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8EFGHIJEK! HEF! HLMF! IJ! NOPMQFORF! ISF! GTOHUNRK! JP! ISFNE! VEFT! VJVQMHINJOK! HOG! UHT!

ISFEFPJEF! LF! NO! RJOPMNRI! WNIS! UHO! PJE! XHUF$! *O! ISNK! KIQGTY! *! SHZF! FZHMQHIFG! ISF! VEFT!

RSJNRF! JP! WJMZFK! NO! H! IWJAVEFT! KTKIFUY! NORMQGNOX! UJJKF! [!"#$%& '"#$%\! HOG! EJF! GFFE!

[(')*$+",%& #')*$+",%\Y! QKNOX! GHIH! JO! H! IJIHM! JP! ;:;! WJMPA]NMMFG! QOXQMHIFK! NO! #4!

0RHOGNOHZNHO! WJMP! IFEENIJENFK! WSFEF! WJMZFK! WFEF! PNIIFG! WNIS! +80ARJMMHEK$! (KNOX! ISF!

9HOMT^K!HMVSH!NOGF_!HK!WFMM!HK!`HRJL^K!HOG!9QEGJRS^K!NOGNRFK!JP!VEFPFEFORFY!*!GFIFRIFG!H!

KFMFRINJO! PJE! EJF! GFFE! [7NKSFE^K! F_HRI! IFKIa! V! bc$c#! HOG! V! bc$cc#\! NO! IWJ! JP! ISF!

0RHOGNOHZNHO! WJMP! IFEENIJENFK! WNIS! HUJOX! ISF! SNXSFKI! HLKJMQIF! EJF! GFFE! VJVQMHINJO!

GFOKNINFK$!'SF!EHINJ!JP!EJF!GFFE!IJ!UJJKF!GNG!OJI!KFFU!IJ!F_VMHNO!ISNK!VEFPFEFORF$!

!

2! +FOFEHMNdFG! .NOFHE! 9N_FG! 9JGFM! WNIS! H! LNOJUNHM! CFEOJQMMN! GNKIENLQINJO! EFZFHMK! H!

KNXONPNRHOI![V!ec$cc#\!FPPFRI!JP!ISF!MJRHM!EJF!GFFE!VJVQMHINJO!GFOKNIT!JO!ISF!VEFT!RSJNRF!

JP! WJMZFK$! 2EJQOG! H! ISEFKSJMG! VJVQMHINJO! GFOKNIT! JP! ;:! EJF! GFFEf#c]U"Y! EJF! GFFE!

LFRJUF! ISF!UJEF! MN]FMT! VEFT! RSJNRF! JP! WJMZFK!WSFEFHK! HI! MJWFE! EJF! GFFE! VJVQMHINJO!

GFOKNINFKY!UJJKF!HEF!ISF!UJKI!MN]FMT!VEFT$!*ORMQGNOX!VHR]!KNdF!HK!H!ZHENHLMF!NUVEJZFG!ISF!

UJGFM!KMNXSIMTY!HMISJQXS!NIK!FPPFRI!WHK!OJI!KIHINKINRHMMT!KNXONPNRHOI$!*!PJQOG!OJ!KIHINKINRHMMT!

KNXONPNRHOI!FPPFRI!JP!UJJKF!VJVQMHINJO!GFOKNITY!KOJW!GFVISY!WNOIFE!VEJXEFKK!JE!ISF!INUF!

KNORF!ISF!VEFZNJQK!]NMM!JO!ISF!WJMZFK^!RSJNRF!IJ!]NMM!UJJKF!JE!EJF!GFFE$!9T!EFKQMIK!KSJW!

ISHI!ISF!HZHNMHLNMNIT!JP!JOF!VEFT!KVFRNFK!RHO!SHZF!FPPFRIK!JO!ISF!WJMP!VEFGHINJO!VEFKKQEF!

JP! HOJISFEY! KQXXFKINOX! ISHI! XHUF! UHOHXFUFOI! VMHOK! UHT! PHZJQEHLMT! LF! UHGF! JO! HO!

FRJKTKIFU!MFZFM$!!&
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.HEXF!RHEONZJEFK!HEF!UH]NOX!H!RJUFLHR]! NO! MHEXF!VHEIK!JP!&QEJVF$!0QLKFgQFOI!IJ! ISFNE!

IFUVJEHET! HLKFORF! PEJU! 0RHOGNOHZNHY! ISF! WJMP! [('12%& ",),%\! SHK! OJW! EFIQEOFG! IJ!

EFRMHNU!NIK!VMHRF!HK!IJV!VEFGHIJE!NO!ISF!OHINZF!PHQOH![0HOG!FI!HM$!"c#c\$!'SF!EFIQEO!JP!ISF!

WJMP!SHK!LFFO!H!RJOIEJZFEKNHM!NKKQF!WNIS!UN_FG!JVNONJOK!HOG!VJMNINRHM!RJORFEO$!-OF!JP!ISF!

RJOPMNRIK! KQEEJQOGNOX! ISF! EFIQEONOX! WJMP! VJVQMHINJO! NK! ISF! RJUVFININJO! WNIS! UHO! PJE!

XHUF!HONUHMK![&ENRKKJO!FI!HM$!"cc4Y!0hiMHOGFEA.NOGgZNKI!"cc=Y!CNKN!FI!HM$!"c#c\$!8EFZNJQK!

KIQGNFK!SHZF!KSJWO!ISHI!UJJKF![!"#$%&'"#$%\!HOGY!NO!JOMT!H!PFW!HEFHKY!EJF!GFFE![(')*$+",%&

#')*$+",%\! HEF! ISF!UHNO! VEFT! JP! 0RHOGNOHZNHO! WJMZFK! [-MKKJO! FI! HM$! #BB>a! 0HOG! FI! HM$!

"c#c\$! 9JJKF! HOG! EJF! GFFE! HEF! HMKJ! ISF! UJKI! RJUUJO! XHUF! KVFRNFK! PJE! SQUHOK! NO!

0WFGFO!HOG!HEF! KQLhFRI! IJ! H! KQLKIHOINHM! HOOQHM!SHEZFKI! [0WFGNKS!5QOIFEK!2KKJRNHINJO!

"c##\$! 'SF! GFFE! SQOI! NK! HO! HOOQHM! SNXSMNXSI! IJ! UJKI! JP! 0WFGFO^K! "=cYccc! SQOIFEK!

[%NKLFEX!"c##\Y!HOG!UJKI!UFULFEK!JP!ISF!VQLMNR!FHI!ZFONKJO!HOG!HEF!PHZJQEHLMF!IJWHEG!

SQOINOX![.hQOX!"c##\$!!

!

0NORF! ISFNE! EFAFKIHLMNKSUFOIY! ISF! 0RHOGNOHZNHO! WJMP! VJVQMHINJO! SHK! UHNOMT! LFFO!

GNKIENLQIFG!NO!HEFHK!WSFEF!ISF!EFMHINZF!UJJKF!GFOKNIT!NK!SNXS!RJUVHEFG!IJ!ISHI!JP!JISFE!

QOXQMHIF!KVFRNFKY!WSNRS!MN]FMT!NOPMQFORFK!ISF!WJMZFK^!VEFT!RSJNRF![0HOG!FI!HM$!"c#c\$!CQI!

HK!ISF!WJMP!VJVQMHINJO!XEJWKY!NI!NK!F_VFRIFG!IJ!F_VHOG!NIK!EHOXF!HOG!WJMZFK!HEF!HMEFHGT!

LFXNOONOX! IJ! FKIHLMNKS! IFEENIJENFK! PQEISFE! KJQIS! NO! 0WFGFO! [0HOG! FI! HM$! "c#c\$! *P! ISF!

FKIHLMNKSUFOI! RJOINOQFK! KJQISY!WJMZFK!WNMM! KJJO! LF! PJQOG! NO! SHLNIHIK!WNIS! H! GNPPFEFOI!

VEFT! RJUVJKNINJOY!WNIS! NOREFHKFG!GFOKNINFK! JP! EJF! GFFEY! HOG! FZFOIQHMMT!WNMG! LJHE! [6,%&

%#*+8'\Y!EFG!GFFE![($*5,%&$"')9,%\Y!HOG!PHMMJW!GFFE![:';'&7';'\$!!

!

2MISJQXS!ISF!0RHOGNOHZNHO!WJMP!VJVQMHINJO!HOG!ISFNE!VEFGHINJO!JO!WNMG!XHUF!SHZF!LFFO!

ISJEJQXSMT!KIQGNFG!NO!UJJKF!ENRS!HEFHK![F$X$!DNUUFEUHOO!FI!HM$!"cc>a!0HOG!FI!HM$!"c#ca!

0HOG! FI! HM$! "c#"H\Y! WF! SHZF! MNIIMF! ]OJWMFGXF! JP! SJW! ISF! VEFKFORF! JP! UQMINVMF! VEFT!

KVFRNFK! WNMM! HPPFRI! ISFNE! VEFT! RSJNRF$! 'SF! JLhFRINZF! JP! ISNK! KIQGT! NK! IJ! UH]F! H! PNEKI!

NOZFKINXHINJO! NOIJ! ISF! VEFT! RSJNRF! JP! 0RHOGNOHZNHO! WJMZFK! NO! H! IWJAVEFT! KTKIFU!WNIS!

UJJKF! HOG! EJF! GFFE.&'SF! EFKQMIK! HEF! NUVJEIHOI! PJE! ISF! FPPFRINZF!UHOHXFUFOI! JP! MHEXF!

RHEONZJEFK!HOG!XHUF! NO!0RHOGNOHZNH!LQI!HMKJ! PJE! ISF!GFKNXO!JP! PQIQEF!EFKFHERS!JO!WJMP!

FRJMJXT$! 2MISJQXS! VEJZNGNOX! PQMM! HOKWFEK! JO! KQKIHNOHLMF! SHEZFKI! JP! QOXQMHIFK! NO! WJMP!
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IFEENIJENFK!NK!LFTJOG!ISF!KRJVF!JP!ISNK!KIQGTY!JQE!HNU!NK!IJ!NUVEJZF!JQE!]OJWMFGXF!JO!ISF!

RJUVMF_NIT!JP!WJMP!VEFGHINJO!NO!H!IWJAVEFT!WJMP!KTKIFU$!

!
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7JJG! RSJNRF! HOG! FPPNRNFOI! PJEHXNOX! HEF! NUVJEIHOI! PHRIJEK! HPPFRINOX! HO! HONUHM^K! KQEZNZHM!

HOG!EFVEJGQRINJO!HOG!NK!ISFEFPJEF!H!KIEJOX!PJERF!NO!ISF!FZJMQINJO!JP!HONUHMK![F$X$!+EFXX!j!

1EHWPJEG!"cc>Y!,SNIFSFHG!FI!HM$!"c#"\$!,JMZFK!HEF!SNXSMT!HGHVIHLMF!VEFGHIJEK!ISHI!PFFG!

JVVJEIQONKINRHMMT!HOG!SHZF!H!XJJG!HLNMNIT!IJ!MJRHIF!ISFNE!PJJG![8FIFEKJO!j!1QNRRN!"cc;\$!

'SQKY! WJMZFK! HEF! MN]FMT! HLMF! IJ! HGhQKI! ISFNE! GNFI! HOG! VEFT! RSJNRF! NO! JEGFE! IJ! PJEHXF!

FPPNRNFOIMT!HOG!KFMFRINZFMT!NO!EFKVJOKF!IJ!ZHENHINJO!NO!VEFT!HZHNMHLNMNIT!HOG!FOZNEJOUFOIHM!

RJOGNINJOK![3HMF!FI!HM$!#BB:\$!!

!

'SF!FPPFRIK!JP!VEFT!VJVQMHINJO!GFOKNIT!HOG!VEJVJEINJOHM!HLQOGHORF!JP!VEFT!JO!ISF!VEFT!

RSJNRF! JP! VEFGHIJEK! SHZF! LFFO! GFKRENLFG! LT! IWJ! UHhJE! ISFJEFINRHM! RJORFVIK$! 8EFT!

KWNIRSNOX! GFKRENLFK! H! RSHOXF! NO! ISF! VEFGHIJE! VEFPFEFORF! PJE! H! RFEIHNO! VEFT! KVFRNFK!

[9QEGJRS!#B=Ba!9QEGJRS!FI!HM$!#B>:\!WSFEF!ISF!VEJVJEINJO!JP!H!RFEIHNO!VEFT!NO!ISF!GNFI!

NK!GNKVEJVJEINJOHMMT! KUHMM! HI! MJW!EFMHINZF!VEFT!GFOKNINFK!HOG!GNKVEJVJEINJOHMMT! MHEXF!HI!

SNXS!EFMHINZF!VEFT!GFOKNINFK![+HEEJII!FI!HM$!"cc>Y!CNKKFII!FI!HM$!"c#"\$!'SQKY!ISF!ISFJET!JP!

VEFT!KWNIRSNOX!GFKRENLFK!H!GFZNHORF!PEJU!H!VEJVJEINJOHM!VEFGHINJO![#k#\!GFVFOGFOI!JO!

ISF!HLQOGHORF!JP!HMM!VEFT!NO!ISF!KTKIFU![9QEGJRS!#B=B\$!'SF!ISFJET!JP!JVINUHM!PJEHXNOXY!

JO! ISF! JISFE! SHOGY! HKKQUFK! ISHI! ISF! VEFGHIJE! KSJQMG! NXOJEF! MFKK! VEJPNIHLMF! VEFT!

EFXHEGMFKK! JP! ISF! IJIHM! VEFT! GFOKNINFK! KJ! MJOX! HK! ISF!UJKI! VEJPNIHLMF! VEFT! JRRQEK! HI! H!

KQPPNRNFOI!GFOKNIT![?EFLK!FI!HM$!#B>>\$!5FORFY!ISF!VEFGHINJO!VEFKKQEF!JO!H!KFRJOGHET!VEFT!

KVFRNFK!UHT!ZHET!GFVFOGNOX!JO!ISF!GFOKNIT!JP!H!VENUHET!VEFTY!WNIS!FPPFRIK!JO!ISF!XHUF!

HZHNMHLNMNIT!IJ!JISFE!RHEONZJEFK!HOG!SQOIFEK$!!

!

-.?&(9++%213&)*+820'@"$&)*$>&'17&$88$#0%&+8&)*$>&)+),"'02+1&7$1%20>&

'SF!LHKNK! JP! FPPNRNFOI! HOG!VEJPNIHLMF!VEFT! HRgQNKNINJO! NK! PJE! ISF!VEFGHIJE! IJ!UHNOIHNO! H!

VJKNINZF!FOFEXT!LQGXFIY!XFOFEHMMT!LT!UH_NUNdNOX!ISF!NORJUF!JP!VEFT!LNJUHKK!IJ!ISF!RJKIK!

JP!KFHERS!HOG!]NMMNOX![9HR2EISQE!j!8NHO]H!#B==\$!,SFEFHK!HMM!VEFT!NIFUK!HZHNMHLMF!IJ!ISF!

VEFGHIJEK!VEJZNGF! PJJG!HOG!FOFEXT![?EFLK!#B>@\Y! ISF!LFOFPNI!JP!H!KVFRNPNR!VEFT!HONUHM!

GFVFOGK!MHEXFMT!JO!ISF!KNdF!JP!ISF!HONUHMY! N$F$!ISF!UHKK!JP!PJJG!ISHI!NI!VEJZNGFK$!2!MHEXF!

VEFT! HONUHM! NK! ISQK! UJEF! LFOFPNRNHM! ISHO! H! KUHMM! VEFT! HOG! KSJQMG! XFOFEHMMT! LF!
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RJOKNGFEFG! ISF! VEFPFEEFG! VEFT! WNISNO! ISF! VEFGHIJE^K! KNdF! EHOXF! [?QO]FM! FI! HM$! "cc4Y!

0SQMId!j!7NOMHTKJO!"c#c\$!'SF!RJKI!JP!PJJG!HRgQNKNINJO!WNMM!LF!HPPFRIFG!LT!ISF!FOFEXT!ISHI!

ISF!VEFGHIJE! KVFOGK! IJ! MJRHIFY! RSHKFY! KQLGQF! HOG!]NMM! ISF!VEFT$!'SNK! FPPJEI!WNMM! RSHOXF!

WNIS!VEFT!VJVQMHINJO!GFOKNITY!HK! ISF! MN]FMNSJJG!JP!HO!FORJQOIFE!LFIWFFO!VEFGHIJE!HOG!

VEFT! KSJQMG! NOREFHKF! WNIS! NOREFHKNOX! OQULFEK! JP! VEFT! [+NEHMGFEHQ! "cc@\$! 'SQKY! ISF!

VEJPNIHLNMNIT!JP!FgQHMMT!KNdFG!VEFT!UHT!LF!ZFET!GNPPFEFOI!GFVFOGNOX!JO!ISFNE!HLQOGHORFY!

VJIFOINHMMT!NOGQRNOX!H!KSNPI!NO!ISF!VEFGHIJE^K!GNFI![9FKKNFE!#BB:\$!!

!

-.A&B*$72#02+1%&'17&*$%$'*#9&C,$%02+1%&

&OZNEJOUFOIHM! PHRIJEK! UHT! HMKJ! HPPFRI! ISF! RJKI! JP! VEFT! HRgQNKNINJO$! 0OJW! GFVIS! UHT!

HPPFRI!ISF!FPPJEI!NOZJMZFG!PJE!WJMZFK!IJ!RSHKF!ISF!VEFT!HONUHM!JE!ISF!FPPNRNFORT!LT!WSNRS!

ISF!VEFT!HONUHM!UJZFK!HEJQOG![9FRS!j!8FIFEKJO!"cc;a!)JWH]!FI!HM$!"cc:a!5FXFM!FI!HM$!

"c#c\$!.N]FWNKFY!KOJW!GFVIS!HOG!gQHMNIT!WNMM!RSHOXF!HK!ISF!WNOIFE!VEJRFFGKY!HOG!KJ!WNMM!

ISF!RJOGNINJO!JP!JZFEAWNOIFENOX!HONUHMK![9FRS!j!8FIFEKJO!"cc;a!)NRSJMKJO!FI!HM$!"cc@a!

?FFRS!FI!HM$!"c##\$!2GGNINJOHMMTY!ISF!WJMZFK^!UJINZHINJO!IJ!]NMM!UHT!RSHOXFY!GFVFOGNOX!JO!

SQOXFE![0HOGEF!FI!HM$!"c#c\$!5FORFY!WF!WJQMG!F_VFRI!ISHI!ZHENHLMFK!MN]F!VHR]!KNdF!HOG!ISF!

INUF!KNORF!ISF!VEFZNJQK!UFHM!RJQMG!HPPFRI!ISF!VEFT!RSJNRF$!,F!WJQMG!MN]F!IJ!RJOIEJM!PJE!

ISFKF!PHRIJEK$!CFRHQKF!FOZNEJOUFOIHM!PHRIJEK!UHT!ZHET!WNIS!MJRHMNITY!ISFNE!FPPFRIK!JO!VEFT!

RSJNRF!HEF!MN]FMT!JP!RJOKFgQFORF!PJE!ISF!FPPFRIK!JP!WJMZFK!JO!XHUF!VJVQMHINJOK$!!!

!

*O! ISNK!KIQGT!WF!QKF!GHIH! PEJU!H!OQULFE!JP!XFJXEHVSNRHMMT!GNKREFIF!0RHOGNOHZNHO!WJMP!

IFEENIJENFKY! IJ!FZHMQHIF!ISF!FPPFRIK!JP!UJJKF!HOG!EJF!GFFE!VJVQMHINJO!GFOKNIT!HK!WFMM!HK!

ISF! FPPFRIK! JP! FOZNEJOUFOIHM! PHRIJEK! JO! WJMP! VEFT! VEFPFEFORF! HOG! PJEHXNOX! EFKVJOKF!

GQENOX!WNOIFE$!'SNK!NK!ISF!PNEKI!KIQGT!ISHI!HIIFUVIK!IJ!FZHMQHIF!ISF!VEFT!RSJNRF!NO!IFEUK!JP!

UJJKF!HOG!EJF!GFFE!NO!0RHOGNOHZNHY!HK!WJMZFK!SHZF!JOMT!EFRFOIMT!LFXQO!FKIHLMNKSNOX!NO!

EJF!GFFE!ENRS!IFEENIJENFK$!!

!

'SF!KVFRNPNR!EFKFHERS!gQFKINJOK!HEFk!

#$ 3J! 0RHOGNOHZNHO! WJMZFK! KSJW! H! VEFPFEFORF! PJE! JOF! QOXQMHIF! KVFRNFK! JZFE!

HOJISFEl!!

"$ 3J! WJMZFK! NO! 0RHOGNOHZNH! RSHOXF! ISFNE! VEFGHINJO! PJRQK! PEJU! H! VENUHET! IJ! H!

KFRJOGHET! VEFT! HK! H! PQORINJO! JP! EFMHINZF! JE! HLKJMQIF! GFOKNIT! JP! ISNK! VEFT! NO! ISF!

FOZNEJOUFOIl!



! >!

;$ 5JW!GJ!VEFT!RSHEHRIFENKINRKY!KQRS!HK!VEFT!VJVQMHINJO!GFOKNITY!HOG!FOZNEJOUFOIHM!

RJOGNINJOK! MN]F! KOJW! GFVIS! HOG! gQHMNIT! HPPFRI! ISF! VEFT! RSJNRF! NO! 0RHOGNOHZNHO!

WJMZFK!NO!WNOIFEl!!

4$ (KNOX! HOHMTKFK! JP! VEFPFEFORFY! RHO! WF! PNOG! FZNGFORF! JP! VEFT! KWNIRSNOX! NO! ISF!

0RHOGNOHZNHO!WJMZFK!NO!EFKVJOKF!IJ!RSHOXNOX!VEFT!GFOKNINFKl!!

&

2-&3"!%/."$+&"*0&3%!4'0+&

<.-&60,7>&'*$'!

'SF!#4!WJMP! IFEENIJENFK! ISHI!HEF! NORMQGFG! NO! ISNK!KIQGT!HEF! MJRHIFG! NO! ISF!0JQIS!1FOIEHM!

VHEIK! JP! ISF! 0RHOGNOHZNHO!8FONOKQMH! [+10!%'!#BBck!)m=:;;;"=A=@>Bc4#Y! &m#"4>cc4A

#=:>==#\Y! WNIS! JOF! WJMP! IFEENIJET! JO! ISF! )JEWFXNHO! KNGF! JP! ISF! LJEGFE! HOG! ISF!

EFUHNONOX! IFEENIJENFK! MJRHIFG! NO! 0WFGFO$! 'SF! HEFHY! HOG! ISF! IFEENIJENFK! ISFEFNOY!

FORJUVHKK! PJEFKIFG! HEFHK!WNIS! LJXK! HOG! MH]FKY! HK!WFMM! HK! RQMINZHIFG! HXENRQMIQEHM! MHOG!

HOG!SQUHO!KFIIMFUFOIK$!'SF!UHNO!HEFHK!JRRQVNFG!LT!ISF!WJMZFK!HEF!NO!RQMINZHIFG!PJEFKIY!

UHNOMT!RJOKNKINOX!JP!)JEWHT!KVEQRF! [B2#$'&'@2$%\!HOG!0RJIK!VNOF! [B21,%& %>"5$%0*2%\Y!LQI!

WNIS!KJUF!NOIFEUN_NOX!JP!LNERS![D$0,"'&)$10,"'!HOG!D$0,"'&),@$%#$1%\Y!HKVFO![B+),"+,%&

0*$;,"'\!HOG!HMGFE![!"1,%&21#'1'!HOG!!"1,%&3",021+%'\![9HIINKKJO!FI!HM$!"c#"\$!!

!

<.<&E2""&"+#'02+1&'17&27$10282#'02+1&

*O! JEGFE! IJ! PNOG! ]NMM! KNIFK! HOG! NGFOINPT! HMM! ISF! VEFT! IH]FO! LT! WJMZFK! GQENOX! ISF! KIQGT!

VFENJGK!WF!SHZF!QKFG!+MJLHM!8JKNINJONOX! 0TKIFU! [+80\! RJMMHEK! PJE!WJMZFK$!'SF!WJMZFK!

WFEF!GHEIFG!PEJU!SFMNRJVIFEK!HOG!RJMMHEK!WFEF!PNIIFG!HRRJEGNOX!IJ!ISF!UFISJGK!JP!0HOG!

FI!HM$!["cc=\$!'SF!RJMMHEK!WFEF!VEJXEHUUFG!KJ!ISHI!HI!MFHKI!JOF!JP!ISF!UHE]FG!WJMZFK!NO!

FHRS! IFEENIJET! KFOI! VJKNINJOK! HI! ;c! JE! =c!UNOQIFK! NOIFEZHMK$! 'SNK! VJKNINJONOX! KRSFGQMF!

VEJZNGFG!QK!WNIS!HO!HMUJKI!RJUVMFIF!JZFEZNFW!JP!ISF!WJMZFK^!UJZFUFOI!VHIIFEO!GQENOX!

ISF!KIQGT!VFENJG$!(KNOX!ISF!XFJXEHVSNRHM!KJPIWHEF!2ER/NFW!+*0nY!2ER+*0n!HOG!2ER9HV'9!

LT!&0%*!["ccB\!WF!VMJIIFG!ISF!RJJEGNOHIFK!JO!H!UHV!PJE!ZNFWNOX$!1JJEGNOHIFK!WFEF!ISFO!

IEHOKPFEEFG!IJ!H!SHOG!SFMG!+80!HOG!QKFG!HK!H!LHKNK! PJE! PNFMG!ZNKNIK!JP!H!KFMFRIFG!KHUVMF!

[oBcp\!JP!HMM!VJKNINJOK$!!

!

CFRHQKF! ISF! WJMZFK! HEF! HKKQUFG! IJ! KVFOG! KJUF! INUF! HI! ISF! RHERHKK! JP! H! ]NMMFG! VEFT!

HONUHM! NO! JEGFE! IJ! SHOGMFY! RJOKQUF! HOG! GNXFKI! ISF! VEFTY! WF! F_VFRI! IJ! XFI! UQMINVMF!

VJKNINJOK!PEJU!ISF!RJMMHEK!HI!]NMM!KNIFK$!2MM!VJKNINJOK!WNISNO!"cc!UFIFEK!PEJU!JOF!HOJISFE!



! @!

WFEF! ZNKNIFG! NO! ISF! PNFMG! NO! KFHERS! PJE! VEFT! RHERHKKFK$! 'J! NGFOINPT! KQRS! MJRHINJOK! WF!

REFHIFG! H! LQPPFE! HEJQOG! FHRS! VJNOI! NO! 2ER/NFWn! JE! 2ER9HV'9Y! WNIS! H! EHGNQK! JP! #cc!

UFIFEK![0HOG!FI!HM$!"cc:Y!DNUUFEUHOO!FI!HM$!"cc>\$!1MQKIFEK!JP!VJKNINJOK!XFOFEHIFG!PEJU!

JZFEMHTNOX!LQPPFEK!WFEF!HMM!ZNKNIFG!NO!ISF!PNFMGY!HOG!HK!UHOT!KNOXMF!VJKNINJOK!HK!VJKKNLMF!

WFEF! HMKJ! MJRHIFG! HOG! KFHERSFG! PJE! VEFT! EFUHNOK! HOG! IEHRFK! JP! ISF!WJMZFK$!(KNOX! ISNK!

UFISJG!WF!HKKQUF!ISHI!ISF!UHhJENIT!JP!MHEXFE!VEFT!NIFUK!WFEF!GFIFRIFG$!!

!

7JE!HMM!]NMMK!PJQOGY!PNFMG!KIHPP!NGFOINPNFG!ISF!KVFRNFK!JP!ISF!]NMMFG!VEFT$!2!KFHERS!WHK!GJOF!

PJE!SQOINOX!IEHR]K!HOG!KNXOK!JP!VNVF!LMFFGNOX!HI!ISF!]NMM!KNIF$!2GGNINJOHMMTY!PNFMG!KIHPP!HMKJ!

UHGF!HO!FKINUHINJO!JP!ISF!VEJVJEINJO!JP!ISF!RHERHKK!RJOKQUFG!HOG!ISF!INUF!JP!GFHIS!JP!

ISF! HONUHM! PJE! RJUVHENKJO!WNIS! ISF!WJMZFK^! PNEKI! VJKNINJO! HI! ISF! KNIF$! 'JXFISFEY! ISFKF!

JLKFEZHINJOK!WFEF!QKFG! IJ!GFIFEUNOF! NP!WJMZFK!WFEF! EFKVJOKNLMF! PJE! ISF!]NMMNOX!JP! ISF!

VEFTY!JE!UFEFMT!KRHZFOXFG!JO!HO!HMEFHGT!GFHG!HONUHM$!!'SF!KIQGT!VFENJG!NO!FHRS!IFEENIJET!

WHK!MNUNIFG!IJ!ISF!WNOIFE!KFHKJOY!KIHEINOX!OJ!FHEMNFE!ISHO!3FRFULFE!##IS!HOG!PNONKSNOX!OJ!

MHIFE!ISHO!9HT!BIS$!,NOIFE!RMNUHIF!NO!ISF!KIQGT!HEFH!NK!XFOFEHMMT!RJMG!WNIS!ISF!UH_NUQU!

KOJW!GFVIS!GQENOX!ISNK!KIQGT!UFHKQEFG!IJ!>=!RFOINUFIEFK$!!

!

<.?&B*$>&)+),"'02+1&7$1%20>&%,*5$>%&

&KINUHINJOK! JP! QOXQMHIF! VEFT! GFOKNINFK! WNISNO! ISF! KIQGNFG! WJMP! IFEENIJENFK! WFEF!

RHMRQMHIFG!LHKFG!JO!VFMMFI! XEJQV! RJQOIK! NO! ISF! PNFMG! HRRJEGNOX! IJ! ISF!UFISJGK!LT!)FPP!

[#B=@\!HOG!QKFG!LT!0HOG!FI!HM$!["c#"H\$!8FMMFI!XEJQV!RJQOIK!WFEF!VFEPJEUFG!GQENOX!ISF!

KVENOX!HI!ISF!FOG!JP!ISF!PNEKI!WNOIFE!KIQGT!VFENJG!NO!FHRS!IFEENIJETY!WNIS!ISF!F_RFVINJO!JP!

IWJ!WJMP!IFEENIJENFK!WFEF!VFMMFI!RJQOIK!WFEF!QOGFEIH]FO!HI!ISF!FOG!JP!ISF!KFRJOG!JP!IWJ!

RJOKFRQINZF!WNOIFE!KIQGNFK$!!

!

8FMMFI!XEJQV!RJQOIK!WFEF!QOGFEIH]FO! NO!4c!KHUVMF!VMJIK!GNKIENLQIFG!HMJOX!ISF!KNGFK!JP!

#cccU! _! #cccU! KgQHEFK! ISHI! WFEF! KTKIFUHINRHMMT! GNKIENLQIFG! ISEJQXSJQI! ISF! HEFH!

QINMNKFG!LT! ISF!WJMZFK!GQENOX! ISF! KIQGT!VFENJG$!'SF! KHUVMF!VMJIKY! #ccU"! [UJJKF\! HOG!

#cU"![EJF!GFFE\Y!WFEF!MJRHIFG!HI!#ccU!NOIFEZHMK!HMJOX!ISF!KNGFK!JP!ISFKF!VEFGFIFEUNOFG!

KgQHEFK$!'SF!JOMT!F_RFVINJO!WHK!ISF!0IHGEH!IFEENIJET!WSFEF!KHUVMF!VMJIK!WFEF!VMHRFG!HI!

#ccU!NOIFEZHMK!HMJOX!PJQE!VHEHMMFM!#cccU!MJOX!MNOFK!":cU!HVHEI!WNISNO!ISF!KgQHEFY!HOG!

WSFEF! HMM! KHUVMF! VMJIK! SHG! HO! HEFH! JP! #cU"Y! PJE!UJJKF! HOG! EJF! GFFE$! 'SF!UH_NUQU!

OQULFE!JP!KHUVMF!VMJIK!VFE!KgQHEF!WHK!4c$!5JWFZFEY!VMJIK!MJRHIFG!NO!WHIFEY!JO!EJHGKY!JE!



! B!

NO! JISFE! SHLNIHI! NOHRRFKKNLMF! IJ! UJJKF! HOG! EJF! GFFE! WFEF! F_RMQGFG! PEJU! ISF! KQEZFT$!

0QEZFTNOX!ISF!RJEEFRI!HEFH!WHK!FHKNMT!GJOF!LT!HIIHRSNOX!H!EJVF!JP!:$=4!UFIFEK![PJE!VMJIK!

JP!#ccU"\!JE!#$>@!UFIEFK![PJE!VMJIK!JP!#cU"\!IJ!ZFXFIHINJO!HI!ISF!RFOIEHM!VJNOI!ISHI!WHK!

MJRHIFG!QKNOX!H!SHOG!SFMG!+80Y!HOG!WHM]!HEJQOG!NI!NO!H!RNERMFY!UFHOWSNMF!IH]NOX!EFRJEG!JP!

VFMMFIK!ISHI!JRRQEEFG!WNISNO!ISF!HEFH$!!

!

'SF!KQEZFT!WHK!GJOF!GQENOX!H! KSJEI!VFENJG!JP! INUF!HPIFE! ISF!KOJWUFMI!LQI!LFPJEF! ISF!

MFHZFK!JP!ISF!QOGFEXEJWIS!SHG!KVEQOX!JQI!IJ!NOREFHKF!GFIFRIHLNMNIT!JP!VFMMFI!XEJQVK$!-OMT!

OFW!VFMMFI!XEJQVKY!N$F$!ISJKF!ISHI!SHG!LFFO!HGGFG!GQENOX!ISF!VEFZNJQK!WNOIFEY!WFEF!QKFG!

PJE! GFOKNIT! FKINUHINJO$! 'SFKF! WFEF! NGFOINPNFG! HK! VFMMFIK! ISHI! MHT! JO! IJV! JP! MHKI! TFHE^K!

ZFXFIHINJOfUJKK!HOG!WSNRS!SHG!OJI!TFI!LFXQO!WNISFENOX$!'SJKF!JISFEWNKF!WFEF!RJQOIFG!

HK!JMG!VFMMFIK$!-OMT!VFMMFI!XEJQVK!WNISNO!ISF!EHGNQK!JP!ISF!RNERMF!WFEF!RJQOIFG$!*O!RHKFK!

WSFEF!H!VFMMFI!XEJQV!JRRQEEFG!JO!ISF!RNERMF!LJEGFEY!HI!MFHKI!"c!JP!ISF!VFMMFIK!PJE!UJJKFY!

HOG!#c!PJE!EJF!GFFEY!SHG!IJ!LF!WNISNO!ISF!RNERMF!PJE!ISF!VFMMFI!XEJQV!IJ!LF!NORMQGFG!NO!ISF!

RJQOI$!!

!

'J! RJOZFEI! ISF! OQULFE! JP! VFMMFI! VNMFK! NOIJ! VEFT! VJVQMHINJO! GFOKNIT! VFE! #c]U"Y! WF!

HKKQUFG!ISHI!UJJKF!GFPFRHIF!#4!INUFK![%iOOFXqEG!FI!HM$!"cc@\!HOG!EJF!GFFE!""!INUFK!

VFE!GHT![8FSEKJO!"cc4\$!'SF!UFHO!GHIF!PJE!MFHP!PHMM!WHK!KFI!IJ!ISF!#cIS!JP!-RIJLFE$!9JJKF!

VJVQMHINJO!GFOKNIT![OQULFE!JP!UJJKF!VFE!#c!]U"\!WHK!ISFO!RHMRQMHIFG!PJE!FHRS!KgQHEF!

PEJU!ISF!PJEUQMHk!

! 

Density
prey /10km 2 =

Npiles "100,000( )
Nplots " D/ day " Tdays( )

!

!

,SFEF!F)2"$%! NK! ISF!RJQOIFG!OQULFE!JP!OFW!VFMMFI!VNMFK!WNISNO!FHRS!KgQHEFY!F)"+0%! NK! ISF!

OQULFE!JP!KHUVMF!VMJIK!WNISNO!FHRS!KgQHEFY!:!NK!ISF!GFPFRHINJO!EHIF!PJE!ISF!VEFT!KVFRNFK!

VFE!GHTY!HOG!=! NK!ISF!INUF!KNORF!MFHP!PHMM!NO!GHTK$!7JE!EJF!GFFE![HOG!UJJKF!NO!ISF!0IHGEH!

IFEENIJET\!ISF!OQULFE!JP!VNMFK!WHK!UQMINVMNFG!LT!#YcccYccc!IJ!EFHRS!H!GFOKNIT!QONI!PJE!#c!

]U"!HK!ISF!KHUVMF!VMJI!WHK!JOMT!JOF!IFOIS!ISF!KNdF!JP!ISF!UJJKF!KHUVMF!VMJI$!!!

&

<.A&G10$*H0$**20+*2'"&7288$*$1#$%&21&)*$>&)*$8$*$1#$&&

'J!FZHMQHIF!ISF!VEFPFEFORF!JP!H!RFEIHNO!VEFT!JZFE!HOJISFE!NO!ISF!0RHOGNOHZNHO!IWJAVEFTA

WJMP! KTKIFU! *! WNMM! HVVMT! ISEFF! KFMFRINJO! NOGNRFK$! 'SNK! HOHMTKNK! NK! GJOF! JO! HO! NOIFEA



! #c!

IFEENIJENHM! MFZFM! WNIS! FHRS! IFEENIJET! HK! ISF! KIHINKINRHM! QONI$! 8EFT! HZHNMHLNMNIT! NO! ISF!

FOZNEJOUFOI!NK!ISF!HZFEHXF!VEFT!VJVQMHINJO!GFOKNIT!HK!FKINUHIFG!PEJU!ISF!VFMMFI!RJQOIY!

PJE! ISF! FOINEF! HEFH! JP! ISF! WJMP! IFEENIJET$! *O! JOF! IFEENIJET! ['FOK]JX\Y! ISF! EJF! GFFE!

VJVQMHINJO!GFOKNIT!WHK! FKINUHIFG! IJ!c! EJF!GFFEf]U"$!2!VEFPFEFORF! HOHMTKNK! RHOOJI!LF!

VFEPJEUFG!JO!ISNK!IFEENIJETY!HK!ISF!WJMZFK!HEF!QOHLMF!IJ!RSJJKF!VEFT!NIFUK!ISHI!HEF!OJOA

F_NKIFOI!EFXHEGMFKK!JP!VEFPFEFORFY!HOG!ISF!IFEENIJET!WHK!ISQK!F_RMQGFG!PEJU!ISF!HOHMTKNK$!

2MM! JISFE! IFEENIJENFK! WFEF! NORMQGFG! NO! ISF! VEFPFEFORF! HOHMTKNK$! 'SF! JRRQEEFORF! JP! H!

RFEIHNO!VEFT!NO!ISF!GNFI!NK!LHKFG!JO!ISF!IJIHM!OQULFE!JP!]NMMFG!UJJKF!HOG!EJF!GFFE!NO!ISF!

IFEENIJET!GQENOX!ISF!KIQGT!VFENJG$!!

!

'SF! 9QEGJRS! [#B=B\! VEFPFEFORF! NOGF_! R! NGFOINPNFK! ISF! GFZNHORF! PEJU! H! MNOFHE!

EFMHINJOKSNV! [#& I&#\! LFIWFFO! ISF! EHINJ! JP! H! RFEIHNO! VEFT! NO! ISF! GNFI! IJ! NIK! EHINJ! NO! ISF!

FOZNEJOUFOI$!!

! 

c =
P1 P2
N1 N2

!

WSFEF!

! 

P1 P2 !NK!ISF!EHINJ!JP!ISF!IWJ!KVFRNFK!NO!ISF!GNFI!HOG!

! 

N1 N2 NK!ISF!EHINJ!HZHNMHLMF!NO!

ISF! FOZNEJOUFOI! [9QEGJRS! #B=B\$!,SFEF! OJ! KFMFRINJO! JRRQEKY! #! e! #! [9QEGJRS! #B=B\$!

5JWFZFEY!ISF!9QEGJRS!NOGF_!KQPPFEK!PEJU!H!K]FWFG!KRHMFY!WNIS!H!RAZHMQF!PJE!HZJNGHORF!

EHOXNOX!LFIWFFO!c!HOG!#Y!HOG!H!#AZHMQF!PJE!VEFPFEFORF!EHOXNOX!PEJU!#!IJ!NOPNONIT![?EFLK!

#BBB\$!!

!

'SF! 9HOMT^K! 2MVSH! *OGF_! r! [9HOMT! #B>4\! NK! RJUUJOMT! QKFG! NO! FRJMJXT! KIQGNFK! [F$X$!

%JSOFE!j!?EFLK!#BB=Y!?QO]FM!FI!HM$!#BBBY!&GFONQK!FI!HM$!"cc"\!HOG!SHK!H! MNUNIFG!KRHMF!

EHOXNOX!LFIWFFO!c!HOG!#Y!SFORF!UH]NOX!NI!FHKNFE!IJ!JZFEZNFW$!'SF!9HOMT^K!2MVSH!*OGF_!

[r\!NK!RHMRQMHIFG!HKk!

! 

" i = ri ni( ) 1
# rj n j( )
$ 

% 

& 
& 

' 

( 

) 
) 
!

WSFEF!*!NK!ISF!VEJVJEINJO!JP!ISF!VEFT!2!NO!ISF!GNFI!HOG!1!NK!ISF!VEJVJEINJO!JP!VEFT!2!NO!ISF!

FOZNEJOUFOI$!2!VEFPFEFORF!JRRQEK!WSFO&J2!NK!XEFHIFE!ISHO!#f;!WSFEF!;!NK!ISF!OQULFE!JP!

VEFT!ITVFK!ISHI!HEF!HZHNMHLMF!IJ!ISF!VEFGHIJE!NO!ISF!FOZNEJOUFOI![-MKJO!FI!HM$!"cc;\$!!

!

'SF! 9HOMT^K! 2MVSH! NOGF_! GJFKY! SJWFZFEY! JOMT! GFIFEUNOF! WSFISFE! JE! OJI! ISFEF! NK! H!

VEFPFEFORFY! NI!GJFK!OJI!EFZFHM! ISF!KIEFOXIS!JP! ISF!VEFPFEFORF!JE!HZJNGHORF$!'SFEFPJEFY! *!



! ##!

WNMM!HGGNINJOHMMT!HVVMT!ISF!`HRJLK![#B>4\!*OGF_!JP!7JJG!0FMFRINJO![:\!IJ!ISF!GHIH!KFI$!'SF!

`HRJLK^!*OGF_![:\!NK!RHMRQMHIFG!HKk!

! 

D =
r " p( )

r + p " 2rp( ) !

,SFEF! *! NK! ISF! VEJVJEINJO! JP! ]NMMK! PEJU! ISF! IJIHM! NO! ISF! KIQGT! HEFH! HOG! )! NK! ISF!

VEJVJEINJOHM!HZHNMHLNMNIT!JP!VEFT$!'SNK! NOGF_!VEJZNGFK!H!KTUUFIENRHM! KRHMF! PEJU!A#! IJ!c!

PJE!HZJNGHORF!HOG!PEJU!c!IJ!#! PJE!VEFPFEFORF$!/HMQFK!HEJQOG!dFEJ!KSJW!H!OFQIEHM!VEFT!

KFMFRINJO!HOG!*!WNMM!RJOKNGFE!ZHMQFK!PEJU!Ac$:!IJ!c$:!HK!OFQIEHM![1EJUSJQI!"cc=\$!!

!

'J!HGG!PQEISFE!KIEFOXIS!IJ!ISF!HOHMTKNK!JP!VEFPFEFORFY!H!7NKSFE^K!F_HRI!IFKI!WHK!QKFG!IJ!

RJUVHEF! ISF! JLKFEZFG! OQULFE! JP! ]NMMK!WNISNO! FHRS! IFEENIJET! HOG! KIQGT! KFHKJOY! IJ! ISF!

F_VFRIFG! OQULFE! JP! ]NMMK! LHKFG! JO! ISF! VEFT^K! VEJVJEINJOHM! HLQOGHORF! HOG! ISF! IJIHM!

OQULFE!JP! QOXQMHIF! ]NMMK$!(KNOX! ISF! ISEFF! NOGNRFK! XNZFK! HO!JZFEZNFW!JP! NP! HOG!SJW! ISF!

VEFT!VEFPFEFORF!JP!0RHOGNOHZNHO!WJMZFK!RSHOXFK!WNIS!RSHOXNOX!EFMHINZF!VEFT!GFOKNIT$!!&

&

<.K&L+7$""213&)*$>&%$"$#02+1!

2MISJQXS!ISF!VEFPFEFORF!NOGNRFK!RHO!XNZF!QK!HO!NOGNRHINJO!JP!ISF!WJMZFK^!VEFPFEFORF!PJE!H!

RFEIHNO!VEFT!KVFRNFK!HOG!KSJW!NOIFEAIFEENIJENHM!GNPPFEFORFK!NO!VEFT!VEFPFEFORFY!NI!GJFK!OJI!

EFZFHM! WSHI! PHRIJEK! HPPFRI! ISF! VEFT! RSJNRF$! 'SF! PNIINOX! JP! H! +FOFEHMNKFG! .NOFHE! 9N_FG!

9JGFM![+.99\!IHEXFIK!ISNK!gQFKINJO!WSNMKI!HMMJWNOX!ISF!NORMQKNJO!JP!UQMINVMF!VEFGNRIJE!

ZHENHLMFK!ISHI!UHT!HPPFRI!ISF!VEFT!RSJNRF!JP!WJMZFK$!CFRHQKF!*!SHZF!IWJ!HMIFEOHINZF!VEFT!

KVFRNFK![N$F$!UJJKF!HOG!EJF!GFFE\Y!ISF!EFKVJOKF!ZHENHLMF!SHK!H!CFEOJQMMN!GNKIENLQINJO!HOG!

*!RSJKF!IJ!PNI!H!+.99!WNIS!H!LNOJUNHM!GNKIENLQINJO!HOG!MJXNI!PQORINJO$!'SNK!NK!HRSNFZFG!LT!

QKNOX! ISF! MUFE! PQORINJO! JP! ISF! MUF4! VHR]HXF! NO! %! "$#:$c! [%! 7JQOGHINJO! PJE! 0IHINKINRHM!

1JUVQINOX!"c#"\$!!

!

&HRS!WJMP!VHR]!WHK!EFKVJOKNLMF! PJE!UQMINVMF!]NMMK! NO! ISF!KIQGTY!WSNRS! MFHGK! IJ!VKFQGJA

EFVMNRHINJO!QOMFKK!ISNK!NK!RJEEFRIFG!PJE$!'SF!0RHOGNOHZNHO!WJMP!VHR]K!HOG!IFEENIJENFK!UHT!

WFMM! GNPPFE! PEJU! JOF! HOJISFE! NO! KFZFEHM!WHTKY! F$X$! ISFEF! HEF! MHINIQGNOHM! HOG! HMINIQGNOHM!

GNPPFEFORFKY! GNPPFEFORFK! NO! PJEFKI! SHLNIHI! HOG! SQUHO! GNKIQELHORF! HK!WFMM! HK! NOGNZNGQHM!

FPPFRIK! PEJU!EFMHIFGOFKK!LFIWFFO!WJMZFK! NO! ISF!KHUF!VHR]K$!'SFEFPJEFY!FHRS!VHR]!UHT!

SHZF!H!GNPPFEFOI!KIHEINOX!VJNOI!PJE!ISF!NOIFOKNIT!JP!ISFNE!VEFT!RSJNRF$!(KNOX!H!UN_FG!UJGFM!

ISHI!NORMQGFK!ISF!IFEENIJET!NG!HK!H!EHOGJU!PHRIJE!HMMJWK!HO!HOHMTKNK!JP!VEFT!RSJNRF!WSNMKI!



! #"!

HMMJWNOX! ISF! NOIFERFVI!JP! ISF!UJGFM! IJ!ZHET!LFIWFFO! IFEENIJENFKY! TFI!HKKQUNOX! ISHI! ISF!

JISFE!PHRIJEK!SHZF!ISF!KHUF!FPPFRI!JO!ISF!VEFT!RSJNRF!NO!HMM!WJMP!VHR]K![?JVFE!j!9HOKFHQ!

"c#"\$!*!RSJKF!ISF!UJGFM!JP!LFKI!PNI!LT!QKNOX!ISF!7*+)-!PQORINJO!NO!%!JO!ISF!PQMM!UJGFM!HOG!

LT! KIFVWNKF! EFUJZNOX! ZHENHLMFKY! QMINUHIFMT! KFMFRINOX! ISF! UJGFM! WNIS! ISF! MJWFKI! 2*1!

ZHMQFY! LQI! EFRJXONKNOX! HMM! UJGFMK! WNIS! H! s2*1! b"! HK! FgQHMMT! KQVVJEIFG! [CQEOSHU! j!

2OGFEKJO!"cc4\$! 7JE! NOREFHKFG!QOGFEKIHOGNOX!JP! ISF!UJGFM! EFKQMIKY! *! HGG! NOIFEHRINJOK!

LFIWFFO! VEFGNRIJE! ZHENHLMFK! JOF! LT! JOF! IJ! ISF! UJKI! VHEKNUJONJQK! UJGFM! KFMFRIFG!

ISEJQXS!KIFVWNKF!LHR]WHEG!KFMFRINJO!JP!ISF!UHNO!ZHENHLMFK$!

&

<.K.-&M+#'"&)*$>&)+),"'02+1&7$1%20>&

'SF!FKINUHIFK!JP!MJRHM!VEFT!VJVQMHINJO!GFOKNINFK!WFEF!GFENZFG!PEJU!HO!*OZFEKF!3NKIHORF!

,FNXSINOX! NOIFEVJMHINJO! JP! ISF! VFMMFI! RJQOI! KQEZFT! KgQHEFKY! QKNOX! ISF! 0VHINHM! 2OHMTKI!

'JJMK! NO! 2ER+*0n! B! HOG! 2ER9HV'9! B$;$#! LT! &0%*! ["ccB\$! 'SF! VEFT! GFOKNIT! FKINUHIFK!

NORMQGFG! NO! ISF!UJGFM! RJEEFKVJOG! IJ! FHRS! ]NMM! KNIF$! *O! KJUF! RHKFK! OJ! ZHMQFK! RJQMG! LF!

FKINUHIFG!HK!ISF!]NMM!KNIFK!WFEF!JQIKNGF!JP!ISF!VFMMFI!RJQOI!KQEZFT!HEFH$!'SFKF!GHIH!VJNOIK!

WFEF! F_RMQGFG! PEJU! PQEISFE! HOHMTKNK$! *O! IFEENIJENFK! WSFEF! ISF! EJF! GFFE! VJVQMHINJO!

GFOKNINFK!WFEF!FKINUHIFG!IJ!dFEJ!GQENOX!VFMMFI!RJQOI!LQI!WSFEF!ISF!WJMZFK!KINMM!UHOHXFG!

IJ!]NMM! EJF!GFFEY!WF!RJQMG!JOMT!HKKQUF!ISHI!EJF!GFFE!WFEF!VEFKFOI! NO! ISF!HEFH!LQI!HI!H!

ZFET!MJW!GFOKNIT$!'SFEFPJEFY!*!HGGFG!H!KIHOGHEG!ZHMQF!JP!c$ccc#f#c]U"!IJ!ISF!EJF!GFFE!

GFOKNIT!NO!ISFKF!RHKFK$!!

!

2! VHNEAWNKF! RJUVHENKJO! JP! VEFGNRIJE! ZHENHLMFK! EFZFHMK! H! KIEJOX! RJEEFMHINJO! [Ee! c$@B\!

LFIWFFO!ISF!EJF!GFFE!VJVQMHINJO!GFOKNIT!HOG!ISF!VEJVJEINJO!JP!EJF!GFFE!JQI!JP!ISF!IJIHM!

GFOKNIT!JP!UJJKF!HOG!EJF!GFFE!NO!ISF!GHIH!KFI$!'J!HZJNG!RJMMNOFHENIT!JOMT!ISF!IJIHM!VEFT!

VJVQMHINJO!GFOKNINFKY!HOG!OJ!VEFT!VEJVJEINJOKY!WFEF!NORMQGFG!HK!VEFGNRIJEK!NO!ISF!UJGFM$!!

!

<.K.<&61+4&7$)09&

'SF!KOJW!GFVIS!UFHKQEFK! PJE!0WFGNKS!HOG!LJEGFE! IFEENIJENFK!WFEF!JLIHNOFG! PEJU! ISF!

0WFGNKS! 9FIFJEJMJXNRHM! HOG! 5TGEJMJXNRHM! *OKINIQIF! [095*! "c#"\Y! UFHKQEFG! HI!

UFIFJEJMJXNRHM!KIHINJOK!WNISNO!JE!OJ!MJOXFE!ISHO!:cccU!HWHT!PEJU!ISF!HEFH!QINMNKFG!LT!

ISF!WJMZFK!NO!FHRS!IFEENIJET!GQENOX!ISF!KIQGT!VFENJG$!*!FKIHLMNKSFG!WSNRS!UFIFJEJMJXNRHM!

KIHINJO!IJ!QKF!PJE!FHRS!IFEENIJET!LT!RHMRQMHINOX!ISF!9NONUQU!1JOZF_!8JMTXJO!PJE!ISF!WJMP!

VJKNINJOKY!QKNOX!5HWIS!'JJMK!NO!2ER9HV'9!ZFEKNJO!B$;$#![&0%*!"ccB\$!7JE!ISF!)JEWFXNHO!



! #;!

WJMP! IFEENIJET! +EqPhFMMY! ISF! KOJW! GFVIS! UFHKQEFK! WFEF! JLIHNOFG! PEJU! ISF! )JEWFXNHO!

9FIFJEJMJXNRHM! *OKINIQIF! WFL! VJEIHM! F?MNUH! [)9*! "c#"\Y! QKNOX!UFHKQEFK! IH]FO! HI! ISF!

WFHISFE!KIHINJO!%FOHA5HQXFGHMFO$!!

!

'SF!GHIH!JO!KOJW!GFVIS!NORMQGFG!NO!ISF!UJGFM!RJEEFKVJOG!IJ!ISF!UFHKQEFG!KOJW!GFVIS!

PJE!ISF!GHIF!JP!FHRS!]NMM$!5JWFZFEY!KOJW!GFVIS!WHK!OJI!UFHKQEFG!JO!H!GHNMT!LHKNK!HI!HMM!

KIHINJOKY! HOG! OJ! GHIH!WHK! EFXNKIFEFG!WSFO! ISF! KOJW! RJZFE!WHK! MHR]NOX$! 7JE! ]NMM! GHIFK!

WSFEF! OJ! KOJW! GFVIS! GHIH! WHK! HZHNMHLMF! *! RHMRQMHIFG! ISF! UFHO! JP! ISF! MHKI! UFHKQEF!

LFPJEF!ISF!]NMM!HOG!ISF!PNEKI!UFHKQEF!HPIFEY!IJ!EFVEFKFOI!ISF!KOJW!GFVIS!JP!ISF!GHT!JP!ISF!

]NMM$!,SFEF!OJ!UJEF! KOJW!UFHKQEFK!JRRQEEFG!HPIFE! ISF!]NMM! GHIFY! *! HKKQUFG! ISHI! ISFEF!

WHK!OJ!KOJW!RJZFE!JO!ISF!GHTK!ISHI!ISF!]NMMK!SHG!JRRQEEFG$!!

!

<.K.?&F,;@$*&+8&7'>%&%21#$&F$4&N$'*%&

'SF!t)J$!JP!GHTK!KNORF!)FW!6FHEKu!WHK!NORMQGFG!NO!ISF!UJGFM!IJ!RJEEFRI!PJE!HOT!VJIFOINHM!

FPPFRIK! JP! ISF! VEJRFFGNOX! WNOIFE! JISFE! ISHO! KOJW! GFVIS$! 'SF! t)J$! JP! GHTK! KNORF! )FW!

6FHEKu! RJEEFKVJOGK! IJ! ISF! GHT! OQULFE! KNORF! ISF! PNEKI! JP! `HOQHETY! FHKNMT! JLIHNOFG! LT!

KQLIEHRINOX!ISF!GHIF!LT!`HOQHET!#KI$!!

!

<.K.A&=2;$&%21#$&"'%0&O2""&&

2KKQUNOX!ISHI!ISF!WJMZFK^!SQOXFE!WJQMG!NOREFHKF!HK!INUF!VHKKFK!PEJU!ISF!VEFZNJQK!UFHM!

*! NORMQGF! ISF! INUF! MHVKF! LFIWFFO! ]NMMK! HK! H! ZHENHLMF! NO! UT! UJGFM$! 'SF! INUF! FMHVKFG!

LFIWFFO! ]NMMK! WHK! RHMRQMHIFG! PJE! ISNK! VQEVJKF! HOG! NK! LHKFG! JO! ISF! INUF! LFIWFFO! ISF!

WJMZFK^!PNEKI!VJKNINJO!HI!JOF!ZFENPNFG!]NMM!KNIF!HOG!ISF!PNEKI!VJKNINJO!HI!ISF!KQLKFgQFOI!]NMM$!

!

<.K.K&B'#O&%2P$&

'SF!VHR]!KNdF!JP!0RHOGNOHZNHO!WJMP!VHR]K!NK!GJRQUFOIFG!FHRS!WNOIFE!KFHKJO$!*O!0WFGFO!

ISF! PNFMG! KIHPP! HI! ISF! 1JQOIT! 2GUNONKIEHINJO! CJHEGK! HOG! ISF! ,NMGMNPF! 3HUHXF! 1FOIEF!

UH]FK! ISF! GJRQUFOIHINJO! JP! WJMP! VHR]K$! *O! )JEWHTY! NI! NK! ISF! KIHPP! HOG! KIQGFOIK! HI!

5FGUHE]!(ONZFEKNIT!1JMMFXF!ISHI!HEF!NO!RSHEXF!JP!ISF!WJMP!IEHR]NOX!HOG!GJRQUFOIHINJOY!

HOG! ISF! EFKFHERSFEK! HI! 5FGUHE]! (ONZFEKNIT! 1JMMFXF! HEF! HMKJ! NO! RSHEXF! JP! WENINOX! ISF!

HOOQHM!KIHIQK!EFVJEI!JP!0RHOGNOHZNHO!WJMZFK$!'SF!OQULFE!JP!WJMZFK! NO!FHRS!WJMP!VHR]!

ISHI!*!SHZF!NORMQGFG!NO!UT!UJGFM!NK!IH]FO!PEJU!ISFKF!HOOQHM!EFVJEIK$!!

!



! #4!

5-&/%+1$!+&
&
'SF!0RHOGNOHZNHO!WJMP!VEJhFRI!0]HOGQMZ!SHK!VEJZNGFG!GHIH!JO!WJMP!VEFGHINJO!GQENOX!##!

WNOIFEK!["cc#A"c##\!HOG!PEJU!#4!GNPPFEFOI!WJMP!IFEENIJENFKY!ISEFF!JP!WSNRS!WFEF!KIQGNFG!

PJE! IWJY!JE! NO!JOF! RHKF! PJE! ISEFFY! KQLKFgQFOI!TFHEK$!'SF!GQEHINJO!JP! ISF! KIQGT!VFENJGK!

ZHENFG!LFIWFFO!IFEENIJENFKY!EHOXNOX!PEJU!#B!GHTK![7QMQPhvMMFI!"c#c\!IJ!#">!GHTK![+EqPhFMM!

"cc"\Y!HMM!KIHEINOX!HOG!FOGNOX!WNIS!H!EFRJEGFG!]NMM!UHGF!LT!ISF!WJMZFK$!'SF!PQMM!GHIHKFIY!

JO!WSNRS!ISF!HOHMTKFK!JP!ISNK!KIQGT!HEF!LHKFGY!NORMQGFK!H!IJIHM!JP!;:;!WJMPA]NMMFG!UJJKF!

[O!e!"4;\!HOG!EJF!GFFE![O!e!##c\$!!

!

?.-&B*$8$*$1#$&'1'">%2%&

2O! NOIFEAIFEENIJENHM! RJUVHENKJO! JP! VEFT! KFMFRINJO! QKNOX! GHIH! PEJU! #;! IFEENIJENFK! [KFF!

UFISJGK\Y!WNIS!LJIS!UJJKF!HOG!EJF!GFFE!VEFKFORFY!KSJWK!ISHI!WJMZFK!NO!IWJ!IFEENIJENFK!

KFMFRIFG! EJF! GFFE! JZFE! UJJKF$! 'SNK! EFKQMI! NK! RJOKNKIFOI! PJE! HMM! ISEFF! KFMFRINJOANOGNRFK!

QKFG!['HLMF!#\$!2!7NKSFE^K!F_HRI!IFKI!EFZFHMFG!H!KNXONPNRHOI!GNPPFEFORF!NO!ISF!JLKFEZFG!IJ!

F_VFRIFG!OQULFE!JP!]NMMFG!EJF!GFFE!HOG!UJJKF!NO!ISF!KHUF!IWJ!IFEENIJENFK!['HLMF!#\$!'SF!

`HRJL^K!NOGF_!HGGNINJOHMMT!KQXXFKIK!H!VEFPFEFORF![:!o!c$:\!PJE!EJF!GFFE!JZFE!UJJKF!NO!ISF!

CJXEHOXFO!IFEENIJETY!WSFEFHK!EJF!GFFE!HEF!HZJNGFG!NO!>!IFEENIJENFK![:!b!Ac$:\!HK!KSJWO!NO!

'HLMF! #$! 'SFEF! NKY! SJWFZFEY! OJ! KIHINKINRHMMT! KNXONPNRHOI! GNPPFEFORF! NO! ISF! JLKFEZFG! IJ!

F_VFRIFG!OQULFE!JP!]NMMFG!EJF!GFFE!HOG!UJJKF!NO!ISFKF!IFEENIJENFK!['HLMF!#\$!

!

'SF!IWJ!IFEENIJENFK!WSFEF!WJMZFK!KSJW!H!VEFPFEFORF!PJE!EJF!GFFE!SHZF!ISF!SNXSFKI!HOG!

ISF! ISNEG! IJ! SNXSFKI! HLKJMQIF! EJF! GFFE! VJVQMHINJO! GFOKNINFK! [%NHMHk! 4c$"! EJFf#c]U"Y!

0IHGEHk! B$c! EJFf#c]U"\! JP! HMM! IFEENIJENFK! KQEZFTFG! [7NXQEF! #2\$! *O! ISF! EFUHNONOX!

IFEENIJENFKY!VEFGHINJO!JO!EJF!GFFE!HOG!UJJKF!JRRQEEFG!HI!MFZFMK!RMJKF!IJ!WSHI!WJQMG!LF!

F_VFRIFG!LHKFG!JO!ISFNE!EFMHINZF!HLQOGHORF!HOG!ISF!IJIHM!OQULFE!JP!]NMMK!NO!ISF!IFEENIJET$!

'SF!IWJ!IFEENIJENFK!GJY!SJWFZFEY!OJI!SHZF!ISF!SNXSFKI!EHINJ!JP!EJF!GFFE!IJ!UJJKF!NO!ISF!

FOZNEJOUFOI$!*O!%NHMHY!ISF!EHINJ!JP!EJF!GFFE!IJ!UJJKF!NO!ISF!FOZNEJOUFOI!NK!SNXS!HI!H!EHINJ!

JP!HVVEJ_NUHIFMT!;k#Y!LQI!NO!0IHGEH!ISF!EHINJ!NK!OFHE!ISF!JVVJKNIF!HI!#k4![7NXQEF!#C\$!!

!



! #:!

'HLMF!#$!!'SF!EFKQMIK!JP!ISF!ISEFF!VEFPFEFORF!HOHMTKFK!WNIS!ISF!KFMFRINJO!PJE!EJF!GFFE!JZFE!UJJKF!HK!VEFT!NO!
#;!0RHOGNOHZNHO!WJMP!VHR]K!JE!VHNEKY!HOG!ISF!EFKQMIK!JP!7NKSFE^K!F_HRI!IFKI!JP!KIHINKINRHM!KNXONPNRHORF!NO!VEFT!
RSJNRF$!!

!

Pack1 

 
Manly's 
Alpha2 

Murdoch's  
Index3 

Jacob's  
Index4 

Fisher’s  
p-value (df=1)5 

Stadra 0.59 1.43 0.87 < 0.001 

Riala 0.59 1.41 0.87 < 0.01 

Bograngen 0.25 0.33 0.54 1.00 
Ulriksberg 0.19 0.23 0.40 0.43 

Tyngsjö 0.17 0.21 0.35 1.00 

Gråfjell -01 0.13 0.15 0.21 1.00 

Gråfjell -02 0.10 0.11 0.04 1.00 

Djurskog 0.08 0.09 -0.04 1.00 

Hasselfors 0.08 0.09 -0.07 1.00 

Jangen 0.03 0.03 -0.53 0.39 

Kloten 0.02 0.02 -0.70 0.33 

Fulufjell-09 0.00 0.00 -1.00 1.00 

Fulufjell-10 0.00 0.00 -1.00 1.00 

Gråfjell -03 0.00 0.00 -1.00 1.00 
Nyskoga 0.00 0.00 -1.00 1.00 
Gräsmark 0.00 0.00 -1.00 0.49 

1Pack ID, 2Manly’s preference index for roe deer (preference ! > 0.5, avoidance ! < 0.5), 3Murdoch’s preference index for 
roe deer (preference c >1, avoidance c < 1), 4Jacob’s index for roe deer (preference D > 0.5, neutral D= -0.5 > 0.5, avoidance 
D < -0.5), 5P-value of Fisher’s exact test with one degree of freedom. 
!
!

!

7NXQEF!#2$!!&_VFRIFG![MNOFK\!HOG!JLKFEZFG![LMHR]!GJIK\!OQULFEK!JP!EJF!GFFE!]NMMK!NO!#;!0RHOGNOHZNHO!WJMP!
IFEENIJENFK! NO! EFMHINJO! IJ! ISF! HZFEHXF! EJF! GFFE! VJVQMHINJO! GFOKNIT! NO! ISF! IFEENIJETY! VEFKFOIFG! HK! ISF!
MJXHENISU!JP!EJF!GFFE!VJVQMHINJO!GFOKNIT!w#c!IJ!XFI!H!LFIIFE!JZFEZNFW!JP!ZHMQFK!HI!MJW!GFOKNIT$!&_VFRIFG!
ZHMQFK! HEF! LHKFG! JO! ISF! VEJVJEINJOHM! HLQOGHORF! JP! EJF! GFFE! IJ! UJJKF! HOG! ISF! IJIHM! OQULFE! JP! ]NMMFG!
QOXQMHIFK!GQENOX!ISF!KIQGT$!!
!
7NXQEF!#C$!'SF!EFMHINJOKSNV!LFIWFFO!ISF!EHINJ!JP!EJF!GFFE!IJ!UJJKF!NO!ISF!FOZNEJOUFOIY!HOG!ISF!EHINJ!JP!
EJF!GFFE!IJ!UJJKF!NO!ISF!WJMP!GNFI$!'SF!MNOF!EFVEFKFOIK!FgQHM!EHINJ!NO!ISF!FOZNEJOUFOI!HK!NO!ISF!WJMP!GNFIY!
NOGNRHINOX! OJ! KFMFRINJO! PJE! FNISFE! VEFT! KVFRNFKY! Re#! [9QEGJRS! #B=B\$! 'SF! IWJ! WJMP! IFEENIJENFK! WNIS!
KFMFRINJO!PJE!EJF!GFFE!JZFE!UJJKF!HVVFHE!RMFHEMT!HLJZF!ISF!MNOF$!

-
-

- -- -----------
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! #=!

?.<&L+7$"&+8&)*$>&#9+2#$&

!

2! +FOFEHMNdFG! .NOFHE! 9N_FG! 9JGFM! [+.99\! WNIS! LNOJUNHM! GNKIENLQINJO! HOG! H! MJXNI!

PQORINJO! EFZFHM! ISHI! EJF! GFFE! VJVQMHINJO! GFOKNIT! NK! HO! NUVJEIHOI! PHRIJE! HPPFRINOX! VEFT!

RSJNRF!JP!WJMZFK!GQENOX!WNOIFE!NO!ISF!0RHOGNOHZNHO!IWJAVEFT!KTKIFU!['HLMF!"Y!'HLMF!;\$!

*O! H! KQLKHUVMF! *! QKFG! GHIH! PEJU! H! IJIHM! JP! ">#! ]NMMK! [OUJJKFe! #>;Y! OEJFe! B@\! PEJU! #"!

IFEENIJENFKY! PJE! WSNRS! *! RJQMG! JLIHNO! FKINUHIFK! JP! MJRHM! VEFT! GFOKNINFKY! GHIH! JO! ISF!

RJOIFUVJEHET!KOJW!GFVISY!HOG!ISF!INUF!MHVKF!KNORF!ISF!VEFZNJQK!]NMM$!!

!

(MINUHIFMTY!UJGFM!KFMFRINJO!WHK!UHGF!PEJU!ISF!PQMM!UJGFMk!B*$>&#9+2#$;++%$I&8QB'#O&%2P$R&

=2;$&%21#$&"'%0&O2""R&61+4&7$)09R&F+.&+8&7'>%&%21#$&1$4&>$'*%R&/+$&7$$*&)+),"'02+1&7$1%20>R&

L++%$&)+),"'02+1&7$1%20>R&=$**20+*>*'17+;& 8'#0+*S$!'SF!ZHENHLMFK!WFEF! EHO]FG!HRRJEGNOX! IJ!

ISF!KQU!JP!2*1!WFNXSIK!NO!IHLMF!;$!'SF!JOMT!ZHENHLMF!WNIS!H!KIHINKINRHMMT!KNXONPNRHOI!FPPFRI!

JO!ISF!VEFT!RSJNRF!JP!WJMZFK!NO!HMM!UJGFMK!NK!/+$&7$$*&)+),"'02+1&7$1%20>!['HLMF!"\$!'SF!

UJKI!VHEKNUJONJQK!UJGFM!9#![PNXQEF!"2!HOG!"C\!KQXXFKIK! ISHI! ISF!UJGFM! NK! NUVEJZFG!

KMNXSIMT!LT!NORMQKNJO!JP!ISF!VEFGNRIJE!B'#O&%2P$!HMISJQXS!ISF!FPPFRI!JP!ISNK!ZHENHLMF!NK!OJI!

KIHINKINRHMMT!KNXONPNRHOI![7NXQEF!"C\$!

!
'HLMF!"$!'SF!UJKI!VHEKNUJONJQK!+FOFEHMNKFG!.NOFHE!9N_FG!9JGFM![LNOJUNHM!MJXNI\Y!GFKRENLNOX!ISF!WJMZFK^!
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! #>!

!
7NXQEF!"$!%FKVJOKF!JP!VEFT!RSJNRF!HK!VEFGNRIFG!LT!EJF!GFFE!VJVQMHINJO!GFOKNIT![PNXQEF!"2k!V!b!c$c#\!HOG!
VHR]!KNdF!![PNXQEF!"Ck!V!e!c$#4\!JO!ISF!RSJNRF!JP!UJJKF!JZFE!EJF!GFFE!NO!ISF!UJKI!VHEKNUJONJQK!UJGFM!9#k!
MJXNI![8EFT!1SJNRF9JJKF\!e!c$@:!wc$4:x8HR]!0NdF!Ac$c>x%JF!GFFE!8JVQMHINJO!3FOKNIT$!/HMQFK!NORMQGFG!NO!ISF!
XEHVSK! HEF! LHR]AIEHOKPJEUFG! PEJU! ISF! JENXNOHM! LNOJUNHM! UJGFM! WNIS! MJXNI! PQORINJO$! 'SF! KJMNG! MNOF!

EFVEFKFOIK! ISF!UJGFM! PJE! PNXQEF! "2! ISF!UFHO! VHR]! KNdF! [_ ̅e;$:B\! HOG! NO! PNXQEF! "C! EJF! GFFE! VJVQMHINJO!
GFOKNIT![_ ̅e#:$#4\Y!HOG!ISF!GHKSFG! MNOFK!KSJWK!ISF!KIHOGHEG!FEEJE!JP! ISF!UFHO$!CFRHQKF!JP! ISF!CFEOJQMMN!
GNKIENLQINJO!JP!ISF!GHIHY!ISF!WJMZFK^!RSJNRF!JP!EJF!GFFE!JZFE!UJJKF!VEJGQRFK!ISF!JVVJKNIF!XEHVS$!!

!
!
9JGFM!9;!HMJOF!NORMQGFK!JOMT!KIHINKINRHMMT!KNXONPNRHOI!VEFGNRIJE!ZHENHLMFK$!'SFKF!HEF!*+$&

7$$*&)+),"'02+1&7$1%20>!HOG!0$**20+*>&27![IHLMF!"\$!7NXQEF!;2!KSJWK!ISF!FPPFRIK!JP!EJF!GFFE!

VJVQMHINJO! GFOKNIT! [V! e! c$cc#\! JO! ISF! RSJNRF! JP! UJJKF! JZFE! EJF! GFFE! NO! UJGFM! 9;k!

MJXNI[8EFT! 1SJNRF9JJKF\! e! "$4>! Ac$=@Bx%JF! GFFE! VJVQMHINJO! GFOKNIT$! *O! RJOIEHKIY!UJJKF!

VJVQMHINJO!GFOKNIT!SHG!OJ!KIHINKINRHMMT!KNXONPNRHOI!FPPFRI!JO!ISF!VEFT!RSJNRF!JP!WJMZFK!NO!

HOT!UJGFM! [IHLMF!"\$!'SF!EFMHINJOKSNV!LFIWFFO!;++%$&)+),"'02+1&7$1%20>! [V!ec$4"\!HOG!

VEFT!RSJNRF!JP!WJMZFK!NK!KSJWO!NO!PNXQEF!;C!PJE!ISF!UJGFM!9>k!MJXNI[8EFT!1SJNRF9JJKF\!e!

#$B:!wc$c"x9JJKF!8JVQMHINJO!3FOKNIT$!!

!

'SF! IQEONOX! VJNOI! NO! LJIS!UJGFM!9#! HOG!UJGFM!9;! [IHLMF! "\Y! N$F$! WSFO! EJF! GFFE! HOG!

UJJKF! HEF! FgQHMMT! MN]FMT! IJ! LF! RSJKFO! HK! VEFT! [6ec$:\Y! JRRQE! HI! HO! HLKJMQIF! EJF! GFFE!

VJVQMHINJO!GFOKNIT!JP!HVVEJ_NUHIFMT!;:!EJF!GFFEf#c!]U"![7NXQEF!"Y!7NXQEF!;\$!'SF!UJGFM!

VEFGNRIK! ISHI!HI!EJF!GFFE!VJVQMHINJO!GFOKNINFK!SNXSFE!ISHO!;:!EJF!GFFEf#c!]U"Y!WJMZFK!

HEF!UJEF!MN]FMT!IJ!RSJJKF!EJF!GFFE!WSFEFHK!HI!GFOKNINFK!MJWFE!ISHO!ISNK!ISEFKSJMG!UJJKF!

NK!ISF!UJEF!MN]FMT!]NMM$!!

!
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! #@!

!
7NXQEF!;2$!%FKVJOGNOX!VEFT!RSJNRFY!UJJKF!JZFE!EJF!GFFEY!HK!VEFGNRIFG!LT!/+$&7$$*&)+),"'02+1&7$1%20>![V!e!
c$cc#\!NO!UJGFM!9;$!!
!
7NXQEF!;C$!9JGFM!9>!WNIS!L++%$&)+),"'02+1&7$1%20>![V!e!c$4"\!HK!H!VEFGNRIJE!JP!ISF!VEFT!RSJNRF!UJJKF!JZFE!
EJF!GFFE$!/HMQFK!NORMQGFG!NO!ISF!XEHVSK!HEF!LHR]AIEHOKPJEUFG!PEJU!ISF!JENXNOHM!LNOJUNHM!UJGFM!WNIS!MJXNI!
PQORINJO!HOG!ISF!GHKSFG!MNOFK!KSJW!ISF!KIHOGHEG!FEEJE$!3QF!IJ!ISF!CFEOJQMMN!GNKIENLQINJO!JP!ISF!EFKVJOKF!
ISF!RSJNRF!JP!EJF!GFFE!JZFE!UJJKF!VEJGQRF!ISF!JVVJKNIF!RQEZF$!

!
!
6-&0.+)1++.'*&

A.-&G10$*H0$**20+*2'"&7288$*$1#$%&21&)*$>&)*$8$*$1#$&+8&4+"5$%&8+*&*+$&7$$*&

*!SHZF!LFFO!HLMF!IJ!GFKRENLF!H!VEFPFEFORF!PJE!EJF!GFFE!JZFE!UJJKF!HK!VEFT!NO!IWJ!JP!ISF!

0RHOGNOHZNHO!WJMP!IFEENIJENFK![%NHMH!HOG!0IHGEH\$!'SFKF!IWJ!IFEENIJENFK!WSFEF!LJIS!SHZF!

H! SNXS! HLKJMQIF! EJF! GFFE! VJVQMHINJO! GFOKNIT! RJUVHEFG! IJ! JISFE! WJMP! IFEENIJENFK! NO!

0RHOGNOHZNH$!'SF!EFKQMIK!JPPFE!KJUF!KQVVJEI!PJE!ISF!JVINUHM!PJEHXNOX!ISFJET!WSFEF!VEFT!

JISFE! ISHO! EJF! GFFE! HEF! NXOJEFG! WSFO! ISNK! VEFT! JRRQE! HI! H! KQPPNRNFOI! GFOKNIT! [?EFLK!

#B>>\Y!NO!ISNK!RHKF!HI!H!EFXNJOHM![NOIFEAIFEENIJENHM\!MFZFM$!5JWFZFEY!HOJISFE!WJMP!IFEENIJET!

[5HKKFMPJEK\! SHG! SNXS! EJF! GFFE! VJVQMHINJO! GFOKNITY! TFI! OJ! KFMFRINJO! PJE! HOT! QOXQMHIF!

KVFRNFK!WHK!GFIFRIFGY! NOREFHKNOX!ISF!HULNXQNIT!JP!ISF!EFKQMIK$!*O!JEGFE!IJ!GEHW!EFMNHLMF!

RJORMQKNJOK!HLJQI!ISF!FPPFRI!JP!EJF!GFFE!GFOKNIT!JO!VEFT!VEFPFEFORFY!UJEF!GHIH!NK!OFFGFG!

PEJU!WJMP! IFEENIJENFK! NO! HEFHK! JP! NOIFEUFGNHIF! HOG! SNXS! EJF! GFFE! VJVQMHINJO! GFOKNINFK$!

2MISJQXS!NO!ISF!EFUHNONOX!WJMP!IFEENIJENFK!EJF!GFFE!HVVFHEFG!IJ!LF!HZJNGFG!HRRJEGNOX!IJ!

ISF!ISEFF!VEFPFEFORF!NOGNRFKY!ISF!7NKSFE^K!F_HRI!IFKI!KSJWFG!ISHI!WJMP!VEFGHINJO!WHK!OJI!

KNXONPNRHOIMT! GNPPFEFOI! PEJU! WSHI! WJQMG! LF! F_VFRIFG! PEJU! ISF! VEJVJEINJOHM! QOXQMHIF!

HLQOGHORF$! 'SNK! UHTY! NO! VHEIY! LF! H! EFKQMI! JP! F_IEFUFMT! KUHMM! ZHMQFK! PJE! ISF! F_VFRIFG!

OQULFE!JP!]NMMFG!EJF!GFFE$!!
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! #B!

(KNOX!ISF!GFPNONINJO!JP!VEFT!KWNIRSNOX!LT!9QEGJRS![#B=B\!ISFEF!NK!HI!VEFKFOI!OJ!KQVVJEI!

PJE! VEFT! KWNIRSNOX$! 7JE! ISNK! ITVF! JP! KWNIRSNOX! WF! HKKQUF! H! MJWFE! ISHO! F_VFRIFG!

VEFGHINJO! EHINJ!WSFO! ISF!VEFT!JRRQEK! HI! H! MJW! EHINJ! NO! ISF! FOZNEJOUFOIY! HOG! H!SNXSFE!

ISHO!F_VFRIFG!VEFGHINJO!EHINJ!HI!H!SNXS!JRRQEEFORF!EHINJ!NO!ISF!FOZNEJOUFOI![+HEEJII!FI!

HM$! "cc>\$! 'SNK! WHK! OJI! JLKFEZFG! NO! JQE! KIQGT$! -QI! JP! ISF! IWJ! IFEENIJENFK! WSFEF! H!

VEFPFEFORF!WHK!GFIFRIFGY! ISF! KIEJOXFKI! KFMFRINJO! PJE! EJF!GFFE!WHK! PJQOG! NO! H! IFEENIJET!

WNIS! H! SNXSFE! UJJKF! ISHO! EJF! GFFE! VJVQMHINJO! GFOKNIT$! -QE! EFKQMIK! HEFY! SJWFZFEY!

XFOFEHMNKNOX! ISF! FPPFRIK! JP! VEFT! GFOKNIT! ISEJQXSJQI! ISF! GNPPFEFOI! 0RHOGNOHZNHO! WJMP!

IFEENIJENFKY!WSFO! NI! NK! VJKKNLMF! ISHI! ISF! ISEFKSJMG! EHINJ! HI!WSNRS! H! KWNIRS!WJQMG!JRRQE!

RJQMG!ZHET!LFIWFFO!IFEENIJENFK$!'SFJEFINRHMMTY!ISF!KWNIRSNOX!ISEFKSJMG!RJQMG!PJE!NOKIHORF!

ZHET!WNIS!MJRHM!GNPPFEFORFK!NO!VEFT!ZQMOFEHLNMNIT!JE!LJGT!KNdF![+HEEJII!FI!HM$!"cc>\$!!

!

A.<&B*$>&#9+2#$&3+5$*1$7&@>&*+$&7$$*&7$1%20>&

-O!H!MJRHM!MFZFM!NI!NK!ISF!EJF!GFFE!VJVQMHINJO!GFOKNIT!ISHI!HRIK!HK!ISF!UHNO!VEFGNRIJE!JP!ISF!

VEFT! RSJNRF! LT! WJMZFK! HRRJEGNOX! IJ! JQE! UJGFM$! 9JJKF! VJVQMHINJO! GFOKNITY! JO! ISF!

RJOIEHETY!SHG!OJ!FPPFRI!JO!ISF!VEFT!RSJNRF$!'SNK!PQEISFE!KIEFOXISFOK!ISF!STVJISFKNK!ISHI!

WSFO!EJF!GFFE!HEF!HZHNMHLMF!HI!KQPPNRNFOI!GFOKNINFKY!ISNK!NK!ISF!VEFPFEEFG!VEFT!JP!WJMZFKY!

HOG!ISHI!ISF!KSNPI!JP!WJMP!VEFGHINJO!IJWHEGK!EJF!GFFE!XJZFEOK!ISF!VEFGHINJO!VEFKKQEF!JO!

JISFE!VEFT!KVFRNFKY!HMKJ!JO!H!MJRHM![NOIEHAIFEENIJET\!MFZFM$!`yGEdFhFWK]N!FI!HM$!["ccc\!PJQOG!

H! KNUNMHE! HKKJRNHINJO! LFIWFFO! ISF! WJMP! VEFT! RSJNRF! HOG! EFG! GFFE! VJVQMHINJO! GFOKNIT!

GQENOX! ISFNE! KIQGT! NO!8JMHOG$! *OIFEFKINOXMTY!WSFEFHK! EFG!GFFE!HEF! EFMHINZFMT! MHEXFY! ISQK!

LFOFPNRNHM! VEFTY! EJF! GFFE! VEJZNGF! HI! LFKI! #f=! ISF! LJGT! UHKK! JP! H! UJJKF! [0HOG! FI! HM$!

"cc:\$!2MKJY!ISF!RSHKF!GNKIHORF!PJE!WJMZFK!IJ!RHVIQEF!EJF!GFFE!NK!JO!HZFEHXF!MJOXFE!ISHO!

ISHI!IJ!RHVIQEF!UJJKFY!HMISJQXS!ISF!KQRRFKK!EHIF!JP!ISF!RSHKF!NK!OJ!SNXSFE![,N]FOEJK!FI!

HM$!"ccB\$!'SQKY!ISF!EJF!GFFE!RSHKF!HVVFHEK!IJ!LF!MFKK!VEJPNIHLMF!ISHO!H!RSHKF!JO!UJJKF$!!

!

-OF! UNXSI! KVFRQMHIF! SJW! EJF! GFFEY! LFNOX! KUHMM! HOG! GNPPNRQMI! IJ! RHIRSY! LFRJUFK! ISF!

VEFGNRIJE!JP!WJMP!VEFT!RSJNRF!GFKVNIF!HVVFHENOX!IJ!LF!H!MFKK!VEJPNIHLMF!VEFT!ISHO!UJJKF$!

9HIINJMN!FI!HM$!["c##\!PJQOG!WJMZFK!IJ!KFMFRI!ISF!UJKI!ZQMOFEHLMF!VEFTY!XNZFO!ISF!JVINJO$!

9JJKFY! LFNOX! KJ!UQRS! MHEXFE! HOG! KIEJOXFE! ISHO! EJF! GFFEY! HEF! ]OJWO! IJ! VJKF! H! MHEXFE!

ISEFHI!IJ!HO!HIIHR]NOX!WJMP!HOG!HEF!RHVHLMF!JP!RHQKNOX!KFZFEF!NOhQET!JE!GFHIS!IJ!ISF!WJMP!

[2EJOKKJO!FI!HM$!"cc"\$!8EFGHIJEK!KSJQMGY!HOG!GJY!FZHMQHIF!ISF!ENK]!NOZJMZFG!NO!PJEHXNOX!



! "c!

[CFEXFEA'HM!FI!HM$!"ccB\!HOG!NI!NK!MN]FMT!ISHI!ISF!ENK]!JP!NOhQET!NK!H!RJKI!XEFHI!FOJQXS!PJE!

ISF!WJMZFK!IJ!HZJNG!UJJKF!WSFO!ISF!KUHMMFE!EJF!GFFE!HEF!HZHNMHLMF$!!

!

5JWFZFEY! NO! 0RHOGNOHZNHY! MJRHM! EJF! GFFE! VJVQMHINJO! GFOKNINFK! UQKI! LF! EFMHINZFMT! SNXS!

[o;c!EJF!GFFEf#c]U"\!PJE!WJMZFK!IJ!UH]F!ISNK!KSNPI! NO!ISFNE!VEFT!RSJNRF$!'SQK!WF!UHT!

HKKQUF!ISHI!ISF!EJF!GFFE!VEJPNIHLNMNIT!NOREFHKFK!WNIS!EJF!GFFE!VJVQMHINJO!GFOKNIT$!3QF!IJ!

ISFNE!KUHMM!KNdF!EJF!GFFE!UHT!KNUVMT!OJI!LF!VEJPNIHLMF!PJE!WJMZFK!WSFO!FOFEXT!UQKI!LF!

KVFOI! KFHERSNOX! PJE! ISFU$! 'SQKY! NI! NK! MN]FMT! ISHI! WJMZFK! JOMT! VEFT! JO! EJF! GFFE!

JVVJEIQONKINRHMMT!WSFO!EJF!GFFE!JRRQE!HI!MJW!VJVQMHINJO!GFOKNINFK![+FEZHKN!FI!HM$!"c#"H\$!

2!SNXS!VJVQMHINJO!GFOKNIT!RHO!MFHG!IJ!LFSHZNJQEHM!FPPFRIK!JP!ISF!EJF!GFFEY!LT!NOREFHKNOX!

ISFNE! IFOGFORT! IJ!HXXEFXHIF! NO!OQULFEK! [/NORFOI!FI!HM$!"ccB\Y!VJIFOINHMMT!UH]NOX! ISFNE!

MJRHINJO!UJEF!VEFGNRIHLMF!IJ!WJMZFK$!8EFZNJQK!KIQGNFK!SHZF!KSJWO!ISHI!WJMZFK!HEF!HLMF!

IJ!HGhQKI! ISF!QINMNKHINJO!JP! ISFNE!SJUF!EHOXF! NO! EFKVJOKF! IJ! ISF! MJRHINJO!JP!VEFGNRIHLMF!

VEFT![?QO]FM!FI!HM$!"cc4\$!-OF!RJQMG!STVJISFKNKF!ISHI!WJMZFK!KVFOG!UJEF!INUF!NO!HEFHK!

WNIS! HXXEFXHIFG! EJF! GFFEY! ISFEFLT! EFGQRNOX! ISFNE! KFHERS! GNKIHORF! HOG! NOREFHKNOX! ISF!

VEJPNIHLNMNIT!JP!EJF!GFFE!HK!VEFT![+NEHMGFHQ!"cc@\$!'SFJEFINRHMMTY!UJJKF!VEFGHINJO!WJQMG!

ISFO!LF! PQEISFE! MNUNIFG!HK!WJMZFK!UHT!EHEFMT!FORJQOIFE!UJJKF! NO! ISF!EJF!GFFE!SHLNIHI!

[9FKKNFE! #BB:Y! 9QEGJRS! #B>:\$! 5JWFZFEY! ISNK! STVJISFKNK! NK! OJI! KQVVJEIFG! NO! H! PNEKI!

NOZFKINXHINJO!JP!WJMP!UJZFUFOI!NO!0RHOGNOHZNH![+FEZHKN!FI!HM$!"c#"H\$!!

!

2OJISFE! STVJISFKNK! PJE! SJW! EJF! GFFE! VJVQMHINJO! GFOKNIT! NOREFHKFK! ISF! VEJPNIHLNMNIT! JP!

ISF!EJF!GFFE!HK!VEFT!NK!ISHI!ISFEF!HEF!NOGNEFRI!FPPFRIK!JP!EJF!GFFE!VJVQMHINJO!GFOKNIT!JO!

ISFNE! ZQMOFEHLNMNIT! ISEJQXS! NOIEHAKVFRNPNR! RJUVFININJO! HOG! MNUNIHINJO! JP! EFKJQERFK!

[%JR]WJJG!"cc=\$!%JF!GFFE!WNIS!EFGQRFG!SJUF!EHOXF!KNdFK![?hFMMHOGFE!FI!HM$!"cc4\Y!HOG!

KQLHGQMIK!ISHI!HEF!QOHLMF!IJ!FKIHLMNKS!VFEUHOFOI!SJUF!EHOXFK![/NORFOI!FI!HM$!"ccB\!HI!

SNXS! VJVQMHINJO! GFOKNINFK! RJQMG! VJIFOINHMMT! LFRJUF! WFH]Y! ISQK! LFRJUF! ZQMOFEHLMF! IJ!

VEFGHINJO![9HIINJMN!FI!HM$!"c##\$!!!!

!

7QEISFEUJEFY!EJF!GFFE!HEF!KFOKNINZF!IJ!NOREFHKNOX!KOJW!GFVIS![3HONM]NO!#BB:\Y!HK!KOJW!

RHO!KFZFEFMT!SHUVFE!ISF!ISFNE!RSHORFK!JP!FKRHVFY!HOG!VJIFOINHMMT!UH]F!ISFU!ZQMOFEHLMF!

IJ!VEFGHINJO![)JWH]!FI!HM$!"cc:\$!5JWFZFEY!RJQOIFE!JQE!F_VFRIHINJOK!WF!PJQOG!OJ!FPPFRI!

JP!KOJW!GFVIS!JO!ISF!VEFT!RSJNRF!NO!ISNK!KIQGTY!EFKQMIK!KNUNMHE!IJ!ISF!RJORMQKNJOK!JP!0HOG!

FI!HM$!["cc:\!HOG!3HMF!FI!HM$![#BB:\$!*I!NK!VJKKNLMF!ISHI!ISF!EFXNJOHM!KOJW!GFVIS!UFHKQEF!



! "#!
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