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Abstract Home range size, range overlap, and multiyear site
fidelity were investigated for introduced Siberian chipmunks
(Tamias sibiricus) in a French suburban forest from bimonthly
trapping sessions for 4 years (2004–2007). Annual home
range sizes (100% minimum convex polygon, ±SE) were
estimated from 39 trapping histories of 28 different adult
residents. Males (N=13, 1.86±0.32 ha) had a home range 2.5
times larger than females (N=26, 0.71±0.08 ha); a male home
range included significantly more trapping centers (arithmetic
mean of capture locations) of females (5.5±0.7) than of males
(2.3±0.5). Chipmunks exhibited strong multiyear site fidelity:
mean distance between annual trapping centers of individuals
trapped over two successive years was small (N=82, 26±2 m)
compared to the largest home range length (ranging from 36
to 281 m); overlap between annual home range sizes of
residents was 84±5% (N=11). These results improve our
understanding of the space occupation of this unknown
species in a novel environment.
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Introduction

The Siberian chipmunk Tamias sibiricus Laxmann, 1769
(Rodentia: Sciuridae) is a small ground-dwelling squirrel

originally distributed from northeastern Europe to the
Bering Strait and in the East of Asia (China, Korea, Japan;
Obolenskaya 2007; Ognev 1940). Several papers deal with
the biology and ecology of this squirrel (Kawamichi 1980,
1989, 1996, 1999; Kawamichi and Kawamichi 1993, in
Japan; Obolenskaya 2007; Ognev 1940, in Russia) but little
is known about its spatial behavior. In its native area,
Siberian chipmunks live in different habitats extending
from continental Siberia to temperate regions of Asia
(Obolenskaya 2007; Ognev 1940). Diurnal, solitary, and
sedentary, this rodent uses a nest located principally in a
burrow consisting simply of one entrance, one tunnel, and
one nest chamber where it also hibernates (Kawamichi
1989). It frequently changes nests but stays within the same
home range, which is <1 ha in forest or dense bushy areas;
high overlap of home ranges exists between sexes throughout
the active seasons (Kawamichi 1996). The chipmunk's diet
consists mainly of seeds, buds, young leaves, and animal
matter; they forage more on the ground than in trees and store
food in nests and by scatter hoarding (Kawamichi 1980).

Sold in pet shops in Europe in the 1960s, this squirrel
was accidentally or intentionally released into forests in
Belgium, Germany, Austria, The Netherlands, Italy, and
Switzerland (see Chapuis 2005). In France, the Siberian
chipmunk was found to be naturalized (Richardson et al.
2000) since the late 1970s. Since 2007, 11 populations have
been recorded in the wooded suburban areas of Ile-de-
France and Picardie (Chapuis 2005; Marmet and Chapuis
2005). The consequences of the Siberian chipmunks'
introduction to European forests are poorly documented
(Riegel et al. 2000). In 2004, a research program was
launched in order to study the ecology of this species, its
ability to colonize new habitats, and its potential impacts on
the ecosystem and human health (Chapuis 2005).

The behavioral characteristics of the introduced species
are poorly known. Native and introduced populations
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provide contrasting situations to study the plasticity of
behavioral traits involved in colonization and establishment
processes (Holway and Suarez 1999). Introduced species
also offer significant opportunities to improve our basic
understanding of population biology (Holway and Suarez
1999). The study of spatial patterns may provide informa-
tion on the behavioral component of a species spreading
into a new habitat. Home range size (Burt 1943) and range
overlap provide information on the species ability to use
space and interactions between sexes, thus on the capacity
for reproduction of the population (Boellstorff and Owings
1995; Emlen and Oring 1977; Wauters and Dhonts 1992).
The study of site fidelity provides information on the
capacity of adults to spread (Switzer 1993).

Taking advantage of trapping data collected from 2004 to
2007 using capture–mark–recapture methods in a suburban
forest near Paris, the main aims of this study were (1) to
compare annual home range size of residents according to
sex, (2) to analyze intersexual and intrasexual home range
overlap, and (3) to assess annual site fidelity. The results of
this study provide original observations about the spatial
organization of the Siberian chipmunk introduced into
France. When it was possible, we compare our results with
those from the single available study of a native population
of T. sibiricus in Hokkaido, Japan (Kawamichi 1996).

Materials and methods

Study site

The Forest of Sénart is a 3,200-ha suburban forest located
22 km southeast of Paris (48°39′ N, 02°29′ E; 80 m a.s.l.) in
a temperate climate. To limit public access (about three
million visitors each year), the study was carried out within
a fenced area of 12 ha, the Parc de la Faisanderie (Fig. 1).
In this park, Siberian chipmunks have been present since the
end of the 1990s (G. Spagnol, personal communication).
However, the first observations were carried out in the early
1970s in the western part of the forest 5 km from the
monitored site (see Chapuis 2005). The founders of this
population were pets originally brought over from Korea
(E. Baudry and A. Lissovsky unpublished).

The study site is dominated by oak-hornbeam forest
(CORINE Biotopes: 41.24; Bissardon et al. 1997), with
more open canopy cover in the northern part (5 ha) than in
the southern part (5.5 ha) of the site. Stone-walled buildings
and lawns occupy the remaining 1.5 ha. The dominant tree
species are pedunculate and sessile oaks (Quercus robur, Q.
petraea) and European hornbeam (Carpinus betulus). Other
species include the common lime (Tilia platyphyllos),
blackthorn (Prunus spinosa), wild cherry (Prunus avium),
common hawthorn (Crataegus monogyna), Scots pine

(Pinus sylvestris), aspen (Populus tremula), sycamore
maple (Acer pseudoplatanus), and silver birch (Betula
pendula).

Trapping procedure

Trapping was conducted outside the hibernation period
from March to October 2004, March to November 2005,
February to December 2006, and February to November
2007. The trapping system consisted of live traps (8×8×
26 cm, H.B. Sherman Traps©) sited using a GPS Leitz®
(±1 m) and distributed throughout the study site (distance
between two neighboring traps=38±9 m, N=169; Fig. 1).
Trapping sessions occurred twice a month for two to three
consecutive days in 2004 and three to five consecutive days
between 2005 and 2007. Every day, traps were opened
early in the morning, baited with a mixture of peanut butter
and sunflower seeds, checked four times during the day,
and closed at the end of the afternoon. In 2004, 80 traps
covered the 12 ha, and between 2005 and 2007, 24 traps
were added to the periphery of the 2004 trapping scheme
thereby increasing the trapping area to 14 ha.

Chipmunks captured for the first time were tagged with a
subcutaneous transponder chip (PIT tag) and a numbered
ear tag. At each capture, the chipmunks were weighed
(±1 g) and released at the capture point. Individuals were
aged according to four categories: adult, spring cohort
juvenile (J1), summer cohort juvenile (J2), or an unknown
age. Between February and the beginning of May,
individuals captured for the first time were considered to
be adults. Individuals with a body mass of <70 g at their

Fig. 1 Description of the study site and distribution of traps
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first capture were aged as spring cohort juveniles from the
end of May to the end of July and as summer cohort
juveniles from the end of August to November. For these
individuals, mean body mass curves with 95% confidence
intervals were generated as a function of time in order to
age unknown individuals. According to our data and to that
of Blake and Gillett (1984), spring and summer cohort
juveniles can reproduce during the first period of the
following year. Therefore, all juveniles were considered to
be adults the year following their first hibernation period.
All trapping and handling procedures were conducted in
accordance with French legislation.

Data analysis

We used Ranges 6 software (Kenward et al. 2003) to
estimate annual home range size, home range overlap, and
multiyear site fidelity of adults.

Home range size was estimated using two nonparametric
methods (Powell 2000): 100% minimum convex polygons
(100% MCP; Mohr 1947) and 95% fixed kernels (95% FK;
Worton 1989). Only adults with a home range located within
the trapping network (<33% of trapping locations on the
periphery of the study site) and captured at least 20 times
(see Mares et al. 1980) during at least four consecutive
trapping sessions were used in the analysis. The term
“resident” refers to individuals for which a home range
could be estimated. For each resident, we also measured the
maximum distance between locations where it was trapped.

The percentage of home range overlap could not be
estimated because we could not obtain information on the
home ranges of all individuals in the population. Instead, an
index was calculated in order to distinguish differences
between intersexual and intrasexual home range overlap.
For each resident female and male considered, we estimated
the home range overlap index by counting the number of
other female and male trapping centers (arithmetic mean of
capture locations) present in each resident's home range
(100% MCP). Only the trapping centers of chipmunks
captured at least five times (nontransients) and present
during the same period as the resident were considered.
Thus, we compared the number of female trapping centers
with the number of male trapping centers counted within
the home range of a male and within the home range of a
female. If there is no difference between intrasexual and
intersexual overlap in home ranges, then the number of
female and male trapping centers should not be different
within any given area.

Multiyear site fidelity was estimated for chipmunks
trapped during two consecutive years as the distance
between annual trapping centers. In the analysis, we used
adults trapped at least twice a year. Additionally, we
estimated the percentage of overlap between the two annual

home ranges (100% MCP) for residents trapped in two
successive years using the second year as the base for the
calculation.

Statistical analysis

Due to our small sample sizes and a lack of normality in the
data distribution, we used nonparametric statistics (Siegel
and Castellan 1988). As excluding repeated observations of
the same animal did not change the results, these additional
observations were kept in the statistical analyses. The
Spearman rank correlation coefficient, ρ, was calculated to
fit home range size as a function of the number of locations
and number of days of monitoring (i.e., number of days
between first and last capture of the animal). We used the
Wilcoxon matched-pair test, T+, to compare the mean home
range sizes estimated from 100% MCP and 95% FK, the
mean annual home range sizes of residents trapped in two
consecutive years (multiyear site fidelity analysis) and the
mean number of male and female trapping centers within
resident home ranges (overlap index analysis). For unpaired
data, the Mann–Whitney U test was used to compare the
mean distance between annual trapping centers between
sexes (multiyear site fidelity analysis). Deviance analysis of
our generalized linear model (McCullagh and Nelder 1989)
using a Poisson distribution and logarithm link function
was performed to explore variations in home range size
according to sex and year. Calculations were made using
the Genstat 6.0 software (Genstat 5 Committee 1994) and
all mean values are presented with ±1 SE.

Results

During the study period, we recorded 6,420 captures and
recaptures. The number of unique individuals trapped each
year increased from 156 in 2004 to 337 in 2007 (Table 1).
The number of adults was similar in 2004 (N=68) and 2005
(N=76) and in 2006 (N=123) and 2007 (N=116) (Table 1).
For adults, the sex ratio (females/males) was always
skewed in favor of females (2004, 1.2; 2006, 1.5; 2007,
1.3), particularly in 2005 where 2.5 times more females
than males were trapped. The number of young varied
depending on the year and season. Generally, more young
were trapped in spring (J1) than in summer (J2) except in
2006 (Table 1).

Home range size

Home range size was estimated for one individual in 2004, six
in 2005, and 16 individuals both in 2006 and 2007 (Table 2;
Fig. 2). No significant correlations were found between the
number of trapping locations or the number of days of
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monitoring and estimated home range size using either 100%
MCP (N=39, ρ=0.036, NS and N=39, ρ=−0.107, NS,
respectively) or 95% FK (N=39, ρ=−0.155, NS and N=39,
ρ=−0.117, NS, respectively). Estimated mean home range
size (Table 2) were not significantly different between the
two methods for resident females (N=26, 100% MCP=
0.71±0.08 ha; 95% FK=0.69±0.09 ha; T+=163.0, NS), but
were significantly higher (T+=20.0, P<0.05) for resident
males when calculated using 95% KF (N=13, 1.86±0.32 ha)
rather than 100% MCP (1.71±0.30 ha). Consequently, in
order to simplify our discussion, we will only use 100%
MCP estimates hereafter (Fig. 2). Home range size ranged
from 0.05 to 1.81 ha for resident females and from 0.80 to
4.48 ha for resident males.

The maximum distance between trapping locations
ranged from 36 to 246 m for females (N=26, 136±10 m)
and from 134 to 281 m for males (N=13, 189±12 m). In
2006 and 2007, home range size varied according to sex of
the residents, but not with year (Table 3). Males had a home
range (N=11, 1.80±0.34 ha) that was on average 2.5 times
larger than that of females (N=21, 0.71±0.07 ha). Due to
the few number of individuals, data obtained in 2004 (one
female) and in 2005 (four females and two males) were not
considered in this analysis.

Home range overlap index

Using the 39 home ranges estimated between 2004 and
2007, we compared the number of trapping centers of males
and females found inside each range. Within the home
range of resident males (N=13), the mean number of
female trapping centers (5.5±0.7) was significantly higher
than the mean number of male trapping centers (2.3±0.5;
T+=0.0, P<0.05). Conversely, within the home range of
resident females (N=26), the mean number of female
trapping centers (1.7±0.3) was not significantly different
from the mean number of male trapping centers (1.3±0.2;
T+=80.50, NS).

Multiyear site fidelity

Among the 68 adult individuals trapped in 2004, 28 were
trapped again in 2005, with 20 at least twice a year. In
2006, we trapped 39 of the 76 adults trapped in 2005 with
31 at least twice a year. In 2007, 38 of the 123 adults
trapped in 2006 were captured with 31 at least twice a year.

In the 2004 to 2005 comparison, the mean distance
between annual trapping centers was significantly higher for
males (N=5; 42±9 m) than for females (N=15; 24±4 m;

Table 1 Number of unique individuals trapped between 2004 and 2007 in the Forest of Sénart, according to year, sex, and age

Year Trapping area (ha) Trapping events Age class Total number of individuals

Adult J1 J2 Unknown

F M F M F M F M

2004 12 657 37 31 21 16 18 22 5 6 156

2005 14 1,609 54 22 44 52 18 13 5 7 215

2006 14 1,856 74 49 5 7 42 52 2 7 238

2007 14 2,299 65 51 59 59 29 48 7 19 337

F female, M male, J1 spring cohort juvenile, J2 summer cohort juvenile

Year Sex Number of residents Mean number of Mean home range size (ha)

Locations Daysa 100% MCP 95% FK

2004 F 1 20 189 0.16 0.26

2005 F 4 49±9 195±8 0.85±0.40 0.53±0.21

M 2 44; 24 185; 213 1.36; 1.14 1.84; 0.98

2006 F 10 45±6 138±15 0.70±0.10 0.65±0.14

M 6 40±7 124±26 1.84±0.61 1.98±0.66

2007 F 11 40±8 140±20 0.72±0.12 0.83±0.18

M 5 37±6 195±23 1.74±0.47 1.89±0.45

2004–2007 F 26 43±4 149±11 0.71±0.08 0.69±0.09

M 13 38±4 163±17 1.71±0.30 1.86±0.32

Table 2 Mean home range size
of Siberian chipmunks estimated
by 100% MCP and 95% FK
methods for resident females
and males trapped in the Forest
of Sénart between 2004 and
2007

a Number of days between first
and last capture
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U=12.0, P<0.05). There was no significant difference
between the sexes in 2005 to 2006 (males: N=7, 32±5 m;
females: N=24, 23±3 m; U=47.0, NS) and in 2006 to 2007
(males: N=11, 26±7 m; females: N=20, 24±4 m; U=109.0,
NS). The distance between annual trapping centers ranged
from 3 to 88 m (N=82, 26±2 m).

The annual home ranges of ten residents, eight females
and two males, trapped during two consecutive years (one
female was trapped three consecutive years, thus N=11)
overlapped by 84±5%. The mean distance between annual
trapping centers was 18±5 m (N=11). The mean home range
size of the eight females decreased significantly (T+=1.0,

×
×
×

× ×

× ×

×
× ×

×
×

×
×

×
×

×

×

×
×

×

×
×

×
×

×

×

×
×

× ×

×

×

×
×

× ×
×

×
×

×
×

×
×

×

×

×

×

×

×

×

×

×
×

×

×

×

×

×
×

×

×

×

×
×

×

× ×
×

×
×

××

×

× ×
×

×

×

×

×

×

×

× × × × ×
×

×

×

×

×

×

×

×

×

×
×

×

×

×

× ×

×
×
×

× ×

× ×

×
× ×

×
×

×
×

×
×

×

×

×
×

×

×
×

×
×

×

×

×
×

× ×

×

×

×
×

× ×
×

×
×

×
×

×
×

×

×

×

×

×

×

×

×

×
×

×

×

×

×

×
×

×

×

×

×
×

×

× ×
×

×
×

××

×

× ×
×

×

×

×

×

×

×

× × × × ×
×

×

×

×

×

×

×

×

×

×
×

×

×

×

× ×

×
×
×

× ×

× ×

×
× ×

×
×

×
×

×
×

×

×

×
×

×

×
×

×
×

×

×

×
×

× ×

×

×

×
×

× ×
×

×
×

×
×

×
×

×

×

×

×

×

×

×

×

×
×

×

×

×

×

×
×

×

×

×

×
×

×

× ×
×

×
×

××

×

× ×
×

×

×

×

×

×

×

× × × × ×
×

×

×

×

×

×

×

×

×

×
×

×

×

×

× ×

×
×
×

× ×

× ×

×
× ×

×
×

×
×

×
×

×

×

×
×

×

×
×

×
×

×

×

×
×

× ×

×

×

×
×

× ×
×

×
×

×
×

×
×

×

×

×

×

×

×

×

×

×
×

×

×

×

×

×
×

×

×

×

×
×

×

× ×
×

×
×

××

×

× ×
×

×

×

×

×

×

×

× × × × ×
×

×

×

×

×

×

×

×

×

×
×

×

×

×

× ×

×
×
×

× ×

× ×

×
× ×

×
×

×
×

×
×

×

×

×
×

×

×
×

×
×

×

×

×
×

× ×

×

×

×
×

× ×
×

×
×

×
×

××

×

×

×

×

×

×

×

×

×
×

×

×

×

×

×
×

×

×

×

×
×

×

× ×
×

×
×

××

×

× ×
×

×

×

×

×

×

×

× × × × ×
×

×

×

×

×

×

×

×

×

×
×

×

×

×

× ×

×
×
×

× ×

× ×

×
× ×

×
×

×
×

×
×

×

×

×
×

×

×
×

×
×

×

×

×
×

× ×

×

×

×
×

× ×
×

×
×

×
×

×
×

×

×

×

×

×

×

×

×

×
×

×

×

×

×

×
×

×

×

×

×
×

×

× ×
×

×
×

××

×

× ×
×

×

×

×

×

×

×

× × × × ×
×

×

×

×

×

×

×

×

×

×
×

×

×

×

× ×

0     50   100   150  200 Meters

Females 

2005

Males 

2005

Females 

2006

Females 

2007

Males 

2006

Males 

2007

EW

S

×
×
×

× ×

× ×

×
× ×

×
×

×
×

×
×

×

×

×
×

×

×
×

×
×

×

×

×
×

× ×

×

×

×
×

× ×
×

×
×

×
×

×
×

×

×

×

×

×

×

×

×

×
×

×

×

×

×

×
×

×

×

×

×
×

×

× ×
×

×
×

××

×

× ×
×

×

×

×

×

×

×

× × × × ×
×

×

×

×

×

×

×

×

×

×
×

×

×

×

× ×

×
×
×

× ×

× ×

×
× ×

×
×

×
×

×
×

×

×

×
×

×

×
×

×
×

×

×

×
×

× ×

×

×

×
×

× ×
×

×
×

×
×

×
×

×

×

×

×

×

×

×

×

×
×

×

×

×

×

×
×

×

×

×

×
×

×

× ×
×

×
×

××

×

× ×
×

×

×

×

×

×

×

× × × × ×
×

×

×

×

×

×

×

×

×

×
×

×

×

×

× ×

×
×
×

× ×

× ×

×
× ×

×
×

×
×

×
×

×

×

×
×

×

×
×

×
×

×

×

×
×

× ×

×

×

×
×

× ×
×

×
×

×
×

×
×

×

×

×

×

×

×

×

×

×
×

×

×

×

×

×
×

×

×

×

×
×

×

× ×
×

×
×

××

×

× ×
×

×

×

×

×

×

×

× × × × ×
×

×

×

×

×

×

×

×

×

×
×

×

×

×

× ×

×
×
×

× ×

× ×

×
× ×

×
×

×
×

×
×

×

×

×
×

×

×
×

×
×

×

×

×
×

× ×

×

×

×
×

× ×
×

×
×

×
×

×
×

×

×

×

×

×

×

×

×

×
×

×

×

×

×

×
×

×

×

×

×
×

×

× ×
×

×
×

××

×

× ×
×

×

×

×

×

×

×

× × × × ×
×

×

×

×

×

×

×

×

×

×
×

×

×

×

× ×

×
×
×

× ×

× ×

×
× ×

×
×

×
×

×
×

×

×

×
×

×

×
×

×
×

×

×

×
×

× ×

×

×

×
×

× ×
×

×
×

×
×

××

×

×

×

×

×

×

×

×

×
×

×

×

×

×

×
×

×

×

×

×
×

×

× ×
×

×
×

××

×

× ×
×

×

×

×

×

×

×

× × × × ×
×

×

×

×

×

×

×

×

×

×
×

×

×

×

× ×

×
×
×

× ×

× ×

×
× ×

×
×

×
×

×
×

×

×

×
×

×

×
×

×
×

×

×

×
×

× ×

×

×

×
×

× ×
×

×
×

×
×

×
×

×

×

×

×

×

×

×

×

×
×

×

×

×

×

×
×

×

×

×

×
×

×

× ×
×

×
×

××

×

× ×
×

×

×

×

×

×

×

× × × × ×
×

×

×

×

×

×

×

×

×

×
×

×

×

× ×

0     50   100   150  200 Meters

Females 

2005

Males 

2005

Females 

2006

Females 

2007

Males 

2006

Males 

2007

EW

S

N

EW

S

Fig. 2 Home ranges (100% MCP) of six resident Siberian chipmunks
(two males and four females) in 2005, 16 (six males and 10 females)
in 2006, and 16 (five males and 11 females) in 2007 trapped in the

Forest of Sénart. Shaded home ranges and thickened lines have been
used for clarity. Trap stations locations are represented by crosses

Table 3 Deviance analysis of generalized linear models exploring the
variation in home range size of resident chipmunks according to sex
and year (2006 and 2007)

Source of variation df Deviance p value

Total 31 16.82 <0.01

Sex 1 7.40 <0.01

Year 1 0.05 NS

Sex × year 3 7.42 <0.001

Selected model is italicized
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p<0.05) between the first year (0.88±0.17 ha) and the
second year (0.55±0.09 ha).

Discussion

Hayne (1949) underlined difficulties in interpreting trap-
ping data to define home range size. Trap spacing, bait
food, grid size, shape and placement, or even trap shy and
trap happy behavior may affect estimates (Andrzejewski
2002; Jewell 1966). In addition, obtaining sufficient
locations per individual to assess home range size is often
difficult. However, for easy-to-capture species like chip-
munks, capture–recapture techniques allow for the moni-
toring of individuals on longer time scales, even over
several years, as well as the study of occupation of space
including a greater number of individuals than other
methods such as radiotelemetry.

Although the MCP method is the most commonly used
technique because it is easy to draw and useful in
comparing different studies, it is highly sensitive to sample
size (see Powell 2000). In order to minimize the effect of
sample size on the estimates, we chose to calculate annual
home range size to have enough number of captures per
individuals. Ranges obtained with a minimum of 20
locations (Mares et al. 1980) and over at least four
consecutive trapping sessions, i.e., 2 months, were not
correlated with the number of locations or the number of
days of monitoring, suggesting the good reliability of
estimates. We are aware that home ranges for chipmunks
can vary seasonally, even from week to week (Martinsen
1968). Unfortunately, despite the frequency of trapping
sessions, our data are insufficient to analyze the effect of
seasonality on the size and use of home ranges.

According to our results, adult male chipmunks had a
mean annual home range 2.5 times larger than those of
adult females in 2006 and 2007 in the Forest of Sénart.
Kawamichi (1996) also reported adult male home ranges to
be 1.7 times larger than those of adult females in a native
Siberian chipmunk population found in a coastal oak forest
in Northern Japan. Differences in home range size between
sexes has also been observed in other sciurids (e.g., Sciurus
vulgaris, Wauters and Dhonts 1992; Sciurus griseus,
Linders et al. 2004). In the only other publication on the
ecology of an introduced population of Siberian chipmunk
in Europe, Geinitz (1980) found that females had larger
home ranges than males. However, this study was based on
a small number of individuals and locations observed over
a short period of time within a small area, all of which may
have biased the results. In Tamias striatus, a species closely
related to T. sibiricus, such a difference have been relied
upon extension of male home ranges during the breeding
seasons (Bowers and Carr 1992). Other studies indicate that

male and female chipmunks have the same home range size
(Lacher and Mares 1996; Mares et al. 1982) but the study
periods did not correspond to the breeding season.
Additionally, resident males had more adult female trapping
centers than adult male centers within their home ranges,
whereas there was no difference within resident female
home ranges. Since estimating home range size for all
individuals within the population was not feasible, we
chose to calculate an index to examine how sex differences
influence the establishment of chipmunk home range.
These results show that range overlap is different between
sexes; the overlap between a male home range and its
neighbor females is more frequent than overlap between
female home ranges or between male home ranges. This
difference is not due to a lower density in males because
there is no difference between the numbers of trapping
centers of either sex in home ranges of resident females.
These results are also in agreement with the observations of
Kawamichi (1996) who used the number of burrows as an
indicator of overlap between home ranges.

For chipmunks, mates and the distribution of food
resources are the main factors influencing home range use
(Bowers and Carr 1992; Martinsen 1968; Yahner 1978). In
polygynous and promiscuous species, intersexual differences
in home range size may be due to different strategies
concerning these limiting resources (Edelman and Koprowski
2006). During the reproductive period of Siberian chip-
munks, the principal limiting resources are food for females
and estrous females for males (i.e., females are receptive
only 1 day per reproductive period; Kawamichi and
Kawamichi 1993). Despite the fact that home range sizes
were estimated without regard to the breeding season in our
study, differences in home range size and range overlap exist
between the sexes in this introduced population of T.
sibiricus. Therefore, by having a large home range and a
high degree of range overlap with females, males can
increase their chances of meeting and fertilizing females
and maximize their reproductive success. According to these
results, it appears that this species has a promiscuous mating
system.

Food quality, predation avoidance, and burrow or refuge
availability can affect the home range size of sciurids
(Edelman and Koprowski 2006; Harestad and Bunnel 1979;
Lacher and Mares 1996; Mares et al. 1976; Martinsen 1968;
Wauters and Dhonts 1992). The home range size of squirrel
species can also vary with density (Forsyth and Smith
1973; Lurz et al. 2000). According to the few data that we
disposed, it appears that when number of trapped adult
Siberian chipmunks increase between years, mean home
range size tends to increase for males and decrease for
females. Males may expand their home ranges to encounter
more females, but we need more data to demonstrate a
potential effect of density on home range size.
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Site fidelity reflects stability in spatial use, either in
resources availability or social organization in ground
squirrels (T. striatus, Elliott 1978; Lacher and Mares
1996; Spermophilus spp., Boellstorff and Owings 1995;
Harris and Leitner 2004). From the individuals trapped
during two consecutive years (41%, 51%, and 30%
between 2004 and 2005, 2005 and 2006, and 2006 and
2007, respectively), we showed that the distances between
annual trapping centers were small (ranged from 3 to 88 m)
relative to the largest home range length for both sexes
(ranged from 36 to 246 m for resident females and from
134 to 281 m for resident males). For this analysis, we used
animals with at least two captures by years in order to have
the greatest number of individuals. Of course, we cannot
consider the individuals who disappeared from the study
area. It is probable that they move partially out of the area.
The largest distance between annual centers observed in our
14-ha study site was 88 m, a relatively small distance
compared to the size of the study area. Annual home ranges
of resident Siberian chipmunks overlapped on average by
84%. We can thus suggest that the Siberian chipmunk
shows strong multiyear site fidelity. Moreover, the observed
yearly decrease in the home range size of females would
indicate a better exploitation of their range. Kawamichi
(1989) demonstrated that this squirrel tends to stay in the
same place despite frequent changes in nest sites. He also
showed that the distance between burrows is relatively
short and that males travel over greater distances than
females. For the Eastern chipmunk, the distance between
annual trapping centers is small relative to the home range
size for both sexes (Lacher and Mares 1996).

Ecological studies of introduced populations can reveal
shifts in the biological traits of a species toward its new
habitat, a process involved in the successful colonization
and expansion of the distributional range of a small
population. According to our results, the occupation of
space by adult Siberian chipmunks introduced to the Forest
of Sénart seems similar to that of the Japanese native
population. The males use larger home ranges than females,
and the population shows a high rate of range overlap
between the sexes and strong multiyear site fidelity.
However, the first individuals introduced into France came
from Korea where the subspecies (T. sibiricus orientalis)
differs from the Japan subspecies (T. sibiricus lineatus,
Ognev 1940); a recent study even suggested that T.
sibiricus from South Korea could be considered to be a
separate species (Lee et al. 2008). To compare space
occupation between a native and an introduced population
of Siberian chipmunk, it will be essential to have data from
the Korean population.

The behavior of adult chipmunks is thus related to a high
stability of space use across years, which could reduce or
inhibit the rate of spread of the population. The potential

ability of this introduced species to spread now needs to be
investigated by studying the dispersal of young, which can
elsewhere be influenced by stability of adults.
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