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! ";K>!#)+)'0)'*+,!A2+,$0.0!! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! XL!

DU?<M@C+MUC@@V+C"4.$)4! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! XX+
! K;B>!R,+2)!+7.8!2')/(7.2!'214)!+2-!'2(*4,+)'(2!.33.*)0!(2!)5.!! ! ! ! ! ! ! !

! ! !!!1/(-4*)'(2!+2-!-.6.,(1%.2)!(3!+,-./:,(+#-)+!0$%&'(2)0!! ! ! ! ! ! XX!

! ! K;B;B>!R/(-4*)'(2!(3!1/.:'2(*4,+).-!+,-./!0..-,'270! ! ! ! ! ! ! ! ! XX!

! ! K;B;">!?(-4,+)'(28!05(()!5.'75)!+2-!5.+,)5!0)+)40! ! ! ! ! ! ! ! ! ! XZ!

! K;">!A11,$'27!+,-./:,(+#-)+!0$%&'(2)0!3(/!)5.!/.%.-'+)'(2!+2-!!
! ! !!!/.6.7.)+)'(2!(3!(',!0+2-0!1/(*.00:+33.*).-!%+)./'+,0!=a#R^>! ! ! ! ! Z"!

! ! K;";B>!R./3(/%+2*.!(3!+,-./0!+2-!24)/'.2)!*(2).2)!'2!1,+2)!)'004.! ! ! ! Z"!

! ! K;";">!#(',!I4+,')$! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! Z_!

! ! K;";K>!c'+&,.!&+*)./'+,!*(42)0! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ZE!

! ! K;";L>!^'2./+,'G+)'(2!+00+$0! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! _B!

! ! K;";X>!^'*/(&'+,!*(%%42')$!1/.0.2)!'2!0(',8!/5'G(015./.!+2-!2(-4,.0! ! ! _L!

! ! K;";Z>!V.).*)'(2!(3!,(+#-)+!A6*@B!=<E>! ! ! ! ! ! ! ! ! ! ! ! ! ! _`!

DU?<M@C+R:FCV+!04/.440%(+1(-+D%(/$.40%(4! ! ! ! ! ! ! ! ! `H+



!

!

E!

! L;B>!V'0*400'(2! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! `H!

! ! L;B;B>!R/(-4*)'(2!(3!*(2)+'2./'G.-!+,-./:,(+#-)+!0$%&'(2)0! ! ! ! ! ! `H!

! ! L;B;">!J/(9'27!+2-!1./3(/%+2*.!(3!+,-./:,(+#-)+!0$%&'(2)0!+2-!! ! ! ! !

! ! ! ! !!)5.'/!.33.*)!(2!0(',!I4+,')$! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! `"!

! ! L;B;K>!W33.*)!(3!+,-./:,(+#-)+!0$%&'(2)0!(2!)5.!'2-'7.2(40!%'*/(&'+,!! ! ! !

! ! ! ! !*(%%42')$! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! `X!

! ! L;B;L>!V.).*)'(2!(3!,(+#-)+!A6*@B!=<E>! ! ! ! ! ! ! ! ! ! ! ! ! ! `Z!

! L;">![(2*,40'(20!! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ``!

C@R@C@BD@;!! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! EH+
+
+
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+
+
+
+
+
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+
+
+
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!

!

BH!

QS;M+:R+RSEFC@;++

!

R08.,"+J+ a',!0+2-0!-.1(0')0!'2!9.0)./2![+2+-+;!#(4/*.S![+2+-'+2!

[.2)/.!3(/!W2./7$!@23(/%+)'(2!=%(-'3'.-!1'*)4/.>;! BE!

R08.,"+H+ #.))'27!41!(3!)5.!0)+/)'27!7/(41;!W'75)!/(90!(3!/(()!)/+'2./0!(3!

3(4/!*.,,0!.+*5!9./.!40.-!)(!+00.%&,.!)5.!0)+/)'27!7/(41;!]5.!

1,+2)'270S!RB8!R"!+2-!RK8!9./.!.C1(0.-!)(!3'6.!-'33./.2)!?!

)/.+)%.2)0!=A:W8!0..!]+&,.!B>;! K_!

R08.,"+X+ WC1./'%.2)+,!-.0'72;!]5.!0)+/)'27!7/(41!9+0!01,')!'2!)9(S!)5.!

<E:@2!7/(41!+2-!)5.!?'!7/(418!.+*5!(3!95'*5!/.*.'6.-!+!

-'33./.2)!1,+2)!+7.!=1,+2)'270!RB8!R"!+2-!RK>!+2-!?!

)/.+)%.2)0!=A:W8!0..!]+&,.!B>;!!! KE!

R08.,"+Y+ @2(*4,+)'(2!+2-!7/(9)5;!=+>!#..-,'270!(3!+,-./0!9./.!

'2(*4,+).-!9')5!<E!+2-!=&>!,.3)!3(/!7/(9'27!+2-!5+/-.2'27!'2!

)5.!7/..25(40.!3/(%!^+/*5!42)',!d42.!(3!"HHE;!! LL!

R08.,"+Z+ <'/0)!0+%1,'27!+2-!(4):1,+2)'27!(3!+,-./!0..-,'270;!

WC1./'%.2)+,!+/.+!3(,,(9'27!1,+2)'27e!0*5.%+)'*!

+//+27.%.2)!(3!)5.!04&1,()0!'2!.+*5!1,+2)'27!+/.+;! LX!

R08.,"+[+ WC1./'%.2)+,!+/.+!'2!#BH;!=+>!]5/..!04&1,()0!3/(%!)5.!<E:@2!

1,()!9./.!,(0)!-4/'27!)5.!04%%./!(3!"HBH!-4.!)(!5.+6$!/+'20;!

=&>!#4&1,()0!+2-!421,+2).-!+/.+0!9./.!24%./+).-!3(/!

9(/F'27!14/1(0.0;!!! LZ!

R08.,"+\+ R/(-4*)'(2!(3!1/.:'2(*4,+).-!+,-./!0..-,'270!.C1/.00.-!+0!)5.!

24%&./!(3!/(()!)/+'2./!*.,,0!=D][>!*(2)+'2'27!1,+2)0!+)!)5.!

.2-!(3!)5.!1/.:'2(*4,+)'(2!0)+7.;!=+>!R,+2)!+7.!.33.*)8!+2-!=&>!

?!'214)!.33.*);!! XZ!

R08.,"+]+ b.+,)5!0)+)40!(3!)5.!0..-,'270;!^[A!/.04,)0!05(9!)5.!

'2)./+*)'(2!&.)9..2!1,+2)!+7.8!?!'214)8!'2(*4,+)'(28!

2(-4,+)'(28!+2-!5.+,)5!0)+)40;!! ZH!

R08.,"+^+ <'.,-!1./3(/%+2*.!(3!)5.!0$%&'(2)0;!=+>!D(()!0+%1,.0!(3!<E:

@28!+2-!=&>!?'!+,-./0!)+F.2!3/(%!)5.!7/..25(40.!'2!dHEe!=*>!

/(()!0+%1,.0!(3!<E:@2!+2-!=->!?'!+,-./0!)+F.2!3/(%!)5.!3'.,-!'2!

#BH;!! ZK!

R08.,"+JI+ <'.,-!1./3(/%+2*.!(3!<E:@2!6./0.0!?'!+,-./0;!=+>!c'.9!(3!)5.!

0$%&'(2)0!7/(9'27!'2!)5.!3'.,-!'2!#BH!=+3)./!"!7/(9'27!

0.+0(20>;!=&>!#c@S!24%&./0!+)!)5.!)(1:,.3)!(3!)5.!*(,4%20!

/.1/.0.2)0!)5.!24%&./!(3!04&1,()0!+2+,$G.-8!+2-!)5.!24%&./!

+)!)5.!)(1:/'75)!/.1/.0.2)0!)5.!)()+,!24%&./!(3!1,+2)0!)5+)!

9./.!%.+04/.-;! ZL!



!

!

BB!

R08.,"+JJ+ ?4)/'.2)! *(2).2)! '2! 1,+2)! )'004.;! M.+6.0! =M>! +2-! 0).%0! =#>!

9./.! )+F.2! 3(/! )5.! +2+,$0.0;! =+8&>!^+*/(24)/'.2)0S!?8! R8!^78!

[+! +2-! f8! .C1/.00.-! '2! 1./*.2)+7.! =g>e! +2-! =*8->! )/+*.!

.,.%.2)0S!h28![48!^28!<.!+2-!i8!.C1/.00.-!'2!1+/)0!1./!%',,'(2!

=11%>;!]5.!0*+,.0!3(/!3'74/.0!&!+2-!-!9./.!/.-4*.-!3(/!&.))./!

*(%1/.5.20'(2;! ZZ!

R08.,"+JH+ <'74/.!B";!#(',!I4+,')$!/.04,)0;!]5.!6+,4.0!(3!)5.!1+/+%.)./0!

.6+,4+).-!'2!)5.!0)4-$!+/.!.C1/.00.-!+0!)5.!*5+27.!(6./!)'%.8!

3(/!0+%1,'270!dHE8!#BH!+2-!#BB;!=+8&>!1+/+%.)./0S![W[8!

W,.*)/'*+,!*(2-4*)'6')$8!1b8!1b!&433./8!M'%.!/.I4'/.%.2)8!?8!

?')/+).8![5,(/'-.8!a^8!*,+$8!0',)!+2-!0+2-e!=*8->!1+/+%.)./0S!

h28![48!^28!i8!<.8!#!+2-!A,e!=.83>!1+/+%.)./0S!R8![+8!f8!?+8!^78!

#+);![+8!#+);!f8!#+)!^7!+2-!#+);!fj^7j[+;!]5.!0*+,.0!(3!7/+150!

&8!-!+2-!3!9./.!/.-4*.-!3(/!&.))./!*(%1/.5.20'(2;!W+*5!

3'74/.!5+0!+!7.2./+,'G.-!0*+,.!=k!+C'0>8!0'2*.!-'33./.2)!

1+/+%.)./0!+/.!05(92!'2!.+*5!3'74/.;!]5.!42')0!(3!

*(2*.2)/+)'(2!*(//.01(2-'27!)(!.+*5!(3!)5.!1+/+%.)./0!+/.!

05(92!'2!1+/.2)5.0'0!=l!+C'0>;! Z`!

R08.,"+JX+ ^R?!).0)!/.04,)0!3(/!b]i;!if!0+%1,.0!'2')'+,,$8!dHE!=+>!+2-!'2!

#BH! +3)./! "! 7/(9'27! 0.+0(20! =&>e! +2-! Dbh! 0+%1,.0! '2')'+,,$!

dHE!=*>!+2-!'2!#BH!=->;! _H!

R08.,"+JY+ ^R?!).0)!/.04,)0!3(/!RAbi;!if!0+%1,.0!'2')'+,,$8!dHE!=+>e!+2-!

Dbh!0+%1,.0!'2')'+,,$!dHE!=&>!+2-!'2!#BH!=*>;! _B!

R08.,"+JZ+ ^'2./+,'G+)'(2!(3!5.C+-.*+2.8!15.2+2)5/.2.!+2-!

2+15)5+,.2.8!'2')'+,,$!=dHE>8!+2-!+3)./!"!=#BH>!+2-!K!7/(9'27!

0.+0(20!=#BB>;! _K!

R08.,"+J[+ i+*)./'+,!*(%%42')$!0)/4*)4/.!(3!7/..25(40.!+2-!3'.,-!

0+%1,.0!'2!0)4-$;!#+%1,.0!9./.!+2+,$G.-!@(2!](//.2)!

0.I4.2*'27!(3!BZ#!/D?A!7.2.!+%1,'*(20;! _X!

R08.,"+J\+ D.,+)'(205'1!&.)9..2!)5.!%'*/(&'+,!*(%%42')'.0!1/.0.2)!'2!

if8!Dbh!+2-!?aV!0+%1,.0;!^[A!/.04,)0!05(9!)5.!'2)./+*)'(2!

&.)9..2!)5.!0+%1,.0!)+F.2!'2!)5.!0)4-$!+2-!)5.!-'33./.2)!

&+*)./'+,!15$,+!-.)./%'2.-!&$!@(2!](//.2)!0.I4.2*'27!!(3!!

BZ#!/D?A!7.2.!+%1,'*(20;! _Z!

R08.,"+J]+ ?.0).-!R[D!(3!)()+,!V?A!.C)/+*).-!3/(%!2(-4,.0!(3!+,-./0;!=+>!

,(+#-)+:,'F.!&+*)./'+8!+2-!=&>!<E:,'F.!&+*)./'+;!</+7%.2)!
,.27)5!(3!)5.!#)./0#).1!'0!mBBHH&1!=+>8!+2-!3(/!)5.!2.0).-!
/.7'(2!')!'0!m"ZE&1!=&>;! _`!
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!

!

B"!

QS;M+:R+M?LQ@;+

+

M16$"+J+ <./)','G./!)/.+)%.2)0;!V.0*/'1)'(2!(3!)5.!?!)/.+)%.2)0!+11,'.-!

'2!)5.!.C1./'%.2)!+2-!)5.'/!+11,'*+)'(2!1+))./20;! KZ!

M16$"+H+ ]5.!-'33./.2)!)/.+)%.2)0!(&)+'2.-!3/(%!)5.!*(%&'2+)'(2!(3!)5.!

3+*)(/0!1,+2)!+7.!+2-!?!'214)!+)!)5.!1/.:'2(*4,+)'(2!0)+7.! LB!

M16$"+X+ ]5.!-'33./.2)!)/.+)%.2)0!(&)+'2.-!3/(%!)5.!*(%&'2+)'(2!(3!)5.!

3+*)(/0!1,+2)!+7.8!?!'214)!+2-!'2(*4,+)'(2!+)!5+/6.0)'27;! L"!

M16$"+Y+ ?(-4,+)'(2!.33'*'.2*$;!#..-,'270!9./.!*,+00'3'.-!+0!?(-:B!3(/!

2(-4,.0!1/.0.2)8!+2-!?(-:H!'3!2(!2(-4,.0!9./.!-.).*).-;! X_!

M16$"+Z+ #5(()!5.'75);!#..-,'270!9./.!%.+04/.-!'2!*%!3/(%!)5.!/(()!

*(,,+/!)(!)5.!)'1!&4-;! X`!

M16$"+[+ b.+,)5!0)+)40!(3!)5.!0..-,'270;!b#:BS!7/..2!+2-!5.+,)5$!

0..-,'270e!b#:"S!7/..2:$.,,(9'05!0..-,'270e!b#:KS!-/'.-!(/!-.+-!

0..-,'270;! XE!

M16$"+\+ ?4)/'.2)n.,.%.2)!*(2).2)!+2+,$0'0!(3!1,+2)!)'004.;!

^+*/(24)/'.2)0!=^?>e!)/+*.!.,.%.2)0!=]W>e!)'%.!(3!0+%1,'27!

=#BH8!#BB>e!*(2-')'(2!(3!)5.!1,+2)!=<E:@28!?'>e!+,-./!01.*'.0!=!2&
($34%+5&D<nDe!!!2&'()%*+8![<n[>e!+2-!)$1.!(3!1,+2)!)'004.!
.C+%'2.-!=M8!#>;!! ZX!

M16$"+]+ f.$!)+&,.!3(/!^[A!7/+15;!if8!Dbh!+2-!?aV!0+%1,.0!9./.!/.:

2+%.-!3(/!0'%1,'*')$8!,+&.,'27!)5.%!3/(%!#B:#LH;! __!

M16$"+^+ ,(+#-)+:,'F.!+2-!<E:,'F.!R[D!/.04,)0;!R(0')'6.!1/(-4*)0!=!>8!
2.7+)'6.!1/(-4*)0!=">8!+2-!2(!R[D!1./3(/%.-!=2(>;& _E!
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!

!

BK!

?LLC@TS?MS:B;+

+

LO++ + + + + + + + i4,F!0(',+
D!! ! ! ! ! ! ! ! ! ?(2:'2(*4,+).-!!"#$%&'()%*+&
D@D! ! ! ! ! ! ! ! [+)'(2!.C*5+27.!*+1+*')$!

DR!! ! ! ! ! ! ! ! <E:'2(*4,+).-!!"#$%&'()%*+!
R^!! ! ! ! ! ! ! ! ,(+#-)+!0)/+'2!A6*@B!
R^3S(!! ! ! ! ! ! ! A,-./0!'2(*4,+).-!9')5!<Ee!0(',!1,+2).-!9')5!<E:@2!! ! !

! ! ! ! ! ! ! ! ! +,-./0;!

U;3J*+U;3H*+1(-+U;3X!! b.+,)5!0)+)40!(3!+,-./!0..-,'270!!

UML+ !! ! ! ! ! ! ! b.)./()/(15'*!&+*)./'+!

AI^!! ! ! ! ! ! ! ! d42.!"HHE!

Q++ + + + + + + + + M.+6.0+
=!Z+!! ! ! ! ! ! ! ^',,.2'4%!V4%1!0').!X!

=B++ + + + + + + + ^+*/(24)/'.2)0+
=<B+!! ! ! ! ! ! ! ^(0)!1/(&+&,.!24%&./!).*52'I4.!

B0!! ! ! ! ! ! ! ! ?(2:'2(*4,+).-!+,-./0!=*(2)/(,0>!

B:!++ + + + + + + ?(-4,.0!

B%-3I! ! ! ! ! ! ! A,-./!0..-,'270!9')5!2(-4,.0!

B%-3J!! ! ! ! ! ! ! A,-./!0..-,'270!9')5(4)!2(-4,.0!

:=! ! ! ! ! ! ! ! a/7+2'*!%+))./!

:;<=++ + + + + + + a',!0+2-0!1/(*.00.0!+33.*).-!%+)./'+,0!

<J*+<H+1(-+<X!! ! ! ! R,+2)!+7.!)/.+)%.2)0!=1,+2)'27!7/(410>!

<?U+ !! ! ! ! ! ! ! R(,$*$*,'*!+/(%+)'*!5$-/(*+/&(20!

<?UL!! ! ! ! ! ! ! R(,$*$*,'*!+/(%+)'*!5$-/(*+/&(2!-.7/+-'27!&+*)./'+!

C!! ! ! ! ! ! ! ! ! ?(2:'2(*4,+).-!!"#$%&($34%+&
CR!! ! ! ! ! ! ! ! <E:'2(*4,+).-!!"#$%&($34%+&
CU_+++ + + + + + + D5'G(015./.!

CMD+++ + + + + + + D(()!)/+'2./!*.,,0+
;+ + + + + + + + + #).%!

;TS++ ! ! ! ! ! ! ! #..-,'27!6(,4%.!'2-.C!

;JI!! ! ! ! ! ! ! ! #.1).%&./!"HBH!

;JJ!! ! ! ! ! ! ! ! #.1).%&./!"HBB!

M@++ + + + + + + + ]/+*.!.,.%.2)0+
FR^++ ! ! ! ! ! ! ! o21,+2).-!+/.+!+-Y+*.2)!)(!)5.!<E:@2!1,()!

FB0+! ! ! ! ! ! ! ! o21,+2).-!+/.+!+-Y+*.2)!)(!)5.!?'!1,()+

+

+

+



!

!

BL!

SBMC:!FDMS:B+

+

]5.! *4//.2)! 9(/F! '0! 1+/)! (3! +! ,'2.! (3! '26.0)'7+)'(20! (2! )5.! 40.! (3! +,-./0! 3(/! )5.!

/.6.7.)+)'(2! +2-! /.%.-'+)'(2! (3! (',! 0+2-0! 1/(*.00:+33.*).-!%+)./'+,0! =a#R^>;! ]5.!

9(/F!*(%1/'0.0!)9(!1+/)0S!+!7/..25(40.!.C1./'%.2)8!'2!95'*5!)5.!-.6.,(1%.2)!+2-!

1/(-4*)'(2!(3!+,-./:,(+#-)+!0$%&'(2)0!9+0!0)4-'.-8!+2-!+!3'.,-!.C1./'%.2)!'2!95'*5!

+,-./:,(+#-)+! 0$%&'(2)0! 9./.! .%1,($.-! )(! /.6.7.)+).! +2-! /.%.-'+).! +2!

(6./&4/-.2!/.*,+%+)'(2!0').!,(*+).-!'2!)5.!A)5+&+0*+!(',!0+2-0!/.7'(2;!!

]5.! 0$%&'()'*! /.,+)'(205'1! (3! +,-./0! 9')5! !'6)#47+'68()+! (3! )5.! 7.240! ,(+#-)+!

1./%')0!)5.!1,+2)0!)(!&.!1'(2../!(/7+2'0%0!(2!-'0)4/&.-!0(',0!)5+)!+/.!*5+/+*)./'G.-!

+0! &.'27! 5(0)',.! .26'/(2%.2)0! 3(/! )5.! .0)+&,'05%.2)! (3!%(0)! 1,+2)0;! [(2-')'(20! (3!

-'0)4/&.-!0(',0!'2*,4-.!,+*F!'2!.00.2)'+,!.,.%.2)0!,'F.!?8!,')),.!(/!2(!(/7+2'*!%+))./8!

+2-!)5.!1/.0.2*.!(3!)(C'*!*(%1(42-0!=b400:V+2.,,8!BE`Ze!R+0*5F.8!BEE_e!D($!.)!+,;8!

"HH_>;!]5.!.%1,($%.2)!(3!+,-./!)/..0!+2-!05/4&0!'2*,4-.!)5.!,+/7.:0*+,.!1/(-4*)'(2!

(3! +,-./:,(+#-)+! 0$%&'(2)08!95'*5! '26(,6.0! )5.! 7/(9)5! (3! +,-./! 0..-,'270! )5+)! +/.!

'2(*4,+).-! 9')5! +! 04')+&,.! ,(+#-)+! 0)/+'2! 42-./! *(2)/(,,.-! 7/(9'27! *(2-')'(20!

=i.//$! +2-! ](//.$8! BE`Xe! RN/'2.)! .)! +,;8! BE`Xe! p4(/.05'! .)! +,;8! "HH_e! #)(9./0! +2-!

#%')58!BE`X>;!]5.!.+/,$!0)+7.0!(3!7/(9)5!+/.!*/4*'+,!0'2*.!+,-./!0..-,'2708!)5+)!5+6.!

+,/.+-$!3(/%.-!0$%&'()'*!+00(*'+)'(20!9')5!+2!'23.*)'6.!+2-!.33.*)'6.!,(+#-)+!0)/+'28!

+/.!%(/.!,'F.,$!)(!04/6'6.!+2-!&.!04**.0034,!*(,(2'G./0!=i.//$!+2-!](//.$8!BE`X>;!@2!

+--')'(2!)(!'2(*4,+)'(28!)9(!()5./!3+*)(/0!+/.!)(!&.!*(20'-./.-!'2!)5.!1/(-4*)'(2!(3!

0$%&'(2)0S! )5.! 41)+F.! (3! ?! &$! )5.! 1,+2)0! +2-! )5.! +7.! (3! )5.! 1,+2);! ]5.! ,(+#-)+!



!

!

BX!

'23.*)'(2! +2-! 2(-4,+)'(2! 1/(*.00.0! /.I4'/.! +! *./)+'2! +%(42)! (3! ?! &.3(/.! 2(-4,.0!

%+)4/.!+2-!+/.!*+1+&,.!(3!3'C'27!?"!(2!)5.'/!(92!=c+,6./-.!+2-!b400:V+2.,,8!"HH`>;!

a2!)5.!()5./!5+2-8!.+/,$!'2(*4,+)'(2!9+0!3(42-!)(!&.!)5.!%(0)!+11/(1/'+).!%.)5(-!

)(!.204/.!+!04**.0034,! '23.*)'(2!1/(*.00! =#)(9./0!+2-!#%')58!BE`X>;!i4)!5(9!.+/,$!

05(4,-! 0..-,'270! &.! '2(*4,+).-q! ]5.! 3(/%+)'(2! (3! 2(-4,.0!%+$! &.! +33.*).-! &$! )5.!

1/.:'2(*4,+)'(2! *(2-')'(20! )(! 95'*5! 1,+2)0! +/.! .C1(0.-;! WC1(04/.! )(! +2! +/)'3'*'+,!

0(4/*.! (3! ?!%+$! +'-! )5.! 1,+2)0! -4/'27! )5.! 1/.:'2(*4,+)'(2! 0)+7.8! 95./.! 0..-,'270!

9(4,-!40.!?!3(/!)5.'/!'%%.-'+).!7/(9)5!2..-0;!]5'0!+'-0!)5.!15()(0$2)5.)'*!+*)'6')$8!

95'*5!'2!)4/2!0)'%4,+).0!?"!3'C+)'(28!)540!,.+-'27!)(!2(-4,+)'(2!=i.)5,.23+,6+$!.)!+,;8!

BE_`e!#).9+/)!+2-!i(2-8!BEZB>;!@2!+--')'(28!*(2)'24(40,$!1/(6'-'27!)5.!1,+2)0!9')5!

)5.! /'75)! +%(42)! (3! ?! +3)./! '2(*4,+)'(2! *+2!%+'2)+'2! )5'0! -$2+%'*8! /.04,)'27! '2! +!

9.,,:2(-4,+).-! 0)(*F! (3! 5.+,)5$! +,-./:,(+#-)+! 0$%&'(2)0! )5+)! *+2! &.! 04**.0034,,$!

(4):1,+2).-! '2!-'0)4/&.-!0(',0;!A0! 0$%&'()'*!+,-./0!+/.!*+1+&,.!(3!?":3'C+)'(28! )5.'/!

.%1,($%.2)!/.1/.0.2)0!+!*(0):.33.*)'6.!0)/+).7$!3(/!?!+**4%4,+)'(28!+0!)5.$!0411,$!

3/(%!ZH!r!K"H!F7!?!5+:B!+:B!)(!0(',!=?.9)(2!.)!+,;8!BEZ`>!)5/(475!,.+3!,'))./8!/(()!-.*+$!

+2-! /(()! .C4-+).08! +,,! /'*5! '2! ?! +2-! ()5./! .00.2)'+,! 1,+2)! 24)/'.2)0! =b400:V+2.,,8!

BE`Z>;!\5.2.6./! 0$%&'()'*! +,-./0! +/.! 40.-8! ()5./! 1,+2)! 01.*'.0! &.2.3')! 3/(%! )5.!

+**4%4,+).-!?! '2! )5.!0(',! =i/+-05+98!BEE_>;!^'*/(&'+,!+*)'6')$! '0!+,0(!.00.2)'+,! 3(/!

)5.! /.5+&',')+)'(2! (3! -'0)4/&.-! ,+2-0! +0! ')! 1/(%().0! 0(',! 3(/%+)'(2;! ^'*/(&.0!

-.*(%1(0.! )5.! (/7+2'*! %+))./! +2-! %+F.! .00.2)'+,! 24)/'.2)0! '2! )5.! 0(',! %+)/'C!

+6+',+&,.!)(!1,+2)08!.2+&,'27!)5.'/!7/(9)5!=[42-.,,8!BE__e!@20+%!+2-!V(%*58!BE``e!

^())!+2-!h4&././8!BEE_>;!@)!'0!F2(92!)5+)!)5.!%'*/(&'+,!*(%%42')$!'2!0(',!'0!5'75,$!

+33.*).-!&$!)5.!1/.0.2*.!(3!1,+2)0!+2-!)5.$!7+)5./!'2!7/.+)!24%&./0!'2!)5.!/(()!G(2.8!



!

!

BZ!

/.3.//.-! )(! +0! )5.! /5'G(015./.8! 95./.! 1,+2)0! 1/(6'-.! )5.%! 9')5! *+/&(2:/'*5!

.C4-+).0. ]5.! *5.%'*+,! 0)/4*)4/.! (3! )5.0.! .C4-+).0! %+$! &.! 0'%',+/! )(! *./)+'2!

*(2)+%'2+2)0! +2-!%'*/((/7+2'0%0! *+2! )+F.! )5.%! 41! +2-! -.7/+-.! )5.%8! /.-4*'27!

)5.'/! )(C'*')$! +2-! *(2*.2)/+)'(2! '2! )5.! 0(',!%+)/'C! =M.+5$!+2-![(,9.,,8! BEEH>;!]5'0!

)$1.!(3! '2)./+*)'(2!&.)9..2!1,+2)0!+2-!%'*/((/7+2'0%0!+)! )5.! /5'G(015./.! ,.6.,! '0!

F2(92!+0!)5.!/5'G(015./.!.33.*)8!+2-!')!'0!*(20'-./.-!(2.!(3!)5.!1/'%+/$!%.*5+2'0%0!

/.01(20'&,.! 3(/! )5.! -.7/+-+)'(2! (3! 1.)/(,.4%! *(%1(42-0! '2! *(2)+%'2+).-! 0(',0!

=</'*F!.)!+,;8!BEEE>;!a1)'27!3(/!)5.!.0)+&,'05%.2)!(3!/(&40)!1'(2../!1,+2)0!,'F.!+,-./0!

%+$! &((0)! )5.! '2-'7.2(40! %'*/(&'+,! *(%%42')$! 3(42-! '2! )5.! 0(',! *(6./! +0! )5.$!

-.1(0')! (/7+2'*!%+))./! '2! )5.! 3(/%!(3! ,.+3! ,'))./! +2-! /(()!-.*+$;!A)! )5.! 0+%.! )'%.8!

/(()! .C4-+).0! *+2! '2*/.+0.! )5.!%.)+&(,'*! +*)'6')$! (3! &+*)./'+! *+1+&,.! (3! -.7/+-'27!

5$-/(*+/&(2! *(2)+%'2+2)0;! A0! +! /.04,)8! )5.! -.*(%1(0')'(2! (3! (/7+2'*! %+))./! '0!

+**.,./+).-! 5.,1'27! )(! 01..-! 41! 3(/.0)! 3,((/! 3(/%+)'(28! +2-! )5.! *(2*.2)/+)'(2! (3!

/.0'-4+,!5$-/(*+/&(20!'0!0'%4,)+2.(40,$!/.-4*.-8!%+F'27!)5.!0(',! ,.00!5(0)',.!=D($!

.)!+,;8!"HH_>.!]5.!1/.0.2)!9(/F!9+0!&+0.-!(2!)5.! 3(,,(9'27!5$1()5.0'0S!+,-./0! )5+)!

5+6.!&..2!1/.:'2(*4,+).-!9')5!+!0.,.*).-!,(+#-)+!0)/+'2!9',,!5+6.!+!5'75./!04/6'6+,!

/+).!+2-!7/(9!%(/.!.33.*)'6.,$!)5+2!2(2:'2(*4,+).-!+,-./0!95.2!(4):1,+2).-!(2!(',!

0+2-0!0').0;!#(',!I4+,')$!9',,!'%1/(6.!-4.!)(!)5.!1/.0.2*.!(3!+,-./:,(+#-)+!0$%&'(2)08!

+2-! )5.! '2-'7.2(40! %'*/(&'+,! 1(14,+)'(2! '2! )5.'/! /5'G(015./.! +2-! ')0! %.)+&(,'*!

+*)'6')$!9',,! &.! 1(0')'6.,$! +33.*).-8! 1().2)'+,,$! '2*/.+0'27! )5.! 24%&./! (3! &.2.3'*'+,!

5$-/(*+/&(2:-.7/+-'27!&+*)./'+;!

!!

+



!

!

B_!

:LA@DMST@;+

B>! A,-./:,(+#-)+! 0$%&'(2)0! 5+6.! +,/.+-$! &..2! 40.-! 3(/! 0%+,,:0*+,.! 1,+2)'27! (3!

-'0)4/&.-!,+2-08!5(9.6./8! ')!9+0!(3! '2)./.0)!)(!-.6.,(1!+2!.33'*'.2)!1/()(*(,!3(/!)5.!

1/(-4*)'(2!(3!9.,,:2(-4,+).-!+,-./!0..-,'270!1/'(/!)(!,+/7.:0*+,.!(4):1,+2)'27!'2!)5.!

3'.,-!3(/!)5.!/.%.-'+)'(2!+2-!/.6.7.)+)'(2!(3!-'0)4/&.-!,+2-0;!]5.!5$1()5.0'0!)(!&.!

).0).-!9+0!)5+)!+,-./08! '2(*4,+).-!42-./!*(2)/(,,.-!*(2-')'(20!=7/..25(40.>!9(4,-!

&.!%(/.!.33'*'.2),$!2(-4,+).-!)5+2!2(2:'2(*4,+).-!+,-./08!+2-!)5./.3(/.!04/6'6.!+2-!

7/(9!&.))./!95.2!(4):1,+2).-!(2!5+/05!0').0;!!!

">!A,-./:,(+#-)+! 0$%&'(2)0! 5+6.! 1/.6'(40,$! &..2! ).0).-! 3(/! )5.'/! 1./3(/%+2*.! (2!

5$-/(*+/&(2:*(2)+%'2+).-!0(',0!=J/../!.)!+,;8!"HHXe!M.3/+2s('0!.)!+,;8!"HBH>;!@2!)5'0!

0)4-$8!@!9+2).-!)(!.6+,4+).!)5.!.33'*'.2*$!(3!0$%&'(2)0!'2!+!,+/7.:0*+,.!3'.,-!)/'+,!3(/!

)5.! /.%.-'+)'(2!+2-! /.6.7.)+)'(2!(3! +2!(6./&4/-.2! /.*,+%+)'(2! 0').! '2!A)5+&+0*+;!

]5.! 5$1()5.0'0! 9+0! )5+)! 7/..25(40.! '2(*4,+).-! +,-./0! 9(4,-! 1./3(/%! %(/.!

.33.*)'6.,$! )5+2! 2(2:'2(*4,+).-! +,-./0! 95.2! (4):1,+2).-! (2! (',! 0+2-! 0').0;! @!

.6+,4+).-! )5.! 1./3(/%+2*.! (3! &()5! '2(*4,+).-! +2-! 2(2:'2(*4,+).-! 1,+2)0! +2-!

-.)./%'2.-! )5.'/! '%1+*)! (2! 0(',! I4+,')$! +2-! (2! )5.! 0(',! %'*/(&'+,! *(%%42')$8!

01.*'3'*+,,$!9')5!/.7+/-0!)(!'2-'7.2(40!5$-/(*+/&(2:-.7/+-'27!&+*)./'+;!

!

+

+

+

+
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B`!

DU?<M@C+:B@V+Q0)",1).,"+,"#0"W+

+

J`J`>+:0$+41(-4+0(+?$6",)1+

J`J`J`>+!"4/,0&)0%(+

A,)5(475!)5.!.0)'%+)'(2!(3!7,(&+,!(',!/.0./6.0!'0!*5+,,.27'278!95.2!(2.!'2*,4-.0!(',!

0+2-08! [+2+-+! 5+0! )5.! 0.*(2-! ,+/7.0)! 0)+).-! /.0./6.! +3)./! c.2.G4.,+;!^(0)! (3! )5'0!

/.0./6.! '0! ,(*+).-! '2! )5.! 1/(6'2*.! (3! A,&./)+8! +2-! ')! .C).2-0! .+0)9+/-! '2)(!

#+0F+)*5.9+2;!]5.!(',!0+2-0!+/.!+!2(2:*(26.2)'(2+,!0(4/*.!(3!1.)/(,.4%8!*(20'0)'27!

(3!9+)./:9.)).-!0+2-!+2-!3'2.!0(',!1+/)'*,.0!=%(0),$!*,+$>!04//(42-.-!&$!+! ,+$./!(3!

&')4%.2;!]5.!(',!0+2-0!3/(%!A,&./)+!+/.!_Hg!0+2-!+2-!3'2.!0(',!1+/)'*,.08!BHg!9+)./8!

+2-!3/(%!Hg!)(!B`g!1.)/(,.4%!=f,.'2-'.20)8!"HHZ>;!]5.!)()+,!/.0./6.!'0!-'6'-.-!'2)(!

3(4/!%+Y(/!-.1(0')0!)5+)!)(7.)5./!*(%1/'0.!+2!.0)'%+).-!B;_!)(!";X!)/',,'(2!&+//.,0!(3!

&')4%.2;!]5.0.!-.1(0')0!+/.! ,(*+).-! '2! )5.! 3(,,(9'27! /.7'(20S!A)5+&+0*+8!\+&+0*+8!

[(,-! M+F.8! +2-! R.+*.! D'6./! =J(6./2%.2)! (3! A,&./)+8! "HHE>;! V'0)/'&4)'(2! (3! )5.!

-.1(0')0!'0!05(92!'2!<'74/.!B;!

!

!

!

!

!

!

!
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!

BE!

!

!
!

<'74/.!B;!a',!0+2-0!-.1(0')0!'2!9.0)./2![+2+-+;!#(4/*.S![+2+-'+2![.2)/.!3(/!W2./7$!

@23(/%+)'(2!=%(-'3'.-!1'*)4/.>;!

!

J`J`H>+M7"+D1(1-01(+6%,"1$+2%,"4)+

]5.!(',!0+2-0!-.1(0')0!'2!A,&./)+!+/.!3(42-!9')5'2!)5.!).//')(/'.0!(3!)5.!&(/.+,!3(/.0)8!

+!2+)4/+,!G(2.!*(%1/'0.-!(3!6.7.)+).-!+/.+0!+2-!9.),+2-0;!]5.!3(/.0)!*(6./0!KHg!(3!

)5.![+2+-'+2!,+2-%+00e!5./.8!__g!*(//.01(2-0!)(!3(/.0),+2-!+2-!(6./!ZHg!&(/-./0!

(2!'2,+2-!9+)./!+/.+0!=i/+2-)8!"HHE>;!]5.!7/..2!,+2-0!(3!)5.!&(/.+,!3(/.0)!0411(/)!+!



!

!

"H!

5'75! &'(-'6./0')$! (3! 1,+2)0! +2-!9',-,'3.e! '2! +--')'(28! )5.0.! ,+2-0! +/.! )5.! +2*.0)/+,!

5(%.,+2-0!(3!<'/0)!?+)'(2!*(%%42')'.0;!]5.!3(/.0)!0)(/.0!+!,+/7.!+%(42)!(3!*+/&(2!

+2-!+*)0!+0!+!*,'%+).!/.74,+)(/8!(/!05'.,-8!+7+'20)!7,(&+,!9+/%'27!15.2(%.2+!=@i[[8!

"HBBe!\($2',,(9'*G!.)!+,;8!"HHX>;!]5.!&(/.+,!3(/.0)!'0!*5+/+*)./'G.-!&$!5+6'27!05(/)!

*((,! 04%%./0! +2-! ,(27! 0.6./.,$! *(,-! 9'2)./08! 9')5! +224+,! 1/.*'1')+)'(2! /+27'27!

3/(%! "HH! )(! ZHH! %%! =^(,,.08! "HH">;! ]5.! 1,+2)! *(%%42')$! '0! *(%1/'0.-! (3!

*(2'3./(40!+2-!-.*'-4(40!*(,-:)(,./+2)!)/..08!1.+)8!%40F.7!+2-!,'*5.20;!?()+&,.!)/..!

01.*'.0! '2*,4-.! %.%&./0! (3! )5.! 7/(410S! 3'/8! ,+/*58! 01/4*.8! 1'2.8! 1(1,+/! +2-! &'/*5!

=i(2+2!+2-!#547+/)8! BE`Ee!i/+2-)8! "HHE>;!]5.!9',-,'3.! '2*,4-.0!327 animal species 

comprising 40 fish, 5 amphibian, 1 reptile, 236 bird and 45 mammal species (Grant et al., 

2008). Included amongst the native mammals are found emblematic species that are 

representative of the Canadian territory, such as!)5.!%((0.8!9(,38!*+/'&(48!&.+/8!/+&&')8!

,$2C8!*(47+/8!%'2F8!9(,6./'2.8!+2-!/'6./!())./;!<'/0)!?+)'(2!*(%%42')'.0!5+6.!%+-.!

40.! (3! )5.! /.0(4/*.0! 3(42-!9')5'2! )5.!i(/.+,! 3(/.0)! '2*,4-'27! )5.! (',! 0+2-08!95'*5!

9./.! 40.-! &$! +&(/'7'2+,! 1.(1,.0! 1/'%+/',$! )(! /.1+'/! )5.'/! *+2(.0;! #(%.! (3! )5.!

*(%%42')'.0! 3(42-! '2! )5.! +/.+! +/.! )5.! A)5+&+0*+! [5'1.9$+2! <'/0)! ?+)'(28! )5.!

[5'1.9$+2! R/+'/'.! <'/0)! ?+)'(28! )5.! <(/)! ^*f+$! <'/0)! ?+)'(28! )5.! <(/)! ^*^4//+$!

<'/0)!?+)'(28!+2-! )5.!^'F'0.9![/..!<'/0)!?+)'(2!=J(00.,'2!.)!+,;8!"HBH>;!A,,!(3! )5.0.!

*(%%42')'.0! +/.! 0.)),.-! '2! )5.! +/.+0! 04//(42-'27! )5.! A)5+&+0*+! (',! 0+2-0! /.7'(28!

95./.!)5.!%+'2!/.*(6./$!(3!(',!0+2-0!)+F.0!1,+*.;!!

+

+

+



!

!

"B!

J`J`X>+E"%$%85+%2+)7"+%0$+41(-4+-"&%40)4+0(+?$6",)1+

A**(/-'27! )(! 7.(,(7'*+,! 0)4-'.08! )5.! %+)./'+,0! .C)/+*).-! 3/(%! A,&./)+O0! (',! 0+2-0!

/.7'(2! +/.! 2+)4/+,,$! (',:.2/'*5.-! +2-! 5+6.! +! 0+,'2.:0(-'*! 2+)4/.;! ]5.! (',! 0+2-0!

(/'7'2+).-!3/(%!)5.![/.)+*.(40!1./'(-!+2-!+/.!+!-.,)+!-.1(0')!(3!+2!+2*'.2)!)/(1'*+,!

0.+! '2! 95'*5! 0.-'%.2)! -.1(0')'(2! (**4//.-! (6./! )5(40+2-0! (3! $.+/0;! ]5.! 3(/%.-!

,+$./! 9+0! )5.2! *(%1/.00.-! &$! .C).20'6.! 7,+*'./! 3(/%+)'(20! +2-! 9+0! 3(,,(9.-! &$!

5.+6$!(',!%+)./'+,!%'7/+)'27!3/(%!.,0.95./.!=^(00(18!BE`H>;!]5.!419+/-!%'7/+)'(2!

(3!(',!)5/(475!)5.!0(',!,+$./0!3',,.-!)5.!*4//.2)!t(/.!G(2.u!95'*5!*(2)+'20!)5.!5'75.0)!

1./*.2)+7.!(3!I4+/)G!0+2-0;!@2!)5.!1+0)8!)5'0!*5+/+*)./'0)'*!%+-.!)5.!%'7/+)'(2!(3!(',!

)5/(475! )5.! 0+2-! 1+/)'*,.0! +2! .+0$! )+0F;! b(9.6./8! )5.! (6./,$'27! 0(',! *(20'0)'27! (3!

3'2./!1+/)'*,.0!+2-!*,+$:/'*5!%+)./'+,08!+*).-!+0!+!&+//'./!)(!)5.!419+/-!%'7/+)'(2!(3!

)5.!(',!)(!)5.!04/3+*.;!]5.0.!1+/)'*,.0!0)',,!.2-.-!41!+&0(/&'27!0(%.!(3!)5.!(',8!7'6'27!

/'0.!)(!)5.!3(/%+)'(2!(3!95+)!+/.!F2(92!+0!,.+2!(',!0+2-08!+2!42/.*(6./+&,.!)$1.!(3!

(',!=i./F(9')G!+2-!#1.'75)8!BE_Xe!f,.'2-'.20)8!"HHZ>;!!

]5.!(',!0+2-0!-.1(0')0!'2!A)5+&+0*+!*+2!&.!-'33./.2)'+).-!3/(%!.+*5!()5./!%+'2,$!'2!

5(9! .C).20'6.! )5.$! +/.! +2-! '2! )./%0! (3! )5.! -.1)50! +)! 95'*5! )5.! (/.! '0! ,(*+,'G.-8!

95'*5!'2!)4/2!1,+$0!+2!'%1(/)+2)!/(,.!'2!5(9!)5.!(',!/.0(4/*.!*+2!&.!.C1,(').-!+2-!

)5.!).*52'I4.0! )5+)!+/.!2.*.00+/$! 3(/! ')0!/.*(6./$!=0..!0.*)'(2!B;">;!]5.!A)5+&+0*+!

-.1(0')! '0! ,(*+).-! '2! 2(/)5.+0)! A,&./)+! +2-! ,'.0! (6./! )5.! ^*^4//+$! 7.(,(7'*+,!

3(/%+)'(2;!@)!'0!)5.!,+/7.0)!(3!)5.!3(4/!-.1(0')08!.2*(%1+00'27!%(/.!)5+2!L"8KLH!F%"8!

+2-!'0!)5.!(2,$!(2.!'2!95'*5!)5.!(',!0+2-0!+/.!,(*+,'G.-!+)!05+,,(9!-.1)50!(3!,.00!)5+2!

_X!%;! ]5'0! 42'I4.! *5+/+*)./'0)'*! 1./%')0! )5.! .C1,(')+)'(2! (3! )5.! /.0(4/*.! )5/(475!

*(26.2)'(2+,! 04/3+*.! %'2'27! ).*52'I4.0;! ]5.! \+&+0*+! -.1(0')! '0! +! 9.0)9+/-!
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""!

.C).20'(2!(3!)5.!A)5+&+0*+!-.1(0')!*(6./'27!mZ8XHH!F%"!(3!).//')(/$;!b./.8!)5.!(/.!'0!

,(*+,'G.-!+)!-.1)50!)5+)!/+27.!3/(%!BHH:_HH!%;!]5.![(,-!M+F.!=[,.+/9+)./!7.(,(7'*+,!

3(/%+)'(2>!+2-!R.+*.!D'6./!=i,4.0F$!7.(,(7'*+,!3(/%+)'(2>!-.1(0')0!*(6./!).//')(/'.0!

(3!EHHH!+2-!X"HH!F%"8!/.01.*)'6.,$;!]5.0.!)9(!-.1(0')0!5+6.!)5.!%(0)!-..1,$!&4/'.-!

(/.S! LHH:ZHH! %! -.1)50! +)! [(,-! M+F.8! +2-! XHH:_HH! %! -.1)5! +)! R.+*.! D'6./!

=i./F(9')G!+2-!#1.'75)8!BE_Xe!V400.+4,)8!"HHB>;!

+

J`H>+:0$+41(-4+"a&$%0)1)0%(+

J`H`J>+=0(0(8+%&",1)0%(4+0(+?$6",)1+

]5./.!+/.! )9(!1/(*.00.0!&$!95'*5!(',! 0+2-0!+/.!.C)/+*).-S! )5/(475!04/3+*.!%'2'27!

(1./+)'(20!+2-!)#&%)6$!(1./+)'(20;!#4/3+*.!%'2'27!0)+/).-!'2!)5.!,+).!BEZHO08!+2-!5+0!

&..2! )5.!%(0)! *(%%(2,$! 40.-8! +0! 9.,,! +0! )5.!%(0)! -+%+7'27! 9+$! )(! /.*(6./! (',!

0+2-0;!@#&%)6$&(1./+)'(20!5+6.!(2,$!&..2!'%1,.%.2).-!'2!/.*.2)!$.+/0;!a2,$!"Hg!(3!

)5.! )()+,! /.0./6.! '0! *,(0.! .2(475! )(! )5.! 04/3+*.! )(! +,,(9! ')0! .C)/+*)'(2! )5/(475!

04/3+*.!%'2'27e!)5.!/.0)!(3!)5.!/.0./6.!/.I4'/.0!)5.!.C)/+*)'(2!(3!)5.!(',!0+2-0!6'+!)#&

%)6$! %.)5(-0! 0'2*.! )5.! (/.! '0! )((! -..1! )(! &.! /.+*5.-! &$! *(26.2)'(2+,! ).*52'I4.0!

=]5(%10(28! "HHE>;! [4//.2),$8! 04/3+*.!%'2'27! +2-! )5.! )#& %)6$! ).*52'I4.! F2(92! +0!

#).+%! A00'0).-! J/+6')$! V/+'2+7.! =#AJV>! +/.! 1./3(/%.-! +)! )5.! A)5+&+0*+! +2-!

\+&+0*+! -.1(0')08!95',.! )5.! #AJV! +2-! [$*,'*! #).+%! #)'%4,+)'(2! =[##>! ).*52'I4.0!

+/.! .C*,40'6.,$! 40.-! +)! )5.! [(,-! M+F.! +2-! R.+*.! D'6./! -.1(0')0! =J(6./2%.2)! (3!

A,&./)+8!"HHE>;!]5.!1/.0.2)!0)4-$!3(*40.0!(2!04/3+*.!%'2'27!(1./+)'(208!5(9.6./!)#&

%)6$!).*52'I4.0!9',,!&.!&/(+-,$!.C1,+'2.-!'2!)5'0!0.*)'(2;!

]5.!04/3+*.!%'2.+&,.!G(2.!'0! ,'%').-!)(!)5.!2(/)5!1+/)!(3!)5.!A)5+&+0*+!-.1(0')8! '2!



!

!

"K!

)5.!/.7'(2!(3!<(/)!^*^4//+$!=^(00(18!BE`H>!95./.!)5.!(/.!'0!,(*+,'G.-!+)!-.1)50!(3!

,.00! )5+2! _X! %8! (4)*/(11'27! .C).20'6.,$! +,(27! )5.! &+2F0! (3! )5.! A)5+&+0*+! D'6./;!

b./.8!04/3+*.!%'2'27!*(20'0)0!(3!/.%(6'27!0(',!,+$./0!)5+)!,'.!+&(6.!)5.!(',!0+2-0!+2-!

)5.!04&0.I4.2)!0)/'11'27!(3!)5.!(/.!(2*.!')!5+0!&..2!/.+*5.-;!]/..0!+2-!()5./!*(6./!

6.7.)+)'(2! +/.! 5+/6.0).-8! 95',.! )5.! 3(/.0)! 3,((/8! *(%1/'0.-! (3! )5.! (/7+2'*! +2-!

%'2./+,!5(/'G(208!'0!0)/'11.-!+9+$!+2-!0)(/.-!3(/!,+)./!40.!'2!/.*,+%+)'(2!1/+*)'*.0;!

a',! 0+2-0!+/.! )5.2! )+F.2! )(! 3+*',')'.0! 3(/! 0.1+/+)'(2!+2-!417/+-'27!(3! )5.!&')4%.2;!

W+*5!(3!)5.!1/(*.00.0!*+//'.-!(4)!-4/'27!%'2'27!(1./+)'(208!.C)/+*)'(28!)/.+)%.2)!(3!

)5.! 0+2-0! +2-! 417/+-'27! (3! )5.! &')4%.28! +**4%4,+).! %+)./'+,0! +2-! &$:1/(-4*)08!

0(%.! (3! 95'*5! +/.! 40.-! '2! /.*,+%+)'(2! 1/+*)'*.0! =J(6./2%.2)! (3! A,&./)+8! "HHEe!

d(520(2! +2-! ^'$+2'05'8! "HH`>;! ]5.0.! %+)./'+,0! +/.! F2(92! +0! (',! 0+2-0! 1/(*.00:

+33.*).-!%+)./'+,0!=a#R^>8!+2-!5+6.!*5+/+*)./'0)'*0!)5+)!%+F.!)5.%!+!*5+,,.27.!3(/!

)5.! /.0)(/+)'(2! (3! )5.! A)5+&+0*+! 2+)4/+,! ,+2-0*+1.0! (2*.! %'2'27! (1./+)'(20! +/.!

*(%1,.).-!=0..!0.*)'(2!B;B;K>;!

9#& %)6$! (1./+)'(20! +/.! &+0.-! (2! )5.! '2Y.*)'(2! (3! 5()! 0).+%! -'/.*),$! '2)(! )5.! -..1!

&4/'.-!-.1(0')! )(! 3+*',')+).! ')0! /.*(6./$;!]5.!#AJV! ).*52'I4.!.%1,($0! )9(!1+/+,,.,!

9.,,0!)5+)!+/.!-/',,.-!)5/(475!)5.!-.1(0');!a2.!9.,,!'2Y.*)0!5()!0).+%!='2Y.*)'(2!9.,,>!

95',.! )5.!()5./! '0!40.-!)(!/.*(6./! )5.!(',! =1/(-4*)'(2!9.,,>8! )5.! ,+))./!&.'27! ,+/7./!

)5+2!)5.!3(/%./;!\5.2!)5.!04&0)/+).!'0!5.+).-8!)5.!(',!&.*(%.0!%(/.!%+,,.+&,.!0(!')!

*+2! &.! 14%1.-! 41! )5/(475! )5.! 1/(-4*)'(2! 9.,,;! ](! %+'2)+'2! )5.! 0)+&',')$! (3! )5.!

,+2-0*+1.8!9+)./! '0! '2Y.*).-!)(! 3',,!41!)5.!01+*.!1/.6'(40,$!(**41'.-!&$!)5.!(',;!]5.!

[##!).*52'I4.!'0!&+0.-!(2!+!*(2)'24(40!*$*,.!)5+)!+11,'.0!5'75:1/.004/.!'2!+--')'(2!

)(!5()!0).+%!)(!3/+*)4/.!+2-!%.,)!-(92!)5.!&')4%.2;!A0!+!/.04,)8!)5.!&')4%.2!3,(90!



!

!

"L!

.+0',$! )5/(475! +! 1/(-4*)'(2!9.,,! +2-! 41! )(! )5.! 04/3+*.! 3(/! /.*(6./$ =f,.'2-'.20)8!

"HHZ>;!!9#&%)6$!).*52'I4.0!+/.!.C1.*).-!)(!&.!40.-!3(/!)5.!/.*(6./$!(3!+!,+/7.!1+/)!(3!

)5.! (',! 0+2-0! /.0./6.0! '2! A,&./)+;! A0! )5.! 40.! (3! )5.0.! ).*52'I4.0! +6('-0! )5.!

-'0)4/&+2*.!(3!+&(6.!7/(42-!.*(0$0).%08! ')!+)).%1)0! )(!1/(6'-.!(3!+!&.))./!9+$!(3!

.C1,(')'27!)5.!/.0(4/*.0!9')5(4)! ,.+6'27!.C).20'6.!-+%+7.-!+/.+0!)5+)!/.1/.0.2)!+!

*5+,,.27.!3(/!,+2-0*+1.!/.0)(/+)'(2;!@)!05(4,-!&.!0)/.00.-!)5+)!)5.0.!1/(Y.*)'(20!+/.!

'2!I4.0)'(28!+0!7/..25(40.!7+0!.%'00'(20!+2-!420..2!0(',!-'0)4/&+2*.0!%+$!,.+-!)(!

04&0.I4.2)!2.7+)'6.!.*(,(7'*+,!.33.*)0!=J/..21.+*.8!"HBB>; 

!

J`H`H>+:0$+ 41(-4+&,%/"443122"/)"-+'1)",01$4+ 9:;<=>+ %6)10("-+ 2,%'+

4.,21/"+'0(0(8+%&",1)0%(4`+

]5.!*(%1(0')'(2!(3! )5.!(',!0+2-0!%+F.0! ')!2.*.00+/$!)(! )/.+)! )5.%!0(!)5+)! )5.'/!(',!

3/+*)'(2! *+2! &.! 0.1+/+).-! 3/(%! )5.! 0(',! +2-! 9+)./! 3/+*)'(20;! a2*.! 0.1+/+).-8! )5.!

&')4%.2! '0!417/+-.-! )(!1/(-4*.! ,'75)8! 09..)! 0$2)5.)'*!(',! =J(6./2%.2)!(3!A,&./)+8!

"HHE>;! a#R^! +/.! )5.!%+)./'+,0! )5+)! +**4%4,+).! -4/'27! )5.!%'2'27! +2-! .C)/+*)'(2!

1/(*.00.0!)5+)!+/.! 34/)5./!40.-! '2!/.*,+%+)'(2!1/+*)'*.0!(/!/.*$*,.-!3(/!*(2)'24'27!

/.3'2./$! (1./+)'(20;! ]5.0.! *(%1/'0.! )5.! (6./&4/-.2! %+)./'+,8! )+','270! 0+2-08! +2-!

%+)4/.!3'2.!)+','270!0+2-08!95'*5!+/.!34/)5./!)/.+).-!)(!1/(-4*.!*(%1(0').!)+','2708!

+2-!9+)./!=J(00.,'2!.)!+,;8!"HBH>;!]5.!(6./&4/-.2!'0!0)/'11.-!+2-!0)(/.-!-4/'27!(',!

0+2-0! %'2'27;! @)! '0! 3(42-! &.,(9! )5.! 3(/.0)! 3,((/! +2-! -'/.*),$! +&(6.! )5.! (/.;! ]5.!

0)/'11.-!(6./&4/-.2!'0!40.-!)(!3',,!1')0! ,.3)!&$!*(%1,.).-!(1./+)'(208!(/!1',.-!41!'2!

.C).20'6.! +/.+0! F2(92! +0! (6./&4/-.2! -4%1! 0').08! 95'*5! +/.! /.*,+'%.-! +)! +! ,+)./!

-+).;!]5.!%'2.-!(6./&4/-.2!(3!)5.!A)5+&+0*+!(',!0+2-0!+/.+!'0!5'75,$!+,F+,'2.!9')5!+!



!

!

"X!

0+,'2.:0(-'*!2+)4/.!-4.!)(!')0!7.(,(7'*+,!(/'7'2!=0..!0.*)'(2!B;B;K>;!@)!'0!*(%1/'0.-!(3!

/.*.2)! 3,46'+,! -.1(0')08! +! 6+/'.)$! (3! 7,+*'+,! -.1(0')08! &.-/(*F! 3(/%+)'(20! +2-!

5$-/(*+/&(2:.2/'*5.-!%+)./'+,0!=a#cD[8!BEE`>;!<(,,(9'27!(6./&4/-.2!/.%(6+,8!)5.!

(',!0+2-0!+/.!.C)/+*).-!+2-!)+','270!0+2-0!+/.!1/(-4*.-!-4/'27!)5.!.C)/+*)'(2!(3!)5.!

(',!3/+*)'(28!95'*5!is separated from the soil and water fractions. Tailings sands are the 

OSPM that are produced during surface mining operations. The process consists of 

treating the sands with hot water and caustic soda, which separates the soil fraction, 

eliminating it afterwards as a slurry-like material that contains water (from the process), 

coarse and finer soil particles, unrecovered hydrocarbons and other potentially toxic by-

products. The slurry is pumped into settling basins that cover large areas of land, known 

as tailings ponds. The coarse solids (<75%), comprised mostly of sand particles, are of 

little economic value and do not represent an environmental risk as they settle quickly to 

the bottom of the ponds, creating a solid surface that further slurry waste is poured onto. 

The finer particles, clay and silt, which represent ~30% of the waste do represent a major 

risk because of their extremely slow settling, their hydrocarbon content and accumulation 

of acute toxic compounds like naphthenic acids.  The slurry is left in the basins for about 

two years while the coarse fraction settles and the suspended finer particles are treated 

with gypsum to create a consolidated dense material known as composite tailings. 

Eventually, part of the released water is recycled and re-used in the bitumen extraction 

process (Grant et al., 2008). !

+

+

+



!

!

"Z!

J`X>+Q1(-+,"/$1'1)0%(+&,1/)0/"4+0(+?)71614/1+

J`X`J>+Q1(-4+-04).,61(/"+0(+?)71614/1++

]5.! 1/(,(27.-! 04/3+*.! %'2'27! 1/+*)'*.0! '2! A)5+&+0*+! 5+6.! 7.2./+).-! .C).20'6.!

+/.+0! (3! -'0)4/&.-! ,+2-0! +2-! 5+6.!%+/F.-,$! *5+27.-! )5.! ,+2-0*+1.! (3! )5.! /.7'(28!

7.2./+)'27! *(2)/(6./0$! (6./! 95.)5./! )5.0.! ,+2-0! 9',,! .6./! &.! 3./)',.! +2-! 0.,3:

040)+'2'27!+7+'2! =J/+2)!.)!+,;8!"HH`e!J/..21.+*.8!"HBB>;!]5/..!(',! *(%1+2'.0!9(/F!

9')5'2! )5.!%'2+&,.! G(2.! '2! A)5+&+0*+S! #42*(/! W2./7$! @2*;8! #$2*/4-.! [+2+-+! M)-;8!

+2-!A,&'+2!#+2-0!W2./7$!@2*;!@)!9+0!*+,*4,+).-!)5+)!&$!^+/*5!(3!"HHE8!+!)()+,!(3!ZH"!

F%"! (3! ,+2-! 5+-! &..2!-'0)4/&.-! +0! +! /.04,)! (3! )5.! +*)'6.!%'2'27! (1./+)'(20! (3! )5.!

)5/..! *(%1+2'.0! =J(6./2%.2)! (3! A,&./)+8! "HHE>;! @)! '0! F2(92! )5+)! 04/3+*.! %'2'27!

-/+0)'*+,,$! +,)./0! )5.! 15$0'*+,! +2-! &'(,(7'*+,! 2+)4/.! (3! 3(/.0),+2-0! &$! -.0)/($'27!

6.7.)+)'(28!1(,,4)'27!+'/8!+2-!9+)./8!+2-!-+%+7'27!)5.!0(',!=d(520(2!+2-!^'$+2'05'8!

"HH`>;!@2!A)5+&+0*+8!)5.!.C)/+*)'(2!+2-!417/+-'27!(3!&')4%.2!+/.!.2./7$!-.%+2-'27!

1/(*.00.0! )5+)! 1/(-4*.! 7/..25(40.! 7+0! .%'00'(20! /+27'27! 3/(%!Z"! )(! BZL!f7![a"!

.In&&,! =*+/&(2! -'(C'-.! .I4'6+,.2)n&+//.,>! *(%1+/.-! )(! "_:X`! f7! [a"! .In&&,! (3!

*/4-.! 3/(%! *(26.2)'(2+,! (',! 1/(-4*)'(2! =J/..21.+*.8! "HBB>; M.+*5'27! (3! )(C'*!

*(%1(2.2)0!*(2)+'2.-!'2!)5.!).%1(/+/$!*(20)/4*).-!0)/4*)4/.08!(6./&4/-.2!-4%10!

+2-! )+','27! 1(2-08! +/.! +! %+Y(/! /'0F! 3(/! )5.! 04//(42-'27! /'6./0! 0)/.+%0! +2-!

7/(42-9+)./! =J(00.,'2! .)! +,;8! "HBH>;! ]5.! 0(',! .*(0$0).%! 0433./0! )5.! %(0)8! +0! )5.!

.C).20'6.!+/.+0! )5+)!5+6.!&..2!-+%+7.-!%+$! )+F.!542-/.-0!(3!$.+/0! )(! /.*(6./! '3!

)5'0!1/(*.00!'0!,.3)!)(!(**4/!42-./!2+)4/+,!*(2-')'(20;!

+

+



!

!

"_!

J`X`H>+:6$081)0%(4+%2+%0$+/%'&1(0"4+0(+?)71614/1+

A0!.0)+&,'05.-!&$!)5.!M+2-!#4/3+*.![(20./6+)'(2!+2-!D.*,+%+)'(2!A*)!(3!BE_K!+2-!

)5.! W26'/(2%.2)+,! R/().*)'(2! +2-! W25+2*.%.2)! A*)! (3! BEE"! =J(6./2%.2)! (3!

A,&./)+8!BEEE>8!(',!*(%1+2'.0!9(/F'27!'2!A)5+&+0*+!+/.!3(/*.-!)(!/.*,+'%!,+2-0!)5+)!

5+6.! &..2! %'2.-! +2-! /.)4/2! )5.%! )(! +! 0)+).! )5+)! /.0.%&,.0! )5.! 42-'0)4/&.-!

,+2-0*+1.0!)5+)!.C'0).-!&.3(/.;!]5'0!%+$!'2*,4-.!)5.!/.0)(/+)'(2!)(!+!0)+).!0'%',+/!)(!

)5.!42-'0)4/&.-!,+2-0!)5+)!04//(42-!)5.!%'2'27!G(2.!(/!)5.!*/.+)'(2!(3!1/(-4*)'6.!

7/..2!+/.+0!(3!*(%%./*'+,!3(/.0)!9')5'2!)5.!2+)4/+,!/+27.!(3!.*()$1.0!3(42-!'2!)5.!

[.2)/+,! ^'C.-! \((-! #4&:D.7'(2! (3! )5.! i(/.+,! 3(/.0)! =[W^A8! "HHZe! d(520(2! +2-!

^'$+2'05'8!"HH`e!a#cD[8!BEE`e!R4/-$!.)!+,;8!"HHX>;!D.*,+%+)'(2!'0!*5(0.2!95.2!)5.!

.C).2)!(3!-+%+7.!'0!5'75!+2-!,+2-0*+1.0!+/.!/.:05+1.-!+2-!0(',0!/.1,+*.-!'2!+!9+$!

)5+)!*+2!.204/.!)5.!'2')'+)'(2!(3!2+)4/+,!04**.00'(2!(/!)5+)!05(/).20!)5.!)'%.!2..-.-!

3(/!)5.'/!/.5+&',')+)'(2!)(!&.7'2;!]5.0.!1/(*.00.0!)+F.!1,+*.!(2*.!)5.!-'0)4/&.-!,+2-!

'0!2(!,(27./!1+/)!(3!+*)'6.!(1./+)'(20;!!

]5.!*4//.2)!0)4-$!9+0!*(2-4*).-!+)!#42*(/!W2./7$!@2*;8!+)!+2!+/.+!95./.!)5.$!*+//$!

(4)!(',!0+2-0!.C)/+*)'(2!)5/(475!04/3+*.!%'2'27!(1./+)'(20;!#42*(/! '0!+!1'(2../!(',!

*(%1+2$! )5+)! 0)+/).-! ')0! /.*,+%+)'(2!1/+*)'*.0! '2!BE_B!&$! )5.! /.6.7.)+)'(2!(3! -/$!

,+2-0! )5+)! 9./.! */.+).-! 40'27! 0)/'11.-! (6./&4/-.2!%+)./'+,;! </(%! ')0! (1.2'27! '2!

BEZ_! )(! )5.!.2-!(3!"HBH8! #42*(/!5+0!-'0)4/&.-!+11/(C'%+).,$!BE8_K_!F%"!(3! ,+2-8!

5+6'27! /.*,+'%.-! _g!(3! )5.! )()+,! =B8"EL! F%">!9')5! ./(0'(2! *(2)/(,! +0! ')0! 1/'%+/$!

7(+,!=A2-./0(2!.)!+,;8!BEE`e!#42*(/8!"HBB>;!]5.!/.*,+%+)'(2!1/+*)'*.!(3!)5.!*(%1+2$!

'26(,6.0! )5.! 0..-'27! (3! 7/+00.0! +2-! ,.74%.0! )5+)! *+2! 7/(9! I4'*F,$! )(! *5+27.! )5.!

,+2-0*+1.8! 1/(6'-'27! 6.7.)+)'6.! *(6./! 3(/! &+/.! 0(',0! =d(520(28! "HH`>;! [4//.2),$8!



!

!

"`!

#42*(/! +2-! )5.! ()5./! (',! *(%1+2'.0! (1./+)'27! '2! A)5+&+0*+! +/.! 9(/F'27! (2!

-.6.,(1'27! 0.,3:040)+'2.-! .*(0$0).%08! '2! +--')'(2! )(! *(2)/(,,'27! ./(0'(28! &$!

3(,,(9'27!)5.!0).10!3(42-!'2!)5.!74'-.,'2.0!3(/!)5.!/.*,+%+)'(2!(3!-'0)4/&.-!,+2-0!'2!

A)5+&+0*+!*/.+).-!&$!)5.!a#cD[!=BEE`>!)5+)!'26(,6.0!)5.!40.!(3!2+)'6.!)/..!01.*'.0!

(3!)5.!&(/.+,!3(/.0)!)(!+**.,./+).!)5.!3(/%+)'(2!(3!2.9!.*(0$0).%0;!

+

J`X`X>+C"3471&0(8+$1(-4/1&"4+

A,)5(475! )5.! 1().2)'+,! 3(/! /.*,+'%'27! -'0)4/&.-! ,+2-0! '0! )5.(/.)'*+,,$! 1(00'&,.8!

*5+27.0! '2! 0(',! ).C)4/.! +2-! 0)/4*)4/.8! )5.!%'C'27! (3! 7.(,(7'*+,! ,+$./08! 1/.0.2*.! (3!

*(2)+%'2+2)0!+2-!/.-4*)'(2!(3!9+)./!'23',)/+)'(2!+/.!0'72'3'*+2)!(&0)+*,.0!)(!)5'0!7(+,!

=#'275!.)! +,;8! "HH">;!D.*,+%+)'(2!1/.0*/'1)'(20!+/.!&+0.-!(2! )5.! */.+)'(2!(3! +!2.9!

3(/.0)! 3,((/! )5+)! 9',,! +*)! +0! +! 0)/4*)4/.:5(,-'27! *(6./! 3(/! )5.! a#R^! -.0)'2.-! 3(/!

/.*,+%+)'(2!14/1(0.0;!]5.!a#R^!=0..!0.*)'(2!B;";">!9',,!+*)!+0!&4',-'27!%+)./'+,0!(/!

1+/.2)!%+)./'+,08! '2! )5.! *(20)/4*)'(2! (3! 2.9! 2+)4/+,:,'F.! 0)/4*)4/.08!95',.! +! 1.+):
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45$;<!1%/I&5'3A!(35H&(!'&01&%-&!K45$;<!VO!'&01&%-&M<!3!ZYEBZU"!F4!'&H8&%(!76!(.&!

45$;<! -7)/%H! 5&H/7%<! (7! 7(.&5! F3-(&5/3G! O./'! VO! '&01&%-&! /'! 671%)! /%! I/5(13AAQ! 3AA!

F3-(&5/3! 3'! 3! '/%HA&! -74Qf! 3%)! 1%/I&5'3A! 45/8&5! '&('! 3%)! 3! 45$;<! )3(3F3'&! 35&!

-155&%(AQ!3I3/A3FA&!(7!63-/A/(3(&!F3-(&5/3A!)&(&-(/7%!K?/AA!&(!3AG<!TPPYMG!

!

&

&

&



!
!

##!

K"#%&B,-*;I8+,-8&

• \&&)'!76!0-$1234"&25#<!3%)!&35AQ!'&&)A/%H'<!H5&2!F&((&5!7I&5!3!4&5/7)!76!%7!A7%H&5!

(.3%! E!2&&C'! F&675&! /%7-1A3(/7%!23'! 4&56758&)! 3%)! 457)1-&)!2&AAB%7)1A3(&)!

'&&)A/%H'! 675! '1F'&01&%(! 71(B4A3%(/%HG! D&5(/A/^&5'! -3%! F&! 457I/)&)! F&675&!

/%7-1A3(/7%!7%AQ<!75!-7%(/%171'AQ<!3'!A7%H!3'!(.&!-7%-&%(53(/7%!76!9!/'!C&4(!F&A72!

LPP448G!N%7-1A3(/7%!2/(.!!"#$%&#!'(53/%!$I-NL<!75!-784353FA&!'(53/%'<! /'!./H.AQ!

5&-788&%)&)!3'! /(! /8457I&'! '&&)A/%H!H572(.!3%)!45787(&'!%7)1A&! 67583(/7%<!

2./-.!271A)!63-/A/(3(&!875&!&66/-/&%(!9T!6/R3(/7%!7%-&!71(B4A3%(&)G!!

• N(!/'!'1HH&'(&)!(7!1'&!45&B/%7-1A3(&)!3A)&5'!675!(.&!5&I&H&(3(/7%!76!7/A!'3%)'!

5&-A383(/7%!'/(&'!/%!$(.3F3'-3G!\Q8F/7%('!35&!-343FA&!76!'15I/I3A!3%)!H572(.!

2/(.71(!3/)!76!3%Q!'75(<!5&45&'&%(/%H!3!-7'(B&66&-(/I&!3A(&5%3(/I&!(7!(.&!1'&!76!

6&5(/A/^&5'!3%)!7(.&5!38&%)8&%('G!O.&!45&'&%-&!76!/%7-1A3(&)B3A)&5'!/8457I&'!

'7/A!013A/(Q<!/%-5&3'&'!(.&!9!-7%(&%(!/%!'7/A!3%)!1A(/83(&AQ!3--&A&53(&'!'7/A!6A775!

67583(/7%G!!

• N%!(./'!'(1)Q!(.&!&R(&%(!76!(.&!3A)&5h'!&66&-(!7%!I/3FA&!F3-(&5/3!23'!A/8/(&)!(7!(.&!

5./^7'4.&5&<! 5&45&'&%(/%H! 3! %1(5/&%(! &%5/-.&)! ^7%&! 675! (.&! /%)/H&%71'! '7/A!

8/-57F/3A!-7881%/(Q!671%)!/%!(.&!'7/A!83(5/R<!(.3(!45787(&'!(.&/5!457A/6&53(/7%!

3%)! /8457I&'! (.&/5!8&(3F7A/-! 3-(/I/(QG! *$?! )&H53)&5'<! .72&I&5<! F&%&6/(&)! %7(!

7%AQ! 6578!3A)&5! A&36! A/((&5!)&47'/(/7%!F1(! 6578!(.&!7%H7/%H!-.3%H/%H!-7%)/(/7%'!

671%)! /%! (.&! '7/A! 83(5/R! 3%)! 3A)&5! 577('<! 3'! (.&! 8/%&53A/^3(/7%! 53(&'! 76!

5&45&'&%(3(/I&!.Q)57-35F7%!'1F'(53(&'!/%-5&3'&)!7I&5!(/8&G!!

• ;&(&-(/7%!76!DEBA/C&!F3-(&5/3!/%)/-3(&'!(.3(!-784&(&%(!'Q8F/7%('!2&5&!45&'&%(!/%!

(.&! '7/A! 3%)! '1--&''61AAQ! /%6&-(&)! 1%/%7-1A3(&)! -7%(57A! 4A3%('f! %&I&5(.&A&''<!



!
!

#E!

%3(153A!3A)&5'!7%!(.&'&!'/(&'!2&5&!(Q4/-3AAQ!%7(!2&AAB%7)1A3(&)!3%)!(.&/5!H572(.!

23'!81-.!4775&5!/%!-78435/'7%!(7!H5&&%.71'&!/%7-1A3(&)!4A3%('G!!

• O.&! DEB&66&-(! -71A)! F&! A/8/(&)! (7! (.&! 6/5'(! '(3H&'! 76! 3A)&5! H572(.! 3'! 5&'1A('!

/%)/-3(&)! (.3(! %7)1A&'! 35&! -7A7%/^&)! 7I&5! (/8&! FQ! F3-(&5/3! 45&'&%(! /%! (.&! '7/AG!

?72&I&5<!'/%-&! (.&5&! /'!'(/AA!%7!3--153(&! (&-.%/01&! (.3(!-3%! (&AA! /6! (.&!'Q8F/7%(!

5&83/%'!45&'&%(!3'!435(!76!(.&!&%)74.Q(/-!-7881%/(Q!/%!%7)1A&'!76!3A)&5'<! /(! /'!

%7(!C%72%!/6! /(! /'! 615(.&5!)/'4A3-&)!FQ!-784&(&%(!'(53/%'!671%)!/%!(.&!'7/A!36(&5!

(.&! 4A3%('! .3I&! '4&%(! '78&! (/8&! /%! (.&! 6/&A)G! D1(15&! &R4&5/8&%('! 675! (.&!

)&I&A748&%(! 76! 3! %&2! *+,! 344573-.! 271A)! .&A4! )&(&58/%&! 2./-.! 76! (.&'&!

3A(&5%3(/I&'!/'!7--155/%HG!

&

&

&

&

&

&

&

&

&

&



!
!

EP!

CE4ECESBE>&

!

$%)&5'7%<! _G,Gf! +7AA&5%<! OGf! O1((A&<! \G! 3%)!i35%&5<! +G! LEE#G! $! ./'(75Q! 76! (&55&'(5/3A!
5&-A383(/7%! /%! (.&! 7/A! '3%)'! 5&H/7%G! N%J! c1/)&A/%&'! 675! 5&-A383(/7%! (7! 675&'(!
I&H&(3(/7%! /%! (.&! $(.3F3'-3! 7/A! '3%)'! 5&H/7%G! $AF&5(3! _%I/57%8&%(3A! *57(&-(/7%G!
_)87%(7%<!$AF&5(3G!
!
$CC&583%'<!$G;GdG!3%)!b3%!;/]C<!+G!LE"UG!O.&!67583(/7%!3%)!%/(57H&%!3-(/I/(Q!76!577(!
%7)1A&'!76!0-$1238-1,&$62#31%)&5!6/&A)!-7%)/(/7%'G!N%J!\Q8F/7(/-!%/(57H&%!6/R3(/7%!/%!
4A3%('G391(83%<!*G\G!K_)/(75MG!+38F5/)H&!V%/I&5'/(Q<!*5&''G!+38F5/)H&<!*4G!ZLLBZTPG!
!!
=3C&5<! ;G! 3%)! O755&Q<! XGcG! LE#PG! +.353-(&5/^3(/7%! 76! 3%! &66&-(/I&! 3-(/%75./^3A!
8/-57'Q8F/7%(<! !"#$%&#! '4G! $I-NL! K$-(/%78Q-&(3A&'MG! +3%3)/3%! X715%3A! 76!
`/-57F/7A7HQ<!TU<!*4G!LPUUBLP"LG!
!
=&%^7%<! ;G,Gf! b3%)&%! ?&1I&A<! =G;G! 3%)! *7((&5<! ;G! TPPYG! $-(/%75./^3A! 'Q8F/7'&'J!
)/I&5'/(Q!3%)!F/7H&7H534.QG!c/AA/%H'<!`G!K_)/(75MG!*A3%(!`/-57F/7A7HQG!=N:\!\-/&%(/6/-!
*1FA/'.&5'!d()<!:R675)G!
!
=&5%g-.&B;h$8715'<!$Gf! c./%&(<!`GcGf! =&31)/%<! XGf! =5^&%^/%'C/<! ,G! 3%)!,7Q<! \G! TPLLG!
\&01&%-&! 3%3AQ'/'! 76! "56:! 3%)! "56(! H&%&! 653H8&%('! 5&I&3A'! (.&! 4.QA7H&%&(/-!
)/I&5'/(Q!76!04,&$6?#4,/"&#! 76! H&%1'!!"#$%&#G! +3%3)/3%! X715%3A!76!`/-57F/7A7HQ<!Z"<!
*4G!TYYBTYEG!
!
=&5C72/(^<!9G!3%)!\4&/H.(<!XGcG!LE"ZG!O.&!7/A!'3%)'!76!$AF&5(3G!D1&A!\-/&%-&!;/I/'/7%G!!
D1&AG!ZYG!
!
=&55Q<!$G`G!3%)!O755&Q<!XGcG!LE#WG!,77(!.3/5!)&67583(/7%!/%!(.&!/%6&-(/7%!457-&''!76!
0-$123"1?"#G!+3%3)/3%!X715%3A!76!=7(3%Q<!UL<!*4G!T#UWBT#"UG!
!
=&55Q<! $G`! 3%)! O755&Q<! XGcG! LE#ZG! \&&)! H&58/%3(/7%<! '&&)A/%H! /%7-1A3(/7%! 3%)!
&'(3FA/'.8&%(!76!0-$123'44G!/%!-7%(3/%&5'!/%!H5&&%.71'&!(5/3A'G!*A3%(!3%)!\7/A<!#"<!*4G!
LULBL"WG!
!
=&55Q<!$G`Gf!`-N%(Q5&<!dG!3%)!`-+1AAQ<!`G_G!LE#UG!D/%&!'(51-(15&!76!577(!.3/5!/%6&-(/7%!
A&3)/%H! (7!%7)1A3(/7%! /%! (.&!!"#$%&#j0-$12! 'Q8F/7'/'G! +3%3)/3%! X715%3A! 76!=7(3%Q<!
UYKTM<!*4G!TETBWPZG!!
!
=&(.A&%63AI3Q<! cGXGf! $F1B\.3C53<! \G\G! 3%)! *./AA/4'<! ;G$G! LE"#G! N%(&5)&4&%)&%-&! 76!
%/(57H&%! %1(5/(/7%! 3%)! 4.7(7'Q%(.&'/'! /%! @&21>3 2#,&A1>! dGNG! _66&-(! 76! -78F/%&)!
%/(57H&%!7%!'Q8F/7(/-!%/(57H&%!6/R3(/7%!3%)!4.7(7'Q%(.&'/'G!*A3%(!*.Q'/7A7HQ<!UT<!*4G!
LT"BLWPG!
!



!
!

EL!

=A/''<!dG+G!LEZ#G!\&&)!H&58/%3(/7%!/%!35-(/-!3%)!3A4/%&!'4&-/&'G!$5-(/-<!L<!*4G!L#PBL##G!
!
=7%3%<!cG=G!3%)!\.1H35(<!?G?G!LE#EG!_%I/57%8&%(!63-(75'!3%)!&-7A7H/-3A!457-&''&'!/%!
F75&3A!675&'('G!$%%13A!,&I/&2!76!_-7A7HQ!3%)!\Q'(&83(/-'<!TP<!*4G!LBT#G!
!
=53)'.32<!$G!LEE"G!,&'(753(/7%!76!8/%&)! A3%)'!1'/%H!%3(153A!457-&''&'G!_-7A7H/-3A!
_%H/%&&5/%H<!#<!*4G!TZZBTUEG!
!
=53%)(<! XG*G! TPPEG! O.&! &R(&%(! 76! (.&! 975(.! $8&5/-3%! F75&3A! ^7%&G! _%I/57%8&%(3A!
,&I/&2'<!L"<!*4G!LPLBLULG!!
!
=7/'<! cGf! */-.k<! lGf! D1%H<! `GlG*G! 3%)! >.3'3<! ;G*G! TPPZG! `Q-755./^3A! /%7-1A18!
47(&%(/3A'! 76! 415&! 5&-A383(/7%! 83(&5/3A'! 3%)! 5&I&H&(3(&)! (3/A/%H! '3%)'! 6578! (.&!
+3%3)/3%!:/A!\3%)!N%)1'(5QG!`Q-755./^3<!LZ<!*4G!LYEBLZ#G!!
!
=15H&''<!;Gf!+.3(35431A<!dG!3%)!?&%)5/-C'7%<!:G!LE#UG!D/&A)!4&567583%-&!76!!"#$%&#B
/%7-1A3(&)! 3%)! %7%B/%7-1A3(&)! 3A)&5'! K0-$123 255GMJ! *5&A/8/%35Q! 5&'1A('G! +3%3)/3%!
D75&'(!\&5I/-&G!*&(32323!93(/7%3A!D75&'(5Q!N%'(/(1(&G!N%6G!,&4G!*NBmBU"G!!
!
+.3/3<!_G_Gf!i3AA<!dGcG!3%)!?1''B;3%&AA<!>G!TPLPG!d/6&! /%!'7/A!FQ!(.&!3-(/%75./^3A!577(!
%7)1A&!&%)74.Q(&!!"#$%&#G!$!5&I/&2G!\Q8F/7'/'<!ZL<!*4G!TPLBTTUG!!
!
+181A3(/I&!_%I/57%8&%(3A!`3%3H&8&%(!$''7-/3(/7%!K+_`$MG!TPPUG!d3%)!-343F/A/(Q!
-A3''/6/-3(/7%! 'Q'(&8! 675! 675&'(! &-7'Q'(&8'! /%! (.&! 7/A! '3%)'G! W5)! &)/(/7%G! b7A18&! LJ!
D/&A)! 83%13A! 675! A3%)! -343F/A/(Q! )&(&58/%3(/7%G! $AF&5(3! _%I/57%8&%(G! _)87%(7%<!
$AF&5(3G!
!
+1%)&AA<!$G`G!LE""G!O.&! 57A&!76!8/-5775H3%/'8'! /%! (.&! 5&I&H&(3(/7%!76! '(5/4B8/%&)!
A3%)!/%!(.&!i&'(&5%!V%/(&)!\(3(&'G!X715%3A!76!,3%H&!`3%3H&8&%(<!WPKYM<!X1AQG!
!
;3%/&A'7%<!,G`Gf!b/''&5<!\G!3%)!*35C/%'7%<!;G!LE#WG!`/-57F/3A!3-(/I/(Q!3%)!8Q-755./^3A!
47(&%(/3A! 76! 6715! 7I&5F15)&%! (Q4&'! 1'&)! /%! (.&! 5&-A383(/7%! 76! &R(53-(&)! 7/A! '3%)'G!
+3%3)/3%!X715%3A!76!\7/A!\-/&%-&<!UW<!*4G!WUWBW"ZG!
!
;3.AAno6<! NGf! =3/AA/&<! ?G! 3%)! >]&AA&F&5H<! \G! TPPPG! "56:BF3'&)! 8/-57F/3A! -7881%/(Q!
3%3AQ'/'! 3I7/)'! A/8/(3(/7%'! /%.&5&%(! /%! LU\! 5,9$! H&%&! /%(53'4&-/&'! .&(&57H&%&/(QG!
$44A/&)!_%I/57%8&%(3A!`/-57F/7A7HQ<!UUK#M<!*4G!WW"UjWW#PG!
!
;&/F&5(<! _GXG! LEEYG! D&5(/A/^&5! 344A/-3(/7%! 2/(.! '83AA! H53/%! '&&)! 3(! 4A3%(/%HG!
*1FA/-3(/7%!_=BUTG!9;\V!_R(&%'/7%!\&5I/-&<!D35H7G!
!
;1''&31A(<!`G=G!TPPLG!p+?:*\J!+7A)!?&3IQ!:/A!*57)1-(/7%!2/(.!\3%)!/%!(.&!+3%3)/3%!
.&3IQ!7/A!/%)1'(5QqG!*5&435&)!675!$AF&5(3!;&435(8&%(!76!_%&5HQG!97I&8F&5<!*4G!WPLG!!
!



!
!

ET!

D75(/%<! 9Gf! =&318/&5<! ;Gf! d&&<! >G! 3%)! c5&&5<! +GiG! TPPYG! \7/A! 23'./%H! /8457I&'! (.&!
5&-7I&5Q!76!(7(3A!-7881%/(Q!;9$!6578!47AA1(&)!3%)!./H.!75H3%/-!-7%(&%(!'&)/8&%('G!
X715%3A!76!`/-57F/3A!`&(.7)'<!ZU<!*4G!L#LBLELG!
!
D75(/%<! 9Gf! D1A(.754&<! ,G,Gf! $AA&%<! ;GcGf! c5&&5<! +GiG! LEE#G! `7A&-1A35! 3%3AQ'/'! 76!
F3-(&5/3A!/'7A3(&'!3%)!(7(3A!-7881%/(Q!;9$!6578!>536(!41A4!8/AA!&66A1&%(!(5&3(8&%(!
'Q'(&8'G!+3%3)/3%!X715%3A!76!`/-57F/7A7HQ<!YY<!*4G!ZW"BZYUG!
!
D5/-C<!+G`Gf!D355&AA<!,G_G!3%)!c&58/)3<! XGXG!LEEEG!$''&''8&%(!76!4.Q(75&8&)/3(/7%!3'!
3%! &$3 2&,1! (&-.%/01&! 675! -A&3%/%H! 7/A! -7%(38/%3(&)! '/(&'G! *&(57A&18! O&-.%7A7HQ!
$AA/3%-&!76!+3%3)3!K*O$+MG!+3AH35Q<!$AF&5(3G!
!
c75)7%<! XG+G! 3%)! i.&&A&5<! +GOG! LE"#G! i.7A&! 4A3%(! '(1)/&'! 7%! 4.7(7'Q%(.&'/'! 3%)!
3-&(QA&%&!5&)1-(/7%!/%!0-$1238-1,&$62#G!9&2!*.Q(7A7HQ<!#P<!*4G!L"EBL#UG!
!
c7I&5%8&%(! 76! $AF&5(3G! LEEEG! +7%'&5I3(/7%! 3%)! 5&-A383(/7%! /%67583(/7%! A&((&5!
H1/)&A/%&'! 675!5&-A383(/7%!(7! 675&'(!I&H&(3(/7%! /%!(.&!$(.3F3'-3!7/A!'3%)'!5&H/7%G!+!
3%)!,rNdrEEjLG!c7I&5%8&%(!76!$AF&5(3<!_)87%(7%<!$AF&5(3G!
!
c7I&5%8&%(!76!$AF&5(3G!TPPEG!s135(&5AQ!14)3(&G!D3AAG!
!
c7)2/%<! =G! 3%)! O.754&<! XG! TPPPG! $''&''8&%(! 76! 4.Q(75&8&)/3(/7%! 3'! 3%! &$3 2&,1!
(&-.%/01&! 675! -A&3%/%H! 7/AB-7%(38/%3(&)! '/(&'G! \3'C3(-.&23%! ,&'&35-.! +71%-/A!
_%I/57%8&%(3A!\&-(/7%G!\3'C3(77%<!\3'C3(-.&23%G!
!
c7''&A/%<!*Gf!?51)&Q<!\G_Gf!93&(.<!`G$Gf!*A715)&<!$Gf!O.&55/&%<!,Gf!b3%!;&5!>533C<!cG!3%)!
m1<! @G! TPLPG! O.&!,7Q3A! \7-/&(Q! 76! +3%3)3! _R4&5(! *3%&AJ! _%I/57%8&%(3A! 3%)! .&3(A.!
/843-('! 76! +3%3)3h'! 7/A! '3%)! /%)1'(5QG! ,&475(G! O.&! ,7Q3A! \7-/&(Q! 76! +3%3)3G! O.&!
$-3)&8/&'!76!$5('<!?183%/(/&'!3%)!\-/&%-&'!76!+3%3)3G!!
!
c53%(<! XGf!;Q&5<!\G!3%)!i7Q%/AA72/-^<!;G!TPP#G!D3-(!76! 6/-(/7%t!:/A!'3%)'!5&-A383(/7%G!
O.&!*&8F/%3!N%'(/(1(&G!;53Q(7%!b3AA&Q<!$AF&5(3G!
!
c5&&%4&3-&G! TPLLG! ;&&4! (571FA&J! O.&! 5&3A/(Q! 76! &$3 2&,1! (35! '3%)'! 74&53(/7%'G!
222GH5&&%4&3-&G-3G!*1FA/-3(/7%G!$45/AG!!
!
c5&&5<! +GiGf! D75(/%<!9Gf!,7Q<!,Gf!i.Q(&<! dGcG! 3%)!d&&<!>G! TPPWG! N%)/H&%71'! '&)/8&%(!
8/-57F/3A!3-(/I/(Q!/%!5&'47%'&!(7!%1(5/&%(!&%5/-.8&%(!3%)!4A3%(!H572(.!67AA72/%H!3!
-7%(57AA&)!7/A!'4/AA!7%!3!65&'.!23(&5!2&(A3%)G!=/75&8&)/3(/7%!X715%3A<!"<!*4G!UEB#PG!
!
c5&&5<! +GiGf!`&.(3<! *Gf! d3F&AA&<! \Gf! c1/F75)<!9Gf! D75(/%<!9Gf! =&31)/%<! XGf! s175&'./<! $Gf!
D1%H<! `Gf! >.3'3<! ;G! 3%)! ,7Q<! \G! TPPZG! ,&8&)/3(/7%! 3%)! 5&I&H&(3(/7%! 76! (35! '3%)'!
-7847'/(&! (3/A/%H'! -7%(3/%/%H! %34.(.&%/-! 3-/)'! 3%)! ./H.! '3A(! 1'/%H! 3A)&5B!"#$%&#!
'Q8F/7%('G!*57-&&)/%H'!76!(.&!,&8&)/3(/7%!O&-.%7A7H/&'!\Q847'/18G!=3%66<!$AF&5(3G!
:-(7F&5<!*4G!LL!!
!



!
!

EW!

?&%)5/-C'7%<! :GsGf! =15H&''<! ;Gf! *k5/%&(<! *Gf! O5&8FA3Q<! DG! 3%)! +.3(3(431A<! dG! LEEWG!
_66&-('!76!!"#$%&#!7%!6/&A)!4&567583%-&!76!0-$12!-A7%&'!3%)!'&&)A/%H'G!*A3%(!3%)!\7/A<!
LZP<!*4G!TEZBWPTG!
!
?/AA<! XG_Gf! *&%%Q<! \GdGf! +572&AA<! >GcGf! c7.<! \G! ?G! 3%)! ?&88/%H'&%<! \G`G! -4%;=J! $!
-.34&57%/%!'&01&%-&!)3(3F3'&G!TPPYG!c&%78&!,&'&35-.<!LYK#M<!*4G!LUUEBLU"ZG!
!
?73HA3%)<! ;G,G! 3%)! $5%7%<! ;G! LEZPG! O.&!23(&5! -1A(15&!8&(.7)! 675! H572/%H! 4A3%('!
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