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SEASONAL VARIABILITY IN THE USE OF SPACE BY
WESTERN GRAY SQUIRRELS IN SOUTHCENTRAL
WASHINGTON
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A lack of quantitative information on life history of the western gray squirrel (Sciurus griseus) has hampered
conservation and management efforts across its range. We report on data from 21 squirrels radiotracked in
Klickitat County, Washington, from 1998 to 1999 to examine the interaction between home-range size, sex, and
season. Home-range estimates were calculated by using minimum convex polygon and fixed kernel methods.
Only adult animals with >40 relocations were included in total home-range comparisons. Estimates of 95%
minimum convex polygon home range in Washington averaged 73.0 ha for males (n = 9) and 21.6 ha for females
(n = 12) for year-round use, significantly larger than those from Oregon and California. Differences in home-
range size of males and females were significant. Fixed kernel and minimum convex polygon estimates were
similar in size. We suggest that near the northern limit of the species’ geographic range low species richness, low
abundance, and a patchy distribution of mast-producing vegetation result in large male and female home ranges,

low overlap of female home ranges, and a sparsely distributed squirrel population.
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Home range (Burt 1943) is sensitive to many ecological
attributes including population density, distribution of re-
sources, and spacing of individuals (Harris et al. 1990; Wauters
and Dhondt 1992). Subadult squirrels lack a true home range;
their association with the natal area changes (Don 1983; Gurnell
1987) in the search for an independent locale (Burt 1943). In
contrast, movement patterns of adult squirrels are more stable
over the annual cycle and across years (Cross 1969; Wauters
and Dhondt 1998; Weigl et al. 1989) and provide a more
reliable gauge of population parameters.

Home-range size also may vary by sex and season. Male tree
squirrels may differ from females in size of their home range
(Farentinos 1979; Ingles 1947; Wauters and Dhondt 1998;
Weigl et al. 1989), although this is not always true (Cross 1969;
Foster 1992; Halloran 1993). Tree squirrels are not sexually
dimorphic with respect to body size. Instead, access to females
by males and defense of maternal nest areas by females have
been suggested to explain observed differences in home-range
size (Don 1983; Gurnell 1987; Heaney 1984).
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Don (1983) examined territoriality in tree squirrels and
reported that home-range size is negatively correlated with
population density in Sciurus but home-range overlap is similar
at all densities. Species of Sciurus are associated with
deciduous habitats where seed supplies vary spatially and
temporally (Don 1983; Wauters and Dhondt 1992), conditions
where costs of defending a territory outweigh resource benefits
(Gurnell 1987). However, species of Tamiasciurus are
territorial and associated with conifer habitats where cones
can be cached and defended (Don 1983; Gurnell 1987).

Most studies that have examined home range for the western
gray squirrel (Sciurus griseus) were based on few individuals
and a single season, and nearly all reported small home-range
sizes (<5 ha—Barnum 1975; Gilman 1986; Ingles 1947)
relative to other species of Sciurus (Gurnell 1987; Weigl et al.
1989). Studies that reported larger home ranges (range 1-25
ha—Cross 1969; Foster 1992) lasted >1 season and used data
derived from different techniques (i.e., trapping and telemetry).

The western gray squirrel is the largest native tree squirrel in
its geographic range. Adults are 500-615 mm in total length
and weigh 520-942 g (Carraway and Verts 1994). The species
reaches its northern limit in Washington, where there are few
species of pine and oak compared to Oregon and California
(Brockman 1968; Peattie 1950). Surveys found that squirrels
occur at low densities in Washington (Bayrakci et al. 2001;
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M. J. Linders, in litt.). Once abundant in some areas (Bowles
1921), the western gray squirrel is now restricted to 3 isolated
parts of Washington and is listed as a state-threatened species
(E. A. Rodrick, in litt.).

Like other Sciurus species, the western gray squirrel feeds
primarily on mast and hypogeous fungi, supplementing its diet
with green vegetation and insects (Gurnell 1987; Stienecker
and Browning 1970). Pine nuts and acorns are critical winter
foods that initiate lipogenesis and condition animals against
colder weather (Stienecker and Browning 1970).

In 1998, we initiated a study in Klickitat County,
Washington, to improve our knowledge of western gray
squirrel ecology and factors that may limit its abundance and
distribution. We hypothesized that a low diversity of mast-
bearing trees would increase home-range size (Gurnell 1983;
Heaney 1984; Weigl et al. 1989). We also predicted that males
would move farther to gain access to females during the mating
season and that females would remain closer to maternal nests
(Don 1983; Gurnell 1987; Weigl et al. 1989). Based on patterns
of home range and territoriality (Don 1983), we expected that
a mixed oak—conifer habitat would result in limited home-range
overlap and low population density.

MATERIALS AND METHODS

Study site—This study was conducted on the Klickitat Wildlife
Area, a 5,600-ha reserve in Klickitat County, Washington (45°53'N,
121°3"W). The site was 518 ha with an elevation range of 488 to 560
m. Cool, wet winters and hot, dry summers are typical, with mean
temperatures ranging from —5°C in January to 28°C in July. Annual
precipitation is about 63 cm, with an average snowfall of 108 cm
(Western Regional Climate Center, http://www.wrcc.dri.edu/cgi-bin/
cliMAIN.pl?waglen, http://www.wrcc.dri.edu/cgi-bin/cliMAIN.pl?
wagol2, accessed 16 April 1999). North-facing slopes are
dominated by Douglas-fir (Pseudotsuga menziesii) and ponderosa
pine (Pinus ponderosa), and south slopes are dominated by Oregon
white oak (Quercus garryana), native forbs, and grasses (Franklin
and Dyrness 1973).

Procedure—Trapping of western gray squitrels occurred from
August 1998 through August 1999. Sixty traps were set for a total of
2,731 trap days. We placed wire-mesh live traps (#105, 18 x 18 x 61
cm, and #205, 23 x 23 x 66 cm, Tomahawk Live Trap Co.,
Tomahawk, Wisconsin) baited with whole English walnuts or
hazelnuts near and between active nesting and foraging signs to
establish continuous spatial coverage. Before the 1st session, traps
were wired open during 6 days of prebaiting then opened for 3—5 days
per week for 3 weeks. Because of radiocollar failures and high
mortality, we trapped for 1-10 days every 2—-3 months after 2 days of
prebaiting. Traps were set before sunrise, checked at about 1100 h and
1600 h, and then closed for the night.

We anesthetized captured squirrels with isoflurane (Baxter Anaes-
thesia, Crowthorne, Berks, United Kingdom) and took standard
measurements, including neck circumference to the nearest millimeter
and weight to the nearest 5 g. We examined squirrels for ectoparasites
and reproductive condition and applied numbered ear tags (model
1005-1, National Band and Tag Co., Newport, Kentucky). All
squirrels >675 g were fitted with a 6.5-g or 12-g radiocollar (models
RI-2Csp and SI-2C, Holohil Systems Ltd., Carp, Ontario, Canada).

We approached squirrels by homing in on telemetry signals and
observed them with 10 x 40 binoculars whenever possible. When
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homing in, we discontinued tracking if signal strength decreased
abruptly more than once during pursuit to avoid undue influence on
animal movements. Between August 1998 and December 1999 we
relocated squirrels several times weekly by radiotracking. Our
minimum interval between fixes was 1 h, a period adequate for an
animal to traverse its home range. The average time between
consecutive fixes was 98.8 h £ 17.6 SE (n = 40 animals). We relocated
animals more frequently when they were in mating groups or during
rare events such as long-distance movements and special foraging
bouts. Thirty-eight such circumstances were recorded for 13 radio-
collared animals. In most cases (29 of 38), 1 additional fix was obtained
within the 1-h period. We distributed our relocation effort across the
diurnal period to capture activity and resting periods for each individual.
We used these methods to increase the likelihood of attaining
independence of observations (Otis and White 1999; Swihart and Slade
1997; White and Garrott 1990). We located animals with a 2-element
Yagi antenna, a Telonics TR-4 receiver (Telonics, Mesa, Arizona), and
a Garmin-12 global positioning system receiver (Garmin International,
Inc. Olathe, Kansas). We used real-time differential correction (RDS
3000 FM-receiver, Differential Corrections, Inc., Santa Clara, Cal-
ifornia) to achieve <10 m position accuracy. All locations were
recorded as Universal Transverse Mercator coordinates and plotted on
a 7.5" United States Geological Survey topographical map.

Data analysis —Home-range size was estimated by using 100% and
95% minimum convex polygon (MCP; Mohr 1947) and 95% fixed
kernel (Worton 1989) methods in the software program Ranges V
(Kenward and Hodder 1995). We calculated 95% MCP estimates by
omitting locations farthest from the arithmetic center. For the fixed
kernel method, exploratory analysis was conducted by using least-
squares cross validation to minimize smoothing. However, Ranges V
rarely produced a minimal smoothing parameter for these data; h..,
the program’s default smoothing parameter, was used instead (see
Seaman and Powell 1996). Although the default smoothing parameter
produced contiguous home ranges in only 9 of 21 cases, it was not
adjusted in the interest of minimizing both bias and variability of the
estimates (Worton 1995). We used program default values for all other
analysis options.

To conduct a planned comparison of home-range sizes from
Washington with those from Oregon and California, we screened data
from the literature. All western gray squirrel studies cited herein were
conducted in rural, mixed oak—conifer landscapes. Data on all adult
animals from studies in the literature were included in comparisons of
home-range size, except where Cross (1969) reported that >50% of an
animal’s relocations resulted from trapping. We used 100% MCP
estimates for between-study comparisons of summer, winter, and total
home-range size, because they were common to all studies. Total
home range includes all movements for an individual. Summer and
winter home ranges exclude extensive breeding movements and
special feeding bouts to locally abundant, temporary food sources.
Only adult animals with >40 relocations were included in total home-
range comparisons to control for the effect of sampling intensity on
home-range size (Boulanger and White 1990; Seaman and Powell
1996). In our study an asymptote was achieved at <40 relocations
when individual home ranges were plotted against number of
relocations; seasonal ranges reached an asymptote at 25 relocations.
Mann—Whitney tests (Zar 1996) were used to compare home-range
size between studies.

We derived home ranges for males and females separately. A
reproductive female was dedicated to 1 nest for several weeks, and
was later confirmed to be lactating or to have juvenile squirrels in
close association with her or her nest. Within-study comparisons were
conducted by using 95% MCP and fixed kernel estimates to reduce the



June 2004

TABLE 1.—Comparison of total, winter, and summer 100%
minimum convex polygon home-range estimates (ha) from Klickitat
County, Washington (this study), versus Oregon and California. The
P-values are from Mann—Whitney U-tests (oo = 0.05).

Washington Oregon and California
X + SE n X £ SE n U P
Females
Total 31.6 = 4.7 12 9.1 + 3.3 6 6.0 <0.01
Winter 154 = 32 7 1.8 £ 0.5% 4 0.0 <0.01
Summer  19.5 = 2.8 11 39 + 1.1*° 7 2.0 <0.001
Males
Total 1159 + 25.8 9 14.8 = 2.8% 5 2.0 <0.01
44 *05° 4 00 <001
Winter 302 = 104 5 2.9 + 0.3 3 1.0 0.07
Summer  37.8 * 6.6 6 4.8 + 0.6" 6 0.0 <0.01
2.9 +0.2° 5 0.0 <0.01

# Cross (1969), Oregon.
® Foster (1992), Oregon.
¢ Gilman (1986), California.

influence of outlying points and to stabilize home-range estimates
(Harris et al. 1990; White and Garrott 1990). We used a Mann—
Whitney test to compare home-range size by sex.

To compare movement patterns throughout the annual cycle, we
plotted frequency of consecutive interfix distances by month and
defined the mating season as February through June. Only animals
with >30 locations per season were included to ensure sound
estimates and an adequate sample of animals. We used Mann—
Whitney tests to compare interfix distances and interfix intervals
between sexes. The Wilcoxon sign-rank test (Zar 1996) was used to
compare home-range size between mating and nonmating seasons.

We compared overlap among individual home ranges by using 95%
MCP and fixed kernel estimates. Percentage overlap was averaged by
sex for mating and nonmating seasons. We used the Mann—Whitney
test to assess differences in overlap by sex and Wilcoxon sign-rank test
for seasonal comparisons.

Statistical tests were conducted at oo = 0.05 by using Version 8.0 of
SPSS software (SPSS 1997).

RESULTS

We registered 2,731 trapping sessions (4 h each), capturing
25 female and 25 male western gray squitrels a total of 174
times. Between August 1998 and June 1999, 22 female and 18
male squirrels were fitted with radiotransmitters. Of 3,130
independent telemetry locations, 2,012 were of females and
1,118 were of males. Of the 3,130 total radiolocations noted,
we saw squirrels in 32% (998), squirrels were concealed in
a nest in 39% (1,210), and 29% (922) were telemetry fixes
only. In all but 14 of the latter cases, accuracy of fixes was
estimated at <15 m; we retained the 14 less-accurate locations
because they represented movements outside the animal’s
normal use area. We obtained a sufficient number of locations
to estimate home range for 12 female and 9 male squirrels. All
locations were obtained between 0618 and 2030 h.

One hundred percent MCP home-range estimates from
Washington were significantly larger than those from
Oregon and California in seasonal and year-round comparisons
(Table 1). Male home-range sizes were significantly different
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Fic. 1.—Distances between radiotelemetry fixes, as shown by
frequency distribution of interfix distances for 14 female and 10 male
western gray squirrels in Klickitat County, Washington, during March
1999 (mating season).

among studies, so data were not combined as they were for
females. Home-range sizes of males in winter were not
different, which may reflect a small sample size and high
variance.

We detected no significant difference between 95% MCP
(X =21.6ha = 3.3 SE) and 95% fixed kernel (X =22.1 *= 2.6 ha;
Mann—Whitney U-statistic = 70.0, P = 0.91) estimates for 12
females. Mean home-range size for 9 males also did not differ
between 95% MCP (X = 73.0 = 19.2 ha) and 95% fixed kernel
(X =739 = 169 ha, U = 40.0, P = 0.97) estimates. Mean
number of fixes was not different for males (X = 107 = 19 SE)
and females (X = 144 + 20; U = 41.0, P = 0.26).

When using 95% MCP estimates, 9 males X =73.0=*19.2
ha) had larger home ranges than 12 females (X = 21.6 * 3.3
ha; U = 18.0, P < 0.01). Differences in home-range size
between males (X = 73.9 = 16.9 ha) and females (X = 21.9 *
2.7 ha; U = 18.0, P < 0.01) also were reflected in 95% fixed
kernel estimates.

Home-range size (95% MCP) for 4 males was not
significantly different between mating (X = 115.5 = 36.2 ha)
and nonmating seasons X =369 *96ha; Z=—15P =
0.14), but sample size was low. Seven females with litters also
showed no difference in 95% MCP home-range size between
mating (X = 17.4 * 2.6 ha) and nonmating seasons (X = 19.7
* 3.0 ha; Z = —0.45, P = 0.40).

Females showed limited movement distances (Fig. 1) and
high nest use (M. J. Linders, in litt.) during the mating season.
For males, movement distances peaked at 150 m and again at
>1,000 m (Fig. 1). Average distance between consecutive
fixes was significantly greater for 5 males (X = 359 m = 29
SE) than for 11 females (X = 168 * 17 m) during the mating
season (U = 1.0, P < 0.01). Interfix distances from July to
December of 1999 also were different (U = 11.0, P < 0.05)
between males (X = 277 = 23 m, n = 6) and females (X = 208
* 21 m, n = 10); small sample size prevented a test of interfix
distances in 1998. Interfix intervals did not differ for males (X =
40.5 h = 4.3 SE) and females (X = 33.5 + 2.5 h) during the
mating season (U = 17.0, P = 0.23) and the nonmating season



514 JOURNAL OF MAMMALOGY

(X = 40.6 = 1.8 h for males; X = 44.4 + 2.9 h for females;
U =23.0, P = 0.45).

Ninety-five percent MCP home-range overlap for all
individuals averaged 10.3% = 2.4 SE (n = 24). Same-sex
overlap was significantly lower (U = 30.5, P < 0.05) for
females (X = 3.5 + 0.7%, n = 14) than for males (X = 12.6 =
3.2%, n = 10). Home ranges of males overlapped those of
other squirrels (mating season, X = 32.3 = 4.9%, n = 14;
nonmating season, X = 14.0 * 2.0%, n = 16) significantly
more than home ranges of females overlapped those of other
squirrels (mating season, X = 5.6 + 1.2%, n = 14; nonmating
season, X = 4.0 * 0.8%, n = 16) during both mating (U =
28.0, P < 0.001) and nonmating seasons (U = 21.0, P <
0.001). Home ranges of males overlapped those of other
squirrels significantly more in the mating season than in the
nonmating season (Z = —2.4, P < 0.05). These patterns were
similar for both home-range estimators.

DISCUSSION

Home-range estimates for western gray squirrels in Wash-
ington were the largest yet reported for a North American tree
squirrel (Flyger and Smith 1980; Halloran 1993; Heaney 1984;
Koprowski 1994; Weigl et al. 1989; Wells-Gosling and Heaney
1984). Possible explanations for large home-range size include
poor food resources (quality, quantity, or both) and low
population density (intraspecific competition—Don 1983). The
presence of few large-seeded, mast-producing tree species in
Washington compared to Oregon and California (Gilman 1986;
Ingles 1947; Stienecker and Browning 1970) may limit the
availability of high-quality foods (Sanford 1985; Smith 1981).
Where pine and oak are more diverse, mast failures are less
likely to be concurrent, which may result in a more stable food
supply (Gurnell 1983). Low abundance and a patchy distribu-
tion of mast are typical of low-diversity, open forests,
a condition requiring seed-eating squirrels to travel extensively
(Weigl et al. 1989). The diversity of trees on our site was
similar to that in northern Oregon (Foster 1992) but lower than
on sites farther south (Cross 1969; Gilman 1986; Hall 1979).
Further studies of home range of western gray squirrels in
northern Oregon may reveal similarities with Washington.

Home ranges of Eurasian red squirrels (S. vulgaris) in winter
were not affected by food supply, and home-range size was
more closely tied to population density (Wauters and Dhondt
1998). Other tree squirrel researchers (Cross 1969; Don 1983;
Heaney 1984; Wauters and Dhondt 1998) have found that
home ranges were larger in areas with low population density.
Hall (1979) reported higher densities of western gray squirrels
on sites with greater diversity of mast-producing trees.

The reproductive biology of tree squirrels offers insight into
the large home-range size of males. Female squirrels are in
estrus for only 1 day (Koprowski 1998), and 2-5 males were
present in mating groups we observed. Large home ranges allow
males to maximize their access to females during spring and
early summer coincident with breeding (Don 1983; Gurnell
1987; this study). The distribution of females may reveal much
about differences in home-range size of males. Food supply,
population density, and nest preference all may play a role in
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female spacing patterns (Cross 1969; Gurnell 1987; Wauters and
Dhondt 1992; Weigl et al. 1989). Research on the autecology of
female western gray squirrels could address these questions.

Other explanations for large home ranges of males include
a dispersed food supply in spring and early summer when
staple foods are depleted (Gurnell 1987; Weigl et al. 1989) and
an avoidance of maternal nest territories that are defended
against all other squirrels (Ingles 1947; Wauters and Dhondt
1992). Range shifts in Eurasian red squirrels, especially among
males, were associated with availability of pine cones in June
and July (Lurz and Garson 1998). Beginning in June, both
males and females that we observed fed heavily on new, green
pine cones, as previously reported (Barnum 1975; Stienecker
and Browning 1970; Weigl et al. 1989). Weigl et al. (1989)
reported that home-range size increased when cone supply was
low and patchy.

Females with young have special nest requirements (Gurnell
1987). Western gray squirrels may locate maternal dens in oak
cavities on open slopes hundreds of meters from core areas
(Cross 1969; Linders 2000). However, females foraged in their
core areas, which were dominated by large pines. Behaviors
indicating defense of maternal dens (Gurnell 1987; Ingles
1947) were not detected even though males were observed in
core areas of females. Dens may be isolated to protect young
(Don 1983) rather than to guard food supplies (Cross 1969).
Energy demands of lactation are high (Gurnell 1987; Knee
1983), and females with young may be unable to procure
sufficient resources near maternal nests.

Mating season was distinguished from nonmating season by
increased nest use and decreased distances moved by females
and by more long-range movements by males. Don (1983)
reported similar results for S. carolinensis. In our study, males
increased the frequency of long-distance movements by 2-3
times during the mating season, resulting in greater variance
but no difference in home-range size between mating and
nonmating seasons. This suggests a dispersed use of the home
range by males (Cross 1969; Gurnell 1987; Halloran 1993;
Wauters and Dhondt 1992; Weigl et al. 1989).

The low home-range overlap we report relative to other
studies (Gilman 1986; Ingles 1947; Halloran 1993 for S. aberti)
was pronounced among females. Tamiasciurus species cache
food and defend territories in coniferous habitat but exhibit
overlapping home ranges in deciduous habitats (Don 1983;
Gurnell 1987). Female tree squirrels have nearly exclusive
home ranges (Gilman 1986; Gurnell 1987; Ingles 1947; this
study). In Eurasian red squirrels, core areas of dominant
females center on rich food resources that increase their
reproductive fitness (Wauters and Dhondt 1992, 1995). In our
study, as for female red squirrels in coniferous habitat (Wauters
and Dhondt 1992), reproductive females held well-defined
home ranges, which may indicate nearly exclusive use of high-
quality core area habitat.

ACKNOWLEDGMENTS

Primary funding for this project was provided by the Washington
Department of Fish and Wildlife, United States Fish and Wildlife
Service’s Partnerships for Wildlife Program, Washington’s Volunteer



June 2004

Cooperative Fish and Wildlife Enhancement Program, Washington
Department of Natural Resources, and Champion International
Corporation. The United States Department of Agriculture—Forest
Service Pacific Northwest Research Station provided in-kind support.
We thank our field assistants R. Course, S. Trapp, O. Cussen, S.
Adams, B. McCreary, H. Williams, A. Koch, and M. McCallum.
Helpful comments we received from A. B. Carey and J. L. Koprowski
greatly improved the manuscript. We captured squirrels under
Washington Department of Fish and Wildlife scientific permit number
2479-20 and with Institutional Animal Care and Use Committee
(IACUC) approval at the University of Washington (Approved
1998-2000; http://depts.washington.edu/compmed/iacuc/policies/
index.html).

LITERATURE CITED

BarNuM, D. A. 1975. Aspects of western gray squirrel ecology. M.S.
thesis, Washington State University, Pullman.

Bayrakci, R. T., A. B. Carey, aND T. M. WIiLsoN. 2001. Current
status of the western gray squirrel population in the Puget Trough,
Washington. Northwest Science 75:333-341.

BOULANGER, J. G., aND G. C. WHITE. 1990. A comparison of home-
range estimators using Monte Carlo simulation. Journal of Wildlife
Management 52:310-315.

BowLEs, J. H. 1921. Notes on the California gray squirrel (Sciurus
griseus griseus) in Pierce County, Washington. Murrelet 2:12—13.

BrockMmaN, C. F. 1968. Trees of North America. Golden Press, New
York.

Burt, W. H. 1943. Territoriality and home-range concepts as applied
to mammals. Journal of Mammalogy 24:346-352.

CARRAWAY, L. N., AND B. J. VERTS. 1994. Sciurus griseus. Mammalian
Species 474:1-7.

Cross, S. P. 1969. Behavioral aspects of western gray squirrel
ecology. Ph.D. dissertation, University of Arizona, Tucson.

Don, B. A. C. 1983. Home-range characteristics and correlates in tree
squirrels. Mammal Review 13:123-132.

FArentINOS, R. C. 1979. Seasonal changes in home-range size of
tassel-eared squirrels (Sciurus aberti). Southwestern Naturalist
24:49-62.

FLYGER, V., AND D. A. SMiTH. 1980. A comparison of Delmarva fox
squirrel and gray squirrel habitats and home range. Transactions of
the Northeast Section of the Wildlife Society 37:19-22.

FosTer, S. A. 1992. Studies of ecological factors that affect the
population and distribution of the western gray squirrel in north
central Oregon. Ph.D. dissertation, Portland State University,
Portland, Oregon.

FrRANKLIN, J. F., anD C. T. Dyrness. 1973. Natural vegetation of
Oregon and Washington. Oregon State University Press, Portland.

GiLmAN, K. N. 1986. The western gray squirrel (Sciurus griseus), its
summer home range, activity times, and habitat usage in northern
California. M.S. thesis, California State University, Sacramento.

GURNELL, J. 1983. Squirrel numbers and the abundance of tree seeds.
Mammal Review 13:133-148.

GURNELL, J. 1987. The natural history of squirrels. Facts on File
Publications, Oxford, United Kingdom.

Harr, D. J. 1979. Western gray squirrel studies at the Geysers—
Calistoga Known Geothermal Resource Area. Cal-Neva Wildlife
Transactions 1979:19-26.

HALLORAN, M. E. 1993. Social behavior and ecology of Abert squirrels
(Sciurus aberti). Ph.D. dissertation, University of Colorado,
Boulder.

Harris, S., W. J. CressweLL, P. G. Forpe, W. J. TREWHELLA, T.
WooLLARD, AND S. WrAY. 1990. Home-range analysis using

LINDERS ET AL—HOME-RANGE VARIATION IN SCIURUS 515

radio-tracking data—a review of problems and techniques partic-
ularly applied to the study of mammals. Mammal Review 20:97-
123.

HEeANEY, L. R. 1984. Climatic influences on the life-history tactics and
behavior of the North American tree squirrels. Pp. 43—78 in The
biology of ground-dwelling squirrels (J. O. Murie and G. R.
Michener, eds.). University Nebraska Press, Lincoln.

INGLEs, L. G. 1947. Ecology and life history of the California gray
squirrel. California Fish and Game Bulletin 33:139-157.

KenwarD, R. E., anp K. H. HopDER. 1995. RANGES V: an analysis
system for biological location data. Institute of Terrestrial Ecology,
Furzebrook Research Station, Wareham, Dorset, United Kingdom.

KNEE, C. 1983. Squirrel energetics. Mammal Review 13:113-122.

Koprowskl, J. L. 1994. Sciurus carolinensis. Mammalian Species
480:1-9.

Koprrowski, J. L. 1998. Conflict between the sexes: a review of social
and mating systems of the tree squirrels. Pp. 33—41 in Ecology and
evolutionary biology of tree squirrels (M. A. Steele, J. F. Merritt,
and D. A. Zegers, eds.). Virginia Museum of Natural History,
Special Publication 6.

LiNnDERs, M. J. 2000. Spatial ecology of the western gray squirrel,
(Sciurus griseus) in Washington: the interaction of season, habitat
and home range. M.S. thesis, University of Washington, Seattle.

Lurz, P. W. W., AND P. J. GARsON. 1998. Seasonal changes in ranging
behavior and habitat choice by red squirrels (Sciurus vulgaris) in
conifer plantations in northern England. Pp. 79-85 in Ecology and
evolutionary biology of tree squirrels (M. A. Steele, J. F. Merritt,
and D. A. Zegers, eds.). Virginia Museum of Natural History,
Special Publication 6.

MOHR, C. O. 1947. Table of equivalent populations of North American
small mammals. American Midland Naturalist 37:223-249.

Omis, D. L., anp G. C. WHITE. 1999. Autocorrelation of location
estimates and the analysis of radiotracking data. Journal of Wildlife
Management 63:1039-1044.

PeatTie, D. C. 1950. A natural history of western trees. Houghton
Mifflin Co., Boston, Massachusetts.

SANFORD, C. A. 1985. Food habits and related behavior of the Abert
squirrel. ML.S. thesis, Northern Arizona University, Flagstaff.

SeEamaNn, D. E., aND R. A. PoweLL. 1996. An evaluation of the
accuracy of kernel density estimators for home-range analysis.
Ecology 77:2075-2085.

SmitH, C. C. 1981. The indivisible niche of Tamiasciurus: an example of
nonpartitioning of resources. Ecological Monographs 51:343-363.
SPSS, Inc. 1997. SPSS 8.0 guide to data analysis. SPSS, Inc.,

Chicago, Illinois.

STIENECKER, W. E., AND B. M. BROwWNING. 1970. Food habits of the
western gray squirrel. California Department of Fish and Game
Bulletin 56:36-48.

SwiHART, R. K., AND N. A. SLADE. 1997. On testing for independence
of animal movements. Journal of Agricultural, Biological and
Environmental Statistics 2:48—63.

WAaUTERS, L. A., AND A. A. DHONDT. 1992. Spacing behavior of red
squirrels Sciurus vulgaris: variation between habitats and the sexes.
Animal Behaviour 43:297-311.

Wauters, L. A., aND A. A. DHONDT. 1995. Lifetime reproductive
success and its correlates in female Eurasian red squirrels. Oikos
72:402-410.

Wauters, L. A., aND A. A. DHoNnDT. 1998. Variation in spacing
behavior of Eurasian red squirrels, Sciurus vulgaris, in winter:
effects of density and food abundance. Pp. 71-77 in Ecology and
evolutionary biology of tree squirrels (M. A. Steele, J. F. Merritt,



516 JOURNAL OF MAMMALOGY

and D. A. Zegers, eds.). Virginia Museum of Natural History,
Special Publication 6, 310 p.

WEIGL, P. D., M. A. SteeLE, L. J. SHERMAN, J. C. Ha, anp T. L.
SHARPE. 1989. The ecology of the fox squirrel (Sciurus niger) in
North Carolina: implications for survival in the southeast. Bulletin

of Tall Timbers Research Station 24:1-93.
WELLS-GOSLING, N., AND L. R. HEANEY. 1984. Glaucomys sabrinus.

Mammalian Species 229:1-8.
WHITE, G. C., AND R. A. GARROTT. 1990. Analysis of wildlife radio-

tracking data. Academic Press, San Diego, California.

Vol. 85, No. 3

WorTtoN, B. J. 1989. Kernel methods for estimating the utilization
distribution in home-range studies. Ecology 70:164—168.

WorToN, B.J. 1995. Using Monte Carlo simulation to evaluate kernel-
based home range estimators. Journal of Wildlife Management
59:794-800.

ZAR, J. H. 1996. Biostatistical analysis. 3rd ed. Prentice-Hall, Inc.,
Upper Saddle River, New Jersey.

Submitted 23 May 2003. Accepted 16 July 2003.

Associate Editor was Ronald E. Barry.



