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Corvids show an episodic memory with the temporal 
information on ‘when’ an event has actually occurred. 
We propose that crows keep the time and duration of 
an event by involving the endogenous circadian clocks, 
reliably measured in behavioural rhythms. The aim of 
the present study is to find out if circadian rhythms 
were involved in the organization of daily behavioural 
patterns in Indian house crows, Corvus splendens. We 
monitored the activity, ingestive (feeding: eating and 
drinking) and grooming (preening) behaviours in 
crows sequentially exposed to 12 h light : 12 h dark-
ness (12 L : 12 D) and dim constant light (LLdim) for 
one and three weeks respectively. The behavioural 
patterns were synchronized and diurnal was under 
12 L : 12 D, while freeran had a circadian period  
under the LLdim. In general, eating and drinking, not 
grooming, patterns were more closely related to the 
activity – rest cycle. These results show the persistence 
of circadian rhythms in behavioural patterns, and  
extend the idea that endogenous circadian clocks de-
termine daily timing of the physiology and behaviour 
in Indian house crows, in particular, and birds, in 
general.  
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EVERY day, organisms show temporally segmented pat-
terns in their physiology and behaviour, as an adaptation 
to maximize fitness in the prevailing periodic environ-
ment that they inhabit. Diurnal species are active during 
the day and inactive at night; the converse is true for noc-
turnals, which are active at night and inactive during the 
day. Thus, daily behavioural patterns can serve useful in-
dices of the outcome of individuals’ interaction with the 
prevailing abiotic (light, temperature) and biotic (food 
availability, conspecifics) components of the environ-
ment1,2. 
 It is established that circadian timing is involved in the 
regulation of a wide array of daily functions, including 
daily cycles in activity–rest, sleep–wake and metabo-
lism3–5. This is particularly noticed under constant envi-
ronment of light or darkness (LL or DD), in which an 
individual exhibits the behavioural patterns (free runs) 
with its internal time3,6,7. In the natural 24 h environment, 

however, organisms exhibit daily rhythms with the inter-
nal time synchronized with external periodicities, e.g. 
light-dark period (LD)8–11.  
 Birds like other species show circadian rhythms in the 
regulation of their physiology and behaviour8,9. They are 
however a very heterogeneous group and exhibit signifi-
cant species differences in the clock regulated functions. 
For example, the removal of pineal gland, which is a self-
sustained circadian oscillator and regulates circadian 
functions, disrupts circadian rhythms in locomotor acti-
vity in several but not all songbirds, and has no effect on 
pigeon (Columba livia), Japanese quail (Coturnix c. ja-
ponica) and chicken (Gallus domesticus)10.  
 In recent years, corvids has emerged as an important 
avian model system, particularly in studies aimed at  
unravelling processes underlying higher brain functions, 
viz. cognition. These birds show an episodic memory12, 
with the temporal information on ‘when’ an event has ac-
tually occurred. Hence, they seem to have the sense of 
time and duration of a biological event10–12. Previous 
studies on corvids have shown a diurnal pattern with a 
morning peak in foraging13 and predation, like nest raid-
ing of other birds14. However, these field studies moni-
tored only relative number of crows that foraged or the 
number of attempts made for predation. By measuring a 
number of behavioural patterns, we proposed to test 
whether crows keep the time and duration of an event by 
involving the endogenous circadian clocks. This has not 
been studied before in an experimental condition. The 
present study examined the patterns of activity–rest, in-
gestive and grooming behaviours in Indian house crows 
(Corvus splendens) sequentially exposed to LD and LLdim 
conditions.  
 Indian house crows (n = 6) were caught and individu-
ally housed in cages (size = 100  80  80 cm), each fit-
ted with two perches and mounted with a passive infrared 
motion sensor (DSC, LC100 PI digital PIR detector, Can-
ada). After acclimation, crows were exposed first to 12 h 
light : 12 h darkness (12 L : 12 D; L = 100 Lux, D = <1 
Lux) for a week and then released into dim constant light 
(LLdim; < 1 Lux) for about 3 weeks. Light was provided 
by compact fluorescent lamps (Phillips CFL lamp, 5W, 
220–240 V). Food and water were provided ad libitum.  
 The IR sensor continuously detected the general move-
ment (activity) of each crow and transmitted through 
separate channels to a computerized data acquisition sys-
tem where it was stored and later analysed using the ‘The 
Chronobiology Kit’ software program, developed by 
Stanford Software Systems, USA. These records (acto-
grams) were graphed, double-plotted and presented for 
each crow such that each successive day record was plot-
ted sideways and underneath. In both LD and LLdim con-
dition, a 7-day activity segment was selected and used for 
calculation of total and hourly distribution over 24 h. 
Similarly, the perch-hop, ingestive (feeding; eating and 
drinking) and grooming (preening) activity of each crow 
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were recorded by night-vision cameras (Axis 221 Net-
work Camera, Axis communication, Sweden) consecu-
tively over a two-day period in both LD and LLdim 
condition. Each videograph was carefully observed and 
marked for each behaviour and analysed using the Ob-
server XT 10 software (Noldus Information Technology, 
Wageningen, The Netherlands). Total and hourly distri-
bution of activity over 24 h was calculated for all the four 
behavioural patterns.  
 Two-way analysis of variance (2-way ANOVA) ana-
lysed the effects of the time-of-day and light conditions. 
Bonferroni post-hoc test compared the values, if ANOVA 
indicated a significant difference. We used t-test for 
comparing the two groups. These statistical analyses were 
performed by GraphPad prism software program version 
5.0 (San Diego, USA). Further, Rayleigh’s test of uni-
formity was used to determine the distribution of each 
behavioural pattern and this was followed by Watson’s 
U2 test which determined differences between LD and 
LLdim conditions14. These two tests were performed by 
Oriana 4.02 test (http://www.kovcomp.com/). P < 0.05 
was considered as the significant difference.  
 In general, crows exhibited diurnal pattern in activity 
with consolidated bouts during daytime in 12 L : 12 D or 
subjective day in the LLdim (Figure 1 b, c). Activity–rest 
pattern was thus synchronized with 12 L : 12 D and free 
ran under LLdim with a circadian period () of 24.4  0.2 h 
(Figure 1 a). There was a significant effect of the light 
condition, time-of-day and interaction between the two 
on the general activity pattern (light condition: F1,230 = 
10.96, p = 0.0079; time-of-day: F23,230 = 22.09, p < 
0.0001; condition  time interaction: F23,230 = 7.05, p < 
0.0001; 2-way ANOVA). However, total daily activity 
was significantly reduced under LLdim than under the 
12 L : 12 D (t10 = 3.317, p = 0.0078; t-test, Figure 1 d). 
Similar diurnal pattern was found in perch-hop activity 
(Figure 1 e, f ), with a significant effect of the time-of-day 
and light condition  time-of-day interaction, but not of 
the light condition per se (light condition: F1,230 = 2.545, 
p = 0.1418; time-of-day: F23,230 = 2.448, p = 0.0004; con-
dition  time-of-day interaction, F23,230 = 1.791, p < 
0.0171; 2-way ANOVA). There was also significant re-
duction in daily total perch-hops under LLdim than under 
the 12 L : 12 D (t10 = 3.053, p = 0.0122; t-test, Figure 1 g). 
 Eating and drinking behaviours were also diurnal in 
pattern, distributions during the day and subjective day in 
LD and LLdim conditions respectively. Both, hourly feed-
ing duration (Figures 2 a, b; 3 a, b) and attempts (Figures 
2 d, e; 3 d, e) were mainly restricted during the day (or 
subjective day). There was a significant effect of the 
time-of-day, but not of the light condition or interaction 
between the two (eating only) on hourly eating (light 
condition: F1,230 = 0.8167, p = 0.3874; time-of-day: 
F23,230 = 17.39, p < 0.0001; condition  interaction: 
F23,230 = 0.9015, p = 0.5967; 2-way ANOVA) and drink-
ing (light condition: F1,230 = 2.665, p = 0.1336; time-of-

day: F23,230 = 6.783, p < 0.0001; condition  time-of-day 
interaction: F23,230 = 1.671, p = 0.0316; 2-way ANOVA) 
patterns. On the other hand, there were significant effects 
of the light condition and time-of-day as well as the con-
dition  time-of-day interaction on hourly attempts of eat-
ing (light condition: F1,230 = 6.483, p = 0.0290; time-of-
day: F23,230 = 13.66, p < 0.0001; condition  time-of-day 
interaction: F23,230 = 1.913, p = 0.0090; 2-way ANOVA) 
and drinking (light condition: F1,230 = 5.165, p = 0.0464; 
time-of-day: F23,230 = 8.145, p < 0.0001; condition  
time-of-day interaction: F23,230 = 1.905, p = 0.0093; 2-
way ANOVA) patterns. However, there was no signifi-
cant difference between LD and LLdim conditions in the 
total daily duration of both eating and drinking (Figure 
2 c, d; 3 f ). At the same time, total daily attempts of  
eating, not drinking, was significantly higher under 
12 L : 12 D than under the LLdim condition (t10 = 3.053, 
p = 0.0122; t-test, Figure 2 f ). 
 Figure 4 shows preening (grooming) daily profiles with 
a significantly higher duration (Figure 4 a, b) and fre-
quency (Figure 4 d, e) during the day in both the light 
conditions. Two-way ANOVA revealed a significant  
effect of the time-of-day and condition  time-of-day in-
teraction, but not of light condition, on hourly preening 
duration (light condition: F1,230 = 4.778, p = 0.0718; time-
of-day: F23,230 = 4.778, p < 0.0001; condition  time-of-
day interaction: F23,230 = 2.595, p < 0.0002; 2-way 
ANOVA) and frequency (light condition: F1,230 = 4.017, 
p = 0.0729; time-of-day: F23,230 = 3.900, p < 0.0001; con-
dition  time-of-day interaction: F23,230 = 1.749, p < 
0.0212; 2-way ANOVA). Both, the daily preening dura-
tion (t10 = 2.013, p = 0.0718; t-test, Figure 4 c) and fre-
quency (t10 = 2.004, p = 0.0729; t-test, Figure 4 f ) were 
not significantly different between the two light condi-
tions. 
 Further, Rayleigh’s test revealed that all the behav-
ioural patterns were not uniformly distributed (p < 0.05) 
throughout the day in synchronized as well as the free 
running condition. Subsequently, all the behaviours were 
significantly concentrated during the day with r values 
ranging from 1 to 0.756 (Moore’s modified Rayleigh’s 
test). There was also a significant difference in the gene-
ral activity (U2 = 0.216, p < 0.05) and hopping (U2

 = 
2.82, p < 0.001; Watson’s U2 test), but not in the inges-
tive or grooming behaviours, between the LD and LLdim 
conditions. 
 Crows followed a diurnal pattern, with activity re-
stricted during the day (LD) or subjective day (LLdim), in 
all the behaviours monitored (Figures 1–4), conforming 
with characteristics of a diurnal species10,11,15,16. Corre-
lated patterns of activity and ingestive behaviour (eating 
and drinking) suggest temporal proximity between the  
activity-driven functions, viz. movement/locomotion and 
foraging in crows. However, the activity was mainly re-
stricted to the first half of the day, with low or absence of 
activity during the evening (cf. Figure 1–4) as indicated 
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Figure 1. a, Representative actogram of an Indian house crow sequentially exposed to 12 h light : 12 h darkness (12 L : 12 D) and to con-
stant dim light (LLdim). Polar plots of general activity (b, c) and perch hop (e, f ) distributions of each crow over 24 h under the 12 L : 12 D 
and LLdim conditions. Arrow indicates the weighted mean time of the behaviour. d and g, Total general activity and perch hops respec-
tively, plotted under 12 L : 12 D (white bar) and LLdim (black bar) conditions. Asterisk on a bar indicates significant difference between the 
LD and LLdim conditions (Students t-test, p < 0.05). 

 
 
 

 
 

Figure 2. Eating behaviour of crows under the 12 L : 12 D and LLdim conditions. Polar scatter plots of eating duration  
(a, b) and attempts (d, e) of each crow per hour over 24 h under the 12 L : 12 D (a, d) and LLdim (b, e) conditions. Arrow 
indicates the weighted mean time of the behaviour. c and f are the total eating duration and attempts (mean  SE) under 
the 12 L : 12 D (white bar) and LLdim (black bar) conditions respectively. Asterisk on a bar indicates significant difference 
between the LD and LLdim conditions (Students t-test, p < 0.05). 
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Figure 3. Drinking behaviour of crows under 12 L : 12 D and LLdim conditions. Polar scatter plots of drinking duration 
(a, b) and attempts (d, e) of each crow per hour over 24 h under the 12 L : 12 D (a, d) and LLdim (b, e). Arrow indicates the 
weighted mean time of the behaviour. c and f are the total drinking duration and attempts (mean  SE) under the 
12 L : 12 D (white bar) and LLdim (black bar) conditions respectively.  

 
 

 
 

Figure 4. Preening behaviour of crows under 12 L : 12 D and LLdim conditions. Polar scatter plots of preening duration 
(a, b) attempts (d, e) of each crow per hour over 24 h under the 12 L : 12 D (a, d) and LLdim (b, e) conditions. Arrow indi-
cates the weighted mean time of the behaviour. c and f are the total drinking duration and attempts (mean  SE) under 
12 L : 12 D (white bar) and LLdim (black bar) conditions respectively.  
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by the observations on foraging13, predation14 and sleep 
patterns17 in corvids. However, this appears inconsistent 
with the general idea of two-oscillators (M and E; morning 
and evening) controlling the daily activity pattern3,8, as 
reported in several species including birds10,11,18. A signifi-
cantly higher locomotion and ingestive behaviour early in 
the day is nonetheless consistent with the idea that crows 
compensate for inactivity periods in preceding dark  
period in LD or subjective night in the LLdim

 condition19.  
 Interestingly, both the duration and frequency of preen-
ing were high early in the day (or subjective day) and at-
tenuated by mid-day, the peak time of the ingestive 
behaviours (Figure 4). Also, unlike the other behavioural 
patterns (cf. Figure 1–4), preening was re-consolidated in 
the second half of the day, as has been reported in Zebra 
finches16. Thus, preening was not correlated with the ac-
tivity and feeding behaviour patterns in crows, consistent 
with the reported negative relationship of preening to  
ingestion and locomotion in Zebra finches16. We reason 
that because preening is a defense mechanism and  
involved in the removal of ectoparasites, plumage main-
tenance, etc.20, it is distinctly different from other behav-
iours in sharing a considerable proportion of the daytime. 
The time allocation for daily behaviours has been argued 
as a critical factor in maximizing the survival and fitness 
of birds, and appears to have evolved through the process 
of natural selection7,11,21. 
 Persistence of behavioural patterns under LLdim with a 
circadian period (Figure 1 a) suggests role of circadian 
clocks in determining daily behaviours in Indian house 
crows. We argue that a significantly attenuated activity 
levels under LLdim were due to negative masking effects 
of the dim light intensity on the circadian outputs. At the 
same time, the absence of such suppresive effects on 
preening and feeding behaviours might suggest the in-
volvement of separate regulatory pathways in regulating 
different functions. These activities are regulated either 
by separate circadian oscillators or by separate output 
pathways emanating from a common circadian pace-
maker. It is also likely that compared to activity, circadian 
rhythms underlying feeding and preening behaviours are 
more robust, and hence not affected under the LLdim con-
dition. Further, feeding is critical for the energy homeo-
stasis and so might be more tightly coupled to the 
endogenous circadian timing. 
 In conclusion, our results show association of activity 
with the ingestive behaviours, not grooming, in Indian 
house crows. We suggest a role of endogenous self-
sustaining clock(s) in temporal organization of daily be-
haviours in crows, although with variable patterns as evi-
denced by differences in the robustness of circadian 
rhythms under the LLdim condition.  
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