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ABSTRACT 

In Part I the effects of sex and time of testing with respect 

to activity cycle on visual discrimination learning in Dlpodomys 

merriaml were investigated. No significant difference in rate of 

learning attributable to either of these factors was found. Error 

factor analysis failed to reveal systematic response patterns for either 

sex or time of testing. 

In Part II four species of Dlpodomys were oompared on 80 suc

cessive visual discrimination problems for ability to form discrimina

tion learning sets. D. merriaml and D. spectabllls formed a pair which 

learned significantly faster than the pair comprised of D. ordll and 

D. deserti. Differences in learning rates within these pairs were not 

significant. It was noted that the faster learning pair of species ex

hibited greater ecological tolerance than the slower learning pair. 

Error factor analysis for Part II revealed only position habit 

as an important source of systematic errors. All four species exhibited 

significant amounts of this error factor. The significance of error 

factor patterns found in this and other studies were discussed in rela

tion to behavior. 

The evolution of learning was discussed and it was pointed out 

that the evolution of human learning is best studied within the oilier 

Primates. Comparative studies of learning in nonprimates should be 

viewed as a study of the adaptive radiation of learning within the class 

Mammalia; not as steps in the evolution of human learning. 

viii 



INTRODUCTION 

Problem and Objectives 

The evolutionary success of mammals has often been attributed, 

in part, to their increased intelligence (Romer, 1966} Colbert, 1955). 

Although intelligence is difficult to define, the ability to learn is 

obviously an important aspect of it. (The term intelligence is used 

here in its historical subjective sense and should not be confused with 

the various attempts to operationally define it.) This study was de

signed to furnish data on the role that learning plays in the lives of 

native desert rodents. Unfortunately, in most cases it is impossible to 

obtain directly quantitative information on the role of learning in the 

animal's normal activities in its natural environment. An indirect 

approach is to measure the animal's capacity to learn a given task in 

the laboratory and then assume that the results reflect a capacity which 

plays an adaptive role.in the wild. In view of the complexity of the 

learning process it seems plausible that learning capacity is the re

sult of natural selection rather than a fortuitous result of random 

change and mutation. 

Obviously, no one task can adequately measure an animal's learn

ing capacity; however, a systematic approach to the comparative study 

of animal learning will necessitate the investigation of one faculty at 

a time. AI30, interspecies comparison requires a task sensitive enough 

to reveal differences. This study has utilized one task, the formation 

of a visual discrimination learning-set (DLS). The test is comprised of 

1 
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the successive presentation of a large number of visual discrimination 

problems, each problem being presented for either a fixed number of 

trials or learned to a predetermined level of proficiency (criterial 

procedure) before presentation of the next problem. Learning-set is 

then characterized by a progressive improvement in the rate of learning 

of successive problems. This approach has already been used with a 

fair degree of success in differentiating among several primate species 

(Warren, 1965) and also offers the advantage of providing several other 

measures of learning performance such as trial #2 performance and error 

factor analysis which may be of significance when basic learning-set 

curves fail to differentiate subject groups. 

Since the assessment of the role of learning in the lives of 

mammalian species will involve an attempt to correlate variations in 

performance on a given task with variations in the biology of the species 

studied, it is desirable to select subjects from a taxonomic group which 

exhibits great diversity. Of the major mammalian groups, the order 

Rodentia best satisfies this criterion. This study was confined to four 

species of kangaroo rats, genus Dlpodornvs. in an effort to gain informa

tion on the variation in performance which might be found among closely 

related species with some variation in biology. The only other DLS 

studies involving more than one species within the same genus have 

showed little or no difference in performance among three species in the 

genus Macaca (Schrier, 1966) and two species in the genus Mustela (Doty, 

Jones, and Doty, 1967). 

This investigation is divided into two parts. In Fart I two 

experimental groups of Dlnodoigys merriftm^ were maintained on a 12 hour 



3 

light/12 hour dark schedule. Each group consisted of three males and 

three females. One group was tested four hours after the lights went 

on and the other group four hours sifter the lights went off. This 

experiment was designed to determine the effects of sex and time of day 

on learning performance. 

In Part II, the main portion of this study, four species of 

kangaroo rats, Dipodomys merriami. D. spectabills. D. ordll. and D. 

deserti. were trained to a criterion of nine out of ten correct responses 

on a total of 80 different visual discrimination problems. This experi

ment was designed as a comparative study of animal learning. The test

ing of four closely related species under identical conditions is a 

unique contribution to this field of study. 

Biology and Phylogeny 

The following section, a review of the biology and phylogeny of 

the four species of Dipodomys used in this study, is included because I 

feel that an understanding of these factors is necessary for a meaningful 

interpretation of comparative animal learning. 

Distribution.—The genus Dipodomys consists of 22 species con

fined to arid and semlarid brush and grassland from southcentral Mexico 

through the western United States and southwestern Canada. All are 

characterized by saltatorial modifications, having elongated hind limbs 

and tail and relatively small forelimbs. External fur-lined cheek pouches 

utilized for collecting seeds are found in all members of the genus 

(Walker, 1964). 

The four species used in this study differ markedly in the ex

tent of their distribution (Hall and Kelson^, 1959). Dipodomys deserti 
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has the most restricted range, being confined to southwestern Nevada, 

southeastern California, northern Baja California, southern Arizona, 

and northern Sonora, Mexico. The range of D. spectabilis is only 

slightly larger than that of D. deserti. extending from southern Arizona 

and northern Sonora through most of New Mexico and southwestern Texas 

and centrally to the southern portion of Chihuahua, Mexico. The range 

of D. merrlami is considerably larger, covering western Nevada, south

eastern California, most of Baja California, southern Arizona and New 

Mexico, western Texas, and extending southward in Mexico to Aquascalientes. 

ordii has the rao3t widespread distribution of the entire genu3. Its 

range extends from southern Saskatchewan and Alberta, Canada, southward 

to a point slightly south of Mexico City and from central Nebraska, 

Kansas, and Oklahoma in the east to eastern California and mid-Oregon 

in the west. 

Size.—Of the specimens captured for this study, D. ordii and 

D. merrlami were fairly similar in size, having average weights of U9,8 

g (N-5) and 38.5 g (N—7) respectively. D. deserti and D. spectabilis 

were about twice this weight and even more similar, 105.5 g (N-6) and 

96.0 g (N-5) respectively. D. ordii is relatively compact and chunky 

while D. deserti is long and rangy. D. merrlami and D. spectabilis 

fall between these extremes and are fairly similar in shape. 

Habitat.—There seems to be general agreement in the literature 

that D. deserti is found almost exclusively in areas of loose, drifting 

sand and sparse vegetation of shrubs with little or no grass (3enson, 

1935; Durrant, 19-43; Grinnell, 1922; Hall and Kelson, 1959; Vorhies 

and Taylor, 1922). The specimens collected for this study were captured 
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in an area characterized by fine, loose sand and scattered bur sage 

and raesquite. It might be noted that several specimens of D. merriaml 

were also taken at this locality. 

D. spectabilis. in contrast to D. desertl. seems to prefer harder 

soil with short, scattered grass (Vorhies and Taylor, 1922). Burt (1933) 

found both D. spectabilis and D. merriaml on thin, rocky soil in mixed 

desert brush. Calahane (1939) suggested that D. spectabilis in south

eastern Arizona tended to favor grassy areas with less mesquite than the 

D. merriaml found in the same area. Monson and Kessler (194.0) state 

that D. spectabilis prefers nixed grass-shrub in Arizona and New Mexico 

and is seldom found in either pure grass or areas devoid of grass. In 

this study D. spectabilis was taken in areas ranging from pure grass to 

mixed grass-shrub to bare areas with only a few scattered mesquites. 

Soil textures in these areas have ranged from rocky to fine, hard soil. 

In all cases D. merriaml was also taken. 

D. merriami appears to have the widest range of habitat tolera

tion of the four. Lidicker (I960) summarizes that D. merriami prefers 

sandy soil but is able to tolerate a wide range of soil conditions from 

hard and rocky to the loose, shifting sand preferred by C. desertl. He 

concludes that extensive open areas seem to be the most important re

quirement. Butterworth (1964) states that D. merriaml is sympatric with 

D. desertl throughout the entire range of the latter. In this study 

D. merriaml was taken with both D. deserti and D, spectabilis. 

D. ordll seems to prefer firm, fine, sandy soils having a thick 

cover of perennial grass (Borell and Ellis, 1934; Burt, 1933; Davis and 

Robertson, 1944; Long, 1940; Reynolds, 1958). In areas of overlap with 
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D. merrlami this preference seems to maintain an ecological separation 

between the two species. In some areas, however, D. ordii seems to have 

adapted to open areas of shifting sand similar to those preferred by 

D. deserti. Midgeley (1938) noted the occurrence of D. ordii on the 

sand dunes west of Salt Lake City, Utah. 

Food.—All the members of this genus are basically seed-eaters. 

When available, they will also eat some fresh green vegetation. 

Vorhies and Taylor (1922) noted this particularly for D. snectabllls. 

An extremely efficient kidney enables kangaroo rats to exist without 

access to frea water, obtaining all they need from the metabolism of 

their food (Schnidt-Nielson and Schmidt-Nielson, 194-9). 

Reproduction.—Although these speoies show some breeding activity 

almost all year, two peaks occur (Reynolds, 1958), one associated with, 

the spring vegetation peak (around May) and the other with the summer 

vegetation peak (in response to the summer rains of July through September). 

The gestation periods are not strikingly different. D. merriaml. 

with a period of 17-23 days (Chew, 1958), has the shortest. Holdenried 

(1957) reports a period in excess of 27 days for D. spectabilia. Day, 

Egoscue, and Woodbury (1956) report 29 days for D. ordii. Butterworth 

(1961a) gives 29-32 days for D. deserti. 

Litter sizes for these species are small in Comparison to many 

rodents. The information on litter size available in the literature is 

summarized in Table 1. 
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Table 1. Summary of published data on litter size in the four species 
of Dipodomys used in this study. 

Species 
Average 

litter size Mode Ranee 
Sample 
size Source 

D. spectabilis 2.75 - - 12 Holdenried, 1957 

- 2 1-3 67 Vorhies and 
Taylor, 1922 

D. merriami 3.10 - 2-4 32 Alcorn, 1941 

2.02 - 1-3 133 Reynolds, I960 

3.00 3 1-5 72 Hall and 
Kelson, 1959 

D. ordii 3.60 - 2-5 50 Alcorn, 1941 

3.00 - 2-4 2 Borrell and 
Ellis, 1934 

3.00 — 2-4 10 Day, Egoscue, 
and Woodbury, 
1956 

3.50 4 1-6 80 Hall and Kelson, 
1959 

D. deserti 3.90 3 2-5 7 Butterworth,' 1961a 

The species in Table 1 are listed in order of increasing litter 

size based on weighted averages from the studies cited. The information 

on D. deserti should be accepted with caution, not only because of the 

small sample size but also because these figures are based on laboratoiy 

breedings. Data for the other three species were obtained by sampling 

from wild populations. 
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Development.—Unfortunately, no information on the develop

mental rate of D. ordli was available. Table 2 contains comparisons 

for four characters reported by most authors for the other three species. 

Butterworth (1961b) reported that D. merrlaml was fully furred 

at 15 days while D. desertl was not fully furred until 21 days after 

birth. By utilizing this information to fill in an estimate on the 

relative hair development in the second item in Table 2, a relative 

index of speed of development based on ranks of these four characters 

was computed for these three species. D. spectabilis and D. desertl 

were arbitrarily tied since more exact data were not available. Average 

ranks were 1.00, 2.25, and 2.50 for D. merrlaml. D. spectabilis. and 

D. deserti respectively. From this it would appear that D. merriaml has 

a significantly faster rate of post-natal development than the other two 

species. Butterworth (1961b) also concluded that D. merrlami has a 

faster rate of development than D. desertl. 

Longevity.—Information on the potential or normal life of these 

species is extremely sparse. Again, there is no information on D. ordil. 

Hooper (1956) reports four and a half years for D. merrlaml caught as an 

adult in July and held in captivity, and Brattstromm (i960) reports 

five yjars and five months for D. deserti captured as a subadult. Field 

estimates of longevity based on mark and recapture methods include a 

maximum of about two years for D. merrlami (Shew and Butterworth, 1964) 

and D. spectabilis (Holdenried, 1957). Recapture percentages after one 

year in these two studies ranged from 12 to 19% for D. merrlami and from 

14 to 25^ for D. spectabilis. Thus, there is no really good evidence 

for any differences in life span among these species. 



9 

Table 2. DevelopmenteQ. rates of Dlpodomys born in captivity. 

Character Species 
Time 
in davs Source 

Pigment visihle D. deserti 5 Butterworth, 1961b 

2. spectabilis 3 Bailey, 1931 

D. merriami 3 Chew & Butterworth 
1959 

M ti 2 Reynolds, I960 

Hair visible D. deserti - -

2- spectabilis 7 Bailey, 1931 

£.  merriami 5-6 Chew & Butterworth 
1959 

ii ii 4 Reynolds, I960 

Eyes open 2. deserti 15-17 Chew & Butterworth 
1959 

D. spectabilis H Bailey, 1931 

£ •  merriami 11-15 Chew & Butterworth 
1959 

ii ii 13 Reynolds, I960 

Pouching seeds D. deserti 21 Butterworth, 1964. 

spectabilis 25 Bailey, 1931 

fi merriami 19-23 Chew & Butterworth 
1959 

ll ii 15 Butterworth, 1964 

n it 18 Reynolds, I960 
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Behavior.—Observations on the behavior of Djpodomya consist 

largely of a mosaic of notes and incidental comments which are difficult 

to summarize in any coherent form. This section attempts to categorize 

these observations and also some made during this study. 

Frequent observations on the temperament and sociability of 

kangaroo rats have been recorded for both captive and free-living animals. 

The two larger species have been described as quite anti-social and 

aggressive toward members of their own species when confined together 

in captivity (Bailey, 1931; Butterworth, 1961a, 1964; Calahane, 1939). 

D. merriaml. however, is quite sociable and gets along fairly well in 

captivity with others of the same species (Bartholomew and Caswell, 1951; 

Butterworth, 1964; Calahane, 1939). 

Field studies by Reynolds (1953, I960) revealed that D. merriaml. 

with the exception of females during the peak of the breeding season, 

overlapped considerably in home range. Chew and Butterworth (1964) also 

noted this overlap. Vorhies and Taylor (1922) felt that D. spectabllls. 

however, was quite solitary since they never found more'than one 

individual per mound system. 

Davis and Robertson (1944) noted that D. merriami was less likely 

to bite when captured than D. ordll. In this study D. merriaml bit more 

often than D. ordll and D. spectabllls was even more apt to bite. The 

two larger stecies showed a much greater tendency to struggle when handled 

than did the smaller species. D. spectabllls and D. deserti were much 

more nervous than the other two species during testing. D. deaertl fre

quently drummed with the back feet while being tested, the only species 

ever observed to do this. This seemed to be a nervous reaction. 
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Maternal behavior in D. merriaml and D. desertl has been oom-

pared quite extensively by Butterworth (1964-). During parturition 

D. desertl frequently assisted the delivery of young by pulling at the 

fetal membranes and cleaning the inguinal canal while D. merriaml was 

never observed to assist in the delivery. Both speoies were quite 

aggressive toward intruders near a nest box containing young. D. desertl 

always promptly retrieved young placed near the nest box whereas D. 

merriami often failed to do so. When disturbed, D. merriaml would often 

desert the young, but D. desertl was never observed to do this. D. 

deserti seemed to show more elaborate care of the young than did D. 

merriaml. The observations by Reynolds (1958, I960) concerning the 

exclusiveness of female D. merriaml home ranges during the breeding 

seasons suggest that the aggressiveness observed by Butterworth is also 

exhibited in the wild. Both Reynolds and Butterworth noted that the 

females tended to plug their burrow entrances, and Reynolds speculated 

that this kept the young from straying from the burrow. Butterworth 

stated that D. desertl does not plug burrows. It is interesting that 

burrow plugging is done by the species which is less apt to retrieve 

young outside the nest. 

The food collecting capability inherent in the possession of 

pouches by members of this genus suggests a tendency to store food. 

Vorhies and Taylor (1922) found this to be the case for D. spectabilis. 

which stored up to nine pounds of food in its burrow system. These 

investigators also noted separation of different seed types which sug

gested selective foraging among seeds available at a given time. 

However, they failed to find stored food in any of the D, merriaml dens 
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that they excavated and concluded that D. merrlaml did not store food. 

Monson and Kes3ler (1940) also excavated dens of these two species and 

reached the same conclusion. More recently, Reynolds (1958) discovered 

that D. merrlaml does store seeds in small surface caches away from the 

burrow. He determined this by making non-native seeds available and 

later noting the location of these distinctive plants when they had 

sprouted after having been buried by D. merrlaml. 

The burrow systems of these four speoies are of two types. Both 

D. desertl and D. spectabills build large mounds in open areas with 

several large, distinctive entrances. Vorhies and Taylor (1922) noted 

that D. spectabills mounds seemed to be higher and have fewer entrances 

than D. deserti mounds. This greater height noted for the former could 

be attributed to the more compact and erosion-resistant soil in which 

this species normally lives. The burrows of both species were quite 

deep. By contrast, D. merrlaml and D. ordll tend to dig shallow burrows 

located under the cover of shrubs or thick grass with supplementary 

"escape" burrows located throughout the range of the animal. All of 

these secies seemed to have rather well defined runways leading from 

their burrows. 

The following discussion deals with what might be called aware

ness of and response to the environment. Justice (i960) noted that 

bright moonlight tended to suppress foraging activity in D. spectabills. 

D. merrlaml. in contrast, continued to f9rage during these periods but 

restricted its activity to the shadows of bushes and shrubs. He also 

noted that rain suppressed activity outside the burrow. Vorhies and 

Taylor (1922) and Reynolds (1958) observed this same phenomenon for 
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D. spectabills and D. merriaml respectively during rain or snow. Justice 

(i960) found that D. spectabills was sensitive to sharp sounds, and 

Vorhies and Taylor (1922) also report this species to be very sensitive 

to slight sound or movement. On this basis the latter investigators 

concluded that D. speotabllls has both good hearing and good eyesight. 

Benson (1935) observed D. desertl alternately kicking sand at and turn

ing to observe a shadowy area under a bush; he concluded that this was 

a defense mechanism useful in detecting hiding predators. He also con

cluded that this habit accounts for the frequent discovery of traps 

covered with dirt when collecting this species. In this study dirt 

covered traps were found when collecting D. speotabllls but not when 

trapping D. merriaml. Reynolds (1958) found that D. merriaml is capable 

of locating, apparently by means of olfaction, seed caches buried up to 

one inch deep. 

As mentioned previously, kangaroo rats utilize a bipedal, sal-

tatorial locomotion. Bartholomew and Caswell (1951) compared D. merriaml 

and D. panamlntlnus and found that the latter tended to utilize quad

rupedal locomotion at slow speeds whereas the former was almost ex

clusively bipedal. They noted that D. panamlntlnus was a grasslands form 

and concluded that extreme bipedalness might be disadvantageous in a 

thick vegetation environment such as grasslands. In the present study 

D. ordli was the only species observed utilizing quadrupedal locomotion 

to any extent. D. ordli al3o occurs In a thick grassland habitat. 

Phylogenv.—I think the best introduction to this section is the 

following passage from Wood (1935). 
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The most important point to be emphasized is 
that "Parallelism, parallelism, more parallelism, 
and still more parallelism" is the evolutionary 
motto of the rodents in general and of the hetero-
myids in particular. This extends to all parts of 
the body. It makes the task of determining inter
relationships particularly difficult, and renders 
exceptionally dangerous any postulates as to what 
the relationships of a given form may really be, 
if full evidence does not exist to clear the maze 
of parallel adaptations for us. 

If this quote se^ms to be setting the groundwork for begging the question 

with regard to the relationships between the species used in this study, 

it has served its purpose. The taxonomic ordering of the genus Dlpo-

domys is still subject to much disagreement. The following is a summary 

of some of the work on this problem. 

Rodents first appear in the fossil record as the Faramyidae of 

the late Faleocene of North America and early Eocene of Europe (Wood, 

1959). By late Eocene a tremendous radiation from this ancestral stock 

had occurred throughout the world. The heteromyids are considered to be 

derived from Hellscomys of the Middle Oligocene (V/ood, 1935). For many 

yiars they and their close relatives, the Geomyidae (pocket gophers), 

were considered to be derived from a primitive sciuroraorph stock which 

also gave rise to the widespread Sciuridae (Wood, 1935; Lidicker, I960). 

Recent authorities on rodent evolution, however, have tended to regard 

the sciuromorph characters of the Heteromyidae and Geomyidae as examples 

of parallelism and to place these two families in the suborder hfyomorpha 

with the familiar Gricetidae,. Muridae, and several smaller groups 

(VJood, 1958, 1959). 

"The recent genera of the Heteromyidae are divisible into three 

subfamilies: Perognathus and Mlcrodlpodops in the Perognathinae, 



Dipodomys in ths Dipodomyinae, and Liomys and Heteromys in the Hetero-

myinae (Wood, 1935). This separation seems to have been established 

by some time in the Miocene. 

Several attempts have been made to arrange the living species 

of Dipodomys in groups reflecting natural relationships. Many of these 

have been based on the hypothesis that relative degree of specialization 

toward a saltatorial form of locomotion is indicative of relationship. 

In ths following review the discussion will be confined to the species 

under consideration in this study. 

Grinnell (1921, 1922) was one of the earliest writers to attempt 

to group the species of the genus Dipodomys in natural units reflecting 

relationships based on degree of specialization. He listed nine species 

groups in order of increasing specialization. The four species of this 

study were considered by him to comprise four separate groups in the 

order D. spectabilis. D. merrlami. D. ordli. and D. deserti. Wood (1935) 

utilized teeth instead of saltation as an index of specialization and 

listed the four species in the order D. merriaml. D. ordii. D. specta

bilis. and D. deserti. In his listing he did not attempt to show natural 

groupings. Burt (1936), on the basis of the structure of the baculum, 

created three groups, separating D. ordli and D. merriaml in the first 

two groups and placing D. deserti and D. spectabilis together in the 

third group. Setzer (194-9), using saltatorial specialization determined 

from a composite ranking based on six skeletal indices and the relative 

compacting of the visceral mass, created six major groups. On this 

basis D. ordii. D. spectabilis. D. merrlami. and D. deserti are placed 

in four separate groups in that order. Setzer felt that the use of one 
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character to determine specialization and/or relationships as done by 

Wood and Burt was not reliable. Lidicker (i960), however, questions 

Setzer's approach, feeling that it overemphasizes total specialization. 

He believed that specialization does not necessarily reflect relation-

shirs. In this view he is supported by the quotation from Wood which 

introduced this section. Lidicker divided the species of the genus 

into six groups. In this classification D. ordll and JD. merrlaml were 

placed in separate groups. D. spectabllls and D. desertl were united 

in a third group but were placed in separate subgroups. In this system 

£• deserti was considered as a highly specialized member of the D. 

spectabilis group. He acknowledged that it might be desirable to retain 

D. deserti in a separate group following D. spectabllls. In establish

ing this classification Lidicker utilized not only specialization but 

any specific similarities of single characters which seemed to indicate 

relationship. 

From the preceding summary it is obvious that no definitive 

statement on the relative specialization or relationships of the species 

in the genus Dipodornvs has yet been made. There seems to be general 

agreement that D. deserti is the most highly specialized for saltatorial 

locomotion. This species also shows the greatest degree of tooth special

ization (Wood, 1935). Considerable disagreement exists over the relative 

ranking of the other three species. Setzer's comppsite ranking system 

seems to be the most extensive effort in this direction and suggests the 

order D. ordil. D. spectabilis. and D. merrlaml. It should be mentioned 

at this point, however, that Setzer noted that some subspecies of D. 

ordii exhibited more specialization than any of the other species. 
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Thus, his evaluation of D. ordil as the most generalized species of 

the genus is based on average data with rather striking specific ex

ceptions. Again, Wood's warning in 1935 returns to haunt any investi

gator attempting to analyze this genus. 

Among those attempting to establish species groups reflecting 

natural relationships within the genus, there is general agreement that 

D. ordil and D. merrlaml should be separated into two groups which are 

in turn separate from D. spectabllis and D. desertl. Grinnell (1921) 

and Setzer (194-9) f9el that these last two species should also be placed 

in independent groups. Burt (1936) and Lidicker (i960), however, dis

agree and place D. spectabills and D. deserti in the same group, although 

Lidicker does acknowledge some hesitancy in making this grouping. 



METHODS AND MATERIALS 

Laboratory.—This study was conducted in a room of a private 

residence approximately three blocks east of the University of Arizona 

campus. This room was subject to daily temperature fluctuations ranging 

from a low of about 55° Fahrenheit at night during the winter months to 

a high of about 85° Fahrenheit at mid-afternoon during the summer months. 

Noises from a nearby street and from frequent jet airplanes passing over

head were clearly audible. Subjects in this study were housed in light-

tight boxes containing a nest box connected to a vertical activity wheel 

(Figures 1 and 2). The light-tight boxes were illuminated internally by 

15 W. light bulbs connected to a central control panel which automatic

ally turned the lights on at 5:00 a.m. and off at 5:00 p.m. daily. 

Running in the activity wheels was continuously recorded on a 20 channel 

Esterline-Angus Operations recorder connected to the wheels via a mag

netic switch. The 12 hour light/12 hour dark light regime was designed 

to stabilize the normal activity of the subjects so they could be tested 

at a known time in relation to their biological cycles. The activity 

reoorder was utilized to verify that this control had been successful. 

Subjects.—Animals used in this study were captured as wild 

adults in live traps baited with mixed wild bird seed. Tables 3 and 4 

summarize the collecting data for the subjects used in Part I and Part 

II respectively. 

18 
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Figure 1. Nest box and activity wheel 

Figure 2. Nest box and activity wheel in place in 
light-tight box. 



Table 3. Collecting data for Dlpodomvs merrlaml used in Part I. 

Subject Date 
Location and Habitat 

1 F 15 Sept 1966 4.0 mi SE Continental, Pima Co., Ariz. 
Rocky soil, mixed desert shrub with 
mesquite, palo verde, cholla, barrel 
cactus and clumps of annual grasses. 

2 F it ii it Same as No. 1. 
3 F 17 Sept 1966 11 11 11 it 

4 M ti ti ft 11 it it ti 

5 M 18 Sept 1966 11 ti it 11 
6 M 6 Oct 1966 0.25 mi W junc Ina Rd & Campbell Ave., 

Tucson, Ariz. Rocky soil, mixed desert 
shrub with mesquite, palo verde, 
cholla, barrel cactus, saguaro, ;clumps 
of annual grasses. 

7 F 17 Sept 1966 Same as No. 1. 
8 F 22 Oct 1966 Same as No. 6. 
9 F 18 Sept 1966 Same as No. 1. 

10 M 6 Oct 1966 Same as No. 6. 
11 M 2U Sept 1966 7.5 mi W Junc Valencia Rd and Rt 80, 

Una Co., Ariz. Firm sandy soil, 
mesquite, scattered cholla. 

12 M 1 Oct 1966 Same as No. 1. 

F - female. M - male No. - number 
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Table 4. Collecting data for Dipodomy3 used in Peu't II. 

Date 
No. Sex Caught Locality and Habitat 

D. desertl 

6 F 13 Jan 1967 600 yds below Painted Rook Reservoir Dam, 
Maricopa Co., Ariz. Fine loose sand, 
scattered tumbleweed, brittle bush and 
occasional raesquite. 

7 F " " " Same as No. 6 
g  p u n  i i  i i  i i  i t  i t  

]_Q !/ II II II II II II II 
]_]_ p n ii ii ii ii ii it 

D. iaerrlaml 
1 M 27 Mar 1966 4.0 mi SE Continental, Fima Co., Ariz. 

Rocky soil, mixed desert shrub with 
mesquite, palo verde, cholla, barrel 
cactus and clumps of annual grasses. 

2 M " " " Same as No. 1 
^ 14 " it ii tt ii it ii 
5 M 31 Mar 1966 " " " •' 
7 ^ ii n ii it it it ii 

D. ordll 
1 M 11 Nov 1966 1.0 mi NW Lochiel, Santa Cruz Co., Ariz. 

Firm sandy soil, thick perennial grasses 
with widely scattered oaks. 

2 M " " Same as No. 1 
^ p it ii n ii n ii it 

^ n ii n it n it it 
5 M 6 Jan 1967 " " " " 

D. spectabllis 
1 M 14 Jun 1966 4.0 mi SE Continental, Pima Co., Ariz. 

Rocky soil, mixed desert shrub with 
megquite, palo verde, cholla, barrel 
cactus and clumps of annual grasses. 

2 M " " " Same as No. 1 
^ M " " " " " " " 
4 F 20 Jun 1966 1.0 mi S of Valencia Rd on dirt rd 7.0 

mi W junc Valencia Rd and Rt 80, Pima Co., 
Ariz. Firm sandy soil, scattered mesquite. 

6 F 17 Jun 1966 Same as No. 4 

M—male. F—female No.—number 
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The subjects were fed a small ration of alfalfa pellets each day 

immediately after testing. D. merrlaml and D. ordil were given approxi

mately 3.5 g daily; D. desertl and D. spectabilia received approximately 

7.0 g daily. In addition, to provide moisture, all species received 

daily a 3.5 g piece of celery. Apparently the composition of the al

falfa pellets was such that it upset the kangaroo rats' normal water 

balance; several animals died before celery was included as a regular 

part of the daily feeding. 

The bottom of each nest box was covered with one inch of sifted 

3oil for dust bathing. Without this dirt the fur of kangaroo rats quickly 

develops a greasy, matted appearance and the animals become lethargic. 

Testing apparatus and problems.—This study utilized a modified 

form of the Wisconsin General Test Apparatus (WGTA) described by Harlow 

(1949). It consisted of a box 12" wide, 14" high, and 15" long. The 

rear 4 1/2" of the box was a compartment used to contain the subject dur

ing testing and was separated from the front compartment by a vertical 

plexiglass screen permanently raised 2 1/2" above the floor of the rear 

compartment. This'space allowed the animal access to the front compart

ment. The top of the rear compartment was oovered by a sliding door 

which could be pulled back to place the animal inside for testing, then 

closed to prevent its escape. Immediately in front of the plexiglass 

screen wa3 an opaque wooden door which could be raised and lowered manu

ally by a string and pulley system. When the opaque door wa3 raised the 

animal had access to the front compartment. When lowered it confined the 

animal to the rear compartment and prevented it from observing the re-

baiting of the test tray. 
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The front compartment was 10 1/2" long and contained a 15 W. 

light bulb in a socket installed in the top of the compartment. This 

illuminated the area immediately in front of the rear compartment dur

ing testing. The anterior end of the front compartment wa9 partly 

covered by a plate of one-way glass which was elevated 5 1/2" above the 

floor. A fringe of paper strips extended below the one-way screen. The 

one-way screen permitted observation of the animal during testing with

out reciprocal observation by the animal; the paper strips also obscured 

the vision of the animal but permitted the passage of the testing tray 

and objects underneath the screen. 

The floor of the front compartment was extended beyond the one

way screen for 12" and was bounded by 4" walls on each side. A low, 

narrow ledge on each side ran from the front of the rear corapartment to 

the front of the apparatus. These served as runways for the testing tray. 

The testing tray consisted of a flat piece of wood with shallow 

cups drilled 3/4." from the edge that was adjacent to the rear compart

ment when the tray was pushed to the rear of the front compartment. This 

tray slid smoothly on the ledges previously described. Figures 3, 4> and 

5 give side, front, and internal views of the WGTA. 

The problems used in this study were formed from pairs of miscel

laneous objects such as bottle caps, hair curlers, shotgun shells, and 

small toys mounted on unpainted 1 3/4" squares of 1/4" flat wood molding 

(Figure 6). These objects were randomly paired and each was assigned a 

problem number. One object of each pair was labeled "correct" and the 

other "incorrect" by the toss of a coin. All animals were tested on 

these 80 problems in the same sequence. 



Figure 3. Side view of WGTA 

Figure I4. Front view of WGTA. 



Figure $. Internal view of WGTA with opaque door raised 
and test tray in position for response. 

Figure 6. Examples of problems. 
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Pretraining procedure.—Newly caught animal a were immediately 

placed in nest boxes and fed a double ration of alfalfa pellets and 

celery for about two days before pretraining. This food ration was 

reduced to the normal daily amount at the start of pretraining. 

Pretraining is designed to teach the animal to perform the basic 

response of pushing back an object on the test tray to obtain a reward 

in the cup underneath the object. The reward in this study was a single 

milo seed. After the animal had been placed in the rear compartment of 

the WGTA, the tray, containing seeds on the edge nearest the animal, 

was pushed to the opaque door. The door was then raised and held up 

until the animal chanced to find a seed in the course of exploring the 

rear compartment. The door was then lowered, the seed replaoed, and the 

door raised again for the next trial. This process was repeated until 

the animal had learned to obtain a seed from the edge of the tray when 

the opaque door was raised. If an individual initially refused to take 

seeds the daily pellet ration was progressively reduced until the animal 

began to respond. 

The second step involved teaching the animal to take seeds from 

the cups drilled in the tray, the only place they were put during this 

phase of pretraining. When this was learned a single seed was placed 

in one cup and a blank object was .placed behind this cup as a location 

cue. 

In the third phase the. cue object was moved progressively 

closer to the cup until the animal was forced to push the objeot back 

to obtain the seed. Each animal was required to make 100 responses to 

the blank cue fully over the seed before the start of testing. Pre-
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training took between five and ten days, depending upon the animal. 

All animals were started on testing on the day immediately following 

the day on which they made their 100th response to the blank object. 

Testing procedures for Part I.—The subjeots used in this part 

sire described in Table 3 above. Testing for animals 1 through 6 was 

begun at approximately 9:00 a.m., four hours after the lights went onj 

testing of animals 7 through 12 was begun at approximately 9:00 p.m., 

four hours after the lights went off. 

One trial consisted of a single presentation of a pair of ob

jects and a subject's response to one of the objects. A response 

oocurred when an object was pushed across a line drawn on the testing 

tray. This line was positioned so that the cup was barely covered when 

the rear edge of the object was exactly on the line. Each animal was 

given 40 trials per day and allowed only one response per trial, regard

less of whether the response was correct. A "correct" response con

sisted of the animal's pushing back the previously determined."correct" 

object, always the only one of the pair to have a seed under it. Each 

animal was required to learn 10 problems to a criterion of 9 correct 

responses out of 10 trials, excluding trial 1 on any given problem. If 

an animal reached this criterion before completion of 30 trials it was 

immediately started on the next problem and tested until the completion 

of AO trials. If the animal had completed 30 or more trials, testing was 

terminated for that day and the new problem was started the following day. 

If the animal needed only three more correct responses to reach criterion 

on a problem at the end of 4.0 trials, testing was continued until cri

terion was reached or an error occurred. The intertrial interval was 

approximately 10 seconds. 
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The position of the correct object was varied from trial to 

trial according to a Gellermann sequence (Gellermann, 1933). These 

schedules prevent above chance performance as a result of consistent 

response to one side, single alternation, or double alternation. The 

two schedules used in this study were as follows: 

#1. LRRLLRLLRRRLRRLLLRRLLLRLRLLRLRRLLRRLRRLL 

#2. LLRLRRRLLRRRLRLRRLLLRRLRLLRRLLLRRLRRLLLR. 

L—left and R—right are from the experimenter's point of view. These 

schedules were used alternately either for the beginning of a new day's 

testing or for the start of a new problem. Thus, if testing on day 1 

ended using schedule #1, tasting on day 2 would begin with schedule §2  

for that animal. If a problem was solved while using schedule #2, the 

next problem, whether begun that day or the next, would begin using 

schedule #1. 

To control for odor cues a seed was placed under both objects 

in an accessory cup behind the one from which the animals received the 

reward. The rear edge of the tray was so positioned that the objact 

could not be pushed back far enough to expose this accessory cup. 

Testing procedure for Part II.—The subjects used in this part 

are described in Table U. All animals were tested in the evening after 

the lights in the activity boxes turned off. An effort was made to test 

animals only after the recorder revealed them to have started running in 

wheel. All animals were required to learn 80 problems to a criterion of 

9 correct responses out of 10 trials, excluding trial 1. All other pro

cedures were identical to those described above under testing procedure 

for Part I. 



RESULTS 

Part I: Influence of sex and activity cycle on visual discrimination 
learning in Dlpodomys merriami. 

Errors to criterion.—As previously described, one half of the 

animals used in this part were tested four hours after the lights in 

their activity boxes were turned on and the other half were tested four 

hours after the lights were turned off. These two groups will here

after be referred to as "day rats" and "night rats". 

The mean values for errors to criterion for the ten problems 

used sire reported in Table 5. 

Table 5. Activity cycle learning—mean errors to criterion. 

Time Group Male Female 

Day Rats 28.6 31.6 

Night Rats 34.7 32.8 

The data upon which the mean values reported in Table 5 are based are 

contained in Appendix I. In all tabulations of errors to criterion, 

trial 1 results are excluded. 

The raw data which the values in Tablo 5 are based on were sub

jected to a trend analysis as described by Edwards (1963, p. 233). The 

results of this analysis are presented in Table 6. Prom this table it 

29 
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can be seen that there is no evidence for any difference in performance 

due either to time of testing or 3ex of the subject. In addition, there 

are no significant interaction effects. The significant F value for 

problems reflects a progressive improvement in performance. 

Table 6. Activity cycle learning—analysis of variance table for 
errors to criterion. 

Source SS df ' MS F 

Time 395.34- 1 395.34- .195 NS 
Sex 14.24 1 H.24 .006 NS 
Time x sex 177.92 1 177.92 .072 NS 
Error (a) 19845.07 8 2480.63 

Froblems 4.2831.00 9 4-7 59.00 6.284. »» 
Time x problems 64-34.83 9 714.98 .944 NS 
Sex x problems 4.010.26 9 445.58 .588 NS 
Time x sex x problems 7154-. 25 9 794-. 92 1.050 NS 
Error (b) 54-528.26 72 757.34 

Total 135391.17 119 

N3—non-significant **—significant at .01 

Error factor analysis.—When an animal is presented with a visual 

discrimination problem, it is to be expeated that a certain number of in

correct choices or errors will be made before the animal succeeds in 

learning which object is "correct". Many of these errors will not be 

strictly random but will be the result of certain response patterns ex

hibited by the animal during the testing process. Harlow (1950) 

identified four of these response patterns which he termed error factors. 

These are: 1. stimulus perseveration (a relative excess of consecutive 



errors following a first-trial error), 2. differential cue (response 

to the position previously yielding reward rather than to the object), 

3. response shift (excessive response to the negative object following 

response to the positive object), and 4. position habit (preponderance 

of response to one of the two sides). 

Stimulus perseveration errors for trials 1-10 on each problem 

were calculated according to the method described by Leary (1958). The 

total number of errors over the ten problems made by each animal was 

tabulated for each trial from 1 to 10. These totals were then converted 

to a probability of error for each trial. Thus, if an animal made an 

error on trial 1 on five out of ten problems, the probability of error 

on trial 1 for that animal was .5. The probabilities could then be multi

plied to obtain the probability of consecutive error on each trial from 

2-10. For example, if animal x has the probabilities of error of .5, 

.5, and .5 for trials 1-3 respectively, the probabilities of consecutive 

errors are .5 x .5 = .25 and .5 x ,5 x .5 = .125 for trials 2 and 3 

respectively. These probabilities of consecutive error-are then multi

plied by the number of problems to obtain the expected number of con

secutive errors. In thi3 case the expected errors for trials 2 and 3 

summed over the 10 problems would be 2.50 and 1.25. The next step in

volves the tabulation of the observed consecutive errors made by the 

animal over the ten problems for each trial from 2-10. Thus, if the 

animal made an error on every trial from 1-4 on a problem and then made 

a correct choice on trial 5, consecutive errors would be recorded for 

trials 2, 3, and 4. Finally, the number of stimulus perseveration errors 

are obtained by subtracting the expected number of consecutive errors 
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from the observed number of consecutive errors for each trial. These 

values are then summed to obtain the total number of stimulus per

severation errors for that animal on trials 2-10. The results of this 

computation are presented in Table 7. 

Table 7. Activity cycle learning—stimulus perseveration errors, 
trials 2-10. 

'.jroup Animal No. Sex Stimulus perseveration errors 

Day rats 1 F 1.97 
2 F -1.30 
3 F -0.39 

h M 0.09 
5 M -0.75 
6 M 2.26 

Night rats 7 F -0.^8 Night rats 
6 F -1.25 
9 F -0.79 

10 M 0.01 
11 M -1.55 
12 M ii.59 

M—male F—female 

If no tendency to make stimulus perseveration errors exists among 

the animalsj the average value for stimulus perseveration should be zero. 

Ostle (195^, p. 9h) presents a method for utilizing the t test to deter

mine whether an estimated mean differs significantly from an hypothesized 

one. After coding the data by the addition of 2.00 to eliminate negative 

numbers, each of the four combinations of time and sex were tested for 
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the hypothesis that Y = 2.00. The results of these tests are given 

in Table 8. 

Table 8. Activity cycle learning—t test of stimulus perseveration 
errors. 

Group Day rata—F Day rats'—M Night rats—F Night rats—M 

t value .093 NS .065 NS 4.409 * .554 NS 

NS—nonsignificant *—significant at .05 M—male F—female 

The only group to show any significant stimulus perseveration 

is that of females tested at night. Comparison with Table 7 reveals 

that since all the values for thi3 group are negative, a negative 

stimulus perseveration, or an excessive tendency to shift objects after 

an incorrect choice, is indicated. 

Differential cue errors are detected by comparing the percent 

errors made on the first trial involving a shift of the position of the 

objects (differential cue trial) with the equivalent trial not involv

ing a shift of objects (multiple cue trial). Thus, Gellermann sequence 

Hi begins LR and provides a differential cue on trial 2 while sequence 

#2 begins LL aJid provides a multiple cue on trial 2. In this study, 

however, the fact that both sequences start with the cue in the left 

position confounds differential cue errors with position habit errors. 

For this reason differential cue errors are not analyzed. 



Response shift errors vere measured by comparing the number of 

errors made on trials 5-10 when the first four trials were correct with 

the number of errors made on trials 5-10 when trial 1 was incorrect and 

trials 2-4. were correct. An excess of errors under the former condition 

indicated the presence of response shift. Harlow (1950) states that 

this can be thought of as a tendency to "try out" or "explore" both 

stimuli in a discrimination problem,. It was necessary to utilize only 

trials 5-10 to estimate response shift errors to avoid confounding these 

with position habit errors. In this case, Gellermann sequence #1 starts 

LRRL and produces an excess of —h— responses for any animal with a 

tendency to respond right. This pattern would tend to obscure response 

3hift errors if trial U were included in the estimate. 

Response shift errors were calculated according to the method 

described by Leary (1958). Leary noted that Harlow (1950) was somewhat 

ambiguous in describing the exact procedure for this determination since 

his tabulated data do not correspond with the method described. Leary's 

procedure stipulates that for problems fulfilling the requirement that 

trials 2-4. be correct, responses for all subsequent trials are recorded 

until em error is made. As soon as an error is made, that particular 

problem is excluded from further consideration. Thus, if an animal makes 

a correct response on trials 5-7 and an error on trial 8 a response is 

recorded for only trials 5-8 and an error is recorded only for trial 8. 

In this study no responses were recorded beyond trial 10 even if no error 

occurred prior to this trial. The data for response shift errors are 

presented in Table 9. 
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Table 9. Aotivity cycle learning—response shift errors, trials 5-10. 

Trial 1 correct Trial 1 incorrect 
Z Group No. resD. No. error No. resp. No. error Z 

Day rats—F 7 1 6 2 .791 NS 

Day rats—M 2 1 U 2 .000 NS 

Night rats—F 12 0 4 1 1.786 NS 

Night rats—M 20 7 9 2 .259 NS 

N3—nonsignificant M—male F—female 

For each group in Table 9 the ratios of correct responses to 

errors for the two conditions, trial 1 correct and trial 1 incorrect, 

were compared by means of the test for the significance of the differ

ence between two proportions as described in Edwards (1963, p. 51). In 

no case was there any evidence to suggest the real presence of response 

shift errors. 

Position habit errors were determined by tabulating the right 

and left errors made by each animal on trials 1-10 for all problems. 

Right errors and left errors for each animal were then compared by means 

of a test for.a 2 celled table described in Steel and Torrie (i960, 

p. 355) to determine whether these values differed significantly from 

a 1:1 ratio. These data are presented in Table 10. 
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Table 10. Activity cycle learning—position habit errors, trials 1-10. 

Group and animal Errors right Errors left X^ 

Day rats 

1—F 19 31 2.88 NS 
2—-F 23 20 .21 NS 
3—-F 16 27 2.81 NS 
4—-M 26 15 2.95 NS 
5—M 24 20 .36 NS 
6—M 19 25 .82 NS 

10.03 NS 
Night rats 

7—F 22 H 1.78 NS 
8—F 29 24 .47 NS 
9—F 23 26 .18 NS 
10—M 27 18 1.80 NS 
11—M 15 27 3.43 NS 
12—M 19 22 .22 NS 

7.88 NS 

NS—nons ignl f i cant M—male F—female 

The values given in Table 10 indicate that none of the 12 

animals tested in this portion of the 3tudy shoved any significant posl-

tion habit errors. The sums of X values for day and night rats separately 

also fail to reveal any significant position habit. 

Part II: Visual discrimination learning-set formation in four species 
of Dlpodomys. 

Errors to criterion.—This study has utilized errors to criterion 

as the basic measure of learning rate. The major advantage this measure 

has over the alternate method, trials to criterion, is that of a lower 

variance. As an example, two errors to criterion can have a corresponding 
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number of trials to criterion which varies from 12 to 20 depending on 

whether the two errors occur on trials 2 and 3 or on trials 10 and 11. 

(Trial 1 is excluded from all measurements). Other intermediate combi

nations of these two errors would give intermediate values for trials 

to criterion. 

The errors to criterion curves obtained for the four species 

are presented in Figure 7. Each point of a species curve is based on 

the average performance for five subjects on the ten problems included 

in that block. The original data, errors to criterion for each individual 

on each problem, are contained in Appendix II. 

A trend analysis described in Edwards (1963, p. 228) was used to 

determine if these curves represent any real differences in performance 

between species. The results of this analysis are presented in Table 11. 

These calculations were based on the individual means for each animal 

for each ten problem block. 

The significant F value for species in Table 11 indicates there 

is a difference in learning performance between two or more of these 

species. The significant F value for blocks reflects the expected pro

gressive improvement in learning from block to block. The laok of sig

nificance for the species x blocks interaction indicates that there is 

no justification for rejecting the hypothesis that the four learning 

curves represented in Figure 7 are similar. 



D.  desert i  

1  1  D.  merr iami  

*—*—*-*  D.  ordi i  

D .  spectabi l is  

Criterion 

2 3 4 5 6 7 8 

Blocks of Ten Problems 

Figure 7.  Disrimination Learning Set Curves For oo 
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Table 11. DLS—analysis of variance table for errors to criterion. 

Source SS df MS F 

Species 8287.37 3 2762.46 7.445 ** 
Error (a) 5936.81 16 371.05 

Blocks 8133.17 7 1161.88 16.371 ** 
Species x blocks 1967.74 21 93.70 1.320 NS 
Error (b) 7948.87 112 70.97 

Total 32273.96 159 

N3—nonsignlf 1 cant **—significant at .01 

Since a significant difference between species is indicated by 

the analysis of variance, it is possible to utilize the Duncan multiple 

range test to determine exactly where these species differences lie 

(Steel and Torrie, I960, p. 108). This is done by first calculating 

Sx using the following formula: 

_2 
Sx = Error(a) 

r 

Error(a) is taken from Table 11 and r is the number of observations which 

enter into the mean value of errors to criterion for any one species for 

all eight blocks. Values from my data are: 

Error(a) = 371.05 
r = 40 

2 
Thus: - = 371.05 

Sx 4.0 

= 9.28 

Sx = 3.05 
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Utilizing Sx and the table of significant, studentized ranges from Steel 

and Torrie (i960, p. 442), a table of least significant ranges is con

structed : 

P 2 3 4 

S3R 3.00 3.15 3.23 
L3R 9.15 9.61 9.85 

where P is the number of means involved in the comparison, S3R is the 

significant studentized range from Steel and Torrie (i960), and LSR ia 

the least significant range calculated from SSR x Sx. The SSR values 

are for 16 degrees of freedom (Table 11) at the .05 probability level. 

The next step requires ranking the species in order of increasing mean 

errors to criterion: 

D. merrlami D. speotabilis D. deserti D. ordii 

2*06 2x51 iZJJ 24,26 

In this ranking, means which are not significantly different are under

scored by the same line. That these were not significant was determined 

by calculating all combinations of differences in means between pairs of 

species and comparing this value with the appropriate LSR value above. 

If the difference exceeded the LSR value the means were judged to be 

significantly different. For example, 7.53 - 7.06 = .47 and involves a 

range of two means (P). This is less than the required value of 9.15 so 

D. merriaml and D. spectabllis cannot be considered to differ in learn

ing performance. In summary, D. merrlami and D. speotabilis form a 

group which is significantly lower in errors to criterion than is the 

group formed by D. deserti and D. ordii. The apparent difference between 

the latter two species which appears in Figure 7 is not confirmed 

statistical analysis. 
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Trial 1 performance.—In this study all problems vere started 

with the positive object on the left side. This provides the animal 

vith an informative cue when making its first choice on a new problem. 

It is therefore desirable to examine trial 1 performance to see if 

these ani:nals were capable of utilizing this rather subtle cue. The 

numbor of correct trial 1 responses were tabulated for each animal in 

two blocks : block 1 consisting of problems 1-4-0 and block 2 consisting 

of problems 41-80. These tabulations are summarized in Table 12. 

Table 12. DL3—number of correct responses on trial 1. 

Animal % % 
Suedes No. Block 1 Correot Block 2 Correot 

Dipodomys merriami 1 23 57.5 18 45.0 
2 23 57.5 24 60.0 

4 21 52.5 25 62.5 
5 23 57.5 20 50.0 
7 27 60.0 

117 58.5 111 55.5 

Dipodomys spectabilis 1 25 62.5 28 70.0 
2 18 45.0 29 72.5 
3 19 47.5 29 72.5 

4 22 55.0 21 52.5 
6 20 22*0 28 70.0 

104 52.0 135 67.5 

Dipodomys ordii 1 11 27.5 11 27.5 
2 15 37.5 19 47.5 
3 21 52.5 13 32.5 
4 18 45.0 22 55.0 
5 22 20 75.0 

88 44.0 95 47.5 

Dipodomys deserti 6 22 55.0 ' 26 65.0 
7 24 60.0. 16 40.0 
8 20 50.0 27 67.5 
10 21 52.5 28 70.0 
11 £2*5 JA 60.0 

112 56.0 121 60.5 



A aeries of t tests for significant deviation from the hypothesized 

mean level of 20 was run on each block for each species. Block 1 for 

D. merrlaml and block 2 for D. spectabills were the only two judged to 

be significantly above chance level. As a further check, the means for 

blocks 1 and 2 were compared for each of these species to test for a 

difference between block means. In this test trial 1 performance in 

blocks 1 and 2 were not significantly different for D. merrlaml. This 

result casts some doubt on the reality of the significant trial 1 per

formance for block 1 determined in the previous analysis. The test for 

difference in block means for D. 3pectabili3 was significant and con

firmed the previous indication that trial 1 performance is above chance 

level. This occurs only in the second block of 4.0 problems. 

Trial 2 performance.—As an animal becomes increasingly pro

ficient in the solution of visual discrimination problems during the 

course of learning-set formation, the information gained on trial 1 of 

a problem may result in an increased number of correct responses on 

trial 2. Monkeys of the genus Macaca commonly achieve trial 2 perform

ance of 90$ or better on DLS tasks (Harlow, 1949). The trial 2 results, 

for this study are presented in Table. 13. Methods of analysis of these 

data were the same used for trial 1 performances. The only case in which 

trial 2 perfonnance was significantly above chance level was block 2 for 

D. de3ertl (60.5% correct). The test for differences between block 

means confirmed that block 2 performance was significantly higher than 

the nonsignificant block 1 performance. It would appear that with this 

one possible exception these four species of kangaroo rats are not 
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capable of achieving aboVS chance level on trial 2 performance within 

80 problems. 

Table 13. DLS—number of correct responses on trial 2. 

Animal % % 
Sriecies No. Block 1 Correct Block 2 Correot 

Dipodomys merriami 1 24 60.0 20 50.0 
2 18 45.0 30 75.0 
4 21 52.5 24 60.0 . 
5 26 65.0 23 57.5 

. 7 _2Q 50.0 18 42*0 
109 54.5 115 57.5 

Dipodomvs spectabilis 1 21 52.5 24 60.0 
2 18 45.0 28 •70.0 
3 19 47.5 18 45.0 
4 27 67.5 26 65.0 
6 _25 62.5 .22 72.5 

110 55.0 125 62.5 

Dipodomys ordii 1 31 77.5 26 65.0 
2 17 42.5 18 45.0 
3 17 42.5 - 26 65.0 
4 23 57.5 21 52.5 
5 _2Z 67.5 _12 42,5 

115 57.5 108 54.0 

Dipodomys deserti 6 23 57.5 21 52.5 
7 19 47.5 24 60.0 
8 21 52.5 25 62.5 
10 18 45.0 24 60.0 
11 18 45.0 -22 62*1 

99 49.5 121 60.5 

Riopelle and Chinn (1961) present a method to check for inter

ference between trial 1 and trial 2 performance when all problems start 

with the correct object on the same side. This is done by comparing the 

percent of correct responses on trial 2 when trial 1 was correct with 
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the percent of correct trial 2 responses when trial 1 was incorrect. 

The data for these comparisons are presented in Table 14. 

Table 14. DLS—percent correct responses on trial 2 following a 
correct or an incorrect response on trial 1. 

Species Block 
No. resp. 
trial 1 

No. reap, 
trial 2 

% correot 
trial 2 

Dipodomys merriami 1 C 116 67 57.8 
I 84 43 51.2 

2 C 112 73 65.2 
I 88 44 50.0 

Dipodomys spectabilis 1 C 105 70 66.7 
I 95 43 45.3 

2 C 136 89 65.4 
I 64 37 57.8 

Dipodomys ordll 1 C 88 50 56.8 
I 112 68 60.7 

2 c 96 47 49.0 
I 104 59 56.7 

Dipodomys deserti 1 c 113 62 54.7 
I 87 37 42.5 

2 c 122 73 59.8 
I 78 47 60.3 

G—correct I—Incorrect 

2 
A X test for independence in a 2 x 2 table was applied to the 

data for each block. In no case was there a significant difference in 

the percent of correct trial 2 responses following a correct choice on 

trial 1 when compared with trial 2 performance following an incorrect 
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choice on trial 1. Therefore, it must be concluded that no evidence 

for interference is available. 

Error factor analysis.—Procedure in this section is basically 

the sane as that utilized in the analysis of error factors for the 

activity cycle learning section. The only difference is the division 

of error factors for each species into blocks 1 and 2. 

Stimulus perservaration errors are reported in Table 15. 

Table 15. DLS—stimulus perseveration errors, trials 2-10. 

Stimulus perseveration errors 
Species Animal No. Block 1 t Block 2 t 

Dipodomys merriami 1 8.04 14^40 
2 6.92 3.96 
4 9.86 1.56 NS 16.80 2.34 NS 
5 -5.80 6.52 
7 2.76 -1.72 

Dipodomvs spectabili3 1 3.44 6.02 
2 5.00 -0.76 
3 2.16 2.70 NS -0.76 1.73 NS 
4 -0.32 2.92 
6 7.44 8.28 

Dipodomys ordii 1 0.08 -1.60 
2 0.04 -4.08 
3 -5.00 1.03 NS 2.24 1.42 NS 

4 12.24 -6.20 
5 9.28 -0.60 

Dipodomys deserti 6 2.80 -6.44 
7 23.08 4.16 
8 3.88 1.73 NS -2.80 0.13 NS 
10 10.80 5.40 
11 -2.40 -1.64 

NS—nonsignificant 
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After coding these data by the addition of 10.00 to remove nega

tive numbers, a t test to test the hypothesis Y = 10.00 was applied for 

each species to each block. In no case were the stimulus perseveration 

errors found to be above chance level. Stimulus perseveration does not 

appear to be an important error producing factor for these four species. 

The data for response shift errors are reported in Table 16. 

Table 16. DLS—data for response shift errors, trials 5-10. 

Block 
Trial 1 correct Trial 1 incorrect 

Z Block No. rest). No. errors No. resp. No. errors Z 

Dipodomvs merriami 

1 80 13 33 6 .250 NS 
2 163 14 68 7 .244 NS 

Dloodorays spectabills 

1 104 . 16 31 6 .563 NS 
2 180 18 88 7 .833 NS 

Dioodomys ordii 

1 17 8 41 16 .571 NS 
2 23 8 66 13 1.471 NS 

DiDodomvs desert! 

1 43 19 25 9 .650 NS 
2 88 18 60. 13 .290 NS 

NS—nonsignificant 

The test for significance of the difference between two proportions 

was utilized to compare proportion of error for trial 1 correct and trial 1 

incorrect for each block (Edwards, 1963, p. 51). In no case was there any 
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evidence for response shift errors; thus response shift is not an im

portant source of errors for these four species. 

Position habit is the final error factor to be .considered in 

this section; the data for it are summarized in Table 17. AX test 

for 2 celled tables was used to test each block for each animal for 

deviation from a 1:1 ratio for right and left errors. Examination of 

Table 17 indicates that position habit was a frequent but extremely 

variable factor in producing errors. For a given animal position habit 

could occur in block 1, block 2, both blocks, or neither block. In one 

case(D. ordii No. 3) the position habit changed from a preponderance of 

right errors in block 1 to an excess of left errors in block 2. Since 

position habit is such an important factor in producing errors in these 

species, it is desirable to continue the analysis to see if there are any 

systematic trends between blocks within and also between species. To 

make these comparisons it was necessary to derive a value for each blook 

for each individual which would reflect position habit errors in equiva

lent quantitative terms. This was accomplished by the calculation 

R - L / R + L where R - L is the absolute value of this difference. 

R - L contains an element due to random variation from a 1:1 ratio 

plus an element due to position habit. This random element can be assumed 

to be equal for all observations and any difference between R - L / R + L 

which is statistically significant can be attributed to the difference 

in the element due to position habit. 

The test for differences between blocks within species is done 

by utilizing a t test for the difference between mean values of 

R-L/R + Lin blocks 1 and 2. D. ordii was the only species to show 



Table 17. DL3—data for position habit errors, trials 1-10. 

Animal Block R L X2 

D. merriami 

1 1 112 70 9.70 ** 
2 56 69 1.35 NS 

2 1 108 67 9.61 ** 
2 56 42 2.00 NS 

4 1 77 82 0.16 NS 
2 45 75 7.50 ** 

5 1 69 86 1.86 NS 
2 67 70 0.07 NS 

7 1 81 89 0.38 NS 
2 40 72 9.14 ** 

D. spectabilis 

1 1 74 55 2.80 NS 
2 40 60 4.00 * 

2 i 76 108 4.84 * 
2 56 55 0.01 NS 

3 1 76 105 4.65 * 
2 62 78 1.83 NS 

4 1 39 92 21.44 ** 
2 30 66 13.50 ** 

6 1 60 86 4.63 * 
2 37 61 5.88 * 

R - right, L - left, NS - nonsignificant, * - significant at .05, 
** - significant at .01 
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Table 17 - Continued 

Animal Block R L 

D. ordii 

1 1 .63 113 H.20 ** 
2 44 84 12.50 ** 

2 1 91 97 0.19 NS 
2 141 52 41.04 ** 

3 1 111 81 4.69 * 
2 27 113 52.83 ** 

4 1 71 90 2.24 NS 
2 88 104 1.33 NS 

5 1 102 94 0.33 NS 
2 117 67 13.60 ** 

D. deserti 

6 1 67 90 3.37 NS 
2 102 74 4.45 * 

7 1 63 90 4.76 * 
2 27 120 58.84 ** 

8 1 114 86 3.92 * 
2 76 68 0.44 NS 

10 1 81 83 0.02 NS 
2 70 53 2.35 NS 

11 1 113 74 8.13 ** 
2 86 77 0.50 NS 

R - right, L - left, NS - nonsignificant, * - significant at .05, 
** - significant at .01 
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a significant difference in relative position habit errors between 

blocks. In this case position habit increased from block 1 to block 2. 

Differences between species in relative position habit errors 

were tested for by means of the trend analysis described in Edwards 

(1963, p. 228). The results of this analysis are presented in Table 18. 

Table 18. DLS—analysis of variance table for relative position habit 
errors for four species of Dipodomys. 

Source SS df MS F 

Species .0435 3 .014.5 .614 NS 
Error(a) .3779 16 .0236 

Blocks .0^83 1 .0483 2.597 NS 
Species x blocks .094-8 3 .0316 1.700 NS 
Error(b) .2975 16 .0186 

Total .8620 39 

N5 - nonsignificant 

The nonsignificant F value for species indicates that the four 

species do not appear to differ in the relative amount of position habit 

errors. The lack of significance for blocks and species x blocks suggests 

that the previously detected increase in position habit from block 1 to 

block 2 for D. ordil is of such a magnitude that it is obscured by the 

variance when all four species are analyzed simultaneously. 

Odor cues.—In any study where food is used to elicit a behavior 

pattern firom an animal, the possibility that odor cues from the reinforce

ment are influencing that behavior must be considered. As mentioned in 
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the introduction, Reynolds (1958) showed that D. merrlaml was able to 

detect buried seeds by means of olfactory cues. The baiting of acces

sory cups under both objects was used to control for this factor. The 

generally chance levels of performance on trials 1 and 2 serve as 

evidence that the animals were not able to utilize olfactory cues to 

make correct choicesi 

On two species, D. ordll and D. deserti. smother cheok for the 

presence of olfactory cues was made. After the completion of 80 prob

lems each animal was given 4.0 trials with identical blank objects. In 

this test the seed was moved in accordance with the Gellermann sequences 

while the blank objects remained in the same position. The results of 

this test are contained in Table 19. The average number of errors made 

on this test were compared with the. chance level of 20 errors by means 

of a t test. Neither species differed significantly from chance level. 

Table 19. DLS—number of errors for test for odor cues. 

Dinodomys ordil DiDodom.V3 deserti 

Animal No. Errors Animal No. Errors 

1 23 6 22 
2 19 7 17 
3 19 8 22 

K 23 10 16 
5 10 11 23 

In view of these data and the preceding discussion it would not appear 

that odor cues were a significant source of bias in this study. 



DISCUSSION 

Part I: Influence of sex and activity cycle on visual discrimination 
learning in Dioodomys merriami. 

The results of this study rather clearly indicate that neither 

the sex of the subjects nor the time of testing with respect to activity 

cycle had any appreciable effect on learning performance in visual dis

crimination. The lack of effect due to activity cycle is rather surpris

ing in light of the recent flood of literature on the pervasive extent 

of biological rhythms. A search of the literature revealed only one 

other study which investigated the effects of activity cycle on learning 

(Hostetter, 1966). In this case two strains of laboratory mice were 

tasted on maze learning at different times during their activity cyole 

with the conflicting result that one strain made more errors during the 

aotive period whereas the other strain made more errors during the in

active period. From this study it is obvious that the genetic background 

of the subjects tested can drastically alter the effects of activity cycle 

on learning. 

In the present study it is quite possible that the species vari

able has acted to produce the third possibility, namely, no significant 

difference in learning with respect to activity cycle. However, this 

result can also be attributed to the task variable with equal justifica

tion; under which interpretation it can be argued that the demands of a 

visual discrimination problem are sufficient to provide enough stimula

tion to override the cycle of biological activity. Since D. merriami 
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has been shorn to have a vexy pronounced endogenous activity cycle 

(Justice, I960; Hinds, 1963)'* it seems plausible to expect a differen

tial effect on learning unless just such an overriding effect does 

occur. Additional work with other species of both diurnal and nocturnal 

habits would be extremely useful in this case. If visual discrimination 

learning can indeed be considered to be generally unaffected by activity 

cycle, then the potential utility of visual DLS for comparative learn

ing studies is greater than previously suspected. 

The error factor analysis for this section generally failed to 

reveal any significant tendencies toward systematic errors. Although 

the female night rats did exhibit a significant stimulus perseveration, 

the small number of observations for this and the other two error factor 

values make these analyses of dubious significance. 

Pari II: Visual discrimination learning-set formation in four species 
of Pi podomys. 

The analysis of variance presented in the section on results 

indicated that the DLS curves presented in Figure 7 fall into two pairs. 

The first pair̂  D. merriami and D. spectabilis, learned more rapidly 

than did the second pair, D. ordii and D. deserti. This•grouping can 

be evaluated with respect to the biology and,phylogeny of the species 

involved to see if any correlative pattern can be detected. 

Apparently gross body size is not involved since each pair con

tains a large and a small species. Although data are lacking for 

Dipodomys ordii, gestation period and length of post-natal development 

are roughly correlated with body size in the other three species and 
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can probably be eliminated from consideration. Nor can any pattern be 

established with regard to specialization toward a saltatorial form of 

locomotion since the two slowest learners are the most specialized 

(Dipodomvs deserti) and the least specialized (Dipodornvs ordli) species. 

Although much disagreement exists concerning phylogenetic relationships, 

it is probable that only D. spectabills and D. deserti are closely re

lated. These two show significant differences in learning ability. 

Extent of geographic distribution does not provide any correlation with 

learning ability since each pair contains a relatively restricted species 

and a widely distributed species. 

Ecological distribution as indicated by the diversity of habitat 

that each species may be found in does provide a very interesting pattern. 

D. ordli and D. deserti. the two slower learners, show rather narrow 

eoological tolerances. D. ordli is almost entirely confined to habitats 

dominated by thick perennial grasses while D. deserti is confined to bare, 

open areas of loose, shifting sand. In contrast to the rather strict con

finement of these two species, D. merrlaml is found in habitats with soil 

types ranging from loose, shifting sand to hard, stony soil and from, 

relatively barren areas to areas having a considerable cover of short, 

annual grasses. D. spectabills is only slightly less ubiquitous, appar

ently not being able to tolerate the extremes of loose sand that D. 

merrlaml can. Thus, of the four species studied, the two slower learners 

have a habitat distribution indicating a narrow eoological tolerance 

whereas the two faster learners exhibit a relatively broad degree of 

eoological tolerance. In this case the logical inference is that 
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superior learning ability as measured by this task may be a factor in 

broadening the adaptive horizons of these two species. 

It would be a serious mistake to attempt to generalize this 

interpretation beyond the species involved in this investigation. A 

recent study provides evidence that correlative patterns of this nature 

may differ radically from one taxonomic grouping to another. Doty, 

Jones, and Doty (1967) tested mink (Muatela viaon). ferrets (Mastela 

furo). skunks (Mephitis sp.—presumably M, mephitla) and cats (Fells 

domestlcus) on visual DL3. They found that the two species of Muatela 

were superior to the skunk and cat in learning ability, the skunks being 

at best only slightly superior to the oats. Comparison of the mustelids 

would indicate that learning correlates with predaceousness, members of 

the genus Mustela being extremely predaceous as compared to the rather 

omnivorous Mephitis. The relatively poor performance of the highly pre

daceous Felis. however, indicates that interpretation of this correlation 

cannot be carried beyond the family Mustelidae. 

With the exception of primates, relatively few species have been 

tested on DL5. In addition to the species mentioned above, learning-set 

formation has been demonstrated for pigeons (Columba domestlca—Zeigler, 

1961), raccoons (Procyon lotor—Johnson and Mlchels, 1958; Shell and 

Riopelle, 1957), rats (Rattus norveglcus—Kay and Oldfield-Box, 1965), 

chickens (Gallus domestlcus—Plotnik and Tallarico, 1966), cats (Fells 

domestlcus—Warren and Baron, 1956) and rock squirrels (Cltellua 

varlegatus—King, 1965). Unfortunately, it is impossible to make quanti

tative comparisons among these studies since no two used the same testing 

procedures. Most of these studies have been reviewed by Warren (1965) 



with the rather generalized conclusion that primates perform better 

than nonprimates. Doty, et &1. (1967) claim that their two species of 

Mustela outperformed some species of primates but their data are based 

on a criterial procedure for the first 200 problems whereas the primate 

data is based mainly on the more difficult 6 trials per problem pro

cedure. Obviously, much additional work is needed before any extensive 

generalizations can be made. 

Since this study was modeled on the study done by King (1965) it 

is possible to make a tentative comparison between the kangaroo rat data 

and Citellus varlegatus. In this case it would appear that the perform

ance of C. variegatus is about the same as that shown by D. merrlaml 

and D.. spectabills. This comparison is considered tentative because the 

testing procedures for ELS has not yet been sufficiently standardized to 

eliminate the experimenter variable. 

Riopelle and Chinn (1961) did a ELS study with rhesus monkeys 

in which all problems started in the same position. These monkeys were 

able to achieve 80$ correct responses on trial 1 after approximately 

200 6-trial problems. By contrast, only one species of kangaroo rats, 

D. snectabills. showed trial 1 performance which was clearly above chance 

level at 67.5$. 

Trial 2 performance has frequently been used as a second measure 

of DL3 performance to supplement the basic learning-set curves. D. 

desertl was the only species in this study to exhibit trial 2 perform

ance significantly above chance (60.5$ correct in block 2). This result 

conflicts with the performances indicated by the curves in Figure 7 

based on errors to criterion. In this case it is wiser to consider the 
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basic curves as the more reliable indicators of learning performance. 

Tests of significance for both trial 1 and 2 performances suffer from 

two weaknesses. In the first place, subanalysis of this nature further 

reduces a sample size which is already rather small with regard to es

tablishing reliable statistical differences. Secondly, even if all 

four species are performing at chance level in both blocks, the eight 

separate t tests utilized greatly increase the probability that at 

least one of them will yield a significant result due to chance alone. 

Again, quantitative comparisons of trial 2 performance with 

other studies are not possible because of the diversity of testing 

procedures utilized. The study by King (1965) reported a trial 2 per

formance of 69$ correct choices for Gltellus varlegatus at the end of 

80 problems. The statistical significance of this figure was not re

ported. 

Apart from its significance for the formulation of learning 

theories (Harlow 1950, 1958, 1959), error factor analysis also provides 

a potential means of detecting qualitative differences in learning per

formance. The four species of kangaroo rats in this study exhibited 

only position habit to amy significant degree; stimulus perseveration 

and response shift were both nonsignificant. By contrast, rhesus 

monkeys showed significant amounts of stimulus perseveration and response 

shift errors whereas position habit did not occur in the first 100 

problems and only 3 out of 10 animals exhibited a slight position habit 

on the second 100 problems (Harlow, 1959). King (1967), using concurrent 

problem lists of 1, 2, and U problems in length, reported Increasing 

amounts of stimulus perseveration with increasing list length for squirrel 
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monkeys (Saimlri sclureus) but not for rock squirrels (Cltellua 

varlegatus). C. varlegatus appeared to show more position habit errors 

than S. sciureus in this study.• Plotnik and Tallarico (1966) reported 

both stimulus perseveration and position habit for domestic chickens. 

Shell and Riopelle (1957) found an increasing amount of stimulus per

severation with number of problems for raccoons. Warren and Baron 

(1956) attributed the poor DL3 performance of domestic cats to ex

tremely 3trong stimulus perseveration. 

On the basis of the limited data just summarized, rodents aeem 

to be particularly susceptible to position habit errors but fail to 

show other response patterns to any great extent. This can be viewed 

as a correlation with the tendency of rodents to move in rather well 

defined pathways and elaborate burrows in which it is plausible to 

postulate a particularly strong dependency on positional cues. Monkeys, 

raccoons, and cats, on the other hand, roam rather freely in search of 

food. In this case attention to visual stimulus configurations which 

might indicate the presence of food would certainly be adaptive and 

correlates with a response pattern such as stimulus perseveration which 

emphasizes object quality cues rather than position cues. These somewhat 

speculative interpretations are useful in focusing attention on learning 

as an adaptive mechanism subject to evolutionary radiation and special

ization and in positing hypotheses to be tested in further study. 

Comparative learning and evolution. 

In recent years psychologists have shown a renewed interest in 

comparative learning studies. This apparently has been stimulated by 



59 

the hope that the results will reveal the basic factors of complex 

learning in humans. The assumption involved in this approach is that 

as the phylogenetic "scale" is "ascended", an orderly addition of 

factors can be traced to its eventual culmination in Homo sapiens. 

Insofar as the living representatives of the major taxonomic groups 

such as phyla and classes have retained the basic characteristics of 

the primative organisms actually involved in the evolutionary sequence, 

this approach has merit. It would be foolish to deny that this approach 

has been extremely fruitful in many evolutionary studies. The work done 

by Bitterman and his students (Bitterman, 1965 is a good summary) 

promises to be a successful application of this approach in analyzing 

qualitative differences in learning among the vertebrate classes and 

the invertebrate phyla. 

A problem arises when the technique of evolutionary comparisons 

among classes and phyla is indiscriminately extended to smaller taxo

nomic units such as orders and families. With respect to learning, 

most comparison at this level has involved mammals and has been based 

on the rather bizzare theory that the rat-cat-monkey-man series repre

sents an evolutionary continuum of learning (Raj alakshimi and Jeeves, 

1965). A brief consideration of the fact that the major orders of 

mammals have had a long history of independent evolution is sufficient 

to dispel any notion of the validity of this continuum. Simpson (1949) 

has pointed out that even after the establishment of the major lines of 

mammalian evolution the primative mammalian brain was little advanced 

over that possessed by the reptilian ancestors of mammals. Thus, in 

the genetic sense, the rat, cat, and monkey brains have little more in 
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common than this slightly advanced reptile brain. Many similarities 

in brain structure and learning which can be considered typically 

mammalian are therefore the result of parallel and convergent evolution 

and do not necessarily reflect an evolutionary continuum. 

I believe it is possible to trace the derivation of this rat-

cat-monkey-human continuum to a misinterpretation of the frankly anthro-

pocentric taxonomy of the order Primates. The evolution of the primates 

has been rather consistently accompanied by a progressive increase in 

cerebralization. The work of comparative learning theorists has quite 

naturally emphasized this aspect of primate evolution. The mistake 

occurred when this character was lifted out of context and used to 

"rank" other mammalian orders as "higher" and "lower". The similarity 

of rodent brains to "lower" primates is a result of parallel evolution 

and may well involve specializations with regard to learning which can 

seriously confound evolutionary analysis. 

At this point it is possible to conclude that comparative 

mammalian learning studies involve two evolutionary aspects. The first 

is the traditional interest of psychologists in the evolution of human 

learning. Since the anthropocentric view of primate evolution can be 

considered to have a certain amount of validity, it is suggested that 

the study of the evolution of human learning is best pursued within the 

order Frimates. 

The second aspect of the study of the evolution of mammalian 

learning rests on the fusion of the zoologists' traditional interest in 

evolution as a process of radiation and adaptive specialization with the 
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psychologists' interest in learning. The present study was designed 

as a contribution to this aspect. 

Since the study of learning as a mechanism subject to radiation 

and specialization is in its infancy, it is desirable to conclude this 

section with a brief discussion of techniques for future investigations. 

Harlow (1958) has pointed out that better learning is dependent on the 

progressive efficiency of sensory organs. This suggests interspecies 

comparisons on several tests emphasizing different sensory cues and 

correlation of the results with the relative importance of these sensory 

modalities to the activities of the species involved. The investigator 

must be careful not to confuse sensory inability to discriminate cues 

with a higher-order difi^erence in ability to utilize these cues in 

learning. Total lack of success in solving a discrimination problem 

can be taken as an indication of sensory inability to discriminate. On 

the other hand, success in solving the problem would indicate that the 

cues are discriminable and differences in rate of learning may be attri

buted to differential efficiency in the utilization of these cues. Pairs 

of cues for a given sensory modality whioh are as subjectively different 

as possible should be selected to minimize the confounding factor of 

differences in sensory efficiency. 

Comparisons emphasizing obvious differences in behavior and 

habitat are also desirable. Thus, comparison of relatively free-roaming 

tree squirrels with such forms as the runway-building microtines on 

maze learning and the closed-field intelligence test (Rabinovltch and 

Rosvold, 1951) would'be of interest. The closed-field intelligence test 

basically measures the ability of an organism to navigate obstacles in 



getting from one known position to another and may be regarded as 

similar to the normal situation enoountered in the rather flexible 

progress of the arboreal sciurida through the trees within their home 

range. The maze has obvious affinities with the elaborate runway 

systems so characteristic of the microtines. 

In all cases, comparative learning studies must utilize a 

review of the literature concerning the biology, phylogeny, and be

havior of the species tested in making interpretations of the results. 

This seems so self-evident that it should not even be mentioned but it 

has been conspicuously absent in comparative studies done to date. 



SUMMARY AND CONCLUSIONS 

Part I. 

Twelve Dlpodomvs merrlami each learned 10 visual discrimination 

problems to a criterion of 9 out of 10 responses correct. Six subjects, 

three males and three females, were tested four hours after the lights 

in their activity boxes were turned on. The other six, also three males 

and three females, were tested four hours after the lights in their 

activity boxes were turned off. It was found that time of testing and 

sex of the subjects had no significant effect on learning rate as 

measured by errors to criterion. In view of the fact that D. merri*"^ 

has a pronounced natural activity cycle it was suggested that the de

mands of a visual discrimination problem provide sufficient sensory stimu

lation to override the normal effects of the biological rhythmicity. 

Error factor analysis for stimulus perseveration, response shift, 

and position habit for the four combinations of sex x time of testing 

yielded a significant value only for female night rats on stimulus per

severation. The small sample size involved makes this of doubtful 

biological significance. 

Part II. . 

Five individuals for each of four species of kangaroo rats 

learned 80 visual discrimination problems to a criterion of 9 out of 10 

responses correct. D. merrlami and D. soectabills learned significantly 

faster than D. ordii and D. deserti. It was noted that the two faster 
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learning species have a broader ecological distribution than do the 

other two species. This indicates that learning ability may be a 

factor in increasing the ecological tolerances of the species studied. 

Comparison with other studies suggested that the factors correlating 

with learning ability in this manner may differ in other taxonomic 

groups. 

Trial 1 and trial 2 performances for all species were generally 

at chance level. Significant values for D. spectabllis on trial 1 in 

block 2 and for D. de3ertl on trial 2 in block 2 are considered to be 

of doubtful biological significance due to small sample size and the 

increased probability of obtaining a significant difference when making 

several comparisons of the same nature. There was no evidence for 

interference between trial 1 and trial 2. 

Error factor analysis revealed no stimulus perseveration or 

response shift for any species. All four species exhibited significant 

amounts of position habit. Comparison with other studies suggested that 

position habit correlates with a tendency of rodents to utilize position 

cues in normal movements whereas stimulus perseveration appears charac

teristic of those species which can be expected to utilize object 

configuration cues in locating food. 



APPENDIX I 

Activity cycle learning - errors to criterion for 
individual subjects, problems 1-10 

Day Rats 

Problem Animal Number 
Number 1 2 3 4 5 6 

1 75 31 86 48 84 15 
2 53 88 37 35 7 40 
3 54 41 2 19 42 144 
4 43 69 37 46 29 22 
5 62 47 4 5 56 13 
6 34 26 26 7 70 31 
7 20 13 22 5 25 58 
8 11 0 5 5 1 1 
9 26 1 9 1 10 2 
10 7 17 2 4 19 13 

Night Rata 

Problem Airjjna-1 Ni^p|b^y 
Number 7 8 9 10 11 12 

1 49 53 52 94 156 29 
2 31 99 40 17 62 6 
3 18 88 4 19 30 U 
4 20 70 112 120 85 33 
5 4 100 13 121 12 14 
6 15 50 2 7 36 7 
7 3 37 58 7 18 0 
8 0 5 2 1 3 1 
9 13 2 11 98 1 2 
10 0 31 2 a 6 1 

65 



APPENDIX II 

Discrimination learning set—errors to criterion for 
individual subjects, problems 1-80 

Problem 
Number 

Dioodomys merriami DiDodomys SDectabilis Problem 
Number 1 2 4 5 7 1 2 3 4 6 

1 25 32 19 33 37 29 41 33 42 58 
2 15 1 7 7 10 6 16 32 5 13 

3 10 15 22 20 0 17 11 24 7 20 

4 23 9 16 40 44 29 83 30 49 16 

5 13 29 5 32 14 28 24 81 31 6 
6 4 12 2 7 25 2 47 1 16 4 
7 1 17 6 0 24 6 21 47 13 5 
8 1 5 0 2 2 2 5 1 4 3 
9 12 4 5 1 4 3 7 5 4 15 
10 4 8 1 64 5 0 3 34 14 6 
11 13 14 24 23 35 1 68 19 2 11 
12 16 3 7 15 26 8 1 14 11 31 
13 19 18 27 9 34 0 3 7 13 19 
14 0 1 5 22 4 21 6 23 12 6 

15 7 3 2 1 2 16 1 7 3 1 
16 3 0 1 4 4 0 1 6 2 7 
17 7 4 5 17 5 1 30 14 2 3 
18 9 2 16 4 6 ' 14 14 5 4 3 
19 13 7 12 2 12 3 2 18 2 17 
20 37 6 11 14 7 12 7 10 4 15 
21 7 4 6 8 4 0 3 19 3 5 
22 43 1 2 17 1 1 5 33 3 4 
23 11 9 2 11 7 2 10 12 4 2 

24 47 37 5 16 3 15 39 17 3 2 
25 7 10 2 23 4 12 0 2 6 3 
26 19 3 2 1 4 2 1 3 0 2 
27 11 9 4 18 6 15 16 6 2 30 
28 2 2 3 0 6 8 11 1 1 10 

29 6 5 5 0 1 0 6 17 1 6 

. 30 4 13 5 7 8 4 36 29 1 6 

31 6 1 1 5 2 0 12 1 3 1 

32 11 5 2 1 0 4 8 3 0 0 

33 3 12 11 2 4 1 19 10 7 1 

34 10 8 10 32 3 8 11 7 1 9 
35 6 3 9 3 9 4 16 9 4 9 
36 10 2 5 10 7 2 6 12 3 1 

37 14 3 2 40 15 4 7 8 0 1 
38 2 4 2 1 3 3 16 11 4 2 
39 10 1 0 0 8 8 4 6 0 6 
40 17 10 8 13 2 4 25 4 1 23 
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Appendix II - Continued 

Problem Dipodomys raerriami DiDodomya spectabilis 
Number 1 2 4 5 7 1 2 3 4 6 

41 0 2 3 1 7 0 4 5 2 3 
42 9 1 0 2 2 0 4 0 0 2 
43 2 2 25 14 2 8 10 9 2 7 
44 0 0 5 15 2 12 3 3 3 3 
4-5 0 0 0 5 6 2 0 17 0 3 
46 1 3 7 1 6 5 7 U 3 0 
47 1 1 5 19 2 2 13 2 17 2 
43 13 7 6 11 10 3 23 4 3 1 
49 6 3 0 0 1 0 4 8 0 0 
50 15 2 2 3 2 3 3 25 0 1 
51 7 2 7 2 5 1 2 3 0 2 
52 5 3 2 12 7 2 6 8 2 1 
53 1 0 0 3 4 4 1 2 0 6 
54 0 2 0 5 1 1 1 5 2 0 
55 5 2 5 2 1 0 0 3 0 2 
56 4 1 3 1 1 0 0 3 0 2 
57 9 5 26 4 14 3 12 16 1 7 
58 10 2 2 1 1 2 0 4 1 1 
59 5 6 19 2 7 5 9 1 0 3 
60 0 0 3 1 2 1 1 1 1 1 
61 2 4 8 7 2 3 7 9 2 5 
62 8 0 4 1 3 0 1 0 0 1 
63 0 7 3 3 2 3 10 1 1 2 
64 7 2 2 1 2 0 12 3 2 1 
65 3 2 2 4 0 1 1 4 6 0 
66 3 0 7 7 3 0 19 2 5 2 
67 0 2 2 5 3 4 7 18 5 20 
68 0 3 3 5 2 7 6 4 1 1 
69 3 1 2 4 1 0 3 2 1 3 
70 30 1 1 6 6 1 0 23 2 1 
71 6 2 3 3 3 2 3 7 8 0 

72 0 4 4 3 2 1 1 4 1 4-
73 0 1 3 2 4 5 8 2 6 5 
74 1 0 7 30 .1 3 2 7 2 4-
75 0 3 3 8 0 4 4 2 4 0 

76 3 0 3 20 3 3 5 12 6 14 
77 5 15 1 1 7 2 1 3 2 6 
78 2 2 3 o - 2 4 3 6 3 14 
79 3 2 1 3 2 4 2 3 . 0 1 
80 4 5 5 1 3 2 4 15 4 1 
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Appendix II - Continued 

Problem 
Number 

DiDodomys ordii DiDodonws deserti Problem 
Number 1 2 3 4 5 6 7 8 10 11 

1 7 69 85 113 40 4 89 35 90 32 
2 47 13 34 1 87 17 48 96 30 71 
3 26 8 71 25 3 36 30 39 18 30 
4 54 84 135 84 140 43 85 1H 31 33 
5 39 9 40 131 295 26 6 96 36 75 
6 38 75 33 26 87 14 1 35 13 11 
7 22 79 6 21 50 3 32 69 9 13 
8 5 5 2 62 30 66 4 27 3 44 
9 0 23 12 40 82 14 20 5 21 26 
10 3 21 39 10 99 1 1 91 6 8 
11 33 27 6 26 17 28 22 27 10 10 
12 33 24 32 102 73 1 4 106 7 88 
13 62 83 36 20 118 21 0 92 1 82 
U 1 11 31 22 99 27 2 55 1 14 
15 18 26 7 15 43 22 8 14 10 12 
16 17 14 33 2 20 4 2 1 51 31 
17 44 124 35 52 57 6 32 8 6 64 
18 5 8 28 38 14 4 4 34 16 37 
19 6 24 12 6 53 20 1 58 23 9 
20 5 126 8 20 126 36 6 115 22 20 
21 4 1 8 6 9 2 2 14 13 17 
22 18 7 8 12 71 2 1 14 3 25 
23 4 37 9 1 30 1 9 24 15 8 
24 11 166 44 13 73 10 7 32 8 42 
25 4 149 11 4 86 42 2 29 8 22 
26 17 17 5 13 53 13 3 9 2 3 
27 4 54 17 10 43 5 10 13 1 15 
28 5 2 4 3 7 2 1 31 3 47 
29 3 31 24 1 31 4 5 3 5 22 
30 18 61 3 14 5 11 11 4 5 39 
31 3 34 4 7 34 38 23 15 4 9 
32 10 9 1 2 2 2 4 15 15 0 

33 4 127 7 29 30 30 16 9 2 18 

34 7 51 1 1 1 6 2 3 2 53 
35 5 68 1 3 34 54 6 60 4 15 
36 5 71 15 1 117 3 10 12 17 10 

37 9 13 17 34 53 27 36 35 4 44 
38 3 16 2 1 17 33 2 29 3 2 
39 7 12 2 24 19 . 5 8 14 1 ' 1 
40 15 139 1 3 71 37 7 7 20 11 
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Appendix II - Continued 

Problem 
Number 

Dir>odomys ordii Dipodorays deserti Problem 
Number 1 2 3 4 5 6 7 8 10 11 

a 2 6 2 3 17 9 3 7 8 14 
42 13 20 7 7 21 59 3 4 8 3 
43 15 7 42 20 26 23 14 34 44 6 
44 14 67 2 2 18 22 0 9 7 8 
45 12 9 4 4 8 79 3 5 0 5 
4.6 8 39 4 4 110 53 3 10 14 21 
4? 2 7 6 16 12 39 6 24 3 6 
48 4 39 4 59 70 69 83 5 1 5 
49 1 5 2 10 12 15 0 0 3 1 
50 3 14 6 7 21 25 25 1 1 7 
51 2 7 3 14 15 12 0 7 6 11 
52 0 28 5 52 31 113 6 11 3 4 
53 5 25 1 11 10 7 18 17 13 16 
54 5 10 13 5 1 10 22 3 9 9 
55 6 9 15 9 2 4 13 1 1 0 
56 2 49 4 3 5 4 5 1 5 0 
57 7 55 3 67 15 60 1 12 26 6 . 
58 0 23 3 4 4 7 12 4 14 1 
59 4 33 7 83 24 25 18 2 3 1 
60 1 9 1 14 9 0 1 3 6 6 
61 6 47 15 73 27 3 13 3 5 2 
62 0 • 28 0 36 4 10 1 4 11 1 
63 0 9 1 20 10 36 0 3 0 7 
64 0 16 5 31 6 7 3 6 15 9 
65 3 15 3 13 24 7 12 5 6 5 
66 9 25 15 17 9 23 1 10 14 27 
67 2 73 4 43 21 28 83 18 0 22 
68 0 17 3 68 5 15 7 10 1 6 
69 3 8 3 13 10 9 1 3 7 7 
70 1 29 .1 2 8 38 19 4 5 0 
71 4 61 9 15 7 7 50 6 2 2 
72 1 11 1 22 14 20 17 0 0 4 
73 41 13 7 82 11 11 5 1 15 9 
•74 6 11 6 14 10 9 11 10 1 7 
75 10 34 4 36 4 37 17 4 2 23 
76 2 10 6 40 4 5 22 4 6 1 

77 3 11 2 45 6 4 1 2 13 15 
78 2 9 6 28 14 14 3 1 3 77 
79 2 28 5 18 1 19 7 2 2. 16 
80 1 5 2 7 21 31 5 1 11 6 



LITERATURE CITED 

Alcorn, J. R. 

1941. Counts of embryos in Nevadan kangaroo rats (Genus 
Dipodomys). J. Mamm., 22: 88-89. 

Bailey, V. 

1931. Mammals of New Mexico. N. Air.. Fauna, 53, 412 pp. 

Bartholomew, G. A., Jr.,.and H. H. Caswell, Jr. 

1951. Locomotion in kangaroo rats and its adaptive significance. 
J. Mamm., 32: 155-169. 

Benson, 5. B. 

1935. A protective habit of Dlpodomvs desertl. J. Mamm., 
16: 67-68. 

Bitterman, M. E. 

1965. Phyletic differences in learning. Am. Psychol., 20: 396-410. 

Borell, A. E., and R. Ellis. 

1934. Mammals of the Ruby Mountains region of northeastern Nevada. 
J. Mamm., 15: 12-44. 

Brattstrom, B. H. 

I960. Longevity in the kangaroo rat. J. Mamm., 41: 404. 

Burt, W. H. 

1933. Additional notes on the mammals of southern Arizona. 
J. Maram., 14: 114-122. 

1936. A study of the baculum in the genera Perognathus and 
Dlpodomy3. J. Mamm., 17: 145-156. 

Butterworth, B. B. 

1961a. The breeding of Dipodomys deserti in the laboratory. 
J. Mamm., 42: 413-414. 

70 



71 

Butterworth, B. B. 

1961b. A comparative study of growth and development of the 
kangaroo rats Dipodomys desert1 Stephens and Dipodomys merrlaml 
Mearns. Growth, 25: 127-139. 

1964. Parental relations and the behavior of juvenile kangaroo 
rats (Djpo donors) in captivity. Southwestern Nat., 8: 213-220. 

Calahane, V. H. 

1939. Mammals of the Chiricahua Mountains, Cochise Co., Arizona. 
J. Mamm., 20: 418-440. 

Chew, R. M. 

1958. Reproduction by Dipodomvs merrlaml in captivity. J. Mamm., 
39: 597-598. 

Chew, R. M., and B. B. Butterworth. 

1959. Growth and development of Merriam's kangaroo rat, Dlpodomys 
merriamj. Growth, 23: 75-95. 

1964. Ecology of rodents in Indian Cove (Mohave Desert), Joshua 
Tree National Monument, California. J, Mamm., 45: 203-225. 

Colbert, E. H. 

1955. Evolution of the vertebrates. John Wiley and Sons, Inc., 
New York. 

Davi3, W. B., and J. L. Robertson, Jr. 

1944. The mammals of Culberson County, Texas. J. Mamm., 25: 254-273. 

Day, B. N., H. J. Egoscue, and A. M. Woodbury. 

1956. Ord kangaroo rat in captivity. Science, 124: 485-486. 

Doty, B. A., C. N. Jones, and L. A. Doty. 

1967. Learning-set formation by mink, ferrets, skunks, and cats. 
Science, 155: 1579-1580. 

Durrant, S. D. 

1943. Dipodomvs desertl in Utah. J. Mamm., 24: 404. 



72 

Edwards, A. L. 

1963. Experimental design in psychological research. Holt, 
Rlnehart and Winston, New York. 

Gellermann, L. W. 

1933. Chance orders of alternating stimuli in visual discrimi
nation experiments. J. Genet. Psychol., 42; 206-208. 

Grinnell, J. 

1921. Revised list of the species in the genus Pipodomy3. 
J. Mamm., 2: 94-97. 

1922. A geographical study of the kangaroo rats of California. 
Univ. Calif. Publ. Zool., 24: 1-124. 

Hall, E, R., and K. R. Kelson. 

1959. The mammals of North America, Vol. I. The Ronald Press 
Co., New York. 

Harlow, H. F. 

1949. The formation of learning set3. Psychol. Rev., 56: 51-65. 

1950. Analysis of discrimination learning by monkeys. J. Exptl. 
Psychol., 40: 26-39. 

1958. The evolution of learning, p. .269-290. In A. Roe and 
G. G. Simpson, (ed.), Behavior and evolution. Yale Univ. 
Press, New Haven. 

1959. Learning set and error factor theory, p. 492-537. In 
S. Koch, (ed.), Psychology: A study of a science, Vol. 2. 
McGraw-Hill, New York. 

Hinds, D. S. 

1963. Some aspects of endogenous oirceuiian rhythms in a nocturnal 
desert rodent Pipodomy3 merriami. M. S. thesis, Univ. of Arizona. 

Holdenried, R.. 

1957. Natural history of the bannertail kangaroo rat in New 
Mexico. J. Mamm., 38: 330-350. 

Hooper, E. T. 

1956. Longevity of captive kangaroo rats, Dipodoiavs. J. Mamm., 
37: 124-125. 



73 

Hostetter, R. G. 

1966. Time of day effects on learning and open field-activity. 
Psychon. 3ci., 5: 257-258. 

Johnson, J. I., Jr., and K. M. Michels. 

1958. Learning sets and object-size effects in visual discrimi
nation learning by raccoons. J. Comp. Physiol. Psychol., 
51: 376-379. 

Justice, K. E. 

I960, Nocturnaliam in three species of desert rodents. Ph. D. 
dissertation, Univ. of Arizona. 

Kay, H., and H. Oldfield-Box. 

1965. A study of learning-sets in rats with an apparatus using 
3-diraensional shapes. Animal Behavior, 13: 19-24. 

King, J. E. 

1965. Discrimination and reversal learning in the rock squirrel. 
Percept, and Motor Skills, 20: 271-276. 

1966. Successive and concurrent discrimination by rock squirrels 
and squirrel monkeys. Percept, and Motor Skills, 23: 703-710. 

Leary, R. W. 

1958. Analysis of serial-discrimination learning by monkeys. 
J. Corap. Physiol. Psychol., 51: 82-86. 

Lidicker, W. Z., Jr. 

I960. An analysis of intraspecific variation in the kangaroo rat 
Djpodomys merrlami. Univ. Calif. Publ. Zool., 67: 125-218. 

Long, W. 3. 

1940. Notes on the life histories of some Utah mammals. J. 
Mamm., 21: 170-180. 

Midgley, E. E. 

1938. The visceral anatomy of the kangaroo rat. J. Mamm., 
19: 304-317. 



7A 

Monson, G., and V.'. Kessler. 

194.0, Life history notes on the banner-tailed kangaroo rat, 
Merriam1s kangaroo rat, and the white-throated wood rat in 
Arizona and New Mexico. J. Wildl. Mgmt., U: 37-1*3. 

Ostle, B. 

1954-. Statistics in research. The Iowa State College Press, Ames. 

Plotnik, R. J., and R. B. Tallarico. 

1966. Object-quality learning-set formation in the young ohicken. 
Psychon. Sci., 5: 195-196. 

Rabinovitch, M. S., and E. Rosvold. 

1951. A closed-field intelligence test for rats. Canadian J. 
Psychol., 5: 122-128. 

Rajalakshimi, R. and M. A. Jeeves. 

1965. The relative difficulty of reversal learning (reversal 
index) as a basis of behavioural comparisons. Animal Behavior, 
8: 203-211. 

Reynolds, H. G. 

1958. The ecology of the Merriam kangaroo rat (Dlpodonys 
merriami Mearns) on the grazing lands of southern Arizona. 
Ecol. Monographs, 28: 111-127. 

1960. Life history notes on Merriam's kangaroo rat in southern 
Arizona. J. Mamm., 4JL : 48-58. 

Riopelle, A. J. and R. McC. Chinn. 

1961. Position habits and discrimination learning by monkeys. 
J. Comp. Physiol. Psychol., 5£: 178-180. 

Romer, A. S. 

1966. Vertebrate paleontology, third edition. The Univ. of 
Chicago Press, Chicago. 

Schmidt-Nielsen, B. and K. Schmidt-Nielsen. 

194.9. The water economy of desert nlammals. Soi. Monthly, 
69: 180-185. 



75 

Schrier, A. M. 

1966. Learning-set formation by three species of macaque monkeys. 
J. Cornp, Physiol. Psychol., 61: 4.90-492. 

Setzer, H. W. 

1949. Subspeciation in the kangaroo rat, Dlpodomys ordil. 
Univ. Kansas Publ., Museum Nat. Hist., 1J .473-573. 

Shell, W. F., and A. J. Riopelle. 

1957. Multiple discrimination learning in raccoons. J. Comp. 
Physiol. Psychol., 50: 585-587. 

Simpson, G. G. 

1949. The meaning of evolution. Yale Univ. Press, New Haven. 

Steel, R. G. D,, and J. H. Torrie. 

I960. Principles and procedures of statistics. McGraw-Hill 
Book Go., Inc., New York. 

Vorhies, G. T., and W. P. Taylor. 

1922. Life history of the kangaroo rat, Dlpodomys spectabilis 
spectabllis Merriam. U. S. Dept. Agr., Bull. 1091. 

Walker, E. P. 

1964. Mammals of the world, Vol. 2, The Johns Hopkins Press, 
Baltimore. 

Warren, J. M. 

1965. Primate learning in comparative perspective, p. 249-281. 
In A. M. Schrier, H. F. Harlow, and F. Stollnitz, (ed.), 
Behavior of nonhuman primates, Vol I. Academic Press, New York. 

Warren, J. M., and A. Baron. 

1956. The formation of learning sets by cats. J. Comp. Physiol. 
Psychol., 49: 227-231. 

Wood, A. E. 

1935. Evolution and relationship of the heteromyid rodents with 
new forms from the Tertiary of western North America. Ann. 
Carnegie Museum, 24: 73-262. 



76 

Wood, A. E. 

1958. Are there rodent suborders? Systematic Zool., 7: 169-173. 

1959.' Eocene radiation and phylogeny of the rodents. Evolution. 
13: 354-361. 

Zeigler, H. P. 

1961. Learning-set formation in pigeons. J. Comp. Physiol. 
Psychol., 54: 252-254. 


