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Abstract 
 

The objectives of this study were to make scientific observations on the tiger 

(Panthera tigris tigris) and to study the use of different methodologies to aid 

management and conservation of tiger populations at Tala Range, Bandhavgarh Tiger 

Reserve. In order to meet the objectives, the following aspects were covered: social 

organisation of tigers; tiger behaviour; tiger diet and the factors influencing diet; tiger 

population enumeration; individual tiger identification and monitoring; the 

applicability of methodologies including Distance Sampling, Autoclass, Geographical 

Information Systems (GIS), and camera trapping; tiger-human interaction and conflict 

resolution. The study led to conclusions and recommendations for management at the 

Park or local level – specific to Bandhavgarh, at the regional level (the state of 

Madhya Pradesh) and the national wildlife conservation policy.  

 

Behaviour patterns observed included the tolerance by male tigers for their offspring 

and tool use by tigers. The study also provides new data on tiger population 

parameters, home ranges and land tenure systems of tigers in Tala Range. Scratch 

marking behaviour of tigers was studied and it was found that tigers have a marked 

preference for certain tree species over others for marking, and almost all these 

preferred species are those classified as aromatic and/or medicinal plants.  

 

A study was carried out about the diet of tigers in the Range using the technique of 

scat analysis and the study of tiger kills and confirmed that only three of the large and 

medium sized ungulates present in the Park – cheetal, sambar and wild boar (Axis 

axis, Cervus unicolor, & Sus scrofa) contributed over 90% to the diet of the tiger. 

Prey populations in the range were estimated using Distance sampling. Study of the 

prey distribution patterns and tiger behaviour further revealed that in times of prey 

abundance and prey concentrations tigers were more tolerant of conspecifics in such 

areas. 

 

Various tiger population enumeration techniques were reviewed including pugmark 

analysis, mark-recapture techniques and Autoclass. The work suggests that owing to 

the markedly territorial nature of tigers, which are large mammals living at low 

densities without an element of homogeneity of distribution patterns within any 

habitat unit, estimates of tiger population sampling based on limited area sampling, 

using either mark-recapture or pugmark identification, cannot be extrapolated to give 

accurate estimates of the total tiger population in the entire habitat unit. Further as the 

study of tiger behaviour and social organisation revealed that tiger territory sizes vary 

with time, the results of any population enumeration effort is only valid for the limited 

sampling area at that given moment in time. 

 

The work further suggests that the optimal tiger population estimate and management 

goals would be best met by a combination of methods including camera trapping and 

pugmark identification, preferably as an ongoing activity rather than an annual event. 

The research also suggested that the focus on tiger population enumeration, especially 

in view of the inherent fallibility of all the methods currently being used or advocated, 

could be meaningfully shifted to continuous individual tiger monitoring programmes 

(TMP) for better management. An additional benefit of the TMP would be that it 

would enable the establishment of  a complete national database of individual tigers 

for any management area or even nationally. It would also allow the Park 
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management and policy and decision makers to monitor tiger turnover rates at local 

and national levels. 

  

Landscape level studies were conducted of the region between the Kanha and 

Bandhavgarh Tiger Reserves using GIS, to study forest fragmentation patterns and 

identify existing forest contiguities between the Reserves. A possible wildlife corridor 

connecting the two reserves was identified. The study, and the risk analysis carried 

out, identified key reserved forest tracts that need immediate attention from the 

management and an increased protection status if the corridor is to be maintained. GIS 

was also used to create a detailed database on the Tala Range. 

 

The populations of 34 villages were interviewed and it was found that villages seemed 

to harbour no resentment towards tigers in general and tigers were found to be 

integrated into local religion and folklore. The villagers, however, did complain of 

increased crop damage that was attributed to an increase in ungulates because of the 

protection afforded them by the creation of the National Park. It was also felt that they 

were unable to protect their fields anymore as the hunting of wild animals was now 

completely banned. 
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Chapter 1 – General Introduction 

 

1.1 Prologue 

Tigers – the quintessential, charismatic, mega predators, possibly the most well 

recognised felid in the world, were declared an endangered species when from an 

estimated 40,000 at the turn of the twentieth century (Gee, 1964), numbers dropped to 

around 1827 in 1972 (Panwar, 1987). Extinction of three of the eight sub-species of tiger 

in the last century, with a fourth sub-species on the borderline, has highlighted the plight 

of tigers (Nowell & Jackson, 1996). Habitat degradation and loss, increased access to 

mechanised weapons and agricultural pesticides, and commercial poaching have all 

contributed to the decline of the species in the Indian Sub-continent (RanjitSinh, 1997). 

Despite a quarter century of effort by the Indian government, tigers today remain on the 

endangered species list. Through this study, I have attempted to gain an understanding of 

the factors governing the fate of the tiger in India and to identify strategies that could 

assist in the persistence of tigers in the region. 

 

The probability of long-term persistence of tiger populations is determined in part by 

factors intrinsic to the population itself (e.g. population size, reproductive success, 

demographic structure) and in part to factors extrinsic to the population (e.g. habitat 

quality, short- and long-term trends in habitat fragmentation, local development, 

protection and law enforcement, political will and a commitment to conservation). 
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Knowledge about the tiger in the Indian Sub-Continent has been obtained in large part 

from anecdotal tales of observations on the tiger. Though of little scientific value, these 

writings are valuable source of information on behaviour and provide a means of 

studying trends in tiger population numbers in forest tracts all over the region.  

 

There is a surprising paucity of scientific studies on the Bengal Tiger. To my knowledge, 

only two significant, comprehensive studies have been conducted in the region. The first 

is the now classic study by George Schaller, conducted between 1964 and 1967, in Kanha 

National Park, India. The second, is the Tiger Ecology Project of the Smithsonian 

Institute, Washington D.C., that was started in 1973. Running over 20 years in the Royal 

Chitawan National Park, Nepal, this project is the single largest source of information on 

the tiger. Work done as a part of this project revealed valuable information on the social 

organisation, behaviour, dispersal, communication strategies, and diet of tigers. Equally 

important the members of the study realised the importance of the support of the local 

communities and led Nepal into making some of the most landmark policy decisions at 

the national level on the tiger. These included decisions on the recycling of revenue 

earned through tourism to the Park into local communities; the involvement of the Army 

in protected area management to combat poaching; the declaration of tiger and rhino 

poaching as a non-bailable offence and the granting of the power to wildlife wardens to 

arrest suspected poachers.  

 

In addition to the two studies above, there have been a few other studies that have 

produced data on a particular aspect of tiger ecology The most prominent amongst these 
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is the study in Nagarahole National Park conducted between 1989 and 1993 by Karanth, 

on the prey-predator dynamics of Tiger, Leopard and Dhole. Sporadic papers by 

scientists and senior level managers have been published covering a variety of topics 

ranging from land tenure systems (Panwar, 1979a); to identification and monitoring 

strategies (Karanth, 1995; Choudhury, 1972; Sawarkar 1979, 1987; Panwar, 1979d); Diet 

(Johnsingh 1979, 1983); and scat analysis (Koppikar & Sabnis 1979; Mukherjee et al. 

1994a, 1994b). 

 

India holds an estimated 50% of the world’s remaining wild tiger population (Jackson & 

Kempf, 1990). In a bid to prevent the extinction of the Tiger in India, in 1973, the 

government took the landmark decision to start Project Tiger. This initiative is one of the 

best examples of the importance of political will and commitment to ensuring the 

conservation of a species. Project Tiger started with nine reserves and the number has 

now grown to 24 (TRAFFIC-India/WWF-India, 2000). The Government, recognising the 

importance of the tiger as both a keystone and umbrella species, aimed the Project at the 

conservation of the tiger and its entire ecosystem. The Government of India was joined 

by the WWF and the World Conservation Union (IUCN) in its efforts, making Project 

Tiger one of the most well-known conservation projects in the World. 

 

To monitor Project Tiger and the nation’s efforts towards tiger conservation, official 

Forest and Wildlife circles in India have traditionally focussed all their attention on 

annual tiger census. The estimated number of tigers in any protected area, region or the 

country has assumed a great importance and is frequently cited as an indicator of the 
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success or failure of the national efforts to protect the tiger. There is however, 

considerable debate in conservation circles about the validity of the current census 

methodology, with some scientific evidence that the Pug Mark based census can give 

results with a very wide variability (Karanth, 1987).  

 

This can have many repercussions. A chance ‘favourable’ estimate can result in the 

perpetuation of an intervention that in actual fact is not contributing to tiger conservation 

and vice versa. Early warning of impending crisis may be masked by chance variation 

and thus delay palliative response. 

 

It is important therefore that alternative methods both of estimating total tiger populations 

in a defined area and of monitoring the health of the tiger conservation efforts by means 

other than the mere estimate are explored.  

 

One of the biggest problems that India faces is its burgeoning human population. The 

estimated population of one billion people has led to a corresponding increase in demand 

for agricultural land. This has resulted in the loss and fragmentation of crucial tiger 

habitats. With the chances of reclamation of land and subsequent possible afforestation 

being slim, it is essential to focus on conserving remnant and contiguous forest tracts that 

are already / or have the potential of being tiger habitat, or of serving as corridors to aid 

in gene pool dispersal of tiger populations. 
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1.2 Objectives of the study 

After review of the literature available on the tiger in India and after discussions with 

people involved in tiger conservation work with the Government and through Non-

government organisations, I identified the following objectives: 

1. A comprehensive study of ecological and socio-political factors affecting tiger 

conservation in India taking Bandhavgarh Tiger Reserve (BTR) as a case study. 

2. Examination of current census techniques and identification of alternatives. 

3. Identification of strategies at Reserve, Regional and National levels to broaden 

and improve management techniques aimed at the conservation of tiger 

populations. 

 

1.3 Ethics of the study 

The tiger is a highly endangered animal living in isolated populations at low densities. I 

decided that no invasive technologies would be used during this study. Unique habitat 

and high tiger density conditions at BTR permitted the study of tigers without the use of 

radio-collaring, using a combination of tracking tigers on foot, elephant back and 

vehicles, and the active involvement of the entire Park hierarchy of staff. The decision to 

avoid the use of invasive technologies effectively meant the tigers were not disturbed 

through the use of any techniques such as radio-collaring and its attendant risky 

components such as darting and tranquillising; baiting including live baits, feeding and 

scent stations; the moving or handling of natural kills; disturbance of tiger while at kill; 

etc. This decision meant long hours in the field and required not only detailed knowledge 

on individual tiger movement patterns but also of the terrain. 
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1.4 Approach 

Objective 1 deals with two completely different areas – Ecology of the Tiger and its 

Socio-Political Environs. For studying the ecology of the tiger, I identified the following 

components: social organisation and behaviour (Chapter 4), diet and hunting behaviour 

(Chapter 5), and the ecology of the main prey species of the tiger (Chapter 6). In order to 

gain a broader understanding of the physical surroundings of the Tiger Reserve, I 

undertook a study at the landscape level of the area between BTR and Kanha Tiger 

Reserve (Chapter 8). 

 

Objective 2 deals with census techniques. Through the cooperation of the Park 

management at BTR, I was able to get a first-hand experience of the procedure used 

during the All India Tiger Census. A study of the terrain, and the experience gained 

through working with the Park team in the field, enabled me to identify possible areas 

where improvements could be made. Chapter 7 in the thesis deals with this aspect. 

 

Objective 3 is perhaps the most difficult of the three. To fulfil the aims of this objective I 

took advantage of discussions with eminent and senior officials from various walks of 

life. These included current and retired members of the Indian Forest Services, Directors 

and Ex-Directors of the Project Tiger and the Wildlife Institute of India, police officials 

in the Bandhavgarh Region and in the Indian capital, Delhi; senior bureaucrats from the 

Ministry of Environment and Forests, Government of India, members of the Indian Board 

of Wildlife; members of Non Governmental Organisations working on tiger conservation 



 

Latika Nath, D.Phil. Thesis, University of Oxford 

 

9 

and eco-development of villages adjoining protected areas; members of the judiciary and 

members of the tourism industry. I also gained valuable insights after discussions with 

the people of 34 villages adjoining Bandhavgarh National Park. I eventually combined 

the results of my ecological studies and the discussions to list a series of 

recommendations at three levels: site specific – aimed exclusively at the Bandhavgarh 

National Park; regional – aimed at the state Government of Madhya Pradesh; and 

National – aimed at the central government decision and policy makers. 

 

1.5 Outline of the Dissertation 

The principal aim of this project was to investigate the wide variety of factors that affect 

the survival of tiger populations in India and suggest management actions that can help in 

the conservation of the tiger at national, regional and reserve levels. Though all the 

factors are interrelated, the chapters will roughly follow the sequence described above. 

Through all the chapters, before presenting the work done as a part of this study, there is 

a comprehensive review of results on the subject from other studies on the Bengal Tiger. 

 

Chapter Two gives a taxonomic account of the species and presents information on the 

past and present distribution of the tiger in Asia. 

 

Chapter Three describes the reason for the selection of the study site. It presents a brief 

introduction into the rich natural heritage of the region and a description of the genesis of 

the Park and its present legal status. The chapter also contains several detailed maps of 

the study site made using a Geographical Information System.  
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Chapter Four focuses on the social organisation and behaviour of tigers in the study site. 

Using historical and new data, it outlines the population parameters of the species 

including information on land tenure systems. The chapter also studies vocal 

communication and scratch marking behaviour of tigers. 

 

Chapter Five is an investigation of the dietary habits of the tiger in Tala and identifies the 

principal prey species of the tiger. It also presents an outline of the hunting behaviour of 

the tiger. 

 

Chapter Six studies the ecology of the three principal prey species of the tiger and 

assesses the impact of the seasonal variations in predator abundance and density on tiger 

behaviour. 

 

Chapter Seven reviews the techniques used for tiger census in India. The chapter then 

presents an alternative to these techniques. An important component of the chapter is the 

description of the special camera trap designed to meet the requirements of Indian field 

conditions. 

 

Chapter Eight studies the socio-political issues affecting the tiger. It includes the results 

of a study of the landscape in Eastern Madhya Pradesh and identifies key forest tracts that 

need an increased protection status and a change in management strategies. The chapter 

ends with a list of recommendations aimed at managers, policy and decision makers at all 

levels of bureaucracy. 
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Chapter 2: Taxonomy, Nomenclature and Pelage 

Variation in Tigers 

 

2.1 Taxonomy and nomenclature  

The tiger (Panthera tigris) belongs to a group of cat species called the Pantherines 

(Hemmer 1987). Basic tiger phylogeny began differentiating after the primary 

dispersal of the species approximately two million years ago from East Asia in two 

separate directions (Hemmer, 1981, 1987; Herrington, 1987; Mazák, 1981, 1996; 

Kitchener, 1999). Molecular and fossil records confirm that the divergence of tigers 

from the other Panthera cats took place before the divergence of the lion (Panthera 

leo), leopard (Panthera pardus), and jaguar (Panthera onca), (Collier and O’Brien, 

1985; Herrington, 1987; Hemmer, 1987; Wayne et al., 1989; Wentzel et al., 1999; 

Kitchener, 1999).  

 

Although it is unclear where the tiger first diverged from other Panthera cats in 

eastern Asia, it has been suggested by some that the probable centre of origin is 

southern to east-central China, within the range of P.t. amoyensis, spreading from 

there to the north (P.t. altaica) and east (P.t. corbetti, P.t. tigris) and to the south 

(Mazák, 1981; Hemmer, 1987). Kitchener (1999), however, states that the fossil 

evidence is equivocal, given the wide distribution of the species at the beginning of 

the Pleistocene, and it is unnecessary to envisage such a restricted locality. Appendix 

1 presents localities and ages of fossil tigers.  
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The genus Panthera includes four living species – leopard, jaguar, lion and tiger - and 

several fossil species. Two subgenera may be recognised: Panthera Oken 1816, for 

the first three of the above mentioned species and Tigris Oken, 1816 for the fourth 

species (Hemmer 1966, 1978). The tiger was classified as Felis tigris by Linnaeus in 

1758. Subsequently, it was reclassified by Severtzov in 1858 as Tigris striatus and 

then by Gray in 1867 as Tigris regalis and finally is now known as Panthera tigris 

(Linnaeus 1758). 

 

The taxonomic classification for the tiger as described in Wozencraft (1993) is  

ORDER Carnivora, Bowdich 1821,  

SUBORDER Feliformia, Kretzoi 1945,  

SUPERFAMILY Feloideaoidea, Fischer de Waldheim 1817,   

FAMILY Felidae, Fischer de Waldheim 1817, 

SUBFAMILY Pantherinae, Pocock 1917,  

GENUS & SPECIES Panthera tigris, Linnaeus 1758.  

 

The concept of subspecies has been recognised as a taxonomic category based on 

phenotypic differences and geographic distribution (Mayr, 1963; O’Brien & Mayr, 

1991). Subspecies names are meant to reflect patterns of geographic locations. 

Because of their wide range, isolated tiger populations have traditionally been 

classified as different subspecies according to morphological and geographic 

variations (Mazák, 1981). 

 

Eight subspecies have been recognised using both molecular and morphological 

methodologies (Mazák, 1981; Wentzel et al., 1999) (Table 2a). Of these, three have 



 

Latika Nath, D.Phil. Thesis, University of Oxford 

 

15 

gone extinct in the last century and a fourth is considered to be close to extinction 

(Figure 2.1). Tiger sightings have been confirmed in 158 protected areas across their 

range between 1998-1999 (Jackson & Kempf, 1999). These protected areas range in 

size from 21 km2 in China to 14,846  km2 in Indonesia. Sixty-six protected areas lie in 

India and, today, of the approximately 6000 surviving wild tigers, over 50% (all of 

which are P. tigris tigris) live in the Indian Sub-continent.  

 

 

Subspeciesa 
Common 
Name 

Type Localityb 
Estimated 
Numbersb  

P.t. tigris (Linnaeus 
1758) 

Bengal tiger Indian Subcontinent 3,176 – 4,556 

P.t. virgata (Illiger 
1815) 

Caspian 
tiger 

Afganistan, Iran, China, Russian 
Turkestan, Turkey 

 
Extinct 1970s 

P.t.altaica (Temminck 
1844) 

Siberian 
tiger 

Amur, Ussuri, North-east China, 
Manchuria 

360 – 406 

P.t.sondaica 
(Temminck 1844) 

Javan tiger Java Extinct 1980s 

P.t. amoyensis 
(Hilzheimer 1905) 

Amoy tiger 
South China,  
Amoy 

20-30 

P.t. Balica (Schwarz 
1912) 

Bali tiger Bali Extinct 1940s 

P.t. sumatrae (Pocock 
1929) 

Sumatran 
tiger 

Sumatra 400-500 

P.t. corbetti (Mazák 
1968) 

Indo 
Chinese 
 Tiger 
 

Cambodia, China, Laos, 
Vietnam 
 Malaysia, Myanmar, Thailand,  

1127 – 1785 

 

 

Kitchener (1999) studied the three main sources of variation in tigers: body size, 

striping patterns and colouration of the pelage, and skull characteristics. His analysis 

showed that body size and sexual dimorphism increase with latitude as indicated by 

skull and tooth measurements. It is generally considered that the largest tigers are 

found in the Russian Far East and the smallest in the Sunda Islands (eg. Hooijer, 

1947; Mazák, 1981,1996) but Kitchener (1999) found that tigers from the North 

Table 2a: Distribution and Status of the 8 sub-species of P. tigris in the wild  

Source: a Mazák,1981;  b Jackson and Kempf, 1999 
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Indian Sub-continent (greatest length of skulls of males: 332-376mm (n=18)) are as 

large as Amur tigers (331-383mm (n=9)), but the largest known are from northern 

China (maximum 406mm) (Loukashkin, 1938; Mazák, 1967, 1996).  

 

 

 

Kitchener’s studies revealed that, for males, greatest length of skull increases with 

latitude but carnassial length increases only slightly with latitude but peaks at 

approximately 28ºN (Nepal, Northern India) and at about 45ºN in the Russian Far 

East. Females show a less marked cline in greatest length of skull and the upper 

carnassial is more or less the same size in mainland animals. Within each putative 

sub-species there is also considerable variation in size. There is a significant 

difference in the median greatest lengths of skulls within males (Kruskal-Wallis 

Figure 2,.1:  Tiger distribution in Asia (past and present)  
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H=29.46, P<0.0005) and females (Kruskal-Wallis H=29.46, P<0.0005) of putative 

species but these are mostly not between geographically neighbouring species. 

 

Several studies have discussed the use of skull characteristics for the separation of 

tiger sub-species (Pocock, 1929, 1931; Hemmer, 1987; Mazák, 1981, 1996; 

Kitchener, 1999). Two main skull characteristics are used for this purpose: the shape 

of the occiput and the shape of the nasal bones along with lesser characters including 

the development of the saggital crest and the degree of convexity of the dorsal surface 

of the skull. However, tigers cannot easily be separated from lions on the basis of 

skull characters and, similarly, leopards can only be distinguished from tigers by their 

smaller size. There is little evidence for discrete tiger subspecies and much of the 

variation seen in tigers is clinal (Kitchener, 1999). 

 

O’Brien et al. (1987) used four molecular and genetic methodologies to study the 

molecular phylogeny of tigers. The evolutionary metrics used were immunological 

distance, genetic distance, DNA hybridisation and G-banded Karyology1.  From the 

transformation of the AID matrix into an evolutionary topology,  O’Brien et al. 

(1987) and Wayne et al. (1989) confirmed that the pantherine lineage began to radiate 

4 to 6 million years ago and included several early branches and a very recent split 2 

million years ago took place between the lynxes and the modern Pantherines. 

 

 Three sub-species of tigers (P.t tigris, P.t. altaica, and P.t.sumatrae) have been 

shown to be very similar in molecular terms, with a mean genetic distance of 0.007 

(O’Brien et al. 1987). This distance is 30 to 35 less than the distance between 

 
1 For a brief description of these techniques refer to Appendix 2 
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different subspecies of great cats and is comparable to sub-species distances of 

cheetah (A. jubatus) or lion tamarins (Leontopithecus roasalia). These results indicate 

the isolation of the geographic sub-species of tigers within the past 10,000 years, most 

probably within historic times. No subspecies-specific allozyme markers were 

detected in the study, which supports this conclusion. There is no evidence to suggest 

that sufficient time has elapsed for specific genetic isolating mechanisms to have 

developed.  

 

Wentzel et al. (1999) studied genomic variation in tigers using mitochondrial 

deoxyribonucleic acid (mtDNA) sequences and tiger major histocompatibility 

complex (MHC)1. They also studied the pattern and extent of nuclear gene variation 

in tigers based upon a survey of 20 feline-specific dinucleotide short tandem repeat 

(STR or microsatellite) loci1. The results of their study revealed a dramatic reduction 

in both mtDNA and MHC-DRB variation compared to other felids (Wentzel et al., 

1999) but moderate genetic variation in STR and nuclear allozyme (Goebel & 

Whitmore, 1987). These results supported the conclusions of O’Brien et al. (1987). A 

phylogenetic analysis of the composite STR genotypes revealed significant clustering 

consistent with geographic locale and is consistent with a late Pleistocene genetic 

reduction. The discordance between mtDNA and nuclear loci is likely to be the 

consequence of an historic demographic contraction that reduced tiger populations to 

small numbers of individuals (tens or hundreds) from a single geographic locale. 

Since mtDNA is maternally inherited, a moderate founder effect could result in a 

predominant monomorphic mtDNA lineage without constricting nuclear genetic 

variation. Wentzel et al. (1999) predict that the proposed contraction likely preceded 

 
1 For a brief description of these techniques refer to Appendix 2 
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the late Pleistocene (circa 10000 years ago) since the Indonesian island subspecies 

has the same mtDNA as the mainland ones and the island of Sumatra was separated 

about main continent about 10000 years ago (Umbgrove, 1949).  

 

Tiger mtDNA variation is somewhat less than that observed in cheetahs (Mennotti-

Raymond & O’Brien, 1993). Though the STR estimate of species-wide nuclear 

variation shows moderate amounts of residual diversity, there is evidence for 

moderate inbreeding and loss of heterozygosity within  two subspecies – P.t.tigris and 

P.t. altaica. The level of genetic homozygosity in these subspecies is remarkable and 

reminiscent of the severe effects of population bottlenecks as observed in cheetahs, 

Asiatic lions and the Florida panther. 

 

The results of these studies suggest that tiger subspecies are actually very closely 

related and have undergone gene exchange until recently, followed by genetic drift in 

geographically isolated populations. Work is currently being done on this subject and 

further results are expected to clarify the picture. The results presented above, though 

important, are not definitive enough to be considered conclusive on the subject. 

 

In contrast to these findings, a study conducted by Shankaranarayanan et al. (1997), 

revealed that, in Indian tigers, microsatellite analysis of five CA repeat loci and 

multilocus fingerprinting on a population of 30 individuals revealed a heterozygosity 

of 22.65%, a much higher degree of polymorphism than reported in previous studies. 

Microsatellite analysis was performed on fifteen, 50 – 125 year old skin samples from 

museum specimens, which showed that the average heterozygosity was 21.01% and 
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the difference between past and present populations was not significant. Another 

result of the study was that the authors found that for two of the tigers sampled the 

analysis revealed that both animals had alleles contributed by each of the species 

(P.tigris tigris and P. tigris altaica). According to the authors, these animals represent 

the wild tiger populations from the state of Uttar Pradesh. However, due to the lack of 

detailed information on the two tigers used for this study and any other details from 

the tests, the results of this study have to be treated with caution. 

 

2.2 Aberrations in pelage colour of Panthera tigris tigris 

The ground coloration of a tiger generally varies from a yellowish orange to reddish 

ochre with dark brown-black vertical stripes and spots (Mazák, 1981; Pocock, 1929). 

The underparts are a whitish cream. The backs of the ears are black with a well-

defined white central spots. The density, length and colour of the coat vary not only 

with the geographical location but also between seasons.  

 

The variation in the colour of the pelage seems, in part, to reflect differences in 

habitat and/or humidity with darker tigers with bluish black stripes being found in the 

tropical forests of south-east Asia and paler tigers with dark brown stripes in the 

Russian Far East. However, there is a considerable variation within populations. 

Kitchener (1999) found that variation within putative sub-species can be greater than 

the variation between them and that Indian tigers exhibited the greatest amounts of 

variation (Table 2b). 
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Mutant tigers have always been of great 

interest amongst breeders of captive tigers.  

White tigers have been bred successfully in 

captivity, as have albinos, and golden 

tigers. Anti-poaching squads in India have 

seized one specimen of melanistic tiger 

skin that is now at the Natural History 

Museum of New Delhi, India. The only 

other melanistic skin is at the Simlipal 

Tiger Reserve, situated in the district of Mayurbhanj, Orissa, India. The tiger was 

killed in 1993. A number of sightings of black tigers have occurred in Simlipal Tiger 

Reserve (Singh, 1999). 

 

Description 
Of Colour Pattern 

Background Colour Stripe Colour References 

Normal Orange to yellow Black 

Burton, 1933; Perry, 1964; 
Schaller ,1967; Prater, 1971; 
McDougal,1977;Sankhala, 
1978; Mazák ,1981; Nowell & 
Jackson, 1996 

White Creamish White Deep brown 

Gee, 1964; Robinson, 1969; 
Divyabhanusinh, 1986;Jackson, 
1988; Maruska, 1987; 
Roychoudhury ,1987; Latinen, 
1987; Desai & Malhotra, 1992  

Golden Pale yellow Dark Brown Shuker, 1989; Singh, 1999 

Brown tiger 
Dark to chocolate 
brown 

Black 
Pocock, 1929; Dollman & 
Burlace, 1935; Brander, 1937 

Melanistic Black 
Orange to 
yellow 

Specimen in Natural History 
Museum; Delhi; Singh, 1999 

Albino White White 
Pocock, 1939; Burton, 1933; 
Cuvier ,1836 

Black Black Black 
Huaxwell, 1913; Thapar, 1992; 
Sankhala, 1993;  

Table 2b: Variations in colour of pelage in Panthera tigris tigris 

Figure2.2:Normal, melanistic & white tiger skins 
Photo credit:: Latika Nath 
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The colouration and osteological characteristics of the tiger are particularly important 

with regard to its conservation. Stripe patterns are used to identify individual animals. 

This technique is discussed in greater detail in Chapter 7. The demand for tiger bone 

for use in Chinese medicine, and tiger skins as trophies, has led to the tiger being 

poached commercially.  It is important to be able to correctly differentiate tiger bones 

from those of other animals in order to prove the crime of any poacher being 

prosecuted for illegal possession of an endangered species. Tiger bone structure is 

very similar to that of the lion and it is very difficult for most people to distinguish 

between the skeletons of tigers and lions, and infact, if the skull and top vertebrae are 

removed it is difficult to distinguish tiger bones from those of several other species 

including leopards, cheetahs, bear, cows, sheep etc. (Meacham, 1997). Along with 

habitat destruction, this is one of the key factors responsible for the loss of tiger 

populations. These factors are discussed in detail in chapter 8 of the thesis. 
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Chapter 3  
The Study Site 

Photo credit: Nanda S.J.B. Rana 
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Chapter 3 - The Study Site 

 

This chapter describes the study site and the ecology of the region. It begins with a 

section describing the history of the creation of the Tiger Reserve, detailing the legal 

status of the park, followed by a section describing the administrative divisions of the 

Park and the Park management structure. Information is provided on the ecology of the 

region and includes sections describing the flora and fauna found in the Park. The chapter 

ends with a section describing the historical, archaeological and religious significance of 

the Bandhavgarh Fort. The chapter also contains a series of maps on the Park. These 

maps were created using a Global Positioning System, Satellite Imagery Interpretation 

with limited ground truthing and a Geographical Information System. No detailed maps 

of this type were available to the Park management at the time of this study. 

 

3.1 Location 

Bandhavgarh National Park lies in the northeastern section of the state of Madhya 

Pradesh, India. The Park is located in the Vindhyan Ranges of Central India and is part of 

the Umaria and Jabalpur districts. The Park lies between Latitudes 23o 30’12”N and 23o 

45’45”N and Longitudes 80o 47’15”E and 81o 11’45”E (Map 3A).  
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Map 3A
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3.2 Genesis of the Park and its Legal Status 

Bandhavgarh National Park is named after the famous natural fort located in the centre of 

the core area of the present day Park. Legend has it that the fort was given by the Hindu 

god King Ram to his brother Lakshman and hence, it acquired the name Bandhavgarh 

(Bandhav = brother, garh=fort). References to this fort are found in ancient Hindu 

scriptures such as the Narad Panch and Shiv Samhita Puranas (Sonakia, 1993). The fort 

was given to the kings of the Rewa Dynasty as part of the dowry they received in a 

marriage and was a part of the princely state of Rewa until Indian independence in 1947.  

 

Rewa was one of the oldest and largest states in the Central Provinces of India. Its rulers 

were avid hunters and each had to shoot one hundred and eight male tigers to ensure good 

fortune for his family and kingdom. Rulers protected their forests and animals and there 

were rigid laws controlling the illegal felling of trees and poaching of animals. Hunting 

reserves were maintained for the use of the kings and these areas hold some of the best 

examples of the forests and wildlife of India today. In 1927, the area around Bandhavgarh 

fort was given the status of ‘reserve forest’. After Independence in 1947, each king or 

Maharaja was allowed to keep and maintain one hunting reserve for himself. However, 

with the loss of the resources of the kingdom it became increasingly difficult to provide 

the means and manpower for the management of this forest block. The late Maharaja of 

Rewa, HH Martand Singh, handed over his hunting reserve to the government of India 

with the proviso that it be declared a National Park. In 1968, the government established 

Bandhavgarh National Park, comprising an area of 105 km2 under the M.P. National Park 

Act vide No. 2977-10/68 dated 23.03.1968 
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According to the Wild Life (Protection) Act of 1972, Section 35 defines that all human 

settlements be removed, and cattle grazing and forest produce collection be stopped, 

before an area can be declared a National Park. Several villages were located in the land 

that was to be part of the National Park. These were slowly resettled out of the Park and 

the largest, a village located to the south of the Park, called Bathan, was finally relocated 

in 1976 (see Chapter 8 this study). The resettlements caused considerable resentments 

amongst the local populace and this has continued to remain a source of trouble for the 

Park. Several claims for compensation for the loss of land remained pending until the mid 

1990s and the last few are still to be settled.  

 

Initially, it was decided that the small National Park would serve as a source for the 

dispersal of animals to the surrounding forest tracts. However, with the steadily 

increasing pressures of the growing human population combined with the rapid 

degradation of adjoining forest tracts, it was felt that, to ensure the long term 

conservation of the wildlife in Bandhavgarh, it was necessary to include more forest area 

under the National Park. A further 343.84 km2 was added in 1982 through a Primary 

Gazette Notification, to make the National Park 448.84 km2  in size. The original 105 km2 

was declared the Tala range and the remaining 343.84 km2 were divided into the 

Kallwah, Khitauli and Maghdhi ranges (Maps 3B and 3C).  

 

This remaining area of the National Park, i.e. 343.842 km2, is yet to be finally declared. 

The intention of the State Government was notified vide No. 14/2/82-10/2/82 dated 
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Map 3B 
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MAP3C
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11.05.1982 under the Wild Life (Protection) Act, 1972. The proclamation was issued by 

the collector of the Shahdol district under section 35(1) of the act vide No. 56/B/121/84-

85 dated 14.10.1985 but the remaining proceedings still need to be completed, including 

the relocation of three forest and three revenue villages. In 1983, an adjacent forest area 

of 245.847 km2 to the east of the Park, was declared the Panpatha Sanctuary vide the 

Government of M.P. Notification No. 2411-10-1983 dated 04.06.1983. The requirements 

of the Wild Life (Protection) Act Sections 19 to 26 have not yet been met and the area 

remains under intentional notification until such time as this happens. In 1993, 

recognising the importance of the biodiversity of Bandhavgarh and its large tiger 

population, as well as its potential for creating corridors connecting it to several other 

protected areas, the Park was included as a Project Tiger Reserve (see Chapter 1) by the 

Government of India. The new Project Tiger Reserve covered an area of 1161.471 km2 . 

The 448.84 km2 national park and Panpathha sanctuary comprised a core area of 624.752 

km2 and a buffer zone was proposed of 536.7 km2 . 

 

The State Government of Madhya Pradesh has yet to declare the area as a Tiger Reserve. 

The notification was submitted to the A.P.C.C.F. (W.L.) M.P. vide T/O Dm/539 dt. 

30/09/96.  Further action is awaited. The fact that the Park has only been intentionally 

declared a National Park and has no legal standing lays it open to a number of threats 

including the very serious one of denotification of its area as a result of action taken by 

members of the state legislative assembly. Several National Parks and Tiger Reserves 

have faced this threat in the past including the famous Melghat Tiger Reserve which 

almost lost a third of its land in the mid 1990’s (Nowell & Jackson, 1996). 
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3.3 Selection of the study site 

The Tala range was selected as the main study site within the Park for the work described 

in this thesis. There were several reasons for the selection of this site. First, Tala has a 

long history of being both a protected and intensively managed area. This has resulted in 

a high density of animals concentrated in a small area. This animal density is supported 

by the habitat and by the presence of many small perennial man-made water holes 

scattered across the area. Secondly, Tala is the only area of the National Park and Tiger 

Reserve, which is free from human activity and cattle within its boundaries and is legally 

a protected area of National Park status. Thirdly, several photographers and naturalists 

had been working in the area for over 10 years, maintained diaries, and photographic 

records of the tigers in Tala. This helped in tracing the family history of the family of 

tigers studied. Finally, the presence of the famous tigress Sita and her extensive family 

(refer to Appendix 3) allowed me the unique opportunity of studying wild tiger behaviour 

without the use of invasive technologies. 

 

3.4 The Indian Protected Area System – a Brief Overview 

As the Indian Protected Area system and its management is different to the organisation 

of Protected Areas followed in many parts of Europe, Africa and America, it is important 

to briefly describe the main features. 

 

The protected area system is based on the guidelines issued by the Government of India 

under the Indian Wildlife (Protection) Act, 1972 (IWPA). Two main types of protected 

areas exist in India – Sanctuaries and National Parks. 
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Section 18 of the IWPA states that the state government may declare any area to be a 

sanctuary if it considers that such an area is of adequate ecological, faunal, floral, 

geomorphological, natural or zoological significance, for the purpose of protecting, 

and/or propagating wildlife or its environment. Sections 19 to 34 inclusive of the IWPA 

further describe the norms for a sanctuary. The act states that once a notification has been 

issued under Section 18, no right shall be acquired in, or over the land comprised within 

the limits of the area except by succession, testamentary or intestate. The Collector may 

grant on application permission for any person to enter and reside in the Sanctuary for the 

investigation or study of wildlife; photography; scientific research; tourism; transaction 

of lawful business with any person residing in the Sanctuary. The Act also clarifies that 

hunting is not permitted, causing a fire is prohibited, weapons may not be taken into the 

Sanctuary and within three months of the declaration of the area as a Sanctuary, every 

person residing in or within ten kilometres of the area has to apply for a permit for any 

arms that they possess and no unregistered weapons can be kept in this area. 

 

Similarly, Section 35 of the Act describes the steps for declaration of a National Park. 

Besides the list of things mentioned above, the Act adds that no alteration of the 

boundaries of National Park can be made except on a resolution passed by the Legislature 

of the state. No person shall destroy, exploit or remove any wildlife from the Park, or 

destroy or damage the habitat of any wild animal, or deprive any wild animal of its 

habitat within such National Park except with the special permission of the government. 

No grazing of any cattle is allowed in a National Park and no cattle shall be allowed to 
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enter the Park. Finally, no person is allowed rights to property or land within National 

Parks. 

 

With very few exceptions, all forests in India are property of the Government of India. 

These forests, covering an area of 19.27% (TRAFFIC-India/WWF 2000) are managed by 

the Indian Forest Service. There is a special Wildlife Wing in the Forest Services which 

looks after the protected area system of the country which cover an area of 4.53% (Khati, 

1998). The administrative organisation of these areas is based on the Reserved Forest 

management system instituted in the days of the British Raj pre-1947. 

 

In protected forests, based on topographical features, areas of up to 400 to 500 ha are 

demarcated and called compartments. Units comprising of 3-5 compartments are called a 

beat (Map 3D)1. This is the smallest unit that has a forest official, known as the Beat 

Guard, designated to look after it. Every 2-4 beats form a beat round or constitute a range 

assistant’s circle. Range Assistants are the next level of forest officials involved in 

protected area management. 2-4 circles form a range, which is managed by one Ranger. 

Rangers report to a Deputy Director of the rank of Assistant Conservator of Forests who 

in turn report to the Park Director – a Divisional Forest Officer (DFO). DFO’s of 

National Parks that are a part of Project Tiger Reserves report to a Conservator of Forests 

(CF). 

 

 

 
1 See Appendix 10 for details of compartments of BNP and satellite imagery of Park 
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Map 3D 
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3.5 Topography and Geomorphology 

The terrain around the Bandhavgarh fort is rugged with over 32 small hillocks and 

narrow valleys distributed across the landscape. The highest part of the landscape is the 

Bandhavgarh fort, which lies at an altitude of 810 metres while the lowest point is the 

village of Tala that lies at an altitude of 440 metres. (Map3E). 

 

The rocks in the Bandhavgarh Region belong to the Gondwana Super group of the South 

Rewa Basin (Sonakia, 1993). The sharply crested hills reflect the geological formation of 

the area. The Bandhavgarh Hills are primarily composed of sandstone and basaltic rocks 

(Table 3a). The Bandhavgarh Hill and its smaller companion Bandhaini dominate the 

landscape of Bandhavgarh. The Bandhavgarh Hill has a gentle northerly slope 

corresponding to the sandstone beds (Map3F). Several faults traversing ENE – WSW and 

NW-SE cross the area (Map3G). 

 

Age Formation Member/Lithology 

Recent Alluvium Gravel, Soil, Sand etc. 

Cretaceous (70 to 38 m.y.) Deccan Trap Basaltic Flows and intrusives 

(Dykes) 

Jurassic (180 to 140 m.y.) Bandhavgarh Formation Halphal member: Friable 

sandstones 

Bandhavgarh member: Non 

Felspathic sandstone with white 

clays and pebblebeds 

Uppermost Triassic (190 

m.y.) 

Parsora formation Non feldspathic sandstone with 

red, blue and lavender shales 

Upper Triassic (200 m.y.) Tiki Formation Calcareous sandstone, stiltstone 

and red clays 

Lower Triassic to Permian 

(275-225 m.y.) 

Pali Formation Feldspathic sandstone with red 

clays, pebble beds, 

carbonaceous shales and coal 

seams 

Table 3a: Geological Succession in the Park ( in millions of years)  

 

Source: Sonakia, 1993 
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Map 3E
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 Map 3F
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Map 3G



 

Latika Nath, D.Phil. Thesis, University of Oxford 

 

40 

The hills form a trough which is bounded by a perennial stream, the Charanganga. Other 

fault planes are also found, through which several other important rivers, such as Johilla, 

Damnar and Banbahi, flow. The low order (1-4) drainage exhibits sub-dentritic pattern in 

general but sub parallel, radial and centripetal patterns are also seen (Map 3H).  

 

Sandstone is a well known aquifer as it is highly porous and permeable. The Park, being 

mainly sandstone, forms a good source of ground water for the region. Springs like those 

at Shesh-shaya which form the origins of the Charanganga, arise as a result. Over 20 

spring fed streams arise from or flow through the Park (Tyabji, 1994) including the 

Umarar, the Johilla, the Janad, Bhadar Nallah, Charanganga, Damnar, Ambha Nallah, 

Banbahi and Andhiari Jhiria. All these streams eventually flow into the River Son which 

is a major tributory of the Ganga and forms a part of the massive Gangetic Basin. 

 

The Gondwana sandstone is a poor source for good quality soils. The soil in the region is 

mainly sandy or sandy loam. Richer clay and black cotton soils are found though they are 

restricted in extent as in Badrehal, Pathari etc. (Sonakia, 1993). 

 

3.6 Flora 

The vegetation of the Park comprises tropical moist deciduous forest with a combination 

of moist peninsular low level Sal Forest and west gangetic moist mixed deciduous forest 

according to the classification by Champion & Seth (1968). The forests on the shallow 

soils of the hill slopes and eroded areas are edaphically conditioned and have the 

characteristic composition of northern dry deciduous forests (Map 3I). 
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Map 3H 
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Map 3I 
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The forest is dominated by Sal (Shorea robusta) and bamboo (Dendrocalamus strictus). 

Bamboo is the most abundant species and virtually ubiquitous. Sal forms the climax 

vegetation comprising more than 20% of the canopy cover (Table 3b).  

 

 

 

For the purposes of this study the forest has been divided into the following vegetation 

types: 

a) Sal forest ( abbreviated to sf in this study) : This is the climax forest type where S. 

robusta forms over 20% of the cover. However, pure sal forests, where S. robusta 

forms over 80% of the canopy, are found in only a small area of the Park. 

b) Bamboo forests (abbreviated to bf in this study): Bamboo is found throughout the 

tract. The last gregarious flowering occurred during the year 1984-85. Since then, the 

regeneration has been prolific and there are now areas of dense, impenetrable 

bamboo. 

c) Mixed forest (abbreviated to mf in this study): Mixed forests are found on hill slopes. 

Species such as Syzigium sp. , Terminalia sp., Ficus sp. and Anogeissus sp., Zizyphus 

sp., Bauhinia sp., Butea sp.  and Dalbergia sp.  are commonly found. 

d) Grasslands (abbreviated to gs in this study): Grasslands, locally called “bah”, are a 

common feature of the valleys in the Park. Most of the large grasslands in the Park 

have been created at the areas from where villages have been relocated outside the 

 sf mf bf gs wb/other sc total 

Area (km2) 62.7208 19.8828 17.7548 8.8736 2.772 2.7844 114.7884 

% 54.64 17.32 15.47 7.73 2.41 2.43 100 

Table 3b: Area analysis of the vegetation map (Map 3I) 

Notation used: sf=sal forest; mf=mixed forest; bf = bamboo forest; gs=grasslands; wb/other = water bodies & rocky 
outcrops; sc=scrub. Note: sf & sfmf in map have been combined under category sf in the table 
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Park and now have to be artificially maintained and managed. The grassland 

communities are complex. Tall, coarse grasses are found in the marshy areas. Species 

which commonly occur in these grasslands include Saccharum spontaneum, 

Saccharum munja, Vetiveria zizanoides, Phragmytes spp. and Themeda spp.  

e) Scrubland (abbreviated to sc in this study): this is the area immediately adjoining a 

village usually on the Park periphery. Scrubland is characterised by very sparse short 

grass and weeds and are commonly located on Park peripheries or in areas adjoining 

human habitation. 

 

3.7 Fauna 

Over 35 species of mammal have been listed for Bandhavgarh (Tyabji, 1994).  The major 

mammalian species of the Park are listed in Appendix 4a. The area has a rich assemblage 

of mammals including three felids, four canids, two viverrids, one mustelid, two 

herpestids, one ursid, and one hyaenid. Seven species of large herbivores were found in 

the Park at the time of the study. Since then, one species, the Indian Gaur has not been 

seen and it is speculated that local extinction of the species may have taken place. 

However, the status of the Gaur has not yet been confirmed in the area. 

 

The tiger is the top predator in the ecosystem. There is some degree of overlap between 

the food resource of the tiger with other carnivores like the leopard, wild dogs, wolf and 

hyaena (Karanth, 1993). There are no major competitors for the tiger in the area though 

tiger cubs can face danger from strange male tigers and other large predators.  
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246 different bird species have been identified in Bandhavgarh National Park. With its 

varied landscape and vegetation it provides a habitat ideal for a wide spectrum of bird 

species. The rocky cliffs in the Tala Range provide an ideal habitat for breeding for birds 

of prey like the Shaheen Falcon and the Hobby while Bandhavgarh is one of the only 

areas where the breeding Lesser Adjutant Stork has been recorded in Central India. A list 

of the birds recorded in Bandhavgarh is given in Appendix 4b. 

 

3.8 Climate  

Bandhavgarh National Park lies in the tropical belt and has three seasons – Summer 

(March to mid June), Monsoon (July to October) and Winter (November to February). 

Temperatures were recorded daily for the duration of the study, between Dec 1996 and 

Mar 1998 (Figure 3.1). A minimum of 2oC was recorded in January 1999 and a 

maximum of 45.2 oC in May ‘98. The wind chill factor during the winter months often 

led to the temperature falling as low as -5 oC and the entire region would be covered by 

frost.  
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Figure 3.1 – Daily temperatures recorded in Tala Range, Bandhavgarh National Park 

during the study period, at an altitude 542m above sea level. 
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About 75% of the precipitation is received from the South westerly monsoon during the 

rainy season and about 20% from the North Easterly Monsoons in the winter season. An 

average 1175mm rainfall is recorded per year in the region (Sonakia, 1993) 

 

Trees shed their leaves in February and March. This leaf fall is followed by a brief spring 

that varies from 10 days to a few weeks. A long and hot summer follows. During this 

period, most water holes dry up and the area is prone to fires.  

  

3.9 Historical, Archaeological and Religious Significance of 

Bandhavgarh Fort 

 

Bandhavgarh Fort is set atop a 

mountain on a plateau and is the 

highest point in the landscape at 

an altitude of 810 metres (Figure 

3.2). There are several lower hill 

chains around this feature. 

  

 

There has been human civilisation around the fort since 300 A.D. or even earlier. 

Remnants of these settlements are seen all over the Park in the shape of man made caves, 

huge statues and the fort. The earliest available historical data is from “Bhimsen Satvat” 

(Sonakia, 1993) in 300 A.D. when there were references to the fort being under the 

Figure 3.2 - Bandhavgarh fort    Photo credit: Latika Nath 
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“Bharhivas Vekatak Dynasty”. Inscriptions from the time of King Bhimsen are still found 

on the walls of some of the caves in the Park.  

 

The Sangure Kings captured the fort in the 5th Century A.D. and it was later taken over 

by the Kalchuri Rajput Kings. Subsequently the fort was given over in dowry to the 

Kings of the Baghela clan. It remained under the Baghela rulers till 1494 A.D. when it 

was captured by the Kuruvanshee Kings. 

 

In 1535, the Baghela king Virbhanu Singh recaptured the fort and it has remained under 

the Baghela rulers since then. The famous poet saint Kabir Das lived in the fort during 

the time of King Virbhanu Singh. Today, there is a live temple and a cave where he is 

supposed to have lived on the fort. These sites are important pilgrimage centres for 

people who follow the teachings of Kabir called the “Kabir Panthis”. 

 

The famous musician “Tansen”, too, is supposed to have stayed in Bandhavgarh. In the 

time of the Mogul Emperor, Akbar, the Baghela King Ramachandra gave protection to 

the Begum of Humaun, when the latter was persecuted by Sher Shah Suri. The Emperor 

Akbar has also issued coins in the name of Bandhavgarh Fort. 

 

In 1617, the capital of the Baghela Kings was shifted to Rewa and the fort and its 

surrounds were gradually deserted. However, a garrison of the Kings army continued to 

live atop the fort till the area was declared a National Park in 1968. The fort continues to 
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be the property of the family of the Royal Family of Rewa, and is administered by a 

private trust. 

 

The hills surrounding the fort contain numerous caves. Some have intricate carvings and 

others ancient inscriptions. These caves were used by Hindu saints and later by Buddhist 

monks. Large statues, some over 30 feet in length, are found on the fort of the 

incarnations of the Hindu god Vishnu. Huge tanks have been hand carved out of the rock 

and are used to store rain water and natural spring water. These could meet the demands 

of the entire population based in the Fort. 

 

The tiger has always been a significant presence in the area. Legend has is that the local 

protector god of Bandhavgarh, Sidh Baba, had a pet tiger that he kept tied to an iron stake 

in a cave. The tiger was on a short chain and thus could only pace up and down. In 

frustration the animal used to walk on the roof and walls of the cave, and images of rough 

pugmarks are still visible on the roof and walls. The local people call the place 

Baghdalaka. Until today, brightly coloured roughly made deities of the tiger can be seen 

in the villages around Bandhavgarh. These images are worshipped to propitiate the tiger 

gods “Ghanshyam” or “Khera” to ask for their protection from the beasts and demons in 

the forests (Figure 3.3). 

 

The three live temples in the Park are important pilgrimage sites for the surrounding 

populace. In the Tala Range between 4000 to 10000 people (Forest Department, GOI, 

1998) visit the Ram temple and Kabir cave atop the fort twice a year on the Hindu 
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festivals of Ramnaumi and Janamashtami. These people enter the Park on foot. The 

Dhaurkhoh Temple in Khituali Range is also visited by over 10,000 people during the 

monsoon period. The high impact of the large number of pilgrims visiting the people is a 

concern to the Park management and is dealt with in greater detail in Chapter 8 of this 

study. 

 

Figure 3.3: Tribal worship of two tiger gods –Khera (Left) & Ghanshyam (Right) 

Photo credit: Latika Nath 
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Chapter 4 
Social Organisation  

&  
Behaviour of Tigers 

Photo credit: Nanda S.J.B. Rana 
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Chapter 4 - Social Organization and Behaviour of 

Tiger 
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Chapter 4 - Social Organization and Behaviour of 

Tiger 

 

4.1 Introduction 

Carnivores show a great variation in social organisation and behaviour (Macdonald, 

1983). The Felids are no exception to this. Most of the 37 species of felids are solitary 

animals (Gittleman, 1989), exceptions being lions and cheetahs, which are considered 

social cats (Caro, 1989; Packer, 1986).  

 

Tigers, the largest of the felids (Mazák 1981), are solitary animals (Sunquist, 1981; 

Caro, 1989). Little is known about these animals with much of the available literature 

being anecdotal stories by hunters and amateur naturalists in the 19th and 20th 

centuries. Some works representative of this time are the books by Captain J. Forsyth 

(1872), Peck, H., and F. G. Afkalo. (1897), D.Davies (1916), E.N. Barclay (1932), 

Jim Corbett (1944, 1954, 1957, 1978), Richard Perry (1964), E.P. Gee (1964), and 

Dunbar Brander (1923). These books are based on the personal experience of the 

authors, a majority of whom came into contact with tigers through the sport of 

hunting. There are valuable observations on behaviour in the literature but no 

qualitative data that can be used for scientific study. More recently there have been 

works by scientists like Schaller (1967), McDougal (1977), Sunquist (1981) and 

Seidensticker et al. (1999) that have presented the findings of scientific research on 

the tiger. However, there have been only limited scientific studies on the tiger and 

there is a pressing need for site-specific as well as comprehensive studies on the 

species. 
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In solitary species, males and females are intolerant of conspecifics except that both 

sexes tolerate their own dependent offspring and will associate at the time of 

breeding. For the purposes of this study, I shall use the definition of solitary as given 

by Sandell (1989) – “A carnivore is solitary if it never, except when mating, 

cooperates with conspecifics; that is no cooperation between two or more animals to 

rear young, forage, achieve matings, or defend against predators.”  However, with 

more research, an incipient sociality has been detected in large felids (Sunquist & 

Sunquist, 1989; Creel & Macdonald, 1995). 

 

Sandell (1989) further outlined the assumptions that are commonly held about spatial 

organisation of solitary carnivores. He stated that in female solitary carnivores the 

spatial organisation is determined by the characteristics of the food resource whereas 

factors affecting male solitary carnivores include food availability outside of the 

mating season and the distribution of receptive females during the mating season 

(Bradbury & Vehrencamp, 1977; Packer, 1986; Caro, 1989). This with the change in 

the availability and distribution of food resources felid territories can vary from being 

exclusive to having a considerable overlap.  In tigers, although adult females may 

assist their daughters to acquire a range near the natal territory, no persistent 

associations have been observed between a mother and her mature daughter 

(Sunquist, 1981; Smith et. al, 1987). As a consequence of internal fertilisation and 

gestation, parental investment by females is usually considerably greater than that of 

males, and the reproductive success of females is restricted by access to resources 

(Trivers, 1972 quoted in Caro, 1989). Male reproductive success is limited by access 

to females and thus, the distribution of females is important in determining male 

social organisation (Bradbury & Vehrencamp, 1977; Packer, 1986; Caro, 1989). 
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The maximum information for the Bengal Tiger Panthera tigris tigris has been 

obtained from work done in the Royal Chitawan National Park, Nepal by the 

Smithsonian Institute (Smith, 1984; Smith et al., 1987; Sunquist, 1979, 1981; 

McDougal & Smith, 1986; McDougal, 1991) but valuable insights were gained by the 

work done by Schaller (1967) and Panwar (1979a, 1979b, 1987) in Kanha National 

Park. In this next section, the information available on social organisation and 

behaviour of tiger from studies in India and Nepal is summarized and compared with 

data from this study. 

 

4.2 Review of Literature on the Social Organisation and 

Behaviour of the Tiger 

 

Sunquist (1981) defined a tiger that appeared to be permanently restricted to a specific 

area, as a resident and the area it uses, as the home range. Home ranges of tigers also 

appear to be their territories (Sunquist, 1981; Smith et al., 1987; Panwar, 1987). In 

this chapter, the term territory will be used to describe the area being actively 

defended and constantly used by tigers at the time of the observation. 

 

Data from the study in Chitawan National Park, Nepal showed that female territories 

are essentially non-overlapping ranges, the animals have a strong site fidelity and will 

defend their territories aggressively against intruding females and mark their 

territories using scrape markings, spray markings and scratch markings (Smith et al., 

1987). Data were collected from 11 radio-collared animals and, in addition, the 

movements of seven uncollared and four radio-collared females were monitored based 
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on the recognition of distinctive tracks. Tiger tracks, scent marks and other signs were 

recorded opportunistically and two transects were monitored for scent marks and 

tracks. 

 

The study found that the typical pattern was for a female to establish a territory 

adjacent to that of her mother. Animals of both sexes remained within their natal 

territory after the birth of a new litter. When the new litter was approximately two 

months old, the sub-adult littermates dispersed and at this time the gradual separation 

of the ranges of a mother and daughter became apparent. Typically, the mother shifted 

her territory so that the daughter acquired a portion or nearly all of the mother’s 

territory. The process took several months and began when females were 22 to 30 

months old. There was an overlap of the territories of the two females when the 

daughter’s first litter is born, but by the time the daughter’s offspring were 

approximately one year old and travelling regularly with her there was typically very 

little overlap. The study found that females usually conceived between the ages of 33-

38 months and that, once they had become established as territorial breeders, they 

remained territory holders throughout their breeding life. 

 

Smith et al. (1987) estimated that female home ranges varied between 10 to 51 km2 

(x= 20.7, SD = 9.2) in Royal Chitawan National Park (RCNP). They later correlated 

the results from 22 years of data collection on tigers in RCNP and calculated the 

home range sizes using a combination data from radio telemetry, direct observations, 

pugmarks and photographs. The results of showed that the average female territories 

varied between 13.3 to 51 km2 (x  = 22.87, SD = 7.90), a mean size variation of 

almost three-square kilometres (Smith et. al., 1999). They suggested that the variation 
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in home range sizes between females reflected habitat quality and that the function of 

female territory was to ensure exclusive access to food, cover and other resources 

needed by a female for the survival of herself and her offspring. The amount of 

overlap between females was small with the mean overlap of 7.1% between 

neighbours. They calculated the relatedness of individuals by monitoring 13 pairs of 

neighbours. They defined a relatedness of 1.0 if the neighbours were siblings with two 

common parents and a relatedness of 0.0 if the tigers were strangers. Using this scale, 

they found that there was a high average degree of relatedness (0.35) between 

neighbouring females.  

 

Sunquist (1981) found that, while female tigers did not patrol the boundaries 

regularly, they visited most parts of their home range at intervals of a few days to two 

weeks but their movements were not regular. Females were located most frequently in 

those parts of their ranges where prey density and biomass were highest, but 13% to 

26% of the locations were in “poor” game areas where few kills were recorded. He 

also noted that range sizes of females varied seasonally, tending to be the largest in 

the hot season and smallest in the wet season, when only 60%-70% of the yearly 

home range was utilised. Further, he noted that range contractions and expansions 

were associated with birth and the raising of young. 

 

The studies in Chitawan confirmed that male tigers have encompassing home ranges, 

where the home range of one male tiger completely encompasses that of a female 

tiger but also includes part or all of other female home ranges (Sunquist, 1981). 

Further, it confirmed that, although a pair of tigers may share a home range, the 

female cares for the young solitarily. Tigers, therefore, fall under the non-social 



 

Latika Nath, D.Phil. Thesis, University of Oxford 

 

58 

category of mammalian breeding (Creel & Macdonald, 1995) and show exclusive 

territorial polygyny (Macdonald, 1992; Smith & McDougal, 1991). 

 

 

Smith, McDougal & Miquelle (1989) studied scent marking in free ranging tigers. 

Data were collected on the scent marking patterns of radio-collared and visually 

identifiable tigers for 5 years in Chitawan National Park. In the study five categories 

of scent marking were identified – spray marking, scrape marking, scratch marking, 

cheek rubbing and vegetation flattening. The study concluded that tigers mark more 

intensively along territorial boundaries, during the establishment of territories and in 

response to marking by other individuals. Females appeared to mark more intensively 

just prior to oestrus reducing the marking during oestrus while males appeared to 

mark more intensively during female oestrus.  

 

4.3 Aims of the study 

Madhya Pradesh in India has the largest remnant population of wild tigers with 927 

(Government of India, 1997) of the estimated remaining 3,176 – 4,556 tigers in the 

world (Jackson and Kempf, 1999). It is important for managers to have information 

on the population dynamics, social organisation and behaviour of tigers as these 

factors are indicators of habitat and population quality and stability and enable the 

scientific management of populations for ensuring long term conservation of the 

species. This study aimed to investigate the social organisation and behaviour of 

tigers in the Tala Range of Bandhavgarh National Park and provide baseline 

information on aspects of tiger ecology and behaviour in the study area. 

 

The study had the following aims: 
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1) To study the population composition of tigers in Tala. 

2) To study the spatial organisation of tigers in Bandhavgarh, and determine the 

sizes of territory of female tigers and to find out if female territory sizes 

remain constant throughout the adult breeding life of a female. 

3) To study the social behaviours and forms of communications between 

different ages and sexes of tigers. 

4) To determine if tigers select trees for scratch marking randomly or selectively. 

If the latter, to study the basis of tree selection as scratch marking sites and the 

characteristics of the scratch marks. 

 

As the tiger is an elusive and difficult animal to study, I have at times resorted to 

using descriptive and anecdotal information to augment the scientific data. This was 

necessary as it is often not possible to see many types of tiger behaviour more than 

once and the chance, single observation can provide an insight into tiger behaviour. 

 

4.4 Approach 

As there is a high density of tigers in Tala Range, it was possible to collect data on 

tiger social organisation and behaviour using a combination of techniques including 

visual observation on foot, elephant back and vehicles, camera trapping and from 

identification of pugmarks. 

 

The work was aided by the detailed knowledge of some naturalists and the elephant 

mahouts, some of whom had been following tigers in Tala Range for over 20 years 

and recognised several individuals.  
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As the use of invasive technology goes against the ethics of the study (refer to 

Chapter 1), no tigers were subjected to the trauma and mortality risks of being darted, 

anaesthetised and radio-collared. Data collection without the assistance of locational 

devices meant that not only long hours had to be spent in the field but also a high 

degree of field craft skills and an excellent knowledge of the terrain were required. To 

learn about the Range, people like the villagers that had been resettled out of the 

Range (see Chapter 8), beat guards, mahouts and their helpers, and naturalists were all 

contacted. Reconnaissance surveys on foot were required to learn about little 

perennial water holes located high in the mountains, the locations of previous den 

sites and caves and, most importantly, the jungle trails frequented by tigers. 

 

The presence of the matriarch tigress Sita (Appendix 3) and her large family, many of 

which were accustomed to human presence on elephant back, made it possible for this 

study to take place. 

 

4.5 Methods 

 

Tala Range has a very good system of roads that cover almost every hill and grassland 

affording good vantage points for studying animals. Accessibility to animals is also 

increased by the use of elephants for tracking. Three breeding adult female tigers 

would allow elephants to come as close as a few metres from them and thus allow 

long hours of observation. A total of approximately 650 hours of observation of tigers 

in 25 months over four years has contributed to the data presented in this chapter. 

Tigers were recognised in the field by noting the facial stripe patterns and from 
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pugmarks (refer to Chapter 7, this thesis). However, all individuals were also 

photographed and these were used to confirm the identity of the animal. 

 

4.5.1 Social organisation of tigers 

4.5.1a Population characteristics 

Population characteristics were studied using a combination of data collected using 

camera trap and opportunistic hand held photography, using photographs and video 

recordings from tourists and other naturalists and photographers in the area, and 

pugmark tracing and identification. Pugmark identification methods are described in 

detail in Chapter 7. Tiger populations were monitored only between November and 

June of each year, as large parts of the Park became inaccessible during the monsoons 

and all pugmarks were washed away in the heavy rains and flash floods. However, 

attempts were made at monitoring tigers for a continuous period of one year from 

March 1997 to March 1998.  

 

Exact birth dates of most individuals were not known. Aging of cubs accompanying 

their mother were based on comparison of cubs’ body sizes with known, aged animals 

from zoos. Reproductive status of female tigers could be assessed by studying the 

physical characteristics of the tigress. Well-developed mammary glands and a 

protruding abdomen indicated advanced pregnancy, whereas well-developed 

mammary glands with prominent protruding nipples with brown rings around them 

indicated that females were lactating. Date of parturition could be estimated by noting 

these changes and by the fact that after days of extensive movement searching for the 

perfect lair, the movement of the female became restricted to a small area. Den sites 
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were located by tracking tiger pugmarks and searching for scratch marks and signs of 

tiger presence, such as resting sites and kill sites. 

 

4.5.1b Territories and Land Tenure Systems 

A combination of methods was used for identifying the territories of tigers and 

studying the land tenure systems in Tala. Global positioning systems were used to 

record the location of visual sightings of tigers. Tigers were photographed for 

subsequent identification against a database of tiger facial markings (see Chapter 7). 

Animals were also identified from photographs taken by camera traps and the GPS 

locations of camera trap sites were used for the calculation of home ranges. Finally, a 

database of pugmarks was established by making tracings of fresh clear pugmarks 

from impression pads and roads. Individual tiger movement was studied using 

pugmarks; the locations of pugmarks were recorded using the GPS (for details refer to 

Chapter 7).  

 

Tiger movement patterns were also studied by following tiger tracks on elephant 

back, on foot and using vehicles. The excellent road network in Tala was used 

regularly by tigers, allowing tiger movements to be recorded daily from pugmarks. 

The GPS points were entered into ArcView GIS 3.2 (Environmental Systems 

Research Institute Inc., USA) and home ranges were estimated using the Minimum 

Convex Polygon method.   

 

Home ranges could only be calculated for those animals that did not leave the Range 

boundaries, except for occasional forays for food. On over 85% of the days, the 

location of the tigers could be estimated to within a half kilometre by tracking and 
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identifying pugmarks. A referral set of pugmarks was used to confirm pugmark 

identity in the field. These were drawn on acetate sheets that could be overlaid on the 

pugmarks on the ground. To avoid problems caused by variations in substratum, in 

several areas impression pads were created and maintained (see Chapter 7). 

 

Tigers were considered to be territorial when they were repeatedly recorded in the 

same area, and scent marked and patrolling the area with periodic regularity. Scent 

marking included spray marking and scrape marking. 

 

4.5.2 Social behaviour and communication 

Social behaviour of tigers was studied opportunistically. The study attempted to 

record the types of behaviour and vocal communication used by tigers for interacting 

and the circumstances in which these were used. At the time of observation, the 

sighting was entered into a diary with date and time of sighting the tiger and leaving it 

as well as the location of the sighting. The number, identity and sex of the tigers was 

noted as well as the type of behaviour displayed. The main types of behaviour seen 

were classified as Greeting, Play, Aggression, Corrective / Training (between mother 

and cubs), Dominance and Submission, Affection, Mating, Hunting, Resting, 

Grooming, Attending to Wounds, Curiosity, Imitation, Distress. Due to the limited 

opportunities for observing interaction between tigers, anecdotal information is used 

to describe the behaviour rather than quantitative and statistical data. Sounds used by 

tigers for communication were recorded whenever possible. The type of sounds and 

the circumstances in which they were used were noted along the details of the tigers 

and the location and time of the sighting. Certain unusual behaviour has been 
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presented as a series of observations at the end of this section as the I feel that these 

one time observations provide a new insight into tiger behaviour. 

 

4.5.3 Vocal, Chemical and Visual Communication  

Vocal communications of tigers were recorded during the behavioural observations, 

using the methods described above. The type of sounds and the circumstances in 

which vocal communications were used were recorded, as well as details of the tiger, 

its location and time of the sighting. 

 

Each forest compartment was systematically searched for scratch marks, where 

possible, on foot and using elephants, by a team of three people.  The GPS locations 

of trees with scratch marks were recorded and mapped using ArcView GIS 3.2. Data 

were collected on the height of the scratch mark, the distance the tiger travelled off its 

path to get to the tree (in the case of fresh scratch marks when tiger pugmarks could 

be followed), the direction of the scratch marks (facing the forest trail or road or 

away), the Girth of the tree at Breast height (GBH) and the angle of growth of the 

tree, the type of wood – (hard or soft, fragrance), and its medicinal properties and uses 

by villagers and tribes living in the area. The soil type and surrounding vegetation 

type were also recorded.  

 

For an estimation of the tree composition within Tala Range and the percentage 

availability of different tree species I selected 10 plots- one plot, each of 100m2, in 

each of 10 randomly selected compartments of Tala Range (refer to Chapter 3). Plots 

of a 100m2 were laid using four ropes each a 100 m long. From 25 randomly selected 

scratch marked trees it was seen that the minimum GBH of trees with scratch marks 
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was 80 cm. It was therefore decided that only measurements of trees with a GBH 

above 70 cm would be noted. All trees within that area were identified and their GBH 

was measured.  The expected and actual frequency of scratch marking of trees was 

compared to the proportional availability of the tree species. T-tests were used for 

testing if marked trees were of different sizes to unmarked trees.  

 

Scrape marks were studied opportunistically in addition to the days set aside each 

month for the collection of scats. I was particularly interested in studying the location 

of scent and scrape marks in comparison to the location of scratch marks and in 

finding out if differences in the substratum and surroundings determined the type of 

communication used by tigers. GPS locations of these sites were mapped and 

compared using ArcView GIS 3.2.  

 

Scent marking behaviour of tigers was studied opportunistically throughout the study 

period. The identity of the tiger, the type of scent marking and the frequency of scent 

marking was noted whenever possible. 

 

4.6 Results 

 

4.6.1 Population characteristics 

4.6.1a Size and composition of tiger populations 

The numbers of tigers in the Park varied from year to year. A total of 9 female tigers 

and 11 male tigers were identified and studied between October 1995 and May 1999. 

Of the females, six were territorial and the other three were sub-adults trying to 

establish territories.  Of the 11 male tigers identified during the study, only one tiger 
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had a territory completely within Tala. All other males used to regularly leave the 

Park every four days to a week. Of the 11 males, four males were seen mating with 

females that subsequently produced offspring. The remaining males were dispersing 

sub-adults, three of which disappeared out of the range and natal territories and the 

remaining three were siblings that were only 33 months old at the time of the last 

observation. 

 

At the time of commencement of the study in November 1995, there were three 

resident males in the Park and three sub-adult males. At this time the number of 

resident tigresses was estimated at four and there were three sub-adult females as well 

as 2 cubs whose sex was not known. One resident female tiger had four cubs in 

February 1996 that disappeared and she bred and produced another litter of three cubs 

in three months. This made it a total of 3 adult male tigers, 4 adult female tigers, 3 

sub-adult male tigers, 3 sub-adult female tigers and 6 cubs between November 1995 

and June 1996 that were present in Tala. 

 

In November 1996, the three resident males were still in the Park from the last year, 

but a new tiger had taken a part of the territory on the west of the Park. A male sub-

adult was attempting to establish a territory along the eastern boundary, patrolled, and 

defended this area for over 7 months. A new transient tiger entered the range and 

would walk through out the range. This transient was seen every month for the next 

two years and would remain within the Park for 4-5 weeks before disappearing for a 

maximum of ten days and then reappearing in the range. Two other sub-adult males 

were also present. One female sub-adult established a territory and had three male 

cubs. One other female also bred and had one cub, while the female with three one-
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year-old cubs was still present. A new transient female was monitored for six months 

as she attempted to establish a territory along the northeastern edge of the range. 

Thus, from November 1996 to June 1997 there were a total of 4 resident males, 4 sub-

adult males, 1 sub-adult female, 1 transient adult male, 5 resident females, 1 transient 

female and 7 cubs in Tala. 

 

In November 1997, two males had been pushed out of the Park. Later in early 1998, 

another male tiger was found dead due to poisoning outside the range. The resident 

male had pushed two sub-adult tigers out of the range and a third was not seen after 

the monsoon season in 1997. The fourth sub-adult was photographed using the 

camera traps and his presence was monitored until June 1998. One cub was found 

dead but all the other six cubs were present, three of who were now sub-adults. 

Another tigress had a litter of 5 cubs. Thus, between November 1997 and June 1998 

there were 2 resident males, 2 transient male, 5 resident females, 3 sub-adult female, 1 

sub-adult male, 3 male cubs over a year old and 5 cubs whose sex was not known. 

 

In November 1998, one of the resident females had disappeared during the monsoon 

season. There were now three resident males, four sub-adult males, four resident 

females, and one transient female who established a small territory and were seen 

there continuously for 6 months, two sub-adult females and five cubs. 

 

The results are summarised in Table 4a 
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  Adult resident breeding tigers Adult transient tigers 
Sub-
adults   Cubs 

  Male Female Male  Female Male Female   

1995-96 3 4     3 3 6  

1996-97 5 5 1 1 4 1 7 

1997-98 2 5 2   1 3 8 

1998-99 3 5     4 2 5 

 

4.6.1b Density  

The density of tigers is calculated using the figures for all resident and sub-adult tigers 

and do not include cubs and transients. This gives an approximate figure of one tiger 

every 12.8 km2 in the range (Table 4b). 

 

Year Density per 100 km2 

1995-96 8.57 

1996-97 9.52 

1997-98 5.71 

1998-99 8.57 

 

 

4.6.1c Reproduction 

Tiger reproductive rates are high. In 1995-96, all four of the resident breeding 

tigresses had cubs. In 1996-97, all five tigresses had cubs, in 1997-‘98 four tigresses 

had cubs but one lost her 10 month old cub, the fifth tigress was attempting to 

establish her territory and did not breed before being pushed out in 1998. In 1998-‘99, 

2 of the tigresses had cubs and all the rest were seen to mate in the spring and summer 

of 1999, but the results of the mating were not known when this study ended.  

 

Due to the high rate of production of cubs, there is a corresponding surplus of tigers 

reaching maturity, which are forced to leave the range due to lack of territories. All 

Table 4a: Population composition of Tigers in Tala Range between 1995 and 1999 

Table 4b: Density of tigers in Tala Range between 1995-1998 
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vacancies in the land tenure mosaic are filled rapidly (pers. obs. see section on Land 

tenure systems, this chapter) and this suggests that if habitat, prey and water 

availability are ensured through management, the tiger population in the range will 

continue to act a source population for the area. 

 

4.6.1 d Age of Sexual maturity 

There is only limited information on this as only three tigresses were seen from soon 

after their birth to when they were sexually mature and produced their first litters. 

None of the tigresses in the area had litters before they were about three years old. All 

the territorial males in the study area were prime or old adults. All male sub-adults 

that were seen from when they were cubs did not show signs of sexual maturity till 

they were about 42 months or older, and at this time there were signs of aggression 

between the resident males and these tigers. Resident males often attacked and 

subsequently evicted the younger tigers from their territories. Females sub-adults 

matured earlier than their male siblings. This could perhaps be a mechanism to 

prevent siblings from mating and producing cubs.  

 

4.6.1e Mating  

Tigresses studied in the Park remained on heat for between 3 to 8 days, with an 

average of 5 days. During this time, the resident male remained constantly at the side 

of the female. The maximum distance of ten feet was recorded between the male and 

female at these times. Mating was recorded 7 times and of these only, three were 

successful (the tigress in question was monitored almost daily and did not mate with 

any other tiger between this mating and the birth of her cubs). Copulations can occur 

throughout the day and the time between matings varies between 15 minutes and 78 
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minutes (x=26.596, SD=16.485). During the mating period, the females will vocalise 

and act aggressively towards the male. Observations of these seven matings, with a 

total of 29 hours and 20 minutes of observation time, showed that copulations last 

between 8 and 24 seconds (x=17.41 secs., SD=3.75). 

 

4.6.1f Litter size, sex ratios and survival rates  

Litter size according to literature varies between one and seven cubs (Brander, 1923; 

Sunquist, 1981). Using a combination of data available from 12 litters comprising 37 

cubs, I found that tigresses in Tala have between one and five cubs per litter (x=3.08, 

SD=1.084). The sex ratios of cubs under the age of 1 year favoured males over 

females at  1:0.947. Mortality was high and only 18 of the 32 cubs survived to the age 

of 2 years i.e. 56.25%. The remaining five cubs were still only about 1-year-old when 

the last observation was made. Mortality of cubs was due to natural causes, 

infanticide, and disease. Of the 14 cubs that died, 1 was killed by a strange male tiger 

(S. Singh, pers. com.), 3 died unknown deaths (the cubs disappeared and bodies were 

not recovered), 1 died of feline distemper and others died of natural causes usually 

during the monsoon period between mid-June and November each year (pers. com. 

from N. S.J.B. Rana, S. Singh, H. Tyabji, E.A. Kuttappan and Park records). 

 

4.6.2 Home ranges of Tigers 

4.6.2a Adult Females – In the duration of this study period it was found that on an 

average adult female tigers have a territory size of 22.49 km2 (Minimum territory size 

6.11 km2 and a maximum size of 42.51 km2, SD 10.91) (Table 4c). 
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However, it was found that breeding adult resident females have an average territory 

that is much larger than that of non-breeding adult females (over the age of three 

years that have separated from the mother and have been known to come into 

oestrus). Breeding adult resident female territory sizes were an average of 27.18 km2 

(SD 8.80) where the non-breeding adult females have an average territory size of 

10.23 km2. Non-breeding females most often are young female tigers that have just 

separated from the mother and begin to establish territories by claiming small tracts of 

land. 

 

Adult female tigers have territories that show overlap at the boundaries especially 

where a road or physical feature like a riverbed forms the boundary between two 

Tiger id Year 
Territory in 
km2 

Sita 95-96 42.513 

  96-97 27.926 

  97-98 26.366 

Bachhi 96-97 10.322 

  97-98 23.06 

  98-99 36.666 

Gd 95-96 7.475 

  95-96 17.72 

  97-98 17.72 

  98-99 17.72 

Hardiya 95-96 41.276 

  96-97 41.276 

  97-98 31.998 

  98-99 22.244 

Aj 95-96 22.086 

  96-97 22.086 

  97-98 22.086 

  98-99 22.086 

Bhitri 97-98 6.107 

Bathan   8.848 

Badi madi   14.193 

Choti madi 98-99 13.043 

Table 4c: Territory sizes of female tigers in Tala Range 1995-1999 
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territories. However, this overlap is restricted to the use of the area on the boundary 

areas only. Females tend to maintain their territories and actively scrape or scent mark 

areas to advertise their presence. Adult females will resort to aggression if necessary 

to protect their territory from conspecifics. 

 

Results from this study of home range sizes of tigers between 1995 and 1999 have 

demonstrated that the precise size of the home range varies widely from year to year 

and is dependent on a combination of biological and environmental factors (refer to 

Map 4A, 4B, 4C,4D).  

 

4.6.2b Adult Males  

Only one of the male tigers had a territory completely within Tala range. All other 

males regularly left the range boundaries, because of a high disturbance factor due to 

the presence of cattle and villagers, it was not possible to follow tiger tracks or leave 

camera traps for studying tiger movement, and hence, home ranges outside range 

boundaries as no radio collars were used in this study. The average territory size of 

the resident male tiger (Charger) studied was 50.112 km2 (SD =16) over the four 

years that the study took place. Table 4d gives the area of the home range of Charger 

as calculated using the minimum convex polygon method (Map 4E). 

 

 

 

 

 

Tiger ID Year Area km2 

Charger 95-96 45.708 

 96-97 32.904 

 97-98 49.526 

 98-99 72.309 

Table 4d: Territory sizes of female tigers in Tala Range 1995-1999 



 

Latika Nath, D.Phil. Thesis, University of Oxford 

 

73 

 

 

Map 4A 

Map 4B 
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Map 4C 

Map 4D 
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4.6.3 Land tenure systems of tigers in Tala 

The territories of the resident male and resident female overlap with the male territory 

being an average of 1.37 times that of a female tiger in Tala (based on the territories 

of Sita and Charger in Tables 4c and 4d respectively ). Resources are shared between 

the male and females and both animals were often seen in close proximity (from 

observations during this study). Sub-adults of either sex are tolerated until the time of 

maturity by both parents after which the young tigers are aggressively pushed out of 

the territory by the adult tigers of the same gender. An exception to this was the case 

of Langra (Appendix 3) . Langra was injured as a cub and developed a serious limp. 

To compensate for this he became an extremely aggressive tiger and remained 

partially dependent on his mother for food until he was about three years old or more. 

He was seen to mate with his mother. The resident male (his father) who also mated 

with her at the same time, then used physical aggression to evict him from the natal 

territory (pers. obs.) 

Map 4E 
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Adult tigers do not normally tolerate adult conspecifics of the same gender within 

their territory and will actively and aggressively defend it from intrusion. However, 

when territory boundaries are fluid i.e. at times of expansion and contraction, more 

than one adult tiger of the same gender may use the controversial tracts of land 

simultaneously. However, it has been noted that at these times both tigers avoid direct 

confrontation as far as follows and advertise their presence by scent and scrape 

marking and calling. At times, two adult tigers have been found not more than a 

quarter of a kilometre apart, one following the other’s tracks. At these times the tigers 

have been seen to scent mark at greater frequencies than normal and pay great 

attention to signs left by the other tiger, often leaving his own scent mark close to or 

on the older sign.  

 

Transients: Tigers with no permanent territories, usually living in poor quality habitat, 

that are occasionally seen in territories occupied by other tigers, are called transients. 

On a majority of occasions, the transients simply pass through the territory seeking an 

opportunistic meal. At these times, it has been seen that the transient can walk along 

slowly, loudly announcing its presence in the region. However, a strong young 

transient can challenge the owner of the territory, leave scent and scratch marks as a 

challenge to the owner. This was seen in the several times when dispersing sub-adults 

were trying to establish territories of their own by claiming sections of territories 

owned by adult resident tigers.  If a transient persists in challenging the owner of the 

territory, it can lead to physical aggression between the animals. In Tala, tussles over 

the rights to a territory can last for anything between a few months to over two years. 

It has been also seen that on occasion the transient challenger manages to take over a 
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portion of the territory, establish breeding rights and then, a few months later, get 

pushed out by the original territory owner. 

 

Vacancies in Land tenure mosaic: The death of a resident tiger results in tigers from 

neighbouring territories to expand their areas or allow a new tiger to establish its 

territory there. In the case of the tigress Sita, after her death, her daughter from the 

fourth litter, who had a territory adjacent to the natal territory, took over a portion of 

the area while daughters from the sixth litter shared the remainder of the territory 

between them. Old records show that Sita too took over the territory from her mother 

(Appendix 3). 

 

During the study period, several transient males were photographed using camera 

traps. There seems to a number of transient tigers and sub-adults waiting to fill any 

vacancies in the land tenure mosaic. 

                                                                                                                                                     

Land Tenure Rights: Land tenure among tigers does not grant exclusive breeding 

rights to males. However, resident males associate most often with females and are 

thus often in the best position to keep track of when females in their range come into 

oestrus. At this time, the males will stay continuously with the females and ensure that 

no other male breeds with her. On more than one instance, resident males have been 

seen to attack and chase away transient males, males from neighbouring territories 

and male sub-adult cubs nearing maturity. 
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An exception to this was the case of the resident male tiger – Charger. Charger 

tolerated sub-adult tigers from litters sired by him and also those sired by other tigers 

to remain in the vicinity when he mated with females in Oestrus.  

 

For female tigers, territorial ownership grants them access to areas of high quality 

habitat with a high prey density, permanent sources of water and adequate shelter for 

their cubs. The size of female territories varies with the quality of the habitat as well 

as the other biological and environmental factors given above. Further, breeding with 

the resident male is advantageous for the females in most cases as he defends his 

territory from strange hostile male tigers that are potential threats to the cubs.  

 

4.6.4 Movement Patterns 

 Without radio collars all estimates of movement could not be made precisely. 

However, it is felt that since tiger movements can be determined by following 

pugmarks using tribal trackers and also since I often stayed with tigers for over 10-12 

hours at a time every day, it is still of relevance to present the results of my 

observations mentioning the key features of tiger movement patterns as observed 

during the entire study period. 

 

Adult resident male: Resident male tigers seem to follow defined routes in patrolling 

their territory. The animals are creatures of habit and have been seen to visit all areas 

of their territory every three to four days. The routine was interrupted only when a kill 

was made and the tiger stayed near the kill for periods varying from a few hours to 

three or four days depending on the size of the kill. Male tigers were also seen to 
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associate regularly with their families and were seen to seek out the company of 

females and their cubs.  

 

The route followed by the tigers was so well defined that often, with a month or so of 

study, it was possible to track the animal and even predict what routes they were 

going to take. Routes changed over the years to accommodate changes in the physical 

environment. However, a tiger changed his route abruptly if he was disturbed due to 

human activities. Disturbance also caused the tigers to change their activity patterns – 

limiting daytime activity and restricting patrolling and other activity to the late 

evening and through the night to early morning. The only exception to this is seen at 

the time of mating when tigers tended to completely ignore all disturbances. The 

change in activity patterns is particularly noticeable in Tala when the Park is closed to 

all visitors between June and November of each year. After a couple of months the 

tigers were seen to be more active during the day and this pattern continued till 

tourists were allowed into the Park again in November.  

 

Tigers in Tala use the road network for patrolling their territories. However, there are 

jungle paths (called pugdundees in India), dry sandy river beds, and fire lines which 

are used to travel to water holes, caves or dens, to cross mountains and to cut across 

from one road to the other. The use of these paths and roads by tigers on a regular 

basis facilitated the use of camera traps for the identification of animals (refer to 

Chapter 7). 

 

Unlike the reports from other studies on the Royal Bengal Tigers (Sunquist, 1981) it 

was found that tigers in Tala have certain favourite places in which they rest during 
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the day if they are not resting in bamboo or other vegetation where they stored their 

prey. As water is a limiting factor in this region, many of these areas were located 

close to water holes. A high temperature in the summers also made caves a favoured 

resting spot. Some of these areas are used so routinely that if a tigers’ footprints were 

found going towards the general direction of one of these spots, there were good 

chances of the tiger being located resting there during the day. Thus, knowledge of the 

terrain enabled and greatly facilitated the tracking of tigers in the area.  

 

Resident breeding female: Female tigers in Tala tended to spend more time in those 

portions of their territory where prey densities were high. However, from pugmarks it 

was evident that all areas of the territory were regularly visited and patrolled with 

fresh pugmarks being seen in the area every five to seven days. Movement was 

maximum in the month preceding the birth of the cubs when the females tended to 

walk long distances each night, assessing the suitability of various den sites. After the 

birth of the cubs for the first 4-5 weeks the movement of the tigress was limited to an 

area of under 2 km2. The den sites (Map 4F) were normally in hilly areas in small 

niches (Figure 4.1) located adjacent to areas of high prey density with perinneal 

sources of water. This was seen in the case of three tigresses and four litters. Tigresses 

will move her cubs in the first six weeks from one site to the other. Sita moved her 

cubs 7 times in six weeks. After the first 4-5 weeks the tigress begins to expand her 

movement till the time her cubs are about 3 months old. At this time she then begins 

to cover all of her territory again and makes kills which can be over a kilometer or 

more from the place she left her cubs.  
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Map 4F 
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Adult female movement patterns are not as regular as the male patterns but seemed to 

regulated more by the availability of prey and prey movement patterns, age and 

number of dependent cubs, and rainfall patterns from observations during this study 

period. 

 

 

Dispersing sub-adults – male: Cubs tend to leave the mother at the age of about 2.5 

years. Male sub-adult cubs tend to leave the natal area and venture out into the 

surrounding areas. During the first few months the cubs often re-entered the natal area 

to hunt and or share meals with siblings or the mother. However, after about six 

months from the time of separation from the mother, the cubs ventured further and 

further away from the natal area and finally left the Tala range entirely.  

 

Dispersing sub-adults – female: Female cubs also leave the mother when they are 

about 30 months old. Initially the cubs move to a corner of the mother’s territory and 

make exploratory forays into the adjoining land, spending large parts of their time in 

the natal area. In the case of the female tigers studied in Tala, four females took over 

all or parts of the mothers territory, while two took over areas adjacent to the natal 

territory. 

Figure 4.1: A den site used by tigress Sita in Tala Range 
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4.6.5 Social behaviour and communication 

4.6.5 a Tiger behaviour  

356 sightings of tigers, covering 650 hours of observations in 25 months over the 

four-year study period, were used for recording the data presented below. Of these 

356 sightings, 44 sightings were of adult male and female tigers together and 122 

sightings were of adult tigers with cubs. Of the latter 122 observations, 21 were 

sightings of male tigers associating with female adult tigers with cubs. In seven of the 

forty-four cases, the tigers were mating. 

 

The types of behaviour observed are presented below with short descriptions of the 

circumstances in which the behaviour was seen. 

1. Affection – displayed between members of a family that includes the resident 

male, resident female and cubs. This includes licking, cheek and body 

rubbing, butting the body with the head, gentle biting and purring. 

2. Aggression – displayed between conspecifics of the same gender, between 

siblings competing for resources and during play, by a female protecting her 

cubs against strange male or female tigers and other competitor species like 

leopards, wild dogs, hyaenas etc. and man, and between tigers sharing or 

protecting kills. Parents also use aggression to drive out sub-adult cubs that 

are approaching maturity from the natal area. Aggressive displays include 

crouching, flattening of ears, vocalising, snarling, flicking of the tail from 

side to side, mock or real charges, and occasionally actual fighting. 

3. Attending to wounds – wounded animals tend to wounds by licking the 

wounds directly if possible. If wounds are located in places where direct 

attention is not possible, tigers lick their paws and use the paw to wipe the 
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wound. Tigers also immerse their bodies in water to prevent flies from 

bothering the wound in the summers and hide in caves to enable healing. A 

notable exception is injury due to porcupine quills. Here members of a family 

have been seen to help each other by pulling out quills. 

4. Caching – Tigers will at times drag and cover their kill with vegetation and 

mud in order to hide and store the prey in between feeding periods. 

5. Corrective - most often seen at kills and used by a female tiger for controlling 

her cubs. This will often comprise of the female snarling at the offending cub 

with her ears back and even hitting out with one paw. The cub will in most 

cases back away, crouch down and roll over on to the back exposing the 

stomach in an act of submission. 

6. Curiosity – displayed in cubs, seen most often in cubs over the age of four 

months to about the age of 18 –20 months. This was noted when cubs came to 

investigate sounds, cars, vehicle headlights, or even to find out what elephants 

were. 

7. Defensive – seen in tigers of all ages when they are threatened. In this case, 

the tiger will retreat with its ears flattened, hissing, spitting, and vocalising. 

8. Distress – Heard in the study period on three instances. In two instances, 

female tigers that had recently lost a cub were heard walking and calling 

loudly for up to 5 or 6 days at a time. In the third instance, a 7-month-old cub 

that had been separated from its siblings and mother, walked and loudly 

called its mother. 

9. Dominance and Submission – seen when one tiger attacks another. This is 

seen in the case of fights over territory, over mating rights, and in 

confrontations between adult tigers and their cubs. In most cases, the 
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dominant tiger will stand snarling with the weaker tiger rolling over on to the 

back as a sign of submission. However, in some cases if the dominant animal 

is male and the weaker animal is female, the male will mount and mate with 

the female. This was seen even in the case of sub-adult females who had not 

attained maturity but allowed the father to mount them as a sign of 

submission. 

10. Flehmen – A tiger makes a flehmen when it sniffs scent markings left by other 

tigers. This grimace allows the tigers to maximise the analysis of the scent by 

drawing it into the olfactory sensory organs.  

11. Greeting – When two tigers of any age meet after a period of time, the tigers 

walk up to each other, rub heads or cheeks, rub bodies, and even lick each 

other. This is commonly seen with cubs when the mother returns from 

hunting but is also seen amongst siblings, between the resident male and 

female and between father and cubs 

12. Grooming – Grooming is commonly seen when tigers are together especially 

between a mother and her cubs. Tigers are also fastidiously clean animals and 

spend time after each hunting and feeding session cleaning and grooming 

themselves.  

13. Hunting and stalking – this behaviour is seen in tigers of all ages and sexes. 

Cubs learn the technique by stalking and pouncing on each other and the 

mother and sub-adults learn to stalk deer and other small animals. Hunting 

and stalking techniques are discussed in detail in Chapter   

14. Imitation – Cubs often imitate the behaviour of the mother. During the study 

it was seen that cubs imitate the mothers grooming, hunting and stalking 

techniques. 
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15. Infanticide – Male tigers will kill any cubs that are not sired by themselves. 

This was seen only on one occasion in this study. 

16. Mating – seven matings were seen during the course of this study. At the time 

of mating the male and female tigers stay together for a period that varies 

between 2-5 days. Male tigers will compete for the privilege of mating with 

the female. At these times, it was seen that the female became very aggressive 

and would charge or snarl at observers; however, the male remained 

completely focussed on the female and did not pay any attention to 

distractions. 

Matings last an average of 26.5 seconds. The male mounts the female and 

holds on to the scruff of her neck. As he completes the copulation and 

withdraws, the female roars and turns around and hits out at him.  

17. Patrolling – tigers spend long hours patrolling and marking territory. In Tala 

they often use roads or jungle trails for the purpose as the roads allow the 

tigers an unrestricted vision, allows easy access to places unobstructed by 

shrubs, rocks and other obstacles. Use of roads increases in the winters as 

tigers tend to avoid the hard, stumps of grass covered with frost. While 

patrolling tigers will walk at a steady pace, occasionally going to the side of 

the road to smell scent markings left by other tigers ad refreshing old scent 

marks or leaving new ones.  

18. Play – Cubs and sub – adult tigers are often seen to spend time playing with 

each other. This includes rough and tumble, chasing each other, mock fights, 

stalking and jumping on each other.  
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19. Resting and Sleeping – tigers spend a large part of the day resting or sleeping 

in cool or shady places in the summers and basking on warm rocks in the 

winters. 

20. Scent marking – scent marking is done regularly by resident tigers and by 

transients attempting to establish territories. Scent marking is also used by 

females to advertise that they are in oestrus. Scent marking is done by cheek 

rubbing, spray marking using a secretion from the anal gland with urine, 

scrape marking by drawing parallel lines on the ground and urinating or 

defecating in them and scratch marking on trees.  

21. Suckling – mother tigers will suckle their cubs after returning from hunting 

and will continue to suckle them as long as they are together until about the 

age of six months. However, in an exceptional case an 18-month-old cub 

began to shiver and suckle from his mother when he was threatened by a 

strange adult male tiger. 

22. Swimming/bathing – tigers are good swimmers and in the hot summers in 

Tala, families of tigers and solitary animals can be found immersed in pools 

of water or swimming in ponds. 

23. Tool use – tool use has only been seen once during the study period. A young 

sub-adult tiger selected and used a branch of bamboo with leaves attached to 

remove porcupine quills that had been lodged in his mouth and throat after a 

meal. 

24. Training or schooling – seen when mothers and cubs are together. Mothers 

teach cubs survival skills including hunting, stalking, reacting to danger, 

feeding etc. 
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25. Vocalising – vocal communication is used by tigers for communication and is 

described in this chapter in detail in the section above. 

 

4.6.5b Vocal Communications of tigers 

The following types of vocalisations were heard during the course of the study. The 

“pooking” of tigers described by Schaller (1969) was not heard in this study period. 

The descriptions that follow attempt to describe the sound and the circumstances in 

which the sound was heard. 

Roaring – a loud angry harsh sound heard when two adult tigers were fighting 

Woofing – a low “oomph” like sound heard especially when a tiger mock charges 

Moaning – a low, deep chested, loud moan that can be heard from over 2.5 km away. 

This is used to communicate with other tigers and by tigers to announce their presence 

in the area. 

Screaming – a high pitched sound made by a tiger accompanied by a charge when the 

tiger attacks an enemy. This was heard only once when a female was attacking a 

vehicle while attempting to protect a sick cub that had ventured near the vehicle. The 

scream of rage is loud and very different to the woofing sound made during a mock 

charge. 

Grunting – Often used by tigers to express affection, especially heard during 

grooming sessions or when cubs or adults rubbed heads as signs of affection. 

Purring – heard often when cubs suckled the mother, and during times when the cubs 

and mother were together.  

Prusten (Chuffing or burring) – a soft sound like a “phuorrr” used by the mother to 

call her cubs out of dens. Also used by sub-adult tigers to communicate. 

Mewling – heard from the den when the cubs were under 6 weeks of age 



 

Latika Nath, D.Phil. Thesis, University of Oxford 

 

89 

Spitting – defensive sound 

Snarling – sound used to warn off the threat  

Calling croak – a frog like croak used by very young cubs, until about six months in 

age, to call the mother.  

Call – a very low moan given by the mother to call the cubs. Though not audible to 

human ears at distances over a quarter kilometre, in an experiment the team of 

observers divided themselves into two groups. One group followed the mother and the 

other stayed with the young six month old cubs. The first group noted the time the 

mother started calling the cubs and the location of the female at the time while the 

second group noted the time the cubs suddenly stopped play and sat up, listened and 

started walking in the direction of the sound. After plotting the positions of both sets 

of animals, it was discovered that the cubs could hear the call over 1.65 km away 

from the source. 

 

4.6.6 Visual and Chemical Communication 

4.6.6a Scratch markings 

2320 trees were counted in 10 plots (Map 4G). An additional 108 trees with scratch 

markings on them were located. 41 tree species were identified from the plot sampling 

carried out. The vernacular and scientific names of these species and the data on the 

number of these trees counted with and without scratch markings are presented in 

Table 4e. 
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Map 4G 
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Scientific name Vernacular name unmarked  marked 

Acacia catechu khair 1   

Adina cardifolia haldu 7 1 

Albizzia lebbek bansa 18   

Anogeisus latifolia dhawa 118   

Bombax ceiba semal 4   

Boswelia serrata salaindha 104 40 

Bridelia retusa kasai 18   

Buchanania lanzin char 102   

Butea monosperma pallas 4   

Careya arborea koomhi 8 2 

Chloroxylon sweitania bhirhir 43 9 

Cochlospermum religiosus gabdi 6   

Cordia macleodii dahyan 1   

Dalbergia latifolia shesham 1   

Dalbergia paniculata dhobina 48   

Diospyros melanospyros tendu 93 2 

Embilica officinallis amla 33   

Feronia elephantum kawat 1   

Ficus infectoria papad 1   

Flacourtia ramontchi kakai 9   

Gmelina arborea khamher 2   

Helicteres isora ainthi 2   

Lagerstromia parviflora sejhi 8   

Lannea grandis gurjah 47 2 

Madhuca indica mahua 88 16 

Mangifera indica aam 3   

Ougeinia oogeinensis sahdan 6   

Pterocarpus marsupium bijhara 44 6 

Sacopetalum tomentosa kaari 30   

Schleichera trijuga kusum 24   

Semecarpus anacardium bhelma 34 9 

Shorea robusta sal 1210 2 

Stereospermum suaveolens addhi 4   

Strychnos potatorum kayah 24   

Syzigium cuminii jamun 23 19 

Terminalia arjuna kahua 11   

Terminalia chebula harrah 7   

Terminalia tomentosa badhsaja 104   

Termnalia bellarica bahera 15   

Zizyphus jujuba ber 1   

Zizyphys xylopyrus ghutahar 13   

Table 4e : Names and numbers of scratched and unscratched  tree species 
measured in Tala Range 
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I then tested the data to see if trees were used in proportion to their availability by 

tigers for scratch marking in Tala Range. The chi-square test for a sample size of 1341 

trees showed that trees were selectively used by tigers (p≤0.001, DF=5, value 

468.754). The tests showed that Shorea robusta, the predominant tree species in the 

Range was avoided while a much less common species Boswelia serrata was 

preferred for scratch markings. 

 

The only two Shorea robusta trees with scratch marks were those made by sub-adult 

cubs during observation. No adult tigers were seen to scratch Shorea robusta trees. A 

sample Girth of the trees with scratch markings on them was between 80 and 159.0 

cms with an average girth of 124.6 (SD =31.9). 

 

The data was then tested to confirm if tigers were selecting the larger sized trees even 

within the same species. For this purpose, t-tests were used for testing if marked trees 

are different sizes compared with unmarked trees. It was assumed that both types of 

trees had equal variances. A test of the HO was also performed to check that the 

variances are equal. These tests proved that marked trees tend to be larger than 

unmarked trees on an average within a species. The results of the t-tests are given in 

Appendix 9. 

 

Analysis of the data revealed that, in 38.57% of the cases studied, tigers walked off 

the path that they were walking on to get to the tree of choice to scratch mark it. From 

these results, it was found that tigers walked between 4 and 41 metres off the path to 

get to the tree (x=12.04, SD 6.69). It was further found that 37.14% of the scratch 

marks faced the path that the tiger was walking on, 34.28% were on the sides of the 
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tree parallel to the path, 5.7% faced away from the path and 22.85% of all scratch 

marks were on all sides of the tree. 

 

It was also found that on an average the trees scratched by the tigers were not 

completely erect but leant at an angle of between 4o and 40o (x=8o, SD 8.239). Data 

analysis revealed that 95.72% of the scratch markings were on trees growing in areas 

of sandy or rocky soil types and fewer than 5% were in areas of clay soils. 

 

Of the tree species scratched by tigers, the majority were fragrant softwoods. Study 

revealed that many of the trees had medicinal properties (Watt & Breyer-Brandwijk, 

1962). These include: 

Chloroxylon spp. – alkaloids present in the bark, gum has healing properties 

Boswelia spp. – all trees in this family have antiseptic properties in the sap/resin 

Lannea spp. – antidote for poison 

Syzigium spp. – used for curing stomach problems, constipation and oedema 

Pterocarpus spp. – pterocarpine is used for treating wounds and antidotes for poison, 

bark juice is used for inducing vomiting, as an emetic and for curing constipation. The 

juice is also a strong purgative 

Diospyros spp. – the bark is used for stitching wounds, paste is rubbed into cuts to 

hasten healing. The bark of some species is used as an aphrodisiac. They are also used 

as fishing poisons. 

Semecarpus spp. Juice of bark is acrid and used for curing all kinds of skin diseases. 

 

All trees with scratch markings on them were marked on a map using a GPS for 

pinpointing the exact location. Map 4H presents the locations of these sites in relation  
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Map 4H 
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to the physical relief of the area. It was found by studying the location of the scratch 

marking sites that the majority of the scratch marks were located on the trees adjacent 

to riverbeds and other drainage landforms. 

 

4.6.6b Scrape Markings 

The scrape marking patterns of tigers were also studied. To make a scrape mark, a 

tiger will hunch its back and lower its rump so that it is squatting on the ground. Then 

using its back legs, it rakes the ground, scraping it with its paws to remove all 

vegetation. This results in two parallel lines that can be over a foot in length. The tiger 

can leave these marks are they are or choose to urinate or defecate at one end of them.  

 

A study of 121 scrape marks revealed the following (Table 4f): 

 

 

 

 

 

 

 

 

 

 

 

 

Habitat type (%) 

bf sf sfbf mf gs ri 

25.96 4.81 11.54 17.31 37.50 2.88 

Slope (%) 

f m s       

26.92 60.58 12.50       

Location (%) 

road path centre side     

54.81 45.19 29.81 70.19     

Stratum (%) 

grass rock sand concrete     

56.73 25.00 17.31 0.96     

Note: bf=bamboo forest, sf=sal forest, sfbf = sal-bamboo forest, mf = mixed forest, gs = grassland, ri = 

riverine forest; f=flat, m=medium, s=steep 

Table 4f: Details of sites of scrape marking in Tala Range 
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The maximum number of scrape marks was seen in grasslands followed by bamboo 

forest. The majority were present on the side of the road or path, on ground that had a 

medium slope. Scrape marks were commonly seen on patches of grass but over 25% 

were found on exposed rock surfaces with a fine layer of soil on them.  

 

From the scat analysis study described in detail in Chapter 5 on tiger diet, scrape 

marks were seen in 63.46% of all scats found.  

 

One particular case of scratch marking was notable during the study period. On the 

2nd of February 1997, three tigers were sighted together at 23 o 41’ 04”N and 81 o 05’ 

31”E near the Rampur Pahadi Turn (refer to Chapter 3). Two adult male tigers were 

fighting for breeding rights with the AJ female who was calling, marking and 

noticeably in oestrus. The tigers between fighting made 17 scrape marks in an area of 

16 x 39 m. 

 

Therefore, scrape marking was being used as a communication method to display 

ownership and territorial rights. Not all scrapes had scat deposited on them, very few 

showed urine marks though this could be due to the time delay of 6 hours between the 

marking and the examination.  

 

4.7 Discussion 

 

Results show that with a population size of 3 male, 5 female adult tigers, 6 sub-adults 

and 5 cubs at the time of the completion of the field study, Tala, with a density of 8.57 

tigers per 100 km2 in May, 1999 has a healthy population of tigers that could serve as 
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a source population for areas adjoining the range both within and outside of the Tiger 

Reserve. 

 

The study of population characteristics of tigers show that tigers have territories that 

also function as home ranges. The size of these areas is variable from year to year and 

many factors can affect the size of the territories.  

 

Minimum convex polygons were used to calculate the area of each tiger’s home 

range. These values would differ if animals had been tracked for longer periods. 

However, the values presented here are used to show the variations in home range 

sizes over the years the study was conducted and not to present precise measurements 

of home range sizes. The results also show that precise results from all home range 

studies on the tiger must be interpreted with the clear understanding that the results 

apply to a particular animal at a particular time and can in no way be extrapolated to 

all tigers or even to other tigers in similar situations. 

 

Biological factors affecting home range size include: 

• Age of the female and number of dependents: Older females are less able to 

defend their territories against younger, stronger females. Females with 

dependent young are also more vulnerable than independent females. 

 

• Health of the tiger: Injuries during hunting and in acts of aggression while 

protecting territories can also result in loss of territory to stronger competitors. 

Injuries resulting from porcupine quills can also lead to septicaemia and 

gangrene. Injuries resulting from being caught in traps, old bullet wounds and 
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in encounters with man lead to the tiger becoming too weak to defend its 

territory against younger stronger animals. 

 

• Number of female offspring that survived to maturity: It has been found in 

earlier studies of the Bengal Tiger in Chitawan that typically a mother would 

give a portion or all of her territory to female offspring and that female 

offspring typically settled adjacent to or in a part of the natal area (Sunquist, 

1981). For a tigress, the larger the number of surviving female offspring from 

various litters over the years, the more the competition for the resources in her 

territory, resulting in a shrinkage or even loss of the territory as younger, 

stronger females compete for limited resources. This can be seen in the case of 

the tigress Sita (refer to Maps 4A,4B,4C,4D) where over the years her female 

cubs Hardiya, Bachhi, Badi and Choti Madi  took over portions of her territory 

and ultimately took it over after she died at the age of sixteen years (refer to 

the Family tree of the tigress Sita – Appendix 3). 

 

• Competition from transients and dispersing females: With an increase in the 

numbers of female tigers over the age of maturity in the area the territory sizes 

decreased in Tala from 1995 to 1999. In 1995, there were 4-recorded Breeding 

Resident tigresses (BRT) in the Range with an average territory size of 28.337 

km2. In 1996 there were 4 BRT and 1 Non Breeding Resident Tigress (NRT) 

with an average territory size of 23.866 km2. In 1997, there were 5BRT and 

1NRT with an average territory size of 21.223 km2. In 1998, there were 4 BRT 

and 3NRT with an average territory size of 19.257 km2. 
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Environmental factors affecting home range size include: 

• Rainfall conditions each year affect the availability of prey and habitat that in 

turn affect the life cycle of the tigers. In years of poor monsoons, there if a 

reduction in the amount of food available for prey species and a corresponding 

drop in prey numbers. Poor rainfall and high temperatures also result in 

temporary conditions of drought with large numbers of water holes drying up. 

Water and food become restricting factors in the survival of the tigers. 

Females with young cubs were particularly vulnerable at these times. 

 

• Reduction in habitat available to tigers due to anthropogenic activities such as 

the conversion of forestland to agricultural land, mining, industry, the creation 

of large dams, roads and railways and human habitation. These conditions 

result in an increase in competition for scarce and limited resources. 

 

 

Tigers in Tala use select trails and paths for patrolling the territories. These include 

dry riverbeds, jungle trails and are largely influenced by the location of water sources. 

Water is a great limiting factor in Tala especially during the summer months when the 

majority of the small water holes in rocks and pools of stagnant water in riverbeds dry 

up. At these times, it is possible to predict the movement of the tiger by combining 

knowledge of the terrain and the tigers habits.  

 

Tigers seem to be creatures of habit and return repeatedly to favourite den sites, 

resting areas, and water holes. In the summer months tigers tend to spend more time 

in grasslands near perennial water holes and in caves that contain water and remain 

damp through the heat of the day. At these times, the tigers will visit other parts of 
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their territory to mark their presence but will not spend much time there. Movement is 

also affected by the distribution of prey. At these times, in cases where a grassland 

lies between the territories of several tigers, the entire grassland and water hole is 

shared by all the neighbours and as many as four to seven tigers have been seen 

resting in close proximity to each other. 

 

Male and female ranges have areas of overlap along the boundaries. These areas are 

patrolled using physical features like roads and dry riverbeds by both tigers. The 

intensity of scent marking is normally higher at these places than within the 

territories. In this study, it was found that tigers are very selective about the type and 

size of tree that they are using for scratch marking and preferred trees that were at a 

angle to ones that were completely erect. Schaller (1967) stated that claw marks on 

trees were visual signals of communicatory value and sharpened claws by peeling of 

any thin strips or laminae from the surface that had become loosened or desquamated.  

 

Since tigers seem to select fragrant softwood tree species and in particular those 

which have medicinal or antiseptic properties in the bark or sap, it is possible that 

scratch marking is also done to remove any meat particles that are stuck in the claws 

and to prevent them from rotting or spread infection. 

 

In agreement with Smith et al. (1989), I also confirm that scratch marking is also used 

as a combination of visual and chemical communication. It is possible that secretions 

from the glands located near the digits in tiger paws could react to substances from 

the tree species and serve as a means of chemical communication.  
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Like the data from the Chitawan study, the frequency of scratch marking seems to rise 

during territorial takeovers, with the maximum number of marks being seen in the 

disputed area. However, in this study, I also found that in areas where the preferred 

tree species of the correct size were found, all the trees were scratched despite not 

being located on the road. Infact, some of the trees that were scratched were actually 

hidden from the road by bamboo or other shrubs. In other instances even very thin 

trees if the preferred tree species were scratched if they were along the path walked by 

the tiger. The majority of the tree species that were scratch marked are not those 

commonly found in Tala. It is also important to mention that tigresses scratched trees 

very visibly near den sites whenever trees were present in the vicinity. This selection 

of trees could mean that visual communication is not the only reason for tigers scratch 

marking trees.  

 

Scrape marking was seen through out the year. It was also seen that scratch marks 

were seen along roads and trails whereas scrape marks were mainly seen on the sides 

of roads and along the physical drainage features like dry riverbeds. Scrape marking 

intensities of male tigers increased if they were challenged by conspecifics of the 

same gender and if there was a female in oestrus in its territory. Female scrape 

marking increased to a peak during early oestrus. It is also notable that scratch and 

scrape marks were not found in the same areas in the majority of cases while the sites 

for spray marking and cheek rubbing were often close together or in some cases on 

the same tree. 

 

Finally, the study revealed that adult male and female tigers do associate at times 

other than mating. The male resident tiger is recognised by the cubs and accepted as 
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part of the family. This is seen by the seemingly affectionate but cautious greeting 

given the father by the cubs. Cubs also recognise the father from strange males and 

react by running away and hiding from the latter. Male tiger – cub interactions were 

seen on several occasions in the study. The male tiger seemed unusually tolerant of 

his cubs and even allowed one to stay in the natal territory until the male sub-adult 

was over four years old when it was fully mature. It was only at this stage that this 

cub was pushed out of the territory by the resident male. The male also tolerated the 

presence of sub-adult cubs at the time of mating. 

 

This study of tiger behaviour reveals that much more detailed study is needed on tiger 

scent marking behaviour and in particular on the selection of trees used for scratch 

marking. It also confirms that the male tiger is a recognised part of the family in 

tigers, and though he does not provide food or shelter to the cubs, he does associate 

with them, seeks out their company  and ensures their survival by ensuring that 

strange male tigers do not come into their vicinity.  
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Chapter 5  
Diet & Hunting Behaviour of 

Tigers 

Photo credit: Nanda S.J.B. Rana 
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Chapter 5 - Diet and Hunting Behaviour of Tigers 
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Chapter 5 - Diet and Hunting Behaviour of Tigers 

 

5.1 Introduction  

Tigers, the largest members of the cat family or felidæ, belong to the order Carnivora. 

The felidæ are characterised by being strongly specialised for a carnivorous way of life, 

the ability for concealment and a rapid rush to overcome their prey, and an enduring 

tendency to live and hunt in a solitary fashion (Eisenberg, 1989). Exceptions are the 

cheetah (Acinonyx jubatus), which is a pursuit hunter, and the lion (Panthera leo), which 

is a highly social species. 

 

The diet and predation success of felids is affected by a number of factors including 

characteristics of prey species (see Chapter 6, this study), the age and experience of the 

predator (Seidensticker & McDougal, 1993); the type and availability of hunting cover; 

climatic conditions; scavengers and other competitors; and social dominance in 

sympatrics and in conspecifics (Sunquist & Sunquist, 1989). 

 

The diet and hunting behaviour of the tigers have been examined in several studies 

throughout their range (e.g. Schaller, 1967; McDougal, 1977; Sankhala, 1978; Sunquist, 

1981; Rabinowitz, 1989; Karanth, 1988, 1993; Karanth & Sunquist, 1995, 2000; 

Seidensticker & McDougal, 1993; Støen & Wegge, 1996; Chundawat et al., 1999; 

Miquelle et al., 1996, 1999). These studies have provided vital information on the food 

habits of the tiger, site-specific information on the contribution of various prey species to 

the diet of the tiger as well as an insight into the problems of using different techniques 
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for assessment of tiger diet in India. Here I will review the studies on the Royal Bengal 

Tiger, outlining the methodologies used, and comparing the findings in order to 

summarise information available on the food habits of the tiger. I will also review studies 

on the significance of the stripe patterns of tiger pelage and tiger dentition for tiger 

predation success. I will then go on to outline the objectives for the present study and will 

present the rationale for the selection of methodologies used to meet these objectives. 

 

5.2 Review of studies on diet and hunting behaviour of tigers. 

 

5.2.1 Diet of the tiger  

In 1964, Schaller began to conduct the first scientific studies of the tiger and its prey 

species in India at Kanha National Park in Madhya Pradesh. The results of this study 

were summarised in a book “The deer and the tiger” in 1967. In his book, Schaller 

recorded that tigers ate a wide assortment of prey species. Many of these observations 

were based on the analysis of 335 scat samples during his study in Kanha but several 

others were made based on records by scientists and naturalists from different parts of the 

world. The prey described by Schaller (1967) include: 

Wild Ungulates: chital, sambar, barasingha, hog deer, barking deer, nilgai, wild pig, gaur, 

and wild buffalo 

Carnivores: leopard, sloth bear, brown bear, black bear, dogs, wolves, lynx, badger, tigers 

Primates: langur and rhesus macaque 

Other Mammals: rhinoceros calves, pangolins, elephants, rats, mice, hare, and porcupine  

Crustacea & Invertebrates: crabs, locusts, and termites 
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Reptiles: lizards, turtles, crocodiles, and snakes  

Birds: peafowl, jungle fowl, chicken, hazel hens, and owls 

Domestic Livestock: chicken, cattle, water buffaloes, pigs, dogs, donkeys, camels goats, 

and horses 

Miscellaneous: fish, frogs, bamboo, grass, cedar nuts, durian fruit, zizyphus berries, soil, 

eggs, and carrion 

The wide range of animals preyed upon by tigers shows the adaptability of tigers to a 

variety of habitat types and conditions. The results of the scat analysis performed by 

Schaller (1967) are presented in Table 5a1. Schaller emphasized that the results of the 

scat analysis only applied to his small study area and not to the Park as a whole. 

Conditions in the central part of the Park were unusual, in that a fairly large wildlife 

population provided the tigers with most of their food, and livestock was limited to one 

small herd of cattle and a few pigs. Schaller also collected and analysed 18 scat samples 

from Corbett National Park. The comparisons of the results are presented in Table 5a.  

 

Schaller (1967) also studied the diet of the tigers from kills. Despite having data on 100 

kills collected by himself and 128 kills reported by villagers, Schaller (1967) mentioned 

that data from kills could only be used with caution as the uneven distribution of prey 

species significantly influenced the food habits of tigers. Kills also tended to over 

represent larger animals. Livestock kills could not be included as skeletons and remains 

of those animals killed by predators could not be distinguished from the remains of those 

that had died a natural death or from a disease. The results of the data collected by 

Schaller (1967) are presented in Table 5b. 
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Species 

Total  

Number Percent  

Chital 98 43  

Barasingha 39 17.1  

Sambar 56 24.6  

Barking Deer 1 0.4  

Gaur 14 6.1  

Blackbuck 2 0.9  

Wild Pig 10 4.4  

Langur 6 2.6  

Porcupine 2 0.9  

 Total 228 100  

    

 

In 1973, the Smithsonian Institute began a study on the ecology of tigers in the Royal 

Chitawan National Park (RCNP). Covering a period of over 20 years this study has 

produced a number of papers on tiger ecology that form the largest source of scientific 

information from any one study on the Bengal Tiger.  

 

In 1981, Sunquist used a combination of scat analysis and collection of data on kills to 

investigate tiger diet. This study was one of the earliest on the tiger to describe the scat 

analysis methodology in some detail. Scats were collected opportunistically whenever 

encountered. A reference collection of hair samples was established. Hair samples were 

examined under a light microscope as well as a scanning electron microscope. Sunquist 

found that while light microscopy was sufficient for the preliminary identification of 

most the species, it was not possible to distinguish between hair samples of cheetal, hog 

deer and barking deer and so combined them together in the results table. Gaur, sambar, 

 
1 Table 5a is placed at the end of the chapter. 

Table 5b: Data collected on tiger kills in Kanha National Park by Schaller (1967) 
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swamp deer, chital, hog deer, barking deer, wild pig, porcupine, hare, langur monkey, 

cattle, and civet were identified from hair in scats (Table 5a).  

 

Data from kills were also used to study food habits of tigers. Data on kills were collected 

by Sunquist (1981) and Seidensticker (1976a) (Table 5c). Radio-collared animals were 

used to locate kill sites by searching suspected sites indicated by departures of the animal 

from its normal movement patterns. The majority (38) of the 64 sites were discovered by 

radio tracking tagged animals, 8 were found accidentally and 18 were found by following 

reports from various sources. Sunquist (1981) found that dense cover made searches 

difficult and time consuming, and the remains of small prey could not be easily located. 

Wild ungulates comprised 64% of the tiger kills compared to the 85% recorded in scats. 

Livestock kills were not evenly distributed over the study site; however their presence in 

one area of the Park indicated that tigers will take livestock opportunistically whenever 

possible. The percentage of smaller cervids in scats was 62%, compared to 52% recorded 

in kill data, whereas the larger sambar comprised 48% of the kill data but only 20% of the 

scats. Numerically, smaller deer are 8-10 times more abundant than the larger sambar in 

Chitawan (Seidensticker, 1976b), suggesting that sambar are preferred prey and/or more 

vulnerable. Results have to be interpreted keeping in mind the biases associated with both 

techniques. The larger size of sambar meant that the likelihood of discovering sambar 

kills is higher as compared to those of smaller prey while the fact that the smaller prey 

are relatively more hairy and therefore may be over-represented in scats and under-

represented in kill data.  
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Species 1973-1974a 1974-1976b total 

  No. % No. % No. % 

Domestic Livestock 14 53.8 18 28 32 35.6 

Sambar 4 15.4 20 31.3 24 26.7 

Hog deer 3 11.5 12 18.8 15 16.7 

Chital 2 7.7 9 14.1 11 12.2 

Wild Boar 2 7.7 4 6.3 6 6.7 

Rhino calf 1 3.8 -   1 1.1 

Barking deer -   1 1.5 1 1.1 

Total  26 99.9 64 100 90 100.1 

 

 

Thirty-five deer killed by tigers were aged by Sunquist (1981) using the patterns of tooth, 

eruption, and wear on the premolar and molar teeth of the lower jaw. The patterns from 

the teeth indicated that tigers killed animals over a broad range of age classes but the 

majority were young and prime adults.  

 

Sunquist (1981) also estimated the food consumption of tigers by weighing baits before 

and after they were killed by tigers, and by weighing remains of kills of wild ungulates. A 

correction factor was used when calculating the body weights of prey. 30% of the body 

weight was reduced to adjust the weight of gut contents (based on gut content weights of 

baits and natural kills). The amount a tiger eats in the first day on the kill could be an 

underestimate as all measurements were taken as a result of disturbing the tiger on the 

kill. Estimates from kills where tigers were allowed to feed uninterrupted over a period of 

two days were more than double that of the first day estimates. Results showed that tigers 

in Chitawan ate an average of 16.5kg per day (S.E. ±0.679). Movement data from radio-

collared tigresses without dependent young were used to calculate their frequency of 

Table 5c: Number and species of Prey killed by tigers in Chitawan Park 

Source: a Seidensticker, 1976a; b Sunquist 1981 
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killing. Results revealed that tigresses without young in Chitawan killed once every 8.3 

days (S.E. ±0.12). 

 

As a part of the same study, Tamang (1982) studied the status of the tiger and its impact 

on principal prey populations in the Royal Chitawan National Park (RCNP). The study 

presents data on predator-prey interactions by studying prey availability and contrasting 

the data with data gathered from the study of 156 large-mammal tiger kills. However, no 

information is given as to how the principal prey species of the tiger were determined. 

While acknowledging that kill data is affected by size and mentioning in one instance that 

the claws and fur of a sloth bear were found in tiger scat, there is no mention of the 

techniques used to overcome the obvious bias resulting from using only large mammal 

kills for data collection and analysis. Tamang (1982) stated that a third of all prey killed 

by tigers in RCNP comprised domestic cattle. He also acknowledges that the high 

percentage of livestock in the total number of kills located could be attributed to the 

presence of human habitation along the northern and southern boundaries of the Park as 

well as the higher likelihood of the detection and reporting of livestock kills as compared 

to those of wild animals, but does not present the data showing the proportions of 

different species (domestic and wild) in the tiger kills found. Further, no information is 

presented on how kills were identified as those of a tiger and distinguished from those 

made by leopards or other carnivores; the search effort or the type of data collected. 

Tamang (1982) presents the data generated on prey preference ratings by during his study 

but no formulae or explanations are given for how the figures presented in the Table 5d 

were generated. From these figures, he concluded that sambar and hog deer were taken 
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approximately in proportion to their availability whereas other species were under-

utilised. 

 

         

  
Species 

  

Kills  Availability 
Prey Preference  

Ratings 

 

Kills  % No./ km2 %  

Sambar   42 39.2 2.7 6.8 5.78  

   male 20 18.7 0.9 2.3 8.13  

   female 22 20.6 1.3 4.5 4.58  

 Hog Deer   24 22.4 7.9 19.9 1.13  

   male 7 6.5 2.1 5.3 1.23  

   female 17 15.9 5.8 14.6 1.09  

 Wild Boar   12 11.2 4.8 12.1 0.92  

   male 7 6.5 2.3 5.8 1.12  

   female 5 4.7 2.5 6.3 0.75  

 Barking Deer   8 7.5 5.4 13.6 0.55  

   male 3 2.8 2.6 6.5 0.43  

   female 5 4.7 2.3 7.1 0.66  

 Chital   19 17.8 16.8 42.3 0.42  

  male 9 8.4 5.5 13.8 0.61  

  female 10 9.3 11.3 28.5 0.33  

Rhino calves 2 1.9 2.1 5.3 0.36  

Total    107   39.7      

        

Tamang (1982) found that among the wild ungulates killed by tigers, a comparison of kill 

percentages and availability by sex indicated that males of sambar, cheetal and wild boars 

were taken in preference to females. Based on calculations of meat consumed by tigers 

on baits or natural kills, Tamang estimated that tigers eat between 11kg and 34kg in a 

day. He concluded that if one assumed a daily meat requirement of 7 kg, and that 30% of 

the total weight of prey is inedible, then in order to obtain a yearly biomass of 2555kg a 

tiger would be required to kill an estimated 3650kg of large prey biomass in a year. 

 

Table 5d: Prey preference ratings of Wild Ungulates in Royal Chitawan National 
Park, Nepal 1973-1977 (Source: Tamang 1982) 
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Scat examination was also used to investigate tiger diet in Nagarahole National Park. 

Karanth (1993) established a reference collection of hair from mammalian species found 

in Nagarahole and used a combination of macroscopic and microscopic study of the 

colour, length, thickness and medullary configuration of hair to identify species. Analysis 

of 490 tiger scats revealed that the following prey items were present in the diet of tigers 

in the Park:  chital, sambar, gaur, wild pig, muntjac, langur, four horned antelope, 

chevrotain, hare, porcupine, dhole and elephant (Table 5a).  

 

Karanth (1993) proposed the use of a correction factor when estimating the relative 

numbers and biomass of different prey species consumed. The central problem in 

deriving these factors is the estimation of a correction factor (CF), which is the live prey 

biomass of a given prey species represented by each collectible scat produced by a 

particular predator. This factor is used to convert the relative frequency of occurrence of 

different prey items into relative biomass and numbers of each prey killed.  

 

Correction factors have been used in several studies including (Ackerman et al., 1984; 

Floyd et al., 1978; Støen & Wegge, 1996). Karanth used the regression equation 

produced by Ackerman et al., (1984) for cougar, to calculate the correction factors for 

tiger. These factors for cougar were calculated by holding feeding trials where the study 

animal is starved for a day or two before the meal and then fed a known mass of food. 

The following day any uneaten food is removed and weighed.  No further food was 

offered to the animal till all scat production ceased. Prey biomass consumed per scat (Ŷ) 

was regressed against live body weight of prey (X) and collectible scats produced. The 
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resulting linear equation Ŷ = 1.98 +0.035X was used by Karanth(1993) for the tiger. The 

results from the use of these correction factors have to be interpreted with caution as the 

relevance of feeding trials on three captive cougars for studies on the diet of wild tigers is 

subject to debate and until feeding trial data for tigers are made available the use of 

correction factors has to be considered carefully. 

 

In Nagarahole, chital, sambar and gaur were the most important prey species for the tiger 

in the area constituting 89.6% of the biomass consumed. The diet of the tiger varied with 

season, with twice the number of cheetal killed in the cool and dry seasons than the wet 

seasons. Relatively more sambar were killed in the cool season and predation on them 

declined sharply in the dry season whereas relatively fewer gaur were taken in the cool 

season. Predation on barking deer and wild boar was higher in the wet season while 

langur predation increased in the dry season. Karanth (1993) attributed these variations in 

the rates of predation to a variety of factors primarily affected by habitat selection by the 

species, grouping patterns, rutting patterns, vulnerability of young in the birthing season, 

and change in foraging patterns.  

 

 Karanth (1993) showed that tigers took prey in a non-random manner, and significant 

prey selection occurred.  Sambar, gaur, wild pig and muntjac were preferred prey, 

whereas fewer than expected chital and langur were taken in proportion to their 

availability. Further multinomial tests also showed that tigers killed 3.7 adult male 

cheetal to every adult female although there were 1.5 times more adult females than 

males. Among sambar, females outnumbered males (2.7:1) but tigers killed more males 
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than females (1.3:1). In adult gaur however, the kill sample (1.54:1) and population 

(3.6:1) were both female biased. In wild pigs, tigers again kill more males than females 

(1.1:1) although the population is female biased (2:1). Although neither Karanth (1993), 

nor Tamang (1982), have discussed possible reasons for this it seems that sex-related 

differences in prey behaviour alter their chances of being killed. These differences are 

discussed in further detail in the Discussion section of this chapter. 

 

Karanth & Sunquist (1995), studied prey selection by tiger in tropical forests. Using data 

collected by Karanth for his thesis between 1986 and 1990 (see Karanth, 1993), for the 

analysis of prey selectivity, they proposed that the sample counts of scats containing each 

prey were compared to the expected numbers of scats containing that prey in the 

environment, using multinomial likelihood ratio tests, based on the null hypothesis of 

random, non-selective prey killing predators.  They proposed the use of the equation fi = 

{(di/dt)*λi} / {∑(di/dt)* λi} where fi is the proportion of scats containing the ith prey 

species in the environment; di is the density of the ith species; dt = ∑di ; and λi = X/ Ŷ 

which is the number of scats produced from one kill of species i. The multinomial 

likelihood tests indicated that tigers non-randomly selected prey species when prey 

species availability was estimated on the basis of group densities (G2 = 51.64, df =5, 

P=0.001). When prey species availability was estimated on individual densities, and 

arboreal langur data was removed from the data set of terrestrial ungulates, evidence for 

non-random prey selection still showed significant selectivity (G2 =48.95, df = 4, P 

=0.003). Selectivity for each individual prey species was tested by analyses of deviances 

(Link & Karanth, 1994) on the terrestrial ungulate dataset and revealed that in 
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Nagarahole tigers preferred gaur but avoided muntjac. The authors estimated the average 

weight of the tiger to be 135 kg and the average predator: prey body weight ratio as 

1:0.67. Their results indicated that tiger preferentially selected large prey (>176 kg).  

 

A study was conducted on prey selection and prey removal of tiger in Bardia National 

Park, Nepal, by Støen & Wegge in 1996 following the techniques suggested by Karanth 

& Sunquist (1995). The results of the scat analysis are presented in Table 5a. Results of 

the tests for prey selection revealed that wild boar was preyed upon significantly more 

than expected while barking deer was avoided. Large prey species like barasingha and 

nilgai were unrepresented in the diet of the tiger. These selections were attributed to the 

differences in densities, grouping patterns, and habitat selection by the prey species, 

which affect the costs of predation and the vulnerability of the species. 

 

A study has also been conducted in the tropical dry forests of Panna Tiger Reserve 

(Chundawat et al., 1999). The habitat conditions differ drastically in this area compared 

to the highly productive forests of Kanha, Chitawan, Bardia and Nagarahole. A total of 

45 scats were analysed. 15 scats were randomly selected every season for analysis. Scat 

analysis results from this study are presented in Table 5a. The major components of the 

tiger’s diet in Panna were sambar, chital, nilgai and cattle. The results also indicated that 

each season one species accounted for over 40% of the  total prey items in the scats. In 

the summer the species was sambar, in the winters nilgai, and chital during the 

monsoons. The results also showed that cattle constituted over 11% of the prey items in 

summers and winters but were absent in the monsoons. This was attributed to the fact that 
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with the proliferation of vegetation around villages during the monsoons cattle did not 

have to enter the park to graze. No explanations were given in the study for the other 

results of the scat analysis. No explanations were given for the seemingly arbitrary 

selection of 15 scats only for analysis. 

 

5.2.2 Hunting behaviour of tigers 

Schaller (1967) found that tigers in Kanha National Park in Madhya Pradesh hunted 

primarily at night, between dusk and dawn, a time when most hoofed animals are active. 

A tiger’s usual method of hunting was to walk through its range in search of prey. Forest 

roads and dry riverbeds were favoured routes as progress was easy, silent and rapid and 

there was a good chance of encountering prey. He noted that tigers tended to use certain 

routes more than others. Observations indicated that tigers spot their prey and orient 

themselves downwind of the victim primarily by sight. He further noted that tigers did 

not attempt to chase monkeys up trees even though tigers are capable of climbing. Tigers 

wasted little effort in pursuit of prey which have detected it or are too difficult to stalk 

successfully. He estimated that with wild animals a tiger made at least twenty 

unsuccessful attempts for each animal captured.  

 

The following techniques used by tigers for attacking and killing prey were described by 

Schaller (1967): (a) sideways approach with a single spring or short rush to get hold of 

their victims, accompanied by a quick powerful blow to knock the prey down (b) 

springing on to the back of the animal clawing upwards from the rump to the neck, if it is 

a large animal or directly on the back if it is a shorter animal and dislodging the vertebrae 
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of the neck or breaking the spine, or (c) grasping the animal by the throat and suffocating 

it to death leaving two deep puncture wounds on with side of the throat. Hamstringing of 

prey by tigers (the tearing open of tendons in the legs of the prey animal -often the hind 

leg- leading to the collapse of the animal), although frequently reported (e.g. Fenton, 

1905; Brander, 1923; Corbett 1957; Bazé, 1957; Singh, 1959) was not recorded by 

Schaller (1967). 

 

Though these descriptions by Schaller (1967) presented information for the first time on 

the hunting behaviour of the tiger based on scientific observation, the first significant 

study on the hunting behaviour of the tiger was by McDougal in 1977 in his book “ The 

Face of the Tiger”, based on his observations of 26 tiger attacks on buffaloes tied as 

baits2. The information was later combined with data collected by Seidensticker who was 

a part of the Smithsonian Team at Chitawan (Seidensticker & McDougal, 1993).  

 

Seidensticker & McDougal (1993) stated that in all the kills they saw, initial contact with 

the prey was made by the tiger biting the nape or the throat and seizure with one or both 

of its forepaws. They did not note attacks to other portions of the body despite reports to 

the contrary in literature. The types of movements used to bring prey down include the 

seizing of the throat; pulling backwards with throat bite; seizing throat with forepaw to 

assist; pulling down prey by its hindquarters; holding the prey by the throat and pulling 

back towards itself; seizing with the forepaw and biting nape; blow from the forepaw; 

and seizing nape. They further noted that tigers could kill prey using a killing bite to 

 
2 Appendix 5 presents the descriptions of killing sequences used by tigers by McDougal, 1977; Sankhala, 

1977; Seidensticker & McDougal, 1993. 
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sever the spinal cord; crushing of the cervical vertebrae; by strangulation. They also 

noted that there was a difference in techniques used by sub-adults as compared to those 

used by adult tigers; predominantly the orientation of the killing bite. The authors 

concluded that tigers are plastic rather than stereotypic in their behaviour. The variation 

in response of individual tigers to similar sized prey placed in similar environmental 

situations displayed a range of movement option opens to the tiger to counter various 

escape manoeuvres by the prey. These observations indicated that it is to the advantage of 

the tiger to avoid committing itself to a particular motion sequence until after the prey 

animal is in motion. 

 

From study of 13 baits and 13 wild ungulate kills, Sunquist (1981) found that there was a 

relationship between the weight of the prey and the method used to kill it (Table 5e). 

When the weight of the prey was more than half the weight of the tiger a throat bite was 

used to kill. By contrast, smaller animals were generally killed using the nape bite. In the 

case of the throat bite, death was generally caused by suffocation due to damage caused 

to the trachea, and bone fragments or splinters were rarely found at the site. However, 

bone splinters were usually found when a nape bite had been used, suggesting that 

damage to the vertebral column was the probable cause of death. 

 

Sunquist (1981) also found that the average weight ratio between tigers and prey was 

0.74, which was closely matched by the results of Karanth’s study in Nagarahole where 

the ration was estimated to be 0.67 (Karanth & Sunquist, 1995). 
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Age and sex 
of tiger 

wild 
animal/bait 

Body weight 
of prey (kg) 

Body weight 
of tiger (kg) 

Weight ratio 
prey/tiger 

Killing 
method 

af w 32 143 0.224 n 

af w 46 152 0.303 n 

af w 91 159 0.572 t 

af w 102 152 0.671 t 

af w 145 159 0.912 t 

am w 100 227 0.44 n 

am w 182 227 0.802 t 

am w 227 227 1 t 

am w 318 227 1.401 t 

saf w 64 114 0.561 t 

sam w 148 160 0.925 t 

af b 85 159 0.516 t 

af b 95 143 0.664 t 

af b 114 130 0.876 t 

af b 140 130 1.077 t 

af b 159 143 1.112 t 

af  b 227 130 1.746 t 

am b 91 227 0.401 n 

am b 95 227 0.419 n 

am b 105 200 0.525 t 

am b 177 200 0.885 t 

saf b 90 114 0.789 t 

sam b 84 160 0.525 n 

sam b 90 160 0.563 t 

sam b 91 160 0.569 t 

sam b 125 160 0.781 t 

 

 

From the data in Table 5e, we can see that in confirmation of the results published by 

Seidensticker & McDougal (1993), that sub-adults killed more often with a throat bite 

than with a nape bite (17 vs. 2), Sunquist’s data shows that sub-adults used throat bites 6 

times while using nape bites only once. It is also interesting that larger animals seem to 

be taking larger prey and that the male sub-adults while weighing more than an adult 

female on an average seem to take an smaller sized prey than those taken by the adult 

Table 5e: Killing methods in relationship to the weights of prey and tigers by Sunquist (1981) 

Notation used: am=adult male; af=adult female; sam=sub-adult male; suf = sub-adult female; 
b=bait; w=wild ungulate; t=throat bite; n=nape bite 
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female. Finally adult male tigers seem to utilize baits and wild prey equally, adult female 

show a slight tendency to use baits more, but the sub-adult tigers seem to use baits more 

than twice as often as wild ungulates. This could perhaps be because of the easy 

availability of the animals tied as baits and a surer means of getting food for these 

relatively inexperienced young animals. These results summarised in Table 5f, have to be 

interpreted with extreme caution keeping in mind that the results are based on data from 

kills of domestic buffalo and large wild ungulates only. 

 

 

Age and sex 
of tiger 

Average prey 
weight 

S.E. Average tiger 
weight 

S.E. Ratio of wild 
ungulates taken to baits 

am 112.4 ± 16.4 145.45 ± 3.53 5w: 6b 

af 161.9 ± 28.6 220.25 ± 4.42 4w: 4b 

saf 77 ± 13 114  1w: 1b 

sam 107.6 ± 12.4 160  1w: 3b 

  

 

Karanth (1993), from his study in Nagarahole, ascertained that, of 69 prey animals where 

cause of death could be identified, 70% had died due to suffocation, strangulation or 

severance of blood vessels and 14% died from breaking of the neck vertebrae due to 

twisting or impact. Bites on the nape of the neck alone or combined nape/throat bites 

were relatively rare (6% and 7% respectively) and were usually inflicted on smaller prey 

such as cheetal or wild pig. All sambar (n=16) died from throat bites or neck breakage as 

did 88% of the 33 gaur killed.  

 

Karanth (1993) revealed that on an average (1.9) tigers shared kills with a maximum of 6 

tigers seen at kills twice. Tigers guard their kills from scavenging by other predators by 

Table 5f: The relationship between tiger size and prey type and size in Chitawan 
based on Kill data from Sunquist 1981. 

Notation used: am=adult male; af=adult female; sam=sub-adult male; suf = sub-adult female; b=bait; w=wild ungulate 
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caching kills in cover, and will drag their kills over distances up to 350m (mean 51m) if 

there is insufficient cover at the attack site itself to hide the carcass. Of the 125 kills 

located, 67% were in dense cover, 12% in moderate cover, and 21% in open cover. Kills 

were left in the open only if heavier cover was absent or if the prey was too heavy. Based 

on data from 23 kills, Karanth (1993) further estimated that tigers will, on average, eat 

15.5 kg of meat per day with a mean percent carcass utilization (weight of meat 

consumed/ live weight of prey) of 46% with a high degree of variability. 

 

The hunting behaviour of tigers has also been described in the diaries of many hunters 

and amateur naturalists in the 19th and 20th centuries. Examples of this type of records 

include the writings of Rice (1857), Forsyth (1872), Baldwin (1883), Kinlock (1885), 

Baker (1886), Stebbing (1912), Sanderson (1912), Brander (1923), Sutton (1926), 

Champion (1927, 1933), Smythies (1942), Anderson (1954), Corbett (1957), Stracey 

(1961), Rao (1961), Dang (1962), Gee (1964), Perry (1964), and invaluable records 

appear in the annals of the Journal of the Bombay Natural History Society dating back to 

the late 19th century. These records, although merely anecdotal, provide useful additional 

sources of reference for the confirmation of types of tiger behaviour rarely seen in the 

wild, or the occurrence of tigers in an area at the time of the writing of the record, but 

cannot be used for any scientific study other than for the confirmation of the existence of 

a type of behaviour. 
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5.2.3 Significance of tiger stripe patterns for camouflage while hunting  

Tigers use their ability to camouflage and conceal themselves to improve their chances at 

success when hunting (Schaller, 1967, Sankhala, 1978). Some striped animals are 

difficult to detect in their natural habitat whilst others are clearly conspicuous. This can 

be seen clearly when the visibility of the zebra is compared with the ability of the tiger to 

merge with its background. Mottram (1916) concluded that the irregular stripes of the 

tiger were often cryptic and allowed the animal to camouflage itself in its surroundings. 

By studying the spatial frequency distributions of the tiger stripe patterns to assess the 

efficacy of these patterns for camouflage, Godfrey et al. (1987) found that the patterns 

afforded camouflage by two means. Firstly, the stripes mimicked the pattern of the 

surrounding habitat and secondly, the stripes could run across the natural contours of the 

animals and disrupt the characteristic outline of the animal’s body. The study was based 

on the fact that mammals are known to have spatial frequency analysers in their visual 

mechanism and thus, differences in spatial characteristics of stripe patterns would allow 

the prediction of how conspicuous the striped animals were in their surroundings. In 

keeping with the fact that tigers are ambush predators that lie concealed until they are 

close enough to their prey to allow them to capture it without an extended chase, they 

have a stripe pattern that has the same spatial frequencies that are present to a similar 

extent in the background. Tiger stripes are a series of approximately parallel edges with 

no narrow spatial frequency band that was strongly represented, thus allowing the animal 

to blend effectively with the background. 
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This was confirmed by Ortolani and Caro (1996), who studied the adaptive significance 

of colour patterns in carnivores. They found that while four of the five striped carnivores 

are found in grassland habitats there is no significant association between having vertical 

stripes and living in grassland. They suggest that striping is not specifically associated 

with remaining concealed in grass or swampy habitat but is a form of disruptive 

colouration helping to break the outline of the animal’s body by blending near the 

margins, particularly at dusk. Caro and Ortolani (1996) also found that there was 

evidence that contrasting white earmarks are associated with forest living. The function 

of these white marks on the back of tiger ears in unclear. It has been postulated that these 

marks could allow conspecifics to follow each other through dense vegetation (Schaller, 

1967; Leyhausen, 1979); they could reinforce ear displays during aggressive encounters 

(Fox, 1971); or they could mimic fake eyes on the back of the head (Caro and Ortolani, 

1996). 

 

5.2.4 Dental adaptations of tigers for a carnivorous diet 

The dental formula of tigers is 3/3, c 1/1, p3/2, m1/1, total 30. The canines are 

particularly well developed and are amongst the longest for the living felids (Mazák, 

1981). The second upper premolar and the single upper molar are small and seem to have 

little function; either or both of these teeth may occasionally be absent (Mazák, 1970). 

The carnassials are large. Valkenburgh (1989) used the morphometric ratios of estimates 

of tooth shape and size to reflect the prey killing behaviour and diet of carnivores. The 

ratios used were Upper Canine Shape (CS), Premolar size and shape (PMD and RPS 
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respectively), relative blade length (RBL) and relative grinding area (RGL). The dental 

indices for four Panthera species are given in Table 5g. 

 

 

 

 

 

 

 

 

Typical of the carnivores that have a diet that consists of over 70% meat, tigers have a 

blade length ratio of 1. Tigers, like all felids, have more robust, rounded upper canines in 

comparison to other carnivores as they have a deep forceful killing bite. Tiger premolars 

are less rounded and more bladed and are relatively smaller than those of bone eating 

carnivores. Valkenburg (1989) confirmed that there was a positive correlation between 

the trigonid blades length and meat eating and that the measure of the blade length is a 

good indicator of the meat content of the diet reflecting the blades. 

 

5.3 Aims of the study 

Though cervids and bovids have been found to form the major portion of the tiger’s diet 

throughout its range (Sunquist et al., 1999), the variation in results from the study of the 

diet of the tiger have shown the need for the generation of site specific data for site 

specific management. Further, analysis of the diet is necessary in order to identify the 

Species 
Dental indices 

CS RPS PMD RBL 

Jaguar 

(P.onca) 82.9 2.08 0.46 1 

Leopard 

(P.pardus) 72.8 2.44 0.49 1 

Lion (P. leo) 72.7 2.33 0.51 1 

Tiger (P. 

tigris) 76.7 2.3 0.49 1 

Source: Valkenburgh, 1989 

Table 5g:  Dental indices for the four Panthera species 
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principal prey species of the tiger, information required for the optimisation of prey 

availability, necessary for increasing tiger carrying capacities of the region which in turn 

would help increase the viability of local tiger populations (see Chapter 6, this thesis). 

 

In this chapter, I describe results from my own studies of the feeding ecology and 

behaviour of the tiger in Bandhavgarh.  

The study had the following aims:  

1. To determine the diet and principal prey species of the tiger in Tala Range 

2. To determine if the tigers display prey selectivity in their diet 

3. To study variation in the diet of tiger with seasons and between years 

4. To study the hunting behaviour of the tiger in Tala Range  

5. To study the life of a cub and identify landmarks in hunting behaviour 

development. 

 

5.4 Approach 

Although a variety of technologies exist for the study of felid diets including stomach 

analysis (Robinette et al., 1959; Bothma, 1966; Smuts, 1979; Maehr & Brady, 1986), scat 

analysis (Mills & Mills, 1978; McDougal, 1977; Sunquist, 1981;Tamang, 1982; 

Mukherjee et al., 1994a, 1994b; Sillero-Zubiri & Gottelli, 1992), tracking spoor (Eloff, 

1984; Labuschagne, 1979; Bothma & le Riche, 1990), opportunistic observations 

(Schaller, 1967, 1972; Mills, 1984; Sunquist, 1981), radio-location observations 

(Sunquist, 1981; Tamang, 1982; Bertram, 1982; Mills, 1992), and direct observations 

(Kruuk, 1972; Mills, 1992; Schaller, 1972; Fanshawe & Fitzgibbon, 1993), aims 1-3 were 
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primarily investigated using an analysis of hair content in scat samples and augmented 

with data from kills, collected from Bandhavgarh National Park from November 1995 to 

March 1998.  

 

Scat examination was selected for this study as although data from kills provide some 

useful information, Karanth (1993) showed that kill data tended to over-represent larger 

species, such as Sambar and gaur, and under-represent smaller species such as langur and 

muntjac. By contrast, scat examination was independent of prey-size. Scat examination, 

therefore, is considered a more accurate method of assessing tiger diet. Scat examination 

also allows the macroscopic examination of food remains of small prey, and constituents 

of diet like insects, reptiles, birds, fruit and vegetation can be identified macroscopically. 

The method also provides a means of diet reconstruction where habitats are not 

conducive to direct observation or the tracking of spoor, and where animals have not 

been radio-collared. However, there are problems associated with scat sampling. First, 

none of the papers on scat sampling of the tiger describe the key features of hair from 

different mammalian species found in the Indian Sub-continent, therefore, there are no 

standardised guidelines which would facilitate identification of species from hair found in 

scats. Second, as feeding trials on digestibility and passage rates of different foods are not 

feasible for the tiger given the laws in India prohibiting the killing of all wild animals, 

and amounts of hair ingested per kilogram of food varies with species and the part eaten, 

the quantitative assessment of the food is unreliable (Kruuk, 1972; Mills & Mills, 1978; 

Henschel & Skinner, 1990). Third, as it is not possible to distinguish between hair of 

adults and young, the contribution of animals to the biomass cannot be estimated 
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accurately. Finally, in the Indian Sub-continent, in areas affected by the monsoons, the 

numbers of scat samples available may vary with season and sample sizes may not be 

adequate for the monsoons as heavy rains wash away scats. 

 

However, despite these problems, scat analysis is the only practical method for studying 

the diet of tigers in India. Visual observations have been used to augment scat data but 

these were opportunistic, and the terrain the tiger was sighted in and proximity to an 

elephant camp determined the accessibility of the animal.  

 

I used a combination of data from direct and opportunistic observations and photographic 

records to answer aims 4 and 5. These data, though anecdotal at times, fill in some gaps 

on the information from previous studies relating to hunting behaviour and cub 

development. 

 

5.5 Methods 

5.5.1 Diet  

The studies were carried out between November 1995 to March 1998. The study area 

(see Chapter 3) was divided into five areas of roughly equal size. Together with two 

trained field assistants, I systematically checked each area on foot once a month. An 

attempt was to cover as many roads, jungle trails and dry riverbeds as possible, paying 

special attention to those showing sign of use by tigers. Scats were also collected 

opportunistically on roads. Map 5A presents the scat collection sites marked using a GPS. 
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Scat collection sites Map5A 
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Scats were identified as tiger scats by using other signs usually present alongside the scat 

as well as by the large size of the scats. Scats are usually accompanied by scrape marks 

and, on the more recent ones, pugmarks could also be distinguished. By covering 

predetermined areas at regular intervals of one month, it enabled me to determine the 

maximum age of a scat (from the last time scat was collected). If any scats had been 

missed in the previous month’s search it was then considered to be a maximum of a 

month old. 

 

The scats were collected in plastic bags and labelled with the place, time, date and 

number. A GPS reading was then taken of the location of the scat and a form was filled 

with the following information: scat no., date, place, GPS location, habitat type, slope, 

location (road/jungle trail), centre/ side of trail, substratum on which scat was found (soil, 

rock, grass), condition of the scat – wet, semidry, dry, age (approximate - in weeks or 

days), absence or presence of a scrape marking. 

 

To estimate the age of a scat, a fresh scat (selected after visual sighting of tiger scrape 

marking) was taken and a small protective fence was created using sticks and stones. The 

condition of the scat was monitored and records were kept to record the decay rate. This 

was used as the baseline data for estimating the age of the scat. This procedure was 

repeated with one scat for each of the two seasons, winter and summer. The experiment 

could not be carried out in the monsoons as heavy rains washed away the scats. 
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5.5.1a Scat analysis 

The scat samples were then taken to the laboratory where each sample was washed in a 

fine sieve. The remaining hair and bone pieces were sun dried and stored in labelled 

plastic bags.  

 

For the purposes of identification of the hair samples a reference collection was built and 

included hair from the following species – sambar, chital, muntjac, nilgai, four horned 

antelope, chinkara, domestic dog, hare, langur, rhesus macaque, sloth bear, tiger, leopard, 

cow, domestic water buffalo, blackbuck, porcupine, wild boar. These were prepared 

using slides obtained from the laboratories at the Wild Life Institute of India as well as by 

the collection of hair samples from animals in the Park. Hair was also collected where 

possible from the remains of kills, from animals killed in road accidents and from 

carcasses collected by the Forest department for post mortem and/or burning. Hair from 

tigers and leopards were collected from trophies owned by H.H. Maharaja of Rewa, hair 

from sloth bear, sambar, cheetal, chinkara and blackbuck were taken from trophies 

owned by other people. Barking deer hair was obtained from a pet. Tiger hair was also 

collected from the ground where a tiger had slept and groomed himself and when hair 

was found embedded in fresh scratch marks made by a tiger.  

 

Macroscopic and microscopic studies using a light microscope were used to identify hair 

on the basis of colour, width, cuticular patterns and medullary width and patterns. To 

determine the number of hairs it was necessary to sample, I followed the technique 

described by Mukherjee et al. (1994a). I randomly selected 10 scats and analysed 50 hairs 
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from each sample. The number of prey species identified with every increment of five 

hairs was noted. The minimum number of hairs necessary for the detection of all species 

was determined and then used for all further analysis. 

 

The colour and thickness of the hair were noted using the naked eye (Figure 5.1). 

Cuticular patterns were obtained by preparing hair imprints in gelatine as described by 

Keogh (1983). Medullary widths and patterns were studied by preparing thin cross 

sections of the hair in wax and examining them under a compound microscope. Two 

people, whose consistency of identification was checked and found to be accurate to over 

95% using 25 slides from the reference collection, did all the hair analysis.  

 

The presence of all identifiable items was recorded, and their frequency of occurrence is 

expressed as a percentage of the total number of scat samples analysed. Due to the 

restrictions imposed by the conditions described earlier, no attempts were made at more 

quantitative evaluation. 

 

5.5.1b Data collection on kills 

Elephant mahouts search the forests of Tala Range every day for kills of tigers in the 

hope of finding tigers to show tourists who come to the Park to view tigers from Elephant 

back. These mahouts were given radios and when a kill was located, I would be informed 

and would examine the kill from elephant back. In 84% of the cases, the kills would be 

located on the day of the kill or the day after the kill was made and the tigers would be  
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Figure 5.1: Scat samples being prepared for macro- & microscopic analysis 
Photo credit: B.J. Harmsen          

Scat with wild boar hair 

Scat with high vegetation content 

Scat collected from field placed in a sieve for washing 



 

Latika Nath, D.Phil. Thesis, University of Oxford 

 

135 

found in the vicinity. In these cases, it went against the ethics of the study to chase the 

tigers away from the kills and only visual estimations would be noted. In other cases it 

was generally possible to examine the kill on foot and sometimes more detailed 

observations were possible. The data recorded included sex and age of the animal (male, 

female, adult, juvenile, young), place and method of caching, drag distance (when 

possible), proximity of site of caching to water, number, identity and sex of tigers on kill, 

presence of scavengers, and condition of carcass. 

 

5.5.2 Hunting and feeding behaviour  

All behaviour studies were made opportunistically during the study period. As I went 

into the Park at night only for one week each month between 8:00 p.m. and 2:a.m. it is 

likely that incidences of diurnal hunting were seen more often than of nocturnal hunting. 

However, I was in the park most days at dusk and dawn, and this is the time that many 

observations were made. At the time of observation, the sighting was entered into a diary 

with date and time of sighting the tiger and leaving it as well as the location of the 

sighting. The number, identity and sex of the tigers was noted as well as the type of 

behaviour displayed. 356 sightings of tigers covering 650 hours of observations in 25 

months over the four-year study period were used for recording the data presented below.  

 

As the tiger is an elusive and difficult animal to study, I have at times resorted to using 

descriptive and anecdotal information to augment the scientific data. As many behaviour 

patterns have been seen only once, it has not been possible to quantify behaviour patterns. 
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The chance, single observation, though statistically invalid, can provide an insight into 

tiger behaviour and has been presented here. 

 

5.5.3 Training of the cubs to hunt by the mother 

A team of three people comprising two field assistants and myself took turns to regularly 

follow and observe the residential female tigress, Sita (refer to Appendix 3) and the 

mahouts would observe the cubs almost daily during the months of November to the end 

of May between 1994 and 1999 each year. On an average the tigress Sita, and her cubs, 

would be located on 85% of the total days in the period. The team members and mahouts 

would note any new behaviour seen in the family. The information recorded would 

include the identity of the tigers, behaviour, time of day, and location of the sighting. 

These records have been used to gain an understanding of the training of the cubs and 

understand the methods used by the mother to teach the cubs survival techniques 

 

5.6 Results 

5.6.1 Diet 

5.6.1a Hair sampling 

Ten scat samples were randomly selected from the 378 samples. 50 hairs were selected 

from each randomly and were examined.  Figure 5.2 shows the ratio of percentage of 

total number of species present detected to number of hairs sampled per scat.  

 

The red arrow in the figure at the 18-hair mark shows the point when all species present 

in the sample had been identified. To err on the side of caution I decided to randomly 
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select 20 hairs for each sample. This number is also consistent with the findings of 

Mukherjee et al. (1994a). 

 

 

 

5.6.1b Scat Analysis:  

378 tiger scats collected over 22 months were analysed. 13 prey species were represented 

in the prey items found in the scats. A total of 479 prey items were detected in the scats. 

Table 5h presents the results of the analysis.  

 

The average mass of prey consumed by tigers in Bandhavgarh is 72kg. This includes 

cattle and buffalo. Excluding cattle and buffalo, the average mass consumed by tigers in 

the study area is 51.008 kg. However, cattle and buffalo are often taken as prey in and 

around the park and is a prey species of the tiger in the region. 

 

 

 

Figure 5.2: The ratio of percentage of total number of species present detected 
to number of hair sampled per scat. 
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Species 
body weight 

(kg) 

Entire Study Period % biomass 
contribution Occur % (n=479) Freq % (n=378) 

Cheetal 55 54.68 63.23 37.72 

Sambar 212 16.84 20.11 44.78 

Wild Boar 38 11.43 14.29 5.45 

Langur 9 6.24 7.14 0.7 

Barking deer 20 1.25 1.59 0.31 

Porcupine 8 1.46 1.85 0.15 

Hare 3 0.62 0.53 0.02 

Chausingha 18.2 1.04 1.32 0.24 

Nilgai 181.2 0.62 0.79 1.41 

Buffalo 226.5 2.7 3.17 7.67 

Cow 170 0.62 0.79 1.32 

Leopard 47.5 0.21 0.26 0.13 

Chinkara 18.2 0.42 0.53 0.1 

Unknown 2 1.87 2.38 0.05 

Average# / Total 72.04# 100 117.98 100 

 

Leopards feature in the list of prey species consumed by the tiger. During the study 

period, tigers killed 3 leopards. However, only a portion of one was eaten (Figure5.3). 

Scat collected soon after this event contained leopard hair. With the exception of one 

leopard, no prey items belonging to any carnivores were found in any tiger scats.  

 

 

 

Table 5h : Composition of Tiger diet based on scat analysis in  Tala Range 

Figure 5.3: Partially consumed carcass of leopard, killed by tiger 

Photo credit: Mr. Nagar 
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Tiger hair: Tiger hair ingested from grooming were found in 14 scats. No incidence of 

cannibalism was noted during the study period.  

Birds: Feathers from peacocks (2 scats) and jungle fowl (1 scat)  

Termite: Termite shells were found in 4 scats. These were probably ingested along with 

the meat on stale carcasses. 

Soil and fine stones: 8 scats weighed about three times more than the average scat of the 

same size. These scats consisted mainly of soil and very fine stones. 

Vegetation: Vegetation was found in 41 scats. Of these, bamboo was found in 19 scats. 

There were often no more that 2 or three leaves in the entire scat and were probably 

consumed with meat. 17 scats contained large amounts of grass. The species could not be 

clearly identified at the time. The remaining 5 scats contained broken parts of leaves, 

which could not be identified. 

Parasites: Fresh scats on three occasions were found to contain live tapeworms. Tigers 

have a problem with tapeworm infection in Bandhavgarh and this has been witnessed on 

more than one occasion.  

Porcupine quills were found in 7 scats. These quills can be over an inch in length and 

are easily identifiable. 

 

5.6.1c Prey selectivity  

Assuming a linear relationship between the number of prey items and the number of 

animals killed, it can be seen from Table 5c that sambar, though eaten in fewer numbers, 

contributed over 25% to the total biomass eaten by tigers. On the other hand, though the 

number of unknown items is 3.89% of the number of prey items consumed, the 
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contribution to the total biomass eaten is negligible. Comparing the availability of the 

three main prey species (Chapter 6, this thesis) to their predation rates in Figure 5.4, it 

becomes apparent that both sambar and wild boar are taken preferentially in larger 

numbers than proportionate to their availability. 

 

I studied the habitat type from where the scats were collected. 37.50 % of the scats were 

located in grasslands, 17.31% in mixed forest, 25.96% were located in bamboo forest, 

11.54 in sal-bamboo forest, 4.81% in sal forest and 2.88% in riverine tracts. 60.58% of all 

scats were collected in areas of moderate slope, 26.92% in very steep areas and 12.5% in 

flat areas. 54.81% of the scats were found on roads, 45.19 on jungle trails and dry 

riverbeds. 70.19% of all scats were found on the side of paths, the remainder were located 

in the grass strip found in the centre of forest roads. 56.73 were found in grass clumps, 

25% on prominent rocks along paths and trails, 17.31% on sand, and 0.96% on concrete. 

 

 

 

 

Figure 5.4: Comparison of % availability to utilisation patterns and biomass 
contributions of the three main prey species in tiger diet, 
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75.9% of scats found were completely dry, 11.54% were semi-dry and 12.5% were wet. 

Of these it was estimated that 3.85% were fresh scats collected on the same day, 13.46% 

were collected within the week, 11.54% in the second week, 16.35% two- three weeks 

after they were deposited, 40.38% within three to four weeks, 14.42% were over a month 

old. Scrape marks were present alongside the scats in 63.46% of the cases. 

 

5.6.1d Seasonal variation in tiger diet 

Table 5i shows the variation in the diet of the tiger over a three-year period. The 

percentage contribution of cheetal and sambar to the diet of the tiger was highest in the 

period 1996-1997. However, the contribution of wild boar to the diet of the tiger 

increased each year, reaching a maximum of 18.98% in 1997-98. Langur usage was 

highest in 1995-96. In this same year, the maximum numbers of buffalo were also killed. 

This could partly be because in the spring of 1996 a number of buffalo entered the Park 

through a damaged boundary. In a period of 6 weeks, I found 3 buffalo kills in this part of 

the Park. Porcupines are killed regularly and contribute over 2.4 % to the diet of the tiger. 

Hare, too, are killed each year and constitute between 0.9 to 1.3 % of the numbers of prey 

taken by the tiger each year. Other species, including chinkara, chausingha, nilgai, hare 

and barking deer appeared to be taken opportunistically. 

 

Table 5j shows the frequency of occurrence of different species in tiger scats in summer 

and winter and over the three years when scats were collected. The number of cheetal 

prey items decreased in the summers, whereas sambar prey item numbers rose in the 
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same season. Wild Boar prey item numbers decreased in the first two years but rose in 

the winter of 1997-98.  

 

Species 

1995-1996 1996-1997 1997-1998 

Occur % Freq.%  Occur % Freq.%  Occur % Freq.%  

(N=195) (N=157) (N=143) (N=117) (N=143) (N=104) 

Cheetal 53.84 66.88 57.33 70.09 53.14 73.08 

Sambar 16.41 20.38 17.48 21.37 16.78 23.08 

Wild Boar 8.21 10.19 11.19 13.68 16.08 22.12 

Langur 10.26 12.74 2.1 2.56 4.9 6.73 

Barking deer 2.56 3.18 0.7 0.85 0 0 

Porcupine 1.54 1.91 1.4 1.71 1.4 1.92 

Hare 0.51 0.64 0.7 0.85 0.7 0.96 

Chausingha 0 0 3.5 4.27 0 0 

Nilgai 1.03 1.27 0 0 0.7 0.96 

Buffalo 4.62 5.73 1.4 1.71 1.4 1.92 

Cow 0 0 1.4 1.71 0.7 0.96 

Leopard 0.51 0.64 0 0 0 0 

Chinkara 0 0 0.7 0.85 0.7 0.96 

unknown 0.51 0.64 2.1 2.56 3.5 4.81 

Total 100.00 124.20 100.00 122.21 100.00 137.50 

 

 

 

  ch sa Wb ln bd bf ha lp ni ck Un cw cs po 

summer 45.76 19.77 11.86 7.91 0.00 3.39 1.69 0.56 1.69 0.56 2.82 0.56 1.69 1.69 

winter 58.36 16.04 11.60 5.12 2.05 2.39 0.34 0.00 0.00 0.34 1.02 0.68 0.68 1.37 

 

 

Table 5i: Variation in diet of tiger between 1995-1998 

Table 5j: Variation in diet of tiger with season (%) 

Notation used: ch = cheetal; sa = sambar; wb = wild boar; ln = langoor; bd = barking deer; bf = domestic buffalo;  
ha = indian hare; lp = leopard; ni = nilgai; ck = chinkara; un = unidentified; cw = cow; cs = chowsingha; po = porcupine  
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Data were not available for the monsoon period as the heavy rains washed scats away. 

Overgrown vegetation, inaccessible jungle paths, trails, and flash floods made scat 

collection impossible. A total of 10 scats were collected in the monsoons making the data 

numbers inadequate for inclusion in the analysis. 

 

5.6.1e Tiger kills  

 Data were recorded from 225 kills. The kill data is compared with the results of the scat 

analysis in Table 5k. 

 

The data from Table 5k show that wild boar, langur, barking deer, porcupine and 

chausingha are all under represented in the kills while a greater proportion of Sambar 

kills is found. This data supports the previous studies by Schaller (1967), Sunquist (1981) 

and Karanth (1993), that kill data is biased by size and has to be interpreted with care. 

 

 

 

 

 

 

 

 

 

 

  scat (N=378) kills(N=225) 

Cheetal 63.23 63.11 

Sambar 20.11 24.00 

Wild Boar 14.29 3.56 

Langur 7.14 1.33 

Barking Deer 1.59 0.44 

Porcupine 1.85 1.78 

Hare 0.53 0.00 

Chausingha 1.32 0.00 

Nilgai 0.79 0.44 

Buffalo 3.17 2.67 

Cow 0.79 0.89 

Leopard 0.26 0.89 

Chinkara 0.53 0.00 

Pangolin 0.00 0.44 

Python  0.00 0.44 

Table 5k: Comparison of kill data (%) with scat data (%) for different prey species  
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Only the deer and nilgai could be sexed from the presence of antlers as the other animals 

were usually already consumed by the tigers to the point where only signs of the identity 

of the prey species were left. Of the 142 cheetal kills, 82 were of males, 5 were fawns and 

the remaining 55 were female. 27 sambar males, 18 females, 7sub-adults and 2 fawns 

were found. The only nilgai kill seen during the study period was that of a male. Of the 

eight wild boars killed, only 2 males could be identified as described above. The other 

carcasses could not be sexed. 

 

Of the 225 kills found, 92 were found in the grasslands, 71 in bamboo, 36 in mixed 

forest, 15 in sal forest, 7 in caves and 4 were seen in open rocky areas with sparse cover. 

In the latter cases, if the kill was of a large animal, the tigers always moved the kills after 

consuming a portion to the nearest cover. Four kills, in the open, were cached by scraping 

mud, grass and leaf litter over them but were also protected physically. In all four cases, 

the tiger remained with the kill throughout the daylight hours, leaving the vicinity for 

water only after dark. 

 

The drag distance could only be calculated for 69 cases. The mean drag distance was 21.4 

metres with a minimum distance of 1.7 metres and a maximum distance of 47 metres. 

The distance the carcass was dragged depended on the nearest cover as well as the 

presence and numbers of scavengers. 
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Tigers are antagonistic competitors of leopards and will kill them whenever possible. 

During the study period, two leopard carcasses were found in Tala range that showed 

signs of being killed by tigers. The identity of the predator was confirmed by the presence 

of pugmarks and by the startling fact that in both cases the tiger had simply caught the 

leopard by the skull and crushed it. Both leopards had large puncture wounds on either 

side of the head, the eyeballs had been distended out of the sockets and no other injury 

was visible on the body. One animal had been partially consumed on the right rump. 

 

Scavengers seen on the kills included crows, long billed vultures, white backed vultures, 

king vultures, jackal, fox, wild boar, sloth bear, hyaena and other tigers. 

 

5.6.2 Hunting behaviour 

5.6.2a Methods of obtaining prey 

Tigers can obtain prey in three ways – by purposeful stalking and hunting, by 

opportunistic killing and by scavenging (based on observations during the study period). 

All three types of behaviour were seen during the study period. However, of the total 356 

sightings of tigers in 4 years, only 38 were sightings of 12 tigers attempting to hunt prey. 

Only one successful planned hunt was seen. Opportunistic hunts were seen on 7 

occasions by six different tigers. One resident male tiger was frequently seen scavenging 

off the kills made by female tigers and leopards in his territory. He was also seen eating 

animals that had died naturally or had been killed in road accidents. 
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Stalking and Hunting of prey- Contrary to widely held views (Perry, 1964; Schaller, 

1967; Sankhala 1978; Sunquist, 1981)  tigers do not always hunt alone. Several cases of 

cooperative hunting have been reported (Thapar, 1989; N. Rana & E.A. Kuttappan 

pers.com.; pers. obs.). The key features of the techniques used by tigers when hunting 

alone or cooperatively are described below. 

Solitary Hunting – In 31 cases of solitary hunting observed in this study, 19 instances 

took place between dawn and sunrise, 10 cases in the evening around sunset and dusk, 

one case around mid-afternoon, and one case at 12:45 a.m. on a full moon night. The 

hunts were all characterised by the following behaviour:  

• The prey is visually located by the tiger. The tiger immediately becomes alert, 

with its ears forward and the face and eyes intent and focussed on the target. 

• The tiger crouches down and begins a slow, deliberate movement forward. During 

this time, each step is taken with care to avoid any sound and movement of 

vegetation that can alert the prey.  

• The tiger, if necessary, makes a broad circle of the prey to ensure that it is 

downwind of the prey in order to minimise chances of detection 

• The stalking can take from a few minutes to over an hour (  x=26.18 mins., N=34, 

min=10, max=84, SD=17.67) 

• When the tiger is approximately 20 feet or less from the prey, it will charge for 

the targeted animal ignoring all others that may be around. There is normally a 

very short chase. A tiger will either be able to attack and hold on to the prey or 

give up the chase if the animal runs for more than a few minutes. Tigers will not 

chase their prey over distances of more than 10 to 30 metres. However, these 
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distances are approximations as it was not possible to physically measure the 

distances when watching a hunting process. 

• The tiger will then use the nape or throat bites to kill the victim (Figure 5.5) and 

will on occasion use the combined impetus of its momentum and weight to knock 

the victim over.  

 

Nape Bite Throat Bite

Hunting Techniques

 

Cooperative hunting –Cooperative hunting has only been seen in mothers with cubs and 

in siblings separated from the mother before leaving the natal territory. I present two case 

studies – one from Ranthambore (photographed by F.S. Rathore in Thapar 1989), and one 

from Bandhavgarh (this study), as evidence of this behaviour. 

 

Case Study 1 – In several cases it has been seen that dependent cubs over the age of 6 

months accompany the mother on hunting trips (Thapar, 1989; N. Rana & E.A. 

Kuttappan, pers.com.). Cubs over the age of one year have been seen to actively assist the 

mother in hunting. F.S. Rathore (Thapar 1989) photographed a female hunting a peacock 

Figure 5.5: Tigers using the nape and throat bites for killing prey 

Photo credit: Nanda S.J.B. Rana 
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with her 17-month-old cubs just behind (Figure 5.6). The tigress took the initiative for the 

attack  (Fig 5.6 (i)) and the cubs followed her (Fig 5.6 (ii)). Thapar (1989) described that 

the process of cooperative hunting became more planned as the cubs grew. At thirteen 

months old, cubs would work with their mother when she hunted.  

 

 

Case Study 2 – In Bandhavgarh, 2 male sub-adult cubs were seen hunting together on 

three occasions.  On one such occasion, the two 26-month-old cubs were walking down a 

road adjoining a forest patch. The forest patch was small and on the other side was 

bordered by grassland. A large sambar male walked into the forest from the grassland 

without seeing the tigers. The cubs grunted to each other and then one concealed himself 

in a thick patch of vegetation, while the second continued down the road silently and 

then, further on, started to moan. The sound caught the attention of the deer, which turned 

away from the direction of the tiger it could see and inadvertently went straight into the 

bush concealing the other tiger. The hunt was successful. 

Fig 5.6i 

Fig 5.6ii 

Figure 5.6 (i) & (ii): Cooperative hunting between mother and cubs – (F.S. Rathore) 



 

Latika Nath, D.Phil. Thesis, University of Oxford 

 

149 

Opportunistic killing – My observations suggested that tigers might kill prey without any 

planning, given the opportunity. In these situations, sometimes tigers will resort to 

methods not commonly used by them in the planned hunts or kill more than one animal, 

illustrated by the case studies below. 

Case Study 1 – A female and her 16-month-old male cub found a sounder of wild boar 

with a large number of very young piglets coming out of a bamboo thicket. Both tigers 

rushed into the middle of the sounder and start to knock the piglets with their paws. This 

continued whilst the adults and other members of the sounder tried to escape. After the 

surviving members of the sounder had escaped, chased by the sub-adult for a few metres, 

both tigers returned to the site and started to feed. Twenty-one piglets were killed in a 

little over a minute by the two tigers. 

Case Study 2- A tiger found a porcupine. The porcupine tried to defend itself by 

positioning its back towards the cat. The tiger however, circled the animal until it was 

able to face the porcupine, rushed towards it and knocked it over with a blow to the head. 

It then killed the porcupine by tearing open the belly without the fear of injury from the 

quills. Injury is quite common when a tiger attacks a porcupine and can be fatal (Schaller, 

1967).  

Case Study 3- A sub-adult female came across a newly born fawn hiding in tall grass and 

immediately killed it with a nape bite. 

 

I also recorded tigers killing more than one animal when the opportunity presented itself. 
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 Case Study 4 – A female tigress had stalked and killed a large male wild boar when her 

two sub-adult cubs chased another young male boar to where she was resting. The female 

then killed the second animal as well. 

Case Study 5 – Two sub-adult cubs stalked a male and female sambar. The deer fled at 

the last moment upon seeing the tigers. Both tigers chased the deer and killed both within 

a few metres of each other.  

Scavenging – Only one tiger was seen to regularly scavenge during the study period. 

This was the residential male who was seen on scavenged meals on 41 occasions during 

the study period. On 35 occasions the tiger had appropriated the kills from female tigers, 

on 4 occasions it had taken over leopard kills and one two occasions it had found 

animals, a wild boar and a cow, killed in road accidents. 

 

5.6.2b Behaviour at kills 

Tigers often share kills (Schaller 1967; Karanth 1993). This was also seen in 

Bandhavgarh where more than one tiger was seen on a kill on 73 occasions with a 

maximum of 7 tigers being seen together which included a male, female and 5 cubs under 

the age of one year. 

 

Schaller (1967) has commented on the social ranking that exists in tigers, dominance 

being primarily asserted when claiming a certain position at a kill. Rank appeared to be 

based on size. This was also seen in tigers in Tala Range. A tigress would let very small 

cubs (till the age of about 3 months) feed on the kill before her; however, with older cubs 

she would eat first taking the position at the rump of the kill. The residential male had the 
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highest ranking and the tigress and the cubs would be pushed away from the kill while he 

fed. However, size alone would not always determine rank in the social hierarchy. I 

recorded an eighteen-month-old cub with a leg injury regularly chasing his mother and 

brother from kills, presumably using aggression to compensate for his injury and smaller 

size. 

 

In keeping with the observations of Schaller (1967) and Sunquist (1981), I recorded tigers 

to begin feeding from the rump. Young cubs however, ate the ears of the prey before any 

other part. The stomach sac was always neatly removed without puncturing and placed on 

the ground at a distance from the kill. A large cheetal stag lasts a single tiger over 2 days, 

a sambar about 3.5 to four days and a large wild boar about 3 days. The disproportionate 

time taken to eat wild boar is attributed to the high fat content of the meat that makes it 

richer and thus, tigers eat it slowly. This needs to be verified through more detailed 

research. 

 

Tigers will normally cache the prey in cover and remain in the vicinity to guard it from 

scavengers. If no cover is available, tigers will cover the carcass with grass, leaves and 

dust. 

 

5.6.3 Training landmarks of tiger cubs 

The landmarks of the process of the training the mother imparted to the cubs to teach 

them how to hunt are as follows: 
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1. Cubs first seen by the team at the age of 5 weeks. Three cubs sighted at den 1 

(refer to Map 5B ). Cubs identified as one male and 2 females. Mother suckles the 

cubs when she arrives late morning and again when she departs at dusk.  

2. 8 weeks: Tigress is seen bringing meat to the cubs for the first time at den 4. She 

cleans the ground and leaves of all traces of blood and meat particles by carefully 

licking the area.  

3. 3 months: the cubs are taken down from the dens in the hills to the grasslands. 

They now follow the mother and do not have to be carried. The mother continues 

to bring food to the cubs. 

4. 3.5 months: the tigress now returns to the grassland to fetch the cubs to the where 

she has made and cached a kill. 

5. 6 months: The cubs begin to learn to stalk and start to accompany the mother for a 

part of the distance when she goes hunting. 

6. 12 months: The tigress is seen bringing a live fawn for the cubs that she cripples 

and leaves in front of them. They play with the fawn until they tire and then learn 

to kill it. 

7. 13 –15 months: the cubs have begun to kill small animals and now accompany the 

mother on hunts. 

8. 17-18 months: the cubs now start to kill small and medium sized deer like 

muntjac and cheetal 
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Den sites map 
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9.  24 months: The cubs have now learnt how to kill and are learning how to handle 

larger prey. They often hunt co-operatively with the mother and are seen with 

kills of large animals like sambar. 

10. 30 months: The cubs begin to disperse. The two larger cubs now stay together but 

the smallest cub is pushed away to maximise the available food for the two larger 

cubs. The two sub-adult cubs now hunt together. 

11. 36 months: The cubs all disperse but the females are still seen to wander in and 

out of the edge of the mother’s territory. 

 

5.7 Discussion 

The scat analysis data show that cheetal, sambar and wild boar are the three most 

important prey species of the tiger in Tala Range. These three species constitute 89.73 % 

of the biomass consumed (Table 5h). Despite cheetal, wild boar and langur being killed 

in larger numbers, Sambar contributed over 44% to the total biomass consumed. Cheetal 

are an important part of the diet of tigers in Bandhavgarh due to the sheer density in 

which they are present. They are an important resource for the tiger and are taken roughly 

in proportion to availability. The high density of cheetal plays a very important role in 

sustaining the high density of tigers in the study area. The results also reveal that the 

preferred prey species of the tiger in the area are sambar. This can be attributed to the fact 

that sambar are more vulnerable to predation due to less effective anti- predator defence 

mechanisms compared to cheetal. Cheetal have an effective anti-predator defence 

mechanism comprising of the formation of large groups with lookouts, association with 
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langur troops who use their vantage to act as an early warning system, and herding during 

the night in very large groups near human habitation or in open grasslands. 

Comparatively, Sambar is found in denser habitat with less visibility, as solitary animals 

or in small family groups and male sambar due to their size and large heads of antlers are 

encumbered in bamboo forests. sambar are also larger prey and thus more profitable in 

terms of costs for large predators with an average sambar lasting a tigress without 

dependent cubs between 3 to four days (Sunquist, 1981; and pers. obs.). 

 

There was a seasonal variation in the numbers of different prey species consumed. The 

two interrelated factors most strongly influencing the modal prey size for tiger seem to be 

availability and vulnerability (Sunquist & Sunquist, 1989). The numbers of cheetal being 

killed decreased in the summers with the number of sambar and wild boar being killed 

rising. Inadequate scat collection in the monsoons made it impossible to do any 

comparisons for that period. Cheetal predation numbers may decrease as with the 

formation of larger groups in more open areas (due to the drying up of tall grasses), the 

groups are able to spot tigers more easily and are less vulnerable to predation. The 

increase in sambar and wild boar numbers could be attributed to the fact that sambar 

move into the open grasslands at this time, and as water becomes a limiting factor, they 

are forced to gather about the remaining perennial water holes, becoming easier prey. 

Wild boar, too, come back into the forest after the harvesting of the crops and the sheer 

increase in numbers in the forest as well as they fact that many breed at this time, may 

account for the increase in predation. These observations support the theories by Karanth 

(1993).  
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The kill data showed that similar to the results of Schaller (1967) and Karanth (1993), 

there is a sex-bias in the kills. This could be attributed to the fact that male cheetal are 

more vulnerable to predation because of two reasons: rutting behaviour and the 

encumbrance of antlers. Personal observations in Tala Range have shown that during the 

rutting season, which coincides with the flowering of the Mahua (Madhuca indica),  the 

male deer become so engrossed in their assertion of dominance and breeding rights as 

well as with being slightly intoxicated on the fermented flowers, that tigers have been 

seen to walk right up to them and kill them. 

 

Leopard - tiger antagonism has also been noted during the study with tigers killing 

leopards whenever the opportunity arose. The fact that both leopards were killed with a 

single bite that crushed the skull is a type of behaviour that has not been noted before.  

 

Scat analysis also revealed that a minimum of 20 hairs selected randomly from each 

sample was adequate for studying the diet of the tiger. While studies have been 

conducted to confirm the minimum number of scats necessary for determining the diet of 

various predators (Windberg & Mitchell, 1990; Mukherjee et al., 1994a), one 

disadvantage of the technique is that there is a possibility of missing rare prey items and 

also the problems of locating adequate numbers of samples. For this study, it was 

therefore decided that while the minimum numbers of hair required for identification of 

all prey species would be determined, all scat samples would be analysed. 
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Table 5l shows the main prey species of the tiger by percentage occurrence in scat 

samples at different sites in Asia. This table confirms that cervids, bovids and suids are 

the most important prey species for the tiger throughout its range and supports the 

hypothesis of Sunquist et al. (1999) that the divergence of the tigris line from the 

Panthera stock likely followed the Pleistocene radiation of the cervids and bovids in 

South-east Asia. 

 

  
Rank 

India Nepal Thailand Java Russia (Siberia) 

Present 
Study Kanha Corbett Melghat Nagarahole Bandipur Palamau Chitawan 

Huai Kha 
Khaeng 

Udjong 
Kulon Sikhota Primorsk 

1 Chital Chital Chital Sambar Chital Chital Chital Chital Muntjac Sambar 
Wild 
Boar Wapiti 

2 Sambar Sambar 
Hog 
Deer Chital Sambar Sambar 

Wild 
Boar Sambar Porcupine 

Wild 
Boar Wapiti Wild Boar 

3 
Wild 
Boar Barasingha Cattle Nilgai Gaur - Cattle Hogdeer Wild Boar Kantjil 

Musk 
Deer - 

% 82.90% 71.20% 89% 76.00% 73.50% 69.30% 94.40% 78% 63% 83.30% 71.40% 80.00% 

 

 

 

 

Table 5a presents comparisons of the percentages of different prey species in tiger scat 

with data from studies at other sites. From these data it can be seen that sites like Tala 

Range, Nagarahole, Chitawan and Kanha, where the tiger has access to many types of 

prey species in the medium (30 to 100 kg body wt) and large categories (>100 kg), are 

prime tiger habitats. From the variety of prey taken by the tiger, it can be surmised that 

although tigers obviously kill prey as encountered, including small prey (<30 kg body 

wt), they seek and kill large ungulate prey whose weight can be greater than their own, 

thereby gaining access to a considerable portion of biomass that is not available to 

Table 5l: Three main prey species of the tiger at different sites in Asia. 

Note: % = percentage occurrence of different prey species in scat samples. 

Source: Bandhavgarh – present study; Kanha – Schaller, 1967; Corbett – Schaller, 1967; Chitawan– McDougal, 
1977; Nagarhole – Karanth, 1993; Bandipur – Johnsingh, 1979; Palamau – Sahay, 1979; Melghat – Koppikar and 
Sabnis, 1979; Udjong Kulon – Hoogerwerf, 1970; Sikhota and Primorsk – Abramov (in Schaller, 1967); Panna – 
Chundawat et al., 1999; Bardia : Støen & Wegge,1996. Table partly based on Harmsen, 1999 – work done as a part 
of this study. 
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smaller predators. The maintenance of these medium and large-sized wild ungulates is 

therefore crucial for the survival of tiger populations (see Chapter 6, this study). 

 

Results from this study and those of Karanth (1993), Sunquist (1981) and Støen & 

Wegge (1996), show that prey are not taken in proportion to availability or according to 

biomass but are taken by weighing a variety of costs including availability, grouping 

patterns, self-defence mechanisms, habitat utilisation patterns, breeding cycles, foraging 

patterns and seasonal variations in habitat quality. 

 

The mean mass of prey consumed by tigers in Bandhavgarh was 72.04 kg including 

cattle. Excluding cattle, it was 51.01kg. With the suspected local extinction of gaur in 

Bandhavgarh, sambar is now the largest prey of the tiger in the Park. With only two 

species forming over 70% of the diet in Bandhavgarh, it becomes very important to 

maintain the population sizes of these prey species (see Chapter 6, this study). The 

presence of these large ungulate species and the lowered dependence on small prey 

makes Tala Range an ideal habitat for the survival of tigers along with the provision of 

adequate water resources and protection.  

     

The fact that tigers, though solitary, are not asocial is an important one. In small areas 

where habitat quality and prey availability are artificially much higher than surrounding 

areas and smaller territories are needed by tigers, the costs of remaining solitary are 

sometimes too high. Temporary aggregations of, mainly related, individuals comprising 
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residential adults, sub-adults, tigers from previous litters and cubs were seen during this 

study. 

 

Further, the adaptability of tigers in using different techniques for hunting and obtaining 

food shows that they are not restricted by sizes or types of prey, but can adapt to 

changing conditions, accessing biomass available from very small prey (e.g. 

invertebrates, hare, birds) to prey that weigh several times their own body weight (e.g. 

gaur).  This adaptability as well as the resilience of tiger populations (see chapter 1, this 

study) shows that given adequate ecological resources (habitat, water, prey) and 

protection, even small populations can recover. 
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Table 5f: Comparison of diet of tigers at various sites using Prey Occurrence % in scat  
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Chapter 6 
Prey Population Characteristics 

Photo credit: Nanda S.J.B. Rana 
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Chapter 6 - Prey Population Characteristics 

 

6.1 Introduction 

It is widely agreed that food dispersion as well as the distribution and abundance of prey 

exert an important influence on carnivore spatial distribution and social organisation 

(Kruuk, 1972, 1978; Macdonald, 1979,1983; Clutton-Brock & Harvey, 1977; Mills, 

1989; Sunquist & Sunquist, 1989). Characteristics of prey species can impose various 

ecological constraints on large felid predators1. These characteristics include prey 

densities and biomass availability; prey distribution (random, even or clumped; 

terrestrial, arboreal or fossorial); prey availability with time (migratory, sedentary or 

those populations that are renewed at some interval); prey quality or size (“profitability” 

of prey); and prey defences (Sunquist & Sunquist, 1989).  

 

In the past in India, tiger conservation focussed primarily on providing protection to the 

tiger and its habitat with little emphasis on the prey (Saharia et al., 1979; Sykes & 

Horrill, 1977; Panwar, 1981, 1987; Tilson & Seal, 1987). Lately, there has been a 

growing realisation that the health of prey communities is a critical determinant of tiger 

population viability in an area (Karanth & Stith, 1999).  

 

 
1 “Large felids have been defined as any adult cat with a body weight normally exceeding 36 kg and 

include five species of Panthera (Tiger, Jaguar, Lion, leopard and snow leopard) and one species of 

Acinonyx (Cheetah). The basic “phenotype set” is large, long-lived, carnivorous, and typically captures 

terrestrial prey at least half its own body weight. It forages over a large area and often exists at low 

densities. Females reproduce every two to three years and young spend a year to 18 months dependant on 

their mother while perfecting their hunting skills. Prey are typically captured from ambush and/or a stalk 

and short rush or chase, and are dispatched with a swift killing bite delivered by the large bladelike canine 

teeth.” (Sunquist and Sunquist 1989) 
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There have been several studies on the ungulates and other prey species of the Royal 

Bengal tiger in Nepal (Seidensticker, 1976; Tamang, 1982; Sunquist & Mishra, undated; 

Dinerstein, 1980; Mishra, 1982; Mishra & Wemmer, 1987; Støen & Wegge, 1996); and 

India (Schaller, 1967; Sankar, 1994; Mathur, 1991; Martin, 1977, 1987; Khan, 1994; 

Karanth, 1993; Gopal, 1991; Pabla,1998) and on introduced species in the USA (Lewis et 

al., 1990; Russ, 1970, 1974; Shea et al., 1990; Flynn et al., 1990; Fuchs, 1976) etc.  

 

The results of these studies provided information on population sizes of different 

ungulate species as well as generating information on the ecology of the species. From 

the study of these factors, I realised that it was important to have information on the prey 

base of the tiger in Tala Range in order to be able to optimise the management of the tiger 

population in the area. The site-specific population parameters from other study areas 

were of limited relevance to this study as environmental, geographical and 

anthropomorphic factors can lead to a great range of values for the same parameter in the 

same species at different sites.  However, the variety of methodologies used for the 

estimation of these parameters, the problems encountered and the lessons learnt, were 

important to the implementation of any investigation of population parameters at Tala 

Range or for any other similar study. 

 

The studies listed above used a wide range of methods to study ungulates including total 

counts, waterhole census, dung counts, line transects, and road transects. Some studies 

simply relied upon non-standard methodologies such as maintenance of daily observation 

diaries by forest officials. I will briefly review the various methodologies used for 
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population estimation of ungulates in India and present the rationale behind the selection 

of the methodology chosen for this study. 

 

6.2 Prey population estimation: a review of methodologies used for 

ungulate census in the Indian Sub-continent. 

 

6.2.1 Total count technique  

This technique is used to count conspicuous large mammals by dividing the area into 

blocks and counting the numbers of individuals in each (Sutherland, 1996). Different 

observers are required to count different sections simultaneously and note down the 

species, group size and composition, location and direction of movement of group.  

 

This method provides a count of all individuals as well as information on the distribution 

of a species. It is particularly appropriate for conspicuous species in open areas where the 

count can be completed rapidly relative to the speed with which animals can move 

between blocks (Sutherland, 1996), and for species that form few large groups (Dublin et 

al., 1990). However, if animals move between blocks during the count, the method can 

result in error and it requires accurate map reading skills. 

 

In Bandhavgarh, Park authorities conduct a census of the large mammals of the Park each 

year using the total count technique. The procedure has been described in the 

management plan for the Park (Sonakia, 1993) as follows: 
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1. Animals covered in this total count include cheetal (Axis axis), sambar (Cervus 

unicolor), nilgai (Bosephalus tragocamelus), chausingha (Tetracerus 

quadricornis), chinkara (Gazella bennetti), barking deer (Muntiacus muntjac), 

and gaur (Bos frontalis).  

2. The area of the National Park is divided into 45 beats (refer to Chapter 3) 

3. Each beat guard walks a fixed route (drawn in advance on a map by the Forest 

ranger) for two consecutive days at the same time each morning. 

4. The beat guard notes down all animals sighted.  

5. The beat guard also notes down age, sex, group size, and direction of movement 

with the location and time of sighting of the animal/ group. 

6. The data are given to the ranger who then collates all the information. 

 

However, the method has a number of disadvantages. The total count is used for all 

mammals sighted not just conspicuous large mammals. This leads to an underestimation 

of small and medium sized mammals that are rare, elusive or nocturnal. The method 

samples only a portion of the Park and observers may not cover the given route with 

equal effort. Additionally, lack of training in map-reading and inadequate provision of 

equipment (in particular binoculars) may lead to errors in recording. 

 

Despite these difficulties, however, this method is very useful for providing a rough and 

comparative estimate of animal numbers in a region. For example, the official figures for 

Bandhavgarh Tiger Reserve are presented in (Table 6a).  
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.  

 

  Cheetal   Sambar Muntjac Nilgai Gaur Chausingha Wild Boar Wild Dog Chinkara 

Khitauli 1364 94 49 178 N.A. N.A. 303 3 23 

Magdhi 353 48 12 110 N.A. N.A. 183 N.A. 24 

Kalwah 678 185 28 162 N.A. N.A. 293 N.A. 58 

Tala 4742 426 62 68 1 19 635 N.A. 5 

Total BNP 7137 753 151 518 1 19 1414 3 110 

Panpattha 336 59 49 153 N.A. N.A. 447 6 73 

Total BTR 7473 812 200 671 1 19 1861 9 183 

  

 

6.2.2 Water-hole census 

In this census technique, large ungulates are counted from a hide as they visit waterholes. 

The technique is particularly useful in seasons and regions where water is a limiting 

factor for a population. The technique is based on the following assumptions: 

1) There is a linear relationship between the number of animals of a species seen at 

the waterhole and the total number of animals from that species in the area. 

2) The observer is able to record an unbiased estimate of animal numbers drinking at 

the waterhole (i.e. the observer remains alert, and the presence of the observer  in 

the hide does not deter the animals from drinking) 

3) The frequency with which an animal drinks water is known. 

However, in regions where water is a limiting factor, the population densities will be 

inflated around water sources and the data collected will have limited applicability to a 

Table 6a – All India General Census Figures for Bandhavgarh Tiger Reserve, April 1997 

(source: pers. com. Director, BNP) 
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small region around the water source. The data cannot be extrapolated to cover regions of 

the study area where water availability is limited. 

 

6.2.3 Dung Counts 

Dung is a reliable indicator of the presence of a species and counts of standing crops of 

pellets or dung (dung density e.g. number of pellets per 100 sq. metres) deposited by prey 

species are useful indices of the relative abundance of prey species. It can also be used in 

certain cases to estimate the numbers of a species.  

 

It is important to standardise the procedures for dung counts at the outset of the study to 

achieve constancy of the sampled fraction. The dung identities (species), and definition of 

what constitutes a pellet group or dung pile have to be established clearly. Counts have to 

be made at the same time of the year, so that dung decay rates do not vary (Karanth & 

Stith, 1999). 

 

This is often the only practical method to confirm the presence of many elusive species 

and dung counts allow the computation of indices of abundance for species when density 

estimates are not possible. However, observers may not be able to differentiate between 

dung of various related species especially when pellet sizes vary with the sex and age of 

the animal. Furthermore, dung decay rates have to be calculated on each occasion as the 

rates vary due to changes in weather (especially rainfall), dung composition, fibre 

content, and the number of dung beetles (Sutherland, 1996). Dung is also eaten by other 

species (e.g. elephant dung is eaten by cheetal deer and langur in Tala Range (pers. obs.)) 
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The persistence of dung may vary between habitats and seasons. This is especially a 

problem in the Monsoons when the heavy rain and resultant flooding make it difficult to 

locate dung. Defecation rates may vary with diet and season (Rogers, 1987) and 

according to the age and sex of the animal (Sutherland, 1996). Dung counts cannot be 

carried out in Tala Range as the largest concentrations of deer are in the grasslands, many 

of which have grasses over 7 feet high with no visibility. Many of the grasslands in Tala 

Range are water logged making it difficult to locate pellets. 

 

6.2.4 Line transect sampling 

For the estimation of population density (D) of a species D=N/A; where D = density 

(number per unit area); N=population size in study area; and A=study area. A traditional 

approach for the estimation of population density has been to establish a number of plots 

or quadrats at random and census the population within these plots. This is the classical 

finite population sampling approach (Cochran, 1977). 

 

The preferred method for population estimation of ungulates based on visual sighting is 

the line transects method (Buckland et al., 1993). This technique entails an observer 

travelling along a straight line, recording individuals on either side. Then observer also 

notes down the perpendicular distance xi or the sighting angles θi and distances ri for each 

observed object. The line is placed at random and is of known length L. In practice, a 

number of lines of lengths l1,l2,…lk are used and their total length is denoted as L. The 

sighting distance and angle can be used in the formula xi= ri.sin(θi) to calculate the 

perpendicular distance for each of the objects detected. For species that are found in 
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groups or clusters, when E (s) = mean group size; L= total length of transect; w=width of 

the area searched on either side of the line transect; n=no. of groups counted; Dg=average 

group density; a=area sampled, then D can also be expressed as  

D= Dg * E (s) 

where Dg =n/a  

and a=2w*L 

Therefore,  D= E (s) n/2wL 

 

In the last equation, n, E (s) and L are directly obtained from field observations. The 

estimation of the effective strip width (ESW=2w) is a complex procedure as the strip 

width depends on the species, habitat type, observer, seasonal factors and other potential 

variables (Burnham et al., 1980). The central problem of the line transect method is the 

calculation of the ESW from field data consisting of transect to animal group 

perpendicular distances. 

 

The technique is based on the four assumptions:  

1) Points directly on the line are never missed (i.e. they are seen with probability 1);  

2) Points are fixed at initial sighting position; they do not move before being 

detected and none are counted twice;  

3) Distances and angles are measured exactly; thus neither measurement errors nor 

rounding errors occur;  

4) Sightings are independent events.  
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The number of objects counted within a given distance covered at a set speed under 

standard conditions may also be used to give an index of relative abundance. 

 

Although the line sampling methodology has been developed considerably in recent years 

(e.g. Burnham et al., 1980; Anderson et al., 1985; Seber, 1992; Sen, 1978; Otto & 

Pollock, 1990 etc.), the use of line transect sampling is difficult in many parts of India. It 

was an unsuitable method to use in Bandhavgarh for the following reasons: 

1. The terrain is rocky and hilly and not easy to negotiate in straight lines 

2. Poor visibility, due in particular to large thick clumps of bamboo, increased to an 

unacceptable level the risk of attack from animals such as sloth bear, Wild Boar 

and the large cats. 

3. The use of elephants to negotiate the terrain was possible. However, elephants 

travel extremely slowly and thus transects could only be laid in areas immediately 

adjoining the elephant camps. In addition, the noise of elephants walking through 

bamboo or other dense vegetation can cause animals to flee before being counted. 

4. Cutting of permanent strips would necessitate the continuous removal of excess 

vegetation from the strip especially tall grasses. This leads to an artificial supply 

of fresh shoots throughout the year attracting deer species and leading to 

artificially high concentrations in these areas. 

 

As a consequence of the many problems associated with line transect sampling, I 

explored the possibility of using roads as an alternative to lines for transect sampling. The 

data collected were then analysed using the special Distance Sampling technique and the 
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programme DISTANCE2 (Laake et al., 1993). Both these are variations on the basic line 

transect methodology. 

 

6.2.4a Road transect sampling: The use of the existing road network seemed to 

offer one solution to the problems written above. The road and line transect 

methodologies have been extensively reviewed (Burnham et al., 1980; Smith & 

Nydegger, 1984; Kennedy et al., 1986; Van Hensbergen & White, 1995; Drumwe et al., 

1990; Buckland et al., 1993; Sutherland, 1996).  

The advantages of using roads were: 

1. Tala Range has an extremely good road network with over 155 km of roads. 

These roads cover most hills and grasslands. 

2. The roads were constructed many years ago and the animals are now used to them 

and show no avoidance behaviour. There are also no artificial concentrations 

along roadsides. This was confirmed by sampling deer concentrations within 0.25 

km of a road and 0.5 km from the road in the same habitat type randomly at five 

places within the Park.  It was found that while the proximity of the road did not 

affect the density of the species, other factors especially the presence of water 

bodies and grasslands did. 

3. Roads allowed access to parts of the Range that were otherwise inaccessible 

during the monsoon period each year allowing a complete 12 month census to be 

conducted. 

 
2 DISTANCE, the programme is available from Dr. J.L. Laake, National Marine Mammal Lab, Alaska 

Fisheries Science Centre, US National Marine Fisheries Service, Seattle, Washington, USA 
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However, certain biases are also associated with road transect sampling. Roads are not 

straight lines and transects may not allow the sampling of habitat types in proportion to 

their availability. For ecological reasons, animals may be non-randomly distributed along 

roads.  

 

A problem particularly associated with this method in India is the variation in visibility 

across different habitat types, which leads to the decrease in the detection probability of 

the target species with increasing distance from the transect line. In an extension of the 

finite population sampling approach, the distance sampling theory allows for the fact that 

some, perhaps many of the objects will go undetected. In addition, it recognises that there 

is a marked tendency for detectability to decrease with increasing distance from the 

transect or line point. Two main differences exist between the distance sampling theory 

and the classical finite sampling theory: 1) the size of the sample area is sometimes 

unknown; 2) many objects may not be detected for whatever reason (Buckland et al., 

1993). 

 

6.2.4b Analytical Method: DISTANCE sampling: “Distance sampling is a class of 

methods that allow the estimation of density (Density (D) = number (N) per unit area 

(A)) of biological populations. The critical data collected are distances (yi) from a 

randomly placed line to objects of interest. A large number of the objects may go 

undetected, but the theory allows accurate estimation of density to be made under mild 

assumptions. Underlying the theory is the concept of a detection function g(y) = 

prob{detection/distance y}. Detectability usually decreases with increasing distance from 
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the line or point.” (Buckland et al., 1993). The distance sampling approach asks the 

question “given the detection of  n objects, how many objects are estimated to be within 

the sampled area?” (Buckland et al., 1993).  

 

This technique is based on three basic assumptions: 

1. Objects directly on the line or point are always detected (i.e. they are detected 

with probability 1, or g(0) = 1) 

2. Objects are detected at their initial location, prior to any movement in response to 

the observer 

3. Distances and angles are measured accurately (ungrouped data) or objects are 

counted correctly in the proper distance category (grouped data). 

 

Several computer programmes exist today, which allow the computation of animal 

densities from these types of data (LINETRAN, TRANSECT, and DISTANCE). For the 

purposes of this study, I selected the programme DISTANCE developed by Laake et al., 

1993. This program was developed to allow the comprehensive analysis of the distance 

data mentioned above. DISTANCE allows an estimation of the average detection 

probability p, f(0) and ESW as well as the effective detection radius (EDR). The data is 

tested to select the best fit for several detection models. The models used by DISTANCE 

are as follows: 

 Estimator  1 

 Key: Uniform, k(y) = 1/W 

 Adjustments - Function                : Cosines 

             - Term selection mode     : Sequential 
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             - Term selection criterion: Likelihood ratio test 

 Estimator  2 

 Key: Uniform, k(y) = 1/W 

 Adjustments - Function                : Simple polynomials 

             - Term selection mode     : Sequential 

             - Term selection criterion: Likelihood ratio test 

 Estimator  3 

 Key: Half-normal, k(y) = Exp(-y**2/(2*A(1)**2)) 

 Adjustments - Function                : Hermite poynomials 

             - Term selection mode     : Sequential 

             - Term selection criterion: Likelihood ratio test 

 Estimator  4 

 Key: Hazard Rate, k(y) = 1 - Exp(-(y/A(1))**A(2)) 

 Adjustments - Function                : Cosines 

             - Term selection mode     : Sequential 

- Term selection criterion: Likelihood ratio test 

 

“Burnham et al. (1979, 1980) identified four criteria that relate to properties of the 

assumed model for the detection function. In order of importance, they were model 

robustness, pooling robustness, the shape criterion and estimator efficiency. The 

requirement for adjustment terms to a given key function can be judged using the 

likelihood ratio tests. Suppose that a model has m1 adjustment terms (Model 1). A 

likelihood ratio test allows an assessment of whether the addition of another m2 term 

improves the adequacy of a model significantly. The null hypothesis is that Model 1, with 

m1 adjustment terms is the true model. The test statistic is  

X2=-2loge(L1/L2) 

=2[loge(L 1) - loge(L 2)] 
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where L1 and L2 are the maximum values of the likelihood functions for Models 1 and 2 

respectively. If the Model 1 is the true model, the test statistic follows a X 2 distribution 

with m2 degrees of freedom. The usual way to use the likelihood ratio tests for line 

transects series expansion models is to fit the key function, and then fit a low order 

adjustment term. The adjustment would normally be a polynomial of order four or the 

first term in a cosine series. If it provides no significant improvement as judged by the 

above test, the fit of the key alone is taken. If the adjustment does improve the fit, the 

next term is added (usually the polynomial of the order six, or the second term of a cosine 

series), and a likelihood ration test is again carried out. The process is repeated until the 

test is significant, or until a maximum number of terms has been attained. This method is 

therefore sequential, and is the default method used by DISTANCE. The conventional 

significance level is 5% (α = 0.05), so that the most recently added term is retained is the 

likelihood ratio statistic exceeds X 20.05 =1.962=3.84. “(Buckland et al., 1993). 

 

 The programme presents the results for density, abundance, encounter rates, detection 

probability and expected group sizes in tables that summarize estimates of each quantity 

and related values at the chosen level of estimation. Estimates are also summarized by 

detection model.  

 

Limitations of the technique: for efficient density estimation, more than 40 separate 

sightings (not individual animals) of each species are required (Buckland et al., 1993). 

The effort required to obtain such samples can be too high if animal densities in a region 

are low, to obtain adequate sizes of samples. 
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6.2.5 Daily observation diary  

In an attempt to identify a new technique for monitoring of wildlife by the forest officials 

in the field, Pabla (1998) tested the use of a daily observation diary to record sightings of 

animals at Bandhavgarh National Park and included the four ranges Tala, Khitauli, 

Maghdhi and Kallawah (refer to Chapter 3). The method was based on the following 

assumptions:  

1) The daily observation diary was to be carried by all members of the forest 

department staff as they went about their routine work in the forest. 

2) Staff were told that they were not expected to record all animal sightings and 

there was no premium on the number of sightings but all sightings noted had to be 

accurate. 

3) Field staff could reasonably accurately classify the animal by species, age and sex 

without the aid of binoculars. 

4) As the recording of all sightings was not compulsory, it was presumed that the 

selection of sightings was random and affected all kinds of situations uniformly 

However, the technique had a number of drawbacks: 

1) The technique was aimed for use by the Indian Forest Services with large 

numbers of staff involved in the data collection over long periods. 

2) Inter-observer variation in data collection was likely since Pabla (1998) did not 

include descriptions of staff training or standardisation of the procedures used. 

3) No systematic search procedures or sampling was carried out and not all 

encounters may have been described. 
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4) Movements of the staff in all areas of the Park were not equal and regular, and 

varied with season and workload. 

5) Gaps in data collection may have occurred due to transfer of staff or due to leave 

of absence. 

6) Newly appointed, inexperienced staff may not have been able to accurately 

identify animals by species, age and sex. 

7) The lack of binoculars limited the ability of staff to identify, count or classify 

animals, particularly at a distance.. 

8) The lack of training could lead to the possibility of incorrect identification of 

groups since these were not described or defined at the beginning of the study. 

9) Inaccuracies during counting of animals due to movement of animals 

10) As recording of all sightings was not compulsory, it is possible that there was a 

bias towards recording sightings of rarer and elusive animals more while leaving 

out sightings of the more common animals or even vice-versa. 

11) The length of the data collection was not uniform in all places. 

12) Confusion over local names could result in the misreporting of the name of the 

species. 

 

Besides the unreliability of the data due to all the factors mentioned above, the data 

generated by Pabla (1998) could not be used for Tala Range as due to a long history of 

management and protection, the conditions in Tala Range were very different to the other 

ranges (refer to chapter 3, this study). Any data that presents a generalised conclusion 
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about the Park will invariably have a range of values that will be very wide as conditions 

vary greatly from range to range.  

 

6.3 Aims of the study 

A study on population parameters of the principal prey species of the tiger in Tala Range 

was essential to understand the factors affecting tiger movement and diet in the region. 

The aims of the study were as follows: 

1) To determine the ecological densities and related parameters and annual variation 

of the main prey species of the tiger in Tala Range. 

2) To study the grouping patterns of these species and their seasonal variation. 

3) To investigate habitat utilisation patterns and its seasonal variation. 

4) To assess the population composition and variations in age-sex ratios of species 

with season 

 

6.4 Approach 

The prey species of the tiger in Bandhavgarh were identified by analysing tiger scat 

samples (Chapter 5). It was found that three main species - Axis axis (cheetal), Cervus 

unicolor (sambar), Sus scrofa (wild boar)- constitute 75.2% of the diet of the tiger and 

these were selected for detailed study (Figure 6.1). 
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For the estimation of densities of the three species I used a combination of road transect 

and distance sampling methodologies over an eighteen month period in order to be able 

to record variations between seasons and between years. I also recorded information on 

habitat use, group sizes and composition. This data was entered into a Microsoft Excel 

worksheet and the programme MINITAB (version 11.21) was used for the statistical 

testing of the data. 

 

Finally, the data were compared with results of other studies and an attempt was made to 

explain tiger behaviour seen during the study, based on these results. 

 

6.5 Methods 

6.5.1 DISTANCE sampling using road transects in Tala Range  

The road network was divided into two transects – the first covered an area of 72 km and 

the second an area of 65.7 km. Each of these transects was traversed at a speed of 15 km 

Figure6.1- Left to right: Cheetal Stag, Sambar Stag, Male Wild Boar,  

Photo credit: Latika Nath 
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per hour in an open vehicle. The transects were covered each month on three consecutive 

days at three different times of the day – morning (day break onwards), afternoon (4 

hours before dark) and night (sunset onwards) – in order to establish the ideal time to 

count the larger cervid species. It was hypothesized that the time of day did not affect the 

transect results. Chi square tests were used to determine the validity of the hypothesis. 

The sampling effort covered all seasons in the Park and was carried out continuously for 

an entire year and for the first three months of subsequent years. The first three months of 

three consecutive years were chosen for comparison of data between years as at this time 

of the year extreme weather conditions do not exist and vegetation is neither too profuse 

(as it is during the monsoons) nor is it too dry (in the extreme heat conditions of summer. 

The risk of fires was also minimal at this time of the year and did not affect ungulate 

distribution patterns. A team of two trained observers and a driver was used for the 

transect sampling. These data were then input into the programme SAS (version 6.12). 

SAS was used to covert the data into a form that could be directly input into the computer 

programme DISTANCE (Laake et al., 1993) that then calculated the densities of animals.   

 

For each observation, a global positioning system (GPS) was used to identify the precise 

location of the sighting. These data were then entered into a GIS system that was used to 

pictorially depict the variations in group sizes and grouping patterns with time. The 

variation in visibility in different habitat type were noted in different seasons and used to 

calculate v when calculating the detection function g(y/v) where v is the variable other 

than distance affecting detection. Other observations recorded included the radial 

distance from observer to individual or group centre (ri), the angle of sighting (θi), the 
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species, the group size and composition. A laser rangefinder and a 3600 angle-measuring 

board were used to calculate the distance of the centre of the group or individual from the 

point of observation and the angle of sighting. Additionally, the habitat types, associated 

species, and presence of tiger or leopard spoor were also recorded. The counts of prey 

species in different habitat types were used to determine seasonal habitat selection 

patterns.  

 

The variation in densities of species was studied by comparing the results of the average 

densities of each species between January and March each year from 1997 to 1999. The 

null hypothesis that the density remained constant over the years was tested using the chi 

square test. 

 

6.5.2 Population composition and characteristics of prey communities 

Age and sex classification of species was carried out simultaneously with the transects. 

Animals were distinguished as adults (24 months or older), juveniles (12 to 24 months) 

and young (less than 12 months). Unidentified adults were noted separately. The structure 

of the population was assessed for the entire study period and the ratios of age and sex 

classes were calculated for the three prey species being studied. Chi-square tests were 

used to determine the difference between the expected and observed ratios of age-sex 

classes in the three prey species. The change in these ratios due to seasonal influences 

were calculated and plotted in the form of a graph. The sampling effort was spread over 

the entire range and over the three successive seasons. 
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I assumed (following Karanth & Sunquist, 1992) that the proportion of age-sex classes in 

each population did not vary between different localities within each habitat type, and, 

consequently, that counts during the road transects randomly sampled the same 

underlying population structure.  

 

6.5.3 Habitat selection and the variation in habitat use with season 

To study the relationship between habitat types, seasonality and prey distribution patterns 

I hypothesized that if the prey species display no preference for any particular habitat 

type, then their distribution over a selected area should be approximately even. 

 

During the study period, I counted the prey species simultaneously noting the number of 

groups sighted and the numbers of individuals within each group using the road transects 

described above. I also noted down the GPS location of each group sighted as well as the 

habitat type the group was using. Equal sampling effort was made during all three 

seasons, with each season comprising of four months (refer to chapter 3). 

 

A satellite imagery interpretation was used to calculate the relative proportions of each 

habitat type present in the study area (ref. Map 3I). It was assumed that the prey species 

being studied would then use these habitat types in the same proportions had the species 

been randomly distributed throughout the study area. The habitat types were sampled 

proportionately. In order to avoid statistical problems of dependence I have used counts 

of groups rather than that of individuals. Using the technique suggested by Karanth 

(1993), I used the chi-square tests of association to verify if seasonality affects habitat use 
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by these three ungulate species. For this I constructed a three row (season) by five row 

(habitat types) contingency table, with group counts of each species being the variables of 

interest (Table 6g). 

  

6.5.4 Group sizes, group densities, and variations of grouping patterns with 

seasons 

The location of each group sighted along the transect was noted using a Global 

Positioning System (GPS). The size and composition of the group was also noted using 

age-sex classes described above. These were mapped using a GIS package (ArcView GIS 

3.2) and maps were produced to show the distribution of these groups in Tala Range 

(Maps 9 & 10). The mean group densities (Dg = number of groups per sq. km) for the 

various species were calculated using the programme DISTANCE version 2.0 (Laake et 

al., 1993). The distribution patterns of the population in different group-size classes were 

also calculated. The variances to mean ratios were calculated to study the distribution of 

the numbers of groups amongst different group size classes and results were compared 

between seasons. To test the randomness of distribution of the population I used the Chi 

square test where X2 = (n-1) s2/x where n=total number of groups counted, s2=variance, 

and x=mean group size. 

 

6.5.5 Biomass densities of the three prey species in the study area 

Body weights of cheetal, sambar and wild boar have been taken from various studies 

including Karanth (1993), Sunquist et al. (1999), and Schaller (1967). The average unit 

of each specific age-sex category was weighted by the specific proportion of that age-sex 
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class obtained from the population structure. These average body weights were then 

multiplied by the mean densities of the species in the study area to get estimates of 

biomass densities and total biomass for the species. It was assumed that the figures used 

for the calculation of biomass were reflective of the net productivity of the species. Net 

productivity has been defined by Robinette (1956) as the percentage of individuals added 

to the population after mortality from causes other than hunting has been deducted. 

Mortality in Tala Range can result from natural causes, predation and road accidents 

besides poaching. Immigration and emigration factors also have been accounted for in 

this final equation. 

 

6.6 Results 

A distance of 413.1 km was covered each month making a total of 7435.8 km of transect 

sampling effort in the eighteen months of the field study, between January 1997 and 

March 1999. 

 

6.6.1 Cheetal, Sambar and Wild Boar densities 

Sample sizes largely determine the accuracy of the density estimates. Sambar, cheetal and 

wild boar were sampled in sizes large enough to meet the requirements of the programme 

DISTANCE. 

 

The time of the day when transects were conducted had a significant effect on the 

densities of all three species. Wild boar showed the greatest variation (p≤0.0001), 

followed by cheetal (p≤0.001) and sambar (p≤0.01). The results showed that the highest 
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density estimates were obtained from an early morning census from daybreak onwards, 

and estimates from data gathered at this time were used throughout this study for the 

estimation of all densities and other population parameters. Pooled density estimates for 

the three prey species are given in Table 6b. 

 

 

 

 Morning Afternoon Night 

Cheetal 61.96 60.71 54.84 

Sambar 3.69 3.47 2.77 

Wild 

boar 

4.25 2.26 0.67 

 

Using the data from all 18 months for each species the mean and 95% Confidence 

Intervals were derived (Table 6c). From these data, it is estimated that there are between 

4893.9 and 8117.6 cheetal in Tala Range; between 112.4 and 663.2 sambar; and between 

190.7 and 705.4 wild boar. The results are compared in Figure 6.2 with the results for 

Tala Range taken from the All India General Census (AIGC) conducted in April 1997. 

The figures generated by the Park authorities as the total count of the sambar and wild 

boar fall within the 95% C.I of the DISTANCE estimates.  However, the DISTANCE 

estimates for cheetal were higher than those of the AIGC. 

 

 

Species n mgs dg d %cv cid 

Cheetal 34128 9.10 13.13 61.96 24.00 ±0.15351 

Sambar 861 2.32 1.61 3.69 46.10 ±0.0262 

Wild Boar 887 5.86 1.18 4.27 57.1500 ±0.02451 

 

Table 6c: Estimates of ecological density and related parameters for Cheetal, Sambar & Wild Boar, Tala 

Range  

N=sample size, mgs=mean group size, dg=mean group density per sq. km, d=mean animal density per sq. km.; 
% cv = % coeff. Var. of d; cid= 95% conf. Int. for d 

Table 6b: Variation in density estimates of Cheetal, Sambar and Wild Boar with time of day 

 (Density is in number of animals per sq. km) 
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Cheetal populations showed significant variation between the three years (p≤0.001); 

sambar populations show a lesser degree of variation in densities (p≤0.01); while the 

variation in wild boar populations does not show much fluctuation between years 

(p≤0.05) (Table 6d). 

 

 

Species Year n mgs dg d 

Cheetal 1997 1765 5.55 0.9384 0.41 

  1998 1579 7.21 0.0539 0.2855 

  1999 2679 8.33 0.1212 0.5706 

Sambar 1997 88 2.02 0.0154 0.0236 

  1998 71 1.94 0.0146 0.0198 

  1999 47 2.5 0.011 0.0274 

Wild boar 1997 72 6.23 0.0074 0.0463 

  1998 89 4.94 0.0065 0.0517 

  1999 58 4.5 0.0076 0.0502 

 

 

Cheetal densities were generated using the hazard rate estimator key with cosine 

adjustment of orders while the uniform estimator key with cosine adjustment of orders 

was selected as the most suitable model for the data on Sambar and Wild Boar. Examples 

are shown in Figure 6.3(i), 6.3(ii) and 6.3 (iii) of the fitting of the data to the different 

models for Cheetal, Sambar and Wild Boar respectively. 

 

 

 

Table 6d: Variations in ecological density and related parameters for Cheetal, Sambar & Wild Boar, 

between 1997, 1998 and 1999. 

n=sample size, mgs=mean group size, dg=mean group density per sq. km, d=mean animal density per sq. km.; 



 

Latika Nath, D.Phil. Thesis, University of Oxford 

 

189 

 

 

 

 

 

 

 

 
 

Program DISTANCE - Analysis of DISTANCE Sampling Data V2.0     11/10/98 20:37 

  TALA CHEETAL DENSITIES, FEB 1998        Page   12 

  

                         ************************************ 

                         *  Probability Function Estimation * 

                         *   Detection Probability Plot     * 

                         ************************************ 

            |+---+--------+---+----+---+--------+---+--------+---+--------+---+| 

     1.1000 +                                                                  + 

            |                                                                  | 

            |                                                                  | 

            |                                                                  | 

            |*fffff                                                            | 

      .9659 +*   *                                                             + 

            |*   *                                                             | 

            |*   * f                                                           | 

            |*   *                                                             | 

            |*   *                                                             | 

 D    .8317 +*   ******                                                        + 

 e          |*   *  f *                                                        | 

 t          |*   *    *                                                        | 

 e          |*   *    *                                                        | 

 c          |*   *    *                                                        | 

 t    .6976 +*   *    *                                                        + 

 i          |*   *   f*                                                        | 

 o          |*   *    *                                                        | 

 n          |*   *    *                                                        | 

            |*   *    *                                                        | 

 P    .5634 +*   *    *                                                        + 

 r          |*   *    f                                                        | 

 o          |*   *    *                                                        | 

 b          |*   *    *                                                        | 

 a          |*   *    *f                                                       | 

 b    .4293 +*   *    *                                                        + 

 i          |*   *    *****                                                    | 

 l          |*   *    * f *                                                    | 

 i          |*   *    *   *                                                    | 

 t          |*   *    *   *                                                    | 

 y    .2951 +*   *    *  f*                                                    + 

            |*   *    *   *                                                    | 

            |*   *    *   f                                                    | 

            |*   *    *   *f  ******                                           | 

            |*   *    *   *   *    *                                           | 

      .1610 +*   *    *   * f *    *                                           + 

            |*   *    *   *  ff    *                                           | 

            |*   *    *   *****f   *                                           | 

            |*   *    *   *   * fff*                                           | 

            |*   *    *   *   *    ffff    ******                              | 

      .0268 +*   *    *   *   *    ****fffffffffffff                      *****+ 

            |                          *****    ****fffffffffffffffffffffffffff| 

            |+---+--------+---+----+---+--------+---+--------+---+--------+---+| 

           .000       43.120   71.867      114.987      158.107      201.227     

             14.373       57.493   86.240      129.360      172.480      215.600 

 

                             Perpendicular DISTANCE in METRES       

Figure 6.2: Transect Abundance Estimates (DISTANCE) and All India General Census Estimates (1997) 

Figure 6.3: A selection of plots generated by the programme DISTANCE showing the fitting of the 

data on Cheetal, Sambar and Wild Boar to the selected models. 

Fig. 6.3(i) 

Cheetal 

Bars =95%C.I. 
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Program DISTANCE - Analysis of DISTANCE Sampling Data V2.0     02/16/00 19:26 

  TALA WILD BOAR DENSITIES,May97;                   Page    8 

  

                         ************************************ 

                         *  Probability Function Estimation * 

                         *   Detection Probability Plot     * 

                         ************************************ 

            |+--------------------------------+-------------------------------+| 

     1.1000 +                                                                  + 

            |                                                                  | 

            |                                                                  | 

            |                                                                  | 
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            |*                                ********fffffff******************| 

            |*                                *              ffffffffff       *| 

            |*                                *                        ffffffff| 

            |*                                *                               *| 

      .0268 +*                                *                               *+ 

            |                                                                  | 

            |+--------------------------------+-------------------------------+| 

           .000                           78.300                         156.600 

                              Perpendicular DISTANCE in METRES       

 

 

 

 

 

 

 

 

 

 

 

 

 

Program DISTANCE - Analysis of DISTANCE Sampling Data V2.0     11/15/98 23:13 

  TALA SAMBAR DENSITIES, FEB 1998                                   Page   22 

  

                         ************************************ 

                         *  Probability Function Estimation * 

                         *   Detection Probability Plot     * 

                         ************************************ 

            |+---------------------+--------------------+---------------------+| 
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            |***********************                                           | 
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 b    .5208 +*                     *            ff                             + 

 i          |*                     *              f                            | 

 l          |*                     *               ff                          | 

 i          |*                     *                 ff                        | 

 t          |*                     *                   f                       | 

 y    .3581 +*                     *********************ff                     + 

            |*                     *                    * ff                   | 

            |*                     *                    *   ff                 | 

            |*                     *                    *     fff              | 

            |*                     *                    *        fff           | 

      .1953 +*                     *                    *           ffff       + 

            |*                     *                    ****************fffffff| 

            |*                     *                    *                     *| 

            |*                     *                    *                     *| 

            |*                     *                    *                     *| 

      .0326 +*                     *                    *                     *+ 

            |                                                                  | 

            |+---------------------+--------------------+---------------------+| 

           .000                21.600               43.200                64.800 

                                                                                 

 

                             Perpendicular DISTANCE in METRES       

Fig. 6.3(ii) 

Sambar 

 

Fig 6.3 (iii) 

Wild Boar 
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6.6.2 Population Composition and characteristics of prey communities 

99% of the total cheetal and sambar and 88% of the total observed wild boar observed 

were classified according to age and sex (Table 6e). Chi square tests showed that the 

populations in all three species were female biased in adults however the cheetal 

(p≤0.001) and sambar populations show a greater variation than wild boar (p≤0.05).  

 

 

 

Figure 6.4 presents the age-sex ratios for the three prey species and shows the observed 

variation in this ratio with season. There was no significant variation for cheetal (X2 = 

4.063, df=2,p ≤ 0.13) and wild boar (X 2 = 4.460, df=2, p ≤ 0.108)  but adult sex ratios did 

vary between seasons for sambar (X 2 = 31.269, df=2, p ≤ 0.001) showed that there is a 

significant variation in adult sex ratios between seasons. 

 

Cheetal and sambar populations tend to be adult female biased but wild boar populations 

have almost equal proportions of adult female and young (Table 6f). 

 

 

 

Species N am af J y ua 

Cheetal 40649 8796 27202 981 3450 220 

Sambar 1075 217 680 32 139 7 

Wild Boar 1056 220 310 95 310 121 

Species am af j y ua 

Cheetal 32.34 100 3.61 12.68 0.81 

Sambar 31.91 100 4.71 20.44 1.03 

Wild Boar 70.96 100 30.64 99.99 39.03 

Table 6e:  Population composition of Cheetal, Sambar and Wild Boar in Tala Range. 

N=total number counted; am=adult male;af=adult female, j=juvenile/yearling, y=young, ua=unidentified adult. 

Table 6f : Ratios of different age-sex classes among different species to 100 adult females 

am=adult male;af=adult female, j=juvenile/yearling, y=young, ua=unidentified adult. 
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Notations used are : Sf=sal forest; bf=bamboo forest; mf=mixed forest, gs=grassland; sc=scrubland 

 

6.6.3 Habitat selection and the variation in habitat use with season 

Table 6g shows the numbers of groups counted in different habitat types while 

conducting the line transects. Since the groups could not be individually identified, they 

cannot be considered independent. There was a highly significant selection of different 

habitat types by cheetal (X2=659.974, df=8, p ≤0.0001), sambar (X 2=69.659, df=8, p 

≤0.001), and wild boar (X 2=7.845, df=8, p ≤0.05).  

 

Species Season sf bf mf gs sc Total 

Expected use (%)  55 17 15 8 2  

Chital Summer 454 359 260 52 490 1615 

 Monsoon 328 32 215 0 23 598 

 Winter 232 487 261 62 540 1582 

 All 1014 878 736 114 1053 3795 

Sambar Summer 35 56 24 10 1 126 

 Monsoon 55 5 32 6 0 98 

 Winter 40 69 23 21 5 158 

 All 130 130 79 37 6 382 

Wild Boar Summer 21 17 19 3 1 61 

 Monsoon 14 9 16 0 0 39 

 Winter 12 18 14 1 2 47 

 All 47 44 49 4 3 147 

 

Table 6g: Variation in numbers of groups of prey species counted in different habitat types with season 

Figure 6.4: Variation in age-sex ratios of Cheetal, Sambar and Wild Boar with season 
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Figure 6.5 shows the seasonal utilisation patterns of different habitat types by the three 

prey species. The histograms show the proportions of the total numbers of groups found 

in each habitat type every season, with a bar representing the proportion of the total 

number of cheetal (N) found in the habitat type. A third bar contrasts the observed usage 

with the expected usage based on the actual proportions of different habitat types 

available in Tala Range.  

 

Chi-square tests show that there is a highly significant variation in seasonal use of 

different habitat types. Results for cheetal (p ≤0.0001), sambar (p ≤0.0001), wild boar (p 

≤0.001) reject the null hypothesis that the species use habitats equally in all seasons. 

 

The histograms suggest that the three species selected different habitat types in different 

seasons. Cheetal, the most abundant and commonly sighted species are primarily grazers, 

tend to use the edge habitat. They can be seen in most grassy patches or clearings and all 

grasslands. Sambar are browsers and tend to favour bamboo forests and mixed forests. 

wild boar are generalists and can be seen in most habitat types. 

  

Table 6h, shows the observed ratios of habitat use to habitat availability in different 

seasons. If the null hypothesis were valid then the expected ratio of use to habitat 

availability would be 1:1.  

 



 

Latika Nath, D.Phil. Thesis, University of Oxford 

 

194 

 

 

 

Figure 6.5: Graphs showing the seasonal habitat utilisation patterns of Cheetal, Sambar and Wild 

Boar.  
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Species Season 
Habitat type 

sf bf mf gs sc 

Cheetal s 0.5 1.4 1.2 3.3 0.0 

 m 0.9 0.3 2.3 0.4 0.0 

 w 0.3 2.0 1.3 3.7 0.2 

       

Sambar s 0.5 2.2 1.3 1.8 0.0 

 m 1.0 0.3 2.4 0.3 0.0 

 w 0.4 2.5 1.2 2.2 0.2 

       

Wild Boar s 0.4 1.4 1.0 4.7 0.0 

 m 0.7 1.2 2.5 0.3 0.0 

 w 0.3 1.7 1.2 4.7 0.0 

All three species tended to use grasslands and bamboo in higher proportion to their 

availability in summer and winter (Table 6h). In the monsoons, however, the use of both 

these habitat types dropped dramatically. By contrast, animals were recorded in greatest 

numbers in mixed forest areas during the monsoons, while Sal Forest was used almost in 

proportion to its availability at the time. The use of Sal forest tended to drop in the 

winters and summer but the use of mixed forest was high at all times with the ratio 

fluctuating a little between the seasons. All three species tended to avoid scrublands. As 

expected, sambar (browsers) tended to favour bamboo forests while wild boar 

(generalists) and cheetal (grazers) favoured grasslands. 

 

6.6.4 Variation in distribution and grouping patterns for cheetal, sambar 

and wild boar. 

Seasonal differences in the availability of forage and water as well as the density of the 

ground cover influenced the distribution and grouping patterns of the cheetal and sambar. 

Notations used are: sf=sal forest; bf=bamboo forest; mf=mixed forest, gs=grassland; sc=scrubland 

s= summer, m=monsoon, w=winter 

 

Table 6h: Variation in Ratios of observed use of habitat to expected habitat use with 

            season.  (Expected ratio of use to habitat availability =1:1) 
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Table 6i presents the variation in group densities of the three species with season. Cheetal 

show the maximum variation (p ≤0.01) in grouping densities with the lowest values in the 

monsoons and the highest values in the summer. Significant variation also occurred in the 

grouping densities of wild boar (p ≤0.02) but not in the grouping densities of sambar (p 

≤0.3).  

 

 

 

Cheetal were most often found in groups of between 3 and 25 (Table 6j), though very.  

large groups of over 100 cheetal are also seen in the grasslands. Sambars were most often 

seen as solitary animals or in family groups comprising a mother with a young fawn and 

a yearling. Wild Boar were most often seen as lone adult males or in groups of 2 or 3 

adult females with young, in an average group size of 4 to 6 animals. 

 

Figure 6.6 shows the effect of seasonality on the grouping patterns of cheetal, sambar and 

wild boar. The variance to mean ratios are given in Table 6k. Over 65% of the total 

cheetal groups comprised individuals or small groups of up to 25 animals in the winter 

(November – February); during this season they were spread out over the entire Park 

(Map 6A,B,C) 

 Summer Monsoon Winter Average 

Cheetal 11.74 4.68 18.76 13.13 

Sambar 0.52 2.47 1.74 1.61 

Wild Boar 0.92 1.18 1.33 1.18 

Table 6i: Variation in group densities per sq. km of Cheetal, Sambar and Wild Boar in Tala 

Range 



 

Latika Nath, D.Phil. Thesis, University of Oxford 

 

197 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

Species              

   
RgY n 

%   

Cheetal 1 2 3-5 6-10 11-25 26-50 51-75 76-100 100+   

   1-190 4176 16.74 15 25.2 20.2 15.1 4.53 1.7 0.93 0.6   

                

   
RgY n 

%      

Sambar 1 2 3 4-6 7-10 10+      

   1-22 456 48.03 24.3 14.3 8.55 3.07 1.75      

                

   
RgY n 

%      

Wild Boar 1 2 3 4-6 7-10 10+      

   1-28 221 35.29 13.1 8.6 20.4 10.4 12.2      

                 

Species Season n N variance mean var/mean X2
(n-1) 

Cheetal Summer 1786.00 17659.00 255.25 9.89 25.82 46081.1 

 Winter 1793.00 13996.00 114.90 7.81 14.72 26376.1 

 Monsoon 597.00 11242.00 825.24 18.83 43.82 26118.6 

Sambar Summer 176.00 434.00 6.95 2.47 2.82 493.0 

 Winter 184.00 344.00 1.87 1.87 1.00 183.4 

 Monsoon 96.00 315.00 14.35 3.28 4.37 415.6 

Wild Boar Summer 88.00 368.00 22.08 4.18 5.28 459.4 

 Winter 94.00 448.00 22.05 4.77 4.63 430.3 

 Monsoon 39.00 268.00 43.90 6.87 6.39 242.8 

RgY=range of group sizes, n=total number of groups detected, % = proportion of groups in each class 

Table 6j: Grouping tendencies of Cheetal, Sambar and Wild Boar in Tala Range during the study 

period 

Table 6k: Variance to mean ratios for grouping patterns of Cheetal, Sambar and Wild Boar in Tala Range 

N = total number of animals counted; n = number of groups counted;  
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Figure 6.6: Variation in Grouping Patterns of Cheetal, Sambar and Wild Boar with Season.  

(The bars represent the % of total groups counted found in a each group size class) 
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Towards summer, the numbers of smaller groups and individuals of cheetal became 

fewer and larger groups of deer congregated in the grasslands areas of the Park, 

particularly the large grasslands lying towards the south of Bandhavgarh Fort. In the 

monsoons cheetal dispersed all over the Park and except for the odd individual were not 

seen in the grasslands. 18.5% of the total population are found in groups in the size class 

26 -50 and over, compared to 8.47% in the summer and 4.45% in the winters. The 

variance to mean ratios are highest for the monsoons and lowest for the winter months. 

 

The pattern was similar for sambar deer. Sambar showed the tendency to congregate in 

the grasslands in March (Map 3D,E,F). The formation of groups was first recorded in 

January with the maximum number of groups seen in March. The groups slowly begin to 

move away from the grasslands by the end of May and are spread out by the end of June. 

The dispersal is at its maximum in October. 

 

Wild boars showed a different pattern. The grouping patterns for the winter and summer 

seasons were similar with the variance to mean ratios being very low at 1.47. During 

these two seasons over 80% of the groups found, belong in the size class category 4-6 or 

under, whereas in the monsoons over 40% of the total groups counted belonged to the 

categories 7-10 and higher. Wild Boar distribution was not mapped, as sightings were too 

infrequent and depended upon the cutting of the crops and forest fire patterns each year. 
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Map 6A 
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Map 6B 
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Map 6C 
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Map 6D 
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Map 6E 
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Map 6F 
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6.6.5 Biomass densities of the three prey species in the study area 

Biomass estimates for the three species are given in Table 6l. These estimates are based 

on the mean density of the species and are an approximate rather than a mean value.  

 

 

 

 

 

 

 

6.7 Discussion 

The availability of the principal prey species is a key factor regulating the tiger 

population in Tala Range. Prey availability can be affected by prey size, distribution, 

availability, climatic variations, cropping patterns and life cycles of plants (flowering, 

fruiting, leaf fall etc.), environmental stochasticity, disease and human activities. 

 

Taking the average of prey densities estimated for the period, Cheetal with a density of 

61.96 animals/km2 (S.E. ±7.14) were the most abundant of the prey species. Sambar had 

a density of 3.69 animals/km2 (S.E. ±1.22) and wild boars had a density of 4.25 

animals/km2 (S.E. ±1.14).  The large difference between the results of this study and the 

AIGC data for cheetal could be attributed to the fact that the counting of cheetal was 

more efficient in this study due to the use of binoculars. In addition, as the AIGC is 

Species Unit Weight 
Density 

Biomass 
density 

Total 
biomass 

animals/km2 kg/km2 kg 

Cheetal 55 54.44 2994.2 314391 

Sambar 212 4.56 966.72 101505.6 

Wild Boar 38 5.22 198.36 20827.8 

Table 6l: Estimates of total biomass of cheetal, sambar and wild boar for Tala Range 

during the study period. 

Source  for Unit Weight: Sunquist et al., 1999 
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conducted on foot, animals may move away from the recorders before they had been 

counted. This is especially possible in the grasslands where cheetal aggregate in large 

herds and in bamboo forests where visibility is poor. 

 

Table 6m compares the densities of cheetal, sambar and wild boar in Tala Range with the 

density estimates from other study sites. It should be noted that the results for this study 

are only for one of the four ranges that comprise Bandhavgarh National Park and the 

results of the study are site-specific. The density estimates for the entire Park (Pabla, 

1998) are much lower when compared to the results of this study. 

 

 

Species 

Densities (animals km-2) in different protected areas 

TAL BNP KNH NGR BDP CHT BAR WPT 

Cheetal 61.96 19.99 3.2 50.6 40 16.8 32.8 5.8 

Sambar 3.69 4.02 0.9 5.5 7 2.7 3.5 1.2 

Wild Boar 4.25 3.57 0.3 4.2 2.5 2.9 4.2 0.3 

 

 

Several factors have led to the extremely high densities of cheetal in Tala Range in 

comparison with the other ranges of the Park. An exclusive hunting area of the royal 

family of Rewa, the range was protected for hundreds of years and maintained to ensure a 

continued supply of animals for hunting. Most importantly, the grasslands created by the 

translocation of villages from within the area and artificially maintained by the forest 

department as well as the large number of man-made water holes provide ideal habitat for 

the cheetal. Some of the villages had been moved when the Maharajah owned the reserve 

Table 6m: Comparison of prey density estimates with data from other studies in the region 

Source: TAL – this study, BNP – Pabla, 1998,  KNH – Kanha National Park, Schaller, 1967; NGR – Nagarhole Forest Range, 

Karanth &Sunquist, 1992; BDP - Bandipur National Park, Johnsingh, 1983; CHT- Royal Chitwan N.P., Tamang, 1982; BAR - 

Royal Bardia N.P. , Dinerstein, 1980; WPT- Wilpattu N.P. ,Eisenberg & Lockhart, 1972. 
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and others were subsequently relocated by the government (refer to Chapter 8, this 

study). The other areas of the National Park were open to the public and only recently 

have they been given a higher protection status. These areas do not have large grasslands 

like those in Tala Range and perennial sources of water are not scattered as plentifully 

across the area. Water is one of the main limiting factors for all animal populations in 

these areas despite the presence of perennial streams in two of the ranges. The Park 

management has been prioritising the creation of water holes in Bandhavgarh National 

Park but until water availability has been made equal in all parts of the Park, Tala Range 

is likely to continue to have unusually high prey population densities. 

 

Although large felids are occasionally known to take very large prey, the modal prey size 

is usually less than their body weight (Packer, 1986). In the study of frequency of 

occurrence of prey items in scats (Chapter 5), it is seen that tigers take proportionately 

more medium sized prey. Tala Range has densities of cheetal, sambar and wild boar 

comparable to those described by Karanth & Sunquist (1992). However, Tala Range has 

seems to have lost its population of gaur (the last confirmed sighting of gaur in the Park 

was in 1997) and the only elephants present in the area are the 12 domesticated ones 

owned by the Forest department. The total wild biomass density would, therefore be less 

than that of Nagarahole, however, since it is not the total biomass in an area that counts 

but the total food availability (Sunquist & Sunquist, 1989), the absence of the mega 

herbivores will not affect the tiger populations.  
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There is no large-scale cross-country migration of cheetal, sambar or wild boar taking 

place in the area. This is confirmed by studies on the general ecology of these species in 

Bandhavgarh (Pabla, 1998) and at other sites (Schaller, 1967; Mishra, 1982; Karanth, 

1993; Sankar, 1994). This means that at a landscape level, the prey species are available 

to the tiger at all times of the year. However, at the microhabitat levels, the distribution 

and abundance of animals will vary between the night and day. For example, in certain 

months a significant percentage of the animals leave the Park boundaries at night to raid 

crop fields each season before the crops are harvested. Distribution is also affected by 

factors such as the flowering or fruiting of certain tree species that may cause local 

increases in prey densities. Finally, anthropogenic manipulations of the environment 

affect the distribution patterns of the species. 

  

The Park management use fire for management of the grasslands and for the creation of 

firebreaks towards the end of February and into March. Most of the vegetation sheds its 

leaves at this time of the year. With the decrease in available foliage for browsing and the 

thick, coarse and dry nature of the grasses, deer tended to aggregate in those areas of 

grasslands where the fresh new grass regenerated because of the burning. This can cause 

an increase in the densities of prey species to occur at the microhabitat levels, often 

radically affecting the movement and hunting patterns of tigers.  

 

Disturbance due to development activities like road repairs or the building of stop dams 

and bridges also affects the distribution of prey species. Only very small areas on the 
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Park periphery are affected by cattle grazing and illegal fuel wood or fodder extraction 

due to the effective patrolling and regulatory action taken by the Park authorities. 

 

Cheetal tend to use grasslands, bamboo forest and mixed forest preferentially in the 

summers and winters, with the maximum use in summer which is also the peak rutting 

season of the animals around April and May (Schaller, 1967; Panwar, pers. com.). In the 

monsoon periods they are seen to prefer mixed and Sal forests. In Bandhavgarh, the 

grasslands mainly occur at the foot of the mountains along riverbeds and in valleys and 

dips. These areas are the lowest points in the watershed. Thus, throughout the year the 

soil here is moist with permanent water holes. However, in the monsoons, the water 

collects at these points turning them into wetlands. As well as making movement difficult 

for the cheetal, the tall and dense vegetation structure at this time of the year provides 

poor quality forage. The reduced visibility afforded by the vegetation increases danger 

from predators. In bamboo forest, the plants have their maximum foliage in the monsoons 

and the moist, warm climate is ideal for their proliferation. This results in almost 

impenetrable thickets of bamboo with a maximum visibility of just over a metre. In the 

monsoons, cheetal avoid these areas of dense vegetation with poor visibility and use the 

mixed forest areas instead. This is also the only time of the year when Sal forests are used 

approximately in proportion to their availability. The late monsoon season coincides with 

the peak fawning season of the cheetal (Panwar, pers. com.) in both Bandhavgarh and 

Kanha National Parks. As conditions in the grasslands are not favourable to fawning, 

Cheetal does move into the Sal forests on gentle slopes accounting for the high use of this 

habitat type in the season. 
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Scrublands or marginal lands exist mainly in those areas where villages adjoin the Park. 

These areas are still used by the villagers for grazing cattle and thus, are used by wild 

animals except nilgai and chinkara in proportion to availability. 

 

Sambar deer used bamboo forests the most in summers followed by grasslands and mixed 

forests. In the winters, they seem to avoid grasslands and bamboo forests and favour 

mixed forests. Early winter coincides with the peak sambar fawning period, and the 

Sambar are seen to use mixed forest areas on the higher slopes for fawning (Panwar, 

pers. com.). Sal forests, the most common habitat type in Tala Range, seem to be avoided 

in the winter with use increasing in the summers and becoming almost proportional to 

availability in the monsoons. Both deer species showed a similar pattern. Sal forests tend 

to have very limited vegetation undergrowth as Sal trees absorb most of the soil moisture 

(Director, BNP, pers. com.). In the monsoons the water levels increase and grass and 

shrubs regenerate under the sal trees providing the deer adequate food. 

 

Wild boar, too showed a preference for grasslands in the summers and winters and 

avoided it in the monsoons. Wild Boar birthing is at a peak in early summer and large 

groups of between 7-56 animals with young were seen in the grasslands and bamboo 

forests through out the summer. This also coincides with the time of the year when crops 

have been harvested and the fields are lying fallow awaiting the monsoons.  Reduction in 

food availability in crop fields induces the animals to come back into the Park. Unlike the 

deer, they continue to use bamboo forest through out the year with the use maximising in 
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the winter and decreasing slightly towards the monsoons. The preferential use of bamboo 

forests can be attributed to the fact that Wild Boar eat a lot of bamboo roots and also 

spend time digging for tubers and grubs there (pers. obs.). 

 

 In the winter months immediately after the monsoons, there is plenty of fodder and water 

available throughout the Park. Vegetation is still quite dense and cheetal spread out all 

over the Park in small groups or as individuals. Cheetal stags are still seen in velvet after 

shedding their antlers in the monsoons though sambar have hard antlers by this time. 

Fawning rates peak towards December and January (pers. obs.). The coldest time of the 

year is towards the end of January when frost covers the Park. At this time, the grass and 

leaves dry up and suffer from frost burn. Fodder availability decreases and the temporary 

water holes begin to disappear. Cheetal begin to aggregate in grasslands and form larger 

groups. Towards the end of February, fire management is started and the cheetal flock to 

the grasslands to eat the young tender shoots of grass growing in the strips that have been 

burnt. These strips are usually clear cut and then burnt and cheetal prefer these areas of 

higher visibility. Sambar also appear in the grasslands to take advantage of this flush of 

vegetation. 

 

In March, several trees start to flower. The Flame of the Forest, (Butea monosperma), and 

the mahua (Madhuca indica) are two important species. Mahua attracts a number of 

animals that come to feed on its flowers, such as the mainly nocturnal sloth bear, which is 

often seen during the day around mahua trees. A combination of the flowering of mahua 
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flowers and the onset of the peak rut leads to the congregation of the earlier scattered 

small cheetal groups. 

 

By the summer often the only perennial water holes available to the deer are in the 

grasslands. The Cheetal and sambar form large groups. Sambar also form large groups to 

go out of the Park for crop raiding. Groups of 10-15 sambar are quite commonly seen, 

though groups may comprise of up to 36 animals. 

 

Large groups allow the cheetal a certain measure of defence against tigers. Tigers tend to 

focus on one animal. If the animal is a part of a large group that panics, it often has a 

better chance of getting away. However, a combination of the alcoholic effect of the 

fermented mahua flowers and the onset of the peak rut makes large congregations of male 

cheetal particularly vulnerable to predation. This can account for the results of the kill 

data analysis in Chapter 5 that showed that tigers take proportionately more male than 

female cheetal. The hunting patterns of the tigers seem to change to take advantage of the 

situation. This was seen in this study when in the late summer as many as three to seven 

sub-adult and adult tigers were seen to be hunting in the same grasslands. Though 

normally solitary animals, intolerant of conspecifics, at these times due to the shortage of 

water and the congregation of prey species, tigers seemed to be willing to tolerate the 

presence of other conspecifics within the same grasslands. This behaviour of tigers has 

also been seen in several other study sites where adult tigers have met temporarily to 

share a kill (Thapar, 1986). Thus, the tiger can be said to be a solitary but not anti-social 

animal and when the costs of solitary foraging are high, will on occasion come together. 
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In conclusion, the study shows that Tala Range has a high density of the principal prey 

species of the tiger that has led to an unusually high tiger density. It is possible that under 

these conditions, tiger territories are becoming smaller with greater overlap and that the 

tiger social system is evolving and leading to a system where adult conspecifics are more 

tolerant of each other than at those places where food and water resources are scarce. For 

the management of the Park it is essential to focus on the creation and maintenance of 

grasslands and perennial sources of water to substantially increase the prey base, leading 

to an increase the prey base for tigers. 

 

 

 

 



 

Latika Nath, D.Phil. Thesis, University of Oxford 

 

215 

Chapter 7 
Tiger Population Estimation & 

Monitoring 
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Chapter 7 – Tiger Population Estimation & Monitoring 

 

7.1 Introduction 

The estimation of tiger numbers has always been controversial (Karanth 1987; 

Smallwood & Fitzhugh, 1993; Goyal & Johnsingh, 1996). After the banning of 

hunting in 1970 and the inception of the Project Tiger in 1973 (refer to Chapter 8), the 

Annual Tiger Census became a regular feature in all Project Tiger Reserves and many 

National Parks in India (Panwar, 1987). 

 

The original method proposed for the census of tigers was the Pugmark Technique 

(Choudhury, 1972). The Government of India continues to use this technique despite 

the drastic results of tests conducted to study its accuracy (Karanth, 1987); the 

Government maintains that no satisfactory alternative technique has been established 

to replace the pugmark census.  

 

With the coming of the second tiger crisis (Hemley & Mills, 1999), it became 

essential for India as the country with the largest number of wild tigers, to develop a 

technique which would simultaneously meet three objectives – the continuous 

monitoring of its wild tiger populations; elimination of  any controversy on the census 

methodology and resulting figures for surviving tiger populations in India; and the 

creation of a national database on tigers with detailed information on the protected 

areas containing tigers, the quality of habitat and prey base of the tiger in these 

reserves, and a photographic identification system that maintains records of individual 

tigers and enables identification of skins seized from poachers. 
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In the 1990s, a new technique was suggested – the use of mark-capture- recapture 

using camera traps (Karanth, 1995). This technique has mainly been used to study 

small mammals, fish, birds and insects as it is considered that for solitary, large 

mammals living at low densities it may be difficult not only to procure relatively large 

sample sizes required for the technique but that frequent trappings and high 

probabilities of capture may not be possible given the social organisation of these 

species (Otis et al., 1978; Rosenberg et al., 1995; White et al., 1982).  

  

In this chapter, I shall describe the evolution and use of both the census techniques 

currently used in India and critically evaluates them to judge their potential accuracy. 

I shall then go on to describe an alternative to the current practise of Tiger Census – 

the Tiger Monitoring Programme (TMP). The TMP is an experimental programme of 

Individual Tiger Monitoring that was designed and tested with the cooperation of the 

Forest Department at Tala Range during this study.  A description of the special 

camera traps incorporating features specifically designed for Indian field conditions is 

also included in the chapter. 

 

7.2 Tiger Census Techniques – a review 

7.2.1 Pugmark Census 

Since the first use of the technique in 1972, there has been much debate about the 

validity of the pugmark technique. The next section describes the development of the 

technique since 1972, and the evolution of methodology. I will then present the 

arguments against and for the use of the technique and present recommendations for 

the use of this technique in India. 
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7.2.1a The Basic Pugmark Census Technique (PCT) 

 

Pugmark census techniques assume that: 

1) tigers have unique and individual sets of pugmarks and each foot of the tiger 

has a different and unique pugmark (Figure 7.1)  

 

 

 

2) tracings/ photographs of pugmarks are only taken on hard ground with a fine 

layer of dust on it, as pugmarks on soft, wet ground tend to distort easily. 

Tracings are made using a tiger tracer1. 

3) tracings are taken by persons kneeling directly above the tracer to eliminate all 

traces of error due to parallax 

4) where necessary, pugmark impression pads2 have been created to record tiger 

tracks.  

5) Personnel engaged in the tracing of pugmarks have been trained in the 

methodology. 

 

Figure 7.1: Differences between the right and left hind foot pugmarks of the same tigress. 
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1Tiger Tracer: The tracer is an instrument used for the tracing of pugmarks in the 

field. A tracer is a thin sheet of glass mounted on a wooden frame, with an adjustable 

screw at each corner to facilitate the balancing of the tracer on an uneven surface. In 

India, pugmarks are traced directly on to the glass sheet and subsequently copied on 

to tracing paper. 

 

2Impression pad: Impression pads are areas of 1m x 4m where the surface is cleared 

and evened out and dusted with a layer of fine soil or sand. These areas are then able 

to register clean, crisp prints of animals walking over them. Impression pads are 

created in areas in the jungle or on trails and roads to compensate for problems of 

clarity of pugmarks in the field due to substrate quality or dense leaf litter or under 

growth. Impression pads are normally created at gaps of 500m for large felids like the 

tiger but this can be adjusted to meet the study requirements. Impression pads must be 

read and smoothed out daily, or at least every two to three days. 

 

7.2.1b Evolution of the PCT in India 

 The PCT is attributed in India to S.R. Choudhury, who in 1970, proposed that tigers 

could be counted using pugmarks. However, as far back as 1929, F.W. Champion 

wrote about tiger tracks and presented a description of the variations in track as result 

of the change of gait of a tiger, the differences between hind and fore feet tracks as 

well as the differences between the tracks of tigers and leopards. 

 

Since the inception of the Project Tiger in India, there has traditionally been an annual 

census of tigers – the All India Tiger Census (AITC) in the protected forest areas of 

India using the left hind pugmark for census (Director, BNP, pers. com.). Several 
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papers were written on the pugmark technique and its applications for tiger census in 

India (Chandra, 1969; Choudhury, 1971a, 1971b, 1972; Panwar, 1979; Jayarajan, 

1983; Sawarkar, 1987; Rodgers, 1991; Patnaik & Singh, 1993; Das & Sanyal, 1995; 

Rishi, 1996) and McDougal wrote about the technique in his classic book ‘The Face 

of the Tiger’ in 1977. In 1979, Panwar wrote a paper for the International Symposium 

of the Tiger in India where he detailed the methodology and precautions necessary 

when selecting and tracing pugmarks. Jayarajan (1983) suggested that all pugmarks 

can be divided into 8 categories by studying the positions of the toes and pads in 

relation to each other. He divided the tracer into quadrants and suggested that the 

overlap of different portions of the pugmark in each quadrant was unique and could 

be used to identify individuals. Jayarajan (1983) also described the use of plaster casts 

in identifying pugmarks. 

 

Sawarkar (1987) offered the view that the measurement of the stride of a tiger is an 

essential aid in recognising individual tiger tracks. He also referred to data on tiger 

tracks in McDougal (1977) and Sankhala (1978) on track sequence and identification.  

 

In his paper in 1979, Panwar uses the alignment of a line drawn perpendicular to the 

top of the pad with a line perpendicular to the direction of walk to differentiate 

between tiger pugmarks. He also stresses on the importance of the top flat edge of the 

pad, the shape of the lobes and the two conical tips. Figure 7.2 shows two pugmarks 

with the measurements he describes.  
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Note: White arrows shows measurements taken; black arrows point out parts of 
pugmark. PML = pugmark length; PMB = Pugmark breadth; TTB = toe to toe breadth; 
PTL = Pad to toe length 

 

Singh (1999) presented a table giving the ratios of pugmark length to pug breadth and 

describes their use to identify the sex of the tiger. However since there is no 

description of methodology or a description of statistical tests used to confirm the 

results these figures should be used with caution. Figure 7.3 shows the measurements 

as described by Singh (1999). 

 

 

Figure 7.2: Two hind pugmarks from different tigers showing differences using 
techniques described by Panwar, 1979 

Note: Orange lines mark various portions of a tiger’s pugmark, dashed line is drawn perpendicular to top of pad The 
direction of the two parallel lines with arrows placed at the points of the heel notches show the differences between the 

two pugmarks. 
 

Figure 7.3: Pugmark measurements as described by Singh, 1999 
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McDougal (1995) proposes that all four pugmarks should be used and notes that a 

large proportion of the population shows a diagnostic or ‘giveaway’ feature on one of 

its pugmarks and if the marks of all four feet are recorded it is easier to spot this 

feature. 

 

7.2.1c Critique of the Pugmark Census Technique as Used in India  

A divided opinion exists in India about the use of the pugmark technique. One set of 

people believe that the use of the PCT under the field conditions that exist in India 

today leads to highly erroneous data generation, while the other group of people 

believe that it is the only practical, cost effective and accurate methodology for tiger 

census on the Indian Sub-continent. Three papers – Karanth (1987), Smallwood & 

Fitzhugh (1996) and Smith et al. (1999) offer a good insight into this.  

 

Karanth (1987) carried out a blind test on wildlife managers who had actively 

classified pugmarks in the census operations. Using 33 pugmark tracings, obtained on 

two different substrates from four tigers, he tested the hypothesis that managers are 

able to meet all three of the criteria used for pugmark analysis in India. This 

effectively meant that the manager can reliably determine 1) the paw which made the 

imprint (hind/fore; right/left); 2) sex of the tiger (male/female) and 3) distinguishing 

features in the tracing that help to identify the individual tiger. The results of the test 

are presented in Table 7a. 

 

Karanth’s (1987) re-examination of census data for tigers and their prey, published 

annually by the Indian Forest Services suggested that if these figures were correct, 
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none of the reserves had sufficient wild prey biomass to sustain the tiger populations 

supposedly present in the Park.  

 

 

Respondent 

Experience 
with tiger 
census 
(years) 

No. Correct choices# No. Of 
tigers 

identified 
correctly 

Total No. 
Estimated  

tigers 
Male / 

Female 
Hind/Fore Left/Right 

A 5 21 19 27 0 24 

B 4 22 20 21 0 23 

C 5 24 22 28 0 13 

D 6 29 22 23 0 7 

E 5 27 12 25 0 6 

F* 12 25 23 23 - - 

 

 

Karanth (1987) identified the following circumstances under which multiple counts of 

tigers can take place: 

 Differences in substratum (soil type, moisture content, slope etc.) 

 The fact that all four pugmarks of a tiger are different and only one pugmark 

(the left hind) is used for identification when a large number of people cannot 

correctly identify the left hind pugmark. 

 The pace and gait of tiger can cause substantial differences in pugmark shape. 

 Tigers can travel large distances in 24 hours, cutting across administrative 

boundaries of forest management units 

 The shape of the tracing varies depending on who makes the tracing 

 

The difficulty in using pugmark tracing for the accurate identification of not only 

tigers but also most large felids was highlighted when Smallwood & Fitzhugh (1993) 

carried out a similar experiment using Mountain Lion (Felis concolor) pugmarks in 

the USA. Experts participating in a Mountain Lion Workshop were asked to identify 

Table 7a: Results of blind tests administered to field managers by Karanth(1987) to verify 
the accuracy of the pugmark technique. 

Note: # 22 or more correct choices are statistically significant using the binomial test 
* Respondent did not attempt segregation of pugmarks. 
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three tracks out of a total of 6 made by the same animal. None of the 52 respondents 

discriminated all three tracks from the others, indicating that a qualitative approach to 

track discrimination usually will not work. Further, Smallwood & Fitzhugh (1993) 

also attempted to quantify recording and measurement error and to compare recording 

with variation in slope. It is essential to remember that only one person was 

responsible for all the drawings and the error would be greater when a large number 

of people were doing the tracing. For the mountain lion track set used to compare 

errors, the S.E. (standard error) due to slope averaged 193% of the S.E. due to 

recording error among linear measurements, and 210% for the angle between toes 

(Table 7b). The middle lobe width was excluded from the above comparison because 

its recording error was so large relative to between-track variation that error due to 

slope could not be estimated. 

 

 

Measurement 

Six different tracks from the 
same foot 

Same tracks from eight 
different observer postures 

(angles) 
SEs 

Range X SET Range X SEo 

Middle lobe width 17-18 17.8 0.21 17-21 18.8 0.46 - 

Lead toe width 19-23 20.5 0.62 21-22 21.1 0.13 0.49 

Third toe width 30-35 32.3 0.73 33-35 33.9 0.24 0.49 

Lead toe length 34-39 36.1 0.69 34-36 35.5 0.25 0.44 

Heel length 44-49 46.5 0.75 43-45 44.1 0.23 0.52 

Outer toes spread 46-54 48.7 1.31 43-46 45.1 0.42 0.89 

Midline width 41-53 46.1 0.75 47-50 48.3 0.42 0.33 

Heel width 54-60 57.5 0.96 57-58 57.3 0.16 0.80 

Heel to lead toe length 63-66 64.3 0.42 62-64 62.9 0.28 0.14 

Angle between toes 81-95 86.3 1.89 82-87 83.5 0.61 1.28 

 

The seemingly devastating results of these experiments led to a large number of 

people questioning the widespread use of this technique was being used for the census 

of tigers in India. The people promoting the use of this technique were mainly senior 

level forest officials – Park Directors and directors of the Project Tiger - who through 

Table 7b: Partition of error (SET) of measurements from tracings of mountain lion rear tracks into observer 
(measurement and recording) error (SEo) and error due to slope conditions  ((SEs=SET-SEo) (in mm) ) 

Source: Smallwood & Fitzhugh, 1993 
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years of experience in the field had gained a knowledge and expertise in recognising 

individual tigers from their pugmarks. Their years of practice enabled them to 

recognise the difficulties listed by Karanth (1993) and ensure that tracings were taken 

under the correct conditions. These same people had the powers to influence policy 

decisions taken by the government regarding tiger census in India and thus, the use of 

the PCT has continued.  

 

Dr. Charles McDougal has worked as Director of operations and Chief Naturalist at 

the Tiger Tops Jungle Lodge in the Royal Chitawan National Park, Nepal (RCNP) 

since 1972 and is a research associate with the Smithsonian Tiger Ecology Project at 

the RCNP. With almost three decades of continuous contact with a limited population 

of tigers in the RCNP, Dr. McDougal is able to recognise most members of this 

population from their pugmarks (Smith et al., 1991). He maintains records of all four 

pugmarks of each tiger in the population with details on sighting and movement 

patterns, the history of the individual and facial markings (McDougal, pers. com.).  

 

In April 1996, 18 camera traps were used to test of the accuracy of his knowledge and 

ability to recognise tigers correctly using pugmarks. Fifteen camera traps were placed 

on forest roads and three on trails, encompassing an area of a convex polygon 15.8 

km2. This polygon was within the territories of five resident females with a combined 

home range of 70 km2. The camera trapping effort included 249 trap nights spread 

over nine sampling periods between November 1995 and June 1996. The number of 

nights per site varied from 25 to 30. The maximum number of trap nights per site 

varied from 4 to 21, with a mean of 13.8. The maximum number of cameras set on a 

single night was 11. A total of 91 photographs of identifiable tigers was taken (1 per 
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2.74 trap nights). Of the 18 different individuals identified, 7 were photographed 2-24 

times (Table 7c). At one camera site, 12 of the 18 individuals were photographed. On 

54 occasions, there were distinct tracks of adult tigers, of which McDougal correctly 

identified 53. The one misidentification was a transient adult that was identified as a 

newly resident female. It was thus proved that tigers could be identified with accuracy 

over 98% of the time. 

 
 Known Unknown 

transients Adults Subadults Juveniles Cubs 

Males 1  4  1 

Females 5 1 2  2 

Unknown    2  

Total 6 1 6 2 3 

 

However, this type of result is only possible under certain conditions and these 

conditions do no exist in the majority of areas where the PCT is carried out in India. 

In particular - 

 The accuracy of the test was to large extent site-specific. This is because 

1. Chitawan has an extensive area of good substrate where it is relatively 

easy to find clearly defined tracks 

2. Only one person identified all the tracks and he had 30 years of 

experience with this work continuously at the same site  

3. The tigers have been monitored for years and accurate databases on 

each tiger have been established. 

 There is no site in India where extensive research on the same scale as 

Chitawan has taken place though in a few areas like Kanha, Nagarahole, 

Bandhavgarh, Ranthambore, Corbett and Dudhwa scientists and interested 

individuals have maintained sporadic records of tigers. 

Table 7c: Individuals identified from a 3 week camera trapping period, March/April 1996, 
RCNP, Nepal by Smith et al. 1999 
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 During the AITC, no one person with adequate experience identifies 

pugmarks. On the contrary, forest department officials at the level of beat 

guard (see chapter 3, this study) with varying levels of experience, training 

and drawing skills carry out the census supervised by the more senior 

management 

 The motivation and accuracy of the beat guards is largely dependent upon the 

interest and personal experience of the Field Director and can change 

drastically with the appointment of each new official. 

 Finally, no standardised system exists in India for the comparison of pugmarks 

from an area for the elimination of multiple pugmarks of the same individual 

that have been traced by several beat guards in different administrative units. 

This also leads to inaccuracies in the result. 

 

7.2.2 An Alternative Technology – Mark Recapture Using Camera Traps 

In the quest for an alternative method of tiger census, Karanth (1995) proposed the 

use of the mark-recapture technique and camera trapping. The three components of 

the technique – the use of facial and body markings for the recognition of individual 

tigers, camera trapping, and the mark-recapture technique are described, followed by 

a discussion of the applicability of the technique for census of tigers 

 

7.2.2a Use of facial and body stripe patterns for the identification of 

individual tigers 

Schaller, in his study in 1967, noted that tigers could be identified individually using 

the stripe patterns on their bodies. McDougal (1977), in his book ‘The Face of the 

Tiger’ described in detail how he used the facial stripe patterns of tigers to identify 
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them. He further pointed out that stripe patterns differ on not only between individuals 

but also on the left and right sides of each tiger’s body. However, no tests have been 

conducted to verify this.  

 

To verify the hypothesis that tigers have unique markings on their bodies and that 

stripe patterns on the left and right side of the body are asymmetrical, I examined ten 

skins from private collections in India and the 10 photographs of tiger pelts from 

Kitchner (1999). The skins were of animals 

from various parts of India and Nepal 

whereas the photographs were of tigers 

from different putative sub-species species. 

Comparison of markings on the tail, cheek, 

flank and shoulder were used for 

comparison. A minimum of 6 sites was 

examined for similarity (refer to Figure 7.4). 

Of the total of 20 skins examined, no two 

were alike and all were asymmetrical. The 

individuality of the stripe patterns was also 

confirmed in the field during the study 

(Figures 7.5, 7.6) Like their unique 

pugmarks, tigers possess unique stripe patterns on their bodies (Figure 7.5). Not only 

are the patterns on each animal unique but also the left and right sides of the bodies 

will have asymmetrical and unique stripes. These distinctive markings can be used for 

identifying tigers in the wild and from photographs. Figure 7.6 shows the distinctive 

left, right and front face markings of a male and female tiger taken during this study.  

Figure 7.4: An example of a skin examined to 
confirm that tiger skins are asymmetrical. 

Coloured circles show examples of asymmetry. 
Photo credit: Latika Nath 
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7.2.2b Camera traps – a brief overview  

Having established the reliability of stripe identification, the intensity of fieldwork 

needed to encounter tigers put a premium on an automated method of securing 

comprehensive collections of photographs. Automated camera systems –“camera 

traps” -, which can be set up and left unmanned for long periods of time in the jungle, 

Figure 7.5: Body markings of female and male tigers showing both sides of the body 

Note: Camera trap photographs taken as part of this project 

Figure 7.6:Facial marking patterns on male and female tigers from Tala Range 
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offered a solution to this problem. The camera trap is essentially a device that is 

triggered by an animal. Cameras are set up along trails and any animal passing in 

front of, between or over the trigger sets off the camera.  

 

Some of the earliest camera traps were used by F.W. Champion (1927,1934) to 

photograph the wild mammals in India. These consisted of a camera and a powder 

filled flash connected to a trip wire. The animal broke the wire and triggered the 

camera. Today, two main categories of camera traps are used. The first employs 35-

mm cameras that can be either dual or single sensor according to the mechanism that 

triggers them (Kucera & Barrett, 1993, 1995; Mace et al., 1994; Kucera et al., 1995; 

Petersen & Thomas, 1998), while the second uses manual 110 size cameras that are 

line triggered (Jones and Raphael, 1993). 

 

The 35 mm cameras are more commonly used. In the single sensor variety an infrared 

beam is broken when the animal passes through it and this triggers an electronic 

impulse that either directly triggers the camera or causes a series of reactions that 

result in the activation of a mechanical finger that depresses the camera button. In the 

dual censor variety, there is a microwave sensor that detects motion and a passive 

sensor that detects change in ambient temperatures. Under normal operations, both 

sensors are triggered simultaneously, and operate the camera. These systems allow the 

animal to repeatedly trigger the mechanism, which can be set to take photographs 

with a predetermined minimum time interval. With modern cameras with data backs, 

these systems allow the recording of the time or date of the photograph.  
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The most common type of camera trap used for most studies on the tiger are those 

manufactured by the TrailMaster® company in the USA (Kucera & Barrett, 1998). 

Remote camera systems are currently available from several manufacturers in the 

USA. Brands include the Trailmaster®, Cam-Trakkers, Trail Timers, Compu-Tech 

Systems, Deerfinder, Manley etc. (Kucera et al., 1995). 

 

Camera traps have been used for various studies of tigers. Prominent amongst these 

are studies in  

 Indonesia : Gunung Leuser – Griffiths & van Schaik (1993); Way Kambas 

– Franklin et al.(1999);  Bukit Barisan Selatan - O’Brian & M. Kinnaird 

(unpubl. Data); Kerinchi Seblat - Martyr & Holden (unpubl. data),  

 Nepal: Royal Chitawan National Park – Smith et al. (1999),  

 Thailand: Healable Wildlife Sanctuary, Queen Sirikit Reserve Forest, Phu 

Khieo Wildlife Sanctuary and Khao Yai National Park – Lynam (unpubl. 

data),  

 Malaysia: Temenggor Forest Reserve, Bintang Hijau Forest Reserve, 

Gulung Tebu Forest Reserve, Ulu Temaing Forest Reserve – Laidlaw.& 

Wan Shahruddin (unpubl. data); Temenggor – Kawanishi & Sunquist 

(unpubl. data) 

 India: Kanha, Kaziranga, Nagarahole, Pench - Karanth &Nichols (1998) 

 

One of the earliest studies to use camera trapping as a technique for the study of 

elusive rain forest mammals was by Griffiths & van Schaik, (1993). They described 

the potential uses of camera traps and the benefits of the system. Griffiths  (1993) 

obtained 45 tiger photographs in Gunung Leuser, Indonesia, and was able to gain new 
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insights into the daily activity patterns of several animals including the tigers. He 

identified that the system had the potential of providing information on the presence 

of a species, their home range sizes and overlaps, and thus on absolute densities, 

abundance and migratory movement, and mating and breeding seasons. 

 

7.2.2c The mark-recapture  technique  

The mark recapture technique is based on the Petersen Estimate (Petersen, 1896). The 

basic idea behind the theory is that there is an imaginary population in which there is 

neither birth nor immigration. On a first visit, a random sample of r individuals are 

caught, marked so that they can be recognised in the future and then returned to the 

population. Subsequently, there is both death and emigration, to which both the 

marked and unmarked proportions of the population are equally prone. The marked 

proportion remains the same as when the r marked individuals were initially released. 

On a second visit, a further random sample is caught: total size n, of which m 

individuals are marked. If the size of the whole population immediately before the 

first visit was N , then it should be true that  

m/n = r/N 

i.e. the marked proportion has remained the same, and our random sample of a 

perfectly mixed population reflects this. N can therefore be estimated using the 

relationship N =rn/m. This is the Petersen Estimate. 

 

There are 7 assumptions associated with the use of the mark-recapture technique 

(based on Begon, 1979). These are: 

1. All marks are permanent and noted correctly on recapture during the study 

period. 
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2. Being caught, handled and marked one or more times has no effect on an 

individual’s subsequent chance of recapture. This infers that both the inherent 

‘catchability’ of an individual is unaffected by being caught, and that the 

position of marked individuals in the population, after sampling, is no 

different to that which would be expected if they had never been caught. 

3. Being caught, handled, and marked one or more times has no effect on an 

individual’s chances of dying or emigrating. Implicit in this assumption is 

another one: that all emigrations are permanent and therefore indistinguishable 

from death. 

4. All individuals – whether marked or unmarked - have, inherently an equal 

chance of being caught. This is tantamount to assuming that the population is 

sampled at random, without regard for age, sex, or physiological condition of 

individuals. 

5. It is also assumed that all individuals – whether marked or not – have an 

inherently equal chance of dying or emigrating. 

6. The Petersen estimate assumes that there are no births or immigrations, and /or 

that there are no deaths or emigrations. Most alternative models do not make 

any of these assumptions. 

7. All models that do not make assumption 6 quantify the quasi-continuous 

processes of life and assume that all sampling is a point in time or that the 

sampling period is assumed to be short in relation to total time. This leads to 

the intervals between samples being discrete. 

 

Many statistical methods have been developed to analyse mark-recapture data (Jolly, 

1965; Manly-Parr, 1968; Fisher & Ford, 1947; Bailey, 1951; Pollock et al., 1990; 
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Seber, 1982, 1992; Otis et al., 1978; Tuyttens et al., 1999; White et al., 1982; Chao, 

1978). However, most mark-recapture models have been based on fish, insects, birds 

and small mammals (Otis et al., 1978; Pollock et al., 1990; Seber, 1982, 1992). These 

methods may be less suitable for studies on larger mammals because relatively large 

sample sizes, frequent trappings, and high probabilities of capture are required to 

produce precise estimates of population size (Otis et al., 1978; Rosenberg et al., 1995; 

White et al., 1982; Tuyttens et al., 1999). Moreover, it is difficult to fulfil the 

assumptions underlying these mathematical models. 

 

In the case of tigers, probabilities 1-3 do not apply since tigers are not being 

physically trapped as camera traps are being used, or marked as stripe patterns are 

being used. However, assumption 4 is of critical importance. All methods assume that 

all animals in the population are equally trappable. If they are not, population size will 

be seriously underestimated. The heterogeneity of the capture probabilities will have a 

negative bias on the estimation of population size (Begon, 1979). For any large, 

solitary mammals, living at low densities in large territories, there is a high 

probability that unless the trapping effort is really large, the chances are high that only 

the resident male and female tigers and their cubs will be photographed within each 

territory or an occasional transient. 

 

There are mark-recapture models that allow animals to differ in capture probability. 

One such model is the Burnham & Overton method (Greenwood, 1996). The 

information used to estimate population size is the number of animals caught exactly 

1, 2, 3 and 4 times over the entire study period, which should comprise more than four 

sample periods. The critical assumption in using this method is that capture 
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probabilities do not change over time i.e. that individuals with a high chance of being 

caught in one sample have a similarly high chance in another. This assumption is also 

difficult to meet in the case of tigers especially in periods of over 3-4 months are 

involved in the sampling. Tiger territories are in a state of flux, changing with various 

factors including age of the tiger, number of offspring, and number, age and strength 

of competing transients (Chapter 4, this study). Therefore, if the sampling is spread 

out over a period of six months or more, then there is a probability that there is a 

certain amount of change in the land tenure system which will in turn affect the 

probability of capture of the old owner in that patch.  

 

“The impact of heterogeneity is so great that it is essential to carry out statistical tests 

of the homogeneity assumption whenever possible. If heterogeneity exists, and should 

no other method of population estimation be available, one must accept that any 

estimate made is probably severely biased. It may be useful to take it as a rough guide 

to the true population size or possible to use it as an index of population size; but one 

must not take it as an accurate estimate.” (Greenwood, 1996). 

 

Therefore, in the circumstances, all data from mark-recapture studies must be 

interpreted with caution, remembering the constraints of data collection on large 

solitary mammals with large territories. 

 

7.2.3 Other methodologies available for analysing pugmark and camera 

trapping data 

7.2.3a Multiple-group discriminant analysis for the identification of 

individuals from their pugmarks: The use of multiple-group discriminant 
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function analysis (DFA) for the identification of individuals from their tracks was 

proposed by Smallwood & Fitzhugh (1993). With measurements from acetate tracings 

of two to six tracks from each rear foot of nine mountain lions Felis concolor, 

multiple – group discriminant analysis accurately grouped 100% and 92% of the 

tracks from the left and right hind feet, respectively.  

 

However, in most field studies there is no prior information about the animals 

responsible for the tracks. In such circumstances supervised classification methods 

such as DFA cannot be used as class assignments (individual identities) are required 

before analysis (Riordan, 1998). 

 

7.2.3b Use of a Bayesian method, Autoclass for the unsupervised 

classification of pugmarks: Riordan (1999) used a neural network based method, 

the Kohonen self-organising map and a Bayesian method, Autoclass, for the 

unsupervised classification of hind pugmarks of tigers to accurately identify unknown 

individuals. Unsupervised classification methods automatically extract inherent 

clusters within datasets, without prior identification of individuals of the population, 

thus allowing footprints from unknown animals to be grouped into individuals 

without any subjective bias. 

 

The Kohonen self-organising map (SOM) is a neural-network based clustering 

method. Using this on data from 10 captive tigers (7 Bengal & 3 Siberian), Riordan 

(1998) found that Self-organising maps derived from all the tiger footprints combined 

failed to sufficiently cluster individuals into distinct groups. However, Autoclass 

successfully discriminated tigers into individual classes using left and right pugmarks. 
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The morphometric measurements Riordan (1998) uses to perform this test are given in 

Figure 7.7. 

 

 

 

 

 

Riordan (1998) found that there was a high degree of heteroscedasticity between 

individuals for each variable and that the combination of covariance and high 

variability within individual footprint data produced relatively noisy data. This degree 

of noise may inhibit the SOM from finding global function generality, thus preventing 

the formation of an accurate classification. Autoclass describes the functional form of 

the probability functions as class models, incorporating a number of input variables. 

Models in this case were defined according to covariance, with correlated variables 

occurring within the same model (Riordan, 1998). Classes are then formed from the 

particular set of parameter values and their associated model, resulting in a 

probabilistic classification (Stutz &Cheeseman, 1994). Data noise is thus distributed 

Figure 7.7:Morphometric measurements taken from tiger footprints as described by 
Riordan 1999. 

Note: A=main pad width; B=main pad length; C=inner toe distance; D=total 
width; E=total length; f1-f4=toe widths; g1-g4=toe lengths; H=main pad top to toe 
baseline; i1-i4=distance from toes to baseline; a1=main pad top angle; a2=inner 
toe spread; a3=outer toe angle; a41-a44 =right hand angle from baseline to toe; 
a5=outer toes to main pad angle; a6=baseline to toe angle; t1-t4 =toe 1 to toe 4 
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among the class models, diluting its effects and thus, allowing a workable 

classification.  

 

Riordan (1998) concluded that since this study was performed by a single researcher, 

under standardised conditions, data gained from footprints taken as a part of a field 

study might show marked differences to those in this study. He further cautioned that 

differences in substrate, slope, and animals speeds as well as those arising due to the 

involvement of multiple people in data collection could lead to markedly different 

results in analysis of data from field studies.  

 

Following the recommendation of Riordan that the method needs to be tested using 

pugmark data from wild tigers, the test was performed using pugmark data collected 

during the study. The results of the test are presented in Section 7.6.3 of this chapter. 

 

7.2.3c The Use Of Photographic Rates To Estimate Densities Of Tigers: 

Carbone et al. (in press) showed through an analysis of data from 19 studies of tigers 

across the species range, and computer simulations, that the number of camera trap 

days per tiger photograph provides a good estimate of tiger density. It was estimated 

that camera trapping programmes running for 1000 days or more may be successful in 

estimating the presence or absence of tigers in densely forested habitats at very low 

densities (0.4 to 0.7 tigers per100 km2). The data from the 19 studies is presented in 

Appendix 7a. 

 

Figure 7.8 shows the number of camera days per tiger photograph plotted against 

estimated tiger density (Carbone et al., in press). The top two regression lines are the 
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results of the simulated data that Carbone et al.(in press) used to study the capture 

rates of tigers at densities between 0.5 to 100/km2 and travelling a mean distance of 

3km, 10km or 40km. The simulations based on a daily distance of 40km provided 

capture rates near observed capture rates (see below) and these were made to illustrate 

the sensitivity of the model predictions to travel distance. 

 

 

 

7.3 Aims of this study 

After reviewing the techniques used for the identification of tiger and understanding 

the problems of data collection on a solitary, elusive felid, I felt that there was a need 

to move away from the simple enumeration of tiger populations to collecting site-

specific data on individual tigers and gain an understanding of the population trends at 

each site. I further felt that the information should form a part of a national database 

on tigers. The technique had to meet the following criteria: 

Source: Carbone et al. (in press). Note: regression lines are the simulated capture rates for tigers at 
densities between 0.5 –100/100km2 for animals travelling a mean daily distance of 3km (top solid line, 10 km 

(bottom dashed line), camera trap data from 19 studies (points) (bottom solid line) 

Bandhavgarh 
data, this 

study 

Figure 7.8: No. of camera days per tiger photograph plotted against estimated tiger density 
using data from 19 studies (Source:Carbone et al. (in press)) 
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1) It had to be simple, relatively inexpensive, and easy to use without the need 

for extensive training. 

2) It had to be applicable at any site in the country but should be particularly 

aimed at Project Tiger Reserves (PTR). 

3) All instruments used should be manufactured using indigenous materials and 

be completely reparable in India 

 

Finally, to study the possibility of using unsupervised classification for pugmarks 

taken from wild tigers in the field in India, I repeated the tests carried out by Riordan 

(1998). 

 

Therefore, the aims of the project were: 

1) Identification of  tigers of Tala Range using photographs and pugmarks. 

2) Creation of a camera trap designed specially to meet Indian Field Conditions. 

3) Design of a tiger-monitoring programme (TMP). 

4) Experimental trial of this programme enlisting the help of the forest 

department staff in Bandhavgarh. 

5) Testing of programme Autoclass using pugmarks collected during the study. 

 

The aim of a monitoring programme, as it is used for this study, is an attempt 

to detect change in population size over a period of time. However, for the 

trial run the objectives were to:  

• confirm the feasibility of the proposal; to use pugmark analysis in 

combination with camera trapping for tiger identification;  
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• teach beat guards the techniques of tiger identification and monitoring 

through the use of this programme;  

• study the working of the Sentinel camera traps in the field;  

• study the ease with which forest guards could learn to use these traps 

and to evaluate their response to this new programme. 

 

7.4 Approach 

The identification of the tigers was important for this study as it facilitated the study 

of social organisation and behaviour of tigers. It was also important for the 

Management of the Park as it allowed them to maintain records of the tigers in the 

area and to monitor the rate of tiger turnover in the area. The number of tigers 

identified from the photographs also provides a method of verification for the tiger 

census figure generated by the Park authorities. Finally, the camera traps allow 

glimpses into the personalities of the tigers and bring information about animals, 

animal behaviour and injury that have not been observed before in Tala Range. 

 

 An important component of this study is the use of camera traps. There are a number 

of problems associated with the use of camera traps in the field in India. These 

include: 

1. Camera traps are expensive. Importing units from the USA creates several 

problems as special permissions have to be obtained from the government to 

convert rupees into US $ or to receive funds in foreign currency. Further 

clearances have to be obtained from the customs or large import duties are 

levied on all items. 
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2. For any repair, maintenance or technical assistance the manufacturers have to 

be contacted in America. 

3. It is not possible to spend large amounts of time training field staff, and often 

specially trained volunteers and researchers are the only people using these 

traps. 

4. Most camera trap units supplied by manufacturers are contained in plastic 

units or are kept on stands in the open. These units attract attention, and 

cameras and camera trap boxes are often stolen, especially in remote tribal 

areas where plastic boxes are a rarity. 

5. Monkeys are attracted by these units and spend hours jumping on them and 

through the beams to see the flashes work, resulting in large numbers of rolls 

of wasted film. 

6. Elephants destroy units if they find them. 

 

In order to make camera traps a component of Tiger Monitoring Programmes on a 

large scale, a camera trap had to be designed with special features designed for use in 

India: 

       a. The units had to be made of locally available materials. 

       b. The units had to be sturdy 

c. The design of the units had to be such that they could be assembled with the 

minimum effort so that large numbers of units could be set up quickly. 

d. Limited training had to be required to use the units 

e. The units had to be designed so that they were secured to the ground and could 

only be removed from the site with effort by thieves and passers by. 

f. The camera units had to be weather proof and monkey proof 
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g. The costs of the units had to be cut to less that half the imported Trailmaster® 

unit price and the technological expertise for the manufacture of these units 

had to be transferred to an Indian firm. 

  

To meet aims three and four, I designed a programme based on my experience of 

tigers in Tala Range and the physical and ecological features of the area. The 

programme has three main objectives – detection of the species, identification of 

every individual detected, and multiple detections of the same individual over a 

period of time. These three objectives allow managers in the field to confirm that the 

species is present in the area, distinguish between individuals in order to confirm the 

number present in the area, and learn about the turnover rate of the target species in 

the area. The idea behind the methodology was also to identify a combination of 

techniques that could be used simultaneously to collect as much data as possible on an 

individual tiger in order to maximise the chances of correctly identifying the animal. 

 

The methodology was then tested in the field for a period of only six months due to 

administrative constraints of the grant that funded the project. A series of discussions 

were held with the senior level of the Park management and a lecture describing the 

technique was given to the trainees at the Game Guard School in Tala Range as well 

as to the Beat Guards of Bandhavgarh National Park. The help of the forest officials 

was enlisted and a few guards were chosen from Tala Range to participate in the 

experiment. 
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7.5 Methods 

7.5.1 The use of camera traps and impression pads for the identification 

of individual tigers. 

Since the objective of the exercise was to obtain as many photographs of tigers as 

possible, the camera trapping exercise was planned to cover all tiger territories (see 

chapter 4). The junctions of road and trails where tiger sign were seen regularly, as 

well as the paths to water holes that tiger frequented, were used as sites for setting of 

traps. By removing all traces of tiger spoor from an area and visiting it each day to 

examine the site for the presence of fresh spoor, we could estimate if the location was 

frequently visited (once or twice a week) or rarely visited (no sign for over 14 days). 4 

camera units were used in pairs. 2 Trail masters, 1 trail timer pair and 1 camtrakker 

pair were used for this work for three months and later 8 prototypes of the Sentinel 

were used for a period of  35 days. Since this work was primarily for the identification 

of individual animals, the results of the TMP are included with the data. 

 

Impression pads were created where possible. Impression pads were swept clean 

twice a week after the tracing of all marks in order to have relatively fresh marks to 

trace. The frequency of visiting each site was once every three days. Through trial and 

error it was found that most films with 36 photographs in them were used up between 

the third and fourth day (except sites that monkeys frequented) and it was decided to 

minimise disturbance due to human presence by keeping visits to the very essential.  

 

To compare tiger photographs at least six points were compared using stripes present 

on the face, body or tail of tigers. Figure 7.9 shows two photographs of male 1 with 

the stripes used for matching the photographs.  
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7.5.2 Creation of the ‘Sentinel’ camera trap 

A camera trap consists of several components: the camera, the flash, the electronic 

circuit, the sensor, the housing and the battery. Each of these components had to 

selected and tested keeping in mind the rough Indian Field Conditions. Three 

prototypes were built and tested in the field with modifications incorporated at each 

stage based on the results of the field trials. Figure 7.10 shows a logical diagram for 

the camera trap and outlines the sequence of events and the required response from 

the trap and Figure 7.11 shows the final working model of the camera trap. The circuit 

diagrams for the camera traps are included in Appendix 7b. A detailed note describing 

the creation of the ‘Sentinel’ camera traps is included in Appendix 7c.  

 

 

 

 

 

Figure 7.9:  Matching camera trap tiger photographs using stripe patterns. 
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Figure 7.11: One side of a Sentinel Camera Trap.  

Figure 7.10: Logical Sequence for the Sentinel Camera Trap 

 

Photo credit: Latika Nath 
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7.5.3 The Tiger monitoring programme and trial in Tala Range 

For this programme a sample unit was selected that was between 20-25 km2. The total 

area of the range was then divided into 5 units and was outlined on maps using 

topographical distinctions and road boundaries. The size was selected using the 

approximate size of a female tiger territory (refer to chapter 4, this study). In these 

units, 5 camera traps were located at approximately a distance of 2 km apart though 

this distance could vary as the location of the camera traps within each unit coincided 

with the site where tiger spoor could be found or on the paths to water holes in rocky 

mountainous areas where water is a limiting factor. At the site of each camera trap an 

impression pad was created in order to obtain clear prints of all animals that cut the 

beam. Each camera trap was left in place for a period of one week after which all 

traps were removed and moved to the next block. All blocks were covered in rotation. 

Only 2 rotations were possible in this study due to time and financial constraints.  

 

Following discussions, four beat guards were selected from the Tala Range from 

different posts. Before being taken into the field, their knowledge regarding the 

movement of individual tigers and leopards was ascertained in order to be able to see 

if the programme created a greater awareness of animal movement. These men were 

individually taught how to use a camera trap. Each man was put in charge on one of 

the sample units while I covered the fifth one. The beat guards were also shown the 

technique for the laying of impression pads. Each beat guard had to set up and use 

camera traps for a total of 2 weeks divided into 2 one week periods, five weeks apart. 

The beat guards were contacted at the end of the week to collect exposed rolls of film 

and replace batteries.  



 

Latika Nath, D.Phil. Thesis, University of Oxford 

 

250 

At the end of the first week, the films from the camera traps set by the beat guards 

were sent for developing. The tiger photographs in these were then shown to the beat 

guards and the identification of the animals was discussed with them. Reactions and 

comments of the beat guards were solicited in order to gauge their response to the 

programme. 

 

7.5.4 Using Autoclass for Unsupervised Classification of Pugmarks  

A Bayesian approach to the classification of pugmarks was attempted using the 

software Autoclass, a program developed by NASA (Stutz & Cheesman, 1995, cited 

by Riordan, 1998).  This has, as yet, been little used in biological contexts. Riordan 

(1998) assessed its potential usefulness for recognizing the footprints of unidentified 

tigers and snow leopards. Riordan (ibid.) used zoo-based material and extracted 27 

morphometric measures from each footprint. In that study, Autoclass was successful 

in discriminating known individuals using their footprints. Importantly for its 

potential use with pug-mark data collected in the wild, this is an unsupervised method 

of classification, meaning that groups can be identified from within the data, not 

requiring the user to specify how many ‘classes’ there are. Ideally, then the output 

would enable the user to assess how many individual animals were contributing to the 

input data-set. The analysis presented here was a preliminary attempt to compare the 

performance of the classification with other sources of information on the number of 

animals known to inhabit the study area from where the pug-marks were collected.  

 

Autoclass finds the set of classes that is maximally probable with respect to the data 

input, and the model (currently) specified. The method is Bayesian in that previous 

experience (cases) modifies the probability that subsequent observations will be 



 

Latika Nath, D.Phil. Thesis, University of Oxford 

 

251 

allocated to any particular class. Given a range of specific parameter values, it is 

possible to calculate the probability that any observation would result from 

membership of a class. And with multiple classes the probability of belonging to each 

class can be calculated from the current model. Autoclass has a range of models for 

categoric and continuous data, mainly based on the multinomial distribution for 

categoric data, and normal distribution for continuous data. Only continuous variables 

were used for the current exercise. These 34 variables measured for 162 pugmarks are 

described in full above. Right and left pugmarks were classified separately 

(numbering 72 and 90 respectively) 

 

7.6 Results 

7.6.1 Camera trapping for identification of tigers 

The camera traps were used for a total of 714 camera-trapping days, (each day 

consisted of 12 hours), and resulted in 125 photographs.  Four commercial camera 

traps were used for 91 camera-trapping days (CTD) each comprising a 12-hour day. 

Eight Sentinel prototypes camera traps were used additionally for 35 CTD each and 5 

of the final working model were used for 70 CTD making a total of 714 CTD for this 

study. 167 pugmarks were traced during this study period. 

 

Table 7d shows the results of the camera trapping. 21 animals were identified over the 

3-year period that the camera trapping was carried out. 4 adult males and 5 adult 

females were identified. Of these, one adult male tiger was a transient and attempting 

to establish a territory of his own in the Range. Six sub-adult cubs over the age of 2 

years were photographed; four juveniles about 1 year old and two cubs about 2 

months old were also photographed (Appendix 7d). 
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Map 7A shows the camera trapping sites in Tala range. Camera Traps could not be 

placed close to the range boundaries in some places as there were many villages in the 

area and there was no means of safeguarding the camera traps. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The results of the camera trap photographs were used in combination with 

photographs taken using hand-held cameras to create identification sheets on the 

tigers. An example of a sheet is given in Appendix 7e. A side benefit of the camera 

traps is the fact that poachers were photographed within the Range boundaries and the 

dated photographs were used by the police for the conviction of these men.  

 

Tiger ID No. of captures 

male1 39 

female1 2 

sa1 3 

sa2 5 

sa3 3 

female2 3 

sa4 5 

sa5 2 

sa6 2 

female3 6 

Cub1 2 

Cub2 4 

juv1 4 

juv2 3 

juv3 4 

juv4 2 

male2 9 

male3 4 

female4 2 

male4 4 

female5 4 

unknown 13 

Table 7d: Tigers 
photographed using camera 
traps in Tala Range 
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7.6.2 Tiger Monitoring Programme (TMP) 

The individual TMP was run for a period of 10 weeks between March 15th and  May 

15th, 1999 in Tala Range. The results of the different components of the Programme 

are discussed separately. The locations of the traps within the 5 units in the Park is 

presented in Map 7B. 

 

Sentinel Camera Traps – final working model: All five camera trap units were set up 

and left in the field for one week at a time i.e. a total of 168 hours each per week. 

During this time no failures were detected. All cameras performed well and tigers, 

bears and various other mammals were photographed on several occasions (see 

Appendix 7c). On an average, it took between 18-35 minutes to set up the traps the 

first time. This included the planting of four stakes firmly in the ground, mounting the 

camera traps and sensors on the post, laying out and burying the wire, aligning and 

checking the beam. 

 

On comparison of the performance and cost factors with the other commercial camera 

trap models used, the only model that was better than the Sentinel was the 

Trailmaster® 1500. This is because the Trailmaster® 1500 allows the storage of data 

on up to 1000 events and also allows the variation of the length of time a beam has to 

be cut before the event is registered. It also offers the advantage of several accessories 

including a printer @$275/-, a statistical package for the analysis of data @ $150/-, 

and a data collector @ $ 250/- that allows direct download of data from the 

Trailmaster® 1500 in the field. However, the costs involved make this an expensive 

option for large-scale operations such as Tiger Monitoring in India. Table 7e presents 
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a comparison of the performance and costs of the various camera traps tested. All 

costs are approximate values  

 

 

Make 
Ease 

of use 
Reliability 

Camera 

type 

No. of 

cameras 

supplied 

with 

each 
unit 

No. of 

components 
Cost+ Other 

Suppliers/Country 
of Origin and 

customer services 

Trailmaster 

Takes 

time 

to set 
up 

Very 

good 

SLR or 

automatic 

point and 
shoot 

1 

2 stakes, 1 

transmitter, 

1 detector, 

1 multi-

camera 
adaptor, 1 

camera 

units, wire 

$1000* 

Very reliable, 

sturdy and 

withstands all 

weather 
conditions. 

Porcupines eat 

the wires, 

cameras 

vulnerable to 
theft, and 

monkeys 

Goodson and 

Associates, 

USA 

Trailtimer Quick 

50% 

failure 
rate 

automatic 

point and 
shoot 

1 

Stakes 

(optional), 

1 units with 
camera, 1 

sensor 

$5008  

Camera 

vulnerable to 

theft but very 
high failure 

rate 

Cabela’s Inc. 

USA 

Camtrakker 
Pro 

Very 
quick 

Takes a 

lot of 

blanks 

automatic 

point and 

shoot 

1 

No stakes, 

1 unit with 
camera and 

battery 

$5008 

Camera 

protected in 

plastic box 

Forestry 

Suppliers Inc., 

USA 

WildCRU-

Sentinel 
quick Good 

automatic 

point and 
shoot 

2 

4 stakes, 2 

units with 

cameras, 2 
sensor 

units, wire, 

$ 400  

Camera 

secured in a 

metal box that 
is locked. 

Very sturdy 

AHEAD/Sentinel 

India 

 
* does not include cost of shipping from USA to India, and all repair and replacement 

of parts is from USA. 
+ costs are approximations of the price of a complete unit that allows the photography 

of left and right sides of the tiger. 

 

The reaction of the guards: Since the photographs of the tigers taken by the camera 

traps were the first time many of these guards had seen the animals living in their 

beats properly, the procedure was accepted with great enthusiasm. Further, finally 

being able to link pugmarks to a visual image of an animal made it easier for them to 

relate to the idea of tiger movement and the necessity of keeping track of the animals. 

All four beat guards spent more time in the field observing animal movement pattern 

in order to maximise the chances of getting results from the camera trapping. This 

also enabled them to identify animals that crossed over boundary walls into village 

Table 7e: Comparison of performance and costs of camera traps tested during this study. 
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areas and to get an idea of the time this happened. An inadvertent benefit of the whole 

procedure was the increased presence of the men in the field especially at dusk and 

dawn which acted as a deterrent to villagers to illegally enter the Park for fuel and 

fodder collection, bamboo harvesting and minor forest produce collection. 

 

Monitoring of animals: At the time the study was conducted there were 7 sub-adult 

tigers in the initial stages of dispersal in Tala Range. The camera trap photographs 

revealed the range of movement of some of these tigers as they were photographed in 

areas well away from their natal territory.  

 

7.6.3 Test results of Autoclass 

Initial runs of the program resulted in classifications defining two classes. This was 

true for both left and right pugmark data-sets. The low numbers of classes were the 

result of low variability among the measures compared to realistic measurement error.  

When the model was modified to the ‘Single normal CN model’ in the terminology of 

Autoclass, 3 classes were identified for ‘left’ and four for ‘right’. (For this model the 

parameters are simply a mean and a variance; the probability of any particular 

observation is then simply the integral of the distribution between X-error and 

X+error, where X is measurement error. The prior distribution parameters are derived 

heuristically from database statistics (Autoclass on-line manual). This model was 

thought to be reasonable. Table 7f below summarises the output.  

 

The results of Autoclass were compared to the geographical locations where the 

pugmarks had been traced. By comparing the acetate tracings of the pugmarks, they 

were from the same animal. It was found that Autoclass had correctly grouped 
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together pugmarks of the same area and belonging to the same animal. However, 

since the pugmarks were of wild tigers the actual number of animals involved is not 

known but it is estimated that between 5-7 individuals contributed to the dataset. 

Since the pugmarks traced either were left or right foot, the grouping of pugmarks in 

each category (Right and Left) seems moderately accurate.  

  

 

a) ‘Left’ data-set 

 

    Case # Class  p        Case #  Class  p       Case #  Class  p     

------------------------------------------------------------------------ 

      1    0    1.00         31(25)0    0.99         61    2    1.00 

      2    0    1.00         32    1    0.99         62    0    1.00 

      3    0    1.00         33    0    0.99         63(53)0    0.99 

      4    0    1.00         34(29)1    0.85         64(54)1    1.00 

      5    0    1.00         35    1    1.00         65(55)1    1.00 

      6    0    1.00         36    2    1.00         66    0    0.99 

      7    1    1.00         37(31)0    0.99         67    0    0.99 

      8    0    1.00         38    0    0.99         68    1    1.00 

      9    0    0.99         39(32)1    1.00         69    0    1.00 

     10    0    1.00         40    1    1.00         70(57)0    1.00 

     11    0    0.99         41    0    0.98         71    1    1.00 

     12    2    1.00         42    1    0.99         72    2    1.00 

     13    1    1.00         43(35)0    1.00         73    2    1.00 

     14(11)1    1.00         44    0    1.00         74    1    1.00 

     15    0    1.00         45(36)0    0.99         75    2    1.00 

     16    0    1.00         46    0    1.00         76(59)2    1.00 

     17    1    1.00         47    1    1.00         77(60)1    0.98 

     18    1    1.00         48    0    1.00         78(61)0    0.99 

     19    0    1.00         49(41)0    0.99         79    0    0.99 

     20    1    1.00         50(45)0    0.99         80(62)1    0.99 

     21    1    1.00         51    1    1.00         81(65)1    0.95 

     22    1    1.00         52    1    1.00         82    0    0.99 

     23    1    1.00         53(47)0    0.99         83    0    1.00 

     24(12)1    1.00         54    0    1.00         84    2    1.00 

     25    0    1.00         55    2    1.00         85(68)1    1.00 

     26(21)1    0.99         56    1    1.00         86    1    1.00 

     27    0    1.00         57    1    1.00         87    1    1.00 

     28    0    1.00         58    1    1.00         88    1    1.00 

     29(23)1    0.99         59(52)0    0.99         89    0    1.00 

     30    1    0.99         60    0    0.99         90    2    1.00 

------------------------------------------------------------------------- 

 

b)  ‘Right data-set 
  Case #  Class  Prob     Case #  Class  Prob     Case #  Class  Prob  

------------------------------------------------------------------------- 

      1    2    1.00         25    2    1.00         49    0    0.99 

      2    0    1.00         26    2    0.99         50    2    1.00 

      3    2    1.00         27    1    1.00         51    0    1.00 

      4    0    1.00         28    0    1.00         52    1    1.00 

      5    0    1.00         29    0    1.00         53    0    1.00 

      6    2    0.99         30    1    1.00         54    0    0.99 

      7    0    0.99         31    0    0.99         55    1    1.00 

      8    2    1.00         32    0    1.00         56    0    1.00 

      9    0    1.00         33    0    0.99         57    1    1.00 

     10    0    1.00         34    1    1.00         58    2    1.00 

     11    0    0.99         35    0    0.99         59    2    1.00 

     12    0    1.00         36    1    0.99         60    1    1.00 

Table 7f:  Autoclass output describing group allocations for left and right pug-mark data 
sets, with class membership probabilities. a) includes the case # of the other pug-mark 
in a pair, when one exists. 
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 Case #  Class  Prob     Case #  Class  Prob     Case #  Class  Prob  

---------------------------------------------------------------------- 

     13    2    0.99         37    2    1.00         61    0    0.99 

     14    2    1.00         38    1    0.99         62    0    1.00 

     15    0    1.00         39    0    0.99         63    1    0.99 

     16    0    1.00         40    1    1.00         64    1    1.00 

     17    0    1.00         41    0    1.00         65    0    0.99 

     18    2    0.99         42    2    0.99         66    0    1.00 

     19    2    1.00         43    0    1.00         67    1    1.00 

     20    2    1.00         44    1    1.00         68    3    1.00 

     21    1    1.00         45    0    1.00         69    0    0.99 

     22    2    1.00         46    0    1.00         70    2    1.00 

     23    1    1.00         47    1    1.00         71    3    1.00 

     24    3    1.00         48    1    1.00         72    0    1.00 

--------------------------------------------------------------------------------------------------------------------------- 

Because the classification was effected entirely separately for left and right pugmarks 

it is not possible to compare directly the classes assigned to pugmarks of the same 

pair. However, it is possible to inspect the pairs to see how frequently left and right 

pugmarks are assigned to the same group in the two classifications. The Table 7g 

below summarises this. For example, of the 24 left pug marks for which a pair was 

available, 12 were assigned to group ‘1’.   

 

 

‘left’ 

Group  

 

 

‘left’ Id N 

         

N , Class to which ‘right’ of pair assigned  

 

    0                 1                 2               3 

0   11    6     4                               1     0  

1   12      7     4      0     1 

2     1    0     0      1     0 

3     0    0     0      0      0 

      

 

Scrutiny of this table suggests only a moderate performance of Autoclass here, as we 

would expect pugmarks of each pair to be assigned to the same class (though not a 

class of the same name). It can assessed if the performance is statistically significant 

by taking the size of the classes for ‘right’ pugmarks into account. We can test for 

each row The null hypothesis, that left-pug marks have their pairs assigned to classes 

in proportion with their size, can be tested for each row. (If the classification were 

effective, one of the classes on each row could be expected to contain more pairs than 

Table 7g  Autoclass classification of pairs of pugmarks 

Table 7f (continued) 
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expected and the rest fewer than expected, with a different class showing an excess on 

each row- class ‘3’ for the ‘right’ marks and the lower two rows of this table are 

omitted for this purpose due to low frequencies).  This analysis suggests no deviation 

from a random pattern (chi-squared, P > 0.05).  

 

7.7 Discussion 

Review of literature reveals that though pugmarks can be used for identification of 

individual animals, it requires the skills of a person conversant with the tigers residing 

in the area with several years of experience and practice in field craft. The technique 

is not viable when used by large numbers of people with varying degrees of 

experience and skills, collecting data from pugmarks on a range of substrates from 

large numbers of tigers.  

 

The use of unsupervised classification has been tested on a dataset from wild tigers. 

The results show that with more work it could well provide a viable option for use in 

the field. The grouping of pugmarks by Autoclass seemed very accurate according to 

geographical areas of the collection of the pugmarks. Comparison of pugmarks by 

overlaying acetate drawings also showed a fairly high degree of accuracy. However, 

more work is required on the model before it can be used in the field. 

 

Camera trapping can be used for the detection of the presence of tigers in an area 

using the techniques described by Carbone et al., (in press). The data from camera 

trapping can also be used to estimate tiger densities in an area. However, it is 

important to remember that these data are applicable only to the site in which the 
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trapping was done and cannot be extrapolated to other sites even if they are adjoining 

or similar regions. All results are entirely site specific. 

 

Though several mathematical models have been derived to take into account the 

heterogeneity of capture probabilities of members of a population, the estimated 

population numbers generated using these mark-recapture models have never been 

verified in the field. Given the nature of the social organisation of solitary, large 

mammals living at low densities in large territories with a well established land tenure 

system, and the fact that this does not fulfil one of the basic assumptions of Mark-

recapture  (of a homogenous population with every member having an equal 

probability of capture), the results from these estimations can be taken as indicative of 

the status of populations in the area but not as precise counts of tigers. Further, it 

again must be remembered that various biological, environmental, and sociological 

factors can affect the densities of tiger populations and lead to high variations even in 

adjoining sites. Therefore, all results of the mark-recapture using camera trapping 

must be applied only to the precise location of the trapping. For example, if the 

trapping is conducted only in Tala Range, the results cannot and should not be 

extrapolated to the whole of Bandhavgarh National Park. 

 

Using the Tiger Monitoring Programme provides an alternative to the current practise 

of an All India Tiger Census using the pugmark technique. The TMP provides a 

means of ending controversy about tiger numbers, as the photographs of tigers with 

the date and time of recording printed on them are adequate proof of the existence of 

the animal in the field. Continuous monitoring of the tiger and its prey base will allow 

managers to fine tune management strategies and this can lead to the optimisation of 
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the carrying capacity of reserves and corresponding increases in tiger populations. 

The increased presence of beat guards in the field acts as a disincentive to poachers 

and trespassers in the Park. Finally, and most importantly, it allows the long term 

monitoring of individual animals, an assessment of the rate of turn-over of animals in 

the Park and the study of movement of known animals between different areas and 

territories. 
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Chapter 8: Tiger Conservation 

 

8.1 Introduction 

India today has a population of over a billion people. One of the victims of this 

uncontrolled expansion of humans has been the tiger. Habitat loss has been one of the 

main reasons for the catastrophic decline of tiger populations in the 20th Century 

(Dinerstein et al., 1997). Today, the estimated 2500 to 3750 tigers surviving in the 

wild in India (Jackson & Kempf, 1999) are also at risk from commercial poaching. 

Tiger conservation is a complex process involving the understanding of ecological, 

sociological, and political processes.  

 

The conservation of tigers has become an issue that has been dealt with by various 

communities of people. The first people to study the tiger and discuss its conservation 

were the communities of Europeans and nobility in India that came into contact with 

tigers through hunting (Rice, 1857; Forsyth, 1872; Brander, 1923; Champion, 

1927,1933; Corbett,1944; Stracey,1961; Gee,1964; Perry,1964). Scientists have 

studied biological and ecological aspects of the tiger in order to gain a better 

understanding of the animal (Schaller, 1967; Tilson and Seal, 1986; Seidensticker et 

al., 1999) in zoos and in the wild. The popular press has taken an interest in the issue 

since the inception of Project Tiger in 1973. Several books have been written on the 

subject including Mountfort (1981); Thapar (1992); Thapar and Rathore (1989); 

Jackson (1990); Sankhala (1977, 1993); Nichols & Ward (1998); Breeden & Wright 

(1996), and Meacham (1997).  
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These diverse communities have proposed a range of solutions to ensure the survival 

of the species. These include solutions for the maintenance of captive populations ex-

situ and wild tiger populations in-situ. Approaches have changed over time from 

single species conservation to the conservation of entire ecosystems. Today, tiger 

conservation requires an understanding of processes operating at the local, regional, 

national and international levels, dealing with a range of subjects from prey base 

management, to the economics of demand and supply of tiger bone products and the 

problems of law enforcement.  

 

I shall review some key initiatives, projects and tiger conservation studies here and 

will then define my objectives for this study. The objectives primarily deal with the 

conservation of tigers in Bandhavgarh Tiger Reserve. I shall outline the work done as 

part of this study and present the results of the data analysis. I shall go on to discuss 

the implications of these results and those from the biological studies in chapters 4, 5 

and 6 in this thesis as well as issues ranging from the ecological to the socio-political, 

at various levels – local (the Tiger Reserve); regional (eastern Madhya Pradesh) and 

the national (government level policy & decision making and legislation). Finally, I 

end with a series of recommendations for conflict resolution and the conservation of 

the tiger in Bandhavgarh Tiger Reserve and its surrounds. 

 

8.2 Review of some key strategies and projects dealing with 

the conservation of tigers 

8.2.1 Project Tiger 

In 1969, in response to the startling revelation that tiger numbers had dropped in India 

to below 2000, the IUCN included the tiger in the Red Data Book on endangered 
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fauna at its international congress in India. After this congress, the IUCN and WWF  

lobbied the Indian Government to take immediate action to give tigers effective 

protection. The Indian Government, under the leadership of Mrs. Indira Gandhi, the 

late Prime Minister of India, responded by first instructing all State Governments to 

make local provisions for protecting the tiger and then by passing legislation banning 

the hunting of tigers. This was followed by the introduction of legislation for wildlife 

protection – The Indian Wildlife Protection Act (1972) - and the establishment of a 

special task force. 

 

A special committee called the Tiger Task Force was appointed with the primary 

objectives of ensuring the maintenance of a viable population of tigers in India for 

scientific, economic, aesthetic, cultural and ecological values; and to preserve for all 

time, areas of biological importance as a national heritage for the benefit, education 

and enjoyment of the people. It started a conservation programme that became known 

as Project Tiger. With substantial financial support from the World Wide Fund for 

Nature (formerly the World Wildlife Fund: WWF), the government of India declared 

nine reserves as Project Tiger Reserves (PTR) in 1973. 

 

The declaration of an area as a PTR changes the administrative control of the area 

from the Central to the state government. A PTR consists of a core area that is a 

protected area (National Park or Sanctuary – see Chapter 3, this study), and a buffer 

area that is multiple-use. Management plans are drawn for the area and a series of 

schemes for the eco-development of the multiple-use areas surrounding the Park are 

proposed. The funding for these additional schemes comes from the central 

government while the state governments continue their inputs of staff, infrastructure 
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and originally allocated funds. Today there are 25 reserves under Project Tiger 

(Figure 8.1) covering an area of 33875 sq. km, representing a variety of different 

types of habitat over the country. 

 

The effectiveness of Project Tiger is undermined by several factors. Reports by Non-

governmental organisations reveal that a majority of National Parks are under-staffed 

and that a majority of the existing staff are not trained in wildlife management. 

Highlighting the situation is the report by Kothari et al. (1989) that presents basic 

statistics on the state of National Parks (NP) and Sanctuaries (S) in India. This report 

showed that 10% of all NP and 13% of S do not have any staff; 23% NP and 43% S 

do not have separate budgets; 50%NP and 69% S do not have management plans; 

32%NP and 50% S have no equipment at all (this includes transport, searchlights, 

arms, binoculars, communication devices etc.); only 16%NP and 6% S have 

veterinary support; and a mere 12% NP and 6%S pay compensation for crop damage 

by wild animals in areas adjacent to protected areas. 

 

For a detailed note on Project Tiger refer to Appendix 11. 

 

8.2.2 Tiger Global Animal Survival Plan (GASP) 

The Tiger Global Animal Survival Plan (GASP) is a strategy for the management of 

tigers at international levels that links in situ and ex situ conservation activities for the 

recovery and/or long-term maintenance of captive and wild tiger populations (Tilson 

et al., 1993). The document was written under the aegis of the Captive Breeding 

Specialist Group (CBSG), Species Survival Commission for the World Conservation 

Union (IUCN). 
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Figure 8.1: Project Tiger Reserves & Tiger Distribution in India 

Source: TRAFFIC-India/ WWF-India. 

2000 
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The purpose of Tiger GASP is to initiate a global captive conservation program for 

tigers by providing a strategic framework for the most efficient application, and the 

most economic allocation, of zoo resources for the species 

 

A primary focus of Tiger GASP is on captive management programs that can serve as 

genetic and demographic reservoirs to support the survival and/or recovery of wild 

populations in the future. Another focus is to identify where and how the world 

captive community can assist with the transfer of captive management information 

and technology to wild populations, and to develop priorities for limited financial 

support from the captive community for in situ conservation by linking ex situ and in 

situ programs. 

 

The program aims at defining the taxonomic distinctness of the various sub species of 

tigers in the world and the maintenance of tiger gene pools through regional and 

global captive propagation programs. It also proposes to assist in the implementation 

of several programs for wild tigers including Population and Habitat Viability 

Analyses; the development of a Geographic Information System on Tigers; to assist in 

the planning and implementation of grass roots level anti-poaching programs; to 

develop strategies for long term monitoring of tiger populations; and finally to 

develop census techniques for tigers. 

 

The main focus of the Tiger GASP has been the tigers in Indonesia and other than the 

ongoing work on establishing a studbook for the captive tiger populations in India, 

there has been very little work in the region. 
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8.2.3 Tiger Conservation Units 

Responding to the intensified threats to wild tigers from a combination of rampant 

poaching of tigers and their prey and unabated habitat loss due to fragmentation and 

conversion, conservation groups, donors and national government agencies have 

distributed funds and designed various programs to halt the decline of the tiger. One 

of the reasons that tiger conservation has not really been as effective as it could be, is 

the lack of means to systematically identify areas of high conservation potential and 

prioritise conservation actions for these areas. In order to maximise the effectiveness 

of funds and resources spent on tiger conservation, a framework was prepared which 

identified high priority areas across the tiger’s range and highlighted international 

trade control needs. 

 

The framework identified priority conservation areas on an ecology based approach 

rather than a taxonomic approach. It based its approach on the principles that tigers 

are ecologically, behaviourally, demographically and genetically adapted to the 

ecological conditions and bio-geographical realm that they live in. The authors 

clarified that since core protected areas are essential for tiger survival, landscape level 

planning in large habitat blocks should entail restoration and creation of protected 

areas, buffer areas and dispersal corridors in a large mosaic of other land use options. 

Further, since the reclamation or restoration of large tracts of tiger habitat is unlikely 

in the near future, it is necessary to ward off local extinctions by protecting remaining 

habitats and to reduce poaching pressures on tigers and their prey.  

 

The framework divided the tiger range into five distinct bioregions: the Indian Sub-

continent, Indochina, South-east Asia, Central and Southern China, and the Russian 
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Far East (Appendix 6). Each bioregion was then divided into tiger habitat types, 

which represented the major habitat types where tigers are known to play distinct 

ecological roles and are members of distinct ecological communities. The eight tiger 

habitat types in the five bioregions are: 

1. Alluvial grassland / moist deciduous forests 

2. Boreal taiga 

3. Mangroves 

4. Subtropical and temperate upland forests 

5. Temperate mixed conifer and broadleaf forests 

6. Tropical dry forests 

7. Tropical moist deciduous forests 

8. Tropical moist evergreen forests 

Tiger Conservation Units (TCU) were then delineated within the bioregions. A TCU 

is defined as “a block or cluster of blocks of existing habitats that contain, or have the 

potential to contain, interacting populations of tigers” (Wikramanayake et al., 1999). 

A TCU can comprise several adjacent habitat blocks of habitat among which tigers 

can disperse and is not restricted to nor containing only protected areas, but include 

entire landscape of natural habitats over which tigers can disperse and become 

established. TCUs were delineated using vegetation maps from the Asian Bureau for 

Conservation and the World Conservation Monitoring Centre and were overlaid with 

features such as roads, railroads, and settlements from the Digital Chart of the World 

(a global GIS database). The TCUs were then scored for conservation potential based 

on three indices: habitat integrity, poaching pressure, and population status. Each 

TCU was assigned a score for each of three variables and the three scores were added 

to arrive at a single rank score that was used to place each TCU in one of the four 
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categories: Level I, Level II, Level III, or immediate surveys. The categories are 

further explained in Appendix 6. It was also decided that at least 3 TCUs in each 

habitat type were required in each bioregion to be the minimum number necessary to 

maintain representation.  

 

Application of the framework to the Indian Sub-continent: 

“Fifty nine TCUs were identified in the region covering six tiger habitat types of 

which there were eleven Level 1 TCUs and seven level II TCUs. For details refer to 

Appendix 6. The mean size of all the TCUs in this region (±SD) was 7035±12060 

km2, and the mean area of priority TCUs (i.e. Level I, II & Immediate Survey) was 

692±16604 km2. Eight of the priority TCUs were >10000 km2, including two that 

were greater than 50000 km2. Of the 59 TCUs in this bioregion, 20 do not contain any 

protected area (IUCN category I-IV)”(Wikramanayake et al., 1999). 

 

8.2.4 Convention on International Trade in Endangered Species (CITES) 

India is a signatory to CITES. The tiger is a CITES Appendix 1 species and in 

November 1994 a resolution was passed on the Conservation and Trade in Tigers. 

This resolution called for member countries to take specific actions, including the 

adoption of comprehensive legislation to implement CITES, internal tiger trade 

controls, specific trade prohibitions covering any product purporting to contain tiger 

derivatives (this includes import and export of products derived from tigers), and 

penalties adequate to deter illegal trade. 
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8.2.5 The role of Non-Government Organisations (NGOs) 

Several important initiatives for tiger conservation have been undertaken by NGOs. 

The first NGO to work at an international level was the World Wide Fund for Nature 

(WWF). Besides contributing considerable sums of money to Project Tiger, the 

awareness campaign of WWF in the 1970s led to a huge public interest in the plight 

of the tiger as well as the consensus of the fashion industry to stop the use of tiger and 

other large cat furs for garment production. WWF continues its work through a Tiger 

Conservation Programme, A tiger conservation cell, and most importantly, TRAFFIC 

(Trade Record Analysis of Flora and Fauna in Commerce). TRAFFIC is funded in 

part with the IUCN and works closely with the CITES secretariat to maintain records 

of trade in wild species of flora and fauna using information available from different 

countries at the national level. 

 

Other NGOs involved with tiger conservation at the international level include the 

World Conservation Union (IUCN), Save the Tiger Fund - run jointly by Exxon and 

the National Fish and Wildlife Foundation, Wildlife Conservation Society, the 

Smithsonian Institute, The Tiger Trust, Tiger Foundation, Environment Investigation 

Agency, and the Zoological Society of London. At the national level, organisations 

like Law-E (Legal Action for Wildlife and the Environment), The Ranthambore 

Foundation, Wildlife Preservation Society (WPS), Tiger Link, Zoo – the Zoo outreach 

organisation, BEAG –Bombay Environment Action Group, The Junglees, Billy Arjan 

Singh’s Tiger Foundation at Dudhwa, and the Corbett Foundation have been active in 

the field of wildlife conservation. 
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The main objectives of NGOs cover one, part or all of the following: the creation of 

public awareness, funding of scientific research, eco-development of villages around 

protected areas, anti-poaching work, and control and monitoring of trade in 

endangered species. The NGOs act as both catalysts and path-breakers for suggesting 

to the government the up scaling of measures shown to be successful in demonstration 

projects. They also serve an important watchdog function to bring infringements and 

potentially dangerous situations to the attention of national wildlife authorities. NGOs 

also play an important role by initiating legal interventions and forcing governments 

to take cognisance and take action to counteract unconsidered development 

encroachment on environmentally sensitive areas. 

 

8.3 Aims of the study 

This chapter aims to assess the factors affecting the conservation of tigers in India 

using Bandhavgarh as a case study. Factors affecting tiger conservation can be 

divided into the ecological and the socio-political. Chapters 2 to 6 in this thesis have 

been devoted to understanding the ecological factors. The results of the study and 

their implications for tiger conservation in the region will be discussed in this chapter. 

The objectives of this chapter are focused on gathering information on the socio-

political factors, including: 

1) At the park level 

a) Conflict resolution between the Park and the villagers 

• To understand the problems faced by the villagers living on the periphery 

of the Park and assess the attitudes of the common people towards the tiger 

• To understand the effects of the adjoining human populations on the Park 
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b) Identification of management and administrative constraints operating on the 

Park 

2) At the regional level 

a) To study the landscape around Bandhavgarh Tiger Reserve and assess the 

quality of habitat for tigers 

b) To study the possibility of creating linkages connecting the Park to other tracts 

of forests and protected areas 

c) To model the risk to tigers living outside protected areas 

d) To gain an understanding of the problems of commercial trade in tiger body 

parts 

e) To study the legal, and political processes affecting tiger conservation 

 

8.4 Approach 

To meet objective 1, I designed a set of questionnaires, one of which was aimed at the 

villagers, the other at the members of the Forest services in charge of Park 

management. Bandhavgarh is primarily a tribal belt. Villages are small with an 

average of between 50 and 300 people living in each village. Tribals have been 

persecuted by the rulers and nobility for centuries and continue to be oppressed by 

officials and towns people. The language commonly spoken is Baghelkhandi which is 

very different from Hindi. To gather any information from the tribals, it was essential 

to first win their confidence and also to prove to them that I was not connected with 

the government and that answering truthfully about sensitive issues like poaching, 

illegal entry into the park and illegal resource use, and relationships with the Park 

management would not lead them into any trouble with the authorities. In order to 

establish my credibility I first worked in the area for three years and only 
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administered the questionnaires in the fourth year by which time the people knew of 

me and my background and were willing to discuss issues in confidence. 

 

To study the landscape around Bandhavgarh, I used a combination of satellite 

imagery interpretation, GIS and reconnaissance surveys. These covered an area of 

approximately 20,000 km2 in Eastern Madhya Pradesh. 

 

8.5 Methods 

8.5.1 At the Park level 

8.5.1a Village Interviews 

34 villages within or on the peripheries of Tala and Khitauli Ranges were selected for 

interview. Before villages were visited, enquiries were made as to the work schedule 

for the villagers in that month. Work schedules vary with seasons and the cycles of 

cropping patterns. A gathering of the entire village was called with the help of the 

village head. It was then confirmed that every household was represented there and all 

ages and sexes were able to participate. In these villages, the young and very old 

usually act as cowherds and have the maximum contact with the forests and wild 

animals.  

 

For the identification of animals a book containing coloured photographs was used 

and villagers were asked about each picture. Data collected included common names 

for the species and if the occurrence of the species in the area could be confirmed by 

any villager. Impact zones of villages were assessed by driving out from the village in 

four directions (North, South, East and West) and studying village use of area 

particularly lopping, cattle grazing, fuel wood collection and minor forest produce 
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collection. The number of activities seen in every .25 km segment was noted, and the 

presence of each activity was given a score of one.  Therefore, a segment could have a 

score of between 1 and 4. Segments with scores of 3-4 were high impact zones while 

segments with scores of 1-2 were low impact zones. The cumulative length of 

segment falling within each category was noted and an aggregate derived. 

 

A sample of the questionnaire is attached as Appendix 8a. Results were analysed 

primarily by comparing the responses for each question and calculating the 

percentage of respondents supporting one or the other point of view. The data must be 

interpreted with caution as no attempts were made for the verification of any of the 

reports and the data here presents the responses of the villagers as they were made. 

 

8.5.1b Effects of human activities on the Park 

The effects of human activities on the Park were assessed using a combination of 

observations over a five-year period and extensive informal discussions with the 

forest department staff. The validity of the opinions from these discussions were then 

verified by personally going to areas affected by the problem. It was not possible to 

quantify the effects observed but they were be classified as serious, moderate and 

slight based on the extent of the Park affected by the problem and the nature of the 

problem. 

 

8.5.1c Management and Administrative Constraints  

These were studied by having extensive discussions with members of the Indian 

Forest Services (IFS). The people consulted included staff at Bandhavgarh ranging 

from Beat Guards to the Conservator of Forests (refer to Chapter 3). They also 
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included several people working in the Ministry of Environment at Delhi, Present and 

Ex-Directors of Project Tiger, and retired IFS officials. 

 

Poaching – The problems of poaching were studied through the review of literature 

(Seidensticker, et al. 1999; Meacham, 1997; Breeden & Wright, 1996; Seidensticker 

et al., 1999, Mills & Jackson, 1994, Jackson & Kempf, 1999, Norchi & Bolze, 1995) 

and by discussions with people involved in combating the trade in India. Information 

was also gathered in Bandhavgarh through discussions with the police officials posted 

in the area. 

 

Legal and Political Processes – To gain an understanding of the legal and political 

processes impacting on the status of the tiger in India, I used the Delphi technique 

(Armstrong, 1989) of informal, unstructured discussions held with people working in 

a wide range of fields including the Forest Services, retired bureaucrats, law 

enforcement officials, and lawyers.  The results of these discussions are summarised 

and key points presented as a synopsis. 

 

8.5.2 Regional Level 

8.5.2a Landscape analysis and GIS modelling 

Remote Sensing data was used for the creation of an initial database on the landscape 

of the area. Jenssens & Gullinck (1988) have described a two-stage approach for 

landscape level research with remote sensing technology – interpretation and analysis 

followed by synthesis. Using this approach, visual interpretation of 1:250,000 scale 

IRS LISS I false colour composites (FCC) (1994) bands 2,3, and 4 was used for 

studying the forest fragmentation patterns in the region and to derive a land cover map 
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of the region. From Forest Survey of India maps water bodies, rivers, roads, railway 

lines and human habitations (villages, towns and cities) were extracted and stored as a 

separate layer in a GIS package ArcView (Version 3.2). 

 

These data were then used to create a landscape map of the area and to (i) identify 

forest linkages (ii) identify potential tiger habitat and (iii) identify bottleneck forest 

areas which required immediate survey for assessment of conservation potential. 

 

The reconnaissance survey between Kanha Tiger Reserve (KTR) and Bandhavgarh 

Tiger Reserve (BTR) was carried out in May, 1995. For the survey, we prepared a 

route map using Survey of India 1:50,000 scale topography sheets. The route map was 

made with the intention of surveying all large forest tracts in the region and as many 

bottleneck areas as possible. Forest quality status was assessed using the following 

criteria: 

1) Type of forest – closed or open, mixed or homogenous 

2) Water availability 

3) Human and cattle use – grazing, lopping, dead wood collection, minor forest 

produce collection 

4) Development pressures – construction, industry etc 

5) The presence of roads, railways and habitation 

6) Open cast mining 

7) Wild animal evidence 

 

8.5.2b Risk assessment model 

Using the GIS package ArcView, the model of the risk assessment to tigers was made 

by dividing the area into small grids. Each grid was 300x300m in size. Each feature of 

the landscape was assessed individually on different layers of the GIS. Diversity of 
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the landscape (interspersion) and relative importance of adjacent or overlapping 

landscape elements (juxtaposition) was determined (Mead et al., 1981). Features 

studied included forest patch sizes, roads, railway lines, habitation, water bodies 

(dams and reservoirs). It was decided that any forest patches separated by non-forest 

areas of over 10 km were to be considered unconnected. Further it was decided that 

the influence zones of villages were 0.5 km; towns were 1 km; paved roads 0.075km; 

non-metalled roads 0.005 km railway lines 0.005. In the influence zones where habitat 

quality was not suitable for tigers being primarily high use areas by humans and 

cattle, the tiger was at high risk. Buffers were created around these features based on 

the values described using the GIS package. Water bodies over 0.5 km in diameter 

were considered barriers to the movement of tigers. Forest patches were divided based 

on size. Patches less than 5km2 were given the highest values as these were 

considered the most threatened, the scores went down progressively for patches 

between 5-10 km2, 10-50km2, 50-100km2, 100-250km2, >250km2. Scoring patterns 

(1-5) for each grid were: 

Feature  Score 

Village 5 

Town 5 

Road Metalled 5 

Railway line 5 

Non-forest area 5 

Forest blank 5 

Forest patch (<5 km2) 5 

Area within 0.5km of village 4 

Water body 4 

Area within 1 km of town 4 

Forest patch (5-50 km2) 4 

Scrub 3 

Forest patch (51-100 km2) 3 

Forest patch (101-250 km2) 2 

Open forest 2 

Closed Forest 1 

Forest Patch (>250 km2) 1 
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The various layers were then overlaid and grids were assigned new scores. All the 

scores were cumulative for grids that had multiple features in them. The new scores 

were from 1 to 9 with 1 standing for comparatively low risk areas and 9 for high risk 

areas.  

 

8.6 Results 

8.6.1 Park level 

8.6.1a Village Survey 

The questionnaire was administered to 34 villages surrounding the Park (see Map 8A) 

listed in Table 8b. The villages on an average have a human population of 427.9 

people and a cattle population of 466.6, or a ratio of 1.1 cattle per human in the area. 

 

At least one or more people in 32 of the 34 villages questioned, reported seeing tigers 

at least once in their lifetime. Over 92.7% of the people who have seen tigers are 

cowherds and people who have been employed as daily wage labourers in the 

National Park. 2% of the people were old people over the age of 55 who had served 

the Maharajah of Rewa and British officials as beaters when tiger hunts were 

organised in the area up until 1972. 

 

When asked about the time of day tigers were sighted most frequently by the villages 

53.3% said that tigers were most often seen near water in the afternoons; 33.35% said 

at dusk and dawn while taking cattle out to graze and bringing them back; 10% 

mentioned seeing them most often at night while 3.3% said that tigers could be seen at 

any time of the day or night. 
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Village 
Human 

Population 
Cattle 

Population 

1. Parasi 912 371 

2. Mahamon 257 285 

3. Kulwahbah 21 ? 

4. Dhoba 127 359 

5. Ranchha 496 730 

6. Gohni 92 241 

7. Garhpuri 843 996 

8. Pattor 636 644 

9. Kuchwahi 232 569 

10. Gurwahi 298 487 

11. Bijharia 226 226 

12. Kathli 102 215 

13. Lakhumar 89 72 

14. Tala 961 450 

15. Mardhaoun 413 611 

16. Majhkheta 698 566 

17. Ghanghor 122 290 

18. Damna 404 556 

19. Gaata 226 215 

20. Marwahtola, 

Dadrauni 765 582 

21. Dadrauni 

22. Bagdara 566 832 

23. Salkhaniya 190 255 

24. Bagdari 126 285 

25. Mardari 1570 370 

26. Sarmaniya 143 ? 

27. Jamnara 210 ? 

28. Mala 404 791 

29. Rakhi 297 226 

30. Garawah 150 200 

31. Kachiatola 

Dadrauni 
47 ? 

32. Bartarai 530 1176 

33. Dhamokhar 553 766 

34. Majhouli 124 166 

Table 8b: List of villages interviewed with human and cattle census figures 
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Map 8A 
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All villagers reported seeing tigers at the edge of the jungle where their fields ended, 

at large perennial sources of water, and in the forest. Tiger signs were searched for 

near villages in an area of 0.25 km radius around the village, scats were found in 

27.1% of villages searched; scrape marks in 15%; scratch markings on 13.5%; and 

pugmarks in 29.2% of the sites. 

 

When questioned about the perceptions of the villagers regarding the status of the 

tiger population, 50% perceived a rise in the tiger population; 38.2% reported a 

decline, and 11.7% believed that the tiger populations had been stable since the 

creation of the Park. 

 

 

Reasons for these are given in Appendix 8b. However, the commonly sited reasons 

were: 

Increasing:  See and hear more tigers 

  More cattle kills 

  Hunting by the British and Maharajah Martand Singh has stopped 

  More pugmarks seen 

Figure 8.2: Perceptions of villagers about tiger population status in BTR 
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  Protection by the government  

Decreasing: Poaching 

  See and hear less tigers 

  Habitat destruction 

  Less tigers enter villages 

  Reduction in numbers of cattle kill and human injury and death 

Stable:  Sighting frequency remains about the same 

  The number of calls heard remain same 

 

When asked whether the creation of the Park has been beneficial to them, 73.5% of 

the villagers said no, while 26.5% said that there had been some benefits and some 

problems. The villagers were then asked to identify the three main problems faced due 

to the creation and proximity of the Park. Reasons sited included crop damage due to 

wild animals, cattle kills by tigers, loss of grazing rights in the forest areas, loss of 

rights to collect fire wood from forest areas, loss of rights to the collection of forest 

produce, and low employment generation for local people in the Park and its related 

tourism industry. 

 
Figure 8.3: Main problems faced by villagers living adjacent to BTR 
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The response suggested that crop damage was the most problematic issue faced by the 

villagers. I then questioned them to identify which animals were responsible for the 

maximum damage to crops. 

 

 

 

Figure 8.4: Animals causing Crop Damage in areas around BTR 
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Wild Boar and cheetal were responsible for the maximum crop damage and villagers 

noted that since the government had banned the killing of wildlife in 1982, the 

populations had more than doubled. This ban was cited as the main reason for the 

increase in pest populations and for being unable to use firearms to protect fields. A 

few villagers also mentioned that the protection afforded these animals by the creation 

of the Park also led to the increase in numbers. A surprise addition to the list of pests 

was porcupine, which villagers said had a particular fondness for maize. 

 

While miscellaneous injuries due to accidentally chancing upon a leopard, tiger or 

bear have occurred in the region, the last man-eater in the region was shot in 1982 

after it had killed 8 people (see Figure 8.5). The animal was found to have a bullet 

lodged in the upper palate that had become infected and made the tiger incapable of 

catching its natural prey. The tiger had also lost its lower right canine. 

 

 

 

Missing canine 

Place where 

bullet was 

lodged after 
entering through 
upper palate. 

Figure 8.5: Man-eater of Bandhavgarh, 1982 
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Cattle compensation is given by the government for cattle killed by predators outside 

boundaries of the National Park. A cow can cost between Rs 1500 to Rs 5000 (£1 = 

Rs 70 approx. or $1=Rs.45 (September, 2000)) while villagers estimated that 

domestic buffaloes cost anything upwards of Rs. 5000. Every village complained 

about the corruption and bribery practices of the forest department and bank officials. 

Without exception, all villagers said that the money ultimately received was a small 

portion of the cost of the animal lost and in most cases there was a great delay in 

receiving the compensation. Villagers had to travel to the nearest town/district 

headquarters to receive compensation and the time and expense for this has not been 

taken into consideration. Estimations by villagers of compensation amounts received 

are mentioned in Table 8c. 

 

From a population of 12409 people living in the 34 villages interviewed, 2 had been permanently 

employed in the National Park, 22 were on a daily wage contract, and 15 were employed with the 

tourism industry. Thus, only 0.314% of the population were receiving employment as a result of the 

creation of the Park. Sporadically, whenever development projects are sponsored, people are hired on 

daily wages as labourers. From the reports of the villagers an average of 11.3 people are employed for 

10.4 days each year as labourers 

 

Villagers confirmed the occurrence of 24 species of mammals in the Bandhavgarh Tiger Reserve area. 

One species, the Otter (Lutra. Sp.), was reported from one village, Salkhaniya. A number of people 

reported sightings of the rare Indian Wolf (Canis 
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Village C death 

(No per 

year) 

c time 

days 

c amt min 

(Indian 

rupees) 

c amt max 

(Indian 

rupees) 

Parasi 7-8 12-18 1000 1200 

Mahamon 2-3 4-12 400 500 

Kulwahbah 15 4-6 700  

     

Dhoba 1-2 24-36 800  

Ranchha 15-20 8-9 600  

Gohni 3 12 500  

Garhpuri 30 3 400  

Pattor 4-5 4-10 days 1000  

Kuchwahi 2-4 5-6 500  

Gurwahi 2-4 12-36 300 400 

Bijharia 10-15 6 500  

kathli 1-2 6 700 800 

Lakhumar 1-2 4-12 400 600 

Tala 15-20 4-12 700 1200 

Mardhaoun 50 4-12 600 1600 

Majhkheta 10 2-6 700  

Ghanghor 1-2 3-4 1000  

Damna 10-15 3-4 1000  

Gaata 8-10 3-4 500 1000 

Marwahtola, 

Dadrauni 

25-30 4-12 400 600 

dadrauni 50-60 12 700 800 

Bagdara 2-4 6-12 400 500 

Salkhaniya 20 4 400  

bagdari 10-20    

Mardari 4-5 12 500  

Sarmaniya 5-6 4-12 800  

jamnara 3-4 4-8 700 800 

Mala 4-6 6-12 600 700 

Rakhi 10 6 500  

garawah 10-15 5-6 400 500 

Kachiatola  10-11 6 500 1000 

Bartarai 50-60 1-36 200 500 

Dhamokhar 20 12 800  

Majhouli 2-3 4-12 700 1000 

. 

Table 8c: Compensation received by 34 villages for cattle killed by tigers outside BNP 
based on reports of village interviews (no verification of compensation amounts has been 

done) 
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Figure 8.6 shows the percentage of villages reporting the presence of a species. 

 

 
 

Each village had a high impact zone and a low impact zone around it. By walking 

transects radiating out in four directions from the village, these zones were assessed to 

be a radius of 0.5 km of high impact (S.E.±0.061) and 2.5 km of low impact 

(S.E.±0.37) (Map8B). During discussions with villagers, two other points emerged 

which had not been covered by the questionnaire and which lead to a conflict between 

the villagers and the National Park authorities. Firstly, after the declaration of the 

National Park, some villages had been relocated to areas outside the boundary of the 

new protected area. One such village is Bathan. Villagers claim that they are still to 

receive compensation for this move as promised to them by the government. They 

also allege that they have still to receive the many benefits promised to them at the 

time including medical facilities, schools, roads, electricity and irrigation water. 

Figure 8.6: % of villages reporting occurrence of different mammal species 
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Secondly, villages in the region are often based on communities of people of a 

particular caste. Traditionally, certain castes are known to have a degree of animosity 

towards each other. The people – park relationship can be adversely affected by this if 

the caste of the forest official in charge of an area is of a particular caste and the 

majority of people in the village of a different caste. Problems also arise when there 

are two neighbouring villages of different castes and the officials favour one village 

over the other by granting more facilities, jobs and infrastructure development of the 

favoured village. To summarise the main areas of conflict as identified in this study: 

 Crop damage by wild animals 

 Loss of cattle and smaller 

domestic animals to wild 

predators 

 Loss of grazing rights and 

access to water sources 

 Loss of rights for the collection 

and extraction of fuel wood, 

fodder and bamboo from within 

the National Park 

 Delay in provision of monetary 

compensation and promised 

development of facilities 

 Lack of perceived benefits 

from the creation of the 

national park and the wildlife 

tourism industry 

 

Map 8B 



 

Latika Nath, D.Phil thesis, Univ. of Oxford, 2001 

                                                                                                                                  264 

 

 

 

 

8.6.1b Sociological pressures and management constraints on the Park 

Based on extensive discussions with Park officials as well as from personal 

experience during the study period the following pressures were identified: 

 Presence of 14 villages within the Park is a continued problem for the Park. 

The presence of these villages means a constant flow of people travelling on 

foot or bicycle through the Park, cattle living within the Park, lack of control 

on the movement and activities of the inhabitants of these villagers and their 

visitors, and lack of control over poaching and illegal extraction of bamboo.  

 

One new village has been established within the Park. This is the village called 

Kamarwah. The village was established illegally by cattle graziers from the 

neighbouring Panna and Sidhi districts. It does not have the status of either a 

forest village or a revenue village and is regarded as an absolute encroachment 

on forestland. The status of the village is particularly problematic for the Park 

since forceful relocation of villages is no longer allowed by the government. 

As the village is not a forest or revenue village and, thus, not entitled to either 

land for relocation or the compensation money given under normal 

circumstances, the removal of this village seems to be a stalemate. The village 

is located between Kalwah and Maghdhi villages, both forest villages, and 

until its relocation is a cause of high disturbance in an area that has the 

potential of being very high quality tiger habitat. 

 

• Cattle grazing – A population of 62,198 people have an estimated 68,956 

head of cattle in the 62 villages outside and 14 villages inside the Park (GOI, 

1998). The 14 villages located within the Tiger Reserve own about 7000 head 
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of cattle. About 36,000 cattle are legally allowed to graze within 81 

compartments of the Tiger Reserve. These animals are mainly cattle of poor 

stock, and unproductive, providing not more than a litre of milk each a day 

(Veterinary doctor, Manpur, pers. com.). The presence of the cattle not only 

serves as competition for resources for wild ungulates but is also a source of 

disease and infection to these wild populations. The presence of large numbers 

of cattle also leads to soil compaction, decimation of soil micro fauna, 

invasion of exotic weeds, and changes in the floral composition of the area. 

Though cattle inoculation drives have been made and efforts continue to date, 

not all cattle have been inoculated. Diseases like foot and mouth and black 

water have been seen in wild bovids like the gaur. One adult male gaur was 

found dead during the study period of disease. 

 

• Feral Dogs- Village dogs and feral dogs enter the boundaries of the Park at 

will and chase and attack deer (Figure8.7). I saw adult and young Chital and 

Sambar deer killed by these dogs on a number of occasions during the study. 

The dogs also pose a constant threat of rabies to wild Canids and Felids in the 

region. 

 

 

 

 

 

 

 

Figure 8.7: Feral dog photographed 
while chasing Chital in Tala Range.  
Photo credit: L. Nath 

Figure 8.8: Mahua collection by tribal 
woman with children in Bandhavgarh. Photo 
credit: L. Nath 
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Extraction of forest produce – The collection of minor forest produce (MFP) 

from the Park was illegal until 1990. However, since 1990, commercial extraction 

of MFP has been allowed by the government in the extension areas of the Park 

(Pabla, 1998). The local population around Tala continues to enter the Park to 

collect forest produce including fuel wood, bamboo, fruit from the mahua 

(Madhuca indica), amla (Embllica officinalis), and chironji (Buchanania lanzen) 

trees, and the tendu leaf (Diospyros melanoxylon). Tendu leaves are collected 

during the months of May and June. At this time, hundreds of villagers enter the 

forests for the collection of these leaves. Tendu leaf is used to roll the local 

cigarettes called ‘Birri’ and is one of the most important sources of income for the 

state of Madhya Pradesh. Felling of entire trees is not uncommon at this time to 

facilitate a one-time collection; however, the leaves are collected from young and 

bushy plants that grow from root suckers. Mushrooms (Agaricus sp.) are also 

collected during the monsoon periods by villagers and used for fresh consumption 

and for drying to store.  

 

• Forest Fires - To facilitate the collection of forest produce, villagers often set 

fire to the undergrowth in the dry summer months and leave the fires 

unattended. This leads to forest fires that are responsible for large-scale 

destruction of habitat and loss of animal life. The official figure for total area 

burnt in a four-year period between 1990 and 1994 is 2947 km2 with an 

average of 590 km2 being burnt annually (Director BNP pers. com.). Several 

areas of the Park can be burnt more than once a year. Pabla (1998) calculated 

the fire sensitivity of different areas in the National Park over a ten-year 

period between 1984 and 1994. He estimated that 23% of the Park remained 



 

Latika Nath, D.Phil thesis, Univ. of Oxford, 2001 

                                                                                                                                  267 

 

 

 

 

free from fire during this time, 27.6% of the Park had been burnt at least once 

while 49.04% of the Park had been burnt between two and eight time over the 

ten years. However, no official estimates were available for animal deaths due 

to fire at this at the time.  

 

During the five-year study period, it was noted that most fires took place in the 

months of April, May and June. During these summer months the bamboo is 

dry and there are large amounts of dry leaf litter on the ground. Under these 

conditions, fires spread rapidly and burn most of the undergrowth and lower 

leaves on the trees. This leads to a severe shortage of food for ungulates 

leading to temporary local migrations. The fast burning, uncontrolled fires are 

also particularly dangerous for the smaller mammals and birds like jungle fowl 

and partridge and several were seen to have perished in the fires. 

 

• Poaching of animals including deer, wild boar, jackal, leopard, and tiger . 

Official figures up to 1997 state that 1 Tiger Skin was seized in 1995, 4.5 kg. 

of tiger bones in 1997, male sambar was killed in 1997, one male wild boar in 

1995 (Source: Sharma 1997). 

 

However, the extent of the problem was revealed by the discovery of a 

photograph in January 2000 (Figure 8.9). 
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• Population pressure - Increasing population leads to a simultaneous demand 

for more agricultural land and this has resulted in the buffer zone around the 

Park between the agricultural fields and the forest being slowly decimated. 

Large portions of the forest now directly adjoin agricultural fields separated 

only by a low stone wall or a shallow trench making constant patrolling a 

difficult and extremely labour intensive job. 

 

• Tourism - Tourism to the Park is growing rapidly. An estimated 12,000 

tourists visit the Park each year and 24000 pilgrims visit the three live temples 

located within the Park (Sharma, 1997). 14 tourist camps and hotels are now 

located on the Park periphery in the village of Tala. Only one range is open to 

tourists and the all the tourist pressure is currently concentrated there. 

Gathering of large numbers of cars upon the sighting of tigers and at the points 

of game viewing off elephant back, lack of efficient supervision and 

Figure 8.9: Report of poaching in Bandhavgarh by News 
Reporters – January 2000. 
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irresponsible visitors are a potential source of trouble. During the study, 

people were seen wandering about at will through the forests while waiting for 

their turn on elephants. There is no interpretation centre yet for the tourists to 

get information about the Park, its flora and fauna. Good maps and guidebooks 

are also not readily available. 

 

• Highways – There are two major roads running through the Park, the Umaria 

–Rewa State Highway No.5 and the Parasi-Khitauli P.W.D Road There is 

heavy traffic on these roads, particularly of heavy transport vehicles, which 

ply throughout the day. During the study period, several animals were killed 

by heavy vehicular traffic on the highway between Tala and Khitauli ranges. 

No official estimates for this were available at the time of the completion of 

the study. 

 

• Logistic Problems with the number of staff – The government has 

sanctioned only 54 jobs for forest beat guards. The Park has 62 beats and 

therefore, even with all posts filled, 8 beats remain unmanned and 

unprotected. 

 

• Staff quality: Most junior level staff are local people, a majority of whom 

have no training or experience in wildlife management. Being from the areas 

around the Park these staff are vulnerable to pressure from the local mafia. 

This has been acknowledged by the Park authorities who state in the status 

report submitted on the occasion of 25 years of Project Tiger (Sharma, 1997) 

–“Grassroots level staff i.e. Forest Guard and foresters are all local, posted 
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here for a number of years and are mixed with local poachers and timber 

thieves. They are having political connections also.” 

 

• Lack of provision of basic amenities at remote posts - Several of the posts 

are located in remote areas and staff at these posts are not adequately provided 

with water, rations, medical assistance, and other basic necessities, making it 

difficult for them to work at their best. 

 

• Maintaining dual residences - For people working in the Indian Forest 

Services the lack of affordable boarding school facilities is a big problem. 

Most forest areas are in remote locations and many of these are places where 

adequate schools are not available for the children of Forest Department staff. 

Consequently, many staff members have no option but to maintain dual 

residences – one in the field station and the other at the nearest town where 

schooling facilities are available for their children. In many of these areas 

hospital facilities are also lacking, as are communication systems, access to 

fresh market produce and other commodities.  

 

• Lack of support when tackling armed poachers – the majority of forest beat 

guards, responsible for the day to day patrolling and protection of beats, work 

alone or with a helper. Both men are normally unarmed with the exception of 

sticks and work on foot or on bicycles. Most men do not have any means of 

maintaining contact with the headquarters or wireless stations once they are in 

the field. This leaves them extremely vulnerable to attack and aggression when 

trying to prevent poachers or illegal forest produce extractors from trespassing 
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in the National Park area. There is also no provision of any armed support 

groups that could provide immediate assistance if required. This leads to the 

guards turning a blind eye to the crime in many instances or giving in to the 

threats. However, during the study period, in some cases when guards have 

resisted, they have been severely injured and beaten by the assailants. 

 

• Lack of self -defence training – most junior level staff have been given no 

self-defence training to protect themselves in the case of unarmed combat with 

poachers in the field. 

 

• Lack of awareness of legal procedures – There is a general lack of 

awareness of legal procedures involving the collecting of evidence and 

prosecuting of cases, making successful prosecution extremely difficult and 

laying forest officials and staff open to charges of inefficiency from their 

seniors and harassment from the local mafia. 

 

• Lack of adequate equipment – though basic uniforms are provided to the 

junior staff there is a no provision for protective clothing for harsh weather 

conditions like the extreme cold and monsoon rain. There is also a lack of 

basic equipment like searchlights, binoculars, transport (even bicycles), 

wireless sets for communication etc. 

 

• Lack of support systems – the Park has no access to ambulances, doctors, 

veterinary aid, and fire fighting services in the case of emergencies. 
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• Misuse and abuse of the special status granted to scheduled castes, tribes, 

and tribals: In India, the backward and lower castes have been given a special 

status and rights through legislation. This includes laws to protect them from 

harassment. Villagers will at times abuse these rights to falsely accuse forest 

department staff and implicate them of harassment or, in extreme cases, rape. 

No laws exist for the forest officials to protect themselves from such 

situations. 

 

• Rapid transfers of senior level management – During the five years of this 

study, between 1994 and 1999, the park has seen 4 different directors and one 

conservator of forests change. This rapid transfer of officials does not allow 

any one person to understand the problems of the Park and implement any 

schemes or take a project to completion.  

 

• Restraints on decision-making – There is a lack of enabling legislation that 

prevents or hinders the ability of on-site officials to respond to situations in 

cases of need. Several instances of this were seen during the study period. 

 

• Lack of inter-sectoral co-operation between government departments –

There is often no discernable boundary between these two areas of jurisdiction 

of different government departments and yet it has been seen that there is very 

often a mutual animosity between two departments towards the objectives and 

constraints of the other. 
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• Lack of political commitment and support from the most senior officials 

in the government bureaucracy – With no commitment from politicians and 

a lack of support from the senior bureaucracy, along with the difficult working 

conditions, lack of facilities and support systems, the staff are often 

demoralised and lack the incentive to do their best. 

 

 To summarise, the main sociological pressures and management constraints faced by 

officials in BTR are: 

 The presence of 14 villages and one encroachment within the Park  

 Cattle Grazing 

 Feral Dogs 

 Extraction of Forest Produce 

 Forest Fires 

 Poaching 

 Population Pressure 

 Tourism 

 Highways 

 Logistic problems with numbers of staff 

 Staff Quality 

 Lack of provision of basic amenities at remote posts 

 Maintaining duel residences 

 Lack of support from armed back up when tackling poachers 

 Lack of self defence training 

 Lack of awareness of legal procedures 

 Lack of adequate equipment 

 Lack of support systems like ambulances, veterinary aid, fire fighting 

services etc. 

 Misuse and abuse of special status granted to scheduled castes and 

tribes 

 Rapid transfers of senior level management 
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 Restraints on decision making 

 Lack on intersectoral co-operation between government departments 

 Lack of political commitment and support 

 

8.6.2 Landscape evaluation 

A land cover map of the region showing the remnant and contiguous forest areas was 

prepared (Map 8C). Cover was classified as Closed and Open Forests, Scrub and non-

forest. Figure shows the Area Analysis of Map. The area is administered by a number 

of forest divisions – North Shahdol, South Shahdol, Umaria, Bandhavgarh, Jabalpur, 

Dindori, North Mandla, South Mandla and Kanha. The following districts – Mandla, 

Shahdol, Umaria, Bilaspur, Sidhi, Sarguja, Jabalpur, Satna, Panna, Balaghat, Durg, 

Raj Nandgaon and Seoni, define the political boundaries for the area. 

 

 

 

 

 

 

 

A map was also prepared showing the location of Villages, Towns, Railway lines, 

Highways, metalled Roads and non-metalled roads (Map 8D). The map reveals that 

Bandhavgarh is surrounded by a sea of humanity.  

 

Cover Class Area (km2) %Cover 

Dense Forest 14,440.500  31.85 

Open Forest 2674.980 5.90 

Scrub 258.390 0.57 

Non Forest 27962.910 61.68 

Total 45,336.780 100 

Table 8d: Forest Cover Analysis based on Map  
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Map 8C 
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Map 8D 
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Using Map 8C, a flow chart was prepared showing the existing connectivities 

between the Forests of Bandhavgarh and Kanha Tiger Reserves (Figure 8.10) 

 

As a result of the survey, it was confirmed that forests between Kanha and 

Bandhavgarh though excellent from the commercial viewpoint, are not managed to 

optimise habitat for wildlife. A lot of the forest passed through was predominantly 

either Teak or Sal forest, both commercially important hardwood species. All 

management in these forests is geared towards timber production with little or no 

attention being paid towards the need of the wildlife in the area.  

 

Water is the major limiting factor throughout the area including the Tiger Reserves. In 

all the reserved forests cattle competed with wild animals for the limited resources. 

 

Animal sightings were very low. We did not see any animals in the patches of forest 

that lie between the two Tiger Reserves. There was also a noticeable apathy of the 

forest department staff towards the low populations of ungulates and carnivores in the 

area. Tiger signs were absent from most areas and no villagers reported any sightings 

of tigers in the recent past with the exception of Amera RF. 

 

As a result of the survey I found that though a potential forest corridor exists between 

Kanha and Bandhavgarh (see Figure 8.10), the Dindori village and the surrounding 

area of anthropogenic disturbance form a gap that needs immediate attention (Figure 

8.11). Further, part of the existing forest tract linking Achanakmar, (Pirha RF – 

Bhunakhona RF-Dhanauli RF-Maikala RF) to the forest in the Dindori division has 

been given to mining companies. Work had not begun at the time of the survey but if 
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open cast mining is to be done in this area it could effectively eliminate the last link 

from the South to the North of the Narmada river in the region.  

 

 

 

 

I also found that Amera Reserved Forest forms an extremely important link, as this 

was the only place in the entire survey where we had villagers confirming sightings of 

both tiger and leopard. The patch forms an important link between Bhurka RF and 

Dohniya RF and also by connecting Chapri RF through Karaundi RF to Barkhera RF, 

which is also contiguous with Dohniya RF (see Figure 8.10) 

 

Dindori Village 
and the Dindori 

Gap 

Figure 8.11: close up of Map showing problematic Dindori Gap 
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Figure 8.10: Flow chart showing existing connectivities between Kanha 
and Bandhavgarh Tiger Reserves 
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Barkhera RF is threatened by cultivation on both its East and West sides. This forest 

area urgently needs new wildlife friendly management strategies and an improved 

protection status. 

 

I also explored the possibility of identifying areas of forest corridors that could 

connect Bandhavgarh to other forest areas that hold tiger populations (Figure 8.12).  

 

 

Directly to the south, Bandhavgarh Tiger Reserve can be connected to Ajhwar RF 

through a corridor comprising of Rohaniya RF, Sohagpur RF via Karkati, Ghunghuti 

Figure 8.12: Forest contiguous with Bandhavgarh Tiger Reserve 
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and Sundardadar. This forest area has all the prerequisites for providing good habitat 

to wildlife – water, adequate cover and grasslands. However, these forests are 

managed primarily for commercial forestry purposes and there is competition for the 

herbivores in the large numbers of cattle grazing in the area. This area is essential for 

the survival of the tiger populations in the area. 

 

Other corridors that exist in the area are the Ajhwar RF –Dohniya RF-Amera corridor 

which would link Bandhavgarh tigers to the Amera tigers, and the Garhpuri RF-

Kuriya RF-Sejhwahi RF corridor to the north of Bandhavgarh. 

 

8.6.3 Tiger Risk Assessment Model 

The tiger risk assessment model classifies the landscape between Kanha, 

Bandhavgarh and Achanakmar Tiger Reserves (Map 8E). Significantly, even though 

good forest areas exist above Kanha, the model has assigned a medium high risk 

factor to the forests above Tendua RF. The model therefore suggests that the  

Jagmandal – Biri – Daldala – Bhurkha –Mahadwani - Amera Connection and the 

Jagmandal – Kathautiya – Hannaimata – Bahmni – Bastara – Paraiya areas are ones 

where there is moderate risk to tigers. 

 

The area between Motinala and Achanakmar, and areas directly between them and 

Bandhavgarh have been selected as relatively safer areas. These would essentially 

constitute the Kanha – Phen – Achanakmar Corridor (Refer to Ravan & Dixit, 1995) 

and the following reserved forest areas – Dholbija, Charpani, Masurghugri, Marpha, 

Bulakpani, Prempur, Dhaba, Labeda, Atariya, Subhkar and Ajhwar. 
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MAP 8E 
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8.7 Discussion 

8.7.1 Village Survey 

During discussions with the villagers living adjacent to the National Park, the point of 

interest is that the majority of people have not been into the Park and have not seen a 

tiger. The issue therefore is that the Park has been created at the expense of these 

people, depriving them of traditional rights without the provision of alternatives, and 

made into an area largely frequented by the rich and elite, for a creature they do not 

know and for animals that do not mean much to them. These animals, some species of 

which have increased considerably since the creation of the Park, cause considerable 

economic damage to crops and livestock. 

 

The results of the interviews showed that those people that did see tigers, saw them 

mainly during the afternoons near water holes and at dusk and dawn. This 

corresponds to the knowledge of the tiger’s activity cycle when there is a high degree 

of human disturbance in the area (Griffiths & van Schaik, 1993). Under high 

disturbance conditions, the tiger turns largely nocturnal and spends days resting or 

sleeping. The high incidence of tiger spoor reported in an area of 0.25km radius 

around villages is due to the fact the all villages visited were located in or on the 

periphery of the National Park. 

 

The villages sharing a boundary with the Park and the villages where a number of 

people had worked with the forest department commented on the rising numbers of 

tigers. People living in villages that used to be a part of the forest system but are now 

surrounded by agricultural fields and areas of high disturbance that are not located on 

the boundary of the Park felt that the status was declining. Villages located at a 
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distance of 2 or more kilometres from the Park did not much interaction with the 

tigers and felt that tiger populations were stable. 

 

Over 88.2% of all villages interviewed cited crop damage as the chief problem they 

faced as a result of the creation of the Park. They further identified Wild Boar as the 

chief cause of this damage followed closely by cheetal. Results in Chapter 6 showed 

that the density of Wild Boar is not even a fourth that of cheetal in the Tala Range. 

Thus, the damage caused by wild boar is 

disproportionately high. The problem of crop raiding by 

cheetal can in part be explained by the tendency of 

cheetal to aggregate in large groups near human 

habitation as a defence mechanism against predators 

(Johnsingh 1983, Sunquist & Sunquist, 1989). The 

added advantage of having access to high quality 

grazing in fields could account for the large numbers of 

animals that are seen to leave the Park at dusk and re-

enter the Park each morning (pers. obs.). Several 

strategies have been experimentally tried out by the 

Park authorities to prevent crop damage. Strategies tried include chain link fencing 

(seen in Figure 8.13), electrified fencing, digging of trenches, and raising of dry 

stonewalls around the boundaries of Tala Range. The latter two methods d id not 

prove a disincentive to animals while the maintenance of the electric fence proved a 

problem as villagers attempting illegal entry into the park for the collection of fuel 

wood would break it, domestic elephants also damaged the fence on a number of 

occasions and animals like wild boar went under it. Chain link fencing proved 

Figure 8.13: Domestic buffalo 
standing outside chain link 
fence erected by the Park 
authorities around the 
boundary of Tala Range. Photo 
credit: Latika Nath 
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effective when a tall fence over 7 feet high was erected and the lower end of the fence 

was buried in the ground and lined with rocks to prevent wild boar from digging 

under it. The fence was seen to be effective in keeping deer and wild boar within the 

Park and cattle and livestock outside in field trials conducted by the forest department 

in Tala Range (see Figure 8.13). However, care has to be taken to ensure that no large 

rocks or mounds of mud used by the Forest Departments in India as boundary markers 

are located adjacent to the fence. Several times during this study I saw that both Chital 

and Sambar use these elevations to jump over the fence but could not re-enter the 

Park from the other side and died of injuries sustained in the process.  In addition, it is 

not economically feasible for the Park at the present to consider erecting and 

maintaining chain link fencing around the entire 624.752 km2 of core tiger reserve 

(refer to Chapter 3) unless a special grant is made available for the purpose and for the 

continued patrolling of the entire length for maintenance. Finally, unlike some of the 

other states in India no schemes exist for crop damage compensation or crop 

insurance. One of problems implementing this scheme would be the assessment of the 

potential crop possible in the field at the time of insurance and the amount of damage 

done at the time of settling a claim. Further, as the area mainly depends on rainfed 

subsistence agriculture, it is agriculturally backward and the failure of rain can also 

result in the loss of crops. 

 

While the points raised regarding problems in getting the compensation for cattle 

killed by wild animals were valid, the point was also raised that the villagers assumed 

and expected that the compensation sum would cover the cost of the livestock that had 

been lost. This shows the necessity to conduct a public relations exercise in the 

villages to explain procedures for cattle compensations and, importantly, to explain 
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that the compensation is supposed to be a token amount from the government and not 

a complete compensation scheme. 

 

The delay in payment of compensation by the government can arise due to a 

difference in perceived and legal ownership of land. Within the operating land 

management system in Madhya Pradesh, the children of people who own land can 

inherit land in tribal belts but no new purchases may be made by outsiders. The 

transfer process can take time due to bureaucratic procedures. One possible source of 

delay in the payment of compensation is the possibility that there are some cases 

where land ownership is not established legally. However, all these matters should 

now be cleared at the earliest and all dues cleared as the antagonism resulting on the 

side of the villagers can adversely affect the attitudes of villagers targeted for 

relocation projects and hinder the conversion of the area legally into National Park 

status. 

 

The extremely insignificant 0.314% employment rate seems to reflect the immense 

gap in the channelling of resources from the wildlife tourism trade and the Project 

Tiger Area to the local populace. Most of the resources are earned by a handful of 

tour operators and owners based elsewhere. This is also one of the main reasons for 

the antagonistic and resentful attitude of the villagers as the perceived benefits from 

the creation of the Park are negligible in comparison to the daily sacrifices made by 

these people. A landmark decision about this subject was taken in Nepal in 1996. The 

Nepal Ecotourism policy sets an example for the rest of the tiger range countries. 

Through the 1996 ratification of the conservation by-laws, 30-50% of all tourism 

revenues collected in National Parks are to be re-invested in buffer zone conservation 
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and development projects. Steering Committees, led by Park Wardens, are to be 

established to evaluate proposals submitted by the local administrative units – the 

Village Development Committees – to access the recycled revenue. Grants are made 

to village groups rather than individuals, to ensure that funds are used for the benefit 

of the community. Typically, investments will be used to meet basic needs such as 

fuelwood, fodder, and timber plantations, and to improve schools, roads, health care, 

and livestock. It is hoped that such benefits will bring about a better relationship 

between the people and the Park (Dinerstein et al., 1997).  

 

25 mammals were identified by villagers from pictures. Discussions in greater depth 

revealed an unexpectedly large number of people reporting on the occurrence of the 

rare Indian wolf. The wolf is only rarely seen within the boundaries of the Park and 

then too at the very peripheries. A status survey of the wolf in the area is 

recommended in order to verify the status of wolf populations in the area. Another 

important finding was that no villagers reported seeing gaur in the past two years. On 

two occasions, people mentioned a sighting in 1996 but none were reported more 

recently. Camera trap photographs (refer to chapter 7) showed one male gaur in 

Bhadrashila (refer to Chapter 3) in Tala Range in April 1997. A dead male gaur was 

found in 1994. No other animals dead or alive have been reported from the troupe of 

over 15 gaur that were seen regularly until 1993 in Tala Range (Rana, pers. com.). An 

urgent and immediate status survey of the gaur is required in order to assess whether 

the gaur have migrated to another place or if a local extinction has taken place. 

 

 

8.7.2 Sociological pressures and management constraints  
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The presence of villages within the Park is a problem that requires the immediate 

attention of the Park management. The process for the relocation of villages has been 

initiated. It is now essential to use this opportunity to set an example for the remaining 

villages. The government and Park officials will have to ensure that all monetary dues 

are paid on time and the provision of promised facilities is kept on schedule. Adopting 

the relocated village as a model village where the implementation of eco-development 

schemes, awareness programmes and the involvement of people in conservation take 

place simultaneously, will also go a long way in facilitating the relocation of other 

villagers. 

 

The problem village of Kamarwah can be dealt with in only two ways. Either the 

government should sanction the forceful relocation of the entire village in one 

carefully managed operation at the same time allocating land for the relocation of the 

village or it should acknowledge the existence of the village and grant it the same 

rights and privileges due to other villages located within the forest area.  

 

The problem of cattle grazing is a difficult and sensitive one since the area is 

predominantly Hindu and cows are considered religious animals. In a combined two-

pronged attack, the government should initiate a fuel wood and fodder mission along 

with the introduction of better breeds of cattle with provisions for stall feeding and 

schemes for marketing of milk. Simultaneous schemes should be introduced for the 

sterilisation of all low-grade, unproductive cattle and registration and vaccination of 

all cattle in the buffer zone of the tiger reserve areas. 
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All feral dogs found inside Park boundaries should be eliminated. Dog owners, when 

identified, should be fined and prosecuted for an offence under WPA for hunting with 

dogs within National Parks. These measures will provide the incentive to people to 

keep their dogs under control and will minimise the potentially high risk of rabies 

from being spread in the Park.  

 

Protected areas constitute less than 10% of the forestland in the state of Madhya 

Pradesh. The Park Director, BNP explained that the quality of Tendu is superior in 

drier terrain and that Tendu leaves in the prime habitat of the Park are not of the best 

quality (Singh, pers.com.). Therefore, keeping in mind the objectives of the WPA and 

the costs of large-scale human entry into the protected area, the government should 

ban the collection of Tendu from the core zones of all tiger reserves and National 

Parks. 

 

Forest fires can only be managed through two methods – prevention and education. 

Through the effective implementation of fire prevention schemes that include the 

creation of fire breaks, maintenance of vegetation-free roads that act as fire barriers, 

fire lines, preventive burning, and establishment of fire watch towers, the Park 

management is already combating the threat of fire. The key to the success of these 

schemes is that the prevention measures must be implemented in time and with 

diligent care. Prevention measures should also include increasing the awareness of 

villagers about the consequence of fires on the Park ecosystem. 

 

Another issue raised during discussions with Forest officials is the ban on “Green 

Felling” that exists in India today. Currently, no person may cut green wood for any 
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reason without specific prior permission. This causes illegal and unrecorded felling in 

private lands due to market demands. To solve the problem the government must 

create conditions so that any person can plant and harvest plants to meet the demand 

for bamboo and timber. At present the law discourages people from voluntarily 

growing trees. People will only grow trees is there is a market demand for the produce 

and not for environmental reasons. Allowing green felling on private lands will 

reduce pressures on forestland and the private plantations will create habitats for 

birds, and small game. To control the degree of felling the government can lay down 

rules about the rotation time between planting and harvesting and make it necessary 

for immediate afforestation of any land where felling has been done. 

 

Poaching is a problem that has been discussed in every fora connected with the tiger 

in India and abroad. A vast amount of 

documentation and literature exists on 

the subject including publications by 

TRAFFIC, WWF, and WPS referred 

to earlier in this chapter. Figure 8.14 

shows the countries with the highest 

demand for tiger products for use in 

Chinese traditional medicine (CTM). 

Poaching does exist in Bandhavgarh 

and in most wildlife areas in India. For combating poaching a multi pronged attack is 

necessary – prevention, law enforcement, the search for synthetic alternatives to tiger 

bone in CTM and education.   

 

Figure 8.14: Sink and Source countries for the trade 
in tiger products. 
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Prevention of poaching can be aided using any or all of the following suggestions. 

Park boundaries have to be patrolled regularly by park officials in teams of five or 

more. Wireless communications devices have to be provided to each team. An armed 

back up team to be established for each tiger reserve to assist in combat with armed 

poachers or apprehension of poachers. Regular forest department staff have to be 

made aware of the problems of wildlife conservation and the need to conserve 

wildlife in order to improve inter-departmental cooperation across administrative 

boundaries between protected areas and reserved forests.  

 

The involvement and assistance of two other departments is also necessary if any anti-

poaching work is to succeed – the judiciary and the police. For police stations near 

protected areas, special workshops should be organised in order to introduce them to 

the issues at stake and these should be repeated at regular intervals and become an 

ongoing process. Similar awareness programmes have to be initiated for the judiciary 

and interaction between the members of the forest department and judiciaries needs to 

be encouraged. Legal cells should be established at the regional level within states to 

provide legal advice and assistance to forest department staff connected with the 

prosecution of cases against wildlife offenders and defence of staff being prosecuted 

or implicated by villagers in false cases. Penalties for poaching of endangered species 

should be adequate to act as a disincentive for the repeat of the crime and legal action 

in these cases should be swift and decisive.  

 

Finally, the education of both the public and all policy makers and law enforcement 

agents should be undertaken as a priority measure. All school curricula should include 

a section on conservation. It should be emphasised that the protection of the tiger 
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ensures the protection of the entire ecosystem, which is a means of safeguarding the 

water security of the country.  

 

In Bandhavgarh, a method of reducing tourism pressures on Tala and using tourism as 

a tool for the prevention of poaching, or as a deterrent to people engaged in other 

illegal activities, is to open other ranges of the Park by rotation, to tourism. The 

presence of tourists acts as a deterrent to people indulging in illicit activities and acts 

as an additional patrolling and surveillance system to the Park. It also provides the 

Park management the incentive to maintain habitat, roads, and fire lines equally in all 

areas and removes the focus from one area. 

 

8.7.3 Landscape level measures around Bandhavgarh Tiger Reserve 

The forest area immediately contiguous to Bandhavgarh should be given a higher 

protection status as should the forest between Kanha and Achanakmar Tiger Reserves. 

This also meets the criteria of TCUs and is some of the best wild Tiger habitat 

remaining in the world. To do this it might be necessary that the WPA be amended to 

allow the creation of areas other than National Parks and Sanctuaries that allow 

private ownership and/or multiple land use practices while maintaining the habitat 

quality for wildlife.   

 

Amera Reserved Forest area needs to be immediately declared a protected area. To 

prevent future unplanned development of land in the Dindori Gap region, a 2-3 km 

stretch of forest should be acquired by the government on either side of the river 

Narmada that could act as a corridor for the dispersal and movement of tiger and its 

prey species.  
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For ensuring the contiguity of forests in the region the extension of open cast bauxite 

mines and the sanctioning of new projects should be prevented. Further, when mines 

are abandoned, a certain amount of habitat restoration work should be undertaken by 

the company. Where coal mines are concerned underground mining using the old 

system of tunnels which permits the maintenance of an over ground forest corridor at 

least 2 km in width may be continued, but any form of mining that disrupts the forest 

ecosystem and makes it uninhabitable for wildlife should be prohibited. Discussions 

and public relations work with mining company management to create an awareness 

of the wildlife conservation issues should be a part of every project. 

 

To the north of the Narmada River the following forest areas need immediate 

attention and an elevated protection status. These include (from North to South) 

Sejhwahi RF, Kuriya RF, Rohaniya RF, Sohagpur RF (including Ghunghuti, Karkati 

and Sundadar), Ajhwar RF, Dohniya RF, Subhkar RF, Nawalpondi RF, Neosa RF, 

Amera RF. Further, an immediate survey of the small forest patches near 

Karanpathar, Ghogri, Beldongri should be undertaken to assess the quality of the 

forest habitat and confirm the contiguity of links between Neosa RF and Bhunakhona 

RF and Hathpura and Maikala RF. 

 

To the south of the river Narmada, the following forest areas need immediate 

attention and an elevated protection status. –Maurghugri RF, Charpani RF, Prempur 

RF, Dholbija RF, Bulakpani RF, Marpha RF, Dhaba RF, Atariya RF, Chandpur RF, 

Labeda RF, Bijora RF, Maikala RF, Dhanauli RF, and Bhunakhona RF.  
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The entire stretch of contiguous forest from Kanha Tiger Reserve including Phen 

Sanctuary to Achanakmar Sanctuary  and the entire stretch of forest from Sejhwahi 

RF to Bandhavgarh Tiger Reserve including Panpatha Sanctuary to Suhagpur RF 

should be declared a site of national significance as a tiger conservation unit. Given 

the prevailing habitat fragmentation patterns in many tiger range countries this prime 

area could become one of the largest and most important sites for the conservation of 

a large and viable tiger population. 

 

8.8 Recommendations based on entire thesis 

1) Bandhavgarh National Park 

a) Priority creation of water holes to encourage proliferation of cheetal and 

sambar. 

b) Relocation of villages beginning with Kallwah and Kumarwah. 

c) Establishment of model individual tiger monitoring programme using a 

combination of camera trapping and pugmark identification. 

d) Initiation of a project to survey crop damage problems and identify possible 

solutions. 

e) Establishment of community involvement programmes using funds raised 

from tourism related activities. 

f) Immediate and priority survey to establish status of Gaur population 

g) Creation of a model interpretation centre with an interactive computer 

programme allowing visitors to access information on the Park and its animals 

h) Establishment of an ongoing programme of workshops for the Police, Judicial 

and Mining officials posted in the region around Bandhavgarh. 

i) Opening of ranges other than Tala to tourism on a rotational basis 
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j) Elimination of feral dogs within Park and imposition of a fine on a dog owner 

when identified. 

k) Ban on movement of traffic between dusk and dawn except for private 

vehicles of residents on Umaria Rewa State Highway No 5. and on Parasi – 

Khitauli PWD Road. 

 

2) Regional Level 

a) Recognition of the importance of the Kanha – Bandhavgarh Corridor area and 

action to safeguard its future 

b) Raising of the protection status of forests north and south of Bandhavgarh 

Tiger Reserve or even extension of the Tiger Reserve to include areas up to 

Suphkar Forest . 

c) Recognition of the value of the contiguous forest tract between Kanha Tiger 

Reserve and Achanakmar Sanctuary and raising of the protected area status of 

these areas. 

d) Declaration of these prime tracts of forests as Tiger Conservation Units and 

restricting the types of development activities in order to ensure the 

maintenance of habitat quality and contiguity of forest patches 

e) Immediate and urgent survey of the Maikala RF to safeguard its future 

f) Training workshops for all staff posted in regular forest areas linked with 

and/or  adjacent to protected areas in order to create awareness about wildlife 

conservation and its implications 
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3) National and State Government Level 

a) Immediate and urgent implementation on a national level of a fuel wood and 

fodder mission. The mission will address the growing demands of the rural 

population for fuel wood by promoting community forestry projects and 

improve grazing lands as well as safeguarding the water security of the 

country.  

b) A cattle improvement drive to accompany fuel and fodder mission, under 

which better breeds of cattle are initially provided free to villagers along with 

provisions for stall feeding the animals and veterinary support. The 

establishment of milk co-operatives, sterilisation of the common unproductive 

cattle, and establishment of gobar-gas plants and solar energy units to be 

provided simultaneously. Registration and vaccination of all cattle owned by 

villages surrounding the Park to be made compulsory and people should be 

encouraged to allow sterilisation of unproductive cattle. 

c) Establishment of protected areas with status other than National Park and 

Sanctuary to include multiple use lands and land whose ownership does not 

rest with the government. 

d) Change over from controversial Annual Tiger Census to Tiger Monitoring 

Project using camera trapping and pugmarks for individual tiger identification. 

Establishment of a national and park level “Geographic Information System 

on Tigers (GIST)” which includes a database on each Tiger Reserve and 

protected area containing tigers as well as updated photographic records of 

Tigers which can be used for identification of pelts from poachers in order to 

pinpoint source of poaching. 
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e) Provision of irrigation water to villages surrounding National Parks on a 

priority basis. This will allow villagers to grow multiple crops each year and 

improve their economic status. Multiple cropping will also keep the villagers 

occupied for most of the year leading to reduced focus on forest produce 

collection and extraction. Training and subsidies for horticulture and vegetable 

farming will improve the economic status of the farmer, especially so if the 

vegetable production by the small farmers can be channelled to supply the 

needs of the local tourism industry. 

f) Changing of legislation to allow green felling in private lands under the 

proviso that the cycles of harvest follow government outlines and that all 

harvest should be accompanied by afforestation. 

g) An awareness programmes for the judiciary, going all the way from the 

district courts to the high courts, to increase an awareness of the gravity of 

wildlife offences and the implications of the crimes committed. Further, the 

judiciary should have a greater amount of interaction with the Forest and 

Wildlife Departments, Police and villagers in order to have a greater 

understanding of the situation. 

h) Intensive training in wildlife management and legal procedure at the 

recruitment level with ongoing refresher courses for all levels of Park 

management. This would include training workshops for senior Park 

management to increase an understanding of how to view legal provisions 

holistically and not limit themselves to the Wildlife (Protection) Act of India 

1972 (WPA) but use provisions from other acts to augment the WPA. 

i) All National Parks should have a legal advisor as a retainer on their staff to 

assist, advise and support the staff in all legal matters. 
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j) Discouraging the transfer of senior level management in quick succession and 

encouraging senior managers to complete a time of at least a few years in each 

posting in order to give them time to understand the realities of the problems 

in the post and suggest and implement remedial strategies. 

k) Provision of dual housing allowance to staff posted in remote areas with the 

provision of basic amenities to the staff in the field. This would include the 

provision of drinking water, weekly provision of rations, and monthly medical 

check-ups. 

l) Appointment of staff to handle all Public Relations Work and creation of an 

interpretation centre for visitors. 

m) Establishment of the practice of teams of staff with a minimum of five 

members for patrolling Park territories on a regular basis but selecting beats 

randomly. Encouraging large teams of people to go for all investigations and 

arrests to villages, thus reducing the vulnerability of staff to false cases. 

n) Provision of self-defence courses at the recruitment level and for Park staff. 

o) Provision of armed support groups for anti-poaching work. 

p) Appointment of trained wildlife vets at all National Parks and the provision of 

basic veterinary hospital and facilities. 
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Appendix 1 

 

The Fossil Tigers 

 

Source: Kitchener, 1999 

 

Geological Epoch 
Estimated age 

(Millions of years 
ago, Mya) 

Locality Synonyms 

Late Pliocene to 
 early Pleistocene 

2 China: Anyan,Honan Province Felis palaeosinensis 
  
  

1.3-2.1 Java: Gunung Butak (Jetis Beds); 

1.66 Sangiran; Punung 

Middle to late 
 Pleistocene 

  Java: Kendeng; Felis groeneveldtii,  
Felis trinilensis, 
Panthera tigris soloensis,  
Felis palaeojavanica,  
Felis oxygnatha 
  
  

0.7-1.3 

Trinil; Kedung Brubus;  
Bangle; Jeruk; 
 Kebon Duren; Teguan 

  
Sumatra: Sangiran; 
 Padang Highlands 

0.23-0.46 

China: Choukoutien; 
Szechuan Province; 
 Chinkiang; W.Hupei Province;  
Fuminhsien; Yunnan Province; 
 Kweilin; Kwangsi Province 

Felis acutidens,  
Felis youngi 
  
  
  
  
  
  
  
  
  
  
  

0.65-0.8 
China: Lantian, Shensi Province;  
Gongwangling, Shensi Province 

0.24 
China:Shihhung, 
N. Anhwei Province 

Late Pleistocene 0.27-0.053 Java:Ngangdong 

    China: Shangdong; Harbin 

  
  

Japan: Mikkabi; Akiyosi,  
Yamaguti Province; Gansuiji 

  

  

Russia: Bolschoj Lyachow I.,Siberia;  
Jana River Basin, Siberia;  
Tscharyisch River, Altai 

    Caucasus 

    E. Beringia 

Holocene   India: Karnul caves 

    Java: Sampung 

    Borneo: Niah Caves, Sarawak 

 

 



 

Latika Nath, D.Phil. Thesis, University of Oxford 2000 

 

351 

Appendix 2  

Summary of genetic techniques used to study the molecular evolution 

and genomic variation of tigers. 

 

Source: O’Brien et al. (1987) and S. Miththapala in Wentzel et al. (1999) 

 

Theory of the molecular clock  

As biological species evolve, their genes accumulate nucleotide substitutions in the 

DNA backbone in a steady “clocklike” manner. These genetic substitutions are 

sometimes biologically consequential, but more often are selectively neutral. When 

the mutation occurs in a structural gene, the primary amino acid sequence becomes 

changed. As species evolve, these substitutions continue to accumulate and with 

increased time, the extent of sequence divergence becomes greater. The mutational 

differences are mostly evolutionary “noise” but have the advantage of being 

proportional to the time elapsed since the existence of a common ancestor of two 

extant species. Further, for any individual molecular metric, the time of divergence 

can be calibrated by measuring the same metric between species whose time of 

divergence has been established biogeographically. Thus, by measuring one or more 

molecular metrics between taxa, a relative estimate of their evolutionary distance and 

time of divergence can be obtained. 

 

Albumin Immunological Distance (AID) – This procedure measures immunological 

distances between different species based on amino acid substitutions in homologus 

proteins. In this procedure, rabbits are immunized with serum albumin from species 

A. The sera are pooled and titred against albumin from Species A (homologus 

reaction). In the evolutionary distance determination, albumin from Species B is 
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incubated with antisera against Species A (heterologus reaction). Then the degree of 

cross reactivity is quantified by determining the difference between the two species. 

When several antisera are prepared, a matrix of immunological distances can be used 

for estimating phylogenetic relationships. The transformation of the AID matrix is 

achieved by the application of several computer algorithms that have been developed 

for phylogenetic applications of evolutionary distance data. 

 

Karyology – Karyotypes are the sum total of the morphological characteristics of the 

chromosomes in a cell. A majority of the 37 extant species of cats have been 

karyotyped. In general, the karyotype of the Felidae is highly conserved. The 

domestic cat has 19 chromosome pairs, 15 of which are invariant in all cat species. 

The limited rearrangements, which have occurred, however, seem to be clustered 

according to the phylogeny. Most of the karyologic variation in the Felidae occurs 

along the early phase of the pantherine lineage. The homogeneity of the karyotype of 

three groups (ocelot lineage, domestic cat lineage and Panthera) lends additional 

support to the theory about the divergence of the Pantherines.  

 

Isozyme genetic distance – This is a statistical calculation used for estimating the 

degree of allelic substitutions at a group of loci between populations or species, based 

on the electrophoretic resolution and the relative rates of nucleotide substitution, the 

genetic distance estimates increase proportionately with the amount of time the 

compared populations have been reproductively isolated. 

 

DNA hybridisation – This technique involves the hybridisation of the genomic DNA 

from heterologus cat species. Non-repetitive DNA is extracted from several species of 
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cats and hybridised with radiolabelled DNA from an index species. Two types of 

measurements can be derived from these experiments – the extent (%) of 

reassociation and the thermal stability of DNA hybrids. The extent of the 

hybridisation of the radioactive DNA and the “cold” DNA is inversely proportional to 

the time elapsed since the two species shared a common ancestor. The hybridisation 

of imperfectly matched DNA strands also results in the formation of hybrids that melt 

at a lower temperature than the homologus DNA hybrids; the extent of this difference 

is linearly related to the percent hybridisation obtained and to the time the two species 

diverged. 

 

MtDNA – Mitochondrial deoxyribonucleic acid (mtDNA) is a closed, circular 

molecule. The specific genes contained within the mtDNA molecule are generally 

conserved across the taxa and include 22 transfer Ribonucleic acids (RNA) genes, two 

12S and 16S ribosomal RNA genes, 13 protein coding genes and a control region. The 

rate of change within mtDNA is some five to ten-fold faster than that in coding 

nuclear DNA, with the result that analysis of mtDNA allows for assessment of recent 

demographic events – i.e. description of phylogenetic history. Within the molecule, 

the control region, which initiates replication and transcription, evolves four to five 

times faster than the rest of the molecule and is likely to show the greatest degree of 

variation. 

 

Within this mtDNA are sites where certain enzymes – called restriction enzymes – 

can cleave the circle, with the result that linear strands are produced. The number of 

linear fragments produced by digestion by a restriction enzyme is equal to the number 

of sites in the molecule. The number and position of these restriction sites may vary 
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from individual to individual, population to population, sub-species to sub-species, 

and species to species. When these strands called restriction fragment length 

polymorphisms (RFLP) are size-separated by electrophoresis, different bands patterns 

can be visualised. The total pattern obtained from a given number of restriction 

digests is called a haplotype. Visualisation and differentiation of these patterns allow 

for discrimination between taxa. 

 

Major Histocompatibility Complex (MHC) - MCP is a complex of several hundred 

genes in mammals, which are tightly linked. Within this complex are several classes, 

notably MHC Class I and Class II genes, which initiate and direct immune responses 

in vertebrates against foreign pathogens. The MHC genes activate white blood cells to 

combat infection, and the DRB locus in the complex distinguishes “self” from “non-

self” proteins. In order to be able to combat a variety of pathogens, MHC genes are 

exceptionally polymorphic. Thus, it has been argued that assessment of variation at 

the MHC complex is essential for conservation genetics. 

 

Short Tandem Repeat (STR) – Scattered throughout the nuclear genome of 

eukaryotes are tandemly repeated short units which are highly polymorphic in the 

number of repeats and hence their length. These short tandem repeat (STR), or 

microsatellites, can be amplified through the polymerase chain reaction (PCR) to 

produce enough copies for detection of the different allele sizes through 

electrophoresis. This methodology has proven invaluable for conservation genetics, 

because differences ranging from across taxa down to a single individual can be 

identified. 

 



APPENDIX 3        Tigress Sita’s Family Tree 
 
(Source: historical data and some photographs: Nanda S.J.B. Rana) 
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 Appendix 4a 

 

Major mammalian species of Bandhavgarh National Park 

 

Source: Prater 1971; Sonakia, 1993; Tyabji, 1994; Seidensticker et al. 

1999 

 

1. Tiger: Panthera tigris tigris  

2. Leopard: Panthera pardus  

3. Jungle cat: Felis chaus 

4. Wolf: Canis lupus 

5. Wild Dog: Cuon alpinus 

6. Jackal: Canis aureus 

7. Fox: Vulpes bengalensis 

8. Hyaena: Hyaena hyaena 

9. Sloth Bear: Melursus ursinus 

10. Grey Hanuman Langur: Semnopithecus entellus 

11. Rhesus macaque: Macaca mulatta 

12. Small Indian Civet: Viverricula indica 

13. Toddy Cat: Paradoxurus hermaphroditus 

14. Ruddy mongoose: Herpestes smithii 

15. Common mongoose: Herpestes edwardsi 

16. Ratel: Mellivora capensis 

17. Indian tree shrew: Ananthana ellioti 

18. Grey musk Shrew: Suncus murinus 

19. Flying fox: Pteropus giganteus 

20. Fulvous Fruit Bat: Rousettus leschenaulti 

21. Indian False Vampire Bat: Megaderma lyra 

22. Indian Pipistrelle: Pipistrellus coromandra 
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23. Five striped Palm Squirrel: Funambulus pennanti 

24. Indian Mole Rat: Bandicota bengalensis 

25. Indian Porcupine: Hystrix indica 

26. Indian/ Black napped hare: Lepus nigricollis 

27. Indian Pangolin: Manis crassicaudata 

28. Blue bull: Boselaphus tragocamelus 

29. Four Horned antelope: Tetracerus quadricornis 

30. Chinkara: Gazella bennetti 

31. Gaur: Bos frontalis 

32. Cheetal: Axis axis 

33. Sambar: Cervus unicolor 

34. Barking deer: Muntiacus muntjac 

35. Wild Boar: Sus scrofa 
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Appendix 4b 

Birds of Bandhavgarh 

 

Source: Tyabji, 1994b; Lama (pers. com.); Nath (pers.com.) and pers. obs. 

 

Family Podicipedidae: grebes 

1. Little grebe: Podiceps ruficollis 

Family Phalacrocoracidae: cormorants and darter 

2. Cormorant : Phalacrocorax carbo 

3. Darter: Anhinga rufa 

Family Ardeidae:herons, egrets, bitterns 

4.   Grey Heron Ardea cinerea 

5.   Purple Heron Ardea purpurea 

6.   Little Green Heron Ardeola striatus 

7.   Pond Heron or Paddybird Ardeola grayii 

8.   Cattle Egret Bubulcus ibis 

9. Large Egret Ardea alba 

10. Smaller Egret Egretta intermedia 

11. Little Egret Egretta garzetta 

12. Chestnut Bittern Ixobrychus cinnamomeus 

13. Black Bittern Ixobrychus flavicollis 

Family Ciconiidae: storks 

14. Painted Stork Mycteria leucocephala 

15. Openbill Stork Anastomus oscitans 

16. Whitenecked Stork Ciconia episcopus 

17. Black Stork Ciconia nigra 

18. Lesser Adjutant Lepitoptilos javanicus 

Family Threskiornithidae: ibises, spoonbill 

19. White Ibis Threskiornis aethiopica 

20. Black Ibis Pseudibis papillosa 

Family Anatidae: ducks, geese,swans 

21. Barheaded Goose Anser anser 

22. Lesser whistling teal or Tree Duck Dendrocygna javanica 

23. Ruddy Shelduck Tadorna ferruginea 

24. Pintail Anas acuta 

25. Common Teal Anas crecca 

26. Common Pochard Aythya ferina 

27. Cotton Teal or Quacky-Duck Nettapus coromandelianus 

28. Comb Duck Sarkiodoirnis melanotos 
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Family Accipitridae: hawks, vultures, eagles, etc. 

29. Blackwinged Kite Elanus caeruleus 

30. Honey Buzzard Pernis ptilorhyncus 

31. Pariah Kite Milvus migrans migrans 

32. Goshawk Accipiter gentilis 

33. Shikra Accipiter badius 

34. Horsfield’s Goshawk Accipiter soloensis 

35. Sparrow Hawk Accipiter nisus nisosimilis 

36. White-Eyed Buzzard Butastur teesa 

37. Crested Hawk Eagle Spizaetus cirrhatus cirrhatus 

38. Bonelli’s Eagle Heiraetus fasciatus 

39. Eastern Steppe Eagle Aquila rapax nipalensis 

40. Lesser Spotted Eagle Aquila pomarina 

41. Black Eagle Ichtinaetus malayensis 

42. Greyheaded Fishing Eagle Ichthyophaga ichthyaetus 

43. Black or King Vulture Sarcogyps calvus 

44. Indian Longbilled Vulture Gyps indicus 

45. Indian Whitebacked Vulture Gyps bengalensis 

46. Egyptian or Scavenger Vulture Neophron percnopterus 

47. Hen-Harrier Circus cyaneus 

48. Pied Harrier Circus melanoleucos 

49. Marsh Harrier Circus aeruginosus 

50. Short -Toed Eagle Circaetus gallicus 

51. Crested Serpent Eagle Spilornis Cheela 

52. Osprey Pandion haliaetus 

Family Falconidae: falcons 

53. Shaheen Falcon Falco perigrinus peregrinator 

54. Hobby Falco subbuteo 

Family Phasianidae: pheasants, partridges, quails etc. 

55. Painted Partridge Francolinus pictus 

56. Grey Partridge Francolinus pondicerianus 

57. Jungle Bush Quail Perdicula asiatica 

58. Common Peafowl Pavo cristus 

Family Turnicidae: bustard-quails 

59. Common Bustard-quail Turnix suscitator 

Family Gruidae: cranes 

60. Sarus Crane Grus antigone 

Family Rallidae: Rails, coots 

61. Whitebreasted waterhen Amaurornis phoenicurus 

62. Moorhen Gallinula chloropus 

63. Coot Fulica atra 

Family Jacanidae: Jacanas 

64. Pheasant-tailed jacana Hydrophasianus chirurgus 
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65. Bronzewinged jacana Metopidius indicus 

Family Rostratulidae: Painted Snipe 

66. Painted snipe Rostratula benghalensis 

Family Recurvirostridae: Stilts, Avocets 

67. Blackwinged stilt Himantopus himantopus 

Family Burhinidae: Stone curlew, Thick-knees 

68. Stone curlew Burhinus oedicnemus 

69. Great stone plover Esacus magnirostris 

Family Charadriiae: Plovers, Sandpipers, Snipe 

70. Redwattled Lapwing Vanellus indicus 

71. Spurwinged Lapwing Vanellus spinosus 

72. Yellow-wattled Lapwing Vanellus malabaricus 

73. Little ringed plover Charadrius dubius 

74. Lesser sand plover Charadrius mongolus 

75. Spotted or Dusky Redshank Tringa erythropus 

76. Greenshank Tringa nebularia 

77. Green Sandpiper Tringa ochropus 

78. Wood Sandpiper Tringa glareola 

79. Common sandpiper Tringa hypoleucos 

80. Fantail Snipe Gallinago gallinago 

81. Little Stint Calidris minuta 

82. Temminck’s Stint Calidris temminckii 

Family Laridae: Gulls, Terns 

83. Indian River Tern Sterna aurantia 

84. Blackbellied Tern Sterna acuticauda 

Family Pteroclididae: Sandgrouse 

85. Painted Sandgrouse Pterocles indicus indicus 

Family Columbidae: Pigeons, Doves 

86. Yellowlegged green pigeon Treron phoenicoptera 

87. Blue Rock Pigeon Columba livia 

88. Rufous Turtle Dove Streptopelia orientalis 

89. Indian ring Dove Streptopelia decaocto 

90. Red Turtle Dove Streptopelia tranquebarica 

91. Spotted Dove Streptopelia chinensis 

92. Little brown or senegal dove Streptopelia senegalensis 

93. Emerald or Bronzewinged Dove Chalcophaps indica 

Family Psittacidae: Parrots  

94. Alexandrine parakeet Psittacula eupatria 

95. Roseringed parakeet Psittacula krameri 

96. Blossomheaded parakeet Psittacula cyanocephala 
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Family Cuculidae: Cuckoos 

97. Pied Crested Cuckoo Clamator jacobinus 

98. Common Hawk-cuckoo or Brainfever Bird Cuculus varius 

99. Indian cuckoo Cuculus micropterus 

100. The cuckoo Cuculus canorus 

101. Indian Plaintive Cuckoo Cacomantis passerinus 

102. Drongo-cuckoo Surniculus lugubris 

103. Koel Eudynamys scolopacea 

104. Sirkeer Cuckoo Taccocua leschenaultii 

105. Crow pheasant or Coucal Centropus sinensis 

 

Family Strigidae: Owls 

106. Collared Scops Owl Otus bakkamoena 

107. Brown fish Owl Bubo zeylonensis 

108. Jungle Owlet Glaucidium radaitum 

109. Spotted Owlet Athene brama 

110. Mottled Wood Owl Strix ocellata 

111. Brown Hawk Owl Ninox scutulata 

 

Family Caprimulgidae: Nightjars, Goatsuckers 

112. Indian Jungle Nightjar Caprimulgus indicus 

113. Common Indian Nightjar Caprimulgus asaiticus 

114. Franklin’s or allied Nightjar Caprimulgus affinis 

 

Family Apodidae: Swifts 

115. Whiterumped Spinetail Chaetura sylvatica 

116. House swift Apus affinis 

117. Crested Tree Swift Hemiprocne longipennis 

 

Family Alcedinidae: Kingfishers 

118. Lesser Pied Kingfisher Ceryle rudis 

119. Common Kingfisher Alcedo atthis 

120. Storkbilled Kingfisher Pelargopsis capensis 

121. Whitebrested kingfisher Halcyon smyrnensis 

 

Family Meropidae: Bee-eaters 

122. Green Bee-eater Merops orientalis 

123. Bluebearded bee-eater Nyctyornis athertoni 

 

Family Coraciidae: Rollers 

124. Indian Roller Coracias garrulus 

 

Family Upupidae: Hoopoes 

125. Hoopoe Upupa epops 

 

Family Bucerotidae: Hornbills 

126. Common Grey Hornbill Tockus birostris 

127. Malabar Pied Hornbill Anthracoceros coronatus 
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Family Capitonidae:Barbets 

128. Large Green Barbet Megalaima lineata 

129. Crimson Breasted Barbet, Coppersmith Megalaima haemacephala 

 

Family Picidae: Woodpeckers 

130. Wryneck Jynx torquilla 

131. Rufous Woodpecker Micropternus brachyurus 

132. Little Scalybellied Green Woodpecker Picus myrmecophoneus 

133. Lesser Golden Backed woodpecker Dinopium benghalense 

134. Yellowfronted Pied Woodpecker Picoides mahrattensis 

135. Greycrowned Pigmy Woodpecker Picoides canicapillus 

136. Blackbacked Woodpecker Chrysocolaptes lucidus 

 

Family Pittidae: Pittas 

137. Indian Pitta Pitta brachyura 

 

Family Alaudidae: Larks 

138. Bush Lark Mirafra assamica 

139. Ashy-crowned Finch Lark Eremopterix grisea 

140. Rufous-tailed Finch Lark Ammomanes phoenicurus 

 

Family Hirundinidae: Swallows 

141. Plain Sand Martin Riparia paludicola 

142. Crag Martin Hirundo rupestris 

143. Dusky Crag Martin Hirundo concolor 

144. Swallow Hirundo rustica 

145. Wiretailed Swallow Hirundo smithii 

146. Striated or Red Rumped Swallow Hirundo daurica 

 

Family Laniidae: Shrikes 

147. Baybacked Shrike Lanius vittatus 

148. Rufousbacked Shrike Lanius schach 

149.  Rufousbacked Shrike Lanius schach tricolor 

150. Brown Shrike Lanius cristatus 

 

Family Oriolidae: Orioles 

151. Golden Oriole Oriolus oriolus 

152. Blackheaded Oriole Oriolus xanthornus 

 

Family Dicruridae: Drongos 

153. Black drongo or King-Crow Dicrurus adsimilis 

154. Grey or Ashy Drongo Dicrurus leucophaeus 

155. Whitebellied Drongo Dicrurus caerulescens 

156. Haircrested or Spangled Drongo Dicrurus hottentottus 

157. Greater Racket Tailed Drongo Dicrurus paradiseus 

 

Family Sturnidae: Starlings, Mynas 

158. Greyheaded Myna Sturnus malabaricus 

159. Blackheaded or Brahminy Myna Sturnus pagodarum 

160. Rosy Pastor Sturnus roseus 
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161. Pied Myna Sturnus contra 

162. Common Myna Acridotheres tristis 

 

Family Corvidae: Crows, Magpies, Jays etc. 

163. Indian Tree Pie Dendrocitta vagabunda 

164. House Crow Corvus splendens 

165. Jungle Corw Corvus macrorhynchos 

 

Family Campephagidae: Cuckoo-Shrikes, minivets 

166. Common Wood Shirke Tephrodornis pondicerianus 

167. Large Cuckoo-Shrike Coracina novahollandiae 

168. Smaller Grey Cuckoo-Shrike Coracina melaschistos 

169. Blackheaded Cuckoo-Shrike Coracina melanoptera 

170. Longtailed Minivet Pericrocotus ehtologus 

171. Small Minivet Pericrocotus cinnamomeus 

172. Whitebellied Minivet Pericorcotus erthropygius 

 

Family Irenidae: Fairy Bluebird, Ioras and Leaf Birds 

173. Common Iora Aegithina tiphia 

174. Gold Fronted Chloropsis or Leaf Bird Chloropsis aurifrons 

175. Gold Mantled Chloropsis or Leaf Bird Chloropsis chochinchinensis 

 

Family Pycnonotidae: Bulbuls 

176. Redvented Bulbul Pychnotus cafer 

 

Family Muscicapidae 

 

SubFamily Timalinae: Babblers 

177. Spotted Babbler Perllorneum ruficeps 

178. Slatyheaded Scimitar Babbler Pomatorhinus horsfieldii 

179. Rufousbellied Babbler Dumetia hyperthra 

180. Yelloweyed Babbler Chrysomma sinense 

181. Large Grey Babbler Turdoides malcomi 

182. Jungle Babbler Turdoides striatus 

183. Quaker Babbler Alcippe poioicephala 

 

SubFamily Muscicapinae: Flycatchers 

184. Brown Flycatcher Muscicapa latirostris 

185. Redbreasted Flycatcher Muscicapa parva 

186. Whitebrowed Blue Flycatcher Muscicapa superciliaris 

187. Tickell’s Blue Flycatcher Muscicapa tickelliae 

188. Verditer Flycatcher Muscicapa thalassina 

189. Greyheaded Flycatcher Culicicapa ceylonensis 

190. Whitebrowed Fantail Flycatcher Rhipidura aureola 

191. Paradise Flycatcher Terpsiphone paradisi 

192. Blacknaped Flycatcher Hypothymis azurea 

 

SubFamily Sylviinae: Warblers 

193. Streaked Fantail Warbler Cisticola juncidis 

194. Franklin’s Wren-Warbler Prinia hodgsonii 
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195. Jungle-Wren Warbler Prinia sylvatica 

196. Tailor Bird Orthotomus sutorius 

197. Indian Great Reed Warbler Acrocephalus stentoreus 

198. Blyth’s Reed Warbler Acrocephalus dumetorum 

199. Lesser Whitethroat Sylvia curruca 

200. Brown Leaf Warbler or Chiffchaff Phylloscopus collybita 

201. Tickell’s Leaf Warbler Phylloscopus affinis 

202. Olivaceous Leaf Warbler Phylloscopus griseolus 

203. Dusky Leaf Warbler Phylloscopus fuscatus 

204. Plain or yeallowbrowed Leaf Warbler Phylloscopus inornatus 

205. Dull Green Leaf Warbler Phylloscopus trochiloides 

206. Blyth’s Leaf Warbler Phylloscopus reguloides 

 

Subfamily Turnidae: Thrushes and Chats 

207. Rubythroat Erithacus calliope 

208. Bluethroat Erithacus svecicus 

209. Magpie Robin or Dhyal Copsychus saularis 

210. Shama Copsychus malabaricus malabaricus 

211. Black Redstart Phoenicurus ochruros 

212. Stone Chat Saxicola torquata 

213. Pied Bush Chat Saxicola caprata 

214. Dark-grey Bush Chat Saxicola ferrea 

215. Indian Robin Saxicoloides fulicata 

216. Blueheaded Rock Thrush Monticola cinclorhynchus 

217. Blue Rock Thrush Monticola solitarius 

218. Orangeheaded Ground Thrush Zoothera spiloptera 

219. Orangeheaded Ground Thrush Zoothera spiloptera cyanotus 

220. Plainbacked Mountain Thrush Zoothera mollissima 

221. Golden or Small Billed Mountain Thrush Zoothera dauma 

222. Tickell’s Thrush Turdus unicolor 

 

Family Paridae: Tits or Titmice 

223. Grey Tit Parus major 

 

Family Sitidae: Nuthatches, Creepers 

224. Chestnut Bellied Nuthatch Sitta castanea 

225. Spotted Grey Creeper Salpornis spilonotos 

 

Family Motacillidae: Pipits and Wagtails 

226. Indian Tree Pipit Anthus hodgsoni 

227. Paddyfield Pipit Anthus novaeseelandiae 

228. Tawny Pipit Anthus campestris 

229. Brown Rock Pipit Anthus cervinus 

230. Forest Wagtail Motacilla indica 

231. Yellowheaded Wagtail Motacilla citreola 

232. Grey Wagtail Motacilla cinerea 

233. Pied or White Wagtail Motacilla alba 

234. Large Pied Wagtail Motacilla maderaspatensis 
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Family Dicaeidae: Flowerpeckers 

235. Thickbilled Flowerpecker Dicaeum agile 

236. Tickell’s Flowerpecker Dicaeum erythrorhynchos 

 

Family Nectariniidae: Sunbirds, Spiderhunters 

237. Purple Sunbird Nectarinia asiatica 

 

Family Zosteropidae: White eyes 

238. White-Eye Zosterops palpebrosa 

 

Family Ploceidae: Weaver Birds 

 

SubFamily Passerinae: House and Rock Sparrows 

239. House Sparrow Passer domesticus 

240. Yellowthroated Sparrow Petronia xanthocollis 

241. Common Silverbill or Whitethroated Munia Lonchura malabarica 

242. Whiteacked Munia Lonchura striata 

243. Nutmeg Mannikin or Spotted Munia Lonchura punctulata 

 

Family Fringillidae: Finches 

244. Common Rosefinch or Scarlet Grosbeak Carpodacus erythrinus 

 

Family Emberizidae: Buntings 

245. Whitecapped Bunting Emberiza stewarti 

246. Crested Bunting Melophus lathami 
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Appendix 5 
 
Descriptions of the techniques used by tiger for killing prey.  

Source: (1A, 1B,1C) McDougal 1977; (2A, 2B) Sankhala 1978; (3A) 

Seidensticker & McDougal 1993 

 

1A 
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Appendix 6 
 

Tiger Conservation Units in the Indian Subcontinent 
 
Source: Wikaramanayake et al. 1999 

Map of the Indian subcontinent bioregion showing Tiger Conservation Units 
(TCUs). The TCUs are numbered, and the numbers correspond to those in 
the following Table. 
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Classification of Tiger Conservation Units (TCUs) 
 

Level 1 TCU: A TCU offering the highest probability of tiger populations over the 

long term. They are essential for a global tiger conservation strategy. Level 1 TCUs 

share the following attributes: large blocks of habitat suitable for tigers and prey 

species either as a result of remoteness or vigilant protection. (45-70 points) 

 

Level II  TCU: A TCU offering a medium probability of tiger populations over the 

long term. They contribute to a bioregional tiger conservation strategy. These TCUs 

share the following attributes: moderate to large sized blocks of habitat suitable for 

tigers and their prey with adequate core areas: moderate to high poaching pressure on 

tigers and prey species but with potential for implementing effective anti-poaching 

measures in the near future. (32-44 points) 

 

Level III TCU: A TCU offering a low probability of persistence of tiger populations 

over the long term due to its small size, isolation from other habitat blocks containing 

tigers, and fragmentation within its respective major habitat type. With intensive 

management and protection Level III TCUs can harbor small populations of tigers. 

They are most important to national tiger conservation strategies. Level III TCUs 

share the following attributes: small blocks of habitat suitable for tigers with small or 

no core area; high poaching pressure on tigers and prey species that endangers 

conservation efforts (<32 points) 

 

TCUs requiring immediate service: Any TCU that potentially contains extensive 

blocks of appropriate tiger habitat with or without protected core areas, but data on 

habitat quality, poaching pressure, or population status for the most important habitats 

within the TCU are lacking. 

 

 

The geographic boundaries of the five bioregions: 
 

1.Indian Subcontinent: from South India to the Indian and Nepalese Himalaya’s and 

foothills, and east to the Burmese transition zone. 

 

2. Indochina: from the Burmese transition zone into southern China and south tip of 

the Isthmus of Kra. 

 

3. Southeast Asia: from the south of the Isthmus of Kra to the southern tip of Sumat 

 

4. South China: low lying areas where tigers still persist. 

 

5. Russian far-east: Manchurian China, North Korea, northward into Khabarov Kra. 
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Appendix 7a        Source: Carbone et al. (in press) 

Data obtained from 19 studies, based in five countries. Mean tiger densities represent the total number 

of tigers ( 1 year) identified over the course of the study, divided by the sampling area (see below). 

Camera photographic rate is calculated from the total number of days the cameras were active divided 

by the total number of tiger photographs obtained (discarding duplicates of the same individual during 

one visit to the trap). 

 

Location Country Source Total camera 

days (24 hr) 

Total 

no. 

Photos 

Total no. 

tigers (1 

year) 

Sampling 

area 

Tiger density 

(no./100km2) 

Number of 

days per 

tiger photo 

Kanha India Karanth U. 

pers com 

937.11 87 26 282
2
 9.22 10.8 

Kaziranga India Karanth U. 

pers com 

644.21 80 22 167
2
 13.17 8.1 

Nagarahole India Karanth U. 

pers com 

1092.31 76 25 243.4
2
 10.27 14.4 

Pench India Karanth U. 

pers com 

919.61 42 5 121.6
2
 4.11 21.9 

Bandhavgarh, 

India 

India Nath, L. 

(unpublished 

data) 

357.21 106 15 105
3
 14.29 3.4 

Way Kambas 

(annual 

average) 

Indonesia Franklin, N. & 

Tilson, R. 

(unpublished 

data) 

5030 126 18 
350

2
 

5.14 39.9 

Gunung 

Leuser 

Indonesia Griffiths. M, 

(1992) 

2686 45 10 
550

3
 

1.82 59.7 

Bukit Barisan 

Selatan 

Indonesia O’Brian, T  & 

Kinnaird, M. 

(unpublished 

data) 

4064 19 9 836
2
 1.08 213.9 

Kerinchi Seblat Indonesia Martyr & 

Holden 

(unpublished 

data) 

5316 
62

3
 

16 
800

3
 

2.00 85.7 

Chitwan 

(1996–97) 

Nepal McDougal, C. 

et al. 

(unpublished 

data) 

5611 120 25.5 
161

3
 

15.84 4.7 

Halabala 

Wildlife 

Sanctuary, 

Narathiwat 

Province 

Thailand Lynam, A. 

(unpublished 

data) 

999 9
2
 2 166.7

2
 1.20 111.0 

Queen Sirikit 

Reserve Forest, 

Yala Province 

Thailand Lynam, A. 

(unpublished 

data) 

683 17
2
 3 166.7

2
 1.80 40.2 

Phu Khieo 

Wildlife 

Sanctuary, 

Chaiyaphum 

Province 

Thailand Lynam, A. 

(unpublished 

data) 

989 3
2
 1 86.2

2
 1.16 329.7 

Khao Yai 

National Park, 

Nakhon 

Ratchasima 

Province 

Thailand Lynam, A. 

(unpublished 

data) 

647 2
2
 1 83.3

2
 1.20 323.5 

Temenggor 

Forest Reserve, 

Perak 

Malaysia Laidlaw, R. & 

Wan 

Shahruddin 

(unpublished 

812 8
2
 2 86.2

2
 2.32 101.5 
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data) 

Bintang Hijau 

Forest Reserve, 

Perak 

Malaysia Laidlaw, R. & 

Wan 

Shahruddin 

(unpublished 

data) 

776 7
2
 2 202.0

2
 0.99 110.9 

Gunung Tebu 

Forest 

Reserve, 

Terngganu9 

Malaysia Laidlaw, R. & 

Wan 

Shahruddin 

(unpublished 

data) 

807 12 1 188.7
2
 0.53 67.3 

Ulu Temaing 

Forest 

Reserve, 

Kelantan9 

Malaysia Laidlaw, R. & 

Wan 

Shahruddin 

(unpublished 

data) 

563 15 2 210.5
2
 0.95 37.5 

Taman 

Negara 

Malaysia Kawanishi, K 

& Sunquist,  

M. 

(unpublished 

data) 

18291 6 4 338.2
2
 1.18 304.8 

1camera traps were run on a 14h-16/day schedule and these rates were converted to a 24/day rate, 
2Sampling area based on the area covered by the camera traps which includes a boundary layer 

estimated from the 1/2 of the mean maximum distance travelled by tigers within the study area (see 

Karanth & Nichols 1998, in reference 1). 3Sampling area based on tiger home ranges and park 

boundaries. 
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Appendix 7c 

Note on the Creation of the ‘Sentinel’ camera trap 

 

Film used: Two types of film are commonly used –35 mm film and 110 film. 35mm 

positive and negative film are more common and widely available in range of film 

speeds. These were selected for use in the camera trap. 

 

Camera models and cost factors: Single Lens Reflex cameras (SLR) are built for 

amateur and serious photographers with a wide option of lenses, flashes and built in 

features. The picture quality is generally better than that of the average ‘point and 

shoot’ models. However, the price factor is a limitation.  

They can require careful handling and regular maintenance, are usually not 

weatherproof, may or may not have auto focus, auto wind and a built in flash. The 

inclusion of a data back in an SLR raises the price factor considerably. These are also 

more attractive options for theft. 

 

 ‘Point and shoot’ models offered a wide selection of robust weatherproof bodies, 

with auto wind, automatic built-in flashes, data backs, and powered by the easily 

available AA (or penlight) cells. The average model available in India cost 

approximately one-tenth the price of an inexpensive SLR camera. 

 

Shutter release mechanism (SRM)– Manual and electronic shutter release 

mechanisms can be used to trigger the camera. The manual SRM consists of a 

solenoid operated mechanical finger, relatively easy to make and install. However, 

when tested in the first prototype in the field it was found that this had a very high 
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battery consumption rate and a 12 volt battery barely lasted 24 hours. It was therefore 

decided to convert the cameras and adapt them for the electronic SRM. 

 

Flash – The use of electronically triggered ‘point and shoot’ models with built in 

flash necessitated careful study of the mode of operation of the flash and shutter. The 

electronic circuitry in cameras charges the condenser (capacitor) and then switches off 

the charging circuit when a predetermined level of charge is attained. It is this charge 

that is discharged through the flash tube to produce a bright light. Even when the 

capacitor is fully charged some cameras remain in the ready mode and a single pulse 

will fire the flash and trigger the camera shutter. Other models go into a ‘sleep’ mode 

and the first pulse resets the camera and flash and a second pulse then acts as a trigger 

for the shutter and flash. In the latter type, commonly seen in most SLRs and some 

point and shoot cameras, the camera release has a double action and reactivates the 

camera when partially depressed and then releases the shutter upon further pressure. 

When the camera release is mechanically depressed the problem is automatically 

taken care of. However when the mechanical shutter release is disabled or replaced by 

an electrical pulse, it is easier to use cameras of the former variety, so they were 

chosen for the camera trap. Experience showed that even gaps of up to 12 hours 

permitted the charge to be retained and fire the flash. 

 

When the results of the second field trial were processed we found that daylight 

photographs were perfectly exposed but the pictures taken at night were either totally 

blank or only partially illuminated. This pointed to another problem that comes up 

when designing camera traps. Most cameras, especially point and shoots, have a two 

stage camera switch which sends a pulse to the flash first and then releases the shutter. 
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If the camera triggering is done electrically, care has to be taken to design an 

approximately 100-millisecond delay between triggering the flash and the shutter so 

that the flash output peaks when the shutter is wide open.   

 

Selection of sensors: Trip wires and pressure pads were devices used earlier as 

sensors but modern technology relies on the use of infrared beams. Active infrared 

sensors were used in the first prototype. The thickness of the beam was about the size 

of a pencil with a range of over 40 metres. However, as a result of field trials it was 

found that alignment was difficult and the slightest movement due to animals or wind 

caused the beam to become misaligned and take a photograph. Defocusing the beam 

made the alignment easier but drastically reduced the possible distance between the 

transmitter and receiver. 

 

The problem remained unresolved until the use of sensors used in burglar alarms was 

proposed. A set was obtained. It had double transmitter and sensing units that work 

alternately by pulsing. The units are waterproof, easy to align and have a small 

prismatic arrangement to facilitate alignment. 

 

Housing: Housing consisted of two specially designed iron boxes – one containing 

the camera, circuit board and battery, and the other containing the sensor.  The boxes 

were attached to iron stakes that were hammered into the ground. The boxes simply 

slide onto the stakes and were then locked securely on to them. This facilitated easy 

removal in cases where camera traps were only used overnight and removed every 

morning. Wires of different lengths were provided with the facility of special jacks to 
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link more than one together to increase the length. The jacks were made of steel and 

able to withstand variations in temperature and climate. 

 

The need for simultaneous photographs of the left and right body of the tiger in 

order to maximise chances of individual identification and reduce the probability of 

double counts, led to the use of two cameras triggered by the same camera trap, 

placed directly opposite each other. The interference caused by flashes facing each 

other, leading to underexposure of photographs, was obviated by building in a small 

delay between the firing of the two camera units.  
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Appendix 7d 
 
Camera trap photographs taken during the study of tiger and other mammals 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Researcher with field assistants setting up Sentinel Camera Trap 

Beat guard crossing through Sentinel Beam after setting it up 
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Appendix 7e – ID card Sita 

Right cheek Eyebrow Left cheek 

Right body 

Left Body 

Left Hind Right Hind 
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Appendix 8a 
 
Questionnaire used for village interviews 

 

 

 

 

Date:_______________ Interviewer:______________________ 

 

1. Name:____________________________________________________ 

2. Occupation:________________________________________________ 

3. Area:_____________________________________________________ 

4. Village:___________________________________________________ 

5. Time living in this area:_______________________________________ 

6. Crops produced_____________________________________________ 

7.   Proximity of village to Park : __________________________________ 

8.   Water Availability__________________________________________ 

9. Has anyone seen a tiger?  Y  /  N 

10. Have you seen a tiger?  Y  /   N 

11.  _________ times in past year  

      _________ times in past five years 

      _________ times in past ten years 

12. Time of day when tiger is most seen __________________________________ 

13. Place where commonly seen ________________________________________ 

14. Visual evidence:  Scat   P/A 

Scrape P/A 

Scratch P/A 

Pugmarks P/A 

Kill P/A 

Dead Animal 

Other 

15. Tiger Population : Increasing________  Decreasing________ Stable ________ 

 If any change since when? ________________________________________ 

16. Reasons for thinking so: _________________________________________________ 

______________________________________________________________________________________

______________________________________________________________________________________

____________________________________________ 

 

17. How has the creation of  the Park affected your life? __________________________ 
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________________________________________________________________________ 

 

18. Has any injury/ death been caused by tiger here?  Y /  N  

Domestic livestock  /  Human 

19. _________ times in past year       D/ I 

      _________ times in last year D/ I 

      _________ times in past five years  D/ I 

20. Do you get compensation for this?   Y / N 

21. How much compensation for  

Livestock Death ___________ Human Death ___________ 

Livestock Injury ___________ Human Injury ___________ 

22. How quickly do you get compensation? _______________________ 

23. How many people have been employed by the Park / Tourist camp from your village? 

Park : Permanent __________ Daily wage __________________ 

Tourist camps: __________________________________________ 

24. Other animals seen in the village: 

 Spotted deer 

 Sambar 

 Chinkara 

 Nilgai 

 Barking deer 

 Chausingha 

 Wolf 

 Dhole 

 Fox 

 Jackal 

 Hyaena 

 Sloth Bear 

 Jungle Cat 

 Leopard 

 Gaur 

 Porcupine 

 Ratel 
 

Comments: 

___________________________________________________________________________

___________________________________________________________________________

________________________________________________________________ 
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Appendix 8b 
 
Tiger Status Assessment by Villagers around BNP 
 

Village 

popn 

decr / 

incr / 

stable 

Reasons for deciding status of tiger 

Mahamon d 

In the times of my grandparents in a month 2-4 cattle 
Or even a man would be killed  - now only 2-4 a year 

Are killed. The tiger population has gone down and the 
Prey populations are on the increase since the ban of 

Hunting around 1985. 

Dhoba d Seeing it less, hearing it less over the last ten years 

Garhpuri d 

Habitat destruction has reduced tiger numbers. They have 
Also closed our access to the jungles so we see tigers less. 

Cheetal and sambar are being killed by outsiders who 
Come in jeeps. We have stopped killing animals to protect 
Our crops as we are terrified of the police beating us and of 

Being taken to court. 

Gurwahi d 
Tigers are being killed mostly by outsiders. They kill cheetal 

Also. We hear guns. 

Tala d 

There must have been 60 to 65 tigers here in 1970 around 
The time the Park was created. There were lots of tigers. 

They used to walk right here. Now there are only a few left. 
A tiger killed a man under the "kathal" (jackfruit) tree there across 

The road. And a bear killed a man in the nursery near the Charanganga. 

Ghanghor d We hear them calling less than we did ten or fifteen years ago 

Damna d 
1 crore used to be given for compensation for Umaria district now only 

10,000 or so is given. So I believe that this is proof that the tiger 
Population has been reduced drastically 

Gaata d 
We used to find tigers making kills. There were a lot of kills. Now we 

Find only 4-5 animals making occasional kills. 

Salkhaniya d 
Pugmarks and animals are seen much less than when I was a small 

Boy. 

Mardari d 
Earlier we used to see them a lot. They used to come into the village, 
Into our homes and catch our cattle a lot. We used to see them right 

Close to us. No longer. So we all agree that they are decreasing. 

Sarmaniya d 
We used to see them around our houses, we used to be scared 

Of coming out of our houses. Now we find them near by only once 
Or twice a year. 

Jamnara d We hear that they are being killed. 

Mala d 
We hear them very little. We used to hear them roaring very often, 

Now we do not. 

Parasi I 
Five tigers seen feeding on buffalo kill this year. In previous years 

This number was not seen. 

Kulwahbah I 
Since creation of the park we hear them more, see them more 

And the number of cattle being killed has increased. 

Gohni I See more pugmarks 
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Village 

popn 

decr / 

incr / 

stable 

Reasons for deciding status of tiger 

Pattor I 
Cowherds see tigers very often - every 2-3 days for the past 

5 years or so 

Bijharia I Protection due to the creation of the Park 

Kathli I 
People from the village work in the Park and see evidence that 

Tigers are on the increase 

Lakhumar I 
Because of government measures tigers are increasing. We know 

Because we have been hearing them call more than they used 
To ten years or so ago. 

Mardhaoun I 
Protection has been given to tigers since the creation of the Park. 

Outsiders used to kill them 15 - 20 years ago, now this has stopped. 
So they have to increase. 

Marwahtola, 

Dadrauni 
I Tigers kill our cattle. We saw two tigers just this year in february. 

Dadrauni I 
Cattle lifting incidences are on the increase. Tiger populations 

Are definitely not decreasing 

Bagdari I 
British would kill them. Now no one does and with the protection 

That the government has given they have to increase. 

Rakhi I Due to the stopping of hunting 

Garawah I 
Maharaj Martand Singh used to shoot them. Now shooting has 

Stopped. We also see them more often. 

Kachiatola 

dadrauni 
I 

Earleir there were only 1-2 in the forest. Now there are more than 
4 tigers in the area I go to. 

Bartarai I 

More people see tigers these days. We have seen cubs. We 
Feel that the maharajas used to hunt them and now they 
Have stopped. Since the park has been created we hear 

Them more and see more pugmarks as well. 

Dhamokhar I Kill more cattle 

Majhouli I 
Earlier we used to see only one tiger - now last year in 

June we saw a male, female, and 2 cubs. We hear tigers more as well. 

Ranchha S 
We hear them as often as we did ten years ago. Sightings too 

Have not increased or decreased. 

Kuchwahi S 
Sightings are still as infrequent as they used to be but the 
Cowherds still report seeing tiger as often as they used to. 

Majhkheta S We hear them calling as often as we did ten years ago 

Bagdara S We do not see them much but we hear them occasionally 
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Appendix 9        

Scratch marking of trees by tigers – testing for selectivity 

 

Marked and unmarked tree sizes 

 

T-tests for testing if marked trees are different sizes compared with unmarked assuming 

equal variances , so use second test (on same line as ’equal’). A test of the HO that 

variances are equal is given after this. Marked trees tend to be larger than unmarked. 
 

 

GBH DATA                                                         15:54 Friday, May 19, 2000  35 

 

TTEST PROCEDURE 

 

SPECIES=BHIRHEER 

***************************************************************************** 

 

Variable: GBH 

 

TREETYPE       N           Mean        Std Dev      Std Error        Minimum        Maximum 

------------------------------------------------------------------------------------------- 

M              9    82.88888889    18.56370413     6.18790138    52.00000000   105.00000000 

U             30    95.33333333    19.80653555     3.61616210    70.00000000   142.00000000 

 

Variances        T       DF    Prob>|T| 

--------------------------------------- 

Unequal    -1.7363     13.9      0.1045 

Equal      -1.6753     37.0      0.1023 

 

For H0: Variances are equal, F' = 1.14    DF = (29,8)    Prob>F' = 0.9083 

 

 

SPECIES=BIJHARA 

******************************************************************************* 

 

Variable: GBH 

 

TREETYPE       N           Mean        Std Dev      Std Error        Minimum        Maximum 

------------------------------------------------------------------------------------------- 

M              3    90.66666667     8.08290377     4.66666667    82.00000000    98.00000000 

U             26   117.19230769    37.27414035     7.31006035    80.00000000   243.00000000 

 

Variances        T       DF    Prob>|T| 

--------------------------------------- 

Unequal    -3.0585     16.1      0.0075 

Equal      -1.2106     27.0      0.2365 

 

For H0: Variances are equal, F' =  21.27    DF = (25,2)    Prob>F' = 0.0917 

 

 

SPECIES=GURJAHH 

******************************************************************************* 
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Variable: GBH 

 

TREETYPE       N           Mean        Std Dev      Std Error        Minimum        Maximum 

------------------------------------------------------------------------------------------- 

M              1   158.00000000              .              .   158.00000000   158.00000000 

U              4    95.75000000    1.57560E+01    7.87798E+00    82.00000000   118.00000000 

 

Variances        T       DF    Prob>|T| 

--------------------------------------- 

Unequal          .        .           . 

Equal       3.5338      3.0      0.0385 

 

NOTE: All values are the same for one CLASS level. 

 

 

SPECIES=HALDU 

********************************************************************************* 

 

Variable: GBH 

 

TREETYPE       N           Mean        Std Dev      Std Error        Minimum        Maximum 

------------------------------------------------------------------------------------------- 

M              1   159.00000000              .              .   159.00000000   159.00000000 

U              5   154.20000000    5.74474E+01    2.56912E+01    90.00000000   215.00000000 

 

Variances        T       DF    Prob>|T| 

--------------------------------------- 

Unequal          .        .           . 

Equal       0.0763      4.0      0.9429 

 

NOTE: All values are the same for one CLASS level. 

 

 

SPECIES=JAMUN 

********************************************************************************* 

 

Variable: GBH 

 

TREETYPE       N           Mean        Std Dev      Std Error        Minimum        Maximum 

------------------------------------------------------------------------------------------- 

M             10   144.90000000    22.70805046     7.18091607    99.00000000   170.00000000 

U             17   122.41176471    42.15753020    10.22470294    76.00000000   220.00000000 

 

Variances        T       DF    Prob>|T| 

--------------------------------------- 

Unequal     1.7999     24.9      0.0840 

Equal       1.5513     25.0      0.1334 

 

For H0: Variances are equal, F' = 3.45    DF = (16,9)    Prob>F' = 0.0649 

 

 

SPECIES=KOOMHI 

******************************************************************************** 

 

Variable: GBH 
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TREETYPE       N           Mean        Std Dev      Std Error        Minimum        Maximum 

------------------------------------------------------------------------------------------- 

M              1    80.00000000              .              .    80.00000000    80.00000000 

U              7    99.57142857    3.96815E+01    1.49982E+01    70.00000000   188.00000000 

 

Variances        T       DF    Prob>|T| 

--------------------------------------- 

Unequal          .        .           . 

Equal      -0.4614      6.0      0.6608 

 

NOTE: All values are the same for one CLASS level. 

 

 

SPECIES=MAHUA 

********************************************************************************* 

 

Variable: GBH 

 

TREETYPE       N           Mean        Std Dev      Std Error        Minimum        Maximum 

------------------------------------------------------------------------------------------- 

M              6   155.50000000    53.70940327    21.92677207    84.00000000   224.00000000 

U             68   103.20588235    33.37241636     4.04699993    70.00000000   248.00000000 

 

Variances        T       DF    Prob>|T| 

--------------------------------------- 

Unequal     2.3453      5.3      0.0630 

Equal       3.4917     72.0      0.0008 

 

For H0: Variances are equal, F' = 2.59    DF = (5,67)    Prob>F' = 0.0669 

 

 

SPECIES=SAL 

*********************************************************************************** 

 

Variable: GBH 

 

TREETYPE       N           Mean        Std Dev      Std Error        Minimum        Maximum 

------------------------------------------------------------------------------------------- 

M              2   107.00000000    46.66904756    33.00000000    74.00000000   140.00000000 

U            979   105.34831461    32.23612754     1.03027110    47.00000000   300.00000000 

 

Variances        T       D                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          

46   127.34782609    28.12212841     4.14638162    72.00000000   180.00000000 

U             77   113.28571429    38.17303304     4.35022085    73.00000000   300.00000000 

 

Variances        T       DF    Prob>|T| 

--------------------------------------- 

Unequal     2.3399    115.6      0.0210 

Equal       2.1699    121.0      0.0320 

 

For H0: Variances are equal, F' = 1.84    DF = (76,45)    Prob>F' = 0.0284 

 

 

SPECIES=TENDU 

********************************************************************************* 
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Variable: GBH 

 

TREETYPE       N           Mean        Std Dev      Std Error        Minimum        Maximum 

------------------------------------------------------------------------------------------- 

M              1   141.00000000              .              .   141.00000000   141.00000000 

U             68    93.51470588    2.12037E+01    2.57133E+00    70.00000000   174.00000000 

 

Variances        T       DF    Prob>|T| 

--------------------------------------- 

Unequal          .        .           . 

Equal       2.2232     67.0      0.0296 

 

NOTE: All values are the same for one CLASS level. 
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Appendix 10     

Details of compartments areas of Tala Range                                                                                                                                                            

Source: Sonakia, 1993 

No. 
No. of 

compartment 
Area in 

hectares 

1 307 246.8 

2 308 169.88 

3 309 246.99 

4 310 183.6 

5 311 156.82 

6 312 202.27 

7 314 218.94 

8 315 297.78 

9 316 146.47 

10 318 162.67 

11 319 137.7 

12 323 211.5 

13 324 174.37 

14 325 289.13 

15 326 285.98 

16 328 263.93 

17 329 164.02 

18 330 186.52 

19 333 232.56 

20 335 285.76 

21 336 201.15 

22 337 215.15 

23 338 299.03 

24 339 227.25 

25 321 225.82 

26 322 188.62 

27 331 196.87 

28 334 211.68 

29 P 272 84.74 

30 P 273 18.93 

31 Bathan Patch 426.38 

32 Mahaman Patch 172.03 

 

 

Refer to Map 3D for details of compartment locations 
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Appendix 11 
 
Source: Peter Jackson (pers. com.) 

 

 

A Note on WWF’s Operation Tiger 
 

by Peter Jackson* 

 

Given the challenge of organizing independent India, it is not surprising that wildlife had a 

low priority for the Indian government in the 1950s. The hunting reserves of the princes were 

overrun and wildlife slaughtered. Pristine areas were opened up for development, aided by 

the use of DDT against malarial mosquitoes, the go-anywhere jeep, and other technological 

developments. Nevertheless, a network of reserves, rooted in the later period of British rule, 

survived and was expanded.  

 

India ceased to be a distant country reached by a two-week sea voyage from western Europe. 

Foreign hunters could now fly in and were aided by local shikar (hunting) agencies in their 

quest for trophies. There was little supervision. Licences for trophies were frequently 

exceeded. Export of wildlife products was almost uncontrolled, and tiger skins became easily 

available as villagers used pesticides provided for agriculture to poison tigers. 

 

Indian wildlife lovers were utterly depressed and helpless. The Indian Board for Wild Life 

met only once in the two decades. Because of worries about the tiger, J.C. Daniel, Curator of 

the Bombay Natural History Society carried out a questionnaire survey, while Kailash 

Sankhala, an Indian Forest Service Officer (Rajasthan cadre) who was Director of Delhi Zoo, 

was given a Nehru Fellowship for a two-year study of the tiger situation. Both concluded that 

the tiger population was in the region of 2,500 and declining fast (Daniel 1970, Sankhala 

1970). Even in the 1940s, Jim Corbett had predicted the tiger's early demise (Corbett 1944). 
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Sankhala was a leading organizer of the 1969 IUCN General Assembly, which was 

dominated by the tiger situation. Seven of the eight sub-species were already in the IUCN 

Red Data Book of Threatened Species, but not the Bengal tiger Panthera t. tigris. The 

Assembly, following the passionate pleas of Sankhala (Sankhala 1970) and other Indian 

conservationists, voted for the inclusion of the Bengal tiger so that the species itself was 

classed as Endangered. The Assembly also called for tiger range countries to place a 

moratorium on hunting pending censuses and ecological studies revealed population trends 

(Anon. 1970). It was decided that an All-India tiger census would be carried out. Sankhala 

was in charge.  

 

Meanwhile, Guy Mountfort, already a well-known British conservationist as a result of his 

expeditions to the Coto Doñana, Jordan and Pakistan, and a Founder Trustee of WWF, 

announced a plan for WWF to raise US$ one million for Operation Tiger (Mountfort 1972, 

1974). He started collecting donations from fellow WWF Trustees on a flight to Florida with 

Prince Bernhard, WWF President, and collected more funds during special events there, 

although his project had not, at that time, received formal WWF approval. 

 

Mountfort next proposed to fly to Delhi to persuade the Prime Minister, Indira Gandhi to 

launch a tiger conservation programme, and to go on to Nepal and Bangladesh. A joint 

meeting of WWF/IUCN top executives was highly sceptical of his chances of success. Off he 

went, and met Mrs Gandhi in the company of Charles de Haes, then an aide to Prince 

Bernhard, and later to become WWF Director General, and Zafar Futehally, Secretary, World 

Wildlife - India. Mrs Gandhi was wholly sympathetic and agreed to take action: next day she 

set up a Task Force of Indian officials and non-officials to plan a programme, with Sankhala 
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as Member Secretary (Task Force 1972). 

 

The problem for WWF was that Mrs Gandhi assumed that the million dollars was all for 

India, and no one dared tell her otherwise. Thus it came about that WWF ultimately raised in 

the region of $1,800,000, the extra going to Nepal, Indonesia and Thailand. 

 

Unfortunately, Nepal was mourning the death of King Mahendra, but Mountfort met Prince 

Gyanendra, younger brother of the new king, Birendra, and got a favourable response. 

Bangladesh was still in chaos, recovering from its birth from the Indo-Pakistan war the year 

before. Nevertheless, the President vowed to save the tigers of the Sundarbans. The tiger 

image was put on a coin. 

 

The tiger census took place in 1972 and produced a figure of 1,827. This figure has been in 

constant use, and abuse. The Task Force did not claim high accuracy. It reported that some 

areas of India were not covered, and there might have been double counting elsewhere. It 

proposed taking 1,800 as a baseline figure (Task Force, 1972a). No special efforts were 

undertaken to census tigers in other countries in the range. 

 

The Task Force quickly produced its report (Task Force, 1972b), proposing an ecological 

approach to tiger conservation. Eight existing protected areas in different types of habitat 

were nominated, and a ninth added by the time Project Tiger was launched on 1 April 1973 in 

Corbett National Park. 

 

Mrs. Gandhi put Dr Karan Singh, a young, dynamic cabinet minister, who was the son of the 

last Maharajah of Kashmir, in charge of Project Tiger. Forests and wildlife were the 
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responsibility of State Governments under India's federal constitution, but Karan Singh and 

Sankhala forced through administrative changes that enabled the central government to be 

partners in management of the tiger reserves. The states were reluctant to hand over revenue-

rich forest reserves to Project Tiger, but agreed under pressure from Mrs Gandhi. According 

to Hemendra Panwar, a former Director of Project Tiger, states forfeited $14 million a year in 

forest revenue. 

 

It must be emphasized that Project Tiger was entirely an Indian project. No foreign expertise 

was involved, except for short-term consultancies on animal capture and tranquillisation, and 

animal and plant monitoring. The Indian foresters who ran Project Tiger had long experience 

of tigers and their habitat. They were experienced in producing detailed management plans, 

which, as a matter of form, were approved by an IUCN ecologist. The bulk of the funding 

came from the Indian government, which included Project Tiger in its Five Year Economic 

Development Plans. WWF’s $ one million provided hard-currency funds which were 

disbursed against invoices from Project Tiger for equipment, such a jeeps, boats (for the 

Sundarbans), radio networks in the reserves, cameras etc. No cash was handed over. 

 

Other countries did not create formal tiger reserves, but received aid for their existing 

reserves. In Nepal, FAO/UNDP provided funds and expertise through management by 

experienced former African game wardens, while WWF funded projects. WWF Operation 

Tiger funds also supported reserves in Thailand and Indonesia. Malaysia and the USSR were 

self-sufficient, and Indo-China was a war zone. China and Burma were closed countries. 

 

All-India tiger censuses were held every five years. The 1979 census produced a figure of 

3,015; 1982 4,005; and 1989 4,443. There was little questioning of their accuracy at first, 
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largely because it was becoming clear that habitat in tiger reserves was regenerating and both 

prey and tiger populations were increasing. While most criticisms were little more than vague 

allegations of exaggeration, the methodology was formally challenged in 1986 by the Indian 

wildlife biologist Ullas Karanth at an international symposium on tiger in Minneapolis-St 

Paul (Karanth 1987). He showed that individual identification of pugmarks was difficult, 

even for experts. But censuses need the participation of thousands, the vast majority of whom 

get only a brief training. Even assuming that a pugmark can be individually identified, the 

accurate reproduction on paper for forwarding to the authorities requires great knowledge and 

skill. Furthermore, the terrain and density of forest in some reserves make tracking almost 

impossible. 

 

Apart from the uncertainties arising from the above factors, there was certainly pressure on 

reserve directors to show that they were performing well, indicated by a growing tiger 

population. The incentive was not so much praise, as fear of the consequences of reporting 

fewer tigers, particularly if unsympathetic and unintelligent politicians got hold of the figures. 

A director might be shifted to some punishment post - punishment not only for him, but also 

for his family because it might mean bad education and health facilities. 

 

Subordinate staff, who often come from local villages, are subject to social pressures. One 

can understand a man not wanting to report his fellow villagers for wood poaching or 

illegally grazing cattle. One of the Field Directors of Ranthambhore was a member of the 

tribal community that dominated the area and, because of constitutional reservation of seats, 

had large block in the Rajasthan State Assembly, as well as representation in the 

administrative services. One can understand the pressures on him when he caught top level 

politicians or officials poaching wildlife. 
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While there were second thoughts about the situation in some quarters, the 1980s were the 

flowering season of Project Tiger. Especially in Ranthambhore, but also in a few other 

reserves, tigers became visible and confident in daylight before observers, including tourists, 

and were the subjects of still and movie photography and coffee-table books. Never before 

had intimate moments of tiger life been seen. Only those long familiar with tigers knew that 

this was a unique phenomenon. Except when baited, they had been seldom seen, and even 

then usually only by night. In most of tiger range, including India, that remained true. 

 

Despite some spectacular poaching incidents, notably in Dudhwa in 1986 when the 

possibility of bones going to China for medicine was raised, complacency reigned. From 

1990, well-known tigers were no longer seen in Ranthambhore, but it was thought to be 

possibly a change in behaviour because of tourist pressure. 

 

 

On 27 June, 1992, a Mogiya tribesman, serving as a cattle herder, was arrested red-handed 

with a tiger skin and bones in his possession. He told police he provide tiger parts to a 

butcher in nearby Sawai Madhopur (Anon. 1992) 

 

Concern grew and in 1992 a census in Ranthambhore indicated that 15, perhaps 20 tigers 

were there, compared with 44 reported in 1989. The Rajasthan State Government did 

everything possible to discount the census and abused those who carried it out. The Central 

Government played down the idea that there was serious poaching. 

 

In November 1992, after Indian members of the IUCN Cat Specialist Group presented 
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irrefutable evidence that there was a crisis, the Central Government made a public admission 

of the situation at an international forum on the tiger in 1993. 

 

The translocation of people from tiger reserves has received a lot of publicity, but seldom, if 

ever, explained in context. According to the Project Tiger Directorate, 42 villages were 

moved between 1973 and 1990, and 125 scheduled for future translocation. Between 1990 

and 1997, 1,839 families were moved or being moved. It is impossible to be exact because of 

the way the above information is presented, but the total number of people translocated 

between 1973 and 1997 is almost certainly fewer than 30,000. Meanwhile, in 1997, 31,000 

people were reported to have been moved to make way for just two coalmining projects. 

 

When carried out by Project Tiger, people were provided with alternative land and facilities. 

This was seldom the case with the millions evicted with little or no compensation to make 

way for massive power and irrigation projects and other big industrial enterprises. If one 

accepts, as I believe one has to, that nature is the foundation of life on earth, some draconian 

measures do become necessary to prevent total destruction.  

 

 

"People vs. Tigers" is dramatic but is simplistic and falsifies the situation. The tiger is just 

one, very prominent, representative of the natural world. To destroy it is yet another step 

towards the end, even though that would not, itself, have any major effect on the prospects 

for the human race. 
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