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Flocking propensity by satellites, but not core 

members of mixed-species flocks, increases 

when individuals experience energetic deficits 

in a poor-quality foraging habitat 
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Abstract

M�zef/uree�eu b�tf hqe�u ate eqorez uqe�a u{uteou eqort�u�ni eqte anf uate�te oeo/

betu0 Hqe��ni uree�eu ate uenu�t�xe tq hab�tat f�utwtbanee, bwt we ate qn{ bei�nn�ni tq 

wnfetutanf hqw uree�eu/uree�h�e teurqnueu tq hab�tat f�utwtbanee ahheet �nteturee�h�e auuq/

e�at�qnu �n theue hqe�u0 Jete we feoqnuttate the ehheetu qh hwoan/�nfweef hab�tat f�utwt/

banee qn hqe��ni uree�eu' behax�qt, feoqitarh{, anf �nf�x�fwa eqnf�t�qn w�th�n a teonant

netwqt� qh teoretate fee�fwqwu hqteut rateheu �n Knf�ana, WSA0 Sree�h�ea{, we ehataetet/

�zef the hqqw�ni rtqrett�eu qh twq eqte uree�eu, Eatq�na eh�e�afeeu (Poecile carolinensis ) 

anf twhtef t�to�ee (Baeolophus bicolor ), aetquu a ueeqnfat{/hqteut f�utwtbanee itaf�ent<

hqtai�ni t�oe bwfietu, hqoe tanie u�ze, hat ueqteu, hefi�ni eqwntu, uwtx�xa tateu, anf

abwnfanee0 Ye auq terqtt hat ueqteu hqt twq uate�te uree�eu that hqe� w�th the eqte utwf{ 

uree�eu< wh�te/bteautef nwthateheu (Sitta carolinensis ) anf fqwn{ wqqfree�etu (Dryo- 

bates pubescens)0 H�na{, we auueuu o�zef/uree�eu hqe� u�zeu anf eqorqu�t�qn, �n aff�/

t�qn tq ax�an rtefatqt ea tateu, aetquu the f�utwtbanee itaf�ent0 Hqtai�ni t�oe bwfietu anf

hqoe tanie u�ze wete h�iheut anf hat ueqteu wete qweut hqt eqte uree�eu �n the oqut/f�u/

twtbef u�te0 Hat ueqteu qh twq uate�te uree�eu hqqwef the uaoe rattetn0 Aff�t�qna{, the

nwobet qh twhtef t�to�ee hefi�niu anf w�ntet uwtx�xa tate qh Eatq�na eh�e�afee s wete qw/

eut at the oqut/f�utwtbef u�te0 Vheue teuwtu uwiieut that eqte uree�eu �n the oqut/f�utwtbef

u�te ezret�eneef enetiet�e feh�e�tu0 Mqteqxet, ewowat�xe ea�ni tate qh tartqtu wau qweut

at the oqut/f�utwtbef u�te, anf nqne qh the �nf�x�fwa tartqt uree�eu ea tateu wete h�ihet at 

the oqut/f�utwtbef u�te´uwiieut�ni that reteert�qn qh rtefat�qn t�u� fqeu nqt eqntt�bwte tq 
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theue rattetnu0 Swtrt�u�ni{, the uate�teu eqnt�nwef auuqe�at�ni w�th o�zef uree�eu hqe�u

thtqwih the bteef�ni ueauqn at the oqut/f�utwtbef u�te0 Vqta hqe� u�ze anf �nteturee�h�e

auuqe�at�qn rattetnu wete qthetw�ue eqnu�utent aetquu the itaf�ent0 Vhe haet that uate�teu

eqnt�nwef tq hqe� w�th eqte uree�eu fwt�ni the bteef�ni ueauqn uwiieutu hqtai�ni n�ehe

ezranu�qn teuwt�ni htqo o�zef/uree�eu hqe��ni �u �orqttant �n f�utwtbef u�teu exen be{qnf

the w�ntet ueauqn0 Qwt utwf{ texeau oeehan�uou wnfet{�ni hqe� eqorqu�t�qn qh b�tfu uwt/

x�x�ni �n teonant hqteut anf �n�u the oeehan�uou tq feitafat�qn qh hqtai�ni hab�tat0 Vheue

h�nf�niu qhhet �orqttant �nu�iht �ntq the teat�xe �oraet rqtent�a qh hqteut f�utwtbanee qn

o�zef/uree�eu hqe�u �n the Pqtth Veoretate \qne0 

Knttqfwet�qn 

Dkutwtbanee htqo hwoan aetkxktkeu, knenwfkni the korneoentatkqn qh hqteut oanaieoent rtae/ 

tkeeu, ean feitafe the xanwe qh hqteut habktat b{ tefwekni the qwantkt{, aeeeuukbknkt{, anf/qt 

qwankt{ qh ke{ teuqwteeu hqt wknfnkhe eqoownktkeu ]3_0 Vhe eztent tq whkeh fkutwtbanee 

feitafeu habktat xanwe ferenfu qn the teuqwtee teqwkteoentu qh knfkxkfwanu qh eaeh ureekeu 

]2_, knenwfkni hqqf anf teutkni habktat (e0i0 ]5_), anf teuqwteeu uweh au neutkni ukteu that uwutakn 

knttaureekhke uqekan qtiankzatkqn (e0i0]6⁀8_)0 Hqteut feitafatkqn oa{ anuq koraet hkihet nexenu 

qh uqekan qtiankzatkqn uweh au kntetureekhke auuqekatkqnu that, kn twtn, eqnttkbwte tq the eqorq/ 

uktkqn anf knteitkt{ qh ankoan eqoownkt{ uttwetwte (]9,8_)0 Mkzef/ureekeu bktf hnqeku terteuent 

a wenn/knqwn ezaorne qh theue kntetureekhke auuqekatkqnu that ate knteitan tq bktf eqoownkt{ 

uttwetwte kn hqteutef bkqoeu wqtnfwkfe0 

Mkzef/ureekeu hnqeku t{rkeann{ eqntakn bqth `eqte' (qt neafkni) anf `uatennkte' (qt hqnnqwkni) 

ureekeu ueekkni rattkekratkqn kn haeknktatkxe tenatkqnuhkru ];,32_0 Eqte hnqekkni ureekeu qhten aet 

au atttaetantu tq uatennkte ureekeu ]32_ anf ann hnqek oeobetu ean ezretkenee hqtaikni qt antk/ 

rtefatqt benehktu (qt bqth) b{ hnqekkni tqiethet ]33⁀35_0 Knfeef, the haeknktatkxe tenatkqnuhkru 

that hqto htqo okzef/ureekeu hnqekkni ean eztenf the hqtaikni nkehe uraee hqt rattkekratkni 

oeobetu (uee ]36_); uatennkte ureekeu tefwee thekt tkuk qh rtefatkqn ]35,38_ b{ attenfkni tq 

anato eannu anf oqbbkni eannu qh the eqte ureekeu ]39,38_ anf uatennkte ureekeu' tenkanee qn xqean 

ukinanu htqo eqte ureekeu ean enhanee oqbknkt{ thtqwih teonant hqteut netwqtku ]3;⁀22_0 

Vhetehqte, the ehheetu qh uttwetwtan feitafatkqn qh hqteut xeietatkqn qn eqte ureekeu ean be 

knfkeatkxe qh eqoownkt{/wkfe teurqnueu aoqni u{orattke ureekeu, oakkni eqte ureekeu ke{ 

knfkeatqtu qh ehanieu kn habktat qwankt{ ]9,35,25⁀25_0 

Hnqekkni ureekeu ate uenuktkxe tq habktat oqfkhkeatkqn, anf the teurqnue qh eqte ureekeu tq 

habktat fkutwtbanee ean ahheet the nqni/teto retukutenee qh uatennkte ureekeu kn fkutwtbef habktat 

(uee ]9_)0 Pqt qnn{ ate the hqtaikni nkeheu qh uatennkte ureekeu ferenfent qn the rteuenee qt 

abuenee qh the eqte ureekeu ]3;,22_, bwt the fkoknkuhoent qh eqte ureekeu kn an atea anuq oakeu 

uatennkte ureekeu rattkewnatn{ xwnnetabne tq rtefatkqn ]28_0 Htqo a eqnuetxatkqn retureetkxe, 

thetehqte, kt ku eureekann{ knhqtoatkxe tq utwf{ hqw habktat fkutwtbanee ahheetu eqte ureekeu; 

fqkni uq ean akf kn fehknkni nanfueare/ueane beut/oanaieoent rtaetkeeu that rqtentkann{ 

kneteaue the ureekeu/hqnfkni earaekt{ qh teonant hqteutu, anf thwu, bkqfkxetukt{ uwrrqttef 

wkthkn htaioentef nanfueareu ]29,28_0 Nkkewkue, kt ku korqttant tq wnfetutanf hqw the ureekeu 

kn okzef/ureekeu itqwru fkhhet kn thekt uenuktkxktkeu tq fkutwtbanee, anf hqw that xatkatkqn uwb/ 

ueqwentn{ ahheetu the natwte anf eqorquktkqn qh okzef/ureekeu itqwru anf thwu the tenatkxe 

xanwe qh kntetureekhke auuqekatkqnu ]36_0
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Jabktat fkutwtbanee ehheetu ate qhten exanwatef wukni uratkan fkuttkbwtkqnu anf rqrwnatkqn 

feoqitarhkeu uweh au uwtxkxqtuhkr ]2;,52_, bwt theue oettkeu rtqxkfe qnn{ a eqatue wnfet/ 

utanfkni qh the uwueertkbknkt{ qh a ikxen rqrwnatkqn tq habktat fkutwtbanee0 A feeret wnfet/ 

utanfkni qh habktat ehheetu ean be aehkexef b{ utwf{kni hnqekkni f{naokeu aetquu fkutwtbanee 

itafkentu0 Hqt ezaorne, auueuuoent qh kntetureekhke auuqekatkqnu kn natie, ureekeu/tkeh hnqeku 

texeanef that the hwnetkqnan tqneu qh hnqek oeobetu wete nqt antetef anqni a ueneetkxe nqiikni 

itafkent kn oqntane wet teoretate hqteut ]26_; kn eqnttaut, kntetureekhke kntetaetkqnu kn okzef/ 

ureekeu hnqeku feea{ef aetquu a fkhhetent t{re qh fkutwtbanee itafkent wkthkn the Aoazqnkan 

taknhqteut (rtkoat{ hqteut, 322 ha htaioentu, 32 ha htaioentu, okzef rtkoat{ anf ueeqnfat{ 

hqteutu, anf ueeqnfat{ hqteut, ]53_)0 Stwfkeu that eqnukfet hknet ueane oeauwteu qh behaxkqt anf 

knfkxkfwan eqnfktkqn (e0i0 tkoe bwfietu, uraee wue, anf hat aeewownatkqn) kn affktkqn tq fkuttk/ 

bwtkqn, feoqitarh{, anf hnqekkni f{naokeu uhqwnf rtqxkfe exen feeret knukiht kntq the 

koraet qh habktat itafkentu qn hnqekkni ureekeu0 

Ye affteuu the ehheetu qh hqteut fkutwtbanee qn okzef/ureekeu bktf hnqeku b{ feuetkbkni hqw 

knfkxkfwan ureekeu kn a nqw/fkxetukt{ okzef/ureekeu hnqekkni u{uteo teurqnf tq a ueeqnfat{ hqt/ 

eut fkutwtbanee itafkent wkthkn a teonant netwqtk qh teoretate feekfwqwu hqteut0 Ye ehatae/ 

tetkzef tenexant aureetu qh the hqteut eqoownkt{ at thtee ukteu that terteuent the fkutwtbanee 

itafkent0 Ye qwantkhkef behaxkqtan, feoqitarhke, anf rh{ukqnqikean teurqnueu tq the fkutwt/ 

banee itafkent kn qwt eqte ureekeu thtqwih hqtaikni tkoe bwfietu, hqoe tanie ukze, hat ueqteu, 

hnefinkni eqwntu, uwtxkxan tateu, anf abwnfanee0 Kn affktkqn, we ehataetetkzef the okzef/ure/ 

ekeu hnqek ukzeu anf ureekeu eqorquktkqn aetquu the fkutwtbanee itafkent, au haetqtu uweh au the 

abwnfanee qh hnqekkni ureekeu, axaknabknkt{ qh teuqwteeu, anf kntenukt{ qh rtefatkqn tkuk ean anuq 

ahheet the uttwetwtan eqorqnentu qh okzef/ureekeu hnqeku ]8,25,29,52⁀55_)0 Eqnneetkxen{, qwt 

battet{ qh oeauwteu annqwu wu tq auueuu a uwkte qh oeehankuou fehknkni the koraet rqtentkan qh 

hqteut fkutwtbanee qn hnqekkni axkhawna kn the Pqtth Veoretate \qne0 

Ye h{rqtheukzef (3) that hqteut feitafatkqn (antetatkqn qh uttwetwte anf eqorquktkqn) 

wqwnf antet habktat qwankt{ au tehneetef kn knfkxkfwan, rqrwnatkqn, anf hnqekkni/nexen oettkeu 

ueneetef tq feteet knfkeatqtu qh utteuuqtu at eaeh nexen qh qtiankzatkqn0 Sreekhkeann{, we rtefketef 

that kneteauef ukte fkutwtbanee wqwnf be auuqekatef wkth (knfkxkfwan nexen) ezranfef hqoe 

tanie ukze, iteatet annqeatkqn qh tkoe urent hqtaikni b{ eqte ureekeu, feeteauef hat nqafu, (rqrw/ 

natkqn nexen) feeteauef abwnfanee anf hktneuu knfkeeu (uwtxkxan, hnefinkni eqwnt)0 Ye anuq 

h{rqtheukzef that (2) the koraet qh fkutwtbanee qn owntkrne behaxkqtan anf feoqitarhke ttaktu 

kn the eqte ureekeu wqwnf oake theo neuu atttaetkxe/ehheetkxe au neafetu tq uatennkte ureekeu kn 

fkutwtbef habktat, kn twtn, feitafkni okzef ureekeu hnqek eqorquktkqn anf ukze0 Hknann{, (5) an 

korqttant antetnatkxe h{rqtheuku uwiieutu that kneteauef reteertkqn qh rtefatkqn tkuk ean teuwnt 

kn nqwet hat ueqteu, tefweef tkoe urent hqtaikni, anf kneteauef okzef/ureekeu hnqekkni behax/ 

kqt0 Ye teutef the xankfkt{ qh thku antetnatkxe h{rqtheuku b{ oeauwtkni eannkni tateu qh rtefatqt{ 

tartqtu at eaeh qh qwt ukteu0 

Methqfu 

Data Axaknabknkt{ Stateoent< Ann fata anf tenatef oetafata wnfetn{kni the hknfkniu terqttef 

kn thku oanwuetkrt ate ferquktef kn the Wnkxetukt{ qh Hnqtkfa rwbnke terquktqt{ anf ean be 

aeeeuuef at httr<//whfe0whn0efw/n/KT2223266;/22223/fqwnnqafu0 

Stwf{ ureekeu 

Qwt okzef ureekeu hnqekkni u{uteo ku eqorquef qh twq eqte ureekeu< Eatqnkna ehkekafeeu (Poe-
cile carolinensis) anf twhtef tktokee (Baeolophus bicolor)0 Vheue ureekeu t{rkeann{ auuqekate fwt/ 

kni wkntet kn okzef/ureekeu hnqeku wkth twq uatennkte ureekeu, whkte/bteautef nwthateheu (Sitta
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carolinensis) anf fqwn{ wqqfreeketu (Dryobates pubescens)0 Eatqnkna ehkekafeeu, heteahtet 

EAEJ, anf twhtef tktokee, heteahtet VWVK, ate teukfent uqnibktfu htqo the haokn{ Patkfae, 

anf ate ehataetetkutke qh oatwte hatfwqqf hqteutu anf nate uweeeuukqn okzef hatfwqqf/rkne 

hqteutu ]58⁀5;_0 Yhete bktfu ate ienetann{ wenn/knqwn uentknenu qh habktat qwankt{ ]62_, thque 

kn the haokn{ Patkfae ate eureekann{ wuehwn utwf{ uwbleetu hqt auueuukni the eqnueqweneeu qh 

habktat xanwe au the{ teafkn{ qeewr{ a tanie qh habktatu htqo wnfkutwtbef wqqfnanfu tq htai/ 

oentef anf wtban hqteutu ]63⁀65_0 Dqwn{ wqqfreeket, heteahtet DQYQ (Haokn{ Pkekfae) 

anf whkte/bteautef nwthateh, heteahtet YDPW (Haokn{ Skttkfae), ate the rtkoat{ uatennkte ure/ 

ekeu kn okzef/ureekeu hnqeku wkth EAEJ anf VWVK kn teoretate feekfwqwu hqteutu ]33,66_0 

Dqth uatennkteu ate batk ineanetu anf ate neiatkxen{ ahheetef b{ fkoknkuhef aeeeuu tq the eqte 

ureekeu ]28_0 

Nkke qthet eqte ureekeu, EAEJ anf VWVK neaf hetetqureekhkeu oqte qhten than the{ hqnnqw, 

anf eqnukutentn{ hnqek wkth bqth eqnureekhkeu anf hetetqureekhkeu ]32_0 Vhe rteuenee qh EAEJ 

anf VWVK enhaneeu auuqekatkqnu between YDPW anf DQYQ ]65_, kn ratt beeawue bqth uaten/ 

nkte ureekeu eqr{ the hqtaikni nqeatkqnu qh theue eqte ureekeu ]68_0 Anthqwih ann oeobetu hqtaie 

tqiethet ]69_, the ke{ aureetu qh hqtaikni eeqnqi{ xat{ aoqni the hqwt ureekeu0 EAEJ, VWVK, 

anf YDPW ueattet/hqatf hqqf ]68⁀52_, bwt DQYQ ate nqt knqwn tq fq uq ]53_0 Seattet/ 

hqatfkni knxqnxeu eaehkni hqqf kn oan{ fkuretuef anf et{rtke nqeatkqnu ]52_, anf fkhheteneeu 

kn eaehkni nkeheu henr tq nqwet the ehanee qh kntet/ureekeu knertqratauktkuo0 Hqt knutanee, the 

tenatkxen{ nqni bknn qh the YDPW annqwu theo tq utqte ueefu kn rnaeeu tqq feer hqt the uoannet 

bknnef VWVK qt EAEJ tq teaeh ]52_0 Affktkqnann{, a fqoknanee hketateh{ ezkutu annqwkni 

YDPW anf DQYQ tq wuwtr hqqf uqwteeu htqo EAEJ ]52_0 VWVK anuq tank hkihet than 

EAEJ, anf ate knqwn tq aet aiiteuukxen{ tqwatfu EAEJ when hqtaikni ]68_0 

Deuetkrtkqn qh utwf{ ukte nqeatkqnu 

Ye eqnfwetef qwt teueateh kn hqteut teonantu eobeffef kn an aitkewntwte/fqoknatef nanf/ 

ueare kn the inaekatef teikqn qh weut/eenttan Knfkana (uee S3 Hki)0 Ye ehque utwf{ ukte nqeatkqnu 

kn thtee ueetkqnu qh hqteut eqttkfqtu oanaief b{ Pwtfwe Wnkxetukt{< Tquu Dkqnqikean Teuetxe 

(62®26' P, 89®26' Y; 59083 ha), Mattenn Hqteut (62®28' P, 89®22' Y; 58092 ha), anf Sterhenu 

Hqteut (62®62' P, 88®59' Y; 52026 ha)0 Gaeh ueetkqn eqntaknef a wnkqwe uwbrqrwnatkqn qh bktfu0 

Dauef qn the tenatkxe fkutaneeu lwxenkne ratkfu t{rkeann{ fkuretue (e0i0 ]55_), bktfu qeewr{kni 

the Tquu Dkqnqikean Teuetxe anf Mattenn Hqteut wete nkken{ htqo the uaoe ienetke rqrwnatkqn, 

wheteau the Sterhenu Hqteut bktfu wete nkken{ ienetkeann{ fkutknet0 

Dkutwtbanee tankkniu qh Mattenn anf Sterhenu Hqteut ukteu wete qwanktatkxen{ bauef qn the 

eztent tq whkeh the knteitkt{ qh the natwtan hqteut uttwetwte wau antetef tenatkxe tq the Tquu Dkq/ 

nqikean Teuetxe0 Vhe Tquu teuetxe (heteahtet `wnfkutwtbef' ukte) ku oanaief hqt bkqnqikean fkxet/ 

ukt{ anf hau been neht tenatkxen{ wntqwehef uknee ktu eutabnkuhoent kn 3;6; ]56_0 Kn eqnttaut, 

Mattenn Hqteut (heteahtet `okf/fkutwtbef' ukte) ku oanaief hqt knxaukxe ureekeu eqnttqn anf the 

hqnnqwkni rtaetkeeu ate qniqkni< ewt utwor tteatoentu, rteuetkrtkqn bwtnu, anf arrnkeatkqn qh 

bauan qt hqnkat eheokean urta{u0 Vhe thktf ukte, Sterhenu Hqteut (heteahtet `oqut/fkutwtbef' ukte), 

ku a oanaief tkobet hatxeut rtqrett{ that knenwfeu thtee fkhhetent rnantatkqn utanf t{reu< thtee 

wannwt utanfu (ewownatkxe atea qh 8052 ha), qne tef qak (2055 ha), anf qne {ennqw rqrnat utanf 

(3022 ha)0 Vhe rnantatkqnu wete eteatef kn 3;92 anf thknnef naut kn 22260 Hqteut uwttqwnfkni 

the rnantatkqn utanfu ku oanaief (xka ueneetkxe hatxeut) tq rtqoqte wnexen aief itqwth 

(ewownatkxe atea qh 2203; ha)0 

Vwq hatxeutu tqqk rnaee fwtkni qwt utwf{0 Kn Serteobet 2235 (hktut utwf{ {eat), a uoann 

(> 5 ha) hatxeut wau eqnfwetef kn the okf/fkutwtbef ukte qn ueneet tteeu that fkef au a b{rtqf/ 

wet qh hetbkekfe arrnkeatkqn wuef tq kknn an knxaukxe utanf qh bwtnkni bwuh (Euonymus alatus)0

PNQS QPG ~ httru<//fq�0qti/3203593/�qwtna0rqne0222;882 Janwat{ ;, 223; 6 / 2; 
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Kn Hebtwat{ qh 2238, a uanxaie tkobet hatxeut wau eqnfwetef qn the eautetn 32 ha qh the oqut/ 

fkutwtbef ukte tq teoqxe feaf anf f{kni auh tteeu knheutef b{ the eoetanf auh bqtet (Agrilus 
planipennis)0 Pekthet hatxeut wau natie enqwih tq antet hqteut uttwetwte qt eqorquktkqn at a 

ueane tenexant tq qwt utwf{ (S3 Vabne)0 

Hqteut eqoownkt{< Veietatkqn anf rtefatqt uwtxe{u 

Veietatkqn uwtxe{u0 Ye eqnfwetef ueauqnan xeietatkqn uwtxe{u kn 2238 anf 2239 anqni 

tanfqon{/rnaeef ttanueetu tq ehataetetkze the ttee eqoownktkeu at eaeh qh the thtee ukteu0 

Vtanueetu wete 322 o kn nenith anf wete ueratatef htqo qne anqthet b{ a oknkowo qh 322 

o; thete wete 35 ttanueetu at the oqut/fkutwtbef ukte anf 32 ttanueetu eaeh at the okf/fku/ 

twtbef ukte anf the wnfkutwtbef ukte0 Ye fetetoknef the tenatkxe korqttanee (tenatkxe hte/ 

qwene{ - tenatkxe fenukt{ - tenatkxe fqoknanee) qh the xatkqwu ttee ureekeu b{ oeanu qh 

rqknt/qwattet uaornkni ]55_ at 32 tanfqon{ ueneetef rquktkqnu anqni eaeh ttanueet, wkth 

rquktkqnu uraeef a oknkowo fkutanee qh 5 o htqo qne anqthet0 Eanqr{ eqxet wau eutkoatef 

at exet{ 32 o anqni ttanueetu wukni a fenuktqoetet0 Vhe wnfetutqt{ eqxet wau anuq eutkoatef 

exet{ 32 o anqni ttanueetu at hqwt hekihtu< 2⁀208 o, 208⁀302 o, 302⁀308 o, anf 308⁀206 o, 

wukni 6 whkte bqatfu, eaeh 205 o wkfe z 208 o tann, utaekef qn tqr qh eaeh qthet0 Vheue 

bqatfu wete rnaeef 35 o qtthqiqnan tq the rqknt/qwattet ttanueet, wkth a oeauwteoent 

taken bqth tq the tkiht anf neht qh the ttanueet (k0e0 2 rqkntu hqt eaeh 32 o fkutanee)0 Qbuetx/ 

etu eutkoatef the tenatkxe aoqwnt qh eaeh bqatf that wau feteetabne htqo the ttanueet nkne 

wukni a eateiqtkean tankkni qh reteent feteetabne< 2', 3⁀25', 28⁀52', 53⁀95', anf 98⁀ 

322'0 Vq enuwte wnkhqto fata eqnneetkqn aoqni qbuetxetu, qbuetxetu eqnneetef fata qnn{ 

ahtet eqnhktoatkqn qh ;2' kntet qbuetxet tenkabknkt{ eqoratef wkth the neaf hkenf teehnkekan 

kn ehatie qh fata eqnneetkqn0 Vhwu, 22 eutkoateu qh wnfetutqt{ eqxet (2 qbuetxatkqnu at eaeh 

bqatf hekiht hqt 33 32/o kntetxanu) wete eqnneetef hqt eaeh ttanueet0 Yhen tteeu wete hat/ 

xeutef wkthkn the bqwnfatkeu qh qwt ukteu, we teuaornef the xeietatkqn anqni ttanueetu 

nqeatef neateut the hatxeut atea anf the new oeauwteu wete knenwfef kn uwbueqwent anan{ueu 

(uee S3 Vabne)0 

Wnfetutqt{ eqxet xanweu wete axetaief at eaeh qh the hqwt hekihtu hqt eaeh ttanueet0 Vhku 

iaxe wu 32 qt 35 xanweu at eaeh wnfetutqt{ hekiht wkthkn a ukte0 Ye then tan a haetqt anan{uku 

wukni Stanfatfkzef Teiteuukqn Eqehhkekent tqtatef haetqt rattetn (Ptqe HAEVQT kn SAS x;06) 

tq eqnnarue fata htqo the hqwt hekihtu kntq twq haetqtu0 Haetqt 3 (aeeqwntkni hqt 58' qh xatk/ 

anee) nqafef oqut heaxkn{ qn eqxet at the wrret thtee hekihtu (208⁀206 o)0 Haetqt 2 (aeeqwnt/ 

kni hqt 5;' qh the xatkanee) nqafef heaxkn{ qn eqxet at 2⁀208 o0 Vhe haetqt 3 ueqteu hqt eaeh 

ttanueet wete wuef kn APQVAu (Ptqe MKZGD kn SAS x;06) tq teut hqt ueauqnan anf ukte ehheetu0 

Knuteaf qh wukni haetqt 2 au a rtqz{ hqt thku nqweut wnfetutqt{ hekiht, we ukorn{ wuef the 2⁀208 

o eqxet fata fkteetn{ kn qwt APQVAu tq teut hqt ueauqnan anf ukte ehheetu qh neat/itqwnf 

eqxet0 Qwt eqnenwukqnu ate nqt antetef kh we wue haetqt 2 knuteaf qh hekiht htqo 2⁀208 o0 An 

APQVA wau anuq wuef tq teut hqt fkhheteneeu kn eanqr{ eqxet between ukteu anf ueauqnu0 Ye 

wuef neaut uqwateu oeanu (NSMGAPS wkthkn Ptqe MKZGD) tq eqorate ueauqn anf ukte/ureekhke 

eqxet eutkoateu0 

A okzef ehheet nkneat oqfen wau wuef tq fetetokne kh the oean fkutanee htqo rqknt tq neat/ 

eut wannwt ttee kn eaeh qwattet wau ukinkhkeantn{ neuu wkthkn the rnantatkqn utanfu than qwtukfe 

qh the rnantatkqn utanfu kn qwt oqut/fkutwtbef ukte0 Vhku okzef oqfen tteatef eaeh ttanueet 

knukfe anf qwtukfe the rnantatkqn utanfu au a ternkeate0 Ykth the uaoe oqfen uttwetwte, we 

anuq teutef kh the wannwt ttee bauan atea fkhhetef wkthkn the rnantatkqn utanfu eqoratef tq the 

natwtann{/qeewttkni wannwt tteeu itqwkni qwtukfe qh the rnantatkqn utanfu0 Ye wuef neaut 

uqwateu oeanu anf utanfatf ettqt (NSMGAPS wkthkn Ptqe MKZGD) tq eqorate eutkoateu0

PNQS QPG ~ httru<//fq�0qti/3203593/�qwtna0rqne0222;882 Janwat{ ;, 223; 5 / 2; 
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Ptefatqt uwtxe{u anf rtefatqt eann tateu0 Hqteut xeietatkqn ehataetetkutkeu eqwnf knhnw/ 

enee axkan rtefatqt ureekeu tkehneuu that, kn twtn, eqwnf eqnhqwnf qwt kntetrtetatkqn qh hqw 

qwt utwf{ ureekeu ate ahheetef b{ hqteut uttwetwtan fkutwtbanee0 Vq auueuu rqtentkan fkhheteneeu 

kn rtefatqt ureekeu eqorquktkqn aetquu qwt ukteu, we eqnfwetef rauukxe aeqwutke teeqtfkni (k0e0 

fernq{ef hkxe awtqoatef teeqtfkni fexkeeu (ATDu) at hkzef nqeatkqnu wkthkn eaeh ukte, uee S3 

Arrenfkz hqt fetaknu) hqt a 205 ht atqwnf the tkoe qh fawn at neaut twq weeku ret oqnth0 Seok/ 

awtqoatef aeqwutke uean uaornkni qh knqwn axkan rtefatqtu qh uoann bktfu wau wuef tq feteet 

rtefatqt eannu wkthkn the aeqwutke hkneu; ureekeu kfentkt{ hqt eaeh eann wau rtqxkfef b{ awthqt 

MG (uee S2 Arrenfkz hqt fetaknu)0 Qh the knqwn axkan rtefatqtu, Pqtthetn uaw/whet qwn 

(Aegolius acadicus), Eqqret'u hawk (Accipiter cooperii), uhatr/uhknnef hawk (Accipiter stria-
tus), anf Gautetn ueteeeh qwn (Megascops asio) ate oqut nkken{ tq rte{ qn Eatqnkna ehkekafeeu 

anf twhtef tktokee ]58⁀58_0 Ye anuq wuef qrrqttwnkutke axkan rtefatqt feteetkqnu fwtkni qthet 

aureetu qh qwt hkenf fata eqnneetkqn anf qwn/banfkni anf okut/net eartwte qbuetxatkqnu (ret/ 

uqnan eqoownkeatkqn wkth Jqhn D0 Dwnnkni)0 

Ye anuq eqnukfetef the haet that eann tateu qh tartqt ureekeu (axkan rtefatqtu) fetetokne ret/ 

eertkqn qh rtefatkqn tkuk kn uqni bktfu anf eqnueqwentn{ knhnwenee uettneoent rattetnu, tertq/ 

fwetkxe ehhqtt, anf heefkni behaxkqt ]5;_0 Ye wuef qwt aeqwutke uean uaornkni teuwntu tq knfez 

rtefatqt tkuk reteertkqn anf teut the rquukbknkt{ that an{ ukte fkhheteneeu kn hat nqafu, hqtaikni 

tkoe bwfietu, anf okzef/ureekeu hnqekkni behaxkqt wete nqnuwortkxe rtefatqt ehheetu tathet 

than enetietke/tenatef teurqnueu tq habktat fkutwtbanee0 Ye eqnxettef the aeqwutke uean fata 

kntq a bknqokan ¬{eu¹/¹nq¹ xatkabne bauef qn the rteuenee qt abuenee qh an{ tartqt eann fwtkni 

the 205 ht teeqtfkni (ktteureetkxe qh nwobet qh uean feteetkqnu ret awfkq hkne) anf eqwntef the 

nwobet qh awfkq hkneu wkth ¬{eu¹ fata0 Ye teutef the bknqokan xatkabne wukni a tereatef oea/ 

uwteu Pqkuuqn teiteuukqn (Ptqe GNKMMKZ) wkth ATD kfentkt{ au the uwbleet xatkabne0 Ye 

teutef ann aeqwutkeann{ feteetef tartqtu uerataten{ anf tteatef ukte anf oqnth au knferenfent 

xatkabneu uknee the xqean behaxkqt qh eaeh tartqt ureekeu ehanieu wkth tkoe qh {eat ]82⁀82_0 Ye 

anuq teutef the ewownatkxe eann tate qh ann tartqtu kn qwt uaorne0 Hqt thku anan{uku, the 205 ht 

teeqtfkni wau tteatef au a ¬{eu¹ kh an{ eann htqo an{ tartqt wau feteetef0 Kn ann oqfenu, we anuq 

eqtteetef hqt the qnuet tkoe qh the teeqtfkni tenatkxe tq ttwe fawn kn the utatkutkean oqfen b{ 

affkni tkoe/uknee/uwntkue au a eqxatkate, au nkiht knhnweneeu tartqt aetkxkt{ anf eannkni tateu au 

wenn ]85,86_0 Swntkue tkoeu at Yeut Naha{ette, Knfkana (hqt the wnfkutwtbef anf okf/fkutwtbef 

ukteu) anf Denrhk, Knfkana (hqt the oqut/fkutwtbef ukte) wete taken htqo a webukte (httru<// 

uwntkue/uwnuet0qti/wu/naha{ette/kn; httru<//uwntkue/uwnuet0qti/wu/fenrhk/kn), anf the eqxatkate 

wau taken au the fkhhetenee between the qnuet qh the 205 ht fawn teeqtfkni anf the uwntkue 

tkoe0 Skoknatn{, we eqtteetef hqt the rhaue qh the oqqn b{ tteatkni rhaue au a fwoo{ xatkabne 

tanikni htqo 2 (new oqqn) tq 3 (hwnn oqqn)0 Vhe 6 rhaueu qh the oqqn (new, hktut qwattet, 

hwnn, thktf qwattet) at Naha{ette Knfkana wete taken htqo a webukte (httru<//www0tkoeanffate0 

eqo/oqqn/rhaueu/wua/naha{ette/kn)0 Vhe rquktkqn qh the oqqn between theue rhaueu wau nkne/ 

atn{ kntetrqnatef0 Vhe oqfenu knenwfef oqqn rhaue, tkoe/uknee/uwntkue, anf a oqnth z oqqn 

rhaue kntetaetkqn teto0 Yhen the kntetaetkqn wau nqn/ukinkhkeant (P@2025), kt wau ezenwfef 

htqo the oqfen uttwetwte0 

Mettkeu wuef tq knhet teurqnueu tq habktat fkutwtbanee 

Hqtaikni tkoe bwfiet0 Ye retkqfkeann{ eartwtef anf knfkxkfwann{ oatkef a tqtan qh 5;; 

EAEJ anf VWVK utattkni kn wkntet 2235 thtqwih urtkni qh 2238 anf the nwobet qh oatkef 

bktfu tanief htqo 55⁀98 ret ukte (uee S2 Vabne)0 Dktfu wete eawiht kn tteafne ttaru baktef wkth 

uwnhnqwet ueef hqwt fa{u behqte ttaru wete uet hqt eartwte anf oatkkni0 Gaeh bktf wau ikxen a 

nwobetef, anwoknwo W0S0 Hkuh anf Yknfnkhe Setxkee banf anf a wnkqwe eqnqt eqobknatkqn qh
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rnautke nei/banfu0 Ye wuef uttkru qh eqnqtef eneettkean tare rnaeef qxet the eqnqtef banf that 

eztenfef abqwt 32 oo behknf the nei tq haeknktate kfentkhkeatkqn qh the bktfu, eteatkni a oqte 

xkukbne oatket0 Pq heefet utanfu wete utqekef wkth ueefu qwtukfe qh the ttarrkni retkqfu0 Vhe 

uaoe banfkni rtqeefwte wau hqnnqwef hqt qwt uatennkte ureekeu, DQYQ anf YDPW, thqwih 

the{ wete ttarref neuu hteqwentn{ (32⁀32 DQYQ anf 59⁀6; YDPW banfef ret ukte eqoratef 

tq 69⁀98 EAEJ anf 56⁀98 VWVK)0 Ann rtqtqeqnu hqt hanfnkni, banfkni, anf qbuetxkni ankoanu 

wete arrtqxef b{ the Pwtfwe Ankoan Eate anf Wue Eqookttee (PAEWE nq0 3528222885)0 

Hqean qbuetxatkqnu wete eqnneetef fwtkni eneqwntet uwtxe{u anf hnqek uean uaorneu (au 

feuetkbef benqw kn the Swtxkxqtuhkr anf Abwnfanee ueetkqnu, teureetkxen{)0 Hqt the hqean 

qbuetxatkqnu, aetkqnu eqnukfetef au hqtaikni behaxkqt knenwfef reekkni, hqqf hanfnkni, bknn 

wkrkni, anf eatt{kni hqqf0 Ye wntkoaten{ fkuteiatfef an{ hqean uaorneu that nautef neuu than 

hqwt oknwteu anf itqwref hqean uaorneu aeeqtfkni tq tkoe qh {eat (heteahtet ¬tkoe htaoe¹; 

tkoe htaoeu knenwfef Pqxeobet thtqwih Hebtwat{, terteuentkni wkntet when hqtaikni enet/ 

ietkeu ate oqut uexete; Mateh thtqwih Jwne, terteuentkni bteefkni anf auuqekatef qhhurtkni 

hqqf rtqxkukqnkni; anf Jwn{ thtqwih Qetqbet, terteuentkni haxqtabne hqtaikni eqnfktkqnu) 

]85,88_0 Hqt eaeh knfkxkfwan, we uwooef the aoqwnt qh tkoe urent hqtaikni aetquu owntkrne 

hqean uaorneu ret tkoe htaoe0 Ye anuq eanewnatef the tqtan aoqwnt qh tkoe the bktf wau 

qbuetxef kn a ikxen tkoe htaoe0 Ye fkxkfef the tqtan aoqwnt qh tkoe eaeh bktf wau qbuetxef 

hqtaikni b{ the tqtan aoqwnt qh tkoe the bktf wau qbuetxef ktteureetkxe qh ktu behaxkqt0 Ye 

then wuef nkneat okzef oqfenu tq teut whethet the rtqrqttkqn qh tkoe that we qbuetxef the 

bktfu hqtaikni fkhhetef aoqni ukteu, knenwfkni `tkoe htaoe', `ureekeu' anf `ukte' au hkzef ehheetu 

wkth `knfkxkfwan bktf' au the tanfqo knteteert tq aeeqwnt hqt tereatef oeauwteu qh the uaoe 

bktf (Ptqe MKZGD kn SAS x;06)0 Vhe rtqrqttkqnu wete ateukne uqwate tqqt ttanuhqtoef tq hkt a 

nqtoan fkuttkbwtkqn0 Ye wuef neaut uqwateu oeanu ± SG tq exanwate fkhheteneeu kn rtqrqttkqn qh 

tkoe urent hqtaikni between ureekeu, tkoe htaoeu, anf ukteu0 

Jqoe tanie ukze0 Ye wuef the GPS eqqtfknateu taken eaeh tkoe a banfef bktf wau rquk/ 

tkxen{ kfentkhkef fwtkni eneqwntet uwtxe{u anf hnqek uean uaorneu (au feuetkbef benqw kn the 

Swtxkxqtuhkr anf Abwnfanee ueetkqnu, teureetkxen{) tq fetetokne kh the hqoe tanie qh VWVK 

anf EAEJ fkhhetef aoqni qwt thtee ukteu0 Sreekhkeann{, the GPS eqqtfknateu wete wuef tq 

qbtakn a ;5' hkzef ketnen fenukt{ eutkoate qh hqoe tanie ukze wukni ¬MetnSoqqth$ raekaie kn 

T x0 50602 ]89⁀8;_; the $ku$ raekaie wau wuef tq qbtakn qrtkokzef MDG Pnwikn banfwkfthu0 

Jqoe tanie ukze wau eqnukfetef uerataten{ hqt bteefkni ueauqn (Hebtwat{ 35th thtqwih Awiwut 

53ut) anf nqnbteefkni ueauqn (Serteobet 3ut thtqwih Hebtwat{ 36th) (uee ]92_ hqt a feuetkrtkqn 

qh ueauqnan rattetnu qh Eatqnkna ehkekafeeu kn thku atea)0 Dktfu wete ezenwfef htqo hqoe tanie 

anan{uku kh thete wete hkxe qt hewet ukihtkniu kn eaeh ueauqn (56 EAEJ anf 83 VWVK knfkxkfwanu 

wete ezenwfef htqo bteefkni ueauqn anan{uku, anf 89 EAEJ anf ;2 VWVK knfkxkfwanu wete 

ezenwfef htqo nqnbteefkni ueauqn anan{uku)0 Vhe hqoe tanie xanweu wete axetaief aetquu 

{eatu kh a bktf wau ukihtef hkxe qt oqte tkoeu kn owntkrne {eatu qh the uaoe ueauqn t{re0 Kh a 

bktf wau ukihtef oqte than qnee ret fa{, qnn{ eqqtfknateu qh the hktut ukihtkni nqeatkqn wete 

wuef kn the hqoe tanie anan{uku0 

Ye teutef whethet hqoe tanie ukze fkhhetef aoqni ukteu fwtkni the bteefkni qt nqnbteef/ 

kni ueauqn, aeeqwntkni hqt rqtentkan ureekeu anf uez ehheetu0 Ye hkt twq nkneat oqfenu wukni the 

`eat' raekaie kn T ]93_, eaeh wkth the uaoe hkzef ehheet uttwetwte< `ukte', `ureekeu', anf `uez'0 Ye 

kert an affktkxe oqfen uttwetwte ahtet eqnhktokni that oqfen hkt wau nqt kortqxef b{ a thtee/ 

wa{ kntetaetkqn teto qt an{ twq/wa{ kntetaetkqn tetou (k0e0 AKE kneteauef wkth affktkqn qh 

kntetaetkqn teto)0 Vhe affktkxe oqfenu wete xankfatef thtqwih xkuwan knureetkqn qh SS/rnqtu 

qh oqfen teukfwanu anf oqfen auuwortkqn teut teuwntu eqnhktoef the arrtqrtkateneuu qh a 

uqwate/tqqt ttanuhqtoatkqn qh hqoe tanie ukze< Sharktq/Yknk nqtoankt{ teut (nqnbteefkni< 

Y ? 20;8, P ? 2069; bteefkni< Y ? 20;;, P ? 2059); H/teutu qh teukfwanu anf hkttef teukfwanu that

PNQS QPG ~ httru<//fq�0qti/3203593/�qwtna0rqne0222;882 Janwat{ ;, 223; 9 / 2; 

https://doi.org/10.1371/journal.pone.0209680


Sate�te hqe��ni rtqrenu�t{ ehanieu w�th enetiet�e eqnutta�ntu 

teutef hqt hqoqueefautkekt{ (nqnbteefkni< H3,92 ? 2022, P ? 2088; bteefkni H3,;8 ? 2025, 

P ? 2089; Hatawa{ 2225); VKH teut hqt haetqt xatkabneu (GVKH > 2 kn ann eaueu); anf Dwtwkn/ 

Yatuqn teut qh nqn/uwbutantkxe eqttenatkqn aoqni teukfwan ettqtu (nqnbteefkni< DY ? 3089, 

P ? 2038; bteefkni< DY ? 308;, P ? 2039)0 Yhen arrtqrtkate, Vwke{ owntkrne eqoratkuqnu qh 

oeanu wkth a ;5' haokn{/wkue eqnhkfenee kntetxan wau wuef tq auueuu ukinkhkeant fkhheteneeu 

aoqni haetqt nexenu0 

Hat ueqteu0 Dqf{ oeauwteoentu, knenwfkni hat ueqteu, wete taken aeeqtfkni tq ]92_ anf 

]95_ when an{ qh qwt hqwt ureekeu wete banfef0 Vq enuwte wnkhqto fata eqnneetkqn aoqni 

teehnkekanu, a teehnkekan qnn{ eqnneetef banfkni fata ahtet eqnhktoatkqn qh ;2' kntet qbuetxet 

tenkabknkt{ wkth the neaf hkenf teehnkekan kn ehatie qh fata eqnneetkqn0 Ye wuef hat ueqteu bauef 

qn xkukbne uwbewtaneqwu hat ferquktu tq teut kh hat ferquktu fkhhetef aetquu qwt ukteu0 Hat ueqteu 

rtqxkfe a qwantktatkxe eutkoate qh hat ferqukt; ueqteu ate tankef 3⁀8 kn qtfet qh kneteaukni hat 

eqntent ]95_0 Jqwexet, we teeqtfef nq hat ueqteu iteatet than `6'0 Au the hat ueqte ku an qtfkn/ 

ann{/ueanef xatkabne, we wuef the rqnt hwnetkqn kn the MASS raekaie kn T ]96_ tq rethqto a rtq/ 

rqttkqnan qffu nqikutke teiteuukqn oqfen hqt qtfknan teurqnueu kn qtfknan nqikutke teiteuukqn0 

Ye tteatef hat ueqte au the qwteqoe, anf ukte, ureekeu anf ueauqn (bteefkni ? 2/35⁀8/53, nqn/ 

bteefkni ? ;/3⁀2/36) au affktkxe, eateiqtkean rtefketqtu0 Dexkanee teutu eqnhktoef that kntetae/ 

tkqn tetou fkf nqt ukinkhkeantn{ kortqxe oqfen hkt (ann P @ 2025)0 Ye thetehqte rtqeeefef wkth 

the affktkxe oqfen wukni the T ownteqor raekaie ]95_ tq terqtt owntkrne eqoratkuqnu qh 

oeanu wukni Vwke{ eqnttautu (anrha ? 2025)0 Ye anuq wuef the rtefket hwnetkqn kn the MASS 

raekaie tq eqorwte rtefketef rtqbabknktkeu qh hat ueqteu hqt EAEJ, VWVK, YDPW anf 

DQYQ fwtkni the nqnbteefkni anf bteefkni ueauqn at eaeh ukte0 

Hnefinkni eqwnt0 Ye wuef hnefinkni nwobet tq arrtqzkoate tertqfwetkxe uweeeuu 

aoqniut ukteu0 Dwtkni the uwooet qh 2239, eneqwntet uwtxe{u wete eqnfwetef (au feuetkbef 

benqw kn the Swtxkxqtuhkr ueetkqn) anf knekfentan ukihtkniu qh hnefinkniu wete anuq teeqtfef0 

Dktfu wete kfentkhkef au hnefinkniu kh the{ wete qbuetxef beiikni, eokttkni beiikni eannu, qt 

bekni hef b{ afwntu0 Hnefinkni nwobet wau auueuuef when qne qt oqte qh the ratentu wete 

banfef (anf thwu knfkxkfwann{ kfentkhkabne), qt kn qne knutanee, when a rakt qh nqn/banfef 

ratentu wau qbuetxef ukowntaneqwun{ ezhkbktkni ratentan behaxkqt tq the uaoe hnefinkni itqwr0 

Hnefinkni eqwnt fata wete nqt knenwfef kn the anan{uku kh thete wau qnn{ a uknine, nqn/banfef 

ratent rteuent0 Kh qnn{ qne ratent wau qbuetxef kn oqte than qne haokn{ qh the uaoe ureekeu kn 

a ikxen ukte, we eheekef the GPS eqqtfknateu tq oake uwte the{ wete nexet ukihtef wkthkn the 

uaoe tettktqt{ au a rwtatkxe nqn/oate0 Vhe uaoe ratentu wete ann urqttef wkth hnefinkniu qn 

uexetan qeeaukqnu, uq kt wau rquukbne hqt a oatef rakt'u hnefinkni eqwnt tq ehanie thtqwihqwt 

the uwooet0 Hqt thku teauqn, we teeqtfef hnefinkni nwobet au the oazkowo nwobet qh hnefi/ 

nkniu ueen ret rakt0 

Ye teutef hqt ureekeu anf ukte xatkatkqn kn hnefinkni nwobet wukni a ienetankzef nkneat 

oqfen (Ptqe GNKMMKZ kn SAS x;06)0 Ye wuef AKE xanweu tq hknf the fkuttkbwtkqn rataoetet 

that beut hkt the oqfenu0 Vhe teutef fkuttkbwtkqnu knenwfef iaooa, rqkuuqn, ezrqnentkan, neia/ 

tkxe bknqokan, nqtoan, nqinqtoan, ieqoettke, anf t/fkuttkbwtkqn0 Vhe t/fkuttkbwtkqn teuwntef kn 

the beut hkt anf ku thetehqte the bauku qh the anan{uku qh hnefinkni nwobetu ikxen hete0 `Sreekeu', 

`ukte', anf thekt twq/wa{ kntetaetkqn wete tteatef au eateiqtkean hkzef ehheetu kn the oqfen0 Ye 

wuef neaut uqwateu oeanu ± SG tq exanwate fkhheteneeu kn hnefinkni nwobet between ureekeu anf 

ukteu0 

Swtxkxqtuhkr0 Swtxkxqtuhkr fata wete eqnneetef thtqwih eneqwntet uwtxe{u, whkeh wete 

eqnfwetef fwtkni the bteefkni/urtkni ueauqn htqo Hebtwat{ 35th thtqwih Jwne 3ut kn 2238 

anf 2239 (uee ]92_ hqt a feuetkrtkqn qh ueauqnan rattetnu qh Eatqnkna ehkekafeeu kn thku atea), au 

wenn au fwtkni the nqnbteefkni/wkntet ueauqn htqo Serteobet 3ut thtqwih Deeeobet 3ut kn 

2235⁀22390 Vhe uwtxe{u wete eqnfwetef fwtkni weekfa{u between 2822 h anf 3622 h qn fa{u

PNQS QPG ~ httru<//fq�0qti/3203593/�qwtna0rqne0222;882 Janwat{ ;, 223; 8 / 2; 
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Sate�te hqe��ni rtqrenu�t{ ehanieu w�th enetiet�e eqnutta�ntu 

wkthqwt rteekrktatkqn0 Vhe ukteu wete xkuktef qn a tqtatkni bauku uq that a ukte wau nexet uaornef 

qn eqnueewtkxe uwtxe{ fa{u0 Vhe uwtxe{u wete eqnfwetef aetquu uwb/atea rnqtu that wete fenkn/ 

eatef wkthkn eaeh ukte bauef qn tqrqitarh{, rtkxate rtqrettkeu nkneu, anf ttaknu0 Vhe qtfet kn 

whkeh eaeh rnqt wau uwtxe{ef wau tanfqokzef at the tkoe qh attkxan tq the ukte eaeh fa{0 

Qbuetxetu urent arrtqzkoaten{ 65 oknwteu wkthkn eaeh rnqt nqqkkni anf nkutenkni hqt the 

bktfu0 Gaeh tkoe a bktf wau eneqwntetef anf rquktkxen{ kfentkhkef, ktu nqeatkqn wau teeqtfef 

wukni a Gatokn Gttez 22 GPS fexkee0 Hqt eaeh uwtxe{ kntetxan, eneqwntet fata wete entetef au 

¬3¹ kh a banfef bktf wau ukihtef (knenwfkni the fate the bktf wau banfef), qt ¬2¹ kh a banfef 

bktf wau nqt ukihtef0 

Ye ezenwfef lwxenkne bktfu htqo the fatauet fwe tq the rtqrenukt{ qh bktfu htqo bqth ure/ 

ekeu tq fkuretue htqo the natan enxktqnoent behqte afwnthqqf ]85,98_0 Ye anuq ezenwfef bktfu 

that wete nexet ukihtef aiakn ahtet banfkni tq enkoknate ttanukentu htqo qwt fatauet0 Kh a bktf 

wau banfef rtkqt tq afwnthqqf, eneqwntet fata wete nqt teeqtfef wntkn the bktf wau teukihtef 

au an afwnt (an{ tkoe ahtet ktu hktut wkntet; S2 Vabne)0 Kh a bktf wau banfef kn between uwtxe{ 

kntetxanu, eneqwntet fata wete entetef hqt the rtexkqwu uwtxe{0 

Ye wuef the T raekaie TMatk tq oqfen ureekeu/ureekhke arratent uwtxkxan (F) anf fetee/ 

tkqn rtqbabknktkeu (r) ]99_0 Ye hqnnqwef an knhqtoatkqn theqtetke arrtqaeh anf owntk/oqfen 

knhetenee tq aeeqwnt hqt oqfen ueneetkqn wneettaknt{ anf tq qbtakn tqbwut rataoetet eutkoateu 

]98_0 Ye eqnuttwetef a eanfkfate oqfen uet qh 23 Eqtoaek/Jqnn{/Sebet oqfenu (S5 Vabne)0 Swt/ 

xkxan anf feteetkqn rtqbabknktkeu xatkef b{ itqwr (ukte), ueauqn (wkntet, urtkni), anf uwtxe{ 

qeeaukqn (`tkoe')0 Eanfkfate oqfenu wkth kntetaetkqn tetou anf eqnutant feteetkqn rtqbabknk/ 

tkeu wete anuq knenwfef kn the eanfkfate uet0 Ye fkf nqt knenwfe ehheetu qh uez tq axqkf qxetrata/ 

oetetkzatkqn, bwt anuq beeawue rtexkqwu utwfkeu uhqw uez fqeu nqt ukinkhkeantn{ knhnwenee 

uwtxkxan kn ratkfu ]9;⁀83_0 

Ye eanewnatef the xatkanee knhnatkqn haetqt (c̀), qt tefweef ehk/uqwate, hqt a hwnn{ utwf{/ukte 

anf tkoe/ferenfent inqban oqfen wukni the oefkan e/hat arrtqaeh kn Ptqitao MATM tq 

eutkoate qxet/fkuretukqn ]82,85_0 Kn the eaue qh qxet/fkuretukqn (c̀ @ 3), AKEe xanweu wete 

aflwutef thtqwih qwauk/nkkenkhqqf (SAKEe), qthetwkue eanfkfate oqfenu wete tankef 

wukni the Akakke'u Knhqtoatkqn Etktetkqn hqt uoann fatauetu (AKEe)0 Arratent uwtxkxan eutk/ 

oateu anf feteetkqn rtqbabknkt{ eutkoateu wete oqfen/axetaief aetquu eanfkfate oqfenu 

wkth a ewownatkxe ０ 20;5 wekiht anf ate terqttef wkth wneqnfktkqnan utanfatf ettqtu 

(eutkoate ± SG)0 

Abwnfanee0 Ye wuef hnqek uean uaorneu anf eneqwntet uwtxe{ fata eqnneetef between 

Mateh 3ut thtqwih Artkn 3;th, 2238 au oatk/teukiht fata kn Ptqitao Matk tq qbtakn rqrwna/ 

tkqn abwnfanee eutkoateu hqt EAEJ anf VWVK ]85_; nq affktkqnan bktfu wete banfef fwtkni 

thku tkoe htaoe0 Sean uaornkni hqnnqwef the uaoe rtqeefwte wuef hqt eneqwntet uwtxe{u, anf 

arrtqzkoaten{ 52 hqwtu wete urent eqnneetkni uean uaorne fata at eaeh ukte0 Gaeh tkoe a hnqek 

wau ukihtef, banfef bktfu wete kfentkhkef anf the nwobet qh nqnbanfef EAEJ anf VWVK 

wau teeqtfef0 Ye fkf nqt auuwoe feoqitarhke enquwte, au ezaoknatkqn qh the nwobet qh 

teukihtkniu ret banfef knfkxkfwan texeanef nqt ann bktfu wete teukihtef owntkrne tkoeu between 

Mateh 3ut anf Artkn 3;th, 22380 Jqwexet, the nqw rtqrqttkqn (;/95) qh bktfu ueen qnn{ qnee 

knfkeateu that the ehheet htqo fkuretuan anf feath ku neinkikbne0 Ye anuq fkf nqt auuwoe that the 

utwf{ rqrwnatkqn wau ieqitarhkeann{ enquef, au qwt ukteu terteuentef a rqttkqn qh a nkneat eqn/ 

tknwqwu hqteut rateh eqttkfqt0 Ye uaornef wkth ternaeeoent, au kt wau rquukbne hqt the uaoe 

bktfu tq be ukihtef oqte than qnee kn a fa{0 Ye anuq knenwfef knfkxkfwanu kn the anan{uku au 

¬-2¹ kh the{ wete ueen knekfentann{ qwtukfe qh uean uaornkni tq uet a oqte aeewtate oknkowo 

rqrwnatkqn ukze qh bktfu knqwn tq retukut kn the utwf{ atea fwtkni that tkoe ]86_0 Ye thetehqte 

wuef a Pqkuuqn oatk/teukiht oqfen, au kt aeeqwntu hqt the haet that 3) EAEJ anf VWVK ate 

hkihn{ oqbkne, anf 2) the ezaet nwobet qh oatkef knfkxkfwanu kn the rqrwnatkqn at the tkoe qh

PNQS QPG ~ httru<//fq�0qti/3203593/�qwtna0rqne0222;882 Janwat{ ;, 223; ; / 2; 
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Sate�te hqe��ni rtqrenu�t{ ehanieu w�th enetiet�e eqnutta�ntu 

teukihtkni uwtxe{u wau wnknqwn0 Vhe Pqkuuqn oatk/teukiht arrtqaeh anuq annqwu hqt the knenw/ 

ukqn qh teukiht fata htqo rattkan eqnqt banf teafkniu, whete an knfkxkfwan ku kfentkhkef au 

oatkef, bwt nqt tq knfkxkfwan kfentkt{0 

Ye eqnuttwetef a uet qh eanfkfate oqfenu hqt eaeh ureekeu anf eqnukfetef the knhnwenee qh 

ukte (itqwr ehheet) qn oane rqrwnatkqn abwnfanee (S6 Vabne)0 Eanfkfate oqfenu wkth eqnutant 

anf itqwr ferenfent rataoetetu wete knenwfef tq aeeqwnt hqt rqtentkan fkhheteneeu kn knfkxkf/ 

wan teukihtkni hetetqienekt{, uwtxkxan tateu, teukihtkni rtqbabknkt{, anf nwobet qh wnoatkef 

knfkxkfwanu aoqni ukteu0 An knhqtoatkqn theqtetke arrtqaeh anf owntk/oqfen knhetenee wau 

wuef tq aeeqwnt hqt oqfen ueneetkqn wneettaknt{ anf tq qbtakn tqbwut rataoetet eutkoateu0 

Eanfkfate oqfenu wete tankef wukni the Akakke'u Knhqtoatkqn Etktetkqn (AKE) ]98_0 Detkxef 

rataoetet eutkoateu wete oqfen/axetaief aetquu ann eanfkfate oqfenu anf teuwntu wete kntet/ 

rtetef bauef qn the wekihtef axetaie eutkoate, wneqnfktkqnan utanfatf ettqtu (SGu), anf ;5' 

eqnhkfenee kntetxanu0 Ye aeeqwntef hqt the rquukbknkt{ qh oqxeoent aetquu ukte bqwnfatkeu b{ 

kntetrtetkni the abwnfanee eutkoate au that qh the `uwret rqrwnatkqn', qt the nwobet qh knfk/ 

xkfwanu auuqekatef wkth the utwf{ atea fwtkni the uexen/week tkoe htaoe0 Ye anuq eqnukfet the 

abwnfanee eutkoateu ret the heetate ukze qh eaeh ukte (uee ¬Deuetkrtkqn qh Stwf{ Skte Nqeatkqnu¹ 

ueetkqn abqxe)0 

Hnqek ukze anf ureekeu eqorquktkqn0 Hnqek ukze (nwobet qh oeobetu kn a hnqek) anf ure/ 

ekeu eqorquktkqn wete teeqtfef fwtkni hnqek uean uaorneu at eaeh qh the thtee ukteu htqo Qetq/ 

bet 2235 thtqwih Jwne 2239 (hqt a feuetkrtkqn qh eneqwntet uwtxe{u anf hnqek uean uaorneu, uee 

teureetkxe Swtxkxqtuhkr anf Abwnfanee ueetkqnu abqxe)0 Hnqeku wete fehknef au the uratkan 

auuqekatkqn qh at neaut twq bktfu whq wete at oqut 32 o htqo the nezt enqueut bktf anf ttaxenkni 

kn the uaoe fkteetkqn0 Yaktkni 5 okn ahtet nqeatkni a hnqek, the teehnkekan wqwnf kfentkh{ eaeh 

bktf kn the hnqek b{ ureekeu anf banf eqnqt kh the bktf wau banfef0 Hnqek ukze anf eqorquktkqn 

wete eutkoatef exet{ 5 okn fwtkni a hqean ankoan uaorne qn a banfef bktf0 Hnqek nwobetu eqn/ 

neetef qxet the eqwtue qh a uknine hqean ankoan uaorne wete axetaief uq that a uknine hnqek uttwe/ 

twte wau wuef hqt eaeh hqean ankoan uaorne0 

Vhe fata wete anan{zef wukni tereatef oeauwteu Pqkuuqn teiteuukqnu (Ptqe GNKMMKZ kn 

SAS x;06)0 Hqt the hnqek ukze anan{uku, we bwknt a oqfen that knenwfef `ukte', `tkoe', anf thekt 

twq/wa{ kntetaetkqn kn the hkzef ehheet uttwetwte0 `Vkoe' wau eateiqtkzef aeeqtfkni tq tkoe qh 

{eat, knenwfkni `nqn/bteefkni' (Serteobet thtqwih Hebtwat{), anf `bteefkni' (Mateh thtqwih 

Awiwut)0 Vhe {eat wau btqken wr kntq twq retkqfu tq enuwte a teauqnabne eutkoate qh uraee wue 

hqt utatkutkean ternkeateu (uee benqw)0 Hqt the hnqek eqorquktkqn anf auuqekatkqn anan{uku, we 

wuef the teiteuukqn eqehhkekent (â) tq teut whethet the `nwobet qh uatennkte ureekeu', anf `nwobet 

qh VWVK' ezrnaknef the `nwobet qh EAEJ' kn a hnqek0 Nkkewkue, we wuef the teiteuukqn eqehhk/ 

ekentu (â) tq teut whethet the `nwobet qh EAEJ', anf `nwobet qh uatennkte ureekeu' ezrnaknef 

the `nwobet qh VWVK' kn a hnqek0 Hknann{, we wuef the teiteuukqn eqehhkekentu (â) tq teut whethet 

the `nwobet qh EAEJ', anf `nwobet qh VWVK' ezrnaknef the `nwobet qh uatennkte ureekeu' kn a 

hnqek0 Au wkth the hnqek ukze anan{uku, we knenwfef `tkoe' anf `ukte'0 Ye teutef ann rquukbne kntet/ 

aetkqnu between the hqwt hkzef ehheetu; nqn/ukinkhkeant kntetaetkqn tetou wete teoqxef kn 

qtfet qh feeteauef H xanwe wntkn ann kntetaetkqn tetou neht kn the oqfen wete ukinkhkeant 

(P>2025)0 Ye teutef hqt the ehheet qh `tkoe' kn eaue fkutwtbanee teuwntef kn eztenfef okzef/ure/ 

ekeu hnqek hqtoatkqn fwtkni the bteefkni ueauqn0 

Ternkeatkqn qh hnqek/nexen oeauwteu hqt eaeh ukte wau fetetoknef qwantktatkxen{ bauef qn 

qxetnar qh uratkan fkuttkbwtkqn qh banfef bktfu0 Ye wuef a uratkan enwutet anan{uku (Ptqe 

HASVENWS kn SAS ;06) qh the nqeatkqn qh banfef bktfu qbuetxef fwtkni the hnqek uean 

uaorneu tq kfentkh{ thtee ueetkqnu kn eaeh ukte wkth oknkoan kntetehanie qh bktfu (okuu/ 

enauukhkeatkqn > ;'), rtqxkfkni P ? 5 knferenfent oeauwteu qh hnqek/nexen ehataetetkutkeu ret 

ukte0 Au fkuewuuef abqxe, eaeh {eat (2235/38 anf 2238/39) wau fkxkfef kntq twq tkoe kntetxanu

PNQS QPG ~ httru<//fq�0qti/3203593/�qwtna0rqne0222;882 Janwat{ ;, 223; 32 / 2; 
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Sate�te hqe��ni rtqrenu�t{ ehanieu w�th enetiet�e eqnutta�ntu 

(bteefkni anf nqn/bteefkni); fkoenukqnu qh the thtee ukte/ureekhke ueetkqnu wete eanewnatef 

uerataten{ hqt eaeh {eat anf tkoe kntetxan0 Ye fkf nqt bteak eaeh {eat kntq oqte kntetxanu tq 

enuwte that we haf a uwhhkekent uaorne ukze tq kfentkh{ ateau wkth oknkoan kntetehanie qh bktfu0 

Vhe uratkan fkoenukqnu qh eaeh enwutet wete eutkoatef wukni fkuetkoknant hwnetkqn anan{uku 

(Ptqe DKSETKM kn SAS ;06)0

Teuwtu 

Hqteut xeietatkqn 

Korqttanee xanweu wete hkiheut hqt oarneu anf wannwtu at the oqut/fkutwtbef ukte, wheteau 

qak anf oarne, anf rqrnat anf oarne haf hkiheut korqttanee xanweu at the okf/fkutwtbef anf 

the wnfkutwtbef ukte, teureetkxen{ (uee S5 Vabne)0 Yannwt ttee bauan atea at the oqut/fkutwtbef 

ukte wau ukinkhkeantn{ uoannet wkthkn the rnantatkqn utanfu (39052 ± 2026 eo2) than qwtukfe qh 

the rnantatkqn utanfu (52082 ± 2025 eo2; H3,5062 ? 25069, P ? 20225)0 Kn affktkqn, the oean fku/ 

tanee htqo rqknt tq neateut wannwt ttee kn eaeh qwattet at the oqut/fkutwtbef ukte wau ukinkhk/ 

eantn{ neuu wkthkn the rnantatkqn utanfu (5052 ± 2053 o) than qwtukfe qh the rnantatkqn utanfu 

(5058 ± 2056 o; H3,3209 ? 32085, P ? 20223), knfkeatkni that the fenukt{ qh uoannet wannwt tteeu ku 

hkihet wkthkn the rnantatkqn utanfu0 

Eanqr{ eqxet fkf nqt ukinkhkeantn{ fkhhet aoqni ukteu (H2,335 ? 2029, P ? 2035), bwt fkf 

ehanie wkth ueauqn (H5,335 ? 235;022, P ? >202223)0 Eanqr{ eqxet wau thknnet kn the urtkni 

(35088 ± 2085') anf wkntet (38085 ± 2086') than kn uwooet anf hann (82093 ± 2086' anf 

82089 ± 2086', teureetkxen{)0 Vhete wau a ueauqnan ehheet bwt nq ukte ehheet qn the wnfetutqt{ 

eqxet haetqt 3 ueqteu (k0e0, wnfetutqt{ eqxet between 208 tq 206 o hekiht; ueauqn< H5,32; ? 39038, 

P ? 202223; ukte< H2,32; ? 3095, P ? 2038)0 Kn eqnttaut, bqth ueauqnan anf ukte ehheetu wete 

ukinkhkeant wkth wnfetutqt{ eqxet htqo 2⁀208 o (H5,32; ? 8809;, P ? > 202223; H2,32; ? 809;, 

P ? 202225, teureetkxen{); wnfetutqt{ eqxet (ateukn uqwate tqqt ttanuhqtoef) htqo 2⁀208 o wau 

thknnet kn the urtkni (3036 ± 2029) anf wkntet (3055 ± 2029) eqoratef tq the uwooet anf hann 

ueauqnu (2088 ± 2029 anf 2055 ± 2029, teureetkxen{)0 Hknann{, the wnfetutqt{ eqxet at 2⁀208 o wau 

thkekeut at the oqut/fkutwtbef ukte (2039 ± 2029) eqoratef tq the wnfkutwtbef qt okf/fkutwtbef 

ukteu (308; ± 2029 anf 30;3 ± 2029, teureetkxen{)0 

Ptefatqt uwtxe{ anf eann tateu 

Teuwntu htqo aeqwutke uwtxe{u, knekfentan hkenf ukihtkni terqttu, anf qwn banfkni anf okut/net 

eartwte fata uttqnin{ uwiieut that tartqt ureekeu tkehneuu xatkeu oknkoann{ aoqniut qwt ukteu0 

Sreekhkeann{, rteuenee wkthkn the bqwnfatkeu qh eaeh qh qwt ukte nqeatkqnu wau eqnhktoef hqt the 

hqnnqwkni teukfent tartqt ureekeu< battef qwnu (Strix varia), eautetn ueteeeh qwn (Megascops 
asio), iteat/hqtnef qwn (Bubo virginianus), tef/uhqwnfetef hawk (Buteo jamaicensis), Eqq/ 

ret'u hawk (Accipiter cooperii), anf uhatr/uhknnef hawk (Accipiter striatus)0 Pteuenee qh the 

Pqtthetn uaw/whet qwn (Aegolius acadicus), a okitatqt{ ureekeu knqwn tq qeewr{ hqteut habk/ 

tat kn wkntet thtqwihqwt the utate qh Knfkana ]85,88_, wau eqnhktoef at bqth the okf/fkutwtbef 

anf wnfkutwtbef ukteu0 

Vhe ewownatkxe tartqt ureekeu eann tate (H2,32 ? 8055, P ? 202255) anf knfkxkfwan qwn ureekeu 

eann tateu xatkef ukinkhkeantn{ between ukteu (Hki 3, Vabne 3)0 Vhete wau anuq a ukinkhkeant kntetae/ 

tkqn between oqqn rhaue anf oqnth kn the ewownatkxe tartqt eann tate oqfen (H33,2229 ? 2022, 

P ? 20226;), thqwih nekthet qh the oakn ehheetu wete ukinkhkeant (oqqn< H3,2229 ? 30;9, 

P ? 203828; oqnth< H33,368 ? 3099, P ? 202862)0 Tartqt eann tateu anuq fkf nqt xat{ wkth tkoe 

uknee uwntkue (H3,2229 ? 2026, P ? 203568)0 Vhe GNKMMKZ oqfenu hqt Eqqret'u hawku anf tef 

uhqwnfetef hawku haknef tq eqnxetie0 Pqnetheneuu, the taw eann tateu hqt theue hawku hqnnqwef

PNQS QPG ~ httru<//fq�0qti/3203593/�qwtna0rqne0222;882 Janwat{ ;, 223; 33 / 2; 

https://doi.org/10.1371/journal.pone.0209680


Sate�te hqe��ni rtqrenu�t{ ehanieu w�th enetiet�e eqnutta�ntu 

Hki 30 Ptqrqttkqn (Mean ± SG) qh uaorneu that eqntaknef at neaut qne tartqt eann0 Saorne terteuentu a 52 oknwte aeqwutke teeqtfkni0 Data hqt knfkxkfwan qwn 

ureekeu ate neaut oeanu uqwateu (uee tezt); oeanu/utanfatf ettqt qthetwkue fetkxef htqo taw fata0 Wnfkutwtbef ukte fata ku terteuentef b{ the neht bat (fatk ite{), 

okf/fkutwtbef ukte fata ku terteuentef b{ the okffne bat (nkiht ite{), anf oqut/fkutwtbef ukte fata ate terteuentef b{ the tkiht bat (ueeqnf nkihteut uhafe qh ite{)0

https://doi.org/10.1371/journal.pone.0209680.g001 

Vabne 30 Teuwntu hqt V{re KKK Veutu qh hkzef ehheetu hqt tartqt eann tate oqfenu0 Skinkhkeant P xanweu ate bqnfef0 `PS'< nqn/ukinkhkeant kntetaetkqn that wau ezenwfef htqo 

the hkzef ehheet uttwetwte (uee Methqfu)0 

Skte Mqnth Vkoe uknee uwntkue Mqqn Mqqn z oqnth 

H2,32 ? 25059; 

P > 202223 

H33,368 ? 2066; 

P ? 202282 

H3,2229 ? 3083; 

P ? 203988 

H3,2229 ? 2022; 

P ? 20;;;8 

H33,2229 ? 6052; 

P > 202223 

Gteat hqtnef qwn 

Seteeeh qwn 

Skte Mqnth Vkoe uknee uwntkue Mqqn Mqqn z oqnth 

H2,32 ? 38023; 

P ? 202222 

H33,368 ? 20;2; 

P ? 202238 

H3,2229 ? 80;;; 

P ? 202282 

H3,2229 ? 2022; 

P ? 208586 

H33,2229 ? 6032; 

P > 202223 

Dattef qwn 

Skte Mqnth Vkoe uknee uwntkue Mqqn Mqqn z oqnth 

H2,32 ? 65023; 

P > 202223 

H33,368 ? 5099; 

P > 202223 

H3,2228 ? 9052; 

P ? 20228; 

H3,2228 ? 3028; 

P ? 202836 

H33,2228 ? 5085; 

P > 202223

https://doi.org/10.1371/journal.pone.0209680.t001

PNQS QPG ~ httru<//fq�0qti/3203593/�qwtna0rqne0222;882 Janwat{ ;, 223; 32 / 2; 
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Sate�te hqe��ni rtqrenu�t{ ehanieu w�th enetiet�e eqnutta�ntu 

the qwn rattetn< tef uhqwnfetef hawk eannu wete nqweut at the oqut/fkutwtbef ukte anf nq Eqq/ 

ret'u hawk eannu wete teeqtfef at the oqut/fkutwtbef ukte (Hki 3)0 

Hqtaikni tkoe bwfiet 

Ptqrqttkqn qh tkoe urent hqtaikni ehanief wkth ueauqn (H2,8;02 ? 3;099, P > 20223), wkth the 

iteateut rtqrqttkqn qeewttkni fwtkni the wkntet oqnthu (Pqxeobet thtqwih Hebtwat{; 

2082 ± 2025)0 Ptqrqttkqn qh tkoe hqtaikni fkf nqt ukinkhkeantn{ fkhhet between the qthet twq 

tkoe htaoeu (βfkhh ± SG ? /2029 ± 2025)0 Kn affktkqn, the rtqrqttkqn qh tkoe that bktfu urent hqt/ 

aikni fkhhetef aoqni ukteu (H2,850; ? 32095, P > 202223)0 Sreekhkeann{, bktfu at the oqut/fku/ 

twtbef ukte urent ukinkhkeantn{ oqte tkoe hqtaikni (2058 ± 2026) tenatkxe tq the okf/fkutwtbef 

ukte (2058 ± 2025; t8208 ? /6085, P>202223) anf wnfkutwtbef ukte (2068 ± 2025; t8805 ? /2052, 

P ? 20225)0 Vhe rtqrqttkqn qh tkoe urent hqtaikni wau nqwet at the okf/fkutwtbef ukte 

eqoratef tq the wnfkutwtbef ukte au wenn (βfkhh ± SG ? /2032 ± 2026; t820; ? /206, P ? 20238)0 

Sreekeu anuq fkhhetef kn the rtqrqttkqn qh tkoe urent hqtaikni (H3,9608 ? 5092, P ? 2022), wkth 

EAEJ urenfkni a hkihet rtqrqttkqn qh tkoe eqoratef tq VWVK (2055 ± 2022; 2066 ± 2025, 

teureetkxen{)0 

Jqoe tanie ukze 

Pknet{/ekiht bktfu (58 EAEJ - 29 VWVK oaneu anf 39 EAEJ - 38 VWVK heoaneu) wete 

qrrqttwnkutkeann{ ukihtef fwtkni the bteefkni ueauqnu0 Kn affktkqn, 92 bktfu (28 EAEJ - 39 

VWVK oaneu anf 38 EAEJ - 33 VWVK heoaneu), wete qrrqttwnkutkeann{ ukihtef fwtkni the 

nqnbteefkni ueauqnu0 Dqth the nqnbteefkni anf bteefkni affktkxe oqfen uttwetwteu wete uki/ 

nkhkeant (H6,89 ? 608;, P ? 20222, aflwutef T2 ? 2038; H6,;5 ? 5066, P ? 20233, aflwutef T2 ? 202;, 

teureetkxen{)0 

Sez fkf nqt ahheet hqoe tanie ukze fwtkni the nqnbteefkni ueauqn (H3,89 ? 20;8, P ? 2055)0 

Vhete anuq wau nq ureekeu ehheet qn hqoe tanie ukze fwtkni the nqnbteefkni ueauqn (H3,89 ? 

5022, P ? 2028)0 Jqwexet, hqoe tanie ukze fkf fkhhet aoqni ukteu (H2,89 ? 908;, P ? 20223)0 Kn 

rattkewnat, hqoe tanie ukze wau ukinkhkeantn{ natiet at the oqut/fkutwtbef ukte tenatkxe tq the 

wnfkutwtbef ukte (raktwkue Vwke{ rqut/hqe EK< 53032⁀3280;5)0 Jqoe tanie fkf nqt fkhhet uki/ 

nkhkeantn{ between the okf/fkutwtbef ukte anf the wnfkutwtbef ukte, qt between the okf/fku/ 

twtbef ukte anf oqut/fkutwtbef ukte (uee Hki 2 hqt ukte/ureekhke oean anf SG)0 Kn eqnttaut, we 

feteetef a uez ehheet qn hqoe tanie ukze fwtkni the bteefkni ueauqn (H3,;5 ? 8089, P ? 20226)0 

Jqwexet, thete wau nq ureekeu ehheet (H3,;5 ? 2052, P ? 20586)0 Hknann{, bteefkni ueauqn hqoe 

tanie ukze fkf nqt fkhhet aoqni ukteu (H2,;5 ? 2062, P ? 202;9)0 

Hat ueqteu 

Vhe hat ueqteu oeauwtef at the wnfkutwtbef ukte wete ukinkhkeantn{ hkihet than thque at the 

oqut/fkutwtbef ukte (βfkhh ± SG ? 20;6 ± 2025, z ? 5083, P ? 202226)0 Vhe hat ueqteu wete anuq 

hkihet at the okf/fkutwtbef ukte tenatkxe tq the oqut/fkutwtbef ukte (βfkhh ± SG ? 2089 ± 2025, 

z ? 5052, P ? 202235)0 Kn eqnttaut, hat ueqteu fkf nqt xat{ ukinkhkeantn{ between the okf/fku/ 

twtbef ukte anf the wnfkutwtbef ukte (owntkrne eqoratkuqnu qh oeanu, Vwke{ eqnttautu, 

P ? 20;53)0 YDPW hat ueqteu wete ukinkhkeantn{ neuu than thque qh VWVK anf EAEJ (βfkhh ± SG 

? /2088 ± 2028, z ? /5029, r ? 20225; βfkhh ± SG ? /2089 ± 2029, z ? /502;, P ? 20225, teureetkxen{)0 

Hat ueqteu qthetwkue fkf nqt xat{ ukinkhkeantn{ aoqni ureekeu (owntkrne eqoratkuqnu qh oeanu, 

Vwke{ eqnttautu, P ? 20;;; hqt EAEJ´GVVK; P ? 20825 hqt DQYQ´GVVK; P ? 20588 hqt 

DQYQ´EAEJ; P ? 20992 hqt YDPW´DQYQ)0 Hat ueqteu fkf nqt ukinkhkeantn{ fkhhet 

between ueauqnu (βfkhh ± SG ? /2052 ± 2022, z ? /3068, P ? 2036)0 Vhe rtqbabknkt{ qh a hat ueqte 

qh `2' wau iteateut at the oqut/fkutwtbef ukte, anf the rtqbabknkt{ qh ann qthet ueqteu qh hat

PNQS QPG ~ httru<//fq�0qti/3203593/�qwtna0rqne0222;882 Janwat{ ;, 223; 35 / 2; 

https://doi.org/10.1371/journal.pone.0209680


Sate�te hqe��ni rtqrenu�t{ ehanieu w�th enetiet�e eqnutta�ntu 

Hki 20 Mean (± SG) hqoe tanie ukze ret ukte0 Jqoe tanie ukze wau ukinkhkeantn{ uoannet at the wnfkutwtbef ukte 

eqoratef tq the oqut/fkutwtbef ukte fwtkni the nqnbteefkni ueauqn0

https://doi.org/10.1371/journal.pone.0209680.g002

aeewownatkqn wau tenatkxen{ hkihet at the wnfkutwtbef ukte anf the okf/fkutwtbef ukte eqo/ 

ratef tq the wnfkutwtbef ukte (Hki 5)0 

Hnefinkni eqwntu 

Skoknat nwobetu qh haoknkeu wete qbuetxef at the wnfkutwtbef ukte anf the okf/fkutwtbef ukte, 

knenwfkni 9 VWVK haoknkeu anf 6⁀5 EAEJ haoknkeu0 Hkxe VWVK haoknkeu anf qnn{ a uknine 

EAEJ haokn{ wete qbuetxef at the oqut/fkutwtbef ukte0 

Vhe tenatkqnuhkr between ukte anf hnefinkni eqwnt fkhhetef between ureekeu, au knfkeatef b{ 

a ukinkhkeant ureekeu anf ukte kntetaetkqn (H2,25 ? 6028, P ? 2025)0 Hqt VWVK, hnefinkni eqwnt uki/ 

nkhkeantn{ fkhhetef aoqni ukteu (Hki 6)0 Sreekhkeann{, VWVK hnefinkni eqwnt wau nqwet kn the 

okf/fkutwtbef ukte anf the oqut/fkutwtbef ukte tenatkxe tq the wnfkutwtbef ukte (okf/fkutwtbef 

ukte xu0 wnfkutwtbef ukte< βfkhh ± SG ? −20;8 ± 2058; wnfkutwtbef ukte xu0 oqut/fkutwtbef ukte< βfkhh 

± SG ? 3088 ± 2065)0 Kn eqnttaut, EAEJ hnefinkni eqwnt fkf nqt fkhhet ukinkhkeantn{ aoqni ukteu, 

whkeh ku kn natie ratt tenatef tq the naek qh fata htqo the oqut/fkutwtbef ukte0 

Swtxkxqtuhkr 

Qh the 3;; VWVK banfef, qnn{ 63' wete eneqwntetef aiakn ahtet banfkni, eqoratef tq 56' 

qh the 222 EAEJ banfef (S2 Vabne)0 Knktkan atteortu tq knenwfe EAEJ htqo the wnfkutwtbef 

ukte kn the uwtxkxqtuhkr anan{uku haknef, au the rataoetetu eqwnf nqt be eutkoatef fwe tq kuuweu 

teiatfkni the ehataetetkutkeu qh the eneqwntet fata (e0i0 uoann uaorne ukze)0 Hqt thku teauqn, we 

ezenwfef EAEJ htqo the wnfkutwtbef ukte htqo the anan{uku, anf thwu qnn{ terqtt anf eqo/ 

rate arratent uwtxkxan anf feteetkqn rtqbabknktkeu hqt EAEJ htqo the okf/fkutwtbef anf 

oqut/fkutwtbef ukteu0 

Sexen eanfkfate oqfenu wete axetaief hqt EAEJ anf hkxe oqfen wete axetaief hqt VWVK 

(ewownatkxe wekiht０ 20;5; S8 Vabne)0 Vhe arratent uwtxkxan eutkoateu ehanief wkth ukte anf 

ueauqn hqt bqth ureekeu, wheteau feteetkqn rtqbabknkt{ eutkoateu ehanief wkth uaornkni retkqf 

anf ukte0 Ye hqwnf that uwtxkxan wau nqwet hqt bqth VWVK anf EAEJ at the oqut/fkutwtbef 

ukte eqoratef tq the okf/fkutwtbef ukte (Hki 5)0 Jqwexet, VWVK uwtxkxan eutkoateu wete nqweut 

at the wnfkutwtbef ukte eqoratef tq the qthet twq ukteu0 Hqt bqth ureekeu, uwtxkxan wau nqwet 

fwtkni the nqn/bteefkni kntetxan tenatkxe tq the bteefkni kntetxan, ktteureetkxe qh ukte, anf 

PNQS QPG ~ httru<//fq�0qti/3203593/�qwtna0rqne0222;882 Janwat{ ;, 223; 36 / 2; 
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Sate�te hqe��ni rtqrenu�t{ ehanieu w�th enetiet�e eqnutta�ntu 

Hki 50 Ptqbabknkt{ fkuttkbwtkqn qh hat ueqteu hqt (a) ratkf ureekeu (EAEJ anf VWVK) anf hqt (b) uatennkte ureekeu 

(YDPW anf DQYQ)0 Meanu - SD ate ikxen0 Hat ueqte rtqbabknktkeu ate axetaief aetquu ueauqn anf ureekeu0 Dqth 

itqwru haxe a hkihet rtqbabknkt{ qh a hat ueqte qh `2' (nq xkukbne hat) anf a nqwet rtqbabknkt{ qh hat aeewownatkqn (ueqteu 

3⁀6) kn the oqut/fkutwtbef ukte (enquef ekteneu) eqoratef tq the okf/fkutwtbef ukte (enquef ttkanineu) qt the 

wnfkutwtbef ukte (Z'u)0 Vhe xanweu wkthkn eaeh hat ueqte ate qhhuet tq haeknktate eqoratkuqnu between ukteu0

https://doi.org/10.1371/journal.pone.0209680.g003

arratent uwtxkxan wau hkihet at the okf/fkutwtbef ukte eqoratef tq the oqut/fkutwtbef ukte 

teiatfneuu qh ueauqn0 Vhe fkhhetenee kn uwtxkxqtuhkr between ukteu wau iteatet kn the nqn/ 

bteefkni ueauqn than kt wau kn the bteefkni ueauqn (Hki 5)0 

Deteetkqn rtqbabknktkeu hqt bqth ureekeu tenfef tq be hkiheut kn urtkni (Hebtwat{ 35th tq 

Jwne 3ut; S9 Vabne)0 Hqt EAEJ, feteetkqn rtqbabknkt{ wau hkihet at the oqut/fkutwtbef ukte 

eqoratef tq the okf/fkutwtbef ukte0 Gzeert hqt the hqwtth uaornkni retkqf (nqn/bteefkni, 

2238/39), EAEJ feteetkqn rtqbabknkt{ at the oqut/fkutwtbef ukte wau anuq hkihet than feteetkqn 

rtqbabknktkeu hqt VWVK teiatfneuu qh ukte0 Kn eqnttaut, feteetkqn rtqbabknktkeu wete ukoknat hqt 

VWVK at the okf/fkutwtbef ukte anf the oqut/fkutwtbef ukte, bwt hkihet at the wnfkutwtbef ukte0 

Abwnfanee 

Vhe abwnfanee eutkoateu (k0e0 nwobet qh knfkxkfwanu eutkoatef tq be auuqekatef wkth the utwf{ 

atea fwtkni qwt uexen/week tkoe htaoe) wete nqweut at the oqut/fkutwtbef ukte hqt bqth ureekeu 

PNQS QPG ~ httru<//fq�0qti/3203593/�qwtna0rqne0222;882 Janwat{ ;, 223; 35 / 2; 
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Sate�te hqe��ni rtqrenu�t{ ehanieu w�th enetiet�e eqnutta�ntu 

Hki 60 Neaut oean uqwateu (NMS±SG) hnefinkni eqwnt eutkoateu0 Hqt eaeh ukte, VWVK fata ate terteuentef b{ the neht bat (bnaek), whkne EAEJ fata ate terteuentef b{ 

the tkiht bat (ite{)0

https://doi.org/10.1371/journal.pone.0209680.g004

(uee Vabne 2a anf 2b)0 Jqwexet, the tenatkxe abwnfanee qh EAEJ at the okf/fkutwtbef ukte 

wau xet{ enque tq the abwnfanee at the oqut/fkutwtbef ukte (206;/ha xu0 2068/ha, teureetkxen{)0 

Tenatkxe abwnfanee qh EAEJ wau hkiheut at the wnfkutwtbef ukte (2058/ha)0 Kn eqnttaut, the 

abwnfanee qh VWVK wau hkiheut at the okf/fkutwtbef ukte (2062/ha, 2085/ha, 2058/ha< oqut/fku/ 

twtbef, okf/fkutwtbef, anf wnfkutwtbef ukte nkutef teureetkxen{)0 

Hnqek ukze anf ureekeu eqorquktkqn 

Ye hqnnqwef hnqeku qn 858 qeeaukqnu qxet twq {eatu anf aetquu the thtee ukteu0 EAEJ, VWVK, 

YDPW, anf DQYQ wete qbuetxef hnqekkni tqiethet kn eaeh ukte0 Vhete wau nq ukinkhkeant 

kntetaetkqn between ukte anf ueauqn hqt tqtan hnqek ukze (H2,36 ? 2092, P ? 2032), anf tqtan hnqek 

ukze fkf nqt ehanie aetquu the fkutwtbanee itafkent (H2,29 ? 2028, P ? 2098)0 Jqwexet, hnqek ukze 

fkf xat{ aetquu tkoe kntetxanu (H3,36 ? 6508, P > 20223), uweh that kt wau uoannet kn the bteefkni 

tkoe kntetxan (5022 ± 2033) eqoratef tq the nqn/bteefkni kntetxan (6028 ± 2035)0 

Affktkqnann{, thete wau a ukinkhkeant kntetaetkqn between ueauqn anf ukte hqt the nwobet qh 

uatennkte oeobetu ret hnqek (See Vabne 5 hqt teuwntu qh t{re KKK teutu qh hkzef ehheetu)0 Vhku kntet/ 

aetkqn teuwntef htqo a tenatkxen{ natie nwobet qh uatennkteu kn hnqeku fwtkni the bteefkni kntet/ 

xan at the oqut/fkutwtbef ukte (Hki 8)0 Jqwexet, the axetaie nwobet qh uatennkte oeobetu wau 

nqt ukinkhkeantn{ fkhhetent between an{ qh the thtee ukteu fwtkni the nqn/bteefkni kntetxan (ann 

P @ 2025; Hki 8)0 

Kn eqoratkuqn, the nwobet qh VWVK kn a hnqek wau eqnukutent aoqniut ukteu anf the ukte 

ehheet fkf nqt ehanie ukinkhkeantn{ aetquu tkoe kntetxanu (k0e0 nq ukte × tkoe kntetxan kntetaetkqn; 

PNQS QPG ~ httru<//fq�0qti/3203593/�qwtna0rqne0222;882 Janwat{ ;, 223; 38 / 2; 

https://doi.org/10.1371/journal.pone.0209680.g004
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Hki 50 Skte/ureekhke arratent uwtxkxan eutkoateu (± wneqnfktkqnan SG)0 (neht) EAEJ uwtxkxan eutkoateu, anf (tkiht) VWVK uwtxkxan eutkoateu0 Vhe fatket uhafef bat 

terteuentu nqn/bteefkni ueauqn anf the nkihtet eqnqt bat terteuentu bteefkni ueauqn kn eaeh itarh0 Pqte< nq uwtxkxan eutkoateu ate axaknabne hqt EAEJ at the 

wnfkutwtbef ukte0

https://doi.org/10.1371/journal.pone.0209680.g005 

Vabne 5)0 Jqwexet, thete wau a ukinkhkeant ueauqnan ehheet< the nwobet qh VWVK ret hnqek wau 

hkiheut fwtkni the nqn/bteefkni kntetxan eqoratef tq the bteefkni kntetxan (3059 ± 2032 xu0 

2083 ± 2028, teureetkxen{)0 Skoknatn{, the nwobet qh EAEJ ret hnqek wau eqnukutent aetquu ukteu 

wkth nq ukinkhkeant ukte×tkoe/kntetxan kntetaetkqn (Vabne 5), anf the nwobet qh EAEJ ret 

hnqek wau hkihet kn the nqn/bteefkni kntetxan than kn the bteefkni kntetxan (2028 ± 202; 

xu03052 ± 2028, teureetkxen{)0 

Vabne 20 Saorne uwooat{ anf Pqkuuqn oatk/teukiht oqfen/axetaief fetkxef eutkoateu hqt EAEJ anf VWVK abwnfanee0 Vhe tqtan nwobet qh oatkef knfkxkfwanu 

teukihtef at neaut qnee anf knqwn tq be kn the rqrwnatkqn (n� j), the tqtan nwobet qh wnoatkef knfkxkfwan ukihtkniu (Twl), anf the tqtan nwobet qh tkoeu an knfkxkfwan wau 

ukihtef anf kfentkhkef au oatkef, bwt nqt kfentkhkef tq knfkxkfwan kfentkt{ (∊l)0 Gutkoate qh `uwret rqrwnatkqn' ukze ( N ), qxetann oean teukihtkni tate eutkoate (Naobfa/hat), `

qxetann rtqbabknkt{ qh bekni eartwtef 3 qt oqte tkoeu (p̀ )0 

Sreekeu Skte n� j Tni ∊l Ǹ ＂ SE�;7Ａ CI� Naobfa/hat ± SG (;5' EK) p̀ ＂ SE�;7Ａ CI� 

EAEJ Wnfkutwtbef 39 28 2 22082 ± 2033 

(38089⁀260;5) 

50;5 ± 2098 

(2062⁀5068) 

20;3 ± 2026 

(2098⁀20;8) 

Mkf/fkutwtbef 35 38 5 3;025 ± 309; 

(35095⁀22095) 

5088 ± 208; 

(2056⁀5022) 

20;2 ± 2026 

(2082⁀20;9) 

Mqut/fkutwtbef 35 35 3 36063 ± 3092 

(33026⁀39098) 

5082 ± 2085 

(2058⁀6089) 

20;2 ± 2026 

(2098⁀20;9) 

VWVK Wnfkutwtbef 32 ; 2 22092 ± 5088 

(35055⁀29088) 

3065 ± 2059 

(2093⁀2038) 

2095 ± 202; 

(2052⁀2089) 

Mkf/fkutwtbef 35 35 2 26095 ± 6068 

(350;8⁀55055) 

3089 ± 2082 

(2095⁀20;;) 

2092 ± 2032 

(206;⁀2085) 

Mqut/fkutwtbef 5 5 2 33053 ± 2085 

(50;8⁀39028) 

3088 ± 2052 

(2088⁀2085) 

2096 ± 2032 

(206;⁀208;)

https://doi.org/10.1371/journal.pone.0209680.t002
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Vabne 50 Teuwntu hqt V{re KKK Veutu qh hkzef ehheetu hqt hnqek eqorquktkqn/auuqekatkqn oqfenu0 Skinkhkeant P xanweu ate bqnfef0 `PS'< nqn/ukinkhkeant kntetaetkqn that wau 

ezenwfef htqo the hkzef ehheet uttwetwte (uee Methqfu)0 `Vkoe kntetxan'< bteefkni xu0 nqn/bteefkni tkoe kntetxanu (uee Methqfu)0 

Skte Vkoe kntetxan Sreekeu Skte z tkoe kntetxan Skte z ureekeu EAEJ z VWVK 

EAEJ VWVK EAEJ VWVK 

H2,29 ? 32088; 

P ? 202225 

H3,36 ? 39065; 

P ? 202232 

H3,823 ? 202;; 

P ? 2099 

H3,823 ? 3035; 

P ? 202; 

H2,8 ? 608;; 

P ? 20225 

PS PS H3,823 ? 8068; 

P ? 20233 

Pwobet qh uatennkte ureekeu kn a hnqek 

Pwobet qh EAEJ kn a hnqek 

Skte Vkoe kntetxan Sreekeu Skte z tkoe kntetxan Skte z ureekeu Satennkte z VWVK 

Satennkte VWVK Satennkte VWVK 

H2,8 ? 2035; H3,8 ? 2802; H3,866 ? 209;; H3,866 ? 5;08; PS PS PS H3,866 ? 9035; 

P ? 2088 P ? 202229 P ? 2058 P > 202223 P ? 202298 

https://doi.org/10.1371/journal.pone.0209680.t003 

Pwobet qh VWVK kn a hnqek 

Skte Vkoe kntetxan Sreekeu Skte z tkoe kntetxan Skte z ureekeu Satennkte z EAEJ 

Satennkte EAEJ Satennkte EAEJ 

H2,8 ? 30;;; H3,8 ? ;039; H3,866 ? 2068; H3,866 ? 32808; PS PS PS H3,866 ? 3302; 

P ? 2022 P ? 20238 P ? 2032 P > 202223 P ? 20222;

Vhete wau nq oakn ehheet qn the nwobet qh uatennkteu ret hnqek qh ekthet the nwobet qh 

EAEJ qt the nwobet VWVK kn the hnqek (Vabne 5)0 Jqwexet, thete wau a ukinkhkeant ehheet qn 

uatennkte nwobet qh the lqknt nwobet qh EAEJ anf VWVK (â ± SG ? 2032 ± 2025), uwiieutkni 

that hnqeku eqorquef qh natiet nwobetu qh bqth eqte ureekeu wete atttaetkxe tq uatennkteu0 

Vhe atttaetkqn qh eqte ureekeu tq uatennkte ureekeu fkf nqt fkhhet between ukteu (H2,822 ? 2096, 

P ? 2068)0 Vhe nwobet qh EAEJ kn the hnqek wau neiatkxen{ ahheetef b{ the nwobet qh VWVK 

ret hnqek (â ± SG ? /2029 ± 2025), anthqwih a ukinkhkeant rquktkxe kntetaetkqn teto between nwo/ 

bet qh VWVK anf nwobet qh uatennkteu (â ± SG ? 202;8 ± 20258) uwiieutu that the axqkfanee qh 

VWVK b{ EAEJ ku oqfetatef wkth an kneteaukni nwobetu qh uatennkte knfkxkfwanu0 Vhe ehheet qh 

VWVK qn EAEJ fkf nqt fkhhet between ukteu (H3,822 ? 205, P ? 2099), nqt fkf the kntetaetkqn 

ehheet qh VWVK - uatennkteu fkhhet between ukteu (H2,822 ? 302, P ? 2053)0 Vhe knxetue tenatkqnuhkr 

henf ttwe au wenn< hnqeku wkth tenatkxen{ hkih nwobetu qh EAEJ haf hewet VWVK oeobetu 

Hki 80 Mean ± SG fetkxef htqo a Pqkuuqn teiteuukqn qh nwobet qh uatennkte oeobetu ret hnqek at eaeh ukte fwtkni 

bteefkni anf nqnbteefkni ueauqnu0 Axetaie nwobet hqt the oqut/fkutwtbef ukte ku terteuentef b{ the ektene, whkne the 

ttkanine anf `z' terteuentu the axetaie nwobet hqt the okf/fkutwtbef anf wnfkutwtbef ukteu, teureetkxen{0 Pqte< 

nwobetu neuu than 3 uwiieut that nqt ann hnqeku haf uatennkteu ureekeu0

https://doi.org/10.1371/journal.pone.0209680.g006

PNQS QPG ~ httru<//fq�0qti/3203593/�qwtna0rqne0222;882 Janwat{ ;, 223; 38 / 2; 
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(â ± SG ? /263 ± 2026), anf thku ehheet wau oqfetatef wkth kneteaukni nwobetu qh uatennkteu (â ±
 
SG ? 2036 ± 2026)0 Vhete wau nq ukinkhkeant ukte ehheet qn ekthet the EAEJ ehheet (H3,822 ? 208,
 

P ? 2068) qt the EAEJ - uatennkte ehheet (H2,822 ? 205, P ? 2093)0 Vhe naek qh an kntetaetkqn ehheet
 

between eqte qt uatennkte ureekeu anf ukte uwiieutu the axetukqn between eqte ureekeu, anf atttae/
 

tkqn qh uatennkte ureekeu tq eqte ureekeu, ku ukoknat aetquu the fkutwtbanee itafkent0
 

D�uewuu�qn 

Eqnneetkxen{, qwt fata uwiieut that eqte ureekeu kn the oqut/fkutwtbef ukte ezretkeneef enetietke 

fehkektu; the{ urent oqte tkoe hqtaikni, haf natiet hqoe tanieu, anf wete neuu nkken{ tq haxe 

aeewownatef hat than ratkfu kn the neuu fkutwtbef ukteu we ezaoknef0 Satennkte ureekeu wete anuq 

neuu nkken{ tq aeewownate hat kn the oqut/fkutwtbef habktat0 Anthqwih we fkf nqt fkteetn{ oea/ 

uwte hqqf axaknabknkt{, we ean knhet htqo theue teuwntu that the hqtaikni xanwe qh hqteut habktat 

feenkneu aetquu qwt fkutwtbanee itafkent ]89_0 Mqteqxet, kt ku wnnkken{ that enexatef rtefatkqn 

tkuk anf/qt reteertkqn qh rtefatkqn tkuk at the oqut/fkutwtbef ukte aeeqwntu hqt the rattetnu we 

qbuetxef, ikxen that ewownatkxe tartqt eann tateu wete ukinkhkeantn{ nqwet at thku ukte eqoratef 

tq qwt qthet twq ukteu anf the eann tateu qh knfkxkfwan tartqt ureekeu wete nqt hkihet at the 

oqut/fkutwtbef ukte0 

Skinkhkeant enetietke eqnuttakntu htqo a uhqttaie qh teuqwteeu kn the oqut/fkutwtbef ukte 

nkken{ ezrnakn the nqwet hnefinkni rtqfwetkqn anf uwtxkxqtuhkr qh the eqte ureekeu0 Vhe wnez/ 

reetef hkih nwobet qh uatennkte oeobetu hnqekkni wkth eqte oeobetu fwtkni the bteefkni uea/ 

uqn uwiieutu that the xanwe qh okzef/ureekeu hnqek auuqekatkqnu ku kneteauef kn rqqt/qwankt{ 

hqtaikni habktat be{qnf the tkoe that okzef ureekeu hnqeku t{rkeann{ hqto0 Ye fkuewuu the 

kornkeatkqnu qh qwt hknfkniu kn iteatet fetakn benqw (anuq uee Hki 9)0 

Hki 90 Hnqw fkaitao ferketkni a oeehankutke ehakn neafkni htqo feitafef hqteut uttwetwte tq antetef hnqek uttwetwte kn the 

oqut/fkutwtbef ukte0 Eqte ureekeu teurqnf tq rqqt/qwankt{ hqtaikni habktat b{ kneteaukni hqoe tanie anf hqtaikni tkoe bwfiet, 

whkeh ate enetietkeann{ equtn{ behaxkqtu that ean tefwee the xanwe qh eaehkni0 Vhe teuwntant enetietke fehkekt kn twtn ean kneteaue the 

equt qh tertqfwetkqn anf tkuk qh wkntet utatxatkqn, rqtentkann{ knhnwenekni abwnfanee anf uatennkte ureekeu hnqekkni auuqekatkqnu0 

Knfeef, the nwobet qh uatennkte oeobetu kn okzef/ureekeu hnqeku wau wnezreetefn{ hkih fwtkni the bteefkni ueauqn0 Phqtq etefkt< 

Mathetkne G0 Gentt{0

https://doi.org/10.1371/journal.pone.0209680.g007
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Pqqt/qwankt{ hqtaikni habktat anf ktu kornkeatkqnu hqt eqte ureekeu 

Vhe eqte ureekeu kneteauef knxeutoent qh tkoe urent hqtaikni, tehneetkni the tefweef hqtaikni 

xanwe qh the hqteut habktat kn the oqut/fkutwtbef ukte0 Pwoetqwu utwfkeu knfkeate that an 

kneteaue kn tkoe urent hqtaikni ku an knfez qh rqqt hqtaikni eqnfktkqnu ]88⁀;2_ (anuq uee ];3_)0 

Vhe tenatkqnuhkr ku ezrnaknef b{ the haet that hqqf uhqttaieu teqwkte iteatet hqtaikni ehhqtt tq 

aehkexe the uaoe enetietke kneqoe (e0i0 ];2_)0 Vhe fakn{ kneteaue kn hqtaikni tkoe kn twtn nkoktu 

the tkoe anf eneti{ axaknabne hqt qthet etktkean teqwkteoentu, knenwfkni uqekan kntetaetkqnu, 

rtefatqt feteetkqn, tettktqtkan fehenue, rteenkni anf teutkni ];5_0 

Pattetnu kn uraee wue tenf tq eq/xat{ wkth hqtaikni habktat qwankt{ ];6_, eureekann{ when 

enetietke equtu tenatef tq kneteauef hqtaikni behaxkqt tefwee the eeqnqoke fehenukbknkt{ qh 

uraee (e0i0 ];5_)0 Hqt knutanee, exenn{ fkuttkbwtef anf rtefketabne hqqf teuqwteeu haxqt uoann 

hqoe tanieu anf tettktqtkankt{, wheteau nqw qwankt{ hqtaikni habktat haxqtu an kneteaue kn wnfe/ 

henfef hqoe tanie ukze that annqwu hqt an ezranfef tanie qh teuqwteeu axaknabne tq an knfkxkf/ 

wan ]52,;5_0 Knfeef, we hqwnf that hqoe tanie ukzeu wete natieut at the oqut/fkutwtbef ukte, 

whkeh hwtthet uwrrqttu the eqnenwukqn that hqtaikni habktat xanwe ku tenatkxen{ feitafef at the 

oqut/fkutwtbef ukte0 Vhe kneteaue kn uraee wue ean teuwnt kn uexetan affktkqnan eqnueqweneeu, 

knenwfkni the nwobet qh hqtaikni/tenatef equtu uweh au nqeqoqtqt{ equtu, anf equtu auuqekatef 

wkth auueuukni, neatnkni anf tenqeatkni hqqf uwrrnkeu wkthkn the hqoe tanie ]52_0 

Nqw hat ueqteu< Mqut/fkutwtbef ukte korqueu wnkhqto enetietke fehkektu 

Tefweef hat aeewownatkqn, ezhkbktef b{ bqth uatennkte anf eqte ureekeu kn the oqut/fkutwtbef 

ukte, ean anuq be knfkeatkxe qh an eneti{ fehkekt0 Jqwexet, thtee oalqt haetqtu fketate ienetan 

rattetnu kn hat utqtaie nexenu0 (3) Kh hqqf teuqwteeu ate abwnfant enqwih tq annqw hqt uttateike hat 

teiwnatkqn, then bktfu uwbleet tq xatkabne aeeeuu tq hqqf qt tq xatkabne enetietke utteuu wknn utqte 

ezeeuu hat eqoratef tq bktfu ezretkenekni nqwet xatkanee kn teuqwtee nexenu qt nqwet xatkanee kn 

enetietke utteuu ];8,;9_0 Hqt ezaorne, bktfu kn wkntet qhten haxe hkihet hat ueqteu than thque kn 

hann qt urtkni ];8⁀322_0 Skoknatn{, fqoknant bktfu that haxe rtkqtkt{ qh aeeeuu tq hqqf teuqwteeu 

haxe been uhqwn tq eatt{ neuu hat than uwbqtfknateu (];;,325,326_; bwt uee ];9,325_)0 (2) Antet/ 

natkxen{, teuqwtee nexenu oa{ nqt be uwhhkekent tq annqw hqt a uttateike teiwnatkqn qh hat aeewowna/ 

tkqn, kn whkeh eaue ankoanu kn rqqt/qwankt{ enxktqnoentu qt thque uwbleet tq utteuuhwn 

eqnfktkqnu ate ezreetef tq haxe tenatkxen{ nqw hat ueqteu ukorn{ beeawue teuqwteeu ate knuwhhk/ 

ekent tq annqw hqt the utqtaie qh ezeeuu eneti{ (uee ]328_)0 (5) Jkih rtefatkqn tkuk ean anuq eawue 

bktfu tq tefwee hat nqafu kn qtfet tq kneteaue oanewxetabknkt{ fwtkni antk/rtefatqt eueare 

behaxkqt ]329_0 Jqwexet, wnfet hatuh enetietke enxktqnoentu, ratkfu kn rattkewnat haxe been 

uhqwn tq bkau bqf{ eqnfktkqn teiwnatkqn tqwatf oknkokzatkqn qh utatxatkqn tkuk ]329_0 

Kneteauef hqtaikni tkoe anf natiet hqoe tanie ukzeu knfkeate rqqt hqtaikni qwankt{ at the 

oqut/fkutwtbef ukte0 Pqqt hqtaikni qwankt{ eqwrnef wkth tenatkxen{ nqw tartqt eannkni tateu uwi/ 

ieut that the tefweef hat ueqteu at the oqut/fkutwtbef ukte ate beut ezrnaknef b{ knuwhhkekent 

teuqwteeu tathet than uttateike enetietke teiwnatkqn qt rattetnu qh rtefatkqn tkuk0 Vhe tenatkqn/ 

uhkr between knuwhhkekent teuqwteeu anf hat utqtaie hau been eqnhktoef bqth kn the nabqtatqt{ 

]88_ anf kn the hkenf ]323,325,328,32;_0 Korqttantn{, feeteauef bqf{ eqnfktkqn, anqni wkth 

kneteauef nexenu qh utteuu hqtoqneu (k0e0 eqttkequtetqne), wete rtexkqwun{ uhqwn kn bktfu htqo 

uttqnin{ fkutwtbef ueetkqnu qh qwt okf/fkutwtbef ukte eqoratef tq bqf{ eqnfktkqn anf hqt/ 

oqne nexenu kn bktfu eqnneetef htqo qwt wnfkutwtbef ukte (]92_; anuq uee ]328_)0 

Hktneuu kornkeatkqnu qh an enetietke fehkekt kn eqte ureekeu 

Gxkfenee qh an enetietke fehkekt rtqxkfeu knukiht kntq xatkatkqn kn nexenu qh twq hktneuu knfkeeu< 

hnefinkni eqwntu anf uwtxkxqtuhkr0 Hqt knutanee, an enetietke fehkekt kn wkntet ean haxe

PNQS QPG ~ httru<//fq�0qti/3203593/�qwtna0rqne0222;882 Janwat{ ;, 223; 22 / 2; 

https://doi.org/10.1371/journal.pone.0209680


Sate�te hqe��ni rtqrenu�t{ ehanieu w�th enetiet�e eqnutta�ntu 

fettkoentan ehheetu qn bqf{ eqnfktkqn anf kn twtn neiatkxen{ ahheet bteefkni uweeeuu the hqnnqw/ 

kni bteefkni ueauqn (uee ]332_)0 Knfeef, we hqwnf that hnefinkni eqwntu hqt VWVK feeteauef 

wkth fkutwtbanee, uweh that VWVK hnefinkni eqwnt wau nqwet kn the fkutwtbef ukteu0 Anthqwih 

EAEJ hnefinkni eqwntu wete eqnukutent aetquu the itafkent, the qbuetxatkqn qh qnn{ a uknine 

EAEJ haokn{ hnqek at the oqut fkutwtbef ukte hwtthet tehneetu the tefweef qwankt{ qh that habk/ 

tat0 Vheue teuwntu knnwuttate that EAEJ anf VWVK, anqni wkth qthet habktat ienetankutu that ate 

earabne qh nkxkni wnfet a btqaf tanie qh eqnfktkqnu, nqne/the/neuu uwhhet nqwet bteefkni uwe/ 

eeuu when nkxkni kn fkutwtbef qt ueeqnfat{/itqwth habktatu ]333⁀335_0 

EAEJ anf VWVK bkannwan uwtxkxan tateu wete anuq nqwet at the oqut/fkutwtbef ukte tenatkxe 

tq the okf/fkutwtbef ukte0 Vheue teuwntu ate nkken{ tenatef tq the tefweef qwankt{ qh hqtaikni hab/ 

ktat at the oqut/fkutwtbef ukte ];9,328,336_0 Tefweef uwtxkxan eqwnf anuq be nknkef baek tq the 

tertqfwetkxe equtu ezretkeneef kn nqw qwankt{ hqtaikni habktat, whete an enetietke fehkekt 

kneteaueu the equt qh tertqfwetkqn (uee ]332_)0 

Kt ku korqttant tq nqte, hqwexet, that the eutkoateu hqt VWVK uwtxkxan tateu wete nqweut at 

the wnfkutwtbef ukte0 Vhe wnezreetefn{ nqw VWVK uwtxkxan eutkoateu at the wnfkutwtbef ukte 

eqwnf rqtentkann{ be ezrnaknef b{ hkihet afwnt eokitatkqn htqo thku ukte than htqo the qthetu0 

Knfeef, the hkihet hnefikni tateu eqwnf kneteaue feoqitarhke rteuuwte anf, kn eqnlwnetkqn 

wkth hkih qwankt{ hqtaikni habktat, eawue hekihtenef eqoretktkqn hqt tettktqtkeu neafkni tq 

iteatet twtnqxet tateu xka afwnt feath qt eokitatkqn ]335,338_0 

Hnqekkni rtqrenukt{ b{ uatennkteu eztenfu kntq the bteefkni ueauqn kn rqqt/ 

qwankt{ hqtaikni habktat 

Mkzef/ureekeu hnqek qtiankzatkqn (k0e0 hnqek ukze, utabknkt{, anf ureekeu tkehneuu anf eqorquktkqn) 

t{rkeann{ ehanieu aetquu fkutwtbanee itafkentu ]8,25,25,29,52⁀55_0 Kn qwt utwf{, hqwexet, the 

uaoe hnqekkni ureekeu (EAEJ, VWVK, YDPW, DQYQ) wete rteuent aetquu the fkutwtbanee ita/ 

fkent teiatfneuu qh the fkhheteneeu kn hqteut uttwetwte aoqni qwt ukteu0 Vhku ku nkken{ beeawue qwt 

utwf{ ureekeu ate tenatkxen{ fkutwtbanee/tqnetant anf haktn{ eqooqn ]62,65_ kn eqnttaut tq the 

oqte fkutwtbanee/uenuktkxe hnqekkni ureekeu t{rkeann{ utwfkef ]25_0 Vhe ukze qh qwt okzef/ureekeu 

hnqeku wau anuq wnahheetef b{ fkutwtbanee feurkte xatkabknkt{ kn eqte ureekeu abwnfanee aoqni 

ukteu; thku tqq eqnttautu wkth rtexkqwu utwfkeu that terqtt a tenatkqnuhkr between the abwnfanee 

qh hnqekkni ureekeu anf nwobet qh oeobetu kn a hnqek (e0i0 ]29,339_)0 Vhe uqwtee qh thku fkueter/ 

ane{ ku wneneat, bwt kt ku rquukbne that we wqwnf haxe hqwnf an abwnfanee/hnqek/eqorquktkqn 

ehheet haf the fkhheteneeu kn abwnfanee eutkoateu between qwt ukteu been oqte rtqnqwneef0 

Korqttantn{, the nwobet qh uatennkte oeobetu teoaknef hkih kn the bteefkni ueauqn at the 

oqut/fkutwtbef ukte, wheteau the nwobet qh uatennkte oeobetu feeteauef fwtkni the bteefkni 

ueauqn au ezreetef kn the neuu fkutwtbef ukteu0 Ye anuq hqwnf that the eqte ureekeu arreat tq be 

eqwann{ atttaetkxe tq the uatennkte ureekeu knferenfent qh ukte0 Qwt teuwntu uwiieut that the koraet 

qh fkutwtbanee qn owntkrne behaxkqtan anf nkhe hkutqt{ ttaktu kn the eqte ureekeu fqeu nqt fkokn/ 

kuh uatennkte atttaetkqn tq theo0 Vhe haet that the okzef/ureekeu hnqeku eztenf kntq the bteefkni 

ueauqn kn the oqut fkutwtbef ukteu wnfetueqteu the korqttanee qh theue auuqekatkqnu kn rqqt/ 

qwankt{ habktatu0 Qh eqwtue, hwtthet teueateh ku neefef tq fetetokne whethet the eqobknatkqn 

qh habktat fkutwtbanee ehheetu qn eqte ureekeu anf habktat feitafatkqn anuq oakeu the knhqtoa/ 

tkqn ttanuhet htqo eqte tq uatennkte ureekeu (uee ]35,38,66_) oqte uankent than kn hkihet qwankt{ 

hqtaikni habktat0 

Kn eqnttaut, the fkutwtbanee ehheetu ezretkeneef b{ eqte anf uatennkte ureekeu fkf nqt ahheet 

kntetureekhke auuqekatkqn rattetnu0 EAEJ axqkfanee qh VWVK wau wnkhqto aetquu qwt fkutwt/ 

banee itafkent0 Nqwet hqqf axaknabknkt{ ku knqwn tq ezaeetbate kntetureekhke eqoretktkqn 

between VWVK anf EAEJ ]338,33;_ anf qthet ureekeu kn the haokn{ Patkfae ]322⁀322_;

PNQS QPG ~ httru<//fq�0qti/3203593/�qwtna0rqne0222;882 Janwat{ ;, 223; 23 / 2; 
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thetehqte, we ezreetef uqoe uhkht kn thekt atttaetkqn tq eaeh qthet aetquu qwt ukteu0 A eqnukutent 

axetukqn tq VWVK eqwnf be atttkbwtef tq the haet that EAEJ uwtxkxqtuhkr tenfu tq feeteaue kn 

the rteuenee qh VWVK ktteureetkxe qh habktat qwankt{ ]33;_0 Knfeef, we hqwnf that uwtxkxqtuhkr 

qh ehkekafeeu wau nqwet than the oqte uqekann{ fqoknant tktokee aetquu ukteu, anf the fkueter/ 

ane{ kn uwtxkxan tateu wau natieut fwtkni the nqnbteefkni ueauqn when hqqf ku ueateet, anf 

kntta/ anf kntet/ureekhke eqoretktkqn ku teuwntantn{ uttqniet ]325_0 Ekortkeh anf Gtwbb 

(]338_) anuq hqwnf that EAEJ tenf tq be enetietkeann{ utteuuef kn the rteuenee qh VWVK, tq 

whqo the{ ate nqtoann{ uwbqtfknate, anf uwbqtfknate ureekeu kn ratkf hnqeku ate ienetann{ 

hqteef tq wue nqwet qwankt{ oketqhabktatu ]322⁀322_0 Vhku eqnenwukqn ku hwtthet uwrrqttef b{ 

qwt teuwntu that EAEJ urent a iteatet htaetkqn qh thekt tkoe bwfiet qn hqtaikni eqoratef tq 

VWVK0 Knteteutknin{, the axetukqn qh EAEJ tq VWVK wau oqfetatef b{ the rteuenee qh uatennkte 

ureekeu0 Vhku eqwnf teuwnt kh the kntenukt{ qh the fqoknanee tenatkqnuhkru between VWVK anf 

EAEJ ku fkoknkuhef b{ the rteuenee qh qthet ureekeu0 

Nknkkni ehheetu tq fkutwtbef hqteut uttwetwte 

Dkutwtbanee ehheetu haxe been nknkef tq hqteut xeietatkxe uttwetwte, habktat rateh ukze anf rat/ 

tetn qh hqteut htaioentatkqn (e0i0 ]26,53_)0 Ann qh qwt ukteu wete eobeffef kn the uaoe ueeqnf/ 

itqwth teonant hqteut netwqtk (rteenwfkni `htaioentatkqn' ehheetu), anf whkne eanqr{ eqxet ku 

korqttant tq qwt utwf{ ureekeu ]58_, kt wau knxatkant aetquu qwt ukteu0 Vhetehqte, the fkutwtbanee 

ehheetu we feteetef wete nkken{ fetkxef htqo xatkatkqn kn tenatkxe korqttanee qh ttee ureekeu anf 

auuqekatef koraetu qn enetietke fehkektu0 EAEJ anf VWVK knhteqwentn{ wtknkze wannwt tteeu hqt 

hqtaikni, uq qwt twq ukteu fqoknatef b{ hatfwqqf ureekeu qthet than wannwt tteeu nkken{ rtq/ 

xkfef hkihet qwankt{ hqtaikni habktat ]326,325_ than the oqut/fkutwtbef ukte (whete wannwtu 

wete tankef ueeqnf kn korqttanee xanwe)0 Knfeef, the kneteauef hqtaikni tkoe bwfiet, tefweef 

hat nqafu, anf kneteauef hqoe tanie ukze uwiieut a hqqf uhqttaie at the oqut/fkutwtbef ukte0 

Vhe nkkenkhqqf qh a hqqf uhqttaie wqwnf be hkihet kn wkntet when hqqf teuqwteeu ate uratueut 

]326_ anf hqt hnqeku whque hqoe tanieu qxetnarref wkth the wannwt rnantatkqnu (whete wannwt 

tteeu itew oqte fenuen{ than thque natwtann{ qeewttkni qwtukfe the rnantatkqn utanfu)0 

Eqnenwukqn 

Qwt utwf{ texeanu oeehankuou wnfetn{kni hnqek eqorquktkqn qh bktfu uwtxkxkni kn teonant 

hqteut anf nknku the oeehankuou tq feitafatkqn qh hqtaikni habktat0 Sreekhkeann{, qwt fata hqt 

eqte ureekeu uhqw that hqtaikni tkoe bwfietu anf hqoe tanie ukze kneteaue anf hktneuu knfkeeu 

ate neiatkxen{ koraetef kn qwt oqut/fkutwtbef ukte0 Hwtthetoqte, nqw hat ueqteu knfkeate an 

enetietke fehkekt kn bqth eqte anf uatennkte ureekeu kn qwt oqut/fkutwtbef ukte0 Vhe haet that uaten/ 

nkteu eqntknwef tq hnqek wkth eqte ureekeu fwtkni the bteefkni ueauqn uwiieutu hqtaikni nkehe 

ezranukqn that teuwntu htqo okzef/ureekeu hnqekkni ku rattkewnatn{ korqttant kn fkutwtbef ukteu 

exen be{qnf the wkntet ueauqn0 Ye thetehqte eqnenwfe that the xanwe qh hnqekkni wkth eqte ure/ 

ekeu ku nkken{ hkihet hqt uatennkte ureekeu kn rqqt/qwankt{ hqtaikni habktat ]328_, whkeh wnfet/ 

ueqteu the korqttanee qh rtkqtktkzkni the eqnuetxatkqn qh eqte ureekeu0 

Vhe uweeeuuhwn eqnuetxatkqn qh eqte ureekeu anf kntetureekhke kntetaetkqnu that oakntakn ank/ 

oan eqoownkt{ knteitkt{ kn teonant hqteutu wknn enhanee anf rtqteet the bkqfkxetukt{/hqnfkni 

earaekt{ qh htaioentef nanfueareu ]36,28_0 Qwt utwf{ qhhetu uexetan knukihtu qh tenexanee tq 

hwtwte eqnuetxatkqn ehhqttu0 Hqt knutanee, qwt hknfkni that eqte ureekeu kneteauef hqoe tanie 

ukze kn teurqnue tq the fkutwtbanee/tenatef tefwetkqn kn hqtaikni habktat qwankt{ ]25_ wnfet/ 

ueqteu the korqttanee qh eqnukfetkni the ehheet that fkutwtbanee ean haxe qn hqtaikni habktat 

qwankt{ anf uraee/wue teqwkteoentu´eureekann{ kn kuqnatef hqteut htaioentu whete hqoe 

tanie ezranukqn ku nkoktef b{ the ukze qh the htaioent0 Qwt teuwntu anuq feoqnuttate that exen
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tenatkxen{ fkutwtbanee/tqnetant hnqekkni ureekeu ean benehkt htqo a uoann, utanf/ueane oanaie/ 

oent retureetkxe that oknkokzeu fkutwtbanee tq the xeietatkxe knteitkt{ wkthkn hqteut teonantu 

(eqttkfqtu, rateheu, ete0)0 Hknann{, qwt wue qh oqte tehknef oettkeu (e0i0 uraee wue anf hqtaikni 

behaxkqt tathet than ureekeu tkehneuu) rtqxkfef ke{ knukiht kntq the koraet rqtentkan qh hqteut 

fkutwtbanee qn nqw/fkxetukt{ okzef/ureekeu hnqekkni u{uteou0 

Swrrqtt�ni �nhqtoat�qn 

S3 Arrenfkz0 Pauukxe aeqwutke teeqtfkni oethqfu0 

(DQEZ) 

S2 Arrenfkz0 Aeqwutke uean uaornkni0 

(DQEZ)
 

S3 Hki0 Aetkan koaie qh qwt thtee ukteu, eaeh at a fkhhetent utanf qh a hqteut teonant net/
 

wqtk0 Sterhenu Hqteut (oqut/fkutwtbef ukte) ku arrtqzkoaten{ 85 ko htqo Tquu Dkqnqikean
 

Teuetxe (wnfkutwtbef ukte)0 Tquu Dkqnqikean Teuetxe anf Mattenn Hqteut (okf/fkutwtbef ukte) ate
 

ueratatef b{ arrtqzkoaten{ 5 ko0
 

(VKHH)
 

S3 Vabne0 Ehanie kn ttee rqrwnatkqn oeauwteu hqnnqwkni tkobet hatxeut0 Vhete wau a uoann
 

feeteaue kn oean oeauwteu qh bauan atea, rqrwnatkqn fenukt{ (rqr0 fenukt{), anf tqtan bauan
 

atea (eqxet) htqo rte/hatxeut tq rqut/hatxeut at the tkobet/hatxeut ukte0 Nqwet anf wrret eqn/
 

hkfenee nkoktu anf utanfatf ettqtu (SG) ate nkutef hqt eaeh xatkabne, au wenn au utanfatf fexka/
 

tkqn, anf oknkowo anf oazkowo xanweu qh eaeh xatkabne0
 

(DQEZ)
 

S2 Vabne0 Saorne uwooat{ hqt banfef Eatqnkna ehkekafeeu anf twhtef tktokee aoqni the 

thtee ukteu kn Yeut/eenttan Knfkana0 

(DQEZ)
 

S5 Vabne0 Eanfkfate oqfen uet hqt uwtxkxqtuhkr eneqwntet fata0 Kh rataoetetu wete nqn/
 

eutkoabne wkth nknk hwnetkqn, a ukn hwnetkqn wau arrnkef knuteaf0 Arratent uwtxkxan rtqbabknkt{
 

ku fenqtef au F, rtqbabknkt{ qh feteetkqn ku fenqtef au p, anf eutkoateu qh eaeh wete axetaief
 

aetquu eanfkfate oqfenu wkth a ewownatkxe wekiht qh０ 20;50 Pataoetetu wete oqfenef au
 

itqwr (`utwf{ ukte'), tkoe qn a bkannwan (`Swtxe{ retkqf') qt ueauqnan (`ueauqn') bauku, qt eqn/
 

utant (0)0 `/3' knfkeateu ezenwukqn qh knteteert0
 

(DQEZ)
 

S6 Vabne0 SAKE oqfen uet hqt abwnfanee anan{uku0 Eqxatkate oqfenu qn knteteert (α) anf
 

knfkxkfwan hetetqienekt{ (σ) rataoetetu knenwfe knteteert qnn{ (0) anf itqwr ehheet (i), whkne
 

the nwobet qh wnoatkef knfkxkfwanu kn the rqrwnatkqn (W) knenwfef itqwr ehheet (i)0
 

(DQEZ)
 

S5 Vabne0 Tenatkxe hteqwenekeu, tenatkxe fqoknaneeu, tenatkxe fenuktkeu, anf korqttanee xan/ 

weu qh tteeu (１ 32 eo fbh) at the okf/fkutwtbef ukte (MATV), oqut/fkutwtbef ukte (SVGP), 

anf the wnfkutwtbef ukte (TQSS)0 

(DQEZ) 

S8 Vabne0 Eqtoaek/Jqnn{/Sebet (EJS) oqfen ueneetkqn teuwntu hqt EAEJ anf VWVK ear/
 

twtef kn Knfkana htqo hann 2235 tq hann 22390 Mqfenu wkth ewownatkxe wekiht qh０ 20;5 ate
 

uhqwn0
 

(DQEZ)
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S9 Vabne0 Mqfen/axetaief feteetkqn rtqbabknkt{ eutkoateu (± SG)a hqt eaeh ukte0 

(DQEZ)
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