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ABSTRACT

SPACE UTILIZATION OF PEROMYSCUS:

SOCIAL AND SPATIAL FACTORS

BY

James Leslie Hill

Space utilization of Peromyscus maniculatus bairdi and

g, leucopus noveboracensis was studied in laboratory

enclosures. The hypothesis tested was that both social inter-

actions and the amount of space available would influence

the utilization of space in these two Species. Both Space

and social interactions were manipulated independently in

order to determine the relative contribution of each factor,

and interaction between factors. Two Species were examined

in order to gain insight into the generality of the results.

Individuals were permitted access to two adjacent com—

partments of a four-compartment enclosure for a period of

one week. For an additional week the mice were given access

to all four compartments. The two new compartments were either

vacant or were occupied by a conSpecific individual of similar

experience. Within each Species both sexes were tested as

solitary individuals or they met another individual of the

same or opposite sex. In each compartment daily indices of

Space utilization were amount of food and water consumed,
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amount of wheel running activity, and choice of nest Site.

Site preferences and changes in location of preferences could

be determined by comparing these data from each compartment.

The number of movements between compartments was also

measured daily. In addition, direct observations of social

interactions were recorded.

The utilization of Space was influenced by the amount of

Space available; the doubling of Space from two to four

compartments was accompanied by changes in all of the dependent

variables. All individuals utilized the additional Space.

With access to an increased number of running wheels, food

and water stations, and nest Sites the mice shifted their

preferences more frequently than before. These results sug-

gest that Peromyscus readily exploits any new resource that
 

becomes available.

The two Species utilized Space differently. It was sug-

gested that the difference might be due to each Species

exhibiting a pattern of space utilization most suitable to

the type of habitat in which it is found. A marked Species

difference in reproductive success was also found: nine of

ten 2, maniculatus pairs produced litters while 2, leucopus
 

females apparently did not become pregnant. Evidence indi-

cates that g, leucopus females failed to recognize males,

Since the females behaved similarly regardless of the sex of

the other mouse.
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The two Species reaponded Similarly to the various social

treatments. Despite Species differences in patterns of space

utilization, the presence of another individual had the same

general effect upon Space utilization in both Species.

Because social interactions influenced Space utilization so

consistently in these two Species it was predicted that social

factors might have the same general influence upon Space uti-

lization in other Species. Therefore, it was recommended that

future studies of the Space utilization of other Species

concentrate upon social factors.

Suggestions that Peromyscus is territorial were not sup-
 

ported by the results of this study; there was no defense of

mutually exclusive areas, but rather, the initial reaction

of two individuals was one of avoidance. Therefore, both

territorial behavior and avoidance are mechanisms for the

Spacing of individuals throughout a population area. The

primary concern of this study was not to determine if a

Species was territorial, but rather, whether the Species

exhibited any form of social behavior which limited the uti-

lization of Space of individuals. The results of this study

demonstrate that to study the social restriction of Space

utilization, it is advisable to determine first if social

interactions influence Space utilization at all.
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INTRODUCTION

The maintenance of the Spatial organization of animal

populations has been attributed to behavioral interactions

among population members (e.g., Wynne-Edwards, 1962). That

is, the presence of one individual affects the utilization

of space of another by limiting its movements. Further,

this implies that individuals would use more space, or at

least would utilize Space differently if other individuals

were not present. It was the object of the present study to

determine quantitatively the influence of the amount of

space available and of social interactions upon the utiliza-

tion of space in two Species of Peromyscus. It was hypothe-
 

sized that both the amount of Space available and social

interactions would influence the utilization of Space in the

two Species tested.

In the experimental design both the factors of space and

of social interactions were manipulated independently so that

the relative contribution of each factor, as well as any

interaction between the factors, could be determined. By

studying two Species it could be determined if either factor

influenced both Species in a similar manner. It was assumed

that the factor with the most consistent influence upon the



behavior of the two species is the one which may regulate

the use of Space by other Species in the genus Peromyscus.
 

It is suggested, therefore, that future Studies with other

Species concentrate upon whichever of the factors has the

most consistent influence upon the Space utilization of the

two Species studied here, 2, maniculatus and g, leucopus.

Many live-trapping, tracking, and nest box utilization

studies of several different Species of Peromyscus indicate

that adults usually restrict their activities to only a part;

of the suitable habitat available (see Stickel, 1968; and

Eisenberg, 1968). Because the areas occupied by neighboring

individuals do not overlap, or overlap only slightly,

gergmysgus has been considered as territorial (Burt, 1940;

Metzgar, 1968). However, laboratory studies of the social

behavior of several species of Peromyscus indicate that the

typical pattern of interaction between males involves the

establishment of dominant-subordinate relationships (Sheppe,

1966b), which has been referred to as territorial behavior

(Eisenberg, 1962, 1965). In none of these studies has the

simultaneous defense of two adjacent, mutually exclusive

areas been shown as it has in house mice (Anderson and Hill,

1965).

This apparent contradiction between the results of

studies of natural populations and those of laboratory studies

may be a function of our incomplete knowledge of the social

life of Peromyscus. .No systematic observations of behavioral





interactions promoting dispersion in a natural population

have yet been published. Therefore, the conclusion that

Peromyscus is territorial is speculative at best, Since it

is based on data which indicate that adult members of the

population tend to restrict their activities to only a part

of the suitable habitat available. The results of laboratory

studies, which indicate that male Peromyscus tend to estab-

lish dominance hierarchies without defending Specific areas,

may only suggest that we do not as yet know the basic para—

meters which influence the use of Space by these animals.

For example, in studies of house mice, territories or dom-

inance hierarchies are formed depending on the density of

the population, complexity of the environment, and immediate

prior experience of the individuals concerned (Crowcroft,

1955; Davis, 1958; Anderson, 1961;.Crowcroft and Rowe, 1965;

Anderson and Hill, 1965; Reimer and Petras, 1968; Mackintosh,

1970). .The influence of such parameters is largely unknown

in Peromyscus, although some studies of the influence of the

presence of others upon activity have been made (Orr, 1959;

Kavanau, 1965).

Prior to labeling Peromyscus as territorial, detailed
 

knowledge of both the utilization of space by individuals

and the influence of the presence of others is essential.

Such knowledge is unlikely to come from field studies because

of the inherent difficulties in observing small, nocturnal

rodents in the field, and because it is difficult to determine



how an individual utilizes Space when the influence of the

presence of other population members cannot be controlled.

Therefore, the present study, conducted in the laboratory,

was designed to control the amount of Space available to

an individual and the type of possible social interactions.

Further, by conducting the Study in the laboratory it was

possible to observe social interactions.

This experiment was designed to record first the pat—

tern of Space utilization of individuals and then to determine

the effect upon the pattern of doubling the amount of Space

available. With the increase in Space individuals either

had access to twice the area in the absence of any other

mouse, or they encountered another individual, of equal

experience, that had been inhabiting the new area available.

Thus the relative influence of the amount of Space available

and of social interactions upon patterns of Space utiliza-

tion could be determined.

The two Species used in this study were g, maniculatus

bairdi and g, leucgpus novgboracensis. Although these two

Species have been studied frequently, relatively little is

known of their social life. ‘Nicholson (1941, p. 255) sug-

gested that the social life of the two Species is "closely

similar" although he reported that g, m, bairdi tended to be

found in bisexual pairs in nest boxes more frequently than

2, leucopus, which were found singly. A detailed comparison

of the social aSpects of space utilization of these two



Species may not only clarify differences and Similarities

between these two Species, but may also indicate some

principles generally applicable to the entire genus.

These two Species were chosen for comparison in this

study because they inhabit distinct, although slightly over-

lapping habitats; g, leucopus occupies woodlands and g,

maniculatus is found in neighboring grassland areas (Burt,
 

1940; Nicholson, 1941; Howard, 1949). It was expected that

the pattern of Space utilization of these two Species would

differ under the assumption that different types of environ-

ment require different patterns of utilization. Although

the determination of Species differences was not a major

objective of this study, it was expected that the effect of

the Space and social manipulations might be emphasized by

the differences between the two Species.



LITERATURE REVIEW

Territorial behavior is a frequently discussed but often

misunderstood phenomenon. The misunderstanding has resulted

because of the indiscriminate application of the term terri-

torial behavior to describe all social regulation of the

dispersion of animal populations. Often Species have been

described as territorial even though they have never been

shown to exhibit any form of territorial behavior. Also,

confusion has resulted because many authors have assumed that

territoriality is the only mechanism whereby population dis-

persion is maintained. However, territorial behavior may be

only one possible mechanism promoting Spacing in populations.

Therefore, the primary concern of investigators Should not

be whether a Species is territorial, but rather, whether the

Species exhibits any form of social behavior which limits

the utilization of Space of individuals. A review of the

concepts of territoriality and of socially restricted Space

utilization is presented below. As an example of the con-

fusion that can result when Species are described as terri-

torial without corroborative behavioral evidence, the problem

of territoriality in Peromyscus will be discussed. Finally,
 

an experimental approach designed to determine the influence



of social interactions upon Space utilization in.PeromyscuS
 

will be outlined.

The concept of territoriality was first delineated for

birds. Although observations of the phenomenon date from

the writings of Aristotle (Lack, 1944; Nice, 1955), much of

the ground work for recent studies of territoriality was

laid by Howard (1920). The extension of the concept from

birds to the movements in Space of other animals probably

was done first by Heape (1951). The relationship between

territoriality and movements within the home range in

mammals, and in rodents in particular, was discussed by

Burt (1940, 1945, 1949). Many recent authors note that

territoriality occurs throughout the vertebrate phyla as well

as in some invertebrate groups. Of these authors Wynne-

Edwards (1962, 1964), has made the most noteworthy contribu-

tion. His views of territoriality as a population regulatory

mechanism and associated theories of group selection have

promoted a controversy which, in turn, has lead to a large

number of scientific investigations which may not have been

conducted otherwise.

A territory is most frequently defined as "any defended

area" (Noble, 1959). This definition of the territory has

been criticized as too limited and leading to conventionalized

thinking (Emlen, 1957), since behaviors such as the advertise—

ment of possession of the area as well as overt attack and

threat are used to "defend" the area (e.g., Wynne—Edwards,



1962). A useful definition of territoriality would be

one similar to that suggeSted by Anderson and Hill (1965):

Territoriality is a behavioral phenomenon which effects

the exclusion of some category of conSpecific organisms from

space inhabited by an individual or group. Such a definition

emphasizes the Spatial and social aspects of territoriality,

but does not implicate any particular social behavior as

the mechanism. Also, there is no Specification as to particu-

lar attributes of the Space such as what the Space is used

fbr or whether it is stationary or "moves" as the resident

moves. Any such Specification would limit the generality

of the definition since only a few Species may use the Space

in a Similar way. Attempts to categorize territorial

behavior among social organization systems (Fisler, 1969) may

require as many categories of territories as there are

Species to be categorized. Categorization of the different

types of social systems does reveal that a variety of

approaches are used by different Species in regulating the

use of space. HOwever, the cataloging of Species differences

is of little value unless it leads to a better understanding

of some biological principle. The principle in this case is

the social restriction of Space use, not territorial behavior.

Territoriality is a phenomenon of populations. Although

the behavior may be exhibited by individuals, it is relevant

only as a population parameter which promotes the exclusion

of conSpecifics. By excluding each other, population members



move apart until the whole population becomes evenly dis-

persed (Calhoun, 1965). Such a regulation of the diSpersion

pattern of a population has been postulated as a mechanism

to control or limit the size of the local population (Wynne—

Edwards, 1962). However, it should be noted that the

evidence used to support this theory of population regulation

has been brought under serious question recently (Brown,

1969). Although territorial behavior may promote an even or

equal Spacing of population members, it is not valid to as-

sume that an even pattern of diSpersion results from terri-

torial behavior. An even pattern may occur in Species in

which individuals avoid contact with each other but do not

defend any areas. In those Species for which no direct

observations of any form of territorial behavior have been

published the assumption of territoriality is speculation.

The characterization of a Species as territorial seems

to have depended upon the visibility of that Species to human

observers. Because of their songs and diurnal activity birds

are relatively easy to locate and observe. This is undoubtedly

why territoriality was first described in birds. The domestic

dog (Tinbergen, 1951; Krushinskii, 1960) is another familiar,

visible example. Among rodents many Species with diurnal

habits are easily observed, which may, in part, be why

squirrels (Blair, 1955) and black-tailed prairie dogs (King,

1955) have been described as territorial. Those nocturnal

Species which diSplay territorial behavior include the
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intensely studied Norway rat (Calhoun, 1962 a and b; Barnett,

1965), and house mouse (Eibel-Ebesfeldt, 1950; Crowcroft,

1955; Davis, 1958; Anderson, 1961, 1964; Anderson and Hill,

1965; Reimer and Petras, 1967; Mackintosh, 1970, and Vessey,

1967). AS an indication of the confusion that exists concern—

ing the phenomenon of territoriality, the occurrence of terri-

torial behavior in house mice is still questioned deSpite

the increasing supportive evidence (Scott, 1966). Although

some other nocturnal rodents have been described as terri—

torial, such as Apodemus (Brown, 1966), some heteromyid

rodents (Eisenberg, 1965a), and some Species of Peromyscus

(Burt, 1940; McCabe and Blanchard, 1950; Eisenberg, 1962,

1965b), the evidence of territoriality is not convincing and

may be circumstantial. In Peromyscus, for example, conclu-

sions of territoriality are based only upon diSpersion

patterns observed in natural populations (Burt, 1940; Metsgar,

1968). Further, evidence from laboratory studies indicates

that Peromyscus males establish dominant-subordinate relation-

ships without maintaining mutually exclusive areas (Eisenberg,

1965b; Sheppe, 1966b).

The problem of determining if territorial behavior

occurs in Peromyscus leads to a more basic issue. Are we con-
 

cerned with whether 3 Species exhibits territorial behavior

per gg, or are we concerned with whether the Species exhibits

some sort of behavior that would promote Spacing of popula-

tion members? I suggest that the latter should be of primary
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concern Since territorial behavior is only one mechanism

whereby Spacing within a population can be maintained.

A behavioral mechanism that has been suggested to promote

spacing ianeromyscus populations is mutual avoidance (Terman,
 

1961; see Stickel, 1968 fOr review). Such avoidance behavior,

though active need not be overt or directed towards intruders.

An even more fundamental question than whether a Species

exhibits socially restricted Space utilization is whether

social interactions influence space utilization at all.

If social interactions do not influence use of Space then

questions concerning restricted use of Space mediated by any

social mechanism are irrelevant. Therefore, for any Species

we should determine first, if social interactions influence

space utilization, second, if this influence results in

restricted Space use, and third, what behaviors promote this

restriction of Space use. Only after these determinations

have been made can a classification of territory types accord-

ing to factors such as, the function, season, duration etc.

become useful (Nice, 1945; Fisler, 1969). Because these

factors are species specific and individually variable within

a species, it is difficult to draw general conclusions con-

cerning territorial behavior. However, if we consider the

spacing of population members as the general phenomenon,

then variability in territorial behavior is not too surpris-

ing or confusing. Since Species differ with reSpect to many

different behaviors, different social behaviors are to be
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expected even when these different behaviors achieve the Same

end.

As has been pointed out above, the evidence concerning

territoriality in Peromyscus is contradictory. Our understand-

ing of territoriality in this genus may have become confused

by attempting to study factors related to territorial behavior

before determining if social interactions influence space

utilization. Little is actually known concerning space uti-

lization itself. For example, investigations of space utili-

zation in relation to resources have shown that individuals

in an artificial population relocated their areas of activity

in reSponse to the experimental moving of a food hopper

(Sheppe, 1966a). Also, by examining trails used by indi-

viduals Blair (1951) determined that much of a mouse's move-

ment was near or associated with food sources. However,

systematic, replicated observations of an individual's move-

ments and use of the food and water resources in its environ-

ment are lacking.

Studies have been made to determine if social inter-

actions influence activity or the location of individuals in

populations. Although two studies compared solitary indi-

viduals to mice in social situations by measuring the amount

of activity, there is little information concerning effects

of social factors on activity (Falls, 1968). Kavanau (1965)

in a one trial experiment found that two adult female

Peromyscus maniculatus influenced each other's level of
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behavior, whereas Orr (1959) found no difference in activity

level whether one or six adult male 2, leucopus were present.

From the results of trapping, tracking, and nest-box utiliza-

tion studies it has been hypothesized that the recorded

movement of individuals in natural populations is restricted

by the presence of other members of the pOpulation. This

hypothesis cannot be tested by recording the gross movements

of individual population members (see Stickel, 1968) because

a single individual's own pattern of Space utilization cannot

be determined independently when other population members

are always present. Nor can the reinvasion of an area made

void by the removal of the resident (Stickel, QB, git,) Show

that the removed individual has excluded the others from its

area because there is no way of determining if the other

population members would not have moved in anyway. Also,

other individuals may regularly travel through the removed

individual's area but avoid entering traps while the resident

is present. The logical extension of the removal type of

experiment is to re-introduce the individual to its former

area and determine if the other population members leave.

This was attempted once in an artificially structured island

population but the results are equivocal. The removed indi-

vidual disappeared from the population shortly after being

re-introduced (Sheppe, 1966a). Clearly, the evidence pur-

ported to Show exclusion of other population members from

studies of natural and semi-natural populations is circum-

stantial at best. A direct test would require comparison of
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Space utilization data of solitary individuals with Similar

data of individuals in social situations.

Our lack of quantified data not only on the influence

of social interactions upon Space utilization, but on every

aSpect of Space utilization gave rise to the accompanying

study. To determine the influence of social interactions,

the utilization of Space by solitary individuals was compared

to that of pairs of individuals. A variety of dependent

variables were measured as indices of space utilization to

determine patterns of space use as completely as possible.

These variables included, amount and location of two types

of activity, amount and location of food and water consump-

tion, and choice of nest site. Further, two Species were

examined in order to gain some insight into the generality

of the results.



METHODS

Animals

A total of 160 mice, 80 Peromyscus maniculatus bairdi,

and 80 g, leucopus noveboracensis was used. All mice were
 

decendants of wild-caught stocks which had been bred in the

laboratory for no more than five generations. This avoided

variability in behavior which may result from domestication

of the stock (Price, 1967). Variation in behavior due to

effects of age was avoided by using only young adults, 90-

150 days of age, and by setting a maximum age difference of

twelve days for those individuals that met in experimental

social encounters. To avoid the influence of previously

established social bonds, siblings never met in experimental

social encounters.

From weaning at 21 days all mice were held in 11 x 5 x 6

in plastic laboratory cages as bisexual sibling groups of two

to six individuals. Four weeks before being used in the

experiment, two individuals of opposite sex were selected

from the sibling groups according to the following criteria:

litters consiSted of both sexes, only males with scrotal

testes and females with perforate vagina, and neither preg-

nant nor nursing females were chosen. Non-sibling pairs of

the Opposite sex were housed on either side of a i-in mesh

15
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hardware cloth partition positioned in the center of one of

the above cages. Such a partition enabled the members of a

pair to see, hear, smell and touch each other, but it pre-

vented pregnancy which would have increased the variation

in behavior of the females. These pairs served only to keep

the mice socialized. The members of such pairs did not meet

each other, nor did they meet a sibling of their partner in

an experimental social encounter.

Experimental animals were selected from the non-sibling

pairs. Each individual was weighed, ear-punched and had an

area of fur clipped from one hip to facilitate identifica-

tion.

The above treatment of individuals provided similar con-

ditions for all mice prior to their use in the experiment.

Thus most of the observed variability in behavior was due

to a combination of the genetic heterogeneity within the

pOpulation and to the effects of the experimental treatments.

Apparatus

Four 12 x 6 ft experimental enclosures were used. Each

was constructed of plywood panels 5 ft high and rested on a

concrete floor. The enclosure was partitioned into quadrants

of 5 ft x 6 ft each in a separate corner (Figure 1). Adjacent

compartments were connected by one 1.5 in diameter hole.

A vertically swinging plastic door covered each hole and, by

means of a micro-switch, recorded passages by the mouse on an
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event recorder and electric counter. Each hole could be

closed with a Sliding metal door.

Each compartment was equipped with a food hopper, water

bottle, running wheel, nest box, and overhead cover. The

food hoppers were made of i-in mesh hardware cloth and were

filled at the beginning of each experiment with Purina Mouse

Breeder Chow. Water was available from 100 ml glass graduated

cylinders mounted up-side-down outside each compartment. Each

cylinder was equipped with a one hole rubber stopper and a

metal drinking tube. The tube fitted into a hole drilled

through the wall of the enclosure. Each running wheel was

wired to an electric counter. The nest box was positioned in

the center of each compartment in association with two 1.5 ft

squares of i-in mesh hardware cloth, held on 4 in high lengths

of wood, which provided overhead cover (Figure 1).

An enclosure was lighted by four 7.5 watt white, in—

candescent bulbs each suSpended over the center of a compart-

ment, and by one 100 watt bulbover each half of the enclosure.

The light cycle was 16 hours of "daylight" (100 watts) and 8

hours "dark" (7.5 watts) with the latter from 7:50 p.m. to

5:50 a.m. The levels of illumination were approximately 16

foot candles for daylight and 0.5 foot candles for dark.

The experimental enclosure was designed to observe the

movements and social interactions of mice. An observer

positioned on a platform over the center of each enclosure

could see individually identifiable nice throughout all four
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compartments. A much larger or more complexly structured

enclosure would have interfered with identification of indi-

viduals, and a much smaller enclosure would have restricted

the movements of the mice. Indoor enclosures avoided vari-

ability in behavior due to changes in weather and habitat

conditions.

Prior to experimental testing individuals were held in

activity cages (2 x 1 x 1 ft with a k-in mesh screen floor).

Each cage was divided into two compartments. Passage between

compartments was possible through a vertically swinging door

which activated an electric counter. A running wheel wired

to an electric counter was positioned in one compartment of

each cage. The other compartment contained a food hopper,

water bottle, and nest box. The light cycle and levels of

illumination in the cages were the same as those in the eXperi-

mental enclosures.

The experimental enclosures were housed in the sub-

basement of the Chemistry Building on the Michigan State

campus. The activity cages were housed in small chambers in

the Biology Research Center. Both buildings were air-

conditioned. Over the year, the temperature in the Chemistry

Building varied between 600 and 750 F. Temperatures in the

Biology Research Center ranged about five degrees higher.

Experimental Design

The experiment investigated the influence of social in-

teractions on Space utilization by comparing Space utilization
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of solitary individuals to that of pairs. To adjust for

individual variation every individual supplied its own base-

line data for comparison to those obtained during experi-

mental manipulation. Base-line data were obtained during

one week when each individual had private access to two

adjacent compartments of an experimental enclosure. The

various experimental treatments were applied during the

following week when all four compartments in an enclosure

were made available. The design in Table 1 shows that an

individual experienced one of the following experimental

treatments: 1. It had access to the whole enclosure without

meeting another individual. 2. It met a conSpecific individ-

ual of the same sex with the same experience. 5. It met a

conSpecific individual of the Opposite sex with the same

experience.

Table 1. Experimental Design, Showing the Number of Repli-

cated Trials for Each Species-Social Treatment

Combination.

 

 

 

 

Treatment Sex Species

3.3.} 3.14;.

M 10* 10

Solitary

F 10 10

M v M 10 10

Social M v F 10 10

F v F 10 10

 

*

= number of replicates
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Prior to testing in the experimental enclosures all mice

were maintained as solitary individuals in activity cages.

This period of 15 days acquainted the mice with running

wheels, door, food hoppers, water bottles, and nest boxes

similar to those in the experimental apparatus. This familiar-

ization period was included Since it has been shown that

activity, as measured by running wheels, stabilizes only after

several days of exposure (Dice and Hoslett, 1950; Kavanau,

1967). Thus the first week in the experimental enclosures

was expected to supply relatively stable base-line data for

comparison to those when the experimental treatments came

into effect during the second week.

Procedure

An individual eXperienced the following sequence:

1. It was selected from the stock maintained in the segre—

gated pair cages, ear-punched, fur-clipped, examined for

external Signs of sexual maturity (i.e., scrotal testes in

males and perforate vagina in females), and weighed. 2. It

was maintained in an activity cage for 15 days. Body weights

were obtained on day 15. 5. It was then introduced into one

half of the experimental enclosure. 4. It was weighed at the

end of the week and returned to the compartment from which

it was taken. 5. At the beginning of the second week the

experimental treatments (Table 1) were applied by Opening all

of the doors between the four compartments. 6. At the end of
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this second experimental week it was removed from the en-

closure and weighed. 7. Males were returned to the colony

or discarded. Females that had met males were held alone

for 5 weeks to record if they had a litter. Those females

that did not produce litters were examined for the condi-

tion of the ovaries and for evidence of embryo resorption.

Measures (dependent variables)

Food and Water Consumption. Food consumption was

determined by weighing to the nearest 1/10 gm each food

h0pper once per day. No correction for Spillage of food was

made because the mice ate most of the food that Spilled from

the hoppers, and the amount remaining was too small to be

measured reliably. A daily correction was made for changes

in relative humidity with control food hoppers. Weight changes

in the control hoppers were added to or subtracted from the

weights of hOppers available to the mice.

Water consumption was also determined once per day.

Water levels were estimated to the nearest 1/10 ml and sUb-

tracted from the prior days reading. The amount of water

consumed was adjusted by an evaporation factor: the mean

daily water loss measured over weekly intervals from control

bottles. Since one ml of water weighs approximately one gm,

water consumption was expressed in gms to facilitate compari-

son to food consumption.
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To provide a standard measure for comparisons between

the species, the datum used for analysis was the mean amount

consumed daily per gram body of weight during each week of

the experiment. The mice were weighed only at the beginning

of each week so the mean body weight per week was used.

When two individuals were present consumption was calculated

as the total grams consumed per grams of mice present.

Each day the food hopper and water bottle from which the

largest amount had been consumed were noted. The number of

changes of these preferences was analysed as a measure of

the strategy employed by each Species in exploiting its

environment.

Activity. Each morning between 8:00 and 9:00 a.m. the

number of wheel and door counts from the preceding 24 hours

was recorded. In addition, the number of counts occurring

between the morning data collection and 5:00 p.m. each after-

noon was also recorded as an estimate of diurnal activity.

The wheel with the greatest number of revolutions was

noted each day so that changes in preference could be de-

termined. Shifts in running wheel preference were analysed

in conjunction with Shifts in the location of food and water

consumption preferences to provide an over-all measure of

the strategy employed by each Species. Door usage was

analysed on the basis of the mean number of door counts per

day for each week per door available per individual present.

Daytime activity was analysed as the number of days per week

during Which any measurable daytime activity occurred.
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Choice of Nest Site. The nest Site occupied by each

individual was recorded every day. Occupancy of a nest box

was observed by blocking the entrances to the nest box and

removing the sliding top far enough to identify any occu-

pants. Use of a nest site other than a nest box was

recorded, as was the mutual occupancy of a nest Site. The

nest site data were analysed with regard to the number of

shifts of location, and the frequency and duration of mutual

nest site use. Also, the location of the nest site occupied

mutually was recorded to determine if that nest site had

been the preferred site of one of the two individuals prior

to their nesting together. The sex and relative social

position of the individual that moved in to share the nest

site of the other were the data compiled for analysis.

Observation of Social Interactions. In the social treat-

ments dominance was ascertained during the first night when

all doors were opened. The doors were opened just prior to

the night phase of the light cycle and the mice were observed

until one had clearly become established as the social domr

inant or until four hours had elapsed. The dominant indi-

vidual was the one whose activities caused the other individ-

ual to assume a subordinate posture (Eisenberg, 1968) or to

move away. (More aggressive manifestations of dominance

included attacking and chasing of the subordinate individual.

On nights two, three, four, and seven, of the week,

observations were made between 7:50 and 9:00 p.m. because
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the mice were very active during this period. At 15 second

intervals the location and activity of both individuals in

an enclosure were recorded during two non-sequential 10

minute sample periods on all four nights. Data analysed

included the frequency of simultaneous occupancy of the same

compartment, the frequency of social interactions and the

frequency of aggressive interactions. Also, the number of

times each individual moved from one compartment to another

was analysed with regard to the sex and social status of

that individual. An estimate of the proportion of time

Spent in social activities was obtained from the frequency

of social encounters data.

Analysig_of Data

The data were analysed with a repeated-measures design

analysis of variance (Bruning and Kintz, 1968). The various

significant factors Were further analysed with Duncan's

New Multiple Range tests (Li, 1964). All data met the assump-

tion of variance homogeneity, as tested by maximum variance

divided by total variance (Bliss, 1967) or were transformed

prior to analysis. All data were also examined for any

relationship between the means and variances (Bliss, 1967).

In those instances where non-parametric statistics were used

the procedures followed were those of Seigel (1956).



RESULTS

Food and Water Consumption

Food and water consumption were examined to determine

any effect of doubling the available space of one mouse in

the presence or absence of another individual. Doubling the

Space significantly increased the amounts of food and water

consumed, however, the preSence or absence of another

individual did not affect consumption (Table 2). Most of

the increase in consumption associated with doubling the

space was contributed by P, leucopus (see ratios in Table 5).

This suggests that P, leucopus was influenced more by the

Space increase than was g, maniculatus. Although g, mani-
 

culatus consumed significantly more over-all than 2, leucopus,

most of this difference was due to the former's greater con-

sumption of food prior to the doubling of Space. Because

consumption was determined on a per gram of body weight basis

it provided a crude measure of relative metabolic rates.

Therefore, after space was doubled, all animals had a higher

metabolic rate which undoubtedly reflects an over-all

increase in activity.

27
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Table 2. Analysis of Variance of Food and Water Consumption

in Grams per Gram of Body Weight.

 

 

 

Source DF MS F P

Total 599

Between Subjects. 99

Species 1 1,284,142 5.02 <0.05

Treatments 4 192,159 0.75 NS

Species x Treatment 4 549,016 1.56 NS

Error 90 255,986

Within Subjects 500

Space 1 4,604,458 92.58 <0.005

Measures 1 52,505,681 652.15 <0.005

Space x Measures 1 762,655 15.50 <0.005

Space x Species 1 565,550 11.50 <0.005

Space x Treatment 4 167,404 5.56 <0.01

Species x Measures 1 1,644,295 52.99 <0.005

Treatment x Measures 4 125,850 2.48 <0.05

Space x Species X’

Measures 1 91,525 1.85 NS

Space x Species x

Treatment 4 6,752 0.14 NS

Space x Treatment x

Measures 4 108,476 2.18 NS

Species x Treatment x

Measures 4 57,595 0.75 NS

Space x Species x

Treatment x

Measures 4 26,272 0.55 NS

Error 270 49,842
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serum

Three measures of activity were examined to determine

if the amount of activity was influenced by doubling Space

in the presence or absence of another individual.

Wheel Running. 2: maniculatus exhibited significantly

more wheel running activity than 3, leucopus, however, only

the latter Species was influenced by the increase in Space.

This was shown by the reduction in wheel running activity

by g, leucopus after the space was doubled (Tables 4 and 5).

Amongst the treatments, only the solitary females of both

Species showed a significant reduction in wheel running when

Space was increased (Table 5). This reSult suggests that,

to females of both Species the presence of another individual,

regardless of sex, is a significant factor. Females in the

presence of another individual did not react as solitary

females did by decreasing their running wheel activity when

Space was doubled. Running wheel activity in males of both

Species was not influenced by either an increase in Space or

by the presence of another individual of either sex.

Door Counts. g, maniculatus moved between adjacent

compartments of the enclosures significantly more often than

g, leucopus (Tables 6 and 7). The difference between the

species was further emphasized in that only 2, maniculatus

reacted to the doubling of Space by significantly reducing

the number of movements befiween adjacent compartments. The

presence of another individual was an important factor related
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Table 4. Analysis of Variance of Wheel Running Activity.

 

 

 

 

 

Source DF MS F P

Total 199

Between Subjects 99

Species 1 727,665,471 12.87 <0.005

Treatments 4 57,806,291 0.67 NS

Species x Treatments 4 40,255,565 0.71 NS

Error 90 56,525,008

Within Subjects 100

Space 1 6,705,854 14.87 <0.005

Space x Species 1 1,854,762 4.07 <0.05

Space x Treatments 4 21,140,490 46.88 <0.005

Space x Treatments x

Species 4 51,027,850 115.15 <0.005

Error 90 450,989
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Daily Means of Wheel Running Activity.

 

 

Treatment

2, maniculatus

Species

g, leucopus

 

 

 

2

Space

4

Space
 

 

2 4

Space Space

Solitary M 7172 7852

F 5976 4244*

Social MvM 5747 5482

MvF 5058 5149

FvF 7991 8545

Space Means 5985 5810

(1046) (990)

Species Means 5897.5

(720)

1475

2195

2625

2425

5092

2561

(585)

1114

1228*

2258

1919

2500

1804*

(258)

 

2082.5a

(255)

2

Space

4524

4084

5186

5750

5542

4175

(586)

Treatment Means

(Species Pooled)

4

Space

4475

2756*

2870

5554

5421

5807*

(549)

 

( )= 1 Standard Error.

Significant change with Space increase.

Significant Species difference.



Table 6. Analysis of Variance of Square Root of Number of Door

Counts per Door Available per Individual Present.

 

 

 

 

======={; 4:

Source DF MS F P

Total 199

Between Subjects 99

Species 1 551 27.40 <0.005

Treatments 4 57 2.82 <0.05

Species x Treatments 4 11 0.55 NS

Error 90 20

Within Subjects 100

Space 1 46 7.56 <0.01

Space x Species 1 92 14.78 <0.005

Space x Treatments 4 25 5.66 <0.01

Space x Treatments x

Species 4 12 1.90 NS

Error 90 6
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Table 7. Daily Means of the Square Root of the Number of Door

Counts per Door Available per Individual Present.

 

 

 

 

 

 

 

Treatment Spec1es

g. maniculatus g, leucopus

2 4 2 4

Space Space Space Space

Solitary M 9.4 7.0 4.9 5.4

F 10.2 6.5 5.7 5.8

Social MvM 8.5 8.4 5.8 7.7

MvF 15.1 9.6 5.6 8.6

FvF 9.8 7.9 5.4 5.9

Space Means 10.16 7.84 5.48 5.88

Lo.ao)(o.4s)

Species Means 9.00

 

 

g9.14)(0.5;)

5.68a

(0.27)

Treatment Means

(Species Pooled)

2 4

Space Space

7.15 5.20*

7.95 5.05*

7.05 8.05

9.55 9.10

7.60 6.90

7.82 6.86*

(0.47) (0.69)

 

* = Significant change with Space increase.

a = Significant Species difference.

( )= 1 Standard error.
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to the number of times that members of both Species moved

between adjacent compartments. When only solitary individuals

of either sex were present, there was a significant reduction

in door usage per door available (Table 7). When two indi-

viduals were present there was no significant change in

number of door counts per door per individual present when

space was doubled. This indicates that the presence of

another individual promoted an increase in movement throughout

an enclosure compared to Situations where only one individual

was present.

Daytime Activity. 2, leucopus was active during the

daylight phase of the light cycle on a Significantly greater

number of days than g, maniculatus (Tables 8 and 9). Daytime
 

activity significantly increased with doubled Space only

among social treatments (Table 9). This Shows that for both

Species only the presence of another individual, regardless

of sex, contributed to the increase in daytime activity.

Shifting of Preference Sites

The number of times individuals, or social pairs, shifted

their preference (most used in one 24 hour period) among the

available running wheels, food hoppers, and water stations

provide a measure of the strategy emplqyed by each Species

in exploiting its environment. a, leucopus Shifted its

preference Sites more frequently than g, maniculatus, but

exhibited no difference between the number of Shifts of wheel,



Table 8. Analysis of Variance of Daytime Activity.

56

 

 

 

 

 

Source DF MS F P

Total 199

Between Subjects 99

Species 1 570 67.62 <<0.005

Treatment 4 10 1.74 NS

Species x Treatment 4 4 0.71 NS

Error 90 5

Within Subjects 100

Space 1 40 50.58 (<0.005

Space x Species 1 0.5 0.58 NS

Space x Treatment 4 7 5.56 <0.005

Space x Species x

Treatment 4 0.4 0.50 NS

Error 90 1.5

 



Table 9.
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Mean Number of Days of Daytime Activity.

 

 

Treatment

Solitary M

F

Social MvM

MvF

FvF

Space Means

Species Means

Species
 

g, maniculatus
 

g, leucopus

Treatment Means
 

 

  

 

2 4

Space Space

1.20 1.50

0.60 0.60

0.40 2.40

0.90 1.90

0.25 1.10

0.67 1.46

(0.16)(0.27)

 

 

1.065

(0.162)

2 4

Space Space

5.00 5.10

5.00 5.00

5.55 5.50

5.95 5.10

5.15 4.90

5.29 4.28

(0.29)(0.51)

 

5.785a

(0.217)

2

Space

2.10

1.80

1.88

2.42

1.70

1.98

(0.21)

(Species Pooled)

4

Space

2.20

1.80

5.85*

5.50*

5.00*

2.87*

 

* ll

m II

A V

II

1 Standard error.

Significant change with Space increase.

Significant species difference.
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food, and water preference sites (Tables 10 and 11). The

over-all species difference probably resulted because

2, maniculatus displayed significant differences in the number
 

of Shifts of the three types of preference site (Table 11).

Both Species reacted to increased Space, and consequently,

to the doubled number of potential preference sites, by

shifting their preferences more frequently (Table 11). The

presence of another individual did not significantly influ—

ence the number of shifts of preference.

Nesting

Number of Nest Sites. The number of nest sites occupied

by an individual measures the frequency at which the nest

site is shifted in reSponse to the presence of another indi-

vidual and to the availability of more nest sites. 3. leucopus

shifted its nest site more frequently than 2, maniculatus.

Both Species used more nest sites when more nest sites became

available with the doubling of Space. The difference between

the Species and that due to the space increase resulted

largely from the proportionately greater number of nest sites

used by g, leucopus after Space was doubled (Tables 12 and
 

15). ,Therefore, P, leuCOpus was most influenced by the Space

increase. Neither the presence, nor the sex, nor the rela-

tive social status ("Hierarchy", in Table 12) of another

individual had any influence on the number of nest sites

used.



Table 10.

and Water Preference Sites.

Analysis of Variance of Number of Wheel, Food,

 

 

 

 

 

Source DF MS F P

Total 599

Between Subjects 99

Species 1 22.04 7.28 <0.01

Treatments 4 5.96 1.97 NS

Species x Treatments 4 0.57 0.19 NS

Error 90 5.05

Within Subjects 500

Space 1 171.70 114.45 ((0.005

Measures 2 5.65 5.75 <0.05

Space x Measures 2 2.57 1.71 NS

Space x Species 1 2.04 1.56 NS

Space x Treatment 4 0.72 0.48 NS

Species x Measures 2 18.28 12.18 <0.005

Treatment x Measures 8 0.65 0.45 NS

Space x Species x

Treatment 4 0.85 0.55 NS

Space x Species x

Measures 2 0.92 0.61 NS

Space x Treatment x

Measures 8 0.45 0.28 NS

Species x Treatment x

Measures 8 2.27 1.51 NS

Space x Species x

Measures x Treatment 8 1.87 1.25 NS

Error 450 1.50
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Table 11. Mean Number of Preference Sites

 

 

g, maniculatus E, leuCOpus

  

Space

Wheel Food Water Wheel Food Water Means
 

 
 

2 Space 1.75 2.58 2.15 2.75 2.12 2.45 2.29

(0.06)

4 Space 2.62 5.66 5.06 5.52 5.60 5.72 5.56*

(0.09)

b
Measure Mean 2.18 5.12 2.60 3.12 2.86 3.08C

(0.13)(0.15) (0.15) (0.14)(0.15) (0.15)

 
 

Species Mean 2.64 5.02a

(0.08) (0.08)

 

* ll Significant change with Space increase.

Significant Species difference

 

Measure means for g, maniculatus all differ at p = 0.05.

= Measure means for P, leucopus do not differ at p = 0.05.

V
O
U
‘
D
J

II

1 Standard error.



Table 12. Analysis of Variance of Number of Nest Sites.

 

 

 

 

 

Source DF MS F P

Total 519

Between Subjects 159

Hierarchy 5 2.21 1.11 NS

Sex 1 1.65 0.82 NS

Species 1 55.65 26.92 <<0.005

Hierarchy x Sex 5 5.14 2.58 NS

Hierarchy x Species 5 5.68 1.85 NS

Species x Sex 1 2.28 1.14 NS

Hierarchy x Species

x Sex 5 0.88 0.44 NS

Error 144 1.99

Within Subjects 160

Space 1 87.15 47.95; <<0.005

Space x Hierarchy 5 2.10 1.16 NS

Space x Sex 1 0.55 0.29 NS

Space x Species 1 22.58 12.42 <0.005

Space x Hierarchy

x Sex 5 2.09 1.15 NS

Space x Hierarchy

x Species 5 0.04 0.02 NS

Space x Sex x Species 1 4.28 2.55 NS

Space x Hierarchy

x Species x Sex 5 0.15 0.07 NS

Error 144 1.82
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Table 15. Number of Nest Sites Occupied.

 

 

 

  

Species P. maniculatus g, leucopus

Space 2 Space 4 Space 2 Space 4 Space

Mean 1.80 2.51 2.09 5.66

(Std. Error) (0.15) (0.15) (0.15) (0.18)

a

$_§EEEE. 1.29* 1.75*

2 Space

 

a = Ratio indicates relative number of nest sites used with

increased Space.

*'= Significant change with increased Space.
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Use of Nest Boxes. g, maniculatus nested in the nest

boxes more frequently than 2, leucopus. This difference is

illustrated in Table 14. Because g, maniculatus almost
 

always occupied the nest boxes (i.e., 1109 out of 1120

possible occasions) it was not included in further analyses.

When not occupying nest boxes, 2, maniculatus nested in a
 

corner of one of the shelters. g, leucopus also nested in

the shelters, but was also found nesting in the plastic tun-

nels leading to the doors between compartments and was even

found sleeping on the running wheels. With the doubling of

Space, g. leuCOpuS occupied nest boxes more frequently than

before (Tables 15 and 16). Of the 80 g, leucopus tested,

only eight, four males and four females, did not occupy a

nest box on at least one morning during the two weeks of

measurement.

Table 14. Use of Nest Boxes: Mean Days per Week.

 

 

 

g, maniculatus g. leucopus

Mean 6.95 4.45

(Std. error) (0.04) (0.25)
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Table 15. Analysis of Variance of Use of Nest Boxes by

g, leucopus.

 

 

 

 

 

Source DF MS F P

Total 159

Between Subjects 79

Sex 1 0.01 0.0004 NS

Treatment 5 14.86 1.0047 NS

Sex x Treatment 5 1.87 0.1266 .NS

Error 72 14.79

Within Subjects 80

Space 1 45.16 25.2145 <0.005

Space x Sex 1 0.06 0.0515 NS

Space x Treatment 5 5.12 1.7457 NS

Space x Treatment

x Sex 5 1.66 0.9247 NS

Error 72 1.79
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Table 16. Use of Nest Boxes by P, leucopus: Mean Days per

Week Both Sexes Pooled.

 

 

 

 

Solitary Heterosexual Unisexual Pairs Space

Pairs Dominant Subordinant Means

2 Space 5.90 5.60 5.25 4.85 5.90

(0.54)

4 Space 4.25 5.20 4.65 5.75 4.96*

Treatment 4.08 4.40 5.95 5.50

Means (0.49) (0.45) (0.46) (0.59)

 

2.
:

ll Significant change with Space increase.

A V

II 1 Standard error.

Mutual Nesting. The number of days that two animals

nested together was taken as a measure of their readiness to

establish a social relationship. Heterosexual pairs of

g, maniculatus were together on a significantly greater number

of days than were pairs of all other groups (Tables 17 and 18).

Heterosexual pairs of g, leuCOpus were together no more fre-

quently than were members of unisexual pairs of both Species.

If two individuals nested together on at least one day

they were considered to have moved together and were scored

as such in the totals columns of Table 19. All heterosexual

pairs of g, maniculatus nested together and nine of the ten

2, leucopus heterosexual pairs eventually nested together.
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Table 17. Analysis of Variance of Days of Mutual Nesting.

 

 

 

Source DF MS F P

Total 59

Species 1 6.02 1.21 NS

Treatment 2 49.40 9.95 <0.005

Species x Treatment 2 16.07 5.25 <0.05

Error 54 4.98

 

Table 18. Duncan's Test on Mean Days of Mutual Nesting.

 

 

 

  

Species g, leucopus g, maniculatus

Treatment MvM FvF MvF MvM FvF MvF

Mean 2.50 2.80 5.80 2.00 2.50 6.50

(Std. error) (0.79) (0.49) (0.79) (0.80) (0.85) (0.17)
 

 

Those means subtended by the line do not differ at

p = 0.05.
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g, leucopus females eventually nested with other females as

frequently as they nested with males. This suggests that

E, leucopus females did not reSpond with regard to the sex of

their nesting partners.

The location of the mutual nest site was examined with

regard to the location of the preferred nest site of the two

individuals. All pairs that nested together did so in a

nest site that one of the individuals had occupied alone on

the preceding day. The results are summarized in Table 19

with regard to the social status and sex of the individual

that moved in to share the other individuals preferred nest

site. Among unisexual pairs, only in g, leucopus, when both

sexes were considered simultaneously, did a significant pat-

tern emerge where the subordinate individual moved in to share

the nest site of the dominant. Among heterosexual pairs, only

in g, maniculatus was there a significant pattern where the

female moved in with the male. These data Show that the two

Species differ greatly in their mutual nesting habits.

Observations of Social Interactions

Occurrences Together. The frequency of the simultaneous
 

presence of two individuals in the Same compartment was

examined for Species, social treatment, and temporal differ-

ences. The species and social treatments Showed no significant

differences (Table 20). The difference between days was due

to the more frequent Simultaneous occupancy of a compartment
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Table 20. Analysis of Variance of Occurrences Together in

the Same Compartment.

 

 

 

 

 

Source DF MS F P

Total 191

Between Subjects 47

Species 1 275.5 0.57 NS

Treatment 2 1,149.2 2.59 NS

Species x Treatment 2 807.2 1.68 NS

Error 42 480.7

Within Subjects 144

Days 5 1,259.2 6.11 <0.005

Days x Species 5 54.7 0.27 NS

Days x Treatment 6 197.1 0.97 NS

Days x Species x

Treatment 6 75.6 0.56 NS

Error 126 202.9
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on day 7 (Table 21). The means in Table 21 are expressed

in Figure 2 as percentages. In both Species individuals

avoided each other at the beginning of the week but by day 7

they began to Spend a significant portion of time together.

Location of Meeting. For all observation periods, the

number of simultaneous occupancies per compartment was

examined to determine if these meetings were Spatially organ-

ized. For both Species the distribution of meetings was not

random as both met in only one of four compartments a dis-

proportionate number of times (Table 22). g, maniculatus met
 

relatively more frequently in one compartment than did

2, leuCOpus (Table 25).

The compartment within which an individual appeared most

frequently as the sole occupant was called the preferred

compartment of that individual. The number of simultaneous

occupancies of each compartment was then examined with regard

to whether the meeting occurred in a compartment preferred

by either of the two individuals. In both Species there is

a significant bias toward meeting in a compartment that at

least one of them prefers to occupy when alone (Table 24).

Neither sex nor social position was a significant factor in

determining the location of meetings.

Occurrence of Social Interactions. The number of overt

social interactions occurring while both mice were in the

same compartment was examined as a direct measure of social

organization. As used here social interactions included acts
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Table 21. Duncan's Test on Means of Occurrences Together

Across Days.

Day 2 5 4 7

Mean 15.69 17.98 17.06 26.90

 

 

a = Means subtended by the line do not differ at p = 0.05.

Table 22. Mean Percent of All Meetings in Compartment of

Most Meetings.

 

 

 

Species P, maniculatus g, leucopus

Meana 71.14% 59.95%

(Std. error) (5.26) (5.50)

 

a = Random expectation = 25.0%
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Figure 2. Percentage of time two individuals were

simultaneously present in the same com-

partment.
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Table 25. Analysis of Variance of Number of Meetings in

Compartment of Most Meetings.

 

 

 

Source DF MS F P

Total 47

Species 1 751.64 5.59 <0.025

Treatment 2 97.41 0.72 NS

Species x Treatment 2 44.62 0.55 NS

Error 42 155.76

 

Table 24. Relationship of Compartment of Most Meetings to

Individual Preferences.

 

 

 

Meet in

Individuals' 2, maniculatus g, leucopus Total

Preference MvM MvF FvF MvM MvF FvF

Yes 6 8 8 6 7 6 41*

No 2 0 0 2 1 2 7

 

* = Deviation from expected equal distribution in all four

compartments (2.2.2.2) Significant at p < 0.001.
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of aggression, such as fighting and chasing, and other in-

stances where the behavior of one individual was obviously

influenced by the other individual. If the two individuals

entered a nest box at the same time or if both ran on the

same running wheel at the same time these acts were scored

as social interactions. Unlike the number of mutual occu—

pancies of a compartment, the number of social interactions

was significantly greater in heterosexual pairs than in the

other social treatments Crables 25 and 26). The increased num—

ber of interactions on day 7 (Table 27) is undoubtedly related

to the greater frequency of simultaneous occupancy of the

preferred compartment on that day (Table 20).

Occurrence of Aggressive Interactions. The number of

aggressive interactions was examined for Species and social

treatment differences. The significant treatment effect was

due to g, leucopus male-male pairs which engaged in signifi-

cantly more aggressive interactions than all other groups

(Tables 28 and 29). The over-all frequency of aggressive

interactions was low.

Movement. The number of times each individual moved
 

between compartments revealed the effect that the sex and

social status of one individual had upon the movements of the

other individual. The only difference was between Species

‘with g, maniculatus moving more frequently than 2, leuCOpus

(Tables 50 and 51). This agrees with the difference in over-

all use of doors shown in Tables 6 and 7. These results Show



Table 25. Analysis of Variance of Number of Social Inter-

actions.

 

 

 

 

 

Source DF MS F P

Total 191

Between Supjects 47

Species 1 55.02 0.60 NS

Treatment 2 240.50 4.09 <0.025

Species x Treatment 2 28.55 0.49 NS

Error 42 58.72

Within Subjects 144

Days 5 202.70 5.28 <0.025

Days x Species 5 110.20 1.78 NS

Days x Treatments 6 45.82 0.71 NS

Days x Species x

Treatments 6 40.94 0.66 NS

Error 126 61.80
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Table 26. Duncan's Test on Means of Social Interactions of

Treatments.

 

 

Treatment FVF MVM MvF

Mean 4.09 4.58 7.66

 

 

Means subtended by the line do not differ at p = 0.05.

Table 27. Duncan's Test on Means of Social Interactions

Across Days.

 

 

Day 2 5 4 I
d

Mean 4.85 4.50 5.79 8.40

 

 

Means subtended by the line do not differ at p = 0.05.
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Table 28. Analysis of Variance of Number of Aggressive

Encounters.

 

 

 

 

 

Source DF MS F P

Total 191

Between Subjects 47

Species 1 4.08 1.10 NS

Treatments 2 52.65 8.50 <0.005

Species x Treatments 2 9.29 2.50 NS

Error 42 5.72

Within Supjects 144

Day 5 2.50 1.82 NS

Day x Species 5 2.56 1.71 NS

Day x Treatment 6 1.55 1.11 NS

Day x Treatment x

Species 6 0.79 0.58 NS

Error 126 1.57
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Table 29. Duncan's Test on Mean Number of Aggressive

Encounters per Day.

 

 

 

 

    

Species P.m-b. P.l.n. P.l.n. P.m.b.

Treatment FvF FvF MvF MvF

Mean 1.16 1.16 1.55 1.81

 

MvM

1.97

 

 

MvM

5.15

 

Means subtended by the line do not differ at p = 0.05.
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Table 50. Analysis of Variance of Number of Moves During

Observations of Social Animals.

 

 

 

 

 

Source DF MS F P

Total 585

Between Subjects 95

Species 1 664.15 4.5 <0.05

Sex 1 570.15 2.5 NS

Hierarchy 2 590.54 2.6 NS

Species x Sex 1 120.58 0.8 NS

Species x Hierarchy 2 227.95 1.5 NS

Sex x Hierarchy 2 114.59 0.8 NS

Species x Sex x

Hierarchy 2 270.70 1.8 NS

Error 84 149.16

Within Subjects 288

Days 5 102.22 1.6 NS

Days x Species 5 118.80 1.9 NS

Days x Sex 5 59.82 0.6 NS

Days x Hierarchy 6 58.69 0.6 NS

Days x Species x

Hierarchy 6 47.25 0.7 NS

Days x Sex x Hierarchy 6 46.57 0.7 NS

Days x Species x Sex 5 58.08 0.6 NS

Days x Species x Sex

x Hierarchy 6 15.86 0.2 NS

Error 252 65.57
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Table 51. Movement During Observations of Social Inter-

 

 

 

actions.

Species P, maniculatus g. leucopus

Mean 11.81 9.18

(95% conf.) (0.75) (0.59)

 

that both animals present, regardless of sex and social rank,

move between compartments with equal frequency. From direct

observations, these movements did not occur in a tandem

relationship except when a dominant individual was chasing a

subordinant. The Species means in Table 51 are higher than

those in Table 7 because the observations for the former

were made during a peak activity period.

Amppnt of Time Spent Ln Social Activities. The number

of occurrences of overt social interactions was examined as

an index of sociability. Since the Species did not differ

in either number of occurrences together in the same compart-

ment (Table 20), or in the number of overt social interactions

(Table 25), the Species totals were pooled. The proportion

of time that Peromyscus Spends in overt social activities

is small (Table 52).



62

Table 52. Time Spent in Social Interactions.

 

 

Time Spent in the Same Compartment

Number of Occurrences = 5726

Percent of Total Time 24.5%

Time Spent Interacting

Number of Occurrences = 824

Percent of Time when in

Same Compartment 22.6%

Percent of Total Time 5.5%

 

Age and Weight as Determinants of Social Position

Differences in age and weight between individuals that

met in.unisexual social encounters were examined to determine

if either factor was related to social position. There was

no significant age or weight difference between dominant and

subordinant individuals of either Species. The age and

weight means on the day two individuals were allowed to meet

are presented in Table 55.

Reproduction

The establishment of heterosexual pair bonds was indi-

cated by the production of offSpring. Nearly all g, manicu-

latus females produced a litter (Table 54). g, leucopus
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Table 54. Reproduction.

 

 

 

 

Litter Born g, maniculatus g. leuCOpus

Yes 9 0

No 1 10

 

females never produced litters and apparently never became

pregnant since placental scars were never found. This sug-

gests that g, leucopus females failed to come into estrus

during their one week of exposure to males. 2, maniculatus
 

females came into estrus on about the third day of exposure

to males. The gestation period for g, maniculatus is approxi—

mately 21 days, and the litters were born a mean of 24.7 +

0.4 days after the pairs were allowed to meet.



DISCUSSION

The hypothesis tested in this study was that both the

amount of Space available and social interactions would influ-

ence the utilization of Space in two Species of PeromyScus.
 

Three independent variables, amount of Space, social treatment,

and Species were examined for their influence upon several

dependent variables, which served as indices of Space utiliza-

tion. The amount of Space and social treatment are discussed

here with the intent of establishing which of them most con-

sistently influenced Space utilization in the two Species.

In addition, a discussion of the establishment of social

relationships by the two Species is presented.

Amount of Space

The utilization of Space was influenced by the amount of

space available. When the available Space was doubled, Sig-

nificant changes occurred in a variety of dependent variables

which represented a wide range of behavioral reSponseS on the

part of the mice (Table 55). How each of these variables was

influenced by the Space change has been described in the

results section, however, the fact of primary significance here

is that all of the variables were influenced as a result of

doubling available space.
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Table 55. Summary of Main Effects.

 

 

 

 

Analysis Independent Variable

Dependent Table a .

Variable Number Space Treatment SpeCies

Consumption 2 + - +

Wheel Counts 4 + _ +

Door Counts 6 + + +

Day Activity 8 + - +

Preference Shifts 10 + - +

No. of Nest Sites 12 + - +

 

+ = Significant difference or effect.

- = No significant difference.

a = Includes sex and social status variables when applicable

as well as the major social treatments.

All individuals utilized the additional Space made avail-

able. With access to an increased number of running wheels)

food and water stations, and nest sites the mice shifted their

preferences more frequently than before (Tables 10, 11, 12,

and 15). This agrees with Howard's (1949) observation that

when more nest boxes were placed in the home range of

g, maniculatus the animals Shifted their nest site with in-
 

creased frequency. That both Species often move their nest

sites has been described by several authors (Burt, 1940;

Nicholson, 1941; Blair,.1948; Howard, 1949) and that

g. leucopus shifts its home range in reSponse to changes in
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the location of a food hopper has been shown (Sheppe, 1966a).

The results of the present study suggest that both Species

often shift their preferred sites for all their activities

and that the frequency at which these Shifts occur is directly

related to the number of available sites. These results

indicate that Peromyscus is very labile in its manner of
 

utilizing available resources. Such a trait would be of high

survival value in an environment where the location and

amounts of various resources change frequently.

2, maniculatus and P, leucopus utilized Space differ-
 

ently. This difference stemmed primarily from the absolute

differences between the Species within all of the dependent

variables listed in Table 55.‘ Also, as shown by the signifi-

cant interactions between Space and Species in Table 56, the

Species frequently differed in the degree to which they re-

sponded to the increase in available Space. Although both

Species shifted their preferences with a greater frequency

with the increase in Space, they each had their particular

strategy for exploiting the increased Space. g, leucopus

Shifted its preference sites for food, water, and wheel running

at the same frequency but more frequently than 3, maniculatus
 

(Tables 10 and 11). g, maniculatus shifted its preference

Sites for food, water, and running wheels at different fre-

quencies.

It was expected that these two Species would utilize

Space differently, because it was assumed that each Species
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Table 56. Summary of Two Factor Interaction Effects.

 

 

Analysis Interaction

Dependent Table Space x Space x Species x

Variable Number Treatment Species Treatment

Consumption 2 + + -

Wheel Counts 4 + + -

Door Counts 6 + + -

Day Activity 8 + - -

Preference Shifts 10 - - -

No. of Nest Sites 12 — + —

 

+ II Interaction is Significant.

Interaction is non-significant.

would exhibit a pattern of Space utilization most suitable to

the type of habitat in which it is found. The determination

of whether patterns of Space utilization are related to the

type of habitat in which a Species is found must await further

comparative studies. HOwever, it is suggested here that the

quantitative analysis of the utilization of Space will yield

a clearer understanding of the relationship between a particu-

lar species and the habitat in which it is found than will

any further studies which Show that a Species tends to prefer

one type of habitat to another (Harris, 1952; Wecker, 1965).

‘There was a marked Species difference in daytime activity.

2, leucopus was active during the daylight hours on more days
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than g. maniculatus (Tables 8 and 9). Also, 2, leucopus was
 

often observed sleeping in a running wheel or nesting in some

other exposed part of the enclosure. In contrast, 2, manicu-

lpppg.almost always occupied nest boxes (Table 17). The

tendency for g, leucopus to be out of nest boxes may have

been the factor contributing to its being active during the

daylight hours. Animals nesting in exposed locations would

be more likely to be disturbed by stimuli exterior to the

enclosure (e.g., the experimenter) and become active. That

these two species exhibit measurable daytime activity has

been reported by several authors (see Falls, 1968), however,

the direct comparison of these Species has not been made

previously.

Social Treatments
 

The two Species reSponded similarly to the various

social treatments. This is indicated in that all of the

Species-treatment interactions in Table 56 are non—significant.

Therefore, deSpite differences between the Species and differ-

ences in their use of Space, the influence of the presence

or absence of another individual had the same general effect

upon both Species. Perhaps social factors have the same

general influence upon Space utilization throughout the genus

Peromyscus. The validity of this Speculation can be estab-
 

lished through further comparative studies.

The over-all influence of the social treatments is not

readily apparent. Compared to the effects of space and of
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Species, social treatment, as a first order variable,

appeared inconsequential since it Significantly influenced

only movement between compartments (Table 25). However, it

must be remembered that the social treatments came into

effect only with the doubling of Space so that any influence

of these treatments is most likely to appear in interactions

with Space. In Table 56 the majority of interactions between

Space and treatment are significant which gives evidence

that social factors do influence Space utilization. These

statistical interactions were primarily produced by the

differences between solitary and social individuals.

Solitary and social animals differed greatly in their

movement between compartments. Solitary individuals reacted

to the increase in Space by moving between adjacent compart-

ments less frequently than previously. Social individuals,

in comparison, showed an increase in movement through Space

(Tables 6 and 7). The difference between these treatment

types was so large that it resulted in treatments appearing

as a significant first order variable (Table 55). In contrast,

Orr (1959) found that the presence of another individual

resulted in no change in activity in P, leucopus males held

in a large out-door enclosure, however, some activity other

than the one measured could have increased and this would

have gone undetected. Kavanau (1965) observed that two

2. maniculatus females, when together, exhibited a level of
 

activity that was intermediate to the activity levels
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exhibited when both were alone. Whether this intermediate

level of activity represented the mean of the two individual

levels or a net increase in overall activity was not made

clear.

Daylight activity increased only in those mice that met

other individuals when Space was doubled (Tables 8 and 9).

With two mice present, those individuals either became more

reactive to stimuli exterior to the enclosure or were so

reactive to each other's activity that some measurable

activity (e.g., wheel or door count) resulted. Although the

social individuals increased their consumption of food and

water with the doubling of Space more than those individuals

in solitary trials, these differences were not significant

(Tables 2 and 5). The absolute amounts consumed were Similar

to those summarized for each Species by King (1968)°

Only solitary females of both Species exhibited a sig-

nificant decrease in wheel running with the doubling of

space (Table 56), which indicates that females were influ-

enced more by the presence or absence of another individual

than were males (Tables 4 and 5). Such a sex difference may

have important consequences in the formation of social rela-

tionships. That two 2, maniculatus females influence each

other's activity level has been suggested from the one trial

test of a relatively sophisticated activity measuring appara-

tus (Kavanau, 1965).

The conclusion to be reached here is that social factOrs

significantly influence the utilization of space by these two
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Species, and that the two Species are influenced in the same

general way. Also, Since the Species reacted differently

to the increase in Space, social treatment, not the amount

of space available, has the most consistent influence upon

Space utilization. Therefore, the influence of social

factors should be more fully examined in further studies of

the use of Space by Peromyscus.
 

Because social interactions play such a Significant role

in influencing Space utilization it could be assumed that

they would involve a large proportion of the animal's time.

However, the two Species Spend only about five percent of

their time in social interactions (Table 52). King (1955)

notes that black-tailed prairie dogs spend a similar prOpor—

tion of their time involved in social interactions. That

social interactions involve such a small proportion of time,

yet still have a major influence upon Space utilization only

serves to underscore the statement that social factors are

important regulators of patterns of space utilization.

Social Relationships

In this study an attempt was made to determine how social

relationships became established in the two species and to

determine how sex and social status influenced some of their

behavior patterns. The formation of social relationships in

the two Species is revealed by the patterns of mutual nesting

and by the direct observation of social interactions.
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When nesting, individuals in social trials avoided each other

for at least the first three days of the week, except for

heterosexual pairs of g, maniculatus which almost always

nested together from the first day (Tables 14 and 15).

However, when active, all individuals in social trials avoided

each other for the first three days and by the last day of

the week they were together in the same compartment more fre-

quently than by random chance (Tables 20 and 21, and Figure 2) .

Most pairs also nested together by the last day. Since more

social interactions occurred during the last day than on

previous days temporal factors were involved in establishing

social relationships. Also, on the last day of the week,

there were significantly more social interactions than during

the other days (Table 27).

Although territorial behavior has been suggested to

occur in Peromyscus (Burt, 1940), there is no direct evidence

to support this suggestion (Blair, 1955). Evidence that

individuals tend to avoid each other has been noted in

g, leucopus (Sheppe, 1966a) and in g, ppnciulatus (Terman,

1961). Although social encounters were Spatially organized

in the present study (Tables 22, 25, and 24), no behavior

patterns which could be described as the aggressive defense

of mutually exclusive areas were ever observed. In fact,

as has been noted previously (King, 1957), the social inter-

actions of Peromyscus were typified by their low frequency
 

of aggression (Table 29). It would seem, therefore, that the
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even diSpersion patterns observed in natural populations of

Peromyscus result more from mutual avoidance than from
 

aggressive defense of specific areas.

Heterosexual pairs of both Species exhibit a significant

tendency to nest together for at least one day (Table 16).

Also, when a male and female of either Species were present

simultaneously in the same compartment of an enclosure, they

interacted significantly more frequently than members of

unisexual pairs (Tables 25 and 26). This suggests that sexual

recognition occurred in both Species, although only 3, manicu-

lppp§_pairs produced litters whereas 2, leucopus apparently

did not even mate (Table 54). A lack of placental Scars was

taken as indicating mating had not occurred, however, with

this criterion it must be remembered that mating may have

occurred and the pregnancy was aborted before implantation.

If the failure of g, leucopus to reproduce was due to

one of the sexes failing to recognize the other, this lack

of sexual recognition may also be reflected in other be-

haviors. This might give some clue as to which sex failed

to recognize the other. Males apparently recognized other

males since male-male pairs of g, leucopus engaged in more

aggressive interactions than any other social treatment

(Table 29). Also, males nested with females more frequently

than with other males (Table 16) although the mean length of

time of mutual nesting did not differ (Table 15). That

females are more reactive than males to the presence of
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another individual of either Sex has already been noted.

However, the females nested as frequently and for as long

with males as with females (Table 16). It therefore,

appears that the females failed to recognize the males, or

it may be that E: leucopus females require a longer exposure

to males before they become sexually receptive than do

2, maniculatus females. That estrus in g, maniculatus
 

females is induced after about three days of exposure to

males has been Shown by BronsOn and Marsden (1964) and was

confirmed by the present reproduction data. No evidence of

male induction of estrus in g, leucopus females has been

reported.

Among unisexual pairs of both Species the relative

social position of each member of a pair was not related to

any difference in their activity levels (Table 51). Healey

(1967) observed that dominant individuals tended to be more

active than subordinants. However, he measured activity

for only one short period during one 24-hour session and

the differences he reports may indicate only relative activ—

ity levels upon exposure to a novel situation. Neither a

difference in age nor weight influenced the outcome of

social encounters (Table 55). This may have been due in part

to the relatively small differences between the individuals

that met.

This study has shown that both the amount of Space

available and social interactions influence the utilization
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of Space in P, maniculatus and g, leucopus. As was expected,

because they occupy different habitat types, the two Species

utilized space, and reacted to the increase in Space, dif-

ferently. However, both Species reacted in the same relative

way to the presence of another individual, and this resulted

even though the species did display different social relation-

ships. Since social interactions influenced both these

Species in the same way, it suggests that other Species of

the genus may be similarly influenced. So that general state-

ments concerning the influence of social interactions on the

use of space in Peromyscus may be made, further studies with

more Species are required. However, there is a statement

concerning territoriality in Peromyscus that can be made at

present. Peromyscus is not territorial according to the
 

commonly accepted definition of territorial behavior. This

definition at least implies an active defense of an area,

either by direct aggression or through active advertisement

of the possession of the area. The initial reaction of two

individuals in the present study was active avoidance which

persisted for several days, and there was no evidence of any

aggressive defense of an area. lHowever, the distribution of

individuals in natural pOpulations of Peromyscus is similar

to that seen in Species that do defend their territories.

Therefore, it appears that Peromyscus maintains a territorial
 

type of Spatial organization without defending territorial

boundaries.
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The confusion resulting from this argument merely

reflects the confusion in the literature because of the word

"territoriality." I suggest that we are not concerned with

whether a species is "territorial" or not, but rather if

the Species exhibits some form of social behavior that

restricts the space utilization of individuals. The mechanism

for socially limiting Space utilization may be aggressive

defense, active advertisement of possession of an area, or

mutual avoidance, and any or all of these mechanisms may be

employed by a Species./'An important first step in studying

social restriction of Space use is the determination of

whether or not social interactions influence Space utiliza-

tion. The present study has shown that Space utilization by

Peromyscus is influenced by social interactions and that the
 

typical social interaction is one of initial avoidance.



SUMMARY

1. The hypothesis tested in this study was that both

the amount of Space available and social interactions would

influence the utilization of Space in two Species of

Peromyscus.
 

2. A total of 160 mice, 80 g, maniculatus bairdi and 80

g, leucopus noveboracensis was used. Individuals were per-

mitted access to two adjacent enclosures of a four-compart-

ment enclosure for a period of one week. For an additional

week access to all four compartments was permitted. The two

new compartments were either vacant or were occupied by a

conSpecific individual of similar experience. Within each

Species both sexes were tested as solitary individuals or

they met another individual of the same or opposite sex.

5. Dependent variables measured daily in each compart-

ment were amount of food and water consumed, amount of rune

ning wheel activity, and choice of nest site. By comparing

these data from each compartment, site preferences and

changes in preference could be determined. The number of

movements between compartments was also measured daily.

In addition, direct observations of social interactions were

recorded.

78
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4. The utilization of Space was influenced by the amount

of Space available; the doubling of Space was accompanied by

changes in all of the dependent variables.

5. All individuals utilized the additional Space; with

access to an increased number of running wheels, food and

water stations, and nest sites the mice shifted their prefer-

ences more frequently than before.

6. The two species utilized Space differently; they

differed in the absolute values of all dependent variables,

reacted differently to the increase in Space, and exhibited

Species Specific strategies for exploiting the increased

Space.

7. That the Species would use Space differently was

predicted since it was expected that each Species would r

exhibit a pattern of space utilization most suitable to the

exploitation of the habitat in which it is found.

8. The Species differed significantly in reproductive

success; nine of ten 2, maniculatus pairs produced litters

while 2, leucopus pairs failed to reproduce.

9. Direct observations Show that when two individuals

are allowed to meet their initial reaction is one of avoid-

ance; no behavior that could be interpreted as defense of

mutually exclusive areas was observed.

10. It was concluded that Peromyscus is not territorial,

but that the avoidance behavior observed could promote the

type of dispersion patterns reported in,natural populations.
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