International Journal of Ecology and Environmental Sciences 44 (3): 319-329, 2018

ISSN: 2320-5199 (Online)
© NATIONAL INSTITUTE OF ECOLOGY, NEW DELHI

Wild Ungulates in A Human Dominated Landscape: Their Population
Structure, Density and Biomass in Western India

DHAWAL MEHTA * ! AND V.C. SONI 2

Department of Biosciences, Saurashtra University, Rajkot 360005, Gujarat, India and
Wildlife Institute of India, Chandrabani, Dehradun 248002, Uttarakhand, India

Email ID: ! dhawalbmehta@hotmail.com; ? vcsoni2009@gmail.com

Corresponding author; Present address: 33, Shiv Ganesh-2, Opp. Zydus Hospital, Thaltej, Ahmedabad 380059,

Gujarat, India

ABSTRACT

The population structure, density and biomass of three species of ungulates-Nilgai (Boselaphus tragocamelus), Wild Pig (Sus
scrofa) and Chinkara (Gazella bennetti) were studied in ten grasslands of Central Saurashtra, Western India during 2011-12 using
the distance sampling method. The total transect length involving all the study sites was 38.44 km which was walked for a total
of 16 times resulting in a sampling effort of 615.04 km. The mean group size at all the sites for Nilgai, Wild Pig and Chinkara were
5.403+0.95 (SE), 7+0.63 (SE) and 5.4+0.63 (SE) respectively. Average estimated densities of 40.52 Nilgai km?, 50.58 Wild Pig
km? and 1.64 Chinkara km were recorded from all sites. The sex ratios were usually biased towards females except in some cases
in Nilgai. The Nilgai and Chinkara were usually seen to be solitary or form small herds while Wild Pigs were more gregarious
forming herds of more than 6 individuals. The group size in all three species did not vary between sites and between seasons. The
average wild ungulate biomass at all the studied grassland sites was computed to be 4569.95 kg km.
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INTRODUCTION

Several studies have emphasized on estimating prey
densities of large herbivores in different parts of the
world with evidences suggesting that ungulate depletion
is a major factor driving the current decline of predators
(Ramakrishnan et al. 1999, Karanth and Stith 1999).
Large herbivores, particularly, are very difficult to
conserve due to several factors: inherently low
population densities, unique habitat requirements,
tendency to raid crops, and in several cases, their
consumption by local people (Karanth and Sunquist
1992). Estimation of ungulate abundance in various
protected areas in India has been ongoing since over half
a decade, few examples would include Schaller (1967),
Berwick (1974), Johnsingh (1983), Sankar (1994),
Varman and Sukumar (1995), Khan et al. (1996), Khan

(1997), Karanth and Sunquist (1992, 1995), Karanth and
Nichols (1998, 2000), Kumar (2000), Biswas and Sankar
(2002), Jathanna et al. (2003), Bagchi et al. (2004),
Andheria et al. (2007), Mondal et al. (2011), Jhala et al.
(2008, 2011). These studies have been confined to well
managed protected areas and are usually forested
habitats. A major part of wild fauna is solely dependent
upon grasslands (Groombridge 1992). Yet grassland
ecosystems have not received the desired attention and
have been largely neglected in terms of conservation and
proper management, except grazing lands, especially in
developing countries including India (Rahmani 1989).
The current study was carried out in grasslands of
Central Saurashtra in the Gujarat state, India. These
grasslands form a mosaic along with an otherwise human
and agriculture dominated landscape. The ungulate
populations here are considered over abundant by locals
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as well as the management and hence a detailed study
was necessitated to generate baseline information to
further assist in conservation and management of the
study area.

STUDY AREA

The Saurashtra peninsula forms a rocky tableland
dominantly composed of Deccan lava. It is flanked by
the Gulf of Kutch and coastal plains in the North,
Arabian Sea towards the West and South, demarcated by
the Gulf of Khambhat on the South East and alluvial
plains to its East (Figure 1). It comprises of seven
districts namely Surendranagar, Rajkot, Jamnagar,
Porbandar, Junagadh, Amreli and Bhavnagar covering
47,000 km* representing 24% of the state of Gujarat
(Jadav 2010). It is bound between the latitudes 20°50' N
and 23° 5' N and longitudes 69° 20' E and 72° 10" E.
Biogeographically, the whole area falls under the biotic
province 4B- Gujarat Rajputana of the 4-Semi Arid
biogeographic zone (Rodgers et al. 2000). The major
habitat of Saurashtra is represented by an open thorny
scrub forest with graminoid ground cover, commonly
referred to as tropical scrubland savanna which gradually
changes to a dry savanna in the process of continuous
degradation and is locally called Vidi (grasslands for
hay) (Mehta 2015). The vidis historically were protected
and maintained by the erstwhile princely states as private
game reserves, community grasslands or pastures by
local authorities and then transferred to and maintained
by the State Forest Department since 1959-60 (Sugoor
and Ande 2001). In 1962, the vidis were classified as
reserved and non reserved depending upon their annual
grass production; grasslands with an annual outcome of
more than 93000 kg were given the status of reserved
vidis and the ones with lower production were called non
reserve vidis (Sugoor and Ande 2001). In case of reserve
vidis, the entire management rests with the Forest
Department and collected grass is supplied to Revenue
Department for distribution. The non reserve vidis are
auctioned annually to local bodies in the month of June-
July to fulfil the local needs. If none of the local bodies
are keen, then these are put to open auction for collection
of grass.

Central Saurashtra is a human dominated landscape
predominated by the Rajkot district of Gujarat state. The
region experiences a semi arid climate in the aridity
index range of 20-40 per cent indicating a general
deficiency of soil moisture for major part of the year.

The mean annual temperature is 26-27°C with mean
maximum and minimum of 40°C and 11°C and range of
extremes being 46°C and 5°C. The relative humidity is
65-70 per cent. Three distinct seasons occur: Winter,
summer and monsoon. Winter starts from November and
continues till February with January being the coldest
month. The average temperature ranges from 10° to 15°
C. Summer is usually dry and hot and extends from
March to June. May is the hottest month with the mean
maximum temperature of 40° C. Monsoon extends from
July to October and rain fall is confined to monsoon
season only and marked by high relative humidity
ranging from 80% to 92% and an annual mean rainfall of
661.57 mm. The area stands at an average 160 metres
above mean sea level.

The major vegetation of the vidis in Central
Saurashtra includes grasses like Sehima nervosum
(Rottler) Stapf, Dichanthium annulatum (Forssk.) Stapf.,
Andropogon pumilus Roxb., Apluda mutica L., Aristida
adscensionis L., Cenchrus ciliaris L., Cymbopogon
martinii Roxb., Heteropogon contortus L., Cynodon
dactylon L., Iseilema laxum Hack., Chrysopogon fulvus
Spreng. with scattered growth of mostly thorny species
of trees like Acacia nilotica L., A. senegal L., A. leuco-
phloea Roxb., Balanites aegyptiaca L. and Zizyphus
nummularia (Burm.f.) Wight & Arn. (Mehta2015). The
exotic mesquite (Prosopis juliflora Sw.) hasn’t invaded
the vidis in this part, thus keeping the grassland
ecosystem intact with its indigenous vegetation
community.

We conducted our sampling in 10 reserved and non
reserved vidis located over six fehsils (Lodhika,
Padadhari, Rajkot, Gondal, Jamkandorna and Jasdan) of
Rajkot range namely Khirasara (reserved vidi, area-400
ha), Khambhala-Ishvariya (reserved vidi, area-91.13 ha),
Hirasar (reserved vidi, area-241.34 ha), Bhandariya
(reserved vidli, area- 167.04 ha), Vanathali (reserved vidi,
area-156 ha), Rampar (reserved vidi, area-98.33 ha),
Meghavad (reserved vidi, area-28.12 ha), Nani Kanesara
(reserved vidi, 241.78 ha), Umath (reserved vidi, 1455
ha) and Modhuka-Chadika (non reserved vidi, 116.88
ha). All these grasslands are surrounded by agricultural
lands (Figure 2). These grasslands act as day refuges for
the ungulates and these species are known to raid crops
in the night.

The wild ungulates found in these grasslands
include three species, namely the Nilgai (Boselaphus
tragocamelus Pallas), Chinkara (Gazella bennetti Sykes)
and the Wild Pig (Sus scrofa L.)
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Figure 1. Map of the study area
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Figure 2. Locations of the grasslands in the study area
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METHODS

The ungulate populations were systematically sampled
starting 1* October, 2011 till 31* January, 2013 (thus
covering 4 seasons-2 winters, 1 summer and 1 monsoon),
using permanently marked foot transects to determine
group sizes, grouping tendencies, and densities using the
distance sampling method. Adult mortalities were
observed to be very low and calves or piglets after the
birth season were not included in the data set as data
collected over a period of one year and four seasons
would inevitably cause a variation in the densities. The
densities collected over different seasons were averaged
to minimize the coefficient of variation. The abundance
estimation was carried out by collecting data on the line
transects. Animal counts and associated distance data are
used to model visual detection probabilities as a
decreasing function of distance from the line transect.
Nevertheless, a large number of observations are often
required to calculate detection function precisely
(Ramesh 2010). The detection probability of an object
depends solely on its perpendicular distance from the
line. This modelling and the subsequent estimation of
population densities and their variances are
accomplished by using the program DISTANCE
(Thomas et al. 2010). Since estimating animal densities
using Distance Sampling method corrects the bias of
non-detection, this method is preferred over others
(Karanth and Nichols 1998).

The data on sighting distance, sighting angle and
accurate group size were recorded for each detection.
Data was collected during 06.30-09.30 a.m. and 15.30-
18.30 p.m. The length of the transects varied from 1.14
km to 3.88 km in different vidis covering the entire
stretch of the vidis. The total transect length involving all
the study sites was 38.44 km which was walked for a
total of 16 times resulting in a sampling effort of 615.04
km. The sampling effort was uniform for different
seasons of the year. The hypotheses we tested were (1)
Do the group sizes of the ungulates vary between
seasons and (2) What governed the differential density at
the grassland study sites. A two-way ANOVA using
seasons as block level was used to test for differences in
mean group size of each species between all the study
sites (Sokal and Rohlf 1995). Generalized linear models
using area of the grassland, distance to human habitation,
distance to water, distance to road, distance to farms,
ground cover, tree density, terrain, cattle density and
rainfall as predictors were run to understand differential
densities at the different grassland sites.

Whenever possible, animals were also assigned to
appropriate age-sex categories. Mean group sizes
obtained from line transect counts actually indicate the
size of 'clusters' (Burnham et al. 1980) of animal species
being sampled, rather than of social groups. Though
these clusters are not always identical to social groups,
we believe our estimates are adequate for population
analyses. For population estimates, the mean group size
was multiplied with the density of clusters to obtain
density of animals in the study sites as suggested by
Karanth and Sunquist (1992). The data were analyzed
using the software DISTANCE 6.0 (Thomas et al. 2010).
The best fit models were chosen depending on the
minimum AIC values to determine densities. The
accuracy of density estimates depends on how well the
underlying assumptions were met (Buckland etal. 2001).
Counting errors and biases (Broten and Said 1995, Jolly
1969, Caughley 1974, Norton-Griffiths 1978, Ottichilo
and Sinange 1985) may contribute to fluctuations in the
population estimates. However, one of the main factors
that contributes significantly to counting errors is
visibility, which in turn is influenced by vegetation cover
(Watson and Tippett 1981).

For biomass estimation, the average body weights
of species mentioned in available literature (Biswas and
Sankar 2002, Bagchi et al. 2004) were used.

RESULTS
Group Size and Grouping Tendencies

The total data from all the study sites were used to
analyze grouping tendencies. The results of two way
ANOVAs showed no significant difference in the mean
group size in case of all species between seasons and
between all the sites (P>0.05 in all cases) except for the
mean group size of the Nilgai only in case of Umath
because the animals detected were always solitary and
showed marginal variation (p=0.06) (Table 1).

Nilgai were found to be solitary or forming small
groups; at times large groups of males (bachelor herds)
constituted of about 26-29 individuals. Solitary Nilgai
accounted for about 29.33% of the groups and these
were usually adult males. Wild Pig congregated in larger
herds of 6-10 individuals constituting of males, females
and young ones (Table 2). A group size of 35 individuals
of Wild Pigs might have been temporary congregation of
several groups. The Chinkara were found to occur in
small family units of about 5 individuals and very
seldom were seen in groups of more than 7.
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Table 1. Results of a two-way ANOVA, comparing
group size of three ungulates across three seasons
(winter, summer and monsoon) and study sites
during 2011-12.

Species Effect F p
Nilgai Season F,,s=0.7292  0.48436
Site F,s=2.0866  0.05935
Interaction F,,s=0.7805  0.63465
Wild Pig Season F,,=0.0190 0.9812
Site F,,=1.6664 0.1419
Interaction F,,=0.6964 0.7496
Chinkara Season F,,=1.9558 0.1876

Table 2. Group size proportionate (%) distribution of the
study species in Central Saurashtra. n=number of
groups detected

Group size  Nilgai (n=148) Wild Pig (n=92) Chinkara (n=14)
1-5 60 28.26 75
6-10 22.66 61.95 25
11-15 12 6.52 0
16-20 2.66 1.086 0
21-25 2 0 0
26-30 0.66 0 0
31-35 0 2.173 0

Density Estimates

An average density of 40.52 individuals km? of Nilgai
was recorded from eight grasslands. No animals were
sighted in two grasslands (Meghavad and Rampar) and
hence weren’t used in the analysis (Table 3). The
uniform/cosine model gave the least AIC and eventually
the best fit throughout all the study areas for all species.
Wild Pigs were recorded from 7 out of 10 sites and the
average density was 50.58 individuals km™. Chinkara
was recorded from only one site-Umath and the density
was 1.64 individuals km? (Table 3).

The estimates of group sizes and densities at each
site for all three species are given in Table 3. The data
was collected through the course of the year (2 winters,
1 summer and 1 monsoon) which would thus reflect
variability because of varying detection conditions and

consequently account for the larger coefficient of
variation than recommended (% CV <10-15%) in spite of
having a sample size larger than recommended by
Burnham et al. (1980). The densities have been derived
from such data and should be considered as averages for
the period as mentioned by Karanth and Sunquist (1992).
Density estimates show that both Nilgai and Wild Pig are
abundant in all the areas while the Chinkara is found
only at one site with half the density of the Nilgai and
one-eleventh that of Wild Pig at the same site.

None of'the predictor variables (proximity to human
habitation, proximity to water, proximity to road,
proximity to farms, ground cover, tree density, terrain,
cattle density and rainfall) showed any significant effect
on the differential densities of the wild ungulate species
in the study area.

A comparison of the density estimates from other
forests of India is shown in Table 4. The average density
of Nilgai and Wild Pig in the study area is much higher
than Protected Areas falling under the same biotic
province in India.

Population Structure

Nilgai and Chinkara were classified as adult males
(AM), adult females (AF), yearling males (YRM),
yearling females (YRF) and young (YG), while the Wild
Pigs were classified as adult males (AM), adult females
(AF) and young (YG). We could assign sex and age
group to all the Nilgai and Chinkara recorded and 82%
of all the Wild Pigs detected (Table 5). The young ones
of Chinkara were not recorded during the study period.
The adult sex ratios appeared biased towards females in
case of the Nilgai except for Khirasara (122.75:100),
Vanathali (106.25:100), Nani Kanesara (375:100) and
Umath (150:100). This might be due to lesser detection
of females especially in Nani Kanesara and Umath.
Khirasara (108:100) and Kanesara (300:100) followed
the same pattern in case of ratios of yearling males to
yearling females while the rest of the sites either showed
a female yearling bias or else no detection, which could
also be accountable to erroneous classification of some
yearlings as adults.

The adult sex ratios in case of Wild Pigs and
Chinkara depicted a bias towards females at all the sites.

Biomass Estimates

The biomass at each site was computed based on the
mean densities at different sites (Table 6). The average
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Table 3. Estimated numerical density (individuals km?) of three ungulate species in Central Saurashtra. Dg and Di
= estimated density of groups and individuals respectively; GS = estimated mean group, SE = estimated standard
error, CV Di = estimated coefficient of variance of density of individuals, CI Di=95% confidence intervals of
density estimates of individuals

Nilgai Wild Pig Chinkara
Site Dg GS+SE Di CvDi  CIDi Dg GS+SE Di CVDi CI Di Dg GS+SE Di %CVDi CIDi
Khirasara 12.39  6.08+0.507 69.36 38.77 38.93-99.80 35 1044183 3591 2733 22314952 - -
Khambhala-

Ishvariya ~ 7.395 8.004+0.67 55 23.47 42.34-67.65 6.19 6.77+0.04 42.02 22.06 29.17-5486 - - - - -
Hirasar 6.95 5.89+0.837 39.26 30.84 25.55-52.97 629 744098  48.04 487  1561-8047 - - - -
Bhandariya 12.1 5.31+£0.694 5546 31.12 35.93-74.99 12 724014 8665 1575 67.73-10556 - -

Vanathali 482  9.16+1.29 411 23.05 27.96-54.23 - - - - - - - - - -
Nani Kanesara 8.38  2.28+0.505 17.35 2.03 16.86-17.83 1049 6.29+0.02 6594 26.13 42.05-89.83 - - - - -
Umath 395 10 4035 297 3.86-4.20 346 5.69+0.39 1949 406  184-20.59 0.31 54+0.63 1.645 558 1.51-1.77
Modhuka 7.74 550353 4259 13.55 34.59-50.59 10.65 5.25+0.176 56.03 12.19 46.56-65.5 - - - -

Table 4. Density (individuals km %) of three wild ungulates in Central Saurashtra with different study sites falling
under the same biotic province in India. The density estimates are the mean of all the sites

Central Rampara' Hingolgadh' Velavadar'  Gir? Ranthambhore®  Sariska*
Saurashtra*
Habitat type Tropical Dry  Tropical Dry Tropical Dry Tropical Tropical dry  Tropical dry Tropical Dry
savannah savannah savannah Grassland deciduous deciduous deciduous
Acacia senegal  Acacia senegal forest forest forest
forest forest
Nilgai 40.52 10.86 12.61 13.17 0.4 6.6 18-36
Chinkara 1.64 1.53 14.52 -- 1.2 1.2 --
Wild Pig 50.58 -- -- 5.05 2.1 3.61 5.2-11.1

*-Present study, 1-Gujarat State Forest Department census (Singh 2001), 2- Khan (1997), 3- Bagchi et al. (2004), 4-Sankar (1994).

Table 5. Proportions (%) of different age and sex classes among different ungulate species

Site Nilgai (N=809) Wild Pig (N=543) Chinkara (N=43)
%AM % AF % YRM % YRF % YG %AM  %AF %YG %AM  %AF % YRM % YRF

Khirasara 40.98 33.38 8.28 7.67  9.66 22.48 61.24 1627 -- -- - --
Khambhala-

Ishvariya 26.72 54.65 -- 6.38 12.23 23.11 63.31 13.56 -- -- - -
Hirasar 24.56 5192  -- 11.57 11.92 25 67.85 7.142 - - - --
Bhandariya 1569 47.67 122 19.18 5.23 2264 6792 943 -- -- - -
Vanathali 51.51 48.48 12.12  -- -- -- - - - - - -
Nani Kanesara  55.55 14.81 22.22 7.4 -- 28.57 7142  25.71 - - - -
Umath 60 40 -- -- -- 22.22 61.72 16.049 27.06 49.62 12.03 11.27

Modhuka 26.15 7945 -- -- - 30.23  48.83 20.93 -- -- -- --
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Table 6. Density (Di, km?) and Biomass (kg km™) estimates of three species of ungulates in Central Saurashtra.

Nilgai Wild Pig Chinkara

Site Di Biomass Di Biomass Di Biomass
Khirasara 69.36 12762.24 3591 1364.58 - --
Khambhala-Ishvariya 55 10120 42.02 1596.76 -- -
Hirasar 39.26 7223.84 48.04 1825.52 - --
Bhandariya 55.46 10204.64 86.65 3292.7 -- -
Vanathali 41.1 7562.4 -- - - --

Nani Kanesara 17.35 31924 65.94 2505.72 - --
Umath  4.035 742.44 19.49 740.62 1.645 19.74

Modhuka 42.59 7836.56 56.03 2129.14 -- --

ungulate biomass contributed by Nilgai and Wild Pig in
Central Saurashtra were 7455.56 kgkm?and 1922.14 kg
km™ respectively. The biomass contributed by Chinkara
was 19.74 kg km? at Umath.

DISCUSSION
Group Size and Grouping Tendencies

Our results show that the mean group size did not vary
between seasons and among study sites. This thus
implied that temperature, availability of food or mating
period did not play a significant role in group formation
of the study species. The antelopes i.e. Nilgai and
Chinkara usually formed smaller groups while the Wild
Pighad a higher frequency of groups of 6-10 individuals.
Nilgai has been known to occur in small groups in other
areas as well (Dinerstein 1980, Khan etal. 1995), Biswas
and Sankar 2002, Bagchi et al. 2008). The males of the
species were found to occur solitarily or form small
herds along with females and fawns. Only seldom were
they found to occur in herds of more than 20 individuals,
thus forming a bachelor herd. Females formed small
individual herds along with yearlings and calves or with
a few males. The herd size composition in case of the
Nilgai follows a pattern reported from other forests of
the country thus indicating their basic tendency to form
not so large herds even though the habitat of the study
area (savannah) intermingled with agriculture differs
drastically from these forests.

The Wild Pig frequently formed groups of 5-10
individuals in all sites from where it was recorded.
Biswas and Sankar (2002) have reported similar group
sizes in Pench Tiger Reserve in Central India.

The Chinkara has also been reported to form small
herds, pairs or family units (Rahmani 1990, Khan et al.
1996, Bagchi et al. 2004). Chinkara was found only to
occur at one grassland site i.e. Umath. This can be
attributed to Umath’s proximity to the Hingolgadh
Nature Education Sanctuary that holds a substantial
population of the species (Figure 2). The Chinkara herds
thus encountered here may be transiting between the two
areas, thus Umath stands as a suitable habitat and one of
the strongholds to support a viable population of the
Chinkara. The Chinkara has not been reported from other
sites even in earlier literature. This might be due to
relatively smaller sizes of the vidis as compared to
Umath and higher disturbance.

Density Estimates

The results show that the population densities in all these
areas were relatively high as compared to any of the
national parks or sanctuaries in South Asia. Chauhan et
al. (2010) described the population of the Nilgai in
Rajkot as over abundant. The densities are higher
relative to Wildlife Sanctuaries (Hingolgadh and
Rampara) in proximity to the study sites with similar
vegetation, hence contributing to a higher biomass. This
shows the Nilgai’s preference to open and cultivated
areas (Blanford 1888, Prater 1971).

Wild Pig showed similar results and their densities
were higher than in protected areas in other parts of the
country and the state of Gujarat. The Wild Pigs are a
constant source of human-wildlife conflict in the
landscape. The Wild Pig has always been associated with
man, and successfully utilises the human altered
landscape (Fadeev 1981, Erkinaro et al. 1982).
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The Chinkara occurred at only one site and its

density was similar to that of Gir forest as reported by
Khan (1997). However, its density was relatively low as
compared to other Wildlife Sanctuaries in India (Bagchi
et al. 2004) from the same biogeographic province. The
density in the adjoining Hingolgadh sanctuary is 8.85
times higher. Umath hence may serve as a potential
habitat in the near future once the carrying capacity is
reached at Hingolgadh. The landscape between Umath
and Hingolgadh needs to be conserved to serve as a
viable corridor to ensure long term conservation of the
Chinkara in this area.
No predictor variables showed any significant effect on
the differential densities of these ungulates indicating
that animals existed in areas that acted as refuge patches
in an otherwise human dominated landscape and exhibits
their high adaptability to coexist with humans and
justifies their dependence on cultivated crops as food
resource.

Population Structure

The adult sex ratios appeared biased towards females in
case of the Nilgai except for some areas. Khan et al.
(1995) reported Nilgai to have an approximate even sex
ratio 89-97 males: 100 females in Gir. Biswas and Sankar
(2002) and Bagchi et al. (2008) have reported a male
biased sex ratio in Pench and Ranthambhore Tiger
Reserves respectively thus, indicating that it was not
unusual in this species.

The adult sex ratios in case of Wild Pigs depicted a
bias towards females at all the sites as also reported by
Karanth and Sunquist (1992) and Biswas and Sankar
(2002) at Nagarhole National Park and Pench Tiger
Reserve.

The Chinkara showed a bias towards females as
reported by Rahmani (1990) in Rajasthan. Bagchi et al.
(2008) reported aratio of 119.8 males per 100 females in
Ranthambhore National Park. There is a slight
possibility of encountering the same individuals during
successive transect walks due to the territoriality of the
species as highlighted by Bagchi et al. (2008).

Biomass Estimates

The biomass estimates computed from the average
weights of the three study species show that the ungulate
biomass in these areas is very high. The herbivore
biomass in the study area is sufficient to sustain a
substantial population of predators. Biomass in some

grasslands even exceeds that of tropical African
savannahs like Serengeti and Nairobi National Park
(Eltringham 1979).

CONCLUSION

These animals occur in a human dominated landscape
and hence are a constant source of human-herbivore
conflict resulting in huge economic loss to the farming
community. The farmers are tolerant to the presence of
the Chinkara in their farmlands. The populations are
thriving chiefly due to the religious and socio-ethical
sentiments of the local communities. There is no natural
predator in these areas to control the population of these
animals which thus implies a need to manage
populations by non-biological means. However, some
adjoining wildlife sanctuaries do hold populations of
natural predators like the wolf (Canis lupus pallipes) but
the habitat needs to be managed and corridors need to be
conserved for movement of these carnivores which could
possibly control the population densities of these
ungulates. There is evidence of wolves predating on the
Nilgai and Wild Pig from the Bhal region of Gujarat
(Jethva and Jhala 2004). Section 11(b) of the Indian
Wildlife (Protection) Act 1972 empowers the Chief
Wildlife Warden (CWLW) of the state or an authorized
officer to permit any person to hunt a wild animal or
group of animals (specified in Schedule II, 1T and V) if
it is found to be causing damage to standing crops. The
Nilgai and Wild Pigs are categorized as schedule-III in
the Wildlife (Protection) Act and can hence be allowed
to hunt on a legal basis. The village Sarpanchs declared
as the honorary wildlife wardens are considered
“subordinate” officers to the CWLW and hold the
authority to allow hunting of Nilgai (Chauhan et al.
2010). Considering the religious and ethical sentiments
of the locals, non lethal methods like chemical or
immunocontraception can be opted. Immuno-
contraception has proven as an effective population
control tool in a multitude of species (Liu et al. 1989,
McShea et al. 1997, Kirkpatrick 1995, Kirkpatrick et al.
1990, 1992, 1995; Turner and Kirkpatrick 2002,
Kirkpatrick and Turner 2008). The confinement of the
wild animals in the vidis by corralling them is an
unfavourable option since it would interrupt their
population dynamics (McCollough 1997). Site specific
plans include managing the grasslands based on sound
scientific principles. The grass should be harvested in a
systematic manner leaving a considerable proportion as
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forage for wildlife and also planting good browse species
like Zizyphus nummularia in the grasslands which is
likely to reduce crop depredation (Mehta et al. 2013,
Mehta 2014). Also, pulsating fencing using solar power
with government support or subsidy around the
agricultural lands could be the most viable option
(Chauhan and Sawarkar 1989, Mehta 2014).
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