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Sex differences in reproductive investment influence space use patterns of many animals. In polygynous mam-

mals, male space use reflects distribution of females and female space use reflects relative distribution of food.

We used radiotelemetry to examine seasonal patterns of home-range size, overlap, and distance traveled by male

and female Chiricahua fox squirrels (Sciurus nayaritensis chiricahuae) from 2002 to 2003. Male and female

home-range and core-area size varied little between nonmating and mating seasons. Female core areas had

a greater percentage overlap by males than by females during mating and nonmating seasons. Males traveled

farther in the mating season and females showed little variation between seasons. Extreme spatial and temporal

fluctuations of food experienced by Chiricahua fox squirrels may result in space use patterns that differ from

those of tree squirrels living in forests with a greater abundance of food.

Key words: Arizona, mating system, reproductive strategy, Sciurus nayaritensis

Sex differences in space use often represent unequal in-

vestments of energy into reproduction by males and females

(Emlen and Oring 1977; Trivers 1972). Differential reproduc-

tive investment is pronounced in polygynous mammals that

lack male parental care (Gittleman and Thompson 1988) and

results in divergent strategies to maximize reproductive success

(Clutton-Brock and Harvey 1978). Male reproductive success

is limited by number of mates, whereas female reproduc-

tive success is limited by conversion of available energy

into offspring (Davies 1991). Consequently, distribution of

fitness-limiting resources influences space use by the sexes

differentially (Clutton-Brock 1989). Male space use reflects

distribution of females, whereas female space use reflects

distribution and abundance of food (Ims 1987).

Sex differences in space use are pronounced in nonterritorial

tree squirrels (e.g., genus Sciurus) because females are re-

ceptive for only 8 h of the mating season (Goodrum 1961;

Koprowski 1998; Thompson 1977) and operational sex ratios

are heavily male-biased (5:1 to 20:1—Steele and Koprowski

2001). Mate competition is high and a limited period of female

receptivity requires males to closely monitor females in estrus

to reduce costs due to missed mating opportunities. Accord-

ingly, males travel long distances in mornings during the

mating season to locate and determine the stage of female

receptivity (Steele and Koprowski 2001). Consequently, male

home-range size and overlap of female home ranges typically

increases during the mating season (Koprowski 1998). Con-

versely, female home-range size and degree of overlap with

other females varies little between mating and nonmating

seasons (Koprowski 1998). Females do not actively search for

mates and instead flee from �30 males that aggressively pur-

sue copulations on her single day of estrus (Koprowski 1993;

Thompson 1977). Lack of sexual dimorphism in tree squirrels

(Gurnell 1987) suggests that resource requirements should be

similar between the sexes during the nonmating season. Thus,

males and females are expected to maintain home ranges of

similar size as food distribution becomes the primary fitness-

limiting resource.

Chiricahua fox squirrels (Sciurus nayaritensis chiricahuae)

are large-bodied (700 to 800 g) tree squirrels endemic to the

Chiricahua Mountains of southeastern Arizona (Best 1995).

Basic information on the ecology of the species is restricted to

scant field notes of early naturalists (Cahalane 1939; Goldman

1933) and recent natural history observations (Brown 1984;

Hoffmeister 1986; Kneeland et al. 1995; Koprowski and Corse

2001). However, Chiricahua fox squirrels are excellent or-

ganisms to test hypotheses related to space use because low

densities of mates (Pasch and Koprowski 2005) are expected to

magnify sex differences. We used radiotelemetry to examine

seasonal patterns of home-range size, overlap, and distance

traveled by male and female Chiricahua fox squirrels. We

predicted a large increase in male home-range size and distance

traveled during the mating season to locate widely dispersed

females, but little variation in female home-range size and
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distance traveled between seasons. We also predicted similar

overlap of male and female home ranges by females between

seasons but increased overlap of male and female home ranges

by males during the mating season.

MATERIALS AND METHODS

Study area.—Chiricahua National Monument (elevation 1,573–

2,228 m) is located along the northwestern terminus of the Chiricahua

Mountains (37,000 ha, maximum elevation 2,986 m) in extreme

southeastern Cochise County, Arizona. Rhyolite pillars and rocky

outcroppings covered by chaparral (Arctostaphylos pungens, Quercus
toumeyi, and Pinus cembroides) dominate the 5,000-ha preserve.

Squirrels live in canyons dominated by pines (Pinus engelmanni,
P. leiophylla, and P. ponderosa), oaks (principally Quercus arizonica,

Q. emoryi, Q. hypoleucoides, and Q. rugosa), alligator juniper

(Juniperus deppeana), and Arizona cypress (Cupressus arizonica—

Brown 1984; Cahalane 1939; Hoffmeister 1986).

Trapping and radiotelemetry.—We captured 43 squirrels (15

females and 28 males) in live traps (model 104, Tomahawk Live

Trap Co., Tomahawk, Wisconsin) baited with peanut butter between

May 2002 and September 2003. We marked squirrels with numbered

metal ear tags and colored washers (1-cm model 1005-3 and model

1842, respectively, National Band and Tag Co., Newport, Kentucky).

We assessed sex, age class, reproductive condition, and body mass of

all squirrels in a cloth handling cone (Koprowski 2002) and radio-

collared adults (those . 670 g; model SOM 2380, ,3% of body mass,

Wildlife Materials, Inc., Carbondale, Illinois). Trapping and handling

were conducted in accordance with guidelines of the American So-

ciety of Mammalogists (Animal Care and Use Committee 1998) and

with approval from The University of Arizona Institutional Animal

Care and Use Committee and permits from Arizona Game and Fish

Department and the National Park Service.

We mapped (eTrex Vista GPS unit, Garmin International, Inc.,

Olathe, Kansas) 126 locations and 63 nest sites (dreys) to use as

telemetry stations. We located squirrels using the intersection of

2 strong signals (25% of locations—White and Garrot 1990) and

homing (75% of locations). Relative indifference to human presence

(Cahalane 1939; Kneeland et al. 1995) facilitated homing on squirrel

locations without influencing movement patterns (Kenward 1987).

Upon sighting a squirrel, we used the nearest telemetry station to

record a bearing and distance to animals and calculated locations with

Distance/Azimuth Tools (Jenness 2003). Narrow canyons allowed

observers to collect all bearings ,150 m from squirrels. We obtained

successive locations at �120-min intervals to ensure spatial and

temporal independence (White and Garrot 1990). We used LOAS

version 2.10 (Ecological Software Solutions, www.ecostats.com) to

calculate squirrel locations from bearings.

Error estimates.—We obtained locations evenly throughout periods

of squirrel activity by prudent scheduling. Numbers of radiolocations

were similar between mating (37.9 fixes 6 6.0 SE) and nonmating

(48.3 6 6.1 fixes) seasons (t ¼ 1.21, d.f.¼ 31, P ¼ 0.24). We acquired

consecutive bearings on focal animals �8 min apart (Cochran 1980)

and used interbearing angles of �708 and �1108 to reduce geometric

error (White and Garrot 1990). We affixed collars on road-killed

Chiricahua fox squirrels at ambient temperature to simulate absorption

of radiosignals (Withey et al. 2001) and placed specimens on tree

limbs to imitate natural squirrel locations. Researchers blind to actual

collar locations obtained bearings on hidden transmitters. Bearing

error between estimated and actual locations was unbiased (�X ¼
�0.788 6 1.1 SE, 1-sample t ¼ �0.71, d.f. ¼ 49, 2-sided P ¼ 0.48)

and precise (SD ¼ 2.9). Mean linear error (17.4 m 6 3.1 SE, 1-

sample t ¼ 5.63, d.f. ¼ 24, 2-sided P , 0.0001) was adequate for our

objectives. Researchers also estimated distances to selected points in

the forest to calculate linear error associated with homing of animals.

Estimated distances were ,1 m of actual locations (�X ¼ 0.25 m 6

0.31 SE, 1-sample t ¼ 0.82, d.f. ¼ 39, P ¼ 0.42).

Data analysis.—Area–observation curves reached an asymptote at

30–35 locations (Kernohan et al. 2001). Thus, data analyses included

animals with �30 locations (�X ¼ 33.2 6 0.52, n ¼ 20) per season. We

included locations of squirrels within dreys only once per squirrel to

avoid artificial clustering of fixes (Gurnell et al. 2001). We determined

duration of seasons (nonmating: mid-June through mid-December;

mating: mid-December through mid-June) from data on reproductive

condition, mating chases, and emergence of offspring.

We used Animal Movement Analysis extension (Hooge and

Eichenlaub 1997) of ArcView (ESRI 1996) to calculate 50%, 85%,

and 95% fixed-kernel estimates (Worton 1989) and selected least-

squares cross-validation to create the smoothing parameter (Gitzen and

Millspaugh 2003). The 85% level represents the core area (Wray et al.

1992) and was selected based on examination of the utilization dis-

tribution in Ranges 6 (Anatrack Ltd. 2003). The 50% and 95% levels

provide additional descriptors of finer- and broader-scale space use

habits and permit comparisons with other studies.

We used XTools (DeLaune 2000) to determine overlap character-

istics among squirrels between seasons. We calculated overlap by

measuring total percentage of an animal’s 85% core area overlapped

by squirrels of same and opposite sex and determined number of

squirrels that overlapped an individual’s core area per season.

We quantified morning distance traveled by randomly selecting

3 days per season when animals were located 3 times between 0500

and 1100 h. We calculated total linear distance traveled between 3 suc-

cessive fixes over the 6-h morning period. Average distance traveled

over 3 days served as an index of daily movement. Such methods

allowed us to incorporate 2 animals that were depredated or disappeared

before we obtained 30 locations.

We conducted all statistical analyses in JMP (SAS Institute Inc.

2002). We log-transformed home-range size, percentage core-area

overlap, and distance traveled to meet assumptions of normality

and homogeneity of variance (Ramsey and Schafer 2002). We used

multifactor analyses of variance with a sex–season interaction to

determine how space use parameters differed between sexes and

seasons. We report means (6 SE) as untransformed values.

RESULTS

Home-range and core-area size during a season had no

interaction with sex of squirrels (Table 1). Both male and

female home-range and core-area size varied little from non-

mating to mating seasons (Fig. 1). Home ranges of males were

TABLE 1.—Multifactor analysis of variance estimating effects of

year, season, and sex on Chiricahua fox squirrel home-range and

core-area sizes in the Chiricahua Mountains, Arizona, May 2002

to September 2003.

d.f.

50% core area 85% core area 95% home range

F P F P F P

Year 1 2.81 0.106 6.45 0.018 5.73 0.024

Season 1 1.43 0.243 1.75 0.197 1.23 0.277

Sex 1 9.41 0.005 11.64 0.002 12.35 0.002

Season � sex 1 0.004 0.951 0.06 0.805 0.02 0.902
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10.0 6 3.0 ha larger and core areas were 6.0 6 1.9 ha larger

than those of females, regardless of year and season (Fig. 1).

Males increased home ranges by 12.4 6 5.9 ha and core areas

by 8.2 6 3.4 ha from 2002 to 2003. Similarly, females

increased home ranges by 2.7 6 2.1 ha and core areas by 1.7 6

1.4 ha from 2002 to 2003.

Percentage overlap of female core areas by conspecifics did

not differ between seasons but was affected by sex (Table 2).

Female core areas were overlapped more by males (69.2% 6

8.9%) than by females (26.1% 6 6.6%) during all seasons (Fig.

2). Percentage overlap of male core areas by conspecifics did

not differ between seasons or sex (Table 2). Males (40.8% 6

8.3%) and females (42.6% 6 6.8%) overlapped male core areas

similarly during both seasons (Fig. 2).

Total number of squirrels overlapping female core areas did

not differ between seasons but was influenced by sex (Table 2).

More males (1.8 6 0.4 animals) than females (0.7 6 0.1

animals) overlapped the core areas of females in both seasons

(Fig. 3). Total number of squirrels that overlapped male core

areas did not differ between seasons or sex (Table 2). Males

had 1.9 6 0.4 males and 1.7 6 0.2 females overlapping their

core area during both seasons (Fig. 3).

Morning distance traveled by squirrels did not vary between

2002 and 2003, regardless of sex and season (F ¼ 0.57, d.f. ¼
1, 47, P ¼ 0.45). Morning distance traveled during a season

was influenced by sex of squirrels (sex–season interaction, F ¼
10.27, d.f. ¼ 1, 48, P ¼ 0.0024). As expected, males traveled

farther during the mating season and females showed little

variation between seasons (Fig. 4).

DISCUSSION

Female space use.—Relative stability of female home

ranges and core areas between seasons parallels space use pat-

terns of other nonterritorial tree squirrels (Gurnell 1987) and

polygynous mammals in general (Ostfeld 1985). During the

mating season, females must procure sufficient energy stores to

endure costs associated with gestation and lactation (Knee

1983). For example, lactating eastern fox squirrels (Sciurus
niger) require .150% more energy than nonreproductive

females (Havera and Nixon 1979). During nonmating seasons,

females attempt to recover energy stores lost through lactation

to increase overwinter survival and maximize future reproduc-

tive success (Havera and Nixon 1980). Accordingly, female

space use patterns reflect distribution and abundance of food

(Ostfeld 1990). Female eastern gray squirrels (S. carolinensis)

and Eurasian red squirrels (S. vulgaris) exhibit stable home

ranges between seasons when food resources are constant

(Kenward 1985; Thompson 1978; Wauters and Dhondt 1992).

The slight increase in home range and distance traveled

during the nonmating season is likely due to decreased food

availability in late spring and early summer (Koprowski 1991).

Summer diet of Chiricahua fox squirrels is more diverse than

winter diet and includes twice as many food species

(Koprowski and Corse 2001). Such dietary diversity likely

translates into an increase in home range to locate seasonally

fruiting trees. Indeed, 1 female regularly traveled .1 km to

forage on Arizona walnuts (Juglans major) in August 2002

and 2003.

TABLE 2.—Multifactor analysis of variance estimating effects of

season and sex on 85% core area overlap characteristics of Chiricahua

fox squirrels in the Chiricahua Mountains, Arizona, May 2002 to

September 2003.

d.f.

Females Males

%

Overlap

No.

individuals

%

Overlap

No.

individuals

F P F P F P F P

Season 1 0.009 0.992 0.048 0.826 0.002 0.959 0.071 0.791

Sex 1 15.19 0.004 8.43 0.006 0.028 0.867 0.28 0.597

Season � sex 1 0.0002 0.988 0.30 0.589 0.19 0.662 1.13 0.293

FIG. 1.—Sizes of seasonal home ranges (95%) and core areas (85%

and 50%) of female and male Chiricahua fox squirrels in the

Chiricahua Mountains, Arizona, May 2002 to September 2003. Error

bars are SE.
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Incomplete overlap of core areas among females is

consistent with observations from other tree squirrels (Gilman

1986; Gurnell 1987). Holarctic tree squirrels are generally

nonterritorial and exhibit overlapping home ranges (Gurnell

1987; Steele and Koprowski 2001). However, females maintain

exclusive areas and expel other females during the mating

season to ensure sufficient energy stores (S. griseus—Gilman

1986; S. niger—Havera and Nixon 1978; S. carolinensis—

Kenward 1985; S. vulgaris—Wauters and Dhondt 1992).

Slight intrasexual overlap suggests that females rarely interact

(Gurnell 1987). Furthermore, low density of Chiricahua fox

squirrels (Pasch and Koprowski 2005) may account for the

extreme spacing of females in our study. Overlap among

females is extremely minor in low-density populations

of western gray squirrels (S. griseus) where patchy resources

result in a highly dispersed population (Linders et al. 2004).

Male space use.—Male home ranges typically enlarge during

the mating season to increase the probability of encountering

estrous females (Koprowski 1998). In eastern gray squirrels,

male home ranges increased dramatically when female density

was reduced experimentally (Kenward 1985). Conversely, the

nonmating season is devoted to recovering fat reserves lost to

reproduction (Steele and Koprowski 2001; Thompson 1977)

and is characterized by reduction in home-range size in many

polygynous species (Lagarde et al. 2003). Because Chiricahua

fox squirrels occur at low densities, we expected a large increase

in home-range size during the mating season. However, males

FIG. 2.—Percentage overlap of Chiricahua fox squirrel 85% core

areas by male and female conspecifics in the Chiricahua Mountains,

Arizona, May 2002 to September 2003. Female core areas were

overlapped more by males than by females during both seasons (P �
0.005). Error bars are SE.

FIG. 3.—Total number of conspecifics overlapping male and female

Chiricahua fox squirrel 85% core areas in the Chiricahua Mountains,

Arizona, May 2002 to September 2003. More males than females

overlapped core areas of females in both seasons (P � 0.01). Error

bars are SE.
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demonstrated no such enlargement and held home ranges and

core areas large and constant. Male Abert’s squirrels (S. aberti—
Halloran and Bekoff 2000), western gray squirrels (Linders et al.

2004), and some populations of eastern gray squirrels (Gurnell

et al. 2001) exhibit seasonal stability in home-range size and

maintain larger home ranges than do females in both seasons

(also see Table 1 in Koprowski 1998:34). Chiricahua fox

squirrels appear to use a similar strategy; male home ranges and

core areas were much larger than those of females throughout

the year. Such stability may enable males to overlap multiple

females in the mating season and encompass richer feeding

patches in the nonmating season to recover energy stores lost

during the mating season (Wauters and Dhondt 1998).

Despite the relative stability of home-range and core-area

size between seasons, male Chiricahua fox squirrels exhibited

a typical pattern of long-distance movements during the mating

season (Gurnell 1987). An increase in distance traveled but not

in home-range size appears to be characteristic of populations

of tree squirrels in western North America. Male western gray

squirrels increase the frequency of long-distance movements

during the mating season, resulting in a greater variance but no

difference in home-range size between seasons (Linders et al.

2004). Such space use patterns explain why males do not over-

lap more females yet slightly increase overlap with other males

through the mating season; males overlap other males as a by-

product of their extensive travels to monitor female receptivity

(Heaney 1984; Steele and Koprowski 2001). However, in low-

density populations, male home ranges may overlap those of

most females in the nonmating season, thus negating the need

to increase home-range size during the mating season (Halloran

and Bekoff 2000).

Conclusions.—Tree squirrel home-range size is negatively

correlated with population density (Heaney 1984; Wauters and

Dhondt 1998) and population density is affected by quality and

quantity of food resources (Don 1983). In general, tree squirrels

living in forests with seasonally abundant and predictable

resources have smaller home ranges than populations where

food supplies are limited (Gurnell 1987). The large home-range

size and low density of Chiricahua fox squirrels is matched

only by western gray squirrels in Washington (Linders et al.

2004), Abert’s squirrels in Colorado (Halloran and Bekoff

2000), and Sherman’s fox squirrel (S. niger shermani) in

Florida (Kantola and Humphrey 1990). Food distribution and

abundance are highly variable within the drought-prone

Chiricahua Mountains, where trees depend on snowmelt and

monsoonal precipitation for production of cone crops (Earl and

Bash 1996; Pase 1969; Vogl et al. 1977). The tremendous

increase in home-range size in 2003 concomitant with a record

low in precipitation (�X2003 ¼ 19.6 cm, �X1909–2002 ¼ 48.8 6 0.8

cm) demonstrates the squirrels’ response to such variability.

Additionally, the diverse diet (22 food items) of Chiricahua fox

squirrels is attributed to living in forests with great spatial and

temporal variation of mast (Koprowski and Corse 2001). Low

food availability requires that squirrels have large home ranges

to meet energy requirements (Ford 1983; Weigl et al. 1989).

Consequently, great variation in food distribution and abun-

dance appears to influence space use patterns of tree squirrels in

forests of western North America differently than species living

in forests with more abundant food resources.
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