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ABSTRACT

Food habits of tiger was studied in a dry deciduous forest area in Pench National
Park, Madhya Pradesh, over a period of 6 months, from November 1998 to April
1999. Density estimation of major prey species was done to assess availability to
tigers. Line transect method was used for estimating prey density. Fourteen line
transects were laid in two major vegétation types, teak associated and
miscellaneous forests. Each transects was walked 16 times. A total of 243.2 and
214.4 km of transects were walked in teak associated and miscellaneous forests
respectively, totaling to 457.7 km of walk during the whole study. Pench National
Park was found to have very high wild ungulate density (89.9 animals/ km?). Chital
was the most common ungulate species, followed by sambar, whereas common
langur was the most abundant primate species in the study area. Seventy two tiger
scats were collected opportunistically from the study area and analysed. Scat
analysis revealed that chital constituted the major part of tiger prey in terms of
number (52.08%), followed by sambar (20.83%) and wild pig (15.63%). In terms of
biomass both chital and sambar contributed equally (38%) to the diet of tiger. No
langur remains were found in the analysed tiger scats. It was revealed that tigers
were preying selectively in the study area on the available prey base. Chital was
found to be less preyed upon compared to its availability, while sambar and wild pig
were consumed more than their availability in the environment. Gaur and nilgai
were killed in proportion to their availability. Results from this study stressed the
importance of maintaining high density of medium and large sized ungulate
population for offective conservation of tigers. The importance of Pench National

Park as a potential area for long term tiger conservation was also discussed.




























































3. METHODOLOGY

3.1. Estimation of prey availability:

Prey density was considered to be the indicator of prey availability to the
tiger (Johnsingh 1983, 1993, Karanth & Sunquist 1995). To estimate the density of
wild prey species, in the study area, line transect method was used (Eberhardt,
1968). This method was used by several workers earlier for effectively estimating
ungulate density in similar tropical conditions (Eisenberg & Lochart 1972;
Johnsingh 1983, Karanth & Sunquist 1992,1995; Khan et al 1996, Seidensticker
1976, Sunquist 1981, Tamang 1979, Varman & Sukumar 1995). The theory and
application of line transect method is dealt in detail by Burnham et al., (1980) and

Buckland et al., (19983).

The study area was stratified into two major vegetation types, teak
associated forest and miscellaneous forest. Densities of wild prey species were
estimated for both the major vegetation types separately and for the whole study
area. The total area of the two vegetation types was not known. Hence roughly
equal sampling effort was put in laying transects in each vegetation types.
Fourteen transects, with a total of 28.4 km were laid in two habitats, eight in teak
associated forest and six in miécelléneous forest. The transects were laid down
randomly in the study area (Fig 2.). But each transect was laid in such a way that
it's entire length falls in one vegetation type only. The length of individual transects
varied from 1.2 km to 2.7 km. The total length of true replicates in each of the
o km in teak associated forest and 13.4 km in miscellaneous

habitats was 15.

forest. The riverine areas and Cleistanthus collinus dominant patches were not

sampled becauseé of small patch size and difficulty to reach these areas for

sampling.
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All ,
ihe transects were walked sixteen tmes (by me and my assistant), eight times

e i : :
ach during moming and evening, resulting in 457.7 km of transect walk spread over two

Seasons. The total length of transects walked in each vegetation type was 243.2
and 214.4 km in teak associated and miscellaneous forest respectively. The
transects were walked early moming and late aftemoon during first and last three hours
after sunrise and before sunset respectively when the animals were most active (Schaller
1967). On the transects all the tiger prey species were counted. For each cluster of prey
animals encountered on the transect, the following parameters, namely, species, sighting
angle (with a compass), sighting distance (visually estimated), cluster size, sex and age

class of the individuals (Schaller 1967) (whenever it was possible to classify them) were

recorded.

The density of all prey species were calculated using Distance program
Version 3.5 (Laake et al.,1998). The analysis involved fitting of different models based on
detection function to the observed data for the estimation of densities. A robust model is the
one which can fit with a number of different observed data sets. The best estimate was then
taken for the model which gave the lowest Akaike Information Criteria (AIC) values and
lowest percent coefficient of variation (%CV) (Bumham et al., 1980; Buckland et al., 1993).

Since the sighting distances on transects were estimated visually,
there was a chance of bias in estimation due to heaping (Buckland et al., 1993).

Hence, the distance data was analysed again after grouping into different class

intervals. This was then compared with the density estimates results obtained from

ungrouped distance data.

3.2, Estimation of tiger diet.

Feeding ecology of camivores are usually studied using different methods like

observation in the field, stomach content analysis, identifying kills and scat analysis

(Reynolds and Aebischer 1991) . But the scat analysis was found to be the most suitable

method for the present situation since it is non invasive and cost and time effective method
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successive ¢ i - _ ‘
onstrictions within a single piece of scat, when compared to leopard

which were mos ,
tly coiled and have smaller distance between constrictions

(personal observation). Though evidence of tiger tracks were found on very few

occasion along with the scats, but whenever found these conditions also seem to
hold. Tiger and leopard scat were mostly found deposited in one place on the side
or middle of the road on grass strips, while that of wild dogs were mostly
deposited on the bare soil of the road (Johnsingh, 1983; Sunquist, 1981; Karanth

& Sunquist, 1995). Scats, which couldn’'t be accorded definitely to tiger, were

excluded from the analysis.
3.3.3 Identification of prey remains from scats: .

Hair from scats were used for identification of prey remains, because it passes
undigested through the gut and can be used for species identification (Sunquist, 1981;
Karanth & Sunquist, 1995; Mukherjee et al., 1994a, 1994b). Hair from each of the washed
séat was mixed up thoroughly and then 20 hair were picked up randomly for analysis.
These were washed in xylene and then mounted in DPX to make permanent slides. These
slides once dried were then examined under a binocular compound microscope. The hair '
of the prey species were compared with the reference slides maintained in the Wildlife

Institute of India laboratory based on the following structural features described by

Mukherjee et al., (1 994b).
1. Hair width,

2. Medullary structure,

3. Medullary width/ hair width ratio.
Quantification of the diet was done based on the scat analysis by calculating percent

occurrence i.e., number of times a specific item was found as percentage of all the item

found (Ackerman et al,,. 1984; Floyd et al., 1978).
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Table1. Crud i indivi A
. Pe density of individuals of the prey species in the overall study
ea Pench N.P. (December 1998 to April 1999).

Species | No.of | Model* AIC [DI/km?|LCL|UCL |% CV| P~ |DF
Obser
vation
Sambar | 239 |Uniform-Cosine | 1014.8 | 6.09 | 4.9 | 7.4 | 957 |0.796 | 17
Chital | 3349 [ Negafive | 7124.8| 80.75 | 668|976 | 861 |0.772] 11
Exponential-
Cosine
Common| 2718 Uniform- | 3166.4 | 77.16 | 63.9 | 93.0| 8.42 | 0.43 |10
langur Cosine
Nilgai | 21 Uniform- | 100.87 | 0.22 |0.14 | 0.34 | 22.51 | 0.132 | 11
Cosine
Wild Pig | 101 Uniform- | 172.67 | 259 | 1.5 | 4.3 | 25.92 | 0.524 | 41
Cosine
Gaur | 21 Uniform- | 32.954 | 034 |o.10|1.08|3812 1 |3
Cosine

*# Only the results of the best-
model fit. AIC = Akaike Information Criteria. DI =
ireedom. LCL & UCL =95 % Lower and upper contidence limit of density estimate respectively. See

Appendix 2 [or details.

fit models are summarized. ** Chi-square goodness of fit p-value for

Density of individual animals. DF = Degrees of




Table2. Crude d i
ensity of groups of the prey species in the overall study area

Pench N.P. (

December 1998 to April 1999).

Species |No. of| Model* [ AIC |DC/km? LCL | UCL |M.C.S[%CV] P |DF
Obs. ‘

Sambar | 140 | Uniform- [1014.8] 35 | 2.0 | 423 | 1.7 | 8.42 |0.796| 10
Cosine

Chital 975 Negative |7124.8| 27.35 [ 22.8 | 32.8 | 3.44 | 8.04 [0.772] 9
Exponential
Hermite
Polynomial

Common| 454 | Uniform- [3166.4| 12.25 | 10.3 | 14.6 | 6.12 | 6.83 | 0.43 | 5

langur Cosine

Nilgai 11 Uniform- |100.87| 0.12 0.22 | 0.07 | 1.75 | 4.67 [0.132| 1
Cosine

Wild pig 24 Uniform- |172.67| 0.70 048 | 1.01 | 4.23 |17.73]0.524 | 22
Cosine |

Gaur 4 Uniform- [32.954| 0.071 | 0.04 | 0.13 | 4.75 | 4.67 1 1
Cosine

# Only the results of the best-litm

model 1it. AIC = Akaike Information Criteriz. DC = Density of groups. DF = Degrees ol freedom.

LCL & UCL =95 %

cluster size. See Appendix 2 for details.

Lower and upper conlidence limit ol density estimate respectively. M.C.S. = Mean
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Table 3. E i . .
cological density of Individuals of chital, sambar and common

langur in teak associ
Ciated forest in Pench N.P. (D i
1999). .P. (December 1998 to April

Speci
obs.

Chital | 1275

Uniform- 2821.5| 54.12 | 42.14 |69.52| 9.04 | 0.175
Cosine

Sambar | 114 Uniform- 47853 5.49 | 4.066 | 7.43 | 14.65 | 0.154

Cosine

Common| 1240 |Hazard Rate-|1559.9| 59.07 | 45.66 | 76.43 | 11.74 | 0.057
langur Cosine

* Only the results of the best-fit models are summarized. ** Chi-square goodness of fit p-value for
model lit. AIC = Akaike Information Criteria. DI = Density of individual animals. DF = Degrees of
freedom. LCL & UCL =95 % Lower and upper conlidence limit of density estimate respectively. See
Appendix 2 lor details.

Table 4. Ecological density of groups of chital, sambar and common langur

in teak associated forest in Pench N.P. (December 1998 to April 1999).

Species | No. of | Model* AIC DC |LCL|UCL|M.C.S.{% CV| P**

obs. /km?>

Chital 390 Uniform- [2821.5| 18.26 | 25.5 13.1| 3.25 | 7.77 [ 0.175

Cosine

Sambar| 67 Uniform- |478.53| 3.21 |2.44 422 1.65 |12.77]0.154

Cosine

Common| 225 | Negative 1560.8| 12.77 | 9.72| 16.8 | 5.56 |12.8410.036

langur Exponential
-Cosine

Only the results of the best-fit models are summarized. ** Chi-square goodness ol fit p-value for model
nly the resulty 8

(il AIC = Akaike [nformation Criteria. DC = Density ol groups. DF = Degrees ol [reedom. LCL &
L. = AKIIKC .

< e limit of density estimate respectively. M.C.S. = Mean cluster
y o »r conlidence limit ol densi
UCL = 95 % Lower and uppe

size. See Appendix 2 for details.



Table 5. E ) . o
cological density of individuals of chital, sambar and common

langur in mi
g miscellaneous forest in Pench N.P. (December 1998 to April

1999).
Species | No. of| Model*
ade] AIC | DI/km*[LCL [ UCL [% CV] P~ |DF
obs.
Chital | 2074 '
Uniform- | 4316.3 94.27 |65.35| 136 853 | 0.372 | 2
Cosine
Sambar :
125 | Negative [539.68| 9.24 | 6.34 | 13.47 | 18.79 | 0.805 | 37
Exponential
-Cosine
Common| 1478 Half 1602.7 | 90.95 [69.69|118.69| 11.81 | 0.416 | 9
langur normal-
Cosine
* Only the results ol the best-fit models are summarized below. ** Chi-square goodness ol (it p-value
for model lit. AIC = Akaike Information Criteria. DI = Density of individual animals. DF = Degrees of
freedom. LCL & UCL =95 % Lower and upper contidence limit of density estimate respectively. See
Appendix 2 for details.
Table 6. Ecological density of groups of chital, sambar and langur in
miscellaneous forest in Pench N.P. (December 1998 to April 1999).
Species |No. of| Model* AIC |DC/km? LCL | UCL |M.C.S.|% CV| P** | DF
obs.
Chital 585 Uniform- [4316.3| 30.08 | 11.65 77.71| 3.54 | 7.48 |0.372| 1
Cosine
Sambar | 73 | Negative |539.68 510 | 3.56 | 7.32 | 1.73 |17.83]0.805| 31
Exponential
-Cosine
: 31| 6.66 | 9.61 |0.416| 4
Common| 229 Half 1602.7| 125 | 9.58 |16
langur normal-
Cosine
wdels are qummarized. ** Chi-square goodness of fit p-value lor

# Only the results ol the best-1itn
nation Criteria. DC=

model it

reedom. LCL & UCL =95

i dix 2 lor det
M.C.S. = Mean cluster SIz¢. See Appendix 2 lor

AIC = Akaike [nfort
4 Lower and upper cont

ails.
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Table 7. Per i
. cent occurence of Prey items in 72 tiger scats collected in
ench N. P. from Dec 1998 to Apr 1999.

Frequency of occurrence
Species No. of scats Percentage

Chital 50 52.08

Sambar 20 20.83

Wild pig 15 15.63
Nilgai 5 5.21
Gaur 2 2.1
Muntjac 1 1.04
Unknown 3 3.13

Table 8. Contribution of different prey species in terms of biomass to the tiger
diet in Pench N. P. from Dec 1998 to April 1999.

Species | Avg. wt No. of Percentage of prey
(kgj scats biomass
Chital 55 50 38.5
Sambar 212 20 38.2
Wild pig 38 15 9.8
Nilgai 184 5 8.3
Gaur 287 2 4.74
Muntjac 20 1 0.53
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Tab 9. Perce ilahili .
cent availability of the major prey species and their utilization

by tigers in Pench N. P. from Dec 1998 to April 1999.

Species | Availability | Utilization | LCL* | UCL* | Remarks

Utilized less
Chital 88.11 56.85 44.1 | 69.6 than

availability .

Utilized more
Sambar 10.68 21.58 11.0 | 322 than

availability

Utilized more

Wild pig 2.31 14.38 5.3 234 than
availability

Utilized in
Nilgai 0.37 4.31 0.0 9.6 proportion to
availability
Utilized in

Gaur 0.62 2.87 0.0 7.2 | proportion to
availability

G s s, = 03,14, P<0.001. * LCL & UCL = Bonferroni's lower and upper confidence.
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Tab 10. Tiger kills (n

1998-April 1999,

=8), found in Pench N.P. from December

Date Vegetation type | Terrain Species | Sex | Age class Physical
(") condition

1286 Z:;kbzzm‘”ant' Hill slope | Sambar | M | Adult, c3H | Good
(1V)

16.1.99. | Miscellaneous | Hill slope | Chital M | Adult, c3V | Good

14.2.99. | Miscellaneous | Stream Sambar | M Adult, c3H [ Na

slope

21.2.99. | Teak dominant | Flat Chital M | Adult,c2V | Na
(V1)

18.3.99. | Miscellaneous | Flat Chital M | Adult,c8H | Good
(VI

8.4.99. Miscellaneous | Flat Chital Na | Yearling (ll) | Na

10.4.99. | Teak dominant | Flat Chital M Adult, c3H | Na
(Vi

Teak dominant | Flat Chital F Adult, (IX) Na

11.4.99.

Na — information not

class as determined from lower jaw (Schaller. 1967).
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S. DISCUSSION
5.1. Availability of Prey species

Chital .
& was the most abundant wild ungulate species in Pench. When chital

crude density estimate from Pench National Park was compared with other areas

like Nagarahole (Karanth & Sunquist, 1995), Bandipur (Johnsingh 1983) and

Chitawan (Seidensticker 1976). it was found to have much higher densities than

these areas. But comparing ecological density of chital with the above mentioned
area showed similar pattern in densities. In Pench the ecological densities estimated
for chital ranged from 54.12 animals/km® in teak associated forest to 94.27
animals/km? in miscellaneous forest. Some of the areas with similar range of
ecological densities were Gir - 43.7 to 133.9 animals/km?® (Khan et al., 1996), Royal
Bardia National Park, Nepal — 27.5 to 803 animals/km? (Stoen 1994), Nagarahole 38
to 76 animals/km? (Karanth 1993). Pench was a mosaic of woodland forest of
different ages with small open grassy patches. These V\;ere spread over the entire
park from low areas to higher ones. This kind of interspersion of habitats was very
much utilized by chital, an ecotone species and utilizes both forest and grassy
patches (Schaller 1967, Eisenberg & Seidensticker 1976). During the summer

months chital herds, often in high numbers were sighted close to the Pench River. In

teak associated forest presence of rmoist nallahs, which though didn’t have water but

provided forage for them. Miscellaneous forest on the other hand, had higher

densities of chital, probably due to high forage availability in overall. Chital in the park

used hilly terrains less frequently.

Sambar densities were higher in Pench. When compared to other areas like
am

i km?) (Khan etal, 1996). But
(Karanth & Sunquist 1995) and Gir (2.0 sambar/km®) (

( 8-9 sambar /km?) (Johnsingh 1983) and

comparison with areas like Bandipur
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Mudumalai (8.61sambar/km?) (Varman & Sukuma 1995)
g

densities of sambar., Sambar is the largest deer of Asia
1976)

shows comparable

(Eisenberg & Seidensticker

and is distributed "
OVer a wide range of forest, rainfall and altitudinal conditions

Eisenb _
(Eisenberg & Lockhart 1972). The difference in the sambar density in similar dry

deciduous habitats like Gir might be explained by annual rainfall pattern in Gir and

Pench (Khan et al., 1995). The annual rainfall in the above two areas in the same

order were 1000mm and 1400mm respectively. Eisenberg & Seidensticker (1976)
proposed that with other factors remaining similar, ungulate biomass increases with
an increase in rainfall regime due to higher plant productivity. Bandipur and
Mudumalai with similar sambar densities is probably because of similar or higﬁer
rainfall patterns, similar forest composition. Sambar is predominantly a browser and
has evolved in forest environment (Eisenberg & Lockhart 1972). Its abundance in
- any particular area probably is limited by the dispersion of the shrub species in the
forest and the phenophase they are under going at any particular time. In Pench
most of the teak associated forest had reasonably good understorey due to the
availability other tree species. While the miscellaneous forests with a much opener
canopy probably has higher shrub productivity than teak associated forest. This

might be a factor leading to the higher observed densities of sambar in

miscellaneous forest.

occur in the study area in low densities. Nilgai, because of choice for

Nilgai
open habitats were rarely sighted on transects walks. This had probably resulted to
underestimation of nilgai density in the area. During the winter they were more

i i ntl
ighted in the open areas close to roads and in areas where a village was recently
sighted in '

[ inside forest.
relocated. In summer, nilgai were more often sighted insid
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Gaur, the large i i
gest of the wild cattle is more of g forest dwelling species, but
also needs open grassy patches for foraging (

Schaller 1967, Eisenberg &
Seidensticker 1976).

Duri
nng the study gaur was mostly sighted in the teak
associated f
orests and bamboo patches. In Pench National Park, teak associated

forest wer i :
© very important to gaur population especially, in summer they extensively

debarked teak trees. The bark of the tree in summer is reported to be rich in different
in essential mineral contents and moisture (Gaur Ecology Project, WIl-Unpubl
Report). The gaur population of the vpark mostly used my intensive study area during
summer (mid February to April). In the park they used areas very selectively and
mostly centered around water bodies during the summer, which probably led to low
sightings on transects and cpnsequently to lower density estimation for this species.
Wild pigs were found in both teak associated and miscellaneous forests.
Though in winter there were very few sightings, wild pig activity increased drastically
as summer approached, which the breeding time for this species (Prater 1980).
Common langur densities were higher in miscellaneous habitat because,

these areas had more diverse tree associations and probably this provided various

food resources to this folivorous primate.
Pench, thus offered a mosaic of ecological and habitat conditions, which

effectively contributed to the maintenance of a rich assemblage of ungulates and

primates in high numbers. Two more studies are available from Pench National Park,

the same part of the park where | conducted my study (Acharya 1997, Karanth &

Nichols 1998). These studies also support the general conclusion .of my findings of

y in the park though the individual estimates of wild ungulate

high ungulate densit

densities vary.
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5.2. Prey selection by tigers:

Predation is i
an ecological factor which pervades all levels of ecology, and

understandin it, i -
g_gf It, increases considerably to our knowledge of habits and structure

of animal ' ion i
als (Curio, 1976). Predation Includes searching, locating, pursuing and

overcoming th
g the prey by the predator (Dunstone & Gorman 1993). Cats are

specialized predators, and enjoy much in common in terms of their morphology,
physiology and behavior. (Sunquist & Sunquist 1989). Different factors like abundance
of the prey species, temporal and spatial distribution, size, defenses, and anti-predator tactics
in different ways constitute the ecological constraints on the predator (Sunquist & Sunquist,
1989). In addition, the distribution and abundance of hunting cover, climatic conditions, and
the presence and abundance of congeners and other potential predators can also act as
limiting factors .

For tigers in the Indian subcontinent, chital and sambar constitutes the main
prey base wherever they occur in considerable numbers (Schaller 1967, Tamang
1979, Sunquist 1981, Johnsingh 1983, 1993, Johnsingh et al., 1993, Sankar et al.,
1993, Stoen 1994, Karanth & Sunquist 1995). Apart from these two species, other
species like wild pig, langur, gaur and nilgai are the other common prey species

frequently preyed upon by tiger in this subcontinent.

From the present study it evident was chital and sambar constitutes the major

prey species of tiger in the study -area. Though numerically chital was the most

preyed upon Species they were still less utilized than their availability in the

Other studies from different parts of the subcontinent also support this

h 1983, Stoen 1994, Karanth & Sunquist 1995).

environment.

findings (Schaller 1967, Johnsing

ss probably helps it to avoid predation, since group living species

Chital gregariousné
r at locating any approaching predator (Taylor

with their combined vigil are bette

1 risk
1976). The species liking of open flat areas also probably reduces the predation ris

a typical ambush and stalk use the habitat

on the animal. Tiger probably like
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Table 21. Crude density of individuals of wild pig in the overall study area

(December 1998 to April 1999). PP
Hall\f/k:\gfrl;al- 1;\;%9 Dlz/km‘ LCL | UCL | % CV | P* [ DF [ Best Fit

g oorm J .54 | 1.503 | 4.3041 | 26552 | 0.498 | 42

Ugci)fsoi:]rg- 172.67 | 259 | 1.5518 | 4.3471 | 25.92 | 0.524 | 41 v
Hazgggirl?:\te- 17463 | 279 |1.1033 | 71022 | 479 |0565] 28
E)r(\ll;%a;ri}vt; ) 172.68 | 2.82 | 1.3991 | 5.7211 | 35.83 [0.432 | 37

Cosine

1 Chi-square goodness of tit p-value for model fit. AIC = Akaike Information Criteria. DI = Density
ol individual animals. DF = Degrees of freedom. LCL & UCL =95 % Lower and upper confidence

limit of density estimate respectively.

Table22. Crude density of wild pig groups in the overall study area (P.N.P.)
(December 1998 to April 1999).

Model* AlC |DC/km°| LCL UCL % CV p** DF | Best fit
Half normal- | 173.09 067 |0.45734]/0.98218( 18.59 [ 0.498 | 22
Cosine

Uniform- 172.67 0.70 0.4878 | 1.0119 | 17.73 | 0.524 | 22 v
Cosine
Hazard Rate-| 174.63 082 |0.34075| 1.9645 | 43.91 | 0.565 | 20
Cosine

Negative 172.68 0.84 |0.46019| 1.5494 | 29.91 | 0.432 22
Exponential-

Cosine

w## Chi-square goodness ol (it p-value tor model fit. AIC = Akaike Information Criteria. Dl = Density

ol individual animals. DF = Degrees of freedom. LCL & UCL =95 % Lower and upper conlidence

limit ol density estimate respectively.
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