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With a growing emphasis on details of behavior comes an in- 

creasing need for knowledge of natural behavior patterns. Studies 

on the life history of Peromyscus maniculatus have long been avail- 

able in the literature. More recently, investigators have turned to 

analyzing the behavior of some of the subspecies of P.m. in the 

laboratory. Field studies using the techniques of ecological research 

are normally not suited to discover the behavior patterns of individual 

animals. The present study is an attempt to explore some methods 

by which life history data may be supplemented with specific informa- 

tion of interest to investigators conducting laboratory studies. 

It was the expressed objective of the writer to describe and 

record the voluntary activity of P.m. rubidus kept within simulated 

natural habitats. The study encompasses certain environmental 

conditions which are thought to influence behavior. Several of these 

/` c, 



features are;: the ecological conditions where the mice were collected, 

the dimensions of the simulated natural habitats, the presence of 

cover and refuges, and the day -night cycle. 

Specific topics addressed were the distribution of the peaks of 

activity throughout the 24 -hr cycles, the separation of activity ob- 

served into meaningful elements of behavior, the design of a method 

by which behavior of the deer mice might be described and quantified, 

and the search for behavioral patterns as indicated by changes from 

one specific activity to another. 

The deer mice were collected from a large blackberry patch 

and from along the Willamette River in Eugene, Oregon, as well as 

from a woodland near Corvallis, Oregon. The mice, in pairs, were 

observed in both a large and a small simulated natural habitat, the 

Area and the Cage, respectively. The Area was 30 feet in diameter, 

while the Cage measured three by three feet. The mice were kept 

in one of the enclosures until a complete 24 -hr cycle of observation 

had been finished. This normally took five days. 

P. m. rubidus is nocturnal, and the method of illumination used 

during this study is discussed. Definite and periodic fluctuations in 

the levels of activity were found. Forty distinct activities, elements 

of behavior, were found to be sufficient for describing the observed 

behavior. It should be noted that only spontaneous activities were re- 

corded and that no attempt was made to observe behavior taking place 



in the nests. From this study the writer feels that it is possible to 

fully describe and record the spontaneous behavior of these mice 

when observed under simulated natural conditions. 

Through this record a method has been developed by which 

behavior can be reconstructed or compared between individuals of 

P. m. rubidus studied under similar conditions. 
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A STUDY OF BEHAVIOR IN THE DEER MOUSE PEROMYSCUS 
MANICULATUS RUBIDUS OSGOOD DURING ITS 

24 -HOUR CYCLE OF ACTIVITY IN A 
SIMULATED NATURAL HABITAT 

INTRODUCTION 

The deer mi c e Peromyscus maniculatus have been widely 

studied, and the varied emphases of these studies call for an extensive 

introduction. An attempt to present the scope and implications of past 

research, therefore, seems in place. A general mention of some 

aspects of ecology, comparative psychology, and ethology together 

with more detailed information gained by experimental field studies 

is presented before the discussion of the writer's main objective, a 

study of the behavior of deer mice in semi -natural enclosures. 

Ecology 

It is generally held that natural selection favors the evolu- 

tion of faunal diversity, and that through diversification a more ef- 

ficient utilization of the resources in the environment is made pos- 

sible. The development of such diversification may have been brought 

about by occasional changes in the existing topography, climatic con- 

ditions, and genetic heredity. Through the numerous physical, 

genetical, and behavioral barriers the differences between animals is 

likely to be maintained. Such barriers decrease the chances for 
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infinite diversification by hindering the process of cross -fertilization. 

The consequences are the progressive isolation of one group of ani- 

mals from another group. Each species comes to inhabit a definite 

ecological niche which is, to varying degrees, prohibited to other 

species. Niche segregation is maintained not only by the anatomical 

and physiological adaptations of the resident animals but also by their 

adaptive behavior, for example territorial defense. 

With past habitat specialization and perfection of adaptive be- 

havior, animals have developed many new and unique inter - specific 

as well as intra- specific relationships. For example, from the 

predatorial mammals to the protozoa symbiotic with the termites a 

cline in inter -specific relationship can be demonstrated. No environ- 

ment is entirely stable, however, and it seems that perfect adaptation 

cannot be realized by an individual or group of animals. The pro- 

gression of the seasons and the seral stages of vegetation succession 

are various causes of the instability of the habitat. In addition, each 

species has a limited range of adjustments by which it is capable of 

coping with changing environmental conditions. 

That behavior of animals is in constant flux may well illustrate 

one of the general biological principles of variation. Changes in be- 

havior may be studied by the responses made to the stimuli presented, 

or by the response to a constant stimulus. Changes in behavior 

through time, in space, or between individuals is another method 

.. 



employed in these studies. Whereas reasons for a change in be- 

havior may be found in such processes as maturation, fatigue, physio- 

logical adaptation, psychological conditioning, learning, etc. , the 

causes and influences of behavior seem all to be based on two funda- 

mental properties of life itself, heredity and experience. 

Comparative Psychology 

The objectives of studies in comparative psychology are usually 

to devise methods for controlling and predicting the behavior of 

particular animals. An enumeration and understanding of the general 

environmental conditions of the. habitat of the species, comes best 

through field observations. There are specific environmental aspects 

that have potent influences on the natural behavior of the animals. 

Such aspects are best studied in the laboratory; for example, by 

presenting a number of stimuli in a special order or with varying 

intensities. These studies can establish the threshold of response 

and the sensitivity of the animal to the given stimuli. Thus, it is 

possible to investigate which stimuli in the environment are influ- 

encing the behavior of the animal. 

Effective studies require a simultaneous appreciation of the 

nature of the stimuli presented, as well as an understanding of the 

life history of the animal studied. Only on this basis can productive 

experiments be planned and problems meaningfully presented to the 

3 



animal. 

It seems paramount in thel design of experimental tests to have 

a knowledge of the environmental conditions under which the animals 

live, a recognition of the adjustments made by the animals, and a 

record of the daily cycle of activity. Daily observations and records 

of the activities of the animals will eventually render insight into the 

regular behavior patterns and capabilities for adjustment by the ani- 

mal. 

Individual differences in behavior for which a genetic basis 

could in part be demonstrated, were at one time thought not to be 

affected by experience during the lifetime of the animal. This con- 

cept of a "typical" behavior has been modified by population studies 

of animals living in ecological communities. Individual differences 

can be measured and an analysis of the genetic basis made. Research 

now indicates that no two individuals are exactly alike in genetic in- 

heritance or in experience (Wolf, 1962; Dice, 1963; Rasmussen, 1964). 

The need for a thorough understanding of the life history of an 

animal has often been considered of no importance with respect to the 

data gathered on the capacities of the animals in the laboratory. Even 

the behavior in the maze has not been related to the organization of 

the behavior of the individuals in their living cages. Life histories 

of animals under observation are, however, of great importance. 

Such systematic behavior analysis may give clues as to the nature of 

4 
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the major operating factors throughout the evolution and the ontogeny 

of the behavior of the species. Sequential lineage studies of behavior 

might reveal the problems as well as the consequences and origins 

of behavior sequences. 

Ethology 

To understand the delicate relationships that exist between the 

natural endowment and behavior resulting from experience, is the 

task ethologists have taken upon themselves. Schneirla (1950), has 

given an account of the requirements for a meaningful field study of 

animal behavior. The investigator must first of all be "perceptive ", 

and realize that it is not only in the laboratory that controlled condi- 

tions can be obtained. Time of observation, objective description of 

behavior, etc. are examples of such controls. In both the field and 

laboratory the reliability of the data and the validity of the conclu- 

sions rest mainly on the sensitivity of the investigator. A series of 

observations, obtained under stable environmental conditions, can 

be expected to reveal a pattern of behavior relevant to the specified 

conditions. Even though, similarities between behavioral patterns 

are easily recognized, the degree of similarity demonstrated depends 

on the ability of the observer to quantify the main aspects of such 

behavior. Thus, the quantitative treatment of behavior may in turn 

reveal further similarities in a given behavioral pattern. 
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It is well known that behavior of wild animals may be modified 

by captivity. How such modifications influence actual behavior pat- 

terns should be considered before experiments are designed or con- 

clusions are drawn. Kavanau (1963) has written a convincing article 

summarizing a number of ethological studies which indicate that wild 

rodents kept in laboratory cages undergo changes in their behavior. 

He especially warns against indiscriminate conclusions based on such 

conditions where the animals are used in tests of learning and rein- 

forcement. He states, ". . . domestic animals remain convenient 

vegetalized strains for physiological studies, but only wild animals 

provide the full range and vigor of responses upon which solutions to 

the central problems of behavior must be based ". 

Field studies often raise more questions than they answer. It 

should be realized that these frequently can be investigated only under 

highly controlled conditions of a stable environment. The laboratory 

seems the best place to investigate such fragments of the overall be- 

havior; however, in order to place laboratory findings in the right 

perspective of the regularly occurring behavior of the free animal, 

it seems imperative to again observe the activity of the same animals 

under natural conditions. 

One of the generally accepted goals of ethology is to investigate 

the behavior of wild animals in their natural habitat. If indeed the 

behavior of animals can be recorded and measured: in some way, it 
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will eventually be possible to predict and control the various aspects 

of the natural environment which influence behavior. 

Field Studies 

The genus Peromyscus with its large number of subgenera, 

species, and subspecies is widely distributed over North America 

(Svihla, 1932). Only few of the subspecies have been extensively in- 

vestigated in the field and are now used for experimental studies. 

In the following pages Peromyscus maniculatus bairdi is re- 

ferred to only, unless otherwise indicated. This particular sub- 

species, which has been most completely studied, ranges throughout 

the Great Lakes region. The reproductive potential for this mouse 

is enormous during the peaks of its breeding season, but the popula- 

tion turnover is nearly complete in one year (Howard, 1949). The 

most densely populated areas in southern Michigan were found to con- 

tain about nine individuals per acre (Blair, 1940). 

From the wide distributional patterns of the genus Peromyscus 

one would expect great ecological diversity within its ranges. Actual 

measurements of ecological performance and adaptation, however, 

are seldom found in the literature (Sumner, 1932; Horner, 1954; 

McCarley, 1964). The home ranges of individuals of P. m. bairdi 

have been determined by Blair (1940) in a nine acre lot with the use 

of single -catch live traps. He found the home range size to be about 
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one -half acre; an area which varies with the number of available 

refuges, weather conditions, and the presence of the opposite sex. 

Howard (1949) found that 400 feet was the greatest distance a mouse 

would travel and return to its nest in one night. 

P. m. bairdi store food, an activity which may influence move- 

ments and dispersal in small populations. Factors other than the 

mere supply of food must enter into the picture of dispersal; for 

example, over -population may cause the mice to venture to areas 

where the food is less abundant (Elton, 1946; Howard, 1949). Where- 

as there are no definite genetic or ecological factors known to be 

the sole cause for migration and dispersal, there are records of 

mice spreading from over -populated areas to habitats as far away 

as the combined distances of ten home ranges (Blair, 1940). In 

spite of the many studies on the genus Peromyscus there still are no 

complete data on the dispersal patterns, movements during the yearly 

seasons, population densities, or extent of randomness in distribu- 

tion (Howard, 1949; MacArthus, 1958; Lack, 1965). 

Observations on behavior indicate that P. rn. bairdi do not 

readily burrow (Howard, 1949). Instead fallen logs, strips of bark, 

existing runways or burrows are used as nesting sites. Neither food 

or water supplies, soil texture or the number of potential nesting 

sites can be considered the major criterion for habitat selection 

(Van Harris, 1952). According to the literature the habitat of the 
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subspecies P. m. oreas, P. m. austerus, P. m. rubidus, and P. 

gambelii seems more important in controlling the extent of their dis- 

tribution than does the land as a physical barrier. For example, on 

the south sides of the Columbia River Gorge, the subspecies P. m. 

rubidus inhabits the forests and do not mix with P. m. gambelii of the 

arid grasslands. Thus not sympatric, the populations are separated 

by a distance of 35 miles. 

Further observations on P. m. gracilis and P. m. bairdi were 

made under controlled conditions. It was found that the spacing of the 

vegetation was one of the major factors of habitat selection, that is 

"woodland" versus "grassland" (Van Harris, 1952). 

The subspecies P. m. rubidus and P. m. oreas of western Ore- 

gon and Washington respectively have long tails and carry on a par- 

tially arboreal life. These mice are often found to appropriate the 

nests of squirrels, etc. in trees as high as 60 feet above the ground. 

The subspecies P. m. gambelii and P. m. austerus inhabit the more 

arid grasslands of Oregon and Washington. These mice have short 

tails and are consequently confined to a terrestrial habitat where they 

utilize runways and burrows. Thus, there seems to be a correlation 

between the habitat, anatomical structure, and behavior (Van Harris, 

1950; Taylor, 1963). This point is generally illustrated by using the 

length and the hairiness of tails of tree -dwelling squirrels versus 

those of the ground squirrels. 

m. 
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The breeding season of P. m. bairdi extends over a seven month 

period (Blair, 1940). Whether or not successful breeding behavior 

is dependent on the food supply, adequate cover, etc. has not been 

established (Howard, 1949). Normally, females are capable of re- 

production at the age of six weeks, and they average four offspring 

per litter (Blair, 1940). During the peak of the breeding season, a 

second litter is often born before the first is ready to be weaned. 

When this is the case the female will simply move to another nest 

where her second litter is born (Dice, 1929). The young spend their 

first two weeks in the nest with the mother and stay with her until 

they become sexually mature (Howard, 1949). 

The mating male need not be removed from the cage when the 

female gives birth. He will build his nest in close proximity (Dice, 

1929). It has been stated by Howard (1949) that of wild litters 

studied about five to ten percent of the offspring were produced from 

inbreeding, The males, however, become sexually mature about one 

week after the females and thus, inbreeding is minimized (Rasmussen, 

1964). Inbreeding is further prevented by dispersal movements of 

the young prior to sexual maturity. Once their home ranges have 

been established they are unlikely to abandon them (Howard, 1949). 

There seems to be very little inter -species antagonism between 

the subspecies P.m. gracilis and P. m. bairdi (Crombie, 1947; Van 

Harris, 1952; Terman, 1961; Sheppe, 1965). Even during lactation, 
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territorial behavior between two females was minimal, for they have 

been observed to raise their own litters in the same nest. Further- 

more, females readily care for the young from other mothers. An 

extreme of this behavior was noted in the laboratory by Howard (1949) 

when he observed females stealing each others offspring. 

Females of P. m. bairdi generally do not tolerate other adults 

in the nest while they are lactating. But exceptions to this were noted 

when the father shared in the care of the young (Hormer, 1947). That 

the males take part in the raising of the young might be deduced from 

the observation of some 20 -day old mice, found in company of their 

father, 300 feet from the nest (Howard, 1949). 

It has been established that the mice form the closest family 

units during the winter months (Howard, 1949). On the other hand, 

during the summer months, when sexually mature, the mice still do 

not wander far from their birth places; even single males do not make 

extensive movements in search of mates (Blair, 1940; Dice and 

Howard, 1951). Generally the mice are not considered to be very 

promiscuous, because new mates were not sought during a given 

breeding season as long as the original mate_was still alive (Howard, 

1949). This behavior is to some extent offset by a very high mor- 

tality rate within the genus (Van Harris, 1952). 

Elton (1927) hypothesized that the geographical distribution of 

animals might be limited by the operation of certain psychological as 



12 

well as ecological factors. He states that animals may be restricting 

their ranges voluntarily as they respond to the behavior of other ani- 

mals in the immediate environment. This comes about because the 

behavior is influenced by particular physiological requirements of 

the species. When a certain habitat does not meet the optimal re- 

quirements for a species, cues or probable warning signals are com- 

municated in some fashion to the animals in surrounding habitats. 

Such a mechanism, based on the recognition of these behavioral 

patterns, enables a timely reaction that may prevent other animals 

from exposure to the actual physiological stresses (Hartley, 1950). 

Animal Behavior 

The behavior of the individual animal plays an important role. 

It influences such factors as the selection of partners, territories, 

population densities, and dispersal (Blair, 1953; Sadlier, 1965). 

Moreover, it is generally accepted that behavior varies between the 

constituent parts of a population and between populations over a geo- 

graphic region (Hayward, 1965a, 1965b). A geographical north -to- 

south cline has been reported in the variation of nest construction. 

The mice from northern localities built larger nests than those of 

more southern latitudes. This behavior was irrespective of the 

species of animals or the body size of the individual mice. The data 

indicate a parallel cline in the thermo -regulatory behavior and the 
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geographic location of the mice (King, Maas, and Weisman, 1964). 

Besides environmental influences on behavior, inter -individual 

relationships can be surmised from a study by Terman (1961). He 

raised a number of Peromyscus in social isolation. These mice were 

then released on a one acre plot which was supplied with numerous 

underground nesting boxes. Fifty percent of the total number of 128 

mice used nesting boxes which previously had been inhabited by other 

mice, especially if the mice had been of the opposite sex. Not only 

did the mice maintain several refuges besides the nesting box, but 

they often were found in bisexual pairs. Thus, the spatial distribu- 

tion of the mice within this population became apparent. In addition, 

olfactory responses oriented to the odors of species members enabled 

mice to synchronize sexual activity (Moore, 1965). 

The selectivity of individuals for a particular habitat may act 

as an isolating mechanism. It appears to be self- evident that be- 

havior exhibited by members of a species must result at times in far 

reaching consequences with respect to the entire population. Thus, 

sympatric species show such selectivity when they associate with 

their own species members only (McCarley, 1964). 

Precipitating influences for such behavior has been studied in 

Peromyscus by releasing two subspecies from sympatric populations 

into a semi-natural environment. When this mixed population was 

later observed, the investigators found that the members of the 
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respective subspecies had distributed themselves as though they were 

in the original, undisturbed habitats. Therefore, the authors con- 

cluded that such behavior was indicative of inter -specific competition 

resulting in the disjunct distribution of the mice (McCarley, 1963). 

It is possible to investigate the factors which lead to behavior 

which is characteristic for a species. Two species of Peromyscus 

were studied in the macro -environment which they shared under 

natural conditions. Significant ecological differences were observed 

by the investigator. One species, P. californianus, was character- 

ized by extreme display of territoriality, elaborate nest construction, 

low reproductive potential, and slow development of their young. In 

contrast the second species, P. maniculatus, have far less aggres- 

siveness, do not build elaborate nests, have large litters and their 

young develop faster. Thus, the last species could ecologically 

"afford" less social organization and nest attachment (Eis enberg,1962). 

Methods by which animals adapt to their environment and the 

causative factors of their behavior may, at times, fruitfully be 

studied at the species level. Even such features as audiogenic sei- 

zures have been studied and found to be adaptive. This particular 

behavior was found only in a small part of the population. During 

autogenic behavior, a phase of violent and indiscriminate running is 

followed by catalepsy (freezing - the muscles of the animal become 

rigid), which in turn may give way to severe aggression. Normally 
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when a small mammal is attacked by a predatory bird, it exhibits a 

fear response and runs towards its burrow. A predatory bird is 

confused by the unusual behavior of a cataleptic animal, and is less 

apt to continue preying on that population. Thus, the total population 

derives benefit from the behavior of a few individuals (Chance, 1959). 

It is possible to investigate the nature of behavioral sequences 

within a given individual as well as on the species level. Individuals 

of P. m. gracilis were given two routes of escape from an electric 

shock administered during a test. The mice could escape the shock 

by either climbing a pole or staying on a shock -free platform. The 

mice very quickly learned to climb the pole. It was concluded that 

since these mice are semi -arboreal in their natural habitat, they 

might be phenotypically predisposed to climbing. Not only was the 

climbing reaction rapidly acquired but very resistent to extinction 

or suppression by drugs (Wolf, 1962). 

Studies on the physiological conditions, as these affect behavior 

of either individuals or entire populations, have been available for 

some time. No consistent correlations have been found between the 

size of the adrenal gland and changes in food habits, body weight, 

reproductive activity or population density for P. maniculatus living 

under natural conditions (McKeever, 1964). The adrenal gland has 

been found to be affected in animals exposed to specific social settings, 

however, as well as in animals exposed to strange mice. Another 
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reaction to social disturbances was found in the eosinophil response 

of P. leucopus (Southwick, 1964). 

The habitat is often considered to be a major factor in the ad- 

justment of the animal. It frequently plays an important role by in- 

fluencing the physical characteristics of a local population. Such 

characteristics as pelage color, length of hind foot, tail or body, etc. 

are frequently modified during the processes in which the animals 

become established in the environment. Thus, similarity of body 

characteristics, such as seen in the Jerboa of North Africa and the 

Kangaroo rat of western North America, do not automatically mean 

similar heredity. The same body dimensions can be produced by 

various gene combinations (Dice, 1949). 

When one considers behavior instead of physical characteristics, 

in light of heredity, it is easily seen that relationships exist between 

behavior and such genetic defects as deafness, malformation and 

convulsions. Other behavioral patterns may be influenced by the as- 

sociated phenotypic affects of defective genes (Dice, 1963). More 

elaborate and complex relationships between behavior and genetic 

inheritance may become increasingly difficult to recognize. For 

example, habitat selection and utilization often seem to depend upon 

the reinforcing qualities of the habitat itself. Therefore, it may be 

said that the habitat permits the expression of the genotype in terms 

of the natural behavioral patterns (King. and Weisman, 1964). 
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The inter -relationships between heredity and behavior was 

further explored in a study by Wecker (1963). Individuals of P. m. 

bairdi were released into a habitat which had both "forest" and "field" 

conditions. The study encompassed two variables: heredity, and 

experience. During the experiment both the mice caught in open 

meadows and their offspring chose the "field" conditions. The mice 

from laboratory stocks and mice caught in forest habitat did not show 

any preference for either "field ", or "forest" conditions of the ex- 

periment. These results were interpreted by Wecker as a demon- 

stration of genetic assimilation of originally acquired behavioral 

patterns. 

Thus, it may be summarized that physical maturation, early 

experience, as well as genetic determinants, produce or are factors 

in the production of typical adult behavior. The laws explaining 

genetic inheritance apply equally well to physical and behavioral 

characteristics. Furthermore, it has been shown that the different 

motor patterns distinguishing one species of ducks from another could 

be transmitted and mixed by hybridization (Lorenz, 1958). Only when 

it is recognized that both the phenotype and the genotype are enhanced 

by the specific features of the habitat does it become possible to 

understand how the processes of natural selection operate (MacArthur, 

1961). 

In the broader concepts of evolutionary development, then, one 
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may hypothesize that voluntary habitat selection, whether learned or 

endogenous, is just as much a determining factor as involuntary geo- 

graphical isolation, for both processes could result in species de- 

velopment (Thorpe, 1945). 
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OBJECTIVES 

The objective of this study was to gain an insight into the be- 

havior of the deer mouse Peromyscus maniculatus rubidus, and to de- 

termine how such behavior is influenced by certain conditions within 

semi -natural environments. The following were the environmental 

conditions taken into account: origin of the mice; enclosure; sub- 

strate; vegetative cover; nesting sites; day -light cycles and partners. 

It was hoped that through this study possible relationships between 

the behavioral adjustments of the deer mice and the presence or ab- 

sence of any or all of the environmental factors could be discerned. 

A preparatory phase, the pilot study, consisted of practice in 

recognizing behavioral patterns as they were expressed by different 

individuals. Thus, the writer hoped to gain an understanding of the 

habits of the mice and to prepare a list of the range of behavior which 

could be observed under semi -natural conditions. (See Table 6 ). 

It was also endeavored to determine whether two different semi - 

natural environments had any effect upon the behavior of the mice. 

The approach to this phase was to examine for possible changes in 

behavior as the deer mice continued to make adjustments to the re- 

spective semi -natural enclosures. The investigation was concluded 

by seeking some form of organization of activity, such as might be 

found in definite sequences of behavior or in the repetition of certain 



behavioral patterns. 

Problems of Special Interest 
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1. Can peaks of activity be determined in a 24 -hr cycle.:? 

2. Is it possible to separate meaningful elements of behavior 

from the general activity of the deer mice? 

3. Can elements of behavior be categorized as to their 

frequency and duration of occurrence during the 24 -hr 

cycles ? 

4. How does the occurrence of behavioral elements compare 

between mice from various ecological origins when placed 

in different semi -natural habitats ? 

5. Do certain sequences of behavioral elements occur more 

often than others ? 

The writer hopes that through this study a method can be de- 

veloped by which behavior can be permanently recorded and described. 

An application of such a method would enable comparison of behavior 

between individuals of the same or different species. A comparison 

of basic behavior patterns of animals from different geographic loca- 

tions should make it possible to demonstrate and quantify adaptation 

to specific habitats. 

. 
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METHODS AND MATERIALS 

The animal studied was Peromyscus maniculatus rubidus, a 

deer mouse which occurs in the vicinity of Eugene, Lane County, 

Oregon. The life histories of most of the subspecies of P. manicu- 

latus are available in the literature. From personal observation and 

the literature, it was surmised that P. m. rubidus was capable of 

adjusting to the various conditions of the study without major diffi- 

culty. 

Trapping Areas 

Three main collecting areas were used: 

1. The majority of the mice came from a large blackberry 

patch, which adjoined the observation areas themselves, in Eugene, 

Oregon. The mice caught in this area never had to be transported 

for more than 50 feet from the place they were caught. 

2. Other mice were caught along the south banks of the Wil- 

lamette River, Eugene, Oregon. The area was generally covered 

by large shrubs and interspersed with blackberry bushes. The sub- 

strate was sandy with large boulders. In this area the traps were 

always placed within 20 feet of the edge of the water. 

3. The mice used during the last stages of the study came 

from MacDonald Forest, six miles north of Corvallis, Oregon. 
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These mice were collected by Mr. E. F. Hooven, Mammalogist of 

the Forest Products Laboratory, Oregon State University, Corvallis, 

Oregon. The particular area of MacDonald Forest where the mice 

were caught consisted of mixed secondary growth of coniferous and 

deciduous woodland. 

Live Trapping 

Small, single- catch, Sherman live traps (two by two by eight 

inches) were used to catch the mice. The traps were set out during 

the late afternoon and checked in the early morning (Kavanau, 1962). 

When a mouse was caught it was transported to the study area. The 

mice were given the opportunity to come out of the traps under their 

own volition. Before observation began the mice were given at least 

three days to adjust to the new environment. Those mice selected 

for observations were weighed, measured, sexed, and given an 

identification mark. 

Because two mice were observed simultaneously, one of the 

mice was marked at the shoulder and the other at the lumbar region. 

The marking was done by clipping off a patch of the guard hairs. The 

two distinct places for marking enabled the observer to identify each 

mouse at a distance both day and night. The mice neither struggled 

violently during the clipping of their fur, nor did they seem to pay 

particular attention to these areas during subsequent grooming. Each 



23 

pair of mice was observed first in one simulated natural habitat and 

then in the other. 

The Colony 

The colony is the place in which, prior to observation, the 

mice were given a three day adjustment period. This Colony was 

constructed of a wooden frame (four by four by three feet high) and 

covered with hardware cloth (three /eighth mesh). The entire struc- 

ture could be opened up either from the top by a lid, to introduce 

large objects, or from the side by a small sliding door, used to in- 

troduce the mice. The substrate of soil and gravel had been planted 

with grass. The Colony was raised off the ground to a level of about 

two feet, and placed under a tree near the observation areas (Appendix 

Figure 4). This particular arrangementprovided the mice with natural 

climatic conditions as well as adequate protection against predators. 

Filbert nuts, chicken -feed of cracked corn and wheat, and 

Purina mouse chow were provided at regular intervals. A. drinking 

bottle, in one of the corners, provided a constant supply of water. 

In addition the mice also ate the grass blades and leaves of a plantain 

plant, and frequently supplemented their water supply by licking the 

dew which had formed on the grass. An exercise wheel was in- 

stalled for rapid energy expenditure; the mice readily accepted and 

used the wheel (Dice and Hoslett, 1950). The mice were provided 
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with cotton and paper toweling for nesting material. They con- 

sistently preferred to build their nests under a piece of plywood (1/4 

by 7 by 20 inches long). 

The largest number of mice kept in the Colony at any one time 

was five individuals. They were never confined in the Colony for 

more than six days before transfer to one of the observation areas. 

The physical and biological factors within the immediate en- 

vironment were kept as constant as possible. The actual observations 

on the behavior of the deer mice were made in enclosures of semi - 

natural conditions, the Cage and the Area. 

The Cage 

The Cage was the smaller of the two observation enclosures 

used during the study. The dimensions were four by four feet and 

the sides were two feet high. The Cage was constructed of corru- 

gated sheet metal, the sides of which were sunken eight inches into 

the ground and rested perpendicularly on a strip of sheet metal. This 

arrangement was intended to keep the mice from escaping by digging 

under the walls. The soil at each of the four corners of the Cage 

was replaced with concrete for solidity, as well as for making them 

more "mouse- proof" with respect to digging. 

Above the ground the corrugated sheet metal was smoothed 

over with Plaster of Paris, and a layer of fiber glass. This fiber 
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glass further prevented the mice from climbing out since it was too 

hard and slippery for them to gain a foothold. Perpendicular deflec- 

tors, made of sheet metal of six inches wide, were placed along the 

top edge of the corrugated plates in order to block escape by jumping. 

The roof of the Cage was made of chickenwire. Branches off 

trees could be placed on top of the wire and thus simulate natural 

cover. This roof not only hid the observer from the mice, but also 

discouraged predatory birds. 

A red light, 100 watts, was installed six feet above the ground 

in the center of the Cage. This provided adequate illumination for 

night observations. A lamp shade prevented the light from shining 

outside the Cage, which acted to camouflage the observer from the 

view of the mice at night (Appendix Figure 1).. 

A plywood nesting box, 10 by 20 by 4 inches high, was placed 

in the observation Cage. A false ceiling, a glass plate, was inserted 

two inches below the lid of the nesting box. This gave the mice a 

space of two inches between the glass plate and the soil, to build 

their nests. The only exit was a tunnel leading from the nesting box 

chamber and underneath its walls, to the outside. The false ceiling 

and the tunnel were installed to enable the observer to periodically 

check the mice without drastically interfering with their behavior. 

(Appendix Figure 3). 



26 

The Area 

The Area was the larger of the two enclosures used for ob- 

servations. The overall construction was similar to that for the 

Cage, except that the Area was circular with a diameter of 30 feet. 

An observation post, three by three feet of ground space, was placed 

in the center of the Area. Within the post a rotating chair enabled 

the observer to view all portions of the Area. 

Twelve red, 100 watt, light bulbs and six frosted white, 75 

watt, light bulbs were installed for night observations. This ar- 

rangement illuminated every region without producing exceedingly 

bright spots (Appendix Figure 2). 

Both the Cage and the Area were provided with a level, grassy 

substrate which did not afford any hiding places for the mice. This 

feature was necessary for the observer to locate and follow the mice 

at all times. 

A further check on the activities of the animals was made pos- 

sible by the use of detection wires. When the observer left the ob- 

servation enclosures, wires of a telephone cable, were placed over 

the respective exits from the nesting boxes. The mice displaced 

these wires enough when they appeared at the entrances so that the 

observer could detect that the mice had been active. This particular 

innovation was used for spot- checking only, and the data were not 



incorporated into this study. 

Procedures 
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The mice were taken from the Colony, after their adjustment 

period, and selected for the study on the basis of sex and maturity. 

The four mice chosen were teamed up into two sets of partners and 

given an appropriate marking. The actual release of the mice into 

their respective observation areas took place in the late afternoon. 

They were placed, one at a time, onto the substrate directly in front 

of the runway leading to the nesting box. Usually each mouse crawled 

into the nesting box immediately. After three or four minutes they 

occasionally came out to sniff the air, but soon settled down. At 

this time the second mouse, its partner, was introduced in the same 

way; it frequently displayed similar behavior. The same procedure 

was used throughout the entire study. 

During the following week the mice were given an opportunity 

to adjust to their new environment. Feedings were scheduled, and 

the lights were switched on during periodic sessions. Observations 

began at the end of this initial period and were continued for a pre- 

determined number of hours. All the observations were initially 

spoken into a small tape recorder and later transcribed onto the 

activity records. In order to make the study as objective as possible, 

the observed behavior was recorded in short, declarative sentences. 
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No further elaborations were employed. The checklist of behavioral 

elements was compiled after all the data were collected, and then it 

was used for organizational purposes only. 

Whereas the number of days given to the mice for adjustment 

to the environment varied from four to six days, the number of 

calendar days scheduled for each of the 24 -hr cycles of behavior 

varied between three and five days (Table 2 ). The following is an 

example of a typical observation session: the writer took notes at 

the Cage from 1 A. M. to 4 A. M. , then made further observations at 

the Area from 4 A. M. to 7 A. M. The following night the observation 

schedule was reversed. It was hoped that this observation schedule 

would minimize differences in behavior which might be due to weather 

conditions. While observing, a check was made of the conditions of 

the sky, moon, temperatures and wind direction. 

When the observations on a particular set of mice were com- 

pleted, the mice were transferred to the other enclosure for a sub- 

sequent 24 -hr cycle of observation. 

The reliability of the writer was checked by comparing his data 

with the notes made by another person during a session of simul- 

taneous observation on the same mice. The second observer was 

informed of the procedure of data recording; thereafter, no further 

instructions were given. The results were analyzed by an unbiased 

person and found to be within the range of acceptability. 



Data sheets were so devised that observations could be fully 

recorded and easily analyzed (see Appendix). A complete journal 

was kept on each of the mice starting with the origin and habitat 

where the mice were caught, until they were again released at the 

termination of the study. 

Activity Records 
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An effort was made to record all observations in the order of 

their occurrence and to note the time of day. No alterations . were 

later made. All observations were recorded to the nearest second 

because some elements of behavior lasted for only five seconds while 

others lasted as long as ten minutes. One sheet or one set of sheets 

of the activity record were used to cover one hour of continued ob- 

servation. Moreover, each activity record was designed with addi- 

tional space for sketches. All sheets utilized during a full 24 -hr 

cycle of behavior was considered to be a single unit of observation, 

and as such was kept intact. 

Activity Graphs 

The data obtained from the activity records has been illustrated 

in the form of graphs. These graphs represent all the behavior of a 

given individual in its original sequence, with the duration noted in 

minutes and seconds. Since the graphs show the arrangement of the 
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behavior in columns, it is possible to read the total time spent in 

any given activity as well as the sequence and duration of each in 

realtion to the overall behavior. 

Activity Sequences 

Re- examining the activity records, it was possible to tran- 

scribe behavior sequences of the individual mice. This affords an 

overall understanding of the level of activity for a single individual 

during a given 24 -hr cycle of observation. This approach illustrates 

the recognition that even slight changes in behavior are as indicative 

of alertness and energy expenditure, as are the more detailed list- 

ings of the individual behavioral elements. 

It is hoped that the foregoing procedures and observations are 

such that the 24 -hr cycles of observation can indeed be regarded as 

single, complete units of behavior. 
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DATA 

Table 1 shows three groups of mice. The first group was ob- 

tained from Dr.R. R. Huestis at the University of Oregon. These 

mice, numbering 1 through 13, were never used for actual observa- 

tions to be reported as part of this study. They were used only during 

the preparatory stages of the study, during which the observer be- 

came acquainted with the general ranges of behavior and the main- 

tenance requirements of the deer mouse. 

Mouse number 1 was kept during the winter months of 1963 and 

studied for the purpose of determining a general behavior pattern, 

the approximate times of activity, and the elements of behavior which 

were readily observable. This pilot investigation formed the basis 

for designing preliminary data sheets, and for the breakdown of 

activity into major categories and elements of behavior. Later, this 

breakdown was modified and made more complete for recording ob- 

servations on the mice of the formal study. 

The second group of mice, numbering from 18 through 59 

consisted of individuals which were caught in the immediate environ- 

ment where the study was conducted. This environment included such 

habitats as a railroad gully, a large blackberry patch, and a river 

bank. The writer has data on all of these mice in either one or both 

of the observation areas, and these data include ecological factors as 

. 
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Table 1. The place of origin, sex, and markings of all the mice used during any phase of the study. 

Mouse Place of Mouse Mouse Markings Mice used in Pilot 

Group Origin Number Sex on Fur or Formal Study 

I Huestis 1 - 13 - Pilot 

Colony 

II Eugene 18 - 54 - Pilot 

Field 
Caught 55 Female Back Formal 

56 Male Back Formal 

57 Male Head Formal 

58 Male Head Formal 

59 Male Head Formal 

III Corvallis 60 - 73 - - Pilot 

Field 
Caught 74 Female Head Formal 

75 Male Back Formal 

76 Female Head Formal 

77 Female Back Formal 

78 - 79 - Pilot 

80 Male Back Formal 

81 Male Head Formal 

82 Male Head Formal 

83 Female Back Formal 

- 

- 

- 
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well as anatomical and behavioral observations. Often the data are 

incomplete for a particular mouse, stemming from the fact that many 

mice escaped. The enclosures subsequently were perfected to pre- 

vent this loss of mice. 

The third group of mice were obtained from Mr. E. F. Hooven, 

mammalogist at Oregon State University, who caught them in Mac- 

Donald Forest and kept the mice in outside cages for four or five 

months. These mice are numbered from 70 through 83. The par- 

ticular environment of MacDonald Forest may be summarized as 

mixed secondary growth of coniferous-deciduous woodland. 

The mice which were observed and of which we have used the 

data in our study can be divided as follows : mice #55, #56, #57, 

#58, and #59 came from the second group. The observations on 

these mice comprise the first part of our study, and provided the 

majority of our data. Mice #74, #75, #76, #77, #80, #81, #82, and 

#83 came from the third group of mice. These were used during the 

last observation cycles of the study and were frequently compared 

and contrasted with the behavior of the second group of mice. 

The mice used in the formal study are given in Table 2. After 

the mice were observed in one enclosure, they were transferred to 

the other enclosure for a second period of observation. Two mice 

were selected on the basis of sex to become partners. Three com- 

binations of partners were used: male - male, female - female, and 
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Table 2. The distribution and partners of all mice used during the eight 24 -hr cycles of observation. 

Observation Cage Area 

Dates Cycles 
Mouse 

Number 
Mouse 

Marking 
Mouse 

Sex 

Mouse 
Number 

Mouse 
Marking 

Mouse 
Sex 

14 - 20 August A 55 Back Female 56 Back Male 

57 Head Male 58 Head Male 

26 - 30 August B 55 Back Female 56 Back Male 

57 Head Male 58 Head Male 

5 - 10 September C 56 Back Male 55 Back Female 

58 Head Male 59 Head Male 

16 - 20 September D 56 Back Male 55 Back Female 

58 Head Male 59 Head Male 

27 - 30 September E 76 Head Female 74 'Head Female 

77 Back Female 75 Back Male 

5 - 8 October F 74 Head Female 76 Head Female 

75 Back Male 77 Back Female 

8 - 10 October G 80 Back Male 82 Head Male 

81 Head Male 83 Back Female 

14 - 16 October H 82 Head Male 80 Back Male 

83 Back Female 81 Head Male 

: 
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male - female. By controlling the sex partnership we have been 

able to eliminate differences in behavior which might be due to sex 

alone. This was done because the major objective was to describe 

the behavior and how it might be influenced by the environment in 

terms of behavior categories. 

The two selected mice were introduced together into one of the 

two enclosures, and were also transferred as partners to the other 

enclosure. For example, during observation cycle A there are two 

males in the observation Area; these same two males have been 

transferred to the observation Cage in cycle C. 

Please note that during observation cycles A, B, C, and D the 

mice were observed for two consecutive sessions before they were 

transferred, while during observation cycles E, F, G, and H the 

mice were transferred after one single session of observation. The 

double check on the mice during cycles A - D forms a suitable control 

and follow -up study on these individuals. The single observation 

cycles on the mice during cycles E - H, however, gives twice the 

number of mice. 

Table 3 lists the number of minutes and seconds the investi- 

gator spent in observation, as well as the number of minutes and 

seconds the investigator was able to record actual activity. The 

relative success, expressed in percentages of time spent, is also 

shown. 

, 



Table 3. Listings of the total time spent in observation, the length of activity and the percentages of success of observed behavior for all mice 
used during eight 24 -hr cycles of behavior. 

Observation 

Date Cycle 

Cage Area 
Percentages of Success 

Cage Area 

Mouse 
Number 

Time in 
Observation 
Min. Sec. 

Observed 
Activity 
Min. Sec. 

Observed 
Activity 
Min. Sec. 

Time in 
Observation 

Min. Sec. 

Mouse 
Number 

August A 55 603 21 154 32 7 20 660 50 56 25.58 1. 09 

14 - 20 57 549 51 131 33 19 25 650 50 58 23 . 90 2. 96 

1153 12 286 05 26 45 1311 40 24. 81 2. 01 

26 - 30 B 55 609 05 125 53 8 34 640 37 56 20 . 66 1 . 38 

57 246 20 11 05 36 18 646 50 58 4. 50 5. 61 

855 25 136 58 44 52 1287 27 16.00 3. 48 

September C 56 480 20 42 25 2 05 420 00 55 8. 83 . 49 

5 - 10 58 481 05 64 35 55 420 00 59 13 . 42 . 22 

961 25 107 00 3 00 840 00 11. 13 . 36 

16 - 20 D 56 657 35 46 15 13 40 479 35 55 7 . 03 2. 85 

58 652 00 51 55 43 35 481 00 59 7 96 9 . 06 

1309 35 98 10 57 15 960 35 7 . 49 5 . 96 

27 - 30 E 76 597 30 3 10 7 20 672 35 74 53 1 09 

77 597 35 39 25 4 05 672 30 75 6. 59 . 60 

1195 05 42 35 11 25 1345 05 3. 56 85 

October F 74 607 55 17 05 05 660 00 76 2. 81 . 01 

5 - 8 75 605 00 9 20 5 05 660 00 77 1 . 54 77 

1212 55 26 25 5 10 1320 00 2. 12 39 

8 - 10 G 80 600 00 4 15 4 05 600 20 82 . 71 . 68 

81 600 00 20 8 10 600 00 83 . 05 1. 36 

1200 00 4 35 12 15 1200 00 . 38 1. 02 

14 - 16 H 82 660 00 1 55 30 660 00 80 . 29 . 07 

83 660 00 1 25 20 660 00 81 . 21 05 

1320 00 3 20 50 1320 00 25 . 06 LA) 

cr 
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All of the mice used throughout the study were observed for at 

least two cycles, first in one habitat and then in the other habitat. 

Because the mice used in observation cycles E through H were not 

observed for two sessions in the same habitat, we are not able to 

show data for continued acclimation to the particular habitat as we 

did for the cycles A through D. 

Tables 4 and 5 show the total activity of the mice during the 

observation period in either the Cage or the Area habitat. Each of 

the mice have been identified as to the particular behavior cycle dur- 

ing which it was observed; for example, mouse #55 and Mouse #57 

were observed during cycle: A. The activity, furthermore, is indexed 

as to the hour of the day. A summary of the total behavior which 

occurred at any particular hour is given in the last column. These 

totals have been graphed (Graphs I and 2) to give the distribution of 

activity throughout the entire population for each hour of activity. 

The data of the mice studied in the Cage habitat has been 

grouped into Table 4, while the data of the mice studied in the Area 

habitat has been grouped into Table 5. The pilot study indicated that 

the major activity of the mice was between the hours of seven o'clock 

in the evening and five o'clock in the morning. The formal study 

covers all 24 hours of the day, but the tables show hours of actual 

activity only. 

The last column of Tables 4 and 5 have been plotted in Graphs 



Table 4. A summary showing the distribution of activity relative to the time -of -day, for eight 24 -hr cycles of observation on all the mice in the 

cage- habitat (in minutes and seconds). 

Time Cycles of Observation 

of A B C D E F G H 

Day #55 #57 #55 #57 #56 #58 #56 #58 #76 #77 #74 #75 #80 #81 #82 #83 Totals 

p. m- 
5- 6 

6- 7 4 47 55 10 2 55 10 05 20 9 22 

7- 8 3 35 10 10 1 40 15 20 1 25 3 10 15 15 35 50 

8- 9 5 21 8 10 18 20 27 55 28 05 11 30 2 10 2 20 3 15 20 05 107 31 

9-10 5 48 8 19 42 00 12 40 10 45 14 00 15 20 1 10 6 00 7 50 3 25 20 10 25 128 12 

10-11 15 25 4 55 3 05 60 7 30 1 25 33 20 

11-12 47 30 40 10 40 5 20 93 40 

12- 1 11 35 11 18 11 50 1 20 20 36 23 

a. m. 
1- 2 32 45 14 30 1 15 2 55 35 1 50 20 15 54 25 

2- 3 27 40 28 05 37 40 25 12 15 19 15 2 00 60 10 05 128 35 

3- 4 8 28 7 40 12 58 20 18 35 14 25 2 55 1 10 10 66 41 

4- 5 6 45 20 2 10 40 1 10 11 05 

5- 6 

6- 7 30 
30 

Ww 



Table S. A summary showing the distribution of activity relative to the time -of -day, for eight 24 hr cycles of behavior of all the mice in the 

area -habitat (in minutes and seconds). 

Time 
of 

Day #56 
A 

#58 #56 

B 

#58 

C 

#55 #59 

Cycles of Observation 
D E 

#55 #59 #74 #75 #76 
F 

#77 #82 
G 

#83 
H 

#80 #81 Totals 

p.m. 
S- 6 

6- 7 

7- 8 30 10 30 20 1 30 

8- 9 05 12 35 2 15 2 05 20 2 10 11 45 10 25 32 20 

9-10 2 55 15 1 20 1 00 19 50 10 10 20 50 26 50 

10-11 4 20 1 35 15 20 1 40 10 15 05 10 2 45 20 11 SS 

11-12 1 SO 10 18 40 3 00 4 05 27 45 

12- 1 20 05 25 

a. m. 
1- 2 4 30 1 50 35 9 50 10 10 17 05 

2- 3 SS 4 50 40 1 35 OS 4 20 1225 

3- 4 245 35 3 20 

4- 5 1 40 20 9 OS 2 30 20 30 16 55 

S- 6 3 39 15 15 4 09 

6- 7 1 45 1 45 

7- 8 
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Graph 1. Graphs showing the distribution of activity, in minutes and 
seconds, relative to the time -of -day, for all cycles of 
observation for the mice in the Cage and Area habitat. 
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Graph 2. Graphs showing the distribution of activity, in percentages 
of time, relative to the time -of -day, for all cycles of 
observation for the mice in the Cage habitat andArea- 
habitat. 
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land 2. That a difference exists between the total time spent in 

activity by the mice in the Cage and the Area is readily apparent. 

This total time of activity of all mice in either habitat has been 

plotted in order to bypass any aberrant behavior of a particular in- 

dividual, and to get a more accurate index for the "typical" deer 

mouse under given conditions. 

Graph 1 shows the actual time of behavior expressed in minutes 

and seconds; and, Graph 2 shows the times of activity expressed in 

terms of percentages of the total behavior that occurred. Because 

there is a common basis for graphing activity from both habitats in 

the form of percentages, a comparison between the behavior observed 

in the two habitats becomes much more. meaningful. 

The graphs for the mice of the A - D cycles in the Cage and 

Area can be compared to those of the E - H cycles (Graph 3). This 

comparison of the data is not arbitrary, but rests upon the fact that 

mice of different ecological habitats and previous experience with 

captivity are involved. For both groups of mice the graphs are 

superimposed upon one another. This particular arrangement enables 

us to look more closely into the various factors which might have in- 

fluenced the hours and extent of activity of the mice. Where the data 

are not completed to finish a particular graph (e. g. area cycles 

A - D) we have drawn from substantiating data and projected the slope 

of the line of the graph as accurately as possible. 
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Two graphs showing the summary of the distribution of 
activity relative to the time -of -day, (expressed in per- 
centages of time), for the A - D and the E - H, cycles 
of observation separately for the Cage and the Area 
habitats. 

r 

4- 

. 

I 

1 

+ 

I 

I 

/ 

. .-+ 

.-+ 
i[1 .O 

I 

I 

I 

t 

1 

1 



44 

Table 6 gives an overview of the type of behavioral elements 

which can be expected to occur in a study such as this. The table 

does not give quantitative information. The range of behavior and 

some indication as to the universality of particular behavioral ele- 

ments were the primary objectives. The term universality, as used 

here, refers to the fact that certain elements of behavior were noted 

in nearly every individual. For example, the olfactory investigation 

was recorded for all mice, whereas crawling was restricted to a few 

animals only. These are the type of relationships which can be de- 

ducted from this table. 

The table also forms the basis for further statements which will 

become clear once these data have been analyzed by definite cate- 

gories. The degree of frequency of occurrence of a particular ele- 

ment of behavior will be found in Tables 7 and 8. 

Some of the elements of behavior listed in Table 6 had to be 

abbreviated and may not be self -explanatory. For example, "In 

Place" refers to investigatory behavior which did not require the 

mouse to leave its location; "Gathering" means foraging; "Observing" 

means that one mouse was observing its partner, and "Attentive" 

means that both mice manipulated the same object. 

Tables 7 and 8 show the time spent in each element of behavior 

that could be observed and recorded for the various groups of deer 

mice. The totals in time are given in absolute values of minutes and 



Table 6. A listing of the behavior elements as they occurred throughout the entire population of the cage- habitat and the area -habitat. 

Cage Area Cage Area 

Behavior A B C D A B C D E F G H E F G H 

Elements 55 57 55 57 56 58 56 58 56 58 56 58 55 59 55 59 76 77 74 75 80 81 82 83 74 75 76 77 82 83 80 81 

Sitting - - - - - - - - - - - 

Sensory - - - - - - - - - - - - - - - - 

Olfaction - - - - - - - - - - - - - - - - 

Visual - - - - - - - - - - - - - - 

Auditory - - - - - 

Standing - - - - - - 
Searching - - - - - - - - - 

In Place - - - - - - - 

Walking - - - - - - - - - - 

Running - - - - - - - - - - - - - - 
Digging - - - - - - - 

Jumping - - - - - - - - - - 

Hopping - - - - - - - 
Climbing - - 
Crawling - - - 

Scratching - - - - - 
Licking - - - 
Washing - - - - - - - - - 

Biting - - 
Stretching - - 

- 

- 

- 



Table 6.. (continued) 

Behavior 
Elements 

Cage Area Cage Area 
A B C D A B C D E F G H E F G H 

55 57 55 57 56 58 56 58 56 58 56 58 55 59 55 59 76 77 74 75 80 81 82 83 74 75 76 77 82 83 80 81 

Feeding 
Gnawing 
Drinking 
Gathering 
Investigating 

Chasing 
Following 
Nudging 
Huddling 
Squeeling 
Kissing 
Biting 
Washing 
Observing 
Nest Care 
Wood gnawing 
Attentive 



Table 7. Total time, in minutes and seconds, spent by individual mice in each element of behavior relative to habitat and observation cycles A - D. 

Behavior 
Cage 

A 

Area 
A 

Cage 
B 

Area 
B 

Cage 
C 

Area 
C 

Cage 
D 

Area 
D 

Elements #55 #57 #56 #58 #55 #57 #56 #58 #56 #58 #55 #59 #56 #58 #55 #59 

Sitting 58 02 34 50 60 5 45 1 50 20 4 20 1 30 35 10 4 00 1 40 12 10 

Sensory 6 49 5 17 4 30 5 00 2 45 25 2 10 5 40 15 1 45 10 30 2 50 1 45 40 35 

Olfaction 6 45 55 30 1 05 10 05 1 00 15 05 35 25 15 10 

Visual 5 15 2 10 1 05 2 40 2 45 05 1 25 1 10 35 10 35 50 1 15 2 05 

Auditory 40 05 05 05 20 

Standing 3 03 20 20 3 43 30 15 25 35 1 25 

Searching 10 03 40 25 5 00 2 25 2 10 3 05 10 1 10 1 05 10 4 55 

In Place 2 15 35 2 20 20 05 3 05 5 10 30 05 15 15 30 40 

Walking 2 09 7 44 15 9 10 35 1 35 45 30 50 4 25 25 55 

Running 4S 1 25 2 00 11 15 1 04 2 30 2 55 1 50 15 15 2 30 2 20 1 45 6 05 

Digging 30 1 15 3 05 2 00 10 45 

Jumping 14 35 25 15 1 45 15 15 30 05 30 60 05 

Hopping 05 25 20 3 50 10 20 05 1 00 10 

Climbing 17 06 10 

Crawling 5 45 2 00 1 20 15 20 

Scratching 20 1 01 2 40 05 05 05 

Licking 15 6 52 25 15 

Washing 2 02 1 51 2 30 2 00 05 25 2 15 25 1 20 20 

Biting 51 1 10 20 35 

Stretching 05 05 



Table 7. (continued) 

Behavior 
Elements 

Cage 
A 

#55 #57 

Area 
A 

#56 #58 

Cage 
B 

#55 #57 

Area 
B 

#56 #58 

Cage 
C 

#56 #58 

Area 
C 

#55 #59 

Cage 
D 

#56 #58 

Area 
D 

#55 #59 

Feeding 
Gnawing 
Drinking 
Gathering 
Investigate 

Chase 
Following 
Nudging 
Huddling 
Squeeling 
Kissing 
Biting 
Washing 
Observing 
Nest Care 
Gnaw Wood 
Attention 

15 23 

2 42 

08 

2 50 

31 

60 
05 

15 49 

45 

40 

60 
7 55 

27 35 

2 30 

3 00 

6 15 

45 

15 
13 31 

10 

1 05 

8 40 

20 
1 10 

05 

47 40 
7 30 

20 
4 55 
9 20 

10 

30 
1 20 

9 55 

30 

1 00 
20 

1 05 

4 00 

3 05 

8 45 

1 05 
1 05 

4 05 

3 25 

55 
15 

05 

10 
1 25 

20 

4 15 
60 
30 

21 50 

25 

5 55 
45 

1 40 
4 30 

35 

10 
05 

20 

12 50 
3 05 

10 

17 05 

1 15 

45 

2 10 

1 35 

1 20 

3 10 

20 
05 

3 25 

10 

20 

2 00 

16 30 

1 20 
40 

7 35 

35 

30 

50 
3 10 

10 
10 

15 

1 30 
10 

25 

60 

2 15 

50 
20 

20 

1 00 
20 

5 35 

4 10 

2 10 
1 05 

05 

10 

15 



Table 8.. Total time, in minutes and seconds, spent by individual mice in each element of behavior relative to habitat and observation cycles E - H. 

Behavior 
Elements 

Cage 
E 

#76 #77 

Area 
E 

#74 #75 

Cage 
F 

#74 #75 

Area 
F 

#76 #77 

Cage 
G 

#80 #81 

Area 
G 

#82 #83 

Cage 
H 

#82 #83 

Area 
H 

#80 #81 

Sitting 10 5 00 40 10 30 1 10 1 45 10 1 45 2 20 05 10 OS 10 

Sensory 1 45 6 15 35 05 1 10 2 35 05 25 55 35 10 05 20 05 10 

Olfaction 10 3 10 1 05 10 20 05 10 25 15 25 35 

Visual 10 2 35 10 50 10 30 15 10 

Auditory 30 30 10 

Standing 55 10 

Searching 1 10 1 25 35 

In Place 50 15 15 15 05 

Walking 5 20 10 40 40 10 1 20 

Running 1 55 10 30 10 20 40 40 15 

Digging 30 

Jumping 55 05 

Hopping 10 

Climbing 
Crawling 

Scratching 
Licking 
Washing 25 

Biting 
Stretching 10 



Table 8. (continued) 

Behavior 
Elements 

Cage 
E 

#76 #77 

Area 
E 

#74 #75 

Cage 
F 

#74 #75 

Area 
F 

#76 #77 

Cage 
G 

#80 #81 

Area 
G 

#82 #83 

Cage 
H 

#82 

Area 
H 

#83 #80 #81 

Feeding 5 55 1 30 1 30 2 50 3 00 2 00 10 

Gnawing 05 20 

Drinking 
Gathering 2 20 10 1 15 10 10 55 05 

Investigate 55 05 20 

Chase 3S 

Following 40 05 

Nudging 
Huddling 10 45 25 10 

Squeeling OS 10 

Kissing 
Biting 
Washing 
Observing 20 3 00 

Nest Care 50 30 

Gnaw Wood 30 4 10 2 00 3 00 20 40 

Attention 10 



51 

seconds. For example, the entry for mouse #55 during the cycle ,A 

shows, 58 02, which means 58 minutes and two seconds. The ob- 

servations in these complete records of the behavior, are grouped 

by elements of behavior and listed under columns specific for each 

of the mice. The columns are totaled to facilitate an immediate 

scanning as to the degree of success the observer had in recording 

behavior for a given mouse (Table 9). 

Graphs 4, 5, 6 and 7 show these absolute values of time tran- 

scribed into percentages and plotted on the basis of the total behavior 

that did occur for each mouse during the various cycles. 

Table 9 lists.in minutes and seconds, the time spent by the mice 

in the nesting box, and in activity which could be observed. Table 

10 shows data derived from Tables 7 and 8. Again the minutes and 

seconds have been converted to percentages and these relative values 

were summarized for specific observation cycles. 

Graphs 4, 5, 6 and 7 show the values of time in minutes and 

seconds from Table 10. These have been converted into percentages 

of the behavior observed during specific cycles of observation. The 

graphs are intended to detect trends of behavior. It is for this reason 

that a number of observation cycles are summarized, for both the 

Cage and the Area, in several different ways. 

Graphs 4 and 5 contrast independently, the behavior of the same 

mice when they were observed in either the Cage of the Area. Graph 6 
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Graph 4. Listing the percentages of time spent by mice in each 
element of behavior relative to habitat and observation 
cycles A - D. These values were taken from Table 10, 
columns Cage A. - D and Area A - D. 
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Graph 6. Listing the percentages of time spent by mice in each 
element of behavior relative observation cycles A - D 

and E - H. These values were taken from Table 10, 
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Table 9. Listing the time spent by the mice in activity and in the nesting box, as well as the time spent by the investigator in observation 

(in minutes and seconds). 

Observation Cycle, 
Habitat and Mouse 

Behavior 
Observed 

In 
Nest 

Total 
Time 

Observation Cycle, 
Habitat and Mouse 

Behavior 
Observed 

In 
Nest 

Total 
Time 

A Cage 55 154 32 448 50 603 21 E Cage 76 3 10 594 20 597 30 

57 133 94 418 18 549 51 77 39 25 558 10 597 35 

Area 56 7 20 652 30 659 50 Area 74 7 20 665 15 672 35 

58 20 45 630 05 660 00 7S 4 05 668 25 672 30 

B Cage 55 125 53 484 52 609 05 F Cage 74 17 05 590 50 607 55 

57 11 05 235 15 246 20 75 9 20 595 40 605 00 

Area 56 8 34 632 03 640 37 Area 76 05 659 55 660 00 

58 31 10 615 40 646 50 77 5 05 654 55 660 00 

C Cage 56 42 25 439 55 480 20 G Cage 80 4 15 595 55 600 10 

58 64 35 416 30 481 05 81 20 599 40 600 00 

Area 55 2 05 417 55 420 00 Area 82 4 05 596 15 600 20 

59 55 419 05 420 00 83 8 10 591 50 600 00 

D Cage 56 46 15 611 20 657 35 H Cage 82 1 55 658 05 660 00 

58 51 55 600 OS 652 00 83 1 25 658 35 660 00 

Area 55 13 40 465 55 479 35 Area 80 30 659 30 660 00 

59 43 35 447 25 481 00 81 20 659 40 660 00 



Table 10. Listing, in different categories, the percentages of time spent by the mice in all elements of behavior. 

Behavior 
Elements 

Cage 
A - D 

Area 
A - D 

Cage 
E - H 

Area 
E - H 

Total 
A - D 

Total 
E - H 

Cage 
Total 

Area 
Total 

Grand 
Total 

Sitting 15.63 20.30 10.29 21.33 15.64 1 3. 39 1 4. 86 20.53 15.98 

Sensory 3.46 15.03 17.19 7.28 5.41 1 4. 42 4.94 13.59 6.52 
Olfaction 1.62 1.56 7.66 3.37 1.60 6.45 2.27 1.90 2.20 

Visual 1.87 8.00 5.25 2.79 2.91 4.56 2.24 7.03 3.11 

Auditory 14 25 1.52 16 1.09 29 20 27 

Standing 1.31 1.81 1.41 1.39 1.02 1.32 1.47 1.35 

Searching 3.69 6.30 3.39 1.95 4.13 2.98 3.66 5.50 3.99 

In Place 1.47 5. 27 1.52 1.68 2. 11 1.57 1.48 4. 60 2. 05 

Walking 4.05 2.92 8.09 7.28 3.86 7.87 4.48 3.75 4.35 

Running 3.64 10.58 3.61 6.43 4.81 4.41 3.64 9.83 4.77 

Digging 1.22 45 1.02 47 1.16 95 

Jumping 76 84 1.31 77 94 82 68 79 

Hopping 88 64 21 84 15 81 52 76 

Climbing 08 07 07 06 

Crawling 1.47 25 1.27 1.32 20 1.11 

Scratching 67 56 60 49 

Licking 1.23 1.02 1.10 90 

Washing 1.51 2. 86 53 1.74 38 1.41 2.33 1.58 

Biting 46 38 41 33 

Stretching 02 21 02 15 04 03 



Table 10. (continued) 

Behavior 
Elements 

Cage 
A - D 

Area 
A - D 

Cage 
E - H 

Area 
E - H 

Total 
A - D 

Total 
E - H 

Cage 
Total 

Area 
Total 

Grand 
Total 

Feeding 29.96 10.01 15. 65 16.85 23. 27 15.99 24.85 11. 32 22. 38 

Gnawing 2.59 4.16 53 2.85 38 2.37 3.38 2.55 

Drinking 39 52 41 35 42 36 

Gathering 4.26 5.98 4.70 5.05 4.55 4.80 4. 31 5. 81 4.58 

Investigate 3.47 84 1.31 1.11 3.03 1.35 3.24 89 2.81 

Chase 1.09 76 91 54 1. 06 87 

Following 1.38 06 98 1.16 70 1.34 05 1.10 

Nudging 52 06 .44 47 05 41 

Huddling 5.65 1.47 53 4. 70 1. 41 5. 23 10 4. 30 

Squeeling 11 12 32 11 23 14 10 13 

Kissing 22 18 19 16 

Biting 22 18 19 16 

Washing 42 35 37 30 

Observing 88 45 4. 37 81 3.14 1.26 36 1.09 

Nest Care 96 1.74 80 1. 25 1.04 85 

Gnaw Wood 5.15 78 4.60 24.13 4.41 10.08 5.09 5.18 5.11 

Attention 1.04 25 21 91 15 95 20 81 
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contrasts the data on the behavior of mice from different ecological 

habitats. It should be noted that this graph combines the observed 

behavior of both the Cage and Area. Graph 7 contrasts the data on 

the behavior of all mice which were observed in either the Cage or 

the Area. 

Table 11 lists the absolute values of time spent by the mice in 

the various categories of behavior. These values were translated 

into percentages (Table 12) of time on the basis of total time spent 

in the categories of behavior by habitat and cycles. This enables 

direct comparison of cross -population values for time spent in such 

categories as; mice observed during their first session, mice ob- 

served during their second session in the same habitat, place of 

origin of the mice, place of observation, etc. 

The percentages of time spent by the mice in the various cate- 

gories of behavior enables direct comparison of activity for the entire 

population (Table 12). It is possible to contrast data on the behavior 

for mice in either the Cage to Area; after they were transferred from 

one habitat to the other; from different ecological origin; and first 

and second session in the respective habitats. 

Tables 13 and 14 show the larger trends in the activity of the 

deer mice. The data is quantitative in that it does deal with indi- 

viduals as well as with summaries of data taken from the entire popu- 

lation, The data of these tables has been plotted on Graph 8 for quick 



Table 11. Listings of time spent, in minutes and seconds, by the mice in categories of behavior, relative to habitat and observation cycles. 

Categories 
of 

Behavior 

Cage A - D Area A - D 

#55 

A 

#57 #55 

B 

#57 #56 
C 

#58 #56 
D 

#58 #56 
A 

#58 #56 
B C 

#58 #55 #59 #55 

D 

#59 

Quiescence 58 02 34 50 1 50 1 30 4 00 60 5 45 20 4 20 35 10 1 40 12 10 

Investigative 34 50 10 12 15 43 40 8 55 5 50 4 55 4 50 5 55 10 55 3 45 13 20 60 30 3 25 10 10 

Locomotive 9 45 13 29 57 35 6 00 4 15 4 45 7 45 25 2 30 2 04 4 25 20 15 2 10 7 25 

Grooming 3 33 11 00 6 00 10 40 2 55 30 2 00 1 20 20 

Ingestive 21 03 39 20 69 45 10 25 15 00 28 55 21 15 26 40 1 30 2 25 7 05 10 3 25 13 00 

Social 19 50 16 26 40 11 20 10 35 12 05 7 45 05 40 30 

Gnawing 7 55 8 40 1 20 60 12 50 20 25 1 00 

Categories CageE -H AreaE - H 

of 
Behavior 

E 

#76 #77 
F 

#74 #75 
G 

#80 #81 

H 
#82 #83 

E 

#74 #75 
F 

#76 #77 
G 

#82 #83 
H 

#80 #81 

Quiescence 10 5 00 30 1 45 10 05 10 40 10 1 10 1 45 2 20 05 10 

Investigative 2 05 15 25 5 25 2 45 1 00 10 50 1 15 1 00 05 05 55 1 00 1 45 05 10 

Locomotive 8 20 30 15 1 00 30 10 50 SO 2 00 15 

Grooming 35 

Ingestive 9 15 4 10 3 00 30 1 30 1 40 2 10 10 1 15 05 

Social 55 20 2 30 3 30 30 

Gnawing 30 3 00 4 10 2 00 20 40 



Table 12. Listings of the percentages of time spent by the mice in categories of behavior, relative to habitat and observation cycles. 

Categories 
of 

Behavior 

Cage A - D Area A - D 

A 

#55 #57 #55 
B 

#57 #56 
C 

#58 #56 
D 

#58 

A 

#56 #58 
B 

#56 #58 #55 
C 

#59 
D 

#55 #59 

Quiescence 37 56 26 00 1 45 2 50 7 70 13 64 27 71 3 85 13 90 27 88 18 68 12 22 27 92 

Investigative 22 56 7 44 12 45 5 86 21 04 9 02 10 77 9 26 80 62 52 56 43 58 42 73 48 07 54 94 25 01 23 29 

Locomotive 6 31 10 19 24 27 14 12 6 57 10 41 14 91 5 59 12 04 24 12 14 15 15 87 27 47 15 80 16 98 

Grooming 2 29 8 13 4 74 38 1 02 6 38 94 6 42 9 73 76 

Ingestive 13 60 29 35 55 40 93 95 35 35 44 74 46 61 51 35 7 18 28 09 22 72 8 17 24 94 29 83 

Social 12 83 12 26 51 26 65 16 36 26 47 14 96 38 4 82 1 14 

Gnawing 5 12 6 47 1 05 2 36 19 87 72 79 7 31 

Categories 
of 

Behavior 

Cage E - H Area E - H 

#76 
E 

#77 #74 
F 

#75 

G 

#80 #81 #82 
H 

#83 

E 

#74 #75 
F 

#76 #77 #82 
G 

#83 #80 
H 

#81 

Quiescence 
Investigative 
Locomotive 
Grooming 
Ingestive 
Social 
Gnawing 

5 

65 

29 

36 

92 

01 

12 
39 
21 

1 

23 

1 

69 

11 

11 

47 

42 
86 
27 

3 

33 
3 

25 

15 
18 

11 

64 
11 

87 
48 

66 

29 

2 

31 

36 

53 
63 

58 
73 

41 

23 

23 

11 

18 

29 

52 

76 

50 
50 

00 
00 

4 

41 

25 

25 

00 
00 
00 

00 

12 
76 

06 

59 
9 

13 

20 

56 

14 
50 

46 

75 

3 

1 

3 

40 

49 

92 
96 
92 

68 

02 

99 99 

23 

17 
16 

42 

03 
92 
54 

72 

42 
24 
20 

4 

8 

89 
26 
59 

17 

09 

28 

21 

24 

15 

2 

8 

52 
42 
48 

18 

08 

20 

16 00 
16 00 
50 00 

16 00 

50 
50 

00 
00 
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Table 13. Listings of time spent, in minutes and seconds, by mice in categories of behavior, which 

were totaled for various groups of behavior cycles. 

Habitat 
Observation Cycles 

Cage 
A- D 

Area 
A - D 

Total 
A - D 

Cage 
E- H 

Area 
E- H 

Total 
E- H 

Quiescence 100 12 26 00 126 12 7 55 6 20 14 15 

Investigative 85 55 49 00 134 55 28 S5 5 05 34 00 

Locomotive 103 34 19 34 123 08 10 35 4 05 14 40 

Grooming 24 48 3 40 28 28 35 35 

Ingestive 232 23 27 35 259 58 16 55 6 50 23 45 

Social 78 41 1 15 79 56 7 45 7 45 

Gnawing 32 30 1 00 33 30 3 30 7 10 10 40 

Totals 658 03 128 04 786 07 76 10 29 30 105 40 

Table 14. Listings of percentages of time spent by mice in categories of behavior, which were 

totaled for various groups of behavior cycles. 

Habitat 
Observation Cycles 

Cage 
A- D 

Area 
A- D 

Total 
A- 

Cage 
E- H 

Area 
E- H 

Total 
E E- H 

Quiescence 15 21 20 30 16 05 10 38 21 45 13 48 

Investigative 13 05 38 26 17 16 37 96 17 22 32 18 

Locomotive 15 74 15 30 15 66 13 89 13 83 13 86 

Grooming 3 77 2 85 3 62 76 55 

Ingestive 35 31 21 53 33 07 22 20 23 15 22 48 

Social 11 95 97 10 16 10 17 7 34 

Gnawing 4 94 78 4 26 4 59 24 27 10 08 

Totals 99 97 99 99 99 98 99 95 99 92 99 97 

D 
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reference. 

Graph 8 shows the summaries of categories of behavior for 

four groups of mice. By use of these more detailed graphs it might 

be possible to better determine the various influences on behavior 

specifically, such as habitat, cycles, and the ecological origin of the 

residents. 

The raw data contained in the Activity Records (see Appendix) 

were analyzed for behavioral sequences. These sequences are 

changes from one element of behavior to another. The total number 

of different sequences that could have been recorded in this study 

was approximately 1600. Only 500 of these were actually seen. 

Graph 9 lists 48 of the most frequently occurring behavioral se- 

quences which are expressed in their relative frequencies of one to 

another. These 48 different sequences account for 58 percent of the 

total number of sequences (2738) which were recorded for all the 

mice. 



Behavioral Sequences 

Percentage 
N N 

01 O Lri 0 01 0 kti 0 

Feeding 
Gathe ring 
Sitting 
Running 
Gathe ring 
Nest 
Nest 
Nest 
Nest 
Olfaction 
Walking 
Sens ory 
Visual 
Feeding 
Nest 
Feeding 
Sens ory 
Sitting 
Visual 
Sitting 
Walking 
Nest 
In Place 
Running 
Forage 
Feeding 
Feeding 
Nest 
Running 
Feeding 
Gnawing 
Olfaction 
Running 
Walking 
Searching 
Olfaction 
Walking 
Sitting 
Sensory 
Walking 
Nudging 
Searching 
Walking 
Feeding 
Observing 
Visual 
Nudging 
In Place 

- Nest 
- Nest 
- Nest 
- Nest 
- Feeding 
- Sitting 
- Visual 
- Olfaction 
- Feeding 
- Nest 
- Nest 
- Sitting 
- Nest 
- Walking 
- Running 
- Gathering 
- Visual 
- Running 
- Sitting 
- Visual 
- Feeding 
- Gathering 
- Nest 
- Sitting 
- Feeding 
- Forage 
- Gnawing 
- Walking 
- Feeding 
- Running 
- Feeding 
- Sitting 
- Gathering 

Gathering 
- Feeding 
- Visual 
- Standing 
- Olfaction 
- In Place 
- Forage 
- Nest 
- In Place 
- Gnawing 
- Searching 
- Nest 
- Feeding 
- Feeding 
- Visual 
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Graph 9. Most prevalent behavior sequences expressed in 
percentages of one to another. 

1-- F- W W 4 

- 
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DISCUSSION AND CONCLUSIONS 

To become acquainted with the behavioral patterns of an animal 

necessitates that one follows a systematic approach (White, 1964). 

Scott (1942, 1950, 1951) worked out a complete system of investigat- 

ing and describing, in detail, the behavior of dogs and wolves. This 

scheme was adapted by the writer to his study of the deer mice. The 

overall breakdown of behavior into categories was left unchanged. 

However, many of the behavioral elements were modified to suit the 

activities of deer mice. 

The primary difficulty encountered in behavior studies of many 

of the rodents are their nocturnal habits (Whitaker, 1940). A suc- 

cessful method of studying wild rats by infra -red light was described 

by Southern (1946). This particular installation was said to be ex- 

pensive as well as limited in its application. Chitty and Shorten (1946) 

used white lights, 24 watts, with some success to study Norway rats. 

Neither of these methods proved useful in the present study. 

The installation used in this study has been described above 

in the Methods and Materials section. At first the mice seemed 

definitely aware of the artificial lights. A week for adjustment to 

the environment and the lights were given to each set of mice. This 

period seemed sufficient for mice kept in the Cage. These mice 

came out of the nesting box freely, and carried on their activities in 
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what seemed an undisturbed fashion. 

The problems connected with artificial illumination had been 

investigated during the pilot study. In some of these initial sessions, 

mice were observed without the aid of lights. Levels and distribution 

of activity throughout the 24 -hr cycles did not differ greatly from 

those obtained during the formal study. It seems, then, that the data 

of the present study are not unduly influenced by the use of artificial 

lights. 

It was difficult to construct an area for observation which would 

yield simulated natural conditions, and yet be "mouse- proof ". Dur- 

ing the pilot study many mice were lost because the habitats lacked 

this latter quality. Once the last revisions were incorporated, how- 

ever, the escape of mice stopped immediately, a sign that the most 

frequently used escape routes had been blocked. Even though the 

mice were kept in enclosures, it was not thought that the behavior 

resulting from this confinement necessarily interfered with the ob- 

jectives of the study. The writer released several mice into each of 

the observation areas after the study was completed, October 1965; 

mice were still present in both habitats at the end of April, 1966. 

Early in December, 1965, a deep ground nest, apparently dug 

by the mice, was found along the periphery of the observation Area. 

A week later the observer noticed a female and her litter occupying 

the nesting box. This might imply that the other adult mice had 
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abandoned the nesting box in favor of the ground nest. The young 

matured at the normal rate and appeared to be in good health the 

following January. 

Continued digging at the ground nest was observed, an activity 

that might well have been influenced by the increase in the number of 

mice in the Area. Eventually the mice reached the outside. How 

many mice were involved in the digging and the escape is not known. 

However, leaves of plants which did not grow inside the observation 

Area were found at times, close to the ground nest and filbert nuts 

placed inside the Area were found just outside the Area fence. 

The above points to the fact that the mice, after two months of 

continued captivity, were successfully breeding and had dug a tunnel 

connecting the Area with the outside. Even after this route of escape 

had been established, some mice continued to live in the observation 

Area, while others may have returned occasionally. 

The mice in the Cage continued to live in this habitat until re- 

leased in April, 1966. 

Another set of problems was connected with the requirement to 

recognize individual mice. Various systems of mouse- marking have 

been worked out. A few of these include applications for both the 

field and the laboratory (Dice, 1929). Many systems, however, even 

those more recently devised, are inadequate for identifications to be 

made at night. Many of these may also be expected to seriously - 



69 

interfere with the natural behavior of the mice. Studies employing 

telemetry show great promise for tracing the animals, for locating 

their nests, and for determining their periods of activity (Rawson 

and Hartline, 1964). To observe behavior in detail, however, is not 

possible through telemetry. 

The mice used in the present study were marked by simply 

clipping a patch in the guard hairs on the back of the animal. Where 

the shiny guard hairs were removed a dark patch, due to the color 

of the under coat, resulted. This mark remained clearly visible 

even under weak illumination. This method of marking a limited 

number of individuals is easily administered, effective, inexpensive, 

and apparently does not interfere with the natural behavior of the 

mice. 

Observation cycles A, B, C, D, cycles E and F, and cycles 

G and H should be considered as grouped above because each pertains 

to different populations of deer mice. The data for each individual 

mouse are given in Table 3. However, for purposes of comparison, 

it is best to restrict discussion to the figures which have been under- 

lined, especially those of the last two columns. 

The mice used in observation cycles E and F and in cycles G 

and H were not observed for two consecutive sessions in the same 

habitat. Thus, data for continued acclimation of these mice to their 

respective habitats cannot be given as it has been for observation 
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cycles A - D. 

Perhaps the most obvious relationship seen in the data of Table 

3 is that the level of activity observed in the Cage for all cycles is 

considerably greater than the levels in the Area. It can also be noted 

that the level of activity for the mice in the Cage decreases rapidly 

during the cycles A and B, and cycles C and D. On the contrary, the 

level of activity of the mice in the Area increases for these same 

cycles. 

A third set of relationships becomes apparent when activity 

levels are compared for. mice transferred from one habitat to another. 

For example, mice transferred from the Cage to the Area generally 

become less active, while those transferred from the Area to the 

Cage become more active. 

Finally, a trend in the level of activity can be detected when 

the results of the study are viewed in their entirety. Activity levels 

drop progressively from observation cycle A through cycle H. 

Statements concerning the causes for these four patterns in the 

levels of activity must remain mere conjecture until analysis of the 

specific elements of behavior can be made. 

The data of this study show that mice in the Cage became active 

soon after release. Mice released into the Area, however, remained 

cautious even after a four week period of adjustment. It cannot be 

assumed that this was due to individual differences of the mice, for 
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all mice were observed in both the Cage and the Area. Thus, the 

influence for the differences in behavior must be sought in the en- 

vironment. 

The most obvious influencing environmental factors appear to 

be the amount of space and cover available. When a mouse emerges 

from the nesting box in the Cage, the extent of its visible horizon 

is limited by the walls of the Cage. The mouse is able to scan the 

entire Cage from its nest, as well as from any other location within 

the enclosure. Its line of vision is not obstructed by either the cor- 

ners of objects or by the limits of its visual range. 

These two factors differ in the Area. When a mouse emerges 

from the nesting box in the Area, the extent of its visible horizon 

is unlimited for a distance of 12 feet. It may be assumed that the 

mouse is unable to distinguish an object, such as a weasel, or move- 

ment at ground level over this distance. The second difference is 

due to the fact that the observation post obstructs the line of vision 

(see Appendix). 

The procedure employed by the observer to introduce new mice 

into the Area was to place them directly in front of the nesting box. 

The mice, however, were never kept from taking up residence some- 

where else. It was noted that mice introduced into the Area would, 

within a few days, consistently change from the nesting box to an 

already existing ground nest in the center of the Area or along its 
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periphery. The ground nest in the center was about four feet from 

the closest corner of the observation post. At times the observer 

closed this ground nest before new mice were introduced. After a 

few days of adjustment, the mice either dug a new hole at the same 

or at some different location. Curiously, the entrance to these ground 

nests always faced the observation post. It is assumed that the mice 

made an effort to be able to face places of greatest possible danger 

upon emerging from a nest. 

It seems that the range of visibility upon emerging from the 

nest and the distance to the nearest refuge, may partially account 

for the definite difference in levels of activity which were observed 

between the Cage and the Area. 

The remainder of this chapter will be devoted to the discussion 

of problems of special interest, as they were stated in the objectives 

of this study. Each of the problems can be broken down into parts, 

which the writer will attempt to answer from his data. 

Peaks of Activity 

Are deer mice active continually, at random, or only periodi- 

cally during the 24 -hr cycle of behavior, when they are kept within 

semi-natural enclosures ? It can be seen that there are definite 

fluctuations in the levels of activity of P. m. rubidus living in simu- 

lated natural habitats (Graph, 1). 
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Can regular intervals be detected in the levels of activity? 

The peaks of activity in the Cage occur at 10 and 12 P. M. and at 

3 A. M. , whereas the peaks of activity in the Area occur at 9 and 

12 P. M. and at 2 and 5 A. M. The hours of minimal activity are 

11 P. M. and 1 A. M. in both habitats, and 4 A. M. in the Area alone. 

Are the distribution and the levels of activity consistent be- 

tween the semi -natural habitats, and between mice from different 

ecological origins ? The actual values of time, of minutes and 

seconds, can be converted into percentages of time (Graph 2). With 

this percentage basis, it can be seen that the relative distribution 

and levels of activity also are fairly well maintained in both obser- 

vation enclosures. 

Very little variance can be detected between the peak times of 

activity during observation cycles A - D in the Cage and the Area. 

This is shown in Graph 3. Again the percentage distribution and the 

levels of activity seem to correlate fairly well. In respect to cycles 

A - D, the behavior of the deer mice does not seem to be influenced 

by either of the semi -natural habitats. 

This particular conclusion cannot be made for the data of 

cycles E - H. These mice were from different ecological habitats 

than the mice in cycles A - D, but it cannot be inferred that the dif- 

ferences in the distribution and levels of activity are solely due to 

the ecological origin of the mice. Twice as many mice were used 
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during cycles E - H, and they, furthermore, were kept in cages for 

some time before actual observations began. Therefore, no definite 

statements can be made as to which of these factors had the greatest 

influence on behavior. 

In conclusion, no differences in behavior could be detected for 

mice living in either of the simulated natural habitats. There were, 

however, indications of differences in peaks of activity between mice 

caught in various ecological habitats. A logical extention of this 

aspect of the study might be to check hours and levels of activity of 

mice living in their natural environment. By the use of telemetry, 

it should be possible to check times of greatest activity. 

Elements of Behavior 

Is it possible to recognize distinct units of behavior in the 

activity of deer mice? Observations were made only on the spon- 

taneous activity of these mice. The observer did not attempt to 

stimulate the animals to come out of their nesting boxes, nor were 

the mice kept from returning to their nests at any time. Many units 

of activity could be recognized as elements of behavior. For example, , 

it was possible to distinguish walking, running, jumping, climbing, 

digging, etc. More detailed description could have been made; for 

example, raising the front leg, twisting the front paw and extending 

the digits of the front paw. Such fragmentation of movements would 
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soon become too cumbersome for a complete description of activity. 

The writer found that, for his purposes, 40 distinct elements 

of behavior were sufficient to describe and analyze the activity . of 

the mice. 

Can elements of behavior be easily distinguished in different 

individuals ? An enormous variation in behavior was noted among 

the individual deer mice. In the analysis of the raw data some four 

hundred Activity Graphs were constructed. Each is concerned with 

the behavior of an individual mouse. The 40 elements of behavior 

were quite adequate for describing the variation in the activity of all 

the mice. 

Fewer elements of behavior were recorded during cycles E - 

H than for cycles A - D (Table f ). This is due to the fact that 

many of the elements of behavior were not observed, and not due 

to inadequacies in describing the behavior. 

Are the 40 elements of behavior consistent components of the 

activity of deer mice? It may also be asked which elements occur 

in the majority of the animals studied. Upon examination of Table 6 

it can be seen that 75 percent of the behavioral elements occur in . 

four or more of the mice. Thirty percent of the elements were 

exhibited by 75 percent of the animals. No significant relationships 

could be detected in the data between the occurrence of certain ele- 

ments of behavior and time of activity. 

. 

' 
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It was possible to describe all the observed behavior by the 

use of the elements of behavior. However, a certain amount of edit- 

ing should be inserted here. For example, digging took place fre- 

quently and extensively throughout the study, as was surmised from 

the burrows which appeared at various points around the periphery 

of the observation Area. Climbing also was prevalent, as deduced 

from the fact that many mice were lost before the routes of escape 

were blocked. Other behavior, such as washing, undoubtedly oc- 

curred frequently, but this behavior is most likely to occur in the 

nests. It should be realized therefore that it was not possible to en- 

compass all facets of behavior. 

Analysis and Categories of Behavior 

How can the elements of behavior be quantified? The data 

sheets, or activity records, were so designed that the start and the 

termination of each element could be noted. An example of this 

record has been inclosed in the Appendix. The activities of the mice 

were recorded, as they occurred, to the nearest second. This 

record made it possible to determine the amount of time each animal 

spent in the respective elements of behavior. This has been illus- 

trated in the activity graphs (see Appendix). These graphs show that 

it is possible to quantify the number and duration of the elements of 

behavior which occurred during a given period of time. 
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Can an index of the number and duration of elements be used 

to detect patterns of behavior for a 24 -hr cycle of activity? From 

the activity graphs it was possible to construct Tables 7 and 8. 

These tables show the total time that individual mice spent in the 

various activities. These tables were used to detect patterns in the 

number and duration of specific elements of behavior. That patterns 

exist can be seen upon analysis of Graphs 4, 5, 6 and 7. 

Is it possible to group behavioral elements into a few categories 

of behavior? It is often desirable to have few categories when 

analysis of data is to be made. Consequently, all elements were 

placed under separate headings, called Categories of Behavior. For 

example, running, walking, jumping, etc. were classified as loco - 

motory behavior. When Tables 11 and 12 are compared to Table 6, 

it can be seen that these elements have been grouped in descending 

order in the respective categories. This system is specific to the 

problems under consideration, and by no means even exhaustive for 

this study. At the same time, the system proved to be very practical 

in that it facilitated the analysis of the data. 

Comparison of Behavior 

Is it possible to reconstruct the trends of the activities of a 

mouse at a later date by use of its complete record of behavior? It 

seems certainly possible to reconstruct the behavior of any of the 

. 
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mice from the activity records. This, however, is impractical. 

The same purpose may be accomplished by using the activity graphs 

and Graphs 4, 5, 6, and 7. These records are focused on the es- 

sential aspects of behavior. Without enumerating all details, these 

records condense the data. 

Can complete records of behavior be used to compare the 

activities of partners, of mice observed in different semi -natural 

habitats, and of mice from different ecological environments ? All 

the activities of each individual mouse were recorded separately. 

They, furthermore, were transcribed independently to the activity 

graphs. This particular method facilitated comparison of behavior 

between mice. It became possible to compare individual as well as 

collective records for various groups of mice. For example, Graphs 

4, 5, 6, 7, and 8 illustrate how the records of elements and cate- 

gories of behavior, respectively, might be compared. It may be 

surmised from these graphs that the behavior for mice from different 

ecological habitats and for mice living in different semi -natural en- 

closures remains remarkably constant. 

Behavior Sequence 

Can sequences of behavioral elements be detected in the activity 

of the deer mice? From the activity records it soon becomes clear 

that certain behavior sequences, the change from one element of 



79 

behavior to another, occur. The total possible number of behavioral 

sequences is 40 times 40. Of this total many must be eliminated 

because they do not constitute a reasonable sequence. For example, 

jumping behavior will never change to jumping behavior for it would 

counted as a continuation of behavior rather than a sequence of be- 

havior. A jumping behavior will neither change to feeding behavior, 

for it may be assumed reasonable to expect the mouse to first come 

to rest before it goes on to eat. Slightly over 500, of the possible 

1600 behavioral sequences were actually recorded. 

The list of behavioral sequences was not chosen at random, 

but on basis of the pilot study. Thus, some elements of behavior 

were deliberately omitted from consideration during the analysis of 

the data. Copulation was one of the elements omitted. Certainly 

mating did take place but the likelihood of recording this behavior is 

very low. Mating was never observed to occur outside the nesting 

box during the pilot study. Sixteen percent (83) of the total number 

of recorded sequences of behavior were consistent components in 

the behavior of all mice studied. 

The consistency and frequency of given behavioral sequences 

is a valuable tool in analyzing and comparing behavior. Sequences, 

or changes in behavior, are possible indicators of energy expendi- 

ture and a certain degree of adjustment by the animal. A direct 

analysis and comparison of behavior, however, might well be limited 

_ 
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to members of the same species. The particular anatomical struc- 

ture and physiological functions of the animals of different genera 

would seem to prohibit equating specific behavior sequences. 
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SUMMARY 

Throughout this study the emphasis has been to explore the 

various procedures and equipment necessary to successfully observe 

the behavior of deer mice under simulated natural environments. In 

this process, it has become evident that only a portion of the total 

behavior was observed. In retrospect, the study revealed the type 

of conclusions which can be drawn from observations made on deer 

mice living in semi -natural habitats. Some of these are: the amount 

of spontaneous activity, the extent of variability between individuals 

from similar and different ecological habitats, the type and frequency 

of behavioral sequences, and the influence of different observation 

enclosures upon the exhibited behavior. 

The writer regrets that it was not possible to obtain sufficient 

data which would warrant more positive statements concerning typical 

behavior patterns of the subspecies Peromyscus maniculatus rubidus. 

The data are sufficient only to demonstrate the principle problems in- 

volved in behavior studies on animals living in simulated natural 

habitats. The limited number of mice and observation cycles of this 

study prevents any definite conclusions regarding behavior trends. 

These types of conclusions can be reached only after long and con- 

tinued analysis with a much more varied system of controlled condi- 

tions. Thus, the results of this investigation await verification 
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from such extended studies, and upon analysis of these data continued 

modification of the methods employed in this paper should be expected. 
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Appendix Figure 1. Cage habitat. 

APR 66 

Appendix Figure 2. Area habitat. 
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AP P 

Appendix Figure 3. Type of nesting box used in the Cage and Area 
habitats. 
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Appendix Figure 4. Colony. 
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Journal 

Individual Account - Peromyscus 

Animal Date observed 
Origin Markings 
Date capture Measurements Total . tail 
Grid index Sex foot . ear 
Vegetation Weight 
Temperature Housing 
Sky Companions 

Other 

90 

Date Remarks 



Journal 

Peromyscus Study 

Animals : Arrivals Residents Cage , Area 
Temp. Hi 

Lo 
Weather: Sky P. pt. Wind 

Date Remarks 
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Hour 
Date 
Sheet 

Activity Graphs 

Categories and Elements. of Behavior which could be 
Identified in Deer Mice Living in Semi- natural Habitats 

Animal Number 
Animal Mark 
Animal Sex 

Location 
O. Cycle 

93 

Activity 
Quiescence 

Sitting 
Cuddled 
Sleeping 

In Nest 

Investigative 
Sensory 

Olfact. 
Visual 
Audit. 

Standing 
Searching 
In place 

Locomotive 
Walking 
Running 
Digging 
Jumping 
Hopping 
Climbing 

Grooming 
Scratching 
Licking 
Washing 
Biting 

Ingestive 
Feeding 
Gnawing 
Drinking 
Gathering 

Social 
Chas e 
Nudging 
Huddling 
Squeeling 
Kissing 
Biting 

Time in Minutes and Seconds Total 

1 20 

57 15 

10 
05 
20 

15 

20 

If 

IL 

17 ti 

II 

II 

1I 
I 

Illy 

;II hi) 
II11 

II ;II 
II ; 1 

II 11 

I 
l 

11 

h 
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A - 30 ft diameter 
B - 3 ft square 
C - 2 ft 

D - 5 ft 

Observation Area 

1 stake 

2 perpendicular deflector (buried) 

3 corrugated sheet metal 

4 perpendicular deflector (attached) 

5 chicken wire guide rope 

6 electric light 

7 light shade 

8 roof of observation post 

9 - rotating chair 

10 sides (buried) of observation post 
11 lid to nesting box 

12 - glass divider of nesting box 

13 - telephone wire - "detector" 
14 "neutral" zones (no grass) 
15 short grass 
16 chicken wire and brances of 

trees as "cover" 
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