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Two tytes of hairs re found on this squirrel: thick 
soft underhir nd the almost spine-like guard hairs. The 
winter coat is long and thick while the summer coat is much 
more sDarse. Males begin both the surmer and winter molt 
before the females - the latter do not molt in the string 
until the young are weaned. Summer molt begtnB at the head 
and works back, winter molt begins at the hips nd works 
forward. 

The range of this squ±rrel aooeprs ta be lim±ted., at 
least indirectly, by the amount of rainfpll1 es nowhere is 
the squirrel abundnt where the total se.son' s rainfall 
approaches IO inches. Red brorie and fi1ee re corniofl 
within the habitat of the squirrel and make ut most 6f the 
zreen and dry vegeteble constituents or the diet. Insects 
foun ±n the habitat, such as rsshotper9, June beetles, 
and crickets, also figure Drominently in the food items. 

Baders, weasels, and coyotes e.orear to be the most 
rom.tnent enemies. California ground squirrels do not seem 

to h.ve an appreciable effect on theBe scuirrels, excett 
ne9r the edge of the rrie. Here there is considerable 
fluctuation in numbers, in a iven spot, and from time to 
time. Kangaroo rats appear to exert a great influence 
over the squirrel as the latter prefers to m.ke use of 
the former's burrows rather than build one of its own. 

The antelope ground squirrel is infested dth both 
coto- and endooarastes. The fleas, so far, are confined 
to two species. An almost characteristtc action of the 
animal is scratching. It also bathes in the dust to corn- 
bat the insects. One specIes oÍ' cestode, two species o 
nematodes, and one species of acanthocephalan has been found 
in the squirrel. All parts, excett the mouth and esophagus, 
of' the digestive tract are invaded. Young squirrels have 
few or no intestinal tarasites. 



No burrow has yet been found that 
been constructed by this squirrel. It 
garoo rat burrows in which to retreat to 
ously Dl'ced in Its ciieek oouches. 

Abstract 2 

is known to have 
uses abandoned kan- 
devour food previ- 

The home renge is ap-oarently esthlished by the young 
scuirrel but may be broadened as tIme goes on. YounR souir- 
reis aopear to be recauht at oie ces far from the original 
trapDing site, but old squirrels are usually oicked up with- 
in a very short dist9.nce of where they were first trapped. 

There is a very raoid turnover in :000ulation as in 
retraping the following year only about 11 percent of the 
previous year's ce.tch is taken. Areas known to have once 
had many squirrels are found to be without squirrels, and 
new areas are seen to be invded. 

Adults aDparently pass the summer in an Inactive 
stete; although, as yet, there is no evidence of estivation. 
This enables them to :;et over the dry oeriod when lack of 
moisture is most critical. ThIs sDecies Is much more 
sensitive to weather conditions tha is the California 
ground squIrrel. Only the warmest part of cold days and 
the coolest parts of warm days are passed out of the bur- 
row. There is no Deriod of hibernation. 

These squirrels are larely solitary dwellers, but 
may appear amiable when found together, except during breed- 
Ing season when squabbles may occur. Breeding takes place 
late in January and early in February. Lactating females 
were first seen on March lU and no embryos were found af- 
ter Narch 11. The breeding season for males aDpears to be 
much longer than this aS motile sperm and large testes are 
found long before and long after this period. A high nurn- 
ber of embryos is found with 10 being a common number and 
evidences of more, although more than 7 young have never 
been seen with one female. Seven pe.irs of nipples ry be 
in use at one time. 

The squirrel has several notes, the most comnon of 
which is a Uwhistle which may be interpreted as a note of 
warning or fright. Upon surorise this may become almost 
a Uy1pd The female also uses a chittering note to as- 
semble her young. Most notes are assocIated with the breed- 
ing season. The tail aDpears to also be used as a mean 
of communication. Vertical movement indicates °danRer", 
and horizontal movement "all cler". 
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THE NATURAL HISTORY OF THE NELSON ANTELOPE 
GROUND SQUIRREL (AMMO SPERMOPHILUS NELSOI) 

Introd.uct ion 

The study of an animal, or group of animals, is 

usu&lly mde for one of to reasons: e±ther to determine 

its relationship, good or bad, to man, or to find out as 

much as oossible about the animal for the sake of the study 

itself. Of lte years iorks dealing with ground squirrels 

usually fall into the former category. LInsdale (i) 

goes to great lengths to exonerate the California ground 

sourrel (Citellus beecheyi) of many of the bad points 

that have been attached to it by agricultural and medical 

men. Much of hIs work however, would fall into the sec- 

ond category. Grinnell and Dixon (2, 
. 
597-708) summed 

up the knowledge to that tIme, 1918, of all the species of 

ground scuirrels found in California. This was done 

prncioally to aid agricultural workers n control of the 

harmful sDecies. The origina.l design behind their work 

on ground squirrels, however, ws not necessarily economlc, 

but to sum up the knowledge to their time. Shaws num- 

erous Dublications on the Columbian ground squirrel 

(Citellus columbianus) were mainly economic though some 

rould probably hve lIttle agrIcultural s±gnificance. 

Moat of the other works on far western squirrels have 

similar practical leanincs. It is hard, of course, to 

place whole works in one or the other category, as the one 

investigator will find much of interest and. value in 
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either type of investig8tion to help him on hiß pe.rtic- 

ular problem, whether of pure or applied research. 

The early impetus for this study of the Nelson 

antelope ground squirrel (Ammospermoph±lus nelsoni) - 

Nelson antelope squirrel (Citel1us nelsQn) according to 

Howell (12, op. 12-183), !as largely to determine ita 

relation to its habitst, and to the domestic animals and 

crops therein. Since that time, however, the need of 

t'justification" for the study hs passed nd the investi- 

gtion has been carried on merely to find out as much 

about this species of ground squirrel as possible. So 

little has been done on this species that it offers 

almost a virgin subject upon which to work, particularly 

in the life history phases. Man has modified, and is 

modifying, its habitet so rapidly that there is some 

fluidity about the problem as well. 

As stated, little has been done in the way of study 

on this animal. Griirnell and Dixon (2, î. 695-703) 

sunnned up the knowledge to 1918. Taylor (21, pp. 15-20) 

added a little meteríl, and Hubbard (13, pp. 396-397) 

discussed the relation of the squirrel to plague and gave 

the fleas that had been taken from it. Howell (12, pp. 

182-183) gave a few general facts about its life history 

and reclassified it. Bryant (i, trn. 37i4-376) discussed 

its classifiction and tentatively reclassified it. 
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Hawbecker (8, pp. 115-125) dscussed its food habits and 

gave a few other facts about its life history. This 

about sums up the entire knowledge of the animal. 

Many interesting problems have arisen since the 

start of this study late in l9A.O, and it is believed that 

only a few of them have been answered in this pafler. The 

main value in writing the thesis has been to point out the 

gaps in knowledge nd thus to point the way to the places 

where greeter effort must be exerted. Thus this taper 

must not be considered as completed. Even now work is 

under way that will be comoleted much too late to be in- 

cluded here. Particular needs for further work will be 

poInted out under the various headIngs. 

The accompanying chart showing dates spent in the 

field gives an idea of the time spent out gathering data. 

Laboratory time is not Included, but each trip to the fIeld 

always meant much time spent in the laboratory. It can be 

seen that the war years curtailed the work, mainly because 

of a lack of gasoline. 

The complete list of people that have in some way 

assIsted In thIs study would be too long to include. Dr. 

R. M. Bond and Mr. George W. Gosilne of the Soil Conserva- 

tlon Service of the U. S. Deoartment of Agriculture helped 

with technical advice and equipment resoectively, during 

the early stages of the study. Dr. Harold Kirby of the 
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UnIversity of California, identified the endoparasiteB and. 

Dr. C. H. Quibell of' Fresno State College identified many 

of the plant species. Before his death Dr. W. T. Shaw 

gave much of his rich experience with squirrels in general. 

Dr. L. G. Ingles and Mr. A. E. Culbertson of Fresno State 

College helped with equipment and. suggestions. The 

d.rafting and cartography are the work of Mr. George C. 

Jensen, who ws also my companion on numerous trips in 
search of data. Some who spent cold. winter nights with 

me ori the western pleins and foothills of the San Joaquin 

Valley re Rtchrd Mastin of Medera, Nathan Cohen of 

Berkeley, my wife Muriel Hawbecker, and. my son David. 

Members of my clesee, too numerous to mention, also 

assisted in the study. I have, with the kind consent of 

Dr. Alden H. Miller of the Museum of Vertebrste Zoology 

of the University of California, drawn upon the notebooks 

nd collections of tht institution. Finally, Dr. Ken- 

neth L. Gordon, of Oregon State College, assisted in the 

final stages of the study and in its presentation. 



Description 

Within its geographic range there is no animal that 

might be confused with this species. Plates 1, 3, and i? 

give some idea of the aPpearance of this squirrel and that 

of the California ground squirrel - the only other sciurid 

within its habitat. 

Hair There are tiro tyoes of hairs found on the 

body of this ground squirrel There is the under hair, 

rather fine and soft nd found over the whole head and 

body, except for being sparse or lacking on the feet and 

tail. It is thick and long in the winter pelage when it 

is obviously of use in protection from the cold and wet, 

but much sparser and shorter in the summer pelage, when 

warmth is a detriment in this habitat. The other tyoe 

of hair is almost a spine, not readily bendable and with 

the edges incurled. The summer guard hairs aopear some- 

what heavier, though shorter, than the winter ones and 

lack the long, thin, black extension common to many of 

the winter guard hairs. The summer pelage appears 

sparser, allowing somewhat for the free circulation or 

air. Specimens examined late in the season show wear, 

with broken guard haire, and in the case of winter 

pelage, many of the long, black extensions are lost. 

The hair of the young (one collected April 15, l9146), 
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when about one month old. and. just being weaned, resembles 

that of the winter adult, except there are fewer under 

hairs arid the guard hairs are fewer and sparser. ThIs 

is soon replaced (one collected April 26, 19146) by the 

regular summer pelage which resembles that of the adult. 

Color Howell's (12, pp. 182-183) greater experi- 

ence would certainly quali'y him to give better defini- 

tions of the shades of color of this animal than I could, 

but I am unpble to agree with some of them. The reader 

is referred to his work for comD2rìson. The following 

interDretPtions are, except where noted, according to 

Riday (i7). 

The bses of all hairs, in both winter and summer 

pelage, are black, except for some near the end of the 

tail. The soft under fur, except for the black base, 

is close to white in both the winter and summer phases, 

though it may approach a light buff on the back. Most 

of the actual color of this ground squirrel lies in the 

guard hairs so the following descriptions deal mostly 

with them: 

Wiiitei Underside, light buff; insides of legs 

and feet, light buff; outsides of legs, shoulders, flanks, 

and somewhat along the sides, apricot buff. There is 

also a hint of this color extending up to back of the 

ears, giving a fsint mantled appearance. Head, back, 



- 

'.Â' 

a 

Plte 1 Adult M1e Nelson Antelope Ground Squirrel 



?lte 2 The upper ekin givee the rei- 
etive color nd aoerance of the pelage 
of the summer oeriod. The middle skin 
skiows the elge of the very young. 
The lower skin howe the winter condi- 
tion of the eige. 



Plte 3 Comprison of bulk and 
coloretLton of the Nelson Antelope 
Cround Squirrel and the Celifornia 
OEround Squirrel. 
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and bese of ti1 heirs, light buff with a b1ck band and. 

uua11y a b1ck tip, which gives these ares a pepper-and- 

salt appearance - with the salt a light buff. There are 

two dorso-laterl white to light buff stripes runnIng 

from behind the shoulders to the rump. The dorsal side 

of the tsil, exclusive of the base, is made up of long, 

light buff heirs with a black band and white tip. The 

underside is made up of white hairs with a black band. 

Summer The color plan is essentially the same, 

except the light buff has been replaced by a salmon buff 

everywhere, Bave for the underside which is now white, 

There is also much less blecic on the guard hairs giving 

the back and head. the salmon buff appearance with a much 

lighter flecking of black. The salmon buff is much more 

pronounced in front of the shoulders and up back of the 

ears which gives a much more definite mantled appearance 

than was found in the winter phase. 

It should be emphasized that there is some variation 

in color betweer specimens though no consistent geographic 

differences cn be discerned. Wear, individual variation 

and. immediate hsbitat may have much to do with this. 

Tablee 2 and will gIve an idea of weights and 

lengths and Plate 3 will give an idea of the size of the 

animals. 
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Mo lt 

A detiled study of the molt hac not been made, but 

some of the eeaeonl ch2nges have been noted, and are set 

down here in lieu of a more complete study tht is con- 

temDlated for a ister dete. 

Winter Delage, s described earlier, persiste until 

the breeding season is completed for both male snd female, 

which means it does not tke place in both at the same 

time, as can be seen on Figure 1. Young of the year 

seem to follow the course of the femle, for the first year. 

Scuirre1s of both sexes examined carefully at Pan- 

oche, on Februry 16 and 20, 191L9, showed no signs of molt- 

ing. Cttive specimens, males, examined on Msrch 23, 

l9Ll7, showed thst the head was beginning to change, with 

the lighter-colored summer pelage showing up. A male and. a 

female collected at Panoche on April 22, 19LV3, showed that 

the male had almost completely molted, but the female had, 

as yet, not started. The young of this fem1e resembled 

her somewht, at tnis time, and had not started the summer 

molt either. Two young, a male snd a female, taken on May 

6, l9149 et Panoche, both had the summer pe1ge at this date. 

At the same time an adult female was taken and she was get- 

ting her summer oelge. It showed definitely at the nose 

but elsewhere it could be felt and seen benesth her old 
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pelage. A female tken on May 21, was found to be well 

along with the molt. A female collected on May 21, l9Ll 

at Panoche, was in the process of molting. 

Molting sterts again in the sunnier, as on August 22, 

19L-6 at Panoche, males were collected the.t were getting 

the w±nter coet, but the females were still definitely in 

the summer pelage. By September 26 of the same ye.r, 

captive females were noted as being one-half malted - the 

posterior helf of the body bearing the new cost. An adult 

male collected on October 5 at Panoche, had summer pelage 

just on the herd, while a young male still hed summer pel- 

age down across the shoulders. In l9+9 a female had the 

molt line beck at the hips by this time. By October 30, 

196 summer elage was found on to of the head, only, in 

melee, and by November 17 only a few hairs remained on the 

top of the he'd. 

Summer pelege starts at the head and works back toward 

the tail, while winter pelage starts at the posterior end 

of the body and works toward the head. 



Figure i These diagrams show the approximate 
sesonel chnges in molt. Note that summer molt pro- 
ceeds from head to rump nd winter molt proceeds from 
rump to head. Molt ic sometimes eotty, as in the 
second figure in the first row, and sometimes both 
types of pelage re found together, as shown in the fourth figure in the first row. Males and females 
are seen to have different molt periods. 
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P1te 4 The dRrk ereaa over the hipE 
nd up the bck indicate winter e1age 

not yet molted. Note that the male of 
Ari1 15 and the female of May 28 are 
at bout the eame stage in molt. 
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Range 

The range of this sauirrel is best understood by 

studying the accompanying maps which are adapted, in part, 

from Piemeisel snd Lawson (16, pp. 1-28). Here it is 

seen that the present range lies completely within the 

limits of the west-central and southern San Joaquin 

Valley and the adjacent foothills. 

Invsion of this area by such plants as joint-fir 

(Eiheàra californica) and desert saltbush (Atriolex ooly- 

carpe), as well as the ground squirrel, has apparently 

been over the comparatively low passes of the southern 

SIerra Nevada nd the Tehachapi Mountains. The nearest 

relatives of these species appear in the Mohave and 

adjacent desert areas. At present the ranges of the 

Nelson antelope ground squirrel nd the white-tailed 

antelope ground squirrel (AmmosDermoDhilus ieuctrusJ are 

only narrowly separated, es the latter is found just across 

the Tehachapi Mountains in Antelope Valley. Changes in 

climate since the invasion may account for the lack of 

squirrels in the abovementioned passes today. 

After coming into the San Joaquin Valley the squir- 

reis have spread all across the southern portion of the 

valley and the foothills, as well as into the smaller, 

adjacent vlleys. Expansion northward has been somewhat 



restricted. as the squirrel has been found only as far 
north as Tipton, Tulre County on the east side of the 

valley, and Lo Banos, Merced. County on the west side. 

The squirrel is not limited in it northward ex- 

pansion by its food habits as an extensive study (see 

later section) shows thet it is very omnivorous, eating 

almost any type of seed, green material, or insect species. 
Many of these materials have a much wider rnge than that 
of the sciulrrel. Loams snd sandy loms of the Panoche 

soil series (10, pp. 1-115) tie in quite well with the 

range but apDear to have little sIgnIficance because tuis 
squirrel aulte redily takes over the burrows of other 

animals, and may do little digging of its own. However, 

antelope ground. squirrels have been found only in these 

softer soils. One of the burrows it occupies quite reg- 

ularly is tht of the Tulare kangaroo rat (DiDodome 

heermarini tularen), which also extends over a much wid- 

er range than this squirrel. 
A careful study of the rainfall data (19) reveals a 

rapid change of over two inches within 22 miles - that is 
in the area between Los Banos, Merced County and Newman, 

Stanislaus County. These two communities lie et nearly 

the same elevation with Newman almost directly north. 

Piemeisel and Lawson attribute this sudden change to the 

influence of the break in the Coast Range at the San 
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Frncisco By erea. They suggest that this change has 

inhibited the spread of the desert and. spiny (Atriplex 

sDinirera) saitbush any further north. This increase in 

rainfall, -.nd. possible increese in humidity, a1thouh that 

has not been determined, may also be responsible for the 

limitation of the range of this ground squirrel, which is 

considered. to be a desert troe of mammal. It can be seen, 

by referring to Map 3, that nowhere is the squirrel found 

where the rainfall reaches nine inches. This is as notice- 

able on the eastern side of the valley as on the north. 

Many days spent in the western hills along the San Joaquin 

Valley have shown that there is less winter fog south of 

the Los Banos area than north of it. This added lack of 

sun may have someth±ng to do with the reduction of the 

length of the daily feeding period and thus a limittion 

in the sored of the squirrel. 

A careful study of the squirrel throughout its range 

and during the breeding season reveals that burrows most 

used, whether original breeding burrows or not, by adult 

females arid their newly-emergent young, are burrows with 

open±ngs under the larger shrubs. Females with young, 

though present, were herd to find in such areas as the 

Ortigalit Canyon, where brushy cover is absent. Much 

brushless area was explored on April 11-15, 19+9, between 

Los Banos and Panoche Creek and squirrels were found, 
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Plate 9 Mouth of Pnoche Canyon 

Plate lo Twenty miles south of Panoche. The 
shrubs in both pictures are Atritlex Dolcaroa. 
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anrent1y not breeding, only in Ortigalita Cenyon. 

Certe±nly, squirrels are found in such places but they are 

probably the more venturesome« aries found along the edges 

of any population. South of Panoche, where the hills were 

more commonly covered. with Atriplex, the squirrels, with 

young, were relatively easy to find. Grinnell nd Dixon 

(2, p. 69?), working in the southern part of the range, 

found the squirrel most numerous in the Atriplex associ- 

ation, which would lend support to the possibility that 

shrubby cover is necessary to the habitat of this squirrel. 

Shade as well as concealment for the brood burrow would be 

an important factor. The grass1nd on the east side of the 

valley lacks cover and the squirrel is not found there. 

It soon disaopears on the west side when cover disapears. 

In summary, the range of the Nelson antelope ground 

squirrel is limited in the southern part, by steep hills 

and mountains, s well es arboreal vegetation. Its re- 

striction in the northern pert of its range is not as 

clear, certinly the food plants do not change. It may 

be due to the chnge in reinfall, change in soil type, or 

the lack of shrubby cover which would deoend upon the soil 

type or rinfll or both. 

Map 2 shows the reduction of the former range due to 

cultvtion. Except along a few stream sides and on the 

plains immediate to the foothills, the favored habitat has 
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almost entirely disappeared from the fertile portion of 

the floor of the valley. As early as 1919 Dixon (MS) 

found no squirrels within 22 miles of the type locality. 

Today the squirrels are restricted largely to the low 

foothills, foothill valleys, and the as yet non-tillable 

slopes just out from the foothills. They do not sur- 

vive under conditions of intensive cultivation as the 

California ground sciuirrel. 

Habitat The habitst of this squirrel is essential- 

ly Lower Sonoran - desert in nature. Almost air parts of 

the habitst have less than nine inches of rainfall per 

year. Wherever higher aversges are aporoached the squir- 

rel is absent. The habits.t in relation to vegetation, 

rainfall, soil, nd temoersture cn be better understood 

by referring to Maps 3 and 4. Most of the perennial 

vegetation resembles thet of the Mohave Desert to the south. 

The metropolis of the squirrel is withIn the range 

of the desert saitbush (AtrIolex tolycarpa) and very 

slightly into the range of the spiny saltbush (Atriolex 

soinfera). The former species originally occupied the 

greater pert of the area which is the hot,dry plains of 

the southern and western portions of the valley, partie- 

ularly those more rapidly sloping portions adjacent to, 

and slightly up in, the foothills. Now most of tuis area 
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Is under cu1tivtion or the saitbush has been sheeped off, 
except for isolted patches along the edges of, and 

slightly up on, the foothills. In such places as the 

eastern Panoche Pass area (1250 feet) joint-fir (Eijhedra 

californica) and a composite(StenotoìDsis linearifolius) 
have replaced the Atriolex and the squirrel seems to 

thrive under tiis substitution. Other shrubs found with- 

in the range are California juniper (Juniperus ca1iÍorn- 

icus) and snakeweed (Gutierrezia ca1ifQric), which occur 

rith the joint-fir. No other shrubs of any importance 

occur in the habitat. Of all these only the joint-fir 
seems to enter prominently into the food picture of the 

squirrel. Herbceous vegetation is largely annual in 
nature, Where Atriplex is heavy there is very little, 
although red brome (Bromu rubens) ana. fliaree (Erodiurn 

cicutarium) are usually present in small amounts. These 

two species make up the great bulk of the annual vegeta- 
tion within the habitat. The groîing season is from 

December-January to Aril-May, although it is often short- 
er and very occasionally longer. From May to December 

the habit.t is covered with the two species in a dry or 

seed stte. Other species found sparingly, or sometimes 

in concentrtons, are peopergrass (Leoidiu.m nitium), 
spear grss (Stipa puichra), and Maloais grass (Poa 

scabrella) the last one more comnionly in the joint-fir 
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association. Of all these only the red brome and filaree 

seem to figure prominently in the diet of the squirrel, 

although small, locl cuttings of the other species occur. 

The squirrel is found, though less evenly di.stributed, 

out into the shrubless plains area. Here the filaree and 

red brome are the prominent vegetetion, with the above- 

mentioned herbeceous species again in spotted stands. 

The squirrel has never been found in the blue osk (ueic.0 

douglasli) to the west. The oreferenco is for open 

country as even high grsse is shunned - thus heavy graz- 

Ing may be conducive to its spread. On January 3, l9+7 

at Panoche, a squirrel was seen to very pointedly avoid a 

brushy srea, making a detour to get aound. it. 

Rainfall is concentrated, roughly, between the months 

of December-Janusry to Msrch-April. Usually May to No- 

vember is almost rainless, and certainly in many years 

these intervening months have nothing but clear, hot days. 

There are few sprIngs and. fewer permanent watercourses in 

the habitat, so free water is denied many of the squirrels 

over much of the year. Green food is absent during the 

seine period. Certainly the scuirrel is dependent on the 

rain for the amount and variety of its food, but not for a 

direct source of drinking water. 

Tile soil type in which this ground squirrel Is found, 

almost exclusively, Is Pnoche loam although sandy loam and 
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clay loam are not entirely ignored. Nowiiere is the 

squirrel found, even in these soils, where alkali is pres- 

ent. This soil is, "derived from recent alluvial deposits 

of gray or light-gray to light brownish-gray color and 

coming principally from sedimentary rocks. The soils are 

low in organic-mutter content ....." Hardpan or dense 

subsoils are not typically present. These soils occupy 

broad alluvial fans and alluvial valley slopes and small 

areas of stream terrace and stream bottom. (lo, pp. 82- 

83). The soils of the Panoche series are usually vell 
drained and are "diggable" in both vet and dry weather; 

that is they do not become too liard in the summer or too 

wet and sticky in tìie winter. By studying gaps 2 and 3 

it can be seen that the larger populations of the squirrel 

are almost entirely v,ithin this soil series. The 

Merced, Fresno, and Kettleman series, where saine squirrels 

occur, resemble the Panoche series in marr Ways. The 

California ground squirrel mcy be found in the saine types 

of soils, but seems in no way limited by them as the more 

compact soils are often occupied. Grinnell and Dixon 

(2, p. 706), in their study in the southern part of the 

range, found that this soil type seemed essential to the 

habitat of tuis suirrel. 



Dee cMoton of Study Areas 

While the 

has been invest 

sve study, and 

the later work. 

sible, even in 

The first 

whole known range of thIs ground squirrel 

tgted two areas were picked for more inten- 

one of these was finally used for all of 

Both of these areas were relatively acces- 

riny weather. 

area is in and adjacent to Ortiglita Can- 

yon, six miles south and four miles west of Los Barios, Mer- 

ced County, at elevations ranging from 200 to 600 feet. 

This crea is absolutely devoId of brushy cover. Annual 

plants such as red brome (Brornus ru'en), locoweed (Ast- 

ulu oxyohysus), soft chess (romus o]j), Phalaris 

(Pha1ris minor) , red-stemmed filaree (ErodiucIcutariurn), 

and a little of the perennial spear grass (StiDa Dulch) 

have a short growing season. The terrain is rolling with 

rock outcros, nd is often dissected with steep-walled 

washes (See Plte 5). The second study area is 11 miles 

east of Lla.nda, San Benito County, elevation 1100 to 1300 

feet. Here the ground Is quite rolling (See Plate 9) 

though not steep, except where it rises to the hills. It 

is covered with the same type of annual vegetation as the 

first site. Present also are joint-fir (Eohedra callfor- 

), snkeweed (Gutierrez1 Stenotopsis 

(Stenotoosis linesrfoiuq), and an occasional California 
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juniper (Junloerus californicus). Only snakeieed ex- 

tends over most of the area, and it is not a solid stand. 

ThIs rea, as hs the fIrst, has been pastured by sheep 

or ctt1e for almost 100 years. The soils on both sites 

resemble the Kettlernan series rather than the Panoche 

series, but I still well-drained and diggable all year. 
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Aesocipted Animals and Enemies 

Living in relatively the saine habitat, though not 

necessarily restricted by the ssme factors, are a number 

of other animals that in many instances affect, or are 

affected by, the Nelson antelope ground squirrel. Shaw 

(19, p. 281), Grinnell (i4, p. 313), and Hawbecker (9, pp. 

50-60) discuss sorne of the animal relationships of this 

habitat, but in general the ecology of this interesting 

area has been left untouched. It will be imtossible to 

discuss all of the interreltionsh1ps even between the 

squirrels and. the other animals, so only those that ap- 

pear most significant will be listed. Parasitic forms 

will be discussed later. 

Invertebrates 

Mol lus ca 
HelrninthoRrypha 

Arthropoda 
Phyl1oDh a errans 
Pogonomyrmex 
Qedaleonotus enIgma 
Ceuthohilus californicus 
Stenooelniatus longisDina 
Eleodes 
Eurypelma californica 
Latrodectes mactans 
Vejovis boreas? 

June beetle 
Harvester ant 
Valley grashopoer 
Camel cricket 
Jerusalem cricket 
Tumble bug 
Tarantula 
Black widow 
Northern scorpion 

of the above the second to the fifth figure prominent- 

ly in the diet of the ground squirrel, possibly to the point 

of being a necessity. This will be discussed under the 



topic of food habits. Eleocles, though one of tue most 

prominent insects in the area, hs never yet been found. 

affecting, or effected. by, the squirrel. The species of 

arachnids and. the camel cricket are usually found inhabit- 

ing burrows used by the squirrels for refuge, as they rere 

encountered only when burrows were be±ng excavated. It 

has become aparent however, that they are not numerous in 

well-used, well-kept burrows, but are only in those that 

are abandoned, or used only occasionally for refuge. 

There is, as yet, no evidence that the arachnids were util- 

ized. by the squirrel or that they bothered the squirrel. 

Ve rt e br t e s 

Rept 111e 
Crotalus viridis 
PituoDhis catenifer 
CnemidoDhorus tessellatus 
SceloDorus ister 
SceloDorus occidentalls 

Rattle snake 
opher snake 

Whip-tail lizard. 
Desert scaly lizard 
Blue-bellied. swift 

These soecies are the ones most commonly seen with- 

in the range of the squirrel. The last named has been 

found. as a food item, but is so common in this habitat that 

it mustn't be unduly persecuted.. Other lizards may so fig- 

ure if and when caught. The times (3) that gopher snakes 

were examined, within the range, brought to light no cvi- 

dence that the scuirrels were eaten. It seems probable, 

however, tht the squirrel would be eaten if the snake were 

adaoted to catch it. The few times the snake has been 



examined are not enough to judge. F.ttlesnakes (gta1us 

viridis) are probably present in other parts of the range, 

but only one small individual h.s been found in the Panoche 

area. The lack of snakes of any kind may be due to the 

open brushlees nature of the habitat. Little cover is 

afforded over much of the range, except for rodent dens. 

Aves 
Buteo borealis 
Buteo ewainsoni 
4q34l: chrysaetos 
Circus hudson±cu 
palco mexicanus 
Falco sDarveriu.s 
deococcx clifornicus 
Tyto alba 
Bubo virginianus 
Soeotyo cuni. cularis 
Otocoris aloestris 
Corvus corx 
Lan1ii ludovjcje.nus 
Amoh±iza elii 
1onotrichia leucoihry 

Red-tailed hawk 
Swainson hawk 
golden eagle 
Marsh hawk 
Prairie falcon 
Sparrow hawk 
Roadrunner 
Bern owl 
Horned owl 
Burrowing owl 
Horned lark 
Rave n 
Loggerhead. shrike 
Bell sparrow 
White-crowned sparrow 

Grinnell and Dixon (2, o. 731) indicate that the 

squirrels seemed to have very little fear of tue golden 

eagle, but hustled to their holes when the red-tailed hawk 

apoeared. Both of the Bue-type hawks and the eagle were 

seen many times in the study area, but at no time was any 

capture noted, or fer shown. However a pellet nicked up 

at Panoche under a cutomery perch of a red-tail, contained 

fur that was undoubtedly that of this ground squirrel. It 

would seem, however, that captures would be made, es Cali- 

fornia ground squIrrels have been observed to be picked up. 

A careful study of pellets from beneath barn owl nests 
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(7, pp. 161-166) showed no antelope ground squirrel pel- 

let remP.1n9. Taupe (20, p. i6) found one record, in this 

saine general area, under a horned owl nest. This is prob- 

ably due to the fact that the foraging tImes of the owls 

and the squirrel do not coincide. Casual examination of 

burrowing owl pellets gave no indication that this owl 

preyed upon the squirrel. All indictions point - and 

this is merely on the basis of field observation - to the 

robabilIty tht raptorial birds are not important enemies 

of this ground squirrel. 

The horned lark both feeds and nests on the ground 

and thus comes in close contact with the squirrel. On 

Atril 15, l9146 at Panoche, the nest of a horned lark was 

found and on the same date one of the birds was seen to 

viciously chase a squirrel. The horned lark, and the two 

sparrors serve as warning beacons to the squirrels. When 

these birds re disturbed and give out their alarm notes, 

or suddenly fly, the squirrels give close attentlon for at 

least a few mornent. It is impossible to stalk the squir- 

reis when these birds are about. Except for chance meet- 

Inge however, while both birds and squirrels are foragIng, 

there is little contct between the species. At these 

contacts the squirrel makes a dash at the bird, upon whIch 

the latter leeves. The squirrel hs never been seen to 

catch a bird, although it would probably eat it if it did. 



On April 2 and. 3, 1950 at Panoche, a shrike nest was 

watched. along with young squirrels. The only contact was 

when the female squirrel came too close to the nest and. a 

shrike dashed out and chased it away. Almost the same 

thing wee noted. here on December 22, 19.51, not in the 

breeding season. A reven has been seen neer here with 

a C1ifornia ground squirrel but never with this species. 

Mammalia 
PliDistrellus hesDerus 
Mustela Í'renata 
Taxidea taxus 
Vu1es mecrotis 
Canis latrans 
Lynx rufus 
Citellus beecheyi. 
Thomomy bot tae 
Perogn9 thus noi tus 
DijDodomys heermanni 
Dipodonys ingens 
DiDodornys nitratoid.es 
Onychomys torridus 
Perornys cue maniculatus 
Lepus c11Iornicus 
Sylvilague aud.ubonl 

Caflon bat 
Long-tailed weasel 
Badger 
Kit fox 
Coyote 
Wildcat 
California ground. squir- 
Pocket gopher rei 
Silky pocket mouse 
Heerman kangeroo rat 
Giant kangaroo rat 
Tipton kangaroo rat 
Grassho'oper mouse 
White-footed mouse 
California Jackrabbit 
Cottonta il 

It appears tht contcte with and predation by, other 

mammals is a very imoortant feature in the life of this 

squirrel. Its erthropoä contect seems to be the only other 

one that approaches this one in magnitude. 

No actuel attacks by weasels have been observed, but 

on March 2, 19J42, a weasel was seen in a rodent burrow. 

On March 15, 1947 at Panoche, Dr. Lloyd Ingles and I 

watched e female weasel with her young, in the midst of an 

extensive colony of .souirrels. No actual captures were 



seen, but it would seem strange if no squirrels viere 

taken. 

Many diggings of the badger are constantly en- 

L.3 

countered over the area, but of late years there has been 

a reduction in numbers, probably due to a predator control 

camoaign. In 19L2 and l9L3, trapped badgers were noted 

hanging on a fence in the area, and in March and July of 

l9L3, badgers were encountered there. I have a record of 

a badger driving a CalIfornia ground squirrel from its bur- 

row, but no record of its digging for this squIrrel. 

G-rinnell and Dixon (2, p. 701) say that the badger Is an 

important enemy of this squirrel. Interestingly, even 

though there has been a predator control campaign in pro- 

gress, and fewer badgers are seen, ground squirrels are not 

any more abundant, in fact, oossibly less so. 

Kit foxes are relatively abundant in the habitat. 

They have been seen in Ortigalita Canyon and 16 were seen 

hanging on the fence at the mouth of Panoche Creek late in 

19L2. Several dens have been found in the main study area 

and on July 21, 1941 here, 78 scats were collected near one 

and examined for the squirrel (6, p. J499). There was lit- 

tle evidence, in this one instance, even though the dens 

were in the midst of a good colony, that the fox preyed 

upon the squirrel. Grinnell, Dixon, and Linsdale (3, 

î. 4ló) reoort one instance of a kit fox taking an 
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antelope ground squirrel near Hayes Station, Fresno County. 

The kit fox' usual foraging time does not correspond to 

that of the squirrel, which might account for the absence. 

The coyote is perhaps the commonest carnivore with- 

in the habitet of this squirrel. Twenty were found hang- 

Ing on the aforementioned fence on November 5, 1914'2, and 

by December 10, 20 more had been added. Occasional coy- 

otes are seen through the area, both alive and freshly 

killed. Few seats of the coyote have been more th2n hux'- 

riedly examined as yet, and no instances of stalking, or 

othe contct, have been recorded. It would seem that the 

coyote would hve a difficult time stalking the squirrel, 

due to the reluctance of the 1tter to stray fr from a 
retret. As this apPears to be the most common redator, 

it would seem that it must hve some effect on the scuir- 

rel, but as yet there Is no evidence that way. 

The wildcat is fir1y common in this habitat as six 

were seen hanging on the same fence. One sres seen on the 

study area on May 22, 19L-1. No record of ccsnt9ct is 

available, but it would seem that this carnivore would be 

adept at catching squirrels. House cats have been ob- 

served creeIng up on caged specimens to their apparent 

unconcern. Caged squirrels do not allow a human to 

aproach nearly as close as they allow the lieuse cat. 

The Celiforni ground squirrel appears, at first 
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light, to be a competitor or the antelope ground squirrel. 

rinnell and ïxon (2, p.701) show that they may appear 

almost side by side and yet occupy slightly dirferent 

habitats, though posib1y competing for food. arefu1 ob- 

servation of my own has suggested the same possibility. 

instances of close contact of the tw species are 

quite common. un November 27, 1940 at iittle anoche, both 

species were found in the same colony. un January 4 and 

16, 1941, and again on January 6, 1942 at urtigalita Janyon, 

antelope ground squirrels were collected in numbers from 

a place where they were found in common with itellus 

beecheyi. Later in the year on .arch 11, 1941 both were 

seen together at the same place. un 25, 1941 at Orti- 

galita, young were seen in the same place. ïet there were 

areas within this section where only the one or the other 

species was found. eturning on April 13, 1949, no C. 

beecheyi were found, but ... nelsoni was still present. 

Conversely, at the mouth of the canyon, where only 

. 
nelson ws found in 1942, now only U. beeclieyi is 

found. At ettleman iills on ebruary 7, 1950 both species 

were found together. i.n fact the antelope ground squirrel 

ran over into the territory of C. beecheyi. rhis would 

seem to indicate the crowding out of one species by the 

other, but the competition governed by sorne as yet unknown 

factor. iood plants, climate, etc., seem about the same 
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in both places. 

Over the whole range there are broad arcas occupied 

by the antclope ground squirrel, interspersed with broad 

areas occupied by the california ground squirrel. it 

appears that the latter squirrel occuies a raore coìpact 

soil than the Panoche series upon which the antelope ground 

squirrel is found. in the main study area where one site 

has been studied for the last seven years, only two Ja1i- 

fornia ground squirrels have been seen, and. these toward 

the western end of the area. whoui there is no apparent 

reason why they should not, they have not spread into the 

A. nelsoni-occupied area. ihere have, as yet, been few 

times v:hen it has been possible to observe the two species 

together; however, it seems tbat soue other factor than 

size must be at work. If that were all, tile larger, seem- 

ingly more adaptive (note its e7tension up into the Sierra 

ievada), Lalifornia ground squirrel would soon t'flood" out 

the smaller, more specialized squirrel. 'ihe exact rela- 

tionship here is yet to be worked out. 

The three species of kangaroo rats, through their 

diggings, exert a great influence over the ground squirrel, 

as is discussed later. far as can be found, the 

squirrel does very little digging for itself, but utilizes 

abandoned and, rarely, occupied kangaroo rat burrows, the 

latter mainly for refuge. un .ebruary 7, 1947 at .t-anoche, 
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a suirre1 was seen chasing sonaething out of a hole and 

on closer examination it was seen to be a kangaroo rat 

o undetermined species. The chase continued only a 

short distance and then the Dipodonys ducked down another 

noie and. the squirrel ceased chasing it. it thus seems 

possible that the larger squirrels may take over holes. 

It has not as yet been established that they use these 

Lor the tTnest", but they have no hesitation in setting 

up a feeding "beat" using largely unoccupied kangaroo rat 

burrows Íor retreats. Burrows of all three species apear 

to be utilized by the squirrel. here is little evidence 

that the two compete, except for Lood items of which 

there appears to be an abundance. he squirrels are 

abroad only in the daytime and the kangaroo rats only 

at night. The "haystacks" o the giant kangaroo rats are 

not bothered by the squirrels. 

reither the grasshopper mouse nor the white-rooted 

mouse see:i to be affected by tite squirrel, nor do they 

affect it. .Lhere may be very little chance for contact, 

due to the differing foraging times. 



Parasites 

i'4elson antelope ground squirrels are geilerally, 
as adults, infested with both ecto- and endoparasites. 
The young soon become well-laden with fleas, but iaost 

young of the year do not have the common internal para- 
sites. une of the most characteristic actions of the 
squirrel, as watched going about its daily activities, 
is the scratching about the neck and head. 

.ßctopurasites Flea ectoparasites have been 

collected from two stations, 21 miles apart; one 28 miles 
northwest of uoalinga and the other 21 miles northwest in 
the ianoche area. These snecinens were identified by 

r. Bryant E. Rees of tne resno State College, and 

. If. iugustson of the adera County osçuito ibatement 
District. Only two species were found in those collected: 
Thrassis augustsoni and naplopsyllus anoinalus. Hubbard 

(13, pp. 396-397) lists five other species as found on 

antelope ground squirrels in ualiforiiia, but does not 

specifically state that tney were found on this species 
of squirrel. H. anonalus has been found also on Ammo- 

spermophilus leucurus in Nevada, by i.ubbard, which gives 
some idea of the range and tolerance of this flea. 

t tick of the genus Ixodes was found on a pregnant 

female on february 18, 1949, but this is the only tick 
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found so Lar on over 250 specimens examined. Ticks of 

the genus urnithodorus are often found here infesting 

kangaroo rats and wood rats, but have not been found on 

this squirrel. it also appears that ticks do not infest 

this ground squirrel as readily as they do Qitellus 

beecheyi .14, pp. 301-302). As discussed earlier, this 

squirrel does not norm.ally live with other species of 

ground squirrels, so would rLot be as liable to have their 

ectoparasites. 

s no nest of this squirrel has been found, the 

number of fleas in a nest is not known, but young examined 

on April 15, 1946, that were approximately one month old, 

were well supplied with then. As stated before, both 

young and adults spend a great deal of time scratching. 

Those watched in cages and in the wild spend rauch of the 

time they are not feeding or running, scratcaing. As a 

means of combating the fleas, the squirrels are wont to 

find a dusty place, as was observed of a captive on iay 1, 

1949, stretch out flat, and throw the dust up throußh the 

hair. 

io sick or dead adult squirrels have ever been 

found so there is no evidence of flea-carried disease. 

Hubbard l3, pp. 396-397) states, "Although the San 

Joaquixì antelope squirrel is hemmed in on all sides by 

plague infected gz'ound squirrels, it has not been found 
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plague-positive". student laboratory technician 
examined one squirrel taken ctober 18, 1947, but found 

no evidences of any disease in the blood. 

ndoparasites The endoparasites have been 

collected from two stations approximately 30 miles apart; 
one on urtialita creek, and the other at the Panoche 

area. These have been tentatively identified by Lr. 
Harold xjrby and .jss ..arietta ioge of the University 
of alifornia. 

ihe cestode Hjmenolejis citelli was the only tape- 
worm found, and that in only one instance out of 37 

careful examinations. he host was a lactating female 

with 7 pairs of teats in use, taken at ianoche on March 

30, 1942. ihe notes say, "Her stomach was a mass of 

roundworms, and her intestine was a mass of tapeworms". 

It is hard to say why no more tapewornis were found, as 

even though only 37 specimens were carefully examined, 

many others were cursorily examined and tapeworms would 

have been noted. ertainly this species of squirrel in 
its most natural state has little contact with other 
species, and very little with other members of its own 

species, except during breeding and rearing of young. 

Tue paucity of cestodes in this squirrel is, again, very 

different from iinsdales (14, pp. 283-286) findings in 
. beecheyi. 
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'he saine specimen yielded tvo species or nema- 

todes, pirura infundibuliformis (?) oÍ wiiich there were 

24 females and i male, and Filysaloptera spinicauda (?) 

of wnich there was i exanìle. One species of cantho- 

cephala, oniliforrnis dubius (?), 8 specimens were also 

taken from the same female. urther samples, including 

one taken on pril 16, 1946, yielded nothing new. Liany 

specimens were studied in the food habit study, but no 

new types were discerned. This was only a superficial 
examination however. 

cLeod (12, pp. 108-127) in his study of parasites 
of ¼ite11us founu none in the caecum or large intestine, 
but here they were twice found in all three sections of 

the intestine as well as the stomach. IheSe, of course, 

may belong to a different species. Generally, large sizes 
would be taken from the stomach and small intestine while 

the snail ofles were taken from the large intestine and 

cae c um. 

Out ol' 37 specimens carefully exained, U had no 

parasites. cfle oí these was a 70.7 gram young. Of the 

other 10, light weights indicated that they were probably 

young of the year and not yet infested. Cursory examina- 

tian of the young always resulted in finding no endopara- 

sites. liere do not seem to be either the numbers or 

the same species as insda1e (14, pp. 282-293) found in 



the a1itornia ground squirrel. 
ne was collected on oveniber 5, 1940 at rtiga- 

lita that had nost of the hair gone fron the underside 

of its body. here was na evidence of scab or parasite 
of any kind as the skin was clean. It would appear, how- 

ever, that tais was soLae sort of diseased condition as no 

other squirrels were found in this state. 
inis study of ecto- and endoparasites is adi.iittedly 

very incomplete. .Lt is felt that not only a more careful 

study of nur.bers and species should be made within the 

metropolis of the species, but careful studies should be 

made vihere this species comes in direct contact with other 

siecies - notably the a1ifornia ground squirrel. 



burrows and burrow yste.s 

As the system of rL treat burrows is so closely 

tied in with foraging habits and hoiue range, some of the 

discussion relative to this topic is covered under the 

sections on .'ood xiabits and lione iange. ather than 

repeat the material, references will be made to that 

section. 

At the beginning of this discussion it must be 

pointed out that no burrow has yet been found that is 

known, without qualification, to have been constructed 

by this antelope ground squirrel. In addition, individu- 

al ownership of a single burrow, or system of burrows 

has not yet been established. rixmell and Dixon 2, 

p. 700) discuss burrows and where they are found, but 

state that all eight of the burrows excavated were merely 

refuge burrows which makes their earlier discussion 

rather inconclusïve. ts will be developed later, the 

burrows worked out in this study were of the s&me nature - 

and led to the same inconclusiveness. ertainly there 

is no established, well-marked burrow, such as found in 

Citellus beecheyi, that is returned to time after time. 

.Lhus, any future discussion of burrows and foraging 

systems made up of groups of individual systems, must be 

considered in this light. 
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The most common type of burrow associated with 

this ground squirrel is the retreat or 'duckin" burrow. 

This is used along the foraging route to dash into in 

time of danger, or to devour the food temporarily stored 

in cheek I)OUCheS. hese burrows show no evidence of 

having been constructed by antelope ground sçuirrels. 

ihe first such burrow was excavated at Ortigalita on 

.January 8, 1941 See .Figure 3. -Lt was devoid of any 

nest but contained a typical kangaroo rat cache pro- 

bably . heernanni) of decayed red brome grass (romus 

rubens), which indicated previous ownership, and probable 

construction, by a kangaroo rat. rhere was no indication 

that the burrow was now so occupied. gain, at r anoche 

on ecember 21, 1942, a typical kangaroo rat burrow with 

its caches was unearthed where an antelope ground squirrel 

was seen to retreat. seven additional instances might 

be cited of careful excavation giving the same result. 

I.iany incomplete excavations always gave the same evidence 

of earlier kangaroo rat ownership. ne instance, on 

January 6, 1942, in rtiga1ita canyon, gave evidence that 

unused ualifornia ground squirrel burrows were used. unly 

occasionally, in time of great stress, is an occupied 

burrow utilized, and then very temporarily. 

.igure 2 shows a series of burrows, making up a 

foraging system, used by a single squirrel at Panoche as 



it went about its daily foraging on April 12, 19L.3. 

iach burrow was faniiliar to the squirrel and was entered 

without hesitation. This is not always the case, and an 

unfamiliar burrow will be shuiined, as described later. 
rilhese roraging systems are gradually built up, also as 

described later, by the young working out £roírì a known 

burrow. un uecenìber 5, 1941 at ianoche, a squirrel was 

seen to work from burrow to burrow mti1 it disappeared 

fron sight. its feiiliarity with duck-in burrows along 

its route enabled it to travel over a wide range. n 

both ianuary 11 and 12, 1950, in the sane area, a 

squirrel was seen to travel over ¿4.00 f'eet in almost a 

straight line going from burrow to burrow. Occasionally, 

as on i.overnber 6, l9Jl at urtigalita, a squirrel has bssn 

seen to run a long distance aoparently to reach a parti- 
cular burrow as it by-passed several. This might indicate 

ownership of a particular one. Only the young have been 

noted consistently investigating new burrows and extending 

their foraging area, but an old one has only occasionally 

been seen to investigate the terrain around a burrow 

before entering. 

ihere are few instances where it has been possible 

to trace squirrels to a burrow that appeared to be their 

own. n April 7, 1943, at .canoche a f arriily of young was 

surprised and the young were seen to go down different 
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holes that were part o the same imniediate system. 

xcavation showed 4 young, each at the end of a blind 

pocket. ven though these young were later round to be 

still nursing, they had niade no attempt to retreat to a 

single nest. ihus, even though these young were yet fairly 

helpless, they had nioved, or had been moved, apparently 

from the familiar brood burrow. ihe sanie result was ob- 

tamed at .t-anoche on April 15, 1946, when a youngster vias 

dug out at the end of a blind pocket, except here the 

definite signs of previous kangaroo rat ownership were 

present. these young were being weaned. un pril 3, 1950, 

a lactating fenale was seen to retreat into a burrow which 

was then excavated and only the female found. -s in the 

first example, there was no indication that even though 

this was a breeding sitition that a single burrow was 

used. un April 12, 1949, a feraale with 7 young, was noted 

under an .pìiedra, but tue next day tile heads of the young 

were seen in as many different openings in widely scattered 

syste1:ìs. ..hese examples would seem to indicate little 
use of a single burrow even as early as this. ema1es 

with young 1.iere noted near or under shrubs in most in- 

stances. 

un April 4, 1950 at Fanoche, a f eraale and 7 young 

were seen feeding and playing about a burrow system at 

12:00 noon. These viere watched almost continuously until 
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6:20 p.ni. At 5:10 p.m. the female gave a chittering 

call which brought the young. he trien led theii 210 feet 

east of the feeding burrow system and deposited them at 

a second system. un pril 5, exactly the sanie procedi.re 

was observed. it thus appears that burrows used for 

foraging are not the saine ones used for the night. »i1his 

ties in with the above-mentioned experiences. Un April 

22, 1950, this latter burrow was excavated (See B'igu.re 4). 

The burrow had definitely been abandoned by this time. 

There was no evidence that this was a kangaroo rat burrow, 

but al there was no evidence that it had been dug by the 

squirrel. No caches were found, but no nest for the 

bearing of young was found, either. Two chambers were 

found that might well have served as nesting and brooding 

chambers, but no nesting material was apparent, only soft, 

dry dust. .Lt seems almost inconceivable that young vu1d 

be borne on a bare earthen floor, but this burrow and one 

other excavated on iarch 31, 1943, seem somewhat different 

from the rest. 

un January 16, 1943, I saw the only exanle, 

except in captivity, of' these squirrels digging. une was 

seen to come up out of a hole that had just been dug 

within a matter of ainutes. This break was from the 

inside, however, and may have been made under stress. 

in captivity, small refuge type of burrows are dug in 
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the dirt floor of the cage. i'esting material is used 

in these burrows. When the squirrels were first put in 

the cage as young, they did little digging for the first 

two years, but now, at four and one-half years, they do 

much more digging. 



P1te i? 
"Havehrrt'1 type of trap. 
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..rauping and i.arking iet nod s 

1iuch can be learned about antelope ground squirrels 
by iurking and releasing theni. 'ihis particular section of 

the study is inserted, parenthetically, to discuss methods 

and to insert the basic data. Later studies, such as those 
on Home hange and opulation iJovenients, will refer back 

to the data included in tiii part. 
This squirrel will enter almost any trap into 

which it can fit, and has twice been taken in small can 

traps that it had to crowd to get into. The usual gallon 
can trap will work as well as any, but aniaals are often 
seriously injured. A hardware cloth trap with a single 
opening will viork very well, but the best results have been 

obtained with the "Havahart" live trap No. 1. trap with 

a hair trigger is necessary, but not one that the squirrel 
can see out of in all directions. In this respect it 
differs from the alifornia ground squirrel, as described 

in experiments in trapping by jorn and Litch ll, pp. 220.- 

221) . it is interesting to watch a squirrel go into a 

trap. n good deal of exploring is done around the trap 
and all spilled bait is picked up. ften the squirrel 
will try to tunnel beneath the treadle to get the bait 
and the trap may be sprung in tiils ay. inally, the 

squirrel will go in the trap. 'he second time the 
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squirrel may be less frightened. xol1ed oats makes the 

best bait but even. this fails when the green material 
starts after the first rains. 

iarking has been accomplished by excising toes. 
This metnod is used and has been described by so many 

workers that it need not be repeated here. The question 

immediately arises as to wuìethr the removal of a toe or 

two seriously shocks or injures the animal. If so, it 
might reflect in the results of the study. It does not 

appear to permanently frighten the scuirrel so that it 
becomes trap wary as on i'ovember 28, 194.7, io. 8 was re- 
taken within one hour, at the same place, though not in 

the same trap, after tue toe was removed. this occurred 

within two hours to o. 18 on December 14, 1947. .-er- 

raanent disability does not seem to result as 15 squirrels 
have been retaken from one to two months after rarking, 
and they all seemed in good condition. ..here is the 

possibility, however, that the lack of a toe may make 

the s:uirrel a little less agile so that during the 

critical months when food is scarce or the weather is 
unfavorable, it is more liable to capture. So far there 

is nothing to substantiate this. 
The study area has been described earlier and the 

map (Map 5) and picture (Plate 9) will give an idea of the 

terrain over which the trapping was carried on. ihe 
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following table will give an account of the tra;ped 

specimens, with the nuciber of each corresPonding to the 

number on the map. s mentioned before, the discussion 

of the results will take place in the appropriate place. 



'iable i 
irapping records 

io. iietake io. ex Vate 

i il-30-46 

2 5 11-li-47 
21 12-13-47 

3 11-li-47 

d' il-11-47 

4' 12-13-47 

c li-11-47 
51 

1-9-/+8 

II-28-1+7 

il-28-47 
71 

12-14-1+7 

il-28-47 
81 1-9-48 

9 11-28-47 
91 12-13-47 
92 12-13-47 

10 d' 12-13-47 

il d 12-13-47 

12 5 12-13-47 

121 1-10-48 
*NR - "Never etraoped" 

66 

.r einark s 
* 
N.R. 

Little scrotal color 

Accidentally killed 

N . 

£rlmature 

ì'. 
Large, ¡nature, N.R. 

Large, lLature 

N.R. 

Sinai i 
N.R. 

Small 

N . R. 

young 

.R. 

Iinniat ur e 

iiid not move 
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No. ztetake No. bei iiato xteniarks 

13 d 12-13-L.7 xoung, 

131 1-iO-L;8 

14. 12-13-47 ünmature 

11f' 12-14-4.7 Uaught in same 
place, i'i.R. 

15 12-13-4.7 £mmature, 

16 c 12-13-47 Eatue, N.R. 

161 12-14-47 N.R. 

17 d' 12-13-47 Îiature 

18 d' 12-14-47 i..ature 

181 1-10-48 

182 i-io-i N.R. 

19 d 1-9-4.8 Adult 

191 1-10-4.8 N.R. 

20 d' 1-9-4.8 Lature in size 

201 1-10-48 

21 l-9-48 Adult? 

211 1-10-4.8 

22 1-9-48 .R., i mia 

23 1-10-48 N.R. 

24. d' 1-10-4.8 young, 

25 d' 1-10-4.8 xoung, N.a. 

26 1-10-48 N.R. 

Trapping ceased witil following .a11 



£' O. 

2? 

28 

29 

30 

31 

tetake i.O. 

31 

311 

312 

2 

321 

bex Jate 

11-12-4.8 

d' li-12-48 

11-12-48 

d 11-12-48 

11-12-1+6 

2 11-13-48 

2-18-49 

2-18-49 

11-13-48 

2-18-49 

I-t eiaark s 

Adult, í.R. 

Adult, 

Adult 

Adult, N.R. 

viii, not dcv. 

Does not appear 
preg. 

N R. 

Adult 

N.±., 'iestes 
well-dev. 

33 c li-13-48 Adult, N.R. 

34. 4-12-49 dUv. 

35 o' 2-18-49 N.R., iestes small 

loi 2-19-49 

l71 2-18-49 

36 4-13-4.9 dult, i .R. 

37 d' 4-12-49 r.R., Juv. 

38 9 4-13-49 £.R., du1t 

rapping ceased until i'ollowing iall 

39 11-19-49 

40 9 11-19-49 

i 
40 12-3-49 



No. .etake No. ex nate xemarks 

41 1-21-50 u1va swollen 
3Q± l-21-50 
172 1-22-50 

4.2 1-22-50 1mm? 

43 1-22-50 adult 
4.31 2-11-50 

44 ç 1-22-50 Adult 

45 6' l-22-50 Adult 

46 l-22-50 iinm., N.R. 

47 cS 1-22-50 inam., N.H. 

48 1-22-50 1mm., N.R. 

4.9 c 1-22-50 N.H. 

50 1-22-50 mm., i.H. 
51 9 l-22-50 ot yet breeding, 

N.R. 

52 2-il-50 flnrn., N.R. 

53 c 2-11-50 1mm., N.E. 

54 2-18-50 Breeding, N.H. 
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liOflie bange 

he exact range within which an antelope ground 

squirrel may nove is extremely hard to determine visually. 
un ueceniber 5, 1941, at Panoche, a squirrel was seen to 
work from burrow to burrow until it disappeared from 

sight. It appeared to be completely faiiliar with the 

burrows it used as duck-ins. un anuary 3, 1947, at 
Panoche, one was seen to travel 600 feet from another 

squirrel presumed to be a mate. On both danuary 11 and 

12, 1950, at the sanie location, a squirrel was seen to 

travel 400 feet in aLLost a straight line. Thus, to 

watch scuirrels and be able to trace their movements 

throughout a day is a difficult task, particularly in 
rolling country. 

.igure 2 shows the route covered in one, apparently 

adult, squirrel's foraging from 11:30 a.m. to 3:00 p.m., 

at .anoche on April 12, 1943. Note how it traveled from 

system to system and from bush to bush, going around in a 

circle and finally retracing its steps. Several times it 
went dovm the same hole, which made it appear that this 
was its home den, but it always repeated the process else- 
where. light of later evidence showed that, in the 

safety of the refuge burrow, it was probably devouring 

what it had stored in its pouches during the earlier 
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gi e an ing. 

viüence of the Uogin.ning of such a route vas 

seen vihen six weaning young were watched on April 15 and 

16, 1946, playing about what may have been their home den. 

:his den had a number of entrances to which the youngsters 

scampered, or at wriich they appeared. he apparent mother 

was a Íema1e to which the young went, but by whom they 

were pushed away or ignored. he was now using a nearby 

system at night some distance £rom the young, but to wiich 

they would go in the daytime. Two of the young were seen 

to gradually work out farther and farther, smelling and 

watching as they went, until they reached a third system. 

Later they returned to the original system, but kept 

venturing to the new one from time to time. n older 

brood, a little distance away and already weaned, was seen 

to use a route consisting of four systems which formed a 

tight little circle. iy ctober 5, 1946, what appeared to 

be the same broods had enlarged their route to include 

systems some distance from the original site. 

.in interesting relationship to known habitat came 

u on ivay 19, 1942, when 3 cautive adults were released 

after two months in captivity. hoy were quite a distance 

from where they were originally captured, but in inhabited 

A. nelsoni territory. 'hen released they were utterly 

helpless, running this way and that while carefully 
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avoiding the open burrows, and finally seeking holtcr 
under the autonobile. They were then recaptured and 

pushed down a hole, which they entered very reluctantly. 
iiley did not reappear so it must have been a suitable 
retreat. loung scuirrels captured, marked and. released 
at the burrows where they were caught went down imniedi- 

ately, but if they were released sonie distance from the 

spot, they appeared quite bewildered. ihis happens even 

ii1 it appears to be well within a possible circuit. 
.ossib1y it is necessary Lor them to cover all inter- 
vening ground before they feel safe. in familiar country 

this squirrel always has a place along its route to 

which to dash, uirectly, in time of danger. .ihe route is 
never found in deep grass or in densely shrubbed areas, 

although widely spaced shrubs are used as duck-ins. .i.t 

appears that knowledge of safe retreats is built up by 

investigation, probably by trial and error, rather than 

being in any way instinctive. 
..he determination of the area covered by a squirrel 

in its foraging operations and whether it stays in one 

place year after year is determined to some degree by the 

study of the marked specimens. rho wide wanderings of 

immatures will not be discussed here as their reasons for 

moving such distances seem to be different than the forag- 

ing instincts of adults. iumbers 3, 7, 16, 17, 18, 19, 
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21, and 30 were judged adults and their behavior would 

seem indicative of the species. 

unbers 31, 171, and 3O- were retaken one year after 
the original marking and, as shown on ap 5, it seems tnat 
they had moved only the distance conmarable to a daily 
round of foraging. iurnber 172 was taken two years aíter 
the original capture and it also was still within the 

limits of a foraging area. tll four of these speciiaens 

seemed well tied to the area in which they were originally 
taken. Nuiabers 7, 16, 18, 19, and 21 were retaken from i 
to 21 days after original capture and ali presented the 
saine picture as the first three - they were not far from 

the original point of capture. ihus, by studying these 
speciiaens and the figure, one can get some idea of the 

area within which an adult squirrel works - once it has 

established a territory du.ring its younger stages. 
ihe other adults shown on the nap but not retaken, 

can only be assumed to have been taken by predators, but 

tais will be discussed in the next section. 
lt was noted that a trap might be set where a 

squirrel was seen to go down, but if the squirrel came out 

of another oPening, it often would not be caught. If, 
however, the tra:J were left approximately 24 hours, a 

squirrel knot kno;n to be the saine one, of course) would 

often be caugnt. ihis was tried with intent of purpose 
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on January 21 and 22, 1950. .n 4 cases squirrels were 

frightened from a locality, and. 24 hours later the traps 
were occupied. s the s;uirrels were not marked there was 

nothing conclusive proved, but it appears that this species 
does llave a circuit that it covers at least every 24 hours. 

.raps set where particular squirrels, marked or un- 

marked, were taken or seen on a previous visit, iight or 

might not catch squirrels. if no squirrels viere taken even 

after two days, it was concluded that they were young and 

had moved out or had been taken by predators, or that 
adults had been taken by predators. Squirrels had been 

caught and marked at particular 1101es Ofl iovember 11, 1947 

at i-'anoche, and. traps were reset at the same holes on 

November 28, 1947 but no squirrels were taken in the traps. 
These were not left out a complete 24 hours however. .íhen 

two of the scuirrels (Nuiìibers 2 and 4) that had been caught 

on oveniber 11 were retrapped on iieceniber 13, they had 

moved 1,000 Íeet. 
.t is obvious that the only squirrels upon which 

much evidence can be based are those nurked and caught in 
later years, or those marked and observed visually over a 

long period of time. 
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Population ioveinents 

Two of the most interesting and also niost puzzling 

probleras concerning this squirrel are the raiid changes In 

the numbers within the population of' an area, and the 

rapid turnover of the population. These changes have been 

established througii visual observation, and through mark- 

ing and releasing. che limitations on the spread or popu- 

lations and the restriction by cultivation have been dis- 

cussed under .ange and will not ue repeated here. .or the 

most part such nodirying factors are obvious. 

areful visual checks on the urtigalita, ittle 
Panoche, and .-anoche areas over the space of 10 years, 

have nade apparent several changes, some of which are ex- 

plainable. un anuary 6, 1942, at ortigalita, California 

ground squirrels were noted where one year before only 

antelope ground squirrels were found. un April 11, 1949, 

near the same area, no antelope ground sq.uirrels were 

found, only the larger species, where specimens had been 

collected 10 years before. This area is approaching the 

nortaern lirait of the species and it appears likely that 

another species of squirrel could easily affect its dis- 

tribution. Specimens vere collected in 1942 along the 

edge of the foothills near Attle fanoche reek, but for 

the last 3 years no squirrels have been seen, even though 
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carefully riunted. :.lhere are no a1ifornia ground squirrels 
there eitner, so ti.is case is not like the first, where 

the larger squirrel might crowd out the smaller. No signs 

of poisoning or other calamity are present to give a clue 

as to the reason for the disappearance of the squirrels. 
it vìould appear possible that the invasion of a vieil- 

established antelope ground squirrel colony by the alifor- 
nia ground squirrel might result in the changing of numbers 

of the former squirrel, or even its elimination. This villi 
be tested in the near future as the main study area, Iíap 

5, is being invaded from the west by the larger squirrel. 
i1or two years one was seen at the extreme west end and in 
tue sring of 1950 two were seen there. n duly 4, 1950, 

one was seexi in the center of the area. As yet no effects 
on the antelope ground squirrels have been noted. 

A population change on a small scale may be observed 

by studying the first yearTs marked take in relation to 
ap 5. .it will be noted that 10 squirrels, 3, 4, 6, 7, 9, 

lo, 12, 13, 16, and 21, were captured near the center of 

the plot, but it was possible to catch only 4, 28, 31, 32, 

and 37, in addition to retaking 3, the two following years. 
This spot was near the usual camp site, so special v.atch 

could be kept. Lione of the original squirrels had dis- 
appeared. .he population in the southwest corner remained 

about constant with 3 squirrels caught the first year; 4, 
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including repets, the second year; and 4, including 

repeats, the tiird year. nUCh the same result was ob- 

tained, as in tile center at tue east end, where S viere 

caught trie first year; 2, including repeats, the second 

year; and 4, including repeats, the t.iird year. Almost 

the same number of' days were sent traping each year t.see 

able lj , but ore and better traDs were used the third 

year. 

A f'or tue area as a whole, 25 squirrels were 

trapped and :arked tile first year, whereas with the same 

effort only li could be caught the second, and a jump to 

16 was nade the third year with more and better traps. 

visual checks these years gave tue following: 

uctober 18, 1947 14 uctober 8, 1948 3 
November 11, 1947 6 October 9, 1948 2 
£'ovember 28, 1947 7 iovenber 12, 1948 7 

i'ebruary 18, 1949 8 

uctober 15, 1949 3 
ieceiuber 3, 1949 5 
January 22, 1950 17 
i'ebruary 12, 1950 15 
february 18, 1950 11 

As in tue trapping records, fewer suirre1s were 

seen in the 1948-1949 season. .ihe 25 squirrels caught 

the firEt season appear to be about as many as might be 

fod in such an area as this, but the erratic movement 

of the young, as will be discussed, makes tis figure only 

tentative. 

'i.haus there are variations in the population of a 
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given area, and small variations in that poulation. io 

good reason can be advanced at this time for any of these 

variations. 

rhe second problem, the raid turnover in topula- 

tian, is readily discerned by studying the table and the 

map. 

uf the 25 marked the first year, Nunbers 3, 10 

and 17, were the only ones retaken the second year. uf 

these 25, and the additional 12 taken the second year, 

only Numbers 17 and 30 were retaken tile third year. bon- 

stant effort was made to set traps where specimens of the 

previous year had been taken and marked. uaptive adults 

are known to live at least 5 years. 

In the second year 11 per cent, one female and 

two males, were left, while the tiird year 16 per cent of 

the previous year's take, 2 males, were found. s each 

female has an average of 8.6 embryos, it does not take 

many adult fe;aales to maintain the winter population. if 

but 10 to 11 per cent of each year's population is carried 

over to the next breeding season, along with those missed 

in the marking period or with those that may have moved in, 

there would be sufficient squirrels to maintain the popula- 

tion. Thus trapping would be expected to show a great deal 

of turnover. 

it appears tbat the ones never retaken have been 



taken by predators. steady snap trauping program, to 
gutiler speeinens for other purposes, is maintained around 

the north and west edges of the site. These are the only 

feasible paths of eaìgration away fron the plot. i'o 

marked squirrels have ever been found outside of the mark- 

ing area, although a great many squirrels have been caught 

and examined outside of it. Thus there is no grounds for 
the belief that the marked squirrels have moved out of 

the vicinity. 
Une further problem persists and that is the move- 

:ent in relation to age. iumbers 2, 4, 8, 9, 10, 13, 31 

and 1+3 are listed as imniatijre. iucibers 18 and 32 are adult 
males. ut.ibers 7, 16, 17, 19, 20, 21, and 30 are all 
listed as adults. It can be seen by studying the map that 
the immatures were responsible for most of the movement 

that took place. The two adult males moved over quite a 

distance however. Both of these males were picked up the 

last time during the beginning of, or in, breeding season, 
which could readily account for the movement. Jt would 

appear then that the young are prone to move a great deal, 
but once a station is taken up, the squirrel stays rather 
close, except possibly in breeding season. 
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.Ligure 5 shows the occurrence of the various food 

types, and. the approximate percentages of these types, that 

might be found in any one month in the stomach of a given 

squirrel. 'fWo hundred and twenty-five ground squirrel 

stomachs have been examThed to date (1948). ìo attempt has 

been made to keep exact amounts, as early studies showed 

that the varying amounts and types of food ay depend upon 

the tine of day, what a squirrel might happen upon, and the 

availability of the food type for that time of year. (Note 

the sudden change of summer food froni grasshoppers to seeds 

in 1946), .he chart shows that from the fall of 1940 to 

the fall of 1944, and probably to the fall of 1945, the 

food cycle was relatively constant. .y reversing the seed 

and insect percentages one niay get a picture of what 

happened in 1946. 

G-reen Liaterial ihe green growth begins in uecem- 

ber or even ianuary, and lasts until pril or early ay. 

The extent 01' this growing season depends on when the 

first winter rains come, and when the spring rains stop 

and the summer heat begins. Growth is noticeably slow to 

start, except under the best of conditions, and begins to 

dry up at the first breath of hot weather. It was the end 

of ianuary in 1943 before green material began to come, and 
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the first of naay when it shoted definite siens of drying 

up. iJrying was well advanced by ri1 18, 1944, and pri1 
15, 1946. '.n the other hand, growth had started on .;ovm- 

ber 18, 1944. and on iovember 29, 19J6, both of which were 

quite early dates. ed-sternmed filaree rodium cicutar- 
_) and red brome (Bromus rubens) are tile most conspicu- 

ous of these annuals, with the former making the better 
early growth and the latter coming on, and lasting, later. 
ihe filaree dries up until little evidence of it is left, 
though seed remains abundant. xccpt where cattle are 

present, red broiae Dersists upright, though very dry, un- 

til the rains start. ìoth species are utilized in their 
green and dry states, especially the former, 'by sheep and 

cattle. 
ihe plants used by the ground squirrels in the order 

oÍ their importance are: first, the aforementioned f ilaree 
and red brome, which appear to be of equal importance and 

far outstrip any of the other species; and next, joint-fir 
iphedra californica) seeds which are utilized in their 

green and doughy states, wherever found. ihis provides 

some moist diet a little further into the summer. ihls 
species is limited, however, and seems to be limited even 

more by the intense grazing, as there are no young plants 

to be found. species of clover (irifoliura) was found 

present in sonic of the specimens taken in rtigalita canyon, 
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near .i.os raflos, and newly-sprouted locoweed tstraga1us 

oxyphysus) appeared to have becii utilized here on iecem- 

ber 10, 1941. iurkey u11ein remocarpus setigerous) 

was being gathered on ovember 9, 1942. Tux'pentine weed 

(irichostema lanceolatum) was l'ound in stoniachs in uctober 

1946, when food, especially moist food, was very scarce. 

t seems reasonable that any herbaceous or succulent green 

material will be utilized as long as it is available. 

i3orderline species, such as turpentine weed, must be used 

only in a case of extremity, as only one case of its being 

utilized was seen. 

insects s far as can be determined, this squir- 

rei has no preference as far as insects are concerned, 

but occurrence in stomachs depends on availability. ve- 

capitated, partly eaten, unidentified .oleoptera of several 

species are found about scjuirrel-frequented systems almost 

any time of year. ihe Jerusalem cricket (Stenopelraatus 

longispina) occurred twice in January-taken squirrels in 

Ortigalita anyon, and other remains that looked like this 
insect were fowid in stomachs in the Panoche Creek area 

during raost of the spring months. ael crickets (Ceutho- 

iius californicus) are often found when systems are dug 

out and was found in the stomachs during the spring months. 

These two insects seem to be the winter and early spring 

mainstays of the insect diet. ihe California June beetle 
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(Phyllophaga errans ?) was found out as early as .ebru- 
ary 18, 1949, and in abundance on Iiarch 21, 1941, arch 

30, 1942, and .tDT11 15, 1946. ihls was before grass- 
hoppers had appeared and while green material was still 
available. These insects disappear when hot weather coxaes, 

but during their stay they are found in the stomachs. The 

elytra are found comraonly about the mouth of squirrel-fre- 
quented burrows, and they are frequently seen being pursued 

by the squirrels. sçuirrel taken on pril 12, 1941, con- 

tamed, among other things, a species of arabidae. .he 

sanie warm weather that killed the herbaceous annuals 

brought out the nymphs of the grasshopper tOedaleonotus 

enigma) as early as .pril 8, 1942, but not until after 
May 5, 1943. Vast numbers viere present by ..ay 21, 1942. 

A very few were seen on .pri1 16, 1946, but only occasion- 

al adults were seen after that. his species was present 
until the advent o1 cold weather. ive ones were seen 

antil ecember 18, 1941, and a male sciuirrel was shot on 

Lecember 29, 1944, carrying a blackened, dead grasshopper. 

Filaree and grass were just beginning to cone on that date. 
Jt seems then, that up to 1946, grasshoppers lasted 

until the same rainy weather that brought on the green veg- 

etation. (rasshoppers were found in almost all stomachs 

in large numbers as soon s they were available, and were 

the dominant item until they were no longer to be found. 



Harvester ants Pogonoiayrrnex) were not Lound in the diet 

until the grasshopper failure of' 19J6, thougì they may 

have been used. it seems that this suecies aay be used 

only 1.ì1en insect food, and other moist £oou, is very 

scarce. A species o1 enebrionidae, probably leodes, 

was present in nunibers but was never found to be used 

even in time of extremity. lt has often been noted that 

the dry cow dung over the area bs been turned over, pro- 

bably by something in search of insects. un íarch 14., 

1947 at ranoche, an antelope ground squirrel was watched 

doing this and as insects are important in its diet, it 

may be a usual practice. 

Seeds Seed material is found in a chewed up, 

pasty mass in almost all stomachs every season of the 

year, though it often forms only a small percentage of 

the total contents. s far as can be determined, this 

material is either filaree, red brome, 1iedra, or any 

combination of these. ihis is evidenced by the finding 

of at least some of the husks of these seeds in the sto- 

machs, the actual observation of the squirrels eating them, 

or the finding of thera in tue cheek pouches. Urinnell and 

Dixon (2, p. 702) record filaree seeds in pouches on ay 

11, 1911. male collected on ecember 36, 1942, had red 

brome seeds readily identifiable in its stomach. In the 

i-anoche area phedra seeds are taken, both green and dry. 
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Husks 01' these seeds were noted early in the study, but 

were not identified with the shrub until iecember 16, 194.2 

at Panoche when both hulls and seeds were found near the 

shrubs. .ury seeds of this species are rather starchy. 
.1iGY are picked ofÍ o the shrub in the spring and picked 

up dry in the fall, at which tine husks are commonly found 

around sQuirrel-frequented systeras. beveral young of' the 

year were seen gathering and gleaning among husks, on ucto- 

ber 5, 1946, for phedra seeds, when other food was scarce. 

Sprouted seeds fron kangaroo rat surface caches are dug, 

apparently for the seed rather tian for the shoot. It 
seems reasonable that any seeds palatable to the sçuirrel 
will be taken, but that the most easily obtainable, usually 

f ilaree and red brome, are the most comnionly used. 

Seeds are apparently not a favored food, but serve 

as a bridge or stop gap. ihe usual time that seed mater- 

ial reaches its highest percentage is when the more easily 
gathered green material or insects are absent. ihis 
happens in the spring between green material and insects 
and in the fall between insects and green material. .Lt 

has also happened in the summers since 194.6 \Jhen insects 
(grasshoppers) have been absent. In these latter years 

seeds have made up almost the entire bulk of summer food, 

except for what insects the squirrels could find. seeds, 

of course, are everywhere abundant over the areas, and 



seem to be a necessary adjunct to tne diet, but generally 

seem to be considered too hard to gather if something else 

suitable is present. Suirre1s seen out during the summer 

of 1946 were far more active than those seen out during 

previous summers. This was probably due to the necessity 

of gathering seeds rather than the easier-to-gather grass- 

hoppers. 

Vertebrates ihe "Vertebrates" item is based on 

one known instance of a blue-bellied lizard (Sceloporus 

occidentalis) found in the stomach of an Ortigalita-taken 

female on January 16, 1941, and on various unidentified 

items that appeared to be flesh. irinnell and ixon record 

this squirrel as eating dried kangaroo rat flesh which was 

being used as bait, and caged squirrels were found to eat 

tueir own kind. 

food in aptivity Oaptive specimens readily take 

rolled oats, rolled barley, chicken mash, rabbit pellets, 

and, occasixìally, dog food. .lesh is taken readily and 

bones are gnawed to some degree. 1xaost any type of greens 

is acceptable. alt cakes, such as those given to rabbits, 

do not appear to be touched. Cannibalism resulted when one 

squirrel killed another and it was not immediately removed 

from the cage. 

ioraging abits The antelope ground squirrel does 

not use the same method of obtaining food as does the 
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a1i1'ornia ground sçuirrel (Citellus beecìieyi). .he latter 
has a particular hole that serves as a base of operations 

and, though it may use others for temporary refuge, it al- 
ways returns to the home burrow, and always returns to it 
at once, if possible. iather than use one burrow or system 

as a base, the antelope ground squirrel appears to have a 

route that it covers, as illustrated in .igure 2, and along 

this route are a number o holes that it feeds around, and 

that it runs into, if danger threatens. o far these all 
appear to be of kangaroo rat origin as described before. 

.i.hese squirrels do not stay long in one place, but 

move raoidly from refuge to refuge peering about and samp- 

ling. iver3rthing is put to the mouth, chipmunk fashion, 

where it appears it is smelled or tasted, and accepted or 

discarded. bometimes, as on ebruary 7, 1947 at Panoche, 

actual grazing takes place. Probably the food is saled 
and then when found to be all right, the material is bitten 
off directly. une squirrel observed feeding at Panoche 

on A:oril 12, 19143, went through the following procedure 

(See FiLure 2): "Saw one out and stopped to observe. it 
crouched near a hole for a while and uttered its cry a few 

times. .b'inally, it became bolder and. rn around the mound 

in search of food, it would stop occasionally and put 

something to its mouth. A Juie Thug" flew by, just over 

its head and it ran along on its hind legs trying to get 



it. ilien it i'an rapidly over to another set of holes and 

disappeared. It traveled very raid1y between refuges. It 
then came out o this set of holes and vient further, is- 
appearing in yet another hole, then reappearing, Seems to 
spend tine running around pickinß up things and putting 
them to its mouth. It finally came to an iiphedra, about 

50 yards from where it started, and did not sto:, as might 

be expected, but went on. It stayed a while, and then 
went on a great distance in one traverse. hiere it uttered 
the note a Levi times. ihen, in a short tinie, it came 

back about 75 yards and crossed about 75 I'eet in front of 

the car and disappeared in an phedra. bout 10 minutes 

later it was seen up in the phedra." s implied before, 
when the cheek pouches are filled, the squirrels retire 
to holes along the route and eat what they have gathered. 
A non-breeding feiiiale and a non-breeding male, collected 
on Auril 16, 194.6, had well-filled cheek pouches of 1.0 
and 4.1 grams respectively, and eiapty or nearly eupty 

stomachs which viould indicate that they did not eat while 

foraging. his seed, filaree, had the outer husk removed 

indicating that this xas done en route. Another female was 

collected on January 9, 1942, with cheek pouches well filled 
with filaree seed. have never found any sign of storage 
and none of the above had young, so it appears that they 

gathered the food and then ate it in a safe place. un 
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October 5, 1946, bunches of turpentine weed branchiets 

were found partly dragged into a burrow. ihese may have 

been brought to a safer place to eat. insects, green 

material, and red brome seeds have seldon been found in 

couches, making it appear tbat tiaey may be eaten at once 

or carried to the retreat. he cheek pouches are extreme- 

ly thin, thin enough that the contents can readily be told 

without taking them out, and so thin that if eipty they 

are readily missed in skinning. Thus it Is easy to see 

that insects or long, sharp seeds might not be readily 

carried in such pouches. 

un i.ay 26, 1941, at .t-anoche a group of three young 

squirrels, well grown by that tirae, were seen using grass- 

hoppers for food, but were discarding tlie large legs in a 

heap about the mouth of their system. un April 1946, 

a squirrel was seen to catch a aune beetle and run into a 

burrow with it. i11CSC instances indicate such things are 

eaten at a burrow. 

After gleaning for a while, the length of time de- 

pending upon success or type of food, the squirrel will go 

down a hole and stay some tine before starting out again. 

.ihe speed with which they forage and whether they 

eat on the spot may depend somewhat upon the weather. 

ricasant days are spent out of the burrow feeding and 

apparently moving over quite a large area. xtremely hot 
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and cold. days are spent in the burrows with only enough 

time spent above ground to get food, and that during the 
mildest temperature of the daylight hours. 

When green jhedra seeds are gathered, the squirrels 
readily climb ix.to the shrubs; indeed, it was this action 
that first called my attention to their using its seed. 

Laged specimens show great agility in clinbing about their 
cages, even walking across the tous upside down clinging 
with their claws to the hardware cloth. hey have been 

seen to catch grasshoppers by leaping with the insect un- 

til both came down at the same place at the same tine. 
Lt seems probable that the squirrels must also stalk grass- 
hoppers but it has never been observed. Jane beetle was 

caught by a squirrel which ran along on its hind legs and 

pawed the air until it hit the low-flying insect. Another 

vas caught by a sudden poance. Caged young squirrels 
adeptly pounce upon grasshoppers put into their cage. 

ieed of Various iood rypes ni considering the 

types of food and the rn.ethods of food-getting, it appears 

that certain foods are necessary to the well-being of the 

squirrel and are sought even though another food. raay be 

abundant. It will be noted that insects, flesh, and seeds 

were sought even when green material was very abundant. 

Juring tue summer of 1946, when grasshoppers were absent 

and the squirrels were forced to subsist upon seeds, alniost 
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the only insects present were harvester ants togono- 
myrmex), wuich, though always nunerous, were round in the 
diet for the first time. ihis scexas to indicate a need 

for such material. .Lt will also be noted that seed mater- 
ial was taken at all times of the year, even when grass- 
hoppers or green material were very abundant. his was 

most noticeable during the hot weather when grasshoppers 
were in the shade of every blade of grass, and the forag- 

ing tinie was very limited. 
.iJie following has not been substantiated by actual 

weighing, but by observation alone: Adult squirrels kept 

in captivity lost weight noticeably when kept on a seed and 

greens diet, though it is possible there was some other 

reason for the loss. loung squirrels fed a well-rounded 

diet apoeared sleek and well fed, but others did not devel- 

op as well on a seed-only diet. aptive young squirrels 
taken in the sring of 1946 and fed on a seed diet, did not 

compare favorably in size with those of the same year that 
were left to grow in the field and collected in the fall. 
aptives never looked quite as good, or :eighed as much, as 

squirrels of approximately the same age that lived in the 

wild, however. ït seems reasonable that certain, as yet 

unknown, food components are furnished by each food type, 

making euc type necessary to the diet over and above more 

abundant food. 
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i.oisture nequirements 

ciS has been mentioned, these squirrels are very 

sensitive to high and low temperatures. i)uring the hot 
months from i.ay to September none viere seen out in the heat 
of tue day; early niorning and late evening were the tor- 

aging tir:es, which enabled them to avoid the heat. As ar 
as can be found, the adults are inactive during the suimiìer; 

they becorae very fat in the late spring, and then disappear 
during the hot months. .intensive observation durinß the 
hot seasons of 1941-1943 and 1946 revealed only two adults 
seen or collected in the summer, while many young ere 
both seen and collected. duly 30 and ugust 26, 1943 at 
Panache are cases in point. Careful observation tbrough 
the day revealed only small squirrels, nothing large or 

adult being seen at any time. aptive squirrels are very 

inactive during the summer, but they do come out sanie each 

day. iwo squirrels kept from 1946 to 1951 were seen out 

almost every day, but less food is consumed, and less ac- 
tivity noted during the summer. 

'iJie young are produced during the period of creen 

feed as Vorhies t23, pp. 508-513) found for Uitellus tere- 
ticaudus, and similarly there is no evidence of a second 

litter during the dry season. ri1 16, 194.6, young 

were observed being literally pushed away by the mother, 



who would not let them nurse. reen material was rapidly 

drying by this time and the mother spent her entire time 

away from her family, constantly eating. iearly the same 

thing was seen on ri1 22, 1943, also when vegetation was 

drying rapidly, it seeied that the parent wanted to rid 

herself of the young in order to prepare for the hot 

season. 

It was first believed that the grasshoppers were a 

source of moisture which enabled the squirrels to exist 

during the hot months, but 1946 showed differently. ihe 

insects may have provided the moisture, and they may have 

also provided ready food which made great activity unnec- 

essary, but they were not an absolute necessity. 

scuirrels live too far from a source of free 

water to make the trip every day, but when caged they 

were found to use water when it was given to them. wo 

inverted test tubes were used, with one being kept outside 

of the cage for a control against evaporation. .die v2ater 

was lapped, or so it appeared, from the tube, but so much 

was wasted that an accurate check on the amount used could 

not be made. It was noted, however, that the tube had to 

be replenished Lar fewer times in cold weather than in 

warm. ,attives that were fed on seeds and green material 

and kept in the shade during the hot weather, were kept 

for seven months in the San cioaquin valley without water. 



They appeared sleek and in no way eniaciated. 

t thus appears that the adults pass the dry, 

summer season in aia inactive state, though there is no 

indication that a state of aestivation is reached. The 

young, although necessarily out to maintain their growth 

rate, avoid the htat of day and seek moist food. This 

last was noted on October 5, 194.6, when they were found 

eating turpentine weed and snakeweed, the only green plants 

in the area, which were always before shunned by these and 

all other mammals of the area, including domestic. s 

free water is almost never present, even in the winter, 

the water of metabolism is augmented, where possible, by 

using green or moist material. r.Lhis same water is con- 

served by following a daily schedule that will lose as 

little of it as possible. drop of urine is often found 

at the urethral opening of a dead or frightened trapped 

squirrel, but it is seldon copious. 
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i-tesponse to heather 

Some mention has already been made of the effects 
of weather on the activities of tills squirrel, and the 
possible role it plays in the extent of the range (Map 

3), but as weather does play such an important role in 
the life of the animal it is believed that more should 

be said. 

In tile first place, heat and cold play a very im- 

portant part in the uaily cycle of the antelope ground 

squirrel. 
On October 11, 1940, the day the study was started, 

search 1;:as made for the squirrel tiu'oug the heat of the 
day. a1ifornia ground squirrels v'ere commonly seen and 

there was no reason to suspect, at tue time, that antelope 
ground squirrels would not be out also. ït was very warm 

and none of the latter were seen. uctober 14 and 15, 1944, 

at .tanoche were pleasantly cool duys and squirrels ere 

seen in abundance between 8:00 a.m.. and 500 p.m. ucto- 
ber 15 and 17, 1941, at i-anoche and Ortigalita, respec- 
tively, ;vere slightly cloudy, warm days, and it was im- 

possible to find any squirrels in midday. 

ovember 5, 1940, was a ioderate day at urtigalita, 
and squirrels were encountered all day. November 6, 1941, 

at ranoche, was a cold day, and only three squirrels were 



out, and they were seen between 11:00 a.m. and 3:00 p.m. 

November 5, 1942, vas a cold, cloudy day at Panoehe, and 

very Í'ew scjuirrels could be Iound out. November 9, 1942, 

however, at the sam.e place, was a warm, balmy day, and 

squirrels were nunierous and active. pour were easily 
collected and many more were seen. iovember 29, 1946, at 

the same spot, was a clear, pleasant day, with the tempera- 

ture at 56°F. iy 10:35 a.m., ten squirrels were seen with- 

in a síiiall radius, but, at a lower level, alirornia ground 

squirrels wore out in abundance much earlier. t 4:00 p.m. 

the thermometer registered 5Q0 F. on the ground and in the 

shade. ihe squirrels had disappeared with the coming of 

the shadows. 

december 11, 1940, at Parìoche, was a warm clear day, 

and squirrels were noted as common a-il day. i)eceinber 21, 

1942, at the same place, was cold, wet, and foggy in the 

iorning. he sun came out by 10:00 a.m., but squirrels 
were not seen until noon. tecember 29, 1944, as above, 

was intermittently clear and cloudy, but warm. 1;any 

squirrels were out in the sunshiny peri.ds. .uecember 31, 

1946, was extremely cold and it was noted that the caged 

squirrels came out just long enough to get some food, and 

then go back down their holes. 

January 2, 1947, Panoche Fass was cold and foggy 

all day. io squirrels were seen until 10:45 a.ni. and by 



11:30 tiiey v:ere quite common a1thouh it was still quite 

colu. By 3:30 p.m. the squirrels had gradually disap- 

peared. January 3, 1947 was a sunny day here and by 8:20 

a.nì. a number oÍ squirrls were seen out. Tanuary 9, 1942, 

again at l'anoche, v;as also a cold, foggy úay all day, and 

exactly the same procedure was noted as other such days. 

The squirrels were not out until 11: 00 a.ni. and they had 

all disappeared by approximately 3:00 p.m. January 10, 

1948 at Panoche was cloudy though not extremely cold. 

ruhe squirrels seemed reluctant to conic out in the semi- 

cold and 'ent back in very early. January 16, 1943, as 

above, however, was a bright, clear, cool day, and no 

squirrels were seen out early in the morning - not until 

noon in tact. By 3:00 p.m. they had all gone down. 

.ebruary 3 and 4, 1941 at Ortigalita was Íoggy and 

cold in the morning, but clear by 11:45 a.m. o antelope 

ground squirrels were seen either day during this period, 

but many a1ifornia ground squirrels vere in evidence. 

Thus there is apparently a difference between the two in 

the tolerance of cold. rter the sun came out, six squir- 

reis were seen the first day and two the second, within a 

comparatively short radius. february 7, 1947, as above at 

9:20 a.ia. was clear and warm. Squirrels were immediately 

seen. The afternoon was warm and many squirrels were noted 

out. On this day they disappeared only as the shadows 
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began to cross the flat. n £cbruary 8, 1947, ia6re, the 

:t:og was in at 9:00 a.m. and no squirrels were out. By 

9:30 there was some sun, but no activity. The sky then 

began to cloud over and the temperature began to drop. 

unly a few squirrels v;ere seen by noon. ?ebruary 10, 1943, 

at the same place, was a clear, cold day, with snow in the 

higher hills. No squirrels were seen out until 11:20 a.m., 

but after this many were seen with seven being collected. 

.iebruary 16, 1942, was a warm, sunny day at Fanoche i'ass, 

and many squirrels were noted. February 16, 1946, again 

at Panoche, was a cold, cloudy day. Upon arrival at 1:35 

p.m. two squirrels were seen out, and later more were seen, 

but by 3:30 j.ni., all were down. The next day was auite 

cold in the morning, but clear. By 8:15 a.m. a squirrel 

was seexi out in the sun. Thus sun may be an important 

Lactor. 

idarch 3 and 4, 1943 at anoche, were rainy days and 

although it was not cold, nothing was seen out until 11:00 

a.rn. They remained out until 5:00 p.m., however. Possibly 

they wait as long as possible for sunny weather and then 

must Leed later to make up for it. Un Larch 22, 1947 at 

Fanoche on a nice day souirrels were out working before 

sunup and after sundown. Larch 27, 1941, at xanoche Pass 

was a cool overcast day with a strong wind blowing from 

the south. Only two squirrels could be found out in this 
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wind. 

pri1 15, 194.6, as above, was a clear, wann day 

with several squirrels out at 9:15 a.m. by 9:4.5 a.rn. the 
ground temperature had reached 960 j, and very few were 

seen out. fter some hunting, a lactating (?) female was 

seen out Leeding viith her young. By 1:00 the ground 

teniperature had reached i0O .. but the ea1e and young 

were still out. By 4:25 p.m. rauch more activity was appar- 
ent with many young and adults out. The next day the first 
call was heard at 6:15 a.ni. when t1e sun was just reaching 
the tops of the ridges. It was 530 .. at this time. Other 

squirrels began to be heard alniost immediately after:ard, 
Soon after this much activity was noted. .y 9:15 a.m., 
however, very few squirrels were seen, and these were all 
young. 

un May 19, 1942 tn.ree captive squirrels were re- 
leased in a nex area. it was a very hot day and rather 
than venture down strange burrows they took refuge in the 
shade of the car, one even leaping up into the motor corn- 

partrnent. another later took refuge from the sun in ray 

shadow and whenever i. moved, it moved. Thus, it feared the 
sun more than it feared me. alifornia ground squirrels 
were out and working. !.ay 21, 1941, at urtigalita was a 

hot day and only one squirrel was seen out in the afternoon 
or evening. 'he next day, one was out at 5:00 a.m. To 

the south 01' this area they were seen out until 9:00 a.ra. 



102 

with one colleoted at iitt1e ianoche at that time. ione 

was seen then until 5:30 p.m. when an immature female was 

collected at .i-anociìe. 1hTee more young were seen at 6:40 

p.m. ihe Í'ollowing iuornin here, none was seen until 
7:40 a.in. when three were out, On Liay 20, 1942, at i-'an- 

oche, several scuirrels were seen out at 6:50 a.m., all 
of wich appeared to be young. .13y 8:20 a.m. few were seen, 

and by 9:00 a.m. all had disappeared. iiowever, at 9:40 

a.m. a1ifornia ground squirrels were seen out and working. 

Apparently the larger around squirrels were fiore tolerant 

of heat as well as of cold. iy 4:30 p.m. a wind had 

arisen, making the area a little cooler, and several young 

v,ere seen. iay 25, 1946, here, was cloudy and rather cool 

at 6:45 a.nh. and a number of squirrels ìere seen. y 

10:50 a.ia. tiie ground teíìprature was 91° . and few 

could be found. 

un June 11, 1942, at fanociie, a single squirrel 

was seen out in the heat of the day at 1:15 p.m. dune 16, 

1942 at Panoche was a warm, windy day here but squirrels 
were not seen out until 5:10 p.m. 'iìey apparently were 

out a little earlier on this date due to the cooling 

effect of the wind, On June 24, 1941, ianoche was hot 

but cloudy. unly two squirrels were seen out, at widely 

divergent points, during the heat of the day, even though 

it was not as hot as usual. 
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Ju1y 21, 1941, at ±anoche revealed nothing out in 

the heat of the day. 2t Panoche on July 30, 1943, nothing 

was seen out until 7:10 p.m. when young squirrels began to 

be seen, but no large ones. 

1though up at 5:00 a.ra. august 23, 1946, on anoche 

Fass, nothing could be found out until the sun carie over 

the hills at 6:00 a.n. By 7:15 a.n. many were seen and 

all appeared to be young. .s the day grew warnier very few 

could be found. brisk, warn breeze sprang up by 3:45 

p.111. and more young were seen out. 1f frightened, the 

young stayed down a long time as il' in no hurry to come 

back out in the heat. un this saine date the notation was 

nade, and it had oI'ten been noted earlier, that young often 

stay out even in the great heat of the summer. rhis is 

probably due to the need for food in their developnent. 

August 27, 1942, was a singularly cool day for that time 

of the year in the anoche country. nt elope ground 

squirrels were seen out all day. No temperatures were 

taken but the day was a pleasant one in which to be out. 

J.n summary of the above, it can be seen that during 

the cold periods of the year, midday is utilized for above 

ground activites; and during warm periods, the early morn- 

ing and late afternoon hours are used. where seems, under 

the latter condition, to be an emphasis on the use of the 

morning peri3d. euch days as the above are characterized 
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by intensive feeding with very little moving about. The 

point seems to be to get as much food as possible and then 

get back down out of the heat or cold. iiays of a rather 

moderate temoerature are favored, and during such days 

feeding, axi other above-ground activities, are carried 

on in a more leisurely fashion. .ihe squirrel may stay out 

all day with only short stays beneath ground, and in the 

course of a day a circuit of hundreds of yards may be 

made. hc moderate days of late winter and early spring 

are utilized for the breeding period :iien, of course, the 

maximum amount of food is present also. s already men- 

tioned, alifornia ground squirrels seem less susceptible 

to heat and cold than do the antelope ground squirrels. 

iain appears to have less of an effect on these 

squirrels than might be expected. January 4, 1941, at 

urtigalita, was the day after a rain and only one squirrel 

could be found out. ivarch 3, 1943, at Panoche rass, was 

a wet day, and a scout through the usual areas showed no 

squirrels early in tile day but by 3:30 p.m. one was seen 

and then the numbers increased until 5:00 p.m. iiiis day 

was windy and cloudy, but not at all cold. The next day 

was also viet and no squirrels were seen until 11:00 a.rrì. 

when many began to appear. Thus it seemed that the morn- 

ing cold was more to be avoided than the evening coolness. 

At 1:00 p.m. on this day there was a hard shower and all 
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of the squirrels disappeared. n pri1 S, 1944 at rano- 

che squirre1s were not seen äurin the shower, but as 

soon as the sun broke trough, six were seen within a 

shoTt tinie. iecernber 29, 1944, was a scjually day at 

.anoche, but mostly sunshine. quirre1s were out in abun- 

dance and it is possible that an apparently heavy rain 

the day before may have hindered their movements that day. 

AieeeLnber 27, 1945, at ranoche, was a rainy day, but by 

9:55 a.m. four squirrels were seen foraging. .Lhey did 

not appear to be hurrying, but were working much as on 

a normal day. 

Thus rain does not seem to be an important factor 

in the above-ground activites of these animals unless it 

is too intense. btrong wind nay deter them from normal 

activities. 
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iiannerisns and .tctions 

n observing these ìama1s, it was often difficult 
to discern between natural mannerisms and those brought 

on by the presence of the observer. in any instance, 
movements and actions were of a nervous, quick nature. A 

quick, horizontal or vertical flicking of the tail was 

found to be characteristic in any time of stress. 
hen approached, but seeming to believe that it 

had not been seen, a squirrel would crouch down, hold 

the tail flat against its back, and remain this way for 
an indefinite period of time. ne was observed to hold 

this position for 10 minutes before it was disturbed. 
Upon further disturbance the tail will begin to r:love, and 

the squirrel will ran to the mouth of a burrow where it 
will stop for a final look before going down. 

recorded on ay 21, 1941, and other times, at 
.-'anoche, the burrows used usually have several openings. 

he squirrel may dive down one and later reappear at the 
same one or at any one of the others. n working from 

burrow to burrow, the squirrel will first sit up and look 

around, then Leed out from the burrow raouth. ..hen a dash 

is to be made to another burrow, the squirrel will sit up 

and look around, then make the long dash. This action may 

be repeated any number of timos. 
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.iu16fl one is Í'rightened dovin a hole, as was tried 

at ranoche on ecember 18, 1914, it will stay down from 

five minutes to the rest of the day, depending upon how 

long it has fed, what the weather is like, and possibly 

ho near it may be to its lione burrow. In this instance, 

it came back in five minutes, then watched the observer, 

intent and motionless, for another five minutes. It then 

ran to another burrow and another, gradually working away 

from the danger zone. it would often stop, sit straight 

up, and look back at the danger point, thou it ate along 

the way. s a car passed, it ducked. its running, in 

sonic instances, was rather jerky, with slight stops en 

route. iiinally, it disappeared in the distance. 

un april 12, 1943, at anoche, one was watched for 

a time (this was during the season when young were ?re- 

sent). It first crouched, as has been ::entioned, uttered 

the warning note a few tines, and then began to feed. .it 

would stop occasionally and put something to its mouth, or 

run along and grab at a flying insect as it went by. It 

then ran rapidly to a burrow system, stopped and looked 

about, and then ran to another. Up to this, exactly the 

same thing was noted on December 26, 1945, even to the 

call notes. inally it came to an phedra where it was 

seen to adeptly climb up and forage. .Lhe squirrel's 

climbing ability had been noted when a caged specimen 
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was seen to be able to cling to almost any place on a 

cage. ihe tail was seen to be flicking during most of 

this movement, and a lot of time was spent in scratching. 

.ihen small birds go over, the squirrel will often 

dash for a hole, but upon seeing what makes the noise, it 

will not cuite get to tile hole, or if it does, it will not 

go down. These squirrels seem to be more sensitive to 

sound. than sight, and react instinctively to a noise, even 

if they see what is making it. 

female was observed foraging on oril 15, 1946, 

at £anoche. A snort dash was made from the hole, and a 

little feeding was done, then another short dash. Seldom 

was it seen to walk more than one or two steps. his was 

noted also in other squirrels - walking is not a usual 

thing. Jt may hop a short distance, but usually even a 

short distance is covered by a dash. this particular 

squirrel would move over the ground, within the radius of 

its body, witn its nose held close to tue soil surface. 

Every little while it would stop, sit up and look around. 

Usually the tail was flicking. 

Digging was observed in a captive on January 10, 

1941. t would dig with the forefeet pushing the dirt 

back to the hind feet, then alternately the nind feet would 

kick the dirt back a greater distance. young caged speci- 

mens were observed to do the same thing on iay 5, 1943. 
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i4ttle was observed relative to sanittion, although 

the sqiirrels are known to be well inhabited with fleas. 
A captive young one was seen to scraoe its belly along on 

the dry dirt and at the same time throw dirt up over its 
body with its forefeet. n adult captive was seen to fol- 
low the same procedure, but twisted more and seemed to shake 

or vork the dirt up tilroußh the fur as a chicken might work 

the dirt up through its feathers. 
On ianuary 17, l9)l, a captive specimen was noted 

to do a great deal of chewing on the cage, apparently attem- 

pting to get out. So much of the board was chewed it was 

deemed necessary to put another over it. This was noted in 

other specimens, but not to the same degree. 

un duly 5, 1943, a captive young was seen to pace 

back and forth the length of its cage, much as a lion is 
seen to do in a zoo. It kept it up for four hours. Three 

other young in the saine cage did not follow suit. 
it is remarkable how they can be shot at, knocked 

down by a shotgun blast and get up and get back to their 
retreats. ihis was noted on .iebruary 3, 194.1 at urtiga- 

lita when one was stunned, yet got up and went down its 
hole, un ovember 9, 1942, one was hit at close range and 

yet it went down its hole and on January 16, 1943, at Pan- 

oche, one that was hit hard got so far down we could not 

dig it out. 
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.Lnterrelati onships 

Very little has been observed over the ten-year 
period that would give a clue as to how the squirrels get 

along together, other than that they are definitely soli- 
tary creatures. In the following discussion it must be 

understood that usually the squirrels are seen alone and 

that most of tue instances mentioned are those when they 
are seen together. 

Pour captive young kept together for a four-month 

period seemed to get along together quite well, but, except 

for the occasional touching of noses, they paid little or 

no atteïition to one another. On November 28, 1947, at Pan- 

oche, five young were lìve-traped from one burrow system, 

but young are apparently more tolerant of one another than 

adults are. .our other young, not necessarily of the same 

brood, were kept in a cage until they were nine months old, 
and at this time one was apparently killed by the others 
and partly eaten. Somewhat later another died of ari un- 

determined cause. .Lhe other two, a male and a female, 

lived together, apparently aniably, for five years. Both 

squirrels died on the sanie day, possibly having been 

poisoned in some vJay, but death was not caused by fighting. 
Two others, adults, placed together on ebruary 20, l912, 

lived together amiably for several months. 'rio others 
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placed together on ìiarch 7, 1942, at home, occupied the 
sarae nest, as appeared to be so vith the ones kept five 
years (1946-1951) in iresno. 

.Lt is very hard to distinguish between the sexes 

in tue field, thus the following discussion will concern 

the activities of the squirrel generally with a breeding 

interpretation being applied where it seems reasonable. 
Un November 9, 1942 at .tanoche, two squirrels were 

seen to go into the sanie hole. Later, a male was collected 
here. On i'ovember 11, 1946, here, two males were collected 
at the seine spot on the same day, and on i'ovember 12, 1951, 

here, two niales and two females, the latter not in breeding 

condition, but the former with active sperm, were collected 
at the sanie bush at the saine time. un i.oveber iS, 1944 at 
Panoche, two squirrels were seen working together, one of 

which was trapped and proved to be a male, and on iovember 

30, 1946 here, a male was trapped where a female had been 

trapped the day before. 

Thus when squirrels are found together in ì'ovember, 

whether of the same sex or of different sexes, the rela- 
tionsiiip is quite amiable. .ihere appears to be no definite 
seeking of the other, such as might be expected during 

mating season, but when two happen, to meet, there is no 

spat. 

un ueceuber 13, 1947 at anoche, two squirrels 
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were seen chasing each other. They were both trapped, 
unless a third one harpened to be present , and although 
they were of öifferent sexes, they were both sexually ari- 

developed. The male appeared to be the iricre aggz'essive, 

chasing the feniale away and getting to the food in the 

trap first. This did not seen to be any action related 

to mating, however. tiere was a good source of food and 

the coiupetition was for it. Decenber 18, 1911 here, 

many squirrels were noted as seen, but solitary, and 

nothing lfl the way o pairs could be discerned. un Dec- 

ember 26, 1945 here, two squirrels were seen working in 

close company, but the sexes could not be determined. ihe 

Íollowing day two were watched foraging in the rain. They 

would gradually work together while feeding, and when they 

met would scaniper apart. Uradually thq,wou1d corne to- 
gether and the process would be repeated. .ighting was 

not seen, but they did not seem as amiable as earlier 
twosomes did. 

anuary would seem to be the month when the squir- 
reis would betray the greatest amount of breeding be- 

ìiavior - that is, scuffling would take Lisce when two 

woulã meet or pairs would be seen - as breeding starts 
this month. On January 3, 1947 at Panoche, one was seen 

feeding with the tail flicking slightly all of the time. 

A second one came out a short distance away and gradually 
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approached the first one, which thereupon sat up. ina1- 

ly the seconù ran up to the first which then ãarted at it 

in an aggressive manner. The second jumped into the air 

over the first and then ran on auay. 'ihe first one o1- 

lowed a short distance and then turned back. short úis- 

tance away two others were seen feeding a short distance 

apart, and v.'hen one was frightened and ran, the other 

followed it. in tvo other instances on this date two viere 

seen to be í'eeding in closer proximity than usual, but 

there was always a brisk clash when they carne in contact 

with each other. ontacts were not com:on as when one 

approached, the other ran. it was noted that one may 

dominate the other, as on ianuary 9, 1948 at ranoche, one 

wEts seen to run away from the trap but when the second 

approached, the first returned over 100 yards to drive it 

away. .Lt used a kind o a slow strut in ;aaking the last 

approach, very possibly a sexual display. Frobably these 

same two, a male and a female, were trapped a little later, 

and. the male was caught first. uther instances of oairs 

being caught with the male caught first are on record; how- 

ever, two were caught on January 9, 1948 here, and both 

were niales. tll of the above actions may not necessarily 

be interpreted as mating behavior, but there were varia- 

tions during January and the early part of ebruary that 

were not seen during the other months. 
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un -ebruary 10, 1943 at kanoche, a sauirrel was 

seen to run to a hole where another raised up. 'ihey both 

ducked or a moment and then one started across the open 

with the second following. Both were collected and both 

were males. . number of others were recorded as being seen 

on this date, but in no instance iere twos seen. i?ebruary 

13, 1941 at Llrtigalita, two squirrels, sexes unknown, were 

seen cflasing each other. As they approached me they separ- 

ated and went down different holes. 'Khen one came out 

and went down the hole of the other. Nearby two other 

squirrels were working close to each other. un February 

16, 1946 and ebruary 19, 1949 at anoche, squirrels were 

in pairs usually, a1thoug single ones were seen. Thus 

even though squirrels may be found in twos during 'ebru- 

ary there is less activity, chasing, scuffling, etc., than 

in ianuary, that might be interpreted as breeding behavior. 

On March 3, 1943 at Panoche, two adult squirrels 

were seen to use the same burrow. On March 11, 1941 at 

Ortigalita, a male and female were shot at the mouth of 

the same burrow, un March 14, 1947 at Panoche, two were 

seen under the saine bush, but they soon parted and went in 

opposite directions. TwO squirrels were collected at the 

same spot on ì.arch 21, 1941 here, and both proved to be 

males. iiere was no evidence of their scuffling. iarch 

22, 1947 at ..anoche, one left when the other approached. 
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Two were seen to o down the same hole however. On Laroh 

22, 1941 at anociie, tile tendency to stay apart vìas noted. 

Two might go down the sanie burrow under duress, but they 

were usually found alone. 11 tendency to fight, chase, 

or scuffle seemed to be past by Larch. On March 21 and 

27, 1941 at urtigalita, it was noted that often one will 

run while the other will watch, but there is no indica- 

tion (used mammary glands) that these are different sexes. 

ioung are coniraonly seen above ground in pril and 

usually in coriipany with the female. Panoche on Jpril 
1+ and 5, 1951, pril 12, 1943, and on April 14 and 15, 

1946, and many other times, young were watched for long 

periods of time. tt no time was another adult seen that 

would indicate that a niale was rresent. This is in direct 

opposition to rixmel1 and uixon's (2, p. 699) findings 

where they found them living as a happy family; the male 

defending the home and being affectionate to the feriale. 

une instance is pri1 8, 194.1 at ±-anoche, where a male 

and a female were shot at the same hole and the female 

had been, or was, lactating. There were no young about, 

nor was there any indication of pairs other than the two 

being found together. Une instance is recorded on Lay 

25, 194.6 at ranoche, where a youngster chased another 

away from its immediate vicinity. .Lt is difficult to 

interpret the behavior of the young, however, as much of 
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it seems to be serious play. iany adults are found with 

broken or bobbed tails, and one male was found on February 

10, 1943 at Panoche with the tail skinned off and the 

vertebrae showing. These may have been due to escapes 

from other creatures, or from fighting among themselves. 

In summary, it appears that adult antelope ground 

squirrels are largely solitary dwellers. Occasionally 

two are found together, as often two males as different 

sexes, and except for the breeding season, they are rather 

amiable. Occasional clashes occur, however. In January 

the association seems less at random, but there are many 

more clashes. In fact, there is always some sort of a 

clash or display when two are together. hen two squir- 

rels are trapped during this month, they are almost al- 

ways different sexes and the male is trapped first. ifter 

January more amiable relations occur with two occasionally 

using the same hole when in hurried flight. .i.here seems 

to be no evidence here that the male stays with the female 

to help raise the family, as suggested by Grinnell and 

iJixon (2, pp 698-699). 
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breeding 

Table 2 

Seasonal ueveloprnent of the Female 

Date .L.oeation Líeasureinents 1eight Uterus Size Embryos 
L R inni 

12-10-40 Urtigalita 215:55:38.5:7 

12-26-45 ianoche 230:60:38.5 144.6 none 

12-30-44 u none 

l-3-47 't 136 none 

1-6-/+2 urtia1ita 211.5:62:38:5 121.5 none 

l-6-42 t? 214:60:38:4 134.1 none 

1-6-42 " 230:75:41:4 155.6 none 

l-9-42 ianoche 227:70:39:4 129.5 none 

l-9-42 t, 145.9 none 

1-18-43 t? 231:64:34:4 143 none 

1-18-4.3 t, 228.5:61:35:5 148.5 none 

1-18-43 1t 214:59:37:4 125 none 

2-10-43 t, 227.5:69:41:4 166.3 2 7 10 

2-10-43 t, 226:62:38:5 156 1 5 10 

2-7-47 ri 167 3 4 8 

2-7-4.7 V, 180.9 3 6) 14 

2-16-42 II 

3 7 54. 

2-16-42 te 245:77:40:4. 168.6 none 

2-17-46 t, 151.5 "about "tiny" 
10" 

2-20-49 tI 233:84:38:7 3 5 33 
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Date .uocation ieasureiuents gjCjht Uterus Size irnbryos 
.L R Lam 

2-20-50 .anoche 4 5 19 

3-5-4.2 t, 144.3 7 11 

3-5-42 t1 174.6 none 

3-5-4.2 't 183.5 none 

3-5-42 t, 149.1 10 "very small" 

3-5-42 '7 175.6 10 " 

3-5-L13 Tt 

3 5 2J. 

3-5-43 VI none 

3-11-41 Ortigalita 168.2 8 9 

3-11-41 tI 198.5 10 22 

3-2O-L.1 itt1e .vanoche 215.5 none 

3-30-42 .anoche 166.4 lactating 

3-31-43 t? t! 

3-31-43 t, t, 

3-31-43 t, t, 

4-9-41 Ortigalita 155.4 none 

4-16-46 .-anoc1ie 223:56:37:5 146.6 none not lactating 

4-16-46 " 230:60:47:5 141 none 

4-16-46 't 223:64:38:5 148.7 none lactating 

4-24-41 U 172.5 none 

5-26-43 U recently 
nur sed. 

5-26-46 " 221:59:38:4 147.6 mammary tis- 
sue gone. 

6-24-41 " 253:81:41:5 entirely 
regressed 

10-15-49 t, 246:60:30:5 none 



Jate Location ideasurements 

11-9-4.2 Panoche 

11-11-51 n 

11-11-51 " 

11-30-46 

120 

eigiit Uterus ize rabryos 
i R mm 

241:62:39:5 14.7.8 none 

none 

none 

217:38:40:5 135.7 none 



12]. 

P]te 20 Fem1e c-'11ected Februry 7, 
i9i47. The vr1etion in the elze of' the 
embryos is demonstred. 
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Dreedin Cycle of the enia1e .iJie picture in the 

breeding cycle of the female is much clearer than that in 

the male, s the apparent period oÍ actual mating readiness 

is much shorter and the internal signs of sexual develop- 

ment much clearer. Khe following account traces the breed- 

ing cycle of the female month by month. :.ab1e 1 should 

also be referred to. 

. female collected at ranoche on tuust 23, 1946, 

along with two seasonally undeveloped males, was undevel- 

oped both internally and externally. 

female collected at the same place on October 

15, 1949, showed no internal or external signs of being 

in a breeding condition. »nother taken in the same place 

on i'ovember 9, 1942, showed no sign of breeding, although 

a male was taken nearby that had testes 24 mm in length 

and resumab1y \,:as ready to breed. female was live- 

trapped here on November 12, 1948 that was known to be a 

year old as she had been Liarked the year before. he 

showed no external sign, such as a developed vulva, of 

being ready to breed. i live trap was baited with cotton 

on iovber 28, 1947, here, and a squirrel was observed 

to take the cotton from the trap, without springing it, 

and cache it. .Later, when probably the same squirrel was 

captured there, it was found to be a female. othing 

further was done with the cotton, however. 
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ost o the Leniales live-trapped on ieceiaber 13, 

1947, at Panoche, showed no signs o deve1opn.ent of the 

external genitals, while live-trapped males appeared to 

be well developed. Line female, however, had an enlarged 

vulva, but it was not, as yet, perforate. ihis is the 

earliest indication o the beginnings of any sexual ac- 

tivity in the female. 'our males, collected here on 

December 30, 1944, all had scrotal testes and tue scro- 

tuai of each was well pigmented. À female, collected at 

the sanie time, however, showed no sign, internal or exter- 

nal, of being ready to breed. 

On January 3, 1947, at Fanoche, cotton was put out, 

but although it was nosed by the squirrels, it was not 

Dicked up. female collected at the same time showed no 

external signs of breeding, nor was the uterus enlarged. 

A series of three females taken at Ortigalita on January 

6, 1942, showed no development, nor did two taken three 

days later. ün January 16, 1941 a female collected at 

Ortigalita gave no sign of breeding readiness. Three f e- 

males collected on January 18, 1943, at anociie, were not 

in breeding condition, nor were embryos present, nor was 

the uterus enlarged. un January 21, 1950, here, two fe- 

males were live-trapped with the vulva swollen, but un- 

opened. t third was collected that had a white line 

running across the vulva to indicate an early opening. 
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A fourth and fifth were taken at this time with little 

or no development, but these could have been young of' the 

year. sixth was taken with the opening beginning to form, 

and the seventh, examined illternally, showed a slight en- 

largement of the uterus. Here we find a number of scuir- 

reis all showing some indication of development, so it 

might be assumed that the females become seasonally devel- 

oped at this time. 

un iebruary 6, 1943, at anoche, two females were 

taken, both with embryos 10 min in length. t the same 

place, on ebruary 7, 1947, cotton was put out, aild a 

squirrel was seen to pick through it, but made no attempt 

to take it away. un tuis same date a female was taken 

with S min embryos. female was taken on ebruary 11, 

1950, here, that was large and seemingly adult, but there 

was no sign of any sexual activity. The earliest mating 

record seemed to be indicated by the taking of a female 

on February 16, 1942, at .ranoche, that had ten 54 mm em- 

bryos. 1hese embryos gave every aopearance of being ready 

to be born. iJiey were moving a great deal, tiny vibrissae 

were present, and movement of the lips was apparent. 'ihe 

period of gestation has not been determined, but if' it 

approximates that of' the olumbian ground squirrel (Citel- 

lus coiwubianus), it would be around 24 days, as determined 

by Shaw (18, p. 108). This would put the breeding date 
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around January 23, which approxiniates tile d&te already 

mentioned above, in 1950, when nearly the exact date of 

development seemed to be indicated. Un February 17, 1946, 

here, cotton was not gathered, but squirrels were seen in 
twos, though sexes could not be determined. t female taken 

here had 10 tiny embryos. This would indicate a very re- 
cent breeding date. female was live-trapped here on 

February 18, 1949, that had no sign of any sort that it 
was breediiig. ±lie vulva was not develooed, no mammary 

area as developing, and there was no sign of pregnancy. 

In the same place a female was taken with embryos 33 ram 

in length, and the nipples were definitely showing devel- 

opraent. Un .ebruary 20, 1950, a feaa1e was taken here with 

19 mm embryos and nipples were beginning to show. 

Thus breeding begins late in January, but most of 

the sign of it shows up in ebruary. No sign of lactation 
was seen in this month. 

female, collected on arch 3, 1943 at Panocb.e, 

had eight 24. mm embryos and another collected at the saine 

time was apparently not pregnant, but had a well-developed 

uterus and perforate vulva with blood on it. Ït vuld 
appear that this specimen had missed at an earlier breed- 

ing, but was still ready for another atterapt. Un Liarch 4, 

1950 here, a female was collected that was lactating and 

that had 12 very recent scars. second was caught with 
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g scars, and a third with 11 scars, again showing a very 

recent birth. i.ive traps and snap traps were baited with 

cotton and set out at ±-anoche on .arch 5 , 1942. !ive fe- 

males v;ere taken ana all were seen to be attempting to et 

the cotton with the food bait as a secondary objective. 

This raight indicate a need for nesting material just prior 

to birth. wo of these fe:ìales \:ere not gravid as yet, but 

tieir uteri ;;ere congested, one female had 11 mm embryos, 

and two liad very sia11 erabryos that were barely discernible. 

Three live females were taken on the sanie day and kept at 

home in cages. If the evidence of the five females men- 

tioned above is adequate, at least one caged female should 

have been pregnant, but no evidence of birth was ever noti- 

ced, even though observations were kept up until ay 19, 

long after the youzig in the wild were well above ground. 

'ihus there might be some evidence that the young were re- 

sorbed, after a shock of sorne sort. iwo females were col- 

lected on iarch 11, 191+1, at cJrtigalita. Une had 9 mm 

embryos and the other had 22 mm embryos. Un arch 14, 1947 

at anoche, two females that had the definite signs of 

lactation, vJere seen during a long period through the morn- 

ing. un arch 20, 1941, a female was collected at itt1e 
Panoche, that had enlarged nipples but with little sign 

that they had been used. The young may have been lost, or 

already weaned, as the uterus was well healed, with little 
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01' flO sign of recent birth. .arch 21, 1947, at Panoche, 

showed Íema1es in a lactating condition. The young were 

not as yet above ground as a good rnany females viere seen, 

but no young. .Ln fact, almost all o the squirrels seen 

at that particular time oíl that year, were lactating fe- 
males. un uarch 30, 1942 here, three females were collected 
all of which were lactating. .ina11y, on arch 31, 1943, 

three females were collected at ranoche, all of which were 

lactating, with milk flowing. 

lt thus appears that most of the young are born 

early in .arch, as no sign of lactation is found in ebru- 

ary and no embryos are found late in i.arch, nor in April. 

Un April 4, 1950 at anoche, a female that was 

suckling young was seen. At the same time a female and 

7 young were seen, which is tue earliest date young have 

been seen above ground. iO male was seen with them at 

any time. Une female, collected on April 8, 1941, at 

Urtigalita, appeared to be lactating, at least the nipples 

were very prominent. A female, collected at Lanoche on 

April 8, 1944, snowed signs of having lactated, but the 

mnaramary glands had ceased to function. There was no indi- 
cation as to whether the young had been weaned or had been 

lost in some way. itt Panoche on pril 12, 1943, two lac- 

tating females were collected, and another 'vas observed to 

have the dark spots indicative of lactation. un the sanie 
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day and in the same place in 1949, 3 Lemales, all with 

young, vaere seen; tue follov;ing day another eiva1e, with 

7 or 8 young, was seen. The female of one of the ai1ies 
was live-trapped and found to be no longer nursing, as 

the nipples were dry. bout 5 miles south 01' anoche on 

the sanie day two females were seen; one was, or had been 

recently, lactating, and the other was being followed by 

two young. rhe latter vias Lound, upon collection, to be 

no longer lactating. un April 15, 1946, at Panoche, a 

female and her young were seen, and the next day there a 

female was taken that had six ìairs of teats that had been 

in use, but were now dry. ihe uterus was not congested in 
any way. second female taken here showed a little milk 

still present in the glands. 'ihe first young of 1943 were 

seen on pril 22 at t anoche. 

lt would appear that most of the nursing is done 

during march and early April and is done below ground. 

After the young are seen above ground, there is little 
indication that much nursing takes place, but the young 

actually gather their own food. o embryos were found 

during this month. 'the young begin to be seen early in 

the month, but most are seen near the middle of it. 
un ay 21, 1949, at ranoche, a f euale was caught 

that was still attached to her 3 young, and on I.ay 26, 

1941, at the same place, a female and four young were 
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seen. Une of the first brood was so young as not to be 

able to find its way back to its burrow. ihe female's 

mammary glands were no longer in use, however. 'Ihis 

appears to be a late record for breeding and young, but 

also indicates that weaning occurs quite early in the 

development of the young. on ìIay 25, 1946, at ianoche, 

a female and a regressed male were collected at tile same 

hole with the sanie shot. She showed signs of an earlier 

lactating period, but the tissue was now gone from beneath 

the skin. A single female was collected on ay 26, 1943, 

at t'anoche, which had suckled, but signs of it were now 

almost obliterated. 

It appears that weaning has taken place soon after, 

or before, the young come above ground. The female with 

the seven young that was taken at ranoche on april 4, 1950, 

was quite careful about the young although she was feed- 

ing continuously and alone. She would call or come back 

to them from time to time. r1he female observed on April 

16, 1946, here, paid little attention to her young, even 

pushing them away when they approached her. She spent the 

night in a different system from theirs, also. On April 

22, 1943, here, a female was observed to york away from 

her young and leave them alone when Ï stopped to watch. 

She came back later, but showed little interest in her 

young and spent her tine feeding. on ay 26, 1941, here, 
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the young were definitely attached to the female, but 

viere not being cared for. Thus, weaning takes place early 

in pri1, while the abandonment of the young is a more 

gradual thing and may last through April and Usually, 

however, the female and young are quite independent of 

one another bj late May. his hurried getting rid of the 

responsibility ol' the young may have something to do with 

getting enough food, by the female, to build up sufficient 

fat to help through the lean sumter and fall months. 

Parenthetically, on March 25, 1948, at teach SDring, 

San Bernardino County, cal1foriiia, two female white-tailed 

ground squirrels (Ammospermohilus leucurus) were collected 

that showed signs of the young already born. However, one 

year earlier, on April 4, at '.'alker fass, Kern uounty, 

a female was collected that had 6 mm embryos, and another 

at Deep Springs, Inyo Uounty, that had 9 mm embryos, and 

a. third from Uwens Lake in the same county that had 12 m 

embryos. There is evidence, then, that this species has 

its young later, possibly due to the 3000 foot difference 

in altitude. 

in su.inniary, it appears that the female is usually 

not ready to breed until the latter part of January and 

early in ebruary, when most of the breeding takes place. 

The great majority of the young are born toward the end 

of .ebruary and to the middle part of march. Young are 
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first seen above ground early in pril, but most of them 

appear about the middle of that month. The Lemales appear 

to cease lactation when the young appear above ground. 

here is little indication oÍ lactation in february, but 

lt reaches its height in the middle of .arch and persists 

until, as mentioned, the young are first seen. here is 

much sign of previous lactation in April, but few are 

found with milk present, even though followed by young. 

.inally, the young are progressively abandoned by the 

female usually in April, although there is one i.ay re- 

cord of a female with dependent young. 



Table 3 

Seasonal .uevelopment of the Male 

Date ocation ieasurements 

10-5-46 

10-15-44. .ranoche 

10-15-49 " 235:68:40 

11-5-40 urtigalita 255:67:40.5:5 

11-9-42 .?anoche 236:68:38:5 

11-9-42 239:72:41:5 

11-9-4.2 245:61:40:4 

11-11-51 

11-11--51 

ieight Size of 
e ste s 

13 

136.1 

14.0.5 

150.1 

11-30-46 236:69:42:7 164.7 

12-4-41 iittle 251.5:62:41:6 219.91 

132 

.ifly scrotum 

24 

24 

19 

18 

23 

23 

21 

24 

23 
Panoche 

12-4-41 Panoche 240:64:42:5 182.32 21 

12-8-43 t, 5 iyg of 
year) 

12-16-42 " 225:64:37:4.5 153.1 25 

12-16-42 " 234:68:38:4.5 137 21 

12-18-41 t? 212.3 

1-3-47 tt 20 

1-3-47 't 170.7 23 

1-6-42 urtigalita 238:63:41:5 206.5 20 

1-6-42 243:69:39:4 192 21 
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Date ocation easurernents .eight Size of 
Test es 
mm 

2-3-41 urtigalita 237.5:66:38:5 166.35 

2-10-43 ±anoche 230:62:39:5 157.4 20 

2-10-43 n 236.5:69:42:5 166.9 22 

2-10-43 I, 164.7 18 

2-10-43 t, 236:58:39:5 167.6 20 

2-10-43 't 234:70:I0:5 146.1 16 

2-7-47 ?t 237 169.0 18 

2-7-47 176.0 21 

2-16-4.2 1 247:70:39:4 176.45 

2-16-42 'T 211:33:38:4 174.1 

2-16-42 " 211:45:37:4 157.25 

3-11-41 urtigalita 159.8 

3-11-41 200.7 

3-11-41 187.2 

3-30-42 anoche 174.0 20 

4-16-46 9 242:77:39:5 178.7 8 

8-22-46 n 246:66:38:7 3 

8-22-46 " 210:60:35:5 24. 



Plate 21 Male collected December 22, 1951. 
Thie shows the heir length and the pigmenta- 
tiori of the exua1ly mature scrotum. 
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i3reeding Cycle of the La1e ihe testes of adult 

niales reach their breeding state early in the a11; appar- 

ently much bel'ore the females are ready to breed, as fully- 
developed sperm are found as early as ovember li. .xact 
dates of breeding readiness are not available for males, 

but there is sufficient evidence to give ari indication of 

the time. he testes also retain their maximum size long 

after the female has passed the stage of accepting the 

male. The exact time is riot available uiere either, but 

dates give an indication of the time of regression. t 
maturity, the scrotum is black and covered with very short 

hairs; while in the inìmature, or quiescent stage, the 

scrotum is less pigmented and may be covered with long 

tawny hair. his pigmentation is considered, by some 

authorities, as a protection for the testes against the 

rays of the sun. 

Two males, apparently adult on the basis of skull 
examination, taken at .L-'anoche on -tugust 22, 1946, had the 

scrotum barely discernible and not pigmented, while the 

testes were from 3 to 4 mm in length. Then on uctober 5, 

here, another male was collected with testes of 13 mm, 

which might indicate the development to this time. n- 
other, apparently a young of the year, taken at the saine 

time, had a very small scrotum, with long hair over it, 
and very little pigmentation. Another male taken on 
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iovember 30, 194.6 at the same place, had testes 24 ram in 

length, which is near the maximum length attained by testes 
containin& ripe sperm. Thus, it might be assumed tnat de- 

velopinent takes, roughly, three months. there are con- 

flicting dates, however. un £oveinber 9, 1942, at Panoche, 

a male was taken with 23 min testes, which were nearly or 

entirely developed; another was taken in the sanie place 

with testes only 18 mm in length. ihere was a 6 mm total 
length, and a 10 grani weight difference between the two 

squirrels, which may have been enough difference to show 

up conclusively in the testes, but may also indicate a 

differential in arriving at ull seasonal development. 

Another male taken oveinber 5, 1940, at Ortigalita, had 

testes 24 lara in length. ix out of seven males taken on 

November 12, 1948, at l'anoche, were each recorded as having 

a well-developed, pigmented scrotum and descended, enlarged 

testes. rhe seventh showed little development and may 

have been a yoang of the year. Two live-trapped males here, 
showed little development of any sort on i'ovember 11, 1947. 

'ihey must have been yoimg. i-he most conflicting date was 

demonstrated by a specimen taken october 15, 1914.9 at Pano- 

che, which had fully-developed testes of 24. mm in length. 

Thus, it might be concluded, until further study, that the 

testes of all adult male squirrels do not reach seasonal 

maturity at the same time. 
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rhe period of' activity appears to be a long one. 

lestes or from 18 to 23 mm in length were found in three 
squirrels on November 11, 1942, and active sperm were 

found on iovember 11, 1951. un arch 6, 1943, approxi- 

niately four months from the first date, rive squirrels 
were collected with testes from 16 to 22 mm in length, 
while one collected on 1arch 30, 194.2, had testes oÍ 20 

min in length. ìiese last were all smaller than the niaxi- 

mu possible, indicating that regression may have set in. 
As can be seen by looking at Table 3, most of the squirrels 
collected between, and including, i'ovember and darch, have 

testes of maximum size, although there is no evidence 

that motile sperm are present the whole time. 

.tt appears that regression uay set in during March 

as an adult, collected on ril 16, 1946, at ranoche, had 

testes of 8 rani, and another taken on ..ay 6, 1949, there, 
had a very tiny scrotum which was unoigmented. aylor 

(21, p. 19) collected two niales on hay 7 and 28, 1911, 

however, that had enlarged testes. This would tend to 

extend the season. 

During the period of greatest size, the testes 
average a little more than 21 mm in length, with extremes 

of 16 and 25 mm. it is possible that some of this varia- 
tion may depend upon the size of the squirrel. One taken 

at Little xanoche on £)ecezuber 4, 1941, was 251 mm in 
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length, weighed 220 grams, and had testes 23 mm in 
length. second one, taken later the same day at rano- 
che, vas 240 ram in length, 182 grams in weight, and the 
testes were 21 min in length. nother, taken iovember 9, 

1942, was 245 mm in length, weighed 150.1 grams, and had 

testes 23 mm in length, while the second in the same 

place and on the same day, was 234 mm in length, 141 grams 

in weight, and had testes 18 mm in length. Table 3 

will give other conrourisons between size, weight, and 

testes length. 

A further complication in studying development is 
the apparent fact trat the testes of young males of the 
year may not develop their first year. A young male, kept 

captive, was examined on Ueceniber 8, 1943, and the testes 
were only 5 mia in length. vio niales examined at Panocho 

on October 5, 1946, showed marked differences. Une, a 

youngster still with other young, had a tiny scrotum 

covered with hair and largely impigniented. Ihe other, 
an adult, had a larger, though not yet seasonally de- 

veloped, set of testes, with the hair over the scrotum 

short and the skin unDigmented. Two taken on ìovember 

12, 1948, at anoche, snowed little scrotal development, 

although six others were well developed. (Jther squirrels 
taken here on Lebruary 18, 1949, and .ebruary 11, 1950, 

showed no development of the scrotum. ihus it appears, 
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at this stage in the study, tat young males are not 

sexually mature the first year. 

here appears to be a possibility that old, adult 

males may have enlarged testes the year around. rjhjg will 

have to be studied at greater length. 
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Fem1e nd Young 

As mentioned er1ier, no nest hs yet been found 

that could definitely be c2lled the breeding nest. The 

most probable excvat1on So far, is the burrow that was 

excavated on Aoril ¡4., 1950, where young had been observed 

for two dpys. No nest was found, but a large chamber with 

a dry, powdery floor was uncovered. As there is little 

interest in cotton, and no nestinR material was found here, 

ossIbly no nestinR material is used. It would seem 

strenge if newborn younc were lsced In the dirt of a 

burrow. This is a Doint for further study. 

As shown, breedinc usually takes place in the 

latter Dart of January or early February. Embryos rne in 

number from 6 to 10, wIth the hIgher numbers predoinstin; 

this can be seen in Table 2. As live-traDpinc shows a 

high mortality rate for each year, the need for a large 

number of embryos Is explained. The embryos are not 

evenly divided between the sides of the uterus, as is shown 

In Table 2, but the right horn has the greater number. 

This is mentioned by Linsdale (lLi, p. 326) as also being 

true in the California ground squirrel, and he explains it 

on the basis that the stomach lies on the left side of the 
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body cavity, and in many cases may fill it enough to 

upset the ratio of embryos on either side. Afl embryos 

are not of the same size either (See late 18), but what 

significance this has is not clear. 

The nu.ber of nipples in use is very high., in fact 

it aDpears tbat almost the maximum that any female could 

produce is often iresent. Of 17 females examined over the 

years, eight had seven pairs of nipples in use, 2 thoracic, 

3 abdominal, and 2 inguinal; eight had six pairs in use, 

2 thoracic, 2 abdominal, and 2 inguinal; and one hrd 7 

nipples on one side and 6 on the other, 3 thoracic, 6 

abdominal, and 4 inguinal. Records of 10 ei:bryos and 12 

scars, and usually a figure very close to this, would give 

a good reason for the necessity for a high number of nip- 

ples. 

rhe 54 mm embryos taken on ebruary 16, 1942, were 

just about to be born, if their development is an indica- 

tion. Toung are first seen aboveground early in 

with April 4, 1950, as the earliest date yet recorded. 

Young California ground squirrels seen abovegroimd on 

April 8, 1941, at urtigalita, were more venturesome than 

these, and gave every appearance of having been above for 

a much longer time than the smaller squirrels. t this 

early stage, although no suckling was seen, the female 

was very solicitous 0±' her young. She fed sorne distance 
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away, )ossib1y to leave the Íeed in the neighborhood o1 

the retreE.ts for her youiig, but she kept close watch and 

uttered a note fror tine to tine to keep in contact. 

bout 5:00 p.m. she uttered a high, chittering sound and 

the young all fell in behind her, then all moved about 

loo feet to a big phedra. ihe ema1e then drove the 

Toung back under the shrub and went back to feeding. They 

ventured out a short distance, but their Í'oraging was not 

as widespread as it was before. he i:plication might 

be that the female saw something unfmillar to her so she 

movec. the young to a safer spot. When one uttered an 

alarm note, she climbed up into an hedra to look back. 

By 6:20 p.m. she had taken the family group down into the 

burrow and nothing more was seen of it that night. i'early 

the same thing was repeated on tire following day, but the 

young had been kept near the big ohedra, due possibly 

to the continued presence of the sanie danger (the obser- 

ver ?) sensed by the female the day before. 

A family group, watched at Panache on April 15, 

1946, showed the family tie to be much looser. The female 

uttered a few notes, hut went down the burrow leaving the 

young out with no guard. he young paid little attention 

to what few calls she made. She soon left them to forage 

while she worked out of a different burrow system. hen 

she returned the young kept running to her as if trying 
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to nurse, but she always repulsed them. t 6:10 o.m. they 

all disappeared, but the female spent the night in a differ- 
exit sy st em.. 

A similar group observed on April 22, 194.3, at .an- 
oche, showed the female was still present, but even less 
interested. When I first carne, she deserted the young 

entirely, but later came back and went down a burrow, 

leaving them without a guard. Young seen in ay almost 

always appeared to be vithout a female, and they certainly 
were from that month on. 

r1hree young were seen foraging together on uctober 

5, 1946, at 'anoche, and six young were seen together on 

November 30, 194.6, and overaber 28, 1948, at Fanoche, in- 
dicating some loose union even after the female was gone 

entirely. 
rowth Development and behavior of Young On the 

basis of the embryos in the one mentioned specimen, taken 
at Fanoche on iebruary 16, 1942, the young are a little 
more than 54 mm in length when born. Two young males, 

live-trapped on April 12, 194.9, at the same place, weighed 

42 and Li-O grams. The pelage on both was fine, dark, and 

resembled a winter adult, to some degree. The female was 

still much in evidence, and was perturbed by my trapping 

her young, indicating that tile young probably had not been 

above ground very long. Two others that had been live- 
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trapped here on pri1 16, 191+6, weighed 43 and 70.6 grams. 

The Lorraer had a sore eye which may have accounted for the 
lack of' weight. (A young male collected on the sa'ie date 
weighed 70.7 grams and measured a total of' 183 inn.) Four 

your1g collected on pril 22, 1943, here, weighed 66, 67.7, 

72.1 and 66.3 grams. Finally, a young feriale collected 
here on I.iay 7, 1949, weighed 120 grams and measured 224. mm, 

and a young male weighed 132 grains and measured 230 mm. 

The pelage, by this time, was definitely like that of an 

adult in summer. An adult female, taken at the same tine, 
was getting her summer coat. 

All seen on Lay 19 and 20, 1942, at anoche, vere 
young and aDparently had been weaned. ï'hey were still 
living in the family groups, but the female had left them. 

Warnings were still given to each other. A single young 

seen at c-anoche on i:ay 26, 1943, was definitely alone. 

ubservations made on .tugust 26, and October 5, 1946, at 
Panoche, showed that the groups of young, observed the 
previous spring, had now somewhat broken up, although there 
was some loose union where a number might be seen together. 

As to behavior, the time of the young is spent in 

feeding and playing. As has been pointed out, the young 

appear to be weaned by the tine they come aboveground, 

and the fe:ale spends most of her time away from. the young 

feeding. iiiis seems to leave them to their own devices. 
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Young were first watched on April 22, 1943, at 

anoche. uch of the day was taken up in feeding, but 

much time was spent dashing about and playing. They would 

run at each other, do some pushing, and then return to 

nosing about for food, or exploring new burrows. then 

they were approached, they would scatter and go down dif- 

ferent burrow entrances. This group was dug out and it 

was found that no attempt had been made to retreat to a 

main nest, as might be expected, but only shallow excava- 

tions were used. Une of the young was obtained only three 

feet back in a shallow, blind pocket. Whatever the burrow 

looked like that they had been born in, would not be dis- 

covered by digging out aboveground young. Apparently they 

had left the original burrow long ago. 

Another group of young watched on Auril 15 and 16, 

1946, at Panoche, acted much as the above. Several young 

of the saine brood, believed to be seven in all, were seen 

at several adjacent burrow oDenings. They would scamper 

about quite a bit and feed, always quite close to a burrow 

opening. It was possible to approach to within 15 feet 

or less, as they seemed quite curious about the observer. 

rear was shown only at the last moment. These young did 

not obey the few calls made by the mother, the tie between 

the young and adult seeming to be rather weak at this 

tirae. There was some attempt by the young to nurse, but 
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otherwise they paid little attention to the niother; she 

gave some warning to the young, but otherwise she paid 

little attention to them. Jhen this brood was coxie upon 

suddenly, it was seen to be rather well scattered. The 

closest ones ducked into holes and the niore distant con- 

tinued to play about. ithin ten minutes, the closest 
ones were partially out o their holes. .Jiey watched the 
observer for several minutes and then gave the alarm note. 
ne finally niade a dash for where the main group was con- 

centrated. Two of these dashed out part way, met the way- 

iarer, and escorted it back to the others. second one 

went through the same antics and all rushed out to greet 
this one as it carne in. They all red about the burrow 

imtil 6:10 p.m., and then disappeared for the night. "he 

burrow was then dug into and soon a youngster's nose was 

seen. Upon Íurther excavation, it was found to be digging 
very hard in the opposite direction, as i to throw up 

enough dirt behind it to cover its retreat. hefl picked 
up it urinated copiously. iess fear seemed to be shown 

by the young than by the adults, which might account for 
the apparent high mortality. dowever, when a dash is to 
be made from burrow mouth to burrow mouth, the young sit 
up, survey the scene, and then make the dash. It would 

be very interesting to know how much activity of this 
sort is learned and how much is instinctive. 
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(in April 4 and 5, 1950, at anoche, a female with 

seven young was observed for much of the two days. As 

usual, the young were left to their own devices, but as 

the young had apparently been aboveround for but a short 

time, she was more interested in them than in the two 

above-mentioned cases where the young were older and more 

developed. usually the young stayed quite close to each 

other, but one consistently strayed as far as 100 feet 

away from the rest. ihere was much feeding, even climb- 

ing up into tue phedra, and also much playing. toxing 

seemed quite common with one finally knocking or pushing 

the other over and falling on top 01' it, only to be pushed 

off. At tAis early age there appeared to be little of 

the venturesomeness that was so apparent in those found 

on april 15 and 22. iwo would meet and one would turn 

a back flip. This was noted several times. in their 

feeding, they would reach up and pull down the branches 

ol' the iphedra to get the young staminate flowers. s 

the day wore on, feeding seemed to occupy less and less 

of their time and playing more. Lhe boxing and tussling 

seemed to be a part of stretching the muscles, exercising 

and getting ready for more strenuous things. by the time 

they went down into the burrow they were doing little but 

waiting for the female. 'the burrow was excavated later, 

as described elsewhere, and no nest was found, in fact 
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the young and the f eniale had apparently moved on, as would 

be expected. These young were certainly not ready to 

scatter, so the idea that after they are able to move, the 

female moves them from place to place, seems well-founded. 
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voice and Communication 

..he most noticed type of communication is a high- 
pitched "whistle" which nay end in a chur-r-r-r sound. 

It is not clear whether this is a note of fright, or of 

warning, but it seems to usually be niore interpretable as 

the latter. iien surprised at close range, almost a "yip" 
sound is given forth as the suirrel dives into its refuge. 
This seems to be more a note of fright. The whistle was 

first noted on January 10, 1941, from a caged animal that 
I approached, und caged animals were found to use it, on 

occasion, for the next ten years. .iven those that had 

been captive for five years would still use it occasion- 
ally. 

host notes, even the above, seem to be used most 

often around the breeding time. Un May 22, 1941, at Fan- 

oche, the whistle was heard with an answering shorter, 
shriller note from a very young squirrel. On pril 15, 

1946, here, a female was heard to cive the note and later 
her young were seen, i_t was possible to get quite close 
to the young, and for a while the female seeiaed concerned, 

although the tie between young and adult seemed to be 

somewhat weakened. She cane out, only 15 feet from the 

observer, and consistently uttered the note. Her mouth 

was seen to open and her tail twitched vertically at each 
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utterance. he finally gave up and went undergrouiid still 
uttering the call. One or the yoimg was then captured and 

put in a small cage. The other young did not corne out, but 

did cive chirp notes which were answered by the captive. 
ihis note was not like anything noted in an adult, but it 
night be interpreted as a note or communication, or a con- 
tact note. On pril 12, 194.9, at arioche, a fe:ì&le was 

noted giving the alarm note, and the young were seen to 
gather closely about the mouth or a burrow. It was re- 
corded that when the observer passed from its sight, the 
fenale gave a lengthier, trilling note, and the tail 
moved £ron. side to side rather than up and down. .he 
young responded by switching their tails side to side as 
the female did. Possibly this was a response or a means 

or being sure the complete í'anily was aware of the mother's 
signal. he same day two females were live-trapped; one 

had been lactating, but was now dry, and the other was 

still lactating. The first one was not heard to give the 
note at any time, while the second gave the usual pattern. 
On ay 6, 1949, here, adults were found to give the alarm 
notes infrequently, but the young were now using thea on 

almost any pretext. 
un April 2, 1950, at ianoche, a female with seven 

young was observed for about four hours. About 6:00 p.m., 
:.fter the shadows had fallen, the f ernale uttered a 
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chittering note, not like anything that had been heard 

before, and the young lined up behind her. She then 

silently led them over to a large J.phedra. Later, one 

o1 the young uttered an alarm note and she got up into an 

Eihedra to look back. ne interesting type of communica- 

-don was illustrated when two young ran almost 100 feet 
over to where the female was feeding. The three then 

stood with their heads together for a moment, but seen- 
ing to make no sound. Then again, the little ones lined 
up behind her and she took them back to the rest of the 
group. 

It was not always possible to tie in the notes 

with a parent-young situation, however. On i.íarch 3, 1943, 

at canoche, a walk was taken up a small draw where a 

nwnber of squirrels had been seen. -Lhe first squirrel 
encountered gave the note which was taken up by addition- 
al squirrels as progression was made up the draw. ll 
of the squirrels seen were at least one year old, as the 
season was too early for young to be aboveground. s 

iaating appears rather promiscuous, there seems to be 

little chance that mates were signaling one another. A 

definite reaction is noted by squirrels as they hear the 

note. ±pril 12, 191+3, at Panoche, one was watched for 
a long period of time. As it zioved from place to place, 
it occasionally uttered the note, probably due to the 
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presence of the observer. bout 100 yards distant, a 

second squirrel was Leeding. ±t each note o the first, 

this one would sit up arid look about, particularly in my 

direction. in one instance it answered, then ran to a 

hole, and finally stopped to look about. they were very 

responsive, in actions, to each others' calls. Soon, 

however, the first became used to the disturbing presence 

and went about its gleaning. The second was still dis- 

turbed and uttered the note vìith greater freauency, but 

with no response. un .ebruary 7, l9L7, at 1-anoche, a 

redtailed hawk was heard screaming, and almost immedi- 

ately the alarm note of the squirrel was given. 

All of the above instances fall within the breed- 

ing season however. dust how nuch of the tendency to 

give the warning note is brought on with the onset of 

the breeding season is not clear. 

The tendency to use the note lasts longer in the 

young than in the adults, un iuly 5, 1943, four young 

that were kept in a cage in adera, a1ifornia, were 

heard to use the note when the cage was approached by a 

cat. It was noted to be used much less when huuians or 

dogs approached the cage. ow, 1951, two squirrels that 

have been kept in captivity for five years do not use the 

call even when approached by a cat. in fact, the call is 

rarely heard, and only the "yip" is used as they dive for 
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their holes. io tendency toward mating has ever been 

noted in these caged animals, possibly due to the un- 

natural situation or l&ck o correct diet, and also there 
is little tendency to use the call. un IJecember 26, 1945, 

at ranoche, one was heard to give the warning note. ihis 
would certainly be early in the breeding season, but, of 

course, males would be sexually active at this time. 
youngster, caught on pri1 22, 1943, at Fanoche, 

once was heard to give a protesting "squeak" when 

squeezed. .'hen taken home, it was put into a box from 

which chirping sounds would coiie. These notes were possi- 
bly of cor&aunication, rather than of' fear. 

.ihe tail serves, apparently, as a means of' cornìnuni- 

cation. It has been nientioned above, that the tail is 
switched from side to side when danger appears to be past. 
ecords on pri1 12, 1943 at Fanoche, as well as the above, 

indicate that the tail is flicked vertically vhen tue 
alarm note is given. Each high-pitched note is accompan- 

ied by a violent twitch upward of the tail. he white 
upper side of' the tail would certainly be readily visible 
to other squirrels. 

The tail does not seem to be used to distract an 

enemy. As long as the squirrel is quiet, it is very hard 

to see, but as soon as it begins to switch its tail, it 
becomes very conspicuous. 
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lt appears, then, that ti15 ground squirrel has 

several notes, all of which are used, primarily, in breed- 

ing season. The major alarm note, a high-pitched note 

ending in a chur-r-r, is commonly heard in the breeding 

season, but is also heard, occasionally, at other times. 

second note is more deeply pitched than the above, and 

may be a note of sequestration. It is heard uncommonly, 

however. 4 third note, one rather trilling in type, is 

one used between adult and young. others, used mainly by 

the young, seem to be means of contact, or of making their 

wants known. The tail apparently is used as a means of 

communication, both of "danger" and "danger past". It, 

however, from the human point of view, serves to identify 

and distinguish the animal from its surroundings. It 

may be flicked with or without the accompanying note. 
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Summary 

ihere are two types of hair on the antelope ground 

squirrel, the thick soft under hair found over the whole 

body, except on the feet and tail, and the alniost srine- 
like guard hairs. The winter coat is long and thick, while 

the summer coat is rauch sparser and shorter, probably to 

allow a freer circulation of air. ihe hair of the very 

young resembles that o the winter adult, but this is soon 

replaced by the regular su.mmer pelage. io sign of molt- 

ing is found in 'ebruary, but males, collected near the 

end of arch, showed that the head was beginning to change 

to the summer pelage. females apparently do no change un- 

tu the young are weaned, thus it is near the end oí April 

before a significant change is seen here. iolting starts 
again in the summer, and males collected late in August 

were getting the winter coat, but £einales had not yet 

started to change. iiolting appears to be completed, in 

both sexes, by the middle of iovember. Summer molt begins 

at the head and works back, winter molt begins at the hips 

and works Lorward. 

The range o the Nelson antelope ground squirrel 

is limited in the southern part by steep hills and ar- 

boreal vegetation. Its restriction in the northern part 

or the range is not clear, certainly it is not due to the 
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accustoiaed food plants. here its rance stops, a number 

of othcr things occur, hich may directly or indirectly. 

aí1i°ect the squirrel: There is a rapid increase in rain- 

fall and. a much greater incidence o1 winter fog; the soil 

type changes, whioh may crowd out the kangaroo rats that 

the ground squirrel depends upon for burrows; and the pe- 

culiar shrubby vegetation, often associated with the souir- 

rei, disappears. uther desert species, such as the desert 

scaly lizard, disappear here also, indicating that what 

arects one, may affect the other. u1tivation has greatly 

reduced the rance, and is further reducing it. 'ihe habitat 

is generally desert in nature and is characterized by such 

plants as trip1ex and hedra although the habitat may 

extend, to some degree, out into the grasslands. ed brome 

and filaree are common over the area and make up the green 

and seed constituents of the diet. Very brushy ground, as 

well as very herbaceous ground, is not suitable for the 

squirrel which prefers open, fairly well-grazed land. 

ainfali is less than 9 inches in the habitat and the 

period from to iovember is usually completely rain- 

less. ihere is little or no free water in the habitat. 

ihe preferred soil is loam or sandy loam. 

ihe nne beetle, valley grasshopper, camel cricket 

and the derusalem cricket are found in the habitat of this 

squirrei and figure promiiaently in its diet. i.one of the 
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reptiles found on tne area seem to figure prominently in 
tiie diet of the squirrel, nor do they use the suirre1 for 
food. The red-tailed hawk may take the suirrel for food, 

but there is only one instance that it has been knovin to do 

so. Barn owls do not take the squirrels. Horned larks 
and white-crowned sparrows serve as danger signals" for 
the squirrels which are very attentive to the sudden fligats 
aad notes of the birds. any pos3ible ìuanraalian predators 
are present vith the badger, weasel, and coyote the most 

probable eneniies. A study of the kit fox showed tilat it 
did not prey upon the ground squirrel. The California 
ground squirrel occupies much, but not all, of the habi- 
tat occupied by the Nelson antelope ground squirrel. The 

relLttionship between the two is not clear as in some places 
the former appears to have crowded out the latter, and in 
other instances the situ: tion is reversed. The most 

successful colonies are those where only one species of 
squirrel is found. The kangaroo rats exert a great in- 
fluence on this ground squirrel as their burrows are used 

by trie suirrels almost to the exclusion of building sys- 
teÂns of their own. Indeed, the range of trie squirrel 
may, although this IS not clear as yet, be greatly indu- 
enced by the range of the kangaroo rats. 

These ground squirrels are infested with both ecto- 
and endoparasites. The fleas, so Lar, are confined to two 
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species, and one tick has been found, a1thoug1i it is not 

the same species as commonly infests the kangaroo rats and 

woodrats. 'requent scratching and dust baths are used to 

combat the fleas. nly one cestode has been found, and on- 

ly one instance of that. Two species ol' nematodes and one 

acanthocephalan were found in these sçuirrels. ihe stomach, 

small intestine, caecum, and large intestine all may be 

invaded. loung squirrels usually have few or no internal 

parasites. Ueither the species nor the number of para- 

sites were found here that Linsdale found in the Califor- 

nia ground squirrel. 

io burrow has, as yet, been found that is known to 

have been constructed by this ground squirrel. n almost 

all instances construction may be traced, by unmistakable 

signs, to kangaroo rats. The most common type of burrow 

associated with this squirrel is the "duckin" burrow. 

This is used, along the foraging route, to dash to in time 

of danger, or to retreat to in order to devour the food 

in the cheek pouches. ioung appear to leave the home 

burrow very early, probably following the mother, so even 

the burrows excavated in which there were above-the- 

ground young, may not have been the burrow in which they 

were born, une burrow, that small young were known to 

have spent two nights in, was carefully excavated and even 

though chambers were found, and there was no evidence of 



160 

previous kangaroo rat ownership, the lack o11 any nesting 

material seemed to indicate that it was not the den in 

which the young were born. .4tt1e digging by these sauir- 

reis has been seen, except in the case o captives. 

Squirrels have been trapped in ttllavaharttt live 

traps and marked by excising toes, then released in order 

to ßain knowledge of their movements. hey were found to 

enter traps readily, and apparently the loss of toes has 

little effect on them. 

The home range is apparently established when young, 

but may be broadened as time goes on. Young squirrels show 

the greatest tendency to have a large circuit while squir- 

rels caught tue second or third year are ouite close to tue 

last place they were caught the previous year. Squirrels 

must know the area in order to be comi'ortable. If one is 

trapped and transported some distance, it is very reluctant 

to go down a hole, and will often seek some other shelter. 

It appears they must explore the area before they will go 

down a hole. There is some evidence that a complete cir- 

cuit is made every 24 hours, but tuis needs verification. 

ihere is a very raDid turnover in population. 

reas where squirrels were formerly abundant are now de- 

void of scuirrels. etter evidence of changes is demon- 

strated in the r3arked specimens. ven though the same 

area is trapped year after year, very few repeats are 
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taken and often, .vith the same effort, it is difficult to 

take as many sQuirrels. All in all, about 11 per cent of 

the squirrels trapped the previous season are taken. There 

is little evidence that the squirrels not taken move out 

of the area as snap trapping is done around the edges and 

no marked specimen has ever been caught. dult males and 

young squirrels move the greatest distances. 

The green parts and seeds of red-stemmed filaree 

and red brome grass are the main food constituents used by 

this squirrel in the areas studied. Insects, mainly grass- 

hoppers, when available, are a staple of the diet and will 

almost take over when the insect reaches "plague" propor- 

tions, as it occasionally does. Seeds of the phedra are 

used where the shrub exists and seem to be a common summer 

food. Both seeds and insects seen to be a necessity and 

are used even in the spring when green material is abuia- 

dant. Jn general, the type and amount of food found in 

stomachs seems to depend upon availability rather than 

upon any other factor. The yearly picture shows the 

stomachs being largely filled with green material in the 

late winter and spring; seeds and insects in the summer 

and fall; and seeds in the late fall and early winter. 

There may be any mixture, however. vertebrates, such as 

lizards, may figure in the diet, and cannibalism was noted 

in captivity. Eood is gathered along a route and consumed 
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on the spot or in retreats along that route, depending on 

the type of rood. 

Adults apparently pass the sunirner in an inactive 
state; although, as yet, there is no evidence or aestiva- 
tion. ihis enables them to get over the period when the 
lack o moisture is the most critical. The young must 

stay out to eat to maintain their growth. ioist food is 
used whenever it is obtainable, and the time of day used 

l'or foraging is when moisture loss would be at a minimum. 

This species is much more sensitive to weather con- 

ditions than is the california ground squirrel. 'dery warm 

days find tue squirrel using the early morning and late 
afternoon to get food, while on very cold uays only the 

middle of the day is used. On balmy days squirrels are out 

most of the daylight hours, but go in when the shadows 

begin to fall. 1oudy days are not favored by the squir- 
rels; sunlight is preferred. sain, however, does not keep 

the scjuirrels in; they are inclined to come out later in 
the day, but they do appear. 

Lost niamierisias are of a quick, nervous nature. A 

quick horizontal or vertical flick of the tail is charac- 
teristic in any time of stress. .hen approached, but 

seeming to believe it has not been seen, the squirrel will 
remain motionless for an indefinite period. Upon further 
disturbance, trie tail will begin to move and the squirrel 
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will then run to the mouth of a burrow where it will stop 

for a final look around. Ehe warning note may or .ay not 

be uttered. 
Lhese ground squirrels are 1irge1y solitary dwell- 

ers, but occasionally two are found together, and except 

for the breeding season, they appear rather aniable. Oc- 

casional clashes occur, however. in January, the associa- 

tion seems less at random and also there are more clashes 

or displays. 1hen tvio squirrels are trapped at the sanie 

place during this month, they are almost always of diff er- 

ent sexes and the male is trapped first. There is no evi- 

dence here that the male stays with the female and helps 

in the raising of the family. 

The breeding season of the female is much shorter 

than that of the male. emales generally are ready to 

breed late in January and in the first half of February. 

There is some evidence that young are resorbed if the 

females are captured. The earliest date of birth is indi- 
cated by seeing lactating females on ::arch 14. 10 embryos 

are found in that month after iarch 11, nor any in april. 
Young ere first seen above ground on April 4, and aPparen- 

tly weaning takes place at this tií:ie. The female spends 

little time with her young, but feeds a great deal. The 

breeding season of the male is long, with sperm being 

found as early us iovenber li and the testes remaining 
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large until late in March. There is some evidence tnat 

young males are not mature the first year, and also that 

old males may have fully descended testes the year around. 

A high number of embryos is found with 10 being a 

coiamon number. There is soue evidence that more may occur 

occasionally. Thus, the number of young born is quite 

high, but not more than 7 have ever been seen with one 

female. The number of niples in use is very high. 

Seven and 6 pairs of nipples in use at one time are corn- 

mon figures. 
The most common note is a "whistle" that may be 

interpreted as a note of waruiig or of fright. When 

frightened suddenly, it becomes almost a 'yip". This 

note may be herd any time of year, but most commonly 

during the breeding season when females with young and 

young use it a great deal. The female also uses a chitter- 

ing note in assembling her young. The tail also serves 

as a means of communication, but appears to be a "giveaway" 

to the position of the squirrel. Moving the tail verti- 
caily apiears to be a "danger" sign, w.iile a horizontal 

movement apears to be an "all clear" signal. 
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