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ABSTRACT

I measured characteristics of vegetation around
middens of the endangered Mount Graham red squirrel
(Tamiasciurus hudsonicus grahamensis) in the Pinaleno
Mountains of southeastern Arizona. Midden sites were
compared to random sites in both the spruce/fir and
transition-zone forests. Foliage volume, canopy closure
over plot center, volume of downed logs >20 cm in
diameter, and density of snags >40 cm in diameter at
breast height (dbh) were greater at midden sites and best
distinguished midden sites from random sites in both
forest types. The mean stand age of midden sites was >230
years in the spruce/fir forest and >200 years in the
transition-zone forest. As regeneration of disturbed
sites will take long periods of time, management
applications to protect the red squirrel must focus on
preserving existing habitat by limiting activities that
remove large trees, snags, or logs, open the forest
canopy, create forest edge, or otherwise disrupt forest

integrity.



INTRODUCTION
The Mount Graham red squirrel, foand only in the
Pinaleno Mountains of southeastern Arizona (Hoffmeister
1986), occupies high elevation stands of Engelmann spruce

(Picea engelmanii) and cork-bark fir (Abies lasiocarpa

var. arizonica), as well as mixed-conifer stands at lower
elevations (Spicer et al. 1985, Warshall 1986). The Mount
Graham red squirrel has been genetically isolated for
>11,000 years, since the end of the Pleistocene (Spicer et
al. 1985).

A survey in spring 1986 estimated the number of red
squirrels in the Pinaleno Mountains to be 328 + 55 animals
(Coronado National Forest 1988). In 1987 the U.S. Fish
and Wildlife Service listed the Mount Graham red squirrel
as endangered because its population was small and
declining, its range restricted, its habitat had been
altered by past human activities, and its remaining
habitat was threatened by planned human activities (U.S.
Fish and Wildlife Service 1987). The number of red
squirrels in the Pinaleno Mountains has fluctuated
markedly since 1986, reaching a low of 132 + 15 in May
1990, but recovering to 391 + 26 by October 1991 (Randall

Smith, U.S. Forest Serv., pers. commun.).
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The general habitat requirements of red squirrels in
North America are well documented. Red squirrels are
arboreal and rely on conifer cones stored in caches for
winter food supplies (Smith 1968, Rusch and Reeder 1978,
Gurnell 1983, Halvorson 1986). Primary caches, or
middens, are typically used by a single animal and
defended vigorously (Clarke 1939, Kilham 1954, Streubel
1968). Middens must remain cool and moist so that stored
cones do not dry, open, and lose their seeds (Finley
1969). In the Southwest, middens are found commonly on
north facing slopes, under closed canopies, and centered
around a tree, snag, or log (Hatt 1943, Vahle and Patton
1983).

Adequate sites for storing cones may be particularly
limited in the Pinaleno Mountains because this range is on
the southern edge of the geographic distribution of red
squirrels in North America, and is hotter and drier than
red squirrel habitat at higher latitudes. In addition,
past human activities, such as timber harvests and
construction of roads and fire breaks, fragmented the
high-elevation forests of the Pinaleno Mountains and
reduced the number of potential midden sites. Current
developments, such as an astrophysical site, and the

inevitable increase in human recreational activities
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may further reduce the number and quality of potential
midden sites.

Temperature and humidity profiles might aptly
characterize midden sites, but it is not practical to
measure such profiles at a large number of sites.
Correlates of temperature and humidity exist, however, and
include measures of forest structure, exposure, and slope
(Kittredge 1948). Midden placement also may be dependent
on site characteristics not directly related to
microclimate, such as the amount of decaying wood and
species composition of dominant trees (Finley 1969).

Detailed, quantitative information about
characteristics that distinguish midden sites in the
Pinaleno Mountains will help biologists evaluate and
control potential effects of planned developments on red
squirrel habitat. Information on the age of dominant
trees around middens will help determine the regeneration
time required for young stands to grow into potential
midden sites and, when taken in context with information
on distinguishing characteristics of existing midden
sites, should identify management practices that will
enhance the development of suitable midden sites.

My objectives were (1) to describe the position

(i.e., exposure, slope) of red squirrel middens in the
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Pinaleno Mountains and the structure, age, and composition
of forest vegetation at midden sites; and (2) to compare
the characteristics of midden sites to the characteristics

of random sites scattered throughout the forest.
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METHODS

The study area was located in approximately 1,400 ha
of the higher elevations (2,680 m - 3,267 m) of the
Pinaleno Mountains, about 25 km southwest of Safford in
southeastern Arizona (approx. 32° N latitude). Mean
annual precipitation is estimated to be >63 cm annually
above 3,110 m (Martin and Fletcher 1943). Almost half of
the annual precipitation falls as rain in July and August,
although snowfall in winter months contributes
significantly to this total.

I randomly selected 215 of 324 Mount Graham red
squirrel middens located as of October 1989. The number
of midden sites selected for study was based on the
maximum number allowable given time and resource
constraints. Data were collected at midden sites in 1989
and 1990.

I categorized midden sites by forest type based on
elevation (Stromberg and Patten 1991). Stands above
3,110 m were classified as spruce/fir forest and were
dominated by Engelmann spruce and cork-bark fir. Stands
below 3,110 m were classified as transition-zone forest
and were dominated by various combinations of Engelmann
spruce, cork-bark fir, Douglas-fir (Pseudotsuga

menziesii), white fir (Abies concolor), ponderosa pine
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(Pinus ponderosa), southwestern white pine (Pinus

strobiformis), and aspen (Populus tremuloides). One
hundred midden sites were located in the spruce/fir forest
and 115 in the transition-zone forest.

I centered circular plots (radius = 10 m, area =
0.03 ha) on these selected middens and divided each plot
into quadrants delimited by the cardinal compass
directions. The shape of the midden and its supporting
structure (i.e., logs, living and dead trees, rocks) were
sketched to scale. I measured aspect, percent slope, and
distance and direction from the plot center to the nearest
opening in the forest canopy. An opening was defined as a
point under the canopy where a spherical (concave)
densiometer reading was <50%, or where all four center
squares of the densiometer were completely open.

To describe the structure, age, and composition of
forest vegetation in each plot, I recorded the species,
dbh, and height of living and dead trees (snags) >3 cm
dbh. I measured the distance and azimuth from the plot
center to each tree and snag, estimated the foliage volume
of each tree (Sturman 1968), noted the presence of
cavities, and ascertained the age of the dominant tree in

each plot (based on dbh) from increment cores taken at
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breast height. I did not correct ages for time required
for trees to reach breast height.

I estimated the decay class of each snag based on
criteria developed by Cline et al. (1980) and Horton and
Mannan (1988): class 1 -- branches, twigs, and possibly
needles present, bole pointed, most bark remaining,
sapwood intact; class 2 =-- branches present but broken,
bole broken near top, much bark remaining, sapwood
decaying; class 3 =-- branches broken near bole, bole
broken, little bark remaining, sapwood friable, heartwood
decaying but firm; class 4 -- branches gone, bole broken
at less than half original height, bark gone, sapwood
mostly gone, heartwood soft; class 5 -- branches gone,
bole broken close to breast height, bark gone, sapwood
gone, heartwood friable.

Within each quadrant, I measured the diameter at both
ends of downed logs which were >20 cm in diameter at the
large end and >2 m long. I estimated the decay class of
each log based on criteria developed by Maser and Trappe
(1984): <class 1 -- branches and twigs present, most bark
remaining, sapwood and heartwood intact, bole round; class
2 =-- branches broken, bark sloughing, sapwood decaying,
heartwood intact, bole round; class 3 -- branches broken

at bole, most bark gone, sapwood friable, heartwood
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decaying, bole round but possibly broken; class 4 =--
branches gone, bark gone, sapwood gone, heartwood soft,
bole oval and collapsing; class 5 =-- branches gone, bark
gone, sapwood gone, heartwood friable, bole oval to flat
and collapsing or scattered. Bark on Douglas-fir and
white fir snags and logs does not decay rapidly and
therefore was less of a determinant in classification of
these species.

I measured canopy closure with a spherical
densiometer at 9 locations in each plot: once at the
center and once each at 5 and 10 m from the center in each
of 4 directions. The first direction (between 0° and 90°)
was chosen randomly, and the remaining 3 directions were
at 90° intervals to the first. I averaged the 4 canopy
closure readings at each distance.

As an index to visibility in the understory, I
estimated the percentage of area visually blocked by
vegetation on each of 5 half-meter increments on a tarp
30 cm wide and 2.5 m tall (Nudds 1977). The estimates
were made 10 m from the plot center, where the tarp was
positioned, and repeated from the 4 directions used for
canopy closure measurements. I averaged the 20 visibility
measurements per plot to obtain a single representative

value.
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A grid system placed over maps of areas surveyed for
red squirrel middens through October 1989 was used to
select 201 random sites. The number of random sites
selected for study was based on the maximum number
allowable given time and resource constraints. I located
each site in the field by pacing a distance and direction
from a known landmark (e.g., a bend in a road, a trail
junction). Random sites were characterized in a manner
identical to that described above for midden sites, and
categorized as occurring in spruce/fir forest (n = 58) or
transition-zone forest (n = 143) based on elevation. The
combined total area of all random sites was 6.31 ha, or
0.5% of the total study area. I collected data at random
sites in 1990.

I chose 17 physical and vegetational variables to
compare midden sites and random sites in each forest type,
such as slope, canopy closure, stem densities, and foliage
volume. Univariate statistical tests (i.e., t-tests) were
conducted on all variables except aspect and age class,
for which Chi-square tests were used. I transformed
variables that departed from a normal distribution before
conducting parametric statistical analyses. Proportions
were transformed with an arcsin transformation (arcsin

[proportion]l/z), and densities with a square root
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transformation ([density + 0.375]1/2; Sokal and Rohlf
1969). The computer program in the Statistical Package
for the Social Sciences (SPSS; Norusis 1988) was used in
all analyses. Because I conducted a large number of
statistical tests (n >20), I used P <0.005 as a cut-off
for significance to reduce the likelihood of Type 1 errors
(Sokal and Rohlf 1969).

I used discriminant function analysis (DFA) with
stepwise inclusion of variables (Klecka 1979) to identify
the combination of forest structure variables that best
distinguished midden sites from random sites in each
forest type. The method of entry of variables into the
analysis was the maximum F ratio (minimum Wilk's lambda:;
P <0.005) for the test of differences between group
centroids. All midden sites and random sites were
included in the DFA.

After the DFA was completed, I randomly selected a
sample of 50% of all sites in each forest type, reran the
DFA with the variables identified as important in the
initial runs, and classified the remaining sites.
Classification of sites not used to generate the
discriminant functions provided an unbiased method of
assessing how effectively the functions distinguished

midden sites from random sites.
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RESULTS
Spruce/fir Forest

Red squirrel midden sites in the spruce/fir forest
were distributed by aspect in proportions similar to
spruce/fir random sites (Table 1). A majority of slopes
at random sites in these higher elevations face either
north or south, as the series of peaks (High, Hawk, and
Emerald) runs from east to west.

Eleven of 15 variables describing forest structure
were significantly different between midden and random
sites within the spruce/fir forest (Table 2). All
indicators of forest density (stem densities, basal area,
foliage volume, and canopy closures) were greater at
midden sites, except the densities of medium (21-40 cm
dbh) and large (>40 cm dbh) trees, which were not
significantly different from densities at random sites.
The index of visibility was lower at midden sites,
indicating denser understories than found at random sites.
The amount of dead wood, in the form of large snags
(>40 cm dbh) and logs (>20 cm diameter), also was greater
around middens.

Midden and random sites above 3,110 m were dominated
by Engelmann spruce (65.3% of all trees at midden sites,

62.5% at random sites) and cork-bark fir (34.2% at midden
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sites, 34.4% at random sites). Individual midden sites
ranged from 100% spruce to 94% fir, and spruce was found
at every midden site. Small Engelmann spruce trees

(<20 cm dbh) were particularly common, and the species
also dominated the largest size class (>40 cm dbh:

Table 3). Douglas-fir (0.2%) and white fir (<0.09%) were
uncommon at spruce/fir midden sites. Southwestern white
pine, found most commonly above 3,110 m at rocky
outcroppings, ridges, and disturbed sites, was found at
>25% of the random sites and only 3.0% of the midden sites
(Table 4).

Foliage volume, canopy closure over plot center, log
volume, and density of large snags (>40 cm dbh) best
distinguished spruce/fir midden sites from random sites
(DFA; X2 = 106, P <0.001). A discriminant function with
these variables correctly classified 94.0% of midden sites
and 65.5% of random sites.

Twenty-four of 100 (24.0%) spruce/fir midden sites
had foliage volumes greater than the maximum foliage
volume at random sites, and only 16 (16.0%) midden sites
had less foliage volume than the mean foliage volume of
random sites. Average foliage profiles for midden and
random sites in the spruce/fir forest were distinct

(Fig. 1). Although foliage at midden and random sites
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spanned approximately the same height range, foliage at
midden sites was denser and peaked at a greater height
(at 10-11 m vs. 7-8 m). Random sites had distinctly more
foliage only at 0-1 m.

Mean canopy closure decreased only slightly with
distance from plot center at spruce/fir midden sites,
remaining high (>85%) even at 10 m (Table 2), and only 4
(4.0%) sites had canopy closures <70% over the midden
center. At each distance, the variability of canopy
closure measurements at midden sites was nearly half that
at random sites (Table 2). Canopy closure over midden
center was not correlated with foliage volume (r = 0.048)
at midden sites.

Midden sites in the spruce/fir forest contained a
mean log volume of nearly 360 m3/ha. This is equivalent
to about 287 logs/ha or 8.6 logs/midden site, each 10 m
long and 40 cm in diameter. Nearly 80% of the log volume
at midden sites consisted of large logs (>40 cm diameter)
in later stages of decay (classes 3-5; Table 5). By
contrast, approximately 60% of the log volume at random
sites consisted of large, decayed logs.

At least one large snag (>40 cm dbh) was present
around 78 (78.0%) spruce/fir midden sites and at 33

(56.9%) random sites. Approximately 62% (96 of 155) of
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large snags at midden sites were in decay class 2 or 3.
Nest cavities were found in large snags at 48 (48.0%)
midden sites and 12 (20.6%) random sites.

I obtained core samples from the dominant trees at 73
(73.0%) spruce/fir midden sites and 38 (65.5%) random
sites. Trees not cored had heart rot or some other
problem affecting heartwood integrity. The ages of
dominant trees at midden sites and random sites were
similar in distribution'(Fig. 2, X2 = 1.24, P >0.1).
Greater than 75% of all dominant trees were 150-300 years
old, and the mean age at both midden sites and random

sites was 212 years.

Transition-zone Forest

Midden sites in the transition-zone forest were not
distributed By aspect in proportion to the distribution of
random sites (Table 6). Although east and west facing
slopes supported middens in approximately the same
proportions as random sites, north facing slopes supported
more middens than expected, and south facing slopes
supported fewer.

Transition-zone midden sites differed significantly
from random sites in 12 of 15 variables describing forest

structure (Table 7). All indicators of forest density
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were significantly greater at midden sites (stem
densities, basal area, foliage volume, and canopy
closures), except the density of small trees (<20 cm dbh).
Amounts of dead wood standing (snags >40 cm dbh) and on
the ground (logs >20 cm diameter) and distance to the
nearest opening in the canopy also were greater around
middens.

Cork-bark fir was more common around transition-zone
middens (41.1% of all trees) than at random sites (19.0%),
whereas Douglas-fir was more common at random sites
(16.4%) than midden sites (10.4%; Table 8). Percentages
of Engelmann spruce and white fir did not differ
significantly between midden sites (27.8% spruce, 7.3%
fir) and random sites (23.3% spruce, 11.1% fir). Although
Engelmann spruce and cork-bark fir were the most common
tree species in terms of numbers, Douglas-fir was the most
significant contributor to basal area at both midden and
random sites (Table 4). Large aspens also were found
frequently at midden sites, whereas the two pine species,
southwestern white pine and ponderosa pine, were more
common at random sites.

As in the spruce/fir forest, foliage volume, canopy
closure over plot center, log volume, and density of large

snags (>40 cm dbh) best distinguished transition-zone
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midden sites from random sites (DFA; X2 = 211,

P <0.001). A discriminant function with these four
variables correctly classified 86.1% of midden sites and
91.5% of random sites.

Thirty-one of 115 (27.0%) transition-zone midden
sites had foliage volumes greater than the maximum foliage
volume at random sites, and only 5 (4.3%) had less foliage
volume than the mean foliage volume at random sites. The
area under the average foliage profile for midden sites
was greater than the area under the random site profile
(Fig. 3). Random sites had distinctly more foliage only
at 0-1 m and 1-2 n.

Mean canopy closure was high at transition-zone
midden sites, dropping only slightly with distance from
plot center (85.0% at 10 m; Table 7), and only 5 (4.3%)
midden sites had canopy closures <70% over the midden
center. Variability around the mean canopy closure was
more than twice as great at random sites than at midden
sites for all distances (Table 7). Canopy closure at
midden sites was not correlated with foliage volume
(r = 0.114).

Midden sites in the transition-zone forest contained
a mean log volume of approximately 311 m3/ha. This is

equivalent to about 264 logs/ha or 8.0 logs/midden site,
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each 10 m long and 40 cm in diameter. Greater than 70% of
the log volume surrounding middens consisted of logs

>40 cm diameter, compared to 62.0% at random sites

(Table 5). Logs in decay classes 4 and 5 made up >50% of
the log volume around middens.

At least 1 large snag (>40 cm dbh) was found at 71
(61.7%) transition-zone midden sites and 46 (32.2%) random
sites. Large snags around middens were evenly distributed
among 4 decay classes: 25%, 22%, 27%, and 21% were found
in classes 1, 2, 3, and 4, respectively. Nest cavities
were found at 31 (27.0%) midden sites and 14 (9.8%) random
sites.

I obtained core samples from the dominant tree at 74
(64.3%) transition-zone midden sites and 96 (67.1%) random
sites. Dominant trees at midden sites and random sites
were distributed differently by age class (Fig. 4, X2 =
27.235, P <0.001). In general, dominant trees at random
sites were younger than dominant trees at midden sites:
61% of dominant trees at midden sites and 37% at random
sites were >150 years old. The mean ages of dominant trees
at random sites and midden sites were 146 and 183 years,

respectively.
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Midden Site Comparison

Midden sites in the transition-zone forest differed
from spruce/fir midden sites in 6 of 15 forest structure
variables (Table 9). Densities of small trees (<20 cm
dbh), large snags (>40 cm dbh), and trees 0-5 m and 5-10 m
from the plot center were greater at spruce/fir midden
sites. Foliage volume and basal area were greater at
transition-zone midden sites. There was a greater
percentage of Engelmann spruce at spruce/fir sites, and a
greater percentage of Douglas-fir and white fir at
transition-zone sites. Also, transition-zone sites
supported greater numbers of pine and deciduous trees than
spruce/fir sites (Table 4). Canopy closure and log
volume, variables important in distinguishing midden sites
from random sites, and the percentage of cork-bark fir
were not significantly different between spruce/fir and

transition-zone midden sites.

Midden Supporting Structure

Midden sizes and shapes, determined from piles of
discarded cone scales and cores, ranged from nearly
indistinguishable scatterings of scales to large, meter-
deep mounds. Some middens spread up to 20 m across the
forest floor, and most middens followed the course of a

log or spread out to encompass a large tree or snag.
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Every spﬁuce/fir midden and all but 1 transition-zone
midden was associated with >1 tree, snag, or log >20 cm in
dbh or diameter. The transition-zone anomaly was centered
on a 95 cm diameter stump in decay class 5 that was too
short to be considered a snag. In contrast, 9 (15.5%)
spruce/fir random sites and 56 (39.2%) transition-zone
random sites did not have any tree, snag, or log >20 cm in
dbh or diameter within 2 m of the plot center, the
approximate size of a typical midden.

Large trees, snags, and logs were common components
of midden structure in both forest types (Table 10). At
least 1 large tree (>20 cm dbh) was encompassed by scales
from the primary midden at 79 (79.0%) spruce/fir midden
sites and at 93 (80.9%) transition-zone midden sites. At
least 1 large log (>20 cm in diameter) was encompassed by
midden scales at 88 (88.0%) spruce/fir sites and at 86
(74.8%) transition-zone sites. Logs >60 cm associated
with middens were especially common in both forest types.
Large snags (>20 cm dbh), although occurring less
frequently than large trees and logs, were part of the
midden structure at 47 (47.0%) spruce/fir sites and 45

(39.1%) transition-zone sites.
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DISCUSSION

Past research has indicated that red squirrel middens
must be kept cool and moist to preserve the integrity of
stored cones (Finley 1969). My data concur with these
findings and suggest that Mount Graham red squirrels
select midden sites in stands of trees with low
temperatures and high relative humidities. 1In the
spruce/fir and transition-zone forests of the Pinaleno
Mountains, middens were found in areas with unusually
dense canopies, thick foliages, and high stem densities,
features which minimize the desiccating effects of the
wind and sun.

There was significantly more foliage volume in stands
at midden sites than in the surrounding forest. If stands
with dense foliage volumes were common, the range of
foliage volumes found at random sites likely would include
the maximum foliage volumes found at midden sites.
However, approximately one-quarter of midden sites in each
forest type had foliage volumes greater than the maximum
foliage volume at random sites. This result suggests that
stands of extremely dense foliage such as found around
middens were uncommon in the Pinaleno Mountains and
unlikely to be encountered by randomly selecting points in

the forest.
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Besides casting shade and minimizing air currents to
help create a microclimate favorable to cone storage
(Kittredge 1948), high fcliage volume may benefit red
squirrels in other ways. High foliage volumes indicate
stands of high productivity and, therefore, are likely to
be correlated with high cone production. Dense foliage
also may provide squirrels with protection from avian
predators, arboreal runways to move about the canopy while
avoiding the forest floor (Fancy 1980), and nest sites --
although most red squirrels in the Pinaleno Mountains
appear to nest in cavities (Froehlich 1990).

Closed canopies may provide many of these same
benefits to red squirrels, even in the absence of high
foliage volumes. Canopy closures >70%, which reduce the
transmission of solar radiation to the forest floor to <5%
(Wenger 1984), were found over the center of >95% of
middens in both forest types. Low penetration of solar
radiation decreases surface temperatures and minimizes
evaporation, thereby increasing the moisture storage
potential of a site. The importance of a closed canopy to
Mount Graham red squirrels was suggested by the relatively
low variance of this variable at midden sites.

Forest edges provide the most unobstructed access to

the horizontal movement of wind. High stem densities,
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such as those found at midden sites, help reduce the
velocity and, therefore, the desiccating effects of the
wind (Kittredge 1948). Distance from openings and edges
also tends to dissipate wind currents (Harris 1984), and
middens in both forest types were, on average, >15 m from
openings in the forest canopy and typically much farther
from what would be classified as a forest edge.

Decaying wood also was an important component of
midden sites. Logs, which were nearly twice as abundant
at midden sites tﬁan at random sites (based on volume),
provide red squirrels with runways, perch and nest sites,
cover, and cone storage sites. The moist, decaying wood
of large, older logs, common at midden sites, adds to the
storage qualities‘of a site and provides a medium for the
growth of fungi, an important food source for red
squirrels, especially when cone crops fail (Coronado
National Forest 1988). Large snags, like large logs,
often are hollow and filled with stored cones at midden
sites, and offer secure, elevated nest sites to squirrels.

The incidence of solar radiation is lower on north
facing slopes than on south facing slopes in the Pinaleno
Mountains, and therefore slope exposure may have an
important effect on midden site characteristics. In the

spruce/fir forest, there was no apparent trend in the
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distribution of midden sites with regard to aspect.
However, midden sites in the transition-zone forest were
more common on north facing slopes than south facing
slopes. Evidently, high-elevation spruce/fir middens were
less susceptible to north/south differences in solar
radiation, whereas at the warmer elevations of the
transition-zone forest, the incidence of solar radiation
played a more critical role in determining the suitability
of sites for middens.

Composition of tree species at midden sites also
suggests that Mount Graham red squirrels selected
relatively cool and moist locations to store cones. Sites
in the spruce/fir forest were, as expected, dominated by
Engelmann spruce and cork-bark fir. However, species
found at random sites in dry, open areas -- such as
southwestern white pine -- were nearly absent from
spruce/fir midden sites. Similarly, midden sites in the
transition-zone forest had relatively high densities of
cork-bark fir and low densities of pines compared to
random sites. Large Douglas-firs and aspens were common
at transition-zone midden sites, and contributed
significantly to canopy closure and foliage volume at
those sites. Large Douglas-firs are an important source

of cones for red squirrels (Finley 1969).
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Incorrect classification of random sites as midden
sites in the DFA provides one measure of how common
potential midden sites were in both forest types.
Approximately 35% of the spruce/fir random sites were
incorrectly classified as midden sites, suggesting that
sites with characteristics similar to midden sites were
relatively common given current conditions in the
spruce/fir forest. Low population densities,
intraspecific territoriality, or lack of food trees may be
among the explanations for why these sites were not being
used for middens. In the transition-zone forest, only 10%
of the random sites were incorrectly classified as midden
sites. Sites with characteristics of midden sites thus
appear to be relatively uncommon in this forest type, and
may be a limiting factor to red squirrel population
growth.

The distribution of ages of dominant trees at midden
sites in the transition-zone forest suggested that red
squirrels established middens in old stands more
frequently than would be expected if selection of midden
sites were random. Red squirrels also established middens
in old stands in the spruce/fir forest, but no pattern of
selection for such stands was apparent because the

spruce/fir forest was comprised primarily of old stands of
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trees. Most (60.4%) of the dominant trees at random sites
in the spruce/fir forest were over 200 years old, and few
(5%) were under 100 years of age. Many of the prominent
features of forest vegetation around middens (e.g., large
snags, large logs, and large trees) are structural

attributes that frequently characterize old-growth forests

(Thomas et al. 1988).
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MANAGEMENT IMPLICATIONS AND RECOMMENDATIONS

Forest degradation will warm and dry the cool and
moist microclimates of the forest interior, even at
hundreds of meters from the site of disturbance (Harris
1984). Because the Mount Graham red squirrel is in danger
of extinction and depends on unusually dense forest
interiors for midden sites, forest managers must preserve
the integrity of existing closed forest stands to protect
the red squirrel from further decline. The dense nature
of the forest canopy at midden sites and the presence of
large snags and logs indicate that developments that open
the forest canopy, remove large trees, or reduce amounts
of decaying wood must be avoided if midden sites and
potential midden sites are to be maintained.

Regenerating already disturbed areas into stands
suitable for middens may be of value in recovering the red
squirrel, but cannot be equated to the importance of
preserving existing habitat because regeneration will
require long periods of time. For instance, the mean age
of dominant trees at spruce/fir midden sites, based on age
measurements taken at breast height, was 212 years, and
it probably took these trees 20 to 30 years to reach
breast height (Stromberg and Patten 1991). An additional

50 years might be necessary to produce the largest decayed
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snags and logs (Harmon et al. 1986). Thus, the total time
to naturally regenerate sites suitable for midden
establishment is approximately 280 to 290 years. In the
transition-zone forest, similar calculations lead to a
projected regeneration time of up to 260 years.

My estimates of regeneration time should be viewed as
conservative because of 3 sources of potential bias.
First, I did not include in my calculations time needed to
establish seedlings, although this time could be reduced
by planting young trees. Second, trees with the largest
dbh (i.e., those I cored) may not always have been the
oldest trees around middens. And third, dominant trees
from which I could not obtain core samples, such as those
with heart rot, often were among the largest trees in the
Pinaleno Mountains and would likely have increased the
mean ages of dominant trees at midden and random sites.

Silvicultural treatments based on an understanding of
succession in the Pinaleno Mountains (Stromberg and Patten
1991) could speed the development of potential midden
sites, but Thomas et al. (1988) noted that it is ™unlikely
that forest managers can create functional old-growth
through silvicultural manipulations of younger-aged,
second-growth forests." Forest managers also should

recognize that sites regenerated to meet habitat
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conditions described in this thesis may lack elements
critical to red squirrel occupation. Midden site
characteristics are just that ~-- characteristics. These
characteristics may be necessary for successful midden
establishment, but other elements also may be critical.
Even so, regenerating disturbed areas will close gaps in
the canopy, thereby creating new stands potentially
suitable for middens, and may create additional midden
sites in surrounding older stands by eliminating forest
edge.

It is important to recognize that management for mean
habitat conditions is biologically more sound than
management for minimum conditions (Conner 1979).
Therefore, I recommend that stands of trees that approach
or meet mean midden conditions be protected, as described
above, to prevent further endangerment of the Mount Graham
red squirrel. Also, recovery efforts should be aimed at
regenerating the mean conditions of midden sites described

in this thesis.
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Figure 1. Profiles of the mean volume of foliage in meter
increments at midden sites of Mount Graham red squirrels
(n = 100) and random sites (n = 58) in the spruce/fir
forest, Pinaleno Mountains, Arizona, 1989-1990. Asterisks
note differences between midden sites and random sites for
mean foliage volume at given increment (B <0.005, t-test).
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Figure 2, Percent of midden sites of Mount Graham red
squirrels (n = 73) and random sites (n = 38) in the
spruce/fir forest as distributed by age class, Pinaleno
Mountains, Arizona, 1989-19920. Age was based on increment
cores from the dominant tree at each site and was not
adjusted to reflect time needed for tree to reach breast
height.
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Figure 3. Profiles of the mean volume of foliage in
meter increments at midden sites of Mount Graham red
squirrels (n = 115) and random sites (n = 143) in the
transition-zone forest, Pinaleno Mountains, Arizona, 1989-
1990. Asterisks note differences between midden sites and
random sites for mean foliage volume at given increment

(P <0.005, t-test).
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Figure 4. Percent of midden sites of Mount Graham red
squirrels (n = 74) and random sites (n = 96) in the
transition-zone forest as distributed by age class,
Pinaleno Mountains, Arizona, 1989-1990. Age was based on
increment cores from the dominant tree at each site and
was not adjusted to reflect time needed for tree to reach

breast height.
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Table 1. Number of spruce/fir midden sites of Mount
Graham red squirrels and spruce/fir random sites as
distribgted by aspect, Pinaleno Mountains, Arizona, 1989-
1990 (X° = 3.14, P = 0.371, 3 d.f.).

Spruce/fir
midden sites
(n = 100)
Spruce/fir
random sites
Aspect Observed Expected? (n = 58)
North 25 25.9 15
(315° NW - 45° NE)
East 23 22.4 13
(45° NE - 135° SE)
South 25 31.0 18
(135° SE -~ 225° sw)
West 27 20.7 12

(225° sw - 315° NW)

@ Based on distribution of random sites.



Table 2.

Mean values, standard deviations (SD), and ranges of physical and vegetational

variables at spruce/fir midden sites of Mount Graham red squirrels and spruce/fir random
sites, Pinaleno Mountains, Arizona, 1989-1990.

Spruce/fir Spruce/fir
midden sites random sites
(n = 100) (n = 58)
variable hd sSD Range b4 sD Range P <2
Percent slope 21.2 9.1 4.0-47.0 25.0 11.2 8.0-63.0 0.021
Distance to 15.0 8.6 2.0-45.0 13.5 9.9 0.0-46.0 0.323
nearest
opening (m)
Percent canopy 90.2 8.2 65.0-99.0 77.9 17.7 19.0-97.0 0.001*
clogure at
om
Mean percent 87.4 7.8 48.0-97.5 77.8 15.0 17.5-94.3 0.001*
canopy, closure
at 5 m
Mean percent 85.4 7.7 60.0-98.0 76.6 13.7 20.8-93.3 0.001*
canopy glosure
at 10 m
Mean visibility 39.5 17.0 1.5-81.5 31.3 14.0 0.0-74.0 0.003*
from 10 m
(percentb
blocked)
Log_volume 359.9 219.4 0.0-1,183.9 195.6 112.1 0.0-498.2 0.001*
(m3/na)

(4 4



Table 2. Continued.
Spruce/fir Spruce/fir
midden sites random sites
(n = 100) (n = 58)
Variable b9 SD Range b4 SD Range P <
Basgl area 67.0 14.8 35.0-100.5 56.0 14.1 17.2-92.6 0.001*
(m“/ha)
Stem density 2,805.1 1,291.6 254.8-6,879.0 2,106.3 1,313.5 0.0-5,987.3 0.001.
within 5 m
(stems/ha)€
Stem density 2,758.8 996.3 552.0-5,138.0 1,997.2 777.7 509.6-4,076.4 0.001*
5-10 m
(stems/ha) €
Stem density 1,696.8 768.1 159.2-4,044.6 1,216.8 691.9 191.1-3,439.5 0.001"
of trees <20
cm dbh (stems/
ha) €
Stem density 437.9 187.6 63.7-1,019.1 399.2 161.4 127.4-859.9 0.246
of trees >20
and <40 cm _dbh
(stems/ha)®
Stem density 110.2 65.2 0.0-318.5 89.5 65.7 0.0-318.5 0.033

of trees >40
cm dbh (stems/
ha)€

1984



Table 2. Continued.
Spruce/fir Spruce/fir
midden sites random sites
{p = 100) (n = 58)
Variable p:4 sD Range b 4 SD Range p <
Stem density 49.4 40.6 0.0-222.9 31.3 37.0 0.0-159.2 0.002*
of snags >40
cm dbh_ (stens
/ha)c,d
Fol}age volume 21,945 7,837 8,034-40,720 13,809 4,238 4,432-27,948 0.001.

(m”/ha)

3 p values derived from two-tailed t-tests, except where noted.
b pransformed for t~test using acrsin transformation.
€ Transformed for t-test using square-root transformation.

d I-test for this variable verified with Chi-square test (x2 = 29.6, 3 4.f.,
P <0.0017).

* Significant at P <0.005.

144
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Table 3. Mean stem density and percent of trees by
species and size class at spruce/fir midden sites of Mount
Graham red squirrels and spruce/fir random sites, Pinaleno
Mountains, Arizona, 1989-1990.

Spruce/fir Spruce/fir
midden sites random sites
(n = 100) (n = 58)
Size
class Species Stens/ha % Stems/ha %
Engelmann 1082 63.7 663 54.5
spruce
<20 cm Cork-bark 609 35.9 534 43.9
dbh fir
Other? 7 <0.1 14 1.6
Engelmann 239 54,7 247 61.9
spruce
20-39 Cork-bark 197 45.1 139 34.8
cm dbh fir
Other? 1 0.2 13 3.3
Engelmann 99 90.0 72 80.0
spruce
>40 cm Cork-bark 10 9.1 12 13.3
dbh fir
Other? 1 0.9 6 0.7

2 Includes Douglas-fir, white fir, ponderosa pine,
southwestern white pine, aspen, and other
deciduous species (Rocky Mountain maple [Acer
glabrum], Gambel oak [Quercus gambelii], Scouler
willow [Salix scouleriana), New-Mexican locust
(Robinia peomexjcanal).



Table 4.

Mean stem density, basal area (BA), and percent of plots represented by each tree species (or group of

species) at spruce/fir and transition-zone midden sites of Mount Graham red squirrels and random sites, Pinaleno
Mountains, Arizona, 1989-1990.

Spruce/fir forest Transition-zone forest

midden sites (n =~ 100) random sites {(n = 58) midden sites (p = 115) random sites (n = 143)

stems/ha BA % stems/ha BA % stems/ha BA % stems/ha BA %

Species (m2/ha) (m/ha) (m¢/ha) (m/ha)
Engelmann spruce 1,417.2 47.6 100.0 982.2 38.2 100.0 420.4 19.4 89.6 302.9 10.7 66.4
Cork-bark fir 809.2 19.1 89.0 685.3 15.3 89.7 770.7 19.8 72.2 290.9 6.6 47.2
Douglas-fir 38 0.4 11.0 12.1 1.8 20.7 138.0 21.3 75.7 210.1 15.7  84.6
White fir 0.6 <«0.1 2.0 0.0 0.0 0.0 97.8 3.7 4.0 123.2 4.4 44 .)
Southwestern 1.3 «0.1. 3.0 18.7 0.5 25.9 47.1 2.7 35.7 153.1 6.1 64.3
white pine

Ponderosa pine 0.0 0.0 0.0 0.0 0.0 0.0 0.8 0.2 2.6 25.2 2.4 23.8
Aspen 0.0 0.0 0.0 6.0 0.2 5.2 113.6 6.5 67.0 125.4 5.1 55.9
Other decidious 2.6 «<0.1 2.0 1.1 «0.1 3.5 19.4 0.4 18.3 49.9 0.4 31.5

species
Total 2,234.7 67.2 1,705.5 56.1 1,607.6 73.8 1,280.3 51.5

2 Includes Rocky Mountain maple, Gambel oak, Scouler willow, and New-Mexican locust.

9



Table 5.

Mean log volume (m3/ha) and percent of total mean log volume by size

class and decay class at midden sites of Mount Graham red squirrels and random

sites, Pinaleno Mountains, Arizona, 1989-1990.

Spruce/fir forest

midden sites random sites

Transition-zone forest

midden sites random sites

(n = 100) (n = 58) (n = 115) (p = 143)
Decay Size
class class? b4 % X % b4 % h:4 %
1 Small 1.8 0.5 1.6 0.8 5.6 1.7 2.6 1.8
Large 4.0 1.1 4.1 2.1 5.3 1.6 0.6 0.4
2 Small 3.6 1.0 1.6 0.8 8.9 2.7 4.5 3.1
Large 4.7 1.3 0.4 0.2 20.5 6.2 5.4 3.7
3 Small 38.9 10.8 41.3 21.1 48.7 14.7 30.0 20.6
Large 76.7 21.3 52.5 26.8 62.9 19.0 30.5 20.9
4 Small 15.5 4.3 17.6 9.0 25.8 7.8 14.3 9.8
Large 77.0 21.4 24.5 12.5 70.9 21.4 27.7 19.0
5 Small 12.2 3.4 11.4 5.8 9.9 3.0 3.9 2.7
Large 125.6 34.9 40.7 20.8 72.6 21.9 26.2 18.0
Small 72.0 20.0 73.4 37.5 99.1 29.9 55.4 38.0
TOTAL Large 287.9 80.0 122.1 62.4 232.2 70.1 30.3 62.0
All 359.9 100.0 195.7 100.0 331.3 100.0 145.7 100.0
a

end.

Small = diameter 20-39 cm at large end; Large = diameter >40 cm at large

LY



Table 6.
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Number of transition-zone midden sites of Mount

Graham red squirrels and transition-zone random sites as
distribgted by aspect, Pinaleno Mountains, Arizona, 1989-

1990 (X° = 16.54, P = 0.001, 3 4&.f.).
Transition-zone
midden sites
(n = 115)
Transition-zone
random sites
Aspect Observed Expected?® (n = 143)
North 48 32.2 40
(315° NW - 45° NE)
East 28 25.7 32
(45° NE - 135° SE)
South 14 29.8 37
(135° SE - 225° sw)
West 25 27.3 34

(225° sw - 3159 NW)

@ Based on distribution of random sites.



Table 7. Mean values, standard deviations (SD}, and ranges of physical and vegetational
variables at transition-zone midden sites of Mount Graham red squirrels and transition-
zone random sites, Pinaleno Mountains, Arizona, 1989-1990.

Transition-zone Transition-zone
midden sites random sites
(p = 115) (p = 143)
Variable X sDh Range 2 SD Range p <2
Percent slope 24.1 9.9 3.0-50.0 26.5 14.9 3.0-72.0 0.154
Distance to 16.8 12.2 1.0-65.0 9.5 9.8 0.0-43.0 0.001*
nearest
opening (m)
Percent canopy 90.0 9.1 51.0-100.0 69.7 22.4 18.0~-98.0 0.001'
closgre at
0 mb
Mean percent 86.9 7.7 58.5~-97.8 72.1 19.1 14.0-96.8 0.001*
canopybclosure
at 5 m
Mean percent 85.0 8.2 59.8-98.8 72.5 17.5 8.8-97.5 0.001*
canopy glosure
at 10m
Mean visibility 34.8 19.4 0.0-85.5 33.9 16.5 2.8-85.5 0.850
from 10 m
(percentb
blocked)
Log_volume 331.3 223.6 0.0-1,295.5 145.7 127.3 0.0-598.0 0.001*
(m3/ha)

6V



Table 7. Continued.

Transition-zone
midden sites
(n = 115)

Transition-zone
random sites
(n = 143)

Variable 2 SD Range

b 4 SD

Basgl area 73.9 21.8 30.1-165.8
{(m

/ha)

Stem density 2,044.9 1,075.1 254.8~-5,732.5

within 5 m
(stems/ha)€

Stem density 2,014.6 908.1 424.6-5,180.5

5-10 m (stems/
ha) €

Stem density 1,084.2 719.9 127.4-3,917.2

of trees <20
cn dbh (stems/
ha)©

Stem density 389.4 170.9 63.7-923.6

of trees >20
and <40 cm _dbh
(stems/ha) €

Stem density 134.9 79.2 0.0-414.0

of trees >40
cm dbh (stems/
ha)©

51.3 23.1 4.9-144.3

1,429.8 949.5 0.0-4,968.2

1,547.7 815.0 169.8-4,840.8

904.4 635.5 0.0-4,012.7

278.8 204.0 0.0~-1,401.3

97.1 73.1 0.0-350.3

0.018

0.001*

0.001*

0s



Table 7. Continued.

Transition-zone Transition-zone
midden sites random sites
(n = 115) (n = 143)

Variable X sD Range X SD Range P <2
Stem density 33.8 38.0 0.0-191.1 13.8 23.2 0.0-95.5 0.001*
of snags >40

cm dbhd(stems

/ha) €’
Foljage volume 33,065 14,143 9,359-80,396 15,364 7,069 1,651-40,043 0.001.
(m~/ha)

2 p values derived from two-tailed t-tests, except where noted.
b rransformed for t-test using acrsin transformation.
€ Transformed for t-test using square-root transformation.

d T-test fgr this variable verified with Chi-square test (x2 = 29.6, 3 d4.f.,
P <0.001").

* significant at P <0.005.

TS
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Table 8. Mean stem density and percent of trees by
species and size class at transition-zone midden sites of
Mount Graham red squirrels and transition-zone random
sites, Pinaleno Mountains, Arizona, 1989-1990.

Transition-zone Transition-zone
midden sites random sites
(n = 115) (n = 143)
Size
class Species Stems/ha % Stems/ha %
Engelmann 279 25.7 216 23.9
spruce
Cork-bark 578 53.3 234 25.9
fir
<20 Douglas~fir 60 5.5 137 15.1
cm dbh
White fir 75 6.9 96 10.6
Pines? 29 2.7 108 11.9
Aspen 47 4.3 66 7.3
other? 16 1.5 48 5.3
Engelmann 101 25.9 66 23.7
spruce
Cork-bark 174 44.6 51 18.3
fir
20-39 Douglas-fir 30 7.7 37 13.7
cm dbh
White fir 15 3.8 17 6.1
Pines?® 12 3.1 54 19.4
Aspen 55 14.1 52 18.6

Other® 3 0.8 2 0.7
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Table 8. Continued.
Transition-zone Transition-zone
midden sites random sites
(n = 115) (n = 143)
Size
class Species Stems/ha % Stems/ha %
Engelmann 40 31.7 21 23.9
spruce
Cork-bark 19 15.1 7 8.0
fir
>40 Douglas-fir 48 38.1 36 40.9
cm dbh
White fir 0 0 0 0
Pines? 7 5.6 17 19.3
Aspen 12 9.5 7 8.0
other® 0 0 0 0

2 Includes ponderosa pine and southwestern white pine.

b 1ncludes Rocky Mountain maple, Gambel oak, Scouler

willow, and New-Mexican locust.



Table 9. Mean values, standard deviations (SD), and ranges of physical and vegetational
variables at spruce/fir and transition-zone midden sites of Mount Graham red squirrels,

Pinaleno Mountains, Arizona, 1989-1990.
Spruce/fir Transition-zone
midden sites midden sites
(n = 100) {n = 115)
variable b4 SD Range h:4 SD Range P <2
Percent slope 21.2 9.1 4.0-47.0 24.1 9.9 3.0-50.0 0.027
Distance to 15.0 8.6 2.0-45.0 16.8 12.2 1.0-65.0 0.223
nearest
opening (m)
Percent canopy 90.2 8.2 65.0~99.0 90.0 9.1 51.0-100.0 0.950
clogure at
Om
Mean percent 87.4 7.8 48.0-97.5 86.9 7.7 58.5-97.8 0.688
canopybclosure
at 5 m
Mean percent 85.4 7.7 60.0-98.0 85.0 8.2 59.8-98.8 0.750
canopy glosure
at 10 m
Mean visibility 39.5 17.0 1.5-81.5 34.8 19.4 0.0-85.5 0.046
from 10 m
(percentb
blocked)
Log_volume 359.9 219.4 0.0-1,183.9 331.3 223.6 0.0-1,295.5 0.347
(m?/ha)
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Table 9. Continued.
Spruce/fir Transition-zone
midden sites midden sites
(n = 100) (n = 115)

variable 2 SD Range 2 SD Range P <
Basgl area 67.0 14.8 35.0-100.5 73.9 21.8 30.1-165.8 0.001*
(m“/ha)
Stem density 2,805.1 1,291.6 254.8-6,879.0 2,044.9 1,075.1 254.8-5,732.5 0.001*
within 5 m

(stems/ha)®
Stem density 2,758.8 996.3 552.0-5,138.0 2,014.6 908.1 424.6-5,180.5 0.001'
5-10 m (stems/

ha) €
Stem density 1,696.8 758.1 159.2-4,044.6 1,084.2 719.9 127.4-3,917.2 0.001*
of trees <20

cn dbh (stems/

ha)©
Stem density 437.9 187.6 63.7-1,019.1 389.4 170.9 63.7-923.6 0.057
of trees >20

and <40 cm _dbh

(stems/ha)®
Sten density 110.2 65.2 0.0-318.5 134.9 79.2 0.0-414.0 0.026

of trees >40
cm dbh (stems/
ha)€
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Table 9 Continued.

Spruce/fir Transition-zone
midden sites midden sites
(np = 100) (n = 115)
Vvariable X SD Range X SD Range P <2
Stem density 49.4 40.6 0.0-222.9 33.8 38.0 0.0-191.9 0.003"*
of snags >40
cm dbh} (stems/
ha)c,g
Fol&age volume 21,945 7,837 8,034-40,720 33,065 14,143 9,359-80,396 0.001*
(m”/ha)

2 p values derived from two-tailed t-tests, except where noted.
b rransformeda for t-test using acrsin transformation.
€ Transformed for t-test using square-root transformation.

a I-test for this variable verified with Chi-square test (x2 = 29.6, 3 d.f.,
P <0.001").

* significant at P <0.005.
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Table 10. Number and percent of midden sites of Mount Graham red squirrels
with at least one tree, snag, or log within the midden structure, and random
sites with at least one tree, snag, or log within 2 m of the plot center (the
approximate size of a typical midden). Each site was counted only once for
each supporting structure category based on the largest tree, snag, and log.
Data from the Pinaleno Mountains, Arizona, 1989-1990.

Spruce/fir forest Transition-zone forest

midden sites random sites midden sites random sites

(n = 100) (n = 58) (n = 115) (n = 143)
Supporting Size
structure class Number (%) Number (%) Number (%) Number (%)
20-39 cm dbh 51 (51.0) 24 (41.4) 25 (21.7) 30 (21.0)
TREES 40-59 cm dbh 16 (16.0) 7 (12.1) 34 (29.6) 8 (5.6)
60+ cm dbh 12 (12.0) 0 (0.0) 34 (29.6) 6 (4.2)
Total 79 (79.0) 31 (53.5) 93 (80.9) 44 (30.8)
20-39 cm dbh 7 (7.0) 5 (8.6) 16 (13.9) 8 (5.6)
SNAGS 40-59 cm dbh 26 (26.0) 1 (1.7) 14 (12.2) 1(0.7)
60+ cm dbh 14 (14.0) 0 (0.0) 15 (13.0) 1 (0.7)
Total 47 (47.0) 6 (10.3) 45 (39.1) 10 (7.0)
5?;;2t§? 7 (7.0) 9 (15.5) 11 (9.6) 19 (13.3)
LOGS 40-50 cm 28 (28.0) 14 (24.1) 34 (29.6) 24 (16.8)
diameter
60+ cm 53 (53.0) 9 (15.5) 41 (35.7) 9 (6.3)
diameter
Total 88 (88.0) 32 (55.1) 86 (74.8) 52 (36.4)
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ABSTRACT

I surveyed black bear (Ursus americanus) damage to
trees and snags around middens of Mount Graham red
squirrels in the Pinaleno Mountains of southeastern
Arizona. One hundred midden sites in spruce/fir forest
were compared to 58 spruce/fir random sites, and 115
midden sites in transition-zone forest were compared to
143 transition-zone random sites. Black bear damage
occurred almost exclusively on trees >18 cm dbh of three
species: Engelmann spruce, cork-bark fir, and white fir.
Approximately 70% of the midden sites in both forest types
had >1 damaged tree, compared to 32.8% of the random sites
in the spruce/fir forest and 39.2% of the random sites in
the transition-zone forest. Nine percent of all spruce
and fir trees were damaged at spruce/fir midden sites and
23.6% were damaged at transition-zone midden sites -- in
each case >2 times the percentage of damaged trees at
random sites. Twenty-nine percent of snags in decay
classes 1 and 2 were damaged at spruce/fir midden sites,

and 39.4% were damaged at transition-zone midden sites.
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INTRODUCTION

In addition to the relict population of Mount Graham
red squirrels, the Pinaleno Mountains support a large
population of black bears (Waddell and Brown 1984). Black
bears in the Pinaleno Mountains commonly strip bark from
the base of trees, apparently to feed on the cambium or
sap underneath. Bark stripping by black bears has been
observed in many areas of North America (Zeedyk 1957,
Fritz 1951, Lutz 1951, Maser 1967, Giusti 1990), and can
cause significant damage to stands of trees (Glover 1955,
Mason and Adams 1989). Black bear damage to conifer trees
in the Pinaleno Mountains undoubtedly influences the rate
of production of snags and logs, and the degree of canopy
closure in old-growth stands, and thus could potentially
affect the habitat of the endangered Mount Graham red
squirrel.

I surveyed black bear damage to trees around middens
of Mount Graham red squirrels in the coniferous forests of
the Pinaleno Mountains. I then compared the frequency of
damage to trees at midden sites to the frequency of damage
to trees at randomly selected sites scattered throughout

the forest.
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METHODS

The study area, the selection and classification of
midden and random sites, and the methods used to establish
midden and random site plots described above (pages 13-17)
were used in the current analysis of bear damage. In
addition, I recorded the presence of bear damage on each
tree or snag >3 cm dbh in all plots.

Data from midden and random sites in each forest type
were summarized into percentages of plots, trees, and
snags with bear damage. In each case, percentages were
compared using Chi-square tests for homogeneity (Sokal and

Rohlf 1969).



62

RESULTS

Black bear damage in the Pinaleno Mountains occurred
almost exclusively on trees >18 cm dbh (Fig. A). In the
spruce/fir forest, Engelmann spruce and cork-bark fir were
the only species damaged by black bears. In the
transition-zone forest black bears also damaged
significant numbers of white fir trees. The following
analysis is limited to these 3 species and to trees and
snags >18 cm dbh.

In both forest types, approximately 70% of the midden
sites had >1 tree with bark stripped at the base (Fig. B).
Also, 32.8% of the spruce/fir random sites and 39.2% of
the transition-zone random sites had >1 damaged tree
(Fig. B). Overall, 8.9% of trees within midden plots were
damaged in the spruce/fir forest (Fig. C) and 23.6% in the
transition-zone forest (Fig. D) =~ in each case >2 times
the percentage of damaged trees at random sites. The
average number of trees damaged per plot was 1.85 and 0.66
at spruce/fir midden and random sites, and 3.18 and 0.79
at transition-zone midden and random sites, respectively.
Most of the trees damaged by black bears at midden sites
in both forest types were cork-bark firs: 119 of 185

(64.3%) damaged trees in the spruce/fir forest (Fig. C)
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and 311 of 366 (85.0%) damaged trees in the transition-
zone forest were cork-bark firs (Fig. D).

I could reliably determine black bear damage on snags
in decay classes 1 and 2 only, because evidence of damage
is obscured in later stages of decay with the
deterioration of bark and sapwood. In both forest types,
there were significantly more new snags with bear damage

at midden sites than at random sites (Fig. E).
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DISCUSSION

Black bears in the Pinaleno Mountains damaged more
trees, particularly cork-bark fir, adjacent to middens of
Mount Graham red squirrels than at random locations
throughout the forest. There are several potential
explanations for this relationship. For example, bears
may select trees for food based on the same criteria used
by red squirrels. If red squirrels choose highly
productive sites where trees supply more (or more
nutritious) cones or buds, these sites also are likely to
have trees with cambiums rich in nutrients or moisture and
thus be more attractive to bears. Or, it may be that
bears prefer trees in dense stands, such as those
occurring near red squirrel middens (Mannan and Smith
1991), because such sites satisfy cover requirements of
bears.

Black bear damage frequently kills the trees on which
it occurs (Glover 1955, Mason and Adams 1989), and
therefore potentially influences the habitat of the
endangered red squirrel. Mount Graham red squirrels
choose unusually dense, closed-canopy stands in which to
forage and place their middens (Mannan and Smith 1991).
Significant damage by bears to these areas, as observed in

the current study, could open the canopy and make these
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sites less suitable for middens. In addition, the loss of
trees from bear damage must surely result in the loss of
sources of food and cover for red squirrels. However,
Mannan and Smith (1991) also found that midden sites
occurred in areas with large amounts of decaying wood in
the form of snags and downed logs -- both of which are
important for red squirrel survival. Therefore, bear
damage also may exert a significant positive influence by
contributing to the dead wood component of sites used by
red squirrels. I believe that both the negative and
positive processes described above occur in the Pinaleno
Mountains.

The complexity of the situation is magnified when
one considers that the frequency at which new bear damage
occurs undoubtedly varies over time. When black bear
populations are high, the probability of new tree damage
increases. This condition is probably intensified in
years of low precipitation, when spring forage for bears
is scarce and tree cambium becomes an important food
supply.

Annual and seasonal variability in new bear damage
may partially explain why ratios of snags with and without
bear damage were similar to ratios of trees with and

without damage. This similarity could be interpreted as
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evidence that bear damage was not an important factor in
the production of snags. Such an interpretation requires
the assumption that if bear damage did kill many trees the
ratio of snags with damage to those without would be
higher than the ratio of trees with damage to those
without. However, if relatively few trees were damaged by
bears in years just prior to my study compared to damage
occurring during my study, then the ratios of snags and
trees with and without bear damage could be similar, as
was the case in this study.

If the frequency of bear damage is variable over
time, I envision 3 resulting scenarios. (1) In some years
little damage occurs and there is little effect on
red squirrel habitat; (2) when bear damage reaches a
certain minimum, snags are created without significantly
disturbing the forest canopy, thus enhancing the
suitability of sites for midden storage (after a time lag
of several years for the damaged trees to die and decay):
and (3) when bear damage is high, the forest canopy is
significantly disturbed after the trees die, and the
number of potential midden sites decreases. The magnitude
and sequence of these scenarios could greatly influence
red squirrel numbers in a limited area such as the

Pinaleno Mountains.



67

Whatever the nature of the correlation between black
bear damage and red squirrel middens in the Pinaleno
Mountains, it is evident that one exists. The damage
black bears inflict on trees influences processes that
affect the structure of the high-elevation forests,
particularly where red squirrel middens are located.
Because these two sensitive populations of mammals are
isolated in a sensitive forest type of limited area, this
interaction may be of critical importance to their

continued survival.
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Spruce/Fir Transition-Zone
FOREST TYPE

MIDDEN SITES ] RANDOM SITES

Figure B. Percent of plots at midden sites of Mount
Graham red squirrels and random sites with >1 tree with
black bear damage in the spruce/fir and transition-zone
forests of the_Pinaleno Mountains, Arizona, 1989-199
(spruce/fir: X< = 23.13*%, 1 d.f.; transition-zone: X¢ =
23.69*%, 1 d.f.). *Significant at P <0.05.
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Figure C. Percent of trees with black bear damage at

midden sites of Mount Graham red squirrels and random
sites in the spruce/fir forest, Pinaleng Mountains,
Arizona, 1989—19%0 (Engelmann spruce: X¢ = 15.88%, 1 d.f.;
cork-bark fir: X° = 9.69*%, 1 d.f.; combined: X< = 28.51%,

1 d.f.). *Significant at P <0.05.



71

40-

35+

30-

25+

.....
S It

20-

154

............

ISR

PERCENT WITH DAMAGE

b2

Engelmann Cork-bark White Combined
Spruce Fir Fir

MIDDEN SITES [Jjj RANDOM SITES

Figure D. Percent of trees with black bear damage at
midden sites of Mount Graham red squirrels and random
sites in the transition-zone forest, Pigaleno Mountains,
Arizona, 1989-1930 (Engelmann spruce: X© = 4.72*2 1 d4.f.;
cork~-bark fir: X¢ =_13.86*, 1 d.f.; white fir: X = 0.003,
1 d.f.; combined: X2 = 46.21*%, 1 d.f.). *Significant at

P <0.05.
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PERCENT WITH DAMAGE

Spruce/Fir Transition-Zone
FOREST TYPE

MIDDEN SITES [l RANDOM SITES

Figure E. Percent of snags in decay classes 1 and 2 with
black bear damage at midden sites of Mount Graham red
squirrels and random sites in the spruce/fir and
transition-zone forests, Pinaleno Mountains, Arizona,
1989-1930 (spruce/fir: X2 = 10.31*%, 1 d.f.; transition-
zone: X¢ = 6.62*%, 1 d.f.). *Significant at P <0.05.
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