Importance of Scalein Nest-Site Selection by Arizona Gray Squirrels

Author(s): Nichole L. Cudworth and John L. Koprowski

Source: Journal of Wildlife Management, 75(7):1668-1674. 2011.
Published By: The Wildlife Society

URL: http://www.bioone.org/doi/full/10.1002/jwmg.194

BioOne (www.bioone.org) is a nonprofit, online aggregation of core research in the biological, ecological,
and environmental sciences. BioOne provides a sustainable online platform for over 170 journals and books
published by nonprofit societies, associations, museums, institutions, and presses.

Y our use of this PDF, the BioOne Web site, and all posted and associated content indicates your acceptance of
BioOne's Terms of Use, available at www.bioone.org/page/terms_of _use.

Usage of BioOne content is strictly limited to personal, educational, and non-commercia use. Commercial
inquiries or rights and permissions requests should be directed to the individual publisher as copyright holder.

BioOne sees sustainable scholarly publishing as an inherently collaborative enterprise connecting authors, nonprofit publishers, academic institutions,
research libraries, and research fundersin the common goal of maximizing access to critical research.


http://www.bioone.org/doi/full/10.1002/jwmg.194
http://www.bioone.org
http://www.bioone.org/page/terms_of_use

The Journal of Wildlife Management 75(7):1668-1674; 2011; DOI: 10.1002/jwmg.194

Note

Importance of Scale in Nest-Site Selection by
Arizona Gray Squirrels

NICHOLE L. CUDWORTH,1 School of Natural Resources and the Environment, The University of Arizona, 325 Biological Sciences East,

Tucson, AZ 85721, USA

JOHN L. KOPROWSKI, School of Natural Resources and the Environment, The University of Arizona, 325 Biological Sciences East,

Tucson, AZ 85721, USA

ABSTRACT Nests provide a place for individuals to rest, raise young, avoid predators, and escape inclement
weather; consequently, knowledge of habitat characteristics important to nest placement is critical for
managing species of conservation concern. Arizona gray squirrels (Sciurus arizonensis) are endemic to
mountains of southwestern United States and northwestern Mexico. We investigated factors influencing
nest-site selection at 4 spatial scales (forest-type, nest-site, nest-tree, and within-canopy placement) to
provide ecological information and management recommendations for this sensitive species. Nest densities
were 2.6 times higher in riparian than pine-oak woodlands. Nest sites had more large trees, snags, logs, and
canopy cover and had lower slope. Arizona gray squirrels selected tall trees with more interlocking trees and
tended to place nests adjacent to the main trunk. Regardless of scale, Arizona gray squirrels seemed to select
nesting areas for their ability to provide protection from predators and the elements as well as access to food.
Consequently, maintaining large trees with closed canopies and downed logs should be considered when

determining land management plans. © 2011 The Wildlife Society.
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Nests are widely recognized for their importance to repro-
duction (e.g., Martin and Roper 1988, Wilson 1998, Madsen
and Shine 1999, Rauter et al. 2002, Benson et al. 2008).
However, for mammals, nests may provide year-round ben-
efits to adults. Nests and burrows provide a place to rest, raise
young, avoid predators, and escape inclement weather
(Mahan and Yahner 1996, Steele and Koprowski 2001,
Henner et al. 2004, Wolton 2009). Given the benefits of
nests and because nest sites have been suggested to impose
limitations on density and reproduction in a variety of mam-
mals (Doncaster and Woodroffe 1993, Carey et al. 1997,
Magoun and Copeland 1998, Smith et al. 2007, but see
Carey 2002), knowledge of habitat characteristics important
to nest placement is critical to conserve species of concern.
Tree squirrels are an excellent group for ecological study
because they are common, highly detectable, and dependent
upon mature forests for food and nest sites (Gurnell 1987,
Steele and Koprowski 2001); consequently, squirrel abun-
dance and behavior may serve as ecological indicators of
environmental change (Carey 2000, Steele and Koprowski
2001, Koprowski 2005). Three types of nests are commonly
used by squirrels: ground nests, cavity nests, and leaf
nests lined with grass, moss, and fur, also known as dreys
(Gurnell 1987). Dreys (hereafter nests) are constructed and
maintained by individual squirrels (Gurnell 1987), thus
individuals can be more selective in nest placement.
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Arizona gray squirrels (Sciurus arizonensis) inhabit the
Madrean Archipelago of southwestern United States and
northwestern Mexico, an area recognized for high biodiver-
sity and endemism for many taxa (Hoffmeister 1986, Felger
and Wilson 1995, McCord 1995, McLaughlin 1995, Turner
et al. 1995). Arizona gray squirrels are endemic to riparian
areas of deciduous and mixed forest at elevations >1,120 m
(Brown 1984, Best and Riedel 1995). Despite being federally
listed as threatened in Mexico as a consequence of habitat
loss (Alvarez-Castafieda and Patton 1999) and the subspe-
cies in the Catalina Mountains in Arizona (S. a. catalinae)
being listed as sensitive by the United States Forest Service
(Best and Riedel 1995), data on the species are sparse. In fact,
with only 2 publications in the primary ecological literature
(Frey et al. 2008, Cudworth and Koprowski 2010), the
International Union for the Conservation of Nature
(IUCN) designated the species data deficient (IUCN
2009). A better understanding of the ecology of the
Arizona gray squirrel may enhance understanding of envi-
ronmental conditions necessary to promote forest health;
however, no information exists on nest-site selection by
Arizona gray squirrels.

Our objective was to investigate factors influencing nest-
site selection and determine at what scale Arizona gray
squirrels select nest areas. The scale at which nest-site selec-
tion is analyzed has not been consistent in other tree squirrel
studies (Snyder and Linhart 1994, Taulman 1999, Menzel
et al. 2004, Edelman and Koprowski 2005, Salsbury 2008).
Therefore, we examined multiple scales: forest-type,
nest-site, nest-tree, and within-canopy nest placement to
determine selection criteria at each scale.
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STUDY AREA

We investigated nest-site selection by Arizona gray squirrels
in the Huachuca Mountains in southwestern Cochise
County, Arizona, USA. The Huachuca Mountains are
approximately 26,000 ha and vary from 1,500 m to
2,880 m in elevation; Arizona gray squirrels are the only
tree squirrel in the mountain range (Cockrum 1960, Brown
1984, Hoffmeister 1986). We delineated 3 distinct forest
types: Madrean pine-oak, mixed conifer, and riparian wood-
lands. Madrean pine-oak forest and woodlands were domi-
nated by Chihuahua pine (Pinus leiophylla), Apache pine
(P. engelmannii), ponderosa pine (P. ponderosa), silverleaf
oak (Quercus hypoleucoides), and Arizona white oak
(Q. arizonica). Emory oak (Q. emoryi), Gambel oak
(Q. gambelis), alligator juniper (Juniperus deppeana),
Douglas-fir (Pseudotsuga menziesii), pifion pine (Pinus
edulis), manzanita (Arctostaphylos pungens), and Arizona ma-
drone (Arbutus arizonica) were also present at lower densities.
Mixed conifer forests and woodlands were dominated by
Douglas-fir, southwestern white pine (Pinus strobiformis),
ponderosa pine, white fir (Abies concolor), and aspen
(Populus tremuloides). Riparian woodland and shrublands
were dominated by Arizona sycamore (Platanus wrighti),
Fremont cottonwood (Populus fremontii), Arizona walnut
(Juglans major), velvet ash (Fraxinus velutina), and bigtooth
maple (Acer grandidentatum). New Mexican locust (Robinia
neomexicana), box-elder (Acer negundo), and sandbar willow
(Salix exigua) were also present (Wallmo 1955, Felger et al.
2001, United States Geological Survey [USGS] 2005).

METHODS

Nests are highly visible and reliable indicators of squirrel
presence (Bouffard 1982, Don 1985); therefore, we applied
distance-sampling methods to data collected from line trans-
ects to assess density of nests within the study area and
relative density among forest types (Anderson et al. 1979,
Don 1985). The short trees (12.0 & 1.0 m) and low density
of large trees (>40 cm dbh; 33.3 + 7.2 trees/ha) in the
study area provided an ideal environment in which to locate
nests and assess density; consequently, we are confident
we met distance-sampling assumptions of 100% detectability
on the transect line (Buckland et al. 2001). We used
Hawth’s Analysis Tools for ArcGIS (Version 3.27, www.
spatialecology.com/htools, accessed 9 Nov 2006) to generate
50 random points within each of the 3 dominant forest types
throughout the Huachuca Mountains. We acquired land-
cover data on forest type from Southwest Regional Gap
Analysis Program (USGS 2004). Random points served as
the beginning of line transects to determine density of nests
within each forest type (Bouffard 1982). We walked ran-
domly oriented transects for 500 m or until we exited the
forest type under study. We surveyed all transects in winter
and early spring to maximize detection of nests in leafless
trees. We used binoculars to locate nests along transects and
measured perpendicular distance, noted tree species, and
recorded coordinates with a Global Positioning System
unit (GPS; eTrex Vista GPS unit, Garmin International,

Inc.,, Olathe, KS). Although, we observed squirrels and
squirrel sign (nests, feeding) on transects in the upper mixed
conifer habitat, they were at very low densities that did not
permit density estimation.

We randomly selected 41 nest locations (21 riparian and 20
pine-oak sites) from line transects and 24 random locations
from the beginning of line transects (13 riparian and 11 pine-
oak sites) to quantify tree and site characteristics. The
number of transects completed and nest-locations measured
depended upon access and the amount of these areas available
in the study area. Nest measurements included height above
ground, structural support (main trunk, side branches,
witches broom [dense growth at branch tips]), and aspect.
Nest-tree measurements included species, condition (live or
dead), diameter at breast height, tree height, number of
access routes (trees with branches <0.5 m from branches
of nest tree), and live crown height, from which we also
calculated proportion live crown. We used 10-m-radius
circular vegetation plots centered on nest trees (Smith and
Mannan 1994, Litvaitis et al. 1996, Edelman and Koprowski
2005) to record nest-site information, including slope, aspect
(degree measurements converted to 1 of 8 directions), canopy
cover (densitometer readings at 0 m, 5 m, and 10 m from the
nest or random tree in 4 cardinal directions), and number of
shrub stems and logs (>20 cm diameter and >2 m in
length); we also calculated total canopy cover, total basal
area, and log volume per hectare. We recorded species,
condition, and diameter at breast height of each tree
(>3 cm) in the plot and calculated Shannon-Wiener diver-
sity index of tree species within the plot, as well as number of
live trees and snags per hectare, number of large trees and
snags per hectare (>40 cm dbh), and number of shrub stems
and logs per hectare. We collected identical information at
random plots centered on the nearest tree with diameter at
breast height >12.7 c¢m to the randomly selected start point
of each line transect. We classified trees as available if
diameter at breast height was >12.7 cm, because that was
the smallest tree with a nest. We tallied species of trees
within random plots to calculate nest-tree species availability
and compared those data to use of nest-tree species as
determined by nests located along line transects.

Between April 2007 and December 2008, we trapped and
uniquely marked 48 individuals, 37 of which received radio-
collars (18 F, 19 M; Cudworth and Koprowski 2010). We
used a Yagi antenna (Model F164-165-3FB, Wildlife
Materials International, Inc., Carbondale, IL) and receiver
(Model R-1000, Communications Specialists Inc., Orange,
CA) to track squirrels to nocturnal nests once per month and
a GPS unit to record night-nest locations. Dreys were the
most commonly used nocturnal nest in our population and
comprised 81% of our night-nest observations (82 of 101
nests). We recorded the same information collected for
within-canopy placement and nest-tree selection at these
nests. Because our trapping area encompassed both riparian
and pine-oak forest types, we combined data collected from
nests located along transects (7 = 41) with nests located
during telemetry (n = 82) to further describe nest place-
ment. Trapping and handling procedures were approved by

Cudworth and Koprowski ¢ Gray Squirrel Nests
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Arizona Game and Fish Department and The University of
Arizona Institutional Animal Care and Use Committee
(IACUC protocol 08-025).

We used Program Distance (Version 5.0, Release 2, http://
www.ruwpa.st-and.ac.uk/distance/, accessed 10 Mar 2009)
to estimate density of nests from transect data. We developed
8 models, including 4 key functions (half-normal, hazard
rate, negative exponential, and uniform) each for forest type
combined and stratified. We used Akaike’s information
criterion (AIC) to select among competing models. We
determined minimum number of unique nests used per
squirrel from radio-telemetry data to calibrate density
estimations and report nest and individual densities.

We conducted all habitat analyses in JMP 7 (SAS Institute,
Inc., Cary, NC). To meet assumptions of normality, we used
arcsine square root, cube root, and natural log transforma-
tions (Ramsey and Schafer 2002). We report transformed
parameter estimates (£SE) but report mean (£SE) as
untransformed values. We selected a hypothesis-testing
approach because ours is the first study on nest-site selection
in this species, and our objective was to describe the structural
differences between nest and random sites (Steidl 2006).
Therefore, we selected several variables known to be
important in other tree squirrel species and used a
Pearson’s chi-squared goodness-of-fit test to analyze
categorical data (nest-tree species, seasonal use, and nest
and slope aspect) and logistic regression to determine factors
important in nest-tree and nest-site selection for riparian and
pine-oak forest types separately. We identified highly corre-
lated variables (r > 0.7) prior to analysis and only
included the variable that best explained differences
between nest and random areas (higher F-value in logistic
regression). We used stepwise logistic regression with a
liberal probability to enter (P = 0.250) to narrow our data
set and select variables for inclusion in nest-site and nest-tree
models.

RESULTS

We walked 25 line transects of 432 m (£24 m), totaling
10.8 km of forest traversed, and located 43 nests on 11
riparian transects and 39 nests on 14 pine-oak transects.
All models had AAIC < 4; therefore, we selected the top
model for nest density estimation (uniform key function with
cosine adjustment, 5% truncation, stratified by forest type;
AIC = 488.86; Kolmogorov—Smirnov  goodness-of-fit:
riparian = 0.08, P = 0.966; pine-oak = 0.13, P = 0.625).
Density was 4.68 nests/ha (95% CI = 2.65-8.28) in riparian
woodlands, 1.83 nests/ha (95% CI = 1.22-2.74) in pine-
oak woodlands, and 3.26 nests’ha (95% CI = 2.14-4.95)
when we combined vegetation types. We located 82 unique
nests with telemetry for an average of 2.48 nests/individual
throughout the study. Correcting for multiple nests, estimat-
ed overall density was 1.31 individuals/ha (95% CI = 0.86—
2.00). Squirrel density estimates were 2.6 times higher in
riparian woodlands (1.89 individuals/ha, 95% CI = 1.06—
3.34) than pine-oak woodlands (0.74 individuals/ha, 95%
CI = 0.49-1.10).

Slope aspect did not differ between nest and random sites
for riparian (x5 = 2.93, n = 34, P = 0.231) or pine-oak
woodlands (x3 = 2.51, n = 31, P = 0.474). Only number
of dead trees and canopy cover at 5 m were selected by
squirrels in riparian woodlands (whole model test:
R?> = 0.11, X% = 4.78, P = 0.092), with nest sites tending
to have more dead trees (B = 0.23 + 0.16, x3= 2.12,
P = 0.145) and higher canopy cover at 5 m (B = 3.60 +
2.98, X% = 1.60, P = 0.206) than random sites in riparian
woodlands, although these differences were not significant
(Table 1). For pine-oak woodlands, large trees, slope, logs,
and dead trees were selected by squirrels (whole model test:
R* = 0.32, x2 = 12.89, P = 0.012; Table 1). Nest sites had
lower slope (B = —6.84 + 3.13, x3 = 6.82, P = 0.009) and
over twice as many large trees (>40 cm dbh; B = 0.70 +
0.34, x2 =5.39, P=0.020) and logs (B = 0.50 + 0.29,
X3 = 3.45, P = 0.063) than random sites in pine-oak wood-
lands (Table 1). Although nest sites had fewer dead trees on
average, when we held all other variables constant nest sites
also had more dead trees than random sites, although this
difference was not significant (8 = 0.41 & 0.32, x3 = 1.79,
P =0.181).

Nests were located nonrandomly among tree species
in riparian woodlands (x?, = 48.26, P < 0.001), with
Arizona sycamore used nearly 3 times more than expected
and white fir, Apache pine, and Fremont cottonwood each
used 1.6 times more than expected (Table 2). Nests were also
distributed nonrandomly among tree species in pine-oak
woodlands ()(%2 = 4273, P < 0.001), with Chihuahua
pine used 5.6 times, Douglas-fir and white fir used 3.4 times,
and southwestern white pine used 2.2 times more than
expected (Table 2). All nests but one were located in live
trees (99.2%, n = 122). Tree height was highly correlated
with diameter at breast height and live crown height; there-
fore, we used only tree height, proportion live crown, and
number of access routes in nest-tree models. Only tree height
was selected by squirrels in riparian woodlands (whole model
test: RZ = 0.23, X% = 10.20, P = 0.001); nest trees were 1.4
times taller than random focal trees (B = 0.27 + 0.10,
x3 = 10.20, P = 0.001; Table 3). Tree height and number
access routes were selected by squirrels in pine-oak wood-
lands (whole model test: R?> = 0.35, x5 = 14.00, P =
0.001); nest trees were 1.3 times taller (B = 0.37 + 0.18,
x5 = 8.01, P = 0.005) and had 1.6 times more access routes
(B =528 +213, x¥ =11.43, P=0.001) than random
focal trees (Table 3).

We located 123 nests during line transects and radio-
telemetry. On average, nests were located in the upper
25% of trees (95% CI = 22-27%). Nests were most often
placed on or directly adjacent to the main trunk (59.2%) and
were rarely located in witches brooms (2.5%; X% = 59.15,
n = 120, P < 0.001); however, nests were randomly orient-
ed (x2 = 7.36, n = 123, P = 0.392). The use of nest trees
by radio-collared squirrels located with telemetry differed
among seasons (x? = 13.10, P = 0.003, » = 138). Nests
placed in deciduous trees (Arizona sycamore and Fremont
cottonwood) were 5.4 times more likely to be used in summer

(Apr—Sep; n = 27) than winter (Oct-Mar; #» = 5); nests in
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Table 1. Physical and vegetation characteristics (x == SE) at nest (riparian: » = 21; pine-oak: n» = 20) and random (riparian: » = 13; pine-oak: n = 11) sites

for Arizona gray squirrels, Huachuca Mountains, Arizona, USA, 2007-2008.

Nest Random

Site characteristic x SE x SE

Riparian
Plot slope (%) 24.6 10.1 21.5 3.4
Canopy cover 0 m (%) 89.2 1.2 84.3 2.8
Canopy cover 5 m (%)" 87.2 14 80.4 4.4
Canopy cover 10 m (%) 83.8 2.2 81.2 3.8
Canopy cover average (%) 86.7 1.3 82.0 3.6
Live trees (no./ha) 987.3 113.2 810.3 135.7
Dead trees (no./ha)* 168.3 40.0 112.8 43.6
Large trees (no./ha)® 50.8 9.7 51.3 9.7
Large snags (no./ha)® 1.6 1.6 2.6 2.6
Shrub stems (no./ha) 1358.9 261.0 1401.4 324.0
Logs (no./ha) 349 10.2 33.3 10.7
Logs (vol./ha) 7.9 31 14.0 6.1
Basal area (m*/ha) 37.1 4.9 35.2 5.7
Shannon-Wiener diversity index 1.2 0.1 1.3 0.2

Pine-Oak
Plot slope (%)* 435 4.7 54.7 5.8
Canopy cover 0 m (%) 84.5 3.0 81.9 5.0
Canopy cover 5 m (%) 81.5 3.3 78.9 4.1
Canopy cover 10 m (%) 83.9 2.4 81.8 43
Canopy cover average (%) 83.3 2.6 81.8 4.2
Live trees (no./ha) 1371.7 186.4 1439.4 754.8
Dead trees (no./ha)* 303.3 43.8 397.0 108.9
Large trees (no./ha)™” 30.0 5.4 12.1 6.8
Large snags (no./ha)" 10.0 4.3 6.1 41
Shrub stems (no./ha) 2134.0 478.9 1679.4 330.3
Logs (no./ha)a 65.0 16.3 30.3 15.5
Logs (vol./ha) 15.9 44 8.7 4.8
Basal area (m?/ha) 26.8 1.9 26.0 2.5
Shannon-Wiener diversity index 1.0 0.1 1.1 0.4

* Indicates variable selected by stepwise logistic regression.
®>40 cm dbh.

evergreen trees (Arizona white oak, Emory oak, silverleaf
oak, alligator juniper, Chihuahua pine, and pifion pine) were
used equally between seasons (n = 53/season).

DISCUSSION

Densities of Arizona gray squirrels in the Huachuca
Mountains are similar to other Sciurus species (1.31 individ-

uals/ha; Nash and Seaman 1977, Carraway and Verts 1994,
Koprowski 1944a4,6, Pasch and Koprowski 2004). The
Huachuca Mountains are in the center of the geographic
range of Arizona gray squirrels and are believed to hold
among the highest densities (Brown 1984, Hoffmeister
1986). However, our estimates of squirrel density are
expected to be maximal as we likely missed nests during

Table 2. Percent use and availability of nest-tree species for Arizona gray squirrels, Huachuca Mountains, Arizona, USA, 2007-2008. Expected values based

upon availability of tree species.

Riparian Pine-oak
% %
Tree species % Observed % Expected Observed Expected
Alligator juniper 2.5 16.1 0.0 4.6
Apache pine 2.5 1.3 7.7 6.9
Arizona madrone 0.0 1.9 0.0 0.6
Arizona sycamore 50.0 8.4 0.0 0.0
Arizona white oak 12.5 38.7 12.8 21.4
Bigtooth maple 10.0 13.6 0.0 3.5
Chihuahua pine 0.0 0.0 2.6 0.0
Douglas-fir 0.0 1.9 23.1 2.9
Fremont cottonwood 5.0 2.6 0.0 0.0
Gambel oak 0.0 0.0 0.0 0.6
Pifion pine 0.0 0.0 7.7 16.8
Silverleaf oak 12.5 8.4 28.2 38.7
Southwestern white pine 0.0 2.6 5.1 1.7
Velvet ash 2.5 3.2 0.0 0.6
White fir 2.5 13 12.8 1.7
Cudworth and Koprowski ¢ Gray Squirrel Nests 1671



Table 3. Focal tree comparisons at nest and random sites for Arizona gray squirrels, Huachuca Mountains, Arizona, USA, 2007-2008.

Dbh (cm) Height (m) Live crown (m) Proportion live crown No. access routes”

Habitat n x SE x SE x SE x SE x SE
Riparian

Nest 21 60.7 7.2 19.3° 1.2 11.4 1.0 0.580 0.028 6.0 0.7

Random 13 37.8 3.7 13.6 1.0 7.5 0.9 0.549 0.040 4.8 0.7
Pine-Oak

Nest 20 29.7 24 13.2° 1.1 6.7 0.7 0.501 0.033 4.9° 0.5

Random 11¢ 28.5 3.3 10.0 1.8 4.3 0.7 0.510 0.061 3.1 1.6

?No. of trees with branches <0.5 m from branches of nest tree.
" Indicates variable selected by stepwise logistic regression.
© One focal tree was dead and had no live crown.

radio-telemetry and consequently underestimated number of
nests used per individual. Densities were higher in riparian
than pine-oak woodlands, in agreement with scant existing
information on the habitat of Arizona gray squirrels
(Theobald 1983, Brown 1984, Hoffmeister 1986, Frey
et al. 2008). Riparian areas may contain more tall trees
suitable for nesting and provide an increased supply of
drinking water and walnuts, suggested to be an important
food item for Arizona gray squirrels (Theobald 1983; Brown
1984; Hoffmeister 1986; N. Cudworth and J. Koprowski,
The University of Arizona, unpublished data).

Arizona gray squirrels select nest-site and nest-tree struc-
tures similar to other tree squirrel species, including canopy
cover, live crown height, and number of access routes, logs,
large trees, and snags (Halloran and Bekoff 1994, Edelman
and Koprowski 2005, Merrick et al. 2007). Greater canopy
cover and live-crown height of nest trees may provide more
cover and protection from aerial predators, including gosh-
awks (Accipiter gentilis), red-tailed hawks (Buteo jamaicensis),
and an observed unsuccessful predation attempt by a
Cooper’s hawk (Accipiter cooperii; Brown 1984; Smith and
Mannan 1994; Carey et al. 1997; N. Cudworth and J.
Koprowski, unpublished data), and the greater number of
trees with interlocking branches provide more access routes
to and from nest trees (Rothwell 1979, Hall 1981, Halloran
and Bekoff 1994, Edelman and Koprowski 2005). Logs also
provide runways for travel (Douglass and Reinert 1982,
Smith and Mannan 1994, Bakker 2006), and decaying
logs and snags increase heterogeneity and complexity of
the local environment, which may provide increased diversity
of food resources, nest sites, and cover from predators (Smith
and Mannan 1994, Carey and Harrington 2001, Carey and
Wilson 2001). The lower slopes selected in pine-oak forests
may provide higher soil moisture and more productive trees
(Kantola and Humphrey 1990). Large trees with extensive
crowns are indicative of mature trees and often associated
with increased food crops (Goodrum et al. 1971, Burns and
Honkala 1990); consequently, more large trees within a nest
site may increase access to food and provide potential trees
for nest construction (Edelman and Koprowski 2005).

Most selected nest-tree species also provide food resources,
potentially minimizing travel distances (Theobald 1983;
Brown 1984; Carey et al. 1997; N. Cudworth and J.

Koprowski, unpublished data). Arizona sycamores seem es-

pecially important as nest trees in riparian areas and provide
many characteristics selected by Arizona gray squirrels, in-
cluding tall trees with dense canopy cover and branching to
provide access routes. Placement of nests near the top of trees
and adjacent to the trunk provides thick foliage cover, in-
creased nest stability, and protection from wind and elements
(Farentinos 1972, Halloran and Bekoff 1994, Edelman and
Koprowski 2005); selected nest-tree species were among the
tallest in the Huachuca Mountains. Deciduous trees were
less likely to be used in winter, likely due to lack of protection
during leaf-free months, and co-nesting did occur but pre-
dominantly in winter (N. Cudworth and J. Koprowski,
unpublished data), probably as a mechanism to conserve
heat during colder nights (Edelman and Koprowski 2007).
However, nests were oriented randomly within trees, sug-
gesting increased solar exposure may not be a strategy
employed by Arizona gray squirrels to aid thermoregulation
(Farentinos 1972, Edelman and Koprowski 2005).

Arizona gray squirrels demonstrated selection at all spatial
scales. Riparian woodlands seem especially important, po-
tentially providing a greater food supply. The nonsignificant
variable selection and weak site-selection models at riparian
nest sites may indicate decreased selectivity by squirrels or
increased homogeneity at these sites, further suggesting that
any site within a riparian system is a quality nest site, given
availability of adequate nest trees. Habitat features selected
by squirrels at nest-site and nest-tree scales also suggest
benefits in terms of access to food, protection from predators,
and buffers from elements. Nest placement and seasonal use
of deciduous trees and co-nesting further emphasize the
importance of nests for thermoregulation. Regardless of
scale, Arizona gray squirrels select nesting areas based
upon their ability to provide protection from predators
and elements as well as access to food resources.

Management Implications

Densities of Arizona gray squirrels were highest in riparian
woodlands, suggesting these limited areas may be especially
important. Within riparian woodlands, Arizona sycamores
were used extensively as nest trees. Consequently, measures
should be taken to promote reproduction and growth of
sycamore populations. Locally, Arizona gray squirrels select
forest structures maximizing local habitat heterogeneity and
travel pathways both on the ground and through the canopy.
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Measures to maintain large trees with closed canopies to
supply access routes and downed logs to provide runways
should be considered when developing land management
plans, thinning.
Throughout their range, Arizona gray squirrels are exposed
to habitat loss due to logging, fire, agricultural clearing of
forests, and introduced competitors (e.g., Abert’s squirrel
[Sciurus aberti]), which has led to decline (Best and Riedel
1995, Alvarez-Castafieda and Patton 1999). Consequently,

minimizing anthropogenic, large-scale disturbances may also

including prescribed burning and

be necessary to maintain adequate numbers of Arizona gray
squirrels.
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