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EXECUTIVE
SUMMARY




Executive summary (English)

The Bikaner district of Rajasthan supports a wide variety of wildlife that has not been
rigorously surveyed in the past. Robust status assessments with reproducible methods are
vital for monitoring wildlife trends, particularly in regions like Bikaner that are undergoing
large-scale land-use changes, which are potentially detrimental to native wildlife. Therefore,
a large-scale survey was organised by the Wildlife Institute of India in collaboration with
Rajasthan Forest Department, Government Dungar College and Maharaja Ganga Singh
University to assess the status of key wildlife in the Bikaner district of Western Rajasthan.
Notably, this survey was planned at the request of Bikaner district residents, who conveyed
their wish to conduct a wildlife survey to the Hon'ble Member of Parliament, who invited the
Wildlife Institute of India through the Ministry of Environment, Forest & Climate Change and
to execute the survey. Consequently, the data collection was conducted in a citizen science
framework and involved active participation by a diverse group of researchers, frontline staff,
University students and wildlife enthusiasts. The survey assessed the distribution and
abundance status of key wildlife, particularly migratory, arid-adapted and raptorial species
of birds, their habitat associations, potential threats in the landscape, and community
perceptions towards conservation.

The Bikaner parliamentary constituency was divided into four sampling blocks (Bikaner,
Kolayat, Chattargarh and Mahajan) and overlaid with 144 km? (12 x 12 km grid) cells. A total
of 89 such cells covering 12,816 km? area were extensively surveyed using vehicle transect
method. In each cell, dirt-trails or unpaved roads of 16.2 + 4.1km length were traversed using
slow-moving vehicles and animals were recorded during peak activity periods (0700hrs-
1300hrs and 1600hrs-1900hrs). Data on iconic native fauna (chinkara, foxes, bustards, cranes
and raptors) and key neobiota (dog, pig and nilgai) was collected on these vehicle transects
(1442 km total length). Information on small birds, habitat characteristics and anthropogenic
disturbances was recorded at regularly placed transect stop-over points (802 points). Major
avian congregations or 'hotspots' (carcass dump at Jodbeed, wetlands and lakes at Gajner,
Lunkaransar, RD507 and RD750) were surveyed using simultaneous point-counts and line
transects. Community perception towards conservation was assessed using structured
questionnaires conducted in select households of randomly selected villages. Species'
population estimates were obtained using analytical techniques such as distance sampling
and simultaneous block counts.

During the survey, 1,880 Chinkara individuals were detected in 684 herds with an encounter
rate of 139.78+18.72 individuals per 100km. The estimated density of chinkara in the
surveyed area was 4.27+0.65 individuals/km?, yield abundance of 54,745+8,392 individuals
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in the surveyed area. Similarly, 112 desert foxes were seen during the survey and the density
was estimated to be 0.58+0.11 foxes/km?, yielding abundance of 7,456+1,356 individuals.
Other mammals recorded during the survey were - Desert Cat (0.57+0.2 individuals/100km),
Nilgai (14.39+2.91 individuals/100km), free-ranging Domestic Dogs (26.07+3.6
individuals/100km) and Indian Wolf (one sighting).

Among large birds, the encounter rate of the Demoiselle Crane was estimated at 5.47+3.14
individuals/100km. The five most common raptor species (individuals per 100 km) were
Griffon Vulture (16.44+6.94), Egyptian Vulture (8.73+2.35), Common Kestrel (7.3940.88),
Black-winged Kite (5.35+0.89) and Long-legged Buzzard (5.13£0.69). Among small birds,
2,859 individuals from 103 species were recorded on point counts. The most abundant
species were Common Babbler, Eurasian collared Dove, House Sparrow, White-eared Bulbul,
Red-vented Bulbul, Greater short-toed Lark and Variable Wheatear. The total density of small
birds, excluding birds in flight and rare species, was estimated at 997+58 individuals/km?.

A total of 24,674 individual birds belonging to 95 species across 36 families were recorded
during hotspot surveys. RD750 had the highest number of individuals and species (15,666
individuals of 76 species), followed by RD507 (6,501 individuals of 34 species), Lunkaransar
lake (1,749 individuals of 25 species) and Gajner lake (758 individuals of 38 species). Common
Coot, Demoiselle Crane, Common Pochard, Common Teal and Gadwall were the most
abundant species that were recorded. Two Endangered (Egyptian Vulture and Steppe Eagle),
two Vulnerable (Common Pochard and River Tern), and six Near-Threatened species (Black-
headed lbis, Dalmatian Pelican, Eurasian Curlew, Ferruginous Duck, Northern Lapwing, and
Painted Stork) were recorded during the hotspot survey.

The habitat was characterised by flat and mildly undulating terrain, dominated by scrublands
followed by agriculture (fallow and cultivated). Active disturbance such as humans or
livestock was present in 72% of surveyed plots. Passive disturbance such as fences, electric
lines, paved road/ highway etc., was recorded at 87% of the points. In terms of vegetation,
the most dominant natural vegetation was Kheemp (Leptadenia pyrotechnica) > Khejri
(Prosopis cineraria) > Bhui (Aerva sp.) > Phog (Calligonum polygonoides) > Chugh (Crotalaria
burhia) > Aak (Calotropis procera) > Ganthia (Dactyloctenium scindicum) > Prosopis juliflora.

There was a positive association between the presence of fences and that of cultivation,
human, livestock, dog, water-source and power-lines, indicating that fences could be a proxy
for other disturbances. We found distinct associations between species and habitat. Plants
such as Leptadenia and Calligonum occurred more in undulating and less disturbed areas.
Aerva occurred more in sandy, less disturbed areas, whereas Prosopis juliflora and Calotropis
procera occurred more in flat, disturbed areas. Faunal species such as Chinkara decreased
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in abundance with the proportion of area under cultivation while Nilgai showed an opposite
trend. Desert Fox and Desert cat did not show any response to habitat gradients, whereas
dogs were more abundant in flat, disturbed areas. Steppe Eagle, Egyptian Vulture and Laggar
Falcon decreased in abundance along canal-irrigated areas. Birds such as Eurasian collared
dove, Grey Francolin, Indian Robin and Indian Peafow! preferred flat terrain. Presence of
disturbances favoured the Common Babbler, Eurasian Collared Dove, Grey Francolin, Red
Vented Bulbul and Variable Wheatear, but negatively impacted the Ashy-crowned Sparrow
Lark, Greater Short-toed Lark and Yellow-eyed Pigeon.

Questionnaires were conducted with 170 respondents in 61 villages spread over 24 cells.
1.7+1.0% of respondents reported seeing a Great Indian Bustard (Ardeotis nigriceps) around
their villages in the past 5 years. The reporting frequency of dog, nilgai and fox was higher
than that of chinkara, crane and wild pig. More people reported an increasing population
trend for neo-colonised species (dogs, nilgai and wild pigs) than for native species (chinkara,
fox or crane). On similar lines, more people reported that native biota (particularly chinkara
and vultures followed by cranes and peafowls) have reduced in occurrence over the past few
years. Habitat loss due to agricultural expansion and associated activities (fencing, pesticide
usage, borewell irrigation etc.) was the most widely reported cause for wildlife decline; other
causes being poaching, predation by dogs, climate change and powerlines. A high
percentage of respondents (85+3%) were aware of a conservation area (managed either
traditionally as Orans or by the Forest Department) around their village. 123 % of
respondents complained regarding encroachment of Orans around their villages.

Our survey highlights that Bikaner region is undergoing rapid land-use changes due to
intensive irrigated agriculture, infrastructure and industries. To understand their ecological
impacts, regular assessments of wildlife populations through standard, reproducible
methods become important. Based on this survey and consultation with Rajasthan Forest
Department and local experts, the following preliminary recommendations are suggested:
a) greater conservation emphasis on sites such as Jorbeed Conservation Reserve, Deshnok
Oran, Tokla Oran, Bhinjranwali and 750RD,

b) mitigation of potential threats such as power-lines, fences and free-ranging dogs,

c) protection of Orans from encroachment and development of grasslands for
wildlife/livestock use,

d) development of sites such as RD750 and Lunkaransar lake for ecotourism through careful
and consultative planning,

e) and replication of this survey for assessing wildlife trends.
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Executive summary (Hindi)

sfterre e Trteers T R o werre 1 U 9T @ S i St o S ST T §, g giEes 39 e
T AT TE(A & 3T T 1S F-id TAeaor T R T ol 3 & St S fafaear 3 = Sfa i feafa we st g
i THHRT T AR AT TeaqUl 8 | ORIy &9 & s et & Hecaqut &0, 311 o 3 W it i iy aitade & e
¥ TR @ 8, S @I &9 § 98 91 S ATt a=rsiat & g STewRe &) aiat Tseer & sfteer ot § 9T ST el e
Frstiat sht fRurfer 1 STThei G o USTE a foreT, Teehisr R wetforerer 31 wewrsn 1t fie fraforemers & w=aim &
T SIS TR T S 9 R werr gRT fopa | fore w9 &, 56 geaor i A st e % fanft & sy
T SATS TS off, TRl o FaTfRt T A GieE st asiid HAT0 SR shl SO 39T U STRT hUAT | SR 39 TN Y me o
T T, 3 IR ATy TREd HAe U RATT a=isiia Seer i AR L a=asia Hoaor i o ST o o1
IRUmREEY, 39 99 & S UEe Adid G S T asia IR o G- @ I SFTien Steni 51 ARt {3 mm)
IE ARV INUFATSA!, BT SR TASTaur bt alsha Trfierd © foram T | elaor 1 e 383 asital AR Ry w9 @
AT, TSR~ STT Td a1 RIRT Ffer i S o foraRor ST STeHdT 1 STA TUTHET o | $6 8 1 U 3e3d (o o Sl
SISTTr o6 STehfcieh STTETE ohl o ST Eai e Wl shl ST Tel Fal X SUTCId HHET i TTEor o Sl SRSl ot 3Tk § i
T STH AT T |

T AL 3 TR & 1 AR stk (SR, Femd, SA0Tg d wete) § faiea form mn ofk 3% 9w 144 =t et (12
X 12 foreft) % fire & aiter mam | 38 o1 89 firgw (St 12,816 ot foreft) 1 smaer wiafeqor foa 1 | o1 wefeqor sdiehet
Zitee Tgf & forar e, e aredt i wifa faffa (20-30 fre/emen) wad gu siwa 16.2+4.1 Bl g @ i it
T % A R T e S A Pl | w1 aw o e s e % w6 % SE @ R e
(sma: 07:00-smrre 13:00 ue srowrs 16:00-wirewra 19:00) | 5606 &, siehre & 7 0 ST At Aecaqut awrsfa S
fefepTa, Tirerar, Freit ST IR aferai o |Te-|e 1= SHa S i, 3R SR A & o1 § o1 S Al TS| 37 Zieae
# frafird gt % afatret § B wall o 3k TTaT 3 Sufterd A fAfifd Seel h STHeRT e ) Ko ufdt % fere weearot

7 fbg T SRR Ud et Seft afert & fe Fe sl g, @ RD750 (sgam m sfier), RD507 (deeer arem),
TS 9 U S HAE U e AR T zieee uafort @ fra e fewda Eufei ud stk e St oo
TFAIoRT T STANT e TSI i foeRoT Ueh ST 1 STIH ST TRIT | 360 Wl H Wifleash! et &9 8 5 el o Fo =9 §
TR SATeretT ST STANT e EXE0T o Sfd TRTIIe: 9ToN 1 STkt faha )

e % SN Feiehrr % 684 guetd wer 1,880 feishrr 2@ T, ot sk s W AT ex 139.78+18.72 wfer 100 frh.
oré Tl T e # Rishr w1 st e 4.27 + 0.65 fiww /km? @ i i i siaita @en 54,745 +
8,392 ré et st T & 112 meeredt At et g S st st wes 0.58+0.11 amet /km? g et qerm
ws & & guehl o atE gen 7,456+1,356 31 a1 S e wae gan, s weerel fieet (0.57£0.2
foreet/ 100 foeeft), Fremmer (14.39+2.91 iemmr / 100 faeft), st 3+ (26.07+3.6 3= / 100 fomft) weh Sfed (e
TUw & AfeAT @ T, A TEh WA T STAF T T ) e 2
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TS et #, SHEHA 54 1 TR ® 5.47 £ 3.14 uaft / 100 foreft srgfaa 8 | wier wer 31 Rrebrdy et it siferrt
(fr 100 foreft v weft), & fire firg (16.44 + 6.94), sfteam firg (8.73 £ 2.35), #ma 3w (7.39 + 0.88),
e e @mee (5.35 £ 0.89) siw &1 @mre s (5.13 + 0.69) 3@t wit | 31 ufermi &, 103 wenfai % 2859
T&ft 1 UiEe FeC TS U TS foRAT TRIT| W SR SR hiA SeeR, IR HIS FA, TT9H TR, e S AT, ©

32T qerae, U AMTE 2 ATeh SN ANuset Sefear § | geiv TSt o dferli sl sigt sie uferai 1 %o oicd 997 + 58
Teft wfd ot fomft srgfaa 2 |

rewiie waeT % SR Fa 24,674 ft i o i, S 95 wenferit, st 36 e % fia o g RD750 #
TeE 3Ttk vt 3 sefoar (76 wenfea % 15,666 wa) 3@ M, s@s e RD507 (34 wenfwat & 6,501 gsf),
TR 3 (25 weifaat % 1,749 veft) s ok 3t (38 weifowi % 758 waft) 3@ mu N # Fe, AT A,
I TS, FEA A SR TSaT T ik W ¥ & fohe | @ "@eenwd (Endangered: sfaftae firg ofi vl
1), 3 sfaa (Vulnerable: &/ o= st fer &), 3R @7 dde-fisre wenfeart (Near Threatened: s
T ITTEfor, ST UfereR, FRRA Fete, FHE T, Hidd Aufert 3R Toe wieh) &t i TS|

TR &5 T T FII=IG: JHaS SR Head Seearag qr T, o i & (et 3t @eft) & e Aer & &1 N 2 |
TS TR T @IS o 729 H W1 AT URTa sht Jufeerfcr ast o et | wia i stemm S arse, forstelt o ar, qeeh! agen asmnt
3rfe ot Suftarfa 879 wiferd feigedl ot <@t 5| seafd o Hed #, ged yq@ s9edfd ©iT (Leptadenia pyrotechnica) > Wsigt
(Prosopis cineraria) > 3\1}; (Aervasp.) > HHT (Calligonum polygonoides) > =¥ (Crotalaria burhia) > 31Tk (Calotropis procera) >
TiferT (Dactyloctenium scandium) > IESIREGIE [T (Prosopis juliflora) ITs TS|

AREET i Iufterta AR S, TG, IRIEH, F, S-SR {6 TR o SRR  sie T TR HeiY Sor foRT T,
ST 7E aiar @ R awedt it sufkufa st wifss deret & foe ue wfafafy wrek & wendt 81 e Tefaat 3R ST % ot

-7 Tewwae ar | T 3R BT S T SeeErag TR ST & § Tk uTg T | S Yl U ST & ¥ A
BT & SaIfer Tt seer 3R 3 awae o st &m § ik g 2 iR st o fo et & % st % e de
Fft STeft T Ao 1 frta saf T i | R anae i e % o e st 2 HTH m | ' e, shaftee
firg. 3 R whesh et-fifera &mt & wu urg 1 | R Frae e, T hifer, 3o dfom o $feem deisa S vaft aaaa
T 37fre @ e ) e i wemret it suftuf 3w Saer, [REE FieE €9, T i, T deE qage iR afwad
SRR ot sIgran feam, dAferT URft shiee T ATeh, TSt Tiie 2l ot 3R Il 315 IS W TehNIedeh T STeT

24 i % 61 wia 7 & 170 sarastt @ Fo v frdmr ) Sea a0 1.7+1.0% seeerarstt 3 frgar 5 ant # 1o e
o STEUE TSV 3@ i T &l STEATSA! o FIAR Fdl, Ao SR AW hi e it s o, awg i shreft
g 1 g 4 Sfres arft Tl | qeTenes Stk SR A F9-3uief Sstaat (Fei, e i St g3w) i Sden §
srgradt Axft sttt (feferm, At am sh) bt o § siferes sarlt | et e, St S 3 sdrn foh fo Fo ant § e
3R gl o 918 e SR AR foee it Ui off ot o1l 21 i foear si weifer nfafafer (quei, Hiemmss &1 s,
e g @i o hrer SISt o wEieTE § T g8 8 Ud 36 0T bl o= Siial Sl T 7t 1 qed adqrn e ¥ A

15



FHI H A4 RIHR, Fl ST RN, STAATG Tiard S forsTel] 31 R ast i Wi 8| qerrenss sirerss Saearar (85%) s i

% TEITH Ush TR0 & (THufer §9 & S0 a1 9 forvm g0 yeiftra) &9 o o) § stamd 9 et 12% satemarstt I s
a3 SATEUT o TR0 &1 8 SAfdshAor 8 o % aN § frehrra

39 Hal 1 e s 7 fop sfteprie a3 ot oty aiterd &1 et & et wipa svmor stentess fifea et wa sa w6t fosmw €,
d: THHRT T G AT THTE T BT 2l T uriiRerfaes wva 2@ & fog fFafia 9 @ a= sfie oM s stewes 8 1 a9
foram wt worrfier fordo 3 Tt @ 39 TS & SR W D Heet gae g mr g, i e R -

1. ST ERaTr fisTe, RTIeh ST, Ziehatt ST, RISRoETel! Td 750RD S SgHed Sl § HXarsh il ol ST ot e I fopa
EIEICIE)

ST &P O ST TEIOT Sh ST 8
2. UTE-QATEH, AR-ET (A1) TR BN ol ST F=Asial o I G 1 SHTE G SIS gl
3. STRAT 3BT SATEHAOT & TS o6 ToTT =T o HET1 oh forehTe sht ST & ISTae a1 STall/IRIE o ST o foTQ =iy +ff fireran @l

4. 750 RD I TARTITERL FIcT S8 T2l b SohT-TRIEA(ATRITcreh WRie) o foTq Arare=igeies 7R TRl ArsT o Area & fafeaa
ERISICICIIR

STATIF Bl 5. TISHET oh! G | sigarel 3T forel off T8 o Gail Sl AeA™T STHehit o 7T 38 JehR o Hd Bid &A1 T8y

<
-~y

N
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INTRODUCTION




1. Introduction

Protected areas are the cornerstone of biodiversity conservation. However, they constitute
only 6% of the earth’s and 5% of India’s geographical areas (Jenkins and Joppa 2009; Ghosh-
Harihar et al., 2019). A much larger fraction of biodiversity occurs in unprotected multiple-
use landscapes. Protected areas are pivotal to, but cannot displace the need of sustaining
ecological functions and flow in the larger landscapes around them. Hence, it is important to
also focus on landscapes while developing conservation plans and factoring them into
developmental goals (Sayer et al., 2013). This is particularly important for India, given the
expansion of its large rural population and developing economy into remote wildlife habitats
vis-a-vis its general cultural tolerance towards wildlife and low intensity of land uses - factors
that are compatible for species’ persistence (Rangarajan, 2005). Fundamental to such
planning is the spatial information on biodiversity status - abundance, distribution and
habitat relationships of representative species and potential threats. Conservation planning
in the Bikaner region of the Thar desert will benefit from such systematically collected
information on its biodiversity status.

Birds and large mammals elicit strong admiration and innate connection in the human
psyche, thereby being the common focus of ecological assessments and conservation
programs. The Indian subcontinent hosts a wide spectrum of birds, including many winter
migratory species. About 280 long-distance migrants spend their winter in India’s rich and
warm tropical habitats that lie immediately south of their Palearctic breeding ranges (SOIB
2020). The country lies along three major bird migratory flyways: Central Asian Flyway (CAF),
East Asian Australasian Flyway over parts of eastern India (EAAF), and Asian East African
Flyway (EAF). India is a signatory to the Convention of Migratory Species, which prescribes
science based conservation measures to ensure the survival of migratory species as well as
their habitats to provide sustainable benefits to people. Scientific datasets show that CAF
migratory terrestrial birds are declining rapidly and species that breed in grasslands and
agricultural areas, including those wintering in the Thar desert, are highly affected by land-
use changes (Dasgupta et al.,, 2017, Kher & Dutta, 2021). Similar to birds, the Indian
subcontinent is home to a wide variety of mammalian diversity. The Thar desert is also
unique in this regard and hosts many species that are not common elsewhere in the country.
However, contemporary landscape level changes like the introduction of the Indira Gandhi
Canal and the subsequent expansion of settlements and agriculture have prima facie caused
a dramatic change in the mammal assemblage of the Thar Desert (Prakash, 1997; Islam &
Rahmani, 2011; Dookia et al., 2009). Chinkara, a highly revered antelope in Rajasthan, is
speculated to have suffered large scale declines owing to the increased human footprint in
the desert over the last few decades (Dookia et al., 2009). On the contrary, other species such
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as the Nilgai and Wild pig seem to have benefited from the irrigation-driven changes (Dutta
et al., 2018). However, these observations are backed by scanty evidence; and require
landscape level surveys for greater support.

1.1 Bikaner district from a wildlife context

The Thar desert presents an abruptly changing environment for wildlife from antiquity to
Anthropocene. This arid, sandy tract forms the eastern limit of the vast Saharo-Iranian desert
and blends into wetter, semiarid conditions to the east. Rainfall is sparse at ~200 mm per
year, 90% of which is received during monsoon (June - September), and is intercepted by
moderate to severe droughts once in three years (Rao and Roy 2012). However, its
paleoclimate was more semiarid and wetter from 2 million years up to 0.25 million years
before the present (Dhir et al. 2018). Since then, the climate dried up, characterised by
weaker monsoons, extensive sand deposition, and the current arid conditions set in at 4000
years before present. Sediment core analysis of Lunkaransar and other salt lakes indicates
such paleoclimatic patterns (Enzel et al. 1999). These changes presumably conferred an
advantage to the xeric species over their mesic counterparts. Aridification also restricted
human occupation. While organised human societies harnessed the potential of agriculture
and livestock in the Indus plains to the west and the east of the Aravalli mountains, the
intervening region of Thar remained thinly populated with nomadic hunter-gatherers
throughout early human history (Misra 2001, Madella and Fuller 2006, Dhir et al. 2018).
Settlements and agriculture expanded into Thar relatively recently, perhaps around 1000
years back. Even then, livelihoods depended on pastoralism; cultivated area was only 15%,
and the human population was small, stable and numbered ~6 lakhs in Bikaner in the first
half of the 20™ century (Dhir et al. 2018). In contrast, the human population exploded by ten
folds in the last 60 years, with a recent decadal growth rate of 20-30% (Census data). Perhaps
the single major change in regional ecology was brought by the Indira Gandhi Canal, which
created an agriculturally intensive corridor in the 1980s. Irrigation and mechanised farming
facilitated a four-fold increase of cultivated area in Bikaner during the last 50 years, with crop
cover increasing from 15% (1960) to 54% (2011) (Dhir et al. 2018). Much of agricultural
expansion came at the cost of erstwhile culturable wastelands or areas owned by the
Government that was grazed by livestock, and fallow lands or areas not farmed in current
year(s). Consequently, Thar desert, with 70% of its area under cultivation, has become the
most intensively farmed arid region, posing novel challenges for its wildlife and ecological
sustainability. These land-use changes have exposed the native wildlife, which remained
isolated from humans historically, to a sudden and intense wave of anthropogenic pressures.
Only gauchars or common village grazing lands, orans (sacred groves) or lands spared by local
communities for wildlife and grazing, cumulatively known as permanent pastures, and forest
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department lands remain as a refuge for native wildlife. More lately, the region has
experienced infrastructural developments in the form of industrial growth, rural
electrification and expansion of the road network, adding to the anthropogenic pressures.
Increased surface water and plantations lining the canal have facilitated mesic species to
(re)establish in the region (Rahmani and Soni, 1997). Thus, ecoclimatic trajectories spanning
thousands of years are at risk of being reversed within a few decades, the implications of

which are yet to be discerned.




1.2 Objectives

For conservation of migratory birds in India, the National Action Plan proposes measures
such as: a) assessing status and distribution of migratory birds in wetlands and terrestrial
habitats, b) evaluation of threats and site-specific recommendations to mitigate them, c)
involving local communities in conservation activities including citizen science groups, and d)
sustainable management of habitats through capacity building and outreach. Similarly,
India's National wildlife action plan recommends assessing and evaluating wildlife outside
PAs for objective management and targeted species recovery. To further this initiative and
develop conservation plans for local wildlife, the Hon'ble Member of Parliament (Bikaner),
who is also the Minister of State for Parliamentary Affairs and Culture - Gol, invited the
Wildlife Institute of India (WII) through the Ministry of Environment, Forest and Climate
Change (MoEFCC) to conduct a status survey on migratory birds and other key wildlife in
Bikaner. The WII, in collaboration with Forest Department, local universities, wildlife
enthusiasts and citizens, carried out a large-scale wildlife status assessment in the Bikaner
district. The focus of this exercise were birds, especially migratory, arid-adapted and raptorial
species, and large terrestrial mammals.

Set in this background, the wildlife assessment of Bikaner aims at generating current
baselines on key wildlife, their habitats, threats and community perceptions towards
conservation so that this information can flow into conservation plans.

Specifically, we:

1) estimate the occupancy and (relative) abundance of birds, especially migratory, arid-
adapted and raptorial species, and that of key mammals representing xeric and mesic
adaptations in the general landscape

2) estimate the abundance of the above taxa in select conservation hotspots
3) assess habitat status, potential threats to wildlife, and species-habitat relationships, and

4) assess community perceptions towards wildlife conservation
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2. Methods

2.1 Organization of survey

The parliamentary constituency of Bikaner was divided into four sampling blocks which were
simultaneously surveyed by 10 teams during February 16-28, 2021. This helped us cover a
large area within a short period, thus minimising the influence of bird/animal movements on
population parameter estimation. The sampling blocks were headquartered at: a) Bikaner,
b) Chattargarh, c) Kolayat, and d) Mahajan; and consisted of about 25 grids/cells of 144 km?
each. Each team consisted of a Wildlife Institute of India researcher, a local volunteer, an
experienced birder and Forest Department guard adept with the locality, and one rugged-
terrain vehicle with a driver. Field activities in a sampling block were supervised by a research
biologist from the Wildlife Institute of India with several years of field experience in
conducting wildlife surveys. Team members were trained to follow a standardised data
collection protocol through a workshop and rigorous field exercise prior to surveys.

2.2 Sampling design

Our extensive surveys covered 89 cells (12,816 km? area) through a transect effort of 1,442
km. These cells were surveyed using a vehicle transect approach. Data generated from this
survey provided estimates of species’ occupancy, density and abundance. We parallelly
collected data on habitat and disturbance at 802 points on the vehicle transect to estimate
the effects of natural and anthropogenic factors on animal populations. Additionally, some
sites of exceptional biodiversity value were surveyed using an alternate Hotspot survey
method.

2.2.1 Vehicle transects

Dirt trails in survey cells were digitised using Google Earth imagery. Cells were surveyed along
dirt trails of 16.2 + 4.1sp km average length (single continuous or two broken transects) from
a slow moving (10-20 km/hr) vehicle. Surveys were conducted from morning to noon (0700-
1300) and in late afternoon (1600-1900) when bird/animal activity was highest. This sampling
scheme was chosen to optimise the combination of cell size, transect length and efforts
required to cover ~20% of the cell area (assuming that species would be effectively detected
within ~250 m strips, following Dutta 2012). Data collection on vehicle transects has been
described below (section 2.3).
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2.2.2 Wetland hotspot surveys

Some birds congregate in large numbers at special habitats, such as migratory waterfowl at
water bodies and scavenging birds at carcass dumping sites. We selected bird ‘hotspots’
based on historical literature and eBird records (Interim report, 2020). Since vehicle transects
are not feasible to survey these hotspots, we used an alternative approach. At wetlands
(750RD/Hanuman Nagar Jheel, 507RD/Sansardesar Lake/Ghegda Jheel, Gajner and
Lunkaransar lake), surveys were conducted using simultaneous block count method. Each
wetland was divided into ‘sectors’ that were surveyed from an ‘observation point’. A team of
surveyors spent a minimum of 10 minutes at an observation point and counted all individuals
of each species within the assigned sector. Sectors were surveyed simultaneously to avoid
duplication in count at large water bodies. Birds flying/crossing over the sector were not
considered. To avoid observer bias, counts were averaged from three independent
observations of the number of birds.

2.2.3 Community surveys

Questionnaires for conservation perception of local communities were conducted in 30% of
surveyed cells. In these cells, we visited 2-3 villages, and up to three residents per village were
opportunistically interviewed (questionnaires in Appendix 1). We collected information on
the occurrence of the Great Indian bustard (within the last five years) and associated species
(Chinkara, Fox, Nilgai and Crane) from village areas, species with increasing and decreasing
population trends, perceived threats to wildlife, and perception on local conservation
management.

2.3 Data Collection on vehicle transects
2.3.1 Species’ information (key wildlife)

Data on key desert wildlife such as Desert fox, Indian fox, Chinkara, Nilgai, Cranes and
raptors, and biotic disturbance (free-ranging dogs) were collected during the vehicle transect
survey (data sheet in Appendix 2). For each sighting, the number of individuals, GPS
coordinates, distance (using laser rangefinder) and angle (using a compass) were recorded.

2.3.2 Habitat information

Habitat features that could potentially influence species’ distribution, such as land-cover,
terrain, substrate, vegetation structure, and disturbances were recorded at every 2 km
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interval along the transect (see data sheet in Appendix 3). The dominant land-cover (barren/
agriculture/ grassland/ shrubland/ woodland), terrain (flat/ sloping/ undulating), and
substrate depending on soil characteristics (rock/ gravel/ sand/ soil) were recorded within a
100 m radius of the point. Vegetation structure was recorded as the percentage of ground
covered by short grass and herb (<30 cm, >30 c¢m), shrub (<2 m), tree (>2 m) and crop within
20 m radius of the point. These covariates were recorded in broad class-intervals (0, 1-10, 10-
20, 20- 40, 40-60 and 60-100 %) to reduce inconsistency of observation errors between
teams. Vegetation composition was recorded as three dominant plant taxa within a 100 m
radius of the point. The presence of anthropogenic factors (human/ dog/ livestock/
machinery) was recorded within a 200 m radius of the point. Presence of infrastructure
(settlement/ farm-hut/ metal road/ power-line/ wind-turbine/ water-source/ solar-power-
plant/ industrial-use/ fence) was recorded within 500 m radius of the point. The presence of
the spiny-tailed lizard, based on detection of burrows within a 10 m radius of the point, was
also recorded.

2.3.3 Point counts (Birds)

To collect data on general avifauna, we performed a point count of 10 minutes after every 2
km on transects and recorded the number of birds within 200 m of the observation point
(Appendix 4). These point counts were conducted in parallel with the habitat surveys and at
the same location. For each bird recorded within the 200 m radius, the species’ identification
and distance from the point were noted. Birds detected using auditory cues were considered,
but those flying over the point were not recorded.

2.4 Analytical methods

2.4.1 Habitat assessment

We mapped the proportional occurrence of land-cover, terrain, substrate, active and passive
disturbances in sampling plots grouped within 144 km? cells and estimated their mean and
SE prevalence across cells to describe the current habitat status at the landscape scale. We
examined the spatial association between habitat variables using Pearson’s correlation
analysis. To identify meaningful habitat patterns and reduce data dimensions, we extracted
a few latent factors from the proportional occurrence of land-cover, terrain, substrate, active
and passive disturbances in sampling plots at 144 km? cells, using factor analysis. We
mapped these factors to describe prominent habitat gradients across the landscape.
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2.4.2 Vegetation assemblage

We estimated the frequency of occurrence of plant species in sampling plots to describe the
current status of vegetation and identify dominant species. We attempted to delineate
vegetation assemblages from species’ co-occurrences (McCune and Grace 2002) but did not
find any strong structuring of the vegetation community. Subsequently, we mapped the
frequency of occurrence of dominant plants in sampling plots grouped within 144 km? cells
and modelled them on habitat factors using binomial Generalised Linear Models in
Information Theoretic framework to understand plant-habitat associations.

2.4.3 Population status of key taxa

2.4.3.1 Density of Chinkara and Fox using line transect distance sampling

We used Distance sampling (Buckland et al. 2015) based approach to estimate the density of
the two common mammal species in the region, viz. Chinkara and Desert Fox. In this
framework, detectability is modelled as a function of perpendicular distance from the line.
We calculated perpendicular distance from the sighting distance and angle of sightings. We
fitted half-normal, uniform and hazard-rate models with appropriate key adjustments after
checking the data for evasive movement and peaking at intermediate distances. The least
AIC model was used for inference. Goodness of fit for the selected model was assessed using
Chi-square and Cramer-von mises test score. Encounter rate data collected during vehicle
transects was corrected using the detection function to obtain density estimates.

Density estimates were then multiplied with the surveyed area to obtain the conservative
abundance estimates for the Bikaner district. We did not project our density estimates
beyond our sampled area, and thus our estimates represent the ‘minimum population size'
for the species in Bikaner district. However, the sampled area covered the majority of the
distribution of the species within Bikaner district.

2.4.3.2 Density estimation of small birds using point count distance sampling

We used point count based distance sampling to estimate the density of small birds. We used
complete bird lists and species with >5 sightings for this analysis. We modelled species’
detection probability as a function of distance from the sampling point. Since detectability
will also depend on species’ traits, we grouped species into ‘low’, ‘medium’ and ‘high’
detectability categories by classifying the distribution of median detection distances into

three roughly equal percentile bins. We fitted half-normal, uniform and hazard-rate models
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with appropriate key adjustments to the frequency of sightings in increasing distance classes,
separately for the three detectability groups. The least AIC model was used for inference. We
estimated species’ encounter rates as flocks detected per plot, nested within cells, using
linear mixed effect intercept only models to accommodate the hierarchical data structure,
and mean flock size for each species. Thereafter, we estimated species’ densities from their
encounter rate, flock size, and detectability and generated bootstrap SEs by sampling from
normal distributions of the above parameters.

2.4.3.3 Encounter rate of large birds on line transects

We estimated the encounter rate of large bird species (raptors and cranes) as the means and
standard error of individuals detected / km along transects grouped into cells.

2.4.3.4 Bird species richness estimation

Species were first classified into five different groups based on their habitat preferences: a)
Grassland and desert specialists, b) Habitat generalists, ¢) Woodland and Forests, d)
Synanthropic, and e) Wetland. In each cell, the total observed number of species belonging
to each group was calculated and mapped.

2.4.4 Species habitat relationships

We examined species-habitat relationships using generalised linear models (hereafter, GLM)
in the Information Theoretic framework to inform conservation management.

For small birds, we modelled species’ distribution (proportion of point-counts in a cell
occupied by the species) and relative abundance (logarithm of mean number of individuals
detected per point in a cell + 1) on habitat factors and canal length, using binomial and
gaussian GLMs, respectively. We drew inferences on habitat responses for each species using
untransformed parameter estimates (slopes) of predictors from the full models.

For large birds and mammals, we modelled relative abundance (logarithm of mean number
of individuals detected km™ + 1) in a cell on habitat factors using gaussian GLM and inferred
habitat responses for each species using model-averaged untransformed parameter
estimates (slopes) of predictors.
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3. Results

3.1 Efforts

We surveyed 89 cells covering 12,816 km?* with 54 observers recording data on 1,442 km

/

vehicle transect and 802 habitat samples and point counts (Figure 1).

Mahajan

Bikaner.,

Kojayat * 2

Bikaner Survey Grids

[ Bikaner Grids
[ Kolayat Grids
[ Chattergarh Grids
[777] Mahajan Grids
® Survey Headquater
India Border

Figure 1. Map of sampled grids (n = 89) divided into subdivisions with trials and point counts displayed.

3.2 Habitat and disturbances

The landscape was characterised by: a) flat followed by undulating terrain (Figure 3); b) soil
followed by sand substrate; c) scrubland followed by fallow and cultivated land-cover (figure
2); d) some form of active disturbance (most commonly human and livestock presence) in
72% of plots (Figure 4); and e) some form of passive disturbance (most commonly agricultural
fence and power-lines) in 87% of plots (Table 1).
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Table 1: Descriptive statistics of habitat variables in Bikaner landscape (2021), measured as
the mean and standard error (SE) prevalence of variables within 144 km? cells

Feature Variable Mean (SE)
Land-cover Scrubland 0.6 (0.03)
Fallow 0.35(0.03)
Cultivated 0.17 (0.02)
Grassland 0.15 (0.02)
Substrate Soil 0.8(0.02)
Sand 0.4 (0.03)
Gravel 0.01 (0.01)
Terrain Flat 0.55 (0.03)
Undulating 0.3(0.01)
Active disturbance Human 0.6 (0.03)
Livestock 0.51 (0.03)
Dog 0.2 (0.02)
Machinery 0.12(0.02)
No active disturbance 0.28 (0.02)
Infrastructure Power-line 0.52 (0.03)
(Passive disturbance) Road 0.23 (0.03)
Settlement 0.19(0.02)
Industrial-uses 0.01 (0)
Farm hut 0.09 (0.02)
Fence 0.6 (0.03)
Water-source 0.48 (0.03)

No infrastructure

0.13(0.02)
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Figure 2. Spatial patterns of land-cover types in Bikaner landscape (2021) measured as the proportion
of sampling points having a particular land-cover type within 100 m radius
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Figure 3. Spatial patterns of terrain in Bikaner landscape (2021) measured as the proportion of
sampling points in 144 km? cells having a particular terrain type within 100 m radius
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Figure 4. Spatial patterns of active disturbances in Bikaner landscape (2021) measured as the
proportion of sampling points in 144 km? cells having a particular disturbance within 200 m radius
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Figure 5. Spatial patterns of passive disturbances in Bikaner landscape (2021) measured as the
proportion of sampling points in 144 km? cells having a particular infrastructure within 500 m radius
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We found two major spatial associations among habitat variables: (1) sandy substrate was
positively associated with undulating terrain but negatively associated with flat terrain and
soil substrate, (2) presence of agricultural fence was positively associated with cultivation,
human, livestock, dog, water-source and power-line presence. Thus, agricultural fences can
serve as a single surrogate for disturbances in this landscape (Table 2).

We extracted four latent factors that explained 69% variance in land cover, terrain, substrate,
cumulative active and passive disturbances. The first factor represented a gradient of
undulating to flat terrain; the second factor represented a gradient of sand to soil substrate;
the third factor represented disturbances, and the fourth factor represented the proportion
of area cultivated (Table 3). We explored the spatial patterns of these factors (Figure 6) and
used them to examine species-habitat relationships.

Table 2. Spatial association of habitat variables characterising land-cover, substrate, terrain, active and
passive disturbances in Bikaner (2021), as indicated by strong correlation values (|r| > 0.5)

SO SA GR GS CU FA SC

0.58

-0.67

0.61
Soil (SO) -0.7
Sand (SA)
Gravel (GR)
Grassland (GS)
Cultivation (CU)
Fallow (FA)
Scrubland (SC)
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Table 3. Interpretation, variance explained and variable loadings of habitat factors extracted from
land-cover, terrain, substrate and disturbance data using factor analysis in Bikaner landscape (2021)

Habitat variable Factor 1 Factor 2 Factor 3 Factor 4

Flat 0.89

Undulating -0.92

Soil 0.96

Sand -0.61

Grassland

Scrubland

Cultivation 0.9

Passive disturbances 0.85

Active disturbances 0.7

Variance explained 0.26 0.16 0.16 0.11
Undulating vs flat terrain Sand vs soil substrate

200 200

20 280N

225N

5E 7208 725 TI0€ 135% TA0E 745

SurveyHQ © P 1 :-

200

285N

200N

200N

25N

T15€ 720 725€ TIE TIBE T40€ TeE

totocs T suveyna ©
24901

Figure 6. Spatial patterns of habitat factors in Bikaner landscape (2021); (clockwise) factor 1:
undulating (yellow) to flat (green) terrain, factor 2: sand (yellow) to soil (green) substrate, factor 3: low
(yellow) to high (green) disturbances, and factor 4: low (yellow) to high (green) proportion of area

cultivated
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3.3 Floristic composition

The natural vegetation of Bikaner was characterised by a few dominant plants such as
Leptadenia pyrotechnica > Prosopis cineraria > Aerva sp. > Calligonum polygonoides > Crotalaria
burhia > Calotropis procera > Dactyloctenium scindicum > Prosopis juliflora (occurring in >10%
of sampling plots), with another 11 species occurring in <2 % of sampling plots (Figure 7).

Leptadenia.pyrotechnica -
Prosopis.cineraria -
Aerva.pseudotomentosa -
Calligonum.polygonoides ~
Crotalaria.burhia -
Calotrpis.procera -
Dactylocrenium.scindium -
Prosopis.julifiora -
Ziziphus.jujube -
Cassia.angustifolia -
Ziziphus.nummularia -
Capparis.decidua -
Aerva.javanica -
Cicer.arietinum -
Acacia.nilotica -
Haloxylen.salicornicum -
Lasiurus.sindicus -
Panicum.turgidum -
Dipterygium.glaucum -

Species

“gg

o
Qo
(V]

0.4 0.6
Occurrence

Figure 7. Mean & SE occurrence in sampling plots of plant species in Bikaner landscape (2021)

Dominant plants showed contrasting responses to habitat characteristics and distinct spatial
extents of occurrence. Leptadenia occurrence was greater in undulating, less disturbed and
less cultivated areas distributed across the landscape. Prosopis cineraria occurred more in
disturbed and cultivated areas located to the south and east. Aerva occurrence was greater
in sandy, less disturbed areas, in the north and west. Calligonum occurred more in
undulating, sandy, less disturbed areas located in the north and west. Crotalaria and
Dactyloctenium were associated with less cultivated areas. Whereas the invasive Prosopis
juliflora and Calotropis procera occurrences were greater in flat, more disturbed areas (Table
4 and Figure 8).
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Table 4. Plant-habitat relationships in Bikaner landscape (2021): distribution of dominant species
(measured as proportion of habitat-plots with the species in a cell) was analysed against habitat

factors using binomial generalised linear models and the untransformed mean (SE) parameter

estimates for significant effects (p < 0.1) are reported. Positive values indicate that the species’

occurrence increases with the covariate value and the converse.

Dominant plants Factor1 Factor2 Factor3 Factor4
Flat (+) vs Soil (+) vs Disturbances (+) Cultivation (+)
undulating(-)  sand (-)

Leptadenia pyrotechnica -0.57 (0.08) -0.35(0.08) -0.19(0.08)

Prosopis cineraria 0.28 (0.08) 0.27 (0.09) 0.23(0.08)

Aerva sp. -0.36 (0.08) -0.42 (0.09)

Calligonum polygonoides -0.82(0.1) -0.23(0.08) -0.46 (0.1)

Crotalaria burhia -0.21 (0.08) -0.3(0.1)

Dactyloctenium scindium 0.24(0.12) -0.8 (0.16)

Calotropis procera 0.52(0.12) 0.21(0.12)

Prosopis juliflora 1.16(0.19) 0.8(0.17)

4
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Figure 8. Distribution patterns of plant species represented as low (yellow) to high (green) frequency
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3.4 Wildlife population status

3.4.1 Mammals

Data generated from line transect surveys
provided estimates of species’ occupancy,
density and abundance. Data on habitat and
disturbance informed us of their effects on
animal populations.

3.4.1.1 Chinkara

Our extensive surveys resulted in the detection
of 1,880 Chinkara individuals belonging to 684
herds. The encounter rate of Chinkara herds
and individuals was 60.39 + 6.49 per 100 km
and 139.78 + 18.72 per 100 km, respectively.
Distance data of these observations was best
explained by a half-normal key function with
cosine(2) adjustments (X2 = 0.05, p =0.82) . The &=
estimated herd effective strip width was 136.43 } :
+7.28 m for a truncation distance of 330 m. The
estimated Chinkara density was 4.27 + 0.65
animals/km? with an average group size of 2.75
+ 0.18. This yields a landscape level abundance
of 54,745 + 8,392 individuals.

3.4.1.2 Desert fox

We detected 122 Desert fox individuals during
our survey, with an encounter rate of 9.16 +
1.34 per 100 km. These observations were best
explained by a half-normal key function
detection model with cosine(2) adjustments (X2
= 0.02, p = 0.88 ). The estimated effective strip
width was 62.16 + 6.4 m for a truncation
distance of 200 m. The estimated Desert fox
density was 0.58 + 0.11 individuals per km? and
the average group size was 1.12 + 0.06. This

yields a landscape-level abundance of 7,456 + 1356 individuals.
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3.4.1.3 Other species

Other notable mammals in the Bikaner landscape were the Desert cat (Felis lybica ornata),
estimated to be 0.57 + 0.2 individuals per 100 km, Nilgai (Boselaphus tragocamelus), estimated
to be 14.39 + 2.91 individuals per 100km, and free-ranging dogs, estimated to be 26.07 + 3.6
individuals per 100 km.

8 - \ Chinkara

gt p=0.41(0.02)

Detection probability
|

o |
e T T T T T T T

0 50 100 150 200 250 300
© | Y
o

Desert fox
© |
o
p=0.31(0.03)

Detection probability
04

=

| | | | |
0 50 100 150 200

0.0

Distance

Figure 9. Best fit detection models for Chinkara and Desert fox at line-transects in Bikaner landscape
(2021); mean and standard error estimates of species’ detection probability also reported
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Chinkara Encounter Rate per 100 sq.km

Figure 10. Distribution of Chinkara (top) and Desert fox (bottom) in Bikaner landscape (2021), shown
as low (light green) to high (dark green) encounter rates
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3.4.2 Large birds

Encounter rate of large birds on line transects showed that Griffon vulture > Egyptian vulture

> Common kestrel > Black winged kite > Long-legged buzzard > Steppe eagle > Shikra as the
most abundant raptors. The encounter rate of Demoiselle cranes was estimated to be 5.47

(3.14) individuals per 100 km.

Table 5. Mean encounter rate of large birds along with associated standard error. The values are

standardised to 100km of vehicle transect effort.

Species

Geometric-mean (SE)
individuals / 100 km

Mean (SE)
individuals / 100 km

Demoiselle Crane (Grus virgo)

Griffon Vulture (Gyps fulvus)

Egyptian Vulture (Neophron percnopterus)
Cinereous Vulture (Aegypius monachus)
Steppe Eagle (Aquila nipalensis)

Tawny Eagle (Aquila rapax)

Short-toed Snake Eagle (Circaetus gallicus)
Eastern Imperial Eagle (Aquila heliaca)
Common Kestrel (Falco tinnunculus)
Laggar Falcon (Falco jugger)

Long-legged Buzzard (Buteo rufinus)
White-eyed Buzzard (Butastur teesa)
Blackwinged Kite (Elanus caeruleus)
Shikra (Accipiter badius)

Eurasian Sparrowhawk (Accipiter nisus)

3.47(1.91)

9.95 (3.31)

7.19(1.78)

1.24(0.4)

3.06 (0.55)

0.6(0.2)

0.6 (0.24)

0.31(0.14)

7.08 (0.83)

3.11(0.67)

4.94 (0.66)

0.5(0.23)

5.04 (0.83)

2.48 (0.55)

0.54 (0.23)

5.47 (3.14)

16.44 (6.94)

8.73 (2.35)

1.31(0.42)

3.19(0.57)

0.62(0.21)

0.62 (0.25)

0.32(0.14)

7.39(0.88)

3.31(0.73)

5.13 (0.69)

0.52(0.24)

5.35(0.89)

2.61(0.58)

0.56 (0.25)
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3.4.3 Small birds

We recorded 2,859 small birds belonging to 103 species. 640 point counts

included all species seen (hereafter ‘complete’), and 162
point-counts included only the focal taxa (francolin, quail,
courser, sandgrouse, lark, chat and wheatear). We
considered ‘complete lists’ and species with > 5 sightings
(n=43 species) while estimating density using distance
sampling.

Species were empirically classified into:

a) low-detectability group (n = 23 species) with median
sighting distance <60 m and distance data best explained
by half-normal cosine detection function;

b) medium-detectability group (n = 18 species) with
median sighting distance 60-100 m and distance data best
explained by half-normal cosine detection function;

¢) high-detectability group (n = 2 species) with median
sighting distance >100 m and distance data best explained
by a uniform cosine detection function.

Estimated detection probability ranged from 0.05 to 0.44
across groups (Figure 11).

We report landscape level population metrics such as flock
encounter rate, flock size and density of these species in
Table 7. Species’ rank abundance curves were J-shaped
(broken-stick) with a few relatively common species and
many relatively rare species (Figure 12). The most
abundant species were Common Babbler > Eurasian
Collared Dove > House Sparrow > White Eared Bulbul >
Red Vented Bulbul > Greater Short Toed Lark > Variable
Wheatear.

Total density of small birds was estimated to be 997 (SE 58)
individuals / km? not including birds in flight and rare
species.
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Figure 11. Best fit detection models for low, moderate and high detectability groups of birds at point-
counts in Bikaner landscape (2021); estimated mean and standard error proportion of groups
detected within 200 m shown for each group
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Commen Babbler -
Eurasian Collared Dove -
House Sparrow -

White eared Bulbul -
Red vented Bulbul -
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Great Grey Shrike -
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Figure 12. Density (individual / km?) of small bird species based on point count distance sampling in
Bikaner landscape (2021)
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Table 6. Population status of bird species estimated as density (individuals per km?), number of flocks

per point (Flock ER), probability of detecting a flock (Det prob) and individuals per flock (Flock size)

using point count distance sampling in Bikaner landscape (2021)

Species Density (95% ClI) Flock ER (95% CI) Det prob (SE) Flock size (SE)
Ashycrowned Sparrow Lark (Eremopterix griseus) 10.95 (3.52 - 22.44) 0.02 (0.01-0.035) 0.05(0.01) 3.21(0.79)
Bimaculated Lark (Melanocorypha bimaculata) 10.41 (0 - 33.27) 0.01(0-0.016) 0.05 (0.01) 8.4 (4.53)
Black crowned SparrowLark (Eremopterix nigriceps) 28.13(12.6 - 51.64) 0.05(0.03-0.077) 0.05(0.01) 3.56 (0.73)
Black Drongo (Dicrurus macrocercus) 7.68(4.73-11.2) 0.1 (0.07-0.132) 0.15(0.01) 1.48 (0.17)
Black Redstart (Phoenicurus ochruros) 2.73(1.1-4.87) 0.02(0.01-0.027) 0.05(0.01) 1.1 (0.1)
Brown Rock Chat (Oenanthe fusca) 1.24 (0.2 - 2.44) 0.01(0-0.015) 0.05(0.01) 1(0)
Chestnutbellied Sandgrouse (Pterocles exustus) 8.3(2.06 - 16.26) 0.01 (0-0.022) 0.05(0.01) 4.12(0.74)
Common Babbler (Argya caudata) 264.49 (200.14 - 357.21)  0.41(0.35-0.466) 0.05(0.01) 4.2 (0.28)
Common Hoopoe (Upupa epops) 1.7(0.39-3.2) 0.01(0-0.02) 0.05(0.01) 1 (0)
Common Woodshrike (Tephrodornis pondicerianus) 1.73(0.09 - 3.76) 0.01(0-0.016) 0.05 (0.01) 4(0.24)
Crested Lark (Galerida cristata) 1.85(0-6.15) 0.01(0-0.016) 0.15(0.01) 4(2.91)
Desert Lark (Ammomanes deserti) 10.03 (0.34 - 32.47) 0.01 (0-0.02) 0.05 (0.01) 7.2 (3.28)
Desert Wheatear (Oenanthe deserti) 14.26 (5.41 - 26.76) 0.05(0.03-0.078) 0.05(0.01) 1.71 (0.45)
Eurasian Collared Dove (Streptopelia decaocto) 141.44(108.15-182.07) 0.68(0.58-0.78) 0.15(0.01) 3.95(0.36)
Great Grey Shrike (Lanius excubitor) 13.69(10.34-17.62) 0.22(0.18-0.265) 0.15(0.01) 1.18(0.08)
Greater Short toed Lark (Calandrella brachydactyla) 34.89 (19.49 - 55.52) 0.06 (0.03-0.077) 0.15(0.01) 11.86(1.91)
Green Beeeater (Merops orientalis) 5.86(3.11-9.46) 0.05(0.03-0.07) 0.15(0.01) 2.32(0.34)
Grey Francolin (Francolinus pondicerianus) 22.34(16.96 - 28.31) 0.21(0.17-0.251) 0.15(0.01) 2.02(0.11)
House Crow (Corvus splendens) 9.81(5.8-15.14) 0.08 (0.06-0.11) 0.15(0.01) 2.25(0.33)
House Sparrow (Passer domesticus) 105.15 (64.18 - 150.4) 0.19(0.15-0.226) 0.15(0.01) 10.7 (1.71)
Indian Black Ibis (Pseudibis papillosa) 0.95(0.33-2.2) 0.02(0.01-0.028) 0.44(0.1) 3.09(0.62)
Indian Peafowl (Pavo cristatus) 6.39 (2.5-11.97) 0.04(0.02-0.063) 0.15(0.01) 3.04 (0.66)
Indian Robin (Saxicoloides fulicatus) 3.72(1.31-7.47) 0.02(0.01-0.026) 0.05(0.01) 1.5(0.31)
Indian Roller (Coracias benghalensis) 0.93(0.51-1.89) 0.04 (0.03-0.061) 0.44(0.1) 1.14(0.08)
Indian Silverbill (Euodice malabarica) 3.87(0-11.12) 0.01 (0-0.016) 0.15(0.01) 9.2 (5.37)
Isabelline Shrike (Lanius isabellinus) 1.98 (0.07 - 4.71) 0.01 (0-0.016) 0.05 (0.01) 1.6 (0.4)
Isabelline Wheatear (Oenanthe isabellina) 2.89(0.79-6.23) 0.01 (0-0.025) 0.05 (0.01) 1.33(0.33)
Jungle Babbler (Turdoides striata) 4.42 (1.62 - 8.46) 0.03(0.01-0.044) 0.15(0.01) 3.12(0.57)
Laughing Dove (Streptopelia senegalensis) 8.58 (4.51 - 14.33) 0.04 (0.02-0.055) 0.05(0.01) 1.46 (0.16)
Lesser Whitethroat (Sylvia curruca) 6.22(2.18-11.34) 0.03(0.01-0.056) 0.05(0.01) 1.18 (0.13)
Plain Prinia (Prinia inornata) 414 (2-7.02) 0.02(0.01-0.035) 0.05(0.01) 1.21(0.11)
Purple Sunbird (Cinnyris asiaticus) 17.68 (10.05 - 27.22) 0.08 (0.05-0.115)  0.05(0.01) 1.39(0.08)
Red vented Bulbul (Pycnonotus cafer) 49.01 (31.2 - 74.55) 0.14 (0.1 - 0.176) 0.05 (0.01) 2.31(0.3)
Red wattled Lapwing (Vanellus indicus) 2.6(1.02 - 4.64) 0.03(0.01-0.046) 0.15(0.01) 1.76 (0.22)
Rock Pigeon (Columba livia) 14.91 (10.02 - 20.96) 0.11(0.08 - 0.14) 0.15(0.01) 2.63(0.23)
Rose ringed Parakeet (Psittacula krameri) 7.53 (2.56 - 14.03) 0.07(0.02-0.109) 0.15(0.01) 2.14(0.39)
Rufous Treepie (Dendrocitta vagabunda) 1.95(0.59 - 3.72) 0.01(0-0.019) 0.05 (0.01) 1.14(0.14)
Siberian Stonechat (Saxicola maurus) 0.9 (0.28 - 1.68) 0.01 (0-0.024) 0.15(0.01) 1.22(0.15)
Variable Wheatear (Oenanthe picata) 33.19(27.16 - 40.17) 0.5(0.43-0.575) 0.15(0.01) 1.25(0.04)
White eared Bulbul (Pycnonotus leucotis) 93.68 (62.59 - 137.26) 0.21(0.16-0.257) 0.05(0.01) 2.89(0.33)
Yelloweyed Pigeon (Columba eversmanni) 8.59 (0 -32.23) 0.01 (0-0.02) 0.05 (0.01) 6.17 (4.77)
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Bird Species Richness w.r.t habitat preference
Observed richness of habitat groups at the grid level
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Figure 13. Mean (naive) species richness per point of Generalist (top left), Grassland-Desert specialist
(top right), Synanthropic and Woodland-Forest bird species for every 144 km? grid in the Bikaner
Landscape
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3.5 Species-habitat relationships
3.5.1 Mammals

Results of generalised linear models on detection rates of mammals along line transects
showed contrasting effects of habitat characteristics on species’ abundance at cell-level
(Table 7). Chinkara abundance decreased but nilgai abundance increased with the
proportion of area under cultivation. Dog abundance was positively associated with flat,
disturbed areas. Desert fox and Desert cat abundances did not show any response to these
habitat gradients.

Table 7. Habitat relationships of select mammals in Bikaner landscape (2021): species’ abundance
measured as logarithm of 1 + mean number of individuals detected km™" in a cell analysed against
habitat factors using generalised linear models. Model-averaged untransformed mean (SE) parameter
estimates of significant effects (p<0.1) are reported; positive values indicate that the species’
abundance increases with the covariate and the converse.

Species Factor 1 Factor 3 Factor 4 Canal

Proportion of area

Flat (+) vs undulating (-) Disturbances cultivated Canal length
Chinkara (Gazella bennettii) -0.18 (0.06)
Desert Cat (Felis lybica ornata)
Desert Fox (Vulpes vulpes pusilla)
Dog (Canis familiaris) 0.09(0.02) 0.11(0.02)
Nilgai (Boselaphus tragocamelus) 0.06 (0.02)

3.5.2 Large birds

Results of generalised linear models on detection rates of large birds along line transects
indicated that Egyptian vulture, Steppe eagle and Laggar falcon abundance decreased in
canal-irrigated areas, and Black winged kite abundance increased with disturbances and
proportion of area under cultivation (Table 8).

51



Table 8. Habitat relationships of select large birds in Bikaner landscape (2021): species’ abundance

measured as logarithm of 1 + mean number of individuals detected km™ in a cell analysed against

habitat factors using generalised linear models. Model-averaged untransformed mean (SE) parameter

estimates of significant effects (p<0.1) are reported; positive values indicate that the species’

abundance increases with the covariate and the converse.

Species

Factor 1

Flat (+) vs undulating (-) Disturbances

Factor 3

Factor 4 Canal
Proportional
area cultivated  Canal length

Demoiselle Crane (Grus virgo)

Griffon Vulture (Gyps fulvus)

Egyptian Vulture (Neophron percnopterus)
Cinereous Vulture (Aegypius monachus)
Steppe Eagle (Aquila nipalensis)

Tawny Eagle (Aquila rapax)

Short-toed Snake Eagle (Circaetus gallicus)
Eastern Imperial Eagle (Aquila heliaca)
Long-legged Buzzard (Buteo rufinus)
White-eyed Buzzard (Butastur teesa)
Common Kestrel (Falco tinnunculus)
Laggar falcon (Falco jugger)

Black-winged kite (Elanus caeruleus)
Shikra (Accipiter badius)

Eurasian sparrow hawk (Accipiter nisus)

-0.08 (0.03)

0.02(0.01)

-0.12(0.06)

-0.05(0.02)

-0.04 (0.02)

0.03(0.01)

3.5.3 Small birds

Results of generalised linear models indicated that habitat characteristics influenced

population status. Common babbler, Eurasian collared dove, Grey francolin, Indian peafowl,
Indian robin, Lesser whitethroat, Red vented bulbul and White eared bulbul selected flat over

undulating terrain. Effects of anthropogenic variables differed between species. Distribution
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and abundance of Black crowned sparrow lark decreased, while that of Black drongo,
Common hoopoe, Eurasian collared dove, Grey francolin, Indian black ibis, Jungle babbler,
Purple sunbird, Red wattled lapwing and Rose ringed parakeet increased with the proportion
of area cultivated. Disturbances adversely affected Ashy crowned sparrow lark, Greater short
toed lark, and Yellow eyed pigeon but favoured Common babbler, Eurasian collared dove,
Grey francolin, Indian Peafowl, Indian Robin, Red vented bulbul, Rock pigeon and Variable

wheatear. Lastly, the canal favoured Indian roller, Rose ringed parakeet and Rufous treepie
(Table 9).
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Table 9. Bird-habitat relationships in Bikaner landscape (2021): for each species, distribution and

abundance were analysed against habitat factors and canal length using generalised linear models

and the untransformed mean (SE) parameter estimates for significant effects (p < 0.1) are reported.

Positive values indicate that the species’ distribution and/or abundance increases with the covariate

and the converse.

Response Distribution (proportion of points occupied) Abundance (Log mean count per point + 1)
Predictors factor1 factor2 factor3 factor4 canal factor1 factor2 factor3 factor4 canal
Flat (+) vs Soil (+) vs Disturb- Proportion of Canal Flat (+) vs Soil (+) vs Disturb- | Proportion of Canal

Species undulating (-)| sand (-) ances area cultivated length undulating (-) | sand (-) ances |area cultivated, length

Ashy-crowned Sparrow Lark -0.45 (0.27) -0.04 (0.02)

Black-crowned Sparrow Lark -0.36 (0.15) -1.11 (0.35) -0.07 (0.03)

Black Drongo 0.36(0.18) 0.51(0.14) 0.07 (0.02)

Black Redstart

Brown Rock Chat

Chestnut-bellied Sandgrouse

Common Babbler 0.38(0.1) 0.17(0.09) 0.17 (0.06) 0.13(0.06)

Common Hoopoe 0.97 (0.46) 0.01 (0)

Common Woodshrike

Crested Lark -3.52(1.8) 2.09(1.24)

Desert Lark 0.05(0.02)

Desert Wheatear -0.43 (0.15) | -0.32 (0.19)

Eurasian Collared Dove 0.2 (0.09) 0.61 (0.09) 0.24 (0.09) 0.19(0.07) 0.35(0.07) | 0.16(0.07)

Great Grey Shrike

Greater Short-toed Lark -0.67 (0.19) -0.17 (0.07)

Green Bee-eater

Grey Francolin 0.35(0.12) 0.32(0.12) 0.34(0.1) -0.8(0.42) | 0.09(0.03) 0.08 (0.03) | 0.09 (0.03) | -0.25(0.1)
House Crow 0.26 (0.16) | -1.36(0.75)

House Sparrow 0.2 (0.12) 0.2(0.12) | 0.24(0.12)

Indian Black Ibis 0.9(0.32) 0.04 (0.02)

Indian Peafowl 0.86 (0.37) 0.86 (0.35) 0.06 (0.02) 0.05 (0.03)

Indian Robin 0.9 (0.5) 0.79 (0.45) 0.02 (0.01) 0.02 (0.01)

Indian Roller 0.37(0.17) | 1.53(0.62) 0.01(0.01) 0.12(0.03)
Indian Silverbill

Isabelline Shrike 0.01(0.01) 0.04(0.02)
Isabelline Wheatear -0.66 (0.31) -0.04 (0.02)
ungle Babbler 0.74(0.26) 0.04 (0.02)

Laughing Dove 0.02(0.01)

Lesser Whitethroat 0.65 (0.29) -0.55 (0.23) -4.37(1.97) | 0.02(0.01) -0.08 (0.04)
Plain Prinia -0.52 (0.29) -0.01 (0.01)

Purple Sunbird 0.37(0.19) | 0.49(0.14) 0.04 (0.02)

Red-vented Bulbul 0.35(0.14) 0.47 (0.15) 0.09 (0.04) 0.08 (0.04)

Red-wattled Lapwing 0.84(0.23) 0.05(0.01)

Rock Pigeon 0.29 (0.15) 0.07 (0.03)

Rose-ringed Parakeet 0.65(0.18) | 1.32(0.63) 0.07 (0.03) | 0.22(0.1)
Rufous Treepie 2.7 (1.33) 0.04 (0.02)
Siberian Stonechat

Variable Wheatear 0.19(0.09) 0.06 (0.03)

White-eared Bulbul 0.44(0.12) 0.09 (0.05) 0.34(0.18)
Yellow-eyed Pigeon -1.17 (0.49) | -1.26 (0.61) -0.05 (0.02) | -0.03 (0.02)
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3.6 Wetland Hotspot:Surve

A total of 24,674 individuals of 95 species across 36 families were counted in four survey
sites. Asummary of the species’ total count is given below (Table 10). Common Coot (13,707),
Demoiselle Crane (1,138), Common Pochard (1,690), Common Teal (1,567), and Gadwall
(1,134) were the most abundant waterbirds comprising 78% of total birds counted across all
survey sites. Two globally Endangered (Egyptian Vulture and Steppe Eagle), two Vulnerable
(Common Pochard and River Tern), and six Near-Threatened species (Black headed Ibis,
Dalmatian Pelican, Eurasian Curlew, Ferruginous Duck, Northern Lapwing, and Painted
Stork) were encountered (Table 10).

3.6.1 Canal escape wetlands at RD 750 and RD 507

Wetlands formed by the escape channels of the Indira Gandhi Canal (namely RD 507 and RD
750) were seen hosting a large number of waterbirds. The escape water of the canal created
these connected interdunal lakes of diverse depth profiles. RD 750 is the largest wetland
among the four surveyed water bodies, spread over 15 km? RD 507 is a smaller wetland
spread across 3 km? with three connected water bodies.

We recorded 15,691 individuals of 76 bird species in RD 750 that was dominated by Common
Coot (8,814 individuals) > Common Pochard (1,645) > Common Teal (1,231) > Gadwall (930)
> Northern Pintail (440). Whereas, we recorded 6,501 individuals of 34 species in RD 507,
dominated by Common Coot (4,564) > Common Teal (372) > Gadwall (228) > Northern
Shoveler (250). Globally Near-Threatened Dalmatian Pelican (55), Northern Lapwing (1), and
Painted Stork (8) were also sighted at RD 507.
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3.6.2 Gajner Lake

Gajner Lake is a small human-made lake with about 0.20 km? of water spread that is a part
of the Gajner Wildlife Sanctuary. Historically, it was a hunting ground for the royal family of
Bikaner. In total, 758 bird individuals of 38 species were counted in the Gajner wetland.
Common Coot (294) > Common Moorhen (101) > Northern Shoveler (80) were among the
most common waterbirds here. Two globally Near-Threatened species (Black headed ibis
and Ferruginous Duck) and one globally Vulnerable Species (River Tern) were recorded in
Gajner Lake.

3.6.3 Lunkaransar Salt Lake

Lunkaransar is a natural salt lake of around 2.5 km? area that attracts many winter migratory
waterbirds. We counted 1,749 individuals of 25 bird species in Lunkaransar Lake. Large flocks
of Demoiselle Crane (946) > Northern Shoveler (436) > Pied Avocet (126) were recorded here.

Table 10. Summary of birds seen at surveyed wetland hotspots in the Bikaner district. The values in
the table represent raw counts of birds quantified through the simultaneous block count method.

Order Family Species IUCN RD RD |[Gaj- tunkar-
status |507 [750 |ner nsar
Accipitri Accipitridae Eagle (Unidentified) NA 0 1 0 0
formes Egyptian Vulture (Neophron
percnopterus) EN 0 0 0 9
Osprey (Pandion haliaetus) LC 0 3 0
Shikra (Accipiter badius) LC 0 2 1 0
Short toed SOke Eagle (Circaetus
gallicus) LC 0 1 0 0
Steppe Eagle (Aquila nipalensis) EN 0 2 0 0
IAnseri lAnatidae Bar-headed Goose (Anser indicus) LC 4 102 0 0
formes Common Pochard (Aythya feriO) VU 28 1645 P 1
Common Teal (AOs crecca) LC 372 1231 P 54
Eurasian Wigeon (Mareca penelope) [LC 53 337 0 5
Ferruginous Duck (Aythya nyroca) NT 1 43 o 0
Gadwall (Mareca strepera) LC 228 930 0 0
Garganey (Spatula querquedula) LC 125 0 0 0
Greylag Goose (Anser anser) NA 0 1 0 0
Indian Spot-billed Duck (AOs
poecilorhyncha) NA 0 3 0 0
Mallard (AOs platyrhynchos) LC 60 89 0 0
Northern Pintail (AOs acuta) LC 200 440 5 12
Northern Shoveler (Spatula clypeata) |LC 250 207 O 436
Redcrested Pochard (Netta rufi0) LC 192 158 0
Ruddy Shelduck (TadorO ferruginea) [LC 0 13 0 0
[Tufted Duck (Aythya fuligula) LC 6 6 0 0
Duck (unidentified) NA 0 29 53 0
Charadrii Charadriidae Little Ringed Plover (Charadrius
dubius) LC 0 59 6 P
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Order Family . IUCN [RD [RD [Gaj- tunkar-
Species
status |[507 [750 |ner nsar
formes Northern Lapwing (Vanellus vanellus) [NT 1 0 0 0
Red wattled Lapwing (Vanellus
indicus) LC 9 26 10 13
Whitetailed Lapwing (Vanellus
leucurus) LC 3 0 0 P
Glareolidae Little Pratincole (Glareola lactea) LC 1 0 0 1
Small Pratincole (Glareola lactea) NA 0 5 0 0
Laridae River Tern (Ster0 aurantia) U 4 3 a 0
Recurvirostridae |Black-winged Stilt (Himantopus
himantopus) LC 61 3 14 38
Pied Avocet (Recurvirostra avosetta) |LC 77 1 0 126
Scolopacidae Common Greenshank (Tringa
nebularia) LC 0 3 0 0
Common Sandpiper (Actitis
hypoleucos) LC 0 39 1 7
Common Snipe (GalliOgo galliOgo) LC 0 0 D 0
Eurasian Curlew (Numenius arquata) |NT 0 0 0 P
Ruff (Calidris pugOx) LC 3 33 0 6
Spotted Redshank (Tringa erythropus)|LC 0 0 0 7
[Temminck's Stint (Calidris temminckii) [NA 0 2 0 0
Ciconiiforme |Ciconiidae IAsian Openbill (Astomus oscitans) LC 0 9 0 0
s Black Stork (Ciconia nigra) LC 0 31 0 0
Painted Stork (Mycteria leucocephala) [NT 8 59 0 P
Columbiform [Columbidae Eurasian Collared Dove (Streptopelia
es decaocto) LC 0 0 0
Rock Pigeon (Columba livia) LC 0 0 10 0
Coracii Alcedinidae Common Kingfisher (Alcedo atthis) LC 0 1 0 0
formes Pied Kingfisher (Ceryle rudis) LC 0 2 0 0
\Whitethroated Kingfisher (Halcyon
smyrnensis) LC 0 3 0
Coraciidae Indian Roller (Coracias benghalensis) [LC 1 4 0
Meropidae Green Beeeater (Merops orientalis)  |LC o 5 0
Falconi Falconidae
formes Falcon (unidentified) NA 0 1 0 o
Galli Phasianidae Grey Francolin (Francolinus
formes pondicerianus) LC 0 2 : 0
Indian Peafowl (Pavo cristatus) LC 0 0 [7 0
Grui Gruidae Demoiselle Crane (Grus virgo) LC 0 192 P 046
formes Rallidae Common Coot (Fulica atra) LC 4564 8814 P94 B5
Common Moorhen (Gallinula
chloropus) LC 4 23 101 8
\White-breasted Waterhen
(Amaurornis phoenicurus) LC 0 0 3 0
Passeri Alaudidae Crested Lark (Galerida cristata) LC 0 0 0 P
formes Lark (Unidentified) NA 0 0 o 0
Corvidae House Crow (Corvus splendens) LC 0 2 0 0
Rufous Treepie (Dendrocitta
agabunda) LC 0 0 P 0
Dicruridae Black Drongo (Dicrurus macrocercus) |Lc 2 6 0 o
Hirundinidae Barn Swallow (Hirundo rustica) NA 0 3 5 0
Dusky Crag Martin (Ptyonoprogne
concolor) LC 0 20 0 0
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Order Family . IUCN [RD [RD [Gaj- tunkar-
Species
status |[507 [750 |ner nsar
Swallow (unidentified) NA 0 3 0 0
Laniidae Isabelline Shrike (Lanius isabellinus) |LC 0 1 0 0
Leiothrichidae |Common Babbler (Argya caudata) LC o 15 0 o
Motacillidae Citrine Wagtail (Motacilla citreola) LC 0 4 0 0
Grey Wagtail (Motacilla cinerea) LC 0 1 0 B
Tree Pipit (Anthus trivialis) LC 0 2 0 0
Western Yellow Wagtail (Motacilla
flava) LC 0 7 b 0
White browed Wagtail (Motacilla
maderaspatensis) LC 0 3 0 0
White Wagtail (Motacilla alba) LC 1 53 0 0
Muscicapidae Black Redstart (Phoenicurus ochruros)|LC 0 1 0 0
Variable Wheatear (OeOnthe picata) |LC 0 1 0 0
Nectariniidae Purple Sunbird (Cinnyris asiaticus) LC 0 2 0 0
Passeridae House Sparrow (Passer domesticus) [LC o 0 a 0
Rhipiduridae White-browed Fantail (Rhipidura
aureola) LC 0 2 0 0
Sturnidae Common Starling (Sturnus vulgaris)  |LC 6 0 0 o
Pelecani Ardeidae Cattle Egret (Bubulcus ibis) LC o 6 0 0
formes Great Egret (Ardea alba) NA 1 33 1 0
Grey Heron (Ardea cinerea) LC 1 37 o 11
Indian Pond Heron (Ardeola grayii) LC 0 3 P 6
Intermediate Egret (Ardea intermedia)|LC 0 30 3 0
Little Egret (Egretta garzetta) LC 0 60 3 0
Pelecanidae Dalmatian Pelican (Pelecanus crispus) [NT 55 31 0 0
Threskiornithida [Black-headed Ibis (Threskiornis
e melanocephalus) NT 0 0 P 0
Eurasian Spoonbill (Platalea
leucorodia) LC 44 124 N 0
Indian Black Ibis (Pseudibis papillosa) [NA 0 5 0 0
Podicipedi |Podicipedidae |Great Crested Grebe (Podiceps
formes cristatus) LC 0 5 0 0
Little Grebe (Tachybaptus ruficollis)  [LC 14 95 11 18
Psittaci Psittacidae Rose ringed Parakeet (Psittacula
formes krameri) LC 0 0 6 0
Pterocliform |Pteroclidae
es Sandgrouse (Unidentified) NA 0 0 0
Strigiformes [Strigidae Indian Eagle Owl (Bubo bengalensis) |LC 0 1 0
Suliformes |Phalacro Great Cormorant (Phalacrocorax
coracidae carbo) LC 93 57 6 0
Indian Cormorant (Phalacrocorax
fuscicollis) LC 0 8 13 0
Little Cormorant (Microcarbo niger) |LC 29 56 38 0
Total 6501 (15691 758 1749
Grand Total 24699
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3.6.4 Jorbeed Conservation Reserve

Jorbeed is a 56 km? Conservation Reserve 12 km from Bikaner city. Jorbeed records a high
number of diverse raptor species. Lots of them migrate there during winters. We recorded
11 raptor species, out of which 2 are endangered (Table 11).

Table 11. List of raptors sighted at Jorbeed Conservation Reserve

Species IUCN status
Black Kite (Milvus migrans) LC
Cinereous Vulture (Aegypius monachus) NT
Common Kestrel (Falco tinnunculus) LC
Eastern Imperial Eagle (Aquila heliaca) VU
Egyptian Vulture (Neophron percnopterus) EN
Eurasian Griffon (Gyps fulvus) LC
Himalayan Griffon (Gyps himalayensis) NT
Long Legged Buzzard (Buteo rufinus) LC
Steppe Eagle (Aquila nipalensis) EN
Tawny Eagle (Aquila rapax) VU

i
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3.7 Community perceptions

We targeted 170 respondents from 61
villages in 24 cells for questionnaires. Three
samples were rejected from analysis as they
included contradictory responses. Samples
were largely from the central part of the
Bikaner landscape. Only 1.7 (SE 1.0) %
respondents (n = 4) had seen the Great Indian
Bustard around their villages in the last five
years.

When asked about the occurrence of focal
species around villages, reporting
frequencies were highest for Dog, Nilgai and
Fox, followed by Chinkara, Crane and Wild pig
(Figure 14). Reporting frequencies were
positively correlated among species at the
village level (Pearson'’s coefficient, r=0.4-0.9
among species-pairs). Ordination analyses
revealed two major patterns of species’
reportings. The first gradient (factor 1
explaining 55% variance was positively
correlated with reporting frequencies of all
species except Wild pig) indicated general
wildlife reporting at a village. The second
gradient (factor 2 explaining 10% variance
was negatively correlated with Chinkara
reporting and positively correlated with Nilgai
and Wild Pig reporting) indicated villages with
greater Nilgai and Wild Pig reporting and less
Chinkara reporting (Figure 14).
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Figure 14. Mean (SE) reporting frequencies of
(left) occurrence of focal species, (center)
species that currently occur more than
earlier, and (right) species that currently occur
less than earlier in village areas of Bikaner
landscape (2021) based on questionnaires
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around their villages, and 42 (SE 5) % of
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Figure 15. Patterns of species’ reporting in B

landscape (2021) based on questionnaires

Species reporting pattern 2: less chinkara, more nilgai & wildpig

ikaner

respondents reported that these areas were managed for wildlife protection by the Forest
Department or communities (Orans), whereas, an equal proportion reported that such areas
were not actively managed. Notably, 12 (SE 3) % of respondents complained about recent
encroachment of conservation areas adjoining villages.
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to wildlife conservation management in Bikaner landscape (2021) based on questionnaires
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4.1 Ecological baselines

Large-scale ecological surveys have rarely been conducted in the Bikaner region. Thus, our
study forms a baseline that can facilitate upcoming studies in the region. Such baselines are
important for assessing the impacts of environmental changes on native biodiversity,
particularly in the current age of land use and climate change. Our survey methodology is
reproducible and can be replicated in future. This will provide information on biodiversity
and ecological trends and allow a deeper understanding of the effects of large-scale changes
in habitat and climate. Through this report, we provide a detailed account of the status of
Chinkara and Desert fox in the Bikaner landscape. The chinkara is a revered animal in
Rajasthan’s culture and is also the state animal of Rajasthan. Yet, few systematic surveys of
the species have been conducted. The existing estimates for the Chinkara population in the
Bikaner district (Dookia 2009, Kankane 2000) have limited use for temporal comparisons
since these surveys have methodological issues such as road-based transects, small sample
size, non-representative sampling, and no correction for non-detection. Our estimates will
form a robust baseline for comparison across space and time and is comparable with the
Thar survey that is regularly conducted in the Jaisalmer district (Dutta et al. 2018). Similarly,
the Desert fox, a ubiquitous animal in the desert, is largely under-surveyed and very little
information is available about its population status. We present the first landscape wide
estimate for the population of Desert fox from the Bikaner landscape.

4.2 Important sightings

1. Mammals: One individual of Indian grey wolf was reported from the Chattargarh
region during the survey. Wolves have been recorded historically from this landscape
(see Jhala and Giles, 1991), but recent records have been sparse.

2. Birds: We recorded 10 species of threatened birds. The list includes 7 species of
raptors, i.e. Indian vulture, Egyptian vulture, Steppe eagle, Eastern imperial eagle,
Greater spotted eagle, Indian spotted eagle and Tawny eagle. The rest of the three
threatened species were Stoliczka's bushchat, Yellow-eyed pigeon and Common
pochard. Egyptian vulture, a resident raptor that breeds in the Bikaner landscape, was
recorded in abundance. Similarly, Steppe eagle was encountered commonly with an
encounter rate of 3.06 / 100km. However, our generalized linear model showed a
decrease in Steppe eagle abundance in canal irrigated areas. Stoliczka's bushchat, a
rare and cryptic species, was recorded in Khajuwala and Mahajan Field Firing Range,
adding additional distribution records to the range of the understudied bird
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(Rahmani, 1996). Northern lapwing, a rare winter migrant to northwestern India, was
seen in RD 507 wetland.

4.3 Comparison between Bikaner and Jaisalmer landscapes

Our current survey in Bikaner and the regular surveys in Jaisalmer (Dutta et al. 2018) have
allowed us to compare the socio-ecological characteristics of these adjoining districts which
are similar in terms of bioclimate but have different trajectories of land-use change.

4.3.1 Habitat

Compared to Jaisalmer, the Bikaner district is more undulating with a predominance of sandy
substrate. Consequently, the proportion of shrublands is much higher and the proportion of
grasslands much lower in Bikaner as compared to the Jaisalmer district. In terms of human
artefacts, the proportion of points with powerlines was seen to be higher in Bikaner (0.52)
than in Jaisalmer (0.42).

4.3.2 Mammals

The difference in habitat and perhaps the difference in climatic conditions is reflected in the
density of two mammal species which we surveyed rigorously. The density of Desert fox was
almost four times higher in Bikaner (0.58 per km?) as compared to Jaisalmer (0.15); that of
Chinkara was twice that of Jaisalmer (2.05) in Bikaner (4.27). The potential reasons for these
differences are climate (Bikaner is less arid), habitat (Bikaner is more shrubby), terrain
(Bikaner is more undulating) and social outlook towards wild animals.

4.3.3 Small birds

The winter bird assemblage in Bikaner was dominated by common species such as Eurasian
collared dove, House sparrow, White-eared bulbul and Red-vented bulbul. It was almost
completely devoid of understory insectivores (e.g., Desert wheatear, Isabelline wheatear,
Cream-coloured courser). This is in stark contrast to the pattern in Jaisalmer district (Kher
and Dutta 2021). The probable reason for this might be the lack of productive grasslands and
the general agriculturalization of the landscape that have facilitated these generalist species
and negatively affected the specialist species.
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4.4 Species habitat associations

Bikaner district presents a variety of habitats that can influence the distribution and ecology
of local fauna. Apart from the natural features described in the results section,
anthropogenic activities (agriculture and livestock grazing) also vary considerably across the
landscape. Our analyses looked at how some of these gradients affect the distribution and
abundance of key wildlife species at a landscape scale.

For example, the Chinkara, although present across the region, showed a significant decline
in abundance with an increase in irrigation and irrigated agriculture. This validates
predictions of other studies (Rahmani and Sankaran, 1991i) from the past, which have listed
the development of irrigated agriculture due to the Indira Gandhi Canal as a major threat to
the Chinkara population in the Thar desert. On the contrary, Nilgai seemed to increase
considerably with the increase in the proportion of irrigated agriculture in the cell. A potential
reason for the contrasting patterns might be the availability of surface water, which limits
the distribution of Nilgai in the non-irrigated parts of the desert.

Habitat associations of carnivore species in the landscape were markedly different from
herbivores. The Desert fox did not show any detectable change in density in response to
terrain, substrate, irrigation or proportion of cultivated area in the landscape. This is
potentially due to the adaptable nature of the species, which allows it to survive in a variety
of habitats, including human-dominated landscapes. However, free-ranging domestic dogs
were positively associated with flat terrain and anthropogenic disturbance. Other studies
from the Thar desert have shown that free-ranging dogs depend on settlements for subsidies
and that their usage is maximum in wildlife areas close to settlements (Mohandas, 2017;
Pandey, 2021 unpublished data). Our results are in consonance with this general pattern. We
also recorded Desert cats during our surveys but could not discern their habitat relationships
due to the small sample size.

For birds, there were three prominent abundance and distribution patterns. Some birds, like
the Steppe eagle, Egyptian vulture, Yellow-eyed pigeon, Black-crowned sparrow lark, were
significantly less in areas under irrigation and cultivation. These represent the species that
are vulnerable to landscape-level land-use change. Raptors were unsurprisingly the worst
affected group as they are large ranging and placed higher up on the trophic scale. The
second group constituted birds that were favoured by irrigation and irrigated agriculture.
Most of these species, such as the Indian Roller, Rufous treepie, Rose-ringed parakeets, were
found almost exclusively in irrigated areas; and other studies have shown that their
distribution in the area has historically been driven by the Indira Gandhi Canal (Rahmani and
Soni 1997). The third group consisted of synanthropic or generalist species that were found
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in greater numbers in distrubed areas, e.g., Indian peafowl, Black drongo, Eurasian collared
dove. Some birds were also associated with terrain: the Indian robin, Indian peafowl, and
Common babbler were more widely distributed and abundant in flat terrain.

4.5 Wetlands

Wetlands are important socio-ecological systems and provide ecosystem services to both
humans and wildlife. They are particularly important for waterbirds, which depend on them
entirely for feeding and breeding. Many of India’s wetlands fall on the Central Asian Flyway
and are important migratory grounds for Eurasian species. Considering their
disproportionate ecological importance, we surveyed one natural and three artificial
wetlands. The natural waterbody, Lunkaransar Lake, was an important wintering ground for
the Demoiselle cranes, which congregate here in large numbers. The lake also hosts other
migratory birds of saline and brackish waters such as Pied Avocet and inland water birds like
the Northern shoveler and Great crested grebe. The two artificial water bodies (750 RD and
507 RD), formed by the escape water of the Indira Gandhi Canal, were also found to be rich
in migratory avifauna. The 750 RD, which comprises many small and large water bodies,
supported a very diverse bird community, probably driven by the higher habitat
heterogeneity and, therefore, more foraging niches. A total of 15,666 individuals belonging
to 76 bird species were recorded at 750 RD. This included many waterfowls, waders and
raptors, most of whom depend entirely on large water bodies.

Some of the species found in these three wetlands are charismatic and sought after by
nature enthusiasts and wildlife photographers, thus providing an opportunity for eco-
tourism. Eco-tourism could provide an additional livelihood to the people living in the area
and help increase environmental awareness. But several factors should be considered
before planning an ecotourism site. Tar road network for accessing the site can facilitate
tourism, thereby generating more conservation revenue and livelihoods, but can have
adverse effects on the wetland bird communities, through the fragmentation of habitats,
restriction on bird movements, increased mortality from collisions, and general
disturbances, as shown by some studies (Gois et al., 2018). Notably, all three wetlands are
currently managed by local communities for fishing and allied activities that are perhaps
compatible with wetland conservation, given the high avian diversity and abundance. Thus,
any management intervention in the area should be done in consultation and collaboration
with the fishers to avoid negative repercussions on their livelihoods that may arise from
stringent restrictions. While this ecosystem is very significant for birds and humans and
needs to be conserved, the above factors need to be considered when planning
management strategies.
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4.6 Social perception

Questionnaires revealed a high degree of wildlife awareness among the local people of
Bikaner. Responses pertaining to wildlife status, trends and threats were realistic and in line
with expert views on this subject. Reporting frequencies of wildlife trends, particularly the
increasing occurrences of Dog, Nilgai and Wild pig, and the decreasing occurrence of
Chinkara are congruent with scientific observations on the Thar desert ecosystem (Dutta et
al., 2018). Such patterns are believed to result from increased water availability due to
irrigation and the concomitant spread of agriculture and human footprint that have
facilitated species such as free-ranging Dogs and Nilgai. Respondents identified habitat loss
due to agricultural expansion and intensification as the most important threat to regional
wildlife and pointed out very specific threats such as borewell irrigation, fencing and
pesticide use that are prevalent across the Bikaner landscape. Such extensive changes in
land use and the emergence of new infrastructure (particularly power lines - Jhala et al. 2020)
is a likely reason behind the disappearance of the Great Indian bustard from much of its
historical range in Bikaner. Unsurprisingly, only 2% of respondents reported sighting the
species in recent times. Large areas of the Bikaner landscape were reserved for pastoral use
as gauchars and Orans that also harboured wildlife. However, as noted by respondents, such
areas have been encroached on for cultivation. Strengthening traditional institutions that are
compatible with wildlife will be the key to conservation in such vast, unprotected, yet
biodiversity rich landscapes.

4.7 Capacity building through citizen science surveys

Awareness about the natural world is essential for both ecological and human well-being;
and generally arises from first-hand experience with plants, animals, wildlife and wilderness.
At the same time, structured observations by citizens contribute significantly to our
understanding of biodiversity and wildlife. Citizen science is thus considered an important
part of modern-day ecological research. We conducted the Bikaner Survey 2021 in a citizen
science framework considering the huge potential of large-scale surveys in training research
personnel and promoting nature awareness. To achieve these dual objectives, we
collaborated with local institutions and civil society and conducted the survey through a
volunteer driven effort.

Volunteers and interested students were trained through a two-stage workshop. The first
stage consisted of a classroom workshop held at Govt. Dungar College, which sensitized the
audience about the biodiversity of the Thar landscape and the basics of ecological research.
In the second stage, students and volunteers were taken to the Jorbeed Conservation reserve
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and trained in ecological survey techniques and instrumentation. 52 students/volunteers
attended the workshop and were sensitised towards desert biodiversity. Nineteen
students/volunteers further joined us for the large scale surveys and got trained in desert
ecology, wildlife survey techniques and basics of field biology.

4. Management implications

The Bikaner region is undergoing large-scale land-use changes due to irrigated agriculture,
infrastructure and industries. Natural habitats are reducing, and traditionally conserved
Orans are being encroached on for agriculture, reducing wildlife habitats and pastures for
livestock. Borewell irrigation has flourished in the recent past, posing concerns over
groundwater sustainability. Yet, some of these developmental activities are necessary for the
social and economic development of the local populace. Moreover, the Bikaner region does
not have many PAs, which can safeguard some parts of the landscape from ecologically
destructive changes. Consequently, a mixed conservation strategy based on land sparing and
land sharing principles is advocated to safeguard conservation priorities along with
sustainable development - values that are also shared by the local communities who
requested this survey via the Hon'ble Member of Parliament. Traditional conservation ethos
is strong in the landscape, and we believe that strategic conservation efforts can find ground
support in the region. Local residents interviewed during the survey were aware of the
resident fauna, general conservation trends and threats and reported many recent instances
of agricultural encroachment of conservation areas. We thus recommend that strategic
conservation plans be developed for the region by assessing the impacts of the
abovementioned threats on key conservation-dependent species and harmonising their
mitigation with objectives of human livelihoods and well-being. In this regard, our survey
builds up a foundation for more research to build upon. Yet, given the snapshot nature of
our survey, we advocate the need for more long-term and focused studies for planning
effective conservation measures. Nonetheless, some of the key recommendations based on
this survey, and consultation with the State Forest Department and local
Universities/Institutions, are as follows:

1. Sites such as Jorbeed Conservation Reserve, Deshnok Oran, Tokla Oran, Bhinjranwali
and 750RD require greater conservation emphasis given their wildlife values. The
exact conservation actions should be planned through research followed by
consultation between local conservation institutions and stakeholders. Agricultural
encroachment in Orans needs to be reduced by strict enforcement and strengthening
local management institutions through consultation with locals.
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2.

Impacts of potential threats such as power lines, free-ranging dogs and fences need
to be mitigated, preferably across the landscape and at least around these key sites.
Power lines are a known cause for collision and mortality of birds and bats. Some key
sites where power lines need to be mitigated by installing Bird Flight Diverters include
areas with high raptor and waterbird populations such as Jorbeed, Deshnok oran,
RD507, RD750, Lunkaransar Lake. Whereas the large population of free-ranging dogs
are a potential threat to native fauna through the effects of predation, competition
and disease risk. Our observations in Jaisalmer also suggest that dogs often corner
and predate chinkara at fences; hence, their combined presence can be particularly
detrimental.

Few grassland areas can be restored across the landscape through fencing, grass
plantations and restriction of livestock movement in initial years and rotational
grazing in subsequent years to benefit grassland specialists that are currently rare or
missing in the region and to simultaneously support livestock production. Similarly, a
fodder farm model of grassland management (similar to the vidi system in Gujarat)
can be adopted in some suitable areas to facilitate both wildlife and domestic
livestock.

Select wetlands can be promoted for ecotourism to generate conservation revenues
and livelihoods, although the exact management actions should be carefully planned
through consultation with existing stakeholders and research to avoid any
unintended detrimental effect on bird conservation and existing livelihoods.

The current survey approach can be reproduced once every 4-5 years by the network
of conservation institutions and individuals active in this region, in a citizen science
framework, to monitor the wildlife trends and highlight important conservation
threats for mitigation. The multiple season species' distribution data generated from
these surveys can aid in spatial conservation prioritization, wherein some areas are
spared for biodiversity and others shared with agricultural production.
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