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Mice were reared from birth until testing with their dams, sires, and siblings. In a two-
choice odor-preference test, 22 48-day-old mice reliably preferred (p=.02) the odor from non-
stressed adult males over that from stressed adult males. Twenty-seven 24-day-old mice
showed no reliable preference for either test odor. When contrasted with earlier research,
the present findings suggest that previous experience with an adult other than the dam may
play a role in the development by mice of species-typical responses to socially significant odors.
This experiential effect seems more evident in female mice than in males.

In a two-choice preference test involving two odors,
adult house mice (Mus musculus) of both sexes prefer
the odor from nonstressed adult conspecifics over that
from stressed adult conspecifics (Carr, Martorano,
& Krames, 1970; Carr, Roth, & Amore, 1971; Colyer,
1972). In a two-choice test involving one odor vs. no
odor, the odor from nonstressed conspecifics serves as
a true attractant (Irwin, 1971), in the-sense that adult
mice prefer the odor from nonstressed conspecifics over
no odor. On the other hand, the odor from stressed
conspecifics serves as a true repellent (Irwin, 1971),
in the sense that adult mice prefer no odor over the odor
from stressed conspecifics (Colyer, 1971; Miiller-Velten,
1966; Rottman & Snowdon, 1972; Whittier &
McReynolds, 1965). Stressors eliciting this olfactory
repellent include defeat in intermale aggression, rough
handling by humans, electric shock, and hypertonic
saline injections.

The tendency to approach the odor from nonstressed
conspecifics may promote aggregation, whereas the
tendency to withdraw from the odor from stressed
conspecifics may minimize exposure to predators and
other dangerous situations. Some evidence suggests that
the repellent effect of the stress-induced odor is species-
specific. Miiller-Velten (1966) reported that house
mice are not repelled by the odors from stressed field
mice (Apodemus sylvaticus) or fat dormice (Glis glis).
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The present experiment was designed to explore the
ontogeny of the reaction by house mice to the odors
from stressed vs. nonstressed adult conspecifics. More
precisely, we wished to determine the minimal age at
which developing male and female mice react differ-
entially to the two test odors. Our interest in this
problem stemmed from the observations by Miiller-
Velten (1966) of a single wild-caught house mouse. At
12-13 days of age, this mouse was mildly attracted by
the odor from a stressed adult male conspecific, but at
18-19 days of age and thereafter, the mouse was repelled
by that odor. Although he recognized the need for more
data, Miiller-Velten tentatively concluded that the repel-
lent effect of the odor from stressed adult conspecifics
first appears at about the time of weaning.

Slevin and Carr (Note 1) tested Muiiller-Velten’s
(1966) conclusion, using mice aged 12, 19, 37, 64, and
98 days of age. The 98-day-old mice reliably preferred
the odor from nonstressed adult males over that from
stressed adult males (14-16 weeks old), but those aged
64 days or less showed no reliable preference for either
test odor. However, prior to testing, the 98-day-old
mice had cohabited with other adult males, some from
other litters. On the other hand, the mice aged 64 days
or less had cohabited only with their dams and siblings.
Considerable evidence now supports the view that,
among house mice and other rodents, the reactions to
socially significant odors are influenced by exposure to
those odors early in life (Alberts & Brunjes, 1978;
Brown, 1979; Doty, 1974; Hayashi, 1979; Leon, 1978;
Mugford & Nowell, 1972; Rottman & Snowdon, 1972;
Brown, Note 2). Therefore, the present experiment was
a replication of that performed by Slevin and Carr
(Note 1), except that the immature subjects used in the
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present experiment had been reared from birth until
testing with an adult male (their sire), as well as with
their dams and siblings.

METHOD

Subjects

The subjects were 49 house mice (Mus musculus) of the
C57B1/6] strain, bred in our laboratory from adults obtained
from the Jackson Laboratory, Bar Harbor, Maine. Twenty-
seven were tested at 24 days of age and 22 at 48 days of age.
Each age group consisted of approximately equal numbers of
males and females.

From birth until testing, the subjects were maintained as
litters (four to eight pups) with their dams and sires in cages
measuring 20 x 25 x 25 cm. They were housed in a temperature-
controlled room (22°C) on a 12-h light-dark cycle. Charles
River Lab Chow checkers and water were available constantly.

Apparatus and Procedure

Each subject received a single 10-min odor preference test,
conducted in a rectangular runway (12 x 18 x 64 cm). During
the test, the subject could investigate two cardboard cylinders
(10 x 15 cm), located at opposite ends of the runway. For
1 h immediately preceding the test, each cylinder had housed an
adult male mouse (either stressed or nonstressed) and a small
amount of clean pinewood shavings. Just before the test, the
adult males were removed from the cylinders, leaving behind
urine, feces, and the bedding. Cardboard caps on both ends of
the cylinders barred the subject’s entrance, but perforations in
the caps allowed odor-laden air to pass through the cylinders
and into the runway. A cardboard atrium (10 x 10 cm) was
attached to each cylinder in a manner illustrated elsewhere
(Carr, 1974). The floor of the runway consisted of clean news-
print, which was changed after each subject was tested. New
cylinders, caps, and atria were used after every fourth subject.

At the outset of the 10-min test, each subject was placed in
the center of the runway, facing neither cylinder. The experi-
menters recorded the amount of time the subject spent investi-
gating each cylinder, that is, the number of seconds any part of
the subject’s body (less tail) extended inside the atrium attached
to each cylinder.

The donors providing the test odors were 26 male mice
(C57B1/6J), aged 14-16 weeks. They had been housed indi-
vidually for at least 2 weeks prior to testing. On the day of
their use, several donors were placed individually in a shock box
for 10 min, in which they received 20 1-mA shocks, each shock
lasting S sec. An equal number of donors spent 10 min in
another box in which no animal had ever been shocked. Immedi-
ately thereafter, each donor was placed in a fresh cylinder for
the hour just before testing. Each donor provided test materials
only on one occasion and for no more than four subjects.

Prior to their use in the experiment, the subjects and donors
were gentled by daily handling, the subjects were habituated to
the runway, and the donors were habituated to the shock box

and a cylinder. During testing, a counterbalancing procedure was
used to eliminated the effect of a possible position preference
on the part of the subjects.

RESULTS AND DISCUSSION

As shown in Table 1, neither the male nor the female
subjects that were 24 days old at the time of testing
exhibited a reliable preference for either test odor during
the 10-min preference test. However, the 48-day-old
females reliably preferred the odor from nonstressed
males over that from stressed males [Wilcoxon T(12) =
12, p<.05]. The 48-day-old male subjects exhibited a
preference in the same direction that was not statistically
significant. When combined into a single group, the
48-day-old males and females reliably preferred the
odor from nonstressed adult males [T(22) = 56, p = .02].
Therefore, we conclude that the repellent effect of the
odor from stressed adult conspecifics first appears some-
time between weaning and early adulthood. Male and
female house mice are capable of reproducing at 40-
50 days of age (Asdell, 1964; McKinney & Desjardins,
1972).

The repellent effect of the odor from stressed adult
conspecifics may depend on the subjects’ social history.
Slevin and Carr (Note 1) found that 64-day-old mice
that had been reared from birth until testing with only
their dams and siblings are indifferent to the odors from
stressed vs. nonstressed adult males. The odor-preference
testing technique used in the present experiment was
virtually identical to that used by Slevin and Carr
(Note 1). Yet, the present results indicate that 48-day-
old mice that had been reared with an adult male (their
sire) as well as with their dams and siblings prefer the
odor from a nonstressed adult male over that from a
stressed adult male. Brown (1979, Note 2) also reported
that previous experience with adults other than their
dams plays a role in the development by rodents of
species-typical responses to socially significant odors.

The reliable preference exhibited by 48-day-old
females (but not 48-day-old males) for the odor from
nonstressed adult males is congruent with the view
expressed by Doty (1974) that early olfactory experi-
ence may be a more important determinant of the
female rodent’s response to socially significant odors
than of the male’s response to such odors. Alternatively,

Table 1
Mean Time (in Seconds) Spent by Young Mice Investigating Odors from Shocked vs. Nonshocked Adult Conspecifics

24-Day-Old Subjects

48-Day-Old Subjects

Mean M Mean
M Difference Preference __ale_OdL Difference Preference
N  Nonshocked Shocked Score Ratio N  Nonshocked Shocked Score Ratio
Males 12 159 216 -57 3/9 10 239 190 +49 7/3
Females 15 161 188 -27 7/8 10 240 152 +88* 11/1
Both 27 160 200 —40 10/17 22 240 170 +70%* 18/4

Note—Preference ratio is defined as the number of mice preferring the nonshocked male odor divided by the number preferring the

shocked male odor. *p <.05. **p <.02.
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sexually mature female mice may simply react more
discriminatively than males to the odors from stressed
vs. nonstressed males, both males being potential sex
partners for the females. Likewise, mature males may
react more discriminatively than females to the odors
from stressed vs. nonstressed females.
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