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ABSTRACT 

This is a comparative study on the life histories of the 

Harris antelope squirrel (Citellus harrisil) and the Round-tailed 

ground squirrel (Citellus tereticaudus). These two squirrels are 

sympatric and from a casual glance in nature, appear to violate 

CSause1 s Principle of competitive exclusion. A closer examination 

reveals that they do not violate Gause's Principle, and that the 

two species are able to coexist sympatrically because their life 

histories do not overlap to the extent that competition becomes an 

exclusion factor. 

Although both species are found together in some areas, in 

general, over the entire range of the two species, _C. tereticaudus 

tends to prefer flat sandy soils and C_. harrisii rocky hills or 

rocky soils. Both species reach their greatest abundance in these 

respective habitats. 

In captivity, £. tereticaudus has more rapid growth, as 

indicated by both linear measurements and weight, and a faster rate 

of development during its early life than does J3. harrisii. This 

difference is probably explained by the fact that C_. tereticaudus 

was found to be a hibernator while £. harrisii does not hibernate. 

Rapid growth and development is a characteristic of mammals that 

hibernate. 

C. harrisii appears to breed earlier and for a longer period 

of time than does C. tereticaudus in southern Arizona. 

xi 



C_. tereticaudus exhibited characteristics of a hibemator 

such as fat deposition and rapid weight gains in addition to 

reduced body temperatures and respiration rates while in the 

hibernation state. 

£. harrisil has a higher rate of oxygen consumption than 

C. tereticaudus. 

xii 



INTRODUCTION 

This is a comparative study of the life histories of two ground 

squirrels occurring in the same life zone, and in the same general 

region. Casual observations indicate that this sympatric situation 

violates Gauss's Principle which states that two or more species with 

identical ecological relations cannot coexist indefinitely in the 

same environment, because one of them will, in all likelihood, be more 

efficient than the.other and will eventually outbreed and supplant its 

competitor (Gause, 1934)• 

As the investigation progressed, it became evident that these 

ground squirrels do not violate Gause's Principle, for the Harris 

antelope squirrel (Citellus hariisii) differs markedly in both ecological 

and behavorial traits as well as taxonomic characteristics from the 

Round-tailed ground squirrel (Citellus tereticaudus). A determination 

of these differences form the basis of this study. 

TAXONOMY" AND MORPHOLOGY 

The two ground squirrels in this study are diurnal rodents 

of the family Sciuridae. The cheek-teeth are 5/4, cuspidate, rooted, 

and usually not simplified. The auditory bullae are prominent, but 

not specially modified. The postorbital processes are well-developed. 

The fibula and tibia are not fused, and the tail is completely haired 

(Hall and Kelson, 1959). 

The Harris antelope squirrel is a member of the subgenus 

1 
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Ammospermophllus Merriam (Antelope ground squirrels). This subgenus is 

regarded as a valid genus by Bryant (1945) and Hall and Kelson (1959). 

Five species are currently recognized in the subgenus (Miller and 

Kellogg, 1955): Harris' antelope squirrel (Citellus harrisil), White-

tailed antelope squirrel (£. leucurus), Texas antelope squirrel ((3. 

interpres), Espiritu Santo Island antelope squirrel (C. insularis), 

and Nelson's antelope squirrel (C_. nelsoni). Vernacular names are 

from Hall and Kelson (1959). 

Citellus harrisii (Audubon and Bachman) 

Description. The Harris antelope squirrel has a narrow white 

stripe on each side of the back, from the shoulder to the thighs. The 

forehead is reddish-grey; the neck is ashy-white running into yellowish 

iron-grey on the back; and the under surface is ashy-white. The ears 

are short, somewhat triangular, and thinly clothed with short adpressed 

hairs. The tail is of moderate length and has long hairs growing from 

the side. Its color is uniformly a mixed black and white. 

The outer surface of the face and hindlegs is a pinkish-

cizinamon. Upper parts (except stripes) are grayish with ochraceous. 

Black vibrissae occur on the upper eyelid (4-5), upper lips (ca. 12) 

and on the cheek (4-5). The upper and l<wer eyelashes are of equal 

length. 

Each foot has five toes. On a fore-foot, the thumb is reduced 

to a small tubercle with a blunt nail; second toe is longest. On 

a hind foot, the middle toe is longest. On all, the claws are 

slightly compressed, and a little curved. The eyes are of moderate 

size, and are placed midway between the point of the nose and 
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the root of the ear; a white ring encircles the eye giving it a 

spectacled appearance. The description of C. harrisii is based 

partially on Audubon and Bachman*s (1854) original description in 

addition to observations obtained by me from living animals. 

List of subspecies. There are two subspecies of the Harris 

antelope squirrel recognized at the present time, and they are as 

follows: 

1. Citellus harrisii harrisii (Audubon and Bachman). 

1854. Spermophilus harrisii Audubon and Bachman, The viviparous 

quadrupeds of North America, 3:267. Type locality not 

designated by original descrlbers. "Fixed" by A. H. Howell 

(N. Amer. Fauna, 56:167, 1938) in the Santa Cruz Valley, Santa 

Cruz County, Arizona, at the Mexican boundary line. 

1938. Citellus harrisii harrisii. Howell, N. Amer. Fauna, 

56:167, May 18. A more complete synonymy of this subspecies 

is given by Cockrum (I960). 

This species was named by Audubon and Bachman in 1854. No type 

was designated and the description was based on a specimen from an 

unknown locality. Merriam (1889) points out that tills description 

was based on "a single specimen presented to them by Edward Harris, esq., 

and supposed to have been collected in the West by J. K. Townsend during 

his overland journey to Oregon • • • Sinoe, however, tbB route followed 

by Townsend was far to tl» northward of the known range of this species, 

and sinoe the animal was not in the collection brought back by Townsend 

and by him placed at the disposal of Dr. Bachman for examination and 

description see Jour. Philadelphia Acad. Sci., 8(1): 57, 1839 it 
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seems at least possible that it was not collected by Townsend at all, 

but was wrongly accredited to him by some accident or trick of memory 

during the fourteen years intervening between his return and the 

publication of Audubon and Bachman's description." 

Mearns (1896) in describing the subspecies h. saxicola, 

restricted the name harrisii, "to the darker foim, which was found in 

the elevated Central Tract, along the Mexioan boundary line from Santa 

Cruz Valley westward as far as the Sonoyta . . 

Howell (1938) wrote: "description based on a specimen 

presented to Audubon by Edward Harris, supposed to have been collected 

by John K. Townsend, but locality unknown. The type locality is hereby 

fixed in the Santa Cruz Valley, Arizona, at the Uexioan Boundary line." 

2. Citellus harrisii saxicola (Mearns)* 

1896. SpermophllUs harrisii saxicolus Mearns, Preliminary 

diagnoses of new mammals from the Mexican border of the 

United States, p. 2, March 25 (preprint of Froc. U. S. Nat.., 

Mus., 18:444, May 23, 1896), Type from Tinajas Altas, Yuma 

County, Arizona. 

1938. Citellus harrisii saxicola, Howell, N. Amer. Fauna, 56: 

170. See Cockrum (1960) for a more complete synonymy of this 

subspecies. 

This subspecies was first described by Mearns (1896) under the 

name Ammospermophllus harrisii saxicola from southwestern Arizona. 

Several workers, however, do not consider it to be a valid subspecies. 

For example, Grinnell (1914) writes, "I fail to find grounds, either 
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in tone of coloration or relative length of tail, to warrant separate 

recognition of the Colorado River series C. h. saxicola from the 

animal in the vicinity of Tucson C. h. harrisii . Even Mearns' 

own tables of measurements do not bear out the size characters of his 

saxicola, which name might be expected to be usable for our specimens." 

Swarth (1929) states, "I have compared the fourteen adults we col

lected on the Santa Rita Range Reserve jjc. h. harrisii with a series 

of twenty-four comparable adults from the lower Colorado River, in the 

Museum of "Vertebrate Zoology and am unable to appreciate the color 

differences described by Mearns. Neither do I find such differences 

in measurements as Mearns ascribes to the two forms." Consequently, 

Swarth agrees with Grinnell in the conclusion that Ammospermophilus 

harrisii saxicola Mearns is not deserving of recognition. Dice and 

Blossom (1937) also agree partially with Swarth and Grinnell by 

stating that, "in measurements, we do not find the differences 

ascribed by Mearns (1907) to the two foiros, but the specimens from 

southwestern Arizona and northwestern Sonora are clearly distinguished 

by their paler coloi-ation, which is especially pronounced over the 

head, neck, and shoulders." Huey (1937) in describing "kinoensis" 

(now synonymized under saxicola by Miller and Kellogg, 1955) states, 

"the specimens from southwestern Arizona are described by their 

lighter coloration. In fact, color is the main character by which 

the group harrisii has been divided into these races, and this 

character is more readily seen in series than individually." 
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Future studies involving large series of specimens may well 

reveal that _C. h. Baxicola is not a valid subspecies. 

Tables I and II summarize the measurements of these two 

currently recognized forms. 

The Round-tailed ground squirrel is a member of the subgenus 

Xerospeimophilus Merriam, 1892. According to Miller and Kellogg, 

(1955), there are two species recognized in this subgenus. These 

are the Mohave ground squirrel (Citellus mohavensis) and the Round-

tailed ground squirrel (£. tereticaudus). 

Citellus tereticaudus (Baird) 

Description. This pinkish-cinnamon ground squirrel resembles 

a miniature prairie dog. It is slightly larger than Citellus harrisli 

and differs greatly in coloration. In winter, its upper parts are pinkish-

cinnamon to grayish-brown, resulting from the intimate and very fine 

admixture of white and black-tipped hairs over a cinnamon ground color. 

The long black hairs form interrupted lines on the back and the under-

parts are dull-white. In summer, the upper-parts are brighter pinkish-

cinnamon, and the pelage is shorter and harsher. Its winter pelage is 

soft and silky. The ears are reduced to a rim above. The tail is long 

and slender and not broadly haired, above and below concolor with the 

back, except that it has a subterminal black band which is continuous 

laterally with an indistinct subterminal border which disappears 

altogether a little above the middle of the tail. The tail measured from 

the tip of the tail vertebrae is half the length of head and body. The 

basal third of the tail is terete and distal two-thirds distichous. 
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Table 1. Body measurements of adult Citellus h. harrlsil and C. h. 
saxicola. All measurements are reported in millimeters. 

Citellus h.. harrisii 

No. Mean Range Reference Cited 

Total length 18-ad 235 217-251 Mearns, 1907 
14-ad.? 228 214-239 Meams, 1907 
24 227 - - - - Grinnell, 1914 
14 231.7 - - - - Swarth, 1929 
12 233.8 225-250 Howell, 1938 
47-ad.o 235 214-252 Present report 
37-ad.? 234 211-253 Present report 

Tail vertebrae 18-ad .cf* 82 70-92 Mearns, 1907 
14-ad.? 78 53-94 Mearns, 1907 
24 73.4 _ _ _ _ Grinnell, 1914 
14 81.7 - - - - Swarth, 1929 
12 82.7 74-94 Howell, 1938 
46-ad.(? 79 62-89 Present report 
37-ad.? 77 57-89 Present report 

Hind foot 19-ad 39.1 35-42 Mearns, 1907 
13-ad.? 38.9 37.5-41 Mearns, 1907 
25 38.7 _ - _ _ Grinnell, 1914 
14 39.3 - - _ - Swarth, 1929 
12 39.7 38-42 Howell, 1938 
48-ad.cT 40 37-42 Present report 
38-ad.? 40 38-42 Present report 

Ear crown 17-ad.cP 7 5-10 Mearns, 1907 
12-ad.? 6.3 4.5-9 Mearns, 1907 

Ear notch 32-ad .d" 12.6 11-14 Present report 
30-ad.? 12.6 11-14 Present report 

Citellus h. saxicola 

Total length 7-ad.c? 236 222-245 Mearns, 1907 
8-ad.? 234 223-245 Meams, 1907 
11 234 222-245 Howell, 1938 

Tail vertebrae 7-ad.c?1 87 80-92 Mearns, 1907 
8-ad.? 86 81-93 Mearns, 1907 
11 86.2 81-92 Howell, 1938 

Hind foot 7-ad.<71 39.6 38.5-41 Mearns, 1907 
8-ad.? 39 38-40.5 Meams, 1907 

11 39.3 38-41 Howell, 1938 

Ear crown 7-ad.o" 4.9 4.5-5 Mearns, 1907 
8-ad.£ 4.9 4.5-5 Mearns, 1907 



Table 2. Summary of body measurementB from Table 1 of adtflt Citellus h. harrisii and _C. h. 
aaxicola. All measurements are in millimeters. ~~ 

C. h. harrisii C. h. saxicola 

Measurement 
No. 
reported Mean Range 

No. 
reported Mean Range 

Total length 166 232.7 (211-253) 26 234.5 (222-245) 

Tlail vertebrae 165 78.5 ( 53-94 ) 26 86.3 ( 80-93 ) 

Hind foot 169 39.5 ( 35-42 ) 26 39.3 ( 38-41 ) 

Ear crown 29 6*7 (4.5-10 ) 15 4.9 (4.5-5 ) 

Ear notch 62 12.6 ( 11-14 ) 
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Its internal cheek pouches are small, reaching only half way 

back to ears. Black vibrissae are found, on the anterior upper eyelid 

(4-5), upper lips (13 or more) and on the cheek between the ear and 

eye (4-5). Ten mammae are usually present. Distinct lower eyelashes 

are present. Upper eyelashes are not as distinct and about half as 

long as lower ones. 

There are five toes on each foot. On the fore-feet, a small 

tubercle with a blunt nail is present in place of a thumb; second nail 

from thumb is longest. On the hind feet, the middle toes are longest, 

and the two on each side are of nearly equal length; the outer is 

considerably shorter, and the inner shortest. The claws are slightly 

compressed, and a little curved. Hie soles of the feet are densely 

haired from heel to claw. The eyes are of moderate size, and are 

placed midway between the point of the nose and the root of the ear. 

A ring of white short hairs encircles the eye. 

_C. tereticaudus is not as active as C_. harrisii and usually 

does not wander far from its home. In fact, it is usually located 

only a short distance from its burrow standing up-right on its hind 

legs "picket pin" fashion. 

List of subspecies. There are four currently recognized 

subspecies in this species, ana they are as follows: 

1. Citellus tereticaudus tereticaudus (Baird). 

1858. Spermophilus tereticaudus Baird, Mammals, _in Rep. Expl. 

Surv. Railr. to Pacific, 8(1):315, July 14, type from Old 

Fort Yuma, Imperial County, California. 

1904. Citellus eremonous, Elliot, Field Columb. Mus., Publ. 87, 



Zool. Ser., 3:243, January 7, type from Furnace Creek, Death 

Valley, Inyo County, California. 

1926. Citellus tereticaudus voclferane, Huey, Proc. Biol. Soc. 

Wash., 39:29, July 30, type from San Felipe, Baja California, Mex. 

2. Citellus tereticaudus neglectus (Merriam). 

1889. Spermophilus neglectus Merriam. N. Amer. Fauna 2:17, 

October 30, type from Dolans Springs, 12 miles NW Chloride, 

Mohave Co., Arizona. 

1938. Citellus tereticaudus neglectus. A. H. Howell, N. Amer. 

Fauna, 56:187, May 18. 

3. Citellus tereticaudus chlorus Elliot. 

1904. Citellus chlorus Elliot. Field Columb. Mus. Publ. 87, 

Zool. Ser., 3:242, January 7, type from Palm Springs, 

Riverside County, California. 

1913. Citellus tereticaudus chlorus, Grinnell, Proc. Calif. Acad. 

Sci. ser. 4, 3:347, August 28* 

4. Citellus tereticaudus aprious Huey. 

1927. Citellus teretloaudus aprlcus Huey. Trans. San Diego Soc. 

Nat. Hist., 5(7):85, October 10, type from Valle de la 

Trinidad (lat. 31° 20' N; long. 115° 40« W), Baja California. 

Known only from the type locality. 

This species is divided into subspecies mainly on the basis of 

variations in the length of tail and hind feet and on color differences* 

Citellus tereticaudus neglectus was the subspecies investigated 

in this study. 



DISTRIBUTION 

Oitellus harrisii 

The Harris antelope squirrel usually occurs at elevations 

below 4,400 feet in the arid southwestern United States. This area 

is the Lower Sonoran Life Zone of Merriam and includes mainly the 

Sonoran Desert (Figure 1). The Sonoran Desert is an area of low 

annual rainfall, mild winters, high temperatures and high evaporation 

rates. 

The following description of the area where most of this 

study was conducted will illustrate the general environmental 

conditions in viiich both £. harrisii and jC. tereticaudus occur. 

The general region around Tucson consists of scattered 

rugged mountain ranges surrounded by larger areas of comparatively 

small desert plains. Ifcst of the mountain ranges are low and narrow, 

but some extend for considerable distances in a general southeast-

northwest direction. These are very steep and rugged and are composed 

mainly of" bare outcropping bedrock. Adjacent to the Tucson area on 

the east are a number of higher ranges, including the Santa Catalina, 

Tanque Verde, Kincon, and Santa Rita Mountains, which attain heights 

of more than 9,000 feet. At the higher elevations is a thicker 

cover of soil that supports a fair growth of trees. Harris antelope 

squirrels and Round-tailed 'ground squirrels do not occur at these 

higher elevations. 

11 
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Figure 1. Distribution of Citellus harrisii in southwestern 

United States (from Hall and Kelson, 1959). (Map outline drawn by 

Gordon VR. Bradshaw) 
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The lower elevations, where these ground squirrels do occur, 

include the comparatively narrow alluvial valleys of Santa Cruz River 

and its main tributary, Rillito Creek, as well as the lcwer courses 

of Pantano Wash, Canada del Oro, and Avra Wash, bordering narrow 

strips and intervening or adjacent areas of the bench lands and 

alluvial fans. A few small areas of stony buttes and low mountains 

also occur in the general region. 

Neither the S&nta Cruz River nor any of its tributaries 

within the main study area have a permanent flow of water, although 

in a few places, where underground dikes of rock dam the underflow 

of Santa Ciuz River, the stream is brought to the surface and flows 

a short distance before sinking again into the sandy bed. Although 

dry for long periods, the beds of these streams become raging torrents 

after heavy rains or after melting of snow in the mountains, and 

floods occasionally spread out over the bottom lands. The streams 

are cutting their channels deeper. 

The elevation of the valley land ranges from about 3,000 

feet at the Pima County-Santa Cruz County line on the south to 

somewhat less than 2,000 feet at the point where Santa Cruz River 

leaves Pima County at the Pinal County line. At the University of 

Arizona in Tucson, the elevation is 2,423 feet. The few low mountains 

or hills rise but a few hundred feet above the valley floor. 

In the valley part, creosotebush (Larrea trldentata) is the 

most common and wide-spread of the shrubby plants. In places bur sage 

(granserla dumosa) is abundant, and burroweed (Isocoma coronopifolla), 



desert sage (Atriplex polyoarpa). and other species of Atriplex are 

of rather common occurrence. Many small trees grow in the drier parts 

of the area, including honey mesquite (Prosopis glandulosa), little 

leaf palo verde (Cercidium mlcrophyllum), and ironwood (Olneya tesota)« 

Numerous forms of cacti (including the gLant cactus or saguaro, cholla, 

barrel, and prickly pear) and ocotilla (Fouquieria splendens) are 

common. In the lower lands where moisture is more abundant, mesquite 

forms dense thickets in many places, and some hackberry grows. After 

the winter and summer rainy seasons, many email annual herbs spring 

up, among which are Indianwheat (Plantago erecta)» alfileria or filaree 

(Erodium cicutarium), and a number of small five-leafed grasses, both 

annual and perennial. On some lower flat areas, where "alkali" salts 

are present in the soil, seepweed (Dondia sp.) is the most common 

plant (Youngs* et al, 1931)* 

The climate of this region is characterized by low annual 

rainfall, a dry atmosphere, rapid evaporation, high maximum and mean 

temperatures with long hot summers, short mild winters, and a great 

number of sunny days each year# 

At the University of Arizona, the mean relative humidity over 

a period of years is 41 per cent. The highest temperature recorded at 

the University of Arizona station at Tucson is 112°F., and the lowest 

is 6°. The mean annual temperature is 67.3°. The average length of 

the frost-free season is 249 days. The mean annual rainfall at Tucson 

is 11.55 inches, with a range from 5.07 inches in 1924 to 24.17 inches 

in 1905. Snow very seldom falls, and whan it does, it lies but a 
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short time on the ground. The rainfall takes place during two distinct 

periods. The heaviest rains are in summer (July to September) and 

lighter ones occur from December to March. The spring and fall months 

are generally very dry and sunny (Youngs, e£ al, 1931). 

Some estimate of the climatic and ecological conditions of 

other areas where Harris antelope squirrels occur is furnished by 

the following abstracts. 

Price (in Allen, 1895) found the Harris antelope squirrel, 

"on the cactus-covered plain (adjacent to the Grahams) . . . feeding 

on the seeds of the screw-pod mesquite, and one specimen had his 

cheek pouches distended with the shelled beans. It was taken at 

Fort Lowell on rocky hills, east of the Rillito, on January 8." 

Mearns (1896) reported C. h. saxicolus as inhabiting bare 

granite ranges of mountains, extending in a southeasterly direction 

from the Gila River, in southwestern Arizona (Yuma County), into 

western Sonora. 

In his studies on the birds and mammals of the lower Colorado 

Valley, Grinnell (1914) writes of this species, "our work shows, further, 

an extreme associational restriction, namely, to rupestrine conditions 

as furnished in the roug£ hills and on those parts of the desert mesa 

where the wind keeps the weathered detritus removed, leaving a surface 

of firmly packed gravel or pebbles. The burrows of the Harris ground 

squirrel are most often to be found opening out beneath a creosote 

bush which plant occurs throughout the range of the squirrel." 

Dice and Blossom (1937) found this species in many habitats 

in Arizona but with a spotty distribution. Specimens were collected 
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at an elevation of 4,400 feet on northern slopes of Santa Catalina 

Mountains. This was the highest point at which this species was 

found. Most of the 27 specimens of the subspecies harrisii collected 

by these authors were associated with mesquite, palo verde, hackberry 

and cacti plants or a combination of these plants or in rocky habitats. 

Of the ten specimens of the subspecies saiicola collected, seven were 

in the rocky situations and three in creosotebush habitat. 

Cahalane (1939), in his studies on the mammals of the 

Chiricahua Mountains, stated that the Harris antelope squirrel 

occurred nearly everywhere in the Lower Sonoran Life Zone, but was 

nowhere numerous except on the black lava foothills at the upper edge 

of the zone. 

In the Organ Pipe Cactus National Monument in Arizona, Huey 

(1942) found that their chief centers of habitation were near rock-

bound hills, where safe shelters were to be had. At times, they were 

seen on top of cholla, where they sat erect to view the surrounding area. 

Olin (1954) also states that this animal is found in rocky 

situations. 

In the present study, centered around Tucson, the Harris antelope 

squirrel was found associated with a variety of plants. The unifying 

characteristic of its habitat is the presence of a rocky substrate. 

Figure 2 illustrates the habitat in the Tucson Mountains where 

this species of squirrel is quite numerous. The main plants are 

saguaro cactus, (Carnegiea gjgantea), palo verde (Cercldium 

mlcrophyllum), bur sage (Transerla deltoldea), jojoba (Simmondsia 

chinensls), ocotilla (Fonquieria splendens) and Engelmann's prickly 
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Figure 2. Habitat of Citellus harrisii in Tucson Mountains, 

Pima County, Arizona. 
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pear (Opuntla Bngelmanni). Common plants found nearby are barrel 

cactus (Echinocactus Wislizenii), mesquite (Prosopis juliflora) and 

catclaw (Acaoia Grreggii). Many low, short-lived annual plants are 

also produced if seasonal rainfall is adequate (Kearney and Peebles, 

1951). 

Figure 3 gives a close-up view of a Harris antelope squirrel 

eating a fruit of the barrel cactus in the Tucson Mountains. This 

photograph illustrates the rocky nature of the area occupied by this 

species. Figure 4 illustrates a larger view of this same habitat. 

High population concentrations occur in such habitats where both 

rocky retreats and food can be found throughout the year. Dominant 

plants are saguaro, mesquite, palo verde, Engelmann's prickly pear 

and creosotebush (Larrea tridentata). 

Figure 5 is a photograph taken approximately three miles east 

of Marana, Arizona where dominant plants are saguaro, palo verde, 

jumping cholla (Opuntia fulgida) and bur sage• 

Citellus teretlcaudus 

The Round-tailed ground squirrel is generally restricted in 

distribution to sandy soils in the arid southwestern United States. 

This area is the Lower Sonoran Life Zone of Merriam and includes 

mainly the Sonoran and Mohave Deserts. Figure ft Shows the geographic 

distribution of this species and a description of the main study area, 

around Tucson, is given above in the account of the Harris antelope 

squirrel. 

The following abstracts indicate ecological conditions at 

other places in the geographic range where Round-tailed ground squirrels 
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Figure 3* Citellus harrlsii eating fruit of a barrel cactus 

in Tucson Mountains. (Photo by Russell Davis) 
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Figure 4. Habitat of Citellus harrisil near Picture Rocks, 

Tucson Mountains. 
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Figure 5. Habitat of Cltellxis harrlsil approximately three 

miles east of Ifarana, Arizona. 
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Figure 6. Distribution of Citellus teretioaudus in the 

southwestern United States (from Hall and Kelson, 1959). (Map 

outline drawn by Gordon VR. Bradshaw) 
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have been taken. 

Stephens (1906) stated that, "in California they are most 

common in the lower Colorado Valley and in a few places in the Colorado 

Desert, though not really common anywhere. They avoid the rocky hills, 

preferring the level land." 

Grinnell (1914) found this species in wind-drifted sand about 

the scattered Atriplex and creosotebushes. 

In 1916, Swarth (in Grinnell and Dixon, 1918) found the Bound-

tailed ground squirrel in sandy soil in the vicinity of Palm Springs, 

California. The squirrels occurred in small scattered colonies, 

each "colony" marked by 12 to 15 open holes on level ground among 

creosotebushes. In writing about the subspecies eremonomus, Grinnell 

and Dixon (1918) reported this race in the floor of Death Valley, 

California. The burrows as a rule were located in the periphery of 

a large clump of mesquite, where they were shaded by the radiating 

leafy branches that trailed down the sandy slopes. The subspecies 

teretlcaudus (Grinnell and Dixon, 1918) was found in low-lying sandy 

areas of the Colorado and Mohave deserts in the Lower Sonoran Life 

Zone at elevations of from about 200 feet below to 2,300 feet above 

sea-level. The range of this subspecies was not continuous, but 

consisted of many colonies more or less distinctly isolated from one 

another. It seems to be rather particular in its requirements, 

living only on level ground of a sandy nature and seemed to prefer 

places where wind-drifted sand has accumulated into small mounds 

about the bases of mesquite, creosotebushes, or salt bushes. 

Dixon (1922) listed this ground squirrel as a typical in



habitant of the dry sand dunes in Imperial Valley, California along 

with Dipodomys merriami simlolus. The se two rodents were dilven out 

as the habitat in Imperial Valley was changed by a reclamation project 

Huey (1926) in describing a new subspecies wvociferansw from 

San Felipe, Lower California, collected the type in the Lycium 

association Just back of the sea beach. 

Burt (1934) found this species only on the low desert in 

creosotebush-mesquite association and among the sand dunes in 

southern Nevada. 

Near Tucson, Dice and Blossom (1937) collected specimens of 

this species in several habitats. Three were taken at the mouth of 

Sabino Canyon where mesquite was dominant and cholla and barrel 

cactus were numerous; 17 on the Santa Rita Reserve in grass and 

mesquite and three in a creosotebush association; two, 25 miles 

south of Tucson in Isocoma association; one in Rillito Wash near 

Ft. Lowell in a cottonwood-willow association and 13, ten to 16 

miles south of Tucson, in cholla-mesquite-hackberry association. None 

were observed by these two workers on the rocky slopes of the desert 

mountains. 

Huey (1942) found the race neglectus in the Organ Pipe Cactus 

National Monument, Arizona, living in silty or sandy flat areas. 

In the present study around Tucson, the Round-tailed ground 

squirrel was found associated with sandy soil,although occasionally 

it was found adjacent to rocky habitats in sandy gravelly soils. 

Figure 7 is a photograph taken approximately three miles 
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Figure 7. Habitat of Citellus teretioaudus approximately 

three miles east of Marana, Arizona. 
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east of Marana, Arizona where a large colony of Citellus tereticaudus 

lived. This is an area of flat open sandy soil. Major plants present 

include the palo verde, barrel cactus, mesquite, and creosotebush. 

Annual grasses occur during part of the year. 

Summary of distribution 

Figure 8 shows a habitat approximately three miles west of 

Oracle, Arizona where both Citellus harrisii and tereticaudus are 

found together in large numbers. Dominant plants include cane cholla 

(Opuntia spinosior), jumping cholla (_0. fulglda), Engelmann prickly 

pear, barrel cactus, mesquite, and several species of grasses. Both 

species of ground squirrels were found only a few feet apart, and in 

several instances were observed entering the same kangaroo rat den. 

The Harris antelope squirrel showed a preference for areas where the 

vegetation was dense, and the Round-tailed ground squirrel definitely 

favored the more open habitat along roads and kangaroo rat dens. 

At the northern end of the Tucson Mountains (Pioture Rooks 

area), both species occur only a few yards apart. The rocky hill

sides as shown in Figure 4 are inhabited only by C. harrisii, whereas 

only 50 yards away on flat creosotebush habitat, £. tereticaudus 

occurs in small numbers. 

At several places in southern Arizona, both Citellus harrisii 

and £. tereticaudus are found in the same or adjacent habitats. In 

general, however, £. tereticaudus occurs on flat sandy soils and 0. 

harrisii on rocky hills or rocky soils. 



34 

Figure 8. Northeast coiner of Pbge Ranch, approximately 

three miles west of Oracle, Arizona where both Citellus harrisii 

and C. tereticaudus are found in large numbers. 





REPRODUCTION 

Citellus tereticaudus 

Data concerning reproductive conditions in Round-tailed 

ground squirrels were taken from specimens collected between June, 

1961 and August, 1962 in southern Arizona. These data, together 

with information obtained from a literature survey, revealed that 

the Round-tailed ground squirrel is an annual breeding rodent, and 

in southern Arizona, it apparently gives birth to but one litter 

per year. Further, females do not become sexually active during 

the year in which they are born. 

Female reproductive cycle. During the non-breeding period, 

the genital labia are sealed and only a small opening, approximately 

one mm. in diameter, exists for the passage of urine. As the rutting 

season approaches, the labia become distended and may enlarge as 

much as ten times the non-breeding size. Shortly after the labia 

enlarge they separate, opening the vagina. Apparently the enlarge

ment of the labia and opening of the vagina resulted from the 

hormone estrogen produced by the developing follicle, for when 

estrogen was given to female Round-tailed and Harris antelope ground 

squirrels during the non-breeding period, the labia enlarged and the 

vagina opened within two or three days. 

The first indication of the onset of the rutting season was 

a female live-trapped about a mile south of Tucson on March 2. At 

the time of capture, her labia were swollen and vagina was open. This 
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female was kept in captivity isolated from other ground squirrels 

and 25 days later gave birth to four young. Based on this, and three 

other wild-trapped females which gave birth to young in captivity, 

it appears that the gestation period is at least 25 days and probably 

between 28-35 days in length. Thus the female taken on March 2nd 

probably mated during the last week in February. This is the earliest 

record of breeding in the Round-tailed ground squirrel. The earliest 

literature record is from V. Bailey (Biological Survey Collections). 

Three females captured by Bailey on March 11-12, 1889, at Fort Mohave, 

contained 10, 11, and 12 embryos respectively. Since the size of the 

embryos was not given, it is difficult to back date for the estimated 

mating date. Of three female Round-tailed ground squirrels live-

trapped at Tucson Medical Center on March 3, two had enlarged labia, 

but closed vaginae. The third one had swollen labia and an open 

vagina. On March 18, eleven females were collected and autopsied# 

All eleven were pregnant. Of ten adult females examined during April, 

only one was pregnant. This one taken on April 27 was the latest 

pregnancy found in the present study. These records show that in 

the Tucson area in 1962, most females gave birth to their young 

between mid-March and mid-April. Table 3 lists pregnant females taken 

on June 2 and July 25. These exceptional records are about one month 

and two months later than normal. They may have been females that had 

lost their first litter, or perhaps, be second litters of old females 

as indicated by Howell (1938). In view of the absence of other late 

records in the literature and the absence of such litters in the Tucson 

area during the present study, it does not appear likely that second 
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The following is a list of the abbreviations used in 

Tables 4 and 5 and an explanation of their meaning: 

BS United States Biological Survey collections, 
Washington, D. 0. 

SDSNH San Diego Society of Natural History, San 
Diego, California. 

UA Museum, Department of Zoology, the University 
of Arizona, Tucson, Arizona. 

USNM United States National Museum, Washington, D. C. 
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Table 3. Literature records on number of young in Round-tailed 
ground squirrels. 

DATE No. of embryos or young Locality Reference 

March 11-12 
1889 

March 23, 
1945 

March 27 

April 1, 
1930 

10, 11, & 12 smb. Ft. Mohave 

4 small emb. 

5 large emb. 

4, 5, & 6 small 
emb. 

April 3 & 4, 4 & 6 emb. 
1910 

April 5, 1889 8 young 

April 7 6 & 7 emb. 

April 9, 1958 Female gave birth 
to 6 young 

April 10 & 12, 3 & 4 emb. 
1958 

April 12, 1942 4 emb. 

April 17 8 small emb. 

April 21 or 22, 8 young born to 
1930 captive female 

June 2 8 emb. 

July 25, 1923 2 emb. about 2 in. 
long 

Univ. of Ariz. 
Farm, Tucson 

Mecca, Calif. 

About 20 mi. S. 
of Tucson 

Opposite Oibolo, 
Valley of 
Colorado River 

Yuma, Arizona 

Death Valley, 
California 

V. Bailey (BS) 

U A 

Grinnell & Dixon, 
1918 

Dice & Blossom, 
1937 

Grinnell, 1914 

USNM 

Howell, 1938 

Tucson, Axiz. Thomas, 1958 

Death Valley, 
California 

35 mi. S. of 
Tucson 

4 mi. S• of 
Gadsden, Ariz. 

Tucson 

Grinnell & Dixon, 
1918 

TJ A 

SDSNH 

W. P. Taylor, 
(BS) 

Ivanpah, Calif. Howell, 1938 

Santa Rita Mts., 
Arizona 

E. A. Goldman 
(BS) 

Average 6.2 (131 young) 



litters occur at all commonly, if at all. 

Litter size. Earlier workers have recorded reproductive 

condition in Round-tailed ground squirrels of Arizona and California. 

Table 3 lists these records and reveals that the number of young 

for 21 females averaged 6.2. 

During the present study, four captive females gave birth to 

26 young, ranging from 4 to 9 and averaging 6.5 young per litter 

(see Growth and Development section). Embryo counts of ten gravid 

females taken in March and one taken in April revealed an average 

of 6.1 (5-10) per female. Thirty-five post-partum females collected 

between April 7 and August 11 had an average of 6.7 (2-9) embryo 

scars. 

Figure 9 summarizes all the embryo counts, placental scars, 

and birth records of Citellus tereticaudus. The mean number of young 

based on 71 records is 6.48. 

Male reproductive cycle. Round-tailed ground squirrels 

hibernate during part of the winter. During the 1961-1962 study in 

southern Arizona, none was observed above ground during the months 

of October, November, or December, except for one immature male 

captured on November 24 in the Tucson Mountains and one observed by 

Carol Justice (personal communication) near Ryan Field, approximately 

15 miles west of Tucson on November 30 (see hibernation section). 

Keith Justice (personal communication) who had been doing intensive 

field work in the Ryan Field area for several months, first observed 

Round-tailed ground squirrels above ground on January 2. On January 7, 

many of these squirrels were out of their burrows and ten males were 
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EMBRYOS, PLACENTAL SCARS OR BIRTH RECORDS 

Figure 9. The mean number of young based on embryo counts, 

placental scars, and birth records in 71 Citellus teretioaudus. 



42 

collected and examined for the presence of sperm in the testes, Cauda 

and caput epididymides. A sperm smear was prepared from each male by 

cross sectioning the testes and epididymides and pressing them against 

a slide. Motile sperm were not observed until a drop of physiological 

saline was added. This technique was used in all future sperm smears. 

Motile sperm were observed in the Cauda epididymis of two of the ten 

males, and immature sperm observed only in the testes of one male. No 

sperm were observed in the testes or epididymides of the remaining 

seven males. Since two of the males had live sperm, it appears that 

the testes must have reached reproductive condition while the animals 

were below ground, presumably in hibernation, for in four adult males 

collected in September prior to entering hibernation, the testes were 

in a shriveled flaccid condition and showed no indication of 

spermatogenesis. 

The examinations made on January 7 revealed that speimato-

genesis had not reached full development in all males. Three 

additional males were collected in the Ryan Field area on January 15. 

Immature sperm were found in the testes of these three males but not in 

the epididymides. Between January 21 and April 8, 17 additional males 

were collected and tested for live speim. All had motile sperm in 

their cauda epididymides. Ttie testes started to regress about the 

middle of April, and by late September, just prior to hibernation, the 

testes were the smallest in terms of both size and weight. Adult 

males were taken on May 13 (2), June 16 (2), July 22 (1), August 12 (1), 

September 11 (1), September 17 (2), and September 24 (1), end were 

tested for reproductive activity. No sperm were found in either the 



testes or epididymides of any males examined after May 13. None of 

the males born during the spring showed any evidence of spermatogenesis 

during the year in which they were born. In summary, motile sperm 

were found in adult males on January 7, approximately one and a half 

months before the earliest mating record for the females. Live sperm 

were found in adult males until April 8. If the gestation period is 

assumed to be around 30 days, this latter date correlates rather 

closely with the end of the rutting period in the female. 

Two captive males, one captured as an immature on November 24, 

and the other captured as an adult on February 16* were sacrificed on 

August 26, and examined for reproductive activity. Both had large 

testes and both had motile sperm in the cauda epididymis. Captivity 

may have delayed the regression of the male reproductive organs in 

these two individuals. 

Cltellua harrisii 

Data concerning reproductive conditions in Harris art elope 

squirrels were secured from individuals taken in southern Arizona 

between July, 1961 to July, 1962. These data, together with 

infonnation found in the literature revealed that the Harris antelope 

squirrel is an annual breeding rodent, and in southern Arizona, it 

apparently gives birth to only one litter per year. No female was 

found pregnant during the year in which she was born. 

Female reproductive cycle. During the non-breeding period, 

the genital labia are sealed and the external appearance of the vulva 

is similar to that in the Round-tailed ground squirrel. As the estrous 
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cycle reaches its peak, the labia become enlarged and the vagina 

opens. Apparently, as previously indicated, the hormone estrogen 

causes the labia to enlarge and the vagina to open. 

The first evidence of beginning the rutting season was 

seen in two. adults taken on February 18 near Mt. F&gan in the Santa 

Rita Mountains. Both had swollen labia and enlarged uteris but 

their vaginae were still closed. The first female with embryos was 

collected on February 23 approximately 30 miles north of Tucson. She 

contained six embryos, each 8 x 8 mm in diameter. Two females were 

trapped and released near Picture Rocks on Februaiy 25. One had 

swollen labia and an open vagina while the second had an open vagina, 

but the labia were not so swollen. The latter had a distended belly 

and sll@ft.tly enlarged teats, indications that she was probably 

pregnant. A pregnant female with swollen labia and open vagina 

was live trapped on March 2 approximately a mile south of Tucson. 

She was placed in captivity and gave birth to six young 29 days 

later (March 31). Assuming a gestation period around 30 days, she 

probably mated during the last week in Februaiy. This is the earliest 

record of breeding in the Harris antelope squirrel found in the 

present study. 

Reproductive data found in the literature is summarized in 

Table 4. A female taken at Ft. Lowell, Tucson, on January 8 (Allen, 

1895) contained nine embryos. Mearns (1896) recorded one taken on 

February 17 as containing six large fetuses. Two taken on February 19, 

1894, each contained six embryos (USNM). Apparently, in some years, 

the Harris antelope squirrel may breed as early as December or January* 
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Table 4. Literature reoorde on number of young in Harris 
antelope squirrels. 

DATE No. of embryos or young Locality Reference 

January 8 9 emb. 

February 17, 6 large fetuses 
1894 

February 19, 6, 6 emb. 
1894 

March 4, Captive female gave 
1954 birth to 5 young 

March 5, 1954 5 emb. 

March 5 6 emb. 

March 12, 
1920 

March 13, 
1955 

March 15, 
1930 

March 15, 
1939 

March 20 

March 20, 
1937 

April 5, 
1932 

7 emb. 

Captive female gave 
birth to 7 young 

5 emb. (about 15mm. 
in length) 

9 emb. (10 mm.) 

6 fetuses (size of 
grapes) 

5 emb. (20 mm.) 

6 emb. 

Ft. Lowell, 
Tucson 

Tinajas Altas, 
Gila Mtne., Yuma 
County, Arizona 

Tinajas Altas 

Tucson, Arizona 

Lower Colorado 
River Valley 

Santa Rita Exp. 
Range, Arizona 

Tucson 

About 20 mi. S. 
of Tucson 

Alamo Canyon, 
Ajo Mountains 

Vicinity of Ft. 
Verde 

7 mi. E. Papago 
Well 

Santa Rita Exp. 
Range, Arizona 

Allen, 1895 

Meams, 1896 

USNM 

Tucson, Arizona Thomas, 1955 

Thomas, 1955 

Grinnell, 1914 

U A 

Irby, 1955 
(pers. comm.) 

Dice & Blossom, 
1937 

SDSNH 

Mearns, 1907 

SDSNH 

U A 

Cg-a 

Average 6.3 (88 young) 



In the present study of three females taken on March 25 

approximately 30 miles north of Tucson, one was lactating and had 

six uterine scars, while the other two were in the early stages of 

pregnancy as indicated by the small size of their embryos (six (9x9) 

and seven (12 % 12) embryos respectively). A second lactating female 

with eight uterine scars was collected on April 7 in Tucson. Thre® 

collected on April 22 about 30 miles north of Tucson were all in early 

stages of pregnancy. The last pregnant female examined in the present 

study was collected on May 12 approximately 15 miles north of Tucson, 

and she contained seven (15 x 15) embryos. In the literature the 

latest report found is that of a female collected on April 5, 1932, 

on the Santa Rita Range (UA) that contained six embryos. After May 12, 

additional females were collected in May (6), June (4), and July (2). 

None contained embryos,but eleven probably had borne young as 

evidenced by uterine scars. The twelfth collected on July 21, showed 

no evidence of uterine scars although her teats were rather large. 

Perhaps this female failed to breed during the springy but it appears 

more likely that the uterine scars failed to show up as distinct marks. 

Litter size. Two captive females gave birth to 13 young for 

an average of 6.5 (6-7) young per litter (see Growth and Development 

section). For one pregnant female collected in February, two in March, 

three in April, and one in May, the average embryo count was 7.3 (6-10). 

For eleven post-partum females taken between March 25 and June 87, the 

average embryo scar count was 6.4 (4-8). Table 4 records the data on 

litter size gained from the literature. For the 12 females here 

recorded, the average number of embryos is 6.3 (5-9). Two birth records 



average 6.0 (5-7) young per litter. Figure 10 summarizes all the 

embryo counts, placental scars, and birth records for Citellus 

harrisii. The mean number of young based on 34 records is 6.53. 

Male reproductive cycle. The Harris antelope squirrel, unlike 

the Round-tailed ground squirrel, does not hibernate. Consequently, 

males of the former species were collected in October, November, and 

December while the Bound-tailed ground squirrels were hibernating. 

The earliest indication of speimatogenesis in the Harris antelope 

squirrel was found in a male collected on November 4, when a spexm 

smear revealed tailed spei-m in the seminiferous tubules. In five 

males collected on November 19, all had live sperm in the testes, caput 

and cauda epididymides. Between December 10 and June 16, 23 of 24 males 

collected had live sperm in their epididymides. The negative sperm 

smear was taken from one collected on May 25. The last one which showed 

live sperm was taken on June 16 and this had only a few rather inactive 

spexm present. Curiously this last male had only the left testis 

present, which was scrotal, and a careful autopsy failed to locate 

even a small regressed right testis. Between June 24-27 two more 

males were taken and three were collected in July. None of these 

contained spermatozoa and in all the testes had regressed to less than 

ten per cent of their February-March weights. An adult male with 

large scrotal testes was made captive on April 13. When sacrificed 

on August 26, no sperm were observed in the testes or epididymides. 

Apparently, captivity did not delay the regression of the testes as 

occurred in two captive Round-tailed ground squirrel males. 
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Figure 10. The mean number of young based on 

embryo counts, placental scars, and birth records in 

34 female Citellus harrisii. 
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Comparison of reproductive conditions. Embryos were found in 

Round-tailed ground squirrels between March 18 and April 27, while they 

were observed in the Harris antelope squirrels for a longer period, 

between February 33 and May 12. Literature reoords that, upon occasion, 

these dates may be extended to as late as July 25 in £. tereticau&us, 

and as early as January 9 in £. harrisii. Obviously then, the breeding 

season begins earlier in £. harrisii and may extend later into the 

summer in _0. teretlcaudua. 

Live sperm were found in the Round-tailed ground squirrel males 

from January 7 to April 8, and in the Harris antelope squirrel between 

November 4 and June 16. Thus, live sperm were found in the Harris 

antelope squirrel twice as long as in the Round-tailed ground squirrel. 

In suimpary, Harris antelope squirrels appear to breed earlier and for 

a longer period of time than do the Round-tailed ground squirrels in 

southern Arizona. Undoubtedly hibernation limits the reproductive 

season of the Round-tailed ground squirrel. 



GROWTH AND DEVELOPMENT 

Introduction 

An exhaustive literature search revealed only a single 

definitive study of growth and development in ground squirrels 

(Mayer and Roche, 1954, on the Barrow ground squirrel), however, 

several authors have reported pertinent observations in conjunction 

with other studies. Denniston (1957) reported the weights of six 

litters of Richardson ground squirrels. Evans and Holdenreid (1943) 

give data on growth, birth and emergence of young Beechey ground 

squirrels. Wade (1927) recorded his observations on one litter of 

the Ihirteen-striped ground .'squirrels. 

In this study, data accumulated on growth and development 

of both Citellus harrisii saxlcola and C. teretlcaudus neglectus, 

provide baMS for estimating the age of live squirrels, especially 

immatures, captured in the field. Most information on growth and 

development was obtained from young animals born in captivity from 

pregnant females captured in the field. Study of these captives 

permitted observations at desired frequencies of sufficient numbers 

to give a meaningful measure of growth rates. Such is not usually 

true when one must depend on field recaptures. Data from several 

recaptured and field collected wild individuals provided a comparison 

between growth in captivity and in the wild. 
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Methods and Materials 

Details of growth and development were obtained for four 

litters (26 individuals) of £. teretioaudus and two litters 

(13 individuals) of £. harrisii. All were from pregnant females 

trapped in 1962 on the desert near Tucson and placed in individual 

wire cages. One C. teretlcaudus litter was born on March 27, one on 

April 26 and two on April 27, after the females had been in captivity 

25, 23, 20 and 19 days respectively. This indicates a gestation 

period of at least 25 days. One of the C. harrisii females g&ve 

birth on March 31, and the other on May 1, after being in captivity 29 

and 12 days respectively. Harold Irby (personal communication, 1955) 

reported a female G, harrisii which gave birth to seven young after a 

period of 28 days in captivity. These records indicate a gestation 

period of at least 29 days for the Harris antelope squirrel. The 

exact gestation period for these two species of ground squirrels has 

not been detexralned. 

Females and their litters were housed in standard wire and 

sheet metal cages 9 z 9 z 15 inches. When the young were approximately 

one-half grown, the litters were transferred to larger wooden and wire 

cages approximately 14 x 16 x 20 inches. Sawdust and cotton were kept 

on the bottom of the cages for bedding and nesting use. Before partu

rition, the females prepared a round nest in the cotton material. 

Frequently the top of the nest was completely covered with cotton 

leaving only one hole open for ingress and exit. At other times, the top 

was left so that the young were exposed when the female was off the n®st. 

Captive animals, both females and weaned young, were fed mainly a mixed 



diet of Purina lab chow pellets, Purina dog pellets, lettuce leaves 

and apples. The animals were especially fond of apples. When in 

season, Engelmann prickly pear and cane cholla fruits and mesquite 

beans were given to the animals. Both species readily ate the mesquite 

beans, especially the seeds, whereas the Harris antelope squirrel usually 

consumed only the cane cholla fruit and the Round-tailed ground squirrel, 

the Engelmann prickly pear fruit. This difference in preference for 

cholla and prickly pear fruits was observed to be consistent with food 
3. 

preferences in nature. 

The first litter of each species was weighed but not individually 

measured during the first month, for fear that the additional handling 

and disturbance mi$it cause the female to abandon or kill her young. 

However, the later litters were measured and weighed from birth or 

from the day they were found. The females appeared to be quite tolerant 

of this disturbance, retrieved the young, and showed no slackening of 

maternal instincts. Measurements were taken at weekly intervals for 

the first several months, then as growth slowed, the measurements were 

made bimonthly or monthly. For individual identification of young, toe 

clipping was employed. 

The following weights and measurements were made on all young 

animals: body weight, total length, tail length, hind foot length, and 

ear notch length. Body length was obtained by subtracting the tail 

length from the total length. Measurements were made with a plastic 

millimeter ruler. Linear measurements were read to 1.0 mm; weights to 

0.1 gms. 
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Measurement data were analyzed with, the system proposed by 

Brody (1945). Measurement values were plotted on a logarithmic scale 

versus age on an arithmetic scale. Linear sepnents of such a plot 

indicate periods when growth increments were a constant percentage of 

previous size. From these linear sections instantaneous growth rates 

were calculated as: 

k m InMg - InUi 

tg - tx 

where k is the instantaneous percentage rate of growth for the unit 

of time in which tg and t-j_ are expressed and InMg and InMi are 

natural logarithms of the measurements made at t^ and tg. 

Observations and Discussion 

Cltellus harrisii. General Development. Newborn C_. harrlsii 

are naked. The skin is pink and rather transparent. The young cannot 

crawl, but they can right themselves when placed on their back. Eyes 

and ears are not open. Vibrissae are evident around the muzzle. The 

umbilical cord is lost on the first day. The sex of the young squirrels 

can be determined with accuracy the first day. 

At one week of age, the dorsal sides of the head and back are 

covered with black pigmentation. Young are defecating small yellow 

faecal pellets at this age. At two weeks, two light stripes are dis

tinguishable on the black pigmented back. These stripes are covered 

with white hairs in the adult. The dorsal side of head is beginning to 

be covered with short fine hairs. With the exception of the vibrissae, 

new hairs appear first on the dorsal side of the head. 

At three weeks of age, the claws are well developed and lower, 



but not upper incisor teeth, have erupted. The young animals still 

cannot walk without falling over. In this respect, they are not as 

well developed as Eound-tailled ground squirrel young at three weeks 

of age. The scrotum of the male is quite dark in contrast to the rest 

of the body. Young are very vocal even at this age and a half muffled 

trill is uttered frequently, especially when the young are disturbed 

as in handling. 

Between three and four weeks of age, the ears open, and the 

young are fully covered with short hairs, and at this stage, resemble 

adults. 

At four weeks, the lower incisors are fully erupted, and the 

upper incisors are beginning to erupt. No premolar or molar teeth 

were observed at this time. The young are still very vocal; the trill 

is similar to that of the adult. When trilling, the young generally 

stand upright and shake all over. The young squirrels still cannot 

run too well and usually wobble a great deal when -running at this age. 

The first individual in the two litters had its eyes open at 29 

days and the last at 34 days of age. Running and other movements 

improve a great deal when the eyes first open. 

The young are still nursing and passing yellow faeces at the 

age of five weeks. However, at seven weeks of age, the young, for the 

first time, were observed passing dark faecal pellets and are apparently 

weaned by this time, as the young were not observed nursing after seven 

weeks of age, and the teats of the adult females were shriveled and 

appeared to be in an inactive state. The dark colored faecal pellets 

apparently indicate a change from a milk to a solid diet at the time 
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of weaning. 

Males in one litter had scrotal testes by the fourteenth week 

and, in the other, by the nineteenth week. The testes became large 

and pendent in the latter litter and remained in this condition until 

the first week in October (28 weeks of age) at which time they became 

abdominal again. Although sperm smears were not made on these males, 

they were still assumed to have reached an active breeding condition, 

since animals collected in the field which had enlarged and abdominal 

testes gave positive sperm smears. Thus, this indicates that male 

Harris antelope squirrels can reach sexual maturity during the year in 

which they are born. However, females do not come into breeding 

condition until the following spring at about ten to eleven months of 

age. The vagina does not open until the female comes in heat* 

Citellus teretlcaudus. General development. Newborn _C. 

teretlcaudus are naked and are similar to newborn C. harrisii. Young 

Round-tailed ground squirrels can rigit themselves when placed on their 

back, squeal, and crawl on the day of birth. Crawling is accomplished 

mainly with the front legs which are more developed than the hind legs. 

Eyes and ears are not open. Vibrissas are evident around the snout. 

The sex of the young squirrels can be determined with accuracy the 

first day. On the fourth day, the young have fine hairs on their heads, 

and they can crawl better than on the first day. In crawling and use of 

front limbs, the Round-tailed ground squirrel is more developed than 

the Harris antelope squirrel during the first week of life, although 

the former is the larger species. 

By the end of the first week, the young can crawl, but are 



poorly coordinated and occasionally fall over. The front limbs and 

claws are still better developed than the rear ones. Dark pignenta-

tion begins to appear on the back, but the skin is not as dark as in 

C. harrisii at same age. Lower, but not upper, incisors are present. 

At the age of two weeks, the dorsal side of head is fully 

haired, and the back is covered with fine hairs and these young 

resemble adults. 

The young are fully haired by the end of three weeks and their 

ears have opened. They can crawl now without turning over. They are 

very vocal, and squeal when handled. Upper incisors are erupting at 

this age. 

The eyes are opened between the 25th and 27th day. In addition 

to being several days earlier, there is much less variation in the 

length of time of opening of the eyes than in J3. harrisii. The young 

eat Purina dog pellets on the same day that the eyes are opened. 

By the end of four weeks, all the young have their eyes open, 

and they can run very well and coordination in walking, climbing, and 

running improves rapidly. Upper incisors have erupted. Young are 

still nursing and defecating yellow faecal pellets as in £. harrisii. 

In captivity, the young are apparently weaned during the fifth 

week as a few individuals were observed nursing during this week and 

none during the sixth week or thereafter. After seven weeks, the teats 

of the adult females are shriveled and appeared to be in an inactive 

state. The faecal pellets of the young change from a yellow to a dark 

color at the time of weaning. 

None of the young males had scrotal testes during the year in 



which they were born, indicating that the males reach breeding condition 

the following spring at ten to eleven months of age. Male Round-tailed 

ground squirrels thus differ from male Harris antelope squirrels in 

that the latter reach breeding condition during the same year in which 

born. 

The female Round-tailed ground squirrel appears to exhibit 

breeding characteristics similar to the female Harris antelope squirrel. 

The female Round-tailed ground squirrel does not come into breeding 

condition until the following spring when she is about ten to eleven 

months of age. The breeding readiness in females of both species is 

easily ascertained', since the labia are sealed during the non-breeding 

period and open only when the females are in heat. The labia stay open 

until about the time the young are weaned or shortly thereafter. 

Comparison of early growth and development 

Although C. tereticaudus is the larger of the two species, it 

has a faster rate of development during its early life. The earlier 

appearance of hair on the head, eruption of lower and upper incisors, 

and opening of eyes is evident in C. tereticaudus. Table 5 summarizes 

the early growth and development of the two species. This more rapid 

growth of C_. tereticaudus can be explained partially on the grounds 

that the Round-tailed ground squirrel hibernates part of the year. 

In general, hibernating ground squirrels have a more rapid early 

growth rate than non-hibernating ground squirrels of the same size. The 

ability-tto grow rapidly is apparently necessary to the hibernator, 

because it has less active time above ground than the non-hibemator 

in which to achieve the adult size. This differential growth is 



Table 5. Early grovrth and development of Citellus 
tereticauduB and C. harrisii. 

Structure C. tereticaudus C. harrisii 

Hair on head 

Lower incisorB erupted 

Upper incisors erupted 

Ears open 

Eyes open 

Fully covered with 
short hairs 

Weaned 

Scrotal testes 

4th day 

1 week 

3 weeks 

3 weeks 

25-27 days 

3 weeks 

7 weeks 

10-11 months 

2 weeks 

3 weeks 

4 weeks 

3-4 weeks 

29-34 days 

3-4 weeks 

7 weeks 

14th week 
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clearly demonstrated, in this study. Mayer and Roche's study (1954) 

on the Barrow ground squirrel also demonstrates rapid growth of a 

hiberaator. 

Increase in body weight 

If weight is plotted on a logarithmic scale as in Figure 11, 

it is evident that there are several phases of growth during which 

the percentage of increase per day is constant. The duration and 

slope of each phase is an average for four litters of £. tereticaudus 

and two litters of _C. harrlsii. Weight increase is accomplished in 

four phases after birth. Growth rates are indicated by the _k values 

above each segment of the curve. For example, during the first 

growth phase after birth, wei^it increased 11 per cent per day for 

C. tereticaudus and 9.3 per cent for <3. harrlsii; in the fourth phase, 

adult weight is approached at the rate of 0.53 per cent per day for 

(J. tereticaudus and 0.16 per cent per day for _C. harrlsii. 

Below the curve are indicated several important events in the 

life of the individual. The first inflection after birth occurs at 

two weeks. According to Chew and Butterworth (1959), the first inflec

tion in the kangaroo rat (Dipodomys merriami) occurs just after the 

opening of the eyes, when there is an increase in activity which probably 

reduces the energy that can go into growth. The correlation of opening 

of the eyes with a reduced growth rate is not readily apparent in 

either _C. tereticaudus or jC. harrlsii. The second inflection follows 

a week after the estimated time of full weaning. This inflection, 

however, does correlate with Chew and Butterworth's study on the 

kangaroo rat in which they found that the second inflection occurs 
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Figure 11. Composite plots of data for weigit growth of four 

litters of Citellus tereticaudus and two litters of harrisll raised 

in captivity. Value segments are instantaneous growth rates; value X 

100 s percentage of increase per day during that phase of growth. 
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several days after the estimated time of full weaning. 

Inflections of growth at the times of weaning and opening of 

eyes are present in other wild rodents for which sufficient data are 

available: the deer mouse, Peromyscus sp. (McOabe and Blanchard, 1950; 

Svihla, 1934), wood rat, Neotoma alblgula (Richardson, 1943), and pine 

mouse, Pitymys pinetorum (Hamilton, 1938). 

The weight growth curves of C_. teretlcaudus and jC. harrisii as 

illustrated in Figure 11 are similar, especially in the first several 

phases. Although C. harrisii is the smaller of the two species, it is 

apparent that £. tereticaudus has a faster growth rate. « 

It is not possible to compare the first phase or the early 

part of the second phase of growth of captive and wild Citellus, since 

these phases are completed in the wild before the young animals begin to 

leave their burrows to forage. Based on weight and other measurements, 

both wild young C_. tereticaudus and £. harrisii emerge from their burrows 

between four and five weeks of age, when the eyes have just opened. 

Field weight, of course, is highly sensitive to food supply and environ

mental stress, and growth was assumed to be somewhat more rapid in the 

laboratory than in the field. 

Figure IE shows the rate at which adult weight iB achieved in 

tereticaudus; 25 per cent of weight growth is completed by the 34th 

day, 50 per cent by 50th day, 75 per cent by 68th day, 90 per cent by 

79th day, and 100 per cent by 91th day. 

Figure 13 shows the rate at which adult weight is achieved in 

£. harrisii; 25 per cent of weight growth is completed by the 38th 

day, 50 per cent by 56th day, 75 per cent by 75th day, 90 per cent by 
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Figure 12. Rate of growth, of captive CitelluB tereticaudus; 

composite of data for 26 individuals of four litters. 
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Figure 13. Rate of grovrth of captive Citellus harrisii 

composite of data for 13 individuals of two litters. 
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150th day, and 100 per cent by 217th day. £. tereticaudus reaches 

adult weight faster than _C. harrisii. A possible explanation why 

the Round-tailed ground squirrel diows a faster gain in weight than 

the Harris antelope squirrel is that the Round-tailed ground squirrel 

stores fat rapidly and is less active in captivity. The decreased 

activity in the Round-tailed ground squirrel undoubtedly increases 

the energy that can go into growth. 

In the present study maximum, or 100 per cent, size was 

taken as the average of the highest 30 measurements recorded from 

animals taken in the wild. 

Birth weights of C. tereticaudue were obtained for four 

litters. Birth weights averaged 3.7 grams and ranged from 2.7 grams 

to 4.7 grams. The four litters averaged: 4.3 grams (5 young), 4.0 

(4 young), 3.8 (9 young), and 3.3 (8 young). 

Birth weights of two litters of C. harrisii averaged 3.6 grams 

and ranged from 3.0 grams to 4.1 grams. The two litters averaged: 

3.9 grams (6 young) and 3.4 grams (6 young). Thus, there appears to 

be little difference in weights at birth between the two species. 

Average birth wei#its for other species of Citellus are: 

C. tridecemlineatue. 2.6 grams (Wade, 1927) and £. richardsonii elegans, 

5.96 grams (Denniston, 1957). 

Increase in linear dimensions 

Figures 14 and 15 are composite graphs of growth of head and 

body length, hind foot and tail length in the two species of Citellus 

studied. The ear notch measurement was taken only on C. harrisii as 

the ear of C. tereticaudus is so small that it did not seem practical 
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Figure 14. Composite of growth of linear dimensions of four 

litters of Citellus tereticaudus raised in captivity. Values above 

segments of curve are instantaneous growth rates. The value times 

100 equals the percentage of increase per day during a particular 

growth phase. 
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Figure 15. Composite of growth of linear dimensions of two litters 

of Citellus harrisii raised in captivity. Values above segments of curve 

are instantaneous growth rates. The value times 100 equals the percentage 

of increase per day during a particular growth phase. 
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to record the ear notch length of this species. Linear measurements 

also show phasic growth, with periods of constant percentage increase 

and then rather abrupt changes to lower rates of growth. Except for 

body and head length, the plotted measurements have their first 

growth inflection at about the 28th day. The second inflection, with 

the exception of the hind foot, and the third inflection of body 

and head occur between 49th and 56th days. The causes of these in

flections are not certain, however, they occur within a few days With 

the opening of the eyes and weaning. Usually only four growth phases 

were evident which corresponded with the four phases in weight increase. 

In both species, initially, the hind foot grew more rapidly 

than the other dimensions. In C. teretlcaudus. the hind foot attains 

50 per cent of maximum growth in 22 days and 90 per cent in 66 days, 

and in C. harrisii, the hind foot reaches 50 per cent point in 23 

days; 90 per cent in 65 days. In body and head length of .C. 

tereticaudus, Figure 12 shows that 50 per cent of maximum growth 

is obtained in 21 days, 90 per cent in about 70 days. In £. harrisii 

(Figure 13), the body and head measurement reaches the 50 per cent 

mark in 24 days and the 90 per cent in 87 days. In comparing the tail 

measurements as above, C. tereticaudus attains the 50 per cent in 27 

days and 90 per cent in 210 days, whereas J3. harrisii attains the 50 

per cent in 30 days and 90 per cent in 217 days. In all three linear 

measurements, C. tereticaudus shows a faster growth rate than does 

£. harrisii. The differences between the linear measurements in the 

two species is not as great, however, as in the weight measurements. 



Estimation of age 

The length of the head and body seems to be the only useful 

measurement for estimating the actual age of a live individual after 

two to three months. This measurement can be used to estimate age 

up to five months in £. teretlcaudus and up to . seven months in C_. 

harrisll. Weight is not useful since it can undergo negative trends 

during adverse seasons. Use of a linear measurement for aging has 

the advantage that it does not undergo negative changes, although 

the rate of growth may be slowed during adverse seasons. 



HIBERNATION 

One of the main characteristics which distinguishes the two 

species in the present study is the phenomenon of hibernation. In 

the early phases of the study in 1961, Oitellus tereticaudus exhibited 

characteristics of a hibemator such as fat deposition and rapid 

weight gains when given an unlimited food supply. In the later phases 

of the study, captive Round-tailed ground squirrels were observed in 

the deep hibernation state described by Lyman and Chatfield (1955), 

and Round-tailed ground squirrels in the field retired below ground for 

extended periods of time presumably in a hibernating state. Figure 16 

illustrates a hibernating captive female Oitellus tereticaudus, and 

for contrast, Figure 17 shows an active £. tereticaudus taken on the 

same day. The Harris antelope squirrel stored little or no body fat 

even when supplied with abundant food in captivity and exhibited little 

of the rapid weight gains'evidenced by the Round-tailed ground squirrel. 

The Harris antelope squirrel was found active above ground in each 

month of the year and showed no hibernation behavior in captivity. 

Weights and fat deposition 

The seasonal changes in the weights and the cyclic deposition 

and utilization of fat in the Round-tailed ground squirrel appears to be 

similar to that of other hibernators such as the woodchuck (Snyder, 

Davis, and Christian, 1961). In the following account, the weight cycle 

and fat content are indicated for both the young of the year and the 

adult. 
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Figure 16. Hibernating captive feme.le Citellus tereticaudus 

showing the posture typical' of hibernators. Photo taken December 18, 

1961 at the University of Arizona, Tucson. 
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Figure 17. Active Citellus tereticaudua photo taken on same 

date as Figure 16. 
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The retroperitoneal white fat in the left half of the abdominal 

cavity was taken as an index of the amount of stored fat, a technique 

that has been used by Snyder, et al., (1961) for the woodchuck. This 

fat, stored below the diaphragm and to the left of the dorsal aorta, 

was removed and weighed (± one milligram) in Round-tailed ground 

squirrels autopsiedo 

A satisfactory technique has not yet been perfected that will 

permit the determination of the exact age of a Round-tailed ground 

squirrel or Harris antelope squirrel. However, young of the year of 

both species are easily recognized by one or more of the following 

characteristics: small size; pelage; small unpigmented nipples, and 

undeveloped gonads• 

Weight growth of wild young Round-tailed ground squirrels 

Most young are born between March 15 and April 15 in southern 

Arizona (see Growth and Development section for birth weights)• The 

first feral young collected were taken on April 24. These were the 

first observed above ground and were estimated to be one month old. 

All young in the field weighed less than captive young of the same age. 

Undoubtedly in nature, young expend more energy in obtaining food and 

in other activities than do captives. Thus energy is available for 

growth and fat storage. Between April 26 and September 24, 104 wild-

taken young Round-tailed ground squirrels were weighed. Table 6 

summarizes the seasonal changes in the weights of these young. The 

two young taken on April 26 were estimated to be about one month of 

age, and if one assumes that the young collected on September 24 were 

about six months old, then the average net gain is 107.4 grams or 0.6 
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Table 6. Seasonal changes in the weights of young Citellus 
tereticaudus. 

MALES FEMALES 

Month 
Number 
Weighed 

Ave. Weight 
pjn Range 

Number 
Weighed 

Avg.Weight 
gm Range 

April 1 26.5 - 1 26.8 -

May 5 56 (38-76) 4 56 (29-72) 

June 10 73 (53-99) 10 93 (69-153) 

July 19 108 (44-141) 21 105 (45-144) 

August 7 150 (115-201) 10 139 (106-154) 

September 6 128 (111-162) 10 137 (108-166) 

Totals 48 56 
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grams per day. Twenty-six captives between 28 and 126 days of age 

averaged 1.5 grams per day for a 126 day period, nearly three times 

the rate for feral animals. The average weight of young Rcund-tailed 

ground squirrels in nature, just prior to hibernation, was 134 grams. 

Accumulation of fat in the young of the year 

Some fat was already stored when the young were first observed 

above ground, but the rate of deposition was not great before the end 

of June. Table 7 shows the seasonal changes in the weight of the left 

abdominal fat depot of young Round-tailed ground squirrels. An examina

tion of this table reveals one unexpected phenomena; there is sexual 

difference in the rate of fat storage. In both females and males fat 

was accumulated rapidly during July and August. In September the rate 

remained high in the females but in males it decreased slightly. 

Possible explanations for this decrease are: (1) the sample size was 

inadequate, and (2) the large males with heavy accumulations of fat 

entered hibernation before the heavy females, leaving only the smaller 

males with presumably lighter fat depots to be collected. The foimer 

explanation appears more feasible. 

Accumulations of subcutaneous fat in both young and adults, 

especially in veiy obese individuals, were observed in the inguinal 

region, hind legs, rump and shoulders. The region of heaviest 

coating lies over the hind legs and the rump. Coincident with this is 

an accumulation of fat about the genital organs and kidneys. When the 

animal is ready for hibernation, the internal organs caudad to the 

diaphragm are partially concealed in a white mantle of fat. The 

accumulation of fat in the Round-tailed ground squirrel is similar to 



80 

Table 7. Seasonal changes in the weight of the left 
abdominal fat depot of young Citellua 
tereticaudus. 

MALES FEMALES 

Month 
Number Average 
weighed weight, mg. 

Range in 
weights 

Number 
weighed 

Average 
weight ting, 

Range in 
. weights 

April 1 27 - 1 27 -

May 5 18 ( 0-73 ) 3 46 ( 34-70 ) 

June 6 120 ( 0-218 ) 9 209 ( 50-725 ) 

July 10 527 (169-1180) 9 973 ( 0-2827) 

August 3 1916 (444-4619) 6 1449 (315-2362) 

September 4 1723 (772-2965) 7 1913 (278-3786) 

Totals 29 35 



that described by Hamilton (1934) for the woodchuck. Figure 18 shows 

graphically the seasonal changes in weights of young Round-tailed ground 

squirrels correlated with changes in the weights of their left abdominal 

fat depots. There is almost a direct correlation between increases in 

body weight and fat accumulation. 

Seasonal changes in weights of adults. 

In 1962, adult males emerged from hibernation about four weeks 

before the adult females. Between Januaiy 7 and February 17, only 5 

of 29 animals collected were females, whereas between February 18 and 

March 18, 18 of 34 animals collected were females. 

Since no reliable age criteria are available to separate 

animals over 8 months of age into age groups, all Round-tailed ground 

squirrels taken after Januaiy 1 were classified as adults. Obviously 

young born later in the spring were not so classified. Reproductively 

no differences could be found that might serve as a basis of not 

classifying one year old animals as adults. A few individuals were 

observed above ground on January 2 and, as the month progressed, the 

numbers observed increased rapidly. Males weighed more than females, 

especially during the first two months after emergence from hibernation, 

but perhaps difference is not significant since the number of females 

taken was small. Even in the period of March to September, when sample 

sizes were more comparable, the males still tend to weigh slightly more 

than the females as can be seen in Table 8. 

Even though it includes the active rutting period, males 

maintained their weight during the first three months after appearing 

above ground. After March, their weights increased two months, then 
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Figure 18. Seasonal changes in the weights of young 

Round-tailed ground squirrels correlated with changes in the weights 

of their left abdominal fat depots. 
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Table 8. Seasonal changes in the weights of adult Pitalius 
tereticaudus. 

MALES FEMALES 

Month 
Number 
weighed 

Average 
weight, SOU Range 

Number 
weighed 

Average 
weight,gm. Range 

January 14 152 (118-187) 2 123 (120-127) 

February 16 152 ( 82-199) 7 100 ( 77-118) 

March 11 149 (119-167) 16 139 ( 85-191) 

April 4 166 (138-193) 19 145 (105-172) 

May 2 186 (181-191) 12 157 (118-178) 

June 3 144 (128-170) 10 137 (106-173) 

July 2 152 (152-153) 5 158 (149-168) 

August 5 200 (171-231) 6 186 (174-193) 

September 5 176 (157-211) 2 176 (172-181) 

October n 

November Hibernation 

December 

Totals 62 79 



dropped for two months, increased again in August and finally, in 

September just pilor to hibernation dropped again. Figure 19 graphi

cally shows the seasonal changes in the weights of adult Round-tailed 

ground squirrels correlated with changes in the weights of their left 

abdominal fat depots. larger samples might well smooth out the body 

weight curve shown in Figure 19, especially between April and 

September. However, in relation to total sampling size, fewer males 

were taken between April and July. Since adult ma'les accumulate fat 

depots earlier than adult females, they may become inactive (and lose 

weight) during part of the hot summer. 

The females lost weight after emerging froA"hibernation if the 

small sample in January and February is typical. After February their 

weight increased steadily until September except for a drop in May and 

June attributal to the stress of nursing and caring for young. 

Accumulation of fat in adults 

Both adult males "and females tended to use up any fat reserves 

during the first two or three months after leaving hibernation. In 

males accumulation of new fat began in March, while in females it did 

not occur until July. Once fat accumulation began in females, its 

rate of deposition was rapid for about a month (Table 9, Fig. 19). 

Undoubtedly, pregnancy and caring for the young did not permit the 

accumulation of fat reserves until July. 

Weight changes in adult and young Harris antelope squirrels 

Harris antelope squirrels do not hibernate, nor do they store 

large amounts of fats. Weight changes in this species are presented 

as a basis of comparison with those of the Round-tailed ground squirrels. 
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Figure 19. Seasonal changes in the weights of adult Round-

tailed ground squirrels correlated with changes in the weights of 

their left abdominal fat depots. 
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Table 9. Seasonal changes in the weight of the left abdominal 
fat depot of adult Citellus tereticaudus* 

MALES FEMALES 
Number 

Month Weighed 
Average 

weight, »g. Range 
Number 
Weighed 

Average 
vi iQ-S* K&ng6 

January 13 1890 ( 0-4942) 1 1355 -

February 10 314 ( 0-955 ) 2 156 ( 147-164 ) 

March 5 521 ( 177-1131) 10 294 ( 0-724 ) 

April - - 10 53 ( 0-224 ) 

May 2 2018 (1721-2315) 9 223 ( 0-1461) 

June 2 1141 ( 659-1623) 7 210 ( 67-446 ) 

July - - - 4 3421 (1375-5451) 

August 2 5322 (2542-8103) 5 3442 ( 383-6556) 

September 5 2671 (1352-3368) 2 3485 (3045-3926) 

Totals 39 50 



Since Harris antelope squirrels store little or no body fat, weights 

of abdominal fat were not obtained. A cursory glance of the graphs of 

adult body weights of £. harrisii and _C. tereticaudus (Figs. 19 and 20), 

reveals the much greater seasonal fluctuation of weight in the latterf 

This fluctuation may well be one of the main features distinguishing 

the hibernator from the non-hibernator. By the time the young Harris 

antelope squirrel is three months of age, it is difficult under field 

conditions to distinguish young of the year from adult animals 

(Figs. 20, 21; Tables 10, 11). The slight peak in April of weights of 

female Harris antelope squirrels is caused by the presence of many 

gravid individuals in the sample. Adult Harris antelope squirrels, 

unlike the Round-tailed ground squirrels, do not gain weight after 

the breeding season but maintain a relatively constant weight through

out the year. The weight curve of young Harris antelope squirrels 

levels off sooner than does that of young Round-tailed ground squirrels 

(Figs. 18 and 21)• 

Adrenal gland weight changes 

Adrenal glands from both Harris antelope and Round-tailed 

gxound squirrels were removed during autopsies and cleared of excess 

tissue, and placed in ten per cent formalin. Later, the adrenal 

glands were weighed to the nearest 0.1 milligram. Chester-Jones (1958) 

indicates that the accepted standard of adrenal measurement is to 

express weight in milligrams per 100 grams of body weight (mg. %), thus 

permitting comparison of animals of radically different sizes. Tables 12 

to 15 and Figures 22 to 25 give the data for these two species of 
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Figure 20. Seasonal changes in the weights of adult 

Citellus harrisii. 
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Figure 21. Seasonal changes in the weights of young 

Citellus harrisii in the wild. 



Table 10. Seasonal changes in the weights of adult Citellus 
harrisii. 

MALES FEMALES 

Month 
Number 
weighed 

Average 
weight, g®( , Range 

Number 
weighed 

Average 
weight, m» Range 

January 9 126 (107-136) 3 113 (106-116) 

February 5 131 (124-143) 6 121 (110-135) 

March 4 129 (124-141) 4 119 (113-123) 

April 7 128 (109-147) 9 137 (130-154) 

May 3 125 (117-133) 7 122 (103-140) 

June 3 132 (125-135) 4 131 (118-146) 

July 3 132 (114-147) 4 118 (112-121) 

August - - - 2 112 (107-117) 

September 5 103 ( 89-111) 1 127 -

October 3 116 (105-128) tm 
~ - -

November 9 111 ( 99-127) 2 126 (125-127) 

December 4 123 (118-128) 6 108 ( 95-121) 

Totals 55 48 
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Table 11. Seasonal changes in the weights of young Citellus 
harrlsii. 

MALES FEMALES 

Month 
Number 
weighed 

Average 
weight, gn i. Range 

Number 
weighed 

Average 
weighed. gm. Range 

May 2 49 ( 29-70 ) 3 46 ( 35-60 ) 

June 6 86 { 61-102) 3 88 { 77-104) 

July 6 93 ( 74-116) 5 102 ( 95-107) 

August 4 115 (108-124) 5 109 (104-119) 

September - 2 105 ( 95-115) 

October - - - 2 107 (106-108) 

November _ 3 104 ( 93-115) 

Totals 18 23 
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Table 12. Adrenal weights in milligrams per 100 grams of body 
weight (mg. <jt>) of adult Citellus tereticaudus. 

MAT.TiS rra/TAT.Tra 

Month 
Number 
weighed 

Average 
mg. % 

Number 
weighed 

Average 
mg. % 

January 13 10.9 1 14.2 

February 10 15.3 4 15.0 

March 4 • 18.1 11 16.3 

April 1 13.8 10 25.0 

May 2 15.4 12 20.5 

June 2 12.0 7 23.2 

July 1 11.9 4 16.6 

August 2 11.0 4 6.6 

September 6 8.3 1 7.8 

Totals 
or 

Average 

40 13.0 54 16.1 



Table 13. Adrenal weights in milligrams per 100 grams of body 
weight (mg. #) in immature Citellus tereticaudue. 

MALES FEMALES 

Month 
Number 
weighed 

Average 
mg. £ 

Number 
weighed 

Average 
mg. % 

April 1 23.0 1 19.3 

May 4 14.8 5 17.5 

June 5 13.9 8 15.6 

July 9 18.6 11 15.1 

August 3 10.2 5 8.4 

September 3 13.3 7 8.9 

Totals 
or 

Average 

25 15.6 37 14.1 



Table 14. Adrenal weights in milligrams per 100 grams of body 
weight (mg. %>) in adult Citellus harrisii. 

MAT.TCS FEMALES 

Month 
Number 
weighed 

Average 
mg. % 

Number 
weighed 

Average 
mg. % 

January 4 27.8 - -

February 4 44.4 4 35.3 

March 4 42.6 3 51.5 

April 6 47.8 6 52.4 

May 3 29.1 7 61.9 

June 3 33.8 4 39.1 

July 3 38.2 3 33.2 

August •• 2 31.5 

September 3 43.6 1 32.9 

October 2 32.9 - m 

November 8 49.3 2 55.4 

December 2 53.6 5 44.3 

Totals 
or 

Average 

42 40.3 37 43.8 



Table 15. Adrenal weights in milligrams per 100 grams of body-
weight (mg. %) in immature Citellus harrlaii. 

MAT.THS FTWAT.TT.S 
Number Average Number Average 

Month weighed mg. % weighed mg. % 

May 2 36.1 2 38.9 

June 5 41.4 3 35.0 

July 5 34.1 4 38.1 

August 4 40.3 3 24.6 

September - - 3 31.7 

October - - - •M 

November mm 3 47.3 

Totals 16 38.0 17 35.9 
or 

Average 
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Figure 22. Seasonal changes in the weights of adrenal glands 

of adult Citellus tereticaudus in milligrams per 100 grams of body-

weight (nig. %). 
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expressed in milligrams per 100 grams of body weight (mg. %) in 

young Citellus tereticaudus. 
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Figure 24. Seasonal changes in the weights of adrenal glands 

in milligrams per 100 grams of body weight (mg. %) in adult Citellus 

harrieii. 



squirrels. Seasonal changes indicate little sexual dimorphism within 

a given species but a distinct size difference exists between the two 

species, with the adrenals of the Harris antelope squirrel averaging 

tvro to three times the size of that in the Round-tailed ground 

squirrel. The cause of this difference is not known but may be 

associated with either the fact that the Harris antelope squirrels 

are more active and high strung than Round-tailed ground squirrels, 

and the Harris antelope squirrel is a non-hibernator. 

Definite seasonal pattern in adrenal size is evident in the 

adults of both species (Figs. 22 and 24), but is absent in the young 

(Figs. 23 and 25). Adrenal weights in adult Round-tailed ground 

squirrel males reach a peak in March, about a month before that found 

in females (Fig. 22). After March, adrenal weights in males decline, 

reaching smallest size in September just prior to hibernation. In 

females, adrenal size is greatest in April, May, and June, the period 

of lactation and weaning in this species. After June, adrenal weights 

also decline, being smallest just prior to hibernation. If increased 

adrenal size is correlated with increase in stress as indicated by 

Christian (1955, 1956) and others, then the reproductive season is 

evidently stressful for both male and female Round-tailed ground 

squirrels. 

Adrenal weights in male Harris antelope squirrels also reach 

maxima about a month before that of the females (Fig. 24). Maximal 

adrenal sizes in female Harris antelope squirrels occur during March, 

April, and May, about a month earlier than female Round-tailed ground 
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squirrels. This pattern corresponds with the earlier breeding season 

of C_. harrlsli. After reaching maxima during the breeding and 

reproductive season, adrenal weights in both male and female decline, 

as in the Round-tailed ground squirrel, to a minima in late fall. 

The winter, for this non-hibernating species,is a period during which 

adrenal weights tend to increase (Fig. 24). 

The adrenal gland in Round-tailed ground squirrels exhibit an 

involution after the breeding season and prior to hibernation. This 

glandular involution has been observed by many investigators, and is 

the basis for one of the theories of hibernation (Lyman and Ohatfield, 

1955). 

Body temperature 

The body temperature of hibernating animals is reported by 

Johnson (1931), Kayser (1952), and others as being 0.5 to 3° 0. above 

that of the environment. However, since Round-tailed ground squirrels 

spend only a few months in hibernation, and since Harris antelope 

squirrels are active in all seasons, comparative active-phase body 

temperatures appeared desirable. A method of securing body temperatures, 

similar to that used by Cunningham (1960) in southern California , was 

utilized. Temperatures were secured by means of a small, quick-

registering, mercury thermometer. Animals were shot, generally after 

little or no chase, and rectal temperature recorded usually within 30 

seconds. Air temperatures in the shade were taken within a few 

minutes of the time of recording rectal temperatures. Tables 16 to 19 

give the average and range of the body and air temperatures so recorded. 
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Table 16. Average rectal temperatures of active adult Citellus 
tereticaudus. 

Month. 
Number 
measured 

Rectal temp, 
average Range 

Air temp, 
average Range 

January 6 36.2 (34.9-37.1) 18.6 (16.9-19.8) 

February 9 37.0 (34.3-38.4) 13.3 ( 9.8-15.0) 

April 8 39.4 (38.4-41.1) 33.4 (27.1-35.5) 

May 15 39.4 (38.4-40.8) 25.9 (22.0-32.2) 

June 9 39.6 (37.5-41.9) 32.5 (27.4-40.2) 

Totals or 47 
Average 

38.3 (34.3-41.9) 
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Table 17. Average rectal temperatures of active young Citellus 
tereticaudus. 

Number Rectal temp. Air temp. 
Month measured average Range average Range 

April 2 37.5 (36.2-38.7) 34.6 (34.0-35.2) 

May 9 38.8 (37.5-40.3) 25.2 (22.6-28.6) 

June 10 39.5 (39.1-40.2) 28.4 (27.6-30.4) 

July 13 39.9 (38.4-40.9) 36.3 (33.4-41.7) 

September 2 38.9 (38.1-39.6) 31.6 (31.2-32.0) 

Totals or 36 
Average 

38.9 (36.2-40.9) 
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Table 18. Average rectal temperatures of active adult Cltellus 
harrisii. 

Month 
Number 
measured 

Rectal temp 
average 

• 

Range 
Air temp, 
average Range 

January 2 36.3 (35.7-36.9) 7.1 ( 6.8-7.3 ) 

February 6 36.4 (35.3-37.8) 13.8 (11.9-14.6) 

March 5 38.8 (37.9-39.8) 21.5 (19.6-23.3) 

April 10 39.1 (37.2-40.7) 28.6 (25.8-30.0) 

May 9 39.5 (37.4-41.0) 30.5 (26.4-37.4) 

June 4 40.3 (39.5-41.1) 34.7 (29.1-42.7) 

July 6 40.3 (39.4-41.6) 36.0 (33.7-38.4) 

Totals or 42 
Average 

38.7 (35.3-41.6) 
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Table 19. Average rectal temperatures of active young Citellus 
harrisii. 

Number Rectal temp. Air temp. 
Month measured average Range average Range 

May 6 38*4 (37.6-39.9) 29.0 (26.8-32.0) 

June 6 39.2 (38.0-40.5) 33.5 (27.6-43.6) 

July 9 40.0 (38.7-41.7) 34.6 (31.6-37.2) 

September 1 39.2 - - - 32.9 _ - « 

Totals or 
Average 

22 39.2 (37.6-41.7) 
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An examination of these tables reveals that there is little 

difference in the average rectal tanperatures of either the adults 

or young of each species, although averages of young of both species 

were slightly higher than those of adults. Further, there appeared 

to be no real correlation between body temperatures and air temperatures 

except perhaps in _C. harrlsii during the warmer months of June, July 

and September. 

Differences between these species are certainly much less 

than those recorded by Bartholomew and Hudson (1961) for Citellus 

mohavensis and C. leucurus in the laboratory. 

When the Round-tailed ground squirrel is in the hibernating 

state, rectal tempenatures often differ greatly from those of the 

Harris antelope squirrel. 

Three female Round-tailed ground squirrels were captured in 

early September and placed in a room in the Biological Science 

Building at the University of Arizona, where the temperature averaged 

21° C. and ranged from 15.6° to 27.2° 0. On October 26, when the room 

temperature was 23.3° C., one was hibernating while the other two were 

active. The rectal temperature of the hibernating female was 25.6° C. 

(Table 20), and temperatures of the other two were 36.2° C. and 30.6° C. 

Thus only 5° C. separated the hibernating from one of the active 

individuals. In these captives hibernation occurred intermittently 

until late January, about the tine that non-captives first appeared 

above ground in numbers (see section on Reproduction). During this 

time their body temperatures seemed to passively follow environmental 
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Table 20. Rectal temperatures (° C.) of Round-tailed ground 
squirrels in hibernation. 

Date 
Female 
#39 

Female 
#40 

Female 
#41 

Environmental 
temperature 

1961 
October 26 25.6 23.3 

29 22.4 20.0 

31 21.8 21.6 

November 5 19.8 22.3 

23 22.5 22.6 22.6 

24 21.5 16.3 16.2 

27 20.9 18.7 

December 8 13.2 13.1 13.0 14.2 

11 11.4 10.8 9.9 

18 7.6 8.9 8.0 

21 13.1 12.8 12.4 18.9 

22 
1962 

January 4 10.9 9.7 

14.6 13.4 

14.2 

9 16.8 17.9 16.3 

10 10.7 6.4 

11 8.2 6.8 

13 9.3 9.8 

14 8.7 6.8 

20 17.8 16.4 

22 13.9 12.5 

25 10.5 8.3 

26 11.9 10.8 

Comments 

Indoors 

Moved to outdoor 
quarters 

indicates female was not hibernating. 
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temperatures as has been reported in other hibernators (Benedict and 

Lee, 1938; Johnson, 1928). However, unless the environmental 

temperature changes very slowly, there is a lag between the body 

temperature and that of the environment. Probably many literature 

records of body temperature in hibernating mammals that are either 

well above or below that of the environment result from such a lag. 

In the present study a lag in body temperatures resulted in rectal 

temperatures of December 21 and January 4 that were well below 

environmental temperatures. 

Respiration 

As contrasted with a resting rate of about 75 (43-130) respira

tions a minute in active Round-tailed ground squirrels, the respiration 

rate in dormant animals at rectal temperatures between 13.0-85.6° C. 

ranged from one to eleven (average of 5.7) respirations per minute in 

nine observations. At a rectal temperature of 13.0° C., breathing was 

shallow, and respiratory movements were barely detectable. The 

respiration rate in deeply torpid animals (body temperatures below 10° C.) 

average from one to four per minute and occassionally periods one to two 

minutes in length pass with no respirations. Such periods of apnea are 

typical of animals in "deep hibernation (Lyman and Chatfield, 1955). 

The Round-tailed ground squirrel's respiratory rat© in hibernation is 

similar to that recorded by Johnson (1928) for the Thirteen-lined 

ground squirrel (Cltellus tridecemllneatus)• 

The respiratory rate in two resting Harris antelope squirrels 

was 160 and 166 respectively. 



PARASITES 

Dr. Glen M. Kohls, National Institute of Microbiology, 

Rocky Mountain Laboratory, Hamilton, Montana, kindly identified 

the ticks and MayBelle Chitwood, Agricultural Research Service, 

Animal Disease and Parasite Research Division, Beltsville, Maryland, 

the nematodes. 

Citellus teretlcaudua 

External parasites. Fleas were common on Round-tailed ground 

squirrels when they first emerged from hibernation, but became less 

frequent during the hot summer months. Hubbard (1947) and Tohm (1953) 

recorded the ground squirrel flea, Thrassis arizonensis, and the stick-

tight hen flea, Echidnophaga gallinacea as occurring on this species. 

Larval ticks were frequently observed during the warm summer 

months embedded in the skin of the pectoral region. Twenty-three 

larvae taken from five Sound-tailed ground squirrels collected in 

Tucson and three miles east of Marana, Arizona were all identified as 

Orinthodoros talaje. Kohls (1936) states that this tick is prevalent 

in Mexico, Central America, and parts of South America. According to 

Dunn (1933), it inflicts bites very painful to man, and in the tropics 

is an agent in the transmission of relapsing fever. It has been 

reported only sporadically in the United States. Kohls (1936) collected 

larval ticks of this species from kangaroo rats (Dipodomys sp.) in 

Arizona. He found nymphal and adult _0. talaje in the soil of these 

rodent's burrows. 
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One tick nymph collected from an adult female taken at the 

northern end of the Santa Rita Mountains in southern Arizona was 

identified as Dermacentor sp. prob. parumapertus. Neither of these 

ticks had previously been recorded from £. tereticaudus. 

Internal parasites. Parasitic nematodes were frequently 

observed in the stomach, small intestine, caecum, and infrequently 

in the large intestine (mixed with faecal pellets) and in the 

mesenteries of the visceral cavity. Nematodes collected from the 

caecum of an adult female Round-tailed ground squirrel taken three 

miles east of Marana, Arizona were identified as Subulura ungulatus 

(U. S. N. M. Helm. Coll. No. 47633), and represent a new host record 

for this parasite. 

Several unidentified acanthocephalan worms and tapeworms were 

taken from the small intestine of this ground squirrel. 

Citellus harrisii 

External parasites. Fleas were common on the Harris antelope 

squirrels. Hubbard (1947) reported Thrassis gladiolis caducus from 

Citellus harrisii in the vicinity of Tucson and Thrassis setosls off 

Citellus harrisii in Yavapai County, Arizona. Tohm (1953) recorded 

Thrassis arizonensis as well as Thrassis setosis from Harris antelope 

squirrels taken in Pima County. 

Ticks were observed only once on the Harris antelope squirrels. 

Two larvae of Orinthodoros talaje were collected from an immature male 

Harris antelope squirrel in the Tucson Mountains on July 9. This is 

a new parasite record for the Harris antelope squirrel. 
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Unidentified, lice were taken on several occasions from the 

Harris antelope squirrels. 

Internal parasites. Parasitic nematodes were frequently 

observed in the stomach, small intestine, caecum, and infrequently in 

the large intestine (mixed with faecal pellets) and in the mesenteries 

of the visceral cavity. Nematodes taken from the caecum of an adult 

male Harris antelope squirrel in the Santa Rita Mountains were 

identified as Citellian triradiata (U. S. N. M. Helm. Coll. No. 47632). 

This nematode had not previously been recorded from Citellus harrisii. 

Several unidentified acanthocephalan worms and tapeworms were 

taken from the small intestine. '• 

Summary of parasites. Of four species of fleas identified 

from the Harris antelope and Round-tailed ground squirrels, only one, 

Ihrassis arizonensis, is reported from both squirrels. 

The tick, Ornithodoros talaje, was recorded from both species 

of squirrels. During the summer months, this tick is common on the 

Round-tailed ground squirrel, but is rare on the Harris antelope 

squirrel. Deimacentor sp. was found only once on the Round-tailed 

ground squirrel. 

Different genera of nematodes, Subulura and Citellian, inhabit 

the intestinal tract of these two ground squirrels. 



OXYGEN CONSUMPTION 

In order to measure the oxygen consumption of the Round-

tailed ground squirrel and Harris antelope squirrel, a simple 

respiratory chamber was prepared consisting of a quart jar with a 

U-ahaped glass tube extending from the lid of the jar. A drop of 

machine oil was placed at the bottom of the U in the glass tube, 

and a circular piece of screen wire was placed in the Jar approxi

mately one inch from the bottom. The chamber was then examined for 

leaks and placed in a constant temperature water bath. Just prior 

to the actual recording, an animal was placed on the wire screen in 

the respiratory chamber for about 20 minutes before oxygen consumption 

was recorded, thus allowing the animal time to become accustomed to 

the chamber and allowing the chamber to reach the temperature of the 

water bath. Ten cubic centimeters of itOH solution were placed in the 

bottom of the jar beneath the wire screen. This absorbed the carbon 

dioxide produced. The chamber was then completely sealed and recordings 

were made on the rate of oxygen consumption. As the experimental animal 

consumed oxygen a vacuum was created in the jar, displacing the drop of 

oil in the glass tube. The oil droplet was readjusted by adding air 

with a calibrated syringe. The amount of air required to place the oil 

droplet back to a starting mark was recorded as the amount of oxygen 

used. 

The greatest disadvantage of this respiratory chamber was that 
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it required almost constant observation and re-leveling of the oil 

droplet. 

An examination of Table 21, the oxygen consumption in the 

Round-tailed ground squirrel, reveals that in August there is little 

difference between oxygen consumption at 20^ C. and 30° C. In August 

these animals were very fat; thus the consumption of oxygen per unit 

weight was much higher in December when not so much of the total weight 

consisted of fat, which is relatively inactive metabolically. 

Table 22 records oxygen consumption in Harris antelope squirrels. 

In August there is little difference in oxygen consumption at 20° C. 

and 130° C. In December oxygen consumption is actually lower than in 

August, a direct contrast to findings for the Round-tailed ground 

squirrels. The reason for this drop in oxygen consumption is unclear 

and must await rechecks of the data before any conclusions can be 

reached. 

An examination of Tables 21 and 22 demonstrates clearly that 

the Harris antelope squirrel has a higher rate of oxygen consumption 

than the Round-tailed ground squirrel. This is not unexpected, as 

the Harris antelope squirrel is a smaller, more active animal that does 

not readily accumulate fat depots. 
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Table 21. Oxygen consumption in Citellua teretioaudus* 

Month Sex 
Body weight 
in grams Duration cc 02/fWhr 

Air Temp. 
0 C. 

August limn.#" 235.5 30 min. .99 D
O
 
o
 o o
 .
 

Ad.tf* 253.2 30 min. .92 20° C. 

Ad.<** 321.1 30 min. .64 20° C. 

Ad.? 310.5 30 min. .60 £
 o
 

o
 .
 

Ad.? 388.0 30 min. .58 

.
 

o
 

o
 o 
C
M
 

Average 301.7 .75 

August 221.0 30 min. 1.10 30° C. 

Ad.#* 313.7 30 min. .71 30° C. 

Ad.? 313.9 30 min. .68 30° C. 

Ad.? 285.2 30 min. .55 30° C. 

Average 283.5 .76 

December 1mm.? 142.9 30 min.. 1.22 30° C. 

Iram.d" 137.2 60 min. 1.21 30° C. 

Imm.? 139.2 30 min. 1.19 30° C. 

Imm.? 134.0 30 min. 1.07 30° C. 

Average 138.3 1.42 
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Table 22. Oxygen consumption in Citellus harrisii 

Month Sex 
Body weight 
in grams Duration cc/02/gm/hr 

Air Temp. 
0 C. 

August Ad.? 107.3 30 min. 2.58 20° C. 

Imm.¥ 101.1 30 min. 2.55 20° C. 

1mm.a* 130.8 30 min. 1.98 20° C. 

Ad.-? 123.5 30 min. 1.90 to
 
0
 
0
 
0
 
.
 

hm.c" 102.6 30 min. 1.67 20° C. 

Average 113.0 2.14 

August 1mm.0" 103.0 30 min. 2.35 30° C. 

Imm.-? 99.1 30 min. 2.18 30° C. 

Ad.? 105.9 30 min. 2.04 30° C. 

Imm.o" 125.2 30 min. 1.84 30° C. 

Ad.? 114.9 30 min. 1.77 . 

0
 

0
 8 

Average 109.6 2.04 

December Ad. ̂  121.0 30 min. 1.96 30° C. 

Imm.? 120.6 30 min. 1.56 30° C. 

Ad. a" 122.4 30 min. 1.45 30° C. 

Average 121.3 1.66 



HYPOTHERMIA AND HYPERTHERMIA EXPERIMENTS 

Since Citellus harrisii does not hibernate and C. tereticaudus 

does, it appeared probable that they would have different reactions 

to adverse temperature conditions. To test this hypothesis, ground 

squirrels were placed in individual wire cages in a dial-controlled 

constant temperature box for periods of twelve hours. Rectal 

temperatures taken with a quick registering mercury thermometer were 

secured at the beginning and end of each experiment. 

Table 23 summarizes the results. 

These experiments indicate that the Round-tailed ground 

squirrels are less resistant to cooling at temperatures below 15° C. 

than are Harris antelope squirrels. Round-tailed ground squirrels 

appear to be more resistant to higher temperatures than the Harris 

antelope squirrels, since no £. harrisii survived 30 minutes at 40° C. 

and two £. tereticaudus did survive. Neither species survived at 

45° C. Apparently the lethal temperature for the Round-tailed ground 

squirrel under the conditions in this experiment lie between 40° - 45° C., 

and for Harris entelope squirrels between 35° - 45° C. 
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Table 23. Resistance to cooling and heating in Citellus tereticaudus and _C. harrisii 
between August 23-26, 1962. 

Mean changes in the body temperature in ° C. kept for 12 hours at the temperature. 

Species +5° +15° +25° +35° + 40° +45° 

Citellus 
tereticaudus -19.9° (3) -9.8° (3) 0° (3) -1.6° (3) -1.3° (3) died before end of 

experiment (3) 

Citellus 
harrisii -5.7° (3) -3.0° (3) -0.7° (3) -0.5° (3) -0.3° (1) died before end 

2 died of experiment (3) 
before end 
of experiment 

* Figures in parentheses indicate number of animals used. A different group of three animals 
was used for each experiment. The recta}, temperatures in 0 C. at the beginning of the 
experiments averaged 36.6 (32.8 - 38.2) for jj. tereticaudus and 38.6 (35.3 - 39.8) for 
C. harrisii. The squirrels were caged outdoors where the August temperatures fluctuated 
around 26.7 (21.1 -40° C.). 



SUMMARY 

A comparative study of the biology of the Harris antelope 

squirrel, Citellus harrlsii (subgenus Ammospermophilus) and the 

Bound-tailed ground squirrel, _C. tereticaudus (subgenus 

Xerospexmophilus), was conducted in southern Arizona during 1961-

1962. Citellus harrisii is currently separated into two subspecies 

mainly on color differences, and in _0. tereticaudus. four subspecies 

are recognized and separated mainly on length of tail and hind foot 

and on color differences. In addition to many distinctive 

morphological features, these two ground squirrels possess widely 

divergent behavioral differences. 

In some areas both species occur in the same or adjacent 

habitats but, in general the Round-tailed ground squirrels show 

preferences for flat sandy soils and the Harris antelope squirrels 

for rocky hills or rocky soils. 

Captive Round-tailed ground squirrel females gave birth to 

four litters (26 individuals), and Harris antelope squirrel females to 

two litters (13 individuals) on which growth and development data were 

obtained. The Round-tailed ground squirrels are larger and have the 

faster rate of development during their early life, as demonstrated 

by the earlier appearance of hair on the head, eruption of lower and 

upper incisors, and opening of eyes. In weight and in measurements 

of head and body, hind foot, and tail, the Round-tailed ground squirrels 
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have a faster growth rate than do the Harris antelope squirrels. 

Linear measurements do not show this difference as readily as do 

weights. Rapid growth and development is a characteristic of 

mammals that hibernate, thus the more rapid growth rate of the Bound-

tailed ground squirrel was explained, at least in part, when it was 

found that it hibernated while the Harris antelope squirrel did not. 

Harris antelope ground squirrels breed earlier and for longer 

periods than do the Round-tailed ground squirrels in southern -Arizona. 

The hibernation behavior in the latter apparently limits its 

reproductive season. 

In the early phases of the study, Round-tailed ground 

squirrels exhibited characteristics of hibernators such as fat 

deposition and rapid weight gains when given unlimited food supplies. 

In the later phases, captive Round-tailed ground squirrels were 

observed in deep hibernation, and data were obtained on reduced body 

temperatures and respiration rates while in this state. In nature, 

Round-tailed ground squirrels retired below ground for extended 

periods of time presumably to hibernate. 

The Harris antelope squirrels do not eah ibit any characteristics 

of hibernators, and were observed above ground in each month of the 

year. 

Four species of fleas were recovered from the squirrels; only 

one of which occurred on both kinds. An argasid tick was recorded 

from both species of squirrels during the summer months commonly on 

the Round-tailed ground squirrels, but rarely on the Harris antelope 

squirrels. Different genera of nematodes inhabit the intestinal 
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tract of these two ground squirrels. 

Oxygen consumption is greater in the Harris antelope squirrels 

than in the Round-tailed ground squirrels. 

At temperatures below 15° 0., the Round-tailed ground squirrels 

are less resistant to cooling than are the Harris antelope squirrels. 

Based on limited samples at 40° C., the Round-tailed ground squirrels 

seem more heat resistant than Harris antelope squirrels# 
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