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Abstract The locomotor activity rhythm of different
castes of the ant species Camponotus compressus was
monitored individually under laboratory light/dark (LD)
cycles, and under continuous darkness (DD). The colony
of this ant species comprises two sexual castes, the queens
and the males, and three worker castes, namely the major,
media, and minor workers. The virgin males and virgin
queens display rhythmic activity patterns, but the mated
queens were arrhythmic while laying eggs, with the
rhythmicity resuming soon after egg-laying. Under the
LD regime, major workers showed nocturnal patterns,
while about 75% of the media workers displayed noc-
turnal patterns and about 25% showed diurnal patterns.
Under the DD regime, most major workers exhibited
circadian rhythm of activity with a single steady state,
whereas media workers displayed two types of activity
patterns, with activity patterns changing after 6-9 days in
DD (turn-arounds). The pre-turn-around 7 of the ants that
showed nocturnal activity patterns during LD entrainment
was <24 h after release into DD, which then became
>24 h, after 6-9 days. On the other hand, the pre-turn-
around 7 of those ants that exhibited diurnal patterns
during LD entrainment was first >24 h after release into
DD, and then became <24 h, after 6-9 days. The activity
of the minor workers neither entrained to LD cycles nor
showed any sign of free-run in DD. It appears that the
circadian clocks of the ant species C. compressus are
flexible, and may perhaps depend upon the tasks assigned
to them in the colony.
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Introduction

Many biological rhythms, when monitored under constant
conditions in the laboratory, occur with a “free-running
period” () of approximately 24 h (Dunlap et al. 2003).
Although the 7 of such circadian rhythm is often regarded
as an inherent property of the organism’s clock, there is
evidence that 7 can vary in response to environmental
time cues, often reflecting a residual effect of the previ-
ously experienced environmental condition (Saunders
2002; Sharma 2003a). Given the fact that the temporal
niche adopted by an organism depends upon its 7, changes
in 7 might be particularly important for organisms living
in periodic environments (Sharma 2003a).

Social insect colonies normally face various chal-
lenges, such as changes in colony sizes, time of the year,
food availability, predation pressure, and climatic condi-
tions. The survival of the colonies under such demanding
conditions requires a number of tasks to be performed
simultaneously, and social insects seem to have evolved a
division of labor to meet such challenges (Bourke and
Franks 1995). In honeybees, newly emerged workers
(during first 3—5 days after eclosion) remain in the nest,
and their activity, oxygen consumption, and temperature
regulation are arrhythmic when assayed under periodic
field conditions, as well as in periodic and constant lab-
oratory conditions (Bloch et al. 2001). The older bees act
as foragers, and exhibit a circadian rhythm of locomotor
activity (Toma et al. 2000; Bloch et al. 2001).

In several ant species, a significant proportion of old
workers remain in the nest and some newly emerged ones
rapidly develop to become foragers (Sendova-Franks and
Franks 1993). Thus young foragers and old nurses may be
found simultaneously in the same colony (Sendova-Franks
and Franks 1993, 1994). Calabi (1988) and Gordon (1989)
demonstrated that a few species of ants have the capability
for behavioral flexibility and task switching. In addition,
in a number of ant genera, division of labor is associated
with physical polymorphism (Holldobler and Wilson
1990). In several species of ants, winged sexual castes
mate during or following a flight at a species-specific time



of the day and the inseminated females lose their wings
and start new colonies (McCluskey 1992). The above
studies suggest that division of labor in ant colonies is
flexible and probably much more complex than in hon-
eybee colonies. Notwithstanding the importance of circa-
dian clocks for social insects in facilitating social organi-
zation, the consequences of social organization and divi-
sion of labor on circadian rhythms have never been in-
vestigated in any social insect other than honeybees. Al-
though, circadian locomotor activity rhythms have been
documented in individual workers of wood ants, our un-
derstanding of the consequences of flexibility in division
of labor on the circadian clocks of ants is still in its infancy
(North 1987, 1993).

In this paper we report the results of our experiments
aimed at investigating the circadian timing systems of
several castes of the ant species Camponotus compressus.
The locomotor activity rhythms of different castes were
monitored in LD and DD regimes in the laboratory to
understand whether or not circadian rhythms of different
castes are manifested due to the tasks in the colony.

Materials and methods

Different castes of ants of the species C. compressus belonging to
the family Formicidae of the order Hymenoptera (Holldobler and
Wilson 1990) were collected from four different colonies in the
campus of the Jawaharlal Nehru Centre for Advanced Scientific
Research, Bangalore (13°00'N, 77°32'E). The age of these ants was
not known and therefore caste identifications were done solely
based on morphological and behavioral features. This species of
ants is polymorphic; the major, media, and minor workers were 14—
18, 11-16, and 6-8 mm long, respectively, while the queens were
18-24 mm long and the males were 10—13 mm long. The queens of
this species of ants are egg-producing machines and the males are
involved only in mating, after which they die. The minor workers,
besides occasionally foraging, are also involved in nursing and in
attending to other nest-related chores. The media workers are task
generalists, are more active, and perform tasks similar to major and
minor workers; although the majority of the major workers are
foragers, some of them (guards) additionally defend the colony
against any external danger (Holldobler and Wilson 1990). Those
major workers that act as guards have significantly bigger heads
and mandibles than other major workers. The ant colonies were
maintained in the laboratory under 24-h (12:12 h) LD cycles in
plastic tubs with plaster of Paris at the bottom and covered with an
acrylic sheet. Several connected shallow compartments were made
on the plaster of Paris surface, covered by glass plates to create
narrow chamber-like spaces resembling their natural nests. Food
(honey solution) and water were provided in glass vials closed with
cotton plugs, and occasionally freshly killed grasshoppers were
offered. The temperature was maintained at 24+1°C and the relative
humidity varied between 70 and 90%. The activity data for each ant
was recorded individually using a computerized activity monitoring
system (Sharma 2003b). The activity was monitored for the first
15 days under LD cycles (“lights-on” at 0800 hours and “lights-off”
at 2000 hours), and then in DD, in cubicles illuminated constantly
with dim red light of 2>650 nm.

The periodicity of the locomotor activity rhythm was estimated
by subjecting the primary data to Fourier spectral analysis (Sharma
et al. 2004b). The 7 of the locomotor activity rhythm in the two
steady states of the media workers was subjected to mixed-model
analysis of variance (ANOVA). Post-hoc multiple comparisons of 7
were done using Tukey’s test. The 7 values of the locomotor ac-
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tivity thythm of the virgin and mated queens were compared using
Student’s 7-test.

Results

The fraction of workers that survived isolation was
greatest for major workers, followed by media and minor
workers. Almost all rhythmic major workers showed
nocturnal activity patterns in the LD regime (Fig. la),
whereas about 75% of media workers displayed nocturnal
activity patterns, and about 25% of them showed diurnal
activity patterns (Fig. 2a, b). Most major workers (34 out
of 46) exhibited circadian locomotor activity rhythm in
DD, with an average 7 of 23.98+0.62 h (mean = SD)
(Fig. 1a). A few major workers (6 out of 46) exhibited a
greater- than- average level of activity, and did not dis-
play any rhythmicity of activity either in LD or in DD
regimes (Fig. 1b). All 16 media workers exhibited a cir-
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Fig. 1 The locomotor activity record of a rhythmic (forager: a) and
an arrhythmic major worker (soldier: b) (out of 46 that survived
isolation), assayed for the first 15 days in LD cycles of 12:12 h
(lights-off at 0800 hours and on at 2000 hours) and then under
continuous darkness (DD). The bars and blots represent activity
and their absence denotes rest. The time of the day is plotted along
the abscissa and the days along the ordinate in chronological order.
The lines drawn through the onsets are drawn to give a visual
impression of the approximate trend the locomotor activity rhythm
takes during the free-running and entrained conditions. The loco-
motor activity thythms of the forager (a) entrained to LD cycles,
with activity beginning with “lights-off” and free-run in DD. The
free-running period (7) of this ant was 23.27 h. The locomotor
activity thythms of the guard (b) neither entrained to LD cycles nor
did it show any sign of free-run in DD
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Fig. 2 The locomotor activity records of a type-1 (a) and type-2 (b)
media worker (out of 16 that survived isolation), maintained for the
first 15 days in LD cycles of 12:12 h. The locomotor activity
rhythm of the ants entrained to LD cycles and free-ran under DD
displaying a free-running period (7) of 22.33 h for the first 6 days
and of 25.22 h for the remaining 5 days (a), and of 24.83 h for the
first 7 days and 23.34 h for the remaining 9 days (b). Other details
are as in Fig. 1

cadian rhythm of locomotor activity in DD, displaying
two different activity patterns (“turn-arounds”); the 7 of
activity rhythm in 10 out of 16 ants lengthened (type 1),
and shortened in 6 out of 16 ants (type 2). The 7 of the
type-1 ants that exhibited nocturnal activity patterns in
LD cycles was first 23.32+0.26 h (mean = SD) on release
into DD and then Ilengthened after 6-9 days to
24.56+0.20 h (mean + SD) (Fig. 2a). The 7 of type-2 ants
that exhibited diurnal activity patterns in LD cycles was
first 24.32+0.46 h (mean + SD) on release into DD and
then shortened after 6-9 days to 23.47+0.11 h (mean +
SD) (Fig. 2b). ANOVA on the 7 values revealed a sig-
nificant effect of type of pattern on 7 (F3=13.11,
P<0.0001), and a significant interaction between types of
pattern and the steady state 7 values (F3,=26.38,
P<0.0001). Post-hoc comparisons using Tukey’s test
showed that the 7 values of the type-1 and type-2 ants
were significantly different between the pre- and post-
turn-around steady states (P<0.001). No sign of circadian
rhythmicity in the locomotor activity was seen in the
minor workers.

Only five out of nine virgin males survived in isolation
for more than 6 days. The mating flights of virgin males
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Fig. 3 The locomotor activity records of a virgin male (out of five
that survived isolation) and a virgin queen (out of nine that survived
isolation) maintained for the first 10 days in 24-h light/dark (LD;
12:12 h) cycles. The locomotor activity was recorded in continuous
darkness (DD) of the laboratory after day 11. The locomotor ac-
tivity thythm of the ants displayed a free-running period (7) of
23.19 and 23.42 h, respectively. Other details are as in Fig. 1

and virgin queens were possibly synchronized, because
these ants were captured from the mating sites at the same
time (Fig. 3a, b). The locomotor activity rhythm of the
two reproductive castes, i.e., virgin males and virgin
queens, free-ran in DD with an average 7 of 23.72+0.17
and 23.60+0.48 h, respectively. The 7 of the virgin males
and the virgin queens did not differ significantly
(P>0.05), suggesting similarity in the circadian clocks
between the two reproductive castes. On the other hand,
the locomotor activity of the mated queens was arrhyth-
mic for the duration of egg laying; robust rhythmicity
appeared soon after the egg-laying phase was over (data
not shown).

Discussion

The major workers (guards) in the C. compressus colony
remained active a round the clock, both under LD as well
as DD regimes, whereas the major workers (foragers) who
probably need to precisely anticipate periodic events in
nature, displayed locomotor activity rhythm that syn-
chronized to 24-h LD cycles, and free-ran with a near
24-h period. The media workers, the generalists, dis-
played both nocturnal and diurnal patterns under LD re-



gime (Sharma et al. 2004a). According to Aschoff’s rule,
the 7 of nocturnal animals in DD is generally <24 h and
that of diurnal animals is generally >24 h (Saunders
2002). Therefore, the ants that display nocturnal patterns
in LD cycles should have 7 <24 h, and those that exhibit
diurnal patterns should have 7 >24 h. This was indeed the
case; nocturnal ants did exhibit locomotor activity rhythm
with 7 <24 h, and diurnal ants displayed it with 7 >24 h
(Fig. 2a, b). The 6-9 day patterns in the circadian loco-
motor activity of the media workers, wherein the activity
rhythm changed from one steady state to another, indi-
cates that media workers are perhaps involved in shift-
work schedules in their colony, with a change in shift
every 6-9 days (Sharma et al. 2004a). On the other hand,
it is possible that most media workers are nocturnal and a
few are diurnal, and they remain so throughout their life.
It is conceivable that there are considerable inter-indi-
vidual differences in activity patterns. Alternatively it is
also possible that such turn-arounds in patterns may
simply be a general property of insect circadian clocks
under constant conditions. Such random and unpre-
dictable spontaneous changes in circadian period have
already been reported for a variety of animals (Saunders
2002). However, in our study, the switching over of 7
from <24 to >24 h and vice versa adheres to a rigid
pattern and is not irregularly spontaneous. Thus such
changes in activity pattern indicate a temporal distribution
of foraging behavior in media workers in the C. com-
pressus colony; a well-designed strategy of the media
workers, perhaps to meet the challenges arising due to
their task as generalists.

The lack of circadian rhythmicity in the minor workers
is consistent with their role in the colony, as they mostly
perform nest work, and seldom go out foraging. However
in contrast to C. compressus the minor (nurse) workers of
other Camponotus ant species display circadian rhythms
in brood-tending activities (Roces and Nufiez 1996). It is
even more interesting that the locomotor activity of the
guard ants and the minor workers neither entrained to LD
cycles, even in a “masking mode”, nor displayed free-
running activity patterns. This suggests that the locomotor
activity in these castes, in addition to lacking circadian
rhythmicity, may even be refractory to LD cycles, doubly
ensuring constant vigil and incessant activity.

The virgin males and the virgin queens of the ant
species Camponotus compresses also exhibit a robust
activity rhythm with comparable phase and period. Thus
our results not only confirm previous observations on
virgin queens of a few species of ants (McCluskey 1992),
but additionally suggest that virgin queens exhibit
rhythmic activity even when maintained in isolation un-
der constant conditions of the laboratory. Previous reports
claim that, in sharp contrast to the virgin queens, the
mated queens do not show any rhythmicity of activity
(McCluskey 1992). In one of our previous experiments
we had reported that during such arrhythmicity the mated
queens laid eggs, and displayed robust circadian rhyth-
micity in some other phenomena such as brood care, and
the circadian rhythm of locomotor activity reappeared as
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soon as the egg-laying phase was over (Sharma et al.
2004b). It appears that the apparent loss of circadian
rhythms might not be due to arrhythmic circadian clocks,
but due to loss of coupling between activity and the cir-
cadian clocks (Sharma et al. 2004b).

The results of our experiments suggest that indepen-
dent endogenous circadian rhythms, as well as caste-
bound differences at the level of individuals, exist in ants.
The results suggest a simple but interesting possibility
that the workers of C. compressus adopt different phase
and/or period of circadian clocks to ensure that some ants
are always working to meet the needs of the colony. If so,
this would be an interesting difference between ants and
honeybees. For example a labile circadian clock could
provide an additional advantage to the media workers
changing tasks and in temporally “scanning” the natural
environment, as it were. The ecological and behavioral
significance of this phenomenon eludes our present un-
derstanding and warrants more extensive field and labo-
ratory studies.

Although our data clearly indicate that activity patterns
of the media workers show both nocturnal and diurnal
patterns under LD cycles, and undergo changes during
laboratory free-runs, we do not know whether such phe-
nomena occur under colony conditions in nature. What
we know is that the media workers are normally seen
outside their colonies during the night, and occasionally
they can also be spotted, although in fewer numbers,
during the day (S.R. Lone, personal observation). Our
study appears to be the only such investigation, the results
of which imply that there are significant circadian con-
sequences to the intricate social evolution and organiza-
tion of ant societies. More extensive studies are in pro-
gress in our laboratory to confirm many of the novel
features enumerated in this paper, to understand the pre-
cise role of circadian pacemakers in the behavioral inte-
gration of different castes of ants.
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