Populations of House Mice

What controls the abundance of animals? Here the question is

approached by way of a small pest which has the experimental

advantages of an accessible habitat and rapid multiplication

49 he proper study of mankind,”
| wrote Alexander Pope, “is man.”

- He might equally have said that

a very proper study of man is mankind,
considering mankind as a population.
Studies of human populations as such
tell us many things about what kind of
creature man is. This is also true of other
animals. The survival, behavior and suc-
cess of any living organism depend to a

by Robert L. Strecker

considerable degree on its characteristics
as a population.

No animal voluntarily lives in a social
vacuum. It must congregate with others
of its own kind, even if only to propa-
gate; if bv some chance an individual
gets isolated from its kind, that is the
end of the line. Plainly, then, a primary
need of every kind of animal is to main-
tain itself as a population. There are
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POPULATION OF HOUSE MICE in the principal experiment described by this article

was given a total of 250 grams of food per day. The species was the common Mus musculus.
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laws of population development, just as
there are laws governing all other mass
phenomena in nature. Consequently we
can learn something about any animal,
including man, by studying populations
in general, whether they be yeast cells,
insects, mice or elephants.

In theory all populations follow a cer-
tain basic pattern of development: they
tend to multiply according to a growth
curve which rises slowly at first and
then picks up momentum until it shoots
upward almost vertically. If we start
with a pair of mice, say, we may expect
them to produce a litter of six young,
half male and half female, in three
weeks. The offspring will mature sexu-
ally in five or six weeks and themselves
begin contributing to the increase. With-
in 12 weeks after the beginning the pop-
ulation might total some 32 mice, and
soon its numbers would be increasing at
a tremendous rate.

A colony of yeast cells, which may
divide every 30 minutes, could reach the
stage of very rapid growth in numbers
in a matter of hours. Elephants, which
do not mature sexually until the age of
15, might take a century. But in theory
the shape of the curve is essentially the
same in each case.

Actually for various reasons popula-
tions do not follow this curve of unre-
strained growth except on rare occa-
sions such as a sudden plague of insects.
Normally the population increase is held
in check by the limits of food and water
and living room, by predators, accidents
and diseases. These factors tend to put a
ceiling on the population rise, so that the
actual curve of population growth is usu-
ally shaped somewhat like an S—first
rising slowly, then rapidly, then leveling
off. If one of the major limiting factors
(e.g., predators) is removed, the popu-
lation may start rising again, but the
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locations for food and water and two kinds of shelter. One (cor-
ners) is filled with paper and cotton; the other, with beaverboard.

proofed with sheet iron to a height of 22 inches. This pen has four

HOUSE MICE WERE CONFINED in pens which had been mouse-
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EIGHT PENS were constructed in an empty
army barracks. The small pens were used
chiefly to check on reproduction in winter.

other limitations will soon stop it at a
new plateau.

Many attempts have been made to in-

vestigate just how the limiting fac-
tors control the abundance or scarcity of
animals. The studies I shall describe
were carried out at the University of
Wisconsin under the guidance of John

| T. Emlen, Jr. The subjects were house

mice. Around some of the campus labo-
ratories where various experimental ani-
mals were kept in cages, there were sev-
eral flourishing colonies of the ordinary
little wild mice that infest houses. They
fed mainly on food they stole from the
cages of the laboratory animals. It was
curiosity about their movements and
community life that led us to discover
they would make ideal subjects for de-
tailed population studies.
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We were originally interested to find
out whether the mice lived in compact
communities or drifted about at random
among the buildings. Howard Young
and I live-trapped many of the mice and
marked them for individual identifica-
tion by toe-clipping. After catching the
same individuals a number of times (the
total number of recaptures was 1,330),
we were able to map their movements. It
turned out that on the average a mouse
was caught only 12 feet from the spot
where it had been trapped previously,
and rarely was the distance more than
30 feet.

Since the house mice apparently were
content to live within a narrow range so
long as they had plenty of food and shel-
ter, they offered us a good chance to
study a population intimately within the
confines of a room. The confinement
would not unduly restrict them, and a
room in a building would be a natural
habitat for them, as any housewife can
testify. Furthermore, house mice are ex-
cellent subjects for population study be-
cause they reproduce rapidly, frequent-
ly and more or less continuously
throughout the year.

The home we first chose for the mice
was a large room in the basement of one
of the campus buildings. It had several
large ventilating fans, boxes, jars, lum-
ber, tile and other stored equipment
which would supply hiding and nesting
places for the mice. The room was
closed, but the mice could escape from it
if they had to by way of heating pipes
and ventilating shafts.

We first undertook to study the effect
of limiting the population’s food supply.
Our plan was to colonize the room with a
few mice, to give the colony just 250
grams of food each day and to see what
would happen when the number of mice
increased to the point where this supply
of food could no longer support the
growing population. We trapped the
mice in the room at frequent intervals to
weigh them and mark them individually



Army, Navy, Air Force, A.E.C.
...AND FORD INSTRUMENT COMPANY

For security reasons we cannot tell in detail
about the weapons systems, navigation instru-
ments, nuclear controls, gunfire computers and
other things designed and manufactured by
Ford Instrument Company. However, we can
proudly tell that this company, in building the
first computer to automatically aim naval guns
back in 1915, pioneered the great automatic
control industry which today, guides our mis-
siles, navigates our planes, aims our weapons.
And keeps America strong.

Non-military demands for the servo-mecha-
nisms, the computer techniques, the precision
machining, the engineering experience in which

Ford Instrument Company has specialized for
over forty years, have increased. Today the
company is working on the solution of problems
of automatic control for business and industry,
as well as for the government.

Write for more complete information. 76

FORD INSTRUMENT
COMPANY

DIVISION OF SPERRY RAND CORPORATION
31-10 Thomson Avenue, Long Island City 1, New York
Beverly Hills, Cal. . Dayton, Ohio

ENGINEERS : FORD IS CONSTANTLY ADDING TO ITS STAFF OF ENGINEERS. IF YOU CAN QUALIFY, THERE MAY BE A POSITION FOR YOU.

© 1955 SCIENTIFIC AMERICAN, INC



MICE FOOD
NUMBER GRAMS GRAMS
T “ A
1 l‘ 2
100 - 7 - 250
lff""""‘\ ------ Sas - - -
B ..""’ "‘s. ~ A
’fl.r =T,
1600 11 ‘-~,~ N - 200
\ ”» 14 bl TS|
el ‘\\ o~ 1
- I
1200 A\ \\l' i <150
50 I—'h."‘““- ‘,,- - a
.- ’ [
— 800 —{ 100
8 |
- 1o
0 | | | | 1 | | | |  P—
MAY JUNE JULY AUG. SEPT. OCT. NOV. DEC. JAN. FEB.

i et o NUMBER OF MICE
TOTAL GRAMS OF MICE
DAILY FOOD CONSUMPTION

for identification, and we set other traps
throughout the building to catch mem-
bers that strayed from the colony.
During the first eight months only
nine marked mice left the room and were
caught outside. But by the end of the
eighth month, when the population had
grown to the point where it was consum-
ing nearly all the daily food supply in the
room, the mice began to leave in substan-
tial numbers. In the next three months
we caught 82 migrants outside the room.
This increased flight from the colony was
clearly due to the food limit. Enough

NUMBER
OF MICE

120

L
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NUMBER OF MICE in a single pen
increased until limited by food supply
of 250 grams per day, then decreased.

mice left so that no actual food shortage
developed within the colony.

The tide of mice throughout the class-
rooms and offices of the building was not
enthusiastically received, and we had to
put an end to the colony. After trapping
the mice, we were interested to see
whether the group that had left the col-
ony differed from the population which
stayed behind. Did the youngsters tend
to move out, while older, established
mice remained; or did the vigorous
young mice drive out the older ones?
Were males more likely to leave than
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MAKE-UP OF POPULATION in the same pen developed in this manner. The appearance
of each new litter is indicated by a vertical jump from the uppermost line. The solid lines
refer to marked mice; the dotted lines extend the record of litters back to the estimated
time of birth. The small jump at top right is due to two outside mice which got into the pen.

96

© 1955 SCIENTIFIC AMERICAN, INC

Engineers!

Join this
winning team

e At DOUGLAS you’ll be
associated with top engineers
who have designed the key
airplanes and missiles on the
American scene today. For
example:

DC-7‘'SEVEN SEAS'’ America’s

Jinest, fastest airliner

u -,

F4D ‘“SKYRAY " Only carrier

plane to hold world’s speed record

C-124 ‘‘GLOBEMASTER"’

World’s largest production transport

=

NIKE Supersonic missile selected to
protect our cities

—

“SKYROCKET" First airplane
to fly twcice the speed of sound

A3D ‘‘SKYWARRIOR' Largest

carrier-based bomber

| —=

A4D ““SKYHAWK' Smallest,

lightest atom bomb carrier

.

B-66 Speedy, versatile jet bomber

With its airplanes bracketing
the field from the largest per-
sonnel and cargo transports
to the smallest combat types,
and a broad variety of mis-
siles, Douglas offers the engi-
neer and scientist unequalled
job security, and the greatest
opportunity for advancement.

For further information relative
to employment opportunities at
the Santa Monica, El Segundo
and Long Beach, California, divi-
stons and the Tulsa, Oklahoma,
division, write today to:

DOUGLAS AIRCRAFT COMPANY, Inc.

C. C. LaVene, Employment Mgr.
Engineering General Office
3000 Ocean Park Blvd.
Santa Monica, California

.

f

!




Peace Officer
ready for war

This man is a peace officer. His beat is the
whole world, for he flies for TAC—the
Tactical Air Forces of the U. S. Air Force.

Primary job of the Tactical Air Forces is to
stamp out “brush fire” aggressions wherever
they may occur. This is being accomplished
by maintaining at combat readiness a com-
pletely self-contained striking force with a
devastating nuclear punch, and a global reach.

Such a far-reaching assignment calls for
versatility in men, equipment, techniques and
weapons. Douglas is proud to have its
planes included in the Tactical Air
Command’s inventory of fighters, bombers,
transports and reconnaissance aircraft.

LONG-RANGE JET FOR
TAC RECONNAISSANCE—
DOUGLAS RB-66

Defense is everybody’s business

The Douglas RB-66 can fly 600-700 mph but
not without people to pilot and service it. The
Air Force needs young men and women who
agree that “defense is everybody’s business.”

Depend on DO UGLAS

First in Aviation

97

© 1955 SCIENTIFIC AMERICAN, INC



females? Examination of the groups
showed that both were about the same,
with no sex or age predominating, ex-
cept that very young mice still dependent
on their mothers of course stayed in the
colony. Of the 87 mice trapped in the
room at the end of the experiment, a
fifth were babies barely out of the nest.
Many of the mature females were preg-
nant, indicating that reproduction had
been going on steadily.

To summarize, then, this study
showed that as long as there was suffi-
cient food the population stayed pretty

| much intact, with only an occasional in-

dividual deserting; that as a food short-
age approached, migration from the
colony increased sufficiently to tap off

| mice as quickly as new ones were born;
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that reproduction apparently continued
normally, and that the population which
remained was a cross section, with no
unusual features as to sex or age compo-
sition. The experiment clearly demon-
strated that when some stress, such as
an approaching food shortage, is brought
to bear on a population, it will spread
out and occupy new areas.

We wondered what would happen to
the mouse population if members
could not escape, if they had to remain
in a confined place with only a limited
amount of food available. Would the
young or the old have the better chance
to survive? Would the mice begin fight-
ing and killing one another? Would re-
production slow down or stop?

In an attempt to answer this question
we started two colonies of mice in two
rooms of an empty building. The rooms
were sealed so that mice could not es-
cape. Each room was supplied with

| shelters, water and 250 grams of food

per day. One colony was started with

| 10 mice, the other with 50 mice, and

both were closely watched for 11
months. All mice were individually
marked so they could be identified.
Every two weeks a thorough search was
made to find the newly born mice and
record them. Once every four weeks
each mouse was caught, weighed and

| examined for physical condition.

The colony that started with 10 mice
did not grow large enough within the

| 11 months to press on its food supply,

so it served only for comparison. The
50-mouse colony grew up to the food
limit within four months. When it began
to consume all the food each day, re-
production stopped completely. No new
baby mice were born, and those already
present soon died. However, all the ani-
mals past weaning seemed to hold their
own. The older members of the colony
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declined in numbers, presumably dying
of old age. But the total weight of the
colony remained fairly constant, as the
weight put on by the growing younger
members offset the losses by death. In
other words, the food supply maintained
a certain weight of live mice for the
colony as a whole.

When, at the end of the 11 months,
the surviving mice were autopsied, all
showed heavy deposits of fat on their
bodies, because the experiment was
terminated in March, at the end of win-
ter. None of the females was pregnant,
as far as could be determined. The
building had been unheated during the
winter, and the cold would account in
part for the suppression of sexual activ-
ity. However, it could not have been
wholly responsible, for in the companion
colony, where the mice had an abun-
dance of food, reproduction did occur
during the winter.

The experiments described give us a
basis for speculation about the dynamics
of population growth and spread, at
least among house mice. The population
grows rapidly and stays together in a
restricted area until the limits of the food
supply put pressure upon it. Then some
of its members begin to migrate to new
areas if they can. If they cannot, the
colony may eventually stop reproducing.
Probably it does not resume producing
young until the pressure is relieved. Un-
fortunately we lost our building before
we could investigate the latter point by
observing developments in the spring.

Of course food is not the only factor

that influences the development of
a population. Other specific studies of
house mice have shown, for example,
that when mice are strangers to one an-
other, they fight a great deal in establish-
ing social position. The mice already
living in an area are very antagonistic
to newcomers. Obviously the amount of
living space, in terms of the cover avail-
able for shelters, will influence the size
of the population. Crowding interferes
with the construction and maintenance
of nests and increases the mortality
among baby mice.

While there is no denying that the
organization and development of a pop-
ulation, even of house mice, is a complex
affair, we need not be discouraged by
the complexity. The experiments on
house mice indicate that the determining
factors can be studied individually, and
such investigations should lead us even-
tually to a fairly clear picture of the re-
lated parts played by the various influ-
ences on the abundance and scarcity of
animals,
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Progress [s OQur Most Important Prodluct

GENERAL @B ELECTRIC

© 1955 SCIENTIFIC AMERICAN, INC




