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ABSTRACT 

The autecology of the Belding ground squirrel, 

Spermophilus beldingi oregonus Merriam, was investigated 

in central and eastern Oregon in 1971 and during parts of 

two previous summers. Most detailed observations were made 

in Grant County in grasslands or areas under cultivation. 

The taxonomic status of this species is reviewed. 

The physical description is given, and one aberrant 

specimen, apparently lacking melanic pigmentation, is de

scribed. 

Some range extension appears to have occurred to 

the west, over the Cascade Divide. Utilization of habitats 

within the range has increased, usually accompanying the 

efforts of man to develop the land. Water seems to be the 

most limiting factor, and the range of tolerance for this 

factor by ground squirrels is similar to that desired by 

man for crops and range. Increases in water availability 

for utilization by man or cattle has also increased 

habitable areas for S. beldingi. A wide range of tolerances 

is shown for other factors, although soils which do not 

provide adequate drainage and dense vegetation are both 

limiting. 

ix 



X 

In a collection of over 700 adult Belding ground 

squirrels from one population, a sex ratio of 2.4 females 

to 1 male was found. No unbalanced ratio was found in 21 

young squirrels. On one acre at the main study area, 13 

adult squirrels, 10 females and three males, were resident, 

and this density appeared to be normal. Higher and lower 

densities were associated with the suitability of the 

habitat. Cooperation occurs in predator detection, and 

occasionally in intraspecific encounters; otherwise, adult 

squirrels lead essentially individual lives. 

Three types of burrows were found: short burrows 

with one entrance, intermediate length burrows with two 

or three entrances, and long, complex burrows that appeared 

to have been originally dug by pocket gophers. The evi

dence suggests that different burrows are used in response 

to different alarm calls, usually associated with aerial 

versus ground predators. 

Daily activity shows a slight peak in the morning, 

when feeding is most prevalent, then remains relatively 

constant during the rest of the day. S. beldingi is active 

aboveground for approximately five months each year. Sea

sonal activity may begin as early as late January at lower 

elevations, or as late as the end of April in the high 

mountains. In the former situation, the period of dormancy 

covers the hot, dry end of the summer, as well as much of 
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the winter; in the latter, dormancy occurs only during the 

winter. In eitlier case, hibernation ends with the avail

ability of fresh, green vegetation and begins again soon 

after it dries up. 

Communication is primarily vocal, especially in 

reaction to potential predators. Vision is the primary 

means of predator detection. Other intraspecific behavior 

includes mating, care of the young, and some cooperative 

efforts of neighbors. Most other interactions are agonistic. 

No significant competition was found. Most poten

tial competitors are nocturnal, and those that are diurnal 

appear to be restricted more by habitat suitability than 

by competition. 

Fr^sh, young grass, along with small herbs, is the 

major food in the early and middle parts of the season. 

Seeds become very important as they mature, which occurs 

at nearly the same time that the squirrels start accumu

lating fat. 

Reproductive activities begin soon after hiberna

tion ends. The young grow very fast, and are nearly 

indistinguishable in the field from adults at the end of 

the season, A high biotic potential in favorable areas 

is maintained by the unbalanced sex ratio, and the migra

tion of young males away from the maternal burrow. 



INTRODUCTION 

The Belding ground squirrel, during part of the 

year, is the most noticeable small mammal in eastern 

Oregon. Its distribution is discontinuous but covers most 

of the state east of the Cascade mountain range. Through

out its range it is closely associated with such green 

vegetation as grains and other grasses, and small herbs. 

This frequently puts it in contact with man, and results 

in its being considered an economic pest over much of its 

range. 

The ground squirrel season of activity is only 

about five months long, beginning in February at lower 

elevations or as late as the end of April at higher eleva

tions. Breeding occurs shortly after emergence from 

hibernation. The young are born a month later and spend 

three weeks underground. Once aboveground they mature 

rapidly, and attain 90% adult size before the season ends 

(Morton and Tung, 1971) . Both adults and young spend the 

last two months of the season foraging intensively, ac

cumulating large stores of fat to see them through the 

long period of hibernation. 

The present study was conducted primarily at 

several locations in Grant County, Oregon. Additional 
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observations were made in many areas of central and eastern 

Oregon. Observations were made during one complete season 

and parts of two other summers. 

The major study area was a three acre meadow, 

three miles south of Mt. Vernon, Oregon on the Ingle Butte 

Ranch (Fig. 1). This meadow is the result of soil erosion 

from the surrounding hills down towards a creek which 

bisects the meadow. A smaller creek parallels the larger 

along the west edge of the meadow, with the two coming 

together below the study area. The elevation is 3400 feet. 

Figure 2 shows several views of the study area, taken at 

various times. 

Additional study areas within Grant County were an 

alfalfa field and a pasture (Figs. 3a and 3b) on part of 

the Holliday Ranch, 3 and 5 miles, respectively, north 

of Seneca, Oregon, and various parts of the Hyde Ranch, 

20 miles east of Seneca. Both are primarily at altitudes 

of 4700 to 4800 feet. The alfalfa field and pasture are 

in the broad Bear Valley; Hyde Ranch at the community of 

Izee is much dissected by small creeks and washes. 

Central and eastern Oregon have a wet season ex

tending into May or early June, and a dry season from late 

June through the onset of cold weather in October. Brief 

summer thundershowers occur in the mountains during the 

summer, but seldom occur in the lower valleys. At lower 
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Figure 1 . Map of the study area at Ingle Butte 
Ranch . 



Figure 2. Views of the study area at Ingle Butte Ranch. 

a. Meadow, facing southeast, April, 1971. 
b. Dry slopes above meadow, facing northwest, April, 1971. 
c. Mound and hole of Belding ground squirrel. 
d. Belding ground squirrel out on top of snow, April, 1971. 



Figure 2. Views of the study area at Ingle Butte Ranch. 



Figure 3. Views of other habitats of Belding ground squirrels. 

a. Pasture at Bear Valley, November, 1970. 
b. Pasture at Bear Valley showing spring flooding, March, 1971. 
c. Meadow surrounded by sagebrush and yellow pine, northeast 

end of Bear Valley, July, 1970. 
d. Woods adjacent to Cabin Lake Ranger Station, May, 1971. 



a. b. 

Figure 3. Views of other habitats of Belding ground squirrels. 



elevations the annual precipitation varies from 8 to 16 

inches, while the higher forested have from 16 to 35 inches 

per year (Dyksterhuis et al., 1969). Precipitation at the 

Ingle Butte Ranch averages 14 inches, while Bear Valley 

and Izee average 12 inches annually. In this part of its 

range, Belding ground squirrels extend up to, and barely 

into, the open woods. In the Cascade mountains, where the 

Columbian ground squirrel is not found at higher elevations 

Belding ground squirrels may be found in more forested 

habitats, such as at Diamond Lake, Oregon, elevation 5300 

feet. 

Bryant (1945) suggests that ground squirrels first 

evolved in the western United States. This is reflected 

by the fact that there are eight species of ground squirrel 

in Oregon, including five in the same subgenus (Sper-

mophilus) as S. beldingi. Of all these closely related 

species, only Belding ground squirrels are becoming more 

numerous and more widespread. At first glance this sug

gests that beldingi is better adapted than the species 

which it is replacing. However, further observations 

reveal that most expansion has occurred into areas altered 

by man. 

In order to determine why one species should be 

significantly more successful than another in utilizing 

such altered areas, it is necessary to study all of the 
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interactions of an animal with its environment. Only in 

this way can each adaptation be analyzed to determine what 

part it plays in the life of the animal and how it evolved, 

recognizing that it is impossible to determine the adaptive 

significance of every functional, behavioral, or anatomi-
I 

cal trait for any animal. This study was designed to 

identify and quantify factors influencing the continued 

biological success of beldingi in its natural habitat 

and to correlate these adaptations with the ability to 

utilize areas changed by man. A secondary aspect of this 

study is to compile pertinent life history data of the 

animal so as to better determine the adaptive factors. 



TAXONOMY 

All North American ground squirrels were placed in 

the genus Citellus by Howell (1938) in his revision of this 

group. Most subsequent workers have considered the antelope 

ground squirrels to be in a separate genus, Ammospermophilus 

(Bryant, 1945; Hall and Kelson, 1959; Burt, 1960). The 

genus Citellus Oken was regarded as being non-Linnaean by 

Hershkovitz (1949) and therefore, unavailable for use; as 

a result he resurrected the generic name Spermophilus 

Cuvier. After some controversy, the American Society of 

Mammalogists, in 1968, recommended the use of the name 

Spermophilus in publications, although this has not yet 

been formalized by the Commission on Zoological Nomen

clature . 

The genus Spermophilus, excluding Ammospermophilus, 

has been divided into six (Hall and Kelson, 1949) or seven 

(Howell, 1938; Miller and Kellogg, 1955) subgenera. The 

Belding ground squirrel, Spermophilus beldingi, is placed 

in the subgenus Spermophilus, members of which are char

acterized externally by a short tail and relatively plain 

coloration. The subgenus is divided by Miller and Kellogg 

(1955) into ten species (vernacular names according to 

Howell, 1938): S. townsendii (Townsend ground squirrel), 

8 
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S. washingtoni (Washington ground squirrel), S. brunneus 

(Idaho ground squirrel), S. richardsoni (Richardson ground 

squirrel), S. armatus (Uinta ground squirrel), S. beldingi 

(Belding ground squirrel), S. columbianus (Columbian ground 

squirrel), £3. parryii (Parry's ground squirrel), 

kodiacensis (Kodiak ground squirrel) , and S_. osgoodi 

(Yukon valley ground squirrel). Hall and Kelson (1959), 

following Rausch (1953), recognized only eight species by 

combining the last three, as well as certain Asiatic forms, 

into S, undulatus (Arctic ground squirrel). 

beldingi was originally described by Merriam 

(1888) from specimens taken at Donner, Placer County, 

California. In 1898, Merriam described as a separate 

species S^ oregonus from Swan Lake Valley, Klamath Basin, 

Oregon. This latter was reduced to subspecific rank under 

beldingi by Howell (1938) . Hall (1940) split b. 

oregonus into two subspecies when he described Citellus 

beldingi crebrus, now Spermophilus beldingi creber (Hall 

and Kelson, 1959). The currently recognized subspecies 

and their basic synonymies are as follows: 

1. Spermophilus beldingi beldingi Merriam 
1888. Spermophilus beldingi Merriam, Ann. New 

York Acad. Sci., 4:317, December 28, 
type from Donner, Placer County, California. 

1959. Spermophilus beldingi beldingi, Hall and 
Kelson, Mamm. of N. Amer., p340. 

1918. Citellus beldingi, Grinnell and Dixon, 
Calif. St. Comm. Hort. Bull., 7:659. 

1938. Citellus beldingi beldingi, Howell, N. 
Amer. Fauna, 56:81; Miller and Kellogg, 
U. S. Nat. Mus. Bull., 205:194, 1955. 
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Spermophilus beldingi creber (Hall) 
1940. Citellus beldingi crebrus Hall, 

Murrelet, 21:59, December 20, type 
from Reese River valley, 7 mi. N 
Austin, Lander County, Nevada. 

1959. Spermophilus beldingi creber, Hall 
and Kelson, Mamm. of N. Amer. p340. 

1955. Citellus beldingi creber, Miller 
and Kellogg, U. S. Nat. Mus. Bull., 
205:194. 

Spermophilus beldingi oregonus Merriam 
1898. Spermophilus oregonus Merriam, Proc. 

Biol. Soc. Wash., 12:69, March 24, 
type from Swan Lake valley, Klamath 
Basin, Oregon. 

1959. Spermophilus beldingi oregonus, Hall 
and Kelson, Mamm. of N. Amer., p341; 
Nadler, J. Mammal., 47:588, 1966. 

1918. Citellus oregonus, Grinneil and Dixon, 
Calif. St. Comm. Hort. Bull., 7:651; 
Bailey, N. Amer. Fauna, 55:149, 1936. 

1938. Citellus beldingi oregonus, Howell, 
N. Amer. Fauna, 56:83; Davis, Rec. 
Mamm. of Idaho, pl68, 1939; Miller 
and Kellogg, U. S. Nat. Mus. Bull., 
205:194, 1955. 



MORPHOLOGY 

Physical Description 

Generic characters separating Spermophilus from 

other genera in the family Sciuridae are primarily cranial 

(Howell, 1938), inasmuch as there is wide diversity in ex

ternal morphology. The brain case is shallow; anteriorly 

the zygomata converge, and are twisted toward a horizontal 

plane. The infraorbital foramen forms an oval or sub-

triangular canal passing between the zygomatic plate and 

the rostrum, rather than piercing the zygomatic plate. The 

upper molariform tooth rows are parallel or only slightly 

convergent posteriorly, and the upper third premolar is 

always present, although variable in size. 

The subgenus Spermophilus is most easily distin

guished from other subgenera by external and dental char

acteristics. The upper third premolar is large, over one-

third the size of the upper fourth permolar; the upper 

incisors are relatively slender; and the molariform teeth 

are relatively hypsodont. The large upper third premolar is 

sufficient to distinguish this subgenus from the remainder 

of the genus. Externally, short ears and a tail which is 

one-half or less the length of the head and body are char

acteristic. Coloration varies from plain to mottled or 

spotted, 

11 
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Within the subgenus Spermophilus, fairly well de

fined morphological trends, associated with Bergman's, 

Aliens, and Gloger's rules, are evident. These rules are 

usually applied to a species, but may also be applied to 

closely related species, such as those that make up the 

subgenus. 

Bergman's rule (those forms found in colder climates 

tend to be larger than those found in warmer climates) is 

associated with heat production and loss. The eight species 

within the subgenus can be divided into three size groups. 

undulatus and S. columbianus, the two larger species, in

habit the far north and high mountainous regions, respec

tively. Three species of intermediate size, S_. armatus, S. 

richardsoni, and £3. beldingi, are found throughout the north

western part of the United States and in the high Sierra 

Nevada mountains of California. Of the three smaller species, 

S. brunneus occurs locally in southwestern Idaho, S. wash-

ingtoni occurs along the Snake and Columbia River Valleys of 

eastern Oregon and Washington, and S. townsendii occurs from 

southern Washington, through eastern Oregon and southern 

Idaho, and south throughout Nevada and western Utah. S_. 

washingtoni, S. brunneus, and the northern populations of 

S, townsendii are ecologically restricted to the hotter, 

drier areas, thus following Bergman's rule in spite of 

their northerly range. 
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Measurements of various species of ground squirrels 

were taken from Howell (1938) and compiled in Table 1. It 

can be seen that, although Bergman's rule holds (column 5), 

Allen's rule does not (columns 6 and 7). Actually, the data 

seem to show the reverse of Allen's rule (those forms found 

in colder climates tend to have proportionately reduced 

length of appendages), since large ratios of body length to 

either tail length or hind food length indicate smaller ex

tremities relative to body size. Smaller extremities reduce 

heat gain from, as well as heat loss to, the environment, 

and for these diurnal, smaller, ground squirrels living in 

warm areas heat gain is more of a problem than heat loss. 

The various species within the subgenus also follow, 

to some extent, Gloger's rule (pelage coloration tends to be 

darker in humid climates, due to increased melanin produc

tion, and lighter in arid climates), although this is dif

ficult to determine quantitatively. The smallest two, S. 

washingtoni and S. townsendii, are found in the driest areas 

and have the least amount of melanic pigmentation, whereas 

S. columbianus, which inhabits the wettest areas south of 

Canada, is the darkest. I have not had an opportunity to 

compare this with 13, undulatus. 

£. beldingi shows marked variation in melanic 

pigmentation between the subspecies, and also within the 

subspecies S, b, oregonus. S. b. beldingi, inhabiting the 

moist meadows of the high Sierra Nevadas, is the darkest, 



Table 1. Body measurements of ground squirrels of the subgenus Spermophilus. 

All measurements in millimeters. Data taken from Howell (1938). 
(W) indicates species is found mostly in warm climates; (C) indicates 
species is found mostly in cold climates. 

1 2 3 4 5 6 7 
Head Head and 

Hind and Head and Body Length 
Total Tail Foot Body Body Length Hind Foot 

Species N Length Length Length Length Tail Length Length 

s .  washingtoni (W) 2 5  2 1 8 . 7  4 5 . 8  3 3 . 5  1 7 2 . 9  3 . 7 8  5 . 1 6  

s .  townsendii (W) 6 9  2 1 9 . 2  4 4 . 9  3 3 . 4  1 7 4 . 3  3 . 8 8  5 . 2 2  

s .  brunneus (W) 1 3  2 3 2 . 5  5 6 . 7  3 4 . 2  1 7 5 . 8  3 . 1 0  5 . 1 4  

s .  richardsoni 3 5  2 8 0 . 3  7 7 . 2  4 4 . 0  2 0 3 . 1  2 . 6 3  4 . 6 2  

s .  beldingi 3 7  2 7 8 . 4  6 7 . 3  4 3 . 5  2 1 1 . 1  3 . 1 4  4 . 8 5  

s .  armatus 1 2  2 9 4 . 0  7 2 . 6  4 3 . 9  2 2 1 . 4  3 . 0 5  5 . 0 4  

s .  columbianus (C) 2 2  3 5 8 . 7  1 0 0 . 6  5 2 . 6  2 5 8 . 1  2 . 5 7  4 . 9 1  

s .  undulatus (C) 119 3 8 8 . 5  1 1 2 . 6  5 9 . 3  2 7 5 . 9  2 . 4 5  4 . 6 5  
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while S. b. creber, of the Great Basin Desert, is the 

lightest. S_. b. oregonus is darkest in the Cascade moun

tains and irrigated valleys at the eastern base of the 

Cascades, and becomes progressively lighter toward the drier, 

eastern areas of Oregon. 

In this study a total of 222 b. oregonus were 

examined and compared with 67 S. b. beldingi and 104 S. b, 

creber (see Appendix) . The pelage of S_. b. oregonus varies 

geographically and seasonally. Typically, a broad dorsal 

band of brown extends down the back, from the neck to the 

base of the tail but is quite variable in conspicuousness. 

The sides are brown or buff-brown, and the venter is cream-

buff or white. The eye ring and the patch behind the ear 

are white or cream-buff. The tail is mixed rusty and black 

dorsally and bright rusty ventrally. The tail hairs, when 

erected, exhibit a three banded pattern distinctive of the 

species. The cranial characteristics of the species are 

typical of the subgenus, although there are a few specific 

differences, mostly associated with size. 

S, b. beldingi is generally darker, which correlates 

with its usually moister habitat. The dorsal stripe is 

very conspicuous. S. b. creber is said to be larger and 

paler than S. b. oregonus or S^. b. beldingi (Hall, 1940). 

Preliminary comparisons lead me to the conclusion that 

S. b. creber and S. b. oregonus are not recognizably 
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distinct, but my statistical data are insufficient for me 

to state this as a firm conclusion. 

Molt 

Grinnell and Dixon (1918) and Howell (1938) sug

gested that only one molt occurs each year, but admitted 

that they had insufficient data. In my study, since in

dividual squirrels were dyed with distinguishing marks, I 

was quite aware of when molting caused markings to dis

appear. It soon became evident that adults have two molts 

per year. One occurs around or shortly after parturition, 

one to two months after emergence from hibernation, and 

the second occurs several weeks prior to entering hiberna

tion near the end of the season of activity. Since new 

pelage comes in irregularly, molt lines are vague. 

The pelage of juveniles is softer and shorter than 

that of adults. The coloration is basically the same, 

except that juveniles tend to be more reddish or rusty, 

particularly on the dorsal stripe. This is especially 

apparent in the fresh pelage seen when the young first 

emerge from the burrow. Juveniles molt into an adult 

winter pelage at the same time, or soon after, the adults 

complete their second molt. 



Color Aberrations 

Several pelage aberrations in S. b. oregonus are 

reported by local residents. Both melanism and albinism 

have been seen. One squirrel shot by a rancher near Mt. 

Vernon, Oregon, showed no black pigmentation at all. This 

individual (UA #19743) was entirely yellowish except that 

the ventral surface of the tail showed some rust color. 

Two other similar squirrels were reported near Dayville, 

Oregon in 1970, but were not seen in 1971. 



RANGE AND HABITAT 

Geographic Distribution 

S. beldingi oregonus is the most abundant and wide

spread ground squirrel in Oregon. Miller and Kellogg 

(1955:194) gave its range as: 

Eastern Oregon (except southeastern corner), 
southern Oregon (east of Cascade Divide), 
northeastern California, and northwestern 
Nevada; north to Heppner and Elgin, Oregon; 
south to Plumas County, Calif., and Washoe 
County, Nev.; west to Klamath Lake, Oreg., 
and Goose Nest Mountain, Calif. 

Hall and Kelson (1959) gave essentially the same 

range as Howell (1938) . Bailey (1936) showed the range in 

Oregon, including S. b. creber, as extending over all of 

eastern Oregon, east of the Deschutes River, excepting the 

more northerly areas of the state (Fig. 4). Bailey re

corded its occurrence at Summer Lake, Bend, and several 

miles northwest of Mt. Thielsen, but did not report speci

mens from these areas. 

Figure 5 shows- the range of S. b. oregonus in 

Oregon as determined both from specimens examined in this 

study and from previously reported specimens. It appears 

that the entire range of the subspecies is: eastern 

Oregon except the southeastern corner, northeastern 

California, and northwestern Nevada; south to Plumas Co., 

18 



Jackson 

a Bailey { 1936} 

- Hall and Kelson (1959) 

Figure 4. Map of distribution of 5elding ground 
squirrels in rego n 1 according to 3ailey (1936) and Hall 
and Kelson (1 95 9). 
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~ S. beldingi oregonus 

. ~ S. beldingi creber 

Figure 5. Ma p of distribution of Belding ground 
squirrel s i n Oregon , a ccording to p re sent study. 
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Calif, and Washoe Co,, Nev.; north to Maupin, Heppner, and 

Elgin, Ore.; and west to the Cascade Divide (from Camp 

Sherman southwards) and extending west of the Cascades 

summit to Diamond Lake, Douglas Co., and Fish Lake, Jackson 

Co.f Ore, 

The range of b. creber is central and northern 

Nevada, west to the Pine Forest Mountains, southwestern 

Idaho north to Homedale, the southeastern corner of Oregon, 

and barely into northwestern Utah. S_. b. beldingi is found 

in the high mountain areas of the Sierra Nevada range from 

Independence Lake, Nevada County, south to the headwaters 

of the Kings River, Fresno County, California, and also in 

the adjoining Carson Valley in western central Nevada. 

The ranges of all three subspecies are shown in Figure 6. 

There is complete intergradation between S. b. 

creber and S. b. oregonus in southeastern Oregon and north

western Nevada (Hall, 1940). There is, however, a 25 mile 

hiatus between the ranges of £. b. oregonus and S. b. 

beldingi in California. According to Howell (1938), there 

is complete intergradation of characters between these two 

forms in spite of this gap, and Hall (1940) suggested 

intergradation also occurs in northwestern Nevada. 

It is likely that the extensions of the known range 

west to and over the Cascade Divide represent new dis

coveries, rather than very recent movements. Collection 
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Figure 6 . Range map of all three subspecies of 
Belding squirrel. 
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of ground squirrels from the four locations occurred in 

1916 and 1927, 1938, 1965, and 1968. The population from 

Diamond Lake collected in 1968 appears to be well estab

lished and has been known to local residents for some time. 

It seems unlikely that these populations could have reached 

these locations without the help of man through logging 

or else through fire, for they are each isolated from the 

rest of the squirrels by extensive forests. 

The extent of the range of the Belding ground 

squirrel is dependent upon the availability of suitable 

habitat. Bailey (1936) records their habitat preference 

as Transition Life Zone, occupying primarily meadows, 

grassy parks, and openings in Yellow Pine forests; and 

rarely reaching below their zone along stream courses. 

Howell (1938) gave their habitat as chiefly mountain 

meadows, but also in pastures, meadows, and grain fields 

in the valleys, and less so in open pine forests; their 

zonal range was given as Transition and Upper Sonoran 

Life Zones. McKeever (1966) records their habitat in 

northeastern California as meadows and sagebrush flats, or 

rocky areas near meadows with succulent vegetation. 

A map of the life zones of Oregon was published 

by Bailey (1936). Two of the locations which extend the 

known range of S. b, oregonus to the west (Broken Top 

Mountain and Fish Lake), as well as at the localities in 
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the Steens Mountains of southeastern Oregon where Belding 

ground squirrels occur up to the 9500 foot level, are shown 

as being in the Hudsonian Life Zone. The other two loca

tions extending the range in the Cascades are shown as 

Canadian Life Zone. Thus the zonal range of S, b. oregonus 

is from Upper Sonoran to Hudsonian Life Zones, although 

most abundant and widespread in the Transition Zone. 

Associated with this wide zonal range are great variations 

in temperatures. 

Soils 

Belding ground squirrels occur in a variety of 

soils, but the most favorable soils have a well drained 

loamy surface. E. L. Dyksterhuis of the Soil Conservation 

Service examined the soils of the study area at the Ingle 

Butte Ranch, and the locations in Bear Valley, The Ingle 

Butte Ranch meadow had a calcareous, loamy topsoil, 18 to 

25 inches deep. Below this was a strongly calcareous loam 

of unknown depth. On the slope above the meadow, the 

topsoil was a silty clay-loam four inches deep over an 

eight inch thick layer of clay, both of which were neutral 

in pH. The parent material on the slope was a calcareous 

clay-lime. 

The topsoil of the alfalfa field in Bear Valley 

was a neutral loam, over three feet thick. The pasture 

at Bear Valley had a deep silt-loam topsoil at least two 
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feet thick, calcareous at the surface, but neutral at 24 

inches. The water table at this location was at 20 inches 

below the surface. 

Well drained, loam textured soils provide a firm, 

but not hard, ground in which to dig burrows, and allow 

the water to drain off. At the pasture in Bear Valley, 

where the surface soil overlays a poorly permeable clay 

subsoil, the high water table places severe limitations 

on burrows, and hence on the distribution of ground 

squirrels. 

Soil textures in eastern and central Oregon range 

from very fine clays called "Gumbo" (Bailey, 1936) which 

are waxy when wet and very hard when dry, creating un

favorable conditions for burrowing, to sandy and gravelly 

soils. These looser soils, characteristic of mesa tops 

and dry gentle slopes, are frequently inhabited by Townsend 

or Washington ground squirrels. Intermediate loam textured 

soils are associated with the lacustrine and alluvial 

deposits of the valleys ? and it is in these that the 

largest populations of Belding ground squirrels occur. 

In the Cascade Mountains Belding ground squirrels occur in 

loam or sandy loam soils resulting from the decomposition 

of moderate vegetative cover over volcanic ash and de

composed lava. The soil at Diamond Lake, Oregon, was found 

to be sandy loam in texture that was a light gray color due 

to volcanic ash. 
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In the basins of eastern Oregon, the soil is quite 

frequently alkaline, while the volcanic areas and those 

with a rich humus tend to be neutral or acid (Peck, 1961). 

The acidity of the soil does not seem to be a factor ex

cept as it influences the.vegetation. No examples were 

seen of heavy alkalinity or acidity. 

Rocky soil is not favored for burrows by Belding 

ground squirrels. Many uplifted shale slopes have been 

eroded by the wind in southeastern Oregon, resulting in 

up to 75% of the surface being covered by rocks. Roads 

and water impoundments in these areas are mostly dirt, 

providing squirrels with a preferred habitat. 

Water 

Water is probably the most important factor in the 

distribution of Belding ground squirrels, both directly 

as available surface water, and indirectly as it influences 

vegetation. In the hotter, lower elevations, this species 

is nearly always found near water, but, at higher eleva

tions, may occur without surface water nearby. At Cabin 

Lake Ranger Station in Lake County, elevation 4500 feet, the 

nearest surface water is some 15 miles away, yet these 

squirrels are abundant around the ranger station and in 

the adjacent open woods (Fig. 3d). In contrast, at lower 

elevations, such as Monument, Oregon, elevation 2000 feet, 
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they rarely occur far from the irrigated farmlands or some 

other source of surface water. 

Locally, water limits the distribution of ground 

squirrels by flooding and runoff. Many areas which appear 

to be excellent habitat for ground squirrels in late summer 

are under water for days every spring (Fig. 3b). In such 

basins, the distribution of ground squirrels is limited to 

the surrounding adequately drained ridges and banks. 

Similarly, in pastures irrigated by flooding, ground 

squirrels occur only on the edges or mounds. It is prob

able that many of the young ground squirrels which migrate 

away from their mother's burrow, perish through moving 

into areas which flood yearly in the spring. Through its 

influence on the vegetation, water also plays a role in 

distribution. 

Vegetation 

Succulent vegetation is the staple food for Belding 

ground squirrels, and therefore, plays an important role 

in their choice of habitats. Nearly all of the non-

forested areas in central and eastern Oregon have been 

used agriculturally, either for crops or grazing. Much of 

the range has deteriorated markedly through overgrazing 

by cattle and sheep. With every step by ranchers to im

prove the land for grazing or for increasing crop production, 



28 

a more favorable habitat is created for Belding ground 

squirrels. 

For example, much of the cultivated, dry uplands 

were formerly planted in annual grasses for hay. Belding 

ground squirrels lived around the edges of the fields, but 

annual plowing kept them from burrowing and making their 

homes in the fields. Most of these annual crops have now 

been replaced by perennial dry-land alfalfa. Since 

burrows are not destroyed annually, ground squirrels 

quickly spread throughout the fields and increase sub

stantially in numbers as the habitat becomes more suitable. 

Similarly, irrigation by flooding, which reduced or elimi

nated ground squirrels, has been partially replaced by 

sprinkling, a practice which does not exert the same lethal 

influence. Grass seedings over range land provide greater 

sources of food for ground squirrels as well as cattle. 

Irrigation, other than by flooding, is favorable 

for Belding ground squirrels in that it creates more green 

plants that stay green longer. Even digging a well can 

create a suitable habitat. Most of the widely spaced 

wells in central Oregon have enough seepage that succulent 

vegetation exists throughout the season. Here the small 

populations that occur around the wells, usually miles 

apart, are surrounded by Townsend ground squirrels in the 

drier, intervening areas. 
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The native vegetation in the range of S. b. oregonus 

in eastern Oregon is characterized by sagebrush (Artemisia 

tridentata primarily, but also A. arbuscula, A. cana and 

others), rabbitbrush (Chrysothamnos nauseosus and C. 

viscidiflorus), the bitterbrush (Purshia tridentata). Much 

of the region is treeless, or with scattered western 

juniper (Juniperus occidentalis); some yellow pine (Pinus 

ponderosa) is found in the more moist areas. Important 

native grasses are: wheat bunch grasses (Agropyron spp., 

especially A. spicatum), Idaho fescue (Festuca idahoensis), 

Sandberg bluegrass (Poa secunda) ,. and giant wild rye 

(Elymus cinereus). A large variety of small herbs and 

undershrubs is usually present, though quite variable 

depending upon the area. 

In addition, many introduced plants are well es

tablished, In overgrazed and cultivated areas, native 

grasses have almost disappeared, being replaced by intro

duced forms. Downy cheat grass (Bromus tectorum), an 

undesirable introduction from Europe, is now the most 

abundant grass in central and eastern Oregon (Peck, 1961). 

Other prominent introduced grasses are smooth brome (Bromus 

inermis), quackgrass (Agropyron repens), Kentucky bluegrass 

(Poa pratensis), medusa-head rye (Elymus caput-medusae), 

and redtop (Agrostis alba), while filaree (Erodium cir-

cutarium), horned-seed buttercup (Ceratocephalus falcatus), 
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and dandelion (Taraxacum officinale) are important intro

duced herbs. 

The range of the Belding ground squirrels extends 

high into the Cascade and Steens mountains, as well as 

down into lower elevations along streams. The vegetation 

in these areas was not identified to genus, but the mor

phological composition of the vegetation is similar. 

Throughout their range in the state, Belding ground squir

rels are found associated with cultivated crops such as 

alfalfa, rye, wheat, and barley. 

Microhabitat Description 

The study area at Ingle Butte Ranch is typical of 

the meadow habitat of Belding ground squirrels (Fig. 1, 

p. 3). Here the ground cover is divided between mixed 

grasses, both native and introduced, and horned-seed 

buttercup, a burr forming weed. Dandelions, filaree, 

clover (Trifolium spp.), yarrow (Achillea lanulosa), and 

several mustards are important herbs. The slopes leading 

down to the meadow are rocky and dry, with a few native 

grasses, rabbitbrush, and juniper (Fig. 2b, p. 4). Along 

parts of the creek through the meadow, tall shrubs and 

small trees occur north of the study area, but much of the 

creek is bordered only by grass. Ground squirrels are found 

on most of the slopes and among the rabbitbrush, but are 

most abundant in the meadow (Fig. 2a, p. 4), They avoid 



31 

areas directly adjacent to the creek that flood in the 

spring. 

Alfalfa fields are extremely favorable habitats. 

For example, the field at Bear Valley contains mixed 

grasses, especially smooth brome grass and giant wild rye, 

in addition to the alfalfa. Here the burrows were often 

seen in the middle of small clearings which the squirrels 

had made to provide good visibility. The highest popula

tion densities of ground squirrels seen during this study 

were in alfalfa fields. 

Pastures, such as the one at Bear Valley, are also 

favorable habitats (Figs. 3a and 3b, p. 5), Although ex

cellent forage is available, annual flooding prevents ground 

squirrels from occupying the floor of the valley. The 

presence of short shrubbery, such as sagebrush, rabbit-

brush, or shrubby cinquefoil (Potentilla fruticosa), indi

cates the probable presence of ground squirrels, whereas 

shrubless areas are generally lower, affected by flooding, 

and characterized by Baltic rush (Juncus balticus) and 

sedges (Carex spp.). Typical grasses include Idaho fescue, 

wheat bunch grass, quackgrass, downy cheat grass, and blue-

grasses. Herbs are found in wide variety, including 

horned-seed buttercup, western yarrow, buttercups (Ranun

culus spp.), lupines (Lupinus spp.), and Brewer's cinquefoil 

Potentilla breweri), This habitat is similar to that of 
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S, b, beldingi in the Sierra Nevada range of California, 

except that the latter seems to have much better drainage. 

Brush covered slopes throughout eastern Oregon 

are another, although distinctly less favorable, habitat 

type. Here Belding ground squirrels are generally in 

limited numbers, if there is sufficient green vegetation 

throughout the season, and if they are able to make burrows 

in the often rocky ground. If such slopes are too dry, 

Townsend ground squirrels may be found. At Diamond Lake, 

Oregon, Belding ground squirrels occur in a habitat 

typical of Columbian ground squirrels in eastern Oregon. 

This is small openings in Douglas fir-spruce-lodgepole 

pine forest with a grassy, rather than shrubby, under

growth . 

Belding ground squirrels do not occur in heavy 

forests. Dense shrubbery is not favored, for it does not 

provide adequate visibility against predators. Even tall, 

heavy grasslands inhibit the distribution of Belding ground 

squirrels in this way. When in moderately heavy vegetation, 

such as unused pastures, they make runways between burrows 

and favorite foraging areas. They seem not to prefer very 

short grass, such as follows overgrazing, for they cannot 

freeze inconspicuously unless the grass is two to three 

inches tall or taller. 
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Burrows 

On one acre at Ingle Butte Ranch, a total of 202 

burrow entrances appeared to be active, including 26 major 

entrances, usually with small mounds of dirt around each 

hole (Fig. 2c, p. 4). These mounds were formed from ex

cavation at the beginning of the year, and lasted until cows 

destroyed them in the middle of the season. At this time, 

there were 13 adult squirrels living on the acre, as de

termined by frequent observations. After the young emerged 

at the end of April, the population rose to between 50 and 

60 squirrels. Each litter of young dug numerous small 

escape burrows, many of which were obliterated later in the 

season. Many of the openings were obviously used only as 

escape burrows, and this included several of those which 

had mounds. Most squirrels had but one mound, although 

several had two or three, 

A total of seven burrows were excavated, and were 

found to consist of three types. Three burrows were short, 

less than six feet long, and had but one entrance. Three 

others were longer, about 25 feet, with two entrances, one 

at each end. The remaining burrow was long, over 50 feet 

in length, and complex, with numerous side branches and 

entrances similar to those described for both S. b, 

belding and S. b. oregonus by Grinnell and Dixon (1918). 

This latter type of burrow seems to have been a former 
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pocket gopher burrow taken over by ground squirrels and 

adapted for their use. Fig. 7 shows maps of one 

intermediate and one short burrow, both of which are 

typical. 

The intermediate length burrows contained nests in 

small enlargements of the burrows. A typical nest cavity 

was eight inches long, five inches wide, and five and one 

half inches high, only slightly larger in diameter than the 

rest of the burrow. The nest material filled the entire 

cavity and was composed of nearly 100% grass and grass 

roots, weighing 150 grams. Poa secunda and Bromus tectorum 

made up the bulk of the nest with some Poa pratensis and 

other unidentified grasses also present. The finer material, 

mostly roots, lined the inside of the nest, which was 

essentially a cylindrical tube, while the coarser material 

was around the outside. 

In one nest a dead and rotting juvenile ground 

squirrel was found. This was apparently a birthing nest 

for one female under observation in the study area at Ingle 

Butte Ranch. Numerous insect pupae cases, probably from 

dipterans, were found in this nest along with beetles of 

the families Sylvidae and Staphilinidae. Mites were found 

in all nests; fleas and other insects, as well as ticks, 

were found in varying numbers. Fecal pellets were found 

only in the nest with the dead juvenile, but this was also 



Figure 7. Diagram of two typical Belding ground 
squirrel burrows, 

a. A short, escape burrow, 5 feet long, with one en
trance (a) and a small, bare chamber at the end (c). 
b. A medium length, nesting burrow, 26 feet long, 
with two entrances (a) and two nests (b). One nest 
contained the old remains of a juvenile squirrel. 
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Figure 7. Diagram of two typical Belding ground 
squirrel burrows. 
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the only birthing nest known to have been examined. The 

burrows and other nests were quite clean. No food storage 

was found in any burrow. 

The arrangement of burrows at the study area at 

Ingle Butte Ranch was somewhat unexpected. Five burrow 

openings, all of which occurred in a five foot radius and 

were utilized by one female and her young, all led into 

different burrows. Two additional openings used by juve

niles led into one of these burrows. Previous observation 

had suggested that these were merely different openings to 

the same burrow. This arrangement of burrow entrances 

would aid in escape from predators who might not see 

exactly which hole was used by the squirrel. 



ACTIVITY 

Daily Activity 

The normal above ground activities of Belding 

ground squirrels are foraging, burrow construction and 

maintenance, basking and grooming, and exploration. Much 

of the day is spent underground, and activity patterns 

vary considerably among individuals. Normally, the 

greatest activity occurs in the early morning hours, and 

thereafter, activity is spread evenly throughout the rest 

of the day. 

Most ground squirrels are early risers. In several 

locations, and throughout the year, the time that the sun 

shines on the burrow entrance signifies the start of daily 

activity. Certain squirrels regularly emerge at this time 

nearly every day, while others come out soon thereafter. 

A few individuals seem to be late sleepers and are never 

seen until two or more hours after the early risers. The 

time of sunrise seems to have little effect, for squirrels 

both on flatlands and at the bottom of steep valleys 

emerge at the time the sunlight reaches their burrows, 

which is not consistent with sunrise. 

Activity begins abruptly; within seconds after 

emerging, the squirrels are off foraging, although some 

37 
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may stop briefly and groom themselves first. The first 

squirrels out generally stay within a few feet of their 

burrows, until there are sufficient numbers out to watch 

effectively for predators. Foraging is almost the only 

activity in the early morning, although grooming may occur 

intermittently. There are very few agonistic encounters 

at this time. 

Cloudy weather may delay emergence up to an hour 

or more. Rain sprinkles or snow discourage activity, but 

some squirrels will continue foraging. A hard rain is 

the only thing noted which would keep the ground squirrels 

in their burrows at this time of the morning. I have seen 

them emerge without hesitation when three inches of fresh 

snow covered the ground (Fig. 2d, p. 4), although not all 

stayed out to dig for food under the snow. The lowest 

temperature at which squirrels were observed aboveground 

was 25 F. Two squirrels were out just after sunrise, only 

one of which stayed out to forage, after sitting at his 

burrow entrance for several minutes. 

Ground squirrels fed intensively for one to three 

hours after arising, and this was common to nearly all 

individuals, regardless of what time they first appeared 

aboveground. Following this, activity varied among in

dividuals. Some, particularly males, but also a few 

females, would begin exploring and wandering around 
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neighboring areas. Others would gather nesting material 

at appropriate times of the season. Some would go back 

underground for varying periods of time, perhaps showing 

indications that they had been digging when they reappeared. 

Still others would mix light foraging with grooming and 

basking. 

The number of squirrels active aboveground peaked 

slightly during the morning feeding period, but then gen

erally remained relatively constant throughout the rest 

of the day. Neither temperature nor humidity seemed to 

determine the number of ground squirrels out, but cloud 

cover and precipitation would result in a decrease. A 

few observations were made at temperatures over 100 F. 

Although individual activity might be slightly curtailed 

at these high temperatures, numbers of squirrels were not. 

No second peak was noted in the afternoon as has been ob

served in other species of ground squirrels (Linsdale, 1946; 

Drabek, 1970), 

Cloudy weather tends to spread activity more 

evenly throughout the day, reducing the morning peak. 

Variably cloudy days are quite common in eastern Oregon, 

and the weather is apt to change abruptly. On such days, 

the number of active squirrels does not vary much with the 

weather, but the activity does. When it is cloudy, the 

squirrels tend to stay much closer to home. During 
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sprinkles, most go into their burrows, and those that do 

not, do nothing except feed. Only a moderate or heavy, 

constant rain causes all aboveground activity to cease. 

Disappearance in the afternoon is not nearly so 

regular. On sunny days most ground squirrels stay out 

until their burrow area is in the shadows. Several may 

stay out for as much as 30 minutes more. On cloudy or 

rainy days, they may go in as much as two hours earlier. 

When ground squirrels are disturbed in the late afternoon, 

such as by man or by cattle in the area, they are likely 

to go in and stay. In all circumstances, juveniles are 

likely to remain out later than adults. 

Seasonal Activity 

S. beldingi are active aboveground approximately 

five months each year. Wide variation exists as to when 

the ''ground squirrel season" starts and ends. The one 

factor that seems to be most important is the availability 

of green vegetation. In every location where Belding 

ground squirrels were observed newly emerged from hiberna

tion, the grass was just starting to become green and 

grow. As it dried up in midsummer or fall, the squirrels 

disappeared for the rest of the year. 

The earliest record of Belding ground squirrel 

emergence is January 22 (Howell, 1938) in Umatilla County, 

Oregon, which has the lowest elevation, approximately 
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1500 feet, of any area within its range. In the Mt. 

Vernon area, elevation 3000 feet, they are usually out in 

early or mid-February, according to numerous local resi

dents. One rancher remembered shooting ground squirrels 

on his birthday, February 10, when he was young. At the 

Hyde Ranch, elevation 4700 feet, the first squirrel was 

seen in 1971 on February 28; while in the pasture at Bear 

Valley, also 4700 feet, one male squirrel was first seen 

out on April 5, where none had been seen on April 1. All 

burrows except the one used by this male appeared not to 

have been used this year. On April 6, one more squirrel 

was seen here, and two more on April 7. That squirrels 

at the same elevation and less than 10 miles from each 

other, should come out more than a month apart suggests 

that elevation or temperature is only of secondary im

portance in determining emergence times. In each of these 

two cases, emergence accompanied the beginning of vegeta-

tional growth. 

S. b. beldingi normally occurs at elevations of 

6500-11,800 feet in the Sierra Nevada mountains. Yosemite 

National Park rangers at Tuolumne meadows, elevation 8500 

feet, reported that the last Belding ground squirrel was 

seen in 1970 on October 19, and the first one seen in 1971 

was on May 13. In the Steens mountains of southeastern 

Oregon, S^. b. oregonus was observed at an elevation of 
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9500 feet. Due to snow conditions, this area usually 

cannot be reached until the end of June, which suggests 

that the ground squirrel season starts quite late. One 

specimen, MVZ #83632, taken at 8000 feet in the Cascade 

mountains probably has an equally late season. At Diamond 

Lake, Oregon, elevation 5300 feet, they are reported as 

emerging in late April, as soon as most of the snow has 

melted. This date is supported by my examination of four 

pregnant females taken on June 4, 1970. Three had embryos 

of 14-17 millimeters in length, while the fourth had 

embryos of 50 millimeters. By September 21, 1970, most 

squirrels there were inactive and none were seen on 

September 30. A moderate snowfall had occurred on Sep

tember 18-19, but by September 30, the ground was clear 

and dry. Golden mantled ground squirrels were still out 

in abundance. 

Throughout eastern Oregon, precipitation levels 

are much lower than in the Cascade mountains. As a result, 

there is less snow to melt and the vegetation begins 

growing at an earlier date at the same elevation. Thus 

the timing of seasonal activity cannot be related strictly 

to elevation throughout the range of the Belding ground 

squirrel. In northeastern Oregon, areas with precipita

tion equivalent to that of the high Cascades are usually 
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inhabited by Columbian ground squirrels, with Belding ground 

squirrels found only at moderate and lower elevations. 

Observations at a variety of locations indicate 

that the chronology of seasonal activity is the same for 

all populations, but that the time may be displaced ac

cording to the time they emerge from hibernation. Most 

observations were made at the Ingle Butte Ranch study 

area, where the ground squirrels emerged in mid-February. 

Seasonal activity for other populations will be adjusted 

in the following account to correspond to this popula

tion, so that the amount of time following emergence is 

the important factor, rather than the month. 

In the first month, February, the ground squirrels 

have just emerged from hibernation. One male, on apparently 

his first day out, carried on normal activities of foraging, 

grooming, digging, and gathering nest material. His testes 

were scrotal at this time. Activity varied significantly 

from mid-season activity in two ways. First, he was the 

only squirrel out in this area. He was silent and never 

travelled farther than five to seven feet from his hole, 

usually foraging within two to three feet. Secondly, most 

time was spent gathering nest material, and digging inside 

of his burrow. 

By the end of the week, activity has increased 

considerably. The primary activity is foraging for food, 
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and even males, who are exploring at this time, forage 

intermittently. As soon as a few squirrels are out of 

hibernation, all begin to travel farther from their bur

rows. There is little interaction between individuals. 

Approximately' a week after emergence, courtship 

activity begins, and continues for several weeks. McKeever 

(1966) found that male Belding ground squirrels were 

sexually active for one month. Foraging is still the major 

activity, but courtship and burrow maintenance are also 

prominent. There are numerous chases, and chirps are 

heard throughout the colonies. Balph and Stokes (1963) 

consider that both the chirping and agonistic behavior are 

connected with mating in the Uinta ground squirrel. It 

is likely that this is similar for the Belding ground 

squirrel, but observations of agonistic behavior between 

females was also seen. Both Balph and Stokes (1963) and 

Linsdale (1946) observed that many squirrels, especially 

males, changed their residence during the breeding season. 

This is possible although not observed in Belding ground 

squirrels. Males were observed exploring over long dis

tances and entering the burrows of other squirrels, but 

none was seen to move his home. Squirrels were not marked 

until after the reproductive season, and so I could not 

always determine which squirrel lived where. 
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Except for the cessation of courtship, behavior 

did not change much after breeding was over, some six 

weeks following emergence. Agonistic behavior did not 

seem to decrease; pregnant females were especially aggres

sive, and males seemed less so, although they continued 

to explore extensively. Most chases at this time involved 

females near home chasing away exploring males or non-

neighboring females. 

The young are born beginning five to six weeks 

after the emergence of the adults, after a gestation 

period of 27 to 31 days. About this time courtship be

havior ceases completely. Females with young remain in 

their burrows more during the day, presumably to nurse the 

young. Several females began using different entrances 

or different burrows. Once the young were born, there was 

little exploring by females until just prior to their young 

first appearing above ground. It was during this time that 

adult Belding ground squirrels underwent their first molt. 

At Ingle Butte Ranch, young were first noticed aboveground 

ten weeks into the season. Subsequent observations indi

cated that these young were one to two weeks younger than 

others on the study area. The last observation of newly 

emergent young was 12 weeks into the season. It appears 

likely that the young squirrels are weaned at the time 

they emerge. 
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Females are very protective and aggressive when the 

young first come out. They do not tolerate trespassers, 

either male, female, or juvenile, until at least a week 

later, and then juveniles will sometimes be tolerated. 

Males are not conspicuous at this time. One of the three 

resident males at Ingle Butte Ranch disappeared, and the 

other two mostly foraged near their burrows. Several times 

they were chased by females. Gradually, as the young 

matured, the females become less aggressive, and by the 

time the young males begin to leave home, some four to 

five weeks after weaning, agonistic encounters involving 

females diminished considerably. During the time that the 

young are at home, females may move with their young, or 

claim adjacent, unoccupied burrows in addition to their 

own. 

By mid-June, 16 weeks into the season, most of 

the young have left home, although many young females have 

stayed in the general vicinity of their mother. Only one 

out of 11 marked juvenile males at Ingle Butte Ranch stayed 

within the study area, and only one-third of the estimated 

50 young remained at this time. 

Adult males have begun exploring again, often at 

great distances; and chases by males were the major agonistic 

behavior noted at this time. One male, which had been 

chased by females when the young were at home, wandered 
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freely throughout the study area and beyond. Any female or 

juvenile that got in his way was chased, even when next to 

its own hole; however, all would be ignored unless they 

attempted to interfere with his exploration. He was not 

seen to investigate the burrows of other males who were at 

home. The females spent most of their aboveground time 

feeding, and remained in their burrows for long periods of 

the day. 

By the end of June, 18 weeks into the season, the 

young are essentially indistinguishable from adults in the 

field. The primary activity of the young is foraging. 

McCarley (1966) also found that foraging was almost the 

only activity of young £. tridecemlineatus after they had 

left home. Most adults, especially the males, have become 

noticeably fat by this time. Adult females are not seen 

frequently above ground. 

By mid-July, 21 weeks into the season, adult fe

males have mostly disappeared, but adult males are still 

seen. Several reports (Bailey, 1936; Howell, 1938) have 

suggested that adult males go into hibernation before other 

squirrels, but this was not found in my study. Such re

ports may not have taken into account the highly imbalanced 

sex ratios among adults as a factor. Adult males do pre

cede the young into hibernation, however, and by the first 

part of August, 24 weeks after emergence, nearly all 
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squirrels have disappeared for the year. At Ingle Butte 

Ranch only two squirrels were seen August 1, 1971, and none 

were observed on August 3. Although ground squirrels were 

still plentiful in Bear Valley on August 16, 1971, their 

numbers had decreased, and by August 24, only a few 

squirrels remained above ground. 

Dormancy 

Belding ground squirrels spend more than half of 

the year underground in a state of dormancy. At Ingle 

Butte Ranch, this period is from late July to mid-February, 

while at Bear Valley it is from late August to early April. 

Both populations, like all populations in eastern Oregon, 

escape both the hot, dry end of the summer as well as the 

coldest part of the winter. Populations in the Cascade 

mountains are dormant from the end of September to the end 

of April, and miss only the winter. Pengelley and Kelly 

(1966) found that continuous hibernation in five species 

of Spermophilus never exceeded two weeks without full 

arousal. McKeever (1966) in limited observations of 13 

S. b. oregonus found a maximum continuous hibernation of 

18 days. There are no reports of Belding ground squirrels 

coming aboveground during their dormant period, however. 

When estivation and hibernation are defined' sep

arately, the distinction is usually based on temperature 

(MacMillen, 1965, for example). The former refers to 
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dormancy at moderate temperatures and the latter refers to 

low temperatures. Bartholomew and Hudson (1960) found no 

physiological difference between the two in S. mojavensis. 

Since the period of dormancy in Belding ground squirrels 

covers both moderate and cold temperatures consecutively 

with no aboveground activity between, it would seem that 

there is little difference. That some Belding ground 

squirrels are dormant only during cold weather, while 

others are dormant during both cold and moderate tem

peratures, is further evidence against the differentiation 

of the two terms as regards ground squirrels. The term 

hibernation will be used for both in this study. 

A number of studies have attempted to determine 

the factors which induce or influence hibernation, but the 

main problems remain unanswered (Pengelley and Kelly, 

1966) . The earlier workers on ground squirrels (for ex

ample, Shaw, 1925) felt that temperature was of primary 

importance. Howell (1938), Linsdale (1946), and others 

have noted that hibernation coincided with the drying up 

of green vegetation. McCarley (1966) found that hiberna

tion in S. tridecemlineatus coincided with decreasing 

photoperiod, increased temperatures, and accumulation of 

fat deposits, but that when a maximum fat deposition was 

accumulated, hibernation occurred regardless of other 

stimuli. Pengelley and Kelly (1966) demonstrated the 
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existence of endogenous "circannium" (annual) rhythms in 

several species of ground squirrels, but were unable to 

determine what factors in the environment might set this 

rhythm. They reviewed literature suggesting ambient tem

perature and photoperiod, but came to no conclusions. 

Variation in hibernating times within a single 

subspecies, S_. beldingi oregonus, suggests that inducing 

factors operate only over specific strata of the environ

ment. This would rule out factors affecting all popula

tions equally, such as photoperiod. Since some populations 

go into hibernation in September, after the first snow, 

while others become dormant in early August when tem

peratures are the highest of the year, it would seem that 

ambient temperature should also be ruled out. Dr. M. L. 

Morton (Department of Biology, Occidental College) has evi

dence that fat accumulation in S. b. beldingi leads ir

reversibly to hibernation (personal communication). 

One factor in the environment common to all of 

these populations is that the onset of hibernation coincides 

very closely with the drying up of vegetation. In addition, 

ground squirrels stay out longer in wet years than they do 

in dry years. Fat accumulation must precede hibernation, 

and therefore, the actual disappearance of green food 

cannot be the initial stimulus. The drying of vegetation, 

however, is accompanied initially by seed formation, 



particularly in grasses. At this time seeds form more than 

75% of the diet of Belding ground squirrels, and are chosen 

preferentially over available green vegetation, which 

seems to be eaten primarily for its moisture content. 

These seeds provide a highly nutritious food, and fat 

accumulation begins at approximately this time. It seems 

plausible that the ingestion of seeds leads to fat ac

cumulation which, in turn, leads to hibernation. 

In light of the findings that ground squirrels do 

not hibernate continuously for long periods, the variation 

in emergence time is easier to explain. An intermittently 

awakening ground squirrel would be likely to be aware of 

changes in temperature, or that light was no longer blocked 

by snow over the entrance, or some other cue which indicated 

favorable conditions for aboveground activity. Thus, such 

triggers might cause aboveground activity to be initiated. 

One Belding ground squirrel was captured alive at 

Diamond Lake, elevation 5300 feet, and kept over the winter 

in Portland, Oregon, elevation 30 feet. He entered hiberna

tion at the end of September, and was active again in mid-

February, when ground squirrels at Diamond Lake were in 

the middle of dormancy. Conditions in Portland at this time 

were mild and conducive to ground squirrel activity. Food 

had been available throughout the winter. This suggests 
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factors are important in determining emergence from hi

bernation. 

Obviously, the precise environmental factors in

fluencing the onset and termination of hibernation in S. 

beldingi remain unresolved. The wide variation in hiber

nating patterns of this species should be able to provide 

some useful information. 



BEHAVIOR 

Locomotion 

The Belding ground squirrel moves either by walking 

or running, and these movements are uniform within the 

species. Walking occurs only when the squirrel is moving 

short distances, usually while foraging in its own home 

area. Two primary postures may be employed. Utilizing 

the terminology of Balph and Stokes (1963), which they 

applied to S_. armatus, these are the body-on-ground and 

hunched postures. The hunched position involves curvature 

of the spine with the legs partially extended. The head 

may be held low to or well above the ground. The hunched 

position is used especially when the ground is cold or wet, 

.while foraging (Fig. 8a), and while alert. Walking with 

the body-on-ground posture involved contact with the ground 

by the entire venter of the squirrel, with the forelegs 

spread to the side, and the hind legs partially extended 

behind. This position was used most often when the sub

stratum was warmed by direct sun, but the air temperature 

was not particularly high. Walking with the body straight 

and off the ground, as described by Balph and Stokes (1963) 

was not observed. 

53 



Figure 8. Postures of Belding ground squirrels. 

a. The upright "post" posture 
b. Alert posture assumed while feeding. One foreleg is 

being used to manipulate food. 
c. Red-tailed hawk and trapped ground squirrel, following 

hawk's attempt to capture squirrel. 
d. Down-alert posture next to burrow, assumed following 

landing of Red-tailed hawk 125 feet away. 



Figure 8. Postures of Belding ground squirrels. 
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Running occurs by a series of bounds, in which both 

front feet hit the ground, followed by the back feet. This 

is the most common method of locomotion, and may occur in 

any situation from foraging to alarm, and at various speeds. 

The tail is generally held straight out behind or slightly 

uplifted, especially when running rapidly. Over short 

distances, which can be covered in one to three bounds, 

the tail is relaxed and held low. 

Belding ground squirrels often lift one foreleg 

as though about to move. This may occur without a noticeable 

stimulus, and may or may not be followed by movement, and 

thus cannot be properly termed an intention movement as 

found in S. armatus (Balph and Stokes, 1963) . Lifting the 

foreleg is often observed following an immediate alarm 

as the squirrel stands poised on three legs next to its 

burrow entrance (Fig. 9d). The same motion occurs at 

times during feeding, as either one or both forelegs may 

be used to manipulate food (Fig. 9b). 

Climbing 

Grinnell and Dixon (1918) and Howell (1938) indi

cated that climbing behavior was almost non-existent in 

Belding ground squirrels, except in search of food in low 

shrubs. In the present study, climbing activity, although 

not frequent, was seen to occur in several situations. In 

addition to sunning noted above, Belding ground squirrels 



Figure 9. Behaviors of Belding ground squirrels. 

a. Feeding behavior, using the hunched position. 
b. Female squirrel giving churr call after pushing her young 

part way into hole behind her. 
c. Two young squirrels playing. 
d. Female squirrel touching noses with one of her young. 



Figure 9, Behaviors of Belding ground squirrels. 
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were observed climbing to obtain the flowers of a currant 

shrub (Ribes sp.). Climbing on fence rails, stumps, and 

rockpiles was not uncommon. The first action of one cap

tive ground squirrel was to run up the side of the wire 

mesh cage into which he had been put. Another captive 

ground squirrel was observed on numerous occasions climbing 

six to eight feet up the wire mesh of its cage. The same 

squirrel was twice seen traveling across the top of its 

cage suspended upside down from the wire mesh, although 

its movements were somewhat shaky. 

Grooming 

Grooming may occur at any time of the day, but is 

usually most conspicuous during the morning, and almost 

always occurs in the home area. Grooming consists of 

dusting, rolling, stretching, washing, sunning, nail 

biting, and shaking. 

In grassy areas the mounds at the entrances of 

burrows are the only areas of dirt, and dusting occurs 

here. In less grassy areas, dusting also occurs on bare 

ground. The squirrel dusts by first placing its head on 

the ground then pushing it through the dust by extending 

its hind legs. The head may be kept in an upright position 

or may be tilted to the side, or the whole body may be 

rolled over. The rolling action may also occur on dry 

grass. On a few occasions, exploring squirrels were 
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observed to dust on burrow mounds which were not their own. 

Drabek (1970) suggested that dusting in S. tereticaudus may 

have a marking or communicative value, and this may also 

be true in S. beldingi. 

Washing occurs most often at one of the burrow 

entrances, but may occur at any point within the home 

area. The squirrel, while sitting in an upright, hunched 

position, wets both wrists with saliva and draws them 

rapidly and repeatedly over the head and neck, stopping 

periodically to moisten the wrists again. Scratching is 

done with both front and hind feet, and covers as many 

areas of the body as can be reached. Biting and mouthing 

the fur is extensive, especially on the venter. At such 

times the squirrel may sit so far back on its haunches as 

to have the body supported only by one hind leg and a 

small part of the back. Both adults and juveniles were 

observed to frequently fall over backwards from this 

position. 

There seems to be no particular sequence to washing. 

A squirrel may wash for as short as several seconds, or as 

long as several minutes. Any action may predominate, or 

be omitted. 

Nail biting occurs during and after digging. If 

the squirrel has been digging, upon emergence from the 

burrow the forepaws are conspicuously darker than usual. 
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It sits upright, as in washing, and individually bites or 

mouths each nail, in no particular order, until the claws 

are noticeably lighter colored. 

Sunning is an irregular activity which seems to 

vary with conditions and individuals. One male, after 

washing and dusting, lay in the sun on his burrow mound 

for 25 minutes, readjusting his position every three to 

six minutes, so as to expose all parts of his body to the 

sun. Short periods were spent flat on his back, or flat 

on his back with his legs sticking up in the air, but most 

of the time he was curled on a side. He was apparently 

alert during this time, for he moved his head at several 

sounds. A churr call by another squirrel resulted in his 

posting for a few seconds. He then groomed briefly, 

jumped at an insect which had landed nearby, and then 

resumed sunning for another ten minutes. At no apparent 

stimulus, he then arose and started foraging. 

Other individuals were seen to lie upon their 

mounds for varying lengths of time. Sunning also occurred 

from elevated sites. Rockpiles on corner fence posts were 

favored sunning locations, and in one instance a squirrel 

was seen sunning on top of a four by three inch fencepost. 

Stretching is a common activity which may occur 

anywhere, although it is more frequent in the home area, 

where the squirrel is more at ease. This always occurs 
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in the same manner. The squirrel moves either foreleg 

ahead and places it on the ground, as if to walk. The 

hind legs are then both extended, rather than moved, and 

the other foreleg is extended straight ahead in the air, 

while the tail sticks straight out behind. This position 

is held for a few seconds, and then either normal activity 

is resumed or the stretching is repeated with the other 

foreleg off the ground. 

Exploration 

Exploration of other burrows was quite common, 

particularly by males. This was a frequent cause of 

agonistic encounters when the explorer was seen. If not 

caught by the resident, an exploring squirrel would often 

enter a burrow and then return to the surface quickly at 

the same hole, or after a period of time at another hole. 

On two occasions I observed non-resident squirrels being 

caught by the resident as the former came out of a hole. 

In one case the resident vigorously chased the intruder. 

In the second, the resident, who had just given birth to 

young several days previously, turned away and foraged, 

seemingly ignoring the intruder, who left slowly. One 

unoccupied burrow was frequently investigated by many 

squirrels of both sexes over a period of several weeks, and 

was subsequently claimed by a female at the time her young 

emerged, 
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Ground squirrels investigated their surroundings 

regularly. Foreign objects, such as traps, were approached 

with hesitation, but after the squirrel became used to their 

presence, they were thoroughly investigated. Initial 

reactions to live traps varied from almost immediate 

curiosity to posting half inside a hole and chirping at it 

for some 25 minutes. Individual reactions continued to 

vary after traps became more familiar; some squirrels 

might avoid them, while others would get captured often. 

Traps were often circled, climbed upon, tipped over, and 

otherwise disturbed by squirrels that would not enter them. 

In two cases, squirrels investigating traps were chased 

away by other squirrels. Once, a female circling a trap 

elicited a chase from another female; the chasing female 

ran right into the open trap and was captured, while the 

other female ran off. A similar situation may have occurred 

when two females were both found in the same trap. The 

length of time they spent in the trap may have been up to 

two hours, but neither of the squirrels looked as if 

fighting had occurred. 

All squirrels resident on the Ingle Butte Ranch 

study area at the beginning of the season were trapped at 

least once, although several squirrels on the fringes were 

never trapped. Females were more susceptible to repeat 

captures than were males, who, with one exception, generally 
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avoided traps after their initial capture. The exception 

was one "trap-happy" male who was caught every day that 

traps were out, and sometimes two or three times in a 

day. Males were more likely than females to be caught 

away from their own home. 

Digging 

Digging occurs at any time of day, but seems to 

be more frequent in the morning. Most digging occurred to 

repair or enlarge old burrows. Unused burrows were 

abundant in the study area, and new burrows were never 

seen to be dug. Repair work was more frequent after cattle 

were in the area, as their weight would cause burrows to 

be collapsed as they walked over them and they destroyed 

mounds by rubbing or lying on them. 

The forefeet are used to paw at the ground, and the 

loose dirt is pulled up under the body, which hunches 

slightly to accommodate the dirt. The front feet are then 

planted firmly and the hind feet push the dirt out from 

under the squirrel. The dirt may either be scattered as 

by S. tereticaudus (Drabek, 1970) and £. armatus (Balph 

and Stokes, 1963), or pushed into a mound as by Cynomys 

ludovicianus (King, 1955). In eastern Oregon most squirrels 

had one mound, although some had none, and a few had two. 

At Diamond Lake in the Cascade mountains, however, mounds 

were much less common than in eastern Oregon. At Ingle 
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Butte Ranch most of the mounds were destroyed by cows by 

the end of the season. A few squirrels repaired the mounds 

partially, but others dug new entrances and left the old 

one alone. 

Gathering Nest Material 

Gathering of nesting material occurs at any time 

of the day or season. It is most frequent upon emergence 

from hibernation, just prior to parturition, and towards 

the end of the season. Grass is scooped up into the mouth 

with the forepaws. Long pieces are broken off with the 

forepaws and shoved in with the rest until long after the 

squirrel appears able to carry no more. One male, pre

sumably on his first day out of hibernation, made 21 trips 

in a period of 40 minutes, each time carrying a load half 

the size of his head of moderately thick, dried grass. 

After a 20 minute foraging period, he made 20 more trips 

in 35 minutes, gathering a less coarse grass. The next 

morning he was seen gathering grass again, but it was not 

the prominent activity of the previous day. 

Tail-flicking 

Tail-flicking is a quite common activity, and 

occurs almost anytime the squirrel is moving. While 

foraging, a squirrel flicks its tail every time it takes a 

mouthful, looks up, or otherwise moves. Drabek (1970) 
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found this activity in S. tereticaudus to be associated 

with either confrontation of ground predators or the 

claiming of a newly occupied burrow. Balph and Stokes 

(1963) felt that tail-flicking in S. armatus might be a 

visual signal indicating ground squirrel movement, as 

opposed to that of other, possibly dangerous, species. 

If there is any communicative value in tail-flicking in 

S. beldingi, it is probably as hypothesized for S_. armatus. 

Alert Postures 

beldingi seems to be continuously alert when 

above ground; even when relaxing, the squirrel responds 

to more urgent stimuli. The most alert positions are either 

an upright post position on two legs (Fig. 9a, p. 56) or 

a down-alert position on all fours or with one foreleg 

lifted (Figs. 9b and 9d). The down-alert position is most 

frequently seen next to a hole, while the post position 

may occur anywhere. In areas where visibility is limited 

by vegetation, the post position may involve extending the 

legs so as to be able to see more. 

Any sudden sounds will cause squirrels to become 

alert. When sounds are repetitive, such as when killdeer 

are calling, they are soon ignored, although changes in 

loudness or type of noise again cause alertness. A hawk-

alarm given by another squirrel will cause immediate 

alertness, and an escape reaction if the squirrel is not 
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near a hole. A churr call causes some alertness in nearby 

squirrels, but may be ignored by distant squirrels. Churr 

calls by several squirrels, however, cause all in hearing 

range to respond. 

Vocal Communication 

The most apparent, and probably the most important, 

method of communication in Belding ground squirrels is 

vocal. Several vocalizations are used, and each can be 

associated with certain behavior patterns. The sounds 

involved appear to be quite similar to those described by 

Balph and Balph (1966) for the closely related Uinta ground 

squirrel, £. armatus, although the behavior patterns differ 

slightly. Since any attempts to convert squirrel language 

to English are difficult, and quite dependent upon the ob

server's interpretation, the terminology used here is that 

of Balph and Balph (1966) which will facilitate comparison. 

The chirp is a short distinct call. It would seem 

to be best described phonetically as two gluttal stops 

surrounding an "eeeeeeee". It is quite difficult to locate 

if at any distance. This is often repeated several to 

many times, usually with intervals of four to eight seconds 

between chirps. It is not uncommon for a chirp to be given 

repeatedly over a period of time from five to 20 minutes 

before it ceases. Some variation in intensity occurs when 

given at different times, or by different individuals. 
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The chirp, like other vocalizations, seems to have 

more than one function. It is used in agonistic en

counters , at times when ground squirrels show mild fear or 

curiosity, as towards traps, and by males during courtship. 

Variations in use are illustrated by several examples. 

Early one morning only a single squirrel had 

appeared above ground on the study area. Its major activity 

was foraging, however, it frequently gave the chirp call. 

When another squirrel appeared ten minutes later, the 

calling stopped; then five minutes later the same call was 

heard a considerable distance away. This was answered by 

the first squirrel, and the calling ceased. In this case, 

it appeared that the chirp was utilized to determine if 

other squirrels were out foraging. 

The first day that traps were set in the study 

area at Ingle Butte Ranch, one female emerged half out 

of her burrow and chirped at the trap some four feet away 

for over 20 minutes, averaging seven chirps per minute. 

Other instances were noted in which strange, inanimate 

objects were the probable stimulus for chirping, similar 

to behavior shown by S. tereticaudus (Drabek, 1970). 

The chirp may also be directed towards other 

squirrels. In one instance, a resident female was forced 

from her burrow mound after a fight with an unmarked, 

probably female, squirrel. The fight had apparently been 

/ 
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caused by the intruder passing too closely to the resident's 

burrow. The intruder posted on the mound, and the resident 

crouched low, five feet away, and chirped at the intruder, 

whereupon the latter attacked the resident and then returned 

to the mound. The resident chirped several more times and 

was again attacked. This was repeated three more times, 

with the intruder dust bathing on the mound once, in between 

attacks. The resident continued chirping from five feet 

away and the intruder finally turned slowly away, started 

to forage, and then bounded off towards home. The resident 

mouthed one foreleg, then moved to the mound and in and 

out of the hole, and then foraged around the mound, ap

parently not badly hurt. 

Responses to the chirp call varied, but most often 

were minimal. Nearby squirrels might momentarily look up 

at the first chirp, but usually ignored subsequent chirps. 

If several squirrels were calling, others might become 

somewhat more alert in their actions. As described above, 

the chirp call, when used in agonistic encounters, is 

capable of eliciting an attack. This was one of two ob

served instances of attack following the chirp. Balph and 

Balph (1966) reported no instances of attack following the 

chirp call in iS. armatus. 

When the chirping is directed towards other 

squirrels, it appears that it is usually neighbors that 
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are involved, and there is little action occurring simul

taneously with the call. The use of this call in courtship 

was not observed well. It is likely that is is used as an 

attention-getting device by males, as found in S. armatus 

(Balph and Stokes, 1963) . 

The churr call is a trill, similar to a sequence 

of chirps uttered in very rapid fashion, and of a higher 

pitch. It frequently descends slightly in pitch toward 

the end of the call. The churr may be given from a prone 

or sitting position, but most commonly is given from a 

post position. It is given either once, or else repeated 

like the chirp. It is usually the churr call which is 

given when animate objects approach on the ground, whether 

they be predators, cows, or man. It is also used intra-

specifically, as a threatening call or to claim new burrows. 

This call nearly always provokes some response in nearby 

squirrels. 

At times it may be used by subordinate squirrels 

to thwart being chased. For example, on several occasions 

during chases, the chased squirrel would utter the churr, 

and the chasing squirrel responded by posting, which al

lowed the former to escape. It is also used by more 

dominant squirrels, especially mothers with young just out 

of the burrow, or in claiming new burrows. 
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Females with young aboveground would give the 

churr call when any disturbance occurs, even a sudden 

movement by another squirrel. The mother typically herds 

her young into a hole, and then posts nearby, churring 

regularly, until the cause of the alarm passes. Figure 8b 

(p. 54) is a photograph taken as a female was giving the 

churr call; the juvenile is half way into the hole. 

The churr call may also be a warning to other 

squirrels just prior to action. One small female was 

investigating a neighboring burrow entrance. The resident 

was foraging some 35 feet away, and immediately upon seeing 

the intruder at the entrance, gave this call and ran over 

to chase the intruder away. The intruder, upon hearing 

the call, left before the resident arrived, but a short 

chase still occurred. This call was not heard intra-

specifically after the juveniles had left their homes in 

mid-season. 

When used interspecifically, the churr call results 

from a wide variety of disturbances. When the blind at the 

study area was first used, a churr was frequently heard 

following any movements inside. These ceased after a few 

days. When the calling of killdeer changed from a cheep 

to a trill, the churr was frequently heard, with all 

nearby squirrels becoming alert. 
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Responses to the churr varied, depending upon the 

time of the year and the circumstances under which it was 

given. Prior to the emergence of the young, the churr 

provoked occasional, but not invariable, responses in only 

nearby squirrels. It was then used almost entirely for 

alarms directed at other species. The first churr call 

would generally alert most nearby squirrels, but if the 

stimulus was not obvious, they would soon resume their 

activities, and would become rapidly habituated to con

tinuing calls by the same squirrel. 

After the emergence of the young, the churr call 

was given more frequently, and the responses were more 

widespread. At this time, a churr call would result in 

posting over most of the visible area. When more than one 

squirrel gave the churr call, as in potential danger 

situations, the attention of the other squirrels was 

greater than when only one squirrel called. 

I have termed the next call the "hawk-alarm", even 

though it is not used exclusively for hawks. Balph and 

Balph (1966) did not report any vocalization similar to 

this in S. armatus. This is the most distinct call given 

by £. beldingi. Phonetically, it sounds like two chirps 

run together, but it is of a much sharper intensity, and 

is very easily distinguished by an observer. It is almost 

invariably given for hawks and falcons flying overhead. 
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It was also noted in two other situations. Twice it was 

directed toward my dog when he surprised ground squirrels 

at very close distances, less than ten feet. On another 

occasion, as I was getting out of my car, a squirrel some 

15 feet away gave this call. 

Response to this call by other squirrels is always 

the same. Squirrels away from their burrows run to the 

nearest hole or cover and freeze in either a post or down-

alert position. Squirrels near their burrows just freeze. 

Figure 9d (p, 56) is a photograph taken of a squirrel next 

to her hole just after a hawk landed on the other side of 

the study area (Fig. 9c). At any time, one or more squir

rels may dive into their burrows after, or instead of, 

freezing. The hawk-alarm is usually given by more than 

one squirrel, especially for low flying falcons, A 

prairie falcon was watched as it made six low passes 

across the study area within 20 minutes. The falcon could 

be located by listening to the squirrels calling just 

ahead of its line of flight. 

The use of different vocalizations for aerial and 

ground predators has also been found in Spermophilus 

armatus (Balph and Balph, 1966) and S. beecheyi (Fitch, 

1948). Balph and Balph (1966) found that S. armatus 

gave the chirp call in response to aerial predators and 

the churr call in response to ground predators, although 
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they found no behavior indicating that the chirp call 

alerted squirrels to airborne predators specifically. The 

use of the "hawk-alarm" for ground predators on several 

occasions suggests that, in S_. beldingi, difference in 

usage may be correlated with the degree of danger. The 

churr call is given when there is any potential danger in 

the vicinity, and the response is centered in the immediate 

region of the alarm. The hawk-alarm is given only when 

there is extreme danger, such as hawks and very close 

ground predators, and the response is widespread and im

mediate. 

As noted above, there is a difference in the re

sponse to the two different alarm calls. The churr elicits 

an alertness which may be followed by escape, while the 

hawk-alarm elicits immediate escape behavior. A ground 

predator may represent some danger to a squirrel when it 

is above ground, but is more dangerous in that it may be 

capable of pursuing the suirrel into a burrow, such as with 

a badger or weasel. In this case, it is of considerable 

advantage to the squirrel to choose a burrow which has more 

than one entrance, so that it is able to escape. On the 

other hand, an aerial predator represents extreme danger 

to squirrels aboveground, and virtually none to squirrels 

in their burrows. Therefore, it does not matter what kind 

of a burrow is utilized by the squirrel, as long as it is 
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nearby. In those cases that the hawk-alarm was directed 

at myself or my dog, the danger was very close before it 

was detected. Thus it is not surprising that the response 

was to escape into the nearest burrow while giving the call 

associated with that escape behavior. 

Two types of burrows were found in this study: 

short, one-holed burrows, and longer burrows with two or 

more entrances. It appears that a specific alarm call 

may be associated with each; the churr call resulting in 

escape to a complex burrow, and the hawk-alarm resulting 

in escape to the nearest burrow. Since no burrows were 

excavated until near the end of the study (in order to 

minimize disturbance to the study area), I did not realize 

that some burrows had only one entrance. Therefore, no 

positive correlation was made between the calls and the 

type of burrow utilized, but the evidence suggests that 

such a correlation does exist. 

In its repertoire of vocalizations, S. beldingi 

seems one step removed from the closely related armatus. 

The latter has the chirp call for aerial predators and the 

churr call for ground predators, and both of these calls 

are also used intraspecifically (Balph and Balph, 1966). 

In S, beldingi the churr call is used similarly, but the 

hawk-alarm has replaced the chirp for aerial predators. 

The chirp has been removed from association with danger 
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situations. It can thus be utilized more freely without 

provoking alarm. The hawk-alarm, since it applies only 

to very dangerous situations and elicits a specific escape 

response, has a definite survival value. 

The squeal is a sound uttered by subordinate 

animals, especially juveniles, during a fight. It is high 

pitched and distinctive, although variable. It seems to 

have an appeasement function, since fights frequently 

ended following its utterance; or it could be given in

voluntarily, for example as a response to physical harm. 

Balph and Balph (1966) found that a squeal in S. armatus 

elicited mobbing behavior. This was not noted in S_. 

beldingi.when two squirrels were involved. As I handled 

young squirrels for marking, however, a squeal would 

result in many squirrels coming out of their burrows and 

moving toward the source of the sound, until my presence 

was noted. 

A squawk was heard on several occasions. This 

rather harsh call was given only by juveniles during en

counters with adults, frequently the mother. It was 

usually heard as the juvenile was being pushed over on its 

back, and did not seem to evoke a specific response. 

Tooth-clatter and growls, as described by Balph 

and Balph (1966) and Linsdale (1946), were sounds heard 

frequently from trapped squirrels. The tooth clatter was 
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produced by a rapid clattering of teeth together over a 

period of seconds, similar to a shiver. The growl was a 

low, guttural sound. Both were of rather low volume and 

were not heard from free squirrels. 

One further vocalization was given by some squirrels 

when entering burrows while frightened, such as upon re

lease from a trap. This sound was not heard well, since 

it was given after entering the burrow, but seemed to re

semble a churr. It was given when entering either the 

squirrel's own burrow, or one belonging to another squirrel. 

If it has a specific function, it may be to warn any other 
9 

squirrel already in the burrow that danger exists and the 

released squirrel needs to escape immediately. This sound 

was too faint to be heard more than 5 to 10 feet from the 

burrow entrance. 

Olfaction 

Belding ground squirrels are capable of producing 

a distinct, pungent odor, especially when they are trapped 

or caged. Two scent producing glands, anal scent glands 

and dorsal skin glands, have been described in £3. lateralis 

(Hatt, 1926) and S_. beecheyi (Linsdale, 1946) , Both are 

present in S. beldingi. The dorsal skin glands, in the 

shoulder region, apparently produce the stronger scent. 

Secretions from this gland leave an odor in dust bathing 

areas, and at the same time, the dust absorbs excessive 
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secretions which might mat the fur. Thus dust baths may 

serve the dual function of scent marking an area and 

personal cleanliness. The scent of the anal glands is 

weaker; and since feces are deposited more or less at 

random and not at specific "posts" as in some mammals, 

it would seem that the secretion of these glands is not 

as important as that of the dorsal skin glands. 

Nose to nose contacts are frequent among juveniles 

and between juveniles and their mother. When the young 

first emerge, they seem to be drawn out by nose to nose 

contact with the mother (Fig. 8d, p. 54). Almost every 

encounter between young starts with nose to nose contact. 

These encounters of fighting and playing seem to be without 

hostility between littermates, but following nose to nose 

contact with other juveniles, the play often becomes 

rougher and may result in squawks or squeals. This is most 

noticeable when young of different sizes are involved. 

Young of other litters do not seem to be treated dif

ferently until after this nasal contact. This would indi

cate that olfaction probably plays a major role in recogni

tion of other individuals as has been found in other ground 

squirrels (Linsdale, 1946). 

Nose to nose contact has been observed in adults 

only during the breeding season, and this contact is almost 

certainly a part of courtship behavior, along with nose to 
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anus contacts. These contacts are the result of slow 

approaches by males, similar to that seen in S, armatus 

(Balph and Stokes, 1963). Nuzzling and continued sniffing 

of the rest of the body, as noted in S^. richardsoni (Clark 

and Denniston, 1970) was. not observed. 

Olfaction may also play a role in exploration. 

Males in particular are seen sniffing when examining burrow 

entrances of other squirrels. Both sexes have been ob

served sniffing the air, especially when alert. The 

behavioral responses of the squirrels to sniffing are 

vague and variable, and it is difficult to determine what, 

if any, clues are obtained in this manner. 

Tactile Sense 

The vibrissae of ground squirrels are very well 

developed, both on the face and on the forelegs, which 

suggests that they are used extensively. Since the retina 

of ground squirrels is made up entirely of cones (Walls, 

1942), they must be blind in their unlit burrows. They 

must, therefore, rely on other senses when underground, 

With touch and olfaction being the most important. 

Visual Sense 

Vision is very well developed in all ground squir

rels, and is important in their behavior. The pure cone 

retina of the ground squirrel eye has no fovea, but provides 
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for excellent acuity across the entire retina. There is 

no need for eye movement since objects may be focused 

equally well on all parts of the retina. This allows for 

a motionless surveillance of an area without even moving 

the eyes (Walls, 1942). The lenses of squirrels are 

yellow, thus reducing chromatic aberration of the eye by 

absorbing the highly refrangible, violet end of the spec

trum, and resulting in markedly improved acuity (Walls, 

1931). The yellow lens also filters light well enough 

to render ground squirrels immune from dazzlement by the 

sun (Walls, 1942). 

Since cone retinas are usually associated with 

color vision, ground squirrels might be expected to possess 

color vision, Crescitelli and Pollack (1965) were able to 

teach Ammospermophilus leucurus to discriminate between 

a blue light of 4 60 nanometers and those of 500, 520, 

569, and 600 nanometers. In a test of color preferences, 

Walls (1942) reported that the European ground squirrel 

prefers blue more, and red less, than black or white. 

Thus there is some evidence of a weak color vision in 

ground squirrels; although it would seem that they would 

be able to obtain enough visual discrimination of objects 

normally encountered through differences in shade or in

tensity. 
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Vision is very important in defense against preda

tors, particularly those which are airborne. Belding 

ground squirrels have enough acuity to discriminate be

tween vultures and other hawks to at least 250 feet in the 

air, by responding with a hawk alarm to the latter and 

ignoring the former unless quite close. The behavioral 

patterns of the squirrels are oriented to visual detection 

of predators, even though such detection is communicated 

Vocally. The upright alert postures are assumed at any 

disturbance and afford good coverage of the surrounding 

area, unless it is too brushy. The density of Belding 

ground squirrels provides many eyes for detection of air

borne predators, which are of major importance. When only 

a few squirrels are active, they tend to remain near their 

burrows. When many are out, they are more likely to travel 

to less familiar areas, for they seem less nervous when 

they see other squirrels out. 

Visual cues are apparently the major means of com

munication in S. tereticaudus (Drabek, 1970). This differs 

from S, beldingi and other ground squirrels of this sub

genus (Manville, 1959; Balph and Balph, 1966; Melchior, 

1968). Visual communication does occur, particularly 

between mothers and their young, on the short grass meadows 

or pastures, but is not suitable for many of the habitats, 

such as sagebrush and rabbitbrush, where Belding ground 
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squirrels occur. Thus, while vision is the major sense 

with which predators are detected, it is sound by which 

their presence is communicated. 

Social Behavior 

Populations of animals exist as socially organized 

groups. The degree to which they interact varies con

siderably, even among sciurids. The social organization 

of S. beldingi restricts positive interactions between 

individuals, except in courtship, among juveniles, and 

between a mother and her young. In most other situations 

only aggressive interactions occur, although there is some 

cooperation, as in predator defense, or chasing of transient 

squirrels. 

Maternal Behavior 

Maternal behavior was observed in several adult 

females after the emergence of the young. It was then 

limited primarily to protection of the young. At their 

first emergence, the mother appeared to coax the young out 

of the burrow. The young used a different hole than had 

been being used by the mother. The young stayed within a 

foot of the entrance while the mother would forage a few 

feet away or just sit in an upright position and watch. At 

the first sign of danger, sHe would post, churr, and then 

rush over and chase all of the young down the hole. If 
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the danger were sufficient to cause her alarm for herself, 

she would then run to a different hole. One mother had 

some 25 feet between the burrows used by herself and by 

her young. Mother followed the young down the same hole 

only on two occasions, both of which were the result of 

low flying hawks. 

The young did not respond to the churr for the first 

two or three days, but the mother continued to chase them 

down the burrow when she gave it, until they began to go 

under by themselves. This began after three or four days 

and at a week, the young were quite adept at diving inside. 

It appeared obvious from the observations made that the 

juveniles had been trained from no response to alarms to 

the proper response, as Scott (1958) stated was necessary 

in young rodents. 

After a few days of staying close to the burrow, 

the young began to spread out somewhat. After the first 

day, the mother went further from the burrow in her foraging, 

but continued to keep close watch on the young, as was 

evidenced by the fact that she frequently chased back to 

the burrow young who strayed too far away. As the young 

grew older, they were allowed further from home, especially 

in directions that were not inhabited. The young in one 

burrow were permitted to go up to 50 feet toward an un

occupied burrow, but were chased back when they went 20 

feet toward an occupied burrow 30 feet away. 



Contact, other than nose to nose contact which 

occurred frequently, was uncommon between a mother and her 

young. In several litters, one or more of the young might 

begin nuzzling its mother and then try to reach the mammae, 

but no nursing was ever observed aboveground. Instead a 

mother would either move away or shove the juvenile away 

with her forepaw. Sometimes a juvenile would follow her 

as she moved away, and in several cases the mother would 

shove the young over on its back and press on its venter 

with her paw. This usually elicited a squawk from the young 

who would cease to follow. The same behavior of pushing 

over and pressing was seen in two instances where the young 

had strayed too close to a neighbor, and once after a hawk 

alarm when a juvenile was near no burrow. Apparently the 

mother was making the juvenile freeze in the face of 

danger, if no escape burrow was nearby. 

There was little interaction between the young and 

adults other than the mother. Unlike the situation in S. 

tridecemlineatus (McCarley, 1966), other adults were not 

allowed to inspect the young after they emerged. In one 

case a neighboring female was observed emerging from a 

burrow in which the young were nearly ready to come out. 

The mother was at the entrance when the neighbor appeared 

and there was no apparent aggressiveness by either. If 
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inspection of the young does occur, it may be done under

ground . 

Juvenile Behavior 

Much of juvenile behavior differs from adult be

havior, although these differences diminish as the season 

progresses. One litter of three young and their mother 

lived within 40 feet of the blind at Ingle Butte Ranch, and 

provided excellent data on early behavior of juveniles, 

until the unfortunate demise of their mother. Observations 

throughout the rest of the study area provided the remainder 

of early behavioral data as well as that of older juveniles. 

On their first day out, the young stayed very close 

to their hole. Most of the time they all posted around 

the hole, boxing some, and foraging within two feet of the 

hole. By the third day, the different behavior patterns 

of the young were noticeable. One juvenile had a penchant 

for exploring, and would travel throughout the center of 

the burrow area, and even further when its mother was not 

watching, A second would travel away from the burrow 

while foraging, but did not actively explore unknown areas. 

The third stayed very close to the burrow, rarely going 

more than a foot or two away from the hole, and dashing 

back down at the first sign of anything unusual. This 

last young also seemed quite interested in nursing and 
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tried to get at the mother's teats whenever she posted 

nearby. 

Young squirrels frequently interact through playing 

or mock fighting (Fig. 8c, p. 54). Shortly after emergence 

they frequently stand upright around the burrow entrance 

together, and bat at each other with their forepaws. After 

they have been out for almost a week, encounters between 

littermates include wrestling and short chases. As they 

get older, their behavior patterns take on more adult 

components, such as threat and what appeared twice to be 

simulated copulation. All of these above, however, were 

begun with nose to nose contact and did not end in separation 

of the individuals. Therefore, these must be considered 

play, which develops skills, giving those young that play 

a selective advantage over those that do not (Loizos, 

1966). 

Throughout the first week, the young exhibited a 

great deal of allelomimetic behavior, as defined by Scott 

(1958). They posted at the same time, foraged together, 

and if one of them, for no apparent reason, rushed back to 

the hole, the others followed. When two young played to

gether, others would tend to join them. After a week, the 

young began to show independent behavior patterns, although 

they continued to interact with other juveniles whenever 

with them. By the end of the second week, interaction 
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between littermates was reduced to occasional playing. By 

this time, each of the three young near the blind was using 

a different entrance to the burrow, two of which were each 

dug by the juveniles which used them. 

McCarley (1966) stated that young S. tridecemil-

neatus had a "peep" call which they gave when they had 

wandered too far from the burrow and become lost. In the 

present study, this call was never heard, but then, no 

young ever appeared to be lost. The relatively open 

terrain allowed for good visibility and the hostility of 

neighbors kept the young fairly close to home until they 

moved away permanently. 

The chasing of juveniles by neighboring adults was 

quite variable depending upon the adult. One male was 

particularly aggressive, and was often seen chasing 

juveniles almost anywhere in the study area at Ingle Butte 

Ranch. One female, with several young, rarely chased any 

juveniles unless they trespassed the burrow mound. Most 

females had some tolerance for other young, and it was not 

possible to determine why they would chase juveniles in 

some situations and not in others. 

While I have not observed littermates showing 

hostility towards one another, aggressive encounters may 

occur between the young of different litters. For the first 

15 to 20 days after they emerge, juveniles do not react 
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adversely to the young of other litters, but older juveniles 

may fight or play among themselves or ignore each other. 

When an older juvenile, usually one exploring or foraging, 

encounters a younger juvenile out alone, the older might 

initiate an aggressive encounter. In one such situation, 

a young male was seen to knowk over a younger female on 

her back with his paws and step on her. This was quite 

similar to the upsetting of a young by its mother, and 

elicited the same squawks, and a few squeals. The same 

young male then visited another burrow area and fought in 

the same manner with a smaller male. He then chased a 

female in still a third area. In each case, he carefully 

explored before moving on. 

After the first two or three weeks following weaning, 

the young, particularly males, began to wander extensively, 

up to 200 feet or more from home. In these explorations, 

they would investigate nearly every burrow entrance that 

they came to, and would enter some of them. One male 

juvenile was seen to occupy a burrow in which an adult male 

lived, while the latter was being held in a cage after 

marking. In a period of three hours, he dug out aprt of 

the entrance, dust-bathed, groomed, and basked, spending 

periods of time inside the burrow also. At the time of 

release, the adult male did not go directly home, and I 

missed any interaction which may have occurred when he 
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arrived there. This was late in the afternoon, and the 

juvenile male was never seen again after that day, while 

the adult returned to his old burrow. 

Four weeks after the juveniles were weaned, nearly 

all males had disappeared from their burrows. Many females, 

and two smaller males, remained on the study site. The 

young females seemed to be concentrating their use of the 

home area to portions not extensively used by the mother or 

other juveniles, although it is possible that contact 

occurred while the squirrels were underground. One of the 

smaller males subsequently occupied a burrow adjacent to 

his home burrow, while the other disappeared. 

The young were relatively silent, but did have the 

capacity for vocalizing. Most commonly, young juveniles 

were heard to squawk and squeal; but in some situations 

the chirp and churr were heard. The chirp was heard used 

by one juvenile when it was threatened by a larger one. 

The churr was heard when I had walked out into the study 

area and a juvenile came hastily out of its hole, only 

three feet away from me. It churred and retreated down 

its hole. The squawk and the squeal were both associated 

with physical contact, with the latter appearing to be 

something of a distress call. 

As the young grow older, their interactions diminish. 

After the young males leave the home burrow and establish 
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themselves elsewhere, they display few interactions with 

other squirrels, and spend most of their time foraging. 

Females are more likely to interact with other squirrels, 

and it was not unusual to see two or more females alter

nately foraging and playing. They, too, spend the largest 

amount of their aboveground time foraging, although time 

is also spent in the burrow. One or several individuals 

may remain out of hibernation noticeably longer than others. 

Agonistic Behavior 

Scott (1958) defines agonistic behavior as any be

havior connected with conflict between two animals, and 

includes fighting, threat, escape, and passivity. In 

S. beldingi agonistic behavior usually involves chasing 

of one individual by another, much as described for Ŝ . 

tereticaudus (Drabek, 1970) . This occurs primarily when 

a transient passes through an area or when an intruder is 

caught investigating another's burrow. Fighting and pas

sivity are both behaviors not commonly seen, while threat is 

used somewhat more frequently. Threat is probably a major 

component of social behavior among neighboring squirrels, 

but threat postures are usually vague or held too briefly 

to be adequately assessed. 

Attack behavior includes both fighting and chasing. 

In fighting, two squirrels will roll over and over and then 

assume a stance on all fours facing each other, which may 
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or may not be followed by more fighting. The rolling over 

occurs too fast to observe well, but seems to include both 

biting and scratching. In two cases observed, one of the 

combatants limped away from a fight, but each appeared to 

be soon recovered. All fights between adults ended with 

the squirrels facing each other, as in a standoff, from one 

to five feet apart. Then one squirrel, or sometimes both, 

would turn partly away and begin foraging. If this turning 

is done fast, the other squirrel will usually chase the 

turning squirrel away; but if it is done slowly, the other 

squirrel will normally follow suit and both will soon be 

foraging peacefully within a few feet of each other. 

Chases are far more common than fights, and usually 

occur in similar situations or as the result of a fight. 

Some chases are only a few feet, but others have been ob

served to cover 200 feet, with most being over distances 

of 25 to 50 feet. As in S_. armatus (Balph and Stokes, 

1963), the escapee is almost never overtaken, and the chase 

ends when the chasing squirrel stops. Among squirrels 

closely matched, the chase may be a zig-zag chase, with 

first one squirrel, and then the other, doing the chasing. 

During a chase, the escaping squirrel usually holds its 

tail straight out behind the body, or slightly lowered, 

with the tail hairs erect; while the pursuing squirrel 

normally holds its tail slightly upward to straight up with 
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or without the tail hairs erect. When the chasing squirrel 

gives up, it usually assumes a post position; the escaped 

squirrel does not seem to have a specific activity following 

the chase, although it may threaten the posted chaser. 

Balph and Stokes (1963) found that elements of 

threat occurred in most encounters in S_. armatus and de

scribed rather completely the postures and actions during 

threat. Clark and Denniston (1970) found identical threat 

postures in S. richardsoni. The postures were essentially 

the same in S. beldingi, but their context and actions 

differ. For example, chases without fighting rarely seemed 

to start with threat, or if they did, it was so brief as 

to be unnoticeable. Threat postures did occur in the midst 

of a chase or at the end, but this was quite variable. 

The fanned-tail threat posture, described by Balph and 

Stokes (1963), was normally adopted by one or both indi

viduals in an encounter. In several cases, a clearly 

dominant squirrel lay with his head raised, and the rest 

of his body flat against the ground, and his tail straight 

out behind him on the ground, without erect tail hairs. 

Each time the subordinate squirrel was resident, and the 

dominant squirrel won the right to be there also, once 

after thrice repeated attacks by the resident, in which 

the intruder merely held his ground. Frequently threat 

would end in one or both squirrels turning away to forage, 

but at times it preceded physical contact. 



91 

Juveniles learned threat soon after emergence, and 

would use it against either juveniles or adults when the 

latter visited their burrow entrance. One small juvenile 

was continually plagued by the much larger juveniles from 

an adjacent burrow. It would sit at the edge of its hole 

and threaten those that wanted to explore its burrow. But 

the others, adopting the dominant threat posture described 

above, would simply go past the small juvenile and into the 

burrow, in which case the latter would stick its head down 

the hole behind the intruder and wave its fanned tail in 

the air. 

Another juvenile foraging around its burrow mound 

threatened an approaching neighbor, an adult female, with 

the fanned-tail threat posture. The adult responded by 

knocking the juvenile over on its back, causing it to 

squawk. The juvenile reacted by posting and churring, 

which caused its mother to return and the invader to move 

a few feet away to forage. No further interaction was 

observed between the three squirrels. 

Stay-threat in S_. armatus (Balph and Stokes, 1963) 

is used by dominant squirrels to keep others at a distance 

and by subordinates to reduce the tendency of a dominant 

to attack. The adoption of a threat posture at the end of 

a chase by the^subordinate squirrel may function as stay-

threat in S. beldingi, but there is no discernible difference 
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between this and normal threat behavior. Dominant Belding 

ground squirrels use neither threat nor stay-threat against 

intruders, but rather ignore them or chase them with no 

apparent warning. 

Two types of passive behavior were observed during 

aggressive encounters. An adult female, after she had 

chased a male away, rushed at a nearby female who had 

watched the chase. The female being charged did not move 

from a foraging position as the other bumped her and moved 

on past. The rushed female showed no discernible threat. 

A second type of passive behavior was seen on 

several occasions and the passive squirrels were always 

small juveniles. The dominant squirrel, which was either an 

adult or a larger juvenile, would push the juvenile over 

on its back and press on its chest with its paws, resulting 

in squawks, and sometimes squeals, by the juvenile. If 

the juvenile tried to get up, it would be pushed back 

down again, until finally it remained down until the 

dominant squirrel left. This behavior is quite similar to 

a mother's action towards her straying young, except that 

squeals were never heard in such cases. No damage was done 

to the juveniles, and it even appeared that the dominant 

squirrels were trying not to hurt the juveniles. There 

was always a great size disparity between the passive 

juveniles and their attackers, and this passive behavior 
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would have obvious survival value if it prevented a one

sided fight. 

If exploring squirrels find unoccupied burrows, 

they may attempt to claim them. Adult females usually 

accomplish this by posting at the burrow mound and churring 

every five to ten seconds over a period of minutes. This 

is followed by foraging around the mound and often continuing 

the churr call between mouthfuls of grass. The claim is 

usually repeated several times a day for a few days. No 

adult males were ever observed in the process of actively 

claiming an unoccupied burrow. Juvenile males did take over 

unoccupied burrows, but silently and with large amounts of 

dust bathing. No fighting was seen to occur over unoc

cupied burrows, nor did I observe any occupied burrows 

changing hands. 

Females were most vocal about claiming burrows 

soon after the emergence of their young. One unoccupied 

burrow half way between two families was claimed first by 

one female and her young. Two days later it was being 

claimed by the other female, and her young were using it. 

No encounter between the two was observed, and the second 

female began to claim it daily thereafter. Neither of 

these two females was seen to spend the night in the new 

burrow, but rather they continued to sleep at their 

previous, adjacent burrows. This may be a similar behavior 
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to the prairie dog (King, 1955) in which the adults of a 

coterie move out to make room for the young. 

Intraspecific Intolerance 

Belding ground squirrels exhibit a territoriality, 

as measured by agonistic behavior, similar to that found by 

Drabek (1970) in S, tereticaudus, where the defended area 

is that immediately around the entrance of the home burrow 

or burrows. Adult transient squirrels would usually be 

chased whenever they entered the general vicinity of an 

occupied burrow. Neighboring squirrels are tolerated unless 

they get too close to a hole, and then they are chased. 

If transients were around, neighboring squirrels would 

often cooperate in chasing them away. 

Adult squirrels normally lead solitary lives, ex

cept mothers when their young are out. They may forage 

within a few feet of each other, but after the breeding 

season, there is very little peaceful contact. No behavioral 

mechanism was observed which prevented neighboring adults 

from coming into contact while foraging; and both an ap

proaching and a stationary squirrel would move slightly 

to accommodate the other. Only rarely would agonistic 

behavior follow. Individual distance intolerance, as de

scribed in S. armatus (Balph and Stokes, 1963), does not 

seem to exist. 



95 

Ground squirrels, especially males, explore the 

burrows of other squirrels, occupied or not. Detection of 

an exploring squirrel at the entrance to its burrow results 

in the resident initiating aggressive behavior. Normally 

a chase does not start unless the intruder is at the 

opening, but in one case, I noted a male heading for a 

neighboring female's hole. When he was still five feet 

from her burrow, she turned and started towards him. He 

responded by turning toward home and the female did not 

give chase. Exploring males may sometimes refuse to be 

driven away by residents, even after several attacks. In 

such situations the resident would turn away and forage 

and the male would investigate the burrow. Toward the end 

of the season, adult males explored more freely, often 

without any active interference from residents. 

The above evidence strongly suggests the existence 

of a defended area or territory. The intolerance to 

transients seems to be different from neighbors, and could 

be defense of a secondary territory, common to several 

squirrels and defended by any or all of them. Or it could 

be a modification of individual distance intolerance 

operating at distances of up to 30 to 40 feet. In view 

of the cooperative efforts of neighbors against transients, 

the former seems more likely. 



INTERSPECIFIC ASSOCIATIONS 

Competition 

The Belding ground squirrel is sympatric with other 

sciurids over a large part of its range. In Oregon, the 

ranges of S^. townsendii, S_. washingtoni, S_. richardsoni, 

S. columbianus, S. beechevi, S. lateralis, Ammospermophilus 

leucurus, Marmota flaviventris, Eutamias minimus, E. v 

townsendii, and E. amoenus overlap to varying degrees that 

of S, beldingi. Other rodents within its range are noc

turnal; thus no active competition exists, although there 

may be some minor competition for food, as has been ob

served between kangaroo rats and S. tereticaudus (Drabek, 

1970). Ground squirrels may also use the burrows of 

kangaroo rats (Drabek, 1970) or pocket gophers (McCarley, 

1966; present study), or active kangaroo rat burrows 

(Holdenreid, 1957). 

All three chipmunks (Eutamias) and the marmot 

(Marmota) occur near Belding ground squirrels, but the 

Antelope ground squirrel's (Ammospermophilus) preference 

for arid lands precludes contact between these two. Mar

mots, locally known as rock chucks, have been found to 

occur within 100 feet of Belding ground squirrels, but the 

former are usually in rocky outcrop areas, while the latter 
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prefer the soil; and there is usually a sharp demarcation 

between these habitats. Since all three chipmunks, es

pecially E, amoenus, occur in the same areas as Belding 

ground squirrels, there is probably some competition for 

food. However, the squirrels rely heavily on green vegeta

tion, while the chipmunks depend upon fruiting parts, such 

as nuts, seeds, and berries for the bulk of their food 

supply. 

Among sympatric ground squirrels outside the sub

genus Spermophilus, the more divergent S. lateralis occurs 

frequently with S. beldingi. McKeever (1966) found dif

ferences in microhabitat, food habits, and seasonal activity, 

which prevented the two from being in direct competition. 

Grinnell and Dixon (1918) noted the occurrence of S. 

beecheyi in the vicinity of S. beldingi, and observed that 

the former occupied mostly brushy or rocky areas, which 

are avoided by the latter. 

Durrant and Hansen (1954) discussed distribution 

and competition in the subgenus Spermophilus in Utah, and 

formulated a phylogeny based on adaptation to increasingly 

arid habitats. Black (1963) gave paleontological evidence 

supporting the trend toward increasing dryness in the 

western United States. Durrant and Hansen (1954) considered 

that S. townsendii was the most divergent of the subgenus, 

followed by S, richardsoni and £3. armatus, and with 



S. beldingi the most conservative and closest to the an

cestral stock. An alternative phylogeny was proposed by 

Nadler (1966) on the basis of karyotypic analysis and 

zoogeography. The same order of relationships was retained, 

but £[, beldingi was considered the most divergent and S_. 

townsendii as closest to the ancestral type. A third 

alternative is that S. undulatus originated in the Pale-

arctic Region and spread to the Nearctic (Moore, 1961) 

or originated in the Nearctic and spread eastward (Black, 

1963) and became the ancestral stock of the rest of the 

subgenus. 

An attempt was made in the present study to gather 

data similar to that of Durrant and Hansen (1954), since 

S. beldingi is sympatric with three other ground squirrels 

of the subgenus Spermophilus in Oregon. The Richardson 

and Belding ground squirrels were found occupying the same 

meadow in extreme southeastern Oregon by Preble in 1915 

(Bailey, 1936). The only other record of occurrence of 

the Richardson ground squirrel in Oregon was one taken by 

Bailey in the uplands of the same area, presumably prior 

to 1900. Durrant and Hansen (1954) considered this sub

species of Richardson ground squirrel, S. richardsoni 

nevadensis, to be a relict and on its way out, for £. 

townsendii is able to outcompete it in dry habitats and 

S. beldingi outcompetes it in moister situations, A two 

day survey of this area, including both Richardson ground 



99 

squirrel collection sites, was made in June, 1971. In the 

valley that had contained both species, only S. beldingi 

was found; and on the high plateau where only S. richardsoni 

had been found by Bailey, again only £. beldingi was found. 

A more extensive survey might reveal the presence of 

Richardson ground squirrels in Oregon, but it is significant 

that numerous Belding ground squirrels were found, and none 

of the former. S, townsendii were found in large numbers 

in the drier areas between the meadows and uplands, and it 

would appear that the contention by Durrant and Hansen, 

that S. richardsoni nevadensis is on its way out, is valid. 

A similar situation may exist regarding S. washing-

toni, which has been found throughout the lower elevation, 

sandy areas of the Columbia and Snake Rivers. A two day 

survey in May, 1971, under optimal climatic conditions, 

produced no observations of S. washingtoni. Areas of known 

occurrence in Oregon and the type locality in Washington 

(Howell, 1938) were visited, and the most noticeable thing 

about all of these areas is that they have been converted 

to cultivation through irrigation. Where wheat is grown, 

the fields are plowed every year to the edges of the roads, 

thus rendering residence impossible. A few patches of 

sagebrush are still found on steep slopes, and in these 

patches a few small holes were found, but could not 
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necessarily be attributed to ground squirrels. Some bur

rows had been dug out, apparently not recently, by badgers. 

It is likely that Washington ground squirrels still 

occur in the area in limited numbers. A zone of contact 

is supposed to have existed along a line between Pilot 

Rock and Heppner, Oregon, but the present survey found only 

£• beldingi, usually in pastures or alfalfa and grain 

fields along streams. This is the lowest elevation at 

which S. beldingi is found, and except along the water, 

the area is hot and dry, receiving little precipitation 

after early spring. 

In Washington, S. washingtoni was said to have been 

formerly widespread, but that the Columbian ground squirrel 

has slowly driven it down into the hot valleys of the Snake 

and Columbia Rivers (Shaw, 1921). The type specimen of the 

Washington ground squirrel was collected in 1891 at Touchet, 

Washington (Howell, 1938). In the present study, the Touchet 

area was found to be over 95% irrigated for crops, and local 

residents had never seen any ground squirrels, except for 

the Columbian, in the area. It seems plausible that where 

water is available, S. beldingi has replaced £. washingtoni 

in Oregon, as S_. columbianus has in Washington. 

In their study, Durrant and Hansen (1954) did not 

have an opportunity to observe adjacent populations of 

Columbian and Belding ground squirrels, but found both in 
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moist meadows. They felt that, where the two were found 

together, the latter would occupy the moist habitats, while 

the former would be found in the dryer habitats. There are 

numerous areas in Oregon where the two species are found 

adjacent or close together. In every instance, the Colum

bian ground squirrel occupies the lush, wet meadows of 

moderately high to high elevations, whereas the Belding 

ground squirrel occupies the lower, drier areas, often 

associated with sagebrush or rabbitbrush which extends 

into the fringe of the yellow pine zone. 

Just south of Starr summit on U. S. Highway 395, 

six to seven miles north of Seneca, Oregon, there is a 

clear gradation of distribution. At this point the 

forested regions intermix with sagebrush flats of Bear 

Valley. In a lush meadow of grass and quaking aspens, 

Columbian ground squirrels are found on small rises, for 

the meadow floods every spring. Less than one mile south 

in another meadow, only Belding ground squirrels are found. 

This meadow, which also floods yearly, is surrounded by 

Sagebrush and a moderate stand of yellow pine, and no 

quaking aspens (Fig. 3c, p. 5). Between these two loca

tions are mixed habitats and mixed species of ground 

squirrels. Belding ground squirrels follow the sagebrush-

pine meadows up to where they meet the Columbian ground 
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squirrels which follow down the fir-quaking aspen-pine 

habitats down towards Bear Valley. 

In the Cascade mountains of Oregon, the Columbian 

ground squirrel is not found, and the Belding ground 

squirrel occurs in high elevation habitats very similar to 

those occupied by the former in northeastern Oregon. North 

of the Snake River in western Idaho and in Washington, the 

latter species is absent and the Columbian ground squirrel 

is found in the irrigated fields and along streams of the 

lower, hotter elevations, a habitat typical of the Belding 

ground squirrel in Oregon. Throughout the Blue Mountains 

of northeastern Oregon, where the two occur together, the 

Belding ground squirrels are restricted to the lower, 

drier parts, while the Columbian is restricted to the higher, 

wetter areas. 

While a detailed examination of the phylogeny of 

the subgenus Spermophilus is beyond the scope of this 

study, the above evidence suggests that the correlation 

between tolerance to aridity found by Durrant and Hansen 

(1954) and the karyotypic similarities noted by Nadler 

(1966) does not exist. The hypothesis that the subgenus 

was derived from ancestral stock similar to undulatus 

may be valid. Rand (1954) hypothesized that S_. undulatus 

and S, columbianus were derived from an ancestral stock 

that was split by Pleistocene glaciation. Further evidence 
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of a close relationship between these two, as well as with 

S. beldingi, was found by Nadler and Hughes (1966) through 

serum protein analysis. In view of the evidence presented 

here, it would seem that S. undulatus and S. columbianus 

diverged first, and a close relative of one gave rise to 

the rest of the subgenus, including S. beldingi. 

Predation 

No predation upon ground squirrels was observed in 

this study, but instances of predatory behavior were seen 

nearly every day. Hawks, especially red-tailed hawks and 

prairie falcons, were the most numerous predators seen at 

Ingle Butte Ranch. Rough-legged hawks, Swainson's hawks, 

and sparrow hawks were also seen. One red-tailed hawk was 

watched as it swooped down toward a ground squirrel which 

had been caught in a live trap. The hawk, apparently con

fused by the situation, stood beside the trap after 

knowking ±t over (Fig. 9c, p. 56), attempted again to get 

at the squirrel, and then flew off. 

Among the specimens of Belding ground squirrels 

examined at the Museum of Vertebrate Zoology at Berkeley 

were two which had been taken from the nests of red-tailed 

hawks. Since these are the most abundant large hawk within 

the range of S. beldingi, it seems likely that this is 

the major avian predator. 
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In this area,  the prairie falcon would seem to be 

also important, judging from the number of times they were 

seen and the reaction of the ground squirrels to them. 

Ground squirrels did not seem to be particularly afraid 

of sparrow hawks. They would give the hawk-alarm when the 

birds flew near, but did not go into their burrows unless 

the sparrow hawk dove directly at them. Burrowing owls 

may also prey on S. beldingi. 

Badgers are rather common in eastern and central 

Oregon, and numerous squirrel burrows show evidence of 

badger diggings. No badgers were seen at Ingle Butte 

Ranch, but four squirrel burrows used early in the year were 

dug out by badgers during the summer. At the alfalfa field 

in Bear Valley, as I returned to check some live traps, I 

saw a badger moving around one in which a squirrel had been 

captured. As I got out of the car, the badger went down 

a nearby, fresh hole, which I had noted several days 

previously. 

Long-tailed weasels, Mustela frenata, were observed 

at Ingle Butte Ranch on two occasions. The first one, 

several weeks after the .young emerged from their burrows, 

was seen to go into a burrow and then come out again. At 

this point, an adult ground squirrel began chasing the 

weasel. The weasel ran through some bushes with the ground 

squirrel following. I heard several churr calls, but could 



not see what happened, although I suspect that the ground 

squirrel won the confrontation. The weasel was then seen 

a few seconds later when it came out of the bushes, climbed 

briefly onto a rock, and then headed out into the meadow. 

When it had gone only two to three feet, a churr alarm was 

heard from the meadow in front of the weasel, which ducked 

back behind the rock, and was not seen again. None of the 

adult squirrels seemed too alarmed, but weasels could kill 

juveniles, and no doubt adults too, if they were caught 

unawares or in their burrows. Warren (1924) reported a 

similar instance wherein weasels were being repeatedly 

chased by S. armatus. 

Coyotes were seen occasionally in the area, but 

rarely close enough to be observed well. In one instance 

a coyote trotted straight through the middle of the study 

area at Ingle Butte Ranch, eliciting a churr alarm and 

escape behavior from the ground squirrels near its path. 

Bailey (1936) reported finding ground squirrel remains in 

77 of 450 coyote stomachs examined. A professional trapper 

reported to Grinnell and Dixon (1918) that 90% of the 

coyotes taken in the summer have Belding ground squirrel 

remains, and the same authors found the remains of seven 

ground squirrels in one coyote. It would appear that coyotes 

might make considerable inroads on ground squirrel popula

tions . 
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Both gopher snakes and rattlesnakes feed on Belding 

ground squirrels (Grinnell and Dixon, 1918). One gopher 

snake was captured at Ingle Butte Ranch. It was later 

released in the midst of several burrow entrances, and 

eventually went down one of them, not reappearing before 

dark. Rattlesnakes are known to be in the vicinity, but 

were not seen. Both feral and domestic farm cats are known 

to be successful predators on ground squirrels. Other 

occasional predators are bobcats, foxes, and skunks (Bailey, 

1936). 

Other Associated Vertebrates 

At the Ingle Butte Ranch study area, deer mice 

(Peromyscus maniculatus) were the only mammals taken in 

300 trap nights of live and snap trapping. In addition 

to potential predators, mule deer (Odocoileus hemionus), 

cottontail rabbits (Sylvilagus nuttalli), and California 

jackrabbits (Lepus californicus) were observed in the 

area. Old droppings of wood rats (Neotoma sp.) were also 

noted. A list of mammals, as well as other vertebrates, 

which were seen at the Ingle Butte Ranch study area, is 

given in Table 2. 

Table 3 lists mammals found to be associated with 

S. b. oregonus by the Oregon State Board of Health in their 

mammalian ectoparasite studies since 1950. Early mammal 

collections consisted only of mammals taken with a shotgun, 
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Table 2. Vertebrates observed at the Ingle Butte Ranch 
study area. 

MAMMALS: 

Black-tailed Jack Rabbit 
Nuttall's Cottontail 
Belding Ground Squirrel 
Deer Mouse 
Coyote 
Long-tailed Weasel 
Mule Deer 
Cattle 

REPTILES: 

Blue Racer 
Gopher Snake 

AMPHIBIANS: 

Western Toad 
Pacific Tree Frog 

BIRDS: 

Turkey Vulture 
Red-tailed Hawk 
Swainson's Hawk 
Rough-legged Hawk 
Golden Eagle 
Prairie Falcon 
Sparrow Hawk 
California Quail 
Killdeer 
Mourning Dove 
Red-shafted Flicker 
Western Kingbird 
Horned Lark 

Black-billed Magpie 
Western Crow 
Robin 
Mountain Bluebird 
Starling 
Western Meadowlark 
Red-winged Blackbird 
Brewer's Blackbird 
Brown-headed Cowbird 
Oregon Junco 
Chipping Sparrow 
White-crowned Sparrow 
Song Sparrow 
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Table 3, List of mammals found with S. b, oregonus ac
cording to unpublished records of the Oregon 
State Board of Health, 

Scientific Name Common Name 
Number of 
Occurrences 

Spermophilus 
columbianus 

Columbian ground 
squirrel 

21 

S, lateralis Golden-mantled 
ground squirrel 

10 

S. beecheyi California ground 
squirrel 

4 

Eutamias 
townsendii 

Townsend chipmunk 1 

E. amoenus Yellow Pine 
chipmunk 

9 

E. minimus Least chipmunk 2 

Marmota 
flaviventris 

Yellow-bellied 
marmot 

34 

Microtus 
montanus 

Montane meadow 
mouse 

4 

Microtus 
richardsoni 

Water rat 1 

Lagurus curtatus Sagebrush vole 1 

Reithrodontomys 
megalotis 

Western harvest 
mouse 

1 

Peromyscus 
maniculatus 

Deer mouse 15 

Neotoma cinerea Bushy-tailed 
wood rat 

2 

Neotoma lepida Desert wood rat 1 

Perognathus parvus Great Basin pocket 2 
mouse 
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Table 3. (Continued) 

Number of 
Scientific Name Common Name Occurrences 

Dipodomys ordii Ord kangaroo rat 1 

Mustela frenata Long-tailed weasel 2 

Thomomys sp. Pocket gopher 3 

and therefore, the number of occurrences is biased in favor 

of the larger, diurnal mammals, such as marmots and other 

sciurids, 

Among the birds, only predators and killdeer had 

any significant interactions with Belaing ground squirrels. 

The squirrels responded regularly to any unusual noises 

made by the highly vocal killdeer, but otherwise tended to 

ignore them, Killdeer would occasionally fly at and harass 

squirrels who happened to come too close. One squirrel was 

observed darting at a Robin once, but usually birds and 

squirrels showed mutual avoidance. Table 2 includes the 

more prominent birds observed at Ingle Butte Ranch. 

Poikilotherms were never observed to interact with squirrels, 

although a gopher snake, as noted above, did go down a 

ground squirrel burrow. 



FOOD 

Feeding is the major aboveground activity of ground 

squirrels. The early morning hours are nearly always re

served for feeding, and it continues to vary degrees 

throughout the day. Feeding may occur either while sta

tionary or while moving slowly. In grass wet from rain or 

dew, the ground squirrel, using the hunched posture (Fig. 

8a, p. 54), commonly moves from several inches to several 

feet, stops, feeds, and then moves again. When the ground 

is warm and dry, the body-on-ground position may also be 

used. 

Blades of grass are usually bitten off at the ground 

and eaten from this cut to the tip. Sometimes one or both 

forefeet are used to manipulate the food (Fig. 9b). Leaves 

of plants such as dandelions are held with both forefeet, 

while the squirrel sits in an upright slouched position. 

Upright postures may also be used to reach into shrubs 

after flowers and to pick off the seed heads of grasses. 

Food usage varies with the season. Ground squir

rels are opportunists, and make use of any available food, 

but primarily eat succulent vegetation. Grasses are the 

only green food available when squirrels emerge in the 

spring, and are the staple throughout the summer. Other 
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plants are utilized as they become available. Clover and 

dandelion leaves, flowers, and seed heads are favorites 

in the early and middle parts of the season. Identifica

tion of the clover was not possible, for it was eaten so 

rapidly that heads never formed. Dandelions were prized 

enough that squirrels came from all over to a dandelion 

patch in a marshy area. They were especially fond of the 

flowers, none of which were ever seen near the burrows. 

These flowers made excellent bait for trapping ground 

squirrels. 

Older grasses, especially downy cheat grass and 

meadow barley, were not eaten after May; rather the fresh, 

young grasses and other available foods were taken. Leaves 

of filaree, yarrow, dandelions, and other small herbs were 

eaten as they became available. As the season progressed, 

ripe seeds became an important part of the diet. Seeds 

of downy cheat grass and filaree were eaten in large 

quantities in mid-June, and seeds of meadow barley were 

eaten in July. Other grass seeds might have been eaten, 

but generally were so heavily grazed by cattle and squir

rels that they never had an opportunity to mature. 

When available alfalfa and grain are important 

food plants. Bailey (1936) reported that Belding ground 

squirrels in grain fields will eat the sown seeds, the 

sprouting and growing plant, and the ripe seeds. Grinnell 
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and Dixon (1918) considered the Belding ground squirrel 

to be the second most destructive mammal to crops in 

California, while Bailey (1936) called it the most im

portant one in Oregon. 

In addition to green vegetation, berries, flowers, 

seeds, and animal matter are eaten. Besides those listed 

above, Howell (1938) reports camas (Quamasia quamash), 

buttercup (Ranunculus sp.), spring beauty (Claytonia sp.), 

shooting star (Dodecathon sp.), and mule ears (Wyethia 

amplexicaulis) as having been found in the stomachs. 

Grasshoppers, crickets, and caterpillars were the major 

insects found. 

Carnivorous tendencies seem to be moderately well 

developed, and are inhibited only by the poor predatory 

abilities of the Belding ground squirrel. They eat road-

killed ground squirrels with a relish that is hard to 

believe, but I know of no case of one ground squirrel 

killing another. It is quite easy to drive right up to a 

ground squirrel eating a road kill, for they pay no atten

tion to anything except the food at hand. It is quite 

probable that this food provides concentrated amounts of 

necessary salts and minerals as well as water. Sharsmith 

(1936) recorded S. b. beldingi as killing a Junco, an 

Audubon warbler, and a chipmunk. Many vertebrate remains 

were found in Ammospermophilus leucurus stomachs by 
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Bradley (1968), and other authors have reported carnivorous 

habits in many species of ground squirrels (Bailey, 1893; 

Johnson, 1922; Howell, 1924; Packard, 1958; Bridgewater 

and Penny, 1966; Clark, 1968; Drabek, 1970). 

Belding ground squirrels apparently do not store 

food. Their cheek pouches are small and seldom used, 

although Bailey (1936) recorded large amounts of Collomia 

and Collinsia seeds in the cheek pouches of the closely 

related S^, richardsoni. Bailey (1893) found that seeds 

and grain made up a large portion of the diet of five 

species of ground squirrels in the midwestern United 

States, and that the cheek pouches of these squirrels con

tained only seeds. Since seeds are important in the diet 

of Belding ground squirrels only late in their season of 

activity, it is not surprising that the cheek pouches are 

seldom used. The green vegetation which makes up the bulk 

of the diet is never found in the cheek pouches; rather it 

is consumed on the spot, as are a sizeable portion of 

seeds. 

Belding ground squirrels consume large amounts of 

food. Grinnell and Dixon (1918) found that the average 

stomach contents of six adults was 15.0 grams, or one-

twentieth of their body weight, while the stomachs of six 

juveniles averaged 5.4 grams, or one-fifteenth of their 

body weight. McKeever (1963) found that the combined 
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weight of stomach and contents in adult S. b. oregonus 

averaged 9.2 grams and 11.4 grams for males and females, 

respectively, which were taken in April at various times of 

the day. In June they averaged 14.2 and 18.3 grams, and 

in August the stomachs of both sexes averaged 30.0 grams. 

In the present study, an adult female taken in August had 

a stomach and contents weight of over 50 grams, more than 

one-fifth of her total weight. Grinnell and Dixon (1918) 

proceeded to estimate that the squirrels on one square 

mile of pasture would consume more than two tons of grass 

each day. This is certainly too high, however, since they 

estimate 112 adult squirrels per acre and a continuous 

distribution throughout the one square mile. Nevertheless, 

the economic impact of this species can be quite large in 

some areas. 

There are suggestions by Bailey (1893) that in 

some cases the large amount of insect food taken by some 

ground squirrel species consists mostly of injurious or 

undesirable insects, and that in some areas ground squirrels 

might even be beneficial. Certainly they are slightly 

beneficial in their large consumption of seeds of grasses, 

such as downy cheat grass and meadow barley, which cattle 

do not eat. 



ECTOPARASITES 

Although mites are the most numerous ectoparasites 

of ground squirrels, fleas are probably the most important. 

The vector control program of the Oregon State Board of 

Health has collected ectoparasite material from various 

mammals since 1950. Fleas were examined and identified 

by the Public Health Service laboratories at Fort Collins, 

Colorado, while ticks were sent to Rocky Mountain Labora

tory at Hamilton, Montana. The data presented here were 

compiled from incomplete records of the Oregon State Board 

of Health. 

Of 97 Belding ground squirrels which harbored 

fleas, over half had but one or two. Only five squirrels 

had more than ten fleas, with 22 being the highest number 

found on one individual. The records do not include 

those squirrels which had no fleas, and thus it is not 

possible to ascertain what percentage of squirrels were 

infested. The relative numbers of various species of fleas 

X 
from S. beldingi are listed in Table 4. The names assigned 

are taken from Hubbard (1947), who stated that Oropsylla 

idahoensis and Thrassis pandorae are the two most common 

fleas occurring on S. b. oregonus. In the present study, 

Opisocrastis tuberculatus was the most frequently found 

115 
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Table 4. Species and numbers of fleas infesting Belding 
ground squirrels, from unpublished data of the 
Oregon State Board of Health. 

Flea Species 

Number of 
Ground 
Squirrels 
Infested 

Number 
of Fleas 

Fleas per 
Ground 
Squirrel 

Opisocrostis 
tuberculatus 

52 147 2.83 

Thrassis 
rockwoodi 

27 72 2.67 

Oropsylla 
idahoensis 

41 67 1.63 

Thrassis 
petiolatus 

20 43 2.15 

Opisocrostis 
oregonensis 

12 16 1.33 

Thrassis 
pandorae 

8 11 1.38 

Neopsylla 
mopena 

5 6 1,20 

Diamanus 
montanus 

2 4 2,00 

Monopsyllus 
eumolpi 

1 1 1,00 

Epitedia sp. 1 1 1.00 

TOTALS 97* 368 3,79 

*Many individual squirrels were infested by more 
than one species of flea. 
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flea; and this species and three others, Oropsylla ida-

hoensis, Thrassis rockwoodi, and T. petiolatus, accounted 

for 89% of the fleas found. 

Two species of fleas known to infest £. b. oregonus 

were not found in the present study, while one form, 

Epitedia sp., was not previously recorded as occurring 

on Belding ground squirrels (Hubbard, 1947). This species 

and Monopsyllus eumolpi occur only as accidentals on 

ground squirrels. 

Sylvatic plague was first found in S. b. oregonus 

in northeastern California in 1934 (Hubbard, 1947). Among 

ground squirrels, this species now ranks second behind 

S. beecheyi as a plague vector in the western United 

States. Since the first discovery, plague positive foci 

attributable to S^. b. oregonus have been found throughout 

eastern Oregon and northeastern California. Those foci 
\ 

occurring in Oregon are shown in Figure 10. No positive 

reports of plague have been found in wild animals in Oregon 

since 1959, although one human case, presumably transmitted 

from Sylvilagus nuttalli, occurred in 1970 and resulted 

in death. Large die offs of ground squirrels have not 

been reported since the vector control program went into 

effect in 1950, but several were reported previously. 

Ticks are known to transmit several diseases, in

cluding Rocky Mountain spotted fever, Colorado tick fever, 
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Figure 10. Plague positive foci in Oregon at
tributable to Belding ground squirrels. 
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and Tularemia. Identification of tick species found on 

Belding ground squirrels was not made, but Dermacenter 

andersonii and Ixodes pacificus are the two common species 

occurring in Oregon. According to Oregon State Board of 

Health records f ground squirrels have never been impli

cated in transmission of tick-borne diseases. 

« 



POPULATIONS 

Grinnell and Dixon (1918) estimated a population 

of Belding ground squirrels in northern California as 112 

adult squirrels per acre. This figure was derived from 

finding 560 burrow holes per acre and assuming five holes 

per adult. They also utilized sight observations of 65 

squirrels, including young, over a 1.6 acre field at the 

height of daily activity to substantiate their extremely 

high estimate. Further extrapolation resulted in esti

mating 70,000 squirrels per square mile. 

In the present study, a survey was made of one 

measured acre at Ingle Butte Ranch in favorable habitat. 
/ 

A total of 202 active burrow holes were found, and sub

sequent observations indicated a population of 13 adult 

squirrels, or one squirrel for each 15 holes. Many areas 

were found in which the density of ground squirrels was 

considerably less. The highest populations were observed 

at Hyde Ranch, where on a moist four acre alfalfa field, an 

estimated 120 adult squirrels were observed prior to the 

emergence of the young. I observed no populations ap

proaching 100 adult squirrels per acre, and none were 

reported to me. 

120 
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After the emergence of the young, the population 

at Ingle Butte Ranch was estimated at 45 to 55 including 

both young and adults. This rapidly decreased to 25 to 

35 after several weeks. No predation was observed, al

though both avian and terrestrial predators were seen 

frequently at this time. Migration was obvious among 

young males, and by July 1, only one juvenile male remained 

on the study area. Since the juvenile males explore both 

near and far, it would be expected that the reduction in 

the population is mostly at their expense. This may occur 

either through migration alone, or through greater exposure 

to predation while exploring. 

The sex ratios of adult squirrels support the evi

dence that young males have a very high mortality rate. 

I examined the remains of 707 adult squirrels shot at the 

Hyde Ranch in May, 1971. Of these, 206 were males and 501 

were females, resulting in a sex ratio favoring females 

by 2.4:1. This unbalanced ratio was not found in newly 

emergent young. At Ingle Butte Ranch, 21 juveniles were 

captured within three weeks of their emergence dates, and 

10 females and 11 males were found. By eight weeks after 

emergence, however, the number of males had diminished. 

The large sample size of the Hyde Ranch collection 

suggests that the high numbers of females is not due to 

their occupation of favorable habitat during the breeding 
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season, while males are forced off into less suitable 

habitat as found for S. armatus (Balph and Stokes, 1963). 

At Ingle Butte Ranch, the sex ratio was 10 females to 3 

males on an acre, and while one of these males was not 

seen following reproduction, the other two males maintained 

at least an equal, if not dominant, social position to the 

females throughout the entire season. 

The concept of sex specific emigration has been 

advanced for a number of ground squirrels (Evans and 

Holdenreid, 1943; Rongstad, 1965; Quanstrom, 1968). Rongstad 

(1965) attributes the high female to male ratio in S. 

tridecemlineatus to overwintering mortality, but Drabek 

(1970) points out that it would have to be sex specific to 

be operable. In the present study, ground squirrel con

centrations were found frequently to be limited by flooding 

of surrounding areas in the winter and spring. By the time 

the young males leave home, these areas have dried out, and 

young males have been seen digging burrows in such areas. 

Since the young females often reside their first winter 

close to their mother's burrow, such migration on the part 

of males would help lead to an unbalanced sex ratio 
\ 

favoring females. 



REPRODUCTION 

The reproductive season begins within a few days 

after the squirrels emerge from hibernation. Young females 

of the previous year do not engage in reproductive activity 

until one to several weeks later. As a result, the young 

are born and emerge over a period of four to five weeks, 

and there may be great disparity in size among the juve

niles, Grinnell and Dixon (1918) found all young in one 

population to be of a uniform size in the Upper Sonoran 

Zone of northern California, so this may vary geographically 

or reflect a longer season of activity the previous year. 

There is only one litter of young per year, and all females 

•on the Ingle Butte Ranch study area had young. 

Observations of reproductive behavior were frag

mentary, although they indicate that such behavior in the 

Belding ground squirrel is similar to Richardson (Clark 

and Denniston, 1970) and Uinta (Balph and Stokes, 1963) 

ground squirrels. 

Several times males were observed following females 

at a moderate run, much slower than associated with 

chasing. This was particularly directed toward females 

which were carrying nesting material which occasionally 

had to be gathered far from home. The female might outrun 
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the male, or go down into her burrow, in which case the 

male did not follow, but usually was distracted and left. 

If the female were not carrying nest material the following 

behavior would result with both squirrels foraging close 

to each other, or out of sight in the shrubby vegetation. 

On two occasions, the following male was intercepted by 

another male, with a fight ensuing. The following behavior 

was not observed to lead to other courtship behavior; but 

it is probably some part of it, for it was never seen at 

any other time of the year. 

No actual sexual activity was observed in adults. 

Several instances were observed of young juveniles engaging 

in what appeared to be simulated sexual behavior. Typically 

one juvenile would follow the other a short distance and 

catch it by grasping it around its abdomen with the front 

legs. The following juvenile would then curl the lower 

part of its body around the other so that the genital 

organs were essentially in contact. Usually the other 

juvenile would attempt to escape or struggle. In one case 

the "female" lay prone with "her" haunches raised. The 

"male" mounted "her" from behind and "she" squealed. They 

then fell on their sides, rolled down a short incline of 

12 to 15 inches, and lay there, still in position. This 

pattern of copulation is the same reported by McCarley 

(1966) for S, tridecemlineatus under field conditions, and 
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by Clark and Denniston (1970) for S^, rjchardsoni under 

laboratory conditions, 

Shaw (1926) describes the preparation of the geni

tal tract of Columbian ground squirrels as occurring during 

hibernation, which allows for more time for the growth of 

the young during the short season. This apparently occurs 

also in the Uinta (Balph and Stokes, 1963), Arctic (Hock, 

1960), and Belding (McKeever, 1963) ground squirrels, for 

the testes of males are already scrotal when they emerge, 

indicating a high level of gonadotropins, and some degree of 

preparation. McKeever found that the testes of S^. beldingi 

began to enlarge late in the season and continued to do so 

during hibernation. 

The exact gestation period of £. beldingi is not 

known, but would appear to be approximately 29+2 days. 

At the pasture in Bear Valley, no females were seen out of 

hibernation by April 7, 1971, although males had been seen 

for three days. On June 5, 1971, 59 days later, young were 

observed in the pasture, and judging from their behavior, 

appeared to have been out for a week, or possibly two weeks. 

Since the young do not open their eyes until they are 21 

days old (Morton and Tung, 1971), this leaves 38 days, and 

if the young had been out for a week this would give a 

maximum gestation time of 31 days. At Hyde Ranch, Oregon, 

the first squirrels were seen out of hibernation by the 



126 

owner on February 28, 1971, and four very small young were 

included in the hundreds of squirrels shot there on May 

15-16, 47 days later. The circumstances under which they 

were collected suggests that they may not have been weaned 

by that time, but when compared with the development given 

by Morton and Tung (1971) for S. b. beldingi, they must 

have been at least 15 days old, and were probably several 

days older. This suggests a maximum gestation time of 32 

days. Wade (1927) found that S. tridecemlineatus had a 

gestation period of 27 to 28 days. McKeever (1966) found 

that S. lateralis had a gestation of at least 27 days. On 

the basis of the above evidence and comparative data, it 

seems likely that the gestation period is between 27 and 

31 days, and probably closer to 27 days, since Morton and 

Tung (1971) found that all other growth in the young was 

accelerated relative to tridecemlineatus. 

Young were first observed this year on the Ingle 

Butte Ranch study area on April 29, which means that they 

were born in early April. At Hyde Ranch, which is about 

2300 feet higher in elevation, the earliest young are born 

around April 24. At Diamond Lake, Oregon, elevation 5300 

feet, four pregnant females were captured on June 4, 1970. 

Three contained embryos of 14 to 17 millimeters in length, 

while the fourth had embryos 50 millimeters long, which in

dicates the young would be born near the end of June. In 
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all cases the time of birth is dependent upon the end of 

hibernation which coincides with the availability of food. 

Bailey (1936) reports six or seven as the average 

number of young, while Grinnell and Dixon (1918) list ex

tremes of 4 and 12. The ten females at the Ingle Butte 

study area had between three and seven young which were sub

sequently seen out of the burrow, with most litters being 

four or five. Most estimates of litter size are based on 

embryo counts. The disparity between embryo numbers and 

emergent young may easily be accounted for by mortality 

prior to weaning. 

The early growth and development of S. b, beldingi 

has been recently reported by Morton and Tung (1971) . 

Although the habitat and time of activity differs for this 

subspecies, the length of the season is the same, and it is 

reasonable to assume that the growth data should be quite 

similar, if not the same. Since their squirrels were kept 

in cages, no correlation was made between age and time of 

emergence from the burrow. The eyes were open in all young 

by Day 21. They ate succulent and dried food and appeared 

to be completely weaned by Day 24. My observations of 

S. b, oregonus indicate that when the young first emerge, 

some attempt to nurse. It is possible that the mother 

might nurse them in the burrow at this time, or it may be 

that they have just been weaned. In either case, an 
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estimate of 21 to 24 days between birth and emergence 

seems quite valid. This also correlates with observations 

of one female at the study area. 

The young grow quite rapidly. After they have been 

active aboveground for 4 to 5 weeks, it requires more than 

a glance to tell some of them from small adults. Morton 

and Tung (1971) found that by Day 50, 90% of the adult 

right hind foot and tail lengths had been attained, and 

nearly 80% of the adult weight, as compared with lean 

animals. The young go into hibernation their first year 

a week or more after the adults. At this time, they are 

almost indistinguishable at a distance from adults, al

though they continue to increase in body length through 

their second season and to a small extent after that. 

Morton and Tung (1971) also found that three 

species in the subgenus Spermophilus all had much higher 

growth rates than two other hibernating ground squirrels 

and two non-hibernators. Clark (1969) postulated that this 

rapid growth rate has a survival value in hibernators. 

And those hibernators with the most rapid growth rates are 

those associated with colder climates and shorter seasons 

of aboveground activity. 



DISCUSSIONS AND CONCLUSIONS 

Before settlers moved into Oregon around 1850, 

Belding ground squirrels occurred in a few, favorable 

microhabitats in the central and eastern part of the state. 

Various predators probably prevented any one population 

from becoming too large. White men killed off many preda

tors, and at the same time altered the environment, allowing 

a wider distribution of ground squirrels within their range, 

and an expansion into previously unoccupied regions along 

the western edges of the range. With high reproductive 

potentials not being held in check by natural predators, 

population pressures probably built up, forcing migration 

of young each year. A wide range of tolerances to many 

environmental factors permitted survival in many of the 

newly occupied areas. Among the primary factors limiting 

the distribution of Belding ground squirrels are food, 

water, soil, and cover. Of these, water seems most im

portant, since Belding ground squirrels have a relatively 

narrow range of tolerance to variations in its availability. 

To varying degrees, water also affects the other factors, 

especially food and cover. 

The effect that man has had on the environment is 

perhaps unmeasurable. Eastern and central Oregon is 
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primarily a steppe or shrub-steppe area receiving 8 to 16 

inches of precipitation annually (Franklin and Dyrness, 

1967), and is punctuated by several forested mountain 
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ranges of varying size. In this relatively arid land, most 

human effort has been devoted to making more water available 

over greater areas of land. This has been accomplished by 

irrigation, wells, and impoundments, each of which has re

sulted in vegetational changes. In addition, grazing and 

logging have played important roles in reducing the heavy 

cover that inhibits ground squirrel travel and habitation. 

In the drier areas, Belding ground squirrels are 

associated with some type of surface water, or areas that 

are periodically irrigated. Wells have been drilled at 

widely spaced intervals in the driest regions, and areas 

immediately around these are signi~icantly greener, usually 

supporting small populations of Belding ground squirrels. 

Beyond the immediate vicinity of the wells, Townsend ground 

squirrels, whose water requirements are lower, are abundant. 

Some wells are up to 15 miles from the nearest other source 

of surface water. The presence of Belding ground squirrels 

in such isolated situations indicates an ability to migrate 

over considerable distances . It is not surprising, there-

fore, that where water has been merely diverted, such as in 

irrigation canals, Belding ground squirrels have become 

estab lished in most pre viously unoccupied agricultural 

areas. 
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At higher elevations, where temperatures do not rise 

so high, Belding ground squirrels can live without free 

surface water. In such areas, dew and summer thunder-

showers provide for the necessary vegetational growth. 

Excess water can also restrict the distribution of 

these squirrels. Much of the soil of eastern and central 

Oregon is a relatively impermeable clay which accumulates 

standing water each year as the snow melts (Fig. 3b, 

p. 5). In some upland meadows, this covers up to 75% of 

the available soil surface, rendering it uninhabitable to 

overwintering squirrels. In such situations, £. beldingi 

occurs on small hills and in areas transitional between 

forest and grassland. Young squirrels that migrate into 

the lower flatlands have but small chance of survival. 

Man has frequently altered the drainage patterns 

of soils, drained or filled marshes and swamps, and di

verted streams, all of which potentially result in drastic 

changes for ground squirrels. Formerly wet areas may be 

invaded and formerly dry areas may get enough water to 

support them. Irrigation by flooding may eliminate ground 

squirrels on relatively level fields, but modern techniques 

utilizing sprinklers improve the habitat for ground squir

rels . 

Water is instrumental in determining both cover and 

food for an area, Belding ground squirrels seem to prefer 
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areas which enable them to see for considerable distances. 

Before cultivation in eastern Oregon, such areas were 

limited; the higher grasslands were too arid, and the 

bottomlands were dominated by tall grasses, such as giant 

wild rye. 

Both sheep and cattle grazing were prominent in the 

late 19th and early 20th centuries. The tall, perennial 

grasses soon disappeared as a result of grazing and were 

replaced by various short, pasture grasses. As a result, 

many areas became favorable for ground squirrels. Logging 

also reduced the ground cover, particularly in the Cascade 

Mountains. While these areas may have later supported 

•\ 

second growth forests, they also provided areas through 

which ground squirrels could travel and live.for a while, 

enabling them to reach ecologically isolated meadows. Water 

greatly affects the availability of vegetation used for 

food. The primary foods of Belding ground squirrels are 

green vegetation in the spring and early summer, and seeds 

during the latter part of the season. Although some kinds 

are preferred to others, apparently most kinds of green 

vegetation or seeds within reach are eaten. Thus, where 

enough water is available to provide green vegetation of 

the proper height throughout the season, ground squirrels 

can live. 
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Many irrigated areas have been cultivated for 

various crops, including rye, oats, barley, wheat, and 

alfalfa. Belding ground squirrels can utilize most as 

food, since they provide both green vegetation and seeds, 

each at the proper season. 

Water also plays a role in soil texture and type; 

and the soil type, in turn, affects the vegetation. The 

effect of water occurs through soil erosion, and the forma

tion of alluvial deposits which are among the most favorable 

soils for burrows. Chemical characteristics of soils have 

only minimal importance in ground squirrel distribution. 

Highly alkaline soils, often associated with the Great 

Basin Desert, preclude Belding ground squirrels, perhaps 

as much through the resultant vegetation as the chemical 

nature of the soil. Geist and Strickler (1970), who 

examined chemical characteristics of several grassland 

soils, noted only minor differences. Their samples in

cluded at least one profile (Ukiah) known to support 

Belding ground squirrels. Anderson (1956) found that 

differences in soil generally resulted in differences in 

percentages of various species of the plants present, 

rather than the presence or absence of a given species. 

Since ground squirrels are quite euryphagus, percentage 

changes among the species of the various edible grasses 

are of limited importance. 
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Texture is the major soil factor affecting ground 

squirrel distribution. Loam textured soils are the most 

favorable, providing enough firmness to support burrows, 

and also allowing for drainage so that flooding is not a 

problem. Textures somewhat finer or coarser than loam 

are acceptable, but sandy soils do not provide sufficient 

support, while clay soils are difficult to dig in and are 

often poorly drained. Soils which include a large pro

portion of rocks are normally avoided. 

Climate affects Belding ground squirrels primarily 

through effects on vegetation and water supply. During this 

study, these squirrels were found to be active at tempera

tures from 25 F to over 100 F. Light snow, rain, clouds, 

and wind, alone or in combination, had little effect on 

aboveground activity. 

The dates of the beginning and end of the season 

of activity varied considerably from population to popula

tion. Such differences usually reflected the availability 

of food and water rather than climatic variation. Hiberna

tion periods covered both the hot, dry end of summer and the 

cold winter in many areas, but in areas not susceptible to 

sximmer drought, hibernation occurred only during the winter. 

At the lowest elevation the season of activity lasted from 

January to early July, while at higher, wetter elevations, 
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such as Diamond Lake, Oregon, activity began in late April 

and lasted through most of September. 

This variation in seasonal activity suggests strongly 

that annually constant factors, such as photoperiod, are 

either not operating as cues, or the various populations 

are reacting differently to the same stimuli. In addition, 

Dr. M. L. Morton (Department of Biology, Occidental College, 

personal communication) has indicated that fat storage by 

females does not begin with the weaning of the young, but 

rather with the drying of the vegetation. This coincidence 

of .drying vegetation and the beginning of fat accumulation 

seems to be true throughout the species, without regard to 

sex, age, season, or calendar date. Further correlation 

between seasonal activity and the availability of food has 

been made in other ground squirrels (for example, S, colum-

bianus, Shaw, 1925; mojavensis, Bartholomew and Hudson, 

1960; and S. beldingi, Howell, 1938 and McKeever, 1966). 

All of these factors contribute to the maturation of the 

young within a short season and subsequently to their 

survival during the first winter. 

Obviously these squirrels have a high biotic po

tential that results in high population pressures, especially 

after the newborn young become active aboveground. The 

drastic reduction of predators by man has resulted in even 

higher population pressures. Sex specific emigration by 

I i 
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young males results in this high potential being maintained 

in the original area, while at the same time expanding the 

areas occupied. Although predation or harsh winter con

ditions may eliminate many of the migrating squirrels, even 

those eliminated have contributed to the expansion of future 

populations by construction of burrows which may be used 

by subsequent emigrees. Occasional mild winters probably 

result in the temporary establishment of new populations, 

from which expansion into even more favorable areas could 

well occur. Subsequent adverse seasons might eliminate the 

intermediate population, resulting in the relatively 

isolated populations which are often typical of Belding 

ground squirrels. 

Behavioral adaptations which enable these squirrels 

to avoid predation are of two kinds: those that increase 

predator detection, and those that promote escape. The 

most essential element in predator detection is vision. 

The eye of Belding ground squirrels is well adapted for 

the detection of predators. Universal macularity of the 

retina and the position of the eye on the head allows for 

a focused visual coverage of the entire surroundings without 

head movement. The eye is also immune to dazzlement from 

the sun (Walls, 1942). At the same time, protective colora

tion, following Gloger's rule, reduces the possibility of 

detection of squirrels by predators. 
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Aboveground activity, spread throughout the day, 

results in a relatively constant number of individuals able 

to detect predators. In those rare instances where ground 

squirrel numbers are few, such as very early or late in the 

i 
day or season, active squirrels stay very close to their 

burrows. They also remain near burrows on cloudy days, 

when aerial predators are less detectable. 

The most important factor in escaping from predators 

is communication between squirrels. This not only es

tablishes that there is a predator nearby, but indicates 

the kind of predator. Although numerous studies have in

dicated that ground squirrels have vocal warnings for both 

aerial and ground predators, apparently only S. armatus 

(Balph and Balph, 1966) and S. beecheyi (Fitch, 1948) have 

two different calls, one for aerial and one for ground 

predators. 

S. beldingi appears, from the limited observations 

I was able to make, to have two different predator warning 

calls, associated not with aerial and ground predators, 

but rather with the immediacy of danger. Reactions to 

the two calls were quite different. If the predator 

represented an immediate and extreme danger, the hawk 

alarm was given, and the response was one of several pos

sible escape reactions. If the possibility of danger was 

less, the churr call was given and the response was 
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alertness, followed by escape if warranted. In the former 

situation any burrow would be used as a refuge, while in 

the latter case, escape was made only to complex burrows 

with more than one entrance. 

In S. armatus the alarm used for hawks was also 

used during certain aspects of intraspecific behavior, 

such as courtship (Balph and Stokes, 1963). From my ob

servations it appears that, in S. beldingi, the hawk 

alarm is used only in cases of danger, while a chirp may 

be used in such behaviors as courting. The restriction of 

the hawk call by S. beldingi as an extreme danger signal 

has obvious survival advantages, since there is no need for 

a squirrel to ascertain the context of the call before 

reacting. 

S. beldingi are rarely in competition with other 

species of ground squirrels. McKeever (1966) found that 

differences in food habits and in seasons of activity in 

sympatric populations of S. beldingi and S. lateralis 

reduced competition to a relatively unimportant level. 

S. beecheyi, sometimes sympatric with S. beldingi, prefers 

rockier soil (Grinnell and Dixon, 1918); thus difference 

in microhabitat utilization reduces competition. 

Within the subgenus Spermophilus, there are, or 

were, five species in Oregon. £. washingtoni is no longer 

prominent, due probably to cultivation of most of their 

former range. In the two areas of the state where 
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S, richardsoni formerly occurred (Bailey, 1936), no evi

dence was found of their current presence. Durrant and 

Hansen (1954) suggested that this subspecies, S. richard

soni nevadensis, was a relict that faced extinction from 

competition by S. townsendii in dry areas and by S. beldingi 

in wetter areas. At one of the two localities where £. 

richardsoni formerly occurred, only S. beldingi is found, 

while in the other, S. beldingi was found in wetter areas 

and S. townsendii on the dry slopes. At both localities, 

the environment has been extensively altered by irrigation 

or water impoundments. 

The three widespread species in the subgenus are 

S. beldingi, S. columbianus, and S. townsendii. These 

three follow Bergman's rule quite well. S. townsendii, 

the smallest, occupies the hot, arid lowlands; S. colum

bianus , the largest, inhabits the lush, wet, mountain 

meadows; while S. beldingi, intermediate in size, occupies 

most of the intermediate habitats. Zones of contact be

tween S. beldingi and the other two exist throughout the 

state, but competition appears to be slight. Each species 

seems well adapted to its particular habitat, and expan

sions or contractions are probably due more to environ

mental alteration by man than by competition. 



APPENDIX 

SPECIMENS EXAMINED 

A total of 393 specimens of Spermophilus beldingi 

were examined, and are listed below. All specimens are in 

the Museum of Vertebrate Zoology, University of California, 

Berkeley, unless otherwise noted according to the following 

key: 

UA - University of Arizona 
UK - University of Kansas, Ralph Ellis Collection 
MZ - University of Michigan, Museum of Zoology 
UO - University of Oregon 
OSU - Oregon State University 
OSBH - Oregon State Board of Health Collection 
PSU - Portland State University 

Spermophilus beldingi beldingi (N=67) 

California: Tuolumne Co.: Lyell Canyon, Yosemite National 
Park, 10,000 feet, 5; Tuolumne Meadows, Yosemite Na
tional Park, 8500 feet, 8. Nevada Co.: 3 mi NW Hobart 
Mills, 6400 feet, 2; Independence Lake, 5. Mono Co.: 
9 mi W Benton, 8300 feet, 3; Bridgeport, 1; 9 mi W 
Bridgeport, 6500 feet, 1; 5 mi WSW Lee Vining, 1; 
Convict Creek, Long Valley, 7980 feet, 1; Mono Lake, 
4; Mono Pass, 10,500 feet, 1; Tioga Pass, 9900 feet, 
1; Walker Lake, 8000 feet, 1. Mariposa Co.: Fletcher 
Creek, Yosemite National Park, 1; Mt. Hoffman, Yosemite 
National Park, 10,700 feet, 1; 2 mi E Porcupine Flat, 
Yosemite National Park, 8100 feet, 1; Tioga Road, 
Yosemite National Park, 8700 feet, 3. Madera Co.: 
12 mi WNW Mammoth, 7500 feet, 5. Placer Co.: 1.5 mi 
S Soda Springs, 6900 feet, 3. Alpine Co.: 1 mi SE 
Woodfords, Diamond Valley, 5500 feet, 1. El Dorado Co. 
Mt. Tallac, 1. Inyo Co.: Long Lake, Rock Creek, 
10,650 feet, 1; 1 mx above Rock Creek Lake, Rock Creek, 
10,200 feet, 1. Fresno Co.: Colby Meadow, Kings 
Canyon National Monument, 1; McClure Meadow, Kings 
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Canyon National Monument, 1; Little Pete Meadow, middle 
fork Kings River, 92 00 feet, 1; Little Pete Meadow, 
middle fork Kings River, 1 (MZ) ; Post Corral, 1 (MZ); 
Humphrey's Basin, Sierra Nevada, 10,800 feet, 1. 

Nevada: Douglas Co.: 6 mi S Minden, 4850 feet, 7. 
Washoe Co.; 3 mi S Mt. Rose, 8600 feet, 2. 

Spermophilus beldingi oregonus (N=222) 

Oregon; Baker Co.: 10 mi N Baker, 3 (MZ); Unity Lake 
State Park, 1 (OSU). Crook Co.; 2 mi SW Barnes, 3; 
3 mi E Bear Creek, 3600 feet, 2; Ochoco Ranger Station, 
4000 feet, 3; 7 mi W Prineville, 1; 6 mi E Wildcat 
Mountain, 4700 feet, 1. Deschutes Co.: Tumalo Creek, 
16 mi W Bend, 1; Broken Top Mountain, 20 mi W Bend, 
8000 feet, 2; 40-50 mi E Bend, 1 (OSU); Lower Bridge, 
1 (OSU); Swampy Lake, 6500 feet, 1. Douglas Co.: 
Diamond Lake Campground, 5300 feet, 4 (OSBH), 8 (UA). 
Grant Co.: 8 mi E Austin, 4900 feet, 7? 12 mi. S, 
5 mi W Canyon City, 4700 feet, 8 (OSBH); 10.5 mi S, 
5 mi W Canyon City, 4700 feet, 6 (UA); 14 mi E Izee, 
1 (OSU); John Day, 1 (OSU); 21 mi SE Prairie City, 
5000 feet, 1. Harney Co.: Burns, 1 (OSU); 1 mi N 
Burns, 1 (OSU); 26 mi E Burns, 1; Malheur Refuge, 2 
(OSU); Steens Mountains, Fish Lake, 1 (UO); Steens 
Mountains, 4 (OSU). Jackson Co.: Fish Lake, 2 (PSU). 
Jefferson Co.: Hay Creek, 3 (OSU). Klamath Co.: 3 
mi W Swan Lake, Swan Lake Valley, 4300 feet, [type 
locality], 39; Swan Lake Valley, 6 mi NE Klamath Falls, 
4300 feet, 4 (UA); 6 mi E Crescent Lake, 4500 feet, 
9 (UO); 7 mi E Crescent Lake, 5000 feet, 1 (UO). 
Lake Co.: 5 mi E Quartz Pass, 5200 feet, 1. Malheur 
Co.: 25 mi W Rome, 1 (OSBH). Wasco Co.: 6 mi SE 
Maupin, 1 (OSU). Wheeler Co.: Bridge Creek, 1; 11 mi 
W, 7 mi S Wheeler, 4850 feet, 2; Shelton State Park, 
1 (OSBH). 

Nevada: Washoe Co.: 9 mi E, 3 mi N Fort Bidwell, 5700 
feet, 1; 12-mile Creek, 1 mi E California State Line, 
5300 feet, 2; Rock Creek, Granite Mountains, 7425 
feet, 4; Massacre Creek, 5800 feet, 1. 

California: Butte Co.: Jonesville, 1. Lassen Co.: 3 mi 
S Adin, 1; 2 mi W Adin, 1; Butte Lake, 6500 feet, 3; 
Champs Flats, 5300 feet, 1; Deans Meadow, 6400 feet, 1; 
Horse Lake, 5000 feet, 1; Honey Lake Valley, 5 mi E 
Standish, 1; Pat Morris Spring, 6160 feet, 1; Termo, 
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5400 feet, 1; 15 mi W Westwood, 5000 feet, 1. Modoc 
Co.: 10 mi SW Alturas, 5500 feet, 7; S fork Pitt River, 
Alturas, 4600 feet, 3; 8 mi N, 13 mi W Canby, 4700 feet, 
1; 5 mi NW Eagle Peak, 7000 feet, 2; Goose Lake Meadows, 
3; Parker Creek, Warner Mountains, 5500 feet, 5; Squaw 
Peak, Warner Mountains, 8200 feet, 1; Shields Creek, 
5000 feet, 1; Sugar Hill, 4900 feet, 3. Plumas Co.; 
Beckwith, 5000 feet, 1; 10 mi W Big Meadows, 5000 feet, 
1; 1.5 mi WSW McKessick Peak, 6000 feet, 1; Willow 
Lake, 5600 feet, 5. Siskiyou Co.: Bull Meadows, NE 
Goose Mountain, 1; Grass Lake, 5000 feet, 6; Little 
Shasta River, N Goose Nest Mountain, 4700 feet, 1; 
Crescent Butte, Lava Beds National Monument, 1; Lava 
Beds National Monument, 1; 3 mi N Macdoel, 1; 7 mi S 
Macdoel, 4200 feet, 24; Tule Lake Refuge, 1. Tehama 
Co.: Wilson Lake, 5300 feet, 1. 

Sight Records 

Oregon: Klamath Co.: Collier State Park. Lake Co.: 
Cabin Lake Ranger Station; Summer Lake. Jefferson Co.: 
3 mi S Camp Sherman. Morrow Co.: 2 mi E Heppner. 
Umatilla Co.: 5 mi S Pendleton. 

Spermophilus beldingi creber (N=104) 

Idaho: Cassia Co.: 1 mi S Albion, 1; < mi SE Albion, 
7; 12 mi S Albion, 1; Bridge, 1; Elba, Wickel Ranch, 
1; 4 mi W Elba, 2; 2 mi S Malta, 4; Raft River, 2 mi 
S Snake River, 1; 6 mi S Rupert, 3. Owyhee Co.: Home-
dale, 1; 7 mi SE Murphy, 3; Reynolds Creek, 12 mi S 
Snake River, 4; Snake River, 2 mi W Reynolds Creek, 
1; 1 mi S Riddle, 3; 2 mi SE Riddle, 2; 6 mi S Riddle, 
1. Twin Falls Co.: 2 mi E Rogerson, 3; 3 mi N 
Hollister, 1. 

Oregon: Malheur Co.: 2 mi W Jordan Valley, 4; 40 mi S 
Jordan Valley, 1 (OSU). 

Nevada: Elko Co.: 3 mi N Jarbridge, 1 (UK); 9 mi E 
Jarbridge Peak, 7600 feet, 1; Jack Creek, 10 mi S 
Deep Creek, 3; 3 mi S Lamolle, 1; Owyhee, 1; 10 mi 
S Owyhee, 1; Ruby Mountains, Jerry Creek, 1 (UK); 
Ruby Mountains, Harrison Pass Ranger Station, 2 (UK); 
Ruby Mountains, Ruby Lake, 1 (UK); Ruby Mountains, 
,5 mi S Scout Pass, 6450 feet, 1; Ruby Mountains, 
Steel Creek, 1 (UK); Ruby Mountains, Summit Secret 



Pass, 3 (UK); Ruby Mountains, Thomas Creek, 7600 feet, 
3; Ruby Mountains, Three Lakes, 2 (UK); 6 mi SW Moun
tain City, 6500 feet, 1; 10 mi NE San Jacinto, 6000 
feet, 1; 2 mi SE Union, 1; 13 mi SSW Whiterock, 5600 
feet, 1. Humboldt Co.; Pine Forest Mountains, Alder 
Creek, 600(P feet, 2; Pine Forest Mountains, Big Creek, 
3; Pine Forest Mountains, Leonard Creek, 8000 feet, 
1. Lander Co.: 7 mi N Austin, Reese River Valley, 
[type locality], 15; Birch Creek, 7000 feet, 2; 
Kingston Canyon, 7500 feet, 6. Nye Co.: Toquima 
Range, .5 mi SE Meadow Valley Ranger Station, 3; 
Toquima Range, 2 mi E Meadow Valley Ranger Station, 
1. 
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