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6.2 run 999 permutations of the data, which allowed α = 0.05 
for statistical tests. We report Wilks’ lambda values calculated 
for the observed data along with a chi-square statistic. Wilks’ 
lambda values are the ratio of matrix determinants derived from 
the observed raw and mean-corrected sums of squares of cross 
products of log-ratio differences.

Interaction with man-made features.—To determine whether 
man-made features (roads, oil pads) within the study area were 
avoided by BCFS, we compared home range overlap on roads 
and oilpads to that for randomly located lines and rectangles 
within the study area. To generate random linear features, we cre-
ated a 25 random-points shapefile in ArcGIS then added 2 new 
fields to the shapefile attribute table: “bearing” (random integers 
between 1 and 360)  and “distance” (random integers between 
200 and 2,000), based on the range of road segment lengths 
within the BCFS study area. We used the Bearing Distance to 
Line tool to create lines originating from the random X and Y 
coordinates, whose direction and magnitude were determined by 
the random bearing and distance fields. To generate random rect-
angles, we created a 25 random-points shapefile then used the 
Repeating Shapes ArcGIS plug-in (Jenness 2012) to generate a 
regular array of 70 × 190-m (the average dimension of rectangu-
lar oilpads within the study area) rectangles within the study area 
boundary, specifying a 50% offset and randomized offset direc-
tion of 76.4 degrees. We selected only rectangles intersecting 
this new set of random points for analysis. We used the Tabulate 
Intersection tool in ArcGIS to extract the length of road or ran-
dom line (km) and areal extent of oilpads or random rectangles 
(ha) overlapped by each BCFS home range.

We tested for the effects of season, sex, linear overlap type 
(road or random line), and rectangular overlap type (oilpad or 

rectangle) on the length of the linear feature or the area of the 
rectangle that was overlapped and the proportion of each indi-
vidual’s home range that overlapped a rectangular feature. We 
used lmm with animal ID as a random factor to account for 
repeated observations of the same individual in both seasons 
(package nlme, function lme—R Core Development Team 
2013). For summary statistics, we report means (± 1 SD).

Results

Capture and handling.—From 10 April 2007 to 26 April 
2011, we captured 24 individuals (28 total captures) during 
704 trap days (3.4 captures/100 trap days). Thirteen captures 
occurred during the wet season (1 May–31 October) and 15 
occurred during the dry season (1 November–30 April). Ten 
males (8 adults and 2 subadults) and 10 females (9 adults 
and 1 subadult) were radiocollared. Body mass for adult 
males (n = 10) was 713.0 ± 65.4 g, for adult females (n = 10), 
733.6 ± 50.3 g, for subadult males (n = 2), 492.5 ± 3.5 g, and for 
subadult females (n = 1), 527.0 g; and 1 subadult was not han-
dled and released (estimated < 490 g body mass). Three distinct 
pelage color phases were captured (Fig. 1).

Radiotelemetry and home range estimation.—From 13 
May 2007 to 20 April 2011, 51.2% of our telemetry locations 
(n  =  2,061) were of males, and 48.8% were of females. Mean 
number of telemetry locations per individual was 105.6 ± 105.3 
locations for males and 100.5 ± 55.4 locations for females. Of the 
total telemetry locations, BCFS were visually observed in 41.8%, 
concealed in a nest in 33.8%, and 24.4% were telemetry fixes only.

Season had little effect on mean core (50% KDE) or range 
(95% KDE) sizes (core: F1,10 = 2.13, P = 0.17; range: F1,10 = 2.56, 

Fig. 1.—Color phases of Big Cypress fox squirrels captured from 2007 to 2011 within the Raccoon Point area of Big Cypress National Preserve, 
Florida. A) Orange phase BCFS (n = 17); B) Black phase BCFS (n = 6); C) Tan phase BCFS (n = 1). Photos copyright Ralph Arwood. BCFS = Big 
Cypress fox squirrels.
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P = 0.14). Home range size was most influenced by sex (core: 
F1,15 = 8.46, P = 0.01; range: F1,15 = 12.38, P = 0.003), with 
male home ranges larger than females in each case, especially 
during the wet season (Table 1). For home ranges calculated 
across seasons, mean male ranges were 65.2 ha larger than that 
of females, and mean male cores were 7.7 ha larger than for 
females. Across seasons, male 95% MCP areas were larger 
than females in each case (Table 1).

Home range overlap.—For individual BCFS confirmed to 
overlap in time and space (Fig. 2), the mean percentage of an 
individual’s home range overlapped by another animal’s home 
range did not differ between seasons (Kruskal–Wallis χ2 = 1.26, 
d.f. = 1, P = 0.26) or among dyads (Kruskal–Wallis χ2 = 1.76, 
d.f. = 2, P = 0.41). For individual BCFS that potentially over-
lapped spatially, the mean percentage of an individual’s home 
range overlapped by another animal’s home range did not differ 
between seasons (Kruskal–Wallis χ2 = 0.01, d.f. = 1, P = 0.92) 
but did differ among dyads (Kruskal–Wallis χ2 = 10.68, d.f. = 2, 
P = 0.005). Males potentially overlapped a larger percentage of 
female home ranges compared to other dyads (males overlapping 
females: 51.78% ± 26.22; males overlapping males: 23.15% ± 
8.19; females overlapping females: 14.54% ± 12.42; Fig. 2).

Movements.—Maximum distance between any 2 telemetry 
locations for individuals was 2320.1 m for males and 991.4 
m for females. Maximum distance BCFS moved ≤ 24 h was 
1180.1 m for males and 555.7 m for females. Mean distance 
BCFS moved ≤ 24 h was 237.8 ± 221.5 m for males (n = 219) 
and 138.7 ± 128.2 m for females (n = 209).

Selection of vegetation community  types.—Big Cypress 
fox squirrel telemetry locations and nest site locations were 
spatially clumped together. The number of neighboring 
telemetry fixes within each distance band was higher than 

expected and therefore more clumped than a random dis-
tribution, with the observed number of neighboring telem-
etry fixes falling above the 95% confidence envelope for 
the expected number of neighbors at all distance bands. 
The number of neighboring nest site locations was higher 
than expected and more clumped than a random distribution 
within distance bands < 450 m, with the observed number 
of neighboring nest sites falling above the 95% confidence 
envelope for the expected number of neighbors. At distance 
bands > 450 m, the number of neighboring nest site loca-
tions was similar to a random distribution and not signifi-
cantly higher than expected.

At all orders of selection, the cypress dome vegetation com-
munity type was used at proportions exceeding its availability 
on the landscape, whereas all other vegetation types were used 
at proportions lower than their availability (Fig. 3). Available 
vegetation types within the study area included 42.8% pine for-
est, 31.9% cypress domes, 13.8% cypress prairie, 7.6% pine 
with cypress associates, 2% disturbed, 1.3% hardwood ham-
mock, and 0.8% marsh, yet, 79.8% of the vegetation types 
BCFS used were cypress domes (Fig. 3). The ranking of selec-
tion for vegetation community types is as follows (from high-
est to lowest): 1st-order selection = cypress dome, pine forest, 
hardwood hammock, disturbed, marsh, pine with cypress asso-
ciates, and cypress prairie (1st-order Wilks’ lambda: λ = 0.02, 
χ2 = 81.30, d.f. = 6, P < 0.001); 2nd-order selection = cypress 
dome, pine forest, disturbed, pine with cypress associates, hard-
wood hammock, marsh, and cypress prairie (2nd-order Wilks’ 
lambda: λ = 0.09, χ2 = 41.62, d.f. = 6, P < 0.001); 3rd-order 
selection  =  cypress dome, hardwood hammock, pine forest, 
disturbed, and pine with cypress associates (3rd-order Wilks’ 
lambda: λ = 0.07, χ2 = 45.54, d.f. = 4, P < 0.001).

Interactions with man-made features.—Home range overlap 
with linear features was influenced by overlap type (F1,36 = 4.73, 
P = 0.04) and sex and season (F1,36 = 12.21, P = 0.001). Roads 
were overlapped 0.2 km less than random lines (t36 = −2.17, 
P  =  0.04), male home ranges overlapped 0.63 km more lin-
ear features compared to females (t15  =  1.64, P  =  0.12), and 
female home ranges overlapped roads less in the wet season 
(0.12 ± 0.13 km wet versus 0.16 ± 0.24 km dry), whereas males 
overlapped roads more in the wet season (1.29 ± 1.22 km wet 
versus 0.91 ± 0.77 km dry; Table  2). Male and female home 
ranges intersected roads less than randomly generated lines 
(t16  =  −2.20, P  =  0.04), suggesting that BCFS exhibit some 
road avoidance throughout the year (Table  2; Fig.  4). Home 
range overlap with rectangular features was strongly influenced 
by overlap type (F1,37 = 10.85, P = 0.002), sex (F1,15 = 9.35, 
P = 0.009), but not season (F1,37 = 0.80, P = 0.37). Male and 
female home ranges overlapped on average 1.12 ha more ran-
dom rectangles compared to oilpads (t37  =  3.29, P  =  0.002), 
suggesting that BCFS strongly avoid oilpads throughout the 
year (Table 2; Fig. 4).

Nest  use.—Six nest types were documented among 403 
nests: (1) Stick-cypress bark (n  = 215), (2) Cardinal airplant 
(Tillandsia fasciculata, bromeliad)-cypress bark (n = 180), (3) 
Cabbage palm (Sabal palmetto)-cypress bark and palm frond 

Table 1.—Big Cypress fox squirrel home range (95% MCP, 50% 
fixed kernel, 95% fixed kernel) in hectares by season and sex from 
2007 to 2011 in the Raccoon Point area of Big Cypress National 
Preserve, Florida. Mean MCP and fixed kernels (core, range) are listed 
± SD, with minimum and maximum observations in parentheses. 
MCP = minimum convex polygon.

Season n Core Range

Male
  Wet 7 17.78 ± 18.50 

(3.10–46.05)
95.03 ± 80.22 

(33.63–253.45)
  Dry 4 7.79 ± 7.84 

(1.22–18.97)
60.51 ± 42.84 

(15.23–113.46)
  All 7  8.91 ± 10.48 

(2.03–32.13)
75.60 ± 62.99 

(25.59–204.11)
95% MCP

All 7 91.34 ± 51.93 (28.13–189.52)
Female
  Wet 10 1.32 ± 0.79 

(0.58–3.31)
11.16 ± 3.85 
(5.14–16.73)

  Dry 7 1.43 ± 1.87 
(0.34–5.35)

10.79 ± 11.84 
(2.18–29.61)

  All 10 1.25 ± 1.13 
(0.45–3.94)

10.37 ± 6.17 
(3.07–21.76)

95% MCP
All 10 16.43 ± 5.77 (7.77–26.14)
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fibers (n = 4), (4) Cypress tree defect (splintered trunk)-cypress 
bark (n = 2), (5) Stick-Spanish moss (T. usneoides, n = 1), and 
(6) Bromeliad-Spanish moss (n = 1). No tree cavity or leaf drey 
nests were found. Measured cypress bark nests that had fallen 
to the ground averaged 31.0 cm in diameter. Estimated stick-
cypress bark (or Spanish moss) nest sizes ranged from ≈30 to 
100 cm in diameter. Estimated bromeliad-cypress bark nest 
sizes (and all other nonstick platform nests) ranged from ≈25 
to 50 cm in diameter. Nests were typically located in the upper 

third of the canopy and ≥ 8 m in height. The species and mean 
DBH of nest trees were: (1) Cypress (n = 398) is 30.6 ± 10.8 cm 
DBH, (2) Cabbage palm (n = 4) is 27.5 ± 4.8 cm DBH, and (3) 
Pine (n = 1) is 23.6 cm DBH. Among the BCFS nests found, 
97.5% were located in cypress domes, 1.7% were in pine for-
ests with cypress associates, and 0.7% were in pine forests. 
BCFS nests were generally located in close proximity to each 
other: 58.1% were < 20 m apart, 27.1% were < 10 m apart, and 
11.4% were < 5 m apart. BCFS exhibited diurnal behavior and 

Fig. 3.—Comparison of use versus availability for 7 vegetation types used by Big Cypress fox squirrels from 2007 to 2011, in the Raccoon Point 
area of Big Cypress National Preserve, Florida. Bars represent the mean percentage of each vegetation community type used minus the mean 
percentage of vegetation community type available at 3 orders of selection.

Fig. 2.—Mean (± SD) percent overlap of individual Big Cypress fox squirrel 95% home range kernels by dyad (MF = males overlapping females, 
MM = males overlapping males, FF = females overlapping females) within the Raccoon Point area of Big Cypress National Preserve, Florida. 
Overlaps are summarized for animals that actually overlapped in time and space from 2007 to 2011 (i.e., telemetry data were collected contempo-
raneously) and animals that potentially overlapped spatially (i.e., home ranges were calculated across years and seasons and overlaps calculated 
among all home ranges independent of year and season). Means were calculated from overlapping kernels only.

 by guest on January 27, 2016
http://jm

am
m

al.oxfordjournals.org/
D

ow
nloaded from

 

http://jmammal.oxfordjournals.org/


206	 JOURNAL OF MAMMALOGY	

were typically found occupying nests within ≈1 h of sunset and 
beginning their daily activities ≈1–2 h after sunrise.

Use of food items.—We recorded 702 foraging observations 
involving 12 unique foods: (1) Cypress seed cones (n = 460), 
(2) Pine seed cones (n = 130), (3) Bromeliad floral buds/meri-
stematic stem tissue (n = 84), (4) Pond apple (Annona glabra) 
fruit (n = 13), (5) Cabbage palm fruit (n = 5), (6) Cocoplum 
(Chrysobalanus icaco) berries (n = 2), (7) Eastern lubber grass-
hopper (Romalea guttata, n  =  2), (8) Purple thistle (Cirsium 
horridulum) flowers/seeds (n = 2), (9) Saw palmetto (Serenoa 

repens) berries (n  =  1), (10) Wax myrtle (Myrica cerifera) 
berries (n  =  1), (11) Fungi spp. (n  =  1), and (12) Hog plum 
(Ximenia americana) fruit (n = 1; Fig. 5). Gender was not a 
significant factor in seasonal BCFS food preference and use 
patterns.

Discussion

Cypress domes appear to be critical to the ecology of BCFS at all 
levels of habitat selection (Johnson 1980). Cypress domes were 

Table 2.—Summary of Big Cypress fox squirrel home range kernels (50% core, 95% range) overlapping man-made features related to oil 
extraction infrastructure (roads, oilpads) and randomly generated features (random lines, random rectangles) from 2007 to 2011 in the Raccoon 
Point area of Big Cypress National Preserve, Florida. Overlaps are broken down by season (wet, dry) and sex.

  n Kernel  
probability  

contour 
(%)

Kernels 
intersecting  

road

Kernels  
intersecting  

random linear  
feature

Road  
overlappers  
% of total

Random line  
overlappers  
% of total

Kernels  
intersecting  

oil pad

Kernels  
intersecting  

random  
rectangular 

feature

Oil pad  
overlappers  
% of total

Random  
rectangle  

overlappers  
% of total

Male home 
ranges (all)

7 50 (core) 3 4 42.86 57.14 0 2 0.00 28.57

  7 95 (range) 7 7 100.00 100.00 1 7 14.29 100.00
Female home 
ranges (all)

10 50 (core) 2 2 20.00 20.00 0 1 0.00 10.00

  10 95 (range) 8 7 80.00 70.00 1 4 10.00 40.00
Male home 
ranges (wet)

7 50 (core) 5 3 71.43 42.86 0 3 0.00 42.86

  7 95 (range) 7 7 100.00 100.00 2 7 28.57 100.00
Female home 
ranges (wet)

10 50 (core) 2 2 20.00 20.00 1 1 10.00 10.00

  10 95 (range) 7 8 70.00 80.00 1 4 10.00 40.00
Male home 
ranges (dry)

4 50 (core) 2 3 50.00 75.00 0 1 0.00 25.00

  4 95 (range) 4 4 100.00 100.00 1 4 25.00 100.00
Female home 
ranges (dry)

7 50 (core) 0 0 0.00 0.00 0 1 0.00 10.00

  7 95 (range) 4 5 40.00 50.00 1 2 10.00 20.00

Fig. 4.—Mean (± SD) length (km) of linear features (roads, random lines) and area (ha) of rectangular features (oilpads, random rectangles) over-
lapped by Big Cypress fox squirrel male and female 95% home range kernels from 2007 to 2011, within the Raccoon Point area of Big Cypress 
National Preserve, Florida.
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the only habitat type that was used more than expected (79.8% 
of use although only 31.9% of the landscape). Additionally, 
cypress and cypress-associated bromeliads dominated nest 
sites, nesting materials, and food sources, consistent with 
previous anecdotal information on the species (Jodice 1990, 
1993). Cypress domes provide a dense canopy that enables 
ease of travel during the wet and dry seasons (compared with 
more open wetlands and pine forests—Weigl et al. 1989) and 
may serve as windbreaks during hurricanes or other high wind 
events (Oberbauer et al. 1996). The dense overstory and rela-
tively cool/deep waters of cypress dome interiors also present 
thermoregulatory benefits during warm summer months when 
females are nursing young (Ditgen 1999; Ditgen et al. 2007). 
Survey and monitoring efforts revealed that BCFS construct the 
majority of their nests in discrete cypress domes that meet pine 
forest edges.

Although BCFS are clearly tied to cypress domes, the inter-
vening upland pine matrix provides year-round sources of 
energy-rich foods (e.g., pine seeds) and nest trees (pine and 
cabbage palm) and thus appears to be of substantial importance 
to species persistence, as it is for many fox squirrel subspecies 
in the southeastern United States (Weigl et al. 1989; Kantola 
and Humphrey 1990). Pine forests treated with prescribed fire 
within the study area (Snyder and Belles 2000) have the open 
canopies and low/sparse understories that BCFS prefer (Duever 
et  al. 1986; Humphrey and Jodice 1992; Koprowski 1994a; 
Eisenberg et  al. 2011). Long hydroperiods within cypress 
domes also create open understory and sparse groundcover con-
ditions by hindering the growth of mesophytic species (Duever 
et al. 1986; Ewel 1990). Eastern gray squirrels (Sciurus caro-
linensis), a potential BCFS competitor in more upland habitats 
(Brown 1997), occupy forests with dense understories (Nixon 
et al. 1978; Brown and Batzli 1984; Koprowski 1994a, 1994b). 
Open fire-maintained pine forests punctuated by cypress domes 

with natural long hydroperiods appear to provide the habitat 
conditions that BCFS favor.

Habitat used by BCFS during the daytime appears to be 
related to the availability of seasonal food items. Primary BCFS 
food sources were pine and cypress seed cones and bromeliad 
tissues. Pine seed cones were used year-round, with peak use 
from September to October. Cypress seed cones use by BCFS 
peaked from June to August, when the most common food, pine 
cones, are not yet widely available; thus they provide an impor-
tant seasonal food source during a critical period of resource 
depletion for fox squirrels (Koprowski 1991). The dominant 
use of bromeliad buds and meristematic stem tissue and the 
increased use of berries, fruit, flowers, and fungi from March to 
May coincide with peak cardinal airplant flowering (Nehrling 
1944; Heppner and Frank 1998) and reduced availability of 
pine and cypress seed cones (Bonner 1974; Gunderson 1977; 
Lohrey and Kossuth 1990).

Home ranges of BCFS are extremely large and exhibit 
considerable male-biased sexual dimorphism in size. Male 
BCFS home range size was 76.6% greater than the conspe-
cific Sherman’s fox squirrel (S.  n.  shermani—Kantola and 
Humphrey 1990) and exceeded mean male 95% MCP and 95% 
KDE home range sizes for all subspecies of eastern fox squirrels 
in natural habitats; female BCFS home range size was 37.7% 
smaller than that of female Sherman’s fox squirrels and compa-
rable to females of other conspecifics (Edwards 1986; Powers 
1993; Koprowski 1994a; Connor 2000; Prince 2013). The size 
of male BCFS home ranges dwarfs those of most Holarctic tree 
squirrels except for those that occupy open conifer forests in 
the southeastern (Koprowski 1994a) and western United States 
(Koprowski 1998; Edelman and Koprowski 2006). The rela-
tively large home range areas of male BCFS are likely a result 
of dispersal (Koprowski 1994a; Ditgen 1999) and long-distance 
mating-related movements between widely spaced nest areas 

Fig. 5.—Total male (n = 10) and female (n = 10) Big Cypress fox squirrel food item use (n = 702) percentage per month within the Raccoon Point 
area of Big Cypress National Preserve, Florida, from 2007 to 2011.
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occupied by females at low densities (Williams and Humphrey 
1979; Jodice 1990, 1993; Eisenberg et al. 2011). On average, 
female BCFS had 1.3-ha nonoverlapping core areas centered 
within the boundary of discrete cypress dome nest areas that 
were often separated by > 500 m of pine forest habitat. The 
majority of male movements ≥ 500 m occurred from May to 
August during the breeding period (Jodice and Humphrey 1992; 
Ditgen 1999; Ditgen et  al. 2007). Additionally, males shared 
similar food preferences and use patterns with females, and 
their ranges overlapped those females more than those of other 
males. Despite a lack of sexual dimorphism in body size, male 
tree squirrels of most species, including BCFS (Ditgen 1999), 
have larger home range sizes than females and move greater 
distances (Weigl et  al. 1989; Kantola and Humphrey 1990; 
Koprowski 1998, 2007). The availability of food resources is 
expected to strongly influence space use by females (Ostfeld 
1985), whereas the availability of females is the primary deter-
minant of space use by males (Ims 1987; Clutton-Brock 1989; 
Koprowski 1998, 2007).

The large home ranges traversed by BCFS result in increased 
road crossings and interactions with oilpads, especially among 
males. Roads can decrease connectivity for some species but 
also may serve as travel routes for others (Adams and Geis 
1983; Hellgren et  al. 1991; Fahrig and Rytwinski 2009). 
Although BCFS incorporate roads into their home ranges, we 
show a tendency for avoidance of this habitat element, espe-
cially in males whose home ranges overlapped a smaller linear 
extent of roads compared to randomly generated lines within 
and across seasons. Similarly, the less frequent use of oilpads 
compared to randomly generated sites of similar size and shape 
by both sexes across seasons suggests the potential for strong 
avoidance. Oilpads are generally devoid of significant vegeta-
tion and lack canopy cover (Baynard et al. 2014; Garman and 
McBeth 2014), and oil/gas operations can create chronic loud 
noise conditions (Barber et al. 2010); however, the reason for 
the apparent avoidance remains unclear.

The BCFS is an FWC-Florida State–listed Threatened 
species and meets the International Union for Conservation 
of Nature (IUCN) Red List criteria for a Threatened species 
(FWC 2011). Although our study has provided new informa-
tion on BCFS ecology within cypress dome swamp-pine forest 
mosaic habitats, the ecology and status of the BCFS in other 
natural habitats (e.g., mangrove swamps and coastal broadleaf 
evergreen hammocks—Howell 1919; Moore 1956; Williams 
and Humphrey 1979) are unknown. The rapid decline of for-
ested wetlands (Dahl 2000, 2011) and the threats of changing 
hydrology due to development and increased salinization with 
rising sea levels (Ross et al. 1994; Williams et al. 1999) high-
light the importance of filling such knowledge gaps. Projected 
human population growth in southwestern Florida (Zwick and 
Carr 2006) indicates that habitat degradation, fragmentation, 
and loss will remain the greatest threats to the BCFS (Williams 
and Humphrey 1979; Humphrey and Jodice 1992; Eisenberg 
et al. 2011). The long-term survival of the BCFS will depend 
upon habitat management practices on both private and public 
lands, where the use of prescribed fire, the control of invasive 

nonnative plants/animals, and the maintenance of natural 
hydrologic conditions will be necessary to retain the habitat 
characteristics favored by BCFS.
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