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ABSTRACT 

I studied habitat use by 9 radio-collared Mt. Graham 

red squirrels (Tamiasciurus hudsonlcus grahamensis) during 

the summers of 1988 and 1989 in the Pinaleno Mountains, 

Arizona. My 2 study areas represented an Engelmann spruce 

(Plcea engelmannii)/corkbark fir (Abies lasiocarpa) 

association on High Peak and a Douglas-fir (Psuedotsuga 

menziesii) association on Merrill Peak. I trapped 9 

squirrels in 33,400 trap hours, and calculated the seasonal 

home range for 4 animals, 2 in each study area. Midden 

density was 0.54 and 0.2 middens/ha, respectively, but 

seasonal home range size (x = 3.62 ha) did not vary between 

habitats. Squirrel numbers decreased on both study areas 

between 1988 and 1989. I concluded that preference for 

habitat characterisics in midden areas explained lower 

densities in the mixed conifer vegetation. Squirrels fed 

mainly on cones and mushrooms, depending on season and 

availability. Mt. Graham red squirrels may breed 

twice/year. 
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INTRODUCTION 

The red squirrel inhabits boreal conifer, mixed 

conifer, and mixed hardvood forests in many regions of North 

America (Gurnell 1987). The Mt. Graham red squirrel is an 

isolated subspecies at the southernmost limit of the species 

range, living only in the Pinaleno Mountains of southeastern 

Arizona (Brown 1984). Squirrels currently occupy the 

remaining subalpine spruce and fir stands not previously cut 

or degraded, through mixed conifer stands in the Canadian 

life zone (Lowe 1980), to approximately 2,500 m elevation 

along some drainages (Coronado National Forest, Mount Graham 

red squirrel: an expanded biological assessment, 130pp, 

1988). Historically, red squirrels ranged to elevations as 

low as 2,057 m (Spicer et al., Status of the Mt. Graham red 

squirrel Tamiasciurus hudsonicus grahamensls (Allen), of 

southeastern Arizona, Ariz. Game and Fish Dept., 48 pp., 

1985). 

Red squirrel behavioral and reproductive ecology vary 

among populations. C. C. Smith (1968) related territory 

size to available food supply in British Columbia. In 

different habitats in Alberta, Rusch and Reeder (1978) 

related territory size to cone supply during poor cone 

producing years. Vahle and Patton (1983) described cover 

requirements for red squirrel middens (debris piles used for 

cone caching) and nesting areas. They concluded that stands 
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with high basal area and dense cover of overhead canopy 

provided the best red squirrel habitat in the White 

Mountains of Arizona (Vahle and Patton 1983). A biological 

assessment (Coronado National Forest, Mount Graham red 

squirrel: an expanded biological assessment, 130pp, 1988) 

on the Pinaleno population asserted that old-growth 

characteristics of high canopy cover, high density of stems, 

and clusters of downed logs were important for midden 

placement and activity areas. 

The U. S. Fish and Wildlife Service (USFWS) listed the 

Mt. Graham red squirrel as endangered on 3 June, 1987 under 

the Endangered Species Act of 1973 (Public Law 93-205). 

Little specific information existed about the ecology of 

this subspecies. Preliminary studies of population 

distribution and densities showed that the subalpine 

associations of Engelmann spruce and corkbark fir contained 

the highest density of squirrels in the Pinalenos (Spicer et 

al., Status of the Mt. Graham red squirrel Tamiasciurus 

hudsonicus grahamensis (Allen), of southeastern Arizona, 

Ariz. Game and Fish Dept., 48 pp., 1985). Mixed conifer 

stands dominated by Douglas-fir contained less dense 

populations. My objectives were to determine seasonal home 

range size in the 2 vegetation associations, describe 

habitat use within the home range, and to make observations 

of breeding, territorial, and feeding behavior. 
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STUDY AREA 

I studied habitat use by red squirrels between June and 

November 1988, and May through August 1989 in the Pinaleno 

Mountains, Graham County, southeastern Arizona (Fig. 1). 

The 2 study areas (MP and HP) represented distinct £orest 

associations. Merrill Peak overlaps the range of the 

introduced Abert's tree squirrel (Sclurus aberti). Both 

areas support mature to old-growth stands, with a closed 

canopy and little understory with downed logs and woody 

debris. I marked each area with a 50 m quadrant grid, using 

a compass and 50 m measuring tape, and used numbered flags 

for visibility. 

The lower study area (MP) (55 ha) was located northeast 

of Merrill Peak at an elevation of 2,835 m. This area 

supported a mature to old-growth mixed conifer association 

(based on basal area, tree size, and canopy cover) in a 

relatively flat portion of the mountain. Douglas-fir 

dominated the stand; sub-dominants included white fir (Abies 

concolor), Mexican white pine (Pinus strobiformis). and 

quaking aspen (Populus tremuloides). Some areas contained 

Rocky Mountain maple (Acer glabrum), New Mexican locust 

(Robinia neomexicana). red raspberry (Rubus idaeus). bracken 

fern (Pteridium aquilinum). and several herbs or grasses. 

During the moist summer months of 1988, fungi were numerous. 

The High Peak study area (33 ha), located south of the 
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highest peak in the Pinalenos, varied in elevation from 

3,140 to 3,230 m. The High Peak study area supported an 

old-growth Engelmann spruce and corkbark fir association. 

The area has gentle to steep slopes of 45 degrees, a closed 

canopy, woody debris, many downed logs, and little 

understory. Mountain blueberry (Vaccinlum myrtillus) was 

common on rocky slopes, and I found occasional patches of 

pine thermopsis (Thermopsis pinetorum) and grasses in other 

areas. Myriad fungal species were present during the rainy 

summer of 1988. 
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Figure 1. Pinaleno Mountains, southeastern Arizona. The 

study areas were located entirely with the Coronado National 

Forest. The 2 study areas are identified: MPSA = Merrill 

Peak study area; HPSA = High Peak study area. 

CORONADO [US 
666 NATIONAL 

FOREST 

MPSA HPSA 

366 

miles 

1-10 
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METHODS 

I trapped squirrels betveen 5 July and 25 August in 

1988, and betveen 5 May and 30 August in 1989. I baited 

National live-traps (14 X 14 X 41 cm) vith unshelled 

peanuts, peanut butter, pine nuts, walnuts, or native 

mushrooms (Cortlnarlus sp.). I placed traps on runways, 

middens and where squirrels were active, then checked them 

every 2 to 3 hours. 

Captured squirrels were released from the trap into an 

open-ended conical sack, modified from Halvorson's (1972) 

design, so that only the squirrel's head was visible. I 

then anaesthetized the squirrel by placing its head into an 

open, wide-mouthed plastic jar containing a cotton ball 

saturated with Metofane (Barry 1972, Vahle 1978). The 

squirrel breathed air and Metofane until it became 

unconscious (1-2 minutes). Squirrels remained anesthetized 

for 5 to 7 minutes. 

I weighed the unconscious squirrel with a Pesola spring 

balance, then recorded sex, age class (juvenile, sub-adult, 

or adult), reproductive status (Layne 1954), and standard 

body measurements (Layne 1954). Each squirrel was collared 

with a radio-transmitter weighing approximately 7 g 

(Telonics, Inc., Mesa, Ariz.). In 1989, I also marked each 

animal with ear-tags in both ears, using #1 Monel tags with 

colored plastic washers (National Band and Tag, Newport, 
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Ky.) for additional identification. After processing, I 

covered each squirrel with a light cotton cloth and allowed 

it to recover for 20 minutes. The recovery time was to 

assure return to normal locomotion. 

Each time I located a squirrel I systematically 

followed it, using a directional antenna, for as long as I 

could keep it in sight. I followed each squirrel 2 to 5 

times daily, weather and time permitting. I located 

individuals at intervals of >. 2 hours to help ensure 

independence of samples (Lair 1987). Each day was divided 

into early morning (dawn-0930), late morning (0931-1300), 

early afternoon (1301-1630), and late afternoon (1631-dusk). 

I attempted to locate each squirrel during each period, or 

to spread locations equally among the time periods. 

I marked the location where I first saw a squirrel, and 

used that position for home range analysis by mapping the 

location within the quadrant (+. 2 meters). Occasionally, I 

located squirrels in nests or logs, so I could not visually 

confirm locations. I visually confirmed 90% of the 

locations. I also used the first sighting position to 

analyze micro-habitat within the home range. Within a 2.5 m 

radius circle surrounding the location, 1 recorded number 

and species of all trees, diameter at breast height (dbh) of 

trees >3.8 cm dbh, number and species (if possible) of snags 

and downed logs. I measured overhead canopy cover with a 
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spherical densiometer (Lemmon 1956) in each cardinal 

direction, by facing away from the center at the outer 

perimeter of the circle. I also recorded slope, aspect, and 

ocular estimate of percent cover by herb species. The same 

variables were measured at all midden areas, using 5 m 

radius circles. In addition, 1 randomly selected 42 circles 

at grid corners in each study area, and compared 

measurements of these random locations vith home range and 

midden measurements. 

I analyzed all vegetation data by comparing variables 

from random, midden, and forage areas within and between the 

study areas. I used either student's T-tests, Kruskal-

Wallis 1-way analysis of variance (ANOVA) or Mann-Whitney 

non-parametric tests, depending upon data and sample size. 

Next, I used discriminant function analysis to estimate the 

relative importance of each significant variable. I 

analyzed aspect data with circular statistics (Batschelet 

1981), using the Rayleigh test for non-randomness, and the 

2-sample Rayleigh test (Batschelet 1981). Circular 

statistics analyze the direction of the mean angle and 

spread (similar to standard deviation) of a sample in 

relationship to a random or other distribution (Batschelet 

1981). To avoid bias in the mean angle toward midden 

locations, I used the midden aspect once in aspect analysis. 

I calculated home ranges using the minimum convex 



polygon (MCP) (Mohr 1947), and harmonic mean center (HMC) 

(Dixon and Chapman 1980) methods. Trapping data and radi 

locations were used for home range analysis. 
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RESULTS 

I trapped 9 individuals a total o£ 14 tines during the 

study. Squirrels soon became adjusted to my presence, and 

usually did not scold or run from me. Home ranges were 

calculated with 64 to 136 sightings/squirrel. 

Squirrel Measurements 

I found no significant differences (P > 0.05) in body 

measurements of squirrels between sexes (Table 1). I 

trapped 1 juvenile squirrel, and estimated its age at 8-10 

weeks, because it was still with its mother (both were 

captured together in a trap), but the mother was not 

lactating. The juvenile's body measurements were: weight, 

129 gm; total length, 30.0 cm; body length, 16.0 cm; tail 

length, 14.0 cm; hind foot length 4.4 cm; and ear length 1.4 

cm. 

Breeding Behavior 

My field season encompassed the breeding season, which 

1 calculated from observations of mating bouts, nursing 

females, and young emerging from nests. The earliest 

estimated breeding was mid to late March. I observed a 

mating chase in mid-June, and all but 1 of the females 

trapped in late July were nursing. One female (No. 89) had 

2 litters in 1989. 

Female No. 89 moved her first litter (2 young) to her 

midden area from an unknown nursing nest on 6 June. One of 



Table 1. Weight and standard body measurements 

of adult Mt. Graham red squirrels, 1988-1989, Pinaleno 

Mountains, southeastern Arizona. 

CHARACTER N MEAN RANGE SE 

Weight (g) 8 236.38 216-264 5.54 

Total length (cm) 8 36.19 33.5-38.0 0.60 

Body length (cm) 8 20.59 19.5-22.0 0.28 

Tail length (cm) 8 14.60 11.5-16.8 0.57 

Ear length (cm) 7 1.67 1.3-2.1 0.11 

Hind foot length (cm) 8 4.94 4.5-5.2 0.08 
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the young was found dead on the midden log 9 June, but no 

cause of death could be determined. Later in the day of 9 

June, I observed a mating chase between 2 unmarked males and 

female No. 89. The female was not territorial during the 

mating chase, although she was aggressive toward unmarked 

males entering her home range before and after the date of 

the mating chase. 

Female 89 began nursing her second litter on or about 

18 July, 39 days after the mating chase. She began spending 

most of her time in a tree 130 m to the northwest of her 

midden, and I located her in that tree after dark twice. 

Unfortunately, No. 89 was killed late in the day on 18 

August or early morning on 19 August, before her young would 

be expected to leave the nest. I was unable to confirm the 

presence of the nest directly, because I could not safely 

climb the tree. 

Another female I captured had 5 young in a nest 

approximately 30 m from the midden on 9 July, 1988. Her 

young were already active outside the nest. I was unable to 

locate nests of several unmarked lactating females. 

I observed 8 litters during the 2 field seasons. Four 

litters were observed in the fall, after young had been 

veaned. Three litters consisted of 1 surviving young seen 

at the mother's midden. I observed 1 female with 3 young at 

her midden in October, 1989. The summer litters observed 



20 

had 5, 3, 2 and 1 young. 

Nests 

I located 22 nests (Table 2). Thirteen 13 nests were 

inside snags and 4 nests were in cavities in live trees. 

One squirrel constructed at least 2 underground nests away 

from midden areas. Another squirrel built a twig nest in a 

live tree next to 2 snags containing at least 2 cavity nests 

each. The remaining 2 nests were inside logs. Squirrels 

commonly constructed 2 or more nests in a snag near their 

midden. Squirrels built most nests between 1.0 to 5.0 m 

above ground (10 of 22), vith 6 nests located belov 1 m in 

height and 6 nests constructed at heights >5 m. Squirrels 

built most nests < 15 m from their middens (18 of 22). 

Foods 

I observed squirrels eating 104 times in 1988, and 160 

times in 1989. I observed feeding from 3 July to 22 

November in 1989, and from 18 May to 28 September in 1989. 

Most observations were made of marked squirrels. In 1988, I 

collected most data from the High Peak study area, and most 

data collected in 1989 came from the Merrill Peak study 

area. 

Foods and foraging activities changed between 1988 and 

1989 (Table 3). In both years, however, red squirrels ate 

stored cones from previous years in 14% of observations. In 

1988, both epigeal and hypogeal mushrooms were numerous, and 
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Table 2. Height above ground and types of nests 

built by Mt. Graham red squirrels, 1988-1989, Pinaleno 

Mountains, southeastern Arizona. 

HEIGHT TYPE OF NEST 

SNAGS LIVE TREE BOLUS UNDERGROUND LOG %TOTAL 

0-1 m 2 0 0 2 2 27.3 

1.1-
5.0 m 7 3 0 NA NA 45.5 

5.1-
10 m 2 0 1 NA NA 13.6 

10.1-
15 m 2 0 0 NA NA 9.1 

15.1-
20 m 0 1 0 NA NA 4.5 
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squirrels cached epigeal species. Few epigeal fungi were 

available in 1989; I observed squirrels eating only hypogeal 

species, and did not see them cache mushrooms. 

On Merrill Peak in 1988, I observed squirrels caching 

Mexican white pine cones, and a few Douglas-fir cones, 

beginning about 15 August (5 observations of unmarked 

squirrels). U. S. Forest Service biologists rated cone 

production, by ocular estimates, on both study areas as poor 

in 1988 (K. Milne, Coronado Nat. For. Dist. Biol., pers. 

comm.). In 1989, squirrels cached only Douglas-fir and 

white fir cones. Squirrels cached large quantities of 

epigeal mushrooms, as well as some Engelmann spruce and 

corkbark fir cones, on High Peak during 1988. In 1989, 

because of extremely limited food supplies and few 

squirrels, I was unable to observe squirrels caching foods 

on High Peak. 

Summer rains in 1988 helped produce the large and 

varied fungi crop. Cortinarius sp. was my most successful 

trap bait. Squirrels ate mushrooms in 40% (42 observations) 

of all feeding observations (10 July through 15 November). 

During July, squirrels ate mushrooms in 40% of observations, 

and ate stored cones in 60%. In August, 79% of observation 

were of squirrels eating new cones, 18% eating fungi, and 3% 

eating stored cones. In September through November, feeding 

on epigeal mushrooms increased to 58% of observations, and 
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Table 3. Percent of observations of foods eaten by Mt. 

Graham red squirrels, 1988-1989, Pinaleno Mountains, 

southeastern Arizona. 

FOOD TYPE 

CONES 

MONTH Stored (a) New (a) MUSHROOMS (b) OTHER (c) 

1988 1989 1988 1989 1988 1989 1988 1989 

May-June ? 26 ? 55 ? 12 ? 7 

July 60 7 0 85 40 7 0 1 

August 3 5 79 78 11 15 7 2 

Sept-Nov 16 ? 26 ? 58 ? 0 ? 

Total 14 14 44 71 40 11 2 4 

(a) Engelmann spruce, corkbark fir, Douglas-fir, white 
fir, or Mexican white pine. 

' Several species, including but not limited to Russula. 
Cortinarius. Boletus. 

(c) Other foods include braken fern and unknown species of 
rusts, lichen, and tuberous roots. 
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new cones, in trees or nevly cached, comprised 42%. 

In 1988 on High Peak, red sqirrels switched to feeding 

on new cones on trees beginning 4 August. Squirrels began 

drying epigeal mushrooms about 1 August, by placing them 

upside down in the branches of trees, or on logs. Caching 

of both epigeal mushrooms and cones began approximately 12 

August. 

Epigeal mushrooms were scarce in 1989. Forest Service 

personnel rated cone crops as follows: Engelmann spruce, 

light; Corkbark fir, none; Mexican white pine, none; white 

fir, light; Douglas-fir, medium to heavy. In 1989, red 

squirrels ate stored cones on both study areas through 18 

July (23 observations), but switched to feeding mostly on 

new cones by 10 June. Of 160 observations of feeding in 

1989, 85% were cone feeding: 71% the current year's crop, 

and 14% stored cones from previous years. Squirrels ate 

hypogeal mushrooms in 11% of feeding observations. The 

remaining 4% represented other foods, including bracken 

fern, and unknown species of rusts, lichen, and tuberous 

roots. 

In May and June 1989, stored cones comprised 26% of 

observations, new cones 55%, mushrooms 12%, and other foods 

6%. In July, squirrels ate stored cones in 7% of 

observations, new cones in 85%, and hypogeal mushrooms in 

8%. In August, 83% of feeding observations were of new 
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cones, and 15% were hypogeal mushrooms. 

Caching began 5 August, 1989, on Merrill Peak. I did 

not observe squirrels caching mushrooms in 1989. By the end 

of August, squirrels on High Peak stopped territorial 

rattle-calling and did not cache cones. Two squirrels I 

marked in 1988 and saw frequently at the beginning of the 

season in 1989 at their respective middens, disappeared 

after about the middle of August. One of these middens was 

abandoned, with no cone storage, by the middle of October. 

I saw little activity at the other midden, but it possibly 

had a resident squirrel. Our only radio-collared squirrel 

on High Peak in 1989 disappeared 30 July, but another 

squirrel occuped the midden by 4 August. By October, 

however, the midden was abandoned. 

I noticed during the study that squirrels sometimes 

foraged all day in a single tree. I saw squirrels forage in 

the same Douglas-fir tree as many as 7 days. I named the 

frequently visited trees (trees where I observed squirrels 

for long periods of time and on more than 1 day) "forage 

trees". 

Mean dhb of mature trees (cone bearing size), varied by 

species. I compared dbh of "forage trees" with mature, 

cone bearing trees (Table 4). Mean dbh of "forage trees" 

was significantly larger than other adult trees for all 

species (Kruskall-Wallis analysis of variance (ANOVA), P 



Table 4. Mean dbh of adult cone bearing trees in forage 

areas of 4 radio-collared Mt. Graham red squirrels, 1988-

1989, Pinaleno Mountains, southeastern Arizona. 

SPECIES N 
MEAN DBH (cm) 
ADULT TREES N 

MEAN DBH (cm) 
"FORAGE TREES" P * 

Engelmann 
spruce 146 43.8 84 54.0 0. 021 

Corkbark 
fir 66 35.9 19 55.5 0. 001 

Douglas-fir 99 34.8 34 53.4 0. 000 

White fir 72 25.6 10 37.4 0. 000 

Mexican 
white pine 43 31.6 3 38.7 0. 143 

* Kruskal-Wallis Analysis of Variance (ANOVA) 
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< 0.05), except Mexican white pine. Squirrels foraged 

infrequently in Mexican white pine in 1989, the year I made 

most measurements on Merrill Peak. Squirrels seldom foraged 

in younger cone bearing trees, and never repeatedly for 

several days. 

Red squirrels foraged in trees systematically beginning 

at the top, working each branch in a whorl to the tip, then 

moving down to the next whorl. If squirrels foraged in the 

same tree a second time, they again began at the top. 

Squirrels seldom climbed down the same tree in which they 

had been foraging. They preferred to cross to an adjacent 

tree before descending to the ground. 

Densities 

Merrill Peak contained 0.2 middens/ha (N = 11), 

concentrated on the south side of Swift Trail, in a 35 ha 

mature to old-growth stand of Douglas-fir. I located no 

middens on the north side of the road, where logging had 

created large open areas. Actual density on Merrill Peak in 

the area occupied by squirrels was 0.31 middens/ha. High 

Peak contained 0.54 middens/ha and middens were located 

throughout the study area. The active middens on Merrill 

Peak (those with resident squirrels) declined from 6 of 11 

in 1988, to 3 active in 1989. Active middens on High Peak 

decreased from 11 of 18 middens in 1988, to 6 active middens 

in summer 1989. By fall 1989, only 3 middens still had some 
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indirect sign (fresh cone scales or digging) of activity, 

and by spring 1990, only 1 midden showed signs of activity 

on High Peak. 

Home Range and Territoriality 

Of the 9 squirrels captured and radio-collared, I 

collected enough data, based on area curve asymptotes, to 

analyze home range for 4 animals, 2 in each study area 

(Table 5). The mean seasonal home-range size (3.67 ha, 

range = 1.65-6.31 ha; Merrill Peak "x = 3.09 ha, High Peak x 

= 4.24 ha, range = 2.52-5.95 ha, MCP method) did not differ 

between the 2 study sites. 

I located core areas (areas where we located squirrels 

most often) using 50% HMC and visually relating the centers 

of these core areas with a biologically significant feature 

within the quadrant (Lair 1987). For all 4 squirrels, the 

focal center of the home range was a midden. Two squirrels 

had bi-modal focal centers, with each center being a 

separate midden, because they moved to different middens 

during the study. 

On 4 separate occasions, I observed new squirrels gain 

control of middens that were abandoned at most 2 days. 

Three different squirrels occupied 1 midden within 3 days. 

I also observed 4 squirrels using more than 1 midden area 

separated by 50 m or more. 



Table 5. Home range sizes (ha) o£ 4 adult Mt. Graham red 

squirrels, 1988-1989, Pinaleno Mountains, southeastern 

Arizona. 

SQUIRREL STUDY AREA N (a) 

MINIMUM 
CONVEX 
POLYGON 

HARMONIC 
MEAN (95%) 

66 (M) High Peak 64 2.08 2.52 

505 (F) High Peak 73 6.31 5.95 

51 (M) Merrill Peak 101 4.40 4.43 

89 (F) Merrill Peak 133 1.65 1.74 

AVERAGE Merrill Peak 3.03 3.09 

High Peak 4.20 4.24 

OVERALL AVERAGE 3.62 3.67 

(a) Number of squirrel sightings. 
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Habitat Analysis 

I analyzed 10 micro-habitat characteristics (Tables 6 

and 7). Squirrels located their middens and surrounding 

forage areas in stands with dense canopy cover and many 

mature trees for feeding. Both study areas had high 

densities of adult cone bearing trees; basal area (ba) 

measured 47.07 m J'ha on High Peak, and 30.14 m J/ha on 

Merrill Peak. Basal area was not significantly different 

between random and home range (forage) areas (Mann-Whitney 

U, 2-sided P = 0.19). 

Merrill Peak:—Forage areas differed significantly from 

random locations in 3 variables: overhead canopy cover, 

aspect, and average dbh of live trees >30 cm dbh (Table 6). 

Overhead canopy cover was significantly greater in forage 

areas than at random sites (random x = 85.7, forage 5T = 

93.0; Mann-Whitney U, 2-sided P = 0.008). Mean aspect for 

home ranges of squirrels differed significantly (Rayleigh 

test for non-randomness, P < 0.001) from random areas 

(random x angle = 145 degrees, forage x angle = 282 degrees, 

329 degrees, for No.89 and No.51, respectively). The female 

(No.89) located her home range on vest-facing slopes while 

the male located his home range on north facing slopes (Fig. 

2). Average dbh of cone bearing trees >30cm dbh was 

significantly larger (Kruskal-Wallis 1-way ANOVA, P = 

0.0098) in forage areas than in random areas (random 5[ = 
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Table 6. Results of tests comparing micro-habitat 

characteristics of midden, forage, and random areas, 1988-

1989, Merrill Peak, Pinaleno Mountains, southeastern 

Arizona. P-values are from comparisons of midden (1) or 

forage (2) areas versus random areas. 

HABITAT 
FEATURE 

MEAN 
RANDOM 

MEAN 
MIDDEN P (1) 

MEAN 
FORAGE P (2) 

Canopy 
Cover (%) 85.7 92.4 0. 036 93.0 0. 008 

Slope (%) 17.2 10.3 0. 061 13.0 0. 062 

Aspect (a) 
(degrees) 145 345 0. 015 

282 
329 

<0. 
<0. 

01 
01 

Dbh, trees 
>30 cm dbh 48.4 55.9 0. 179 59.3 0. 010 

# logs/ 
0.01 ha plot 1.4 1.2 0. 645 1.1 0. 496 

Dbh of snags 
(cm) 25.3 61.3 0. 004 23.1 0. 822 

# snags/ 
0.01 ha plot 0.32 1.0 0. 006 0.44 0. 227 

See Figure 1 also. 
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48.4 era dbh, forage x = 59.3 cm dbh). 

Squirrels built middens in areas of significantly 

greater (Mann-Whitney U, 2-sided P = 0.036) average canopy 

cover compared to random areas (random x = 85.7%, midden x = 

92.4%), but did not build middens in areas of significantly 

gentler slope (P = 0.061; random "x = 17.2%, midden "x = 

10.3%). Squirrels preferentially built middens in the 

northern quadrants (Rayleigh 2-sample test, P = 0.035; 

midden x angle = 345 degrees, random x angle = 145 degrees) 

(Fig. 2). Midden areas did not contain significantly more 

(Kruskal-Wallis 1-vay ANOVA, P = 0.645, 0.496 respectively) 

dovned trees than forage or random areas/0.01 ha plot 

(random x = 1.4 logs/plot, forage x = 1.1, midden x = 1.2). 

Mean dbh of live trees >30 cm dbh did not differ 

significantly between midden and random areas (P = 0.179; 

random "x = 48.4 cm dbh, midden x = 55.9 cm). However, 

midden areas had significantly more snags/0.01 ha plot (P = 

0.0055; random "x = 0.32 snags/plot, midden x = 1.0 

snags/plot) on Merrill Peak, and mean dbh of snags was 

significantly larger at midden areas than random areas (P = 

0.004; random x = 25.3 cm dbh, midden x = 61.3 cm). In 

addition, 5 of 10 midden plots contained >. 1 snags >40 cm 

dbh, while only 3 of 42 random midden plots met this 

criterion. Sixteen of 22 nests I located were built in 

cavities in snags >40 cm dbh. The 3 factors of number of 



Figure 2. Distribution of red squirrel midden and forage 

areas. Merrill Peak, Pinaleno Mountains, Arizona, 1989. A. 

represents aspects from random locations. Arrows represent 

mean angles. B. Orientation of midden areas C. Orientation 

of sightings in forage area of no. 51 (male yearling). D. 

Orientation of No. 89's (adult female) forage area. All 3 

samples vary significantly from the random sample. 
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large snags, aspect, and slope combined best defined 

differences between midden and other areas in the mixed 

conifer zone (discriminant function analysis, canonical 

correlation = 0.7792, Chi* 18.68, 3 df, P_ = .001). 

High Peak;—Overstory canopy cover, slope, and average 

dbh of trees >30 cm dbh were not significantly different 

between forage and random locations (Mann-Whitney U, 2-

tailed P > 0.05) (Table 7). The mean angle of the female's 

home range (No. 505, Fig. 3) differed significantly from the 

random sample (Rayleigh 2-sample test, P = 0.042; random >[ = 

134 degrees, No. 89 forage area x. = 23 degrees). Mean dbh 

of trees >30 cm dbh did not differ significantly (Kruskal-

Wallis 1-way ANOVA, P > 0.50) among forage, midden and 

random areas (random x = 43.5 cm dbh, forage x = 45.2 cm, 

midden x: = 43.5 cm). The number of logs was not 

significantly different between forage and random sites (P = 

0.845; random 5c = 2.3 logs/0.01 ha plot, forage x = 2.5 

logs/plot). 

Average overhead canopy cover was significantly greater 

(Mann-Whitney U, 1-tailed P =0.002) at High Peak midden 

areas compared to random locations (random x = 82.1%, midden 

x = 91.9%), but slope was not significantly gentler (P = 

0.382; random x. = 23.6%, midden x. = 22.5%). Squirrels on 

High Peak preferentially built middens on the east slopes 

(Fig. 3) (Rayleigh test for non-randomness, P < 0.001), but 
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Table 7. Results of tests comparing micro-habitat 

characteristics of midden, forage, and random areas, 1988-

1989, High Peak, Pinaleno Mountains, southeastern Arizona. 

P-values are from comparisons of midden (1) or forage (2) 

areas versus random areas. 

HABITAT 
FEATURE 

MEAN 
RANDOM 

MEAN 
MIDDENS P(l) 

MEAN 
FORAGE P (2) 

Canopy 
Cover 82.4 91.9 0.004 88.7 0.181 

Slope (%) 23.6 22.5 0.392 26.8 0.129 

Aspect (a) 
(degrees) 134 101 >0.10 

23 
100 

<0.05 
>0.05 

Tree dbh 
(>30 cm dbh) 43.5 43.5 0.990 45.2 0.607 

# logs/ 0.01 
ha plot 2.3 1.3 0.226 2.5 0.596 

Snag dbh (cm) 24.3 25.6 0.785 20.8 0.367 

# snags/ 0.01 
ha plot 0.49 2.0 0.010 1.8 0.670 

* See Figure 2 also. 
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Figure 3. Distribution o£ red squirrel midden and forage 

areas. High Peak, Pinaleno Mountains, Arizona, 1988. 

A. represents aspects from random locations. Arrows 

represent mean angles. B. Orientation of midden areas 

C. Orientation of sightings in forage area of no. 66 (adult 

male). D. Orientation of No. 505's (adult female) forage 

area. Only D. varied significantly from the random sample. 

* 
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••• • • 
•• 
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midden location did not differ significantly (Rayleigh 2-

sample test, P > 0.10) from the random sample (random mean 

angle = 134 degrees, midden mean angle = 101 degrees). 

Midden areas on High Peak did not contain significantly 

more downed trees than forage or random areas/0.01 ha plot 

(Kruskal-Wallis 1-vay ANOVA, P = 0.226, 0.296, 

respectively)(random x = 2.3 logs/plot, midden x = 1.3 

logs/plot, forage x = 2.5 logs/plot). The number of 

snags/0.01 ha plot did not differ significantly (P = 0.3903) 

between High Peak forage areas and midden areas (midden & = 

2.0 snags/plot, forage x = 1.8 snags/plot). Both forage and 

midden areas contained significantly more snags than random 

areas (P = 0.0001; random x = 0.49 snags/plot). The High 

Peak study area had significantly more snags/0.04 ha plot 

than Merrill Peak (P = 0.0001). Dense canopy cover and 

number of downed trees best defined midden placement 

(discriminant function analysis, canonical correlation = 

0.7745, Chi ̂  44.44, 3 df, P_= 0.000), with other factors not 

adding to the correlation. 
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DISCUSSION 

Breeding Behavior 

Reproduction in the Mt. Graham red squirrel has never 

been studied. Hoffmeister (1986) suggested 2 litters per 

year, based on erupted molars in 2 juvenile skulls. In most 

western populations, researchers report only 1 litter per 

year (Kemp and Keith 1970, Dolbeer 1973, C. C. Smith 1981, 

Flyer and Gates 1982). In Arizona, female red squirrels 

with embryos had been collected from April and July, 

suggesting spring and summer breeding seasons (Brown 1984). 

Female red squirrels (Tamiasciurus hudsonicus mogollonensis) 

in the Mogollon Mountains of Arizona had 2 litters in 1988 

and 1989 (Uphoff 1990). My observations show that Mt. 

Graham red squirrels also breed twice yearly, at least 

during some years. 

Millar (1970) found that red squirrels produced either 

1 or 2 litters/year in southern British Columbia, and 

attributed the difference to weather conditions, mainly the 

amount of snow in early spring. Rusch and Reeder (1978) 

associated delays in breeding with the number of days of 

snow cover. Other tree squirrels produce either 1 or 2 

litters/year depending upon food supplies and weather 

(Gurnell 1987). Heaney (1984) found that the number of 

litters/year in Tamiasciurus was positively correlated with 

an increase in mean annual temperature. In addition, Heaney 
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(1984) found tree squirrels in the middle latitudes (30-40 

degrees) produced more litters than tree squirrels at higher 

latitudes. However, total reproductive output (litter size 

X litters/year) varied little among all populations (Heaney 

1984). The low snow cover during the 1988-1989 winter may 

have allowed squirrels to reproduce twice in 1989, or Mt. 

Graham red squirrels may have 2 breeding seasons yearly. 

Nests 

The Mt. Graham red squirrel built cavity nests more 

frequently than red squirrels in other parts of North 

America or Arizona (Hatt 1943, Vahle 1978, Patton and Vahle 

1986). Red squirrels built most cavity nests in snags <15 m 

from the midden, although lactating females probably 

maintained at least 1 nursing nest away from their main 

activity area. I think No. 89 located her nursing nest in 

the tree I found 130 m from her midden. I think No. 505's 

nursing nest must have also been located away from her 

midden, because I did not see any evidence of juveniles 

until the end of the season, when she moved with a juvenile 

female to another midden. I was unable to find nests of 

unmarked females, probably because they located nursing 

nests away from midden areas. 

Red squirrels in conifer forests built cavity nests 

predominantly in only 1 other study (Sun 1988), in northern 
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Minnesota. Sun (1988) found that females located nursing 

nests away from their main activity areas, but moved young 

to nests at their middens just before the young began 

leaving nests independently. Sun (1988) suggested that 

cavity nesting may be an anti-predator behavior to escape 

terrestrial predators. Terrestrial predators on Mt. Graham 

include grey foxes (Urocyon cinereoargenteus), black bears 

(Ursus americanus). bobcats (Fe1is rufus), and coyotes 

(Canis lupus). In addition, Northern goshawks (Accipiter 

gentilis), red-tailed hawks (Buteo jamaicensls), and spotted 

owls (Str ix occidental is) probably prey on red squirrels on 

Mt. Graham. Raptors probably become familiar with the 

location of middens, but adult squirrels are relatively 

immune to predation (Halvorson and Engemann 1983). Nursing 

young in cavity nests away from main midden areas until they 

can move about independently should reduce aerial predation 

as well as terrestrial predation. I think predation is only 

part of the reason Mt. Graham red squirrels build cavity 

nests most frequently. Squirrels may also use cavity nests 

to avoid high temerature loads. 

Snags and logs were important for both nesting and food 

storage in the Pinalenos. Squirrels located caches and 

nests inside large logs and snags. Snags and logs are 

probably of increased importance to the Mt. Graham red 

squirrel due to increased temperature loads. At 32 degrees 
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latitude, the Pinalenos receive more direct beam solar 

radiation than other red squirrel habitats: 11% more than 

populations near Denver, 22% more than populations in 

Quebec, and 46% more than Alaskan populations (Coronado 

National Forest, Mount Graham red squirrel: an expanded 

biological assessment, 130pp, 1988). The Mt. Graham red 

squirrel may be more selective in choosing midden locations 

to avoid negative effects of increased solar radiation and a 

drier atmospheric density (50 degrees mean devpoint is the 

lowest for any red squirrel population) (Coronado National 

Forest, Mount Graham red squirrel: an expanded biological 

assessment, 130pp, 1988). Increased solar radiation and a 

drier atmosphere probably preclude use of some habitats in 

the Pinalenos that red squirrels use in other parts of their 

range. For example, it appears that the Mt. Graham red 

squirrel does not use the ponderosa pine belt, although red 

squirrels use ponderosa pine habitats in northern Arizona 

occasionally (Brown 1984, pers. observ.). 

C. C. Smith (1968) noted that the fruiting bodies of 

uncached fungi die and disintegrate after a heavy freeze, 

and become unavailable as a food source during the winter. 

In early spring 1989, some mushrooms (Russula sp.) stored at 

1 midden were still dry and edible, suggesting that dried 

mushrooms stored in snags did not all spoil. 
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Nesting and caching foods in snags and in logs may 

lower temperature loads, thereby allowing the Mt. Graham red 

squirrel to exploit habitats that are drier and hotter than 

red squirrel habitats farther north. Nesting in snags and 

logs gives the added advantage of lowering predation on 

young. Caching mushrooms in snags may help prevent 

spoilage, and nesting where food is stored may help red 

squirrels protect food stores from nighttime food thefts 

(Ferron 1983) . 

Foods 

Because behavioral observations had to be interrupted 

to check traps and make other measurements, I did not time 

foraging observations, so they do not represent energy 

budgets. Mushrooms were an important part of the red 

squirrel diet, especially during 1988. Mushrooms provide 

moisture and have high protein content (C. C. Smith 1968). 

Squirrels on Mt. Graham stored large quantities of mushrooms 

inside snags after drying them among tree branches. By 

November, 1988, 58% of feeding observations were of 

squirrels eating stored mushrooms, indicating that squirrels 

probably ate most mushrooms during the early winter while 

they were still fresh. 

I found more "forage trees" on High Peak home ranges 

than on Merrill Peak home ranges. Squirrels tended to 

switch among Engelmann spruce trees more frequently than 
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they did Douglas-fir trees, probably because the Douglas-

firs contained many more cones. Red squirrels usually 

concentrate their cone cutting on the few trees in a stand 

that are the best seed producers (Finley 1969). 

During years of poor cone crops, squirrels have to 

spread their efforts among more trees in order to gather 

sufficient food for the winter. Cutting fewer cones from 

more trees, and carrying the cones to a central cache would 

be energetically costly in years of poor crops. During 

fall, 1988, I found scatterhoarding (storing a few cones in 

crevices under logs or in shallow holes) on High Peak. 

Forest Service personnel thought scatterhoarding was more 

prevalent in 1988 than in previous years (R. A. Smith, pers. 

comm.). Hurly (1988) predicted squirrels that were risk-

averse (had large stores of food) would scatterhoard more 

than those with few stores of food. My observations did not 

support Hurly's (1988) conclusions. I think squirrels may 

scatterhoard more frequently in years of poor cone crops 

because of energetic costs of carrying foods longer 

distances. In addition, several smaller, but widely 

scattered, larderhoards (midden areas) may be too costly to 

defend efficiently. 

Systematic foraging in a tree allows squirrels access 

to all ripened cones. In addition, when squirrels return to 

the same tree another day, they could eat any newly ripened 



44 

cones. This method of foraging enables red squirrels to 

exploit their main food source most efficiently. During 

poor cone crop years almost all cones produced could be 

consumed or stored. Other studies have reported red 

squirrels taking from 17% to 100% of the cone crop in any 

given year (Hatt 1943, Halvorson 1986). 

Because squirrels can be easily located when they 

drop cone scales while feeding in trees, terrestrial 

predators could lie in wait for descending squirrels. 

Habitual crossing to adjacent trees before descending 

probably lessens predation risk to tree squirrels. 

Home Range and Territoriality 

The Mt. Graham red squirrel appears to be a much 

quieter subspecies of red squirrel than other populations. 

Although I did not study territorial calling, other studies 

have suggested that home ranges could be mapped based 

strictly on territorial rattle-calls (Layne 1954, C. Smith 

1968, Rusch and Reeder 1978, Sun 1988). This method would 

not be possible on the Pinalenos, at least during the late 

spring through fall. . Squirrels do not call frequently, 

although rattle-calling increases when they cache cones. I 

observed 4 encounters where red squirrels did not chase or 

rattle-call until 2 squirrels were within a few feet of each 

other. I also observed 2 adult male squirrels sunning for 

several hours, within 5 m of each other and within 10 m of a 
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midden. 

Home range sizes of the Mt. Graham red squirrel (x = 

3.67 ha, range 1.65-6.31) measured in this study were larger 

than those reported for red squirrels in spruce or mixed 

conifer forest types (C. C. Smith 1968, M. Smith 1968, Kemp 

and Keith 1970, Rusch and Reeder 1978, Uphoff 1990). Home 

ranges I measured were among the largest for other forest 

types including pine and hardwoods (Rusch and Reeder 1978, 

Gurnell 1984, Wells 1987). Most studies calculated home 

ranges by territorial calling and/or trapping records. 

Wells (1987) radio-tracked squirrels in mixed conifer and 

hardwoods in Indiana, and my home range sizes compared well 

with her results for similar time periods. Densities on 

High Peak compared well with those found in western 

mountainous regions (Halvorson and Engemann 1983, C. C. 

Smith 1968, Kemp and Keith 1970, Rusch and Reeder 1978), 

although Merrill Peak densities were somewhat lower. My 

results indicate that squirrel home ranges cannot be 

calculated from densities, even in territorial animals, and 

that indirect methods should be used cautiously when 

estimating home ranges. 

I calculated seasonal home range size from squirrels on 

High Peak during 1988, a year of poor cone crops, but 

squirrels had stored cones available from earlier years. I 

used data from Merrill Peak to calculate home ranges in 



46 

1989. Because my study was done in poor to moderate years, 

my results probably represent seasonal home ranges near the 

maximum size for the Mt. Graham red squirrel. Central place 

foragers can only defend a finite amount of territory 

efficiently (Smith and Reichman 1984, Lair 1987). When food 

resources are abundant or extremely scarce, territorial 

behavior may cease (M. C. Smith 1968, Brown and Orians 1970, 

Carpenter and McMillen 1976). It appeared that squirrels 

ceased territorial behavior during the fall of 1989 on High 

Peak, supporting results found by M. C. Smith (1968) during 

the second year of failed cone crops. 

Habitat Use 

High Peak supports 1.7 to 2.8 X the number of red 

squirrels as Merrill Peak, assuming use of all midden areas. 

However, seasonal home ranges did not differ in size between 

the areas. C. C. Smith (1968) quantitatively demonstrated 

that territory size was inversely related to available food. 

Rusch and Reeder (1978) showed that territory size was 

smaller and densities higher in habitats where food was more 

abundant. Rusch and Reeder (1978) postulated that cone 

supplies in poor cone producing years determined territory 

size. 

Density and species composition of trees of mast-

bearing age may have a major influence on long term 

densities for squirrels (Gurnell 1984). High densities of 
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mature trees provide food and cover requirements for red 

squirrels (Vahle 1978). Both study areas had high densities 

of adult cone bearing trees. Species composition varied 

between the 2 areas, with High Peak having Engelmann spruce 

and corkbark fir versus Douglas-fir, white fir, and white 

pine on Merrill Peak. 

Jones (1974) ranked seed productivity of conifers in 

the southwest as follows: Douglas-fir > Engelmann spruce > 

corkbark fir or white fir > white pine. Douglas-fir produce 

good cone crops every 2 to 11 years, and Engelmann spruce 

produce some seed every year, with heavy crops every 2 to 5 

years (Jones 1974). Corkbark fir and white fir do not 

produce large crops of seed (Spicer et al., Status of the 

Mt. Graham red squirrel Tamiasciurus hudsonicus grahamensis 

(Allen), of southeastern Arizona, Ariz. Game and Fish Dept., 

48 pp., 1985). 

Finley (1969) estimated that 8.5 large Douglas-fir or 

14 large Engelmann spruce trees could supply half the red 

squirrel's yearly food needs in Colorado. Generally, larger 

dbh trees produce the most cones (Jones 1974). Although I 

measured only a few of the trees in each forage area, I 

recorded 10 and 11 Engelmann spruce trees >45.0 cm dbh on 

High Peak home ranges. Home ranges on Merrill Peak 

contained >_ 25 Douglas-fir trees with minimum dbh >45.0 cm, 

plus white fir, white pine and Engelmann spruce trees 
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meeting this criterion. Therefore, in average cone crop 

years, both habitats should have sufficient food .resources 

to support squirrels. These data lead me to conclude that, 

over a multi-year period, the food resources produced on 

Merrill Peak are at least as high as food resources on High 

Peak. I therefore excluded food resources as the main cause 

of short term (year to year) density differences for my 

analysis. 

If food resources were similar, there are 2 

explanations for the lower densities of middens in the mixed 

conifer vegetation compared with densities in the spruce and 

fir vegetation. First, high quality habitat in lower 

elevation areas may be more patchily distributed than it is 

in the higher elevations. Logging, recreation, and fires 

created habitat patchiness in the lower elevation areas (R. 

A. Smith, U. S. Forest Service, pers. comm.). Within the 

intact stands, however, midden density is lower than in the 

spruce and fir habitats. My study area was an intact old-

growth stand, at least on the south side of Swift Trail, 

where all middens were located. Habitat fragmentation in 

the mixed conifer association probably affects squirrel 

distribution, rather than density, in the Pinalenos. 

Secondly, selection of micro-habitat characteristics for 

midden placement could explain lower densities in the mixed 

conifer compared with the spruce and fir association. 



49 

Squirrels on High Peak used slope and aspect in 

proportion to their availability, with overhead canopy cover 

being the only significant factor associated with the 

presence or absence of squirrels. Dense canopy cover 

provides a cool, moist, micro-climate essential for over

winter storage of cones in middens (Hatt 1943, C. C. Smith 

1968, Finley 1969) and for good epigeal and hypogeal fungal 

growth. Mt. Graham red squirrels generally placed middens 

around logs in dense stands. Past studies showed similar 

behavior (Hatt 1943, Finley 1969, Vahle 1978). Snags were 

important in midden placement because of their importance as 

nesting sites. Both logs and snags are important components 

of mature to old-growth forests (Jones 1974). 

Because neither the number of logs or large snags/plot 

was different between midden and forage areas on High Peak, 

I concluded that snags and logs were not limiting factors 

for midden placement. Juxtaposition of snags and logs may 

be a factor in midden placement, but my study did not test 

this hypothesis. The results provided evidence that habitat 

features were generally adequate throughout the High Peak 

study area. Squirrels used micro-habitat on High Peak in 

proportion to availability. 

My results support assumptions made by other 

researchers that the spruce and fir vegetation is high 

quality habitat (Spicer et al., Status of the Mt. Graham red 
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squirrel Tamiasciurus hudsonicus qrahamensis (Allen), of 

southeastern Arizona, Ariz. Game and Fish Dept., 48 pp., 

1985). Densities might be predicted to be high in this 

habitat when conifer cone (the squirrels preferred food 

ource) production was good (C. C. Smith 1968). During poor 

cone crop years, however, other populations have decreased 

as much as 68% in 1 year (M. C. Smith 1968). 

The number and mean dbh of snags was significantly 

larger at midden areas than random or forage areas on 

Merrill Peak. Therefore, I concluded that red squirrels 

could be selecting midden sites containing large snags on 

Merrill Peak. Squirrels also located middens preferentially 

on north facing slopes and probably selected areas of less 

gentle slopes; my sample size of middens was small (N = 10), 

but my result approached significance (P = 0.061). The 

numbers of downed trees/plot did not vary significantly 

among midden, forage or random areas, suggesting they were 

not limiting midden placement on Merrill Peak. 

In summary, habitat was used in proportion with 

availability in the spruce and fir zone on High Peak. 

Squirrels appeared to select midden locations on Merrill 

Peak. I conclude that micro-habitat selection of aspect, 

slope and large snags close to midden sites was sufficient 

to explain differences in densities of middens between the 

spruce and fir and mixed conifer habitats. Lower elevations 
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in the Pinalenos would have higher temperature loads due to 

solar radiation than the upper elevation spruce and fir 

zone. That red squirrels should be more selective in 

choosing midden locations in lower elevations is not 

surprising. 

Original habitat quality assessment for the Mt. Graham 

red squirrel concluded that the higher elevation spruce and 

fir association contained the highest quality habitat in the 

Pinalenos (Coronado National Forest, Mount Graham red 

squirrel: an expanded biological assessment, 130pp, 1988). 

However, those studies were based on densities during only 2 

years of intensive surveys, before the poor cone crop years 

of 1987-89. Studies rating habitat quality by vegetation 

type should rely on site specific habitat use, productivity, 

and survival data, as well as long-term densities (Van Home 

1983). 

This was the first study of habitat use by the Mt. 

Graham red squirrel on the Pinalenos. Habitat quality is 

not just a function of densities; it also depends upon 

survival during years of poor food resources. No 

productivity or survival data are available for the Mt. 

Graham red squirrel. Mt. Graham red squirrels were harder 

to trap than other red squirrels, and I was unable to 

determine juvenile survival or dispersal movements. 

However, the U. S. Forest Service and other federal agencies 
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are beginning to amass long-term population census data (R. 

A. Smith, pers. comm.). Mt. Graham red squirrels in the 

lower elevation habitats have survived the poor cone crops 

well, while few squirrels are currently found in the upper 

elevation spruce and fir habitats. 

During my study, the Mt. Graham red squirrel population 

declined most in the higher elevation spruce and fir 

habitat. By spring, 1990, few active middens could be found 

in the upper elevation habitat (K. Milne, pers. comm., pers. 

observ.). Squirrel numbers also declined on Merrill Peak 

between 1988 and 1989. However, squirrel numbers did not 

decline during 1989 on Merrill Peak. In fall 1989, juvenile 

squirrels established new middens in the Merrill Peak area 

(K. Milne, pers. comm.). 

Habitats containing the highest densities may not 

always support the most stable populations (Van Home 1983). 

Multi-annual fluctuations in densities may reflect small-

scale variability in food resources (Van Home 1983). 

Densities also may reflect food or another critical resource 

in the recent past (Van Home 1983). For instance, a 

territorial mammal such as the red squirrel may store enough 

cones during mast years to last up to 2 years of poor cone 

crops (Hatt 1943, M. C. Smith 1968). High densities could 

be maintained, at least temporarily, while habitat quality 

decreases. M. C. Smith (1968) found that densities of red 
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squirrels remained relatively stable during the first year 

of a cone crop failure, but decreased 68% during the second 

year of cone failure. Red squirrel populations in habitats 

that contain a variety a tree species tend to fluctuate 

less, but support lower long term densities than those 

habitats where squirrels must rely on fewer tree species 

that flucuate widely in cone production (C. C. Smith 1968). 

In the spruce and fir vegetation, high squirrel density 

may be related to extremely high numbers of seeds/ha in 

years of heavy Engelmann spruce cone crops (Jones 1974). 

Conversely, when cone crops are consistently poor, as they 

were during my study, neither area may produce sufficient 

food resources to support the existing squirrel population. 

The ecotone between mixed conifer and the spruce and fir 

vegetation may support the most stable sub-populations in 

the Pinalenos. In mature to old-growth stands, the ecotone 

may also support densities as high as "pure" spruce fir 

stands. In the White Mountains of eastern Arizona, this 

same ecotone supports the highest densities of red squirrels 

(J. R. Vahle, U. S. Forest Service Wildlife Biologist, pers. 

comm.). 

Warshall (Pinaleno survey report: Mt. Graham red 

squirrel, Off. Arid Land Stud., Univ. Ariz., 8pp, 1986) 

recommended intensive surveys be conducted in ecotone 

habitats. Researchers found >20 new middens when surveying 
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an area recommended by Warshall (Young et al., Progress 

report of the Mt. Graham red squirrel monitoring program, 

unpubl. rep. to U. S. Forest Service, December, 1989). In 

addition, crews currently surveying the mountain have found 

>50 new middens, all within the mixed conifer or ecotone 

vegetation (K. Milne, pers. comm.). 

In mixed conifer and ecotone vegetation, a greater 

variety of food resources is available, allowing squirrels 

to survive poor cone crop production by switching food 

sources. Young of the year could disperse into all 

habitats, thereby being able to exploit whichever cone crop 

is best that year, increasing juvenile survival. The mixed 

conifer, spruce and fir, and ecotone vegetation types are 

all high quality habitats for the Mt. Graham red squirrel 

during years of normal cone production. However, over the 

long term, the ecotone may support the most stable densities 

of red squirrels in the Pinalenos. Therefore, the ecotone 

may be the highest quality habitat. 

This study demonstates that habitat quality cannot be 

accurately assessed until site specific data are available 

on habitat use, including limiting factors, and population 

dynamics. High density alone does not indicate high quality 

habitat (Van Home 1983). Trends in population structure 

must be included when determining habitat quality, and 

studies should span several generations of squirrels, 
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especially when food resources can flucuate widely. Until 

research provides details concerning reproduction, survival, 

and juvenile dispersal as well as habitat use, habitat 

quality cannot be accurately assessed. Therefore, efforts 

to preserve, and eventually recover the Ht. Graham red 

squirrel must concentrate on preserving the range of 

habitats currently occupied by the squirrel from further 

losses. 
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RESEARCH RECOMMENDATIONS 

Quantitative research began only recently on the 

endangered Mt. Graham red squirrel, and has been hampered by 

low txapability and other factors. Researchers using 

unmarked squirrels should be aware that population 

fluctuations cannot be accurately assessed from midden 

counts unless individual squirrels are identifiable. A 

midden may appear to be continuously occupied, but actually 

be occupied by a series of individuals that are sequentially 

lost to the population. In addition, several middens may 

appear occupied when only 1 squirrel is using all the 

middens. 

Future research on habitat use and food resources 

should include the ecotone between spruce and fir and mixed 

conifer vegetation, and drainages, a habitat where another 

study found high densities of red squirrels in Arizona (K. 

Uphoff 1990). Studies of populations dynamics, juvenile 

dispersal, and food resources within the range of habitats 

should provide a better understanding of why red squirrel 

densities vary on the Pinalenos. 

Productivity may also vary among habitats. Research on 

population dynamics should be the first priority for this 

species. This research should determine the percentages of 

adults and sub-adults that breed each year and that produce 

2 litters. Juvenile dispersal and survivorship curves 
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should be studied in all habitat types. Habitat quality 

could then be reassessed using criteria of habitat 

requirements, long term density, survival and productivity. 

In addition, habitat fragmentation in the Pinalenos 

should be analyzed. If fragmentation is isolating parts of 

the population, agencies may wish to reforest corridors 

between sub-populations. 



58 

LITERATURE CITED 

Barry, W. J. 1972. Methoxyflurane: an anesthetic for 

field and laboratory use on squirrels. J. Wildl. 

Manage. 36:992-993. 

Batschelet, E. 1981. Circular statistics in biology. 

Academic Press, New York, N.Y. 371pp. 

Brown, D. E. 1984. Arizona's tree squirrels. Ariz. Game 

and Fish Dept., Phoenix. 114 pp. 

Brown, J. L. and G. H. Orians. 1970. Spacing patterns in 

mobile animals. Annu. Rev. Ecol. Syst. 1:239-262. 

Cahalane, V. H. 1961. Mammals of North America. MacMillan 

Co. New York, N.Y. 892pp. 

Carpenter, F. L., and R. E. McMillen. 1976. Threshold 

model of feeding territoriality and test with a 

Hawaiian honeycreeper. Science 194:639-642. 

Dixon, K. R., and J. A. Chapman. 1980. Harmonic mean 

measure of animal activity areas. Ecology 61:1040-

1044. 

Ferron, J. 1983. Comparative activity patterns of two 

syrapatric sciurid species. Rev. Ecol. Syst. 110:207-

212. 

Finley, R. B. 1969. Cone caches and middens of 

Tamlasciurus in the Rocky Mountain region. Misc. Publ. 

Univ. Kans. Mus. 51:233-273. 

Flyer, V., and J. E. Gates. 1982. Pine squirrels. Pages 



230-238 in. Chapman, J. A., and G. A. Feldhamer, ed. 

Wild mammals of North America: biology, management, and 

economics. Johns Hopkins Univ. Press, Baltimore, Md. 

Gurnell, J. 1984. Home range, territoriality, caching 

behavior and food supply of the red squirrel 

(Tamlasciurus hudsonicus fremonti) in a subalpine 

lodgepole pine forest. Anim. Beh. 32:1119-1131. 

1987. The natural history of squirrels. Facts on 

File Publ., New York, N.Y. 201pp. 

Halvorson, C. H. 1972. Device and Technique for handling 

red squirrels. U. S. Fish Wildl. Serv. Sp. Sc. Rept. 

Wildl. No. 159. 10 pp. 

. 1986. Influence of vertebrates on conifer seed 

production. Conifer Seed Tree in the Inland Mtn. West 

Symp.:201-22. 

., and R. M. Engemann. 1983. Survival analysis for a 

red squirrel population. J. Mammal. 64:332-337. 

Heaney, L. R. 1984. Climatic influences on life-history 

tactics and behavior of North American tree squirrels. 

Pages 43-78 in Murie, J. A., and G. R. Michener. The 

biology of ground dwelling squirrels. Univ. Neb. 

Press, Lincoln. 

Hoffmeister, D. F. 1986. Mammals of Arizona. Univ. Ariz. 

Press, and Ariz. Game and Fish Dept., Tucson. 602pp. 

Hurly, T. A. 1988. Patterns of food hoarding by red 



squirrels: implications for foraging theory and 

management. Diss. Abst. Int. B. Sci. Eng. 58:2192. 

Jones, J. R. 1974. Silviculture of southwestern mixed 

conifers and aspen: the status of our knowledge. U. S. 

For. Serv. Res. Paper RM-122. Rocky Mnt. For. & Range 

Exp. Sta. Fort Collins, Co. 

Kemp, G. A. and L. B. Keith. 1970. Dynamics and 

regulations of red squirrel (Tamiasciurus hudsonlcus) 

populations. Ecology 51:763-779. 

Lair, H. 1987. Estimating the location of the focal center 

in red squirrel home ranges. Ecology 68:1092-1101. 

Layne, J. M. 1954. The biology of the red squirrel, 

Tamiasciurus hudsonicus loquax (Bangs), in central New 

York. Ecol. Monogr. 24:227-267. 

Lemmon, P. E. 1956. A spherical densiometer for estimating 

forest overstory density. For. Sci. 2:314-320. 

Lowe, C. H. 1980. Arizona's natural environment. Univ. 

Ariz. Press, Tucson, Ariz. 136pp. 

Millar, J. S. 1970. The breeding season and reproductive 

cycle of the western red squirrel. Can. J. Zool. 

48:471-473. 

Mohr, C. O. 1947. Table of equivalent populations of North 

American mammals. Am. Midi. Nat. 37:223-249. 

Rusch, D. A., and W. G. Reeder. 1978. Population ecology 

of Alberta red squirrels. Ecology 59:400-420. 



Smith, C. C. 1968. The adaptive nature of social 

organization in the genus of tree squirrels 

Tamlasciurus. Ecol. Monogr. 38:31-63. 

Smith, C. C., and 0. J. Reichman. 1984. The evolution of 

food caching by birds and mammals. Ann. Rev. Ecol. 

Syst. 15:329-251. 

Smith, M. C. 1968. Red squirrel responses to cone crop 

failure. J. Wildl. Manage. 32:305-317. 

Sun, C. 1988. Young dispersal and the seasonal changes of 

territorial behavior in red squirrels (Tamlasciurus 

hudsonicus). M.S. Thesis, Univ. Wise., Madison. 147pp. 

Uphoff, K. C. 1990. Habitat use and reproductive ecology 

of red squirrels (Tamlasciurus hudsonicus) in central 

Arizona. M. S. Thesis, Ariz. St. Univ., Tempe. 64pp. 

Vahle, J. R. 1978. Red squirrel use of southwestern mixed 

conifer habitat. M.S. Thesis, Ariz. St. Univ., Tempe. 

lOOpp. 

., and D.R. Patton. 1983. Red squirrel cover 

requirements in Arizona mixed conifer forest. J. For. 

81:14-15. 

Van Home, B. 1983. Density as a misleading indicator of 

habitat quality. J. Wildl. Manage. 47:893-901. 

Wells, N. M. 1987. Dynamics of space use in a red squirrel 

(Tamlasciurus hudsonicus) population. Ph.D. Thesis, 

Univ. Mich., Ann Arbor. 121 pp. 


