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ABSTRACT

Two species of ground squirrel, Spermophilus 
spilosoma and . tereticaudus were tested in the Wisconsin 
General Testing Apparatus on 50;visual discrimination 
learning sets. .

An analysis of error factors showed position habit 
to be significant.

An analysis of trial two performance showed a ' 
significant positive response,thus the ground squirrels 
were utilizing information gained in trial one. Another 
statistical analysis showed that this did not lead to 
immediate problem solution.' Possibly position habit was 
still dominant.and interfered with immediate problem 
solution.

Other authors have postulated that learning ability 
plays a role in adapting an animal to its environment and 
some studies have implied that animals with greater learn
ing abilities do in fact have greater ecological tolerances, 
wider ranges, and larger populations. In this study of two 
species of ground squirrels it was theorized that the one 
with the narrower ecological tolerance, S. tereticaudus, 
would not perform as well as the one with the wider 
ecological tolerance, _S. spilosoma.



VI11
No significant difference in learning ability 

between the ground squirrels as measured by this task was 
found. Thus it appears that more studies are needed before 
meaningful relationships between learning abilities and 
ecological tolerances can be applied to mammals in 
general.



INTRODUCTION

The ability- to learn has an obvious survival 
advantage to .an individual, and thus to a species of 
animal'. Intelligence has been defined as the ability to 
learn, but both intelligence and learning are difficult 
concepts to define. Learning has been defined as the 
adaptive modification of behavior as the- result of experi 
ence (Welty,. 1962). Adaptive modification usually refers 
to a change that promotes individual and racial survival. 
The degree to which an individual animal can adaptively 
modify its behavior can be considered a measure of its 
intelligence. /

The significant role of intelligence, and the 
importance of the ability to learn, in the biological 
success of mammals has been cited many times (e.g., Romer 
1959; Colbert, 1955). According to Romer (1966), 
"Activity guided by intelligence is the keynote of 
mammalian success . . ." (p. 187).

Many different techniques have been used in 
attempts to quantify learning abilities. One method.that 
has been widely used, especially by animal psychologists, 
is that of measuring discrimination learning. • Discrimina 
tion learning involves the ability to make meaningful 
judgments after being exposed to cues differing in detail
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2
and sensed by various sensory receptors. Odor, weight, and 
visual cues, among others, have been utilized in various 
experiments to test for discrimination learning. Woodworth 
and Schlosberg (1962) described a variety of appropriate 
apparatus such as the jumping stand, runway, and bar- 
pressing apparatus. ' j . . .

Basically such devices are designed to present two 
contrasting cues, such as a black door and a white door or 
a circular door and a triangular door, to the animal being 
tested. One cue, the "correct" one leads to a reward 
(often food) while the second, the "wrong" one, leads to 
no reward and even, in some experiments, to stronger 
punishments. Obviously the construction of the device 
must be such that the experimental animal is physically 
able not only to detect the cues but also able to make the 
necessary response. In an actual experiment the position 
of the cues is randomly alternated and the subject learns 
through trial and error which response is "correct."

Visual discrimination learning experiments have 
been utilized in several ways:

1. One tests an animal’s ability at light-dark dis
crimination. Initially, during pre-training, one 
door is black and one white. After learning which 
is correct, the doors are presented with various 
brightness of greys until the subject can no longer 
distinguish between the two stimulae.



Visual discrimination learning is also used to 
detect the effects of lesions in various visual 
areas of the brain. An example of this is an 
experiment done by Schneider (1969).
Pribram (1969) used visual discrimination, learning 
to study the electrical'wave forms of the visual 
cortex in a monkey.
Woodworth and Schlosberg (1962) cited studies in 
which visual discrimination learning had been used 
to determine the nature of effective cues. One 
experiment was designed to determine whether an 
experimental subject responded to a whole triangle, 
only a part of it, or perhaps the area underneath. 
Harlow (1949) describes the use of visual dis
crimination learning sets (commonly abbreviated 
DLS). Whereas most visual discrimination learning 
problems are based on one or two problems and 
learning is based on trials to learning of the 
problem, learning set is based on many problems. 
Therefore, according to Harlow (1949)i "In a 
conventional learning curve we plot change in 
performance over a series of'trials; in a learning 
set curve we plot change in performance over a . 
series of problems" (pp. 53-54). The subject 
transfers his learning from one problem to the next 
problem and the learning curve improves. Harlow



(1949) states that monkeys learn how to 1earn 
individual problems with a minimum of errors. It 
is this learning how to learn" a problem that is 
designated by the term learning set. This learning 
to learn, this transfer of learning from problem 
to problem, is called the formation of learning 
set.

This learning set formation is not restricted to 
visual DLS. Harlow (1949) considers that the personality 
development of monkeys is due to social™emotional learning 
sets, where each contact with, a human is a learning trial 
and each person is a separate problem.

Klopfer and Mailman (1967) explain learning sets as 
how the accumulation of experience during an animal's life
time facilitates the animal's ability to learn in new 
situations.

Numerous experiments have demonstrated that mammals 
differ in their abilities to master visual discrimination 
learning and visual DLS. Presumably such an ability would 
enable a mammal to adapt to new environmental situations 
and logically those with greater abilities should be able 
to exist under a wider range of environmental situations 
than those with lesser abilities.



Few tests have been made on phylogenetically- 
closely related species of differing ecological tolerances 
to find if this assumption is true.

Nagel (1967) tested four related species of 
Kangaroo rats (family Heteromyidae, genus Dipodomys) on 80 
visual DLS problems. He' compared the results with differ
ences in ecological tolerance of the various species. He 
found a significantly better performance in D . merriamr and 
D . spectabilis than in D. deserti and D. ordii, with no 
significant difference between each pair of species. 
Further, D. merriami and D. spectabilis appeared to have 
a wider ecological tolerance than D. deserti and D. ordii. 
He concluded: " . . .  the logical inference is that superior 
learning ‘ability as measured by this task may be a factor 
in broadening the adaptive horizons of these two species" ■ 
(p. 54). .

If such a correlation between ability to perform 
on visual DLS and range of ecological tolerance is wide
spread among mammals, this would be of considerable 
significance in the interpretation of various aspects of 
natural selection as they relate to adaptation to variable 
environment and to competition for ecological niches. .

This study was designed to determine if Nagel’s 
(1967) findings and interpretations held true in other 
related species having differing ecological tolerances. 
Further, Nagel worked with Kangaroo rats that, in nature,



are primarily nocturnal in habits.. The animals I chose are 
primarily diurnal in habit.

The species chosen were two ground squirrels, the 
Spotted ground squirrel (Spermophilus spilosoma) and the 
Round-tailed ground squirrel (Spermophilus tereticaudus), 
both in the rodent family Sciuridae. While nothing has 
been published concerning the visual abilities of these two 
species, other members of the family, including both tree 
squirrel and ground squirrel have been reported as having 
excellent vision (Dodwell and Bessant, 1961; King, 1965; 
Linsdale, 1946; Michels at al., 1962; Walls, 1942). King 
(1965) made a study of visual DLS in another ground 
squirrel, Spermophilus variegatus, but did not compare 
performance in this species with any other ground squirrels.

Distribution
The Spotted ground squirrel occurs in a wide 

variety of vegetational and soil types from South Dakota 
southward through the western great plains and eastern 
foothills of the Rocky Mountains of Colorado, Kansas, 
Oklahoma, western Texas to central Mexico, and westward 
through New Mexico southeast Utah into Arizona (Fig. 1).

It is. found in the plains, grasslands, desert grass
lands ., It occurs under mesquites, creosotebushes, and 
yuccas, among junipers and pines, on rocky slopes, stony 
mesa tops, sandy hills, volcanic soil, alkali-stained soil,
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and on the- gypsum White Sands in -New Mexico.. It is found 
in the Upper and Lower Sonoran Life Zones and on the 
Painted and Chihuahuan Deserts (Bailey„ 1931; Blair, 1939, 
1941; Cockrum, 1952; Hoffmeister, 1959; Maza, 1965;
Mearns, 1907; Merriam and Stehneger, 1890; Moore, 1930; 
Olin, 1965; Warren, 1942). Appendix II gives further 
details.

In contrast, the Round-tailed ground squirrel is 
found in a much more restricted area, both ecologically and 
geographically, in the deserts of southern Nevada, south
eastern California, southwestern Arizona, and northwestern 
Sonora (Fig. 2). It occurs mainly in areas of creosotebush 
and mesquite of the Lower Sonoran Life Zone on the Sahuaro, 
Colorado, and Mohave Deserts (Fig. '3; Burt, 1934; Dice and 
Blossom, 1937; Drabek, 1967; Grinnell and Dixon, 1918;
Hall, 1946; Ingles, 1965; Neal, 1964; Olin, 1965).

Biology of the Two Species
To help interpret results of visual DLS experiments 

the biology of these two species is needed (Table l).
Blair (1941) reports a significant difference in 

coat color of Spotted ground squirrels found on the White 
Sands of New Mexico and those captured from the darker grey 
soil north and adjacent to the White Sands. He correlated 
this with the fact that the width of the white band on the 
hairs in the White Sands population is significantly wider
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Table 1. Comparison of the biology of two.species of 

ground squirrel.

Feature
Spermophilus
tereticaudus

Spermophilus
“ spTTosoma

(-1 • e Q,Size m  mm. 
Total length 
Tail

204-266 
‘ 60-107.

185-253
55-92 i

Weight in gm.d 142-185 85-128
Mammaed 8-10 ... 10
Litter size, mean 6.53° 6b ’ d
Litters per year 

Time of year
lc

Mid Mar. to Mid 
Apr „c

2b
May

Eyes open, # da. 25-27° 27-28d
Weaned, # da. 49 ° 48d
Weight 3.4 da., 

gm. mean 24.6° 17. ld
Food preference .  ̂b seeds, insects

'mesquite beans, 
engelmann 
prickly pear 
f rui t̂-

green vegetation^
seedsa ;b insects

general
description

upper " parts and 
tail pinkish cin
namon, underparts 
white, tail pencil 
like not bushy, 
summer pelage short 
and stiff, winter 
soft and silkya ■> c

upper parts grey, 
brown, cinnamon, 
or redbrown with 
white spots, under
parts white, tail 
not bushy, above 
resembles back 
below cinnamon, 
black tip

aHall and Kelson (1959).
kfiurt and Grossenheider (1964). 
cNeal (19 64). 
dBlair (1942).
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than that of the population from the grey soil area„ He ■ 
concluded that selection for lighter animals on the White 
Sands is intensive and in operation at the present time.

Descriptions of the subspecies of the Round-tailed 
ground squirrels point out differences in coat color but 
have not been related to environmental differences 
(Grinnell, 1918) . .

jS. tereticaudus neglectus was reported to hibernate 
intermittently by Neal (1964). Hudson (1964) found that 
dormancy is absent in _S. t. tereticaudus but occasionally 
occurs in S. t_. chlorus. In my experiment, one female was 
dormant throughout the winter and one male became dormant 
occasionally. The other two males did not become dormant.

Hudson (1964) states that of the three desert 
ground squirrels that have been studied physiologically 
( S . mo havens is , _S . tere ticaudus , and Ammo s permo ph ilus 
leucurus) the best hibernator, S. mohavensis, is the most 
restricted in its range and numbers. A. leucurus, which 
does not hibernate, has the.broadest distribution and 
greatest numerical success. _S. tereticaudus is inter
mediate in range, number, and ability to hibernate.

The Spotted ground squirrel has been reported to 
hibernate (Burt and Grossenheider, 1964; Hall and Kelson,
1959; Olin, 1965). I haye not observed hibernation in this 
ground squirrel. None of the nine in my laboratory during 
the winter of 1968-69 hibernated whereas one Round-tailed.
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ground squirrel was dormant all winter and a second.was 
intermittently dormant.

One study of _S. tereticaudus in the Imperial Valley 
of California showed that when this desert area was 
reclaimed for farming, £. tereticaudus did not remain in 
the new environment (Dixon, 1922). This observation 
supports the conclusion that this animal has limited 
ecological tolerance.
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MATERIALS AND METHODS 

Animals
Table 2 is a summary of the areas of capture of 

the two species of ground squirrels used in this study. ,

Laboratory Conditions
The laboratory was situated in the animal quarters 

of the Department of Biological Sciences at The University 
of Arizona, Tucson. ' The ambient temperatures varied some-_ 
what but the room was heated during the winter and air 
conditioned during the summer. The photoperiod was occa
sionally extended beyond natural daylight hours when 
students were working in the laboratory at night and when 
I tried to prevent one ground squirrel from hibernating.
The animals were not shielded from outside disturbances.

. Apparatus
The ground squirrels were tested in a Wisconsin 

General Testing Apparatus (WGTA) modified form of the one 
describe^ by Harlow (1949) (Fig. 8). It consisted of a 
front compartment (12 by 13 by 14 inches) housing the 
delivery tray and a rear compartment (13 by 6 by 14 inches) 
holding the test animals. The floor and sides of the 
apparatus extended 12 inches beyond the front compartment.

14
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Table 2. Data summary of area of capture„

Feature
Spermophilus
tereticau<3us

Spermophilus 
spilo soma

Place of 
capture

Ariz.s Pima Co., 12 
mi. east of Tucson 

' at the junction of 
Catalina Hwy. and 
Santa Ana Lane 
(Figs. 4 and 5)
2700 ft.

Ariz.: Cochise Co.,
3 mi. s. e. of , 
Wilcox on Rt. 186, 
4167 ft. (Figs. 6 
and 7) j

Dates caught 18 Aug.; 20, 25, and 
27 Sept., 1968

22, 23, and 29 
Sept., 1968

Vegetation creosotebush (Larrea 
divaricata), mesquite 
"(Prosopis juliflora), 
chon a (0 punt Fa sp. ) , 
Sahuaro T^eteus 
giganteusTl ahH Palo 
vefde (Cercidium sp.)

grasses with a few . 
scattered shrubs 
such as mesquite 
(Prosopis juliflora)

Soil sandy and pebbly white, often compact
Area near several homes 

and next to the 
highway

many cattle ranches, 
in ranch areas grass 
grazed short, 
trapped area next to 
highway, long grass, 
not grazed

Other rodents Ammospermophilus 
Kafrisi, Tefngnathus 
sp., Onychomys 
torridus

Dipodomys merriami, 
STgmodon hlspidusj 
OnycKomys torridus, 
Nebtoma alETgula



Fig. 4. Area where Round-tailed ground squirrels were
captured near Tucson, Arizona, homes in background.

Fig. 5. Area where Round-tailed ground squirrels were 
captured near Tucson, Arizona, Santa Catalina 
Mountains in background.



17

' % MifclSk'.i

H H i
Fig. 6. Area where Spotted ground squirrels were captured 

near Wilcox, Arizona -- The picture shows long 
grass near road.

> 11

Fig. 7. Area where Spotted ground squirrels were captured 
near Wilcox, Arizona -- The picture shows shorter, 
grazed grass in background.
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Fig. 8. Wisconsin General Testing Apparatus (WGTA)

Fig. 9. Sample of problems used in experiment.
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A wooden an£l a plexiglass door separated the two 

compartments. The plexiglass door was permanently raised 
three inches above the. tray. The experimenter raised and 
lowered the wooden door using a set of pulleys. When the 
door was lowered, the experimental animal could not see the 
problem tray. When the door was opened, the animal had , 
easy access to the tray.

The front compartment had a metal extension on top 
(9 by 9 by 7 inches) that housed a 60 watt light bulb. 
Inside the compartment the test tray rested on two wooden 
runways. The experimenter observed the animals through a. 
one way piece of glass at the front. It was raised seven 
inches from the floor of the compartment. ■ Paper strips 
hung from it to the floor so that the animals could not see 
the experimenter.

The tray (12 by 6 by 1 inches) had two forward 
foodwells oyer which the problems were placed. In back of 
the problems' were two subsidiary foodwells where the reward 
was placed until delivered to the front foodwells by a 
stick when the animal responded correctly.

The problems, made of any small available items, ' 
were glued onto pieces of playwood 2 by 2 by 1/8 inches 
(Fig. 9).
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Pretraining Procedure 

First the ground squirrels were placed in the rear 
compartment where they ate sunflower seeds from the floor. 
Once accustomed to the apparatus, seeds were placed on the 
tray but not in the foodwells. Next, the ground squirrels 
learned to eat the seeds' from the two foodwells. Then 
seeds were placed in one of the two foodwells. After 
receiving its reward, the door was closed and a foodwell 
rebaited. The reward alternated between, foodwells by a 
fixed random series (Gellerman, 1933) to prevent position . 
habit. Since the movement of the door frightened the 
animals, they had to become accustomed to this before the 
next step of pretraining started.

Next a sham problem was placed behind, but not 
covering, one foodwell and only this well contained a 
reward. The position of the problem alternated randomly 
between the two foodwells. Gradually the problem was moved 
over the foodwells so that by the end of pretraining the 
animal had to move the problem completely off of the food- 
well and take its reward 100 times. The criterion of 100 
was taken from Nagel (1967).

Testing Procedure 
Each ground squirrel was tested on 50 different 

visual DLS, usually in the afternoon between 12:00 and 
5:00 P.M.



21
Each problem consisted of two objects randomly 

paired by numbering each object and drawing pairs of 
numbers out of a hat. One object of each pair was correct 
and the other wrong, decided by a flip of a coin.

A problem was pfaced on the test tray covering the 
foodwells. The reward was placed in the subsidiary food- 
well s, both always contained a reward to prevent odor cues.

To make a response the animal pushed the object 
completely off the foodwell (Figs. 10 and 11). This 
constituted a trial. The position of the next trial was 
determined by the GeHerman schedule, used in this experi
ment as set up by Nagel (19 67).

Schedule 1: LRRLLRLLRRRLRRLLLRRLLLRLRLLRLRRLLRRLRRLL 
Schedule 2: LLRLRRRLLRRRLRLRRLLLRRLRLLRRLLLRRLRRLLLR

The ground squirrels were only rewarded for a correct
response.

The between trial period was about 10 seconds. If 
the objects did not change.positions, they were moved about 
anyway, to prevent the animal from distinguishing by sound 
between trials when problem position was changed and those 
when the position remained the same. Also the problems 
were washed before each animal was permitted to start on 
it, this was done to prevent any possible olfactory cues 
being passed on from animal to animal.

Each ground squirrel was required to learn each 
problem to a criterion of 9 correct responses out of 10,
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Fig. 10. Spotted ground squirrel working a problem

Fig. 11. Round-tailed ground squirrel working a problem.
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excluding trial one. If this criterion was reached before 
the completion of 30 trials a new problem was started and 
tested until 40 trials were completed. If an animal 
completed 30 or more trials in a day, testing was termi
nated and continued the following day. If an animal was 
working on schedule 1 at the end of a day, it was started  ̂

on schedule 2 the next day and vice versa. If an animal 
completed one problem and started the next one thex
schedule was also switched.

The animals usually were not starved. When an 
animal refused to do a problem, it was not fed for a 
maximum of two days. The ground squirrels were not fed 
until after they had worked their trials for the day.



RESULTS

Tables 3 and 4 show the time spent in pretraining 
and training of each ground squirrel„ •

When t tests were run comparing the mean number of 
days spent in pretraining for the two species and when t 
tests were run comparing the mean number of days spent in 
working problems, there was no significant difference 
between species in amount of time spent in pretraining or 
problem solving„

It was observed that the animals tested during the 
winter months were more reluctant to do their daily trials 
than those tested in the spring,,

Statistical Analysis

Learning Curves
The resulting learning curves for the two species 

of ground squirrels (Fig. 12) shows that they learned from 
one block of ten problems to the next by decreasing the 
average amount of errors per block. This is supported by 
the analysis of variance (Table 5) run on the average 
number of errors for each animal for each ten problem 
block, which also showed a significant improvement in 
learning' from block to block. Since the analysis of 
variance for species did not show a significant difference

24
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Table 3„. Time spent in pretraining

Species
Animal 
no . Sex Dates Time

Spermophilus 
t e retfcaudus

la F 23
7
Aug. - 9 
Jan.- 6

Sept. 
Mar .

18 days 
31

2 M 31 Aug.-10 Sept. 11 i
3 M 4 Oct.-17 Oct o 14

Spermophilus.

4 M 4 Oct.-20 Oct. 17
18.2—x

spfToso-ma 4 F 4 Oct.- 2 Nov. 27
5 F 1 Nov.-13 Mar. 133

t = 1.4 NS

6 F 1 Apr.-14 Apr. 15
58.3=y

NS means nonsignificant
aThis ground squirrel was completely pretrained but 

went into hibernation before training was started.•
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Table 4. Time spent in.problem solving.

Species

Spermophilus 
tereTTcaudus

Spermo philus 
spilosoma

Animal 
no .

1
2

3
4

4
5
6

Dates

7 Mar. -10 June 
11 Sept.-22 Feb. 
18 Oct. 26 Feb. 
21 Oct. -13 Jan.

3 Nov. -25 Feb.
14 Mar. -15 May
15 Apr. - 6 June

Time

96 days
165
128
92 
120.2=x

115
63
53

. 7 7.0=y
t = 1.4 NS
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Table 5. DLS--analysis of variance table for errors to 

criterion.

Source SS df MS F

Species 9 1 9.0 • .08 NS
Blocks 3462 4 865.5 2.8 Sig.
Specie s x blocks 410 4 102.5 .32 NS
Ss/sp 590 '5 118.0
Ss/Sp x B1 6243 20 312.1

NS~-nonsignificant. 
Sigsignificant. 
SS-- sum of squares.
df--degrees of freedom.
MS--mean square.
F--ratio of two mean squares.

in learning visual 
difference between

Trial One Performance
GeHerman schedules 1 and 2 each started with the , 

correct object positioned on the left. Therefore each 
time a new problem was presented to the test animals the 
correct object for trial one would start on the left. It 
would be interesting to see if the test animals learned 
this. The 50 problems were divided into two blocks of 25.

DLS between species, the apparent 
learning curves is not significant.



If the animals were responding randomly, then for each 
block half of the responses (12.5) would be correct or on 
the left. This then was the hypothetical or expected mean 
for each block. A t t e s t  (t = y - h/sy), where b is the 
hypothetical mean, is given by Ostle (1954). This tests 
if there is a significant difference between k and the 
obtained mean. To find the obtained mean the number of 
correct responses on trial one were summed for each animal 
for each block then a mean was obtained for each species 
for each block (Table 6). Neither species showed a 
significant difference from the hypothesized mean.

/

Table 6. DLS~-number of correct responses on trial one.

Animal % ' %
Species no. Block 1 Correct Block 2 Correct

Spermophilus 1 20 80 12 48
tereticaudus 2 12 48 13 52

: 3 9 36 14 56
4 14 56 21 84

y=13.8 x=55.0 y=15.0 x=60.0
Spermophilus 4 15 60 10 40
spilosoma 5 13 52 9 36
"™™ ™  6 12 48 18 72



Trial Two Performance
Trial one for each problem is an informing trial, 

i.e., it "tells" the animal which object is correct. If 
an animal is able to utilize this information, then trial 
two performance should be significantly higher in correct 
responses. Random responses, of course, would yield 50 per 
cent correct. Harlow (1949) found that Macaca monkeys 
performed better than 97 per cent correct on trial two. He 
concluded that they utilized information gained in trial 
one.. To see if this was true in ground squirrels trial 
two correct responses were summed and averaged for each 
animal's performance for each block of tests (Table 7).
A t test was utilized to determine if the resulting mean 
was significantly different from hypothetical mean. The 
results for block one showed neither species responding 
better than chance on the trial two performance, but the 
results for block two showed both species responding 
correctly significantly above chance.

Harlow (1949) observed that his monkeys performed 
better than 97 per cent correct on trial two and concluded 
that this constituted problem solution. If this was also 
true for the ground squirrels, they would have practically 
zero errors after the trial two response and reach cri
terion rapidly. A t test was used to compare the mean 
number of errors to solution after a trial two correct 
response for each species with the hypothesized mean of
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Table 7. DLS--number of correct responses on trial two.

Species.
Animal 
no . Block 1

%
Correct Block 2

%
Correct

Spermophilus 1 12 48 14 56
teretTcaudus 2 12 48 21 84

3 13 52 18 72
4 18 72 16 64

y=13.7 x=55.8 y-17.3 x=69 .0
Spermophilus 4 15 60 21 8.4
spxTosoma 5 13 52 18 72

6 12 48 19 76
y-13 .3 x=53.3 y=19 .3 x= 7 7 .3

zero (Table 8). The ground squirrels did not immediately 
solve the problems after a trial two correct response.

Nagel (1967) utilizes a chi-square test to deter
mine interference between trial one and trial two, since 
all trial ones start on the same side. The per cent of 
correct responses on trial two following a correct response 
on trial one are compared with the per cent of correct 
responses on trial two following an incorrect response on 
trial one. The results are given in Table 9.

The results showed a significant difference for 
block two for both species.

Error Factor Analysis
Riopelie and Chinn (1961) have pointed out that the 

initial responses of a subject to a new learning situation
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Table 8. Mean number of errors to solution after a trial 

two correct response for block two.

Species
Animal 
no . Mean t P

Spermophilus 1 9.7 3.2 .01
tere 11caudu s 2 , 14.7 4.5 .001

3' ! 12.6 5.6 .001
4 6.3 . 2.8 " .02

Spermophilus 4 11.3 5.8 .001
spilosoma / 5 7.7 3.6 .01

6 7.2 5.5 .001

Table 9. DLS--per .
following 
trial one.

cent correct response on trial two 
a correct or an incorrect response on

Species Block
No. resp. No. 
trial 1

cor. resp. 
trial 2

% correct 
trial 2

Spermophilus ,1 C 55 29 52.7
tereticaucfus I 45 24 53.3

2 C 61 45 73.7
I 39 24 61.5

Spermophilu s 1 C 36 17 42.2
spiTosoma I 39 22 51.3

2 C 37 26 70.0
I 38 31 81.8
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are not purely random in nature or sequence; instead they 
appear to occur in systematic order and patterns„ The 
analysis of these patterns is error factor analysis.
Harlow (1959) lists four error factors: stimulus™ 
perseveration, position habit, differential cue, and 
response shift =

- • 1
Harlow (19 59) defines differential cue as the trial

on which the object first changes position:
. . . on arny particular trial of a nonspatial
discrimination there is ambiguity between the 
object rewarded and the position rewarded.
When a subject displaces a stimulus and obtains 
a reward, both the stimulus object hiding the 
food and the position of the object and food 
are simultaneously rewarded. To solve the non
spatial problem, however, the animal must learn 
to.choose the object previously rewarded whether 
or not on a particular trial it occupies the 
position previously rewarded (p. 515).

Harlow (1959) defines response shift, as a strong 
tendency to respond to both stimuli in the object- 
discrimination learning situation. It is thought to be 
related to an exploratory tendency in the subjects.

Since both GeHerman schedules started on the left 
neither of these error factors were analyzed statistically 
for'these errors were compounded with position habit.

Harlow (19 59) defines stimulus perseveration as an 
animal preference for one stimulus over the other one.

Stimulus perseveration errors were analyzed for 
each animal for trials one through ten for each block of 
25 problems in the manner discussed by Nagel (1967). First
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the probability of error for each trial was determined.
For example, if five errors were made for trial one out of 
the 25 problems then „2 is the probability of error for 
trial one. This was done for each of the remaining ten 
trials. Probability of consecutive error for trials two 
through ten are found by multiplying the probability of 
error for each trial. Thus if the probability of error 
for trial one is .2 and. for trial two is .5 then the 
probability of consecutive error for trial two is (.2)
(.5) = .10. If the probability of error for trial three 
is .5, then the probability of consecutive error for trial 
three is (.2)(.5)(.5) = .05. To obtain the expected number 
of consecutive errors for each trial multiply the proba
bility of consecutive error for that trial by the number 
of problems in the block.

Observed consecutive errors were determined by 
counting the number of consecutive errors for trial one 
until a correct response was reached. For example, if 
trials one and two are wrong on 15 of the 25 problems for 
the first block then there are 15 observed consecutive 
errors for trial two. If in ten problems trials one, two, 
and three are wrong, then ten is recorded for trial three 
observed consecutive errors. This is continued until all 
consecutive wrong errors are recorded.

The number of expected errors is subtracted from 
observed errors for each trial and the results summed to
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obtain total stimulus perseveration errors (Table 10).
If animals did not preserve a positive response for a 
given stimulus of a pair, then the stimulus perseveration 
error factor would be zero. At times the number of 
expected errors is greater than the number of observed 
errors, resulting upon subtraction in a negative number.
To avoid such negative numbers ten is added to the result 
of the subtraction. Thus, in the data presented here, the 
hypothesized mean would be ten and not zero.

Table 10. DLS--stimulus perseveration errors, trials 2-10.

Species
Animal 
no .

Stimulus perseveration errors
Block 1 t Block 2 t

Spermophilus 1 4.9 .6
tereticaudus ' 2 -6.6 . 64 6.7 2.33

3 3.4 NS 1.7 NS
4 5.4 7.7

Spermophilus 4 4.2 - .5
spTTosbma 5 • -0.2 1.86 -3.4 1.97

6 5.3 NS -1.3 NS

• The t test outlined by Ostle (1954) was used to
test a hypothesized mean with the obtained mean for each
species for each block. The ground squrrrels did not show 
significant stimulus perseveration errors.
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The last error factor is position habit. This has 

been defined by Harlow (19 59) ass ”. . . consistent 
responses to either the right or left foodwell regardless 
of the position of the correct object" (p. 518). In 
primates this seems to be an unimportant error source 
(Harlow, 1959} but both Nagel's Dipodomys and the ground j 
squirrels in this study showed a significant position habit.

■ Position habit is determined by counting the number 
of errors to the left and number of errors on the right in 
the first ten trials for each block of "25 problems. A chi- 
square test for significance was used with an expected 
value of a one to one ratio between errors, left and errors 
on the right (Nagel, 1967). In the ground squirrels 
(Table 11) there was a very significant position error 
factor in the presolution period. Position preference 
(left or right) varied with individuals and none switched 
position preference between.blocks.

Since position habit is an important error factor, 
an analysis of variance was run. Nagel (1967) described a 
method for obtaining values for position habit in quantita
tive terms. This was calculated by R-L/R+L, where "R-L is 
the absolute value of this difference." The results 
(Table 12) indicate that the two species do not differ in 
degree of position habit nor is there an increase in posi
tion habit from one block to another.
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Table 11. DLS--data for position- habit errors ? trials 

1-10.

Species
Animal 
no . Block

Errors
R

Errors
L X2

Spermophilus 1 1 71 38 9 . 8*
tefeticaudus , 2 42 47 .3 NS

2 1 61 68 .4 NS
2 31 61 9 . 8*

3 1 42 72 7.9*
2 26 55 10.3*

4 1 64 45 3.3 NS
2 44 ' 27 4. 1**

-Spermophi lus 4 1 29 79 23 . 2*
spilosbma 2 11 . 77 45.8*

5 1 65 44 4.0 'wwv
2 53 41 1.5 NS

6 1 76 43 7. 0**
2 57 24 13 . 4*

NS--nons i gni f i cant.
*Significant at .005.
**Significant at .01. 

ignificant at .05.
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Table 12. DLS--analysis of variance table for relative 

position habit errors.

Source SS df MS F

Species .01 1 .10 2.50 NS
Blocks .10 1 .10 .83 NS
Species x blocks .01 1 .01 .08 NS
Ss/sp .23 5 .04
Ss/sp x bl .60. . 5. .12

NS--nonsignificant.
SS-"Sum of squares. 
df--degrees of freedom. 
MS--mean square.
F--ratio of two mean squares.



DISCUSSION AND CONCLUSION

This study demonstrated that these two species of 
ground squirrel have the ability to utilize visual cues and 
learn from experience to modify their behavior„ This has 
also been shown to be true for six other species' of wild 
rodentsi four species of Dipodomys (Nagel, 1967), 
Spermophilus variegatus (King, 1965), and Neotoma albigula 
(Rees, 1968).

Since this experiment was modeled after those of 
Nagel (1967) and King (1965), then tentative comparisons of 
learning ability should be possible. D. deserti and D. 
ordii and _S. tereticaudus had the slowest learning set 
curves. _S. tereticaudus had a learning curve similar to 
that of D. deserti with D . ordii slower than this but not 
significantly so. The learning set curves of D . spectabil-is 
and D. merriami are a little better than that of £>. 
spilosoma. ' S. variegatus has the best learning set curve 
being a little better than D. spectabilis and D „ merrjami. 
Since the curves of D. spectabilis and D . merriami are 
significantly different from those of D . deserti, the 
learning set curve of £. variegatus may be significantly 
different from S. tereticaudus though an analysis of 
variance would be needed to verify this.
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These comparisons are tentative since some 

variables were not held constant among the three experi
ments. Further testing is needed to determine what 
effect, if any, these had on learning. For example, 
experiments done with Dipodomys and _S. tereticaudus and S. 
spilosoma all used adult animals taken from the field. The 
_S. variegatus were nine month old animals that were hand 
raised. It would be interesting to know if this dis
crepancy affected learning ability. In other words, is 
there a difference between adults and juveniles (adults 
possibly having more experience that might affect learning 
ability) and is there a difference between laboratory 
raised subjects and those taken from the field? Animals 
taken from the field would have different experiences among 
themselves and from those of laboratory raised animals. 
Would this noticeably affect learning? Possible differ
ences in the experimenter variable may need to be con
sidered. , That is, do all the experimenters run thei
experiment exactly the same way? While I was ill for six 
days, the animals refused to do their daily trials for 
another experimenter. Also does photoperiod affect learn
ing? Nagel used a 12 hour photoperiod, I used a varying 
one, and Kind did not report what he used.

The time spent in pretraining ranged from 11 to 133 
days (Table 3) . The _S. variegatus used by King took five 
days and Nagel's Dipodomys ranged from five to ten days in
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pretraining. Rees (1968) only stated that _S. tereticaudus 
were easier to pretrain than N. albigula„ This discrepancy 
in amount of time needed to pretrain animals could be due 
to species differences in the "temperament" of the animals. 
Being raised in captivity 'may also be a factor. Rees used 
S. tereticaudus that he raised from juveniles but, unfor
tunately, he did not indicate the time needed in pretrain
ing . Thus, comparisons with those I took from the field as 
adults cannot be made. King used adult _S. variegatus that 
he raised from juveniles. Nagel and I used animals that 
were adults when taken from the field. Rees notes a 
species difference, in those raised from juveniles, S. 
tereticaudus, pretraining easier than Neotbma albigula.

Although the amount of time for pretraining between 
S . tereticaudus and £. spilosoma is not significantly dif
ferent for this small sample size, the difference was 
noticeable to me. During pretraining the S. tereticaudus . 
was calmer and more docile than the nervous-temperamented 

spilosoma. This difference may have affected the amount 
of time needed for pretraining. Also a fourth Spotted 
ground squirrel did not pretrain.

All studies of discrimination learning in rodents 
have involved a small sample size: King utilized only.four 
animals; Nagel, five of each species; Rees, five of each 
species; and I used four _S. tereticaudus and three S. 
spilosoma. It would take years for one person to obtain a
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large sample size. Five to ten experimenters, utilizing 
identical techniques, would be needed to obtain large 
sample sizes within a short period of time. '

An obvious shortcoming of a small sample size is 
that a cross section of the population is not obtained. 
Another is that identical results may be statistically 
significant when obtained from.a large sample and not 
significant when based on a small sample. In this experi
ment the differences in learning between the _S. tereticaudus 
and S. spilosoma were not statistically significant. 
Identical differences in curves may become statistically 
significant with larger sample sizes.

The difference in amount of time needed to solve 
problems to criterion (Table 4), while not statistically 
significant between species, was very noticeable to me.
Note that Table 4 shows that Spotted ground squirrel #4 
started on 3 November, well after Round-tailed ground 
squirrel #3 (18 October) and Round-tailed ground squirrel 
#2 (11 September). Yet this squirrel finished within four 
days time of the two Round-tailed ground squirrels that had 
started much earlier. Spotted ground squirrel #5 and 
Spotted ground squirrel #6 started after Round-tailed 
ground squirrel #1 and finished earlier.

What caused these apparent differences? The 
Spotted ground squirrels, once pretrained, for the most . 
part were "model” test animals. They paid attention to
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the problems and did their daily trials without trying to 
escape or sit in a corner;. The most noticeable variation 
from this was Spotted ground squirrel #4, which was tested 
during the winter months, occasionally sat in the corner 
refusing to do the daily problems.

Roung-tailed ground squirrels were not as coopera- 
tive and often paid little attention to the problems. The 
three males tested during the winter months often simply, 
sat or tried to escape. The female tested in the spring, 
.after hibernation, was much more cooperative. She rarely 
became escape oriented and even more rarely simply sat in 
a corner, Perhaps time of year affects behavior.

Sex also may affect behavior. Since all Spotted 
ground squirrels tested were females, sex differences could 
not be observed. Does season of the year or sex have any 
affect on learning? The individual curves of these 
squirrels of each species do not differ much among species 
and overlap one another within a species, so that in these 
animals there was not a noticeable difference. Nagel 
(1967) did not find any sex differences for Dipodomys in 
learning visual DLS. In an abstract of an Italian article 
by Incerti and Pasquall (1967) it is reported that they 
found that for Mus muscuius, wild, semi-wild, and domestic, 
there were significant- differences in exploratory behavior 
which were attributable to genetic differences, to sex and 
(for females), to the different stages of the sexual cycle.
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Besides time of year, eating habits may have 

affected their reaction to the problem situation. During 
the experiment, the Spotted ground squirrels would work 
their daily problems even if uneaten rat pellets were left 
in their cages from the day before. This was not always 
true for the Round-tailed ground squirrels. After the 
experiment one Spotted ground squirrel and one Round-tailed 
ground squirrel were kept well fed on various foods such as 
rat chow, lettuce, celery, watermelon, mesquite beans, and 
sunflower seeds. The Spotted ground squirrel always ate 
the foods (except rat chow) immediately upon presentation, 
the Round-tailed ground squirrel would eat them but often 
several hours.after being given the various foods. Con
versely when the Round-tailed ground squirrels were not fed 
a day or two during the experiment they would immediately 
eat.

Time of day may also affect behavior, for the test 
animals did not readily test at night. Evening testing was 
tried only twice. More statistical data would be needed to 
determine the effect of different testing times on behavior 
and learning.

Even though the Round-tailed ground squirrels 
refused to work their trials for one or two days at a time, 
this did not seem to affect their overall learning curve. 
When again cooperating, they often would finish the problem 
they had been on and go on to the next one. Further
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indication of their ability to retain learning was supplied 
when the experimenter was unable to test the animals for 
six days. Someone else tried to test them for two days but 
the animals refused to cooperate„ Upon returning, both 
Round-tailed ground squirrels #2 and #3 immediately com
pleted the problems they had been working on six days
earlier and started the next problem, one of them com-.
pleting this problem also. Spotted ground squirrel #4 
completed the problem she had been on six days earlier on 
the following day. These animals were on their last 15 
problems at this time. Memory and forgetting need statis
tical testing. In an abstract by Coester and Riedesel 
(1969) they mention that in pilot studies hibernating Sh 
tridecemlineatus may have better memory than the non- 
hibernating controls.

In Appendix I it is noted that in the table of raw
data there are some problems that were learned with
noticeably less errors than others. Therefore, the animals 
may have reacted to some stimulus present in some problems 
but not in other’s. Since size, shape, color, and materials 
were not each individually controlled it would be hard to ■ 
say what the effective cues were. To analyze just what 
they were each factor would need to be individually con
trolled. Also other senses besides vision need control in 
future experiments of this type such as olfactory, tactile, 
and taste cues. All the animals, smelled and touched the
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problems o- They all tasted from two to four of the 
problems? but they did not taste the same ones. Two 
ground squirrels tested in the spring, one Spotted and one 
Round-tailed, dragged one object of problem 45, a piece of 
cotton, into the apparatus and ignored the foodwell. After 
I retrieved the cotton a few times, the animals started 
exploring the foodwell, found no reward, and then responded 
to the correct object, a piece of chalk. They may have 
considered it good nesting material. No other animal 
showed this reaction,

A possible way to control taste, tactile, and 
olfactory cues would be to completely encase each problem 
object in clear plastic. Rees (1968) placed a piece of 
plexiglass in front of the problems. These results could 
not then be compared for learning ability.with other workers 
such as King and Nagel for the plastic may have affected 
vision and also blocked other cues the animals might have 
utilized. Possibly the plastic did affect his results, 
since his squirrels did not learn as well as the Round
tailed ground squirrels in this experiment. Whether the 
difference is significant is not known. His experiment and 
problem presentation to the animals were also somewhat dif
ferent which may also have affected re suits. To determine 
if encasing the problems in plastic affects learning, the 
experiment should be run in exactly the same way as 
previous experiments.
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Stimulus perseveration did not significantly affect 

learning in these ground squirrels„ Position habit did 
affect learning. Nagel who found that position habit 
influenced learning in Dipodomys attributed this to the 
fact that rodents occupy dark burrows where position and 
not vision is an important cue. Animals, such as monkeys j 
and cats that roam more freely to search for food, show 
visual perseveration habits more commonly than position 
habit. This probably results from their dependence upon 
visual configuration, more than position, for food.

The trial one performance was not significant and 
thus it can be .concluded that these ground squirrels did 
not utilize the clue that a new, problem always started on 
the left, ,

The trial two performance showed that the ground 
squirrels were utilizing trial one performance to make a 
correct choice on trial two, yet this did not lead to 
problem solution. This may be because the ground squirrels 
were still utilizing the error factor position habit and 
this was interfering with direct problem solution. King’s 
(1965) study of £. variegatus showed a 69% trial two 
performance over 80 visual DLS with no values reported for 
significance.

The test for significance of interference between 
trial one and two was significant for block two in both 
species. According to Riopelle and Chinn (1961), this has'
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to do with errors after a rewarded trial one response and 
a nonrewarded, trial one response. If the animal makes a 
high per cent of correct choices after both a nonrewarded 
and a rewarded trial one performance then it is responding 
to the object rather than position. Thus in these results 
the ground squirrels in block two are responding signifi
cantly higher in per cent correct after a rewarded or non
rewarded trial one and thus are paying attention to the 
object. This would also agree with the significant value 
for correct trial two performances.

The experiment has shown that in the sample size 
used, no statistically significant difference existed

V
between the learning ability as measured by visual DLS of 
these two species. As stated in the Introduction and 
documented in Appendix II, these two species of ground 
squirrels differ greatly in their ecological tolerances. 
Nagel proposed, on the basis of his studies with Dipodomys, 
that species with faster learning abilities, as demon
strated with visual DLS had wider ecological tolerances 
than closely related species with slower learning abilities. 
Thus it is obvious that many additional studies must be 
made before any definite conclusions concerning relation
ships between learning abilities and ecological■tolerances 
can be reached.
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Several problems remained unanswered. For example, 

the actual role played by learning when an animal invades 
a new habitat has not been established.

Even though an animal has the ability to learn and 
to accordingly modify its behavior, in the laboratory does 
not necessarily mean tha't this is the main factor in 
permitting a species to successfully invade new habitats. 
Barriers such as altitude, temperature, rainfall, vegeta
tion, soil type, bodies of water, and mountains may limit 
distribution (Darlington, 1957) . Even if a species does 
successfully cross a barrier, many factors may cause non
survival in the new habitat. The organism may not have the 
physiological tolerance to withstand new environmental 
conditions. Competition for food, shelter, or living space 
with an established species may result in the nonsurvival 
of the invador. The lack of suitable food, or shelters or 
the presence of parasites, predators, or diseases might well 
doom such an invasion. Few of'these factors could readily 
be overcome even by animals of exceptional learning 
abilities.

Just what controls an individual’s ecological 
tolerance is not completely known. Most studies done to 
date have involved investigations of a few specific 
environmental parameters, often temperatures. Obviously 
many factors contribute to ecological tolerance. Factors 
of critical importance to one species at a given time in
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its life may be relatively unimportant to other species or 
even to .the same species at a different point in its life 
history „ More studies, especially of factors controlling 
ecological tolerances of closely related species of 
contrasting ranges of tolerances must be made before the 
role of differing learning rates can be properly evaluated ̂

Hudson (1964) pointed out that of the ground 
squirrels studied physiologically the one with the largest 
range and success in numbers was a nonhibernator 
( Ammospermophilus leucurus) . The hibernator ( S>. mohavensis ) 
has the smallest numbers and most restricted range. _S. 
tereticaudus was intermediate in range size, population 
numbers, and ability to hibernate. He did not state 
whether he thought that a wider geographic range also means 
more ecological tolerance.

Hudson’s findings lead to the conclusion that 
hibernation may restrict an animal’s ecological tolerance. 
Studies comparing ecological tolerance with ability to 
hibernate in all ground squirrels would help validate the 
conclusion.

Ability to learn may play a part in adapting to new 
habitats but it is not necessarily the controlling factor. 
Learning along with other physiological, morphological, and 
behavioral characteristics of the animal probably all act 
together in adapting (through selection) an animal to 
varied habitats. -



SUMMARY

Two species of ground squirrel (Spermophilus 
tereticaudus and S. spilosoma) were tested on 50 visual 
Discrimination Learning 'Sets in i the Wisconsin General 
Testing Apparatus. A compilation of data concerning the 
habitats of each showed that _S. spilosoma had a wider 
ecological tolerance than _S . tereticaudus . An earlier 
study by Nagel (1967) demonstrated that two species of 
Dipodomys with wider ecological tolerance learned signifi
cantly better than two related species with narrower 
ecological tolerances. He concluded that there may be a 
correlation between learning and ability to withstand 
wider ecological tolerances.

Many variables that may affect learning, such as 
age, photoperiod, sex, and laboratory raised versus field 
subjects, are discussed.

The possibility that sensory cues other than 
visual cues may enter into the animal1s solution of the 
problem is raised and possible effective cues in learning 
are discussed. '

Two error factors were statistically analyzed. 
Stimulus perseveration was not significant but position 
habit was. The latter may be correlated to these rodents 
utilizing position cues to move in dark burrows.
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Trial two performance was analyzed- for correct 

responses following the trial one informative trial. The 
results showed a significant trial two performance on block 
two for both species to be significant. A statistical 
analysis was done to see if this led to problem solution as 
it did as Harlow (1949) found in Macaca monkeys. It was 
shown that it did not. Possibly position habit was still 
interfering with learning.

No significant difference in learning abilities 
was found between these two species of ground squirrels 
that have differing ecological tolerance. Physical barriers 
often limit distribution. Even if a species crosses a 
barrier other factors, such as competition from another 
species, disease, predation, or physiological incompata- 
bility with the environment, might prevent establishment in 
the new habitat. Hibernation as a possible factor in 
limiting ground squirrel distribution was discussed..

Thus the role of differing learning abilities is 
unclear and additional studies must be made before conclu
sions concerning relationships between learning abilities 
and ecological tolerances can be reached.



APPENDIX I

DISCRIMINATION LEARNING SET--ERRORS TO CRITERION 
FOR INDIVIDUAL SUBJECTS, PROBLEMS 1-50

Problem
number

S. tereticaudus .S. spilo soma
1 2 3 4 ' 4 5 6

1 48 30 59 36 4 46 51
. 2 15 29 59 23 24 58 15
3 51 33 79 7 ' 52 77 136
4 10 18 34 21 51. 55 85
5 47 59 93 46 5 9 59
6 6 19 24 9 38 70 42
7 36 : 43 5 25 17 48 5
8 8 19 53 30 28 29 26
9 81 30 60 31 40 39 27
10 4 62 14 9 11 5 2
11 6 23 22 16 5 10 9
12 136 79 16 4 35 81 17
13 30 47 37 27 21 26 ' 6
14 0 20 22 1 7 23 2
15 17 1 0 0 1 13 3
16 40 63 12 62 38 8 3
17 29 45 13 7 27 4 7
18 2 12 5 23 37 2 1
19 18 27 15 3 0 6 3
20 14 17 33 57 16 24 9
21 79 60 . ; 52 36 8 2 11
22 34 50 33 16 12 21 6
23 29 58 36 11 13 61 8
24 65 2 104 6 18 23 2
25 11 22 34 21 . 19 39 14
26 7 6 .9 0 4 17 9
27 2 5 . 19 44 16 10 8
28 8 3 12 0 9 38 13
29 3 17 3 0 5 7 15
30 11 22 34 21 12 21 4
31 2 1 3 0 1 6 6
32 : 12 29 5 0 5 2 6
33 2 27 22 34 18 21 3
34 21 28 7 23 1 8 ' 2
35 5 4 3 2 4 22 3
36 12 1 ' 17 8 11 15 2

53



roblem 
im.be r

S. tere ti caudus S. spilosoma
54

1 2 3 4 4 . 5 6

37 7 17 1 16 8 . 3 1
38 33 17 31 30 2 18 40
39 3 2 4 16 8 9 7
40 56 23 14 11 16 8 23
41 . 32 41 31 34 5 12 20
42 • 0 4 - ' 1 2 2 1 4
43 3 4 4 11 21 20 • 3:
44 0 13 7 8 5 2 9
45 14 36 . 20 5 5 10 3
46 12 8 8 22 13 17 6
47 5 3 16 • 5 11 8 3
48 47 21 4 4 6 6 10
49 17 7 12 O' 2 9 4
-50 2 0 1 4 16 2 5



APPENDIX II

HABITAT DESCRIPTIONS FOR SPERMOPHILUS 
TERETICAUDUS AND S. SFTnTSUHT"

Spermophilus‘ tereticaudus

Arizona
Drabek (1967) found £. tereticaudus in the 

creosotebush plains in the lower bajadas (and possibly 
streamways of the lower bajadas).

Olin (1965) states that this squirrel Is habitat is 
in desert valleys, and on low mesas that contain alluvial 
soils. He also stated that; "The roundtail is often 
associated with the creosotebush in the hot,, dry valleys 
of Arizona and northern Mexico" (p. 96). He links the 
association of the Round-tailed ground squirrel to 
creosotebush areas not to the ground squirrels preferring 
the creosotebush but to both of them preferring the same 
type of soils.

Dice and Blossom (1937) state that around Tucson; 
"It lives on the sandy soils of desert plains and none were 
observed in the rocky slopes of the desert mountains"
(p. 21). He shot three at the mouth of Sabino Canyon in a 
mesquite dominant area where cho11a and barrel cactus were 
numerous.• Dice caught five in grass and mesquite on the
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Santa Rita Range reserve and saw one in a creosotebusri 
association. One was taken in a cottonwood-willow 
association on Rillito Wash Fort Lowell. Thirteen were 
taken in a cholla-mesquite-hackberry association ten miles 
south of Tucson,

Neal (1964) found these■ground squirrels around 
Tucson in flat, open, sandy soil where the dominant plants 
were creosotebush, mesquite, paloverde, and barrel cactus.

Nevada
t

Hall (1946) states that this ground squirrel is 
found in the Lower Sonoran Life-zone, is partial to sandy 
soils, and is restricted to the creosotebush belt.

Burt (1934) found this species " . . .  low down on 
the desert in creosotebush-mesquite association" (p. 405) 
in southern Nevada.

California
Ingles (1965) states that in California they are 

found in the Colorado and Mohave Deserts in association 
with creosotebush scrub that is found in the hottest, 
lowest, and driest parts of these deserts in the Lower 
Sonoran Life-zone.

GrinneTl and Dixon (1918) described the location 
for three different subspecies of _S. tereticaudus. C. t. 
eremonomus was found on the floor of Death Valley in a 
Lower Sonoran Zone. In this belt it was limited to
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mesquite around the margin of alkali flats, below sea 
level. C. t. chlorus was, found between 200 and 1130 feet 
in the Lower Sonoran Life-zone of the Colorado Desert in 
mesquite sand dunes. C. t. tereticaudus was found in the 
Lower Sonoran Life-zone of the Colorado Desert in mesquite 
sand dunes. ■ C. t.. tereticaudus was found in the Lower |
Sonoran Life-zone in low-lying sandy areas on the Colorado 
and Mohave Deserts. The elevation ranged from 200 feet 
below sea level to 2300 feet above sea level. "It seems 
very particular in its requirements, only level ground of a 
sandy nature being as a rule inhabited at all. Places are 
preferred where sand has been accumulated into mounds about 
the bases of mesquites, creosotebushes or salt bushes"
(p. 669).

In conclusion this animal seems to be restricted 
to areas where’creosotebush or mesquite are present.

Spermophilus spilosoma

Arizona
Maza (1965) found this squirrel in the southeastern 

corner of Arizona at elevations ranging from 3800 to 5000 
feet in desert and plains grassland type vegetation.

Merriam and Stehneger (1890) found these squirrels 
in the San Francisco Mountain Region of Arizona. He found 
the squirrel £>.• _s. obsidianus restricted to the pinon zone 
which consisted of the pinon (Pinus edulis), and the
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" cedar" (Juniperus mono sperma) . He found _S. s_. pra tens is 
inhabiting grassy, openings or in parks in the pine belt.
The pine belt consisted of Pinus ponderosa as the charac
teristic vegetation5 and was a lava plateau between the 
altitudes of 7000 feet and 8800 feet. S_. s_. cryptospilotus
was found in the Painted Desert in this region.

■New Mexico
Mearns (19 07) found this squirrel " . . .  between 

Lordsburg, New Mexico and Alkali Flat to the westwards 
when crossing a series of ridges covered rather scantly 
with creosotebush (Covillea tridentata) [Larrea divaricata], 
where the burrows of this species were abundant, and the 
animals themselves often seen and heard" (p. 334). At 
Deming, New Mexico it was found living under, mesquites. In
the San Simon Valley they were found running from one
creosotebush to another .

Bailey (1931) found them in New Mexico restricted 
to the upper division of the Lower Sonoran Zone, though in 
places they extended into the edge of the Upper Sonoran 
Zone, and "those of the San Augustine Plains are in 
straight Upper Sonoran Zone" (p. 110). He found, them very 
abundant in barren arid valleys of the desert.

The subspecies S. s_. major was found by Bailey 
(1931) " . . .  mainly in the Upper Sonoran Zone of the Rib 
Grande , Pecos and. Canadian River Valleys, but seemed not
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to extend far out into the Upper Sonoran Plains" (p. 112). 
The ground squirrels were abundant over dry mesa, along the 
edge of a valley east of Albuquerque, and some, were on the 
edge of town among the houses. They were absent from 
irrigated land or moist river valleys where the vegetation 
was abundant. They also were found common near Isleta ,
"on the dry sandy hills near the river upon the rocky 
slopes of the first mesa" (p. 113).

The subspecies £. s_. pro tens is was found by Bailey 
(1931) in semiarid Upper Sonoran Zone among junipers and 
nut pines and also in the narrow open valleys that lie 
between areas of scrubby timber. They were found on dark 
soil usually volcanic.

Blair (1941) caught several of these ground 
squirrels in two different habitats in New Mexico. He 
trapped nine _S. _s . major on gray soil in a mesquite 
association near Alamogordo. He also trapped nine on the 
White Sands which are some 15 miles from the gray soil 
area.

Olin (19 65) states they are found on stony mesa 
tops and alkali-stained soil.

Texas
Hoffme ister (1959) states that they found this 

ground squirrel on the sand dunes of northern Chihuahua 
24 miles south of El Paso. "The dunes consist of
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light-colored but not white sands. There are only a few 
scrubby plants, such as mesquite and yucca, growing in the 
dunes" (p. 37).

Oklahoma
Blair (1939) found this ground squirrel on mesquite 

plains and Wichita Mountain.
Warren (1942) observed that they preferred sandy 

soils and lived in burrows under yuccas in the same area as 
Kangaroo rats.

Kansas -
Cockrum (1952) stated that they like dry, sandy 

soil and that they were found in drifted sand by rivers in 
southwestern Kansas.

Utah
Moore (1930) described iS. s. cryptospilotus as 

being found in lighter soils where their burrow entrances 
were under low shrubs especially greasewood.

In conclusion the .Sh spilosoma lives in a wider 
range of habitats and exhibits more ecological tolerance 
than the S. tereticaudus.



LITERATURE CITED

Bailey, Vernon. 1931. Mammals of New Mexico. North Amer 
Fauna, 53i1-142.

Blair, W. Frank. 1939. , Faunal -relationships and geo
graphic distribution of mammals in Oklahoma. Amer 
Mid. Nat., 22; 85-133.

1941. Color variation in the Spotted ground
squirrels of the Tularosa Basin, New Mexico. 
Contributions from the Laboratory of Vertebrate 
Genetics-University of Michigan; Ann Arbor, No. 16.

 ________ . 1942. Rate of development of young Spotted
ground squirrels. J. of Mamm., '23(3);342-343.

Burt, W. H. 1934.. Mammals of Southern Nevada. Trans.
San Diego Soc. Nat. Hist., 7:375-427.

Burt, W. H. and Richard P. Grossenheider. 1964. A Field
Guide to the Mammals. Riverside Press; Cambridge 
Mass. 284 pp.

Cockrum, E. L. 1952. Mammals of Kansas. . Univ. Kansas 
Pubis., Mus. Nat. Hist., 7:1-303.

Coester,. ¥. K. and M. L. Riedesel. 1969. Retention of .
trained visual discrimination behavior by several 
ground squirrels. The J. of Col.-Wyom. Acad, of 
Sci., 7(2):57 abstract.

Colbert, Edwin H. 19 55. Evolution of the Vertebrates.
John Wiley and Sons: New York. 479 pp.

Darlington, Philip J., Jr. 1957. Zoogeography: The geo
graphical Distribution of Animals. John Wiley and 
Sons: New York. 675 pp.

Dice, L. R. and P. M. Blossom. 193 7. Studies of mammalian 
ecology in Southwestern North America with special 
attention to the colors of desert mammals.
Carnegie Inst. Wash. Publ. 485. 129 pp.

Dixon, J. 1922. Rodents and reclamation in the Imperial 
Valley. J. of Mamm., 3(3 ) : 136-146.

61



' , ' 62
Dodwell, P. C„ and D . E „ Bessant. 1961. The squirrel as

an experimental animals Some tests of visual 
capacity. Canad„ J . Psychol -, 15(4)s2 26-2360

Drabek, Charles. 1967. Ecological distribution of the
mammalian fauna of the Desert Biology Station area. 
M. S. thesis, Univ. of Arizona.; Tucson.

GeHerman, L. W. 1933 . Chance orders of alternating
stimuli in visual discrimination experiments. J . 
Genet. Psychol., 42:206-208. I

Grinnell, Joseph. 1918. Geographic variation in Citellus 
tereticaudus. Proc. of the Biol. Soc. of Wash., 
3TTTUTT[U5.

Grinnell, J . and J . Dixon. 1918. The natural history of 
the ground squirrels of California. Cal. State 
Comm. Hort. Monthly Bull., 7(11-12)s597-708.

Hall, E. Raymond. 1946. Mammals of Nevada. University of
Cal. Press: Berkely. 712 pp.

Hall, E. Raymond and Keith R. Kelson. 1959. The Mammals 
of North America, Vol. I. The Ronald Press: New 
York. 546 pp.

Harlow, H. F. 1949. The formation of learning sets. 
Psychol. Rev., 56:51-65.

1959. Learning set and error factor theory, 
pp. 493-537. In S. Koch (Ed.), Psychology: A 
Study of a Science, Vol. 2. McGraw-Hill: New 
York. 706 pp.

Hoffmeister, Donald F. 1959 . A new Spotted ground
squirrel from Mexico. Proc. Biol. Soc. Wash., 
72:37-38.

Hudson, J . W. 1964. Temperature regulation in the Round
tailed ground squirrel Citellus tereticaudus.
Ann. Acad , Sclen. Fennicae^Serie’s ' AT' I\77 2T3T-233 .

Tncerti, Nota di Giuliano and Antonio Pasquali. 1967.
Esperimenti sulle attivita’ esploratorie in topi 
domestic! e selvatici (Mus musculus). Institute 
Lombardo (Rend. Sc.) B TOT," l9"77iT abstract.

Ingles, Lloyd G. 1965. Mammals of the Pacific States. 
Stanford University Press: Stanford. 506 pp.



63
Jaeger, Edmund C. 19 57 . The North American Deserts, 

Stanford Univ. Press: Stanford. 308 pp.
King, J . E . 1965. Discrimination and reversal learning

in the Rock squirrel. Percept. and Motor Skills, 
20:271-276.

Klopfer, Peter H . and Jack P. Hailman. 1967. An Introduc
tion to Animal Behavior. Prentice Hall: Englewood 
Cliffs . 297 pp.,

Linsdale, J . 1946. The California Ground Squirrel. Univ.
Calif. Press: Berkeley. 475 pp.

Maza, Bernardo G . 19 65. The mammals of the Chiricahua
Mountain Region, Cochise Co. Arizona. M. S. 
thesis, Univ. of Ariz., Tucson.

Mearns, Edgar Alexander. 1907. Mammals of the Mexican
Boundary of the United States Part I. U. S. Nat.
Mus. Bull. 56, Part. I. 530 pp.

Merriam, C. Hart and Leonhard Stehneger. 189 0. Results 
of a Biological Survey, of the San Francisco Mt. 
Region and Desert of the Little Colorado. Gov. 
Printing Offices Washington.

Michels, K. M., Gene G. Pittman, L. Hitchcock, Jr., and 
D . R . Brown. 1962. Visual discriminations Tree 
squirrels and quantified stimulus dimensions. 
Percept, and Motor Skills, 15 s 443-450.

Moore, A. W. 1930. Six Utah mammal records. J . of Mamm.,
. Il(l)s87~88.

Nagel, Jerry W. ■ 1967. Some Problems in Visual Discrimina
tion Learning in Kangaroo Rats (Family Heteromyidae; 
Genus Dipodomys). Ph.D. Dissertation, Univ. of 
Ariz., Tucson.

Neal, Bobby J . 1964. Comparative Biology of Two South
western ground squirrels Citellus harrisi and 
C . tereticaudus. Ph.D. Dissertation, Univ. of 
Ariz.-, Tucson.

Olin, George. 1965. Mammals of the Southwest Deserts,
Third Edition. Southwestern Monuments Assoc. 
Popular Series No. 8. Rydal Press: Santa Fe.
112 pp.



64
Ostle, B., 1954. Statistics, in Research. The Iowa State

College Press: Ames.- 487 pp.
Pribram, Karl H . 1969. The neurophysiology of remembering.

Sci. Am., 220(1):73-86.
Rees, Willis Wade. 1968. Discrimination Reversal Learning 

in Round-tailed Ground Squirrels (Citellus 
tereticaudus) and White-throated Wb'odrats (Neotoma 
aTToigulaJT Ph.D. Dissertation, Univ. of Ariz.', 
meson. ;

Riopelle, A. J . and R. McC. Chinn. 1961. Position habits 
and discrimination learning by monkeys. J . Comp. 
Physiol. Psychol., 54:178-180.

Romer, Alfred Sherwood. 1959. The Vertebrate Story,
Fourth Edition. The Univ. of Chicago Press:
Chicago. 437 pp.

________ . 1966. - Vertebrate Paleontology, Third Edition.
The Univ. of Chicago Press: Chicago. 468 pp.

Schneider, Gerald D . 1969 . Two visual systems. Science,
163(3870):895-902.

Walls, Gordon Lynn. 1942. The vertebrate eye and its
adaptive radiation. Cranbrook Institute of Sci., 
Bull. No. 19. 785 pp.

Warren, Edward Royal. 1942. The Mammals of Colorado,
Their Habits and Distribution. Univ. of Okla.
Press: Norman. 300 pp.

Welty, Joel Carl. 1962. The Life of Birds. W. B .
Saunders Co.: Philadelphia. 546 pp.

Woodworth, Robert S. and Harold Schlosberg. 1962. Experi- 
t mental Psychology, Revised Edition. Holt, Rinehart 

and Winston: New York. 948 pp.


