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Q-A0(*!P:R!M!H!2E,-$'7!SME*'(!;E)(#A(',;!#5!2;*!@0#704+*!"-G*(.!D*5#(*!T*2$;!T*2$;E!'+)!#2;*(!0,12(*'4!(*1*(G#-(1:!

?-#!-97$*:$%.-!+1!H+:/$#!4G8!7#(2$+E#(!7+(2-%$:#!O!2;*!G#704*!#5!3'2*(!2;'2!57#31!,'12!'!,#-+2!

-+!'!A-G*+!'4#0+2!#5!2-4*:!@;*!;#(-U#+2'7!'L-1!(*,(*1*+21!2-4*.!-+!2;-1!$'1*!'!,*(-#)!#5!1-L!E*'(1.!

'+)!2;*!G*(2-$'7!'L-1!)-1,7'E1!)-1$;'(A*:!V+*!$0D-$!5##2!,*(!1*$#+)!=$51F!-1!*W0-G'7*+2!2#!'D#02!

1*G*+!'+)!'!;'75!A'77#+1!,*(!1*$#+):!!

"#&,+1:!(1*=!+1!,-#!/..#$!=%,#$(-#7!-#%B+&9!+13&/#12#(!,-#!?/*&/@1#'(!-97$*:$%.-:!@;*!
57#31!-+!5-A0(*!P:R!'D#G*!3*(*!#D1*(G*)!+*'(!6*('781!9##7!#G*(!1*G*('7!E*'(1!,(-#(!2#!2;*!

$#+12(0$2-#+!#5!0,12(*'4!(*1*(G#-(1:!J#2-$*!;#3.!'72;#0A;!,(*$-,-2'2-#+!5'771!)0(-+A!3-+2*(!

4#+2;1.!,*'%!)-1$;'(A*!2*+)1!2#!#$$0(!-+!2;*!1,(-+A2-4*:!@;-1!(*57*$21!2;*!1+#381!'D-7-2E!;*(*!2#!

*55*$2-G*7E!>12#(*?!3'2*(!2;(#0A;#02!2;*!3-+2*(!0+2-7!3'(4*(!1,(-+A!2*4,*('20(*1!5#($*!-2!2#!
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4*72!'+)!(0+!#55!-+2#!12(*'41:!!@;*1*!,'22*(+1!-+!'!;E)(#A(',;.!3;-$;!)*1$(-D*!2;*!2-4-+A!'+)!

4'A+-20)*!#5!)-1$;'(A*!3-2;-+!'!A-G*+!2-4*5('4*.!'(*!$'77*)!2;*!(-G*(81!N57#3!(*A-4*:8!

!

Q-A0(*!P:X!O!I2'55!,7'2*!-+!2;*!0,,*(!*))E.!6*('781!9##7!

I/%1,+39+1:!A+B#$!J+(2-%$:#!

Y-1$;'(A*!-1!$'7$07'2*)!'1!2;*!,(#)0$2!#5!2;*!3'2*(81!'G*('A*!G*7#$-2E!'+)!2;*!'(*'!#5!2;*!(-G*(81!

$(#11!1*$2-#+!'2!'!$*(2'-+!,#-+2:!Z5!E#0!7##%!'2!'!A-G*+!(*'$;!#5!'!(-G*(.!E#0877!-44*)-'2*7E!+#2-$*!

2;'2!2;*!1;',*!#5!2;*!D*)!$;'+A*1!)E+'4-$'77E!2;(#0A;#02!2;*!(*'$;.!'1!)#*1!2;*!$(#11M1*$2-#+'7!

'(*'! #5! 2;*! (-G*(:! [*$'01*! 2;*! #G*('77! )-1$;'(A*! )#*1+82! $;'+A*! )('4'2-$'77E!3-2;#02! *L2*(+'7!

-+,02.!E#0!1;#07)!'71#!D*!'D7*!2#!1**!2;*!-+G*(1*!(*7'2-#+1;-,!D*23**+!2;*!$(#11M1*$2-#+'7!'(*'!

'+)!G*7#$-2E:!Q#(!*L'4,7*.!,##71!2;'2!'(*!3-)*!'+)!)**,!;'G*!17#3*(!G*7#$-2E!57#31!2;'+!)#!3-)*!

1;'77#3!(',-)1:!

K*!$'+!4*'10(*!(-G*(!;*-A;2!5(#4!'!12'55!,7'2*.!10$;!'1!-+!Q-A0(*!P:X:![E!$#((*7'2-+A!2;*1*!

4*'10(*4*+21!3-2;!$'7$07'2*)!)-1$;'(A*.!3*!$'+!)*2*(4-+*!2;*!(*7'2-#+1;-,!D*23**+!(-G*(!

;*-A;2!'+)!57#3!-+!BQI!2#!5#(4!'!('2-+A!2'D7*:!H2!6*('781!9##7.!E#0!$'+!7##%!0,!2;*!)-1$;'(A*!#+!'!

('2-+A!2'D7*!,#12*)!+*'(!2;*!3'2*(.!'+)!5-+)!#02!2;*!57#3!#5!2;*!(-G*(:!

K1!+@.*$,%1,5!9#,!-+77#1!%(.#2,!*3!@%19!$#.*$,#7!-97$*:$%.-(!-1!2;'2!2;*E!#52*+!#+7E!)-1,7'E!

)'-7E!'G*('A*1.!3;-$;!4*'+1!2;'2!3*!$'++#2!1**!1;#(2M2*(4!#(!(',-)!570$20'2-#+1:!Q#(!-+12'+$*.!

14'77!57##)1!5(#4!1;#(2!12#(41!#(!)'-7E!1044*(2-4*!570$20'2-#+1!5(#4!;E)(#,#3*(!,(#)0$2-#+!

'(*!+#2!G-1-D7*:!@;*!;E)(#A(',;!-+!Q-A0(*!P:S!D*7#3!)*,-$21!2;*!)-1$;'(A*1!D*7#3!T#74!

9#3*(;#01*!#+!B;*((E!B(**%!*G*(E!PS!4-+02*1!#G*(!XS!)'E1!-+!1,(-+A!\]]^:!!Y0(-+A!2;*!1044*(.!

3;*+!)*4'+)!5#(!*7*$2(-$-2E!A#*1!0,.!'!1*W0*+$*!#5!;E)(#,#3*(MA*+*('2-+A!10(A*1!'+)!3'2*(M

(*2'-+-+A!7#31!-1!2;*!)#4-+'+2!;E)(#7#A-$!1-A+'7!#+!2;*!(-G*(:!Z+!*'(7E!_0+*!'+)!*'(7E!_07E.!-2!

',,*'(1!2;'2!2;*!)'4!#,*('2#(1!'77#3*)!3'2*(!2#!,'11!2;(#0A;!2;*!20(D-+*1!'+)!)#3+!2;*!(-G*(!

#+7E!)0(-+A!,*'%!;#0(1.!D02!)0(-+A!2;*!7'12!5*3!3**%1!#5!_0+*.!2;*E!7*2!2;*!20(D-+*1!(0+!'74#12!
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5077M2-4*:!@;*1*!57#31!'(*!$'77*)!)-*7!57#31.!-+!(*5*(*+$*!2#!2;*-(!)'-7E!$;'+A*1:!B#4,'(*!2;*1*!

;E)(#,#3*(MD'1*)!57#31!2#!2;*!+'20('7!#+*1!D*5#(*!2;*!)'4!-+!Q-A0(*!P:R:!

!

!

Q-A0(*!P:S!!M!TE)(#A(',;!#5!1044*(2-4*!)-1$;'(A*1!5(#4!T#74!9#3*(;#01*!'2!PSM4-+02*!-+2*(G'71!

6"*-*#78*%*53(
(

!!! !

9;#2#1<!&*(;'()!`,%*!

L-%,!+(!:#*@*$.-*&*:9M!@;-+%!>A*#A(',;E!-+!'$2-#+:?!&*#4#(,;#7#AE!-1!2;*!120)E!#5!2;*!

*G#702-#+!#5!'!7'+)1$',*.!A#G*(+*)!-+!4#12!,'(2!DE!-21!2#,#A(',;E.!A*#7#AE.!1#-71.!$7-4'2*.!'+)!

;E)(#7#AE:!&*#4#(,;#7#AE!$'+!D*!)-55-$072!2#!A('1,!D*$'01*!#5!2;-1!2('+1$*+)*+$*!#5!1$'7*!'+)!
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)-1$-,7-+*.!D02!*G-)*+$*!#5!2;-1!#G*(7',!-1!'77!'(#0+):!H1!E#0!,'))7*!)#3+!2;*!(-G*(.!,'E!'22*+2-#+!

2#!,'22*(+1!-+!2;*!,;E1-$'7!7'+)1$',*.!10$;!'1!2;*!7#$'2-#+1!#5!1'+)!'+)!$#DD7*!D'(1.!2;*!1-U*1!#5!

2;*-(!1*)-4*+21.!'+)!2;*!'4#0+2!#5!*L,#1*)!D*)(#$%:!

N#*@*$.-+2!.$*2#((#(!/(/%&&9!*22/$!*B#$!&*1:!,+@#!(2%&#(.!10$;!'1!;0+)(*)1.!2;#01'+)1.!'+)!
4-77-#+1!#5!E*'(1.!D02!3;*+!2;-+A1!)#!;',,*+!(',-)7E.!2;*E!2*+)!2#!D*!0+*L,*$2*):!`L'4,7*1!

-+$70)*!*'(2;W0'%*1.!7'+)17-)*1.!#(!57##)1!7-%*!2;*!#+*!-+!_'+0'(E!#5!Paab:!Z+!#D1*(G-+A!'!

A(#0,-+A!#(!)*,#1-2!#5!(#$%1.!A'0A*!2;*-(!'+A07'(!#(!(#0+)*)!1;',*!5#(!$70*1!'D#02!'A*!'+)!

#(-A-+:!"#0+)*)!(#$%1!'(*!4#(*!7-%*7E!2#!D*!(-G*(M)*(-G*).!2('+1,#(2*)!'+)!14##2;*)!DE!3'2*(!

'+)!#2;*(!(#$%1!#G*(!2-4*:!B#+G*(1*7E.!/'AA*).!'+A07'(!(#$%1!4'E!;'G*!$#4*!5(#4!'!(*7'2-G*7E!

(*$*+2!(#$%!5'77.!#(!5(#4!#7)!4-+-+A!)*D(-1:!

O22%(+*1%&!&%$:#!3&**7(!%17!(@%&&#$5!@*$#!2*1(,%1,!3&*=(!#$*7#!%17!,$%1(.*$,!(#7+@#1,P!
D*)(#$%!-1!*(#)*)!5(#4!;-A;!0,!-+!2;*!3'2*(1;*)!3;-7*!1#-71.!1'+)1.!'+)!A('G*71!'(*!)*7-G*(*)!

#G*(7'+)!2#!12(*'41!)0(-+A!12#(4!*G*+21!'+)!2;*!1,(-+A!1+#34*72:!!@;*1*!1*)-4*+21!'(*!

2('+1,#(2*)!)#3+12(*'4!-+!,071*1!#G*(!2-4*.!1#4*2-4*1!$'((-*)!DE!2;*!(-G*(!'+)!#2;*(!2-4*1!

(*12-+A!-+!)*,#1-2-#+'7!D'(1!#(!57##),7'-+1.!*G*+20'77E!(*'$;-+A!2;*!)*72'!#(!#$*'+!#G*(!2;*!

$#0(1*!#5!2;#01'+)1!#5!E*'(1:!H1!2;*1*!)*,#1-21!'$$0407'2*.!2;*E!D*$#4*!'770G-04.!(-$;!1#-71!

2;'2!,(#G-)*!5*(2-7*!D(**)-+A!A(#0+)!5#(!,7'+2!$#440+-2-*1:!

A*2C!%17!(*+&!2*@.*(+,+*1!+13&/#12#(!&+3#G!Q(#4!2;*!4'$(#1$#,-$M1$'7*!'(('+A*4*+2!#5!D*)(#$%!

$('$%1!#(!$#DD7*1.!2#!4-$(#1$#,-$!W0'7-2-*1!#5!2*L20(*!#(!,*(4*'D-7-2E.!G'(-*)!$;'('$2*(-12-$1!#5!

10D12('2*!,(#G-)*!'!7'(A*!)-G*(1-2E!#5!;'D-2'2!0,#+!3;-$;!7-5*!$'+!A(#3:!!

N#*@*$.-*&*:9!2%1!E#!7+33+2/&,!,*!2*@.$#-#17.!7*2!'7#+*!4*'10(*.!D02!(-G*(1!'73'E1!,7'E!'!

4'/#(!(#7*!-+!2;*!*G#702-#+!#5!2;*!7'+)1$',*.!D*$'01*!#5!2;*-(!'D-7-2E!2#!*(#)*!'+)!2('+1,#(2!

4'2*(-'7:!@;-1!A0-)*!-+2(#)0$*1!1,*$-5-$!*L'4,7*1!1**+!#+!2;*!@0#704+*!-+!'+!'22*4,2!2#!

)*G*7#,!'!,-$20(*!#5!2;*!3'2*(1;*)81!*G#702-#+.!3;-$;!-1!D#2;!)E+'4-$!'+)!(*1,#+1-G*!#+!

A*#7#A-$!'+)!;04'+!2-4*1$'7*1:!

)%$.9'(
!
)&%1,(!%$#!*$:%1+(@(!,-%,!2*1B#$,!+1*$:%1+2!@%,#$+%&(!%17!#1#$:9!(*/$2#(!,*!E+*&*:+2%&&9!/(#3/&!

@%,#$+%&:!@;*E!'(*!2;*!D'1-1!#5!D-#7#A-$'7!5##)!3*D1:!Z+!2;*!@0#704+*.!,(-4'(E!,(#)0$2-#+!

#$$0(1!'1!,;#2#1E+2;*1-1!DE!'W0'2-$!'+)!2*((*12(-'7!,7'+21.!'1!3*77!'1!'7A'*!'+)!D'$2*(-'!#5!

G'(-#01!5#(41:!K*!(*5*(!2#!,(#)0$2-G*!4-$(##(A'+-141!'22'$;*)!2#!0+)*(3'2*(!10D12('2*!-+!

4#G-+A!3'2*(!'1!,*(-,;E2#+.!3;-7*!17#3*(!3'2*(1!'(*!;#4*!2#!,;E2#,7'+%2#+!2;'2!57#'2!5(**7E!-+!

2;*!3'2*(!$#704+:!

?-#!Q.$*7/2,+B+,9'!*3!%!=%,#$(-#7!#(!(-G*(!-1!'!2*(4!3*!01*!2#!)*1$(-D*!2;*!'4#0+2!#5!7-5*!2;*(*.!

D02!4#(*!,(#)0$2-G-2E!)#*1!+#2!+*$*11'(-7E!-+)-$'2*!'!;*'72;-*(!(-G*(:!@;*!0,,*(!(*'$;*1!#5!

4#0+2'-+!(-G*(1!;'G*!+'20('77E!7#3*(!,(#)0$2-G-2E!2;'+!2;*-(!57'27'+)!,#(2-#+1.!)0*!2#!'!7-4-2*)!
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+02(-*+2!10,,7E!'+)!;'(1;*(!*+G-(#+4*+2'7!$#+)-2-#+1:!T#3*G*(.!+'2-G*!1,*$-*1!;'G*!')',2*)!2#!

2;*1*!$#+)-2-#+1!#G*(!'+!*G#702-#+'(E!2-4*!1$'7*.!'+)!-+)-$*1!#5!2;*!N;*'72;8!#5!+'2-G*!

,#,07'2-#+1!#5!,7'+21!'+)!'+-4'71!'(*!A*+*('77E!$#+1-)*(*)!2#!D*!2;*!4#(*!-4,#(2'+2!

)*2*(4-+'+21!#5!'!(-G*(81!;*'72;:!!

+,*%,-."(/01"#(:"5"9$90*.(
!

R#:#,%,+*1!*1!,-#!?/*&/@1#!A+B#$!+(!/1&+C#!,-%,!*3!&*=#$!
:$%7+#1,!$+B#$(G!Z+!1E12*41!3-2;!3-)*!G'77*E1.!2;*!(-G*(!,(#G-)*1!

3'2*(!#G*(!'!7'(A*!'(*'!DE!,*($#7'2-+A!2;(#0A;!1'+)!'+)!1#-7!2#!

(*$;'(A*!0+)*(7E-+A!A(#0+)3'2*(!D'1-+1:!I-+$*!2;*!@0#704+*!-1!'!

D*)(#$%!1E12*4!3-2;!'!GM1;',*)!$;'++*7!'+)!4-+-4'7!1*)-4*+2!

$#+2(-D02-#+.!2;#1*!'770G-'7!57##),7'-+1!#5!;-A;M1*)-4*+2!1E12*41!

'(*!'D1*+2:![*$'01*!#5!2;-1.!2;*(*!-1!'!2;-+!(-,'(-'+!$#((-)#(!/012!

D*7#3!2;*!0,7'+)!;-7717#,*!G*A*2'2-#+:!"-G*(!$;'++*7!1;',*.!'!

14'77!1*)-4*+2!7#').!'+)!3'2*(!'G'-7'D-7-2E!)(-G*!2;*!12(0$20(*!#5!G*A*2'2-#+:!!!

?-#$#!%$#!(#B#$%&!2-%$%2,#$+(,+2(!,*!&**C!3*$!+1!*E(#$B+1:!%17!2*@.%$+1:!.&%1,(!%17!,-#+$!

2*@@/1+,+#(G!H1!E#0!7##%!50(2;*(!0,!5(#4!2;*!(-G*(!2;*!G*A*2'2-#+!$;'+A*1.!'74#12!-+!7'E*(1:!

c##%!'2!2;*!2(**1!$7#1*!2#!2;*!3'2*(7-+*!'+)!$#4,'(*!2;*4!2#!2(**1!0,!2;*!;-7717#,*:!9'E!

'22*+2-#+!2#!3;*(*!,7'+21!'(*!,#1-2-#+*)!'7#+A!2;*!(-G*(81!*)A*!'+)!2(E!2#!2;-+%!#5!3;E!2;-1!

3#07)!D*!2;*!$'1*:!K*!3-77!D*!7##%-+A!'2!1#4*!,7'+2!'+)!2(**!1,*$-*1!-+!)*,2;!'+)!3-77!D*!

$#G*(-+A!4'/#(!2;*4*1!'1!3*!4#G*!2;(#0A;!2;-1!A0-)*.!-)*+2-5E-+A!)-55*(*+$*1!'+)!2(*+)1!-+!2;*!

G*A*2'2-#+:!

?-#$#!+(!%!7+33#$#12#!D*23**+!2;*!,7'+21!A(#3-+A!)-(*$27E!'7#+A!2;*!(-G*(!'+)!2;#1*!A(#3-+A!

50(2;*(!0,;-77:!@;-1!;'1!2#!)#!3-2;!2;*!'4#0+2!#5!3'2*(!'G'-7'D7*!-+!2;*!1#-7!'2!*'$;!7#$'2-#+:!!

A+.%$+%1!.&%1,(!1##7!%!2*1(,%1,!(/..&9!*3!=%,#$G!@;*E!'(*!010'77E!7'(A*.!7*'5E!,7'+21!'+)!2(**1!
2;'2!01*!'+)!7#1*!'!7#2!#5!3'2*(!2;(#0A;#02!2;*!)'E:!@;*1*!1,*$-*1!

$'+!#+7E!'55#()!2;-1!%-+)!#5!7-5*12E7*!-5!2;*E!7-G*!G*(E!$7#1*!2#!'!4'/#(!

3'2*(!1#0($*:!T-7717#,*!,7'+21!#5!2;*!@0#704+*!"-G*(!['1-+!'(*!+#2!

-44*)-'2*7E!')/'$*+2!2#!2;*!(-G*(.!'+)!1#!$'++#2!'55#()!2;-1!2E,*!#5!

3'2*(!$#+104,2-#+:!@;-+%!D'$%!2#!2;*!,(*)#4-+'+2!(#$%!2E,*!-+!2;-1!

1E12*4<!A('+-2*:!&('+-2*!-1!+#2!'!,#(#01!4'2*(-'7!'+)!)#*1!+#2!;#7)!

A(#0+)3'2*(!*L$*,2!-+!+'((#3!$('$%1!'+)!$(*G-$*1:!@;*(*!-1!#+7E!'!

2;-+!7'E*(!#5!2#,1#-7!2;'2!$#G*(1!2;*!A('+-2*!-+!3;-$;!2;*!,7'+2!'+)!

2(**!1,*$-*1!A(#3:!@;-1!2#,1#-7!-1!+#2!)**,!*+#0A;!2#!;#7)!40$;!

3'2*(!*-2;*(:!@;*(*5#(*.!2;*!G*A*2'2-#+!A(#3-+A!#+!2;*!;-77!17#,*1!#5!

2;*!@0#704+*!"-G*(!4012!D*!(*7'2-G*7E!)(#0A;2M(*1-12'+2:!!
Q-A0(*!P:S!O!c'(A*!3##)E!)*D(-1!

9;#2#<!9'2(-$%!T-72#+!
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?$##(!:$*=+1:!%&*1:(+7#!,-#!$+B#$!@%9!3%&&!+1,*!,-#!2/$$#1,!=Q-A0(*!P:SF!)0*!2#!'!G'(-*2E!#5!
$'01*1.!10$;!'1!57##)!1$#0(!#(!)-1*'1*:!@;-1!)*D(-1!$'+!*-2;*(!D*!13*,2!)#3+12(*'4!-+!;-A;!

G*7#$-2E!57#31.!#(!$'+!(*4'-+!-+!2;*!(-G*(!1E12*4!-5!$'0A;2!-+!'+!*))E!#(!#+!'!D*)(#$%!

#02$(#,,-+A:!c'(A*!7#A1!'+)!#2;*(!3##)E!)*D(-1!01*)!2#!D*!1**+!'1!)*2(-4*+2'7!2#!(-G*(!1E12*41.!

D02!+#3!3*!%+#3!2;'2!-21!,(*1*+$*!-1!-4,#(2'+2!2#!(-G*(!*$#1E12*41:!c'(A*!3##)E!)*D(-1!

D0-7)0,1!'))!2#!2;*!;*2*(#A*+*-2E!#5!2;*!(-G*(!1E12*4.!3;-$;!-+!20(+!,(#G-)*1!4#(*!)-G*(1*!

;'D-2'2!'G'-7'D7*!5#(!,7'+21.!-+1*$21.!'4,;-D-'+1.!(*,2-7*1.!'+)!5-1;:!!

!

:"5"9$90*.(2$;09$9(+37"'(
S%$TS#7$*2C!U!H7#+A!2;*!D'+%1!#5!2;*!(-G*(.!E#0877!1**!2;*!#$$'1-#+'7!D'(!#(!D*'$;!#5!D#07)*(1.!
$#DD7*1.!A('G*7.!#(!1'+).!D02!E#0877!'71#!1**!D*)(#$%!7-+-+A!2;*!(-G*(81!*)A*:!@;*1*!$'+!D*!

$;'77*+A-+A!;'D-2'21!5#(!,7'+21.!D02!4'+E!'(*!1,*$-'77E!')',2*)!2#!10(G-G*!'+)!2;(-G*!-+!2;*1*!

7#$'2-#+1:!!

V1!,-#!?/*&/@1#5!=%,#$!&#B#&(!2%1!3&/2,/%,#!#+!'+!'++0'7.!4#+2;7E.!)'-7E.!#(!*G*+!

;#0(7E!D'1-1.!1#4*2-4*1!$;'+A-+A!2;*!1;',*.!$#4,#1-2-#+.!'+)!7#$'2-#+!#5!D'(1!3-2;!

$;'+A*1!-+!57#3:![*$'01*!#5!2;-1.!1#4*!D'(1!'(*!'!)-55-$072!,7'$*!2#!10(G-G*.!'+)!E#0!

3#+82!1**!40$;!,7'+2!7-5*!-+!2;*!4#12!;E)(#7#A-$'77E!'$2-G*!,7'$*1:!Z+!2;*!7*11M5(*W0*+27E!

)-120(D*)!D'(1!'+)!D*'$;*1.!;#3*G*(.!E#0877!+#2-$*!14'77.!7#3M7E-+A!A('11*1!'+)!5#(D1!-+!

'))-2-#+!2#!2;*!E#0+A!3-77#31.!'7)*(1!'+)!'1;*1!2;'2!;'G*!*12'D7-1;*)!2;*41*7G*1!1-+$*!

2;*!7'12!1$#0(-+A!57##):!@;*1*!'(*!'77!,7'+21!2;'2!'(*!10-2*)!2#!2;-1!(#0A;!*+G-(#+4*+2.!

2;(#0A;!')',2'2-#+1!7-%*!(',-)!A(#32;!'+)!(*,(#)0$2-#+.!2#7*('+$*!5#(!-+0+)'2-#+.!'+)!

(*1-12'+$*!2#!D*-+A!3'1;*)!'3'E:!!

)&%1,(!:$*=+1:!*1!E#7$*2C!'71#!2*+)!2#!D*!14'77.!D02!4#(*!5(*W0*+27E!D*$'01*!2;*E!

;'G*!7-227*!1,'$*!2#!A(#3!-+!2;*!1'+)E!$(*G-$*1!#5!7'(A*!(#$%:!@;*!,7'+21!2;'2!)#!*12'D7-1;!

2;*41*7G*1!2*+)!2#!D*!;-A;*(!0,!#+!2;*!(#$%1.!3;*(*!57##)1!'(*!7*11!5(*W0*+2:!

A+.%$+%1!O!6#G-+A!0,!5(#4!2;*!A('G*7!D'(1!#+2#!2;*!D'+%1!#5!2;*!(-G*(.!E#0!3-77!+#2-$*!$;'+A*1!-+!

2;*!1,*$-*1!'+)!)*+1-2E!#5!,7'+21:!V+!4'+E!B'7-5#(+-'!(-G*(1.!(-,'(-'+!;'D-2'21!-44*)-'2*7E!

')/'$*+2!2#!2;*!(-G*(!;#7)!1#4*!#5!2;*!4#12!)-G*(1*!,7'+2!$#440+-2-*1!#5!'+E!-+!2;*!12'2*:!@;-1!-1!

2;'+%1!2#!'!(*A07'(!3'2*(!10,,7E!5(#4!D#2;!A(#0+)3'2*(!'+)!2;*!(-G*(.!3;-$;!,(#G-)*1!+02(-*+2M

(-$;!'770G-'7!1*)-4*+2:!V+!2;*!@0#704+*.!;#3*G*(.!3'2*(!7*G*71!'(*!)'4M(*A07'2*).!'+)!;'()!

D*)(#$%!-+!2;*!0,,*(!(*'$;*1!)#*1!+#2!,(#G-)*!40$;!1*)-4*+2:!B#+1*W0*+27E.!2;*!2E,*1!#5!

,7'+21!E#0!1**!'+)!2;*!12(0$20(*!#5!,7'+2!$#440+-2-*1!'(*!)-55*(*+2!5(#4!4#(*!*L2*+1-G*!

(-,'(-'+!*$#1E12*41:!Q#(!*L'4,7*.!$#44#+!2(**1!10$;!'1!2;*!Q(*4#+2!$#22#+3##)!'(*!1**+!

#+7E!-+!'!5*3!1$'22*(*)!,7'$*1:!

D+&&(&*.#!O!HD#G*!2;*!(-,'(-'+!U#+*.!E#0877!+#2-$*!'!(',-)!A'-+!-+!*7*G'2-#+.!3-2;!12**,!;-771!#+!
*-2;*(!1-)*!#5!2;*!(-G*(:!@;*!,7'+21!#+!2;*1*!;-771!A*2!2;*-(!3'2*(!5(#4!2;*!A(#0+).!D02!'71#!5(#4!

2;*!#$$'1-#+'7!('-+12#(4.!*1,*$-'77E!-+!2;*!3-+2*(2-4*:!Y*,*+)-+A!#+!;*-A;2!0,!2;*!17#,*!'+)!

)-(*$2-#+.!2;*!,7'+21!A*2!G'(E-+A!)*A(**1!#5!10+7-A;2!2;'2!$'+!)(E!2;*4!#02:!Q#(!2;-1!(*'1#+.!E#0!
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4-A;2!+#2-$*!2;'2!;-7717#,*!$#440+-2-*1.!*1,*$-'77E!2;#1*!#+!(-G*(!(-A;2.!2*+)!2#!D*!)#4-+'2*)!DE!

'++0'7!A('11*1!'+)!5#(D1.!3-2;!#+7E!2;*!#$$'1-#+'7!#'%!#(!,-+*:!

(
<=,$90>(?.'">9'(
(

!

J$%:*13&9!<%$B%#W<X!%17!Y,*1#3&9!<%$B%#!WAX!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!Z%77+(3&9!Z%(#(!
)-*,*P!9'2(-$%!T-72#+!=7*52F!'+)!H)'4!B7'01*!=(-A;2F:!

K[/%,+2!+1(#2,(!'+)!#2;*(!'+-4'71!'(*!,'(2!#5!$#4,7*L!5##)!3*D1!3-2;!4072-,7*!2(#,;-$!7*G*71.!

'%-+!2#!7-+%1!#+!'!5##)!$;'-+:!!Z+!2;*!@0#704+*!"-G*(!3'2*(1;*).!2;*(*!'(*!4'+E!-+1*$21!2;'2!

1,*+)!2;*!/0G*+-7*!12'A*!#5!2;*-(!D-,;'1-$!=23#M12'A*F!7-5*!$E$7*!'1!'W0'2-$!7'(G'*.!D*5#(*!
2('+15#(4-+A!-+2#!2*((*12(-'7!')0721:!Z+!D#2;!,;'1*1.!2;*1*!-+1*$21!'(*!-4,#(2'+2!2#!2;*!5##)!3*D!

#5!2;*!@0#704+*!"-G*(:!@;*!'W0'2-$!7'(G'*!'$2!'1!,(-4'(E!$#+104*(1.!5**)-+A!#+!,7'+2!4'2*(-'7!

10$;!'1!'7A'*.!)*$#4,#1-+A!7*'5!7-22*(.!'+)!'W0'2-$!,7'+21:!!

K[/%,+2!+1(#2,(!2*1,$+E/,#!,*!,-#!3**7!=#E!*1!@/&,+.&#!&#B#&(G!@;*!,(-4'(E!$#+104*(!7'(G'*!

=A('U*(1F!5'77!,(*E!2#!-+1*$2!1*$#+)'(E!$#+104*(1!=,(*)'2#(1F.!3;#!A#!#+!2#!D*$#4*!5##)!5#(!

2*(2-'(E!$#+104*(1!2;'2!,(*E!1#7*7E!#+!'W0'2-$!-+1*$21.!10$;!'1!,-%*4-++#3.!/0G*+-7*!I-*(('!

+*321.!'+)!H4*(-$'+!)-,,*(1:!H52*(!2;*!'W0'2-$!7'(G'*!2('+1-2-#+!2#!2*((*12(-'7!')072;##).!2;*E!

+#2!#+7E!5**)!2*((*12(-'7M)3*77-+A!'+-4'71.!10$;!'1!-+1*$2-G#(#01!D-()1.!D02!'71#!5'77!2#!2;*!3'2*(81!

10(5'$*!'2!2;*!*+)!#5!2;*-(!7-5*!$E$7*.!5**)-+A!('-+D#3!2(#02!'+)!#2;*(!5-1;:!

?-#!?/*&/@1#!$+B#$!+(!%1!#\%@.&#!*3!%!-+:-0:$%7+#1,!/.&%17!=%,#$(-#7!=+,-!&%$:#!(/E(,$%,/@.!

#(!(#$%1.!D*7#3!2;*!1#-7:!B#+1*W0*+27E.!2;*!$#4,7*4*+2!#5!'W0'2-$!-+G*(2*D('2*1!-1!2E,-$'7!#5!2;-1!

2E,*!#5!1E12*4.!-+$70)-+A!B#7*#,2*('!=D**27*1F.!Y-,2*('!=2(0*!57-*1F.!`,;*4*(#,2*('!=4'E57-*1F.!

6*A'7#,2*('!='7)*(57-*1.!)#D1#+!57-*1.!5-1;57-*1F.!V)#+'2'!=)('A#+57-*1!'+)!)'41*757-*1F.!

97*$#,2*('!=12#+*57-*1F.!'+)!@(-$;#,2*('!=$'))-157-*1F:!!
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H+:/$#!4G]!0![7'$%57E!7'(G'*!=#()*(<!Y-,2*('d!5'4-7E<!I-407--)'*F!01*!

1-7%!A7'+)1!-+!2;*!4#02;!2#!'22'$;!2;*41*7G*1!2#!D*)(#$%!'+)!5-72*(!

5-+*!,'(2-$07'2*!#(A'+-$!4'22*(!5(#4!2;*!3'2*(!=!"#$%&'())%*!
I;'(#+!c'37*(F:!9;#2#<!Y*+-1*!Y*!B'(-#+:!

!

(
K[/%,+2!+1(#2,(!-%B#!(.#2+%&+^#7!3##7+1:!.$#3#$#12#(!
%17!2%1!E#!2&%((+3+#7!+1!4!*3!_!3/12,+*1%&!3##7+1:!

:$*/.(P!

P: !"##$%&"'())-+$70)*)$#77*$2#(M5-72*(*(1!2;'2!'22'$;!
2;*41*7G*1!2#!'!10D12('2*!'+)!5-72*(!)*$#4,#1-+A!5-+*!

,'(2-$07'2*!#(A'+-$!4'22*(!=Q9V6F!)-(*$27E!5(#4!,'11-+A!

3'2*(!#(!2;*!10D12('2*.!'+)!$#77*$2#(MA'2;*(*(1!2;'2!

4#G*!'(#0+)!#+!2;*!10(5'$*!#5!(#$%1!'+)!3##)!2#!

A'2;*(!Q9V6!5(#4!2;*!3'2*(:!

!

\: *%'+,$'(!5**)!#+!,*(-,;E2#+!#+!2;*!10D12('2*:!@;*E!
;'G*!1,*$-'7-U*)!4#02;,'(21!2;'2!'77#3!2;*4!2#!1$(',*!

2;*!'7A'*!#55!#5!2;*!10(5'$*1!#5!(#$%1:!

!

R: -'$.+&"'()'22'$%!'+)!-+A*12!#2;*(!-+1*$21:!@;-1!A(#0,!

-+$70)*1!,-*($*(1!2;'2!'22'$%!'+)!10$%!2;*!570-)1!5(#4!

#2;*(!-+1*$21:!

!

X: */'$..$'(!5**)!#+!$#'(1*!,'(2-$07'2*!#(A'+-$!4'22*(!

=B9V6F!10$;!'1!4'$(#,;E2*1.!)*2(-201.!'+)!7'(A*!3##)E!

)*D(-1:!@;*E!01*!2;*-(!4#02;,'(21!2#!1;(*)!,7'+2!4'22*(!

5#(!$#+104,2-#+:!"*4+'+21!#5!2;*-(!4*'7!'+)!(*1072-+A!

5*$'7!4'2*(-'7!2;*+!,(#G-)*!Q9V6!5#(!$#77*$2#(M

A'2;*(*(1:!!

!

!"#$%#&'%$"'%(&)*#&+%
,--.%/-0&1'/%,-&%#20#$)1%
)3/'1$/4)

• )#$+.-9,*1<!4-$(#1$#,-$!

'7A'*!=,(-4'(E!,(#)0$*(1F!

2;'2!'22'$;!2;*41*7G*1!2#!

D*)(#$%.!D#07)*(.!$#DD7*.!#(!

A('G*7!10D12('2*!0+)*(3'2*(!

• )-9,*.&%1C,*1<!5(**M57#'2-+A!

'7A'*!

• "%2$*.-9,#(<!'W0'2-$!,7'+21!

2;'2!A(#3!-+!2;*!3'2*(!

• J#,$+,/(<!)*$#4,#1-+A!

#(A'+-$!4'2*(-'7.!10$;!'1!

5'77*+!7*'5!7-22*(!'+)!)*')!

'+-4'71!

@8$9(8$;09$9(937"'(
4*(3*,('""A)

F$*(+*1%&!
!

• B#'(1*!1*)-4*+21!10$;!'1!

$#DD7*1.!,*DD7*1.!'+)!(-557*1)

• 9*(-,;E2#+!#+!2;*!$#'(1*!

1*)-4*+2!-+!(-557*1)

• H$$0407'2*)!)*2(-201)
)

J#.*(+,+*1%&!
!

• Q-+*(!1*)-4*+21.!10$;!'1!

1'+)!'+)!1-72)

• 6'$(#,;E2*1!3-2;-+!2;*!5-+*!

1*)-4*+21)

• Y*2(-201!-+!D'$%3'2*(1)
!

"*5*(*+$*<!6*((-22!'+)!B044-+1!\]]^!

!

!

!
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?-#!2*@@/1+,9!2*@.*(+,+*1!*3!%[/%,+2!+1(#2,(!+17+2%,#(!(,$#%@!-#%&,-:![-#7#A-121!#52*+!(*5*(!
2#!'W0'2-$!-+1*$21!'1!-+)-$'2#(!1,*$-*1!D*$'01*!2;*E!'(*!,;E1-#7#A-$'77E!1*+1-2-G*!2#!)-120(D'+$*!

-+!'W0'2-$!1E12*41.!10$;!'1!2;#1*!,(*1*+2!-+!2;*!)'4M(*A07'2*)!@0#704+*!"-G*(:!HW0'2-$!-+1*$21!

;'G*!)-55*(*+2!2#7*('+$*!('+A*1!5#(!3'2*(MW0'7-2E!,'('4*2*(1!7-%*!)-11#7G*)!#LEA*+.!,T.!'+)!

,#7702'+21.!'1!3*77!'1!5#(!2;*!)*A(**!#5!;04'+M$'01*)!)-120(D'+$*:!!

OB#$!,-*/(%17(!*3!9#%$(5!,-#!2*@@/1+,+#(!*3!%[/%,+2!+1(#2,(!-%B#!%7%.,#7!2#!2;*!;-12#(-$!

+'20('7!;E)(#7#A-$!57#3!(*A-4*MM!2;*!1,(-+AM1+#34*72!(*$*11-#+!=Q-A0(*!P:RF:!@#)'E.!5(*W0*+2!

)-120(D'+$*1!-+!2;*!5#(4!#5!)-*7!57#3!,071*1!(*7*'1*)!5(#4!0,12(*'4!(*1*(G#-(1!'72*(+'2*7E!1$#0(!

'+)!2;*+!)*1-$$'2*!2;*!10D12('2*:!@;*!5(*W0*+$E!#5!1$#0(-+A!'+)!)*1-$$'2-#+!(*)0$*1!2;*!

)-G*(1-2E!#5!'W0'2-$!-+1*$21.!3;-$;!2;*+!')G*(1*7E!'55*$21!;-A;*(!2(#,;-$!7*G*71:!@;*!1*+1-2-G-2E!#5!

'+!-+)-$'2#(!1,*$-*1!$'+!D*!1$#(*)!#+!'!U*(#M2#M2*+!1$'7*!#5!2#7*('+$*.!3;*(*!U*(#!(*,(*1*+21!

-+1*$21!3-2;!2;*!7#3*12!2#7*('+$*!5#(!)*A(')*)!3'2*(!W0'7-2E.!'+)!2*+!(*,(*1*+21!2;*!;-A;*12!

2#7*('+$*:!T-A;!2#7*('+$*.!2#3'()!2*+.!-+)-$'2*1!2;*!'D-7-2E!2#!,*(1-12!-+!;-A;7E!,#7702*)!

$#+)-2-#+1:!Z+!2;*!@0#704+*!"-G*(!3'2*(1;*).!'!3-)*!('+A*!#5!2#7*('+$*!G'70*1!-1!,(*1*+2.!

('+A-+A!5(#4!92*(#+'($E-)'*!3-2;!'!('2-+A!#5!U*(#.!2#!B;-(#+#4-)'*.!3-2;!'!;-A;!2#7*('+$*!#5!

*-A;2:!!!

<-780;0$.'(
!

!

)+2,/$#7!%E*B#<!9'$-5-$!2(**5(#A!2'),#7*!=7*52F!'+)!Q##2;-77!E*77#3M7*AA*)!5(#A!=(-A;2F:!9;#2#1<!H)'4!B7'01*: 

D#$.#,*&*:9!+(!,-#!(2+#1,+3+2!(,/79!*3!%@.-+E+%1(!%17!$#.,+&#(G!Z+!2;*!@0#704+*!"-G*(!

3'2*(1;*).!2;*(*!'(*!5-G*!$#44#+!'W0'2-$!'4,;-D-'+1<!5##2;-77!E*77#3M7*AA*)!5(#A.!3*12*(+!

2#').!9'$-5-$!2(**!5(#A.!H4*(-$'+!D0775(#A.!'+)!I-*(('!+*32:!!

Y+@+&%$!,*!%[/%,+2!+1(#2,(5!%[/%,+2!%@.-+E+%1(!-%B#!%!E+.-%(+2!&+3#!292&#!$#4,(-1*)!#5!'!/0G*+-7*!

'W0'2-$!12'A*!=2'),#7*!#(!7'(G'F!'+)!'+!')072!2*((*12(-'7!12'A*!=5(#A.!2#').!#(!+*32F:!`L$*,2!5#(!

+*32!7'(G'*.!3;-$;!'(*!$'(+-G#(#01.!/0G*+-7*!'4,;-D-'+1!5**)!#+!,*(-,;E2#+.!3;-7*!')0721!#52*+!

*'2!2;*!')072!'W0'2-$!-+1*$21:!!

!
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D97$*&*:+2!3&*=!$#:+@#5!=%,#$!,#@.#$%,/$#!%17!3**7!%B%+&%E+&+,9!-+570*+$*!2;*!)-12(-D02-#+!'+)!
'D0+)'+$*!#5!'W0'2-$!'4,;-D-'+1!-+!2;*!3'2*(1;*):!I#4*!'4,;-D-'+1!'(*!1,*$-'7-121!2;'2!$'+!

#+7E!,*(1-12!3-2;-+!'!+'((#3!('+A*!#5!'!A-G*+!*+G-(#+4*+2'7!$#+)-2-#+1.!10$;!'1!3'(4!

2*4,*('20(*!#(!1,*$-5-$!57#3.!3;-7*!#2;*(!'4,;-D-'+1!'(*!A*+*('7-121!2;'2!$'+!2;(-G*!-+!G'(E-+A!

*+G-(#+4*+2'7!$#+)-2-#+1:!&*+*('77E.!1*+1-2-G*!1,*$-'7-121!'(*!4#(*!7-%*7E!2#!#$$0,E!2(-D02'(-*1!

2;'2!12-77!(*2'-+!'!+'20('7!;E)(#A(',;!=*:A:.!5##2;-77!E*77#3M7*AA*)!5(#AF.!3;-7*!7*11!1*+1-2-G*!

1,*$-*1!$'+!D*!5#0+)!2;(#0A;#02!2;*!3'2*(1;*)!=*:A:.!9'$-5-$!2(**!5(#AF:!!

!

#
#
#
B0'8"'(
!

?-#!?/*&/@1#!2*1,%+1(!*1&9!%!3#=!@%`*$!(.#2+#(!*3!3+(-G!@;*!+'2-G*!@0#704+*!"-G*(!5-1;!

+$$"),-+."!=A(#0,-+A!#5!5-1;!1,*$-*1!3;-$;!;'G*!$#*G#7G*)!2#!2E,-$'77E!#$$0(!2#A*2;*(F!-+$70)*1!

B'7-5#(+-'!(#'$;.!;'();*').!('-+D#3!2(#02.!I'$('4*+2#!,-%*4-++#3.!'+)!I'$('4*+2#!10$%*(:!!

@;*(*!'(*!'71#!'!5*3!-+G'1-G*!5-1;!1,*$-*1.!,(-4'(-7E!,(*1*+2!)0*!2#!;04'+!-+570*+$*:!!@;*1*!

Figure 1.7 - !H!4#)*7!#5!2;*!4'-+!)(-G*(1!2;'2!-+570*+$*!'4,;-D-'+!,#,07'2-#+1!-+!2;*!

@0#704+*!"-G*(!'+)!23#!4'/#(!2(-D02'(-*1:!H((#31!-+)-$'2*!)-(*$2-#+!#5!-4,'$2:!!!
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-+G')*(1!'(*!14'774#02;!D'11.!D(#3+!2(#02!'+)!D(##%!2(#02:!@;*!)-12(-D02-#+!#5!2;*1*!1,*$-*1!

)*,*+)1!#+!2;(**!4'-+!,;E1-$'7!5'$2#(1<!3'2*(!2*4,*('20(*.!57#3!G*7#$-2E.!'+)!;'D-2'2!

$#4,7*L-2E:!

L%,#$!,#@.#$%,/$#!+(!2*1,+1:#1,!*1!@%19!,-+1:(G!60$;!#5!2;*!3'2*(!57#3-+A!2;(#0A;!2;*!

4'-+12*4!@0#704+*!$#4*1!5(#4!*-2;*(!T*2$;!T*2$;E!#(!B;*((E!(*1*(G#-(1:!K-2;!)**,!(*1*(G#-(1!

7-%*!2;*1*.!'!2*4,*('20(*!A(')-*+2!5#(41!D*23**+!2;*!3'(4!10(5'$*!3'2*(!'+)!2;*!;E,#7-4+-#+.!

#(!7'E*(!#5!$#7)!)**,!3'2*(!'2!2;*!D#22#4:![*$'01*!2;*1*!(*1*(G#-(1!(*7*'1*!;E,#7-4+*2-$!3'2*(!

5(#4!2;*!D#22#4!#5!2;*-(!(*1,*$2-G*!)'41.!3'2*(!2*4,*('20(*1!-+!2;*!4'-+12*4!'(*!4#(*!#(!7*11!

$#+12'+27E!$#7).!*G*+!-+!2;*!1044*(.!*7-4-+'2-+A!;-12#(-$'77E!3'(4!1044*(!57#31:!

?-#!7+(,$+E/,+*1!*3!1%,+B#!3+(-!+(!7#,#$@+1#7!E9!,-#!,#@.#$%,/$#!:$%7+#1,!2$#%,#7!%(!2*&7!

=%,#$!3$*@!,-#!$#(#$B*+$(!=%$@(!/.!%3,#$!E#+1:!#\.*(#7!,*!-+:-!%+$!,#@.#$%,/$#G![*$'01*!
$#7)*(!3'2*(!$#+2'-+1!;-A;*(!7*G*71!#5!)-11#7G*)!A'1*1.!-2!'77#31!5-1;!2#!*'1-7E!A*2!2;*!#LEA*+!2;*E!

+**)!5(#4!2;*!3'2*(:!@(#02.!-+!,'(2-$07'(.!(*W0-(*!$#7)!2*4,*('20(*1!'+)!;-A;!#LEA*+!7*G*71!2#!

2;(-G*.!D02!4'+E!#2;*(!+'2-G*!5-1;!1,*$-*1!(*W0-(*!1#4*3;'2!3'(4*(!3'2*(:!B#+1*W0*+27E.!2;*!

$#7)!3'2*(!(*7*'1*1!5(#4!2;*!D#22#4!#5!(*1*(G#-(1!*55*$2-G*7E!(*)0$*!'G'-7'D7*!;'D-2'2!5#(!

-4,#(2'+2!1,*$-*1!7-%*!I'$('4*+2#!,-%*4-++#3!'+)!;'();*'):!Q-A0(*!P:^!1;#31!2;*!

2*4,*('20(*!('+A*!=-+!)*A(**1!B*+2(-A(')*F!2;'2!*'$;!1,*$-*1!+**)1!2#!7-G*!$#45#(2'D7E!'+)!

(*,(#)0$*:!

!

!

Q-A0(*!P:^!O!@*4,*('20(*!G'70*1!#D2'-+*)!5(#4!6#E7*.!9*2*(:!Z+7'+)!Q-1;*1!#5!B'7-5#(+-':!eB!9(*11!\]]\!

H+(-!%&(*!7#.#17!*1!.$*.#$!=%,#$!3&*=(G!T-A;!G*7#$-2E!57#31!#52*+!,01;!/(01.2(32/"+#!5-1;!=2;*!
E#0+A*12!'A*!$7'11!#5!'!5-1;!,#,07'2-#+F!)#3+12(*'4.!D*$'01*!2;*E!)#!+#2!13-4!'1!3*77!'1!')0721!

'+)!(*W0-(*!17#3M3'2*(!;'D-2'21:!@;*1*!57#31!$'+!'71#!5701;!')0721!#5!1#4*!1,*$-*1!)#3+12(*'4.!
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,'(2-$07'(7E!-5!2;*E!$'++#2!5-+)!+*$*11'(E!(*50A*1!10$;!'1!57##)*)!1-)*!;'D-2'21!#(!*))-*1!2#!%**,!

2;*4!-+!,7'$*:!

!

!

Q-A0(*!P:a!@(#,;-$!(*7'2-#+1;-,1!D*23**+!@0#704+*!5-1;!'+)!2;*-(!5##)3*D:!!H((#31!(*,(*1*+2!2;*!57#3!#5!

*+*(AE!'+)!+02(-*+21!5(#4!,(-4'(E!,(#)0$*(1!2#!;-A;*(!2(#,;-$!7*G*71:!

?-#!Z%&+3*$1+%!J#.%$,@#1,!*3!H+(-!a!N%@#!-%(!7#(+:1%,#7!,-#!?/*&/@1#!%(!%!D#$+,%:#!a!L+&7!
?$*/,!$+B#$.!2;'+%1!2#!('-+D#3!2(#02.!2;*!#+7E!(*4'-+-+A!1'74#+-)!+'2-G*!2#!2;*!0,,*(!@0#704+*!

)('-+'A*:!"'-+D#3!2(#02!'(*!*'1-7E!(*$#A+-U*)!DE!2;*-(!)0'7!)#(1'7!5-+1.!,(#4-+*+2!7'2*('7!12(-,*!

'+)!)-12-+$2-G*!1,#21!=Q-A0(*!P:P]F:!

! !

!!!!!!!!!!!!!!!!!

! ! ! Q-A0(*!P:P]!@0#704+*!"-G*(!"'-+D#3!@(#02!
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!

!

?$*/,!$#[/+$#!2&#%1!:$%B#&!E#7(!,*!(.%=1!

(/22#((3/&&9:!Y0(-+A!2;*!1,'3+-+A!1*'1#+.!')0721!
3-77!5#(4!(*))1.!#(!1;'77#3!+*121!-+!2;*!A('G*7:!Z+!

2;*1*!(*))1.!5*4'7*1!7'E!*AA1!2;'2!2;*!4'7*1!2;*+!

5*(2-7-U*:!H52*(!2;*E!;'2$;.!2;*!'7*G-+.!#(!7'(G'7!5-1;.!

(*7E!*+2-(*7E!0,#+!2;*!E#7%!1'$!5(#4!2;*-(!*AA1:!

V+$*!2;*!'7*G-+!;'1!'D1#(D*)!'77!#5!-21!E#7%!'+)!-1!

'D7*!2#!13-4.!-2!D*$#4*1!'!5(E:!@;*!5(E!3-77!

$#+2-+0*!2#!A(#3.!'+)!'1!-2!A(#31!-2!3-77!$;'+A*!

5(#4!5(E!2#!,'((!=$;'('$2*(-U*)!DE!)-12-+$2-G*!

G*(2-$'7!D'+)1!$'77*)!,'((!4'(%1F!2#!/0G*+-7*.!'+)!

5-+'77E!2#!')072!=Q-A0(*!P:PPF:!H72;#0A;!2;*E!5**)!

,(-4'(-7E!#+!'W0'2-$!-+G*(2*D('2*1.!2(#02!3-77!'71#!

$#+104*!#2;*(!5-1;!#+$*!2;*E!(*'$;!'!$*(2'-+!1-U*:!

H)072!2(#02!2*+)!2#!1,*+)!4#12!#5!2;*-(!2-4*!-+!

,##71!D*7#3!(-557*1.!4#G-+A!-+2#!2;*!(-557*1!3;*+!

2;*E!'(*!5#('A-+A!5#(!'W0'2-$!-+1*$21!=6#E7*.!

\]]\F:!

C"0.5($(D$9,#$%(20'9*#0$.#
!

H&*%,+1:!7*=1!,-#!$+B#$.!;-%-+A!0,!#+*!#5!-21!1-)*!$'+E#+1.!#(!1-22-+A!W0-*27E!#+!2;*!1;#(*!'(*!

*L$*77*+2!3'E1!#5!7*'(+-+A!'D#02!2;*!@0#704+*!3'2*(1;*)!'+)!)*G*7#,-+A!'!,*(1#+'7!

0+)*(12'+)-+A!#5!2;*!-+2*(3#G*+!+'20('7!;-12#(-*1!3-2;-+:!K-2;!'+!',,(*$-'2-#+!5#(!2;*!

A*#4#(,;-$!'+)!;E)(#7#A-$!,(#$*11*1!2;'2!'(*!#$$0((-+A.!'+)!;#3!2;*E!'55*$2!'+)!(*1,#+)!2#!

$;'+A*1!-+!,7'+2!'+)!'+-4'7!)-12(-D02-#+1.!E#0!$'+!*W0-,!E#0(1*75!2#!*L,7#(*!'+)!)('3!

$#++*$2-#+1!D*23**+!2;*!2;-+A1!E#0!1**:!H52*(!(*')-+A!2;-1!A0-)*.!E#0!3-77!0+)*(12'+)!

(*7'2-#+1;-,1!D*23**+!)-1$;'(A*.!1*)-4*+2!)-12(-D02-#+.!3'2*(!W0'7-2E.!;'D-2'2!5#(4'2-#+.!'+)!

1,*$-*1!-+2*('$2-#+1:!f#0877!'71#!A'-+!'+!0+)*(12'+)-+A!5#(!;#3!2;*!,;E1-$'7!2*4,7'2*!)(-G*1!

,(-4'(E!,(#)0$2-#+.!)-120(D'+$*.!4#G*4*+2.!'+)!2;*!$#+2-+0-2E!#5!2;*!(-G*(1!$;'('$2*(:!!

V1!,-+(!$#%2-!*3!$+B#$5!Y%1!H$%12+(2*'(!7%@(!,+:-,&9!$#:/&%,#!7+(2-%$:#!5#(!4#12!#5!2;*!E*'(.!3-2;!

)('4'2-$!*55*$21!'$(#11!2;*!5##)!3*D:!@;*1*!D*'02-507!P^!4-7*1!#5!3-7)*(+*11!;'G*!'!7#+A!;-12#(E!

#5!D*-+A!'72*(*)!DE!;04'+!;'+)1:!K;-7*!E#0!57#'2!2;(#0A;!'+)!$#4*!-+!$#+2'$2!3-2;!2;*!$'+E#+.!

%**,!'+!*E*!#02!5#(!2;#1*!5-+A*(,(-+21!'1!3*77:!

!

Q-A0(*!P:PP!M!!@E,-$'7!2(#02!7-5*!$E$7*!
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!!"#$%&#'()*&+#,-*&.#
!

"#$%&!'!(!)*+,-!#,+$.!/,01+2-!3$$+4!&5,!6+17,8!9*7,0!,:&,0-!&5,!;%$+%):,!<0$)!&5,!:$0&5=!
/1:8!01<&!&0*>-!?1)>!1&!&5,!?$:<+%,:?,!$<!&5,-,!&.$!0*7,0-4!.5*?5!?$:&1*:-!1!+10@,!>$$+4!@017,+!
#10-4!1:A!+*,-!*)),A*1&,+8!%>-&0,1)!$<!&5,!-&,,>,-&!1:A!)$-&!A*<<*?%+&!01>*A!$<!&5,!&0*>4!6+17,8!

B1++-=!!
!
C5,&5,0!$0!:$&!8$%0!>10&8!?1)>-!1&!&5*-!?$:<+%,:?,!$0!D%-&!-&$>-!&$!-?$%&!&5,!01>*A4!&1E,!-$),!

&*),!&$!1>>0,?*1&,!8$%0!-%00$%:A*:@-!1:A!&5*:E!1#$%&!&5,!0,+1&*$:-5*>-!#,&.,,:!&5,-,!0*7,0-=!!
!
F<!8$%!A$!?1)>!5,0,4!8$%!)*@5&!.1:&!&$!5*E,!%>!&5,!

0*7,0=!"!-5$0&!5*E,!%>-&0,1)!.*++!&1E,!8$%!&$!#,1%&*<%+!
.1&,0<1++-4!-.*))*:@!5$+,-4!1:A!*:&,0,-&*:@!0$?E!
<$0)1&*$:-!&$!-&0,&?5!$%&!%>$:!$0!*:7,-&*@1&,=!!#

!"#$%&%'"(
!
"#$!%&'($)!*+($,!#)-,./,'0#!+1!$23+,$&)!42+50'+,$-!6)!
#45'2!-'517!8#+9#!+1!($,)!42414'&!:.,!'!%'&+:.,2+'!

,+($,;!;50$%@5$%&!&5,!G'H!-I%10,!)*+,-!$<!.1&,0-5,A4!
&5,0,!10,!$:+8!J!$0!K!&*:84!$+A!A1)-!+$?1&,A!<10!%>!*:!&5,!
5,1A.1&,0-4!:,10!3*:,?0,-&!L1E,!1:A!&5,!M)*@01:&!

C*+A,0:,--=!

)%*+,-.(/0!!"#$%&'(#)$*+(#,$")-,./,'0"$+1$
-,+(#2$3)$,'+2$'2-$12.45#&67!

"#$!%&'($)!*+($,!8'3$,1#$-!&+$1!'3!3#$!0,.0$,!

$&$('3+.2!&$!0,?,*7,!#$&5!01*:<1++!1:A!-:$.),+&4!.5*?5!
>0$<$%:A+8!1<<,?&-!*&-!58A0$+$@8=!C*:&,0!-&$0)-!*:!
61+*<$0:*1!10,!@,:,01++8!-5$0&!#%&!$<&,:!*:&,:-,=!!"-!8$%!

?1:!-,,!*:!&5,!<*@%0,!#,+$.4!>0,?*>*&1&*$:!&51&!<1++-!1-!
01*:!#,517,-!7,08!A*<<,0,:&+8!<0$)!>0,?*>*&1&*$:!&51&!

<1++-!1-!-:$.=!91*:.1&,0!->+1-5,-4!>,0?$+1&,-!*:&$!&5,!
-$*+-4!&017,+-!&50$%@5!>+1:&-4!0%:-!1?0$--!&5,!-%0<1?,!
?1008*:@!+,17,-!1:A!A*0&4!1:A!,:&,0-!&5,!0*7,0-!*:!-&0$:@4!

A*0&8!>%+-,-=!;5,-,!>%+-,-!?1:!@,&!7,08!#*@!*:!1!)1::,0!
$<!5$%0-=!

!"#$%&'()%*$%+(#,%$"#$%
$"(%-.#/(0%*)%1,&#++(&2%
!
N$),!?$))$:!>58-*?1+!,<<,?&-!
&51&!A1)-!517,!$:!&5,!0*7,0<!
!
=)!-$1+/27!-'51!9#'2/$!3#$!
3+5+2/!.:!:&.81=!O,>,:A*:@!$:!
&5,*0!%-1@,4!&5*-!?$%+A!),1:P!

• ;01>>*:@!<+$$A!<+$.-!
• F:?0,1-*:@!<+$.-!A%0*:@!

-%)),0!)$:&5-!
• 60,1&*:@!>%+-,-!$<!.1&,0!

1--$?*1&,A!.*&5!,:,0@8!1:A!
0,?0,1&*$:1+!A,)1:A!
!

>'51!+23$,,403!3#$!:&.8!.:!
1$-+5$23!'2-!8..-4!A,>0*7*:@!
&5,!A$.:-&0,1)!10,1!$<!1:!
*)>$0&1:&!:1&%01+!?$)>$:,:&=!

>'51!.:3$2!9#'2/$!3#$!
3$50$,'34,$!.:!3#$!8'3$,!
-.8213,$'5<!

• .1&,0!0,+,1-,A!<0$)!&5,!
#$&&$)!$<!&5,!A1)!*-!
0,+1&*7,+8!?$+A!!

• .1&,0!0,+,1-,A!<0$)!&5,!
&$>!$<!&5,!A1)!*-!0,+1&*7,+8!
.10)!
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?2.85$&3!+1!($,)!-+::$,$23=!9%:$<<!>,1E-!10,!@,:,01++8!)%?5!)$0,!>0$&01?&,A!&51:!01*:!0%:$<<=!
N:$.),+&!?1:4!5$.,7,04!1+-$!?$:&0*#%&,!7,08!5*@5!A*-?510@,-!*:!->0*:@&*),4!A,>,:A*:@!$:!5$.!

I%*?E+8!&,)>,01&%0,!*:?0,1-,-4!$0!1-!&5,!0,-%+&!$<!1!Q01*:R$:R-:$.2!,7,:&=!!"-!-:$.!A*-1>>,10-!
<0$)!&5,!)$%:&1*:-4!A*-?510@,!A,?0,1-,-!1:A!1!@01A%1+!&01:-*&*$:!&$!#1-,<+$.!$??%0-=!S1-,<+$.!
*-!@0$%:A.1&,0!&51&!A01*:-!*:&$!&5,!?51::,+4!.5*?5!*:?0,1-,-!*:!7$+%),!-5$0&+8!1<&,0!&5,!-:$.!

),+&-=!T7,0!1!<,.!.,,E-4!#1-,<+$.!@,:,01++8!0,?,A,-!&$!1!-&1#+,!)*:*)%)!<+$.!1:A!&5,!6+17,8!
?$:&*:%,-!&$!-&18!.,&!&50$%@5!&5,!-%)),0!1:A!<1++=!O%0*:@!<1++4!&5,!-&$0)!?8?+,!-&10&-!$:?,!
)$0,=!!!

!
B*@%0,!J=G!6+17,8!9*7,0!A*-?510@,!58A0$@01>5!

1,%2%$-3%&%'"(
(

)%*+,-.(/0%!"#$%&'(#)$*+(#,$"'1$'$5+8#-$3#-,.9:;'&&<(+'&$9"'22#&7!!
@($,!5+&&+.21!.:!)$',17!3#$!,+($,!#'1!943!+23.!,.9A!42-$,&)+2/!3#$!8'3$,1#$-;!!N*)%+&1:,$%-+84!
&5,!0*7,0!?100*,-!-,A*),:&!*:!&5,!<$0)!$<!-1:A-4!@017,+-4!?$##+,-4!1:A!#$%+A,0-!A$.:-&0,1)!1:A!

?$7,0-!&5,!#,A0$?E!1&!A*<<,0,:&!&*),-!1:A!>+1?,-!.*&5*:!&5,!0*7,0!?$:&*:%%)=!!

B+C$-!6$-,.9AD'&&4(+'&!9#'22$&1!',$!3)0+9'&!.:!5.423'+2!,+($,14!>10&*?%+10+8!1&!&5*-!,+,71&*$:!*:!
&5,!N*,001!U,71A1=!;5*-!-&0,&?5!$<!0*7,0!0,>0,-,:&-!1!#1+1:?,!#,&.,,:!&01:->$0&*:@!<$0?,-!1:A!
A,>$-*&*$:1+!<$0?,-=!9,1?5,-!.*&5!5*@5,0!&01:->$0&!?1>1?*&84!-%?5!1-!5*@5,0!@01A*,:&!-,?&*$:-!*:!

&5,!%>>,0!.1&,0-5,A4!&,:A!&$!?$:&1*:!)$0,!,V>$-,A!#,A0$?E=!6$:7,0-,+84!0,1?5,-!.*&5!5*@5,0!
-,A*),:&!*:>%&-!1:A!)*+A,0!-+$>,-!&,:A!&$!?$:&1*:!)$0,!1++%7*%)=!
!
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B*@%0,!J=K=!S,A0$?E!-&,>!
1:A!>+%:@,!>$$+=!

)%*+,-.(40(3',4*$1&*,#.%56'7*.(%#,&%8('+'69"*:%;(#$16()(
!
;5,!+$:@*&%A*:1+!>0$<*+,!$<!1!0*7,0!A,-?0*#,-!*&-!,+,71&*$:!<0$)!-$%0?,!W5,1A.1&,0-X!&$!-*:E!W+1E,4!

A,+&14!$0!$?,1:X!WB*@%0,!J=JX=!T:!1!+10@,4!+1:A-?1>,!-?1+,4!0*7,0-!1AD%-&!$7,0!&*),!1:A!-)$$&5!
&5,*0!-+$>,-=!!/$-&!0*7,0-!517,!1:!%>>,04!5*@5,0R@01A*,:&!,0$-*$:1+!Y$:,4!1!)*AA+,!&01:-*&*$:!
Y$:,4!1:A!1!<*:1+!+$.,0R@01A*,:&!A,>$-*&*$:1+!Y$:,=!!!

!

B*@%0,!J=J=!;%$+%):,!9*7,0!+$:@*&%A*:1+!>0$<*+,=!!B0$)!/$%:&4!Z,<<=!!61+*<$0:*1!9*7,0-!1:A!N&0,1)-=![6!30,--!G\\'!

!

@2!'!15'&&$,!#45'2!19'&$7!&.2/+34-+2'&!0,.:+&$1!',$!/$2$,'&&)!E'//$-!'2-!:.,5!'!14+3$!.:!
/$.5.,0#+9!:$'34,$1;!;5,!6+17,82-!-&,,>!@01A*,:&!1:A!#,A0$?ER?$:<*:,A!?51::,+-!@*7,!*&!)$0,!

-&0,1)!>$.,0!1:A!&5,0,<$0,!1!-+*@5&+8!A*<<,0,:&!@,$)$0>5*?!?5101?&,0!&51:!&51&!$<!&5,!
;%$+%):,=!!N$),!@,$)$0>5*?!%:*&-!8$%!)18!-,,!$:!&5,!6+17,8!

*:?+%A,!&5,!<$++$.*:@P!

• S,A0$?E!N&,>-!
• 61-?1A,-!
• 91>*A-!
• 3+%:@,!3$$+-!

!

=$-,.9A!?3$01!10,!-&,,>!A0$>-!*:!&5,!0*7,02-!+$:@*&%A*:1+!>0$<*+,=!
L10@,4!1#0%>&!?51:@,-!*:!?51::,+!-+$>,!+*E,!&5,-,!10,!?1++,A!

E:*?E>$*:&-!WC$5+4!JHHHX=!]:*?E>$*:&-!@,:,01++8!)*@01&,!%>-&0,1)!
&50$%@5!&*),!#,?1%-,!$<!>$.,0<%+!,0$-*$:!A$.:-&0,1)=!!
!
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B*@%0,!J=^=!91>*A=!

B*@%0,!J='=!9*<<+,=!

F..&1!<$0)!<0$)!<+$.!$#-&0%?&*$:-!1&!&5,*0!A$.:-&0,1)!,:A!$0!#8!%>-&0,1)!-?$%0=!;5,8!
$<&,:!$??%0!#,+$.!-&,>-4!?1-?1A,-!1:A!0*<<+,-4!#,?1%-,!5*@5!,:,0@8!<+$.-!#,+$.!A0$>-!-?$%0!

-,A*),:&!1:A!#,A0$?E=!"&!&5,!-1),!&*),4!A$.:-&0,1)!,:,0@8!A*)*:*-5,-!1:A!&5,!-,A*),:&-!
A,>$-*&!$%&!$<!&5,!?%00,:&4!<$0)*:@!1:!$#-&0%?&*$:!WS*,0+,84!H'X=!

%'19'-$1!'2-!,'0+-1!',$!A2+9A0.+231!.*&5!&01>>,A!#$%+A,0-!
1:A!$&5,0!+10@,!-,A*),:&=!91>*A-!10,!1!&,0)!%-,A!+$$-,+8!#8!

#$1&,0-4!#%&!*&!51-!1!->,?*<*?!@,$)$0>5*?!A,<*:*&*$:=!;5,0,!10,!
:$!&0%,!01>*A-!$:!&5,!0,1?5!$<!&5,!)1*:-&,)!;%$+%):,!9*7,0!
<0$)!/,01+2-!3$$+!&$!U,.!O$:!3,A0$4!#,?1%-,!&5,!@01A*,:&!$<!

&5,!0*7,0!*-!:$&!-&,,>!,:$%@5=!F:-&,1A4!)$-&!$<!.51&!01<&,0-!?1++!

_01>*A-`!10,4!*:!@,$)$0>5*?!&,0)-4!_?1-?1A,-=`(

*+::&$1!10,!+$.,0!1:@+,!<,1&%0,-=!;8>*?1++8!0*<<+,-!10,!-51++$.!

,:$%@5!&$!?1%-,!-%0<1?,!0$%@5:,--!*:!&5,!.1&,0=!;5,-,!
,:7*0$:),:&-!10,!,V?,++,:&!51#*&1&!<$0!*:7,0&,#01&,-4!#,?1%-,!
$<!1#%:A1:&!.1&,0!1:A!$V8@,:!<+$.=!"&!5*@5,0!A*-?510@,-!&5,!

-,A*),:&-!10,!,1-*+8!)$#*+*Y,A4!)1E*:@!0*<<+,-!7,08!&01:-*,:&!
<,1&%0,-!*:!)$-&!-8-&,)-=!!

G&+-$1!10,!+*E,!0*<<+,-4!#%&!A,,>,0!1:A!+$:@,0=!C1&,0!<+$.*:@!1?0$--!1!@+*A,!*-!@,:,01++8!
)$7*:@!I%*?E+84!#%&!:$&!1-!.5*&,.1&,0=!!

H+/4,$!I;J!K!6+17,8!9*7,0!0*<<+,=!35$&$P!31&0*?E!a*+&$:=!
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(
)%*+,-.(50(*+(#,1$-#(#&.0$/#.5.,0"+9$1#=<#29#1>$1<9"$'1$6"#$,+??&#@,'0+-@0..&$
1#=<#29#1$1##2$.2$6"#$%&'(#)7(
!
"!0*7,0!)*@5&!#,!A,-?0*#,A!1-!Q-&,>R>$$+2!$0!Q>$$+R0*<<+,2!*:!0,<,0,:?,!&$!*&-!>58-*?1+!?5101?&,0=!

;5,-,!-,I%,:?,-!10*-,!#,?1%-,!&5,!,:,0@8!$<!&5,!.1&,0!W1:A!&5,0,<$0,!*&-!-?$%0*:@4!-$0&*:@4!1:A!
A,>$-*&*$:1+!&,:A,:?*,-X!*-!:$&!5$)$@,:$%-!&50$%@5$%&!&5,!-8-&,)=!!

L3!+1!+50.,3'23!3.!,$9./2+M$!3#'3!'&&!.:!3#$!:$'34,$1!).4!1$$!.2!3#$!%&'($)!*+($,!',$!-)2'5+94!
#$&5!*:!->1?,!1:A!&*),=!C1&,0<1++-4!,0$A*:@!1&!&5,*0!#1-,4!)$7,!%>-&0,1)!$7,0!&5,!?$%0-,!$<!

&5$%-1:A-!$<!8,10-=!O,>,:A*:@!$:!&5,!-*Y,!$<!
&5,!-%#-&01&,4!0*<<+,-4!@+*A,-4!1:A!>$$+-!)18!
?51:@,!-%#&+8!<0$)!8,10!&$!8,104!$0!)18!

?51:@,!A01)1&*?1++8!,7,08!<*7,!$0!&,:!8,10-=!
;5,-,!?51:@,-!$??%0!A%0*:@!)1D$0!58A0$+$@*?!

,7,:&-4!-%?5!1-!.*:&,0!01*:-!$0!>,1E!
-:$.),+&!0%:$<<=!"&!&51&!&*),4!?%00,:&!0*<<+,-!
)18!&%0:!*:&$!>$$+-=!N*)*+10+84!>0,-,:&RA18!

01>*A-!)18!&%0:!*:&$!0*<<+,-=!

",)!'2-!:+2-!3#$!$'1+$13!0&'9$!3.!9,.11!3#$!
%&'($);![-%1++8!,1-8!?0$--*:@-!$??%0!*:!10,1-!
.*&5!+$.!7,+$?*&8!<+$.!$0!+10@,!#$%+A,0!?51*:-!

1?0$--!&5,!0*7,0=!3$$+-!?$:&1*:!+$.!7,+$?*&8!
.1&,04!#%&!10,!$<&,:!&$$!A,,>!&$!.1A,!
1?0$--=!C5,:!?0$--*:@!*:!1!0*<<+,4!8$%!?1:!

%-%1++8!D%)>!<0$)!#$%+A,0!&$!#$%+A,0b#%&!
A$:2&!<1++!*:c!;5,!.1&,0!*-!%-%1++8!)$7*:@!<1-&!
1:A!>0$>,0!<$$&*:@!.*&5*:!1!0*<<+,!?1:!#,!510A!

&$!<*:A=!

!
H+/4,$!I;N!60$--*:@!6+17,8!9*7,0=!35$&$P!9$#8:!N%AA,&5=!

(

)%*+,-.(60(<')$%'7%$"(%='6>%#%6*/(6%&'()%%*,%+'/*,4%)(&*+(,$%&'=,)$6(#+%'::16)%*,%#%
7(=%"*4"%7.'=%(/(,$)?%
!
;5*:E!1#$%&!&5,!1)$%:&!$<!-,A*),:&!&5,!0*7,0!)*@5&!)$7,P!!

o F:!1!@*7,:!8,10d!
o F:!1!@*7,:!A,?1A,d!!
o F:!1!?,:&%08d!
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H+/4,$!I;O!B$$&5*++!>*:,=!!
35$&$P!31&0*?E!a*+&$:!

!

!
?.5$!.:!3#$!6.4&-$,1!).4!1$$!',.42-!8$%!517,!:$&!)$7,A!-*:?,!&5,8!<,++!*:&$!&5,!0*7,0!<0$)!%>!
$:!&5,!5*++-*A,-4!#%&!.51&!1#$%&!&5,!),A*%)!-*Y,A!$:,-d!a$.!$<&,:!A$!&5,8!)$7,!1:A!5$.!

)%?5!)1&,0*1+!*-!)$7*:@!A$.:!-&0,1)d!

;$!&5*:E!1#$%&!&5*-!1:-.,04!+,&!%-!?$:A%?&!1!&5$%@5&!,V>,0*),:&=!C51&!*-!&5,!A*-?510@,!$:!&5,!
;%$+%):,!9*7,0!&$A18d!F<!*&!*-!)*AR-%)),04!?51:?,-!10,!*&!*-!-$),.5,0,!10$%:A!GHHH!?<-=!!

U$.4!.51&!10,!&5,!-*Y,-!$<!0$?E-!8$%!&5*:E!*&!?$%+A!#,!)$7*:@!1+$:@!*&-!#,Ad!"0,!&5,8!!

o T:,!<$$&!1?0$--d!!
o ;50,,!*:?5,-!1?0$--d!!

!
;5*-!-*Y,!*-!?1++,A!&5,!Q?$)>,&,:?,2!$<!&5,!0*7,0=!

F:!&5,!<*0-&!<,.!A18-!$<!G\\e4!1!+10@,!.*:&,0!-&$0)!?1),!1?0$--!61+*<$0:*1!1:A!?1%-,A!-*@:*<*?1:&!
<+$$A*:@!10$%:A!&5,!-&1&,=!a8A0$+$@*-&-!,-&*)1&,!&51&!$:!&5,!6+17,8!9*7,0!&5*-!-&$0)!?0,1&,A!

<+$.-!10$%:A!^e4HHH!?<-4!-$),&5*:@!8$%!)*@5&!-,,!1:!17,01@,!$<!,7,08!K'!8,10-=!F)1@*:,!.51&!
-*Y,!0$?E-!.$%+A!#,!)$7*:@!1&!^e!&*),-!&5,!;%$+%):,2-!?%00,:&!A*-?510@,!1:A!8$%!?1:!>,051>-!
@,&!1!-,:-,!<$0!.51&!51>>,:-!A%0*:@!7,08!+10@,!<+$.-=!!

7,',.8.9%*(
!

;5,!-&0$:@4!5*@5!<+$.-!$<!&5,!6+17,8!9*7,0!-*@:*<*?1:&+8!1<<,?&!
&5,!0*>10*1:!7,@,&1&*$:=!S,?1%-,!&5,!6+17,8!0,?,*7,-!+10@,!
<+$.!>%+-,-4!&5,!0*7,0#1:E-!@,&!-?$%0,A!1::%1++8!1:A!*:5*#*&!

)$-&!7,@,&1&*$:!@0$.&5!1+$:@!&5,!?51::,+=!6$:-,I%,:&+84!&5,!
0*>10*1:!?$00*A$0!1+$:@!&5,!6+17,8!9*7,0!*-!-+*)=!N&*++4!&5,!6+17,8!
9*7,0!7,@,&1&*$:!*-!,V&0,),+8!A*7,0-,=!F&!5$%-,-!&5,!)$-&!

7,@,&1&*7,!#*$A*7,0-*&8!$<!&5,!&50,,!0*7,0-!1:A!-%>>$0&-!1!
+10@,+8!:1&*7,!>+1:&!1--,)#+1@,=!!!!!

:%+;<(=*>(A..6"+&&$B+2#!
P&1.!A2.82!'1!Q/,')!0+2$R!.,!Q10+,+3!0+2$7R!&5,-,!61+*<$0:*1!

:1&*7,!&0,,-!517,!1!@018!5%,!&$!&5,*0!:,,A+,-!1:A!10,!
:$&*?,1#+,!#8!&5,*0!&.*-&,A!?$:<$0)1&*$:-=!;5,8!517,!&5,!
0,)10E1#+,!1#*+*&8!&$!@0$.!*:!-$*+-!&51&!A$!:$&!5$+A!1!+$&!$<!

)$*-&%0,4!.5*?5!*-!*:!>10&!.58!&5,8!A$!-$!.,++!$:!&5,!0$?E8!
-+$>,-!$<!&5,!;%$+%):,!9*7,0=!!

P1!1'0&+2/17!/,')!0+2$1!/,.8!+2!'!,$&'3+($&)!13,'+/#3!5'22$,;!"-!&5,!&0,,-!@0$.!#*@@,04!&5,8!
-,,)!&$!A*-0,@10A!@017*&8=!"+&5$%@5!&5,0,!*-!:$&!)%?5!E:$.:!1#$%&!.58!&5,-,!&0,,-!@0$.!+*E,!

&5*-4!0,-,10?5!*:A*?1&,-!&51&!&5*-!)18!#,!A%,!&$!@,:,&*?-!$0!A%,!&$!,:7*0$:),:&1+!<1?&$0-4!-%?5!1-!
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.*:A=!!!
!

"#$!S'3+($!P5$,+9'21!3#'3!+2#'6+3$-!3#$!"4.&452$!*+($,!='1+2!2'5$-!3#$1$!3,$$1!Q/#.13!
0+2$1R!.,!Q10+,+3!0+2$1;R!"+&5$%@5!&$+A!.*&5!-+*@5&!710*1&*$:-4!)8&5!51-!*&!&51&!&5,8!#,+*,7,A!&5,!
->*0*&-!$<!&5,!@018!>*:,-!1.$E,!$:!:*@5&-!.*&5!1!<%++!)$$:!1:A!A1:?,A!&50$%@5$%&!&5,!:*@5&=!"-!

-$$:!1-!&5,!+*@5&!$<!A18#0,1E!5*&!&5,*0!#01:?5,-4!&5,8!.$%+A!<0,,Y,!*:!>+1?,!$:?,!)$0,4!&5%-!
-&%?E!*:!&5,*0!&.*-&,A!?$:<$0)1&*$:-!%:&*+!&5,8!?$%+A!?$),!&$!+*<,!1@1*:=!!!! ! ! !

)%*+,-.(/0(-',$6*@1$*',%'7%A(#&%B6(()(
>$'-!3,$$1!T&',/$!8..-)!-$6,+1U!3)0+9'&&)!#'($!'!&',/$,!0,$1$29$!.2!42,$/4&'3$-!13,$'514!
.5,0,!5*@5!710*1:?,!*:!<+$.-!>0$7*A,-!&5,!A*-&%0#1:?,!:,?,--108!&$!<,++!&0,,-!1:A!&01:->$0&!&5,)!

A$.:-&0,1)=!!;5,!>0,-,:?,!$<!+10@,!.$$A8!A,#0*-!1+$:@!&5,!6+17,8!9*7,0f-!?51::,+!1:A!1)*A-&!
-&1:A*:@!&0,,-!1+$:@!*&-!5*++R-+$>,-!&,++-!1!-&$08!1#$%&!*&-!58A0$+$@8=!!

"#$!%&'($)!*+($,!+1!'!#+/#K/,'-+$237!#+/#!0.8$,!13,$'5!.*&5!&5,!?1>1?*&8!&$!?1008!+10@,!.$$A8!
A,#0*-=!;5,!*:&01!1:A!*:&,0R1::%1+!710*1:?,!*:!<+$.-!*-!0,7,1+,A!#8!A,>$-*&-!$<!&51&!A,#0*-!*:!

710*$%-!>+1?,-!1+$:@!*&-!#1:E-=!L10@,!.$$A8!A,#0*-!?1:!@,&!&01>>,A!*:!,AA*,-!$0!#,5*:A!$&5,0!
$#-&0%?&*$:-!A%0*:@!5*@5!<+$.!,7,:&-=!"-!.1&,0-!0,?,A,!1:A!+$-,!&01:->$0&!?1>1?*&84!A,#0*-!@,&-!
+,<&!#,5*:A!$:!-5$0,!$0!*:!&5,!#01:?5,-!$<!-&1:A*:@!&0,,-=!;5,!>+1?,),:&!$<!+10@,!.$$A8!A,#0*-!

$:!5*++R-+$>,-!1#$7,!&5,!0*7,0!*:A*?1&,-!5$.!5*@5!&5,!0*7,0!#,?1),!A%0*:@!&5,!+1-&!)1D$0!<+$$A=!!
L$$E*:@!?+$-,+8!1&!&5,!

A,#0*-!$:!&5,!5*++-*A,-!)18!
1+-$!@*7,!8$%!1:!*A,1!$<!
5$.!+$:@!1@$!&5,!0*7,0!

0,1?5,A!&5$-,!5*@5,0!
-&1@,-=!!

!
!

I;VW!L10@,!.$$A8!A,#0*-!

#%*+AR%>!1#$7,!&5,!6+17,8!
0*7,0#1:E=!35$&$P!31&0*?E!

a*+&$:=((

(

(

(

(
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(

)%*+,-.(4>!!#,,#16,+'&$.,/'2+9$5'66#,$9.26,+3<6#1$6.$6"#$,+(#,$#9.1)16#57!!
Z%-&!1-!1++%7*1+!A,>$-*&-!<0$)!%>-&0,1)!>0$7*A,!*)>$0&1:&!:%&0*,:&-!&$!&5,!0*>10*1:!,?$-8-&,)4!
>+1:&-!*:&0$A%?,!$0@1:*?!)1&&,0!#1?E!*:&$!&5,!0*7,0=!;5*-!$0@1:*?!)1&&,0!?$),-!*:!1-!<1++*:@!
+,17,-4!-&*?E-!1:A!-:1@-4!A,1A!<+$.,0-4!1:A!A*->,0-*:@!-,,A-=!"-!&5,8!-*:E!&$!&5,!#$&&$)4!&5,-,!

)1&,0*1+-!-&10&!&$!A,?$)>$-,!1:A!0,+,1-,!-&$0,A!:%&0*,:&-=!S1?&,0*1!&1E,!%>!&5,-,!:%&0*,:&-4!
.5*?5!>0$7*A,!,:,0@8!&$!&5,!>+1:&-!1:A!1:*)1+-!*:!&5,!1I%1&*?!<$$A!.,#=!9*>10*1:!>+1:&-2!
?$:&0*#%&*$:!)18!#,!,->,?*1++8!*)>$0&1:&!:$.!1:A!*:!&5,!<%&%0,P!.*&5!&5,!+$--!$<!-1+)$:!0%:-!&$!

&5,!%>>,0!0,1?5,-4!&5,!;%$+%):,!51-!+$-&!1!?$:&0*#%&*$:!$<!$0@1:*?!)1&&,0!<0$)!&5,!$:?,!
1#%:A1:&!A,?18*:@!<*-5!?10?1--,-=!;5%-4!>+1:&!)1&,0*1+!51-!#,?$),!$:,!$<!&5,!@0,1&,-&!-$%0?,-!
$<!:*&0$@,:!*:!&5,!1I%1&*?!<$$A!.,#=!"-!>+1:&!)1&,0*1+!A,?18-4!A,?$)>$-,0-!A*@,-&!1:A!#0,1E!*&!

A$.:!*:&$!>0$@0,--*7,+8!<*:,0!>10&*?+,-=!
C5,:!&5,-,!,V&01!<*:,!>10&*?+,-!10,!*:!&5,!
.1&,04!&5,8!?1%-,!&%0#*A*&84!$0!)%0E*:,--4!

.5*?5!?1:!-,07,!1-!*)>$0&1:&!>0$&,?&*$:!
<0$)!>0,A1&$0-!<$0!1I%1&*?!*:7,0&,#01&,-=!
!

B*@%0,!J=GG=!O,?$)>$-*:@!$0@1:*?!)1&&,0!$:!&5,!
0*7,02-!-%#-&01&,=!!
!35$&$P!O,:*-,!O,!610*$:!

?@;8.9+(A*<,+.<(
(

!
H+/4,$!I;VI!L$$E*:@!%>-&0,1)!<0$)!6+17,8!9*7,0!?$:<+%,:?,=!35$&$P!610-$:!Z,<<0,-=!
H+/4,$!I;VX!S+1?E<+8!+1071,!&51&!*-!<$%:A!*:!-51++$.!#,A0$?E!10,1-!1:A!-*A,>$$+-=!35$&$P!"A1)!6+1%-,=!
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"#$!%&'($)!*+($,!+1!#.5$!3.!'!-+13+293+($!'11$56&'/$!.:!'Y4'3+9!+21$9317!A0*7,:!#8!&5,!0*7,02-!
58A0$+$@*?!0,@*),4!@,$)$0>5*?!-,&&*:@4!1:A!1+&*&%A,=!;5,!1--,)#+1@,!0,<+,?&-!.51&!.,!.$%+A!

,V>,?&!&$!-,,!*:!1!5*@5R@01A*,:&4!-:$.),+&R<,A4!%:0,@%+1&,A!0*7,0P!?$+A!.1&,0!&,)>,01&%0,-4!
5*@5!.1&,0!I%1+*&84!<1-&R<+$.*:@!0*<<+,-4!?1-?1A,-4!1:A!#,A0$?ERA$)*:1&,A!-%#-&01&,=!F:!,0$-*$:1+!
51#*&1&-4!&5,!1I%1&*?!*:-,?&-!10,!1A1>&,A!&$!.,++R1,01&,A!1:A!5*@5R7,+$?*&8!<+$.-g!&5,-,!->,?*,-!

1&&1?5!&5,)-,+7,-!&$!&5,!-%0<1?,!$<!&5,!0$?E-=!6$:7,0-,+84!A,>$-*&*$:1+!51#*&1&-!10,!$??%>*,A!#8!
1I%1&*?!*:-,?&-!.*&5!)$0>5$+$@*?1+!1A1>&1&*$:-!<$0!#,&&,0!)$#*+*&8!&51&!10,!&5%-!)%?5!-&0$:@,0!
-.*)),0-=!!!

)%*+,-.(/0(A<296+.2'&$A##-+2/$C,.<01(
;5,!?$)>$-*&*$:!$<!<%:?&*$:1+!<,,A*:@!@0$%>-!*:!6+17,8!9*7,0!0*<<+,!51#*&1&!A,)$:-&01&,-!1:!

1#%:A1:?,!$<!?$++,?&$0-=!N?01>,0-!1:A!>0,A1&$0-!517,!-*)*+10!>,0?,:&!?$)>$-*&*$:4!.5*+,!
-50,AA,0-!10,!&5,!+,1-&!:%),0$%-=!;5*-!A1&1!*-!?$:-*-&,:&!.*&5!.51&!.,!.$%+A!,V>,?&!&$!<*:A!
$??%>8*:@!?$##+,RA$)*:1&,A4!5*@5R7,+$?*&8!51#*&1&=!

(
H+/4,$!I;VZ!6+17,8!9*7,0!BBh-!*:!0*<<+,!51#*&1&=!N1)>+,A!Z%:,4!JHH\!

)%*+,-.(40(BCD(E,.$9+(
M?$+$@*-&-!$<&,:!%-,!&5,!1#%:A1:?,!$<!&50,,!1I%1&*?!*:-,?&!$0A,0-!&$!?0,1&,!1:![F"!L2-$Ci!
[0#$5$,.03$,'!W)18<+*,-X4!F&$9.03$,'W-&$:,<+*,-X4!1:A!",+9#.03$,'!W?1AA*-<+*,-Xi1-!1:!*:A*?1&$0!

$<!-&0,1)!,?$-8-&,)!5,1+&5=!F<!M3;!*:A,V!*-!5*@54!&5,!-&0,1)!,?$-8-&,)!*-!0,@10A,A!1-!5,1+&58!
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Figure 2.29 Clavey River food web. 
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:"(#1;0&A)&23$%'&.45!2-'6#+!'4,!")3-)$4#!7#3$3&%83-35+!
!
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2,8*%&0(.)5!!

!

$
&

&

&

&

&

&

&

&

&

&

&
&

!5?$71&A@BC@&DE;&"=&:.E61,&#"(=.$1(#1&

&



! H[!
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.1&',/+'!&'(!7/,1/)*(!)((&%!&'(!?1.4(3!.&!.!+0.2/.1!1(-&!:(*2<!&'(!2,8*%&0(.)!0$4(0!9'.**(1!$%!
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#$%&'$!(')!&3!$/4!/$7B!'!1$&G1,!3&4,!/$!48,!61/710$,*!&4!&3!'!)')&4B!'0/$E!'77!)&+,)35!!#4!/>>1)3!
'7/$E!'!34),4>8!/.!)&+,)!48'4!8'3!'!),7'4&+,7B!7/-!E)'%&,$4*!),3174&$E!&$!'!>/$4&$1/13!.7/-!-&48!.,-!
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'$%!8'3!0'$B!&027&>'4&/$3!./)!/)E'$&303!48'4!7&+,!&$!
'$%!')/1$%!48,!61/710$,!H&+,)5!68&3!%)'0'4&>!.7/-!

>8'$E,!')&3,3!4/!E,$,)'4,!2/-,)5!!68,!4&0&$E!/.!48&3!
.7/-!&3!32,>&.&>'77B!./)!)'.4,)3!7&?,!B/1R!S1)&$E!48,!
3100,)*!T'$!N)'$3&3>/!:1F7&>!U4&7&4&,3!=/00&33&/$!

MTN:U=Q!),7,'3,3!'!2173,!/.!-'4,)!'4!V;DD!<9!3/!48'4!
48,!)&+,)!>'$!F,!)'.4,%5!6)B!2144&$E!'!34&>?!&$!48,!3'$%!
'$%!>8,>?&$E!&4!2,)&/%&>'77B*!4/!3,,!8/-!01>8!/.!'!

%&..,),$>,!'F/14!WDD!=NT!),'77B!&35!!68,!E)'28!F,7/-!
MN&E1),!O5OQ!+&3&F7B!%,0/$34)'4,3!48,!0'E$&41%,!/.!48&3!
)'02&$E5!

!

!

"#$%&'!()(!"!68&3!E)'28!38/-3!%'&7B!%&3>8')E,!/.!48,!61/710$,!
H&+,)!%1)&$E!2,)&/%3!/.!8B%)/2/-,)!2,'?&$E5!

)&*+,-.!/0!2'"&3-'%).4)51"$$'6)
*+,-.6./+)

10!"2(3,4.!5,'&+2.#!6'&74!
?5'-!<7%!34/-.!/4!45'!'.$'!7@!45'!=/4'&!>'$!B/1!3,,!

-8,),!48,!-'4,)!&3!0/+&$E!.'34,34X!6)B!48)/-&$E!'!
34&>?!&$!48,!>,$4,)!/.!48,!>8'$$,7!'$%!3,,!-8,),!&4!

8299,%,*.!5,'&+2.#!
6'&74!

71"&)#%)")&1"68'/9 !
68,!48'7-,E!7&$,!,33,$4&'77B!
./77/-3!48,!%,,2,34!2')4!/.!

48,!)&+,)5!

71"&)#%)"$)"663:#"6)
-#:'-)%+%&'(9 !
<$!'771+&'7!)&+,)!3B34,0!

>/$4'&$3!7')E,!'0/1$4!/.!
3,%&0,$4!48'4!&3!>/$34'$47B!

F,&$E!4)'$32/)4,%!'$%!
%,2/3&4,%!'7/$E!48,!34),'0!/)!
)&+,)5! !

71"&)#%)");',-.<=)
%+%&'(9) !
<!F,%)/>?!)&+,)!3B34,0!&3!
4B2&>'77B!>/$.&$,%!FB!F,%)/>?!

48'4!),34)&>43!>8'$E,3!&$!48,!
38'2,!/.!48,!)&+,)!%1,!4/!&43!
),3&34'$>,!4/!,)/3&/$!'$%!48,!

),3174&$E!),%1>4&/$!&$!
3,%&0,$4!0/+,0,$45!

71+),.)>)<"-'9 !
68&3!&3!-8'4!8,723!38'2,!48,!

)&+,)5!68'4!Y8&E8!+,7/>&4B!>/),Z!
8'3!48,!0/34!3,%&0,$4!

4)'$32/)4!>'2'>&4B!'$%!
>/02,4,$>,5!
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N&E1),!O5[!"!N/)0'4&/$!/.!'!)&+,)!0,'$%,)!

E/,35!#4!-&77!0/34!7&?,7B!3&4!&$!48,!0&%%7,!/.!48,!)&+,)!'4!48,!1234),'0!,$%!/.!#$%&'$!F')*!F14!'3!&4!
E/,3!')/1$%!48,!F,$%!&4!-&77!E,4!>7/3,)!4/!48,!/48,)!3&%,!/.!48,!)&+,)!F,./),!>/$4&$1&$E!

%/-$34),'05!K/4&>,!8/-!&4!%/,3!$/4!34'B!&$!48,!>,$4,)!/.!48,!>8'$$,7!48,!,$4&),!4&0,5!68,!34&>?!
-'3!F,&$E!>'))&,%!FB!48,!-'4,)J3!8&E8!+,7/>&4B!>/),*!./77/-&$E!48,!48'7-,E!M3,,!3&%,F')Q5!!@&E8,)!
+,7/>&4B!4,$%3!4/!/>>1)!'4!48,!/143&%,!/.!F,$%3!'3!-'4,)!.7/-&$E!48,),!0134!Y?,,2!12Z!-&48!

-'4,)!4'?&$E!48,!38/)4,)!)/14,!/$!48,!&$3&%,!/.!48,!>1)+,5!!!

A5'!B'.&7:>!7-!45'!7%4'&!B'-.!7@!45'!&#C'&!MN&E1),!O5CQ!&3!2),+,$4&$E!48&3!0,'$%,)!.)/0!E/&$E!
'$B!.1)48,)5!#$!'!21),!'771+&'7!>8'$$,7*!8&E8,)!+,7/>&4B!.7/-3!-/17%!>/$4&$1,!4/!,)/%,!48,!/14,)!

F'$?!'$%!48,!)&+,)J3!0,'$%,)3!-/17%!>/$4&$1'77B!0&E)'4,!7'4,)'77B!'$%!%/-$34),'05!#$!F,%)/>?!
&$.71,$>,%!>8'$$,73*!8/-,+,)*!48,!0,%&10!.7/-3!48'4!B/1!7&?,7B!3,,!$/-!%/!$/4!>8'$E,!48,!)&+,)!
01>8*!'$%!F,%)/>?!8/7%3!48,!)&+,)J3!0,'$%,)3!&$!'!),7'4&+,7B!34'4&>!2/3&4&/$!/+,)!4&0,5!#4!4'?,3!

+,)B!8&E8!.7/-3!4/!>'13,!'$B!3&E$&.&>'$4!>8'$E,3!4/!48,!)&+,)5!

"#$%&'!()D!"!(,%)/>?!/22/3&4,!#$%&'$!(')5!:8/4/;!S,$&3,!S,=')&/$!

!

/0!:2;,%!<,=*$,%!
E'&'!<7%!B'$#-!47!3''!&#C'&!6'/-.'&3)!!68,!)&+,)!
0,'$%,)3!'F/+,!'$%!F,7/-!#$%&'$!>'02E)/1$%!'3!'!
),3174!/.!1234),'0!3,%&0,$4!>/$4)&F14&/$3*!%,>),'3,%!

E)'%&,$4*!'$%!F,%)/>?!/14>)/22&$E3!/$!,&48,)!3&%,!/.!48,!
)&+,)5!68,!)&+,)!8'3!7/34!3/0,!/.!&43!34),'0!2/-,)!-&48!'!

%,>),'3,!&$!E)'%&,$4!F,7/-!=7'+,B*!'$%!&3!,+,$41'77B!
%,.7,>4,%!FB!'!F,%)/>?!/14>)/22&$E!/$!/$,!3&%,!/.!48,!
)&+,)5!T7/-,)!+,7/>&4&,3!F,8&$%!48&3!,)/3&/$"),3&34'$4!

/F34)1>4&/$!&$34&E'4,!%,2/3&4&/$!/.!'>>1017'4,%!
3,%&0,$45!!68,!)&+,)!&3!48,$!%,.7,>4,%!&$!48,!/48,)!
%&),>4&/$*!'$%!48,!2)/>,33!>/$4&$1,3!1$4&7!E,/7/E&>!

>8'$$,7!>/$.&$,0,$4!./)>,3!'$!&$>),'3,!&$!E)'%&,$4!'$%!
34)'&E84,$&$E!/.!48,!)&+,)J3!>8'$$,7!'!.,-!0&7,3!
%/-$34),'0*!-&48!48,!/$3,4!/.!\),BJ3!\)&$%34/$,!'$%!

/48,)!)'2&%35!!!!
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<4!#$%&'$!(')*!48,!8&E8!+,7/>&4B!>/),!/.!48,!)&+,)!&3!%,.7,>4,%!FB!'!F,%)/>?!/14>)/22&$E!'4!48,!
1234),'0!)&+,)")&E84!,$%!/.!48,!>'02E)/1$%!4/!48,!)&+,)"7,.4!/143&%,!/.!48,!F,$%*!>'13&$E!7/-!

+,7/>&4B!.7/-3!/$!48,!&$3&%,!-8,),!0'4,)&'7!48,$!3,447,3!/145!68&3!%,2/3&4&/$!/.!.&$,!3,%&0,$4!&3!
+,)B!&02/)4'$4!./)!>),'4&$E!27'$4!'$%!'$&0'7!8'F&4'43!M&$>71%&$E!)'.4,)!>'02&$E!8'F&4'43Q5!

>0!?=;,4!
F3!<7%!&/@4!.7=-!45'!&#C'&!<7%!=#99!5/C'!6734!9#>'9<!$7-'!/+,)!'!3,)&,3!/.!-'+,35!!]$,!31>8!

E)/12&$E!/.!-'+,3!&3!&$!48,!>,$4,)!/.!48,!>8'$$,7!$,I4!4/!#$%&'$!(')5!<!>/00/$!0&3>/$>,24&/$!
,I&343!48'4!'77!-'+,3!&$!'!)&+,)!0134!F,!./)0,%!FB!'!)/>?!F,$,'48!48,!31).'>,5!68&3!&3!$/4!'7-'B3!
48,!>'3,*!'$%!'!7/4!/.!-'+,3!'),!'>41'77B!./)0,%!FB!'!>/$34)&>4,%!>8'$$,7!-8,),!48,!-'4,)!

%,.7,>43!/..!48,!3&%,3!'$%!0,,43!&$!48,!0&%%7,5!!

@0!AB-,%,',;=.2&*!
G%8'&'9'C/4#7-!7@!45'!=/4'&!9'C'9!:/-!7@4'-!5/88'-!#-!

B'.&7:>!:7-@#-'.!3<34'63)!<3!B/1!),'%!,')7&,)*!48,!
8&E8,34!+,7/>&4B!-'4,)!34'B3!4/!48,!/143&%,!'$%!)1$3!&$4/!
'$%!12!/$!48,!F,%)/>?5!!<3!'!),3174*!48,!-'4,)!7,+,7!&3!

37&E847B!8&E8,)!/$!48'4!3&%,5!!6/!48,!7,.4!MN&E1),!O5^Q!&3!'$!
,I'EE,)'4,%!3?,4>8!/.!48,!28,$/0,$/$5!!

C0!D$$2,4!!!
#4!&3!/.!&$4,),34!4/!$/4,!48'4!48,),!'),!+,)B!.,-!4)1,!,%%&,3!
7/>'4,%!'4!#$%&'$!(')5!!68,!7')E,!2//7!/$!48,!%/-$34),'0!
3&%,!&3!$/4!'!4)1,!,%%B*!F14!)'48,)!'!),E&/$!/.!7/-!+,7/>&4B!

.7/-!>'13,%!FB!48,!%,.7,>4&/$!/.!-'4,)!/..!/.!48,!/48,)!
3&%,!/.!48,!)&+,)5!!68,!3'$%!7/>'4,%!/$!48'4!F,'>8!&3!'!
2)/%1>4!/.!48&3!%)/2!&$!.7/-!+,7/>&4B5!!<!4)1,!,%%B!>'$!F,!3,,$!'4!>,)4'&$!.7/-3!'4!48,!4/2!/.!48,!

F')!F,8&$%!48,!F,%)/>?!/14>)/2*!'$%!'7/$E!48,!0')E&$!/.!48,!>,$4)'7!2/)4&/$!/.!48,!F')5!!

E0!?=.,%!.,F-,%=.B%,!!
(,>'13,!48,!31$!8,'43!48,!61/710$,J3!-'4,)!'3!&4!4)'+,73!48)/1E8!48,!8&773*!48,!-'4,)!
4,02,)'41),!'4!#$%&'$!(')!-'3!./1$%!4/!F,!_`"P`=!MO`"[`NQ!8&E8,)!48'$!48,!0'&$34,0!'4!48,!

=7'+,B!>/$.71,$>,5

N&E1),!O5^!"!T?,4>8!/.!312,),7,+'4&/$!

'4!#$%&'$!(')!
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G,&F&%-3&'&(#!

)&*+,-.!10!!"#$%$&'"#()*+),'-("&%.)/*$0!
E#'&/&:5#'3!/&'!/!$77.!

:7-34&%:4!4/!48&$?!'F/14!48,!
28B3&>'7!./)03!-,!3,,!/$!
)&+,)3*!48,!2)/>,33,3!48'4!

0/+,!48,!3,%&0,$4*!>),'4,!
)'2&%3*!'$%!>/$4)/7!48,!
%&34)&F14&/$!'$%!G1'7&4B!/.!

F&/7/E&>'7!8'F&4'4!MK'&0'$!
PDD[Q5!!#.*!./)!&$34'$>,*!-,!

-,),!&$4,),34,%!&$!?$/-&$E!
-8B!'!2')4&>17')!%&34)&F14&/$!
/.!E)'+,7!3&a,3!/>>1)3!

3/0,-8,),*!-,!-/17%!7//?!
'4!$10,)/13!32'4&'7!M'$%!
4,02/)'7Q!3>'7,3!4/!

%,4,)0&$,!48,!3,%&0,$4!
3/1)>,!'$%!&43!%)&+&$E*!
3/)4&$E*!'$%!%,2/3&4&/$'7!

./)>,35!

A5'!.#/$&/6!47!45'!&#$54!
MN&E1),!O5VQ!E)'28&>'77B!

&77134)'4,3!48,!+')&/13!3>'7,3!'4!-8&>8!-,!>'$!,I'0&$,!
28B3&>'7!./)05!N)/0!48,!-8/7,!-'4,)38,%!M'4!48,!4/2Q*!4/!
'!34),4>8!/.!48,!)&+,)!4/!0&>)/8'F&4'4!'$%!8B2/)8,&>!.7/-!

M'4!48,!F/44/0Q*!48&3!$,34,%!8&,)')>8B!/.!28B3&>'7!./)0!
2)/+&%,3!'!-'B!4/!'22)/'>8!48,!'$'7B3&3!/.!28B3&>'7!3>'7,5!

)&*+,-.!/0!?1')
@'.(.-01#<)A&.-+).4)
>$,#"$)B"-!

A7!%-.'&34/-.!=5<!,-.#/-!0/&!

'H#343!'$%!-8B!&4!8'3!&43!38'2,!&3!
4/!4)B!4/!>/02),8,$%!48,!32,>4)10!
/.!32'4&'7!'$%!4,02/)'7!4&0,!3>'7,3!

0,$4&/$,%!'F/+,5!#$%&'$!(')!0'B!
8'+,!F,,$!8,),!./)!48/13'$%3!/.!B,')3*!-8&>8!'7),'%B!4,773!13!'77!?&$%3!/.!&$./)0'4&/$5!

:2;,%!8,.,+.2;,!

N&)34*!4)B!4/!&%,$4&.B!48,!
F&EE,34!./)0!B/1!>'$!"!

0'BF,!'!F,$%!&$!48,!)&+,)*!
/)!'!7/$E!34)'&E84!),'>85!!

1'%2)&*32$*.()2'"()('%4#5)
%36)7'%2)%$#)(*0#)
(89(#:8#32)+#%28$#()2'%2)
*&&8$)9#&%8(#)*+)"2;)
!
K/-!&%,$4&.B!'$!

&$4,)0,%&'4,!3&a,%!
E,/0/)28&>!.,'41),*!31>8!
'3!'!F/17%,)*!'!3'$%F')*!/)!

'!-'4,).'775!!

1'%2)&$#%2#6)*$)&*32$*.()
"2;)<()"2()('%4#)*$).*&%2"*3)
9#"3=)+*$&#6)9-)(*0#)
.%$=#$)+#%28$#;)1'%2)%$#)
2'#)2"0#(&%.#()"2)0"='2)
9#)#>*.>"3=)*3;)
!
K/-!7//?!./)!'!30'77!3&a,%!
1$&4*!'!2'4>8!/.!3'$%!/)!'!

30'77!2//7!/)!3/0,48&$E*!
'$%!'3?!48,!3'0,!
G1,34&/$35!!

?*)2'#)("@#()*+)2'#(#)83"2()
$#.%2#)2*)2'#)$%2#()*+)2"0#)
%2)7'"&')2'#-)#>*.>#;)

"#$%&'!()I!@&,)')>8&,3!/.!28B3&>'7!
.)/0!-&48&$!'!)&+,)5!

"#$%&'!()J!"!#$%&'$!:/&$4!(')5!
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"#&34;!34/&4!=#45!45'!@/:4!48'4*!'3!B/1!'22)/'>8,%!#$%&'$*!B/1!3'-!0/),!'$%!0/),!2/&$4!F')35!
:/&$4!F')3!./)0!'3!'!),3174!/.!'!)&+,)!0,'$%,)&$E!MN&E1),!O5bQ5!<3!0,$4&/$,%!,')7&,)*!37/-,)!

+,7/>&4B!-'4,)!/$!48,!&$3&%,!/.!'!F,$%!%,2/3&43!0'4,)&'7!./)0&$E!F')3!48'4!'74,)$'4,!'3!B/1!E/!
%/-$34),'05!(,7/-!#$%&'$!B/1!>'$!3,,!'$/48,)!2/&$4!F')!48'4!&3!'!),3174!/.!#$%&'$J3!,I&34,$>,5!

K7%!:/-!3''!57=!6%:5!67&'!3'.#6'-4!&3!%,2/3&4,%!&$!48&3!

),'>8!MN&E1),!O5WQ5!68&3!&3!'!%&),>4!,..,>4!/.!48,!E)'%&,$4!/.!48,!
61/710$,!%,>),'3&$E*!'77/-&$E!./)!0/),!3,%&0,$4!4/!%)/2!/145!

K7%!6/<!B'!=7-.'&#-$!-8B!N&E1),!O5b!'$%!48,!2&>41),!4/!48,!

7,.4!%/!$/4!0'4>85!T4')4&$E!'4!48,!4/2!/.!48,!28/4/E)'28!B/1!
>'$!3,,!'!2/&$4!F')!/$!)&+,)!7,.4*!48,$!/$!)&+,)!)&E84*!'$%!#$%&'$!
&3!'73/!/$!)&+,)!)&E845!68&3!&3!F,>'13,!#$%&'$!&3!'>41'77B!'!./)>,%!

.,'41),5!68,!F,%)/>?!'4!48,!8,'%!/.!#$%&'$!'$%!/$!48,!/48,)!
3&%,!/.!48,!)&+,)!./)>,!#$%&'$!4/!F,!2,)0'$,$4*!0,'$&$E!&4!34'B3!
48,),!,+,$!'4!),>/)%!.7/-3!M8,$>,!48,!),'3/$!&4!0'B!8'+,!F,,$!

48,),!./)!'!48/13'$%!B,')3Q5!

A5'!/'&#/9!85747!&3!'!E),'4!>/02')&3/$!4/!48,!0'2!2)/+&%,%!

/$!48,!$,I4!2'E,!MN&E1),!O5_DQ!'$%!-&77!'33&34!B/1!/$!7/>'4&$E!
E,/0/)28&>!.,'41),3!48'4!-&77!F,!%,3>)&F,%5!

!

!
!

!

"#$%&'!()L!"!#$%&'$!&3!&$!48,!7/-,)!7,.4!
-&48!48,!)&+,)!.7/-&$E!%/-$-')%35!!
N)/0;!H9=!c'4,)!'$%!A$+&)/$0,$4!d!
9>('&$!'$%!6)1385!U22,)!61/710$,!
H&+,);!S,3>)&24&/$!/.!)&+,)!,>/3B34,0!'$%!
),>/00,$%,%!0/$&4/)&$E!'>4&/$35!N&$'7!
H,2/)4!./)!TN:U=*!PDDV5!
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!

!

!

F4!45'!5'/.!7@!45'!B/&!B/1!-&77!$/4&>,!'!30'77!3'$%B!2'4>8!48'4!&3!$/4!>/$3&34,$4!-&48!'$B!/48,)!
3,%&0,$4!$,')!B/15!68&3!,I&343!F,>'13,!/.!48,!7')E,!2&,>,!/.!F,%)/>?!48'4!&3!2)/4)1%&$E!&$4/!48,!

61/710$,!H&+,)5!68,!F,%)/>?!>),'4,3!'!30'77!,%%B!%&),>47B!F,8&$%!&4!48'4!'77/-3!./)!48&3!3'$%!4/!
%,2/3&45!

F3!<7%!=/9>!.7=-!45'!B/&;!<7%!>'$!3''!/!C'&<!.#34#-:4!$&/.#'-4!#-!3'.#6'-4!3#M'*!F,E&$$&$E!-&48!
F/17%,)3!48,$!>8'$E&$E!4/!>/FF7,*!E)'+,7*!'$%!.&$'77B!3'$%5!<4!48,!1234),'0!,$%!/.!48,!F')*!48,),!

&3!.'34!0/+&$E!-'4,)*!F14!'3!&4!-)'23!')/1$%!48,!/143&%,*!48,!.7/-!/$!48,!&$3&%,!/.!48,!F,$%!
%,>),'3,3!&$!+,7/>&4B!'$%!48,),./),!E)'%1'77B!7/3,3!&43!'F&7&4B!4/!>'))B!8,'+&,)!3,%&0,$4*!
%,2/3&4&$E!,+,)!.&$,)!3,%&0,$45!

K7%!=#99!/937!-74#:'!/!.#@@'&'-:'!#-!3'.#6'-4!3#M'!/3!<7%!67C'!9/4'&/99<!12!48,!F')5!<E'&$!&4!
34')43!-&48!7')E,)!3,%&0,$4!'$%!%,>),'3,3!'77!48,!-'B!4/!3'$%5!c8B!-/17%!48,),!F,!3'$%!48'4!
8&E8!12!48,!F')X!#0'E&$,!,I4),0,7B!7')E,!.7/-3!48'4!'),!')/1$%!_DD*DDD!=NT!>/0&$E!%/-$!48,!

61/710$,5!68&3!&3!-8,$!$,-!0'4,)&'7!&3!%,2/3&4,%!'4!48,!4/2!/.!48,!F')5!Me'$%37&%,3!>'$!'73/!
%,2/3&4!0'4,)&'7!8&E8!12Q5!(,7/-!&3!'!3,)&,3!/.!48),,!%&'E)'03!38/-&$E!48,!F')!'4!%&..,),$4!.7/-3*!

'$%!48,!-'4,)!7,+,73!/.!,'>85!!

N&E1),!O5_D!"!<,)&'7!:8/4/!'$%!9'2!/.!#$%&'$!
(')5!:8/4/;!9>('&$!'$%!6)138!'$%!TN:U=!PDDV!
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!

"#$%&'!()**!f!N7/-!'$%!-'4,)7&$,!'4!#$%&'$!(')!%1)&$E!_DD"B,')!.7//%!
,+,$45!

,-!45#3!:/3'!1"#$%&'!()**2;!45'!=/4'&!=7%9.!:7689'4'9<!

:7C'&!,-.#/-!0/&!'$%!F,!-,77!/+,)!B/1)!8,'%5!N7/-3!31>8!'3!

48,3,!'),!+,)B!)'),*!F14!48,B!'>>/1$4!./)!48,!2),3,$>,!/.!
3'$%!3/!8&E8!12!48,!F')5!]$,!&$%&>'4/)!48'4!48,!.7/-!-'3!7/-!
+,7/>&4B!48&3!8&E8!12!48,!F')!&3!48,!'F3,$>,!/.!,I2/3,%!4),,!

)//435!<4!48,3,!8&E8!.7/-3*!&.!-'4,)!-,),!.7/-&$E!.'34!')/1$%!
48,!4),,3*!&4!-/17%!,)/%,!48,!3/&7!')/1$%!48,!)//435!

!

!

"#$%&'!()*+!"!g,')7B!.7//%!,+,$45!

,-!"#$%&'!()*+*!B/1!>'$!3,,!48'4!48,!-'4,)!7&$,!&3!'F/14!8'7.!

-'B!12!48,!F')!'4!_PDDD!=NT5!:'44,)$3!&$!48,!3'$%!7,'%!13!4/!
48&3!>/$>713&/$!"!B/1!>'$!3,,!'$!'F)124!37/2,!>8'$E,!M/)!
30'77!%)/2/..Q!'4!48,!%/-$34),'0!3&%,!/.!48,!F')*!&$%&>'4&$E!

48,!2/&$4!'4!-8&>8!3'$%!&3!),%&34)&F14,%!FB!48,!B,')7B!.7//%!
,+,$45!!!

:2;,%!8,.,+.2;,H!
8,.,%F2*2*(!
"24.&%2+='!6'&74!

?*)-*8)3*2"&#)%3-2'"3=)
83#A4#&2#6)"3)2'#)+.*7)
6"%=$%0(;)
68,),!&3!/$7B!/$,!,%%B!48'4!
),'77B!./)03!%1)&$E!48,!

8&E8,34!+,7/>&4B!.7/-35!68,!
2),3,$>,!/.!3'$%!'4!48,!4/2!/.!
48,!F')!38/17%!2/&$4!4/!48,!

&%,'!48'4!'!7')E,!,%%B!&3!
./)0,%!/+,)!48,!4/2!/.!#$%&'$!
%1)&$E!8&E8!.7/-3!%1,!4/!48,!

F,%)/>?!/14>)/2!L134!
1234),'05!!H'48,)*!/$7B!/$,!
30'77!,%%B!&3!>),'4,%!L134!

F,8&$%!48'4!/14>)/25!!68,!),34!
&3!7/-!+,7/>&4B!.7/-3!34&77!

0/+&$E!&$!48,!%/-$34),'0!
%&),>4&/$5!#$!'$!,%%B*!-//%B!
%,F)&3!-&77!F,!.7/-&$E!

1234),'0!'$%!E,4!>'1E84!/$!
48,!%/-$34),'0!3&%,!/.!'$B!
4),,35!e//?!')/1$%!'$%!B/1!

-&77!/$7B!3,,!0'4,)&'7!4)'22,%!
/$!48,!1234),'0!3&%,!!/.!
4),,3*!&$%&>'4&$E!48'4!$/!,%%B!

,I&343!&$!48'4!32/4!'4!8&E8!
.7/-35!

!

"#$%&'!()*N!"!S,F)&3!/$!1234),'0!
3&%,!/.!4),,35!:8/4/;!\,)8')%!A2?,5!
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"#$%&'!()*D!"!e/$E&41%&$'7!(')!

!

"#$%&'!()*(!"!('3,.7/-5!

A5'!6#-#6%6!@97=!@7&!45'!A%79%6-'!&3!'F/14!PDD!=NT!MN&E5!O5_OQ!-8&>8!&3!0/34!7&?,7B!-8'4!B/1!
-&77!3,,!%1)&$E!3100,)!0/$4835!@,),!48,),!&3!'!0&$&010!'0/1$4!/.!F')!./)0'4&/$!/)!34)1>41)'7!
>8'$E,3!F,>'13,!48,!.7/-3!%/!$/4!8'+,!48,!>/02,4,$>,!/)!>'2'>&4B!4/!>'13,!>8'$E,5!68,3,!

%&'E)'03!&$%&>'4,!8/-!48,!F')!./)03!/+,)!4&0,5!#4!-'3!$/4!./)0,%!FB!/$,!F&E!.7//%!48'4!
8'22,$,%!'!48/13'$%!B,')3!'E/*!F14!)'48,)!FB!'!3,)&,3!/.!),2,'4,%!,+,$43!/+,)!48,!>/1)3,!/.!
0&77,$&'5!

)&*+,-.!>0!B"-)2.-("&#.$!
I&*(2.B$2*='!J=%!
h134!/..!48,!1234),'0!3&%,!/.!#$%&'$!&3!'!0&%">8'$$,7!F')*!,I2/3,%!'4!
7/-,)!.7/-!7,+,735!68&3!F')!&3!>8')'>4,)&a,%!'3!'!Y7/$E&41%&$'7!F')Z!MN&E5!
O5_CQ5!!e/$E&41%&$'7!F')3!'),!,7/$E'4,!'$%!4,')%)/2"38'2,%*!-&48!

%,2/3&43!4B2&>'77B!%,>),'3&$E!&$!3&a,!&$!48,!%/-$34),'0!%&),>4&/$5!

68&3!2')4&>17')!7/$E&41%&$'7!F')!&3!0/34!7&?,7B!>'13,%!FB!'$!&$>),'3,!&$!
>8'$$,7!-&%485!!<3!-'4,)!32),'%3!/14!'>)/33!48&3!7')E,)!>8'$$,7*!

+,7/>&4&,3!37/-!%/-$!'$%!3,%&0,$4!48'4!-'3!>'))&,%!FB!8&E8,)",$,)EB!
.7/-3!1234),'0!F,E&$!4/!%)/2!/14!/.!48,!)&+,)J3!3132,$%,%!7/'%!'$%!
3,447,!&$34,'%!/$!48,!)&+,)!F/44/05!!68,3,!$,-!%,2/3&43!48,$!>),'4,!'$!

'),'!/.!,+,$!37/-,)!+,7/>&4&,3!F,8&$%!48,0*!&$34&E'4&$E!48,!%,2/3&4&/$!
/.!2)/E),33&+,7B!30'77,)!3,%&0,$43!&$!48,!4,')"%)/2!38'2,!B/1!>'$!3,,!
$/-5!!
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!

!

KFL%2+=.,$!J=%4!
S/-$34),'0!/.!#$%&'$!&3!'$/48,)!2/&$4!F')5!!

68&3!%/-$34),'0!2/&$4!F')!&3!&0F)&>'4,%*!'!
4,)0!),.,))&$E!4/!48,!/)&,$4'4&/$!'$%!
27'>,0,$4!/.!>/FF7,3!/$!48,!F');!0/34!'),!

3&0&7')!&$!3&a,!'$%!7,'$&$E!/$!/$,!'$/48,)5!]$!
48,!4'&7!,$%!/.!'!8&E8!.7/-!,+,$4!M/)!.7//%Q*!'3!
+,7/>&4B!'$%!34),'0!2/-,)!F,E&$!4/!%,>),'3,*!

'!)/>?!48'4!-'3!F,&$E!2138,%!FB!48,!>1)),$4!
-&77!E,4!341>?!/$!'$/48,)!)/>?!MN&E1),!O5_[Q5!<77!
)/>?3!/.!3&0&7')!3&a,!)/77&$E!%/-$!F,8&$%!&4!-&77!48,$!'73/!E,4!341>?!7,'$&$E!'E'&$34!48,!/$,!&$!

.)/$4!&$!'!3/)4!/.!%/0&$/!,..,>4*!),3174&$E!&$!48,!.'&)7B!$,'4!'))'$E,0,$4!/.!34/$,3!B/1!>'$!$/-!
3,,!/$!)&+,)!7,.4*!'77!7,'$&$E!'4!48,!3'0,!'$E7,!MN&E1),!O5_^Q5!

"#$%&'!()*O!"!:/&$4!F')!&$%&>'4&$E!&0F)&>'4&/$35!:8/4/;!\,)8')%!A2?,5!

"#$%&'!()*N!"!S&),>4&/$!/.!.7/-!/$!'$!&0F)&>'4,%!F')!
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5,(,.=.2&*!
!

!

"#$%&'!()*I!f!:7'$4!32,>&,3!8/0/E,$,&4B!'7/$E!48,!0'&$!34,0!61/710$,5!!:8/4/;!:'4)&>?!@&74/$!

5.'7*8)#9B)*";#&"&)*.(./'$'#&+)
A5'!&'$%9/4'.!5<.&797$<!/.!48,!0'&$!34,0!&3!),.7,>4,%!&$!48,!8/0/E,$,&4B!/.!+,E,4'4&/$!'4!
#$%&'$!F')5!68&3!F')!8'3!),7'4&+,7B!7/-!32,>&,3!%&+,)3&4B!'$%!>/$34'$4!+,E,4'4&+,!2'44,)$35!68,!F')!

>/$4'&$3!),7'4&+,7B!B/1$E!-&77/-!),>)1&43!48'4!8'+,!,34'F7&38,%!3&$>,!48,!7'34!0'L/)!.7//%!,+,$45!
<4!48,!4/2!/.!48,!F')!B/1!-&77!.&$%!/7%!2/$%,)/3'!2&$,3!'$%!/'?3!48'4!-,),!'F7,!4/!31)+&+,!48,!
8,'+B!3>/1)!/.!.7//%!.7/-35!(,4-,,$!48,!4-/!-//%B!F'$%3*!B/1!-&77!.&$%!/$7B!-,,%B!E)'33!

32,>&,3!'$%!8,)F'>,/13!27'$435!68,!+,E,4'4&/$!/.!#$%&'$!=),,?!>'023&4,!%/,3!$/4!38/-!48,!
3'0,!+,E,4'4&+,!7'B,)&$E!>/027,I&4B!48'4!&3!2),3,$4!&$!48,!4)&F14')&,35!!

!,-.#/-!P&''>!:/683#4'!5/3!45'!97='34!

-%6B'&!7@!&#8/&#/-!89/-4!38':#'3!/.!

48,!48),,!341%B!'),'3!MN&E1),!O5_bQ5!
68&3!7/-!27'$4!F&/%&+,)3&4B!34,03!.)/0!
)&+,)!),E17'4&/$5!S'03!),0/+,!48,!

$'41)'7!8B%)/E)'28!'$%!2),+,$4!
),>)1&40,$4!/.!27'$43!48'4!%,2,$%!/$!
$'41)'7!.7/-35!68&3!3B34,0!&3!$/4!'3!

$'41)'7!'3!&4!'22,')35!!

!

!

"#$%&'!()*J!"!K10F,)!/.!)&2')&'$!27'$4!32,>&,3!2),3,$4!'7/$E!!
48,!=7'+,B!H&+,)*!48,!K/)48!N/)?*!'$%!#$%&'$!=),,?!>'023&4,5!
!

!
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5.'7*8)#:"!/.**6"3=)2'#)C"4%$"%3)D*3#!
F@4'&!5'/C<!&/#-3!/)!-')0!32)&$E3!48'4!G1&>?7B!0,74!'72&$,!3$/-3*!7')E,!'0/1$43!/.!-'4,)!
>/1)3,!48)/1E8!48,!)&+,)!3B34,05!68,3,!8&E8!.7/-3!>'$!/+,)4/2!48,!F'$?3!/.!48,!)&+,)!'$%!.7//%!

48,!)&2')&'$!,>/3B34,05!#$34,'%!/.!>/027,4,7B!3>/1)&$E!48,!F'$?3!'3!48,B!%/!48,!F')3*!,..,>43!/.!
.7//%-'4,)3!'),!),%1>,%!FB!)&2')&'$!27'$43!&$!'!$10F,)!/.!-'B35!

F3!=/4'&!@97=3!45&7%$5!45'!&#8/&#/-!C'$'4/4#7-*!&4!,$>/1$4,)3!0'$B!-,77")//4,%!4),,3!'$%!

38)1F3*!0/34!/.!-8&>8!>'$!31)+&+,!48,!/>>'3&/$'7!&$1$%'4&/$5!T/0,!27'$43!'),!32,>&'77B!'%'24,%!
4/!48,3,!.7//%3;!-&77/-!'$%!'7%,)!3'27&$E3!'),!.7,I&F7,!,$/1E8!4/!F,!F,$4!/+,)!8/)&a/$4'77B!FB!
.7//%!-'4,)3*!),41)$&$E!4/!+,)4&>'7!'.4,)!.7/-3!8'+,!31F3&%,%5!68,!7,'+,3*!34,03*!'$%!)//43!/.!

48,3,!'$%!/48,)!)&2')&'$!27'$43!37/-!48,!0/+,0,$4!/.!-'4,)!/+,)!'$%!48)/1E8!48,!3/&7*!),4'&$&$E!
0/&341),!&$!48,!3/&7!'$%!),%1>&$E!48,!,I4,$4!/.!.7//%&$E5!

5.'7*8)#;"!,.%32()&$#%2#)(2$8&28$#)+*$)=#*0*$4'"&)+#%28$#(!

?5'-!89/-43!'34/B9#35!/97-$!45'!=/4'&Q3!'.$'!&$!'!7/-!+,7/>&4B!2')4!/.!48,!)&+,)*!48,&)!)//43!'>4!

'3!3,%&0,$4!>'4>8,)35!H//43!$/4!/$7B!3,)+,!'3!28B3&>'7!F'))&,)3!4/!3,%&0,$4*!F14!'73/!37/-!%/-$!
48,!-'4,)!3/!48'4!48,!3,%&0,$4!3132,$%,%!&$!48,!-'4,)!>/710$!&3!0/),!7&?,7B!4/!3,447,!/145!!

,@!45#3!5/88'-3!:7-4#-%7%39<!7C'&!97-$'&!8'&#7.3!7@!4#6'*!27'$43!>'$!./)0!,$4&),!3,%&0,$4!

%,2/3&43!')/1$%!48,&)!)//4!34)1>41),35!#.!B/1!E,4!'!>8'$>,!4/!.,))B!/+,)!4/!48,!)&+,)"7,.4!F')!F,7/-!
#$%&'$!MN&E1),!O5_WQ*!B/1J77!3,,!48'4!48,!-&77/-3!8'+,!'>>1017'4,%!,$/1E8!3'$%!'4!48,!

%/-$34),'0!,$%!4/!8,72!./)0!'!3'$%B!F,'>8!'F/+,!48,!>/FF7,35!68&3!'>>1017'4&/$!7,'%!4/!48,!
31>>,33&/$!/.!%&..,),$4!4B2,3!/.!27'$43*!'3!48,!>/001$&4B!>8'$E,%!.)/0!'!S13?B!-&77/-!>/FF7,!
F')!4/!'!T'$%F')!-&77/-!F,'>85!

!

!!!!!!!!"#$)!()*L!"!<74,)$'4,!F')!%/-$34),'0!'$%!4/!)&+,)!7,.4!/.!#$%&'$!(')5!:8/4/;!:'4)&>?!@&74/$5!
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"#$%&'!()+R!"!U234),'0!/.!#$%&'$*!+&,-!/.!>/$4)'34&$E!3/148!'$%!$/)48!.'>&$E!37/2,35!:8/4/;!:'4)&>?!@&74/$5!

"#$%&'!()+*!"!T/148".'>&$E!37/2,!'F/+,!#$%&'$!(')5!:8/4/;!:'4)&>?!@&74/$5!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

6&+B4!&*H!M4-,+.!
!

F3!<7%!977>!%8!#-!45'!5#99!3978'3!B7&.'&#-$!45'!&#C'&;!-74'!45/4!<7%!:/-!7@4'-!3''!%,$3,!./),34!
/)! -//%7'$%! /$! /$,! 3&%,*! '$%! 3'+'$$'8! /)! E)'337'$%3! /$! 48,! /48,)! MN&E1),! O5PDQ5! 68,3,!

>/001$&4&,3!/.!27'$43!'),!%,4,)0&$,%!FB!'!$10F,)!/.! .'>4/)3i! &$>71%&$E! 48,!'0/1$4!/.!-'4,)!
'+'&7'F7,*!48,!'0/1$4!/.!31$7&E84!48,B!E,4*!'$%!48,!3/&73!8/7%&$E!48,&)!)//435!!

E'&'!#-!45'!-7&45'&-!5'6#385'&'!45'!3%-!-'C'&!$'43!.#&':49<!7C'&5'/.5!#4!&$34,'%!>')+,3!'$!')>!

'>)/33!48,!3/148,)$!3?B5!(,>'13,!/.!48&3*!48,!3/148".'>&$E!8&773&%,3!M48/3,!/$!B/1)!)&E84!'3!B/1!
7//?!%/-$34),'0*!N&E1),!O5P_Q!/.4,$!),>,&+,!0/),!31$7&E84!%1)&$E!48,!%'B*!0'?&$E!48,0!01>8!
-')0,)!48'$!48,!38'%B!$/)48".'>&$E!37/2,35!@&E8,)!4,02,)'41),3!0,'$!0/),!,+'2/)'4&/$*!'$%!

48,!3/&73!'),!4813!01>8!%)&,)!48'$!48/3,!/$!48,!/22/3&4,!37/2,5!!

A7$'45'&;!3%-9#$54;!5#$5!4'68'&/4%&';!/-.!.&#'&!37#93!'..,>4!48,!4B2,!/.!27'$43!48'4!>'$!E)/-5!
68,!4'77*!F)/'%"7,'+,%!F7'>?!/'?3!B/1!3,,!/$!B/1)!7,.4!'3!B/1!7//?!%/-$34),'0!.)/0!#$%&'$!8'+,!

4)/1F7,!%)'-&$E!12!-'4,)!'$%!),4'&$&$E!&4!&$!48,3,!>/$%&4&/$35!6813*!48,B!>'$J4!2,)3&34!'3!-,77!'3!
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48,!30'77*!8')%B!E)'33,3!'$%!48,!,+,)E),,$!7&+,!/'?3!
B/1!3,,!/$!B/1)!)&E84*!-&48!48,&)!30'77*!48&>?*!'$%!8')%!

7,'+,35!

)&*+,-.!@0!C#&$8"20#32)9*A5)&*22*37**65)
7"..*75)%36)2%0%$"(E! !

!
!
!
!
!
!
!
!
!
!
!
!

N&E1),!O5PP!"!N),0/$4J3!=/44/$-//%!M!"#$%$&'()*+",-..Q!!
:8/4/;!:'4)&>?!@&74/$5!!

!,@!<7%!/&'!@/6#9#/&!=#45!745'&!P/9#@7&-#/!&#C'&3*!B/1!

0'B!?$/-!3/0,!/.!48,!>/00/$!38)1F3!'$%!4),,3!
'7/$E!48,!F'$?35!#$!48,!+,E,4'4&/$!E1&%,!B/1!-&77!3,,!'!
+')&,4B!/.!-&77/-3!MT'7&I!3225Q*!N),0/$4!>/44/$-//%!

M:/21713!.),0/$4&&*!N&E5!O5PPQ*!'$%!48,!&$4)/%1>,%!
6'0')&3?!MT'74>,%')Q5!]$!48,!61/710$,*!8/-,+,)*!B/1!

0&E84!$/4&>,!48'4!4-/!/.!48,3,!'),!>/$32&>1/137B!
'F3,$4;!>/44/$-//%!'$%!4'0')&3?5!c8BX!!

F!-%6B'&!7@!@/:47&3!#-5#B#4!45'!$&7=45!7@!

:7447-=77.!/-.!4/6/&#3>*!&$>71%&$E!3,%&0,$4!
%,2/3&4&/$*!.7//%!2'44,)$3*!'$%!8B%)/7/EB5!!U$7&?,!
3/0,!/48,)!='7&./)$&'!)&+,)3*!48,!61/710$,J3!

8,'%-'4,)3!>/1)3,!48)/1E8!8')%!E)'$&4,*!-8&>8!%/,3!
$/4!>/$4)&F14,!01>8!3,%&0,$4!4/!48,!)&+,)5!#$!/48,)!
)&+,)3*!48&3!3,%&0,$4!-/17%!2)/+&%,!'!$14)&,$4")&>8!

./1$%'4&/$!./)!48,!3,,%7&$E3!/.!48,3,!4),,3!4/!
,34'F7&38!48,03,7+,35!<7/$E!48&3!34),4>8!/.!48,!
61/710$,*!0&$&0'7!3,%&0,$4!>/$4)&F14&/$!'$%!

0&$&0'7!3'$%!F')!>),'4&/$!31EE,34!'!),7'4&+,!7'>?!/.!

1'-)"()2'#$#)"()%)6"(2"3&2)
9%36)*+)7"..*7()=$*7"3=)
%.*3=)2'#)#6=#)*+)<36"%3)
F$##E)9%$;!

 

Willows produce white, fluffy 
seeds during the spring months 
that are dispersed by the wind. 
These seeds do not have a hard 
coating and do not live very long 
after dispersal; they have a 
relatively short window of time in 
which to establish.  

Willows depend on spring flows 
to transport seeds into the proper 
substrate and provide saplings 
with water to grow. If flows get 
too high, the seedlings will be 
scoured away; if flows get too 
low, then the saplings will dry 
out. An optimal combination of 
spring flow timing, sediment 
type, and seed production is 
necessary.  

G'#(#)7"..*7()%.(*)(#$>#)%3)
"04*$2%32)#&*.*="&%.)48$4*(#C  
 
Their presence creates a nice 
low velocity habitat for fish and 
other critters to live and hide in.  

Changing one aspect of a river, 
can initiate a cascade of 
ecologically significant events.  
In this case, the Tuolumne’s man-
made flow regime allows 
vegetation to establish that then 
creates new habitat for other 
organisms. 

!
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.&$,"E)'&$!3,%&0,$4!%,2/3&4&/$*!),3174&$E!&$!'!7'>?!/.!8'F&4'4!./)!3,,%7&$E3!4/!34')4!E)/-&$E5!!

!

N&E1),!O5PO!"!H,>)1&40,$4!(/I5!!
N)/0;!g')$,77!T*!j&,)3!h!'$%!9/1$4!h5!A>/7/EB!'$%!0'$'E,0,$4!/.!48,!32)&$E"3$/-0,74!),>,33&/$5!(&/T>&,$>,!PDDW!

F-745'&!#687&4/-4!@/:47&!#-!3''.9#-$!'34/B9#356'-4!&3!48,!)'4,!'4!-8&>8!.7//%-'4,)3!%,>),'3,!
&$!48,!32)&$E4&0,!MN&E1),!O5POQ5!=/44/$-//%!3,,%3!'),!131'77B!%&32,)3,%!'.4,)!48,!-&$4,)!.7//%3*!
.7/'4&$E!48)/1E8!48,!'&)!/)!-'4,)!'$%!7'$%&$E!/$!.),387B!3>/1),%!F'$?35!<3!48,!.7//%-'4,)3!

),>,%,*!48,!3,,%7&$E3!E)/-!)//43!'4!12!4/!_!>0!'!%'B*!./77/-&$E!48,!-'4,)!%/-$!&$4/!48,!3/&75!(14!
/$!48,!61/710$,*!.7//%-'4,)3!),>,%,!0/),!G1&>?7B*!F,>'13,!48,!F,%)/>?!'$%!>/')3,!3,%&0,$4!
%/,3$J4!),4'&$!48,!-'4,)!'3!-,775!

!P7447-=77.3!/&'!&/&'!7-!45'!A%79%6-'*!F14!B/1!>'$!3,,!48,0!/>>'3&/$'77B!&$!3'$%B!32/43!

%/-$34),'0*!-8,),!'!7/-,)!E)'%&,$4!'$%!'>>1017'4&/$!/.!3,%&0,$4!.)/0!4)&F14')B!&$214!
2)/+&%,3!48,!$,>,33')B!>/$%&4&/$3!4/!7,4!48,0!E)/-5!

MNB=.2+!K*;,%.,L%=.,4!
!
F9457%$5!/S%/4#:!#-3':43!/&'!@7%-.!C#&4%/99<!'C'&<=5'&'!48'4!48,),!&3!-'4,)*!48,B!'),!+,)B!

32,>&.&>!&$!48,!4B2,!/.!8'F&4'4!48'4!48,B!2),.,)5!T/0,!&$3,>43!2),.,)!4/!7&+,!&$!'),'3!/.!3-&.4"
.7/-&$E*!8&E87B!/IBE,$'4,%!-'4,)!-&48!'!E)'+,7!31F34)'4,!M./)!,I'027,!48,!30'77!)&..7,3!/$!48,!
1234),'0!,%E,!/.!48,!E)'+,7!F')!'4!#$%&'$!>'02*!N&E1),!O5PCQ5!<748/1E8!48,3,!&$3,>43!'),!

>/00/$!/$!48,!1234),'0!,%E,!/.!48,!E)'+,7!F')*!48,B!'),!+&)41'77B!$/$,I&34,$4!/$!48,!
%/-$34),'0!,%E,!MN&E1),!O5P[Q!-8,),!48,!.&$,)!3'$%3!'$%!3,%&0,$43!/>>1)5!

!
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!! !

N&E1),!O5PC!"!U234),'0!,$%!/.!#$%&'$!(')5!!:8/4/;!:'4)&>?!@&74/$!!!!!!!!!!!N&E1),!O5P[!"!S/-$34),'0!,$%!/.!#$%&'$!(')5!!
! ! ! ! ! ! ! !:8/4/;!:'4)&>?!@&74/$!

TH<$'-!&'S%#&'6'-43!.#:4/4'!45'!97:/4#7-!7@!6/-<!7@!45'3'!#-3':435!#$3,>43!-&48!8&E8!/IBE,$!
),G1&),0,$43!'),!./1$%!&$!'),'3!/.!>/7%,)!-'4,)!'$%!&$!27'>,3!-8,),!'&)!'$%!-'4,)!'),!./)>&F7B!

0&I,%*!31>8!'3!&$!'!)&..7,5!#$3,>43!-&48!7/-,)!/IBE,$!),G1&),0,$43!.7/1)&38!&$!0&>)/8'F&4'43!-&48!
7/-,)!'+'&7'F7,!/IBE,$*!31>8!'3!37/-"0/+&$E!F'>?-'4,)3!/)!-')0!34),'035!!

K*4,+.!:,4-2%=.2&*!
FS%/4#:!#-3':43!5/C'!.'C'978'.!/!C/&#'4<!7@!/./84/4#7-3!4/!,$'F7,!48,0!4/!31)+&+,!&$!

>/$%&4&/$3!/.!%&..,)&$E!%&33/7+,%!/IBE,$!7,+,735!9'$B!&$3,>43!F),'48,!>14'$,/137B*!48'4!&3!48,B!
4'?,!/IBE,$!&$!48)/1E8!32&)'>7,3!&$!48,!,I/3?,7,4/$5!@/-,+,)*!48&3!34)'4,EB!7&0&43!&$3,>43!4/!
),0'&$&$E!$,')!48,!31).'>,5!#$+,)4,F)'4,3!-8&>8!%-,77!/$!48,!31F34)'4,!/)!&$!48,!-'4,)!>/710$!

4,$%!4/!13,!/48,)!0,48/%35!!

U/-<!/S%/4#:!#-3':43!%3'!$#993!4/!'77/-!48,0!4/!4'?,!'%+'$4'E,!/.!/IBE,$!48'4!&3!'7),'%B!
%&33/7+,%!&$!48,!-'4,)5!c&48/14!'!8&E8!7,+,7!/.!%&33/7+,%!/IBE,$!2),3,$4!&$!48,!-'4,)*!48,!

,..,>4&+,$,33!/.!E&773!&3!&02)/+,%!48)/1E8!F,8'+&/)'7!>8'$E,35!T/0,!32,>&,3!/.!&$3,>4!7')+',*!
-8,$!.'>,%!-&48!7/-!/IBE,$!>/$%&4&/$3*!-&77!-&EE7,!48,&)!'F%/0,$!>'13&$E!-'4,)!4/!.7/-!.'34,)!
/+,)!48,!E&77!31).'>,35!68&3!32,,%3!12!48,!)'4,!/.!%&..13&/$!/.!/IBE,$!&$4/!48,!E&7735!!
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6.7-(#<'3!F%66"(+."#()HG$"&'*42#$%I!

!

e,.4!f!N&E1),!O5P^!"!='%%&3.7B!7')+',*!N'0&7B!e&0$,28&7&%',!M4'?,$!/14!/.!>'3,Q5!!!

H&E84!f!N&E1),!O5PV5!='%%&3.7B!7')+',!>'3,35!:8/4/3;!<%'0!=7'13,5!

P/..#3@9#'3!1T&.'&!A&#:5784'&/2*!7&?,!0'$B!>/00/$!'G1'4&>!
&$3,>43*!0/347B!2),.,)!)&..7,35!e')+',!MN&E1),!O5P^Q!'),!,'3&7B!

),>/E$&a'F7,!FB!48,&)!34)'4,EB!/.!>,0,$4&$E!3'$%!E)'&$3*!E)'+,7*!/)!
,+,$!>'34"/..!+,E,4'4&+,!0'4,)&'7!&$4/!'!>'3,!MN&E1),!O5PVQ5!68&3!

>'3,!2)/+&%,3!28B3&>'7!2)/4,>4&/$!./)!48,!7')+',*!'3!-,77!'3!'73/!
2)/+&%&$E!>'0/1.7'E,5!#.!48,!>'3,!&3$J4!2),3,$4*!48,$!B/1!>'$!
),>/E$&a,!'!>'%%&3.7B!7')+',!FB!&43!7/$E!F/%B!'$%!4-&$!2)/L,>4&/$3!

2)/4)1%&$E!.)/0!48,!,$%!/.!48,!'F%/0,$*!,'>8!/.!-8&>8!8'3!4-/!
>7'-35!!

V/:5!@/6#9<!7@!

:/..#3@9<!0'?,3!&43!
>'3,!&$!'!%&..,),$4!-'B5!
T/0,!%/$J4!0'?,!48,&)!

>'3,!/14!/.!7/>'7!
0'4,)&'7!'4!'77*!F14!
)'48,)!/14!/.!'!

31F34'$>,!48,B!
2)/%1>,!48,03,7+,3*!
3&0&7')!4/!'!32&%,)J3!3&7?5!

68,3,!k$,4"32&$$&$EJ!>'%%&3.7&,3!13,!48&3!3&7?B!>'3,!'3!'!0,'$3!/.!.&74,)&$E!/14!30'77!/)E'$&>!
2')4&>7,3!'$%!/)E'$&303!.)/0!48,!.7/-&$E!-'4,)!')/1$%!48,05!=/00/$!0'4,)&'73!14&7&a,%!FB!
/48,)!>'3,"0'?&$E!>'%%&3.&7,3!&$>71%,!30'77!2&,>,3!/.!%&3>')%,%!+,E,4'4&+,!0'44,)!M2&$,!$,,%7,3*!

34&>?3*!7,'+,3Q*!30'77!2&,>,3!/.!E)'+,7*!'$%!3'$%5!N&E1),!O5Pb!38/-3!,I'027,3!/.!>'%%&3.7B!>'3,3!
>/$34)1>4,%!.)/0!48/3,!+,E,4'4&+,!0'4,)&'735!!

N&E1),!O5Pb!"!AI'027,3!/.!>'%%&3.7B!>'3,35!!
:8/4/;!<%'0!=7'13,5!

JA4.*$"3=)!%9"2%2()
!

?/9>!%8!47!45'!%834&'/6!

'.$'!7@!45'!B/&!/-.!4/>'!/!

977>!/4!45'!&#@@9'3)!!#0'E&$,!
B/1!'),!'$!&$3,>4!7&+&$E!&$!'!
)&+,)*!'$%!B/1!8'+,!>8/3,$!4/!

7&+,!&$!/$,!/.!48,3,!)&..7,!
8'F&4'435!!c8,),!&$!48,3,!
8'F&4'43!-/17%!B/1!,I2,>4!

0/34!/.!48,!&$3,>43!4/!F,X!

A5'!9/&$'!$&/C'93!:7667-!#-!

&#@@9'3!8&7C#.'!/!974!7@!

/C/#9/B9'!89/:'3!@7&!/S%/4#:!

#-3':43!47!/C7#.!45'!&%35#-$!

=/4'&!/-.!8&'./47&3)!!9/34!/.!
48,!&$3,>43!-&77!F,!1$%,)$,'48!

48,!)/>?3!'$%!'!.,-!-&77!3&027B!
F,!8&%&$E!/$!48,!%/-$34),'0!
3&%,35!!!

='),.177B!2&>?!12!3/0,!/.!48,!

7')E,)!)/>?3!'$%!3,,!&.!'$B!
&$3,>43!'),!+&3&F7,!'44'>8,%!4/!
48,!1$%,)3&%,5!!g/1!0'B!3,,!

3,+,)'7!%&..,),$4!4B2,3!/.!
&$3,>43!1$%,)$,'485!
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A5'!9#@'!:<:9'!7@!:/..#3@9#'3!
MN&E1),!O5PWQ!&3!'73/!&$4,),34&$E5!

9/34!'%1743!7'B!,EE3!1$%,)!48,!
-'4,)*!-8&>8!48,$!8'4>8!&$4/!
7')+',5!68,3,!7')+',!1$%,)E/!["

_C!.,&-/)&!M0/743Q!F,./),!>),'4&$E!
'!.&I,%!),4),'4l>/>//$!-8,),!
48,B!./)0!'!212'5!68&3!&3!-8,),!

48,!0'41)&$E!&$3,>4!1$%,)E/,3!
0,4'0/)28/3&35!]$>,!
0,4'0/)28/3&3!&3!>/027,4,*!48,!

0'41),!'%174!,0,)E,3!.)/0!48,!
212'7!>'3,*!'$%!)&3,3!4/!48,!
-'4,)!31).'>,!4/!,0,)E,5!<.4,)!&4!

F,>/0,3!'&)F/)$,!48,!'%174!-&77!
.,,%!0/347B!/$!$,>4')5!<%174!0'7,3!>'$!!

./)0!81E,!0'4&$E!3-')03!'.4,)!8'4>8&$E5!!

! ! ! ! ! ! !

!)&*+,-.!10!?%0)$#=8.%2"*3)%++#&2()%:8%2"&)"3(#&2(!
!

!

E/C#-$!-74'.!=5#:5!6#:&75/B#4/43!48,3,!&$3,>43!
'),!7&?,7B!4/!F,!./1$%!&$*!48&$?!'F/14!-8'4!,..,>4!
48,!%'&7B!4&%,!/.!48,!),E17'4,%!61/710$,!H&+,)!-&77!

8'+,!/$!48,3,!&$3,>435!c8'4!-&77!48,B!%/!-8,$!48,!
4&%,!kE/,3!/14JX!!c&77!48,B!3&027B!0/+,!4/!./77/-!
48,!-'4,)!7&$,*!/)!-&77!48,B!2,)&38X!!

A5#3!./#9<!@9%:4%/4#7-!5/3!/-!'H4'-3#C'!#68/:4!/$!
48&3!&02/)4'$4!7&$?!&$!48,!)&+,)&$,!,>/3B34,05!
<748/1E8!/+,)'77!-'4,)!G1'7&4B!/.!48,!3B34,0!&3!34&77!

8&E8*!,$>/1)'E&$E!48,!2),3,$>,!/.!3,$3&4&+,!32,>&,3*!
48,3,!.),G1,$4!%&3)124&/$3!2),310'F7B!),3174!&$!'!
0')?,%!%,>7&$,!&$!%,$3&4&,3!%1)&$E!2,)&/%3!/.!

8B%)/"2,'?&$E5!!

=>>(#%2*#/%&4#
-'4*2?%)*2#

@%21%*#>2.?#%'4#
+%)-2*#

A-8%*#
B4-/)#*+*2>*(#
C2.+#8-8%/#7%(*#
%'4#?%)*2#(-2C%7*#

$%)&'>#

N&E1),!O5PW!f!='%%&3.7B!e&.,!=B>7,!

N&E1),!O5OD!f!#$%&'$!(')5!!:8/4/;!:'4)&>?!@&74/$!
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<028&F&'$3!

D.7-(#<'3#E&*22%#F*?)!HG%$"&'%)("#$$%#I!!
E/B#4/4W!68,!T&,))'!$,-4!.),G1,$43!.'34"0/+&$E!)&+,)3!'$%!

34),'03!&$!48,!61/710$,!H&+,)!-'4,)38,%5!<.4,)!48,!.&)34!.'77!

)'&$3*!48,B!F,>/0,!'G1'4&>!'$%!F,E&$!F),,%&$E5!#$%&'$!
=),,?!&3!8/0,!4/!0'$B!F),,%&$E!$,-43*!-8&>8!>'$!,'3&7B!F,!
/F3,)+,%!&$!37/-"0/+&$E!3&%,!2//73!.)/0!h'$1')B!4/!9'B5!

X#@'!P<:9'W!T&,))'!$,-4!7')+',!'),!34)&>47B!'G1'4&>*!-8&7,!

L1+,$&7,3!'),!4,)),34)&'7*!'$%!'%1743!14&7&a,!F/48!
,$+&)/$0,$435!(),,%&$E!0'7,3!>'$!F,!&%,$4&.&,%!FB!48,&)!
F17F/13!+,$45!N,0'7,3!7'B!48,&)!,EE3!/$!48,!3&%,3!'$%!

1$%,)$,'48!)/>?3!&$!)1$$&$E!-'4,)5!#4!4'?,3!.&+,!4/!,&E84!
B,')3!F,./),!T&,))'!$,-43!F,>/0,!3,I1'77B!0'41),5!

Y#34#-$%#35#-$!"'/4%&'3W!

o (/%B!3&a,!P5V[!f!O5[!&$>8,3!

o ()/-$&38!/$!4/2*!F)&E84!/)'$E,!/$!F,77B!
o e/$E*!.7'44,$,%!F/%B!
o e/$E!4'&7!

o T?&$!L134!F,7/-!48,!,B,!&3!48,!>/7/)!/.!48,!F,77B!
o AB,3!F17E,!/14!.)/0!/147&$,!/.!8,'%!-8,$!+&,-,%!

?3#!=%,!*,7.4!4&!
;242L',!=*$!,=4#!.&!
3=*$',O!
!

E&*22%#'*?)(#82.4-7*#%#8.)*')#
'*-2.).G&'#7%//*4#)*)2.4.).G&'#
H,,IJ"!66m!F&$%3!4/!2/),3!&$!
3/%&10!&/$!MK'nQ!>8'$$,73!&$!
$,)+,!>,77!0,0F)'$,3!/.!
2),%'4/)3!'$%!>'13,3!

&00&$,$4!0/)4'7&4B*!,I>,24!
./)!3/0,!32,>&,3!/.!'G1'4&>!
E')4,)!3$'?,35!

E&*22%#'*?)(#%'4#E&*22%#>%2)*2#
('%6*(#%2*#K%1&'>#%#7.L
*1./-)&.'%2M#%2+(#2%7*")
T&,))'!E')4,)!3$'?,3!
M01/+,"#1.&'2"$21..Q!8'+,!

,+/7+,%!'!8&E8!),3&34'$>,!4/!
66m!FB!2),+,$4&$E!&4!.)/0!
F&$%&$E!4/!48,&)!K'n!>8'$$,73!

M()/%&,*!PDD[Q5!#4!&3!48&3!
0,>8'$&30!/.!>/",+/714&/$!
48'4!'77/-3!T&,))'!E')4,)!

3$'?,3!4/!>/$4&$1,!4/!14&7&a,!
T&,))'!$,-43!'3!'!0'&$!.//%!
&4,05!

NK*2*#4.#!#C&'4#E&*22%#'*?)(O)
c8,$!B/1!'),!+&3&4&$E!48,!

#$%&'$!=),,?!>'023&4,*!'3?!
B/1)!)&+,)!E1&%,!4/!)/-!B/1!
'>)/33!48,!)&+,)!4/!48,!9&$,!

3&4,5!<7/$E!48,!2'48!4/!48,!
0&$,*!B/1!-&77!.&$%!0/&34*!
>'$/2&,%!3&%,!2//735!68,3,!

3&%,!2//73!'>4!'3!),.1E,3!'$%!
'3!'!F),,%&$E!E)/1$%!&$!7'4,!

T2)&$E5!

N&E1),!O5O_!f!T&,))'!$,-4!&$!#$%&'$!=),,?5!!
:8/4/;!S,$&3,!S,!=')&/$5!
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.)/0!48,!4/2!

"%-!"/:4W!<%174!T&,))'!$,-43!8'+,!%,.,$3,!2/341),3!4/!%,4,)!>/02,4&4&/$!.)/0!/48,)!$,-43!'$%!

2)/+&%,!'!-')$&$E!3&E$'7!4/!2),%'4/)35!68,3,!2/341),3!&$>71%,!34'$%&$E!8&E8!/$!48,&)!7,E3*!
-'EE&$E!48,&)!4'&7*!0'?&$E!7/1%!>7&>?&$E!3/1$%3*!'$%!48,!oU$?,$!H,.7,I*o!'!3-'BF'>?,%!2/3&4&/$!
-8,),!48,!F'>?!&3!>1)+,%!&$-')%!'$%!48,!4'&7!2)/4)1%,3!/14-')%*!,I2/3&$E!48,!F)&E847B!>/7/),%!

>8,345!!

6243!
Y%'!47!.76#-/-4!85<3#:/9!C/&#/B9'3;!.#@@'&'-4!@#35!38':#'3!'),!./1$%!'4!#$%&'$!48'$!'),!./1$%!
1234),'0!'4!9,)'7J3!://75!<4!9,)'7J3!://7!B/1!-&77!3,,!'$!'33,0F7'E,!%/0&$'4,%!2)&0')&7B!FB!

)'&$F/-lF)/-$!4)/14!'$%!T'>)'0,$4/!31>?,)*!-&48!F/48!T'>)'0,$4/!2&?,0&$$/-!'$%!='7&./)$&'!
)/'>8!2),3,$45!!<748/1E8!48,!3'0,!32,>&,3!'),!2),3,$4!'4!#$%&'$*!48,!),7'4&+,!'F1$%'$>,3!38&.45!!

G/:&/6'-47!8#>'6#--7=!/-.!5/&.5'/.!'),!F/48!7')E,!$'4&+,!0&$$/-3!),7'4&+,7B!>/00/$!&$!

48,!=7'+,B!H&+,)*!'!4)&F14')B!4/!48,!61/710$,!31FL,>4!4/!3,'3/$'7!8&E8!+,7/>&4B!.7/-35!68,3,!
.7/-3!2138!48,!'%174!0&$$/-3!/14!/.!48,!4)&F14')B!'$%!.7138!48,0!%/-$34),'0*!&$>),'3&$E!48,!
3&a,!/.!48,3,!2/217'4&/$3!%/-$34),'0!.)/0!48,!>/$.71,$>,!/.!48,!=7'+,B!'$%!61/710$,!H&+,)35!!!!

6&+B4!P*H!K%&$%0#32*)(8&E#$!H5%).().+-(#.77&4*')%/&(J)
!
!!!!!!

!
!!N&E1),!O5OP!"!S&34&$>4&+,!31>?,)!0/1485!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!N&E1),!O5OO!"!T'>)'0,$4/!31>?,)3!$,')!)&+,)!F/44/05!

:8/4/3;!:,4,)!9/B7,!

!

G%:>'&3!/&'!7-'!7@!45'!6734!C'&3/4#9'!.&38!&$!='7&./)$&'5!68,B!'),!>/00/$7B!./1$%!&$!27'>,3!
-8,),!4,02,)'41),3!$,+,)!,I>,,%!_[p=*!F14!'),!'73/!>/00/$!&$!34),'03!-8,),!4,02,)'41),!
,I4),0,3!),'>8!12!4/!ODp=5!!6813*!31>?,)!8'F&4'4!)'$E,3!.)/0!>//7*!>7,')!0/1$4'&$!)&+,)3!M7&?,!

48,!61/710$,Q!4/!F)'>?&38!,341')B!-'4,)!M7&?,!48,!T1&31$!9')38!$,')!T'$!N)'$>&3>/!('BQ5!
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A5'3'!@#35!/&'!'/3#9<!),>/E$&a'F7,!FB!48,&)!0/1485!68,!
.7,38B*!2'2&77/3,!7&23!MN&E1),!O5OPQ!-/)?!'70/34!7&?,!.&$E,)3*!

2)/F&$E!48,!31F34)'4,!MN&E1),!O5OOQ!'$%!2&>?&$E!12!
-8'4,+,)!8'22,$3!4/!F,!48,),5!<748/1E8!31>?,)3!%/!$/4!
8'+,!'!2')4&>17')7B!2/-,).17!3,$3,!/.!3&E84*!48,&)!3,$3,3!/.!

30,77!'$%!8,')&$E!'),!G1&4,!'>14,5!68&3!&3!&$!2')4!%1,!4/!
48,&)!31F34)'4,!8'F&4'4*!-8,),!41)F&%&4B!&3!E,$,)'77B!
8&E8,345!

A5'!G/:&/6'-47!3%:>'&!&3!48,!+'>110!>7,'$,)!/.!48,!
61/710$,5!68,B!>/$310,!'$B48&$E!'$%!,+,)B48&$E!48'4!
48,B!8'22,$!4/!>/0,!'>)/33!/$!48,!31F34)'4,*!F14!2),.,)!

30'77!&$+,)4,F)'4,3!'$%!'7E',5!!!

!

"24.&%2+!A='F&*!ABL42$#!!
A5'!A%79%6-'!Z#C'&!=/3!5#347&#:/99<!576'!4/!)1$3!/.!
=8&$//?!3'70/$!'$%!34,,78,'%5!68,3,!7')E,!.&38!27'B,%!'$!

&02/)4'$4!)/7,!&$!48,!&$214!/.!$14)&,$43!4/!48,!3B34,05!
T'70/$!32'-$!&$!.),38-'4,)!)&+,)3*!'$%!'.4,)!8'4>8&$E!
E)'%1'77B!0'?,!48,&)!-'B!%/-$34),'0!4/!48,!/>,'$5!<.4,)!

32,$%&$E!4-/!4/!48),,!B,')3!,'4&$E!'$%!E)/-&$E*!48,B!
),41)$!4/!48,!)&+,)3!-8,),!48,B!-,),!F/)$!4/!32'-$!'E'&$*!
'$%!48,$!%&,5!68&3!0'33!0&E)'4&/$!'$%!%,'48!/.!0'$B!.&38!

2)/+&%,3!'!81E,!3/1)>,!/.!$14)&,$43!M0')&$,"%,)&+,%!
>')F/$*!$&4)/E,$*!'$%!28/328/)/13Q!./)!48,!,$4&),!)&+,)!
,>/3B34,05!T'70/$!>')>'33,3!2)/+&%,!.//%!./)!2),%'4/)3!

'$%!3>'+,$E,)3*!'$%!48,!F),'?%/-$!/.!48&3!0'4,)&'7!
2)/+&%,3!,33,$4&'7!$14)&,$43!./)!F/48!)&2')&'$!+,E,4'4&/$!
'$%!./)!/)E'$&303!-&48&$!48,!)&+,)!&43,7.5!68,!>/$34)1>4&/$!

/.!%'03!%/-$34),'0!>/127,%!-&48!48,!'74,)'4&/$!/.!
=,$4)'7!j'77,B!.7/-!),E&0,3!8'3!,7&0&$'4,%!3'70/$!.)/0!
48,!61/710$,!H&+,)!'F/+,!e'\)'$E,!S'0!

?3,%,!"=;,!M''!
.3,!A+B'-2*!G&*,O!
!
H&..7,!3>172&$!'),!>/00/$!4/!
0/34!.'34".7/-&$E!34),'03!&$!

='7&./)$&'5!!<748/1E8!./1$%!&$!
0'$B!/48,)!T&,))'!K,+'%'!
34),'03*!48,B!'),!$/4!./1$%!&$!

48,!0'&$34,0!61/710$,!8,),!
'4!#$%&'$!=),,?5!c8BX!c8'4!&3!
%&..,),$4!8,),X!!

H&..7,!3>172&$!'),!30'77!.&38!

-8&>8!7&+,!/14!48,&)!,$4&),!
7&+,3!>7/3,!4/!48,!31F34)'4,!/.!
.'34".7/-&$E!-'4,)5!U$7&?,!

0/34!.&38*!3>172&$!7'>?!'!3-&0!
F7'%%,)!M'$!'&)!.&77,%!3'>!
-&48&$!48,!F/%B!>'+&4B!48'4!

2)/+&%,3!F1/B'$>BQ5!68&3!7'>?!
/.!F1/B'$>B!,$'F7,3!48,!
3>172&$!4/!),0'&$!>7/3,!4/!48,!

F/44/0!'$%!$/4!E,4!3-,24!
'-'B!FB!48,!3-&.4!-'4,)5!
e')+'7!3>172&$!'),!-,77"

'%'24,%!'3!-,775!9'$B!.&38!
8'+,!-8'4!'),!?$/-$!'3!
2,7'E&>!M.),,"3-&00&$EQ!

7')+',5!#$34,'%*!3>172&$!8'+,!
F,$48&>!7')+',5!68,3,!7')+',!
),0'&$!>7/3,!4/!48,!31F34)'4,!

&$!/)%,)!4/!'+/&%!F,&$E!3-,24!
'-'B5!68,3,!'%'24'4&/$3!4/!
F,$48&>!7&+&$E!1$./)41$'4,7B!

2),+,$4!)&..7,!3>172&$!.)/0!
F,&$E!'F7,!4/!,'3&7B!>/7/$&a,!
$,-!'),'3*!/)!'%'24!G1&>?7B!4/!

>8'$E&$E!>/$%&4&/$3!31>8!'3!!
48/3,!>'13,%!FB!8B%)/2/-,)!
2,'?&$E5!
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!

!

6&+B4!P*H!L$*73)%36)L$**E)G$*82!

!

N&E1),!O5OC!"!()/-$!6)/145!:8/4/;!K&>8/7'3!(1>?0'34,)5!!!!!!N&E1),!O5O[!"!()//?!6)/145!:8/4/;!:,4,)!9/B7,!

0&7=-!/-.!B&77>!4&7%4!/&'!45'!7-9<!/9#'-!38':#'3!/$!48&3!),'>8!/.!48,!0'&$!34,0!/.!48,!
61/710$,5!68,3,!.&38!'),!3&0&7')!&$!/+,)'77!./)0!4/!48,!)'&$F/-!4)/14*!F14!'),!G1&4,!%&34&$>4&+,!&$!
2'44,)$&$E!'$%!>/7/)5!()/-$!4)/14!MN&E1),!O5OCQ!8'+,!F/48!F7'>?!'$%!),%!32/43*!'$%!48,3,!32/43!

'),!31))/1$%,%!FB!'!%,.&$,%!8'7/5!!68,&)!F/%B!>/7/)!4,$%3!4/!8'+,!'!B,77/-&38!>'34!4/!&45!!()//?!
4)/14!MN&E51),!O5O[Q!8'+,!'!%')?*!/7&+,!E),,$!F'>?!-&48!7&E84,)">/7/),%!-'+B!7&$,3*!),%!32/43!/$!
48,!3&%,3!-&48!F71,!8'7/3*!'$%!-8&4,!7,'%&$E!,%E,3!/$!48,!2,>4/)'7*!2,7+&>!'$%!'$'7!.&$35!68,!

>'1%'7!.&$!M4'&7!.&$Q!/.!F)//?!4)/14!&3!'73/!7,33!/F+&/137B!./)?,%!48'$!,&48,)!48,!F)/-$!/)!)'&$F/-!
4)/145!

0&77>!4&7%4!/&'!3#6#9/&!47!&/#-B7=!4&7%4!&$!0/34!'32,>43!/.!,>/7/EB!'$%!7&.,!>B>7,*!F14!1$7&?,!
)'&$F/-!4)/14!48,B!32'-$!&$!48,!.'775!()//?!4)/14!'),!0/34!%&34&$E1&38,%!FB!48,&)!4/7,)'$>,!/.!

+,)B!>/7%!-'4,)5!68,B!'),!'F7,!4/!'>4&+,7B!./)'E,!-8,$!/48,)!4)/14!'),!),%1>,%!4/!&$'>4&+&4B5!
U$./)41$'4,7B!./)!48,0*!&$!48,!'F3,$>,!/.!,I4),0,!>/7%!4,02,)'41),3*!F)//?!4)/14!'),!%&327'>,%!
FB!F/48!F)/-$!'$%!)'&$F/-!4)/145!68,!.,-!F)//?!4)/14!2),3,$4!&$!48,!0'&$!34,0!8'+,!7&?,7B!

F,,$!2138,%!%/-$!.)/0!122,)!4)&F14')&,3!4/!F/48!48,!=7'+,B!'$%!48,!61/710$,!H&+,)3*!'$%!'),!
$/4!'!3134'&$'F7,!2/217'4&/$5!!

0&7=-!4&7%4!/937!5/C'!/!C'&<!3#6#9/&!':797$<!'$%!7&.,!>B>7,!4/!)'&$F/-!4)/145!!68,!48&$E!-8&>8!
0/34!%&34&$>47B!3,2')'4,3!48,!4-/!32,>&,3!&3!48,!4&0,!/.!B,')!&$!-8&>8!48,B!32'-$5!()/-$!4)/14!
32'-$!&$!48,!.'77!'3!4,02,)'41),3!27100,4!'$%!0/),!-'4,)!>/1)3,3!%/-$!48,!)&+,)!&$!48,!./)0!

/.!)'&$5!]$!48,!/48,)!8'$%*!H'&$F/-!4)/14!32'-$!&$!48,!32)&$E!'3!4,02,)'41),3!)&3,!'$%!-'4,)!
7,+,73!),>,%,!-&48!48,!F'3,7&$,!'$%!3$/-0,74!),>,33&/$35!68&3!%&..,),$>,!&3!>)1>&'7!&$!,I27'&$&$E!
-8B!F)/-$!4)/14!>'$!F,!./1$%!&$!48,!0'&$!34,0!F14!$/4!&$!48,!4)&F14')&,35!!
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68,!$'41)'7!8B%)/E)'28!/.!48,!4)&F14')&,3!38/-3!7')E,!2173,3!/.!-'4,)!%1)&$E!48,!>)1>&'7!
32'-$&$E!0/$483!/.!F)/-$!'$%!F)//?!4)/145!68,3,!8&E8!.7/-!,+,$43!.7138!/14!'$B!,0F)B/3!

F1)&,%!&$!48,!E)'+,75!<748/1E8!48,!0'&$!34,0!&3!'73/!31FL,>4!4/!48,!3'0,!)'&$.'77!,+,$43*!48,!
%'03!8,72!4/!),E17'4,!3/0,!/.!48,!.7/-3!'$%!2),+,$4!48,!),7'4&+,!0'E$&41%,!/.!48,!.7/-3!&$!48,!
0'&$!34,0!.)/0!),'>8&$E!48'4!/.!48,!4)&F14')&,35!!

A5'!9#@'!5#347&<!34&/4'$#'3!7@!6/-<!-/4#C'!@#35!/&'!38':#@#:/99<!/./84'.!4/!%,'7!-&48!48,!

%&34&$>4&+,!8B%)/7/EB!),7'4,%!4/!'!9,%&4,))'$,'$!>7&0'4,5!!9'$B!$'4&+,!'33,0F7'E,3!'),!
>8')'>4,)&a,%!FB!.,-,)!48'$!3,+,$!32,>&,35!!68,!61/710$,!/$7B!8'3!.&+,!32,>&,3!/.!$'4&+,!.&38*!
'70/34!'77!/.!-8&>8!32'-$!&$!48,!32)&$E!&$!/)%,)!4/!4'?,!'%+'$4'E,!/.!32)&$E!3$/-!)1$/..5!!!

U/-<!-/4#C'!38':#'3!/&'!:5/&/:4'&#M'.!B<!&'9/4#C'9<!97-$!9#@'!38/-3!'$%!8&E8!.,>1$%&4B*!-8&>8!

'77/-!48,!.&38!4/!31)+&+,!2,)&/%3!/.!'%+,)3,!>/$%&4&/$3!'$%!),2)/%1>,!&$!7')E,!$10F,)3!%1)&$E!
E//%!>/$%&4&/$35!!<73/*!0'$B!32,>&,3!'),!F,8'+&/)'77B!/)!28B3&/7/E&>'77B!'%'24,%!4/!'+/&%!/)!
31)+&+,!,I4),0,!,$+&)/$0,$4'7!>/$%&4&/$35!H'&$F/-!4)/14!-&77!7,'+,!'!34),'0!48'4!-')03!/+,)!

48,!3100,)*!-8,),'3!='7&./)$&'!)/'>8!'),!32,>&.&>'77B!'%'24,%!4/!-&4834'$%!,I4,0,7B!8&E8!
4,02,)'41),3!'$%!3'7&$&4&,35!68&3!31&4,!/.!'%'24'4&/$3!'77/-!$'4&+,!.&38!4/!,$%1),!)'2&%7B!
>8'$E&$E!'$%!3,+,),!,$+&)/$0,$4'7!>/$%&4&/$35!!

!

<2+%&+&4FH!Q-4.%,=F!D*$!&9!K*$2=*!J=%!
!

A5'!%834&'/6!'-.!7@!,-.#/-!B/&!1"#$3)!()+D;!()(R2!#3!/!$&'/4!89/:'!47!7B3'&C'!@9%C#/9!

#-4'&/:4#7-3)!!g/1!>'$!3,,!,+&%,$>,!/.!K'4&+,!<0,)&>'$3!-8/!>'0,!12!48,!)&+,)!4/!.&38!'$$1'77B!
&.!B/1!7//?!>7/3,7B!'4!48,!F,%)/>?!8,),5!!68,3,!E)&$%&$E!8/7,3!0'B!F,!48/13'$%3!/.!B,')3!/7%*!'$%!
38/-!'!>/$4&$1&4B!/.!810'$!&02'>4!/$!48,!61/710$,!H&+,)5!!

68,!2'4>8!/.!.&$,!3,%&0,$43!./1$%!'4!48,!L1$>4&/$!/.!48,!F')!'$%!F,%)/>?!-'77!/>>1)3!F,>'13,!/.!
8B%)'17&>!./)>&$E!.)/0!48,!F,%)/>?!/14>)/2!'4!8&E8,)!.7/-35!68,!F,%)/>?!/14>)/2!'4!48,!
1234),'0!,$%!/.!48&3!7/$E&41%&$'7!F')!,I8&F&43!48,!3'0,!%&..,),$4&'7!%/-$34),'0!./)>&$E!2'44,)$3!

48'4!%,2,$%!/$!%&3>8')E,!0'E$&41%,3*!'3!-,!8'+,!3,,$!,73,-8,),!'7/$E!48,!)&+,)5!S,>'%'7!
.7//%3!3>/1)!%/-$34),'0!/.!48,!/14>)/2!F,>'13,!/.!48,!+,)4&>'7!8B%)'17&>3!&$!48&3!),'>85!
@/-,+,)*!%1)&$E!'$$1'7!.7//%!,+,$43!'$!,%%B!./)03!8,),*!-8&>8!3/)43!'$%!%,2/3&43!0,%&10!4/!

.&$,!E)'&$,%!3,%&0,$45!e//?&$E!'4!48,!2'44,)$!/.!3/)4&$E*!&4!0'B!F,!2/33&F7,!4/!2&,>,!4/E,48,)!48,!
8B%)/7/E&>!8&34/)B!/.!48,!F')5!<73/*!%,2,$%&$E!/$!48,!4&0,!/.!B,')!'$%!%'B*!B/1!>'$!3,,!,+&%,$>,!
/.!%'&7B!8B%)/2/-,)!2,'?&$E!.)/0!48&3!7/>'4&/$!'3!-,775!!

68,!.'77,$!4),,!&$!48,!-'4,)!&$!.)/$4!/.!B/1!&3!'!E),'4!,I'027,!/.!7')E,!-//%!48'4!>8'$E,3!$,')FB!
.7/-3!'$%!38,74,)3!'G1'4&>!32,>&,3!.)/0!2),%'4&/$*!-8&7,!37/-7B!),7,'3&$E!$14)&,$43!&$4/!48,!)&+,)!
'3!&4!%,>/02/3,35!!<>)/33!48,!)&+,)*!B/1q77!3,,!'!30'77!%&2!&$!48,!./),34!&$!.)/$4!/.!B/1*!-8&>8!0'B!

'22,')!01>8!E),,$,)!-&48!%&..,),$4!?&$%3!/.!4),,35!68&3!&3!#$%&'$!=),,?5!#$%&'$!=),,?!8'3!'!
)&2')&'$!27'$4!>/001$&4B*!1$7&?,!48,!31))/1$%&$E!127'$%!>/001$&4B5!T&$>,!48&3!34'$%!>/$4'&$3!
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>),,?3&%,!8'F&4'4!/$!'!$/)48".'>&$E!37/2,*!48,),!&3!31F3,G1,$47B!0/),!2)/%1>4&+&4B5!g/1!-&77!3,,!
)&2')&'$!27'$43!48'4!'),!$/4!3,,$!'$B-8,),!,73,!&$!48,!'),'*!&$>71%&$E!32&>,F138*!='7&./)$&'!F'B!

7'1),7*!),%!-&77/-*!'$%!,+,$!2,22,)0&$4R!#.!B/1!8&?,!12!4/!48,!0&$,*!34/2!'7/$E!48,!2'48!'$%!2&>?!
3/0,555!&4q3!'!$/$"$'4&+,!&$4)/%1>,%!27'$4R!]+,)8'$E&$E!4),,3!&$!48&3!)&2')&'$!'),'!2)/+&%,!38'%,!
4/!>//7!48,!37/-"0/+&$E!-'4,)*!'$%!2)/+&%,!2)/4,>4&/$!.)/0!Uj!7&E84!4/!,EE3!/.!48,!:'>&.&>!4),,!

.)/E!'$%!48,!N//48&77!B,77/-"7,EE,%!.)/E5!!S1)&$E!3100,)*!48,!7/-,)!),'>8!/.!48,!>),,?!%)&,3!12*!
F14!2,)0'$,$4!2//73!0'B!F,!2),3,$4!8&E8,)!12!48,!-'4,)38,%5!

68,!)&..7,!'4!48,!1234),'0!,%E,!/.!48,!F')!&3!4B2&>'77B!E//%!8'F&4'4!./)!0'$B!32,>&,3!/.!'G1'4&>!

&$3,>43*!,32,>&'77B!48/3,!3,$3&4&+,!32,>&,3!13,%!./)!,+'71'4&$E!-'4,)!G1'7&4B!M3,,!#$4)/%1>4&/$Q5!!
@,),!'4!#$%&'$!48/1E8*!48,!%,$3&4&,3!/.!0/34!4'I'!'),!1$131'77B!7/-*!'$%!48,!0/34!3,$3&4&+,!
32,>&,3!'),!0/34!8,'+&7B!&02'>4,%5!!68&3!&3!'!2,).,>4!,I'027,!/.!48,!,..,>4!48'4!8B%)/2/-,)!

2,'?&$E!8'3!/$!F,$48&>!/)E'$&3035!!68,!%&,7!.71>41'4&/$3!>'13,!%)'34&>!2,)&/%&>!),%1>4&/$3!&$!
8'F&4'4!'+'&7'F&7&4B5!!

9/34!.&38!-&77!'+/&%!48&3!),E&/$!'4!48,!1234),'0!,$%!/.!48,!F')5!!68,!-'4,)!&3!G1&4,!38'77/-!'$%!

.7/-&$E!)'2&%7B5!!g/1$E"/."B,')!T'>)'0,$4/!31>?,)3!2),.,)!4/!38,74,)!'0/$E!48,!-&77/-3!'7/$E!
48,!0')E&$3!/.!48,!F')*!-8&7,!7')E,)!.&38!>'$!F,!./1$%!&$!%,,2,)!-'4,)5!!e')E,!T'>)'0,$4/!
31>?,)3!'$%!4)/14!'),!0/34!7&?,7B!4/!F,!./1$%!&$!48,!),E&/$!F,4-,,$!,%%&,3!'$%!48,!.'34,)!

>1)),$45!!T'>)'0,$4/!2&?,0&$$/-!'),!2),3,$4!&$!7/-!%,$3&4&,3!F14!'),!0/),!7&?,7B!4/!F,!./1$%!&$!
37/-,)!)1$3!'$%!2//735!

!

!

!

!

!

!

!

!

!

!

!
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!"#$%&'$()*+&$,)*-$%.)/.01'$234'*$
!"#$%&'(#)%"*
!"#$%&'"(#$')$)*#$+,-)*$.,-/$,0$)*#$12,&23"#$456#-$75&&$)#&&$8,2$)*')$5)$9#*'6#:$;500#-#")&8$)*'"$

)*#$<&'6#8$'";$12,&23"#=$>2-5"%$:233#-$3,")*:$)*#$(*'""#&$5:$2:2'&&8$:*'&&,7?$;5:(*'-%#$5:$

&,7$6#&,(5)8$'";$7'-3?$'";$)-##:$'";$:#;%#:$%-,7$'(-,::$)*#$3,2)*=$@*#-#':$)*#$(,"0&2#"(#$

,0$)*#$<&'6#8$456#-$*':$'$&'-%#$A,,&?$"23#-,2:$%-'6#&$9'-:?$'";$'$3'B,-$<&'::$C$-'A5;?$5)$5:$#':8$),$

0&,')$A':)$)*#$+,-)*$.,-/$,0$)*#$12,&23"#$75)*,2)$#6#"$",)5(5"%$3,-#$)*'"$'$:3'&&$('"8,"=$

D0$8,2$%#)$)*#$(*'"(#?$#;;8$,2)$'";$:A#";$:,3#$)53#$&,,/5"%$'-,2";$'";$)*5"/5"%$'9,2)$)*#$

:5%"505('"(#$,0$:,3#$,0$)*#$;500#-#"(#:$9#)7##"$)*#:#$)*-##$-56#-:=$E#,A&#$,0)#"$*5/#$2A$)*#$

+,-)*$.,-/$),$:753?$#FA&,-#$'";$#"B,8$5):$&2:*$-5A'-5'"$(,--5;,-=$

+,&$%-%.,*

$!"#$%&'()*'+',-%./'!-%0'1-234$&21&'"2'56%"4'7889'' ='''''''''!"#$%&'()7'+',-%./'!-%0'1-234$&21&'"2':$2&'7889'
' ' ' ' ''''''''''''''';/-.-<G$>#"5:#$>#$<'-5,"=$$

'
=/&'6/-.-<'>?-@&'7#-#$)'/#"$0-,3$)*#$:'3#$&,(')5,"?$&,,/5"%$;,7":)-#'3$0-,3$)*#$+,-)*$.,-/$

12,&23"#$456#-$),7'-;$)*#$(,"0&2#"(#$75)*$)*#$3'5":)#3=$1*#$A*,),$,"$)*#$&#0)$H.5%2-#$I=JK$

7':$)'/#"$5"$LA-5&$'";$)*#$A*,),$,"$)*#$-5%*)$H.5%2-#$I=MK$7':$)'/#"$5"$N2"#?$",)#$)*#$:'3#$)-##$

,((2A85"%$)*#$35;O(*'""#&$%-'6#&$9'-$H3,-#$;5005(2&)$),$:##$5"$.5%2-#$I=MK=$L&)*,2%*$)'/#"$')$

;500#-#")$)53#:$,0$;'8?$8,2$('"$:##$)*#$533#":#$(*'"%#:$5"$;5:(*'-%#$'";$6#%#)')5,"=$$

+,)5(#$)*#$6,&23#$'";$)#3A#-')2-#$,0$7')#-$)*#$+,-)*$.,-/$(,")-592)#:$),$)*#$3'5":)#3?$)*#$

:5P#$,0$)*#$(*'""#&?$)*#$:5P#$'";$;5:)-592)5,"$,0$:#;53#")$'";$6#%#)')5,"?$'";$)*5"/$'9,2)$*,7$

)*#:#$35%*)$'&&$9#$-#0&#()5,":$,0$'$6#-8$;500#-#")$7')#-:*#;$)*'"$7*')$8,2$*'6#$A-#65,2:&8$:##"=$$$
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Figure 4.16 -  Damselfly nymph (left), Family Coenagrionidae; 
Dragonfly nymph, Family Gomphidae (right). Photo: Adam Clause. 
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Figure 4.21 – Smallmouth bass from North Fork..                 Figure 4.22 – Northern Crayfish (Orconectes virilis) from 
Photo: Patrick Hilton      North Fork.   Photo: Claire Stouthamer.  
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