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INTRODUCTION

The Western Ghats is one of the 36 biodiversity hotspots in the world. It is
a stretch of mountains having a length of 1600 km, starting from the south side of
the Tapti river in Gujrat and runs parallel to the western coast passing the states of
Mabharashtra, Goa, Karnataka, Kerala and ends at Kanyakumari in Tamil Nadu. The
forests of Western Ghats are known for its high species richness and endemism

(Myers et al., 2000).

Wayanad Wildlife Sanctuary is bio-geographically one of the richest tracts
of Western Ghats. It was established in 1973 and occupies an area of 344.44 km?.
The sanctuary is contiguous with the Mudumalai Tiger Reserve of Tamil Nadu and
Bandipur Tiger Reserve of Karnataka. The sanctuary supports a large population
of herbivores such as Asian Elephant (Elephas maximus), Gaur (Bos gaurus),
Sambar Deer (Rusa unicolor), Spotted Deer (Axis axis), Barking Deer (Muntiacus
muntjak), Mouse Deer (Moschiola indica), Wild boar (Sus scrofa), and three
species of primate such as Tufted Gray Langur langur (Semnopithecus priam),
Bonnet Macaque (Macaca radiata) and Slender Loris (Loris lydekkerianus). The
large predators present in Wayanad is Tiger (Panthera tigris), Leopard (Panthera
pardus), Asiatic Wild Dog (Cuon alpinus) and Sloth bear (Melursus ursinus).
(Narasimen et al., 2014). Other mammals such as Jungle Cat (Felis chaus), Indian
Pangolin (Manis crassicandata), Malabar Giant Squirrel (Ratufa indica), Indian
Hare (Lepus nigricollis) are also sen in this area (Easa, 1999). One hundred and
forty three species of butterflies are reported from the Sanctuary (Vishnudas ef al.,
2009). The camera trap studies revealed that there are 75 individual tigers
(Narasimen ef al., 2014) as well as 224 wild elephants (Sivaram er al., 2010) are
there in the Sanctuary. Moreover, it is reported to have local migrations of
elephants and other animals from adjacent forest areas of Muthumalai and Bandipur
to Wayanad (Anonymous, 2014). The decline in area wise population in elephants
may adversely affect the long-term viability of that ecosystem (Joshy and Singh,
2009). The elephant corridors of north Karnataka along the Brahmagiri Hills pass

[0



through North Wayanad. Thirunelli reserved forest and Kudrakote reserve forest

also coming under this corridor (Varma et al., 2005).

Water is the most important requirement of life. The distribution of an
animal in a particular season may have a direct relationship with the availability of
water in that season. So that an animal’s water requirements have implications for
all aspects of ecology and conservation (Hayward and Hayward, 2012). Providing
sufficient water in the forest is considered as a key managerial intervention.
Different species may have different water requirements so that to reduce the
competition for water and other related resources, they follow a temporal pattern of
waterhole usage. The provisioning of water should be done after proper scientific
studies as it can alter the distribution of wild animals and hence affects the ecology

of the habitat (Smith and Grant, 2007)

In Wayanad Wildlife Sanctuary, the forest department has done many
activities to maintain water availability in the forest in dry months. The sanctuary
has natural and artificial waterholes. Many of them will dry up in the summer
months, but about 20 % of them will hold water throughout the year. The forest
department is making enormous efforts to maintain water availability in these
waterholes and to maintain the pasture. Desilting of waterholes, clearing the
undergrowth around the water bodies, removal of weeds from the swamps, etc. are
some of the management activities done by the forest department. But the usage of
these waterholes by the wild animals are not systematically studied so far. There
are very few studies have been conducted in the water-related aspects of wildlife
management in India. Most of them were discussing the time activity pattern of

animals.

This study is the preliminary phase analysis to know the trend of waterhole
usage by wild animals in Wayanad Wildlife Sanctuary. The pattern of water
utilisation by various animals will be evaluated. The findings regarding the
preference for natural and artificial waterholes will help appraise the capability of

waterholes to support the wild animals in the sanctuary. It can also be used to
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identifying the key areas of management of water resources in the sanctuary and to

determine future management prescriptions.
The main objectives of this study are as follows

* Mapping of the natural waterholes/ swamps (vayals) and

waterholes in the Wayanad Wildlife Sanctuary

® To assess the utilisation pattern of the waterholes by the wild
animals
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REVIEW OF LITERATURE
2.1 WATER SOURCES AND WILDLIFE DISTRIBUTION

Water sources alter the way animals use landscapes. The movement and
migration of an animal or animal group largely depend upon the availability of
resources like natural food and water (Joshi, 2009; Eisenberg and Lockhart, 1972;
Joshi and Singh, 2007; Redfern et al., 2005). The spatial and temporal distribution
of wild animals is directly linked with the distribution of natural as well as artificial
waterholes. The movements of large mammals such as elephants can greatly
influence the overall distribution of small herbivores, hence their movement can be
considered as an important ecological factor. The migration of large mammals is
mainly decided by the availability of water (Joshi and Singh, 2009). The
availability of forage in dry seasons is a limiting factor for the herbivores. Hence,
the distribution of surface water will decide the movement of animals in lean
periods (Franz et al., 2010). During the dry season, the wild ungulates drink more
frequently to meet their body requirements (Western 1975). McNab (1963) says
that the size of the home range of a particular animal may increase with its body

size and energy requirements.

There are around 21000- 25000 Asian elephants in India (Joshi, 2009). The
seasonal movement of elephants is largely decided by the rainfall pattern
(Johnsingh et al,, 2015). Usually, the elephant home range may contain at least one
river system (Joshi, 2009). Because the water requirement for elephants is
comparatively high due to loss of water through cutaneous and respiratory
evaporation (Dunkin ef al., 2013). Hamilton (1972) reports the size of the home
range for an African elephant as 14 to 52 Sq. km at Lake Manyara NP, Tanzania.
The provisioning of artificial water sources will tend to increase the range c;f habitat
utilization (Purdon and Aarde, 2017; Loarie ef al., 2009). In tropical deciduous
forests of India, having high herbivore population density, the forage and water may
not be available in large quantities, which may be resulting in a non-uniform

distribution of animals (Lakshminarayanan et al., 2015). The movements of



elephants in the dry season will be more concentrated near the water sources (Joshi
and Singh, 2009). The elephants can detect the smell of water and seems to move
towards water bodies or wet areas (Sukumar, 1990). Joshi and Singh (2009) said
that in Corbett Tiger Reserve, around 200 elephants were found to be aggregate on
the banks of the river Ramganga in the dry season and these were dispersed into the
hills by the onset of monsoon. Similar aggregation can be seen in the banks of the

Kabani river in the Nilgiri biosphere reserve.

Asian elephants prefer to drink water at least once a day. They found to be
taking 100 liters of water at a time and about 150 liters in dry periods (Eisenberg
and Lockhart, 1972; Johnsingh et al., 2015). The elephant groups with calves will
use waterholes more frequently (Wittermyer, 2011). Usually, the herd prefers early
morning and evening hours to drink water. But the variation in this temporal
arrangement has seen when the herd is having calves. The timing of waterhole
utilisation also varies with temperature, humidity, rainfall, and season (Joshi,
2009). These patterns can be changed with the changes in environmental factors

such as rainfall (Sukumar, 1989).

The elephants sometimes cover their bodies with mud or dry soil or spray
water on to the body to combat the high atmospheric temperature (Joshi, 2009).
This may take place mostly during the dark hours (Eisenberg and Lockhart, 1972).
In summer months, they are found to lay down in the water for hours to cool their
bodies (Joshi, 2009). In the dry season, the elephants found to be digging small pits
on the dry river bed or waterhole by beating their leg forward and backward, to
collect water (Eisenberg and Lockhart, 1972). Human interference is found to be

having a promising influence in determining the waterhole usage of elephants.

When a herd starts bathing, the adult cow will enter the water first and
make sure it’s safe for others, then only the other members including calves enter
the waterhole. Even after entering into the waterhole, they will wait for some time,

listening to any kind of unfamiliar sound or a symbol of threat (Joshi, 2009).
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In Rajaji NP, during the wet season, the elephants seemed to be moving to

the upper areas, where the lower lands become swampier (Joshi, 2009).

A study conducted in Nagarhole National Park by Lakshminarayanan et
al., (2015), shows that the elephant population was not found to be uniformly
distributed in the dry season. The elephant activity was found to be larger near the
riparian habitat, whereas it can provide both water and forage. It also offers shade
that may help elephants in thermoregulation. The study also revealed that there is
a very weak relationship with the density of artificial waterholes and the probability

of waterhole used by elephants.

Some populations of African elephants are found to be drinking at night
while some populations in the day time, concerning their local conditions (Risk
related to heat stress or human interference). Most of the elephant herds have

specialized drinking spots in rivers as well as waterholes.

In the Rwenzori National Park, Uganda, African elephants are observed to

be drinking for 1-3 times a day (Wyatt and Eltringham, 1974).

Valeix et al (2007) studied the waterhole usage of African elephants in
Hwange National Park, Zimbabwe. They stated that the elephant peaks its
waterhole usage at dusk, and they also forced smaller mammals to shift their

temporal arrangement of waterhole usage.

In Kruger National Park, South Africa, the peak elephant activity in
waterholes was recorded from 13:00 hours to 24:00 hours. One herd of elephant
observed to return to the waterhole every 12-36 hours. The study revealed that,
when the elephant used artificial waterhole, they covered more area of the habitat

than when they use only natural water sources (Purdon and Aarde, 2017).

Loarie et al., (2009) studied the effect of fences and artificial water in
determining the wild African elephant movement. They stated that, during the dry

season, the elephant herds didn’t move much away from the water sources. They
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kept as close to the waterholes in the night hours, and far during the day time. The
movement of African elephants in Amboseli National Park shows a clear linkage
with the seasonality. The radio collar studies reveal that they range more from the
water source during the wet season rather than the dry season. They were found to
be raging within the radius of 10 km from the water source in the dry season and

40 km during the wet season (Western and Lindsay, 1984).

The distribution of wild ungulates such as Chital (Axis axis), Muntjac
(Muntiacus Muntjac), Sambar deer (Rusa unicolor), Gaur (Bos gaurus) efc. are
found to be decided not only by the availability of water, but also by the availability
of grazing lands (Smit ef al., 2007). Schaller (1967) identified the availability of
water as a main delimiting factor of Chital distribution. The activity pattern studies
show that Chital visits waterholes once or twice a day to meet their water
requirements around dawn and dusk (Fuchs, 1977). The peak drinking hours found
to be between 7:30 hours and 8:00 hours. But during drought season, they also
drink at midday hours (Eisenberg and Lockhart, 1972). Even though, it can keep a
long time without drinking water directly, as it meets the water requirements from
grasses and dews (Johnsingh and Manjrekar, 2015). The grazing grounds are often
seen in the vicinity of water holes (Eisenberg and Lockhart, 1972).

The Sambar deer is also found to be using the waterholes in all the seasons.
They have a comparatively high requirement of water than the other ungulates such
as Spotted Deer or Muntjac, but their higher body mass and movability allows them
to forage much away from the water sources. The waterholes are a location where
the individuals or small groups of Sambar deer gather together in the evening hours
before dispersing to feed. They usually wallow in mud or wet sand near the river
bed or the side of waterholes. It is more frequent during the dry seasons as they like
to spend more time in the water. They also found to be refusing from drinking
water if any sign of threat of the presence of predator or humans is found (Eisenberg
and Lockhart, 1972). An interesting finding has been done by Johnsing (1983) that
the Sambar deer seek refuge in waterholes when they are chased by wild dogs. It

found to be successful in shallow waterholes rather than deep ones.



The Muntjac is species that have a low water requirement among the other

ungulates. It found to be drinking at midday hours (Eisenberg and Lockhart, 1972).

Similarly, there are very fewer data are available about the water
requirements of Mouse deer, where Eisenberg and Lockhart (1972) found

some Mouse deer inhabiting in the bush around a permanent waterhole.

The Wild Boar (Sus scrofa) is another water-dependent ungulate that has
been seen near permanent water sources. They used to drink as well as wallow in
the mud. Similar to elephant boars also wallow to cover their bodies in mud to
protect themselves from flies. It also helps them in thermoregulation in dry periods.

They also used to dig for tubers and earthworms in the wet soil near the waterholes.

Gaur, another massive herbivore is also an obligate drinker and consumes
water twice a day. Dawn and dusk are mostly preferred for drinking water (Sankar
et al., 2001). This may because their predators are more nocturnal (Hayward and
Hayward, 2012)

The carnivores are also dependent on water to some extent. Jackals (Canis
aureus) tend to be localized in the vicinity of permanent water sources. This might
be due to the availability of prey near the waterholes. It's observed that the jackal
hunts the small water birds from the vicinity of waterholes (Eisenberg and Lockhart,
1972).

The activity of Sloth Bears (Melursus ursinus) is also found to be near to

permanent water bodies (Eisenberg and Lockhart, 1972).

For Leopard (Panthera pardus), waterholes are perfect hunting grounds.
It’s observed that leopards catch spotted deer, wild boars, etc. from the edge of

waterholes. Sometimes it also feeds on turtles (Eisenberg and Lockhart, 1972).

The small carnivores like mongooses, civets, Jungle cats, etc. tend to have

their home ranges near permanent water sources (Eisenberg and Lockhart, 1972).



In primates, many species show dependency on waterholes. The Northern
plain Gray langur (Semnopithecus entellus) have at least one permanent water
source in their territory. In dry seasons, they mainly meet their water requirements
from fresh fruits and leaves. Even though sometimes they descent to ground and
drink water from waterholes. Not all individuals drink water at the same time.
Some individuals remain upon the tree branches and look around for the signs of

predators (Eisenberg and Lockhart, 1972).

Epaphras ef al., (2007), studied the utilisation of waterhole by wildlife in
Rauha National Park, Tanzania. The study revealed that wildlife preferred both
artificial and natural waterholes to meet their water requirements. And the water
quality was also better in manmade waterholes rather than natural ones. The impact
of grazing of these herbivores is more severe in the vicinity of the waterhole. As
far as biodiversity is concerned, artificial waterholes are less diverse as compared

to natural waterholes.

A camera trap study conducted by Hayward and Hayward (2012) in
different waterholes in Africa revealed that around 25 species of mammals were

found to be using waterholes.

The artificial waterholes in the drier areas will confine the animals within
the range of that waterhole and prevent their migration to unprotected areas
(Edwards ef al., 2017). Western (1975) says that in dry periods in Amboseli
National park, Kenya, 99% of herbivores occurred within 15 km of the surface
water source. So, in arid ecosystems like Africa, the frequency of waterhole plays
an important role in the distribution of wild herbivores. The distribution of water-
dependent species will be skewed concerning the water availability and the species’
which water is not a daily requirement will be more widely and randomly
distributed through the forest (Redfern er al., 2003). The species having high
biomass density will be having high water requirement (Smith, 1988). The
availability of water also helped to reduce Intra and inter-species fights (Epaphrus,

et al., 2007). But the gathering of large herbivores such as elephants in high
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densities in waterholes will lead to a monopolistic utilization of waterhole and thus
increasing the competition for water in dry seasons (Valeix ef al., 2008). This is
prevalent in the areas where having a limited number of water sources. A co-
existence has been made by many prey-predator species by adopting a temporal

partitioning of water resources in many places (Schoener, 1974).

The distribution patterns of herbivores are also found to be changing in
dry season concerning the difference in surface water and food availability (Smit ez
al., 2007), (Redfern et al., 2003). The vegetation near permanent water sources is
facing high grazing or browsing pressure (Shannon et al., 2009). The provision for
artificial waterholes in the forest will help to distribute the wildlife population into
wider areas and thus the pressure on the vegetation can be reduced (Epaphrus e7 al.,
2007). Closely located waterholes will increase the crowding of wild animals in
the waterhole area and thus lead to degradation of woody vegetation in that area
(Franz et al., 2010). To reduce the grazing pressure, the artificial waterholes must
be relocated to new areas annually by about 5 km. Thus, we can avoid the problem

of permanent vegetation damage in the area (Epaphrus et al., 2007).

Large waterholes can accommodate a greater number of animals than the
smaller ones as it can allow a few numbers of species at a time. So that a temporal
pattern of waterhole usage is adopted by the animals to avoid species drinking in
close proximity to the other species. And also, most of the animals found to be

using the waterhole during dawn and dusk (Edwards er al., 2017).

The waterholes can also act as hunting grounds for carnivores (Wakefield
and Attum, 2006; Edwards ef al., 2017). The carnivores such as tiger, leopard, wild
dog, etc. are using the waterhole not only to meet their water requirements but to
hunt herbivores such as spotted deer or Sambar deer, etc. (Eisenberg and Lockhart,
1972). The vegetation around waterholes can be a hiding place for predators

(Wakefield and Attum, 2006).
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MATERIALS AND METHODS

31 STUDY AREA

Wayanad, coming under the Nilgiri Biosphere reserve is under the
administration of three forest divisions, North Wayanad, South Wayanad, and
Wayanad wildlife Division. The district Wayanad shares its boundary with
Karnataka and Tamil Nadu. The eastern and southeastern part of Wayanad shares
boundary with the Muthumalai Tiger reserve of Tamil Nadu, northern part with
Bandipur Tiger reserve and northwestern part with Nagarhole Tiger reserve
(between 11° 20’ and 12° 7° N latitude and between 75° 28’ and 76° 36’ E
longitude). These four contiguous protected areas have a total area of 2,184 km?.
The total area of Wayanad district is about 520.78 km? in which the Wayanad
Wildlife Sanctuary occupies an area of 344.44 km?* (Figure 1).

The term Wayanad is derived from two words, Vayal and Nadu. Vayal
means swamp and Nadu means land. Hence it collated as a single term Wayanad

means, the land of swamps.

Wayanad Wildlife Sanctuary is bio-geographically one of the richest tracts
of Western Ghats. It lies between 76" 02' and 76° 27' East Longitude and 1135
and 11° 51' North Latitude in Wayanad district. The eastern and western plateau of
Wayanad differs in topography and climate. The Wayanad plateau is at an elevation
of 900-1600m. The northern part with an elevation of 700-1600m differs from the
south-western slope of uneven peaks ranging from 1000-2000m vegetation types
include wet evergreen forests confined to the northern part and deciduous forests n
the areas bordering adjacent state. Natural forests are surrounded with bamboo

thickets and plantations of teak and eucalyptus.

The Wayanad Wildlife Division as an administrative unit has 344.44 km? of
the Wildlife Sanctuary area, comprising two discontinuous units of 77.67 km?
(called WS-I) and 266.77 km? (called WS-II). It has been declared as a sanctuary
in 1973. The WS-I consists of Tholpetty range which is contiguous with Nagarhole

11



Tiger reserve of Karnataka. The WS-II comprises three ranges 7e., Sulthan Bathery,

Muthanga, and Kurichyat.

The annual rainfall limits between 1123.90 mm to 2168.20 mm. There are
three major seasons in Wayanad, the dry season (January to April), the first wet
season (May to August) and the second wet season (September to December). The
average monthly minimum temperature varies from 14°C to 19.4°C and the

maximum temperature ranges between 24°Cto 31°C

The area is drained by a number of tributaries of the Kabani river flowing
to the east. The Kurichyat range in WS-II has two major rivers viz., Kannaram
puzha and Kurichyat river which drains into the Kabani river. The southern side of
WS-I1 is drained by the Noolpuzha thodu and Mavinhalla river which also joints to
Kabani. There are many seasonal streams in the sanctuary, which dries up in the
summer season. In the Tholpetty range, the major perennial river is Bavali puzha.
It has a network of streamlets draining from the sanctuary area. The Bavali puzha

ultimately joins with the Kabani river.

3.1.1 Swamps

The swamps in the sanctuary, locally called as vayals, is an edaphic climax
ecosystem characterised by clayey soils. It is waterlogged in rainy months and the
predominant vegetation is grasses. Axonopus compressus, Paspalum spp.,
Eragrostis spp. etc. are some common grass species found in the vayals of Wayanad
Wildlife Sanctuary. Some shrubs like Ageratum conyzoids, Chromolaena odorata,
Parthenium spp are also found in vayals. The woody vegetation in these
marshlands is normally less. Trees like Terminalia paniculata, T. tomentosa,

Phyllanthus emblica, Tamilnadia uliginosa are seen along the fringes of the vayals.

There are 171 vayals in the sanctuary distributed in all the four ranges of the
division (Kurichyat range- 34, Muthanga- 44, Sulthan Bathery- 45, Tholpetty-
48). An area of 929.576 ha. has been covered by the vayals in the sanctuary.
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Vayals are the places where a large number of herbivores usually gather.
The forest department is employing various management activities in vayals such
as the removal of unwanted species such as weeds from vayals to improve the

quality of the habitat.

3.1.2 Waterholes

The waterholes are small to medium-sized bodies which constructed
artificially to preserve water for the wildlife population in the sanctuary. There are
about 168 artificial waterholes in the sanctuary, covers an area of 11.74 ha. The
average dimension of waterholes is 28m x 23m. The depth of the waterholes dug is
2 m. Not all the waterholes will sustain water in the summer months. All the
artificial waterholes will retain water up to January. Some will dry up in the summer
season. Around 80 percent of them hold water till February, 60 percent will retain

water till March and only 20 percent of them will hold water throughout the year

13
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Plate 1. Edavambam vayal in Sulthan Bathery range

Plate 2. Karadimunda waterhole in Muthanga range
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i METHODS
3.2.1 Period of observation

A reconnaissance survey has been done during September 2018. Wayanad
Wildlife Sanctuary encompasses 171 vayals, 168 artificial waterholes, and 42 check
dams. From these, a total of 30 waterholes (15 vayals and 15 artificial waterholes)
have been selected for the present study. Vayals/swamps are considered as the
natural waterhole and ponds made by the forest department is taken as an artificial

waterhole.

Table 1. Number of waterholes, vayals and check dams in Wayanad Wildlife

Sanctuary
SI. No. | Range Vayals Waterholes | Check dams
U Kurichyat 34 39 7
= Muthanga 44 46 16
3. Sulthan Bathery 45 45 6
- Tholpetty 48 38 13
TOTAL 171 168 42

Intensive fieldwork has been carried out in those identified waterholes and
vayals from September 2018 to May 2019. The study was mainly focused on two
seasons such as rainy and non-rainy season. A minimum of 20 days was spent in

all ranges in two seasons each for the completion of the fieldwork.
3.2.2 Site selection

The waterholes and vayals for the study have been selected with the help of
the reconnaissance survey conducted prior to the study. Among the 171 vayals, 15
were selected based on the opinion of forest department officials and by the indirect
evidence of animals around the waterholes. Camera trapping was the method

followed for analyzing the animal usage in waterholes.
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Table2. Selected study sites from Wayanad Wildlife Sanctuary J
Range Vayal Waterhole

1. Doddapaalam 1. Chaddakulasi

2. Kommancherry 2. Manneduppamkuni
Kurichyat :

3. Manneduppamkuni 3. Nedumundakkolly

4. Nedumundakkolly 4, Pavagaddha

5. Ayamangalam 5. Ayamangalam

6. Kaakkappadam 6. Kaakkappadam
Muthanga .

7. Kaundan vayal 7. Karadimunda

8. Nallur 8. Kaundan waterhole

9. Arakunji 9. Nallathanni
Sulthan Bathery 10. Edavambam 10. Pulachallam

11. Kaatichakkalam 11. Vilanganpaara

12. Aralagadhapaalam 12. 36" Pond

13. Ayyappanpara 13. 38" Pond
Tholpetty

14. Dasanghatta 14. 70™ Pond

15. Doddady 15. Doddady

3.2.3 Camera Trap Survey

Camera trapping technique was used to monitor the activity of wild animals
at different vayals and waterholes in Wayanad Wildlife Sanctuary. Four camera
traps each at every location were installed for a period of 10-30 days. A digital
camera with infrared and motion sensor (Cuddeback Attack C1 with white flash)
was used for the study. Each study site (Vayal/waterhole) were examined intensely
and identified suitable spots (stations) for fixing the camera traps. The traps were
set up in an area is in such a way that it could capture maximum possible animal
movement through the water source. The animals passing through outside the field
of view of cameras were missed. It is also taken in concern that all the four cameras
are almost evenly distributed through the study site. The cameras were fixed on

trees at a height of 50 cm to 1 m height from the ground. The cameras were set up
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in default mode with the time-delay as fast as possible between images during day
time and of five seconds between images during the night. All the cameras were
kept open all day and remained in the field for 10-30 days in each station. The date
and time of capture were automatically recorded in the images at the time of
capture. The location of each camera station was recorded using a handheld GPS
machine (Garmin etrex 20x). A total of 2890 camera trap days with 69360 trapping
hours were made in all the 30 study sites in Wayanad Wildlife Sanctuary.

The study was conducted in two seasons viz., wet and dry season. The wet
season’s field study has been conducted the months of September to November
2018 and the dry season study is conducted between February to May 2019. The
same camera stations were used for both the seasons’ data collection, which implies
the number of camera traps and the number of trap days in each season was the

same.

Plate 3 Camera trap (Cuddeback C1 with white flash)
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Plate 4. Setting up camera trap in the field

Plate 5. Camera trap in the field
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3.2.3.1 Time activity pattern i

The time activity pattern of wild animals visiting the vayals and waterholes

were calculated for each one-hour time interval using the following formula:

Time activity present in a given time interval

No.of individuals of a species recoreded in a given time interval 100

Total No.of individuals recorded for the same species

Using the data from above, a graph was plotted with percent of activity

against time interval.
3.24 Statistical Analysis
3.2.4.1 Test of preference

Paired t -test is used to find out the preference for natural and artificial water
sources by wild animals in Wayanad Wildlife Sanctuary. The paired t-test used to

determine whether the mean difference between two variables is zero.
Ho= There is no significant difference between means of two variables.

If the p-value is greater than 0.05, we reject the null hypothesis and we can

say that there is significant difference between the means of two variables.
3.24.2 Test of randomness

Run test is used to find the randomness in data. It is a statistical test that

examines whether a portion of data is occurring randomly from a distribution.

Ho= There is randomness in the distribution of two continuous observations.

20



3.2.4.3 Test of dependence 5 6

G -test is used to find out the independence between two variables. It

analyses whether the proportions of a given variable in independent of another

variable.

Ho=The relative proportions of one variable are independent of the second variable.
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RESULTS J

4.1 USAGE OF WATER SOURCE BY WILD ANIMALS IN WAYANAD
WILDLIFE SANCTUARY

There were 117 camera trap stations in selected 30 study locations in the
sanctuary. The total camera trap effort was 2890 days (69360 hours). The details

are given in Table 3.

Table 3. Number of trap days in each forest range of Wayanad wildlife Sanctuary

Range No. of trap days

Wet Dry
Sulthan Bathery 308 221
Muthanga 330 632
Kurichyat 339 501
Tholpetty 323 236

Table 4 shows the list of animal species found during camera trapping in
artificial and natural water sources. The present study revealed 21 species of wild
animals using natural and artificial water sources in the sanctuary area (Plate19 and

Plate 20)..
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Table 4. List of animal species found during camera trapping in artificial and natural

water sources

4

[

S1. Common Name Scientific Name
No.
1 Asian Elephant Elephas maximus
2 Barking Deer Muntiacus muntjak
= 4 Black-footed Gray Langur Semnopithecus hypoleucos
4. Black-naped Hare Lepus nigricollis
3 Bonnet Macaque Macaca radiata
6. Brown Palm Civet Paradoxurus hermaphroditus
7. Common Palm Civet Paradoxurus hermaphroditus
8. Gaur Bos gaurus
% Indian Porcupine Hystrix indica
10. Leopard Panthera pardus
11. Mouse Deer Moschiola indica
12. Ruddy Mongoose Herpestes smithii
13. Sambar Deer . Rusa unicolor
14. Sloth Bear Melursus ursinus
15 Small Indian Civet Vivericula indica
16. Spotted Deer Axis axis
17. Stripe-necked Mongoose Herpestes vitticollis
18. Tiger Panthera tigris
19. Tufted Gray Langur Semnopithecus priam
20. Wild Boar Sus scrofa
21. Wild Dog Cuon alpinus

The current study revealed that the preference for natural waterholes by
wild animals were comparatively higher than that for the artificial waterholes in
Wayanad Wildlife Sanctuary. The mean of frequency of animal visits to the vayals
and waterholes shows a comparable figure, but it is slightly skewed towards the

vayals. The mean value of animal visit to the vayals were a higher than that of

25
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artificial waterholes. There are small variations in the frequency of animal visit in
water sources between two seasons viz., dry and wet. Fig. 4 to Fig. 7 shows the
frequency of animal visits to the vayals and artificial waterholes in Wayanad

Wildlife Sanctuary.
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Figure 4. Frequency of animal visit to vayals and artificial waterholes in different

seasons in Sulthan Bathery range
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Figure 5. Frequency of animal visit to vayals and artificial waterholes in different

seasons in Muthanga range
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Figure 6. Frequency of animal visit to vayals and artificial waterholes in different
seasons in Kurichyat range
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Figure 7. Frequency of animal visit to vayals and artificial waterholes in different

seasons in Tholpetty range

27



b

In Sulthan Bathery range, the animal visiting frequency in vayals in the wet
season was found to be 305 and that of artificial waterholes was 73 (Fig. 4). In the
dry season, the frequency of animal visits in waterholes was increased to 225 and
that of the vayals was 362. The vayals of Muthanga range has an animal visiting
frequency of 258 in the wet season and 508 in the dry season. While in artificial
waterholes of the same range have a very low animal visiting frequency (81) in the
wet season, but have a high frequency (525) in the dry season (Fig. 5). The scenario
was not different in Kurichyat range, as the wet season animal visiting frequency in
vayals and waterholes were 118 and 70 respectively and it increases to 363 and 314
in the dry season (Fig. 6). The condition is a tad different in Tholpetty range. The
frequency of animal visit in vayals and waterholes in the wet season were 402 and
203 respectively (Fig. 7). The change in the utilisation frequency of vayals and
artificial waterholes between the dry and wet season was small when compared to
other ranges. In the dry season, the vayal has a frequency of visit of 418 and
waterhole had 451.

The number of species visiting the water sources is also varying with the
seasons. According to Fig. 8 to Fig. 10, the natural waterholes or vayals bear a greater

number of species in the wet season.
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Figure 8. Number of species present in vayals and waterholes in different season in

Sulthan Bathery range
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Figure 9. Number of species present in vayals and waterholes in different season in

Muthanga range
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Figure 11. Number of species present in vayals and waterholes in different season in

Tholpetty range

The number of species reported from artificial waterholes is high in the dry
season in Sulthan Bathery and Muthanga ranges of the sanctuary. However, in
Kurichyat range, vayals hold a greater number of species in both wet and dry
seasons. An equal number of species were reported from vayals and waterholes of
Tholpetty range in both the seasons (Figure 11).

The paired t-test was used to assess the preference for natural waterholes/
vayals and artificial waterholes by wild animals in the sanctuary. It also used to
examine whether there is any change in the utilisation of the usage of these water

sources in wet and dry seasons. The results are shown in the Table 5 and Table 6.

Table 5. Difference in water source usage by wildlife during wet and dry season in

Wayanad Wildlife Sanctuary

Vayal Waterhole
Range Wet | Dry |[tStat |p Wet | Dry | tStat p
Sulthan Bathery | 17.94 | 37.17 | -0.60™ | 0.55 [ 5.21 |16 -1.04™ ] 0.31
Muthanga 18.42 | 36.28 | -0.51™ | 0.61 | 4.76 | 30.88 | -1.059™ | 0.30
Kurichyat 6.94 |17.23 [-0.75™ | 045 |5.83 |26.25|-1.19"™ |0.25
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Tholpetty 23.64 | 24.58 | -0.03™ | 0.97 | 12.68 | 28.18 | -0.65™ | 0.51

ns- Not significant at «=5

The result of the paired t-test was non-significant for all the ranges, which
indicate that there is no significant difference between the means of observations
made in two seasons from vayals as well as waterholes. So, we can assume that the

usage of water sources during the two seasons are nearly uniform.

Table 6. Difference in utilisation of vayals and waterholes in Wayanad Wildlife

Sanctuary
Range Vayal Waterhole t Stat p
Sulthan Bathery 44.62 14.14 0.84" 0.40
Muthanga 36.47 28.85 0.19™ 0.84
Kurichyat 19.57 18.33 0.070" 0.94
Tholpetty 39.047 31.14 0.18™ 0.85

Table 6 shows the details of the preference of animals among vayals and

waterholes. The result indicates, there is no significant difference between the usage
of vayals and waterholes in the sanctuary. The value of t stat is non-significant for

all the four ranges of the sanctuary.

Table 7. Preference of vayals and waterholes by different animal species in Wayanad

Wildlife Sanctuary.

Species Vayal Waterhole t Stat p

Asian Elephant 6.46 10.33 -1.36 0.18
Barking Deer 113 0.66 0.81 0.42
E;icgukf"”“’d A I 0.86 0.19 0.84
Black-naped Hare 1.2 1.13 0.11 0.91
Bonnet Macaque 1.46 2.26 -0.85 0.64
Gaur 5.26 4.13 0.47 0.64
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Leopard 0.2 0.2 0 1

Sambar Deer 10 11.64 -0.26 0.79
Sloth Bear 0.66 0.66 0 1

Spotted Deer 167.13 91.8 212 0.04*
Tiger 1.066 1.2 -0.4 0.69
Tufted Gray Langur 0.86 1.66 -1.120 0.27
Wild Boar 1.93 1.35 0.97 0.33
Wild Dog 0.428 1.26 -1.38 0.17

The preference for vayals and waterholes by different species of animals
were also examined. Spotted deer shows a significant difference between the means
of water source usage frequency. The mean frequency of visit to the vayal and

waterhole was 167.13 and 91.8 respectively.

42  ANIMALS USING THE WATER RESOURCES
4.2.1 Usage of waterholes and vayals by different animals

The study revealed the presence of 21 species of mammals in the natural
and artificial water sources in Wayanad Wildlife Sanctuary including eight species
of herbivores, four species of carnivores, five species of small carnivores and three

species of primates.

Fig. 12 to Fig. 19 shows the number of various animal species in the vayals
and waterholes in the sanctuary. The number of herbivore species are almost the

same in all the locations.
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Figure 12. Number of species in different animal groups observed Sulthan Bathery

range in Wet season
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Figure 13. Number of species in different animal groups observed in Sulthan Bathery

range in dry season

From Fig. 12 and Fig. 13, it is clear that, the number of herbivore species
were almost similar in all the study locations in Sulthan Bathery range. No primates

were reported from the range in the wet season and no small carnivores are reported
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in the dry season. The Arakunji vayal supported only herbivores during the dry
season. No other animal group has been reported from Arakunji vayal in the dry
period. On the other hand, the waterholes reported a greater number of species in
the dry season. Each waterhole has at least two species of a large carnivore in the
dry season. Fig. 14 describes the animal visit in the study areas of Muthanga range
in the wet season. Nallur vayal has a comparatively low number of species. The
small carnivores are only reported from Kaundan waterhole. In the dry season, there
were visible changes in the number of animal species. The Kaundan waterhole itself
has seven species of herbivores, three species each of large carnivore, small
carnivore and primate (Fig. 15). In the wet season, the waterholes of Kurichyat range
shows a lesser number of carnivore and primate species. On the other hand, the
vayals have a higher number of species in the wet season (Fig. 16). The dry season
data also shows a clear dominance of vayals in the range, as a greater number of
species were reported from vayals. Small carnivores like Common Palm Civet
(Paradoxurus hermaphroditus) and small Indian Civet (Vivericula indica) are only
reported from vayals in that range. In Tholpetty range, herbivore species are most
reported from vayals in the wet season, while primates and large carnivores are most

reported from waterholes.
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Figure 19. Number of species in different animal groups observed Tholpetty range

in dry season
4.2.2 Frequency of visit of different animal species in study locations

All the species are not evenly distributed throughout the study locations.
Some species of animals were only reported from some specific locations in some

specific season.

The Fig. 20 represents the frequency of animal visit to vayals of Sulthan
Bathery range in wet and dry seasons. The most frequently visited animal in the
vayals is Spotted deer followed by Sambar deer and Gaur. The frequency of visit of
Spotted deer and Asian Elephant in the vayals of Sulthan Bathery is nearly uniform

in all the vayals in both the seasons.

Asian Elephant and Gaur shows a uniform utilization pattern in the
waterholes of Sulthan Bathery range. The frequency of visiting the waterhole by
Spotted deer is exceptionally high in Vilanganpaara waterhole in dry season. Details

are given in Fig. 21.
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Bathery range
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According to Fig. 22, vayals of Muthanga range shows very good activity
of animals at the natural water sources. Herbivores like Asian elephant, Sambar
deer, etc. were found to be using the vayals uniformly. Carnivores are also present
in all vayals in Muthanga range. Animals like Black-naped Hare, Bonnet macaque,
Indian porcupine, Stripe-necked mongoose etc. were found to be using the vayals in

dry season only.

The animal activity of artificial waterholes in Muthanga range shows a
skewed pattern of utilization as the Kaundan waterhole shows an exceptional high
frequency of animal visit in dry season. Barking deer, Black-footed grey Langur,
Common Palm civet, Leopard, Ruddy mongoose, Tiger etc. were only recorded from

Kaundan vayal in dry season (Fig. 23).
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Figure 22. Frequency of visit of different animals in the vayals of Muthanga range
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Figure 23. Frequency of visit of different animals in the Waterholes of Muthanga

range

Fig. 24 shows the frequency of animals in vayals of Kurichyat range. The
herbivores keep a similar trend of utilisation pattern as the previous ranges. The

small carnivores are not observed in both seasons.

The situation is slightly different in waterholes. The animal visiting
frequency in Manneduppamkuni and Nedumundakolly waterholes in dry season has

a slight dominance over the other waterholes in the range (Fig. 25).
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The vayals of Tholpetty range a uniform activity of animals in the wet season.
Asian elephant, wild boar, spotted deer, etc. shows a nearly comparable frequency
of visit in the vayals. Sloth bear and Small Indian civet are only found during the
dry season. There are only four species of animals were present in Dasanghatta
vayal in the dry season, whereas, eight species of animals were found to be present
there in the wet season. The wet season activity of spotted deer was very poor in the
Aralagadha Palam and Ayyappanpara vayals (Fig. 26). Among waterholes, 70th
Pond has the highest frequency of animal visits. The Asian elephant is not found to
be using 36th and 38th Pond during the study period. Its highest frequency was
observed at 70th Pond in the dry season. Exceptionally high counts of Sambar deer
and Spotted deer are also observed from 70th Pond in the dry season. Gaur was
observed from 36th Pond and was not from any other waterholes in Tholpetty range.

The tiger was observed from all the study locations (Fig. 27).
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Figure 26. Frequency of visit of different animals in the vayals of Tholpetty range
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43  TIME ACTIVITY PATTERN OF WATERHOLE USAGE IN WAYANAD
WILDLIFE SANCTUARY

4.3.1 Period of animal activity in different vayals

The time of waterhole/vayal usage of animals was also studied in the present
study. The pattern of usage was varying between each location. Almost all vayals
in the sanctuary shows similar animal activity pattern in the wet season. The peak
animal visit in vayals can be seen in the daylight hours, more precisely from 6:00

hours to 18:00 hours.

Arakunji vayal is one of the most utilised vayal in the Sulthan Bathery range.
The peak animal activity in that vayal was observed during 5:00-7:00 hours in the
morning and 18:00-19:00 hours in the evening. The activity in the noontime is
relatively less when compared with the other hours. In Edavambam vayal, the

animal activity was less in the morning hours and shows an increasing trend, peaks
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at 14:00-15:00 hours. The activity around 12:00 hours is less in this vayal also.
Kaatichakkalam vayal shows a very low animal visiting frequency than the other
two vayals. The peak activity was observed at 14:00-15:00 hours and the frequency

of animal visit was 12. Fig. 28 shows the details.

Fig. 29 describes the animal activity pattern in vayals of Sulthan Bathery
range in the dry season. Arakunji vayal keeps its peak activity in the evening hours
in dry season also. The activity in the noontime is almost nil in that vayal. The
frequency of animal visits was increased in each location. The frequency at peak
time at Arakunji vayal in the dry season was observed as 250, whereas in the wet
season, the frequency of animal visit in the peak time was 119. In Edavambam
vayal, the activity pattern in the dry season was the same as that of the wet season,
but the frequency of visit was slightly lower as compared to the wet season. Unlike
the other two vavals, Kaatichakkalam vayal has a different style of animal

activity. The peak period of activity in that vayal was during the noontime.
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Figure 28. Temporal usage of different vayals of Sulthan Bathery range in wet

season
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Figure 29. Temporal usage of different vayals of Sulthan Bathery range in dry season

The animal activity in the vayals of Muthanga range in the wet season is
shown in Fig. 30. Frequency of animal visits in Ayamangalam, Kaakkappadam, and
Kaundan vayal was following no particular pattern, but Nallur vayal shows an
exceptionally high count of animal visits during 10:00-11:00 hours. The animal visit
frequency in Nallur vayal was below 20 during night time, and it shows an increasing
trend from 6:00 hours, peaks during 10:00-11:00 hours with a frequency of 159 and
then decreases. In the dry season, the situation changes and all the vayals following
a general trend of a high frequency of animal visit in the morning and evening hours
(Fig. 31). The frequency of animal visit during the night hours were nearly 20 and
the peak frequency was observed as 149 and that was recorded from Kaundan vayal
at 9:00-10:00 hours. The peak frequency recorded at Ayamangalam, Kaakkappadam

and Nallur vayals were 35, 54 and 22 respectively.
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Figure 30. Temporal usage of different vayals of Muthanga range in wet season
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Figure 31 Temporal usage of different vayals of Muthanga range in dry season




Kurichyat range shows an irregular activity pattern in vayals during the wet
season. The frequency was found to be peaking at 13:00-14:00 hours in
Kommancherry and Nedumundakolly vayals. The peak period of animal activity in
Doddapaalam vayal was found to be during 9:00-10:00 hours. Doddapaalam vayal
has peak activity during morning and evening hours, but the other vayals peaks at
noontime. The topmost period of animal activity in Manneduppamkuni was during

17:00-18:00 hours.

The animal activity pattern during the dry season in vayals of Kurichyat
range was shown in Fig. 33. The activity during the day hours was noticeable and
that was many folds higher than that of the night time. Doddapaalam and
Manneduppamkuni vayals have the peak period of activity during noontime and that
of Nedumundakolly and Kommancherry vayals was 8:00 and 16:00 hours

respectively.
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Figure 32. Temporal usage of different vayals of Kurichyat range in wet season
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Figure 33. Temporal usage of different vayals of Kurichyat range in dry season

In Tholpetty range, the vayals show a different pattern of animal activity.
The peak hours of vayal usage in the dawn and dusk time. The activity of animals
in vayals in the noontime is very less as compared to the frequency during the other
hours. And there is negligible variation in animal activity between the day and night
hours. Dasanghatta vayal have the highest frequency of animal visit during 18:00-
19:00 hours and the count of the animal visit was 248. The animal activity in
Doddady vayal was different from other vayals. The peak activity of animals was
observed during hours other than noontime. The count of the animal visit was below

10 from 12:00-14:00 hours (Fig. 34).

In the dry season, Ayyappanpara vayal has the highest frequency of animal
visits during 6:00-7:00 hours. Doddady vayal shows an exceptionally high count

during 19:00-20:00 hours, followed by Dasanghatta vayal.
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Figure 35. Temporal usage of different vayals of Tholpetty range in dry season




The frequency of animal visits to artificial waterholes is relatively less in the
wet season. Almost all the waterholes in the sanctuary show animal activity peaks
in the day time hours. Among these, the morning hours around 8:00 and evening

hours around 16:00 showed high activity.

Fig. 36 shows the Pattern of animal visit in Waterholes of Sulthan Bathery
range in the wet season. The maximum frequency of animal visits in waterholes was
observed during the evening hours. The peak activity period in Pulachallam and
Vilanganpaara waterholes was 12.00 to 15:00 hours and that of Nallathanni was
9:00-10:00 hours. It also shows that the animal visit to Nallathanni was

comparatively less than other locations in the range.

The pattern of waterhole use changes in the dry season in Sulthan Bathery
range. The activity of animals was maximum during dawn and dusk time and less
during mid-day hours. Vilanganpaara waterhole shows an exception from this

pattern as its highest frequency of animal visit was observed at 13:00-14:00 hours.
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Figure 36. Temporal usage of different waterholes of Sulthan Bathery range in wet

se€ason
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Figure 37. Temporal usage of different waterholes of Sulthan Bathery range in dry

s€ason

The general animal activity pattern in the Muthanga range shows that the top
activity of animals in the waterholes in the wet season was observed during day
hours. Kaundan and Kaakkappadam waterholes show higher animal activity in the
mid-day hours. Ayamangalam vayal has peak activity of visit during 7:00—8:00

hours.

During the dry season, the frequency of animal visits in Kaundan vayal is
very high as compared to other locations. The peak activity of visit in Kaundan

waterhole was observed during 9:00-10:00 hours and the count was 312. The
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Kaakkappadam waterhole was less wused during the day hours.
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Figure 38. Temporal usage of different waterholes of Muthanga range in wet season
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Figure 39. Temporal usage of different waterholes of Muthanga range in dry season
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The waterhole usage in the Kurichyat range is not so different from other
ranges in the sanctuary. In the wet season, Manneduppamkuni waterhole has the
highest animal visiting frequency in the morning and evening hours. On the other

hand, Chaddakulasi waterhole shows the highest frequency during mid-day hours.

During dry season also, the waterholes of Kurichyat shows peak activity
during morning and evening hours. The activity in the noon hours are very less
compared to that of other hours. Chaddakulasi and Manneduppamkuni waterholes

have peak activity periods at 8:00-9:00 hours.
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Figure 40. Temporal usage of different waterholes of Kurichyat range in wet season
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Figure 41. Temporal usage of different waterholes of Kurichyat range in dry season

The general trend of waterhole usage was irregular in the Tholpetty range
in the wet season. 36" Pond has a peak animal activity time during mid-day hours.
Frequency of animal visit in 38" Pond is almost linear throughout the day time. In
70™ Pond, the peak activity of animals was found to be at 9:00-10:00 hours. While

Doddady waterhole has a maximum frequency during the evening hours.
J o [ =]

We could see a clear hike in the animal activity in 70" Pond. In the dry
season, the peak period of animal activity was shifted to afternoon hours. There is
very little frequency was observed during the night hours, and it shows a sudden

increase in the frequency from 5:00-6:00 hours.
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Figure 43. Temporal usage of different waterholes of Tholpetty range in dry season




44  DIFFERENCE IN UTILIZATION OF WATERHOLES IN WAYANAD /

WILDLIFE SANCTUARY

The Wayanad Wildlife Sanctuary has 168 waterholes spreading inside the
sanctuary. Many of them will dry up during the peak summer season. Only 20% of

the waterholes will retain water throughout the year.

Many of these waterholes is made inside the vayal/ marshy areas. In the
current study, we monitored the difference in utilization of the waterholes inside the
vayals and outside the area of the vayals in the sanctuary. Table 8 shows the list of

waterholes selected for the analysis.

Table 8. List of waterholes situated inside and outside the area of vayals/swamps

Waterholes inside Vayals Waterholes outside Vayals
Ayamangalam Chaddakulasi
Kaakkappadam Karadimunda

Kaundan Vilanganpaara
Manneduppamkuni 36" Pond

Nedumundakolly 38" Pond

Doddady 70" Pond

Generally, the frequency of animal visit was greater in the waterholes made
inside the vayals. Out of 1824 animal visits in waterholes, 974 visits were made to
waterholes inside the vayals. There is also variation between seasons, as the
frequency of visits in wet season are more in waterholes outside the vayals. Details

are given in Fig. 44.
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Table 9. Number of species and frequency of visit to waterholes made inside and 7}
outside vayals in Wayanad Wildlife Sanctuary

Waterholes inside Waterholes outside
Vayals Vayals
Number of species 18 16
Frequency of visit 974 850
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Figure 44. Frequency of animal visit to waterholes made inside and outside vayals

in Wayanad Wildlife Sanctuary
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Figure 45. Number of species of animals visited waterholes made inside and outside

vayals in Wayanad Wildlife Sanctuary

4.5 USAGE OF WATERHOLES BY WILD ANIMALS IN DIFFERENT
SEASON

The waterholes in Wayanad Wildlife Sanctuary are widely visited by
animals. Not all the animals visiting the waterholes are directly using the waterholes.
Large mammals like Asian elephant and Gaur are visiting the waterholes to meet
their water requirement, but there are other animals those where mainly depends the
vegetation around the waterholes. Most of the ungulates depend the waterholes for

feeding on the grasses and other bushes around the waterholes.

Fig. 46 describes the activity of animals in waterholes of Sulthan Bathery
range in wet season. No animal is found to be drinking water from Nallathanni and
Vilanganpaara waterholes. Many of the animal visit in waterholes were made for

pastures. In dry season, where there is no much sources of water in the sanctuary,
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"
some fraction of animals was found to be consuming the water directly from thcse'7 / )

waterholes.
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Figure 46. Frequency of animals in different activities in waterholes of Sulthan

Bathery range in wet season
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Figure 47. Frequency of animals in different activities in waterholes of Sulthan

Bathery range in dry season
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In Muthanga range, the wusage of waterholes was not uniform. / 9]
Kaakkappadam and Kaundan waterholes were less preferred by animals in the wet
season. Only 29 visits were made by animals to Kaakkappadam waterhole and 24

of them were found to be grazing around the waterbody.

In dry season, the frequency of animal visit was increased in all the study
locations in the range. But, the direct use of waterholes was relatively less. A total
of 365 visits were made into Ayamangalam waterhole and none of them were found
to be drinking water from the waterhole or bathing in it. The Kaundan waterhole
shows a better performance, as, it has 103 incidence of drinking water/ bathing. A

small fraction of animals was found to be resting near the waterholes.
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Figure 48. Frequency of animals in different activities in waterholes of Muthanga

range in wet season
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Figure 49. Frequency of animals in different activities in waterholes of Muthanga

range in dry season

The direct usage of waterholes was much more prominent in waterholes of
Kurichyat range. Incidence of drinking or bathing was reported from Chaddakulasi,
Nedumundakkolly and Pavagaddha waterholes. Nedumundakolly was the most

preferred waterhole in the range in wet season.

During dry periods, the priorities changes, and the most used one was
Manneduppamkuni waterhole. A total of 547 visits were made by animals to the
waterhole, but only 13 were found to be using the waterhole directly. Two hundred
and thirty-two visits were done for grazing around the pond. Nedumundakolly
waterhole has comparatively high frequency of drinking or bathing in the pond. The
data from Pavagaddha waterhole was missing as we lost the camera traps in the dry

season.
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Figure 50. Frequency of animals in different activities in waterholes of Kurichyat

range in wet season
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Figure 51. Frequency of animals in different activities in waterholes of Kurichyat
range in dry season

The direct usage of waterholes was very little in the case of Tholpetty range
also. 70" Pond is the most widely used waterhole in the range in both the season,

and there were 386 visits made to the pond and only eight of them was for drinking
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the water. In dry season also, the situation remains the same. No waterholes other

than 70" Pond is found to be having incidence of drinking water.
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Figure 52. Frequency of animals in different activities in waterholes of Tholpetty

range in wet season
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Figure 53. Frequency of animals in different activities in waterholes of Tholpetty

range in dry season
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46  TIME ACTIVITY PATTERN OF WATERHOLE USE OF ANIMALS 60

The camera trap images contain time and date of capture of the photograph.
So that we could analyse the period of activity of each animal species. The peak

frequency of animal visit in our study areas were during the daytime hours.

Fig. 54 shows the time of activity of Asian Elephant, Barking deer and Gaur
at vayals of Wayanad Wildlife Sanctuary. It has to be noted that, all the three
animals follow nearly a similar trend in time of usage of vayals. The activity of
Asian elephant shows less during the morning hours and it increases till 18:00 hours.

The Barking deer shows higher activity in vayals during the day light hours.

In waterholes also, there was no considerable changes in the time of activity
of these animals. Gaur has a peak activity during the evening hours and barking deer

is more active during the morning hours.
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Figure 54. Time activity pattern of Asian Elephant, Barking deer and Gaur at vayals
of Wayanad Wildlife Sanctuary.
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Figure 55. Time activity pattern of Asian Elephant, Barking deer and Gaur at
waterholes of Wayanad Wildlife Sanctuary.

The period of active utilisation of vayals by sambar deer, spotted deer and
Wild boar are shown in Fig. 55. The Sambar deer and Spotted deer a same pattern
of activity in vayals. The vayal usage was showing an increasing trend from 4:00
hours and attains a peak during 9:00-10:00 hours and then shows a decrease. In the

evening hours it again increases and attains the peak at 18:00 hours.

In waterholes also, the activity starts increasing from 4:00 hours and settle
downs at 19:00 hours. Wild boar shows a clear peak period of activity at 18:00

hours.
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Figure 56. Time activity pattern of Sambar deer, Spotted Deer and Wild Boar at
vayals of Wayanad Wildlife Sanctuary.
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Figure 57. Time activity pattern of Sambar deer, Spotted Deer and Wild Boar at
waterholes of Wayanad Wildlife Sanctuary.

The carnivores are observed to be visiting the vayals during all the time in
a day. Wild dog was active during day hours and the Sloth Bear during evening and

night hours. The presence of tiger was found during all the day in vayals of Wayanad
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wildlife Sanctuary. The leopard was visiting the vayals during night time. The time

activity of leopard was shifted to early morning and noon hours in waterholes.
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Figure 58. Time activity pattern of carnivores at vayals of Wayanad Wildlife

Sanctuary.
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Figure 59. Time activity pattern of carnivores at waterholes of Wayanad Wildlife

Sanctuary.
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The period of activity of Primates like Black-footed Gray Langur, Bonnet
Macaque and Tufted Gray Langur clearly confined to the day hours. 8 L,,
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Figure 60. Time activity pattern of primates at vayals of Wayanad Wildlife
Sanctuary.
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Figure 61. Time activity pattern of primates at waterholes of Wayanad Wildlife
Sanctuary.
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47 INTERACTION BETWEEN ANIMALS USING SAME RESOURCES

4.7.1 Randomness of waterhole usage

The randomness of animal visit to the vayals/ waterholes describes how

randomly an animal using the water resource in a particular time. It was analysed

using run test. The results are given in table 10.

Table 10. Randomness of visit of animals in vayals of Wayanad Wildlife Sanctuary

Species Z P

Wet Dry Wet Dry
Asian elephant -2.12 0.66 0.03* 0.50
Barking Deer -2.65 0.008**
Gaur -3.13 -0.20 0.001** 0.83
Sambar Deer 1.21 -3.13 0.22 0.001**
Spotted Deer -1.04 -3.11 0.29 0.001**
Wild Boar -2.44 -1.043 0.014* 0.29

Table 11. Randomness of visit of animals in waterholes of Wayanad Wildlife

Sanctuary

Species

P

Wet

Dry

Wet

Dry

Asian Elephant

-2.29

-1.87

0.02*

0.06

Barking Deer

Gaur

-1.43

0.15

Sambar Deer

-1.46

-3.13

0.14

0.0017**

Sloth Bear

Spotted Deer

-1.46

-3.13

0.14

0.0017**

Tiger

Tufted Gray Langur

Wild Boar

wild Dog

*- significant at a=5
**_ significant at =1

The activity of Asian elephant, Barking deer. Gaur and Wild boar show a

non-random pattern of usage of vayals in wet season. The elephant shows non-
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random pattern of usage in vayals also. The sambar deer and spotted deer exhibits

non-random type of utilisation in both vayals and waterholes in wet season.
4.7.2 Interactions between animals

The interactions among animals will greatly affect their time, pattern, and
extend of utilising the natural resourced. The presence of some animals in a location
will delimit the activity of some other animals. To study the interaction, we used

Paired G test. The results are given below.
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Figure 62. Percentage of influence wielded by different animal in Wayanad
Wildlife sanctuary

The run test for interference shows that, Leopard is the animal which
influences the activity of other animals in the sanctuary. It means that, if the Leopard
is present in an area, there is less likely to influence the activity of other mammals.
It was followed by Mouse deer having a percentage of 85.3. It implies that the
activity of Mouse deer is being influenced by various other animals in the sanctuary
by 85.3 percentage. The Spotted deer and the Asian elephants were less affecting

and/or less affected by the activity of other animal species.
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Discussion




DISCUSSION

c[O

5.1 USAGE OF WATER SOURCE BY WILD ANIMALS IN WAYANAD
WILDLIFE SANCTUARY

The Wayanad Wildlife Sanctuary bears 171 vayals / swamps and 168
artificial waterholes. Not all the waterbodies in the sanctuary are capable of holding
water during peak summer months. Around 80% of the waterholes will dry up by

the month of February.

In our study, we could find that, there is no significant difference in the
utilization of vayals and waterholes in Wayanad Wildlife sanctuary. In wet season,
the frequency of animal visit to vayals were little less than that of waterholes. In
Sulthan Bathery range, the frequency of animal visit to waterholes were 73 but that
of vayals were 305. It shows the very high preference for vayals by the wild animals,
mainly herbivores. Similarly, in other ranges also the wet season preference was

skewed towards vayals.

The frequency of animal visit to waterbodies in shows a clear increase dry
season. In many ranges, more activity was observed in waterholes than vayals. In
Muthanga range, the dry season animal visit in vayals and waterholes were 508 and
525 respectively. Similarly, in Tholpetty range, the frequency of animal activity in
vayals and waterholes were 418 and 451 respectively. It shows a slightly high
preference for the vayals in dry season in some ranges. Dry season preference for
vayals in Sulthan Bathery and Kurichyat follows our hypothesis that, vayals are

more preferred by wild animals than waterholes.

There are no studies conducted in India on the preference for artificial and
natural waterholes by animals. A similar research conducted by Epaphras ef al.,
(2007) in Rauha National Park, Tanzania, Africa concluded that there were no such
preferences were observed among animals between natural or artificial waterholes.
But in our deciduous forest ecosystem, we could see a clear preference for natural

waterholes/ vayals over the artificial ones.
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The number of animal species reported were almost equal among vayals and
waterholes. There are 20 species of animals were observed from vayals and 19
species from waterholes during the entire study period. But there is difference in
number of species with respect to season. More number of species were reported
during dry periods in vayals and waterholes. In Sulthan Bathery range, the number
of species observed from vayals is 11 and that of waterholes is 7. In the same range,
12 species from vayals and 14 species from waterhole is reported in dry season. The
variation in number of species between wet and dry season were more in Muthanga
range. In wet season, the number of species reported from vayals of Muthanga range
is 9 and in dry season 13 species is observed from the same locations. Seven species
of animals were found from waterholes of Muthanga range during wet season,
whereas 17 species were found during dry months. The number of species visiting
vayals/ artificial waterholes were more in dry season than in wet season. But in
Tholpetty range, a greater number of species visiting waterbodies were reported in
wet season. During wet season, 14 species of animals each were reported from the
vayals and waterholes of Tholpetty range. But only 12 species were reported during

dry season from these locations.

52  ANIMALS USING THE WATER RESOURCES
5.2.1 Frequency of visit of different animal species in study locations

Herbivores are the major users of vayals as well as waterholes. In vayals of
Wayanad Wildlife Sanctuary, 97 % of the visits were made by different species of
herbivores, followed by primates (1.6%) and large carnivores (1.1%). We could
record eight species of herbivores from vayals during the study. Out of the total visit
made by herbivores, 86.5% were made by Spotted deer (Axis axis), five percent by

Sambar deer (Rusa unicolor), and 3 % by Asian elephants (Elephas maximus).

The waterholes of Wayanad Wildlife Sanctuary had a mean frequency of

animal visit of 1942. Of these, nearly 93 % was contributed by herbivores. Seventy-
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six percentage of the herbivores were Spotted deer, followed by sambar deer and qol

Asian elephant.

It is interesting that among vayals and waterholes, vayals bear a greater
number of herbivore population, while the frequency of primates, carnivores and

small carnivores were more in waterholes.
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Plate 6. Spotted deer grazing in Arakunji vayal, Sulthan Bathery range in dry season
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Plate 7. Asian elephant drinking water from 36" pond, Tholpetty range
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Plate 8. Spotted deer grazing around the waterhole at Kaundan waterhole, Muthanga

range
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Plate 9. Spotted deer drinking water from waterhole at Kaundan waterhole,

Muthanga range

The higher preferability of vayals by the herbivores over artificial waterholes

may be due to the presence of grass species in the vayals. The grasslands are capable
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T4
of providing highest nutritional value for herbivores (Neupane et al, 2019;

Anderson and Briske, 1995; Steinheim et al., 2005)

The waterhole and its premises can be act as a hunting ground for many
carnivores (Wakefield and Attum, 2006), (Edwards et al., 2017). The herbivores
sometimes seek refuge in waterholes when they are chased by other carnivores

Johnsingh (1983)

4/27/2019 7:01AM 29

Plate 10. Sambar deer seeks refuge in waterholes when chased by Wild dogs at 70™
Pond, Tholpetty range
Vayals are also used widely by carnivores. The number of observations of

large carnivores in vayals were 50 in Wayanad Wildlife Sanctuary.
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Plate 11. Skeleton of a deer species hunted by carnivores at Edavambam vayal in

Sulthan Bathery range

The frequency of primates was also seen higher in waterholes than in vayals.
The vayals have lesser number of trees which are spread apart by large distance.
That maybe a reason for higher occurrence of primate species in the waterhole

premises.
5.2.2 Characters of Vayals/ waterholes which influence the animal activity

In Sulthan Bathery range, the herbivore species are almost uniformly
distributed. The frequency of visit of Asian elephant was nearly similar in all the
vayals of the range in both seasons. The frequency of visit of other species are found
higher in dry season. Gaur (Bos gaurus) and Sambar deer shows frequency higher
than that of wet season in Arakunji and Kaatichakkalam vayal. These two vavals
are marshy in nature in both the seasons. The Arakunji vayal have a perennial stream
flowing through the middle of the vayal which keep the soil moist even in extreme

dry months and will support the fresh grass and other vegetation throughout the year.
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Plate 12 Arakunji vayal in dry season

Plate 7 shows the photo of Arakunji vayal which supports the herbivore population

with good forage even in dry season.

Nallur and Kaundan vayals of Muthanga range shows a high frequency of
spotted deer especially in dry season. Both these vayals have perennial waterbodies
init. At Nallur vayal, the spotted deer found to be licking salt from mud at a stream
side in the middle of the vayal (Plate 12). That spot was a unique one in the sanctuary

and hundreds of ungulates were found to be using that resource.
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10/13/2018 12:23PM 29

Plate 13. Saltlick by spotted deer in Nallur vayal, Muthanga range

The use of waterholes by animals is not as uniform as that of vayals. The
frequency of visit of smaller herbivores such as Sambar deer, spotted decr.'Muntjac
etc. are very less in some waterholes. The Pulachallam and Nallathanni waterholes
of Sulthan Bathery range, Kaakkappadam and Karadimunda waterholes of
Muthanga range, Chaddakulasi waterhole of Kurichyat range and 36" and 38" Ponds
of Tholpetty range has very low frequency of ungulates as compared to other
waterholes. On the other hand, Kaundan waterhole in Muthanga, Nedumundakkolly

in Kurichyat and 70" Pond in Tholpetty shows a very high activity of ungulates.

The reason for the low preference for these waterholes might be the
dimension of that waterhole or the quality of water in that waterholes. All the
waterholes are made in such an aim to support the larger mammals like Asian
Elephant, Gaur etc. So, almost all the artificial waterholes in the sanctuary have
steep side walls that makes it inaccessible to the ungulates like spotted deer and
sambar deer. Many of the waterholes have one or two sloppy side through which
the smaller ungulates have access to water. The depth of the waterholes is also
another limiting factor as many of the waterholes are having a depth of 2-3 meters

(Plate 14).
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Plate 14. Elephants bathing in Pulachallam waterhole, Sulthan Bathery range

The 36" and 38" ponds of Tholpetty range shows a less animal frequency as
it dried up in the dry season. The Doddady waterhole also shows less animal activity.
No animals are found to be using the water in the pond directly. The poor water
quality can be a reason for this less preference. Eventhough the premises of the
waterhole has new vegetation which attracts herbivores. Plate 17 shows the

condition of water in Doddady waterhole.
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Plate 15. 36™ Pond in Tholpetty range, almost dried in the month of April

Plate 16. 38" Pond in Tholpetty range, fully dries up in April

Plate 17. Doddady waterhole, Tholpetty range

The Kaundan waterhole of Muthanga range and 70" Pond of Kurichyat range

supported very high ungulate population in the dry season. Plate 8 and 18 shows
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that, the sides of these two waterholes were sloppy enough so that the ungulates can

access the water easily.

Plate 18. 70" Pond, Tholpetty range

53 TIME ACTIVITY PATTERN OF WATERHOLE USAGE BY ANIMALS
IN WAYANAD WILDLIFE SANCTUARY

The peak activity of animals at water sources are observed in day hours. The
Asian elephant is found to be visiting the vayals as well as waterholes during all the
hours but the frequency of visit peaks in the day time. There is no significant change
in the time visit to vayvals and waterholes. The activity of Asian elephant is nearly
zero in the morning hours and increases by 7:00 hours and peak period of activity is
observed around 18:00 hours in vayals and 13:00 to 14:00 hours in waterholes. They
were preferred to drink water from the waterholes in the evening hours. In a study
conducted by Purdon and van Aarde (2017), the African elephants visits the natural
waterbodies in the morning hours, preferably from 11:00 hours till 22:00 hours and
artificial waterholes from 13:00 hours to 24:00 hours. According to (Joshi, 2009),

the Asian elephants prefer early morning and evening to drink water from
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waterbodies. In our study, the drinking hours were observed to be 17:00 hours
onwards. The elephants were also having a habit of covering body with wet soil
(Dunkin ef al., 2013). That was also observed during day time hours. The elephants
have a tendency to choose permanent waterbodies within their home range (Purdon

and van Aarde, 2017)

The activity pattern of Gaur shows a higher frequency of visit to vayals or
waterholes during the day time. In vayals the peak activity was observed during
18:00 hours and in waterholes at 19:00 hours. The peak period of drinking water

was observed to be early morning hours and evening hours.

The sambar deer and spotted deer have almost same temporal pattern of
activity in vayals. The frequency at vayals for both the species are higher during the
morning and evening hours. The activity in the noon hours was comparatively less
for both species. The wild boar shows an irregular pattern of activity in the vayal.
But the peak time of activity of wild boar was observed to be at 18:00 hours in both

vayals and waterholes.

The carnivores together show a continuous presence in the vayals of
Wayanad Wildlife Sanctuary. Leopard (Panthera pardus) and Sloth Bear (Melursus
ursinus) prefer dark hours to visit the vayals. Wild dog shows higher activity in day
time hours and Tiger shows a uniform frequency of visit in the vayals. The Leopard
has observed during noon time in the waterholes. But Tiger has a low activity during
day time in waterholes. The peak period of visit of tiger in waterholes is found to

be 19:00 onwards.

54  INTERACTION AMONG ANIMALS IN WAYANAD WILDLIFE
SANCTUARY

The result of G test shows the interaction percentage of different animals
in the sanctuary. It describes, how much the presence of an animal species will

influence and/ or being influenced by the activity of other animal species using the
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same resource in same time. In that analysis, we can could observe that, the presence

of Leopard was affecting the activity of other animals to a great extent.

Table 8 shows that, the percentage of interaction between herbivores are
comparatively low, which denote that, they were coexisting in a location by sharing
the resources in much efficient way. Only 10 percent interaction was found between
Asian Elephant and Spotted deer, which indicate that, the activity of Asian elephant
is less affects the distribution of Spotted Deer. Similarly, the interaction between
Spotted deer and sambar deer also follows the same trend. The g test value for their
interaction is 24, which indicates that, the activity of Spotted deer affects the activity
of Sambar deer by 24 percent or vice versa. The interaction between Leopard and
other animals shows very high values close to 100. The value of interaction between
Leopard and Spotted deer is 89 and that of with Tiger and Sloth bear is 97 and 99
respectively. We could can see a close positive interaction between Spotted deer
and primates such as Bonnet Macaque and Tufted Gray Langur. The value of
interaction between them was 35 and 44 respectively. As the g test value increases
between two species, it indicates that the activity of one species will be highly
influencing that of the other. And, as the value decreases, those species will be

dependent each other.
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3/16/2019

11/2/2018 8:26 AM

11/29/2018 2:18 PM ID:13

Plate 19. Camera trap images of mammals in Wayanad Wildlife Sanctuary. A-
Asian Elelpahnt, B-Gaur, C-Barking Deer, D-Spotted Deer, E- Sambar Deer, F-
Wild Boar
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4/4/2019 10:22 PM

Plate 20. Camera trap images of mammals in Wayanad Wildlife Sanctuary A-
Tiger, B- Leopard, C- Sloth Bear, D- Stripe-necked Mongoose, E- Ruddy

Mongoose, F- Small Indian Civet
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Summary




SUMMARY

Water is the most important requirement of life. The distribution of an
animal in a particular season may have a direct relationship with the availability of
water in that season. So that an animal’s water requirements have implications for

all aspects of ecology and conservation.

In Wayanad Wildlife Sanctuary, the forest department made provisions for
availing water for wildlife in the dry periods. There are natural water sources such
as Swamps (vayals) and artificial waterholes. The present study examined the
preference and usage of waterholes and vayals in Wayanad Wildlife Sanctuary.
Camera trapping was adopted to monitor the use of waterholes on the visitation of
the wild animals. There are 117 vayals and 168 waterholes in the sanctuary. From
this, 15 vayals and 15 artificial waterholes were selected. A set of four camera traps
were installed in all the selected locations for 10-15 days. The findings of the study

are summarized below.

1. The study revealed there is 21 species of animals in Wayanad Wildlife Sanctuary
visiting various water sources. It includes eight species of herbivores, four
carnivores, five small carnivores, three primates and one rodent.

2. The utilization of vayals were comparatively higher than that of waterholes.

3. There is little variation in the usage of water resources between dry and wet
seasons. The Vayals are more used in wet season. The dry season activity varies
like in Sulthan Bathery and Kurichyat range, vayals are more used in dry season,
but in Muthanga and Tholpetty ranges, waterholes are used most.

4. There is huge difference in the animal visiting frequency in vayals between two
seasons.

5. The frequency of visit by herbivores was higher in vayals than waterholes.
Carnivores and other animals preferred waterholes than vayals.

6. Among herbivores, Spotted deer (Axis axis) is more frequently visiting the water
sources, followed by Sambar deer (Rusa unicolor) and Asian Elephant (Elephas

maximus)
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7. Some vayals and waterholes have minimal activity in wet season but shows very
high activity in dry seasons.

8. The shape and dimension of the waterhole and the water quality have great
importance.

9. The time activity pattern of animals was also studied as part of this study. Most
of the vayals and waterholes were used more in the day light hours.

10. Activity of one animal may influencing the occurrence of other animal species.

Leopard is found to be having promising effect on the activity of other animal

species.

89



.....
{ A




REFERENCE

Anderson, V.J., Briske, D.D., 1995. Herbivore-induced species replacement in
grasslands: is it driven by herbivory tolerance or avoidance? Ecol. Appl. 5(4):
1014-1024.

Anderson, V.J., Briske, D.D., 1995. Herbivore-induced species replacement in
grasslands: is it driven by herbivory tolerance or avoidance? Ecol. Appl. 5
(4): 1014-1024.

Anonymous. 2014. Management plan, Wayanad Wildlife Sanctuary, Kerala Forest
Dept. Available: http://www.forest.kerala.gov.in/index.php/forest/forest-

mnagement/management-plans [19 Jan. 2018].

Dunkin, R.C., Wilson, D., Way, N_, Johnson, K. and Williams, T.M., 2013. Climate
influences thermal balance and water use in African and Asian elephants:
physiology can predict drivers of elephant distribution. J. of Exp Biol.
216(15): 2939-2952.

Dunkin, R.C., Wilson, D., Way, N., Johnson, K. and Williams, T.M., 2013. Climate
influences thermal balance and water use in African and Asian elephants:
physiology can predict drivers of elephant distribution. J. of Exp. Biol.
216(15): 2939-2952.

Easa, P. S. 1999. Status, habitat utilization and movement pattern of larger mammals

in Wayanad Wildlife Sanctuary. Kerala Forest Research Institute, Peechi.

Edwards, S., Al Awaji, M., Eid, E. and Attum, O., 2017. Mammalian activity at
artificial water sources in Dana Biosphere Reserve, southern Jordan. J. of

arid environ. 141: 52-55.

Epaphras, A. M., Gereta, E., Lejora, I. A., Meing’ataki, G. E. O,, Ng’umbi, G.,
Kiwango, Y., Mwangomo, E., Semanini, F., Vitalis, L., wwater utilisation and
importance of artificial waterholes during dry season at Ruaha National Park,

Tanzania. Wetl. Ecol Manage. 16: 183—188.

90

—

3



Franz, M., Kramer-Schadt, S., Kilian, W., Wissel, C. and Groeneveld, J., 2010.
Understanding the effects of rainfall on elephant-vegetation interactions

around waterholes. Ecol. Modelling. 221(24): 2909-2917.

Fuchs, E.R. 1997. Behaviour. In: Ables, E. D. (Editor) The Axis Deer in Texas.
Caesar Kleberg, Research Program and Texas A and M University, Texas.
pp. 24-52.

Hamilton, D. L., 1972. On the ecology and behavior of the African elephant. PhD
thesis, University of Oxford).

Hayward, M.W. and Hayward, M.D., 2012. Waterhole use by African fauna. Afi. J.
of Wildl. Res. 42(2): 117-128.

Johnsingh, A. J. T., Williams, C. A., and Desai, A. A. 2015. In: Johnsingh, A. J. T.,
and Manjrekar (eds), Mammals of south Asia Vol. 2. University Press (India)
Private Limited, Hyderabad. pp 71-94

Johnsingh, A.J.T., 1983. Large mammalian prey-predators in Bandipur. J. of the
Bombay Nat. Hist. Soc. 80: 1-57.

Joshi, R., 2009. Asian elephant’s (Elephas maximus) behaviour in the Rajaji
National Park, North-West India: eight years with Asian elephants. Nat. Sci.
7(1): 49-77.

Joshy, R., and Singh, R. 2007. Asian Elephants are Losing Their Seasonal
Traditional Movement Tracks: A Decade of Study in and Around the Rajaji
National Park, India. Gajah. 27: 15-26

Joshy, R., and Singh, R. 2009. Movement and Ranging Behaviour of Asian
elephants Elephas maximus in and around the Rajaji National Park, North-
West India. Nat. and Sci. 7(2): 76-94.

Lakshminarayanan, N., Karanth, K.K., Goswami, V.R., Vaidyanathan, S. and
Karanth, K.U., 2016. Determinants of dry season habitat use by Asian
elephants in the Western Ghats of India. J. of Zool. 298(3): 169-177.

91

e,



Loarie, S.R., Van Aarde, R.J. and Pimm, S.L., 2009. Fences and artificial water
affect African savannah elephant movement patterns. Biol. conserv. 142(12):

3086-3098.

McNab, B.K., 1963. Bioenergetics and the determination of home range size. The
Am. Nat. 97(894). 133-140.

Myres, N.,Mittermeier, R. A., Mittermeier, C. G., Da Fonseca, G. A., and Kent, J.
2000. Biodiversity hotspots for conservation priorities. Nautre. 403(6772):
853-858

Narasimen, R. K., Kumar, M. A, Jayam, P. P. C., Chinnaiyan, S., Nagarathinam, M.,
and Desai, A. A. 2013. Status of Tigers, Co-Predators and Prey in the
Wayanad Wildlife Sanctuary, Kerala, India. WWEF- India.

Neupane, D., Kwon, Y., Risch, T.S., Williams, A.C. and Johnson, R.L., 2019.
Habitat use by Asian elephants: Context matters. Glob. Ecol. and Conserv.
17: 24-35.

Purdon, A. and Van Aarde, R.J., 2017. Water provisioning in Kruger National Park

alters elephant spatial utilisation patterns. J. of Arid Environ. 141: 45-51.

Purdon, A. and Van Aarde, R.J., 2017. Water provisioning in Kruger National Park

alters elephant spatial utilisation patterns. J.of Arid Environ. 141: 45-51.

Redfern, J.V., Grant, C.C., Gaylard, A. and Getz, W.M., 2005. Surface water
availability and the management of herbivore distributions in an African
savanna ecosystem. J. of Arid Environ. 63(2): 406-424.

Redfern, J.V., Grant, R., Biggs, H. and Getz, W.M., 2003. Surface- water
constraints on herbivore foraging in the Kruger National Park, South Africa.
Ecol. 84(8): 2092-2107.

Schaller, G.B. 1967. The Deer and the Tiger. University of Chicago Press, Chicago

Schoener, T.W., 1974. Resource partitioning in ecological communities. Sci.

185(4145): 27-39.

92

U



Shannon, G., Matthews, W.S., Page, B.R., Parker, G.E. and Smith, R.J., 2009. The
effects of artificial water availability on large herbivore ranging patterns in
savanna habitats; a new approach based on modelling elephant path

distributions. Diversity and Distributions. 15(5): 776-783.

Sivaram, M., Ramachandran, K. K., Jayson, E. A., and Nair, P. V. 2010. Wild
Elephant census report of Kerala State. Kerala Forest and Wildlife
Department. Available:
http:/forest.kerala.gov.in/images/abc/ele_cen_10.pdf [19 Jan 2018].

Smit, I.P., Grant, C.C. and Devereux, B.J., 2007. Do artificial waterholes influence
the way herbivores use the landscape? Herbivore distribution patterns around
rivers and artificial surface water sources in a large African savanna park.

Biol Conserv. 136(1): 85-99.

Smit, I.P.J. and Grant, C.C., 2009. Managing surface-water in a large semi-arid
savanna park: effects on grazer distribution patterns. J. for Nat. Conserv.

17(2): 61-71.

Smith, O. R.N., 1988. Megaherbivores: the influence of very large body size on

ecology. Cambridge university press.

Steinheim, G., Wegge, P., Fjellstad, J.1., Jnawali, S.R., Weladji, R.B., 2005. Dry
season diets and habitat use of sympatric Asian elephants (Elephas maximus)
and greater one-horned rhinoceros (Rhinocerus unicornis) in Nepal. .J. Zool.

265 (4): 377-385.

Steinheim, G.,Wegge, P., Fjellstad, J.I, Jnawali, S.R.,Weladji, R.B., 2005. Dry
season diets and habitat use of sympatric Asian elephants (Elephas maximus)

and greater one-horned rhinoceros (Rhinocerus unicornis) in Nepal. J. Zool.

265 (4): 377-385.

Sukumar, R., 1989. Ecology of the Asian elephant in southern India. I. Movement
and habitat utilization patterns./. of trop. Ecol.5(1): 1-18.

93



Sukumar, R., 1990. Ecology of the Asian elephant in southern India. II. Feeding
habits and crop raiding patterns. J. of Trop Ecol. 6(1): 33-53.

Valeix, M., Chamaillé-Jammes, S. and Fritz, H., 2007. Interference competition and
temporal niche shifts: elephants and herbivore communities at waterholes.

Oecologia. 153(3): 739-748.

Valeix, M., Fritz, H., Chamaillé- Jammes, S., Bourgarel, M. and Murindagomo, F.,
2008. Fluctuations in abundance of large herbivore populations: insights into
the influence of dry season rainfall and elephant numbers from long- term

data. Anim conserv. 11(5): 391-400.

Varma, S., Venkataraman, A., Sukumar, R., and Easa, P. S. 2005. Elephant corridors
of Southern India. In: Menon, V., Tiwari, S. K., Easa, P. S., and Sukumar, R.
(ed.), Right of Passage: Elephant corridors of India (3rd Ed.). Wildlife Trust
of India, New Delhi, pp. 208-255.

Vishnudas, K. C., Vinayan, P. A., and Anusreedha, S. 2009. Butterfly Fauna of
Wayanad Wildlife Sanctuary and North Wayanad Forest Division Survey
Report. Kerala Forest and Wildlife Department. Available:
http://www.indiaenvironmentportal.org.in/files/file/wayanad_report.pdf [19
Jan 2018].

Wakefield, S. and Attum, O., 2006. The effects of human visits on the use of a
waterhole by endangered ungulates. J. of Arid Environ. 65(4): 668-672.

Western, D. 1975. Water availability and its influence on the structure and dynamics

of a savannah large mammal community. E. Afr. Wildl. J. 3: 256-286.

Western, D. and Lindsay, W.K., 1984. Seasonal herd dynamics of a savanna
elephant population. Af. J. of Ecol. 22(4): 229-244.

Wittermyer, G. 2011. In: Wilson, D. E., and Mittermeier, R. A. (eds), Mammals of
the World Vol. 2. Lynx Edicions, Barcelona. pp 50-79

Wyatt, J.R. and Eltringham, S.K., 1974. The daily activity of the elephant in the
Rwenzori National Park, Uganda. Afr. J. of Ecol. 12(4): 273-289.

94



Appendices




WS TTITIL W1°009€1 1 € Ajjoxweny eyzndjooN eSueyiniy
W991,12.9L Wb 0896011 (¢ AjjospjLreA eyzndjooN egueyIniy
WP PS0T9L of LESE] I eIIYOWEPE]A eyzndjooN e3ueyInA
WTSTETIL W9 9166011 01| [eAepA wepeduewely eypeseIejA| B3UBRYINA
W8 LY ETIL W S06E11 S| [eAep ejoowueAINy eypegelejy esuRyINA
W6 EEFTIL WST18E 01 [eAeA eypedeleg BypeseIRN eSueyInjy
8°00,5To9L W6°L06Eo! 1 S [eABA N)OTUBA] eypegeIey esuBRYINA
[eARA

WTTSSTOL W6 8PLEoT 01 K10y ueddeyniy BypETRIRIA| esueyInjy
W9 LEFTIL W6'9P6E1 1 0T [eAeA 10O[[EN eypeseIejy e3ueInN
W6 0S.STIL W1'078Es1 1 01 [eAep ueddeseN eypESEIe|N eSuRYINIA
WFE9TTIL 91501011 € [eARA ApeAnyiniejy epunwipesey| e3ueyiniy
W0'T0.STIL W8 €6,6E01 1 8 [eARA J0O[[EN gpunwiperey| e3ueyIniy
W00 ETIL WT68.0%1 1 01 [eABA UBpPUNOY epUNWIpPEIEY| e3ueyINN
WO PTHTIL RRACAL! 4 [eAeA npoy|[eS epunuipesey| e3ueyInjy
WS TTETIL W9 1001 1 01 wepeddexpey epunuwipesey| e3ueyInA
WSTLETIL WTPSILET ] $T [eAeA ereduedwed e[OOWENOY |, eSuBINA
6 1TTTHL WT'S88EI 1 01 | [eABA tumpepnpey| B[OOWENOY | e3ueyINA
£ S8.TTIL W0 TP 8T | S [eAeA 100TUIA 2]OOWENOY |, eSuRyINA
W OMTTIL WO 116611 S [eAeA eredwenes B[OOWENOY |, egueyInjy
WL Y8TTIL 1890,6801 1 9 [eAeA Aypooquiy e[OOWERNOY ], egueyiny
W1 7S IT9L WS LT8E:1 ] S [pAe A wiedelq S ejoowenoy |, e3URYINA

Fuipeay Sd9 (ey) JuaIxyg weN TTREIN Jsuey

AUVALONVS AAITATIM AVNVAVA NI STVAVA 40 1SI']

1 XIAONAddV




uonels

W001PTI9L NEIALAN v0°0 weny Ajeang 182104 BSUBYINIA eSueyIny
uonel§

W0°0S.¥T9L W00E0Y61 T ¥0°0 wemnypeuy 15010, BIURYINA eFueyInA
uonels

WO LTYTIL W00T Pl 1 1#0°0 wepnjeAeiN 15210,] BBURYINIA eSueyniy
uonels

W0'6T.ETI9L W0 010V T ¥0°0 wenyueeues 15010, BBUBYINA eueyInA
uonel§

WO PS.TTIL WO 11OVl #0°0 WR[MYPIAN 15210,] BBURYINIA eBueyIniy
uonel§

W0 1SHTIL 20858611 ¥0°0 [eAeATRY 15210,] B3UBYINA e3ueyIny
uonels

WO TLSTOL W0 TT6ET Z€0°0 [1 — [eAeALly 15210,] B3URYINA] eSuByInA
uonels

W0 TSTIL W0 L6Sol T 2900 [ — [eAeALlY 18210, BZURYINA e3ueyny
uone§

WO EESTIL W07 868011 LEO0 [eAeAlpeIeY] 15210, B3URINA eSueyINA
uonel§

WO LY TIL W0°S8Ea1 1 $20°0 elRwNYINA 15010,] BUBYINA eueyIniy
uones

W0 STSTIL W0°9Z68o1 1 S0°0 100[[eN 15210,] BIURINA eSueyiny

W00V, ET9L W68 11611 9 uonoun( Ly, epunwipesey| e3ueyInA

WV TSTTLIL W8'0L8ETT € 1003Ua A BALIDYD e[OOWENOY . eSueyINA

W6 V0. TTIL WE'8E6ELTT v BIOOJA IPIYRYD) gjoowenoy |, e3ueyIiny

WS S6.TTIL W OPLESTT 01 10010 BjOOWRNOY ], e3ueyINA

WTT619L WOPLET ] 6Tt Al[o3pfe[equiy eyzndjooN eSueyiniy

W 6T619L ZEOPLEST ] I npunypyrddny eyzndjooN eueyniy




/| #

WL HLETHL w699, 11011 S | Ajjoxqeacoy/[eAeaeneA Ayzmyuoq | Alyjeg ueyng
46'89,£To9L W9 0% ol 1 L [eAeA Ayznjuod Ayzmyuoq | Aoyeg ueying
W0"9T.TT9L W6 8L ol 1 01 [eAeAl|[ed Ayzmyjuog | Anyeg ueyyng
wC08.2T9L WE8S ol 01 wepeyierelN Ayznyjuoq | Azyjeg uey)ng
W€ €8.TTIL W68 0¥l | 01 [eABAN)UBWIUAN Ayzmyuoq | Alayjeg uey|ng
W9°SS.81.9L WS LOIPo1 T ¥ Aunyiginejy 1o0[[ey | Awyeq ueyng
W001.81.9L WI'LEToI T 4 1joyueiepey) loo[ey | Alayeg ueying
W ET819L w600 1ol 1 S [[[o3uRoRUUO] loo[[ey] | Anyeg ueying
Wb T00Z9L WV S Thol 1 9 I[[oyweyue ] weeddepo | Ayieg ueyng
w6’ LT0TIL WL 0S.ZHol 1 S Jooyndefeaey |, wefeddep | Aaeg ueying
WE' 8P I TIL W8 08 Eol 1 S WeJewWIp() wejjeddepO | Ayeg uegng
WETE€0T9L W€ 80 Yol 1 S weespeyoey wefeddepO | A1pyleg ueging
8 PS.0Z9L W0 €S Thol | 01 P IYORA] wepeddep) | Awyjeg ueying
WP ST.0Z9L WL 61,Thol | Sl wequieAps wepeddepO | Anyjeg ueying
WEEETIL WO LSOl S wie[[eziuny| eiedinO | Ayjeg ueyng
W8 SLPTIL WOt Lol | 0l weey)ey] eredmQ | Aioyjeq ueping
WP 01.TTI9L w150 Tl | 01 [BUSUBIA eredinQ | Ayeq ueyng
u8°85.0T9L WO LYol 1 9 PO eredmQ | Awyeq uepng
W6 PTITIL W1 OLThol 1 0l I[opfepuny) eredmQ | Asyeg ueyging
uonel§
W00V ETIL JOTLERI] #0°0 2[OOW URINYOY 15210,] eSURINA e3ueyINA
uones
W0 STYEIL WO P19 1 £0°0 A[joduerewnyng 18210, BSURINA eSuByINA
uonel§
W0 8TFTIL W0'61,Thel | 00 wepnduey 18910, ESURYINA e3ueyIny
uonel§
W01 PTIL W08 1ol | 00 We[neyo00d 18910,] BSURYINIA e3ueyInjy




18

Al

W0E6,0£.9L WSSl 1 S Kuoy[ey| | uonei§isaiog ApayieN | Alayjeg ueying
WZE0.TEI9L WC8°T89! 1 0z BIRUBNOY | UONEIS 18a10,] AnaxieN | Alayieg ueying
W10 €9L WOL'80Lol 1 S Apueyi[[nyD | uone)§ 15310,] ANayieN | Awyieg ueying
WIT0.LEIL W9 ThLol 1 I BPRUBIIYD) | UONERIS 1S210,] ANayieN | Alayieg ueying
W1'$9.5€,9L WOT EELLT T € [eAear[ey] | uoneis 15210, ApjieN | Azeyieg ueying
WCP6.E€9L W9T LOLol € wnynddnpy | uoneis isaiof AnadieN | Azyieq ueylng
W8S EIL W6 0€Lo1 T S [BUOWINYIBAOO ] | UONBIS 18210, ApayieN | Aioyieg ueyyng
W6 TLTEIL u8S°0.ZLol 1 t iedweiquiey] | uonels 18210, ApayieN | Alayieg ueying
W9 €9,S€.9L WSS TiLol 1 2 wef[eAIyoe[ng | uoneis 15104 ARdyIeN | Alayieg ueyng
WS 1S0T9L ul LR € Aj[odepy) | uonels 1sa1of ApayieN | Azayjeg ueyins
Wb PTECIL W PTELT € AjoyeyjeyoewnIy | uonels 18101 ANAiEN | Aldyjeq ueyng
uS LTTEIL 8081 Lol 1 € wepedediyiey | uonelg 18104 AnayieN | Awieq ueylng
W1 6TTEIL WLE S Lol | € Ajjodeyiny | uoneis 1sa10,] ApayieN | Asdyieg ueyng
WE0LSEIL W96 1.ELo1 1 € [BYIWNARIA] | UOIRIS 18910,] AnayieN | Alayeq ueying
P T9EEIL 1'6LTLol1 S sooyndexpey) | uonElS 15310, ARIEN | Aldyjeg ueying
S L1.0Z9L W 0ETPol 1 89°9 uNDPNYING | UONEIS 15310,] ANSNIEN | Alayeq ueying
WP 6ESEIL W8 08.L9] 1 8 [eABAWIRUO Y uonaas Ayzmjuod | Aloyeg ueying
WE'8L8EIL WL’ 6L 0Ll 1 €1 [eAeakyjoyniey |, uonoag Ayzmyjuod | Alyeg ueying
W9 E€8E9L ¥ 79891 1 [ [eAeaeaiyonddn uonoag Ayznyuod | Aidyeg ueyng
W290,6€.9L WC €889 1 S [eAeAweIRWIE Y| uonas Ayznyuod | Amueg ueyng
W 19.6€,9L WSVETLol 1 8 [eAeAIpNUIENOY uonoag Ayzmyuod | Asdieg ueyng
WO T11T9L W80Tl 1 S [PARARNOIN uondeg ereddmo | Asyeg ueyping
WS TLYEIL WS08.0Lo1 1 S A[ode[RYD) uonoag ereddmQ | Aryjeg ueying
£ 11IT8E W979S, 1ol 1 S [eABA SPOYII[[AN uonoag ereddmQ | Aryieg ueying
W10€0T9L WO LTIPo1 S1 [eAeAlfunery uonodeg ereddmQ | Assyieg ueyping
S LSTTIL WS P0EPol 1 L [eAeAn[[EYIqUIR[OY Ayznyuoq | Aoyjeg ueyng




I

WL’ L1.8149L WL’ 9EEDo1 1 01 1[{oxyequay) 100yjey L JergoLny|
W9'6S.L1,9L W1'98. €61 1 S earyoueAe|ng Jooyjey |, JeIgoLN Yy
WP TOLTIL W08 FPol 1 01 1[o3mIey aooyrey |, JeryoLny|
W9 F0F1.9L Rat A0 8 eypedeAed NABPEIPUBA JeIyoLINYy
WE ST P 1.9L W6 SELYoI T S [eAeAejood[eue|y NAEPEYIPUBA JergoLny|
WP 0TP1.9L W9 10LYol | t ISe[MyeUUBARDP NAEPEYIPUBA JeryoLmy
WIPEETIL WP €S9Vl | S IpUBP{LIS) nAEpEYYIPUBA JeIyOLIN Yy
W PSE19L W9 ETOYoI | 9 OUEPPIYD) NABPENYIPUEA JeIyoLINYy|
W6’ LTV 19L WS ESSPal ] S weeddeppo( S[[ejaore A\ JeIyaLINy
«9°0091,9L W0 T0.LYo1 1 0T JeIyoLN Yy S[[ejI0e A\ JRIyoLN Y|
W6 1091,9L WO P18l 01 ISE[M{EpPO(] S[[ej101e M\ JeIyoLIn Y|
WL’ 0€£9169L W6’ TE8Yol | S [eARATYDIINY S[[EJIo1E M\ JeryoLny|
W0°6T.S1.9L WF61.9%,1 1 S [eAeAnIEy S[[EJI9TE M JeryoLn Y|
¥ LSF19L W PTSPol 1 8 [eAeAryIRyRqIDY ) peuEepeA JeryoLny|
WL PPP169L WL ELSPOI 01 [eARATURIA pEUEYEpRA JeIyoLny|
W9 EP91,9L WSSTbol 1 € ereddiyoeoy] peUBEpeA JergoLn Yy
WO TLS1.9L W0 9P bl 1 € [eAeAlfeeq peueyepeA JRIyoLINYy
WST191.9L W9 LTl | € epunwnpaN peuedEpeA JergoLIN Y|
W' 61.S1.9L W09 Thol | 01 o wrefuy peueepeA JeIyoLIN Y|
w6057 1.9L WE 8P Yol | € dwres euey 1ooyjedeyze JRIYILINY
W00, 1,91 W PPl | Cl [[{o3p{Epuniy 1ooyjedeyze JergoLny|
W6 EEPT9L WO ORThol | 8 A1aypueuwioy] aooyredeyze JRIYOLIN Y
WO LEVTIL ul 6TEYo 1 € naepadnuuejy looyjedeyzeq JeIyoLIny|
W£'9071,9L ul 6E.hol | S unyueddnpauuey looyjedeyze JeryoLny|
W9 LOF 9L 685 1ol | 01 [eABA TUND{IINIBIA aooyredeyzed JeIyoLny|
WL'9TF19L W91 Thal | 8 [eAeA UB[EA Jooyjedeyze TRIyoLINY|




20

WE°51.90.9L o E T8l v [eARA [] wefequiey)) 1[eAeg Anadjoy
WS 11.90:9L WIS 1611 ¥ [eAeA | wepequiey) 1[eAeg] Anadjoy,
W0°SES09L W6TESoI 1 ¢ [eAeA eYpESER[EIY eREyUESE(] Apadjoy |,
4107€0,9009L WSEESOI T ¢| reAeA wepedeAnpesy] epeyuese( Apadjoy
1079Z.90,9L WOEFSoT T € [eAeA ellng eyjesuese( Anadjoy],
WL E170.9L WCLSol 1 b 1][esoH epeyuese( ApadjoyL
W1°0Z70.9L S LELSLT z I[[eyeuesoH eyeyuese(] Anadioy],
185,50,9L W& Sal [ z [eAeA [ 1peppo( epeyuese( Apadioy
WLT90:9L WIE€SSaT 1 8 [eAeA T 1peppO( eneyuese(] Anadjoy,
W8S.70.9L W00 Sol T z [eAea eieddueN epedjuese(] Anadioy,
WIS 70.9L WILPSol 1 z [eABA BANIND] epeyuese(] Anadjoy L
WPS.S0:9L WSPiFSol 1 14 111 eredueddedly ey UBSE(] Anadjoy,
490,5009L W6S Sl T v 11 eiedueddefAy epeuese( Apadioy,
wL0:S0.9L W0 6Yi7Sal 1 8 | eiedueddedly eeyuese(] Apadioyg,
865,509 WO LYSSol 1 01 [eAeA epexuese( wesewiey| Apadioy L,
w20.90,9L WL'61.9Ss1 1 Sl eIep{Ipuny wieIewiey Anadjoyy
W8 €1.90:9L WIPSSol | S [eAeALIEY] WeIewIesy] Apadjoy],
uonel§
WO LLIOL W0'9E ol | ST IpR[RURIA [ 1S2I0,] NABPEIPUBA TRIyOLIN Y
uonels
WOP1LLTOL w085 ol 1 z IpeyoRd | 15910, NABPEIPUBA JeIyoLn Y|
uone)s
WO LT.ST9L W0 €181 1 01 AJjosuseA | 18910, NABPEIPUBA JeryoLn |
W9"8S.LT,9L W08l 1 S [eAeARIEqUIBATNEY] Jooyey L JRIYOLINY|
T LSLT0L W PSEPO1 b BlOOWNPAN LY 1ooyjey], JeryoLny|
W OPLT9L W7 80401 1 14 [eARAI[[ONEIR] Jooyey ], JeIyoLIN Yy




A

uonels

W 17.50.9L 4$'98.9S,1 1 3 [eAeA A[[0)e[RADS 15010,] Anadjoy, Anadioy ],
uonel§

W PT90.9L 46'$8.9S,11 4 [eAeA AJjode[00d 182104 Apadjoy L, Ayadjoy |,
W 0€S5009L W8 TEESHI 1 ¢ 11 BypeySE[RIY uonoag epyesuese( Apadjoy |,
W0 FP0F0.9L WL THSol 1 S 11 ApeyreN uonaag enyeduese(] Anadioy
28 T1H069L W8'0SHSol 1 S [ AneyieN uono3g epRyEsuLse( Anadjoy L
WS 8F.S0:9L WO 6FSol 1 z a1y puod ge6l uondAS eNYEsuLSE(] Apadjoy |,
W6 70.90.9L W6 STFSo1 1 14 11 dwe) fog uonoas enyesuese( Anadjoy,
W8 TES0.9L WSS Sal | € [ dwe) log uonoag epyesuese( Apadjoy L,
W6 THE09L e =] 9 [eABAIpEIEY] nuunynIYL Apadjoy [,
W6'01,£009L wlPFSol 1 9 IpEYAYD NUUN[IIY L, Apadjoy L,
W8 1S €0.9L w6951 1 z mepieN eAljeA nuunnIY | Anadjoy,
W6 THE0.9L W6 011 z nuun{[IY |, nuUNNIY L Apadjoy ],
W876€.50.9L WEP1LSo1 ] I [eAeA puod 0L6| wesewiey| Apadjoy ],
W07 12.90,9L WEE9So1 1 z [eAeA [e1e)] wesewey| Apadjoy L,
W170%:S009L WTP1LSol T | [eABA puod 0561 WeIRwie Y Anadjoy,
W87 TE€90.9L WE059S,1 1 (4 [BAEA BIIYORNBIBA weewiey] Apadioy |,
Wb SSH069L WSTLSol 1 8 [eAA LIDD[EY weJewiey| Apadjoy,
W6 €€90,9L 19°9,85,11 01 [eAeA eredndunpn Wiy Anadjoy,
w0 L7.90,9L W9 P7.9S,1 1 b wesewey] werewey| Apadjoy,

S 9.70.9L W P € [pAeA nquiekeA weewiey| Apadjoy,
WETT909L WI0ELSoI T 01 [eABA NABpEQUIB welewey| Apadjoy .
WEL7S0.9L WEEEZSl T Sl [eAeARyOUNg 1[eaeg Anadioy L,
WS 61.90,9L W60, 1Sl 1 €| [eAep eredeyequiayd Ieaeg Apadjoy,
W176£9069L W66 £S5l 1 p | [eea eesepy eALLDYD 1eAeg Apadjoy ],




1A

uS'8TS 9L ul’81.9%o1 1 WwopeAB[BWIEEY dO S[[BJ1a1em JEIYOLINTY
wEE€TI919L w0905 1 [eABATYD WU dO S[[ej1aem JeIyoLIm
ul'S091.9L WO 0LLol 1 ¢ Isse[[nyeppo( dO S[[ej1arem JERIYOLINY
WS99GS 1.9L W18Vl Isse[[n3eppo(d dO S[[e}1arem JeIyouny|
«L TSE19L «C¥S Lol Isse[nyepey’) Sq nAepeXIpUBA JeIyoLINy
WL VEFT1IL «C Ve Lol Ise[[nyepuBABpH S nABpeEXIPUBA JEIYOLINT]
S T0S 19 «0'86 9ol | wemny €L Sd DAEPEYIpUBA JeIoLIN]
WST0STOL | »TTW Lol ] | [eARA BlOOd[BUBIN SyZRY], S nAepe[IpuBA JRIgOLINY
«S' 86,7 1.9L «L'6L LYol 1 [eAeA ejoodeuejy A2 S NAEPEXIPUBA JeryoLIn
«6'89.S1.9L «1'LT 8ol Isse[[neppo( S nAepexIpuBA JEIOLINY

suipedy SdO uoned| uonIag sduey

AYVNLONVS TATTATIA AVNVAVA NI STTOHYILVA TVIDIILLYY 40 LSI']

11 XIANAddV

WET11.5009L WL'9T1Sol 1 S [eARA IpnuuBy uondag 1jaAeg Anadjoyy,

W7 119009 WE0ETSoI T ¢ vredipue A uondag IdARY Anadjoyy,

W0 P1,50:9L WTP0IST T z [eAeA d1 8561 uonag IRARy Anadjoy],
uonels

W 16.£009L WEP09S01 S AnexieN eAuay) 15010,] Anadjoy L Anadjoyy,
uonels

W7 T67069L W0°0L9ST T v dweoeuy 159104 Anadjoy, Anadjoy],
uonels

WL°01.S09L WC61:SSa1 1 ¢ [eAeA nj[exeylooyy 15010,] Anadjoy Apadjoy .
uonel§

W0 PS.€0.9L W9'T0.ESo! 1 % [eAeA Aqjoynduweq 159104 Anadjoy, Anadjoyy,




~\

)
S,

[

x|

a1 0%:S009L wCPRLCAT puod 0S61 WeJetesy] Anadioy,
JOTEP0IL |  WTITLSLT puOq JUI0g ¥I0Y weewiey| Apadioy,
W 0P819L ZEFLER1T | (Ajoxeddey)) wejeddepQ jooyjey L JeryoLny
WCOE619L | W0 OREVol B[[EYUIABIA] jooyjey |, JeIyoLIN Y|
wI'S0BIIL | W TPl 11 AjjoxeAeN looyjey ], JergoLny|
WI0819L | w1'0S9%eI1 1 ATjoxe e Jooyyey |, JeIyoLINY
WOTP8IOL | W9 8Tl B[[EIUUEBY ], Jooyrey |, JRIOLINY
GSTLIOL | WTShibboll B[EAEY] [BARARWILIY looyjey, JeIyoLIN Yy
WSEOLTIL | w6 1SHPol] [11 Ajjoxqmey looyjey], JeIoLIN Y
ZE0L18L ] TSkl 11 Aoy mey Jooyjey | JeryoLn Yy
WOPOLIOL | WO ISiHol 1 1 Afioymey] ooyey | JeryoLny|
WWETLIOL | W0 0ETHol BIIYOUR[OIN peuexdEpeA JergoLny|
W6'89ST9L | WF €8Pl | [eAeA 1Aed peueEpEA JRIyILINY
WEolT919L | wb6biThol BpUNUNpaIN peueEpEA JRIgOLINY
FBISTOL |  WOLSThel] STHARS peuex{epeA JeIyoLIny|
W9 L09TIL | WS PSTHl] yieuepey| peueepeA JeryoLIny
WSEOSTIIL | WErhiItoll Ajjoxuepunjy Jjooyjedeyzed JeryoLny|
w0907 T.9L W8 6E ol 1 unsjweddnpauuey Jooyjedeyzed TRIyOLINY
W0 TSP T9L W9 TOEPol 1 Kiayouewwioy] 1ootedeyzed JRIYOLINY
WLTIVETIL | w0'SHObol ] 1ooyjedeyze 1ooyjedeyzed JRIyOLINY
W'SSHIOL | WTTI0IPol] Aj[oxpreuuey) 1ooyjedeyzey JeryoLINy
WIPSELOL | ub'60iSPol NPOYINIIA dO s|[ejIaEMm JeIyoLNy|
WOTIFIOL | WOPLSHoLT vieddejoy) dO s[[ejiarem JEIYOLIN |
WSTOTIOL | WIPESHOl] weeddefewe | dO s[eIaEem JeryoLny|
WL'S09TOL | WOOLLbol] g[ewn{ng dO s|[ejsarem JRIyOLINY
W 6119L WL 0Pl 1 ey dO s[[ejIopem JRIOLINY




[

W9 790,9L W00EFSol puoq dure)) eleg eneysuese( Anadjoy
W1 1€90.9L JELTSS1] puog npoo(] eneysuese(] Apadjoy ],
W1°62.9069L WE6TSSol I puod Apeppo(] eneysuese(] Apadjoy,
WS E170.9L W€ TP Sl 1 meyIeN eneyduese( Anadjoy [,
W1 1TH0.9L W0'8EESI 1 puo If[eyeuesoy epeysuese(] Apadioy,
WUELP09L | wO'TLSol T puod I[[eSOH ejeysuese( Apadioy .
W0 T1.90:9L W0 EETSoT 1 puod [eAeaeyoung I[eAeg] Anadjoy,
WO T190:9L | W0'TSISol 1 [1 puod weeduey) 1eAey Apadjoy,
W0 11.90,9L L ESISTT | puoq wefedwey) 1[eAeg] Apadjoy |,
W8 €1.9009L of EE8s11 puo [eAeALiey weIewey Anadjoy,
WI'LSS09L | wE'8S9S.11T puogd ereddiuon welewey Apadioy,
WSSH0.9L | wO'8T.LSoI] puod LId[[ey] Wwesewiey| Apadjoy
WO TEP0I9L | wb9TLSol ] puog LIpEy eALIDYD) weewiey| Apadjoy |,
WE6€.5009L WO LVLSol T wefeddeney] WeIRWIe Y Anadjoy L
W8 T€909L W€08.9501 1 puo  Bayoe)RIBA WweJewiey| Anadjoy,
W6'6TH09L | WTol LiLSol 1 puod 23plig pug weJewey Anadjoy .
W TEF069L W9 8795, 1 puod 28pug 1| weJewies| Anadjoy
W17615069L S 6TSSol I puod A[[oxiyueiLIEN WeJeurey Anadjoy [,
W6°65,£009L WS 6TSSol 1 puod peos dure) weJeuey| Anadjoy |,

0C'9.90.9L ak BESSall [1 puod eneysuese(] wesewey| Anadjoy
W1°6S80:9L | w0'0BSSal | puod eneysuese(] WeJewIe Y] Apadjoy |,
W86£.5009L WEP19S1 1 Al BIexpjIipuny WEIBWIE Y Anadjoy
WOPSS09L | W8 1195011 [11 eIexpIpuny WeIewey Anadjoy |,

W1799009L | w0°01,9S01 1 [1 BIep{Ipuny WeIewiey| Apadjoy,

L T90.9L 66951 1 | eIeyIpungy WeIewiey Anadjoy |,
W8 6€.50,9L WE VLSl puod 0L61 WeIRUIe Y] Anadjoy [,




(D

WETLSTIL W0 €T8E1T | 1wy [eARA ueddeyniy BUpETEIIA e3ueyInjy
19" S0.ST9L WCT18E1 1 weny ueddeqniy eypeselejy eBuRINA
W8'0STIL | w6 L06Ea ] weny| NJOIUBA eypederey e3ueIn
WT LEYTIL WS01.8EI1 weny| eypeseleg eypeserejy esuByINA
W9 LEFTIL W19€8€,11 | weny ayzey | eypedeleg eypedeIejy eSueyIN
WO'SSETIL | W9 1T8EI 11 weny ppnipuelN BUpPETRIRA e3ueyINA
WS LYETIL 109286l | [ weny ppjnipuelN epeseIR e3ueyin\
WSEETIL | w6l Li6Eol | [1] weesueweAy eypeseIRy e3ueyInA
W6 TTLETIL W691,6€11 [1 wefeSuewedy eypeseIey e3uBINA
WE6TITIL W9 PT6Eo1 1 | weeSuewedy BUpeSEIRIA| e3ueyinjy
WE'STETIL | uI'1S680l] epunNwLEN eypeseIR e3ueyIN
WO POTTIL | WEBE6EL] B[OOJA] IPIYOYD 2[OOWENOY, eSuByINA
WS'S6TTIL |  W0'86:8E011 10010\ BOOWENOY ], e3ueyqinjy
WSOITETIL | WTHSILELT wie[ny NPOYHYILINY joowenoy |, e3ueyIniy
W€ STTIL W0 TH8Eo1 1 1003udA BAI[BA B[OOWE)OY |, eSuBRYINA
JFETLOL |  JA0LEEII 100U A BALIDYD 2[OOWENOY . esueyINA
WOTITIL | WP P88ElT weeyue ] BloOWENOY e3uRyIN
W LLEOOL | wL'OEFSol ] ipedexequiay) NUUN{[NIIY L, Apadjoy,
W6 TEE09L WE6SSo1 1 puod BjoOWweNoy NUUN NI ], Anadjoy,
W6 7S £069L W6’ S1SSol | 11 puog peot dwe) nuUN[NIIY [, Apadioy L,
wL LEF09L WC9€9So1 1 puod 861 werewey Anadjoy L,
WO 7S £0.9L 169,50l 1 puod mexieN eAT[eA NUUN Y, Apadjoy,
W7 81,509L WE9P9S,1 1 wenyewey weIewey| Anadjoy |,
WIPSS09L | W9 ERPSol | puod 8€61 epeysuese( Apadjoy,
WTLSS09L | WP9EESI] weedeiyey] epeysuese( Apadjoy,




[ 26

11X

WE0TYTIL W6 T6,0%o1 1 1 Tyznsuod ppuUNWIpeIey e3ueyIny
w0 SiPTIL WELLIPO1 T [ Iyznyuod gpunwiperey| eSuBRyINA
WEPETIL WO LYOP1 1 [11 puod [eAe A uepuney] epunwiperey| eBuRYINA
W TETIL S 9S00l 1 [1 puod [BAEA uepuney| epunuwiperesy| e3ueyIn

W LSETIL WE0.0to1 1 | puod [eAeA uepuney] BpuUNWIpRIEY] eSueyinjy
L 8.STIL 1986601 [ weny| uonoun{ Ly, BpUNWIPEIE e3ueyIny

W0°T0.ST9L W8 €681 1 111 puod [eABA Inj[eN epunuipeIey| eueyINA

WL PP TOL W9 €6l | [1 puod [eABA In[[EN epunwipesey| e3ueyinjy

WS TS FTIL W006,6811 | puod [eABA IN[[EN epunwipesey| eSueyINA
W9 TPTIL W9 8Y0Fo1 1 epunwipesey] epunuiipeey eBuRYINA

WL 1TETIL WS T10Vo1 1 ipedderesey ], epunuwiperey] e3uRINA

W THETIL WS 0.0F1 1 111 wepeddexpey] epunuiperesy| eIuUBINA
WO PETIL WO L1011 [1 wepeddexpiey] ppunwWIpeIey| e3ueyINA

W0 €S ETIL W6'86,6801 1 | wepeddexpiey] epunuIipeey| e3ueyiny

w9 LEYTIL W66l | [1] weny [eAeA In[[EN epunwipeey| e3ueyIny

W6 9TSTIL W0'6Z,68011 11 weny| [eAep InjeN epunwipesey| eSueyIniy

W8'STUSTIL W8 TEO6EI ] [ weny [eABA In[[EN eypeSEIRA eueyINA

WO LYSTIL W1°6T6811 weny eypeseIejy eypederey e3uRYINA

69SSTIOL | W 116811 | wemy dwe) eypeseie eypeseIRjy e3ueyINA

(feAeA

W9'8TSTIL WC0Z68o1 1 mjeN) aepedwnyyay, BUpeSEIRA eFueyiny

W1°TSSTIL WL'SESELIT | 1T wemy [eAeA ueddeden eypederey eSuBINA

WSIPSTIL WS IP8EIT | 1 wemy [eAep ueddeSeN eypeseley eSueyniy

WZ9ESTIL W0.6€01 1 weny ueddeSeN epeSeIRA eueINA

1
0" L1,STIL JFLT8E LT | wemy [pAeA ueddeyiniy eypeseIejy eSuRyINA




X

WS 91ETIL uS EP TPl | Afjoxpyiey L, IYZnyuoJ Aioyyeq ueyyng
WP 0P T9L W6’ Lifbol 1 [I weleyiereyN 1yznyjuod A1ayieq ueying
Wb 0P T9L W6 LiEPO1 1 [ weleyieeyN 1YZnyuoJ K1aypeg ueyping

WS8PETIL | u6'9TEYol | npnues | IYZI3{uo | A1aypeg ueyping
WZLOZIL | WOEREDol | BIIYOBPE[NY AnexreN A1aypeg ueyng

W8 ELOTIL ul'SEEPLT T 11 Jooyndexpiey) ApexreN A1ayreq ueyng

W8 E1.0Z9L WL’ SEERLT T [ Jooyndexpiey) ApexreN A1ayreg ueyng

WEVSOIIL | WI'SEEPOIT Aqredwerduwey ApexreN K1oyeq ueying

WETH619L wC SSiEPs1 ] viedueSueip AnexreN Alayieq ueyng

W 6T0TIL uS 8ol I weespeyomey| ApexreN Axoyjeg ueying

WOOETTIL | Wl 'SHiEDl T B[RYIUNAB]A AnexyreN K1ayeq ueying

WS LSO w8 LTPol [1 epeunIdy) AnexieN A1ayjeq ueging
WE I W0 1Tl | | epeuniay) AnexyreN A1ayieg ueyng

ol 1SHTOL WS Pibrbol 1 | tuueyie|[eN AnexieN K1ayeg ueying

W 0P0T9L Wl 610l 1 weeueef AyesreN K1ayieg ueying

W8'6Z.07.9L WETEVO1 T Jooyndejeaey |, AnesieN A1ayjeq ueyng

WF9S0TI9L | WL PS Tl 11 ApnyIyoRA AyexreN K1aypeq ueying

w'95.07.9L WL ¥SiThol 1 [ ApnyjIyoey AnexreN A1ayreq ueyng

WS 91,0Z.9L W6’ T P11 | 11 PUo{ [BAEA WwequieAepy AnexieN A1aypeg ueyng

WO L10TIL WEP1L P11 | 1Ppuod [BARA WequieAepy AnexreN Asaypeg ueyng

WSSOTOL | WS EETRII Aunyppnpnjy ApesreN A1ayeg ueyng

W TH619L WUl 1 Aljoxey| AnexieN Asayreq ueyng

W8'6€81.9L W9 Tl | puod rpuexyi[[ny> ApexreN A1ateq ueyng

WC6T61.9L WEOPLET puog punpjrddny eyzndjooN eSuRYINA

W8 LY ETIL Wb S6E11 | puod [eAeA eloowURATNY eypeseIey eSueyIny

WOO0TYTIL | w6'T6.0Fo1 ] 111 1yZznyuog Epunuwipesey| e3ueqiny




AIX

W66°0.2TI9L W66°0.Thol | [eluely eieddmO K1oyieg ueyins
WO 18TZTIL | ul'9TEPL1 ] exedmo ereddmQ A1ayeq ueying
wC08.LTIL W0 €S TPl 1 tfunyery ereddmO K1ayieq ueyng
WL 6€TTIL WS6°0bPol 1 epeuBIyD) ereddmQ K1ayyeg ueying
WEETTTIL L STVl 1 POYPdITAN eieddmQ Ksayeg ueyng
S LS TTIL WS TiEPLL 1 11 [BARA n[[EIqUEBIOY IYZIuo K1ayreg ueying
W5 LS EEHL WS PVl | I [eABA n[EyIqUIB[OY yznyuod Kiaypeq ueyping
WO TSETIL | WESTUTII 11 [BARA 1yznyjuod 1YZn{uo g Aiaypeg ueyping
WO TSETIL | WESTUTYG [ [BABA 1YyZnyuod 14Znyuo g K1ayeg ueng
JEol LETIL WL'9S 1ol | 11 AT[O3P[EA0O Y I4ZNyuo K1ayjeq ueying
WEol 1LETIL WACIAE AN [ AT[O3{EA0OY YZny{uoJ Kiayyeg ueying
WEESTTIL T6S 1%l 1 [ [BABA NIEUBWIUAN IyZnyuo K1aypeq ueying
W€ ESTTIL T6Si 0¥l 1 [ [BARA N)jRUBWIUAN 1yznyuod Kiayyeq ueying
Wb €S.TTIL WS6S 1ol | 11 [eAeAl|[ed yZnyuo K1ayyeq ueyng
WFJESTTIL | w9651l ] [ [eAeAl|[ed yZn{uod Asaypeq uepng




fq,

E

AX

BIwed

ay} Suixy J[OYIAEM | J[OYINEM | I[OYIAIEAM | IOLINEM
SYJBWY Jjo aeq (] erwWeE) apmupy | apnpSuo | apmuey | jopdag | jojudxy | jooadiy JooweN
1SI9AISqO e( IR | HITFRETN :a8uey] 1510

GT0Z-8102 "AUVNLONVS A4 TA TIM AVNVAVA LV STTOHYALVA THL NO STIV.LId
I XIAONAddV




15°

UTILISATION OF THE WATERHOLES BY WILD ANIMALS IN
WAYANAD WILDLIFE SANCTUARY

BY
SACHINKRISHNA, M. V.
(2017-17-004)

ABSTRACT OF THE THESIS

Submitted in partial fulfillment of the requirement for the degree of

MASTER OF SCIENCE IN FORESTRY
Faculty of Forestry

Kerala Agricultural University

<

z
<
m
)
»
5
<

DEPARTMENT OF WILDLIFE SCIENCE
COLLEGE OF FORESTRY
VELLANIKKARA, THRISSUR- 680 656
KERALA, INDIA
2019



ABSTRACT

Utilisation of natural and artificial waterholes in Wayanad Wildlife
Sanctuary (WWS) was analysed in this research work. Vayals are the natural
swampy areas while the waterholes are the artificial ponds made by the forest
department. The study was done with two objectives such as mapping of the vayals
and the artificial waterholes in the WWS and the usage of these structures by wild
animals. We used GIS tools for mapping of the vayals as well as artificial waterholes
in WWS. The animal visitation was studied using the camera traps installed in the
selected vayals and artificial waterholes across the four ranges of WWS from
September 2018 to May 2019. The observations were made in dry season and wet

se€ason.

The geo-coordinated maps of 171 vayals and 168 artificial waterholes in
Wayanad WWS were prepared. It is interesting to note that most of the artificial
waterholes were made within the vayals. A total of 21 species of wild animals were
found to be using the water sources in WWS. The animal visits to vayals/natural
waterholes were greater than that of the artificial waterholes. However, the animal

activity in these water sources in the dry season was greater than that of wet season.

The herbivores preferred vayals more than waterholes, but the frequency of
visit of other animals such as carnivores, primates, etc. were found to be more in
waterholes. The most abundant animal in Wayanad wildlife Sanctuary was Spotted
Deer and its frequency of visit was higher in vayals than artificial waterholes. The
frequency of animal visit at waterholes made inside the vayal is found to be higher
than that of waterholes dug outside the vayal. The temporal activity pattern of water
source usage was also studied. Most of the vayals and waterholes were used mainly
during morning and evening hours. The direct usage of artificial waterholes for
drinking water was rarely observed. Most of the visits made by herbivores to the
waterholes were for grazing around the waterbody. The randomness of usage of
water sources were also studied using Run test. Asian Elephant, Barking Deer, Gaur,

and Wild Boar show a non-random usage of natural waterholes in the wet season.
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In artificial waterholes, elephant shows a non-random usage in wet season and the / 39\

Spotted Deer and Sambar Deer shows non-random usage in dry season.

The design of waterhole is also found to be affecting the animal activity. The
side walls of many waterholes were made steep in such a way that it cannot be
accessible by small animals like Spotted Deer, Barking Deer, etc. The quality of
water is another factor that influences the usage. Many waterholes were not capable
of holding water in the extreme dry months. The vayals kept moist throughout the
year and supported the animals with good fodder in the lean periods. Constructing
waterholes inside the vayals causes degradation of the swampy habitat and lead to

drying up of vayals. It also affects the hydrology of that landscape.

So, the present study highlights the importance of vayals and its management
in protecting that habitat. The construction of artificial waterholes should be done

with proper scientific studies.




