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JU/_,6,5=!1,,!c053&*U!0'4!G++,)5,'!J#L"OM!?/5!0'!,W2,Y*(/'M!0'4=!*/!/&5!a'/_+,4),=!',6,5!*/!""#!

%04Z1,F!40*0!?5/3!'/'Z3/4,+!/5)0'(131=!Y5/R0R+D!4&,!*/!*U,!',,4!/?!0!5,?,5,'2,!1,F&,'2,!?/5!""$!

*U,!1/?*_05,!*/!_/5a7!Q,5,=!_,!?/++/_,4!*U,!0YY5/02U!/?!Q,++,5!,*!0+7!J#L#"M!0'4!fU(3/&'!,*!""8!

0+7!J#L#LM!RD!25,0*(')!0'!05*(?(2(0+!5,?,5,'2,!1,F&,'2,7!T(51*=!_,!&1,4!*U,!212$0,'.1%!125(Y*!('!""9!

>',)?&!*/!011,3R+,!+/2(!Y5,1,'*!('!0*!+,01*!BLl!/?!*U,!('4(6(4&0+1!J&1(')!*U,!?+0)!(AD8EMe!*U,'=!"":!

_,!2/'20*,'0*,4!*U,!2/'1,'1&1!1,F&,'2,1!/?! *U,!5,*5(,6,4!+/2(!1Y02,4!RD!0!1*5,*2U!/?!"#L!N!""A!

J&'a'/_'M!2U0502*,51!J*U,!103,!+,')*U!/?!*U,!%04Z+/2(M!*/!?02(+(*0*,!*U,!1&R1,F&,'*!30YY(')7!""B!

%0_!5,041!_,5,!*U,'!30YY,4!R02a!*/!*U,!'/6,+!5,?,5,'2,!1,F&,'2,!RD!3,0'1!/?!*U,!3;,F/#/!""O!

0+)/5(*U3!_(*U!4,?0&+*!Y0503,*,51!J<(!d!\&5R('=!#LLOM7!K1(')!2&1*/3!R01U!125(Y*1!2/&Y+,4!_(*U!"#L!

C%=&*=!_,!0YY+(,4!0!'&3R,5!/?!?(+*,51!*/!*U,!0+()',4!40*0!0'4!,+(3('0*,4-!.G!1(*,1!_(*U!2/6,50),!"#"!

q$! JZ/.%H%*I#2'-oJ! ?+0)M=! ..G! R04! F&0+(*D! R01,1! 0'4! Y//5+D! 0+()'(')! 5,041! JZ/.%K! 0'4! Z"##!

/.%@,2K! 0'4! F+! ?+0)1! _(*U! 4,?0&+*! 60+&,1Me! ...G! Y//5! F&0+(*D! 1(*,1! R01,4! /'! *U,! Y,5! R01,!"#$!

0+()'3,'*!F&0+(*D!JZ3,LAM!?+0)Me!.6G!>N;1!('!*U,!+01*!9!RY!/?!,02U!+/2&1e!6G!>N;1!U,*,5/`D)/*,!"#8!

('! 0*! +,01*! BLl! /?! ('4(6(4&0+1e! 6.G! +/2(! _(*U! 3/5,! *U0'! 9! >N;1! *U0*! 2/&+4! Y/*,'*(0++D! R,!"#9!

Y050+/)/&1e! 6..M! 1(*,1! _(*U!3(11(')! 40*0! RD! 1,**(')! *U,! F/.%H%*! ?+0)! */! *U,! */*0+! '&3R,5! /?!"#:!

('4(6(4&0+1!5,*0(',4!('!,02U!1Y,2(,17!jU,!?(+*,5,4!40*01,*!_01!*U,'!&1,4!*/!),',50*,!0!1(*,!0++,+,!"#A!

?5,F&,'2D!+(a,+(U//4!?(+,=!_(*U!*U,!),'/*DY,!+(a,+(U//41!2/3Y&*,4!_(*U!*U,!>S@*//+1!3,*U/4!"#B!

JF5NAM! ?+0)M=! ?&5*U,5!/Y*(3(1,4! */!2/3Y&*,!0! ?/+4,4!&.'#! O(#L$#%)4!&2#)'($/! J>T>M!_(*U!'/!"#O!

3(11(')!40*0!?/5!4/_'1*5,03!0'0+D1,17!S'!0+*,5'0*(6,!J0'4!1(3Y+,5M!0YY5/02U!_/&+4!U06,!R,,'!"$L!

*/! 0&)3,'*!/! */! 02U(,6,! 0'! U()U,5! 2/6,50),! J;05(1=! >*,6,'1=!d!.0*2U,'=! #L"AM7!Q/_,6,5=!"$"!

R,1(4,!*U,!2/'1(4,50R+,!+/11!('!*U,!'&3R,5!/?!011,3R+,4!+/2(!J0'4!U,'2,!/?!5,*5(,6,4!>N;1M=!_,!"$#!

?/&'4!RD!,W*,'1(6,!1(3&+0*(/'!/?!.%!&.0.)1!%04!,WY,5(3,'*1!*U0*!1,+,2*(')!U()U!2/6,50),!+/2(!"$$!

R(01,1! *U,!>T>! */_0541! +/_!?5,F&,'2D!605(0'*1! J@/'0=!H,5*/5,++,=!H,'0``/=! ('!Y5,Y050*(/'M7!"$8!
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! A!

jU,! >T>! ?/5!+8!/#0,%12'#($&! _01! ,1*(30*,4! 4(5,2*+D! ?5/3! *U,! U()U! 2/6,50),! ,W/'Z20Y*&5,!"$9!

40*01,*!/?!@0(10'/!\,+1,5!,*!0+7!J#L"OM7!!"$:!

E%(%*+')2+3%0&+*1)#(2)2%,"=0#6/+')+(.%0%('%&)"$A!

N&2+,/*(4,!4(6,51(*D!Jr!M=!r"!Jc0**,51/'V1!*U,*0=!R01,4!/'!1,)5,)0*(')!1(*,1!Jc0**,51/'=!"OA9MM!"$B!

0'4!j0b(30V1!I!PQI7!Jj0b(30=!"OBOMM!_,5,!2/3Y&*,4!?5/3!*U,!>T>!?/5!,02U!1Y,2(,1!_(*U!2&1*/3!"$O!

125(Y*17! >()'(?(20'2,! /?!QI! _01! ,60+&0*,4! 0?*,5! "=LLL! 2/0+,12,'*! 1(3&+0*(/'1! /?! 0! 2/'1*0'*!"8L!

Y/Y&+0*(/'!3/4,+!_(*U!120+,4!1(`,!r!7!j/!*,1*!_U,*U,5!103Y+,4!4,3,1!05,!(1/+0*,4!/5!R,+/')!*/!"8"!

0! 1*5&2*&5,4! 3,*0ZY/Y&+0*(/'! 0'4! */! ,6,'*&0++D! ,1*(30*,! 2/'',2*(6(*D=! _,! 4,6(1,4! *U5,,!"8#!

0+*,5'0*(6,!,6/+&*(/'05D!3/4,+1! ?/5!,02U!1Y,2(,1! JT()&5,!"M!_(*U('!0'!,22(19./,'#!3,4#&.,%!"8$!

)1/2$','.1%! JSH.M! ?503,_/5a7!@/4,+! N>! J'/'Z1*5&2*&5,4M! 4,?(',4! 0'! (1/+0*,4! Y/Y&+0*(/'!"88!

2U0502*,5(`,4!RD!0!3/4,5'!,??,2*(6,!Y/Y&+0*(/'!1(`,!J"#$%M!1_(*2U(')!('1*0'*0',/&1+D!('*/!0'!"89!

0'2,1*50+!Y/Y&+0*(/'!1(`,!J"&'(M!0*!Q)!),',50*(/'1!R,?/5,!Y5,1,'*7!@/4,+!TC@!1Y,2(?(,1!0!'/'Z"8:!

,F&(+(R5(&3! ?('(*,! (1+0'4! 3/4,+! 4,?(',4! RD! *o"LL! 4,3,1! ,W2U0')(')! "/! 3()50'*1! ,02U!"8A!

),',50*(/'! &'4,5! 0! 1D33,*5(2! 3()50*(/'! 30*5(W7! jU,! 0550D! /?! 4,3,1! (1! ('1*0'*0',/&1+D!"8B!

2/+/'(`,4!Q($)! ),',50*(/'1! R,?/5,! Y5,1,'*! ?5/3! 0! Y/Y&+0*(/'!_(*U! 0'! 0'2,1*50+! 1(`,! J"&'(M7!"8O!

@/4,+!>>j!(1!1(3(+05!*/!TC@!R&*!4,3,1!,W2U0'),!3()50'*1!/'+D!_(*U!*U,(5!?/&5!',()UR/&51!J/5!"9L!

+,11=!(?!*U,D!05,!0*!*U,!R/54,5!/?!*U,!0550DM=!('!0!1*,YY(')1*/',!?01U(/'7!c,!Y,5?/53,4!9L=LLL!"9"!

2/0+,12,'*! 1(3&+0*(/'1! ?5/3! Y5(/5! 4(1*5(R&*(/'1! &1(')! O,&'&./)1,0! 67#7:7L7$! JGW2/??(,5=!"9#!

\&Y0'+/&Y=!Q&,5*0Z>s'2U,`=!>/&10=!d!T/++=!#L"$M7!5,Y5/4&2(')!*U,!,W02*!'&3R,5!/?!('4(6(4&0+1!"9$!

0'4!+/2(!?/5!,02U!1Y,2(,1!Jj0R+,!"M7!c,!?(51*!Y,5?/53,4!3/4,+!1,+,2*(/'!*U5/&)U!*U,!50'4/3!"98!

?/5,1*!J%TM!2+011(?(20*(/'!3,*U/4!(3Y+,3,'*,4!('!*U,!0R2%T!%!Y02a0),!J;&4+/!,*!0+7=!#L":M7!c,!"99!

*U,'! Y,5?/53,4! 9L=LLL! 044(*(/'0+! 1(3&+0*(/'1! &'4,5! *U,!3/1*! 1&YY/5*,4!3/4,+! ('! /54,5! */!"9:!

,1*(30*,!4,3/)50YU(2!Y0503,*,51!_(*U!*U,!0R2%T!5,)5,11(/'!3,*U/4!J%0D'0+!,*!0+7=!#L"OM7!H/*U!"9A!

3/4,+!1,+,2*(/'!0'4!Y0503,*,5!,1*(30*(/'!_,5,!2/3Y&*,4!_(*U!*U,!?/++/_(')!1,*!/?!1&3305D!"9B!
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! B!

1*0*(1*(21-! *U,! >T>=! r!=! r"! 0'4! QI8! jU,! ?(51*! *_/! 0W,1! /?! 0! <(',05! \(125(3('0*,! S'0+D1(1!"9O!

Y,5?/53,4!/'!*U,!Y5,6(/&1!1*0*(1*(21!_,5,!0+1/!('2+&4,4!?/5!3/4,+!1,+,2*(/'!('!/54,5!*/!('25,01,!":L!

*U,!022&502D!/?!*U,!,1*(30*,1!J;&4+/!,*!0+7=!#L":M7!G6,'!*U/&)U!r!=!r"!0'4!QI!05,!?&'2*(/'!/?!":"!

*U,! >T>=! *U,D! 2/'6,D! 044(*(/'0+! ('?/530*(/'! RD! *U,! '/'Z+(',05! ?,0*&5,! /?! *U,! ?&'2*(/'17!":#!

C'?/530*(/'!5,4&'40'2D!03/')!*U,!2/'1(4,5,4!1&3305D!1*0*(1*(21!(1!022/&'*,4!?/5!RD!*U,!%T!":$!

0+)/5(*U37!@/4,+!1,+,2*(/'!0'4!Y0503,*,5!,1*(30*(/'!_,5,!5&'!*_(2,!/'!,02U!1,*!/?!1(3&+0*(/'1!":8!

*/!2U,2a!*U,!2/'1(1*,'2D!/?!*U,!0'0+D1,1=!0'4!25/11!60+(40*(/'!J/5!2/'?&1(/'!30*5(W!?/5!*U,!3/4,+!":9!

1,+,2*(/'M!_01!Y,5?/53,4!/'!*U,!?(51*!/?!*U,!*_/!5&'17!jU,!'&3R,5!/?!*5,,1!('!,02U!%T!0+)/5(*U3!"::!

_01!2U/1,'!RD!3/'(*/5(')!*U,!,6/+&*(/'!/?!*U,!/&*Z/?ZR0)!,55/5!J;&4+/!,*!0+7=!#L":M7!*":A!

c,!('6,1*()0*,4!*U,!605(0*(/'!('!*U,!,??,2*(6,!Y/Y&+0*(/'!1(`,!J"#M!*U5/&)U!*(3,!RD!5&''(')!*U,!":B!

2/3Y/1(*,! +(a,+(U//4! 0YY5/02U! (3Y+,3,'*,4! ('! *U,! &',.(;,4201'! 67L7#! 1/?*_05,! J<(&!d! T&=!":O!

#L"9M7!c,!1,*!*U,!),',50*(/'!*(3,!*/!1,6,'!D,051!?/5!+8!/#0,%12'#($&!J@0(10'/!\,+1,5!,*!0+7=!"AL!

#L":M!0'4!*/!"L!D,051!?/5!*U,!/*U,5!1Y,2(,1!J./5*E1=!#LL#e!;(5/)!,*!0+7=!#L"OM!?/5!0++!4,3/)50YU(2!"A"!

('?,5,'2,17!c,!0YY+(,4!0!3&*0*(/'!50*,!Y,5!),',50*(/'!Y,5!1(*,!/?!B78t"L()'*/!*U,!,W/'!20Y*&5,!"A#!

40*0!/?!+8!/#0,%12'#($&!J@0(10'/!\,+1,5!,*!0+7!#L":M!0'4!/?!"7O$t"L(*'*/!*U,!%S\1,F!40*0!?/5!"A$!

*U,! 5,30('(')! *U5,,!1Y,2(,17!jU(1!3&*0*(/'! 50*,!_01!4,*,53(',4!RD!120+(')!),',*(2!4(6,51(*D!"A8!

R,*_,,'!44%S\!J/R*0(',4!&'4,5!*U,!103,!Y5/*/2/+!/?!*U(1!1*&4DM!0'4!GW/'!.0Y*&5,!40*0!?5/3!"A9!

"#!+8!/#0,%12'#($&!('4(6(4&0+1!?5/3!@//5,0=!T5,'2U!;/+D',1(0!J>&YY+,3,'*05D!@0*,5(0+M7!!"A:!

<+,7$#*+"()&*721)"AA!

c,!50'!2/0+,12,'*!1(3&+0*(/'1!&'4,5!TC@=!>>j!0'4!*U,(5!3/4(?(,4!6,51(/'!TC@Z.Q!0'4!>>jZ"AB!

.Q=!_U,5,!*U,!"/!Y0503,*,5!(1!2U0'),4!0*!Q(+!),',50*(/'1!H7;7!JT()&5,!"M=!*/!?(51*!('1Y,2*!*U,!"AO!

1U0Y,!/?!*U,!>T>!0'4!*/!?&5*U,5!&'2/6,5!*U,!605(0*(/'!/?!"#!/6,5!*(3,!011&3(')!0!Y0'3(2*(2!"BL!

Y/Y&+0*(/'!RD!3,0'1!/?!*U,!&',.(;,4201'7!c,!('6,1*()0*,4!('!*/*0+!#BB!4,3/)50YU(2!12,'05(/1!"B"!

&'4,5! *U,! ?/&5!3,*0ZY/Y&+0*(/'!3/4,+1! Jj0R+,1! #=! >#=!>$=!>8=!>9! 0'4!>:M7! >(3(+05+D! */! *U,!"B#!
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! O!

0'0+D1,1!Y,5?/53,4!/'!*U,!5,0+!40*0=!0++!12,'05(/1!_,5,!5,Y5,1,'*,4!RD!*o"LL!4,3,1!,W2U0')(')!"B$!

3()50'*17!c,!103Y+,4!"L!4(Y+/(4!('4(6(4&0+1!,(*U,5!?5/3!0!50'4/3+D!1,+,2*,4!4,3,!('!*U,!201,!"B8!

/?!TC@kTC@Z.Q!J1('2,!0++!4,3,1!U06,!*U,!103,!2/0+,12,'2,!U(1*/5DM!/5!?5/3!*U,!2,'*50+!4,3,!"B9!

/?!*U,!0550D!('!*U,!201,!/?!>>jk>>jZ.Q!J*/!06/(4!R/54,5!,??,2*1M7!\,3,!1(`,!_01!?(W,4!*/!"%,#,!"B:!

o9LLL!_(*U!/!605D(')!022/54(')+D! */!/R*0('!0! +/')Z*,53!"/!/?!"=!9=!"L=!0'4!"9!('!/54,5! */!"BA!

,'2/3Y011!*U,!50'),!/?!*U,!,1*(30*,4!60+&,1!J1,,!5,1&+*1M7!Q($)!_01!?(W,4!*/!9=LLL=!"9=LLL!0'4!"BB!

9L=LLL!),',50*(/'1!H7;7!/5!*/!u!J(7,7=!,F&(+(R5(&3!3/4,+M=!0'4!*U,!0'2,1*50+!,??,2*(6,!1(`,!_01!"BO!

?(W,4!*/!"&'(!o!9L=LLL7!!.U0'),!/?!2/'',2*(6(*D!/22&55,4!0*!Q(+!o"L!/5!9L!),',50*(/'1!H7;7=!*/!"OL!

3(3(2! U&30'! ('4&2,4! ,??,2*1! 4&,! */! /6,5?(1U(')! 0'4k/5! U0R(*0*!3/4(?(20*(/'1! J(7,7=! 2+(30*,!"O"!

2U0'),1M7!<//a(')!?/5_054!('!*(3,=!_,!3/4,++,4!*U,!2U0'),!('!2/'',2*(6(*D!RD!('1*0'*0',/&1+D!"O#!

4,25,01(')!/!/5!"%,#,!RD!0!?02*/5!"L!/5!"LL!_(*U!5,1Y,2*!*/!*U,!+/')Z*,53!"/!Jj0R+,1!>$=!>8=!"O$!

>9!0'4!>:M7!T/5!,02U!2/3R('0*(/'!/?!Y0503,*,51=!_,!Y,5?/53,4!"LL!2/0+,12,'*!1(3&+0*(/'1!/?!"O8!

9L=LLL!%04Z+(a,!+/2(!/?!""9!RY7!@&*0*(/'!50*,!Y,5!1(*,!Y,5!),',50*(/'1!_01!1,*!*/!"7O$t"L(*!0'4!"O9!

*U,! ),',50*(/'! *(3,! */! "L! D,0517! c,! 2/3Y&*,4! ?/5! ,02U! 12,'05(/! J06,50),4! /6,5! *U,! "LL!"O:!

5,Y+(20*,1M-! 0M! 1&3305D! 1*0*(1*(21! Jr!=! r"=! 0'4!QIMe! RM! *U,! '/530+(1,4! >T>! 01! ('! J<0Y(,55,=!"OA!

<03R,5*=! d!S2U0`=! #L"AMe! 2M! *U,! &',.(;,4201'=! */! 5,2/'1*5&2*! *U,! 0YY05,'*! 605(0*(/'! /?!"#!"OB!

*U5/&)U!*(3,7!!c,!'/*,!*U0*!*U,!'&3R,5!/?!4(Y+/(4!('4(6(4&0+1!0'4!1(3&+0*,4!+/2(!_,5,!2U/1,'!"OO!

*/!R,!2/'1(1*,'*!_(*U!/&5!40*0!JY5,+(3('05D!0'0+D1,1!2/'4&2*,4!/'!0!1&R103Y+,!/?!9=LLL!+/2(!#LL!

Y5/4&2,4!2/'1(1*,'*!5,1&+*1M7!!#L"!

(#L#!

40#-1$#(#L$!

>&3305D!1*0*(1*(21! J'&3R,5!/?!011,3R+,4! +/2(=!>N;1=!),',*(2!4(6,51(*D!0'4!j0b(30V1!IM!05,!#L8!

Y5,1,'*,4!('!j0R+,!"7!@,0'!2/6,50),!J0'4!1*0'4054!4,6(0*(/'M!Y,5!103Y+,!_01!O7L#!Jv!#7:#M=!#L9!

A7O$!Jv!L78BM=!B7$O!Jv!L7B"M!?/5!58!)$6.#(7!+8!0./3,'$&!0'4!+8!,/304(-4%)-1&!5,1Y,2*(6,+D7!#L:!
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! "L!

c,!2/3Y05,4! *U,!3/4,+1!N>=!TC@=!0'4!>>j!JT()&5,!"M! ('! *U,! ?/&5!1Y,2(,1!RD!3,0'1!/?!0'!#LA!

SH.Z%T!0+)/5(*U3!0'4!,1*(30*,4!4,3/)50YU(2!Y0503,*,51!?/5!*U,!3/1*!1&YY/5*,4!3/4,+7!S?*,5!#LB!

2U,2a(')!?/5! *U,!,6/+&*(/'!/?! *U,!/&*Z/?ZR0)!,55/5!/?! *U,!%T=!3/4,+!1,+,2*(/'!0'4!Y0503,*,5!#LO!

,1*(30*(/'!_,5,!2/3Y&*,4!&1(')!5,1Y,2*(6,+D!9LL!0'4!"=LLL!*5,,1!('!,02U!1Y,2(,17!c,!?/&'4!#"L!

*U0*! N>! U04! *U,! U()U,5! Y/1*,5(/5! Y5/R0R(+(*D! J2oL7B8M! ?/5!58! )$6.#(! Jj0R+,1! "! 0'4! >AM7! C'!#""!

2/'*501*=!4,3/)50YU(2!U(1*/5(,1!/?!*U,!*U5,,!/*U,5!1Y,2(,1!_,5,!R,1*!4,125(R,4!RD!>>j=!_(*U!0!#"#!

Y/1*,5(/5! Y5/R0R(+(*D! 50')(')! ?5/3! L79$! */! L7BB! Jj0R+,1! "! 0'4! >AM7! jU,! ,1*(30*,4! 3,4(0'!#"$!

'&3R,5!/?!3()50'*1!Y,5!),',50*(/'!"/!_01!"7B!JO9l!.C-!L7AZ$7LM!?/5!+8!/#0,%12'#($&=!:7:!JO9l!#"8!

.C-!"79Z"978M! ?/5!+8! 0./3,'$&7!0'4!""79!JO9l!.C-!$7LZ##7LM! ?/5!+8!,/304(-4%)-1&!JT()&5,!#=!#"9!

j0R+,! "M7!jU,!Y/1*,5(/5! 4(1*5(R&*(/'!/?!"/! 1*5/')+D!4(??,5,4! ?5/3! *U,!Y5(/5! 4(1*5(R&*(/'! 0'4!#":!

1U/_,4!0!2+,05!&'(3/40+!Y,0a!_(*U!130++!25,4(R+,!('*,560+1=!0'4!+/_!3,0'!1F&05,!,55/5!J>@GM!#"A!

0'4!3,0'!5//*!1F&05,!,55/5!J>@%GM!('!0++!*U5,,!1Y,2(,1!JT()&5,!#=!j0R+,!>B=!1&)),1*(')!*U0*!#"B!

*U,1,!,1*(30*,1!05,!U()U+D!5,+(0R+,7!./'6,51,+D=!R/*U!Q($)!0'4!"&'(!U04!+05),5!>@G!0'4!>@%G!#"O!

,55/51!('!0++!1Y,2(,1!Jj0R+,!>BM=!R&*!(*!_01!/'+D!('!+8!/#0,%12'#($&!_U,5,!Y/1*,5(/5!0'4!Y5(/5!##L!

4(1*5(R&*(/'!2/&+4!'/*!R,!4(1*(')&(1U,4!JT()&5,!#M7!Q($)!U01!0!2+,05!&'(3/40+!4(1*5(R&*(/'!('!+8!##"!

,/304(-4%)-1&! R&*! 0!3/5,! 4(1Y,51,! /',! J0'4!_(*U!_(4,5! 25,4(R+,! ('*,560+1M! ('!+8! 0./3,'$&!###!

JT()&5,!#=!j0R+,!"M7!!##$!

jU,! &',.(;,4201'! 1U/_,4! 0! ',05+D! 1(3(+05! 4D'03(2! ?/5!+8! ,/304(-4%)-1&! 0'4!+8! 0./3,'$&=!##8!

2U0502*,5(`,4!RD!0!1*5/')!0'2,1*50+!,WY0'1(/'!JT()&5,!$M7!cU,'!0YY5/02U(')!joL=!R/*U!1Y,2(,1!##9!

&'4,5_,'*! 0! R/**+,',2a! R&*! /?! 4(1*('2*! 1*5,')*U7! jU(1! (1! 2/'1(1*,'*! _(*U! *U,! 1U0Y,! /?! *U,!##:!

'/530+(`,4! >T>=! _U(2U! 2+,05+D! 1U/_1! 0! 1*5/'),5! 4,?(2(*! ('! +/_! ?5,F&,'2D! 605(0'*1! ?/5! +8!##A!

0./3,'$&!2/3Y05,4!*/!+8!,/304(-4%)-1&!JT()&5,!$M7!>(3(+05+D!*/!+8!0./3,'$&=!+8!/#0,%12'#($&!##B!

,WY,5(,'2,4!0!5,2,'*!"LZ?/+4!Y/Y&+0*(/'!2/++0Y1,!05/&'4!#L=LLL!D,051!H7;7!1*05*(')!?5/3!0!+/')!##O!

*,53! 2/'1*0'*!"#7! Q/_,6,5=!+8! /#0,%12'#($&! 1U/_,4! '/! 1()'0*&5,! /?! 0'2,1*50+! ,WY0'1(/'=!#$L!
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! ""!

2/'1(1*,'*!*/!*U,!5,1&+*1!/R*0(',4!RD!@0(10'/!\,+1,5!,*!0+7!J#L"OM!&1(')!,3)F&?40.%#!3,*U/47!#$"!

T('0++D=!58!)$6.#(!4(1Y+0D,4!0'!0'2,1*50+!,WY0'1(/'!05/&'4!"LL=LLL!D,051!H7;7!_(*U!"#!5,02U(')!#$#!

p"#=LLL!R,?/5,!45/YY(')!*/!p$LLL!0*!j!p"=:LL!D,051!H7;7!%,305a0R+D=!*U,!0'2,1*50+!,WY0'1(/'!#$$!

5,*5(,6,4!RD!*U,!&',.(;,4201'! JT()&5,!$M!?/5!R/*U!+8!,/304(-4%)-1&!0'4!+8!0./3,'$&!/6,5+0Y!#$8!

_(*U! *U,!Y/1*,5(/5!4(1*5(R&*(/'!/?!Q($)! ,1*(30*,4!RD! *U,!>>j!3/4,+! Jj0R+,!"M7!jU(1!0'0+/)D!#$9!

U/+41!*//!?/5!+8!/#0,%12'#($&7!_U,5,!Q($)!2/&+4!'/*!R,!Y5/Y,5+D!,1*(30*,4!&'4,5!*U,!1*5&2*&5,4!#$:!

3/4,+! J_,! /R*0(',4! 0! ?+0*! Y/1*,5(/5! 4(1*5(R&*(/'=! T()&5,! #M! 0'4! *U,5,! _01! '/! 1()'0*&5,! /?!#$A!

0'2,1*50+!,WY0'1(/'!('!*U,!&',.(;,4201'!JT()&5,!$M7!!!!#$B!

jU,!?(51*!1,*!/?!2/0+,12,'*!1(3&+0*(/'1!_01!5&'!&'4,5!TC@!0'4!>>j!/'+D!Jj0R+,!#!0'4!>#!*/!#$O!

2U,2a!(?!1(3&+0*,4!40*0!2/&+4!5,Y5/4&2,!*U,!Y0**,5'!/?!),',*(2!605(0R(+(*D!JR/*U!!!,1*(30*/51!0'4!#8L!

QIM!/R1,56,4!?/5!+8!/#0,%12'#($&=!+80./3,'$&=!0'4!+8!,/304(4%)-1&7!jU,!1(3&+0*,4!!!60+&,1!#8"!

J,W2+&4(')!*U,!,F&(+(R5(&3!3/4,+M!50'),4!R,*_,,'!L7LL"!0'4!L7LL$!Y,5!1(*,=!('!+(',!_(*U!*U,!#8#!

/R1,56,4!60+&,1!Jj0R+,!"!0'4!#M7!QI!?/++/_1!0!KZ1U0Y,4!4(1*5(R&*(/'!?/5!,02U!"/!60+&,!01!0!#8$!

?&'2*(/'!/?!Q($)=!R,(')!3/5,!Y/1(*(6,!0*!5,2,'*!Q($)!0'4!0*!,F&(+(R5(&3!0'4!+,11!Y/1(*(6,!J/5!#88!

',)0*(6,!?/5!U()U,5!"/M!0*!('*,53,4(0*,!60+&,17!jU,5,?/5,=!1Y,2(,1!4,3/)50YUD!_(*U!"/!p"L!#89!

J0'4!U()U,5M!0'4!Q($)!_(*U('!"9a!0'4!9La!),',50*(/'1!H7;7!_(++!U06,!',)0*(6,!QI!60+&,17!C'!#8:!

2/'*501*=!1Y,2(,1!_(*U!+/_,5!"/!0'4!6,5D!5,2,'*!/5!6,5D!0'2(,'*!Q($)!_(++!U06,!Y/1(*(6,!QI7!#8A!

jU(1! 30*2U,1! 1*5(a(')+D! *U,! QI! /R1,56,4! ?/5! *U,! *U5,,! 1U05a! 1Y,2(,1! 0'4! *U,(5! ,1*(30*,4!#8B!

4,3/)50YU(2!Y0503,*,51!&'4,5!>>j!Jj0R+,!"M7!c,!Y+/*!*U,!'/530+(`,4!>T>!0'4!*U,!&',.(;,4201'!#8O!

?/5!0++!12,'05(/1!Y5,1,'*,4!('!j0R+,!#!JT()&5,1!8=!9=!>"=!>#!0'4!>$M7!T(51*=!_,!'/*,!*U0*!'/',!/?!#9L!

/&5!12,'05(/1=!,6,'!*U/1,!0*!,F&(+(R5(&3!0'4!_(*U!'/!605(0*(/'!('!"/!*U5/&)U!*(3,=!1U/_,4!0!#9"!

'/530+(`,4!>T>!2/3Y0*(R+,!_(*U!0!2/'1*0'*!1(`,!Y/Y&+0*(/'!JT()&5,1!8=!9=!>"=!>#!0'4!>$M7!jU,!#9#!

'/530+(`,4!>T>!0'4!*U,!5,2/'1*5&2*,4!&',.(;,4201'!4,Y,'4!),',50++D!/'!*U,!('*,502*(/'!R,*_,,'!#9$!

"/!0'4!Q($)!_(*U!0!4D'03(2!1*5(a(')+D!1(3(+05!*/!QI!J_U(2U!(1!('4,,4!0!1&3305D!/?!*U,!>T>M7!#98!
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! "#!

T/5! "/AM! _,! /R1,56,4! *U,! 1()'0*&5,! /?! 0! 5,2,'*! 4,25,01,! ('! "#! ?/5! 0++! 12,'05(/1! 0'4!#99!

('4,Y,'4,'*+D!/?!Q($)!JT()&5,!8M7!jU,!'/530+(`,4!>T>!1U/_,4!2/'1(1*,'*+D!0!1*5/')!4,?(2(*!/?!#9:!

+/_!?5,F&,'2D!605(0'*1=!*DY(20+!/?!0!4,3/)50YU(2!R/**+,',2a!0'4!('!0)5,,3,'*!_(*U!*U,!Y/1(*(6,!#9A!

QI! JT()&5,! 8! 0'4! j0R+,! "M7! T&5*U,53/5,=! *U,! &',.(;,4201'! 2/&+4! ',6,5! 4,*,2*! *U,! 0'2,1*50+!#9B!

,WY0'1(/'!?/5!0'D!Q($)7!T/5!)5/_(')!"/7!*U,!('*,5Y+0D!_(*U!Q($)!R,2/3,1!3/5,!2/3Y+,W7!S!#9O!

),',50+!5,1&+*!(1!*U0*=!/'2,!0)0('=!0++!12,'05(/1!_,5,!2U0502*,5(`,4!RD!0!5,2,'*!4,25,01,!/?!"#!#:L!

_U,'! +//a(')! 0*! *U,! &',.(;,4201'! 0'4! 0! 4,?(2(*! /?! 1(')+,*/'1! 2/3Y05,4! */! *U,! /*U,5! +/_!#:"!

?5,F&,'2D!2+011,1!_U,'! +//a(')!0*! *U,!'/530+(`,4!>T>! JT()&5,1!9=!>"!0'4!>#M7!Q/_,6,5=! 0!#:#!

1*5/')!1()'0*&5,!/?!0'2,1*50+!,WY0'1(/'!0YY,05,4!?/5!"/!w"L!0'4!Q($)!R,*_,,'!"9a!0'4!9La!#:$!

),',50*(/'1!H7;7=!3(55/5(')! *U,! 5,1&+*1!/?!QI! ?/5!_U(2U!3/1*!/?! *U,1,!12,'05(/1!4(1Y+0D,4!0!#:8!

',)0*(6,!60+&,7!%,305a0R+D=! *U,!&',.(;,4201'! 5,*5(,6,4! *U,!0'2,1*50+!,WY0'1(/'!/'+D!1+()U*+D!#:9!

/6,5,1*(30*(')!*U,!1(3&+0*,4!Q($)!JT()&5,1!9=!>"!0'4!>#M7!!>(3(+05!5,1&+*1!_,5,!/R*0(',4!?/5!#::!

TC@!JT()&5,1!>8!0'4!>9M7!!#:A!

c,! 2/3Y05,4! >>j! 61! >>jZ.Q! 3/4,+! JT()&5,! "M! RD! 3,0'1! /?! *U,! 103,! SH.Z%T! 3/4,+!#:B!

1,+,2*(/'!?503,_/5a!Y5,6(/&1+D!04/Y*,47!jU,! *_/!3/4,+1!20''/*!R,!2+,05+D!4(1*(')&(1U,4! ('!#:O!

0'D!/?!*U,!*U5,,!1*5&2*&5,4!1Y,2(,1!1('2,-!.M!*U,D!1U/_,4!1(3(+05!Y/1*,5(/5!Y5/R0R(+(*D!JpL79LMe!#AL!

..M!*U,!Y5(/5!,55/5!50*,1!05,!+05),!pL78L!Jj0R+,!>OMe!...M!Y/1*,5(/5!4(1*5(R&*(/'1!/?!"/!R,?/5,!0'4!#A"!

0?*,5!Q(+!05,!_(4,!0'4!+05),+D!/6,5+0YY(')!Jj0R+,!>"LMe!.6M!*U,!'/530+(`,4!>T>!2+/1,1*!*/!*U,!#A#!

/R1,56,4!40*0!5,*5(,6,4!&'4,5!*U,!*_/!3/4,+1!05,!6,5D!1(3(+05!JT()&5,!>:M7!c,!50'!0!1,2/'4!1,*!#A$!

/?!2/0+,12,'*!1(3&+0*(/'1!?/2&1(')!/'!*U,!2/'1,F&,'2,1!/?!0!5,2,'*!2U0'),!('!2/'',2*(6(*D!/'!#A8!

*U,! /R1,56,4! >T>! 0'4! *U,! 5,2/'1*5&2*,4! &',.(;,4201'! Jj0R+,! >$! 0'4! >8M7! jU,! 4,25,01,! ('!#A9!

2/'',2*(6(*D!_01!1(3&+0*,4!RD!5,4&2(')!,(*U,5!/!J*U,!3()50*(/'!50*,!Y,5!),',50*(/'M!/5!"%,#,!#A:!

J*U,! ,??,2*(6,! Y/Y&+0*(/'! 1(`,! /?! ,02U! 4,3,M7! S1! ,WY,2*,4=! _,! ?/&'4! 0! 1()'0*&5,! /?! 5,2,'*!#AA!

Y/Y&+0*(/'!4,2+(',! ('!0++! 1(3&+0*,4!12,'05(/1=!_(*U! (*1! ('*,'1(*D!/'+D!1+()U*+D!0??,2*,4!RD! *U,!#AB!
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! "$!

2U0'),!('!"/!JT()&5,1!:=!>A=!>B!0'4!>OM7!Q/_,6,5=!*U,!45/Y!('!"%,#,!JT()&5,1!:!0'4!>OM!U04!#AO!

+05),5!,??,2*!2/3Y05,4!*/!*U,!45/Y!('!/!JT()&5,1!>A!0'4!>BM!/'!R/*U!*U,!'/530+(`,4!>T>!0'4!#BL!

*U,!,WY0'1(/'!*(3,!,1*(30*,4!RD!*U,!&',.(;,4201'7!C'!12,'05(/1!_(*U!"LLW!5,4&2*(/'!('!"%,#,=!#B"!

*U,!&',.(;,4201'!2/&+4!'/*!5,*5(,6,!*U,!0'2,1*50+!,WY0'1(/'!,6,'!?/5!+05),!+/')Z*,53!"/!JT()&5,!#B#!

:M7!TC@Z.Q!3/4,+1!4(1Y+0D,4!0!R,U06(/&5!1(3(+05! */!>>jZ.Q!3/4,+1!R&*!3/5,!Y5/'/&'2,4!#B$!

JT()&5,1!>"L=!>""=!>"#!0'4!>"$=!j0R+,!>9!0'4!>:M7!cU(+,!0*!Q(+!o!"L!0!4,25,01,!('!"/!1+()U*+D!#B8!

0??,2*,4! *U,! >T>! 0'4! *U,! 5,2/'1*5&2*,4! &',.(;,4201'=! *U,! 2/'1,F&,'2,! /?! *U,! 2U0'),! ('!#B9!

2/'',2*(6(*D!05,!3/5,!1&R1*0'*(0+!0*!Q(+!o!9L=!_(*U!0!1*5/'),5!4,?(2(*!('!1(')+,*/'1!0'4!0!3/5,!#B:!

Y5/'/&'2,4!5,2,'*!4,2+(',!('!"#!Y05*(2&+05+D!('!12,'05(/1!_(*U!0!"LLZ?/+4!5,4&2*(/'!/?!"%,#,!#BA!

JT()&5,1!>""!0'4!>"$M7!#BB!

(#BO!

5.#'-##.+*((#OL!

'()"#*(+,%-.#,-/(,+#/$0#0"1%2-/3*(4#*(+,%-.#%)#,*"#)%5-#+*/-6#+3"4("+##O"!

\(125(3('0*(')!_U,*U,5!*U,!3/1*!0YY5/Y5(0*,!3/4,+!*/!5,2/'1*5&2*!*U,!4,3/)50YU(2!U(1*/5D!/?!#O#!

0!1Y,2(,1!(1!&'($)'$(#*!/5!$%&'($)'$(#*!1U/&+4!R,!*U,!?(51*!1*,Y!('!,3Y(5(20+!Y/Y&+0*(/'!),',*(21!#O$!

('6,1*()0*(/'1=! Y05*(2&+05+D!_U,'! *05),*(')! 1Y,2(,1! /?! 2/'1,560*(/'! 2/'2,5'17! G6,'!_U,'! 0'!#O8!

,W*,'1(6,! 1Y0*(0+! 103Y+(')! (1! +02a(')=! 0'! SH.! 3/4,+! 1,+,2*(/'! 0YY5/02U! 20'! 02*&0++D!#O9!

4(1*(')&(1U! _U,*U,5! *U,! 103Y+,4! 4,3,! R,+/')1! /5! '/*! */! 0! 3,*0ZY/Y&+0*(/'! J1(3(+05+D! */!#O:!

Y5,6(/&1!1*&4(,1!J@0(10'/!\,+1,5!,*!0+7=!#L"Oe!;,*,5=!c,)30''=!d!GW2/??(,5=!#L"LMM7!S3/')!#OA!

*U,!?/&5!1Y,2(,1!2/'1(4,5,4!U,5,=!*U,!*(),5!1U05a!(1!*U,!/'+D!Y0'3(2*(27!jU,!*U5,,!/*U,5!1Y,2(,1!#OB!

2/'6,51,+D!05,!R,1*!4,125(R,4!RD!*U,!>>j!3/4,+=!(7,7=!*U,!103Y+,4!Y/Y&+0*(/'1!R,+/')!*/!0!3,*0Z#OO!

Y/Y&+0*(/'!,W2U0')(')!3()50'*1!?/++/_(')!0!1*,YY(')!1*/',!30*5(W7!X&5!5,1&+*1!5,?+,2*!*U,!*()U*!$LL!

+('a!R,*_,,'!*U,!+,6,+!/?!3,*0ZY/Y&+0*(/'!1*5&2*&5,!J/5!(*1!0R1,'2,M!0'4!+(?,!U(1*/5D!*50(*17!jU,!$L"!
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! "8!

Y0'3(2*(2!58!)$6.#(!&'1&5Y5(1(')+D!20'!022/3Y+(1U!*50'1/2,0'(2!3/6,3,'*1!0'4!U01!*U,!+05),1*!$L#!

R/4D!1(`,!03/')!*U,!1U05a1!U,5,!2/'1(4,5,4!Jj0R+,!>"M7!C'!*U,!*U5,,!/*U,5!1Y,2(,1=!*U,!,1*(30*,4!$L$!

'&3R,5!/?!3()50'*1!J"/M!5,305a0R+D!?/++/_1!*U,!('25,01,!/?!3/6,3,'*!50'),!Jj0R+,!"!0'4!>"M!$L8!

0'4!(*!(1!2/'1(1*,'*!_(*U!*U,(5!R,U06(/&5!0'4!U0R(*0*!&1,7!C'4,,4=!+8!/#0,%12'#($&=!0!1*5/')+D!$L9!

+0)//'!4,Y,'4,'*!1Y,2(,1=!4(1Y+0D1!*U,!+/_,1*!+,6,+!/?!2/'',2*(6(*D!03/')!*U,!1*&4(,4!1Y,2(,1!$L:!

Jj0R+,1!"!0'4!>"M7!jU,1,!5,1&+*1!R5(')!3,0'(')?&+!U('*1!0R/&*!*U,!('?+&,'2,!/?!+(?,!U(1*/5D!*50(*1!$LA!

/'! Y/Y&+0*(/'! 1*5&2*&5,! ('! 1U05a1=! R&*!3/5,! 1*&4(,1! 0445,11(')! *U(1! */Y(2!_(++! R,! ',,4,4! */!$LB!

022&50*,+D!4,*,2*!_U(2U!*50(*1!R,1*!Y5,4(2*!(*1!,W*,'*7!!$LO!

7"$"#2"$"/8%2("+#($#,*"#)%5-#+*/-6#+3"4("+#/$0#+(158/,"0#+4"$/-(%+#$"L!

cU(+,!(*!30D!1,,3!2/&'*,5('*&(*(6,!*/!0YY+D!$%&'($)'$(#*!3/4,+1!*/!4,3,1!R,+/')(')!*/!0!3,*0Z$""!

Y/Y&+0*(/'=!_,!?&5*U,5!('6,1*()0*,4!*U,!4,3/)50YU(2!U(1*/5D!/?!*U,!?/&5!1Y,2(,1!RD!3,0'1!/?!*U,!$"#!

&',.(;,4201'7!cU,'!,'/&)U!40*0!(1!060(+0R+,=!'/'ZY0503,*5(2!$%&'($)'$(#*!3/4,+1!J1&2U!01!*U,!$"$!

;>@.!J<(!d!\&5R('=!#L""M=!*U,!,W*,'4,4!H0D,1(0'!1aD+(',!Y+/*!JQ,+,4!d!\5&33/'4=!#LLBM!$"8!

0'4! *U,! &',.(;,4201'! 03/')! /*U,51M! Y5/6(4,! 0! 205,?&+! 4,125(Y*(/'! /?! *U,! 4(1*5(R&*(/'! /?!$"9!

2/0+,12,'2,! *(3,1! /?! *U,! ),',! ),',0+/)D=! _U(2U! &+*(30*,+D! 4,Y,'41! ?5/3! *U,! x*5&,y!$":!

4,3/)50YU(2!U(1*/5D!J_U,*U,5!(*!(1!a'/_'!/5!'/*M!/?!*U,!103Y+,4!+(',0),17!C?!Y0'3(W(0!(1!*U,!$"A!

3/1*!+(a,+D!12,'05(/=!*U,!4(1*5(R&*(/'!/?!2/0+,12,'2,!*(3,1!(1!4(5,2*+D!5,+0*,4!*/!*U,!605(0*(/'!/?!$"B!

"#!*U5/&)U!*(3,!0'4!20'!*U,5,?/5,!U06,!0!4(5,2*!R(/+/)(20+!('*,5Y5,*0*(/'7!jU(1!(1!*U,!201,!?/5!58!$"O!

)$6.#(!Jj0R+,!"M=!_U/1,!5,2/'1*5&2*,4!&',.(;,4201'!1&)),1*1!*U0*!*U(1!1Y,2(,1!,WY,5(,'2,4!0!3(+4!$#L!

0'2,1*50+!,WY0'1(/'!0'4!0!5,2,'*!p8Z?/+4!R/**+,',2a!05/&'4!#=LLL!D,051!H7;7!J2/'1(1*,'*!_(*U!$#"!

*U,!5,1&+*1!/?!;(5/)!,*!0+7!J#L"OM=!T()&5,!$M7!./'6,51,+D=!1()'0+1!4,*,2*,4!RD!*U,!&',.(;,4201'!('!$##!

*U,!5,30('(')!*U5,,!1Y,2(,1=!R,**,5!4,125(R,4!RD!*U,!>>j!3/4,+!Jj0R+,!"M=!20''/*!R,!4(5,2*+D!$#$!

('*,5Y5,*,4!01!2U0'),1!('!"#!/6,5!*(3,7!C'!*U(1!+()U*=!_,!50'!2/0+,12,'2,!1(3&+0*(/'1!*/!Y5/6(4,!$#8!

Page 14 of 35Molecular Ecology Resources



For Review Only

! "9!

U,+Y?&+! 0'4! ),',50+! ('1()U*1! ('*/! *U,! &'4,51*0'4(')! /?! *U,! 5,+0*(/'! R,*_,,'! *U,! ('?,5,'2,1!$#9!

Y,5?/53,4!&'4,5!$%&'($)'$(#*!0'4!&'($)'$(#*!3/4,+17!!$#:!

c,!?(51*!?/2&1!/'!12,'05(/1!1(3&+0*,4!&'4,5!*U,!>>j=!_(*U!Y0503,*,51!2+/1,!*/!*U/1,!,1*(30*,4!$#A!

('! 5,0+! 40*07! jU,! ?(51*! 0'4!3/1*! 1*5(a(')! 5,1&+*! (1! *U0*! _,! 1D1*,30*(20++D! /R1,56,4! 0! 5,2,'*!$#B!

R/**+,',2a!&'4,5!0++!1(3&+0*,4!12,'05(/1!Jj0R+,!#=!T()&5,1!8=!9=!>"=!>#!0'4!>$M7!jU(1!5,1&+*!2/&+4!$#O!

1,,3!0*!0!?(51*!)+0'2,!1&5Y5(1(')!0'4!4&,!*/!0'!05*,?02*7!Q/_,6,5=!*U(1!(1!'/*!*U,!201,=!01-!(M!*U,!$$L!

1()'0+! 4/,1! '/*! 4,Y,'4! /'! *U,! ('?,5,'*(0+! 0+)/5(*U3! 2U/1,'! */! 0'0+D1,! *U,! 40*0! J(7,7=! *U,!$$"!

&',.(;,4201'M=!1('2,!*U,!'/530+(`,4!1Y,2*50!1U/_,4!0!4,?(2(*!('!1(')+,*/'1!2/3Y05,4!*/!*U,!/*U,5!$$#!

+/_!?5,F&,'2D!2+011,1!JT()&5,1!8=!9=!>"!0'4!>#M=!_U(2U!(1!*DY(20+!/?!0!5,2,'*!Y/Y&+0*(/'!4,2+(',e!$$$!

((M!(*!(1!2/'1(1*,'*!_(*U!*U,!4(1*5(R&*(/'!/?!*U,!C'6,51,!C'1*0'*0',/&1!./0+,12,'2,!%0*,!JCC.%M!$$8!

2/3Y&*,4!('!/',!4(Y+/(4!('4(6(4&0+=!_U(2U!1U/_1!0!1()'0*&5,!/?!4,2+(',!&'4,5!1(3(+05!3,*0Z$$9!

Y/Y&+0*(/'!3/4,+1!J.U(aU(!,*!0+7=!#L"Be!@0`,*=!%/45h)&,`=!g5&1,0=!H/(*054=!d!.U(aU(=!#L":e!$$:!

%/45h)&,`!,*!0+7=!#L"BM7!jU,!5,1&+*1!/?!/&5!1(3&+0*(/'1!05,!2/'1(1*,'*!_(*U!*U,!5,2,'*!R/**+,',2a!$$A!

/R1,56,4! ('! *U,! *U5,,! 1U05a! 1Y,2(,1! JT()&5,! $M=!_(*U! (*1! ('*,'1(*D! ('6,51,+D! 2/55,+0*,4! */! *U,!$$B!

,1*(30*,4!"/!J(7,7=!1*5/'),5!?/5!+8!/#0,%12'#($&!0'4!+8!0./3,'$&!*U0'!?/5!+8!,/304(-4%)-1&M7!$$O!

C'!/&5!>>j!3/4,+!*U,5,!(1!0'!('1*0'*0',/&1!2/+/'(`0*(/'!/?!*U,!0550D!/?!4,3,1!0*!Q($)=!_U(2U!$8L!

2/55,1Y/'41!0+1/!*/!0!4,3/)50YU(2!,WY0'1(/'!J(7,7=!*U,!*/*0+!'&3R,5!/?!('4(6(4&0+1!('!*U,!0550D!$8"!

/?!4,3,!(1!+05),5!*U0'!*U/1,!('!*U,!0'2,1*50+!4,3,M7!Q/_,6,5=!*U(1!1()'0*&5,!(1!4,*,2*,4!/'+D!?/5!$8#!

"/z9!_U,'!Q($)!(1!',(*U,5!*//!5,2,'*!'/5!*//!/+4!J0*!,F&(+(R5(&3M!JT()&5,1!9=!>"=!>#!0'4!>$M7!$8$!

C'! *U,1,! 12,'05(/1=! *U,! R,)(''(')! /?! *U,! ,WY0'1(/'! 5,*5(,6,4! RD! *U,! &',.(;,4201'! R5/04+D!$88!

2/55,1Y/'41!*/!*U,!1(3&+0*,4!Q($)7!jU(1!0)0('!2/55/R/50*,1!*U,!5,1&+*1!/R*0(',4!?/5!*U,!*U5,,!$89!

1U05a!1Y,2(,1=!1('2,!*U,!*_/!1Y,2(,1!_(*U!U()U,5!"/!4(1Y+0D,4!('4,,4!0'!0'2,1*50+!,WY0'1(/'!('!$8:!

*U,!&',.(;,4201'!_(*U!0!*(3(')!2/'1(1*,'*!_(*U!*U,!,1*(30*,4!Q($)!Jj0R+,!"=!T()&5,1!#!0'4!$M7!$8A!

>(3(+05+D=!(*!,WY+0('1!_UD!_,!2/&+4!'/*!5,*5(,6,!*U,!0'2,1*50+!,WY0'1(/'!?/5!+8!/#0,%12'#($&!$8B!
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! ":!

'/5!,1*(30*,!Q($)!&'4,5!*U,!>>j!3/4,+-!*U(1!0YY,051!*/!R,!0!Y5/Y,5*D!/?!*U,!2/0+,12,'2,!Y0**,5'!$8O!

0'4!(*!(1!'/*!5,+0*,4!*/!*U,!03/&'*!/?!40*0!060(+0R+,!J1,,!R,+/_M7!!$9L!

9%/8"+4"$4"#3*/+"+#($#+,-54,5-"0#1%0"8+#$9"!

C*! (1!'/_!1*50()U*?/5_054! */! ?503,!0++! *U,1,!?('4(')1!&'4,5! *U,!2/0+,12,'2,!Y,51Y,2*(6,7!jU,!$9#!

2/0+,12,'2,!U(1*/5D!/?!*U,!+(',0),1!103Y+,4!?5/3!0!1(')+,!4,3,!('!0'!>>j!J/5!TC@M!3/4,+!20'!$9$!

R,!1,Y050*,4!?/5!1(3Y+(2(*D!('*/!*U5,,!YU01,1-! *U,!&),''#(.%==! *U,!)100#)'.%=!0'4!*U,!,%)#&'(,0!$98!

YU01,!JT()&5,!AM7!g/(')!R02a_054!('!*(3,=!+(',0),1!_(++!2/0+,12,!('!*U,!103Y+,4!4,3,!_(*U!0!$99!

50*,!022/54(')!*/!R/*U!"/!0'4!"%,#,!&'*(+!0++! +(',0),1!,(*U,5!U06,!2/0+,12,4!/5!3()50*,4!*/!$9:!

0'/*U,5!4,3,7!jU(1!(1!*U,!&),''#(.%=!YU01,!4,125(R,4!('!*U,!1,3('0+!_/5a1!/?!!Jc0a,+,D=!"OOB=!$9A!

"OOOM7!jU,!&),''#(.%=!YU01,!_01!2/'1(4,5,4!('1*0'*0',/&1!?/5!30*U,30*(20+!*502*0R(+(*D=!_(*U!$9B!

(*1!/&*2/3,!4,Y,'4,'*!/'!"/!/'+D=!R&*!+0*,5!_/5a1!2/&+4!4(1,'*0')+,!*U,!,??,2*!/?!"%,#,!0'4!$9O!

/! /'! *U,! 1U0Y,! /?! *U,! ),',! ),',0+/)D! J@/'0=! #L"AM7!jU,!)100#)'.%=!YU01,! 1*05*1!_U,'! *U,!$:L!

+(',0),1!_U(2U! 4(4! '/*! 2/0+,12,! U06,!3()50*,4! */! /*U,5! 4,3,1! /?! *U,! 0550D-! *U,D!_(++! *U,'!$:"!

2/0+,12,!022/54(')!*/!0!f(')30'!Y5/2,11!_(*U!0!50*,!120+,4!RD!"/!0'4!*U,!'&3R,5!/?!4,3,1!*!$:#!

/?! *U,! 0550D! Jc0a,+,D=!"OOOM! JT()&5,!AM7!T('0++D=! 0++! 1&56(6(')! +(',0),1! J('!'/'Z,F&(+(R5(&3!$:$!

3/4,+M!_(++!5,02U!*U,!0'2,1*50+!4,3,!0*!Q($)=!_U,5,!*U,D!_(++!2/0+,12,!0*!0!50*,!4,Y,'4(')!/'+D!$:8!

/'!*U,!"&'(!Y0503,*,5!JT()&5,!AM7!jU,!('*,5Y+0D!R,*_,,'!*U,!4,3/)50YU(2!Y0503,*,51!J"%,#,-*$:9!

"/=!"&'(=!*M!0'4!*U,!U(1*/5(20+!,6,'*1!JQ($)!0'4!Q(+M!4,*,53(',1!*U,!+,')*U!/?!,02U!2/0+,12,'2,!$::!

YU01,!0'4!*U,!5,1&+*(')!1U0Y,!/?!*U,!),',!),',0+/)D!/?!*U,!103Y+,4!+(',0),1!JT()&5,!AM7!$:A!

C'!1Y,2(,1!_(*U!+/_!"/=!*U,!50*,!/?!2/0+,12,'2,!4&5(')!*U,!&),''#(.%=!YU01,!(1!6,5D!?01*!1('2,!$:B!

+(',0),1!U06,!+/_!Y5/R0R(+(*D!/?!,3()50*(')!?5/3!*U,!103Y+,4!4,3,!0'4!U()U!Y5/R0R(+(*D!/?!$:O!

2/0+,12,'2,!4&,!*/!*U,!130++!"7!X'2,!0++!*U,!+(',0),1!05,!4(1Y,51,4!('!*U,!0550D!/?!4,3,1=!*U,5,!$AL!

_(++!R,!*_/!Y/11(R+,!/&*2/3,1-!(M!('!,F&(+(R5(&3!3/4,+=!_,!1U(?*!*/!*U,!)100#)'.%=!YU01,=!_U,5,!$A"!

*U,!50*,!/?!2/0+,12,'2,!45/Y1!1('2,!+(',0),1!_(++!U054+D!?0++!('!*U,!103,!4,3,!0)0('e!((M!('!'/'Z$A#!
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! "A!

,F&(+(R5(&3!3/4,+=!_(*U!*U,!Y0503,*,51!_,!U06,!1(3&+0*,4!U,5,=!*U,5,!_(++!R,!6,5D!?,_!J(?!0'DM!$A$!

2/0+,12,'2,! ,6,'*1! 4&5(')! *U,! 2/++,2*(')! YU01,! 0'4! *U,! *50'1(*(/'!_(++! R,! 4(5,2*+D! ?5/3! *U,!$A8!

&),''#(.%=!*/!*U,!,%)#&'(,0!YU01,7!H/*U!*U,!)100#)'.%=!0'4!*U,!,%)#&'(,0!YU01,1!U06,!0!50*,!/?!$A9!

2/0+,12,'2,!+/_,5!*U0'!*U,!&),''#(.%=!YU01,=!_U(2U!4,*,53(',1!*U,!/R1,56,4!5,2,'*!45/Y!('!"#!$A:!

?/5! 0++! 1(3&+0*,4! 12,'05(/17!%,305a0R+D=! *U,! 4,2+(',! ('!"#! (1!3&2U! 1*5/'),5! ('! ,F&(+(R5(&3!$AA!

3/4,+=!1('2,!*U,!50*,!/?!2/0+,12,'2,!(1!3&2U!+/_,5!('!*U,!)100#)'.%=!*U0'!('!*U,!,%)#&'(,0!YU01,!$AB!

JT()&5,1!8=!9=!>"=!>#!0'4!>$M7!</_!"/!1Y,2(,1!_(++!*U,5,?/5,!U06,!/'+D!*_/!2/0+,12,'2,!YU01,1=!$AO!

*U,! &),''#(.%=! 0'4! ,(*U,5! *U,! )100#)'.%=! J('! ,F&(+(R5(&3! 3/4,+M! /5! *U,! ,%)#&'(,0! J('! '/'Z$BL!

,F&(+(R5(&3!3/4,+M!_U(2U!(1!_UD!*U,!1()'0*&5,!/?!*U,!0'2,1*50+!,WY0'1(/'!(1!+/1*7!!$B"!

T/5!)5/_(')!"/=!('!,F&(+(R5(&3!3/4,+!*U,5,!_(++!R,!0)0('!/'+D!*_/!2/0+,12,'2,!YU01,1=!'03,+D!$B#!

*U,!&),''#(.%=!0'4!)100#)'.%==!_(*U!*U,!+0**,5!U06(')!0!+/_,5!50*,!/?!2/0+,12,'2,!*U0'!*U,!?/53,5!$B$!

('4,Y,'4,'*+D!/?!*U,!1(3&+0*,4!Y0503,*,517!jU(1!(1!_UD!_,!/R1,56,4!0+_0D1!0!1*5/')!R/**+,',2a!$B8!

2/'1(1*,'*!_(*U!*U,!4(1*5(R&*(/'!/?!*U,!CC.%!1*0*(1*(21!('!0'D!,F&(+(R5(&3!3/4,+!J.U(aU(!,*!0+7=!$B9!

#L"Be!@0`,*!,*!0+7=!#L"9e!%/45h)&,`!,*!0+7=!#L"BM7!C'!'/'Z,F&(+(R5(&3!3/4,+=!*U,5,!_(++!R,!*_/!$B:!

4(??,5,'*!1(*&0*(/'1-!0M!Q($)!J('!),',50*(/'1M!(1!/?!*U,!103,!/54,5!/?!*U,!4,3,!1(`,!"%,#,7!C'!*U(1!$BA!

1,**(')=!)/(')!R02a_054!('!*(3,!?,_!+(',0),1!_/&+4!U06,!,120Y,4!*U,!103Y+,4!4,3,1!R,?/5,!$BB!

Q($)7!jU(1! 2/55,1Y/'41! */! 0! 1U(?*! ('! *U,! 2/0+,12,'2,! 50*,!4(5,2*+D! ?5/3! *U,! &),''#(.%=! */! *U,!$BO!

,%)#&'(,0!YU01,=!5,1&+*(')!('!0!R/**+,',2a!/?!+/_,5!('*,'1(*D!2/3Y05,4!*/!0'!,F&(+(R5(&3!3/4,+!$OL!

JT()&5,1!8=!9=!>"!0'4!>#M=!?/5!*U,!103,!5,01/'1!01!0R/6,e!RM!Q($)!J('!),',50*(/'1M!(1!+05),5!*U0'!$O"!

"%,#,7!C'!*U(1!1,**(')=!1/3,!2/0+,12,'2,!,6,'*1!30D!/22&5!4&5(')!*U,!)100#)'.%=!YU01,=!0*!0!50*,!$O#!

3&2U!1+/_,5!*U0'!*U,!*_/!/*U,5!YU01,17!jU(1!4,*,53(',1!*U,!U&3Y!/R1,56,4!('!*U,!&',.(;,4201'!$O$!

JT()&5,1!8=!9=!>"!0'4!>#M!0'4!,WY+0('1!_UD!('!*U(1!_('4/_!/?!Y0503,*,51!(*!(1!0+1/!Y/11(R+,!*/!$O8!

2/55,2*+D!,1*(30*,!Q($)!&1(')!/&5!SH.!?503,_/5a7!T&5*U,5!1(3&+0*(/'1!&'4,5!*U,!TC@!3/4,+!$O9!

2/'?(53,4!*U/1,!Y0**,5'1!,6,'!*U/&)U!*U,!0'2,1*50+!,WY0'1(/'!2/&+4!R,!4,*,2*,4!?/5!+/_,5!+/')Z$O:!
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! "B!

*,53!"/! *U0'!*U,!2/55,1Y/'4(')!>>j!12,'05(/!JT()&5,!>8M7!jU(1!(1!Y5/R0R+D!4&,!*/!0!U()U,5!$OA!

0YY05,'*!2/'',2*(6(*D!&'4,5+(',4!*U,!RD!TC@=!_U,5,!+(',0),1!20'!3/6,!3/5,!?5,,+D!4&5(')!*U,!$OB!

2/++,2*(')!YU01,!('!2/3Y05(1/'!*/!>>j!_U,5,!3()50'*1!/'+D!2/3,!?5/3!*U,!2+/1,1*!',()UR/&517!$OO!

C?!30'D!2/0+,12,'2,!,6,'*1!/22&5!4&5(')!*U,!)100#)'.%=!YU01,=!*U,!2U0'),!('!2/0+,12,'2,!50*,!8LL!

_(++!0??,2*!*U,!5,1&+*(')!),',!),',0+/)D!0'4!(*!_(++!R,!4,*,2*,4!RD!*U,!&',.(;,4201'!J/5!0'D!/*U,5!8L"!

$%&'($)'$(#*!3,*U/4!R01,4!/'!2/0+,12,'*!*U,/5DM7!8L#!

9*/$2"+#($#4%$$"4,(&(,.###8L$!

K1(')!2/0+,12,'2,!05)&3,'*1=!_,!2+05(?(,4!_UD!1(3Y+,!3,*0ZY/Y&+0*(/'!3/4,+1!_(*U!2/'1*0'*!8L8!

2/'',2*(6(*D! ),',50*,! 0! ),',! ),',0+/)D! U05R/&5(')! 0! 1()'0*&5,! /?! 0! 5,2,'*! 4,2+(',! ?/5! 0'D!8L9!

Y0503,*,51V!2/3R('0*(/'7!jU,!1()'0*&5,!/?!R/**+,',2a!4,*,2*,4!RD!*U,!&',.(;,4201'!('!*U,!*U5,,!8L:!

1U05a! 1Y,2(,1! R,1*! 4,125(R,4! RD! >>j! 20'! R,! *U,5,?/5,! ('*,5Y5,*,4! 01! 0! 2/'1,F&,'2,! /?! *U,!8LA!

&'4,5+D(')!1*5&2*&5,7!Q/_,6,5=!2/'',2*(6(*D!+(a,+D!2U0'),1!*U5/&)U!*(3,7!T/5!('1*0'2,=!U&30'!8LB!

02*(6(*(,1!U06,!+(a,+D!(3Y02*,4!*U,!,6/+&*(/'05D!U(1*/5D!/?!0!+05),!'&3R,5!/?!1Y,2(,1!,(*U,5!RD!8LO!

4,25,01(')! *U,(5! ,??,2*(6,!Y/Y&+0*(/'! 1(`,! 0'4k/5!RD! ?50)3,'*(')! *U,(5!U0R(*0*! J(7,7=! 5,4&2(')!8"L!

3()50*(/'!50*,1!R,*_,,'!4,3,1M7!jU(1!('*&(*(6,+D!1U/&+4!,W02,5R0*,!*U,!1()'0*&5,!/?!Y/Y&+0*(/'!8""!

4,2+(',!('!*U,!5,1&+*(')!),',!),',0+/)D7!Q/_,6,5=!(*!5,30('1!*/!R,!1U/_'!_U,*U,5!*U(1!1()'0*&5,!8"#!

(1!F&0+(*0*(6,+D!0'4!F&0'*(*0*(6,+D!4(1*(')&(1U0R+,!?5/3!3/4,+1!_(*U!2/'1*0'*!2/'',2*(6(*D7!jU(1!8"$!

(1!0!F&,1*(/'!/?!?&'403,'*0+!(3Y/5*0'2,!*/!&'4,51*0'4!_U,*U,5!(*!(1!Y/11(R+,!*/!4,*,2*!5,2,'*!8"8!

R/**+,',2a! ('! 1*5&2*&5,4! Y/Y&+0*(/'17! j/! *U(1! ,'4=! _,! ?&5*U,5! ('6,1*()0*,4! RD! 2/0+,12,'*!8"9!

1(3&+0*(/'1!*U,!,WY,2*,4!),',!),',0+/)D!('!>>jZ.Q!J0'4!TC@Z.QM!3/4,+1!_(*U!0!2U0'),!('!8":!

2/'',2*(6(*D! "L! /5! 9L! ),',50*(/'1! H7;7=! _U(2U! 30*2U,1! *U,! R,)(''(')! /?! ,W*,'1(6,!8"A!

0'*U5/Y/),'(2!('?+&,'2,!/'!R(/4(6,51(*D!2/'1(4,5(')!/&5!1Y,2(,1V!),',50*(/'!*(3,!J.,R0++/1!,*!8"B!

0+7=! #L"9M7! jU,! 5,1&+*(')! ),',! ),',0+/)(,1! _,5,! Y//5+D! 0??,2*,4! RD! *U,! 5,2,'*! 45/Y! ('!8"O!

2/'',2*(6(*D=!_(*U!R/*U!*U,!'/530+(`,4!>T>!0'4!*U,!('?,55,4!"#!4D'03(2!?/++/_(')!*U,!103,!8#L!
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! "O!

*50b,2*/5D!/?!*U,!2/55,1Y/'4(')!12,'05(/!_(*U!*U,!103,!+/')Z*,53!"/!0'4!Q($)!JT()&5,1!:=!>A=!8#"!

>B=!>O=!>"L=!>""=!>"#!0'4!>"$M7!c,!'/*(2,4!*U,!45/Y!('!"%,#,!JT()&5,1!:=!>O=!>"#!0'4!>"$M!8##!

U04! 1*5/'),5! ('?+&,'2,! *U0'! *U,! 45/Y! ('!/! JT()&5,1! >A=! >B=! >"L! 0'4! >""M=! 2/'1(1*,'*! _(*U!8#$!

Y5,6(/&1!?('4(')!1U/_(')!*U0*!*U,!4(1*5(R&*(/'!/?!2/0+,12,'2,!,6,'*1!4,Y,'41!'/*!/'+D!RD!*U,!8#8!

"/! 2/3Y/&'4! Y0503,*,5! R&*! 0+1/! RD! *U,(5! ('4(6(4&0+1! 60+&,1! J@/'0=! #L"AM7! jU(1! 20'! R,!8#9!

,WY+0(',4!/'2,!0)0('!('!*U,!+()U*!/?!*U,!+,')*U!/?!*U,!2/0+,12,'2,!YU01,1!JT()&5,!AM7!%,4&2(')!8#:!

"%,#,!_(++!('25,01,!,WY/','*(0++D!*U,!'&3R,5!/?!2/0+,12,'2,!,6,'*1=!4501*(20++D!1U/5*,'(')!*U,!8#A!

&),''#(.%=!YU01,!0'4!*U,!'&3R,5!/?!1&56(6(')!+(',0),17!%,4&2(')!/!_(++!/'+D!+(',05+D!5,4&2,!8#B!

*U,!Y5/R0R(+(*D!/?!3()50*(/'1!/&*1(4,!*U,!4,3,=!305)('0++D!0??,2*(')!*U,!+,')*U!/?!*U,!&),''#(.%=!8#O!

YU01,!0'4!*U,!'&3R,5!/?!1&56(6(')!+(',0),1!2/3Y05,4!*/!2/'1*0'*!"/!12,'05(/17!jU(1!(1!_UD!0!8$L!

"LLZ?/+4! 5,4&2*(/'! ('! "%,#,! 1()'(?(20'*+D! 5,4&2,1! *U,! '&3R,5! /?! +(',0),1! ,'*,5(')! ('! *U,!8$"!

)100#)'.%=!YU01,=!0+3/1*!U(4(')!*U,!0'2,1*50+!,WY0'1(/'!('!U()U!+/')Z*,53!"/!12,'05(/1!JT()&5,1!8$#!

:=!>O=!>"#!0'4!>"$M=!_U(+,!0!"LLZ?/+4!5,4&2*(/'!('!/!(1!R05,+D!4,*,2*0R+,!JT()&5,1!>A=!>B=!>"L!8$$!

0'4!>""M7!>(3(+05+D=! *U,! 5,2,'*! 5,4&2*(/'! ('!,(*U,5!"%,#,!/5!/!20''/*!R,!4,*,2*,4!?/5! +/_,5!8$8!

+/')Z*,53!"/!12,'05(/1=!_U,5,!*U,!)100#)'.%=!YU01,!(1!0+5,04D!3(11(')7!jU(1!,WY+0('1!_UD!*U,!8$9!

),',50+!Y0**,5'!(1!1*5(a(')+D!1(3(+05!R,*_,,'!>>jZ.Q!0'4!>>j!1(3&+0*(/'1=!_U(2U!(3Y+(,1!*U0*!8$:!

*U,! 1(3&+0*,4! 2U0'),! ('! 2/'',2*(6(*D! (1! *//! 5,2,'*! */! 1()'(?(20'*+D! 0+*,5! *U,! Y0**,5'! /?!8$A!

2/0+,12,'2,!,6,'*1!0'4!*U0*!0!5,2,'*!45/Y!20'!R,!U054+D!4,*,2*,4!/'!*U,!R01(1!/?!*U,!>T>!/'+D7!8$B!

X&5!,3Y(5(20+!40*0!05,!2/'1(1*,'*!_(*U! *U,1,! ?('4(')1-!_U,'!_,!2/3Y05,4!>>j!617!>>jZ.Q!8$O!

3/4,+1!('!*U,!*U5,,!1U05a!1Y,2(,1!&1(')!*U,!SH.!?503,_/5a=!_,!?0(+,4!*/!2+,05+D!4(1*(')&(1U!88L!

*U,!*_/!3/4,+1!Jj0R+,1!>O!0'4!>"L=!T()&5,!>:M7!jU(1!1,,31!*/!R,!0!Y0504/W-!_,!/R1,56,4!0!88"!

5,2,'*!R/**+,',2a!('!1Y,2(,1!/?!2/'1,560*(/'!2/'2,5'!&1(')!$%&'($)'$(#*!3/4,+=!R&*!_,!20''/*!88#!

,W2+&4,!*U0*!*U(1!(1!b&1*!*U,!2/'1,F&,'2,!/?!Y/Y&+0*(/'!1*5&2*&5,7!!88$!

:-/4,(4/8#-"4%11"$0/,(%$+#/$0#4%$+"-&/,(%$#4%$4"-$+!!888!
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! #L!

jU(1!1*&4D!U()U+()U*!/'2,!3/5,!*U,!(3Y/5*0'2,!*/!,WY+(2(*+D!*,1*!?/5!3,*0ZY/Y&+0*(/'!1*5&2*&5,!889!

R,?/5,!('*,5Y5,*(')!*U,!4,3/)50YU(2!1()'0+1!4,*,2*,4!RD!$%&'($)'$(#*!3/4,+1=!1(3(+05+D!*/!_U0*!88:!

046/20*,4!Y5,6(/&1+D!RD! J@0(10'/!\,+1,5!,*! 0+7=!#L"Oe!%/45h)&,`!,*! 0+7=!#L"BM7! C?! *U,!3,*0Z88A!

Y/Y&+0*(/'!1*5&2*&5,!UDY/*U,1(1! (1! 5,b,2*,4=! *U,!605(0*(/'!/?!"#! *U5/&)U! *(3,!20'!R,!4(5,2*+D!88B!

('*,5Y5,*,4!01!*U,!4,3/)50YU(2!U(1*/5D!/?!*U,!Y/Y&+0*(/'!&'4,5!('6,1*()0*(/'=!1&2U!01!*U,!201,!88O!

/?!*(),5!1U05a7!X*U,5_(1,=!*U(1!605(0*(/'!(1!1*(++!5,+0*,4!*/!4,3/)50YU(2!,6,'*1=!R&*!(*!U01!*/!R,!89L!

,WY+0(',4!('!*U,!+()U*!/?!Y/Y&+0*(/'!1*5&2*&5,!0'4!(*1!2/'1,F&,'2,!/'!*U,!50*,!/?!2/0+,12,'2,!89"!

,6,'*17! c,! 1U/_,4! RD! 2/0+,12,'*! 1(3&+0*(/'1! U/_! */! ('*,5Y5,*! 1&2U! 605(0*(/'-! *U,! 5,2,'*!89#!

R/**+,',2a! 4,*,2*,4! RD! *U,! &',.(;,4201'! ('! 4,3,1! R,+/')(')! */! 0! 3,*0ZY/Y&+0*(/'! (1! 0!89$!

2/'1,F&,'2,!/?!*U,!2/0+,12,'2,!Y5/2,117!C'!/*U,5!_/541=!0'D!('?,5,'*(0+!3,*U/4!(3Y+,3,'*(')!898!

0'!$%&'($)'$(#*!3/4,+!_(++!4,*,2*!1&2U!4,2+(',!J(?!,'/&)U!40*0!(1!060(+0R+,M!1('2,!(*!(1!0!Y5/Y,5*D!899!

/?! *U,! ),',! ),',0+/)D7! C3Y/5*0'*+D=! *U,! ),',! ),',0+/)D! (1! /'+D! 1+()U*+D! 0??,2*,4! RD! 5,2,'*!89:!

2U0'),1!('!2/'',2*(6(*D!(?!*U,!*(3,!/?!*U(1!2U0'),!('!),',50*(/'1!(1!/?!*U,!103,!/54,5!/?!*U,!1(`,!89A!

/?!*U,!4,3,7!!89B!

X&5!1*&4D!&'4,512/5,!0!a,D!(11&,!('!2/'1,560*(/'!),',*(21!01!0!5,2,'*!4,2+(',!('?,55,4!RD!0'!89O!

$%&'($)'$(#*! 3/4,+! 20'! R,!3(1Z('*,5Y5,*,4! 01! 0! 2/'1,F&,'2,! /?! 5,2,'*! 0'*U5/Y(2! Y5,11&5,1!8:L!

J.,R0++/1!,*!0+7=!#L"9M!_U,'!(*!02*&0++D!5,1&+*1!?5/3!3,*0ZY/Y&+0*(/'!1*5&2*&5,7!jU(1!(1!0++!*U,!8:"!

3/5,!0+053(')!1('2,!*U,!30b/5(*D!/?!1Y,2(,1!(1!+(a,+D!/5)0'(1,4!('!3,*0ZY/Y&+0*(/'1!025/11!*U,(5!8:#!

50'),!50*U,5!*U0'!Y0'3(2*(2!0*!0!+05),!120+,7!c,!*U,5,?/5,!1*5,11!*U,!',2,11(*D!?/5!0'!,4&20*,4!8:$!

2U/(2,!/?!*//+1!*/!2/55,2*+D!&'2/6,5!*U,!5,2,'*!*5,'4!/?!0!1Y,2(,1!0'4!4,1()'!Y5/Y,5!2/'1,560*(/'!8:8!

Y5/)50317!T/5!('1*0'2,=!4,*,2*(')!0!5,2,'*!R/**+,',2a!('!3,*0ZY/Y&+0*(/'1!_(++!5,F&(5,!1&3305D!8:9!

1*0*(1*(21!3,01&5(')!*U,!+('a0),!4(1,F&(+(R5(&3!JH/(*054=!%/45h)&,`=!{0D=!@/'0=!d!S&1*,5+(*`=!8::!

#L":e!f,54/'2&??=!<03R,5*=!d!S2U0`=!#L#LM!0'4k/5! *U,! ('?,5,'*(0+! ?503,_/5a!R01,4!/'! *U,!8:A!

CC.%! J.U(aU(! ,*! 0+7=! #L"Be!%/45h)&,`! ,*! 0+7=! #L"BM! 2/&Y+,4!_(*U!_U/+,! ),'/3,! 40*07!X'! 0!8:B!
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! #"!

Y/1(*(6,!'/*,=!_,!1U/_,4!*U0*!*U,!2/+/'(`0*(/'!*(3,!/?!*U,!0550D!/?!4,3,1!20'!R,!,1*(30*,4!*/!8:O!

1/3,!,W*,'*!J0'4!&'4,5!1/3,!2/3R('0*(/'1!/?!Y0503,*,51M!RD!$%&'($)'$(#*!3/4,+17!c,!R,+(,6,!8AL!

*U0*! *U(1! (1! Y05*(2&+05+D! (3Y/5*0'*! R,20&1,! (*! U01! R,,'! 1U/_'! *U0*! *U,! 1(3Y+,! ('1*0'*0',/&1!8A"!

2/+/'(`0*(/'! Y5/2,11! _,! &1,4! U,5,! R,U06,1! 1(3(+05+D! */! 0! 1Y0*(0+! ,WY+(2(*! 50'),! ,WY0'1(/'!8A#!

JQ03(+*/'=! >*/',a(')=!d!GW2/??(,5=! #LL9e!@/'0=! #L"AM=!_U(2U! (1! 2,5*0('+D! 0!3/5,! 5,0+(1*(2!8A$!

3/4,+!R&*!3/5,!4(??(2&+*! */! ('6,1*()0*,7!c,!05,!0_05,! *U0*! *U,!3,*0ZY/Y&+0*(/'!3/4,+1!U,5,!8A8!

*,1*,4!05,!1(3Y+,!0'4!*U,!Y0503,*,51!2U/1,'!05,!1Y,2(?(2!/?!*U,!*U5,,!1U05a!1Y,2(,1!_,!?/2&1,4!8A9!

/'7!N,6,5*U,+,11=!*U,!*(3,Z120+,!1,Y050*(/'!/?!*U,!2/0+,12,'2,!Y5/2,11!(1!),',50+=!0'4!(*!0++/_1!8A:!

,WY+0('(')!('*&(*(6,+D!0'D!1*5&2*&5,4!3/4,+17!jU,!?/&5!1U05a!1Y,2(,1!U,5,!&1,4!01!0'!,W03Y+,!8AA!

U01! *U,! 3,5(*! */! 2/6,5! 0! +05),! 1Y,2*5&3! /?! <Qj! 0'4! 2/'1,F&,'*+D! 0! +05),! 1Y,2*5&3! /?!8AB!

4,3/)50YU(2! 12,'05(/1=! )/(')! ?5/3! 0! U()U+D! 1*5&2*&5,4! */! 0! Y0'3(2*(2! Y/Y&+0*(/'-! *U(1! U01!8AO!

1*5/')!(3Y+(20*(/'1!/'!*U,!4(1*5(R&*(/'!/?!2/0+,12,'2,!*(3,1!0'4!*U,5,?/5,!/'!*U,!('*,5Y5,*0*(/'!8BL!

/?!*U,!/R1,56,4!40*07!8B"!

9%$485+(%$#8B#!

C'!*U(1!1*&4D!_,!?/&'4!*U0*!Y/Y&+0*(/'!1*5&2*&5,=!('4,Y,'4,'*+D!?5/3!*U,!4,)5,,!/?!2/'',2*(6(*D!8B$!

R,*_,,'!4,3,1!0'4!*U,!3()50*(/'!30*5(W!5,+0*(')!*U,3=!('*5('1(20++D!4,*,53(',1!0!605(0*(/'!('!8B8!

*U,!50*,!/?!2/0+,12,'2,!,6,'*1!*U5/&)U!*(3,7!c,!1U/_,4!*U0*!*U,!('*,'1(*D!0'4!*U,!4(5,2*(/'J1M!8B9!

/?!1&2U!605(0*(/'!5,+0*,4!*/!*U,!4,3/)50YU(2!Y0503,*,51!/?!*U,!3,*0ZY/Y&+0*(/'!('!0!Y5,4(2*0R+,!8B:!

_0D7!X&5!5,1&+*1!U()U+()U*!*U,!(3Y/5*0'2,!/?!4,*,2*(')!Y/Y&+0*(/'!1*5&2*&5,!J_U(2U!4,Y,'41!/'!8BA!

<Qj!03/')!/*U,5!?02*/51M!R,?/5,!Y,5?/53(')!0'D!4,3/)50YU(2!('?,5,'2,1!R&*=!0*!*U,!103,!*(3,=!8BB!

*U,D!5,6,0+!*U,!&*(+(*D!/?!$%&'($)'$(#*!3/4,+1!*/!4,125(R,!*U,!1U0Y,!/?!*U,!),',!),',0+/)D=!_U(2U!8BO!

(1!*U,!?('0+!Y5/4&2*!/?!*U,!,6/+&*(/'05D!U(1*/5D!/?!0!1Y,2(,17!S!2/3R('0*(/'!/?!1*5&2*&5,4!0'4!8OL!

$%&'($)'$(#*!3/4,+1! JR,**,5! (?! '/'ZY0503,*5(2M! (1! *U,5,?/5,! *U,! a,D! */! R,1*! 2U0502*,5(`,! *U,!8O"!

,6/+&*(/'05D!U(1*/5D!/?!0!1Y,2(,17!c,!20++!?/5!0!2U0'),!('!Y,51Y,2*(6,!_U,'!('6,1*()0*(')!*U,!8O#!
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! ##!

4,3/)50YU(2!U(1*/5D!/?!0!1Y,2(,1-!*U,!?/2&1!1U/&+4!R,!Y&*!('!*U,!5,2/'1*5&2*(/'!/?!*U,!605(0*(/'!8O$!

/?!R/*U!"!0'4!/!*U5/&)U!*(3,=!_U(2U!5,F&(5,1!2,5*0('+D!',_!3,*U/4/+/)(20+!4,6,+/Y3,'*!0'4!8O8!

Y5/R0R+D!3/5,!40*07!!8O9!

!8O:!

!'6*+710,8090*$(8OA!

c,! 05,! )50*,?&+! */! *U,!g,'/*/&+! R(/('?/530*(21! Y+0*?/53! j/&+/&1,!@(4(Z;D5,',,1! JH(/('?/!8OB!

g,'/*/&+e!U**Y-kkR(/('?/7),'/*/&+7?5kM!?/5!Y5/6(4(')!2/3Y&*(')!5,1/&52,17!c,!05,!('4,R*,4!*/!8OO!

X1205! <0/! ?/5! ?5&(*?&+! 4(12&11(/'1! 0'4! 205,?&+! 5,04(')! /?! *U,! 30'&125(Y*7! jU(1! _/5a! _01!9LL!

1&YY/5*,4!RD!*_/!Sj@!)50'*1!J#L":!0'4!#L"AM!?5/3!*U,!@&1E&3!N0*(/'0+!4PQ(1*/(5,!N0*&5,++,!9L"!

*/!>7@7!9L#!

!9L$!

40:0%0*'0#(9L8!

(9L9!

S5,'01=!@7=!%0D=!N7=!.&550*=!@7=!d!GW2/??(,5=!<7!J#L"#M7!./'1,F&,'2,1!/?!50'),!2/'*502*(/'1!9L:!

0'4!50'),!1U(?*1!/'!3/+,2&+05!4(6,51(*D7!@10#)$0,(!:.101=4!,%*!R610$'.1%=!STJ"M=!#LA|9LA!

#"B7!U**Y1-kk4/(7/5)k"L7"LO$k3/+R,6k315"BA!9LB!

H,5*/5,++,=!g7=!H,'0``/=!S7=!d!@/'0=!>7!J#L"LM7!SH.!01!0!?+,W(R+,!?503,_/5a!*/!,1*(30*,!9LO!

4,3/)50YUD!/6,5!1Y02,!0'4!*(3,-!>/3,!2/'1=!30'D!Y5/17!@10#)$0,(!R)101=4=!MTJ"$M=!9"L!

#:LO|#:#97!U**Y1-kk4/(7/5)k"L7""""kb7"$:9Z#O8}7#L"L7L8:OL7W!9""!

H/(*054=!>7=!%/45h)&,`=!c7=!{0D=!T7=!@/'0=!>7=!d!S&1*,5+(*`=!T7!J#L":M7!C'?,55(')!;/Y&+0*(/'!9"#!

>(`,!Q(1*/5D!?5/3!<05),!>03Y+,1!/?!g,'/3,Zc(4,!@/+,2&+05!\0*0!Z!S'!SYY5/W(30*,!9"$!

H0D,1(0'!./3Y&*0*(/'!SYY5/02U7!UN1>!5#%#'.)&=!MSJ$M=!,"LL9BAA7!9"8!

U**Y1-kk4/(7/5)k"L7"$A"kb/&5'0+7Y),'7"LL9BAA!9"9!

.,R0++/1=!g7=!GU5+(2U=!;7!%7=!H05'/1aD=!S7!\7=!g052h0=!S7=!;5(')+,=!%7!@7=!d!;0+3,5=!j7!@7!9":!

J#L"9M7!S22,+,50*,4!3/4,5'!U&30'Z('4&2,4!1Y,2(,1!+/11,1-!G'*,5(')!*U,!1(W*U!3011!9"A!

,W*('2*(/'7!>).#%)#!C*6,%)#&=!MJ9M=!O|"$7!U**Y1-kk4/(7/5)k"L7""#:k12(0467"8LL#9$!9"B!

.U(aU(=!<7=!%/45h)&,`=!c7=!g5&1,0=!>7=!>0'*/1=!;7=!H/(*054=!>7=!d!@0`,*=!X7!J#L"BM7!jU,!CC.%!9"O!

J('6,51,!('1*0'*0',/&1!2/0+,12,'2,!50*,M!01!0!1&3305D!/?!),'/3(2!4(6,51(*D-!C'1()U*1!9#L!

('*/!4,3/)50YU(2!('?,5,'2,!0'4!3/4,+!2U/(2,7!V#(#*.'4=!MSDJ"M=!"$|#87!9#"!

U**Y1-kk4/(7/5)k"L7"L$Bk18"8$AZL"AZLLL9Z:!9##!

.U(aU(=!<7=!>/&10=![7!.7=!<&(1(=!;7=!g//11,'1=!H7=!d!H,0&3/'*=!@7!S7!J#L"LM7!jU,!9#$!

./'?/&'4(')!G??,2*1!/?!;/Y&+0*(/'!>*5&2*&5,=!g,',*(2!\(6,51(*D!0'4!*U,!>03Y+(')!9#8!

>2U,3,!/'!*U,!\,*,2*(/'!0'4!m&0'*(?(20*(/'!/?!;/Y&+0*(/'!>(`,!.U0'),17!5#%#'.)&=!9#9!

MEWJ$M=!OB$|OO97!U**Y1-kk4/(7/5)k"L7"9$8k),',*(217""L7""B::"!9#:!

./55()0'=!>7=!</_*U,5=!S7!\7=!H,U,5,)050D=!<7!H7=!H5&2,=!H7!\7=!.+(??=!g7=!\&??D=!.7!S7=!~!9#A!
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! #$!

%/),51=!;7!{7!J#L"BM7!;/Y&+0*(/'!./'',2*(6(*D!/?!*U,!Q()U+D!@()50*/5D!>U/5*?('!@0a/!9#B!

JH&$($&!194(.%)-$&!%0?(',1F&,!"B"LM!0'4!C3Y+(20*(/'1!?/5!@0'0),3,'*!('!*U,!>/&*U,5'!9#O!

Q,3(1YU,5,7!X(1%'.#(&!.%!R)101=4!,%*!R610$'.1%=!WJNX[M=!"|"97!9$L!

U**Y1-kk4/(7/5)k"L7$$BOk?,6/7#L"B7LL"BA!9$"!

./5*E1=!G7!J#LL#M7!C'2/5Y/50*(')!&'2,5*0('*D!('*/!4,3/)50YU(2!3/4,+(')-!SYY+(20*(/'!*/!1U05a!9$#!

Y/Y&+0*(/'1!0'4!*U,(5!2/'1,560*(/'7!+1%&#(6,'.1%!:.101=4=!MWJ8M=!"L8B|"L:#7!9$$!

U**Y1-kk4/(7/5)k"L7"L8:kb7"9#$Z"A$O7#LL#7LL8#$7W!9$8!

GW2/??(,5=!<7=!\&Y0'+/&Y=!C7=!Q&,5*0Z>s'2U,`=!G7=!>/&10=![7!.7=!d!T/++=!@7!J#L"$M7!%/R&1*!9$9!

\,3/)50YU(2!C'?,5,'2,!?5/3!g,'/3(2!0'4!>N;!\0*07!UN1>!5#%#'.)&=!TJ"LM=!,"LL$OL97!9$:!

U**Y1-kk4/(7/5)k"L7"$A"kb/&5'0+7Y),'7"LL$OL9!9$A!

GW2/??(,5=!<7=!T/++=!@7=!d!;,*(*=!%7!{7!J#LLOM7!g,',*(2!./'1,F&,'2,1!/?!%0'),!GWY0'1(/'17!9$B!

C%%$,0!Y#6.#;!1O!R)101=47!R610$'.1%7!,%*!>4&'#/,'.)&=!BDJ"M=!8B"|9L"7!9$O!

U**Y1-kk4/(7/5)k"L7""8:k0''&5,67,2/+1D17$O7""LALA7"A$8"8!98L!

Q03(+*/'=!g7=!>*/',a(')=!@7=!d!GW2/??(,5=!<7!J#LL9M7!@/+,2&+05!0'0+D1(1!5,6,0+1!*()U*,5!1/2(0+!98"!

5,)&+0*(/'!/?!(33()50*(/'!('!Y0*5(+/20+!Y/Y&+0*(/'1!*U0'!('!30*5(+/20+!Y/Y&+0*(/'17!98#!

U(1)##*.%=&!1O!'-#!",'.1%,0!C),*#/4!1O!>).#%)#&!1O!'-#!Z%.'#*!>','#&!1O!C/#(.),=!98$!

MDSJ#"M=!A8A:|A8BL7!U**Y1-kk4/(7/5)k"L7"LA$kY'017L8LO#9$"L#!988!

Q,+,4=!{7=!d!\5&33/'4=!S7!{7!J#LLBM7!H0D,1(0'!('?,5,'2,!/?!Y/Y&+0*(/'!1(`,!U(1*/5D!?5/3!989!

3&+*(Y+,!+/2(7!:@+!R610$'.1%,(4!:.101=4=!EJ"M=!#BO7!U**Y1-kk4/(7/5)k"L7""B:k"8A"Z#"8BZ98:!

BZ#BO!98A!

Q,++,5=!%7=!N&51D(?0=!.7=!g052(0�G5(++=!g7=!>0+3/'0=!{7=!.U(aU(=!<7=!@,(1',5=!{7=!~!S+R5,2U*1,'=!98B!

S7!J#L#"M7!S!5,?,5,'2,�?5,,!0YY5/02U!*/!0'0+D1,!%S\1,F!40*0!&1(')!1*0'4054!',W*!98O!

),',50*(/'!1,F&,'2(')!*//+a(*17!@10#)$0,(!R)101=4!Y#&1$()#&=!SMJ8M=!"LB9|"LOA7!99L!

U**Y1-kk4/(7/5)k"L7""""k"A99ZLOOB7"$$#8!99"!

f05+=!>7!S7=!@/**0=!;7!{7=!>*,_05*=!H7!>7=!c(+1/'=!>7!g7=!H/_,'=!H7!c7=!.01*5/=!S7!<7!T7=!~!99#!

Q&,*,5=!%7!G7!J#L"LM7!;/Y&+0*(/'!),',*(2!1*5&2*&5,!/?!G05*UV1!+05),1*!?(1U=!*U,!_U0+,!1U05a!99$!

JY-.%)1*1%!'42$&M7!@10#)$0,(!R)101=4=!MWJ#8M=!9"B$|9"O#7!998!

U**Y1-kk4/(7/5)k"L7""""kb7"$:9Z#O8W7#LLA7L$9OA7W!999!

f,54/'2&??=!G7=!<03R,5*=!S7=!d!S2U0`=!g7!J#L#LM7!j,1*(')!?/5!Y/Y&+0*(/'!4,2+(',!&1(')!99:!

30W(30+!+('a0),!4(1,F&(+(R5(&3!R+/2a17!Q-#1(#'.),0!U12$0,'.1%!:.101=4=!MJB=!"A"|"B"7!99A!

U**Y1-kk4/(7/5)k"L7"L":kb7*YR7#L#L7L$7LL8!99B!

fU(3/&'=!S7=!\/&31=!.7=!@/+,*=!@7=!f0&?30''=!H7=!;,5/'',*=!%7=!GD,5=!;7!S7=!d!@/'0=!>7!99O!

J#L#LM7!K5R0'(`0*(/'!_(*U/&*!(1/+0*(/'-!jU,!0R1,'2,!/?!),',*(2!1*5&2*&5,!03/')!2(*(,1!9:L!

0'4!?/5,1*1!('!*U,!*('D!02/5'!0'*!j,3'/*U/50W!'D+0'4,5(7!:.101=4!N#''#(&=!MWJ"M7!9:"!

U**Y1-kk4/(7/5)k"L7"LOBk51R+7#L"O7LA8"!9:#!

f/5',+(&11,'=!j7!>7=!S+R5,2U*1,'=!S7=!d!N(,+1,'=!%7!J#L"8M7!SNg>\-!S'0+D1(1!/?!N,W*!9:$!

g,',50*(/'!>,F&,'2(')!\0*07!:@+!:.1.%O1(/,'.)&=!M[J"M=!"|"$7!9:8!

U**Y1-kk4/(7/5)k"L7""B:k1"#B9OZL"8ZL$9:Z8!9:9!

<0Y(,55,=!@7=!<03R,5*=!S7=!d!S2U0`=!g7!J#L"AM7!S22&502D!/?!\,3/)50YU(2!C'?,5,'2,1!?5/3!9::!

*U,!>(*,!T5,F&,'2D!>Y,2*5&3-!jU,!.01,!/?!*U,!I/5&R0!;/Y&+0*(/'7!5#%#'.)&=!SDWJ"M=!9:A!

8$O|88O7!U**Y1-kk4/(7/5)k"L7"9$8k),',*(217"":7"O#ALB!9:B!

<(=!Q7=!d!\&5R('=!%7!J#LLOM7!T01*!0'4!022&50*,!1U/5*!5,04!0+()'3,'*!_(*U!H&55/_1ZcU,,+,5!9:O!

*50'1?/537!:.1.%O1(/,'.)&=!S[J"8M=!"A98|"A:L7!9AL!

U**Y1-kk4/(7/5)k"L7"LO$kR(/('?/530*(21kR*Y$#8!9A"!

<(=!Q7=!d!\&5R('=!%7!J#L""M7!C'?,5,'2,!/?!U&30'!Y/Y&+0*(/'!U(1*/5D!?5/3!('4(6(4&0+!_U/+,Z9A#!

),'/3,!1,F&,'2,17!",'$(#=!B\[JA$9AM=!8O$|8O:7!U**Y1-kk4/(7/5)k"L7"L$Bk'0*&5,"L#$"!9A$!

<(&=!}7=!d!T&=!I7Z}7!J#L"9M7!GWY+/5(')!Y/Y&+0*(/'!1(`,!2U0'),1!&1(')!>N;!?5,F&,'2D!1Y,2*507!9A8!

",'$(#!5#%#'.)&=!B\J9M=!999|99O7!U**Y1-kk4/(7/5)k"L7"L$Bk')7$#98!9A9!
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! #8!

@0(10'/!\,+1,5=!;7=!./55()0'=!>7=!\&2a,**=!\7=!>&_0+1a(=!S7=![,&(++,=!@7=!;+0',1=!>7=!~!@/'0=!9A:!

>7!J#L"OM7!\,3/)50YU(2!('?,5,'2,1!0?*,5!0!50'),!,WY0'1(/'!20'!R,!R(01,4-!*U,!*,1*!201,!/?!9AA!

*U,!R+02a*(Y!5,,?!1U05a!J+,()-,(-.%$&!/#0,%12'#($&M7!V#(#*.'4=!MSSJ:M=!A9O|A:O7!9AB!

U**Y1-kk4/(7/5)k"L7"L$Bk18"8$AZL"BZL":8ZL!9AO!

@0(10'/!\,+1,5=!;7=!./55()0'=!>7=!Q0+,=!@7=!<(=!.7=![,&(++,=!@7=!;+0',1=!>7=!~!@/'0=!>7!9BL!

J#L":M7!;/Y&+0*(/'!),'/3(21!/?!+8!/#0,%12'#($&!&1(')!*05),*!),',!20Y*&5,!40*0-!9B"!

\,3/)50YU(2!('?,5,'2,1!0'4!2/'1,560*(/'!Y,51Y,2*(6,17!>).#%'.O.)!Y#21('&=!WJSY5(+M=!"|9B#!

"#7!U**Y1-kk4/(7/5)k"L7"L$Bk15,Y$$A9$!9B$!

@0`,*=!X7=!%/45h)&,`=!c7=!g5&1,0=!>7=!H/(*054=!>7=!d!.U(aU(=!<7!J#L":M7!X'!*U,!(3Y/5*0'2,!/?!9B8!

R,(')!1*5&2*&5,4-!('1*0'*0',/&1!2/0+,12,'2,!50*,1!0'4!U&30'!,6/+&*(/'�+,11/'1!?/5!9B9!

0'2,1*50+!Y/Y&+0*(/'!1(`,!('?,5,'2,�!V#(#*.'4=!MMWJ8M=!$:#|$A"7!9B:!

U**Y1-kk4/(7/5)k"L7"L$BkU4D7#L"97"L8!9BA!

@0`,*=!X+(6(,5=!%/45h)&,`=!c7=!d!.U(aU(=!<7!J#L"9M7!\,3/)50YU(2!('?,5,'2,!&1(')!),',*(2!9BB!

40*0!?5/3!0!1(')+,!('4(6(4&0+-!>,Y050*(')!Y/Y&+0*(/'!1(`,!605(0*(/'!?5/3!Y/Y&+0*(/'!9BO!

1*5&2*&5,7!Q-#1(#'.),0!U12$0,'.1%!:.101=4=!MDB=!8:|9B7!9OL!

U**Y1-kk4/(7/5)k"L7"L":kb7*YR7#L"97L:7LL$!9O"!

@/'0=!>7!J#L"AM7!X'!*U,!5/+,!Y+0D,4!RD!*U,!2055D(')!20Y02(*D!0'4!*U,!0'2,1*50+!Y/Y&+0*(/'!1(`,!9O#!

4&5(')!0!50'),!,WY0'1(/'7!V#(#*.'4=!MMEJ#M=!"8$|"9$7!9O$!

U**Y1-kk4/(7/5)k"L7"L$BkU4D7#L":7A$!9O8!

@/'0=!>7=!%0D=!N7=!S5,'01=!@7=!d!GW2/??(,5=!<7!J#L"8M7!g,',*(2!2/'1,F&,'2,1!/?!U0R(*0*!9O9!

?50)3,'*0*(/'!4&5(')!0!50'),!,WY0'1(/'7!V#(#*.'4=!MMSJ$M=!#O"|#OO7!9O:!

U**Y1-kk4/(7/5)k"L7"L$BkU4D7#L"$7"L9!9OA!

;05(1=!{7!%7=!>*,6,'1=!{7!%7=!d!.0*2U,'=!{7!@7!J#L"AM7!</1*!('!Y0503,*,5!1Y02,-!0!5/04!30Y!?/5!9OB!

1*02a17!@#'-1*&!.%!R)101=4!,%*!R610$'.1%=!EJ"LM=!"$:L|"$A$7!9OO!

U**Y1-kk4/(7/5)k"L7""""k#L8"Z#"L}7"#AA9!:LL!

;051/'1=!g7!%7!J"OOLM7!@,*0R/+(13!0'4!1_(33(')!,??(2(,'2D!/?!*U,!R/'',*U,04!1U05a!>2-4(%,!:L"!

'.3$(17!@,(.%#!:.101=4=!MDBJ$M=!$:$|$:A7!U**Y1-kk4/(7/5)k"L7"LLAkHTL"$"8$$B!:L#!

;,*,5=!H7!@7=!c,)30''=!\7=!d!GW2/??(,5=!<7!J#L"LM7!\(1*(')&(1U(')!R,*_,,'!Y/Y&+0*(/'!:L$!

R/**+,',2a!0'4!Y/Y&+0*(/'!1&R4(6(1(/'!RD!0!H0D,1(0'!3/4,+!2U/(2,!Y5/2,4&5,7!@10#)$0,(!:L8!

R)101=4=!MTJ#"M=!8:8B|8::L7!U**Y1-kk4/(7/5)k"L7""""kb7"$:9Z#O8}7#L"L7L8AB$7W!:L9!

;,*,51/'=!H7!f7=!c,R,5=!{7!N7=!f0D=!G7!Q7=!T(1U,5=!Q7!>7=!d!Q/,a1*50=!Q7!G7!J#L"#M7!\/&R+,!:L:!

\(),1*!%S\1,F-!S'!C',WY,'1(6,!@,*U/4!?/5!\,!N/6/!>N;!\(12/6,5D!0'4!g,'/*DY(')!:LA!

('!@/4,+!0'4!N/'Z@/4,+!>Y,2(,17!UN1>!]"R=!\J9M=!,$A"$97!:LB!

U**Y1-kk4/(7/5)k"L7"$A"kb/&5'0+7Y/',7LL$A"$9!:LO!

;(5/)=!S7=!{0F&,3,*=!>7=!%06()'E=![7=!.+(??=!g7=!.+&0=!G7=!Q/+3,1=!H7!{7=!~!@0)0+/'=!Q7!:"L!

J#L"OM7!g,',*(2!Y/Y&+0*(/'!1*5&2*&5,!0'4!4,3/)50YUD!/?!0'!0Y,W!Y5,40*/5=!*U,!*(),5!1U05a!:""!

5,0#1)#(*1!)$6.#(7!R)101=4!,%*!R610$'.1%=!TJ"LM=!999"|99A"7!:"#!

U**Y1-kk4/(7/5)k"L7"LL#k,2,$79"""!:"$!

;&4+/=!;7=!@05('=!{7Z@7!@7=!G1*/&Y=!S7=!./5'&,*=!{7Z@7!@7=!g0&*(,5=!@7=!d!%/R,5*=!.7!;7!:"8!

J#L":M7!%,+(0R+,!SH.!3/4,+!2U/(2,!6(0!50'4/3!?/5,1*17!:.1.%O1(/,'.)&=!JSJ:M=!B9O|B::7!:"9!

U**Y1-kk4/(7/5)k"L7"LO$kR(/('?/530*(21kR*6:B8!:":!

%0D=!N7=!.&550*=!@7=!d!GW2/??(,5=!<7!J#LL$M7!C'*50Z4,3,!3/+,2&+05!4(6,51(*D!('!1Y0*(0++D!:"A!

,WY0'4(')!Y/Y&+0*(/'17!@10#)$0,(!:.101=4!,%*!R610$'.1%=!SDJ"M=!A:|B:7!:"B!

U**Y1-kk4/(7/5)k"L7"LO$k3/+R,6k31)LLO!:"O!

%0D'0+=!<7=!@05('=!{7!@7=!;&4+/=!;7=!%(R0*,*=!@7=!%/R,5*=!.7!;7=!d!G1*/&Y=!S7!J#L"OM7!SH.!:#L!

50'4/3!?/5,1*1!?/5!H0D,1(0'!Y0503,*,5!('?,5,'2,7!:.1.%O1(/,'.)&=!J[J"LM=!"A#L|"A#B7!:#"!

U**Y1-kk4/(7/5)k"L7"LO$kR(/('?/530*(21kR*DB:A!:##!

%/2U,**,=!N7!.7=!%(6,50Z./+n'=!S7!g7=!d!.0*2U,'=!{7!@7!J#L"OM7!>*02a1!#-!S'0+D*(20+!3,*U/41!:#$!
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! #9!

?/5!Y0(5,4Z,'4!1,F&,'2(')!(3Y5/6,!%S\1,FZR01,4!Y/Y&+0*(/'!),'/3(217!@10#)$0,(!:#8!

R)101=4=!SEJ#"M=!8A$A|8A987!U**Y1-kk4/(7/5)k"L7""""k3,27"9#9$!:#9!

%/45h)&,`=!c7=!@0`,*=!X7=!g5&1,0=!>7=!S55,4/'4/=!S7=!./5&b/=!{7!@7=!H/(*054=!>7=!d!.U(aU(=!<7!:#:!

J#L"BM7!jU,!CC.%!0'4!*U,!'/'Z1*0*(/'05D!1*5&2*&5,4!2/0+,12,'*-!*/_0541!4,3/)50YU(2!:#A!

('?,5,'2,!_(*U!05R(*505D!2U0'),1!('!Y/Y&+0*(/'!1*5&2*&5,7!V#(#*.'4=!MSMJ:M=!::$|:AB7!:#B!

U**Y1-kk4/(7/5)k"L7"L$Bk18"8$AZL"BZL"8BZL!:#O!

>*i4+,5=!j7=!Q0&R/+4=!H7=!@,5('/=!.7=!>*,YU0'=!c7=!d!;?0??,+U&R,5=!;7!J#LLOM7!jU,!(3Y02*!/?!:$L!

103Y+(')!12U,3,1!/'!*U,!1(*,!?5,F&,'2D!1Y,2*5&3!('!'/',F&(+(R5(&3!1&R4(6(4,4!:$"!

Y/Y&+0*(/'17!5#%#'.)&=!MESJ"M=!#L9|#":7!U**Y1-kk4/(7/5)k"L7"9$8k),',*(217"LB7LO8OL8!:$#!

j0b(30=!T7!J"OBOM7!>*0*(1*(20+!3,*U/4!?/5!*,1*(')!*U,!',&*50+!3&*0*(/'!UDY/*U,1(1!RD!\NS!:$$!

Y/+D3/5YU(137!5#%#'.)&=!MSJJ$M=!9B9|9O97!U**Y1-kk4/(7/5)k"L7"LO$k),',*(21k"#$7$79B9!:$8!

c0a,+,D=!{7!J"OOBM7!>,)5,)0*(')!>(*,1!('!c5()U*V1!C1+0'4!@/4,+7!Q-#1(#'.),0!U12$0,'.1%!:$9!

:.101=4=![J=!"::|"A87!:$:!

c0a,+,D=!{7!J"OOOM7!N/',F&(+(R5(&3!3()50*(/'!('!U&30'!U(1*/5D7!5#%#'.)&=!M[JJ8M=!"B:$|:$A!

"BA"7!:$B!

c053&*U=![7!@7=!d!G++,)5,'=!Q7!J#L"OM7!g,'/*DY,Z?5,,!,1*(30*(/'!/?!0++,+,!?5,F&,'2(,1!:$O!

5,4&2,1!R(01!0'4!(3Y5/6,1!4,3/)50YU(2!('?,5,'2,!?5/3!%S\>,F!40*07!@10#)$0,(!:8L!

R)101=4!Y#&1$()#&=!MTJ$M=!9B:|9O:7!U**Y1-kk4/(7/5)k"L7""""k"A99ZLOOB7"#OOL!:8"!

c0**,51/'=!g7!S7!S7!J"OA9M7!X'!*U,!'&3R,5!/?!1,)5,)0*(')!1(*,1!('!),',*(20+!3/4,+1!_(*U/&*!:8#!

5,2/3R('0*(/'7!Q-#1(#'.),0!U12$0,'.1%!:.101=4=!\J#M=!#9:|#A:7!:8$!

U**Y1-kk4/(7/5)k"L7"L":kLL8LZ9BLOJA9MOLL#LZO!:88!

!:89!

(:8:!

5&$&(&;&.1&".1.$<(#$&$090*$(:8A!

T01*F!1,F&,'2,!?(+,1=!>T>!0'4!125(Y*1!05,!060(+0R+,!?5/3!*U,!\5D04!\()(*0+!%,Y/1(*/5D-!:8B!

U**Y1-kk4/(7/5)k"L79L:"k45D047RB)*U*A4"7!!:8O!

!:9L!

!:9"!

!-$3+%#('+*$%."-$.+*(:9#!

>7@7!0'4!;7<7!2/'2,(6,4!*U,!Y5/b,2*7!>7;7!Y5/6(4,4!5,0),'*1!0'4!103Y+,17!>7@7!0'4!;7<!:9$!

0'0+D1,4!*U,!40*0!0'4!_5/*,!*U,!30'&125(Y*!_(*U!('Y&*!?5/3!>7;7!! !:98!
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! #:!

=&"10#(

F#>$%)GH!>&3305D! 1*0*(1*(21! 0'4!SH.!,1*(30*(/'7!N&3R,5!/?! +/2(! 0'4!>N;1!0?*,5! ?(+*,5(')=!

3,0'!Y0(5_(1,!4(??,5,'2,!Jr+M=!c0**,51/'!*U,*0!Jr,M=!j0b(30V1!I!JQIM=!Y/1*,5(/5!Y5/R0R(+(*D!/?!

*U,! 3/1*! 1&YY/5*,4! 3/4,+! 0'4! (*1! Y0503,*,51! J3,4(0'! 60+&,! 0'4! O9l! 25,4(R+,! ('*,560+! ('!

Y05,'*U,1,1M7!!

! "#!$%&'! "#!(")! *!! *"! +,!
-%./0!

123%454'0'678#!!
!"# $!"#$%# !$%!#

%&#'()*+,&!1"9:8# ;;<=<>! ?@<:@! ABAAA@<! ABAAA@;! CABAD! "(!1AB:E8! C! C! C!

-&#."/01,213'245!

1"9;?8!
>=E=A! >:D@@! ABAA?;>! ABAA??=! CAB?D!! ((+!1AB:@8!

;;B@!!

1DBAC??BA8!

?AE@>!!

1;?@><C<@>E=8!

EA=>;!!

1;D;@CE=?<>8!

-&#0*"/.6(5!

1"9;D8!
>A:;?! EDEE=! ABAA;:A! ABAA;>>! ABED!! ((+!1AB@@8!

>B>!

1;B@C;@BE8!

@A;=:!!

1E<@C?E@EEA8!

?@@?;!

1;=;DC@?:?A8!

-&#"+0.3476+,(5"!

1"9:8!
=?>! <:E! ABAAAEA! ABAAADA! AB>=;!! ((+!1AB:=8!

;B:!
1AB<CDBA8!

=;<;=!!
1@AAAC?=;DE;8!

DE>A<!
1?<>AC=@D:A8!

!# 8,*4,5$'#
FG!ABAA;!C!
;AA!

FG!;!C!DAAAAA!
FG!;AA!H!
;AAAAAB!

!!!"#$%"&'("!)"*+,'("-,('$./$0$1"/2(3#45655786(
#(9:'2('+;;:-2,<(%:<,*("/<($2'(;:'2,-$:-(;-:="=$*$2>6!(
$($!"#!$'(,?;-,'',<!$/(.,/,-"2$:/'6(
%(%&! '()*+,( $'( =,'2( -,;-,',/2,<( =>( 2@,( AB( %:<,*C( $2'( <,%:.-";@>( $'( <,;$12,<( 2@-:+.@( 2@,( -./*,0/1#23.(

"*.:-$2@%(3',,(<$'1+''$:/86((
&"(D"2"(0-:%(9"$'"/:(D,*',-(,2("*6(3E57F86((
'(G/$0:-%(;-$:-(<$'2-$=+2$:/6(!@,(;-$:-(<$'2-$=+2$:/(:0(45($'(2@,(;-:<+12(:0(2H:(+/$0:-%'(3:/,(0:-(4("/<(:/,(

0:-(586((

( (
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! #A!

!

F#>$%)IH)./0+,12,'*!1(3&+0*(/'1!/?!9L=LLL!%04Z+/2(!&'4,5!>>j!3/4,+=!_(*U!3&*0*(/'!50*,!?(W,4!

*/!"7O$]"L(*!Y,5!1(*,!Y,5!),',50*(/'!0'4!"&'(!?(W,4!*/!9L=LLL7!@,0'!Y0(5_(1,!4(??,5,'2,!Jr+M=!

c0**,51/'!*U,*0!Jr,M=!j0b(30V1!\!Jj\M=!0'4!'&3R,5!/?!1,)5,)0*(')!1(*,1!J>M!05,!06,50),4!/6,5!

"LL!5,Y+(20*,17)!

;1# <!"## J!)$) J"'$) FB) <)

"! 9LLL! L7LL"$! L7LL""! L79$"! #$9OO!

! "9LLL! L7LL"$! L7LL"#! L78L9! #8LO8!

! 9LLLL! L7LL"A! L7LL":! L78L:! $##L"!

! u#! L7L":"! L7L"$O! L7::O! #B$9:8!

9! 9LLL! L7LL"A! L7LL":! L7$:"! $#88$!

! "9LLL! L7LL"O! L7LL"B! L7"O"! $AA"#!

! 9LLLL! L7LL#B! L7LL#B! L7L$9! 9:8A8!

! u! L7L"AA! L7L"9L! L7A8O! $L:AB:!

"L! 9LLL! L7LL"O! L7LL"B! L7"BL! $:9:"!

! "9LLL! L7LL#"! L7LL##! ZL7LBA! 88$BL!

! 9LLLL! L7LL$"! L7LL$8! ZL7$:8! :O8$:!

! u! L7L"BL! L7L"9B! L79B9! $#":"O!

"9! 9LLL! L7LL"O! L7LL"O! L7L8B! $BO"O!

! "9LLL! L7LL##! L7LL#8! ZL7#A8! 8B8AO!

! 9LLLL! L7LL$#! L7LL$B! ZL7:LB! AA$O"!

! u! L7L"B"! L7L":$! L78:9! $$"B":!

!

#&IJ+$*$=-$+%(%:<,*(:=2"$/,<(=>('$%+*"2$/.($!"#KL6(
$&!@,2"()"*+,'("-,(,?;-,'',<(;,-('$2,(;,-(.,/,-"2$:/6( (
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! #B!

>.8-%0(?080*,#(

K+=70%)GH!G6/+&*(/'05D!12,'05(/1!2/'1(4,5,4!('!*U(1!1*&4D!J*/!R/*U!('?,5!Y0503,*,51!('!5,0+!40*0!

&'4,5! 0'! SH.! ?503,_/5a! 0'4! */! Y,5?/53! 2/0+,12,'*! 1(3&+0*(/'1M7! >>j! JTC@M! 3/4,+! (1! 0!

1(3Y+(?(,4! 6,51(/'! /?! >>jZ.Q! JTC@Z.QM! ('!_U(2U! 2/'',2*(6(*D!"/! (1! 2/'1*0'*! 0?*,5!Q($)7!

\,*0(+1!/'!,02U!Y0503,*,5!05,!Y5,1,'*,4!('!*U,!30('!*,W*7!

!

K+=70%)IH!;/1*,5(/5!4(1*5(R&*(/'!/?!*U,!'&3R,5!/?!3()50'*1!Y,5!),',50*(/'!"/!JY0',+!SM!0'4!/?!

*U,!2/+/'(10*(/'!*(3,!/?!*U,!0550D!/?!4,3,!Q($)!JY0',+!HM!,1*(30*,4!&'4,5!*U,!1*,YY(')!1*/',!

3/4,+! J>>jM! ?/5! +,()-,(-.%$&! ,/304(-4%)-1&! J5,4M=! +,()-,(-.%$&! 0./3,'$&! J)5,,'M! 0'4!

+,()-,(-.%$&!/#0,%12'#($&!JR+&,M7!!

!

K+=70%)LH);0',+!S-!605(0*(/'!/?! *U,!,??,2*(6,!Y/Y&+0*(/'!1(`,!J"#M! *U5/&)U!*(3,!0'4!(*1!A9l!

2/'?(4,'2,! ('*,560+!,1*(30*,4!RD! *U,!&',.(;,4201'7!;0',+!H-!'/530+(`,4!>T>!2/3Y&*,4!01! ('!

J<0Y(,55,! ,*! 0+7=! #L"AM7! +,()-,(-.%$&! ,/304(-4%)-1&! (1! 5,Y5,1,'*,4! ('! 5,4=! +,()-,(-.%$&!

0./3,'$&!('!)5,,'=!+,()-,(-.%$&!/#0,%12'#($&!('!R+&,=!0'4!5,0#1)#(*1!)$6.#(!('!Y&5Y+,7!!

!

K+=70%)MH!&',.(;,4201'!J30W(3&3!+(a,+(U//4!"#!0'4!A9l!2/'?(4,'2,!('*,560+M!JY0',+!SM!0'4!

'/530+(`,4!>T>!JY0',+!HM!2/3Y&*,4!('!1(3&+0*,4!'/'Z,F&(+(R5(&3!>>j!12,'05(/1!_(*U!"/o"=!

06,50),4!/6,5!"LL!5,Y+(20*,17!./+/'(10*(/'!*(3,!/?!*U,!0550D!/?!4,3,!Q($)!/22&55,4!9=LLL!J5,4M=!

"9=LLL!JR+&,M=!0'4!9L=LLL!J)5,,'M!),',50*(/'1!H7;7=!6(1&0++D!5,Y5,1,'*,4!RD!*U,!6,5*(20+!401U,4!

+(',1!('!Y0',+!S7!jU,!'/530+(`,4!>T>!,WY,2*,4!&'4,5!0!2/'1*0'*!1(`,!'/'Z1*5&2*&5,4!3/4,+!JN>!

2/'1*0'*!1(`,M!(1!0+1/!1U/_'!J)5,D!401U,4!+(',!('!Y0',+!HM7!!
!

K+=70%)NH!&',.(;,4201'!J30W(3&3!+(a,+(U//4!"#!0'4!A9l!2/'?(4,'2,!('*,560+M!JY0',+!SM!0'4!

'/530+(`,4!>T>!JY0',+!HM!2/3Y&*,4!('!1(3&+0*,4!'/'Z,F&(+(R5(&3!>>j!12,'05(/1!_(*U!"/o"L=!

06,50),4!/6,5!"LL!5,Y+(20*,17!./+/'(10*(/'!*(3,!/?!*U,!0550D!/?!4,3,!Q($)!/22&55,4!9=LLL!J5,4M=!

"9=LLL!JR+&,M=!0'4!9L=LLL!J)5,,'M!),',50*(/'1!H7;7=!6(1&0++D!5,Y5,1,'*,4!RD!*U,!6,5*(20+!401U,4!

+(',1!('!Y0',+!S7!!jU,!'/530+(`,4!>T>!,WY,2*,4!&'4,5!0!2/'1*0'*!1(`,!'/'Z1*5&2*&5,4!3/4,+!JN>!

2/'1*0'*!1(`,M!(1!0+1/!1U/_'!J)5,D!401U,4!+(',!('!Y0',+!HM7!
!

K+=70%) OH! &',.(;,4201'! J30W(3&3! +(a,+(U//4!"#M! JY0',+!SM! 0'4! '/530+(`,4! >T>! JY0',+!HM!

2/3Y&*,4!('!1(3&+0*,4!'/'Z,F&(+(R5(&3!>>j!12,'05(/1!_(*U!Q($)!o"9=LLL!),',50*(/'1!H7;7!0'4!

0'!('1*0'*0',/&1!4,25,01,!/?!*U,!4,3,!1(`,!J"%,#,M!?/5_054!('!*(3,!0*!Q(+!o"L!),',50*(/'1!H7;7!

./+/&51!5,Y5,1,'*!*U,!+/')Z*,53!2/'',2*(6(*D!60+&,1-!"/o"!JR+&,M=!"/o9!J)5,,'M=!"/o"L!J5,4M=!

"/o"9!JR+02aM7!<(',!1*D+,!5,Y5,1,'*1!*U,!"LZ?/+4!J130++!401U,1M!/5!"LLZ?/+4!J4/*1M!5,4&2*(/'!/?!

"%,#,=!/5!2/'1*0'*!"/!J2/'*('&/&1!+(',M7!jU,!6,5*(20+!)5,D!401U,4!+(',!('!Y0',+!S!5,Y5,1,'*1!

*U,!1(3&+0*,4!2/+/'(10*(/'!*(3,!Q($)7!
!

K+=70%)PH!>2U,30*(2!4(0)503!5,Y5,1,'*(')!*U,!4(??,5,'*!2/0+,12,'2,!YU01,1! ('! *U,!U(1*/5D!/?!

+(',0),1!103Y+,4!?5/3!0!4,3,!R,+/')(')! */!0!'/'Z,F&(+(R5(&3!3,*0ZY/Y&+0*(/'7!G02U!YU01,!

0'4!5,+0*,4!Y0503,*,51!05,!5,Y5,1,'*,4!RD!0!2/+/&57!;0503,*,51!('?+&,'2(')!*U,!2/0+,12,'2,!50*,!

('!,02U!YU01,!05,-! *U,!,??,2*(6,!1(`,!/?! *U,!4,3,!J"%,#,M!0'4! *U,!3()50*(/'!50*,!J/M! ?/5! *U,!

&),''#(.%=!YU01,e!*U,!'&3R,5!/?!3()50'*1!,W2U0'),4!Y,5!),',50*(/'!J"/M!0'4!*U,!'&3R,5!/?!

4,3,1! J*M! ?/5! *U,!)100#)'.%=! YU01,e! 0'4! *U,! 0'2,1*50+! ,??,2*(6,! 1(`,! J"&'(M! ?/5! *U,!,%)#&'(,0!

YU01,7!)
! !:99!
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! #O!

>.8-%0#((

(

# !:9:!

…

NANC

NMOD

NANC

TCH TCOL

Model NS Model FIM-CH

NANC

TCOL

Model SST-CH

TCH

D1 D2 D3 D4
D100

TCH

&

D1 D2 D3 D4
D100

NmMOD

NmANC
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! $L!

!
#

! !:9A!

0.0
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0.2

0.3
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! $8!

!
) )

0

20,000

40,000

0 20,000 40,000 60,000 80,000

Generations Before Present

Ne
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0.2
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0.4
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0.20 0.40

i/2N

SFSNORM
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A B
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! $9!

)
)

Coalescence 
Rate (CR)

Generations 
before present

TCOL~NDEME0

1

2

1 2!CR < 0 : bottleneck !CR > 0 : expansion 

Ancestral
phase

NANC

Scattering
phase

NDEME

m

Collecting
phase

Nm

d
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