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Abstract: Home range size quantifies space needed by an animal in a given area and
time. Because fox squirrel (Sciurus niger) home range estimates in the Southeast are
rare, I radio-monitored fox squirrels to determine their seasonal and composite (i.e.,
total duration of monitoring) home range size in southwest Georgia between March
1998 and September 1999. There was no sex by season interaction (P =0.11). Male sea-
sonal and composite home ranges (35.8±4.4 ha and 37.0±3.6 ha, respectively) were
larger (P <0.001) than female home ranges (seasonal = 13.3±1.5 ha, composite
=21.0±6.3 ha). Seasonal home ranges were largest (34.3±5.9 ha) during March-May
of 1998 and smallest (5.9± 1.2 ha) during January-February of 1999. Southeastern fox
squirrels require more space than midwestern fox squirrels, perhaps a result of patchily
distributed and/or temporally variable food supplies. Food abundance and breeding be-
havior may explain seasonal variation in home range size.
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In many areas of the Southeast, fox squirrel populations are declining. Most fox
squirrel research, however, has taken place in the Midwest. Midwestern fox squirrels
are ecologically different from southeastern fox squirrels, and management recom-
mendations derived from midwestern studies may not apply to southeastern subspe-
cies (Loeb and Moncrief 1993, Tappe and Guynn 1998). Therefore, fox squirrel re-
search is needed to specifically address management needs of this species in the
Southeast.

It is important to quantify space use patterns to assist in effective management of
fox squirrels, yet there are few home range estimates of southeastern fox squirrels
(Hilliard 1979,Edwards 1986, Weigletal. 1989, Kantola and Humphrey 1990). There-
fore, I initiated a study to estimate home ranges of fox squirrels in southwest Georgia.
My objectives were to provide estimates of seasonal and composite (i.e., calculated
from all telemetry locations associated with an animal) fox squirrel home ranges and
to determine if fox squirrel home ranges varied between sexes and among seasons.

I. Godbois, T. Story, L. Welch, B. Plowman, W. Cotton, and B. Massery assisted
with data collection. D. Miller, B. Rutledge, and G. Conner provided editorial advice.
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M. Chamberlain, D. Guynn, M. Whiting, and an anonymous reviewer greatly im-
proved the manuscript. The Joseph W. Jones Ecological Research Center and the
Woodruff Foundation funded this project.

Methods

Study Area

The study took place on Ichauway, the 12,000-ha former hunting plantation of
Robert W. Woodruff and current research site of the Joseph W. Jones Ecological Re-
search Center. Ichauway is located in Baker County, Georgia, approximately 20 km
south of Newton, Georgia. Prescribed fire was used to maintain a longleaf pine
(Pinus palustris) dominated overstory and a herbaceous understory. Scattered indi-
vidual hardwoods and hardwood patches existed within the longleaf matrix, and
these hardwoods provided valuable mast for wildlife. Oak (Quercus spp.) mast pro-
duction was excellent during fall and winter 1997-1998 and was considered average
during fall and winter 1998-1999 (unpubl. data). Additionally, historical manage-
ment for northern bobwhite (Colinus virginanus) resulted in a diverse habitat mosaic
of interspersed food plots and small weedy openings within the forested matrix.
Rainfall averaged 132 cm/year, and average daily temperature was 11 C during win-
ter and 27 C during summer. Although both fox squirrels and gray squirrels (5. carol-
inensis) were found on the study site, gray squirrels were generally restricted to
hardwood-dominated sites, and the 2 species were seldom found together (Conner et
al. 1999).

Animal Capture and Monitoring

Squirrels were captured in wooden box traps (Baumgartner 1940) baited with
dried corn. I periodically placed traps in areas known to have fox squirrels and
trapped squirrels throughout the study period (i.e., there were no defined trapping
seasons).

I placed captured squirrels into a nylon mesh bag. Squirrels were then sedated
using either Methoxyflorane or Ketamine hydrochloride. While squirrels were se-
dated, I determined sex, took standard measurements, affixed ear tags, and aged
squirrels following Weigl et al. (1989). Finally, I attached a radiotransmitter collar
(Telemetry Solutions, Walnut Creek, Calif.) to a sample of captured adults. All squir-
rels were released at the capture site after recovery from anesthesia. All trapping and
handling followed Animal Care and Use Committee (1998) recommendations as ap-
proved by the American Society of Mammalogists. Radio-tagged squirrels were lo-
cated 5:2 times/week using triangulation from known reference points.

I partitioned a calendar year into 5 seasons based on changes in native food
availability and fox squirrel diets (Weigl et al. 1989). I defined early spring
(Mar-May) as the period that corresponds with spring green-up. Late spring
(Jun-Jul) is a period of low natural food abundance. Longleaf pine seed is an impor-
tant food item to fox squirrels (Loeb and Moncrief 1993), and seed production peaks
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during August-September (Wahlenberg 1946). Therefore, I defined summer as Au-
gust-September, the period of pine seed production. I defined fall as October-De-
cember, corresponding with the period of greatest acorn availability. Finally, I de-
fined winter as January-February, a period marked by a gradual reduction in hard
mast availability.

Data Analysis

Because home range estimates are sensitive to number of locations, I restricted
composite home range estimates to squirrels with >30 locations (Seaman et al.
1999). However, I calculated seasonal home ranges using a minimum of 10 locations,
thus seasonal home ranges were only considered an index of relative space use and
were not used to determine amount of space required by a squirrel. I used the 95%
adaptive kernel method (Worton 1989) in HOME RANGER (Hovey 1999) to esti-
mate composite and seasonal home ranges.

I used a 1 -way analysis of variance (ANOVA) on rank transformed data (Con-
over and Iman 1981) to determine if composite home range sizes differed between
sexes. I used a 2-factor ANOVA on rank transformed data (Conover and Iman 1981)
to determine if seasonal space use varied as a function of season, sex, or their interac-
tion. I used Student-Newman-Keuls' test to compare seasonal home ranges (Steel
and Torrie 1980).

Results

I calculated composite home ranges for 71 (27 M, 44 F) fox squirrels. Male
composite home ranges (37.0±3.6 ha; x ±SE) were larger (Fi,69=35.84, P <0.001)
than female composite home ranges (21.0±6.3 ha).

Although fox squirrels were monitored from early spring 1998 through fall 1999,
the number of squirrels monitored during fall 1999 was too few (N=4) to warrant sta-
tistical analysis. Therefore, seasonal home ranges were only analyzed for 8 seasons

Table 1. Average home range sizes (ha) of fox squirrels and number of squirrels
monitored in southwest Georgia between March 1998-September 1999. Standard errors are
shown in parentheses.

Season3

Early spring 1998
Late spring 1998
Summer 1998
Fall 1998
Winter 1999
Early spring 1999
Late spring 1999
Summer 1999

Male

45.7 (8.3)
52.1(16.7)
45.9(13.5)
37.8 (6.0)
10.2(3.9)
11.9(3.2)
18.2(0.7)
28.8(10.5)

N

9
9

11
11
6
7
2
2

Female

29.7 (7.4)
14.8(1.7)
10.5(1.6)
12.2(2.6)
4.4 (0.7)
8.5(1.5)

12.2(3.7)
6.8(1.7)

N

22
21
23
22
18
17
10
7

Combined

34.3 (5.9) Ab

26.0 (5.9) B
22.0 (5.2) BC
20.8 (3.3) B C
5.9 (1.2)D
9.5 (1.4) CD

13.2 (3.2) BC
11.7(3.9)C

a. Early spring = March-May, late springs June-July, summer = August-Septemer, fall = October-December, and winter =

January-February.

b. Means with different letters are significantly different (P <0.05).
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(i.e., early spring 1998-summer 1999). The number of squirrels used in seasonal
analyses ranged from 9 (2 M, 7 F) during summer 1999 to 34 (11 M, 23 F) during
summer 1998 (Table 1). Number of locations/squirrel within a season ranged from 15
during winter 1999 to 21.6 during fall 1998. I did not detect an interaction
(̂ 7,181 = 1-69, P=0.11) between sex and season effects in the ANOVA. Therefore, I
examined main effects of sex and season while averaging the other main effect (Steel
and Torrie 1980). Male seasonal home ranges (35.8±4.4 ha) were larger (Fi.isi =43.5,
P <0.001) than female seasonal home ranges (13.3 + 1.5 ha). Home range sizes dif-
fered (̂ 7,181 = 10.91, P -=0.001) seasonally. Home ranges (34.4±5.9 ha) were larger
(P <0.05, SNK multiple range test) during early spring 1998 than during other sea-
sons. Home ranges (5.9±1.2 ha) were smaller (P <0.05, SNK multiple range test)
during winter 1999 than during other seasons with the exception of early spring 1999.

Discussion

Home range estimates provide a means to determine the amount of space re-
quired by an animal to survive and reproduce (Burt 1943). Because home range size
is influenced by a variety of factors (e.g., habitat quality, density of the population
being studied, behavioral mechanisms, etc; Don 1983), multiple estimates of home
range size for a particular species are needed to ensure management decisions are
made using the appropriate spatial scale. Fox squirrel home range estimates are rare
in the literature, and there are few estimates of fox squirrel home range size in the
Southeast (Hilliard 1979, Edwards 1986, Weigl et al. 1989, Kantola and Humphrey
1990). The results of this study are useful for describing a range of "normal" values
for fox squirrel home ranges in the Southeast.

Composite home ranges for fox squirrels in southwest Georgia were similar to
home ranges reported elsewhere in the South. In Georgia, Hilliard (1979) determined
fox squirrel home ranges averaged 15 ha (range =6-31 ha). Fox squirrel home
ranges in South Carolina averaged approximately 32 and 19 ha for males and fe-
males, respectively (Edwards 1986). In North Carolina, composite home ranges of
male fox squirrels averaged 18 ha, whereas female home ranges averaged 3 ha
(Weigl et al. 1989). In Florida, Kantola and Humphrey (1990) estimated home ranges
of 43 ha and 17 ha for male and female fox squirrels, respectively. Midwestern fox
squirrels, however, have much smaller home ranges (Koprowski 1994). For example,
Indiana fox squirrel home ranges averaged 3 ha for males and 4 females (Sheperd
and Swihart 1995) and Illinois fox squirrel home ranges averaged 2 ha for males and
1 ha for females (Benson 1980).

The patchy, unpredictable, food supply best explains the larger composite home
rage size of southeastern fox squirrels relative to midwestern fox squirrels (Weigl et
al. 1989, Kantola and Humphrey 1990). Because food availability varies spatially
and temporally, southeastern fox squirrels may be required to shift space use to take
advantage of temporally available food. Moreover, because food abundance varies
temporally, large home ranges may permit southeastern fox squirrels to sample more
habitat patches to locate temporally available food.
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Figure 1. Seasonal home range sizes of fox squirrels monitored in southwest Georgia
between March 1998-September 1999. Error bars represent ± 1 standard error. Season 1 =
early spring (Mar-May) 1998, 2= late spring (Jun-Jul) 1998, 3= summer (Aug-Sep) 1998,
4= fall (Oct-Dec) 1998, 5= winter (Jan-Feb) 1999, 6= early spring, 1999, 7= late spring
1999, 8= summer 1999.

Male composite home ranges were nearly twice the size of female home ranges,
and male seasonal home ranges were nearly 3 times larger than female seasonal
home ranges. Others (Weigl et al. 1989, Kantola and Humphrey 1990) have observed
similar differences in home range size between sexes. Because there is little sexual
dimorphism in fox squirrels, body size does not explain sex-specific differences in
home range size. Behavioral mechanisms (e.g., males searching for mating opportu-
nities, females caring for young, etc.) are likely responsible for the difference in
home range size between sexes.

Male seasonal home ranges were largest from early spring-fall 1998 (Fig. 1).
Weigl et al. (1989) suggested that male fox squirrels wander over relatively large
areas during breeding season in search of females. Peak breeding in fox squirrels
generally occurs during late winter/early spring, and a second breeding season often
occurs during summer/fall (Loeb and Moncrief 1993). Fox squirrel reproduction is
linked to food availability (Weigl et al. 1989, Loeb and Moncrief 1993), and there
was an excellent acorn crop during the fall prior to this study (i.e., fall 1997). This
mast crop may have initiated breeding activity that led to large male home ranges
during the early portion of this study.

The patchy yet locally abundant distribution of mature oaks may have been re-
sponsible for smaller fox squirrel home ranges during winter. Acorn production
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peaked during late November and early December (unpubl. data), and fox squirrels
concentrated their activity around oaks during this period, resulting in smaller winter
home ranges.

Management Recommendations and Future Research

Southeastern fox squirrels maintain larger home ranges than midwestern fox
squirrels. Managers should take large home range requirements and variability of na-
tive foods into consideration when managing for fox squirrels. Acorns and pine seeds
are both seasonally important to fox squirrels (Weigl et al. 1989, Loeb and Moncrief
1993). Integrated forest/wildlife management should focus on the interspersion of
hard mast producers within pine matrix. Pure stands of either hardwoods or pines
should be avoided in favor of mixed pine/hardwood forest, and special attention
should be paid to the juxtaposition of mature pine and hardwood habitats.

Future research should explore the relationship between fox squirrel home range
size and habitat quality. Because spatial and temporal food availability is thought to
affect southeastern fox squirrel home range size (Weigl et al. 1989, Kantola and
Humphrey 1990), supplemental feeding experiments should be used to better under-
stand the relationship between fox squirrel home range size and food abundance.
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