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I.

INTRODUCTION

Seton (1909) stimulated wide interest in the
fluctuation of population density of Arctic mammals.
However, his account of suicidal migrations of lemmings
was based on legend, as were the accounts of periodic
erruptions of house mice, rats and voles.

Since then,

many investigations have presented conflicting ideas on
the causes of density cycles in small mammalian
populations.
Cyclic variations of numbers in lemmings, voles
and mice populations involve several common factors.
These factors include ecological (Thompson, 1955;
Pitelka, 1962) ethological, (Krebs, 1964a; Christian
and Davis, 1964; Sadlier, 1965; Chitty, 1957),
physiological (Christian, 1963b; Bronson and Eleftheriou,
1963a; Andrews, 1968a), reproductive (Kalela, 1962 ;
Mullen, 1965; Chitty and Phipps, 1966), and mortality
(Krebs, 1964; Sadlier, 1965; Chitty, 1960; Chitty and
Phipps, 1966; Lidicker, 1965) studies.

In general,

the influence of these factors may be segregated into
two classes:

extrinsic factors and intrinsic factors.
1. Extrinsic factors

Extrinsic factors include weather, natural
catastrophes, predator-prey relationships , and
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vegetation.

These factors have some controlling

effect, either separately or in combination.

The

weather has an influence because of seasonal variation;
that is, there is a correlation between the onset of
breeding in brown lemmings and the onset of warming in
the Arctic spring (Mullen, 1968).

The same trend is

noted with Peromyscus maniculatus in Dakota County,
Minnesota (Beer and MacLeod, 1966).

However, an early

spring does not start the breeding season appreciably
eartier (Kalela, 19 57 ).

The photoperiod is also

associated with temperature fluctuations.

Voles

maintained in a laboratory with a decreased photoperiod
per day, show a decrease in gonadal activity; whereas
wild populations show a greater effect with a decrease
in both light and temperature (Clarke and Forsythe, 1964).
An increased photoperiod, from 12 to 15 hours per day,
increases reproductive success (pregnancy rate) from a
range of 0 - 8% to 27.5%; approximately a seven-fold
difference in Peromyscus maniculatus gracilis (Price,
1966).

Inclement weather alone may not cause the decline

in density; but in conjunction with some other adverse
condition(s), a precipitous decline in the population
size may be observed. A decline of numbers
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in the population can occur even with favorable
weather conditions (Chitty, 1960 ; Kalela, 1957 ).
During a period of unusually bad weather, it was
observed at lake Vyrnwy, Montgomeryshire, Wales in
1938 that one population of Microtus agrestis was in a
state of decline.

However, in a nearby area, another

population of M. agrestis remained abundant (Chitty,
1952).

Random weather variations may be a principal

factor affecting populations, and possibly a necessary
factor that tends to make some populations fluctuate
in pahse (Leslie, 1959; Chitty, 1955).

Weather may

exagérate the increase or decrease in numbers.

That

is, if the weather is inclement, the population increase
might be less rapid and the decrease may be accelerated.
The reverse is true for favorable weather (Krebs,
1964a).
Natural catastrophe such as fire or flood may
cause a large decline in density of some populations.
Dispersion is often facilitated in one population
when a catastrophic decrease in numbers occurs in a
neighboring population.

As a result, an area is

reopened for settlement (Van Vleck, 1968; Odum, 1959).
Pandemic infections may also have decimating effects on
populations, and are likely to be more severe in dense
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populations (Tolbach and Block, 1956).

However, the

increased amount of disease in a population is a result
of increased density and does not occur with sufficient
regularity to account for the general phenomenon of
cyclic population dynamics (Christian, 1963a).

Despite

the devastating effects of natural catsatrophes, it is
generally agreed that these events do not occur with
sufficient regularity to account for the four year cycle
observed in rodent numbers (Chitty, 1957 ; Mullen, 1965 ).
The natural predators of lemmings, voles , and mice
fluctuate in numbers at approximately the same time as
their prey.

However, the intensity of predation (often

taking a toll of 50% of the population) cannot account
for the decline.

Reproductuve capabilities of the

number remaining are more than sufficient to compensate
for the loss (Krebs, 1964a; Chitty, 1960; Odum, 1959).
The precipitous decline phase of the lemming cycle does
not coincide with maximum predator exploitation
(Pitelka, 1957).

Differential survival of the sexes is

not affected by predation; therefore, the ratio of
males to females remains the same (Godfrey, 1955 ;
Lockie, 1955; and Chitty, 1955).

However the cycle of

prey imposes an influence on the cycle of the predator.
When the prey population, which is the main subsistance

5

of a predator, declines, the density of predators
must decline also.

North American predators, for

example, may starve as exemplified by the starvation of
jaegers or migration of owls to an area of more food in
years of low lemming abundance (Odum, 1959).
Vegetation plays an important role in population
ecology.

It is the energy source for herbivores such

as moose, buffalo, and deer.

Reports of these mammals

exhausting their food supply in years of high density
are accounts of populations that are protected from
their natural predators. A study of lemmings near
Barrow, Alaska suggest that the cycle of abundance is
the result of the additive effects of decreased
predation and inadequate vegetative cover.

This is

referred to as the nutrient recovery hypothesis. As
the population density of lemmings increased, there
was a corresponding increase in the density of jaegers
and owls.

This increase in the lemming population

resulted in the tundra being depleted of preferred
grasses (Pitelka, 1957; 1962).

Metabolic studies

showed utilization by a colony of lemmings to be
70g/day of greens/animal. Melchior (1971) revised this
value in his study of animals collected from the
summer, 1971 population, to about 0.5g/dry weight/day.
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Several exclosure studies have been conducted to
investigate the influence of Lemmus trimucronatus
on tundra vegetation.

Thompson (1955) found that the

standing crop of Alaskan tundra, at the end of summer,
was reduced nearly 50% after a peak in population
density.

In the same area, Schultz (1964) reported a

50 - 90% decrease in yield as well as a decreased
nutrient content after a high density, particularly
with respect to phosphorous, calcium, and nitrogen.
Krebs (1964a) observed a 15% reduction of standing crop
after a high density at a lower latitude in Canada.
The effects of Microtus populations on the floral
composition of grasslands, are recorded in three papers.
Summerhayes (1941) reported that dominant grasses
increased and other plants, particularly mosses,
decreased in frequency when M. agrestis populations
were excluded from British grasslands.

Marsh (1962)

presented limited data in his comparison of ungrazed
exclosures with grazed controls which suggested the
M* californicus populations reduced the total volume
of vegetation.

Also, the rising populations of

M. californicus in a California grassland from 19661968 depleted the vegetative cover by 85%, and the
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seed fall of preferred grasses by 70% (Batzli and
Pitelka, 1970).
The nutrient recovery hypothesis assumes that
available plants in a given area closely reflect the
available soil nutrients, and therefore indicate the
nutrients most directly affecting populations (Bear,
19 65 ).

In southern Indiana, Krebs et al_. (1971)

tested the sodium hypothesis of Aumann and Emlen (19 65 ) .
They could not establish a correlation with either
peak density or mean density levels of M. pennsylvanicus
dr M. ochrogaster with said sodium levels.

Thirty-

eight percent of the variation in peak densities of
M. pennsylvanicus could be explained by differences
in soil pH and potassium levels.

Attempts to induce

high density populations with supplemental feedings
have been unsuccessful (Southwick, 1955; Fordam, 1971).
Results of the above experiments indicate that while
food can become a limiting factor in some circumstances,
it does not constitute a necessary antecedent or even
a frequent one to the precipitous declines seen in
cycling rodent populations (Summerhayes, 1941; Leslie
et al., 1953; Kalela, 1957; Chitty, 1960; McKeever,
1964; Chitty, et al., 1968).
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2. Intrinsic factors
Intrinsic factors include the inter-related
behavioral and physiological changes which occur during
the cycles of a variety of lemmings, voles, and mice.
The observed behavioral and physiological alterations
may account for the periodic decline from peak
densities.
A. Behavioral adaptations
The relationships between individuals in a
Peromyscus population differ seasonally in winter and
summer.

Some authors have suggested that during the

winter months the mice live together in small family
or social groups (Howard, 1949 ; McCabe and Blanchard,
1950 ).

The evidence for such clumping is slight;

however, home ranges are about the same size in winter
and summer.

Although higher numbers are present in

winter than summer, and intraspecific aggression is
practically nonexistent, clumping is not unlikely
(Healy, 1967).

Generally, more mice survive the

winter than can compatibly live together in the
breeding season.

As a result, there is a dispersal

period in spring (Sadlier, 19 65 ; McCabe and Blanchard,
1950; Howard, 1949).

Some animals establish home

ranges or territories where they overwinter, and the
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excess emmigrate.

Probably the animals which settle

at once are either the resident adults from the
preceeding fall or their progeny.

Success in settling

depends on the ability of the animal to achieve social
dominance over its winter mates.

The original

population separates into a breeding group and a
wandering group at this time.

The wandering group of

subordinates probably does not breed, and is more
vulnerable to predators (Healey, 1967).
The maintenance of a balance between residents
and wanderers presents a problem.

From laboratory

studies several factors emerge which represent a
social advantage to an animal.

These are the past

successes in intraspecific encounters (Scott and
Frederickson, 1951; Calhoun, 1962), sexual maturity
(Beeman, 1947), familiarity with the area of the
encounter (Petrusewicz, 1959; Barnett, 1964), and
presence of familiar animals (Petrusewicz, 1959).

The

dominant animal possesses all four of these attributes
to varying degrees (Healey, 1967).

The wanderer or

social outcast may have an advantage in being "different"
from the main population.

That is, while searching for

a habitat suitable for settlement, a compatible pair

10

may find some area that is uninhabited by others of
their species.

This newly found habitat is unsuitable

for the dominant animals because of the weak social
advantages.

Therefore, the subordinates in one

habitat may be the founders of a new population in a
different habitat (Dobzhansky, 1970).

This situation

does not prevail in all instances , since the habitat
may be occupied by another more aggressive species.
Rasmussen (1964) presents evidence in his studies that
gene flow through contiguous populations of Peromyscus
maniculatus is restricted and that the actual
panmictic unit is small (10 - 75 animals).

In this

instance reproductive activity of P. maniculatus was
sufficient to replace animals lost through predation,
disease, accidents, etc.

In addition, he established

that for animals without a residence the breeding
decreased as the distance from place of birth increased.
Apparantly over-reproduction acts as a buffer against
a catastrophe such as unusual weather, increased
predation, etc.

This buffer provides a sufficient

number of individuals to maintain the population
(Chitty, 1964; King, 1955).

The hierarchical

structure mentioned above has been found to exist in
rat, mouse, and vole populations (Calhoun, 194 9 ;
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Crowcroft and Rowe, 1963 ; Anderson and Hill, 19 65 ).
The dominant-subordinate relationships are species
specific with respect to the effects of increased
density.
Peromyscus leucopus and P. maniculatus showed
no increase in adrenal weight when the density of
compatible animals was increased.

However, if an alien

animal was introduced into a cage of compatible
individuals with moderate density, the alien showed a
considerable adrenal hypertrophy as a result of the
^agonistic behavior of the native animals.

Rats and

voles showed an increase in corticosterone levels with
an increase in density of the population.

The

hierarchical level was inversely proportional to the
corticosterone level (Gaertner and Bonath, 1971 ; Andrews,
1970a; Southwick, 1968).

Aggressive behavior was found

to be related to fostering practices of the parent
(Southwick, 1968 ; Southwick and Clarke, 1968 ).

Passive

strains of mice (A/J), when fostered by females from
aggressive strains (Cfw), became significantly more
aggressive in their behavior.

However, Cfw males

crossed with A/J females did not exhibit a less
aggressive nature.

Aggression affected neither infant

mortality in two populations of Mus musculus (Lloyd
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and Christian, 1967), nor the incidence of attacks on
juvenile Microtus pennsylvanicus (Chrisitan, 1971b).
However, Healy (1967) and Sadlier (1965) proposed and
demonstrated an inverse relationship between aggression
and survival of P. maniculatus juveniles.
Psychological factors influencing behavioral
response were demonstrated by Bronson and Eletheriou
(1965).

Mice previously exposed to trained fighters

showed higher levels of unbound corticosterone than
those not previously exposed.

Such responses were

-elicited upon sight of the fighter, and contact was
unnecessary.
Qualitative changes in high density populations,
such as splenic hypertrophy and hemolytic anemia
(Chitty, 1957; Dawson, 1956), increase in positive
skull to body regressions (Krebs, 1964b), decrease
in viability (Chitty, 1960), together with behavioral
changes previously mentioned, led Chitty (1967) to
formulate the genetic polymorphic behavior hypothesis.
According to his hypothesis, populations, depending on
the density, possess a genetic basis for a balanced
behavioral polymorphism which has a selective
advantage (Fig. 1).

The explanation for fluctuations

in population density is that of a selective pressure
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Increase in numbers

Low numbers
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Increase in numbers
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igure 1. Chitty's hypothesis. The system is partly
enetic and primarily behavioural. (Krebs, 1984a)
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for the more viable individuals of a stable behavioral
type existent in a population when the population
density has reached certain critical stages.

An increase

in body size correlates with the rate of body size
increase due to decreased reproduction, increased
mortality, and emigration.

This results in a gradual

increase in survivorship, and thus aggressive animals
are selected.

An increase in aggressiveness increases

dispersion as well as reduces reproduction and
intraspecific contact.

Other behavioral traits may

provide an additional advantage over the aggressive
animal, causing an increase in population size.
theory has some plausability.

The

However, it cannot

account for the establishment of the density-dependence
of the polymorphism and the amount of time needed for
gene fixation of characteristic behavioral traits
(Christian, 1971c).
According to Krebs (1970) there are behavioral
changes which can be explained without necessarily
involving a genetic mechanism.

The increased wounding

theory of Krebs is dependant on maturity.

As the

number of mature males increases so does the wounding
inflicted by other males. Also, Chrisitan (1971b) noted
that wounding in voles was of an accidental nature
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until testicular weight had reached 900 mg and the
seminal vesicle weighed 100 mg.
B. Physiological adaptations
Hans Seyle (1946) proposed the general adaptation
syndrome (G.A.S.) which resulted from his observations
of a generalized organismic response to nonspecific
stimuli.

When a mammal is subjected to an unopposed

stimulus, the result is a change in its internal
physiology.

This may be observed, in lengthy stress

situations, as exemplified by circulatory collapse and
a series of neural, neuroendocrine, endocrine, and
vascular responses.

The deleterious effects of the

stimulus is counteracted by the body reactions which
supply the increased needs of many tissues in order
to meet the situation.

The phrase "alarm stimulus"

was introduced to describe a stimulus which produces
shock and evokes the usual physiologic responses. An
alarm stimulus is defined as any stimulus which, when
applied to a mammal, alters fluid and circulatory
homeostasis, and therefore necessitates a physiologic
adaptive response (Seyle, 1950).

The degree of

response appears to be relative to the alarm, because
the same responses qualitatively are essential for
daily life, but must increase quantitatively in the
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face of adverse circumstances.

A primary function

of the endocrine adaptive responses is to insure
both adequate blood circulation and a supply of
glucose and oxygen to essential organs for emergency
situations.

Part of this function is the maintenance

of an adequate circulatory volume and proper electrolyte
and fluid balance.

Systems maintaining homeostasis

become exhausted under a long period of stress.

These

systems are unable to maintain homeostatic condition
which results in death.

Ultimately the collapse of the

adrenal-hypophyseal axis seems to be responsible for
death in many cases.

Seyle (1950) described the

particular effects to be hormonal.

These effects are

exemplified by disturbances of electrolyte and waterbalance such as retention of sodium and chloride ions
and water, excess excretion of postassium ions,
disturbances in protein metabolism, increased
glucocorticoids, suppression of the inflammatory
process, increased permeability of capillary membranes,
and carbohydrate metabolism disturbance.

Seyle's

general adaptation syndrome and subsequent experiments
formed the basis for an hypothesis as to the cause of
population cycles by Christian (1950a).

This hypothesis

proposes that exhaustion of the adreno-hypophyseal
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system, resulting from increased stresses inherent
in a high density population, precipitates population
wide death with the symptoms of adrenal insufficiency
and hypoglycemic shock.

This is based on late winter

demands of the reproductive system, due to increased
light or other factors.

Increased pituitary-

adrenocortical function mainly serves to increase
mortality, whereas inhibition of pituitary-gonadal
function acts to decrease natality (Christian et al.,
1965) (Fig. 2).
To test his hypothesis, Christian gathered
gravimetric data on the adrenal gland during varying
population densities of various small mammals.

A

positive correlation was reported between adrenal
mass and population density (Christian, 1961) .

It was

proposed that changes in adrenal weight were largely
reflected in changes in the zona fasciculata, which
undergoes hyperplasia and hypertrophy following
stimulation by ACTH.

This is considered indicative

of changes in the secretion of glucocorticoids.

The

zona glomerulosa may hypertrophy under different
circumstances; but changes in its size are relatively
unimportant with respect to changes in the total weight
of the gland becuase of its relatively minor
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I
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Decreased reproduction
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t
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?
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Figure 2. Christian’s stress hypothesis. The system is
purely phenotypic and operates through the General
Adaptation Syndrome. (Krebs, 1964a)
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contribution to the total mass.

The same is also true

for the adrenal medulla (Christian, 1959).
Southwick (1964) found that differences in
adrenal weight exist between compatible and noncompatible
populations of P. leucopus. Adrenal weight of P.
maniculatus bairdii and C57BL/10J mice also respond
differently to increasing density, cold exposure, and
fighter mice (Bronson and Elftheriou, 1963b).

Christian

and Davis (1956) noted, that ten days after the hierarchy
had been established, male mouse adrenals increased in
w'eight with descending ranks.

When subordinate rats

were exposed to dominant rats, adrenal cholesterol was
depleted upon short term exposures; however, adrenal
mass increased with long term exposures (Barnett, 19 64 ).
Adrenal weight measurements and morphologies of two
populations of woodchucks (Marmota monax) were related
to social changes occurring in the structure of the
population (Lloyd et al., 1964).

There is some

opposition to the finding that adrenal weight increases
in relation to the status of the population.

Mullen

(1965) and Krebs (1964a) failed to find an increase in
lemming adrenal weights with an increase in population
density.

Similarly P. maniculatus failed to show a

positive correlation of adrenal weight with population
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density (McKeever, 1964).
Despite the apparent contradiction of gravimetric
data, the blood picture from population studies
of Mullen (1965) and Krebs (1964a) does not exclude the
possibility of increased adrenal activity.

A decreased

number of circulating eosinophils is an indication of
increased adrenocortical activity (Vandenberg, 1960)
in an increasing or peak population.

In laboratory

studies, Vessey (1964) found that dominant mice develop
significantly higher antibody levels to antigenic
stimulation than do subordinate mice.

The increased

susceptibility to disease in subordinate female mice
is associated with eosinophils and antibody titers
(Retzlaff, 1938).

Corticosterone levels in blood

and adrenal tissues increased approximately 60% when
P. m. bairdii and C57BL/10J were maintained in a
crowded condition. Although plasma corticosterone
is a good indicator of adrenocortical activity, it
is subject to rapid fluctuations.

Defeated laboratory

mice show a significant increase in levels of free
plasma corticosterone upon exposure to trained fighters,
even if physical contact is prevented.

The steroid

levels return to control values approximately three
hours after the fighter has been removed (Bronson
and Eleftheriou, 1963a, 1963b).
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The most consistent physiological parameters in
monitoring the density cycles of wild populations
appear to be adrenal secretory products.

Adrenal

secretory activity of several species of arctic and
subarctic rodents exhibit reproducible daily and
seasonal variation (Andrews, 1970a; Andrews and
Strohbehn, 1971).

Studies of daily rhythms indicate

that the secretory peak is species dependent and
seasonal variation depends on photoperiod (Andrews,
1970b).

Seasonal variations are indicated by

significant elevation of winter steroidogenesis over
the summer levels (Andrews, 1970a).

An exception to

the seasonal variation occurred in the 1965 high density
population of Lemmus trimucronatus.

The secretory

activities of all glands obtained during the crisis
were conspicuously higher (20x to 60x) than at any
other (summer or winter) collection period.

This

phenomenon was observed even though the data were
normalized for adrenal weight.

In addition, it was

found that the crisis glands were refractory to
stimulation by exogenous adrenocroticotrophic hormone
(ACTH) (100 mU and 200 mU), while glands collected
during the noncrisis periods showed typical doseresponse relationships.

This was interpreted as

22

indirect evidence for pituitary stimulation during
the crisis.

Graded exogenous ACTE stimulation of

organ-cultured lemming adrenals from low density
populations exhibit typical positive dose-response
curves, and utilize more exogenous cholesterol than
acetate for corticosteroidgenesis.

Lemming adrenals

from a high density population showed a decrease in
labeled precursor uptake in response to ACTE stimulation,
along with alteration in the use of exogenous precursor
(acetate vs. cholesterol) (Andrews, 1968a, b ).

During

'the summer of 1969, a period of low density, two hour
incubation of lemming adrenal glands without exogenous
ACTE and with 100 mU and 200 mU of ACTE exhibited
positive ACTE dose responsiveness.

The slopes of the

dose response curves and basal secretory rates of
corticosterone reflects seasonal changes in the
population (Andrews and Strohbehn, 1971).

In the

1965 population secreted adrenal progesterone showed
ACTE responsiveness which was confirmed in 1969.
Progesterone secretory levels for both years also
reflected the corticosterone secretory data.

The role

of progesterone will be discussed later.
The limitation of maturity following annual peaks
of density are regular features of populations of
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microtines as well as many other small mammals
(Barbehenn, 1955; Breakey, 1963; Canhan, 1969; Chitty
and Chitty, 1962 ; Christian, 1971a, b ; Kalela, 1957 ,
1962 ; Krebs, 19 64a; Schwarz et al., 19 64 ; Zezda, 1964).
Also, inhibition of maturation with increasing density
is significant in that maturation of both sexes in
increasingly inhibited as the density increases.
Raush (1950) and Kalela (1957) observed a complete
shut down of reproductive functions at high densities.
Christian (1971c) reported three different cases
where inhibition of reproduction and growth may be
progressive from season to season in that breeding
terminates earlier each year as density increases.
Most species of voles and lemmings which have been
studied may breed all winter, and involution of the
reproductive organs may not occur in those animals
which mature in late autumn.

Some individuals may

mature in late autumn or winter if densities are
sufficiently low.
Schwarz at al. (1964) hypothesized that growth
inhibition and maturation increases longevity, and
animals born late in the breeding season, which
survive, and are inhibited in growth and maturation
have a considerably greater mean life expectancy than

those which are born earlier and mature rapidly.
However, Bobek (1969) states that life expectancy
increases as density decreases.
Nutrition is another factor which must be taken
into consideration.

The young born in the spring of

the year of peak density may suffer from inadequate
nutrition during nursing as a result of inadequate
lactation, maternal behavior, or both.

This is

particularly true with respect to smaller adult body
size and reduced litter size as well as the inhibition
-of maturation the season after a peak.

Inadequate

lactation presumably would be a consequence of depress
reproductive function with altered or diminished
secretion of gonadotrophins and gonadal hormones.
Inadequately noursihed nurslings are stunted and
remain so even when postweaning nutritional levels
are adequate (Chitty, 1955; Christian and LeMunyan,
1968; Widdowson and Kennedy, 1962; Chow and Lee, 1964)
This effect may last several generations (Christian
and LeMunyan, 1968), thus , it is possible that animals
entering the breeding season the year after the peak
may be permanently stunted as well as having had
maturation and growth inhibited directly.

Behavior

may be permanently altered in offspring of females

subjected to high density (Keeley, 1962).

From the

information given above, it is evident that the
decreased reproduction in addition to dispersion and
mortality are major methods of limiting population
growth.

Inhibition of growth in natural populations

may accompany inhibition of maturation and result in
misclassification of animals with respect to age.

Thi

has been authenticated in serveral instances in which
winter breeding has been reported for Peromyscus
(G if ford and Whitebread, 1951).

Errors of this sort

inevitably lead to downgrading the importance of
inhibition of maturation in population processes.
Kalela (1957) provides the first evidence of its
occurrence in natural populations of small microtines.
Although Chitty and Chitty (1962) had demonstrated
inhibition of growth with high densities in Microtus ,
inhibition of maturation in equivalent body-weight
categories was reported in experimental populations
of house mice (Christian, 1956).

Therefore, a

determination of the physiological mechanisms which
produce such inhibition of maturation is requisite.
Since increased density or social strife is
accompanied by increased secretion of ACTH and various
steroids by the adrenals, it seemed logical to expect
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that increased levels of adrenal androgens might block
pituitary gonadotrophin by acting at the pituitary,
hypothalamic, or other higher centers of the central
nervous system.

If a considerably lower level of sex

steroids was required to block gonadotrophin secretion
in subadult rats than adult rats (Byrnes and Shipley,
1950; Byrnes and Meyer, 1951; Ramirez and McCann, 1963),
the possibility of increased adrenal secretion acting
as a negative feedback to inhibit pituitary
gonadotrophins was increased.

A series of experiments

with immature intact and immature parabiontic albino
house mice showed that a number of weak androgens in
low daily doses of

20

-

100

ug inhibited maturation of

intact females for considerable periods , and inhibited
gonadotrophin secretion in parabionts (Varon and
Christian, 1963 ; Duckett et_ all. , 19 6 3) .

These results

led to the finding that ACTH inhibits maturation and
reproduction of several strains of immature mice.
Androgens in combination with ACTH also prevented
ovulation and luteinization.

The uteri and vaginae

remained small and essentially immature, although
there was vaginal mucification.
dose dependent.

All responses were

The absence of corpora lutea suggested

that luteinizing hormone (LH) secretion was inhibited
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by ACTE in the female mouse, but not by a follicle
stimulating hormone.

These effects on the ovaries are

not produced by direct action of ACTE on the ovaries but
rather on the pituitary, hypothalamic, or higher level
of the central nervous system (Christian, 19 64a, b ;
Christian et al., 1965).

Doses of hydrocortisone (25,

50, or 100 ug/day) and cortocosterone (400 ug/day),
approximating wild population endogenous dosage, in
adrenalectomized females did not inhibit reproduction,
lactation, or development of young.

Varying doses of

hydrocortisone and cortisone with ACTE had no effect
on the action of ACTE.

Therefore, ACTE acted directly

without mediation of the adrenals , but the somewhat
greater effect on the intact female was due to
some substance from the adrenal, possibly androgens
(Christian et_ cil. , 1965 ).
While ACTE and androgens within a physiologic
range of doese inhibited reproductive function in
female mice, the picture was different than that seen
in natural inhibition of maturation in which there is
no ovarian, uterine, or vaginal development.

This has

led to the concept that inhibition of gonadotrophin
secretion is by higher centers of the central nervous
system with the possibility of adrenal progesterone
being involved (Andrews, 1968a, b ).
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In addition to the major progestational role in
the maintainance of pregnancy (Danforth and de Aberle,
1928), progesterone is known to exert diverse effects on
ovulation and mating behavior when administered alone
or with estrogen (Powers, 1970 ; Ciaccio and Lisk, 1971).
Progesterone implants in the arcuate nucleus region of
the brain can alter the onset of heat and ovulation
by 24 hour advance or delay, depending on the length of
time and the point in the cycle when the hormone was
implanted (Lisk, 1969).

The critical event in the

estrus cycle is an abrupt increase of luteinizing
hormone (LH) from

6

to 10 hours prior to ovulation.

If

the LH surge is blocked, ovulation will not occur.
Rabbits injected with physiological doses of progesterone
will have ovulation blocked and thus pregnancy will be
inhibited (Hilliard et al., 1971).

Boyarski et al.

(1947) duplicated sexual disinterest and infertility of
pseudopregnant rabbits by intravenous injections of
progesterone.

Administration of estradiol reinitiates

ovulation in monkeys after blockage by progesterone
(Spies and Niswender, 1972).

High levels of

circulating progesterone have been implicated in
inhibiting transport of ova and sperm and implantation
of the fertilized ovum by interferring with the ovarian
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hormones (Pincus, 1956), facilitating maternal nest
building in mice (Lisk, 1971), and reducing oxytocin
secretion in response to mating stimulus (Roberts and
Share, 1970).
It appears that events observed in cycles of
abundance of lemmings, voles, and mice, can be
accounted for in terms of numbers, variations in
inhibition of growth and maturation, and assoicated
changes in the length of the breeding season.

These

variations reflect the operation of density-dependent
mechanisms serving to regulate population growth and to
insure occupation of new suitable habitats as well
as to insure the continuous presence of a population in
previously occupied habitats.

Behavioral changes,

associated with changes in density, can also be
explained on the basis of maturation or inhibition of
maturation.

Thus increased aggressiveness and

consequent fighting are directly correlated with
maturation of the testes and development of the sex
accessories and therefore are an expression of
circulating levels of androgens.

This explanation does

not eliminate the possibility of a genetic basis for the
observed behavioral changes by evoking the operation
of a rapidly oscillating genetic selection over the
few years duration of a cycle.
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II.

STATEMENT OF THE PROBLEM

Many species of the genus Peromyscus have been
studied intensively for a number of years by a host of
investigators, so that a considerable body of
information exists concerning these populations.
Members of this genus are of particular interest
because the amplitude of fluctuations in population
density is considerably less than that of the microtines
(Terman, 1966).

Apparently Peromyscus have evolved

more effective mechanisms for reducing reproduction
(Terman, 1966; Christian, 1970, 1971a) than species
such as lemmings (Rausch, 1950), red-backed voles
(Clethrionomys) (Kalela, 1957), and house mice
(Crowcroft and Rowe, 1957; Christian, 1963a; Lidicker,
1965 ).
This study was designed to find a possible
mechanism for natural reproductive control in a wild
population of Peromyscus leucopus during the
reproductive season of 1972.

This was to be

accomplished by defining the endocrine and reproductive
status, and determining the significance of the
endocrine changes on reproductive variability.
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III.

METHODS AND MATERIALS
A. Field procedures

The area of study consisted of two experimental
fields owned by the Agriculture Department of Nebraska
University and located six miles south of Mead, Nebraska.
A population of Peromyscus leucopus occupied windrows
around the periphery of the two fields (Fig. 3).
In mid March, the size of the population was
estimated by the Lincoln index method.

Ninety-six

baited (peanut butter and cooking oil), Sherman live
"traps were set in a grid system.

There were four

traps to each station, and twelve stations on each side
of the windrow.

The stations were 10 meters apart with

the traps inside each station one meter apart.

Each

trap within the station was set perpendicular to the
two traps at its sides (Fig. 4).

Traps were set at

about 1600 hours and checked the next morning at about
0800 hours.
released.

The captured animals were toe clipped and

The row, station, trap, sex, approximate

age, and genus of the animal were also recorded.

After

three days of marking trapping was discontinued to allow
the population to mix.

Trapping was resumed after seven

days and the numbers of marked and unmarked animals
were recorded.

The row, station, and trap were recorded
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for both marked and unmarked animals that were
captured.

The sex, approximate age and genus were

noted for the unmarked animals.

Monthly samples of

animals were brought in from the field to the
laboratory for an assessment of physiological and
endocrine parameters.

Originally, six monthly periods

of sampling were established; but during the last part
of the second trapping period the traps were destroyed.
Trapping could not be resumed until the fourth period.
The periods of sampling were:

period I, May 24 -

June 7; period II, June 28 - July 2; period IV,
August 4 - 8 ;

period V, September 19 - 28; period VI,

October 28 - 30.
During June, P. leucopus which were captured and
rated as juveniles or subadults by pelage coloration,
were toe and ear clipped to differentiate them from
the other animals marked in the windrows.

Subsequently,

they were translocated from one windrow to another,
thus creating a low and a high density population
respectively.

The third windrow remained as a control.
B. Laboratory procedure

Animals brought into the laboratory were housed
separately in translucent cages

(20

cm wide,

long, and 12.5 cm deep) with wire tops.
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cm

Tap water and
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Purina laboratory chow were provided ad libitum, and
Sani-cel was proveded for bedding.

The photoperiod was

adjusted to 12 hours of light and darkness.
were maintained for 5 - 7

The animals

days in the above conditions

to minimize adrenal hyperactivity due to capture trauma.
Animals were removed from the cages between 0900
and

1100

hours, decapitated, and bled into a

heparinized beaker (sodium heparin - Lilly).
carcass was weighed to the nearest
standard triple beam balance.

0.1

Each

gram on a

The adrenals were

removed and put into Puck's N-16 nutrient medium
(Puck et al., 1958 ).

Kidneys , heart, liver, gonads,

and accessory organs were removed and fixed in
buffered formalin for histological studies.

10%

The brain

was removed and frozen on dry ice for catecholamine
determination (Green, 197 3 , unpublished).

The

pituitary was removed and frozen for ACTH or
gonadotrophin determination.

Care was taken to remove

the adrenals and pituitary as rapidly as possible
after sacrifice because of the lability of the
biochemicals in the tissue.
Capsule and fatty tissue were removed from the
adrenals.

They were then placed in a Dubnoff Metabolic

Shaker flask containing 1.0 ml of Trowell's nutrient
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medium (Trowell, 1965).

After a two hour incubation

period at 37° C and moderate shaker speed under 95%
°2

and

c ^2

at sdx liters per hour, the glands were

removed and placed in 1.0 ml of Trowell1s nutrient
medium containing either 100 mU or 200 mU of ACTH
(H.P. Acthar gel-Armour Pharmaceutical Co.).

After

the final two hour incubation, the adrenals were
removed, weighed to the nearest
in

10%

0.1

mg, and fixed

buffered formalin for histological processing.

Collected blood was centrifuged for 30 minutes to
separate the plasma.

Plasma samples were removed with

Corning 100 ul glass pipets.
1. Steroid determinations
Assay for the steroid content of adrenal secretory
products in the adrenals and plasma was performed with
two assay systems modified by Andrews (1968c) and
further modified for this experiment.

The steroids

were extracted from the media and plasma with ethyl
acetate.

The solution was dried at room temperature,

resuspended, and spotted with known steroids on a thin
layer silica gel plate (10 cm x 10 cm).

A two step

ascending chromatography procedure was employed to
separate the steroids.

The plates were first run in

ether:benzene (2 :1 ) solvent to separate fatty acids
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and cholesterol from progesterone.

The area

containing the progesterone was collected for later
assay.

The plates were then developed in ethyl acetate:

methanol (99:1) to separate corticosterone and
hydrocortisone from the extraneous chemicals at the
point of spotting.

Corticosterone (Compound B) and

hydrocortisone (F) levels were estimated by quantitating
sulfuric acid fluorescence of the steroid (Silber
et al., 1958 ).

Progesterone obtained from the thin-

layer chromatographic plates was assayed by alkali
fluorescence as described by Short and Levitt (1962)
(Fig. 5).
2. Gonadotrophin assay
The mouse uterine weight assay for gonadotrophin
was used for the pituitaries from males , females,
and gravid females of Ft leucopus.

Immature ARS

HA/ICR albino mice (10 gm) were injected with known
amounts of human chorionic gonadotrophin (HCG) or
homogenized P. leucopus pituitary in physiological
saline.

Percent of uterine weight increase over

sham-injected controls was calculated for the
standards and the experimental values were derived
from the standard (Fig.

6 ).

1.0

ml media + unknown steroid
4
3.0 ml ethyl acetate x3
1

Shake for 10 min. x3
1

Centrifuge for 10 min. x3
1

Collect supernatant x3
1

Evaporate supernatant under hood at room temp.
4
Resuspend ethyl acetate residue in 100 ul ethanol (100%)
i
4
50 ul save in case
50 ul spot on TLC silica gel plate (Merck HE 254/366 )
of accidents
4
Chromatogram with reference standards in
ether:benzene (2 :1 )
4
Air dry plate and locate progesterone spots with u.v. light (2537$)
4
Scrape and collect spots and eluate with 2 ml ethanol (1 0 0 %)
4
4
rechromatogram with
For progesterone analysis
ethyl acetatermethanol
(modified from Short and
(99:1)
Levitt)
4
1.0 ml eluate
air dry and locate corticosterone
4
spots with u.v. light (2537$)
Evaporate
4
4
(Table 5 continued)

GO
CO

4
For corticosterone and
hydroxycorticosterone
analysis
1.0 ml eluate
+
3 ml F^SO^ (coId-concentrated
4
1 hr. development
4
Read against standards
and blank on Turner
(model 111) Fluorometer
1° Filter 47B
2° Filter 1-60, 58
4
Express as ug steroid/100 ug
tissue weight/hr.

Figure 5.

4
Add 2.0 ml methanolic
2 N KOH
Let sit for 10 min.
at room temp.
4
Incubate at 60° C.
for 30 min.; cool
4
3.5 ml H 2 S04
(cold, concentrated)
4
30 min. development
4
Read against standards
and blank on Turner
(model 111) Fluorometer
1° Filters 2A + 47B
2° Filters 23A
4
Express as ug steroid/10Oug
wet tissue weight/hr.

Flow chart for steroid determination.

CO
CD

40
Homogenize pituitary in 0.5 ml of
0.9% saline
1

Inj ect into immature female albino
mice
4

Inj ect immature
albino mice with
HCG or 0.9% saline
4

sacrifice after 48 hrs.
4
weigh uteri
4
calculate percent uterine
weight increase of standards
over shams
4
derive gonadotrophin content
for experimentáis from
standards

Figure

6

.

Flow chart for goandotrophin assay.
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3. ACTH assay
Pituitary ACTH determinations followed the
procedure of Swallow and Sayers (19 69) .

An adrenal cell

suspension (500,000 cells/ml) was obtained by pooling
and homogenizing adrenals from 12 Holtzman rats.

One

milliliter aliquots were stimulated with either known
amounts of ACTH or endogenous pituitary ACTH from
P . leucopus.

The amount of corticosterone increase

over sham-treated cell suspensions was calculated for
the standard.

Experimental values of ACTH were

extrapolated from the standard curve (Fig. 7).
4. Statistical methods
Statistical evaluation of the data employed the
Student t-test, and linear regression by the method of
least squares.

Mean values and standard errors of the

means were also calculated and plotted for graphic
representation of the data.
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Rats sacrificed (etherization and cervical dislocation)
1

Adrenals removed and pooled in
Puck's N-16 nutrient medium
t
Adrenals homogenized and placed in trypsinizing flask
(adrenals trypsinized in trypsin for
20 min. at 37° C. with 95% O 2 and 5% CO 2 and stirring)
x4
1

Trypsinized cells and Puck's N-16 poured off into
flask containing trypsin inhibitor
i
Suspension centrifuged 1,000 g for 10 minutes
t
Cells resuspended in 40 ml Trowell's
i
1
1 ml + 100 ml .9% saline
1 ml aliquots into Dubnoff
1
metabolic shaker flasks
Cell population counted
4.
Incubated 2 hours in Dubnoff
shaker bath at 37° C. with
95% 0 2, 5% C0 2
1

Steroids extracted from
medium
1

Corticosterone analyzed by
method described in Fig. 5.
i
Steroid levels read against
standards and blank on
Turner (Model 111)
Fluorometer
1° Filter 47C
2° Filter 1-60 , 58
1

ACTH values determined from
dose response curve

Figure 7. Flow chart for Adrenal Cell Suspension
Preparation, Incubation, and Pituitary ACTH
Determinations.

43

IV.

RESULTS

The data from this study are most conveniently
presented in three sections:

demography, steroids and

ACTH, and gonadotrophin data.
A. Demography
1. Trapping data
An estimate of population size was obtained from
the trapping grid run throughout the summer.

Lincoln

indexes indicate a density of approximately 40 - 52
animals per windrow during the entire study.

Twice

during this study, the emergence of young increased
the population density, but rapid maturation and
dispersion made evaluation of the effects on the
population density difficult.

The estimated increase

for these periods (II and V) was 30%.

The population

remained at the increased density (52 animals per
windrow) during the sixth trapping period.

The rise

and fall in density of the populations is reflected in
the trapping efficiency (Table

1 ).

The data for

trapping were pooled in each period because there were
no significant differences (P = 0.05) among the
windrows.
2.

Body weight and sex distribution

The distribution of sexes and body weights are
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TABLE 1
TRAPPING EFFICIENCY PER PERIOD

^ Zv leucopus/

Period

Date

1000 trap nights

I

May 24 - June 7

38.19

II

June 28 - July 2

50 .00

III

No collection

—

IV

August 4 - 8

24.08

V

September 19 - 28

48.61

VI

October 28 - 31

57.65
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diagrammed in Figure

8

. Adult weight is considered

to be 14.5 g and greater.

This was determined by-

setting the least heavy gravid female captured (14.5 g)
as the weight necessary for maturation of both females
and males.

Any animal weighing less than 14.5 g was

classified as subadult, and not considered part of the
breeding population.

Employing this criterion, a

majority of subadults (2 2 % of the total captured)
appeared during the first trapping period.

The

proportion of subaduuts remained approximately the
same for the remainder of the study:

period II - 7.1%,

period IV - 8.0%, period V - 7.7%, and period VI 1 1 .8 %.

The distribution of body weights for males and
females shows little variation except during the first
period of trapping.

Adult females of any age could

have been pregnant in the first period, whereas in
periods II and IV only the younger females were gravid,
and in period V only the older females were pregnant.
During period II all females captured were gravid, and
in period V no gravid females were taken.
A quantitative estimate of the reproductive status
of the population is represented in Figure 9.

Gravid

females display a bimodal distribution with the first

o” I J

cT E o

cf J3T 2

Cf r

5

cf 2 T ^

JJNE28-JUIY2
AUG4-8
SEPT 19-28
OCT 28-30
PERIOD H NO COLLECTION
THF ROPY WEIGHT IN GRAMS AND SEX DISTRIBUTION OF £ [ ¿ m BY TRAPPING PERIOD

MAY 24-JUNE 7

@ = gravid females

Fig. 8
cn

PERIOD

Fig. 9. Capture percentages during respective
trapping periods.
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peak in period II (23.53%) and the second peak in
period V (20.66%).

The percent of nongravid females

was lowest when the percent of males was highest
(period II).

The last period of sampling no gravid

females were captured, and the number of males
approximated the number of females.
Translocation of animals from windrow "C" to
windrow "B" (Fig. 3) had little effect.

The animals

captured in windrow "C" were relocated at least 225
meters from the point of capture.

However, by the

next day translocated individuals were often recaptured
within
"C".

20

meters of their original capture in windrow

It was also found that animals migrated between

windrows.
During the trapping periods some harvest mice and
voles were captured.
I

vole for period I,

period II,

8

These include 4 harvest mice and
6

harvest mice and

1

vole during

harvest mice and 2 voles in period IV,

II harvest mice for period V, and 1 harvest mouse in
period VI (Table II).

The discrepancy in the total

capture and the number reported is due to unidentified
captures.
B. Steroid and ACTH data
These data represent changes in the adrenal-

TABLE II
POPULATION COMPOSITION AND TOTAL CAPTURES DURING TRAPPING PERIOD

oy
'o

# of
Harvest
mice

# of
Voles

Period

%M

%F

%GF

Juveniles

# of P.
leucopus

I

56.41

23.08

20 .51

21.87

39

4

1

44

II

76.47

00.00

23.53

7.14

17

6

1

24

III

—

—

—

- -

-

-

—

IV

69 .57

21.74

8.70

8 .00

23

8

2

37

V

66.66

13.34

20.66

7.69

28

11

0

39

VI

52.94

47.06

00.00

11.89

29

1

0

30

F = Female
M = Male
GF = Gravid Female

Total
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pituitary axis function.

The changes also effect the

reproduction system; but for convenience, the two
systems will be considered separately.

Since there was

migration between windrows, the data will be considered
as that from one population.
Estimation of adrenal activity can be made from
basal secretory rates and plasma hormone levels of
corticosterone and progesterone.

Basal or unstimulated

secretion from paired, isolated P. leucopus adrenals
reveal two periods of hyperfunction.

Periods I and V

display high basal levels of corticosterone, whereas
only period V displays a high basal level of
progesterone.

High levels are exemplified by males,

nongravid females, and gravid females (Fig. 10).

The

periods of low adrenal activity (II, IV, VI) for males
are significantly different (P = 0.05) from the high
periods (I, V) of adrenal activity.

This is also

true for progesterone in periods I, II, IV, and VI
from period V .

An accurate evaluation could not be

made between nongravid and gravid females for some
periods due to small number captured.

Corticosterone

and progesterone levels of the blood plasma reflect
the same general pattern as basal adrenal secretion
(Fig. 11).
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* no collection made
** no animals of this type captured

Fig. 10. Basal secretory rates of corticosterone
(upper) and progesterone (lower) for isolated
Percmyscus leucopus adrenals.

no collection made
no animals of this type captured
quantity of samples insufficient
to analyze

Fig. 11. Blood plasma levels of corticosterone
(upper) and progesterone (lower) for Peromyscus
leucopus with respect to trapping period.
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An indirect measure of adrenal potential response
to ACTH was performed by stimulation with exogenous
ACTH (see Materials and Methods).

A positive dose

response for males occurred in periods I, II, V, and
VI with refractory response only in the fourth period.
Nongravid females showed a positive dose response
in the first and sixth periods , and refractory
response during the fourth and fifth periods.

Gravid

females displayed a positive dose response in the first,
second, and fifth periods, and a refractory response
in the fourth period (Fig. 12).
Data for endogenous pituitary ACTH was reported
as percent of the grand mean, becuase of the high
variance in the standards.

Only males were used for

this assay due to the small number of nongravid and
gravid females.

The rise and fall in the concentration

of ACTH does not coincide with the corticosterone or
progesterone data (Fig. 13).
C.

Gonadotrophin Data

Only males were used for the gonadotrophin assay
as with the ACTH assay.

Values reported are

International Units (IU) of gonadotrophin per trapping
period. Although a high concentration of gonadotrophins
is not found during the periods of peak fertility, it

ug 8/100mg/hr-vO
I- MAY24-JUNE7
II-JUNE28-JULY 2
IV -A U G 4 -8
V -S E P T 19-28
VI-OCT 28-30
PERIOD I II -N O COLLECTION
DOSE RESPONSE OF ISOLATED PEROMYSCUS ADRENALS TO EXOGENOUS ACTH WITH RESPECT TO TRAPPING
PERIOD. VERTICAL BARS REPRESENT PLASMA LEVELS

Fig. 12
cn
-F

i

u

in

iv

v

vi

PERIOD

Fig. 13. Endogenous pituitary ACTH for male
Peromyscus leucopus with respect to trapping
period.

56

should be noted that the highest concentration of
gonadotrophins (period I) is followed by the highest
pregnancy rate (period II).

The level of

gonadotrophins remains the same for periods II, IV,
and V with a sharp decrease in the sixth period
(Fig. 14).
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I

II

III

IV

V

VI

GONADOTROPHIN LEVELS FOR MALE PITU/TAR/ES
OF PEROMYSCUS LENCQPUS WITH RESPECT TO TRAP
P I N G PERIOD.

Fig. 14
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V.

DISCUSSION

A discussion of the data presented in the
previous section is most conveniently presented in the
same categories:

demography, steroids and ACTH, and

gonadotrophins.
A. Demography
The demographic picture reveals many aspects of
the rise and fall in population density which is
reflected in the results of steroid and gonadotrophin
data.

An explanation of the changing demography will

clarify its relationship to steroid and gonadotrophin
levels of the population.
It is probable that reproduction of deer mice
ceases during the winter months (Christian, 1961).
Since photoperiod is known to influence reproduction
in Peromyscus (Whitaker, 1940), the cessation of
reproduction in late autumn and winter in the field
is probably due to decreased photoperiod (Christian,
1971c).

Conversely, an increase in photoperiod is a

factor in reinitiating reproduction.

These

observations appear to be true for the population of
deer mice studied at Mead.

Period VI marked the end

of reproduction with no gravid females being captured.
The proportion of subadults (21.9%) to adults, and the

59

presence of gravid females during period I is an
indication that breeding began about mid-April.

Beer

and MacLeod (1966) had similar findings in Dakota
county, Minnesota while studying a wild population
of ]?. maniculatus.

They observed gravid females from

March 16 to November 15.
The body weight distribution (Fig.

8)

shows that

the overwintered females, judged by body weight, are
responsible for about one half of the pregnancies
during period I.

Terman (1965) had similar findings

in the laboratory when four pairs of deer mice were
released.

Founding females of the populations

contributed most to reproductive recruitment during
the increase in density.

A comparison can be made

between an overwintered population and the founders
of a population.

In a wild population winter-kill

can take as much as 50 - 95% of the total population
(Odum, 1959).

Beer and MacLeod (1966) found 72% of the

population died during the winter.

Only a few

individuals remain to propagate the population.

No

sample was taken prior to period I to substantiate
this.
In period II the heaviest adult was 24.0 g,
indicating that the overwintered animals were probably
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eliminated from the population.
approximates a

1:1

A population usually

sex ratio, favoring the males

(Godfrey, 1955 ; Lockie, 1955 ; Chitty, 1955 ; Beer
and MacLeod, 1966).

However, during this period

76.5% of the total capture were males.

The

considerable deviation from 50% in the Mead data is
probably due to females sitting on the nest taking
care of nurslings.

The expectation for period III

would be an increase in subadults.
samples were taken.

However, no

The low body weights of the

gravid females suggests that animals were rapidly
being recruited into the breeding unit of the
population.
Period IV shows a decrease in reproduction, 8.7%
of total capture or 28.6% of the females were pregnant
(Fig. 9).

Only the lighter females (15 - 21 g ) were

breeding.

The apparent inhibition in reproduction

could be due to some mechanism preventing mating in
parous females (Terman, 1965, 1966), or social stress
(Christian et alL., 19 6 5) .

Inhibition is, in part,

responsible for the relatively small amplitude of
fluctuation in population density (Terman, 1966 ).
Trapping efficiency (Table I) reflects a decline in
population density.

The decline was probably caused
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by nonreplacement of animals lost by predation,
accidents, etc., and by rapid dispersion.

Heavier

animals (above 3Og) appear in the population by
period IV (August 4 - 8 ) .

These are likely to be the

first born during the 1972 breeding season.
Period V displays an increased reproduction rate
(Fig. 9) and population size (Table 1).

Only the

older animals (probably the second or third
generations of the 1972 breeding season) are
reproducing.

This can be explained on the basis that

gestation is approximately 23 days, and sexual
maturation is about 46 days (King, 1968).

At this

time the younger animals were not part of the breeding
unit, probably due to the inhibition of maturation.
At one point during his study Terman (1965) observed
that 95% of the females born into the population
exhibited inhibition of maturation.

This phenomenon

is noticed in a wild population during the last
breeding period before the onset of winter (Healy,
1967; Beer and MacLeod, 1966).
body weight distribution (Fig.

As reflected by the
8 ),

the older animals

(first generation) have disappeared from the population.
Beer and MacLeod (1966) had similar findings for the
same time of year.
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Period VI marked the end of the breeding season
with no gravid females captured.

The number of

females approximate the number of males trapped,
indicating the absence of nurslings.
The high density created by reproduction in
period V is maintained in this period.

The high

density is associated with inhibition of sexual
maturation, which in turn decreases dispersion.
Christian (1971b) observed that aggression and
dispersion in voles were directly correlated with the
maturation of the testes and seminal vesicles.

Scott

(1966) found that an increase in testosterone lowers
the threshold for a stimulus to initiate fighting in
rats and mice.

There seems to be differential

survival of the young for this sample period.

The

proportion of subadults to adults should be about
the same for periods I and V, but they are not.

This

interpretation is based on the similarity of population
size and rate of increase during both periods.
B.

Steroids and ACTH

Corticosterone levels in the blood of animals
reflect the degree of stress acting on an individual.
The level of plasma corticosterone is directly related
to the secretion of the adrenal cortex (Turner and
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Bagnara, 1971).

Basal levels of steroid secretion

seen in the present study reveal two periods (I, V) of
increased stress (Fig. 10).

The plasma hormone levels

reflect this pattern (Fig. 11).

It is interesting to

note that periods I and V are also the periods of
increased reproduction.

This implies that as

reproduction increases, stress does also.

This is

probably due to both adult males and females defending
their territory during breeding periods (Calhoun, 1962),
resulting in fighting (Bronson and Eleftheriou, 1963b).
The stress associated with reproduction seems to be
the same for both periods in the males and nongravid
females.

The gravid females exhibit a differential

adrenal basal secretion in the two periods of
increased reproduction.

The basal rate during period

V is higher than period I, with the implication that
the greater density of period V may have had some
increased effect.

Gravid females could have been

harassed by an increase in male mountings (Calhoun,
1962 ).
Although attempts to accurately measure
endogenous pituitary ACTH were not successful , an
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index of adrenal corticosterone responsiveness to
exogenous ACTH helps to indicate the physiologic state
of the adrenohypophyseal axis.

Systems maintaining

homeostasis during long periods of stress become
exhausted and do not respond effectively to external or
internal stimuli (Selye, 1950).

Studies with lemming

populations reveal, that during crisis periods, the
adrenals are refractory to stimulation by exogenous
ACTH while glands collected during noncrises times
exhibited typical dose response relationships (Andrews ,
1968b).

Figure 12 displays a high dose-responsiveness

for period I.

The decrease in the slope of the curve

in period II implies a considerable stress is present
with the increased density.

In period IV the adrenals

become refractory to the exogenous ACTH when the
population density decreased.

The brief crisis during

period IV could be caused by social stress induced by
the subadult recruitment into the population (Calhoun,
1962).

The adrenal insufficiency may enhance, at least

in part, the failure of lactation.

This is

attributable to generalized disturbances in the
vascular system, distribution of inorganic ions and
water, and metabolism of carbohydrates, fats, and
proteins (Turner and Bagnara, 1971).

The quality of
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lactation may have a permanent effect on nurslings
(Chitty, 1955; Christian and LeMunyan, 1968;
Widdowson and Kennedy, 1962; Chow and Lee, 1964),
causing differential survival probability.
The adrenohypophyseal axis recovers somewhat in
period V for males and gravid females but not for the
nongravid females.

The recovery could be due to

remission of social stress.

The refractory response

remaining in the nongravid females probably is the
result of the reproductive stress at this time.
Data for Period VI suggest that there is a
recovery of female adrenohypophyseal axis.

The

complete shutdown in reproductive functions probably
initiated the recovery.

The decrease in ambient

temperature seems to be the causitive agent in
preventing total recovery of the axis.

Complete

recovery would exhibit a dose-responsiveness similar
to that observed in period I.
The physiologic importance of progesterone was
discussed in the introduction.

The pattern of the

basal secretory rate for progesterone reflects what
one would expect for a population that exhibits
small fluctuations in density, if a cause and effect
relationship exists.

The basal secretory levels are
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fairly consistant until period V when a significant
increase was noted for males and nongravid females
(Fig.

1 0 ).

The plasma levels of progesterone suggest

the same pattern (Fig. 11).

The gravid females' data

show no significance due to the high variability of
progesterone levels during pregnancy (Turner and
Bagnara, 1971).

The increased levels of progesterone

are important in that there was no effect on the number
on conceptions prior to, or early in period V,
because the population density did increase.

However,

the effect was noted during the following period when
reproduction and maturation were inhibited.

In period

VI the progesterone levels returned approximately to the
levels prior to period V.

The decrease in photoperiod

and the effects of high progesterone levels of period V
probably effected maturation and reproduction at that
time .
C. Gonadotrophins
No significant differences were found in
gonadotrophin levels of periods I, II, and V (p = 0.05).
However, the differences in periods IV and VI are
significant (p = 0.05).

Period I displays the highest

mean level of gonadotrophins at a time of increased
reproduction.

The remaining sampling periods show a

67

tapering off of gonadotrophin levels (Fig. 14).

The

importance of the pattern is explained in terms of the
effect of social pressure on reproduction.
Reproductive functions are slowed during periods
of adrenal exhaustion (Turner and Bagnara, 1971).
Period I probably has a high incidence of social
pressure due to the high proportion of subadults trying
to establish a territory (Calhoun, 1962).

Thus, for

effective reproduction observed in Period I, the titers
of the gonadotrophins would have to be higher to
- overcome the inhibition of reproduction due to social
stress.

The lower levels of gonadotrophins seen in

periods II and IV probably are representative of
moderate breeding.

Period V animals have a lower level

of gonadotrophins when compared to period I .

During

period V reproduction approximated that of period I.
These lower levels could not be explained.

Period VI

animals display the lowest level of gonadotrophins;
these reductions in gonadotrophins could have been
induced in part by the decrease in photoperiod and the
onset of cold weather (Lynch, 1973).

The titer of

gonadotrophins in this period are probably lower than
what is necessary for reproduction.
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VI .

SUMMARY

The demography of the Mead population of
Peromyscus represents a stable population in contrast
to an expanding or diminishing population (Bodenheimer,
1958 ).

Breeding was from early spring to mid fall

inclusively, with two periods of a higher rate of
reproduction (May 24 - June 7; September 19 - 28 ).
Reproductive recruitment was rapid until the last
period of sampling when reproduction and maturation were
inhibited.

Varying concentrations of corticosterone,

progesterone, gonadotrophins , social pressure, and
photoperiod play an important part in maintaining the
stable population. As the breeding season neared the
end, the progesterone titers increased and reproduction
and maturation were inhibited.

Further investigation

is needed to determine if cause and effect relationship
exists.

If higher titers of progesterone inhibit

maturation, the action of progesterone may be found in
the amygdala and/or hypothalamus.
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