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SOCIAL MODIFICATION OF ACTIVITY RHYTHMS IN RODENTS 

JOHN B. CALHOUN 

Several years ago in a natural setting, I monitored with photoelectric cells 
the visitations of rats (Rattus norvegicus) into the vicinity of their major source 
of food and water (CALHOUN 2 ) . At a time when the population was at a fairly 
low density and consisted mainly of adults, its members exhibited a bimodal 
nocturnality of activity ( see insert on Fig. 1 ). The first of these two nocturnal 
phases of activity was larger than the second. An earlier review of the literature 
( CALHOUN 1

) revealed that bimodal diurnality and bimodal nocturnality most typi
cally characterized diurnal and nocturnal vertebrates, respectively. I assumed that 
such rhythmicity reflected a basic characteristic of vertebrates exposed to the usual 
shift between light and darkness each 24 hrs. It therefore came as somewhat of a 
surprise to see this pattern violated when the population became more crowded. 
Level of activity became uniform throughout the night, and considerable activity 
spread into the early morning and late afternoon. Examination of the data in more 
detail revealed that the socially more dominant individuals tended to retain the basic 
bimodal nocturnality, whereas socially less adequate individuals tended to avoid 
times when their dominant associates were active. They avoided the dominant 
individuals by increasing diurnal activity anJ by becoming more active during 
the hours intervening between the two nocturnal peaks of activity of the dominants. 

As my studies of rodent populations have shifted from natural settings 
into more controlled indoor ones, I have continued to arrange periods of obser
vations so as to provide more insight into the influence of social history and 
crowding on modification of the basic bimodal nocturnality of domesticated strains 
of mice (Mus musculus) and of rats (Rattus norvegicus). The sole purpose of this 
paper is to describe two of such approaches and the insights they permit. Results 
presented are those of gross first examination. Therefore, interpretations are only 
approximate; more detailed analyses may be provided upon further examination. 

MATERIALS AND METHODS 

Special terminal behavioral types in study 102 (Figs. 1-6) 

One population of Balb C strain mice reached a peak number of 2200 in 
a designed habitat, Universe 25, that was optimum for 150 (CALHOUN 4

•
6

; 

MARSDEN 7
) . During the entire study, the mice were subjected to a light cycle 

of dim light from 1000 to 2200
, and bright light from 2200 to 1000

. Rapid population 
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Fig. 1 - All observations outside of nest boxes. The symbols found at the right-hand side 
of Figs. 1-6 have the following meanings: M: movement and sociality (beta 10-47); ingestion 
related (beta 51-71); i: inactivity (beta 72-87); a: activity ( = M + I ); all observations 
( = i + a). Additional details are found in the text. 

growth ceased at 315 days after colonization (DAC). Cessation of population 
growth occurred on DAC 560. The last animal to survive past weaning was 
born on DAC 600. The last mouse died 1134 days later on DAC 1734. Between 
DAC 982 and 1000, Halsey M. Marsden and I conducted eight 1-h periods of 
observation on each of 10 days on a highly selected set of 192 individuals. Three 
hundred and eighty-nine days elapsed between the birth of the last surviving 
young and the midpoint date of observations. Very few females conceived during 
this time of no surviving young ( more than a year). This reproductive failure 
reflected the loss of behavioral competence that characterized all members of 
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the population. To varying degrees, all individuals in our sample of 192 repre
sented the behaviorally inadequate type 0£ autistic-like individuals previously 
designated as the beautiful ones because of their excellent physical appearance 
earlier in their life that resulted from a relative failure to participate in social 
interactions coupled with an accentuation of grooming. 

Even so, sufficient variability of behavior persisted to permit selection of 
twelve individuals each of sixteen behavioral subtypes, eight male subtypes and 
eight female subtypes. For the present purposes, five of the eight subtypes of 
males have been aggregated into two major types, based on within-type similarity 
in history, behavior and 24-h rhythm of activity. Similarly, six of the eight 
subtypes of females have been aggregated into two major types (see Tab. 1 ). 

Every mouse had the opportunity to move between nest boxes and the 
public space which provided access to food and water, and the opportunity 
to engage in social interactions. Observations only covered the character of 
activity and inactivity in public space (i.e., outside nest boxes). Each specific 
different aspect of such behavior was termed a beta, an aspect of a more extended 
behavioral state. Movement and social interaction was denoted by 38 beta; 22 
denoted some aspect of eating or drinking, and 16 described aspects of inactivity. 
Each of the albino mice carried a unique color code to permit individual recog
nition. The beta characterizing each marked mouse was noted at each of several 
times each geographic region of the habitat was examined each hour. 

Velocity types in study 103 (Fig. 7) 

This study included all male groups inhabiting 4-cell universes or closed 
habitats (CALHOUN 

4
) that proved to be optimum for twelve individuals of the 

C X A Fl mice studied. The numbers were 4, 8, 16 and 32. Individuals con
sidered here only came from the latter three group sizes. Particular emphasis 
was placed on a measure of social velocity, a measure of the degree to which 
individuals are alert and active in public space (CALHOUN 3). In general, there 
is a positive correlation between this velocity and behavioral competence, domi
nance and involvement in social interaction. Measures of velocity presented in 
the insert table in Fig. 7, essentially represent the percentage of instantaneous 
observation periods during which a mouse was alert and active in those portions 
of the habitat where social interactions most frequently take place. 

The mice were introduced into their universe shortly after weaning. At 
this age and at 4, 7 and 12 months of age, 120 observations were made of 

behavior 
mean no. observations/ 12 mice categorization generic mean 

sex color age 
codes days M 

I I i I a type name 
movement ingestion inactivity total 

male GN,RY 525 239 135 170 544 
1 inadequate 

female BN,NB,NG 492 136 123 53 312 

male GG,GR,RN 494 
2 withdrawn 

196 84 61 341 

female BR,BY, NY 455 100 107 53 260 

Tab. 1 - Study 102 behavior types of Balb C mice. 
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Fig. 2 - Activity versus inactivity outside of nest boxes (for symbol code, see Fig. 1). 

just sufficient duration to note the place, degree and kind of activity. The present 
analysis is confined to the observations made at 7 and 12 months of age. Between 
these two ages, social structure was becoming stabilized. Certain individuals 
exhibited marked constancy in velocity from 7 to 12 months of age. These were 
selected to form high, low and very low velocity types. A fourth type, unstable, 
was characterized by marked shifts in velocity between 7 and 12 months. These 
four types are here examined with respect to their presence in public space 
between 0800 and 1600

• 
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RESULTS AND DISCUSSION 

Study 102 

These results are presented in Figs. 1-6. The number(s) in brackets on 
these figures represent the number of sets of twelve mice for which the mean 
per set of twelve was calculated. For Figs. 1-4 and Fig. 6, the number in 
parentheses at the right of each graph are the total beta observations upon which 
the mean per twelve mice of the graphed data is based. For Fig. 5, this number 
in parentheses is the mean total beta for twelve mice. All observations of all 192 
mice, Fig. 1.1, show little variation over the 18 hrs of the 24-h period studied. 
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Fig. 3 - Activity versus inactivity outside of nest boxes (for symbol code, see Fig. 1 ). 
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Fig. 4 • Movement by males retaining residual aggressiveness (for symbol code, see Fig. 1 ). 

Females as a whole, Fig. 1.3, present a slight tendency toward a dim light period 
bimodality, but with an indication of a shift of the rhythm forward toward 
the bright light period. With the exception of an increase in observations at 
the two ends of the bright light period, the data for all males, Fig. 1.2, are particu
larly unvarying over time. When inactivity, Fig. 2.2, for all males is separated from 
activity, Fig. 2.1, it appears that male mice have totally reversed their cycle 
from nocturnality to diurnality. The increase in activity at the two ends of the 
bright light period suggests that, had observations been continued during the 
remaining 2 hrs of bright light, a clear bimodal diurnality would have been 
revealed. In contrast, the activity for all females (Fig. 3.1) shows that they 
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Fig. 5 - Residually aggressive (type 1) versus withdrawn (type 2) males (for symbol code, see Fig. 1). 

have largely retained the normal bimodal nocturnality. This nocturnality is also 
reflected in the abrupt decrease in resting or inactivity in public space, Fig. 3.2, 
near the times of shift between bright and dim light as the females leave public 
space to retire into the nest boxes. 

Two subtypes of males were grouped together a, type 1 (inadequate), since 
members of each retained a residual capacity for exhibiting some aspects of 
aggressive behavior. The rhythms of summarized movement, aggression and other 
social interactions for these two subtypes are contrasted in Fig. 4. Basic 
bimodal nocturnality is violated more by the much-more active GN = ag
gressor subtype (Fig. 4.1). This presumably results from their being affected 
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Fig. 6 - Females: inadequate (type 1) versus withdrawn {type 2). (-For symbol code, see Fig. 1). 

more when they were maturing socially by older and more behaviorally com
petent males who forced them from the more desirable nocturnal dim light 
period. As a consequence, their major period of activity fell toward the end 
of the bright light period, and apparently another episode of increased activity 
occurred at the beginning of the bright light period. Between them, activity 
declined continuously through the 12 hrs of dim light. The other subtype of 
behaviorally inadequate males was called can because of their tendency to spend 
much time in or on the cans •suspended on ring stands which removed them from 
social interaction in the public space below. This subtype is the most autisticlike 
and behaviorally inadequate of the eight subtypes of males surviving to DAC 989. 
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Fig. 7 - Presence in public space by C X A FI males (study 103). 

They most justify the designation beautiful ones applied to all the subtypes of 
terminal males - so called because of their lack of involvement in status 
interactions, while accentuating self-oriented behavior such as grooming. They 
behaved as if they hardly perceived their associates. This relative psychological 
isolation from reality permits them to approximate more closely than any other 
subtype of male, the basic bimodal nocturnality (Fig. 4.2). At least they are 
able to exhibit one increased phase of activity during the last half of the 12-h 
dim light period. 

Three subtypes of males shared the characteristic of accentuated withdrawing, 
both physically and psychologically, from participation in social interaction. They 
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were quite divergent in their mode of withdrawal. Subtype GG = low n retreated 
to those most distant nest boxes inhabited by the fewest associates. Subtype 
GR = solitary, the most inactive of all males, usually huddled alone near the 
source of food or water. Subtype RN = pooled, the oldest of all the subtypes, 
spent most of their time in motionless aggregates in the center of public space. 
All these very low activity subtypes exhibited an accentuation of loss of noc
turnal activity (Fig. 5.2). Had our observations been extended through the 
remaining 8 hrs of the brigtt 12-h period, it is apparent from their marked 
increase in relative activity into the bright light period that they would have 
exhibited a striking bimodal diurnality. This total reversal of the basic bimodal 
nocturnality presumably resulted from the fact that the relatively greater ade
quacy of behavior of the withdrawn subtype ( type 2) during earlier social de
velopment, in comparison with the inadequate ( type 1) males, subjected them 
more to the suppressive actions of the older, more competent, males of the 
prior generation. . 

Behaviorally inadequate ( type 1} females, similar to type 1 males, preserved 
the most normal rhythm of activity (Fig. 6.2). Except for an approximately 2-h 
forward displacement, these females exhibited the basic bimodal nocturnality. 
Their apparent inability to perceive others as appropriate objects for social in
teraction, coupled with normally reduced involvement in status interactions by 
females, permitted the expression of the normal bimodal nocturnality in a fashion 
compatible with individuals isolated from most socially inhibiting influences. In 
contrast, there had been an inhibition of the first elevated phase of activity 
among the withdrawn {type 2) females (Fig. 6.1), whose relatively greater beha
vioral competence during earlier social development had subjected them more 
to the inhibitory actions of older mice of even greater behavioral c6mpetence. 
Both types of females exhibited similar unimodal rhythms of inactivity in p~blic space. 

Study 103 (Fig. 7) 

Although this study provided observations only for the first hour before 
the shift from bright to dim light, and the 6 hrs following it, the results do 
provide further insight into the modification of the basic bimodal nocturnality 
of rhythm resulting from social pressures accompanying crowding. High velocity 
mice are the more dominant and territorial males in their respective groups. The 
low velocity males exhibit stable subordinant status to their high velocity asso
ciates. Due to this stability of relationship, both of these velocity types apparently 
retain more of the basic bimodal nocturnality, although there is some inhibition 
of the first phase of activity among the low velocity mice. 

In contrast to the above two types, the unstable velocity and the very low 
velocity males exhibit a continuing decline in activity throughout the 7 hrs 
of observation. In this respect they resemble, nearly exactly, the withdrawn 
(type 2) males of study 102 shown in Fig. 5.2. Like them, the unstable velocity 
and the very low velocity types in study 103 were characterized by physical or 
behavioral withdrawal. The unstable velocity males withdrew by becoming inactive 
while remaining in public space in contrast to the very low velocity inales who, 
after engaging in few social interactions while in public space, withdrew into 
the nest boxes where they spent most of their time. These latter were both 
psychologically and physically withdrawn from early in their lives. In contrast, 
the unstable velocity males were acting-out individuals. They engaged in many 
more aggressive acts than the dominant, high velocity, males, and these acts were 
even more often accompanied by vocalization. However, despite these differences 
between unstable and very low velocity males, their similarity in tendency to 
withdraw was accompanied by a shift in rhythmicity toward bimodal diurnality. 

92 



l) a.v-c.. .\-kc., 0-1.J1s.4,(...~ I, h ... 
l - b 

SUMMARY i 
''b ecc~\•6~ ~ 

Activity rhythms of mice (Mus musculus) subjected to er ding are examined. Crowding 
produces a shift in rhythm of activity from primarily noctr,rnality to primarily diurnality. 
Among males in particular, there may be a total reversal from1bimodal nocturnality to bimodal 
di roximate norma · of r · · · · · 
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un resence s. 
that t ere must be a samp avior throughout the 24 hrs in order to assess adequately 
the variability in behavior resulting as crowding increases. Our current studies of mice popu
lations will utilize such a 24-h sampling by visual observation. For rats (Rattus norvegicus), 
we have developed an automated, computer interfaced, data acquisition system, that will con
tinuously monitor, by identity of every individual in groups of up to 100 individuals over 
space and time for their entire lives, most behaviors expressed in complex social and physical 
environments. This type of behavioral monitoring permits calculation of the probability, p, 
of initiating each behavioral state (CALHOUN'). It also permits calculation of the probability, 

p, of a behavioral state terminating in a next given unit of time, t. Both p and p have distinct 
24-h rhythms of variation. Since these two types of probability function determine how much 
time and individual is in each behavioral state, they represent major parameters for analysis 
of 24-h rhythms. 
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