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Role of Density in Populations of Mammalian Plague Reservoirs
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In recent years a number of research reports have
shown how the density of population may affect
reproduction and mortality. Although much of this
work has been done with house mice (Mus musculus)
and voles (Microtus spp.), a major vector of plague-
the brown or Norway rat (Rattus norvegicus)-has
also been studied.

In the first experimental approach,a male white
mice were placed in small cages in groups of 4, 8, 16,
and 32, following three weeks of isolation. After one
week all mice were sacrificed. Later the fixed
weights of the preputial, thymus, and adrenal glands,
seminal vesicles, and testes were obtained. These
weights were compared with those from mice kept in
isolation.
The adrenal glands increased with increasing

population size to a maximum of 9% over the mean
control weight in populations of 16 mice. Body-
weight declined with increased population size, a
decline paralleled by the weight of the testes. Cor-
recting the organ weights for body-weight exagger-
ated the adrenal changes, did not affect the preputial
or seminal vesicles changes, and obliterated the
testicular weight changes. The thymus gland
exhibited no significant changes in weight. There
was an inverse relationship between population size
and the weights of the preputial glands and seminal
vesicles. The preputial glands in populations of
32 mice decreased by a maximum of 38% and the
seminal vesicles decreased to 40% of the isolated
control weights. A decline in reproductive function
and an increase in adrenocorticotrophic function
was attributed to stress resulting from increasing
population size.

These results suggested a test under more natural
conditions.b Deterioration of the physical condition
of mammals coincident with high population density
is well known. If this deterioration is a response to
stress, then reducing population density should
reduce stress with a consequent improvement in the

a Christian, J. J. (1955) Amer. J. Physiol., 182, 292.
b Christian, J. J. & Davis, D. E. (1955) Trans. N. Amer.

Wildl. Conf., 20, 177.

condition of the animals. The direct relationship
between the response of the adrenal cortex (as
measured by changes in adrenal weight) and the
population density had been demonstrated in mice.

In a study of urban and rural Norway rats the
density of three urban populations was reduced by an
average of 42 %. The adrenal weights declined
25.8% in the female and 30.8% in the male rats
following the initial population reduction. The
populations were sustained at an average of 32%
below the pre-reduction densities by monthly trap-
ping for a period of seven months. During this period
the adrenals of male rats averaged 26.7% and the
adrenals of female rats 18.1 % below the pre-reduc-
tion weights. The changes in adrenal weight were
significant.
A further examination c of this relation was made

under natural conditions in populations at different
densities. There was a significant relationship
between the weights of the adrenal glands and
population status in 49 samples of Norway rats from
21 blocks in the city of Baltimore. The adrenal
glands of both sexes increased regularly in weight as
the population status progressed along a hypothetical
growth curve in successive stages from low-increas-
ing, through high-increasing and high-stationary, to
decreasing stages. The adrenal glands in decreasing
populations were approximately 18% heavier than
in populations that were in the low-increasing stage.
Male and female rats reacted differently to popula-
tions in the low stationary category. The adrenals
of male rats were heaviest in these populations,
while those of the female rats were essentially the
same weight as in low-increasing populations. The
changes in adrenal weight with population status
were on the whole consistent with the concept that
there is a density-dependent socio-psychological
stimulus to the pituitary-adrenocortical system that
may be a major factor in the regulation of population
growth. The changes in adrenal weight could not be
attributed to seasonal variation.

c Christian, J. J. & Davis, D. E. (1956) J. Mammal., 37,
475.
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A logical step based on this experimental work
was artificially to increase the density of rats.d The
effects of immigration of wild Norway rats into four
stationary and four increasing populations in blocks
in the city of Baltimore were studied. Removing a
small number of rats from stationary populations
and then replacing them by approximately the same
number of rats trapped in other blocks produced no
change in the status of the populations, but a small
increase in mean adrenal weight. Introducing ap-
proximately four times as many rats as were re-
moved caused stationary populations to decline by
an average of 31 % from the original size with a
subsequent decrease of 18% in adrenal weight.
Introducing equal numbers of rats into increasing
populations halted population growth with little or
no change in adrenal weight. The adrenal changes
following introductions into stationary populations
probably reflected over-all population changes. If
the cessation in growth in the increasing populations
was due to a decreased rate of reproduction, it was
not reflected in the reproductive rates of samples
taken two to three months after the introductions,
although the lactation rates suggested that there had
been a lower reproductive rate in the time following
the introductions.

Because a large number of rat control programmes
are based on a continuous trapping or poisoning
programme, it seemed desirable to explore the
results of sustained removal of rats.e Obtaining a
sustained yield from a population assumes that a
constant number (or weight) of animals may be
removed per unit of time depending on the rate of
replacement. A maximum sustained yield would be
provided by the maximum replacement rate, which is
theoretically at the point of inflection of a logistic
growth curve.

Logistic curves were fitted to the data provided by
frequent censuses of three rat populations which
were approaching maximum densities. The number
of rats in the population and the replacement rate at
the point of inflection were determined for each of
the populations. Each population was then reduced
to the calculated value. Subsequently, a number of
rats equal to the replacement rate was removed
monthly. However, it was soon evident that more
rats (1.5 times the calculated number) had to be

d Davis, D. E. & Christian, J. J. (1956) J. Wildlife Mgmt,
20, 378.

e Davis, D. E. & Christian, J. J. (1958) Ecology, 39, 217.

removed than was anticipated in order to maintain
the populations at the desired levels. The popula-
tions stayed at the desired levels for approximately
seven months. Then two populations declined
sharply and subsequently remained low for six
months, while the third population remained at
essentially the same level. Removal was halted in the
latter at this time to see if it could still increase to
the starting level. Throughout these experiments, the
pregnancy rates remained high, conforming to those
expected for increasing populations.
The collapse of two of the populations was

believed to have resulted from a marked shift in the
age composition of these populations; so that even
though the pregnancy rates remained high, there
was a decline in the total number of mature females.
From these results it is clear that density through

physiological mechanisms affects reproduction and
mortality. An additional aspect is the possibility that
resistance to some pathogens could also be altered.
The demonstration that behavioural factors cause

hypertrophy of adrenals and that injection of corti-
coids decreased the resistance of mice to Trichinella
spiralis suggested that behaviour might affect
infections under relatively natural conditions.f
House mice of a " wild " strain were infected with
embryonated larvae. Twelve mice were isolated in
jars and twelve were placed in two groups of six
each in a large can for three hours a day for ten days.
When killed on the fifteenth day the grouped mice
had from 16 to 51 worms in the intestine while only
three of the isolated mice had worms. To determine
the effect on subsequent stages of the life cycle,
twelve mice were infected and then six were isolated
and six were grouped for ten days. All were killed
on the thirtieth day. The isolated mice averaged
1054 larvae per gram of muscle while the grouped
mice averaged 1556. It is concluded that behaviour
may affect resistance and it is suggested that this
phenomenon may be an important factor in epide-
mics and in development of host-parasite relations.
From this brief review it is apparent that the

density of rat populations may influence the course
of plague. In nature plague, of course, occurs at
high densities. However, it may be that the rats are
less resistant at such densities and thus accentuate an
epidemic or permit an epidemic even at a low popula-
tion of fleas.

f Davis, D. E. & Read, C. P. (1958) Proc. Soc. exp.
Biol. (N. Y.), 99, 269.


