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1 ABSTRACT 

In 1973, the Indian government established ‘Project Tiger,’ a conservation initiative that created 50 
tiger reserves throughout the country. The Amrabad Tiger Reserve (ATR) is the second largest of 
these reserves and has only 13 tigers, far below its potential capacity (Abhinay, 2017). The reasons 
for this low tiger count are inconclusive. Regardless, current government initiatives perceive any 
human interaction as having a negative impact on protecting the endangered tiger species 
(National Tiger Conservation Authority, 2019). This government approach directly impacts the 
Chenchu people, an indigenous culture that has lived alongside the Bengal tiger in the ATR for 
millennia. This conflict may result in the eviction of the Chenchu people from the ATR. 

 
The purpose of this paper is to document a regional framework in GIS that seeks to define and 
preserve prime Bengal tiger habitat while still protecting the cultural heritage of the Chenchu people 
within the ATR. This is executed through research into the preferred habitat characteristics of the 
Bengal tiger and its prey. Based on this data, a suitability model for the tiger was created that 
defines prime Bengal tiger habitat. The framework then analyzes Chenchu settlement locations 
and characteristics as a subsequent overlay to weave the settlement zones around prime Bengal 
Tiger habitat to abate the perceived human-wildlife conflict in the preserve. The application of this 
methodology in the ATR provides a case study for similar scenarios where two inhabitants are in 
conflict, whether that conflict is real or perceived. 
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2 INTRODUCTION 
 

Human-wildlife conflicts exist throughout the developed world and are largely a product of modern 
civilization. These conflicts are most acute when they threaten keystone species on which entire 
ecosystems depend. Moreover, they become difficult to define when the human settlements that are 
identified as being in conflict are indigenous people that are part of the overall ecosystem and have evolved 
alongside the keystone species. Indigenous peoples are more likely to see their culture as a part of nature 
rather than apart from it (Colchester, 1994). This perspective holds true for the Chenchu People of the 
Nallamala Forest Preserve in Central India and their relationship to the Bengal Tiger. Most indigenous 
people of this region hold a positive attitude toward big cats even though they clearly acknowledge the risks 
they create (Sekhar, 2003; Bhattarai, 2014). When asked about their willingness to live alongside the 
Bengal Tiger, a Chenchu leader answered, “If a tiger or a leopard kills our cattle, we feel as if our brothers 
have visited our homes and they have eaten what they wanted.” (Survival International, 2018).  

Even though the Chenchu people have coexisted alongside the Bengal Tiger for millennia, their 
way of life is being threatened. Current Indian government initiatives see any human interaction as having 
a negative impact on protecting endangered tiger species (National Tiger Conservation Authority, 2019). 
Within the Nallamala Forest Preserve, and in the Amrabad Tiger Reserve (ATR) specifically, these policies 
create a conflict where protection of the Bengal Tiger may result in losing the cultural heritage of the 
Chenchu people, whose ancestral lands most often intersect with pristine tiger habitat. Not all governments 
view indigenous cultures as disruptive to sensitive environmental systems. Some governments have 
acknowledged indigenous people’s role in protecting the environment and have begun enrolling them in the 
management of protected areas and species (Sekhar, 2003). It is the belief of the authors of this paper that 
the Chenchu people have a supportive relationship with the Bengal tiger in the Amrabad Tiger Reserve and 
that the government initiatives to remove them from their ancestral lands are misguided. Thus, there are 
two emerging crises: the impending removal of the Chenchu from the ATR and the identification of the 
actual threats of the current tiger populations in the ATR.   

This non-funded research investigation seeks to address the first concern by proposing a regional 
framework for the future of the ATR that preserves prime tiger habitat while still allowing for Chenchu 
settlements. The background will provide context for this framework, and the methods will describe the 
research, criteria, and strategies used to execute the regional conservation framework. While the creation 
of remote sensing, GIS, and advanced modeling tools have been successfully implemented to identify and 
protect wildlife (Imama et al., 2009; Steinitz, 2012), these models typically focus on a specific species or 
ecosystem and view human development as another modeling criteria like topography or vegetative cover. 
The framework presented in this paper aspires to balance two keystone species (the Bengal tiger and the 
Chenchu people) through a series of models and overlays. The first model investigates the preferred habitat 
requirements of both the Bengal tiger and its prey. The study additionally analyzes Chenchu settlement 
locations and characteristics as a subsequent overlay in an effort to weave the settlement zones around 
prime Bengal Tiger habitat to abate the perceived human-wildlife conflict in the preserve. The canvas for 
this work is the ATR, but the framework itself serves as a model for addressing and potentially reconciling 
spatial conflicts between two keystone species. 

 
3  BACKGROUND 

 
The role of biodiversity in maintaining ecological balance and environmental stability is well 

documented (Singh et al., 2009). However, recent reports have indicated that biodiversity is declining 
globally at rates unprecedented in human history due to climate change, which interferes with species 
behavior, causes habitat loss, and reduces overall patch size and overall species carrying 
capacity (Malcolm et al., 2000). While reversing the decline in biodiversity can be addressed in multiple 
ways, the concepts of national and conservation parks put forward in the late 19th century are prominent 
means of conservation that promote biodiversity. Developed in the United States in the early 1800s, the 
idea of national parks or preserves has been widely adopted around the world as a tool for protecting the 
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most endangered species and the habitats on which they depend (Zube, 1989). By preserving ecological 
features, restoring historical and cultural sites, and inspiring the engagement of people inside or outside 
the park, the national park system helps to create biodiversity protection and development. 

There were approximately 100,000 Bengal Tigers in the world at the turn of the 20th century, yet 
only 3,900 live in the wild today (Hauser, 2016), leaving them listed as endangered species on The 
International Union for Conservation of Nature Red List (Breitenmoser, 2008). India, home to 70-80% of 
the world’s wild tiger population, is at the center of this ongoing catastrophe. According to the 2018 Tiger 
Census Report, less than 3,000 Bengal Tigers exist in India (Patel, 2020). The Bengal Tiger’s habitat loss 
and resulting population decline have been caused by illegal poaching, urban development, large-scale 
agricultural expansion, and road construction. (Srinivasulu et al., 2002; Velho et al., 2012).  

The Bengal Tiger, which has a disproportionately large effect on its environment relative to its 
abundance, serves as a keystone species in its ecosystem (Paine, 1995). Described by Davic (2003), the 
Bengal tiger is “a strongly interacting species whose top-down effect on species diversity and competition 
is largely relative to its biomass dominance within a functional group.” The significant value of the tiger and 
its dramatic decline in India led to the establishment of a national protection project. In 1973, the government 
created ‘Project Tiger,’ a conservation program consisting of 50 tiger reserves today (NTCA, 2019). The 
program has yielded extraordinary results, with the population of Bengal Tigers in India growing from 1,411 
in 2006 to 2,967 in 2018 (Breitenmoser, 2018). 

 
3.1  Indigenous People and Perceived Conflicts with the Bengal Tiger 

Formal labels for indigenous people were not recognized until the late 20th century, when 
biodiversity protection was already widely acknowledged (Tran et al., 2020; Stevens, 2014). However, the 
territories of indigenous people, who comprise 5% of the worldwide population, typically coincide with critical 
habitats for endangered species (Stevens, 2014). Research indicates that indigenous peoples can establish 
protected and conservation areas independently and through multi-scaled partnerships worldwide. The 
socio-cultural, political, and ecological benefits of these protected areas for indigenous cultures are 
abundant. They include the improvement of indigenous livelihoods, increased governance and 
management capacities, and improving species populations and habitat protection within their own 
communities (Tran et al., 2020).  

While current research points to the benefits of indigenous cultures with endangered species, not 
all governing bodies share this view. In the case of the Indian government, there is a perception that the 
Chenchu people pose a threat to the Bengal tiger and that their presence in the ATR creates a negative 
impact on tiger populations (Sunarto et al., 2012). This has led policymakers to displace human inhabitants 
in reserves, believing it was necessary to achieve tiger conservation objectives. According to the National 
Tiger Conservation Authority (NTCA), ‘Once an optimum tiger carrying capacity is arrived at, habitat 
interventions should be planned in order to minimize conflict outside as well as reduce artificially induced 
internecine interactions amongst tigers’ (NTCA, 2019). Thus, even tribal peoples, who have occupied the 
same lands for millennia, are being forced to relocate to minimize human-tiger intersections, even if these 
interactions are not harmful to the tiger.  
 
3.2  Habitat Conservation Planning Models 

Shafer (1999) described formulating goals, selecting management categories, taking inventory, 
identifying gaps, designing reserves, measuring reserve condition and vulnerability, and recognizing the 
relationship between research and management as the basic elements of planning for the protection of 
biological diversity. Monitoring or predicting the likelihood of certain species is the first step in determining 
priority areas for conservation. According to the multi-Attribute Utility Theory, a habitat suitability model, 
based on GIS along with data processing, spatial analysis, and multi-criteria analysis, can be applied to 
indicate the landscape properties of preferred habitats (Johnson and Temple, 1986; Store and Kangas, 
2001). With the maturation of computing power and empirical theory, remote sensing and GIS as tools in 
habitat suitability modeling for various wildlife species have become widely utilized and applied in 
conservation and wildlife management (Imama et al., 2009). 
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Several studies have explored suitability mapping of tigers with GIS as a powerful tool in addressing 
resource decisions (McDermid, 2005). While exploring the approach for forest conservation planning at a 
landscape scale, Phua et al. (2005) determined that a multi-criteria decision-making approach is valuable 
when handling complicated indexing in a GIS-based model. Singh et al. (2009) showed the successful 
integration of remote sensing, ground, and other ancillary sources in GIS to evaluate tiger habitat in the 
Corbett Tiger reserve. Similarly, Imama et al. (2009) aggregated different layers of land use, land cover, 
forest density, measures of proximity to disturbances, water resources, and other related criteria in a GIS 
environment to successfully model a habitat suitability index. While there are considerable studies on 
habitat suitability, few studies have attempted to model the lifespans of a keystone species and indigenous 
people to explore spatial coexistence and negotiate planning futures within the same ecosystem. 
 
3.3  The Amrabad Tiger Reserve 

The Amrabad Tiger Reserve, located within the State of Telangana in India, is the second largest 
tiger reserve in India. It sits within the Nallamala National Forest, where the landscape is primarily a series 
of parallel hills whose ranges are North-south oriented towards the eastern portion of peninsular India 
(Venkata et al., 2010). A southern tropical dry mixed deciduous forest is the dominant vegetation type in 
the reserve (Champion HG, 1968). The climate in this region is monsoonal, with monsoon rains typically 
occurring from June to September (Sudeesh et al., 2011). Average annual rainfall in the whole Nallamala 
forest is about 74cm. The hot season starts in March and typically lasts for three months, during which the 
temperature can reach up to 45℃ (Reddy et al., 2008) 

A report conducted in 2017 indicated the presence of only 13 Bengal tigers (Panthera tigris tigris) 
in the ATR (Abhinay, 2017), while the maximum biological carrying capacity has been estimated to be 
between 26 to 40 tigers. In 2010, political leaders had a stated goal of ‘double(ing) the number of wild tigers 
across their range by 2022’ (Hebblewhite et al., 2014). Both politically and environmentally, the ATR has a 
great responsibility to help protect the tiger and promote its tiger habitat.  
Within the ATR, there are approximately 1,000 Chenchu households (Jinka Ramamurthy, 2020), with 87% 
of the households against the displacement of their settlements outside of the ATR, according to Jinka 
Ramamurthy’s (2020) fieldwork. For hunting purposes, the Chenchu have temporary, seasonal settlements 
in addition to their permanent settlements. Their diets consist of jungle products like roots, fruits, tubers, 
beedi leaves, mohua flowers, honey, gum, tamarind, and green leaves. For protein, they hunt wild animals 
like boar and deer, but with the increasing interest in wildlife conservation, they are also adjusting to hunting 
small animals like lizards, rabbits, and wild birds (Rao et al., 2007). 
 
3.4  The Challenge of the Amrabad Tiger Reserve 

Having thrived alongside Bengal Tigers, the Chenchu people’s ancestral lands have significant 
overlap with the relatively new Amrabad Tiger Reserve (ATR) (Reddy, 2006). While some of their 
settlements have already been relocated, a debate is ongoing as to if and where the remaining settlements 
should be moved. While some argue that all humans must be removed, others, who have worked closely 
with the Chenchu, think that they serve the overall conservation goals. “They [the Chenchu] don’t harm the 
tigers. In fact, the tigers are protected because of the Chenchu. The poaching and smuggling are controlled 
by the Chenchu presence” (Jinka Ramamurthy, 2020). 

The extraordinary efforts made by India’s government have played a vital role in increasing the 
number of Bengal tigers, ultimately saving them from extinction. Still, Bengal tiger populations in the ATR 
are far short of the populations first recorded in 2010 (Jhala, 2011). The need for protecting Bengal tigers, 
the keystone species, is urgent. Could the goals of protecting the Bengal tiger be achieved while also 
preserving the way of life of the Chenchu people by modeling and negotiating the habitat and settlement 
criteria of both groups? 
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Figure 1: The Amrabad Tiger Reserve is the second largest tiger reserve in India at 2611 sq. km. 
Image by authors. The yellow dots indicate the current location of indigenous people. 

 
4          METHODOLOGY 

 
As described in the introduction, the purpose of this paper is to present a regional framework for 

systematically thinking about the biological requirements for the Bengal tiger and preserving human 
habitation requirements for the indigenous Chenchu people. While the creation of remote sensing, GIS, 
and advanced modeling tools have been successfully implemented to identify and protect wildlife (Imama 
et al., 2009; Steinitz, 2012), these models often focus on a specific species or ecosystem. The methodology 
presented in this paper, however, generates models for two species (one for the Bengal tiger and one for 
the Chenchu people) and then overlays and negotiates the two models in an effort to weave Chenchu 
settlement zones around Bengal tiger habitat. The primary goal of the results is to abate the Indian 
government’s perception of a human-wildlife conflict in the ATR.   
 
4.1  General Outline of Methods 

Accurate and relevant data are essential to the suitability modeling process. In this work, some of 
the data were already captured. Records of existing Chenchu settlement locations were collected through 
aerial photograph investigation for an appraisal report (Reddy, 2006). This data played an essential role in 
constructing the model for indigenous people, though it must be verified and updated as needed should the 
model results be presented to the government and Chenchu people themselves. Empirical data for the 
Bengal tiger, however, was unavailable due to the high cost of tracking the tiger over an extended period.   
As a substitute, Store et al. (2001) suggests the application of expert knowledge to help construct the model 
on the basis of relative research. For our purposes, this meant that, in place of tracking data of the Bengal 
tiger, it is appropriate to document the landscape characteristics associated with tiger behavior (e.g., 
shelter, prey, etc.) to determine the likely habitat areas for the species. This approach was utilized for this 
project through Geographic Information System (GIS), which has been widely acknowledged as effective 
in producing suitability models (Store, 2001). More specifically, it is appropriate for determining the habitat 
occupied by wildlife species or a population of such species (Singh et al., 2009). 

The following two subsections discuss two suitability models, one identifying preferred habitat for 
the Bengal Tiger within the ATR and another identifying optimal settlement locations of the Chenchu 
People. Both suitability maps employ a Multi-Criteria evaluation (MCE), an additive technique designed to 
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facilitate decision-making in site selection, land suitability analysis, resource evaluation, and land allocation 
(Malczewski, 1999). Using this MCE approach, data is reclassified to a numeric value that corresponds with 
a value for determining suitability. For example, research indicates that the Bengal tiger prefers higher 
elevations in the ATR. Subsequently, the MCE approach reclassifies elevation data so that the higher, more 
desirable elevations are represented with a higher numeric value, and the lower, less desirable elevations 
are represented with a lower value. Additionally, each criterion is given a weight. For example, the optimal 
slope for Bengal tiger habitat is weighted less than the presence of tiger prey because the presence of tiger 
prey is more important in determining optimal tiger habitat than a preferred slope. The final suitability map 
is a composite of all reclassified and weighted data. The same method (but with unique data, 
reclassifications, and weights) was used in the suitability map for proposed Chenchu settlements. 

 

 
 

Figure 2: Model Process Diagram. Diagram by authors. 
 

The final subsection of the methodology describes the negotiation of the two suitability maps. With 
the political emphasis on tiger habitat through ‘Project Tiger,’ core tiger habitat is prioritized. The expected 
number of tigers (as determined by policymakers) was referenced to determine the minimum area needed. 
This minimum area was then located in accordance with the optimal tiger habitat as determined by the 
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suitability map. Boolean logic was applied to the Chenchu settlement suitability map to remove those core 
tiger habitat results. From this point, three unique alternatives are presented. Each alternative is a viable 
plan that supports a different level of tiger habitat, human settlement, and overall ecological balance. The 
planning process ends with these alternative futures, as the final decision would require stakeholder input 
and those needed to ultimately implement the plan. 

 
4.2  Bengal Tiger Suitability Model 

The framework for the Bengal tiger suitability model was grounded in an understanding of the 
characteristics of preferred tiger habitat. Initial stages of the research investigated environmental 
characteristics most essential for pristine tiger habitat. This included a preference for sites with high 
altitudes, steep slopes, a low level of disturbance, abundant soil carbon content, forest cover, and proximity 
to water bodies (Hewlett and Hewlett, 1995; Sunarto et al., 2012). While forest cover was the preferred land 
cover, other suitable land cover typologies were also integrated and reclassified accordingly.   

Proximity to undesirable infrastructure and land cover was also considered, as was the availability 
of prey. According to research, chital, sambar, and wild pig (Sus scrofa) constituted a major part of the 
tiger’s diet (Biswas and Sankar, 2002; Bagchi et al., 2003). The proportion was 47.3%, 14.5%, and 10.9% 
respectively. Habitat density data for each prey was not available; therefore, habitat models for each prey 
were developed to identify prey density maps that were then integrated into the overall Bengal Tiger 
suitability map. 

Much of the data was a direct reclassification of the raster data. For example, land cover pixels 
were reclassified to represent a higher value for preferred habitats like forests, a mid-value for land cover 
like grasslands, and a low value for undesirable land cover like croplands. In some instances, like in the 
case of the slope, DEMs were processed using ArcToolbox commands to produce slope percentages that 
were then reclassified. Buffer and Euclidean distance were also leveraged in the process to designate 
buffers from infrastructure like roads and proximity from resources like water. Additionally, weights for each 
parameter were assigned by considering the significance of each element in deciding tiger habitat as well 
as its ecological value derived from literature survey and expert knowledge (Singh et al., 2009). 
Characteristics like forest cover, prey availability, and proximity to water were weighted more heavily than 
other criteria. 

The data reclassification characteristics are outlined in Table 1. Each reclassification included four 
output values assigned from least suitable (1) to less suitable (2), suitable (3), and most suitable (4). The 
final suitability map was accomplished by one additional calculation 𝑃𝑃 = ∑ 𝑖𝑖=𝑞𝑞𝑞𝑞×𝑚𝑚𝑞𝑞 

  , where P is the suitability 
value assembled, i is the suitability index, q is the score of factor i, and m is the classified value of each 
factor. Figure 3 shows the overall model flow for the preferred Bengal tiger habitat suitability map. 
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Figure 3: Bengal Tiger Suitability Model: A Suitability maps provide optimal locations for both 
permanent and temporary locations for the Chenchu people settlements. Image by authors. 
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Table 1. Bengal Tiger Multi-Criteria Evaluation: Relevant data that corresponds with tiger habitat 
preference was reclassified and weighted to determine optimal tiger habitat within the ATR. 

 Weigh
t 

Least Suitable 
(1) 

Less Suitable 
(2) 

Suitable 
(3) 

Most suitable 
(4) 

Chital Prey Modeling 
Criteria      

   Tree canopy / NDVI 20% 0-0.1 > 0.3 0.2-0.3 0.1-0.2 

   Slope (deg) 20% >30 20~30 5 ~ 20 < 5 

   Distance to road (m) 20% <250 250-500 500-1000 >1000 

   Distance to cropland (m) 20% <250 250-500 500-1000 >1000 

   Distance to water (m) 20% >3000 2000-3000 1000-2000 0-1000 
 
Sambar Prey Modeling Criteria 

   Tree canopy / ND 20% 0-0.1 > 0.3 0.1-0.2 0.2-0.3 

   Slope (deg) 20% >30 <5 20-30 5~20 

   Distance to road (m) 20% <250 250-500 500-1000 >1000 

   Distance to cropland (m) 20% <250 250-500 500-1000 >1000 

   Distance to water (m) 20% >3000 2000-3000 1000-2000 0-1000 
 
Wild Pig Prey Modeling Criteria 

   Tree canopy / NDVI 25% 0-0.1 > 0.3 0.2-0.3 0.1-0.2 

   Distance to road (m) 25% <250 250-500 500-1000 >1000 

   Distance to cropland (m) 25% <250 250-500 500-1000 >1000 

   Distance to water (m) 25% >3000 2000-3000 1000-2000 0-1000 
 
Overall Prey Habitat Suitability Assessment 

   Chital 65% 1 2 3 4 

   Sambar 20% 1 2 3 4 

   Wild pig 15% 1 2 3 4 
 
Tiger Habitat Suitability Assessment 
   Tree canopy / NDVI 12.5% 0-0.1 0.1-0.2 0.2-0.3 >0.3 

   Slope (deg) 12.5% 30-60° 0-5° 20-30° 5-20° 

   Elevation (m) 12.5% <300 300-500 500-800 >800 

   Distance to road (m) 12.5% <250 250-500 500-1000 >1000 

   Distance to cropland (m) 12.5% <250 250-500 500-1000 >1000 

   Distance to water (m) 12.5% >2000 1500-2000 1000-1500 0-1000 

   Soil carbon content 12.5% Minimum Less More Maximum 

   Prey availability 25.0% Unavailable Moderate Sufficient High 
 
4.3  Chenchu People Suitability Model 

The Chenchu people lead a seasonally nomadic lifestyle. As a result, they maintain both permanent 
and temporary settlements. Permanent settlements are typically 3 to 10 households and are most 
prominently associated with deciduous forests and proximity to water (Reddy, 2010; Dev, 2016). Proximity 
to water is not a linear reclassification, however. Settlements are established where there is access to water 
but a suitable buffer protecting them from wildlife commonly associated with water. According to the 
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Chenchu people, a buffer distance of 3-4 km is ideal. This means that being both near and far from water 
are undesirable (rated lower in the reclassification) with gradients of preference in between. Additional 
conditions for identifying optimal sites for permanent settlements include elevation, tree canopy, soil, and 
slope.    

During the summer months, the Chenchu people will migrate to shaded areas and establish 
temporary settlements where sufficient food is available. Their culture depends on hunting and gathering 
of wild plants along with seasonal fishing (Reddy, 2010). For these settlements, tree canopy coverage and 
prey (rabbits and lizards) availability are critical factors in identifying preferred temporary settlements. 
Similar to the Bengal tiger suitability model, the prey availability data was determined by modeling the 
habitat preference of animals that the Chenchu people hunt within the ATR. 

Altogether, relevant data, as shown in Table 2, was reclassified to include four output values 
assigned from least suitable (1) to less suitable (2), suitable (3), and most suitable (4). There wasn’t 
sufficient research available to determine the hierarchy of the data being reclassified, and all data were 
weighted equally in the final Chechu settlements suitability model. Future work on this topic must engage 
the Chenchu people to better understand that hierarchy to refine the settlement suitability map. The final 
suitability map was accomplished by one more step of accumulation: Ρ = ∑ 𝑖𝑖   = 𝑞𝑞𝑖𝑖  × 𝑚𝑚𝑖𝑖,                                  , 
where P is the suitability value assembled, i is the suitability index, q is the score of factor i, and m is the classified 
value of each factor. Figure 4 shows the overall model flow for the optimal settlement locations for the Chenchu 
people. 

 
 

Figure 4: Chenchu People Suitability Model: Suitability maps provide optimal locations for both 
permanent and temporary locations for the Chenchu people settlements. Image by authors. 
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Table 2. Chenchu People Multi-Criteria Evaluation: Seasonal behaviors and settlement patterns 
were studied and relevant data that corresponds with these conditions was reclassified and 
weighted to determine optimal Chenchu settlement locations within the ATR. 

 Weigh
t 

Least Suitable 
(1) 

Less Suitable 
(2) Suitable (3) Most suitable 

(4) 
Rabbit Wildlife Modeling Criteria 

   Tree canopy / NDVI 33.3% 0-0.1 >0.3 0.2-0.3 0.1-0.2 

   Slope (deg) 33.3% Minimum Middle down 
Upper 
middle Maximum 

   Clay 33.3% Maximum Upper middle Middle down Minimum 
 
Lizard Wildlife Modeling Criteria 

   Elevation (m) 50% Maximum Upper middle Middle down Minimum 
   Distance to cropland 
(m) 50% Maximum Upper middle Middle down Minimum 
 
Permanent Settlement Suitability Assessment 

   Elevation (m) 50% >700 500-700 300-500 <300 

   Distance to water (m) 50% <1000, >5000 1000-3000 4000-5000 3000-4000 
 
Temporary Settlement Suitability Assessment 

   Tree canopy / NDVI 50% 0-0.1 >0.1 >0.2 >0.3 

   Prey availability 50% Minimum Less More Maximum 
 
4.4  Overlaying and Negotiating Two Suitability Models 

Both the Bengal tiger and Chenchu suitability models represent isolated suitability maps. They use 
objective data and research to provide insight into the settlement and roaming preferences of each user. 
The heart of this process, however, is the overlay of both models to propose a future for both users within 
the ATR. While there is no evidence that the Chenchu people are threatening the health of the Bengal Tiger 
population in the ATR, current government policies in India are still pressuring the relocation of Chenchu 
settlements. To address those concerns, the government’s goals for preserving tiger habitat must be met 
to justify the preservation of the Chenchu people. With this in mind, the overlay and negotiations of both 
models had these two primary goals:   

Goal 1: Protect and Expand Bengal Tiger Habitat 
Using government goals for tiger population in the ATR, create a core habitat area that 
meets this goal and then expand the area and connect disparate parts of the core by 
identifying areas for habitat expansion.   

Goal 2: Identify Areas for the Chenchu People to Thrive in the Reserve 
After protecting core and expanded tiger habitat, create a plan for maintaining existing 
households and identify possible resettlement locations within the ATR for households that 
are within the core tiger area defined in Goal 1. 

The state forest department established the goal of 32 to 40 Bengal tigers within the ATR, an 
increase from the estimated 13 Bengal tigers in 2017 (Abhinay, 2017). To determine the appropriate spatial 
requirements to meet that goal, the following formula was introduced:Α = Μ × �𝐾𝐾𝑚𝑚 × 𝑇𝑇𝑚𝑚 × 𝐾𝐾𝑓𝑓 × 𝑇𝑇𝑓𝑓� where 
A is the expected core area needed, M the estimated tiger population 𝐾𝐾𝑚𝑚 the male tiger ratio, 𝑇𝑇𝑚𝑚 the territory 
required by a male tiger, 𝐾𝐾𝑓𝑓 the female tiger ratio, and 𝑇𝑇𝑓𝑓 the territory required by a female tiger. According 
to research produced by Sadhu et al. (2017), 𝐾𝐾𝑚𝑚 is given the value 0.43 and 𝐾𝐾𝑓𝑓 0.57. 𝑇𝑇𝑚𝑚 (60 square 
kilometers) and 𝑇𝑇𝑓𝑓 (20 square kilometers) were based on the data provided by Lions.org (Tigers’ habitat, 
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n.d.). M represents the minimum goal of 32 Bengal tigers in the ATR. The maximum goal of 40 will be 
accounted for in the expanded core tiger area introduced in each of the three planning alternatives. 

When executed, the formula indicates that 1190 sq.km. of core tiger habitat is required to address 
the Indian government’s goals for preserving tiger habitat. With the knowledge of this required area, the 
Bengal tiger suitability map was examined to extract the most pristine habitat within the ATR to designate 
it as core tiger habitat. The top percentile was extracted, and its total area calculated. If the total area was 
less than the required 1190 sq.km., an additional percentile was added. This process was repeated until 
the required minimum areas for Bengal tiger habitat were met. The resulting pixels represent the core tiger 
habitat. These pixels of high value were often consolidated, but the entirety of the 1190 square kilometers 
was not contiguous. The Bengal tiger, however, would need the ability to roam between all core tiger area 
(Turpentine Creek Wildlife Refuge, 2020). For this reason, an expanded tiger habitat area was established 
to, at minimum, connect all core tiger habitats. The tiger suitability map was referenced in these connections 
in order to expand the core tiger habitat in the most advantageous areas. The three planning alternatives 
(presented in the results) take unique approaches to these connections, having different motivations for 
where and how much expanded tiger habitat is allocated. 

With the core tiger habitat established, certain permanent Chenchu settlements are impacted. 
These permanent settlements within the core tiger habitat would need to be relocated to other parts of the 
ATR in order to address the perceived impact they would have on the Bengal tiger population. Potential 
settlement locations would be determined using the Chechu suitability model results, with all results 
overlapping the newly established core tiger habitat removed. The remaining data reveals a hierarchy of 
spaces that most closely match the settlement characteristics of the Chenchu people. Optimal results were 
extracted to account for all displaced settlements. To ensure a minimum of 3 kilometers between 
settlements, a triangular fish net was established to appropriately distribute the potential new settlement 
locations. While these potential new settlement locations respond to the preferred characteristics of the 
Chenchu people, it would be imperative for the Chenchu themselves to assess the model logic and 
investigate any proposed settlements to ensure it meets the needs of each community. 

Traditional habitat conservation planning models introduce buffer zones beyond the core habitat 
zone. As they indicate, these zones provide more spatial separation to reduce potential conflict. In the case 
of the Chenchu and core tiger habitat, however, no specific buffer was established. For one, the Chenchu 
settlements are light on the land, and they themselves do not pose a threat to the Bengal tiger. Additionally, 
this project sees the Chenchu in harmony with both the land and the Bengal tiger. In time, as stewards of 
the land, they can prove to foster the safety and expansion of Bengal tiger habitat. 

 
5          RESULTS 

 
Based on Tiger and Chenchu analysis, three alternative futures were presented. All meet tiger 

habitat needs by first integrating the core tiger habitat. This portion of each proposal was non-negotiable, 
and all alternatives share the same core tiger habitat. From there, each alternative expands the core tiger 
area through a different approach: Alternative 1 is Bengal Tiger Focused, Alternative 2 is Balanced, and 
Alternative 3 is Chenchu People focused. Each of the alternatives provides a viable plan that supports a 
different level of tiger habitat, human settlement, and overall ecological balance. 

Alternative one offers the greatest expansion of tiger habitat, connecting all core tiger habitats with 
large swaths of the expanded habitat zone. This approach meets the top-end goal (39) for Bengal tiger 
population as established by the Indian government. While optimal for tiger habitat, this approach displaces 
29 Chenchu settlements that will need to be relocated in the ATR. Those potential settlement locations, as 
indicated in Figure 5, are strategically located in the remaining areas of the ATR based on the modeling 
and fishnet strategies discussed in the methods portion of this paper. 

Alternative two seeks to balance the tradeoffs for both the Bengal tiger habitat and the existing 
Chenchu settlements. In this proposal, the carrying capacity of the core and expanded tiger habitat is 34 
tigers and limits the displaced Chenchu settlements to only 22 settlements. In limiting the number of 
displaced settlements and reducing the expanded tiger habitat by 35% (from 501 sq. km. to 325 sq. km.), 
the carrying capacity of the Chenchu people is increased. 
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Alternative three still maintains the core tiger habitat and only expands the tiger habitat to connect 
all core fragments and promote uninterrupted roaming of the Bengal tiger. The carrying capacity of the tiger 
still meets the project goals but limits the amount of land strictly designated for the tiger at the expense of 
the Chenchu people. As a result, this limits the disruption of Chenchu settlements, and retains a significant 
portion of the ATR for future settlements of the Chenchu people. 

In each alternative, the lines of delineation between the core tiger habitat, expanded habitat, and 
Chenchu settlement are drawn precisely, but their application is a gradient at best. They provide an initial 
framework for the relocation of Chenchu settlements within the ATR. Given that there is no clear evidence 
that the Chenchu people pose a threat to the Bengal tiger population in the ATR, the lines could be 
described as merely a compromise between parties that currently disagree on the perceived conflict 
between these two signature inhabitants of the ATR. 
 

 

Figure 5: Planning Alternative Comparison: Three alternatives are proposed that address the 
project goals but vary in the extent that they address each component. Image by authors. 

 
6 DISCUSSION AND CONCLUSION 

 
As a process, multi-criteria evaluation and suitability mapping have proven benefits, though most 

of their applications are for a single criteria or species. This paper argues that the same processes can also 
be instrumental in reconciling competing interests in the same territory. The objective, independent analysis 
of each user group, combined with specific goals and strict metrics, provides a framework for a future for 
both inhabitants. In the case of the ATR, the Indian government believes there are competing interests 
between the Bengal Tiger population vs. the Chenchu people’s settlement in the ATR. They see the sharing 
of the ATR as detrimental to the Bengal tiger population and, in turn, favor the removal of the Chenchu from 
the reserve altogether. This framework pushes back on this view, presenting an amicable solution for both 
interests: boosting tiger populations and keeping the Chenchu in the ATR. As indicated in the background 
section, though, it is the authors’ position that any conflict between the Bengal Tiger and Chenchu people 
is unfounded. The use of this framework is to abate a perceived human-wildlife conflict in order to prevent 
the Chenchu from being evicted from their ancestral lands. 

It is important to note that the effectiveness of the framework is tied to the accuracy of the data. 
Data, even in this effort, must be scrutinized by the impacted communities and verified in the field. 
Additionally, many of the reclassifications of data and weights applied in the GIS model can be refined 



March 16-19, 2022 

98 
 

through surveys, workshops, and input from the users or other researchers. The weights and criteria can 
also adapt to environmental changes related to climate change as new data emerges. While all parts of the 
GIS modeling were based on research into the tiger and indigenous culture, this process would be more 
comprehensive with direct input from stakeholders. Moreover, the planning alternatives must be a 
transparent process to gain the support and trust needed for its implementation. 

Success, as defined by the Indian government policies, will be the increase of the Bengal tiger 
population in the ATR to meet the government goals of 32 to 40 tigers. The relocation of Chenchu 
settlements within the ATR can ease political pressure but what might be the actual threats to the Bengal 
tiger population are still at large. The success of this proposal must also partner with other ventures to 
address the threats that have harmed the Bengal tiger in the ATR up to this point. Threats might include 
the dwindling presence of tiger prey or the effects of climate change on existing tiger habitats (World Wildlife 
Fund, 2021). The most pressing and disturbing threat, however, is the illegal poaching of tigers. As an 
endangered population, tigers have a high value on the black market (YPTE, 2014). Without addressing 
the current threats to the Bengal tiger, specifically in and around the ATR, it is likely that indigenous cultures 
like the Chenchu will continue to receive blame for the decline of Bengal tiger populations. 
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