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The wheel-running hierarchy of four inbred mouse
strains (C57BL/6J, C3H/Hed, BALB/cd, and CBA/J)
under adlib food condition was compared to the
exploratory ' activity hierarchy of the same strains.
Although there was a difference in the hiérarchies, this
difference could be accounted for by the shift in
position of the C57BL/6J strain from most active in the
exploratory situation to third most active in the
wheel-running situation. Under a 50% ad lib
food-deprivation regimen, two effects were found. First,
CBA/J mice differed from the other strains by
decreasing wheel-running rate during the deprivation
period, whereas the other strains showed an increase;
and second, BALB/cJ and C3H/HedJ mice died early in
the deprivation period. This early death rate may be the
result of a more rapid weight loss when compared to
C57BL/6J and CBA/J mice.

Most behavioral tasks used to assess the performance
of experimental animals contain an obvious activity
component. However, the relationships among the
various types of activity which contribute to
performance in these tasks (e.g., running, jumping,
barpressing, and exploration) have not yet been
subjected to systematic study. Such relationships may be
an important source of information in attempts to relate
the performance of Ss in several behavioral situations.
Two commonly used indices of activity are performance
in a wheel-turning situation and exploratory behavior in
an open-field test (Campbell & Lynch, 1967, 1968;
McClearn, 1960, 1961).

The performance of inbred mouse strains may be used
to detect genetic influence upon behavioral measures.
Where strain differences in behavior occur, it is likely
that differences in underlying mechanisms are also
present.

Bruell (1964) has noted strain differences in
wheel-running activity when animals were tested for
limited periods of time, i.e., 6 h per strain. Differences in
exploratory activity have also been found in a number of
inbred mouse strains (Thompson, 1953, 1956; McClearn,
1960, 1961; Southwick & Clark, 1966). However, the
relationship between the strain hierarchy in exploratory
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activity and hierarchy on wheel running has not been
determined.

The relationship between the two activity measures
could take at least two forms. First, if strains differ on a
generalized activity level (McClearn & Meredith, 1964),
then mice of strains that were active in the exploratory
field might be expected to be active in running wheels.
On the other hand, if strains differ on different tasks and
reflect different underlying mechanism, then running
wheel activity could differ from exploratory activity
(Treichler & Hall, 1962).

In order to explore the relationship, four strains
which were known to differ on exploratory activity were
tested to determine the activity hierarchy in running
wheels. This strain ordering was then compared to the
hierarchy of exploratory activity as determined by
Thompson (1953, 1956), McClearn (1960, 1961), and
Southwick & Clark (1966). In addition, since food
deprivation often increases running activity (Campbell
et al, 1966; Campbell & Lynch, 1967, 1968), the effect
of food deprivation on wheel running was investigated to
discern whether it alters the wheel-running hierarchy of
the four strains.

PROCEDURE

Four strains of mice, C3H/HeJ, C57BL/6J, BALB/cJ, and
CBA/J (hereafter referred to as C3H, C57, BALB, and CBA,
respectively), were obtained from The Jackson Laboratory,
Bar Harbor, Maine, at 60 days of age. Thirteen Ss were used
from the C3H, C57, and CBA strains and 12 from the BALB
strain. When the animals were 120 days old, they were placed
individually in 14-in.-diam Wahmann running wheels. After a
10-day adaptation period in which no measures were taken, a
10-day adlib period followed when food and water were
available continually. Measures were taken in this period of
wheel running (revolutions/24 h), food and water intake, and
body weight. Based on individual animal’s daily food intake
during the ad lib period, half of the Ss of each strain were placed
on a food-deprivation schedule (50% of ad lib intake). This
schedule was used because pilot work with white Swiss mice
indicated an ability to survive on 50% food for long deprivation
periods. The Ss were matched for wheel running under ad lib
conditions. Following the deprivation period, food was again
made available ad lib, with measures of wheel running, food and
water intake, and body weight taken daily until running returned
to baseline.

RESULTS AND DISCUSSION

Under adlib food conditions, the wheel-running
hierarchy differed from the exploratory activity
hierarchy. In the latter activity, the C57 strain is the
most active, while the C3H strain is most active in the
running wheel. The hierarchies from most active to least
active were C3H, CBA, C57, and BALB for wheel
running (ad lib) and C57, C3H, CBA, and BALB for
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Fig. 1. The ratio of mean deprivation body weight to mean
ad lib body weight over deprivation days for four strains of mice.

exploratory activity (Thompson, 1953, 1956; Southwick
& Clark, 1966). The hierarchy difference is a reflection
of the relative decrease in the activity level of C57 mice
in wheel running.

Significant strain differences were found on wheel
running during ad lib food conditions. These differences
are mainly due to the high running rate of the C3H
strain. Thus, when Tukey comparisons are made
between the strains following a significant analysis of
variance across the four strains (F =32.50, df =347,
p <.001), a number of strain differences are apparent.
The C3H strain differed significantly from the other
three strains. The BALB and CBA strains differed from
each other significantly, whereas the C57 strain did not
differ from the BALB or CBA strain.

It appears that the C57 mice react to the two activity
situations differently. Exploratory activity and
wheel-running activity yield different levels of activity.
The other strains, however, maintained their relative
positions in the activity hierarchy.

Having established a strain hierarchy of wheel
running, we then investigated the effect of food
deprivation on wheel running. Two results of deprivation
were found. First, food deprivation results in different
survival rates for the four strains. The BALB and C3H
mice died early in the deprivation period, while CBA and
C57 mice were able to endure the full deprivation
period. The BALB and C3H mice probably die earlier
during food deprivation because of a rapid weight loss.
This rapid weight loss is also reflected in the high
running rates for these two strains on the first
deprivation day. Figure 1 presents the ratio of mean
daily deprivation weight to mean ad lib body weight and
indicates that the BALB and C3H strain lose weight at a
greater rate than the C57 or CBA strains.

The second effect of food deprivation on wheel
running was to produce running rates which differed
from the ad lib rates in the four strains. It was found
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that the mean running rates of two of the strains, C3H
and C57, during food deprivation exceeded the mean
running rates of the same mice during the ad lib food
condition, as well as the mean rates of nondeprived
control Ss. The mean running rates of BALB mice
appear relatively unchanged, although there is an
increase in running rate on the first deprivation day. The
CBA strain was the most unusual and differed from the
other strains in that a gradual, but steady, decrease in
wheel running occurred during the entire
food-deprivation period. Figure 2 shows the mean daily
running rate during ad lib (top) and food-deprivation
conditions for the control and experimental groups
(bottom).

The strain differences that were found in both ad lib
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Fig. 2. Mean daily running rate for four strains of mice under
ad lib conditions (top) and running rate during food deprivation
for the same four strains of mice (bottom).
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and food-deprived conditions are important and should
be noted whenever inbred mouse strains are used in
behavioral research. The implication from the present
research is that the genotypes of the various strains
result in unique responses to behavioral situations,
especially in the food-deprived state. This is clearly
evident in the CBA strain, which responds to food
deprivation by decreasing wheel running, whereas the
remaining three strains increase. Further evidence of the
genetic influence is also provided by the fact that two of
the strains died early in the deprivation condition.
Research in possible physiological mechanisms which
accompany the various behavioral responses would be
valuable in determining the genetic contribution to
behavior.
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