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Chapter I:

General introduction
and

Overview



The SahyadriTiger Reserve, nestled inthe northern Western Ghatsin India, is the only tiger
reserve in western Maharashtra. Sahyadri boasts a long and glorious history of the reign of
Shivaji Maharaj and his successors. This history of empires also parallels with the history of wild
tigers. Tigers have been known to be common in the Sahyadri mountain ranges; the hunting
records of Shahu Maharaja (years 1894-1922) of Kolhapur prove that tigers were fairly
commonin the Sahyadri, in Western Ghats within the state of Maharashtra, in the early part of
the last century. With the onset of the 21 century, tiger populations declined in the entire nation.
The population decreased overtime with escalating human population and pressure. Though it
has alow density of tigers, Sahyadriwas declared as a tigerreserve in 2008. As perthe censusin
2014, seventigerswere estimatedto be present through scat analysesin Sahyadri, but arobust
estimate was still lacking.

The northern Sahyadrirange or the northern Western Ghats extends from Dang in Gujarat to
Dandeliin Karnataka. This range however is fragmented at many locations owing to human
habitation and presence of huge megalopolis such as Nashik and Pune, hindering the
movement of tigers and other such large mammals. However, these fragments do provide
essentialcover fo extant specieshere. Tigershave also beenreported previously torange and
move around in this stretch, but camera trap records within the limits of Sahyadri Tiger Reserve
datesbackto2011. After that there have been no concrete evidence of tiger presence, however,
tiger presence based on scaf analyses was confirmed by the Wildlife Institute of Indiain 2014.

Its status as a tiger reserve is often questioned due to low tiger density, and thus restoring its
tiger population is imperative. With this background, tiger recovery program that has been
initiated by the Sahyadri Tiger Reserve Conservation Foundation collaboratively with the Wildlife
Institute of India and National Tiger Conservation Authority is underway. With an overall goal
of enabling ecological integrity by establishing an optimal, free-ranging tiger populationin
Sahyadri Tiger Reserve by 2025, the first phase i. e., the feasibility assessment has been
completed, as a part of Species Recovery Plan, endorsed by the National Tiger Conservation
Authority and SahyadriTiger Reserve Conservation Foundation. We present the findings of the
feasibility assessment in thisreport divided into different chaptersin the following section of this
report and also provide the strategic action plans that would be required towards tigerrecovery in
Sahyadri Tiger Reserve.

Following thisintroductory Chapterl, Chapterll deals with the habitat assessment undertaken
in STR. We used GIS and RS to better understand the landscape. We also carried out field
vegetationsurveystounderstand of the density of trees andlook af the overallvegetation and
forest cover of STR. Tree density was recorded fo be 14.93 (+7.72 SD) per plot, canopy cover
54.31% (% 9.20 SD) per plot, cutting signs 0.13 (% 0.31 SD) per plot, lopping signs 0.32 (*
0.46 SD) per plot and livestock dung density 0.76 (% 0.73 SD) per plot. We found seven forest




types in STR, of which barren land and dense forest were the dominant types. We found that
configuity was rightest in the dense forest type among all the forest types.

Chapterlildeals with the status of tiger and carnivore prey presentin STR. Wild ungulate density
was estimated to be 9.5 (2.79 SE) per km?, livestock density 10.81 (6.00 SE) per km2and
primate density 11.18 (5.00 SE) per km?. The major ungulate species recorded were the gaur,
sambar, barking deer, wild boar, mouse deer and four horned antelope. Other preferable prey
carnivores are primates and livestock. Among primates, during our field surveys, only two
species were recorded from the core, the bonnet macaque Macaca radiata and the
southwestern langur Semnopithecus hypoleucos. However, in this area rhesus macaques
Macaca rhesus are also common. The encounter rate of the gaur (0.280) per km based on
line transects was maximum, followed by livestock (0.304), primates (0.034), barking deer
(0.085), sambar (0.0365), wild boar (0.0365) and mouse deer (0.036). Mean capturerates
based on the camera trap capture rates was maximum for wild boar (0.162), primates (0.126),
gaur (0.121), livestock (0.095), barking deer (0.054), sambar (0.045), mouse deer (0.035)
and four horned antelope (0.001).

Chapter IV elaborates on the status of tigers and other carnivores in STR. Twelve carivore
species have been recorded so far from both sign survey and camera trapping effort. Sign
surveys indicate the presence of four carnivore species leopards, sloth bear, civets and dholes.
We found that leopards occupy 77% of the whole of STR, followed by sloth bears 75%, civets
57% and dholes 11%. The most encountered carnivore in camera traps was the leopard
(0.0217), closely followed by sloth bear (0.0214), ruddy mongoose (0.0176), small Indian civet
(0.0121), dhole (0.0104), common palm civet (0.0060), brown palm civet (0.0046), grey
mongoose (0.0044), stripe necked mongoose (0.0024), jungle cat (0.0022), leopard cat
(0.0016) andrusty spotfted cat (0.0002). Recently tigers was captured in May 2018.

Chapter V discusses the social surveys carried out in and around the villages of STR. Seventy-
ninevillagesare presentinthe fiveranges of STR, ofthese 79, 18 villages arein coreand é1in
bufferzone. Surveysrevealthat the major forest productused by the localsisfuelwood (59.98%)
followed by fruits (26.93%). A total of 3601 households exist in these 79 villages. Our
questionnaire surveys show that 46.13% accept the tiger project and are willing to support it
while 53.87% people are not. This means that almost half of the village residents are willing to
support the recovery project.

Ourresults suggest that there is no resident tiger population in STR and even if few individuals
had escaped from our sampling, it will be precariously low. Given the low number or local
extinction of figers, and the habitat suitability including moderate prey base, figer augmentation
would be required fo ensure a viable population in STR.

Chapter VI discusses all the scientific management aspects required for tiger reintroduction in
STR. It summarizes the outcome of dll the field surveys, and suggests future tiger recovery
strategies to be undertaken.
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Chapter ll:

Status of Habitat in
Sahyadri Tiger
Reserve
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2.1. Infroduction:;

The changes in habitat and landscape characteristics due to land-use change can have
significant effect on species presence, abundance and geographic distribution (NUfez et al
2010). These are required to be quantified for decision-making. In addition to field level habitat
assessment, landscape metrics focusing on patch properties provide useful understanding of the
compositional and spatial aspects of landscapes (Kupfer, 2012). The definition and identification
ofindividualpatches and their boundaries are important stepsin characterizing the structure of
landscape, and in planning in management of targeted species, especially large mammails such
astigers, elephants andleopards who occupy alarge home range. The use of GIS andremote
sensing techniques has become very popular in recent times in forestry and wildlife studies.
Wildlife and biodiversity management has emphasized the need of having updated spatial
information for purposes such as decision-making and implementation of plans. GIS can provide
spatial information and with relevant conventional statistics may aid in changing the very
approach of wildlife management based more on current information and location oriented. In
this assessment, we focused on field level information based on plot sampling and landscape
level analyses involving remote sensing and GIS analyses in Shyadri Tiger Reserve (STR),
Maharashtra. This is primarily aimed at spatially explicit information gathering and visualization
of the outcome. We deployed standard protocol for habitat mapping while integrating robust
analytical tools for achieving the objectives of habitat assessment. This approach addressed the
usual concerns of scale related habitat information incorporating local as well as landscape
scales. Accordingly, the specific inputs could be drawn for decision making for this tiger recovery
efforts and some of the landscape information has been used to map the potential habitat
currently available in STR and this knowledge has been incorporated for estimating carrying
capacity which provides basis for strategic actionplan.

There are various techniques like the FRAGSTAT are used to derive landscape level and class
level metrics to give the detailed idea about the structure and patterns within a particular
landscape. One of the significant feafures of FRAGSTAT software is that it can provide metrics
at the individual patch Level as well as class and landscape level. Class indices separately quantify
the amount and spatial configuration of each patch type and thus provide a means to quantify
the extent and fragmentation of each patchtypeinlandscape. So, inour feasibility assessment
of STR, we used some of the class level indices such as the number of patches, patch density,
largest patchIndex and contiguity indexto reflect detailed understanding about the spatial pattern
and functional characters of the area, including about fragmentation and the level of connectivity
in the landscape patterns of STR.
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2.1.1. Description of the area:

The SahyadriTiger Reserve (STR) is located in the state of Maharashtra and takes its name due
tothe geographical positioninthe Sahyadrirange of the Western Ghats. Comprising an area of
1166 km?, it is constituted by combining the Chandoli National Park and the Koyana Wildlife
Sanctuary.Interms of political administration boundary, it spreads across four districts viz. satara
(Mahabaleshwar, Jawali, Satara and Patan tehsils), Sangli (Shirala tehsil), Kolhapur (Shahuvadi
tehsil) and Ratnagiri (Sangameshwar and Khed fehsils). Chandoli National Park is one of the
important protected areasin the North-Western Ghats. It was declared as a Wildlife Sanctuary
in 1985 by the Maharashtra State Government andlaferon upgradedto the status of aNational
park in 2004.

| Map Showing the Study area of Sahyadri Tiger Reserve
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Figure 1: Map of Sahyadri Tiger Reserve showing core and buffer areas

The park is situated in the juncture of four districts Kolhapur, Sangli, Satara and Ratnagiri and
also forms a corridor between Koyana Wildlife Sanctuary and Radhanagri Wildlife Sanctuary
aiding in the muchrequired animal movement. The park is spread the Vasantsagarreservoir of
Chandoli dam. River Warana originates from Patfarpunj, an area in Chandoli National Park.
Semi-evergreen and moist deciduous forest patches, massive plateaus, huge grasslands, rich
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riverine systems make this area favourable forrich diversity of plants and animals. The vast
plateaus of the park spring to life in the post monsoon season as they flourish with wide variety
of ephemeral wild flowers during July to October. Indian Mugger can be commonly seenin the
Vasantsagar reservoir, which is now a natfural breeding ground of this species. The park is also
abode to mammals like Sambar, Gaur, Barking deer, four-horned Antelope, Mouse deer, Bonnet
Macaque, South-western langurs, leopards, sloth bears, pocucpines, mongooses, civets, wild
dogs, etc. Thisareais not onlyrichin biodiversity but also has historicalimportance with atemple
of Bhavimata on fort Prachitgadh.

Koyana Wildlife Sanctuary: Koyana Wildlife Sanctuary, the other half of the tiger reserve
encompassing. The sanctuary spreads along the expanse of the Shivsagar reservoir of Koyana
dam.Koyanawasdeclared as awildlife sanctuaryin 1985.Koyanahastworanges, Koyanaand
Bamnoli and major part of this sanctuary is covered by the Koyana river that flows with dense
forest onbothsides. Sloth bears, sambars, mouse deers, pangolins, gaurs are commonly sighted
animalshere. The faunal andfloral diversity of Koyana Wildlife Sanctuaryisunderstudied except
some preliminary work. Hence, this area presents enormous potential forresearch.

2.1.2. Topography and stream network:

The SahyadriTiger Reserve has averyrugged and undulating terrain. The alfitudinal gradient
ranges from 350 m to 1250 m. Because of such topography, small water flows, runoffs and
flow lines get highly influenced making STR a better place for stream network and water
availability.
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Figure 2: Map of STR showing the elevation gradient and stream network
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2.1.3. Vegetation status:

The vegetation properties are easily found by using various mathematicalindices such asNDVI,
LAl etc. The NDVI index is widely used to find biomass or vegetative vigor as well as to obtain
information about surface characteristics of region. The NDVI is a ratio of near-infrared (NIR)
andredbandsof amultispectralimage whichranges from-1to 1. Valueswhich arerangesfrom
0.5 to 0.9 are Vegetation.
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Figure 3: Showing NDVI across STR
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2.2. Methods and Datasets:

For assessing the habitat characteristics and connectivity patterns, we used geospatial tools
(ArcGIS10.5, ERDAS, Fragstat 2.4). Land-use land cover map (LULC Map) has been generated
to getthe whole idea about landscape features. We used the Landsat 8 satellite data for LULC
classification from which we further classified the STR.

Accuracy
Assessment

l

v
Habitat connectivity / Corridor
Demarcation for Carnivores

Figure 4: Flow-chart of the methodology followed in the GIS habitat analysis

VRN e DU

/




2.2.1. Local scale habitat assessment:

We conducted vegetation sampling to quantify habitat parametersin 41 beats of the reserve.
Samplingfortreesandanthropogenic pressure were doneinrespective plot sizein 250minterval
on line transects and GPS coordinates of each plot were recorded. Trees (>2m height) were
sampled in 10m radius circular plots. Name of the species, number, GBH, height and canopy
cover were recorded. Cutting, lopping and livestock dung density were also noted for
anthropogenic pressure estimate

2.2.2. Landscape characterization:

LULC classification is animportant step for processing the satellite image of the area and
categorizesitinto various land use classes according to visual interpretation and ground
information. For assessing the LULC analysis of STR, we used Landsat 8 imagery of March 2017.
We then applied unsupervised classification with 32 numbers of classes. After this, we used
recoding technique for merging the identicalland use classes based on ground control points.
Forthe accuracy assessment of ourresultswe usedboth ground control pointsand Google Earth
to cross check the results for better accuracy. After getting 92% accuracy, we proceeded further
with the analysis.

2.2.3. Fragmentation analysis:

Fragmentationis the measure of forest and non-forest polygons perunit area. It is measured by
calculating the amount of forest patches occurring in alandscape with respect fo non-forest
patches. To look at the fragmentation, the LULC map was generated, which has 7 land-use
classes. After that we found the largest patch index, patch density and contiguity index using
classified grid in FRAGSTAT.

2.2.4. Connectivity assessment:

Connectivity is needed to determine the management strategy of forest landscape as a wildlife
habitat. It is important to find correlation between the connectivity and ecological indicators. This
wasdone based on Contiguity Index and Radius of Gyration of forest pafchesusing FRAGSTATS.

2.3. Results

2.3.1. Local scale habitat condition:

Tree density was found to be 14.93 (£7.72 SD) per plot, canopy cover 54.31% (% 9.20 SD) per
plot, cutting signs 0.13 (% 0.31 SD) per plot, lopping signs 0.32 (% 0.46 SD) per plot and
livestock dung density 0.76 (+0.73 SD) per plot.
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2.3.2. Land-use and land-cover characteristics:

We found sevenland use classes of our study area using supervised classification in ERDAS
Imaging 2014. Land-use classes in STR are mainly dense forest, barren land, open forest,
scrubland, waterbody, agriculturalland andreservoirbed (Table 1). We collected ground truth
records from variousregions during our camera frapping and line transects field sessions, which
have been useful to increase our accuracy of the supervised classification.

Land-use class Area (km?)
Dense forest 408.72
Open forest 220.94
Scrub land 134.29
Barren land 305.64
Agriculture land 20.76
Water body 75.86
Reservoir bed 11.79

Table 1: Showing the different forest classes with their respective areas

2.3.3. Fragmentation and connectivity:

Landscape matrices calculated in FRAGSTAT quantifies specific spatial characteristics of patches,
classes of patches, orentirelandscape which provides much clearreflection of patterns within
the landscape. Following are the landscape matrices calculated in FRAGSTAT 4.2 using the
imagerepresenting the quality and quantity ofland use land cover distribution over STR;

a. Number of patches and patch density: Number of pafches and patch density within the
landscape for each class is demarcated as NP and PD respectively. NP often has limited
interpretive value by ifself because it conveys no information about, distribution, or density of
patches but with patch density it is useful index to interpret. The more number of patches indicates
more fragmentation in that class. PD represents the number of patches in the landscape, divided
by totallandscape area (m?), multiplied by 10,000 and 100 and the output value is the density
per 100 hectare. The following table shows the positive relationship between number of patches
and patch density.
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Figure 5: LULC map of STR representing all the forest types identified
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Sl. No. Class No. of Patches Patch Density
1 Dense Forest 66925 57
2 Open Forest 139345 118
3 Scrub Land 150931 128
4 Barren Land 62780 53
5 Agriculture Land 251 0.2
6 Water Body 427 0.4
7 Reservoir Bed 3886 3.3

Table 2: Showing the forest classes, number of patches and density of each class

b. Largest Patch Index: Largest Patch Index (LPI) is the percentage of the landscape comprised by
the largest patch. LPl approaches 0 to 100% corresponding to the patch size. Itis a simple
measure of dominance of patch within the landscape. The following table shows highest largest
patchindex for barren land and dense forest respectively with very minor difference in values
which is because of the dominance of rocky plateau and barren land in eastern part followed by
forest dominance in western part of the reserve.

Sl. No. Class Largest Patch Index
1 Dense Forest 6.40
2 Open Forest 0.10
3 Scrub Land 0.04
4 Barren Land 6.58
5 Agriculture Land 0.22
6 Water Body 4.61
7 Reservoir Bed 0.02

Table 3: Showing the largest patch index of the respective forest classes

c. Contiguity Index: Contiguity index assesses the spatial connectedness, or contiguity, of cells
within a grid-cell pafch and provides an index on patch boundary configuration and thus patch
shape (LaGro 1991). The following table illustrates the highest contiguity score for agriculture
land and reservoir bed, as both of the classes are regular or connected.
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SI. No. Class Contiguity Index -
1 Dense Forest 0.19
2 Open Forest 0.24
3 Scrub Land 0.19
4 Barren Land 0.20
5 Agriculture Land 0.80
6 Water Body 0.27
7 Reservoir Bed 0.29

Table 4: Showing the contiguity index of all the forest classes

d. Area- weighted mean of Radius of Gyration (AM_GYRAT): The AM_GYRAT shows how far
across the landscape a patch extends its reach. It can be considered as a measure of landscape
continuity (also known as correlation length) that represents the average traversability of the
landscape for an organism that is confined to remain within asingle patch; specifically, it gives
the average distance one can move from arandom starting point and traveling in arandom
direction without leaving the patch. When summarized for the class or landscape as a whole
using an area-weighted mean, this metric is also known as correlation length and gives the
distance that one might expect to tfraverse the map while stayingin a particular patch, froma
random starting point and moving in arandom direction (Keitt et al. 1997). The following map
represents the AM_GYRAT or connectivity for the class ‘forest’. The area shown in brown
represents area having good connectivity among the forest patches followed by lesser values
shown in different color gradient. This isimportant since figer's dispersal or movementis a
function of habitat connectivity andresistancein thelandscape (Ramesh et al.2014).
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Figure 6: Map showing AM_GYRAT or the scale of connectivity in the landscape
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2.4, Discussion:

Structurally, the buffer area connects the two parts of the figerreserve, i.e. Chandoli National
Park and Koyana Wildlife Sanctuary. While the shape of the STR is generally linear, it contains
large patches that can support tiger presence if adequate monitoring and protections are
ensured. STR has seven major types of forest in the reserve i.e. dense forest, open forest,
scrubland, barrenland, agriculturalland, and water body andreservoir bed. Of these, two are
dominant land-use types which are dense forest and barren lands (rocky land or plateaus). A
major component iswaterbodyin the reserve. It is the third dominant feature type after barren
land and dense forest. Hence, STR has arich and strong stream network. The fact that dense
forest is one the major forest type is also validated by our field vegetation samples. Our
vegetation sampling dataindicate arich composition of frees in the reserve (15 frees) per plot
(plotsize=10m). Overall canopy cover was more than 50%. Cutting andlopping were low
overall. However, the field data has been collected for just one season (April to July) and so
represents the stafus only in one season.

The western side of STRhas good connectivity of dense forests and the eastern side confains the
rocky plateaus. FRAGSTAT results show that there is better connectivity in dense forest patches,
whichismostlyinthe western side of STR, whichis a positive point. The dense forestis already
well connected; what we need from the management perspective is an active effort to manage
andconserve thisconnectivity within the reserve isneeded. Infuture, we plantofurther analyze
the decadal habitat changes (1995/2005/2015) with different seasons to get a more detailed
picture of fragmentation.
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Chapter I

Status of Prey In
Sahyadri Tiger
Reserve



3.1. Infroduction:;

Population distribution and behavior of prey influence the quality of a predator’'s habit and the
health of predator populatfions. Studies on prey population estimation of carnivores have
obvious, immediate important application in carnivore conservation and management. The
greafest relevance of prey population studies is aresource base estimation of the species focusing
to conservation (Jelil, 2015), in our case tigers. Large mammalian carnivore populations are
mainly resource limited (Slobodkin et al. 1967), with the firmness of a predator population
depending on the availability of its prey (Sunquist and Sunquist, 1989). The evolution and
radiation of the Panthera stock in fact shows close correlation fo that of the Cervid and Bovid
species. All bovids and cervids are ruminants and have four-chambered stomachs comprising a
reticulum, rumen, omassum and the true stomach (Menon, 2014). Most ungulates can be
divided based on their type of herbivory info concentrate selectors, grass and roughage eaters,
and infermediate feeders (Hoffman and Stewart, 1972). Smaller Indian ungulates are concentrate
feeders such asmuntjacs, chevrotains and musk deers, the larger ones areroughage and grass
eaters, €. g., deer, anfelope and cattle. Ungulates perform major ecological roles in fropical
ecosystems influencing vegetation pattern, seed dispersal, forest structure, composition,
productivity, nutrient cycling, soil structure and succession (McNaughton, 1979; Crawley, 1983;
Adler et al.2001; Jathanna et al. 2003; Prasad et al. 2006). Ungulates form bulk of the prey
base andthereby, structure the large carnivore population (Jathanna et al. 2003; Karanth et al.
2004; Gray et al. 2012). From Tiger recovery perspective, having adequate prey population is
vitalto hold a viable tiger population as prey density functions as a determining factor of tiger
population dynamics (Karanth et al. 2004; Gray et al. 2012). Beside wild ungulates, tiger diet
reported to constitute a significant amount of livestock (mostly cattle and buffalos) and primates
(macaque and langur) (Madhusudan, 2003; Bagchi et al. 2003; Wang and McDonald, 2006;
Sangay and Vernes, 2008; Sarkar et al. 2017). Hence, primates and livestock presentinthe tiger
landscapes are important for overall tiger diet andrecovery, in case of recovery programs.

3.2. Methods and data collection:

Estimation of population density of a species is fundamental to understand the status,
demography, conservation and effective management planning (Sahoo et al. 20195). Line
transect ondirect sightingsis awidely used method for estimation of herbivore density (Kumara
et al. 2012). Distance sampling by line transect considered to be one of the most accurate
methods for herbivore density estimation as it takes info account the detectability issues (Buckland
et al. 2001; Jathanna et al. 2003; Narasimmarajan et al. 2014).
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3.2.1 Distance sampling:

Distance sampling by standard line transect methodology was used to estimate prey density
(Thomasetal.2010).Line transect methodology was carried outin 41 permanent transects, one
ineach beat, andminimumof 2kminlength. Each transect waswalked on single occasion only,
coveringatotal effort of 82km. Thisdatawas collected between 6:30t0 8:30in the morning
or 16:00 to 18:30 in the evening by two observers from April to mid-July, 2017. Upon every
animalsighting, species, cluster size, age-sex composition, sighting distance and sighting angle
(along fransect and to the centre of the cluster), forest and terrain type was recorded along with
GPS coordinates. Sighfing angle and sighting distance wasmeasured using hand-held bearing
compass and range finder, respectively.

The analysis was carried out for wild ungulates, primates and livestock, separately and for all
prey combined (wild ungulates, primates and livestock) using DISTANCE software (version 7.0)
(Thomas et al. 2010). Sighting distances were pooled into suitable intervals and farthest 5%
observationswere fruncated. The fit of the modelwasjudged using Akaike information criterion
and goodness of fit tests generated in DISTANCE software (Buckland ef al. 1993). The
conventional distance-sampling (CDS) model was used and the half-normal was selected as the
key function fo run the analysis.

3.2.2 Camera trapping:

We also carried out standard camera frapping in STR simultaneously, which also provided a
clearpicture of prey presentin STR. We have used infrared and white flash cameras with motion
sensor. We have divided our study area into 2kmx2km grids and single camera was deployed
ineach grid. A total of 142 cameras were deployed, among which 11 cameras were stolen or
damaged in the process. Cameras operated for a minimum of 5-camera trap nights to the
maximum 39, totaling 2219 camera trap nights. Camera trapping was done from April to mid-
July,2017.Minimumdistances between any2cameraswere 1km.Cameraswere settofunction
24h per day and delay between 2 consecutive captureskept fast as possible (FAP). For Helwak
range, we used the forest department camera frap data of that range for our analysis. This was
due to the inaccessible conditions during monsoon. This data was collected from November,
2016toMarch,2017;1417 cameratrap nightscumulatively, rangingfrom 17to 113 camera
frap nights for a single camera.
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Photographic capture rates of wild ungulate species, primates and livestock were calculated using

the formula

Photographic capture rate = Number of photographic captures of individuals of prey

species/days of operation

Photographic capture rafes were used to prepare heat map of the distribution of individual prey
speciesin STR and habitat suitability analysis. This will also help inidentifying landscapes suitable

for tiger reintfroduction.
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3.2.4. Encounter Rate:

Encounterrate of the detected prey speciesinthe 41 line fransectswere calculated by number
of objects detected per unit effort. (Buckland, 2001; Fewster, 2009)

Encounter rate = Total number of encountered individuals of a species (N)/ total distance walked
in fransect

Encounterrates are expressedin number perkm. We have also compared encounterrate with
photographic capture rafe to crosscheck the effectiveness of line fransect surveys in estimating
prey density in STR.

3.3. Results

3.3.1. Prey Density:

SahyadriTiger Reserve hosts 6 species of wild ungulates, viz. gaur Bos gaurus, sambar Rusa
unicolor, wild boar Sus scrofa, barking deer Muntiacus muntjak, four horned antelope Tefracerus
quadricornis and Indian spotted chevrotain Moschiola indica. Primate species in this area
includes bonnet macaque Macacca radiata and south western langur Semnopithecus
hypeleucos. Among them gaur, sambar and fourhorned antelope are listed as “vulnerable” in
IUCN Red List categories and present important conservation values. Estimated wild ungulate
densityin STRis 9.5 (2.79 SE) km? while primates and livestock density found tobe 11.18 (5.00
SE) km2and 10.81 (6.00 SE) km?, respectively (Figure 2).

18
16
14

[E
N

Density N/km?
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o

o N B O

Wild Ungulates Primates Livestock

Figure 2: Prey density in STR (bars indicate density values, with standard error indicated by

error bars).

VRN e DU




W

2

N7

3.3.2. Encounterrate and capturerates: Encounterrate datais based online fransect surveys
conductedfrom April, 2017 to July, 2017 by ourteam. We found that encounterrate was highest
for gaur (0.28), followed by livestock (0.304) and primates (0.304), barking deer (0.085).
Encounterwasleastformouse deer (0.036), sambar (0.036) and wild boar (0.036) (Table 1).
The four horned antelope was not encountered in line transects.

We used our camera trap data as well fo get a picture of the prey in STR. Mean capture rates
were calculated from the data collected by our team (April, 2017 to July, 2017), as well as
MaharashtraForest Department (for Helwak Range; November, 2016 to March, 2017). Capture
rates was highest for primates (0.126) closely followed by gaur (0.121), followed by wild boar
(0.162), livestock (0.948), barking deer (0.054), sambar (0.045) and mouse deer (0.035). It
was least for the four horned antelope (0.001) (Table 1).

Species Encounter rate Mean capture rate
Gaur 0.28 0.12
Sambar 0.04 0.04
Barking deer 0.08 0.05
Wild boar 0.04 0.16
Four horned antelope 0 0.001
Mouse deer 0.04 0.03
Livestock 0.3 0.95
Primates 0.3 0.13

Table 1: Encounter Rates and Photographic capture rate of prey species in Sahyadri Tiger

Reserve.

We examined the relationship of the encounterrate data and camera capturerate. Theresults
seemed to align well (Figure 3). We also used GIS tools to map the data camera trap data.
Interpolated surfaces were based on location specific photographic capture rates. Species wise
distribution had been color coded in decreasing order of encounter rates, with red representing
the highest and blue being the lowest (Figure 4). We mapped data for four dominant preyi. e.,
gaur, sambar, wild boar and barking deer.
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Figure 4: Spatial distribution of four dominant ungulate species in STR.
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3.4. Discussion:

Despite beingincluded in Western Ghats World Heritage Serial Sites and its diverse habitat and
species assemblage, STRis one of the understudied areasin India. Only few literatures are
availableonwild preybaseinSTR. Johnetal. (2010) mentioned this place aslowinwild prey
abundance. He mentioned poaching, management issues and habitat connectivity as primary
reasonsforlow prey base. Beside good habitat, prey base has been pointed out as a deciding
factorfortiger presencein ChandoliNational Park (Imam et al. 2009). Although, 55% of the
forest of Chandoli National Park indicated as highly suitable for herbivores, our camera trap
captureratesshow comparatively less areais actually utilized by herbivores (Table 1, Figure 8).

Although, we have estimated 9.5 (2.79 SE) wild ungulates km?in STR, number of detections in
line fransect surveys were notably low from recommended 40 for useful analysis (Barking Deer
7,Gaur23, Indian spottedchevrotain, Wild Boarand Sambar3 each, livestocks 25 and Primates
25) (Burnhametal., 1980; Buckland et al., 1993). Absence of spatialreplicatesin our study
could also lead to inappropriate estimation of prey. However, we compared the transect survey
encounterratesand camera frap captureratesforthe same beat (Figure 5). Eventhoughthere
are evidences of an ungulate species in a specific location in camera trap images, there were no
encounters of that species in the line fransect. This could state the need of more rigorous sampling
and possibly, and a finer methodology to avoid underestimation of prey density in landscapes
like STR.

Ungulate density in STR is significantly low compared to other tiger reserves such as Ranthambore
(97 ungulates km?) in areas free from anthropogenic pressure (Johnsingh et al., 2010), Kanha
TR (>50 ungulates km?) (Karanth and Nichols, 2000; Gray et al., 2017) and Panna TR (32
ungulateskm?) (Ramesh et al.2013). Wildungulates available in STRranges from gaur, weighing
650 kg to Indian spotted chevrotain of 3kg body mass, approximately (Hayward et al. 2012;
Sidhu et al. 2015). With an estimated density of 9.5 wild ungulates km?, STR holds 5700 ungulate
preys of different body mass in its core; which supports 12 tigers following Karanth et al. (2004).
Habitat recovery by relocation of villages and prey augmentation is possibly the imminent
requirement to carry a viable source population in STR. Further habitat suitability analysis and
Population Viability Analysis (PVA) have been performed based on prey population availability
(refer to Chapter V).
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Chapter IV:

Status of
Carnivores: Tiger
and Co-predators



4.1. Introduction:

Generally, felids, canids, hyaenids and ursines form the large carnivore group, while viverrids,
herpestids, prionodontids, mustelids and ailuridsrepresent the smallcamnivore assemblage. Asa
group, carnivores, big and small, exert a profound influence on biological communities via
predation and interspecific competition. They play important and unique roles in the natural
functioning of ecosystems by virtue of their apex frophic position (Estes, 1996; Crooks and Soulé
1999; Terborgh et al. 1999, 2001). They have the ability to structure and drive the dynamics of
entire ecosystems and these effects are disproportionate o their abundance on the landscape.
Carnivores control prey by direct and indirect methods. Through predatory activities, carnivores
directly reduce numbers of prey (Terborgh, 1998; Terborgh et al. 1997; Estes et al, 1998;
SchoenerandSpiller, 1999).Indirectly, carnivorescause prey to alter theirbehaviourso that they
becomeless vulnerable (Kotleretal. 1993; Brown et al. 1994; FitzGibbon and Lazarus, 1995;
Palomares and Delibes, 1997; Schmitz, 1998; Brown, 1999). They choose different habitats,
different food sources, different group sizes, different time of activity, or they reduce the amount
of time spent feeding (Miller et al. 2001). By reducing the numerical abundance of a
competitively dominant prey species (or by changing ifs behaviour), carnivores erect and enforce
ecological boundaries that allow weaker competitors to persist (Estes et al. 2001). Large
carnivores also directly and indirectly impact smaller predators, and therefore the community
structure of small prey (Soulé et al 1988, Bolger et al. 1991; Vickery et al, 1992; Palomares et
al. 1995; Sovada et al. 1995; Crooks and Soulé 1999; Henke and Bryant 1999; Schoener and
Spiller, 1999). Scientific data increasingly indicate that carnivores play an important role in
ecological health. Carnivores oftenregulate or limit the numbers of their prey, thereby altering
theh structure and function of entire ecosystems (Schaller, 1972). As a result, carnivore
management is of central concern to carnivore biologists. There is increasing concern about the
status and distribution of terrestrial carnivore populations throughout the world (Schaller, 1996).
Changes in land-use practices, habitatf loss and fragmentation, sanctioned human persecution,
declinesin natural prey, disease, illegal poaching and increased competition within carnivore
guilds have brought about a general decline in several carnivore populations with some species
now occupying a fragment of their former range. Paramount to carnivore recovery,
reintroduction, or development of management plans and policies, is having reliable and
accurate information regarding the status, health, and well-being of the carnivore population of
concern (Gese, 2001).

Tiger conservation is the cornerstone of Indian Wildlife conservation efforts. Although initially it
was conceptualized as a flagship to protect key ecosystems, today a tiger's share of the resources,
public attention and politicalwilland policy thrustisaimed af protecting the tiger andits habitat.
In this sense, carnivore conservation is the most advance of conservation sciences and activities




beingundertakeninthe country foday (Menon, 2014).To alesser extent, the same attentionhas
been endowed on other charismatic carnivores such as the lion, the bears, the snow leopard, the
wolf, the leopard and the Dhole. Meanwhile lesser known carnivores such as the linsang or
weasels, orevenlarge carnivoressuch asHoney Badgeror Cloudedleopardhave hadverylittle
research and targeted conservation actions. The conversion of large tracts of forest land and
their degradation affect large carnivores as do poaching for their parts and derivatives. Other
key threats to large camivores are loss of prey and man-animal conflict, especially with leopards,
bears and tigers that cause retaliatory killings and public ill-will. In contrast, smaller carnivores
sufferfrom fragmentation, loss of suitable aquatic habitat (in case of ofters, forinstance), effect
ofinsecticides and pesticides ad a general apathy to their existence.

4.1.1. An overview of tiger ecology and conservation status:

One of the largest living felids, the tiger has played a significant role as a cultural icon in many
Asian societies. Despite thisimportance, three of the eight tiger subspecieshave gone extinctin
thelast 60 years. Today, shrinking tiger numbers and habitat are major conservationissues
globally and occupy most of the conservation space in India. Tigers are found mainly in the
forests of tropical Asia, although they historically occurred more widely in drier and colder climes.
Onesubspecies, the AmurTiger, persistsin the Russian Far East (Goodrich et al, 2015). Tigers
have beenreported up to 4500 min Bhutan (Wang, 2008). Tigers are generally solitary, with
adults maintaining exclusive territories, orhome ranges. However, tiger home ranges are small
where preyis abundant forexample in Chitwan, female home ranges averaged 20km?, whilein
the Russian Far East they are aslarge as 400 km? (Goodrich etal. 2015; Goodrich etal. 2010;
Sunquist and Sunquist, 2002). Asiais a densely populated and rapidly developing region,
bringing huge pressures to bear on the large wild areas required for viable tiger populations.
Conversion of forest land to agriculture and silviculture, commercial logging, and human
settlement are the main drivers of tiger habitat loss. With their substantial dietary requirements,
tigers require a healthy large ungulate prey base, but these species are also under heavy human
subsistence, hunting pressure and competition from domestic livestock (Goodrich et al. 2015).
In India, the tiger is distributed along the Terai foothills of the Himalayas, in north-east India, in
central India (especially around the central highlands and Satpura-Maikal landscape including
Vidarbha), the Eastern Ghats and Western Ghats including the Nilgiri plateau. The states of
Madhya Pradesh, Maharashtra, Odisha, Bihar, West Bengal, Arunachal Pradesh and Andhra
Pradesh have large tiger habitats left while tose in Assam, Karnataka, Uttarakhand and Rajasthan
support large numbers in protected areas (Karanth, 2013). Tigers are widely distributed within
theirrange in fropical dry and moist deciduous forests, evergreen forests and riverine forests. In
the Sunderbans, itisadaptedto amangrove habitat, in the Teraiit frequents amoist deciduous-
grassland-riverine habitat complex (Karanth, 2013), and in higher altitudes such as Sikkim and
Arunachal Pradesh, itinhabits coniferous, oak andrhododendron forests. Tigers can existin dry

KON NK N




scrub and semi-arid areas of Rajasthan just as well as above the freeline in Arunachal Pradesh,
but these constitute suboptimal habitats (Menon, 2014).

Itis estimated that India holds 2226 (1945-2491) odd tigers (>1.5 years of age) (Jhala et al.
2015).In 2014 tiger estimation, a total of 3, 78,118 km?of forests in 18 tiger states were
surveyed, which resulted in 1540 unique tiger photo-captures, accounting for 70% of the total
estimated population.

Since tigers have direct and indirect relationships with various other carnivores or meso-
camivores, hence it is also pertinent to detect and understand the presence/distribution of all the
carnivores in a particular landscape. Hence, from the tiger recovery perspective, we intended to
understand the present occurrence dynamics of all the carnivoresin STR.

4.2. Methods and data collection:

Carnivores are inherently difficult to survey based on their secretive nature, offen nocturnal
habitats, andlow densities (Gros et al. 1996). We carried out bothremote cameratrapping and
carnivore sign surveys, both efficient to estimate presence of elusive carnivores. Our surveys
started with a brief reconnaissance survey carried out in all the ranges of STR from January to
March, 2017. Camera frapping and sign surveys were carried out from April to July.

4.2.1. Sign surveys:

Sign surveys are a non-invasive fechnique; which have commonly been used to determine
distribution of many carnivores worldwide (Long et al. 2008). These methods are based on the
detection oftracks, scatsand othersignsleftby the focalspecies such as burrows, scats, digging
marks, etc. Among them, scat counts are particularly profitable in terms of both species detection
and the economic and logistics costs associated with surveys (Barea-Azcén et al. 2007). In STR,
signsurveyswere carried outin atotal of 36 beatsin all the fiveranges of STR. In every beat,
two forest frails were followed and camivore signs were looked for. Total trail lengths in the beats
varied from 8.5 to 14 km, with a total of 384.5 km of walk.

The sign surveys conducted beat-wise were put to basic descriptive analysis, such as encounter
rate per km, and total beats where each species sigh was found. We also performed occupancy
analysesusing PRESENCE (12.6) of allthe carnivoresidentified through sign surveys. Signs of
carnivoreswereidentified andrecorded by the field team. Only unambiguously identified signs
were recorded. Two spatial replicates in a beat were carried out. Each type of sign detection was
assigned only once each 250 m frail segment, thus yielding the standard ‘1" (detection) or ‘0’
(non-detection) histories required for occupancy analyses. We used the simple single-season
occupancy model for all the carnivores identified through signs. We ran four pre-defined and
two custom models to analyse the occupancy of all the carnivores separately. We compared the
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models of MacKenzie et al. (2002) without additional covariates. Allmodel comparisons were
based on the Akaike information criterion (AIC) values (Burnham and Anderson, 2002). We
estimated the overall occupancy rate, ¥, and the probability of detection p, for all the carnivore
species separately.

4.2.2. Camera trapping:

Camera trapping has long been used to survey for and monitor the occurrence of wildlife species
around the world. Much aftention has been focussed on using camera-trapping to detect
otherwise elusive species, including charismatic species such as tigers, snow leopards, etfc. In
STR, camera traps were deployed from 1 Aprilto 15 July in STR (142 stations). Camera traps
were separated by atleast 2 km with some exceptions because of constraints posed by ferrain.
At each site single motion-triggered digital camera was deployed by affixing it at aheight of c.
60-70 cm to suitable trees. Camera traps were set to take consecutive images (FAP (fast as
possible) mode was used) when triggered and were typically kept active at a given location
between 10 and 39 days. The memory cards acquired from the installed cameras were arranged
systematically correlating every memory card with its geographical location. These were then put
to analyse capture rates for every carnivore species. Due to weather constraints during July, in
onerange (Helwak), we could only survey three beats and the otherbeats wereinaccessible to
duetoheavyrains. Forthis, we incorporatedthe forest department dataforthisrange.The forest
department camera traps were deployed in the beats we could not survey. The camera traps by
the forest department were installed from November, 2106 to March, 2017. The total cameras
installedin thisrange were 18, andwere kept active af agivenlocationbetween 17to 113 days.
From the 142 cameras installed by our team, data from only 130 cameras could be retrieved
(while 11 cameraswerelostordamaged) and accountedfor2219 trapnights. Weincorporated
the data fromforest department for one range. Here 18 cameras were installed foroverall 1417
nights. Hence the total number of cameras from which we could retrieve data were 148 cameras
and our fotal effort was calculated be 3636 nights. We calculated the capture rates for all species
of carnivores using the following equation:

Capture rate = Number of photo captures of individuals of carnivores divided by the total number
of days of operation.
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Figure 1: Map of camera trap locations in STR
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4.3. Results

4.3.1. Occupancy and intensity of space use:

Field surveys identified four species of carnivores through sign; they were leopard, sloth bear,
dhole and civet. A total of 132 signs of were recorded for all the carnivores. Sloth bear signsin
the form of scat, digging marks and footprints were recorded in 25 beats, and the overall sloth
bear sign encounter rate was 0.14 signs/ km (Figure 2, Table 2). Leopard signs were recorded
from 25 beats; the overall sign encounter rate was 0.12 signs/ km. Civet signs were recorded
fromssixteen beats and the overall sign encounter rate was 0.06 signs/ km. Dhole sign were
recorded from four beats, the overall sign encounterrate was found fo be 0.013 signs/ km. No
tiger signs were recorded.

Species Effort (km Total number Total number of Encounter rate (=
walked) of sighs beats signs total number of
sighted recorded from signs/effort)
Sloth bear
Leopard 384.5 48 25 0.12
Civet 384.5 24 16 0.06
Dhole 384.5 5 4 0.01

Table 1: Representing species wise sign survey results

Sign encounter rates of carnivores

0.16
0.14
0.12

0.1
0.08

Encounter rate

0.06
0.04
0.02

Sloth bear Leopard Civet Dhole
Species

Figure 2: Encounter rate of signs of carnivore species
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Leopard scat

Civet scat Sloth bear scat

The occupancy analyses for all four species of carnivores were carried out separately using the
PRESENCE (12.6). We present the analyses separately for allspeciesin the following part:

We ran two custom models; the first where we assume that the probability that a sampling unit
is occupied is the same for all sampling units ‘psi(.)". This represents a model where detection
probabilityis the same for allsurveys 'p(.)'. Therefore, there is asingle occupancy probability for
alltransects/trails and detection probability is constant bothin time and across transects. Inthe
second model, there are no factors influencing occupancy probability (it is the same for alll
transects) which is denoted as ‘psi(.)” and detection probability is different for each survey hence
‘p(survey)’. Models were selected onthe basis of AIC values; modelsthat showed theleast AICs
and hence the most parsimonious, were selected (refer to Table 2 to Table 4).

Leopard: We estimated that of the 1166 km? area of STR, leopards occupy 77%. The final
parameter estimates for leopard habitat occupancy and sign detection probabilities from model
averaging were
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psi (SE psi) = the total fraction of an area occupied by leopards in STR = 0.77 (0.09)

p (SEp)=the total probability of detecting aleopard sign on areplicate, given the presence of
leopards on the replicate = 0.68 (0.08) (Table?2)

AIC A AIC AIC wqt Model No. Log Like
likelihood of

1 group, Survey- 98.43 0.00 0.3070 1.0000
S specific P
= 1 group, Constant P 99.57 1.14 0.1736 0.565 2 95.57
'§ 2 groups, Constant P 103.57 5.14 0.0235 0.0765 4 95.57
a 2 groups, Survey- 104.43 6.00 0.0153 0.0498 6 92.43
specific P
I= psi(.),p(.) 99.57 1.14 0.1736 0.565 2 95.57
% psi(.),p(survey) 98.43 0.00 0.3070 1.0000 3 92.43
=J
(@)

Table 2: Model selection results for probability of leopards

Sloth bear: Sloth bears occupy 75% of the whole area of STR. The final parameter estimates for
slothbearhabitat occupancy and sign detection probabilities from model averaging were:

psi (SE psi) = the total fraction of an area occupied by sloth bears in STR = 0.75 (0.09)

p (SE p) = the total probability of detecting asloth bear sign on areplicate, given the presence
of sloth bears on the replicate =0.71 (0.08) (Table 3).

AIC A AIC AIC wqt Model No. Log Like
likelihood of

1 group, Survey- 97.50 0.00 0.2609 1.0000 8 91.50
3 specific P
% 1 group, Constant P 97.86 0.36 0.2179 0.8353 2 93.86
‘g 2 groups, Constant P~ 101.86 4.36 0.295 0.1130 4 93.86
a 2 groups, Survey- 103.50 6.00 0.0130 0.0498 6 91.50

specific P
= psi(.),p(.) 97.86 0.36 0.2179 0.8353 2 93.86
1,9, psi(.),p(survey) 97.50 0.00 0.2609 1.0000 3 91.50
)
O

Table 3: Model selection results for probability of sloth bears
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Dhole: Dholes occupy 11% of the whole area of STR. The final parameter estimates for dhole
habitat occupancy and sigh detection probabilities from model averaging were:

psi (SE psi) = the total fraction of an area occupied by dholes in STR = 0.11 (0.07)

p (SE p) = the total probability of detecting a dhole sign on areplicate, given the presence of
sloth bears on the replicate =0.50 (0.30) (Table 4).

AIC A AIC AICwqt Model No. LogLike
likelihood

1 group, Survey- 30.47 0.00 0.2855 1.0000
K specific P
= 1 group, Constant P 31.24 0.77 0.1943 0.6805 2 27.24
% 2 groups, Constant P 35.24 4.77 0.0263 0.0921 4 27.24
a 2 groups, Survey- 36.47 6.00 0.0142 0.0498 6 24.47
specific P
= psi(.),p(.) 31.24 0.77 0.1943 0.6805 2 27.24
% psi(.), p(survey) 30.47 0.00 0.2855 1.0000 3 24.47
=)
O

Table 4: Model selection results for probability of dholes

Civet: Civets occupy 57% of the whole area of STR. The final parameter estimates for civet habitat
occupancy and sign detection probabilities from model averaging were:

psi (SE psi) = the total fraction of an area occupied by civetsin STR = 0.57 (0.12)

p (SE p) = the total probability of detecting a civet sign on areplicate, given the presence of
civet on the replicate = 0.58 (0.11) (Table 5).

Model Model AlC A AIC AIC wqt Model No. of Log
type likelihood Par Like
Pre- 1 group, Survey- 92.29 1.60 0.1470 0.4493 3 86.29

defined  specific P
1 group, 90.69 0.00 0.3272 1.0000 2 86.29
Constant P
2 groups, 94.69 4.00 0.0443 0.1353 4 86.69
Constant P
2 groups, Survey-  98.29 7.60 0.0073 0.0224 6 86.29
specific P
Custom  psi(.),p(.) 90.69 0.00 0.3272 1.0000 2 86.69
psi(.),p(survey) 92.29 1.60 0.1470 0.4493 3 86.29

Table 5: Model selection results for probability of civets
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Since, this was a preliminary feasibility study; we did not use any site or sampling covariates to
fit in the model.

4.3.2. Abundanceindex: Atotalof 12 carnivore specieswererecorded (Table 6, Figure 3) based
cameratrapsampling, but figer presence could not be established. Camera trap capturerate
wasmaximumforleopard (0.0217/trap night), followed by sloth bear (0.0214/trap night), ruddy
mongoose (0.0176/trap night), small Indian civet (0.0121/trap night), dhole (0.0104/trap
night), common palm civet (0.0060/trap night), brown palm civet (0.0046/trap night), grey
mongoose (0.0044/trap night), stripe-necked mongoose (0.0024/trap night), jungle cat
(0.0022/trap night), leopard cat (0.0016/trap night) and rusty spotted cat (0.0002/frap night).

Species Effort No of No. of Capture rate (=
(number of captures cameras in no of

total camera which captures/effort)

nights) captured

Leopard 3636 79 35 0.0217
Sloth bear 3636 78 37 0.0214
Ruddy mongoose 3636 64 25 0.0176
Small Indian civet 3636 44 17 0.0121
Dhole 3636 38 13 0.0104
Common palm civet 3636 22 8 0.0060
Brown palm civet 3636 17 10 0.0046
Grey mongoose 3636 16 5 0.0044
Stripe necked mongoose 3636 9 5 0.0024
Jungle cat 3636 8 6 0.0022
Leopard cat 3636 6 2 0.0016
Rusty spotted cat 3636 1 1 0.0002

Table 6: Representing species-wise camera capture results

Camera trap capture rates
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Figure 3: Capture rates of carnivores from cameratraps
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4.4, Discussion:

Extensive camera trapping exercise in STR revealed no presence of tigers. However, other
sympatric carnivores are wellabundant in the area. Sloth bears and leopards form the majority
ofthis group. Sign surveysresultsindicate the same. Thelast tigerreportedin STRwasin 2011
in Chandoli National Park and in 2008 in Koyana Wildlife Sanctuary. Local anthropogenic
pressure has significantly reduced the tiger population in and around STR. Nevertheless, camera
trap surveys aswell as sign surveys show arich assemblage of other carnivoresrepresenting five
families viz., felidae, herpestidae, viverridae, ursidae and canidae. The occupancy analyses,
which was carried out from the sign survey data, also reveal that sloth bears and leopards occupy
the landscape well in proportion, compared to other carnivores.

Our surveys were conducted during summer only; thus, predictions from the resulting models
should be limited to this season. This restriction may be important in attempting to identify
important habitat components for each of the target species. The ability to efficiently and
effectively sample species especially those characterized as rare, wide-ranging or elusive
continues to challenge wildlife researchers (Long et al. 2011). Carnivores meet all of these
criteria, and are also often of management and conservation concern. Our main objective with
the occupancy analyses was to predict species occurrence accurately across the whole of STR.
However, as Betts et al. (2009) observe that “Models developed for prediction may include
covariateswhose functionallink fotheresponse isnot obvious but which are excellent predictor
variables”; we did not consider any covariates in this study. We will incorporate relevant variables
inthe following studies. This willhelp us understand the figer and co-carnivore dynamics better.
Even though the results are based on surveys carried out in only one season, the results are a
snapshot of the overall species occurrence in the entire STR landscape.

From atigerrecovery/reintfroduction point of view, presence of alarge number of leopards may
be ahindrance, ascompetition between the big catsishighly probable. Othercarnivoreshave
separatfe niches in nature and will not be much of a concern in this regard.

SahyadriTigerReserve is arelatively newly declaredtigerreserve. Maharashtra as astate has six
tiger reserves viz., Melghat (1974), Tadoba (1993), Pench (1977), Nawegaon-Nagzira (2013),
Bor (2014) andSahyadri (2007). Allthe otherfive areinthe easternpartofMaharashtra; STRis
the only tiger reserve in the Western part of the state. Compared to well-known tiger reserves
such as Melghat, Pench or Tadoba, Sahyadri has been low tiger density reserve from the
beginning. The presence of figers from our feasibility study could not be established. However,
the 5-8tigershad beenreportedbased onscat DNA and model based predictionsin STR (Jhala
et al. 2015). Our results suggest that there is no resident/breeding tiger population in STR and
eveniffewindividuals had escaped from our sampling, it willbe precariously low. Given the low
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number or local extinction, and the habitat suitability including moderate prey base, tiger
augmentation would be required to ensure viable figer population in STR.

We present a brief note of the habitat, ecology and conservation threats fo all the carnivores
recorded in STR:

1. Leopard (Pantherapardus): Leopards occurin the widest of range of habitatsamong any of
the Old World cats (Nowell and Jackson, 1996). They are found in the desert and semi-desert
regions of southern Africa in Namibia and Botswana. There are remnant populationsin the arid
regions of North Africain Egypt, aswell as the Arabian Peninsula. They persistinrugger montane
regions of southwest AsiainIran, in a varied range of landscapes in India and in the savannah
grasslands of East and southern Africa. Leopards line in mountainous environments up to an
altitude of 4,600 m on Mt. Kenya and 5,200 m in the Himalayas. They also thrive in the
rainforests of West and Central Africa aswell asSriLanka and Southeast Asia. Aremnantleopard
subpopulation also persistsin the snowy regions of the Russian Far East. Leopard subpopulations
also occurin suburban and urban environments in India and parts of sub-Saharan Africa.
Leopards have survived outside protected areas in many parts of India since historical fimes
(Daniel, 1999) and even today high density of leopards do occur among high human densities
(Singh, 2005; Athreya et al. 2013; Stein et al. 2016). ItsIUCN statusis Vulnerable (VU). Primary
threats to leopards are anthropogenic. Habitat fragmentation, reduced prey base and conflict
with livestock and game farming have reduced leopard populations globally throughout most of
theirrange (Nowell and Jackson, 1996; Ray et al. 2005; Hunter, 2013). The conversion of forest
habitat patches and savannah systems to agriculture, livestock farming and urban sprawl have
significantly reduced leopardrange. This conversion typically leads to the depletion of natural
prey species through poaching thereby reducing the natural prey base in these areas (Stein et al.
2016). In the face of changing land-use, prey availability and direct mortality from humans,
leopardshave persistedwhere other large predatorshave not. Their ability to live withinhuman-
dominated landscapes and feed on a variety of prey have given many people the impression that
leopards require little concern, however, recent trends have shown that current threats have
substantially reduced leopard populations throughout West and Central Africa, South-west and
South-east Asia and China.

2. Sloth bears (Melarsus ursinus): Sloth bears subsist primarily on termites, ants, and fruits. They
are the only species of bear adapted specifically for myrmecophagy (Garshelis et al. 1999a;
Saccoand Van Valkenburgh, 2004). Sloth bears occupy awide range of habitats on the Indian
mainland including wet and dry fropical forests, savannahs, scrublands, and grasslands (Joshi et
al. 1995; Sreekumar and Balakrishnan, 2002; Akhtar et al. 2004; Yoganand et al. 2006,
Seidensticker et al. 2011; Ramesh et al. 2012). They are primarily a lowland species. Most Sloth
bearrange inIndia, Nepal and SriLankais limited to habitats below 1500 m, although the
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species may occur as high as 2000 min the forests of the Western Ghats (Johnsingh, 2003;
Seidensticker et al. 2011). In areas where forest cover is sparse but daytime temperatures are
high (alarge part of therange), the bear principally nocturnal or crepuscular andsheltersinrock
outcrops, thickets, and tree cavities during the heat of the day (Dharaiya et al. 2016).

Major threats to this species are habitatloss or degradation, retaliation from human-bear
conflicts, and poaching (Johnsingh, 2003; Chauhan, 2006, Yoganand et al. 2006; Bargali et
al. 2012; Bargaliand Sharma, 2013). In some parts of the rangne, encounters between people
and sloth bears have led to numerous serious human injuries and many deaths (Rajpurohit and
Krausman, 2000; Bargaliet al. 2005; Dharaiya and Ratnayeke, 2009; Ratnayeka etal. 2014).
Such incidents occur where people frequently use bear habitat, and where the habitat has
become severely degraded, prompting bears to seek food and water in closer proximity to
humans. The only natural (non-human) threats to sloth bears are tigers and possibly leopards.
The threat of tiger predation may account for aggressive nature of sloth bears (Joshiet al. 1999).
Slothbearshave been observedfending off tigers, but they are also occasionally killed by figers
(Gopal, 1991).

3. Dhole (Cuon alpinus): The Dhole is a habitat generalist, and can occur in a wide variety of
vegetation types, including primary, secondary and degraded forms of tropical dry and moist
deciduous forests: evergreen and semi-evergreen forests, temperate deciduous forests, boreal
forests, dry thorn forests, grassland-scrub-forest mosaics, temperate steppe, and alpine steppe
(Kamler et al. 2015). The Dhole is one of only three canid species with specialised dental
adaptations for an exclusively carnivorous diet, termed hypercarnivory (Van Valkenburgh, 1991).
Although Dholes consume awide variety of prey species, ranging from smallrodentsandhares
to Gaur (Karanth and Sunquist, 1995; Andheria et al. 2007; Ramesh et al. 2012b, Selvan et al.
2013a), the preferred prey areungulateswith abody mass of 40-60kg (Selvanetal. 2013b).
However, if this prey size is not available, Dholes will selectively prey upon both smallerand
larger ungulate species (Kamler et al. 2012). Due to demands imposed by hypercarnivory,
sufficient numbers of ungulate prey are the Dhole's major habitat requirements. In India, tropical
dry and moist deciduous forest may represent optimalhabitats, based on the areas thought o
hold the largest Dhole populations. Besides prey numbers, other important factors that many
influence habitat use include levels of human disturbance, water availability, tiger presence, and
suitability of breeding sites (Steinmetz et al. 2013; Srivathsa et al. 2014, Kamler et al. 2015).

Itis enlisted as Endangeredin the IUCN Red List (Kamler etal. 2015). Thereis no widespread
exploitation of Dholes for fur or other purposes, and there apparently islittle if any value for their
use as traditional medicines. Thus, wildlife trade does not directly affect Dholes. Major threats fo
Dholes are depletion of prey base, habitat loss and fransformation, persecution, disease and
pathogens and competition with other species such as tigers and leopards. Although Dholes are




much smaller in body size, packs of Dholes reportedly have killed both tigers and leopards,
although the reverse also has been reported (Burton, 1940). Free-ranging dogs also may
compete with Dholes forlimited foodresources where prey numbers are low.

4. Common Palm Civet (Paradoxurus hemaphroditus): This speciesis adapted for forest living,
yet it toleratesliving in areas near people commuting along wires and pipes, sleeping in barns,
drains, orroofs during the day, and coming out at night to catchrats or forage formango,
coffee, pineapples, melons, and bananas; it also eatsinsects and molluscs (Spaan et al. 2014).
It is reported to be crepuscular or nocturnal (Duckworth, 1997; Azlan, 2005), partly arboreal
and the extent of arboreal activity perhaps caries across ifs range or between habitats. Although
its IUCN statusis Least Concern (LC) (Duckworth et al. 2016) and is included in Schedul Il of the
Indian Wild Life (Protection) Act, 1972. Globally its distribution includes Afghanistan,
Bangladesh, Bhutan, Brunei Darussalam, Cambodia, China, India, Indonesia, Lao PDR,
Malaysia, Myanmar, Nepal, Pakistan, Philippines, Singapore, SriLanka, Thailand, and Vietnam,
Although distributed in most parts of India, the species is poorly studied for its distribution,
ecology ortrade (Jelil et al. in press). Common Palm civet is hunted for wild meatin some parts
of itsrange, such as southern China, parts of North-east India, Lao PDR, Vietnam, Thailand and
probably throughout northern South-east Asia andwidely elsewhereinitsrange (Lauetal.2010,
Duckworth et al. 2016).

5. Brown Palm civet (Paradoxurus jerdoni): Brown Palm civet has beenrecorded only in evergreen
forest and in degraded and anthropogenic habitats over former evergreen forest such as coffee
plantations; there are no records from deciduous forests. It inhabits large continuous forests,
high-altitude montane evergreen forest patches or sholas, and small forest fragments amid
plantations ofteaand coffee (Rajamanietal. 2002; Mudappa et al. 2007; Kalle etal.2013).
It seems to be most common in altitudes above 1000 m (Mudappa, 2001), but Rajamani et al.
(2002) suspect that its distribution may depend more on the structure and floristics of forests,
rather than on altitude. It is largely arboreal although descending regularly fo the ground, as
indicated by success in live-trapping and camera frapping (Mudappa 1998; Rajamani et al,
2002). It was also captured in our camera traps, although with only 17 number of captures, but
it was still more captured than species like grey mongoose, stripe-necked mongoose and jungle
cat. It is nocturnal and mainly frugivorous, feeding on at least 50 rainforest tfree and liana fruit
species, although it does supplement its diet with birds, rodents and insects (Pocock, 1939;
Mudappa et al. 2010).

Thisspeciesisendemic tothe Western Ghats and populationshave declined greatly during the
main era of deforestation in the Western Ghats. But for the last few decades forest loss ratesin
itsrange have beenlow, andhabitat-based declines are also assessed aslow. Potentially more
serious for this species could be the conversion of coffee and cardamom plantationsintotea or
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othernon-agroforestry used. However, dllthese changes are too limited at present to consider
asactive threats. The speciesistolerant of fragmentedlandscapes (Mudappa, 2007). In most of
itsrange, huntingis unlikely to be a major threat, butillegalhuntingis stilllocally commonin
privately not enough to cause declines. Because of its prime frugivorous and arboreal habits, it
can survive in heavily encroached areas provided some fragments remain with relatively
unbroken canopy and adequate food resources, such as coffee and cardamom plantation, but
noft fea, eucalyptus, or teak (Rajamani et al. 2002).

6. Smallindian Civet (Viverriculaindica):Smallindian civets are protectedunderthe Indian Wild
Life (Protection) Act, 1972 as a Schedule Il species. The species occurs in Sri Lanka, Pakistan,
most of India, Nepal, southern and central China, Taiwan, Bnagladesh, mainland Southeast Asia
and various islands of Indonesia (Mudappa, 2013).In Indiq, it is distributed from the Himalayan
foothills to Kanyakumari in the south (Menon, 2014). The species prefers scrub and dry forests
to undisturbed evergreen patches. It can live close fo human habitafion and often finds refuge in
atticsordrainpipes of houses. Althoughithas a wide distributioninIndia, owing toits elusive
nature, the speciesisunderstudied (Mahanandaand Jelil, 2017) comparedtoothercarnivores.
The species is widely used for various reasons. They are harvested for skinsin China (Lau et al.
2010) and probably fo some extent elsewhere. It is the second most commonly fraded civetin
Java, Indonesia, where they are kept as pets. While huntingis rare in some parts, alarge part of
its range i.e. Northeast India, southern China and northern Southeast Asia has heavy to very
heavy mammal hunting for domestic consumption and sale into urban and international wildlife
trade. For the civet musk industry, large numbers of civets are kept in India and increasingly in
Thailand. These threats are not causing steep declines in India, Myanmar and southern Ching,
the situation is less clear in northern South-east Asia, where hunting is highest, because of the
species’ limitedoccurrencein closed evergreen forest (Choudhury etal.2015).

7. Grey mongoose (Herpestes edwardsii): Although it is common semi-synanthropic species, the
natural history of the Indian grey mongoose is little studied. It has been recorded in disturbed
areas, in dry secondary forests, and thorn forests (Shekhar, 2003). This species feeds on a wide
variety of animalfoodincludinginsects ad snakes (Santiapillai 2000). Shekhar (2003) noted that
thisspeciesis often captured and sold as a pet. Northern Indian people use hook snares to
capture individuals for skins, which are then sold in local markets in Nepal (Shekhar, 2003). In
India, all mongoose species are in demand for the wildlife frade (Van Rompaey and Jayakumar,
2003).The meat is eaten by several tribes and the hair is used for making shaving brushes, paint
brushes, and good luck charms (Hanfee and Ahmed, 1999). Indian Grey mongoose has no
range-wide threats to sufficiently decline the population. It islikely that in some areas the levels
of harvest are sufficient to reduce local densities. Over recent centuries the species has probably
benefitted from conversion of closed evergreen forest to open habitats (Mudappa and
Choudhury, 2016).




8. Ruddy mongoose (Herpestes smithii): The population status and ecology of the Ruddy
mongoose remains litfle known. Mostrecords are from open forest, including dry forests and dry
thorn areas, and disturbed forests (Mudappa and Choudhury, 2016). Ruddy mongoose is
perhaps partly crepuscular, although there are many records by day and some by night. It climbs
in frees atleast occasionally, but evidently spends most of the time on ground (Mudappa and
Choudhury, 2016). There appear to be no major threats to the global Ruddy mongoose
population. Local scale threats include hunting andsnaring.

9. Stripe-necked mongoose (Herpestes vitticollis): Stripe-necked mongoose has been recorded
in deciduous and evergreen forest, open scrub and along watercourses (Webb-Peploe, 1947;
Van Rompaey and Jayakumar, 2003). In deciduous forests it is usually found in swampy
clearings, along watercourses andin open scrub (Krishnan, 1972). It ismore common in the hills
than in the lowlands, and has been found up to 2200 m (Hill, 1939; Van Rompaey and
Jayakumar, 2003, Mudappa et al. 2016). It is diurnal and feeds on small mammails, birds, birds'’
eqggs, repfiles, fish, insects, grubs androots (Van Rompaey and Jayakumar, 2003). There are no
major threats to the global stripe-necked mongoose population, although local consumption
and use is present (Hanfee and Ahmed, 1999). The population presumably fell steeply during
the main phase of deforestation in the Western Ghats many decades ago, but rates of clearance
are now low, and the speciesis often seen nof justin degraded and fragmented forest, but also
in non-forest habitats interspersed with forest fragments (Mudappa et al. 2016).

10. Jungle cat (Felis chaus): The Jungle cat is actually strongly associated with wetlands, habitats
with water and dense vegetation cover, especially reed swamps, marsh and littoral and riparian
environments-scrubland and deciduous dipterocarp forest (Gray et al. 2014).Jungle catshave
adapted well fo irrigated cultivation, having been observed in many different types of agriculfural
and forest plantations throughout their range, such as sugarcane in India. In a study in Pench
TigerReserve, MadhyaPradesh, Inda, thiscat was mostly active inthe night hours (Majumdar et
al.2011),whereasin Cambodia, jungle cats were foundtobe more active duringthe day (Gray
et al. 2014). The biggest threat to Jungle cat is habitat loss particularly industrialization an
urbanization of low intensity agricultural areas and scrubland in the Indian subcontinent (Gray et
al.2016). Unselective trapping, snaring and poisoning around the agricultural and settled areas
have caused population declines in many areas throughout its range (Abu-Baker et al. 2003;
Duckworth et al. 2005). India formerly exported large numbers of Jungle cat skins before the
speciescame underlegal protection, and someillegal frade continues (Sunquist and Sunquist,
2002, Choudhury2010), elsewherein South Asia (Choudhury etal. 2015) as wellasun Egypt
(Glas, 2013) and Afghanistan (Habibi, 2004). The scarcity of jungle cat in mainland Southeast
Asia is likely the result of high levels of hunting in open and accessible deciduous dipterocarp
forest (Duckworth et al. 2005).
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11. Rusty spotted cat (Prionailurus rubiginosus): Studies report the presence of this cat in proximity
to human habitation (Worah, 1991; Nowell and Jackson, 1996; Mukherjee, 1998; Nekaris,
2003). A niche modelling study suggested that af a broad scale this cat’s distribution is limited
by large contfiguous tracts of hostile habitat, specifically intensive, imigated agriculture (Silva et
al. 2015). These prime regions correspond with dry and moist deciduous forests showing
relatively low forest fragmentation according to landuse and land cover maps of India (Roy et al.
2012). This species is understudied due to nocturnal and elusive habits. According to Bhardwaj
and Dutta, (2014), the total extent of prime habitat of the Rusty spotted catin India and Nepal
is equivalent to around 25% of the range of the species in these countries. This accounts for75%
of the current habitat in India and Nepal facing an imminent danger of conversion to urban
areas, industry, mining and other forms of land use hostile to Rusty-spotted cat. Asmuch of the
distributional range constitutes marginal habitat for the species, this 75% loss of habitat could
translate to adecline of around20-25% of the current population over three generations. Given
the much smaller landmass of Sri Lanka, the mainland population constitutes perhaps 0% ora
little more of the global population. Since much of the species’ range is within hugely human-
dominated areas undergoing rapid land use change, fragmentation of habitat and disease
should be considered as serious threats. There are concernsregarding possible hybridization of
rusty-spotted cats with domestic cats (Kittle and Watson, 2004). However these information have
tosubstantiated and measured to determineifthis factorisindeed a threat to this cat.

12. Leopard cat (Prionailurus bengalensis): Leopard cafs canrange up o 3240 m asl (Ghimirey
and Ghimire, 2010) and occurin awide variety of habitats fromfropicalrainforest to temperate
broadleaf and marginally coniferous forest, as well as shrub forest and successional grasslands.
The northern boundary of itsrange is limited by snow cover, as the Leopard cat does not occur
indeep snow. They occurcommonly in dense secondary growth, including logged forest (Ross
etal. 2010; Mohamed et al. 2013) and have been found in Acacia (Giman et al 2007), oil
palm (Rossetal.2010) andsugarcane plantations (LoricaandHeaney, 2013).They are excellent
swimmers and have successfully colonized offshore islands throughout their range (Nowelland
Jackson, 1996; Sunquist and Sunquist, 2002). Itis predominantly nocturnal (Grassman et al.
2005; Cheyne and Macdonald, 2011; Lynam et al. 2013; McCarthy et al 2015) with high
crepuscular activities in some areas (Grassman et al. 2005), but some diumnal activity has been
recorded as well (Saxena and Rajanshi, 2014).

InChina, commercial exploitation has been heavy, hundreds of thousands of leopard cat skins
per year were exported in the 1980s. Island populations are small and seriously threatened in
the Phillipines and Japan. Hybridization in the wild has been reported, but is not considered a
significant threat. Although this species is less dependent on forest cover than others, habitat loss
and fragmentation s still a threat across most ofitsrange (Nowell and Jackson, 1996).
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Chapter V:

Anthropogenic
Status In Sahyadri
Tiger Reserve



5.1. Introduction:

Forests and their naturalresources are facing rising challenges in terms of climate change and
anthropogenic pressures. Anthropogenic pressure is one of the persistent problems that began
many years back and is increasing with time. The killing of wild animals for their flesh, skin and
body parts and collection of nontimber forest produces (NTFP), fuelwood, fimber, selective
logging. cutting and grazing of livestock have caused degradation of forest by overexploiting the
criticalmicro and macro habitats that are preferred by various wild animals for feeding, resting
and breeding. Globally, protected areas provide havens andrefuge areas for biodiversity and
play animportantrole in conservation (Leroux et al. 2010). Currently, there are more than
161,000 protected areas worldwide covering 10-15 % of land surface of the earth (Soutullo
2010; Jenkins and Joppa 2009).

Extensive deforestation and habitat fragmentation continue at alarming rates throughout the
world and the survival of innumerable forest species, mainly in the tropics is in jeopardy (Marsh
& Mittermeier 1987). World's most of the protected areas are under tremendous pressure of
human population growth, which creates disturbance and alteration in the forest ecosystem and
forest habitats, which affects the wildlife and their population and causes the deforestation and
extinction of many species from wild. In view of biological conservation and to minimize
degradation of natural ecosystems, Protected Areas (PAs) have been established that cover about
5% of the world’s land area (Groombridge 1992; Singha 1997). The exiraction of biomass
resources, such as fuelwood, fimber and fodder by rural communities, perhaps once within the
carrying capacity of surrounding forests, has now crossed this limit in many resource-rich areas
of the world (Reid et al. 1990). Harvesting of fuelwood and fimber has profound effects on the
biodiversity of forest Ecosystem (Sayer and Whitemore 1991), often leading to the change in
species composition and vegetation structure (Bormann et al. 1977; Berkmuller 1988;
Berkmuller et al. 1990; Kouki 1994). The uncontrolled grazing by domestic livestock is another
aspect of removal of biomass from natural ecosystems, which has a directimpact on the
regeneration process of forest floor by removing young saplings and soil loss due to frampling
(Kelt and Valone 1995; Saberwal 1995).

InIndia, althoughthe degree of anthropogenic pressures varies in different parts of the country,
the man-made disturbance has become a widespread feature in most of the forests (Singh et al.
1984; Singh and Singh 1989; Singh and Singh, 1992). The consequences of degradation in the
forest ecosystems have been more precious since they are considered as ecologically fragile and
the regeneration of such degraded ecosystems is exiremely difficult due to the physical instability
and environmental characteristics of the area. Therefore, understanding the level of
anthropogenic pressure and ifs distribution on these forests is urgently needed to address the site-
specific conservation problems and sustainable use of natural resources of the region. Concerns




about the widespread degradation of natural resources in various regions of the country express
by many researchers in past (Babu et al. 1984; Singh et al. 1984; Moench and Bandopadhyay
1986; Shiva and Bandyopadhyay 1986; Bhatt 1992) also substantiate the importance of such
types of studies. Anthropogenic pressure can cause uncontrolled influences that bring changes
in floral and faunal diversity, habitat, landscape, soil degradation and may also lead to
considerable alterationsinthe environmental conditions. Many, traditionalsocieties utilize their
natural resource base based on their perceptions, experience and response fo patterns of
resource uses by others (Samant and Dhar, 1997). The present study highlights the quantitative
estimates of various dominating factors of anthropogenic pressures: human and cattle
population, grazing, cutting, encroachment, collection of minor forest produce (MFP) and
generation of income, associated with hunting and frading of animals and plants by local people
and occurrence of incidental forest fire in Sahyadri Tiger Reserve (STR). Just like tigers, spotted
deer (chital) also have experienced a drastic population decline and finally got extinct from the
forest of STR.

5.2. Methodology:

We conducted feild assessment to find out the anthropogenic pressure and people’s perception
towards tigers and other wildlife,. The survey was conducted from March 2017 to November
2017. Using a standard questionnaire format, village heads, businessman, farmers and other
local people were interviewed to assess the present threats to the wildlife in STR and for
understanding the pressure on natural resources and which areas are the most disturbed by
humansand theirlivestock.The camera frapsinstalled were also used fo calculate capturerate
and activities of humans andlivestockinside the forest. Questionnaire surveyswere conducted
in all the five range villages of STR. From each of the ranges, 30% of the total households were
surveyed, interviewees were selected from each village based on the strafified random sampling
technique and the first person encountered in the house was questioned based on the extent to
which the people depended on natural resources, their proximity to the forest occurrence of
wildlife and perception fowards tigers. The primary data were collected through open-ended
questionnaire and interviewing of forest department officials and field staff, and secondary data
was collected through field observation and extracted from camera frap data.
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5.3. Results:

Thereare 79 villagesin 5rangesofSTR; outofthe 79 villages, 18areincorezoneand é1in
bufferzone of STR (Figure 2; Table 1). The village having the highest populationis Rasati with
total population 2050 in buffer zone of Helwak range and the village having the lowest
population is Khemase with total population 15 in buffer zone of Helwak. The total village
populationis 39731 out of which 9506 people are living in the core zone of STR and 30225
people are living in the buffer zone. The total number of households in 5 rangesis 3601. All the
79 villages are inhabited by Schedule caste (SC), Schedule tribe (ST), Nomadic fribe (NT), Bodh
Samaj and Muslim community. People of these villages mostly dependent on agricultural
activities and forest productsi.e. 69.34%; and 30.66% peoples are engaged in other activities
like labour, working in Mumbai and Pune in private companies etc. The total number of interviews
takenwas 1034fromallthe Sranges. Outof 1034interviewees, 697 were malesand 337 were
females with average age 48.47 + 3D 15.51 years; and the total members in their households
are 6512 out of which 2448 are males, 2324 are females and 1751 are children. Locals use
fuelwood more than any otherforest product (56.98%) followed by fruits (26.93%) and livestock
grazing (11.12%). They use fruits for consumption and for trading purposes like Jamun, Carissa,
Jackfruit and Mango.

Our questionnaire results show that out of 100%, 7.93% people of core villages are accepting
the tiger reinfroduction whereas 38.2% people of buffer villages are accepting the tiger
reinfroduction totaling 46.13%. Rest of the 53.87% people of buffer and core zones are not
accepting tiger reinfroduction.

5.3.1. Human settlement:

There were 134 villagesin STR before it was declared as tigerreserve (Figure 2), afterit was
declaredastigerreserve govt.relocated S5 villages from core andbufferzone of STR. Now there
are 79 villages remaining in the 5 ranges of STR (Table 1). These villages are inhabited by
Maratha community (SC/ST/OBC Caste) with the highest percentage (87.04%) followed by
Nomadic tribe (7.73%), Bodh community (5.02%), and Muslim community (0.19%) and very few
villages are having mixed community such asnomadic tribe, Maratha community, Hindu Sutar
and Hindu Satar community (Figure 3). Inside these villages, people are living in wadis (colony)
based on their community type.

A total of 3601 households were reported fo exist in these 79 villages, comprising a fotal
population of 39731 people. The largest village is Rasati with a total population of 2050 of
Helwakrange andthe smallestvillage isKkhemase with atotal population of 15 people of Helwak
range. Rasati village is the most developed village among all the other villages of STR and less
dependent on agricultural activities and forest products except fuelwood. But the other villages
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are habituatedin doing the agricultural activitiesin and around the forestland and fromwhere ~ Z L, '
they are also using forest products. Allthese activities are affecting the wildlife and the forest.
Range Beat Zone Village name Population No. of
households
Debewadi Karale Buffer Karale 935 72
Buffer Modakwadi 350 50
Buffer Jinti 450 60
Paneri Buffer Paneri 700 50
Satar Buffer Satar 675 68
Humbarne Buffer Humbarne 400 40
Atoli Buffer Gothane 370 63
Buffer Atoli 1100 60
Kasani Buffer Kasani 760 82
Helwak Rasati Buffer Baje 350 22
Buffer Kisrule 210 29
Buffer Bopoli 400 25
Buffer Dastan 500 70
Buffer Nanel 60 10
Buffer Nechal 700 45
Buffer Sivdheswar 200 21
Buffer Dhankal 400 50
Buffer Rasati 2050 235
Buffer Gadokhop 500 80
Buffer Khemase 15 4
Helwak Buffer Helwak 1050 80
Territorial Buffer Pathe 45 13

KON NKO N



Range Beat Zone Village name Population No. of
households

Buffer Gojegaon 250 12

Buffer Vajegaon 700 55

Mendeghar Buffer Mendeghar 450 50

Waghane Buffer Waghane 300 21

Buffer Naav 450 60

Buffer Kondhavale 600 40

Kolne Core Kolne 450 40

Core Patarpunj 600 55

Male Core Male 450 60

Koyana Koyana Core Torane 300 17
Core Kusawade 500 18

Core Deshmukhwadi 400 46

Core Humbarli 650 70

Core Ghatmatha 221 25

Core Gokul 900 50

Kusawade Core Gawdewadi 1200 40

Core Dhuilwadi 430 45

Nauja Core Kamargaon 500 90

Core Mirgaon 350 40

Core Manainagar 375 40

Core Nauja 1500 75

Bamnoli Vele Core Vele 250 30
Buffer Jambhe 500 6

Buffer Chalkewadi 750 70

VRN s DU



Range Beat Zone Village name Population No. of
households

Buffer Chikali 750 100

Deur Core Deur 30 65
Buffer Kedavali 260 30

Buffer Sandavali 100 15

Munawale Buffer Shemdi 350 30
Buffer Munawale 700 50

Buffer Umbari 1200 40

Kargav Buffer Kargav 65 8
Buffer Ambavade 40 12

Buffer Wagholi 60 12

Aarav Buffer Aarav 300 35
Buffer Chakdev 30 10

Waghawale Buffer Waghawale 700 40
Buffer Lamaj 550 60

Buffer Nivale 400 30

Uchat Buffer Uchat 450 35
Buffer Parwat 50 10

Buffer Kandat 100 15

Shinde Buffer Shinde 350 40
Valvan Buffer Valvan 250 40
Buffer Morani 40 10

Akalpe Buffer Akalpe 550 70
Buffer Pimpri 100 20

Mhalunge Buffer Mhalunge 80 10
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Village name Population No. of

households

Chandoli Kundhlapur Core Kundhlapur 400
Udgiri Buffer Udgiri 550 40
Buffer Ukalu 750 75
Mandur Buffer Mandur 1200 100
Kandavan Buffer Wakoli 350 30
Buffer Chandoli 750 40
Buffer Talavade 380 40
Buffer Kerle 750 45
Buffer Amba 1800 120
Total 39731 3601

Table 1: Forest villages in Sahyadri Tiger Reserve with population and respective number of
households

(Source: Forest Department Record)

Community Structure Of
The Villages

m HINDU
MARATHA

= NOMADIC TRIBE

m BODH

Figure 3: Showing the community structure of the villages.
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5.3.2. Livelihood options:

Dependence of humans on forest resources in all possible ways is the main reason for
anthropogenic pressure in any area. People are staying near forest area orinside the forest are
using forest product for their day to day life which affects the wildlife. Agriculture was found to
be the primary occupation for 69.34% peoples interviewed in the villages. They are cultivating
rice, wheat, corn, pulses, groundnutsetc. andthisisthe main source ofincome forthemfollowed
by 4.74% people who are working in the cifies like Mumbai, Pune, Chiplun in private companies
and hotels. Only 1.06% peoples are following business as their occupation (Figure 4).

Inthese villages, about 56.98% of the total populationrelies on fuelwood. Fuelwoodisgathering
on daily basis from the forest by every family living in the forest area mostly during summer time.
Collection of dead and fallen trees timber and plant leaves for making of house roof and for
cattle shelterresultsin harmful effect on the soil, depriving it of nutrition and ground cover; and
cutting of fuelwood and timber from grown frees has fremendous effect on the forest and wildlife
otherthan fuelwood andtimber people are also dependent onfruits of the forest. About 26.93%
of wildfruits are been collected by thelocal people of the villages and around 15% out 0f 26.93%
they are using for trading purpose. Syzygium, Carissa, Mango, Jackfruit, Morus, Zizyphus are the
main fruits for the trading in local markets, bus stand efc, the fruits they are collecting are also
eaten by wild animals so thisleads fo the lack of food forthem. Otherthan fuelwood timber and
fruits; collection of fodder, medicinal plants and honey also came to ourknowledge during the
survey but the collection of these products is very less in comparison with fuel wood and fruits
(Figure 8).

45% 1.26%1.169 1.06% . .
1.84%_ 145%1 26A1| 164’/- ° Occupation Of Villagers

/

1.93% _
m Farmer
3.68% m Work in
Mumbai/Pune
m Service

m Housewife
m Labour

m Work in Forest
Dept.

Figure 4: Showing the occupation of the villagers in STR.
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Figure 5 (A, B, C, D): Collection and use of forest products by locals in STR

Uses oF Forest Resources
56.98
26.93

11.12

. 3.67 0.64 0.64
||

Fuel wood Fruits Livestock  Medicinal Fodder Honey
grazing plants

Figure 6: Showing use of forest resources by the villagers
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5.3.3. Hunting:

Afew years back, before STR was declared as a figer reserve, people used to huntin alarge
scaleforconsumptionof fleshasfood and organs asamedicinalvalue. But afteritwas declared
asfigerreserve they stopped killing the wild animals which has resulted in the growth of wildlife
and it stillkeeps on growing. However the people are saying that they stopped killing wild
animals, there is some probability that they are stillhunting the animals for food, not for frading
pUrposes.

5.3.4. Habitat disturbance:

Construction of road and selective logging is the reason for habitat fragmentation and activities
like agricultural practices, felling of frees for commercial purposes are the reasons for habitat
destruction. Otherindirect threats for habitat are the collection of timber, grazing by livestock
and human inferference and movement inside the forest land. During the movement, they make
noise which disturbs the wild animals while they are feeding or resting.

During the study, we deployed camera traps to find out the disturbance caused by humans and
livestock and we found outthe capturerate forahumanis0.202 per day andforlivestockis
1.146 perdayinallSranges of STR. The disturbance caused by humans and theirlivestockis
high which leads to habitat destruction. Livestock grazing can be the main reason of threat for
wildlife. The actual effect of livestock grazing in the study area has not been quantified, but some
of theirfeeding activities can be discussed. Cattles destroy most of the seedling by walking and
grazing, and they were found during study period temporarily live inside the forest. So they are
causing more harm fo the forest and competition between herbivorous wild animals and livestock
for food. Other than disturbance created by humans and livestock, there is one more factor which
affects the health of the forest i.e. forest fire. In some parts, a forest fire was found to be made
intentionally forthe benefit of the fuelwood collectors because, after the fire, dry woodscanbe
gathered. The fire also caused loss of various small plant species from that area.

5.3.5. Traditional use:

Peoples are collecting timber fo build their fraditional houses which are supported by a framework
of wood with aroof of grass and iron frame. They are also using timber for poles instead of
pillars and beams and for fencing of their houses, a shelter for livestock. Villagers are collecting
building materials illegally from the surrounding forest. Although they are using commercially
less important free species they are important ecologically for the forest.
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People are alsousing medicinal plants forwounds and cuts, snake bites, joint pain, etc. they are
also capturing wild birdsand hare fromthe forest andkeeping them asapet (picture 8).

Figure 7 (A, B, C, D): Use of forest produce in building poles, roofs and pet cages

5.3.6. Perception:

We asked people about their perception towards tigers mainly (as our main focus is on tiger
reintroduction); some people are not ready fo accept the tiger reinfroduction whereas some
people showed positive response. Our questionnaire results show that in total villages of core
and bufferzone only 46.13% peoples are ready to accept tiger reinfroduction in their area and
rest 53.87% peoples are not ready to accept. Range wise result shows that Bamnolirange has
the highest acceptance (16.44%) and Koyana range have the lowest acceptance (4.54%) (Figure
8).Thereason fornot accepting tigerreinfroduction came to ourknowledge during the survey s
that they think tigeris alarge predator and as they go inside the forest for the collection of
fuelwood, tiger will attack them, they are afraid of it. On the otherhand, people also think that
wildlife is very important for them and somewhere humans and wildlife are connected witheach
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other. We also asked them about the attack on a human by any wild animal and the result we
foundis thereisno attackon ahuman by tigerand leopardsincelast 5to 10 years, only wild
boarand gaur attack themin their fields. Although leopard attack on theirlivestock in the forest
butneverattackedonahuman.Wehave also asked themifthereisany conflict and any attack
onlivestockinthe future whatwillthey do, 92.35% answered that they will complain to the forest
department and want compensation for any loss andrest 7.64% people having noidea about
that.

RANGE WISE PERCEPTION

16.44
I 10.15
Bamnoli Debewadi Helwak Chandoli koyana

Figure 8: Showing range wise perception result for tiger reintroduction.

5.4. Discussion:

Reinfroduction is an increasingly important tool for conservation of large camivores (Hayward &
Somers 2009). Before reintroduction of any wild animal especially large carnivore, consultation
with the villagers of that are living close to the reinfroduction site or around the site should be
taken. If the villagers accept the reintroduction than it becomes easy with their support. In Sariska
tigerreserve the villagers consented to the reintroduction of tigersin the area, citing reasons of
preying on the weak cattle by the tigers, which according to them was a process of natural
selection. Adequate measures for compensation in event of cattle kills were put in place. The
local people of Sariska tigerreserve considered tigers to be beneficial for the habitat and
supported theidea of reinfroduction (Sankar, et al. 2008). Many studies were done on the
reintroduction of wild animals around the world and all studies first consulted with the local
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people about the reintroduction idea. In STR we consulted with the villagers and as required
under the NTCA protocol, the local people of STR considered figer and other wild animals to be
beneficial for the habitat, but still, they are not ready to accept the reintroduction mainly because
of fear.

46.13% (~50%) people areready fo accept thereintroduction of figer andrest of the people not
ready. Thereasonthey are not accepting thereintroductionisthat they haven'tseen anylarge
predatorin their area so they are afraid of what will happen once the tiger reinfroduced. However,
there is no harm to human lives as there is no record of attacking human by leopard or tiger;
exceptlivestockisbeen attackedbyleopardsinsome villagesinside the forest. Butsstill, they think
if tigers are reinfroduced then it will attack farmlands and livestock. There are few incidences
wherewildboarattackedthe humanin theirfarmland duringmonsoon. Butno otherwild animal
ever attfacked on humans. Out of 100, 47.96% people think that the wild animals like leopard
and figer are a psychological and economical threat to human and livestock and the remaining
people have no idea about the threat. Behind this perception, lack of awareness about wild
animals of the local people is one of the main reason. Only 3% peoples are well aware of the
wildlife andtherest of the percentage of peopleisunaware. Even with this perception andlack
of awareness, 97.38% people believe that the wildlife and forest are important for them to
survive; they need forest around their villages. But still 53.38% people of STR villages are readily
willing fo relocate anytime from that area and the remaining people who were not ready stated
that they will relocate if assure by aftractive packages of land, money and other facilities like
water, electricity etfc.

Nearly alltheinterviewees believed that wild animals are important for the forest ecosystem but
they are afraid of the after-effects of figer reinfroduction. But they also stated that they will accept
ifthetigernumberwillincrease in the future but there must be some surety of the safety of human
lives. There is a great possibility thaf the percentage we gotin the results for the acceptance of
tigerreintroduction willchange after close relationships are built with the locals through various
ways and they are taken into confidence. This has already shown some promise and positive
results as there have beeninitiation of various camps and formation of women self-help groups
by the reserve authority. The efforts of the field director and deputy directorin thisregard have
showed positive responses. With more of such initiatives and close work with thelocals, we hope
that the tigerrecovery project will gain more acceptance and people being more tolerant towards
large carnivores.
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Chapter VI:

Strategic Action
Plan for Tiger
Recovery



6.1. Feasibility statement:

SahyadriTiger Reserve has seen a sharp decline in figer populationin the recent past. Since its
very inception as a figer reserve, it was amongst the low tiger density areas in India. Hence, a
recovery program was imperative fo restore the tiger population in the reserve. Recovery or
reintroduction projects need to assess the viability of long term plans due to the involvement of
enormous funds, resources and man power. In the first phase, we followed the feasibility
assessment framework put forth by Gray et al (2017), where they provide the most vital
components or factors for assessing alandscape to seeif alandscapeisready toreceive
management inferventions in regards to restoring wild tiger populations. The four major
components are a. habitat suitability, b. prey availability, c. management effectiveness of the
concerned park authorities and d. the social acceptance of the fringe communities. We present
it concisely in this section. We state that Sahyadri Tiger Reserve needs immediate actions in
regards to tiger recovery and that it is ready to receive recovery efforts given the absence of
breeding figers in STR, sufficient prey numbers to begin with, available inviolate habitats in the
core, the present and rapidly growing effective management.

6.2. Habitat suitability:

We have presented detailed status of the habitat andlandscape of STRin the second chapter.
Based on the remoftely sensed and ground data collected over one year (February, 2017-
December 2017), we further present a habitat suitability model here. This was carried out to
identify the potential suitable habitats for tigerwithinthe reserve. For suitability analysis, Boolean
approach was used to achieve better results. Datasets preparation for the analysis includes
classification of all the datasets in two categories suitable and unsuitable. The descriptions of
different thresholds for different parameters are asfollowing:

a. Slope: Slope is the measure of steepness or the degree of inclination of a feature relative to
the horizontal plane, which ranges from 0 degree to 67.18 degree for STR. This is categorized
into two classes 0°-35° as suitable and more than 35° as not suitable (Figure 1 A).

b. Water Availability: For assessing the water availability for STR, a stream network was generated
from flow accumulation with threshold of 500. A buffer of 1 km distance was generated for the
stream network which shows that the entire STR as suitable (Figure 1 B).

c. NDVI: Normalized Difference Vegetation Index represents the vegetation cover of the ground
anditrangesfrom-1to 1.For STR, the highest NDVIvalue was found tobe 0.91 and lowest -

0.43. This was further reclassified into two classes, viz. more than 0.30 as suitable and less than
0.30 as not suitable (Figure 1 C).
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d. Human Disturbance: To investigate the human disturbance within STR point, locations of all
the villages including core and buffer area were extracted and a buffer distance of 1 kmwas
classified as unsuitable and rest of the area as suitable area (Figure 1 D).

The site suitability analysis estimates a total area of 451 km? as potentially suitable habitat for
tigerfollowing allthe thresholds of different criteria (Figure 2).The arearesultant as suitable area
mostly falls under the core area and situated in the western part of the reserve. The model
suggests that the western part of the tiger reserve is more suitable in comparison to the eastern
part. This was also found in the Radius of Gyration analysis in Fragstats (refer Chapter ll), which
shows astrong connectivity between forest patches across the western parts of thereserve.
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Figure 1: Showing the different parameters considered for the habitat suitability analysis (A)
Slope (B) Stream network (C) NDVI (D) Village locations
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6.3. Prey availability:

Asdiscussed, in detail, in Chapterlil, we found that wild ungulate density to be 9.5 perkm?,
which we believe is an underestimation given the terrain complexity and poor detection during
theline transect sampling (detection has been prevalent in the camera fraps). However, thisis
enough fo support 12 tigers, but this is just the wild ungulate density, other forms of prey such as
livestock and primatesin andnearthereserve are also present. Thisdataisfromtheline transects
carried out beat-wise; we compared the camera capture rates (cameras which were also installed
beat-wise) with this data (Figure 5, in Chapter lll) and found that the estimation of density from
transectsis actually underestimation as stated above. Due forugged ferrain of STR landscape,
the encounters in tfransects were low. Although we conclude that the existing prey base is
adequate to sustain a small reinfroduced tiger population; we also recommend prey
augmentation/supplementationin orderfo ensure viable populationsof tigersinthe long-term.

6.4. Management Effectiveness Evaluation:

Evaluating management effectiveness and using the results for adapfive and better management
is at the core of good PA management. Mathur et al. (2014) describe protected area (PA)
management effectiveness evaluating (MEE) is defined as the assessment of how well Pas are
being managed. It reflects and focuses on three themes of PA management: (a) Designing issues
relating to both individual sites and PA systems; (b) The adequacy and appropriateness of
management systems and processes; (c) Delivery of the objective of Pas, including conservation
of values. InIindia, MEEs take place every four years, the most recent MEE took placein January
in2018 andthereports willbe availablesoon. The older MEEIN 2011 describes SahyadriTiger
Reserve as ‘satisfactory’. Following the IUCN World Commission on Protected Areas (WCPA)
framework (Hockings et al. 2006), the evaluation committee, ranked the Tiger Reserves as (a)
Very good (b) Good (c) Satisfactory and (d) Poor.

The MEE report of 2014 describes a more detailed stafus of all the tigerreserves, rather than just
classifying tiger reserves into separate categories. They chalk out a list of ‘management strengths’,
‘management weakness’, and then suggest some ‘actionable points’ for all the tigerreserves
evaluated. In this report, the committee upgraded Sahyadri Tiger Reserve and changed the status
to ‘good’ from ‘satisfactory/fair’. This suggests that significant improvements have been made in
themanagement ofthereserve andSTRstillservesasapotentialsite forfurthertigerconservation
efforts. We present excerpts of the relevant strengths and weakness expressed in MEE 2014(Table
1), which are most important in terms of long-term tiger recovery efforts.
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Strengths
Located in the Western
Ghats Landscape Complex

Good availability of water

Large inviolate core (600
km?)

Weakness
Terrain is difficult to access

Lack of infrastructure,
equipment and adequate
numbers of trained staff

Demand for land for windmills,
resorts and road

Actionable points
Improving infrastructure, staff
housing, protection and
strengthen monitoring and
communication
The few villages inside the
tiger reserve may be brought
under voluntary relocation
programme
The buffer areas in Satara
division, Sangli division,

Kolhapur division and
Ratnagiri division may ne
transferred under unified
command to the STR
Examining the possibility of
repopulating the habitats with
ungulate species

Table 1: Describing the strengths, weakness and actionable points suggested in MEE 2014
(Mathur et al. 2014)

These actionable points suggested by Mathur ef al. (2014) have been taken well under
consideration by the park management authority, especially regarding increasing staff members
andimprovinginfrastructure. Thisisreflected on groundin STR as the Wilteam has been working
alongside the park staff from January 2017. We are certain that this will also be reflectedin the
MEE of 2018report. However, significantimprovements such asinfrastructure, capacity building
of staff are still possible and it is hoped thatimprovements will occurin fimes to come.

6.5. Social acceptance:

With the start of various village upliftment and awareness programmes initiated by the park
authorities, there is a gradual change among the villagers in how they perceive wildlife. Policy
changes, establishment of eco-development committees and schemes, especially, such as the
‘Shyamprasad Mukherjee Jan Van Yojana' for development of villages around the figer reserve
have been quite successfulin making the villagers more tolerant towards wildlife, in general. In
our social surveys, almost half of the populations residing near STR are ready to accepttiger
recovery activities. With strong management interventions which include people and eco-
development committees, it ishoped that tiger recovery program in STR will be a success with
complete social acceptance.
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6.6. Carrying capacity and population viability of figer:

Wilkinson and O'regan (2003) estimated tiger carrying capacity of an area by considering the
habitat and home range of tigers. They estimated carrying capacity of Indonesian tigers by taking
the whole areaof islands divided by medianhomerange of female tigers multiplied by two. We
adapt this equation for STR and consider only the potential area of the core area (450 km? of
600 km?). Since we have no reference of tiger home ranges for STR, we rely on data of
reinfroduced tigers in other parts of Indian tiger reserves. Tiger home ranges, globally, range
from 20 km? to 400 km?2. We consider 50 km? as the median home range given adequate prey
and cover available. Putting these values (suitable habitat of STR =451 km? female tiger home
range =50km?), we find the total number of figers that can be supportedis 18. The carrying
capacity formula is given below:

Carrying capacity = (Suitable area of STR/female tiger home range)*2
= (450/50)*2
= 18 tigers

Whenwe input the total core area of STR (600 km?), we get a carrying capacity of 24 tigers and
this number (24) was modeled in the population viability analysis (PVA) fo estimate the population
growth and probability of survival of reinfroduced tiger populations, with the assumption that
efforts would be made to create the entire core as inviolate area and with improved prey
population the carrying capacity willincrease.

The equation provided by Wilkinson and O'regan (2003) considers only the total suitable area
available and home range of figers, without taking into account for the prey available. We
therefore also use the equation provided by Karanth et al. (2004), whichishighly accepted and
takes info account all necessary factors. The equation is as follows:

= AUS

Where A=0.247 (95 % confidence interval 0.181 to 0.336), U;= prey density/km2, b=1 and
8§ =1, derived from the relationship between tiger and prey densities, based on harvest rate by
tiger (i. e. 50 ungulates per year).

Tj=0.247*9.5*1*1
=2.34 /100 km?

~ 12 tigers (600 km?core area)
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This equation yields 12 tigers for STR. This estimate given based on the suitable habitat (18) and
prey estimation (12) appears fo be in alignment with our perception/ understanding that prey
augmentation would increase the carrying capacity of tigers in STR.

We performed a population viability analysis (PVA) using Vortex (version 10) to further critically
predict figer reinfroduction and survivalin STR. PVA s a useful analytical fool fo inform scientific
management about reintfroduced populations. It has widely been used previously in case of bears,
wolves, lynx and tigers. This analysis helps scientists and managers to come up with and decide
an estimate of minimum viable population size (MVP). With founder size of 08 individuals (3
males and 5 females), we had considered 5 scenarios as potential outcome of figer
reintroduction, details of which are presented in annexure |. The scenarios considered were as
follows:

Scenario 1: Model with only demographic parameters and does not include catastrophe,
inbreeding, harvest (in this case, poaching) and supplement

Scenario 2: Model with demography and includes catastrophe and inbreeding

Scenario 3: Model with demography and includes catastrophe, inbreeding and one poaching
per year

Scenario 4: Model with demography and includes catastrophe, inbreeding, no poaching and
supplement of 2 figers every three years until year 10.

Scenario 5: Model with demography and includes catastrophe, inbreeding, supplement of 2
tigers every year three years, unfil year 10 and 1 poaching per year.

Based on PVA analysis and considering 5 scenarios, we identified that the 4™ scenario is most
feasible and practical on ground. For this augmentation/recovery programme, this option (4™
scenario) is considered to be the most plausible, and therefore all strategies pertaining to
supplement the population would be considered well in advance, and resources and financial
commitment would be secured accordingly.

We summarize and present the results from the running the modelin Figure 3 and Figure 4.
Figure 3 shows the estimated mean population size in allthe scenarios over 50 years and Figure
shows the estimated survival probability in all the scenarios.
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Figure 3: Representing the mean population size estimated in all the scenarios over 50 years

1.2
— 1 7
g
S 0.8
5 \ —&— Scenario 1
»w 0.6 .
%5 \ —m— Scenario 2
1 0.4 \ —4— Scenario 3
€ 02 \ﬂ\‘ ~ Scenario 4
o
T T T T T T a ?kl_‘—l+l—‘—| —— i
a. P o — — ~ ~ ) o™ 53 < n
3 3 © © © © © © © © ©
> > Q [ [ I I Il Il Il
> > > > > > > > >
Years

Figure 4: Representing the probability of survival in all the scenarios over 50 years
6.7. Recommendation and follow-up action:

6.7.1. Legal context:

In the context of tiger franslocation and augmentation, NTCA has issued (1) a Translocation
Protocol (largely aligned to IUCN Reintroduction Guidelines) and (2) a Standard Operating
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Protocol for sourcing tigers for low-density areas. In terms of sourcing the figer, where due
importance is given to geographic and genetic closeness, the individuals from the Western Ghats
Landscape (Natesh et al. 2017) is in line with the SOP for this purpose. Although the
Translocation Protocolrecommendsonly the dispersingyoungones (2-3yearsold), the fransient
adult may also be considered, since the original objective of recommending the dispersing young
ones is to ensure that the source population is not affected by removal of any individual.
Therefore, the fransient adults would also be almost similar in terms of not affecting the source
population growth.

6.7.2. Founder individuals:

The project would require eight founder individuals (03 males and 05 females), but we
recommend beginning with three individuals (two females and one male) to be constituted as
initial founder population. The composition of 3:5 (male:female) was to provide mate selection
optionforboth males and females, and to enhance the breeding outcomes. In orderto ensure
heterogeneity, the individuals must be sources from more than one source populations. Therefore
the individuals can be captured from anywhere from the Western Ghats complex, i. e. from
neighboring Karnataka (Bandipur, Nagarhole, Dandeli-Anshi) and Tamil Nadu
(Sathyamangalam, Mudumalai). Only in the absence of difficulties in sourcing the figer from
these Western Ghats region, individuals from geographically close population within Central
Indiamay be considered, with due inputs from genetic analyses. These animals should be either
dispersing young animals and/or transient adults and could be picked from anywhere regardless
of core, buffer or corridor, but it will appropriate fo begin from the periphery to inferior of the
forest area.

6.7.3. Institutional Framework:

Tiger augmentation program is a long-term investment and commitment, and involves multitude
of scientific, administrative and political supports. The program will have to be led and
implemented by the Maharashtra State Forest Department and will be technically supported by
Wildlife Institute of India and National Tiger Conservation Authority, while the Wildlife
ConservationTrust willact aslocal partnertomobilize social support and other capacity building
activities. If thereisstrong administrative andinstitutionalmechanismin place, itis very likely that
the project will achieve desired outcome. It is advisable to have (a) Project Steering Committee,
which provides general guidelines for execution of the program and periodically reviews the
progress of the work and accomplishment of the activities and (b) Project Execution team which
willhave to be spearheaded by a mission leader at the rank of Additional Principal Chief
Conservator of Forests (Wildlife) and should include the Field director of the reserve as the field
executive, dedicated veterinary professional, post-release monitoring team (security-based by the
field staff as well as scientific monitoring by the Wildlife Institute of India), and implementation
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6.7 4. Field preparation and mock drills:

The institutional arrangement and the specified committees should support preparatory activities
andensure that the execution feamis fully preparedin terms of logistics, manpower, resources,
equipment and trained monitoring feam. This also includes establishing key roads and
watchtowers for all-weather condition, supported by adequate fransport system. Necessary field
gears and walkie-talkie should be ensured so that the field execution of the project is never
compromised by these logistic inadequacies. Soft-release enclosure in the form of holding facility
should be established prior to translocation of the tiger; unless the choice is hard release and
that there is sufficient safeguard for re-capturing and treating the animals if the medical and field
conditions warrant so. For all the expected activities, mock drill should be carried out at least
three times so that in the event of actual operation, the dedicated feam executes the work
professionally and without any glitches. The area should be totally surveyed to understand the
bottleneck in terms of signal ranges and problem areas for field level implementation and
monitoring.

6.7.5. |dentification of candidate individuals and schedule of release:

Inthe current era of continuous camera trapping, the respective field units monitor most of the
individual tigers adequately. Therefore, the information on dispersing animals and transient
adults could be identified based on capture history and the dynamism (the animal that is not
showing site fidelity in the core area is most likely to be transient, and most operatesin the
periphery). Respective field directors may be requestedto prepare alist of potential tigers that
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may be considered for translocation. Depending on the availability and chance of capture, the
targetindividualshouldbe captured andtranslocated. Itis proposed that the following order of
translocation is considered.

October2018: One male and one female
November2018: Onefemale
February 2019: One male and one female

April 2019: One male and two females

Animals could be released in a soft-release holding facility of 1-2 ha, but if the animalis in good
health, it couldbe hard-released directly. It wasfound from the earlier experiencesin the Panna
TigerReservethatrelease site doesnot determine the homerange oftiger andthat they explore
the area widely and make choices based on individual preferences ( Sarkar et al.. 2016).
Therefore, the release site may be considered based on administrative and logistic feasibility, but
it would be ideal to consider interior areas away from human interface.

6.7.6. Choice and quantity of radio-collar equipment:

The collar equipment and monitoring strategies have significant linkages with the overall success
of the program. It isideal to begin with GPS/satellite/ VHF combination collar for males and VHF
only collar for females. Vectronics GPS/Satellite/VHF collars and Telonics VHF collars are
preferred choice based on the experiences and success of the collar performances. Given that
the current founder number is 08 (three males andfive females), there would be needforthree
Vectronics GPS/Satellite/VHF collars with activity, mortality and drop-off sensors and five Telonics
MOD 500 VHF collars with bi-pole antenna, activity and mortality sensors. It is also proposed to
procure two more Vectronics GPS/VHF/Satellite collars and three more Telonics VHF collars (01
MOD 500 and 02 MOD 400) with activity and mortality sensors. The back-up collars should be
ordered after nine months so that these could be used in quick succession. In order to provide
complete support system, all these collars require dedicated VHF receiver unit
(receiver+antenna+coaxial cable). It is suggested that 05 multi-channel receivers
(Communication Inc. R-1000) and 08 limited channel receivers (Telonics) are procured
simultaneously, so that post-release monitoring is effective.

6.7.7. Capture and fransportation:

Standard protocol of immobilization and fransportation has already been established in reserves
such asPannaTiger Reserve, Madhya Pradesh and Sariska Tiger Reserve, Rajasthan. It is critical
toinvolve fulltime veterinatianin this program as the field situation wouldrequire constantinputs
and field level actions. All the NTCA protocols with respect to reintroduction need to be adhered
to (Annexure 1). Similarly, the standard protocol adopted in the previous reintroduction sites
should be followed (Annexure 2). It is important to profile each animal in terms of health and
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behavior. Visual examination, scat samples and biological samples should be used to periodically
to measure stress and reproductive hormones, endo/ecto parasites and genetic analyses.
Provisions to procure equipment to measure these parameters in the field should be in place.
Theresearch team of Wil should be mandated to handle this activity with regular field updates.
It may be worth profiling individuals in terms of genetic reproductive health, in order to implement
specific administrative action on fimely basis such as that once can predict reproductive
performance of the animails.

There is a need for creating dedicated team for executing various activities. (a) Source population
team: A small team should be assigned a fask of communicating with the source population sites
and constantly update the information on potential sites, so that specific choice could be made
for translocation. This should include individuals who have experience of working in the various
reserves and be aware of the population dynamics (b) Immobilization and capture team: The
team should consist of Field director, Veterinary officer + one support staff, two domestic
elephants with frained mahouts, and range officer with 08-10 persons for support role, with
walkie-talkie (c) Radio-collaring feam: This would be three-member team from Wiland WCT for
collaring and faking body measurement (d) Transportation and release feam: This would involve
the field team guided by the Field director and Veterinary officers, supported by the wildlife
wardens, range officers and support staff. () Post-release monitoring team: This would include
dedicated team of field staff deployed on rotatfional basis and technically guided by the Wildlife
Institute of India. There would be two dedicated team (three person each - one forest guard and
two support staff) and would rotated initially on 24 hour basis and once the animals settle, it
would be on 8 hour bases. All these teams would have specific role assigned by the team
leader/coordinator and should execute the job, without overlapping with other team duties,
unless specifically asked for.

There would be need for dedicated transportation vehicle and transportation cage. In all the
existing cases of tiger franslocation and fransportation, specifically in the case of Madhya
Pradesh, specifically designed fransportation vehicle is being used. This contains specific
hydraulic system to lift and release animals, and the vehicle is supported with necessary
equipment and space for support staff. Similarly, the fransportation cage should be designed
specifically so that the animal could be transported without stress and damage. The usual
dimension of the fransportation cageis 7 ftlong, 3.5 ft wide and 4 ft height, and the cage should
be designedinsuch away that it has strong exterior and smooth interior to provide visual barrier
and comfort for the animals.

6.7.8. Post-release monitoring protocol:

Post release monitoring is key o the success/failure of such recovery projects and there are
enough evidences to back this claim. Therefore, the amount of effort orresource which is invested
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for the translocation phase, an equal amount of effort or resource, if not more, needs to be
allocated for monitoring activities. It is important that all the founder animals, first generation
females and certain dispersing animals are radio-collared. This should become anintegral part
of the project untilthe population hasreachedifs carrying capacity ortarget level as set out by
the carrying capacity analysis. Tiger monitoring would involve two types of dedicated teams (a)
Security-based monitoring by the field staff using VHF tracking method and (b) Technical oriented
monitoring by Wil team using VHF as well as GPS/Satellite/ GSM tracking method. A monitoring
protocol would involve dedicated team of staff for each released figers and the monitoring
schedule should be shared at 24 hour/12 hour/8 hour/schedules on rotational basis, so that
continuous monitoring is in place. Each feam should consist of a forest guard supported by a
wafcher, along with transportation support. The monitoring schedule should be institutionalized
in the prescribed format (Annexure 3) and there should be adequate supervising mechanism.
Location of individual tiger should be reported twice a day (09 AM and 08 PM) to field
coordinator (ranger or deputyranger) and the information should flow to program coordinator
anddirector on daily basis. The intensity of such monitoring can be modified after observing the
behavior of released animals and a suitable decision can be taken up subsequently. Since
Sahyadriis complexin terms of terrain, suitable vantage points should be established and
monitored using multi-channel receiver.

Information should be synthesized on fortnightly basis in a dedicated register and should be
catalogued in the dafabase management unif (fo be established in agreement of the field staff
and Wllteam, preferably in Chandolior Helwak range). The information should be processedin
excelandsummarized descriptively andinmap formtobe sharedwith CWW on fortnightly basis.
There should be one-line of information flow andthe technical aspect of the analyses would be
guided by WII, through a dedicated researcher. There would be need to deploy dedicated
research personnel to support (a) radio-tracking and monitoring of prey and tiger populations
(b) camera trapping and population estimation of tiger and co-predators (c) line fransect
sampling for estimating prey/ungulate abundance across space and fime and (d) genetic and
reproductive health monitoring.

6.7.9. Media management:

There would always be attention and demand for update on the ongoing work from various
quartersincluding media, whichis highly active and volatile in Maharashtra. It would be helpful
tohave a dedicated person assigned for preparing press note onregular basis. Field director or
his nominee should be the point person for engaging media on all administrative matters and
when the specific queries are made related to technical matters, concermned person (veterinarian,
scientists of WIl) may be directed to for providing appropriate information.
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Annexure |

Population Viability Analyses models and results in detail

The PYAmodeltakesinto considerationlife history traits of species, reproductive rates, mortality
rates, population size, carrying capacity, harvest, catastrophes, genetic management and other
variables important for predict population growth and survival. The population parameters
consideredinourPVAanalyses (Figure 2) wastaken by assessing literature (Smithand McDougal
(1991); Bailey (1993); Mazek (1981); Sunquist and Sunquist (2002); Wilkinson and O’regan

(2003))
Reproduction system parameters Female Male
Age when first offspring is had (start of breeding) 3 4
Cub mortality 50 50
Adult mortality 10 10
Adult in breeding pool 50 33
Sex ratio at birth 50 50
Maximum age of reproduction 15
Maximum number of broods per year 1
Maximum number of progeny per brood 4
Mean progeny per female 2.5(1 sb)
Mortality rate parameters Female Male
Mortality from age O to 1 40 40
SD in 0 to 1 mortality due to EV 10 10
Mortality from age 1 to 2 25 25
SD in 1 to 2 mortality due to EV 5 5
Mortality from age 2 to 3 25 25
SD in 2 to 3 mortality due to EV 5 5
Mortality from age 3to 4 10 10
SD in 3 to 4 mortality due to EV 3 3
Mortality after age 4 — 10
SD in mortality after age 4 — 3

Table: Values of reproduction and mortality considered in the PVA analysis

Inorderto obtainrobust population predictions, five scenarioswere constructed asbelow, and
500 iterations were performed on the population for each scenario to estimate survival
probability and mean population sizes of tigersin STR for 50 years. We considered only one
population, excluding the need to model metapopulation parameters. Allthese models were
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density independent, since density dependent factors will begin to operate only after certain
minimum threshold is reached.

We ran the models with the inifial population size of 6, with the carrying capacity of 24, but we
found that the population size could not survive well. Hence we reran the model with aninitial
population size of 8 and carrying capacity of 24.

Scenario 1: Model with only demography parameters and does not include catfastrophe,
inbreeding, harvest, supplement or genetic management.

In 500 simulations of the population for 50 years, 71 went extinct and 429 survived. This gives
a probability of survival of 0.858 (0.0156 SE). The mean final population size was 16.88 (0.37
SE; 8.18 SD). The mean time to first extinction to occur was 26.62 years (1.47 SE; 12.41 SD).
Across all years, prior to carrying capacity fruncation, the mean growth rate (r) was 0.057
(0.0014 SE; 0.2124 SD). The final observed heterozygosity was 0.641 (0.0092 SE; 0.1916 SD).
This scenario is anideal one, but it is practically unlikely due to environmental stochasticity and
other unforeseen losses in the population.

Scenario 2: Model with demography and includes catastrophe and inbreeding

In500simulations of the population for50years, 144 wentextinctand 356 survived. This gives
a probability of survival of 0.712 (0.0203 SE). The mean population size was 12. 02 (0.41 SE;
9.14SD).The meantimetofirst extinctiontooccurwas31.83 years (0.97SE; 11.69 SD). Across
all years, prior to carrying capacity fruncation, the mean growth rate (r) was 0.034 (0.0016 SE;
0.2321 SD). The final observed heterozygosity was 0.670 (0.0104 SE; 0.1971 SD). The survival
rate here, although, isreasonable, the population size is much below the target population size
(of 20 figers) and thusis not viable (Figure 3 and 4).

Scenario 3: Model with demography and includes catastrophe, inbreeding and one poaching (i.
e. harvest) per year.

In 500 simulations of the population for 50 years, 500 went extinct and none survived. This gives
a probability of 0 survival. The mean population size was 0.03 (0.02 SE; 0.45SD). The mean
time to first extinction fo occurwas 7.85years (0.29 SE; 6.45SD). Across all years, prior to
carrying capacity fruncation, mean growth rate (r) was - 0.034 (0.0050 SE; 0.2954 SD). The
result obtained from this model reaffirms that poaching cannot be tolerated at all, and this is
certainly not the option for thisprogramme.

We ran the models with the initial population size of 6, with the carrying capacity of 24, but we
found that the population size could not survive well. Hence we reran the model with an initial
population size of 8 and carrying capacity of 24.
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Scenario 1: Model with only demography parameters and does not include catastrophe,
inbreeding, harvest, supplement or genetic management.

In 500 simulations of the population for 50 years, 71 went extinct and 429 survived. This gives
a probability of survival of 0.858 (0.0156 SE). The mean final population size was 16.88 (0.37
SE; 8.18 SD). The mean fime fo first extinction to occur was 26.62 years (1.47 SE; 12.41 SD).
Across all years, prior to carrying capacity fruncation, the mean growth rate (r) was 0.057
(0.0014 SE; 0.2124 SD). The final observed heterozygosity was 0.641 (0.0092 SE; 0.1916 SD).
This scenariois anideal one, but it is practically unlikely due to environmental stochasticity and
other unforeseen losses in the population.

Scenario 2: Model with demography and includes catastrophe and inbreeding

In500simulations of the population for50years, 144 wentextinctand 356 survived. Thisgives
a probability of survival of 0.712 (0.0203 SE). The mean population size was 12.02 (0.41 SE;
9.14SD).The meantimetofirst extinctiontooccurwas31.83years (0.97 SE; 11.69 SD). Across
all years, prior to carrying capacity fruncation, the mean growth rate (r) was 0.034 (0.0016 SE;
0.2321 SD). The final observed heterozygosity was 0.670 (0.0104 SE; 0.1971 SD). The survival
rate here, although, isreasonable, the population size is much below the target population size
(of 20 tigers) and thus is not viable (Figure 3 and 4).

Scenario 3: Model with demography and includes catastrophe, inbreeding and one poac
e. harvest) per year.

In 500 simulations of the population for 50 years, 500 went extinct and none survived. This gives
a probability of 0 survival. The mean population size was 0.03 (0.02 SE; 0.45 SD). The mean
time to first extinction fo occurwas 7.85years (0.29 SE; 6.45SD). Across all years, prior to
carrying capacity fruncation, mean growth rate (r) was - 0.034 (0.0050 SE; 0.2954 SD). The
result obtained from this model reaffirms that poaching cannot be tolerated at all, and this is
certainly not the option for thisprogramme.

Scenario 4: Model with demography andincludes catastrophe, inbreeding, no poaching and
supplement of 2 tigers every three years for three consecutive years, until year 10.

In this scenario, 88 went extinct and 412 survived. This gives the probability of survival of 0.824
(0.0170 SE). The mean final population was 13.90 (0.37 SE; 8.30 SD). The mean time fo first
extinctionwas 37.31 years (1.02 SE; 9.66 SD). Across all years, the mean growth rate (r) was
0.47 (0.0014 SE;0.2134 SD) prior to carrying capacity tfruncation. The final observed
heterozygosity was0.733 (0.0089 SE; 0.1798SD). This scenario with high survivorship willreach
its peak in 10" year (22 tigers), and will begin to decline gradually from 11" year onwards. This
suggests that further supplementation may be required in case catastrophe and inbreeding
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problems start to occur. However, inbreeding is an unlikely cause in a shorter fime scale,
particularly given that thereintfroducedtigers are from different populations and the progenyis
likely to have high genetic diversity. It would be imperative to take care of the situation at the end
of 10years, and plan further strategy including supplementation if necessary. It is likely that the
population would grow, and that further decision and efforts can be undertaken at an appropriate
time around 10 year.

Scenario 5: Model with demography and includes catastrophe, inbreeding, supplement of 2
tigers every three years for consecutive years, untilyear 10 and 1 poaching per year.

Inthisscenario, 162wentextinctand 338 survived. This gives a probability of survival of0.676
(0.0209 SE). The mean final population was 10.24 (0.39 SE; 8.82 SD). The mean time for first
extinctionwas30.27 years (0.95SE; 12.09SD). Across allyears, the mean growthrate (r) was
0.026 (0.0015 SE; 0.2177 SD) prior to carrying capacity truncation. The final observed
heterozygosity was 0.696 (0.0105 SE; 0.1926 SD). It is once again proved that even with
supplementation, poaching willtake a heavy tollon thereintfroduced populations. Therefore, it
isimportant that the number of individuals would have to be reviewed, meaning if poaching
takes place, the whole strategy of supplementingindividual tigerswillhave to be reviewed and
increased accordingly. Given the recent records of human intervention and poaching cases such
asin Chandoliwhere wild boar poaching took place in January 2017. The park authorities
however managed fo arrest the poachers on January 15, 2017.

ltisreportedin 2016, the tigerreserve authorities arrested around 50 people for crimes that took
place inside the core area of the tigerreserve (Kulkarni, 2017, April 3). People from Konkan use
traditional hunting routes to enter into the limifs of STR. Previously, nine people were arrested
from Sangameshwar in Rafnagiri for poaching two mouse deer. Two country-made rifles and
weapons were seized from these poachers who were caught in camera trap images.
Sangameshwar is a surrounding forest landscape of STR. This brings the whole landscape into
focus, and that the entire programme would have to be seriously considered bringing the
surrounding forestsunder one management unit orwith strong positive collaboration with allthe
surrounding forest unifs o ensure the long-term survival of tigers in STR. Management of tigers
in STR would have to be taken into the landscape context, and every effort has to be made,
including policy interventions and making available a dedicated anti-poaching team to tackle
any issue that may spring up in the future.
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Annexurell:

Excerpt from protocol for tiger re-infroduction

[National Tiger Conservation Authority]

TEAM CONSTITUTION

The Teamwill consist of representatives from Wildlife Institute of India, State Forest Departments,
a Qualified Veterinarian and a Qualified Wildlife Biologist. The Team leader would be
responsible for coordination between the various bodies and provision should be made for
publicity and public education about the project. The provisions of the Wildlife Protection Act
shallbe adhered to af all imes. The proposal, progress, and activities of the translocation
exercises should be transparent and communicated through appropriate forum and media so as
to gain public support.

The National Tiger Conservation Authority (NTCA) will keep an oversight on the franslocation
process and may also depute arepresentative asand when considered necessary.

PRE-PROJECT ACTIVITIES

Suitability of release stock of Tigers

e [tisdesirable that source tigers come from wild populations. If there is a choice of wild
populations to supply founder stock for tfranslocation, the source population should
ideally be closely related genetically to the original native stock and show similar
ecological characteristics fo the original population.

e Removal of individuals for re-infroduction must not endanger the wild source population.
Stock must be guaranteed available on a regular and predictable basis, meeting
specifications of the project protocol.

e Individuals should only be removed from a wild population after the effects of
translocation on the donor population have been assessed, and afterit is guaranteed
that these effects will not be negative.

¢ Tominimizeimpact onthe founder / host population, preferably tigresses between the
age of 2-3 years (Sub-adults) who have become independent of their mother but are yet
to establish their own ferritories should be targeted. This cohort also has the highest
reproductive potential and therefore ideal for starting a new population. Male tigers
become sexually mature at the age of 2 years but rarely can they breed fill 4 years of
age in the wild. This age group (2-3 years) is ideal for franslocation for reintroduction
as their removal from the host population will not result in male turnovers and
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subsequent infanticide episodes. All effort should be made not to franslocate established
breedingindividuals from the host population. Potential individual tigers that are to be
translocated should be monitored prior to their capture to ascertain their social status,
health, and behavior.

PLANNING, PREPARATION AND RELEASE STAGES

o Ifrelease stock is wild-caught, care must be faken to ensure that: a) the figers are free
from infectious or confagious pathogens and parasites before franslocation and b) the
stock will not be exposed to vectors of disease agents which may be present at the
release site (and absent at the source site) and to which it may have no acquired
immunity.

¢ Ifvaccination priortorelease, againstlocalendemic orepidemic diseases of wild stock
or domestic livestock at the release site, is deemed appropriate, this must be carried out
during the "Preparation Stage" so as to allow sufficient time for the development of the
required immunity.

e Appropriate veterinary measures as required ensuring health of released stock
throughout the programme. This is to include adequate quarantine arrangements,
especially where founder stock travels far or crosses international boundaries to the
release site.

e Development of transport plans for delivery of stock to the site of re-infroduction, with
special emphasis on ways fo minimize stress on the individuals during transport.

POST-RELEASE ACTIVITIES

e Postrelease monitoring is required of all tigers. This most vital aspect may be by direct
(e.g. telemetry/Satellite fracking) methods assuitable.

¢ Demographic, ecologicalandbehaviouralstudies ofreleased stock mustbe undertaken.
e Study of processes of long-term adaptation by individuals and the population.

e Collection and investigation of mortalities.

e Interventions (e.g. supplemental feeding; veterinary aid) when necessary.

e Decisions forrevision, rescheduling, or discontinuation of programme where necessary.

e Habitat protection or restoration to continue where necessary.

e Continuing public relations activities, including education and mass media coverage.
Evaluation of cost-effectiveness and success of re- infroduction techniques. Regular
publications in scientific and popular literature.
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Annexure lll a:

Standard Protocol for Immobilization and Transportation

1. Location of the animal and observation for selection and suitability

The animal will be located possibly on akill. Due consideration will be given for terrain and
habitat where visibility is maintained for 10-15 minutes in case the animal moves after darting.
Trackers will be deployed on nearby trees o observe the movement of the animal following
darting. Behavioral aspects such as excitement etc. will also be considered. The operation will
be preferably conductedin the forenoon hours. Visual examination of the health of the animal
willbe done using abinocularandalsofor any apparent physicalinjury. Approximate weight will
be assessed for calculation of drug doses. Decision o immobilize animal will be jointly taken by
Execution Team.

2. Approach to the target animal

Afour-wheelfield vehicle / elephants will be used fo approach the animal approximately 25-30
meters with care/caution and an overriding degree of patience. Hindquarters willbe preferred
for tele-injection as it is well-muscled area. In a terrain where the vehicle cannot be used,
possibility of darfing the animal from a machan will also be considered.

3. Equipment and drugs

Light weight plastic darts of 3-5 ml. capacity using air powered/CO, tele-injection projector will
be used forI/Minjection on the hindquarters from a distance of 25-30 meters. A mixture of
Xylazine and Ketamine willbe used as adrug of choice forsedation andimmobilization.

4. Induction phase

The time interval between injection (darting) and the point when the animal is rendered immobile
isinduction period. The total time for the completion of induction may vary from 7-15 minutes.
A close observation will be kept by the team for any movement of the animall.

5. Handling and care of the immobilized animal

The animal will be approached quietly and following steps will be followed:
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Removal of dart

o Assess the state of animal, the degree of relaxation and the rate and depth of respiration.
If the respiratory depression is pronounced, a partial dose of anfagonist willbe used to
correct respiration.

¢ Blindfold the eyes to protect the cornea from direct sunlight, dust and injury.

e Position of body, head and neck. The animal will be placed either in sternal or lateral
recumbancy.

e Monitoring vitalsigns. Vital signs such asrespiration, heart rate and body temperature
will be taken and monitored.

¢ The animal will be examined for any wounds and injuries and appropriate medical
measures will be taken.

6. Radio collaring and biological sampling

This step will involve radio collaring of the immobilized animal and all body measurements.
Complete physical examination of the animal will be done at this stage followed by collection of
biological samples (blood, hair, saliva, etc) forreference.

7. Shifting of the animal to stretcher

The animal will be shifted fo a strefcher on lateral or sternalrecumbancy. Weight of the animal
will be taken af this fime using a spring balance. Animal will then be shifted to a transport
confainer.

8. Assessment of anesthesia

After shifting the animal to a fransport container, assessment of anethesia will be done using
following methods;

e Monitor tissue perfusion: Anethetic drugs frequently depress the contractile force of the
heart and vasodilatation results in decreased tissue perfusion. Evaluation of tissue
perfusionwillbe done by observation, auscultation, palpitation and capillaryrefilltime.

e Monitor gas exchange: Respiratory rates are highly variable during anesthesia.
e Quality of respiration will be evaluated by observing animals chest movement.

e Monitor CNS depression: Most effective monitors of CNS depression are evaluation of
muscle tone-jow and eye-reflexes.
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9. Reversal of anesthesia

Specific Alfa-2antagonist willbe usedtoreverse the anesthesia. Based on various parameters of
assessment of anesthesia, on the spot decision willbe taken whether tforeverse the drug before
transportation or to allow the animal to be transported in sedation.

10. Transport of animal

Depending upon the facilities available, the animal will be fransported by a vehicle.

11. Preparation at the site of release

Chain-linked fence enclosures at the release site will have visual barriers around them made of
plastic or natural materials to avoid any disturbance to the animal. Animal will be monitored
intensively inside the enclosure. Proper measures and equipment will remain in place to dealany
emergency and management for the best care of the animal.

12. Monitoring of animal in enclosure

Surveillance camera and dedicated team of people from machan and watchtower would be
deployedto monitor the activity of the figersin the enclosure. If the animal exhibited any erratic
behaviour, it willbe attended to appropriately by gettinginfo the enclosure in elephant back.

13. Release of animal into the wild

The animalwould berelease by 'soft release’ approach after the keeping the animal fortwo to
three days, and may be more depending on the local condition.

14. Plan of operation

Step 1: Location and selection of the animal, Approach to the target animal, Assessment of
terrain, Visibility and Ambient temperature.

Step 2: Visual health examination and observation on behavioural aspects.

Step 3: Tele-injection of sedative and observation on the induction phase close observation for
any movement of the animal.

Step 4: Handling and care of immobilized animal, monitoring of sedation physical measurement,
biological sampling, radio collaring and measurement of weight.
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Step 5: Shifting to transport container using a stretcher and fransportation to STR.
Step 6: Shift container from vehicle to helicopter / vehicle.

Step 7: Animal transport by helicopter / vehicle (WIl and STR feam).

Step 8: Journey fime

Step 9: Animal & container offloaded from helicopter to vehicle (complete examination of the
animal, injection of any medicaments if needed).

Step 10: Animal released directly info the enclosure at STR.

Step 11: Monitoring of the released animal in the enclosure at STR (48-72 hours intensive
moniforing).

Step 12: Release into the open forest and monitoring (CWW, Field Director, assisted by WI
tfeam).

*kkkk
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Annexure lllb:

Data Sheet for Health Examination of tiger while immobilizing
and collaring

Date ivovvveeeiiieeeis TIME o,
Location Nname.........ceeeeevevvnreennnnnnes

GPS...e N, e E

SPECIES & v ApProx age........cccceveevenes (1T oo [= ] S
Condition @...coeeviivviieeeee, Estimated Wt ................ Actual Wt @i,

Drug details:  Dart 1:

Dart 2
(DT U G I [ Target Site ....coeeevvevvevvivieenn,
Symptom L ..o TIME e
SYmptom 2: ..o TIME & e,
Symptom 3: ..., TIME e
Symptom 4: ... TIME e
Induction time: ......ccceevceeriiieenieeee, Down Time : ....coccveevveeennnnn.

Eye ointment : Y/N

Additional drug Used: ..........ccoceeeeiiierenennen. TIME & e,
Antidote ComposItion: ........ccccovvveeeeiiieeeeenns TIME & oo,
Revival SIgNS: ....oooeiiiiiie e TIME & oo,
Getting UP tIME ...oeeviiiiiee e
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Complication during decumbency (if any):

Body Measurement:

Nose to head base: .........ccceeeeiiiiiieiinnn, Head base to tail base : .........
Tail base to tail tip: ...coooveveeiriieeee, Shoulder height : ..................
Chest girth: ... Neck girth @ ...,
Hind foot length:- Left i........cccoviviiiis Right : ...,
Total length between pegs : ......ccccvvveeveeennenns

Paw Measurement:

Front Right-length ..o Width & oo,
Front Left-length @i, Width & ..o
Hind Right-length :.....ccccccoevviiiiinine Width & ..o
Hind Left-length ...oovvvvveee, Width @ ..o
Claws MisSiNg & ..oooovvvverieee e,

Teeth Measurement:

Upper Right Canine —Length :..............cccccvvene. Thickness at base : ...............
Upper Left Canine —Length @........cccccccovvvvneenn. Thickness at base : ...............
Lower Right Canine —Length :..............ccccceen Thickness at base : ...............
Lower Right Canine —Length :..............ccccceeee Thickness at base : ...............
Photos take : YES/NO .......cccccevvviveninenne Teeth / Genitals No.

Sample taken :

Blood whole : ........ccccc........ Blood alcohol : ........... Blood EDTA / Heparin ................
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Hairs & oo, Parasites : ......coocvvvveevnnnn.

Anal swabs : ......ccooveviiiiiiee,

Physiological Condition:

1) Temperature : Time 2) Temperature : Time
3) Temperature : Time 4) Temperature : Time
5) Temperature : Time 6) Temperature : Time
7) Temperature : Time 8) Temperature : Time
9) Temperature : Time 10) Temperature : Time
11a) Respiration : Time 11b) Respiration : Time.
11c) Respiration : Time 11d) Respiration : Time
11e) Respiration : Time 11f) Respiration : Time
11g) Respiration : Time 11h) Respiration : Time
11i) Respiration : Time 11j) Respiration : Time
12a) Heart rate: Time 12b) Heart rate: Time

Collar Details:

MaKe: ....ovviiiie e Model: ....oooiiiii
Frequency: .......ccccoveiviniivieiiiinene e, Ext/Int antenna: ........ccccceeeeennn.
1070] (0] | £ Magnet Removed: ...............
Battery Life: Pulse Rates:
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Annexure |V:

Data Sheet for Monitoring Radio-collared Tiger in Sahyadri Tiger Reserve

Date: Group No. Shift No. Team Members:

Start Time: Start GPS Location:

End Time: End GPS Location:
Direction Remarks

. GPS GPS Approx. BPM (Pulse Location & Habitat & Kill .
Time . . (Compass . . . (Behaviour, any other
(Latitude) | (Longitude) ) Distance Rate) Compartment Terrain Details .

Bearing) info & photo taken)




