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CONSERVATION AND NATURAL HISTORY

Temperature is a fundamental factor in the ecology of
animals (Huey 1982), which in reptiles influences both
behavior and physiology (Shine and Lambeck 1985; Brown
and Weatherhead 2000). Thermoregulation can be behav-
ioral or physiological; the former includes activities like emer-
gence, retreat, basking, orientation, aggregation, and postural

changes, whereas the latter comprises evaporative cooling,
vasomotor responses affecting rates of heating and cooling
(Brattstrom 1965), and limited heat production in brooding
Python molurus (Ramesh and Bhupathy 2010). The very sur-
vival of reptiles is dependent on their ability to maintain heat
balance (Lillywhite 1987; Withers 1992) in order to maxi-
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Fig. 1. Distribution of Indian Python (Python molurus) burrows in Keoladeo National Park, Rajasthan, India. Letters indicate the compartments of the park.
Dots indicate burrows used by pythons. The star marks the burrow at which the observations described in this study were recorded.
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mize physiological performance (Avery 1982; Huey 1982)
while employing behavioral and physiological thermoregula-
tory strategies (Huey et al. 1977; Rismiller and Heldmaier
1988; Slip and Shine 1988; Shine and Fitzgerald 1996;
Werner et al. 2005). By actively responding to spatiotemporal
characteristics of their environments, they are able to exploit
varied and changing habitats (Hutchison and Maness 1979).
Reptiles are not active continuously but rather have dis-
creet activity periods (Harker 1958), with daily and seasonal
activity influenced by environmental temperatures (Porter
et al. 1973). Activity patterns change according to thermal
requirements, so studies of thermoregulation and activity pat-
terns can provide insights into ecology, ecophysiology, and
the spatiotemporal organisation of behaviors (Landreth 1973;
Shine 1979; Semlitsch et al. 1981; Dalrymple et al. 1991).
High activity temperatures are adaptive for reptiles in habitats
that allow relatively easy access to abundant sunlight (Avery
1982) and, although climatic factors such as humidity and
cloud cover do not show any general relation with the activity
pattern of snakes, they can affect some species-specific ecolog-
ical relationships (Stewart 1965; Shine and Lambeck 1985).
Studies of activity patterns have focused primarily on
diurnal lizards; consequently, data on the activity of tropical
snakes is lacking (Reed and Rodda 2009), although exten-
sive studies on brooding python thermal biology are available
(Ramesh and Bhupathy 2010; Stahlschmidt and Denardo
2010; Stahlschmidt et al. 2012; Brashears and Denardo
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2015). Snakes generally exhibit seasonal variations in move-
ment and activity patterns (Slip and Shine 1988; Heard et al.
2004). Recognizing the basis for daily, seasonal, inter- and
intraspecific variations in movements and activity patterns is
essential for understanding the ecology of species (Madsen
and Shine 1998; Bonnet et al. 1999; Brown and Shine 2002).
Information on the thermoregulatory behavior and thermal
physiology of pythons in natural habitats is scanty (Alexander
2007; Reed and Rodda 2009; Mazzotti et al. 2011). Herein
we describe activity patterns, such as basking, ingress, and
egress, of Python molurus during a winter-to-summer thermal
gradient in India.

Methods
We conducted this study in Keoladeo National Park,
Bharatpur (KNP; 27°10'N, 77°31'E; Fig. 1). This World
Heritage and Ramsar Site has an area of about 29 km? includ-
ing 8.5 km? of wetland. Dominant vegetation is a mixture of
xerophytic and semi-xerophytic species such as Gum Arabic
Trees (Acacia nilotica), Mustard Trees (Salvadora persica),
Bada Peelu Trees (S. oleoides), Karir Trees (Capparis decidua),
and Wild Caper Bushes (C. sepiaria) (Prasad et al. 1996),
although the terrestrial vegetation has been altered profoundly
by the proliferation of invasive Mesquite (Prosopis juliflora)
despite control measures initiated by the Rajasthan Forest
Department in 2007. The climate is sub-humid to semi-arid,
with mean monthly maximum temperatures varying between

Fig. 2. Indian Python (Python molurus) tracks at the entrances of the burrow in Keoladeo National Park, Rajasthan, India. Photograph by Chinnasamy Ramesh.
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30.8 and 35.1 °C and mean monthly minimum temperatures
between 16.9 and 22.4 °C (Ramesh 2012). Extreme tem-
peratures recorded in the park range from one to 49 °C with
strong diurnal and seasonal variations (Prusty et al. 2007). The
monsoon season extends from late June to September, and
the average rainfall in Bharatpur is 655 mm (Ramesh 2012).
Descriptions of ecological conditions in KNP (and of resident
Python molurus) are in Bhupathy and Vijayan (1989), Ramesh
and Bhupathy (2010, 2013), and Bhupathy et al. (2014).

Indian Rock Pythons (Python molurus) are large,
heavy-bodied, non-venomous ambush foragers that reach
snout-vent lengths of 6-8 m (Bhupathy 1990). This spe-
cies is protected under Schedule I of the Indian Wildlife
(Protection) Act of 1972. They occupy diverse habitats on
the Indian Subcontinent and can be found in dry regions,
wetland areas, and forests ranging from xeric scrub to rainfor-
ests (Kamalakannan 2009). They are semi-arboreal and prey
upon a variety of small to medium-sized mammals, birds,
and lizards (Bhupathy et al. 2014). Their activity pattern is
unimodal during winter and bimodal in spring and summer
in the semi-arid conditions that prevail in KNP (Bhatt and
Choudhury 1993). Ramesh (2012) estimated that 100-200
adults live in KNP.

In KNP, pythons live in underground burrows dug by
Indian Porcupines (Hystrix indica). Burrows provide safe
retreats from predators and extreme weather conditions. Fifty
refugia were documented (Fig. 1) when a python or signs
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Fig. 3. An aggregation of Indian Pythons (Python molurus) basking at the
burrow entrance during winter in Keoladeo National Park, Rajasthan,
India. Photograph by Chinnasamy Ramesh.

(tracks, sloughed skin, scats) were observed at or near an
entrance (Krishnan et al. 2009; Fig. 2). We focused our obser-
vations on one burrow (J, Fig. 1) where we had encountered
the greatest number of pythons (Fig. 3). Using a digital ther-
mometer (Eurolab 288-ATH; HTC Instruments, Mumbai,
India), we recorded diurnal ambient temperatures 1 m above
the ground and burrow temperatures with a thermistor probe
that was inserted 3 m into the burrow at 15-min intervals.
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adeo National Park, Rajasthan, India. Photograph by Chinnasamy Ramesh.
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Table 1. Number of snakes observed outside the burrow during each observation day in the sampled periods during December 2008 through

May 2009.
Season/Period
Winter Spring Summer

Day I II III IV A\ VI ViI VIII IX X
1 4 11 16 15 19 13 4 1 0 0
2 12 25 17 17 16 6 0 0 0 0
3 23 2 14 14 18 9 2 0 0 0
4 17 4 12 12 7 6 0 3 0 0
5 12 14 16 8 17 13 2 4 0 0
6 10 11 18 11 17 1 0 2 0 0
7 11 18 14 13 15 13 8 1 0 0
Total 89 85 107 90 109 61 16 11 0 0

Every fortnight from December 2008 through May
2009, we monitored the burrow from 0600 to 1800 h for
seven consecutive days from a concealed 2-m high platform
placed -3 m from the burrow under a Mustard Tree thicket
(Fig. 4). We divided observations into ten periods (each
7-day sequence = one period) categorized as winter, spring,
and summer (Table 1). During the summer when pythons
were crepuscular, we based ingress and egress from burrows
on signs. We identified each individual based on dorsal mark-
ings, color, and size (Bhupathy 1990).

Because basking is the predominant activity during the
winter (December—February), with courtship, mating, and
foraging activities usually beginning in March (Ramesh 2012),
to differentiate basking and other activities we recorded bask-
ing duration only in the winter months. For each observation
of ingress or egress, we recorded time, ambient temperature,
and humidity. For all observations of pythons outside of the
burrow, we recorded activity, time, ambient temperature,
and humidity. We used analysis of variance (ANOVA) to test
differences in activities during various periods and Pearson
correlation to evaluate relationships between activities and
environmental variables. Means are presented + one standard
deviation (SD).

Results

During November to February, ambient temperatures varied
from 19.98 to 29.43 °C (30.82 + 5.64 °C). Mean ambient
temperature was above 32 °C (32.33-37.42 °C) from March
through September (Fig. 5). The highest ambient temperature
recorded was in May (37.4 °C) and the lowest in December
(19.97 °C). Mean burrow temperature was 23.68 + 5.05 °C
(17.3-30.5 °C; Fig. 5). Variation in ambient temperatures
was 8.57-38.47 °C, much greater than that recorded in bur-
rows (0.65-5.13 °C; Fig. 5).
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During the 10 periods, we recorded 568 observations of
pythons basking, with the largest number (109) in February and
the fewest (11) in the first period of April (Table 1). After late
April, we recorded no activities. The mean number of pythons
found outside the burrow during any given period varied from
1.6 to 15.6 + 4.0, with the number varying little (89 to 109)
from December through February. Basking activity varied sig-
nificantly by period (F = 10.636; df = 7, 55; P < 0.001). The
number of pythons observed was positively correlated with
ambient temperature (r = 0.767, P = 0.003) and negatively cor-
related with relative humidity (r = -0.748, P > 0.02).

We recorded no activity on days 44, 46, 48, 51, and 52
and during the last three periods. Frequencies of observa-
tions decreased along the winter-summer gradient (Fig. 6).
Most basking activity was recorded at 1200-1400 h in winter
(December—January) and spring (February—March). Activity
in summer was low and extended through most of the day
with slight peaks at 1000-1200 and 1600-1800 h (activ-
ity index = N/20; Fig. 6). Activity was unimodal in winter
and spring, with peaks at 1200-1400 h and 1000-1400 h,
respectively. In summer, activity was bimodal, with peaks at
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Fig. 5. Monthly variation in ambient temperatures (solid lines) and burrow
temperatures (dashed lines) recorded in October 2008 through September
2009 in Keoladeo National Park, Rajasthan, India.
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Fig. 6. Basking activity index of Indian Pythons (Python molurus) in
Keoladeo National Park, Rajasthan, India.
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Fig. 7. Various size classes (m) of Indian Pythons (Python molurus)
observed in different seasons at the burrow in Keoladeo National Park,
Rajasthan, India.

1000-1200 h and 1600-1800 h. During winter and spring,
we recorded egress only after 0930 h; during summer, most
observations of egress were recorded in the early morning
(0600-0800 h).

During the course of the study, we recorded 29 differ-
ent individuals that ranged in size from 1.3 to 4.2 m. Of the
568 observations, most snakes (432; 76%) measured between
2.0 and 2.5 m in length (76%) and the fewest (6; 1%) mea-
sured <1.5 m in length. Basking activity differed by size across
seasons (Fig. 7), with smaller snakes (<1.5-2.0 m) observed
only in winter months when larger pythons (>4.0 m) were
not active. Snakes with lengths of about 2.5 m were most
active in December through April, large pythons (>4.0 m) in
March and April, and juveniles (<1.5 m) only in December
and January. Activity of snakes of various sizes differed signifi-
cantly by season (F = 5.399; df = 2, 6; p < 0.001).

Only a few individuals were active for any extended peri-
ods (Fig. 8). The most active snake (2.43 m) was observed
leaving the burrow 65 times. Generally, basking increased
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as winter approached and decreased with the onset of sum-
mer. During winter, the earliest egress recorded was at 0930
h and the latest at 1550 h. Mean egress time was 1245 h,
most occurred between 1230 and 1430 h when the mean
temperature was 35.4 + 5.8 °C (18.1-42.9 °C). The most
frequently recorded temperature at egress was 40 °C followed
by 38 °C. Fewer snakes emerged when the ambient tempera-
ture was <34 °C and more when it was >40 °C (Fig. 9), when
relative humidity ranged from 20 to 96% (33 + 22%). Most
(341) individuals emerged when humidity was relatively low
(<30%; Fig. 10) and very few emerged during periods when
humidity was higher. The earliest ingress was recorded at
1050 h and the latest at 1630 h, with the greatest number
occurring between 1330 and 1430 h in December through
February. Overall, more than 50% of observations of ingress
were between 1230 and 1500 h. At ingress, the average ambi-
ent temperature was 36.2 + 4.7 °C (18.8—4.1 °C), with most
snakes entering the burrow at a temperature of about 40 °C
and only a few at temperatures <34 °C (Fig. 6). Mean relative
humidity at ingress was 29.1 + 17.9%, with the highest (211)
and lowest (6) numbers of observations at relative humidity
of 30% and 80%, respectively (Fig. 7).

Discussion

The strong relation between basking frequency and season,
with a notably higher frequency observed during colder
months, when pythons restricted their movements to the
immediate vicinity of the burrow, was similar to findings of
Landreth (1973) and Dalrymple et al. (1991). Also, the aggre-
gation of pythons at the burrow could help maintain body
temperatures by heat retention (i.e., Myres and Eells 1968)
and might reduce water loss (i.e., Parker and Plummer 1987).

Python molurus prepares for reproductive activities in the
late winter (Ramesh and Bhupathy 2010), and Carriere et al.
(2008) noted the importance of behavioral thermoregulation
in reptiles prior to reproduction. Basking activity increased
from December to February, whereas ingress and egress activ-
ity decreased along the winter-summer gradient. This was
similar to observations of Common Sand Boas (Eryx conicus)
by Griffiths (1984) and in another study of Python molurusin
KNP (Bhatt and Choudhury 1993). These trends, however,
differ substantially from those reported in lizards (e.g., Ellinger
et al. 2001; Burke and Ner 2005) and small-bodied snakes
(Landreth 1973; Sanders and Jacob 1980; Semlitsch et al.
1981; Secor 1994; Chettri et al. 2009), in which activity was
high in the summer and low in winter. Variation in activity
between large snakes and small reptiles could be attributable
to differences in their thermal preferences, movements, energy
requirements, or breeding strategies. Shine (1979) found that
the determining factors for activity pattern in snakes were
species-specific and likely are a reflection of a combination of
ecological, physiological, and evolutionary factors.
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Fig. 8. Egress and ingress of 29 Indian Pythons (Python molurus) over 49 days of observation (22 December 2008—14 May 2009; Periods I-VII) showing

the increased frequency of observations during the winter—summer gradient.

Pythons in KNP become crepuscular and then nocturnal
beginning in mid-April, a pattern similar to that described
by Platt (1969) and Sanders and Jacob (1980) for temperate
snakes and by Slip and Shine (1988) and Shine and Fitzgerald
(1996) for tropical Diamond Pythons (Morelia spilota).
Increasing crepuscular or nocturnal activity during summer
likely reflect a need to avoid high daytime temperatures.

Pythons of medium size (2.0-2.5 m) were most active
in all seasons, with smaller snakes (<2.0 m) more active in
early winter and large snakes (> 4.0 m) most active during late
winter and summer. Pythons with SVL > 2.5 m are sexually
mature (Acharjyo and Misra 1976), and the more frequent
and extended periods of activity we observed during spring
and summer probably reflect reproductive activities. Mating
generally occurs in late February, ovipositioning in May, and
incubation and hatching in June through August (Bhupathy
and Vijayan 1989; Ramesh and Bhupathy 2010). In northern
India, mating in Python molurus has been reported from late
winter and spring (i.e., February to early April) by Whitaker
(1978) and Acharjyo and Misra (1976). During this time,
smaller pythons would have become nocturnal and moved
out of burrows to forage. A similar pattern was reported for
juvenile Broad-headed Snakes (Hoplocephalus bungaroides) by
Webb and Whiting (2005).
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Early morning egress does not occur during winter and
spring, probably in response to cold conditions during the
morning hours. Earlier emergence in late spring and summer
suggests that pythons are not active below and above certain
temperature regimes, a pattern reported for a number of rep-
tilian species (e.g., Semlitsch et al. 1981; Diaz-Paniagua et
al. 1995; Zari 1996; Gibbons and Semlitsch 1997). Higher
rates of ingress and egress were observed at moderate levels
of relative humidity. Relative humidity can affect desicca-
tion rates of snakes (Heatwole 1976; Lillywhite 1980), but
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varying relative humidity levels.

humidity generally does not appear to correlate with snake
activity (Stewart 1965; Shine and Lambeck 1985). However,
low humidity combined with high temperature might trigger
retreat into refugia (e.g., Bhatt and Choudhury 1993).

Burmese Pythons (Python bivittatus) in more temper-
ate regions appear to brumate in the winter (e.g., Reed and
Rodda 2009), whereas the pythons at KNP are sometimes
inactive in refugia for extended periods. Many factors influ-
ence the basking pattern such as reproductive status, age,
ecdysis and feeding before the onset of winter (Ramesh and
Bhupathy 2010, 2013; Bhupathy et al. 2014).

We suggest that regulating the number of visitors in KNP
and at other locations within the range of Python molurus
might be advisable in order to avoid disturbing snakes during
periods when activity is limited. Interference with behaviors
at those times could affect the thermal profile of the species,
which in turn could affect the growth, feeding, and breed-
ing activity. Further studies employing temperature-sensitive
radio telemetry could provide additional insights on Indian
Pythons in natural habitats.
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