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Summary

Effect of anthropogenic disturbance on habitat occupancy by tiger prey species
was studied in Panna National Park, Madhya Pradesh. The study was conducted
between November 1998 and April 1999. Line transect method an.d Pellet count
technique were used to estimate abundance for all ungulates. Abundance estimates
were used as a measure for intensity of habitat use by all species. The density
estimates from line transects are associated with high coefficient of variation, which
is largely a function of the small sample size resulting form extremely low densities.

Ordination of habitat parameters grouped the transects based on habitat quality
and structure, disturbance and topography. Anthropogenic disturbance was found to
be an important factor, influencing habitat quality and differential use of habitats by
animals.

Sambar associated strongly with low disturbance hill habitats and poorly with
relocated village sites and disturbed plateau transects. Indications from line transects
and pellet count method concur in the case of sambar. Chital were very localised in
their distribution being strongly restricted to secondary successional stages and
ecotones between relocated village sites and woodland. Nilgai was a generalist in
terms of habitat occupancy. In case of nilgai the two methods complement each other
with the information they provide. The information from pellet—group counts was found
to reflecting patterns that are not detected by direct sampling methods like line
transects.

Chinkara was strongly associated with the disturbed areas, largely because of
its openness, but also found in the undisturbed areas. Wild pig, like nilgai, was a
generalist, but showed preference for fringe areas of forest adjoining agricultural fields.
Langur showed a marked preference for hill habitats and did not differentiate between

disturbed and undisturbed hill habitats. Langur also showed the strongest association

with water.






1. INTRODUCTION

"India is remarkable for the variety of its large mammals, a richness in species
exceeded by few countries in the world". George Schaller (1967), he goes on to
conclude in the introduction to his landmark work - The Deer and the Tiger..." In India
perhaps more than in most countries, the basic problem of animal and human ecology
are intimately related, and a solid body of facts is desperately needed if conservation
and managjement practices satisfactory to man, his livestock, and the wildlife are to be
initiated in time to save the last from complete extermination...”

India today, thirty two years after Schaller (1967) wrote his introduction still
faces the same dilemma, the lives of millions of people on one hand and our biological
heritage on the other, which, to say the least is a precarious situation. These conflicts
of interest are most visible in and around our Protected areas (P.A.'s) which, being
perhaps the last repositories of our biological diversity are of great conservafion
importance. And being an important source of -biomass resources for the sea of
humanity that surrounds them, they are subject to intense human pressures. A crisis
compounded by the fact that they occupy as little as 6.75% of the country's land area
(State of the Forest Report, 1997) and the alarming rate at which the human
population continues to grow.

Caughley (1994) formalised two important aspects of conservation biology.
Namely, the "small population paradigm" and the "declining population paradigm®.
“The small population paradigm deals with the effect of small size of populations e.g.
Inbreeding depression and minimum viable population. This is a symptomatic
approach to the problem, and hence by itself, long term, permanent solutions will
continue to evade us. On the other hand the declining population paradigm deals

with the factors causing the decline of populations and its cure. This approach



largely evades our attempts to generalise, because of the wide variety of processes
and situations that contribute to it and the situations being very site specific
(Caughley 1994). But it is this approach that needs. more rigorous investigation to
elevate the causes from mere conjectures to certainties.

Causes for decline and decimation of tiger and its prey populations are
numerous. Schaller (1967) described two factors that have brought the large
mammalian fauna to its present predicament, a predicament hauntingly reflected in
the current state of our tiger population. Our indespicable history of "hunting" for
recreation and the indirect and less avoidable course of "habitat destruction”. Both of
which are key elements in the declining population paradigm. Trophy hunting of large
animals like in the old days is largely under check following a series of wildlife
protection laws. Despite which poaching of both prey and predator continues, be it
for food, oriental medicines, or other illegal trade in wildlife parts (Siedensticker,
1997). Habitat degradation, on the other hand which is largely a function of human
influence, continues to work at it's own steady pace affecting both the predator and
the prey. Poaching combined with degradation and fragmentation of habitats of
already depressed populations will have disastrous effects on its viability and future
survival (Seidensitcker et al. 1999)

Though tigers have been seen to feed on a wide variety animals (Schaller
1976). A marked preference for medium (31-175 Kg) to large (>176 Kg) sized
ungulates has been documented by studies at different areas. Schaller (1967),
Johnsingh (1983) and Karanth & Sunquist (1995) have all found that medium to
large sized ungulates comprise the bulk of the tigers diet. Of which Chital and
Sambar between them constitute approximately 55 —-65% of the diet.

Therefore a viable and abundant prey population is a prerequisite for any

viable population of tigers.



The tiger is the largest obligate terrestrial carnivore in any of the mammalian
assemblages in which it occurs, and as such preys on the largest ungulates found in
these assemblages (Seidensticker 1997). Karanth & Sunquist (1992), Eisenberg &
Seidensitcker (1976) and Schaller (1967) have all observed a positive correlation
between tiger densities and prey biomass densities. The prey, inturn depend entirely
on the availability of suitable and productive habitats to maintain such viable and
abundant populations.

However, habitat destruction or "elimination of habitat" (Schaller, 1967) is an
ongoing process and it is here, in the cycle of events, that anthropogenic influences
play a key role in modifying and often degrading the habitat by diverting a substantial
quantum of the biomass production towards human and livestock needs.
Anthropogenic disturbances take the form of cattle grazing, lopping and cutting for
fodder, fuelwood and other biomass requirements, fires, large scale extraction of
non-timber forest products (NTFP's) and drastic alterations in the physio-chemical
quality of the terrain.

The direct effects of such disturbances include loss of cover, change in
vegetation communities, species composition, forage abundance and quality; all of
which have a direct effect on the ungulate habitat use (Dinerstein 1979a). The tiger,
due to the obligate nature of it's phylogenetic (Sunquist et al. 1999) and trophic
positions is most vulnerable to such alterations and deterioration of habitat, which
affects the health of the prey populations (Karanth and Smith 1999). Karanth & Stith
(1999), from modelling studies of tiger populations have speculated that prey
depletion is a major factor driving the current decline of wild tiger populations and
hence a "significant constraint" on their recovery.

But, it has also been found that disturbances at various intensities need to be

considered. At lower intensities disturbances like fire and other anthropogenic activities



increase the amount of edge habitats, which is preferred by many ungulate species
(Sunquist et al. 1999). Studies of grazing systems have shown that net .primary
productivity is the highest on marginally grazed sites, while the lowest is at the heavily
grazed site (Pandey and Singh 1992). These findings suggest that an optimum level of
disturbance is useful in maintaining the productivity and variety of habitats, which is
favourable for the ungulates. Therefore a valuable extension to the body of work
existing on ungulates from the subcontinent, would be to understand how ungulate
communities habitat choice and occupancy relates to environmental heterogeneity that

results from different intensities of anthropogenic disturbance.

1.1 LITERATURE REVIEW

1.1.1. Habitat Selection by Ungulates

Habitats can be compared to templates, moulding the shape of the community

that occupies it. Moreover, much like the template is moulded in return (Southwood
11987).

Central to the study of animal ecology is an understanding of the habitat the
animal(s) in question occupies or it's habitat preferences. A geographical area may
comprise a variety of habitats, and may be occupied by many species. If species are to
be conserved, it is essential to know what factors are influencing their distribution. This
can be achieved by relating distribution of animals to the characteristics of the
geographical region (Ben-Shahrar 1988). A significant body of work on the distribution
patterns of ungulate communities has been carried out on the West Africaﬁ ungulate
fauna (Ben-Shahrar & Skinner 1988, Ben-Shahar 1990). While the South - Asian
ungulate assemblage has being left out largely when it came to quantitative work on

habitat preference. Nevertheless invaluable information has been collected by a host of
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workers beginning with Schaller (1967) and a long list of workers following him who
have been briefly reviewed below.

Large mammalian terrestrial herbivores tend to show peak densities in
grassland, grass scrub and savanna biomes, with densities reaching their lowest in
severely arid conditions or at the other extreme in tropical evergreen forests (Eisenberg
1980). Although the specific reasons are different in both cases. A; a generalization,
consider a rainfall gradient from low to high, e.g. from dry thom forest to moist
deciduous forests, and further to tropical evergreen forests. The mammalian biomass
increases along this gradient. After a point as the forest cover becomes continuous
and the forest only supports little ground cover in terms of shrubs and grass, the
ungulate biomass again falls (Eisenberg & Seidensticker 1976). The dry deciduous and
scrub forest of Gir sﬁpport 383kg/Km2, of wild mammalian herbivore biomass (Berwick
1974). Later after the formation of the national park and under protection from grazing,
Khan et al. (1996) from the same area reported a wild herbivore biomass of 2,746
Kg/sz. In comparison, the moist semi-deciduous forests and meadows of Kanha
support 1780 Kg/sz, of wild herbivore biomass (Schaller 1967). The highest biomass
- 2858 Kg/Km2 - of wild herbivore are seen in the gallery forests and alluvial flood
plains of Kaziranga (Spillet 1967a). However the tropical rain forest of Udjung Kulon in
Java support only about 492 Kg/Km2 of ungulate biomass (Hoogerwerf 1970). These
differences are drastic enough to reflect the intrinsic differences in quality of the
habitats in relation to ungulates. These differences indicate that though moisture
availability is an essential factor, large herbivorous mammals in India and south - asia
attain peak densities in secondary successional forests. Which have an interspersion
of grass, shrubs, low stature trees but not moist enough to support closed canopy
woody vegetation like in the tropical evergreen forests, where most of the biomass is

locked up in the crowns of the trees making it inaccessible to terrestrial herbivorous



mammalian forms (Eisenberg and Lockhart 1972).

The secondary seral woodland savanna stage is suitable to graze livestock too,
and has been maintained largely by burning (Dinerstein 1976), and other forms of
interference by man, in the absence of which the forest would progress to woodland,
which is considered the climax for the Indian subcontinent with it's seasonal rainfall
regime (Puri et al. 1982). An added factor maintaining the secondary seral stage in the
terai, is the annual cycle of flooding (Dinerstein 1976). In the case of central India the
role of fire and grazing has been a critical factor in maintaining this stage of
succession. With a Terminalia- Butea- Diospyros mixed deciduous forest emerging
with protection form grazing (Tiwari 1954).

Eisenberg and Seidensticker (1976) reported that the ungulate biomass
observed in South-Asia is considerably lower, than that found on the plains of east
Africa. Eisenberg (1980) attributes this largely to the fact, that unlike the older east
African herbivore assemblage, the grazing herbivores have not diversified equally in
the ungulate communities of south Asia. Recent studies (Khan et al. 1996, kamath
;and Sunquist 1992, Karanth and Nichols 1998) from the Indian sub-continent however
reveal much higher ungluates biomass estimates, approximating those form the
savanna grasslands of East and Central Africa (Hirst 1975) when contributions from
species like Elephant, hippopotamus  and buffalo are excluded form the latter
estimates. Even when biomass contribution by elephants, hippopotamus and buffalo
are considered the estimates by Hirst (1975), of 10,000 to 20,000 Kg \ Km? ,is in the
range of what has been reported by Karnath and Sunquist (1992) from Nagarahole,
6,846 to 19,092 Kg / Km?. This is because of the vast improvement in habitat quality
since the inception of Project Tiger in India in 1973, and the consequent protection that
these national parks and sanctuaries have from grazing and other related forms of

biomass extraction. Hence inspite of the lower diversification of the grazers, these



areas appear to be able to support equally high ungulate biomass as Has been
observed from the savanna of Central and East Africa.

Karanth & Sunquist (1992) reported higher average group sizes of chital and
higher densities of all other ungulate species and primates in moist and teak dominant
habitats compared to the dry deciduous habitat at Nagarahole. This is. contrary to what
has been postulated by Eisenberg (1980). i.e. the Dry deciduous forest with its
woodland savanna vegetation structure would be expected to support a higher
biomass of grazers than moist deciduous forests. Karanth & Sunquist (1992) suggests
that the coarse nature and low nutritional quality of the grasses during the dry season
may be a factor reducing the carrying capacity of ungulates. Also dry deciduous forests
are comparatively scarce in fruits and browse that characterise the dry season forage.
Further the absence of fires, which historically had played an important role in
maintaining grassland productivity, since the formation of the park has also probably
reduced the quality of the habitat for grazer species.

The studies of Dinerstein (1980), Eisenberg & Seidensticker (1976) and
Karanth & Sunquist(1992) have all shown that the greatest ungulate biomass is
reached in areas where grassland and forests form a mosaic and where the
interdigitation of many different vegetation types. Changing river courses, fire and
anthropogenic disturbances have all contributed to increasing the edge habitat, which

is preferred by many ungulate species (Sunquist et al. 1999).

1.2. OBJECTIVES
Panna National Park is representative of the dry QeCivd‘U_O_U‘S_‘f_orests in India that
are characterised by intense human pressure. About 40 % of tiger habitats in India fall

within such sub-optimal areas (Chundawat et al. 1997). Hence a clear understanding















2.4 Drainage and Hydrological regime.

The entire area forms part of the catchment of the Ken river. The river as
such passes briefly through the western part of the park. Which makes it restricted in
access. The river though it reduces a lot in summer, is never completely dry. fhe
springs along the escarpments are perennial and are fed by aquifers draining into
crevices along the escarpments. The monsoon rains and any other precipitation are
the only sources of water for a large part of the park. There are also a few tanks both
natural and manmade spread around the park. Areas within the park that were
previously inhabited or are being presently inhabited have some perennial source of
water. Which also makes these the most productive aréas of the park. There are also

a handful of streams that retain water from the monsoon flow till early summer.

2.5 People, Society and Land Use

The first impressions that one gets on visiting the area are the extremely low
levels of social development. Levels of education and awareness are very low, hence
avenues for employment are limited, or non existent. Therefore the only option
avéilable are some form of dependence on the resources of the forest next-door.

Under such circumstances it is no surprise that the park is subject to intense
human pressure. There aré over 47 villages within a 5km belt around the park and 13
villages within the park. Who to a large extent are dependent on the park for their
livelinood. Conservative estimates are that the livestock and human population within
the park is about 9500 heads of livestock and about 6000 people (Forest Department
records). The total cattle population of the dependent (enclaved and surrounding)
villages is in the rangeé of 37,500 and 50,000. Even these are likely to be
conservative estimates. The human population is about 34, 500 (Chaudhary 1996)

The major ethnic groups of the area are the Gonds (Rajgonds, Nandgonds

and Saurgonds) and Khairuas among the tribes and the Yadavs among the non-

tribals.
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The remainder of the transects, namely T4, T 3.1, T 3.2, T 4.1, T 4.2, T5,T 6
& T 7 were all plateau transects. The forest types represented by all the transects on
the plateau transects were broadly dry deciduous teak mixed forest, or dry deciduous
mixed forest. Amongst the plateau transects, T 7 is located near Badgadi, which is a
relocated village site. This transect served as a control undisturbed transect to
compare the other transects which are subject to different levels of disturbance.

Transect T1 represents an area along the border the park, which was a open
forest until about four years ago. The larger part of the transect lies on flat area, but
begins to rise slowly and concludes half way up the plateau side. The dominant tree
is again teak and mixed forest association of Terminalia tomentosa, Lagerstroemia
parviflora, Lannea coromandelica, Acacia catchu, and Annogeissus latifolia. Being on
the periphery of the park this habitat is grazed and used for all other form of human
use. The nearby perennial water spring is a major attractant for herders from far off
villages who use it to water their livestock.

Transect 3, comprises of two parts, T3.1 and T 3.2. Each of which is 1 Km in
length. T 3.1 runs along the border of the Hinota town. It is a heavily grazed area,
with some patches even devoid of any form of grass or vegetatioh cover. This
transect accounted for the maximum number of the Chinkara sightings. The area of
the village immediately bordering this part of the forest are agricultural fields and crop
raiding by Cinkara and the odd Nilgai are not uncommon. Access to water on this
transect is very good. A perennial stream has been check dammed for use by the

village, water is always present. Teak dominates the transect with associates like T.

tomentosa, L. parviflora and D. melanoxylon.

Transect 3.2 This transect starts off from the end of TN 3.1 and moves away

from the village. This aréa is dominated by L. parviflora, teak, Terminalia
association with the odd A. catachu, A. latifolia and Maduca indica. This transect too,

has weed infestation by Oscimum species, but not as intense as T2. The whole
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estimates using Dista
NCE program was attempted after pooling all sightings on a

transect (irrespecti i
(irrespective of Species). These results are tabulated in Appendix 1. As can be

seen, even in this ca i :
58, the estimates using the program are not reliable. Therefore the
only solution i : :
y to get reliable density estimates in such low-density habitats is to have a

much highe i
gher sampling effort, an effort that was not possible in the duration of this study

given the logistical and other constraints.

3.2.2. Dung deposition rates on different transects.

Species - wise deposition rates for each plot was calculated per 10 days for the entire
study period. One way ANOVA and multiple comparison test (Tukeys’ HSD) was used to

check for differences in dung deposition rates between species and between transects.

3.2.3. Ordination of transects based on disturbance and habitat characteristics.

All the plots were subject to Principle Component Analysis (PCA), to classify them into
various categories based on habitat, disturbance and terrain variables. A one way ANOVA
with multiple comparison was used to test for significant differences between the habitats
based on the PC 1 and PC 2 respectively.

The dung deposition rates were correlated (Pearson) with respective principle component

scores to ascertain their relationships. Patterns in association of species with different

disturbance regimes were arrived at by a multiple correlation with component scores for all

the three main principal components correlated with dung or dropping deposition rates.
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ond is also found in the are .
P a, which was probably the village pond. Therefore both with

respect to structure, quality and water availabili
ailability Badgadi provi
provides ideal cond
cnital. itions for

Gogate and Ch
(Gog undawat 1997), have found chital to be the most preferred prey in

panna (in terms of number) being utilised far in excess of it's availability (prop. available =
0.06, prop utilised = 0.14, n=45). Karanth (1995) found that chital, though it forms the
principal prey species it is not preferred. Johnsingh (1983) also found such a trend. It is
only in the case of Panna that chital has been reported as the preferred prey. While in all
other cases so far chital has been reported to be the principal prey. This probably is
because of the absence of habitats suitable for the proliferation of chital. Hence in the
case of Panna there is a need to create and maintain such habitats. Therefore what is
needed is to maintain the evacuated village sites, at a seral stage where the edge due to
the interdigitation of both grassland and woodland are maximised.
Nilgai

Nilgai (Boselaphus tragocamelus), unlike sambar and chital is not restricted to any

particular habitat (Figure 4.2). The results show considerable variation in abundance

estimates of nilgai between different habitats and methods. From direct sightings (Table

4.1), the undlsturbed plateau area of Badgadi shows the highest densities. While 2

consideration of dung deposition rate (figure 4.3D) show that this habitat has one of the

ile the less disturbed plateau

ransects bordering Hinota
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