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ABSTRACT

.Freely-growing laboratory populations of small mammals 
limit their growth even when provided with excess food and 
water. The principle methods of regulation are cessation of 
reproduction and failure of young to survive. Populations 
which are kept in identical environmental situations attain 
variable numbers at asymptote, suggesting that the primary 
cause of regulation is not density per se, rather some in­
trinsic factors, possibly behavioral, within each population. 
Much of this work has involved Mus or Microtus populations, 
however little research has been done using Peromyscus 1euco- 
pus populations.

In this stud}^, four freely-growing populations of P. 
leucopus were founded in twenty square foot pens to examine 
the effects of increased density on reproduction. Periodic 
observations were conducted on these populations in an at­
tempt to discern whether aggressive behavior could act as an 
intrinsic control to growth. Seven populations were also 
founded in small compartment cages (312. square centimeters). 
Isolated bisexual pair in galvanized steel can acted as con­
trols .

In the large enclosures, each population was character­
ized by a high level of aggression which resulted in 3 of the 
4 founding males dying. The populations attained variable 
numerical, levels at asymptote with the control of growth 
being achieved either by cessation of reproduction or failure 
of young to survive. A negative relationship is suggested 
between reproduction and aggression. The cessation of growth 
does not appear to be related to a particular level of ag­
gression in the population. Analysis of the reproductive or­
gans and adrenal gland weights revealed no significant dif­
ferences between population and control animals.

In the small compartment cages, founder male mortality 
was significantly less and latency to the birth of the first 
surviving litter was significantly shorter, suggesting that 
the level of aggression in these population may be less than 
that in the large enclosures. No differences in the organ 
weights were noticed when compared to controls.
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POPULATION GROWTH, SOCIAL BEHAVIOR, AND SELECTED 
ORGAN WEIGHTS IN LABORATORY POPULATIONS OF 

PEROMYSCUS LEUCOPUS NOVEBORACENSIS



INTRODUCTION

Population densities of many species of small mammals 
vary within a narrow range in nature. Christian (1950, 1959, 
1963, 1971, 1980) attempted to explain a populations abil­
ity to regulate its numbers based on neuroendocrine and be­
havioral mechanisms. According to Christian’s hypothesis as 
density increases, individuals within the population are ex­
posed to increasing amounts of social stress which result in 
increased adrenocortical secretion and decreased reproduc­
tion. Many data have been accumulated in support of this 
hypothesis, primarily in Mus muscuius (Southwick I955a,b; 
Christian 1956; Lloyd and Christian 1967, 1969), Microtus 
pennsvIvanicus (Louch 1956), and Peromyscus maniculatus (Li- 
dicker 1965; Terman 1965, 1969). Terman (1965, 1969, 1973), 
working with freely-growing confined populations of P.m. 
bairdi, found control of growth was achieved either by ces­
sation of reproduction or failure of young to survive. In­
dividuals from these asymptotic populations were reproduc- 
Lively inhibited, with 94% of the females born into the pop­
ulations failing to reproduce. The fact that the populations 
reached asymptote at widely varying numerical levels while 

, the effects on the individuals within the population were 
similar suggests populations possess some intrinsic mechanism

2
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of control, triggered by behavioral factors rather than den­
sity per se.

The white-footed mouse, Peromyscus leucopus novebora-• 
censis, is a ubiquitous rodent widely distributed east of 
thd Rocky Mountains (Walker 1975). Many investigators 
(Brown 1964; Myton 1974; M ’Closkey 1975, 1976; Cooke and Ter­
man 1977; Parsons and Terman 1978; Barry and Franco 1980) 
have published studies of P. leucopus in the wild dealing 
primarily with habitat selection, homing ability, and breed­
ing patterns. Metzgar (1971) found female P. leucopus set 
up mutually exclusive home ranges and suggests this may act 
to regulate numbers in the wild. Recently, many laboratory 
studies on P. leucopus have dealt with the effects of photo­
period on reproduction (Johnston and Zucker 1980a, 1980b, 
1980c; Lynch, et a.1 1981) and aggressiveness (Christian 1970; 
Rowley and Christian 1976; Gleason, et al 1980). However, 
few data on population growth and regulation of this species 
in captivity have been published. Christian, in a review 
article (1975), reported that males from freely-growing con­
fined populations had increased adrenal weight and lower re­
productive organ weights.

The purpose of the present study was to found freely- 
growing confined populations of Peromyscus leucopus novebora- 
censis in the laboratory and record reproductive and behav­
ioral characteristics of the populations as density increased. 
The objectives of the study were to: l)Note characteristics 
of population growth in the laboratory; 2)Examine the effects
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of increasing density on the reproductive effort of animals 
in the population and the physiology of individuals; 3 i n ­
vestigate whether changes in behavior could act as an intrin­
sic control of population growth; and 4)Compare this species 
of small mammal to other species in the literature.



METHODS AND MATERIALS

Founding and Maintenance of Populations
All animals used in the experiment were Peromyscus leu­

copus noveboracensis. Sixty-three percent of the animals 
were trapped in the wild. These animals were supplemented 
with randomly chosen first generation laboratory born animals. 
All wild P. leucopus were quarantined from the day of capture 
for at least two weeks. After that, they were individually 
housed in standard two compartment plastic cages measuring 
12x26x14 cm. for each compartment. All colony born animals 
had been housed from weaning with siblings of the same sex in 
similar cages.

Populations were founded in circular enclosures or in 
a single compartment of the two compartment cages. The en­
closures were constructed of a stainless- steel circular base 

2(1.858m ) with aluminum sides measuring 68.6 cm. high. The 
floor of the pens was covered with wood shavings to a depth 
of 4-5 cm, Eight one-quart, plastic boxes with shavings in­
side were spaced equidistant from one another in a circle 
halfway between the center of the pen and the perimeter 
(Figure 1). Food and water were supplied ad libitum in the 
center of the enclosure.

The double compartment cages were constructed of plas-
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Figure 1. Diagram of the Large Population Enclosures
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tic with a removable wire top and had a floor space of 312 
square centimeters which was covered with wood shavings to a 
depth of 2-3 cm. Food was provided in excess in a hopper 
suspended from the top and water was supplied from a bottle 
resting on the cage top. The bedding in these cages was 
changed every other week.

All enclosures were housed in rooms under a 14s10 
bright:dim light cycle. The bright stage was provided by 
four 40-watt flourescent bulbs, while four 15-watt iridescent 
bulbs simulated the dim phase. A half-hour period of dark­
ness separated the two phases. The temperature in the rooms 
ranged between 20-28°C and the air was exchanged 5-8 times 
per hour„

In addition to the population animals mentioned above, 
eleven isolated bisexual pair controls were housed in 30-gal­
lon galvanized steel cans with a floor space of 0.1829 square 
meters. Wood shavings covered the floor to a depth of 4-5 
cm., and two nest boxes wex’e supplied. Food and water were 
provided in the center of the cans ad libitum. Young born 
to these mice were removed at weaning. These pairs were 
housed In the same room as the populations and were subjec­
ted to the same environmental conditions.

Before the experiment began, all experimental and con­
trol animals underwent the same procedure. On the day prior 
to founding each population, four males and four females were 
randomly selected, weighed, checked for reproductive con­
dition (testes scrotal or non-scrotal; vagina perforate or



imperforate), numbered by toe-clipping, and fitted with a 
color-coded glass bead collar for visual identification.
The animals were lightly anesthetized with ether during the 
collar fitting. All animals were then isolated overnight.

On the day of founding, four bisexual pairs were 
grouped into one side of the double compartment cages, or 
were introduced into one of the experimental enclosures by 
placing them singly into the eight nest boxes where they 
were retained 30 minutes to acclimate before release. A 
total of four populations in the enclosures and seven popu­
lations in the double compartment cages were founded. All 
population animals were inspected biweekly for reproductive 
status, pregnancy, and lactation. Age and location of lit­
ters were also noted. The bedding in the double compartment 
cage populations was changed at this time. The control ani­
mals underwent the same procedures of selection, maintenance, 
and periodic inspection as the population animals, except the 
bedding was changed only once.

The populations were maintained until growth ceased.
A -criterion of 150 days since the last surviving litter was 
used to signal when a population had reached asymptote. At 
this time, the animals were weighed, the peritoneal and thora- 
sic cavities opened, and the entire animal was placed in 10% 
buffered formalin. The control animals were treated similar­
ly and were sacrificed at 150 and 380 days after pairing. At 
a later time, selected organs of all animals were dissected 
free of fat, lightly blotted, and weighed to the nearest .01
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mg. on a Cahn Electrobalance interfaced with a Wang Program­
mable Calculator.

Observation Procedures and Analysis of Behavior Data
Periodic observations were made on all four populations 

in the large enclosures from the day of founding until the 
population achieved asymptote. All observation periods las­
ted 30 minutes and, whenever possible, took place within the 
1st two hours of the dim phase. Throughout the observation 
period, the observer was situated behind an aluminum blind 
so that only his head was visible to the mice. All behavior, 
including time and location of interaction, was recorded ac­
cording to the ethogram presented in Table 1. The schedule 
of observations and the total number of observations are pre­
sented in Appendix A. The observations were more intense 
during the first week after founding, following which they 
were made 2-3 times a week on each population. No observa­
tions were made on the populations in the double compartment 
cages.

All data were recorded in long hand at the time of the 
observation. Because of the volume of data, analysis re­
quired the use of a Datamyte 900 data collector, an Apple II 
Home Computer, and an IBM 370 computer. To enter the data 
into the Datamyte 900, each observation was coded. The first 
six lines of the code contained the observer code, date, time, 
population number, observation number of that population, and 
the age of the population. These six lines were followed by 
a series of twelve digit numbers which represented the be-
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TABLE 1.--Behavior ethogram of Peromyscus leucopus novebora- 
censis. (Terman, unpublished)

(S) Submission —
1. Supine
2. Avoidance - Response without known specifically directed stimulus
3. Retreat — Response to directed behavior patterns

a. Wild run
b . not wildly

4 . Defense stance
5. Ignore, do nothing, pay no attention
6. Return fight or fight back

(I) Investigation - initiating animal first (Record ( ), ( ))
1. Investigation of environment other than other animals
2. Nasal - Nasal
3. Nasal - Anal - not followed by (X) - sex behaviors
4 . Grooming

Response of groomed animal recorded-if S-5 (type explained) means 
continuation of this behavior
a, Self b. Other

(A) Aggression
1. Upright threat (bluff attack) body upright
2. Down threat (more aggressive threat) animal remains on all fours-incisors 

bared-may dart head at opponent
3. Run and chase
4. Modified fight - rush and attack - physical contact followed by immediate 

separation
5. Locked fight - animals fight while rolling around

(X) Sexual Behavior
X. Investigate and smell genitals a. male b. female
2. Chase a. male-nose to rump of female b. female-sex run
3. a. Male-attempts to mount b. female-lordosis
4. a. Male-ejaculation and drop off-typically followed by cleaning genitals

b . Female-clean (1) self (2) male
(H) Food Hoarding: Spontaneous (S), Test (T) (number pellets added __________ __ _

Initiating mouse: _ ,Result*
jL . Took food from feeder _
2. Taking food from location other than feeder °° 0 at i0aj"
3. Taking food from other mouse: at feeder c4. Taking food from other mouse: following chase ~
5. Failed to get food from other mouse: at feeder
6. Failed to get food from other mouse: after chase

Food eaten at hoard 
Food left elsewhere 
Food eaten elsewhere 
Time to hoard all

(M) Miscellaneous
1. Active-Total # and indiv. animals jin motion at 10 min. intervals.
2. Stereotyped Behavior - Wild run and jump. No apparent attack as cause,

a. Circle pen b. Back and forth at same location
3. Sitting on: a. Water bottle b. Nest box
4 . Maternal Behavior-Retrieving or carrying young
5. Huddling-Record Loc., //’s and indiv. in groups larger than 2 and outside 

nest boxes at beginning and ending of observation periods.
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havioral interaction data. Each twelve digit number con­
tained the following information: animal initiating inter­
action, its behavior, location of interaction, animal re­
ceiving the attention, its response behavior, and the time 
of the interaction in minutes. Further information on the 
formulation of the code is given in Appendix B.

It was possible to enter several months of data into 
the Datamyte at one time. Once the data were entered, they 
were unloaded into an Apple II Computer. Following this they 
were transferred from the Apple II to the IBM 370 Computer 
of the College of William and Mary. The intermediate step 
of using the Apple computer was necessarj/ because the Data­
myte did not have the cappacity of communicating directly 
with the IBM 370. Once the data were on tape in the IBM 370, 
analysis was done using SAS programming.

Statistical Analysis
All analysis of the organ weights employed a Student1s 

"t" test for significance at the .05 level. F tests for 
heterogeneity were also computed at the same time. At var­
ious times during this study, correlation coefficients were 
computed. The type of correlation and the coefficients will 
be referred to when relevant.



RESULTS

Population Growth Characteristics 
Large Enclosures

Basic population information is presented in Tables 2 
and 3. Figures 2 and 3 show the growth curves of Populations 
numbered 001, 100, 200, and 300. For the purpose of analysis 
the age of the populations from founding was divided into 25- 
day periods (0-25, 26-50, etc.)

Three of the four populations experienced growth with
ifonly '100 showing a decline. Population 100 was sacrificed 

at 306 days of age which was twice as long as the 150 day per 
iod used to determine asymptote. Only four founding animals, 
one male and three females, were still alive at this time. 
Five pregnancies were noted in this population, however none 
of the litters survived to 21 days, though one progeny did 
survive to 17 days of age. Three out of the four founding 
females became pregnant. Animal 101 * s death, which was the 
third death of a founding male, occurred at day 225.

In the three remaining populations, the growth curves 
can be divided into three phases: lag, growth, and plateau. 
The length of each phase varied among populations (Table 4). 
The lag period was lengthy in all populations and was charac­
terized by generally fewer pregnancies and no litter survi­
val (Table 4). Founder mortality was high during this ini-
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Table 2.--Basic Population Information. N is based on the 
number of animals over 25 days of age at sacrifice.

Pop # TVT -
Total Founders Offspring

IN
M* F" M F M F

Large Enclosures
001 26 15 11 0 1 15 10
100 4 1 3 1 3 -
200 10 3 7 1 3 2 4
300 26 13 13 1 4 12 9

Small Compartment Cages
400 18 10 8 4 3 6 5
500 10 4 6 3 3 1 3
510 8 4 4 4 4
520 8 4 4 4 4 - -

530 25 11 15 4 4 i/ 11
600 14 7 7 4 4 3 3
700 6 2 4 1 4 1 0

A
M = Male 
F = Female
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Table 3.--Basie Population Reproduction Data

Pop # Age at 
1st litter

Age at 1st 
surviving 
litter

Age at last 
surviving 
litter

Age at 
sacrifice

Large Enclosures
001 44 196 396 564
100 87 - - 306
200 30 236 269 419
300 174 193 300 450

Small Compartment Cages
400 31 67 145 321
500 56 56 80 196
510 60 183
520 - - - 152
530 50 50 252 404
600 33 33 56 197
700 78 149 149 303

All measurements in days.



Figures 2 and 3. Population growth curves of large en­
closures . Each of the triangles or quadrilaterals record 
the birth of a litter, the female parent, and the number 
of young born. Dotted triangles represent litters known 
to be born, though the young were not seen. Mean litter 
size was plotted in these cases.
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tial phase with three of the four males killed in each popu­
lation. Populations 001 and 200 also lost a female during 
this lag period.

The growth phase was arbitrarily determined to begin 
within the 25 day period when the first surviving litter 
was born. A litter with at least one surviving member con­
stituted a surviving litter. The average population age when 
the first surviving litter was born was 208 days with a range 
of 193-236 days (Table 3). Once growth had commenced, it was 
rather rapid, with the number of pregnancies increasing and 
the percentage litter survival rising to 50-80% (Table 4). 
Populations 200 and 300 had no adult mortality during this 
period, while Population 001 experienced the death of two 
parous females at the time of partuition. In all popula­
tions, no offspring females v/ere recorded as pregnant dur­
ing the growth phase.

Following the growth phase, the average number of ani­
mals in each population remained constant. The average time 
from founding to the start of this plateau phase was 297 
daj'S, ranging from 269 days in Population 200 to 322 days in 
Population 001. In Populations 200 and 300, this phase was 
marked by low7 reproduction and low adult mortality (Figures 
2 and 3). However, in Population 001, a much greater amount 
of reproduction was noted after growth had ceased. The num­
ber of pregnancies rose from 1.82 to 3.30 on a per 25 day 
basis, while litter survival decreased (Table 4). The esti­
mate of decrease in litter survival during the plateau phase
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is very conservative because it was assumed that the communal 
litter found on Day 543 (Figure 2) had at least one surviving 
member of each of the four litters known to have been born, 
thus giving a litter survival value of 100% for those four 
litters, even though only five of the twelve neonates sur­
vived. As can be seen in Table 3, eight of the ten female 
offspring contributed to the reproduction in Population 001 
during the plateau phase. Also, Population 001 experienced 
the loss of seven adult animals, five females and two males.
Both Populations 200 and 300 had a young male die during 
this phase.

The final number of adult animals in the populations 
at asymptote ranged from four in Population 100 to twenty-six 
in both Populations 001 and 300. Density ranged from 2.15 
to 13.99 mice per square meter. Population 001 was sacri­
ficed even though five 21-day old mice were present. These 
animals were born after 144 days without a surviving litter 
and due to time constraints, the population could not be 
maintained for another 150 days.

Small Compartment Cages
No growth curves were plotted for these populations.

Of the seven populations which were founded in a single com­
partment of the double compartment cages, four increased, 
two remained at the initial number of eight animals, and one 
population declined (Table 2) . The total number of adult 
animals in each population at asymptote ranged from six to 
twenty-five. The average age of the populations at first
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surviving litter was 71 days with a range of 33-149 days.
This was significantly less than that recorded in the large 
enclosures (Wilcoxon rank-sum; Z=2.0870; P^.05). A great 
deal of variability was found in the degree of reproduction 
while Population 530 increased to twenty-five animals. Forty- 
seven percent-of all females, founders and offspring, were 
parous in these small cages. Twenty-four of the twenty-eight 
original male founders (85.7%) survived until the populations 
were terminated, which, on the average, was 251 days of age. 
Therefore, male founder mortality was significantly less in 
the small compartment cages than the seventy-five percent 
male founder mortality experienced in the first 250 days 
within the large enclosures (X^ = 13.701; df=l; PC005).

Organ Weight Analysis 
Large Enclosures v s . Control

As can be seen from Tables 5 and 6, a great deal of 
variability existed in the organ weights between populations. 
Even though Population 001 and Population 300 achieved the 
same density of adult animals, the organ weights of the ani^ 
mals in these populations varied greatly, especially the ad­
renal weight and reproductive organ weights of the males.
Also, the standard error measurements presented in Tables 5 
and 6 demonstrate that there was a considerable amount of 
variability within each population.

Tables 7-9 present the comparison of the means of the 
organ weights of animals in the large enclosures and those 
of the control animals. Nulliparous females, regardless of
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TABLE 7.--Comparison of the Population Means + S.E. for Selec­
ted Organ Weights of all Animals in the Large Enclosures and

Controls

LARGE PEN 
ANIMALS

MEAN + S.E. (N)

CONTROLS 

MEAN +_ S.E. (N)

P

1ALES
WEIGHT 24,82 + 1.25 (4) 21.81 + 1.05 (9) NS
ADRENAL 15.46 + 2.20 (4) 16.33 + 2.66 (9) NS
REL ADR 61 .23 + 6.37 (4) 75.39 + 11.21 (9) NS
SEM VES 237.67 + 63.02 (4) 272.56 + 32.89 (9) NS
TESTES 354.06 + 77.41 (4) 376.11 + 34.93 (9) NS

TOTAL FEMALES
ADRENAL 12.80 + 1,09 (4) 14.88 + 1.30 (9) NS
OVARY 9.88 + 0.70 (4) 10.17 + 1.70 (9) NS

^ONPAROUS FEMAL,ES
WEIGHT 21.70 + 1.46 (4) 15.70 + 0.35 (3) .05
ADRENAL 14.01 + 3.13 (4) 16.67 + 2.90 (3) NS
REL ADR 59.50 + 10.28 (4) 106.28 + 19.10 (3) .10
OVARY 8.58 + 0.23 (4) 10.17 + 5.20 (3) NS
UTERUS 46.78 + 10.68 (4) 71.00 + 43.13 (3) NS

DUMBER PAROUS 23 of 43 = ‘53% 5 of 9 = 57% NS

Body weight in grams.
Organ weights in milligrams.
Relative adrenal weight in milligrams per 100 grams body weight. 
M l  analysis employed Student’s (t)-test to the .10 level of signi 

ficance.
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TABLE <8 .--Comparison of the Population Means + S.E. for Se­
lected Organ Weights of Founders in the Large Enclosures and

Controls

LARGE PEN 
FOUNDERS

MEAN + S.E. (N)

CONTROLS 

MEAN + S.E. (N)

P

l̂ALES
WEIGHT 26.50 + 2.33 (3) 21.81 + 1.05 (9) .10
ADRENAL 13.83 + 2.05 (3) 16.33 + 2.66 (9) NS
REL ADR 52.51 + 8.11 (3) 75.39 + 11.21 (9) NS
SEM VES 431.00 + 160.00 (3) 272.56 + 32.89 (9) NS
TESTES 550.00 + 77.02 (3) 376.11 + 34.93 (9) .05

rOTAL FEMALES
ADRENAL 11.06 + 0.44 (4) 14.88 + 1.30 (9) .05
OVARY 8.91 + 0.57 (4) 10.17 + 1.70 (9) NS

sfONPAROUS FEMALES
WEIGHT 19.87 + 1.07 (3) 15.70 + 0.35 (3) .05
ADRENAL 9.33 + 0.33 (3) 16.67 + 2.90 (3) .10
REL ADR 45.02 + 0.34 (3) 106.28 + 19.10 (3) .10
OVARY 6.50 + 1.76 (3) 10.17 + 5.20 (3) NS
UTERUS 32.00 + 10.58 (3) 71.00 + 43.13 (3) NS

DUMBER PAROUS 10 of 15 = 67% 5 of 9 = 56% NS

Jody weight in grams.
)rgan weights in milligrams.
Relative adrenal weight in milligrams per 100 grams body weight.
^11 analysis employed Student's (t)-test to the .10 level of signi- 

f icance.
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TABLE 9_ .--Comparison of the Population Means + S.E. for Se­
lected Organ Weights of Offspring in the Large Enclosures and

Controls

LARGE PEN 
OFFSPRING

MEAN + S.E. (N)

CONTROLS 

MEAN + S.E. (N)

P

MALES
WEIGHT 23.75 + 2.03 (3) 21.81 + 1.05 (9) NS
ADRENAL 14.64 + 3.17 (3) 16.33 + 2.66 (9) NS
REL ADR 59.50 + 7.97 (3) 75.39 + 11.21 (9) NS
SEM VES 134.13 + 84.63 (3) 272.56 + 32.89 (9) .10
TESTES 249.60 + 113.21 (3) 376.11 + 34.93 (9) NS

TOTAL FEMALES
ADRENAL 13.56 + 1.48 (3) 14.88 + 1.30 (9) NS
-OVARY 10.51 + 0.82 (3) 10.17 + 1.70 (9) NS

NONPAROUS FEMALES
WEIGHT 23.11 + 1.05 (3) 15.70 + 0.35 (3) .01
ADRENAL 15.26 + 3.87 (3) 16.67 + 2.90 (3) NS
REL ADR 65.67 + 12.13 (3) 106.28 + 19.10 (3) NS
OVARY 9.25 + 0.26 (3) 10.17 + 5.20 (3) NS
UTERUS 52.52 + 15.35 (3) 71.00 + 43.13 (3) NS

NUMBER PAROUS 13 of 28 = 46% 5 of 9 = 56% NS

Body weight in grams.
Organ weights in milligrams.
Relative adrenal weight in milligrams per 100 grams body weight.
All analysis employed Student’s (t)-test to the .10 level of signi­

ficance.
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whether they were founders or born into the populations, 
averaged significantly heavier than controls. Population 
males were also heavier, though not significantly so. The 
mean adrenal weight of the founding females was smaller re­
gardless of parity, while the mean relative adrenal weight 
of the nulliparous founding females was smaller at the P<.10 
level.

The testes of the founding males averaged significantly 
heavier than the controls (P 05), while the seminal vesicle 
weight of males born into the population were lighter than 
the controls at the .10 level.

Small Compartment Cages v s . Controls
As can be seen from Tables 5 and 6, a great amount of 

variability also exists among these populations with regard 
to mean adrenal weight and mean reproductive organ weights 
of males and mean uterine weight of females. The average ad­
renal weight of males ranged from 7.64+0.45 mg. to 14.50+1.50 
mg. across populations. Populations 530 and 400, which were 
the densest populations, had the smallest mean adrenal weights. 
Population 530 also had the lowest mean reproductive organ 
weights of males within these small cage populations.

Tables 10-12 show the comparison of the population 
means with the controls. The mean weight of the population 
males and nulliparous females, founders or offspring, was 
significantly larger (PC05). The mean adrenal v/eight of 
the population females was smaller when compared to the con­
trol females, though not significantly so ( P C  10). The sem-
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TABLE 10. - -Compar i.son of the Population means + S.E. for Se­
lected Organ Weights of All Animals in the Small Compartment

Cages and Controls

SMALL CAGE 
ANIMALS

MEAN + S.E. (N)

CONTROLS 

MEAN + S.E. (N)

P

MALES
WEIGHT 24.77 + 0.95 (7) 21.81 + 1.05 (9) .10
ADRENAL 11.61 + 0.86 (7) 16.33 +, 2.66 (9) NS
REL ADR 46.90 + 2.85 (7) 75.39 + 11.21 (9) .05
SEM VES 259.44 + 31.41 (7) 272.56 + 32.89 (9) NS
TESTES 384.97 + 44.33 (7) 376.11 + 34.93 (9) NS

TOTAL FEMALES
ADRENAL 11.66 + 0.89 (7) 14.88 + 1.30 (9) .10
OVARY 12.38 + 0.51 (7) 10.17 + 1.70 (9) NS

NONPAROUS FEMALES
WEIGHT 21.75 + 0.96 (6) 15.70 + 0.35 (3) .01
ADRENAL 11.42 + 1.28 (6) 16.67 + 2.90 (3) .10
REL ADR 54.87 + 6.02 (6) 106.28 + 19.10 (3) .05
OVARY 10.14 + 1.08 (6) 10.17 + 5.20 (3) NS
UTERUS 50.23 + 11.35 (6) 71.00 + 43.13 (3) NS

NUMBER PAROUS 22 of 47 = ■47% 5 of 9 = 56% NS

Body weight in grams.
Organ weights in milligrams.
Relative adrenal weight in milligrams per 100 grams body weight.
All analysis employed Student's (O-test to the .10 level of signi­

ficance.
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TABLE 11.--Comparison of the Population Means +_ S.E. for Se­
lected Organ Weights of Founders in the Small Compartment

Cages and Controls

SMALL CAGE 
FOUNDERS

MEAN + S.E. (N)

CONTROLS 

MEAN + S.E. (N)

P

MALES
WEIGHT 25.48 + 1.11 (7) 21.81 + 1.05 (9) .05
ADRENAL 11.27 + 0.99 (7) 16.33 + 2.66 (9) NS
REL ADR 43.63 + 2.89 (7) 75.39 + 11.21 (9) .05
SEM VES 310.67 + 19.57 (7) 272.56 + 32.89 (9) NS
TESTES 440 • 84 +_ 32.31 (7) 376.11 + 34.93 (9) NS

TOTAL FEMALES
ADRENAL 11.41 + 0.93 (7) 14.88 + 1.30 (9) .10
OVARY 12.86 + 1.18 (7) 10.17 + 1.70 (9) NS

NONPAROUS FEMALES
WEIGHT 19.77 + 0.93 (5) 15.70 + 0.35 (3) .05
ADRENAL 11.30 + 1.63 (5) 16.67 + 2.90 (3) NS
REL ADR 56.77 + 6.82 (5) 106.28 + 19.10 (3) .05
OVARY 9.85 + 2.07 (5) 10.17 + 5.20 (3) NS

' UTERUS 43.70 + 15.45 (5) 71.00 + 43.13 (3) NS

NUMBER PAROUS 15 of 26 = 58% 5 of 9 = 56% NS

Body weight in grams.
Organ weights in milligrams.
Relative adrenal weight in milligrams per 100 grams body weight.
All analysis employed Student*s (t)-test to the .10 level of signi­

ficance .
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TABLE 1 2 -Comparison of the Population Means +_ S.E. for Se­
lected Organ Weights of Offspring in the Small Compartment

Cages and Controls

SMALL CAGE 
OFFSPRING

MEAN + S.E. (N)

CONTROLS 

MEAN + S.E. (N)

P

MALES
WEIGHT 23.30 + 1 . 1 8 (5) 21.81 + 1.05 (9) NS
ADRENAL 11.75 + 1.59 (5) 16.33 + 2.66 (9) NS
REL ADR 51,91 + 7.51 (5) 75.39 + 11.21 (9) NS
SEM VES 150.43 + 33.43 (5) 272.56 + 32.89 (9) .05
TESTES 292.91 + 55.13 (5) 376.11 + 34.93 (9) NS

TOTAL FEMALES
ADRENAL 10.78 + 1.09 (4) 14.88 + 1.30 (9) .10
OVARY 11.34 + 2.00 (4) 10.17 + 1.70 (9) NS

NONPAROUS FEMALES
WEIGHT 22.30 + 0.41 (3) 15.70 + 0 . 3 5 (3) .10
ADRENAL 9.93 + 0.91 (3) 16.67 + 2.90 (3) .10
REL ADR 44.82 + 3.39 (3) 106.28 + 19.10 (3) .05
OVARY 10.57 + 1.79 (3) 10.17 + 5.20 (3) NS
UTERUS 45.35 + 10.98 (3) 71.00 + 43.13 (3) NS

NUMBER PAROUS 7 of 21 = 33% 5 of 9 = 56% NS

Body weight in grams,
Organ weights in milligrams.
Relative adrenal weight in milligrams per 100 grams body weight.
All analysis employed Student's (t)-test to the .10 level of signi­

ficance .



inai vesicle weight: of males born into the population was 
significantly lighter than the control males (PC05).

Large Enclosures v s . Small Populations
Tables 13-15 show the comparison of the population, 

means of the organ weights between the two population situa­
tions. The mean adrenal weight, both absolute and relative, 
of all males in the large enclosures were significantly heav 
ier than those of males in the small compartment cages. The 
mean ovary weight of female founders, regardless of parity, 
was significantly smaller in the large enclosure situation 
<P<.05). No significant differences in mean organ weights 
were noted between animals born into the two experimental 
situation.

_ V ;

Correlation of Adrenal Weight and Testes Weight in Offspring 
Males

Spearman correlation coefficients were calculated to 
investigate the relationship between adrenal weight and re­
productive organ weight in males born into the two popula­
tion situations. The correlation coefficients are presented 
in Table 16. A highly significant positive correlation exis 
ted between adrenal weight and reproductive organ weight in 
males born into the large enclosures, regardless of body 
weight (PC01). In the males born into the small compart­
ment cages, there was a significant positive correlation be­
tween adrenal weight and testes weight (p C 05), regardless 
of body weight. A positive correlation also was noted be­
tween adrenal weight and seminal vesicle weight, however it
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TABLE 1 3 -Comparison of the Population Means + S.E. for Se­
lected Organ Weights of All Animals in the Large Enclosures

and All Animals in. the Small Compartment Cages

LARGE PEN 
ANIMALS

(N)

SMALL CAGE 
ANIMALS

(N)

P

MEAN ±: S.E. MEAN + S.E.

MALES
WEIGHT 24.82 + 1.25 (4) 24.77 + 0.95 (7) NS
ADRENAL 15.46 + 2.20 (4) 11.61 + 0.86 (7) .10
REL ADR 61.23 + 6.37 (4) 46.90 + 2.85 (7) .05
SEM VES 237.67 + 63.02 (4) 259.44 + 31.41 (7) NS
TESTES 354.06 + 77.41 (4) 384.97 + 44.33 (7) NS

TOTAL FEMALES
ADRENAL 12.80 + 1.09 (4) 11.66 + 0.89 (7) NS
OVARY 9.88 + 0.70 (4) 12.38 + 0.51 (7) .05

NONPAROUS FEMALES
WEIGHT 21.70 + 1.46 (4) 21.75 + 0.96 (6) NS
ADRENAL 14.01 + 3.13 (4) 11.42 + 1 . 2 8 (6) NS
REL ADR 59.50 + 10.28 (4) 54.87 + 6.02 (6) NS
OVARY 8.58 + 0.23 (4) 10.14 + 1.08 (6) NS
UTERUS 46.78 + 10.69 (4) 50.23 + 11.35 (6) NS

NUMBER PAROUS 23 of 43 = 53% 22 of 47 = 47% NS

Body weight in grams.
Organ weights in milligrams.
Relative adrenal weight in milligrams' per 100 grams body weight.
All analysis employed Student*s (t)-test to the ,10 level of signi­

ficance .
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TABLE 14.--Comparison of the Population Means + S.E. for Se­
lected Organ Weights of Founders in the Large Enclosures

and Founders in the Small Compartment Cages

LARGE PEN 
FOUNDERS

SMALL CAGE 
FOUNDERS £

MEAN 1: S.E. (N) MEAN +: S.E. (N)

MALES
WEIGHT 26.50 + 2.33 (3) 25.48 + 1.11 (7) NS
ADRENAL 13.83 + 2.05 (3) 11.27 + 0.99 (7) NS
REL ADR 52.51 +_ 8.11 (3) 43.63 + 2.89 (7) NS
SEM VES 431.00 + 160.00 (3) 310.67 + 19.57 (7) NS
TESTES 550.00 + 77-02 (3) 440.84 + 32.31 (7) NS

TOTAL FEMALES
ADRENAL 11 .06 + 0.43 (4) 11.42 + 0.93 (7) NS
OVARY 8.91 _+ 0.57 (4) 12.86 + 1.18 (7) .05

NONPAROUS FEMALES
WEIGHT 19.87 + 1.07 (3) 19.77 + 0.93 (5) NS
ADRENAL 9.33 + 0.33 (3) 11.30 + 1.63 (5) NS
REL ADR 45.02 + 0.34 (3) 56.77 + 6.82 (5) NS
OVARY 6.50 + 1.76 (3) 9.85 + 2.07 (5) NS
UTERUS 32.00 + 10.68 (3) 43.70 + 15.45 (5) NS

NUMBER PAROUS 10 of 15 = 67% 15 of 26 = 58% NS

Body weight in grams.
Organ weights in milligrams.
Relative adrenal weight in milligrams per 100 grams body weight.
All analysis employed Student’s (t)-test to the .10 level of signi­

ficance .
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TABLE 15.--Comparison of the Population Means +_ S.E, for Se­
lected Organ Weights of Offspring in the Large Enclosures

and Offspring in the Small Compartment Cages

LARGE PEN 
OFFSPRING

MEAN + S.E. (N)

SMALL CAGE 
OFFSPRING

MEAN + S.E (N)

£

^lALES
WEIGHT 23.75 + 2.03 (3) 23.30 + 1.18 (5) NS
ADRENAL 14.64 + 3.17 (3) 11.75 ± 1.59 (5) NS
REL ADR 59.50 + 7.97 (3) 51.91 +_ 7.51 (5) NS
SEM VES 134.13 + 84.63 (3) 150.43 + 33.43 (5) NS
TESTES 249.60 + 113.21 (3) 292.91 +_ 55.13 (5) NS

FOTAL FEMALES
ADRENAL 13.56 + 1.48 (3) 10.78 + 1.09 (4) NS
OVARY 10.57 + 0.83 (3) 11.34 + 2.00 (4) NS

NONPAROUS FEMALES
WEIGHT 23.11 + 1.05 (3) 22.30 + 0.41 (3) NS
ADRENAL 15.26 + 3.87 (3) 9.93 + 0.91 (3) NS
REL ADR 65.67 + 12.13 (3) 44.82 + 3.39 (3) NS
OVARY 9.25 ±  0*27 (3) 10.57 + 1.79 (3) NS
UTERUS 52.52 + 15.36 (3) 45.35 + 10.98 (3) NS

DUMBER PAROUS 13 of 28 = 46% 7 of 21 = 33% NS

3ody weight in grams.
)rgan weights in milligrams.
Relative adrenal weight in milligrams per 100 grams body weight.
^11 analysis employed Student's (t)-test to the .10 level of signi­

ficance .
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Table 16.--Spearman Correlation Coefficients for the Compar­
ison of Adrenal Weight to Male Reproductive Organ Weights

SPEARMAN CORRELATION COEFFICIENTS

Correlation E„ e Z e s  Cages <N > Contro1

Adrenal vs. 0.66731 /9r>\ 0.40469 firx 0.30126 /Q\
Seminal Vesicle P=0.0001 ' P=0.1346 P=0.4308 ' '

Adrenal vs. 0.67060 0.66422 0.23431 /Q >,
Testes P=0.0001 P^0.0050 P=0.5440

Rel. Adrenal 
Rel. Sen 
Vesicle
T}i c . , 0.49761 /oo\ 0.42359 /1R\ 0.46667
Re1, Senn-Udl P=0.0071 (  ̂ P=0.1156 ^   ̂ P=0.2054 ̂ 9 ')

Rel. Adrenal vs. 0.50588 ryys 0.60191 f1fi\ 0.13333
Rel. Testes P=0.0071 K } P=0.0136 ( 101 P=0.7324 *■ '
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was not significant at the .05 level. A similar correlation 
was not found in the control males.

Behavior
General Behavior

A wide spectrum of behaviors was exhibited by P. leu- 
c o p u s  in the laboratory. A majority of the interactions ob­
served in the large enclosures involved investigation and ag­
gression, with sporadic instances of sexual behavior. Only 
Population 200 exhibited consistent food hoarding. Huddling 
was observed in all the enclosures and the huddles generally 
consisted of both males and females.

Aggressive Behavior
A male aggression index was computed for each observa­

tion based on the behavioral data collected. The index re­
presents the number of aggressive acts per hour per adult 
male mouse in the population. A male mouse attaining the age 
of 60 days was considered to be an adult. An aggressive act 
involved any of the followings i) Upright threat; 2) Down 
threat; 3) Run/Chase; 4) Modified fight; 5) Locked fight.
These terms are explained in Table 1.

Figures 4-7 show the fluctuations in the amount of ag­
gressive activity in each population based on the aggression 
index. Populations 001, 200, and 300 all show an early peak 
of aggression within the first 75-125 days. This was fol­
lowed by a rapid decline in aggression coincident with the 
death of a third founding male (Figures 2 and 3). The level 
remained close to zero for 300 and 175 days in Populations
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Figures 4-7. Average Aggresion Index Graphs on a 25 
day basis. Aggression Index = Number of aggressive acts per 
hour per 60 day old male mouse.
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200 and 300 respectively. However, the aggression level re­
mained low for only about 75 days in Population 001 (Figure 4). 
A peak of aggression was noted between days 225-275. On two 
days during this time the only adult male present; in the popu­
lation began to have frequent aggressive encounters with off­
spring males maturing in the population and this was respon­
sible for the peak. Finally, the aggression level increased 
in Populations 001, 200, and 300 shortly before the termina- 
tior^of each. However, in Populations 001 and 300, the a- 
mount of aggression on a per mouse basis increased to levels 
that were approxi mately half of that exhibited earlier (Fig­
ures 4 and 7).

Population 100, which experienced no growth, exhibited 
a relatively high, although variable, level of aggression 
during the period 0-225 days (Figure 5), when the third foun­
ding male died. At that time only two males were present and 
the peak in aggression seen at days 175-200 represents the 
increased persecution of the subordinant male by the dominant.

Comparison of Reproduction and Aggression 
in the Large Enclosures

A relationship between reproduction and aggression was 
explored (Figures 2-7). Aggression was compared with preg­
nancy and litter survival in each population based on three 
different methods.

1) Twenty-five Day Periods
The age of the population from founding (Figures 2-7) 

was divided into 25-day time periods. For each period, three 
values were calculated: P = number of pregnancies; LS = the
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percent of pregnancies which resulted in litters with at 
least one surviving member; A = average aggression index.
Pearson correlation coefficients were calculated between P 
and A and for LS and A for each population, and are presented 
in Table 17. Pregnancy and aggression were significantly 
negatively correlated in Population 300 (P^.05). The rest 
of the correlation coefficients were negative, though not 
significantly so, with only Population 001 showing a positive 
correlation between litter survival and aggression. To fur­
ther explore the relationship between reproduction and aggres­
sion, two other correlations were calculated. One correlation 
was based on the three phases previously noted from the 
growth curves and the other was based on the different levels 
of aggression within the populations.

2) Analysis of the Growth Curves
As previously mentioned, the growth curves of Popula­

tions 001, 200, and 300 could be arbitrarily divided into 3 
phases: lag, growth, plateau. The length of each phase is 
presented in Table 4. For each phase, the P, L S , and A 
values of the twenty-five day periods contained within the 
phase (N) were averaged. These values are presented in Table 
4. A Pearson correlation was calculated for each population.

The results suggest a negative relationship between 
reproduction and aggression when divided based on the growth 
curves. While the correlation coefficients were highly neg­
ative in most cases, no significant differences were found, 
possibly due to small sample size.
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TABLE 17.Pearson Correlation Coefficients of Reproduc­
tion and Aggression Based on 25 day periods. P = Number of 
pregnancies. LS = Percent of pregnancies resulting in lit­
ters with at least one surviving member. A - Average aggres­
sion Index.

POPULATION
CORRELATION 

P vs A (N) LS vs A (N)

Populat ionj 001 r=-.29541 
P=0.1820

r=+.33640 
P=0.1258 (22)

Population 200 r=-.20252 /17\ 
P=0.4357 K U )

r=-.25664 
P=0.4207 (12)

Population 300 r= -.50759,/17\ 
P=0.0375'cU/;

r=- .39615 
P=0.2912 (9)

''Significant at the .05 level.



3) Analysis of the A&gressive Activity Graphs
The aggression level in each of the Populations 001,

200, and 300 can be arbitrarily divided into periods of high 
intensity and low intensity (Figures 4-7). (The high peak 
in Population 001 at days 225-275 was considered to be an 
artifact since the index was based on only one adult male 
mouse and the high aggression was recorded on only two days). 
Table 18 shows the length of each period of either high or 
low aggression. P, L S , and A values were calculated in a 
manner identical to the previous section. These values are 
presented in Table 18 along with the Pearson correlation coef­
ficients. All the correlation coefficients were negative, 
but not significantly so, possibly due to the small sample
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DISCUSSION

The data show that the growth of white-footed mouse 
populations in the laboratory can be regulated even when 
food and water are provided in excess. In both the large 
enclosures and the small compartment cages, the populations 
did not continue to increase, rather each population ceased 
growth at a distinct numerical level. The fact that the num­
ber of mice present at the time of sacrifice was highly var­
iable among the populations, even though they were exposed 
to the same environmental conditions suggests that the 
cause of the cessation of growth was factors that were in­
trinsic to each population. The populations remained at 
this asymptotic level for 100-150 days indicating that the 
asymptote is of rather long duration. Since the populations 
were sacrificed at a predetermined time, data were not col­
lected on how long the asymptote might last.

These results are consistent with the findings of Ter- 
man (1965) in freely-growing confined populations of Pero- 
mvscus maniculatus bairdi. In population enclosures ident­
ical to the ones used in this experiment, Terman found growth 
ceased at 6-47 animals per enclosure, with the asymptote las­
ting up to 282 days. A few authors (Southwick 1955a,b; Louch 
1956; Lidicker 1965) have reported population growth ceasing
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at widely varying numerical levels among laboratory popula­
tions subjected to identical environmental stimuli. These 
studies have been conducted on several species of small ro­
dents including Mus muscuius, Microtus pennsylvanicus, and 
Peromyscus trueii,

In the present experiment, it was unclear whether 
growth was controlled by the failure of young to survive, or 
by the cessation of reproduction. In the large enclosures, 
pregnancies were recorded in all populations during the pla­
teau phase. The same is true in five of the seven populations 
in the double compartment cages. Thus, reproduction was noted 
in a majority of the populations with low litter survival. 
Another indication that reproduction was not inhibited was 
the fact that the number of females, whether founders or off­
spring, which became pregnant within either population situa­
tion did not differ significantly from isolated controls. 
However, in some of the populations, particularly Populations 
200 and 300, there were females present which did not repro­
duce indicating that the total growth potential of the popu­
lation was not used. Therefore, there was also evidence 
that reproduction was inhibited to some extent.

Both regulating mechanisms have been reported in other 
studies employing freely-growing populations of small rodents. 
Christian (1975) has also reported 100% litter mortality in 
a freely-growing confined population of P. leucopus and low 
litter survival has been suggested as a major regulating 
mechanism in population growth in Mus muscuius and Microtus



pennsylvanicus (Southwick 1955a,b; Louch 1956; Christian 
1975). Meanwhile, Terman (1965, 1969) has suggested that 
cessation of reproduction due to inhibition of reproductive 
function might be the major regulating mechanism of popula­
tion growth in the Peromyscus genus. In freely-growing 
confined populations of P.m.bairdi, Terman found that 94% 
of the females born into the populations failed to repro­
duce and that only 38% of the founding females contributed 
to the reproduction. This inhibition of reproduction was 
not permanent since animals which were not reproducing in 
the populations proceeded to reproduce when paired with a 
proven mate outside of the population.

The long lag period from the time of founding to the 
birth of the first surviving litter was characteristic of 
the large enclosures and was a time of high social strife. 
Aggression was high, as was both adult and litter mortality. 
Most of the aggression was between males and predominantly 
Involved one male chasing another male with little physical 
contact. A small percentage of the aggression involved preg­
nant females.

Whether the high level of aggression which occurred 
during this lag period was responsible for no litters sur­
viving is not known. Any effect of aggression would appear 
to be indirect, since none of the adults were seen inges­
ting the young, and often whole carcasses of the young were 
found a couple of days after birth, suggesting that death 
was due to a lack of maternal care. Christian (1963) re-



ported that in Mus mus cuius« the progeny of females which 
had been exposed to increasing density during lactation, were 
stunted in growth when compared to appropriate controls. 
Christian hypothesized that the stunting of growth was the 
result of lower milk production. The fact that females did 
engage in aggressive activity around the time of partuition 
may have interferred with the maternal process.

Of particular significance during the lag period was 
the death of three of the four founding males in all four 
large enclosures. As was noted before, most of the aggres­
sion during this period was on a male: male basis, a finding 
similar to Southwick (1964), who showed that when male P. 
leucopus which were strangers from birth were grouped, a 
much higher level of aggression arose than in groups in which 
the animals were familiar to one another. In the present 
study, the deaths were often sudden in that an animal which 
appeared to be physiologically in good condition during one 
observation would be found dead the next morning or in notice 
ably poorer condition the following observation period. Also 
as can be seen from Figures 4-7, the aggressive activity 
within an enclosure did not decrease appreciably with the 
death of each male. Only after one male remained alive did 
the level of aggression drop dramatically. In all the large 
enclosures, the lone surviving male became the dominant and 
in Populations 100, 200, and 300, this male remained the domi 
nant until sacrifice. In Population 001, the dominant was 
found dead on Day 339 and was replaced as the dominant by a 
male which was a member of the third surviving litter born
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into the population. Therefore, the deaths of the three male 
founders in each population appear to be related to a high 
degree of intraspecific male aggression.

Several authors (Nicholson 1941; Metzgar 1971; Gleason, 
et.al. 1979, 1980) report that female P. leucopus tend to be 
very aggressive, especially when pregnant or lactating. How­
ever, the percentage of total aggression which involved fe­
males in the present study was very low and usually occurred 
during pregnancy. Only in Population 200 did any of the 
deaths of the males coincide with a time when a female was 
pregnant in the population. No territoriality, such as that 
found in female P. leucopus in natural populations by Metz­
gar (1971) was noticed in these freely-growing confined popu­
lations .

The long lag period before growth seen in these popu­
lations appears to be characteristic of P. leucopus a since 
sevex'al authors working with other species of small rodents 
have observed growth to be initiated within a short period 
of time after founding (Southwick 1955a,b; Lidicker 1965;
Terman 1965). The aggressiveness which was demonstrated by 
male P. leucopus in the large enclosures, especially the 
fact that the total number of aggressive encounters increased 
with density (Appendix C) is similar to the results found in 
freely-growing confined populations of Mus muscuius (South­
wick 1955a,b), and M. pennsvlvanicus (Louch 1956). P. leu­
copus males are definitely more aggressive than P.m.bairdi 
males, since Terman (1974) has shown that 44% of all aggres-
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sive activity takes place within the first two weeks after 
founding in P.m.bairdi populations.

The single compartment small cages presented an oppur- 
tunity to examine the effects of very high densities on popu­
lations of P. leucopus. The fact that these populations in 
one side of the double compartment cages had significantly 
lower male founder mortality than the large enclosures and a 
shorter latency to the birth of the first surviving litter 
(71 vs 208 days) suggests that these highly dense popula­
tions may possess a lower level of aggression. Davis (1958) 
reported lower levels of aggression in highly dense popula-. 
tions of Mus muscuius than in populations where more space 
was available. The above data also suggest that the founders 
responded differently to the two population situations and 
that the effects of density on the founders should also be 
considered along with the effects on the animals born into 
the populations.

The data presented in Tables 7-15 showed no consistent 
differences between the mean weights of the uterus and ova­
ries of population females compared with controls. Males 
born into populations in both the large enclosures and the 
small compartment cages had smaller mean seminal vesicle 
weights than controls while there were no differences in mean 
testes weights between population males and controls. Ani­
mals born into both the population situations possessed mean 
adrenal weights which were smaller than those of controls, 
though not significantly so. The founders of the small cage
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populations averaged significantly (P .05) smaller adrenals 
than controls. The large amount of variability which was 
seen not only among the populations placed into the same 
population situation, but also among the animals within 
each population, accounts for some of the lack of signifi­
cance .

Most of the data on the effects of increased density 
on the white-footed mouse have dealt with the adrenal gland.
The result of the present experiment differ from Christian 
(1975), who found that male P. leucopus from freely-growing 
population in the laboratory were reproductively inhibited, 
while the adrenal gland weight was increased. Rogers and 
Beauchamp (1976) showed that P. leucopus which were exposed 
to the excretion of a population possessed lighter adrenal 
weights than controls. The testes of the experimental males 
were significantly smaller and the experimental females pos­
sessed significantly lighter ovaries and reproductive tracts 
than controls. Christian (1971) reported that grouping 6-8 
males per cage did not increase the adrenal weight, Sullivan 
and Scanlon (1976) did find an increase in adrenal weight in 
males that were grouped four per cage (237.5 cm. ). The ef­
fect of density on the adrenal gland is inconsistent in the 
present study, which is similar to the findings of Terman 
(1965, 1969) in freely-growing populations of P.m.bairdi.

The most striking aspect of the present study was the 
lack of significant differences between the reproductive or­
gan weights of the population animals and the controls in 
freely-growing confined populations of P. leucopus. Several
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other investigators have used freely-growing populations of 
small mammals to study the effects of density on reproduc­
tion. Terman (1965, 1969) found that P.m.bairdi popula­
tion animals had significantly (P<.001) lower reproductive 
organ weights than controls. This inhibition of reproduc­
tion was responsible for the fact that 94% of the females 
born into the population failed to reproduce. Christian, 
et.al. (1965) report that animals from freely-growing con­
fined populations of Mus had lower reproduction rates and 
higher adrenal weights, while Louch (1956) showed population 
animals of M. pennsvlvanicus had lower eosinophil levels 
indicating increased adrenal activity.

The positive correlation found between the adrenal 
weight and the reproductive organs in the males born into 
the population situations in this study is very interesting. 
According to Christian's hypothesis, one would expect to see 
a negative correlation between these weights. Further in­
vestigation of this relationship is needed.

Several other studies (Southwick 1955b; Christian 1956, 
1963, 1971; Terman 1965) have led to the idea that the fac­
tors causing control are intrinsic to each population 
probably behavioral, and not just density per se. Comparison 
of the populations which achieved the highest densities in 
each of the population situations supports this hypothesis. 
The density at asymptote in Population 530, which had the 
highest density in the populations contained on one side of 
the double compartment cages, was fifty times as great as 
that in Population 300, which had the highest density in the
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large enclosures (Table 2). However, the animals in Popula­
tion 300 showed a much greater degree of reproductive inhibi­
tion (Tables 5 and 6). Therefore, density per se does not 
cause the inhibition, but rather factors which are intrin­
sic to each population are responsible.

The aggressive behavior within each of the large en­
closures was recorded on a regular basis throughout the ex­
periment to examine if the level of aggression within a popu­
lation could be used to determine when population growth 
would cease. Southwick (1955b) found growth of Mus muscuius 
populations was regulated when the level of aggression ex­
ceeded one aggressive act per hour per mouse. Christian 
(1975) suggests that the population growth of P. leucopus 
ceased only when aggression began. However, based on the 
460 observations conducted on the populations in the present 
study, no such criterion could be formulated. The data in 
Tables 4 and 18 indicate that aggression and pregnancy 
could be negative!}' correlated in these animals, however, 
Population 001 did not show a decrease in the number of preg­
nancies when aggression was beginning to increase during the 
plateau phase. Also, if the level of aggression was respon­
sible for determining the level of asymptote, Population 300 
would be expected to have increased beyond the density of 
Population 001, since the level of aggression in Population 
300 was consistently below that exhibited in Population 001 
(Figures 4 and 7). Instead, both populations reached asymp­
tote at the same numerical level. Therefore, population 
regulation does not appear to depend on either density per se



or aggressiveness alone in this species, but rather on a com 
plex interaction of several factors intrinsic to each popula 
tion of which both density and aggression are a part.
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Appendix A: Observation data.

1) Observation Schedule

Day 0........ Three half hour observations spaced throughout
dim light phase.

Day 1-3...... Two half hour observations; one at the beginning
and one at the middle of the dim light phase.

Day 4-7...... One half hour observation within two hours of
the light change from bright to dim.

Sacrifice.... Two to three observations per week on each popu­
lation

2) Observation Totals

p jj Number of Hours of
P Observations Observation

001

100

150

85

74.75" 

42.25*

200

300

111

114

55.25

57.00

460 Total 229.25 Total
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Appendix B: Explanation of Datamyte code.

Once the behavior data was recorded in long hand, each 
observation was coded so that it could be entered into the 
Datamyte. In order to identify each individual observation,
a six-line code was developed which identified: l)The obser­
ver; 2)The date; 3)The time of the observation; 4)The 
population number; 5)The observation number on that popu­
lation; and 6)The age of the population. An example of the 
first six lines of a coded data page would be:

CC (Observer code - my first two initials)
041579 (Date - April 15, 1979)

1300*1330 (Time of the observation - 1:00 to 1:30PM) 
001 (Population number)
020 (Observation number 20 on this population)
030 (Age of the population in days)

^The initial six lines of code were followed by a series 
of twelve digit numbers. Each twelve digit number represented 
a single behavioral interaction. Contained within each number 
was the; l)lnitiating animal’s number; 2)lnitiating behavior
3)Location of the interaction; 4)Response animals behavior; 
5)Response behavior (if applicable); and 6)Time of the inter­
action in minutes since the start of the observation. There­
fore , a number such as:

013320031405 
Would be broken down as follows:

01/33/20/03/14/05
Where:

01 = Animal 01 
33 = Run / Chase behavior 
20 = Area 21 to 28 in pen 
03 = Animal 03
14 = Retreat-not wildly behavior05 = Five minutes into the observation
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In this interaction, Animal 01 ran and chased Animal 03 
through Area 20. Animal 03 responded to the attack by re­
treating and the interaction occurred five minutes into the 
observation.

Once all the interactions had been entered, a FF sig­
nal was used to designate the end of an observation.

The following pages contain:
1) Figure of enclosures showing the division 

of floor space.
2) Table of the coding scheme of the behaviors 

listed in the ethogram (Table 1).
3) Sample observation data sheet in long hand.

4) How the sample data sheet would appear as it 
was entered into the Datamyte.



Appendix B : (cont.)

1) Division of floor space in large pens along
with code numbers

10 = 11 through 18 
20 = 21 through 28 
30 = Throughout pen.
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Appendix B: (cont)

2) Coding Scheme for behaviors listed in ethogram (Table 1)
Submissive Behaviors

11 = Supine
12 = Avoid
13 = Retreat wildly
14 = Retreat not wildly
15 = Defense stance
16 = Ignore, do nothing
17 = Return fight

Investigative Behaviors
21 = Investigate environment
22 = Nasal-nasal investigation
23 = Nasal-anal investigation
24 = Groom self
25 - Groom other

Aggressive Behaviors
31 = Bluff attack
32 = Down threat
33 = Run / Chase
34 = Rush and attack, followed by immediate separation
35 = Locked fight

Sex Behaviors
41 = Male investigates female genitals
42 = Female investigates male genitals
43 = Male sex chase - nose to rump of female
44 = Female sex run
45 = Male attempts to mount
46 = Female lordosis
47 = Ejaculation
48 = Female cleans self
49 = Female cleans male

Food Hoarding
51 - Initiating mouse took food from feeder and left food

at hoard
52 = Initiating mouse took food from feeder and food was

eaten at hoard.
53 = Initiating mouse took food from feeder and left food

elsewhere
54 = Initiating mouse took food from feeder and food was

eaten elsewhere.
55 = Food taken from location other than feeder and left

at hoard.
56 = Food taken from location other than feeder and

eaten at hoard.
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Appendix B (cont.)

Food Hoarding (cont.)
57 = Food taken from location other than feeder and

left elsewhere.
58 = Food taken from location other than feeder and

eaten elsewhere.
61 = Food taken from other mouse at the feeder and

left at hoard.
62 = Food taken from other mouse at the feeder and

eaten at hoard.
63 = Food taken from other mouse at the feeder and

left elsewhere.
64 = Food taken from other mouse at the feeder and

eaten elsewhere.
65 = Food taken from other mouse following chase and

left at hoard.
66 = Food taken from other mouse following chase and

eaten at hoard.
67 = Food taken from other mouse following chase and

left elsewhere.
68 = Food taken from other mouse following chase and

eaten elsewhere.
71 = Fails to get food from other mouse at feeder
72 = Fails to get food from other mouse after chase
/3 = Hoarding test

Miscellaneous
81 = Stereotyped behavior - back and forth at same place
82 = Stereotyped behavior - circles pen
83 = Sit on water bottle
84 = Sit on nest box
85 = Retrieve young
86 = Collects shavings
00 = Not applicable
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3) Sample observation data form for large enclosures
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Appendix B (cont.)

4) Previous page of data as it would appear when entered into
the Datamyte

cc 
052179 

1340*1410 
001 
042 

j ' 099 
033320041304 
033320071306 
033422011706 
033320011307 
033320041311 
068421000011* 
033320041414 
032225062215 
073320011320 
033330011323 

FF

"'Animal 06 was sitting on Nest Box #1 and there was no response 
animal.

(Much Run / Chase behavior was observed on this day 
with Animal 03 exhibiting much aggression towards other males 
Animals 01 and 04.)
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Appendix : Total Aggression Graphs for each population in
large enclosures based on the number of aggres­
sive acts observed in the population.
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Appendix C . (cont,)

TOTAL AGGRESSION GRAPH
POPNUMrl
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Appendix C . (cont.)

OTAL AGGRESSION GRAPH
PGPNUM=100
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Append ix C . (eont.)

TOTAL AGGRESSION GRAPH 
P0PNUMr2OO
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Appendix C . (c o n t .)

TOTAL AGGRESSION GRAPH
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