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Abstract

Ethological studies in captivity play an important role in the conservation of animals. It
also helps us to understand the human impact on fauna. On considering the behavioural aspects,
birds and mammals have gained attention to some extent; but reptiles have not. Thisstudy attempts
to focus on the behaviours of the Indian Startortoise(Geocheloneelegans) in captivity. The study
species were observed in intra and interspecific enclosures. State and event behaviours were
indexed. Though there is no species variation among star tortoises, the change in the behavioural
pattern is due to their habitat differences. Locomotion, fighting, feeding, retreat and conspecific
contact was found to be high in intraspecific enclosure. Basking and lying in the water was high in
interspecific enclosure. Fighting was not observed in the interspecific enclosure during the study
period. The resting period of star tortoises in interspecific enclosure was less when compared
to intraspecific enclosure. Herpetofauna is a key component of an ecosystem and updating our
knowledge via these kinds of ethological studies will benefit us in conserving the species in
captivity.
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The study of animals in captive conditions will help in a better way to conserve threatened
species in their very own habitat or the wild. Activity pattern of animals is an essential part of their
natural history. Knowing the activities of the species is crucial in designing conservation measures
of that species (Allen, 1972; Broadhurst, 1963). It is such behavioural experiments that reveal much
about the life history of the animals in its natural surroundings (Bellairs, 1969). Rearing of animals in
captivity may change their behaviour which in turn manifests some managemental problems (Nair
etal., 2008).

Every animal interacts with other animals during the course of its lifetime. The interactions
between members of the same species are normally considered as social interactions or
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intraspecific  interactions. It is virtually
impossible for an animal to remain unaffected
in its relations with another. A Threat, avoidance
behaviour often occurs between members of
the same species. Aggressive behaviour rarely
occurs during social interactions (McFarland,
1981). Individual performance of the species
can be affected by abnormalbehaviour (Anil et
al., 1998). The social behaviour of turtles and
tortoises are yet to be studied (Porter, 1972).

Behavioural ecology is not limited to
the ecology movements, social interactions,
foragingandescapefrompredators.Behavioural
decisions ultimately influence individual fitness.
They determine whether an individual will be
able to compete within the social system of its
own species (Zug et al.,2001).

In India, birds and mammals have
received some attention in this regard; but other
lesser life forms have not. In particular, reptiles
are not the easiest of animals to focus on such
studies. One such threatened Indian reptile is
the startortoise (Geocheloneelegans).Previous
studies on this species have focused on feeding
behaviour, food preferences and factors which
play an important role in feeding (Oftedal and
Allen, 1996). The illegal trading on this species
is a big business that has created negative
impacts on wild populations, leading to
biodiversity loss (Bush et al., 2014). Increased
illegal activities lead to a steep decline in
its population (Nijman and Shepherd, 2015).
Captive propagation will help us to solve such
problems. Understanding the husbandry and
management problems of such species may
help to manage and conserve these species in
captivity (Vyas, 2006). Information is available
only on feeding, breeding behaviours of star
tortoises (Daniel 2002; Das, 1995, 2002).
So the present study attempts to focus on all
the behaviours of star tortoises in intra and
interspecific enclosures.

Materials and methods
Study species

The Indian star tortoise, Geocheloneelegans
(Schoepff, 1795), Testudinidae, is aherbivorous
reptile that is distributed in India, Pakistan and
Sri Lanka (lverson, 1992). They prefer dry

lowland areas, scrub forests and grasslands.
Adult females can have the length of up to 25
cm (10 inches), while males are usually less
than 20 cm (8 inches) long. The most active
growth happens in the first 10 years of life. Their
average lifespan is about 30 years. However,
some literature resources indicate that they can
live up to 80 years in captivity. Adult specimens
can weigh up to 6.6 kg. During the month of
October —January breeding occurs. Itlays up to
10 eggs that hatch after 2-6 months depending
on temperature (Daniel, 2002; Das 2002 and
Ganesh, 2015).

Study area

The study was carried out in the
Chennai Snake Park, Guindy, Chennai, Tamil
Nadu India. Theobservational study was
conducted during the month ofOctober, 2019 in
two differentenclosures for about 30 days.

Enclosure details

Enclosure I (startortoise enclosure/
intraspecific enclosure)

It measures about 11m x 12m x 4m.
It was made of walls on all four sides; sides of
the walls and roof were ironfenced. It consisted
of 3 hiding places or retreat areas and a water
trough.

Enclosure Il (mixed spp. enclosure/
interspecific enclosure)

This enclosure depicted terrestrial
ecosystem featuring some common reptilesand
amphibians (star tortoises, green vine snakes,
green iguanas, bronze back snakes, keelback
shakes, trinket snakes, and frogs). Enclosure
Il measured about 14.5m x 8m x7.5m. It was
made of walls on two sides and the other two
sides were glass finished; and the roof was
meshed to allow sun rays. It also consisted of a
landscape fountain to provide water for animals
and cactus for enrichment.

Observation methods

The Star tortoises were observed with
the naked eye from a distance of 1m away from
enclosure | and enclosure |l respectively. The
total observation period was 180 h; an equal
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amount of time was spent in each enclosure,
during the month of October. The time duration
was noted in minutes, using the stopwatch
and the frequency of activity was counted.
Temperature and humidity were noted using a
digital thermo hygrometer in sunlight and shady
areas after one minute of exposure.The average
temperatureinsunandshadeforenclosure lwas
noted as 28.8°C and the average humidity was
noted as 82.6%.For enclosure I, the average
temperature in sun and shade was noted as
33.7°C and 30.2°C respectively. The average
humidity in sun and shade was noted as 60.8
and 62.2% respectively. The activities noted
during the present observation were divided
into two categories: Long duration behaviour
(States) and Short duration behaviour (Events).
Long duration behaviours were locomotion,
lying in the water, basking, feeding, fighting and
resting (Fig 1, 2). Short duration behaviours
were head movement, yawning, retreat
behaviour, opening of the mouth, eye closed,
limb stretch and conspecific contact.

Fig. 2. Star tortoises lying in water

Results and discussion

The following behaviours were
noted during the observational study namely

locomotion, head movement, yawning,
basking, retreat, feeding, opening of the
mouth, eye closed, limb stretch, resting,

conspecific interaction. The obtained results
are summarized in the following tables 1 and 2.

The main focus of this study was
to understand the behaviour of Star tortoise
in intra and interspecific enclosure. In the
interspecific enclosure, other species that
were kept alongside were iguanas, bullfrogs,
and keelback snakes. In nature, there is no
scope for interspecific interaction between
star tortoises and iguanas, as the latter is
Native to Central America. As for the habitat
associations in captivity, iguanas are arboreal;
and frogs and keelbacks are mostly aquatic.
The Area of both enclosures was almost equal,
and each enclosure housed adult tortoises in
equal number (n=2). But the frequency and
duration of behaviour varied visibly. Previous
research has suggested that the reptiles placed
in the naturalistic environment exhibited more
natural behaviour when compared to those
with un-naturalistic settings and that naturalistic
environment was less stressful for reptiles
(Warwick et al., 1995).

In enclosure | (intraspecific enclosure)
locomotion was found to be higher than in
enclosure |l (interspecific enclosure) (Table 1).
This may due to the fact that the enclosure was
occupied by other species and the enclosure
consists of landscape fountain, water canal,
and potted plants, such that it was suitable for
all the species found inside. It was important
that the enclosures be made to look like the
animal’s natural habitats (Reade and Waran,
1996). Though enclosure | had a water trough,
the tortoises did not prefer to be in water; while
star tortoises in enclosure Il spent a long time in
the water (Table 1). Star tortoise is a terrestrial
species with a highly generalized preference
(Moll, 1989; De Silva, 2003).

Basking (thermoregulation) was found
tobehighininterspecificenclosure anditmay be
due to the fact that the enclosure had received
only limited sun rays and so they preferred to be
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Table 1. Duration comparison of state behaviours in 180 hours

State behaviours| Intraspecific enclosure (minutes) | Interspecific enclosure (minutes)
Locomotion 89 26
Lying in water 0 36
Basking 23 38
Feeding 31 25
Fighting 10 0
Resting 56 54

Table 2. Duration comparison of event behaviours in 180 hours

Event behaviours |Intraspecific enclosure( minutes)| Interspecific enclosure (minutes)
Head movement 76 78
Yawning 4 1
Retreat behaviour 30 25
Opening of mouth 1 5
Eye closed 2 45
Limb stretch 3 4
Conspecific contact 35 23

in sun-lit place for longer duration.In the other
enclosure only star tortoises were present and
so they preferred to bask when needed (Table
1). Ambient temperature (max and min) played
animportantrole in the activity of animals (Vyas,
2006) and approximately 60% of the enclosure
should have shade or filtered sunlight provided
by plants or shade cloth (Boyer and Boyer,
1994).

An understanding of the diet of a
species also provides information on the role
it plays in the ecosystem. Numerous studies
have attempted to identify factors that were
important in the choice of diet (Boyer and
Boyer, 1994). The tortoises were fed regularly
on chopped vegetables and spinach. Plant
material constituted an important part of their
diet, while omnivore and opportunistic feeding
have also been recorded(Nandu andArora,
2017).Feeding was found to be high in the
enclosure | (Table 1). Being the only species
present, they consumed the maximum food.
But in the interspecific enclosure, the food
was kept for both star tortoises and Iguanas
together. Iguanas being fast-moving animals,
they eat fast when compared to Startortoises.
The Iguanas consumed ample food in a shorter
time compared to tortoises. Star tortoises were
found to feed on earthworms that were fed to
the frogs in the enclosure. This clearly indicated
thatthese tortoises were not strictly herbivorous.

Observational study on Indian star tortoise

The literature states their consumption on small
insects and faecal matter of larger vertebrates,
as well as some invertebrates present in the
plant matter (involuntarily), that form minor parts
of their diet (Pyke, 1984). Das (1995) mentioned
that the star tortoise was largely herbivorous in
nature, but in captivity it is known to eat animal
matter. This perhaps applies only to captive
specimens deprived of a complete natural diet
(Whitaker, 1974). Fighting was observed only
in the intraspecific enclosure (Table 1). It might
be due to territorial behaviour, even though
the enclosure is spacious and well-enriched /
furnished, they both prefer to occupy the same
place in the enclosure. Fighting composed of
the vigorous dashing of heads and stretching
the limbs. Stretch marks of the fighting were
photographed. However, fighting was never
seen in the interspecific enclosure during the
observation period. This may be due to the
fact that resource availability and the necessity
of the species were not the same in both the
enclosures. Retreat behaviour was also high
in the intraspecific enclosure, likely because of
more fighting, chasing and advancements by
these individuals (Table 2). When maintaining
a group of tortoises in captivity, visual barriers
such as logs, rocks, and vegetation were
important to allow tortoises to occasionally
retreat from one another (Boyer and Boyer,
1994).
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Conspecific contact was high in
enclosure | because only star tortoises were
present (Table 2). This was much lower in
enclosure Il. Less resting time was noted
in enclosure Il than enclosure | (Table 1). In
addition to the above-mentioned behaviours,
head moment, yawning, the opening of the
mouth, eye closed, limb stretched were also
observed (Table 2).

Conclusion

Captive housing of animals fortifies
the species from external threats. Captivity
also provides the possibility to study all the
behaviour of study species in depth. Both
intraspecific and interspecific  housings
improve its social and physical complexity.
Conspecific interaction helps the animals in
achieving their behavioural needs. Further,
this study infers that the study species, Indian
star tortoises (G. elegans) exhibited normal
behaviour in both the enclosures anddoes
not show agonistic interaction with other
species that were present in the mixed species
enclosure. Deduction in data also revealed
that the resting period of the star tortoise in the
interspecific enclosure was comparably lower
than the intraspecific enclosure. Both intra and
interspecific housing of animals protect the
species from external threat; adopting such
methods may help us to conserve species in
large scale. Maintaining animals in interspecific
enclosure is advantageous both economically
and practically. Hence, this method can be
suggested to protect this species. However,
further studies are required to validate this
conclusion.
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