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ABSTRACT

The role of behavior of the Western gray squirrel, 
Sciurus griseus Ord, in relation to the basic ecology of 
the species was investigated during a 36 month period? 
near Ashland, Oregon. Data were collected regarding popular 
tion characteristics, daily activity patternsr egocentric 
behavior, reproductive behavior, movements and social be
havior. Two separate populations of squirrels were studied, 
one of which was estimated to be at least twice as dense as 
the other. The higher population density probably resulted 
from the presence of a thicker and more continuous forest 
vegetation.

Daily activity for the Western gray squirrel was • 
found to begin close to the time of civil sunrise (before 
actual sunrise), Time of emergence from a nest seemed to 
be largely controlled by light, but was influenced by 
prevailing weather conditions. The highest level of ac
tivity for the population occurred between. 30 and 9 0 
minutes after civil sunrise with variation from day to 
day and from population to population, A lower level of 
activity was maintained throughout the remainder of the 
day as a result of individual squirrels alternating active
and inactive roles. Over 9 0 percent of the squirrels had

'
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found a nocturnal nest site by, 60 minutes' before civil 
sunset..

Maintenance behavior was observed to occur after 
emergence from a.nest in the morning. Other behavior, 
such as alarm and escape, investigation, play, and feeding, 
was observed through the aid of radio tracking or from a 
blind near a feeder station.

Normally, most feeding took place on the ground, and 
stomach analysis revealed that the main constituents of the 
diet were hypogeous fungi, acorns, and pine or fir nuts.

Most nesting occurred in stick nests which were built 
in oaks and pines„ The only squirrels found in tree-hole 
nests were those that were pregnant or caring for young.
Stick nests were usually used only by a single squirrel at 
a given time. Most squirrels utilized a series of several 
nests.

Mating groups, composed of several males and one 
female, were found in February 1966 and 1967. Competition 
among males for mating privileges was observed.

Minimum home range was computed for several samples 
of squirrels observed during different time periods. Aver
age home ranges differed seasonally, with late summer ranges 
averaging larger than late winter ranges. They also dif
fered annually, with late summer 1968. ranges' being larger 
than those of late summer' 1967. Home ranges' also differed



XIJ,

regionallyf with animals in the less dense population 
having larger ranges' than those of. the. other population 
during the same: time period „

Individual home ranges changed in size and shape 
through time. In generalF home range size increased with
age but other factors, such as a concurrent decrease in• ■
population density, may have influenced the change. . None 
of the individuals completely shifted its range out of the 
area originally recorded. Some individuals made irregular 
movements far outside of the "normal” home range in con-... 
junction with mating, special feeding, and avoidance of 
harassment.

Based on 286 interactions at feeding stations, 
squirrels from two study areas were ranked into social 
hierarchies. One population was characterized by a stable 
"linear right” social hierarchy in which males were more 
dominant.than females. The other population was character
ized by less stable hierarchy, as indicated by several 
intersex reversals of rank, in which adults were more 
dominant than young.

For most squirrels, size of home range increased 
with social rank but exceptions were noted^ The number of 
nests used by an individual squirrel also increased with 
social rank. Increased home range and higher social rank 
probably allowed access to more nests,



I N T R O D U C T I O N  : -. , !

Ecology is often defined as the study of the rela
tion of organisms to their environment. Behavior usually 
refers to an animal's reactions or attempts to adjust,to 
relatively sudden changes in its environment. It therefore 
follows that "behavior is intrinsic to the ecology of an 
animal" (Smith, 1968:485). Although strictly behavioral 
problems cannot be divorced from other aspects of ecology, 
they can be defined by casting questions from a behavior- 
ist's viewpoint. (Klopfer, 1962).

Mammalian behavior, especially rodent behavior, is 
often difficult to study under natural conditions because 
of the secretive, often nocturnal, habits of many species. 
Advancing technology has provided new tools for use in such 
studies. Radio telemetry, for example, provides a means 
for following secretive animals. This technique, and 
others, were used in this study.

The basic objective of this study was to determine 
the role that behavior plays in the ecology of individuals 
and of populations of the Western gray squirrel (Sciurus 
griseus Ord). In order that observations of various aspects 
of behavior could be properly related to their ecology as a 
whole, data concerning many aspects of the basic biology of

. .■ ... 1
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the species were gathered. Such individual behavioral 
traits as seif-maintenance, feeding, nest and habitat 
selection and, alarm and escape .reaction were studied in 
detail. Social behavior was examined from the standpoint 
of its influence on population stability and its relation 
to individual behavior. For example, the relations between 
social hierarchy and the size of an individual's home 
range, as well as the number of different nests utilized 
by the individual, were considered in detail. These re
lations are of importance in considering the contention of 
Wynne-Edwards (1962, 1965) that social behavior is a 
mechanism that regulates populations by controlling the 
number of animals permitted to breed and thus influencing 
the number of young that can be produced by a given pair..

The Western gray squirrel is a large, arboreal . 
rodent of the Family Sciuridae. Its size, coupled with its 
diurnal habits, make it an excellent subject for radio
telemetry behavior studies. It occurs in parts of Cal
ifornia, Oregon, Washington, and the west-central corner 
of Nevada, where it is found in mixed woodland areas, 
primarily in Merriam's Transition Life Zone (Bailey, 1936). 
Although the kinds of trees present in its habitat vary 
considerably from place to place, the occurrence of various 
species of oaks (Quercus sp.) appears to be a common re
quirement. Hall and Kelson (1959) list three subspecies



within the range of this species: Sciurus griseus anthonyi,
in the mountains of Southern California; IS. g. nigripes, in 
the coast range south of San Francisco Bay to Ventura 
county; and S. £. griseus, in the Sierra Nevada and Cascade 
Ranges in addition to the Coast Ranges north of San Francisco 
Bay. I examined specimens of S. g. nigripes and S. g. 
anthonyi in 1960, and found morphological differences to be 
practically non-existent. At the present time a line be
tween subspecies can only be arbitrarily drawn, although a 
significant barrier (Peabody and Savage, 1958) probably 
caused restriction to gene flow in Pleistocene time in the 
region of the Cuyama River. The latter now forms the 
southern boundry of San Luis Obispo County.

Little has been published concerning the ecology, 
and behavior of S_. griseus. The major papef is that of 
Ingles (1947). Both Grinnell and Storer (1924) and Grinnell 
and Linsdale (1936) included several observations on this 
squirrel. Fletcher (1963) reported on the ovarian cycle 
of this species in the San Francisco Bay region. In addi
tion to these, there are some brief references to Western 
gray squirrels that will be cited later in appropriate 
sections.

Aside from being an animal which man finds aesthet
ically pleasing, the Western gray squirrel is related to 
man's welfare in two basic ways. Through most of its range



it is considered to be a game animal, and it thus provides.
both sport and food for many people. This necessitates

Iestablishing and enforcing game regulations to protect the 
species and also research into techniques for proper manage
ment. In some areas Ŝ. griseus is considered a pest be
cause it damages plant species that are economically , 
important.to man. In such instances there are pressures 
for research to provide ways to decrease, rather than in
crease, population size.

Western gray squirrels reportedly cause damage to 
conifers (Lawrence, Kverno, and Hartwell, 1961) including 
redwood (Fritz, 1932), Douglas fir (Bowles, 1920; Mitchell, 
1950) and ponder'osa pine (Robert Maben, personal communica
tion) . Damage to filbert and walnut orchards in northwest 
Oregon has prompted a year-around hunting season with no 
bag limits from. 1958 to date. Since damage by squirrels 
usually occurs in local areas, the control of such destruc
tion is usually handled according to prevailing circum
stances, Conversely, protection of squirrels, through 
regulation of hunting seasons and limits, is governed by 
statewide regulation with some local variations.

In contrast to the little that has been published 
concerning £5, griseus, much has been written concerning the 
two diurnally active mid-western and eastern tree squirrels, 
Sciurus carolinensis and S. niger. Life history studies
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include those of Uhlig (1955), Moore (1957), and Baum
gartner (194 0). The literature on reproduction and food

• ihabits is extensive (Allanson, 1933; Barber, 1954; Braurer, 
and Busing, .1961; Davison, 1964; Kirkpatrick and Hoffman, 
1960; Moore, 1943; Nichols, 1958; and Nixon, Worley and 
McClain, 1968). Flyger (1959) edited a symposium on the 
Eastern gray squirrel, carolinensis, which contained 
papers on behavior and ecology. Two recent works on the 
Eastern gray squirrel are particularly cogent to this 
study on the western species. Pack, Mosby and Siegel 
(1967) treated various aspects of the influence of social 
hierarchy on behavior and Norwich (1967) considered the 
ontogeny of social behavior. Although my experimental 
design was formulated and most of the data already in hand 
When these papers appeared, their results were such that 
many direct comparisons could be made.



METHODS AND MATERIALS -

Description of Study Areas 
This study was conducted near Ashlandr Jackson Co. , 

Oregon (Fig. 1),-near the geographic center of the rapge 
of the Western gray squirrel. These squirrels are widely 
distributed in the vicinity, occurring in all favorable 
habitats. Ashland is situated in the Upper Sonoran Life 
Zone but the surrounding area blends quickly into Transition 
and even Canadian Life Zones (Bailey, 1936). Ashland has a 
relatively mild climate (Fig. 2) with a mean annual pre
cipitation of 19.98 inches, a mean maximum temperature of 
64,5°F and a mean minimum temperature of 40, 2C>F,

Field work was initiated in September, 1965. The 
first ten months were devoted mainly to locating popula
tions and collecting squirrels for age determination and 
food habit studies. Ecological and behavioral studies were 
conducted between April 1966, and August 1967, and again 
in June, August, and September 1968„

Squirrels collected by shooting were from several 
areas around Ashland and the adjacent Bear Creek Valley,, 
but most were taken either along Shale City road, eight 
miles northeast of Ashland, or Wagner Gap, five miles south
west of Ashland, Along Shale City road, the vegetation

6
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Fig. 1. Map of the vicinity of Ashland, Oregon showing 
areas mentioned in text.



Fig, 2. Temperature'-moisture cliraograph for Ashland, Oregon,
Numbers on the climograph represent months. The 
,data were computed from monthly average taken oyer 
a 40-year period, 1928-1967,
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consists primarily of oaks (Quercus garryana and Q. kel- 
loggii) with a few scattered ponddrosa pines (Finns pon- 
derosa) and'Douglas fir (Pseudotsuga menziezii). At Wagner 
Gap the vegetation is dense and heterogenousand includes 
ponderosa pine, Douglas fir, black oakr white oak. Pacific 
madrone (Arbutus menziesii) and several low growing bushes. 
•Incidental behavioral and ecological observations were 
also made in these regions.

Two other areas were utilized for detailed studies 
of behavior and ecology; near Baldy, a mountain 7.5 miles 
north of Ashland and the Emigrant Lake Region, six miles- 
southeast of Ashland. The Baldy area (Fig. 3), in the 
western foothills of the Cascade Mountains, is accessible 
by 18 miles of paved road, the last six miles of which are 
behind a locked gate that insures relatively little human 
disturbance. No houses are in the area but there is a 
microwave relay station on the summit of the mountain.
This■structure was visited regularly by personnel of the 
Pacific Northwest Bell Telephone Company during the period 
of study, July and August 1967. However, the road was such 
a distance from the study area that the squirrels were not 
disturbed by these visits. The Baldy site was chosen 
because it consisted of an expanse of habitat suitable for 
gray squirrels that was relatively isolated, ecologically, 
from the surrounding region. Vegetation of most of the
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area is a mixture o£ oak, pine, anĉ ' madrone. hut the north
east section is almost entirely Douglas fir..

The Emigrant hake study area is in section 4S,
Range 2E, Township. 39S, opposite the .southwest arm of Emi
grant Lake and just southwest of Oregon Highway 6 6 , Most 
behavioral and ecological observations were made here* It 
is situated in the east foothills" of the Siskiyou Mountains 
which are part of the Klamath range of the coastal mountains.

Whittaker (i960) published an ecological study of 
the vegetation of the Siskiyou Mountains that included a 
sampling station at Steinman (Fig, 1), between 820 and 107 0 
meters elevation, only three and one-half miles southeast 
of the Emigrant Lake study area. He refers to this area 
of the Siskiyou Mountains as an oak woodland, with Pseudo- 
tsuga forest in most mesic sites and valley grassland in 
most xeric sites, . The Emigrant Lake study area included 
those three major types of vegetation, Whittaker!s descrip-, 
tion of the area is, quite graphic and therefore will be 
quoted directly before presenting the unique features of the 
Emigrant Lake study area. He wrote (opp cit.:310);
. Stands of ravines and mesic lower slopes were 

dominated by Pseudotsuga with P. ponderosa and 
Libocedrus present. Deciduous species in these 
coniferous forests included Acer macrophyllun,
Alnus rhombifolia and Fraxinus oregana. On the 
open NE slope Pseudotsuga shared dominance with 
P. ponderosa and Libocedrus in open stand, with 
a well developed lower tree stratum (50% cover
age) dominated by Quercus garryana. The conifers 

; were absent from less mesic stands (open E and
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SE slopes) f .except for scattered .'P, pond ergs a';

. these stands were oak woodlands of' Q. garryana 
and Q. kelloggii with moderate tree ('65 and 45%) 
and grass ( 2 0  and 60%) coverage. • Sclerophylls 
were unimportant In either coniferous forest or . .
oak woodland; only a. few stems of Arbutus were 

.. recorded in the former, ' Ceanothus intergerrimusf . 
Arctostaphylos' yisceda f and Cercocarpus' betuloides 
were important, high.shrubs. Oak coverage de
creased while grass coverage increased" toward 
most xeric sites and open S and SW slopes sup
ported grassland without or with widly scattered 1 
oaks. 'The grassland, severely disturbed, was
dominated by ETymus caputmedusae.

Fig, 4 shows the major landmarks and the distribu
tion of suitable habitat for gray squirrels in the Emigrant ... 
Lake area, Major vegetation consists of all the types 
described by Whittaker for the Steinman station. There are 
often sharp boundaries between the principal types of vege
tation (Fig. 5), A detailed analysis of vegetation in the 
study area was made by utilizing an acetate grid (25 
squares per inch) overlay on an aerial photograph of the 
region. Grid points on the aerial photo were, visited in the 
field and at each point the type of vegetation was recorded 
and the percent of cover was approximated. Although the 
visual estimate of percent cover was somewhat crude, it was 
suitable for drawing simple vegetation maps. Several roads 
and open areas are in the area (Fig, 4). The road leading 
to the house near the center of the study area was the only 
one used.regularly. Another, adjacent to the irrigation 
ditch, was usually traversed by a maintenance worker once



Fig. 4. Map of the Emigrant Lake study area.
The permanent trap area (4.4 acres) and main study 
area (about 44 acres) are outlined. Peripheral 
trapping increased the area utilized for study to 
approximately 63 acres. Radio-tracking and observa
tion took place over the entire mapped area.
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Fig. 5. The Emigrant Lake study area (looking from east to west).
The artificial feeder station was situated in the grove of pines in the £
center.
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each day during the summer irrigation period. This road 
also provided me with a route of quiet access to much of' 
the study area. A few instances of dther disturbances were 
recorded but in general the area was little visited by 
humans and most of the nearby human residents were quite
protective, toward the squirrels.

- .. • '
Trapping and Marking 

A variety of live traps was utilized during the 
study. Most were collapsable wire mesh traps (Tomahawk 
Live Trap Co., Tomahawk, Wisconsin). Others included 
commercial wire traps and some homemade wooden box traps. 
The 7 x 7 x 20 inches (no, 204) collapsable Tomahawk live 
trap proved to. be very satisfactory. Grid trapping was 
not utilized in this study because of 1) its inherent 
limitation caused by trap interference with movements,
2) the lack of a large number of suitable traps and 3) 
the relatively large area used by Western gray squirrels. 
Therefore, traps were set in areas of most likely squirrel 
use. At Emigrant Lake,12 trap sites were maintained on a 
relatively permanent basis (Fig. 4) while peripheral sites 
were trapped depending upon the needs of the study and the 
availability of traps. Twelve traps were also set at the 
Baldy study site, in an area similar in size to the Emi
grant Lake permanent trap area. During most of the study, 
traps were set for two day periods at two week intervals. .
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Trapping success dropped off sharply after the second day. 
The traps were normally baited just before dark and then 
checked twice each following day, just before midday and 
again before dark. During the study I found that greater 
success could be obtained during the two day trap period 
by leaving the traps open but untriggered, between trapping 
periods. . Pre-baiting the traps for a few days before the 
trapping period, especially in a new area, proved to be 
fairly successful.

The traps were staked to the ground or wired to a 
nearby object to prevent the squirrels from rolling them 
around in attempts to get the bait. The most successful 
bait was a walnut split in half and left in the shell.
Other baits, tried.without much success, included dried 
prunes-, peanuts, and corn.

Marking techniques included toe clipping, painted 
plastic collars, and radio transmitters. A few squirrels 
were marked with nyanzol fur dye, fingerling tags, or fur 
clipping. Usually only the front toes were clipped, thus 
individuals could be identified readily in traps.or on a 
feeder even when not wearing a collar. The collars were 
made of plastic identification material purchased from 
Hollister Inc., Chicago, 111. They were slightly roughened, 
with sandpaper and painted with one or two colors, in a 
color code that corresponded to the code used in clipping
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the front toes. After a few months the paint would wear 
off r .so that collar's had to be replaced. Occasionally the 
collar chaffed the neck, causing a sore. Usually, after the 
collar was removed, such abrasions healed quickly and a new 
collar could be applied. I found that loosely applied 
collars were not lost and greatly reduced the chaffing of 
the neck., In a few cases, when healing was prolonged, 
marking was accomplished by cutting off portions of the 
tail hair much as Flyger (I960) did with Eastern gray 
squirrels.

Radio Tracking Techniques 
The radio telemetry equipment utilized for this study 

consisted of a portable Model D-ll direction finding re
ceiver (J. R. Enterprises, League City, Texas) and trans
mitters constructed similar to those that Dodge and Church 
(1965) made for Hares and Mountain beavers. Transmitter 
circuitry was similar to that described by Tester, Warner, 
and Cochran (1964),

The experimental design called for transmitters 
which could be easily and rapidly applied and removed from 
a number of different squirrels of varying size, by one 
field worker. This necessitated modifications of the 
design used by Dodge and Church (1965). The collar by 
which the transmitter was attached was similar to one used 
by Beal (1967) on other tree squirrels but was made of the
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same plastic identification material which I used for color 
banding.. Radio components were mounted independent of the 
collar (Fig. 6). The size of the radio and its antenna 
was held constant at a diameter which would just snuggly 
fit over the head of a large squirrel when the antenna 
was flexed. The inner plastic collar was adjustable, by 
means of a metal clip, for various neck sizes. The plastic 
collar was attached to the transmitter by electrical tape, 
which also served to insulate the metal clip and batteries. 
The antenna was made of flattened 3/8 inch braided copper 
wire which is more flexible, easier to apply, and is less 
likely to be permanently entangled with foreign objects 
than the commonly used copper flashing. Moreover, electrical 
connections of braided wire were easier to make in the field. 
The lead wire from the batteries could be interwoven through 
the strands of the antenna thus completing the circuit with 
a workable electrical connection. Maintenance of electrical 
contact.was insured by pulling lengthwise on the braided 
wire and taping it tightly at the connection.. By using this 
technique transmitters differing in weight, frequency, and 
range could be carried in. the field and an appropriate one 
used, depending upon a squirrel’s size, weight and habits. 
Weight of the transmitters varied between 25 and 40 grams 
depending upon, the size and number of batteries used for 
power. The transmitters were crystal-controlled for six
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Fig. 6. Diagram of a typical radio unit used for tracking.
The inner plastic collar is adjustable, by means 
of a metal clip, for various neck sizes, The 
outer loop antenna is flexible which facilitates 
application over a squirrel's head, The batteries 
and plastic collar are attached to the transmitter 
with electrical tape. With two 1.35 V (250 MAH) 
batteries, functional life was approximately 11 
days.
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frequencies thus allowing.the instrumentation of six
squirrels simultaneously„ However, usually only two

ianimals and no more than four were instrumented during a 
given period.

Radio telemetry techniques were used to collect 
data regarding home range, habitat usage, nesting habits, 
feeding habits, activity patterns, and various other phases 
of behavior. Emphasis was placed bn using radio-tracking 
as a tool for behavioral observations rather than simply 
to establish geographic points of a range. Actual tracking 
was conducted in several ways depending upon the type of 
information being sought. For simple fixes to indicate 
range and habitat utilization, the point source of the 
radio signal was found by triangulation and plotted on 
the grid overlay of the aerial photograph. During the 
early phases of the study all such fixes were confirmed 
by actually approaching the squirrelr making a positive 
identification, and pinpointing the location on the map.
Such checking was greatly facilitated by the gray squirrel’s 
normal reaction to approaching noise? it climbs a nearby 
tree, if not already in one, and remains motionless. Such 
checks indicated a high degree of accuracy for the tri
angulation method.

Other methods were utilized for behavioral observa
tions. When feasible, a direct approach was attempted by .
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homing on a radio fix. Utmost caution was necessary.when 
a strong radio signal indicated that the animal was nearby. 
When the animal was sighted it was often difficult to de
termine whether it was aware of my presence, so behavior 
had to be interpreted carefully. At times it was possible 
to wait motionless until the squirrel resumed seemingly 
normal behavior. On a few occasions knowledge of a squir
rel's location allowed me to take an intercept position 
which facilitated observance of undisturbed behavior. The 
most successful behavioral observations were made around • 
nest sites. Occupied nests were located in late evening 
by fixes on radio signals. Early the following morning I 
would situate myself in a position to observe a squirrel 
as it emerged from the nest. Radio, telemetry facilitated 
such observation because movements of the squirrel within 
the nest prior to emergence were detectable by changes in 
the quality of the signal. In this manner data were col
lected on nest site selection, construction, multiple use 
of nests, cessation and onset of activity, and behavior 
around the nest sites.

. . ’ , ' • ■ i

Home Range Plotting •
Knowledge concerning home ranges in small mammals 

has resulted primarily from analysis of data obtained by 
grid trapping-marking studies. Data obtained in this 
manner are subject to various types of calculations and
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interpretation (Sandersonf 1966). One of the most common
methods for analyzing movement data is the minimum area

I
method (Cockrum, 1962). .This method involves plotting of
points of capture or observation on a map, and then con
necting the outlying points with straight or curved lines 
that may or may not exclude areas not suitable or not/used 
by an individual, Such an analysis has many limitations 
and some workers (Mohr and Stumpf, 1964) regard it as out
dated.

However, I decided to use this technique to des
cribe S_. griseus home ranges for several reasons. Home 
range data for tree squirrels, including the Western gray 
squirrel, have been analyzed and interpreted in this manner 
in the past thus allowing more direct comparison. The 
method is conducive to utilization of movement data ob
tained from several sources including trapping, direct 
observation and radio telemetry.

Layne (1954), who used random trapping supplemented 
by direct observation in studying the home range of the 
Red squirrel, Tamiasciurus hudsonicus, expressed the belief 
that the minimum area technique gives the most comparative 
and conservative results. Layne observed marked individ
uals as he moved slowly along a route covering all parts of 
the study area.. Although activity and behavioral data were
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recorded, the main emphasis was on position and movements 
for use in home range studies.

In the present study the collection of movement 
data was accomplished mainly by "spot checks" of individ~ 
ually radio-instrumented squirrels. Most such checks were 
made during the early daylight hours when squirrel activity 
was greatest but others were made at various times duting 
the day. ' Location and time of observation were recorded 
upon initial contact with an animal. If the animal being 
observed was active and movement to other locations was 
observed or determined by radio telemetry, these positions 
were also recorded and plotted. If" the animal remained in 
one location, not disturbed by an observer, its position 
was again recorded if at least one hour had passed since 
the previous recording, thus providing data on preferential 
usage of certain areas.

Due to lack of distinctive features in some parts 
of the study area it is possible that assignment of some • 
map points could have been in error by one grid section or 
80 feet. When the points were replotted on a grid so that 
a range map could be drawn, the points were placed in the 
center of a grid section thus allowing the possibility of 
another small source of error. After points were plotted 
on a map grid the least number of outlying points were
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connected and the enclosed area was measured with a com
pensating. polar planimeter ( M o s b y 1963) .

Calculations of.home range (area routinely used) 
did not include plotted points resulting from extended • 
movements for the special activities of mating, special 
feeding, and avoidance of harassment that were observed 
in some individuals. These behaviors are described below 
in the section on Non-routine Movements.

The same technique.of plotting, by connection of 
the least number of outlying points, was used to calculate 
total recorded range, which included all the locations 
known for each squirrel. This often resulted in the in
clusion of an area known not to be used but no adjustment 
was made since the resulting range calculations were not 
used for comparative purposes. .

’ Observation and Experimentation ■
Even with the advantage of radio telemetry it was 

difficult to obserye encounters between squirrels in the 
field. In part this was the result of low population 
density, and, in part, the difficulty of making an un
detected approach to active squirrels. To ascertain social 
structure, it was necessary to attract several squirrels 
together into one area so that encounters could be ob
served. To accomplish this, a feeder station (Fig. 7) 
was set up in each study area where walnuts were used to



Fig. 7. A feeder attached to a ponderosa pine.
Walnuts were secured by stringing them on a wire or placing them in a £n
wire basket. Note the transmitter on the neck of the attendant squirrel.
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attract squirrels„ Since walnuts left loose on the. feeder 
platform were carried off to be buried or eaten elsewhere, . 
I found it necessary to attach the nuts to the feeding 
station. I used two methods of attachment. About 25 nuts, 
each with a small piece of the shell chipped off, were 
placed in a rectangular basket (approximately 12 x 5 x 2 
inches) made of one-inch mesh wire. In addition, 12 nuts, 
with a small hole drilled through each one, were strung 
on a wire and suspended between two sticks, above the 
feeder platform.

Binoculars and a 15X telescope were utilized for 
observations from a tent near the feeder. From here, 
squirrel interactions were studied and photographed.
Notes were recorded on a tape recorder and later tran
scribed and tabulated. Such observations were made for one 
or two days approximately every two weeks. The feeder was 
pre-baited the day before observation. On the day of ob
servation, I was generally in the blind early in the morn
ing before the squirrels became active. Observations were 
usually stopped about midmorning since squirrel activity 
declined by three hours after sunrise.

Studies were also conducted on captive animals. 
Since these studies were restricted in scope and varied 
in design, experimental details will be given when the re
sults are presented in the appropriate section.
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For use in studies of age determination and stomach 
analysis, 61 squirrels were collected at various times 
during the year, Each was prepared, as a study skin. The 
complete reproductive tract and both eyes were preserved 
in 10 percent neutral buffered formalin. The right humerus 
was removed, dried and later processed for purposes of age 
analysis. Contents of some stomachs were analyzed immedi
ately but most were preserved in 70 percent ethyl alcohol. 
Contents of a few of the preserved stomachs were analyzed 
by Mr. Walter gteinecker of, the Food Habits Section of the 
California Department.' of Fish and Game, Sacramento.. I 
analyzed most of the stomachs using similar techniques 
(Steinecker, personal communication). The techniques are 
basically those presented by Baumgartner and Martin (1939) 
for analyzing stomachs of fox squirrels.

One criterion for estimating the age of squirrels 
is a determination of the weight of the lens of the eye.
As described by Lord (1959), the lenses are first dried 
and then weighed to 0.1 mg. Beale (1962) found this 
technique satisfactory for aging Fox squirrels and Fletcher 
(1963) applied it to S. griseus. Closure of the epiphysial 
suture of the humerus was another criterion used for de
termination of age. Fletcher (1963) found that the epi
physial suture is partially closed by 7 to 11 months of age 
and complete suture closure occurs between 12 and 18 months.
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Using the above criteria, in conjunction with weight 

and date of collection, most of the 61 specimens taken in 
the present study were classified as juvenile, young adults, 
or old adults. Ah attempt was made to correlate the three 
age groups with some external morphological features so 
that live™trapped squirrels could be assigned to age groups. 
Sharp (1958) found that he could use tail-pelage char
acteristics for aging Eastern gray squirrels. Barrier and 
Barkalow (1967) found the marking of guard hairs and under- 
fur in the lateral rump region to be diagnostic of age for 
Eastern gray squirrels in winter pelage. Unfortunately 
no such correlations could be found for the western species. 
Therefore, aging in the field was based on a combination of 
condition of the sex organs, size of nipples in females, 
body weights and general pelage condition. Upon initial 
capture squirrels were ranked only as juveniles or adults.
As the study progressed some of the originally described 
juveniles were reclassified as sub-adults, Juveniles were 
easily recognized by a combination of weight, impigmented 
nipples of females, undeveloped testes and scrotum of males, 
and soft wooly appearance of the pelage.



POPULATIONS AND INTERSPECIFIC RELATIONS

Since the ecological aspects of this study covered 
a relatively short period (May, 1966 to September, 1968), 
data concerning most long term aspects of population , 
dynamics could not be obtained, However, some of the 
short term aspects of the dynamics of the two populations 
are described here so that the later discussions of individ
ual and social behavior may be put in proper perspective.
The subject of interspecific relations is treated in this 
chapter because of the influence of other species on the 
squirrel populations.

Population Size and Characteristics
Suitable habitat was unequally available around the 

periphery of the Emigrant Lake study area, varying from 
none to the north to excellent habitat to the southeast 
(Fig, 4). During the study, 63 squirrels (39 males, 24 
females) were captured within the area of approximately 
63 acres. During 1966-67, most of the trapping took place 
in a slightly smaller area of approximately 44 acres where 
50 squirrels (32 males, 18 females) were trapped and 
marked.

A core area with 10 to 12 traps was maintained on 
a fairly permanent basis on approximately 4.4 acres. These
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traps were set for at least two days every two weeks during 
the entire study. The feeding station described above was 
also in this permanent trap area. Those squirrels that 
regularly used the core trap area were easily retrapped 
over a period of several days. As a result a direct census 
of the population utilizing this area was’ obtained by, 
combining.trapping results with observations..

The number of squirrels utilizing the area was 
relatively small (Table 1). Only 13 were captured there 
during late summer 1966. Population size remained sta
tionary during the following year with a few new individ
uals replacing those not present in the area from the 
preceding year.- During the third year the size of the 
population decreased from 12 to 8. Of these eight, only 
four used the area regularly. Further, the permanent trap 
area formed a smaller part of the range of the permanent 
residents than had been the case in previous years. Ob
viously the population decreased between summer 1967 and 
summer 1968.

For each of the years between 1958 and 1968 a crude 
census of Western gray squirrels in Jackson and Josephine 
counties, Oregon, was compiled by the District Game 
Biologist, Robert Maben (Oregon State Game Commission,
1968). These observations (Fig, 8) also indicate that a 
sharp decline in population level occurred between spring



Table 1. The number of gray squirrels inhabiting the permanent trap area of 
the Emigrant Lake study area at various trap periods during the 
study.

Trap
Period

Inclusive
Dates

Days
Trapped

Number
Trapped

Others
Observed

Total Number from 
Previous Trap 
Periods
1 2 3

1 8/8/66 - 
9/5/66

13 13 0 13

2 1/21/67 - 
3/16/67

10 12 1 13 8 - -

3 7/12/67 - 
8/19/67

10 12 0 . 12 7 8 -

4 Summer, 
1968
(see text)

20 8 0 8 4 5 ’ -5 -
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Fig. .8. Western gray . squirrel population trends for Jackson 

and Josephine counties, Oregon, ■
Data were collected by the District Game Biologist 
on regular routes during the annual spring big 
game census. ' ; •
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1967 r and spring 1968. These observations also suggest 
that there is possibly a short-term cycle in population 
size but more data are needed to substantiate this con
clusion.

Although trends in population.. fluctuation over 
large areas may be similar, at a given time densities of 
local populations may vary greatly. A comparison of the 
Baldy population with that at Emigrant Lake illustrates 
this point. Since the Baldy population was sampled for a 
relatively short periodr 11 July to 28 August 1967, not 
all of the resident squirrels became trap "conditioned," 
and unmarked squirrels were still being captured on the 
last days of trapping. For this reason a direct census 
could not be made and a modification of the Lincoln- 
Peterson index (Davis, 1963) was used to estimate popula
tion size. The first six trap periods were considered to 
be the marking period and the last four trap days as the 
sampling period. Twenty squirrels were captured (9 males,
11 females) leading to a population estimate of 2 6 (S, E. = 
3.03). The sampling situation, in terms of number of traps, 
area covered, and position of a feeder station, was nearly 
identical to that of the Emigrant Lake permanent trap area, 
Therefore, it may be concluded that the Baldy population 
was approximately twice as large as one at Emigrant Lake,- 
at least during late summer, 1967, No attempt was made to
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compute actual density of squirrels in either area since 
movements in and out of both areas were somewhat restricted.: 
by discontinuous habitat.

Although cyclic fluctuations may be indicated for 
the Western gray squirrel in southern Oregon, more drastic 
population fluctuations have been recorded in other p^rts 
of its range. A notable crash occurred in the early 1920's 
in California when an outbreak of scabies affected many 
populations, and it was several years before some of them 
recovered (Bryant, 1921; Michael, 1940). Some other re
ductions, attributed to various parasites and diseases 
(Ingles, 1947), will be discussed below.

Interspecific Relations ■

Parasites and Disease
. Notoedric mange or scabies disease in the Western 

gray squirrel was originally described by Bryant (1921).
The disease and its etiological agent have since been 
studied in more detail by Lavoipierre (1964) , The causative 
agent is a mite, Notoedres douglasi, which burrows -beneath 
the skin, causing a sequence of red spots, scaly or mangy 
appearance, and finally, sores and hair loss. The early 
outbreaks reached epizootic proportions and although most 
populations seem to have recovered, the disease is still 
prevalent. Lavoipierre (1964) lists several instances of



squirrels taken between 1948 and 1963 .as being infected 
with this parasite,

Moffit (1931;339) reported deaths of Western gray 
squirrels that had been attributed by a pathologist to 
''the disease coccidiosis and the presence of mites,"
Henry (1932) also noted coccidea, possibly Eimeria sciurorum, 
in S . griseus, Lennette et al. (1956) isolated the western 
equine encephalomyelitis virus from three squirrels and 
stated that they were highly susceptible to infection.

Hubbard (1947) listed seven species of fleas as 
parasitic on Western gray squirrels. The most common was 
Orchopeas nepos; others included Diamanus montanus, 
Monopsyllus ciliatus, Monosyllus fornacis, Orchopeas 
latens, Orchopeas dieteri, and Orchopeas kowardi. Fleas 
were collected from a large number of Western gray squir
rels during the present study. They were identified by 
Dr. Robert E . Lewis of Iowa State University and found to 
include only two species, Orchopeas nepos.and Monopsyllus 
ciliatus protinus.

Other parasites taken from dead specimens, live 
ariimals and nests included ticks, mites, and intestinal 
roundworms. Dr. Glen Kohls of the Rocky Mountain Laboratory 
identified the ticks as Dermacentor occidentalis and Ixodes 
pacificus. Dr. Conrad Yunker of the Rocky Mountain Lab
oratory identified the mites as.Haemogamasus ambulans
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(most common).and probably Hirstionyssus cyonomys (from 
one nest only). Mites varied greatly in abundance: during
the spring r 1967 f many were found in the squirrel nests 
and, at this time, they were also common on trapped squir
rels. ' • .

The viscera of 6 0 S_. griseus were macroscopically 
examined for endoparasites. Only a nematode, subsequently 
identified by Dr, Ralph Lichtenfels of the Beltsville 
Parasitological Laboratory as an undescribed species of 
Citellinema, was found. It occurred in varying numbers 
i n .48 of the 60 squirrels examined.

Ringworm, Trichophyton rubrum, has been reported 
in this species. The District Game Biologist, Robert 
Maben (personal communication) found a sick gray squirrel 
in Ashland,. Oregon, A State veterinarian diagnosed its 
ailment as a ringworm infection. Several squirrels in 
the Emigrant Lake population developed sores characteristic 
of ringworm during the spring and early summer, 1967, but 
positive identification of the causitive agent was not made. 
Perhaps squirrels suspected of having scabies may in fact 
be infected with ringworm..

Predation
No predation on Western gray squirrels was actually 

observed during this study, However, potential predators 
were seen. Red-tailed Hawks, Buteo jamaicen'sis, were often



seen in flight or perched on the tops of high conifers.
Robert Maben (personal communication) saw a red-tail

icarrying a gray squirrel at a point 15 miles southeast of 
Ashland, Fitch, Swenson and Tillotson (1946) found S_„ 
griseus remains in two of 2094 red-tail pellets they 
examined, and found remains of two other gray squirrels 
at nest sites in central California.

„ Coyotes, Canis 'latrans, and Bobcats, Lynx rufus, . 
are probably the most important natural predators of 
Western gray squirrels. McClean (1934) found S_.; griseus 
remains in seven of 24 0 Coyote stomachs and in nine of 
156 Bobcat stomachs examined. Grinell, Dixon and Linsdale 
(1937) found remains of seven gray squirrels in 257 Bobcat 
stomachs and remnants of five squirrels in 250 Coyote 
stomachs in another study in California.

In areas where Western gray squirrels occur near 
human habitation, domestic dogs and cats may be important 
predators. Murie (1936) reported a sick Ŝ. griseus 
nigripes being taken by a large housecat. A resident near 
the Emigrant Lake study area told of his dog catching and 
killing a gray squirrel. ' The same dog attacked and badly 
abused several of the squirrels that I had captured in 
traps and killed one. Another squirrel was killed by a 
dog at a trapping site adjacent to Ashland.



Man is also a predator but his relationship is 
somewhat different since the amount of predation is regu
lated by game laws . Some authors (e.g. Ingles, 19.47) feel 
that the combination of automobiles and highways in gray 
squirrel habitat take an unusually high toll of squirrels 
but I found no evidence to support this. ,

Competitors
x ' • ' ' .Two other squirrels, the Beechy ground squirrel, 

Spermophilus beechyi, and the Douglas' squirrel, Tamias- 
ciurus douglasi, are often abundant in areas frequented 
by Western gray squirrels. Ground squirrels occurred in 
both the Emigrant Lake and the Baldy study areas. Com
petition for food in such areas is obvious. When the gray 
squirrel population at Emigrant Lake decreased in 1968 it 
appeared that, on the basis of trapping results, the ground 
squirrel population increased. Perhaps these two trends 
are not related. However, the increase in ground squirrel 
populations appears to indicate that the decrease in gray 
squirrel populations was not simply due to a food shortage.

I saw one instance of direct competition between, 
gray squirrels and a ground squirrel. On 28 August 1967, 
a ground squirrel approached a feeder where two gray squir
rels were present. The subordinate gray squirrel, on the 
ground, appeared somewhat bewildered but the dominant gray 
squirrel chased the ground squirrel twice, once when it
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tried to get up the tree and once while it was on the . 
ground, The ground squirrel was not easily intimidated 
as it continued to feed around the base of the feeder and 
eventually moved off slowly. , .

. A pair of Douglas’ squirrels resided in the Emigrant
Lake study area for a short period but disappeared. Only 
once did I observe a Douglas’ squirrel and a Western gray 
squirrel in the same tree. There was no apparent conflict. 
However, in view of the propensity of both to feed on the 
reproductive portions of coniferous trees and on fungus 
(Smith, 1968), undoubtedly some competition occurs. On 
two separate occasions Ingles (1947) observed a Douglas' 
squirrel chasing a Western gray squirrel.

Another tree squirrel which has an overlapping • 
distribution is the Flying squirrel (Glaucomys sabrinus). 
Since it is nocturnal there is probably no direct competi
tion with S_, griseus. However, both species may utilize 
some of the same foods and may possibly compete for tree- 
hole nesting sites.

Certain birds are aggressively antagonistic toward 
gray squirrels and are apparently serious competitors.
Ingles (1947) describes a series of encounters between 
S . griseus and the Acorn Woodpecker, Melanerpes formi- 
ciyorus. I observed similar harassment at the feeder 
station in the Emigrant Lake study area. On one occasion
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a pair of woodpeckers drove a squirrel off the feeder by
repeatedly diving at it and, infrequently, striking it on

Ithe back with their feet. Scrub Jays'/ ApheTocoma coer- 
ulescens, and Steller’s Jays, Cyanocitta .stelleri, were 
also observed in conflicts with squirrels at the Emigrant 
Lake feeder. The Steller’s Jays were more aggressive, 
actually diving at squirrels a nd■sometimes striking them 
on the back. Scrub Jays would generally sit on nearby 
branches waiting for a squirrel to vacate the feeder where
upon they would immediately fly down for a bite of food, 
usually remaining until chased off .by a squirrel or another 
jay.

Although not as bold as the jays, White-breasted 
Nuthatches, Sitta carolinensis, were commonly seen gathering 
nut fragments from the Emigrant Lake feeder, Other birds 
including the Rufous-sided Towhee, Pipilo erythrophtha'lmus, 
Oregon Junco, Junco oreganus, and Plain Titmous, Parus 
inornatus, were observed in the area and captured in traps 
set for squirrels.

Certain other mammals were captured in traps set 
for squirrels. These included the Dusky-footed woodrat, 
Neotoma fuscipes, Pinon mouse, Peromyscus truei, Striped 
skunk, Mephitus mephitus, and Spotted skunk, Spilogale 
putorius. These animals, and the Black-tailed deer,
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Odocoileus hexnionus, Black-tailed jackrabbit, Lepus calif- 
ornicus, and Porcupine, Erethizon'dorsatum, probably 
compete to a limited extent with the gray squirrel for 
certain types of food.



DAILY ACTIVITY PATTERNS

.Ingles (1947) found Western, gray squirrels to .be 
more active in the early morning hours than at any other 
time and reported a continued decrease in activity as,, the 
day progressed with activity ceasing completely before 
actual sunset, This same general pattern of activity 
has been reported for other tree squirrels in the United' 
States. Uhlig (1955:167) r e c o r d e d  the Eastern gray squir
rel in West Virginia as being "most active between 7:00 and 
8:00 a.m." and that "substantial decreases in activity 
occur after 9:00 a.m., but activity increases again after 
3;00 p.m." Moore (1957) pointed out the error of using 
Standard time in presenting the time of day when squirrels 
were observed active during different seasons of the year. 
He found the Fox squirrel, Sciurus niger to be most active 
in the second hour after sunrise with a continuation of 
rather high activity through the fourth hour. An increase 
in activity during the second hour before sunset was also 
noted.

Onset of Activity 
Time of emergence from nests in relation to civil 

sunrise was observed at the Emigrant Lake study area on 
50 occasions throughout the year (Fig. 9). Time, of the
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Fig. 9. Emergence times in relation to sunrise.



first apparent movement before emergence, as detected by 
a change in quality of radio signals, was also determined 
on a few occasions, On the average, movement in the nest 
began 18 minutes before emergence (N = 11? S .E . = 3.8). 
During this study I found that emergence usually occurred 
near the time of civil sunrise although, in most instances 
the sun's, rays were not directly on the region because of 
the high mountains to the east. Actual sunrise occurred 
approximately one-half hour after civil sunrise but the 
latter serves as a good point of reference.

The close relation^between emergence time and sun
rise (Fig, 9) suggests that light is the primary factor in 
initiating activity. Actual sunrise as a stimulus for onset 
of activity is not likely since most squirrels became ac
tive before the sun was visible. However, a given light 
intensity might be the environmental cue stimulating the 
onset of activity as Mech, Heezen, and Siniff (1966) sug
gested for Snowshoe hares and Cottontail rabbits.

Measurements of light intensity were taken as 
several different squirrels emerged from their nests 
(Table 2). As expected, the readings were varied. Dif
ferences in the canopy above the observer as well as dif
ferences in the height, exposure, and construction of nests 
obviously contributed to this variation.



Table 2. Selected data concerning onset of activity of individual Sciurus griseus at the Emigrant 
Lake study area.

Light
Squirrel Emergence First Ambient (ft. Weather
Humber Date Deviation* Movement* Temperature cand.) Conditions Remarks

8 9/13/66 + 1 light rain
8
8

9/14/66
9/15/66 +27

+24
- 2 clear

clear
24 11/16/66 - 6 - 9 5. 0°C clear
24 11/19/66 - 8 12.0°C 2 medium wind, 

cloudy
2 squirrels in 
nest

24 11/21/66 - 8 . -11 3.9°C 3 "cloudy, light 
rain, hail

24 " 11/23/66 +29 - 4 -3.0°C 11 foggy 2 squirrels in 
nest

23 12/5/66 -10 1.5°C 10 gusty winds - 
temp, falling

squirrel re
entered nest, 
snow on ground

35 12/11/66 +48 - 6 9.1°C foggy & gusty 
wind-

out of nest and 
then back in

24 12/20/66 +11 . 1 to 00 
> 

C O light fog and 
rain

2 squirrels in 
nest

23 12/22/66 - 6 -20 6.6 C 22 clear, gusty 
wind

23 1/24/67 + 1 2.8°C gusty Winds, 
light snow

stayed in nest
.46. 3/24/67 +20 10.0°C 2/3 cloudy
46 5/9/67 +25 8.9°C cloudy, light 

rain
lactating female

46 5/11/67 +19 2.8°C cloudy, foggy lactating female
35 5/18/67 +18 - 5 . 10.5°C clear no nest activity
35 5/19/67 — 6 13.3°C 5 clear
35 5/20/67 +28 - 7 ’ 10. 5'°C clear
48 8/12/68 +15
48 8/14/68 - 5 ' -13 7 cloudy, light 

rain
8 . 8/15/68 +17 -11 9.4°C 23 cloudy
23 8/23/68 +13 + 5 9.1°C 27 2/3 cloudy
23 8/25/68 +37 14.4°C 37 cloudy & rain
14 8/29/68 - 8 clear squirrel stayed 

in nest
14 8/30/68 -24 0 clear cattle making 

noise
14 8/31/68 +10 -23 ^ 12.2°C 22 clear

*- = minutes before civil sunrise; + = minutes after civil sunrise.



Although an attempt was made to arrive at a pre
viously-located nest observation site at least one-half 
hour, before sunrise, this was not always accomplished, 
Therefore, time of emergence Of the squirrels may have 
been influenced by the noise made by the approaching ob
server . However, whenever this occurred it was usually 
made obvious by the behavior of the squirrel. For example, 
on 5 December 1966, the squirrel involved was already out 
of the nest as I approached 10 minutes before sunrise. It 
stayed in the top of the nest tree for 20 minutes, and then 
entered the nest where it stayed while I remained to observe 
for an additional 30 minutes. However, its awareness of my 
presence was indicated by moments in the nest (detected by 
radio signals) whenever I made some obvious noise to test 
the squirrel’s reaction. On other occasions, especially 
during inclement weather, when I arrived at a nest site 
seemingly prior to the onset of any activity, some squir
rels did not emerge from the nest during the time of ob
servation although movements within the nest were detected.

• Table 2 lists selected data concerning variations 
in emergence time and indicates possible contributing fac
tors. Notice that the three latest times of emergence, ;
23 November 1966, 11 December 1966, and 25 August 1968, 
were days of fog or rain. Most of the earliest emergence 
times occurred on warm clear days. In the final analysis
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day to day variation in time of emergence is probably 
caused by the balance between physiological need and pre
vailing weather conditions„ On 29 August 1968, no, 14 
(Table 2) did not emerge from the nest until one and one- . 
half hours after sunrise although radio signals indicated 
periodic movement in the nest. When the squirrel 'wa.s/ 
finally observed out of the nest, but still near it, he 
seemed to have trouble climbing through the trees. His 
position was monitored at intervals throughout the day and 
he appeared to remain relatively sedentary. The following 
morning he made one of the earliest emergences of any 
squirrel observedf 24 minutes before sunrise.

Diurnal Activity
Once an individual squirrel moved away from the 

area of a nest, visual observations of undisturbed behavior 
became difficult. In some instances squirrels could be 
judged active from direct observation or from movements 
determined by radio triangulation. However, ah animal 
could not be automatically classified as inactive simply 
because its radio-triangulated position remained stationary. 
Animals found in nests were termed inactive.

Observation at a feeder station provided a quanti
tative measurement of early morning activity. An index of 
activity (Fig, 10) for the Emigrant Lake population shows 
a peak of activity during the second hour after sunrise.



Fig. 10. Variation in activity after sunrise.
The maximum number of squirrels present during 
each one-half hour after civil sunrise.was 
tabulated for each day of observation. Data 
for several days were grouped and an index fo 
activity calculated by dividing the sum for 
each time period by the total for all the grouped 
data.
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Fig. 10. Variation in activity after sunrise.
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A comparison of. indices for winter (January through March) 
and summer (May through July) activity reveals that summer 
activity reaches its highest level earlier and then declines 
more quickly after two hours« This probably is a result 
of more abundant food, weather that is conducive to early 
arousal and greater movement, and higher midrmorning 
temperatures.

The pattern of activity for the Baldy population in 
July and August (Fig. 10) differs from both the overall 
and summer activity patterns at Emigrant Lake. In general, 
the Baldy squirrel’s activity extends oyer a longer period 
and peaks much later. , This difference may be due in part 
to the small sample size in certain time periods but other 
factors probably influence the pattern. Since, as a result 
of differences in local terrain, actual sunrise is about 20 
minutes earlier at the Baldy feeder area than at Emigrant 
Lake, the difference is further magnified. Perhaps the 
prolonged morning activity is the result of the lower 
ambient temperature associated with the higher elevation 
of the Baldy area, However, this does not seem likely in 
view of the similarity of the activity curves for summer 
and winter in the Emigrant Lake population. A more likely 
explanation stems from the habitat differences in the two 
study areas. Radio-tracking results showed that most of 
the squirrels in the Baldy population nested in the very
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dense stand of Douglas fir northeast of the feeder, which ' 
consists of such a heavy canopy that the forest floor is 
relatively free of vegetation. It follows that light in
tensity is relatively low in this situation perhaps causing 
a relatively later time of emergence from the nest.

Another insight into morning activity pattern,can 
be gained.by considering the interactions that occurred 
during equally spaced intervals for two and one-half hours 
after civil sunrise at a feeder station. For purposes of 
this analysis an interaction may be considered as any 
chase, obvious avoidance, or displacement of one squirrel 
by another in the immediate vicinity of the feeder. The 
results (Fig. 11) show a peak of interactions for the Emi
grant Lake population from one to one and one-half hours 
after sunrise, corresponding to the time when the maximum 
number of squirrels were observed. Two peaks of activity 
are shown for the Baldy population, a situation only sug
gested by the activity index using maximum number of squir
rels, All of the peaks, for both populations are rather 
abrupt. There is no significant difference between samples 
from different seasons.

Activity subsequent to the morning feeding period 
is difficult to quantify, but a generalized pattern results 
from a compilation of isolated observations, As a partial 
indicator of activity the percentage of squirrels found in



Fig. 11. Interactions at a feeder, as an index of activity,-
The number of interactions during each one-half 
hour period after sunrise was tabulated for each 
day of observation. Data for several days were 
grouped and an index to activity calculated by 
dividing the sum for each time period by the 
total for all grouped data.
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Fig. 11, Interactions at a feeder, as an index of activity.



a nest for two hours on either side of local noon was ■ 
tabulated. The resulting figure was 39,2 percent (N =
69) for those animals whose position could be positively, 
determined. This indicates only that at least 3.9 percent 
of the population were inactive during the four hour mid
day period. The remainder (61 percent) were not neces
sarily active because the squirrels do not necessarily 
retreat to a nest for inactive periods. However, during 
any given period of daylight, some squirrels are usually 
active.

Variations in midday activity depend on several 
factors including availability of food, competition, dis
turbance, and prevailing weather conditions. Perhaps 
weather is the most important as noticeable decreases in 
activity occurred during extremes of temperature and 
moisture. Most squirrels appear to haye at least one 
period of activity subsequent to the initial morning 
period. The time, extent, and duration of this period 
vary with the individual, time of year, and prevailing 
conditions. The result, for the population, is a low level 
of activity throughout the day which in turn decreases the 
possibility of competition between individuals. This is in 
contrast to the continued decrease of activity throughout 
the day suggested by Ingles (1947) or an increase in 
activity at the end of the day as suggested for the



Eastern gray squirrel (Uhlig, 1955). However, my data do 
not preclude a late afternoon rise in activity. Trap data . 
indicates a decrease, but not complete cessation, of ac
tivity in the afternoon. ' Traps checked at midday generally 
contained two' to three times as many squirrels as those 
checked just before dark. However, comparisons of trapping 
results for the two periods is misleading since a squirrel 
captured in the morning is not likely to be recaptured in 
the afternoon.

Cessation of Activity 
Since most squirrels occupy nests during the night 

cessation of activity can be considered as the time when a 
squirrel enters a nest. Since a given squirrel may occupy 
different nests on successive nights observations of a 
given individual entering a specific nest were not usually 
possible. Therefore, time of cessation of activity was 
determined by calculating the proportion of squirrels in 
their nests at various intervals before civil sunset (Fig. 
12). Over 90 percent were found to be in nocturnal nests 
by one hour before sunset. Not all squirrels entered a 
nest during a short period of time but there was a more or 
less gradual increase in the number found in nest sites.
No special significance is attributed to the deviation from 
the trend for the 119-90 minute interval in Fig, 12 since 
the value indicated was based on a very small size. The
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Fig. 12. Proportion of squirrels in nests at time intervals 
before civil sunset.



proportion nesting, three to. four hours hefjore '.sunset is 
very similar, to- that nesting at middayf with only one 
overlapping observation, '

The overall activity pattern, based' mainly.on the 
Emigrant Lake population, may be summarized as follows:
Most squirrels emerge from the nest near the time of givil 
sunrise, .Peak activity is reached between. 30 and 90 minutes 
after sunrise, depending upon local conditions and lasts 
approximately one hour, By. midday, about 40 percent of the 
squirrels are in nests; the rest are in various states of 
activity or inactivity outside of nests. This level is 
apparently maintained, with squirrels alternating active 
and inactive poles, until about three hours before sunset 
when there is anv increase in the proportion of nesting 
(inactive) animals. The nesting trend continues until an 
hour before sunset, by which time most of the squirrels 
are in their nocturnal quarters.



EGOCENTRIC BEHAVIOR

Egocentric behavior includes those activities that 
relate to the individual's welfare (Smith, 1966). Included, 
are maintenance, investigation, alarm and escape, play, 
feeding, and nesting behavior. Movements are-closely re
lated but considered separately. Reproductive behavior, 
since it overlaps egocentric and social b e h a y i o r i s  also 
considered separately.

Data presented in this section are based mainly on 
observation of squirrels wearing radio transmitters. Ob
servation of specific squirrels, with and without a trans
mitter, allowed me to conclude that the transmitters did 
not seriously interfere with normal movement and behavior. 
Irregular behavior, as a result of a transmitter, was seen 
only twice. A. trapped squirrel once had a front foot sus
pended in the antenna of the transmitter. Another squirrel 
was seen with the antenna caught on a feeder basket but 
with a slight pull the squirrel quickly freed itself. Some 
squirrels suffered from abrasions caused by the transmitter 
collar and this usually elicited scratching reactions.

Maintenance Behavior
Upon emerging from a nest in the morning squirrels 

ushally undertook grooming behavior. This activity took
56 .
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from a few seconds to 15 minutesusually lasting between 
three and five minutes„ This seemed to be the only intense, 
period of such behavior during the day. Grooming usually 
took place within a few feet of the nest and in a few in
stances was suspected to have occurred in or on the nest.. 
Brief periods of biting and scratching occurred at other 
locations, and times during the day.

The details of grooming were not photographed, but 
observations in the field indicate that the following 
patterns occur. Face cleaning was the most frequent groom
ing behavior observed, The face and the nape of the neck 
were cleaned with forward wiping movements of the paws and 
inner surface of the fore-arms. The ears and lower neck 
were scratched with a hind foot. The fore-paws were fre
quently washed on the underside by licking. The hind feet 
were often held, by the fore-paws, one at a time, fully 
extended, and cleaned with a biting movement of the mouth. 
The remainder of the body was groomed with either mouth 
movements or hind foot scratching or a combination of the 
two. The majority of grooming time seemed to be spent 
around the head region, Vibrissae were sometimes cleaned 
by wiping them with a side to side head motion on a branch. 
This behavior took place at various times throughout the 
day and was usually preceded by smelling the branch where 
wiping was to take place. Thus, this particular behavior



, ... - ' 
may possibly be associated with scent marking but that hy
pothesis remains untested. '■

Much attention was also given to the tail. It was 
held with the fore-paws while selected areas were nibbled 
with the mouth. In addition, the entire structure was 
generally drawn through the mouth one or two times beginning 
as close to the proximal end as flexion permitted. In 
general, no major deviations from the grooming patterns 
described by Horwich (1967) for the Eastern gray squirrel 
were noted.

Stretching usually occurred as a squirrel descended 
a tree after a grooming session (Fig. 1.3) . While hanging 
with the back feet, usually on the vertical trunk of a 
tree, the front legs were extended either simultaneously 
or alternately. This action was also observed frequently 
around the feeder stations, especially when the squirrels 
descended the feeder tree after having remained inactive 
for an extended period.

Three broad categories of inactivity were recognized 
1) Complete relaxation, such as occurs in a nest, is 
characterized by the squirrel being able to turn on its 
side or back for sleeping purposes. 2) Loafing relaxation, 
which may involve an apparent loss of consciousness but 
usually does not. During this type of behavior the squir-

a -
rel spreads itself out, with legs extended to the front
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and rear and ordinarily over the sides of a branch (Fig.
14), This behavior may be exhibited at any time but is 
especially common during the midday.lull in activity.. It 
has been observed to occur on the feeding platform and in 
traps. The particular posture involved may also result 
from heat stress as it was often exhibited by trapped, 
animals during the summer midday trap check. 3) Alert 
relaxation is sometimes exhibited by squirrels in a situa
tion where the possibility of disturbance is great. .For 
examplef when several squirrels were in close proximity 
to a feeding site some simply waited for an opportunity . 
to utilize a food source. During this time of waiting a 
squirrel often appeared to be relaxing but it was still 
attentive to the activities of the other squirrels in the 
vicinity. Posture during this behavior (Fig, 15) varied 
between lying flat on a limb to sitting on the branches, 
usually with the posterior against the tree trunk or an
other limb.

Investigation, Alarm and Escape, and Play 
After leaving the immediate vicinity of the nest a 

squirrel usually exhibited one of two basic types of ex
ploratory behavior. In the first, the squirrel involved 
proceeded immediately to the ground, and began searching 
for food which was accomplished by short hopping movements 
with the,nose held close to the ground, Bits of material
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Fig. 15. Two variations in posture associated with alert 
relaxation.
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were sometimes nosed or dug up and it appeared that vision
and olfaction were of about equal importance during this

/ '
searching behavior. More details are considered below in

* ■
the section on Feeding Habits. '

In the second type of exploratory behavior, instead 
of going immediately to the ground, a squirrel proceeded ■ 
for some distance through the trees and then went to the 
ground. Movement was rapid and involved running (especially 
in trees) and rapid hopping. When on the ground not much 
time was spent with the nose near the ground; instead, the 
squirrel looked ahead to choose a route to travel. This 
behavior sometimes involved sitting vertically on the 
haunches, picketrpin like, as if surveying the area both 
visually and olfactorily; and sometimes included hopping 
up on the sides of nearby trees to a height of,three or 
four feet, looking ahead attentively, and returning to the 
ground along the same general route. This type of ex
ploratory behavior graded into the first described type when 
the squirrel reached an area where food was present.

Still other investigative activities, such as ex
amination of nesting sites, were observed. Investigation 
of a nest involved a cautious approach through the trees 
and then a nosing around the site. The suitability or 
soundness of the structure was apparently tested by moving 
a few nest components or by actual entry into the nest.
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Perhaps recent usage is judged by. olfaction. New objects 
In the environment, such as traps or blinds, were investi
gated in a similar manner. After visual and olfactory 
examination, tactile senses were usually brought into play. 
For example, traps were sometimes rolled about by pulling 
or pushing and then jumping to one side.

Any unusual auditory, visual, and probably olfactory 
disturbance may cause an alarm reaction. Slight sounds 
that I made while concealed in a blind often elicited a 
response in squirrels at a feeder. The squirrels quickly 
became accustomed to unusual sounds if they continued 
without visual cues. The sounds of rustling leaves and 
cracking branches were most effective in provoking an alarm 
response; such sounds could warn of approaching danger and 
the responses would have obvious survival value.

Visual cues are usually effective only when as
sociated with noise or when they include movement. For 
example, on one occasion a squirrel approached to within 
three feet of where I sat motionless on the ground. When 
I was seen by the squirrel, he made no obvious response 
other than a change of route as if to avoid an object.
Once as I was taking photographs of habitat in the Emigrant 
Lake study area, a squirrel was seen approaching in the 
distance. Not having time to take cover, I sat down con
spicuously in the open and instructed my shepherd dog to do
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the game. The squirrel continued its approach and passed 
within ten feet of us without becoming alarmed. Other

I .

squirrels have been trapped within two feet of a large 
tent blind which had only been in place for a few days.. 
Moreover, when I openly approached a squirrel it often 
resumed "normal" activity if I remained motionless fop a 
short period. In summary, the most common stimuli sequence 
that elicited alarm behavior was noise followed by move
ment. Although a possibility, there is no evidence that 
odor supplies a long distance cue for stimulating a squir
rel to a more alert state.

Reaction to the various cues discussed aboye de
pends on their, immediacy and intensity. Usually a squirrel 
responded to a distant noise, or movement by assuming an 
attentive posture (Fig, 16). If the stimulus continued 
the animal sought a visual vantage point, most often the 
crown of a coniferous tree. If the nature of the stimulus 
was immediately apparent one of two modes of behavior 
occurred. It appeared that if the stimulus was identified 
as a potential threat, the squirrel "froze" and remained 
motionless until the danger passed. This behavior took 
place at any time and many squirrels were seen remaining 
".motionless" in rather awkward and obvious positions. More 
often, however, the animal reached a vantage point before 
it "froze." Here the surrounding environment served as
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concealment. F u r t h e r t h e  tail often served as additional .
camouflage. As an alternative to'"freezing," scolding

■ / ' behavior occurred when the stimulus appeared to represent
no immediate threat to the squirrel but.its presence did 
interfere with normal activity. For example, the presence 
of deer, cattle, or even a jackrabbit elicited such be
havior . A squirrel scolded by calling (an often repeated . 
chewnnk-chewnnk-chewnk), stamping its feet, flicking the 
tail forward and back, and usually by moving about in the 
branches, By these means it made its presence and "annoy
ance" known to the intruder.

If, because, of its location or physical nature, the 
initial stimulus was not immediately identifiable,. a squir
rel reacted differently. In this case it uttered calls 
similar to the scolding type and sometimes also stamped its 
feet, but generally did not reveal its position by gross 
movement. This seemed to be a response which resulted in 
the repetition of the stimulus allowing it to be more 
readily identified, Once "identified," the squirrel re
sponded to the stimulus in one of the ways already described. 
For example, on a few occasions provocative scolding call 
responses were evoked by noise or movement within a tent 
blind, If I moyed from the blind into the field of vision 
of the disturbed animal, its response was to seek coyer and 
remain silent and motionless. The calls also probably serve



68
to notify other squirrels in the vicinity of the possibility 
of impending danger. ;

Local variations in habitat resulted in modifica
tions of the alarm response pattern. For examplef if sev
eral types of trees were available f the squirrel generally 
picked a coniferf even if other types of trees were closer.

f
In addition some squirrels.were seen to run considerable 
distances on the ground, passing isolated trees (even iso - • 
lated conifers), to reach the cover of a thick stand of 
conifers. Perhaps this behavior has resulted from the 
survival advantages of the additional concealment furnished 
by the denser cover, or perhaps, is simply the result of 
the attraction of a more familiar area.

Superficial observation might lead one to the con
clusion that Western gray squirrels are playful, but further 
analysis shows that most instances of so-called play are 
actually behavior associated with social interactions. 
Indeed, little behavior that could be classified as play 
was observed during this study. I did observe some be
havior which appeared to be play by individual young 
females. It included climbing through very small branches 
of limbs close to the ground, hanging in unusual and awkward 
positions, falling o r "jumping from branch to branch or to 
the ground, rolling on the ground, jumping abruptly up into 
the airf and demonstrating overall erratic behavior.
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Feeding Habits 

' More has been written about the feeding habits of 
the Western gray squirrel than about other phases of its 
behavior. Ingles (1947) emphasized the seasonal variation 
in food availability and preferences. He also listed 
foods eaten, and concluded that the fruits of many native 
and introduced plants were used as food. Grinnell and 
Storer (1924) concluded that the principal foods of S. 
griseus in YoSemite, California, were the seeds of pines 
and acorns but mentioned the use of fungi and the possible 
use of nestling birds as food, Grinnell and Hinsdale 
(1936) listed a large fungi (Amanita sp.) as another im
portant food and Teyis (1953) saw S_. griseus feeding on 
underground fungi„

During the present study the contents of stomachs 
from 59 specimens were analyzed by estimating volume of 
various food items (Table 3). The results indicate that 
the use of fungi has been underestimated in most of the 
past literature» Recently Steinecker (unpublished data) ' 
detected the extensive use of underground fungi as food at 
two localities in California, Probably the use of under
ground fungi as food has been overlooked because workers 
in the past assumed that squirrels were digging for buried 
acorns when in fact they.were searching for hypogeous 
fungi. .



Table 3. Percent occurrence of foods utilized by S_. griseus in southern Oregon 
during the year. , . -
The numbers in parentheses refer to the sample size. The numbers in the 
body of the table indicate the number of squirrels out of a monthly sam
ple. that utilized a given food type and the percentage of the total 
months food which it constituted (number:percentage). Pine and fir nuts 
are grouped.

Food Type
(1)
Jan

(4)
Feb

(5)
Mar

(4)
Apr

(4)
May

(4)
Jun

(4)
jui

(ID
Aug

(ID
Sep

(2)
Oct

(2)
Nov

(7)
Dec

Conifer
(nut)

1:60 4:55 4:42 4:19 2:38 2:6 4:100 9:71 8:29 1:10 1:17 3:10

Oak (acorn) 1:40 3:,3 3 4:45 4:26 2:35 9:46 2:80 2:60 5:58
Woody
fragments

1: Tr* 1: Tr * 5: Tr* 2:03 1: Tr'

Vegetation 
(buds and 
fruits)

2:10 1:1 - 1:14

Fungi 1:12 2:13 4:55 3:62 4:56 7:17 7:24 2:10 1:20 5:17
Insect
fragments

1: tr*

Squirrel
hair

1: Tr* 3: Tr* 1: Tr* l:Tr

Unidenti
fied

1:3 1:2 .1:1

*Tr = Trace.
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An analysis of Table.3, supplemented with field 
observations f allows the following general conclusions 
regarding trends in seasonal food usage. Pine and fir nuts 
are used all year but almost exclusively when new nuts 
mature in the late summer or early fall. As conifer nuts 
become less available in the late fall and winter, acprns 
are utilized more heavily. Fungi are probably also used 
throughout the year, but comprise a major portion of the 
diet only in the spring and early summer.

Bone is one item of food not listed in Table 3 that 
is probably of importance in small amounts. Tooth marksr 
which appeared to be of gray squirrel origin, ware seen on 
many bone fragments in the Emigrant Lake study area. I 
observed squirrels gnawing on discarded deer antlers north-' 
west of the Emigrant Lake study area. The squirrels had 
chewed several inches off the tines of several antlers. 
Sumner and Dixon (1953) report similar behavior in the 
Sierra Nevada Mountains and suggest that this is one reason 
why the shed antlers of deer.and elk are so seldom found in 
the forests. They further suggest that the squirrels are 
seeking "minerals" not normally found in their vegetative 
diet.. Other authors (Coventry, 1940; Carlson, 1940; Allan, 
1935) have described the bone eating habits of other tree 
squirrels,
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Pine nuts, acorns, and hypogeous fungi probably

make up the bulk of food of the -Western gray squirrel but,
i . -depending upon location and season, other foods may.assume

importance, Ingles (1947) recorded the extensive use of
the fruits of exotic plants. Little (1934) found them
utilizing the seeds of Eucalyptus. Bailey (1936) reported
the extensive use of locally abundant UmbelluTaria nuts.
Steinecker (personal communication) found a similar situa- '
tion for one population in California.

The local utilization of plant species . of economic 
importance to man has been discussed in a previous section 
but the following additional results are pertinent to 
feeding habits. In the spring 1967, Robert Maben (District 
Game Biologist) collected a number of squirrels' suspected 
of doing damage to pines by girdling them in search of 
cambium. I analyzed the stomach contents from eight of 
these squirrels and cambium was found in only two; 100 
percent in one and 9 0 percent in the other. The other 
stomachs contained almost exclusively fungi, supporting 
the opinion that this food comprises the main item in the 
spring diet.

Food gathering techniques have been described in- 
detail by Grinell and Storer (1924) . Their description of 
pine cone utilization is equally applicable to fir cones 
with the exception that virtually all fir cones, probably
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due to their small size, are eaten in the trees. My ob
servations indicate that no'special techniques are employed 
in feeding on fungi. Underground fungi are apparently 
located by olfaction, then dug up and consumed on the spot. 
Above ground varieties may be taken into trees before being 
eaten.

Based on field observations, Grinnell and Storer 
(1924), Ingles (1947 and 1965) and others have implicated 
olfaction as the means whereby gray squirrels locate buried 
acorns and possibly other foods. Ingles (1947) carried out 
brief field experiments to test the squirrel's, sense of 
smell. He placed both pecans and pebbles, each wrapped 
separately in heavy paper, in two areas known' to be fre
quented by squirrels. Twenty four hours later only the 
papers bearing the pecans were unwrapped while none of the 
pebbles were touched.

* To test the utilization of olfaction in location of 
buried foods, the following experiment was performed. Two 
squirrels were confined in an outside enclosure, 12 x 9
x 6 feet. On four successive days shelled walnuts were 
buried at five locations at depths up to five inches in 
the floor of the cage. Five blank holes were also dug and 
recovered for each experiment. The placement of both the 
nuts and the blank holes was determined by marking off the 
floor of the cage in a grid pattern and utilizing a random
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number table to select locations. Other nuts were hidden 
in concealed locations in the cage. Most of the nut con
cealment took place while the squirrels were in nest boxes 
and thereby ruled out direct observation of nut placement. 
All nuts hidden in the cage or buried underground were 
found by the squirrels while none of the blank holes 7 7ere- 
disturbed. ' ■ .

Squirrels kept in captivity often rejected, without 
opening, certain acorns that were offered as food. In
spection showed that the rejected nuts were rotten or in
fested with insect larvae. This raised the question of how 
the squirrels ascertained the condition of the acorns with
out opening them. Since there was an obvious weight dif
ference between bad and good acorns, it seemed that a 
kinesthetic sense might be involved. I first attempted 
to test this hypothesis by placing empty and full walnuts 
on a feeder platform and observing the. reactions of wild 
squirrels. Twenty walnuts, five normal; five opened and 
glued back together; five opened, emptied, and refilled 
with an amount of clay equal to the nut meat; and five 
emptied and glued back together, were placed on the feeder. 
Results were inconclusive but some observations are worth 
noting. Cracked and reglued nuts Were taken as readily as 
normal nuts. Some clay filled nuts were carried away, 
presumably to be buried. I watched one squirrel open a
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clay filled nut.r remove the clay with its mouth, and then 
reject the nut. No empty nut was1rejected without first 
being cracked open for a check of the contents. A weakness 
of this test is that the squirrels had been conditioned to 
finding only good walnuts at the feeder,

• Another attempt to test this hypothesis utilized 
two separately caged squirrels. On the first day of the 
experiment each squirrel was presented with 15 walnuts 
which had been opened, the meat removed, and reconstructed 
with white glue, The control consisted of an additional 
15 nuts which had simply been opened and then reconstructed 
with glue. By the end of the experiment, 10 days later,
30 empty nuts and 55 full nuts had been presented to each 
squirrel at irregular intervals. At each check of the food 
supply the number of empty and full nuts were tabulated and 
the number of each type again made equal. On seven occa
sions both empty and full nuts remained in one feeding 
container of one of the squirrels; on six of those occa
sions there were more empty than full nuts (a total of 31 
empty and 16 full left over). This evidence, although 
inconclusive, lends support to the stated hypothesis.
Dennis (1930) in similar tests on free-living Eastern gray 
squirrels in Ohio showed that the responses of squirrels 
to wormy acorns and nuts varied with the individual. Bis 
examination of the responses of squirrels to the weight of



the nut was inconclusive. Lloyd (1968)f however, in ex
periments performed■ with one carolinensis squirrel in

/England did note a definite differential response to empty 
nuts as opposed to weighted empty nuts held by the squirrel 
From this he concluded that weevil infested nuts were 
appraised by weight and discarded on that basis, but this - 
appeared to be a learned behavior.

The importance of vision in food discrimination is 
not known. It is feasible that gray squirrels might 
utilize the presence or absence of holes in nuts as a clue 
to their palatibility. It is also possible that color may 
play a part in food rejection or selection since many of 
their food items' show a color change at the time when they 
appear to be most palatable. Crescitelli and Pollack 
(1965) found that the antelope ground squirrel can dis
tinguish color on a very limited basis. Walls (1942) 
suggested that the retina of tree squirrels probably con
tains only cones. This tentative conclusion was supported 
by the work of. Arden and Tans ley (1955) for £3, carolinensis 
In addition, their electroretinogram studies showed a very 
narrow spectral sensitivity curve with a peak at 53 0 milli
microns, These results reveal the possibility of color 
vision but further behavioral and physiological work will 
be necessary before the role of color vision in tree 
squirrel behavior is known.
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Squirrels were observed to drink on a few occasions 

with the majority of observations'- of this behavior occurring, 
in the morning.soon after emergence from the nest. During 
one morning of observation at the artificial feeder at the 
Baldy study area a plastic dish approximately six inches 
in diameter and two inches high was positioned so the,top 
was nearly flush with the ground about 20 feet from the 
feeder tree. During the morning observation period three 
squirrels were observed to make sharp changes of direction 
and approach the water dish. None of these squirrels was 
approaching from a direction that would make visual de
tection obvious but two of them shifted direction abruptly 
after apparently "sniffing" the air. After close inspec
tion all three avoided the dish and went into a nearby 
tree for an aerial inspection. One appeared to become . 
visibly "annoyed" and responded by looking inquisitively 
and stamping her feet» That same squirrel was observed 
drinking out of the dish almost three hours later.

On many occasions, while watching squirrels on a 
feeder, it was noticed that they would carry whole nuts to 
the ground for burial, usually at some distance from the 
feeder. Squirrels feeding on the ground were frequently 
seen digging up previously buried nuts including naturally 
occurring acorns, The habit of burying nuts has been 
described by Grinnell and Storer (1924), Ingles (1947) and
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Grinnell and Linsdale (1936), among others. I found that 
the holes dug for burying nuts-were about three inches 
deep, only about half of which was soil. Both the soil 
and the litter on top were carefully replaced by the squir
rels, the soil with the aid of their nose and the litter 
with a "pulling in and tapping" motion of the fore-paxvs. 
This behavior results in the concealment of the buried 
food, and is very similar to that which Horwich (1967) 
described for S3, carolinensis.

Grinnell and Storer (1924) suggest that this be
havior is instinctive, based upon the fact that one squir
rel was observed to dig up and replant acorns during a 
period of overabundance of acorns on the ground. Most 
authors feel the burying behavior serves as a mechanism 
for storing food for later use. In suggesting the use of 
smell for locating the "planted acorns" Grinnell and 
Storer (1924) describe digging up one of those acorns 
Which had been replanted by a squirrel and it had a dis
tinctly sour odor. This observation suggests to me an 
alternative hypothesis concerning survival value of the 
replanting behavior. If some of the acorns began to decay 
they might support a growth of underground fungus. Moying 
the nut to a new location might serve as a means of in-, 
noculating a new area with the fungus or might simply pro
vide a better habitat for the growth of fungus. On several
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occasions I have seen squirrels search the ground over a 
large area, and even dig several test holes, before finally 
burying a nut. Criteria for selection of a specific loca
tion are not known. The possible long-term benefit of 
seed burying, that of reforestation, has been suggested 
by many authors without much actual proof.

Nesting Habits 
The nest sites of the Western gray squirrel are of 

two basic types: tree holes or cavities, and stick nests.
Nests of the latter type are also variously referred to in 
the literature as drays, leaf nests, and outside nests. 
Ingles (1947:142) states; "Gray squirrels usually retire 
to a tree-hole at night. Except when the young are in the 
drays, it is doubtful if outside nests are used for noc
turnal sleeping," Bailey (1936) also states that their 
nests are generally in hollow trees, I reached exactly 
the opposite conclusion in my study in which radio- 
tracking was used to determine nesting, habits.

■ Nest Description
Tree holes suitable for squirrel nests may be 

formed by several conditions. A broken limb with sub
sequent rotting of tissue is probably the most common.
The work of woodpeckers and flickers undoubtedly also 
provides some suitable sites. The only tree-hole nests
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found during this study were in oaks,- Quercus kelloggi 
and Q. garryana, but they undoubtedly occur in other 
species. Six tree-hole nests which were in active use 
were located: two in horizontal limbs which had exposed
broken ends and rotted interiors, another in a dead tree 
with only the two main branches of a Y remaining (Fig-; 17) , 
and four in the main-trunks of living trees. Four of these 
were- lined with varying amounts of dry shredded grass and 
one had many wood chips mixed in the grass.

Stick nests were varied in composition and place" 
ment but were consistent in pattern of construction (Table 
4). Most nests in conifers were within the upper 1/2 and 
3/4 of the tree and next to the main trunk where sufficient 
branches were present for support. Most nests in oaks, 
madrone, and willow (Salix sp.) occurred in the dense 
upper branches which were often quite small in diameter, 
in other parts of its range S. griseus utilizes many other 
trees in its habitat for the. placement of stick nests.

Grinnell and Storer (1924) describe a pine stick 
nest in some detail, Merriam (1930) described a single 
stick nest taken from a tan-oak, Quercus densi'flora, as 
consisting of four parts. Based on my inspection of many 
active stick nest sites, it appears that they consist 
essentially of three parts;
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Fig. 17. A tree-hole nest site.
The nest itself was situated just below the con
vergence of the two main branches. The squirrel 
utilizing this nest entered and left through the 
left (south) branch but the nest was also access
ible through the right branch. A litter of three 
young squirrels was found here on 9 May 1967.



Table 4. Selected data concerning Western gray squirrel nest characteristics.

Outside Inside
A p p r o x - Dimensions Dimensions

Date Tree H e ight Exterior Lining LxWxH LxWxH , Weight •
Ex amined Type* (ft.) Nest Type Components* Components (in.) (in.) (grams)

4/15/66 Pine 3 0 s tiek-chamber Pine st i c k s , 
manzanita sticks

Lichen, moss, 
pine needles

24x24x-

4/15/66 Fir 30 stick-pl a t f o r m Oak sticks, fir 
boughs

Lichen, fir 
needles

27xl9x-

4/15/66 Pi n e 40 stick-chamber Oak st i c k s , 
pine sticks & 
boughs

Shredded grass 23x23x- 8x8x-

4/21/66 Fir 26 stick-chamber Pine b o u g h s , 
fir boughs

Moss, grass, 
pine needles

20x23x10 7%x8%x-

4/21/66 Fir 47 stick Pine b o u g h s , 
fi r  boughs

Lichen, moss 20x21x13 7x7x-

4/21/66 F i r 40 stick-chamber Fir st i c k s , 
oak sticks

.70 grass, 

.30 li c h e n
8x8x-

4/23/66 Pine 25 stick-pl a t f o r m Pin e  b o u g h s , 
oak sticks

Grass., lichen, 
moss

28x19x11

5/21/66 ' Fir 47 . stick Fir b o u g h s , . 
oak sticks

Lichen, moss 20x26x-

3/22/67 O a k 18 tree-hole Grass cuttings
3/24/67 Oak 8 tree-hole Grass, bark 

pieces
4/8/67 Oak 16 tree-hole Grass, bark 

pieces
Grass, bark 
pieces

5/5/67 Oak 11 tree-hole Grass, lichen, 
moss, bark

5/21/67 Pine . 36 stick-chamber Oak sticks, 
pine boughs

Lichen 20x14x11 7x6x3%

5/21/67 Pine 23 stick-platform O a k  b o u g h s , pine 
boughs, lichens, 
plastic

Shredded b u r 
lap

18x12x13 9x7x4

5/28/67 . Pine 53 stick Oak sticks, 
pine,boughs

Burlap, grass, 
lichen

23x14x10% 7x6x4

7/15/67 Pine 35 stick Oak sticks, 
pin e  boughs

.60 moss,

.40 lichen ,
7/16/67 Pine 30 stick-platform Oak sticks, 

pine boughs
Moss, Oak 
twigs, pine

stick-chamber
n e e d l e s , burlap

7/16/67 Pine 55 ; ' Oak st i c k s , 
pine boughs

Shredded burlap

7/26/67 Pine 35 stick Oak sticks Lichen
7/27/67 Pine 35 stick Oak twigs. .60 lichen, .40

pine boughs shredded bark
8/4/67 O ak 30 stick-chamber . Oak s t icks, 

oak boughs
,.90 lichen, .10 
shredded w o o d

8/23/67 * O a k  , 17 . stick-platform Oak boughs Lichen
9/6/68 Oak ■ 24 stick-chamber Oak sticks & 

leaves, lichen
Lichen, grass 20x15x9 886

9/6/68 Oak 26 stick-chamber • Oak sticks and .50 lichen. 17x17x8 723
leaves •i 50 moss

9/6/68 Pine 26 stick-chamber Oak & pine 
, sticks, pine 
boughs

• Lichen, burlap 20x18x10, 8x6x4% 2265

9/6/68 . Pine 40 stick-platform Oak s t icks,' Lichen,, grass, 23x22x9 2050
pine boughs pine needles

*Pine = Pinus p o n d e r o s a ; Fir = Pseudotsuga m e n z i e s i i ;■O a k  = Quercus garryana or Q. k e l l o g g i i .
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1, The platformr or base,, consisting of the heaviest 
sticks layed in a criss-cross pattern. The great
est: density of materials is in the center grading 
to a loose association of materials around the 
outside, '

2, The sides, or cover, consists of material similar 
to the base but of generally smaller diameter and 
arranged in a less dense manner. This portion of 
the nest may range from barely discernable sides 
to a complete canopy which covers the third part 
of the nest,

3, The lining, which consists of softer, more pliable, 
material such as lichen, grass, or bark shavings. 
This portion also varies from a flat bed of . 
material to a hollow ball or cup with two to 
three inch sides.

Discernible changes in nest structure occur both
with age of the nest and with season of the year. The

■ ■ ' 
variation in sides, canopy, and lining is due largely to
seasonal weather changes. During the summer, the nest is 
often used largely as an open platform. There are small 
or no sides to the structure although there is usually a 
central depression, much like a large bird's nest, with the 
lining forming the floor of this depression. With the on
set of cold weather the sides are built up with sticks,
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most with attached leaves or needles. The amount of lining 
is also increased and a single, entrance is usually formed 
near the top of the nest. When wet weather occurs the 
sides may be built up even more to form a complete canopy 
with the entrance shifting more towards the side.of.the 
nest. When warmer weather again ensues the sides and,-top 
are not as frequently repaired and they become spread out 
and compressed as is the lining, and the cycle is complete. 
An indication of relative age of a given nest can be ob
tained by inspecting the base. With each succeeding season 
the base becomes wider, thicker, and more dense. Varia
tion in this cycle depends upon the amount of use the nest 
receives, individual building habits of different 'squir*- 
rels, and restrictions imposed by the position of the nest. 
The nests in the small upper branches of oaks and madrones 
are not subject to as much seasonal or annual change as 
those in other locations. This is due to the more vertical 
arrangement of the supporting branches and the lack of 
support for increased weight.

Actual nest building was observed on a few occa
sions. On one such occasion, 23 August. 1.967, squirrel 23 
was observed making extensive alterations of the nest she 
had utilized during the previous night. §he made a total 
of nine return trips to the nest during 12 minutes following 
arousal. Four of the excursions were short trips to nearby
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branches to collect lichens for nest lining. The fifth
trip was also confined to the nest tree but to collect

/
small branches. After nipping off a branch she pruned 
one small twig from the small end with her teeth. She 
then went into nearby oak trees to collect further branches 
including one that was quite large and heavily laden with 
leaves. She had considerable difficulty carrying it to 
the nest. All of the branches were neatly nipped off ex
cept ' a short thick one, about five inches long and heavily 
laden with lichens, which was broken off by leverage.- Only 
once during the 12 minute period of observation did she 
stop, in this case to eat an acorn.

All other cases of observed nest building involved 
the utilization of materials close at hand. There is evi
dence, however, that a squirrel will cover greater distances 
for selected materials. A small blind, which included 
strips of burlap for camouflage,' was used for cover during 
some nest observations in one part of the Emigrant- Lake 
study area. The blind was left in the area for a few 
months. Subsequent investigation of two nearby nests, one 
at least .3 00 feet away, revealed that their inner linings 
were largely composed of' burlap. One year later, the nest 
close to the previous location.of the blind was abandoned 
but a new one built within five feet of the original. As 
can be seen from Fig, 18 the lining of the new nest was



Fig. 18. A stick nest (top view) in a ponderosa pine.
oo

The nest was opened slightly so the nature of the lining could be photo
graphed.
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again composed of burlap, presumably removed from the old 
nest site as no other source was present.

Most of the nest sites were located in conifer 
stands or areas of mixed forest. This tendency was es
pecially true in the winter, when the deciduous trees 
were bare, with one notable exception. The two adult, 
females known to be caring for young both occupied tfee- 
hole nests in very sparsely forested areas at least 200 
feet from the nearest conifers. •

Nest Utilization
Behavior involving the utilization of nests varies 

with the type involved. In the case of tree-hole nests, 
the only squirrels found to be occupying them were females 
that were pregnant or with young. The six tree-hole nests 
described above were utilized by three female squirrels,’, 
one nest by two different females on separate days. One 
female used four of the six nests. This latter instance 
seemed to represent a case in which she was searching for 
a place suitable to bear and care for her young. She 
occupied each nest for several nights and some daytime 
occupation was also, noted. The squirrel was tracked 
intermittently between 16 March and 18 May 1967. She was 
found in a tree-hole nest on 33 occasions (26 days) during 
this period. The last nest (Fig. 7) was found to contain 
a litter of three young on 5 May. The young were measured



. 8 8  .

and marked on 9 May, She was still inhabiting the nest as 
of 18 May but the radio transmitter she was wearing was no 
longer functional. She was absent from the nest site on 
subsequent observations on 2 June and 6 June. The squirrel 
was recaptured and reinstrumented on 29 June and oh 2 July 
was tracked to a stick nest in a large ponderosa pine, 
approximately 1000 feet to the southeast. No young were 
seen around this nest in several days of observation.

Analysis of the utilization of stick nests is sub
ject to much interpretation. Normally a given nest was 
used by one squirrel on a given night. However, one par
ticular nest was found to be occupied by two squirrels on 
five occasions. This was determined by radio-tracking a 
squirrel to the nest site in the evening and then observing 
the nest in the morning. These observations were made 
between 16 November 1966 and 20 December 1966. The animal 
tracked to the nest site was a young female. One of her 
partners in the nest was a young male but others could not 
be identified. On 3 April 1967, this site was thought to 
be occupied by two squirrels, again a young male and female, 
as determined by radio telemetry alone but not verified by 
morning observation. . All of the known squirrels that par
ticipated in multiple nesting were young animals. ■

Whereas the simultaneous use of one nest by more 
than one animal was relatively uncommon, the sequential



use of multiple stick nests by one squirrel was common.
One animal was recorded as having, used 13 different sites. 
The average was 3.5 nests for all squirrels. However, the 
number of different sites located for each squirrel was 
partially dependent upon the number of observations for 
that squirrel, Table 6 indicates the variation in use of 
multiple sites by showing the number of sites, tree type, 
number of observations, and, for some, the time period in
volved for a number of squirrels at the Emigrant Lake study 
area. While the overall tabulation (Table 6) indicates, 
some individual preference for nests in conifers, as opposed 
to those in oak or madrone, nest site choice is not re
stricted to a particular type of tree. More active nests 
were found in oak (27) than in pine (24) but utilization 
of these nests, excluding maternity sites, favored the 
pines 151 to 67, This is due in part to seasonal pref
erences with the nests in oaks being avoided during their 
leafless period. For example, the only oaks used by squir
rels 14 and 23 were utilized during the spring and summer 
when the trees were fully foliated. Oaks that were used 
in winter were typically in mixed stands with small conifers 
or riparian vegetation which provided some degree of cover. 
The minimal use of oak stick nests may simply reflect less 
activity in those areas not provided with cover. The



Table 5. Nest utilization by some squirrels of the Emigrant Lake population.
The type of tree in which the nest was found, the grid location, and - 
the number of times each nest was used, are listed for each squirrel. ■ 
The "nest index" is computed (for squirrels found in the nest at least 
10.times) by dividing the number of different nest sites utilized by 
the total number of times an individual was found in a nest. The 
significance of these figures is considered in the section on Social 
Behavior.

Squirrel Nest
Number* Index Nest Location and Number of Times Used

6 .55 Oak Pine Oak Pine Oak Pine
HH17 AA18 S10 010 N16 Z17
3 • 1 3 1 1 3

8 .53 Mad* Pine Pine Oak Oak Oak Pine Pine
G2 K6 L3 H6 E2 McCy 08 01
3 2 6 1 1 1 1 1

8+ Oak Oak Pine (?) Oak
J5 J3 K9 NI L2
3 ' 7 • 2 3 3 . .

13 .33 Oak Pine Oak Oak Oak Oak Oak (?)P15 N10 T15 .N16 K13 K14 T19 TTl
9 2 r 3 23 1 1 4

14 ,26 Pine Pine Pine Pine Will* Pine
J10 L3 J6 C9 014 E7
2 3 4 11 1 6 VDo .



Table 5. (Continued)

Squirrel Nest
Number* Index Nest Location and Number of Times Used

14+ Pine Will Oak Pine Pine Pine Oak Oak . Pine
M10 M10 X18 W16
1 2 2 1

i.

23 .19 Pine Pine Pine Pine Pine Pine Pine Oak Oak
G12 Nil H14 114

35 .14

36 .50

17

Pine Will Oak Pine Pine
K9 336 ' J5 H6 E7
4 1 .4 1 3
Oak Mad Pine (?) Oak
03 P4 • L9 Nl • L5
3 2 1 1 1
Pine Pine Pine ' Pine Pin<
010 M10 Nil L9 . J10
6 1 1 4 6
Pine Pine • Pine Pine
17 H6 E9 J6
5 12 7 4
Oak Oak Pine Oak Oak
Nl'6 L13 010 VI6 S10
2 2 4 1 1
Oak (?) Oak Oak Oak
P4 Nl 03 N3 R9
4
Pine
F7

1
Mad
G2

8 6 14

16 1 2 1

46 Oak (?) Oak Oak Oak Pine Mad Oak
W1 VI R9
2 3 1



Table 5. (Continued)

Squirrel •. Nest
Number* . Index Nest Location and Number of Times Used

78 , Mad (?)Q2 NO
4 2

27 Oak Mad . Pine. Pine
D2 F2 N10 E7 ■
1 1 1 1

7 Pine
BB18
1

24 Pine
09
15

■ 48 Pine Oak . Oak
EE15 GG12 FF13
6 1

*Data collected in 1967 unless noted. 
+Data collected in August 1968.
$Mad = Pacific Madrone; Will = Willow.
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obvious exception to this tendency f the maternity tree-hole 
nests, has already been mentioned'.

Although habitat preference seems to play a role 
in seasonal nest selection it is apparently not the only 
factor influencing selection on a daily basis. Table 5 
shows that some nests are frequently used by certain squir
rels t such as G12 by no. 23 or C9 by no. 24. Other animals 
move to a different nest each day', such as no, 6 that used 
six nests in a five day period. One factor influencing 
this behavior is size of home range, which obviously limits 
the number of sites available to a squirrel. Since home 
ranges overlap, a given nest may be utilized by several 
squirrels thereby creating a competitive situation. For 
example, one nest w.as used by five different squirrels on 
separate occasions. It is possible that factors such as 
size, sex, and age, especially as they influence social 
position, may be correlated with nest utilization. Dis
cussion of this problem will follow the presentation of 
data regarding social behavior,

Nest sites that were used during the middle of the 
day were sometimes reused in the evening. Return to the 
same nest site seemed to be directly related to the degree 
of the squirrel’s activity after using a diurnal nest site. 
If activity was relatively low the squirrel remained in the 
general vicinity and returned to the same nest for the
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night. Conversely, ..if the squirrel was more active and 
covered a larger area, it was likely to move to a loca
tion far away from the diurnal nest site and simply select 
:the closest one at hand„, Obviously, prevailing weather con
ditions play a large part in influencing the degree of 
activity and hence use of nest sites. On many occasions, 
during extremes of weather, I noted that some squirrels, 
stayed in or near a particular nest site that therefore 
served for both' day and night use„ Some squirrels, es
pecially during mild weather, did not bother to use a 
diurnal nest and would simply lie stretched out on a limb.

A brief tabulation (Table 6) of the known nest 
sites for three radio-instrumented squirrels on nine days 
between 25 July and 10 August 1967 exemplifies some of the 
above mentioned'points. One squirrel (no. 6) utilized 
six separate known nest sites over five consecutive days. 
There were seven instances of a given squirrel occupying 
two separate nests on the same day, in addition to the nest 
from which it emerged in the morning. One.nest (N16) was ■ 
utilized by all three squirrels, and two others were used 
by two of the squirrels.

In an attempt to test the idea that nest site 
utilization may be at least partially dependent upon com
petition, an artificial nesting situation was set up for 
some captive squirrels. Five (six at the onset of the



Table 6. Nest utilization by three squirrels during "nine days of a 15 day 
period.
The date, squirrel identity, and time of utilization are listed for. 
each of the known nest locations.

Nest
Location

Dates, 1967
7/25 7/26 7/27 7/28 7/29 7/31 8/8 8/9 8/10

L13 #36
1100

#36
2020

010 #36
2030

#6
•2005

#36
2015

#36 #36 
2030 0810

VI6 . #36
1850

S10 #6
0930
1925

#36
0835

#6
2000

A M  8 " #6 
2055

N16 #36
1537

#6
1350

#13
1215

Z17 #6
2035

#6
0930 -



Table 6. (Continued)

Nest ' 
Location

Dates, 1967
7/25 7/26 7/27 7/28 7/29 ’ 7/31 8/8 • 8/9 8/10

HH1.7 #6
2025

PQ15 #13
0622

#13
1930

#13
1225
1930

K14 #13
1705 ■ -

SoCh
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experiment) squirrels were kept in a wire cage 12 feet 
long, 9 feet wide and 6 feet highv These squirrels were 
provided with six artificial nest boxes IS^" x 13%" x 12" 
equally spaced along the east side of the cage. Use of the 
specific nest boxes by all the individual squirrels was 
determined on 32 occasions between 11 April and 25 May 
1967. No conclusive evidence was obtained from this study
but several interesting observations and patterns emerged.

’Some nest sites were actively defended by their occupants 
and in some instances one squirrel would chase another out 
of a nest site which the chaser had been customarily using, 
At the onset of the experiment the two most dominant squir
rels continually nested solitarily whereas the most sub
ordinate nested together even though other nest sites were 
available, Toward the end of the experiment antagonistic 
behavior was reduced and the majority of the nesting was 
multiple, with as many as four squirrels in one nest box. 
Movement of subordinate animals often resulted from dis
placement by one of the dominants. Preference for a par
ticular nest, especially by.the dominant animal, was 
evident during the first part of the study. Position of 
the nest boxes was changed after 16 observations. One of 
the dominant animals remained loyal to a given nest box 
while the other remained loyal to the position of the
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previously preferred box. These data suggest that competi
tion may be an important aspect of nest utilization.

Based on field observations and the experiments 
described above it seemed that young squirrels, usually 
subordinate, might be more likely to nest colonially than 
adults. In an effort to further test this possibility the 
following-experiment was carried out at the Emigrant Lake 
study area. A young female (no. 35) was radio-instrumented 
and tracked to her nocturnal nesting site, . Verification of 
the site was made the next morning whereupon a cloth cover 
was tied over the nest so that the animal could not re
enter, I thought that by repeating this procedure for 
several days the animal would be forced into a colonial 
nesting situation because of the decrease in available 
familiar nest sites. After I covered four nests this 
squirrel was still not observed nesting with other squir
rels. Since the covered nests represented all the known 
nests for that squirrel, as determined by previous tracking, 
it was decided not to continue the harassment. After two 
nights of nesting at the fifth known site, and subsequent 
sighting of the squirrel at the feeder on the following 
morning, the squirrel was never sighted again,. The experi
ment was repeated using another young female but some of her 
nests were not accessible so little pressure toward 
colonial nesting could be exerted.



REPRODUCTIVE BEHAVIOR

To facilitate subsequent discussion of'behavior, 
morphological changes associated with the reproductive 
cycles will be considered briefly. '

Female Cycle
Fletcher (19 63) studied the ovarian cycle of the 

Western gray squirrel in Alameda County, California. His 
data were drawn almost exclusively from dissections and 
ovarian sections of 94 females. Some of his conclusions 
pertinent to this study follow. Sexual maturity is reached 
at about 10 to 11 months. Two peaks of oyarian activity 
occur during the breeding season. The first peak occurs 
from December through May and mature squirrels of all ages 
contribute to this peak. The second peak occurs from June 
through September and is restricted to some of the older 
adults. The anestrous period occurs primarily from July 
through September. Based on the number of mature follicles 
present at estrus, number of ova ovulated, and the number 
of fetuses present in pregnant animals, average litter 
size was estimated"at 2.2. . Older squirrels can produce 
two litters during one breeding season, a conclusion based 
on three lines of evidence. First, large maturing follicles 
were found present in squirrels which had produced litters
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during the first part of the breeding season. Second, 
adults which were lactating, pregnant, or which contained 
follicles approaching ovulatory size, were found during the 
period from June to September, indicating a definite second 
peak of reproductive activity during this period. Finally, 
a pregnant female was collected in September and two gen
erations of corpora lutea were found indicating two separate 
ovulations. '

Bailey (1936) collected a lactating female in 
Humboldt County, California, in October, Since he knew of 
young being taken in March, he concluded that two litters 
per year were produced. Ingles (1947) thought that Bailey's 
October record might have been only a late breeding young 
female and, as did Grinnell and Storer (1924), believed 
there was only one breeding season per year. According, 
to some workers (Deansly and Parks, 1933; Brauer and Busing 
1961) two annual breeding seasons are common for the Eastern 
gray . squirrel.

No conclusive evidence concerning the number of 
breeding seasons was obtained during this study. The 
earliest month in which a female appeared obviously pregnant 
in the field was March. Also, I collected two pregnant 
squirrels on 24 March 1966. A female which had been in 
captivity for approximately one month gave birth to a 
litter of three in mid-March. Although milk could still
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be forcibly, expressed from, mammary nipples of some females 
captured in August,., the detection-of milk in this way does 
not automatically indicate that a female is still nursing. 
Two such "lactatingf females were followed, by radio- 
tracking, to their nests and no young were present,

-/. • ■ . Male Cycle
The gonadal and accessory gland cycle of the male 

Western gray squirrel has not been studied in detail.
Based on my examinations of reproductive organs of both 
living and preserved animals over a three year period, I 
can describe a general cycle for the southern Oregon popu
lation. Both size and position of the testes are variable 
and are difficult to measure; thus only a general indica
tion of reproductive condition for living squirrels was 
determined. The gonads reach maximum size in February, 
remain constant or diminish only slightly in size through 
May, and then decrease sharply in June when their position 
begins to change and; they become more abdominal. During 
July and early August most testes are abdominal but they 
reappear again during late August or early September where
upon a gradual increase in size occurs during the fall and 
early winter, again reaching a peak in size by February.

A similar pattern of change in the size of the 
bulbo.-urethral gland also , occurs . Mossman, Hoffman and 
Kirkpatrick (1955;261) described this gland and its
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correlation with the reproductive cycle for the Eastern' 
gray squirrel as follows: "These:glands lie at the root
of the tail just lateral to the anus/ and are readily 
palpable in adult animals, being especially prominent in 
the functional state.” During my study 1 measured these 
glands on live trapped animals and assigned to them a j 
relative size value on an arbitrary scale of one to six 
(Eig. 19). Peak size is reached between January and April 
with a rather sharp decline in size in May and June that 
continues through August when the gland is no longer ex
ternally detectable. The greatest range of size in adult 
animals occurred in May, as was also true of testicular 
size, which is important when considering the possibility 
of a second litter,

Reconsidering the work of Fletcher (1963) and the 
observations made in this study it seems possible that the 
potential for two litters per year exists. It seems doubt- • 
ful, however, that this often occurs. Although adults were • 
continually followed during summer months, no late breeding 
was observed and no pregnant or lactating females were 
found in the fall of the year.

Mating Behavior 
Based on information from C. H. Townsend in Shasta 

County, California, Bailey (1936) stated that male Western 
gray squirrels gather in groups in January and February for
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Fig. 19. Seasonal change in relative size of the bulbo

urethral "gland.in living squirrels.
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time are shown. ■ -
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mating purposes, No other mention of this behavior was 
found in the literature„ Mating chases of other North 
American tree squirrels have been observed and described 
(Moore, 1968 and Rice, 1957). Ingles (1947) observed 
copulation of Western gray squirrels in March, in Butte 
County, California. This particular encounter involved 
one female and two males.

During the present study copulation was observed on 
three occasions and what appeared to be mating groups were 
seen on four occasions. Such behavior was observed to occur 
only on warm clear days in February (1966 and 1967). On 
13 February 1966, near Lithia Park in Ashland, I came upon 
one such breeding group. It consisted of a very loose 
association, apparently of four males and a female, as 
judged by behavior. Copulation took place a few moments 
after I began observing. A male followed the female through 
the trees nosing her posterior region. The female stopped 
and supported herself across a horizontal Y in the branches 
while the male mounted dog-like and completed the act with 
short jerky motions for approximately five seconds. The 
female remained in position as the male released her and 
sat on a nearby limb licking his genital area. In a few 
moments the female moved off to another low oak tree. The 
male followed closely and began nosing her posterior region 
again. Another squirrel approached;and male number one
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chased him away. Two other squirrels approached and I 
could no longer distinguish between them. After several 
additional chases, the entire group then: moved out of sight. 
I watched a second group in much less detail one week later 
at Wagner Gap. A large group of squirrels had congregated 
in some large leafless oak trees. They moved in an atyp
ically obvious manner, making a shortened chewnk-chewnk 
call that differed from the scolding call. My approach 
was apparently detected and some of the animals began to 
move away, I shot three of the five or six squirrels, all 
males. Two other males were also shot a short distance 
down the road. -

One year,later, radio-tracking techniques led to 
the observation of two more mating groups. On 10 February, 
at 1145, squirrel 8 was tracked to an area far outside his 
previously observed range. He was found to be with a 
group of five or six squirrels, including one other marked 
male (no. 16) that were actively engaged in mating ac
tivities, Copulation was observed soon after I arrived.
It was much as described above except that the female was 
barely supported on very small branches and before contact 
was broken the male was only supported by grasping the 
female and he ended hanging completely upside down. The 
males penis remained unsheathed for some time after the 
copulation and the female appeared to have a pencil size
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tubular structure about an inch long hanging from her 
posterior region. There was a period of chasing through 
the trees with one male obviously dominant to the others, 
including squirrels' 8 and 16. At 1210 the dominant male 
made contact with the female nosing her genital region and 
trying to mount several times without success. He wo^ld 
hold on to the female’s back and then release her. In 
addition to putting his nose under her tail he also pushed 
it between her legs from the anterior side. After several 
shifts of position including side to side head movements 
over the female’s back he made a more successful mount in 
typical copulatory position. His front feet vibrated 
rapidly against the lateral and ventral sides of the fe
male, apparently another stimulatory gesture. During the 
head movement, mounting, and foot vibration, soft guttural 
sounds were emitted by one of the pair. Copulation was 
finally achieved in the manner described previously. During 
the entire episode of chasing and copulation, several of 
the squirrels were almost continually barking. Before the 
second copulation several of the squirrels began to move 
off into thicker cover. This may have been in response to 
my presence, or to the presence of one dominant male.

On 21 February, squirrel 8 was again tracked to an 
area far outside his previously known range. No mating 
activities were observed but he was found with another male
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and another squirrel which appeared to be a female. It 
was late afternoon when they were;found and no. 8 was 
actually in a stick nest near the sitting female. Since 
no other group of squirrels was found nesting in close 
proximity during the entire study it is thought that this 
must have represented a mating session which might continue 
on the following day. In this case, as in all the others 
described above, the squirrels displayed an uncharacteristic 
lack of concern about the presence of an observer, exhibiting 
very little if any alarm behavior. Even when I chased no. 8 
from the nest site he went to a nearby tree with the other, 
male where he remained in a conspicuous position.



MOVEMENTS

Sanderson (19 66), in a recent review, used the 
term movement to include "activity, home range, immigra
tion, emigration, and movements associated with behavior 
and territory." He points'out that daily movements are 
studied more often than any other type"and that these move
ments are built into home ranges, territories, and centers 
of activity. Most studies of mammal movement involve 
trapping or observation or both. These techniques are used 
to randomly sample a population over a specified length 
of time. Therefore, the results' from various individual 
animals may be combined and meaningful figures obtained 
for the movements of population as a whole or for such 
specific elements of the population as sex.and age groups.

Many authors have pointed out that movements are 
influenced by such factors as age, sex, season, population 
density, habitat, and weather. In trapping and random 
observation studies the individuals of a population being 
sampled may be considered equally exposed to varying en
vironmental factors. The same cannot be said for radio
tracking studies where only a few individuals are being 
followed during any period. Since environmental, and pos
sibly populational, conditions vary from one tracking period
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to another it is not valid to compare or group movement 
data from different sampling periods. However, if tracking 
periods for individual animals coincide or at least overlap 
during a relatively short period of time it seems justifi
able to group the results for comparative purposes. Brown. 
(1966), Jewell (1966) and Sanderson (1966) in their recent 
reviews of the concepts and techniques associated with 
animal movements all emphasized the need for more detailed 
data concerning behavior. Without such information, further 
refinements of the concepts of home range, territory, and 
center of activity are largely impossible. Radio-tracking 
provides a technique whereby observations of behavior 
associated with movements are greatly facilitated.

In view of the above considerations I found it 
necessary to treat the topic of movements from two aspects. 
The first involves home range and deals with results ob
tained by combining and comparing data from various in
dividuals of a sample collected over relatively short pe
riods of time. The second aspect involves non-routine 
movements, including special behaviors and influencing 
factor's associated with such movement,

Home Range
It is generally accepted that the majority of 

terrestrial mammals are somewhat loyal to a particular 
tract of ground for the greater part of their lives.
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Although the concept was used by early naturalists such as 
Seton (1909) and Carpenter (1934) it was not named and de
fined until Burt did so in 1940. He defined (Op. cit.;25) 
home range as "that area about its established home which 
is traversed by the animal in its normal activities of food 
gathering, mating, and caring for young." Burt (1943), 
considered the dispersal movements of young animals to be 
a different type of movement and he also suggested (op. cit. 
351) that "occasional sallies be considered as part of the 
home range." The concept has received renewed attention 
in recent years, Jewell (1966:103)., after considering the 
history and usefulness of the concept, restated Burt’s 
(1943) definition of home range as "...the area over which 
an animal normally travels in pursuit of its routine 
activities." He also suggested (op. cit.:103) lifetime 
range be used to describe "the total area with which an 
animal has become familiar, including seasonal home ranges, 
excursions for mating, and routes of movement."

Ingles (1947) observed the daily activity of eight 
Western gray squirrels to ascertain the shape and size of 
their "home ranges," The eight individuals were distin
guished by natural markings which could be observed with 
binoculars. Outlines of the home ranges were represented 
by connecting certain selected points on the periphery of 
each of the areas. The criteria, for drawing lines or the
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number of observations used for establishing the ranges are 
not discussed. Home range for five females varied from 0.30 
to 0.85 acres and for three males from 1.15 to 1.53 acres. 
The ranges of the females overlapped less than those of 
the males. '

I obtained significantly different results, with 
total recorded range calculations varying from 1.87 to 
62.18 acres (Table 7). However, it should be emphasized 
that only a few of these range calculations represent what 
has been defined as home range and some of them might be 
better described as lifetime range (Jewellr 1966). The 
large range of values may be attributed to individual be
havioral differences influenced by sex, age, season, and 
year, as well as to variation in amount and period of 
sampling. True home range estimates are considered below; 
first, from a population aspect by comparison of samples 
each containing several individuals, and second, from an 
individual aspect by considering changes of individual 
movements over time.

Population Aspects
Table 8 lists the home ranges determined for eight 

squirrels in the Emigrant Lake population during the late 
winter-spring, 1967, The ranges varied from 8.63 to 1.95 
acres with an overall mean of 5.14 acres* The inclusive 
dates for the points used to plot range and the number of



Table 7. Total recorded range for several individual squirrels in the Emigrant 
Lake population.
The number of locations refers to places where trapped/places where 
radio-tracked or observed. Age designations are J = juvenile; SA = 
sub-adult; A = adult.

Squirrel
Number Sex ■ Age Inclusive Dates

Number of 
Locations

Total Recorded 
Range (acres)

' 1 F SA 2/12/66-9/20/66 27/10 1.98
1A F SA 3/22/67-5/14/67 6/2 6.20
6 . M. A- 3/23/66-8/20-67 21/36 30.45

. , 7 M . A 3/24/66-5/14/67 21/5 15.68
8 ■ m A 3/25/66-9/4/68 66/233 62.18

13 F A 7/9/66-9/24/68 37/91 59.54 ' ~" '
14 M J-SA-A 8/8/66-9/2/68 103/130 39.12

' 16 M SA-A 9/5/66-8/20/67 15/45 23.25
17 . M SA 9/5/66-2/19/67 18/18 , 6.54
23 F J-SA-A 9/12/66-9/3/68 82/158. 18.81
24 F SA 9/14/66-12/28/66 17/26 ' 4.22 - .
27 M SA 10/10/66-5/15/67 10/9 ■ 5,07
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Table 7. (Continued).

Squirrel
Number Sex Age Inclusive Dates

Number of 
Locations

Total Recorded 
•Range (acres)

35 F J-SA 11/6/66-5/21/67 17/66 6.35
36 M A 11/14/66-9/8/68 19/45 28.02
37 F A 11/20/66-8/19/67 10/1 12.01
46 ■ F A 2/5/67-9/1/68 . 10/74 26.74
48A F A 6/6/68-9/8/68 7/24 3.31
78 F A 4/30/67-8/8/68 6/13 4.85
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. Table 8, Late winter"spring home ranges, of Western gray 

squirrels in the'Emigrant Lake .study area.
See Table 7 for explanation of number of loca
tions and age designations.

Inclusive ' Home
Squirrel Dates . Number of ' Range
Number .Sex Age ' (1967) Locations (acres)

8 A 2/5-3/5 ' ■ 3/34 8/63
13 F A. 2/5-4/2 3/23 6.76
14: M SA 2/4-4/13 ' 12/20 6.21
16 M A 2/4-5/2 7/10 6.80
23 F SA . 2/19-3/19 6/17 2.17
46 F A . 2/5-3/22 3/15 6.32
27 M SA 2/19-3/25 2/5 1.95
35 F SA 2/20-3/26 3/33 2.31

points available are also tabulated to aid in comparison
of individuals. Although the sample: size is small the data
can be grouped according to sex and age categories . The
mean home range area for the four males was 5,90 acres
whereas; that of the four females was, 4.39 acres. The mean
home range area for the four adults was 7.12 acres whereas
that of the four younger squirrels.was. 3.16 acres. Fig, 20 
shows the geographic relationshipf sizes, and shapes of the 
eight ranges listed in Table 8.



Fig. 20. Home range determinations for eight Western gray 
squirrels at the Emigrant Lake study area during 
late winter-early spring, 1967.
The two plots, for males and females, cover 
exactly the same area. The circled star in
dicates the position of the feeder as in Fig,
4.
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Table 9 is a tabulation of the home ranges deter
mined during late summer, 1967. Included are six squirrel 
'from the Emigrant Lake population and six from the Baldy 
population. The average home range for the Emigrant Lake 
sample was 9.49 acres whereas that of the Baldy Mountain 
sample was 6,62 acres, The Emigrant Lake sample was un
balanced with regards to sex and age but the average adult 
range was 11,33 acres and the average male range was 10.32
acres. . The Baldy sample consisted of all adults with an
equal sex ratio. The average range of males was 6,10
acres and that of the females was 5.67 acres.

Table 9 includes an additional calculation for the 
Emigrant Lake sample. After plotting points and connecting 
the outlying points on tracing velum the minimum area map 
was placed over a second map of the study area containing 
all the areas of unsuitable or marginal habitat. The area 
value for the total unsuitable habitat and one-half the 
area value for marginal habitat, of unlikely use, was then 
subtracted from the total minimum area to arrive at the 
figure listed on the table. The adjusted home range av
erage for the sample of six was 7.68 acres, only one acre 
more than that of the Baldy Mountain sample. Thus, even 
though the total area of Emigrant Lake squirrel ranges was 
larger, the actual utilized area was close to that of an
other sample taken from a more homogeneous habitat. These
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Table 9. Late summer, 1967,■ home ranges of Western gray 

squirrels from two study areas.
See Table 7 for explanation of number of loca
tions and age designations. The method of 
determining "adjusted home, range" is presented 
in text» -

Squirrel Inclusive Number of ' Home Adjusted
Number Sex Age Dates Locations . Range . Home Range

Emigrant Lake
6 M A 7/24-8/4 2/33 13 . 74 10.87
8 M ' A 7/25-8/20 4/42 7,93 7.42

13 F A .7/15-8/19 5/17 10.95 8.21
14 M SA 7/24-8/24 13/20 6,90 ' 6.39
23 F SA 7/24-8/24 9/33 4.70 3.47
36 M A 7/13-8/7 5/43 12,71 9,70

Baldy .
IB : M A 7/21-8/30 10/8 4,33
2B F A 7/21-8/31 13/11 4,74
3B F A 7/10-8/14 7/15 . 3.27
4B M A 7/31-8/30 6/40 7.60
8B M A 8/22-8/30 • 3/14 10.69

15B F . A 8/3-8/25 5/12 9 . 07



figures indicate that an important factor controlling size 
of home range is habitat. The major differences between 
the two areas have already been described. Another related 
factor which may also influence home range size is the dif
ference in population density in the two.areas. As pointed 
out earlier the density of the Baldy population was much 
greater than the Emigrant Lake population. It has been 
suggested that home ranges are compressed with increased 
density (Calhoun and Casby, 1958) but this relationship 
has not been shown for many animals. Andrzejewski (1967) 
attempted to show that density of a population can be 
measured by the ratio of average coverage of the living 
spaces to the mean home range.

Table 10 lists the home ranges determined during 
late summer 1968f for five squirrels from the Emigrant 
Lake study area. The average minimum home range for these 
animals was 18.0 acres with considerable variation. Four 
of the five squirrels listed in the table also formed part 
of the sample studied'during essentially the same period 
of the previous year. Obviously, the increased ranges 
represented some sort of change in behavior of the squir
rels rather than mere sample variation.

Individual Variations
The home ranges of some squirrels were ascertained 

for several different periods during the study. The
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Table 10, Late summer, 1966 and 1968, home ranges of 

Western gray squirrels in the Emigrant Lake . 
study area, . '•
See Table 7 for explanation of number of loca
tions and age designations.

Squirrel
Number Sex Age

Inclusive
Dates

Number of 
Locations

Home 
iRange

1968
8 M A 8/8 - 9/2 9/94 10.17

13 F A 9/2 - 9/24 2/16 41.98
14 M A 8/8 - 9/6 12/66 21.96
23 F A 8/8 - 9/3 8/78 12.56
48 F . A 8/8 - 9/8 4/22 3.31

1966
. 8 M A 7/10 - 8/28 6/8 5.11

resulting trends in variation give insight into the in
fluence of certain intrinsic and extrinsic factors on home 
range. As examples, consider again the four individual 
squirrels whose ranges were recorded during the winter- 
spring and summer 1967 and again in the summer 1968, Figs. 
21 to 23.show the relative sizes and position of the ranges 
during the three periods of measurement, . The ranges of 
adult male squirrel 8 are shown in Fig. 21, In addition 
to the three time periods mentioned aboye a range was



120

No. 23

late winter 1967

late summer 1967

late summer 1968

©  fe e d e r

400 400
fe e tscene

Fig, 21. Home range plots for squirrels 8 and 23 during 
different time periods.
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determined for a small sample of observations (N = 14) 
during late summer 1966. It can be seen that the 1966 
summer home range is smaller and completely included in 
the other determinations. In general there was very little 
shift in .range, especially the central or core area, during 
the two years of observation. However, there was a slight 
extension to the southwest during summer of 1968 where the 
squirrel spent a considerable amount of time feeding in a 
few isolated Douglas fir trees. On one other occasion 
during this period the squirrel was found outside the range 
shown but this was apparently a reaction to harassment. 
Squirrel 23, whose ranges are shown in Fig. 22, was probably 
less than one year old when first radio-tracked, Her range 
was quite small but more than doubled in size, expanding 
to the east, by the late summer 1967. A year later there 
was an even greater expansion but this time to the north
west.

Squirrel 14 was also considered to be less than one 
year old when the winter-spring 1967 locations shown in 
Fig. 22 were determined, This young male had an average 
sized home range during this period but much of it, the 
northeast portion, was rarely used by other squirrels.
By late summer 1967, a shift to the west had occurred and 
although the area covered was not too much larger several 
other squirrels utilized the same area. One year later.
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late summer 1968 f this squirrel had expanded its range 
greatly to the southeast.. This may have, been a relatively 
short term expansion, associated with a special food supply 
(ripe pine cones) but this area must be considered as a 
portion of the home range since the entire area was used 
on a fairly regular basis at this time. For example, the 
squirrel nested in a tree on the easternmost edge of the 
range for two non^consecutive nights. On 28 August 1968, 
he emerged from a nest on the western edge of the range at 
0717 hrs. By 0900 he was at the southern tip of the mapped 
range. By 0925 he had moved approximately 400 feet north 
and was feeding in a large pine tree. At 1030 the squirrel 
was located again approximately 600 feet northeast of the 
nest from which he had emerged. Known straight-line dis
tance covered during this three and one-quarter hour period 
was 3800 feet. This squirrel, as well as no. 8, may have 
made much more extensive movements in early September 1968. 
Both were very trappable squirrels but they could not be 
recaptured over a continuous seven day period, presumably 
because they were absent from the trap area.

Squirrel 13, an adult female, expanded her range 
during the late summer 1967 and an even greater expansion 
occurred during the late summer 1968 (Fig, 23), As with 
no. 14, the large range extension may be the result of 
pursuit of a special food supply, in this case Douglas



. ' 125
fir cones. This squirrel was tracked, for seven days, 2 
September to 8 September, and the-majority of its time was 
spent at the extreme southern tip of its range in a heavily 
forested area, It was trapped six times during early June 
at four locations within the range used during the previous 
summer. This squirrel was last trapped by Mr. Richard 
Walker, on 24 September, at a point well within the previous 
summer's range, to form the northernmost point of the 1968 
plotted range, The true home range for this animal during 
the 1968' summer is probably not accurately represented but 
these data do give an idea of the rather extensive area that 
can be used in a relatively short period of time.

Three.tendencies concerning variation in size of 
home range emerge from the above data; 1) Older squirrels
have larger ranges than, younger squirrels, 2) summer ranges 
are larger (in both sexes) than those of other seasons, and 
3) there is an obvious annual and regional variation.

Non-routine Movements 
Included here are movements such as dispersal and 

exploration, feeding, avoidance, and mating, that occurred 
irregularly and most often in response to uncommon stimuli. 
Even though such movements were not included in home, range 
calculations they are often vital to the individual's 
survival and thus, to the population or species as a whole.
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Such behavior and movements can be included in the life
time range (Jewell, 1966).

Mating
Mating behavior was described above under Repro

duction, Associated with the congregation of males are 
extended movements of males in the mating group, In ' 
February, squirrel 8 was found outside his normal range on 
three occasions, during two of which he was associated with 
mating groups. . If these points are included in the usual 
method of determining minimum home range, an area of 57.22 
acres results. As shown in Table 9, the calculated home 
range during this period, not including these points, is 
only 8.63 acres. Squirrel 16 was also.observed with a mating 
group outside his normal range. If this point is included 
in a home range calculation the total area is 23.25 acres 
(or. 15.75 acres if unsuitable marginal areas are excluded) 
as compared with 6,80 acres shown in Table 9. Two other 
adult males (nos, 36 and 6) were found at isolated points . 
outside their normal range in February and March,

Feeding ,
Most of the recorded movements that provide data 

for home range maps can, in a broad sense, be attributed 
to feeding behavior. In this section, however, the move
ment to special or preferred food sources will be presented.
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Movement that possibly fits into this category has been 
discussed in connection with individual 1968 movements of 
squirrels 14 and 13 (Figs „ 22 and 23)'. In both, long 
movements were made to areas where several other squirrels 
were observed feeding in a restricted area. The only other 
instances where large natural congregations of animals were 
noted was in connection with mating activities which also 
involved movement outside the normal home range.

The question remains as to how the squirrels detect 
food sources outside their familiar range. Possibly they 
make exploratory trips outside the area routinely used and 
thus acquire some familiarity with other areas. Another 
possibility is yocal communication from one squirrel to 
another over long distances. Finally, it may be that the 
movements result from olfactory stimuli. It seems feasible 
that an estrus female squirrel or a tree full of ripe cones 
could exude odiferous substances detectable at a consider
able distance by squirrels. The latter explanation seems 
preferable since no excessive use of communication (bark- • 
ing), appeared to be associated with the special range 
extensions mentioned above.

» - ■ . • Avoidance
That squirrels usually avoid danger by remaining 

motionless among tree branches or leaves has been described 
above, In some instances, especially under continued
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disturbance, a, squirrel would break and run, usually going
to the ground for greater speed. 'This behavior was ob-

iserved most often when a squirrel was near the periphery 
of its range and if approached from within the interior 
of the home range the animal would sometimes run into an 
area which apparently was not normally used. ' Records,of 
this type.of behavior were not utilized for plotting the 
home ranges discussed above. However, in some cases it 
was obvious that the animal was already familiar with the 
area in question„ Two examples will suffice to point this 
out. On 3 September 1968, squirrel 8 was tracked to an 
area on the southwest side of his normal range, He con
tinued running, finally taking refuge in a large oak tree 
1050 feet northwest of the normal range limits. That oak 
tree was the same one where he had been observed almost 
19 months earlier while with a mating group. The second 
example involves one squirrel on two separate occasions.
On 5 May 1967, I approached squirrel 46 in late afternoon 
by way of her maternity nest site. She was a short dis
tance southwest of the nest and immediately began running 
further in that direction, to a region approximately 900 
feet outside the normally used area. She was observed 
emerging from the maternity nest on the following morning. 
By 5 July 1967 squirrel 46 was no longer with young and had 
shifted her range a considerable distance to the southeast.
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When approached, however, she moved rapidly toward the 
northwest and eventually took refuge in a hollow oak no 
more than 10 feet from the maternity nest site. The above 
described encounters might have been considered ventures 
into "unfamiliar” areas had it not been for previous ex
perience with these squirrels.

Dispersion and Exploration
Very few juvenile squirrels were observed during 

the study. Members of one litter of three were marked and 
two were subsequently recaptured. One was captured 1600 
feet northeast of the maternity nest site two and one- 
half months after marking. The other was captured 1500 
feet east of the maternity nOst site 15 months after marking 
It is suspected that dispersal normally involves much longer 
movements. On 18 August 1968 a juvenile male was captured 
near the feeder and was marked with a colored collar.
Several days later he was seen near a house, 2100 feet 
northwest of the original point of capture. The resident 
of the house felt confident that the squirrel, now marked, 
was one that had been reared in a nearby nest and was a 
frequent visitor. On 6 and 7 September 1968, this same 
squirrel was observed feeding with some other squirrels 
at a point approximately 4 8 00 feet south of the house (the 
supposed place of rearing). Since there was no direct, 
route through suitable habitat to the latter location, the
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squirrel must have traveled over one mile, with an increase 
of at least 2 00 feet elevation, to reach that destination. 
This may not have been entirely a case of dispersal but may 
have also involved the stimulus of a preferred food. This 
was indicated by the presence of several other squirrels 
feeding in the same tree, including another marked animal 
that was far outside its previously observed range.

■ It was not possible to identify exploratory be
havior as such. However, the fact that some individual 
ranges expanded into previously unused areas showed that 
it did occur. Such behavior may be only incidental to the 
other non-routine movements discussed above. That is, the 
stimuli associated with those movements elicited exploratory 
behavior. Conversely, it is conceivable that the stimuli 
for the non-routine movements would not have been perceived 
by the squirrels had it not been for exploratory behavior.



SOCIAL BEHAVIOR
• ' - • I -

According to. Smith (1966:512) "the interactions or
.joint activities among individuals of a species make up 
social behavior," Carthy (1966) points out that there are 
grades of interaction with intricate dominance relation
ships usually characteristic of a highly integrated soci
ety . He also suggests that it is typical of vertebrate 
societies that there is a dominance hierarchy within them, 
gray squirrels, both eastern and western, appear to comply 
with this generalization.

Communication and Agonistic Behavior 
Implicit in any definition of social behavior is 

■ the idea that one animal's behavior depends in part on how 
the other members of a population behave. Although the 
mere presence of one animal may elicit responses by another, 
interaction often involves one member communicating his 
intentions to another through the use of normal physical 
senses. Sound production, posturing, scent making, touch
ing, or chasing, may be used to varying degrees to communi
cate social relationships. Hostile displays, which usually 

. involve accentuations of one or more of these modes of 
communication, are usually associated with territorial

131
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defense and social hierarchy or dominance, and are referred 
to as agonistic or aggressive behavior.

In this study, agonistic behafvior was often ob
served at the artificial feeders. Such behavior can be 
interpreted - in terms of the social dominance of individual 
Western gray squirrels. This technique has been utilized 
by several authors (Flyger, 1955; Bakken, .1959; Taylor,
1966; and Pack, et al., 1967) for the Eastern gray squirrel 
whose agonistic behavior is well documented. In the West
ern gray squirrel, as in the eastern species, chasing of 
one squirrel by another is the most obvious form of 
agonistic behavior, However, avoidance as a result of 
aggressive threat, or the apparent recognition of a dominant 
animal by a subordinate was also observed with regularity.
The signals associated with aggressive threat display seem 
to differ somewhat from those described for the eastern 
species. The overall characteristic may be succinctly 
described as a "hard look" (Fig. 24). In such aggressive 
threat display, postural changes usually include raising 
the posterior to a level at which the rump is about level 
with the head. The back remains arched but seems to be 
accentuated by the raising of the posterior and the raising 
of the dorsal hair, The tail position varies. In the normal 
position (Fig. 16) the basal portion lies roughly parallel 
to the back. In aggressive display, this portion of the -
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Fig. 24. Aggressive postures associated with agonistic 
behavior,
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tail is held away from the back. The position of the re
mainder of the tail is. variable (Fig. 24) . The tail also 
may be flicked. The head and neck are extended and there 
seems to be a narrowing of the eye. Stamping the front 
feet occurs infrequently and stamping one of the hind feet 
occurs only rarely. Signs of. submission (other 'than 
running) include the assumption of normal eating posture 
or casual movement rather than a direct approach and con
frontation. When approaching the feeder, a subordinate 
animal will often simply alter its route so as to present 
only a side or posterior view to a dominant squirrel when 
the latter already has possession of the feeder. A chase 
usually occurs when an approaching squirrel moves directly 
toward the feeder or stops and assumes an aggressive posture. 
If the approaching squirrel is dominant to one on the feeder 
there may be very little obvious display but a simple dis
placement of one squirrel by another on the feeder with or 
without a chase. One case of teeth chattering was noted, 
but striking with the forepaws which has been reported for 
•S. carolinensis (Flyger, 1955; Taylor, 1966) and S_. vulgaris 
(Eibl-Eibesfeldt, 1951) was not observed. Bodily contact 
was rare but when observed involved biting, scratching, and . 
a high-pitched growl.



Social Hierarchy 
.Dominance'-'subordinance relationship between squir

rels was determined by recording the ̂ results of encounters 
on or around the feeders. An animal was recorded as dom
inant if 1) it was observed actively pursuing another 
squirrel, 2) when on the feeder, as another squirrel ■ 
approached, it did not yield its position, or if the ap
proaching squirrel made an obvious avoidance movement, 
and 3) when approaching the feeder occupied by another 
squirrel it was able to displace that animal on the feeder. 
Pack et al, (1967) using similarly collected data, numer
ically ranked Eastern gray squirrels in a social hierarchy 
by two methods. • They used the percentile rank formula 
employed by Komai, Craig, and Wearden (1959) to rank chick
ens, and the tabular method illustrated by Davis (1966).
For the percentile rank method the rank of an individual 
(X) was calculated as (A + B)/2 where A was the percentage 
of squirrels X dominated, and B was equal to 100 percent 
minus the percentage of squirrels dominating X. A high 
degree of correlation was found between the two methods 
and it was concluded that they could be used interchange
ably.

The data on social hierarchy acquired during the 
present study for the two experimental populations were 
each'treated in a slightly .different manner. Squirrels in
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the Emigrant Lake population which had been observed in 
interactions with five or more other squirrels were ranked 
by using the percentile rank method„ Such ranking was 
based on 214 interactions observed between.2 January and 
28 July 1967. It was difficult'to rank these squirrels 
by the tabular method because of the relatively high per
centage of reversals (6 out of 42 combinations = 14 percent) 
and the partly non-linear hierarchial arrangement. Fig. 25 
shows both the individual interactions between various 
squirrels of the sample and also the ranking of the squir
rels according to the percentile rank calculation. Squir
rels from the Baldy population were ranked by a combina
tion of the percentile rank method and visual tabulation 
similar to that shown by Flyger (1955) for Eastern gray 
squirrels. Arrangement was based on 72 interactions which 
were observed between 18 July and 28 August 1967. The use 
of a percentile rank alone was inadequate because of the 
small number of interactions observed for some squirrels 
but this provided a basis for linear tabulation since there 
was a very low rate of reversal (one combination out of ■
24 observed = four percent). Fig• 26 shows the resulting 
rank order and the individual interactions used for its 
determination, .

The Emigrant Lake population, as indicated by Fig. 
25, exhibited a modified'straight line peck order, also
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AM AM AM AF AM SM SF SM SM SF
17 8 6 13 36 14 23 16 27 35

36

27
35

Fig. 25. Interactions between gray squirrels at the Emi
grant Lake feeder.
The numbers at the top and side represent an 
individual squirrel. Each dot represents an 
encounter between two squirrels with the winner 
being denoted by the number on the left vertical 
axis. Numbers along the diagonal are percentile 
rank figures. A = adult; S = subadult; M = male; 
F = female.
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AM AM AF AM AF AF AF AF AF AF
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14

25
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12

3

Fig. 26. Interactions between gray squirrels at the Baldy 
feeder.
See Fig. 25 for explanation.
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termed linear-right hierarchy, originally described by 
Schedderup'-'Ebbe ' (1922) . That is 7 : although a hierarchy was

i •evident it was apparently not absolutely fixed or stable. 
Reversals of dominance occurred in six two-squirrel combina
tions, The members of these combinations were generally 
closely ranked and in all six instances involved members of 
both sexes. It can also be seen (Fig. 25) that two groups 
of three squirrels (nos. 6/ 8, 13, and nos. 23, 36, 16) ex
hibited triangular hierarchies. Two sides of each of these 
triangles also represented reversals, between male and 
female, while the third side represented a one way relation
ship between two males, Significantly, the only squirrels 
which deviated from a straight line arrangement,, as. indi
cated by any dot below the diagonal line (Fig. 25), were 
all involved in the reversals or in triangular arrange
ments. The reasons for this are not clear, r In view of the 
sexual relationships observed in the reversals and tri
angulations one. might expect normal seasonal changes in 
hormone level associated with breeding to be a factor. 
However, many of the reversals occurred within a few hours 
of one another. In such instances, it often appeared that 
the relative location of closely ranked squirrels had a 
bearing on the outcome of an encounter. That is, a given 
squirrel tended to gain dominance over a closely ranked, 
opposite sexed, rival when the former already had possession
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of the feeder sought by the latter. The Emigrant Lake 
sample was not large, enough to test for the influence of . 
sex and age upon social hierarchy but the data (Fig. 25) 
indicate that older squirrels dominated younger ones and 
that males dominated females.

A straight line linear-right hierarchy was more 
evident in the Baldy population. This apparent social 
stability may have been an illusion due to the shortness of 
the sampling period which precluded the detection of sea
sonal changes in rank. It is also possible that the higher 
density of the Baldy population actually resulted in better 
defined or more harmonious relationships because of routine 
contact. A more stable hierarchy would tend to minimize 
fighting and a consequent waste of energy which is essential 
to a more dense population.

The composition of the interaction sample used from 
the Baldy population was different from that of Emigrant 
Lake, The Baldy sample consisted of three adult males and 
seven adult females. Trapping data revealed that all the 
females had been reproductively active over the previous 
breeding season. . It is interesting to note that very few 
young squirrels were observed or trapped in the area. .
Since all the squirrels were apparently adults, and more 
accurate aging criteria were not available, nothing further 
can be said regarding the relationship of age and social
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rank. However, the influence of sex seems clear. Although 
only three males were present in the sample they occupied 
three of the top four positions in the hierarchy. This 
resulted in a skewed ratio of superiority in favor of the 
males. Males were dominant in 52 out of 53 interactions 
between the two sexes and the one instance of female dom
inance represented a reversal. It seems obvious that males 
are dominant over females of a similar age group. ' ,

Pack et al. (1967) found a significant correlation 
between social rank and size of home range in the Eastern 
gray squirrel. This relationship was investigated in the 
present study. Table 12 shows the resulting statistical 
values which were determined by the. Spearrnann rank correla
tion test (Siegel, 1956). As can be noted the number of 
squirrels common to both the determined social hierarchy 
and home range analysis varied from time to time and place 
to place. The correlation was considered significant 
(B< ,05) for those squirrels of the Emigrant Lake popula
tion whose home ranges were determined in late winter- 
spring, 1967, but not significant (P> ,05) for those de
termined in late summer. The differences can probably be 
attributed to the fact that most of the observations for 
social hierarchy took place in late winter and spring and 
therefore did not correspond to the changes in home range 
which have been discussed. The Baldy population showed a

■ ■ • -



Table 11. Correlation of social rank and home range size of Western gray 
. squirrels.

Two populations, one with two sampling periods, are represented.

Sample
Area

Sample 
Period for 
Home Range

Number of 
Squirrels that 
were also in so
cial hierarchy '

Spearman
Rank
Correlation
Coefficient

Significance
Level
5% 1%

Emigrant
Lake

Winter-
Spring,
1967

7 .795 .714 .893

Emigrant
Lake

Late 
Summer, 
1967

6 .700 .829 .943

Baldy Mt, Late 
Summer, 
1967

6 .415 ..829 .943

BaldyyMt. 
(minus 
one. 
animal)

Late 
Summer, 
1967

5 .975 .900 1.000
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lack of correlation (p. > . 05) for the sample of six squir
rels common to both ' social rank and home range analyses.

iHoweverr when one squirrel (no. 15) Was dropped out of the 
analysis the correlation became significant (P< .05).
Larger sample sizes would be helpful for further testing, 
but the very nature of any home range measurement, with 
techniques as they are presently known, may prevent detec
tion of a higher correlation, if it in fact exists.

Other possible factors related to social rank, such 
as feeding activities and trap mortality, studied by Pack 
et al. (1967) were not treated in detail during this study. 
However, some data regarding the possible relationship of 
social hierarchy and nest utilization were obtained.
Studies of captive animals and field observations led to 
the belief that dominant squirrels nested singly and had 
choices of nest sites in .a given area. If true, a dominant 
animal would have a definite survival advantage in terms 
of having needed protection from inclement weather and 
predators, and in maintaining better access to a good 
source of.food by being able to utilize any nearby nest.
If a subordinate squirrel .were displaced by a dominant 
animal he might be forced to occupy sub-optimal nesting 
conditions in a less familiar part of his range and per
haps in a location less convenient to a suitable food



144

source, . This. situation would be fostered, by. the multiple, 
nest utilization habits, of the Western gray squirrel.

If dominance provides greater nesfing.choice one 
could expect a dominant squirrel to have access to a greater 
number of nests than a subordinate squirrel. A subordinate 
squirrel may be forced to move but it is unlikely that it

I

would be continually displaced by one dominant and when an 
uncontested nest site was located it would probably tend to 
return to that site. In order to determine the degree of 
relationship between nest utilization and social rank, an 
index to the number of nests used by a given squirrel was 
necessary for statistical treatment. Use of an index was 
unavoidable since the number of my attempts to. find nests. 
varied greatly from squirrel to squirrel. The index was 
computed by dividing the total number of nesting observa
tions made for a given squirrel into the number of different 
nests that it occupied (Table 6), Only those squirrels 
whose nest site had been located at least ten times were 
used for computing this index and the maternity site of one 
female was excluded for obvious reasons. This resulted in 
a sample of seven animals which were common to both the nest 
utilization index and social rank. The relationship of 
these parameters was tested by computing the Spearman rank, 
correlation test which resulted in a correlation coeffi
cient of .953 which.was highly significant (P< .01),



DISCUSSION AND CONCLUSIONS

The primary area utilized in this study of Western 
gray squirrel behavior, near Emigrant Lake in southern 
Oregon, had only a partial coverage of suitable habitat 
and a low density of squirrels, For most aspects of the . 
study this situation was acceptable, if not preferred, but 
for the quantitative phases it provided only small sample 
sizes. The second study area, on a mountain called Baldy, 
consisted of more continuous and thick vegetation. There, 
the population was more dense but the possibilities of ob
serving individual behavior were decreased, Disparity in 
density of the two study populations probably resulted 
directly from the major habitat differences in plant cover 
density and continuity. It is also-possible that the 
population density differences were only indirectly related 
to major habitat variance, being due instead to dissim
ilarities in food supply, available nesting sites, or 
availability of other ecological requirements,

During the period covered by this study, April 
1966 to September 1968, one study population experienced 
an -obvious decrease in size. Records kept by the District 
Biologist of the Oregon State Game Commission indicate that 
the population decline may have been part of an area wide
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fluctuation that appears to. be cyclic. . The direct cause 
of the change in size was not determined. Other population 
size fluctuations recorded in the literature have been 
attributed to disease causing organisms. The mite, 
Notoedredes douglasi, which causes scabies, has been 
responsible for rather drastic declines. During the ,, 
spring and summer 1967, I found, heavy infestations of 
another mite, Haemogamasus ambulans, in the Emigrant Lake 
population. Although no immediate affects on population 
size were noted, it is possible that the infestation had 
a bearing on the drop in population during the following 
year. Other common parasites include fleas, ticks, and a 
previously unknown intestinal roundworm, Citellinema sp. 
Known natural predators include the Red-tailed Hawk, Buteo 
jamaicensis, Coyote., Canis latrans, and Bobcat, Lynx rufus. 
There was no noticeable increase in these species associated 
with the squirrel population decline.

Known competitors included other mammals, especially 
the Beechy ground squirrel, Spermophillus beechyi, and 
Douglas squirrel, Tamiasciurus douglasi, and birds, espe
cially the Acorn woodpecker, Melanerpes formiciyorus, and 
Steller's Jay, Cyanocitta stelleri. The population of 
Beechy ground squirrels increased as the gra,y squirrel 
population decreased but it is doubtful that this was a 
cause and effect situation.
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.Activity for the Western gray squirrel usually 

begins shortly after civil sunrise but before actual sun
rise, Time of emergence seems to. be /largely controlled by 
light but influenced by prevailing weather conditions. The 
main activity period is from 30 to 90 minutes after sunrise 
with variation from day to day or from population to popula- 
tion depending on local conditions, Because of irregular 
periods of activity of individual squirrels, some squir
rels are abroad at most times of the day. Between 3 0 and 
4 0 percent of the population is probably inactive at any 
given time after an initial morning activity high. In
crease in inactivity, above this level, begins about three, 
hours before sunset and by one hour before sunset more than 
90 percent have found nest sites. Social structure may 
have a bearing on the activity pattern. Subordinate squir
rels may have to wait for dominants to finish at a good food 
source, such as a feeder, thus prolonging the morning ac
tivity period. In support of this contention, subordinate 
squirrels were generally the last ones seen using a feeder 
during the morning observation period. Furthermore, if a 
waiting subordinate were to become inactive about the same 
time as the dominants, it could result in an earlier after
noon activity period during which the subordinate would 
satiate a hunger not previously satisfied.
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Judged by. the. proportion of; squirrels ■ observed at 

feeders at regular intervals after sunrise,there appears 
to be a difference in the pattern of morning activity of 
■ the Baldy and Emigrant Lake populations. Whereas, the Emi
grant. Lake population is characterized by an early high peak 
of activity, the Baldy population shows, a- bimodal pattern 
with the high peak occurring much later, perhaps this is 
the result of most of the Baldy squirrels nesting in a 
dense stand of Douglas fir, where darker conditions foster 
later emergence. The, period of high activity was longer 
at the Baldy feeder than it was at the Emigrant Lake feeder. 
This may be directly or indirectly due to the higher den
sity of squirrels in the Baldy population. Assuming that 
equal numbers of squirrels could be tolerated around the 
feeders, the population with a higher density would be 
expected to show a more prolonged activity period in order 
to accommodate more squirrels at the feeder. Moreover, 
the more dense population would show a lower level of ac
tivity (as computed for this study) because the number of. 
individuals around the feeder at any given time would rep
resent a smaller percent of the total seen for the entire 
observation period. The social relationships were better 
established in the Baldy population thus perhaps con
tributing to a limitation of the number of squirrels around
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the feeder and this in turn may have, affected the pattern of 
activity. ;

As the number of squirrels in a feeder area in
creases a disproportionate rise in interactions is expected 
because of the increased number.of possible combinations 
for encounters. A precipitous drop is also expected because 
many squirrel pair-combinations require only one inter
action to establish a dominant subordinate relationship 
which is then followed by avoidance behavior. Some such 
relationships seem to be established indirectly or are 
known from previous experience. That is r conflicts are 
rare between very high ranking and low ranking squirrels. 
Thus, once relationships among the squirrels in the feeder 
area have been established there is a sharp decline in 
interactions even though the squirrels may remain in the 
area and be ''active. " For this reason, the use of inter
actions as an index of activity is somewhat misleading.

With the above points in mind, the interaction 
activity index may be useful in further interpretation of 
the activity pattern of the Baldy population. The bimodal 
nature of the pattern is accentuated when the interaction 
activity is considered, This seems to indicate that two 
different groups or combinations of squirrels contribute to 
the activity pattern. That is, the first peak (Figs. 10 
and 11) could be caused by early risers that nest in the oak
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and pine woodland around the feeder area, . The second peak 
could be. due to an influx o f ' late-risers that nested in the 
dense Douglas fir forest. The number of interactions falls 
off abruptly after the first peak, indicating well estab
lished social relationships, but builds up again as "new" 
squirrels enter the feeder area. It is, however, possible

■ f

that the first peak is due to dominant squirrels and the 
second to subordinate squirrels that did not haye an oppor
tunity to establish social relationships during the earlier 
activity high. In either case,, the pattern indicates that 
two groups of squirrels are involved,

As with many other diurnally active mammals, the 
Western gray squirrel is extremely wary and secretive. 
Emergence from a nest is generally followed by some, main
tenance behavior. This is followed by feeding or investi
gation that leads to feeding, After the initial feeding 
period a squirrel may loaf, play, explore, or return to a 
nest. If alarmed a squirrel responds by scolding and 
moving to a better visual vantage point. The first evidence 
of potential danger may be detected by hearing, but vision 
probably provides the more important stimulus for evoking 
an escape response. When sufficiently provoked the squir
rel's normal escape response is to moye into heavy vegeta
tive coyer in the top of a tree where it is hidden from 
view. There it remains silent and motionless unless the
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stimulus is apparently not identified or is' judged harmless 
whereupon the squirrel may utter some 'scolding type calls. 
If a squirrel is surprised away from 'protective cover it 
usually attempts to reach dense cover even at the expense 
of becoming temporarily exposed. There is good evidence 
for the ability to respond positively toward cover which 
provides good concealment.

Although running considerable distances on the 
ground for escape purposes was noted quite often while 
studying populations of S, griseus griseus in Oregon, this 
behavior was rarely observed while .1 was studying popula
tions of S_, g, nigripes and S_. <g. anthonyi in California 
several years earlier. In California, I made observations 
in the south-central coastal region and in the southern 
mountains, both of which had forests of mixed evergreen 
type. In contrast, most of the habitat I observed in 
Oregon contained a deciduous component resulting in islands 
of good cover, provided by conifers, during much of the 
year. This basic habitat difference may be the cause of 
differences in escape behavior.. That is, the dissimilarity 
may have arisen as a result of selection in the northern 
populations for squirrels that seek islands of cover and 
this innate behavior carries over into the time of the year 
when all of the trees are fully foliated. Even when fully 
foliated, oaks do not provide as much camouflage for gray
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squirrels as do the conifers. It is also possible that Sy 
griseus evolved in coniferous forests and when it reached 
mixed coniferous-deciduous habitat preference for the former 
was already established.

. Food of S. griseus is of three main types: under
ground fungus of various species, a c o r n s a n d  nuts of(cones 
from conifers. These are taken according to seasonal 
availability, and other foods may be used when and where 
available. Most food is found by foraging on the ground, 
Nuts are often buried presumably to be used for food at 
a later time. Captive animals were able to locate buried 
nuts possibly through use of an olfactory sense. In some 
instances the feeding activities of S. griseus cause damage 
to plants of economic value to man.

Most Western gray squirrels utilize several outside 
nests made of sticks and leaves, lined with grass or lichen. 
These are normally occupied singly but a few instances of 
dual nesting were observed. Young squirrels tend to remain 
loyal to a specific nest, whereas the older, usually more 
dominant, animals utilize a greater number of nests. Causes 
of,movement from nest to nest are not definitely known but 
seemingly a squirrel attempts to nest in a site near the 
area where it has been feeding. Other factors, such as 
exposure, protection, and position in the tree, may be used 
as bases for selection. Whatever the criteria, competition
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for favorable sites undoubtedly occurs but was not observed 
directly in this study. Limited data suggest that pregnant 
females or those caring for young avoid much competition 
by the selection of . tree-hole nests that provide more 
protection and which occur in areas little used by other 
squirrels during the reproductive season.

Competition between males of a mating group was 
observed. Presumably the winner of such competition leaves 
more progeny and thus enhances the gene pool of the popula
tion and species. Therefore the function of such mating 
groups may be to insure that most of the hereditary material 
passed to the next generation comes from vigorous animals. 
However, formation of breeding groups may simply be an 
evolutionary remnant for a species that characteristically 
undergoes large population fluctuations. That is, selection 
would favor those animals that could reproduce when popula
tions were, of low density. This might have resulted in a 
mechanism for drawing males to an estrus female, possibly 
by auditory, but probably by olfactory signals. The mechan
ism is still in operation now even during periods of rel
atively high population density and results in congregations 
of squirrels that can be observed during the breeding sea
son.

Home ranges, or composite estimates of all routine 
movements, were determined for several individual Western
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gray squirrels, Many home range determinations overlapped 
sufficiently in time so that they could be grouped into 
samples useful for statistical and comparative purposes. 
From these comparisons and from an evaluation of changes 
in individual movements, I conclude that home range varies 
with age, season, locality, and from year"to year. Sea
sonal and annual variation are probably associated with 
variations in food supply but may also reflect internal 
changes in population structure. By comparing two popula
tion samples measured during the same period it was also 
shown that size of home range is partially dependent upon 
population density, which- may itself result from habitat 
differences. Average home range values varied from 5,14 
to 9.49 acres.

These values are much larger than those previously 
described for Sciurus griseus by Ingles (1947), There are 
several possible reasons for this discrepancy, Ingles 
conducted his study in a small area, 6.31 acres, that con
tained several introduced plant species and ah abundant 
food supply. He calculated home range size by using 
selected outlying points to plot the periphery of a range 
instead of the fewest number of outlying points as was done 
in the present study. However, even if his data were 
treated in the same manner as mine, the determined home 
ranges would still be significantly smaller. Although
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Ingles did not discuss .it> some or all of the squirrels . 
may have ranged outside his relatively small study plot. 
Certainly his diagrams indicate that all home ranges plotted 
approached the edge of the study area. Moreover, since the 
squirrels were not artificially marked, it is possibly that 
he may have experienced difficulty in identifying som^ 
individuals in certain parts of their range. Finally, dif
ferences in habitat and population density may be respon
sible for the differences in home range size noted, Ingles 
recorded .11 adult squirrels, on the 6.31 acres comprising 
the study area, and he said eight of them used that area 
exclusively. This is a much greater population density 
than occurred in the populations which I studied.

Similar discrepancies have been found in various 
home range estimates for the Eastern gray squirrel. Pack
(1966) found an average home range of 1.24 acres or 1.45 
acres, depending on the sample for which calculations were 
made,, for squirrels in two West Virginia woodlots. Doebel
(1967) reported an average home range of 1.20 acres in the 
same area and also found that individuals for which home 
range information was obtained by radio-tracking had a 
smaller average home range (0,96 acres) than did those 
determined by observation-trapping (1.31 acres)', Flyger 
(1960) determined an average home range of 1,4 acres for 
gray squirrels in some Maryland woodlots, Bakken (1952)
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found considerably larger home ranges', .for gray squirrels 
in a Wisconsin study. .Juveniles averaged 5.0 acres for 
males and 3.8 acres for females while adults averaged 24.7 
acres for males and 9,9 acres for females. Studying an 
introduced population in British Columbia,' Robinson and 
Cowan (1954) found that the females ranged over 5 to 15 
acres; the males, from 50 to 55 acres.

Non'-routine movements resulting from mating forays, 
special feeding, and avoidance of harassment greatly in
creased the size of some ranges. These biological activ
ities are extremely important to the individual as well as 
the species, and therefore should not be neglected as is 
done in many home range studies. Moreover, greater move
ment for any one of the reasons listed leads to an increased 
area of familiarity that may have important survival value 
for the individual. The concept of home range is valuable 
for describing species and population characteristics in. 
addition to forming the criteria for comparative studies 
of movements but, by necessity, it excludes some movements 
which are particularly vital in terms of natural selection. 
The "occasional sallies," to use Burt's (1943) terminology, 
should not be included in estimates to be used for com
parative purposes because they occur irregularly and there
fore most go undetected and ate probably not a part of the 
known movements for most animals of a sample. This,
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however r causes, one of the main difficulties of the home 
range concept^^the difficulty of deciding which observa
tions represent other than routine movements.

Social structure, studied by attracting squirrels 
into one area through the use of an artificial feeder, was 
characterized by a "linear right," dominant-subordinate - 
hierarchy.in both populations studied. The Emigrant Lake 
population exhibited some social instability consisting 
of rank reversals between several male-female combinations 
and two triangular relationships involving two males and a 
female in each. Only one rank reversal was noted in the 
Baldy population but it also involved a male-female com
bination, Flyger (1955) shows rank reversals occurring 
between two pairs of Eastern gray squirrels, both male- 
female combinations. The significance of these intersex 
reversals is not known but they do not seem to be assoc
iated with seasonal changes in breeding condition. There 
was a general tendency in both populations 1 studied for 
males to dominate females and adults to dominate young 
squirrels.

Congregation of male £5, griseus into mating groups 
seems to fit the description of the "epideictic phenomena" 
of Wynne-Edwards (1962, 1965) but no evidence was obtained 
to indicate any resulting direct feedback control of popula
tion density. Wynne-Edwards suggests that in cases of
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communal breeding, the burden of non-breeding, and hence, 
population control, falls to. the males' who have somehow 
assessed population density at breeding time. Recruitment . 
was low in the Emigrant Lake population, owing to a number 
of breeding age females that did not come into estrus.
This suggests•that possibility of density control directly 
through females. Assessment of contemporary density could 
be achieved through normal competition and that which 
occurs when the squirrels congregate at special food 
sources.

v ' - •

A relationship of social rank to some other aspects 
of behavior is probable. Observation of mating groups 
clearly indicates that some of the group■are dominant to 
others. However, observations of marked individuals of 
known social rank were insufficient to draw any conclusions 
regarding the hypothesis that dominant squirrels are apt 
to leave more progeny.

The hypothesis that size of home range increases 
with higher social rank was tested. If food is randomly 
distributed the squirrel with a larger home range would 
have access to a larger food supply. Although some cor
relation could be demonstrated, the results were incon
clusive. It appears that the correlation is true for most 
squirrels but there is substantial nonconformity.



Undoubtedly part of the problem lies in the subjectivity 
of home, range measurements, '■ '

The hypothesis that the number of nests, utilized 
by a squirrel increases with social rank was also tested.
If a squirrel has access to more nests, because of its 
dominance it would allow him to avoid unnecessary trayel 
and exposure, between nesting and feeding areas, which 
would be of definite survival value both from an energy 
budget and protective standpoint. It appears that there

6is a strong relationship between these two variables but 
both may be related to home range size. That is, because 
an animal is dominant he may be free to roam over a greater 
area, mostly in search of food, giving him a greater choice 
of nest sites. The greater the area covered the more nest 
sites are present and potentially available. An alternate 
hypothesis is that a dominant squirrel is able to maintain 
a larger home range because he has access to nest sites 
over a larger area. In any case, it is likely that these 
three variables are closely related.

The radio telemetry equipment and techniques 
utilized in this study proved valuable for collecting data 
concerning individual behavior under natural conditions. 
Radio™tracking provided objective means for appraisal of 
movements that should not be considered as "routine" and 
hence not be included in home range determinations.
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Hoyeyer, emphasis on individual behayior associated with 
movements, resulted in relatively small numbers of animals 
which could be justifiably grouped into samples' to be used 
for comparative purposes. Like most tools, more efficient 
utilization resulted from experience. While very helpful, 
radio-telemetry proved to be no panacea for solving f^eld 
problems..
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