BLACKBUCK OCCUPANCY IN MOYAR VALLEY,
TAMIL NADU

Major Project Thesis

Submitted by

DEVIKA RATHORE

teri

university

For the partial fulfillment of the

Degree of Maste of Sciencein

MSC ENVIRONMENTAL STUDIES AND RESOURCE MANAGEMENT

Submitted to

Department of Natural Resource
TERI University

May 2017



DECLARATION

This is to certify that theBLACKBUCKt hat f o
OCCUPANCY I N MOY AshRn oridginallwérkycarried out by me and
has not been submitted anywhere else for the award of any degree.

| certify that all sources of information and data are fully acknowledged in the
project thesis.

oy

DEVIKA RATHORE

Date:17/05/17



CERTIFICATE

This is to certify that DEVIKA RATHORE has carried out her major project in partial

fulfillment of the requirement for the degree of Master of Science in Environmental

Studies and Resource Management on the thpL ACKBUCK OCCUPANCY |
MOYAR VALLEYO during January 2017 to May 20
the ASHOKA TRUST FOR RESEARCH IN ECOLOGY AND THE ENVIRONMENT

(ATREE).

The thesis embodies the original work of the candidate to the best of our knowledge.

Date13-06-2017
t

9 Fr 4
Dr. JagdishKrishnaswar Dr.Sudipta Chatterjee
(External Supervisor) (Internal Supervisor)
Convenor and Senior Fellow Associate Professor and Head
Ashoka Trust for Research in Department oNatural Resources
Ecology and the Environment, TERI University, New Delhi
Bangalore

Dr. Sureshlain
Professor & Head
Department of Energy and Environment
TERI University
New Delhi



iv

ACKNOWLEDGEMENT

Firstly, | thank theramil Nadu Forest Departmefatr their permission and

assistance to carry out my fieldwork. My field team that comprised of the
Anti-Poaching WatcherRa nganadhan, Madhavan, OTigge
Loganadhan, and .Theawaysaepthusia§ioc stutlents ofn g 6

Forest Colleg, MettupalayamShiva and Gokul who lent a helping hand on

the field.

|l 6d | i ke t o t ha n,kithéutvehéng swouldfnotbane S A CON
been able to identify the flora of Sathyamangalsiy constant mentor on

the field, Kumaran and Dr. Venkitachala®TREE)- | thank you whole

heartedly.

| 6d | i ke t o Adapttionatbtate ithGeriritl regions

(ASSAR) Projecat ATREEwho funded thistudybecause they had faith in
me. My internal supervisor, Dr. Sudipta Chatterjee at TERI, who has been
my guide throughout the completion of this project.

|l 6d also |i ke to acknowl edge Ashoka Trt
(ATREE) for all their support during the course of my studgdhavi Latha
who helped facilitate my internship at ATREE.

| would like to acknowledge my parents, who allowed me to undertake this
study. My aunt, Sangeeta Chauhan, who has helped me during my final stage
of the thesis. Mayur Dhaka and Yash Garg, for always supporting and
encouraging meSunayan&ajithand Shastink Palur, who have had to deal

with all my musings and have immensely helped in the completion of this
project.

My ATREE office discussions witBhivona Bhojwani, Vidyadhar Atkore,
Manish Kumar, Kadambari Deshpanugve provided me with useful papers
andsuggestions. Dr. Shrinivas Badiger ddiglya Solomonwho have kept

tabs on my work and have been supporting me, even on the field. Your inputs
were invaluable.

| would also like to acknowledder. Abi TamimandDr. Kavita Isvararwho
provided me with useful insights on my woklk;. Devcharan Jathanmad
Nachiket Kelkawho have helped immensely, right from formulating my
research topic to the analysis stage of my work.

| whole-heartedly would like to thanRr. Milind BunyanandDr. Jagdish
Krishnaswamywho took me under their wing, and have taught me more
than | had expected. They were an invaluable part of my thesis from its very
commencement and | cannot thank them enough for all their time and effort
spent in tutoring me.



\

TABLE OF CONTENTS

INTRODUCTION... oot 2
BACKGROUND.......cuttiiiiiieiiieeiiiimmme et 5
HOME ranNge.. ... e 5
COVANALES. ....ceevii et 6
Grassland Conservation..........cccooovvvevviiceeien e, 8
MoyarValley ... e 8
Occupancy Model..........cooiiiiiiiiiicceerc e 9
Correlated DetecCtion...........coovevveeviiiicveeer e 10
MATERIAL AND METHODS .......coooiiiiiiieiiie v 11
StUAY @ra........oiiiieiiiie et 11
ODbBJECHIVES......ccoeiii et 15
Materials andMethodology.........cccceeveeviiiiiiiiiiceen e, 15
Deduction of Covariates...........cccceeeeeviiiicemeeeiceeeennnn, 16
Input data and Model selection..............cooeiiiviieeennnn. 22
RESULT AND DISCUSSION......cccvviviiiieeeereevieeee e 24

Occupancy status of the blackbuck in Moyar Valley.24

Determining the factors that influence blackbuck
occurrence with a speciaddus onProsopis juliflora.....26

CONCLUSION.....coiii e 29



AIC

GPS

km
NTFP
SE

Sq

Sp
STR

Vi

List of Abbreviations

Akaike Information Criterion
Global Positioning System

Kilometer

Nontimber forest products
Standard Error

Square

Species

Sathyamangalam Tiger Reserve



vii
List of Figures

Figure 1 Pictorial representation of blackbuck groups and lek formatian...7

Figure 2. Annual rainfall (in mm) at Mettupalayam from 12TA3............... 12
Figure 3 Annual rainfall (in mm) at Sathyamangalam from 12023............ 12
Figure 4 Map of the Moyar Valley, Western Ghats, India.............cccc.......e 14
Figure 5 Blackbuck detection in relation to Prosopis juliflora................... 17
Figure 6 Blackbuck detection in relation to Acacia.Sp.........ccceeeeeeeevieeenn. 17
Figure 7 Blackbuck detection in relation to Solanum.sp..............ccceeeeeeeee 17
Figure 8 Blackbuck detection in relation to Catunaregam spinosa........... 18
Figure 9 Blackbuck detection nelation to Fluggea leucopyrus................... 18
Figure 10 Flowchart representing land cover @aties..............ccceeeeeeeeeeeennne. 19
Figure 11 Thorny scrub vegetation dominating the landscape................. 20
Figure 12 Dry deciduous forest land cover in the Moyar Valley............... 20
Figure 13 Banana plantation in tb@chment area...........cccccceevevviviccceeeenn. 21
Figure 14 Fallow or uncultivated land in the Moyar Valley........................ 21
Figure 15 Blackbuck detection in relation to cattle sign............................ 22
Figure 16. Stages of deducing COVAariates...........ccovvviiiiieeneeeiiieeeeeeeeeeens 22
Figure 17 Input data trimming to reduce errorS............oooeeeeviimmnrseeeseennne 23

Figure 18 Map showing naive occupancy of blackbuck in Moyar Valley..25

Figure 19 A male with two female blackbuck grazing...................coooeee. 32
Figure 20 Fresh blackbuck dung pile.........ccooooiiiiiiiiieeei e 32
Figure 21 Uprooted Prosopis showing signs of regeneration................... 33
Figure 22 Prosopis sprouting from blackbuck dung.pile.............ccc.ovvieeeeess 33
Figure 23 Prosopis juliflora seeds in dlapt dung...............cccccceeieiiiiennnnnns 34
Figure 24 Image showing blackbuck habitat dominated by Prosopis julifidda
Figure 25 Carrying out field SUIVEY..........ooooiiiiiiiiieeen e 35
Figure 26 Tengumarhadthe largest settlement within the reserve............ 35
Figure 27 Local villagers feching water from the reservoir........................ 36

Figure 28 A male blackbuck amidst a Prosopis dominated landscape....36

Figure 29 Fresh blackbuck dung pile in an open habitat.....................cee.. 37
Figure 30 Scarce Prosopis with indirect blackbuck sightin....................... 37
Figure 31 INvasive OPUNTIA SPa....covveriiiieeeeiii e e et e 38
Figure 32 Banana plantation in the Moyar Valley.............ccccoooevvieeeeieennnnnn, 38

Figure 33 Cattle grazing in the reservoir arfa.............ooeeeeeeeene e 39


file:///C:/Users/Lenovo/Desktop/Major%20Project.docx%23_Toc482976828
file:///C:/Users/Lenovo/Desktop/Major%20Project.docx%23_Toc482976842

viii

List of Tables

Table 1 Selection of correlated detection madel..................... 23

Table 2 Comparison of correlated detection models with different
010}V 2= 1 1 1= 1 (=1 PP SRS RUPPTRIN 26



Abstract

Endemic to the Indian sutontinent, the population of the Blackbuénfilope cervicaprawas
estimated at 43,500 in India in 1989. Today, due to lagpdeland useand landcoverchange,
poaching,andlossof habitat due to invasive specid¢iseir habitat has mostly been restricted to a

few isolated patches of open grassland agdcultural fields. Living in close proximity to human
settlements, these ungulates are worshipped in some places and have actually thrived in some
protected areas. The alien invasi®rpsopis juliflorg which was introduced and now is wide
spread in seirarid areas,has been known to drive substantial losses of native vegetation in
savannas and grasslands, thereby resulting in the possible shrinking of blackbuck habitat.
Confoundingly, blackbuck are also known to lRadsopis julifloraseeds, and inadviemtly aid in

its dispersion through their dung piles in high density lekking aggregations.

This study seeks to explain tled-cover and laneuse factors thatinfluence theblackbuck
occupancyin the Moyar valley in Tamil Nad(with a special focus orhé invasiveProsopis
julifiora). This was dondy combining detectioprobability data that accounts for imperfect
detection of blackbuck occurrenedgth covariates hypothesized to influence site occupancy of
blackbuck in the Moyar Valley. The Moyar Vallycompasses portions of the Sathyamangalam
Tiger Reserve, Nilgiri North and Coimbatore forest divisions in the Western Ghats. This valley
holds a large contiguous population estimated in the past to bd @00 individuals, although this
estimate needs tbe verified using rigorous line transect data that accounts for detection
probability. Little is also known about factors influencing habitat for blackbuck in this landscape.
This study generates baseline data and identifies factors affecting blackistriution in the

Moyar Valley.

Key words: Blackbuck, Habitat, Occupancy, Spatial replication, Prosopis

juliflora



INTRODUCTION

According tothe International Union for Conservation and Natural Resources
(IUCN), the geographic range of the blackbuBkiflope cervicapraextended to
almost all parts of the Indian subcontinent before tHfeC#ntury. This range saw

a sharp decline soon after, rendering the species extinct in Bangladesh, Nepal and
Pakistan. They dwve been reintroduced Pakistan, Nepal and introduced across

the continento Argentina and United States.

In some protected areasIndia, their numbers have berincreasingTherehave
been recorden religious sentiments attached to the blackbuckome part®of
country The Bshnoi communitiesn Rajasthan and Haryana are also known to
protect the blackbuck, increasing their numbers. Similarly, according to Hindu
mythology, blackbuck drew the chariot of Lord Krishreand in Tamil Nadu,
considered athe vehicle of the Hindu @ldess Korravai. These have helped in

conservation of the species in religious sects in India.

The blackbuck is the state animal for Punjab, Haryana and Andhra Pradesh. It has
been closely connected with Indian culture sincdridas ValleyCivilization, as

a source of food and later on, hunted during the Mughal era. These royal hunts
often used Cheetahs which were considered the top predators of the blackbuck.
After their extinction, they have been replaced by wolves, jackdlparah dogs.
During the British rule, blackbuck wassa a heraldry symbol of a fewipcely

states in India. It symbolized grace because of its sldndiefandwascommon

in most parts of the country, mesmerizing all who laid eyes on the ungulate.

Thepopulation of blackbuck at the time of independence was estimated at around
80,000 by the India Environment Portdlhe figures, if documented, for the
population trend of blackbuck are extremely ambiguemd contradictoryThere

is a need for a populat count, on a macro as well as misgale fo the purpose

of studying the population trendn 1989, the population stood at 43,500
individuals (M.K. Ranjitsinh, 1989). An account of statse blackbuck
population was estimated, and forms the basisrfost literature on blackbuck
available currentlyAccording to IUCN, the populatiomcreased in the 1970s

from 22000-24,000 to 50,000 individuals Rajasthan, Maharashtra, Gujarat,
Punjab and Madhya Pradesh have been mentioned as the states with the largest

numbers of blackbuck. Furthermore, USA and Argentina numbers are estimated
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at 35,000 and 8,600 respectiveiithough these numbers are represterd of

introduced populations in these countries

Today, due to largscale cultivation pressure, poaching, invasive species and
cattle grazing, their habitat has been restricted to a few isolated patches of open
grasslandswith the agrarian demands te rise, the blackbuck has been facing
habitat fragmentation in a lot of aredbe availability of less fodder for the Indian
antelope has driven it to nearby agricultural fiel@ikis has led to blackbucks
recorded asaiding crops in Gujarat and Nep#hereby increasing maanimal

conflict.

Another possible factor that aids in shrinking blackbuck habitahashighly

invasive speciefrosopiguliflora or mesquitewhichhas beeknown b convert

grassland to scrublands (Herlekar, 2013his invasive species has been a major

problem in many regions arn$ management is debateding to itsconflicting

perceptionsas valuable or as an invasive weBdosopis juliflorahas the ability

to spread over large areas from a few trees or egergke introduction as seen in

semiarid Asia and\frica (Pasiecznik et al., 2001)Vith no actual records of the

native range oProsopisjuliflora, assumptions are made that the weed was spread

by prehistoric man moving beyond the Americas or by thmeegticated animals.
ANative American invasions date from the
it was introduced to the southern hemisrtg
to NM Pasieczniket al. (2001) in The Prosopis julifloraProsopis pallida

Complex: A monograph.

An attempt to eradicate the weed has been carried out in USA, South Africa,
Australia and Argentina but unsuccessfully, bgaittialor completeemoval The

only method of control is known to be sustainable agroforestry systensdase
productivity in the colonized areaBeliberate introduction of the species in the
last 100150 years occurred due to its value as it produces quality timber, provides
fuel, fodder,tolerance of drought and high yields in the poorest conditial878,

this was also the justification for introducifyosopisjulifiora in India by the
Conservator of Forests of Northern Circle, Mad(Bssieczniket al., 2001).
Blackbuck are known to e&rosopis julifloraseeds, which are not easily digested
and hence aid in its dispersion through dung piles has been a cause of concern
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which threatens the habitat of blackbuck in sanil areas witlProsopigjuliflora

colonization.

This is a sukproject which comesnder the Adaptation at Scale at Sefnid
Regions (ASSAR) which focuses on climate change hotspots in Asia and Africa,
devising long term resilience from these harsh challenges. The Moyar Valley lies
in the Sathyamangalam Tiger Reserve, Nilgiri North angnBatore Division in

the Western Ghats. The top species found in this region are Prosopis juliflora,
Acacia catechu, Acacia planifrons, Catunaregam spinosa and Albizia amara. For
the past three years, it has been experiencing drought, receiving an avenaaje
rainfall of 762.59 mm. This is an important biodiversity hotspot and is also a
UNESCO world heritage site.

Blackbuck numbers have been recorded as significant in the reserve, but no actual
scientific study has been conducted on the species iartatIn fact, there is very

little published work on blackbuck in India, with this being the first study
conducted on blackbuck in the landscape. This work shall estimate the status of
blackbuck in the Moyar valley and the likely factors that influereedcupancy,

in the peek blackbuck mating season from February to March.

| seek to explain the factors that affect its occupancy, in order to generate baseline

data and assist in better management of the Moyar Valley.



BACKGROUND

The Indian anteloper the blackbuck Antelope cervicaprais endemic to the
Indian subcontinent, found in India, Pakistan and Nepal. In India, it was known
to be distributed across the entire country, mostly in dry arid regions. It comes
under t he cat egomegddofi nd Ntelae ITrntr eerart @&t i 0
Conservation and Natural Resources (IUCN) Red List and is listed under Schedule
| of the Wildlife Protection Act of 1972, which prohibits the hunting of blackbuck.
Since their sense of smell and hearing is not highlyeldged, they prefer
grasslandswhich gives them adequate visibility to outrun predators (Ma&gto

al., 2010). Their top predator priorlmdianindependence, was the Cheetah, which

is now extinct The blackbuck iglsoknown to run at 70 kmph, makingdnhe of

the fastest of all surviving species (Kunaeard Zutshi2013). Grasslands are one

of the least protected habitat in India which has made the conservation of
blackbuck very problematic. (Prashaettal, 2016).Furthermore, intense habitat
destrucdbn of grasslands and open forestfutéill the agrarian needs diie Indian
community may have been exacerbated éxptic species plantationghe
depleting grasslands have been covered with scrubs or invasive species which

results in the habitat beming unsuitable for the species to thrive.

Homerange

WH Burt (1943) was the first to define the concept of home n g ¢hataresa i
traversed by an individual in its normal activities of food gathering, mating, and

caring for young ones. Occasional s#loutside the area, perhaps exploratory in
nature, should not be c Damvsni(l86aned8etopart of
(1909) were among the first to notice this concept, but it was Burt who defined the
concept by gathering data about mammals oleseand plotting the same on

maps. With advancement in technology, the hoamge estimators use telemetry

data which provides a vast amount of literature on the home ranges of most animals
(Powellet al.,2012).

Blackbuck, king herbivores that requireast grasslands and fodder, with
occasional water requirements, have a ldmgmerange depending on the group
(Mahatoet al.,2010).In theirbook,Mahato and others (2018%timated the horme
range of blackbuck to b&4 sq km, with the smallest home genwas of 3.15 sq

km using minimum convex polygons around the data which tends to overestimate
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the resul They also concluded that male blackbscloccupy large, nen
overlapping home ranges demarcated by marking (urination/defecation/rubbing
the ground, bsh or trees), whereas females showed substantial overlapping in
their home ranges.

The home range for the groups of blackbuck recorded at Gajner sanctuary,
Rajasthan was 19.62 sq km (Kumetral, 2016). It was also noted that this
estimate was subjected change with the season, type of vegetation and food
availability. Another study in Nepal found that the home ranges of blackbuck
additionally may also vary according to the size of the herd,-apteaific
competition and topography of the terrain. lartka National Park the home range
was 0.4 sq km for a herd of 12 animals, whereas in Wankaner National Park it was
estimated at 2.5 sg km for a herd of 28 animals (Khetrall,2002)

Prasad1983 had also given figures féhe home range of blackbuck32513.5

km sg(mean home rangé 7.66 sq km) by investigating 11 male blackbuck
individualsin Mudmal, India This was done between a period 625 months,
where he found that certain grids were used more intensively and that the

blackbuck sharedesources, either simultaneously or at different time spans.

Covariates

A highly invasive specie®rosopis juliflorg is a major threat to grassland habitats

in the country. This species is native to Central and South America, and is known
to covert grassland habitats to scrubland or woodlands. Historically, it was
deliberately spread to many parts of the world for fuelwood -gigility charcoal

and aid in the prevention of drought, curbing desertification. (Jatl@ja 2013).

There are contrastinaccountgjiven about the introduction &frosopisjuliflora

to the Indian swzontinentin the nineteenth centurin one such instance, it was
considereddesirabl e for drmye diuetlripdtand alhy oinlts
of Forests of Northern Gite, Madras to the Secretary of the State. It was received
and sown in 1877 (Pasieczngt al.,2001). With the advent of the twentieth
century, Prosopis was a widespread invasive in drepigitte areasBeing the
dominant ungulate species in seamid regons of India, the blackbudkas been
known to consuméhe pods ofProsopisjulifiora and spread the seeds through
their dung. This has led to the colonization of this woody weed in open grasslands,

rendering them unsuitable habitats tloeir dispersersHerlekar, 2013
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Mating season for blackbuck have also been knowrfféztaseed dispersal of
Prosopis julifloraseeds as they display lekking behawdaring the peaknating
seasor{FebruaryMarch and Septembd&ecemberJadeja et al. 2013The male
blackbucks come together in a cluster to form small territories around themselves,
defending it constantly from other males. The females then visit the clusters to
choose a mate. These are also dependent of female density and distribution
(Isvaran, 2005)Lekking aids in the dispersal of seeds through massive dung piles
deposited by territorial male blackbucks.

@ o
ﬁ )
(g e
‘o u‘”)

Figure 3. Pictorial representation of the different groups of blackbuck based on their
social behaviour (lllustration: Shivani Jadeja). a, Female-biased groups; b, Bachelor
herds; ¢, Territorial males on dispersed territories; d, Territorial males on a lek.

o

Figure 4. Male blackbucks on a lek, Velavadar National Park (photo: Shivani Jadeja).

Figurel Pictorial representation of blackbuck groups and lek formation
(Image creditipshita Herlekar irrchitectof ¢’ SQa 26y )RSA (I NHzOGA 2y

Three types of blackbuck herds have been divided by Jatigh(2013) (1)

femalebiased herd which include female individuals with few juvenile males and

one or more adults, (2) Bachelor herds with-bogeding male individuals and (3)

Territorial males in a cluster within their defined spaces, forming a lek. The

conclusims drawn were that the first two types of herds move over larger

distances, as compared to the territorial males. The male blackbuck also consumed

more Prosopis juliflora seeds than the female individuals. Furthermore, the

territorial males exhibited scemarking behavior in which they deposited
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enormous piles dProsopis julifloracontaining dung at particular locations, thus

facilitating their dispersabnd establishment in new areas

Grassland Conservation

The vegetation communities that are dominatedjiasses and grake plants
(graminoids) are referred to gsasslandsThey serve a variety of micro and macro
fauna, apart from their role as a major producer biohme pampasof South
America, theprairiesof North America, theavannasf Africa, Caucasiasteppes
veldtsof South Africa teraigrasslandsalpinemeadows of Himalayas arsthola
grasslands of the Western Ghaits all unique representations of this habitat across
the world. In India, there have been no effortsrduise tke classification of
grassland communities recenélgd there is a lack of national policy on grassland
managementRawatet al, 2015).Inadequate management practices and revising
the classification of grasslands has been listed as some of the majariasifor

the conservation of this habitathe general perception is that grasslands are
wastelands, which has led to the conversion of several grasslands into woodlands
or croplandsinvasive species such Bsosopis juliflorg have dominated many
gras$and habitats not only in India, but in most grasslands of the world due to this
mistaken perception. Furthermoresiead of harvesting the grass manually after
the monsoon season, the forest state departments lease out the grasslands to many
local grazies. Excessive grazin@y livestockhas further led to degradation of

grasslands in the count(RRawatet al, 2015).

Moyar Valley

In 2008, he Sathyamangalam foresdf north western Tamil Nadu gained the
status of being avildlife sanctuaryunder the Wildlife Protection Act 1972.
However, it was only until 2013 that it came under Project Tiger and became the
largest of the four tiger reserves in the state, under the provisionsAafttheacts

as a significant wildlife corridor between théestern and Eastern Ghats in the
Nilgiri Biosphere Reserve. It also provides a genetic link between the four adjacent
protected areas of the Sigur Plateau, Bandipur National Park, Billigiriranga
Swamy Temple Wildlife Sanctuary and Mudumalai National PHuk. study area
comes under Project Tiger and Project Elephant, run under the Government of
India. In the most recent Management plan ofh@amangalaniTiger Reserve
(20102020) blackbuck population has been estimated atEDindividuals.
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The forestsri thisarea are said to have been manaijece the 1% century under

the famousMysoreanruler, Tipu Sultan (1782799).He had given Sandalwood
the status of ORoyal treed which was a v
in his day.The forest Department was organized under Dr. Cleghorn for the first
time in 1856. The earliest areas of the vallegathyamangalam, Bhavani and
Talamalai were placed under Capt. W.H. Morgan v@iitacamund as the the
Headquarter. In 1909, the Coimbatadxerth Division was constituted and it was

only in 1980, that the Sathyamangalam division was formed. Since the pre
independence era in the 960s, this area provided the state with its fuel wood needs.
Bamboo coupes and selection felling was only stoppedna 1980, but by then
habitats were disturbed and the activities had caused severe land degr&dation.
almost two decades, the notoridaenditVeerappan was also known to carry out

his activities of smuggling ivory (wanted for poaching over 200 elejghaorth

2.6 million USD) and sandalwood (10,000 tonnes worth 22 million USD) from
these forests, bordering the states of Karnataka, Tamil Nadu and Kevede.

only after his death that the division was explored and the existence of many
endangered spé&s was brought to the limelight such as the-foanned antelope,

hyena, tiger, White backed vulture and flying squirrel.

Reports of poaching and electrocution of elephamessporadic, but posdtaeat
to the species. Agricultural fields are frequentiydedby deer, wildpigs and
elephants. Antpoaching camps have been established in recent times and anti

poaching watchers are employed from the local youth for protection.

OccupancyModel

Occupancymodelingwas first introduced by Mackenzet al (2002)in which,
occupancy(denoted by the greek symbol pg) is defined as the probability of
species presence. The main focus was to estimate the fraction of the sites that is
actually occupiedby the pecies. It is similar to mark capturecapture model for

a closed populatioas replications used to estimate detection and probability of
occurrenceThis was proposed by a likelihood based model for estimating site
occupancy rates when detection piobtes are <1Binary data is recorded for
detectiorinon-detection at each site and additional modeling of occupancy can also
be investigated by including covariate information for psi (at theleitel) and p
(detection).
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These four concepts bedescribe presence and absence data in occupancy

modeling:

True presencespecies present and detected
False presene species absent but detected
True absencespecies absent and not detected
False absencespecies present but not detected

Occupancy studgeare preferred over other models, largely because they take
imperfect detections into consideration. In comparison to abundance estimation,
these modelallow data collection which is less @mtsive It is alsomore suitable

for certain objectives whichowers a larger ares costeffective andalsoadheres

to time constraintsAdditionally, cccupancy modelsra preferred overdgistic
regression modelbecause the former estimate detectability through repeated
observations at each site, whereas the laisume that nedetection is absence,
whereas occupancy takese and falsabsencénto consideration.

Correlated Detection

The MacKenzie et amodel assumes that the occupancy status does not change
within each site or in this case, grid cell. In this study, the spatial replicates have
not met this assumption as presence of blackbuck in one replicate, did not always
mean that the rest of the rigaites within the cell were also occupied by blackbuck
(Jathanna et al., 2015)

The Hines et al. mo d e | ,and2irpérfect detedtiens O s p at
into considerationunlike the standard occupancy model (MacKenzie 2@02)
It accountedor lack of closure or independence. This modelsed extensily

for tiger surveys in India.
The Hines et aimodel (2010)ncludesthe followingparameters:

p = Pr (detection at a segmensample unit occupied and species present on

segment)
q = (S&mple unit occupied)

d = Pr (species present on segment | sample unit occupied and species not present

on previous segment)
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db = Pr(species present on segment |

previous segment)

MATERIAL AND METHODS

Study area

Administration

The Moyar Valleycomprises of the Sathyamangalam Tiger Resé&wgiyi North

and Coimbatre divisions.The areal extent of th&tudy area in thoyar valley

is 120 sq km which lies between 1616 8 NP 77746610 E and 11 456G60N,
771600 E. It is situated on thé&lorthrWestern most part of Tamil Nadu and is
bordered by Karnataka in the Narfthe Western Ghats of India is one of the most
important landscapes and is categorized as a biodiversity hotspot of theasorld

given by NormarMyersin 1988.
Topography

With elevation ranging from 960m to 1266m, the study area has an undulating
terrain.Interestingly, it lies in the area where the Western Ghats meet the Eastern
Ghats, making it a common ground for two very distinct biogeoggdphtures

of the Indian peninsula.
Hydrology

The landscapis drainedby the Moyar river, which is a perennial tributary of the
Bhavani The BhavanRiveris a major tributary of the Kaveri and is the second
longest river in Tamil NaduThe Moyar ischecked by the Bavanisagar dam,

which is said to be one of the largest earthen dams in the world.
Rainfall

Being a region that falls in the rain shadow area, it receives very low rairfall.
average annual rainfall is 762.59 mm, which was calculatéd) wata acquired
for the past 40 years, froMettupalayam and Sathyenagalam weather stations.
The rainfall tend has been shown in figure 2 anbe3ow, respectivelyFor the

past three years, the landscape has been experiencing severe drought.

sam



12

Mettupalayam
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Figure2. Annual rainfall (in mm) at Mettupalayam from 192013

Sathyamangalam

1800
1600
1400
1200 T
1000

800
600
400

200

0
1970 1975 1980 1985 1990 1995 2000 2005 2010 2015

Years

Annual rainfall in mm

Figure3 Annual rainfall (in mm) at Sathyamangalam from 1923

Flora and fauna

The terrain is mostly dominated by scrub atgbfalls underthe category of semi
deciduous forests, owing toratic and unreliable rainfalHowever, along the
Moyar river, the riparian forest includes common tree species suldrasnalia
arjuna and Pongamia pinnataOther plant species includecaciaspp, Albiza
amara Catunaregam spinosa, Fluggea leucopyrus, Cordia monoica, Mundulea
sericia, Atalantia monophylla,Ziziphus mauritiana, Chloroxylon swietenia
Canthiumparviflorum, Syzygium cuminiGrewia $p. and Solanum gp
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Highly invasive species, suchRsosqis juliflora andLantana camarare spread
throughout the study area. Herbivores such as elephants and antelopes, along with

birds are known to aid in dispersal of their seeds.

The Moyar Valley has a high diversity of fauna which includasnivores like
tigers, leopards and dholes; herbivores such as the malesgti@antsthe elusive

four horned antelope, the graceful blackbuck, shy sambar deeragditine ever
so-eager scavengers such as hyenas and vultures that tread the laritistspe.
holds significant populations of the common languitd pigs sloth bears, otters
and jackals. Some of the common reptiles include monitor lizards, mugger
crocodiles, Indian rock pythoand thesawscaled viperwhich were encountered
duringfield sightings.

People

There are 138 villages within the five-kilometer radius surrounding the
Sathyamangaim Tiger Reserve, who are dependent on the reserve forest for their
livelihood. The communities includ€urumbas, Soligas, Irulas ar@oralis. They
aredepen@nt on Non Timber Forest Products (NJERdcollect fuelwood and

occasionally graze their cattle in the region.

The limited resources and dry conditions have resulted in hiamiamal conflict,
especially with respect to elephants amidd pigs. Although no reports of
blackbuckhuman conflict has been noted, it is known to graze agricultural land
and induce crop damage in Velavadar National Park, Gujarat and Nepal (Bhatta
2008).

Soil and Agriculture

The soil types that were commonly found wereget black cotton soil, laterite
and alluvial soils in the areAreas around the Bhavanisagar reserao@being
seasonally oaied for cultivation of banana ammbconut Other plantations

include brinjal, tomato, beans, comndacapsicum.
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Objectives
1. To assess the occupancy status of the blackbuck in Moyar Valley
2. To determine the factors that influence blackbuck occurrence with a

special focus oRrosopisjuliflora

Materials and Methodology

Objective 1: To assess the occupancy status of the blackbuck in Moyar Valley

The study ar@ comprises of approximately 28Q km, which has beetelineated
after eliminating steep slopes (above 10 degrees) within thg ateausingQGIS

(v2.18, citation) The area has be@verlaid with105 grids, with 33q km as the
area for each cell, which was determined based on the seasonatanyeeof
blackbucks. Since no information regarding this exact hmange was

documented, a safe estimate ad@km was assumed.

A length of 2 km wasvalked in each grid cell, with 20 spatial replicates of &D0
each as the segment lengtowever, this was subjected to change according to
the potential habitat for blackbuck covering each grid ddlis was the finest
resolution of walking effort that could be realized in this landscape due to the
nature of the terrain. The path chosemia zig zag pattern along the diagonal to
cover maximum aeein a grid cell, which wagalked with the help o& Global
Positioning System (GP8gvice

The obsgrvations werdased on direct sightingshere the detection history has
beenrecorded in bing digits as present or absedata for eachsegnent.
Inaccessible areas such as thickets of impenettasitana camarar Prosopis
juliflora or steep rocky surfaceserer e ¢ o r d@ad the welindnary survey

had ruled out these areas @mstential blackbuck habitafThe group sizes and
groups per segment weneted to generate baline data. Waypoints were also
marked for the dung piles (latitude and longitude per segment) on the GPS and

then transferred tQGIS version 2.18 fomappingthe naive occupancy

Objective 2: To determine the factors that influence blackbuck occurrence with a

special focus on Prosopjsliflora

The covarateshypothesizedo influence blackbuck occupancyvere invasive
species such asProsopis juliflora and Opuntia $p; the dominant native
vegetatio, cattle dung, track, land covemd crop type (if applicable)A
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preliminary field survey was conducted to verify the selection of the covariates.
Other potentialfactorsthat affected blackbuck habitatcupancy which were
noted from literaturgnclude topographical features of the landscape such as slope
and distance &m the riverHowever, these were not included in this study due to
time constraintsThe probability ofdetection and occurrence wasstimatel ard

PRESENCE version 11.5 wased for detection and occupancy modelling.

Deduction of Covariates

Based on the data collected in the Moyar valley, the detection history for
blackbuck sightings (direct and naolirect) and each covariate was recorded in
binary digits for detection and nafetection. These were aggregated per grid, to

estimate the proportion for each grid cell while estimating occupancy.
Vegetation

The dominantvegetation per grid cell noted included several species such as
Acaciacatechu, Acacia planifronsAlbiziaamara Catunaregam spinosa, Fluggea
leucopyrus, Cordia monoica, Mundulea serecea, Solanum, Chloroxyletesia,
Atalantia monopyhla, swieteni@anthiumparviflorum, Syzygium cumini, Grewia

sp. Some grids were also found domiad by thickets oProsopis juliflora,
Lantana Camaraand Opuntia sp- which are invasives that have spread like

wildfire since decades in the landscape.

Out of these, the vegetation covariates for occupancy and detection modelling
were deduced by shelisting the most commonly occurring species. These
includedAcacia pp, Albizia amarg Catunaregam spinosa, Fluggea leucopyrus
andSolanunspp To avad redundancy while estimating occupancy, the data was

analysed through beglots as itbestexplainedthe distribution.



Segments w Solanum spp.

Segments w Acacia

Segments w Prosopis

0.2 04 06

0.0

0.8

0.6

0.4

0.2

0.0

1.0

0.8

0.6

04

0.2

0.0

17

—_—— S—
' '
' '
' '
' '
\
1
'
'
P —
T T
Not-Detected Detected

Figure5 Blackbuck detection in relation to Prosopis juliflora

8
8

co

T
Not-Detected

Detected

Figure6 Blackbuck detection in relation fcacia sp

T
Not-Detected

Figure7 Blackbuck detection in

Detected

relation &olanum sp




18

038

06

Segments w Catunaregam spinosa
04

0.2

0.0

T
Not-Detected Detected

Figure8 Blackbuck detection in relation @atunaregam spinosa
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Figure9 Blackbuck detection in relation Eluggea leucopyrus

The box plots are a statistical representation of data in which the second and third
quartiles can be easily depicted by the rectafdie.line inside the box indicates
the median value, whereas the lower and upper quartiles are distinguished by the
lines on either side of this median value. The spread is shown by the spacing of
the parts, which measure the degree of dispersion in the Tae outliers have

been denoted by the circles outside the-plox.

As shown in the box plots abowetection and nedetection data was segregated
for each covariate to see its relation to occupadmacia sp. and Prosopis
juliflora show maximum ceerage for detection per grid cefDccupancy was
higher for grids withProsopisand Acaciathan the other three covariates, which

actually showed lower values for detection

As shown in Figure Sjetection was higher wheR¥osopis julifloracovered0.2-
0.8 (2080%) of the grid, whereascaciain Figure 6, showed 0.1 (10%) coverage
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for detection with outliers ranging up to 0.8 (80%Me spread oAcaciashows

that at least 0.8 (80%) of the grid cell with blackbuck detection was covered by
the speciesThis shows a positive effect dicaciaon occupancy of blackbuck in

the habitat.

Hence the two covariates that were used for occupancy modellingPnesepis

juliflora andAcacia gp.
Land cover

The landscape was mostly dominated by scrub forestswididoy dry deciduous
forests along the MoyaRiver. The catchment area of the Bhavanisagar reservoir
was usedor agriculture by the villagers within the reserve. Banana, coconut,
brinjal, capsicum, chillies were some of the commonly noted plantations in the
study area during the field survey months of Febrbdaych. Fallow land was
recorded as they were presgnibt in use and had to be considered for potential
blackbuck habitat. Some plots were also left barren due to either topographical
features such as rocky terrain or tleenoval ofinvasive species lik€rosopis
juliflora by the Forest Department

\

Dry
'S

Fallow/

Barren

FigurelOFlowchart representing land cover categories found in the Moyar Valley



20

FigurellThorny scrub vegetation dominating the landscape

Figurel2 Riparian habitain the Moyar Valley
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Figurel3Banana plantation in the catchment area

Figurel4 Fallow or uncultivated lanih the Moyar Valley

As shown in Figure 15data collected through cattle dung/track wessifficient
to derive any conclusive evidence for human influence on blackbatkpancy
becausé¢he areas with cattle were limitéalthe reservoir catchment area.
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Figurel5Blackbuck detection in relation tattle sign

Since the land cover was aggregated per grid to display proportion of area covered
by a particular land cover category, the values ranged from 0 to 1 (1 being entirely
covered by the category and 0 as completely absent from the grid). Hence, to avoid
data redundancy,only thorny scrub was chosen to represent land cover for

modelling detection and occupancy.

Prosopiguliflora
Acaciasp Prosopisuliflora

Albiziasp Acaciasp Prosopiguliflora
Solanunmsp Land cover: Thorny Scrub, Dry SD
Catunareganspinosa deciduous, Agriculture,
Fluggedeucopyrus Fallow/Barren
Cattle dung/Track

Figurel6. Stages of deducing covariates

Input data and Model selection

The first step was to pick the bditing model for the data collected to give the
estimate for occupancy of blackbuck in my study area. For this, a null model was
initially run usingSimple single sesonmodeland then the same parameters for
Correlateddetectionrmodel
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Tablel Selection of correlated detection over simple single season occupancy model

Occupancy model Input AIC DeltaAIC AlICwqgt Model likelihood No.of Parameters2loglikelihood
Simple single-seasoNull 797.37  62.48 0 0 2 793.37
Correlated detectionNull 734.89 0 1 1 5 724.8¢

As shown inTable 1, the correlated detection occupancy model performed better
than the Simple singlseason model (AIC value 734.89 > 797.37). The

correlated detection model is based on autocorrelation and takes space into
consideration. Hence, only this model was chosen to include covariates for

occupancy modeling in the future.

Input Data summary for 15 replicates

Number of sites =75
Number of sampling occasions =15
Number of states =0
Number of missing observations =179
Data checksum = 55824
Input Data summary for 20 replicates
Number of sites =75
Number of sampling occasions =20
Number of states =0
Number of missing observations =431
Data checksum = 61538
Input Data summary for 21 replicates
Number of sites =75
Number of samplingccasions =21
Number of states =0
Number of missing observations =505
Data checksum = 7683

Figurel7 Input data trimming to reduce errors

For thedatainputin PRESENCE softwarelata trimming wasonductedo reduce
thenumber oimissing observations. The number of spatial replicates were reduced
from 21 to 15andthe missing observations dropped drasly (from 505 to 179).
Thiswas done for the detection history and for each covariate so as to control the

abnormal error estimates while running deeupancymodel.
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RESULT AND DISCUSSION

Occupancy status of the blackbuck in Moyar Valley

Naive occupancy refers to the proportion of sites where the species was detected
at least onceOut of the 105 grids overlaid on my study area, 75 grids were
surveyed as the rest of the sites were inaccessible.aite occupancgstimate

was 0.5467 as 4drids, out of the 75 showed blackbuck signs. Direct sightings of
blackbuck were recorded only in 10 grids, while the dpites served as indirect

signs of blackbuck presence.

Naive occupancy = 41/75= 0.5467

As shown in thenaive occupancynap,a little less than half the grids sunesy
recorded blackbuck sightings which shows a significant habitat preference in the
valley.From my fieldobservationd, noticed that blackbuck prefer areas waitien

habitat, sufficient water availability and skaheirhabitat with cattle

The average sampling effort of 2 Keach 100m in lengthyas invested along the
diagonal of each grid celhccording to the potential habitat area for blackhuck
the spatiarreplicates chosen, ranged fror24 The data was collectddr every
100m segment but then aggregated tkn2 (and later 150@n) spatial replicates
as shown in figure 11.

The eastern slopes of theg&i plateau were avoided as there was no detection of
blackbuck presence in the priori analysis on such steep slopes. The grids

comprising of the Moyar gorge were also excluded for the same reason.
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Figurel8 Map showing naive occupancy of blackbuck in Moyar Valley
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Determining the factors that influence bla&buck occurrence
with a special focus orProsopis juliflora

This study seeks to identifthe potential factors that influence blackbuck
occupancy, with the following covariategicacia sp, Prosopisjuliflora and
Thorny scrub.

Table2 Comparison of correlated detection models with differmmtariates

Model Alc | deltaalc | AlC wgt Li&g’igigd Par':?ﬁgtfers 2*LogLike
Acacia 660.64 0 0.5553 1 6 648.64
Prosopis and Acacia 662.09 1.45 0.2689 0.4843 7 648.09
Acacia, Prosopis and Thorny scrub | 664.09 3.45 0.0989 0.1782 8 648.09
Null 666.02 5.38 0.0377 0.0679 5 656.02
Prosopis 667.03 6.39 0.0227 0.041 6 655.03
Thornyscrub 667.68 7.04 0.0164 0.0296 6 655.68

Result browser analysis

Model - This isthe modehame which explains the covariates used for detection
and occupancyThese were defined in the O6desig

custom model, instead of the gitefined models.

Ak a i Kndotmation Criteria (AIC)-This is the statistic derived to choose the
simplest and best fitting moddlhe models with a low AIC scewere considered.

deltaAICG This is the difference between the rest of the models and thditbest

models in this case, the null model.

AIC weight It is the probability ofthe measure ofincertaintywhich provides
weight for decisioamaking Models with the high Akaike weights were chosen as

top models.

Model likelihoodlt represents thikelihood that a model is the best madgilven

the rest of the models

-2*LogLikelihood- It is a relative measuref how well the model fits the data

using the lest parameters
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From Table 2,we can see thahe model with occupancy as a functionAafacia
ranks the highest amongst the rest of the mod#tgransformedparameter
estimategbetas)and asscated standard errors were checkedinderstand the
effect of cowariates on blackbuck occupandyhe null model wasun first to set

as abaseline for comparison after inclusion of the covariates.

Acacia sp

The best modeb define occupancy of blackbuck in the Moyailey was noted
in which occupancy was a function of Acacia #&gacia sp includedicacia
catechuandAcacia planifronswhich were found during the survédcacia has a
highly positiveeffect on occupancgsshown by the untransformed beta parameter
estimate:

b Adacia) = 8.9244 SE5.8040

The positive effect of acacia on blackbuck occupancy was expected as blackbuck
are knownto browse these species (8ttbr 1967; Ranijitsinh 198%hala 1997
and Dast al.,2013. It is known to provide browse and mast when grass quality

is low in the summerslue to its deep tamot systen{Jhala 1997)

However, the rue effectis not accounted for in this occupancy model as the
detection was not calculated at this stage efahalysis. Acacia is likely to affect
detection probability (p) negatively as it hinders detection at the repleate

This effect could have been overlooked by psi as it would tend to underestimate
the effect of acacia on blackbuck occupancy.

Prosops juliflora

The highly invasivetreg Prosopis juliflorg was an interesting covariate to be
modelled for blackbuck occupand-rom my field observationBrosopis juliflora
seeds werendeed consumed by blackbuclknd the specieswere possibly
responsible for their dispersion as there were seeds present dutihgpiles This
was in line with the study conductedVielavadamMNational Park, Gujarat (Isvaran,
2005). The untransformed beta parameter estimate showd®tisapis jliflora

has aveakpositiveeffect on occupancyfhis was given by:
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b Prpsopis) = 0.8884 SE0.8980

Thereby, confirming my initial hypothesis of thwasive species having an

influence on blackbuck occurrence. However, there was no instance of
blackbuck displaying lekking behavior, which is also known to influence seed
dispersal oProsopis juliflora(Jadeja et al 2013). A possible explanation for

this could be that the laak open habitat hindered the bucks to form leks during
the mating seasoRrosopiswas initially seen as beneficial and over tinte,

negative consequence became more apparent (Shackleton et al., 2014). For the
blackbuck populatiom Moyar Valley, it hasnost likely served as respite from

the sun and a source of fodder which has possibly outweighed its negative role of

reducing their habitat.

Thorny scrub

The land cover useadas thorny scrub which dominated the landscBfsckbuck
prefer grasslands wtth provide visibility to outrun predators. They do not rely on
their sense of smell or hearing, but their sight, which is highly devel§ubaier,
1967; Ranjitsinh, 1989 and Mahatbal, 2010. Thorny scrubhas a no effean

occupancyas shown by thantransformed beta parameter estimate:

b(Thorny scrub) = 0.4439 N 0.750:

Being the dominant ungulate species in sard regions of India (Ranjitsinh,
1989), blackbuck occupancy was expected to be affected by the land cover in terms
of wateravailability, open habitat and availability of nutritioRtom the three
covariates included for occupandrosopis juliflorashowed a weakly positive
effect (or even no effegtput Acacia showed a highly positive figuragan8.92

+ SE 5.80). Thorny scub as a land cover category had almost no effect as the
standard error was relatively high, compared to the actual estitmtmvariates

were usedfor detection modelling as the model chosen accounts for spatial

correlation
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CONCLUSION

The study aimed to assess #i@us of blackbuck occupancy in the Moyar Valley.
Furthermore, it aimed to assess fhaential factors that influence blackbuck
occupancy with a special focus oRrosopis juliflora being a highly invasive
species which stngly influences blackbuck occupandye three covariates that
were modeled for habitat occupancy, namélgacia sjp, Prosopis juliflora and
Thorny scrub land cover were found to be positively affecting blackbuck
occurrenceto having no effect The averge site occupancy estimate was
calculated at 0.63 + SE 0.13 which was higher than the naive occupancy estimate
(0.54) as it took covariate effect into consideration.

Currently thestudy indicates that tHeenefitsof Prosopis juliflorastill exceed the
cost fortheblackbuck population in the Moyar ValleMowever, his is sibject to
change in the futureespecially in combination with climate charagel hencéhe
influence of Prosopis ro blackbuck in the Moyar valleymust be regularly

monitored.

Limit ations

The present study did not includevariates for detectiowhich could negate the

true effects of the covariates which were modeled for site occufauntiyermore,

the actual home range of blackbuck is not known which could have resulted in a

moreeffective sampling stratedgr estimating the grigize

Future scope

Baseline data was not available as very few studies have been conducted on
blackbuck in the valley. More research needs to be carried out on the population
count and abundance of bldick in this landscape. Remotely sengeakies for

land covessuch as the Normalized Difference Vegetation Index (NRvild also

be included to observe the anthropogenic effect on blackbuck occupancy, as the
ungulate species are known to live in closexpmity to human settlementislore
covariatessuch as distance from the MoyRiver and slope gradient, could be

included to determine the factors that influence blackbuck occupancy in the area.
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Annexures

Figurel9 A male with two female blackbuck grazing

Figure20 Fresh blackbuck dung pile
























