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ABSTRACT 

 

 As primate species continue to decline across the globe, it becomes increasingly 

important that primatologists and wildlife managers to discover novel means toward primate 

conservation. Habitat suitability assessment is one of the processes which are considered 

important for introduction, rehabilitation and conservation of species and their habitats. With the 

increasing threats to the biodiversity and an increasing watch on biodiversity conservation, it is 

essential to formulate viable wildlife management plans for each flagship animal species. One of 

the most fascinating primate and a flagship species lives in the forests of Kalakad-Mundanthurai 

Tiger Reserve (KMTR) situated in the Western Ghats of Tamil Nadu. The wet evergreen forests 

of KMTR are one of the last remaining unfragmented habitats of the lion-tailed macaque (LTM). 

The reserve is also one of the few protected areas to house all five species of primates found in 

south India making it an important site for primate conservation.   

 

 In this study, satellite imagery (LISS-IV) derived various spatial explanatory variables 

like distances to land covers, bioclimatic variables, distance to roads, drainage and elevation 

(ASTER DEM) derived variables like slope, northness and eastness, associated with the habitat 

suitability evaluation of LTM were identified, analysed and discussed. These variables are further 

used for modeling the habitat of the animal along with the field collected presence points using 

various different modeling approaches namely, Maxent, GARP, BIOCLIM, binomial multiple 

logistic regression (BMLR) and refined logistic regression (RLR) modeling. The best suitable 

variables among the foresaid variables were found to be significantly associated with the habitat 

evaluation of the animal. The evergreen and the high canopy forests were considered suitable in 

general with bioclimatic influence also playing a considerable role in deciding the potential 

habitat of the animal.  

 

 The RLR modeled output showed a stable and logically sound result with high AUC 

value making it the most influential model among the compared for suitability mapping. Maxent, 

GARP and BIOCLIM provided a considerably good result with 0.857, 0.820 and 0.900 as AUC 

values respectively. BMLR showed an under predicted result with a low AUC value. As a 

resultant an area of 135 km
2
 was found highly suitable from a cumulative ensemble model of all 

the modeled outputs. This is about 12% of the study area which has the potential to support 250 

individuals of lion-tailed macaques in 20-25 groups. An area of 300 km
2
 is classified as suitable 

and moderately suitable where conservation efforts could be carried out for improving the 

habitats of the fragile primate. 696 km
2
 of area was classified as least suitable where the presence 

of animal is not possible due to various ecological reasons. Most of them are confined within the 

mid-elevation rainforests of the reserve.  

 

 Few pinch points of conservation importance in the habitats were also found in the 

derived suitability map. Anthropogenic pressure was experienced to affect the habitats in certain 

fringing forest areas to the estate enclaves and reservoirs. Suitable areas for reintroduction of the 
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zoo animals were also assessed and addressed in this study. Ground truthing of the identified 

potential area confirms the study. Recommendations, based on the study, were made for 

formulating the protected area management plans. 

  

  

Key Words: Habitat Suitability, Bioclimatic variables, Regression, Model Evaluation.  
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CHAPTER-I 

                                                               

1. INTRODUCTION 

 

 

“The love for all living creatures is the noblest attribute of man” 

-  Charles Darwin  

 

As humanity continues to achieve some incredibly cutting-edge accomplishments in the 

fields of micro-molecular research, nuclear power, and space travel, we have gradually begun to 

pay less and less importance to the needs of the living beings that also inhabit our planet. We 

coexist with millions of species and subspecies of plants and animals. However, many species 

risk extinction because their natural habitats are threatened by human sourced activities such as 

pollution, deforestation, oil spills, and chemical based poisoning. Wildlife conservation is a 

concept that is practiced by governments and nonprofit organizations around the world. Wildlife 

conservation is the practice of protecting endangered plant and animal species and 

their habitats.  Almost every country has at least one major wildlife conservation project that tries 

to protect a particular species that is native to that particular country.  

 

Organizations that participate in wildlife conservation engage in a number of activities to 

seek their cause. Most commonly, such organizations push hard for changes in laws and 

regulations that will give a particular species a better chance to survive. As an example, an 

organization might push for a regulation that will put an end to deforestation in a particular area 

that might otherwise transform into real estate that will become home to malls or highways. 

Wildlife conservation has become an increasingly important practice due to the negative effects 

of human activity on wildlife.    

 

1.1 Values of Wildlife 

It has taken time for the international community to realise the value of wildlife. The 

World Charter for Nature, adopted and solemnly proclaimed by the General Assembly of the 

United Nations in 1982, addressed the concern of wildlife conservation without referring to the 

concept of wildlife value. It was only in 1992 at the International Convention on Biodiversity in 

Rio de Janeiro that a clear declaration of intent to secure the „value‟ of the biodiversity of the 

Earth was made. Several classifications are used for the values of biological resources. As a 

classic approach, McNeely et al., (1990) split the values of wildlife into direct and indirect value 

categories as described below. 

 

Direct values were considered thus: 

 Consumptive use value: non-market value of firewood, game, etc. 

 Productive use value: commercial value of timber, fish, etc. 

The indirect values were classified as follows: 

 Non-consumptive use value: scientific research, bird watching, etc. 
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 Option value: value of maintaining options available for the future 

 Existence value: value of ethical feelings of existence of wildlife 

 

 These values carry different weights, which vary according to the respective interests of 

the stakeholders involved. Although important, virtual values, such as the ethical value, are not as 

powerful in terms of justification for conserving wildlife as pragmatic ones, such as economic 

values. Be it relevant or not, financial profitability, economic yield and environmental 

sustainability are often dominant values for high-level decision makers as well as for grass-root 

level individuals who live in close proximity to wildlife (Bojo, 1996). For this reason, the 

classification adopted here rather relies on a pragmatic approach differentiating between the 

following: 

 

 the economic importance of wildlife 

 the nutritional value of wildlife 

 the ecological role of wildlife 

 the socio-cultural significance of wildlife 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1.1: The process of wildlife management. 

 

1.2 Wildlife Monitoring  

Wilderness areas and the wildlife habitats throughout the world are shrinking due to ever-

increasing pressure from anthropogenic activities. The unprecedented growth of human 
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population and the resultant commercial exploitation has been a prime cause of the decline of the 

wildlife in India (Alfred et al., 2001; Kushwaha and Roy, 2002). With the passage of time, the 

human influence on habitats is alarming. The cases of encroachment of habitats and activities like 

poaching and grazing are threatening the majority of wildlife species and their habitats in India. 

Species are said to be a product of their habitat (Smith, 1974) and, hence, monitoring and 

mapping of appropriate habitat is vital to wildlife management (Thomas et al., 1979).  

 

1.3 Need for Wildlife Habitat Modeling 

Habitat evaluation is the first step towards meaningful wildlife conservation and 

management. Evaluation of any habitat for its suitability or unsuitability for a particular species 

requires information on a host of parameters including food, water and shelter. The last one is 

related to the physical conditions of the habitat like type of vegetation cover, slope and aspect 

(Panwar, 1991). Much interest has been shown in recent years towards protection and 

conservation of wildlife at various levels. The work on conservation and management of wildlife 

is often hampered due to non-availability of data on species presence and habitats occupied 

(Kushwaha and Roy, 2002). 

 

Wildlife habitat modeling helps organizations and land management agencies better 

understand where priority habitats occur for rare or sensitive species. Good habitat models 

provide discreet and spatially explicit information on habitat conditions based on objective data 

inputs such as Geographic Information System (GIS) or remote sensing derived bio-physical 

variables, and/or field derived habitat element statistics. Modeling can be an effective way to 

provide much needed baseline data and statistics for tracking and predicting changes to critical 

habitat overtime. 

 

1.4 Wildlife Habitat Modeling and Evaluation 

GIS and abundant landscape-level data, often from remote sensing sources, provide new 

opportunities for biologists to model and evaluate wildlife habitat quality. Models of habitat 

quality have not been developed for some species, and many existing models could be improved 

by incorporating updated knowledge of wildlife–habitat relationships and landscape variables 

such as the spatial distribution of habitat components. Furthermore, landscape analyses and 

wildlife population priorities are common features of land management decision processes. 

 

Understanding of habitat preferences is important to improve ecological knowledge about 

a species; information on the spatial distribution of suitable habitat within their distribution range 

can help in developing conservation strategies at landscape level (Osborne et al., 2001). A diverse 

set of inferential tools has been applied to the challenge of estimating niches and predicting 

geographic distributions of species (Peterson, 2006), ranging from simple range rules to complex 

neural networks, genetic algorithms, maximum entropy, and multivariate regression algorithms. 

The outputs from these different techniques have different characteristics, most relevant here is 

that different techniques may span very different ranges of predicted area of presence of a species 
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(e.g., range rules predict one or a few thresholds, whereas multivariate regression approaches 

produce prediction across most of the spectrum of probabilities from 0 to 1).  

 

1.5 Role of Remote Sensing and GIS in Wildlife Habitat Evaluation 

An understanding of the relationship between spatial distribution of animals and their 

habitats plays an important role in conservation and management of threatened species (Lecis and 

Norris 2003). Remote sensing and geographic information system (RS and GIS) can be used as 

tool for getting information about the habitat preference of the wildlife species. RS and GIS also 

help in monitoring areas of land for their suitability to endangered species, through integration of 

various habitat variables of both spatial and non-spatial nature (Davis et al., 1990). The outputs of 

such models are usually simple, easily understandable and can be used for the assessment of 

environmental impacts or prioritisation of conservation efforts in a timely and cost-effective 

manner (Kushwaha et al., 2004; Zarri et al., 2008). 

 

The quickest, most cost-effective and accurate way for identification of potential/suitable 

habitat is through the application of geospatial technologies, which include remote sensing and 

geographic information system (GIS) combined with the global positioning system (GPS). 

Ground methods, derived through intensive ground surveys, have been used since time 

immemorial to evaluate the habitats using various indices (Lamprey, 1963). The ground-based 

methods have a specific limitation in that the whole targeted area cannot be traversed and the 

information collected may not be accurate and adequate. While ground surveys such as counting 

animals, trapping, collection of droppings, investigations of feeding sites as well as ground 

mapping of habitats (Giles, 1978; Lamprey, 1963) are useful, the geospatial technology can 

supplement or circumvent tedious ground survey methods. The geospatial technology has been 

used as an invaluable tool in wildlife studies ranging from habitat evaluation (George et al., 1977; 

Bright, 1984; Hill and Kelly, 1987; Kushwaha et al., 2001; Kushwaha and Hazarika, 2004), 

suitability analysis (Kushwaha et al., 2000; Beier et al., 2008), human-animal conflict (Musavi et 

al., 2006), and wildlife corridor monitoring (Khanna et al., 2001; Nandy et al., 2007). Potential 

habitat identification is a tool for predicting the suitability of habitat for a given species based on 

the known affinities with habitat characteristics. 

 

One of the techniques used for this purpose is Habitat Suitability Index (HSI) modeling. 

A suitability index provides a probability that the habitat is suitable for the species, and hence a 

probability that the species will occur where that habitat occurs. If the value of the index is high 

on a particular location, then the chance of species occurrence is greater. HSI models use geo-

statistics (Kushwaha et al., 2004; Habib et al., 2010), logistic regression (Zarri et al.,  2008; 

Imam et al., 2009), refined logistic regression (Singh and Kushwaha, 2011), multi-criteria 

analysis using analytical hierarchy process (AHP) (Nekhaya et al., 2009; Goswami, 2010) and 

other data integration techniques to calculate an index of species occurrence (Clark et al., 1999; 

Brown et al.,  2000) and provide an efficient and inexpensive method for determining habitat 

quality (Schamberger and Krohn, 1982). It is revealed that integration of RS, GIS and statistics 
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like MLR are becoming potential tools for analyzing the HSI. These tools can be effective to 

study the habitat use pattern of the wild animals (Imam and Kushwaha, 2012). 

 

1.6 Need for this Study 

A robust understanding of the spatio-temporal dynamics of biodiversity-rich areas is 

crucial for managing landscapes under pressure from high anthropogenic stress (Noss, 1999; Roff 

and Taylor, 2000; Wright et al., 1994). This is especially true for mega diverse developing 

countries where shortages in funding (Balmford and Whitten, 2003; Bruner et al., 2004) and 

skilled manpower may introduce severe trade-offs in intensity (in terms of numbers of species 

assessed) and coverage (in terms of spatial extent) of scientific investigations. Over the past few 

decades, the development of gap analysis techniques has addressed some of these issues by 

leveraging easily available ecological data to model species-environmental associations over 

large areas in a spatially explicit manner (Faith and Walker, 1996; Noss, 1999; Scott et al., 1993). 

Logistic regression however, remains a relatively popular technique (Guisan and Zimmermann, 

2000) for its robustness, relatively straight forward statistical properties, and ease of interpretation 

of results (Manel et al., 1999a, 1999b).  

 

Lion-tailed macaque, (Macaca silenus), being an endangered and endemic animal to the 

Western Ghats, is one of the flagship species of the tropical evergreen forests that has to be 

provided conservation attention. In the early 1970s, this species ranged throughout the southern 

range of the country. Today, they only live in mountain forests scattered across three Indian 

states: Karnataka, Kerala, and Tamil Nadu. Over the years, many were captured for the pet trade, 

zoos, research, and use in traditional Chinese medicine. The macaques declined as human 

settlements advanced. Teakwood, coffee, and tea plantations as well as hydroelectric and 

irrigation reservoirs and roads destroyed many forests of LTM. Today, habitat destruction is the 

lion-tailed macaques' foremost threat. Unlike the other three species that share their range (bonnet 

macaque, common langur and Nilgiri langur) shy lion-tailed macaques rarely cross through 

plantations to get from one forest to another. The future of lion-tailed macaques is closely linked 

with the protection of large patch sholas, where many other endemic animal species live. 

 

1.7 Research Questions 

 What are the explanatory variables associated with animal habitat suitability?  

 What are the best methods of collecting the field data for studying the animal habitat? 

 Which of the commonly used species-habitat relationship model is most suitable for 

habitat evaluation?  

 

1.8 Research Objectives 

In order to achieve the goal, the following specific activities were planned: 

 To identify and analyze the explanatory variables associated with the animal habitat. 

 To evaluate the LTM habitat for better management of the protected area and to 

formulate conservation strategies.  
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 To compare the efficiency of the various ecological niche models (Bioclim, GARP, 

Maxent, BMLR and RLR) for habitat suitability assessment.  

 

1.9 Structure of Thesis 

 The thesis has been structured into following six chapters:  

 

Introduction: The introduction throws light on the study background and has its roots upon and 

the need for the study addressing the rationale and the objectives of the thesis. 

 

Review of Literature: This chapter includes the various studies in which the current research is 

based upon and which refines the research questions cited above and provides way for obtaining 

solutions to them.  

 

Study Area: The detailed description of the study area is illustrated in this chapter where the 

background of the study area is explained, which lies as the basis for understanding the rationale 

with respect to the local constrains.   

 

Materials and Methods: This chapter explains the systematic way of solving the research 

questions. This includes the various methods involved in the study and the materials required for 

implementing the methods. 

 

Results and Discussion: The research outcomes are discussed extensively in this chapter. 

 

Conclusions and Recommendations: Based on the outcomes and the discussions based on them, 

conclusions and recommendations are provided to the scientific community and the research 

utilizing population. This chapter contains all the conclusions and recommendations from the 

research. 
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CHAPTER-II 

                                                               

 

2. REVIEW OF LITERATURE 

 

2.1 Western Ghats 

The Western Ghats, also known as the Sahyadri Hills, are formed by the Malabar Plains 

and the chain of mountains running parallel to India's western coast, about 30 to 50 kilometers 

inland. They cover an area of about 160,000 km² and stretch for 1,600 kilometers from the 

country's southern tip to Gujarat in the north, interrupted only by the 30 kilometers Palghat Gap 

(Collins et al., 1991). The Western Ghats mediates the rainfall regime of peninsular India by 

intercepting the southwestern monsoon winds. The western slopes of the mountains experience 

heavy annual rainfall (with 80 percent of it falling during the southwest monsoon from June to 

September), while the eastern slopes are drier; rainfall also decreases from south to north.  

 

Dozens of rivers originate in these mountains, including the peninsula‟s three major 

eastward-flowing rivers. These rivers are important sources of drinking, irrigation water, and 

power. The wide variation of rainfall patterns in the Western Ghats, coupled with the region‟s 

complex geography have resulted in a great variety of vegetation types. These include scrub 

forests in the low-lying rain shadow areas and the plains, moist and dry deciduous forests, and the 

tropical rainforests up to about 1,500 meters, and a unique mosaic of montane forests and rolling 

grasslands above 1,500 meters (Pascal, 1988). 

 

The Western Ghats is a UNESCO World Heritage Site. It is sometimes called the Great 

Escarpment of India. A total of thirty nine national parks, wildlife sanctuaries and reserve forests 

were designated as world heritage sites, of which twenty are in Kerala, ten in Karnataka, five 

in Tamil Nadu, and four in Maharashtra. The area is one of the world's ten "hottest biodiversity 

hotspots" and has over 5000 species of flowering plants, 139 mammal, 508 bird and 179 

amphibian species; it is likely that many undiscovered species live in the Western Ghats. At least 

325 globally threatened species occur in the Western Ghats (Myers et al., 2000) 

 

2.2 Lion-Tailed Macaque 

Lion-tailed macaque belonging to the family Cercopithecidae which includes old world 

monkeys, has been named so because its tail has a tuft of hair at its end similar to that of lion 

(Panthera leo) (Jayson, 1996). One of the dispersal theories suggest that prosilenus ancestor 

evolved in South Asia and dispersed further north and east from here, due to certain events in 

Pleistocene, a population in Western Ghats got isolated; this population later on became the 

ancestor of present day lion tailed macaques (Fooden, 1975; Kumar, 2001). Morphological and 

molecular phylogenetic studies place the species in the silenus group forming a monophyletic 

cluster with pig tailed and toque macaques (Hayasaka et al., 1996). 
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 2.2.1 Morphology 

The most distinguishing feature of lion tailed macaque is the presence of a brownish gray 

mane around its face. It has a black body and bare face. As mentioned earlier the tail has tuft at 

the end, it is about two third the head and body length. Skin is pale pink and hair is brown in 

juveniles (Roonwal and Mohnot, 1977; Rowe, 1996; Jayson, 1996; Grooves, 2001; AZA, 2000). 

The species has been reported to have a low birth rate (mean 0.2966) and long inter-birth interval 

(mean 2.47 years) (Kumar, 1995 and 2001). The survival rate has been calculated as 

0.95/individual/year for juveniles and 0.97/female/year and 0.92/male/year for adults (Singh et 

al., 2000a). 

 

 2.2.2 Habitat 

The lion tailed macaque is endemic to the tropical rain forest of Western Ghats and 

occupies dense evergreen hilly forest of high trees, inhabiting an altitude between 610-1070 m. It 

is also known to occupy cardamom and tea plantation when interspersed with undisturbed 

evergreen forest (Roonwal and Mohnot, 1977; Jayson, 1996). They are mostly spotted on tall 

(mean 17.5 m) trees, a preference for which is commonly exhibited during wet season. During the 

wet season medium height tree are less utilized as compared to dry season. They mostly occupy 

the middle and upper canopy of these trees. A marked preference for lower and upper canopy is 

exhibited during wet season (Singh et al., 2000b). 

 

 2.2.3 Diet 

Lion-tailed macaque is primarily frugivorous but also feeds on selected fauna; it is 

classified as frugivorous/faunivorous. Though it feeds on treetops, it may sometimes also forage 

on ground. The carbohydrate and protein rich diet chiefly consist of fruits and seeds (57.5%), 

faunal group (37.3%) and other plant parts (5%). A total of 200 species of trees are known to 

contribute to the macaque‟s diet, of which fruit bearing trees (like Mangifera indica and 

Semicarpus travancoria) make the largest component, followed by seed bearing, nectar (Bombax 

malabarica) and gum and resin producing trees (Gnetum ula and Vepris bilocularis). They are 

also known to eat flowers of Xanthophyllum flavescens; seeds and flowers of Cullenia exarillata 

are considered as an important food, other important genres being Artocarpus, Ficus and Litsaea 

(Menon and Poirier, 1996; Ganesh and Davidar, 1999).  

 

Apart from these, they also feed on moss, lichen and mushroom (Kumar, 1995; Kumar, 

2001; Rowe, 1996; Jayson, 1996; Singh et al., 2000b; Ramchandran and Joseph, 2000). The 

faunal component of the macaque‟s diet is made of small vertebrates, nestlings and birds (0.60%) 

that are mostly preyed upon by adults in the group; and arthropods. There is a seasonal variation 

in feeding pattern with more faunal and less fruit intake during winter and dry season; as against 

less faunal and more fruit intake during autumn and wet period (Kumar et al., 2000; Singh et al., 

2000b). 
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Fig. 2.1: Distribution map of lion-tailed macaque in India. 

(Source: IUCN Red List of Threatened Species, 2011) 

  

 2.2.4 Distribution 

The lion tailed macaques are endemic to Western Ghats, roughly distributed from 8°25'N 

Kalakad Hills to 14°55‟N north of Anshi Ghat (Grooves, 2001).Their historic distribution 

included almost the entire Western Ghats, they are locally extinct in Maharashtra and Goa and are 

restricted to three south Indian states of Karnataka, Kerala and Tamil Nadu (Kumar, 2001; 

Kumar, 1995). In the Western Ghats they are divided in to two sub populations by the Palghat 

gap in Kerala (Singh et al., 2002a; Kaumanns et al., 2006). 

  

Kerala and Tamil Nadu hold the largest population of these macaques. The ranges that 

are known to hold significant portion of the population are Nilgiri hills, Anaimalai hills, and 

Cardamom hills (Roonwal and Mohnot, 1977; Kumar, 2001; Kumar, 1995; Singh et al., 2002a; 

Easa et al., 1997). It has been reported from the following protected areas Indira Gandhi, 

Kalakad-Mundanthurai, Grizzled Giant Squirrel sanctuaries in Tamil Nadu (Jayson, 1996; Easa et 

al., 1997; Molur et al., 2003). 
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 2.2.5 Social Organization and Behaviour 

This macaque resembles most others in living in multi-male groups, but an average size 

of about 19-20 individuals are small compared to other species. Adult females outnumber adult 

males about 3 to 1. Male migrate to new groups on reaching sexual maturity, whereas females 

remain in the natal group for life, and have strong relations with uterine kin. Lion tailed macaque 

is diurnal and considered to be most arboreal of all macaques (Napier and Napier, 1985). Rowe, 

(1996) found that they spend most of their time feeding and foraging (50%), followed by resting 

(33%) and moving (15%). 

 

 2.2.6 Threats 

Habitat fragmentation, deterioration and hunting are the main threats faced by the 

species. Habitat fragmentation due to habitat being lost to agriculture and other non forestry 

purposes has resulted in breaking of the population into small isolated groups, with only a few 

fragments holding more than ten troops (Kumar, 1995 and2001; Kumara and Singh, 2004). In the 

absence of male migration lion tailed macaques inhabiting small fragmented habitat are 

susceptible to inbreeding and stochastic extinction. A study has suggested habitat fragmentation 

results in lowering of birth rate and immature survival, skewing of the sex ratio and lowering of 

immature to adult ratio (Kumara and Sinha, 2000; Umapathy and Kumar, 2000; Singh et al., 

2002). Moreover isolated, marginal habitat also increases the predation risk and lower food 

availability (Menon and Poirier, 1996). Habitat degradation is considered even a bigger threat 

than habitat loss. It is ensued by exploitation of forest resources by people, illegal human 

settlements and developmental projects like hydroelectric power project, mining and mineral 

exploration, railway lines, highways and roads (Karanth, 1992; Singh et al., 2000a; Krishnamani 

and Kumar, 2000; Jayson, 1996).  

 

Habitat conversion by cardamom and tea plantation has also resulted in deterioration of 

habitat, with decreased food availability and negative impacts on regeneration (Kumar, 1995 and 

2000). Hunting across the range (Kodagu, Nilambur, Cardamom and Silent Valley) is also 

responsible for the decline in the population size. The animal is poached for its meat by many 

tribal communities, as it is supposed to possess medicinal properties (Karanth, 1992; Kumar, 

1995 and 2000; Jayson, 1996). 

 

 2.2.7 Status of Lion-Tailed Macaque 

A estimate in 1977, done by Green and Minkowski estimated a population size of 600 in 

the entire Western Ghats, recent estimates suggest of a population size of 3550 individuals 

existing as fragmented population all over the Western Ghats (Molur et al., 2003; Easa et al., 

1997; Kumara and Singh, 2004; Menon and Poirier, 1996; Kumara and Sinha, 2009; Southwick 

and Siddiqi, 2001). In captivity, in India there are 86 individuals in 20 zoos.  

 

This species is listed on Appendix-I of CITES, and Schedule-I, Part-I, of the Indian 

Wildlife (Protection) Act, 1972 amended up to 2002. The following are recommended research 
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actions: genetic research, life history, epidemiology, and limiting factor research. Management 

actions recommended (Molur et al., 2003) are: limiting factor management, wild population 

management and monitoring, public education, captive breeding, and captive management 

(research and preservation of live genome). 

 

2.3 Habitat Modeling 

Where does a species occur and where could it occur are the two initial questions in 

wildlife conservation planning (Peterson and Dunham, 2003). In recent years, the development of 

predictive habitat models has greatly improved our ability to address both questions. First, models 

can help to detect the occurrence of cryptic or rare species difficult to survey (e.g. Pearce et al., 

2001; Ferna´ndez et al., 2006a). Second, mapping habitat predictions can further be used to assess 

the impact of changing land use, to detect important areas for reintroduction, and to identify 

potential conflicts with human activities (e.g. Johnson et al., 2004; Kramer-Schadt et al., 2005; 

Sawyer et al., 2006). 

Habitat models based on presence - absence data are the most standard approach to 

habitat modeling (e.g. Schadt et al., 2002b; Woolf et al., 2002; Naves et al., 2003; Seoane et al., 

2003; Niedzialkowska et al., 2006). These models are often based on coarse scaled landscape and 

species information allowing coarse habitat inferences and predictions, but they may overlook 

biological details important for species conservation. Indeed, fine-scale models based on detailed 

species and landscape information have shown a great potential to detect crucial habitat structures 

not obvious at broader scales (e.g. Fernandez et al., 2003). However, the expandability of fine-

scale models for habitat predictions remains largely unexplored partly because the required 

information is difficult to gather. Therefore, one current challenge in conservation is to reconcile 

fine-scale habitat inferences with broad scale predictions required for more comprehensive 

species management.  

Models exploring the relationships between species occurrences and sets of predictor 

variables produce two kinds of useful outputs. The first are estimates of the probability that 

species might occur at given unrecorded locations. The second are estimates of an area‟s 

suitability for species. The use of empirical models of occurrence in conservation planning has 

been increasingly advocated (e.g. Margules and Nicholls, 1987; Cocks and Baird, 1989; Arau jo 

and Williams, 2000; Williams and Arau´ jo, 2000, 2002; Polasky and Solow, 2001; Arau jo et al., 

2004).  

Polasky and Solow (2001) suggested that probabilities of occurrence could be used as 

attributes for species-based reserve selection. These probabilities would be regarded as estimates 

of the likelihood that a species might occur at a given unrecorded location. From another 

perspective, Arau´ jo and Williams (2000) suggested that probabilities of occurrence could be 

interpreted as estimates of the probability that species might find suitable habitat in a given area. 

They also argued that suitability estimates from probabilistic models would be inversely 

correlated to probabilities of extinction in a near future. Observations of local extinctions in 

British breeding birds in relation to estimates of probability of occurrence have provided 
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empirical support for this idea (e.g. Gates and Donald, 2000; Donald and Greenwood, 2001; Arau 

jo et al., 2002). Nevertheless the question remains as to what method to choose and whether the 

choice of modeling technique should depended on the goals, region or species being modeled. 

 

Fielding and Bell (1997) suggested that there are many modeling techniques available to 

explore the correlation between occurrence of a species and sets of predictor variables and there 

is a possibility that techniques may differ in their ability to summarize useful relationships 

between response and predictor variables. But model performance may also be contingent on the 

goals, assumptions and data used for particular analysis. If the goal of a model is to predict 

occurrences of species outside their known range, interest could be focused on methods that 

optimize the overall fit, i.e. the balance between false positives (absent, but predicted to be 

present) and false negatives (present, but predicted to be absent).  

 

However, if the goal is to minimize unexplained variation by models (i.e. minimize false 

negatives), then a measure of performance would be required that accounted for the proportion of 

false negatives alone (e.g. Arau´ jo and Williams, 2000). Although some studies have compared 

the performance of different modeling techniques (Walker, 1990; Bio et al., 1998; Manel et al., 

1999; Arau´ jo and Williams, 2000; Pearce and Ferrier, 2000; Vayssie`res et al., 2000; Vetaas, 

2000; Thuiller et al., 2003), none has investigated systematically how variations in species 

geographical and environmental distributions affect model performance. Furthermore, the number 

of techniques compared has often been small (four or less techniques compared at once) and the 

number of species studied in such comparisons limited. 

 

2.4 MaxEnt Modeling 

When approximating an unknown probability distribution, the question arises, what is the 

best approximation? E.T. Jaynes gave a general answer to this question. The best approach is to 

ensure that the approximation satisfies any constraints on the unknown distribution that we are 

aware of, and that subject to those constraints, the distribution should have maximum entropy 

(Jaynes, 1957). This is known as the maximum-entropy principle. For our purposes, the unknown 

probability distribution, which we denote π, is over a finite set X, (which we will later interpret as 

the set of pixels in the study area).We refer to the individual elements of X as points. The 

distribution π assigns a non-negative probability π(x) to each point x, and these probabilities sum 

to 1. Our approximation of π is also a probability distribution, and we denote it π. The entropy of 

π is defined as 

 

          

 

 

where, ln is the natural logarithm. The entropy is nonnegative and is at most the natural log of the 

number of elements in X. Entropy is a fundamental concept in information theory: in the paper 

that originated that field, Shannon (1948) described entropy as “a measure of how much „choice‟ 

is involved in the selection of an event”. Thus a distribution with higher entropy involves more 
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choices (i.e., it is less constrained). Therefore, the maximum entropy principle can be interpreted 

as saying that no unfounded constraints should be placed on π, or alternatively, 

 

The fact that a certain probability distribution maximizes entropy subject to certain 

constraints representing our incomplete information is the fundamental property which justifies 

use of that distribution for inference; it agrees with everything that is known, but carefully avoids 

assuming anything that is not known (Jaynes, 1990). 

 

Predictive modeling of species geographic distributions based on the environmental 

conditions of sites of known occurrence constitutes an important technique in analytical biology, 

with applications in conservation and reserve planning, ecology, evolution, epidemiology, 

invasive-species management and other fields (Corsi et al., 1999; Peterson and Shaw, 2003; 

Peterson et al., 1999; Scott et al., 2002; Welk et al., 2002; Yom-Tov and Kadmon, 1998). 

Sometimes both presence and absence occurrence data are available for the development of 

models, in which case general-purpose statistical methods can be used (Corsi et al., 2000; Elith, 

2002; Guisan and Zimmerman, 2000; Scott et al., 2002). However, while vast stores of presence-

only data exist (particularly in natural history museums and herbaria), absence data are rarely 

available, especially for poorly sampled tropical regions where modeling potentially has the most 

value for conservation (Anderson et al., 2002; Ponder et al., 2001; Sober´on, 1999). In addition, 

even when absence data are available, they may be of questionable value in many situations 

(Anderson et al., 2003). Modeling techniques that require only presence data are therefore 

extremely valuable (Graham et al., 2004). 

 

For some species, detailed presence/ absence occurrence data are available, allowing the 

use of a variety of standard statistical techniques. However, absence data are not available for 

most species. Phillips, S.J et al., (2006) introduced the use of the maximum entropy method 

(MaxEnt) for modeling species geographic distributions with presence-only data. MaxEnt is a 

general-purpose machine learning method with a simple and precise mathematical formulation, 

and it has a number of aspects that make it well-suited for species distribution modeling. In order 

to investigate the efficacy of the method, here they perform a continental-scale case study using 

two Neotropical mammals: a lowland species of sloth, Bradypus variegatus, and a small montane 

murid rodent, Microryzomys minutus. They compared MaxEnt predictions with those of a 

commonly used presence-only modeling method, the Genetic Algorithm for Rule-Set Prediction 

(GARP). They made predictions on 10 random subsets of the occurrence records for both species, 

and then used the remaining localities for testing. Both algorithms provided reasonable estimates 

of the species‟ range, far superior to the shaded outline maps available in field guides. All models 

were significantly better than random in both binomial tests of omission and receiver operating 

characteristic (ROC) analyses. The area under the ROC curve (AUC) was almost always higher 

for MaxEnt, indicating better discrimination of suitable versus unsuitable areas for the species. 

The MaxEnt modeling approach can be used in its present form for many applications with 

presence-only datasets, and merits further research and development. 
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In MaxEnt, one is given a set of samples from a distribution over some space, as well as a 

set of features (real-valued functions) on this space. The idea of MaxEnt is to estimate the target 

distribution by finding the distribution of maximum entropy (i.e., that is closest to uniform) 

subject to the constraint that the expected value of each feature under this estimated distribution 

matches its empirical average. This turns out to be equivalent, under convex duality, to finding 

the maximum likelihood Gibbs distribution (i.e., distribution that is exponential in a linear 

combination of the features). For species distribution modeling, the occurrence localities of the 

species serve as the sample points, the geographical region of interest is the space on which this 

distribution is defined, and the features are the environmental variables (or functions thereof). 

(Phillips, S.J et al., 2004). 

 

They also study the problem of modeling species geographic distributions, a critical 

problem in conservation biology. They propose the use of maximum-entropy techniques for this 

problem, specifically, sequential-update algorithms that can handle a very large number of 

features. They describe experiments comparing MaxEnt with a standard distribution-modeling 

tool, called GARP, on a dataset containing observation data for North American breeding birds. 

They also study how well MaxEnt performs as a function of the number of training examples and 

training time, analyze the use of regularization to avoid over fitting when the number of examples 

is small, and explore the interpretability of models constructed using MaxEnt. 

 

MaxEnt only requires positive examples, and in the study, is substantially superior to the 

standard method, performing well with fairly few examples, particularly when regularization is 

employed. The models generated by MaxEnt have a natural probabilistic interpretation, giving a 

smooth gradation from most to least suitable conditions. It has also shown that the models can be 

easily interpreted by human experts, a property of great practical importance (Phillips, S.J et al., 

2004). 

 

2.5 GARP and BIOCLIM 

 GARP (Genetic Algorithm for Rule-set Production) is a genetic algorithm that creates an 

ecological niche model for a species that represents the environmental conditions where that 

species would be able to maintain populations (Stockwell, 1999). BIOCLIM finds a single rule 

that identifies all areas with a similar climate to the locations of the species (Busby, 1991). ). 

Braun (2007) predicted the future distribution of three pairs of exotic plant species in Florida 

using the species distribution model OM-GARP. Phillips et al., (2004) studied and compared 

MAXENT with a standard distribution-modeling tool, called GARP. 

2.6 Animal Pseudo Absence 

Predicting species presence/absence, or other binomial responses from survey data, is 

common in wildlife and forestry research. In situations where a recorded absence may in fact 

represent a failure to detect what is actually there (a false zero) erroneous inferences may result 

with naïve application of procedures such as logistic regression (MacKenzie and Kendall 2002; 

Tyre et al., 2003; Wintle et al., 2004). 
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An example where this can be expected is in live-trapping studies of wildlife occurrence. 

With false zeroes, not only can the proportion of sites truly occupied be underestimated, but the 

relationship with explanatory variables (the predictive model, usually the aim of the exercise) 

may also be biased. Furthermore, the chances of a false zero may not be constant but rather a 

function of time or sample site characteristics, making comparisons among samples questionable. 

 

2.7 Logistic Regression 

Chen et al., (2007) used logistic regression to develop habitat suitability maps of invasive 

ragweed (Ambrosia artemisiifolia) in China, whereas during the same year, De La et al., (1997) 

did habitat suitability analysis to outline potential areas for conservation of the grey wolf (Canis 

lupus) using geospatial techniques. During 2006, Morisette et al., produced tamarisk (Tamarix 

spp.) habitat suitability map for continental United States by integrating satellite data, field 

sampling points and logistic regression, whereas, Keating (2004) reviewed application and 

interpretation of logistic regression to promote better use of this method and suggested that it is 

an important tool for wildlife habitat selection studies. Logistic regression was also used by Houts 

(2003) to model probable dispersion of wolves in near future, which were reintroduced into 

Yellowstone National Park and Central Idaho in 1995, whereas, Glenz et al., (2001) predicted 

suitable habitat for wolf in Valais (Switzerland) using logistic regression. Hirzel et al., (2001) 

used this geospatial technology to assess habitat suitability models for a virtual species in Bern 

Alps (Switzerland). 

 

In 1999, Palma et al., used logistic regression to analyse Iberian lynx habitat and 

distribution. Logistic regression was also used to simulate and predict the distribution of red-

crown crane (Grus japonensis) in Yancheng Biosphere Reserve, Eastern China (Li, 1997). Even 

geo-spatial technology (radio-collar and GIS) can be used to monitor spatial-temporal movement 

behaviour of animals, as Gipson et al., (2012) used this technique for monitoring spatial-temporal 

movement behaviour of goat, sheep and their guardian dog in USA. 

 

 In India recently, Kushwaha et al., (2004), Aditya (2004), Quadri (2004), Braunisch et 

al., (2008) and Zarri et al., (2008) have used MLR to analyse habitat suitability for Cervus 

unicolor and Muntiacus muntjac at Ranikhet, muntjak in Binsor Wildlife Sanctuary, tiger in 

Corbett Tiger Reserve, edge effect on two population of capercaillie (Tetrao urogallus) and 

Nilgiri laughing thrush (Garrulax cachinnans) in Western Ghats respectively. Similarly, Imam 

(2005) and Imam et al., (2009) used MLR, RS and GIS for evaluating the suitable habitat for 

muntjak and tiger in Chandoli national park respectively. On the other hand Singh and Kushwaha 

(2010) improved the logistic regression technique and used it for wildlife habitat suitability 

modeling of muntjak and goral in the Central Himalayas, India. Similarly Alam (2011) used this 

method for habitat suitability analysis of striped hyena (Hyaena hyaena) in Gir National Park and 

Sanctuary, Gujarat, India. In most of the cases presence/absence data of animal species are used 

along with MLR for habitat suitability analysis. 
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 2.7.1 Binomial Multiple Logistic Regression 

 Binomial Multiple Logistic Regression is a form of regression that is used when the 

dependent variable is dichotomous and independent variables are continuous. Bio et al., (2002) 

used BMLR for predicting the plant species distributed in lowland river valleys of Flanders in 

Belgium. Dendoncker et al., (2006) used multiple logistic regression for modeling of land 

suitability maps. This procedure has been adopted for wildlife habitat modeling in several studies 

(Osborne et al., 2001; Kushwaha et al., 2004). The scope of its applicability can further be 

understood from its use in predicting insect distribution within fragmented landscapes, to 

investigate relationships between local extinctions and habitat suitability (Gates et al., 2000), to 

investigate the local population distribution and decline, and to describe the effects of habitat 

characteristics on the incidence of particular species (Green et al., 1994)    

 2.7.2 Refined Logistic Regression 

Singh A and Kushwaha (2010) suggested the method which involves iterative k-fold 

partitioning (Fielding and Bell, 1997; Stockwell, 1992) and re-substitution (Fielding and Bell, 

1997; Osborne and Tigar, 1992; Stockwell, 1992) to evaluate randomized „pseudo-absence‟ 

locations for similarity with locations where habitat use by the species has been confirmed. Final 

habitat suitability models are then developed with refined data using coefficients derived from 

generalized linear mixed models (GLMMs) accounting for spatial autocorrelation in predictors. 

The methods presented will find application in studies where presence-absence data is collected 

for species on which limited habitat preference information is available. It proposes a method that 

best leverages location data collected from rapid presence–absence surveys and which: (1) is 

amenable to generating spatially explicit maps and is easily interpretable, (2) leverages easily 

available covariate data, and (3) in general, is of use where resources in terms of time, trained 

personnel and funding are limited, and data and can be used when historical presence-absence 

data is available from semi-structured surveys on several indicator species. 

 

2.8 Receiver Operating Characteristic Curve (ROC) and Area under the Curve (AUC) 

 

The ROC was developed in the 1950s and has been widely applied in the medical and 

engineering fields (McPherson et al., 2004). It is used to assess the fit or predictive accuracy of 

dichotomous models, and is now being used more frequently in the natural sciences (Boyce et al., 

2002). AUC is a robust measure of model performance/accuracy, relatively insensitive to 

prevalence (proportion of 0‟s or 1‟s), although less stable (higher standard error) for prevalence 

less than 0.2 (McPherson et al., 2004). ROC and AUC do not require the choice of an arbitrary 

prediction probability threshold defining but rather summarize performance across the range of 

possible thresholds (Cumming, 2000). 

 

An ROC curve shows the performance of a classifier whose output depends on a 

threshold parameter. It plots true positive rate against false positive rate for each threshold. A 

point (x, y) indicates that for some threshold, the classifier classifies a fraction x of negative 

examples as positive, and a fraction y of positive examples as positive. The curve is obtained by 
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“joining the dots”. The area under an ROC curve (AUC) has a natural statistical interpretation. 

Pick a random positive example and a random negative example. The area under the curve is the 

probability that the classifier correctly orders the two points (with random ordering in the case of 

ties). A perfect classifier therefore has an AUC of 1. However, to use ROC curves with presence-

only data, we must interpret as “negative examples” all grid cells with no occurrence localities, 

even if they support good environmental conditions for the species. The maximum AUC is 

therefore less than one (Wiley et al., 2003), and is smaller for wide-ranging species. 
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CHAPTER-III 

                                                               
 

3. STUDY AREA 
 

The study area Kalakad-Mundanthurai Tiger Reserve (KMTR) is the 17
th
 and southern 

most Tiger Reserve in India and one of the three Tiger Reserves in South Indian state of Tamil 

Nadu, which is the second largest protected area in the state. It forms part of the southern Western 

Ghats in the Tirunelveli and Kanyakumari districts.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3.1: Location of the study area in India. 

 

 

The Western Ghats is one among the 18 global biodiversity hotspots and is recognized as 

one of the 3 mega centers of endemism in India. KMTR also forms part of the interstate (Kerala 

and Tamil Nadu) Agasthyamalai Biosphere Reserve. It falls in the Western Ghats (5A/B) 

biogeographic zone and province of India. This Reserve is identified as among the Type-1 Tiger 

Conservation Units (TCU) representing the tropical moist evergreen forests worldwide. KMTR 

http://en.wikipedia.org/wiki/Kanyakumari_District
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represents one of the southern-most territories of tiger (Panthera tigris) in the world. 

The Western Ghats, Agasthyamalai Sub-Cluster, including all of Kalakad-Mundanthurai Tiger 

Reserve, is declared by the UNESCO World Heritage Committee as a World Heritage Site. 

 

3.1 History 

Papanasam Reserved Forests and Singampatty ex-zamindari forests of Tirunelveli district 

were declared Tiger Sanctuary in 1962. The Wildlife (Protection) Act 1972 came into force in the 

state of Tamil Nadu in 1974. All the existing sanctuaries were deemed sanctuaries under the 

Wildlife (Protection) Act. The entire Kalakad Reserved Forest was notified as sanctuary in 1976. 

These sanctuaries formed part of the Kalakad- Mundanthurai Tiger Reserve in Tamil Nadu, the 

seventeenth Tiger Reserve in the country, created in 1988-89. Initially, it comprised of two 

adjacent wildlife sanctuaries of Kalakad-Mundanthurai in district of Tirunelveli including parts of 

Veerapuli and Kilamalai Reserve Forests (approx. 77 km
2
) of adjacent district Kanyakumari were 

added in April 1996.  

The area of the Reserve is 895 km
2
 Kalakad-Mundanthurai comprises of 665 km

2
 

Reserved Forest. About 230 km
2
 of Singampatty ex-zamindari forest is not yet declared as 

Reserve Forest under Section 16 of Tamil Nadu Forest Act 1882. The legal status of this forest is 

Reserve Land under the Act. Mundanthurai Wildlife Sanctuary was declared as Nation’s first 

Tiger Sanctuary way back in 1962, much before the launching of Project Tiger in 1973, and 

designated as a Wildlife Sanctuary in 1977. Kalakad Wildlife Sanctuary was established in 1976 

primarily to the endangered lion-tailed macaque. 

 

3.2 Geography 

The study area lies between 8°25' - 8°53' N latitude and 77°10' - 77°35' E longitude, 

about 45 km west of Tirunelveli Town. It is bounded by Kerala state boundary in west, 

Shenkottai and Courtallam forests in the north and Veerapuli and Kilamalai forests of 

Kanyakumari in the south and by agricultural lands and villages in the east. The altitude ranges 

from 40 m to 1800 m above mean sea level. Agasthiarmalai hill (1681 m), which falls within the 

core zone of the Reserve, is the third highest peak in southern India. The terrain is undulating to 

hilly. Fig. 3.2 shows some glimpses of KMTR.  

 

3.3 Climate 

This is the only area of Western Ghats, which has longest rainy period of about 8 months 

receiving a rainfall from both the monsoons i.e. south-west and north-east monsoons. The rainfall 

ranges from 750 mm on the eastern slopes to 5000 mm in the western higher reaches with 89 to 

92 rainy days. Annual average temperatures range from 13.5°C in the evergreen to 23°C in the 

deciduous forests (Pascal, 1982). Dry period ranges from 3 to 5 months from February to June. 
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(a) The Dry Deciduous Forest 

of Kalakad 

(b) Cullenia exarillata fruit- the 

predominant diet of LTM 

(c) Tropical Evergreen Forest of 

Kakkachi 

(d) Mist Covered Grassland of 

Thirukurunkudi 
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Fig. 3.2: Glimpses of the KMTR. 

 

 

  

(e) Water being released from 

Servalar Dam, Mundanthurai 

 

 

(f) Panoramic View of the Kodaiyar 

Valley from the Winch Point 

(g) Water gushing in the Manimuthar River 

near Karumandiamman Kovil, Sengaltheri 

(h) Neterikal Weir and the Wet Evergreen 

Forest in the background, Thirukurunkudi 

(i) Panoramic View of Manimuthar 

Reservoir and the dry evergreen forest 

from Kudiravetti Estate 

(j) Tea Plantation and the 

fragmented evergreen forest in 

Nallumukku Estate 

 



Comparison of ecological niche models for habitat evaluation of the lion-tailed macaque 

22 
 

3.4 Drainage 

The rich forests of the Reserve form the catchment area for 14 rivers and streams. Among 

them the Tamiraparani, Ramanadi, Karaiyar, Servalar, Manimuthar, Pachayar, Kodaiyar, Kadnar, 

Kallar form the back-bone of the irrigation network and drinking water for people of Tirunelveli, 

Turicorin and part of Kanyakumari district. Seven major dams (Karaiyar, Lower Dam, Servalar, 

Manimuthar, Ramanadi, Kadnanadi and Upper Kodaiyar) owe their existence to these rivers. 

 

3.5 Forest Types 

As per Champion and Seth (1968), the study area has following forest types: 

 

 3.5.1 Southern Hilltop Evergreen Forests (1A/C3)  

This is an inferior condition of the tropical evergreen forests occurring on the upper 

slopes and tops of hills exposed to winds. Rainfall is high (over 4,500 mm). This type is found in 

Muthukuzhivayal of the Upper Kodaiyar Range. This forest type occurs with grasslands as shola-

grassland type similar what we see in Nilgiris. Actually this type is very dense closed forests. 

Dense evergreen shrubs, reeds and canes are seen. 

 

 3.5.2 West Coast Tropical Evergreen Forests (1A/C4) 

Wet evergreen forests are confined to the western half of the sanctuary where the rainfall 

is generally above 2000 mm. structurally, these are dense forests. Canopy height often reaches 

35-45 m. Dipterocarpus indicus, Kingiodendron pinnatum, Cullenia exarillata, Palaquium 

ellipticum and Strombosia ceylanica are characteristic canopy species in these forests. Gluta 

travancorica is endemic to this area. Bentinckia conddapanna, an endemic palm is often found 

along rocky cliffs. These forests are known for ferns, epiphytes, orchids and high degree of 

endemism. From Sengaltheri, above 1,000 M, the two routes leading to Kakkachi and Neterikal 

are clothed with dense evergreen forest. 

 

 3.5.3 Tirunelveli Semi Evergreen Forests (2A/C3) 

They are ecotones as they are found between evergreen and dry deciduous forests. The 

canopy height varies from 20 to 28 m. This forest type receives good rainfall from both 

monsoons. The range of the rainfall is from 1500 mm to 2000 mm. The forest type is unique to 

the reserve and occurs relatively in a narrow strip on the Papanasam hills between moist 

deciduous forests and southern tropical wet evergreen forest in the Papanasam R.F and Kalakad 

R.F. The elevation ranges from 250 to 500 m and sometimes up to 1,000 m. Orchids are common 

here. Climbers and canes are also abundant here, their abundance increasing with increasing 

altitude. 
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 3.5.4 Southern Moist Mixed Deciduous Forests (3B/C2) 

These forests occur on the outer slopes up to an elevation of about 500 m on the 

Papanasam hills. The main species are deciduous, though some evergreen species are also 

present. Natural teak forms a very low proportion. This type occupies damp valleys, in cooler 

patches in the lower hills and on high ground with shallow or porous soils. Where fires are rare 

and the rainfall over 1240 mm the growth is dense and the species diversity is good. Sandalwood 

trees are found in this forest. 

 3.5.5 Tropical Riparian Fringing Forests (4F/RSI)        

This type occurs on either side of all the rivers and natural drainage lines. They are strips 

and islands of evergreen forests in the midst of dry deciduous forests. They contain the elements 

of wet evergreen forests as can be seen near Thalaiyanai in Kalakad. Riparian fringing forests are 

also called as Gallery forests. They are very important from faunal point of view. Almost all the 

major mammals depend on this area for drinking water. Most of the Amphibians are confined to 

this zone. Many Reptiles are confined to this zone in the Mundanthurai plateau along Servalar 

River. Nilgiri Langur prefers this habitat along the Servalar River. Tiger pugmark has been traced 

all along the stream margins in many places. Hunting dogs have been found to attack the 

Sāmbhar when they come for drinking water in this zone. 

 

 3.5.6 Dry Teak Forests (5A/C1b)  

This forest type occurs in patches amidst the mixed dry deciduous forests, where the 

rainfall ranges from 900 to 1300 mm during the North-East monsoon. Manimuthar falls is the 

typical area of this forest. On the way to Sengaltheri from Kalakad, this type can be seen. Vast 

stretches of these forests can be seen from the Watch Tower located on the way to Kodamady. 

These forests are characterized by recurring fires. The majority of the trees are deciduous. Trees 

are leafless for about three months. Woody climbers and bamboo are rare. The average height of 

trees is about 10 M. 

 

 3.5.7 Southern Dry Mixed Deciduous Forests (5A/C3) 

This forest type occurs in the eastern half of the KMTR where the rainfall is around 900 

mm. These forests are subjected to maximum degradation from grazing, fires and theft. These 

forests receive about 750 to 1000 mm of rainfall during the North – East monsoon. The trees are 

leafless for half the year exposing the ground to the scorching sun. Though teak is present 

naturally in patches, these forests can be better classified as dry mixed deciduous forests. The 

teak is of the stunted variety and occurs locally in Singampatty ex-zamindari forests. The average 

height of this forest does not exceed 10 m. During recent years, due to improved protection this 

type is showing improvement in terms of growth and natural regeneration in all the areas. This 

forest type is seen up to 350 m at Kalakad R.F., Papanasam R.F. and Thulukkamparai. 
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 3.5.8 Carnatic Umbrella Thorn Forests (6A/C2) 

This is an extremely xerophytic type of vegetation found in the plains and low hills. The 

rainfall is around 500 to 700 mm, with the bulk coming in October – November. Being closest to 

cultivation, this type of forest suffered most from overgrazing and injuries by man. The surface 

soil is hard and of low permeability, and what little rainfall is there runs off the surface of the 

sloppy grounds rapidly, with the result that although coppice regeneration is fair, natural 

regeneration is absent. The forests are open, stems are short and branchy, and height never 

exceeds 5 m. However, Acacia planifrons comes up naturally in pockets with good soil. 

  

 3.5.9 Ochlandra Reed Forest (8A/E1) 

The area of Reed blanks is 83 km
2
. In addition to this 91 km

2
 of Wet evergreen forests 

area is with reed mosaics. Along the higher slopes of the various mountain ranges, above 900 m 

extensive areas are covered with Ochlandra brandisii and Ochlandra travancorica reeds forming 

impenetrable thickets with 3 to 5 m high. Streams play a part in the dissemination of the seeds of 

the reeds, many of the streams originating in reed areas and flowing through sholas containing a 

dense growth of reeds on their banks. This type constitutes an important niche for the elephants. 

In Kadayam Range, in the reed blanks near Vaniyankalpudavu, elephants permanently stay and 

they are not found to be migratory. Bison also uses this habitat. 

 

 3.5.10 Southern Montane Wet Temperate Forests (11A/C1)  

This forest type occurs above 1,524 m as continuous expanses of the evergreen forests at 

sheltered faces and moist depressions of peaks. Common ones here are shola tree species not 

exceeding 6 m with densely clothed lichens, mosses and ferns. 

 

 3.5.11 Southern Montane Wet Grassland (11A/C1/DS2)  

The open grasslands between 300 and 1,000 m are composed of Cymbopogon flexuous 

and Digitaria ciliaris. Cycas circinalis is also present along with grasses. Bentinckia 

conddapanna is found on the steep rocky slopes arising sporadically among the bushy growth of 

grasses and wild bananas. South India’s lone lady’s slipper orchid (Paphiopedilum druryi) lies 

above 1400 m across two states. As this is only wild habitat of this rare orchid in the world it has 

great conservation potential. The total extent of occurrence of this species is well below 5 sq. km. 

It is always seen in association with the grass Zenkeria sebastenei, also endemic to the area. The 

various types of forests found in KMTR are well documented in Fig. 3.3.  

 

3.6 Biodiversity 

 The Agasthyamalai hills in the Southern end of the WG are known for high species 

diversity, harbouring 2000 flowering plant species with 7.5% endemism. The mid-elevation zone 

(700-1,400 m) is occupied by the Tropical Wet Evergreen Forest of the Cullenia–Mesua-

Palaquium and is the only non-Dipterocarp evergreen forest in the area.  
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Fig. 3.3: Forests of KMTR. 

  

  

  

(b) Eucalyptus Plantation in 

Nallumukku Estate Enclosure 

(a) Dry Mixed Deciduous Forest of 

Kalakad 

(c) Riparian Fringing Forests of 

the Thalaiyanai, Kalakad 

(d) Fragmented Hilltop Evergreen 

Forest in Upper Kodaiyar Reservoir 

(e) Semi Evergreen Forest of 

Thirukurunkudi 

(f) Rattan Palm (Calamus rotang) in 

the Wet Evergreen Forests of 

Thirukurunkudi 
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Fig. 3.4: Fauna of KMTR.  

  

  

  

(a) Bonnet Macaque (Macaca 

radiata) near Nambi Kovil, 

Thirukurunkudi 

(b) Nilgiri Langur (Trachypithecus johnii) 

the close associate and resemblance of 

LTM 

(c) Brown Palm Civet (Paradoxurus 

jerdoni) endemic to Western Ghats 

(d) Green Vine Snake (Ahaetulla 

nasuta) 

(e) Malabar Pit Viper (Trimeresurus 

malabaricus) endemic to Western Ghats 

(f) A sounder of Wild Boar (Sus 

scrofa) in Manjolai Estate 
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 It is floristically very different from other sites. The floral diversity includes 2,254 

Angiosperms - including 448 endemic species, 58 Red-listed species, 601 medicinal plants, 90 

species of the wild relatives of cultivated plants. There are also 3 Gymnosperms and 156 

Pteridophytes (Henry et al., 1984). The faunal diversity includes 47 species of fishes, 47 species 

of amphibians, 89 species of reptiles, 337 species of birds and 79 species of mammals. Few 

faunal species are documented in Fig. 3.4. 

3.7 Administration 

Administrative set up existing for Kalakad Mundanthurai Tiger Reserve is under overall 

in charge of Chief Conservator of Forests and Field Director. The Tiger Reserve is managed by 

two Deputy Directors having jurisdiction with territorial working, assisted by 7 Range Forest 

Officers and eight Foresters. There are 30 administrative beats, each manned by a forest guard 

assisted by a watcher. 3 or 4 beats constitute a section and Forester is normally in-charge of the 

Section. One Forest Protection Squad under the direct control of the Field Director exists under 

the control of a Forest Range Officer. The Deputy Directors look after the eco-development 

works with the assistance of 4 Assistant Wildlife Wardens in the rank of Range Forest Officer. 

 

 
 

Fig. 3.5: Administrative range map overlaid on the satellite map of KMTR. 
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3.8 Anthropogenic Pressure 

The KMTR has a large number of employees of the Tamil Nadu State Electricity Board 

and Public Works Department, who stay in three colonies and work at Karaiyar, upper dam, 

Servalar and upper Kodaiyar reservoirs which are located within the Reserve. Bombay Burmah 

Trading Company has 33.88 km² land lease valid till 2028 in the core area of the Reserve. The 

Company has tea and coffee plantations, three factories and employs about 10,000 workers. There 

are several small estates and five Kani Tribal habitations consisting of about 102 families. About 

145 hamlets situated within 5 km of the 110 km eastern boundary of the Reserve are inhabited by 

100,000 people. About 50,000 cattle from the fringe villages and a small number of cattle owned 

by the tea estate workers and residents of the electricity board colonies these fringe villages graze 

in the Reserve. 

 

3.9 Highways 

  No Highway passes through Reserve. In Mundanthurai Sanctuary, a rural State road from 

Papanasam to upper dam is maintained by Rural Highways Department of the Government of 

Tamil Nadu. There is another road connecting Manimuthar with Upper Kodaiyar, which is 

maintained partly by the Bombay Burmah Trading Company within leased forest land and the 

land belonging to the State Electricity Board.  

 

 

 
 

Fig. 3.6: Location of the KMTR in India (Source: Wildlife Protection Society of India). 



Comparison of ecological niche models for habitat evaluation of the lion-tailed macaque 

29 
 

3.10 Poaching of Fauna and Flora: 

Species vulnerable to poaching of this Reserve are Nilgiri tahr, Nilgiri langur, followed 

by sambar, wild boar, monitor lizard and the panther to a much lesser extent. No case of tiger 

poaching has been recorded for a very long time. Occasionally, the cases of removal of teak, 

rosewood and kinowood are reported.  

 

The Reserve has about 56 km boundary on the western side abutting the state of Kerala 

state from where the entry is relatively easy because of existence of private estates. Many times 

people cross the border and enter into the Reserve for illegal activities. Since the border areas are 

extremely remote from Tamil Nadu side, frequent patrolling is difficult. 

 



Comparison of ecological niche models for habitat evaluation of the lion-tailed macaque 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

MATERIALS AND METHODS 

 



Comparison of ecological niche models for habitat evaluation of the lion-tailed macaque 

30 
 

CHAPTER-IV 

                                                               

 

4. MATERIALS AND METHODS 

 

4.1 Materials 

4.1.1 Satellite Data  

The following satellite data were used in the study: 

 

Table 4.1: Satellite Data Used. 

S. No Data 
Path/Row/

Sub Scene 
Bands 

Date of 

Acquisition 

Spatial 

Resolution 

1 
Resourcesat-2/ 

LISS-IV/FMX 

101/068/A 
0.52-0.59 (Green) 

0.62-0.68 (Red) 

0.77-0.86 (NIR) 

08/12/2011 

5.8 m 
101/068/C 08/12/2011 

100/068/B 09/11/2011 

100/067/D 09/11/2011 

2 ASTER DEM    30 m 

 

 

4.1.2 Ancillary Data 

 Survey of India (SoI) toposheets 58 H/1, 2, 5, 6, 7, 10 and 11(Scale 1:50000) were used 

for mapping the roads, enclosures and settlements in the study area. 

 Digital boundary of KMTR procured from the GIS Cell of Tamil Nadu Forest 

Department. 

 LTM survey details available with the Wildlife Institute of India, Dehradun (Rohini 

Mann et al., 2009) for the KMTR. 

 GeoEye image of 0.5m spatial resolution was also used for mapping and validation 

purposes.  

 

4.1.3 Instruments 

  Following instruments were used during the field data collection: 

 Tremble® Juno SB handheld Global Positioning System (GPS) is used for geospatial 

identification of transects, to mark waypoints and presence locations and for navigating 

inside the forest along transects. 

 Digital camera used for picture documenting the study area and the animal during various 

circumstances.  

 Field book and Form for collection of field observations and animal records. 
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4.1.4 Software 

  Following software was used for satellite data processing and analysis: 

 ERDAS Imagine 9.2 for image processing, classification and visual image interpretation. 

 ArcGIS 9.2 and 10 for database creation and GIS based analysis. 

 SPSS (Statistical Product and Service Solutions) Version 10.0.1 (1999) software for 

running multi collinearity test of variables.  

 Maximum Entropy Species Distribution Modeling, Version 3.3.3e for Maxent modeling. 

 CGUTIL for Google Earth image tile capturing. 

 Global Mapper 13 for image tile mosaic. 

 MS Office 2007 for field data analysis and report writing. 

4.2 Methodology 

The methodology involved collection of primary data, creation of spatial and non spatial 

databases in addition to the collection of ancillary data. The work has been carried out in three 

phases. 

 

 4.2.1 Pre-Field Work 

The satellite image was procured from NRSC, Hyderabad. Raw image contains inherent 

geometric and radiometric distortions. In order to remove these, pre-processing for remote 

sensing image is done which included radiometric and geometric corrections. 

 

4.2.1.1 Radiometric Correction 

Solar radiation when travels through the vaccum of the space remain unaffected. 

However, when it comes in contact with the atmosphere gets selectively scattered and absorbed. 

Scattering in the atmosphere generates haze, resulting in low contrast of the image. Scattering 

usually occurs in lower wavelengths. In order to reduce this effect dark pixel subtraction method 

was employed in the image (Jensen, 1996). The method involved identifying the digital number 

of the darkest spot on the image which is assumed to be zero in near infra red band. If the digital 

number obtained does not come out to be zero, it signifies that due to atmospheric scattering there 

is some bias (distortion) in the data. Therefore, after studying the histogram of the image, the bias 

was estimated and finally subtracted from all the bands of the image. The corrected value being 

computed as using following formula: 

 

Out Bvijk = Input Bvijk – bias 

 

where, Input Bvijk = input pixel value at line I and column j of band k 

Out Bvijk = the adjacent pixel value at the same location 
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4.2.1.2 Geometric Correction 

Geometric distortions were removed by registering the raw image of LISS IV to the (SOI) 

toposheets with R.M.S. error being 0.008 with 5.8 m pixel size using nearest neighbor resampling 

with first order polynomial equation.  Image registration for both the datasets was carried out with 

following projection details: Projection: UTM Zone 43N; Spheroid: WGS 1984; Datum: D_WGS 

1984. After registration, the dataset was subjected for the extraction of the study area using the 

boundary map of the protected area. 

 

4.2.1.3 Database Creation 

SOI toposheets on 1:50,000 scale were subjected for rectification. They were then further 

used as base maps and were digitized to generate road map and settlement map. Google Earth 

tiles of the study area were downloaded with CGUTIL tool and they were mosaiced and geo 

referenced with the help of Global Mapper software. The imagery is used for generating the road 

network layer and settlement polygons for updating the toposheet derived layers.  

 

 The reserve boundary (*.shp) was procured from the Geomatics Cell of Tamil Nadu 

Forest Department. It was used for creating a 1 km buffer around the tiger reserve and for 

extracting the study area from satellite imagery and the Google Earth data. Fig.4.1 shows data 

base creation.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4.1: Methodology for ancillary database creation. 

  

 

  

SOI Toposheets 

(1:50000) 

Rectification of Toposheets Mosaicing of Toposheets 

Digitization 

Road Map Settlement Map 

Google Earth Tiles Mosaicing of Tiles Rectification of Tiles 
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4.2.2 Field Work 

Data for the study was sourced from a rapid field survey conducted on October to 

December 2012. The survey design was based on a priori information obtained from semi-

structured interviews with field personnel followed by a pilot survey. The survey revealed that 

apparent densities of the target species is confined with the evergreen forests and ranges within an 

elevation range of 600-1500 meters where the tropical evergreen and deciduous forests flourish. 

 

Fig. 4.2: Resourcesat-2 LISS-IV FCC of KMTR. 

  4.2.2.1 Census Method 

 Opinions remain deeply polarized on method selection for estimating the density of 

primate groups. Although no method is bias free, the most accurate density estimates are obtained 

from complete counts (Davenport et al., 2007; McNeilage et al., 2001) or focal group studies of 

home range (Chapman et al., 2000; Fashing and Cords, 2000; National Research Council, 1981). 

However, these methods require sampling effort that is often impractical, especially over large 

areas. In most cases, line transect distance sampling is the most practical method (Plumptre, 
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2000; Struhsaker, 1997). However, there is extensive debate on how to obtain accurate and 

precise density estimates, particularly where the assumptions are violated by human disturbance.   

 

 The basic output from line transects is the encounter rate, i.e. the number of observations 

per distance walked. Although this has been used to estimate relative density, it does not account 

for visibility or detectability. Visibility is limited and highly variable in complex habitats such as 

forest. 

 Lion tailed macaques are confined within the evergreen forests and are highly selective in 

feeding and habitats in the evergreen and the semi evergreen forests and hence the dry deciduous 

forests and the scrublands were omitted for the field survey. Paths and trails which cover the 

forests well were chosen with prior information from the field staff and the using semi structured 

interviews with the local people. All the footpaths were chosen in each administrative range in 

such a way that it covers the whole range very well. Fig. 4.5 shows the trails and the 

administrative ranges in the tiger reserve. The trails were 2 to 10 km in length and varied from 

100 to 1600 meters in elevation which included all the forest classes in the tiger reserve. Camping 

sites were decided prior to the survey and the trials were surveyed.  

 

 To find LTM groups selected trails were searched by walking slowly at a speed of 1 km 

per hour, stopping at every 30 meters and scanning the trees above and listening for „coo‟ call or 

movement in the vegetation. On finding the LTM group, the following details were written down:  

 1. Name of primate species  

 2. Location using GPS 

 3. Group size  

 5. Any other observation such as plants or fruit the LTMs were feeding on.  

  

  4.2.2.2 Feeding Tree Identification  

 With limited knowledge of the native tree species and with the knowledge of the 

forest guides who accompanied, the common names of the trees were identified; these 

were later translated into their genus and species equivalents and the forest type is 

classified in the field. The forest is also surveyed for the LTM feeding tree species which 

provides detailed information about the extent and suitability of the forest for animal 

habitat.   

  4.2.2.3 Presence Data  

Fourteen groups of lion tailed macaques were encountered in the field and the details 

were noted in the field form (Appendix - I). The location of the LTM sightings were recorded in a 

Tremble® Juno SB handheld Global Positioning System (GPS) and the details in the field form 

were filled. Thirty presence points were obtained from the LTM survey carried by Rohini Mann 

et al., survey team in 2008 and 2009. A total of 44 presence points were collected for the lion 

tailed macaque presence (Appendix - II). Fig. 4.3 and 4.4 shows some glimpses of field surveying 

and LTMs sighted in the field.   
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Fig. 4.3: Field traversing and line transect census 

 

 

 
(b) A camping Site in Kadayam 

Range 

(c) Traversing the semi evergreen forests of 

Mundanthurai and Papanasam 

(f) Traversing through the Nilgiri tahr 

(Nilgiritragus hylocrius) habitat in Upper 

Kodaiyar 

 
(a) A view of Sengaltheri Rest 

House from the woods 

 

(d) Naraikadu Fellowship House, 

Thirukurunkudi with misty peak 

in the background 

 
(e) Traversing above the Kodamady 

Rest House and a view of Servalar 

Dam 
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Fig. 4.4: Lion tailed macaques.  

 

 

 

 

 

(a) Lion tailed macaque jumping 

actively while foraging  

(b) LTM walking majestically in the high 

Cullenia tree branch in Nallumukku Estate  

(c) LTMs grooming in the morning 

sun atop a eucalyptus tree 

(d) LTM watching curiously at us 

  

(e) Canopy of dominated trees in 

an LTM habitat 

(f) An LTM in a top canopy 
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Fig. 4.5: Field Survey Trail Map of KMTR. 

 4.2.3 Post-Field Work 

It is important to create input database layers of dependent and independent variables for 

developing a ecological modeling, therefore, satellite imagery was used to create variables like 

land use land cover map and forest crown density map; whereas, continuous surfaces of distance 

from settlement and roads were generated from topographic map for proximity analysis. 

Elevation and drainage were also taken as layer and created from DEM. Distance variables like 

settlements, camping sites and enclosures were log transformed to enforce normality. All the 

input layers (Table 4.5) were co-registered with sub-pixel accuracy. 

 

 4.2.3.1 Land Use/Land Cover Classification 

In a multispectral image, each pixel has a spectral signature of features which is 

determined by the reflectance of the pixel in each of the bands. Digital image classification is an 

information extraction i.e. thematic information (attributes) process that analyzes the spectral 

signatures and then assigns pixels to classes based on similar signatures (Sabins, 1997). There are 
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several approaches to digital image classification viz., supervised, unsupervised, hybrid, expert 

classifiers, object oriented, neural network etc. In the following study, supervised approach was 

adopted to classify the image.  

 

 For the preparation of land use land cover map, geocoded FCC was digitally analyzed. In 

the present study Indian Remote Sensing Satellite Resourcesat - 2, Linear Imaging Self-Scanning 

(LISS-IV) images of paths 100,101 and rows 67, 68 with a ground resolution of 5.8 m acquired 

on November and December 2011 were used to digitally segment the area into different land 

cover types. The image was radiometrically and geometrically restored using standard 

procedures. Fieldwork for ground verification of land cover types was undertaken between 

October and December 2012. Nine categories of land cover; Wet Evergreen Forest, Ochlandra 

Reeds, Moist Deciduous Forest, Dry Deciduous Forest, Open Scrub, Barren Lands, Grass land, 

Agriculture and Water were considered as different classes and supervised maximum likelihood 

classification technique in ERDAS Imagine software was used for the land use land cover map. 

Maximum likelihood classification usually provides the highest classification accuracies 

(Lillesand and Kiefer 1994) and in the present study over all accuracy of 87.39% was recorded. 

 4.2.3.2 Accuracy Assessment 

Accuracy assessment is an important step which is done for evaluating the classification. 

The aim is to quantitatively determine how effectively pixels were grouped into the accurate land 

use land cover classes. The procedure is relatively simple where pixels are randomly selected 

throughout the image using a specified random distribution method. Then the ground truth is 

compared with the classified map to determine true land use land cover classes represented by 

each random pixel.  

If the ground truth and classification match, then the classification of that pixel is 

assumed to be accurate. Given that enough random pixels are checked, the percentage of accurate 

pixels gives a fairly good estimate of the accuracy of the whole map. A more rigorous and 

complicated estimate of accuracy is given by the kappa statistics, which is obtained by a 

statistical formula that utilizes information in an error matrix. An error matrix is simply an array 

of numbers indicating how many pixels were associated with each class both in terms of the 

classification and the ground truth (Jensen, 1996).  

In the following study, accuracy assessment was performed in ERDAS IMAGINE 9.2 for 

assessing the accuracy of land use land cover classification. In order to save time all total 119 

random points were taken for performing accuracy assessment. Direct field observation i.e. 

ground points, was used to determine the true land use land cover classes represented by each 

random pixel. Out of the 119 random points, 104 points were correctly classified, yielding an 

overall classification accuracy of 87.39%. The overall kappa statistics was 0.8300 which shows 

that classification is fairly permissible. Accuracy report generated is shown in Tables 4.2 and 4.3. 
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Table 4.2: Classification Accuracy Assessment Report. 

Class Name Reference 

Totals 

Classifie

d Totals 

Number 

Correct 

Producers 

Accuracy 

Users 

Accuracy 

Unclassified 0 0 0 --- --- 

Barren Lands 3 0 0 --- --- 

Agriculture 0 0 0 --- --- 

Open Scrub 10 12 9 90.00% 75.00% 

Dry Deciduous Forest 35 39 32 91.43% 82.05% 

Water 1 1 1 100.00% 100.00% 

Grasslands 7 7 5 71.43% 71.43% 

Moist Deciduous Forest 11 9 6 54.55% 66.67% 

Ochlandra Reeds 7 7 7 100.00% 100.00% 

Wet Evergreen Forest 45 44 44 97.78% 100.00% 

Total 119 119 104   

 

 

Table 4.3: Kappa Statistics. 

Class Name Kappa 

Unclassified 0.0000 

Barren Lands 0.0000 

Agriculture  0.0000 

Open Scrub       0.7271 

Dry Deciduous Forest          0.7457 

Water  1.0000 

Grasslands  0.6964 

Moist Deciduous Forest           0.6327 

Ochlandra Reed 1.0000 

Wet Evergreen Forest           1.0000 

Overall Kappa Statistics (K^) 0.8300 

 

  4.2.3.3 Environmental Variables 

Nineteen bioclimatic variables with 30 seconds (approximately 1 km) spatial resolution 

(Nix, 1986), biologically more meaningful to define eco-physiological tolerances of a species 

(Graham and Hijmans 2006; Murienne et al., 2009), were obtained from WorldClim dataset 

(Hijmans et al., 2005; http://www.worldclim.org/bioclim.htm).  The variables are resampled to 10 

m spatial resolution using nearest neighbor resampling technique. The bioclimatic variables are 

listed in the table 4.4. 
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Table 4.4 WorldClim Bioclimatic Variables. 

  

BIO1 Annual Mean Temperature 

BIO2 Mean Diurnal Range (Mean of monthly (max temp - min temp)) 

BIO3 Isothermality (BIO2/BIO7) (* 100) 

BIO4 Temperature Seasonality (standard deviation *100) 

BIO5 Max Temperature of Warmest Month 

BIO6 Min Temperature of Coldest Month 

BIO7 Temperature Annual Range (BIO5-BIO6) 

BIO8 Mean Temperature of Wettest Quarter 

BIO9 Mean Temperature of Driest Quarter 

BIO10 Mean Temperature of Warmest Quarter 

BIO11 Mean Temperature of Coldest Quarter 

BIO12 Annual Precipitation 

BIO13 Precipitation of Wettest Month 

BIO14 Precipitation of Driest Month 

BIO15 Precipitation Seasonality (Coefficient of Variation) 

BIO16 Precipitation of Wettest Quarter 

BIO17 Precipitation of Driest Quarter 

BIO18 Precipitation of Warmest Quarter 

BIO19 Precipitation of Coldest Quarter 

  

 

  4.2.3.4 DEM Derivatives 

Elevation (Digital Elevation Model; DEM) data was obtained from ASTER GDEM. The 

GDEM covers the planet from 83 degrees North to 83 degrees South (surpassing SRTM's 

coverage of 56 °S to 60 °N), becoming the first earth mapping system that provides 

comprehensive coverage of the Polar Regions. It was created by compiling 1.3 

million VNIR images taken by ASTER using single-pass stereoscopic correlation techniques,
 

with terrain elevation measurements taken globally at 30 meter (98 ft) intervals (Nikolakopoulos, 

K. G et al, 2006). The DEM data were used to generate slope, aspect and drainage using ArcGIS 

version 9.3, „Surface Analysis‟ and „Hydrology‟ functions (ESRI, Redlands, California, USA).  

To preclude complications involving circularity in terrain aspect, the aspect is 

transformed into „eastness‟ and „northness‟ by taking the cosine and sine of aspect respectively. 

The data are resampled to 10 m spatial resolution. 
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Fig. 4.6: DEM derived maps of KMTR.  

  4.2.3.5 Distance Based Derivatives 

 Maps of distance based measures such as distance to various land cover types like 

evergreen forests, Ochlandra reeds, moist deciduous forests, water bodies and grasslands, 

distance to drainage, distance to enclosures/estates and distance to metal roads were created using 

the spatial analyst tool from ArcGIS and were log transformed prior to all analysis. 

  



Comparison of ecological niche models for habitat evaluation of the lion-tailed macaque 

42 
 

  Maps of distance to land cover were used as covariates instead of using the land cover as 

a categorical variable to avoid biases associated with classification errors. All the derived images 

were resampled to 10 m spatial resolution before using them as an input for the models. 
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Fig. 4.7: Distance based derivatives maps of KMTR. 

  4.2.3.6 Correlation Analysis 

 The multi collinearity test was conducted using SPSS statistical software. The bivariate 

Pearson Correlation Coefficient (r) was used to examine the cross correlation and the variables 

with cross correlation coefficient value of >±0.75 were excluded from modeling. The total 

number of variables after cross correlation was 14 (Table 4.5). 
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 4.2.4 Maxent 

 Maxent model is a maximum entropy-based machine learning program that estimates the 

probability distribution for a species‟ occurrence based on the environmental constraints 

(http://www.cs.princeton.edu/~schapire/maxent/). The principle of maximum entropy approach is 

to ensure that approximation satisfies any constraints on the unknown sites, meaning that the 

estimated probability of unknown distribution involves less number of constraints but more 

choices (Jaynes, 1957). 

 

 4.2.4.1 Model Development 

 For running Maxent modeling, all the raster datasets were converted into ASCII format 

(.ASC) and is saved in a single folder. The presence points were saved in a comma separated 

value (.csv) format then inputted in the model. Maximum Entropy Species Distribution Modeling, 

Version 3.3.3e build was used in modeling. The maximum number of background points was 

10,000. Auto features were used in feature selection. 80% data for training and the rest 20% for 

testing was selected and used. A total of 500 runs were set for model building. Total replications 

were set as 10. The replicated run type was set as „cross validate‟. The average of the 10 

replications was taken as the final output. Other values were kept as default.  

 

 
Fig. 4.8: User interface of Maxent application (Version 3.3.3e). 

 4.2.4.2 Model Validation 

The Area under the Receiving Operator Curve (AUC) was used to evaluate model's 

goodness of fit and model with highest AUC value was considered as the best performer. 
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The Jackknife procedure was used to assess the importance of the variables. The final potential 

species distribution map had a range of values from 0 to 1 which were regrouped in to four 

classes of potential habitats viz., „highly suitable‟ (>0.6), „suitable‟ (0.4 – 0.6), „moderately 

suitable‟ (0.2 – 0.4) and „least suitable‟ (<0.2). 

 

 4.2.5 GARP and BIOCLIM 

GARP (Stockwell, 1999) and the open modeller implementation of the BIOCLIM (Nix, 

1986) were chosen for study based on their good performance with presence-only data and 

because they differ both conceptually and statistically (Elith et al. 2006; Kelly et al. 2007). GARP 

was run using GRAP v 0.5(Stockwell, 1999) and BIOCLIM was run using OpenModeller 

Software (Muñoz et al. 2011) with default settings and with all the presence locations at 80% 

sampling size. 

 

Genetic algorithm for rule-set prediction (GARP) is an artificial intelligence based super-

algorithm which uses other techniques (eg, logistic regression, bioclimatic envelope, etc.) in a 

dynamic machine-learning environment (Stockwell and Peterson, 2002; Anderson et al., 2003). 

GARP uses species presence records and geo referenced data on ecological factors to produce a 

model of species‟ ecological niches. The software is tailored to search for non-random 

correlations between species presence and absence and environmental characteristics using 

several different types of rules. GARP works in an iterative process of rule selection, evaluation, 

testing and incorporation or rejections to produce a heterogeneous rule set summarizing species‟ 

ecological requirements (Anderson et al., 2002a). The algorithm can run several thousand 

iterations. GARP primarily works on presence data points, but it allows for resampling with 

replacement from the pixels without confirmed presence data in the training set to create a set of 

pseudo-absence points (Anderson et al., 2003). When projected onto a geographical space, GARP 

provides predictions of the species‟ geographical distribution. GARP has been used extensively 

by A.T. Peterson and collaborators (eg, Peterson, 2001;Anderson et al., 2002a; Peterson et al., 

2002b; Stockwell and Peterson, 2002). 

 

BIOCLIM Implements the Bioclimatic Envelope Algorithm. The program interpolates a 

species bioclimatic envelope, which is a summary of the climate at locations from where the 

species has been recorded. BIOCLIM is a range-based model that describes a species climatic 

envelope as a rectilinear volume, that is, it suggests that a species can tolerate locations where 

values of all climatic parameters fit within the extreme values determined by the set of known 

locations (Carpenter et al., 1993).For each given environmental variable the algorithm finds the 

mean and standard deviation (assuming normal distribution) associated to the occurrence points. 

Each variable has its own envelope represented by the interval [m - c*s, m + c*s], where 'm' is the 

mean; 'c' is the cut-off input parameter; and‟s‟ is the standard deviation. Besides the envelope, 

each environmental variable has additional upper and lower limits taken from the maximum and 

minimum values related to the set of occurrence points. In this model, any point can be classified 

as: Suitable: if all associated environmental values fall within the calculated envelopes; Marginal: 

if one or more associated environmental value falls outside the calculated envelope, but still 



Comparison of ecological niche models for habitat evaluation of the lion-tailed macaque 

47 
 

within the upper and lower limits. Unsuitable: if one or more associated environmental value falls 

outside the upper and lower limits. Bioclim's categorical output is mapped to probabilities of 1.0, 

0.5 and 0.0 respectively. 

  4.2.5.1 Model Development 

 Based on maximum entropy gains and co-linearity testing, the 14 variables were selected 

for running the models and the inputs were given in .asc format. The entire occurrence records 

were given as input for the models. Logit rule was used to generate single binary predictions 

using GARP with default parameters values (0.01 convergence limit, and 1000 maximum 

iterations). Open Modeller approach was used for BIOCLIM keeping all the values default. Each 

model predictions were combined to represent composite prediction with output pixel value 

ranging from 0 -1. 

  4.2.5.2 Model Validation 

 The evaluation of the accuracies of prediction models generated through GARP and 

BIOCLIM was carried out selecting threshold independent receiver operating characteristic 

(ROC) area under curve (AUC) method.  

 

 4.2.6 Binomial multiple logistic regression (BMLR)  

 BMLR is a form of regression where the dependent variable is dichotomous (binomial) 

and there are multiple independent variables which are continuous or categorical or both. It 

measures the relationship between a categorical dependent variable and continuous independent 

variables by converting the dependent variable to probability scores. Probabilities describing 

possible outcomes of a single trial are modeled as a function of the explanatory (predictor) 

variables using a function (Equation 1):  

 
 where P is the probability of the dependent variable, B (b0, b1,…bk) are the coefficients 

of independent variable X (x1, x2,…. xk). To linearize the above model, the following 

transformation (Equation 2) is applied:  

 
 This transformation is referred to as the logit or logistic transformation. The 

transformation P´ can theoretically assume any value between –α and + α. But performing the 

logit transformation on both sides of the above logit regression model, a standard linear 

regression model is obtained (Equation 3):  
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Some important assumptions of the logistic regression model are as follows:  

 

 dependent random variable, Y, is assumed to be binary, taking on only two values ( 0 and 

1)  

 outcomes on Y are assumed to be mutually exclusive and exhaustive  

 Y is assumed to depend on k observable variables Xk and the relationship is non-linear 

and follows the logistic curve  

 data are generated from a random sample of size N, with a sample point denoted by i, i = 

1, ..., N  

 no restriction on the independent variables except that they cannot be linearly related 

(implies that N>k)  

 error term of each observation is assumed to be independent of the error terms of all other 

observations  

 

  4.2.6.1 Model Development 

 The presence points of the animal recorded during from the field as well as from census 

data formed the independent variable. It is dichotomous which implies that the presence is 

indicated by one and absence by zero. There were 44 presence points of the animal for the study. 

Fourteen independent variables were used in the analysis which is used in Maxent modeling. The 

input layers of dependent and independent variables were converted to floating-point raster 

format in GIS environment (ArcGIS 9). Further, the floating-point raster files were converted to 

.rst format in IDRISI Taiga. The model is run with 80% sampling data. 

 

  4.2.6.2 Model Validation 

The output prediction file, logistic regression equation and Relative Operating 

Characteristics curve (ROC) were derived using IDRISI Taiga. The output prediction image was 

converted to image file and further classification to various habitat suitability classes was 

performed in ArcGIS environment. 

 

4.2.7 Refined Logistic Regression Modeling 

 Refined Logistic Regression is a simulation based k-fold partitioning and re-substitution 

approach to refine and update logistic regression models that are widely used for habitat 

suitability assessment and modeling (Singh A and Kushwaha SPS, 2010). 
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  4.2.7.1 Pseudo Absence Generation 

 The density at which randomized pseudo-absences were added to survey locations was 

based on the spatial structure of the most important habitat covariates. Covariate data were 

extracted at survey locations and empirical semivariograms were calculated for each habitat layer. 

Exponential models were found to fit well with all semivariograms and were used to calculate the 

range at which the semivariance of each habitat covariate asymptoted. The density at which 

pseudo-absence points were to be added to the data (as background or pseudo-absence locations) 

was determined from the mean of the range parameter of exponential models fitted to the 

semivariograms (approx. 2900 m). Once the density had been determined, all the absence data 

obtained from the survey were removed and random locations within the boundary of the 

sanctuary were generated. All random locations that fell within 2900 m of a presence location 

were removed. In all, 1232 points were added to the dataset as pseudo-absence locations. Finally, 

covariate information for all surveyed presence and pseudo-absence locations was obtained by 

intersecting locations with GIS layers. 

  

  4.2.7.2 Model Development 

 The modeling strategy was based on an iterative partitioning and model-building 

approach to identify pseudo-absence locations that best matched the environmental space defined 

by field-verified presence locations for each species. The model run consisted of 1000 

simulations nested within model iteration. At the start of each simulation, the data was partitioned 

into a test set and a training set according to a predefined test/train fraction (Pt). Each training set 

was used to build a logistic regression model using all covariates as predictors. Beta coefficients 

obtained from each logistic regression model were stored in a temporary array. For each 

simulation, pseudo-absence locations were classified into temporary „presences‟ or „absences‟ 

according to a probability classification threshold (Pc) and stored in a separate array. For every 

such iteration of the model therefore, 1000 such logistic regression models were built. At the end 

of each iteration, if a pseudo-absence location was classified as a „presence‟ more than 75% of 

the time (>750 simulations), the location was classified as a „presence‟, the response vector 

updated, and a new iteration initiated with the updated database. At the end of each such iteration, 

the means of beta coefficients of each covariate were compared with the means of the beta 

coefficients of the covariate from the previous iteration using Bonferroni adjusted t-tests. Model 

iteration terminated when non-significant P values were obtained simultaneously for all 

covariates.  

 

  4.2.7.3 Model Validation 

 For each logistic regression model built in each simulation, the area under the receiver 

operating characteristic curve (AUC; Fielding and Bell, 1997) from each model was also stored. 

It should be noted here that Lobo et al. (2008) and Peterson et al. (2008) have shown that the 

AUC statistic can be a misleading measure of model performance in species distribution 

modeling contexts. In particular, Peterson et al. (2008) have suggested adjusting the “E” 

parameter (detailed in Peterson et al., 2008) to modulate the AUC statistic to a range reflective of 
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the confidence one has in the „true‟ presence rate. For the purposes of this study however, the 

AUC in the native sense is used because all locations where the presence of the respective species 

was questionable had been removed. All statistical analysis was conducted using the R statistical 

computing environment (R, 2008). 

 

  4.2.7.4 Spatial mapping 

 The beta coefficients from models selected from the ranking procedure were used to 

spatially predict probability of occurrence for the species across the tiger reserve. The probability 

map obtained was converted to suitable/unsuitable habitat zones based on a cutoff probability 

defined by the point where the sensitivity and specificity of the final logistic model was 

maximized. Further, a majority filter was used to remove random artifacts and all patches larger 

than 0.5km
2
 were selected as being of management importance. The final habitat suitability 

models were cross-tabulated with the existing land cover map to assess which habitat types were 

the most important for the species and would need the most management attention. 

 

Fig. 4.9: Schematic diagram of refined logistic regression. 
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4.2.8 Comparison of Models 

 For comparison purposes, habitat suitability models using Maxent (Phillips et al., 2006), 

GARP, BIOCLIM, BMLR and RLR were built in different environment and OpenModeller (de 

Souza Mu˜noz et al., 2009) implementations of all aforementioned models was used. Because 

Maxent typically outputs probabilities as compared to binary presence/absence predictions from 

other models, results from Maxent were reclassified into presences if the predicted probability 

was greater than 0.5. To compare predictions of each model, predictions from each of the models 

on bivariate kernel density plots of combinations of covariates were plotted. Predictions from the 

models were considered realistic if they fell at least within 95% probability contours of the 

environmental space defined by field-verified presences. The AUC-ROC values of the models 

were also compared. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4.10: Methodology approach flow diagram. 
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CHAPTER-V 

 

5. RESULTS AND DISCUSSION 

 

RESULTS 

An attempt has been made to apply Remote Sensing and GIS in the field of the wildlife 

management through this study. It has enabled to get a number of desired outputs as per well 

defined objectives and methodology within the given time period. The resultant outputs have 

been suitably described and discussed at relevant places in the report. 

 

5.1 Land Use/Land Cover Mapping 

The analysis of Resourcesat-2 LISS IV enabled identification and delineation of about 9 

categories of land use land cover in Kalakad-Mundanthurai Tiger Reserve (KMTR). As set out in 

objectives as well as role of forest cover in habitat mapping and evaluation, more emphasis has 

been given to classify forest cover types rather than land use types. The land use land cover map 

is shown in Fig. 5.1 and the classes generated are: Evergreen Forest, Ochlandra Reeds, Moist 

Deciduous Forest, Dry Deciduous Forest, Open Scrub, Barren Lands, Grassland, Agriculture and 

Water. The area estimated for various land use land cover classes is shown in Table 5.1 and Fig. 

5.2.   

Analysis of the satellite data in conjugation with the field survey revealed that evergreen 

forest class occupies the aerial extent of about 413.30 km
2
 that is approximately 36.5% which is 

the highest coverage in the study area. The evergreen forest shares the most area which includes 

the evergreen forests of the slopes and the montane temperate forests in the natural depressions of 

the higher elevations. These forests are dominated mostly by multiple canopies with high forest 

density. These forests are continuous for a very long stretch which creates a suitable habitat for 

the mammals residing inside these forests. Dry Deciduous and Moist deciduous forest occupies 

332.53 km
2
 (29.38%) and 72.36 km

2
 (6.39%) respectively. Dry deciduous forests mostly include 

dry teak (Tectona grandis) in the lower reaches and in the Karaiyar Plateau.   

Ochlandra Reeds and Grasslands cover approximately equal area in the higher reaches of 

the tiger reserve. Ochlandra reeds provides the best feeding grounds for the elephants in the tiger 

reserve. A considerable amount of area coverage is under open scrub that is 8.92%, which is an 

indicator of high biotic pressure in the area. Also, the evidence of fire, lopping and grazing was 

found during the field work. The fringe areas bordering the reserve boundary has been degraded 

due to anthropogenic pressure and it also includes the tropical thorn forests which are exploited 

highly by the villagers.  

The tiger reserve also includes seven major dams which shares 2.02% of the total area. 

The enclosures inside the tiger reserve including the leased private estates are estimated to be 

263.88 km
2
 which is 23.33% of the total area of the reserve. The leased lands hold rich forest 
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diversity and hence are classified as forests rather than estates and it also harbours a considerable 

population of LTMs.  

 
Fig.5.1: Terrain-shaded land use/land cover in KMTR. 
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Table 5.1: Area-wise distributions of land use/land cover classes. 

Class Name Area (km2) Area (%) 

Barren Lands 37.65 3.33 

Agriculture 2.11 0.19 

Open Scrub 100.95 8.92 

Dry Deciduous Forest 332.53 29.38 

Water 22.82 2.02 

Grasslands 79.42 7.02 

Moist Deciduous Forest 72.36 6.39 

Ochlandra Reeds 70.61 6.24 

Evergreen Forest 413.30 36.52 

Total 1131 100.00 

 

 

 

 
Fig. 5.2: Area-wise distributions of land use/land cover classes. 

 

5.2 Maxent  

 5.2.1 Model Behaviour 

 The Jackknife evaluation results indicated distance to evergreen forest and Precipitation 

Seasonality (BIO15) as main factors influencing LTM habitat (Fig. 5.4). The percent contribution 

values given in Table 5.2 are only heuristically defined; they depend on the particular path that 

the Maxent code uses to get to optimal solution. These results were consistent with the Jackknife 

evaluation. The model output provided satisfactory results with the given set of training and test 
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data, the final model had high accuracy with an AUC value of 0.857 (Fig. 5.5). It is important to 

note that AUC values tend to be lower for species that have broad distribution scope (Mcpherson 

and Jetz, 2007 and Evangelista et al., 2008). 

 

Fig. 5.3: Maxent predicted suitability map of Macaca silenus in KMTR 
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Table 5.2: Variables used and their contribution in Maxent modeling 

 

 

  

Fig. 5.4: Jackknife test for evaluating the relative importance of variables for LTM in KMTR. 

 5.2.2 Habitat Suitability Mapping 

 It is evident from the Fig. 5.3; the suitability area covers mostly the evergreen and the 

semi evergreen forests of the higher reaches and high canopy densities of moist and dry evergreen 

forests to a certain extent. The animal’s habitat suitability is confined mostly to the high canopied 

areas and sparse densities are spared. The model result showed that an area of only 86.96 km
2
 

(7.70%) falls under good suitability zone and approximately 121.40 km
2
 (10.74%) area showed 
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moderate suitability while 921.78 km
2 
(81.57%) area showed least suitability. The least potential 

area is mostly covered by agriculture, open scrub, forests with lower canopy densities, grasslands, 

water bodies and reeds which are highly unsuitable for the arboreal Macaca silenus. Fig. 5.6 

shows the area distribution of the suitability classes in the land cover. 

 

Fig. 5.5: Receiver operating characteristic (ROC) curve averaged over the replicate runs. 

 

Fig. 5.6: Area distributions of suitability classes in land cover classes for Maxent. 

5.3 GARP and BIOCLIM 

 5.3.1 Model Behaviour 

 GARP (Single Run) - Desktop GARP implementation was run with 400 maximum 

numbers of iterations and 0.01 as convergence limit. The total area under curve (AUC) value was 

obtained to be 0.82 which is comparatively stable and acceptable. BIOCLIM was run with default 
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Open Modeller implementations and the AUC value obtained was 0.90. Both the models gave a 

satisfactory output as a suitability map in respective formats with model report generated in an 

html format. Fig. 5.7 and 5.8 shows the predicted suitability maps of GARP and BIOCLIM 

respectively.  

Fig. 5.7: GARP-predicted suitability map of Macaca silenus in KMTR. 
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Fig. 5 8: BIOCLIM-predicted suitability map of Macaca silenus in KMTR. 
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        GARP AUC = 0.82        BIOCLIM AUC = 0.90 

   Fig. 5.9: AUC curves for GARP and BIOCLIM. 

 5.3.2 Habitat Suitability Mapping 

 The value greater that 0.5 indicates areas with a high probability of habitat suitability for 

the species while values lower than 0.5 represents low probability of habitat suitability or the 

areas are not at all suitable. For GARP, BIOCLIM the outputs were reclassified into two classes 

i.e. 0 and 1. The value 0 indicates areas that are unsuitable and those areas having values 1 

indicates that they are highly suitable. The total area predicted suitable by GARP is 385.05 km
2
 

(34.804%) and that of BIOCLIM is 226.13 km
2
 (19.99%) respectively. Most of the area predicted 

by both the models includes the wet evergreen forests and deciduous forests irrespective of 

canopy density.  

 

 Fig. 5.10: Area distributions of suitability classes in land cover classes for GARP. 

 From the Fig. 5.10 it is evident that the evergreen forests (302.52 km
2
) contribute the 

most to the suitability of the animal habitat followed by the dry deciduous forests (46.46 km
2
) and 

the Ochlandra reeds (21.41 km
2
).  
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Fig. 5.11: Area distributions of suitability classes in land cover classes for BIOCLIM. 

 Fig. 5.11 shows the area distribution of suitability classes in the BIOCLIM predicted 

model in which the evergreen forests contribute 167.34 km
2
 area and the dry deciduous forests 

contribute 42.28 km
2
 respectively. The agricultural lands, water bodies and the barren lands were 

mostly mapped unsuitable in both the models. 

 

5.4 Binomial Multiple Logistic Regression  

 5.4.1 Model Behaviour 

 BMLR was run using IDRISI Taiga software to derive the Habitat Suitability Index for 

lion-tailed macaque as: 

Logit(HSI) = 23.3855 + 0.819828*(Isothermality) - 0.621309*(Precipitation Seasonality) + 

0.167715*(Precipitation of Driest Quarter) - 0.227637*(Precipitation of Coldest Quarter) - 

0.001482*(Distance from drainage) - 0.170618*(Eastness) + 0.000684*(Distance from 

grassland)+ 0.002230*(Distance from moist deciduous forest) + 0.065935*(Northness) + 

0.000169*(Distance from Reeds) - 0.000106*(Distance from roads) - 0.030969*(Slope - 

0.000304*(Distance from Water) - 0.000142*(Distance from evergreen forest) 

 The coefficients of the dependent variables derived are shown in Table 5.3. Classification 

accuracy for HIS model was performed at 0.002 as cutoff value using the ROC module of IDRISI 

Taiga Software. Receiver Operating Characteristic (ROC) was used to assess the accuracy of the 

model (Osborne et al., 2001). The ROC curve represents the trade-off between false negative and 

false positive of a test. It is obtained by plotting the false positive proportion of correctly 

predicted absences (specificity) on x-axis against the true positive proportion of correctly 

predicted occurrences (sensitivity) on y-axis. The area under the ROC curve (AUC) assesses the 

ability of the model to correctly classify cases. AUC varies from 0.5 (in case of chance 
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prediction) to 1 for a perfect fit. An ROC value of 0.564 was obtained in this study which 

confirms a nearly random performance of the model. 

Table 5.3: Individual Regression Coefficient for BMLR. 

Variables Coefficient 

Intercept     23.38547073 

Isothermality 0.81982805 

Precipitation of the Driest  0.1677155 

Northness 0.06593463 

Moist deciduous forest distance       0.00222972 

Grassland distance     0.0006835 

Reed distance     0.00016871 

Road distance      -0.00010575 

Evergreen forest distance        -0.00014221 

Water distance -0.00030385 

Drainage distance -0.00148182 

slope        -0.03096924 

Eastness     -0.17061793 

Precipitation of the Coldest -0.22763674 

Precipitation Seasonality -0.62130902 

 

 5.4.2 Habitat Suitability Mapping 

 The independent variables like isothermality, precipitation of the driest month, northness, 

and distance from moist deciduous forest, grasslands and reeds showed positive correlation.  The 

predicted suitability map was classified into two classes as suitable (15.23 km
2
) and unsuitable 

(1116 km
2
) and the area distribution with the land cover classes is studied. The study revealed 

that the evergreen forests contribute about 11.86 km
2
 of suitable area followed by the dry 

deciduous forests with 1.4 km
2
. 

 

Fig 5.12: Area distributions of suitability classes in land cover classes for BMLR. 
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Fig. 5.13: BMLR predicted suitability map of Macaca silenus in KMTR. 
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5.5 Refined Logistic Regression 

 5.5.1 Model behavior 

 The model terminated after a number of iterations based on the combinations of liberal 

and conservative test/train fractions and probability cutoff thresholds. Plots of AUC statistics 

averaged, over each iteration suggested that the model had reached stable asymptote before 

terminating (Fig. 5.14). Model trajectories and number of points updated to presences were 

similar to expectation.  

 
Fig.5.14: AUC Trajectories (o, on left y axis) and number of points added per iteration (■, on 

right y axis) for lion-tailed macaque. AUC values are presented with ±1standard deviation bars. 

Sub plots correspond to different combinations of liberal and conservative test/train fractions (Pt) 

and probability cutoff thresholds (Pc). Pt/Pc combinations are: (a) 0.75/0.75 (b) 0.75/0.50 (c) 

0.50/0.75 (d) 0.50/0.50  

  

 The intercept was found to be -0.062462 and the p Cut-off value was obtained as 0.568. 

The ACU value obtained is 0.955 which proves the model result to be a stable one. Distance to 

roads, drainage and evergreen forests were positively correlated with the suitability and hence it 

proves the necessity of evergreen forests and a good drainage in the animal habitat. It also proves 

that the animal has no effect in roads and is spotted several times at trees adjoining the roads.    
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Fig.5.15: Beta coefficient trajectories for the distance based variables.  

 
Fig.5.16: Beta coefficient trajectories for the bioclimatic variables. 
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Fig. 5.17: RLR predicted suitability map of Macaca silenus in KMTR. 
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5.5.2 Habitat suitability mapping 

 

 Probability-of-presence map (Fig. 5.17) was built for the species using coefficients 

obtained from iteratively fit GLMMs using updated presence/absence locations as the response 

variable. Suitable habitat was extracted from the probability maps using probability cut-offs 

based on the point where the sensitivities and specificities of the respective models were 

maximized.  

 After filtering for artifacts and rejecting all patches, the area suitable for lion-tailed 

macaque was found to be 152.43 km
2
 (13.21%) of the tiger reserve. The evergreen forest (116.75 

km
2
) and the dry deciduous forests (26 km

2
) contribute the most towards suitable area. Results of 

cross-tabulation of the areas suitable for the species and existing land cover are presented in Fig. 

5.18. 

 
 

 Fig. 5.18: Area distributions of suitability classes in land cover classes for RLR. 

5.6 Comparison of Models 

 For comparing all the models, two basic criteria were looked into, one being the LULC 

contribution followed by interpreting it with field knowledge and other being the ROC/AUC 

value. The model with highest ROC/AUC value for validation is ranked as the best suitable 

model. All the predicted maps were run with a majority filter and the statistics is calculated with 

respect to the LULC using ERDAS Imagine. Table 5.4 tabulates the area wise distribution of all 

suitability classes in the land cover classes for all the models and table 5.5 gives the various AUC 

values obtained by models. A detailed comparison reveals that the GARP, Maxent, BIOCLIM 

and RLR show a large area of evergreen forests in the potential habitat area whereas the 

prediction from BMLR is very low and specified to forest patches only. The percentage 

contribution of evergreen forests to the suitable area is highest in Maxent and the lowest in 

BIOCLIM. Suitability area is most in GARP with 384.99 km
2
 and least in BMLR with 15.23 km

2
. 
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Table 5.4 Area distributions of suitability classes in land cover classes for all the models 

 
 

 
Fig. 5.19: Area distributions of suitability classes in land cover classes for all the models. 

 

Table 5.5: AUC values of various models. 

 

S.No Model AUC Value 

1 Maxent 0.857 

2 GARP 0.820 

3 BIOCLIM 0.900 

4 BMLR 0.564 

5 RLR 0.955 

 

  

 Comparisons based on overlaying predictions from GARP, BIOCLIM, Maxent, BMLR 

and RLR shows that BMLR is a poor performer for the provided inputs with under predicted 

suitability area followed by Maxent, BIOCLIM and GARP which are comparatively better 

predictors than BMLR and predictions from the refined logistic regression were however 

consistently more conservative and logically best. With better prediction accuracy and resultant 

output, RLR surpasses the other models as the best suitable model for assessing the suitability of 

the animal habitat. 
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Fig. 5.20: Final habitat suitability maps of all the models. 
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DISCUSSION 

 The primary aim of this study was to compare the habitat suitability modeling approaches 

available where Maxent model is a maximum entropy-based machine learning program that 

estimates the probability distribution for a species’ occurrence based on the environmental 

constraints and field presence data, Genetic algorithm for rule-set prediction (GARP) is an 

artificial intelligence based super-algorithm which uses other techniques (e.g., logistic regression, 

bioclimatic envelope, etc.) in a dynamic machine-learning environment (Stockwell and Peterson, 

2002; Anderson et al., 2003), BIOCLIM is a range-based model that describes a species climatic 

envelope as a rectilinear volume, that is, it suggests that a species can tolerate locations where 

values of all climatic parameters fit within the extreme values determined by the set of known 

locations (Carpenter et al., 1993), Binomial Multiple Logistic Regression is a form of regression 

that is used when the dependent variable is dichotomous and independent variables are 

continuous and Refined Logistic Regression that is easily interpretable and could leverage easily 

available covariate data and data collected from structured rapid presence-absence surveys. The 

method employs iterative k-fold partitioning and re-substitution (Fielding and Bell, 1997; 

Osborne and Tigar, 1992; Stockwell, 1992) to evaluate and update random and surveyed 

‘absence’ locations for similarity with field-verified presence locations. It used updated 

presence/absence data to build standard logistic regression models. Both the models used the 

results to generate habitat suitability models for lion tailed macaque in Kalakad Mundanthurai 

Tiger Reserve, Tamil Nadu. 

 

5.7 Behaviour of Models 

 The models compared in this study differ in terms of assumptions, algorithms and 

parameterization and therefore, evaluation of their performance is not straightforward. ROC 

based AUC provides a global measure for model’s performance but these models in fact vary in 

area predicted by them. The results suggested that the Maxent modeled and the refined logistic 

regression modeled habitat suitability predictions were in general more reliable with those 

resulting from GARP, BIOCLIM and binomial multiple logistic regressions but the AUC 

predicted by Maxent was significantly lower than that of BIOCLIM predictions. Few over 

predictions are reported in BIOCLIM and GARP. The test AUC value across the 0.01 

convergence and 1000 iterations of various models is illustrated in Table 5.5. This suggests that 

refined logistic regression has better prediction as compared to BMLR, Maxent, GARP and 

BIOCLIM. AUC values were consistent in case of Maxent but not with GARP and BMLR. Table 

5.5 shows that though in all the cases the model values are highly significant, BMLR, GARP and 

Maxent has less area under curve suggesting weak predictions. BMLR, among all the five 

modeling approaches was found to be the least performing and has the weakest prediction 

strength.  

 

 The areas predicted suitable but currently not occupied by the species are the candidate 

areas to be considered for conservation prioritization and propagation of this species. The method 

is certainly promising in predicting the potential distribution of other smaller mammals and 

primates and can be a valuable tool in species conservation planning and wildlife distribution 
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studies. The results support the statement that the predicted potential distribution areas through 

Maxent modeling almost always appear as over-estimated compared to realize niche of the 

species, i.e. the habitat. Since Maxent model considers only niche-based presence data, it predicts 

the species fundamental niche rather than realized niche (Pearson, 2007 and Kumar and 

Stohlgren, 2009). In reality, a species might have failed to disperse due to geographic barriers, 

human disturbance or associated competitive species and predator. It also under-estimated the 

area at certain places due to lower levels of presence data for a fairly large area. Although the 

original GARP algorithm handles presence, absence and background values as input, 

DesktopGARP was optimized to work with just presence data, because of the nature of 

biodiversity datasets. Very few biodiversity datasets have absence data because it is more 

complex to ensure that a species does not occur at a certain location. Most of those datasets 

record only occurrences (presence data). GARP in this case has used the presence data and 

provided an output with an over-estimated value. The suitability map obtained from GARP shows 

an optimistic result for the given inputs.  

 BIOCLIM uses the climatic parameters these global datasets have not been tested 

rigorously in smaller regions, and their use in regional studies may pose problems derived from 

their poor representation of local climate features over certain areas. To date, most of the studies 

fail to explicitly analyze the sensitivity of CEMs to the baseline climate data (Peterson and 

Nakazawa, 2008 and Soria-Auza et al., 2010), partly because of the lack of high-quality climate 

datasets—in many areas of the world—that may be confidently used as a reference. Moreover, in 

those studies applying CEMs for future climate projections, the defects of the baseline 

climatology may be enhanced by the uncertainty derived from the future climate scenarios 

(Beaumont et al., 2008 and Wiens et al., 2009), thus seriously compromising the practical 

validity of the resulting projections for planners and adaption-strategists (see, e.g., Araújo and 

New, 2006). BIOCLIM provides with a considerably viable result with a stable AUC value but 

when interpreted visually, it is far inferior to the results obtained from Maxent and RLR. 

 

 Although logistic regression could be sensitive to the proportion of ‘presence’ points in a 

database, a randomization approach could be used feasibly for rigorously exploring habitat 

associations between competing models. Model performance was conservative in general, but 

qualitatively similar to other widely used species distribution models such as GARP, MaxEnt and 

Bioclimatic Envelopes. 

 

5.8 Habitat Suitability Patterns 

 For the species, models developed from updated presence locations revealed habitat 

preference patterns similar to previous research in the region. For example, the species showed 

preferences for higher elevations in the sanctuary. As there is relatively little human presence in 

the higher reaches of the sanctuary, this may indicate the avoidance higher human densities and 

agricultural pressure in the lower reaches of the sanctuary and inhospitality of the habitat, mostly 

dry deciduous forests. However, the models also indicated that LTM might prefer to use habitat 

nearer to human settlements. It is found that LTMs spend a considerable time for grooming in 

http://www.sciencedirect.com/science/article/pii/S0921818113000957#bb0260
http://www.sciencedirect.com/science/article/pii/S0921818113000957#bb0260
http://www.sciencedirect.com/science/article/pii/S0921818113000957#bb0290
http://www.sciencedirect.com/science/article/pii/S0921818113000957#bb0040
http://www.sciencedirect.com/science/article/pii/S0921818113000957#bb0325
http://www.sciencedirect.com/science/article/pii/S0921818113000957#bb0025
http://www.sciencedirect.com/science/article/pii/S0921818113000957#bb0025
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open places and in eucalyptus plantations adjoining the roads and settlements. They also feed on 

the fruit trees grown in the estate plantations. Few troops are also known to be regular visitors of 

the plantations. Of the area assessed suitable for LTM, 114.32 km
2
 of highly suitable area lies in 

the evergreen forests of the mid-elevation from 600 m and above. These forests containing the 

Mesua-Cullenia-Artocarpus are found to be highly suitable supporting most of the LTM troops. 

The high proportion of evergreen forests preferred by the species and the amount represented 

indicate the management importance of this habitat. Unstructured interviews with field personnel 

suggested that high elevation evergreen forests are under pressure from invasion of Ochlandra 

reeds and exotic weeds. The eucalyptus plantations for tea estates established in the enclaves 

adjoining the evergreen forests also reduces the evergreen forest cover in the potential area 

reducing the potential habitat.  Although there is no current data to support this hypothesis, it has 

been speculated that these effects in due course will lead in loosing of highly productive 

evergreen forests supporting LTMs and many other endemic and endangered flora and fauna.  

 

 Green and Minkowski (1977) worked out the annual home range of a 15-member lion-

tailed macaque group to be around 5 km
2
 in Kakkachi. They estimated that a large contiguous 

block of at least 160 km
2
 of rainforest rich in Cullenia excelsa and Artocarpus hirsuta is needed 

to maintain a viable breeding population of about 500 animals. From the study we can confirm 

that a contiguous patch of approximately 70-80 km
2
 of rainforest is present in the Mundanthurai- 

Kadayam-Ambasamudram-Upper Kodaiyar stretch which can support about 250 animals in 

approximately 20 groups. Ramesh et al. (1997) reported that there is c. 440 km
2
 of contiguous 

mid-elevation rainforest in KMTR and adjacent hills. Such contiguous rainforest is rare in 

Western Ghats today. The adjacent protected areas like Neyyar and Peppara in Kerala and the 

Shenkottai and Courtallam in Tamil Nadu together provide a huge area suitable for LTM in 

groups. A considerable area of suitable habitat area falls in and around the estates owned by 

BBTC. From the study, it could be seen that poaching of LTMs for medicine and animal trade 

could be possible through the Kerala boundary in eastern parts of Kadayam Range and in the 

Mundanthurai Range where there is less or no access from Tamil Nadu field staffs. Although 

wildlife poaching in the reserve has been effectively controlled by active patrolling by forest 

officers, anthropogenic stresses like reservoir projects, roads and enclaves inside the forest area 

may have an adverse impact on native fauna that depend on it for forage and refuge.  

 

   

 

 

 

  

 

 



Comparison of ecological niche models for habitat evaluation of the lion-tailed macaque 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

CONCLUSION AND RECOMMENDATIONS 

 



Comparison of ecological niche models for habitat evaluation of the lion-tailed macaque 
 
 

73 
 

CHAPTER-VI 

 

6. CONCLUSIONS AND RECOMMENDATIONS 
 

6.1 CONCLUSIONS 

  

 Habitat suitability analysis is considered important for introduction, rehabilitation and 

conservation of species and their habitats. Habitat models are based on the relationship between 

the animal and environment. Such models are normally animal-centric and usually consistent 

with the data needs for planning. The study revealed that the most important variables in 

governing the habitat suitability of Macaca silenus are the distances to various land covers and 

the DEM derivatives like slope and eastness followed by bioclimatic variables. The distance to 

footpaths, roads and enclosures had no effect on the habitat suitability of the animal. The 

suitability depends mostly on the evergreen forests and high canopied deciduous forests of the 

relatively higher elevations.  

 

 As primate species continue to decline across the globe, it becomes increasingly essential 

that primatologists and wildlife managers to discover novel means toward primate conservation. 

Research in fragments suggests that forest patches may serve as vital refuges for primate 

populations coping with habitat destruction. Still, the reality is that many forest fragments, 

particularly those with large human populations nearby and multipurpose reservoir projects, are 

likely to be cleared and rendered inhospitable for primates. It is well understood that primate 

species react differently to fragmentation and achieve varying levels of success in forest 

fragments. Home range size, level of frugivory and forest canopy density are the key variables 

influencing the likelihood of a primate species inhabiting and persisting in forest fragments.  

 

 In the study, it is found that individual models are varied in their performance. This is 

true for all model comparison papers published to date. However, the ensemble map approach 

adds substantial robustness and consistency of performance across the study area and species 

considered. It has the cumulative output of models which could probably explain better the 

habitat suitability of the lion-tailed macaques in Kalakad-Mundanthurai Tiger Reserve.  Testing 

multiple models and combining their predictions to produce ensemble models may help avoid the 

pitfall of trusting anyone convenient model. GARP over estimated the area and at the same time 

the BMLR underestimated the area for the given same sets of variables. BIOCLIM and Maxent 

predicted a considerably good result but their area under curves remained very low when 

compared to RLR where the prediction and the AUC remained stable and good.  

 

 The lion-tailed macaque prefers the evergreen forests above an altitude of 600 m and has 

a considerably wide distribution and habitat in KMTR. On an average, 135 km
2
 (12%) of the 

study area is highly suitable for the lion-tailed macaques and 696 km
2
 (61%) is least suitable for 
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the animal. The animal is having a wide non fragmented forest patch in the Mundanthurai and 

adjoining Kadayam Ranges which provides a migrating way to the protected areas of Kerala. 

 

Fig. 6.1: Ensemble map for habitat suitability of Macaca silenus in KMTR. 
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 There are few pinch points in the forests which are the narrow connections between forest 

patches in Mundanthurai and Ambasamudram ranges which could be visualized from the study as 

a sign of concern. The study proves the potential for conserving the flagship species in situ. The 

habitats are highly fragmented by means of anthropogenic pressure in certain areas adjoining 

estates and the reservoirs. The study outputs can be effectively used for creating sound protected 

area management plans keeping in mind the limitations of man power in field. 

 In conclusion, field data updated with the refined logistic approach resulted in 

progressively better fits (in terms of higher AUCs) than the other models built with only field 

collected data. Model behavior was according to expectations and habitat suitability maps 

developed from model outputs were according to generally accepted species-habitat associations 

of studied species with respect to all the models. 

6.2 RECOMMENDATIONS  

 The future studies in similar field may consider the following recommendations for 

enhancement in terms of results as well as applicability in the field:  

 

 Various other modeling methods could also be tried for evaluate the potential habitat of 

the animal and an ensemble could be made for a much accurate result.  The model could 

be enriched with more variables of categorical and statistical type. Forest fragmentation 

and Forest cover change could also be used as input variables.  

 

 The study could be carried out with more number of primates in the study area to find the 

overlap of habitats and to find the potential primate areas for conservation management 

plans. 

 

 Studies in similar areas call for extensive and prolonged field works to develop a sound 

database as well as primary data regarding the presence of the animal for better results as 

against depending on secondary data. It is also recommended for conducting primate 

census in the Tiger Reserve considering the importance of the habitat for primate 

conservation. 

 

 Field survey reveals the fact that although the lion-tailed macaques are shy animals; they 

prefer to use the estate plantations and the forests fringing the forest settlements 

regularly. Hence this could be the overlap of the habitat of animal and hence has to be 

addressed with care. The Bombay Burmah Trading company with 33.88 km
2   

of area in 

the core zone poses a major threat in destructing the wet evergreen forest ecosystem of 

the tiger reserve. The issue could be addressed strategically reducing the lease period and 

to reforest the estate area with evergreen species followed by rehabilitation of the 

workers where most of them are settlers there. This could also be overcome by continued 
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efforts towards the relocation of settlements inside the park if situations permit as it is 

related to the rights of the local communities.  

 

 Multipurpose reservoirs also pose a major threat in fragmenting the continuous patch of 

evergreen forest and submerging a large part of it. It is recommended not to sanction 

more reservoir projects inside the tiger reserve and for minimum utilization of resources 

from the present ones. 

 

 Reintroduction of lion-tailed macaques could be done successfully in Papanasam, 

Thirukurunkudi and Kodaiyar ranges where the carrying capacity for the animal is more 

and the animal groups are less with fairly good potential area. 

 

 Forest Nursery for evergreen tree species could be established with species favored by 

lion-tailed macaque and planting could be carried out in the forests fringing the 

settlements and estates. 

  

 Major conservation problems in the reserve are poaching of prey species and elephant, 

plantations (Eucalyptus, coffee and cardamom), illegal cultivation of ganja (Cannabis 

sativa), growing pilgrimage to Sabarimalai temple and other shrines (accompanied by 

increasing biotic disturbances and garbage) and habitat fragmentation along the 

Ariankavu pass. It is possible to control poaching, acquire the coffee and cardamom 

plantations, reduce the problems caused by the pilgrimage and create a corridor across 

Ariankavu pass if the Forest Departments of Tamil Nadu and Kerala work together, 

activated and supported by conservationists. 

 

 With better management and judicious allocation of available resources deriving 

clues from the finding of the study can enrich the efforts towards the conservation of 

the endangered species against the major causes of the decline of their population 

such as poaching, habitat degradation etc…   

 The study can be regarded as a stepping stone for the habitat studies of primates and 

small mammals using spatial data in India and could be modified accordingly. 
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APPENDIX - I  

LION TAILED MACAQUE MONITORING DATA SHEET 

 Reserve:                      Surveyed By: 

 Range:      Date: 

 Transect No:     Sheet No: 

 

No. 
GPS 

Location 

No. of LTM 

Individuals 
Harbouring Species 

Remarks/ 

Activities 
Time 
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APPENDIX - II 

 

ADMINISTRATIVE RANGES IN THE TIGER RESERVE 

Range Area 

Ambasamudram 142.173 

Thirukurunkudi 114.033 

Papanasam 95.218 

Mundanthurai 265.209 

Kodaiyar 75.591 

Kalakad 132.059 

Kadayam 100.508 

 

APPENDIX - III 

FIELD CENSUS DATA 

S. No Latitude Longitude Range 

1 947340.0932 758403.9463 Ambasamudram 

2 947310.9499 761665.4031 Ambasamudram 

3 946227.4760 761910.7354 Ambasamudram 

4 947547.9054 765629.0613 Ambasamudram 

5 945080.9207 765303.3999 Ambasamudram 

6 946238.8146 760351.6241 Ambasamudram 

7 945968.6688 760446.0990 Ambasamudram 

8 975163.7976 749720.3782 Kadayam 

9 975786.5975 749031.8111 Kadayam 

10 971999.4177 750433.5922 Kadayam 

11 971955.3480 750443.8806 Kadayam 

12 945815.0525 763804.0713 Kalakad 

13 945498.4495 764788.1659 Kalakad 

14 944965.5370 763613.5395 Kalakad 

15 944646.0746 766598.6902 Kalakad 

16 943378.9348 764507.6475 Kalakad 

17 943374.8559 769156.5271 Kalakad 

18 942461.4954 769386.7210 Kalakad 

19 944514.4263 758733.2419 Kodaiyar 

20 944129.7497 759632.3645 Kodaiyar 

21 939025.3015 763867.8128 Kodaiyar 
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22 967345.3307 751299.6018 Mundanthurai 

23 966254.1001 749746.7423 Mundanthurai 

24 954746.3145 750620.0238 Mundanthurai 

25 963962.2765 750414.9232 Mundanthurai 

26 962885.5340 749216.5417 Mundanthurai 

27 962838.5780 748559.3510 Mundanthurai 

28 963823.4756 748281.3131 Mundanthurai 

29 964478.8892 746864.6673 Mundanthurai 

30 965092.0410 745050.8155 Mundanthurai 

31 957491.2123 748095.7253 Mundanthurai 

32 956001.7691 747248.1678 Mundanthurai 

33 955450.1827 750114.2153 Mundanthurai 

34 954338.3227 750234.0083 Mundanthurai 

35 951821.5189 753372.0833 Mundanthurai 

36 951667.8002 754893.2941 Mundanthurai 

37 951266.5087 756633.2265 Mundanthurai 

38 966540.4003 751857.9409 Mundanthurai 

39 962916.4766 748106.3949 Mundanthurai 

40 962959.0076 747835.2386 Mundanthurai 

41 965692.7798 752471.6005 Papanasam 

42 965926.4967 752256.3300 Papanasam 

43 936206.0754 773101.0148 Thirukurunkudi 

44 937919.9652 773445.6691 Thirukurunkudi 

 
        (Includes the census data of Rohini Mann et al., 2009) 

 


