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INTRODUCTION

A 1957 publication by Wing brings to light the
existence of information about cyclic populations of
1
Norwegian lemmings4
- (Lemen) , mice 2 (Mus) , and

"rodent"
1578.

(Smagnagere) which reaches as far back as

This information supports the assumption that

cyclic populations have probably been in existence for
many hundreds of years.

However, documented proof of

such cycling can be traced back only to 1578, and even
here, the evidence is scattered.

The cycles observed

by Wing (1957) were determined to be about 3.86 years
in length.

Populations of such regular cycling must

have some means by which they regulate their cycles
to this 3.86-year pattern.
Documented evidence of cyclic populations Is not
limited exclusively to populations of Scandinavian
lemmings, but Includes lemming populations of Alaska

Lemmus Lemmus
2

Clethrlonomys glareolis, Clethrionomys
ruficaphus, Clethrionomys rutilis, Microtus amphibians,
Mlcrotus economus, Microtus agrestis, Apodemus
sylvaticus, Apodemus flavicollis
3
The nine species of "mice" and "lemmings" plus
Sici8ta subtills, Mus musculus, Mus splculegus, Mus
rattus, and Epimus norvegicus

2

(Barrow) and Canada (Baker's Lake) as well.

Popu

lations of voles and mice in the contiguous United
States and in the United Kingdom have displayed cyclic
patterns also.

Since cyclic populations are so widely

distributed, it is difficult to relate a particular
type of climatic condition to cyclic phenomenon.
Cycling populations are found in Arctic tundra as well
as in temperate regions.

The problem becomes increas

ingly mystifying since all Norwegian cyclic populations
seem to follow a 3.86-year cycle throughout Norway.
The Arctic brown lemming (Lemmus trimucronatus) has an
approximate four-year cycle also.
Since the discovery of the existence of cyclic
populations, much research has been done in an effort
to explain population cycling and, in the case of the
lemming, to determine the cause(s) of the population
crash.

Non-cyclic populations of rats and some species

of mice have been discovered also.

Researchers in

terested in population dynamics have spent many years
in efforts to discover the mechanism(s) or means by
which a population seems to regulate or control its
size.

Since this problem has proven to be extremely

complex, some investigators have turned their attention
to a description and an analysis of interlocking
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conditions which seem to be responsible for population
control mechanisms.
A.

Factors Maintaining Population Density.
If a species is to exist, it must have some

mechanism by which it maintains itself within the sup
porting capacity of the environment.

If the population

should become too large, the food and cover would be
rapidly diminished, and these depletions would result
in an imbalance between population and environment.
Therefore, population control must in some manner be
density-related.

In order to understand the factors

controlling a population, it must first be determined
what conditions maintain populations at a certain
density level and what factors, when present, Increase
or decrease population size.

Population changes are

brought about by changes in reproduction, mortality,
and migration (Davis, 1953).
1.

Reproduction.
Reproduction Is a very complex aspect In main

taining animal numbers because of the wide range of
factors which affect reproduction.

A schematic

analysis of these component factors is shown in Fig. 1.
In order to understand both the cyclic and non-cyclic
population, there must be an understanding of those

4

Total Yearly Reproduction

S?

Total yearly embryo

^

Number of animals breeding

Sex
ratio

Fig. 1.
Components
oestrous mammals (Krebs,

Age at
maturity

of reproduction in poly1964; p. 22).
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factors related to reproduction.

Reproductive states

of the animals must be determined also if an under
standing of the reproductive process is to be achieved
(Christian, 1950).
2.

Mortality.
Mortality is a second factor which affects

population density.

If the mortality rate surpasses

the reproductive rate, the population size will
decrease.

Conversely, if the mortality rate falls

below the reproductive rate, the population will
Increase in size.

Non-cyclic populations seem to

maintain a fairly stable equilibrium, while cyclic
populations reveal a regular shifting of reproductive
rate and mortality, resulting in a population which
fluctuates from low to high density.
Mortality may be either pre-natal or post-natal.
Pre-natal mortality is exemplified by intra-uterine
mortality in dense populations of mice (Myers and
Poole, 1962).

Helmreich (1960) noted increased re

sorption of embryos of Peromyscus sp♦ under crowded
conditions.

It is possible to determine pre-natal

deaths by comparing counts made of corpora lutea,
areas of implantation and scars, and litter size.
Post-natal mortality may be due to such factors as
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disease and inter-specific competition, resulting in
the extinction of one species as described by Lidicker
(1966) .
3.

Migration.
Another factor which tends to modify the results

of reproduction and mortality on population density is
migration.

Migration may take the form of mass migra

tion (Myllymaki £t^ ¿Q. , 1962) and/or small local
movements between populations (Anderson, 1964; Davis,
1953).

Small movements between populations may

indicate either immigration or emigration from one
population to another.
Movements have more profound effects in small
populations than they have in large populations;
however, they occur less often.

In large populations,

immigration is often equal to emigration, which results
in no net change; however, one must not overlook
gains or losses in genetic material of the population
as a result of immigration and emigration.
In some populations, such as those of Norwegian
lemmings (Lemmus lemmus), mass migrations of the
entire population occur.

These mass movements may be

a characteristic of the population, or they may be a
result of the inability of the environment to support
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a high-density population.

Separating characteristics

of the population from those of the environment in
capable of supporting the population is a difficult
task.

As a result, environmental failure to support

the population may elicit a behavioral response in the
animal.
Factors which affect or control changes in repro
duction, mortality, and migration may be further
categorized into ecological factors, behavioral
factors, and physiological factors.
B.

Ecological Factors Affecting Population

Density.
Ecological factors are considered to be ex
trinsic factors since they act outside the physical
animal to affect reproduction, mortality, and migra
tion.

Among these factors, which affect population

density, are climatic conditions (weather, temperature,
photoperiod, etc.), food (nutrition), cover, predatorprey relationships, catastrophic events, and para
sitism.
The most important of the ecological factors
affecting populations are the climatic conditions.
Directly or indirectly the climate affects the food
supply, cover, predator-prey relationships,
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catastrophic events, and parasitism.

Food (nutrition)

and cover are directly affected by temperature and
precipitation.

Predator-prey relationships are

related indirectly to climate through food (nutrition)
and cover.

Catastrophic events (famine, flood, and

disease) may be directly or indirectly related to
climate.

Parasitism is climate-related through rain

fall; an intermediate stage of development of the
parasite previous to entering the host may be de
pendent upon a water environment.
Several geographic factors may be responsible for
survival within a population, as pointed out by
Siivonen and Koskimies (1955) for lemming populations.
Chitty (1960) pointed out the importance of weather
in promoting synchrony within a population.

Mild

winters when synchronized with low populations boost
the population’s chances of increase.

When syn

chronized with severe winters, low populations became
lower than normal.

Daily and seasonal variations were

observed in adrenal metabolism of brown lemmings
(Andrews, 1968).

Photoperiod was observed to have an

effect on reproductive physiology in Microtus montanus
(Pinter and Negus, 1965).

Environmental factors were

shown to have an effect on the length of the estrus
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cycle in rats (Bohanan, 1939).

Clarke (1955), in

studying two experimental populations of voles
(Microtus agrestis) , found that the length of the
breeding season in one population was significantly
different from that of the other population.

The

only difference between the two populations was their
density.

Clarke made observations on fertility and

concluded that density had an effect on the fertility
of females in a population.

Some endocrine adjustments

in lemmings and voles, due to exposure to extremes in
temperature, photoperiod, and social environments,
have been noted (Andrews, 1970).

Seasonal changes

in the gonads and accessory reproductive organs were
apparent on histological analysis, and regression
of reproductive organs during the winter season was
accompanied by a marked decline in bioassayed pituitary
gonadotrophin (Clarke and Forsyth, 1964a; 1964b).
Some winter populations showed higher reproductive
development than those recorded for previous winters ;
however, these differences could not be accounted for
in terms of climate.

Laboratory-bred voles displayed

continued temperature-photoperiod effects on gonadal
activity (Clarke and Kennedy, 1967).

Increases in

temperature and light produced a greater effect in
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wild-caught voles; decreasing day length was more
inhibitory to gonadal growth than was decreasing
temperature.

Earlier studies on the collared lemming

(Dicrostronyx groenlandicus) by Quay (1960) demon
strated the inhibitory effect of lowered temperature
(regimen) on reproductive organs.

Mullen (1968)

suggests that under field conditions "temperature cues"
set the pattern for reproductive activity of the
brown lemming (Lemmus trimucronatus), and the length
of the breeding season was related more to temperature
than to quality of the vegetation consumed by the
animals.
Food (nutrition) obviously has an effect on a
population, since starvation is inevitable without
food.

Changes in vegetation (as a function of animal

density) have been postulated as nutritional limiting
factors in the population dynamics of lemmings
(Thompson, 1955; Pitelka, 1958) and voles (Negus and
Findley, 1959; Kalela, 1962).

However, Rausch (1950)

found no evidence for the starvation of lemmings
collected at Point Barrow, and Krebs (1964) rejects
the hypothesis on the grounds that no signs of de
ficiency disease could be detected in his Baker's
Lake studies.

Furthermore, over-wintered vole food
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supply in England did not appear to be a significant
survival factor (Chitty et al_. , 1968).

Although

qualitative changes in vegetation could affect re
production (Pinter and Negus, 1965; Kalela, 1962)
and behavior (Curry-Lindahl, 1963), no conclusive
evidence for such changes has been presented for
microtines.

Moreover, a rise in growth rate of the

population during peak years may occur under the snowcover at a time when the vegetation (forage) is more
limited (Frank, 1962; Krebs, 1964).
Predator-prey relationships are very much
affected by cover.

Both of these factors which

influence reproduction, mortality, and migration will
be discussed together.

When conditions are such that

cover is restricted, it might be expected that
predation will play a more significant role in con
trolling rodent populations.

Predation is unques

tionably an important factor in the ecological environ
ment, and it is likely that more predation will occur
in years when rodent population size is large.
However, it is questionable that population size and
cycling are regulated solely by predation.

In the

case of the lemming population, the decline phase of
the cycle ("crash") does not coincide with maximum
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predator exploitation (Pitelka, 1957).
Parasitism shows some interesting correlations
with population density, as recorded by Davis and
Read (1958).
Catastrophic events can and do have drastic
effects on rodent populations.

For example, catas

trophic infections may have a decimating effect on
populations, and are likely to be more severe in
dense populations (Tolbach and Block, 1956); however,
they do not occur with sufficient regularity to
account for the general phenomenon of cycle population
dynamics.

In 1962, the Point Barrow area suffered

tidal waves which flooded much of the tundra area.
This catastrophic event seemed to delay the lemming
high which was expected in 1962.

This high was sub

sequently displaced, and a slight peak was observed
in 1963, with the high apparently in 1965.

Whether or

not the tidal wave was the factor delaying the popu
lation cycle is questionable because the flooding
affected only the immediate Barrow area and not the
entire Arctic Slope.

The population cycle was also

disrupted in areas of the Arctic Slope not affected
by the tidal wave.
All of the ecological factors discussed above
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have obvious effects on the rodent population, but
none seems to occur with enough regularity to account
for cyclic population phenomena observed in voles,
mice, and lemmings, nor do they account for the
regularity of density size in non-cyclic populations
of rats and mice.
C.

Behavioral Factors Affecting Population

Density.
Among these factors which are related to animal
and population behavior are:

inter-species strife,

intra-species strife, dominate-subordinate relation
ships, territoriality, aggression, agonistic behavior,
and psychological factors.
Lidicker (1966) associated decreases to ex
tinction of a Mus population with annoyance by a
vole population.

He suggested that the vole annoyance

might not have been so significant if the Mus popu
lation were healthy.
Strife between individuals of the same population
and among populations of the same species are well
represented by dominate-subordinate relationships,
territoriality, aggressive behavior, and agonistic
behavior, discussed below.
Dominate-subordinate relationships have been
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found to exist in rat, mouse, and lemming populations.
Crowcroft and Rowe (1963) , in studying the wild house
mouse (Mus musculus), found the existence of dominatesubordinate relations between males and also between
females of a population.

Upon the introduction of a

strange animal, these hierarchical structures seemed
to strengthen, with animals of all ages showing
aggression toward strangers.

Lactating females were

particularly aggressive toward strangers, and when
excited would attack even the male residents.
Anderson and Hill (1965) observed definite behavior
patterns which they interpreted as dominate-subordinate
relations.

Calhoun (1949), in studying rats in

specially constructed pens, found that dominatesubordinate structure existed in the population.
This hierarchy was expressed by the dominate animals
occupying nest boxes near the feed box while sub
ordinate animals were living in burrows farther away
from the feed box.
Territoriality is probably very closely related
to dominate-subordinate relations within a population.
Calhoun (1949) not only demonstrated dominatesubordinate relations, but also found territoriality
in rats.

Subordinate rats passing near nest boxes
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of dominant Individuals were often attacked and
bitten.
Aggression in rodent populations was found to be
dependent on several factors and to be species
dependent.

Aggressive behavior was found by Southwick

(1968) to be related to fostering practices of the
parent.

Passive strains of mice (A/J), when fostered

by females from aggressive strains (CFW), became
significantly more aggressive in their behavior.
However, aggressive mice (CFW) fostered by passive
strain (A/J) females did not show a less aggressive
nature.

Interstrain differences in aggression were

also found by Southwick and Clarke (1968) for four
different inbred strains of mice.
Healey (1967), working with deermice, found
that aggression in males affected the growth and sur
vival of juveniles.

These data supported the hypo

thesis and data of Sadller (1965) who also proposed
and showed a relationship between aggressslon and
juvenile growth and survival.
Lloyd and Christian (1967), found that in two
populations of house mice (Mus musculus) , aggression
did not affect infant mortality.

They found that as

population increased, birth rates and infant survival
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rates declined.

This observation was attributed to

density increases.

Where hierarchies and territories

are present, these aspects may become more rigid,
with a subsequent diminished need to revert to aggres
sion to maintain the social structure.
The existence of psychological factors in behavior
response was demonstrated for mice by Bronson and
Eleftheriou (1965).

Animals previously exposed to

trained fighters showed higher levels of unbound
corticosterone than mice not previously exposed to a
fighter.

Scott (1946) described the frustration of

untrained fighter mice.

He concluded that running

away and defensive posture are not stereotyped
reactions to defeat; they are the only useful
responses a mouse in a barren, brightly-lighted pen
can make.
Chitty (1952, 1957, 1960) proposed that mutual
antagonism associated with high breeding densities
resulted in a change in the properties of the con
temporary population and of subsequent progeny, which
became less resistant to the normal sources of mor
tality.

A schematic representation of Chitty's

polymorphic behavior hypothesis is presented in Kreb1s
1964 report.

The concept of behavioral polymorphism
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as an explanation for population fluctuations is
based on the idea that a selective pressure for the
more viable individuals of a stable behavioral type
exists in a population when the population density
has reached certain critical stages.

Selection for

resistance to social disorganization is predicted
by the hypothesis in terms of differences in body
weight composition, as well as agonistic behavior
displayed by various segments of the population.
The change in the behavioral composition of the
population is presumably a result of density and other
ecological factors selecting for a genetically deter
mined behavioral type.

It should be pointed out that

this polymorphic behavior mechanism does not act
independently of the external environment.

This is

important in explaining not only the cyclic fluctua
tion of populations, but also the synchronizing of
various populations.
D.

Physiological Factors Affecting Population

Density.
Selye (1946) proposed the General Adaptation
Syndrome (G.A.S.), Fig. 2, in which he attempts to
explain how environmental stress affects an organism.
According to Selye, all types of stress, either
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or reactions by which the organism adapts.
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physical or psychic, result in a specific local
response or non-specific body-wide response or both.
Many other works have since shown particular effects
in response to lowered temperature and other stress
factors.

Selye described particular effects, such

as hormonal, electrolyte and water-balance disturb
ances, retention of Na and Cl ions and water, excess
secretion of K ions, disturbances in protein metab
olism, Increased glucocorticoids, supression of the
inflammatory process, increased permeability of capil
lary membranes, and carbohydrate metabolism disturb
ances .
Eleftheriou (1964) found increased levels of the
glucocorticoid, corticosterone, in two subspecies of
deer mice (Peromyscus maniculatus bairdii and P.
maniculatus gracilis) which were exposed to cold.

He

also noted that each species had its own level of
response, and thus he concluded that the subspecies
bairdii possessed a more sensitive pituitary-adrenal
system than P. gracilis, and that the former had
greater ability to acclimatize to cold than the latte
Eosinophil counts, if Selye is correct, might be
expected to show a decrease in the presence of a
stress situation.

Southwick (1959) confirmed such a
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lowering of the eosinophil count in C57BR mice placed
in a stress treatment environment.

He found that when

mice were placed in new surroundings and compared to
animals with actual contact and fighting with strange
animals, there was almost as great a response in
lowered eosinophil levels.

The new cage differed

only in that it possessed the odor of a strange mouse;
all other physical factors, such as food, water, cover,
and space, were as nearly Identical as possible.
Christian (1950) proposed the hypothesis, based
on the General Adaptive Syndrome of Selye, that
cycles are caused by stress and that declines could
be related to variations in adrenal-pituitary functions
and "shock disease".

The original hypothesis has not

been modified considerably since then, except for the
placement of greater emphasis on the effect of stress
on later generations (Christian, 1961, 1963; Christian
et al., 1965).

Christian's hypothesis is schematically

represented in Krebs (1964).

Christian proposed such

a hypothesis not only for rodent populations, but
also for other mammals such as deer, lagomorphs, etc.
(Christian and Davis, 1964).

Christian considered

adrenal weight to be an indicator of response to stress
of population density, and in 1961 reported a

correlation between increases in adrenal mass and
animal density.

Adrenal mediated adaptation was

postulated to result in declines in density.

In 1966

Christian and Davis, working with Microtus pennsylvanlcus, found that adrenal weight increased with
sexual maturity, but did not change subsequently.
Marked and significant parallelism was found between
mean adrenal weight and population size for mature
females, but less so for immature females.

Bronson

and Eleftheriou (1963) found that two species,
Peromyscus sp. and C57BL/10J mice, responded dif
ferently to increasing density and similarly toward
cold exposure and fighter mice.
vary widely in aggressiveness.

These two species
Welch (1964) stated

that the level of social Interaction and, hence,
the mean level of environmental stimulation, tended
to Increase with each increase in the number of
animals present.
Calhoun (1962) reported drastic decline in both
resident and Introduced populations of Norway rats
when strange rats were transplanted into a limited
area.

Southwick (1964), working with Peromyscus

leucopus, found adrenal weight differences between
compatible populations and non-compatible populations
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Lloyd ejt al^. (1964) found that adrenal weights and
morphology taken from two populations of woodchucks
(Marmota monax) could be related to changes occurring
in the structure of the population.

Bronson and

Eleftheriou (1965) found that concentration of un
bound corticosterone was much greater in mice exposed
to the presence of a trained fighter if the mouse had
previously experienced physical defeat.

Christian

(1959), however, found no relationship between amount
of scarring and adrenal weight.

It was concluded

that adrenal hypertrophy after one week of grouping
did not reflect amount of injury received.
In opposition to adrenal weight increases in
relation to population density are McKeever, Krebs,
and Mullen.
McKeever (1964) failed to find an adrenal weight
increase adapted to population density in Peromyscus
maniculatus, and Krebs' (1964) findings were similar
for his study of Baker's Lake lemmings.

Mullen (1964)

failed to find adrenal weight correlative with popu
lation; however, blood picture data collected by him
does not reject the possibility of increased activity
of the adrenals.
Data from a lemming population collected prior
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to, during, and following a population crash in 1965
reveals variations in steroidogenesis and release
(Andrews ejt a_l. , 1965, 1968; Andrews, 1968, 1970).
These findings were the result of direct measurement
studies of secretory activity of adrenal glands from
wild-caught animals.

The secretory activity of all

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

This feature was observed

even though the data were normalized for adrenal
weight.

Adrenals collected during a crisis were

refractory to ACTH stimulation, whereas those obtained
from a non-crisis population showed typical doseresponse relationships to ACTH.

These results were

interpreted as indirect evidence for pituitary stimu
lation during the crisis.
The findings that moderate doses of ACTH in
creased the rate of progesterone synthesis has im
portant undertones (Andrews, 1968).

Possible con

sequences of augmented progesterone levels from
adrenal synthesis would include delayed sexual
maturity (Schuetz and Meyer, 1963) and blockage of
ovulation (Pincus, 1956).

Progesterone may have

profound effects on reproductive potential when
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considered against a background of environmental
factors.

It may either promote or inhibit ovulation,

depending on the stage of the estrus cycle and photoperiodic background during which it is delivered
(Brown-Grant, 1966).

Bohanan (1939) found that

temperature and other factors could affect the length
of the estrus cycle, and Lee, as early as 1926, found
evidence of varied length of the oestrus cycle with
changes related to temperature.

These stresses may

serve as possible indirect evidences for the pos
sibility of other stresses, such as population density
having an effect on reproduction.

Lloyd and Christian

(1969) found that the proportion of the total number
of females that successfully reproduced was limited
and decreased as the density of the population in
creased.

In addition, the findings of Barraclough

(1961), that injection of testosterone propionate
can produce anovulatory sterile rats is important.
Possibly the most important statistics concerning
reproductive processes are recorded in the study of
Christian and Lemunyan (1958) concerning the adverse
effects of crowding on lactation.

It was found that

crowding caused deficiencies in quality and/or
quantity of milk in lactatlng females which affected
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the first and second generations.

Individuals nursed

on milk from females exposed to crowded conditions
showed lighter weight.

Such findings may explain the

long-continued decline in natural populations following
peak levels and a precipitous crash in numbers.
Among other effects, Selye (1946) mentioned a
depression of the immune response with a subsequent
decrease in eosinophil count with relation to popu
lation density.

Mice placed in crowded quarters showed

less resistance to Trlchinella spiralis infestation
than individually housed animals (Davis and Read ,
1959).

Other evidence of change in host resistance

leading to increased mortality from epizootics can be
found in Christian (1963a,b) and Chitty (1960).
Chitty (1957) related gross spleenic hypertrophy
to dense breeding populations.

Quay (1969), in

studying laboratory populations of Dicrostonynx sp.
reported the presence of a colloidal plaque of some
unknown composition in the brain.

This pathological

finding has yet to be observed and reported in wild
populations.

Tamm (1963) proposed a disease entity

which he termed "steroid fever" associated with over
doses of steroids.

The existence of this disease
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has yet to be found in wild populations.
E.

Summary.
The preceding discussion incorporates some of

the most pertinent and recent information concerning
the effects of ecological, behavioral, and physio
logical factors on reproduction, mortality, and
migration.
Ecological factors, as discussed, have obvious
effects on the reproduction, mortality, and migration
of a population.

However, ecological factors do not

occur with sufficient uniformity to account for the
regularity of population cycles.
Behavioral factors were noted also to have
effects on reproduction, mortality, and migration.
These factors do occur with enough regularity to
account for population cycles, but it is difficult
to determine if behavior is a result of the popu
lation cycle and the resulting densities involved,
or whether it is the cause of such cycles.
Physiological factors, evident in population
cycles, occur with sufficient regularity to account
for the cycles; but, once more, it is difficult to
determine if they are a cause or an effect observation.
The physiological changes seem to correlate well with
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observations of both laboratory and natural popu
lations.

The fact that daily and seasonal rhythms are

observed in adrenal glands indicates the possibility
of other cyclic regularities.
All of the factors are probably responsible for
the observations of and modifications in cyclic
populations.

When all of these factors act synergis-

tically, then density increases in population might
be expected.

However, some mechanism must be built

into each population which accounts for its cyclic
regularity.

It is possible that growth of the popu

lation is fairly random due to environmental factors,
but regulation by behavioral and physiological factors
may occur when the population reaches a certain
density increment.

II

STATEMENT OF PROBLEM

This study was undertaken to define the endo
crine status of a natural population of lemmings in
the environs of Point Barrow, Alaska, during the
period in which their habitat is relatively acces
sible.

This was a summer period extending from

June 15 to August 16, 1969.

Detailed records of

climatic and ecological factors affecting the popu
lation were compiled so that any physiological and
pathological changes could be related to predominant
environmental factors which affect lemming population
dynamics.

III.

MATERIALS AND METHODS

The materials and methods employed to study the
lemming population were of three general types:
A) those used in the field study, B) those used in
the laboratory study, and C) those used in statis
tical analysis of the data collected.
A.

Field Materials and Methods.
It was necessary to determine the approximate

population density of lemmings in the Barrow area so
that this factor might be related to adrenal secretory
findings.

The Lincoln index was employed to approxi

mate the population size.

A trap line grid was set

up at area "A" as Indicated on the map in Appendix I.
The grid consisted of sixty Havahart No. 0 traps
which were set in two parallel lines, ten yards
apart.

Each line consisted of eight stations with

three yards between stations.

Seven of the eight

stations in a line consisted of four traps placed
one yard from the center of the station and equadistant from each other.

The eighth station had

only two traps one yard from the station center.
This grid arrangement is shown in Fig. 3.
Traps were located in lemming runways whenever
possible to increase trapping efficiency.

Beginning

1 yd .

10 yds.

Fig.

3.

Grid arrangement for field trap line
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on June 15, unbaited traps were set on Sundays at
12:00 a.m., and tripped on Wednesdays at 12:00 a.m.
This was the Initial capture week, and throughout the
trapping period capture-recapture weeks were alter
nated.

Traps baited with peanut butter were used

from June 29 on, but the use of such bait did not
seem to enhance animal capture.

Every three hours

during the three-day period the traps were checked
to guard against animal death.

During each capture

week, specifically June 15-18, June 29-July 2,
July 13-16, and July 27-30, captured animals were
sexed, measured from nose to base of tail, and marked
by the toe clip method.

It was necessary to clip

a different toe each capture week to determine the
capture periods of the animals.

On recapture weeks,

which were June 22-25, July 6-9, July 20-23, and
August 3-6, all captured animals were sexed, measured,
Inspected for toe clip, and removed from the popu
lation for later sacrifice in the laboratory.

The

Information from capture-recapture periods was
useful in studying the summer population cross
section in terms of sex and size distribution of
animals in the population as well as providing in
formation about the population size.
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Since animals were so scarce, the trap line did
not provide a sufficient number of animals for
laboratory use.

Therefore, additional animals had

to be hand-caught from the tundra environment by
Eskimo children living in the Barrow village.

A

vehicle called a "weasel" was driven over the tundra,
and the children, walking near the weasel, were able
to catch fleeing lemmings.

Approximately twelve

animals were caught each week on Friday and Saturday
by this method.

Some weeks it was necessary to hunt

for lemmings on additional days because of failure
to obtain animals on Friday and Saturday.
All hand-caught animals were obtained from the
area marked "B" on the map in Appendix I.

This area

represented approximately 6,924 acres, and approxi
mately 1 1 2 animals were removed from this location.
An exact count is not possible, since some animals
obtained from this area were sent to the University
of Alaska by another investigator.

All captured

animals were transported to the laboratory in separate
18 x 6 in. cages.
B.

Laboratory Materials and Methods.
Materials and methods used in the laboratory

may be subdivided into those used at the field
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laboratory at Barrow and those used at the Creighton
laboratory.
1.

Materials and methods used at the Barrow

laboratory.
Lemmings brought into the laboratory from the
field were housed separately in small wire mesh
cages and fed lettuce, apple, and rat pellets, ad
libitum.

Animals were held for two days before

sacrifice to minimize adrenal hyperactivity due to
capture trauma.

The animals appeared to adjust to

the laboratory environment, as they were calm and
relaxed after only one day in the holding cages.
Each animal was weighed on a triple beam balance
one day in advance of sacrifice so that excessive
handling immediately before sacrifice was not
necessary.
Animals were sacrificed by decapitation between
the hours of 9:00 a.m. and 12:00 a.m.

The animals

were sacrificed two at a time so that organs could
be removed within minutes after sacrifice.

Immedi

ately after decapitation, and before removal of
organs, a 25 pi sample of blood was drawn into a
heparinized Corning 25 pi disposable glass pipet.
The blood sample was transferred to a 2 ml Teflon-
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coated, screw-cap specimen bottle containing a 25 yl
volume of .9% saline solution.

The blood-saline

mixture was frozen for shipment to and analysis at
the Creighton laboratory.
The first organs to be removed were the adrenals
and the pituitary.

They were placed in a Kimex

pyrex petri dish containing enough cooled 0.9%
saline to keep the tissues moist.

The heart, the

testes and epididymis or uteri and ovaries, one
kidney, and the brain were removed from each animal
and placed in a scintillation vial containing enough
10% formaldehyde to cover these organs.

Some uteri

contained young pups; in which instances, it became
necessary to use a second container large enough to
contain uteri and pups.

The prostate and seminal

vesicles removed from the males were each placed
into 2 ml Teflon screw-cap specimen bottles and
frozen for shipment and analysis at a later date.
After the above mentioned organs had been
removed, adrenals from each pair of animals were
put into two 25 ml Delong long-neck culturing flasks
containing 2 ml medium/

The flasks with contents

^Puck’s N-16 media, contents of which may be
found in Appendix II.
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were capped with a stainless steel cap which admits
oxygen, and placed in the Dubnoff metabolic shaker
bath set at 37° C. with an atmosphere of 95% oxygen
and 5% carbon dioxide over the flasks.

The oxygen-

carbon dioxide mixture was supplied by a compressed
air tank which regulated gas flow to 5 liters per
minute.

Each pair of flasks was incubated for a

two-hour period.

While Incubation was in progress,

pitultaries, which had previously been removed from
the animals, were weighed on a Roller-Smith balance
and placed in 2 ml Teflon screw-cap specimen bottles.
The pitultaries were then frozen for shipment to and
analysis at Creighton laboratory.

After the flasks

had Incubated for two hours, they were removed from
the shaker bath, and the two adrenals were removed.
One gland was placed in another flask containing
2 ml of Puck's N-16 (see Appendix II) plus 100 mU
ACTH, while the other adrenal was placed in a flask
containing 2 ml Puck's N-16 (see Appendix II) plus
200 mU ACTH.

The flasks containing the adrenals

were incubated for another two-hour period under the
previously-described conditions.

The medium, without

ACTH, from the first Incubation was transferred,
using Pasteur pipets, to two 2 ml Teflon screw-cap

specimen bottles and frozen for shipment to and
analysis at the Creighton laboratory.

After the

ACTH-stlmulated adrenals had incubated for two hours
the flasks were removed from the shaker bath and the
adrenals removed from the flasks.

The two media,

containing 100 mU ACTH and 200 mU ACTH, respectively
were placed in separate 2 ml specimen bottles and
frozen for later analysis.

The adrenals from each

of the two flasks were weighed on the Roller-Smith
balance and placed in the 1 0 % formaldehyde with the
other organs from the same animal.

The procedure

for Incubation of adrenals was explained in terms
of individual sacrifice times, although it was used
for all of the animals that were sacrificed through
out the summer.
2.

Materials and methods used at the Creighton

laboratory.
The materials and methods employed at the
Creighton laboratory may be divided into several
categories for descriptive purposes.

The types of

data collected at the Barrow laboratory were quite
diversified, thus the materials and methods employed
in the analysis of the data likewise varied.
a) Steroid determinations - The amount of
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corticosterone, hydroxycorticosterone, and proges
terone present in the collected media was measured
using a method modified from that described by
Silber ejt al. in 1958 for steroid determinations.
The quantitatively collected medium containing
secretory products was processed by 1 ) solvent
partitioning (peroxide free ethyl acetate: water),
2) thin layer chromatography, 3) eluation, and 4)
quantitation of selected "spots" by the acidfluorescence test (Silber, 1958).

An H^-labeled

steroid was Included in the process to correct for
losses of steroid in the procedure.

Details of

each step used in the analysis are summarized in
Fig. 4.

As seen in the flow chart, corticosterone

and hydroxycorticosterone were estimated by the
acid-fluorescence procedure of Silber e_t a_l.

Pro

gesterone was analyzed by alkaline-fluorescence
procedure developed by Short and Levitt (1962).
b)

Protein determinations for prostate and

seminal vesicle tissues and fructose determinations
for seminal vesicle - The prostate glands and
seminal vesicles were sent to Dr. J. Thomas,
Department of Pharmacology, West Virginia University,
whose laboratory was organized for this type of

2.0

ml media + unknown steroid +
"marker" steroid
+
3.0 ml ethyl acetate x3
+
Shake for 10 min. x3
+
Centrifuge for 1 0 min. x3

Collect supernatant x3
+
Evaporate supernatant under hood at room temp.
+
Resuspend ethyl acetate residue in 100X ethanol (100%)
+
50 save in case
50X spot on TLC silica gel plate (Merek HF 254/366)
of accidents
4.
Chromatogram with reference standards in
ethyl acetatermethanol (99:1)
Air dry plate and locate spots with u.v. light (2537A)
+
Scrape and collect spots and eluate with 2 ml ethanol (100%)
+

+

For corticosterone and
For progesterone analysis
hydroxycorticosterone
(modified from Short and
analysis
Levitt)
1 . 0 ml eluate
1 . 0 ml eluate
+
+
3 ml H,S0 ^ (cold-concentrated)
Fvaporate
+
+
1 hr. development
Add 2.0 ml methanolic
+
2 N KOH
Read against standards
Let sit for 10 min.
and blank on Turner
at room temp.
(model 1 1 1 ) Fluorometer
+
1* Filter 47B
Incubate at 60° C.
2“ Filter 1-60, 58
for 30 min.; cool
+
I
Correct yg steroid for
3.5 ml H2 SO4
losses in procedure
(cold, concentrated)
+
+
Express as yg steroid/100 yg
30 min. development
tissue weight/hr.
+
Read against standards
and blank on Turner
(model 111) Fluorometer
1° Filters 2A + 47B
2° Filters 23A
+
Correct yg steroid for
losses in procedure

i

1 ml eluate in
scintillation vial
+
Evaporate
+
1 2 ml liquifluor*
Count on Unilux
Liquid Scintillation
Detector for 10 min.
in
channel
+
Compute Dpm
and
correct steroid
values for losses
in procedure

Express as yg steroid/lOOyg
wet tissue weight/hr.

♦Liquifluor » 0.4% 2,5-diphenyloxazol (POP) and 0.003%
l,4-di-(2)-(5-phenyloxazol) benzene (POPOP) in toluene.

Fig. 4.

Flow chart for steroid determination
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analysis.

Dr. Thomas, using a method developed by

Lowry et a_l. (1951), determined milligrams protein/100
milligrams wet tissue for seminal vesicles.

Prostates

of six of the animals were analyzed without quan
titative results.

The amount of protein in each of

the organs will provide an accurate measure of the
total protein represented by organ wet weights (Lowry
et al., 1951).

The amount of fructose in the seminal

vesicles is related to function of that organ, and is
a useful measure in describing reproductive condition
of these animals (Lindner and Mann, 1960).
The exact procedure used by Dr. Thomas to
determine protein content is not known, but a general
flow chart is represented in Fig. 5.
The method and materials used by Dr. Thomas to
determine mg fructose/ 1 0 0 mg wet weight were first
developed and used by Lindner and Mann (1960).

Again

this procedure will be best represented using a flow
chart.

The flow chart for fructose determination is

detailed in Fig. 6 .
c)

Uterus examination - Uteri shipped in

fixative from the Barrow laboratory were examined at
the Creighton laboratory for reproductive condition.
Both uterine horns were examined under a dissecting
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0.1 ml of 4% tissue weight/volume of H^O homogenate
4
Reagent A (0.5 ml 1% CuSO^ to
0.5 N K-tartaratein 50 ml - 2% ^ 3 0 0 3 )
4
Mix
4
Rapidly add 1 N Folin Reagent and mix uniformly
4
Read against standards and blank after 30 min.
on Beckman (Model DU) Spectrophotometer at 500X.
(Standards made from serum albumin (fraction V))
4
Determine mg protein/100 mg wet tissue

Fig. 5

Flow chart for Protein Determination.

0.2 ml of 4% tissue weight/1 volume H20 homogenate
+
1 . 8 ml H2 0
i
Mix
4
Add 1 ml Ba(0H) 2
+
Add 1 ml ZnSO^
4Centrifuge and remove 2 ml of supernatant
42 ml supernantant + 1 ml 0 .1 % alcoholic resorcinol
3 ml 30% HC1.
4Heat for 15 min. at 80° C.
4Cool and read against standards and blank on the
Beckman (Model DU) Spectrophotometer at 515X.

Fig. 6

Flow chart for Fructose Determination
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scope and, whenever necessary, one of the horns was
dissected to determine the animal's reproductive
condition.

Uteri were examined for placental scars

and if they were present, how many scars.

When early

implantations were found, measurements were made of
the size of the bulging embryo, and the number of
implantations was noted.

In cases where embryos were

large enough to remove from the uterus , they were
removed and their size (crown to rump measurements)
and numbers recorded.

The embryos and uterine horns

with attached ovaries were placed in 70% ethyl
alcohol after examinations had been made.
d)

ACTH determinations - Analyses of ACTH

level in the lemming pituitaries were accomplished
by bioassay.

Adrenal cell suspensions were made

using white rat adrenals obtained from twenty-one
white rats.

One ml aliquots of a cell suspension

containing 1 x 1 0 ^ or more cells were pipetted into
thirty-six 25 ml Delong long-necked flasks.

The

first ten flasks contained ACTH doses ranging from
.001 mU to 1.0 mU and the remaining twenty-six flasks
were incubated for two hours in the Dubnoff shaker
at 37° C. with a 95% 02 and 5% C02 atmosphere.
the end of the incubation period, flasks were

At
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removed and frozen.

Analysis was made of the cor

ticosterone and hydroxycortlcosterone levels in the
media by using the same method of analysis as that
described by the flow chart recorded In Fig. 4,
p. 38, with the exception that progesterone determination and H -labeling procedures were not used
in this case.

A detailed flow chart for the adrenal

cell suspension preparation and analysis is shown in
Fig. 7.
f) Blood steroid determinations - Blood samples
collected at the Barrow laboratory were thawed and
analyzed for corticosterone-hydroxycorticosterone and
for progesterone.

In order to obtain measureable

amounts of free steroid, the samples were incubated
for twenty-four hours with beta-glucuronidase in the
2 ml Teflon screw-cap specimen bottles in which the
blood was collected.

This procedure freed all bound

and conjugated steroids so that measurement of total
steroids was possible.

All samples were frozen and

later analyzed, using the procedure outlined in
Fig. 4, p. 38, with the exception that an H"* label
was not used.

Blood steroids were recorded in terms

of yg steroid/cc of blood.
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Rats sacrificed (etherized and necks broken)
Adrenals removed and pooled
(procedure done in Puck's N-16 media)
+
Adrenals chopped up and placed in trypsinizing flask
+
(adrenals trypsinized in Puck's N-16 + trypsin for
20 min. at 37#C. with 95% 02 and 5% C02 and stirring)
x4
+
Trypsinized cells and Puck's N-16 poured off into
flask containing trypsin inhibitor x4
+
Suspension centrifuged 2,000 g for 10 minutes
+
Cells resuspended in 40 ml Puck's N-16
+
1 ml + 100 ml .9% saline 1 ml into each of 36 Delong
+
long-necked culturing flasks
Cell population counted
+
on Coulter Counter
Incubated 2 hours in Dubnoff
(Model B)
shaker bath at 37°C. with
oxygen atmosphere (95% 02 ,
5% C02)
+
Flasks removed and frozen
4’
Flasks thawed and steroids
analyzed by method described
in Fig. 4.
+
Steroid levels read against
standards and blank on
Turner (Model 111)
Fluorometer
1° Filter 47C
2° Filter 1-60, 58
+
ACTH values determined from
dose response curve
Fig. 7. Flow chart for Adrenal Cell Suspension
Preparation, Incubation, and Pituitary ACTH Deter
minations .
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C.

Statistical Materials and Methods.
In all computations the Olivetti-Underwood

Programme 101 was used, but the methods used in
handling each type of data varied considerably.
Data obtained from steroid analysis was ex
pressed in terms of a secretory rate, yg steroid/
100 mg/hr.

All steroid data was corrected for losses
3
in procedure by using the H label which was intro
duced before the procedure was commenced.

All

secretory rates were normalized for adrenal weights.
The B fraction (corticosterone) and F fraction
(hydroxycorticosterone) were located in such close
proximity on the chromatographic plates that it was
impossible to separate them completely.

Since

labeled HJ was an introduced fraction of cortico
sterone, it was possible to separate corticosterone
and hydroxycorticosterone using the two formulas
in Figure 8 .
Total micrograms of progesterone was corrected
for losses in procedure by:
Total yg P
(progesterone)/
1 0 0 mg/hr.

measured yg P X
Weight of adrenals X 2

(\ —total
cPm

[Measured + (

L yg

Total y g B/100 mg/hr.
(corticosterone)

b

Measured
Total yg F/100 mg/hr.
=
(hydroxycorticosterone)

Fig. 8.
Formulas
corticosterone (F).

Lyg

f

F
v measured^"]
cpm X
ue F
Weight of adrenals X 2

( . cpm
V total

/J| x

F

v measured\_ !
cpm
l x
Weight of adrenals X 2

X U8 F j j

for determining corticosterone

std. cpm
total cpm

std. cpm
total cpm

(B) and hydroxy-

■o
ON
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In the remaining data and also in that men
tioned above, means, standard deviations, error of
mean, and t values were computed whenever possible

IV

RESULTS

The results are considered under five main
categories.

These are the summary of pituitary-

adrenal function, the blood levels of glucocorticoids
(corticosterone and cortisol) and progesterone, the
reproductive status of the population, and evidence
for heart and kidney hypertrophy.
A.

Summary of Pituitary-Adrenal Function.
Pituitary-Adrenal function, summarized in

Table 1, demonstrates a marked difference between
segments of the lemming population studied.

Com

paring relative adrenal weights for laboratory males
that were group-housed and relative adrenal weights
for wild-caught males, the smaller mean adrenal
weight was recorded for the group-housed males.
However, when the secretory function was compared,
the group-housed males showed higher mean secretory
rates for adrenal corticosteroids.

The seasonal

pituitary ACTH levels of group-housed and wildcaught males were not found to be significantly
different from each other, but they were different
from wild-caught, pregnant and non-pregnant females.
Relative adrenal weights were greater for wild-caught
females than for wild-caught males (Table 1 and

TABLE 1
Summary of Pituitary-Adrenal Function Relative to Body Size and
Reproductive Status for 1969 Summer Season

Animal Type

N

Average
Body
Weight
(gms )

Relative
Adrenal Weight
(mg Fresh Weight/
100g Body Weight)

Secretory Rate
(Mg Corticoid/
100 mg Adrenal
Weight)

ACTH
Content
(mU)
X ±

9

62

X + SEX
29.0 ± 1.80

Wild Male

38

52

41.65 + 3.95

2.9 ± 0.4

92 ± 18

Wild Female

15

52

57.69 ± 4.62

3.0 ± 0.3

25 ± 3

Gravid-Wild
Female

30

58

60.21 ± 5.81

1.7 + 0.4

26 ± 2

Lab Male
(Group Housed)

X 1 SEX
6.1 ± 0.8

SEx
94 ± 20
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Fig. 9).

This finding is interesting in light of

secretory data.

The mean adrenal corticosteroid

secretory rates for wild males were not significantly
different from those of wild, non-pregnant females;
but when compared to gravid, wild-caught females,
males and non-pregnant females had higher secretory
rates even when data are normalized for adrenal
weight differences.
An examination of adrenal secretion of the
glucocorticoids (corticosterone and cortisol) as
well as progesterone, during two-week intervals
throughout the summer, indicates a seasonal fluctu
ation in the basal secretory rates (Figs. 10a; 10b).
Higher values were obtained during the initial
trapping period for all classes of animals; these
secretory rates declined during mid-season and began
to rise again during the latter part of the season.
Secretory patterns of glucocorticoids compared to
those of progesterone are very similar throughout
the season.

With two exceptions, laboratory-grouped

males showed significantly higher secretory levels
of progesterone and glucocorticoids.

Both of these

exceptions have very large standard errors which
render the data non-significant.

These exceptions
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are the higher progesterone secretory rates of non
pregnant females collected from 6/22 to 7/5, and
the higher glucocorticoid secretory rates of the
non-pregnant females collected from 7/20 to 8/2.
Pituitary ACTH content was high in the early portion
of the summer; female pituitary ACTH values declined
during the summer, while male pituitary ACTH content
remained high throughout the season (Fig. 10c).
Analysis of data obtained during the initial trapping
period also revealed that gravid females have lower
pituitary ACTH content than either non-pregnant
females or males (Fig. 10c).

Moreover, the dif

ference in pituitary ACTH content between pregnant
females and males, and non-pregnant females was
demonstrated in terms of adrenal sensitivity to
exogenous ACTH as measured by dose-response curves
(Fig. 11).

The slopes of these curves (Fig. 11),

obtained as a result of incubating the glands from
Individual animals in media containing no ACTH (pre
incubation), lOOmU ACTH, and 200 mU ACTH, were
greater for males and non-pregnant females than for
gravid females.

Adrenal sensitivity to exogenous

ACTH was more pronounced in the later part of the
summer than in the initial two-week period.

This
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observation is true for all classes of animals
studied.

Adrenal progesterone secretory rates were

also dose-related to the amount of ACTH to which
they had been exposed (Fig. 12).

The progesterone

secretory levels also showed less response to
exogenous ACTH during the first two-week period when
pituitary ACTH and progesterone levels were high
(Figs. 10a; 10b; 12).
B.

Blood Levels of Glucocorticoids and

Progesterone.
Blood levels of free and conjugated gluco
corticoids show a downward trend for both non
pregnant and pregnant females from the initial
capture period in early summer to the final capture
period in late summer (Fig. 13).

Unfortunately,

important data for wild-caught males are lacking
for the first two-week capture period, and the
remaining capture periods show no significant
changes in levels of free and conjugated gluco
corticoids.

All classes of animals have comparable

levels of glucocorticoids in the blood at corre
sponding trapping periods.

Progesterone level in

the blood is much lower than glucocorticoid level
(Figs. 13; 14), while progesterone levels for males
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and non-pregnant females are similar throughout the
summer (Fig. 13).

The non-pregnant females showed

a higher level of free and conjugated progesterone
in the initial two-week period with a decrease in
the second two-week period.

There was a slight

increase in these levels over the remaining portion
of the summer.

Again, important blood data for

progesterone levels of males for the first two-week
period are lacking.

Neither progesterone nor gluco

corticoid levels in the blood were tested for in
group-housed males.
C.

Reproductive Status of the Population.
The lemming population remained reproductively

active throughout the summer (Tables 2; 3).

The

animals also appeared to have been reproductively
active under the snow-cover since many lemming nests
were sighted after the snow had receded.

Table 2

gives the percentage of pregnancies for trapped and
hand-caught females during each two-week period.
The frequencies of pregnancy appear to cycle through
out the summer; but this may reflect a lag which
follows an initial burst of birth with subsequent
change in territorial range of females during
lactation and maternal care of the young.

Although

TABLE 2
Female Reproductive Potential

Trapping*
Period

Average
Body Wt.
(gm)

% of sample

I (6/22-7/5)

71

46%

85%

8

II (7/6-7/19)

48

50%

44%

8

III (7/20-8/2)

65

40%

66%

7

IV (8/3-8/16)

40

60%

78%

6

% Gravid

Average
Litter Size

* The trapping periods (I, II, III, & IV) are designated as inclusive dates
(in parenthesis) during the 1969 summer season. See Appendix III for
breakdown of trapping interval data.

TABLE 3
Male Reproductive Potential
Trapping*
Period

Body % of
Seminal Vesicle
Prostate
Testis Relative
Wt. Sample Wt. Fructose
Protein
Wt. Protein
Wt.
Testis
(gm)
Wt.
(rag) (mg/1 0 0 mg (mg/1 0 0 mg (rag) (mg/1 0 0 mg (mg)
Prot.)
wet w t .)
wet wt.)
(mg/gm BW)

I
(6/22-7/5)

46

54%

131 0.60±.ll

16.01.88

47

12.11.79

330

7.23

II
(7/6-7/19)

79

50%

365 0.491.03

16.41.81

81

14.61.84

331

5.13

III
(7/20-8/2)

74

60%

345 0.471.08

16.51.71

75

16.511.72

421

5.15

IV
(8/3-8/16)

40

40%

213 0.681.24

15.31.93

43

15.413.34

288

5.05

95 0.291.20

14.81.92

72

16.312.06

176

4.48

Lab.
GroupHoused

62

* The trapping periods (I, II, III, and IV) are designated as inclusive dates
(in parenthesis) during the 1969 summer season. See Appendix III for
breakdown of trapping interval data.
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the females remained reproductlvely active throughout
the season, the average number of viable embryos
declined in late summer.

The decline in litter

size was not strictly related to body size; however,
it may have been related to the distribution of
body size (Fig. 15), to age within the sample, or to
sudden changes in climate which occurred later in the
season.
Males of the population showed early and vigorous
sexual activity.

Young and old males had well-

developed gonads and accessory sex tissue.

This was

indicated by actual and relative weights and func
tional qualities such as fructose and protein con
centrations of the sex accessories (Table 3).

It is

interesting, however, that relative gonadal activity
declined through the season.

Group-housed males,

which are useful as reference, showed diminished
gonadal activity, light-weight seminal vesicles,
lighter testicle weight, and lower ratio testis-tobody-weight values.

These group-housed males also

showed high adrenal progesterone secretory rates and
reproductive success was poor in the laboratory
colony.
The population density was initially !5low"
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after the spring thaw, and continued to decline
throughout the summer.

With the same amount of

effort, the final sampling period yielded fewer
animals than initial trapping periods, as well as
a dieproportionately low number of males.

Hence,

the sex ratio of males to females collected during
the late summer favors an interpretation of higher
male mortality.

This change in population dynamics

occurred at a time when early winter began, and
when adrenal-cortical activity was increasing
(Figs. 10; 11).
D.

Evidence of Heart and Kidney Hypertrophy.
Physical signs may be indicative of selective

disease in the population (Fig. 16).

Laboratory

males, which had only recently been exposed to
crowded conditions by group housing, had lower
heart and renal weights than male animals collected
from the field.

Female heart weights were also

higher, but the renal weights had not proportionately
increased.

Whether these findings are related to

pathological conditions or not must await further
processing of collected data and will be reported
in later publications.

Fig. 9.
Adrenal weight (fresh.) - body weight
relationship for 1969 summer collections of brown
lemmings.
Individuals are represented as follows:
open circles (o) = gravid females; open circles with
bars (o-) = non-pregnant females; solid dots (®) =
males.
The regression lines were calculated by the
method of least squares.

Fig. 10. Seasonal comparison of corticoid
(top), progesterone (center), and ACTH levels
(bottom) found in a lemming population during dif
ferent trapping intervals throughout the summer.
The mean values for group-housed, laboratory reared
males (cd1), wild-caught males ( ) , non-pregnant
females ( g ) and gravid females (g ) are indicated
together with the standard errors of the mean and
the trapping intervals. See Appendix III for break
down of trapping interval data.
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Fig. 11.
Dose responsiveness of isolated
lemming adrenal glands to exogenous ACTH.
Slope and
intercept values for each group were estimated by
the least squares method; standard errors of the
slopes are indicated by brackets.
Bars represent
mean pituitary ACTH content.
Animal types and
trapping periods are indicated on the plates.
See
Appendix III for breakdown of trapping interval
data .
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Dose responsiveness of isolated
lemming adrenal glands to exogenous ACTH.
Slope
and intercept values for each group were estimated
by the least squares method; standard errors of the
slopes are indicated by brackets.
Bars represent
mean pituitary ACTH content.
Animal types and
trapping periods are indicated on the plates . See
Appendix III for breakdown of trapping interval
data .

63

Fig. 13. Blood levels of adrenal corticosteroid during various trapping
intervals. Bars represent mean values of pooled corticosterone (B) and
cortisol (F) secreted into the blood at the time of sacrifice (mid-day)
during the various trapping intervals. Variations are indicated as inserted
lines for standard errors of the mean for each group of animals. Animal
types are indicated for each trapping period as males, non-pregnant females,
and gravid females (reading from left to right). Note that values were
not obtained for group housed, laboratory males (extreme left) or wildcaught males in the first sample period. See Appendix III for breakdown
of trapping interval data.
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Fig. 14. Blood levels of adrenal progesterone during various trapping
intervals. Bars represent mean values of progesterone secreted into the
blood at the time of sacrifice (mid-day) during the various trapping inter
vals. Variations are indicated as inserted lines for standard errors
of the mean for each group of animals. Animal types are indicated for
each trapping period as males, non-pregnant females, and gravid females
(reading from left to right). Note that values were not obtained for
group-housed, laboratory males (extreme left) or wild-caught males in
the first sample period. See Appendix III for breakdown of trapping inter
val data.
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Fig. 15.
Body weight and sex distributions of
wild-caught lemmings.
Trapping periods and per cent
females for each sample are indicated on the plate.
See Appendix III for breakdown of trapping interval
data .

Fig. 16. Relative heart (top graph) and renal
(bottom graph) weights are indicated for individuals
and groups of animals collected through the season.
These are designated as group-housed, lab-reared
males (-•*), wild-caught males (•) , non-pregnant
females (o-) and gravid females (o). Regression
lines were calculated by the method of least squares.
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V

DISCUSSION AND CONCLUSIONS

The average daily temperature and precipitation
for each day of June, July, and August, 1969, were
plotted (Fig. 17).

The average temperature for the

month of May, 1969, is also shown.

During the month

of May and up to June 8 , the temperatures were
fifteen to twenty degrees below those temperatures
which remained fairly uniform for the remainder of
June, July, and August.

Precipitation was greater

during late July and early August.

Snow covered the

ground during the later trapping period in August,
and very few animals were caught.
Adrenal secretory rates for glucocorticoids
and progesterone for all classes of animals showed
higher values in the initial trapping period but
reached a lower value during the second trapping
period, and eventually showed an increase during the
third and fourth trapping periods.

About twelve

days elapsed during the change in temperature on
June 8 and the time that the first trapping period
began.

High secretory values may have been due to

low temperatures, and the twelve-day period lag
may not have been adequate time for secretory values
to have decreased.

Animals were probably not

Fig. 17. Average daily air temperature, precipitation during the 1969
summer season in the Point Barrow vicinity. Mean daily temperatures are
indicated by closed circles (•) ; daily precipitation is indicated by open
circles (o) or T where only trace (non-measureable) amounts of snow or rain
fall. Trapping periods are indicated by brackets on the time-line (bottom)
of the graph and details of trapping periods may be seen in Appendix III.
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exposed to these exact temperatures since they were
under snow-cover.

Another important stress factor

which may account for these high initial secretory
rates is the time of melt when water flooded much
of the lemming habitat.

Adrenal weights for the

wild populations were high, when compared to grouphoused animals at controlled temperature and without
trauma due to melt, and when contrasted with pre
viously collected data (Table A).

This indicated

a factor of stress which was in existence for a
longer period of time than the melt period.

The

adrenal weights of wild populations were, however,
comparable to summer high-density periods.

High

secretory values may have been due to previous low
temperature and other factors and/or to the melt
period; but adrenal weight increase was probably
due to factors such as temperature which had been
in existence for a longer period of time.

Animals

which were group-housed had high secretory rates
but low adrenal weight.

These animals had been

group-sheltered for only a short period of time -not long enough to cause adrenal hypertrophy due to
social disorganization, yet long enough to show
increased adrenal secretory rates due to social

TABLE 4
Adrenal Relative Weights and Secretory Function
of Lemmings, Voles, and Mice Collected from Differing Populations
Animal Type & Season

N

mg Adrenal Wt(fresh)/
100 gm Body Wt
(x ± SEM)

Secretory Rate
pgm/mg Dry Wt/Hr
(x ± SEM)

Brown Lemming (Lemmus trimucronatus)
Summer Lo-Density
Summer Hi-Density
Winter Lo-Density
Lab Reared

36
36
24
18

26.91
44.02
30.12
35.68

t
±
±
±

2.10
4.12
2.59
2.02

0.82
15.86
1.56
1.08

Collared Lemming (Dicrostonynx groenlandicus)
Summer
12
31.26 ± 2.51
Winter
8
32.81 ± 2.09

±
±
±
±

0.10
1.53
0.28
0.12

4.21 ± 0.34
5.08 + 0.29

Tundra Vole (Microtus oeconomus)
Summer
Winter

10
8

34.03 ± 6.71
36.29 ± 5.96

3.10 ± 0 . 2 1
4.12 ± 0.27

Red-Backed Vole (Clethrionomys rutilus)
Summer

8

6.61 ± 1 . 0 2

* From Andrews, R. V. (1970) Acta Endocrinologica (in press).

1.98 + 0.26
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disorganization.

Group-housed animals were kept at

the same temperature and fed the same food that they
experienced while caged as singles or pairs.

Data

obtained at an earlier date show that singly-housed
animals, or animals housed in pairs, had comparable
adrenal weights and lower secretory rates (Table 4)
when compared to group-housed animals, so that the
increased secretory activity would seem to be
accounted for only by group housing.

It was also

noted that reproduction was markedly unsuccessful
in the group-housed animals.

Social disorganization

has been shown to affect reproductive recruitment
and mortality aspects of population dynamics
(Christian, 1963; Calhoun, 1963; Chitty, 1967;
Clark, 1955).

Social disorganization may well have

worked in conjunction with temperature, and probably
other factors, to bring about adrenal size increases
and high secretory rates.

Animals had been under

the snow, and they were limited to a certain spatial
area, the runways under the snow.

Lemming cuttings,

nests, and feces were strong indications that popu
lation size was fairly dense in particular areas,
which Increased the possibility of more social inter
action.

An unusually abundant predator population
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of ermine, least weasles5 , and arctic fox (N.A.R.L.
pers. comm.) also indicated the possibility of a
dense population of lemmings in particular areas.
The predators were present when the snow receded,
but the dense population pockets of lemmings were
not present.

Something had happened under the snow

to bring about the mortality of dense pockets of
lemmings.

It may have been stress stimuli such as

temperature, social disorganization, predators, etc.,
or it may have been a physical killing of lemmings
by predators.

As the temperature increased,

predators persisted, melt water disappeared, and
social restriction by snow disappeared.

A reduction

in population density occurred, and the high sec
retory levels disappeared even though predators were
abundant.

The evidence seems to support temperature

and social disorganization as important factors in
promoting high adrenal weight and secretory rates.

^Weasel abundance persisted through the summer,
and these curious, aggressive little carnivores
readily entered live-traps set to capture and es
timate lemming relative abundance. Reports of fox
abundance persisted into Fall, when fox entered the
N.A.R.L. camp area in search of food (Sanders, pers.
comm.).
1

The secretory rates were not nearly as high as those
for summer high-density populations, but the adrenal
size was comparable.

It must, however, be remembere

that evidence does exist for fairly dense population
under the snow; it may have been that population
size fell sometime before secretory data were col
lected and that secretory rates dropped to lower
values by the time secretory data were collected.
Daily and seasonal changes have been shown to have
an effect on secretory rate (Andrews, 1968).
Climatic factors, such as temperature, etc., and
social disorganization have been shown to affect
pituitary-adrenal function (Selye, 1950; Calhoun,
1963; Southwick, 1964).

Population density also

seemed to play an important role, since secretory
rates, during summer high-population density, were
twenty to sixty times higher than for other periods
of time (Table 4).

The secretory rates again rose

toward the end of the summer, and correlated with
this was an approximate ten-degree drop in tem
perature and increased precipitation, some in the
form of snow, toward the end of July to the middle
of August.
Pituitary ACTH levels were initially high for
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all categories of animals and also for group-housed
animals.

Pregnant and non-pregnant female pituitary

ACTH levels decreased throughout the summer, while
male pituitary ACTH levels remained high all summer.
This finding seems to indicate that the factors
stressing these animals had protracted effects in
the males but not in the females.

Although pituitary

ACTH remained high for wild-caught males all through
the summer, the secretory rates for glucocorticoids
and progesterone decreased.

These findings suggested

possible modification of the pituitary-adrenal
function by other factors.

However, fewer animals

were caught during late summer with an equal amount
of effort.

Trap line data collected during the

summer yielded too few animals to warrant computation
by the Lincoln index estimation of population size.
There was a smaller proportion of males in the later
hand-trapping periods.

This finding also seemed

to support a selective pressure on males of the popu
lation.

The fact that pituitary ACTH levels were

high for those animals caught during the first
trapping period correlated positively with high
secretory rates, which were also observed during
this time.

This correlation further strengthened
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the conclusions that the population was under stress
during the initial trapping period and that this
stress was probably due to a number of factors, such
as melt, temperature, social disorganization, density
pockets of animals, and probably other climatic and
ecological factors.
The secretory responses of the adrenal glands
were somewhat refractory to exogenous ACTH for the
initial trapping period; these data would indicate
that glands were already pushed by higher or com
parable ACTH levels in animals from which they were
taken, and it was noted in the above paragraph that
pituitary ACTH levels were higher initially.

The

adrenal glands became more responsive to exogenous
ACTH after the Initial trapping period, and this
correlated with decreases in pituitary ACTH levels
measured for animals caught after the initial trap
ping period.

Gravid females were less responsive,

or more refractory, to exogenous ACTH initially
than were non-pregnant females and males.

This

finding seemed to favor a protective mechanism for
pregnant females with respect to stress or ACTH
stimulation.

The secretory data also showed a

trend which favored this conclusion.
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Blood levels of free and conjugated gluco
corticoids showed the same trend as secretory data
and pituitary ACTH measurements.

Animals collected

during the Initial trapping period had higher values
compared to final values obtained from animals col
lected from the last two trapping periods.

Blood

level values also supported conclusions pointing
toward stress factors evident in early trapping
periods, but which seemed to change or disappear
during second, third, and fourth trapping periods.
One must, however, be careful in making predictions
for levels of free and conjugated glucocorticoids
since the ratio of free to conjugated glucocorticoids
may be more significant than total levels of such
materials.
The free and conjugated progesterone levels for
pregnant females showed the same pattern as did the
glucocorticoids except in lesser amounts.

The males

seemed to show a fairly regular level of progesterone
throughout the summer.

However, important data for

the first trapping period is missing.

The non

pregnant females showed varying levels of proges
terone, but it is difficult to draw conclusions about
those patterns.
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Female reproductive activity seemed to cycle
through the summer, since females caught at different
trapping periods showed mean pregnancy percentages
which varied throughout the summer.

Different per

centages of pregnancy during the summer may, however,
have been due to an Initial high rate of pregnancy
and a subsequent non-synchronous pregnancy rate due
to variations of individual lengths of lactation,
and also in the length of time which the female cared
for the young.

The drop in the average litter size

from the beginning of the trapping period to the
last trapping period may, however, be significant.
Smaller litter sizes, toward the end of the season,
were apparently not a sole function of lowered mean
weights of the females, since several females of
comparable body size had larger litters earlier in
the summer.

Moreover, changes in progesterone and

other steroids secreted by the adrenals may have
markedly influenced female reproductive behavior.
Such changes have been reported in other species
of rodents to be a function of social stress (Lloyd
and Christian, 1969) and a function of circulatory
steroids (Christian, 1964; Thomas and Gerall, 1969).
Male reproductive activity seemed to remain
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high throughout the summer, since the number of
pregnant females remained high.

Male reproductive

organ weights and accessory sex organ weights re
mained high throughout the summer, especially when
compared to group-housed males which showed poor
reproductive activity as well as low seminal vesicle
and testis weight and a low testis-to-body-weight
ratio.

These organs may have been repressed by high

levels of secreted progesterone and corticosterone
found in the group-housed animals.

These secretory

levels were probably a result of social disorgani
zation within the population.

The poor reproductive

success of these animals may be directly connected
to high steroid levels.

The quality of seminal

fluid in terms of fructose levels remained fairly
uniform for all animals at any trapping period and
presumably was not affected by stressful factors in
the population.
Heart weights obtained from group-housed animals
and wild-caught males and females showed evidence
for selective hypertrophy for particular groups of
animals.

Males which maintained high pituitary

ACTH levels throughout the summer showed larger
hearts than females and laboratory-housed animals.
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As was pointed out earlier, the laboratory-housed
animals had been grouped long enough to show high
secretory rates but not larger adrenals.

When com

pared to wild males, they also seemed not to have
been stressed long enough to have greater heart
sizes.

Wild females also had larger hearts than

laboratory-reared males, but smaller mean heart
weights than wild males.

It should be recalled that

pregnant females in this category displayed refractory
response toward exogenous ACTH, so that this group
of animals may not have been stressed as much as the
males.

The ratio of captured males to captured

females declined throughout the summer, indicating
a higher mortality for males.

It is interesting to

note that behavioral, and possible genetic selection
may have been taking place in the population because
of differential male mortality and associated aggres
sive behavior as pointed out by Chitty (1967) and
Lloyd and Christian (1969).

Additional factors,

such as cardiac and renal hypertrophy and disease,
may have contributed to differential male mortality.
Quay (1969) has indicated that colloid deposition
in the brains of microtines may be a possible dif
ferential mortality factor.
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Renal weights for wild-caught males were higher
than those of group-housed males, indicating, as
was the case for heart weights, that laboratorygrouped animals were not stressed for as long a
time; hence, they showed lower heart and renal rela
tive weights.

Females had higher heart weights

than laboratory-grouped males, but did not have
proportionally increased renal weights.
Although heart and renal weights were associated
with stress in the population, they could very well
be a result of dietary differences between labor
atory-housed animals and wild animals, or possibly
even related to physical activity.

These factors

would not, however, explain the differences between
heart and renal weights of wild males and females.
If heart and renal hypertrophy can be connected
with stress, and stress to social disorganization and
density, then it may be that these types of patho
logical findings can be related to death of animals
in a population such as was seen for dense pockets
of lemmings under the snow.

VI.

SUMMARY

Measurements of pituitary-adrenal function
indicated hyperactivity during the initial sampling
period, which declined during subsequent trapping
periods.

These measurements of pituitary-adrenal

function, which marked the initial sampling are
as follows:

high initial glucocorticoids and pro

gesterone secretory rates, high pituitary ACTH
levels, refractory adrenal response to ACTH, and
higher blood levels of total glucocorticoid and
progesterone.

High adrenal weights indicated that

the stress upon the population had been present for
some time, or at least long enough to cause adrenal,
cardiac, and renal hypertrophy.

Climatic and

ecological factors, and social disorganization
(density) were considered to be among those factors
responsible for observations of gravitometric and
physiological changes which occurred in the popu
lation.

Wild male animals were more prone to the

above-mentioned stresses as shown by high pituitary
ACTH levels throughout the summer as well as higher
cardiac and renal hypertrophy.

Male mortality

seemed to be more apparent in that fewer numbers of
males were caught in the later trapping periods.
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Females appeared to be protected by pregnancy as
shown by ACTH refractoriness of adrenals obtained
from pregnant females.
Cardiac and renal hypertrophy may have been
significant pathological factors bringing about
mortality of dense pockets of lemmings which existed
under the snow-cover.

If not, they do at least

point out the existence of pathological factors in
the population which may give rise to disease.

These

diseases may very well be linked to endocrine im
balance due to stresses on the population.
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APPENDIX I
Location of Trap Line Grid Arrangement.
"B" Location of Hand Trapping Area.
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APPENDIX II
Puck's N-16 Medium
exponent

gm/liter

L-Arginine HCl.............................. 0.0380
L-Histidine HCl................ .............0.0380
L-Lysine HCl................................ !o!o800
L-Tryptophan................................ 0.0200
B-Phenyl-L-alanine.......................... 0.0250
L-Methionine.............. ..................0.0250
L-Threonine.........................
0 0 3 RO
L-Leucine................... :::::::
DL-Isoleucine.......................
0 n?sn
DL-Valine....................... . ..
0 !0500
L- Glut amieacid......... ...........
....0.0750
L-Aspartic acid........................... !!.*o!o300
L-Proline.................................... 0.0250
G1ycine...................................... 0.1000
L-Glutamine..........................
n ?nnn
L-Tyrosine........................... ..!.*.*! .
‘o!o400
L-Cystine.................................... 0.0080
Glucose...................................... .1000
Hypoxanthine................................. 0.0250
Thiamine HCl..........................
O Onsn
Riboflavin............................ . .]!|.
’o!o005
Pyridoxine HCl.............................. 0.0005
Folic acid................................ !!!o.’o001
Blotln....................................... 0.0001
Choline...................................... 0.0030
Ca pantothenate.............................. 0.0030
Niacinamide. ....................
o nn^n
l-inositoi....................
NaC1......................................... 7.4000
KC1.......................................... 0.2850
MgS04 *7H20 ................................... 0.1540
CaCl2 •2H20 ................................... 0.0160
Na2 HP0 4 ...................................... 0.2900
KH2po4 ....................................... 0.0830
NaHC03....................................... 1.2000
Phenol red................................... 0.0050

:::::::::o:olii

! ! ! !!!!!!

APPENDIX III
Sample Sizes by Trapping Periods

Female Reproductive Potential

I
II
III
IV
(6/22-7/5) (7/6-7/19) (7/20-8/2) (8/3-8/16)
â % $8
d $
c? $ $*
cd*
% *8
—
—
■— 6 6
—5 4
8
2 12 —
3
_ _

5 —

2

11

5

5

4

7

3

12

2

12

5

5

4

9

8

12

2

8

5

5

4

Corticoid Secretory Levels
(Exogenous ACTH Stimulated)

8

12

2

12

5

4

Progesterone Secretory Levels
(Exogenous ACTH Stimulated)

8

12

2

12

5

Male Reproductive Potential

9

12 —

Corticoid Secretory Rates

7

10

Progesterone Secretory Rates

8

Pituitary ACTH Content

12 --

--

5

11

3

11

3

6

12

3

11

8

3

6

12

3

11

4

9

3

6

12

3

11

4

4

9

3

6

12

3

11

—

9 -- -•-

Blood Adrenal Corticoids

—

—

2

12

5

4

4

9

3

6

11

3

11

Blood Adrenal Progesterone

—

—

2

12

5

4

4

9

3

6

11

3

11

Body Weight-Sex Distribution

—

12

2

12

5

5

4

9

6

6

12

3

8

100

* The symbols for animal categories are
(c<?) group housed males:* (&) wild
caught males, (<j>) wild caught non-pregnant females, and (jg) wild caught
gravid females.

