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Executive Summary

The Indian antelop@Antilope cervicapraor Blackbucks endemic téhelndian subcontinent

and was widely distributed until recent pastossa diverse range of habitats from seanid
grasslandgo scrudandsandopen forest. However, its most prefsithabitat has always been
open grassland throughout its distributional range. Moreover, such grasslandsmselered

as wastelands and have been heavily impacted due to different anthropogenic factors, e.g.,
livestock grazingplantation, rapid urbanizdion, and industrialization. Such factors have
caused a decline in habitat quality which resulted in local extinction across its range. Besides
habitat degradation, hunting in the past fesocaused in decline population. Majority of the
Blackbuck populaions are now small, and residing in humdominated landscape or
cropland except a few populations, which are still dwelling inside the protected areas, which
may serve as the gene pool for lelegm conservation if managed properly.

Of the differenBlackbuckpopulations of Uttar Pradesh, one of the conservation importance
population is of Kaimoor Wildlife Sanctuary (KWL8Mirzapur and Sonbhadra districts of
Uttar Pradesh. Recently, a coal based Thermal Power Plant (TPP) of 1320 MW has been
propose by the M/S WELSPUN Energy UP Pvt. Ltd., Mirzapur, Uttar Pradesh within 30 km
of KWLS. Given the likely conservation threats toBlekbuckpopulation due to TPP, Chief
Wildlife Warden, Uttar Pradesh advised M/S WELSPUN Energy UP Pvt. Ltd., Mirzapur Utt
Pradesh for a need of a detailed studytloa(i) status oBlackbuckmovementshabitat and

its use andii) prepare a conservation plan for the species in the Reserved Forests of Mirzapur
and Sonbhadra districts and KWLS from the Wildlife Institiitedia, DehradunGiven this,

the institute proposed six months study (July to December 2018) and was funded by M/S
WELSPUN Energy UP Pvt. Ltd., Mirzapur Uttar Pradesh

Effective conservation plan requires inform
population status, demography, resource requirements in relatidmhitat quantity and
quality, population connectivity and impacts of anthropogenic factors. Wecisal these
information during our reconnaissance survey and intensive field work (September to
December 2018) in KWLS and the territorial forest ranges of the Ghurma, Robertsgan;,
Ghorawal, and Halia covering an area of 1767%kiWe observed that mosttbe Blackbuck
populationscongregated in small habitat patchesHalia, Ghorawal and Robertsganj ranges

of the KWLS whereas they are locally extinct from the Ghurma range. In the different ranges,
the Blackbuckpopulations were confined in and around Blackbuckvalley (Robertsganj),

Visundhari (Ghorawal), Kusehra, Halia 3, Parsia and Chaura (Halia). These all populations
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are fragmented and isolated from each other. Distribution pattern and population estimation
have been one of the major toolsforth@ eci es 6 conservation pl an.
placed 53 line transects ranging 2 to 3.5 km in the intensive study area. Temporal replicates
(n=4) for each transect were walked in different habitat types ranging from agriculture land,
open scrub, densscrub, barren land, and plantations. A total of B&ackbuckherds were
sighted on transects which encompass of 259 individuals. The estideatsity oBlackbuck

was 4.422.00with a mean cluster density of 3.3540. The coefficient of variance wasyer

high, i.e., 57.770ur random survey within the study area also resulted in sighting of 226
individuals among which maximum individuakcorded were in Halia (127) followed by
Ghorawal (58), and Robertsganj (41) rang@siring our transect surveys, we counted 226
different Blackbuckindividuals within the sampled area of 811 %dfetermined based on
minimum coverage polygon (MCP). Hence, the overall estimated population in the study area
of 1767 kricould be between 450 and 500.

We dassified encountereBllackbuckherds in different group size and age categories. During

the entire survey, we visited different areas repeatedly to enumerate herd compositions in and
around KWLS. During the study period, we noted a total of 289 groups wbimprised 1500
individuals from the intensive study area. The male to female ratio of the overall encountered
Blackbuckindicated that the poputen is female biased (1:2.37Adult female comprised a
maximum proportion of (42.6%) followed by sadtult female (23.26 %), adult male (18.33%),
subadult male (9.4%), and fawn were (6.4%). Adult female to fawn ratio was 1: 0.15. The
proportion of the adult male was c. 20% of the total sightings across all forest ranges.
However, the suladult male propdion was similar in Ghorawal and Halia ranges (c.11%),

but it was only 4.6% in the Robertsganj range. This may be because of the low population size,
and this range may have a greater chance of the poaching and predation by other carnivores
when the suadult males disperse from the natal area.

The herd size is an indicator of habitat quality in several antelopes, and larger herds remained
in better habitat quality. The herd size recorded from KWLS ranged from 1 to 28 individuals,
and the majority of therds (72.6%) were < 5 imdduals. We observed a few herds (1.0%)
which were larger than 2thdividuals in the study ared.ow adult female to fawn ratio and
observed small group size indicate that the habitat quality of the study area is peonsof

food resources.

During the present study, we did not find any lekking sites oBldmekbuckthroughout the

study area. Likewise, lekking was also not observed in the areas wheiattiduck
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substantial populations were observed in the restricted aofdaRajasthan, Gujarat and
Madhya Pradesh (Ranjitsinh 1982).

The Predators are one of the most influencifagtors of any wild population. Therefore
information is crucial founderstandhg the ecology and biology pfey speciePredation by
domestcdgs and wild carnivores are reported to
across the world. Therefore, we assessed the status of the domestic and wild carnivores inside
the study area and data were collected during the line transect. A totdl @ffe®8.7 km was

made to estimate the predators (Goldeckg, Domestic dogs, andk) in and around KWLS.

We found that the overall densitytbé predators (was estimated to be 1.96+0.69 peX Rine
average cluster size was 1.56 individuals. The predator especially the domestic dogs were
distributed throughout the study area as most of the area is under village settlement or crop
field. However, the wild carnivores were distributed either inréarland or inside the
protected area.

For understanding the extent of predation by wild and domestic carnivores (Golden jackal,
Fox, and Domestic dog) dlackbucls, a total of 138 scats were collected from the study area.
Analysed scats (n=122) indi@athat 5.73% of scats contadtackbuckhair. However, we also

noted the presence @&lackbuckhair in domestic dog scaf he incidences of predation of
Blackbuckby Jackal weremaximum in Ghorawal followed by Robertsganj range. Hence,
predation by domestiand wild carnivores may be a major threat for the srBddickbuck
populations of KWLS. This may affect growth rate and requires long term monitoring to assess
the extent of such predation Btackbuckpopulation.

Land use and land cover are two essanfactors, explaining the terrestrial environment in
connection with both natural as well as anthropogenic activities. We assessed the temporal
changes in land use and land cover in the study area of KWLS from 2000 to 2018. Analysed
data indicate that fdow and barren land, which are the key habitat for Blackbuckhave
declined over a period. The maximum reduction was estimated in forestland, i.e., 47% to 6.54%
(including open forest) followed by fallow land, 17% to 11%. However, the increase was
recarded in agriculture land (29% to 44%) and shrub land 3% to 31%. The gain recorded in
scrubland is due to increase of the Lantana (Lantana camara) and Parthenium (Parthenium
hysterophorus) weeds. Most of the idglackbuckhabitats (fallow land and barreland) have

been converted into the scrubland or agricultural land over eighteen years.

The vegetation of the study area is tropical dry deciduous forests, and are characterized by
long dry and warm months and growth of vegetation resources are depend®aonsoonal

rainfall. To assess the vegetation characteristic of the study area, the systematic sampling was
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done along the line transects at every 200 meters. We recorded a total of 28 tree species, 33
shrub species, 17 herb species, and seven grassspadhe study area. The overall tree
density was 2.36/hectare and maximum was recorded for the Butea monosperma (0.58/ha)
followed by Diospyros melanoxylon (0.41/ha), Acacia catechu (0.41/ha) and Acacia nilotica
(0.18/ha). The overall shrub density wa8132/hectare, and the maximum shrub density
recorded was for the Lantana camara 163.8/ha followed by Diospyros melanoxylon 35.3/ha,
Butea monosperma 34.8/ha, Holarrhena antidysentrica 23.4/ha and Acacia catechu (15.2/ha).
Dominant grasses were Eragrostenella, Digitaria spp, Cynodondectylon, Desmostichea

spp. etc. and average grass height was relativelyremio Halia than other rangesData
indicates that high shrub cover in all the ranges and plantation undertaken during last ten
years infests mosif the preferred open grassland habitats

Among different anthropogenic factors, overexploitation of the resources by people, habitat
loss due to destruction, fragmentation, or degradation of habitat, overgrazing are the primary
threatsto the survivaldf h e s p e c i e sddminated landsaapehThenertant of livestock
grazing was quantified over 53 line transedf¢e encountered 51 sightings encompass 604
livestock individuals on transects throughout the study area. The estimated density of livestock
was 132+16 individuals/kinand the mean cluster size was of 13.2+0.92. Estimated livestock
dung density was in between 105 to 177/ha and was in the order of Halia > Robeksganj
Ghorawal> Ghurma. The intensity of the lopping was maximum in the GhoraméhHalia

in comparison to Robertsganj and Ghurma ranges.

Prosopis juliflora is one of the known threat to Bilackbuckhroughout India. It has adversely
impacted onBlackbuckpopulation in Velavadar and othdslackbuckdistributed areas in
Rajasthan, @jarat, Uttar Pradesh, and Madhya Pradesh. Biackbuckpopulation has been
reduced drastically wherever Prosopis hexsscroached the open grasslandigost of these
encroachments have been due to high dispersal of the seeds by the livestock as pods of this
species are palatable. We assessed the presence of the Prosopis juliflora in and around the
KWLS, and it was recorded from Ghurma, and Robertsgargesrhaving thelensity of
29.15/faand 0.25harespectivelyHowever they are found in less numbers, but having a broad
ecological amplitude, excellent growth rate, and strategy of the seed dispersal by livestock and
other wild animals, it could invade wefast in to the study area and could be a possible threat

for theBlackbuckin the near future. Therefore, we suggest that the distribution of this species

should be monitored regularly at least once in five years.
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The government policies to improve gremver throughout the country are going to be the
major threat for the grassland and open scrub species. Grassland and open scrub are always
considered as wasteland, and it provides a suitable environment for enhancing the forest cover.
So the whole Vindfan range and especially the Kaimoor Wildlife Sanctuary was planted
during the recent past under the different forest projects especially Compensatory
Afforestation Fund Management and Planning Authority (CAMPA) and Japan International
Cooperation Agency(CA) which played a major role to reduce the cru@dckbuckhabitat.

The tree species like Acaatatechu, Acacia benzamine, Ailanthexcelsa, Acacia nilotica,

and Lagerstroemia parviflorawere planted in and arowhthe Blackbuckpresence sites
Blackhuckvalley (Robertsganj), Visundhary (Ghorawal), Halia 3, Kusehra, Parsia 3, Parsia

5 and Chaura 5, forest blocks of (Halia) in KWLS to enhance the forest cover. This plantation
caused a change in the habitat and forcedBlaekbuclkwhich is a grasslandpecies to remain

in the fragmented small grasslands/ opssrudands We suggest a need to restore the
grasslands in this landscape.

Habitat suitability based on the ASpecies Di
and landscape connectivity was assessed fdBlgekbuck usi ng presence dat
Ent rangdy@®@i r cui t T h eespegtidely in anal aveundoKWkBhe current land

use patterns reveal the presence of small suitable habitats and limited landscape connectivity
among different populations and are available only at few places in spite of the short distance
between Robertsganj and Ghorawal. This has Hesrause of anthropogenic factors. The
connectivity between the Ghorawal and Halia is through a narrow scrubland which has
succumbed to human habitatiand several other anthropogenic pressures.

Assessment of genetic variability has been a key issue@ic spe s 6 conservation
ensuring long term conservation goals. We document first time genetic variability and
connectivity using mtDNA and microsatellite genetic markers fdBlgekbuckpopulations in

India using norinvasive genetic samples (h%2). We did not observe any distinct regional
affinity among different populations of KWLS and adjoining areas in phylogeography
examined using mtDNA cytochrome b sequences (c. 350 bp) originating from Pakistan,
Madhya Pradesh, Rajasthan, Gujarat, and Medshtra (Shukla et al. 2019). This may be
because of the historic bottleneck, and population expansion might have taken place from the
small parent stock. However, we still suggest the use of a few additional genes of the mtDNA
genome to document geographffinity, if any. We used neutral nuclear markersgarental)

or multi locus genotyping for understanding genetic fithess/diversity and connectivity among

different populations within KWLS. We observed relative low heterozygosity (Ho=0.366) and
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substructuring in the populations of KWLS. Our analysis of landscape, as well as genetic
connectivity, has indicated that tH&lackbuck population of Robertsganj is genetically
homogenized and isolated. We need to minimize the anthropogenic factors on tfieddent
connectivity |l andscape corridor areas throug
may take place among different populations in and around KWLS. Besid&lathkbuck
population of Robertsganj needs introgression of the gene pool fronalanomsimilar ce
ancestry to maintain a viable population.

We also assessed the extent of the suitabililadkbuckhabitat at the proposed Thermal
Power Plant (TPP) using eight radial transects radiating from the site. Maximum sighted
animals were liestock with an encounter rate of 44.12+8.19 per km. Among livestock species,
sheep comprises maximum encounter rate followed by cattle and goat. However, the encounter
rates of wild animals were found very low 0.40+0.12 per Kidlgai comprised maximum
encounter rate of 02.8+0.10 while the minimum encounter rate was found for the Indian hare.
Vegetation quantification at TPP site indicates that dominate trees species were of Acacia
catechu (15.20/ha), Butea monosperma (9.55/ha), Lagerstroemia parvifladdh@) whereas

other trees with lowdensity were of Aegle marmelos, Eucalyptus hybrid, Cassia fistula. We
recorded 20 shrub species, and most of the areas were dominated by Ziziphus nummularia
(2.97/ha), Ziziphus mauritiana (0.50/ha), Acacia catechu (Ba)0 The area was also heavily
infested with the high density (116.18/ha) of the bamboo (Dendrocalamus strictus). The nearest
population ofBlackbucls of all the ranges of KWLS is around 24 to 49 km from the TPP site.
We did not observe large areas of hats preferred by th&lackbuck at TPPsite such as

short grassland and open scrub. Most of the areas in and arounddreRurrounded by the
moderate density of forests of Bamboo and otherspecies which are not suitatiéackbuck
habitats. We als@xamined the land use and land cover in areas betweensiteRnd
boundary of KWLS. The majority of the areas are dominated with adeigsity of human
populations and under intense agriculture. Because of high anthropogenic factors including
canal systm, state highway highdensity road networland high vehicular traffic between

areas of TPP site and KWLS, we visualize the least possibility of recolonization of the
Blackbucl in this landscape from the populations of KWLS.

Based on the information collected on speci ¢
and demography, existing LULC and anthropogenic factors, we suggest conservation plan for

the Blackbuckof KWLS to ensure ¢hlongtermconservation goals under Chapter 12.
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Chapter 1.

Introduction and context of this
project






1.1Introduction:

The Indian antelopedntilope cervicapraor Blackbuckis endemic to Indian su@ontinent.

Once distributed in India, Pakistan, Bangladesh and Nepal now has been extinct from the

Pakistan and Bangladesh. However, the population in Pakistan veagaldished by re

introduction of a small populations from USBlackbuckis widely distributedacross a

diverse range of habitats from seamid grasslands to scrublands and open fof8shaller

1967, Mungall et al1981, Prasad 1981, Ranjitsinh 1982, Ranjitsinh 1989, Rahmani 1991,
Isvaran 2005)TheBlackbuckoccurs in high

_[C“Viers 9azelle gensities in serarid, operas well ashort

Rhim gazelle

grass plainsTaxonomicallyBlackbucls are
—Sand gazelle

Chi classified under the subfamily Antilopinae,
—Chinkara
] L Goitered gazelle family Bovidae and the order Artiodactyla.
—Mountain gazelle A recentrevised phylogeny ofAntilopinae
{—SPGKG'S gazelle based osequences firm several nuclear and
- Zids mitochondrial loci indicated thafntilope
MBlackbuck

andGazellato be sister genera distinct from

Figure 1.1 Phylogeny ofBlackbuck the other sister genera ofNanger and
EudorcagqFig 1.1) (Considine and Kulip 2008, Barmann et al. 2013). There are two distinct
sub species oBlackbuck documented in IndiaThe northwesternAntilope cervicapra
rajputanaeand the soutieastermntilope cervicapra cervicapréGroves 1980, Ranijitsinh
1989). Body size, horn length, and the darkness of male coats typically déceegsadient
from north of the Blackbuck occurrence rangéo southas well asfrom west to east.
(Dharmakumarsinhji and Gaekwad 1958, Krishnan 1972, Ranjitsinh 128fjlope
cervicapracervicaprais foundin southern, eastern and central Inalnal ithasa white eye
ring which is narrow above the ewhile neck is black irtase othe malethe whitesections
on theventral regions largely restricted to the belly in both males and females. The black
leg stripe is well defined and reaches all along theTgsubspecieéntilope cervicapra
rajputanaeoccurringin the northwesternpartsof Indiatypically hasbroadwhite eye ring
with the legstripe going down to the shanks. Matks/elopa grey sheentthe dark parts
of the bodyduring thematingseason. Thevhite portionson theventral sideextends up to
half way on the sideshereaghe lower base of the netkwhite in case ofnales. Groves
1980, Groves and Grubb 2011, Sontakke 2012).
The Blackbuckis listed in the Schedule | in Wildlife (Protection) Act 1972, while IJUCN

Red | i st has l' i sted this ani mal as fiLeast
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Convention on International Trade in Endangered Species of Wild Fauna and Flora
(CITES). Unil recent pastBlackbuckwas known to be widely distributed (Fig. 1.2.), but

has been disappeared from numerous areas due to habitat destruction and anthropocentric

development. Despite such thr&ackbuckare known to be increasing in many protected

areas and community reserves in Rajasthan, Gujarat and Haryana (Rahmani 2001).

Distribution Map of Blackbuck
(Meena & Saran, 2018)

Distribution of
Blackbuck

Figure 1.2. Distribution map of Blackbuck in India.

Blackbuckshow prominent sexual dimorphism; males have black and white pelage and

large spiralling horns. The brown areas at the back of males gradually darken with age

finally becoming black (Prater 197Blackbucls rarely live in isolation, and are mostly

found in herds. Th8lackbuckis diurnal animalfeedingon tender leavesf shrubs and

trees grass, cropsindvegetablegMeena and Chourasia 201BJackbucls are often seen

feeding in agriculture fields within distribution range or on the fringes of protected areas.

They show a definite pattern of activities in the fixed hours of the day whigtsligtly

vary with the seasons (Meer#aal. 2017).Blackbuckhas an important ecological role in

grassland ecosystem (Sharma 1980, Mestnal. 2017). It shows a very unique mating

system

call ed

6l ekkingo.

Hremdingmalesgongregatéa mat i n

an open aredefendng tightly clusteredsmall territories, and ar@isited by females for
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mating.T h e territeriesbypically do not have any othegsources attraicg the females

except for the matg8radbury 1981). Lekking ianenergy intensivstrategyfor themales

often bear injuris. Thereforejt is typically adoptednly by strongand dominant males

(Ishvaran and Jhala 2000). The dominant male chases the femaléaviitbse pointing
upwardshowng a flehmen respongewards the urine of the femal&€he female wassher

tail and thump the rear legs on the groursthowing receptivityfollowed by mounting
attemptdeading tocopulation the whole process taking up to six hodise territorial male

may then move on to mavath another femaléollowing the same procedure

The viability of small isolated populations is under constant threat from stochastic
destabilising effects such as inbreeding, demographic changes as well as susceptibility to
diseases (Lacy 2000). Maim@&g metapopulation structures by ensuring genetic
connectivity, however, aids survival of patchily distributed small populations (Ak¢cakaya et
al. 2007) . Il n drastic si t uaetintrodocsonaiallelssur es
in population though managed immigration to increase the fitness of the population, has
been shown to have positive impact (Whiteley et al. 2015).

1.2. Purpose of Study:

M/S WELSPUN Energy UP Pvt. Ltd., Mirzapur, Uttar Pradesh has proposed a Greenfield
Coal based Therm&ower Plant (TPP) of 1320 MW comprising two units each of 660 MW

using supecritical technology in an area of 354.11 ha in Mirzapur, Uttar Pradesh. The
proposed TPP is planned to utilize domestic coal or imported coal from Indonesia. As per

the Environma t a | |l mpact Analysis guidelines, C 0 m|
Management Pl ano for the site and has al so
(CWLW), Forest Department, Lucknow. Closed to this TPP plant, there are areas of
Reserved Forestmainly of dry deciduous and open scrub forests of Mirzapur and
Sonbhadra districts. Besides this, there is Kaimoor Wildlife Sanctuary (KWLS), which is

well known for thepresencef the Indian antelopeRlackbuck within 30 to 40 km of the

proposed TPP. For conservationtbis Schedule species, CWLW, UP advised the/sv
WELSPUN Energy UP Pvt. Ltdo undertake a detailed study &mackbucld s habi t at
movements, habitat use and to prepare a conservation plte fepecies in the Reserved

Forests of Mirzapur and Sonbhadra districts and KWLS with reference to proposed TPP by

the Wildlife Institute of India, Dehradun vide his letter dated 15th October, 2014 (Annexure

). Reference to this, WELSPUN Energy Pvt. IMiizapur has requested Director, Wildlife

Institute of India, Dehradun vide letter dated 23.04.2018 to submit proposal for undertaking

study (Annexure 1l) and was funded by them for the same.



1.3. Study Area:

The study area (Kaimoor Wildlife Sanctuaand the territorial forest ranges of the
Robertsganj, Ghurma, Ghorawal and Halia) lies betwe22436.93" N, 839' 37.44" E

to 24 54' 25.467"N, 8215' 54.23"E. It extends from north to south is around 50 km and
east to west is around 90 km with aeaof 1767 krh(Fig. 1.3).The study are& situated

in Mirzapur and Sonbhadra districts of Uttar Pradeshsafeguard the fauna and flora of
the Vindhyachal region, the KWLS was established in 1982. It covers an area of about 501
km?. The KWLS is famous for huge diversity of flora and faunas. A variety of vegetation is
found in KWLS, the forest type isiixed and drydeciduous that consist of primary tree
vegetation like, MahuaMadhwca longifolia), Dhaak Butea monospermaand Bamboo
(Dendrocalemus sp.The wildife comprises oBlackbuck(Antilope cervicapry Chinkara
(Gazella bennetfli FourHorned antelope Tetracerus quadricorn)s Bluebulls
(Boselaphus tragocamelysSambar Rusa unicoloy, Chital (Axix axi9, Sloth Bear
(Melursus ursinusand Leopard Fanthera pardusetc. Amongst reptilescrocodiles and
different snakepecies are foundMigratory birds visit the wetlands in the study arElaere

are water holes and watchtowerssituated avantage points providg the visitors a first

hand experience of watchingldlife in their natural habitat. The Sover andthe Kaimur

hills demarcate the southern boundary of\t¥iglife Sanctuary.

1.4. Site visited for reconnaissance Survey:

In the first phase of the proje@ reconnaissance survey was carried in July 2018 to collect
the information on population status, habitat documentation and its use by Indian antelope
in Sonbhadra and Miapur districts (Fig. 1.4). Wapllected information regarding the study
area andBlackbuck from four ranges of the KWLS i.eHalia, Ghorawal, Ghurma and
Robertsganfor systematic study design for the next phase (Fig In4glation to proposed

TPP, the following approaches were used during the reconnaissance survey:
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Figure 1.3. Map of intensive dudy Area.

of use by the Indian antelope,

and Mirzapur districts dflttar Pradesh,

and Mirzapur districts of Uttar Pradesh, and

D. Undertake habitat assessment of TPP site.

Undertake reconnaissee survey to document habitat population status and its extent

Examine secondary information available on Indian antelope populations in Sonbhadra

Examine secondary information available on Indian antelope populations in Sonbhadra
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Figure 1.4.Map of study area visited during reconnaissance survey

For preparing conservation plamf or mat i on

on

s p e, damegsaphy,p o p u |

resource requirements in relation to availability of habitat quantity and quality, population

connectivity and anthropogenic factors are needed. Hence, we propdsetiozobf the

information on the following aspect for preparing species conservation plan.

.
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Distribution pattern
and populations status

Population
demography

Suggest strategies for
achieving conservation
of Blackbuck

Distribution pattern
and food habits of Conservation Plan of Indian Habitat

domestic and wild antelope or Blackbuck characterization
carnivores

Assessment of
anthropogenic
factors

Prepare species

distribution map

Genetic characterization
and assess extent of
population connectivity

Figure 1.5. Information on different aspects of species ecology and biologgllected

for conservation plan.
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Chapter 2:

Distribution pattern and
population estimation of
Blackbuck
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Summary

Estimating the status of wild animal population has very high importamgaedicing,
applyingand verifyng potential conservatioand management initiativésr species and their
habitat. The estimation of thglackbuckpopulation was one of the important aspects of the
conservation plan and to safeguard this animal in KWLS. Therefore, we randomly placed 53
line transects ranging 2 to 3.5 km in the study area (1767 km2) to estimate the density of
Blackbuck The temporalour replicates (n=4) for each transect were done in different habitat
types ranging from agriculture land, open scrub, dense scrub, barren land, and plantations. A
total of 75Blackbuckherds were sighted on transects which encompass 259 individuals. The
estimated density d@lackbuckwas 4.42 + 2 with a mean cluster density of 3.35 + 0.40. The
coefficient of variance was very high, i.e., 57.77. Our random survey within the study area also
resulted in sightings of 226 individuals. Estimated populatiohimwithe study area could be

400 to 450. We have encountered maximum individugB8agkbuck in Halia range (127)
followed by Ghorawal (58) and Robertsganj (41) ranges.
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2.1. Introduction:

Abundanceestimationof the wild animak within as wellas outside protected arease
important in order tanonitor the wildlife valueacrossa landscape (Buckland et al. 2000).
A regular census permits predg, applyng and verifyng potential managemerand
conservatiorstrategiedor several speciegshabiting the siteg(Blanco et al. 1996, Buckland
et al. 2000). Accurate information on spatial and temporal distribution pattetagisntary
to supportspecies management, conservation aodectly assesgag extinction risks
(Gaston and Fuller 2009).

TheBlackbuckis a grougliving animal native to Indiansubont i nent , designat
Concerno i n ahdki@bdlvoqdRoall). The species was distributed throughout

the Indian sukrontinent (India, Pakistan, Bangladesh, and Nepal). Now, it has been
confined in 80 to 100 isolated pockets of 13 states of India. It has been extinct (in the wild)
from Pakistan and Bangladesh, however, the population wastablished in Pakistan
through reintroduction. It has disappeared from its historical distrdutiiue to several
anthropogenic factors, habitat change, and hunting. Despite such,tisgaipulation has

been increased in several protected areas in Rajasthan, Gujarat, and Haryana (Rahmani
2001). However, habitat and overall population has shrardughout its distributional
ranges. ThaBlackbuckpopulationis reported from Odisha, West Bengal, Uttar Pradesh,
Bihar, Punjab, Haryana, Andhra Pradesh, Tamil Nadu, Karnataka, Maharashtra, Madhya
Pradesh, RajasthamdGuijarat In Nepa] BlackbuckConsevation Area south of the Bardia
National Parkholdsthe last surviving population &lackbuck(200 individuals) (Bashistha

et al. 2012). In Pakistamlackbucksightingsare rare along the border areas with India,
which are perhaps reintroduced. They atso kept in the Lal Suhanra National Park
enclosuredor possible reintroduction (Mallon et al. 2001). Tihdian antelopevere also
introduced tdhegrasslands of the United States of America (Texas) and Argentina (Mallon
and Kingswood 2001).

2.2. Popuation estimates:

No systematic survey has been conducted to know the exact populaeckibuckin
India except a detailed study undertaken by Ranjitsinh (198%) estimatedpopulation
sizewasabout four million200 yearsagowhich came down taround 80,000 individuals
in 1947 (Ranjithsinh 1982). Subsequently, the effort was also made to asd&iaskbeck
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population in India and recorded an estimated population of 25500 individuals
(Ranijithsinh, 1982). It was estimated that the papah had increased from 24500 to 50000

in between 1982 to 2000 (Rahmani 2001). The largest numbers were estimated in the states
of Gujarat,Rajasthan, Punjab, Madhya PradasdMaharashtra (Rahmani 2001). Presence

of Blackbuckin the Punjab state is canéd only to Abohar Wildlife Sanctuary, Fazilka.

The population oBlackbucks was 3500 in 2011 which has been reduced to 3273 in 2017.

In VelavadarBlackbuck National Park, Gujarat, population 8flackbuckin 2001 was
estimated to be around 25025 and nib\wwas reduced to 14281 in 2015.

In Odishg according to the recent census that was conducted by the Forest Department in
2017, there are 38@ackbucls in the Ganjam district. During the 2011 census, the number
was only 2194. Debata (2017) reported 7B3dckbucls in a humasdominated area of
BalipadarBhetnoiBlackbuck Conservation Area during 202013. In Tamil Nadu, the
population ofBlackbuckseems to have seen a significant increase in the Moyar Valley
pointing to increased protection of the spsdiy the Forest Department. TB&ackbuck
population, believedo be anywhere between 800 tO0D individuals in the Nilgiri
Biosphere Reserve, parts of the lower Nilgiri, the Bhavani Sagar range in Erode and some
parts of Coimbatore Forest Division. In iataka, theBlackbucls are found in highest
number in RanebennuBlackbuck Sanctuary which is located in Haveri district. This
sanctuary had a population of over 60DBereare886 Blackbucls in the Bidar districtthe

secondargest populatioin Karnagka (Mohammed and Modse 2016).

Prasana and Zutshi (2013) estimatedaBkbuck in Jayamangali Blackbuck Conservation
ReserveMydanahalli, and reported 454a8kbuck during the census of 2009. Sagal an
Antoney (2017) estimated 193d8kbucks in Basur Amraat Mahal Kaval Conservation
Reserve, Chikkamagalurdihe major increase in thBlackbuck population has been
observed in Rajasthan state, where the Forest Department data suggest that the population
has increased from 13457 in 2011 to 30530 in 2016. IneG&jhldlife Sanctuary, Bikaner

the totalBlackbuckpopulation wa 86 individuals (Kumar and Niraj 2016). Hemsingh and
Jakher (2007) reported that highest population densiBfaakbuckin the Jodhpur district,
followed by Nagaur district due to the availiy of good habitatas well asprotection
provided bythe local people. In some areas, Blackbuckhas become an agricultural pest

due to overpopulation
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The Blackbuckwas introduced in 1932 in Texas, USA. Reports suggest that the population
proliferatedand theBlackbuckwas thesecondmost populousntroducedanimal in Texas

after the chital. The populatisizein the USA wasestimatedo be ca.35,000 individuals

in 2000.Blackbuclks had also been introduced into Argentina in 1906, andstestimated

that there are 8,600 individuals in 2000 (Mallon et al. 2001). Bashistha et al. (2011) reported
around 200 individuals dlackbuckin Nepal.

Of the differentBlackbuckpopulations narby (Fig. 2.1)n the present study, field studies
were onducted to estimate the statustleé Blackbuck population in Kaimoor Wildlife
Sanctuary and adjoining areas.
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Figure 2.1. Distribution map of Blackbuck in and around KWLS.
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2.3. Methodology:

The data for population estimation were collected from KWLS during the line transect
survey. A total of 53 transects were laid (Fig. 2.2.) in different habitat types like agriculture
land, open scrub, dense scrub, barren land, and plantations, to esheBilackbuck
population in all the four ranges of the intensive study area. The length of the majority of
transects varied from 2 km to 3.5 km (Annexure IIl). The temporal replicates (n=4) of the
same was also done in the study area. Transects were vdalkiad early morning and
evening from 6:00 am to 10 am and 3:45 pm to 6:00 pm depending on locality, distance
from the basecamp and terrain type. During the transect survey, we recorded the number of
animals sighted, sighting distance, herd size, sex agwl categories whenever the
Blackbuckwas sighted (Annexure 1V). Other areas occupieBlagkbuckwere also visited
frequently to estimate the population and its demography. All encouBEreducls were
classified in different age and sex categorigse &nimal withina distance 060 metes

from the centre of the herd was considered as a single group. However, the animal (territorial

male) showed defending the territory was considered as a separate herd.
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Figure 2.2.Transect placed in and around KWLS
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The age and sex were categorizeid five categories according to Mungéll978), i.e.,
adult male (AM), sufadult male (SAM), dult female (AF), sufadult female (SAF) and
fawn (F). Further the herd size was classified into different group categories5, & 10,
11-15, 1620, 2125, >26).

2.4. Results and Discussion:

Several studies have been carried out on status and aspeeeoblogy ofBlackbuckin
thedifferert part of the India (Daniel 1967, Nair 1976, Natarajan et al. 1978, Sharma 1980,
Ranijitsinh 1982, Prasad 1983, Rahmani 1991, Singh 2005, Murmu et al. 2013, Kumar and
Niraj 2016). But, most of the studies dealt with the ecological and biological aspéet of t
Blackbuck None of the studies except the (Sagar and Antony 2017) has been conducted to
estimate the population through the distance sampling method. We encountered 75 herds of
the Blackbuckwhich includes 259 individuals on the transects. The aninmasuntered

has been identified and classified in different group size and age structure.

The density of th®&lackbuckwas calculated 4.42 +@). Thecluster densityvasrecorded
as3.35 = 0.40thoughthe coefficient of variance was high, i.e., 57.7#%hHa study area
(Table 2.1). The effective strip width in this habitat was of 50 m (Fig. 2.3)

The estimated density was much less than the Sagar and Antony (2017) who estimated 26.23
individuals/kn? in Basur Amruth Mahal Kaval Conservation ReseM®st of the study
carried out onBlackbuck was based on status (total count or block count), ecology,
distribution, and behavioural aspects, expect the few which were based on detection
probability ofBlackbuck

Our random survey within the study areautis] in sightings of 226 individuals. Estimated
population within the study area could be 400 to 450. Observed sightings in different ranges
were in the order of Halia (127) > Ghorawal (58) and >Robertsganj (41) (Table 2.2.) while
Singh (2005) has estinet 595 and 534 individuals in the 262804 and 20042005 in

KWLS respectively (Table 2.2).
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Table 2.1. Summary output of estimation oBlackbuck in the study area.

DS 1.31 0.74 56.51 0.45 3.77
E(S) 3.35 0.4 11.97 2.64 4.25
D 4.42 2.55 57.77 1.51 12.92
N 4.00 2.31 57.77 2.00 13.00

DS= Estimate of density of clusters; E(S) = Estimate of expected value of cluster size; D=;
N= Estimate of number of animals in specified area; SE= Standard error; CV= Coefficient
of variation; Cl= Confidence interval

Table 2.2 Population status othe Blackbuck in KWLS.
Area, km?  20032004* 20042005* 2018* Projected

Estimated
(\[e}
Ghurma 243 0 0 0 0
Robertsganj 440 201 179 41 76
Ghorawall 555 57 54 58 131
Halia 529 337 301 127 230
Total 1767 595 534 226 437

* Singh (2005)

** Present study
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Chapter 3:

Population demography of
Blackbuck
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Summary

Estimation of he demographic parameters including agpx compositiorand density
indices is crucial for managemead monitoringof wild populations andan alsobe used

to predict population dynamias the future To document the demographic parameters, the
encounteredBlackbuck were identified and classified in differegitoup size and age
categories. During the entire survey, a total of 289 groups were encountered which
comprises 1500 individuals from the intensive study area. The overall encountered
Blackbuckindicated that the population is female biased, the adult lEernamprised
maximum proportion (42.6%) followed by sathult female (23.26 %), adult male (18.33%),
subadult male (9.4%) and was recorded minimum for the fawn (6.4%). The range wise
population composition indicated that the proportion of adult male 8a&4, 15.95% and
19.88% in Robertsganj, Ghorawal and Halia ranges respectively. While thedsifomale
proportion was found similar in Ghorawal and Halia ranges (c.a.11%) but was%6Po

in the Robertsganj rang& he female proportion was the maximuih#5.1% in Ghorawal
range followed by Robertsganj 43.55% and Halia 40.48% ranges respectively. The
proportion of fawn was 6% throughout all the ranges. The herd size is an essential
parameter of habitat quality in several antelopes. The larger herd sazeimlicator of the
better habitat quality and vice versa. The h erd size recorded from KWLS were categorised
in different group size categories and the majority of population found une®rdup

size category (72.66%) whereas only 1.03% were recardeétb group size category. This

indicates that the habitat quality of the study area is very poor in the terms of resources.

Sex ratios ar®ne ofthe mosfundamentatlemographic parametemdicatingthe relative

survival of femaleand malesas well & the future breeding potential of a population. The
observed sex ratio isonsequendf natural selection and anthropogenic effects of harvest

on the sexes. Sex ratso affects growttparametersand the evolutionary trajectories of

wild populations. Tl sex ratio of the populatias also a culmination of theirth, death,
immigration, and emigration rates. The sex ratio (male: female) oBthekbuckwas
estimated to be 1:2.37 in the study area. Means sex ratio is skewed towards the female and
this isbecause of the natural selection as the male disperse and struggle for the resources
and are also more vulnerable to poach/hunt and predate. The adult female to fawn ratio of
the Blackbuckwas 1: 0.15. This ratio is very low, and it is because of thel grapulation

size ofBlackbuckin the intensive study area or could be poor habitat quality.
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3.1. Introduction:

Estimation of the demographic parameters including-segecomposition and density
indices is crucial for management and monitoring of wild populations and can also be used
to predict population dynamics in the futu(®ysterud and Ostbye 200€oulson efal.

2001, Gaillard et al. 2003). Ungulates &rselectedong-lived animalswith low litter size

and high female parentmivestment Demography and behavior in ungulates have evolved

to accommodateof high population densityreaching carrying capacity ith their
competitive ability important to individual succemsd inclusive fitnesg§CluttonBrock et

al. 1987, McCullough 1979). Competitive abiliyso plays a central rol@lso in social
behavior and organization (Geist 1974, Jarman 1974).

Anthropogert harvest, pedation, densitglependent competitiofor forageand climaic
conditionssignificantly affect vitalparameter®f ungulates (Messier 1994, Seether 1997,
Gaillard et al. 1998Patterson and Power 2002, Garrott et al. 200Bpughthe effects
climate variables on animal growth, body condition, and surViask earlier been studied
(Pettorelli et al. 200Mysterud et al. 2008), a comprehensive analysis explicitly cangpar
the relative contributions of geographic, climaaathropogeniand bological variabless
rare in the available literatur&nderstandingf the indicatorsas well as thalrivers of
population change can be informative for population status assessment and management
decisions especially for amaged populationspanningbroad biogeographical gradients.
Stochasticvariability in climateis potentiallyimportant driver of population dynamicd
ungulategSaether 1997 pffecting theseasonal forage qualif€hapin et al. 1995) having
interactions withvariouslimiting factors(Post et al. 1999)Jngulatesnhabiting seasonisi
varying environments areusually adapted to give birth during high growgthaseof
vegetation to maximize nutritious foragecessWeather patterwariationsin a climate
regimeaffectingthe timing of vegetatiogrowthor delayng the decline in plant nutritional
contentmay thereforeaffect juvenile growth and survivahtes(Langvatn et al. 1996,
Pettorelli et al. 2007).

Ascertaining the sex and age of an individual animals is thesfep towards defining the
sex ratio and age structure of a species population. These characteristic may provide
Il mportant i nsight into a populationébés recel

Knowing agespecific natality is important fomany population studies and wildlife
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management. Thus determining age classes becomes important. (Dimmick and Pelton
1996).

Aging is usually more difficult, and many methods for its determination have been
developing. Some aging techniques placeatiignalinto broad categories (adult maseib

adult male, adult female, sw#alult female, and fawn) while others can be used to place
individuals into specific year classes. The latter group of technique is considerably less
common and generally more tinsensunng. A few methods of age determination are of a
more general in nature and can be broadly applied to several species, depending upon the
guestion to be answered. Besiddsis extremely difficult to get a good reliable estimate of

the age of the ungulatevhile walking transects and estimating abundance.

Actual estimate of age can be obtained by examination of teeth eruption and wear from the
dead specimen or more accurately by cementum annuli on tooth sections (Dimmick and
Pelton 1996). This would be sieous for analysis of demographic parameters and life tables
(Caughley 1977). However, for monitoring, it would be relevant to distinguish the

population into easily identifiable age and sex groups.
3.2. Methodology:

The data of herd size composition werdlected from KWLS during the line transect and
random survey. A total of 53 transects were laid in all four ranges of KWLS. We walked,
and temporal replications of the same were done in different habitat to document the
demography of th8lackbuckin all the four ranges of the intensive study area. During the
transect survey we recorded the number of animal sighted, sighting distance, herd size, sex
and age categories whenever tBlckbuck was sighted (Annexure 1V). Other areas
occupied byBlackbuckwere also visited frequently to estimate the population and its
demography. All encountereBlackbucls were classified into different age and sex
categories. The animal with0-meterdistance from the centre of the herd was considered

as a single group. Haaver, the animal (territorial male) showed defending the territory was
considered as a separate herd. Moreover, random surveys were also carried out throughout
the study area to find out the lesser known population, and whenever the animal encountered
thenumber of animals sighted, group size, sex and age categories were recordeddtirough
libitum sampling. The age and sex were categorized into five categories according to
Mungall (1978), i.e., adult male (AM), sudult male (SAM), adutemale (AF), sukadult
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female (SAF) anddwn (F) further the herd size was classified into different group
categories, i.e. (8, 610, 1115, 1620, 2125, >26).

3.3. Results and Discussion:
3.3.1. Population demography:

Several studies (Daniel 1967, Nair 1976, Nataragt al. 1978, Sharma 1980, Ranjitsinh
1982, Prasad 1983, Rahmani 1991, Singh 2005, Murmu20%8, Kumar and Niraj 2016)
havebeen conducted on the status and population compositiBhaokbuckin India. A

total of 1500 individuals in 289 groups were encountered during transect and random survey
throughout the study area. The animals encountered has been identified and classified in
different group size and age structure. Out of 289 groups etered the proportioof the
population shows thadalt female comprises maximum, i.e., 42.6% followed by-aadblt

female 23.26 % and was recorded minimum for the fawn 6.4% (Fig. 3.1). However, the
study conducted in 2004 (Singh 2005) in the same strety suggested almost the same
proportion of the population composition (Fig. 3.2). According to Singh 2005, the female
proportion was 61.32% followed by male 26.82% and fawn 11.84%. Other studies carried
out in a different part of India also indicate Blackbuckpopulation is female biased. Nair
(1976) described the proportion of adult female 82.47% followed by adult male 17.52% in
Point Calimare Tamil Nadu, Prasad (1982) recorded 57.2% adult female followed by
11.29% adult male in Mudmal, Andhra PradeSmgh (2005) recorded 61.32% female
followed by 26.82% male in Kaimoor WLS, Uttar Pradesh, Murmu et al. (2013) recorded
42.44% adult female followed by adult male 20.19% in Orissa and Kumar and Niraj (2016)
described 48.83% adult female followed by 9.8hale in Gajner, Rajasthan. The range
wise population compositioof the present studpdicated that the proportion of adult male

was 18.8%, 15.95% and 19.88% in Robertsganj, Ghorawal and Halia ranges. -Bloeilsub
male proportion was found similar (£1%) in Ghorawal and Halia ranges s lowerin

the Robertsganj range 4.6%. This is because of the low population size and greater the
chance of poaching and predation (Fig. 3.4). Moreover, the female proportion was
maximum (45.1%) in Ghorawal range ltabed by Robertsganj (43.55%) and Halia
(40.48%). The proportion of fawn was around 6% throughout all the ranges.

The proportion of fawn indicated drastic change from 11.84% to 6.4% in comparison to
2004 (Singh 2005)This may bedue to shrunken populatiosize, the population of
Blackbuck throughout its ranges in KWLS had been severely reducingtauebitat

30



change, overgrazingoaching, anthropogenicgssure and perhaps due to predation by the
domestic dog, Jackal, fox and other predators. The sexvatied with the population size

of the Blackbuck Nair (1976) recorded sex ratio 1:4rvPoint Calmere Natarajan et al.
(1978) recorded 1:5 iRoint Calimere in Tamil Nadigchaller 1967 reported the sex ratio
of Blackbuckl:1.7 in Madhya Pradesh. Wiin the Rajasthan (Sharma 1980) recorded sex
ratio different at different localities varied from 1:8, 1:11, and 1:14 respectiMadyrecen
study by Meena and Saré2018) recorded sex ratio 1:3 in Rajasthan. Ranjitsinh (1982)
recorded adult maleemak ratio 1:8 in Velavadar. The study carried out in KWLS (2005)
documented sex ratio (1: 2.28) which is almost similar to the present study, i.e., 1:2.37. The
reduction has been recorded in the female fawn rattmmpare to the previous study by
Singh(2005). Estimated female fawn ratioy Singh (2005) was d3.19 which is slightly
greater than the present study, i.e., 0.15. The femalerfawanis slightly less; this may be
because of the population reduction (Fig. 3.4.).

The herd size oBlackbuckwas ranging from (128) in Kaimoor WLS. The herd size was
recorded between {23) individuals in Robertsganj and Ghorawal ranges; while in Halia it
was recorded (28) individuals.

A total of 289 groups encountered during the study period indicated2!&i% population
found under (€b) group size category followed by 11.41%1(@®) group size cagory and
minimum 1.03% in ( >26 group category (Fig. 3.3). The maximum proportion of the
population was recorded undergpgroup size category, but this sveecorded maximum
for the Halia range (80.3@)ndthis may be due tthe fragmented populatisrof thisrange
(Fig. 3.5). The population in Halia was totally fragmented and has been resided in 5 isolated
pockets. However no larger group >Rlividuals wee seen in Robertsganj and Ghorawal

ranges, the largest group recorded was in Halia which comprised 28 individuals (Table 3.1).
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3.4.Lekking

Blackbucks hows a unique mating system called
which breeding males congregatein an open arealefendng tightly clusteredsmall
territories, and areisited by females for matingl h e  territeriesdypically do not have

any otheresources attraicg the femalegxcept for the matg8radbury 1981). Lekking is

an enegy intensivestrategyfor the males often bear injurse Thereforejt is typically
adoptedonly by stronganddominant males (Ishvaran and Jhala 2000). The dominant male
chases the female withe nose pointing upwardhowing a flehmen respondewards tle

urine of the femaleThe female waas her tail and thumpthe rear legs on the ground
showing receptivityollowed by mounting attempteading tocopulation the whole process
taking up to six hourslhe territorial male may then move on to mate witbthar female

following the same procedure

During the present study, we did not find any lekking sites oBtaekbuckthroughout the
study area. The territoriality was not observed inBleckbuck adult males did not form

lekking sites during the brdeng season. Rather, the dominating male use to remain with

the female groups and did not allow another adult buck to enter in this group. Moreover,
subadult bucks were allowed to remain within the group. The other adult males seen near
the group were cls&d out by the dominating male. The chased adult males either lives alone
or form the male herds. We also observed that the chased males moved away from the group
and were seen with the single female far from the dominating male. This phenomenon may

be dueo the small isolated habitat, lesser population size and lot of anthropogenic pressure.

Mungall (1978)has also reportethat territorial male does not keep the harem in Texas.
This situation was also noticed in the area where subst&iigkbuckpopulation lived in

a relatively restricted area in Rajasthan, Gujarat and Madhya Pradesh (Ranjitsinh 1982).
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Table 3.1. Percentage of population found ivarious group size categories in
different ranges of KWLS (N= 289).

Robertsgan; 67.6 19.1 10.2 1.5 1.5 0
Ghorawal 60.3 11.7 14.7 5.8 5.8 0
Halia 80.4 7.8 5.2 3.2 1.3 1.9
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Chapter 4.

Land use and land Cover of
Sonbhadra and Mirzapur
districts of Uttar Pradesh
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Summary

Both land use and land cover are essential tools for relatingetinestrial environment in
relation to natural along with humagenerated actions (Bendet al.2005,Mendoza et al.
2010).In the land cover, the biological and physical cover is referred on the surface of land,
as well as settlement, vegetation, water, bare soil and-nmemte structure (Ellis and
Pontius Jr. 2006, Turner et al995). For global change evaluation on variogzatio
temporal scales, land use and land cover change is agreed antamptechnique (Lambin

et al.1997). The area of Kaimoor Wildlife Sanctuary and territorial range are of about 1767
km2 and of this 501 km2 respectively. Out of these 1767 km2, jivepai is constituted
under agriculture or cropland. The temporal examination of the Land use and Land cover
(LULC) data indicates that fallow and barren land which are the key habitat for the
BlackbuckAntilope cervicapra has declined over the periodnir 2000 to 2018. The
maximum reduction was estimated in forest land (including open forest) from 47.0% to 6.5
followed by fallow land, 17.0% to 11.0 % respectively. However, the increase was recorded
in agriculture land and shrubland from 29.0% to 44.5% &0 % to 31.0 %. The increase
recorded in scrubland is basically the increase of the Lantana (Lantana camara) and
Parthenium (Parthenium hysterophorus) weeds. The habitat left of the fallow and barren
land (16%) are mainly remaining area left for the ggand which is the crucial habitat for

the Blackbuck The crucialBlackbuck s habi t at has been convert
agricultural land over a period of eighteen years and suitable habitat is very small of the
total area. We also calculated therhan population density in Mirzapur and Sonbhadra
district, and in 10 km radius of the KWUBwas found that the maximum number of villages
(705) were in G 200 population size category followed by 593 villages in population size
category of 180128393
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4.1. Introduction:

Both land use and land cover are essential tools for relating the terrestrial environment in
relation to both natural as well as hurgae ner at ed acti vities. nASs
use refer to manodés activities,erlanddndlrile v ar
cover refer to natural vegetation, water bodies, rock/soil, artificial cover and other noticed

on thel a n dhe featuepresent on the surface of tharh are considered as land cover.

For purposes of agriculture, residentialrecreational and industrial, change by human
activity is considered asrd use (Ramachandra and Bharatii2). Modification and
conversion of earth's surface features such as land productivity, changes in vegetation,
biodiversity, quality of soil, erosigrrunoff and sedimentation is referred as Land cover
(Xiubin 1996). The association of geographic, ecological, economic and social aspects
observes the changes in LULC for the landscape development procegsa(dakluang,

2006, Biurgi et al. 2004jersperger and Burg2009).

Natural landscapes are changing for human activities on human dominated lands, due to
land use activities; a huge portion of the surface of the earth has changed. The landscape of
the globe is changing an unavoidable way by humaniaesidue to the deforestation of
tropicalregions expanding urban centres, performing subsistence agriculture and growing

farmland production (Foley et £2005).

Changes in land use eradicate species indigenously and deterioration of the functioning of
the natural habitat and ecosystem, therefore, the provision of biodiversity and ecosystem is
affecting. The changes are taking place in global biodiversity by an exceptional rate due to
anthropogenic changes in LULC and global environment. The main caflisabitat loss,
modifications in biodiversity and ecosystem changes in the landscapes of forest dominated
are due to Land use land cover (LULC) changes. The most important factor causing the
global biodiversity crisis is the loss of Habitat due to thengbain LULC. (Setturu and
Ramachandra012).

In monitoring of land use, land cover change and in the assessment of natural resources have
proved to be an essential role of Satellite Remote Sensing data to provide timely and full
coverage of any particularea (Satyanarayama al.2001). Vegetation conditions will be
detected with help of spectral response of vegetation maitgixellevel (Leckie et al.
2005,Wulder et al. 2005). This study was conducted to assess the change detection in land

use anddnd cover of the two districts and study area.
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4.2. Methodology:

4.2.1. Preprocessing

We adopted various methods and approaches to analysis thetonghanges in LULC and
population trends of wildlife. In our approach, various remote sensing sadelldehas been

used; Intensive fieldwork survey, land use/land cover plan assessment have been related to
habitat change, analysis of wildlife demographic data, livestock and hiReamote sensing
satellite data Landsat TM (2000 & 2008) and SENTINEA (2018) obtained from open

sources at (http://earthexplorer.usgs.gpv and  Google Earth data from

(http://earth.google.comAll the descriptions of Satellite data are incorporated in table 1.

Table 4.1. Details olpatial data sources use in this study.

No. Types of data used Scale/Resolution Year
1. LANDSAT-5TM 30 M 2000
2. LANDSAT-5TM 30 M 2008
3. SENTINEL-2A 10 M 2018

Present study adopted RS, GIS and Geospatial technology based approach for theo&nalysis
vegetation change, the data used for the analysis including Landsat (TM) (Thematic Mapper)
satellite imagery 2000 & 2008 and SENTINRA satellite data of 2018. The digital number

(DN) values of the Landsat (TM) and SENTINRIA data were changed intodiance values

using the corresponding satellite sensor parameters for analysis. Then the images undergo
radiometric corrections, Geometric corrections, Image analysis and Accuracy assessment. A
combined approach associated with manual and automated mathgetserate LULC maps

that is far better rather than single approach. We adopted a hybrid approach to initial
classification using automated classification methods then the manual methods used to improve
classification and refine the noticeable error. Sehare the important software (ArcGIS 10.5,
QGIS 2.18 and ERDAS Imagine 2015) used for the analysis. Land use land cover change
analysis has been done with help of classified satellite imageries. For analysis of land use/land
cover change; raster data leeen converted in polygon with the help of ArcGIS software. For

this process, geographic analysis extension tool has required to use of ArcGIS software. The
area of statistics has been calculated on the basis of LULC change detection analysis of the
year 200 to 2008, 2008 and 2018 in change table (Table. 4.3).
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Figure 4.1.Flow chart of methodologyused in data analysis

4.2.2. Human Population in and around Kaimoor Wildlife Sanctuary:

To register the population of India, census has been conductedyai 8weears, beginning in

1872. The first complete census was conducted in 1881. We used collected data of interest
from tQeesuslofadad © o n du c tTeeddata was dbtdided in excel format from

http://censusindia.gov.in/ Human population data has been downloaded from

http://censusindia.gov.imf Mirzapur and Sonbhadra districts of Uttar Pradesh for human

density mapping.
4.3. Results and Discussion:
4.3.1. Land use and land cover analysis of Mirzapur and Sonbhadra districts

We used the banrg, 3, 4 & 8 (Blue, Green, Red and NIR) of SENTINEA to prepare the
False Colour Composite (FCC). The FCC image was produce to detect the different covers in

thelandscape. For classification, we used various temporal remote sensing data.
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fThe classification is based on the assumption that each land use class reflects different amount
of light and in different spectral region, the properties of which are also pemiin the
remotely sensed data.

Unsupervised classification technique has been used for the classification of image. These are
the basic classes used in this study are; forest, scrub, fallow, Agriculture/cropped land, and
barren land. LULC map of 20X8hd area matrix of Mirzapur and Sonbhadra districts is shown

in the figure and in the table (Fig. 4.2 & Table. 4.2).
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Figure 4.2. Land use land cover map of Mirzapur and Sonbhadra Districts.
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Table 4.2. Details of land use land cover area of Mirzapur an8onbhadra Districts.

Waterbody 60.94 1.38 376.31 5.45
Scrub 832.03 18.84 3047.25 44.12
Forest 297.22 6.73 1218.36 17.64
Agriculture 2667.13 60.40 1873.96 27.13
/Crop land

Fallow land 413.65 9.37 307.44 4.45
Barren land 144.65 3.28 83.92 1.21
Total 4415.63 100.00 6907.24 100.00

The LULC data reveals that the dominating land cover was agricultural land (60.40%),
followed by scrubland (18.84%), forest (9.73%), fallow 1§a7%) and water body (1.38%)

in Mirzapur district, whereas in Sonbhadra district the dominating land cover is scrubland
(44.12%), followed by agricultural (27.13%), forest (17.64%), fallow land (9.37%), and water
body (5.45%).

4.3.2. Land use and land oger change analysis of Kaimoor Wildlife &nctuary range:

The LULC map of the study area (KWLS & territorial ranges of Ghurma, Robertsgani,
Ghorawal, and Halia) was prepared to find out the decadal changes during 2000, 2008 and
2018 (Fig. 4.3, 4.4 & Tabld..3). The temporal examination of the land use and land cover data
indicated that fallow and barren land which are the key habitat f@l#w&buckhas declined

over a period of time from 2000 to 2018. The maximum reduction was estimated in forest land
(including open forest) followed by fallow land, i.e., 47 to 6% and 17 to 11% respectively.
However, the increase was recorded in agricultural land and shrubs from 28.99 to 44.48% and
3 to 31% respectively. The gain recorded in scrubs was basically thaseaéthe Lantana
(Lantana camarpand PartheniumRarthenium hysterophorysveeds. The fallow land and
barren land encompass the grassland which are the crucial habitat Bidklieuck and has

been converted into the scrub land or agricultural lanoutfhout eighteen years. Scrub and
agricultural land have increased exponentially, whereas scrub has increased more than 10 times
from 3%to 31.64 % in the intensive study area.

In spite of being the highest revenue generated districts of Uttar Praukesiocieeconomic

status of the households are very poor. Most of the people residing inside or around the KWLS
were dependent on the forest resources for their subsistence. Nearby people are mostly
dependent on resources as they feed for livestock, étdumake food and newood forest

products like like Tendu leaveDipspyros melanoxylgn Mahua Madhu@a longifolia),
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Chiraunji Buchanania lunzanand other medicinal plants. This is one of the reasons that being

a dry deciduous forest; it has beerplexed as such level that the forest cover has been
decreased from 834 km2 to 115 km2 in between 2000 to 2018. At the same time, the agriculture
land has increased from 512 km2 to 784 km2. This degradation in the forested land provided a

suitable environmnt for exotic weedlantana camardo spread throughout the study area.

2008 A

Figure 4.3. Change detection in LULC of study area from 2000, 2008 and 2018.

Table 4.3. Details of change detected in study area during 2000, 2008 and 2018.

Class/Year, 2000 2008 2018 2000 2008 2018
Water 27.63 27.18 15.53 1.56 1.54 0.88
Forest 834.15 231.75 115.3 13.11 6.54
47.22
Scrub 60.16 455.22| 557.7 3.41 25.76 31.64
Agri/Hab 512.02 552.00 784 28.99 31.23 44.48
Fallow 312.81 333.51] 205.5 17.71 18.87 11.66
Barren 19.67 167.62| 84.77 1.11 9.48 4.81
Total 1766.46 1767.31 1763 100.00, 100.00 100.00
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Figure. 4.4. Land useland cover changes during 2000 to 2018.

4.3.3. Human pgulation in and around Kaimoor Wildlife S anctuary:

It is widely believed that human population growth or density is an important aspect and is
often the primary cause of deforestation (Wibowo and Byron, 1999). Prominently, there are
norrintegrated development policies of different government organizatiorss halre

conflict with conservation efforts.

The Census ofndiahas been conducted a census in 2@t1donducts irevery 10 years, it

was first started in 1972, there was a complete census held in 1881. This dataset can be

acquired fromhttp://censusindia.gov.im excel format. Human population data has been

downloaded fromhttp://censusindia.gov.iréf Mirzapur and Sonbhadra district of Uttar

Pradesh for Human density npapg. The result indicated that most of the villages (705) are
in 0 - 200 population size category followed by 593 villages in population size category of
1801 28393. It means that maximum villages have low density followed bydeghkity
population in he Mirzapur and Sonbhadra districts (Fig. 4.5 & 4.6). The population density

was also calculated in the 10 km radius of the study area (Fig. 4.7 & 4.8).
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Chapter 5:

Vegetation characteristics
of Kaimoor Wildlife Sanctuary
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Summary

Habitats are crucial to predicting the wildlife presence, as it is essential for developing the
strategies for the wildlife managers, and conservationists. Wildlife habitats are generally
considered as the type of vegetation and landscape used by a sphaésalso includes

the particular attributes of the vegetation characteristic. The plant grows in communities
in a specific environment. Each community is characterized by its species diversity growth
form, structure, dominance, and succession trentis. quantification of the vegetation

was carried out on each transect at 200 m interval. The study of vegetation structure
included the assessment of canopy cover, shrub cover and ground layer cover. Two circular
areas were laid for sampling vegetation iach plot, 10 m and 5 m circular radius plot
were taken for tree and shrubs respectivElyur 25 x 25 cm quadratsvere laid for the
ground cover. A total of 526 vegetation plots were laid in the four ranges of the study area.
A total of 28 tree species33hrub species, 17 herb species, and seven grass species were
recorded in the study area. The maximum grass cover, grass height, and a total number of
shrub species recorded in Halia range. Wheredwsuls density and tree density were
highest in Ghorawalnd Ghurma ranges respectively. Halia range has maximum shrub
diversity, and Ghorawal has maximum tree diversity. The density of Lantana camara was

very high throughout all the four ranges.
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5.1. Introduction:

Globally, forests are knowassignificantlycrucialhabitatsas it facilitates huge biological
diversity including the myriads of ecological function they provide. The species count is
taken to be a representation of diversity. Total descnbetber of organismis aboutl.75
million, and it isalsoassumed thait may be 13% of the true tot@glawksworth and Kalin
Arroyo 1995 Stork 1999) T he wuncertain fraction of these
is unknown Wilson (1992) suggesthat, possibly half ofdescribedspecies xist in the
tropical forestWCMC (1992)predictsthat the majorityspecies areet-to-be-discovered

in tropical areas. Whatever the specific numbkespecies, forests, including the tropical
forests,are keyarea for species diversity. The values of ést reflectthe values of the
biological diversitywhich theycontain The dry tropicalforest subtropical forestand
woodlandsvere knowntocovemor e t han hal f o f haveldecreasedlr | d 0 s
significantly during the last decade. 52% of the total forestthe global basiare tropical
forest 86% of the total forest land in India is of tropical forest. Though, this type of forest
is severelyimpacted by anthropogenpressurgChampion and Seth 196&8)ue tohigh
anthropogeniactivitiesin the past several decades, the dry deciduous foresthawbeen
converted into dry deciduous scrub, dry savanna and dry grass land in many parts of central
India. Considering the fact ofildlife existence, this alarmingcenariocalls for indepth
study of these forests with respect to species diversity, structure and regeneration.

To represent the population structure of the forest, density diamet@rdfdtribution of
stem is usedFAO 1978. The population structure of different species represents their
regeneration behaviowand succession patterns. The population structofespecies are
characterized by the occurrence of adequateberof seedlings, saplings, and adults

also indicates regenerationpattern of species The occurrence of saplings under the
canopies of adult treespresentshe future composition of a community. With respect to
theinformationof the d d distribution inferencesan be drawn regarding te&and hisory.

Also, the information can be usddr developing strategies to achieve the desired size
classesand composition of the species

To generate information of spatiemporal forest composition, structure, and dynamics,
long-term permanent plot studies potential methodology (Ayyappan and Parthasarathy
1999).There is a gap in the information pertaining to composition dry tropical forest of
India by using largecale permanent inventory plots. Though, this type of forests account
for 46% of the forest land in India it is necessary to use-acgée permanentqi studies

which are important for the conservation and management of tropical forests (Field and
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Vazquezyanes 1993). The present study is conducted in and around Kaimoor Wildlife
Sanctuary in the &bhadra and Mirzapur districts, tdocuments thevegetaion
characteristics and composition.

5.2. Methodology:

Vegetation sampling was done along line transects by establishing sampling stations at
every 200m interval. The tree (>20 cm GBH) layer was quantified in 10m radius circular
plots. All trees present in the plot were enumerated as to species level anttieir
individuals. GBH measurements of all tree individuals were taken at each plot. Also,
canopy cover was documented at X and Y length.

The shrubs and sapling (<=20cm GBH) were quantified in 5m radius circular plots, and all
the plants are falling with these plots was enumerated to species level. The canopy cover
wasalsorecorded at X and Y length axis along with the shrub height.

The ground cover was assessed in four quadrates eacltimi285 cm at every sampling
station with respect to grassdaseedlings. Three dominant grass species and percentage of
ocular grass cover along with average grass height were recorded.

The disturbance factor like lopping, cutting of trees, presencégoras livestock was

recorded at each sampling statiorithm radius circular plot. (Annexure VI)

5.3. Results and Discussion:

The vegetation of the study area is tropical dry deciduous forests, and is characterized by
long dry and warm months and growth of vegetation resources is dependent on monsoonal
rainfall. To assess the vegetation characteristic of the study area, the systematic sampling
was done along the line transects at every 200 m. We recorded a total of 28 tree species, 33
shrub species, 17 herb species, and 7 grass species in the study areal()l dtile 6verall

tree density was 2.36/hectare and maximeatue was recorded foButea monosperma
(0.58/ha) followed byDiospyros melanoxylori0.41/ha), Acacia catechu0.41/ha) and
Acacia nilotica(0.18/ha) (Table 5.2). The overall shrub density was Z#fie8tare and the
maximum shrub density was recorded for ttentana camaréa63.8/ha followed by
Diospyros melanoxylo(85.3/h3, Butea monosperm@4.8/hg, Holarrhena antidysentrica
(23.4/ha and Acacia catechu15.2/ha) (Table 5.3). Dominant grasses wEragrostis

tenellg Digitaria sp, Cynodon dectylgrDesmosticheap, etc. and average grass height was
relatively more in Halia than other ranges. The range wise tree and shrub density were
enumerated at spesidevel (Table 5.4, 5.5, 5.6, 5.7, 5.8, 5.9, 5.10 & 5.11). The diversity
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(ShannorAwienerinformation indeX for tree was found maximum in the Ghorawal range
(2.48) and minimum in Ghurma range (2.05), while the evenness was estimated maximum
in the Ghorawahnd Ghurma ranges (0.83) and was estimated minimum in Halia range
(0.78). The shruldiversity (ShannoAwiener) was estimated maximum (2.66) in Halia
range and minimum in Ghorawal range (1.36), while the evenness was found maximum
(0.83) in Halia range anthinimum (0.44) in Ghorawal range (Table 5.12 & 5.13). We
prepared the heat map of tree cover, shrub cover and grass cover on the basis of the sampled

vegetation plots which were shown in the FHdl, 5.2 & 5.3.

The data indicates that most of the prefdropen grassland habitats are infested by high
shrub cover in all the ranges. The tree cover has decreased in the study area over a period of
time, due to lopping, cutting and other anthropogenic factors, but the forest department is
dedicated to increaghke forest cover in Mirzapur and Sonbhadra districts. For this purpose
several exotic plant specite Prosopis julifloraEucalyptus sp Senna siamewahich are

not native to the dry deciduous habitat were planted in and around the KWLS. It resulted in

severe damage to tidackbuckhabitat in the study area.

Table 5.1. Vegetation haracteristics of KWLS .

Range Grass Average Tree Shrub Total Total
Cover grass Density Density tree shrub
(%) height /hectare  /hectare = species species
(m) recorded recorded
Gurma 24.1 2.93 35.09 232.35 11 11
Robertsganj 21.5 2.84 26.06 226.26 16 16
Halia 38.05 6.18 31.04 411.60 17 25
Ghorawal 23.5 5.14 12.79 433.78 20 22
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Table 5.2. The density of tree species in the study area.

Acacia catechu

Acacia nilotica
Azadirachta indica
Buchanania lanzan
Butea monosperma
Cassia fistula
Dalbergia sissoo
Delonix regia
Diospyros melanoxylon
Emblica officinalis
Eucalyptussp.

Ficus benghalensis
Ficus religiosa

Ficus sp.

Holarrhena antidysentrica
Lagerstroemia parviflora
Lannea coromandelica
Madhuca longifolia
Mangifera indica
Prosopis juliflora
Senna siamea
Syzygium cumini
Tectona grandis
Terminalia arjuna
Terminalia bellirica
Terminalia tomentosa

Ziziphus mauritiana

0.14
0.18
0.14
0.02
0.58
0.01
0.02
0.01
0.41
0.05
0.02
0.01
0.01
0.02
0.09
0.10
0.14
0.12
0.05
0.04
0.02
0.01
0.04
0.01
0.02
0.03
0.02
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Table 5.3. The densityof shrub speciesin the study area.

Species

Pongamia pinnata
Acacia catechu

Acacia nilotica

Acacia pennata

Aegle marmelos
Ailanthus excels
Azadirachta indica
Butea monosperma
Calotropisprocera
Capsicum annuum
Carissa spinarum
Cassia fistula
Dalbergia sissoo
Dendrocalamus strictus
Diospyros melanoxylon
Emblica officinalis
Eucalyptussp.
Haplophragma adenophyllum
Helicteres isora
Holarrhena antidysentrica
I[pomeasp.
Lagerstroemia parviflora
Lannea coromandelica
Lantana camara
Madhuca longifolia
Phoenix dactylifera
Prosopis juliflora
Senna siamea
Solanum lycopersicum
Tectona grandis

Vitex negundo

Ziziphus mauritiana
Ziziphus oenoplia

Density /hectare
0.5
15.2
3.5
3.3
0.3
0.8
1.6
34.8
0.5
2.2
6.5
0.8
0.8
11.1
35.3
0.5
6.8
4.3
4.9
23.4
14
13.9
0.3
163.8
1.9
0.8
2.7
1.1
4.9
0.8
1.1
18.5
4.9
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Table 5.4. The density of tree species in Ghurma range.

Acacia nilotica 3.95
Azadirachta indica 4.61
Butea monosperma 4.61
Cassia fistula 1.32
Dalbergia sissoo 0.66
Diospyros melanoxylon 10.53
Ficus religiosa 0.66
Madhuca longifolia 1.32
Prosopis juliflora 3.95
Tectona grandis 2.63
Ziziphusmauritiana 0.66

Table 5.5. The density of shrub species in Ghurma range.

Species Density/hectare
Acacia catechu 8.75
Acacia nilotica 14.58
Azadirachta indica 2.92
Butea monosperma 11.66
Holarrhena antidysentrica 5.83
[pomeasp. 2.92
Lantana camara 122.45
Phoenix dactylifera 2.92
Prosopis juliflora 29.15
Vitex negundo 11.66
Ziziphus mauritiana 17.49
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Table 5.6. The density of tree species in Robertsganj range.

Species

Acacia catechu

Acacia nilotica
Azadirachta indica
Butea monosperma
Dalbergia sissoo
Diospyros melanoxylon
Emblica officinalis
Eucalyptussp.

Ficus species
Holarrhena antidysentrica
Madhucalongifolia
Mangifera indica
Prosopis juliflora
Terminali aarjuna
Unknown

Ziziphus mauritiana

Density/hectare
3.25
4.50
1.50
6.75
0.50
4.00
1.00
0.25
0.50
0.50
0.75
0.50
0.25
0.25
1.00
0.50
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Shrub

Acacia nilotica
Azadirachta indica
Butea monosperma
Calotropis procera
Capsicum annuum
Dalbergia sissoo
Dendrocalamus strictus
Diospyros melanoxylon
Helicteres isora
[pomeasp.
Lantanacamara
Phoenix dactylifera
Solanumly copersicum
Tectona grandis
Unknown

Ziziphus mauritiana

Table 5.7.The density of shrubspeciesn Robertsganj range.

Density/hectare
2.21
1.11

16.61
1.11
8.86
1.11
2.21

74.20
4.43
4.43

77.52
1.11

19.93
2.21
1.11

28.79
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Table 5.8.The density of shrub species in Ghorawal range.

1 Acacia catechu 4.7
2 Acacia pennata 6.7
3 Acacia nilotica 2.0
4 Aegle marmelos 0.7
5 Azadirachta indica 1.3
6 Butea monosperma 25.6
7 Calotropis procera 0.7
8 Carissa spinarum 2.0
9 Cassia fistula 0.7
10 Dalbergiasissoo 1.3
11 Dendrocalamus strictus 14.8
12 Diospyros melanoxylon 14.8
13 Haplophragma adenophyllum 5.4
14 Helicteres isora 0.7
15 Holarrhena antidysentrica 49.8
16 Lagerstroemia parviflora 2.7
17 Lantana camara 287.5
18 Phoenix dactylifera 0.7
19 Tectona grandis 0.7
20 Unknown 2.0
21 Ziziphus mauritiana 1.3
22 Ziziphus oenoplia 6.1
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Table 5.9.The density of tree species in Ghorawal range.

Species

Acacia catechu

Acacia nilotica
Azadirachta indica
Buchanania lanzan
Buteamonosperma
Diospyros melanoxylon
Emblica officinalis
Eucalyptussp.

Ficus benghalensis
Ficus religiosa

Ficus species
Holarrhena antidysentrica
Lannea coromandelica
Madhucalongifolia
Mangifera indica
Tectona grandis
Terminalia arjuna
Terminalia bellirica
Terminalia tomentosa
Unknown

Density/hectare
0.51
0.67
0.17
0.67
2.86
0.34
0.34
0.34
0.17
0.17
0.17
0.17
2.86
1.35
0.34
0.17
0.17
0.67
0.34
0.34
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Table 5.10.The density of shrub species in Halia range.

Pongamia pinnata
Acacia benzamin
Acacia catechu

Acacia pennata

Acaia nilotica

Ailanthus excels
Azadirachtai ndica
Butea monosperma
Carissa spinarum
Cassia fistula
Dendrocalamus strictus
Diospyros melanoxylon
Emblicaofficinalis
Eucalyptussp.
Haplophragma adenophyllum
Helicteres isora
Holarrhena antidysentrica
Lagerstroemia parviflora
Lannea coromandelica
Lantana camara
Madhuca longifolia
Senna siamea

Unknown

Ziziphus mauritiana
Ziziphus oenoplia

1.79
21.43
41.07

1.79

2.68

2.68

1.79
63.39
18.75

1.79
15.18
36.61

1.79
22.32

7.14
11.61

8.93
41.96

0.89
58.04

6.25

3.57

1.79
30.36

8.04
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Table 5.11.The density of tree species in Halia range.

Acacia catechu

Acacia nilotica
Azadirachta indica
Butea monosperma
Delonix regia

Diospyros melanoxylon
Emblica officinalis
Holarrhena antidysentrica
Lagerstroemia parviflora
Lannea coromandelica
Madhuca longifolia
Mangifera indica

Senna siamea
Syzygium cumini
Tectona grandis
Terminalia tomentosa
Unknown

1.41
0.40
1.81
8.87
0.20
6.85
0.40
2.42
3.23
1.21
1.21
0.81
0.81
0.20
0.20
0.60
0.40

Shannon diversitfH") and Evenness (Spf tree in four ranges of KWLS.

Range
Ghorawal
Halia
Gurma
Robertsgan;

Shanon (H")

2.48
2.21
2.05
2.23

Evenness (S)

0.83
0.78
0.83
0.80

Table 5.13. Shannon diversitfH") and Evenness (Sdf shrub in four ranges of KWLS.

1 Ghorawal 1.36 0.44
2 Halia 2.66 0.83
3 Gurma 1.65 0.69
4 Robertsgan; 1.87 0.67
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Figure 5.1. Heat map of tree cover irand around KWLS.
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Figure 5.2. Heat map of shrub cover irand around KWLS.
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Summary

We assessed the extent of the suitabilityBlatkbuckhabitat at the proposed Thermal
Power Plant (TPP) site using eight radial transects radiating from the site. Maximum
sighted animals were livestock with an encounter rate of 44.12+8.19 per km. Among
livestock species, sheep comprises maximum 34.73#dl#cbdnter rate followed by cattle

and goat 7.67+£1.67, 1.71+0.98 per km respectively. However, the encounter rate of wild
animals were low 0.40£0.12 per km during the study period. Among the wild animal, Nilgai
comprises maximum encounter rate of 02.8+@dikm. while the minimum encounter rate
was estimated for the Indian hare 0.04 per Rfegetation quantification at TPP site
indicates that dominant trees species were of Acacia catechu (15.20/ha), Butea monosperma
(9.55/ha), Lagerstroemia parviflora (4tha) whereas another tree species with-low
density were Aegle marmelos, EucalympsCassia fistula. We recorded 20 shrub species,
and most of the areas were dominated by Ziziphus oenoplea (1.97/ha), Ziziphus mauritiana
(0.50/ha), Acacia catechu (0.4@). The area was also heavily infested with the high density
(116.18/ha) of the bamboo (Dendrocalamus strictus). The nearest populaBiatkibucls

from all the ranges of KWLS is around 24 @®kn from the TPP sit&Ve did not observe

large areas of hhitats peferred by theBlackbuck at TPP site such as short grassland, ,

and open scrub. Ma of the areas in and arountPPste are either surrounded by the
moderate density of forests of Bamboo and othesstepecies which are not suitable
Blackbuckhabitats. We also examined the land use land cover in areas between TPP site
and boundary of KWL3Majority of the areas are dominated with a high density of human
populations and under intense agriculture. Because of high anthropogenic factors including
canal system, state highways, dense road, and high vehicular traffic between areas of TPP
site and KWLS, we visualize the least possibility of recolonization &ldlckbuck in this

landscape from the populations oaikhoorWildlife Sanctuary
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6.1.Introduction:

Welspun Group is anajor multinational company with their business acrossstkel,
energy and textilesndustries With an enterprises value of 15,000 crores in over 50
countries Welspun isa rapidly growing conglomeratéavingclients orating in the oljl
gas and retail sectors. Welspun Enesggestablished to setup over 5,000 MW commercial
thermal power plantgcrossvarious states of IndialThe group commitgdowards clean
energyin the form ofsetting up solar, hydrevind and biomasenergygeneratiorfacilities.

WelspunEnergy Limited planned to initiate tw&60 MW thermal power plastin the
district of Mirzapurto cater to the growing energy need of Uttar Pradesh helpengtate
to minimize the energy deficit. The compangropcses usingsuper critical technology
minimizing adverse impact on the environment. The comgdanys to improvehe lives of
local people by generating employment in tieigionand would be investing in their health
and eucationof the employee and theitependentsThe proposedplant utilizeslocally
sourcedasthe primary fuelto besupplied by NCL/SECL/CCL owould import coal from
Indonesidf the need arised he plantasdesign life of 25 years at thebase load operation.
Total land requiremenfor this project is875 acres idluding the ancillarie$ the power
plant, ash pan and other auxiliariefjuired for day to day operationdn amount of Rs.

7500 crores are estimated as the total cost of the project

6.2. Study area:

The Welspun Energy UPrivate Limited (WEUPPL) propose to setup a Greenfield Coal

based Thermaldver Plant (TPP) of 1320 MW (2660 MW) capacity. The project site is

located at Dadri Khurd village and lies betwee528 6 4 1 . 6 48 9 &5 Q@ .04 802 E a
2°00016. 88 1MNOTT208082E to Mirzapur Sadar Tehs
Pradesh (Fig 6.1).

. The water requirement for the project isM6&M which will be sourced from river Ganga

and pumped intopper Khajuri Dam located at a distance of 5.5 km from the projectssi

reservoir will be built at the site to vain water will be brought frompper Khajuri Dam

t hrough the pipeline. The reservoir wild.l h a
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Figure 6.1. Location map of proposedVelspun TPP site.

The temperature of therea ranges between°@2to 44C and the average rainfall recorded

is 900 mm.The minimum temperature was recorded in January while the Maximum was
recorded in June. The site is about 185 meters from the mean sea level. The site is situated
near the Mariha Range of Mirzapur forest Division. The topography of the area is slightly
undulating, and the relativeumidity was 30 % to 61% at early morning and 14 % to 45 %

at evening The nearest habitation is Dadri Khurd which has nine households. Dadri Gahira
isthe nearest village which has about 48 households. The Welspun Proposed Thermal Power
Plant site (WPTPPs) is mostly barren and has been surrounded by plantation fiean al
three sides. The nearest railway stationSakéshgarh andsarsongranrailway gation

(15.5 km) while the nearest Airport is Varanasi that is about 50 km far from the site. No
National Park, WildlifeSanctuary, Biosphere reserveidiife corridors, Protected Forest

and EceSensitive Zone falling with the 10 km radius of the profgte except the Kaimoor

WLS which is situated around 30 Kar from the boundary of thEPPs.
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6.3. Methodology:

The \egetation sampling was done alaaglialtransects by establishing sampling stations

at every 250 m interval (Fig. 6.2). The tree (>20 cm GBH) was quantified in 10 m radius
circular plots (MuelletDombosis and Ellenberg 196Rershawl1973). All trees present in

the plot were enumerated as toaps level and their total individuals. GBH measurements

of all tree individuals were taken at each plot. The canopy cover was documented at X and
Y length. The shrubs and sapling (<=20 cm GBH) were quantified in 5 m radius circular
plots, and all the pfas were falling within these plots were enumerated to species level.
The canopy cover was recorded at X and Y length axis along with the shrub height. The
ground cover was assessed in fquadrateach of 2&£mx 25 cm at every sampling station

with respect to grass and seedlings. Three dominated grass species and percentage of ocular
grass cover along with average grass height were recorded. The disturbance factor like
lopping, cutting of trees was recorded in each sampling station at in 10m radiler gitat.
Moreover, presence or sign of livestock was also recorded at 5m radius circular plot.

(Annexure VI).

A total of 8 transectwere laid radiating from th&PPsite at different bearing.e., @, 45,

9P, 139, 18C, 227, 270 and 318). Lengthof the transectanges from 3 to 3.5 km (Fig.

6.2). The sign survey has also been conducted in the same radial transects from the start
point. During the transect survey, fecal samples were also collected from different localities

(Annexure V).

6.4. Resllts and Discussion:

A total of 24 species of tree werecorded in and around thBPsite. Themaximumdensity

of tree is recorded of Acac@techu(15.20/ha followed byButea monosperm@.55ha),
Lagerstroemia parviflora4.24/hg, the minimum densitywas of Aegle marmelqgs
Eucalyptus hybridCassia fistulaand other species (Table 6.2). A total of 20 species of
shrub were recorded in and aroufBP site. The density of shrub was estimated in 5m
radius plot and was maximum for tEéziphus oenople#l.97/ha) followed byZiziphus
mauritiana (0.50/ha),Acacia catechu0.40) and was minimum foFicus sp (0.01/ha)

respectively (Table. 6.3).
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The density of the bambo®éndrocalamus strictysvas estimated separately in 5m radius
plot ard was(116.18/hg. The bamboo was planted by the forest department thrallidte
neighbouring area afPPsite.

A total of 24.5 km distance was covered during the transect survey and the maximum sighted
animal were livestock and encounter rate was eséthto be 44.12+8.19 per km among
livestock sheep comprises maximum encounter rate of 34.73+15.57 followed by goat and
cattle 1.71+0.98, 7.67+1.67 per km respectively. However, the encounter rate of wild
animals was 0.40+0.12 per km. Among the wild anjniilgai comprises maximum
encounter rate of 02.8+0.10 while the minimum encounter rate was estimated for the Indian
hare 0.04 per km. The direct and indirect evidence of the presence of wild animals in and
around the TPPs were given e 6.4 & 6.5.

The aerial distance of tiglackbuckpresence site to thEPP sitels around 48.93 km from
RobertsganjBlackbuckValley), 33.32 km from Halia plantation (3) and 23.83 km from the
Ghorawal (Visundari). Most of the area of tHEPPsite is barren land. Howevevegetation

type around th@ PPsite was Bamboo and khair plantation with a high densit¥iaphus
TheBlackbuckprefers short grassland, open salt pans and open scrub (Menon 2014). While
the TPP siteis totally barren land with spard&utea monosperantree. There is a heavy
anthropogeia pressure in and around th@P site especiallyby livestock grazing and tree
felling (Fig. 6.4 to 6.7). The encounter rate of the livestock was 44.12+8.19 per km. The
nearest population dlackbuckis around 23 km fafrom this area. IBlackbuckstarted

moving towards th@PPsite for recolonizing, there are several hurdles they have to face.

There are several dense settlements in between the locationenit Bleickbuckpopulation
and TPPsite. The road andail negwork arepassing through the way and road density in

between these arearevery high, the frequency of traffic is also high especially on SH 5
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Figure 6.2.Radial transeds and vegetation sampling stations witim and around TPP

site.

Mirzapur to Robertsganj which is passing very close proximity withréPle site again its
bifurcated from the Marihan and proceeded towards Ghorawal has high traffic pressure (Fig.
6.3). Themaximum part of the total irrigated area of the country by camaldJttar Pradesh

and Sonbhadra and Mirzapur placed high among other districts. The canal system also form
hurdle to the movement @&flackbuck Our data on LULGn areas between TP$e and
boundary of KWLS and majority of the areas are dominatedavitiyh density of human
populations and under intense agriculture. Because of high anthropogenic factors including
canal system, state highways, dense road density, and high aefiaffic between areas

of TPPs and KWLS, we visualize the least possibility of recolonization dBldakbucls

in this landscape from the populations of KWL it is likely to be very hard for the
Blackbuckto move from their present place and recolonize in and arouridPthste (Fig.

6.3).
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Table 6.1. Details of the Proposed Thermal Power Plant site
(SourceEIA reporti J.M. EnviroNet Pvt. Ltd.)

=it Particular Details
No
1 Location Dadri KhurdVillage, Mirzapur SadariTehsil,
Mirzapur District, UttarPradesh
2 Coordinate SrNo Latitude Longitude
Rarge
A PlantBoundary 1 25AD®.68 8 82402 9. 20
2 24 A6D.611 82%4103. 72
3 24A5B.0685 824023. 80
4 24A6B.0664 8239%50. 42
5 24AG®H.627 824000. 40
6 24 A6H.0658 824000. 55
AshDyke Area A 259014.5"N 82°40'27.5"E
(with in plant B 24%59'57.1"N 82°40'57.8"E
boundary) C 24°59'54.8"N 82°40'43.5"E
D 24°59'46.8"N 82°40'8.2"E
E 25907.5"N 82°40'13.7"E
C Chimney C 24A59063E5 82A400=2¢
3 Topo sheelNo. 63K/12 &63L/9
4 Siteelevation 180 maboveMeanSeal evel (MSL)
5 Topography Slightly undulating
6 Climatic Conditions Mean Maximum Temperatur&7.6°C
IMD, VaranasiPre PredominanwWind Direction: W
Monsoonseason RelativeHumidity: At 8:30 hrs: 3% to
61%andat 17:30hrs: 14% to 45%
Rainfall: 47.5nm Mean Minimum
Temperaturei2.1°C
7 Climatic conditionsat Mean Minimum Temperature: 11®G°
site (monitored during Mean Maximum Temperaturd2.0°C
PreMonsoonseason, PredominanwWind Direction: W
2011) RelativeHumidity: At 8:30 hrs32%
to 62%andatl7:30hrs16% to 48 %
8 Nearesthabitations Dadri Khurd(Population:09)
(Populationasper Dadri Gahira(Population:48)
Census2001Data)
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9 Presentand useatthe Mostly barren
site
10 NearesiMajor StateHighway, SH-5(1.5 km,SW)
Roads/Highway NationalHighway, NH-7 (10.0 km,NNE)
11 NearesRailway Line Broad Gaug®ailway line ofNorthern
Railways (NR)
12 NearesRailway Sakteshgarh R.$15.5 km,ENE)
Station Sarsongram R.$15.5 km,E)
13 NearestAirport Varanasi (5&km, NNE)
14 NearestSeaport Haldia
15 NearesfTown Mirzapuii District Headquarters (k&n, NW)
16 Nearestwater bodies JamtlhwaNadi (2.0km, N)
JogiadamMNadi(2 kms, NE)
PahitiNadi (3.75 kmsNE)
Upper KhajuriDam(5.5 km,W)
Ganga River(1’km, NE)
17 EcosensitiveZone No EcosensitiveZone viz.National ParkWildlife

(National Park, Wildlife
Sanctuary, Biosphere
reservewildlife corridors
etc.Within10 km radius
of theprojectsite.

Sanctuary,Biosphere reserveildlife corridors
and Protecte&orestfalling within 10 km radiusof
the projectsite.

18 Reserved/Proteate Danti RF(on northern sidef projectsite)
forests Mirzapur RF (on southerrsideof projectsite)

Bahati RF (6.&km in SW)
Karaunda RKE5 km, SW)
PatehreRF (5.0kmin SW)
Malua RF(8.5 kmin SW)
Chandlewa Khurd RF6.0km in NNE)
Nanauti RH7 kmin E)
GolhanpuRH6.5kmin E)

Sarson RK5.5kmin SE)

19 Areassusceptibléo
naturalhazards

No newwith in10 km radiusstudyarea
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20 Archaeologically No new within 10km radiusstudyarea
importantplacesas
per
ArchaeologicaBurvey
of India

21 Existing Industries No new with in10km radiusstudyarea

22 SeismicZone Zonelll as penS:18932000

Table 6.2.The density of tree species found in and around PP site.

S.No. Species Densityhectare
1 Acacia catechu 15.20
2 Acacia pinata 1.06
3 Aegle marmelos 0.35
4 Azadirachta indica 2.12
5 Bauhinia racemosa 0.71
6 Butea monosperma 9.55
7 Cassiafistula 0.35
8 Unknown 1 0.35
10 Eucalyptussp. 0.35
11 Ficus Species 1.06
12 Holoptleta integrifolia 0.71
13 Gmelina arborea 0.35
14 Albizia amara 0.35
15 Garuga pinnata 0.35
17 Lagerstromia parviflora 4.24
18 Unknown 2 0.35
19 Unknown 3 0.35
20 Tamarindus indica 0.35
21 Tectona grandis 1.06

22 Ziziphus oenoplia 0.35



Table 6.3.The density of shrub species foundn and around TPP site.

© 00N O WDN P

NP R R R R RPR R R
O ©ow~NUMWNLERO

Acacia catechu

Acacia pinata

Aegle marmelos

Butea monosperma
Carissa spinarum

Ficussp.

Helicteres isora
Heterophragma adenophyllur
Holarrhena antidysenterica
Unknown 1

Unknown 2

Lagerstromia parviflora
Unknown 3

Unknown 4

Unknown 5

Unknown 6

Tectona grandis

Zizhiphus mauritiana
Zizhiphus oenoplia

0.42
0.10
0.01
0.08
0.18
0.01
0.10
0.13
0.11
0.01
0.01
0.18
0.01
0.01
0.01
0.03
0.03
0.50
1.97

Table 6.4. Detail of the direct and indirect evidences of the wildreamal presence in

and around TPP ste.

Hanuman Langur
Nilgai

Indian Hare
Indian Fox
Jackal

Wild boar

Five striped palm squirrel

Striped Hyena
Sloth bear
Chinkara

Semnopithecus entellus
Boselaphus tragocamelus

Lepus nigricollis

Vulpes bengalensis

Canis aureus
Sus scrofa

Hyaena hyaena
Melursus ursinus
Gazella bennettii

Funambulus pennantii

O OO0 0O 0O

Digging sign
D

Footprint
Dropping
Pellet
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Table 6.5.The details of the indirect evidences along with coordinates of the wild

Transect
No.
RTO

RTO

RTO
RTO

RT90
RT90

RT135

RT135
RT135

RT180
RT270
RT270
RT270

Species

Chinkara
Chinkara
Chinkara
Chinkara
Chinkara
Jackal
Chinkara
Chinkara
Chinkara
Chinkara
Jackal
Sloth bear
Chinkara

animal presence signs in and around th&PP site.

Animal Signs Latitude Longitude
Nilgai Dung midden 258659 8%
39656.
Nilgai Dung midden 2459614 82
39655.
Nilgai Dung midden 259619 8X39065"
Nilgai Pellet 250610 . 82
39626.
Nilgai Dung midden 2580649 8X3905"
Nilgai Dung midden 2458619 82°
39637.
Nilgai Pellet 28°5806 30 82
39620.
Peacock (Poaching Sign) 24°58 6 3. 823960 .
Sloth bear  Dropping 2857652 182
3962. 6
Nilgai Pellet 24580652 803906 2¢
Nilgai Dung midden 28580652 823906 2(
Nilgai Dung midden 28580651 8239061
Hyena Footprint 28580644 8239061«
Table 6.6. Faeal sample collected from theTPP site.
Location
Sample Latitude Longitude
Pellet 24°5 8 6 2 8°4006
Pellet 24°5 8 6 2 80396
Pellet 24°5 8 6 2 8X4006
Pellet 24°5 8 6 5 80°416
Pellet 24°58 6 4 8°3 56
Scat 24586 5 80396
Pellet 24°5 8 6 4 8X396 ¢
Pellet 24°58 6 1 8X396 ¢
Pellet 24°5 8 6 5 80396
Pellet 24°5 8 6 5 8X396 ¢
Scat 24°5 8 6 80396
Dropping 24858065 804106
Pellet 24°5 8 6 3 8X4006
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Figure 6.6. Bamboo plantation present athe southern boundary of the TPP site.
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Figure 6.7. Habitat type, open scrub, barren land andransmission line passing through
the proposed Thermal Power Plant Site
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Chapter 7:

Distribution p attern of
domestic and wild @arnivores
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Summary

Distance samplingvhich can estimate the density of populations using measurements of
distances of objects located near the transect (Buck&ndl, 1993, Barraclough, 2000,
Thomaset al. 2010).In order tounderstand the ecology and biology of a prey species, the
predators are one of the most influencingtéss of any wild population. Therefore,
understanthg the status of the domestic and wilthrvores inside the studyrea. Henceye
collected the data on these species during the line transect in and around KWLS. A total effort
of 298.7 km was made to estimate the predators in and around KWLS, and we found that the
overall density of wild and domestic predators was #0969 per kri The average cluster

size was of 1.56 with an effective strip width of 49 meters. The predator especially the dog are
distributed throughout the study area as most of thesaezaunder village settlements or crop

field. However, the wild aaivores were mostlyistributed in barren land or inside the

protected area.
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7.1. Introduction:

For the conservation and effective management ofpleeiesit is important toestimate

wild animal species within and outside protected areas to know and monitor the wildlife in
differentbiogeographizones (Buckland et al. 200@y.regular censushouldbe conducted

for prediction, implementation and documentation of potential manageraadt
conservation actions for several species and hadbitats (Blanco et al. 199Buckland et

al. 2000). Accurate species status information, spatial and temporal distribution and
extinction risk assessment are important for species conservation aagament (Gaston

and Fuller, 2009)Of the total threatened species assessed by the IUCN Red List categories,
about 47 percent of the species in this group were categorized @oldtg basis ofange
measures (Gaston and Fuller 2009). These measuredarttie extent of occurrence and
occupancy arealhe species occurrence astuallythe geographic area bounded by the
records of the outermost known or projected existing species and is often considered the
range of the species (IUCN 200Hartley and Kum 2003).The species range is used to
assess the likelihood of simultaneous extinction in all areas occupied by the species,
presuming that the risk of extinction is imgely related to the range sf®aston and Fuller
2009).Area of occupancy is a finecale measure comprising specific locations within the
extent of occurrence where the presence of spbaesbeen recordedyeneralized to an
appropriate spatial resolutighJCN 2001, Hartley and Kunin 2003, Gaston and Fuller
2009).1t reflects the raty and fragmentation of the occupied locations and thus the likely
resilience of the distribution to threats from stochastic and directional pro¢etstisy

and Kunin 2003, Gaston and Fuller 2009@¢cupancy is another measure that expresses the
propotion of an area or collection of sampling sites occupied and is frequently used as a
surrogate for abundance in monitoring grams(MacKenzie et al. 2006).

Unfortunately, such data has often been missing for terrestrial carnivores as they are
troublesomeand work seriously to identiffNowell and Jackson 1996illero-Zubiri et al.

2004). Lack of thisnformation hasbeen mentioneih the South African Conservation
Assessment and Management Plan (Friedmann and Daly 2004) to refresh the assessment
directed about 20 yeasgjo(Smithers 1986)About 35 percent osouth Africa'serrestrial
carnivores wereategorized athreatened, Near Threatened Data Deficientdue tothis

procedure (Friedmann and Daly 200%his includes the Brown hyaenblyaena brunnea
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and servalLeptailurusserval cat egor i z ed 0aanrdthe bheaahAcindnyxr e at e n
jubatus cat egor i z edHoweser, inséficiénn data arbtrerds and current

distributions hindered the accurate assessment of many sffg@elsnann and Daly 2004).

The natural predator of tHglackbuckin India is Indian Wolf Canis lupuspallipes and

Golden jackalCanis aureus The traditional predators Bfackbuckin KWLS weregolden

jackal, domestic dggandfox. However, caracal has albeen reportettom the study area.

The golden jackal and domestic dog are major predators reported from several other studies
on the Blackbucks acrossthe country While jackal and fox are reported as potential
predatorswho use to hunt on the fawn (Jhala 1993, Gehlot and Jakher 2015, Meena et al.
2017).

7.2. Methodology:

The data of wild and domestic carnivorvesre collectedluring the ine transect and random
sampling survey from KWLS. A total of 53 transewstsre laidin all four ranges of KWLS.

We walked, and temporal replications of the saveee donen different habitat types like
agriculturalland, open scrub, dense scrub, bareamd] and plantations) to document the
status and distribution of wild and domestic carnivores. During the transect swevey,
recordeda number ofinimals sighted and sighting distance whenever the wild or domestic
carnivores were seen (Annexure IV). Weaatecorded the wild carnivore during random
surveys carried out throughout the study area to assess the potential sites used by the
Blackbucls in and around KWLS.

7.3. Results and discussion:

Distance sampling is a method which has been widely usedtimate the density of
populations using measurements of distances of objects located near the transect (Buckland
et al. 1993, Barraclough 2000 and Thomas et al. 2010). An effort of 298.7 km was made to
estimate the predators in and around KWLS, and wedahat the overall density of
predators was 1.96+0.69 per krithe average cluster size was 1.56 with an effective strip
width of 49 meters (Fig. 7.1). Theredator, especiallthe domestic dogs are distributed
throughout the study area as most of thea# under village settlements or crop field.
However, the wild carnivores are distributed in barren land (protected areas) or near the

settlement (Fig. 7.2).
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Figure 7.1. Detection probability curve of predators in and around KWLS.

Table 7.1. Meangroup sighting of the different domestic and wild predator species

encountered in KWLS.

1. Golden Jackal 1.76 0.72 0.49 0.40
2. Domestic Dog 1.5 0.78 0.30 0.52
3. Fox 1.0 0.0 1.0 0.0

A total of 138 predators (domestic and wildgre seeron transects out of which golden
jackal has the mean group sighting of 1.76+0.49 SE followed by dog 1.5+0.30 (Table 7.1)
The distribution of the wild and domestic carnivores on transamsshownn Fig 7.2.
Another study conducted dhe Pirotanisland, Gujarat recorded 413 Golden Jackal in an
area of 3kriwith an average of 1.@usteskm (CV 5.32%) (Sagar and Anthon2917).
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Figure 7.2. Distribution of wild and domestic carnivores on theéransects.

96

B82°200"E 82°30'0"E B82°40'0"E 82°50'0°E 83°00"E 83*100'E
1 1 1 1 1 1
z
g N [%
8+ B
Ghorawal
=z
£ L
Robertsganj ¢
z
. =
S Z
z
g -2
Legend
0 5 10 20 ®  Wild and Domestic Carnivore
. E— :
x Transect line
Kilometers
| | Kaimoor WLS Range z
T T T T T T §
82°20'0°E 82°30'0°E 82°40'0'E 82°500"E 83°00°E 83°10'0°E ~



7.4. References:

Barraclough, R.K. 2000. Distance sampling: A discussion document produced for the
Department of Conservation science & research internal report 175 UK.

Blancg D.E., Minotti, P. and Canevari R996. Exploring the valuef the Neotropical
Waterbird Census as a conservation and wildlife management tool. Humedales

Internacional and Canadian Wildlife Service, LAP 61.

Buckland S.T., Goudie I.B.J.and Borchers, D.L. 2000. Wildlife population assessment: past

developments andifure directionsBiometrics 56: 1i 12

Friedmann, Y. and Daly, D. (eds) 2004. Red Data Book of the Mammals of South Africa:
A Conservation Assessment. Conservation Breeding Specialist Group Southern
Africa. (Species Survival Commission/I[UCN) &The EndaregeWildlife Trust,

Johannesburg, South Africa.

Gehlot, H.S. and Jakher, G.R. 2015. Threatxistenceof Blackbuck(Antilope
cervicaprg and ChinkaraGazellabennett) in the Thar region of Rajasthan, India.
Int. J. Biotec, 3: (1) 2142109.

Gaston, K J . and Fuller, R. A. 20009. The sizes of
Appl. Ecol. 46, T'9.

Hartley, S. and Kunin, W.E. (2003) Scale dependency of rarity, extinction risk, and
conservation priorityConser. Bip 17, 15591570.

InternationalUnion for Conservation oNature and Natural ResourcégCN) (2001)
Red List Categories and Criteria: Version 3.1. IUCN Species Survival Commission,

Gland, Switzerland.

Jhala Y.V. 1993. Predation oBlackbuckby wolves invelavadamlNational Park, Gujarat,
India. Conser. Bio7 (4): 874881

Mac Kenzie, D.L., Nichols, J.D., Ryle, J.A., Pollock, K., Bailey, LandHines, J.E.
2006. Occupancy Estimation and Modelling: Inferring Patterns and Dynamics of

Species Occurrence. Elsevier Rsiing, London, UK.

Meena, R., Chourasia, V. and Saran, R.P. 2017. Diurnal and seasonal activity pattern of the
BlackbuckAntilopecervicapran the Sorsargrassland, Rajasthaimt. J. Rec.Sci.Res
8(12):2249622501.

97



Nowell, K. and Jackson, P. 1996. Wiits. Status Survey and Conservation Action Plan.
IUCN/Species Survival Commission Cat Specialist Group. IUCN, Gland,

Switzerland.

Sagar H.S.S. and Antoney, P.U. 2017. Measuring IndidackbuckAntilope cervicapra
Mammalia: Cetartiodactyla: Bovidae abundance at Basur Amruth Mahal Kaval
Conservation Reserve, Chikkamagaluru, southern Indi@hreat.Taxa 2017;
9(7):1046810472

Sillero-Zubiri, C., Hoffmann, M. and Macdonald, D.W. 2004. Canids: Foxes, Wolves,
Jackalsand Dogs. Status Survey and Conservation Action Plan. IUCN/Species

Survival Commission Canid Specialist Group. IUCN, Gland, Switzerland.

Smithers, R.H.N. 1986. South African Red Data Book: Terrestrial Mammals. South
African National Scientific Programmes &t No. 125. Council for Scientific and

Industrial Research, Pretoria, South Africa.

Thomas, L., Laake, J.L., Derry, J.F., Buckland, S.T., Borchers, D.L., Anderson, D.R.,
Burnham, K.P., Strindberg, S., Hedley, S.L., Burt, M.L., Marques, F., Pollard, J.H.
and Fewster, R.M. 1998. Distance 3.5. Research Unit for Wildlife Population

Assessment, University of St. Andrews.

98



99



Chapter 8:

Food habits of wild carnivores
and predation on theBlackbuck
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Summary

For understanding the extent of predation by wild and domestic carnivores (Jackal, Fox
andDomestic Dog) oBlackbucls, a total of 138 scatsere collectedrom the study area.
Analysedscats (n=122) indicate that 5.930f scats contairBlackbuckhair. However, we

also noted the presence Bfackbuckhair in domestic dog scat (n=1). The Jackal is found

to predate on th8lackbuck and such incidences were maximum in Ghorawal followed by
Robertsganj range. Hence, predation by domestic and wild carnivores may be a major
threat to the smalBlackbuckpopulations of KWLSThis may affect growth rate and

requires long term monitorindné extent of such predation 8hackbuckpopulation.
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8.1. Introduction:

Optimal foraging theorys a theory ofbehaviouralecology whichpredicts how prey
selection is affected by prey abundance,ahmunt ofenergetic value of a pretem and

the expenses of searching, handling and consuming the prey (MacArthur and Pianka 1966).
The time and energy costs expected to seek and effectively chase a specific prey animal
mustbe exceededly the subsequent intake of energy (including specific nutrients such as
protein).Therefore, predators should be selective in choosingfthauriteprey, and their
decision is expected to be influenced by changes in the abundance of specific pesy spec
This implies that the mosenergyrich food should be taken at a constant rate, while the
intake of less dietary food should vary with the abundance of food iteeveral field
studies on carnivorous species supported predictionegfghoice and dmting behaviour
(Scheel 1993, Weber 1996, Hernandez et al. 200@n et al. 2017).

Determining each prey item contributing to the diet of a carnivore species by direct field
observation is difficult.Thus scat analysis method is widely used to determhieefood
habits of carnivores due to their nanvasive natug, easy collectionand analysis
(Korschgen 1980, Ackerman et al. 19&kynolds and Aebischer 1991). Therefaeat
analysis method was used to determine the food habits of golden jackaaibrigpe
domestic dog in KWLS. The scats of golden jackal are easy to identify as there is no
ambiguity between the scats of other carnivores found in KWLS. The scats of golden jackal
are larger in size and shape compared to the other carnivore like ograinocivet, Indian

fox, fishing cat, and jungle cat.
8.2. Methodology:

The scatsvere collectedetween October 2018 and December 2018 in KWLS. Scats were
collected and stored in zipped polythene bags, and necessary inforwasioecordetike

habitat, GPS coordinates, time and date of collection. The collected scats wdreegun
washed in running tap wateithin the sieve. The remains like hairs, feathers, seeds, bones,
grasses were separated and-dued for further identification fospecies and observation
through the microscope and macro lens. Hairs are the most important part to identify the
prey species consumed by the predators. Different species have dissimilar kind of shape,
size, the structure of medulla and cuticle in haitdeast 16020 hairs were picked randomly

from each scat andre treatedvith xylenein order tosee hair characteristics. These hairs
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are mounted on the permanent slide using gelatine. We obsericedar characteristics of
collected hair from scats dar the microscope to identify the prey species. The hairs were
compared with the already made reference slides and hair guard manual of Wildlife Institute
of India (Bahuguna et al. 2010) (Fig. 8.1 to 8.3). The reference slieles madevith the
collectedhair during the study period from KWLS, and the percentage of occurrence was
estimated.

8.3. Result and Discussion:

A total of 138 scatsvere collectedrom the study area out of which 122 waralysedo

see the percentage of predation orBlaekbuckby the domestic and wild carnivores (Table
8.1). Out of 122 scats, only 5.73% contaBlackbuckhair in the scats of Jackal followed

by the domestic dog (Fig. 8.4). However, we did not find any evidence of predation by
Bengal fox. The prepared slidesdFB.5)were comparedvith the reference images. The
jackal is found to scavenge and predate onBilaekbuck and this event was found the
maximum in Ghorawal followed by Robertsganj ranfbee noreintensive study should be
done to find out the predation Bfackbuckby the wild and domestic carnivore. So far no
study has been conducted to estimate the predati@laokbuckby a domesticor wild
carnivore. However, Kumar and Rahmani (2008), rea @ Kills in the territory of the
collared wolf. The maximum waBlackbuck(46.5%), followed by the goat (37.4%) and
sheep (16.2%) Therefore; livestock contributed about 54% of the total kills during 1991
1992. Whereas during 199394, authors recorded XKills in total out of whichBlackbuck
contributed 36.8%, goat 52.6%, and sheep 10.5%. We found only one scat of dog near the

Blackbucksite in Ghorawal, and ¢ontairs the hair of cattle, goat, anBlackbuck
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Figure 8.1.Cuticular and medullar pattern of Blackbuck hair (Source: Bahugana et

al. 2010).

Figure 8.2. Observed cuticular pattern of 1Goat 2. Sheep, 3. Cow and 4. Buffalo.
(Source: Gharu and Trivedi, 2015).
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Figure 8.3. Medullar pattern of 5. Goat, 6.Sheep, 7. Cow and 8.Buffalo (Source:

Gharu and Trivedi, 2015).

N=122
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Figure 8.4. Percentage of scats containirglackbuck hair in scats of carnivores in
and around KWLS.
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Figure 8.5.Cuticular pattern of Blackbuck hair seen in the scat of Jackal.

106



8.4. References:

Ackerman, B.B., Lindsey, F.G. and Hemker, T.P. 1984. Cougar food habits in Southern
Utah.J. Wildl. Manag48: 147 155.

Bahuguna, A., Sahajpal, V., Goyal, S.P., Mukherjee, S.K., Thakur, V. 2010. Species
Identification from Guard Hair afelected Indian Mammals. Wildlife Institute of India
Dehradun.

Gharu, J. and Trivedi S. 2016omparison of cuticle scale patterns, medulla and pigment in
hairs of domestic goat, sheep, cow and buffalo from Rajasthan (ldd@hem. Bio.

Phy. SciVol 5, No. 1 570577.

Hernandez, L., Parmenter, R.R., Dewitt, J.W., Lightfoot, D.C. and Laundré J.W. 2002.
Coyote diets in the Chihuahuan Desert, more evidence for optimal fordgiAgd.
Env.51: 613 624.

Khan, K.A., Khan, J.A. and Mohan, N. 20Minter foad habits of the Golden Jackal Canis
aureus (Mammalia: Carnivora: Canidae) in Patna Bird Sanctuary, Uttar Pradesh,
India. J. Threat. Taxa9(9), 1065610661.

Korschgen, L.K.1980.Procedureforfoodhabitsanalysis, pplI28In: Schemnitz, S. D.
(ed.). WildlifeManagementTechniqgues Manual. The Wildlife Society Washington,
D.C.: 113128.

Kumar, S. and Rahmani, A.R. 200Bredation by Wolves (Canis lupymllipeg on
Blackbuck (Antilope cervicapra in the Great Indian Bustard Sanctuary, Nannaj,
Maharashtraindia. Inter. J. Eco. Env. ScB4 (2): 99112.

MacArthur R.H. and Pianka E.R. 1966. On the optimal use of a patchy environment.
American. Nat100: 603 609.

Reynolds, J.CandAebischer, N.J. 199X omparison and quantification of carnivore diet
by faecalanalysis: a critique with recommendations, based on the study of the Fox
(Vulpes vulpes Mammalian Review21: 97 122.

Scheel, D. 1993. Proytability, end@ehavnt er
Ecol.4: 90'97.

Weber, JM. 1996. Foodselection by adult red foxegulpes vulpesluring a water vole
decline.Wildlife Biol. 2: 283 288.

107



108



Chapter 9:

i
M' f ‘ |1 ;,H,.\ ” '1
Il YL’U"!J"\'J[J ".L"Jll'% AL

Genetic characteristics and

connectivity of Blackbuck
populations in and around KWLS

109



110



Summary

Understanding genetic characteristitave bee@ crucial componerfor a planningconservation plan,

so as taensure the genetic fitness of the population. Therefore, we characterize the genetic variabilities
and population connectivity of th&lackbuckin the humandominatedlandscapein and around
Kaimoor Wildlife Sanctuary using mitochondrial DNA sequence analyses as well aboudt{n=11)
microsatellite genotyping usinfpecal pellets as the source of DNA. Our analysis using mtDNA
cytochrome b gen@70 bp) did not show any geographically related variations in comparison to data
examined acros8lackbuckrange (Shuklaet al. 2019). For understanding gene level population
genetic structure we standardized 12 microsatellite markers aed dnkednarker to ceamplify in 4
multiplex reactions and generated data with Bl@ckbuck faecalpellet DNA. Weanalysedhe good

guality data of 11 microsatellites with 112 samples from the different parts of the study area and found
that Fsrvalues (ranged from 0.03 to 0.04) between the three ranges of KWlizthigtdlevel of past

gene flow and therefore, connectivityhistoric time. However, Robertsganj was comparatively more
differentiated from Halia and Ghorawalopulations, whereathe highest differentiation between the
Allahabad and the Bagdara populations.

Similarly,theinbreedingcoefficient (ks) was higher in Robertsganj (0.49) followed by Ghorawal (0.46)
and Halia (0.36) populations in order. Robertsganj and Ghorawal had lobsereed heterozygosity

(Ho) (0.35) than that of Halia (0.40)ndividual basedclustering (IBC) approaches found that the
KWLS populatiorwas differentiatedrom the Allahabad, Bihar and Madhya Pradesh populations
sampled. It also revealed that the allsteting process due to neandom mating and gene flow among
adjoining populations rendered the Robertsgan] population separated from the Ghorawal and the Halia
population. We also observed this population having a high proportion of genetically admixture
individuals indicating that thallele sorting to be incomplete. Similar patterns were displayed and
supported by the multivariate approach as well as a spatial principal component analysis. Factorial
correspondence analysis also confirmed that the Rajmigpopulatiordivergedfrom therestof the

KWLS populations as well as the nearby areas.

Therefore, we can conclude that though there were no differences between the ance®igakiibek
population in the study area, stochastic environmental antliBonary processes lead to incipient
differentiation of the populations in the study area. With the very low population size and skewed sex
ratio in the Robertsganj population, immediate conservation strategies are needed to be planned to
avoid local exinction. The ideal way to achieve so is to establish and maintain connectivity with the
Halia population aghe Ghorawal population is already isolated by stretches of human habitation and
crop-field. A second strategy would be to follow adaptive managemyeaugmenting for ensuring long

term conservation goals of this population. Realizing this pattern in and around KWLS, we suggest the

needfor genetic assessment of ottitackbuckpopulations of Uttar Pradesh.
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9.1. Introduction:

The exponential increase in human population and consequent anthropogenic developmental
activities have caused range shrinkage as well as local and global extincteoonsmber of

wild species in the Anthropoce®irzo et al. 2014) Theimmediate causative factors driving
extinction events have been human predation, introduced invapeeies and habitat
degradation and adequate natural habitat. Protection to the focal species does not always
guarantee species survival due to extrinsic factors subke afluenceof predators, pathogens,
natural catastrophe as well as intrinsic fastiike species demography, inclusive fitness and
genetic variabilityBalkenhol et al. 2016 However, the abiotic extrsic variables can modify

the demographic and genetic traits by in the form of selection pressure thereby influencing the
species persistence. Hence, understanding genetic variation is the most fundamental essence of
biological diversity which affects theariability in a species in both population and ecosystem
level (Primack 201

The first studies on genetic variability of wild mammals used protein electrophoresis as a
simple, inexpensive but effective togl O6 Br i e n .eHowewen, mitochoddBidl PNA
(mtDNA), though representing a small fraction of total genome, emerged as one of the most
popular markers for genetic variatioeng both in population genetics as well as in exilar
taxonomy. mtDNA has widelpeen adopteliecause of the high copy number of the mtDNA
genome increasing the chance of successful amplification, lack of duplications and intron,
higher mutation rate than coding nuclear DNA. The only known drawback@NA studies

might arise from improper amplification of nuclear inserts of mtDNA gemasi(9. With the
increase in literature, it has been possible to identify if there wendsin any particular
genome. Therefore, mtDNA fragments have become makechoice for exploring the
genetic variability of wild species lacking baseline genetic informgi@@adtier et al. 2009)
despite being propagated matrilineally thereby providing no informatiomala mediated
geneflow.

On the other hand, neutral nuclear markers such as microsatellite have become indispensable
to answer ecological questions like gdloev, migration rates, effective population size, recent

and past bottlenecks and relatedngslkoe and Toonen 2006populationgenetics, with
advancement in molecular tools and its integration with landscape features using GIS tools, has
given rise to landscape genetics where the interaction of genetic structure with landscape
features isbeing examinedMicrosatellites are 1 t6 base tandem repeats observed in high
frequency across taxa, also known as SSR (simple sequence repeat), VNTR (variable number

tandem repeat) or STR (short tandem repeat). Primers for microsatellite naaekdesigned
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at the flanking regions with invamt DNA. Due to variation in length of the microsatellite
region of di, tri ortetra nucleotideepeat motifs, different alleles farmicrosatellite locvary

in length whichis recordedby means otapillary electrophoresis havirigbp resolution. Due

to shorter lengths of microsatellite amplicons by design (ca-300bp), they are the ideal
markers with biparental inheritance to use with degraded samples suchiagasivefaecal

DNA.

With the recent advent imext generatiosequencing (NGS) platfors, the numbers of markers
available for the focal species increases by the orders of thousands, with high density across
the complete genome resulting in much higher resol{8opple and Shapiro 2018; Meek and
Larson 2019pnd found to be useful in a fe(Hoffmann et al20l15Mc Car t ney Mel st
al. 2018) However, the cost of NGS is still not within the budget of most conservation projects
and lack of annotated genome imramodel species renders genome assembly difficult for the
researchers. Obtainiriggh qualitybiological samples fit for NGS is another challenge in the
field of conservation.

Populations with dispersed patchy distribution are affected by genetic dnéllass variable
selection pressure at a locabk This evolutionaryprocessesire counteredy population
connectivity i.e. gene flow which homogenizes local variatiof¥§right 1931) ultimately

giving rise to population genetic structure which is governed by genetic drift, selection
pressurg and gene flow based on multiple ecological and evolutionary factors. In such
structured populations, the populations having higher quality resources grow till reaching the
carrying capacity upon which individuals move out of the population to take refugeen |
guality 6ésinkd popul ations. Life histories
pattern of emigration. Identifying source populations for scantily distributed sirtketisfore,
necessary to device conservation actions such as gewrwesmt mediated population
supplements to rescues the sink populations from the risk of extindimylogenetic
reconstruction using genetic distances between mtDNA haplotypes is useful to identify
ancestral populations. Use of geographical informatiosuch a framework can potentially
identify matrilineal source population on a coarse scale. Use of microsatellites to identify local
allele frequencies and Bayesian clustering approach along with calculating F s{@tisitts

1950) between populations can also identify source populations. Bayesian approach to detect
the proportionof migrants and direction of getilew betweenpopulations(Piry et al. 2004)
estimates recent genetic exchange.

The Indian antelope also knownBlackbuckused to be the most abundant wild animal s&€ro

the Indian subcontineffRahmani 1991and was once widespread across a vast range starting
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from river Indus in the west across the In@angetic plains as well as the Deccan plateau up
to Point Calimere of the eastern coastal plainse B indiscriminate hunting during the'20
century (IUCN) a sharp decline Bfackbuckpopulation caused local extinctions at the range
extremities viz.Pakistan and Bangladesh causing to be restricted only to the scrublands and
dry grasslands of Indiand Nepal. Howeverthe introductionof the Wildlife (Protection) Act

1972 in India helpetb curbBlackbuckpoaching to some extent. As tB&ckbuckfrequents

the habitatagricultural land interfaces, conflict issues are on the rise with villagers considering
Blackbuckasanagriculturalpest in variousigh-densitylocations.

Groves (1980jeviewed the existing taxonomy of tBéackbuckand proposed two subspecies

A. c.cervicapraandA. c.rajputanaebasel primarily on skull lengti\. c.cervicaprabeing the
southern and easteBtackbuckhaving less than 230 mm adult male skull length, no grey sheen
on body, wellmarked leg stripe and narrow eye rings whemas. rajputanaethe north
westernBlackbuck having more than 230 mm adult male skull lendtte grey sheen on
breeding male body, indistinct leg stripes and broad eye rings.

However, the state of Uttar Pradesh (UP) was showhatbourboth the subspecies, the
specimens from the western pastre classifiedasA. c.rajputanaewhereas the eastern parts
were ofA. c.cervicapra The nearest described populations to our study population are Banda
in UP and Palamau in Jharkhand, both of the locatiansouringA. c.cervicapra Our study
providesa unique opportunity to verify the taxonomstatusof the study population in Kaimur
Wildlife Sanctuary, compare it with the surrounding populations to record genetic variabilities
between the sampling locations. It would also be important to evaluatbertibe genetic
variability is up to the magnitude expected between subspecies, or the difference in the
morphology are simply responses to variation in available resource resulting in local

adaptations and 6onsequent Oecomor phs
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Figure 9.1. Distribution of A. c. cervicapra(circles) andA. c.rajputanae(triangles) in
northern India reproduced from Groves (1980).

Rahmani (1991kstimated that UP held only ca. 3Bfackbuckindividuals across a vast
landscape of me than 3500 kAthroughthe population in Meja in the district of Allahabad
was not knowrduring the studyThe viability of small isolated populationis under constant
threat from stochastidestabilisingeffects such as inbreeding, demographic changes as well as
susceptibility to diseas€kacy 2000) Moreover the managemensf smaller populations with
low effective population size (Ne) is necessary to avoid the extinction vortex for the species.
The consensuydn this caseis maintaining 50 breeding individuals for short termsmymation
goals whereas 500 individuase requiredor long term survival of a species. The other way
to rescue a declining population is to establish connectivity with other populations by
establishing a metpopulation structure. Maintaining mep@pubtion structures by ensuring
genetic connectivity, however, aidle survival of patchily distributed small populations
(Akcakayaetal.2007) I n drastic situat i onéstheimmdustianr e s
of alleles in population throughanaged immigration to increase the fitness of the population,
has been shown to hawepositive impact (Whiteley et al. 2015)However, maintaining

corridors in human dominatethndscape is a difficult taskiféhe management authorities.
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Therefore, we have undertaken mtDNA and microsatellite marker based genetic studies to
explore the ancestral lineages and source population for the study area usingaswe
faecalDNA extracted fromBlackbuckpelletsour findings would help device management
strategies for agmentation of the populatiaghneeded at any point of time in future. We also

aim to understand population structuriog the basis ofmicrosatellite data if present which
would, in turn, identify barers to gendlow in this landscape helping in maintaining genetic

connectivity.

9.2. Methodology:

9.2.1. Collection ofBlackbuck faecalpellets:

During the study period (October to December 2018), we coll&isekbuckfaecalpellets
(n=355; Fig. 9.2) from spatially segregated pellet groups both on transects during distance
sampling as well as random searcheBlackbuckhabitat. We preserved the pelletsaidry
condition in a container using silica gel until further prooesfor DNA extraction.

9.2.2. DNA extraction:

We scraped the outer surfaces €8 pellets containing sloughed off intestinal epithelial cells
into a 2ml centrifuge tube using sterile blades avoiding the inner stool particles to avoid PCR
inhibitors. Weisolated genomic DNA from pellets (n=142) having spatial representations of
all populations sampled using Qiagen DNeasy Stool DNA Extraction Kit which employs a
silica membrane column based purificatiorfaifcalDNA extracted using guanidine salts. We

stored the DNA extracts ir2 O for further downstream use.

Distribution of blackbuck samples
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Figure 9.2. Locations ofBlackbuck faecalpellet samples collected during the study.
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9.2.3. Use of mtDNA marker:

A partial fragment of Cyt b (381 bp) (Meyer et al. 1995) of mtDNA genw@e usedor the
amplification of DNA template. Amplification of each of the above gene was carried out
individually in a 10 pl reaction volume containing 1 pl of 1x PCR buffer; 0.5 pul 10mM dNTPs;
0.5 pl 25mM MgC#;0.4 pl of BSA; 0.5 UTaqDNA Polymerasend 2 pl of ~20 ng genomic
DNA. A negative contrglas well as positive controlyas also set up along with reaction
mixture to cross check any contamination. Thermal cycling conditions for the reaction mixture
varied depending on the primer pairs we used. The conditions for the Cyt b gene were: initial
denaturation at 9€ for 5 min;35 cycles of denaturation at 40 seconds fdiC94nnealing
temperature of 5& for 45 seconds and extension atG@#or 40 seconds withfinal extension

step at 72C for 10 minutes. Amplification succesgss visualizeduinder UV transilluminator

after ruinning the amplicons over 2% agarose gels immersed in 1x TAE buffer. We removed
theresidualprimer, anddNTPs and PCR amplicomgere then treatedith Exonucleasé and
Shrimp Alkaline Phosphatase (Thermo Scientific Inc.) following the cycling conditi8r¢

and 88C each for 15 minutes. Purified products were then cycle sequencedmatstemmix
containingBig Dye Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems, CA) and
forward primers in standard proportions. The fragments were then gieéettrophoresed on
Applied Biosystems Genetic Analyzer 3130he sequences generated were examined
carefully manually. Based on pairwise genetic distances, we buieighbour joining
phylogenetic tree using sequences generated by us, alonglagkbuck mtDNA cytochrome

b data provided by Shukla et al. (2019) as well as those available in the public domain (NCBI)
using a Himalayan tahHgmitragugemlahicu3 sequence as ant groupusing the software
BEAST 2(Bouckaertet al. 2014)

9.2.4. Standardization of microsatellite amplification:

We tested microsatellite markers designed for bovids (n=35) and cervids (n=7) along a
temperature gradient of 51 to 61 using Qi ¢
of DNA extract having variable DNA quantity and sterile water to make the volume up to 10pl.

Each marker was tested with ¥&2calDNA extracts at increasing annealing temperatures at

a difference of 2 to under stand tgaresegelpt i mal
electrophoresis to visualize the amplified products.

We amplified 142Blackbuckfaecalsamples from with standardized conditions along with

positive and negative controls using Qiagen Multiplex PCR kit. To obtain the measures of
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genetic diversy, we used the R package Pop Gen Refattmack and Gruber 2014nd

MS ExcelbasedsenAlEx(Peakall and Smouse 2006, 20fii?)calculation of allelidichness,
observed and expected heterozygosity, fixation indices and allelic richness (AR). We also
calculated pairwise drbetween the siBlackbuckp o pul at i ondés sampl es in
vicinity.

We estimated the population structure of Blackbuck acrossMirzapur and Sonbhadra
districts of Uttar Pradesh along with timeighbouringpopulations in Bihar and Madhya
Pradesh as well as the Allahabad population in Uttar Pradesh using STRUCTURE 2.4.1
(Pritchard et al. 2000pplementing a nospatial individual based clustering (IBC) algorithm.

We assmed population admixture as well as correlated allele frequencies. We simulated
500000 MCMC resampling after discarding the initial 50000 runs asibsrA number of
populations assumed JKvere allowed to vary between otmelOwhereas 15 independent runs
were performedor each K. Most likely number of clusters were determinethasate of

change in the log probability of data fitting the assumed model between successive K. For the

K we identified, we used thereb basedCLUMPAK pipeline (http://clumpak.tau.ac.j/to

summarize the individual assignment probabilities and average over all the runs.

An dternativeto the IBC approaches, multivariate analyses summarizes genetic viaembili

within and among populations without strong assumptions about fdedyberg equilibrium

or linkage amongst the markers. Discriminant analysis of principal components (DAPC)
(Jombart 2008, 2014Jentifies genetic clusters using sequential grouping and model selection.

It transforms the genotypes to principal components at the first stbghan performs
discriminant analysis by k means clustering to define groups of individuals. We used this
approach with prior population information to understand the degree of genetic differentiation.

A spatially explicit principal component analysisPCA) implemented by the R package
ADEGENET (Jombart 2008)vas used to identify cryptic spatial patterns of genetic structuring

and clines acrosthe landscapgif any, accounting for spatial autocorrelation whistotten
associateavith clumped sampling effort.

We performed Factorial Correspondence Analysis to test for admixtures between the sampling

bl ocks wusisorpopbka®AGERLs O opt i o (Beldif e al. B0®4) GENET |
software.

To test for patterns of Blackbsakthepairedoimary gepetidi st an

distancewas calculatedetween pairs of populations and the distance matrix was used for
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Mantel test of matrix congruence with a matrixaxf transformedjeographic distance of these
populations, with 100 permutations.

9.3. Results and discussion:

9.3.1. Phylogenetics and phylogeography:

The neighbour joiningdendrogram from the mtDNA cytosdme b sequence data (Fig. 9.3)
revealed no variation within our study population and the vicinityey all grouped with
samples originating from Pakistan, Madhya Pradesh, Rajasthan, Gajaddflaharashtra
(Shukla et al. 2019ndicative of past bottlestk and population expansion fradme small
parent stock.

9.3.2. Population genetic structures:

We standardized 1ticrosatellits and one sex marker to be amplified in four multiplex
reactions in different annealing temperatures and carried out PCR for the panel$aiecid2
samples (Table 9.1, 9.2 & Fig. 9.4). Howeube amplificationsuccess of locus 12 was 24%
whichwas subsguently droppedrom analyses. Out of 14aecalDNA extracts, 49.2%vere
havingmore than 90% data at single amplification attempt (Fig. 9.5). Therefore, we chose to
proceed with 11 loci data of 112 samples (87.9% data) as a subset for population ssapkand
genetic analyses as it would permit us to maximize spatial coverage thinelayigestnumber

of individuals (Fig. 9.6).A number ofsamples from each sampling populations [Halia,
Ghorawal, Robertsganj, Allahabad, Bagdara (MP) and to Buxar (Bivary 27, 33, 26, 9, 7

andl10respectively.
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Figure 9.3.Neighbour joining mtDNA cytochrome b gene phylogenetic tree of
Blackbuck sequences generated in this study and froemn earlier study (Shukla et al.
2019).
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A number ofalleles in the selected 11 loci varied between 4 and 16 with mean allelic richness
(AR) of 0.25 (Table 9.3). However, we found a low score for observed heterozygositys(range
0.23 in Bagdara to 0.40 in Halia) due to which the inbreeding coefficienidixatdex of ks
observed across the sampling blocks are having moderately high positive values (-&6ge

in Halia to 0.49 in Robertsganj) indicating Arcandom mating or indicating high frequencies

of null allele in the populations (Table 9.3). Meamumber oflleleswerehighest in Ghorawal
(Na=5.91) whereas Bagdara population had the lowest value (Na=2.45). However, the values
of the fringe populations outside the intensive study area should be scrutmieédlyasthe
statistics could be biadéy the low sample size

Pairwise kst values between the three ranges of KWLS were all below 0.05, matieng
absenc®f historical (~10 generations) partitioning ahe barrierbetween these populations.
Highest kst (0.23) was observedetween Allahabad and the Bagdara population wisch
expecteddue to the physical distance. InterestinglyyWwas moderately high (0.20) between

the Halia and the Bagdara population whiebeographically closby.

Locus 12

Figure 9.4. Agarose gel electroptresis of gradient PCR products withfaecal DNA.
Key: Ta i Annealing temperature, BQT Band quality; 0-no amplification to 5-strong
band.
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Figure 9.5.Samplewise success of obtaining genotyping data across 12 loci in 142
Blackbuck faecalDNA extract.
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Table 9.1 Screening of microsatellite markers withBlackbuck faecalpellet DNA.

SI. No. Marker Observed amplicon size Band qualities* at diffg
(approximate) 51 53 55 57 59 61
1 Locus 1 130 4 5 5 5 5 5
2 Locus 2 230 3 3 4 4 4 4
3 Locus 3 210 1 1 2 3 0 0
4 Locus 4 150 1 1 2 0 0 0
5 Locus 5 120 3 3 4 4 4 4
6 Locus 6 110 3 4 4 4 4 5
7 Locus 7 150 4 5 1 0 1 0
8 Locus 8 110 4 4 4 4 3 0
9 Locus 9 250 2 2 2 2 2 3
10 Locus 10 150 0 0 1 4 3 2
11 Locus 11 150 4 4 4 3 4 0
12 Locus 12 110 2 3 1 0 1 0
13 Locus 13 NA 0 0 0 0 0 0
14 Locus 14 NA 0 0 0 0 0 0
15 Locus 15 NA 0 0 0 0 0 0
16 Locus 16 NA 0 0 0 0 0 0
17 Locus 17 NA 0 0 0 0 0 0
18 Locus 18 NA 0 0 0 0 0 0
19 Locus 19 NA 0 0 0 0 0 0
20 Locus 20 NA 0 0 0 0 0 0
21 Locus 21 NA 0 0 0 0 0 0
22 Locus 22 NA 0 0 0 0 0 0
23 Locus 23 NA 0 0 0 0 0 0
24 Locus 24 NA 0 0 0 0 0 0
25 Locus 25 NA 0 0 0 0 0 0
26 Locus 26 NA 0 0 0 0 0 0
27 Locus 27 NA 0 0 0 0 0 0
28 Locus 28 NA 0 0 0 0 0 0
29 Locus 29 NA 0 0 0 0 0 0
30 Locus 30 NA 0 0 0 0 0 0
31 Locus 31 NA 0 0 0 0 0 0
32 Locus 32 NA 0 0 0 0 0 0
33 Locus 33 NA 0 0 0 0 0 0
34 Locus 34 NA 0 0 0 0 0 0
35 Locus 35 NA 0 0 0 0 0 0
36 Locus 36 NA 0 0 0 0 0 0
37 Locus 37 NA 0 0 0 0 0 0
38 Locus 38 NA 0 0 0 0 0 0
39 Locus 39 NA 0 0 0 0 0 0
40 Locus 40 NA 0 0 0 0 0 0
41 Locus 41 NA 0 0 0 0 0 0

*Increasing value of band quality (0 to 5; O denotihg absenceof band) suggests brighter

bands.
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Figure 9.6. Percentage data in the 11 loci, 112 genotype subset amplified from
Blackbuck faecalDNA

Table 9.2 Genetic diversity statistics of theBlackbuck in KWLS and adjoining areas.

INE Ne [o]
Halia 4.82+0.42 2.80+0.39 0.40%0.08
Ghorawal 5.91+0.95 2.81+0.47 0.35+0.08
Robertsganj 4.91+0.61 2.96+0.39 0.35+0.08

Allahabad, UP 3.64+0.53 2.63+0.39 0.35+0.10
Bagdara, MP 2.45+0.39 1.94+0.31 0.23+0.08
Buxar, Bihar 4.09+0.67 2.64+0.46 0.34+0.08

Key:

Na- No. of alleles

Nei Effective no. ofalleles

Ho i Observed heterozygosity

Hei Expected heterozygosity

uHeT Unbiased expected heterozygosity
FisT Fixation index and inbreeding coefficient

AR T Allelic richness

He

0.55+0.07

0.51+0.09
0.56+0.08
0.5+0.090
0.34+0.09
0.46+0.10

uHe

0.56+0.07
0.52+0.09
0.57+0.09
0.54+0.09
0.39+0.11
0.49+0.10

Fis AR

0.36+0.11 0.26+0.12
0.46+0.10 0.11+0.05
0.49+0.11 0.61+0.13
0.33+0.14 0.08+0.05
0.36+0.13 0.02+0.01
0.31+0.10 0.39+0.12
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