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ABSTRACT

TKH HYDOXDWLRQ RI WKH UHODWLRQVKLS EHWZHHQ PRUSKRORJLFDO SUHGLFWRUV DQG KRPH UDQJH VL]H LQ DTXDWLFV
PDPPDOV KDV EHHQ D WRRO XVHG WR XQGHUVWDQG WKH HFRORJLFDO UHTXLUHPHQWV RI WKH VSHFLHV, DV ZHOO DV
SURYLGH UHOHYDQW LQIRUPDWLRQ IRU WKH FRQVWUXFWLRQ RI FRQVHUYDWLRQ DFWLRQV DQG PDQDJHPHQW RI
SRSXODWLRQV DQG DTXDWLFV KDELWDWV. :H HYDOXDWHG WKH UHODWLRQVKLS EHWZHHQ WKH KRPH UDQJH VL]H RI 34
APD]RQ RLYHU GROSKLQ LQGLYLGXDOV (IQLD VSS.), DQG WKUHH H[SODQDWRU\ YDULDEOHV UHSRUWHG LQ WKH
VFLHQWLILF OLWHUDWXUH (1) ERG\ PDVV, (2) ERG\ OHQJWK, DQG (3) VH[. HRPH UDQJH VL]HV ZHUH FDOFXODWHG DV
WKH XQLYDULDWH NHUQHO GHQVLW\ HVWLPDWHV DW 95% (K95) IRU WKH IQLD VSS. LQGLYLGXDOV PRQLWRUHG WKURXJK
VDWHOOLWH WHOHPHWU\ DFURVV IRXU ULYHUV RI WKH APD]RQ EDVLQ (BROLYLD, BUD]LO, CRORPELD, DQG PHUX) DQG
ILYH ULYHUV RI WKH CRORPELDQ OULQRFR EDVLQ. OXW RI WKUHH KRPH UDQJH SUHGLFWRUV HYDOXDWHG, RQO\ WKH VH[
SUHGLFWRU VKRZHG VWDWLVWLFDO VLJQLILFDQFH LQ WKH KUXVNDO ± :DOOLV WHVW (S = 0,037). TKLV UHVHDUFK DOVR
FDOOV DWWHQWLRQ WR WKH YXOQHUDELOLW\ RI WKH IQLD VSS. WR KXPDQ LPSDFWV RQ DTXDWLF ODQGVFDSHV VXFK DV WKH
PDVVLYH FRQVWUXFWLRQ RI GDPV RQ D UHJLRQDO VFDOH UHJXODWLQJ WKH IORRGLQJ SXOVH DQG OLPLWLQJ WKH DFFHVV
RI APD]RQ ULYHU GROSKLQV WR WKH GLIIHUHQW KDELWDW W\SHV PDLQO\ LQ WKH APD]RQ EDVLQ.

Keywords̏ bRd\ leQgWh ā bRd\ Vi]e ā flRRd SXlVe keUQel deQViW\ eVWiPaWeV ā QeRWURSical UiYeUV ā WRS
SUedaWRU.
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NıcŚŇe FƀaőcŚ́Leśő½̩ PaƜŇ Aődƀé Vaő Daŏŏe§̩ EŇıǄabeƔh CaŏŽbeŇŇ χ̩ JŚaőőa AŇfaƀŚ́ShıgƜeƔŚ ν̩ JŚƈé
LƜıƈ Meőa ζ̩ Jeǉƀeƺ C̮ MaőgeŇ£̩ JŚƈé SaƜŇŚ Uƈŏa OƳıedŚ€̩ Maƀĳa Jıŏeőa VaŇdeƀƀaŏa₣̩ EƈƔefaőƺ
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I̮ INTRODUCTION

HRPe UaQgeV aUe defiQed aV aUeaV iQ Zhich aQiPalV caUU\ RXW WheiU da\-WR-da\ acWiYiWieV aQd acTXiUe Whe
QeceVVaU\ UeVRXUceV WR VXUYiYe (H.J. BXUW 1943; BXVkiUk 2004; Dahle eW al. 2006; PpURQ 2019). TXckeU eW
al. (2014) aQal\]e Whe hRPe UaQge Rf 429 PaPPaliaQ VSecieV iQclXdiQg WZR cRaVWal ceWaceaQ VSecieV
(OUFDHOOD KHLQVRKQL; McGRZeQ 2011), aQd SRWDOLD JXLDQHQVLV (CaballeUR eW al. 2008). The\ cRQclXde
WhaW hRPe UaQge Vi]e iV iQflXeQced b\ a UaQge Rf facWRUV VXch aV bRd\ PaVV, dieW, aQd Whe eQYiURQPeQW.
APRQg Whe YaUiRXV SRWeQWial cRQVeTXeQceV Rf allRPeWU\, aQ aQiPal¶V hRPe UaQge Vi]e SURYideV YalXable
iQfRUPaWiRQ RQ a YaUieW\ Rf ecRlRgical deWeUPiQaQWV, iQclXdiQg UeVRXUce XVe, VRcial behaYiRU aQd
SUedaWRU aYRidaQce (KQighW eW al. 2009).

HRPe UaQge aQal\VeV haYe beeQ hiVWRUicall\ biaVed WRZaUdV WeUUeVWUial PaPPalV. OYeU Whe laVW WZR
decadeV kQRZledge haV gURZQ abRXW Whe VSaWial eVWiPaWeV Rf aTXaWic VSecieV, aV UeSUeVeQWed iQ Whe
VcieQWific liWeUaWXUe (MRVTXeUa-GXeUUa eW al. 2021). IW iV alVR XQcleaU if facWRUV dUiYiQg hRPe UaQge Vi]e
aPRQg PaPPalV aUe Whe VaPe iQ WeUUeVWUial aQd aTXaWic eQYiURQPeQWV (TXckeU eW al. 2014). The Vi]e Rf
aQ aQiPal¶V hRPe UaQge iV XVXall\ cRUUelaWed ZiWh SURdXcWiYiW\, Whe VSecieV¶ biRlRgical UeTXiUePeQWV,
aQd habiWaW heWeURgeQeiW\ (McNab 1963). MRVW aQiPalV dR QRW XVe WheiU eQWiUe hRPe UaQge ZiWh eTXal
iQWeQViW\ bXW WeQd WR cRQceQWUaWe WheiU WiPe iQ cRUe aUeaV (Di[RQ aQd ChaSPaQ 1980; SaPXel eW al.
1985; OVhiPa eW al. 2010).

PUeYiRXV VWXdieV RQ Whe VSaWial ecRlRg\ Rf WeUUeVWUial PaPPalV haYe VXggeVWed WhaW hRPe UaQge Vi]eV
caQ be iQflXeQced b\ VeYeUal facWRUV aV fRllRZ (1) PaWiQg V\VWeP, (2) VSaWial diVWUibXWiRQ Rf UeVRXUceV
(H.J. BRXWiQ 1990; Dahle eW al. 2006), (3) bRd\ PaVV (H.J. HaUeVWad aQd BXQQell 1979; Dahle eW al.
2006), (4) age aQd UeSURdXcWiYe VWaWXV (H.J. Dahle aQd SZeQVRQ 2003a, 2003b; Dahle eW al. 2006); (5)
SRSXlaWiRQ deQViW\ aQd iQWeUacWiRQV ZiWh VaPe-VSecieV QeighbRUV (H.J. Dahle aQd SZeQVRQ 2003a;
BXVkiUk 2004; Dahle eW al. 2006); (6) PRUShRlRgical YaUiaWiRQ beWZeeQ VXbVSecieV (H.J. Kie eW al. 2002);
(7) iQWUa- RU (H.J. Rile\ aQd DRRd 1984) iQWeUVSecific cRPSeWiWiRQ (H.J. LRfW eW al. 1993); (8) fRUagiQg aQd
SUedaWiRQ aYRidaQce (H.J. KUebV aQd KacelQik 1991; TXfWR eW al. 1996; PRZell eW al. 1997; Rel\ea eW al.
2000); (9) WURShic leYel (H.J. HaUeVWad aQd BXQQell 1979); (10) VeaVRQ (H.J. NichRlVRQ eW al. 1997); aQd
(11) aQWhURSRgeQic laQdVcaSe fUagPeQWaWiRQ (H.J. Kie eW al. 2002; BejdeU eW al. 2006; PiURWWa eW al. 2013;
BaV eW al. 2014).

IQ Whe caVe Rf aTXaWic PaPPalV, VWXdieV Rf hRPe UaQge YaUiaWiRQ iQ Whe cRaVWal bRWWleQRVe dRlShiQ
(TXUVLRSV WUXQFDWHV) haYe beeQ fRcXVed RQ Whe iQflXeQce Rf eQYiURQPeQWal SUedicWRUV VXch aV
SURdXcWiYiW\ leYelV aQd Widal c\cleV (Vee, H.J.,WellV eW al. 1980; DefUaQ eW al. 1999; WellV aQd ScRWW 1999;
CRQQRU eW al. 2000; WellV eW al. 2017), highlighWiQg Whe VSaWial cRPSle[iW\ Rf Whe WhUee-diPeQViRQal
QaWXUe Rf aTXaWic eQYiURQPeQWV (Vee, H.J., Ale[aQdeU 2003; ShXUiQ eW al. 2006; RiS aQd McCaQQ 2011;
PaZaU eW al. 2012). ATXaWic RUgaQiVPV e[SeUieQce high Sh\ViRlRgical challeQgeV UelaWed WR gUeaWeU
iQdiYidXal heaWh decliQe (TXckeU eW al. 2014) aV Zell aV difficXlWieV iQ deWecWiQg UeVRXUceV (Vee, H.J., JeW]
eW al. 2004; McGill aQd MiWWelbach 2006; PaZaU eW al. 2012) WhaW caQ UeVXlW iQ YaUiaWiRQV Rf WheiU hRPe
UaQge.

The TXaQWificaWiRQ Rf WhRVe elePeQWV WhaW iQflXeQce Whe VelecWiRQ aQd XVe Rf VSaWial PaPPaliaQ ecRlRg\
iV WechQicall\ challeQgiQg fRU aTXaWic VSecieV, aQd SaUWicXlaUl\ fRU WhRVe iQhabiWiQg UiYeU V\VWePV
chaUacWeUi]ed b\ gUeaWeU h\dURlRgical d\QaPicV. HRPe UaQge VWXdieV iQ VPall ceWaceaQV haYe beeQ
VXcceVVfXll\ cRQdXcWed XViQg diffeUeQW WechQiTXeV aQd aQal\VeV fRU VeYeUal cRaVWal aQd RceaQic VSecieV,
iQclXdiQg (1) Whe haUbRU SRUSRiVe (PKRFRHQD SKRFRHQD, SYeegaaUd eW al. 2011), (2) HecWRU¶V dRlShiQ
(CHSKDORUK\QFKXV KHFWRUL, Ra\PeQW eW al. 2009; BUlgeU aQd BUlgeU, 2018), (3) cRPPRQ bRWWleQRVe
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dRlShiQ (TXUVLRSV WUXQFDWHV, Ma]]Ril eW al. 2008; MaUWtQe]-SeUUaQR eW al. 2011; NekRlQ\ eW al. 2017;
PaVVadRUe eW al. 2017; WellV eW al. 2017; GeQRYeV eW al. 2018), (4) AWlaQWic VSRWWed dRlShiQ (SWHQHOOD
IURQWDOLV, Hill 2014), (5) Whe fUaQciVcaQa dRlShiQ (PRQWRSRULD EODLQYLOOHL, BRUdiQR eW al. 2008), aQd (6)
GXiaQa dRlShiQ (SRWDOLD JXLDQHQVLV, FlRUeV aQd Ba]]alR 2004; RRVVi-SaQWRV eW al. 2006; A]eYedR eW al.
2007; WedekiQ eW al. 2007; OVhiPa eW al. 2010). CXUUeQWl\, hRPe UaQge eVWiPaWeV aUe aYailable RQl\ fRU
Whe IQLD JHRIIUHQVLV ZiWh daWa deUiYed fURP diffeUeQW PeWhRdV (1) VaWelliWe WUackiQg Rf adXlW iQdiYidXalV
iQ Whe APa]RQ (CRlRPbia aQd PeUX), SaQ MaUWtQ (BRliYia), JXUXeQa (BUa]il), aQd OUiQRcR (CRlRPbia
aQd VeQe]Xela) UiYeUV (H.J. MRVTXeUa-GXeUUa eW al. 2021); (2) VHF UadiR-WaggiQg aQd caSWXUe,
UecaSWXUe, aQd PaUkiQg Rf adXlW iQdiYidXalV iQ Whe JaSXUi aQd SRliP}eV UiYeUV (MaPiUaXi SXVWaiQable
DeYelRSPeQW ReVeUYe, BUa]il) H.J. MaUWiQ aQd da SilYa, 1998, 2004a,b; MiQW]eU eW al. 2016); (3)
ShRWR-ideQWificaWiRQ WechQiTXeV Rf SUeYiRXVl\ ideQWified iQdiYidXalV (Paca\a-SaPiUia ReVeUYe iQ PeUX,
H.J. McGXiUe aQd HeQQiQgVeQ 2007), aQd Whe CX\abeQR aQd LagaUWRcRcha UiYeUV (CX\abeQR ReVeUYe,
EcXadRU; e.g. DeQkiQgeU 2010).

IQLD JHRIIUHQVLV iV Whe laUgeVW Rf Whe UiYeU dRlShiQV (MaUWiQ aQd da SilYa 2006) aQd iV alVR cRQVideUed
RQe Rf Whe WRS SUedaWRUV Rf Whe aTXaWic WURShic ZebV Rf Whe APa]RQ, OUiQRcR, aQd AUagXaia-TRcaQWiQV
baViQV (McGXiUe aQd WiQePilleU 1998; GyPe]-Sala]aU eW al. 2012). The VSecieV haV Whe VPalleVW gURXS
Vi]eV kQRZQ aPRQg ceWaceaQV (GyPe]-Sala]aU eW al. 2011a, 2011b; MRVTXeUa-GXeUUa eW al. 2018a), aQd
iWV XVe Rf VSace iV VWURQgl\ cRQdiWiRQed b\ iWV ecRlRgical SRViWiRQ aV Whe WRS SUedaWRU iQhabiWiQg d\QaPic
V\VWePV chaUacWeUi]ed b\ VeaVRQal YaUiabiliW\ (FUqUe eW al. 2010) aQd fRRd aYailabiliW\ (MaUeV eW al.
1982).

IQLD JHRIIUHQVLV iV VXbdiYided iQWR WZR VXbVSecieV (CRPPiWWee RQ Ta[RQRP\ 2021); I. J. JHRIIUHQVLV
diVWUibXWed acURVV Whe APa]RQ, aQd OUiQRcR baViQV aQd I. J. EROLYLHQVLV, fRXQd alRQg Whe MaPRUp,
IWpQe], aQd MadeiUa UiYeUV (Aliaga-RRVVel 2002; Aliaga-RRVVel eW al. 2006; GUaYeQa eW al. 2014; da SilYa
aQd MaUWiQ 2014; da SilYa eW al. 2018; Aliaga-RRVVel aQd GXi]ada, 2020). IQLD JHRIIUHQVLV iV liVWed aV
EQdaQgeUed (da SilYa eW al. 2018) b\ Whe IQWeUQaWiRQal UQiRQ fRU CRQVeUYaWiRQ Rf NaWXUe (IUCN), aQd iV
iQclXded iQ ASSeQdi[ II Rf Whe CRQYeQWiRQ RQ IQWeUQaWiRQal TUade iQ EQdaQgeUed SSecieV Rf Wild FaXQa
aQd FlRUa (CITES; da SilYa aQd MaUWiQ 2018). The VSecieV iV cRQVideUed aPRQg Whe PRVW WhUeaWeQed
aTXaWic PaPPalV glRball\ (ReeYeV eW al. 2003; TUXjillR eW al. 2010). IQ UeceQW \eaUV, WhUeaWV affecWiQg
aTXaWic ecRV\VWePV VXch aV Whe cRQVWUXcWiRQ Rf h\dURSRZeU daPV, PiQiQg, aQd b\caWch Rf iQdiYidXalV
UiYeU dRlShiQV haYe iQcUeaVed iQ Whe PajRU UiYeU baViQV Rf SRXWh APeUica (H.J. TUXjillR eW al. 2010;
MiW]eU eW al. 2014; da SilYa eW al. 2018; MRVTXeUa-GXeUUa eW al. 2019a; BaUbRVa eW al. 2021; CaPSbell eW
al. 2020; BUXP eW al. 2021).

UQdeUVWaQdiQg Whe Za\ iQ Zhich I. JHRIIUHQVLV hRPe UaQge Vi]e iV iQflXeQced b\ PRUShRlRgical facWRUV
cRQVWiWXWeV aQ iPSRUWaQW WRRl fRU SlaQQiQg PaQagePeQW aQd cRQVeUYaWiRQ acWiRQV fRU SRSXlaWiRQV aQd
habiWaWV. ThiV VWXd\ UeSUeVeQWV aQ iPSRUWaQW cRllabRUaWiRQ beWZeeQ UeVeaUcheUV fURP PXlWiSle
RUgaQi]aWiRQV fURP fRXU SRXWh APeUicaQ cRXQWUieV. We aiPed WR eYalXaWe Whe UelaWiRQVhiS beWZeeQ a VeW
Rf PRUShRlRgical SUedicWRUV aQd Whe hRPe UaQge Vi]eV fRU Whe I. JHRIIUHQVLV iQdiYidXalV iQ Whe fRXU PajRU
UiYeUV iQ APa]RQ aQd fiYe UiYeUV iQ OUiQRcR baViQV.

II̮ MATERIALS Ώ METHODS

ˑ̕ː Study area

ThiV VWXd\ ZaV cRQdXcWed fURP OcWRbeU 2017 WR JXQe 2021 iQ Whe APa]RQ aQd OUiQRcR UiYeU baViQV. A
WRWal Rf 34 (♀: 11 aQd ♂: 23) I. JHRIIUHQVLV iQdiYidXalV ZeUe Wagged ZiWh SPOT-299A aQd SPOT6-F
ViQgle-SRiQW fiQ PRXQWed VaWelliWe WagV (Wildlife CRPSXWeUV, RedPRQd, WA) iQ fRXU UiYeUV Rf Whe
APa]RQ baViQ aQd fiYe UiYeUV Rf Whe CRlRPbiaQ OUiQRcR baViQ (Fig. 1).
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Figure ː̏ APa]RQ RiYeU dRlShiQV VaWelliWe WaggiQg: APa]RQ baViQ (A) JXUXeQa RiYeU, BUa]il, (B) SaQ
MaUWtQ RiYeU, BRliYia, (C) APa]RQ RiYeU, CRlRPbia, aQd (D) MaUaxyQ RiYeU, PeUX aQd UiYeUV iQ Whe
CRlRPbiaQ OUiQRcR baViQ (E) OUiQRcR RiYeU, (F) AUaXca RiYeU, (G) GXa\abeUR RiYeU, (H) BiWa RiYeU, aQd
(I) GXaYiaUe RiYeU.

ˑ̕ˑ Dolphin capture protocol and measurement recording

OQl\ adXlW iQdiYidXalV ZeUe VelecWed fRU WaggiQg, aQd WheiU ageV claVVeV ZeUe eVWiPaWed baVed RQ bRd\
leQgWh, fRllRZiQg Whe PeWhRdV Rf da SilYa (2009) aQd MaUWiQ aQd da SilYa (2018), aQd aYRidiQg fePaleV
ZiWh calYeV. AV SaUW Rf RXU SURWRcRl, a YeWeUiQaU\ WeaP ZaV SUeVeQW WhURXghRXW Whe caSWXUe SURcedXUe WR
PRQiWRU Whe healWh Rf Whe aQiPalV accRUdiQg WR caUdiac aQd UeVSiUaWRU\ UaWeV. TheUe ZaV QR eYideQce
WhaW iQdiYidXalV e[SeUieQced e[ceVViYe VWUeVV. NR iQcUeaVe iQ heaUW aQd UeVSiUaWRU\ UaWeV, RU VXddeQ
PRYePeQWV Rf head RU caXdal fiQV ZeUe QRWed WhaW had beeQ SUeYiRXVl\ dRcXPeQWed aV VigQV Rf VWUeVV
(MaUWiQ eW al. 2006). IQ Whe eYeQW Rf e[ceVViYe VWUeVV, RXU VafeW\ SURWRcRl UeTXiUed WhaW Whe caSWXUe
RSeUaWiRQ ZRXld iPPediaWel\ be halWed aQd Whe dRlShiQ UeleaVed, bXW iQ QRQe Rf Whe SURcedXUeV ZaV iW
QeceVVaU\ WR dR WhiV. OXU VaPSle Vi]e ZaV liPiWed b\ Whe QXPbeU Rf VaWelliWe WUackiQg deYiceV.
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ˑ̕˒ Spatial Analyses

The VSaWial aQal\VeV Rf Whe hRPe UaQge Vi]eV Rf Whe I. JHRIIUHQVLV fRllRZed Whe SURceVV Rf
MRVTXeUa-GXeUUa eW al. (2021). The lRcaWiRQV Rf Whe Wagged UiYeU dRlShiQV ZeUe deWeUPiQed XViQg Whe
ARGOS VaWelliWe V\VWeP, PaiQWaiQed b\ ARGOS SeUYice. LRcaWiRQV ZeUe claVVified b\ Whe ARGOS V\VWeP
iQWR RQe Rf Vi[ lRcaWiRQ claVVeV (LCV) baVed RQ Whe leYel Rf accXUac\, PeaVXUed iQ kilRPeWeUV Rf
XQceUWaiQW\ fRU laWiWXde aQd lRQgiWXde. ARGOS claVVifieV lRcaWiRQ TXaliW\ UelaWiYe WR aQ eVWiPaWed eUURU
UadiXV iQ Whe fRllRZiQg lRcaWiRQ claVVeV: 3 (accXUaWe WR <250 P), 2 (accXUaWe WR 250±500 P), 1 (accXUaWe
WR 500±1500 P), aQd A aQd B (1±2 PeVVageV UeceiYed bXW QR accXUac\ eVWiPaWiRQ). IQ RXU VWXd\, Ze
XVed RQl\ Whe PRVW accXUaWe daWa, LCV 3 aQd 2, afWeU filWeUiQg Whe daWa ZiWh SAS-URXWiQe aQd Whe
ARGOS-FilWeU (WiWW eW al. 2010; WellV eW al. 2017; DRlWRQ eW al. 2020). DaWa ZiWh lRZ accXUac\, LC1
(500±1500 P), aQd daWa iQ claVVeV A aQd B ZiWh QR accXUac\ eVWiPaWiRQV ZeUe QRW XVed iQ RXU aQal\VeV
(MRVTXeUa-GXeUUa eW al. 2021). KeUQel deQViW\ eVWiPaWeV aW a 95% SURbabiliW\ XWili]aWiRQ diVWUibXWiRQ
(UD) (K95) ZeUe XVed WR calcXlaWe hRPe UaQgeV (PRZell 2000; OVhiPa eW al. 2010; WellV eW al. 2017;
MRVTXeUa-GXeUUa eW al. 2021).

ˑ̕˓ Predictors
IQ RXU VWXd\, Whe VWaWiVWical aQal\VeV iQclXded WhUee PRUShRlRgical e[SlaQaWRU\ SUedicWRUV UeSRUWed iQ
Whe VcieQWific liWeUaWXUe fRU laUge WeUUeVWUial aQd aTXaWic PaPPalV (Table 1). The PRUShRlRgical
SUedicWRUV ZeUe RbWaiQed fURP Whe 34 iQdiYidXalV Wagged (10 iQdiYidXalV iQ WhiV VWXd\ aQd 24
MRVTXeUa-GXeUUa eW al. 2021; SXSSlePeQWaU\ PaWeUial), aQd Whe Table 2 liVW Whe UaQge (PeaQ +/- SE) Rf
WheVe SUedicWRUV. SaWelliWe WaggiQg ZaV cRQdXcWed XQdeU UeVeaUch SeUPiWV fRU each cRXQWU\ (BRliYia:
DGBAP/MEG NR. 0515/2017; BUa]il: SISBIO 60171-1; CRlRPbia: NR. DTA 0898/2018; PeUX: RD
515-2018 PRODUCE, RJ 003-2018).

Table ː̏ SXPPaU\ Rf PRUShRlRgical e[SlaQaWRU\ SUedicWRUV XVed iQ Whe KUXVkal ± WalliV WeVW aQd
VigQificaQce YalXeV Rf Whe ShaSiUR-Wilk WeVW

CaWegRU\ E[SlaQaWRU\ T\Se S ValXe RefeUeQceV

MRUShRlRgical

BRd\ PaVV (kg). CRQWiQXRXV 0,001*

HaUeVWad aQd
BXQQell (1979);
Dahle eW al. (2006);
KQighW eW al.
(2009), aQd TXckeU
eW al. (2014).

BRd\ leQgWh (cP). CRQWiQXRXV 0,05*
KQighW eW al.
(2009), aQd TXckeU
eW al. (2014).

Se[ (♀ aQd ♂). CaWegRUical -
Dahle aQd SZeQVRQ
(2003a; b), aQd
Dahle eW al. (2006).

TKRVH VLJQLILFDQW IRU WKH H[SODQDWRU\ SUHGLFWRUV DUH PDUNHG ZLWK DQ DVWHULVN (*).

ˑ̕˔ Statistical analyses

We XVed a ShaSiUR-Wilk QRUPaliW\ WeVW SeUfRUPed RQ Whe e[SlaQaWRU\ YaUiableV (Table 1) aQd
VXbVeTXeQWl\ a KUXVkal-WalliV WR aVVeVV Whe iQWeUacWiRQV beWZeeQ K95 aQd Whe WhUee SUedicWRUV (Table 3).
SWaWiVWical aQal\VeV ZeUe caUUied RXW ZiWh Whe RSeQ-VRXUce VRfWZaUe R.4.0.3 (R CRUe TeaP 2020) fRU Whe
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gUaShical UeSUeVeQWaWiRQ XViQg Whe R VRfWZaUe Sackage ggSlRW2. IQ all caVeV, a YalXe Rf S < 0,05 ZaV
cRQVideUed VWaWiVWicall\ VigQificaQW.

III̮ RESULTS

˒̕ː Home range ̢K˘˔̣ and explanatory predictors

The calcXlaWed YalXeV Rf Whe deSeQdeQW YaUiable aQd Whe PRUShRlRgical SUedicWRUV cRQVideUed iQ Whe
VWaWiVWical aQal\VeV aUe SUeVeQWed iQ Table 2 (SXSSlePeQWaU\ PaWeUial).

Table ˑ̏ RaQge (PeaQ � SE) aQd deVcUiSWiRQ Rf Whe YalXeV calcXlaWed fRU Whe deSeQdeQW YaUiable aQd
e[SlaQaWRU\ SUedicWRUV fRU Whe KUXVkal ± WalliV WeVW.

VaUiable / SUedicWRUV RaQge (PeaQ � SE) / DeVcUiSWiRQ
DeSeQdeQW YaUiable

APa]RQ RiYeU dRlShiQV hRPe UaQge
Vi]eV (K95).

5,59±234 kP2 (PeaQ = 53 � 57,53 kP2).

MRUShRlRgical SUedicWRUV
BRd\ PaVV (kg). 49± 200 kg (PeaQ = 102 � 37).
BRd\ leQgWh (cP). 162± 227 cP (PeaQ = 192 � 20).
Se[ (♀ aQd ♂). MaleV aQal\]ed (Q = 23, 68%) aQd fePaleV (Q = 11,

32%).

The UeVXlWV Rf Whe VWaWiVWical VigQificaQce YalXeV fRU Whe iQWeUacWiRQ beWZeeQ Whe deSeQdeQW YaUiable (K95)
aQd Whe WhUee SUedicWRUV cRQVideUed aUe SUeVeQWed iQ Table 3. TheVe UeVXlWV VhRZ Whe iQflXeQce Rf Whe
Ve[Xal cRQdiWiRQ Rf Whe iQdiYidXalV RQ Whe Vi]e Rf Whe hRPe UaQge (FigXUeV 2a-c, 3).

Table ˒̏ SWaWiVWical VigQificaQce YalXeV Rf Whe KUXVkal-WalliV WeVW

IQWeUacWiRQV X2 df S ValXe
K95 a BRd\ PaVV (kg) 2,65 3 0,44
K95a BRd\ leQgWh (cP) 3,11 3 0,37
K95 a Se[ (♀ aQd ♂) 4,32 1 0,037*

TKRVH VLJQLILFDQW IRU WKH H[SODQDWRU\ SUHGLFWRUV DUH PDUNHG ZLWK DQ DVWHULVN (*).
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Figure ˑ̏ BR[ SlRW Rf Whe YaUiaWiRQ iQ hRPe UaQge Vi]e (K95) b\ Ve[ fRU Whe WhUee SUedicWRUV aVVeVVed: (A)
bRd\ PaVV (kg), (B) bRd\ leQgWh (cP), aQd (C) Ve[ (♀ aQd ♂). The Ued ciUcleV cRUUeVSRQd WR fePaleV aQd
Whe blXe ciUcleV WR PaleV.
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Figure ˒̏ FlRRd SXlVe effecWV RQ IQLD JHRIIUHQVLV VSaWial ecRlRg\, highlighWiQg YaUiaWiRQV iQ deQViW\,
habiWaW aYailabiliW\, aQd fiVh SUe\ PigUaWiRQV. DXUiQg Whe high-ZaWeU VeaVRQ, Whe UiVe iQ ZaWeU leYelV
caXVeV Whe cRQQecWiRQ beWZeeQ Whe PaiQ UiYeU aQd Whe flRRdSlaiQV aQd lagRRQV. DXUiQg WhiV SeUiRd fiVh
aQd iQdiYidXalV Rf I. JHRIIUHQVLV gUadXall\ acceVV WheVe QeZ eQYiURQPeQWV. IQ Whe VeaVRQ Rf Whe flRRd
SXlVe, fiVViRQ behaYiRUV Rf dRlShiQ gURXSV RccXU, i.e., fePaleV ZiWh calYeV VeWWle iQ Whe lagRRQV aQd
cRQflXeQceV aQd PaleV iQVWead XVe PRUe habiWaW W\SeV VXch aV Whe PaiQ UiYeU aQd chaQQelV behiQd fiVh
WhaW Pake XSVWUeaP bUeediQg PigUaWiRQV. CRQYeUVel\, dXUiQg Whe lRZ ZaWeU VeaVRQ Rf flRRd SXlVe, Whe
decUeaVe iQ ZaWeU leYelV diVcRQQecWV Whe flRRdSlaiQV aQd lagRRQV fURP Whe PaiQ UiYeU, iQ WhiV VeaVRQ
dRlShiQ gURXSV PeUge agaiQ aQd iQdiYidXalV Rf I. JHRIIUHQVLV cRQYeUge iQ Whe cRQflXeQce aQd chaQQel
habiWaW W\SeV WR bUeed; VRPe adXlW PaleV PRYe hXQdUedV Rf kilRPeWeUV WR lRRk fRU gURXSV Rf fePaleV
VeWWled iQ RWheU cRQflXeQceV alRQg Whe baViQ.

IV̮ DISCUSSION

OXU VWXd\ had WZR liPiWaWiRQV: Whe fiUVW UelaWed WR VPall VaPSle Vi]e, a cRQdiWiRQ WhaW iV a cRPPRQ
liPiWaWiRQ iQ VaWelliWe WUackiQg VWXdieV dXe WR facWRUV VXch aV Whe QXPbeU Rf VaWelliWe deYiceV aYailable,
aQd Whe lRZ VXcceVV UaWe iQ Whe caSWXUe SURceVV Rf Whe iQdiYidXalV (Tac]aQRZVka eW al. 2008), eVSeciall\
iQ aTXaWic RUgaQiVPV WhaW iQhabiW iQ cRQWUaVWiQg ecRV\VWePV aQd aUe VWURQgl\ iQflXeQced VWURQgl\ b\
cliPaWic YaUiabiliW\. The VecRQd liPiWaWiRQ iV Whe UeSUeVeQWaWiYeQeVV Rf Whe iQdiYidXalV PRQiWRUed b\
VaWelliWe iQ UelaWiRQ WR Whe IQLD SRSXlaWiRQV Vi]e iQ Whe eYalXaWed aUeaV; fRU e[aPSle iQ Whe caVe Rf Whe
XSSeU APa]RQ UiYeU baViQ Rf Whe 1,763 iQdiYidXalV WhaW haYe beeQ UeSRUWed (TUXjillR eW al. 2019;
PaVchRaliQi eW al. 2021) RQl\ 12 iQdiYidXalV ZeUe PRQiWRUed, RU fRU Whe XSSeU OUiQRcR UiYeU baViQ Rf
1,573 iQdiYidXalV (TUXjillR eW al. 2019; MRVTXeUa-GXeUUa eW al. 2019b; PaVchRaliQi eW al. 2021) RQl\ 8
iQdiYidXalV ZeUe VWXdied. The UeleYaQce Rf WhiV VWXd\ iQ daWa cRllecWiRQ iV Whe high UeVRlXWiRQ Rf daWa
cRllecWed abRXW I. JHRIIUHQVLV iQdiYidXal hRPe UaQge Vi]e behaYiRU RbWaiQed aW a UegiRQal Vcale WhaW
allRZed ecRlRgical aQal\VeV iQ aQ iPSRUWaQW SaUW Rf Whe IQLD'V diVWUibXWiRQ (MRVTXeUa-GXeUUa eW al.
2018b). IQ addiWiRQ, Whe VaWelliWe PRQiWRUiQg Rf iQdiYidXalV SURYided fXQdaPeQWal iQfRUPaWiRQ fRU
VSaWial aQal\VeV (H.J. lRcaWiRQV XVed iQ Whe calcXlaWiRQ Rf Whe hRPe UaQge Vi]e) WhaW cRQWUibXWe WR aQ
XQdeUVWaQdiQg Rf Whe hRPe UaQge Vi]eV fRU WhiV WhUeaWeQed PaPPalV.
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˓̕ː Body mass and length

The eYRlXWiRQ Rf hRPe UaQge Vi]e aSSeaUV WR haYe beeQ dUiYeQ PaiQl\ b\ Whe eQeUgeWic UeTXiUePeQWV aQd
cRVWV RU beQefiWV aVVRciaWed ZiWh a giYeQ bRd\ PaVV (Vee H.J., Nag\ 2005). EcRlRgiVWV haYe VRXghW WR
XQdeUVWaQd Whe SUiQciSleV XQdeUl\iQg hRZ PaPPalV RSWiPi]e WheiU VSace UeTXiUePeQWV (BXVkiUk 2004).
The bRd\-Vi]e h\SRWheViV haV beeQ XVed WR e[SlaiQ diffeUeQceV iQ hRPe UaQge Vi]e aPRQg diffeUeQW
VSecieV (Vee, H.J., HaUeVWad aQd BXQQell 1979; KelW aQd VaQ VXUeQ 2001; Dahle eW al. 2006). MaQ\
ecRlRgical VWXdieV RQ WeUUeVWUial aQd aTXaWic PaPPalV ePSlR\ liQeaU PRdelV WR eVWabliVh Whe
UelaWiRQVhiSV beWZeeQ hRPe UaQge Vi]e aQd bRd\ PaVV (Vee, H.J., BXVkiUk 2004; TXckeU eW al. 2014; KelW
aQd VaQ VXUeQ 2001). EaUl\ aWWePSWV WR XQdeUVWaQd Whe UelaWiRQ beWZeeQ bRd\ PaVV aQd hRPe UaQge
Vi]e VXggeVW WhaW hRPe UaQge iQcUeaVeV aW Whe VaPe UaWe aV PeWabRliVP (KleibeU, 1961). The VWURQg
SRViWiYe UelaWiRQVhiS beWZeeQ hRPe UaQge Vi]e aQd bRd\ PaVV UeflecWV Whe balaQce beWZeeQ Whe cRVW Rf
lRcRPRWiRQ aQd PeWabRlic UeTXiUePeQWV ZiWh iQcUeaViQg bRd\ PaVV (McNab 1963). IQ Whe PRVW
Wa[RQRPicall\ cRPSUeheQViYe aQal\VeV Rf hRPe UaQge Vi]e SUedicWRUV, bRd\ PaVV iV Whe SUiQciSal
SUedicWRU iQ PaPPalV, accRXQWiQg fRU 53±85% Rf Whe RbVeUYed YaUiaWiRQ iQ hRPe UaQge Vi]e aPRQg
VSecieV (TXckeU eW al. 2014). HRZeYeU, iQ QeRWURSical PaPPalV, eQYiURQPeQWal ecRV\VWePic YaUiableV
VXch aV VeaVRQaliW\, SURdXcWiYiW\ leYelV, SUe\ VXSSl\, Ve[Xal cRQdiWiRQ, geVWaWiRQ VWaWXV, aQd SUeVeQce Rf
\RXQg, aUe SeUhaSV gUeaWeU iQflXeQWial SUedicWRUV Rf hRPe UaQge Vi]e. OXU VWaWiVWical aQal\VeV failed WR
eVWabliVh aQ\ UelaWiRQVhiS beWZeeQ PaVV aQd hRPe UaQge Vi]e, cRQfiUPiQg FahUig (2013).

IQ addiWiRQ, Whe QRQ-UelaWiRQVhiS beWZeeQ hRPe UaQge Vi]e aQd allRPeWU\ Rf PRQiWRUed UiYeU dRlShiQV
cRXld alVR be e[SlaiQed b\ PRUShRlRgical YaUiaWiRQV aPRQg VXbVSecieV Rf Whe geQXV IQia UeSRUWed iQ Whe
VcieQWific liWeUaWXUe, eYeQ WR Whe SRiQW Rf cXUUeQWl\ SURSRViQg WhUee VSecieV (1) I. JHRIIUHQVLV (APa]RQaV
aQd OUiQRcR baViQV); da SilYa aQd MaUWiQ 2014; da SilYa eW al. 2018), (2) I. EROLYLHQVLV (MadeiUa, IWpQe],
MaPRUp, BlaQcR, aQd GUaQde UiYeUV); BaQgXeUa-HiQeVWUR]a eW al. 2002; RXt]-GaUcta eW al. 2008), aQd
(3) I. DUDJXDLDHQVLV (AUagXaia-TRcaQWiQV UiYeU baViQV); HUbek eW al. 2014; BUXP eW al. 2021). HRZeYeU,
Whe Ta[RQRP\ CRPPiWWee Rf Whe MaUiQe MaPPal SRcieW\ RQl\ UecRgQi]eV WR daWe Whe VXbVSecieV
cRQVideUed iQ WhiV VWXd\ (CRPPiWWee RQ Ta[RQRP\ 2021).

APRQg Whe PaiQ PRUShRlRgical feaWXUeV WhaW diffeUeQWiaWe WheVe WZR VXbVSecieV aUe Whe WRWal leQgWh aQd
Whe QXPbeU Rf WeeWh. IQLD. J. JHRIIUHQVLV haV aQ RYeUall WRWal leQgWh Rf 219±255 cP (PaleV) aQd 182±225
cP (fePaleV), aQd Whe WRWal QXPbeU Rf XSSeU jaZ WeeWh UaQge fURP 23-35 (PeaQ = 26ā6) Zhile Whe lRZeU
jaZ haV fURP 24-35 (PeaQ = 27ā1). IQ Whe caVe, I. J. EROLYLHQVLV Whe WRWal leQgWh iV 230 cP (PaleV) aQd
208±216 cP (fePaleV), aQd Whe WRWal QXPbeU Rf XSSeU jaZ WeeWh UaQgeV fURP 31-35 (PeaQ = 33ā3) Zhile
Whe lRZeU jaZ UaQgeV fURP 31-34 (PeaQ = 32ā3); da SilYa aQd MaUWiQ 2014).

˓̕ˑ Sex and reproductive status

Se[Xal diPRUShiVP haV beeQ dRcXPeQWed iQ I. JHRIIUHQVLV ZiWh PaleV ZeighiQg beWZeeQ 113.5±207 kg,
Zhile fePaleV Zeigh beWZeeQ 72±154 kg (da SilYa aQd MaUWiQ 2014). MaleV aUe likel\ WR be gURZiQg
PaUgiQall\ faVWeU WhaQ fePaleV Rf Whe VaPe age iQ Whe PRQWhV afWeU biUWh (MaUWiQ aQd da SilYa 2006;
2018). We fRXQd a VWaWiVWical UelaWiRQ beWZeeQ I. JHRIIUHQVLV Ve[ aQd hRPe UaQgeV (Table 3, Fig. 2c). OXU
UeVXlWV aUe iQ liQe ZiWh WhRVe SURSRVed b\ LiQdVWedW eW al. (1986) aQd FRlkeQV eW al. (2008) iQ UelaWiRQ WR
Whe diffeUeQceV iQ hRPe UaQge Vi]eV beWZeeQ PaleV aQd fePaleV fRU bRWh PaUiQe ceWaceaQV (bRWWleQRVe
dRlShiQ) aQd WeUUeVWUial caUQiYRURXV PaPPalV. The dRcXPeQWed SaWWeUQ iV cRQcRUdaQW ZiWh WhRVe iQ
fiVViRQ-fXViRQ VRcieWieV, VXch aV WhRVe VeeQ iQ PaQ\ dRlShiQ VSecieV, ZheUe iQdiYidXalV iQ Whe VaPe
SRSXlaWiRQ Pa\ haYe gUeaWl\ diffeUeQW UaQgiQg SaWWeUQV (H.J. DefUaQ eW al. 1999); aQd iQdiYidXalV Pa\
alWeUQaWe beWZeeQ lRcal ViWe-fideliW\ aQd lRQgeU YeQWXUeV aZa\ fURP Whe ViWe Rf WheiU fiUVW ideQWificaWiRQ
(e.g. RakR-GRVSiü eW al. 2017).
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OXU PeaQ YalXeV fRU Pale hRPe UaQge YalXeV aUe alVR ZiWhiQ Whe I. JHRIIUHQVLV hRPe UaQgeV UeSRUWed b\
MaUWiQ aQd da SilYa (1998; 2004a;b) aQd MRVTXeUa-GXeUUa eW al. (2021), aQd Pa\ UeSUeVeQW dRPiQaQW
Pale iQdiYidXalV iQ WheiU VeaUch fRU fePaleV WhURXghRXW Whe baViQ. MRVTXeUa-GXeUUa eW al. (2021)
VXggeVW WhaW Ve[Xal VWaWXV Pa\ deWeUPiQe hRPe UaQge Vi]eV aQd Whe PRVW e[WeQViYe PRYePeQWV fRU
iQdiYidXalV Rf Whe SRSXlaWiRQV diVWUibXWed iQ Whe APa]RQ (CRlRPbia), SaQ MaUWtQ (BRliYia), aQd
MaUaxyQ (PeUX) UiYeUV iQ Whe APa]RQ aQd OUiQRcR UiYeU baViQV.

SiPilaU UeVXlWV haYe beeQ UeSRUWed fRU Pale bRWWleQRVe dRlShiQV WhaW SUeVXPabl\ haYe laUgeU hRPe
UaQgeV WhaQ fePaleV, a ViWXaWiRQ WhaW iV WhRXghW WR allRZ PaleV WR iQcUeaVe WheiU UeSURdXcWiYe acceVV WR
fePaleV (Vee, H.J., EiVeQbeUg 1966; WellV eW al. 1987; WellV 1991; SSURgiV eW al. 2016). PUeYiRXV VWXdieV
RQ Whe behaYiRUal ecRlRg\ Rf cRPPRQ bRWWleQRVe dRlShiQV (T. WUXQFDWXV) haYe UeYealed gUeaW YaUiabiliW\
iQ WheiU hRPe UaQge chaUacWeUiVWicV (Vee, H.J., CRQQRU eW al. 2000; DefUaQ eW al. 1999; WellV eW al. 1999)
WhaW Pa\ be dXe WR habiWaW heWeURgeQeiW\ RU WR diffeUeQceV iQ Whe XVe Rf VSace beWZeeQ Whe geQdeUV (Vee,
H.J., CRQQRU 2000; WellV eW al. 1980). SRPe aXWhRUV alVR VXggeVW WhaW Whe SeUiRd Rf SaUeQWal caUe Rf Whe
calf (1.5-5.8 \eaUV, MaUWiQ aQd da SilYa 2018) fRU APa]RQ RiYeU dRlShiQV Rf Whe geQXV IQLD liPiWV Whe
PRYePeQW Rf Whe fePale dXUiQg WhiV SeUiRd Rf WiPe ZheQ Whe calf UeacheV Whe UighW Sh\Vical cRQdiWiRQ WR
SeUfRUP Whe diffeUeQW PRYePeQWV alRQg Whe diffeUeQW aTXaWic laQdVcaSeV (Vee, H.J.,MRVTXeUa-GXeUUa eW
al. 2021). AddiWiRQall\ eVWabliVhed cRUUelaWiRQV aUe kQRZQ beWZeeQ age aQd UeSURdXcWiYe VWaWXV ZiWh
hRPe UaQge Vi]e (Vee, H.J., Dahle aQd SZeQVRQ 2003a, b; Dahle eW al. 2006; RakR-GRVSiü eW al. 2017).

˓̕˒ Conservation implications

IQ WeUPV Rf cRQVeUYaWiRQ, MiQW]eU eW al. (2016) aQd MRVTXeUa-GXeUUa eW al. (2022a) UeSRUW RQ Whe
UelaWiRQVhiS beWZeeQ VSaWial XVe, Ve[Xal VWaWXV aQd Whe leYel Rf e[SRVXUe WR ha]aUdV fRU iQdiYidXalV Rf
IQLD VSS. ThiV Ve[Xal VegUegaWiRQ diffeUeQWiall\ e[SRVeV PaleV aQd fePaleV WR WaUgeWed RU iQcideQWal
caSWXUeV aV Zell aV RWheU W\SeV Rf WhUeaWV (Vee, MiQW]eUeW eW al. 2016). IQWeUacWiRQV beWZeeQ APa]RQ
RiYeU dRlShiQV aQd fiVheUieV geQeUall\ RccXU iQ highl\ SURdXcWiYe habiWaWV, VXch aV (1) cRQflXeQceV, (2)
chaQQelV, aQd (3) lagRRQV, ZheUe caSWXUiQg PRVWl\ Ve[Xall\ PaWXUe iQdiYidXalV aQd SRVVibl\ laUgeU
QXPbeUV Rf fePaleV WhaW haYe PiQRU PRYePeQWV aQd aUe UeVWUicWed WR VSecific habiWaWV ZheUe Whe\ caUe
fRU WheiU calYeV (Vee, MRVTXeUa-GXeUUa eW al. 2022a). TheVe facWRUV cRQWUibXWe VWURQgl\ WR Whe dUaVWic
SRSXlaWiRQ decliQe Rf IQia VSS. iQ iWV RccXUUeQce UaQge Rf RcXUUeQce (Vee, WilliaPV eW al. 2016; MaUWiQ
aQd da SilYa 2021).

AlVR, a PajRU hXPaQ acWiYiW\ WhaW affecWiQg Whe VSaWial aQd PRYePeQW ecRlRg\ Rf I. JHRIIUHQVLV aQd Whe
SRVVible adaSWaWiRQ Rf WheiU SRSXlaWiRQV WR cliPaWe chaQge iV Whe SUeVeQce Rf h\dURelecWUic daPV
WhURXghRXW Whe dRlShiQV¶ UaQge. IQ Whe APa]RQ baViQ, 158 h\dURelecWUic daPV aUe eiWheU iQ RSeUaWiRQ RU
XQdeU cRQVWUXcWiRQ; aQd 351 PRUe daPV haYe beeQ SURSRVed (FRUVbeUg eW al. 2017; AlPeida eW al. 2019;
AQdeUVRQ eW al. 2019). MaQ\ aTXaWic VSecieV aUe affecWed b\ h\dURelecWUic daPV (LeeV eW al. 2016).
APRQg Whe diUecW effecWV caXVed b\ h\dURelecWUic daPV iV Whe fUagPeQWaWiRQ Rf bRWh I. JHRIIUHQVLV aQd
fiVh SUe\ SRSXlaWiRQV, UeVXlWiQg iQ diVUXSWiRQV WR geQe flRZ WhaW caXVe diPiQiVhiQg geQeWic YaUiabiliW\
aQd iQcUeaVed YXlQeUabiliW\ (TUXjillR eW al. 2010; GUaYeQa eW al. 2014; PaYaQaWR eW al. 2016;
MRVTXeUa-GXeUUa eW al. 2018b; PaVchRaliQi eW al. 2020; MRVTXeUa-GXeUUa eW al. 2022b). IQdiUecWl\, Whe
daPV caQ decUeaVe liPiWiQg QXWUieQWV fRU aTXaWic fRRd ZebV VXch aV QiWURgeQ aQd ShRVShRUXV
dRZQVWUeaP Rf Whe daP, decUeaViQg leYelV Rf SURdXcWiYiW\ aQd biRPaVV, WhXV UedXciQg SUe\ aYailabiliW\
fRU Whe dRlShiQV (TUXjillR eW al. 2010; MRVTXeUa-GXeUUa eW al. 2018b; AUa~jR aQd WaQg 2015).

FUagPeQWaWiRQ Rf UiYeU QeWZRUkV b\ h\dURelecWUic daPV aQd RWheU iQfUaVWUXcWXUe cRQVWUaiQV SRWeQWial
UaQge VhifWV Rf aTXaWic VSecieV fRU cRSiQg ZiWh e[SecWed WePSeUaWXUe UiVe XQdeU cliPaWe chaQge (M\eUV
eW al. 2017; MRVTXeUa-GXeUUa eW al. 2019b). RaQge VhifWV Rf fiVh WR higheU alWiWXdeV aV a UeVXlW Rf cliPaWe
chaQgeV haYe alUead\ beeQ dRcXPeQWed, bXW UiYeU fUagPeQWaWiRQ b\ h\dURelecWUic daPV Zill blRck WhiV
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fRUP Rf adaSWaWiRQ (HeUUeUa-R eW al. 2020). ATXaWic VSecieV, diVWUibXWed iQ Whe AQdeaQ cRXQWUieV VXch aV
Whe I. JHRIIUHQVLV SRSXlaWiRQV iQ PeUX aQd BRliYia aUe WhRXghW WR be SaUWicXlaUl\ iPSacWed becaXVe PRVW
h\dURelecWUic daPV haYe beeQ bXilW RU SlaQQed RQ AQdeaQ WUibXWaUieV VXch aV Whe MadeUia UiYeU baViQ
(FRUVbeUg eW al. 2017; MRVTXeUa-GXeUUa eW al. 2018b; AQdeUVRQ eW al. 2019; TRgQelli eW al. 2019). The
ecRlRg\ aQd cRQVeUYaWiRQ Rf I. JHRIIUHQVLV aUe cRPSle[ iQ Whe APa]RQiaQ aQd TRcaQWiQV baViQV iQ Whe
cXUUeQW cRQWe[W Rf WUaQVfRUPaWiRQ, aQd WhiV XUgeQWl\ UeTXiUeV WUaQVfRUPiQg Whe eQeUg\ PaWUi[ Rf Whe
APa]RQiaQ cRXQWUieV fURP h\dURSRZeU WR VXVWaiQable SURdXcWiRQ baVed RQ VRlaU, ZiQd, aQd geRWheUPal
eQeUgieV.

OXU UeVXlWV dR QRW VXSSRUW Whe SUeYiRXVl\ eVWabliVhed allRPeWUic UelaWiRQVhiS beWZeeQ Whe bRd\ leQgWh
aQd PaVV RQ Whe hRPe UaQge Vi]eV Rf laUge aTXaWicV PaPPalV, SRVVibl\ dXe WR Whe PRUShRlRgical
YaUiaWiRQV Rf Whe VXbVSecieV Rf Whe geQXV IQLD aQd Whe iQflXeQce Rf Whe Ve[Xal VWaWXV Rf PRQiWRUed
iQdiYidXalV RQ WhiV VSaWial PeWUic. We VXggeVW Whe SRVVible iQflXeQce Rf QRQ-eYalXaWed SUedicWRUV VXch aV
SURdXcWiYiW\ leYelV Rf Whe aTXaWic ecRV\VWePV aVVeVVed (H.J., ZhiWe, black, cleaU, aQd Pi[ed ZaWeU
V\VWePV), aYailabiliW\ Rf SUe\, aQd Whe SUeVeQce Rf highl\ SURdXcWiYe habiWaWV (H.J., lagRRQV aQd
cRQflXeQceV).

ThiV UeVeaUch alVR callV aWWeQWiRQ RQ Whe SRVVible YXlQeUabiliW\ Rf Whe APa]RQ RiYeU dRlShiQV WR hXPaQ
iPSacWV aW a UegiRQal Vcale, VXch aV Whe UegXlaWiRQ Rf Whe flRRd SXlVe aQd iWV iQflXeQce RQ Whe laWeUal aQd
lRQgiWXdiQal PRYePeQWV Rf WheVe ceWaceaQV iQ Whe APa]RQ PaiQl\. FiQall\, WhiV SaSeU ZaUQV abRXW Whe
QegaWiYe effecWV Rf daP cRQVWUXcWiRQ aV Sh\Vical baUUieUV WhaW alWeU SUe\ PigUaWiRQ aQd aUWificiall\
UegXlaWe h\dURlRgical SURceVVeV. TheVe liPiW VSecieV¶ adaSWaWiRQV WR cliPaWe chaQge, iQcUeaViQg Whe UiVk
Rf e[WiQcWiRQ Rf VRPe SRSXlaWiRQV WhaW aUe lRcaWed iQ Whe aUeaV Rf iQflXeQce Rf WheVe iQfUaVWUXcWXUe
SURjecWV VXch aV Whe iQdiYidXalV PRQiWRUed iQ WhiV VWXd\ RQ Whe TaSajRV RiYeU iQ BUa]il.
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CRGH DYDLODELOLW\: The R cRde XVed dXUiQg Whe cXUUeQW VWXd\ iV aYailable fURP Whe cRUUeVSRQdiQg aXWhRU
RQ UeaVRQable UeTXeVW.

DDWD DYDLODELOLW\: DaWa aUe aYailable XSRQ UeTXeVW.

DHFODUDWLRQV
EWKLFV DSSURYDO: All SURcedXUeV iQYRlYiQg aQiPalV ZeUe cRQdXcWed ZiWh Whe aSSURSUiaWe SeUPiWV aQd
fRllRZiQg ASM gXideliQeV (SikeV 2016).

OSHQ AFFHVV: ThiV aUWicle iV liceQVed XQdeU a CUeaWiYe CRPPRQV AWWUibXWiRQ 4.0 IQWeUQaWiRQal LiceQVe,
Zhich SeUPiWV XVe, VhaUiQg, adaSWaWiRQ, diVWUibXWiRQ aQd UeSURdXcWiRQ iQ aQ\ PediXP RU fRUPaW, aV lRQg
aV \RX giYe aSSURSUiaWe cUediW WR Whe RUigiQal aXWhRU(V) aQd Whe VRXUce, SURYide a liQk WR Whe CUeaWiYe
CRPPRQV liceQce, aQd iQdicaWe if chaQgeV ZeUe Pade. The iPageV RU RWheU WhiUd SaUW\ PaWeUial iQ WhiV
aUWicle aUe iQclXded iQ Whe aUWicle'V CUeaWiYe CRPPRQV liceQce, XQleVV iQdicaWed RWheUZiVe iQ a cUediW liQe
WR Whe PaWeUial. If PaWeUial iV QRW iQclXded iQ Whe aUWicle'V CUeaWiYe CRPPRQV liceQce aQd \RXU iQWeQded
XVe iV QRW SeUPiWWed b\ VWaWXWRU\ UegXlaWiRQ RU e[ceedV Whe SeUPiWWed XVe, \RX Zill Qeed WR RbWaiQ
SeUPiVViRQ diUecWl\ fURP Whe cRS\UighW hRldeU. TR YieZ a cRS\ Rf WhiV liceQce, YiViW
hWWS://cUeaWiYecRPPRQV.RUg/liceQVeV/b\/4.0/.
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SUPPLEMENTARY MATERIAL
ASSHQGL[ S1: SXPPaU\ Rf Whe ecRlRgical SUedicWRUV aQd hRPe UaQge Vi]eV Rf Whe IQLD JHRIIHQVLV XVed iQ
Whe GAMLSS, iQclXdiQg aV fRllRZ: lRcaWiRQV, VXbVSecieV, SlaWfRUP WUaQVPiWWeU WeUPiQal ideQWificaWiRQ
QXPbeU (PPT ID); I. JHRIIHQVLV hRPe UaQge Vi]eV: K95: hRPe UaQge 95% XWili]aWiRQ diVWUibXWiRQ (UD)
Vi]eV. MRUShRlRgical SUedicWRUV: bRd\ PaVV (kg), bRd\ leQgWh (cP), aQd Ve[: ♀: fePale aQd Pale: ♂.

LRcaWiRQV /
SXbVSecieV

PTT ID
K 95

(kP2)

BRd\
MaVV
(kg)

BRd\
LeQgWh
(cP)

Se[ RefeUeQceV

APa]RQ RiYeU (CRlRPbia)

I. J. JHRIIUHQVLV 40679 30,7
78,4

199 ♀
MRVTXeUa-GXeUUa HW

DO., 2021

I. J. JHRIIUHQVLV 40691-1 61,7 118 176 ♂
MRVTXeUa-GXeUUa HW

DO., 2021

I. J. JHRIIUHQVLV 181675
48,7 109 174 ♂

ThiV VWXd\ VaWelliWe
WUackiQg daWa

I. J. JHRIIUHQVLV
181676 105,5 112 178 ♂

ThiV VWXd\ VaWelliWe
WUackiQg daWa

JXUXeQa RiYeU (BUa]il)

I. J. JHRIIUHQVLV 171926 23,6
89

197 ♂
MRVTXeUa-GXeUUa HW

DO., 2021

I. J. JHRIIUHQVLV 40663 17,6
49

162 ♀
MRVTXeUa-GXeUUa HW

DO., 2021

I. J. JHRIIUHQVLV 40687 27,9
60

182 ♂
MRVTXeUa-GXeUUa HW

DO., 2021

I. J. JHRIIUHQVLV
40681

15,5
56

193 ♂
MRVTXeUa-GXeUUa HW

DO., 2021

I. J. JHRIIUHQVLV 40693 12,1 91 205 ♂ MRVTXeUa-GXeUUa HW

MaUaxyQ RiYeU (PeUX)

I. J. JHRIIUHQVLV 55305 20,9
97

197 ♂
MRVTXeUa-GXeUUa HW

DO., 2021

I. J. JHRIIUHQVLV 175587 32,2
63,9

177 ♂
MRVTXeUa-GXeUUa HW

DO., 2021

I. J. JHRIIUHQVLV 55298 11,8
72,5

182 ♂
MRVTXeUa-GXeUUa HW

DO., 2021

I. J. JHRIIUHQVLV 55306 6,2
101,9

173 ♀
MRVTXeUa-GXeUUa HW

DO., 2021

I. J. JHRIIUHQVLV 55309 20,1 92,6 170 ♂
MRVTXeUa-GXeUUa HW

DO., 2021

I. J. JHRIIUHQVLV 55312 64,9
111,7

182 ♂
MRVTXeUa-GXeUUa HW

DO., 2021

I. J. JHRIIUHQVLV 55319 186,8
99

176 ♂
MRVTXeUa-GXeUUa HW

DO., 2021

I. J. JHRIIUHQVLV 175588 88,3
97

180 ♂
MRVTXeUa-GXeUUa HW

DO., 2021
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E[LVWLQJ RHOaWLRQVKLS BHWZHHQ MRUSKRORJLFaO PUHGLFWRUV aQG HRPH RaQJH SL]H RI WKH APa]RQ RLYHU DROSKLQ (IQLa VSS.)
LQ WKH APa]RQ aQG OULQRFR BaVLQV?



LRcaWiRQV /
SXbVSecieV

PTT ID
K 95

(kP2)

BRd\
MaVV
(kg)

BRd\
LeQgWh
(cP)

Se[ RefeUeQceV

I. J. JHRIIUHQVLV 40688 8,8 180 214 ♂
MRVTXeUa-GXeUUa HW

DO., 2021

I. J. JHRIIUHQVLV 40691 18,9 68 159 ♀
MRVTXeUa-GXeUUa HW

DO., 2021

I. J. JHRIIUHQVLV 171927 41,2 107 188 ♂
MRVTXeUa-GXeUUa HW

DO., 2021

I. J. JHRIIUHQVLV 40641 76,4 200 227 ♀
MRVTXeUa-GXeUUa HW

DO., 2021

I. J. JHRIIUHQVLV 181019 15,1 83 176 ♀ ThiV VWXd\ VaWelliWe
WUackiQg daWa

I. J. JHRIIUHQVLV 181020 13,3 82 175
♀

ThiV VWXd\ VaWelliWe
WUackiQg daWa

I. J. JHRIIUHQVLV 181015 17,59 149 235 ♂
ThiV VWXd\ VaWelliWe
WUackiQg daWa

I. J. JHRIIUHQVLV 201339 20,75 129 224
♂

ThiV VWXd\ VaWelliWe
WUackiQg daWa

BiWa RiYeU (CRlRPbia)

I. J. JHRIIUHQVLV 181017 5,59 85 174 ♀
ThiV VWXd\ VaWelliWe
WUackiQg daWa

AUaXca RiYeU (CRlRPbia)

I. J. JHRIIUHQVLV 181018 25,8 88 175 ♀
ThiV VWXd\ VaWelliWe
WUackiQg daWa

GXa\abeUR RiYeU (CRlRPbia)

I. J. JHRIIUHQVLV 40641 49,38 180 214 ♂
ThiV VWXd\ VaWelliWe
WUackiQg daWa

I. J. JHRIIHQVLV 181013 115,7 176 223 ♂ ThiV VWXd\ VaWelliWe
WUackiQg daWa

GXaYiaUe RiYeU (CRlRPbia)

I. J. JHRIIUHQVLV 181016 19,43 110 210 ♀
ThiV VWXd\ VaWelliWe
WUackiQg daWa

SaQ MaUWtQ RiYeU (BRliYia)

I. J. EROLYLHQVLV 40640 233,9 91,2 204 ♂
MRVTXeUa-GXeUUa HW

DO., 2021

I. J. EROLYLHQVLV 40662 89,2 83 209 ♂
MRVTXeUa-GXeUUa HW

DO., 2021

I. J. EROLYLHQVLV 40674 204,9 85,4 208 ♂
MRVTXeUa-GXeUUa HW

DO., 2021

I. J. EROLYLHQVLV 171928 60,5 69,2 211 ♀
MRVTXeUa-GXeUUa HW

DO., 2021
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