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CHAPTER I 

INTRODUCTION 

The rock squirrel (Spermophilus variegatus) is a 

common, widespread inhabitant of the southwest United 

States and northern Mexico. Primarily inhabiting rocky 

slopes and cliffs, they are found wherever sufficient cover 

is available. The climbing ability of the species ap

proaches that of tree squirrels and they often forage and 

even nest in trees. Their habits, morphology and ecology 

indicate an adaptive strategy intermediate between arboreal 

and terrestrial squirrels. High tolerance to water de

privation and the ability to hibernate during periods of 

food scarcity (Pengelley, 1964) are adaptions to the arid 

conditions encountered overi fiost oi X)he range of the 

species. /' 

In spite of its relative abundance, in central and 

southwest Texas the rock squirrel has been subject to only 

one thorough ecological study (Layton, 1973). Bailey 

(1905) and Howell (1938) give brief descriptions of the 

behavior of rock squirrels and Krenz (1977) discusses 

certain activities in relation to vocal communication, yet 

no detailed analysis of the daily activity patterns of 

the species has ever been published. This study was 

designed to determine the general daily activity patterns 



of a rock squirrel population and to correlate particular 

behaviors with the various environmental factors which 

have strong influences on activity. 



CHAPTER II 

STUDY AREA 

The major study area consisted of 5.2 hectares (ha) 

located on the northeast corner of the Texas Tech University 

Center at Junction, Kimble County, Texas. The area is 

bordered on the east by a fence and a paved road. The 

north boundary approximates a steep bank descending to the 

flood plain of the South Llano river. The west and south 

boundaries were arbitrarily set to include as much of the 

rock squirrel population as possible. 

The study area can be broken into four distinct 

habitat types: 

1. Pecan Woods - 2.4 ha with an average density 

of 59 trees per hectare (trees/ha). 

2. Pecan Grassland - 1.8 ha with an average 

density of 15 trees/ha. 

3. Oak Woods - 0.1 ha with an average density 

of 60 trees/ha. 

4. Open Grassland - 0.9 ha no trees. 

A map of the study area is shown in Figure 1. 

The oak woods habitat consists of only one grove of 

trees located at the boundary of the other three habitats. 

The open grassland habitat was further designated as short 

grass to differentiate it from the taller grass stands on 





Figure 1. Map of the main study area. 

1 - Pecan Woods Habitat 

2 - Pecan Grassland Habitat 

3 - Oak Woods Habitat 

4 - Open Grassland Habitat 

cp - Cement platform 

ws - Weather Recording Station for micro

climate data 

Open circles represent actual location of 

trees. 
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the west of the study area. The entire study area was 

mowed once in 1977 and again in 1978 to control mesquite 

(Prosopis juliflora). 

Two cement foundations and several cement sidewalks 

are located in the pecan woods, these structures were used 

as burrow sites by rock squirrels. 

The topography of the study area is level to gently 

sloping (see Packard and Dana, in press). 

Regular maintenance of the area has virtually elimi

nated any build-up of brushy undercover; however, between 

mowing there is considerable growth of mesquite and prickly 

poppy (Argemone albiflora), particularly in the pecan and 

open grassland habitats. 

Human activity on the study area was minimal, the 

squirrels were accustomed to the occasional vehicular 

traffic along the east boundary and there were few inter

ruptions from people walking through the area. 

This study area was chosen as a study site for several 

reasons: (1) The absence of cover facilitates observation, 

(2) The existence of four discrete habitat types on the 

area, and (3) The proximity of facilities for handling 

and marking animals. 

Two other observation areas were used. Both located 

on the Kimble Co. Golf Course, approximately 3.2 kilometers 

east of the main study area; one consists of pecan woods 



along Cedar Creek and is characterized by a brushy sub

strate, and will be referred to as the Cedar Creek site. 

The other location is about 200 meters west of the dance 

floor on the fairgrounds and consists of oak woods on a 

level, rocky and brushy substrate. This will be referred 

to as the Golf Course site, 

Additional observations were made on rocky squirrels 

over the entire Texas Tech Center. The biotic and abiotic 

features of the center are listed in more detail by Packard 

and Dana (in press). 



CHAPTER III 

METHODS AND MATERIALS 

Tomahawk live traps baited with fresh apples were used 

to capture squirrels. During trapping sessions, the traps 

were checked at two hour intervals. It was found that a 

shorter interval between checks inhibited activity while 

longer intervals increased the chance of injury or death. 

Traps were placed in order to maximize capture success. 

Captured squirrels were taken to the laboratory, toe 

clipped, weighed, collared using plastic surveyors tape 

and released at the capture site. The permutations 

available by using several colors of plastic tape eliminated 

any repetition of collars within populations. Weights were 

taken on an O'Haus triple beam balance and rounded to the 

nearest gram. 

Because of the disturbance to the population, trapping 

was held to a minimum and no collars were placed on 

squirrels on the main study area during 1978. Most 

squirrels lost the collar soon after release, reducing 

the return on marking efforts. Other means of marking were 

tried without success. 

During 1977 a 20 meter interval grid was constructed 

on the main study area. This grid facilitated the location 

and measurement of squirrel movements and the mapping of 
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major habitat areas. An attempt to trap the area in a grid 

fashion failed for two reasons: (1) The small number of 

traps available (25), and (2) The "trap shyness" of the 

squirrels to traps in exposed areas. The grid stakes were 

removed at the end of the 1977 study period in order to mow 

the site, and were not replaced. The use of mapped trees 

as landmarks eliminated the need for the grid as a reference 

Observations were made with 7 X 35 binoculars from two 

canvas and wood blinds or a jeep which allowed more fre

quent movement of the observation site. Observations were 

recorded noting position, sex, and age class (adult, 

juvenile) and activity along with wind speed determined by 

a hand held Dwyer Wind-0-Meter. These data were later 

correlated with temperature and humidity recorded by a 

Weather Measure Corp. Hygrothermography located on the main 

study area. Wind speeds and temperatures were converted 

to metric units prior to analysis of the data. 

In addition to continuous observations made in 1977 

and 1978, additional information was obtained from 

individual sightings recorded in 1978. 

All computer analyses of the data were using the 

SAS .76 system of Barr, e^ aJ,, (1976). 



CHAPTER IV 

RESULTS 

Population Structure and Movements 

No colonies of rock squirrels were found during the 

study. Individuals were spread out over large areas with 

concentrations of (primarily female) groups at certain 

localities. 

A total of 44 rock squirrels were trapped 71 times 

during the study. Twenty-two squirrels were captured on 

the main study area, accounting for 38 captures. Only three 

squirrels captured in 1978 were captured during the previous 

season. One female was recaptured on the main study area, 

one male was recaptured at its 1977 capture site and 

another male (a juvenile 1977) was recaptured approximately 

500 meters south and west of its 1977 capture site, on the 

opposite bank of the South Llano river. Both of the males 

died on recapture from exposure. Trapping on the main 

study area was held to a minimum during 1978 to reduce the 

disturbance to the population. 

A total of 15 rock squirrels were identified on the 

main study area during 1978, primarily females with litters. 

The difference in the size of the young of one female on 

the main study area and of another on the Golf Course site 

suggests the possibility of two litters per year. In 

10 
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addition to the variation in size of litter mates, two 

litters observed showed variation in the number of litter 

mates. One litter had three young when first observed and 

subsequently increased to four and five over a two week 

period. A concurrent reduction of a nearby litter from 

four to three young was observed. 

The low trapability of the squirrels inhibted any 

attempts to determine home ranges by mark and recapture 

methods. Rough estimates of home ranges and movements 

were obtained by observation. Young squirrels rarely ven

tured more than 10 meters from the burrow site, although 

this distance increased as they became older. The adults 

observed frequently travelled 50-100 meters on forays and 

movements of 300-400 meters were noted. Most adult activity 

took place within 10-20 meters of the burrow site. When 

travelling long distances the squirrels moved quickly, using 

a typical "spermophiline" bounding gait. A zig-zag course 

was generally used to make use of available cover. During 

forays the squirrels walk in a contralateral manner while 

holding the tail erect. Krenz (1977) discusses locomotion 

and posture in detail. 

Adult squirrels frequently moved from one burrow to 

another, often in response to a disturbance such as a trap 

placed near the burrow. Observations at the Golf Course 

site were ended after two days when the female moved her 

litter to a nearby livestock barn. 
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Territoriality and Aggression 

The squirrels observed were territorial in the imme

diate area (about 10 m circ.) surrounding the burrow. Most 

individuals were also intolerant of other rock squirrels 

while foraging away from the burrow site and would chase 

any individual which came too close. This aggressive 

behavior was also displayed against fox squirrels (Sciurus 

niger), but to a much lesser extent. Only two interspecific 

interactions were observed, both directed toward fox 

squirrels which climbed up trees occupied by a rock squirrel. 

Chases often ended in short fights, determining the foraging 

rights to an area. In some areas which were foraged in by 

several squirrels there was no aggression and the squirrels 

showed mutual avoidance while foraging or foraged at 

different times. 

Behavior Patterns 

Seven behavior patterns were identified and observed. 

These behaviors closely resemble those of the California 

ground squirrel (Spermophilus beecheyi) as described by 

Owings, £t al̂ . (1977), Several of the behaviors reported 

by previous authors were excluded from this study because 

they proved to be too difficult to quantify for analysis. 

Underground activities were impossible to determine and 

were left out even though a considerable portion of a 

rock squirrel's life is spent underground. Running behavior 
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was not differentiated from foraging behavior due to the 

short duration of most runs. Digging, except during 

foraging was not observed during the study. 

The behaviors are as follows: 

Feeding - squirrel is sitting at one spot eating 

previously collected food items. 

Foraging - squirrel is actively searching for food 

items, may stop to eat as they are found 

or carry them to a perch. 

Alert - squirrel is at a perch, usually in an upright 

position, watching the surrounding area, often 

assumes the 'picket pin' position. Alert 

behavior during foraging was included in that 

activity as a normal part of it. 

Resting - squirrel is lying prostrate, generally in 

the shade, often in a tree or on a perch. 

Grooming - squirrel is licking, scratching or biting 

at it's skin, probably to remove ecto

parasites, dirt and seeds. 

Dust bathing - squirrel actively stretches and rolls 

in dust, 

Fighting - squirrels are biting and/or wrestling with 

or chasing another individual. 

Krenz (1977) describes the postures assumed in most 

of these behaviors in detail. Steiner (1974) gives a 

detailed account of body rubbing by Spermophilus beldingi 
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during dust bathing behavior of rock squirrels. 

No rock squirrels were observed digging during this 

study. The squirrels often occupied burrows known to be 

used by armadillos (Dasypus novemcinctus) and one rock 

squirrel was seen using a burrow dug by a juvenile 

armadillo only two days previously. 

No direct observations of vocalizing rock squirrels 

were made in the field although it was common in the lab

oratory. Several squirrels were heard during the study. 

In 1977 a rock squirrel was heard calling in response to 

an attack by an aerial predator. Rock squirrels did not 

respond to vultures (Cathartes aura) or great blue herons 

(Ardea herodias) flying over the study area and thus seen 

capable of distinguishing large birds oi prey from other 

large biards. A squirrel was heard calling when a large 

domestic dog walked through the study area. The longest 

series of vocalizations occurred at the Golf Course site 

when the female was attempting to move her little to a new 

burrow. The female moved to the barn where the burrow 

was located and was heard calling for 3-4 minute intervals 

using a series of high pitched chucks as described by 

Krenz (1977). After a lapse of about 10 min. the calling 

I was resumed for another 3-4 minutes. The female was 

presumably calling her young. The litter was in the new 

location the next day. 
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Activity Patterns 

All rock squirrels within observing distance when 

another was calling focused their attention in the direction 

of the calling squirrel, often running for cover after 

determining the source of the disturbance. Rock squirrels 

were also observed responding to the calls of the Mexican 

ground squirrel (Spermophilus mexicanus), expecially when 

foraging in open areas. 

The general daily activity pattern (Fig. 2) is unimodal, 

rising sharply from about sunrise (0700 hrs. CDT) to a 

mid-morning (0930-1000 hrs.) peak and drops rapidly until 

about noon to a plateau which lasts until activity ends 

at sundown (2000-2030 hrs.). 

Early morning and late evening activity is character

istically sporadic and difficult to quantify. At these 

times the squirrels engage in an up/down activity pattern 

at the entrance of the burrow, coming up to the surface 

for a few seconds of alert or feeding behavior and going 

back down for a few minutes before repeating the pattern. 

Up/down behavior generally accounts for the first and 

last 30-45 minutes of the daily activity. 

The composition of the activity is shown in Table 1. 

Each particular behavior is shown as a percentage of 

the activity during a block of time. Time 1 covers 

early morning activity as it rises rapidly to a peak. 



16 



-i 

m I 
1,1' 

Figure 2. Daily activity pattern of the rock squirrel 

(Spermophilus variegatus) in the Edward 

Plateau of Texas, From combined data 1977 

and 1978, 
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TABLE 1. Per cent behavior by time period. Time 1: 

0730-1030 hrs. Time 2: 1030-1400 hrs. Time 3: 1400-

1730 hrs. Time 4: 1730-2100 hrs. Figures given are 

the per cent of the total activity during one time 

period devoted to the particular behavior. 
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FEEDING 6 

FORAGING 51 

GROOMING 4 

DUST BATHING 1 

ALERT 24 

RESTING 11 

FIGHTING 1 

TIME 

13 

45 

3 

5 

13 

21 

0 

0 

34 

0 

3 

40 

23 

0 

5 

33 

3 

0 

30 

20 

10 

' ' I . . . 
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Time 2 is the rapid decline of activity in late morning 

and Times 3 and 4 cover the plateau of activity in the 

afternoon. The table shows the general trends during 

the course of the daily cycle; foraging activity is the 

largest component throughout the day but shows a decrease 

in the afternoon, alert activity and resting both show 

an increase as the day progresses becoming important com

ponents of the plateau stage, fighting occurred primarily 

during the up/down activity period. All other activities 

were most intense during the peak of activity. 

The mean length of time spent at any one activity is 

shown in Fig. 3. This figure may be somewhat misleading 

due to the nature of the data being recorded in one-half 

hour blocks. Some of the periods of activity, especially 

foraging lasted more than 30 minutes or overlapped two 

time blocks and for this reason some of the durations 

may be longer than indicated. Nevertheless, the figure 

gives a general view of the relative lengths of the various 

activities observed. 

The duration of individual activity periods declines 

during the day, partly due to a shift in the types of 

activities being performed and partly due to a decrease 

in the duration of all activity types (Fig. 4). 
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Figure 3. Mean duration of the observed behaviors 
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different temperature ranges. Temperati 
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Environmental Influences 

Other than daylight, temperature was the greatest 

influencing factor on rock squirrel activity. Fig. 5 shows 

the relationship between the general activity pattern and 

air temperature. A regression line fitted to the data 

shows a significant (P=0,01) negative effect of temperature 

on activity. Temperature alone seems to account for the 

unimodal pattern of activity which was observed. Almost 

all of the other changes in activity patterns can be 

related to temperature. 

Per cent activity by habitat is shown in Table 2. 

Habitat types are not utilized in proportion to the size 

of area of a particular type on the study area. Pecan 

woods and oak woods were exploited more than their 

relative area, while the grasslands were used to a lesser 

extent. Oak woods showed the most significant selection, 

over 30% of all activity occurred in this habitat which 

makes up only 1% of the total area. 

There is a definite shift in habitat use during the 

day, with all open areas being avoided and the shaded areas 

being more heavily used during the hot part of the day 

(Table 3), 

Certain habitats and substrates are obviously better 

suited for particular behaviors (Table 4). Dust bathing 

is restricted primarily to the immediate area of the 
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Figure 5. Plot showing daily activity overlayed with 
Ml'" 

>.i'i mean temperature. Linear regression of :k.iii 
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the data is significant to the 0.01 level. 
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TABLE 2. Per cent activity distributed habitats 

;>•;;;: °P^° ^^^^^ ^^« utilized less than covered areas and 

are also used for fewer activities. 



HABITAT 

29 

FORAGING 

ALERT 

RESTING 

EATING 

GROOMING 

DUST 
BATHING 

FIGHTING 

% TOTAL 

OAK 
WOODS 

45 

19 

15 

9 

9 

1 

4 

30 

PECAN 
WOODS 

45 

30 

15 

5 

2 

2 

1 

64 

PECAN 
GRASSLAND 

74 

21 

0 

5 

0 

0 

0 

5 

OPEN 
GRASSLAND 

100 

0 

0 

0 

0 

0 

0 

1 
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TABLE 3. Table of Habitat use by time period. Time 

periods are the same as Fig. 5. Figures given are 

per cent of the total activity during the time period 

within each habitat type. 
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OAK 

PECAN WOODS 

PECAN GRASSLAND 

OPEN GRASSLAND 

TIME 

20 

73 

6 

1 

32 

56 

11 

2 

56 

44 

0 

0 

54 

46 

0 

0 
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Short grass was the most heavily used but certain 

preferences are shown for particular behaviors, note 

that 51% of all resting behavior is arboreal, grooming 

and dust bathing are primarily on the bare area 

surrounding the burrow site. 
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burrow because this is the main concentration of bare 

ground needed for the behavior. Short grass accounts for 

more than 50% of the total activity, three-fourths of 

which is foraging while most of the remaining is alert 

behavior. Increases in resting behavior during the plateau 

of activity coincides with an increase in arboreal activity 

(Table 5). 

As previously noted, there is a decline in duration 

of activity as the day progresses which is reflected in 

the within-habitat duration and behavior types. Afternoon 

activity is composed of a greater percentage of short 

duration behaviors than is morning activity (Table 6). 

Afternoon activity is also shifted to habitats having 

an overall shorter duration of activity (Fig, 6), 

A stepwise regression of the data indicates that 

duration of activity is significantly affected by habitat 

type (P=0.01) and the behavior being performed (P=0.03). 

A three variable model including temperature with habitat 

and behavior significantly predicted the duration of 

activity but not any better than the two variable model. 

Time of day proved to be insignificant in predicting 

duration (P=0.27), as did occurrence in sun or shade 

(P=0.18). 

The terrain of the main study area did not allow a 

comparison of activities on different slopes; however, 
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TABLE 5. Table of arboreal behavior by time. Most 

arboreal activity is in the morning but there is a 

significant increase during the period of highest 

temperature. 



TIME 

36 

% TOTAL 
ACTIVITY 12 12 31 11 
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ACTIVITY 

EATING 

FORAGING 

GROOMING 

DUST BATHING 

ALERT 

RESTING 

FIGHTING 

TIME 

6 

51 

4 

1 

24 

11 

1 

13 

45 

3 

5 

13 

21 

0 

0 

34 

0 

3 

40 

23 

0 

5 

33 

3 

0 

30 

20 

10 

NUMBER OF OBS. 223 38 35 40 
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Figure 6. Duration of activity by habitat type. 

Activity periods are longer but less 

frequent in the more open habitats. 
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observations at other sites indicate a preference for 

steeper slopes with brush cover. 

The north boundary of the study area was about 100 m 

from water at the shortest distance and the Golf Course 

site was about 1 kilometer from a known water source. No 

squirrels were observed going to or from water and captive 

squirrels during this study did not drink available water. 

Presumably, metabolic and preformed water obtained from 

food is sufficient. 

Wind had little effect on the activity of the indi

viduals. Little variation occurred in wind speed during 

the study, although thermal currents caused gusty condi

tions on most afternoons, Squirrels were observed active 

during the one or two strong winds (20 km/hr) but there 

was no foraging in trees at this time. 

Precipitation causes a decrease in activity. Since 

only three days of. precipitation were observed during 

the study, data on its effects are limited. One squirrel 

was observed to continue foraging in the open during a 

short but intense thunderstorm. Activity was decreased 

for two days in 1978 during heavy rains but squirrels were 

observed to be active near the burrow when it was not 

raining. 

In 1977 the entire study population (including 18 

marked individuals) disappeared from the study area during 
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the first week of August, No squirrels were observed 

during the next two weeks and observations were ended 

for the summer. Intensive trapping on and surrounding 

the study area failed to yield any marked individuals. 



CHAPTER V 

DISCUSSION 

Allen (1896), Layton (1973) and Krenz (1977) all report 

that rock squirrels are colonial. The observations of this 

study, included the site observed by Krenz, support the 

statement by Burt and Grossenheider (1964) that the rock 

squirrel is not colonial. One possible explanation of 

the conflicting observations, especially on the same study 

site, may be a difference in the behavioral strategy 

between periods of drought (this study) and periods of 

abundant rainfall (Krenz^s study), It is possible that 

when food is plentiful as a result of adequate rainfall 

that the squirrels will be colonial at optimal, preferred 

burrow sites. During years of low rainfall, these preferred 

sites might not support the large density of squirrels and 

the population takes on a more dispersed pattern. 

The disappearance of the study population in 1977 may 

have been the result of normal seasonal movements expedited 

by the prevailing drought conditions. Layton (1973) 

reported that the populations he studied migrated to 

different burrows before hibernating, Pengelley (1964) 

showed that hibernation can be triggered by depriving 

captive rock squirrels of food. It is possible then that 

the low food supply, caused by the drought, forced the 

population into early hibernation. The year round activity 
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reported by Krenz (1977) may have been facilitated by 

abundant food during a wet year. 

The reproductive pattern of the rock squirrel is not 

known. Borrell and Bryant (1942) suggest that the variation 

in the size of litter mates is indicative of a polyoestrus 

reproductive cycle. Three of the five litters observed 

during 1978 had two distinct size groups which would 

support their theory, while Layton (1973) reports only 

one litter per year. The variation in the number of 

litters is probably dependent on several environmental 

factors including food availability and climate. 

The changes observed in litter size of two neighboring 

litters seems to indicate either a sharing of maternal 

duties between females, as might be expected in a colonial 

population or the stealing of young by a dominant female. 

Both seasonal and daily movements observed during this 

study showed that the rock squirrel is capable of extended 

movements. The low number of recaptures during and between 

summers indicated the trap shyness of the individual as well 

as suggesting a mobile population with a high turnover rate. 

Daily movements, including forays of up to several 

hundred meters by adults, and the direct movements of the 

Golf Course female to the burrow site in the Livestock 

barn show that the rock squirrel has a fairly large home 

range and is familiar with a large area around the burrow. 

The large home range also enables the utilization of 
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several habitat types. This may be significant in selection 

of burrow sites since it allows the burrow to be located 

in areas of adequate cover while retaining access to more 

productive foraging areas. Day to day movements from one 

burrow to another may also be in response to ectoparasite 

infestation. 

Since the rock squirrels did not always protect their 

area of occupancy, and they have been reported to be 

colonial (Allen, 1896; Layton, 1973; Krenz, 1977), it seems 

logical to assume that they are not territorial. Most 

aggressive encounters were performed by females with 

litters and seemed to be more defensive of the litter 

than of an area. If any territoriality exists it is 

expressed in the form of a mobile zone of tolerance rather 

than a set physical area. Fox squirrels (Sciurus niger) 

and Mexican ground squirrels (Spermophilus mexicanus) 

are more often tolerated at a closed distance than con-

specifics. Krenz (1977) reports observing many intra-

specific encounters. Aggressive encounters could account 

for many of the scars found on the head and rump of 

captured squirrels. It is uncertain whether the intra-

specific aggression is part of a social hierarchy or the 

result of breeding conflicts. 

Although capable of extensive excavation, the rock 

squirrels in this study took advantage of available 

burrows. The occupation of a freshly dug armadillo 
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(Dasypus novemcinctus) burrow by a rock squirrel and the 

apparent concurrent occupation of a burrow system by rock 

squirrels and armadillos raises some interesting questions 

as to the relationships between the two species. 

Possibly the activities of armadillos facilitate the 

use of lowland habitats by rock squirrels. 

Rock squirrels in this study were never observed to 

vocalize in the field. When confronted by humans, the 

squirrels would take cover in a nearby tree or burrow. 

Zrenz [1977) ^Jsz rezzrzs zh-z zLe rzz- siiziiryel zzes zcz 

call in response to humans. The response of the rock 

squirrel to the alarm call of the Mexican ground squirrel 

could be of considerable adaptive significance. The Mexican 

ground squirrel inhabits the open grassland on the area and 

has a well developed community alarm system. By utilizing 

the alarm calls of the Mexican ground squirrel, the rock 

squirrel is able to devote more of the time it spends in 

the open on foraging and less on alert. Rock squirrels 

always responded to Mexican ground squirrel calls in the 

field by running for cover. Whether or not the rock 

squirrel is actually responding to the other species' 

alarms could be easily tested in a laboratory or enclosure 

situation. 

Although sharing many of the behaviors of the 

California ground squirrel (Owings, ejt aj_.), the rock 

squirrel differs from it in selection of habitat. 
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Rock squirrels are rarely seen inhabiting the completely 

open grassland favored by their subgeneric counterparts. 

Rock squirrels in this study also made oxlonsivo use of 

trees for observation and resting, most ground squirrels 

do not climb trees often or well. 

The most obvious factor influencing the activity of 

a diurnal species, such as the rock squirrel, is light. 

Anderson and Jacobs (1972) showed that the California 

ground squirrel, S. beecheyi, a species closely related 

to the rock squirrel, has a retina consisting of approxi

mately 90% cone type receptors. Cones require more 

ambient light to function than to rods (Michael, 1968) 

and an animal with a primarily cone retina cannot see well 

in low light. Assuming the rock squirrel has a retina 

similar to that of S. beecheyi its activity would be 

restricted by light intensity. This physiological re

striction on activity may be reflected in the up/down 

activity at dawn and dusk. Since light intensity is low 

at this time this activity may be a means of extending 

the activity period with a minimum of risk and also serves 

to monitor the area for predators or competitors until 

full activity can resume. 

The general daily activity pattern of the rock 

squirrel varies from that reported for other diurnal 

Sciurids (Packard, 1956; Bartholomew and Hudson, 1961; 

Loehr and Risser, 1977) in that there is no secondary 
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peak of activity in the afternoon, This pattern is probably 

due to the low heat tolerance of the species. Afternoon 

activity takes full advantage of the available shade and 

cover. 

The increase in the proportion of arboreal activity 

during the afternoon is due primarily to resting behavior. 

Measurements of the air temperature at 1 meter vertical 

intervals at five trees known to be used as afternoon 

perches provided a temperature profile shown in Fig. 7. 

Observations of arboreal resting showed that the squirrels 

used perches from 3-4 m above ground. This places them 

at the zone of the lowest air temperature and also exposes 

them to any breeze. No burrow temperatures were taken and 

it is not known if the burrows are cooler than the air. 

Excavation of one burrow in 1978 revealed that the soil 

was dry to a depth of at least one meter. The dry 

condition of the soil may have caused burrow temperatures 

to be higher than the air temperature in the trees, making 

arboreal resting the best means of escaping heat stress. 

Bartholomew and Hudson (1961) report that desert 

ground squirrels (Ammospermophilus) use a system of refuge 

burrows to unload excess heat during afternoon activity. 

This same strategy is used by rock squirrels only using 

shaded arboreal perches instead of burrows to unload heat. 

In addition to avoiding heat stress the arboreal 

behavior allows the squirrel to survey the surrounding 
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Figure 7. Temperature profile taken at mid-day on the 

main study area. The solid line with solid 

circles represents the average temperature 

from five trees known to be used as rock 

squirrel perches, the solid lines with open 

circles are the highest and lowest tempera

tures from the same trees. Dashed line is 

the air temperature taken in the open. 
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area for potential danger between the short afternoon 

forays, a tactic not possible when taking refuge in a 

burrow. Previous investigators have reported the rock 

squirrels climbing to obtain nest material (Steiner, 1974) 

to forage and to nest (Bailey, 1905). 

Most of the daily activity patterns observed were 

beneficial in avoiding heat stress which seems to be 

the primary environmental factor shaping summer activity. 

Preferred afternoon activities are resting and grooming, 

both of which require little energy expenditure. The bulk 

of the active behaviors are performed early while air 

temperature is low requiring a lower metabolic demand for 

cooling. Any activity in the afternnon was shorter than 

morning activity, decreasing exposure to high temperatures. 

The lack of influence exerted on activity by wind, 

cloud cover and precipitation may be an artifact of the 

uniformity of the conditions from day to day. Observations 

during the spring and fall, when weather is more unpre

dictable would probably determine the existance of any 

effects from these sources. 

Certain habitats are more favorable for particular 

behaviors, probably due to the structure of the habitat. 

This is strongly suggested by the behavior in the oak 

woods habitat which, although contributing only a small 

portion of the total area, contains the most shade. 
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The open grassland area is probably the most productive 

area for foraging but can only be used for a short time 

during the day. 

Since short grass is the predominant substrate on 

the study area it is not surprising to find that it is 

most heavily used. On the other hand, no rock squirrels 

were observed using the adjacent tall grass areas for 

any activity. The tall grass probably inhibits activity 

because of reduced visibility. 



SUMMARY 

1. Rock squirrel populations are colonial or non-colonial 

depending on weather conditions and food availability. 

2. Populations have a high yearly turnover, facilitated 

by high vagility. 

3. Home ranges were normally small with frequent long 

excursions to nearby habitats. Adults had larger home 

ranges than did juveniles, 

4. Daily activities are unimodal with a mid-morning peak. 

Afternoon activity is low but continues until sundown. 

5. The main factor influencing summer activity, beyond 

the diurnal pattern, is temperature. Squirrels avoid 

heat stress by the unimodal activity pattern and in

creased arboreal activity during hot periods of the 

day. 

6. Habitat structure has a strong influence on activity. 

Shaded habitats are used more than open habitats. 
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