
summers (15°C in July). The altitude ranges within 90-
186 m. a.s.l. Annual precipitation ranges within 600-800 
mm, and the ground is usually covered with snow from 
November to April. The mountain hare forms a contin-
uous population all over the boreal forest of Sweden. 
However, population densities are substantially lower 
than for snowshoe hares in the boreal forest of North 
America (Keith 1981, Lindlöf & Lemnell 1981).

Capture and instrumentation 
Adult hares were trapped in spring (February-April) 
using spring-loaded bow nets (Marcström et al. 1989). 
The traps were baited with hay, aspen twigs and salt 
blocks, and were checked in the early morning and late 
evening. All hares captured in spring were classified as 
adults, because it is difficult to distinguish between 
adults and leverets after the age of 6-7 months (Bray et 
al. 2002). Individuals born the previous summer were 
at least seven months old at the beginning of each trap-
ping season, because in the study area the last litter is 
normally born in early July. The adult hares were tagged 
with radio-collars equipped with mortality sensors (Bio
track, UK and AWM, US). 

Leverets were caught on sight during summer (May-
July) with hand-nets or long-nets. Leverets were equipped 
with small (3 g or 10 g) transmitters (Holohil, Canada), 
mounted around the neck with elastic collars. None of 
the leverets carried transmitters weighing > 3% of their 
body weight. Tagging did not affect the leverets’ weight 
development compared with captive leverets, for which 
the daily weight increase was found to be close to 30 g 
(Pehrson & Lindlöf 1984). The median daily weight gain 
for 22 recaptured individuals in our study was 30.0 g 
(interquartile range = 28-33). 

During 1997-2001, we captured 73 adult mountain 
hares (29% females and 71% males) and 48 leverets 
(58% females and 42% males). Leverets were caught 
from 20 separate litters; 13 from the first and seven from 
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the second litter period. Number of in
dividuals caught from each litter 
ranged from one to five. On average, 
2.17 (SD = 1.34) leverets were caught 
from litters of the first litter period and 
3.00 (SD = 1.15) from the second peri-
od. Four leverets were classified as 
being ≤ 10 days old at time of capture, 
39 as being 11-30 days old and five as 
being 31-56 days old.

All handling of animals in the study 
followed the principles and guidelines 
set out by the Swedish National Board 
for Laboratory Animals.

Dispersal of leverets
Leverets were followed from capture 
(as young as four days of age) to a maxi
mum of 37 months of age for one indi-
vidual, and six individuals were fol-
lowed past the start of their first breed-
ing season. Positions of radio-collared 
study animals were collected daily for 
the first month after birth using triangulation and a hand 
held Global Positioning System (GPS). Thereafter posi-
tions were obtained on average (± SE) every 4.1 ± 0.31 
days (N = 33 individuals) for individuals up to 100 days 
of age, and further every 8.0 ± 0.95 (N = 12) and 20.2 ± 
10.2 (N = 9) days for individuals 100-180 and > 180 
days of age, respectively. 

Suckling site locations, i.e. a distinct confined plot 
where each litter was fed by their mother, were deter-
mined by intense monitoring of females feeding their 
young. Distance to the suckling site was calculated for 
all positions of each radio-collared leveret. Mean dis-
tance for every 10-day period was calculated for each 
leveret from birth until death, or up to 180 days of age 
for the individuals that survived that long (N = 8). The 
average of individual mean 10-day values was calculat-
ed for each sex and litter period. Birth dates were esti-
mated from growth curves of captive leverets (Pehrson 
& Lindlöf 1984). 

Individuals were defined to show natal exploratory 
movements the day they were found at a substantial dis-
tance (50-150 m) from their suckling site. This was read-
ily apparent, because the leverets showed very local 
movement patterns during their first weeks of life. We 
defined an exploratory phase as the period of compara-
tively long movements, including regular returns to their 
suckling site. Later the movements gradually decreased 
and the leverets rarely returned to their suckling site, and 
we defined this as the time when the juvenile home range 

was established (Fig. 1). This home range usually over-
lapped the presumed home range of their mother. 
Leverets with a home range that apparently did not over-
lap the home range of its mother were defined as true 
natal dispersers.

Home-range analysis and fidelity of adult hares
We calculated home-range sizes of adults to obtain a 
threshold limit outside which hares were considered to 
have dispersed (natal or breeding dispersal). Locations 
were estimated by triangulation as outlined by Kenward 
(1987) using a hand-held 3-element Yagi antenna. Two 
different methods of home-range estimation were used: 
the fixed kernel method (95% and 50%) for both annu-
al and seasonal estimates (Worton 1989), and the 100% 
Minimum Convex Polygon (MCP; Mohr 1947) for annu-
al home-range estimates only. The fixed kernel estimate 
was used because it has been proven to be one of the 
most reliable estimators of animals’ true range use (Sea
man & Powell 1996). A smoothing factor of 0.71 was 
chosen for all kernel estimates, based on Kenward’s 
(2001) suggestion that a global smoothing parameter 
should be used to compare home ranges. The choice of 
factor was done by first allowing Ranges 6 (Anatrack 
Ltd., UK) to allocate individual specific smoothing 
parameters based on least-square cross validation. We 
then ran a second analysis and manually specified a glob-
al smoothing function calculated as the median smooth-
ing parameter from the first analysis. The MCP method 

0 0.5 1 1.5 2 Kilometres

Figure 1. Early movements of a typical leveret. A natal exploratory phase was defined in time 
as the time from when first found substantially away from their suckling site to establishing a 
juvenile home range. Large dot shows < 30 days (suckling site), solid line 31-70 days (explora-
tory phase) and dotted line 71-90 days (juvenile home range established).
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has been criticised, because it incorporates large unused 
areas and does not make use of other than the outermost 
fixes. We still chose to include it, because it is consid-
ered the only valid method for comparing the results 
with those of other studies (Harris et al. 1990). 

Data from adults that survived > 1 year, with a suffi-
cient number of positions evenly distributed over a whole 
year, were used for annual home-range analysis. Seasonal 
home ranges were estimated separately for adults dur-
ing four biologically important time periods that could 
influence their ranging behaviour, i.e. spring (March-May, 
breeding and moulting), summer (June-August, suckling 
period), autumn (September-November, moulting), and 
winter (December-February, snow cover and fully 
moulted). Within these periods, individuals were fol-
lowed intensively for 10-15 days, sampling 1-2 discon-
tinuous night positions and one day position per 24 
hours. All positions used for kernel estimates were sep-
arated by at least three hours (seasonal) or four days 
(annual) in time to enable the individuals to move 
through their entire home range between consecutive 
sampling occasions, thus minimising the risk of spatial 
autocorrelation. Schoener’s ratio was calculated for all 
individuals in both the seasonal and annual kernel data 
for detection of discriminating autocorrelation (Schoener 
1981, Swihart & Slade 1985). All available fixes were 
used for the annual MCP estimates, including seasonal 
fixes, because this method is not biased by autocorrelat-
ed data (Cresswell & Smith 1992). 

Maximum distance ever moved 
from the arithmetic mean of all posi-
tions of each adult followed for at least 
six months was used as a measure of 
site fidelity. These distances were 
compared with twice the average max-
imum distance between the centre and 
the edge of annual MCP home 
ranges.

Data analyses
Ranges 6 (Anatrack Ltd., UK) was 
used for home-range estimation, 
ArcView GIS 3.2a (ESRI, USA) and 
Animal Movement (Hooge & Eichen
laub 2000) were used for analyses of 
site fidelity and natal dispersal, and 
SAS v. 8.02 (SAS, USA) was used for 
statistical analysis. 

Annual home ranges were pooled 
over years, because we could not detect 
any between-year differences in home-
range size. We were unable to check 

for an asymptote in number of fixes in home-range cal-
culations, as reviewed by Harris et al. (1990), because 
it is difficult to establish an asymptote for a non-territo-
rial generalist herbivore like the mountain hare. To deter-
mine which minimum number of fixes to use, we per-
formed a regression analysis to find a cut-off point where 
there was no positive correlation between home-range 
size and number of fixes. Mean values along with range 
are used to present natal movements and adult home 
ranges, as it was considered most informative. Non-para-
metric tests were used due to small sample sizes (num-
ber of individuals) or extreme outliers. A non-paramet-
ric equivalent to the two-way GLM, the Scheirer-Ray-
Hare test (Scheirer et al. 1976), was used to test the sig-
nificance of differences between seasons and sexes in 
the 95% seasonal home-range data, because the data 
did not fulfill the criteria for a parametric test. When 
pooled seasons contained the same individual, the mean 
value of the individual’s home ranges was used to avoid 
pseudo-replication.

Results

Exploratory movements and dispersal of leverets
The suckling sites were always confined to a small area; 
the females fed their young at the same spot every night. 
On no account were these sites observed to be larger 
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Figure 2. Dispersal distances (in m) of leverets expressed as mean and range for < 180 days, 
after which individual distances are given (N = 6). Filled triangles are a male, all other indi-
vidual symbols represent females. One female (filled squares) was lost from day 187 until 
she was found again day 270. The horizontal reference line is twice the average maximum 
distance between the centre and the edge of annual female MCP home ranges.
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than 4 m2. Leverets started their exploratory phase when 
17-83 days of age (median = 43, N = 24), and there was 
no difference between litters from different litter peri-
ods or between sexes (Wilcoxon two-sample test; litter: 
Z = 0.62, N = 24, P = 0.54; and sex: Z = 0.46, N = 24, 
P = 0.64). Movement distances away from their suck-
ling site increased gradually with age (Fig. 2). Most lev-
erets occasionally returned to their suckling site up to 
the age of 100 days. By 100 days of age all of the indi-
viduals surviving up to 180 days or more (N = 8) had 
settled in what would become their juvenile home 
range.

Mean distance moved was 762 m (range: 43-1,507 m; 
N = 11) at the age of 100 days and did not differ between 
sexes or litter periods (Wilcoxon two-sample test; sex: 
Z = 0.64, N = 11, P = 0.53; and litter: Z = 1.4, N = 11, 
P = 0.16). Mean distance continued to increase somewhat 
between 100 and 180 days, which was explained by for-
mation and expansion of juvenile home ranges (see Fig. 
2).

Mean distance moved at the age 180 days was 1,016 
m (range: 10-2,252 m; N = 8). Only seven leverets sur-
vived beyond 180 days. Four of these, all females, kept 
their juvenile home ranges inside their forthcoming adult 
ranging area for as long as they were followed (range: 
332-1,165 days), with a mean distance moved from their 
suckling site of 1,677 m (range: 1,490-1,939 m) over 
100-1,165 days. None of these four were ever recorded 
> 2,832 m from their suckling site, or > 1,393 m from 
their mean centre of all fixes from the age of 100 days 
and onwards. One male was shot 1,815 m from his birth 
place at the age of 913 days, after his radio-transmitter 
had failed at the age of 180 days. 

Of the seven leverets, two, one male and one female, 
moved again at a later stage, at the ages of 188 and 186 
days, respectively. By that time, they left the juvenile 
home ranges they had used the previous three months, 
after leaving their suckling sites, and moved 4.5 and 5.5 
km from their suckling sites (see Fig. 2). The male was 
killed one month after his second long movement start-
ed. The female was temporarily lost at the onset of her 
second movement; once found again in an established 

home range, she remained there until the transmitter bat-
tery died 351 days after her birth. Six of the leverets were 
thus followed into or past their first breeding season, after 
which the breeding dispersal of adults was studied.

Annual home-range sizes and fidelity of adults
All individuals with at least 19 positions evenly distrib-
uted over one whole year (17 males, 11 females) were 
used for annual home-range analysis. Size of home 
ranges appeared to be saturated at about 20 fixes, and 
increasing the number of fixes (range: 19-111 for MCP 
and 19-45 for kernel) did not significantly increase 
home-range areas (range: 40-631 ha for MCP and 26-
806 ha for kernel; r = 0.20 and r = 0.08, respectively). 
The mean Schoener’s ratio was 1.41 ± 0.39 (SD) for the 
annual kernel data (N = 28), which we considered 
acceptable in accordance with Kenward (2001).

Mean MCP sizes (mean and range) were 280 ha (86-
631) for males and 116 ha (40-315) for females. Male 
and female home ranges differed significantly both for 
the MCP (Wilcoxon two-sample test: Z = 3.01, N = 28, 
P = 0.003) and the 95% fixed kernel estimate (Wilcoxon 
two-sample test: Z = 3.76, N = 28, P = 0.002; Table 1). 
The kernel home-range sizes decreased steeply as the 
outermost positions were eliminated, however, the dif-
ference for 50% fixed kernel home-range size between 
sexes was still highly significant (Wilcoxon two-sam-
ple test: Z = 3.67, N = 28, P = 0.0002; see Table 1).

We followed 46 adult hares (33 males and 13 females) 
to investigate site fidelity. Of these, 16 were followed 
for more than six months, 20 for more than one year, 
nine for more than two years and one for more than three 
years. None of the 46 individuals ever remained for a 
longer period outside their established home range even 
though some temporary long-distance movements were 
found. The most extreme was one male once found 4,775 
m from his home range centre in spring. Annual MCP 
home ranges corresponded to average maximum dis-
tances between the arithmetic centre and the edge of 
1,680 m for males and 1,000 m for females. Using twice 
these distances as measures of extreme outliers, i.e. 
exploratory movements, we found that only three (9%) 

Table 1. Annual and seasonal fixed kernel home range sizes (95% and 50% cores; in ha) of adult mountain hares, expressed as mean with 
N and range given in parentheses. See text for differences between groups.

Season
Fixed kernel home range size

Males 95% Males 50% Females 95% Females 50%
Annual 219 (17, 57-806) 42 (17, 14-95) 66 (11, 26-151) 14 (11, 6-28)
Winter 92 (6, 59-153) 23 (6, 15-31) 47 (3, 7-93) 6 (3, 1-10)
Spring 123 (6, 78-290) 29 (6, 16-76) 68 (7, 33-93) 18 (7, 7-42)
Summer 66 (7, 18-159) 10 (7, 5-16) 40 (7, 8-69) 9 (7, 1-16)
Autumn 39 (8, 16-61) 9 (8, 2-15) 23 (5, 7-45) 5 (5, 2-10)
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of the males and one (8 %) of the females were ever 
recorded outside these boundaries. 

Seasonal home-range sizes
We sampled 49 seasonal home ranges during five years 
and found no correlation between number of fixes 
(range: 22-33) and home-range sizes (range: 7-290 ha; 
r = 0.02). Schoeners ratio was (mean ± SD) 1.21 ± 
0.44.

The Scheirer-Ray-Hare test (F = 23.5, df = 7, P < 
0.002) showed that both sex (P = 0.013) and season (P < 
0.001) had a significant affect on home-range size, 
although there was no significant interaction between 
the two factors (P = 0.928). A Duncan multiple range 
test (P = 0.05) grouped the seasons in two groups: win-
ter-spring and summer-autumn. A sex difference in 
home-range size was found in the winter-spring season 
(Wilcoxon two-sample test: Z = 2.05, N = 21, P = 0.043), 
but not in the summer-autumn season (Wilcoxon two-
sample test: Z = 1.46, N = 17, P = 0.145; see Table 1).

Discussion

Suckling sites were important reference points for the 
litters, because the females always used one particular 
site throughout the suckling period of a litter. The 
females never moved or deserted their young even when 
disturbed, e.g. by capture efforts during suckling. Ap
proximately 20 minutes after being disturbed the litter 
gathered again and the mother returned to continue feed-
ing. One female was observed using the same site for 
two consecutive litters. No third litter period was ob
served during the study, which conforms to expectations 
at this latitude (Myrberget 1983). The suckling sites were 
typically characterised by lush vegetation, probably of 
good nutritional value. 

It is difficult to suggest any factor that determined the 
onset of the exploratory phase, and there was a large 
variation in the age when leverets started to leave their 
suckling site to explore the surroundings. Even though 
they had started exploring, it was not uncommon that 
they returned 2-3 days later to suckle. It was always the 
young that chose not to return to the suckling site, as the 
females continued showing up on their sites 2-3 days 
after the last leveret stopped returning. The distribution 
of distances shows that most leverets moved < 2 km. 
Only two leverets truly dispersed, and both in a second 
distinct movement at similar ages (186 and 188 days of 
age) even though they came from different litter peri-
ods. This second movement is comparable to observa-
tions on grouse species (Schroeder 1986, Willebrand 

1988, Smith 1997). It seems to be the onset of spring 
that triggers this second movement in grouse, whereas 
the hares in our study moved in the winter period (No
vember and January) long before spring and the first 
breeding period in late February - early March. Although 
the sample size is small, it is obvious that both males 
and females can disperse well away from their mothers’ 
home ranges, however, most of them chose not to do so. 
In addition, adult males can show long-distance excur-
sions in spring and all leverets, including the dispersers, 
were within the range of such breeding excursion move-
ments.

Males did not move further during their exploratory 
phase than females, which is inconsistent with the gen-
eral mammalian pattern (Greenwood 1980, Sutherland 
et al. 2000). The rate and distances of natal dispersal 
observed in our study are comparable with those of oth-
er herbivores of similar sizes, usually showing a left 
skewness with a few outliers that move longer distances 
(Sutherland et al. 2000). Onset of dispersal and disper-
sal distances for snowshoe hares reported by Gillis & 
Krebs (1999) are similar to our findings. The extreme 
distances of up to 200 km reported for the mountain hare 
by Sutherland et al. (2000) refer to Angerbjörn & Flux 
(1995), who reported results from released hares that 
had been bred in captivity. 

We were unable to differentiate between juveniles and 
adults caught in late winter and early spring, but in oth-
er studies the proportion of juveniles in winter ranged 
within 47-84% (Angerbjörn & Flux 1995). Because we 
never observed any dispersal in our group of hares, we 
suggest that breeding dispersal is almost non-existent, 
even though some long-distance excursions were record-
ed. These excursions were mostly made by males in late 
winter and spring, presumably to locate females for mat-
ing. Of the males and females followed over one year, 
80 and 23%, respectively, made their longest movement 
from their arithmetic mean centre during late winter or 
spring. The rest of the individuals had their longest move
ment spread evenly over other parts of the year. All of 
the individuals that were found far away from their nor-
mal range were checked within a few days and had 
always returned by then. We conclude that most lever-
ets did not show true natal dispersal according to our 
definition; neither did we observe any breeding disper-
sal. Even the leverets that were classified as true natal 
dispersers were within the range of their parents when 
compared to the distance of occasional exploratory move
ments recorded for adults.

It can be expected that most hares could find increased 
quality and quantity of food and cover by relocating to 
new areas, but we never observed such shifts. Adult dis-
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persal has not been observed in woodland grouse, the 
other dominating small herbivore of this boreal system 
(Willebrand 1988, Smith 1997) either. We suspect that 
the gain in food and/or cover does not compensate for 
the loss of knowledge about secure sites and escape 
routes in an established home range. Thus previous 
knowledge of an area can be an important habitat qual-
ity. 

Adult home-range sizes in our study are comparable 
to those of other studies in Scandinavia (Seiskari 1957, 
Olsson 1997), but larger than those reported from Scot
land (Hewson & Hinge 1990, Hulbert et al. 1996, Rao 
et al. 2003) and Ireland (Wolfe & Hayden 1996). Adult 
males had significantly larger annual home ranges than 
did females, which was due to larger winter-spring home 
ranges. Both sexes had larger winter-spring than sum-
mer-autumn home ranges, as expected from increased 
activity during the breeding season. We found no dif-
ference in summer-autumn home ranges between males 
and females. Consecutive seasonal home ranges of indi-
vidual animals showed a limited overlap, suggesting that 
the hares adjusted their habitat use according to season-
al conditions. Common core areas were often used be
tween seasons, however, and it is possible that they con-
tained some important patches of food or cover that was 
incorporated in the individuals’ home range throughout 
their life; this is being investigated in an ongoing study.

The apparently limited rate of natal dispersal and lack 
of breeding dispersal in the mountain hare suggest that 
population dynamics should show strong local charac-
teristics, even more local characteristics than the grouse 
in the same small-game community, where especially 
females move longer and at a higher rate (Willebrand 
1988, Smith 1997, Warren & Baines 2002). Thus, we 
anticipate that small-game management actions in the 
boreal forest, such as reducing red fox Vulpes vulpes in 
an area (Marcström et al. 1989), would induce a stron-
ger local increase in mountain hare density than in cap-
ercaillie and black grouse. The short movements, low 
rate of true natal dispersal, and strong site fidelity ob
served in our study may not apply to populations in less 
homogenous habitats, e.g. the fragmented agricultural/
forest landscape in mid-Sweden. It is also possible that 
the rate of natal dispersal would increase with higher 
densities as has been suggested by Boutin et al. (1985) 
for snowshoe hares. However, the readily observed mal-
nutrition of snowshoe hares during density peaks has 
never been observed for the mountain hare in the bore-
al forest.

Acknowledgements - we thank Roland Lundgren, Bertil 
Andersson and Yngve Andersson for their excellent assist-

ance in the field. Scott Newey, Tuulikki Rooke and two anon-
ymous reviewers provided helpful comments on the manu-
script. The Swedish Hunters’ Association and the Faculty of 
Forestry, Swedish University of Agricultural Sciences pro-
vided funding for the study.

References

Aars, J. & Ims, R.A. 2000: Population dynamics and genetic 
consequences of spatial density-dependent dispersal in 
patchy populations. - American Naturalist 155: 252-265.

Angerbjörn, A. & Flux, J.E.C. 1995: Lepus timidus. - Mammal
ian Species 495: 1-11.

Ball, J.P., Danell, K. & Sunesson, P. 2000: Response of a her-
bivore community to increased food quality and quantity: an 
experiment with nitrogen fertilizer in a boreal forest. - Journal 
of Applied Ecology 37: 247-255.

Begon, M., Harper, J.L. & Townsend, C.R. 1996: Ecology, indi-
viduals, populations and communities. - Blackwell Science, 
Great Britain, 1068 pp.

Boutin, S., Gilbert, B.S., Krebs, C.J., Sinclair, A.R.E. & Smith, 
J.N.M. 1985: The role of dispersal in the population dynam-
ics of snowshoe hares. - Canadian Journal of Zoology 63: 
106-115.

Bray, Y., Champely, S. & Soyez, D. 2002: Age determination 
in leverets of European hare Lepus europaeus based on body 
measurements. - Wildlife Biology 8: 31-39.

Clobert, J., Danchin, E., Dhondt, A.A. & Nichols, J.D. 2001 
(Eds): Dispersal. - Oxford University Press, New York, 452 
pp.

Clutton-Brock, T.H. 1988: Reproductive success - In: Clutton-
Brock, T.H. (Ed.); Studies of individual variation in contrast
ing breeding systems. University of Chicago Press, USA, 
pp. 472-485.

Cresswell, W.J. & Smith, G.C. 1992: The effects of temporal-
ly autocorrelated data on methods of home range analysis. 
- In: Priede, G. & Swift, S.M. (Eds); Wildlife telemetry, 
remote monitoring and tracking of animals. Ellis Horwood, 
UK, pp. 273-284.

Dice, L.R. & Howard, W.E. 1951: Distance of dispersal by 
prairie deermice from birthplaces to breeding sites. - Univer
sity of Michigan, Contributions from the Laboratory of Verte
brate Biology 50: 1-13.

Engen, S., Lande, R. & Sæther, B-E. 2002: Migration and spa-
tiotemporal variation in population dynamics in a hetero
genous environment. - Ecology 83: 570-579.

Gillis, E.A. & Krebs, C.J. 1999: Natal dispersal of snowshoe 
hares during a cyclic population increase. - Journal of Mammal
ogy 80: 933-939.

Greenwood, P.J. 1980: Mating systems, philopatry and dis-
persal in birds and mammals. - Animal Behaviour 28: 1140-
1162.

Greenwood, P.J. & Harvey, P.H. 1982: The natal and breed-
ing dispersal of birds. - Annual Review of Ecology and 
Systematics 13: 1-21.

13257 WB4_2005-v2.indd   315 01/12/05   14:00:17

Downloaded From: https://complete.bioone.org/journals/Wildlife-Biology on 01 Sep 2024
Terms of Use: https://complete.bioone.org/terms-of-use



316 © WILDLIFE BIOLOGY · 11:4 (2005)

Harris, S., Cresswell, W.J., Forde, P.G., Trewhella, W.J., Wool
lard, T. & Wray, S. 1990: Home-range analysis using radio-
tracking data - a review of problems and techniques partic-
ularly as applied to the study of mammals. - Mammal 
Review 20: 97-123.

Hewson, R. & Hinge, M.D.C. 1990: Characteristics of the 
home range of mountain hares Lepus timidus. - Journal of 
Applied Ecology 27: 651-666.

Hooge, P.N. & Eichenlaub, B. 2000: Animal movement exten-
sion to Arc view ver. 2.0. - Alaska Science Centre-Biological 
Science Office, U.S. Geological Survey, Anchorage, AK, 
USA.

Hulbert, I.A.R., Iason, G.R., Elston, D.A. & Racey, P.A. 1996: 
Home-range sizes in a stratified upland of two lagomorphs 
with different feeding strategies. - Journal of Applied Ecol
ogy 33: 1479-1488.

Hörnfeldt, B. 1978: Synchronous population fluctuations in 
voles, small game, owls, and tularemia in northern Sweden. 
- Oecologia 32: 141-152.

Keith, L.B. 1981: Population dynamics of hares. - In: Myers, 
K. & MacInnes, C.D. (Eds); World Lagomorph Conference, 
Guelph, Ontario, 1979, pp. 345-440.

Kenward, R. 1987: Wildlife radio tagging: equipment, field 
techniques and data analysis. - Academic Press, London, 
222 pp.

Kenward, R.E. 2001: A manual for wildlife radio tagging. - 
Academic Press, London, UK, 311 pp.

Labutin, Y.V. 1960: Predators as a factor in snow hare popu-
lation changes. - In: Naumov, S.P. (Ed.); Investigations into 
the causes and regularities of snow hare population dynam-
ics in Yakutia. Yakutian Branch of Siberian Section, Acade
mic Sciences Press, Moscow, 42 pp. (In Russian, translat-
ed by S. Postupalsky for Department of Wildlife Ecology, 
University of Wisconsin, Madison, USA).

Lindén, H. 1988: Latitudinal gradients in predator-prey inter-
actions, cyclicity and synchronism in voles and small game 
populations in Finland. - Oikos 52: 341-349.

Lindlöf, B. & Lemnell, P.A. 1981: Differences between island 
and mainland populations of mountain hare. - In: Myers, K. 
& MacInnes, C.D. (Eds); World Lagomorph Conference, 
Guelph, Ontario, 1979, pp. 478-485.

Lindström, E.R., Andrén, H., Angelstam, P., Cederlund, G., 
Hörnfeldt, B., Jäderberg, L., Lemnell, P-A., Martinsson, B., 
Sköld, K. & Swenson, J.E. 1994: Disease reveals the pre
dator: sarcoptic mange, red fox predation, and prey popu-
lations. - Ecology 75: 1042-1049.

Marcström, V., Keith, L.B., Engren, E. & Cary, J.R. 1989: 
Demographic responses of arctic hares (Lepus timidus) to 
experimental reductions of red fox (Vulpes vulpes) and mar-
tens (Martes martes). - Canadian Journal of Zoology 67: 658-
668.

Marcström, V., Kenward, R.E. & Engren, E. 1988: The impact 
of predation on boreal tetraonids during vole cycles: an 
experimental study. - Journal of Animal Ecology 57: 859-
872.

Mohr, C.O. 1947: Table of equivalent populations of North 

American small mammals. - American Midland Naturalist 
37: 223-249.

Myrberget, S. 1983: Early reproduction in 1983 of mountain 
hares on Tranoy study area in northern Norway. - Suomen 
Riista 30: 35.

Newton, I. 1989: Lifetime reproduction in birds. - Academic 
Press, UK, 479 pp.

Olsson, G. 1997: Movements, home ranges and habitat selec-
tion of mountain hares (Lepus timidus) in a managed, bore-
al forest. - In: Marboutin, E. & Berthos, J.C. (Eds.); Proceed
ings of the XIIth Lagomorph Workshop. Clermont-Ferrand, 
France, 8-11 July 1996, Gibier Faune Sauvage, Game and 
Wildlife 14: 522-523.

Pehrson, Å. & Lindlöf, B. 1984: Impact of winter nutrition on 
reproduction in captive mountain hares (Lepus timidus) 
(Mammalia: Lagomorpha). - Journal of Zoology 204: 201-
209.

Pulliam, H.R., Dunning, J.B., Jr. & Liu, J. 1992: Population 
dynamics in complex landscapes: a case study. - Ecological 
Applications 2: 165-177.

Rao, S.J., Iason, G.R., Hulbert, I.A.R. & Racey, P.A. 2003: 
The effect of establishing native woodland on habitat selec-
tion and ranging of moorland mountain hares (Lepus timi-
dus), a flexible forager. - Journal of Zoology 260: 1-9.

Scheirer, C.J., Ray, W.S. & Hare, N. 1976: The analysis of 
ranked data derived from completely randomized factorial 
designs. - Biometrics 32: 429-434.

Schoener, T.W. 1981: An empirically based estimate of home 
range. - Theoretical Population Biology 20: 281-325.

Schroeder, M.A. 1986: The fall phase of dispersal in juvenile 
spruce grouse. - Canadian Journal of Zoology 64: 16-20.

Schumaker, N.H. 1996: Using landscape indices to predict 
habitat connectivity. - Ecology 77: 1210-1225.

Seaman, D.E. & Powell, R.A. 1996: An evaluation of kernel 
density estimators for home range analysis. - Ecology 77: 
2075-2085.

Seiskari, P. 1957: Winter home range of the snow hare. - 
Suomen Riista 16: 46-55.

Small, R.J., Marcström, V. & Willebrand, T. 1993: Synchronous 
and nonsynchronous population fluctuations of some pre
dators and their prey in central Sweden. - Ecography 16: 
360-364.

Smith, A.A. 1997: Movement, dispersal and survival patterns 
of Swedish willow grouse (Lagopus lagopus L.). - Dr. Phil. 
thesis, Edward Grey Institute, Department of Zoology, Ox
ford, UK, 168 pp.

Sutherland, G.D., Harestad, A.S., Price, K. & Lertzman, K.P. 
2000: Scaling of natal dispersal distances in terrestrial birds 
and mammals. - Conservation Ecology 4(1): 16. Also avail-
able at: http://www.consecol.org/vol4/iss1/art16

Swihart, R.K. & Slade, N.A. 1985: Testing for independence 
of observations in animal movements. - Ecology 66: 1176-
1184.

Warren, P.K. & Baines, D. 2002: Dispersal, survival and causes 
of mortality in black grouse Tetrao tetrix in northern Eng
land. - Wildlife Biology 8: 91-97.

13257 WB4_2005-v2.indd   316 01/12/05   14:00:17

Downloaded From: https://complete.bioone.org/journals/Wildlife-Biology on 01 Sep 2024
Terms of Use: https://complete.bioone.org/terms-of-use



317© WILDLIFE BIOLOGY · 11:4 (2005)

Willebrand, T. 1988: Demography and ecology of a black 
grouse (Tetrao tetrix L.) population. - PhD thesis, Uppsala 
University, Sweden, 44 pp.

Willebrand, T. & Hörnell, M. 2001: Understanding the effects 
of harvesting willow ptarmigan (Lagopus lagopus) in Swe
den. - Wildlife Biology 7: 205-212.

Wolfe, A. & Hayden, T.J. 1996: Home range sizes of Irish 

mountain hares on coastal grassland. - Biology and Environ
ment-Proceedings of the Royal Irish Academy 96B: 141-
146.

Worton, B.J. 1989: Kernel methods for estimating the utilisa-
tion distribution in home range studies. - Ecology 70: 164-
168.

13257 WB4_2005-v2.indd   317 01/12/05   14:00:17

Downloaded From: https://complete.bioone.org/journals/Wildlife-Biology on 01 Sep 2024
Terms of Use: https://complete.bioone.org/terms-of-use


