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Executive Summary

Among the major challenges inherent in the conservation of large mammals is the 

necessity to maintain connectivity between disjunct populations, which can buffer 

them from the negative effects of demographic stochasticity and inbreeding. In the 

Periyar – Agastyamalai landscape of the southern Western Ghats, tiger (Panthera 

tigris) and elephant (Elephas maximus) populations were historically connected 

through a contiguous stretch of prime habitat. However, Periyar and Agastyamalai 

are now separated by the Shencottah Gap: a complex mix of land use types, human 

settlements and linear barriers. Restoration of landscape-level connectivity is a con-

servation necessity; consequently, there has been increasing interest over the past 

few years in corridor restoration in this landscape.

Despite recognition of the importance of connectivity, however, actual conservation 

planning and implementation of corridors has been hampered by the lack of funda-

mental scientific information critical to corridor design. The primary goal of this 

study was to provide a quantitative, scientific basis for connectivity restoration by 

empirically identifying corridors for seven focal large mammal species. We collected 

data on animal distribution and occurrence, related these to a wide range of habitat 

variables, and modeled potential corridors across the Shencottah Gap at a coarse 

scale. We also collected a wide range of socio-economic data to characterize settle-

ments in this area, thus developing a profile of local communties and their relation-

ship with wild habitat. 

Our results show several gaps in connectivity for all focal species as a result of vari-

ation in habitat quality. Nevertheless, empirical data shows two regions through 

which animal movement can potentially be restored over the long term, given ad-

equate institutional support. These occur in the western and eastern parts of the 

study area, and we have named them the MSL and Kottavasal corridors respectively 

(after the settlements near which they pass). Each corridor has its own advantages 

and disadvantages in terms of biological value and human presence. From the con-

servation perspective, restoration of both corridors would be most beneficial, be-

cause it would provide multiple movement routes for large mammals and hence 

stabilize the system as a whole. However, both of them pass through, or close to, a 
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variety of land use types, including forest patches, forestry plantations, private land-

holdings and settlements. Thus, restoration of these corridors will of necessity in-

volve setting aside forest patches and engaging with local landowners to encourage 

wildlife-friendly practices on private land. Further, the presence of active com-

munity based groups (such as Vana Samrakshana Samithi, VSS and Eco-

Development Committee, EDC) in the landscape can potentially be used to improve 

wildlife habitat in multiple-use areas within Reserve Forests. 
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Introduction

In a densely-populated country like 

India, the conservation of landscape spe-

cies such as the tiger (Panthera tigris) 

and elephant (Elephas maximus) 

present several unique challenges. 

Among the most significant of these chal-

lenges is that such species require large, 

well-protected blocks of natural habitat 

in order to obtain the resources neces-

sary for their survival. For example, indi-

vidual tiger home ranges in evergreen 

forest can be as large as 300 km2 (Kar-

anth et al., 2009), and elephants may 

range over as much as 600 km2 (Bas-

karan et al., 1995, Vidya et al., 2005). 

Yet, Protected Areas (PA's) in India aver-

age only 300 km2 (Karanth et al., 2010), 

and even the largest are relatively small 

when compared to the requirements of 

species such as these. Consequently, pop-

ulation sizes of large mammals within 

PA's in India are often relatively low. 

Historically, such low animal abundance 

within PA's was of little conservation con-

cern, because wildlife still occurred 

widely in the intervening Reserve 

Forests (RF's) between PA's. Practically 

speaking, therefore, animal populations 

were contiguous over very large areas. 

Such was the case in the southern West-

ern Ghats, which contains two main 

complexes of PA's: Periyar (consisting of 

Periyar Tiger Reserve PTR and Srivilli-

puthur Wildlife Sanctuary) to the north, 

and Agastyamalai (consisting of 

Kalakkad-Mundanthurai Tiger Reserve 

KMTR and Shendurney, Peppara and 

Neyyar Wildlife Sanctuaries) to the 

south. Historical accounts (Travancore 

Administration Report, 1937) suggest 

that this entire landscape once formed a 

contiguous swathe of high-quality habit-

at from the perspective of a large mam-

mal, such that an elephant or a tiger in 

Periyar could easily disperse to 

Agastyamalai (or vice versa) without 

much anthropogenic interference to its 

movement. 

This situation, however, has changed 

substantially over recent decades. 

Human interference has greatly de-

creased animal densities in the region 

separating the two PA complexes, and 

also impacted the ability of animals to 

move between them. As a result, many 

of the large mammal species in Periyar 

and Agastyamalai are believed to be 

functionally isolated from each other. 

The isolation of such populations into 

well-protected 'islands' within a 'sea' of 

hostile habitat has significant implica-

tions for their survival and long-term 

persistence. Both theoretical and empir-
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ical studies show that small, isolated pop-

ulations are more vulnerable to extinc-

tion (Crooks and Sanjayan, 2006), 

because:

a) chance stochastic events (such as the 

failure of rains, or a disease outbreak) 

are more likely to drive a small popula-

tion extinct than a large population;

b) small populations are more liable to in-

breeding, which decreases genetic di-

versity and hence impacts their capacity 

to adapt to changing environmental con-

ditions. 

Such adverse effects, however, can be 

mitigated if animals are able to move 

between isolated populations (Haddad 

et al., 2003) through corridors or other 

forms of connectivity. These distinct pop-

ulations ('sources') can then exist as a 

stable, interconnected network. In such 

situations, stochastic decreases in anim-

al abundance in one source population, 

or even local extinction, can be com-

pensated by the immigration of fresh in-

dividuals from other sources. Further, if 

animals that disperse from their natal 

sources are able to establish themselves 

and breed in another source population, 

they can increase the genetic diversity of 

their adopted population. For these reas-

ons, corridors have become a central 

part of large mammal conservation 

throughout the world (Beier and Noss, 

1998) and in India as well (Project Tiger 

Directorate 2004).

In the southern Western Ghats, the Peri-

yar and Agastyamalai landscapes are 

separated by the Shencottah Gap, which 

consists of a complex mix of habitats, 

land uses and linear barriers (Figure 1). 

Much of the original natural vegetation 

has been replaced with plantations of 

teak (Tectona grandis), acacia (Acacia 

spp.), eucalyptus (Eucalyptus spp.), and 

rubber (Hevea brasiliensis), and are 

managed in ways that are not conducive 

to large mammal use or movement. The 

remaining natural vegetation consists of 

patches of moist and dry deciduous 

forest, scrub and grassland. Over 30 hu-

man settlements are spread within the 

Shencottah Gap, resulting in significant 

pressure on natural resources. Finally, a 

busy inter-State highway (NH 208), a 

railway line (connecting the towns of 

Punalur and Shencottah) and a 400 KV 

power line form significant linear barri-

ers. The proliferation of all the above hu-

man impacts has greatly affected large 

mammal movement across the Shencot-

tah Gap; for example, elephants are not 

thought to have moved between Periyar 

and Agastyamalai since the 1980's 

(Johnsingh and Williams, 1999).

Such movement, however, may be critic-
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al to the long-term viability of large mam-

mals in this region. Connectivity is of par-

ticular concern for tigers, which are 

estimated at no more than 23-30 and 9-

15 in the Periyar and Agastyamalai land-

scapes respectively (Jhala et al., 2008). 

In the case of elephants, the Periyar pop-

ulation is relatively large (1400-1900; 

Menon et al., 1997), but is still recover-

ing from poaching of tuskers in the 

1970's and 80's, which greatly decreased 

mature tusker numbers (Sukumar et al., 

1998). The smaller Agastyamalai popula-

tion (150-200; Menon et al., 1997) could 

help redress this genetic imbalance by 

acting as a source for mature males, and 

itself be stabilized demographically 

through connectivity with the much lar-

ger Periyar population. Restoration of 

elephant and tiger corridors, therefore, 

has been recognized as a conservation 

priority in the southern Western Ghats 

by several authorities (e.g., Menon et 

al., 2005; Johnsingh et al. 2008; Ele-

phant Task Force, 2010).

Despite this widespread recognition, 

however, the on-ground implementa-

tion of corridors across the Shencottah 

Gap has been hampered by the lack of 

systematic, quantitative data on animal 

distribution and movement. As a result, 

several questions that are critical to cor-

ridor design remain unanswered. For ex-

ample, which large mammal species are 

most affected by the lack of connectiv-

Figure 1. Location of study site within India, with the region of immediate

conservation concern marked. Forested areas appear in dark green, and

forestry/cultivated areas in different shades of pink.
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ity? Where exactly should corridors be 

located? Which land-use types enhance 

animal use, and which ones inhibit anim-

als? How can corridors be made to work 

effectively over the long term in this 

human-dominated landscape? 

Such questions require urgent answers 

for successful restoration of connectivity 

across the Shencottah Gap. Further, cor-

ridors must be identified keeping in 

mind the following generalisations 

made from the worldwide scientific liter-

ature: 

a) Corridors must be based on a direct 

understanding of the habitat-selection 

processes used by animals in their move-

ment (i.e., functional criteria), rather 

than structural measures of connectivity 

from the human perspective (Belisle, 

2005). Thus, simple visual studies based 

on forest contiguity may not necessarily 

reflect an animal's perception of con-

nectivity (Chetkiewicz et al., 2006). In-

stead, corridors must be designed on the 

basis of the locations that animals are ac-

tually found in, versus those locations 

where they are absent.

b) Corridors are often species-specific 

(Beier et al., 2008); therefore, a corridor 

that is suitable for one species may not 

necessarily work for another. A multi-

species approach is therefore required 

for broad scale connectivity planning.

c) Corridors may function at multiple 

scales, ranging from short daily foraging 

movement to large scale dispersal and 

migration (e.g., Chetkiewicz et al., 

2006). Therefore, corridor dimensions 

must be chosen based on site-specific 

conservation requirements. In the cur-

rent context, corridors must be planned 

at the landscape level - i.e., at a scale 

that will ensure connectivity between 

large mammal populations of the Peri-

yar and Agastyamalai complexes, rather 

than small corridors covering just the re-

gion of the highway.

To meet the need for such a scientific 

study, Foundation for Ecological Re-

search, Advocacy and Learning (FERAL) 

initiated a long-term research and con-

servation project on large mammal con-

nectivity across the Shencottah Gap in 

2008. This final technical report sum-

marizes two years of research under re-

search permit number WL 

12-4012/2008 dated 19 July 2008 in 

Kerala, and WL5/49230/2008 dated 30 

October 2009 in Tamil Nadu.
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Objectives

The overall goal of this study was to 

identify landscape-level wildlife cor-

ridors for multiple large mammal spe-

cies, and hence lay the scientific 

foundations for the restoration of these 

corridors across the Shencottah Gap. 

The specific objectives of this study were 

to:

a) identify areas that large mammals cur-

rently use, and intensity of this habitat 

use across the landscape; 

b) identify areas they could potentially 

use in the long term, as part of a land-

scape level wildlife corridor; and, 

c) evaluate the socioeconomic profile 

and relationship of local communities 

with  forests and wildlife.

The main target species of this study 

were tiger, elephant, gaur (Bos gaurus) 

and lion-tailed macaque (Macaca silen-

us), based on their 'umbrella species' 

characteristics. However, we also collec-

ted data on ten other large mammal spe-

cies during the course of our field work. 

Of these, we present here data on the fol-

lowing conservation-dependent species: 

leopard (Panthera pardus), dhole (Cuon 

alpinus) and Nilgiri langur (Semnop-

ithecus johnii).

A panoramic view of the landscape within the Shencottah gap showing a mix of 

plantations, homesteads, remnant patches forests and grasslands.
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Study Area

The study area (Figure 2) is the land-

scape along the hill ranges on either side 

of the Tamil Nadu-Kerala border 

between Ranni Division in the north 

and Shendurney Wildlife Sanctuary in 

the south. It incorporates (in whole or 

part) the following forest divisions and 

PAs of Kerala: Ranni, Konni, Achen-

kovil, Punalur, Thenmala and Shendur-

ney. In Tamil Nadu, the study area 

covers the Tirunelveli division. 

The original vegetation on the windward 

slopes of the study area was dominated 

by wet forests of the West Coast Tropic-

al Evergreen Forest (1A/C4) and South-

ern Moist Mixed Deciduous Forests 

(3B/C2) types. The rain shadow areas 

along the leeward slopes were covered 

by the Southern Dry Mixed Deciduous 

Forest (5A/C3) and the Tirunelveli Semi-

Evergreen Forest (2A/C3) types, along 

with small patches of the above wet 

forests (Champion and Seth, 1968). This 

landscape is home to a diverse array of 

fauna, including 225 species of birds, 17 

species of amphibians and 32 species of 

large mammals (>3 kg body weight). 

These include the following threatened 

or endangered mammals: elephant, 

tiger, gaur, dhole, lion-tailed macaque, 

Nilgiri marten (Martes gwatkinskii) 

and Nilgiri tahr (Nilgiritragus hylocri-

us). 

The forests within the study area come 

under some of the oldest forest divisions 

in the country, and have been managed 

for more than a century now. Historic-

ally, the primary focus of management 

efforts was on maximising timber pro-

Leopard (Panthera pardus) among tea bushes, they are known to use all kinds of 

habitats.
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Figure 2: Location of study area along with administrative boundaries of forest 

divisions.
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duction. As a result, large swathes of the 

original vegetation have been replaced 

by soft and hard wood plantations, and 

more recently, private holdings of rub-

ber and mixed crops. Increased cultiva-

tion, expansion of rubber estates, 

construction of dams and improvement 

of road networks have contributed to an 

increase in human populations over the 

last three decades. Private enclosures 

within forest areas in the study region 

are listed in Appendix 1.

In the 1980's, the management focus 

began to gradually shift from timber pro-

duction to water and biodiversity conser-

vation, with the formation of 

Shendurney Wildlife Sanctuary. Soon 

after, a paradigm shift in policy from ex-

clusionist forest management to joint 

management with local communities 

also began. As a result, communties 

began to be involved in conservation-re-

lated activities and in sustainable use of 

forest resources through Vana Samrak-

shana Samithis (VSS) and Eco-Develop-

ment Committees (EDC). Despite 

considerable progress in management 

practices, however, little past attention 

has been paid to the importance of these 

areas for large mammal movement. Nev-

ertheless, this situation has been chan-

ging over the past few years, and there 

now appears to be increased recognition 

that this landscape needs to be managed 

as a critical wildlife corridor between 

Periyar and Agastyamalai.

Habitat destruction and poaching have endangered the Lion-tailed Macaque 

(Macaca silenus), these macaques are know to inhabit dense tropical evergreen 

forests.
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Methods

Biological Surveys

Overall approach

There exist several methodological ap-

proaches for the identification of wild-

life corridors. A simplistic approach 

involves using remotely-sensed data in a 

Geographic Information System (GIS) 

to identify structural connectivity 

between sources (e.g., Vogt et al., 2007). 

More reliable studies are based on divid-

ing the study area into gridded cells, and 

estimating the 'resistance' of each cell to 

animal movement. Resistance signifies 

the degree to which a cell hinders anim-

al  movement; thus, low-resistance cells 

enhance animal movement, while high-

resistance cells inhibit movement. The 

resistance of a cell to the movement of a 

particular  species is a function of the 

habitat  characteristics within that cell. 

Thus, estimating resistance values in rela-

tion to habitat characteristics is the key 

to empirical methods of corridor  identi-

fication.  

Once resistance values are estimated, a 

number of different algorithms can be 

used to identify a corridor design that 

minimizes the cumulative resistance en-

countered by an animal moving between 

two sources. Least-cost path analysis 

(Beier et al., 2008) is the simplest way 

to identify corridors based on resistance 

values, and results in the identification 

of a single 'best' corridor. However, in-

creasingly sophisticated algorithms en-

able multiple potential pathways 

between source populations to be 

modeled. Such models are much more 

realistic than simple least cost methods, 

because they do not rely on the assump-

tion that a dispersing animal will neces-

sarily use the 'best' route. Specific 

analytical frameworks for identifying 

movement routes include individual-

based movement simulations (e.g., Har-

grove et al., 2005), graph theory (Urban 

and Keitt, 2001) and circuit theory 

(McRae et al., 2008). 

For our analysis, we used habitat  occu-

pancy models (MacKenzie et al., 2006) 

to estimate resistance. Habitat occu-

pancy models are a significant improve-

ment over most regression-based 

frameworks (such as  resource selection 

functions; Boyce et al., 2002 and habitat 

suitability models; Engler et al., 2004) 

because they account for an extremely 

important  factor: incomplete detection 

of animals and their signs during sur-

veys. If a species is not detected in a 

given area during a survey,  it could 
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either mean that it was genuinely ab-

sent, or that it was present but not detec-

ted by the surveyors. Ignoring this 

reality can lead to incorrect inferences 

being made when estimating animal dis-

tribution and use of the landscape (Gu 

and Swihart, 2004). Once resistance val-

ues were estimated using habitat occu-

pancy methods, we modelled corridors 

over the study area using circuit theory. 

We describe below our specific field and 

analytical protocols.

Field methods

We superimposed a grid of 1.5 x 1.5 km 

cells for herbivores and 3 x 3 km cells 

for carnivores over the study area. We ar-

rived at these cell sizes based on several 

simulations, trading-off finer detail 

against the need to collect data at a scale 

that is meaningful for multiple land-

scape species. We then carried out sur-

veys for herbivore and carnivore signs in 

each cell, following two different 

sampling protocols for each group. We 

note that our data is amenable to future 

resampling and analysis at smaller 

scales (upto a resolution of 500 m).

For herbivores, we systematically placed 

nine points within each cell, such that 

each point was 500 m away from its 

nearest neighbors. We then carried out 

surveys by starting at one of the corner 

points, and walking to the next point in 

as straight a line as possible, forming an 

S-shaped pattern overall as we walked 

Figure 3: Herbivore sampling design, showing the placement and coverage of 500-

m spatial replicates.
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from point to point (Figure 3). We at-

tempted to walk along animal paths and 

trails that were oriented in the desired 

direction of sampling to increase detec-

tion probability, although in most cases 

we did not find such paths and walked 

directly through the forest instead. The 

start point and orientation of the 'S' was 

based on logistical convenience. Each 

500-m segment walked between two 

points was treated as a replicate survey 

within a cell. Field teams recorded both 

animal sightings and signs such as 

tracks, dung, scat and calls once every 

100 m as they walked along each seg-

ment. Coordinates of each detected sign, 

as well as movement tracks of field 

teams were recorded using hand-held 

GPS units (Garmin EtrexTM; Garmin 

Ltd.). Deviations from the straight line 

connecting any two points were kept to 

the minimum, except in unavoidable cir-

cumstances (for example, when the line 

passed along steep rock faces). In addi-

tion to animal signs and sightings, we re-

corded variables (covariates) expected 

to influence both the detectability of an-

imal signs, and probability  of cell use by 

the focal species. For each 500-m seg-

ment, we collected these covariates at 

five equally spaced points. At each of 

these five points, we laid out a 1m2 quad-

rat, and recorded the following detectab-

ility covariates: 

Figure 4: Carnivore sampling design, showing the placement of sampling routes.
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a) visual estimates of the percentage of 

ground covered by soil, rock, ground ve-

getation and leaf litter; 

b) leaf litter depth at four locations with-

in the quadrat; and, 

c) soil moisture classified into three cat-

egories. 

We also measured the following biologic-

al covariates as indicators of habitat qual-

ity: 

a) evidence of any human disturbance 

activities including poaching, extraction 

of non-timber forest produce, logging, 

and presence of fires; 

b) presence of Lantana camara and Eup-

atorium odoratum, two invasive species 

associated with disturbed habitat;

c) visual estimates of canopy height; 

and, 

d) visual estimates of the number of dis-

tinct canopy stories. 

For carnivores, we followed similar 

sampling protocols as above, with one 

major difference (Figure 4): we carried 

out sign surveys along roads and trails 

(hereafter, trails), because these offer a 

higher probability of detecting carni-

vores if they are present in the area (Kar-

anth and Nichols, 1998).  Similar to the 

herbivore surveys, we considered 500 m 

of sampling to constitute a spatially rep-

licated segment, and we recorded anim-

al signs and covariates using the same 

protocols as described above.

Estimating probability of hab-

itat use

Under the habitat occupancy models of 

MacKenzie et al., 2006, the probability 

of detecting a species in a cell (p) can be 

estimated using replicated detection-

non detection data, and as a function of 

appropriate covariates. We used the spa-

tially replicated 500-m segments within 

each cell to estimate cell-specific detec-

tion probabilities. Similarly, we modeled 

the probability of use (Ψ) for each cell as 

a function of cell-level covariates (see 

Mackenzie et al., 2006 for a detailed 

statistical formulation of this model). 

We used a combination of physical, bio-

logical and anthropogenic covariates to 

describe probability of use. Candidate 

covariates differed for herbivores and 

carnivores, because of their fundament-

ally different life history traits as well as 

the difference in the spatial resolution of 

their data (different cell sizes). The cov-

ariates used for modeling detectability 

and probability of use are described 

below. 

Detectability covariates

a) Segment length: As it was not always 
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possible to walk in a  straight line 

between two sampling points, segments 

were not exactly 500 m in length. As de-

tection probability can  vary with seg-

ments lengths (i.e., more sampling 

effort), we used segment length as a de-

tectability covariate.

b) Ground cover: Because the detectabil-

ity of signs such as tracks and scats may 

vary depending on the proportion of the 

ground that is covered by leaf litter or 

grass, we calculated the percentage of 

ground cover within our quadrats as a de-

tectability covariate. 

Habitat covariates (herbivores)

a) Elevation: A majority filter was used 

on a 30-m ASTER Digital Elevation 

Model to characterize the elevation for 

each cell.

b) Wetness index: The DEM was used to 

derive a wetness index (Ambroise, 1996) 

as surrogate for water availability (Zhu 

et al., 2001). The average value for each 

cell was used as a covariate for analysis.

c) Terrain ruggedness: Using the slope 

derived from the DEM, we estimated the 

ruggedness of the terrain as the co-effi-

cient of variance of slope within each 

cell.

d) Urbanization rate: We used a time 

series of night light images from 1992-

2004 (Elvidge et al., 2009) to calculate 

an index of population growth/ urbaniz-

ation rates. The avarage rate of change 

Dhole (Cuon alpinus) are known to restrict themselves entirely to forests but are 

occasionally seen ranging in plantations abutting forest patches.
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for every cell was used for analysis. 

e) Eco-climatic distance: This index rep-

resents the Mahanolobis distance of the 

vegetation in a particular cell from a ref-

erence category of wet evergreen forest. 

16-day Enhanced Vegetation Index 

(EVI) layers from MODIS 250-m data 

were used to derive three bands: maxim-

um EVI for the dry season, maximum 

EVI for the late dry season, and co-effi-

cient of variance for the entire dry sea-

son. 

f) Minimum distance to human settle-

ment: Using the centroids for all human 

settlements within a 5-km radius of the 

study area, the distance from a cell 

centroid to the nearest settlement was 

calculated.

g) Road index: All public access roads 

within a 5-km radius of the study area 

were mapped and classified into categor-

ies based on their level of traffic density. 

Each category was assigned a weight 

(based on field observations of vehicular 

traffic). The distance of a cell from the 

nearest road, weighted by vehicular 

usage of that road, was used to estimate 

an index of road impact on each cell. 

h) Primary productivity: As a surrogate 

of net primary productivity within a cell, 

we used the EVI layer from MODIS data 

to calculate mean of the maximum EVI 

attained during the study period.

i) Human disturbance: We modeled 

data on the detection of human disturb-

ances using the methods of Royle and 

Nichols, 2003, and hence developed a 

cumulative, ground-based index of 

human disturbance.

k) Ground-based covariates: On-ground 

covariates collected during the course of 

surveys (canopy cover, canopy storeys 

and grass cover) were directly used as 

habitat quality covariates. 

l) Land-use: Each cell was assigned to 

simple land-use classes, which included 

natural vegetation, forestry (timber 

plantations), and intensive human use 

(commercial crops).

Habitat covariates (carnivores)

a) Prey index: We summed the probabil-

ities of use (derived from the herbivore 

habitat use models) to calculate a prey 

index for each carnivore cell, dividing 

them into small prey (muntjac 

Muntiacus muntjak and mouse deer 

Moschiola indica), medium prey (sam-

bar Rusa unicolor and wild pig Sus 

scrofa) and large prey (gaur).

b) Forest cover: We estimated the pro-

portion of forest in each cell based on 

EVI data.

c) Minimum distance to human settle-

ment: as above.

d) Road index: as above.

e) Human disturbance: as above. 
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We carried out the habitat use analyses 

in the statistical software R (R Develop-

ment Core Team, 2010), using the lib-

rary unmarked (Fiske et al., 2010). We 

first tested all covariates for correlation 

using Spearman’s Rank Correlation, and 

did not use covariates that were highly 

correlated (r > 0.6) in the same model. 

Because of the huge number of potential 

candidate models possible with all the 

above covariates, we first modeled detect-

ability, chose the best detectability 

model, and then modeled probability of 

use. We modeled detectability as a func-

tion of segment-level covariates using a 

forward selection procedure based on 

the Akaike Information Criterion (AIC; 

Burnham and Anderson, 2002). The 

AIC score is a measure of the explanat-

ory power of the model, and it trades off 

model complexity with parsimony. 

Lower AIC scores indicate a better 

model. We began with univariate mod-

els, and chose the model that minimized 

AIC. For every step of this procedure, we 

then fitted each of the remaining covari-

ates in turn and added the one that resul-

ted in the greatest drop in AIC to the 

model. We continued this procedure 

until it yielded no further decrease in 

AIC. 

After accounting for detectability, we 

modeled habitat use by keeping the selec-

ted detection covariates constant across 

all models. We followed the same step-

wise procedure described above for se-

lecting covariates influencing habitat 

use. We ranked models based on the dif-

ference in AIC between them (∆AIC). 

We also calculated the AIC weight for 

each model, which is proportional to the 

AIC score and describes the strength of 

each model out of the entire model set. 

To incorporate uncertainty in model se-

lection, we used a model averaging pro-

cedure (Burnham and Anderson, 2002) 

for our final estimates of detectability 

and habitat use. Using this procedure, 

parameter estimates from each model 

are weighted by their AIC weight, and 

then averaged to derive robust paramet-

er estimates. We summed the AIC 

weights of the top five models in which 

the covariate occurred to estimate the 

importance of each covariate in determ-

ining animal use. We also compared 

modeled estimates of probability of use 

with naive estimates derived directly 

from encounter rates, to assess the im-

portance of accounting for detectability 

in estimating habitat use.

Corridor identification

The analytical procedure described 

above resulted in cell-specific estimates 

of probability of use. To convert these es-

timates to resistance, we subtracted 



16 

probability of use from 1:

Resistance = 1 – Ψ

Thus, we obtained a resistance surface 

over the Shencottah Gap for each spe-

cies. We then incorporated this surface 

into a circuit theory algorithm to estim-

ate levels of animal flow across the study 

area, and hence identify potential move-

ment corridors. We used the statistical 

program Circuitscape (McRae et al., 

2008) for this purpose. 

We first identified the locations of the 

source populations, which consist of 

well-protected areas with high level of an-

imal use. We chose Gudrikal Range of 

Ranni Division and the southern half of 

Shendurney Wildlife Sanctuary as the 

northern and southern large mammal 

sources respectively. We used a pairwise 

algorithm with eight neighboring cells to 

incorporate spatial correlation in resist-

ance value between cells. The output 

from this analysis resulted in a current 

density map, with higher current densit-

ies indicating cells with higher net pas-

sage probabilities between sources. 

Areas with higher net passage probabilit-

ies indicate potential movement cor-

ridors. Once these maps were developed 

for each species, we overlaid them with-

in a GIS, and took the common corridor 

areas (union function) to identify poten-

tial multi-species corridors. 

Socio-economic surveys

Distinct settlements as recognized by 

the local populace were first identified 

and mapped using a hand-held GPS, fol-

lowing which socio-economic surveys of 

all settlements were conducted through 

structured interviews and focus group 

discussions. The objective of these ex-

ploratory surveys was to obtain a snap-

shot of each settlement with respect to 

demography, occupation, landholding, 

land use, land costs and the presence of 

civil society groups. A sample-based 

household questionnaire survey, cover-

ing 30% of the households in each settle-

ment, was then carried out to obtain the 

following specific information:

a) Crop profitability: To estimate net 

profits derived from different crops, we 

collected information on input costs (in-

cluding labour), and yield per acre of 

land. 

b) Human-wildlife conflict: We collected 

information on the existance of human-

wildlife conflict in terms of crop raiding 

by wild animals, the main conflict spe-

cies and perceived solutions to this prob-

lem.

c) Resource use: We identified the re-

sources collected by local residents from 
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forests, as well as spatial variation in re-

source use between settlements. 

d) Conservation attitude and motiva-

tion: We asked respondents to rank 

their concern about the loss of wild 

plant species, wild animal species and 

wild habitat. We then identified the mo-

tivation for these attitudes by classifying 

responses into four categories: (i) utilit-

arian: economic importance or use to 

the resource; (ii) moralistic: a creation-

ist view to the importance of the re-

source; (iii) aesthetic: appreciation of 

beauty and nature; and, (iv) ecological: 

role played by the resource in ecological 

functioning. We also assessed whether 

concerns about biodiversity loss and mo-

tivation to conserve varied with three 

drivers: location of settlement, exposure 

to conservation issues (through mem-

bership in VSS or EDC) and economic 

status (size of land holding).

Data collection in progress.
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Results

Biological surveys

A total of 332 herbivore and 99 carni-

vore cells within an area of 891 km2 

were surveyed in the dry seasons 

between November 2008 and June 

2010, with a total sampling effort of 

1193 km for herbivores and 452 km for 

carnivores. This resulted in a total of 

2471 segments in which we detected the 

focal species, of which detections per 

unit effort were lowest for lion-tailed 

macaque and highest for elephants 

(Table 1).

Probability of use and covari-

ates affecting use

Detection probability of herbivore signs 

was influenced by sampling effort (i.e., 

distance walked per segment) and 

amount of ground cover, whereas carni-

vore detection probability was influ-

enced by sampling effort. The resulting 

mean estimates of detection probability 

for the entire study area were lowest for 

lion-tailed macaque and highest for ele-

phants (Table 2). 

Once encounter rates were corrected by 

the above detectability parmeters, result-

ant mean estimates of habitat use for 

the study area ranged from 0.18 for ti-

gers to 0.82 for elephants (Table 2). We 

note that correcting for detectability res-

ulted in substantial increases in estim-

ates of habitat use; for example, the 

mean probability of use for tigers in-

creased by 50% once detectability was 

incorporated into estimates. Cell-specif-

ic estimates of habitat use (Figure 5) in-

dicate wide spatial variation in 

probability of use across the Shencottah 

Gap for all species. 

Table 2: Summary statistics of the number of 

segments in which each species was detected 

out of the total segments surveyed.
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Covariates affecting habitat use also var-

ied widely between species (Table 3), 

and included physical, biological and an-

thropogenic variables. For the megaherb-

ivores and carnivores, human-related 

covariates formed the majority of the 

variables affecting habitat use, whereas 

the additive/ correlational effect of these 

covariates along with biological and phys-

ical attributes were more important for 

the primates. For elephant, gaur and Nil-

giri langur, land-use played a role in de-

termining probability of use; intensive 

human use had a negative effect, 

forestry had a small positive effect, and 

natural vegetation had a large positive ef-

fect. Prey species use was a major de-

terminant of cell use by all three 

carnivores.

Corridor identification

Analysis of connectivity under a circuit 

theory framework indicated that the 

strengths of potential movement path-

ways varied across species, reflecting dif-

ferences in dispersal probabilities across 

the gap. Potential movement corridors 

for most species tend to concentrate to-

wards the eastern edge of the Shencot-

tah Gap (Figure 6). However, a 

secondary corridor occurs on the west-

ern edge of the study area, which is par-

ticularly evident for elephants and the 

primates. For all species, however, the 

eastern corridor had higher passage 

probabilities than the western corridor. 

Superimposition of corridors for all the 

focal species resulted in the identifica-

Table 3: Summary statistics of model-averaged estimates for each 

species, giving detection probability (p), naïve estimate of habitat use 

(naive ψ) and modelled estimates of habitat use (ψ), along with 

standard errors for modelled estimates. All estimates are averaged 

over the entire study site. 
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Table 4: Covariates selected for each species (consisting of those in the top 5

models), covariate weights (consisting of cumulative AIC weights of the respective

models in which these covariates occur) and  effect direction. For a given species,

higher covariate weights indicate greater influence, while low variation in weights

between covariates indicate similar levels of influence. Land-use effects are for

natural vegetation, intensive human use and forestry. Although natural vegetation

and forestry had positive effect on use, the effect size for natural vegetation was

higher than forestry.
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Figure 5. Spatial distribution of focal species habitat use.
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Figure 6. Modeled movement pathways indicating potential north-south corridors

over the Shencottah Gap for each focal species. Higher current densities (positive

values, indicated by darker shades of green) denote cells with higher net passage

probabilities.
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Figure 7. Potential locations of multi-species corridors across the Shencottah Gap,

overlaid on forest divisions and settlements/ estates.
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Figure 8: Locations of all settlements and estates within the study area, with

major ones labelled.
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tion of two potential multi-species cor-

ridors over the Shencottah Gap, located 

close to the western and eastern edges 

of the study area (Figure 7).

Socio-economic surveys

A total of 38 settlements (Figure 8) lie 

within the study area, of which all ex-

cept Rosemala are part of Thenmala and 

Ariankavu Grama Panchayats in Kerala 

(Rosemala is part of Kulathupuzha Pan-

chayat, although access to this settle-

ment is from Ariankavu). There are no 

human settlements within the forested 

areas in Tamil Nadu. However there are 

9 private estates in various stages of func-

tionality. Demographic and land holding 

patterns of each settlement are de-

scribed in Appendix 2. 

Occupation and profitability

Land costs in the settlements varied 

from Rs. 30,000 to 20,00,000 per acre 

(Appendix 2), and was influenced by 

proximity to the National Highway and 

Ariankavu/Thenmala towns, and clear 

ownership titles. The primary occupa-

tion in these settlements is agriculture, 

followed by agricultural labour, with a 

small fraction of people working in the 

service sector. The primary crop is rub-

ber, followed by pepper and coconut. 

Results from the crop productivity sur-

veys shows that rubber yielded maxim-

um profits per acre in the year 2009 

(Table 4).  

Table 5: Mean annual profit per 

acre for all cash crops in the study 

area.
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Figure 9: Summary of suggested solutions to crop raiding by respondents. 

Human-wildlife conflict

Crop raiding by wild animals was com-

mon in all settlements, and problematic 

animals included porcupine (Hystrix in-

dica), wild pig, sambar, bonnet macaque 

(Macaca radiata) and elephant. A large 

majority of respondents (Figure 9) per-

ceived fencing as the best solution to 

crop raiding, followed by habitat im-

provement around settlements. Resettle-

ment was suggested only by a small 

number of respondents overall, but all re-

spondents from Palaruvi, 8 Acre and 20 

Acre settlements suggested resettlement 

as the best solution to crop raiding.

Resource use

Local communities depend on the forest 

for various resources including fire-

wood, water, fodder and non timber 

forest produce (NTFP). People from all 

settlements collect fire wood. Fodder 

was collected only by residents of 

Kadamanppara, Pandiyanppara and Kot-

tavasal, while NTFP was collected by res-

idents of Achenkovil Harijan Colony and 

the Karippinthottam Harijan Colony. 

NTFP was the only forest resource being 

collected for commercial purposes, and 

the income from the sale of NTFP con-

tributed around 20-25% of total annual 

income of respondents. Fire wood was 
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primarily collected from forest areas (Fig-

ure 10), and for personal consumption. 

On  average, households that were en-

tirely dependant on forests  for firewood 

consumed about 33 kg per week.

Conservation attitude and mo-

tivation

Respondents appeared to be primarily 

concerned about the loss in plant spe-

cies, with loss of habitat being second-

ary, and only 1% being concerned about 

loss of animal species in their surround-

ing areas (Figure 11). However, member-

ship of VSS/ EDC (and hence exposure 

to conservation issues) appeared to influ-

ence their level of concern (Table 5) for 

both animal and habitat loss.

When the motivation of respondents to 

conserve biodiversity was classified, util-

itarian motives emerged as the main 

reasons for the willingness to conserve 

plants and wild habitat (Figure 12). 

These concerns were influenced by set-

tlement location, but not by exposure to 

conservation issues or economic status 

(Table 6) indicating the need for addi-

tional awareness generation pro-

grammes. However, 91% of the 

respondents were willing to participate 

in conservation initiatives, given ad-

equate incentives. 

Figure 10: Sources of firewood collected by respondents.
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Figure 11. Attitude of respondents to loss of plant species, animal species and 

habitat.

Table 5: Results of chi-squared tests comparing the influence of settlement 

location, exposure to conservation issues and economic status towards 

biodiveristy loss.
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Table 6: Results of chi square tests on factors influencing motivation for 

biodiversity conservation.

Figure 12: Drivers influencing motivation of local communities to 

undertake biodiversity conservation.
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Discussion

We surveyed an area of 891 km2 in Ker-

ala and Tamil Nadu over a two-year peri-

od for multiple large mammal species. 

We accounted for incomplete detection 

of animals and their signs, and used this 

information to derive  cell-specific and 

species-specific maps of habitat use as a 

function of a range of covariates. We 

then converted these estimates into res-

istance values, and hence identified po-

tential movement pathways for the 

seven focal species across the Shencot-

tah Gap. We have presented here the res-

ults from our initial data analysis. We 

note that the finer details of these res-

ults are sensitive to the resolutions used 

for analysis. Therefore, this analysis 

should be viewed as an initial coarse-

level identification of corridors and vari-

ables influencing animal use, which will 

be refined as we undertake more de-

tailed analyses in the near future. 

Our results indicate that endangered 

and charismatic large mammal species 

are present outside the PA network in 

the southern Western Ghats, and use 

the intervening habitat to a considerable 

extent. Significantly, many species occur 

adjacent to highly productive human-

use areas, such as forestry plantations 

and cash crops. Thus, opportunities do 

exist for restoration of large mammal 

movement across the Shencottah Gap, 

but are threatened by a large and grow-

ing human footprint, which needs to be 

addressed immediately. We discuss 

below the influence of various factors on 

animal habitat use and movement, and 

the challenges that need to be overcome 

in restoring large mammal movement 

between Periyar and Agastyamalai.

Habitat use and covari-
ates affecting use

Habitat use over the Shencottah Gap 

varied spatially and between species, 

and probability of use was influenced by 

physical, biological and anthropogenic 

factors. For both the megaherbivores, 

anthropogenic variables (especially loca-

tion of settlements and land use) ap-

peared to be major drivers of habitat 

use. Despite their sensitivity, however, 

both species ranged relatively widely 

over the study area, and elephants had 

the highest mean probability of use 

among the focal species.  For lion-tailed 

macaques, physical and biological cov-

ariates were the most important determ-

inants of habitat use; probability of use 

was highest in evergreen forests with 

complex canopies in less rugged areas. 

Because of the relatively low availability 

of such prime habitat in the study re-
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gion, lion-tailed macaques had a low 

mean level of use and a very patchy distri-

bution. The more adaptable Nilgiri 

langur was influenced by all three 

classes of covariates, and showed a 

wider distribution over the landscape 

than the lion-tailed macaque. Habitat 

use of all three carnivores was influ-

enced mostly by prey use patterns, in 

combination with anthropogenic vari-

ables.

If animal use of unsuitable areas is to in-

crease, modification of variables to more 

favourable types is required. Although 

physical factors (such as terrain) are 

clearly not modifiable, it is possible to im-

prove habitat by focusing on the key bio-

logical and anthropogenic variables 

identified in this analysis. We emphas-

ize that different variables affect differ-

ent species to different extents; 

therefore, restoration of multi-species 

connectivity will require appropriate 

management and modification of all of 

these relevant variables over the long 

term.

Corridor identification

At the current resolution (1.5 km for 

herbivores and 3 km for carnivores), our 

corridor models indicate major gaps in 

connectivity for all focal species. We 

have identified two areas where corridor 

restoration has the best potential: the 

MSL corridor in the west, and the Kot-

tavasal corridor in the east (named after 

the settlements near which they pass). 

We note that a separate GIS-based study 

(Johnsingh et al. 2008) has also 

suggested the Kottavasal area as a 

potential corridor for large mammal 

movement. For all focal species, particu-

larly the carnivores,  passage probability 

through the Kottavasal corridor was 

higher than the MSL corridor. For the 

megaherbivores and primates, however, 

movement may possibly occur through 

the MSL corridor if habitat can be appro-

priately restored. 

Large mammal movement through the 

MSL corridor, however, is likely to be 

severely hindered by the private estate 

areas that it passes through. We con-

sider the practical aspects of corridor 

restoration in private lands in the next 

section. From the biological perspective, 

we note that the MSL corridor occurs at 

the edge of our study area, and that con-

tiguous forest (under the Forest Depart-

ment) does exist to the west in Punalur 

and Konni Divisions. Thus, if it possible 

to involve private landowners in conser-

vation, restoration of this corrridor may 

not be as difficult as it appears at first 

sight. Further, connectivity between Per-
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iyar and Agastyamalai would be stabil-

ised if there are two dedicated move-

ment routes rather than just one.   

Requirements for cor-
ridor restoration

If connectivity between the Periyar and 

Agastyamalai landscapes is accepted as 

a conservation goal (as it is by a wide 

range of conservationists and govern-

mental agencies in India), corridors 

must be urgently restored before large-

scale changes in land use prevent any fu-

ture prospects of restoration. Corridor 

restoration is best achieved through sci-

ence-based management of the interface 

between moving animals and humans, 

backed up by appropriate economic in-

centives to local communities for their 

verifiable actions towards conservation. 

We discuss each of these requirements 

below.

Developing appropriate eco-

nomic incentives

It is well acknowledged in India that 

landscape-level corridors can be as im-

portant as PA's for the long-term conser-
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Our surveys during the dry seasons of 2008-2010 indicate that the northern and 

southern populations of Asian elephant (Elephas maximus) are separated by a 

linear distance of just 4 km.
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vation of large mammals (e.g., Gopal et 

al., 2007; Elephant Task Force, 2010). 

Further, because such corridors are 

likely to pass though multiple-use areas 

and private land, it is critically import-

ant that local communities are involved 

in their protection and management 

(Gopal et al., 2007). Unfortunately, 

these communities are often hostile to 

conservation initiatives because of the 

high opportunity costs they incur 

through restrictions on their activities. 

Voluntary participation in co-manage-

ment of wildlife areas is best achieved 

when these opportunity costs are paid, 

and when it is profitable (economically 

and holistically) for people to involve 

themselves in conservation activities.  

The general situation described above is 

well exemplified by the Shencottah Gap. 

Both of our identified corridors pass 

through a mixture of land ownership 

types, and are close to several settle-

ments. Setting aside areas that are 

already under the control of the Forest 

Department for the purpose of coridors 

is a relatively easy task. However, conser-

vation on private land will require a 

more nuanced approach. Outright pur-

chase of such land is likely to be prohibit-

ively expensive (as suggested by land 

costs; see Appendix 1). Further, resettle-

ment of people is likely to be unaccept-

able due to socio-political reasons. 

Therefore, conservation in this region 

may be better achieved through long-

term economic incentives that encour-

age both small and large landowners to 

manage their land in a more wildlife-

friendly manner. Critically, accrual of 

economic benefits must be directly 

linked to the accrual of conservation out-

comes, quantified through changes in 

relevant biological parameters com-

pared to baselines. For example, the es-

timates of habitat use from this study 

can be treated as baselines, and habitat 

improvement carried out through con-

servation activies can be measured 

through increases in probability of anim-

al use. Further, quantification of both 

conservation attitudes and economic 

well-being of project participants before, 

during and after project implementation 

can be used to determine the success of 

conservation interventions. 

Thus, there is potential in India for 

novel and innovative approaches to the 

co-management of corridors (Gopal et 

al., 2007). However, these initiatives 

must be supported over the long term 

through dedicated funding. Govern-

mental agencies involved in conserva-

tion are key to providing such funding; 

these funds can then be bolstered 

through contributons from donors, cor-
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porates and even the general public. Es-

tablishing a framework to bring these 

key elements together can help ensure 

that such co-managed connectivity con-

servation initiatives are successful.

Managing the spatial inter-

spersion of humans and wild-

life 

A significant barrier to undertaking parti-

cipatory conservation action in this land-

scape, is the current lack of concern, 

intolerance and occassional hostility, to 

wildlife among local residents. Our 

socio-economic data suggests that crop-

raiding plays a significant role in driving 

this hostility. Further, a large majority 

of respondents are willing to participate 

in plant, animal and habitat conserva-

tion activities if they do not suffer eco-

nomic losses as a consequence. Thus, 

management and mitigation of human-

wildlife conflict must go hand in hand 

with corridor restoration in this land-

scape. In particular, conservation efforts 

must ensure that increasing animal 

movement over the landscape does not 

increase the potential for conflict with 

people. 

This objective can be achieved if moving 

animals can be 'funnelled' into desig-

nated corridor areas and away from 

human-use zones. A fundamental re-

quirement for this is fine-scale zonation 

of land into corridor and non-corridor 

areas. Through intensive habitat man-

agement combined with fencing, large 

mammals can be simultaneously attrac-

ted into corridors and deterred from ad-

jacent human-use zones. 

Implementation of such measures re-

quires a fine-scale understanding of an-

imal behaviour in the context of their 

movement, which is best achieved using 

GPS collars. Unfortunately, telemetry 

studies do not currently receive much 

governmental support in India. As an al-

ternative, methods that employ intens-

ive camera-trapping and genetic 

markers need to be developed to quanti-

fy fine-scale animal movement. Further, 

all these methods are required to quant-

itatively monitor and evaluate the effic-

acy of the conservation activites. 

Fine-scale movement & lin-

ear barriers

The resolution that we have used for 

this analysis reflects the scale of land-

scape-level connectivity between two 

disjunct populations, whose re-connec-

tion is the ultimate conservation goal. 

Thus, the multi-species corridors that 

we have identified are fairly diffuse (Fig-

ure 7). Within these coarse-scale cor-
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ridors, however, more fine-scale move-

ment routes need to be identified, partic-

ularly in areas close to settlements. The 

three major linear barriers in this region 

are: National Highway-208, the 

Punalur-Shencottah Railway line, and a 

400 KV power line. These constitute sig-

nificant barriers for two reasons: a) 

their physical characteristics inhibit 

large mammal movement, and b) they 

serve as focal areas for human activity. 

Physically, the highway has vertical em-

bankments and the railway line passes 

through deep gullies at several loca-

tions, which are virtually impossible for 

animals such as elephants to cross. We 

have identified only two locations that 

are free of physical barriers on the high-

way and railway. These are located with-

in the identified Kottavasal and the MSL 

corridors. Previous studies have also sug-

gested potential locations for highway 

mitigation structures, among which Kot-

tavasal figures prominently (Johnsingh 

et al., 2008). Heavy traffic along this 

highway, especially at night, needs to be 

regulated if animals are to have any 

chance of crossing. Currently the rail-

way line is being upgraded and all pos-

sible efforts to enhance connectivity 

should be undertaken.  An even more ser-

ious threat to connectivity, however, de-

rives from the fact that these linear 

barriers serve as focal areas for human 

activity. Several settlements run along 

their length, which include illegal encoa-

chements. The proliferation of these set-

tlements needs to be contained if 

corridor restoration is to be achieved. 

We are curently in the process of analyz-

ing data to model connectivity at a scale 

that will better incorporate the effects 

these linear barriers.

Conclusion

Our empirical data on large mammal oc-

currence and habitat use over the Shen-

cottah Gap give cause for cautious 

optimism. There exist several major 

gaps in connectivity, particularly for the 

specialists among our focal species. 

However, it is potentially possible to re-

store large mammal movement across 

this landscape, if corridor management 

is science-based and economic realities 

are taken into account. The current con-

servation paradigm, which emphasises 

co-management of natural areas outside 

the PA network, provides a conducive 

framework in this regard. It is therefore 

an appropriate time to bring together 

managers, local residents and the con-

servation community to implement a 

comprehensive connectivity conserva-

tion initiative in the southern Western 

Ghats. 
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of l’Agence Française de Développement, Conservation 
International, the Global Environment Facility, the 
Government of Japan, the MacArthur Foundation and the 
World Bank. A fundamental goal is to ensure civil society is 
engaged in biodiversity conservation. Please visit 
http://www.cepf.net for details.

Rufford Small Grants for Nature Conservation (RSGs) are 
aimed at small conservation programmes and pilot projects. 
Please visit http://www.ruffordsmallgrants.org/rsg/ for 
details.
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