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INTRODUCTION

Bats [Chiroptera} are among the most widely
distributed and divarse mamimals in the ward, secanrd
only to rodents in both regards (Sinha 199%], India s
home te 127 spacies of bats [Talmale & Saikia 2018) and
the state of Aajasthan has a long history of chiropteran
study, There have been contributions by Blanford
[1885—91), Ryley (1914), Wroughton [1918), Ellerman &
WG TFS0N-SC0 {1951, Prakash (19632, b, 1973], Agrawal
[1967), Biswas & Ghosh (1968}, and Sénha {1973, 1975,
1976, 1%77) to chitopteran study in Rajasthan. Prakash's
[1963a) study in Hajasthan was limited to nine bat
species in the Thar Desert. Sinha {1980) carried owt the
first systematic study of bats covering all of Rajasthan,
discussing in great detail, both the tawonomy and
Toopeopraphy of 21 species based on a feld survey and
published literature. Some of these 31 species were
recoeded for tha first time in the state of Rajasthan
[Simha 1980} Sinha (1981), Sharma (1985, Bhupathy
{1987} and Senacha & Dookia (2013) recorded a new
specias gach for the state of Rajasthan. Srinivasulu et al
[#013) provided an ‘intensive account' of 25 bat species
recoaded in Rajasthan

Horevewer, despite targeted surveys and the Consistent
additton of new species to the list of bats oocurnng In
Rajasthan, it is believed that theee bat species have nol
been ohserved in the state for more than a century and a
half: the Lessar BMouse-eared Bat Myodis biythil [Tomes,
185T), the Large Barbasteltz Barbastelln darelingensis
[Hodgson, in Hossfield, 1855) and the Serotine
Bat Eptesicws serofinus pochyomus  {Tomes, 1857
Rzjasthan is | fact considered the type locality for two
af these spacias—Apols hlpthi and Eptesicus serofinus
poechpanrres (Thomas 191%  Wroughtaon 10928 Sinha
1GED: Bates & Harrison 1997 srinivasualu & Srinivasualu
2012; Srinivasulu et abk. 2013} informaton on these
bats Is fragmented, and the presence of these bats kas
only been gquestoned sporadically b=fore in Rajasthan
[Blanford 1884-%1; Topal 1971} In addition to not being
observed for more than a century, targeted field surveys
such as by Sinha (1940} did not yield any results. The
authoss thus propose a thorough chionological review
of published [iterature on these species to ascertain
just why there has been absolutelf no evidence of
occimrence for such a long period of fime,

vmitEesd TRxR | w
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OBSERVATIOMNS

Lesser Mouse-eared Bat Adyotis biythii |Tomes, 1857

Thie description far this species of hat{ then Vespertilin
bBlptiwii)was provided by B.F, Tomes {1857}, Rchert Fisher
Torres | 1823-1904] was an English farmer and 2oolopist
wiith an avid interest in Chiroptera, His description was
hazed pn a specimen preserved in the British Museum
and theus he did not collect the specimen himseif Tomes
{LE57) wate 1hat the Type specimen in The Boitish
Museum was labelled, "Hab. India, Maszenabad, from
hir. Warwick, 1848" and he added, " beliewa collected
by Captain Boys".

Tomes [1857] provides two pieces of information,
a location in India, the fact that the specimen was
=ant bo the British Mussum by a M. Waredck in 1848
Mow considering there zlready was a name aftached
to the specimen, why did Tomes (1857] speculate
that the mollector was Captain Boys? Whera precisely
"Mazeenzbad” & in India B oalso unknown, but Tomes
{1857 created confusion by specidating that the collector
might be Captain Boys. There is absolubedy no mention
of Rajasthan of as T was then known, Rajputama.

S st could e the reason b=hind this specutation ?
The “Mr. Warwick” referred to here was lohn Edington
Wareack, a 'maturalist’ employed by the Hoyal Surrey
foological Gardens in Wakworth, London at the tme {not
to be confused with the Zoclopical Gardens managed
by the Zoological Sodety of Lordon in Regent’s Park)
{Grigson 2016}, The gardens sourced amimals: for theair
displays from at least three continents during Warwick's
time {Editor 1235, lardine 1858; Scdater 1870; Grigson
J0LE). Wareick appears to have occasionally sourced and
procured animals back from owverseas personally, surch
as glraffes from Egypt tn 1836 (also browght back were
e cetriches, 18 Numbidian cranes, one camel and five
jerboas) which became the subject of o book sethored
by hm (Warwick 1B836; Grigson 2016}, The animals
displayed at the gardens ofien became spectmerrs foi
museums upon expiry. The gardens were clearly the
final destination of many kinds of fauna from owverseas,
and it appears that Warwick's specimens were even sobd
to museums, such as the Cuban nightjar to the Derby
Museumn in 1849 [Sclater 1864], a year after the British
Museumn received the type specimen for Mypohs bipthii.
It is therefora clear that although Warwick was certainly
the source of the specimen, he was not necessarily the
callecton, promptng Tomes [1857) to speculake that
perhaps It was Captain Boys wha collected it from the
field i tndia,
ﬁlgitdgﬁ d by Sat endrtas_’ulk1
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the collector might be Captain Boys. It is possible that
Tomes [1857] connected Captain Bovs to the locality
"Masirabad”, and assumed that was what was meant by
"Massenabad” o the specimen hbel However thers
ware multiple towns named “Matirabhad” in British
indiz. A background on Capt Boys maght shed soma
fight om such an assumption. Captain WALE Boys was an
officer i the 6% Regh Light Cavalry of the British East
Indiz Company and & known collector of specimens,
Masirabad in the district of Ajmer In Hajastharn has 3
very long history a:= a cantonment town. It s akso quite
possible that the labst "Massenabad” was a typalogical
error since error by curators was not unheard of in the
Eritish Museum during that period (Bendz & Mikovsky
208}

I should also be noted that Boys died three years
before Tomes (1857) authored his description and thus
coubd not be consulted o confirm nor refute the contents
af the descripbion o any work by subgequent suthor
Meverthelecs, the purposted ascociation of Captain Boys
with Maslrabad, Rajasthan led te the perpetustion of
certain assumptions regardmg the type locality of this
species, even though Tomes {1857 clearly mever made
any such claims.

Hwizs berdon ( LB& 7T} whao first made the claim that the
type specimen was procured from Rapasthan, and wrote
that * The bat was found by Captam Bows in Mussarabad,
Rajputana”. feedon (1867) made three assumphionrs in
this claim. The first is that the “Nassenabad” mentioned
by Tomes [1857) is "Musserabad”. The second is that
“Nusserabad” s In Rajputana [Rajasthan], thereby
becoming the first author to connect -an othenyise
amibiguous locafity to the skate of Rajasthan, This s
despite the fact there wers multiple towns with the
same name, wihich still axiet to this day In Independent
Indiz and Pakistan, including bn the Indian states of Utk
Pradesh and Uttarakhand, where Boys was olse known to
be active. The third |5 that the collector of the speclmen
was Captain Boys. Therefore, Jerdon {1876} stated what
was clearly a speculation by Tomes [1857) as fact

Cobson { 1878} m his ‘Cataloges of the Chiroptera in
the Lodlechon of the Brifish Mussum’, wrote that the
Type specimen was fram “ndia” and from The “Warneiok
Coll (Coll, =Coliection). Dobson |1878) was thas most
agprogriate in his treatment of the specimen, for he did
nok Includs sy speculative information in his sccount
and mentionsd the undisputed facts  alone, which
weere that the type specimen was from Indea snd that
the amgun waas the collectian of LE. Warwick. Blanford

TR R

Blythii was =aid to be from Mus:erabad, in Rajputana,
bt this locafity | think reguires confirmation”. Howsewer,
Elanford [18858-01) did not stress this point any further
and did nat elahorate why he thought =0

Following  lerdon  [1867), the aforementioned
assumphions regarding the locality and collector are
further perpetuated as facts by Thomas [(1915] in the
Bombay Matural Histery Sockety's tdlan Mamimal
Survey, "0 this group of large grey speces, the lndian
represantative in & Biythdl Tomes ofwhich the Museum
contains the type (skin and skull) from Musserabad
{Boys)”. Which was in burn, further perpstuated by
Elerman & Morrizon-5cott (1951}, who claimed that
the type locality of " 1857, vespertilio biythi Tomes” was
“Mazirabad, Rajputana™ and ondistribution, commented,
“Ranges o Simla, northern Indiz”. # should be noted
that the text by Ellerman & Maorrison-Scott (1953} did
riot exclusively focus on Chiroplera, but their text was
a chacklist an "PakearcHe and Indian Mamimaie 1758 th
1946, and beought "Rajputans’ Back lnto the discourse
cancerning this bat.

Mearhy a century after Blanford | LEBE-01 ) guestioned
the locality of the report, Topal [L971) commented an
the lmgrobabllity of Nasirabad, Rajasthan belng the
crigin of the type specimen discussed by Tomes [1857)
on ecological grounds, and also suggested that the
locality "Masserabad” was in all fikelihood, :omewhera
in the Himalayas. Topal (1971 wrote, “this site lies, on
the cne hand, at least 600 kme to the 5W of the nearest
focality of ococurrence of M. biythi, and, on the other,
in a climatically and rocgeographicslly utterly differest
region, separated by an @dtensive plain of hot and
mostly ey climate from the Himalayas. It s therefore
improbable that Masicabad, Rajputana, could bBe the
type-locality of M. biythl Since Mussoorie, Chamba,
Slmia [Dodsworth 1914), Kashmily, and probably the
locality Massenabad all belong to the climatically amd
wropecgraphically  essentiably  wnlform area of the
wiestern Himalaya, it s i all likeliheod Infkakited by 3
single form, the nominate one, of AMdyots biythi®

Nevertheless, sinha [1980) also gawve "Masirabad,
kajasthan® as the tyoe locality for "Wesperhiio btha
Tomes, 1857, Proc. zeof Sec, Load., 1857, p. 53% and
citing  Elkerman & Morrson-5cott (1951}, described
the distribubion of the specees in India o range from
“Masirabad {Rajasthan] to Simla, nothern india®, Sinha
{1980) thus @nored Dobson [1878), Blanford [1888-91)
and Topal (1971). 5inha {1980 caly examined 3 female
apecimen sodrced froom Chambsd [Himvachal Pradesh)

*

N‘{i&l@:&—kﬁijpwas the first to gueston whethar the lacality
-y il

during this ".IJFI.IE",.' and pat the bype specimean in the
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Bates & Harrison {1997} in their book on 8ats of the
indion Aubcontirent, acknowledged Blanford [1888-91)
and Topal {1971}, by marking the |locafity in Rajasthan
with a ", on their distributional map for Myofis biythi
In the section on distribution, Bates & Harrison {1997,
state the following, “Rajssthan; Nasirabad (type loc. of
biythi, but Topal, 1971 suggests the correct locality is
MWassenabad, possibly in the Himalayas)®

Srindvasuly B Srinivasulu (2012) in their ok on
“Checklist of South Asizn mammals” mentoned the
type locality Nasirabad, Rajasthan withouwt any further
comment. Evan mare recently, Srinivasulu et al. (2013)
[incledes ¥ S%inha as co-author] wrote that, "Adyotbs
Bipthi Blythi {Tomes, 1857 has been reported from
Masirabad [Ajmer District] which is atso its type localiby,
but Fopal sugpeststhatthe correct locality is Masearasbad,
possibly in the Himalayas" While acknowdedging the
arguments made by Topal (1971}, Srinheasulu ef ah
[2013) nevertheless perpetuated assumphons  first
made by lerdon [1267] by including this speciesin their
agcount of bats recorded in Rajasthan

The Serotine Bat Eptesicus serofinis  pochyornus
{Tomes, 1857)

in the same publicabion, Tomes [1857) also prowsded
a description for the Serobme Bat (then Scolophius
pechpontus), which was based on 3 specimen preserver
in the Britsh Museum. According to Tomes [L857], the
collector was “Capt. Boys" and the specimen was from
“Hab, Indiz". There is no mention of Rajasthan {then
known as Rajpuianal, but a non-specific type localiby in
the form of “India”.

Dobson [1878] wrote in his catalogee that the type
gpecimen for "Scofophilus packyomirs, Tomes™ was
fram "inde"” and collected by "Capt. Béys [C]7 This
is compbetely consistent with Tomes (1857 A far as
distributicn in India & concemed, Dobson (1878] did
not name Rojgutond nos any contiguoss reglon in the
distribusticn of the species, bul “Indla, wteere ib Inhabits
the salleys of the Himalayas”,

Ihie first account of this species purportedly cocurming
in Kajpurbang or Hagasthan s by Wroogghton (1918) 0 a
manner similar to the last species by lardon {1BET] In
the Bombay Matural History Socisty’s Indsan Mammal
Sureay, inwhich Wroughton (1918 wrote, “Type Locality:
Rajputana: Boys™, It appears that this is an assumption
presented as fact, quite possibly made on account of
the collectar of the fype speclimen BEing Captan Boys
Elle-'man & storrlson-Soott {1951) further perpetusted

b»}?hl&qsgﬂ'@th}n when 1‘|"|E"'|.' ncluded "Rajputana” in the
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the purported association bebween Captzin Boys and
Rajputanz or Masrabad, caused the perpetuztion of
assumptions as facts regarding the type locality of the
erimen

Simha (1980] also wrote that £ serofinus pachpamus
“is fopund in Rajasthan™ and that the bype Eocaliby for
“Soobpphikes pochyomus Tomes, 1857, Proc. ool Soc
Land,, LB5Y. p. 507 as "Aajpuwhara” Sinha (1980 then
further added, A&y informed by LE, Hill (Brit, Mus ) it
seains that Boy's coflecied the specimen in Rajputana,
probably near Nazirabad, but lzbelled “India”™; | failed
to collect it in Masirabad”. LE. Hill {now deceased) is
consistent with Tomes {1857 and Dwobson {1B78] on
the facts that Captain Boys collected the type specmen
and that it was indesd labelled "India”, howeser it is
evident that the oiigin of the specimen being Masirzbad
or anywhere else in Rojputong = guess work at best,
Boyws bieing the collector of the bype specimen might well
have informad Hill's speculatinn regarding the locality,
Despite 3 dear lack of confirmation, Sinha [1980)
incleded this spedies in his survay for R:tjﬂstban Tha
threg Indian specimens Sinha (1980} examinad for this
survey onglnated in "Kashmir®.

Bates & Harrison |19297) Included Rajasthan in
the distributional area of the species buil with the
tollowing cawveat, "Hajasthan: no fxed Excality (bype loc.
aof pochpamus]”. Aather pertinently, Hates & Harrson
|1927) also did not mark any locality in Rajasthan on
their distributional map for the subspecies. Srinivaswiu
E Srimdvasulu [2012] in their book on; "Checklist of South
fsian mammals” included Rajasthan in the distribution
area for the subspecies pachyomies without providing
any further details.

rinivasulu at Al [2013] wrote that “The type locality
of Epfedicus sprotinus poclypomus |Tomes 1857] s
“Rajputana” [peecent.day Rajasthan), india®. Then, citing
Sinha [1980), Solneeasuslu et al, 2013} added “The type
probably has been ooliected from Nashrabad (@i
Cistrict]”. Despite @ lack of confirmation regarding the
crigim of the type specimen and the absence of any
cthar evidence of this bat's occurrence In Rajasthian,
Srinvasulu et al [2013) included this species in thair
account of bats recorded in Rajasthan.

in additicn, Srinivasulu et al. [3013] also cabegosically
stated, "The first account of bats from Rgjottana (British
rame for Kajasthan and its surrounding states) dates
back to 1857 in the work of R.F. Tomes who provided
desrniptions . of  Scotophdns poachivomas  (presently

Epfesions sorafings pachyomid) and Vedpertiflo Bpthi
{presently Mpokis hpthd Bhythi) collected from r-.l.'uf.iram:l
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Horevewer, it should be abundantly dear that Tomes
| 1857 never mentioned “Masirabad® nor Rajputano in
his accounts of the bwo species.

Large Barbastalle Borbostella darfelingensic (Hodgson,
in Horsfiald, 1855)

Thie first account of this species of bat purportodly
aroiETing im Rajasthan is provided by ‘Wroughton
[1218). Wroughion {1918) incledes “Rajputana” in the
distributicon of This species o acount of 3 specimen in
the British hduseam, but does not menfion a collector
nor a specific locality within Rojpetang for this specimen
in the surwey.

A close examination of the catalogue by Dobson
{1878), reveals that in addition fo the type specimen
collected by 8.H. Hodgson from the district of Darjeeling
["Darjilg” in the text) in northern West Bengal,
there was one more specimen laballed from “Indiz"
withy "Capt, Boys” named as the callectorn. There is nn
mantion of Raojautora nor any specific locality in india
for this specimen. [obson [1878) also did not mention
Rajpuetang in the distribubion of this species in the
accompanying accownt, “lrdia (Dariling, Khasia hibls,
Sihim, Basunl, slmla); Yarkand®,

This raises the oowious guestion, how then did
Wroughton [1918] includs fqpobaree in the destribution
at this species? Here too, it appears that the purported
association betwesn Captain Boys and Masirabad or
Rajputana {Rajasthan} led to the parpetuation of certain
assumptions, similar o what transpired with the two
species described by Tomes (LE5T),

Ellerman & Morrison-Scott {1951 also incleded
Rajputana im the distribution area of this spedies. Sinha
[1980) however, while pointing oot that Wrooghton
{121B) and Ellerman & Morrison-Scott [1951) included
“Rajputanz" to the range of distributlon of thiz dpecies,
mentiors that he was unable 1o find any specimens in
Rajasthain for his survey. However, here too, Sinha [1980])
consulted LE_Hill from the Britksh BMuseumn ard wiote the
following: “as Informed by LE. Hill [B.04) the specimen
from the British PMuseum & probably from Masirabad
but labelled a5 “India” 1E. Hill i consistent with Dobson
[187E) on the fact that the specimen is labelied from
just “India”. However, it is quite dear that the origin of
the specimen being "Masirabad” is guess work. This is
alzo the first instance of the specimen being alleged to
have onginated in Nasirabad, and not just Rajpufana, It
i auite possilsle that In additon to fallowing Weughton

,,L‘.lq"E:l and Ellérman & horrlsan-Scott (1951} as far as

’ % \Rﬂ,!puﬁﬂ%:s. cancernad, Hill 5perulat|=d that the t',,-pe
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Captain Boys [as Wroughton [1918) might have done
for this species earfier for Rafputong), although 5inha
11980} does nof mention Boys in this particular account.,

In addition, fhe specimens fhat Sinha [1980)
examired for this survey ariginated from locations in tha
Himalawas, Despite a clear lack of confirmation of the
crigin of the relevant specimen, Sinha {1280} inchided
this species in his survey for Rajasthan, Bates & Harmson
[1557) did mat mention Kajasthan in the distributional
ared ol This speciss in their Test, nes did They mark sy
Hacality in Bgasthan on their distributional map for This
SERIes,

Srinivesuly & Srinivasubd (2012) i their book ond
“Checklist of South Asian mammals" did not include
Fajasthan in the distributional area for this species.
Citing Wroughton {19158), Ellerman & Morrison-Soott
{1951) -and Sinka (1980), Srinivasulu et al. [2013)
asserted, "Borhoslells darelingensis [Hodgson, 1855
in Horsfield 1855) has been reported from Masirabad
{ajmer District)”. Thus Srirsvasulu ek al, (2013) further
perpetuated their assumptions by including this species
to their account of bats recorded in Rajasthan,

DISCUSSION AND COMNCLUSION

Owr chronological review of literature reveaks that
many authoss believed Captain Boys to be the collector
of the relevant specimens for 2l three spedies. However,
the original descriptions and account reveal that Boys
wias the collector of just two specimens {Tomes, 1857;
Cobsocn, 1678). Tomes (1857) only traced the type
sperimen for Myofis Byt with certainty to LE. Wanaick
af the Surrey foological Gardane in Walwarth, London
and merely speculated that Boys was the ollactor in
india. &mong the three species, only one specific locality
was evpr provided and this was the ambiguous ¥India,
Hassenabad® for Adyolls DivEhd (Tomes 1B5T). The
relevant specimens for Eplesioys serofings poohyomus
and Barbasteilo dorfelingensts were only describad to
have oaiginated in “India” {Tomes LBS T, Dobson 1878)

The erroneous bekef regarding Boys ewndently gained
currzncy because authors edher associated Captain Boys
with Rajputana first and then Nasirabad [for Eptesicus
serofimes pochyomus & Barbastells darjifengensis). or
in the reverse order {far Myobis biythi) [lerdon 1867
Thomas 1915, Wroughton 1918, Sinha 1980). The

connection bebween Captain Boys and Rojpufonog or
Kasirabad is unclear. It could possibéy beoon account of
Bogs handing been a cavalry officer and that Masirabad
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COn examination of Boys's life, it is evident that he
was rather mobile through northern India. In 1843, he
served as assistant to the Commissioner of Kumaon
[Utarakhand) (Piddington 1843) and was also a3
combatant in the second Anglo-Skh war (Grant 1840}
Boys eventually expired in Almors [Uttarakhand] on 21
biarch 1854 {Editor 1854|

Authors such as Wroughton (1918) categofically
assiiated Captaim Boys with the collection of mammal
Fpecimens in “Rajputasa™ during The early period of
indhan PMammalogy [second quarter of the 197 century),
however an examination of his work reveals that Boys
was by nomeans limited to just faiputeng nor mammels,

Such was Boys's prowess in coltecting specimens,
that he was unanimously elecked a member of the
Asiatic Soriety of Bengal in 1842 (Prinsep 1842}
Specimen contributicns by Boys rangs from a snail from
Agra [Litar Pradesh) (Benson 1864), 2 wasp from Almora
{Uttarakhand) [Turner 1912), a bid from 3 location in
hetween Sindh [now Pakistan] and Feropepur [Indian
Punjab) {Bhth 1845], to even a caraca! from laipur in
Rajasthan [Blyth, 1845 Strickland B Sorickland, in larding
{1852), wrate of the auchion of Boys's crmithological
collectien bn London which mcluded, “the result of
many years residence in the upper Gangetic provinces
of India, ...an extensme series ot birds, amounfing to
between 500 and 600 species. Some of them wery rare”.
Piddington |1843) ewven wrote of the Adiatic Society
of Bempgal providing Boys with financial assistance for
gecdogical espeditions to the "Thibet passes” (India-
Tibet border areas).

Thus it is evident that Boys was not limited to just
Rajputana in his endeavours and spent 3 considerable
amount of time in the Hmalayas (Piddington 1344,
Strickland & Strickland, In lardine 18%2; Tumes 1917)
Incidentally, the Himalayas are whers Topal [1971)
believed the type specimen of Myobis bivihil to onginate
from based on [$5 ecology, and wherz there are at least
two localities by the mame Waslrabad [one Bn Haridwszi
district in the state of Uttarzkhand, and the other in the
Hunza district of Pakistan Cocupied Ladakh).

It ehould zls0 be noted that ermors inthe provenance
aof spedmens were not only common, but often
translated to taxonomic errors of great magnitudes. in
a notable example, the sminent curator and zoclogist
Iohm Edward Gray made just such an error with a
small cat specimen in the British Musewm, Gray (1867)
declarsl 3 new species based oh The aforementioned

B peqmen, Pardieiing worwiekll ar Wanadck's Cat, which

\u;.uﬁﬁ:n;gnu-p fram the Himalayas: The specimen, when
e 4 "Himalayan Cat" in the Surrey
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Zoological Gardens (hemce named after LE. Wanwick]. It
wias not untl 1870, that zoologist Philip Sclater prowved
that the cat was a Geoffroys Cat (L geoffrow] from
Loath America, a species which had been described
much sariier in 1844 (Sclater 1870}, Thus not only was
the spacimen not from the Himalayas, it was not even
Asian, Gray (1874], in his recantabion, commented that,
“thers was an inclination of the dealers o give Himalaya
as the habitat of animals of which they did not koo
wihence they came, &5 animals of that country were
interestng and fetched a good price™.

Thus the authoes propose that until there is
tangible evidence of occurrence of these three specios
in Rajasthan—hdyotis biythi Tomes, 1857, Eplesicus
serobinus  pochyomus Tomes, 1857, and Barbosteln
aarjelipensis, Hodgson, in Hoosfield, 1855—they should
b= omitted fromfists and accounts of Chiropterg occurring
in Rajasthan. The bats were never orgmally clamed
to cocur in Rajasthan (Tomes 1857; Dobson 1878] and
their inclusion amaeng babs occurning in Rajasthan was a
consequence of assumptions parpetuated as facts.
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ABSTRACT

In Indian continent, about 13 orders, 42 families, 180 Genera and 390 species of mammals are
present. Of these, 8 orders, 23 families, 45 Genera and 66 species have been recorded from Thar
Desert of Rgjasthan. Out of 115 species of bats (17 megabats and 99 microbats) reported from
India, eight micro bats found in the Thar Desert covering the Shekhawati region (Sikar and
Jhunjhunu) of Rajasthan. Hibernation is an adaptive approach in bats that facilitates coping with
low ambient temperatures and inadequate food during winter. The over-winter survival of
hibernating bats depends on the quantity of energy that animals store prior to hibernation, the
rate of depletion of these reserves and the duration of winter. In this study compare the Body
temperature (Tpoay) Of roosted Scotophilus kuhlii during summer and winter using Infra red
camera (FLIR C2) in urban environment as historical old haveli of shekhawati region. Period of
winter average body temperature is decreased by 9.8+1.13°C and bats with parasite are also
decreased by 9.1+0.95°C as compare to summer season. During the winter arousals, bats
exhibited movement following T gy increase of only 9.8+1.13 °C, compare to >30.1+1.56 °C
increases during normal arousals of S kuhlii. The maximum and minimum values of (Tpody) iN
winter with parasites are 21.9+0.90°C and 20.2+1.10°C respectively.

INTRODUCTION

Chiropterans, identifying as bats, are the only factual flying mammals. Bats globally comprise of
1,116 species belong to 202 genera, 18 families. They constitute about a quarter of the entire
mammal species and are second to Rodents in phrase of diversity. Thar Desert in Rgjasthan has
only 6% area of the total area of the country. Within this little area, with hostile climatic
environment, about 15.8% (68 out of 428) mammalian species are surviving. In India, about 13
orders, 42 families, 180 Genera and 390 species of mammals are present. Of these, 8 orders, 23
families, 45 Genera and 66 species have been recorded from Thar Desert of Rajasthan. Out of
115 species of bats 17 megabats and 99 microbats are reported from the Thar Desert of India. On
the Indian sub-continent, Scotophilus represented by two sub-species including S. heathii and S.
kuhlii (Bates and Harrison 1997, Srinivasulu et al., 2010a). Scotophilus heathii Horsfield, 1831
is distributed from Afghanistan to South China, including Hainan Island, south to Sri Lanka,
Vietnam, Cambodia, Thailand and Burma. The genus Scotophilus is represented by 12 species
with distribution ranges from South Africa to Indonesia and the Philippines (Simmons 2005).

o ~Sc0tnphllus kuhlii Leach, 1821 was formerly ques-tioned as S. heathii (Tate 1942, Ellerman and
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1968, Hill and Thonglongya 1972, Corbet and Hill 1992, Koopman 1993, Bates and Harrison
1997, Simmons 2005). The species often mixed with its congeners, representing a complex of
several species, and further studies are needed to clarify current taxonomic status (Bates et al.,
2008).

Hibernation and Arousal Capacity in Bats

Hibernation is an energy-saving strategy that is strongly influenced by the ambient conditions in
acave. When a bat is hibernating, low ambient temperatures lead to a decrease body temperature
and metabolic rate. South Asia is characterized by harsh winter conditions, when feeding
opportunities decline and low ambient temperatures there is increase in heat loss and thus it
increases the thermoregulatory costs of bats. Because they are small flying animals, micro bats
are not able to accumulate large fat reserves to maintain a constant body temperature. They have
two other ways of coping with this problem: hibernation and migration (Davis, 1970; Fleming &
Eby, 2003). Most European temperate zone bats are ’resident’, usually selecting underground
hibernation sites, such as fortifications, natural and man-made caves and ice cellars (Mitchell-
Jones et al., 2007). During hibernation, the bats reduce the difference between body and ambient
temperature to an absolute minimum (i.e. become torpid) acting like heterotherms. This
technique allows them to survive the winter with just a small amount of body fat (on average a
maximum of 25% of their body weight). Bats hibernate from autumn to spring athough the exact
period varies between the species. This period is characterized by prolonged bouts of torpor,
punctuated with periodic arousals, on average every two weeks, during which the bats return to
endothermy (e.g. Daan & Wichers 1968, Brack & Twente 1985, Harmata 1985, 1987).
According to Daan (1972), species of the genus Myotis such as the whiskered bat M. mystacinus,
the Daubenton’s bat M. daubentonii and the pond bat M. dasycneme wake up on average 9.0-
13.3 times during a winter. These arousal frequencies are much lower than those given by
Dunbar & Tomasi (2006) for the eastern red bat Lasiurus borealis in Canada, where a maximum
of 39 arousals was recorded at an ambient temperature of 8°C. Also the Greater Horseshoe Bats
Rhinolophus ferrumequinum and the common Pipistrelle bat Pipistrellus pipistrellus, both
European bat species, arouse more frequently than the three Myotis species (Avery 1985, Park et
al., 2000), probably due to their ability to forage during the winter. Bats arouse more readily in
warm conditions than in cold conditions (e.g. Ransome 1971, Park et al., 2000, Humphries et
al., 2002, Boyles et al., 2007), a phenomenon aso known in other mammals (e.g. Geiser &
Kenagy 1988, Ortmann & Heldmaier 2000). In laboratory experiments, researchers (Thomas et
al., 1990) found that the little brown bat Myotis lucifugus uses approximately 84% of its winter
fat reserve to cover the cost of arousals, whereas only 16% is needed to maintain the low
metabolic rate. The energy expenditure during 80 days of hibernation is equivalent to one hour of
flight (Kokurewicz 2004). During the warming phase of arousals, the heat generated (mainly by
burning fat in brown adipose tissue and muscle shivering) causes the body temperature to rise
from near ambient to euthermic levels (Smalley 1963, Hayward & Ball 1966). The whole
process takes an average of 30 minutes (Barclay et al., 1996, Lee et al., 2002). A bat can stay
aroused from hibernation torpor for 15 hours or longer (Twente & Twente 1987, Speakman et
al., 1991, Park et al., 2000) with animals tending to remain endothermic longer at higher ambient
m,..neratur&s (Harmata, 1985). Researchers have assumed that these periods of arousal are
;\&essﬁry for bats to eliminate accumulated metabolites, urine, escape from Qgr“aeydators or to adjust
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to changes in the temperature of their hibernacula (e.g. Prendergast et al., 2002, Humphries et
al., 2003; Davydov, 2004). Other activities undertaken during these arousals include drinking
and copulation (McCracken & Wilkinson 2000; Kokurewicz, 2004; Boyles et al., 2006).
Arousals are sometimes externally induced by disturbance resulting from exposure to air currents
(Pflitsch & Piasecki, 2003), heat, light, sounds and physical contact (Davis 1970, Speakman et
al., 1991, Thomas 1995, Thomas & Geiser 1997, Johnson et al., 1998). The annua bat census
of al known underground hibernacula (Mitchell-Jones et al., 2007) undertaken in order to
monitor bat population can potentially be a source of such disturbance. The census is performed
between 15 December and 15 February. Bat observers use torches, binoculars and sometimes
mirrors (to look behind corners) to search for bats (e.g. Mitchell-Jones & McLeish 1999,
Smirnov et al., 2007). In the European census, bats are never handled for identification and most
bat observers try to avoid creating non-tactile stimuli. However, during these censuses, bats are
sometimes found to show signs of arousal. During a field experiment in a hibernacula, Thomas
(1995) concluded that visits by bat observers caused a dramatic increase in the flight activity of
bats, beginning within 30 minutes of the visit, peaking 1.0-7.5 hours later, and remaining
significantly above baseline level for up to 8.5 hours. The increased level of activity is not just
caused by bat observers, but also indirectly by the bats themselves. One arousing bat can start a
cascade of arousals from other bats in the same hibernacula. The first bat may wake up a second
bat, by sound or tactile stimuli (for example an active bat attempting to reinsert itself into a
hibernating cluster or male bats trying to mate with the hibernating females).

Bats lose 2-3.2% of their body weight during one arousal (Daan 1972, Boyles & Brack 2009), so
additional, externally induced; arousals are an unwelcome burden on their energy budget. These
arousals may mean that the bats will not have adequate fat reserves to sustain them through the
winter. During a bat census, not all non-tactile stimuli can be avoided. Bat observers are a source
of sound, light and heat. The light from a torch is often directed at the bat, especially to identify
bats hidden deep in a crevice. We assume this can cause an arousal stimulus. Besides light, a
torch also produces heat, another potential arousal stimulus. In this paper, we present an
experiment aimed at determining if commonly used torches can raise the temperature in crevices
by more than a threshold value and provide an arousal stimulus to bats hidden in crevices. Aswe
did not want to repeat arousal experiments, we used the threshold value for arousal found by
Speakman et al., (1991). During a study performed in a respirometry chamber, Speakman et al.,
(1991) found bats responded very strongly to a temperature increase of 58°C. The experiment did
not permit drawing any further conclusions, such as a sex-specific response rate, the effect of
signa inhibition after repeated stimuli or the respond rate during different hibernation
temperatures.

Vampire bats are receptive to power densities (a measure of emitted energy) greater than 50
puW/cm?2 at distances between 13 and 16 cm (a power density of 1.8x10—4W/cm2 corresponds to
50 °C). This was first determined by quantifying the temperature at which vampire bats could
not behaviorally distinguish between heat emitting and room temperature SUs. A positive linear
relationship exists between the energy-threshold of heat detection and distance from stimuli.
Through mathematical calculations, at a distance of 8 cm, vampire bats should be able to detect
..Lf'nans who emit radiation of 80 uW/cm2 (Kirten et al., 1982) Temperature threshold

u\.eesune\*nents were directly measured by stimulating nerve flbers of thermoreceptors in the
N, r;‘:fﬁn_L« 1 B

33, OID.2,5.4,65
Phone=

SERIALNUMBER=

[(\)G;Mtre fsr fafo Bio Technology (CIBTech) S | n g h Sooaidlgh, Choamyencre



International Journal of Geology, Earth & Environmental Sciences |SSN: 2277-2081

An Open Access, Online International Journal Available at http://www.cibtech.org/jgee.htm
2022 Vol. 12, pp. 1-14/Bohra and Sarita

Research Article

nose-leaf and upper lip with a water-circulated brass thermode and recording the
impulses/second at every 5 °C shift in temperature from 10 to 40 °C. These receptors have a
threshold of 28 °C and a maximum temperature response to 40 °C, beyond which there was
either no firing or an irregular firing pattern (Kdrten, 1984 and Schéfer et al., 1988). This
threshold is 8 °C lower compared to those of warm receptor in other species of mammals, which
implies extreme sengitivity to heat. After stimulation of these receptors, there is a transient
increase in impulse activity which quickly decays due to adaptation and thus strengthens
temporal acuity (Schéfer et al., 1988).

Molecular mechanism of infrared detection

A family of TRP (transient receptor potential) channels, including TRPV1 (transient receptor
potential vanilloid) and TRPAL (transient receptor potentia cation channel Al), is important in
thermal and pain detection. (Gracheva et al., 2010) TRPV1 channels are activated by capsaicin
(a chemica which can be extracted from chili peppers), noxious temperature ranges (>43 °C),
membrane-derived lipids, low pH, and voltage changes. (Rosenbaum et al., 2007) Activation of
TRPV1 by capsaicin results in calcium and sodium influx, and functionally allows for detection
of painful thermal stimuli. (Rosenbaum et al., 2007) TRPV1 may also act as a molecular
thermometer in response to temperatures greater than 43 °C. The result is an inward calcium and
sodium current similar to capsaicin-evoked currents. TRPV1 channels may also have voltage-
sensitive properties responsible for its activation. (Matta et al., 2007) Phosphorylation and
mutations, especialy at the C-terminus (carboxylic acid end of primary amino acid sequence),
can ater the threshold temperature of heat-activation. (Rosenbaum et al., 2007) The specific
mechanism behind heat-activation of TRPV1 channels has yet to be deciphered. Regional
migration involves bats migrating to and from a central hibernaculum where they spend the
winter months in a state of hibernation. This type of movement is common among temperate
species (Griffin 1970; Fleming and Eby 2003; Hutterer et al., 2005) and is the best documented
form of bat migration. During the summer months, females typically form maternity colonies
where pups are born and reared while males remain solitary. In late summer, bats return to
hibernacula (typically caves and abandoned mines) where mating occurs in a behaviour known
as swarming (Fenton 1969; Parsons et al., 2003; Piksa 2008; McGuire et al., 2009). The bats
then hibernate through the winter, emerge in the spring when females become pregnant, and
males and females migrate back to their separate summer quarters. In micro bat have large
deposit of adipose tissue, particularly around the neck and between the shoulder blades and
originally these considered as a hibernating gland, because the size of adipose tissue deposits
was observed to increase and decrease seasonally in hibernating mammals. Adipose tissue long
thought to serve primarily thermogenic function.

@D Hibernation period (mid-November—early March): Bats demonstrate very low or almost
no activity and departure from the cave are very rare. Interval of lethargy in these bats is most
often caused by (i) changes in ambient conditions outside cave, (ii) changes in the physiological
condition of the hibernating bat (e.g. dehydration), or (iii) direct disturbance (Speakman & Race,
1989 and Thomas, 1995). During hibernation, average temperature and daily temperature range
(i.e. the difference between daily maximum and minimum temperatures) are key factors

A Jx’—r“d'CtI ng the genera level of flight activity (Ransome, 1990, Park et al., 1992 and Berkova &

L‘ul\ai'*f‘L’gw\-lO) As temperature increases, so the percentage of nights Wlth” bqg acdtlsvlty aso
r;‘:" ‘\-""14 signe atyen

N: C=IN, O=Personal, T=9133, OID.2.5.4.65=

1180985

= - Satyendra =i
Lrefsr l:ﬂfo Bio Technology (CIBTech) S 79503 “
S Ingh



[QC,MEre fsr fafo Bio Technology (CIBTech)
> s Singh

International Journal of Geology, Earth & Environmental Sciences |SSN: 2277-2081

An Open Access, Online International Journal Available at http://www.cibtech.org/jgee.htm
2022 Vol. 12, pp. 1-14/Bohra and Sarita

Research Article

increases. Similarly, an increase in temperature fluctuation during the day will also result in bat
arousals and increased flight activity. Note, however, that bat activity at the cave entrance has
been recorded at temperatures as low as —13.2°C (cf. (Boyles et al., 2006). Daily recordings
were positive at maximum daily temperature exceeding 6.2°C, when some bat species are able to
forage (Ransome, 1990). The activity within defined temperature groups (Berkova & Zukal,
2010) was significantly lower during deep hibernation period than during late hibernation.
Opinions on the level of activity desynchronization at sunset and loss of nocturnality during
hibernation differ and the results of research are inconsistent, some supporting desynchronization
and others not (e.g. (Park et al., 1992, Thomas et al., 1993, Nagd et al., 1997 and Hope &
Jones, 2012). Berkova & Zukal, 2010 study indicate that activity at the cave entrance is
synchronized with sunset, even in winter, and that a concentration of activity occurs between 3
and 3.5 h after sunset.
2 Late hibernation period (March-mid-April): with intensive departure activity during the
first quarter of the night. Movement activity inside the cave is relatively high and the bats are
probably already preparing themselves for departure from the hibernaculum (Zukal et al., 2005).
Flight activity is positively affected by average daily temperature, and negatively so by minimum
temperature during the preceding day. Bats react very quickly to temperature changes from day
to day, with activity decreasing or increasing if temperatures drop or rise by more than 2°C. Such
rapid changes in activity level become feasible as the bats move towards the hibernaculum
entrance, enabling them to register fluctuations in ambient temperature (Glove & Altringham,
2008 and Zukal et al., 2005) and, as a consequence, potential changes in insect abundance. Bats
are capable of foraging at very low temperatures, e.g. Daubenton’s bat Myotis daubentonii at
temperatures as low as —3.3°C (Ciechanowski et al., 2007). In some species, the activity
increases during late hibernation period, presumably, as food availability is aready higher and
foraging effectively compensates for any energy loss (Dunbar et al., 2007).
3 Soring migration (mid-April-early June): a period of relatively high activity. At this
time, the cave may serve as a transitional roost during the spring migration and, from around
May, as a temporary roost for males as females already start to form summer colonies.
Emergence activity in the first quarter of the night is high, and a small number of bats may
re-enter the cave in the last part of the night. Average daily temperature and average daily
atmospheric pressure at this time has a significant positive influence on overal flight activity.
The degree of variability in activity explained by such climatic factors is the lowest during this
period, however, suggesting that either temperature is no longer a limiting factor, or that
endogenous rhythms have a strong influence on departure from the hibernaculum (Degn et al.,
1995, Harrje et al., 1995, Simon et al., 1999 and Berkova & Zukal, 2010). However, the use of
underground roosts including caves in the spring may be species specific; it may differ by region,
and can also depend on roost structure (Perry, 2013, Park et al., 1999, Skibaet al., 1987).
4 Summer period (mid-June-end of July): During this period, the cave is used only
sporadicaly, though the bats visiting the roost stay the whole night, i.e. they enter before
midnight and leave after midnight. Thistype of activity suggests that, during this period, the cave
may be being used as a night roost between peaks in foraging activity or as a transitional day
Jopst (Degn et al., 1995 and Park et al., 1999). At this time, the cave entrance is visited almost
.c?u,l lé;‘\t/ely by males (Bauerova & Zlma, 1988, Whitaker & Risder, 1992) as, adult females
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occupy maternity roosts during lactation and return to these between foraging bouts, night roosts
being used sporadically and for brief periods (Anthony et al., 1981 and Lu¢an & Hanak, 2011).
(5) Flight activity: Flight activity at the night roost entrance is influenced by fluctuation in
ambient temperature, rather than any absolute temperature threshold, the higher the difference
between maximum and minimum daily temperature, the higher the activity level. This
corresponds with a model proposing that activity changes in temperate insectivorous bats reflect
changes in insect activity (Erkert, 1982), i.e. if day-insect abundance is high due to warmer
nights, bat foraging activity may continue overnight with no visits registered at the cave entrance
(low activity). On the other hand, when nights are cooler and the daily temperatures range is
higher, bats will tend to spend more time in the night roost. Foraging activity is highest at dusk
and just before dawn, after which the bats return to the day roost (Anthony et al., 1981). This
model is aso supported by the influence of rainfal, with flight activity at the cave entrance
increasing as rainfall increases whether the nights are warm or cold.

(6) Autumn migration or swarming period (late July—mid-November): This period is typified
by very high genera activity and an increasing number of bats entering the cave. With the
break-up of the summer breeding colonies, activity at the cave entrance gradually increases as
adult females and juveniles arrive (Rehak, 1994 and Horacek, 1978), often in small groups of 2—
12. The mgjority of bats does not roost in the cave and probably arrive after the first foraging
period; hence, peak activity tends to occur around midnight. Activity around the cave entrances
in autumn probably enables juveniles to recognize potential hibernacula and to meet individuals
of the opposite sex, which live separately during summer (Rivers et al., 2006). Activity level is
positively related to average daily temperature, atmospheric pressure and rainfall. Thus, when
nights are warm and insect activity is high (high atmospheric pressure), the bats will quickly
catch enough prey and will search for the cave entrances (swarming sites) in order to mate or
obtain shelter it beraining (Parsons et al., 2003, Berkova & Zukal, 2010).

MATERIALSAND METHODS

In desert ecosystem, for the period of extreme summer between March and June, a highest
diurnal temperature change is seen. The over-winter survival of hibernating bats depends on the
guantity of energy that animals store prior to hibernation, the rate of depletion of these reserves
and the duration of winter. The turn down in metabolic rate (MR) and body temperature (Thody)
of a bat during hibernation enables a significant reduction of usage of nutrients and water,
enhancing the probability of survival. Presumably, critical processes or functions that must be
periodically restored at normothermic Tpogy for the organism’s survival necessitate these
arousals. Observations were recorded on January 21, 2016 to 20 December 2017 from
Nawalgarh, Jhunjhunu, Rajasthan (27° 51' 5.80" N & 75° 16' 25.82" E) in Seth G B Podar
College, Nawalgarh. For collection and comparison of different body part temperature FLIR C2
compact Thermal Imaging System was used. The FLIR C2 is pocket-sized thermal camera
designed for hidden heat patterns of the body signal energy waste and structural defects. The
C2’s must-have features including MSX® real time image enhancement, high sensitivity with
fully radiometric imagery. The mechanism of temperature perception is not known and there is
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and the heat waves. Anatomically the thermal sense organs have simple sensory cells and are
usually localized by observation of the reactions of bats to temperature and the way their
behaviour modifies on amputation of various parts of body of small mammals.

RESULTS AND DISCUSSION

Scotophilus kuhlii Leach, 1821: The externa body, cranial and bacular measurements of the
captured specimens were compared with the available literature. The forearm length (n=3) was
49.40+3.03 mm, the greatest length of the skull (n=3) was 18.98+0.61 mm. The mean frequency
of maximum energy was 56.9+3.6 kHz, the mean start and end call frequencies were 103.5+12.3
kHz and 50.6+1.0 kHz.

In this study compare the Body temperature (T noqy) Of roosted Scotophilus kuhlii during summer
and winter using Infra red camera (FLIR C2) in urban environment as historical old haveli of
shekhawati region. Period of winter average body temperature is decreased by 9.8+1.13°C and
bats with parasite are also decreased by 9.1+0.95°C as compare to summer season. During the
winter arousals, bats exhibited movement following T pody increase of only 9.8+1.13 °C, compare
to >30.1+1.56 °C increases during normal arousals of S. kuhlii. The maximum and minimum
values of (Thogy) iN Winter with parasites are 21.9+0.90°C and 20.2+1.10°C respectively.

18/2018 9:33:41 PM C Measuremen{s

1/18/2018 9:33:41 PM

Foxit PDF Reader Version: 2024.1.0

11180985



International Journal of Geology, Earth & Environmental Sciences |SSN: 2277-2081
An Open Access, Online International Journal Available at http://mwww.cibtech.org/jgee.htm

2022 Vol. 12, pp. 1-14/Bohra and Sarita

Research Article

Summar

| e 010 1SN

Measuremenlts

0O

=AM

ris Co

Satyendra
Singh

Al Moax 38
M 27N
Average 303
Ard PAax 337
(X1 2rB
Average 309
sp1 3an
Sp2 358
Sp3 352
Spd 137 FLID 1 16 g
SpS 328
Sp6 0N
SpT 346
Sps a7
Spo 270
Sp10 985
sSpn 278
I Max 354
n Pl
Average 301
Winter
Meoasurements
Art Noxx 21.0
AT 198
Aversge 204
Ara s 216
A 1990
Average 20.6
Sp1 217
Sp2 221
Sp3 217 QURESIEEE)
Spa 22 1 11 VICAD §.22.20 W
SpS <00
Sp6 190
SpT 194
Sps 193
Sp9 1843
10 188
L Mxs 224
Mo 189
Averags 20
FLIRDZIA oo
\\ siDh ;,
\ v
£ :
7 chtmefer Qﬂfo Bio Technology (CIBTech)
£ g ~
/«9 e D)
N

by .
REETERE

PLE )

r200156499

Digitally signed by Satyendra Singh

DN: C=IN, O=Personal, T=9133, OID.2.5.4.65=
133019105991671265SET063p3kXV4ZM, Phone=
742394841aef33cce94e07adf97b2ee5815e3861b07h803a43fIct

87c30ce3bs, PostalCode=474020, S=Madhya Pradesh,
SERIALNUMBER=

9b20c3a910498633f1c9644ca027403e 11180985
79503df9be4, CN=Satyendra Singh

Reason: your signing reason here

Location: your signing location here

Date: 2024.04.08 11:44:36+05'30"
Foxit PDF Reader Version: 2024.1.0



International Journal of Geology, Earth & Environmental Sciences |SSN: 2277-2081

An Open Access, Online International Journal Available at http://www.cibtech.org/jgee.htm
2022 Vol. 12, pp. 1-14/Bohra and Sarita

Research Article

REFERENCES

Anthony ELP, Stack MH, & Kunz TH (1981). Night roosting and nocturnal time budget of the
little brown bat, Myotis lucifugus. Effects of reproductive status, prey density and environmental
conditions. Oecologica, 51, 151-156. https://doi.org/10.1007/ BFO0540593.

Avery MI (1985):Winter activity of pipistrelle bats. Journal of Animal Ecology, 54(3) 721-738.
Barclay R, Kalcounis MC, Crampton L, Stefan C, Wilkinson GS & Brigham R (1996).
Can external radiotransmitters be used to assess body temperature and torpor in bats? Journal of
Mammology, 77(4) 1102- 1106.

Bates P, T Kingston, C Francis, G Rosdll-Ambal, L Heaney, JC Gonzales, S Molur and C
Srinivasulu, (2008). Scotophilus kuhlii. In: [JUCN 2011. IUCN Red List of Threatened Species.
Version 2011.2.

Bates PJJ & DL Harrison (1997). Bats of The Indian Subcontinent. Harrison Zoological
Museum Publications, Sevenoaks, United Kingdom, 258pp+8pls

Bauerova Z and Zima J, (1988). Seasonal changes in visits to a cave by bats. Folia Zoologica
37,97-111.

Berkova H & Zukal J (2010). Cave visitation by temperate zone bats: effects of climatic
factors. J. Zool, 280(4), 387-395. https://doi.org/10.1111/j.1469-7998.2009.00673.x

Ransome R (1990). Hibernating Bats. London: Christopher Helm.

Boyle EM, Freer Y, Wong CM, Mclntosh N, Anand KJS (2006). Assessment of persistent
pain or distress and adequacy of analgesiain preterm ventilated infants. Pain. 124, 87-91.

Boyle M, Nighorn A, Thomas JB (2006). Drosophila Eph receptor guides specific axon
branches of mushroom body neurons. Development 133(9), 1845--1854.

Boyles JG & Brack V (2009). Modeling Survival Rates of Hibernating Mammals with
Individual-Based Models of Energy Expenditure. Journal of Mammalogy 90(1), 9-16.

Boyles JG, Dunbar MB & Whitaker JO (2006). Activity following arousal in winter in North
American vespertilionid bats. Mammal Review 36(4), 267-280.

Boyles JG, Dunbar MB, Storm JJ & Brack V (2007). Energy availability influences
microclimate selection of hibernating bats. Journal of Experimental Biology, 210(24), 4345-
4250.

Brack VJr. & Twente JW (1985): The duration of the period of hibernation of three species of
vespertilionid bats: 1. Field studies. Canadian Journal of Zoology, 63(12), 2952-2954.
Ciechanowski M, Zajac T, Bilas A, Dunajski R (2007). Spatiotemporal variation in activity of
bat species differing in hunting tactics. effects of weather, moonlight, food abundance, and
structura clutter. Can J Zool 85, 1249-1263.

Corbet GB and JE Hill (1992). The mammals of the Indomalayan region: a systematic review.
Oxford University Press, Oxford. 488.

Daan S & Wichers HJ (1968). Habitat selection of bats hibernating in a limestone cave.
Zeitschrift fu'r Saugetierkunde 33 262-287.

Daan S (1972). Activity during natural hibernation in three species of Vespertilionid bats.
Netherlands Journal of Zoology, 23(1), 1-71.

Davis WH (1970). Hibernation: ecology and physiological ecology. In: Wimsatt, W.A. (Ed.);

< ﬁijg};,ogy of Bats. Academic Press, New York, New York, USA, pp. 265- 299.
™ {

o7 #
ey N Rl S S
S i ) 1010105991671265SEToB3p3XVAZM, Phone=
ol S X Satyendra
z [QcMere for (o Bio Technology (CIBTech) S . h o =1
e ing



https://doi.org/10.1111/j.1469-7998.2009.00673.x

[QG;%l(nre fsr fafo Bio Technology (CIBTech) .
> s Singh

International Journal of Geology, Earth & Environmental Sciences |SSN: 2277-2081

An Open Access, Online International Journal Available at http://www.cibtech.org/jgee.htm
2022 Vol. 12, pp. 1-14/Bohra and Sarita

Research Article

Davydov AF (2004). Energetics and thermoregulation in Chiroptera. Journal of Evolutionary
Biochemistry and Physiology, 40(3) 241-249.
Degn HJ, Andersen BB and Baagee H (1995). Automatic registration of bat activity through
the year at Mansted Limestone Mine, Denmark. Zeitschrift fir Sdugetierkunde, 60 129-135.
Dunbar MB, Whitaker JO, Robbins LW (2007). Winter feeding by bats in Missouri. Acta
Chiropterologica 9:305-310. https://doi.org 10.3161/1733-5329(2007)9(305:WFBBIM)2.0.CO;2
Dunbar MB & Tomasi TE (2006). Arousal Patterns, Metabolic Rate, and an Energy Budget of
Eastern Red Bats (Lasiurus Borealis) in Winter. - Journal of Mammalogy 87(6) 1096-1102.
Dunbar RIM, and Shultz S (2007). Evolution in the social brain. Science 317, 1344-1347.
Ellerman JR and TCS Morrison-Scott (1951). Checklist of Palearctic and Indian mammals
1758 to 1946. British Museum (Natural History), London. 810.
Erkert HG (1982). Effect of the Zeitgeber pattern on the resynchronization behavior of dark-
active mammals (Rousettus aegyptiacus). International Joural of Chronobiology, (in press).
Fenton, MB (1969). Summer activity of Myotis lucifugus (Chiroptera: Vespertilionidae) at
hibernacula in Ontario and Quebec. Canadian Journal of Zoology, 47(4) 597-602.
doi:10.1139/z69-103.
Fleming TH & Eby P (2003). Ecology of bat migration. - In: Kunz, T.H. & Fenton, M.B (Eds.);
Bat ecology. Chicago and London, The University of Chicago Press. 156-207.
Geiser F & Kenagy GJ (1988). Torpor Duration in Relation to Temperature and Metabolism in
Hibernating Ground Squirrels. - Physiological Zoology 61(5) 442-449.
Glover AM & Altringham JD (2008). Cave selection and use by swarming bat species.
Biological Conservation, 141(6), 1493-1504.
Gracheva EO, Ingolia NT, Kelly YM, Cordero-Morales JF, Hollopeter G, Chedler AT,
Sanchez EE, Perez JC, Weissman JS,Julius D. (2010). Molecular basis of infrared detection
by snakes. Nature 464,1006 - 1011.
Griffin DR (1970) Migrations and homing of bats. In: Wimsatt WA (ed) Biology of bats, vol 1.
Academic, New Y ork, 233-265.
Harmata W (1985). The length of awakening time from hibernation of three species of bats. -
Acta Theriologica. 30(20), 321-323.
Harmata W (1987). The frequency of winter sleep interruptions in two species of bats
hibernating in limestone tunnels. - Acta Theriologica 32(21), 331-332.
Hayward JS & Ball EG (1966). Quantitative aspects of brown adipose tissue thermogenesis
during arousal from hibernation. The Biological Bulletin 131(1): 94-103.
Hill JE and K Thonglongya (1972). Bats from Thailand and Cambodia. Bull. Brit. Mus. (Nat.
Hist.) 22 171-196.
Hope PR, Jones G (2012). Warming up for dinner: torpor and arousal in hibernating Natterer’s
bats (Myotis nattereri) studied by radio telemetry. Journal of Comparative Physiology B:
Biochemical Systemic and Environmental Physiology, 182 569-578. DOI: 10.1007/s00360-011-
0631-X.
Horacek I, Zima J (1978). Net-revealed cave visitation and cave-dwelling in European bats.
Folia Zool 27 135-148.

}JerleId T (1831). Observations on two species of bats, from Madras. Proceedings of the

L‘oofdglual Society of London, 113 - 114.
(;FM»\_,("V]

Digitally signed by Satyendra Singh
IN: C=IN, O=Personal, T=9133, OID.2.5.4.65=
3kXVAZM, ne=

— Satyendra :




International Journal of Geology, Earth & Environmental Sciences |SSN: 2277-2081

An Open Access, Online International Journal Available at http://www.cibtech.org/jgee.htm
2022 Vol. 12, pp. 1-14/Bohra and Sarita

Research Article

Humphries MM, Thomas DW & Kramer DL (2003). The Role of Energy Availability in
Mammalian Hibernation: A Cost Benefit Approach. Physiological and Biochemical Zoology,
76(2) 165-179.

Humphries MM, Thomas DW & Speakman JR (2002). Climate-mediated energetic
constraints on the distribution of hibernating mammals. Nature 418, 313-316.

Hutterer R, T lvanova, C Meyer-cords and L Rodrigues (2005). Bat migrations in Europe: a
review of banding data and literature. Naturschutz und Biologische Vielfalt. 28. Federal Agency
for Nature Conservation, Bonn, Germany.

Johnson SA, Brack V, Jr. & Rolley RE (1998). Overwinter weight loss of Indiana bats (Myotis
sodalis) from hibernacula subject to human visitation. American Midland Naturalist 139(2), 255-
261.

Kokurewicz T (2004). Sex and age related habitat selection and mass dynamics of Daubenton’s
bats Myotis daubentonii(Kuhl, 1817) hibernating in natural conditions. - Acta Chiropterologica
6(1): 121-144.

Koopman KF (1993). Order Chiroptera. In: (D.E. Wilson and D.M. Reeder, eds) Mammal
species of the world: a taxonomic and geographic reference. 2nd ed. Smithsonian Institution
Press, Washington, D.C. pp. 137-241.

Leach WE (1821). The characters of three new genera of bats without foliaceous appendages to
the nose. Transactions of the Linnean Society of London 13:

Lee M, Choi | & Park K (2002) Activation of stress signalling molecules in bat brain during
arousal from hibernation. Journal of Neurochemistry 82(4): 867-873.

Luéan RK & Hanak V (2011). Population ecology of Myotis daubentonii (Mammalia
Chiroptera) in South Bohemia: Summary of two longterm studies. 1968-1984 and 1999-2009.
Acta Societatis Zool ogicae Bohemoslovacae, 75, 67-85.

Matta SG, Balfour DJ, Benowitz NL, Boyd RT, Buccafusco JJ, Caggiula AR et al., (2007).
Guidelines on nicotine dose selection for in vivo research. Psychopharmacology (Berl.) 190,
269-319. doi:10.1007/500213-006-0441-0

McCracken GF & Wilkinson GS (2000): Bat mating systems. - In: Crichton, E.G. & Krutzsch,
P.H. (Eds)); Reproductive Biology of Bats. Academic Press, New York, New York, USA, 321-
362.

McGuire AD, Anderson LG, Christensen TR, Dallimore S, Guo L, Hayes DJ, Heimann M,
Lorenson TD, Macdonald RW and Roulet N (2009). Sensitivity of the carbon cycle in Arctic
to climate change, Ecol. Monogr ., 79, 523-555, 20009.

Mitchell-Jones, A.J. & McLeish, A.P. 1999: The Bat Workers’ Manual. Joint Nature
Conservation Committee, 178 pp.

Mitchell-Jones AJ, Bihari Z, Masing M & Rodrigues L (2007). Protecting and managing
underground sites for bats.- Eurobats Publication Series No. 2, Bonn, Germany, 38 pp.

Nagel SC, vom Saal FS, Thayer KA, Dhar MG, Boechler M and Welshons WV (1997).
Relative binding affinity-serum modified access (RBA-SMA) assay predicts the relative in vivo
bioactivity of the xenoestrogens bisphenol A and octylphenol. Environmental Health
Per spective, 105, 70-76.

8 \\:l\“‘:: ‘*?ﬁv‘\_ Digitall d b dra Singh
~ i r;f A_AA S DN: :ylilggiperysir?ge?:éalin%lD.z
\-.-ﬁ_-‘\-‘ :'\,. < ’\4 atyend ra = v -
. [Qctre for fafo Bio Technology (CIBTech) S I n g h -




International Journal of Geology, Earth & Environmental Sciences |SSN: 2277-2081

An Open Access, Online International Journal Available at http://www.cibtech.org/jgee.htm
2022 Vol. 12, pp. 1-14/Bohra and Sarita

Research Article

Ortmann S & Heldmaier G (2000). Regulation of body temperature and energy requirements
of hibernating alpine marmots (Marmota marmota). - American journal of Physiology
Regulatory, Integrative and Compar ative Physiology, 278(3) 698-704.
Park KJ, Jones G & Ransome RD (2000). Torpor, arousal and activity of hibernating greater
horseshoe bats. - Functional Ecology, 14 580-588.
Park CB, Miller RD and J Xia (1999). Multichannel analysis of surface waves, Geophysics,
Vol. 64 No. 3, p. 800-808.
Parsons KN, Jones G, Davidson-Watts I, Greenaway F (2003). Swarming of bats at
underground sites in Britain: implications for conservation. Biological Conservation, 111, 63-70.
Parsons KN, Jones G and Greenaway F (2003). Swarming activity of temperate zone
microchiropteran bats. effects of season, time of night and weather conditions. J. Zool. (Lond.),
261(3): 257-264. doi:10.1017/S0952836903004199.
Perry R (2013). A review of fectors affecting cave climates for hibernating bats in temperate
north America. Environ. Rev. 21: 28 - 39. https:// doi.org/ 10.1139/ er- 2012- 0042.
Peterson RL 1968. Notes on an unusual specimen of Scotophilus from Vietham. Can. J. Zool.
45: 1079-1081.
Pflitsch A & Piasecki J (2003). Detection of an airflow system in Niedzwiedzia (Bear) cave,
Kletno, Poland. Journal of Cave and Karst Sudies, 65(3) 160-173.
Piksa K 2008. Swarming of Myotis mystacinus and other bat species at high elevation in the
Tatra Mountains, southern Poland. Acta Chiropterol. 10(1) 69-79.
doi:10.3161/150811008X 331108.
Prendergast BJ, Freeman DA, Zucker | & Neson RJ (2002). Periodic arousal from
hibernation is necessary for initiation of immune responses in ground squirrels. - American
Journal of Physiology Regulatory, Integrative and Compar ative Physiology 282(4): 1054-1062.
Ransome RD 1971. The effect of ambient temperature on the arousal frequency of the greater
horseshoe bat in relation to site selection and the hibernation state. Journal of Zoology (London)
164 353-371.
Rehak Z, Zukal J, KovaGik M (1994). Long- and short-term changes in the bat community of
the KateGinska cave (Moravian karst) - a fundamental assessment. Folia Zool 43 425-436.
Rivers NM, Butlin RK, Altringham JD (2006). Autumn swarming behaviour of Natterer’s
bats in the UK: population size, catchment area and dispersa. Biological Conservation 127, 215-
226.
Rosenbaum L, Paneth N, Leviton A, Goldstein, M, Bax M. (2007) The Definition and
Classification of Cerebral Palsy. Dev Med Child Neurol 49(Suppl. 109) 8-14.
Simmons N B.2005. Order Chiroptera. 312-529 in Mammal species of the world: a taxonomic
and geographic reference (Wilson D. E. Reeder D. M., eds.). 3rd ed. Johns Hopkins University
Press, Baltimore, Maryland.
Simon GE, Von Korff M, Piccineli M et al., (1999) An International Study of the Relation
between Somatic Symptoms and Depression. New England Journal of Medicine, 341, 1329-
1335.
Skiba R (1987) Bestandsentwicklung und Verhalten von Flederméusen in einem Stollen des
Westharzes. Myotis, 25, 95-103.

{

A \\: l\ “;:: * FNA_ Digitall d by dra Singh
~ i r;f A_AA S DN: :ylilggiperysir?ge?:éalin%lD.z
\-.-ﬁ_-‘\-‘ :'\,. < ’\4 atyend ra = v -
. [Qctre for fafo Bio Technology (CIBTech) S I n g h -




International Journal of Geology, Earth & Environmental Sciences |SSN: 2277-2081

An Open Access, Online International Journal Available at http://www.cibtech.org/jgee.htm
2022 Vol. 12, pp. 1-14/Bohra and Sarita

Research Article

Smalley R (1963) Brown fat: Thermogenetic effect during arousal from hibernation in the bat.
Science, 140 1333-1334.

Smirnov DG, Vekhnik VP, Kurmaeva NM., Shepelev AA & Il’in VI (2007). Species
structure and dynamics of bat communities (Chiroptera: Vespertilionidae) hibernating in
artificial caves of Samara Luka. lzvestiia Akademii nauk Seriia biologicheskaia Rossiiskaia
akademiia nauk 34(5), 608-618.

Speakman MJ, Bramwell SP, Deane RF (1989) A prospective comparison of ileocystoplasty
and human dura mater cystoplasty in the treatment of detrusor instability (Abstract number 134).
Proceedings of the 19th Annual Meeting of the International Continence Society; 7-9, Ljubljana,
Slovenia. 266-7.

Speakman J, Webb, Pl & Racey PA 1991: Effects of disturbance on the energy-expenditure of
hibernating bats. - Journal of Applied Ecology 28(3) 1087-1104.

Speakman JR & Racey PA (1989). Hibernal ecology of the pipistrelle bat: energy expenditure,
water requirements and mass loss, implications for survival and the function of emergence
flights. J. Anim. Ecol. 58, 797-813

Srinivasulu C, PA Racey & S Mistry (2010). A key to the bats (Mammalia: Chiroptera) of
South Asia. Journal of Threatened Taxa 2(7), 1001-1076.

Tate GHH 1942. Results of the Archbold expeditions. No. 47. Review of the vespetilionine
bats, with specia attention to genera and species in the Archold collection. Bull. Am.Mus. Nat.
Hist. 80 221-297.

Thomas DW 1995) Hibernating bats are sensitive to nontactile human disturbance. Journal of
Mammalogy, 76, 940-946.

Thomas DW & Geiser F 1997) Periodic arousals in hibernating mammals:. Is evaporative water
lossinvolved ? Functional Ecology 11, 585-591.

Thomas DW 1995) Hibernating bats are sensitive to nontactile human disturbance. - Journal
ofMammal ogy 76(3), 940-946.

Thomas DW, Dorais M & Bergeron JM (1990). Winter energy budgets and cost of arousals
for hibernating Little Brown Bats, Myatis lucifugus. Journal of Mammalogy 71, 475-479.
Twente JW & Twente J (1987). Biological alarm clock arouses hibernating big brown bats,
Eptesicus fuscus. Canadian Journal of Zoology, 65(7) 1668-1674.

Whitaker JO, Rissler LJ (1992). Winter activity of bats at a mine entrance in Vermillion
County, Indiana, 1992. American Midland Naturalist 127, 52-59.

Zukal J, Berkova H & Rehak Z (2005) Activity and shelter selection by Myotis myotis and
Rhinolophus hipposideros hibernating in the Katefinska cave (Czech Republic). Mamm. Biol.,
70(5), 271-281. https://doi.org/10.1016/j. mambio.2005.03.003

Zukal J, Berkova H & Rehak Z (2005). Activity and shelter selection by Myotis myotis and
Rhinolophus hipposideros hibernating in the Katetfinskd Cave (Czech Republic). Mammalian
Biology - Zeitschrift Fur Saugetierkunde, 70(5), 271-281.

\\lh),‘

Y

__lQ; Ayt Satyendra !
Zahtre for fafo Bio Technology (ClBTech) S . 7
o ingh

L1y 4 Digitally signed by Satyendra Singh

DN: C=IN, O=Personal, T=9133, OID.2.
3K

D




International Journal For Technological Research In Engineering

Volume 10, Issue 4, December-2022

ISSN (Online): 2347 - 4718

FTIR ANALYSISOF ZINC OXIDE THIN FILMS GROWN AT DIFFERENT
SUBSTRATE TEMPERATURE

Sandeep Sharma', Deepak Y adav?, Bhupendra Singh Rathore®
'Department of Physics, S. R. R. M. Government College, Nawalgarh (Jnhujhunu)- 333042 (Rgj.), India
“Department of Physics, University of Rgjasthan, Jaipur- 302004 (Rgj.) India
3Department of Physics, Seth Gyaniram Bansidhar Podar College, Nawalgarh (Jhujhunu)- 333042 (R4j.), India

Abstract: ZnO thin films have drawn a lot of attention
because of its variety of application. ZnO has the unique
properties such as its wide range of band gap, high binding
energy, high melting point and boiling point. So we have
taken the ZnO target and using PLD we have deposited thin
film on substrate of silicon and corning glass at different —
different temperature. After deposition of the thin films the
properties of these films were characterized by FTIR
spectroscopy. FTIR analysis used for the calculation of bond
position (peak) of zinc and oxygen at different wavelength.
The analysis exhidi unigue properties of ZnO thin films
derstandmg to experimental as well as

1. INTRODUCTION

ased on deposition of Zinc Oxide thin film using
deposition (PLD) technique. Zinc oxide is an
mpound [1, 6, 7]. It is denoted by ZnO. It is a
er which is basically insoluble in water and
e band gap of around 3.3 eV at room temperature.
es in mainly two types of structure one is
urzite and another one is Zinc Blend. Generally,
nal Wurzite structure is the commonly found
is most stable at ambient condition. Reportedly,
nearly equal to 1.6 which is equal to the ideal
value of io of hexagonal structure unit cell. Zinc oxide
has a linear cturéln two dimensions which shows that
there is a double bond between Zinc and Oxygen. In
transparent electronics, Zinc oxide is mainly used in laser
diode and light emmiting diode due to the wide range of its
semiconductor bandgap . Because of its wide band gap, low
cost, strong radiation hardness and high chemica stability,
ZnO is regarded as one of the most promising candidates for
UV photo detectors. Zinc oxide gas sensor has a good
characteristic like chemical sensitivity to different adsorbed
gases, amenability to doping, high chemica stability, non-
toxicity, and low cost. Zinc oxide nanorods can detect change
in electric current passing through ZnO nanowires due to
adsorption of gas molecules. The sensor detects hydrogen
concentration down to 10 ppm at room temp, whereas no
response to oxygen.
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2. EXPERIMENTAL TECHNIQUES

Thin film deposition:-

Thin film means alayer of material in which range of particle
be afraction of nanometers to 100 micrometers. Thin filmisa
low dimensional material which*iSicreated, by ¢0na‘en‘sgng
molecule maiter on"a substrate. Thin films| have somegimost
mtere@tmg prcyperﬂes whi’ch differ oml bufk materlaJs fjrom
‘Which they are'madé of*This Happéns betause properties of
thin film depend on number of some interrelated parameter
and also depend on the fabrication technique [1]. There is
some important parameter which define the optical,
mechanical and coated material properties. These properties
are: substrate of the material and quality of surface, degree of
vacuum inside the coating chamber, during film growth flow
of gases inside the coating chamber, evaporation rate and
purity of coating material. The film deposition is divided into
three major part: -

1 Production of films using physical or chemical
deposition technique

2. Transportation to the substrate

3. Condensation for solid deposit

Pulse Laser Deposition:

The technique pulse laser deposition has been used to deposit
high quality thin films of materials. This technique uses high
power laser pulses to melt, evaporate and ionize the material
from the surface of atarget. The vaporize material, containing
neutral, ion and electron etc. known as laser-produced plasma

pI ume. This material is vaporlzqglafysgmbm@ gggggt in a pI asma
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high vacuum or presence of some background gas such as
oxygen which is mainly use for background gas. There are
large number of variable which affect the properties of thin
films such as laser fluence, background gas and substrate
temperature [2]. The process of pulse laser deposition
technique divided into four stages. Laser ablation of target
material and creation of plasma, Dynamic of the plasma,
Deposition of the ablation material in the surface of substrate,
Nucleation and growth of the film on the substrate surface.
Step-flow growth, Layer by Layer growth, 3D growth are
three growth mode in PLD technique[3].

FTIR (Fourier transform infrared spectroscopy):-

This technique reveals the infrared spectrum of absorption and
emission of a solid, liquid, or gas. This technique use a beam
of many frequencies and observes that what fraction is
absorbed by the sample. The result of Fourier transformation
is a spectrum of the signal at a series of discrete wavelengths.
The range of wavelengths that can be used in the calculation is
limited by the separation of the data points in the

interferogram The shortest wavelength that can be
recognized is twice aration between these data points
(8, 9].

LT AND DISCUSSI ON: -

is an important technique to checking the
um and properties of thin films. Fourier
ed (FTIR) spectroscopy is the spectroscopy
the infrared region of the electromagnetic
is light with a longer wavelength and lower
visible light [5]. The surface to volume ratio
io) for nanoparticles is higher than their bulk
As more atoms/molecules are arranging do not
f nanoparticle, the surface chemistry of these
is of immense interest[4]. In order to quickly
presence or absence of the various vibrationa
t in ZnO nanoparticle, we performed FTIR
of ZnO nanoparticles. In _order to analyze
spectrum s are correlated with' FTIR spectroscopy
correlation number. We have FTIR spectra of as
prepared nanoparticles.The absorption and transmittance
bands peak obtained of Zn-O bond and also authenticates
presence of ZnO .
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attributed to E1(TO) and A1 (LO) bending vibration of ZnO
respectively . The observed absorption bands confirm the
deposition of ZnO thin films with good structural properties.

4. CONCLUSION

Highly crystalline ZnO thin films were deposited on corning
and S (100) substrate using Pulsed laser deposition technique
at varying substrate temperature (RT,1000C, 2000C). The
films were found to be c-axis oriented with good crystal
quality. The structural analysis of films was performed using
FTIR technique. The observed absorption bands confirm the
deposition of ZnO thin “films with good structural properties.
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Abstract: Polycarbonate (PC) films were prepared by a
solution mixing method. The Electroactive properties of the
ion beam irradiated single layer polycarbonate samples
were illustrated by means of UV-Vis spectroscopy , FTIR,
XRD , AFM , thermally stimulated discharge current , DSC
to understand change in polymer morphology and relaxation
properties. For XRD we conclude.that the effect of carbon
beam |rrad|at|on on bonate film that crystallite size in
eased by 11.31%. For UV-Visble
e have illustrated the energy band gap
e energy band gap of polycarbonate
fluence rate.

ycarbonate, glass transition temperature,

1. INTRODUCTION
ion beam irradiation is an effective technique to
ation of various properties of the polymeric
h as electrical, optica and thermal properties etc
organic polymer materials have attracted
attention to their large potential application in the
ommunications, optics switching, €lectronics and
-11]’ Organic polymers generaly have long-term
good process ability, outstanding optical,
ronic. and magnetic properties, which are
significantly different, their bulk states.. Organic polymer, PC
are considered promising” material due to its excellent
properties such as light weight, color less, toughness and wide
band gap material while inorganic zinc oxide is a transparent,
wide band gap material of particular interest due to its optical,
electrical, catalytic, gas sensing, thermal properties and great
technologica applications in various fields [12-15]. lon beam
irradiated thin film polymers plays very important role to
improve the optical, electricdl and thermal properties of
polymeric insulating materials.

In this paper, we investigate the Electroactive properties of the
ion beam irradiated single layer polycarbonate samples were
illustrated by means of UV-Vis spectroscopy , FTIR, XRD ,
AFM , thermally stimulated discharge current , DSC to
understand change in polymer morphology and relaxation
orop’%'tléé Tt ’n% analyses of these results are discussed in
'detall\ Y f\ M.\,(/rvl

* 2, EXPERHVENTAL
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Preparation of the samples

The circular samples of PC 25um thickness and 5 cm in
diameter have been used in the present study. The solution of
particular concentration was prepared in a glass beaker by
dissolving PC (5gm) in 100 ml toluene at room temperature
(300C). The solution was kept for 24h to give homogeneous
and transparent solution. The solution thus prepared was
poured onto an optically plane glass plate floating in mercury
pools and the solvent was then allowed to evaporate inside an
oven at 400C for 24h to yield the desired samples. The dried
sample was subjected to room temperature outgassing at 10-5
torr.for a. further period-of 24 h to remove any residua
solvent.

Coating of samples

The samples prepared having diameter' 5 cm and thickness
25pum. For good ohmic contact, both the surface of the
samples were vacuum aluminized usingVacuum Equipment
Co (VEQCO) Delhi. Vacuum coating unit with Penning and
Rirant’ pressure gauges, ST-A6P3} over cefitral cifcular® area of
diametér 355 ¢m. both' sides vacuum/al umi nlzed samples have

_beenu%d for electncal conductlvny meeéurements

Irradiation of samples:

Polycarbonate films of size 1x1 cm2 were irradiated with C+5
ion beam of 55 Mev in the General Purpose Vacuum chamber
(GPSC) (3x10-6 mbar) at IUAC New Delhi. The line current
has been maintained at 1 pna and differences fluence rate
1x1011to 1x1013.

3. RESULT AND DISCUSSION
Short-Circuit TSDC:
The samples were thermally charged at 1500C with different
value of poling field and constant time. The TSDC was
recorded by means of electrometer (Scientific Roorkee, India)
at a heating rate of 30C/min. In order to avoid the effect of
ground loop and extraneous electrical noise the electrometer
was carefully shielded and grounded [1-4].
The short circuit TSDC spectra are recorded in range of 280-
480 K. The short-circuit TSDC spectra of PC (Pristine) show
one peak at 418 K approximate temperature.
The peak current increases with temperature and poling field.
The position of PC (Pristine) peak is shifted towards higher
t ature side with mf‘mmggﬁ'ﬁ;mtmgi field, . . Lhe peak
curggfy ¥a i
p0| I ng 1 9b20(:3391049863311(:9644c3027403904350c08227u€1180985
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The TSDC peak in pristine PC is due to the motion of main
chain segment and trapping of charge carriersin surface traps.
The charge carriers of energy 0.6eV shows that surface traps
are more dominant. The TSDC results of pristine samples are
well reproducible. The TSDC of carbon ion beam irradiated
samples are under observation.

300 350 400 as0 500
Tenmperature (K)

Fig.1. TSDC spectra of PC (Pristine) samples with different poling fields (i.e.
50kV/cm, 100kV/cm and150 kV) at 150°C.

XRD analysis.

The XRD spectra of pristine and ion beam irradiated 25 pm
thick polycarbonate samples with fluence rate of 1x1011 to
nin Fig.2. The XRD characteristics
terized by one prominent and three
° (d= 5.35 A, d=M/2 sin 0.is the lattice
ine interplaner distance), 26.67°, 29.50°,
[1-3] XRD pattern shows that the peak
-width at half maximum (FWHM) increases
fluence rate. The observed decrease in peak
HM is generally associated with decrease in
the polymer. The larger are the crystals of a
nent, the sharper are the peaks on the XRD
h crystal plane. Thus the breadth of the peak can
the crystal size. The average crystalite size L,
culated by Scherer formula [4-7].

small pe

@

where B is th@{WHM of the peak (in radian) and k is the
shape factor whose value'isiequal to 0.9. Assuming k =0.9 in
the above eguation, the crystallite sizes of pristine and
irradiated polycarbonate were calculated and these results are
shown tablel. The crystallite size in polycarbonate is
decreased by 11.31% on C5+ (55 MeV) irradiation [5-7].

Tablel
XRD gpectra data of pristine and ion beam irradiated
polycarbonate
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Fig. 2. XRD Spectra (a)pristine (b) 1x1011 fluence(c)3x1012 fluence (d)
1x1013 fluence carbon (55 MeV) ion beam irradiated polycarbonate film

Energy band gap analysis

UV-Visible absorption spectra of pristine polycarbonate and
irradiated with carbon (C5+) ion beam 55 Mev in fluence rate
of 1x1011-1x1013 ions/cm2 shown in the figure. It is shown
that the fundamental absorption band is shifted towards higher
wavelength side with increase in fluence rate. The optical
band gap has been determined at different fluence rate from
the fundamental absorption edge of UV-VIS spectra[2-4].

In order to_evaluate the. indirect band gap.of pristine and
irradiated samples the absorption Coefficient (o) and photon
energy (hv) were calculated by the relation using UV-VIS
absorption spectra:

The values of (ahv)1/2 were plotted as a function of photon
energy (hv). From the intercept of the best-fit lines in the plots
of (ahv)1/2 versus hv, the values of indirect band gap for the
pristine and carbon(C+5) ion beam- wraduit@d nples with
di ffelrent‘fl uance | rate wege determin Sﬂnl |a!i probedure*@as
follow for't the determunétlon of direct’ 1band gap except for
the*fact that (othv)‘I'72 valties wére réplaceﬂ by (¢hv)2" The
values of indirect and direct band gaps are presented in table 2
along with their standard errors for the pristine and carbon
(C5+) ion beam irradiated polycarbonate samples [1-4].

Fig. 3 showsthat band gap reduces with increase in fluence
rate of high energy carbon ion beam due to addition of ionic
species in polymer matrix during irradiation and due to
formation of nanoclustures in polymer matrix, so that it
become behave as a semiconductor. These ionic species
causes the creation of nanostructured crystalline boundaries in
polymeric material, which provide the sufficient space for
charge carries for residing between conduction and balance
band. The data provides new information for interaction of
high energy carbon ion beam with polycarbonate at high
fluence rate and it is not yet been reported in literature [6-10].

W e P degres 1. (A i ¢4, It
[rr—
Table2
Priabiyys e " e EaT LLEE 54 Relevant data of UV-Vis spectra of pristine and carbon (55
1=l T 537 e ) | I [R5 i . . . .
10 peic B LT ams 0320 MeV) ion beam irradiated polycarbonate film
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Fig. 3. Fluence versus band gap of pristine and irradiated polycarbonate film

ANALYSIS

transform infrared (FTIR) spectra of
gy carbon ion beam irradiated samples
ation modes of chemica bonds are
e absorption bands of FTIR spectra. The
n bands are indicated in pristine and ion
samples under different fluence rate. The
absorption band position was made with
spectra of pristine PC. It has been observed
ength 828.96, 888.49, 1653.30, 2332.38 and
shows cross linking and 1688.29 cm-1 shows
ng due to polar polymer [1-4].

Fig.4 shows
pristine
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Fig. 4. FTIR Spectraof (a) pristine (b) 1x1011 fluence (c) 3x1012 fluence
(d) 1x1013 fluence carbon (55 MeV) ion beam irradiated polycarbonate film

Differential scanning calorimetry Analysis

The DSC scans for the PC (Pristine) sample DSC
thermograms were obtained in the range of 330-450 K by
heating at of the 283 K/min with liquid nitrogen medium in
UGC-DAE Consortium Indore (M. P.) — India. The Figure 5
movmsthat,,giass transition temperature of PC (Pristine) is
49483 K [3:4]%

ISSN (Online): 2347 - 4718

Fig. 5. DSC curve of PC (Pristine)

Atomic force microscopy

AFM was performed to examine the surface morphology and
to measure roughness values for pristine and irradiated
polycarbonate with fluence rate of 1x1011-1x1013 .Figure 6,
7 and 8 show three dimensional topographic scan of the
samples respectively. Results reveal that ion beam irradiated
surface was rougher as compared to the pristine sample
surface. After irradiation the polymer film shows a remarkable
change in yellow mounds with diameter from 1000-200 nm
and topography (height) up to 5 nm. Results also shows large
amount of pits of the order of 2.5nm-25 nm depth. The
variation of rms roughness and dimension of the hills (average
height and diameter) with fluence, measured from the
manufacturer’s software available with the microscope. The
increase in the roughness is due to the change in cross linking
density and degradation of a polymer surface. This result is
congistent with other published works that report that ion
beam irradiation can significantly. change surface morphol ogy[
5-11].

5. CONCLUSIONS

The TSDC characteristics of pristine PC indicate the
distribution of energetic traps at different depth. Thisis due to
the fact that the activation energy is different for TSDC peaks
appeared with different polarizing field and temperature. The
differential scanning calorimetry spectra of PC gives the
temperature position of phase change (i.e glass transition
temperature), which is well agreed with  the position of
TSDC peak. However the TSDC measurement on irradiated
samples in underway, therefore, it difficult to say anything
about the effect of ion beam in TSDC characteristics of PC.
FTIR results revea that the effective change in intensity of
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energy carbon ion beam created the nano clustures and
reduces the energy band gap. The remarkable results are that
the band gap energy is found to be a function of fluence rate
and density of nano clusters. The decrease in crystallnity is an
evidence for growth of nano clusters in PC after irradiation.
Present investigation motivates the application of high energy
carbon ion beam irradiated PC as a semiconductor and it is
first time very low band gap observed by our research group.
It is also observed that the surface roughness is highly
influence by ion beam irradiation as presented in AFM study.
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First occurrence record of Indian Roundleaf Bat Hipposideros lankadiva
in Rajasthan, India
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Abstract: An erroneously cited text of Wason by subsequent authors has led to the assumption that Hipposideros lankadiva was first
recorded in Rajasthan in the Bhim Bharak caves of Jodhpur. A careful review of Wason’s note revealed that it in fact mentioned another
species from the genus, H. fulvus. This erroneous citation has led to several research articles published on the ecological aspects of this
species to be misinformed. The authors discovered a small population of H. lankadiva in eastern Rajasthan and have monitored this new
population since 2010. Since the Bhim Bharak cave location is erroneous, Kased Cave (26.2209N, 77.1024E) is the only location of H.
lankadiva for Rajasthan and is therefore the first record of the species from the state.
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First occurrence record of FHipposideros lankadiva in Rajasthan

INTRODUCTION

The Indian Roundleaf Bat Hipposideros lankadiva is
endemic to southern Asia, and has been recorded from
many parts of India, as well as neighbouring nations like
Sri Lanka, Bangladesh, and Myanmar (Bates et al. 2015;
Saha et al. 2015). Hipposideros lankadiva Kelaart, 1850
was described from the city of Kandy in the central hills
of Sri Lanka (Bates & Harrison 1997). Three subspecies
have been reported for this species of bat. The subspecies
described from Sri Lanka is H. lankadiva lankadiva
(Kelaart, 1850) and the subspecies from India is referred
to as H. lankadiva indus (Andersen, 1918). The latter is
small in size relative to the former (Bates & Harrison
1997). Bates et al. (2015) described a new subspecies,
H. lankadiva gyi from Myanmar with its distribution in
northeastern India, which is morphometrically similar to
the Sri Lankan subspecies.

Many taxonomic accounts have contributed to
chiropteran studies in Rajasthan, such as Blanford
(1891), Ryley (1914), Wroughton (1918), Ellerman &
Morrison-Scott (1951), Prakash (1963a,b, 1973), Agrawal
(1967), Biswas & Ghosh (1968), and Sinha (1973, 1975,
1976, 1977). The first detailed taxonomic exploration
of bats in Rajasthan was conducted by the Zoological
Survey of India (Sinha 1980) which documented detailed
descriptions, illustrations, and zoogeography of 21 bat
species in the state. Later on, various explorers described
new occurrence records and ecology of bats in Rajasthan
(Sinha 1981; Sharma 1986; Bhupathy 1987; Bohra 2011;
Senacha & Dookia 2013).

On the occurrence of H. lankadiva in Rajasthan

Bates & Harrison (1997) quoted a published note
by Wason (1978) on the occurrence of H. lankadiva in
the Bhim Bharak caves of Jodhpur, Rajasthan. However,
Sinha (1980, 1996) did not discuss this bat’s presence in
the state, and this led to doubts about the occurrence
of H. lankadiva in the state. Bats have been studied in
the Thar desert by various scientists, especially those
based in Jodhpur such as Prakash (1963a,b, 1973),
Agrawal (1967), Biswas & Ghosh (1968), Sinha (1973,
1975, 1976, 1977, 1981), Sharma (1986), and Senacha
& Dookia (2013). Thus, no prior reports of this species
lent credence to the idea that the observation by Bates
& Harrison (1997) is incorrect.

A careful review of Wason’s (1978) note revealed
that it mentioned another species from the genus—H.
fu’“us and the inclusion of H. lankadiva was due to an

~ errnr b{l Bates & Harrison (1997).
\\\j&;ﬁ}l ety (2013),
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literature and compiled a list of 25 bat species from
Rajasthan, including H. lankadiva from the Bhim Bharak
caves of Jodhpur. Interestingly, without physically
verifying the note by Wason (1978), Srinivasulu et al.
(2013) quoted the same distribution area for H. lankadiva
in Rajasthan. It seems that while they may have followed
Bates & Harrison (1997), they cited Wason (1978) for
the occurrence of H. lankadiva in Rajasthan. Afterwards,
many documents have included H. lankadiva for the
state of Rajasthan (Menon 2014; Bates et al. 2015).

This erroneous citation has led to various research
articles published on the ecological aspects of this
species to be misinformed. For example, Dookia et al.
(2017) expressed concern that H. lankadiva was not
reported from the Thar desert since 1979. This erroneous
location has also been used in spatial studies to predict
new possible areas for the species (Venugopal 2020).

However, we recorded a small population of H.
lankadiva in eastern Rajasthan and have monitored this
new population since 2010, which was opportunistically
discovered during a wildlife survey of the region. Since
the Bhim Bharak cave location is erroneous, Kased Cave
(26.2209N, 77.1024E) is the only location of H. lankadiva
for Rajasthan and it is thus the first record of the species
from the state.

Study Area

The population of H. lankadiva occurs in a natural cave
between the Kailadevi Wildlife Sanctuary and National
Chambal Gharial Sanctuary in Karauli, Rajasthan, India.
The precise location is a Hindu religious site, known as
the Kased Cave (26.2209N & 77.1024E) near the town
of Karanpur (Figure 1). The cave is situated on a low hill
close to the contiguous Vindhyan hill range of Kailadevi
WS. Due to its holy status, no tree felling has occurred in
its immediate vicinity although the local community has
completely denuded its surrounding areas.

The cave is formed of sand stone. The main chamber
of the cave is 12 x 12 m in size. This chamber is used by a
“sadhu” (hermit) and other pilgrims alike to shelter, cook
food, and perform devotional music. The height of the
chamber is around 4.5-5.5 m from the centre, and form
a dome shape. The surface is dark black in colour, as a
result of exposure to smoke. In the main cave chamber,
three narrow tube like tunnels further extend from it,
one of them has a slow flowing stream and two of them
are dry. When the pilgrims cook food for ritual offerings
and create a disturbance, the bats move inside the
narrow water tunnels. The water tunnel is 55—60 m long
and a small stream flows through it year round. The main
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Figure 1. New distribution localities for Indian Roundleaf Bat Hipposideros lankadiva in Rajasthan, India

in this water tunnel stays the same year round, because
it is underground and not affected by surface weather
patterns. The temperature of the cave is usually close to
the average annual temperature. During the study we
found two other species of bats, Lyroderma lyra and H.
fulvus, along with H. lankadiva at the same site.

The tree species found on the hill are Anogeissus
pendula, Mitragyna parvifolia, Crateva adansonii,
Butea monosperma, and exotic trees & herbaceous
plants recently planted in the area by the guardians of
the temple. A seasonal water stream forms a waterfall
nearby. The surrounding area is high and the cave
opening is in a depressed area, which makes it moist
and cool. The nearby areas are comprised of a mosaic
of agriculture fields and scrubland. The Chambal river
1.2km away from the cave site. An undulating landscape
consisting of ravines exists between the Chambal river
and Kased Cave.

S
wN ./l “,H (.
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MATERIAL AND METHOD

Basic data of habitat and the surroundings has been
collected like measurements of the cave and vegetation
species. Five individuals of the species were captured in
hand nets at Kased Cave, Karanpur, and Karauli (Figure
1). Specimen and habitat photographs were taken
with the help of Nikon D850 DSLR with 300 mm, 17-35
mm lens. Morphological data was taken by manual
examination in which measurements were taken with
a digital calliper and compared with earlier findings
(Srinivasalu et al. 2010; Bates et al. 2015; Saha 2015).
The captured bats have been released after taking
morphometric measurements. All data was compared
with available literature to conclude a final result. Lux
meter was used to observe the intensity of light in the
cave (Lacoeuilhe et al. 2014). To detect if light intensity
influenced roost selection in bats, lux values were
observed at places where the bats roost. MS6610 high
accuracy 0~50,000 LUX digital luxmeters illuminometer
was used to measure the value of light.
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RESULTS

We captured 5 individuals of bats (three males and
two females) for morphometric analysis. (Table 1). The
morphometric data revealed that the bat matches with
the subspecies H. lankadiva indus. The pelage of the
bats varied from yellowish-brown to dark brown (Image
1). They were darker on the head & shoulders and paler
on the underside. For species identification we compare
morphometric analysis from Srinivasalu et al.(2010),
Saha (2015), and Bates et al. (2015). The average value of
FA (mm) in three male samples was found to be 85.99 +
2.12 and in two females to be 83.70 + 0.65, respectively.
Similarly (Saha 2015) the mean value of FA (mm) was
87.64 £ 3.62.

Khandal et al.

In the study of Srinivasulu (2010) the HBL (mm)
range was 87.0—106.0 in males and females as well. In
this study we have also rendered the range and mean
value of HBL (mm) reported in (78.11-98.57) 89.62 +
10.47 males and (91.28-92.81) 92.05 + 1.08 females.

On the comparison of tail length, our observation is
supported by Srinivasulu et al. (2010) and Bates et al.
(2015). According to Bates et al. (2015), the tail length
was found to be 35.0-47.0 (mm) in males and 40.0-45.0
(mm) in females. According to Srinivasulu et al. (2010)
the vast range length of the tail (mm) was 35.0-58.0.
The mean TL (mm) recorded in this study is 33.36 + 2.24
in males and 37.80 £ 0.48 in females.

Morphologically, there is no extraneous character
variation from different species ranges in males and

s

Table 1. Morphological Characters of Hipposideros lankadiva (Kelaart, 1850).

Present study
Body ch . Srini [ Bates et al. 2015
ody characters rinivasulu Male Female
etal, 2010 | 5322015 | |
Male Female | Malel | Male2 | Male3 AVG Fe"l'ae Fe";ae AVG
EZT;::; Length 75.0-99.0 | 87.64+3.62 | 80.1-87.0 | 75.0-89.0 | 86.76 83.59 87.62 | 85.99:2.12 | 83.24 | 84.16 | 83.70:0.65
:;""L‘:ri‘;:j)“e”gth 87.0-106.0 | 98.1+4.24 NA NA 78.11 98.57 92.17 |89.62+10.47 | 92.81 | 91.28 | 92.05:1.08
Tail Length
L (mm) 35.0-58.0 | 51.45+2.34 | 35.0-47.0 | 40.0-45.0 | 30.84 35.12 3412 | 33.36:2.24 | 3814 | 37.46 | 37.80£0.48
:'F"Ld(:’n:;m"gth 12.0-20.0 | 19.35+1.0 | 12.0-16.0 | 13.0-16.0 | 15.77 19.29 17.53 | 17.53£1.76 | 14.52 | 13.88 | 14.20£0.45
Ear Length
EAR (mm) 19.5-30.0 | 27.6£2.05 | 22.0-26.0 | 19.5-27.0 | 23.19 26.93 2711 | 25.74#2.21 | 2639 | 2863 |27.51#158
Length of Tibia 35.5542.48 35.02 33.89 34.46 | 34.46+0.57 | 33.15 | 34.09 | 33.62+0.66
TIB (mm)
No. of
Supplementary 4 NA NA NA 4 4 4 - 4 4 -
Leaflets
Well- Well-
Narial Lappets Well- NA NA NA el Well- Well- - develo- | develo- -
developed developed | developed | developed
ped ped
Length of Third
Metacarpal NA 67.7120.79 | 57.2-63.7 | 57.0-65.0 |  56.7 62.18 60.41 | 59.76:2.80 | 58.49 | 58.43 | 58.46x0.04
3MT (mm)
Length of Fourth
Metacarpal NA NA 57.2-61.8 | 55.3-63.6 | 58.26 55.59 62.31 | 58.72¢338 | 60.18 | 5893 | 59.56:0.88
4AMT (mm)
Length of Fifth
Metacarpal NA NA 50.7-56.9 | 49.7-58.6 | 49.73 51.14 50.19 | 50.35:0.72 | 47.78 | 50.12 | 48.95:1.65
S5MT (mm)
First Phalanx of
the Third Digit NA 31.60£1.17 | 25.4-28.5 | 26.0-30.0 | 26.14 25.82 26.15 | 26.04:0.19 | 28.43 | 28.07 | 28.25:0.25
3D1P
Second Phalanx of
the Third Digit, NA 34.34+1.23 | 24.4-28.4 | 245-28.8 | 2839 28.79 29.88 | 29.02:0.77 | 27.12 | 27.86 | 27.49:0.52
3D2P (mm)
First Phalanx of
the Fourth Digit NA NA 19.0-21.8 | 19.4-21.1 | 20.11 21.23 2044 | 20.59:058 | 21.16 | 20.78 | 20.97+0.27
4D1P (mm)
Second Phalanx of
't‘hizF?urthDigit NA NA 11.2-140 | 12.5-14.1 |  9.96 11.49 12.23 | 11.23#1.16 | 11.56 | 11.93 | 11.75:0.26
PRSI
/ - Y Al - - -
&S ';_‘@:_s\e-lﬁ,‘(.@(\,.\,w 11.1740.09 NA NA 9.92 P 10.06 10.0p+0 12 | Dl sdpedpCauendh 109340.23
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Image 1. Portrait of Indian Roundleaf Bat Hipposideros lankadiva.

females between our five samples and the reference
value (Bates et al. 2015). H. lankadiva (Kelaart 1850)
is a Large Leaf-nosed Bat having four (additional)
supplementary leaflets on the nose-leaf with the 4%
leaflet reduced, which is a key character of the species
are present in all specimens (Image 1). The length of
the ear is also an important parameter by which we can
see the account of the species. According to Bates et
al. (2015) the range of ear length (mm) in females was
found to be 19.5-27.0, but in our study, the maximum
value of female ear (mm) was found to be 28.63 and the
average value was recorded as 27.51 + 1.58. In the same
cave, we found 89 L. lyra and four H. fulvus bats along
with H. lankadiva.

We also surveyed the Bhima Bharak cave site at

hnur No specimens of H. lankadiva were found in the

\ ain oéﬂt,‘pf the cave (Shiva Temple) and in the lower
LTY 4

. _bant\_ﬂl'g@m'\w’e’fdund 39 individuals of Taphozous

.‘[l\
t\"(
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Image 2. Close of an Indian Roundleaf Bat Hipposideros lankadiva
face.

perforatus and four Rhinopoma hardwickii at the cave.
During this study, we personally communicated with
Anil Wason to investigate if the species had ever been
reported by him in the past, but Wason categorically
denied ever observing or reporting H. lankadiva.

There was a considerable difference between the
internal climate and light intensity inside Kased Cave
and outer area of the cave, where the value of light
intensity was measured to be 62 lux on the opening of
the cave. By comparison, the internal light intensity at
the site in Karauli was measured at zero lux. The bats
prefer zero lux intensity area of the cave. Humidity of
the Kased Cave in Karauli was also recorded at more
than 50% with water source availability.

DISCUSSION

The species H. lankadiva has been observed for the
first time in 2010 by the authors in Rajasthan, but it has
been first reported now in 2022. This delay in reporting
is because of the species already being listed on the
bat checklist of Rajasthan, which was the consequence
of the erroneous inclusion. Bates & Harrison (1997)
erroneously included the bat in Rajasthan and some
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like Srinivasalu et al. (2013) and Bates et al. (2015).
Srinivasalu et al. (2013) and Bates et al. (2015), have
not only erroneously included the bat, but also cited
a wrong reference for Wason (1978), i.e., Srinivasalu
et al. (2013) mentioned “44(5): 305-306"; whereas
Bates et al. (2015) mentioned “46(5): 331-332", while
the correct reference is 43(5): 305—-306. It seems like
they mixed Wason (1978) with another reference,
Wason & Misra (1981) and it is important to note that
neither mentioned H. lankadiva. The erroneous report
perpetuated and impacted many other studies like
Venugopal (2020).

Venugopal (2020) used a habitat modelling approach
(MaxEnt) based on known locations, to predict new
possible geographic presence of H. lankadiva. The study
also included the erroneous Bhim Bharak location,
which misinformed the study and, in all likelihood, must
have had an adverse impact on the results, which may
have expanded the predicted distribution area of the
species. Since this erroneous location is far from the
other known locations and lies in a new biogeographic
zone, the magnitude of the error could be substantial.
The majority of the predicted suitable areas were in
and around known localities which are in the Western
Ghats and central India (Venugopal 2020). The predicted
areas around western Gujarat and Rajasthan, may be
due to inclusion of sites where this species has been
incorrectly identified. The Jodhpur lies in totally different
biogeographic zone.

It is proved that the report of H. lankadiva from the
Bhim Bharak caves, Jodhpur, Rajasthan is erroneous,
and must be omitted from the list of bats occurring in
that particular part of Rajasthan, so that it does not
continue to perpetuate and impact any further studies.

The newly reported site has a very small population
and shows a decline in numbers. The Kased Cave location
is under observation by the authors since December
2010 and at that time the number of bats was 150-200
as per personal records. At present, the number shows
that the bats are declining in the area and their numbers
are five times lower. In the most recent survey (October
2021) we recorded only 32—35 bats. The anthropogenic
disturbance level in the cave has also increased. The
conservation status of H. lankadiva is listed by the [UCN
Red List as ‘Least Concern’ (Molur et al. 2008). Rajasthan
is geographically the most largest state in India and only
Sinha (1980) conducted comprehensive chiropteran
species exploration work throughout the state. Most
other studies are sporadic and opportunistic. There is
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Re-sighting record of Kelaart’s Pipistrelle
Pipistrellus ceylonicus (Kelaart, 1852) (Mammalia: Chiroptera:
Vespertilionidae) from Rajasthan, India
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Abstract: Despite numerous studies and surveys targeting Chiroptera in Rajasthan since 1955, Pipistrellus ceylonicus has not been
observed in the state for more than a century since 1913. Based on an adult male specimen recovered from Kusthala village in Sawai
Madhopur district of Rajasthan, we report the occurrence of this species from the state after more than a century.
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Re-sighting record of Kelaart's Pipistrelle from Rajasthan

INTRODUCTION

A small-sized bat Pipistrellus ceylonicus was initially
recorded from Rajasthan at Mt. Abu during the mammal
surveys of India, Burma, and Ceylon in 1911-1923
conducted by the Bombay Natural History Society
(BNHS). In this survey two males and one female of this
species were collected in March—July 1913 (Ryley 1914).
Since that time, a large number of surveys targeting
the chiropteran fauna of the state were undertaken
e.g., Garg (1955); Prakash (1961, 1963, 1973); Agrawal
(1967); Biswas & Ghosh (1968); Sinha (1975, 19764a,b,
1977, 1978, 1979, 1980a,b, 1981, 1983, 1996); Gaur
(1981); Advani (1982); Ramaswami & Kumar (1963);
Kumar (1965); Wason (1978); Agarwal & Gupta
(1982); Lall (1985); Bhupathy (1987); Gupta & Trivedi
(1989); Trivedi & Lall (1989); Sharma (1986); Agarwal
et al. (1981); Trivedi (1991); Purohit & Senacha (2002,
2004a,b); Senacha (2003, 2006); Trivedi et al. (2003);
Dookia (2004); Dookia & Tak (2004); Senacha & Purohit
(2004); Trivedi & Lall (2004, 2006); Senacha et al.
(2006); Srinivasulu & Srinivasulu (2006); Purohit et al.

Khandal et al.

(2006); and Khandal et al. (2022). However, Pipistrellus
ceylonicus was not recorded in any of these surveys
(Figure 1).

MATERIAL AND METHODS

In November 2021, an injured adult male Pipistrellus
was rescued from Kusthala village (25.9694°N,
76.2929°) in Sawai Madhopur, Rajasthan (Image 1 &
2). The bat was treated at home and kept in a box but did
not survive. The specimen collection site is near the state
highway close to the village of Kusthala, in the district
of Sawai Madhopur. The landscape is dominated by
agricultural fields close to a small human settlement. The
area lies near a very significant ecosystem, i.e., the
forests of Ranthambhore Tiger Reserve which is barely
4.5 km away. Specimen and habitat photographs were
taken with a Nikon D850 DSLR equipped with a 17-35
mm lens. Morphological data was taken by manual
examination in which measurements were taken with a
digital caliper.
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Table 1. Morphological, cranial and dental measurements of Pipistrellus ceylonicus (Kelaart, 1852) (all measurements are in millimeters)

Measurement (mm) Bates & Harrison (1997) Korad & Yardi (2004) (n=7) Present study (n=1)

1 Head and body length (HB) 45.5 - 64.0 46-51.4 41.2
2 Tail length (T) 30.0-45.0 29-38.5 31
3 Hind foot length, including claw (HF) 6.0-11.0 6-8.5 8.4
4 Forearm length (FA) 33.0-42.0 35-38.2 39
5 Wingspan (WSP) 227-262 227-252 243
6 5th Metacarpal length (5MT) 30.7-36.7 33.0-34.5 33.7
7 4th Metacarpal length (4MT) 32.6-38.5 34.4-35.8 34.8
8 3rd Metacarpal length (3MT) 33.0-39.0 34.5-36.4 33.1
9 Ear length (E) 9.5-14.0 9.5-14 11.2
10 Tibia length (Tb) NA 13.5-15.0 14.1
11 Greatest length of skull (GTL) 14.4-15.8 13.5-15.5 14.9
12 Condylocanine length (CCL) 13.1-143 13.0-14.0 13.6
13 Zygomatic breadth (ZB) 9.2-11.0 9.0-10.0 9.2
14 Breadth of braincase (BB) 6.8-7.8 7.7-8.0 7.1
15 Postorbital constriction (PC) 3.7-43 3.8-4.5 3.9
16 Maxillary toothrow length (CM?) 5.2-5.9 5.4-6 5.8
17 Mandibular toothrow length (CM,) 5.7-6.5 5.6-6.6 6.2
18 Width across third molars (M*-M?) 6.2-7.2 6.6-7.8 6.8
19 Mandible length (M) 10.6 - 12.0 10.6-11.6 10.9
20 Width of rostrum (RW) 5.7-7.1 5.5-7.0 5.9

The  specimen was preserved in 70%
ethanol. Standard morphological measurements of
the specimen and cranio-dental measurements of the
extracted skull were taken using a digital calliper accurate
to the nearest 0.1 mm and 0.01 mm, respectively. The
morphological and craniodental description (Table 1) of
the bat matched with descriptions provided by Bates &
Harrison (1997) and Korad & Yardi (2004) confirming the
specimen as Pipistrellus ceylonicus (Kelaart, 1852).

RESULTS AND DISCUSSION

Kelaart’s Pipistrelle, Pipistrellus ceylonicus is a large
sized Pipistrellus with a forearm length of 33—-42 mm
(Bates & Harrison 1997). They have variable dorsal
pelage coloration ranging from grey-brown to chestnut,
reddish or golden-brown colour. The ears, naked
areas of the face, wings and interfemoral membrane
are a uniform dark brown. The present specimen was
grayish-brown dorsally and had dark hairs with pale grey
tips en the ventrum (Image 1 & 2). The skull is robust
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first upper incisor (i) is bicuspidate; the second incisor
(i®) is larger in size and two-thirds the height of i2. The
first small premolar (pm?) intruded into the toothrow,
and was not visible on the outside (Image 4 A & B). The
upper canine and posterior premolar (pm*) are almost in
contact. The lower incisors are trifid and overlap slightly
(Image 5).

Three subspecies under P. ceylonicus recognized
from India by Ellerman & Morrison-Scott (1951), viz.,
Vesperugo indicus Dobson, 1878 (type from Mangalore,
Malabar Coast, Karnataka), Pipistrellus chrysothrix
Wroughton, 1899 (type from Mheskatri, Surat Dangs,
Gujarat) and P.c. subcanus Thomas, 1915 (type from
Yalala, Junagarh, Kathiawar, Gujarat). Individual body
color variation was observed in individuals of the
same colony of P. ceylonicus by Brosset (1962). Based
on variation in colour, Khajuria (1978, 1980) has
synonymised crysothrix with indicus. Lal (1984) has
considered both crysothrix and subcanus as synonyms
of Pipistrellus cylonicus indicus. Moratelli & Burgain
(2019) considered all populations of P. ceylonicus from
the mainland Indian subcontinent with distribution
in eastern and southeastern Pakistan, India and
Bangéhtvethra? a i rihelen ubTecies,
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: A—Dorsal view| B—Ventral view. © Dharmendra Khandal.

Image 3. Pipistrellus ceylonicus skull

Image 5. Pipistrellus ceylonicus, lower jaw with dental arrangement.
© Dharmendra Khandal.

Pipistrellus ceylonicus indicus Dobson, 1878.

Some of the earlier works on taxonomy, biology and
ecology of bats of Rajasthan (Prakash 1961; Agrawal
1967; Biswas & Ghosh 1968; Sinha 1976a,b, 1978,
1980a,b) did not report any new occurrence data of P.
ceylonicus from the state. Ghosh (2008), while preparing
a catalogue of bats specimens available in the National
Zoological Collection at Zoological Survey of India,
Kolkata, mentioned the distribution of the species in

— Rajasthan based only on the past record by Ryley (1914)
~ ]

mage 4. Aiﬁ‘igtrellus ceylonicus, skull: A—Lateral view | B—Front and without any new collection data.
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Re-sighting record of Kelaart's Pipistrelle from Rajasthan

nature, IUCN Red List categorized the species as ‘Least
Concern’ (LC) (Srinivasulu & Srinivasulu 2019). It is
apparently of rare occurrence and extensive surveys
are needed to determine the status of the species in the
state.
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VETERINARY DRUGS AND ASSOCIATED IMPACT ON VULTURE HEALTH

IN ASIA

Bohra D.L. (Department of Zoology, Seth G.B. Podar College, Nawalgarh, Jhunjhunu,

Rajasthan, India)

Contact:
Dau Lal Bohra
daulalbohara@yahoo.com

Veterinary non-steroid
anti-inflammatory drugs,
which have caused a
catastrophic decline in
vulture populations due
to poisoning, sold in
veterinary pharmacies in
India. Photo by D. Bohra.
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There are over 500 million livestock in In-

dia, and without infrastructure to dispose
of dead livestock animals, pastoralism has
historically depended on vultures (Gyps
sp.) as environmental sanitizers. In their
absence, carcasses of dead animals spend
time out in the open or are disposed by
farmers in water, both of which create an
increased risk of disease and water pollu-
tion. This carrion also creates a new source
of food for dogs and rats, increasing their
population. Feral dogs and rats are a major
source of rabies infections, a known public
health issue in India. Rabies infection is le-
thal unless vaccination immediately after
exposure. The collapse in India’s vulture
population occurred because of unintend-
ed poisoning following the availability of
cheap generic versions of diclofenac for
human use till 2008. Diclofenac was intro-
duced in 1973 as a painkiller for humans,
but in the mid-90s, along with approval for
a generic version in 1993, the pharmaceu-
tical industry in India started producing
large quantities of the drug. This lowered
the price to a point that made diclofenac

by 1994, diclofenac was widely avas
able across veterinary clinics. Diclofenac
was the first NSAID shown to be toxic to
scavenging birds and has been banned for

veterinary use in much of Asia vultures’
range. Currently, there are fully gazetted
bans on the manufacture, sale, and use
of veterinary diclofenac in Bangladesh,
Cambodia, India, Iran, Nepal, Oman, and
Pakistan, and other countries are consider-
ing a similar ban. With the intervention of
Human right commission in India, generic
versions of multi dose packs of diclofenac
for human use was banned in 2015 to stop
misuse in animals treatments. In 2023, Ke-
toprofen, Aceclofenac more fully gazetted
bans on the manufacture, sale and use of
veterinary for vulture protection. Other
then Diclofenac, Ketoprofen, Aceclofenac,
two more agents including Nimesulide
and their composition, and Flunixin are
toxic to vultures. As per scientific reports
and analysis in safety testing experiments
have established that meloxicam and
tolfenamic acid are safe. Use of medicines
for One Health issue, and the use of vet-
erinary medicines can have consequences
affecting animal health, welfare, and eco-
systems. According to Nambirajan, 2018
range of diclofenac 62.28 to 272.20 ng/g
in 32 dead White-Backed Vultures (Gyps
africanus). In another similar incidence, 14
White-Backed Vultures had diclofenac in
kidneys in toxic range (70-908 ng/g), and
in 12 Himalayan Griffons (Gyps himalayen-
sis), diclofenac was in the range of 139.69
to 411.73 ng/g. In 2021, a new drug has
caused four White-Rumped Vulture (Gyps
bengalensis) deaths as nimesulide was de-
tected in all the tissues (17-1395 ng/g). As
veterinary aspects are critical to stakehold-
ers of pharmaceutical industry, and we
can leverage our multiple spheres of influ-
ence to help mitigate the animal and pub-
lic health, as well as xedues, the-eeplogical
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B Muayvm HacumTbiBaercs: 6oaee 500 MmA-
AVIOHOB TOAOB AOMAIITHETO CKOTa, 11 6e3 MH-
q)paCprKTypr AAST YTUAMBaVN MépTBI)IX
XMBOTHBIX ~CKOTOBOACTBO  MICTOPMYECKN
3aBrceno oT cvmoB (Gyps sp.) Kak caHWTa-
OB OKpYy>KaroIlleit CpeAbl. B mx orcyTcrsue
Ty MépTBI)IX XKMBOTHbLIX I'HMIOT Ha OT-
KPBITOM BO3AYXE€ VAU BbIGpaCBIBaIOTCH
@epMepaMM B BOAY, UTO CO3AA€T MOBBI-
IIIEHHBIV PYUCK 3a060AeBaHIMIA M 3arpsI3HEHNsT
BOAPBI. Sta MaAaAb TakKXe CO3AAET HOBBIN
VICTOUYHMK IIMION AAST cobak 1 KPpbIC, yBe-
AVUVBasT X DOMYASIIIO. Aykue cobaxm u
KPBICBI SIBASIFOTCSI OCHOBHBIM VICTOYHMKOM
3apakeHNsl OeIlIeHCTBOM, M3BECTHOI IIPO-
6AeMOI ObIIIeCTBEHHOTO 3APaBOOXPaHEeHMsI
B MEAVM. BelreHCTBO IPUBOAMT K A€TaAb-
HOMY VICXOAY, €CAV He HadaTh BaKIVHAIIIO
cpasy mocae 3apaxkenmst. Koanaric momyasi-
m1 curos B VAV mpomsomén m3-3a He-
IpeAHAMEepPeHHOTO OTpaBAHMsI TIOCAe TIO-
SIBACHVIST AELIIEBBIX AKEHEPVKOB AMKAODe-
HaKa AAS MICTTOAB30BaHNsI AFOABMI AO 2008 T.
AyxnodpeHak 6bIn IpeacTaBAeH B 1973 T.
B KauecTBe 06e360AMBAIOIIETO AAST AFOAEHA,
HO B cepeayHe 90-X IT., TIOCAe OAOOPEHIISI
Axerepuka B 1993 r., dpapmanepTiueckas
IIPOMBIIIIAEHHOCTD I/IHAI/H/I Ha4dana IIpOn3-
BOAWTD TIperapaT B OOABIIINX KOANYIECTBaX.
STO CHU3MAO €TO LIeHY AO YPOBHSI, KOTOPbII
CAeAaA VICTIOAB30BaHMe AMKAOeHaKa B XN~
BOTHOBOACTBE S5KOHOMMYECKN BbI'OAHBIM, M1
K 1994 r. aAmMKAOdpeHaK cTaA IIMPOKO AOCTY-
TleH B BeTepMHAPHBIX KAMHMKaX. Aukaode-
Hak 6bIA IIEPpBBIM HECTEPOMAHBIM IIPOTMBO-
BOCHaAMTeAbHbIM mpernapatom (HIIBII),
KOTOprﬁ OKa3aACs TOKCMYHBbIM AAST CUIIOB
U OBIA 3alpeléH AAS BeTEPMHAPHOTO VIC-
TIOAB30BAHMSI Ha OOABIIIEV JacTV apeanoB
a3MaTCKUX BUAOB. B HacTosiIIIee BpeMst TIOA-
HOCTBIO OITy 6AVMKOBAHbBI 3aITpeTh Ha IIPOM3-

WBOACTBO, IIPpOAAXY U VMICIIOAB30BaHIE BETe-

u ITaxucTane, a Apyrue CTpaHbl pacCMaTpy-
BAlOT BO3MOXXHOCTb BBEAEHMSI aHAAOTU-

pUHApHOTO AMKAOQEHaKa B BaHrAacﬁx uﬁ)
Kamboaxe, Muaynt, Hpane, Hemane, r—@'tng Ta

HOro 3amperta. baaropapst BMeIlIaTeAbCTBY
Komuccyn o mpasam genosexka B MHAVM B
2015 r. 6bIAM 3aTIpelIeHbl BepCyyt MHOTOAO-
30BBIX YIIAKOBOK AMKAO(DeHaKa AASI AIOAENT,
YTO6BI OCTAHOBUTD VX VICIOAB3OBaHMVE TP
AeueHV XMBOTHBIX. B 2023 r. AAsT 60ABIIIeN
3aIATBI CUTIOB OIyOAMKOBaHBI 3alpeThl Ha
IIPOM3BOACTBO, IMPOAAXY ¥ MCIOAB3OBaHME
BeTepVMHAPHBIX IIperapaToB KeTormpodeHa
u anexkrodperaxka. Kpome amxaodpenaxa,
KeTonpodpeHa, allekAopeHaka, emg Aa Ae-
KapCTBa, HUMECYAUA U €70 COCTaBASIFOLIME 1
PAYHMKCHEH, TOKCMYHBI AAs cvmioB. Hayda-
HbIe OTYETBI M Pe3yAbTaThl UCHbITAHMIT Ha
6e30MacHOCTD MOKA3aAM, YTO MEAOKCUKAM U
TOApeHaMIHOBAsI KMCAOTa 6e30IacHbI AAST
cvmos. Mcroab3oBaHIe AeKapCTB AASL UeAO-
BeKa 1 AOMAIITHETrO CKOTa MOXeT MIMeTb I10-
CAEACTBYSI, BAVSTIOIIIVIE Ha 3A0pOBbe 1 HAa-
TOMOAYUMe XUBOTHBIX B IPUPOAHBIX KO-
cucremax. Ilo AaHHBIM HaMGMpamKaHa,
B 2018 r. KOHIEHTpaLMsT AMKAOJEHaKa CO-
CTaBAsIAA OT 62,28 10 272,20 Hr /Ty 32 MEpT-
BbIX adppukacHKux cvmoB (Gyps africanus). B
APYTOM aHAAOTMUHOM CAydae y 14 adppu-
KaCHKIX CUTIOB AMKAO(peHaK B MOUKaX Ha-
XOAMIACSI B TOKCMUHOM Amara3one (70-908
Hr/T), a y 12 xymaes (Gyps himalayensis) — B
Amamnasose ot 139,69 a0 411,73 ur/r. U3 Htx
B 2021 I. BO BCceX TKaHSIX YETBIPEX GEeHranb-
cxmx cumioB (Gyps bengalensis) 6bIA ObHApY-
JKeH HOBbIV Iperapar, IPYMEHSIBIIVIACS KaK
anbTepHATVBA AMKAO(EHAKY AAST CHYDKEHVIST
CMEepPTHOCTU CUIIOB, Humecyaup (17-1395
Hr/T). [TocKOABKY BeTepMHapHbIE aCIeKThbI
SIBASIFOTCSI KAFOUEBBIMI AASI CTOPOH, 3alHTe-
PECOBAaHHBIX B IIPOU3BOACTBE A€KAPCTB, MbI
MOXeM UCIIOAB30BaTh HaIlli MHOTOUMCAEH-
HblIe cpepbl BAUSTHISI, UTOObI TOMOYb CMSIT-
UUTh IOCACACTBIUSI AASL 3A0POBbST XMBOTHBIX
U HaceAeHMsl, @ TaKXXe YMEHBIIUTh SKOAO-
rgeckyie MOCACACTRIAL MG aHIS Ae-
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Koumaxm:
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daulalbohara@yahoo.com
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YHaicranaa 500 MAAVIOHHAH acTaM MaA 6achl
bap >k3He ©ATeH >XaHyapAapAbI KOO VIIH
VMH(PPAKVPBIABIMBL GOAMaFaHABIKTAH, MaA
IIAPYAIIbIABIFBI TapyXTa KOpILIAFaH OpTa-
HBI KOPFay CaHWTapAapbl peTiHAe akbac Kv-
Maviaapra (Gyps sp.) Toyeaai 6oaapl. Onap
boAMaraH XXaFAaliAa OATEH >KaHyapAapABIH
eAeKceAepl alllblK, JXepAe IIpuAl HeMece
drepMepaep CyFa AAKTBIPBII TacTaifAbL, 6VA
KayinTi aypyAapAbIH Ke6eoi MeH CyABIH Aac-
TaHy KayITiH apTThIpaAblL bva eaekce mvpae-
Aep UTTep MeH ereyKvIpbIKTap VIIHH >XaHa
KOpeK Ke3iH >Kacall, OAapAbIH IOMYASIIMSIChIH
aprreipaabl. JKabaitbl UTTEp MeH ereyKvii-
PBIKTap YHAICTaHAQFBI OEeATiAl KOFaMABIK
AEHCAyABIK M3ceAeci OOABIT TabbIAATBIH Kv-
TBIPYABIH HeTi3ri K31 6OABIT TaObIAAABL
Baximmarmsinay  vHdekimsiaaH - KelfiH
bipaeH bacTaaMaca, KVTBIPY ©AiMre skene-
Al. YHAICTaHAAFBI akbac KvMariAap IOMyAs-
ISICBIHBIH KVAABIpaybl 2008 XbIAra AeViH
ajaMFa apHaAfaH AMKAO(PEHAKTHIH ap3aH
AKEHEPUKTIK HVCKaAApbIHBIH eHIi3iAyiHeH
KelfiH abalichI3Aa yAaHy CaAAapbIHAH G0AABIL.
Arvxnrodpenak 1973 XbIAbI apaMAapFa aybIp-
CBIHYABI H6acaTbIH ASDi PeTiHAe eHTi3iAAj, 6i-
pax 1993 XXBIABI XXaAIIbI AJKEHePMK HVCKACHI
MaKVAAaFaHHaH KeliH 90-XKbIAAAPABIH Op-
TachIHAA YHAICTaHHBIH (papMaleBTUKAABIK
©HepK3Cibi TIpemapaTThl KOl MOAIIepAe
mbIFapa 6actaabl. Bva OHBIH 6aFachIH Maa
IIAPYalIbIABIFBIHAA  AMKAO(DEHAKTBI  IIali-
AAAQHYABI SKOHOMUKAABIK TVPFBIAAH THIMAL
eTeTiH AeHreire AelMiH TeMeHAeTTi, an 1994
XBIAFA Kapall AMKAOpeHaK BeTepUHAPABIK
KAVHMKaAapAa KeHiHeH KOAKETIMAL GOAABL.
AyxaodpeHak akbac KvMalirapra yAbI 60-
AQTBIH aAFaIlIKbI CTEPOMATHI eMeC KabbIHY-
Fa Kapchl Iperapar GOAABI X5HE asVSIABIK
TVPACPAIH MEKEH eTeTiH aliMaKTapbhIHbIH
Kell DeAiriHAe BeTepMHAPABIK KOAAAHyFa

OCBIHAQAV TBIMBIMAAPABI KApacTbIpyAad. YH-
AictaHparbl ApaM KVKBIKTaphl >KOHIHAETI
KOMVICCHSIHBIH apaAracybIHBIH apKachbIHAA
2015 XbIABI XXaHyapAap aypyAapbIHAA KOA-
AAHBIAYBIH TOKTATy VIIH AMKAO(PEHAKTHIH
KOIl A03aAbl IAKeTTepiHiH apampapra ap-
HaAFaH HVCKaAapbIHA THIVBIM CAABIHABI.

2023 >XbIABI aKbac KvMaliaapAbl kebipek
KOp¥ay VIIIiH KeTOIpOodpeH K3He arleKAOdeHaK
BeTEPUHAPUSIABIK, TIpellapaTTapbIH S6HAIpyTe,
caTyFa >X3He KOAMAHYFa TBbIMbIM CAAbIHABL
AvxnroderaxTaH 6acka KeTompodpeH, arekao-
dpeHaxK, TarbI €Ki A3pi, HYIMECYAVIA X5He OHBbIH
KOMIIOHEHTTepi, (oAYHMKCVH akbac KvMarirap
VIIIH YABL FBIABIMIL ecenTep MeH Kayircizaik
ChIHAKTAPBIHbIH HITVDKEACPIHE COKeC MEeAOK-
CVIKaM MeH TOAGPeHaMIH KBIITIKBIABI aKbac Kv-
Maviaap VIIIH KAyirici3 OOABII IIIbIKTHL.

AnraMpapaa XsHe VI XKaHyapAapbl VIIHH
ASpirepAl KOAAQHY TabVEM SKOXVIeAepAeri
XaHyapAapABbIH A€HCAYABIFbI MEH 3A-ayKa-
ThIHA 3CEp eTeTIH CaAAApPFa SKeAyl MVMKIH.
Hamupaa xaHHBIH AepeKkTepi 6oribIHIIIA, 2018
XKBIABI AMKAO(DEHAK KOHLIEHTpaImsichl 32
Ka3a 60AFaH adppMKarbIK aKbac KvMairapaa
(Gyps africanus) 62,28-aer 272,20 Hr /T¥a peViiH
aybITKMARL Tarb1 6ip vkcac Xkarpaiiaa 14 ad-
PUKAABIK axkbac KVMaVABIH OVIIpeKTepiHae
AVIKAOpeHaK YABI AmarazoHAa (70-908 Hr/T),
an 12 xvmariaa (Gyps himalayensis) 139,69-aan
411,73 Hr /T apaAbEbIHAA GOAABL

OnapapiH immiHae 2021 XbIABI akbac Kv-
MaliAapABIH OAIMIH a3aliTy VIIH AMKAOde-
HakKka banraMa peTiHAe KOAAAHBIAATHIH XaHa
mpenapat, HEuMecyana, (17-1395 wr/T) TepT
berran xvManbIHbIH (Gyps bengalensis) bap-
ABIK TiHAEpiHAe aHbIKTaAAbI. Berepynapusi-
ABIK M3ceAreAep A3pi-AspMeK eHAipiciHAeri
MVAAEAL TapamnTap VIIH MaHBI3AbI 60AFaH-
ADBIKTaH, XaHyapAap MeH KOFaMABIK AeHCay-
ABIKKA TUTi3eTiH 5cepiH asaliTyFa XX5He Aspi-
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Rao M.S. (Department of Zoology, Government Science College, Sikar, Rajasthan, India)

Contact:
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daulalbohara@yahoo.com

Maha Singh Rao
msingh4209@gmail.com

Eagles and vultures that
died due to poisoning in

India. Photo by D. Bohra.
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Kasa 6onean, Oyximmep
MEH dceMmiKmiep men
Kopekmeryulinep.

A. Bopdvir gpomocor.

archives /34999

A major contributing factor in declining
populations of vultures is believed to be the
widespread use of drugs such as Diclofenac,
once commonly-used as a livestock anti-in-
flammatory drug. Use of Diclofenac is now
banned in India. However, during the last
3 years, vulture’s death cases are increas-
ing not only in Rajasthan but also in other
parts of India. From 2017-2022, a total of
791 vultures of 3 species i.e. Eurasian Grif-
fon Vulture (Gyps fulvus), Cinereous Black
Vulture (Aegypius monachus), and Egyp-
tian Vulture (Neophron percnopterus) and
231 Steppe Eagles (Aquila nipalensis) were
found dead at Jorbeer dumping site.
Jorbeer has been declared as conserved
forest area, but dead livestock dumping
site is not part of the protected area. The
dramatic vulture decline observed across
India leads to the emergence of a range of
new ecological threats by influencing the
numbers and distribution of other scaveng-
ing species. Increased feral dog populations
have been reported all over in India, posing
many associated disease risks, such as ra-

bies, to humans and wildlife. India already
has a very high incidence of rabies, and a
severe shortage of quality rabies vaccine
in rural areas could further aggravate the
problem. Similarly, increased crow popula-
tions at carcass dumps in vicinity of settle-
ments pose a risk of infections to poultry,
domesticated birds, avian & humans. The
situation has improved slightly after the
ban on diclofenac (veterinary and human
use) in India since 2015, but other drugs
used to treat livestock continue to kill mi-
gratory raptors and vultures in northern In-
dia. The main drugs involved into this are
Ketoprofen and Phenylbutazone. The exist-
ence of only a small proportion (<0.8%) of
ungulate carcasses containing lethal levels
of such drugs is sufficient to cause a rapid
decline in vulture populations.

Strategic planning is needed to protect
migratory vultures and eagles from Russia,
Kazakhstan and Central Asian countries.
While the number of vultures is declining
day by day, the death toll in Rajasthan is a
major part of the world percentage.
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CMEPTHOCTb XULWHBbIX NTUL B CEBEPO-3ANMAOHOM PAIXKACTAHE,
MHOUA (2017-2022 rOAbl)

bopa A.]1. (Kagpedpa 300noeuu Konnedxa I.6. lNodapa, Hasanbzap, XXyHOXXYHY,
PadxacmaH, NIHOus)
Pao M.C. (Kaghedpa 300n02uu ocydapcmeeHHO20 Hay4YHO20 Konnedxa, Cukap,
PadxacmxaH, HOus)

Koumaxm:
Aay Aan bopa
daulalbohara@yahoo.com

Maxa Cunex Pao
msingh4209@gmail.com

Vultures at the Jorber
cattle burial site in India.
Photo by D. Bohra.

Tadanvuyuxu Ha ckomo-
MmozunvHuKe Adwcopbep 8
Hnouu. domo A. bopa.

Yndicmanoaeor Aswcopbep
ML KOpblMbIHOARbL
JHcemmiKmepmer
KopekmeHyuinep.
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CunTaercsi, 4TO OCHOBHBIM (paKTOpOM,
CITIOCOOCTBYIOMIVIM COKpPAIIIEHNIO IOy ASI-
LA TaAAABIIMKOB, SIBASETCS IIMPOKOe
MCTIOAB30BaHMe Takoro IIpellapaTa, Kak
AMIKAO(peHaK, KOTOPBI KOTAQ-TO HIIVPOKO
MCTIOAB30BAACS B KauecTBe IIPOTUBOBOCIIA-
AUTEABHOTO AeKapCTBa AASI CKOTa. IcTIoAs-
30BaHMe AMKAO(PeHaKa Telleph 3aIlpeleHo
B MuAMM. Ho 3a nocaepnme 3 ropa cayvan
CMepTM TAaAAABIIMKOB PacTyT He TOABb-
Ko B PapxacraHe, HO 1 B APYTMX YacTsIX
Huamm. Beero 3a 2017-2022 rr. Ha cBaAKe
Axopbep 6biAM HaviAeHbI MEPTBbHIMM 791
0c06b 3-X BYAOB ITAAAABIIVIKOB, a MMEHHO
6eaoronosbie cumbl (Gyps fulvus), 4épHble
rpudpn1 (Aegypius monachus) 1 CTepBsITHU-
xu (Neophron percnopterus), a Taxxe 231

gFA’\-'\—'V‘CTEHHOI/I opén (Aquila nipalensis).

Aoxopbep 6bIA OODBSIBAEH oxpaHﬂe
AECHOV TeppUTOpMEli, HO MeCTO yTI/LAM
3aIi MEPTBBIX XVMBOTHBIX He SIBASIETCS

YacTbIO OXpaHseMol Teppuropym. Pe3koe
COKpallleHMe UMCAEHHOCTM ITaAAABIIKOB,
HabAOAaeMOe II0 Bcell HMHAMmM, BeAET K
MIOSIBAGHMIO PsSIA@ HOBBIX SKOAOTMIECKIIX
yTpo3 depe3 OMOCPeAOBaHHOEe BAMSHME Ha
UMCAEHHOCTb ¥ paclpOCTpaHeHye APYTUX
BIMAOB HeCIIEIMAAM3MPOBAHHBIX TIaAAAD-
nmkoB. ITo Beeit MHAyM coobiraercst o
pOCTe UMCAEHHOCTV OAMYABIIMX CObaK,
YTO CO3AAET MHOXXECTBO COITYyTCTBYIOIIX
PYUCKOB, B TOM YMCA€ POCTa 3abOAeBaHI,
TaKMX KakK OeIIeHCTBO y AIOAEM M AVIKIMX
XMBOTHBIX. B MHAMM yXe HabAropaercst
OUYEeHb BBICOKMI YPOBEHb 3a00A€BaEMOCTH
GeIIIeHCTBOM, M abCOAIOTHAST HEXBaTKa Ka-
YECTBEHHOV BaKIVHbBI IIPOTUB OeIleHCTBA
B CEABCKOM MECTHOCTM MOXKET eIIl¢é HOABIIIe
yCyryburb nmpobaemMy. AHAAOTMYHBIM 06-
pa3oM, yBeAMUeHMe UMCAEHHOCTM BOPOH
Ha CKOTOMOTVABHMKAX BOAV3M HACEAEHHBIX
ITYHKTOB CO3AQ6T PUCK 3apakeHNsl AOMalll-
HIX, CMIHAHTPOIIHBIX, AMKMX IITUIL ¥ AFOAEIL.
Curyalmst HEMHOTO YAYYIIMAACh TIOCAE 3a-
mpeTa AMKAOdpeHaka (M B BETepMHAPIIM, U
B MeayiHe) B MEAMM ¢ 2015 1., HO ApyTMe
IpernapaTbl, MUCTIOAb3yeMbIe AAS A€UEHMS
CKOTa, MPOAOAXKAIOT T'yOUTh MUTPUPYIO-
VX XUIITHMKOB ¥ MTAAAABIIIKOB Ha ceBepe
HWuaym. OcHOBHBIMU TIpelapaTaMi B STOMN
006AaCTH SIBASIIOTCSI KETOIPOdpeH U (peHMA-
6yTason. [IpucyTcrBue AMIIb HeOGOABIION
201 (<0,8%) TYII KOIBITHBIX, COAepKa-
IIVIX A€TaAbHble YPOBHM Takux IIpenapa-
TOB, AOCTaTOYHO, UTOOBI BBI3BATh OBICTPOE
COKpallleHVe MOy ASIIIVIA ITaAAABIIIIKOB.
CrpaTernyeckoe IIAaHMpPOBaHME He-
00XOAVIMO AASI 3aIIUTHI MUTPUPYIOLINX
TaAAABIINKOB ¥ OpAOB U3 Poccrm, Kasax-
CTaHa u CTpaH LlenTpaabHoi Asvm. B To
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Maxa Cunex Pao
msingh4209@gmail.com

Vultures at the Jorber
cattle burial site in India.
Photo by D. Bohra.

Tadanvwuxu Ha cKomo-
Mo2uLbHIUKe Adicopbep 8
Hnouu. domo A. Fopa.

Yndicmanoaeor Aswcopbep
MAJL KOpblMbIHOAE b
JHcemMmiKmepmer
KopekmeHyuinep.

A, Bopdvi gpomoco:.
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KemTixTepMeH KOpEeKTeHyIIl KVCTapAbIH
MOMYASIIVMSICBIHBIH a3aloblHa bIKMAaA eTe-
TiH Herisri ¢pakTop 6ip Ke3aepi Marrapra
KabbIHyFa Kapchl ASpi peTiHAe KeHiHeH
KOAAQHBIAFAH AMKAO(peHaK CUSKTBI IIpe-
maparThl KeHiHeH KOAAAHY OOABII TabbI-
Aaabl. EHAI YHaicTaHAQ AMKAOGEHAKTbI
KOAAAHyFa ThIMBIM canblHFaH. CoHFBI 3
XBIAAA KEMTIKTepMeH KOpeKTeHYIIi Kvc-
TapAbIH ©AIM-XiTiM caHbl PaaxacTxaHaa
FaHa eMeC, YHAICTAaHHBIH Oacka benixTe-
piHAe ae ocyae. 2017-2022 XX apaAbIFbI-
HBIH 63iHAe AXXOpbep KOKbIC VIiiHAiciHAe
XEeMTIiKTepMeH KOPEKTEeHYIi KVCTapAbIH
3 TvpiHiH 791 AaHaChI ©Al KVITiHAC TabbIA-
FaH, oaap: akbac xvmait (Gyps fulvus), Tas-
Kapa (Aegypius monachus) >sHe XVPTIIIbI
(Neophron percnopterus), coHaali-ax 231 6ac
Aaaa KeIpassl (Aquila nipalensis).
AXopbep KopraraTbIH OpMaH ayMak
A€II XapUsIAaHABL, bipak Ka3a boAFaH Xa-
HyapAapABIH KOMiATeH Xepi KOpFaAaTbIH
ayMaxka Kipmelai. YHAicTaHAa barKkan-
FaH >KeMTiKTepMeH KOpPeKTeHYIIAepAIH
CaHBIHBIH KVPT TOMeHAeyi backa MaMmaH-

MAHABIPBIAFAH eMeC >KeMTiKTepMeH KO-
PEeKTeHyIIIiAep TVPAEpPIiHiH KONTiri MeH Ta-
paAybIHa 5cep eTeTiH bipKaTap >KOAOIMSI-
ABIK KayinTepai TyAbIpaabl. YHAiCTaHAQ
Xabalibl UTTep CaHBIHBIH K66€eloi TypaAbl
xabapAaHABIL, 6VA araMAap MeH Xabalibl
TabuFaTKa KVTBIPY CUSIKTBI aypyAapAbl
KOca aAFaHAQ, KeNTereH Kayill TeHAipe-
Al. YHAicTaHA@ KVTBIPY aypybl KasipAiH
©3iHAE OTe XXOFapbhl XX5HE aybIAABIK Xep-
AepAe KVThIpy¥a Kapchl callaAbl BaKIIVHa-
HBIH abCOAIOTTI TVpAe 60AMaybI MICeAeHi
0AaH 5pi YIIBIKTBIPYbI MVMKIH. COA CHSIK-
ThI eAAl MeKeHAep >KaHbIHAAFbl MaAABIH
OAEKCe MVpAEAEPiH KOMETIH Xepaepae
Kapfarap CaHBIHBIH Kebefoi VIi, CMHaHT-
pomnThI, Xabalbl KVCTap MeH ajaMaapra
XVKTBIPY KayIiH TyAbIpaabl. 2015 XbIa-
AaH bacram YHaicTaHAa AMKAOPEHaKKa
(BeTepMHApPABIK X5He MEAVMIIMHAADBIK, KOA-
AaHy) TBIVIbIM CAaAbIHFaHHAH KeViH >KaFAall
bipmrama >Xakcapabl, 6ipaK MaAAbI eMAeY
VIIIiH KOAAAHBIAATBIH b6acka Ipernaparrap
YHAICTaHHBIH COATVCTITiHAe KOHBIC ayAa-
PaTbIH XBIPTKBIIITAp MeH XeMTiKTepMeH
KOPEeKTeHYIIi KVCTapAbl XOIOABI XaAfac-
ThIpyAa. Bva caranarel Herisri npenapar-
Tap — KeTonpodpeH XsHe peHMAOyTa30H.
MvHpalt mpenapaTTapAbIH eAiMre ske-
AeTiH AeHTeli TVSIKTBI >KaHyapAapAbIH
oAeKceAepiHAe a3 FaHa OOAIriHIH 60AyBI
(<0,8%) XxemTikTepMeH KOpeKTeHyIIIi
KVCTapAbIH IOIYASLMSCHIHBIH T3 TOMEeH-
AeyiHe cebemtri 60AaABI.

Pecetinen, Kazaxcramnan xsHe OprTa-
ABIK A3WMSIAQH VIIBII KOHBIC ayAapaTbhIH
KeMTiKTepMeH KOpeKTeHyIli KvCTap MeH
KbIpaHAAQPABI KOPFay VIIIH CTPaTeTrMsIABIK

Xocrapaay, Kaxer sokiemmikrepmer Kopex-
tyglﬂdf a Tizs i b A M BB ADRATaoct
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Abstract - The Thar region in Rajasthan provides a
habitat for a diverse range of migratory avian species, with
the Demoiselle Crane (Anthropoides virgo) being prominent
among them. These cranes gather in Khichan village, in
search of favorable ecological conditions to sustain, lodge,
and nurture their young ones. Anthropoides virgo, the
smallest crane, boasts an average adult length of 90cm,
featuring streamlined bodies, long rounded grey wings, and
short toes and bills. Engaging in a cyclic migration pattern,
Demoiselle cranes undertake a demanding journey, covering
5000 kilometers in around two weeks. Originating from
Siberia, China, Mongolia, Russia, the Tibetan plateau, they
navigate through the Dead Sea, Afghanistan, and Central
Asia before settling in their winter habitat in India. Arrival
in Khichan typically occurs in late September, and the
cranes stay until early March before migrating back to the
northern region during spring via the Central Asian Flyway
(CAF). The conservation status of Demoiselle cranes,
according to the IUCN Red List, is categorized as 'Least
Concern.' Research data from 2022-23 indicates a peak
winter population of up to 40,000, with estimates in early
October ranging between 5000-7000 in Khichan Bird
Sanctuary. Key roosting sites include waterbodies such as
Vijaysagar Talab, Ratri Nadi, Nibli Nadi, and Teejaniyo Ki
Nadi, while the 'Chugga Ghar' serves as a vital feeding
ground.

Despite their resilience, these cranes face threats such as
food poisoning, predation by dogs, temperature fluctuations,
and electric shocks from power lines. The primary cause of
increased mortality is linked to power lines and excessive
insecticide use in agricultural areas where the birds roost at
night. This study closely examines the Demoiselle crane
population, emphasizing habitat utilization, ecological
behavior, and the challenges encountered during their
winter stay in Khichan village, Rajasthan.

Key Words: Thar region, Migratory avian species,
Demoigelle) Grane (Anthropoides virgo), Khichan village,
Ecal(?g\iclal ‘behﬁvior, Threats to Demoiselle Cranes,
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1.INTRODUCTION

The Central Asia Flyway (CAF), a migratory route guiding
Demoiselle cranes to Gujarat and Rajasthan in India,
underscores the significance of protected sites such as
Important Bird Areas (IBAs), bird sanctuaries, wildlife
refuges, and national parks in wetlands. These areas serve
as crucial stopovers and wintering grounds for
approximately half of India's 243 water bird species and
67 wetland-dependent birds [1] [12].

There are a total of fifteen crane species distributed

globally [5]. Among them five crane species found in India,
the Demoiselle Crane stands out, embarking on a majestic
winter migration journey. Recognized locally as the Kurjan
bird, the Demoiselle Crane's distinctive features include
long legs, neck, and a compressed bill, with a bluish-grey
body adorned by dark and light grey markings. Notably,
the Demoiselle Crane holds a conservation status of "Least
Concern" according to the IUCN Red List and is listed in
Appendix Il of CITES (2012). Winter sees thousands of
Demoiselle Cranes descending upon Rajasthan's Thar
Desert, with Khichan village in Phalodi district standing
out as a world-renowned wintering ground, hosting the
second-largest population globally (Gehlot et al., 2021).
The region's Flyways, often considered as 'routes' for bird
migration, play a pivotal role, with India positioned in
three key flyway zones: Central Asian Flyway (CAF), East-
Asian Australasian Flyway (EAAF), and Asian East African
Flyway (AEF). Birds migrating across the Himalayan
region confront significant physiological and climatic
challenges as they traverse the highest peaks in the world.
Ringing programs have contributed valuable data
regarding the origins and destinations of these birds [6].

Approximately 370 migratory bird species utilize these
flyways, with the Central Asian Flyway alone supporting at
least 274 waterbird populations. Demoiselle Cranes,
Siberian Cranes, and Hooded Cranes are among the
species relying on the Central Asian _Flyway [10].
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pesticides, deforestation, and industrialization [9].
Conservation hurdles in the area stem from inadequate
management practices driven by a lack of understanding
of Demoiselle Crane ecology, a shortage of scientific
research, unchecked tourism, periodic pond desiccation,
the hazard of electric cables leading to crane fatalities, and
insufficient medical care for sick or injured birdS [8].
However, this study sets out to uncover the secrets of the
Demoiselle Crane: understanding its population dynamics,
unraveling migratory mysteries, and confronting the
major threats it faces in the enchanting Khichan village in
Thar Desert of Rajasthan, India.

1.1 Avian Migration and Its Importance

The ecological significance of migration, as evident in its
impact on food production, climate, and conservation,
underscores the importance of studying this phenomenon
[10]. The Demoiselle Crane's migratory journey, spanning
thousands of kilometers, highlights the need for
conservation efforts to counter increased anthropogenic
threats, habitat destruction, and alteration of resting
grounds in their wintering sites [2] [3]. The migratory
birds exhibit their highest winter population levels in
December, January, and February.

The migration routes spanned between 2170 to 5600 km,
while the transit migration covered distances from 1900
to 4600 km, lasting between seven to 13 days. Clearly, the
Demoiselle Crane manages this period without the need
for immediate energy replenishment, relying on resources
accumulated before initiating the transit migration [7].

Every winter, numerous flocks of Demoiselle Cranes make
their way to the Thar Desert in Rajasthan. Originating
from Siberia, China, Mongolia, Ladakh, and the Tibetan
Plateau, their migratory journey extends through
Afghanistan and Central Asia before concluding in the
north-western part of India, specifically at the Thar Desert.
The purpose of this migration is to escape the harsh cold
of the Arctic region by seeking warmer climates.

2. Historical perspective; Khichan as Wintering
Ground

Khichan, recognized as a crucial wintering site,
experiences an annual increase in the Demoiselle Crane
population due to distinctive community initiatives [4].
Situated on the outskirts of the Thar Desert, Khichan lies
along the migratory route of Demoiselle Cranes as they
travel from their breeding grounds in Eurasia to bask in
the milder winter climate of India. In late September, the
initial flocks embark on their aerial journey from the
plateaus, | stgppes, and wetlands of Mongolia and the
Cducésuﬁ ‘re(glo'n? Covering approximately 5,000 kilometers
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multitude of birds descends, and for a duration of five
months, Khichan transforms into a 'crane village.'

3. Study Site

The latitude of Khichan village is 27.142930, and the
longitude is 72.420227. The population density of this
village is 7,025, as per the records collected in 2011.
Khichan has been recognized by the Rajasthan Tourism
Development Corporation (RTDC) as a tourist hotspot.
Thousands of cranes spend the winter in Khichan, and
they can be seen right in the middle of the village. Various
sites were studied during the survey for data collection,
such as agricultural fields, feeding grounds, wetlands,
lakes, ponds, etc.

3.1 Feeding Ground (Chugga ghar)

The feeding ground of these cranes is the “chugga ghar,”
which is located on the entry pathway of the village and
covers an area of 6416 square meters where they feed
upon grains. On a daily basis, a total of 2500 kilograms of
grains are provided to the birds during the peak winter
season. They come to the feeding ground in the early
morning, forming a 'V'-flight pattern in the sky.

Fig -1: feeding ground in Khichan
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3.2 Rivers (nadi) and Ponds (talab)

In the northern side of the village, there are two water
bodies, “Vijaysagar Talab” (Pond) and “Ratri Nadi” (River).
Another water body is situated in the southern region of
the feeding ground, and that's “Teerjaniyo ki Nadi” (River).
These rivers and ponds are used by the cranes as resting
sites in the evening and a source of drinking water.

Fig -3: Roosting site (Vijaysagar talab)

4. Materials and Methods

Selected locations within Khichan's wintering grounds
were surveyed for Demoiselle cranes from early
September 2022 to late March 2023. Additional
information was gathered from secondary sources,
including newspapers, magazines, literature, and Mr. Seva
Ram Mali, a local shop owner in Khichan. Mr. Mali has
been maintaining records of the daily visits to the feeding
ground, as well as details about injured, deceased, and
rescued birds since October 2010. Surveys encompassed
various areas in Khichan village, chosen based on previous
data and local knowledge.

4.1 Data Collection

An initial reconnaissance survey was executed in the study
area, specifically Khichan village, with the aim of
identifying potential habitat locations for Demoiselle
cranes. After identifying these sites, additional data
collection activities were initiated. Surveys were
conducted on foot within the study area, allowing for
direct observations during both early morning and
daytime hours. Binoculars (8 x 40), iPhone13 and a Canon
PowerShot SX40 HS camera, equipped with a 12MP CMOS-
based superzoom featuring a 35x zoom and a lens with a
24-840mm equivalent zoom range, were employed for this
purpose. The selection of study sites was determined
based on the distribution range of the Demoiselle crane.

The, \B'lock Mstbod" was employed to count the number
th«rough blrip‘{m s it~pgoves to be a straightforward

mue-—?el -estimating the quantities of
-cr;nes[ @/,i’(]mh 51za'ble and densely populated flocks,
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whether in flight or on the ground and with the aid of
binoculars, tagged birds were also sought to determine
their migratory patterns and origin. Comprehensive
information regarding the birds' activities and daily
routines was gathered through a questionnaire survey
conducted among the locals of the village.

5. Findings and Interpretations

The migratory avian species, Demoiselle cranes, are
observed in early September during the survey for the
research. Our findings indicate that only a few of them
migrate towards the Thar region of Rajasthan in the early
winter. Their numbers range between 100-200 in the
initial winter period, but by late September, it increases
significantly to 3000-5000. These cranes cover vast
distances, flying thousands of kilometers in search of
optimal ecological conditions and habitats for feeding,
roosting, breeding, and raising their young.

The Demoiselle cranes are observed in various regions of
the Thar Desert, possibly due to the availability of suitable
habitats and protection from the local community in
Rajasthan. The ponds situated in Satlana village, Jodhpur
district, serve as a secondary habitat for Demoiselle cranes
in the Thar Desert. This village, located in Jodhpur district,
provides a picturesque setting where Demoiselle cranes
coexist with local bird species [11]

Survey Data was recorded from September 2022 to March
2023, representing the annual period of their migration.
According to the data, the peak population is observed in
January and February, coinciding with the peak of the
winter season. During these months, the population status
ranged from 35,000 to 40,000, marking the highest count
to date. The entire Khichan village was surveyed and
recorded an average species count of 35,000-40,000
during the peak winter season.

Table -1: Population status recorded in each month along
with time from October 2022 to March 2023

TIME TO TIME TO POPULATION
DATE | REACHTHE | LEAVE THE
FEEDING GROUND
GROUND
06/10/22 | 07:03am. | 10:13am. 5000
06/11/22 | 07:45am. | 09:46am. 9000
06/12/22 | 07:28am. | 09:27 am. 18000
06/01/23 07:08 a.m. 09:56 a.m. 32000
06/02/23 07:51 a.m. 11:12 a.m. 40,000
06/03/23 07:54 a.m. 43 a.m. 12000
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we can conclude that during the early months of winters
only few individuals are seen in the khichan village, and
the population size increases as the winter increases in the

central Asian parts and birds migrate towards the marshy

. O Dogs attack
areas of khichan. &

B Chinese Manjha
O Electric wire
O Food poisoning

POPULATION STATUS

B Natural cause

50,000
40,000
30,000
20,000
10,000

& Fig -5: Major threats causing harm to Cranes.

The primary threat to the cranes in Khichan village arises
from the presence of electric powerlines within the
roosting and feeding grounds of the cranes. Another
significant threat contributing to a high mortality rate is
food poisoning. This is attributed to the ingestion of
fertilizers and insecticides used in agricultural practices,
which contain elevated concentrations of phosphorus. The
cranes consume these substances through food grains or
water in the ponds, which serve as their roosting sites and
are contaminated by fertilizers and insecticides.

Fig -4: Population status of annual migration.
Mortality Of Demoiselle cranes

A total of 234 deceased individuals were documented
between 2010 and 2021 in Khichan and its surrounding
areas. The majority of these mortalities were discovered at
Vijaysagar Talab and Ratri Nadi, identified as the two
primary roosting areas for Demoiselle cranes. Chugga ghar
served as their main foraging site. The causes of these
mortalities were varied and included food poisoning,
collisions with power lines, attacks by feral dogs,
temperature increases, and injuries from Chinese manja.
In some instances, natural factors were identified as the
cause of mortality. They confront numerous other threats,
including illegal trades, habitat loss, and hunting or
capturing. Given these challenges, the conservation and
management of Demoiselle cranes are imperative for the
survival of this beautiful species [13]

Vijaysagar, a significant water source for birds to quench

their  thirst, attracts substantial congregations, Fig -6: Demoiselle crane injured by feral dog attack.
consequently drawing predators like stray dogs. The

power lines traversing the pond region, a major roosting

site, have been accountable for obstructing the flight of

birds and contributing to mortality. Figure 5 illustrates

recorded reasons such as collisions with power lines,

predation by stray dogs, and food poisoning caused by

insecticides used in grain agriculture with high

phosphorus content.
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Fig -7: Demoiselle crane collapsed with electric wires.
6. Conclusion

The population status is summarized in table 1 and their
detail is plotted in the line graph shown in figure 4. We
recorded 35,000 - 40,000 individuals in the peak month of
winters i.e., January and February. They migrate to the
thar region of Rajasthan by the month of September, and
they stay there till late march and migrate back to their
breeding grounds. The major threats causing the mortality
of the cranes are summarized in Figure 5. The incidents
and mortality rate of the birds are highest at the roosting
site, with the primary causes being electric wires and food
poisoning. The overuse of fertilizers and pesticides,
particularly those with elevated phosphorus levels, can
lead to infections in the gut of cranes, ultimately causing

diseases and individual fatalities.
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MHDOPMALLIMOHHBLIN

s BIONNETEHb Ne17
co3aaHa B 1980 r. OcHOBHOM NpeAnoChINKOM co3aa- [

Hua PIMK ctano Bo3HWKHOBEHME 0c0B0ro HTEpeca K
XYPaBnsM, Kak K Manom3y4yeHHoN rpynne nTuu, noa-
BeprarwLlencs pearbHON yrpo3e ucHesHoBeHus. [le- Pa6oqaﬂ rpynna no )KypaBJ'IFIM EBpa3MM
ATENbHOCTb FPyNMbl CTUMYMMPOBANa WCCNeaoBaHNs
no XypaBnsM 1 MepONpUATUAS MO WX CNACEHMIO, MO-
BbICUNa MHTEPeC NPOMECCHOHANbHBIX OPHUTONOTOB
W niobutenen Npupoas! K STUM NTULAM.

B 1990 r. PIK dhakTuyecku npekpatina CBOK
AeATenbHOCTb B ¢BSi3N ¢ pacnagom CCCP.

28 oktabps 2000 r. B Mockse coctosnock Yu-
peanTencHoe cobpaHue, 06bsBMBLLEE O BOCCTAHOB-
neHwv gestensHocTu Paboyen rpynnbl no xypas-
nam Espasum (PMKE) u onpegenviBiee eé uenb:
COAENCTBIE OXpaHe 1 U3yyeHnto xypasrei B Poccun
W Opyrux CTpaHax ganbHero u bavmkHero 3apybexbs.

OpfHoi 13 OCHOBHbBIX 3adady rpynnbl ABNSETCS
pacnpocTpaHeHne NHGopMaLu O COBPEMEHHOM CO-
CTOSHWW NONYNSALNA XypaBnei n MecT ux obutaHus,
NPUHYMaeMbIX M NpeanaraeMblix Mepax OXpaHbl, Npo-
BOAMMbBIX Hay4HbIX UCCNEA0BAHUSAX M MEXAYHapoa-
HbIX NPOEKTaXx.

The Crane Working Group (CWG) of the USSR was
created in 1980. The main prerequisite for the CWG
creation was the emergence of a special interest in
cranes as a poorly studied group of birds that is under
real threat of extinction. The group’s activities stimu-
lated research on cranes and measures for their con-
servation, increased the interest of professional bird
watchers and nature lovers to these birds.

Due to the collapse USSR and other factors, in 1990 %

the Crane Working Group of the USSR ceased to be SR AR ST ""'i. =

active. b ) el S

On 28 October 2000 in Moscow the Crane Working

Group of Eurasia activity was announced with the

main goal to protect and research on different crane

species. The general task is compilation and distribu- N E W S L E T T E R 1 7
tion of information about current status of crane pop-

ulations and conservation measures both in Russia
araarawe 8
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e BBEJEHWE « INTRODUCTION e

Jopozue opy3va!

NHdopmaumoHHIn BtonneteHb Pabodelrt rpynnbl no
Xypasnam EBpasum Ne17 cogepxut nHdopmauunio 3a
2022 r. 0 rHe3goBaHNN, MUTPaLUSIX, 3UMOBKAX, MEYEHUN,
pa3BefeHun B HEBOSE, PEUHTPOAYKUMU U NUMUTUPYIO-
WmMx dpakTopax, a Takke MHTepecHble dakTbl 1 nyonu-
Kaumm.

MpogomkaeTcsi MOHUTOPUHT cTepxa B AKyTUN, ANOH-
CKoro xypasns Ha 0. KyHawunp (CaxanuHckas obnactb),
KpacaBku B €BPOMENCKOM YacTun apearna, AnoHCKUX 1 aa-
YPCKMX XypaBren B 3abavikanbe 1 3akaBKas3ckoro cepo-
ro xxypasns B [pyaun. B 2022 r. B Typuum onsTs ycneLw-
HO 3arHesgunacb Kpacaska, o6HapyxeHHasa B 2021 1. B
npoBuHUUKN Mep3andaH. MIHTepecHbl AaHHbIE O BCTpeYax
CTEpPXOB Ha eBPOMencKoM ceBepo-BocToke Poccuu.

OTpagHoO, YTO HayaTble B MPOLUMOM rody akuuu B
Bawkupum n KypraHckon obnactui no y4étam cepbix Xy-
paBnen Ha NPeaoTNETHLIX CKOMMNEHNAX, NPOOOIIKAOTCS,
W TPaaMLMOHHO BeayTCcs HabnoaeHUs 3a CKOMeHaMN
B MIBaHOBCKOI 1 YNnbsiHOBCKOW obnactsix. OBHapyXeHo
camMoe ceBepHoe npegMurpaunoHHOE CKOMMeHne cepbixX
XXypaBren B asanaTtckomn Yactu apeana B AKyTUn.

TpaguumnoHHO npegctasneHa uMHopMaumna o pe-
3ynsratax 3UMMHUX YY4€TOB B pamkax MexayHaponHon
CETU MO COXPaAHEHUIO SIMOHCKOTO XKypaBns.

MpeacraeneHa nHgopmaunsa o pa3BegeHUn N peviH-
TPOAYKUMM XypaBnen B ABYX OCHOBHbIX LeHTpax — Nu-
TOMHMKE pefKux BUAOB XypaBnen OKCKOro 3anoBeaHuka
1 CTaHuuM PenHTPOAYKUMUN PeaKUX BUOOB NTUL, XUHraH-
ckoro 3anoBefHuka. MeuveHue BbinyLeHHbIX Ha CTaHumu
PEVHTPOAYKLNM SMOHCKMX XXypaBriern N03BONNUIIO npocre-

ONTb UX MUTPaLMIo U NOMOYb BbDKUTb B 3UMHUI NepUog.
3nmon 2022/2023 rr. k cTepxy, ¢ 2007 r. npuneTaroLemy
Ha 31MOoBKY B VpaH, n3 benbrun goctaBneHa camka, OHU
obpasoBanu napy v Ha4anu BECEHHIO MUrpaLuIo.

lMpuBeneHbl npenBaputenbHble pesynbTaTel Mede-
HNS cepbIX XXypasnewn n kpacasku B 2022 . n gaHHbIe O
BCTPEeYax MeYeHbIX CepbIX XXypaBren Ha MecTe 3MMOBKU
B gonuHe Xyna B U3panne. O6006LeHbl AaHHble O BO3-
BpaTax Me4eHblX KpacaBOK Ha MecCTax rHe3[oBaHus U
3MMOBKaX.

lMpencrtaBneHa mHgopmaumss o6 oTpaBneHun Kpa-
CaBKM U cepbIX XypaBnen BecHon B KpbiMy 1 MaccoBomn
rmbenu oT oTpaBneHus1 cepbix Xypaenern Ha CtaBpono-
nbe 3umon 2022/2023 1., a Takke 0 BCMblLLKe NMTUYbErO
rpvnna Ha mMecTe 3UMMOBK/ JaypCKMX M YEPHbIX Xypas-
neu B Uasymm B AnoHuun.

M3 pybpukn «MexagyHapogHoe COTpYOHUYECTBO»
MOXHO Y3HaTb O MOCTOSIHHOM B3aUMOAENCTBUU MeXay
OBYMSI OCHOBHbIMW TepputopusmMun ctepxa — Hauwo-
HanbHbIM napkom KbiTanblk Ha MecTax rHesgoBaHus U
HaunoHanbHelM npupoaHbiM pesepBatom «O3epo [Mo-
SIHM» Ha MecTax 3uMoBkM B Kutae.

B paspene "lMo3gpasneHns" npogormkaem 4eBCTBO-
BaTb HaLUMX LOOUNSPOB.

2022 rop He obolwéncs n 6e3 ropbknx notepb — 6es-
BPEMEHHO YLUMW HaluW Konnern, BOCNOMUHAHNS O KOTO-
pbIX NpeacTaeneHbl B pyopuke "Hawa namats".

B nocnepHen pybpurke gaH cnmcok nyonmukaumi o xy-
paBnsx, Bbiweawunx B 2022 r.
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Dear friends!

The Newsletter of the Crane Working Group of Eura-
sia #17 contains information for 2022 on crane breed-
ing, migrations, wintering, tagging, breeding in captiv-
ity, reintroduction and threats, as well as interesting
facts, cranes in art and publications.

The monitoring of the Siberian Cranes in Yakutia,
Red-crowned Cranes on Kunashir Island (Sakhalin
Region), Red-crowned and White-naped Cranes in
Transbaikalia, Demoiselle Cranes in the European
part of their range and the Transcaucasian Eurasian
Cranes in Georgia is continued. In 2022 in Turkey a
Demoiselle Crane pair re-nested in Merzifon Prov-
ince, where it bred in 2021. The data on Siberian
Crane sightings in the Northeast of European Russia
are very interesting.

It is gratifying that public actions on counts of Eura-
sian Cranes at staging areas, started in the last year
in the Republic of Bashkiria and the Kurgan Region,
are continuing and monitoring of crane pre-migratory
congregations in the Ivanovo and Ulyanovsk Regions
continue to be conducted. The most northern pre-mi-
gratory staging area of the Eurasian Crane in Yakutia,
in the Asian part of its range, was discovered.

Information about the results of winter counts con-
ducted within the framework of the International Red-
crowned Crane Network (IRCN) is presented.

Results of breeding and reintroduction of cranes in
the two main breeding centers — Oka State Nature
Biosphere Reserve and Khingansky State Nature
Reserve are presented. Tagging of released Red-
crowned Cranes allowed to track their migration

and help to survive during winter period. In winter
2022/2023, a female Siberian Crane was delivered
from Belgium to wintering grounds in Iran where one
Siberian Crane has been wintering alone since 2007.
They formed a pair and began their spring migration.

Preliminary results of Eurasian and Demoiselle Cranes
tagging in 2022 and data on sightings of tagged Eura-
sian Cranes at the wintering site in the Hula Valley in
Israel are given. Data on returns of the tagged Dem-
oiselle Cranes at breeding and wintering grounds are
compiled.

Information about the poisoning of Demoiselle and
Eurasian Cranes in the Crimea and mass deaths from
the poisoning of Eurasian cranes in the Stavropol in
the winter of 2022/2023 is presented, as well as data
on the outbreak of avian influenza at the wintering site
of White-naped and Hooded Cranes in Izumi, Japan.

From the section "International Cooperation" you
can learn about the close cooperation between two
main Siberian Crane territories — the Kytalyk National
Park at breeding grounds in Yakutia, Russia, and the
Poyang Lake National Nature Reserve at wintering
grounds in China.

We continue to congratulate our colleagues in the “An-
niversary” section.

In the “Our Memory” section we have published arti-
cles about our colleagues who passed away in 2022,
a year not without sad losses.

The last section lists publications about cranes issued
in 2022.
Editors
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al., 2000: Yumin, Fenqi, 2017; Galtbalt et al.,
llyashenko et al., 2022).

After a certain period of the time the batteries of the
GPS tracking devices are drained and make it impos-
sible to keep tracking the cranes. Because of this we
have limited knowledge of the GPS marked cranes
who have returned to these areas. Information on
tagged crane sightings allows us to get additional data
on the habitats during the entire annual cycle, social
status and threats, as well as attracting photographers
and bird lovers to bird watching.

2022;

European part of the range. In the late 1990s — early
2000s capture and color marking Demoiselle crane
chicks in the Azov-Black Sea population was carried
out under the guidance of Yury Andryushchenko of the
Azov-Black Sea Ornithological Station, on the territory
of the Crimea and the Azov Upland. Information on
sightings of these tagged individuals has been pub-
lished (Andryushchenko et al., 2006).

A new period of marking began with the possibility of
tagging with color bands and GPS-GSM transmitters,
as well as projects to study the genetics and popula-
tion structure of crane species in different geographical
locations. This mass effort was led by Elena Mudrik.

Work in 2017-2022 was conducted by members of the
Crane Working Group of Eurasia under the leadership
of Yury Andryushchenko with the participation of A.
Bronskov, T. and D. Datsenko, A.l. and V.A. Kosheley,
R. Chernichko, I.S. Naidanov (5 cranes); under the
leadership of Elena llyashenko with the participation
of V.Yu. llyashenko, P.V. Aksenova, I|.P. Aryulina, V.P.
Belik, A.G. Grinko, E.V. Gugueva, G.S. Dzhamirzoey,
G.A. Kalmykova, K.D. Kondrakova, M.V. Korepov,
S.Yu. Kostin, G.N. Moskov, R.A. Mnatsekanov, E.A.
Mudrik, D.V. Politov, T. and A. Politovs, S.L. Popoy,
A.S. Urusova (149 cranes), and under the leadership
of Michail Korepov with the participation of T.V. Selez-
neva and |.P. Aryulina (10 cranes).

Demoiselle Cranes of the Azov-Black Sea population
(Ukraine, Crimea, Krasnodar Territory) were marked
with yellow bands (in Ukraine) and with yellow bands
with black two-digit alphanumeric code (in Russia),
the Caspian and Volga-Ural breeding groups (Ciscau-
casia, the Caspian Lowland, Cis-Urals and Western
Kazakhstan) were marked with white rings with black
wpygjgit alphanumeric or numeric code. There were

color small spiral bands. In 2022 Demoiselle Cranes
were also banded with individual combination of color
plastic bands ELSA.

In the Asian part of the range. In the 1980s—1990s in
Transbaikalia, Demoiselle Crane banding was carried
out under the guidance of Mikhail Golovushkin. During
this period four returns were received. One return of a
Demoiselle Crane banded with a red plastic band in
the Daursky State Nature Reserve was received from
India (Mundkur, 1992). Three more returns of dead
Demoiselle Cranes banded with standard metal bands
were received from a wintering site in India and along
migration routes from Nepal and Pakistan (probably
killed by hunters), according to information from the
Russian Bird Ringing Center. In 2002 and 2003, 39
Demoiselle Cranes were tagged with standard metal
and color plastic bands (10 in Transbaikalia and 29
in Mongolia) under the guidance of Oleg Goroshko.
Tseveenmyadag Natsagdorj also led color banding of
Demoiselle Cranes in Mongolia using green bands.

From 1999 to 2015, 235 chicks were banded with
color bands by the Mongolian-German Biological Ex-
peditions led by Michael Stubbe. Five returns, includ-
ing three on the migration route in Pakistan and two
from wintering grounds in India (one from Rajasthan
and one from Gujarat) were recorded. One more re-
turn was registered at the breeding site in Mongolia 12
years after banding (Stubbe et al., 2016).

Colored bands and the first satellite transmitter tag-
ging was performed by Japanese ornithologists in
1995 in Mongolia, Kazakhstan and the Trans-Baikal
Territory in Russia (Kanai et al., 2000).

The next stage of tagging began with the possibility of
mass tagging with color bands and GPS-GSM trans-
mitters.

In Russia the work was conducted starting in 2015
in Transbaikalia Region in the Daursky State Nature
Reserve under the leadership of Oleg Goroshko with
the participation of S.B. Balzhimaeva and Chinese col-
league prof. Guo Yumin (white bands with a two-digit
alphanumeric code as well as color plastic rings ELSA)
(45 cranes); in 2018 and 2019 in the Altai Territory and
the Republic of Khakassia under the leadership of
Elena Mudrik with the participation of E.l. and V.Yu.
llyashenko, V.M. Mikhailovsky, D.V. Politov, T. and A.
Politovs, K.A. Postelnykh, V.V. Shurkina (white bands

03a43f9ct
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A.S. Nazin (red bands with a white two-digit digital al-
phanumeric code) (8 cranes).

In South-East Kazakhstan, tagging was carried out in
2017 in the Tien Shan under the leadership of Elena II-
yashenko with the participation of O.V. Belyalov, V.Yu.
llyashenko, A.E. Gavrilov and S.Kh. Zaripova (one
male was marked with yellow plastic ring ELSA), and
in 2018-2020 in the vicinity of Lake Alakol and in the
Almaty Region under the leadership of Andrei Gavrilov
with the participation of A. Abaev, S.Kh. Zaripova, A.
Isabekov, E. Myrzabekov, and A. Filimonov (red bands
with a white two-digit alphanumeric code in 2018, and
yellow bands with a black two-digit alphanumeric code
in 2019 and 2020) (11 cranes).

In Mongolia, the Wildlife Science and Conservation
Center of Mongolia team under the leadership of Ny-
ambayar Batbayar has banded 363 Demoiselle Cranes
with green plastic bands with a white three-digit alpha-
numeric code since 2013. Between 2015 and 2023,
they have 60 records from Mongolia and India (Table 1,
2). The Mongolian Bird Conservation Center under the
leadership of Purev-Ochir Gankhuyag and Amarkhuu
Gungaa, together with a Chinese colleague Prof. Guo
Yumin banded 65 Demoiselle Cranes with green plas-
tic bands with white three-digit numeric code from 2018
to 2021. 25 out 65 cranes were fitted with transmitters.
The Mongolian-German Biological Expeditions led
by Michael and Annegret Stubbe used yellow plastic
bands with a four-digit code and German metal stand-
ard bands from the ringing center Hiddenssee (berin-
gungszentrale@lung.mv-regierung.de). Their project
banded 37 Demoiselle Cranes in 2017 and 31 Demoi-
selle and one White-naped Cranes in 2019.

Most Demoiselle cranes marked with color bands
were chicks, and relatively few of them were adults.
So, it is often not possible to assign sex of the individu-
als. Some of the adults were assigned a sex based on
behavior and size observation in the field. The sex of
Demoiselle Cranes tagged in Russia was determined
by the molecular genetic method using the EEO0.6
marker (Mudrik et al., 2013).

Most of the records were for Demoiselle Cranes of the
Asian part of the range, due to the large number of

tagged birds and regular monitoring both at breeding
sites in Transbaikalia and Mongolia, and at wintering
grounds in India, mainly in Kheechan Village in the
Rajasthan State, and Vadla Wetland Complex near
Nal Sarovar Bird Sanctuary (Ramsar Site), and in the
Kachchh District in the Gujarat State (Table 1).

Records of cranes of the Azov-Black Sea population
are presented in Table 2, those of the Caspian and
Volga-Urals breeding groups — in Table 3, and those of
the Asian part of the range — in Table 4.

Six returns were dead or injured birds — two from the
Caspian breeding group that died in Saudi Arabia dur-
ing illegal hunting along the flyway, two from Southeast
Kazakhstan and Mongolia that died in Pakistan, also
as a result of hunting, one from Transbaikalia who died
in India because of a collision with a power line, and
one from Mongolia who died due to poisoning in India.

In conclusion, it should be said that although mass
color marking of Demoiselle Cranes was carried out
recently across its breeding range, the resighting in-
formation comes from a limited number of locations
outside breeding area.

In the future, the teams need to make additional efforts
to record the marked individuals to make the banding
work more useful to assess survival and dispersal of
the species.

Capture and tagging were carried out under the per-
mission of state environmental authorities in each
country.

We thank M. Wikelski, W. Fiedler, B. Fornweg and G.
Heine, Max Planck Institute for Animal Behavior, and
C. Lei, Environmental Science Research Center of
the Chinese Academy of Sciences, for providing GPS-
GSM transmitters and supporting Demoiselle Crane
remote tracking, |1.G. Pokrovsky for help in tag deliv-
eries and permissions for capture, |.V. Sannikova for
assistance in obtaining a grant from the Russian Geo-
graphical Society, the Crane Conservation Germany
for ELSA plastic rings for individual tagging, V.N. Fed-
osov, Yu.V. Babichev, A.V. Davygora for help in carry-
ing out the work.
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¢ 9t a5 ot @ & uran aUr gEl el @ ST & | 30 e Refor FFAr # yder L e arr g
HTS 3Bl T TAET UTH X b arg W faandt o Faarer v #wfdarey aur deddr Refor geamst #
gar & e urer ¥ | 5 #a uRfEufaEt @1 et W gfdge g usdr ¥ 3R 9§ reedE @4 &
HROT 30AT AATTD AR ORE Faeanst o facasrl ugfaar # 30AeT ot oordr & e faanfdar
A I APpAdT HAMed AT |, HTeHASAT Pl YHE BROT TAd § | ATATAD TR W 37EIIARA fhem
it & cuaer Feadl 3 FATAT TUT AR Ugiddl Us Sl & | 3 GATITI & FATU Hel
# aRar & ge TUE el Ja¥ Ugel dTeidh Bl FATSIHIOT alar & | fRreivraear & st Arafde |, amdifies |
HATSND JAT HAIMeAD TRad gd & .

¥ gfthea fawma & TR F 3cdd Fegcayet @ € | I8 faa & T8 Ffod F & | 1QUIT ATAfdE
e @ et Shaa @Bator & g=r & 718 & | o ans (e TR ) it § sregma e

R & A § | 3a# 3ead 3eal & aRomeaasy At F sfasy i wwear vd e o
AR g & | A el & srcaea smedr @ wafeud da deeir gelt @t saer Afde Saa A
UTd @Y drell Tholdl TFaed ad ot daeik ghm | Rk faarfdat & gwelar va 3rdwerdr & @ a9
RN o wa oigar 1 uiid & fov Rk U9 Iordr @dl & | 3 WATEl &I Aheldl Td 31A%heldl
R fdat & suafer HfIRon & ea gea usar § | 59 @AY THd A e g R S arel
foreiR it 3 sneaeear 6 ugfr aga saer @ W@ ¥ |

AT & 3T

1. AIRAF TR W Oaed I arer g ST T are R o=t & ged sncaecar wgfa &
FROT HT AT AT AT AE TR W fAGeT S arel g Pfer o arer ek faanfiai &
AATD I DN GHIIAT B aTel cTeal Pl I P |

2. AGHS TR W 6T S arel g BT S arer ek ot & afkaRes ardrazor & s
FAT AR TR W fTared I arer @ difde I arer iR Ao & dfde arareror @
HTTT AT | AIAF TR W G@ed I g g Fifer J« g R Ranfdat & aagot
HHATISTA Bl I BT |

3. ATAF TR W e Fa g 7 HRT = g Rk Rafdat & gedr sncaecar & ugfa &
FAIAET & AP AW T8 & ACIHD T W VAT S arel g pifer o arer fpeiR it
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I S arel @ AT o arel fpak i@l & Afeyes ardraror & AegAEr H a1dd WAl T8
T

e fafer

UE A F Feror ARy 1 g fhar ¥ | uegd MY # SR S & Argi@s TR S faare
wd Rrare @83t & 100 R faanfdat o1 oga fhar = | ueqa g A wafafda vsmaeh @ wer
frar o ¥ | aRPeuans F YR W MY Awpy - aRFeuar 1 Aeafdied TR W e a= ae g
I ST arer R faanfdat & sec meaecar o ughy & FegaEl # WIF ek FE & AeafFE .
TR W faarerd A drel @ ST S arel e faanfiat & gedt 3erecar ggfia &SRO &1 33T
frar s § s Rarew S arer @ AR a@ are R faRcRar & acgaEt & ardd edx J@
qrT AT | HATE B FHAT & 13 19TY & AIHD TR & [AGey I arer faardt gen i ae
arel faadt goma M&s |, oRaRe T A Taey Fad g @ § | 3d: 30 $RUT I o
"l ¢ 16 AR faardl Al srawre & RIBR & A1 3¢ TRar & 3nides Fufa =8 & ar i g
HIerer ASAT BT AR 3UAT A & | IRbeUT -2 ATAHF TR W Aarerd S ared g difior se
arel fRiR Ranfdat & #afie 3dges & ACIAEl # @196 R T9 & | AIfAE TR W faEre

S arel BT A arel fRAR |, et & Aafe smgesd & svaaa R e & e fagre
I gl g P A arer Rk it & AemaEr F wde ek urm I | 3 e S
arel fpeiR faanfd=t & 3men @iftior Sma arer fohiR et & Al rdgea Samer arm o= ¥
37: SHPT BROT @ bl ¢ o Fanfdal & aRear 6 3nfe gem @ a8 & , Usig &7 arareRoT 3=aT &
B A Y sae e T O S WA Siel @i uguer sarer @ fored Randf ued wowae
Piegd o A UId & | TRPeUaT -3 ARG TR W Ao S arel T DT S arel fopeiR it
& uRaes arareror & ACGAE H WP ek d8 & ArAfAd TR W e I are g i e
arer fRR faanfdat & oRarRes arareror @ e frar e & Swd e Ie g @ @R =
arer fpeiR it & AegaEr & @i ey J& R I | 3 @ H@ebhdl & Ao S arer @
HIFTT S arer fpeiR it & aRafRe ardrazor & Faftd @ S8 oRar & nfde Rufa
AT AT & FaeR IRAR & 31 Tl & MY GagR JAT FARST ¥ T Foea? giar ey & -
AT ¥ & U= Sl § | Arafdd TR ) Ay I arel @ i e e Rk fanfdat &
AfaTer ardreReT & AAAT A WID HedX Fel & ALIHD TR W A6 A arel g S S arer .
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o @I = arel faafdt & uers &1 carg 31T @ AT TS AFR F A & BRUT 348 AAHD Jd
6 AT ScueaT & S § |

FHIRT S & qF AIIA

1. GIT URENISS YT UsT )2000 ) * 38 M H Tehel €gh URAR & Rk faanfial & 3teq o o
forar s fAwRy g 6 vehel TRAR & R F g=d @gF TRAR & el B Jolr H FA GA A
3R 3 R & cATAE F Fll ud RN Sad ey AaT AT @ dEeR A | -

2. HS ST, A FeIT 1 ).2000) 38 MY F AT 3@ARNA R Rl & 3cHwda W AT -
ar - Tar fr darfee a3k 3996 317 & gag o1 3rega o =ar & uran = 76 3rfarfed Aan
e & foheiRt & Tcaraare b - &t Jofar # arfed aar

3.U¢e TA )2000) " AT DBl HET 32T 13 W 16 31 91 F HAR & wiRarRes ardrerer g sad 3w
TR BT JEIIT AT AT 5hy & &7 F gy I o gRar & nfde Rufg fear it & a=fae
TATELY P GATAT Bl © |

4. TIPR, T) .2001 ) 38 AT T LT 32T AITHD TR $ e o7 omEst & aRaie  /

aIdTaROT T 3ol cFaeR T YA il AT AT H U &Y § FIEY ol &l Jofell H

5. #Hsllg T )Goon ) 3H YA T ALY 36T ALAHP TR & AR &ar & rdegoad & RAffe marat
B IETTS PAT AT | Feeled fAwpy 3 ury 6 UUH PRE AHeATAPId W AT S Th & Uh G &b Ul
TR 1 aRefaia aeree & fow & s o gl dRe 8@ d@9g |, I SR o S &/
Hfedea T aqY FRE 3ERAT g Hfedd T Uihar HRE T F AGRAD FRLT FIH B AHA

3T |

6. FTAlAl § ).20048THT & fIATerT TRVl UIRATRS  / 36 MY HT LT 32T HIfdT el arel B " (
IIATIROT T JEITA FAT AT | el H Uil o Aeafdd Fodk X wifer ae arer foreik faanfdad &
AATHF FaELT W qRaR A e FAfS Arar Rar &1 wraey g R@area arderor &1 g gHa

SERT & ARG dd SIS U -7 |/ GHAEAT3N & BRUT 17 ( usar & | Afds

7. G € 2004 ) EEL) " B HJAR HcHeA el & UHW dliehl H 10-Ufderd Jar 49 a¥ & gedi # 19
Togh A AT B dTel, 3T il fored ufderd ik emfder & e a1 oeehehy 3McAgedl 38
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3RIET FWIfE AT .8, TeAgiel 3R AT AE  )2004 A fhARTaEyr # g arell gt & S @S (
FAATGAT HT FRET H I3TIS FIT Feeld adg Qi A0T Hed U Td GO AT HT & 33T
fohar aRomet 3 g% yee fpar 6 gdel AR 3ue oRaR |, areamus 3R U @ cafhdl k@Y
FIEY FIY WA ¥, Afher qay folor & wewdi & @y aar e @ & e €1 3 @ rfedas
A 3T Ao Wil T@a ¥ 3R 31 e gurea Rara § Sia 6 carear a8 gde wcd &, 7@ J
gdel Tohelll & U 3= e UMl § , W 3 o8 P el 3R HBI HRUT 37 el AR & [aug
A A TaB TAT Sigah A & waA Al T |

9. %helt , & PANT F TS Follh 3T ) .2004 8 MU F peRrarar & s uegredf & daa @ (
fapa =R 3ge @ aer URadd & HRUT IeAecdl Igia W 37ead= fpar s=r s orar ar=n
o S gar T B FIT BAS |, 3AH AATHD HFJeld g HcHecd H Ugfad , QWa & Jael T He
arer gart H gerer F 3fF S e ¥

10. iae , AIGNIGD  )2005 ) MY 1 FHET 32T [hANT # U ST drel AATTD AT Ugiad @l
YIS e aTel Repl I AT BT AT Seoid ospy & g fp faanfdat fir Afers gaead sa3

HCHET P UG PHROT TAdT © |

11. %Y 3R AT )2005 ) 38 MY F RAR it Hr gaeant &1 Fadaae QuRer & 3R W]
IS fhaT AT | Seeclcd vy # urmr F fhuR At d Rear sann |, A |, deercHs |
3TIRUFIAT 3717 & HROT AP FoAEAT gl St & |

12. 8$¢ ardren 3R & ) AR AN 2005 ) FARSA vd A A &1 JodlcAD 3ead=T fhar am=m |
My & Ay F urn 5 ash vad asfhal g & & Faoneas | afed |, Affe vd Faqul gaed
3T UIT 37 3R GARS Uraiehl Td R0 el # geddaey urr 9= |

13. AL AR P15 )2006 ) 3T MY FH RART Fr 3T e & a7 Nar F I @1 37T H -
AT 3qa Tt &7 Ues H TEAdT BRd § 38 AGED - AT IR | oo Ay #F urmr 5 S Aar

T A R ST &
14. 3o |, AfAT  )2006 )T 37U MY BT A FRART A FAIcHD TRUDT B 37¢TTT g TRUFIAT Pl 3h

gfthcad W USaT dTel UHTT &7 JETTT 37U MY T A TFAT 37¢9aa & R -7 6 Ry & ardfores
TERRAr @A & @i |
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15.TH ) 3R o] 3R Taram dedden.dl.2007 ) * 38 Mg & aredlt et & qamiea aaeansit &
YT P fRar AT | Mg FH 461 AT A iR TFAT I [AwhY A urRnm I fF el @
graraRer fRyefor At g far & e vd cgaar &1 it & ARG W yHTd uram a3 |

16.9 famr ., & ) 2007 )" 38 MY H FAdGT , Blegd Td ITHT Thell & QAT &1 AGARS Faeeg
Ud ARG THAEAN BT 3T ham a7 =gl [y & urr fF fReR foemeff & cafporg wiamies
aur AP FRE 3P FHAIAST T FFaTd FHEIT3N Pl ganfad Fa & |

17. f38F dell T A ) .2007 ) TSHee FA3S TlorexaR Reg F THAR 306 A58 T ) A1.3.u4.
TR AT # RN 3T F HeAscar W HIIT HY o A e & (Bl fomelk sraeam
F AT B URT HIS Tl B dAT TPAR & FdeR W 31eTIT fhar =r & | Mg & urr r=r 5
AR 31aEAT #F cAEca T 396 FaER # URATd & 3Ad BRUT § |, s ulRaie ygafd cafera
FHEATY FAIAAD PR TAT AASND FAEAW UG FT § Seer ¢ |

18. PR AR ) .2007 )" 3 WY H UIRATRG ATATRUT & TAGY H fRART &1 AGRAE TaEeT W gAT &
g fRar = | gy & urn i T 3Tg dited 3R e TR & uiRaiRe aRld @Rt 3k
rsh Tt & ol & FATHD TS IXOT S I B Aocaqol Heck AG Y |

19. 53T , ®aear  )2007 ) * 38 MY F 15 a§ g A RN arferst Hr gemaea gad gaeant o
HEITA UG SAD FAAIST FHAEIAT BT Jeldlcdd fHaT T | Seoiad fAhd & o f& r@maAriorD
TIaER ATAT AIfABIAT H FHATA URIT A7 HdIcAD - U1 & Y FdeR JAT FHg & 1Y deR dTldh -
AT IR Reare arers vd aiferdi3il # T §9 & goHa Sodr & |

20. AT Gl FAR )2007-08 )th - 3 MY A H eI A HAomeAs aRueFadr &1 ez fomar
3T H urm R R fRUR aree 3R arforeenst & Ao # Rffeaar o Sl € 9 iR
arfareratt a1 AP suafer TR AR aroret & 31T arr Srar §

21. 3haR A |, NYAY AR TG 31dg gl )2008 ) " & ATAHD TR & foheiv enfdai & qamdsa
g A& carg M W MY FRT fhar [epy A o = 76 ufdat & Fanieie gara 1% urr =
3R TR foarerdt & it & gaies &1 TR s=auE IR | -

22. ®&fth Afels )2000 ) " SFGfATT FAecd Tod! wod ABHICEA digH UUs fhfiGea T 3w Raufa
\WUW@WW#@Mﬁ%W&:WQ@?@ﬁWWWW@W@H
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P Tl TTATTSID dTATIUT BT AT fhAT 3T F gram o6 ey 3maa vormel iy O it
AT Zart & AATHD T H GUR & Hbal & |

23.9YA , UH & JAr @8 ., TIHT  )2010) * MNY 3IIA F ALY 32T 3T ATARAS o SEBT & -
AATHE TAET W OEATATaRUT & GHTT &l HEITA HAT AT | 38D b HAT -12 & AT ey

Tt &1 AEfe T 3T T B U I |

24. AT, IS AR )2010 ) - 3eTeh HEIAA T 32 AR & aRaRt & @i |, 3nfded T o1 eehr
A& Uy FARMNSIA T GRIAT & ALY FAY BT HEITA AT AT | Sogicl S8 HETTA & fAwepy & aran
foh 3oa wa Fvge el e TR ae Rl # Maves suafcy vd gREA 3 #18 wrdd R a6
¢, freg Ao arenfore 3nfdes Fov & fRRT & Aferes sueiey va gfRrar & ards @ d@dv ¥ | -

25. AARE  )2011) " 5@ MY A ST vg 3AWT 31N F AIHE TR W 3TTRA o=t
#r dfes Fufa g aafRe Tarew &1 3cgga fhar T | Seela U e & urm 5 foa
fanfdat & fforas Rfed & s 3 a=at & FFQUT FHASIT g FIET 3REIET S IAHAT W
AAE g AT don S AHTas RNET & I 38 3 gTai & FeAdFIIT AATq Idi gR1 &I
favkr o w3 g 7 | 3 AR ® @ FEr o1 whar & 6 R sifFomas i goen A
AT HRHTTS & Teal B AAHD FAET IH<OT YT I24T |

QT T HRIL, ARy va Fma

et off Ty o1 #fasy 3Ed Rk WX AR aXar & | fRR aree & gaiior e & a7 e g
& @ua ¥ | T dHiRd Afde uihar €, S fhdr AT faem B 3R @ e ¥ | oegiade e @
BIS Ao el & | e gRT e arered f Fa JAAT &1 MU A AFTENHOT $6 UHR eam A1
aifer , f9E® 7 aa 98 F@d & fov g g & fow off Rdel @ deaomelt € | S &1 ga 99 gb
TSTEATA T PIET AN AT HeH &l B &6 ddd o @l & | Tl qoraarqo’ fNem o & 3227 & G
¥ 3 BTE HcHATAT B Ui A @l S W & | 30 &1 & & a1 3R qeat & gegpell o fow o=
A TR HAS WS T o S qU F AR FUUR § TAH U B FaRA H 3 T, g oid @
HABAT J&Ted Tl P & & | Te e fAeT cgaeen 3R Hfhwmamt & fara i vh a8 Jaeh
TJIATT TALT aEAT BTET H HEAY B FeH & W T |

IOUTIATYET & HATT H qA H Reh gg a1 ¥ A gy ’e ufaegyt o W& Raw & dMaa g b oE A

nnnnn

lQ \ c| 3311c9644ca02
= = Singh

- ere
-~ ere

'ULY SEPT EMBER 2022, YEAR-7, VOLUME-3 WWW. echetana com

7f161180985



g
‘T"'

D

CIJE Quaterly/210-224
Dalip Singh

Dr Durga Bhojak

Dr Daulal Bohra

& yaE fafaaredl & o W ¥ 1 A0 Mea gof & o F A WA @& ) Wy & R Rk
et @ worsren wfer 6 dhedr v & sied # A e | sad o wE dAead wEl usdr §
T FAeedqoT aid I o & 6 Ihadr v @1y & %0 afed IRt - O 3l § SR ged & T e -
BIC A8 dT b 3T - A Tl Bl § | SIFY § DI TeT AU Uh 8T QU el 39T a8 $r 3R
HeH T ST AR , difch Sd YEIHT F & Igd I3 U WA oITdd § o 3eraR AR & &1y ororeh
T TET A § TP S F NG AT BT & | AT F U QY AW & | 3T HIET BT AH 301 Y
PRI B TRT | Fa A A A F an A o W | W o AR WS s R @@
THA T A4 fFerd afthd &Y & 5 S AT o I W/ & 39w qF Aivod W form I q@
Hehelel Tl U &THAT Bl HASAT STEY & AT B §eh el HASEN el § | gfevar el oo @& &
30 WG HHA ¥ Theldl A6l [Heldll dfceh P& AT HEAT & S9N | W Siidell & ar MashR & B
BT | ST QA T Teh FEA bR N BN IR Fhcll & ST Teh AT gacd &1 TeRT & Tl & AR
Teh MM ¥ FEHA I P gofeel T dET off Fhcl & o T oo #HAlT &1 awh § dgel FA1 ol
STe? fSieeal Tdam ot & a 38 o AT gael @ 37 & arell Siided & &H Wd ¢ Ie a4 & A
# T TIfRT | AT Sfad & fow e dr gfhar # AR 3aET & Agcaqul T § | arearaedn
AT B § 3R YE Bl ¥ RN 3raeen Ig 3raedr e JYar aRUFEEN db &l ¢ | T8
gad ulhar & | 30 IrcAraTAT JUT WEaTdT & FET P ieUdid Hel Siidl & | 39 37aEAT Hr RAseaar
Bide 6 arels T@d P geT FHSIAT § IR T3 38 Ol S © | AR Rt seaedr 3R areaE
fthea arel A & T fRART & A far 0@ @1d € 6 & 39 W garg st & & Ut sTaan e -
T # 39 fRART & FHET FARNS . UM BN B DI FATT ZIA § | HA: 3P ARSI W
e g usar 3R R AT HawAT 1 RNBR & ST §

fepeiy el & #afde Taeey & wgiod e & HRoT fBART & dHe] FARS 6 GAEAT 317 ST
T | o R # ek Tardit areomefiiel 3rcudmsT | T6er 3R e Ugpfd & & I & | SRR
et & sncaeaar & yHE SR aqar & | At Shea @ weafeud s@e odr aRfeufaat qer aror
B ¥ o faaneft o ey Y1 Y & ¥ | Rt & @A A ded W e THEAT I ¥ -, e
e QU A€ A O aUT g @AY @ Sl & | 3H ST RAGTor FeAr F gAer e Fer orelr ¥ | 3eS
A gdem o RS F arg i Rt wr Ao vy farem aur awdr Ruetor dwanst & gar
ae AT Uil § | 3 HaT W Ufdgel UHTG Usdl & AR dE 3FedE @ & PRUT HUN AGAED IR

™ IR grereslt @ e safoRt 3 SwieT e @O § B A€ eagern nfed 3w HRoT
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A #A aRaR & a8 TG el FaH Usel dleld B HASIDOT @1 & | fhiRreear ¥ wafas qur
TIMcAS URATA ld & I 37cad Feeaqol @d & | TE Shad &l Tah B dral & | Agifedsd ¢ &
fpeiRTaey S & gud gagfa Al STl & | v fheiR &t areh alar & 3R uls &8 wpa & ifas
aul & 3ryar Fierst Siad & 9 |, gl 3R g aut 7 e ur fRiRaes & S aar & 1 -
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