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Figure 2.4 Day 16 relative abundances of the three main divisions for the nutrient 

addition treatments (]9;F^., 12:1 N:P) which gave the highest total biomass.  
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Figure 2.4 Day 16 relative abundances of the three main divisions for the nutrient 

addition treatments ("#$%&', 12:1 N:P) which gave the highest total biomass.  
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3?-:*+$?>$*$#-*-+!2.0!:$.8-+*-0!*$!:$.:-.*+2*,$.!9@!)3-!$=!%,.-2+!+-M+-33,$.!

:+-2*-0!9@!*>-!#-23)+-#-.*!$=!293$+92.:-3!=+$#!3,Z!32#?%-3!?+-?2+-0!9@!3-+,2%!

0,%)*,$.!$=![\BDcL!!C$%)9%-!+-2:*,8-!?>$3?>$+)3!4C7B6!J23!#-23)+-0!9@!+-2:*,.M!

$+*>$?>$3?>$+)3!J,*>!2##$.,)#!#$%@902*-!2.0!?$*233,)#!2.*,#$.@!=$%%$J-0!9@!

+-0):*,$.!J,*>!23:$+9,:!2:,0L!(,*+2*-A.,*+,*-!4(D\&(DQ6!J23!:2%:)%2*-0!9@!+-0):,.M!

.,*+2*-!*$!.,*+,*-E!0,2X$*,X,.M!*>-!.,*+,*-!J,*>!3)%=2.,%2#,0-!2.0!:$)?%,.M!J,*>!

-*>@%-.-0,2#,.-!0,>@0+$:>%$+,0-L!/##$.,)#!4(F\6!:$.:-.*+2*,$.3!J-+-!

0-*-+#,.-0!)3,.M!?>-.2*-A>@?$:>%$+,0-!:$%$+,#-*+@L!/![+)3K2%A]2%%,3!D.-AJ2@!

/.2%@3,3!$=!W2+,2.:-!4C@3*2*!HQ!=$+!],.0$J36!J23!)3-0!*$!3*2*,3*,:2%%@!-82%)2*-!

0,==-+-.:-3!4?!h!ILIb6!2#$.M!*>-!.)*+,-.*!:$.:-.*+2*,$.3!$=!*>-!%2K-3L!R$+!3,M.,=,:2.*!
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+-3)%*3E!52..A]>,*.-@!GA*-3*3!J-+-!:$.0):*-0!9-*J--.!-8-+@!%2K-L!!

!

)595J(7234.%-@&,1(!84$,&3(:,#0/#K+#00(E$&.%'8/&%'1(F7!:K+EG(#2#,10-0(

]2*-+!32#?%-3!J-+-!:$%%-:*-0!2*!82+,$)3!0-?*>3!=+$#!-2:>!%2K-!)3,.M!2![-##-+-+!

J2*-+!32#?%-+L!]2*-+!J23!$8-+=%$J-0!,.*$!QbI!#'!?%23*,:!32#?%-!9$**%-3!2.0!

?+-3-+8-0!J,*>!H!#'!.,*+,:!2:,0L!C2#?%-3!J-+-!2.2%@X-0!)3,.M!,.0):*,8-%@!:$)?%-0!

?%23#2!#233!3?-:*+$#-*+@!4V<BA5C6!*$!$9*2,.!-%-#-.*2%!:$.:-.*+2*,$.3!=$+!(2E!BE![E!

<+E!5.E!R-E!<$E!(,E!<)E!_.E!2.0!5$L!V.!*>,3!#-*>$0E!32#?%-3!2+-!2*$#,X-0!*$!?$3,*,8-%@A

:>2+M-0!,$.3!,.!2!>,M>!*-#?-+2*)+-!2+M$.!?%23#2!2.0!2.2%@X-0!923-0!$.!*>-,+!#233A

*$A:>2+M-!+2*,$3L!R$)+!#2,.!?+$:-33-3!$::)+`!32#?%-!,.*+$0):*,$.!2.0!2-+$3$%!

M-.-+2*,$.E!,$.,X2*,$.!9@!2.!2+M$.!?%23#2!3$)+:-E!#233!0,3:+,#,.2*,$.E!2.0!*>-!

0-*-:*,$.!3@3*-#L!!1>-!3?-:*+2!?+$0):-0!:$.3,3*!$=!2!3-+,-3!$=!,3$*$?-!?-2K3L!!/!

:2%,9+2*,$.!:)+8-!923-0!$.!2.!,.*-+.2%!3*2.02+0!J23!)3-0!*$!:$#?)*-!U)2.*,*2*,8-!

#-23)+-#-.*3!$=!*>-!3?-:*+2!4CK$$M!2.0!'-2+@E!HOOQ6L!V.3*+)#-.*2%!0-*-:*,$.!%,#,*3!

82+@!=$+!-2:>!-%-#-.*!2.0!2+-!%,3*-0!,.!129%-!\LHL!<$.:-.*+2*,$.3!J-+-!:$++-:*-0!9@!

3)9*+2:*,.M!*>-!9%2.K!=+$#!*>-!32#?%-!82%)-L!!

!

,-.-#/-#0/!

a-.-+2%,X-0!d,3:+,#,.2.*!/.2%@3,3!4ad/6!)3,.M!<2.$.,:2%!/.2%@3,3!$=!B+,.:,?2%!

<$$+0,.2*-3!4B<D6!4</B`!/.0-+3$.!2.0!],%%,3E!QII\T!/.0-+3$.!2.0!7$9,.3$.E!QII\6!

J23!)3-0!*$!*-3*!=$+!3,M.,=,:2.*!0,==-+-.:-3!,.!?>@*$?%2.K*$.!3?-:,-3!9,$#233!,.!*>-!

=$)+!%2K-3!2.0!*$!*-3*!=$+!3,M.,=,:2.*!0,==-+-.:-3!,.!*>-!-%-#-.*2%!:$.:-.*+2*,$.3!

40-*-+#,.-0!9@!V<BA5C6!,.!*>-!=$)+!%2K-3E!2.0!=$+!+-%2*,$.3>,?3!9-*J--.!-%-#-.*2%!
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:$.:-.*+2*,$.3!2.0!?>@*$?%2.K*$.!3?-:,-3!29).02.:-!,.!*>-!=$)+!%2K-3L!/%%!</B!

2.2%@3-3!J-+-!?-+=$+#-0!)3,.M!*>-!N+2@A<)+*,3!0,3*2.:-!#2*+,Z!2.0!:2.$.,:2%!*-3*!

3*2*,3*,:3!J-+-!$9*2,.-0!8,2!?-+#)*2*,$.!*-3*3!4OOO!?-+#)*2*,$.36L!B<D!,3!2!)3-=)%!

*$$%!=$+!.$.A%,.-2+!02*2!*>2*!0$-3!.$*!233)#-!.$+#2%!0,3*+,9)*,$.L!1>-3-!

#)%*,82+,2*-!2.2%@3-3!J-+-!)3-0!*$!,0-.*,=@!K-@!82+,29%-3!,.!*>-!02*23-*3L!/!!

[+)3K2%A]2%%,3!D.-AJ2@!/.2%@3,3!$=!W2+,2.:-!4C@3*2*!HQ!=$+!],.0$J36E!52..A

]>,*.-@!GA*-3*3!J-+-!)3-0!*$!3*2*,3*,:2%%@!-82%)2*-!+-%2*,$.3>,?3!9-*J--.!%2K-3L!!

!

)5)(L&04,%0(

)5)56(:"1%8$,#2;%82('&04,%0(

1>-+-!J-+-!%$J!.)#9-+3!$=!?>@*$?%2.K*$.!3?-:,-3!$93-+8-0!2.0!:$.3,3*-.*%@!%$J!

9,$#233!=$+!2%%!%2K-3L!G3,.M!*>-!Cj+-.3-.!C,#,%2+,*@!<$-==,:,-.*E!*>-!?>@*$?%2.K*$.!

:$#?$3,*,$.3!9@!M-.-+2!J-+-!#$3*!3,#,%2+!9-*J--.!52*2.$!2.0!52>2%$.2!4ILYS6E!

=$%%$J-0!9@!52>2%$.2!2.0!B$3$!4ILYH6E!52>2%$.2!2.0!1$J)*,!4ILSY6E!52*2.$!2.0!

B$3$!4ILS\6E!1$J)*,!2.0!B$3$!4ILSI6E!2.0!*>-!%-23*!3,#,%2+!%2K-3!J-+-!52*2.$!2.0!

1$J)*,!4ILcY6L!e8-.!,.!?2,+3!$=!%2K-3!J,*>!3,#,%2+!:$#?$3,*,$.3E!9,$#233-3!2.0!

+-%2*,8-!29).02.:-3!0,==-+-0L!/!0-*2,%-0!3)##2+@!$=!*2Z2!2.0!29).02.:-3!4:-%%3&'6!

,3!%,3*-0!,.!/??-.0,Z!VE!129%-3!VAVWL!N,$#233!423!*>-!*$*2%!8$%)#-!$=!,.0,8,0)2%3!?-+!

#'6E!0,8-+3,*@E!3?-:,-3!+,:>.-33E!2.0!-8-..-33!2+-!3)##2+,X-0!,.!129%-!\LQL!5-2.!

9,$#233-3!=$+!52*2.$E!52>2%$.2E!1$J)*,E!2.0!B$3$!J-+-!HLSQ!Z!HIAQ!l!PL\O!Z!HIAH!

"M&'E!HLHb!Z!HIA\!l!bLIP!Z!HIAQ!"M&'E!OLPS!Z!HIAc!l!bL\Q!Z!HIA\!"M&'E!2.0!HLQP!Z!HIAH!

"M&'E!+-3?-:*,8-%@L!!
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!

],*>!+-3?-:*!*$!0,8-+3,*@E!*>-!)??-+!bI!#!$=!'2K-!52*2.$!:$.*2,.-0!*>-!>,M>-3*!

+2*,.M!$=!*>-!C>2..$.!d,8-+3,*@!V.0-Z!4HLbP6E!>,M>-3*!3?-:,-3!+,:>.-33!4HI6E!2.0!

%$J-3*!-8-..-33!4ILSP6!?-+!32#?%-!$=!*>-!=$)+!%2K-3L!1J-%8-!M-.-+2!J-+-!$93-+8-0!

=$+!2%%!0-?*>3!32#?%-0!4IE!bIE!HII!#6`!92:,%%2+,$?>@*-!62!3*.!2*!T!:>%$+$?>@*-3!

78.!9:;-9-4!%E!78.-2-(-((&%E!7-%9!2*&9E!0-4-2!)8*;*&9E!<-.*1..!E!,+!&2!%+2&9E!

2.0!=1+2!1;2-4T!2.0!:@2.$92:*-+,2!>.-1-(!)%!E!012*%9-)1;*!E",:41(8-(-((&%!2.0!

?4!'!14!L!'2K-!52>2%$.2!:$.*2,.-0!*>-!%$J-3*!0,8-+3,*@!4ILPY!2*!I!#6!2.0!*>-!

>,M>-3*!-8-..-33!4ILOb6!2*!\I!#!0-?*>E!23!3?-:,-3!=+$#!$.%@!\!M-.-+2!J-+-!$93-+8-0`!

78.!9:;-9-4!%E!78.-2-(-((&%E!2.0!>.-1-(!)%!L!R$+!2%%!0-?*>3E!P!M-.-+2!J-+-!

$93-+8-0!,.!52>2%$.2mS!:>%$+$?>@*-3!2.0!Q!:@2.$92:*-+,2L!1$J)*,E!*>-!%2K-!

=)+*>-3*!0$J.3*+-2#E!>20!*>-!%$J-3*!?>@*$?%2.K*$.!9,$#233E!:$.*2,.-0!*>-!%$J-3*!

3?-:,-3!+,:>.-33!4-LML!\!2*!bI!2.0!HII!#6E!2.0!>20!:$.3,3*-.*%@!>,M>!-8-..-33!4ILPY!

=$+!bIAHII!#6E!23!,.0,8,0)2%3!=+$#!$.%@!c!:>%$+$?>@*-!M-.-+2!478.!9:;-9-4!%E!

78.-2-(-((&%E!7-%9!2*&9E!2.0"=1+2!1;2-46!2.0!$.-!:@2.$92:*-+,2!M-.)3!

4>.-1-(!)%!6!J-+-!$93-+8-0L!'2K-!B$3$!>20!*>-!>,M>-3*!?>@*$?%2.K*$.!9,$#233E!$.-!

$+0-+!M+-2*-+!*>2.!52*2.$E!2.0!*>+--!$+0-+3!M+-2*-+!*>2.!1$J)*,L!C,Z!M-.-+2!J-+-!

$93-+8-0!2.0!:$.3,3*-0!$=!b!M-.-+2!$=!:>%$+$?>@*-3!2.0!$.-!M-.)3!$=!:@2.$92:*-+,2!

4=$+!=)%%!%,3*!$=!M-.-+2E!3--!/??-.0,Z!V6L!!

!

1>-+-!J23!3-?2+2*,$.!$=!*>-!*>+--!52%,%,!%2K-3!2.0!B$3$!923-0!$.!?>@*$?%2.K*$.!

:$#?$3,*,$.E!23!,%%)3*+2*-0!,.!R,M)+-!\LHL!V.!*>,3!:23-E!*>-!ZA2Z,3!4B<D!H6!-Z?%2,.-0!

YI;!$=!*>-!82+,2.:-!,.!*>-!02*23-*!2.0!J23!?$3,*,8-%@!233$:,2*-0!J,*>!*>-!?+-3-.:-!
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$=!:>%$+$?>@*-3!78.!9:;-9-4!%E!,+!&2!%+2&9E!!4;"78.-2-(-((&%!2.0!:@2.$92:*-+,2!

>.-1-(!)%!L!1>-!ZA2Z,3!J23!.-M2*,8-%@!233$:,2*-0!J,*>!*>-!:>%$+$?>@*-!=1+2!1;2-4L!

1>-!@A2Z,3!4B<D!Q6!-Z?%2,.-0!HY;!$=!*>-!82+,2.:-!2.0!J23!233$:,2*-0!J,*>!*>-!

?+-3-.:-!$=!:>%$+$?>@*-3!78.!9:;-9-4!%E!,+!&2!%+2&95"0-421!)8*;*&9E!2.0!

78.-2-(-((&%"2.0!*>-!:@2.$92:*-+,2!?4!'!14!$!e++$+!92+3!J-+-!923-0!$.!Ob;!

:$.=,0-.:-!,.*-+82%3E!9)*!23!$.%@!$.-!32#?%-!J23!282,%29%-!=+$#!'2K-!B$3$E!

:$.=,0-.:-!,.*-+82%3!:$)%0!.$*!9-!:2%:)%2*-0!=$+!*>,3!%2K-L!1>-+-!J23!%,**%-!$8-+%2?!,.!

*>-!?>@*$?%2.K*$.!233-#9%2M-!9-*J--.!52*2.$!2.0!1$J)*,!2%$.M!*>-!ZA2Z,3!2.0!.$!

$8-+%2?!2%$.M!*>-!@A2Z,3L!52*2.$!2.0!1$J)*,!>20!*>-!#$3*!0,3*,.:*!:%)3*-+,.ME!

+-#2,.,.M!3-?2+2*-0!=+$#!B$3$E!J>,%-!52>2%$.2!>20!2!9+$20!0,3*+,9)*,$.!J,*>!

$8-+%2?!,.!9$*>!ZA!2.0!@A2Z-3!=$+!2%%!%2K-3L!1$J)*,!:%)3*-+-0!*>-!=)+*>-3*!=+$#!'2K-!

B$3$L!'2K-3!52>2%$.2E!1$J)*,E!2.0!B$3$!0,0!.$*!:$.*2,.!2.@!92:,%%2+,$?>@*-3E!.$+!

*>-!:@2.$92:*-+,2!012*%9-)1;*!!$+!,:41(8-(-((&%L!1>-3-!M-.-+2!J-+-!$93-+8-0!,.!

52*2.$L!1>-!:>%$+$?>@*-!7-%9!2*&9!J23!$93-+8-0!,.!*>-!52%,%,!%2K-3E!9)*!.$*!,.!

B$3$L!B$3$!2.0!1$J)*,!0,0!.$*!:$.*2,.!*>-!:>%$+$?>@*-3!0-4-2!)8*;*&9!2.0!<-.*1..!E!

3--.!,.!52*2.$!2.0!52>2%$.2L!1>-!:>%$+$?>@*-!,+!&2!%+2&9!J23!.$*!$93-+8-0!,.!

52>2%$.2!$+!1$J)*,L!!

!

/![+)3K2%A]2%%,3!D.-AJ2@!/.2%@3,3!$=!W2+,2.:-!4C@3*2*!HQ!=$+!],.0$J36!

!*-3*!J23!)3-0!*$!3*2*,3*,:2%%@!-82%)2*-!+-%2*,$.3>,?3!9-*J--.!2%%!%2K-3!2.0!2%%!0-?*>!

32#?%-3L!1>-+-!J-+-!.$!3,M.,=,:2.*!+-%2*,$.3>,?3!9-*J--.!%2K-!2.0!?>@*$?%2.K*$.!

M-.-+2!29).02.:-T!,.!2%%!:23-3E!?!n!ILH!*$!ILYL!1>-!0,==-+-.:-3!,.!*>-!*2Z2!$=!*>-3-!

%2K-3!2+-!.$*!3*2*,3*,:2%%@!3,M.,=,:2.*E!9)*!#2@!9-!$=!9,$%$M,:2%!3,M.,=,:2.:-L!!!
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)5)59(=&/$&'#%4'&($'8<-,&0(

R,M)+-!\LQ!:$#?2+-3!*>-!*-#?-+2*)+-!$=!3)+=2:-!J2*-+3!4)??-+!HII!#!=$+!52*2.$E!

1$J)*,E!2.0!B$3$!2.0!)??-+!\I!#!=$+!52>2%$.26!$=!*>-!=$)+!%2K-3L!d)+,.M!52@&o).-!

QIISE!'2K-!52*2.$f3!28-+2M-!*-#?-+2*)+-!J23!QS!p<L!V*!J23!QO!p<!,.!*>-!-?,%,#.,$.!

4)??-+!HII!#6E!QO!*$!QYLb!p<!,.!*>-!*>-+#$:%,.-!4cIASI!#6!2.0!QYLb!*$!QY!p<!,.!*>-!

>@?$%,#.,$.L!!'2K-!52>2%$.2!>20!*>-!>,M>-3*!3)+=2:-!J2*-+!*-#?-+2*)+-!$=!*>-!=$)+!

%2K-3!2*!\ILb!*$!QOLb!p<!,.!*>-!-?,%,#.,$.!4)??-+!QI!#6E!0-:+-23,.M!*$!QOLb!*$!QYLb!p<!

,.!*>-!*>-+#$:%,.-!4QIA\b!#6!2.0!QYLb!p<!,.!*>-!>@?$%,#.,$.L!'2K-!1$J)*,!J23!

.-2+%@!\I!*$!QOLb!p<!,.!*>-!-?,%,#.,$.!4)??-+!cI!#6E!QOLb!*$!QPLb!p<!,.!*>-!

*>-+#$:%,.-!4cIASI!#6!2.0!QPLb!p<!,.!*>-!>@?$%,#.,$.L!'2K-!B$3$f3!-?,%,#.,$.!

4)??-+!QI!#6!J23!QO!*$!QYLb!p<E!QY!*$!QSLb!p<!,.!*>-!*>-+#$:%,.-!4QIAbI!#6!2.0!QSLb!

p<!,.!*>-!>@?$%,#.,$.L!1>-!-?,%,#.,$.!,3!*>-!*>$+$)M>%@!#,Z-0E!).,=$+#!*-#?-+2*)+-!

+-M,$.!,.!*>-!)??-+#$3*!J2*-+3L!V*!,3!>,M>%@!,++20,2*-0E!J,.0A3*,++-0E!2.0!J>-+-!

?+,#2+@!?+$0):*,8,*@!?+-82,%3!4<$%-E!HOP\6L!/::$+0,.M!*$!*-#?-+2*)+-A0-.3,*@!

+-%2*,$.3>,?3!$=!?)+-!J2*-+!2*!$.-!2*#$3?>-+-!2.0!J,*>!0-.3,*@!HLI!2*!c!p<E!0-.3,*@!

,.:+-23-3!2+-!M+-2*-3*!9-*J--.!>,M>-+!*-#?-+2*)+-3!4<$%-E!HOP\6L!d-.3,*@!:>2.M-!

9-*J--.!*>-!-?,%,#.,$.!2.0!*>-!>@?$%,#.,$.!J23!*>-!M+-2*-3*!=$+!%2K-!52>2%$.2`!

=+$#!\ILb!*$!QYLb!p<!*>-!0-.3,*@!0-:+-23-0!9@!PLP!Z!HIAc!M&:#\L!!R$+!B$3$E!J,*>!2!

*-#?-+2*)+-!:>2.M-!$=!QO!*$!QSLb!p<E!*>-!0-.3,*@!0-:+-23-0!9@!YLH!Z!HIAc!M&:#\L!R$+!

52*2.$E!J,*>!2!*-#?-+2*)+-!:>2.M-!$=!QO!*$!QY!p<E!*>-!0-.3,*@!0-:+-23-0!9@!bLY!Z!!

HIAc!M&:#\!2.0!=$+!1$J)*,E!J,*>!2!*-#?-+2*)+-!:>2.M-!$=!\I!*$!QPLb!p<E!*>-!0-.3,*@!

0-:+-23-0!9@!cLc!Z!HIAc!M&:#\L!/!3#2%%-+!0-.3,*@!:>2.M-!9-*J--.!%2@-+3!+-U),+-3!%-33!

-.-+M@!*$!#,Z!*>-3-!J2*-+3E!#-2.,.M!52*2.$!4#,Z,.M!0-?*>!$=!cI!#6!>23!*>-!

?$*-.*,2%!*$!#,Z!#$+-!=+-U)-.*%@!*>2.!B$3$!4#,Z,.M!0-?*>!$=!QI!#6L!eZ*-.3,8-!
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8-+*,:2%!#,Z,.M!:$.*,.)$)3%@!#$8-3!?>@*$?%2.K*$.!$)*!$=!*>-!-)?>$*,:!X$.-!4F2==.-+!

-*!2%LE!QIIH6E!2.0!:$.*+,9)*-3!*$!52*2.$!>28,.M!%$J-+!?>@*$?%2.K*$.!9,$#233!*>2.!

%2K-!B$3$L!!

)5)5)(?-008,@&3(8B1C&2(#23($"8%8012%"&%-.($'8<-,&0(

R,M)+-!\L\!,%%)3*+2*-3!*>2*!*>-!52%,%,!'2K-3!>20!:$#?2+29%-!0,33$%8-0!$Z@M-.!

:$.:-.*+2*,$.3!$=!YLP!#M&'!2*!*>-!3)+=2:-E!2.0!0-:+-23-0!J,*>!0-?*>L!52*2.$!2.0!

1$J)*,f3!:$.:-.*+2*,$.3!+-#2,.-0!:$.3,3*-.*!=$+!*>-!)??-+!cI!#L!/*!HII!#E!1$J)*,f3!

$Z@M-.!J23!cLQ!#M&'!J>-+-23!52*2.$f3!$Z@M-.!J23!ILQ!#M&'L!!52>2%$.2f3!$Z@M-.!

:$.:-.*+2*,$.!0-:+-23-0!*$!HLO!#M&'!.-2+!*>-!9$**$#E!SI!#!0-?*>L!!d,33$%8-0!

$Z@M-.!,.!'2K-!B$3$!3)+=2:-!J2*-+3!J23!>,M>-+!*>2.!*>2*!$=!*>-!52%,%,!'2K-3E!J,*>!2!

?-2K!$=!HH!#M&'E!0-:+-23,.M!*$!YLP!#M&'!2*!cI!#!0-?*>!2.0!QLb!#M&'!2*!HII!#!

0-?*>L!!R,M)+-!\Lc!3>$J3!*>-!?+$=,%-!$=!$Z@M-.!32*)+2*,$.!,.!*>-!)??-+!J2*-+3!$=!%2K-3!

52*2.$!2.0!B$3$L!DZ@M-.E!2!?+$0):*!$=!?>$*$3@.*>-3,3E!,3!,.0,:2*,8-!$=!?+,#2+@!

?+$0):*,$.!,.!*>,3!%2@-+L!1>-!3)+=2:-!J2*-+3!4IAHI!#6!$=!'2K-!B$3$!J-+-!

3)?-+32*)+2*-0E!,.0,:2*,8-!$=!>,M>!+2*-3!$=!?+,#2+@!?+$0):*,$.E!3)MM-3*,.M!>,M>!+2*-3!

$=!:2+9$.!*)+.$8-+!,.!*>,3!J2*-+!:$%)#.L!!

(

)5)5H(!8234.%-@-%1($'8<-,&0(

1>-!3)+=2:-!J2*-+3f!:$.0):*,8,*@!,.!*>-!=$)+!%2K-3!J23!J,*>,.!2!*@?,:2%!+2.M-!=$+!

=+-3>J2*-+!%2K-3E!+2.M,.M!9-*J--.!HIIAQII!"C&:#!4DfC)%%,82.!2.0!7-@.$%03E!QIIc6L!

R,M)+-!\Lb!,%%)3*+2*-3!*>2*!'2K-!B$3$!>20!*>-!%$J-3*!:$.0):*,8,*@E!+2.M,.M!=+$#!HHcA

HQc!"C&:#!*>+$)M>$)*!,*3!)??-+!HII!#!2.0!3)MM-3*3!*>2*!*>-!%2K-!+-:-,8-3!#$+-!

+).$==E!J>,:>!3-+8-3!*$!0,%)*-!*>-!,$.,:!:$.:-.*+2*,$.L!1$J)*,!>20!*>-!.-Z*!%$J-3*!2*!

HcbAHcS!"C&:#E!=$%%$J-0!9@!52>2%$.2!2*!HYcAHPI!"C&:#L!52*2.$E!+-=%-:*,.M!>,M>!
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M+$).0J2*-+!,.?)*3E!>20!*>-!>,M>-3*!:$.0):*,8,*@!$=!*>-!=$)+!%2K-3!2*!HPHAHPO!

"C&:#L!1>-!7,8-+!<$.*,.))#!>@?$*>-3,3E!=,+3*!?+$?$3-0!9@!W2..$*-!,.!HOPIE!,3!2!

#$0-%!=$+!:%233,=@,.M!2.0!0-3:+,9,.M!=%$J,.M!J2*-+E!2.0!+-%2*-3!:>2.M-3!,.!%$*,:!

:$##).,*,-3!*$!*>-!0$J.3*+-2#!M+20,-.*!$=!29,$*,:!=2:*$+3!=+$#!*>-!>-20J2*-+3!*$!

*>-!#$)*>!4a$+0$.!-*!2%LE!QIIc6L!V.!*>-!*,#-!J2*-+!*+28-%3!=+$#!*>-!>-20J2*-+!2.0!

=%$J3!0$J.!*>-!+,8-+E!,*!>23!g2M-0f!=+$#!*>-!-==-:*3!$=!3)::-33,8-!?>@3,:2%!2.0!

:>-#,:2%!=2:*$+3!4<$%-E!HOP\6L!R$+!-Z2#?%-E!0,33$%8-0!$+M2.,:!#2*-+,2%!,3!#$+-!

>$#$M-.$)3!0$J.3*+-2#!*>2.!)?3*+-2#L!1>,3!>@?$*>-3,3!?+-0,:*3!%-8-%3!$=!

0,33$%8-0!2.0!3)3?-.0-0!3$%,03!2.0!:$.0):*,8,*@E!=$+!-Z2#?%-E!J,%%!,.:+-23-!

0$J.3*+-2#L!V.!*>-!52%,%,!'2K-3!3@3*-#E!*>-!:$.0):*,8,*@!J23!*>-!>,M>-3*!,.!*>-!

>-20J2*-+E!'2K-!52*2.$E!2.0!0-:+-23-0!,.!*>-!0$J.3*+-2#!%2K-3L!1>,3!3)MM-3*3!*>2*!

J2*-+!,3!-.*-+,.M!*>-3-!%2K-3!=+$#!0,==-+-.*!3$)+:-3E!23!*+,9)*2+,-3!2.0!

,#?$).0#-.*3E!=$+!-Z2#?%-E!:2.!,.*-++)?*!*>-!>@?$*>-*,:2%!:%,.-!$=!*>-!+,8-+!

:$.*,.))#!4<$%-E!HOP\6L!1>,3!>,M>!:$.0):*,8,*@!,.!*>-!>-20J2*-+!%2K-!3)MM-3*3!

).0-+M+$).0!J2*-+!,.?)*3!2+-!2.!,#?$+*2.*!?2+*!$=!*>-!J2*-+!9)0M-*!$=!'2K-!

52*2.$E!2.0!#2@!?%2@!2!#2^$+!+$%-!,.!0-*-+#,.,.M!*>-!J2*-+!:>-#,3*+@!$=!*>-!%2K-!

43--!3-:*,$.!\L\LP6L!!

!

)5)5J($D($'8<-,&0(

?F!,3!2!3,M.,=,:2.*!?2+2#-*-+!,.!:>2+2:*-+,X,.M!J2*-+!U)2%,*@!4]-*X-%E!QIIH6L!/3!3--.!

,.!R,M)+-!\LSE!'2K-!52>2%$.2!>20!*>-!%$J-3*!3)+=2:-!J2*-+!?F!2*!YLO!=$+!*>-!)??-+!\b!

#!2.0!0-:%,.-0!*$!YLS!2*!bb!#L!1$J)*,!>20!*>-!.-Z*!%$J-3*!3)+=2:-!?F!2*!PLQ!=$+!*>-!

)??-+!bb!#!$=!*>-!%2K-L!V*!0-:+-23-0!*$!YLP!2*!HII!#L!'2K-!B$3$!>20!2!3)+=2:-!?F!$=!
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PL\E!0-:+-23,.M!*$!YLP!2*!\b!#E!2.0!+-2:>,.M!YLH!2*!HII!#L!'2K-!52*2.$!>20!*>-!

>,M>-3*!3)+=2:-!?F!$=!PLb!=$+!*>-!)??-+!Qb!#E!0-:+-23,.M!*$!YL\!2*!HII!#L!1>,3!+2.M-!

$=!?F!82%)-3!,3!:$.3,0-+-0!*@?,:2%!=$+!=+-3>J2*-+!*+$?,:2%!%2K-3!4<$%-E!HOP\6L!!

!

)5)5M(E&.."-(3&$%"0(

C-::>,!0-?*>3!=$+!*>-!%2K-3!J-+-!QH!#!=$+!52*2.$E!HH!#!=$+!52>2%$.2E!QS!#!=$+!

1$J)*,E!2.0!OLb!#!=$+!B$3$L!1>,3!,.0,:2*-3!-)?>$*,:!X$.-3!$=!cQE!QQE!bQE!2.0!HO!#!=$+!

-2:>!%2K-E!+-3?-:*,8-%@L!1>-!+2*,$!$=!*>-!-)?>$*,:!0-?*>E!_-)!4*J,:-!*>-!C-::>,!0-?*>6E!

*$!*>-!#,Z,.M!0-?*>E!_#!4-?,%,#.,$.6E!:2.!9-!2.!,#?$+*2.*!:$.*+$%%,.M!=2:*$+!=$+!%2K-!

?+$0):*,8,*@!412%%,.ME!HOYH6L!/3!3$%2+!+20,2*,$.!?233-3!0$J.J2+0!=+$#!*>-!3)+=2:-!$=!

2!%2K-E!J,.0!#,Z,.M!$=!*>-!)??-+!%2@-+3!$=!J2*-+!0,3*+,9)*-3!0$J.J2+0!*>-!>-2*!*>2*!

,3!293$+9-0!,.!*>-!3)+=2:-!3*+2*2E!3):>!*>2*!0-.3-!:$%0-+!J2*-+!%,-3!9-.-2*>!%,M>*-+!

J2+#!%2@-+3L!1>-3-!+-M,$.3!2+-!,0-.*,=,-0!,.!*>-!*-#?-+2*)+-!?+$=,%-3!$=!*>-!%2K-3!

4R,M)+-!\LQ6L!1>-!-?,%,#.,$.3!2+-!2??+$Z,#2*-%@!HII!#E!QI!#E!cI!#E!2.0!QI!#!=$+!

52*2.$E!52>2%$.2E!1$J)*,E!2.0!B$3$E!+-3?-:*,8-%@L!!_-)!`!_#!,3!cQ;!=$+!52*2.$E!Ob;!

=$+!52>2%$.2E!YY;!=$+!1$J)*,E!2.0!Ob;!=$+!B$3$L!F,M>-+!+2*,$3E!*>2*!,3E!#$+-!%,M>*!

+-%2*,8-!*$!*>-!8$%)#-!$=!J2*-+!4,.:+-23-0!J,*>!2!M+-2*-+!#,Z,.M!0-?*>6E!:2.!3)??$+*!

#$+-!?>$*$3@.*>-*,:!2:*,8,*@!412%%,.ME!HOYHT!<$%-E!HOP\6L!!

!

)5)5N(I4%'-&2%(#@#-,#O-,-%1(

()*+,-.*!02*2!=$+!*>-!%2K-3!4129%-!\L\6!,.0,:2*-0!9$*>!.,*+$M-.!2.0!?>$3?>$+)3!J-+-!

%$J!,.!2%%!=$)+!%2K-3L!!R$+!*>-!)??-+!HII!#!$=!'2K-!52*2.$E!.,*+$M-.!23!(F\!+2.M-0!

=+$#!ILQO!l!ILHQ!*$!ILYH!l!IL\b!"#$%&'E!2.0!23!(D\&(DQ!=+$#!ILIc!l!ILIQ!*$!ILPH!l!
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ILSS!"#$%&'L!B>$3?>$+)3!23!C7B!+2.M-0!=+$#!ILH\!l!ILI\!*$!ILcP!l!ILcQ!"#$%&'!2.0!

23!1B!=+$#!ILH\!l!ILI\!*$!IL\Q!l!ILHS!"#$%&'L!R$+!'2K-!52>2%$.2E!.,*+$M-.!23!(F\!

J23!:$.3,3*-.*%@!ILHP!"#$%&'E!2.0!23!(D\&(DQ!+2.M-0!=+$#!ILHP!*$!bLQO!"#$%&'L!

B>$3?>$+)3!23!C7B!J23!ILIS!"#$%&'E!2.0!23!1B!+2.M-0!=+$#!ILHS!*$!ILHO!"#$%&'L!

R$+!*>-!)??-+!HII!#!$=!'2K-!1$J)*,E!.,*+$M-.!23!(F\!+2.M-0!=+$#!ILHP!*$!HLSb!

"#$%&'E!2.0!23!(D\&(DQ!+2.M-0!=+$#!ILIS!*$!ILPb!"#$%&'L!1$J)*,f3!:$.:-.*+2*,$.!$=!

?>$3?>$+)3!23!C7B!+2.M-0!=+$#!ILH\!*$!ILHI!"#$%&'!2.0!23!1B!+2.M-0!=+$#!ILHS!*$!

ILHO!"#$%&'L!R$+!*>-!)??-+!HII!#!$=!'2K-!B$3$E!*>-+-!,3!:)++-.*%@!.$!.,*+$M-.!02*2L!

B$3$f3!?>$3?>$+)3!:$.:-.*+2*,$.!23!1B!+2.M-0!=+$#!ILHO!*$!ILPY!"#$%&'L!G3,.M!?2,+A

J,3-!:$#?2+,3$.3E!*>-+-!J23!2!3,M.,=,:2.*!0,==-+-.:-!,.!(F\!9-*J--.!52*2.$!2.0!

52>2%$.2!4?!n!ILIHbE!52..A]>,*.-@!G!1-3*!C*2*,3*,:!4X6!n!QHLI6L!1>-+-!J23!2!*+-.0!$=!

,.:+-23,.M!(F\!J,*>!0-?*>!4IAcII!#6!=$+!'2K-!52*2.$E!,.:+-23,.M!=+$#!ILQO!l!ILHQ!

"#$%&'!2*!I!#!*$!SOLSb!l!QYLSc!"#$%&'!2*!cII!#L!(D\&(DQ!2.0!C7B!J-+-!.$*!

3,M.,=,:2.*%@!0,==-+-.*!2#$.M!*>-!%2K-3!4?!n!IL\E!X!n!\LI6L!1B!:$.:-.*+2*,$.3!J-+-!*>-!

32#-!,.!52>2%$.2!2.0!1$J)*,E!2.0!.$*!3,M.,=,:2.*%@!0,==-+-.*!=+$#!52*2.$!$+!B$3$!

4?!n!IL\E!X!n!HSLQ6L!B!:$.:-.*+2*,$.3!J-+-!2%3$!#-23)+-0!,.!*>-!V<BA5C!2.2%@3,3!2.0!

2+-!?+-3-.*-0!,.!3-:*,$.!\L\LP!9-%$JL!

!

)5)5P(+#Q8'(R#%&'(.8,4/2(."&/-0%'1(

1>-!02*2!3-*3!:$%%-:*-0!,.!*>,3!2.2%@3,3!2+-!3)##2+,X-0!,.!129%-!\LcL!<2.$.,:2%!

/.2%@3,3!$=!B+,.:,?2%!<$$+0,.2*-3!4B<D6!923-0!$.!V<BA5C!-%-#-.*2%!:$.:-.*+2*,$.3!

=+$#!0-?*>!32#?%,.M!$=!*>-!=$)+!%2K-3!,3!,%%)3*+2*-0!,.!R,M)+-!\LYL!],*>!-++$+!92+3!

:2%:)%2*-0!2*!2!Ob;!:$.=,0-.:-!,.*-+82%E!*>-+-!,3!$8-+%2?!9-*J--.!52*2.$!2.0!
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52>2%$.2E!#-2.,.M!*>-3-!%2K-3!2+-!.$*!3,M.,=,:2.*%@!0,==-+-.*!J,*>!+-3?-:*!*$!*>-!

-%-#-.*3!2.2%@X-0E!2.0!:$.3,0-+,.M!*>-!3*+$.M!208-:*,8-!=%$J!=+$#!52*2.$!*$!

52>2%$.2E!*>,3!3,#,%2+,*@!,.!J2*-+!:>-#,3*+@!J$)%0!9-!?+-0,:*-0L!1$J)*,!2.0!B$3$!

2+-!3,M.,=,:2.*%@!0,==-+-.*!=+$#!$.-!2.$*>-+E!2.0!=+$#!52*2.$&52>2%$.2L!!B<D!H!4ZA

2Z,36!2::$).*-0!=$+!YY;!$=!*>-!82+,2.:-!,.!*>-!02*23-*L!V*!J23!.-M2*,8-%@!:$++-%2*-0!

J,*>![!2.0!5$E!2.0!?$3,*,8-%@!:$++-%2*-0!J,*>!<+L!B<D!Q!4@A2Z,36!2::$).*-0!=$+!HY;!

$=!*>-!82+,2.:-!,.!*>-!02*23-*!2.0!J23!.-M2*,8-%@!233$:,2*-0!J,*>!(2!2.0!BE!

!

/%%!-%-#-.*3!2.2%@X-0!8,2!V<BA5C!=$+!*>-!=$)+!%2K-3!J-+-!*-3*-0!=$+!3,M.,=,:2.*!4?!h!

ILIb6!+-%2*,$.3>,?3!9-*J--.!:$.:-.*+2*,$.3!,.!*>-!)??-+!J2*-+3!4HII!#!=$+!5/1E!

1D]E!BDCD!2.0!\I!#!=$+!5/F6!)3,.M![+)3K2%A]2%%,3!D.-AJ2@!/.2%@3,3!$=!W2+,2.:-!

4C@3*2*!HQ!=$+!],.0$J36L!R$+!-%-#-.*3!J,*>!3,M.,=,:2.*!0,==-+-.:-3E!?2,+J,3-!

:$#?2+,3$.3!J-+-!?-+=$+#-0!)3,.M!*>-!52..A]>,*.-@!GA*-3*L!1>-!3,M.,=,:2.*!

?2,+J,3-!:$#?2+,3$.3E!23!J-%%!23!*>-!#-2.!:$.:-.*+2*,$.3!=$+!-2:>!%2K-!2+-!%,3*-0!,.!

129%-!\LbL!1>-!-%-#-.*3!J,*>!3,M.,=,:2.*%@!0,==-+-.*!:$.:-.*+2*,$.3!9-*J--.!%2K-3!

J-+-!(2E!BE![E!<+E!R-E!_.E!(,E!2.0!5$L!!

!

(2!:$.:-.*+2*,$.3!=$+!*>-!=$)+!%2K-3!+2.M-0!=+$#!QLY!Z!HIH!l!PLS!Z!HIAH!"#$%&'!=$+!

1$J)*,!2.0!bL\!Z!HIH!l!bLQ!"#$%&'!=$+!52*2.$L!1>-!=$)+!%2K-3!2+-!,.!2!8-+@!3,#,%2+!

+2.M-E!2.0!:$.3,0-+,.M!*>2*!3$#-!?>@*$?%2.K*$.!+-U),+-!(2!2*!QbS!"#$%&'!4F-2%-@E!

HOY\6E!,*!,3!?$33,9%-!*>2*!*>,3!.)*+,-.*!,3!%,#,*,.M!,.!2%%!=$)+!%2K-3L!!

!

1>-!:$.:-.*+2*,$.!$=!B!,.!'2K-!B$3$!4SL\!Z!HIAQ!l!PLY!Z!HIA\!"#$%&'6!J23!*J$!$+0-+3!
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%$J-+!*>2.!,.!'2K-!52*2.$!4\LP!l!PLP!Z!HIAH!"#$%&'6T!<>2?*-+!Q!3>$J-0!*>2*!*>-!

?>@*$?%2.K*$.!,.!52*2.$!2+-!.$*!%,#,*-0!9@!BE!2.0!*>,3!=)+*>-+!3)??$+*3!*>2*!

:$.:%)3,$.E!23!B$3$!3)??$+*3!2!>,M>-+!?>@*$?%2.K*$.!9,$#233!*>2.!52*2.$L!!

!

[!:$.:-.*+2*,$.3!J-+-!3*2*,3*,:2%%@!3,M.,=,:2.*!9-*J--.!*>-!%2K-3L!B$3$f3!

:$.:-.*+2*,$.!4HLc!Z!HIH!l!HLI!Z!HIAH!"#$%&'6!J23!$.-!$+0-+!>,M>-+!*>2.!,.!*>-!52%,%,!

%2K-3!4\LP!l!HLY!Z!HIAH!"#$%&'!=$+!52*2.$E!\LY!l!SLS!Z!HIAQ!"#$%&'!=$+!52>2%$.2E!QLO!l!

cLQ!Z!HIAQ!"#$%&'!=$+!1$J)*,6E!2.0!3*,%%!$.-!$+0-+!%$J-+!*>2.!*>2*!+-U),+-0!9@!3$#-!

?>@*$?%2.K*$.!4ccQLb!"#$%&'T!F-2%-@E!HOY\6L!V*!,3!?$33,9%-!*>2*!*>,3!#2:+$.)*+,-.*!,3!

%,#,*,.M!,.!2%%!=$)+!%2K-3L!!

!

1>-!:>-#,:2%!3?-:,2*,$.!$=!<+!:2..$*!9-!23:-+*2,.-0!=+$#!V<BA5C!2.2%@3,3E!9)*!

>-Z282%-.*!<+!4VW6!,3!*>-!0$#,.2.*!=$+#!,.!.2*)+2%!J2*-+3!4<+2.3*$.!2.0!5)++2@E!

HOYPT!7,-0-%E!HOPc6!2.0!,*!,3!*>-!3$%)9%-!32%*3!$=!<+!4VW6!*>2*!:2.!,.0):-!2!*$Z,:!

+-3?$.3-!4B2J%,3X!-*!2%LE!HOOY6L!F,M>!:$.:-.*+2*,$.3!$=!<+!2+-!*$Z,:E!2.0!+-0):*,$.3!,.!

2%M2%!M+$J*>!:2.!$::)+!,=!:$.:-.*+2*,$.3!-Z:--0!HLQ!Z!HIAH!"#$%&'T!J2*-+!M),0-%,.-3!

+2.M-!=+$#!HLO!Z!HIAQ!*$!\LQ!"#$%&'!4B2J%,3X!-*!2%LE!HOOY6L!1>-!+2.M-3!#-23)+-0!,.!

*>-3-!%2K-3!4HLI!Z!HIAH!l!HLH!Z!HIAQ!"#$%&'!=$+!52*2.$E!HLI!Z!HIAH!l!cL\!Z!HIA\!"#$%&'!

=$+!52>2%$.2E!PLO!Z!HIAQ!l!bLY!Z!HIA\!"#$%&'!=$+!1$J)*,E!QL\!Z!HIAQ!l!QL\!Z!HIA\!"#$%&'!

=$+!B$3$6!#2@!?$3-!*$Z,:!3*+-33!$.!*>-!?>@*$?%2.K*$.L!!

!

1>-!+2.M-!$=!R-!:$.:-.*+2*,$.3!,.!*>-!52%,%,!%2K-3!4HL\!Z!HIAH!l!HLb!Z!HIA\!"#$%&'!=$+!

1$J)*,!*$!cLO!Z!HIAH!l!HLP!Z!HIAQ!"#$%&'!=$+!52*2.$6E!J>-.!:$#?2+-0!*$!
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:$.:-.*+2*,$.3!+-U),+-0!9@!2%M2-!4HIbLY!"#$%&'T!F-2%-@E!HOY\6E!2??-2+!%,#,*,.ML!

F$J-8-+E!*>-!M-$%$M,:2%!3-**,.M!$=!*>-3-!%2K-3E!*>2*!,3E!*>-!J-%%AJ-2*>-+-0!%2*-+,*,:!

3$,%3!*>2*!3)++$).03!*>-#!,.?)*3!%2+M-!U)2.*,*,-3!$=!R-!,.*$!*>,3!3@3*-#!4-LML!QLc!Z!HIH!

"#$%&'!2*!QII!#!,.!'2K-!52*2.$6L!R-!,3!.$*!3*2*,3*,:2%%@!0,==-+-.*!9-*J--.!*>-!52%,%,!

%2K-3!2.0!'2K-!B$3$!4-LML!?!n!ILIYY!=$+!?2,+J,3-!:$#?2+,3$.!$=!B$3$!2.0!1$J)*,6E!

2.0!2#$.M!*>-!52%,%,!%2K-3!*>,3!0,==-+-.:-!,3!.$*!9,$%$M,:2%%@!3,M.,=,:2.*L!R-!,3!

29).02.*!,.!*>,3!3@3*-#!2.0!,3!.$*!2!%,#,*,.M!.)*+,-.*L!!!

!

(,!,3!.$*!+-U),+-0!9@!?>@*$?%2.K*$.!2.0!*>-!:$.:-.*+2*,$.3!,.!*>-3-!%2K-3!2+-!%$J!

4cLQ!Z!HIAQ!l!OLb!Z!HIAc!"#$%&'!=$+!1$J)*,!*$!cL\!Z!HIAQ!l!SLO!Z!HIA\!"#$%&'!=$+!

52*2.$6!2.0!.$*!9,$%$M,:2%%@!+-3*+,:*,8-L!!

!

1>-!:$.:-.*+2*,$.!$=!_.!J23!3*2*,3*,:2%%@!0,==-+-.*!4?!n!ILIIHE!ILIIb6!9-*J--.!

52*2.$!4HLH!Z!HIAH!l!QLc!Z!HIAQ!"#$%&'6!2.0!52>2%$.2!4QLP!Z!HIAQ!l!HLY!Z!HIA\!

"#$%&'6E!2.0!52*2.$!2.0!1$J)*,!4QLb!Z!HIAQ!l!HLH!Z!HIA\!"#$%&'6E!9)*!.$*!9-*J--.!

52*2.$!2.0!B$3$!4QLO!Z!HIAQ!l!QLI!Z!HIAc!"#$%&'T!?!n!ILPSS6L!1>-3-!+-%2*,$.3>,?3!0$!

.$*!3)??$+*!*>-!*+-.0!,.!9,$#233!02*2!=$+!*>-3-!%2K-3E!*>)3!_.!,3!.$*!?-+:-,8-0!*$!9-!

2!%,#,*,.M!.)*+,-.*L!V.!200,*,$.E!_.!,3!+2+-%@!,.!3>$+*!3)??%@!23!+2,.!:2++,-3!=+$#!\LP!*$!

HP\!"#$%&'!4<$%-E!HOP\6L!!

!

5$!:$.:-.*+2*,$.3!J-+-!3*2*,3*,:2%%@!3,M.,=,:2.*!9-*J--.!52*2.$!2.0!1$J)*,!4?!n!

ILIQQ6E!52*2.$!2.0!B$3$!4?!n!ILIcO6E!52>2%$.2!2.0!1$J)*,!4?!n!ILIQQ6E!52>2%$.2!

2.0!B$3$!4?!n!ILI\Y6E!2.0!1$J)*,!2.0!B$3$!4?!n!ILIQP6E!9)*!.$*!9-*J--.!52*2.$!2.0!



 76!

52>2%$.2!4?!n!ILYPP6L!/::$+0,.M!*$!F-2%-@!4HOY\6E!?>@*$?%2.K*$.!+-U),+-!5$!2*!2!

#-2.!:$.:-.*+2*,$.!$=!PLI!Z!HIA\!"#$%&'L!1>-!:$.:-.*+2*,$.3!$=!5$!,.!*>-!%2K-3!J-+-!

$.-!*$!*J$!$+0-+3!$=!#2M.,*)0-!%$J-+!*>2.!*>,3!:$.:-.*+2*,$.!4bLI!Z!HIAc!l!\L\!Z!HIAb!

"#$%&'!,.!52*2.$E!cLI!Z!HIAc!l!I!"#$%&'!,.!52>2%$.2E!QLY!Z!HIAc!l!HLO!Z!HIAb!"#$%&'!

,.!1$J)*,E!PLb!Z!HIAc!l!\Lb!Z!HIAb!"#$%&'!,.!B$3$6!2.0!,*!,3!8-+@!%,K-%@!*>2*!5$!,3!

%,#,*,.M!,.!2%%!=$)+!%2K-3L!!

!

<2.$.,:2%!<$++-%2*,$.!/.2%@3,3E!)3-0!*$!*-3*!=$+!+-%2*,$.3>,?3!9-*J--.!-%-#-.*2%!

:$.:-.*+2*,$.3!2.0!?>@*$?%2.K*$.!3?-:,-3!29).02.:-!4R,M)+-!\LP6E!:$#9,.-0!*>-!

?>@*$?%2.K*$.!02*2!J,*>!*>-!V<BA5C!02*2!:$%%-:*-0!2*!*>-!32#-!0-?*>3!452*2.$!IE!

bIE!HII!#T!52>2%$.2!IE!\IE!SI!#T!1$J)*,!IE!bIE!HII!#T!B$3$!I!#6L!1>,3!2.2%@3,3!

3>$J-0!3,M.,=,:2.*!+-%2*,$.3>,?3!4?!h!ILIb6!9-*J--.!*>-!?>@*$?%2.K*$.!:$#?$3,*,$.!

2.0!-%-#-.*2%!:$.:-.*+2*,$.3L!1>-!3*+$.M-3*!+-%2*,$.3>,?3!-Z,3*-0!,.!'2K-!52*2.$!

4%-=*!U)20+2.*E!923-0!$.!%2K-!:%)3*-+3!=+$#!V<BA5C!?%$*E!R,M)+-!\LH6!J,*>!<)!=$+!

=1+2!1;2-4E!J,*>!_.!2.0!B!=$+!<-.*1..!E!2.0!J,*>!5$!=$+!012*%9-)1;*!L!V.!'2K-!B$3$!

4+,M>*!U)20+2.*6E![!,3!?$3,*,8-%@!233$:,2*-0!J,*>!*>-!?+-3-.:-!$=!78.!9:;-9-4!%!2.0!

,+!&2!%+2&9L!

!

)5H(?-0.400-82(

1>-+-!,3!-8,0-.:-!*$!3)??$+*!*>-!>@?$*>-3,3!*>2*!%2K-3!J,*>!3,#,%2+!?>@3,:2%!2.0!

:>-#,:2%!:$.0,*,$.3!J,%%!3)??$+*!3,#,%2+!?>@*$?%2.K*$.!233-#9%2M-3E!J,*>!+-3?-:*!*$!

9,$#233!2.0!:$#?$3,*,$.L!V.!*>-!:23-!$=!52*2.$!2.0!52>2%$.2E!*>-!)3-!$=!*>-!

Cj+-.3-.!C,#,%2+,*@!<$-==,:,-.*!=$+!?2,+J,3-!:$#?2+,3$.3!$=!*>-!%2K-3f!?>@*$?%2.K*$.!
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:$#?$3,*,$.3!0-#$.3*+2*-0!*>2*!*>-@!J-+-!*>-!#$3*!3,#,%2+!4ILYS6E!2.0!

?>@*$?%2.K*$.!:$).*3!3>$J-0!*>-!#$3*!3,#,%2+!9,$#233-3!9-*J--.!*>-3-!*J$!%2K-3!

4HLSQ!Z!HIAQ!l!PL\O!Z!HIAH!"M&'!=$+!52*2.$E!HLHb!Z!HIA\!l!bLIP!Z!HIAQ!"M&'!=$+!

52>2%$.26L!V.!200,*,$.E!*>-3-!*J$!%2K-3!3>$J-0!.$!3*2*,3*,:2%%@!3,M.,=,:2.*!0,==-+-.:-!

4?!q!ILIb6!,.!*>-!B<D!:$.3*+):*-0!=+$#!*>-!%2K-3f!-%-#-.*2%!02*2L!1>-+-!,3!3*+$.M!

208-:*,8-!=%$J!9-*J--.!*>-3-!*J$!%2K-3E!2.0!,*!,3!2??2+-.*!*>2*!*>-@!3>2+-!3,#,%2+!

2U)2*,:!-.8,+$.#-.*3!2.0!3)??$+*!3,#,%2+!?>@*$?%2.K*$.!233-#9%2M-3E!*>)3!=2:*$+3!

+-M)%2*,.M!*>-!:$#?$3,*,$.!2.0!29).02.:-!,.!52*2.$!2+-!%,K-%@!>28,.M!*>-!32#-!

-==-:*3!,.!52>2%$.2L!!

!

1>-+-!J-+-!.$!3*2*,3*,:2%%@!3,M.,=,:2.*!0,==-+-.:-3!4?!q!ILIb6!2#$.M!*>-!

?>@*$?%2.K*$.!:$#?$3,*,$.3!$=!%2K-3!52*2.$E!52>2%$.2E!1$J)*,E!$+!B$3$L!/%%!%2K-3!

:$.*2,.-0!2!?+-82%-.:-!$=!:>%$+$?>@*-3!78.!9:;-9-4!%E!78.-2-(-((&%E!2.0!

>.-1-(!)%!5"J,*>!78.-2-(-((&%!9-,.M!*>-!#$3*!0$#,.2.*!M-.)3!J,*>!+-3?-:*!*$!

9,$#233!4-LML!QLc!Z!HIA\!"M&'!,.!52*2.$6L!'2K-!52*2.$!:$.*2,.-0!*>-!>,M>-3*!

0,8-+3,*@!4HLbPE!C>2..$.f3!d,8-+3,*@6!2.0!3?-:,-3!+,:>.-33!4HQ!M-.-+26!,.!*>-3-!

32#?%-3E!@-*!#):>!%$J-+!9,$#233!*>2.!%2K-!B$3$E!J>,:>!:$.*2,.-0!*>-!>,M>-3*!

9,$#233!$=!*>-!=$)+!%2K-3!4HLSQ!Z!HIAQ!l!PL\O!Z!HIA\!"M&'!=$+!52*2.$E!HLQP!Z!HIAH!"M&'!

=$+!B$3$6L!F$J-8-+E!$.%@!$.-!B$3$!32#?%-!J23!282,%29%-!=$+!:$).*,.ME!J>,%-!*>+--!

32#?%-3!J-+-!282,%29%-!=$+!-2:>!$=!*>-!52%,%,!%2K-3L!1>,3!$.-!32#?%-!=$+!B$3$!#2@!

).0-+A+-?+-3-.*!*>-!29).02.:-!2.0!3?-:,-3!+,:>.-33!$=!*>-!%2K-L!V*!,3!K.$J.!*>2*!

,.0,8,0)2%3!=+$#!*>-!$+0-+!<-.*+2%-3!4:-.*+,:!0,2*$#36E!J>,:>!2+-!293-.*!=+$#!*>-!

52%,%,!'2K-3E!>28-!9--.!$93-+8-0!,.!B$3$!4N+2#9)+M-+E!?-+3L!:$##L6!2.0!*>,3!%2K-!,3!
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?+$0):*,8-!-.$)M>!*$!3)??$+*!2.!--%!=,3>-+@!4F2==.-+E!?-+3L!:$##L6L!/%*>$)M>!*>-!

9,$#233!82%)-!+-?$+*-0!=$+!B$3$!#2@!9-!%$J!+-%2*,8-!*$!,.A%2K-!:$.:-.*+2*,$.3E!

?>$*$3@.*>-*,:!?+$=,%-3!3>$J-0!B$3$f3!3)+=2:-!J2*-+3!4IAHI!#6!3)?-+32*)+2*-0!J,*>!

$Z@M-.E!2.0!C-::>,!0-?*>!4OLb!#6!J23!*>-!%$J-3*!$=!*>-!=$)+!%2K-3L!1>,3!3)??$+*3!*>-!

:$.:%)3,$.!*>2*!B$3$!,3!#$+-!?+$0):*,8-!*>2.!*>-!52%,%,!%2K-3E!2.0!*>-+-!,3!-8,0-.:-!

*$!3)??$+*!?>@3,:2%!2.0!:>-#,:2%!=2:*$+3!23!+-M)%2*,.M!*>,3!0,==-+-.:-!,.!9,$#233!2.0!

:$#?$3,*,$.L!!

!

5,Z,.M!?+$:-33-3!,.!'2K-!52*2.$!:$.3*,*)*-!2!?>@3,:2%!=2:*$+!*>2*!%,K-%@!:$.*+,9)*-3!

*$!*>-!%$J!?>@*$?%2.K*$.!9,$#233!$93-+8-0E!2.0!#2@!2%3$!?%2@!2!+$%-!,.!+-M)%2*,.M!

*>-!3?-:,-3!:$#?$3,*,$.L!1-#?-+2*)+-!?+$=,%-3!J-+-!:$.3*+):*-0!*$!).0-+3*2.0!

#,Z,.M!0-?*>3!,.!*>-!=$)+!%2K-3L!V*!,3!K.$J.!*>2*!*-#?-+2*)+-!>23!$.%@!2.!,.0,+-:*!

-==-:*!$.!:$#?$3,*,$.!8,2!+-M)%2*,.M!J2*-+!:$%)#.!3*+):*)+-!2.0!3*29,%,*@E!23!J-%%!23!

3-23$.2%,*@!47-@.$%03!-*!2%LE!QIII6L!V.!'2K-!52*2.$E!*-#?-+2*)+-!#2@!9-!2==-:*,.M!

*>-!29).02.:-!$=!?>@*$?%2.K*$.E!23!*>-!0-.3,*@!:>2.M-!9-*J--.!*>-!-?,%,#.,$.!2.0!

>@?$%,#.,$.!$=!'2K-!52*2.$!J23!%$J-+!4bLY!Z!HIAc!M&:#\6!*>2.!*>2*!$=!'2K-!B$3$!

4YLH!Z!HIAc!M&:#\6E!#-2.,.M!52*2.$!,3!#$+-!%,K-%@!*$!#,Z!4,.!*>-!)??-+!cI!#6L!C):>!

8-+*,:2%!#,Z,.M!>23!9--.!?+-8,$)3%@!+-?$+*-0!23!2!=2:*$+!%,#,*,.M!2)*$*+$?>,:!

?+$0):*,$.!,.!*>,3!3@3*-#!4F2==.-+!-*!2%LE!QIIH6L!1>,3!#,Z,.M!?+$:-33!:$.*,.)$)3%@!

#$8-3!?>@*$?%2.K*$.!$)*!$=!*>-!-)?>$*,:!X$.-E!*>)3!%,#,*,.M!?>$*$3@.*>-3,3!2.0!

9,$#233E!2.0!>23!*>-!?$*-.*,2%!*$!2==-:*!:$#?$3,*,$.T!=$+!-Z2#?%-E!(A=,Z,.M!

:@2.$92:*-+,2!*>2*!2+-!293-.*!=+$#!'2K-!52*2.$!4C29$E!QIIS6!?+-=-+!2!3*29%-!J2*-+!

:$%)#.!4<$%-E!HOP\6L!52*2.$f3!+2*,$!$=!_-)!`!_#!4-)?>$*,:!*$!#,Z,.M!0-?*>6!,3!cQ;E!
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:$#?2+-0!J,*>!Ob;!,.!'2K-!B$3$T!*>,3!%$J-+!+2*,$!,.!52*2.$!,.0,:2*-3!%-33!

?>$*$3@.*>-*,:!2:*,8,*@!:2.!9-!3)??$+*-0!23!3):>!,*!+-%2*-3!*$!%$J-+!?>@*$?%2.K*$.!

9,$#233!412%%,.ME!HOYHT!<$%-E!HOP\6L!V.!200,*,$.E!52*2.$!,3!2!#-+$#,:*,:!%2K-E!3$!.$!

#,Z,.M!$::)+3!9-%$J!HII!#L!()*+,-.*3!$+!?>@*$?%2.K*$.!*>2*!3-**%-!9-%$J!*>,3!%2@-+!

2+-!.$*!+-A,.*+$0):-0!*$!*>-!3)+=2:-!J2*-+3L!a,8-.!*>-3-!:$.0,*,$.3E!#,Z,.M!

?+$:-33-3!,.!'2K-!52*2.$!3$#-J>2*!2==-:*!*>-!:$#?$3,*,$.!2.0!29).02.:-!,.!*>-!

?>@*$?%2.K*$.!:$##).,*@L!!

!!

1>-!?2**-+.!$=!0-:+-23,.M!:$.0):*,8,*@!,.!0$J.3*+-2#!52%,%,!%2K-3!4$??$3,*-!$=!*>-!

7,8-+!<$.*,.))#!>@?$*>-3,36E!3)??$+*3!?+-8,$)3!+-?$+*3!*>2*!*>-3-!%2K-3!+-:-,8-!

J2*-+!=+$#!0,==-+-.*!3$)+:-3!4F2==.-+!-*!2%LE!QIIH6T!'2K-!52*2.$!+-:-,8-3!3)+=2:-!

+).$==!23!J-%%!23!).0-+M+$).0!J2*-+!,.?)*3!J>,:>!:$.*+,9)*-!*$!,*3!>,M>-+!,$.,:!

:$.*-.*!4rHPI!"C&:#6E!J>,%-!*>-!$*>-+!%2K-3!?+-0$#,.2.*%@!+-:-,8-!3)+=2:-!+).$==L!

'2K-!B$3$f3!:$.0):*,8,*@!4rHQI!"C&:#6!J23!%$J-+!*>2.!*>2*!$=!1$J)*,!4rHcb!

"C&:#6E!3)MM-3*,.M!*>,3!%2K-!2%3$!?+-0$#,.2.*%@!+-:-,8-3!3)+=2:-!+).$==L!!V.?)*3!$=!

J2*-+!=+$#!0,==-+-.*!3$)+:-3!#2@!:$.*+,9)*-!*$!*>-!0,==-+-.:-3!,.!-%-#-.*2%!

:$.:-.*+2*,$.3!9-*J--.!52*2.$!2.0!B$3$E!2.0!,.!*)+.E!+-%2*-!*$!*>-!0,==-+-.:-3!,.!

?>@*$?%2.K*$.!9,$#233-3!2.0!29).02.:-3L!

!

/![+)3K2%A]2%%,3!D.-AJ2@!/.2%@3,3!$=!W2+,2.:-!*-3*!4C@3*2*!HQ!=$+!],.0$J36!

,0-.*,=,-0!BE!(2E![E!<+E!R-E!(,E!_.E!2.0!5$!23!3,M.,=,:2.*%@!4?!h!ILIb6!0,==-+-.*!2#$.M!

*>-!%2K-3L!<$.3,0-+,.M!*>-!#-2.!:$.:-.*+2*,$.3E!*>-!M-$%$M,:2%!3-**,.ME!2.0!9,$%$M,:2%!

83!3*2*,3*,:2%!3,M.,=,:2.*E!,*!,3!>,M>%@!).%,K-%@!*>2*!R-E!(,E!$+!_.!?%2@!2!+$%-!,.!+-M)%2*,.M!
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*>-!?>@*$?%2.K*$.!:$#?$3,*,$.!,.!*>-!52%,%,!'2K-3L!/+M)#-.*3!=$+!BE!(2E![E!<+E!2.0!

5$!2+-!0,3:)33-0L!!

!

/3!,.0,:2*-0!9@!*>-!.)*+,-.*!200,*,$.!3*)0@!,.!<>2?*-+!QE!B!,3!.$*!2!#2^$+!%,#,*,.M!

.)*+,-.*!=$+!*>-!?>@*$?%2.K*$.!:$##).,*@!$=!'2K-!52*2.$L!1>,3!:$.:%)3,$.!J23!

=)+*>-+!3)??$+*-0!9@!2!>,M>-+!:$.:-.*+2*,$.!$=!BE!2.2%@X-0!9@!V<BA5CE!,.!52*2.$!

4\LP!"#$%&'6!*>2.!,.!B$3$!4SL\!Z!HIAQ!"#$%&'6L!/!%,#,*2*,$.!$=!-%-#-.*2%!2.2%@3,3!9@!

V<BA5C!,3!*>2*!:>-#,:2%!3?-:,2*,$.!,3!.$*!K.$J.E!3$!*>-!V<BA5C!+-3)%*3!#2@!9-!

:$.*+20,:*$+@!*$!*>-!3*2*,3*,:2%!2.2%@3,3!*>2*!,0-.*,=,-0!.$!3,M.,=,:2.*!0,==-+-.:-!4?!n!

IL\6!9-*J--.!1B!:$.:-.*+2*,$.3!$=!*>-!*J$!%2K-3!4ILHO!l!ILIY!"#$%&'!=$+!52*2.$E!

ILQY!"#$%&'!=$+!B$3$6L!F$J-8-+E!M,8-.!*>2*!B$3$!,3!#$+-!?+$0):*,8-!*>2.!52*2.$E!

$.-!J$)%0!-Z?-:*!*>2*!,=!*>-!#2:+$.)*+,-.*!B!J-+-!%,#,*,.ME!*>-!:$.:-.*+2*,$.!J$)%0!

9-!3,M.,=,:2.*%@!4?!h!ILIb6!%$J-+!,.!52*2.$L!N$*>!3-*3!$=!+-3)%*3!3*+-.M*>-.!*>-!

:$.:%)3,$.3!$=!<>2?*-+!Q!2.0!?+$8,0-!=)+*>-+!-8,0-.:-!*>2*!B!,3!.$*!0,+-:*%@!%,#,*,.M!

?>@*$?%2.K*$.!M+$J*>!2.0!29).02.:-!,.!'2K-!52*2.$L!

!

(2!:$.:-.*+2*,$.3!J-+-!J,*>,.!2!:%$3-!+2.M-!=$+!2%%!=$)+!%2K-3!4=+$#!QLY!Z!HIH!l!PLS!Z!

HIAH!"#$%&'!=$+!1$J)*,!*$!bL\!Z!HIH!l!bLQ!"#$%&'!=$+!52*2.$6L!D.%@!3$#-!2%M2-!

+-U),+-!(2E!2.0!J>-.!3$E!2??+$Z,#2*-%@!QSb!"#$%&'!,3!+-U),+-0!4F-2%-@E!HOY\6T!,*!,3!

.$*!:%-2+!J>,:>!$=!*>-!M-.-+2!-Z*2.*!,.!*>-3-!%2K-3!+-U),+-!*>,3!#,:+$.)*+,-.*L!

<$.:-.*+2*,$.3!2+-!3):>!*>2*!*>-!52%,%,!%2K-3!#2@!9-!(2A%,#,*-0E!9)*!M,8-.!*>2*!(2!,3!

*@?,:2%%@!2.!29).02.*!#-*2%!,.!%2K-3E!,3!8-+@!3$%)9%-!2.0!*-.03!*$!+-#2,.!,.!3$%)*,$.!

J>-.!%-2:>-0!=+$#!+$:K3!4<$%-E!HOP\6E!(2!,3!.$*!0--#-0!*$!9-!2!#2^$+!=2:*$+!
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+-M)%2*,.M!*>-!?>@*$?%2.K*$.!:$##).,*@L!!

!

<$.:-.*+2*,$.3!$=![!J-+-!3,M.,=,:2.*%@!>,M>-+!,.!B$3$!4HLc!Z!HIH!l!HLI!Z!HIAH!"#$%&'6!

*>2.!,.!52*2.$!4\LP!l!HLY!Z!HIAH!"#$%&'T!?!n!ILIHH6!2.0!1$J)*,!4QLO!l!cLQ!Z!HIAH!

"#$%&'T!?!n!ILI\c6L!B$3$!J23!$.-!$+0-+!>,M>-+!,.![!:$.:-.*+2*,$.!*>2.!*>-3-!%2K-3E!

2.0!3*,%%!%$J-+!*>2.!J>2*!,3!+-U),+-0!9@!?>@*$?%2.K*$.E!2::$+0,.M!*$!F-2%-@E!ccQLb!

"#$%&'!4F-2%-@E!HOY\6L!!V.!200,*,$.E![!J23!2.!-%-#-.*!*>2*!3-?2+2*-0!*>-!%2K-3!,.!*>-!

B<D!:$.3*+):*-0!=+$#!*>-!%,.K,.M!$=!02*23-*3!=$+!:>-#,:2%!0,==-+-.:-3!2.0!

?>@*$?%2.K*$.!:$#?$3,*,$.!0,==-+-.:-3L![!:$.:-.*+2*,$.!J23!3*+$.M%@!+-%2*-0!*$!*>-!

29).02.:-!$=!78.!9:;-9-4!%5"*>-!3-:$.0!#$3*!29).02.*!M-.-+2E!2.0!,+!&2!%+2&95"

2!+-%2*,8-%@!%2+M-A:-%%-0!M-.)3E!,.!'2K-!B$3$L!1>,3!-8,0-.:-!3)MM-3*3![!23!2!?$33,9%-!

%,#,*,.M!#2:+$.)*+,-.*!,.!'2K-!52*2.$L!F$J-8-+E![!,3!)3)2%%@!*>-!=$)+*>!+2.K,.M!

:2*,$.!,.!%2K-!J2*-+!4<$%-E!HOP\6E!2.0!,*3!?$*-.*,2%!*$!2==-:*!:$#?$3,*,$.!,3!%,#,*-0E!

3,.:-!,*!,3!+-U),+-0!9@!2%%!M-.-+2!$=!?>@*$?%2.K*$.L![!#2@!9-!?+-3-.*!,.!%,#,*,.M!

:$.:-.*+2*,$.3E!9)*!,*!,3!.$*!2!?+,#2+@!0+,8-+!+-M)%2*,.M!*>-!:$#?$3,*,$.!2.0!

29).02.:-!,.!'2K-!52*2.$L!!

!

<2.20,2.!]2*-+!s)2%,*@!a),0-%,.-3!,.0,:2*-!*>2*!+-0):*,$.3!,.!2%M2%!M+$J*>!:2.!

$::)+!2*!:$.:-.*+2*,$.3!$=!<+!29$8-!HLQ!Z!HIAH!"#$%&'!4B2J%,3X!-*!2%LE!HOOY6E!2.0!

52*2.$!2*!I!#!:$.*2,.-0!2!M+-2*-+!<+!:$.:-.*+2*,$.E!HLc!Z!HIAH!"#$%&'L!1>,3!

#-23)+-#-.*!,3!:$.3,3*-.*!J,*>!?+-8,$)3!+-?$+*3!$=!'2K-!52*2.$f3!-?,%,#.,$.!

:$.*2,.,.M!>,M>!%-8-%3!$=!<+!4WV6E!2*!HLP!Z!HIAH!"#$%&'!4<+$J-!-*!2%LE!QIIY6E!2.0!%$M,:2%!

3,.:-!<+!,3!$.-!$=!*>-!#2,.!-%-#-.*3!:$.*2,.-0!,.!*>-!$?>,$%,*-!+$:K3!,.!*>-!52%,%,!
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'2K-3f!:2*:>#-.*!923,.!4W,%%-.-)8-!-*!2%LE!QIIQ6L!7-3-2+:>!>23!3>$J.!:$.:-.*+2*,$.3!

23!%$J!23!QLI!Z!HIAQ!"#$%&'!<+!4WV6!:2.!3,M.,=,:2.*%@!,.>,9,*!*>-!M+$J*>!$=!

?>@*$?%2.K*$.!4]2%%-.E!HOOS6E!2.0!2**-#?*3!*$!+-0):-!<+!,.!52*2.$!J2*-+!:2)3-0!

>,M>-+!9,$#233-3!2.0!:>2.M-3!,.!+-%2*,8-!29).02.:-!4C29$E!QIIST!N+2#9)+M-+E!

).?)9%L!02*26L!1>-+-!J23!2!3*2*,3*,:2%%@!3,M.,=,:2.*!0,==-+-.:-!9-*J--.!<+!

:$.:-.*+2*,$.3!,.!52*2.$!2.0!B$3$!4?!n!ILIQP6E!2.0!,.!$+0-+!$=!0-:+-23,.M!<+!

:$.:-.*+2*,$.`!52*2.$!q!52>2%$.2!q!1$J)*,!q!B$3$L!<+!*$Z,:,*@!#2@!2==-:*!*>-!

?>@*$?%2.K*$.!:$#?$3,*,$.!,.!*>-3-!%2K-3!9@!?+-8-.*,.M!:$%$.,X2*,$.!9@!

:$3#$?$%,*2.!M+$)?3E!2.0!+-0):,.M!*>-!29).02.:-!$=!92:,%%2+,$?>@*-3E!3):>!23!

<-.*+2%-3!4:-.*+,:!0,2*$#36L!1>-3-!0,2*$#3!>28-!9--.!$93-+8-0!,.!'2K-!B$3$!9)*!.$*!

,.!*>-!52%,%,!'2K-3!4N+2#9)+M-+E!?-+3L!:$##L6E!2.0!*>-+-!,3!+-3-2+:>!*$!3)??$+*!*>2*!

<+!*$%-+2.:-!82+,-3!2#$.M!3?-:,-3!J,*>!92:,%%2+,$?>@*-!9,$#233!>28,.M!*>-!M+-2*-3*!

0-:%,.-!J,*>!<+!200,*,$.3!4]2%%-.E!HOOS6L!!1>,3!2%3$!3)??$+*3!?+-8,$)3!:$.:%)3,$.3!

*>2*!<+!*$Z,:,*@!2==-:*3!:$#?$3,*,$.!2*!>,M>-+!*+$?>,:!%-8-%3E!3):>!23!*>-!293-.:-!$=!

:%20$:-+2.3!=+$#!'2K-!52*2.$!4R-+.2.0$E!HOPY6L!1>,3!-8,0-.:-!3*+$.M%@!3)??$+*3!

*>-!2+M)#-.*!*>2*!<+!:$.:-.*+2*,$.3!2+-!,.>,9,*,.M!*>-!:$#?$3,*,$.!2.0!29).02.:-!

$=!?>@*$?%2.K*$.!,.!*>-!52%,%,!'2K-3!3@3*-#E!2.0!3)??$+*3!*>-!:$.:%)3,$.!9@!<+$J-!

-*!2%L!4QIIY6!*>2*!J2*-+3>-0!+).$==!,.=%)-.:-3!*>-!?+,#2+@!?+$0):*,$.!2.0!

:$#?$3,*,$.!,.!'2K-!52*2.$L!

!

V.!+-:-.*!+-3-2+:>!$.!#,:+$.)*+,-.*A%,#,*-0!%2K-3E!5$!,3!=+-U)-.*%@!%,3*-0!23!2.!

,#?$+*2.*!:$A=2:*$+!,.!-.X@#-3!:+):,2%!*$!(A=,Z2*,$.E!?>$*$3@.*>-3,3!2.0!+-3?,+2*,$.!

45$+-%!-*!2%LE!HOOcT!a$%0#2.E!HOYQT!/Z%-+!-*!2%LE!HOPIT!<$%-E!HOP\T!1J,33!-*!2%LE!QIII6L!
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1>-!5$!:$.:-.*+2*,$.3!,.!*>-!=$)+!%2K-3!J-+-!3,M.,=,:2.*%@!0,==-+-.*!4?!n!ILIQQ!*$!

ILIcO6`!,.!$+0-+!$=!0-:+-23,.M!:$.:-.*+2*,$.3E!B$3$!q!52*2.$!q!52>2%$.2!q!1$J)*,L!

/%*>$)M>!*>-3-!:$.:-.*+2*,$.3!J-+-!%$J!4bLI!Z!HIAc!l!\L\!Z!HIAb!"#$%&'!=$+!52*2.$E!

PLb!Z!HIAc!l!\Lb!Z!HIAb!"#$%&'!=$+!B$3$6E!*>-@!2+-!0,==-+-.*!-.$)M>!*$!-%,:,*!2!

#,:+$.)*+,-.*!%,#,*2*,$.!,.!52*2.$L!<$#?2+,.M!*>-!#-2.!5$!:$.:-.*+2*,$.3!,.!*>-!

)??-+!J2*-+3E!B$3$!:$.*2,.-0!2!SI;!>,M>-+!5$!:$.:-.*+2*,$.!*>2.!52*2.$L!D.-!

-Z?-+,#-.*!$=!,.0,8,0)2%!200,*,$.3!$=!5$!2*!HI!*,#-3!*>-!2#9,-.*!:$.:-.*+2*,$.!

,.:+-23-0!?+,#2+@!?+$0):*,8,*@!9@!\P;!4?!h!ILIIH6!$8-+!*>-!:$.*+$%3!4d$J.3!-*!2%LE!

QIIP6L!<$.3,0-+,.M!*>,3!-Z2#?%-E!*>-!0,==-+-.:-!,.!5$!:$.:-.*+2*,$.3!9-*J--.!%2K-3!

B$3$!2.0!52*2.$!,3!9$*>!3*2*,3*,:2%%@!2.0!9,$%$M,:2%%@!3,M.,=,:2.*L!()*+,-.*!%,#,*2*,$.!

9@!5$!:$)%0!?+-8-.*!:$%$.,X2*,$.!9@!:$3#$?$%,*2.!3?-:,-3E!2.0!3?-:,-3!202?*-0!*$!

*>-!%$J!5$!:$.:-.*+2*,$.!#2@!9-!3)==-+,.M!%,#,*2*,$.3!*$!*>-,+!M+$J*>!2.0!

29).02.:-L!!!

!

)5J(!82.,40-820(

1>-!?>@*$?%2.K*$.!:$#?$3,*,$.!2.0!29).02.:-!,.!*>-!52%,%,!'2K-3!,3!?+,#2+,%@!

0+,8-.!9@!*>-!:$.:-.*+2*,$.3!$=!<+!2.0!5$!,.!*>-!%2K-3L!<$.:-.*+2*,$.3!$=!<+!J-+-!

3,M.,=,:2.*%@!>,M>-+!,.!'2K-!52*2.$!*>2.!,.!'2K-!B$3$E!2.0!2+-!29$8-!*>-!<2.20,2.!

]2*-+!s)2%,*@!a),0-%,.-3!*$!+-0):-!2%M2%!M+$J*>!4B2J%,3X!-*!2%LE!HOOY6L!1>,3!,3!

:$.3,3*-.*!J,*>!?+-8,$)3!<+!#-23)+-#-.*3!,.!52*2.$!4<+$J-!-*!2%LE!QIIY6L!<+!

*$Z,:,*@!>23!*>-!?$*-.*,2%!*$!+-M)%2*-!9$*>!?>@*$?%2.K*$.!:$#?$3,*,$.!2.0!

29).02.:-!23!,*!+-0):-3!*>-!M+$J*>!?$*-.*,2%!$=!3?-:,-3!J,*>!<+!*$%-+2.:-!2.0!

,.>,9,*3!*>-!:$%$.,X2*,$.!$=!3?-:,-3!*>2*!2+-!.$*!*$%-+2.*!*$!>,M>!<+!:$.:-.*+2*,$.3L!
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5$!:$.:-.*+2*,$.3!J-+-!3,M.,=,:2.*%@!0,==-+-.*!2#$.M!*>-!=$)+!%2K-3!2.0!2%*>$)M>!

%$J!,.!-2:>!%2K-E!*>-!:$.:-.*+2*,$.!0,==-+-.:-!9-*J--.!52*2.$!2.0!B$3$!,3!-.$)M>!

*$!?$3-!2!.)*+,-.*!%,#,*2*,$.!,.!'2K-!52*2.$L!5$!,3!+-U),+-0!9@!2%%!?>@*$?%2.K*$.!

2.0!>23!*>-!?$*-.*,2%!*$!%,#,*!9$*>!:$#?$3,*,$.!2.0!29).02.:-L!/3!2!%,#,*,.M!

#,:+$.)*+,-.*E!,*!3)??+-33-3!*>-!M+$J*>!$=!3?-:,-3!*$%-+2.*!*$!%$J!5$!

:$.:-.*+2*,$.3E!2.0!,*!?+-8-.*3!:$%$.,X2*,$.!9@!:$3#$?$%,*2.!3?-:,-3!*>2*!2+-!.$*!

202?*-0!*$!3):>!:$.:-.*+2*,$.3L!!

!

(2!2.0![!#2@!9-!$*>-+!%,#,*,.M!.)*+,-.*3E!9)*!*>-,+!-==-:*!,3!.$*!23!3*+$.M!23!*>2*!$=!

<+!2.0!5$L!1>-!#-23)+-0!(2!2.0![!:$.:-.*+2*,$.3!,.!*>-!52%,%,!'2K-3!J-+-!

3,M.,=,:2.*%@!4?!h!ILIb6!0,==-+-.*!2#$.M!*>-!%2K-3!2.0!%$J-+!*>2.!*>$3-!+-U),+-0!9@!

3$#-!?>@*$?%2.K*$.!4F-2%-@E!HOY\6L!F$J-8-+E!M,8-.!*>2*!*>-3-!.)*+,-.*3!2+-!

*@?,:2%%@!8-+@!29).02.*!,.!=+-3>J2*-+3!4<$%-E!HOP\6E!,*!,3!.$*!%,K-%@!*>2*!*>-@!2+-!*>-!

?+,#2+@!0+,8,.M!=2:*$+3!%,#,*,.M!*>-!?>@*$?%2.K*$.!:$##).,*@!,.!*>,3!3@3*-#L!!

!

1>-3-!0,==-+-.:-3!,.!-%-#-.*2%!:$.:-.*+2*,$.3!#2@!9-!0)-!*$!*>-!%2K-3!+-:-,8,.M!

J2*-+!,.?)*3!=+$#!0,==-+-.*!3$)+:-3L!1>-!:$.0):*,8,*@!?+$=,%-3!3)MM-3*!'2K-!52*2.$!

?+,#2+,%@!+-:-,8-3!).0-+M+$).0!J2*-+!,.?)*3E!J>,%-!*>-!$*>-+!%2K-3!+-:-,8-!3)+=2:-!

+).$==L!!

!

1>-!%$J!?>@*$?%2.K*$.!29).02.:-!$93-+8-0!,.!'2K-!52*2.$!,3!0)-E!,.!?2+*E!*$!*>-!

-Z*-.3,8-!8-+*,:2%!#,Z,.M!,.!*>-!)??-+!J2*-+3L!1>,3!?+$:-33!%,#,*3!?>$*$3@.*>-3,3!9@!

#$8,.M!?>@*$?%2.K*$.!=+$#!*>-!-)?>$*,:!X$.-L!5,Z,.M!#2@!2%3$!2==-:*!:$#?$3,*,$.!
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9@!?+$8,0,.M!).=28$)+29%-!J2*-+!:$.0,*,$.3!=$+!(A=,Z,.M!:@2.$92:*-+,2!4<$%-E!HOP\6E!

J>,:>!J-+-!.$*!$93-+8-0!,.!'2K-!52*2.$!,.!*>,3!$+!?+-8,$)3!3*)0,-3!4C29$E!QIIS6L!!

!

]2*-+!:$%)#.!-%-#-.*2%!02*2E!23!J-%%!23!?>@*$?%2.K*$.!9,$#233!2.0!:$#?$3,*,$.!

02*2!=$+!%2K-3!52*2.$!2.0!52>2%$.2!3)??$+*!*>-!>@?$*>-3,3!*>2*!%2K-3!J,*>!3,#,%2+!

?>@3,:2%!2.0!:>-#,:2%!:$.0,*,$.3!J,%%!3)??$+*!3,#,%2+!?>@*$?%2.K*$.!233-#9%2M-3L!!

!

!

!

!
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)5M(L&<&'&2.&0(

!

/.0-+3$.E!5LoL!2.0!7$9,.3$.E!oL!4QII\6!a-.-+2%,X-0!0,3:+,#,.2.*!2.2%@3,3!923-0!$.!
0,3*2.:-3L!?&%+2!.$"@1A"B1!.$"C$",+!+LE!1*E!\IHA\HPL!!

!

/.0-+3$.E!5LoL!2.0!1LoL!],%%,3!4QII\6!<2.$.,:2%!2.2%@3,3!$=!?+,.:,?2%!:$$+0,.2*-3`!2!
)3-=)%!#-*>$0!$=!:$.3*+2,.-0!$+0,.2*,$.!=$+!-:$%$M@L!D(-.$E!21E!bHHAbQbL!

!
/Z%-+E!7LBLT!a-+39-+ME!7L5LT!2.0!a$%0#2.E!<L7L!4HOPI6!C*,#)%2*,$.!$=!.,*+2*-!)?*2K-!

2.0!?>$*$3@.*>-3,3!9@!#$%@90-.)#!,.!<23*%-!'2K-E!<2%,=$+.,2L!7!4$"C$"6*%8$"?/&!+$",(*$5!

34E!YIYAYHQL!!
!

<$%-E!aL!4HOP\6!1-Z*9$$K!$=!%,#.$%$M@E!\+0!-0L!]28-%2.0!B+-33E!V%%,.$,3L!cA\\QL!!

!

<+2.3*$.E!7LeLT!5)++2@E!7L]L!4HOYP6!1>-!0-*-+#,.2*,$.!$=!:>+$#,)#!3?-:,-3!,.!

.2*)+2%!3-2J2*-+L!?4!.$"78*9$"?(+!$5!55E!QYbAQPQL!!
!

<+$J-E!CL/LT!B2..2%2%E!CLoLT!R$J%-E!dL/LT!<,$??2E!5L1LT!C@#$.3E!dL1L/LT!F2==.-+E!aLdLT!

R+@-+E!NLoLT!5:(--%@E!7LT!C).09@E!NLT!F->2.)332E!BLeL!4QIIc6!N,$M-$:>-#,:2%!:@:%,.M!,.!
R-A+,:>!3-0,#-.*3!=+$#!'2K-!52*2.$E!V.0$.-3,2E!?L!HHPbAHHPOE!HH*>!V.*-+.2*,$.2%!

3@#?$3,)#!$.!J2*-+A+$:K!,.*-+2:*,$.L!/L/L!N2%K-#2L!!

!

<+$J-E!CL/LT!Df(-,%%E!/LFLT![2*3-8E!CLT!F->2.)332E!BLT!F2==.-+E!aLdLT!C).09@E!NLT!5)::,E!

/LT!R$J%-E!dL!4QIIY6!1>-!9,$M-$:>-#,3*+@!$=!*+$?,:2%!%2K-3`!2!:23-!3*)0@!=+$#!'2K-!
52*2.$E!V.0$.-3,2L!E*94-.$"F(1!4-32LE!*3E!\HOA\\HL!!

!

d$J.3E!1L5LT!C:>2%%-.9-+ME!5L!2.0!N)+.3E!<L]L!4QIIP6!7-3?$.3-3!$=!%2K-!
?>@*$?%2.K*$.!*$!#,:+$.)*+,-.*!-.+,:>#-.*`!2!3*)0@!,.!*J$!(-J!_-2%2.0!%2K-3!2.0!

2.!2.2%@3,3!$=!?)9%,3>-0!02*2L!?/&!+$",(*$5!46E!\cYA\SIL!

!

e2*$.E!/LdLE!<%-3:-+,E!'LCLE!a+--.9-+ME!/LeL!4-03L6!4HOOb6!g/3:$+9,:!/:,0!5-*>$0!=$+!1B!

/.2%@3,3f!V.`!C*2.02+0!5-*>$03!=$+!*>-!eZ2#,.2*,$.!$=!]2*-+!2.0!]23*-J2*-+E!HO*>!
-0LE!cLHH\AcLHHcL!!

!

e::%-3E!dLFL!4HOPP6!/!U)2+*-+!:-.*)+@!$=!M+-2*!%2K-3!+-3-2+:>!,.!/=+,:2L!C$"E*94-.$",-($"
,$"?G2*(!5"71E!cHAcPL!!

!
R-+.2.0$E!<LFL!4HOPY6!1+$?,:2%!=+-3>J2*-+!X$$?%2.K*$.!J,*>!3?-:,2%!+-=-+-.:-!*$!

C$)*>!e23*!/3,2!4D+,-.*2%!7-M,$.6!H1)$"@!+$">1-32$",-($5"248!QPYA\HHL!

!
a$%0#2.E!<L7L!4HOYQ6!1>-!+$%-!$=!#,.$+!.)*+,-.*3!,.!%,#,*,.M!*>-!?+$0):*,8,*@!$=!

2U)2*,:!-:$3@3*-#3L!V.`!aLeL!',K-.3!4-0L6E!B+$:--0,.M3!$=!*>-!3@#?$3,)#!$.!.)*+,-.*3!
2.0!-)*+$?>,:2*,$.`!*>-!%,#,*,.MA.)*+,-.*!:$.*+$8-+3@L!?9$",-($"E*9$"F(1!4-32LE!QHA

Q\L!!
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!

a$%0#2.E!<L7L!4HOSI6!5$%@90-.)#!23!2!=2:*$+!%,#,*,.M!?+,#2+@!?+$0):*,8,*@!,.!

<23*%-!'2K-E!<2%,=$+.,2L!,(*14(1E!73(E!HIHSAHIHYL!!
!

a$%,M>*%@E!oLBL!4HOPH6!(,:K-%,=-+$)3!%2*-+,*-!0-?$3,*3L!D(-4$">1-.$5!4*-9!:;;#<)!=>?LE!

YHIAY\bL!!
!

a$+0$.!dL(LE!1L/L!5:52>$.E!NL'L!R,.%2@3$.E!<LoL!a,??-%E!2.0!7LoL!(2*>2.!4QIIc6!C*+-2#!
F@0+$%$M@!A!/.!V.*+$0):*,$.!=$+!e:$%$M,3*-L!o$>.!],%-@!t!C$.3E!<>,:>-3*-+E!]!C)33L!

!

F2==.-+E!aLdLT!F->2.)332E!BLeL!2.0!F2+*$*$E!dL!4QIIH6!u1>-!9,$%$M@!2.0!?>@3,:2%!
?+$:-33-3!$=!%2+M-!%2K-3!$=!V.0$.-3,2v!V.`!5).2J2+E!5L!2.0!F-:K@E!7LeL!4-036L!=81"

>21!+"E!I1%"-G"+81"J-2.;K"6--;LA1'5"81!.+85"!4;"*4+132*+:$"N2:K>)@3!B)9%,3>-+3E!

'-,0-.E!*>-!(-*>-+%2.03E!HP\AHOcL!

!

F-2%-@E!RLBL!4HOY\6!V.$+M2.,:!.)*+,-.*!)?02*-!2.0!0-=,:,-.:@!,.!2%M2-L!72*+$"H1M$"
0*(2-'*-.$5!3E!SOAHH\L!

!

F-:K@E!7LeL!2.0![,%>2#E!BL!4HOPP6L!()*+,-.*!%,#,*2*,$.!$=!?>@*$?%2.K*$.!,.!
=+-3>J2*-+!2.0!#2+,.-!-.8,+$.#-.*3`!/!+-8,-J!$=!+-:-.*!-8,0-.:-!$.!*>-!-==-:*3!$=!
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QJJ! NDI!L!IJI! MDN!! MDI!! QDR!L!IJ%Q! IDO!L!IJI! QDO!L!IJI! ODH!L!IJ%Q! QDP!L!IJ%Q! ODK!L!IJ%H! IDP!L!IJ%I! KDJ!L!IJ%O!

HJJ! ODQ!L!IJI! IDM!! HDK!! MDR!L!IJ%Q! KDK!L!IJ%I! IDO!! QDJ!L!IJ%H! QDK!L!IJ%Q! QDP!L!IJ%H! ODR!L!IJ%Q! HDJ!L!IJ%O!

OJJ! NDK!L!IJI! NDN!! MDM!! QDP!L!IJ%Q! IDQ!L!IJI! QDR!L!IJI! HDP!L!IJ%Q! QDR!L!IJ%Q! PDP!L!IJH! IDK!L!IJ%I! PDJ!L!IJ%O!

&:;!

PJJ! NDO!L!IJI! NDI!! RDQ!! QDH!L!IJ%Q! IDH!L!IJI! QDP!L!IJI! ODH!L!IJ%Q! QDK!L!IJ%Q! PDQ!L!IJ%H! IDM!L!IJ%I! HDJ!L!IJ%O!

J! ODO!L!IJI! PDP!L!IJ%I! HDM!! RDN!L!IJ%Q! RDH!L!IJ%Q! HDK!L!IJ%I! IDJ!L!IJ%H! NDN!L!IJ%Q! HDN!L!IJ%H! QDM!L!IJ%Q! ODJ!L!IJ%O!

HJ! ODM!L!IJI! PDO!L!IJ%I! HDN!! IDI!L!IJ%I! RDN!L!IJ%Q! HDK!L!IJ%I! NDJ!L!IJ%O! KDR!L!IJ%Q! ODO!L!IJ%H! HDI!L!IJ%Q! ODJ!L!IJ%O!

&:>!

MJ! ODO!L!IJI! PDN!L!IJ%I! HDK!! IDQ!L!IJ%I! NDJ!L!IJ%Q! HDP!L!IJ%I! PDJ!L!IJ%O! MDM!L!IJ%Q! ODM!L!IJ%H! HDO!L!IJ%Q! ODJ!L!IJ%O!

J! QDK!L!IJI! ODM!L!IJ%I! QDR!! KDH!L!IJ%Q! HDQ!L!IJ%Q! IDO!L!IJ%I! KDJ!L!IJ%O! ODO!L!IJ%Q! HDP!L!IJ%H! QDQ!L!IJ%Q! HDJ!L!IJ%O!

PJ! QDM!L!IJI! PDH!L!IJ%I! QDN!! NDM!L!IJ%Q! HDJ!L!IJ%Q! IDH!L!IJ%I! PDJ!L!IJ%O! ODQ!L!IJ%Q! HDN!L!IJH! QDN!L!IJ%Q! QDJ!L!IJ%O!

IJJ! QDK!L!IJI! PDN!L!IJ%I! HDJ! IDI!L!IJ%I! ODJ!L!IJ%I! IDH!L!IJ%I! PDJ!L!IJ%O! HDN!L!IJ%Q! PDJ!L!IJ%H! QDP!L!IJ%Q! HDJ!L!IJ%O!

;AB!

QJJ! QDK!L!IJI! MDQ!L!IJ%I! QDN! IDN!L!IJ%I! ODN!L!IJ%I! KDO!L!IJ%I! MDI!L!IJ%H! IDH!L!IJ%I! KDI!L!IJ%H! QDK!L!IJ%Q! HDJ!L!IJ%O!

J! HDI!L!IJI! MDQ!L!IJ%I! IDO!L!IJI! IDR!L!IJ%Q! MDQ!L!IJ%Q! MDR!L!IJ%I! JDJ! NDR!L!IJ%H! NDP!L!IJ%H! QDR!L!IJ%Q! RDJ!L!IJ%O!

IJJ! HDQ!L!IJI! MDO!L!IJ%I! IDO!L!IJI! QDM!L!IJ%Q! KDM!L!IJ%Q! IDI!!! QDJ!L!IJ%Q! IDI!L!IJ%I! PDN!L!IJ%H! QDN!L!IJ%Q! NDJ!L!IJ%O!

$A'A!

HJJ! HDQ!L!IJI! HDH!! IDO!L!IJI! IDM!L!IJ%Q! NDP!! PDR!! ODN!L!IJ%H! IDO!L!IJ%Q! QDQ!L!IJ%Q! IDJ!L!IJ%I! KDJ!L!IJ%O!
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!

!

"#$%&'!()*!"#$%&$'()!*++#,$%(-./!0%()1/$/!2"*34!5(/.,!+%!6*"789!.).:.%-()!

(%()1/$/;!9(:')./!<.#.!&+)).&-.,!$%!8(#&=!>??@;!ABC!&+%D$,.%&.!).E.)!.##+#!5(#/!(#.!

/=+<%;!"*3!F!(&&+G%-/!D+#!HHC!+D!-=.!E(#$(-$+%!$%!-=.!,(-(/.-!(%,!$/!%.I(-$E.)1!

&+##.)(-.,!<$-=!J!(%,!8+!(%,!'+/$-$E.)1!&+##.)(-.,!<$-=!*#;!"*3!>!(&&+G%-/!D+#!FHC!
+D!-=.!E(#$(-$+%!(%,!$/!%.I(-$E.)1!(//+&$(-.,!<$-=!K(!(%,!";

P
C

O
 2

 

Poso Towuti 

Mahalona Matano 

+,-!.!
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!

!/012'!()3!0%()1/$/!+D!6*"789!.).:.%-()!,(-(!D+#!)(L./!8(-(%+!280M4N!8(=()+%(!

280O4N!M+<G-$!2M3P4N!(%,!"+/+!2"3934!(:+%I!-=.!G''.#!<(-.#/!2F??!:!D+#!80MN!
M3PN!"393!(%,!Q?!:!D+#!80O4;!"($#<$/.!&+:'(#$/+%/!<.#.!'.#D+#:.,!28(%%7

P=$-%.1!R7-./-4!5.-<..%!)(L./!D+#!-=+/.!.).:.%-/!<$-=!/$I%$D$&(%-)1!,$DD.#.%-!

&+%&.%-#(-$+%/!2J#G/L()7P())$/!-./-N!'!S!?;?B4;!9$I%$D$&(%-!#./G)-/!(%,!:.(%!
&+%&.%-#(-$+%/!2T:+)UV4!D+#!-=.!G''.#!<(-.#/!+D!.(&=!)(L.!(#.!)$/-.,;

Element Lakes p-

value 

Mann-

Whitney  

U-test statistic 

(z) 

 

MAT (5.3 x 10
1
 W 5.2) TOW (2.7 x 10

1 
W!@;X!Y!F?7F) 0.005 12.0 

MAT POSO (3.1 x 10
1
 W!Z;Q!Y!F?7>) 0.011 30.0 

TOW POSO 0.034 12.0 

Na 

MAH (4.5 x 10
1
 W!X;>!Y!F?7F) TOW 0.034 12.0 

 

MAT (3.8 W!@;@!Y!F?7F) MAH (5.5 x 10
-1

 W!Z;@!Y!F?7Q) 0.011 0.0 

MAT TOW (5.2 x 10
-1 
W!>;F!Y!F?7>) 0.005 40.0 

P 

TOW POSO (6.3 x 10
-2

 W!@;H!Y!F?7Q) 0.034 12.0 

 

MAT (3.8 W!F;H!Y!F?7F) TOW (2.9
 
W!Z;>!Y!F?7>) 0.005 40.0 

MAT POSO (1.4 x 10
1
 W!F;?!Y!F?7F) 0.011 0.0 

MAH (3.7 W!X;X!Y!F?7>) TOW 0.034 12.0 

K 

TOW POSO 0.034 12.0 

 

MAT (1.0 x 10
-1

 W!F;F!Y!F?7>) MAH (1.0 x 10
-1

 W!Z;Q!Y!F?7Q) 0.043 27.0 

MAT POSO (2.3 x 10
-2

 W!>;Q!Y!F?7Q) 0.028 28.0 

Cr 

TOW (8.9 x 10
-2 
W!B;H!Y!F?7Q) POSO 0.034 0.0 

 

MAT (4.9 x 10
-1

 W!F;@!Y!F?7>) MAH (3.7 x 10
-1

 W!F;@!Y!F?7Z) 0.011 0.0 Fe 

MAT TOW (1.3 x 10
-1 
W!F;B!Y!F?7Q) 0.034 35.0 

 

MAT (4.3 x 10
-2 
W!X;A!Y!F?7Q) MAH (8.3 x 10

-2
 W!Q;>!Y!F?7Q) 0.018 29.0 Ni 

MAT TOW (4.2 x 10
-2

 W!A;B!Y!F?7Z) 0.016 3.0 

 

MAT (1.1 x 10
-1 
W!>;Z!Y!F?7>) MAH (2.8 x 10

-2
 W!F;H!Y!F?7Q) 0.011 0.0 

MAT TOW (2.5 x 10
-2

 W!F;F!Y!F?7Q) 0.005 40.0 

Zn 

TOW POSO (2.9 x 10
-2

 W!>;?!Y!F?7Z) 0.034 12.0 

 

MAT (5.0 x 10
-4 
W!Q;Q!Y!F?7B) TOW (2.7 x 10

-4
 W!F;A!Y!F?7B) 0.022 35.5 

MAT POSO (8.5 x 10
-4

 W!Q;B!Y!F?7B) 0.049 3.5 

MAH (4.0 x 10
-4

 W!?) TOW 0.022 12.0 

MAH POSO 0.037 0.0 

Mo 

TOW POSO 0.028 12.0 
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K  

(.60,.37) 

Mo 

(-.06,.72) 
Cu 

(-.29,.61) 

P (-.60,.55) 

Zn 

(-.58,.51) 

!
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

"#$%&'!()4!*(%+%$&()!*+##.)(-$+%!0%()1/$/!<(/!G/.,!-+!-./-!D+#!#.)(-$+%/=$'/!

5.-<..%!.).:.%-()!&+%&.%-#(-$+%/!(%,!'=1-+')(%L-+%!/'.&$./!(5G%,(%&.!$%!-=.!D+G#!

)(L./;!0/!$))G/-#(-.,!$%![$IG#.!Q;FN!-=.!).D-!=(%,!\G(,#(%-!$%&)G,$%I!"N!]%N!(%,!*G!

#.'#./.%-/!V(L.!8(-(%+N!(%,!-=.!#$I=-!=(%,!\G(,#(%-!#.'#./.%-/!V(L.!"+/+;!M=.!

/-#+%I./-!#.)(-$+%/=$'/!5.-<..%!'=1-+')(%L-+%!/'.&$./!(5G%,(%&.!(%,!.).:.%-()!

&+%&.%-#(-$+%/!.Y$/-!$%!-=./.!-<+!)(L./;!

P
C

O
 2

 

PCO 1 
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!"#$%&'()*(!+,-./01+,0!

M=.!+5^.&-$E.!+D!-=$/!-=./$/!<(/!-+!$,.%-$D1!(%,!5.--.#!G%,.#/-(%,!-=.!:.&=(%$/:/!

#./'+%/$5).!D+#!-=.!'=1-+')(%L-+%!(5G%,(%&.!(%,!&+:'+/$-$+%!$%!-=.!8()$)$!V(L./;!

R%,.#/-(%,$%I!-=.!:.&=(%$/:/!#.IG)(-$%I!'=1-+')(%L-+%!I#+<-=!(%,!&+:'+/$-$+%!

$/!$:'+#-(%-!D+#!)(L.!:(%(I.:.%-!(%,!'#+-.&-$+%N!(%,!D+#!-=.!I#.(-.#!G%,.#/-(%,$%I!

+D!-=.!$%-.#')(1!+D!5$+,$E.#/$-1!(%,!'#+,G&-$+%!$%!(\G(-$&!.&+/1/-.:/!(%,!D(&-+#/!

-=(-!I+E.#%!&+::G%$-1!,1%(:$&/!(%,!(//.:5)1;!6%!(%!(--.:'-!-+!G%,.#/-(%,!-=.!

D(&-+#/!#.IG)(-$%I!5$+:(//!(%,!&+:'+/$-$+%N!5$+)+I$&()!2'=1-+')(%L-+%!(%()1/$/4N!

'=1/$&()!2.;I;!-.:'.#(-G#.N!9.&&=$!,.'-=4N!(%,!&=.:$&()!D(&-+#/!2.;I;!%G-#$.%-!(%,!

.).:.%-()!(%()1/$/4!+D!-=.!-=#..!:($%!8()$)$!V(L./!(%,!V(L.!"+/+!<.#.!(%()1_.,;!!

!

V(L.!8(-(%+!=(/!)+<!5$+:(//!&+:'(#.,!-+!+-=.#!)(L./!(-!/$:$)(#!)(-$-G,./!(%,!<$-=!

/$:$)(#!=$/-+#$./!(%,!$/!)(&L$%I!/.E.#()!&+::+%!-(Y(!$%!$-/!'=1-+')(%L-+%!

&+::G%$-1;!"=1-+')(%L-+%!/-G,$./!D#+:!>??Z!29(5+N!>??X4!(%,!>??X!2*=('-.#!>4!

$%,$&(-.,!-=$/!)(L.!&+%-($%/!(!/$:$)(#!%G:5.#!+D!'=1-+')(%L-+%!I.%.#(!&+:'(#.,!-+!

-=(-!+D!+-=.#!-#+'$&()!)(L./N!5G-!-=.!)+<!'=1-+')(%L-+%!5$+:(//!&+G%-/!<.#.!

&+%/$/-.%-!<$-=!.(#)$.#!#./.(#&=!+%!-=./.!)(L./;!"#.E$+G/!/-G,$./!=(E.!/GII./-.,!

:(&#+%G-#$.%-!)$:$-(-$+%!(%,!:.-()!-+Y$&$-1!(/!-=.!D(&-+#/!#./'+%/$5).!D+#!-=./.!

$:'+E.#$/=.,!&+::G%$-1!&=(#(&-.#$/-$&/!29(5+N!>??X`!a#(:5G#I.#N!G%'G5);!,(-(4;!

M=.!#./G)-/!+D!-=$/!-=./$/!&+%&)G,.,!-=(-!'=1/$&()!(%,!&=.:$&()!D(&-+#/!<.#.!

$:'+#-(%-!$%!#.IG)(-$%I!'=1-+')(%L-+%!&+:'+/$-$+%!(%,!5$+:(//;!!

!

!
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"=1/$&()!D(&-+#/!-=(-!#.IG)(-.!-=.!'=1-+')(%L-+%!&+::G%$-1!(#.!-=.!#(-$+!+D!].G!b!]:!

$%!-=.!)(L./;!8(-(%+c/!#./G)-(%-!:$Y$%I!&+%-$%G+G/)1!:+E./!'=1-+')(%L-+%!+G-!+D!-=.!

.G'=+-$&!_+%.N!-=G/!)$:$-$%I!'=+-+/1%-=./$/!(%,!5$+:(//;!M=$/!$/!&+%/$/-.%-!<$-=!

O(DD%.#!.-!();c/!#.'+#-/!-=(-!-=.!(G-+-#+'=$&!'#+,G&-$+%!$/!)$:$-.,!,G.!-+!.Y-.%/$E.!

E.#-$&()!:$Y$%I!2O(DD%.#!.-!();N!>??F4;![#+:!-=.!'(--.#%!+D!,.&#.(/$%I!&+%,G&-$E$-1!

,+<%/-#.(:N!&+%-#(#1!-+!-=.!d$E.#!*+%-$%GG:!=1'+-=./$/!2e+#,+%!.-!();N!>??Z4N!(%,!

-=.!,$DD.#.%&./!$%!.).:.%-()!&+%&.%-#(-$+%/!5.-<..%!&+%%.&-.,!)(L./!8(=()+%(!(%,!

M+<G-$N!(%,!,$DD.#.%&./!$%!.).:.%-()!&+%&.%-#(-$+%/!(-!,$DD.#.%-!,.'-=/!$%!8(-(%+N!$-!

$/!.E$,.%-!-=(-!-=./.!)(L./!#.&.$E.!<(-.#!D#+:!,$DD.#.%-!/+G#&./;!8(-(%+!#.&.$E./!

<(-.#!D#+:!G%,.#I#+G%,!<(-.#!$%'G-/!(/!<.))!(/!/G#D(&.!#G%+DDN!<=$).!-=.!+-=.#!

)(L./!(#.!,+:$%(-.,!51!$%'G-/!D#+:!/G#D(&.!#G%+DD;!f$DD.#.%&./!5.-<..%!)(L.!<(-.#!

&=.:$/-#1!+D!8(-(%+!(%,!"+/+!#.D).&-!,$DD.#.%-!<(-.#!/+G#&./N!<=$&=!:(1!$%!-G#%!5.!

#./'+%/$5).!D+#!-=.!,$DD.#.%&.!$%!'=1-+')(%L-+%!'#+,G&-$+%!&('(&$-1!+5/.#E.,!<$-=!

#./'.&-!-+!()I()!/-(%,$%I!&#+'/;!!

!

M=.!%G-#$.%-!(,,$-$+%!.Y'.#$:.%-/!$%!*=('-.#!>!'#+E$,.,!/-#+%I!.E$,.%&.!-=(-!K!(%,!

"N!G%)$L.!$%!/+!:(%1!)(L./N!(#.!%+-!-=.!'#$:(#1!D(&-+#/!,#$E$%I!-=.!'=1-+')(%L-+%!

I#+<-=!(%,!&+:'+/$-$+%;!0,,$-$+%/!+D!K!(%,!"!$%,$E$,G())1!(%,!$%!&+:5$%(-$+%N!(-!

E(#$+G/!&+%&.%-#(-$+%/N!,$,!%+-!'#+,G&.!/$I%$D$&(%-!&=(%I./!$%!#.)(-$E.!(5G%,(%&./!

+#!5$+)+I$&())1!/$I%$D$&(%-!&=(%I./!$%!5$+:(//;!M=.!=$I=./-!5$+:(//!(D-.#!FX!,(1/!+D!

&G)-$E(-$+%!2F;FXB!Y!F?Q!W!@;BF!Y!F?>!gIUV4!<(/!/-$))!&+:'(#(5).!-+!-=(-!$%!(:5$.%-!

<(-.#/!2F;Q!Y!F?F!gIUV4N!(/!#.'+#-.,!51!9(5+!2>??X4N!(%,!$%!+-=.#!-#+'$&()!)(L./!2$;.;!

F;?!Y!F?F!-+!B;?!Y!F?Q!gIUV!$%!-=.!*(/'$(%!9.(4!2fG:+%-N!FAA@4;!M=.#.!<.#.!()/+!%+!
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/$I%$D$&(%-!,$DD.#.%&./!2'!h!?;?B4!$%!-=.!#.)(-$E.!(5G%,(%&./!+D!-=.!-=#..!,+:$%(%-!

-(Y(!D+#!(%1!%G-#$.%-!-#.(-:.%-/;!KG-#$.%-!(%()1/$/!$%!*=('-.#!Q!$%,.%-$D$.,!%+!

/$I%$D$&(%-!,$DD.#.%&.!5.-<..%!M"!&+%&.%-#(-$+%/!$%!8(-(%+!(%,!"+/+;!M=.!

:(&#+%G-#$.%-/!K!(%,!"!(#.!%+-!)$:$-$%I!-=.!+5/.#E.,!'=1-+')(%L-+%!(5G%,(%&.!(%,!

,$E.#/$-1!$%!V(L.!8(-(%+N!(%,!8(-(%+!$/!)$L.)1!%+-!/G5^.&-!-+!-=.!-=#.(-!+D!

(%-=#+'+I.%$&!.G-#+'=$&(-$+%!(/!$%&#.(/.,!K!(%,!"!$%'G-/!(#.!'#.,$&-.,!-+!=(E.!

)$--).!.DD.&-!$%!/-$:G)(-$%I!5$+)+I$&()!'#+,G&-$+%;!!

!

e#+<-=!'+-.%-$()!/-G,$./!G/$%I!*OR7F?!I#+<-=!:.,$(!,$)G-.,!<$-=!8(-(%+!<(-.#!

/=+<.,!/$I%$D$&(%-!2'!S!?;?B4!$%&#.(/./!$%!&=)7!!&+%&.%-#(-$+%/!D+#!8(-(%+!

'=1-+')(%L-+%;!M=$/!$%,$&(-./!(!%G-#$.%-!)$:$-(-$+%!$%!-=.!)(L.!<(-.#!-=(-!<(/!

()).E$(-.,!<$-=!-=.!(,,$-$+%!+D!I#+<-=!:.,$(;!6%!(,,$-$+%N!&G)-G#.,!&=)+#+'=1-.!(%,!

&1(%+5(&-.#$(!&=)7!!&+%&.%-#(-$+%/!/=+<.,!(!/=(#'!,.&)$%.!D+#!-#.(-:.%-/!

&+%-($%$%I!,$)G-$+%/!+D!B?C!+#!:+#.!8(-(%+!<(-.#N!$%,$&(-$E.!+D!(!%G-#$.%-!

)$:$-(-$+%!-=#./=+),!+#!(!&=.:$&()!)$:$-(-$+%;!0&&+#,$%I!-+!O.().1c/!&+%&.%-#(-$+%/!

+D!.).:.%-/!#.\G$#.,!51!/+:.!'=1-+')(%L-+%!2O.().1N!FAHQ4N!-=$/!.Y'.#$:.%-!

$%,$&(-.,![.N!9$N!JN!*(!(%,!K(!<.#.!5.)+<!<=(-!$/!#.\G$#.,!51!/+:.!'=1-+')(%L-+%!

(%,!-=./.!%G-#$.%-/!:(1!5.!)$:$-$%I;!!

!

*+%/$,.#$%I!())!(E($)(5).!.E$,.%&.!D#+:!/-(-$/-$&()!,$DD.#.%&./N!-=.!I.+)+I$&()!/.--$%IN!

'#.E$+G/!#./.(#&=N!(%,!5$+)+I$&()!/$I%$D$&(%&.N!)+<!K(!(%,!J!&+%&.%-#(-$+%/!:(1!5.!

:$%+#!&+%-#$5G-+#/!-+!-=.!#.IG)(-$+%!+D!'=1-+')(%L-+%!I#+<-=N!5G-!*#!(%,!8+!(#.!-=.!

:+/-!$%D)G.%-$()!:.-()/!&(G/$%I!)$:$-(-$+%!-+!I#+<-=!(%,!(5G%,(%&.!$%!V(L.!8(-(%+;!!
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*#+<.!.-!();!2>??H4!=(E.!#.'+#-.,!#.)(-$E.)1!=$I=!).E.)/!+D!-+Y$&!*#!2i64!2F;@!Y!F?7Q!

T:+)UV4;!M=.!(%()1/$/!&+%,G&-.,!D+#!-=$/!-=./$/!:.(/G#.,!-=.!*#!&+%&.%-#(-$+%!(-!?7

B?!:!D+#!V(L.!8(-(%+!2F;Z!Y!F?7F!T:+)UV4!(5+E.!-=(-!#.\G$#.,!D+#!(!#.,G&-$+%!$%!

()I()!I#+<-=N!F;>!Y!F?7F!T:+)UVN!(&&+#,$%I!-+!-=.!*(%(,$(%!P(-.#!jG()$-1!eG$,.)$%./!

2"(<)$/_!.-!();N!FAAH4N!(%,!<$-=$%!(!#(%I.!+D!&+%&.%-#(-$+%/!-=(-!&(G/.,!$%=$5$-$+%!+D!

I#+<-=!(%,!&=(%I./!$%!#.)(-$E.!(5G%,(%&.!2P()).%N!FAAX4;!!M=./.!D$%,$%I/!/G''+#-!

'#.E$+G/!#./.(#&=N!$%!.Y(:').!9(5+!/=+<.,!(%!$%&#.(/.!$%!'=1-+')(%L-+%!5$+:(//!

<$-=!#.,G&-$+%/!+D!*#!29(5+N!>??X4N!(%,!a#(:5G#I.#!/=+<.,!(%!$%&#.(/.!$%!5$+:(//!

(%,!#.)(-$E.!(5G%,(%&./!+D!,$(-+:/!<$-=!/$:G)(-$+%!+D!(%!G'<.))$%I!.E.%-N!<=$&=!

&(G/.,!#.,G&-$+%/!+D!*#!2a#(:5G#I.#N!G%'G5);!,(-(4;!M=.!)(&L!+D!&)(,+&.#(%/!$%!V(L.!

8(-(%+!=(/!5..%!&+%&)G,.,!-+!5.!(!DG%&-$+%!+D!*#!-+Y$&$-1!2[.#%(%,+N!FA@H4;!M=$/!$/!

/-#+%I!.E$,.%&.!-+!/G''+#-!-=.!)$:$-(-$+%!+D!'=1-+')(%L-+%!(5G%,(%&.!(%,!

&+:'+/$-$+%!51!*#!-+Y$&$-1;!!

!

8+!<(/!%+-!G/.,!D+#!-=.!e#+<-=!"+-.%-$()!M./-/N!5G-!-=.!(5$)$-1!+D!8+!-+!&(G/.!

)$:$-(-$+%!$%!D#./=!<(-.#!=(/!5..%!#.'+#-.,!$%!:G)-$').!/-G,$./!2e+),:(%N!FAX?`!

f+<%/!.-!();N!>??@4;!kY'.#$:.%-/!/=+<.,!(%!(,,$-$+%!+D!-.%!-$:./!-=.!(:5$.%-!8+!

&+%&.%-#(-$+%!2>;X!Y!F?7>!T:+)UV4!&+G),!/-$:G)(-.!(!%.(#!Z?C!$%&#.(/.!$%!'#$:(#1!

'#+,G&-$E$-1!2'!S!?;??F4!+E.#!-=.!&+%-#+)/!2f+<%/!.-!();N!>??@4;!V(L.!"+/+!=(,!(!8+!

&+%&.%-#(-$+%!X?C!=$I=.#!-=(%!-=(-!+D!8(-(%+N!(%,!(!'=1-+')(%L-+%!5$+:(//!-.%!

-$:./!=$I=.#!-=(%!-=(-!$%!8(-(%+;!8+!&+%&.%-#(-$+%/!<.#.!E.#1!)+<!D+#!())!)(L./!2.;I;!

B;?!Y!F?7Z!T:+)UV!D+#!8(-(%+N!@;B!Y!F?7Z!T:+)UV!D+#!"+/+4N!5G-!-=$/!,$DD.#.%&.!
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5.-<..%!"+/+!(%,!8(-(%+!$/!.%+GI=!-+!)$:$-!'=1-+')(%L-+%!I#+<-=!(%,!(5G%,(%&.N!

(%,!)$:$-!%.<!&+)+%$_(-$+%!51!/'.&$./!%+-!(,('-.,!-+!)+<!8+!&+%&.%-#(-$+%/;!

!

6%!&+%&)G/$+%N!$-!$/!'=1/$&()!D(&-+#/!2:$Y$%I!#.I$:.4!(%,!&=.:$&()!D(&-+#/!2.).E(-.,!

&+%&.%-#(-$+%/!+D!*#!(%,!)$:$-$%I!&+%&.%-#(-$+%/!+D!8+4!-=(-!(#.!,#$E$%I!-=.!

'=1-+')(%L-+%!&+::G%$-1!<$-=!#./'.&-!-+!&+:'+/$-$+%!(%,!(5G%,(%&.;![G#-=.#!

$%E./-$I(-$+%/!$%-+!-=.!/'.&$D$&!#.\G$#.:.%-/!+D!(%,!'=1/$+)+I$&()!G'-(L.!51!-=.!

l:$//$%Ic!'=1-+')(%L-+%!2*=#1/+'=1-./N!*#1'-+'=1-./N!*.%-#()./4N!(/!<.))!(/!-=(-!+D!

:(%1!&+::+%!&+/:+'+)$-(%!/'.&$./N!:(1!'#+E$,.!I#.(-.#!$%/$I=-!$%-+!-=.!

#.IG)(-+#1!(/'.&-/!+D!-=.!&=.:$&()!.%E$#+%:.%-/!+D!-=.!8()$)$!)(L./;!*=.:$&()!

:+,.)$%I!<+G),!'#+E$,.!(!G/.DG)!'$&-G#.!+D!&=.:$&()!/'.&$(-$+%!(%,!#.(&-$+%/!

+&&G##$%I!(-!E(#$+G/!,.'-=/!<$-=$%!-=$/!)(L.;![+#!%+<N!-=.#.!$/!(%!+'-$:$/-$&!DG-G#.!

D+#!(!)(L.!#./$/-(%-!-+!.G-#+'=$&(-$+%!+#!$%E(/$+%;!!
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)23(4&5&'&,-&0(

*#+<.N!9;0;`!3cK.$))N!0;O;`!J(-/.EN!9;`!O.=(%G//(N!";`!O(DD%.#N!e;f;`!9G%,51N!a;`!8G&&$N!

0;`![+<).N!f;!2>??H4!M=.!5$+I.+&=.:$/-#1!+D!-#+'$&()!)(L./b!(!&(/.!/-G,1!D#+:!V(L.!
8(-(%+N!6%,+%./$(;!"#$%&'()*+,!%&-.;N!3(N!QFA7QQF;!!

!

f+<%/N!M;8;`!9&=()).%5.#IN!8;!(%,!aG#%/N!*;P;!2>??@4!d./'+%/./!+D!)(L.!
'=1-+')(%L-+%!-+!:$&#+%G-#$.%-!.%#$&=:.%-b!(!/-G,1!$%!-<+!K.<!].()(%,!)(L./!(%,!

(%!(%()1/$/!+D!'G5)$/=.,!,(-(;!/01!2()3+#(4)*5N!QZH7QX?;!
!

fG:+%-N!O;m;!2FAA@4!M=.!*(/'$(%!V(L.b!=$/-+#1N!5$+-(N!/-#G&-G#.N!(%,!DG%&-$+%;!"#$%&'()

*+,!%&-.(4!6(N!ZZ7B>;!!
!

[.#%(%,+N!*;O;!2FA@H4!M#+'$&()!D#./=<(-.#!_++')(%L-+%!<$-=!/'.&$()!#.D.#.%&.!-+!

9+G-=!k(/-!0/$(!23#$.%-()!d.I$+%4!5,6()7!2()8,&-.()3&+(4)4*7!>@H7QFF;!

!

e+),:(%N!*;d;!2FAX?4!8+)15,.%G:!(/!(!D(&-+#!)$:$-$%I!'#$:(#1!'#+,G&-$E$-1!$%!
*(/-).!V(L.N!*()$D+#%$(;!3+#,%+,N!.(8N!F?FX7F?FH;!

!

e+#,+%!f;K;N!M;0;!8&8(=+%N!a;V;![$%)(1/+%N!*;m;!e$''.)N!(%,!d;m;!K(-=(%!2>??Z4!9-#.(:!
O1,#+)+I1!7!0%!6%-#+,G&-$+%!D+#!k&+)+I$/-.;!m+=%!P$).1!n!9+%/N!*=$&=./-.#N!P!9G//;!

!

O(DD%.#N!e;f;`!O.=(%G//(N!";k;!(%,!O(#-+-+N!f;!2>??F4!oM=.!5$+)+I1!(%,!'=1/$&()!

'#+&.//./!+D!)(#I.!)(L./!+D!6%,+%./$(p!6%b!8G%(<(#N!8;!(%,!O.&L1N!d;k;!2.,/4;!9:,)

8.,!2)"!;,<)&=)2:,)>&.'?@)A&&?BC,D4):,!'2:4)!%?)#%2,-.#2E(a(&L=G1/!"G5)$/=.#/N!
V.$,.%N!-=.!K.-=.#)(%,/N!F@Q7FAZ;!

!

O.().1N![;";!2FAHQ4!6%+#I(%$&!%G-#$.%-!G',(-.!(%,!,.D$&$.%&1!$%!()I(.;!F.#2()5,G()
H#+.&D#&'(4!(N!XA7FFQ;!

!

"(<)$/_N!0;i;`!J.%-N!d;0;`!9&=%.$,.#N!R;0;`!m.DD.#/+%N!*;!2FAAH4!*(%(,$(%!<(-.#!\G()$-1!

IG$,.)$%./!D+#!&=#+:$G:;!I%G#.&()9&J()>!2()K1!'(4!.8N!F>Q7F@Q;!

!
9(5+N!k;!2>??X4!F:!.!+2,.#L!2#&%)&=)2:,)M,'!-#+)M'!%;2&%)/<<,$D'!-,)&=)"!;,)H!2!%&)

!%?)N,2,.$#%!2#&%)&=)A!+2&.<)5,-1'!2#%-)M.#$!.E)!%?)3,+&%?!.E)M.&?1+2#&%)

NE%!$#+<(M=./$/N!R%$E.#/$-1!+D!P$%,/+#N!*(%(,(;!
!

P()).%N!f;e;!2FAAX4!0,('-(-$+%!+D!-=.!I#+<-=!+D!-=.!,$(-+:!A.!-#'!.#!)+.&2&%,%<#<!
2J$--+%4!(%,!-=.!'=1-+')(%L-+%!(//.:5)(I.!+D!V(L.!k#$.!-+!&=#+:$G:!-+Y$&$-1;!O()

8.,!2)"!;,<()5,<;N!88N!BB7X>;!!

!
!

!
!

!

!
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APPENDIX I: Detailed phytoplankton counts from lakes Matano (Table I), Mahalona 

(Table II), Towuti, (Table III) and Poso (Table IV) 
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/012'!9!05G%,(%&.!+D!'=1-+')(%L-+%!I.%.#(!(/!%G:5.#!+D!&.))/!'.#!V!D+#!V(L.!

8(-(%+;!f$E$/$+%/!(#.!#.'#./.%-.,!(/!a!D+#!5(&$))(#$+'=1-./N!*=!D+#!&=)+#+'=1-./N!(%,!

*1!D+#!&1(%+5(&-.#$(;!8.(%!&.))!(5G%,(%&.!'.#!)$-.#!(-!/(:')$%I!,.'-=/!$/!W!/-(%,(#,!

.##+#;!

!

9(:').!

!

f$E$/$+%! e.%G/! 05G%,(%&.!

2&.))/UV4!

!
8(-(%+!?:! a! A.!-#'!.#!)) B??!

! *=! F:'!$E?&$&%!<)) BB??!

! *=! F:'&.&+&++1<)) FA???!

! *=! F&<$!.#1$)) B??!

! *=! H&%&.!6:#?#1$)) F???!

! *=! P&'#,''!)) B??!

! *1! H,.#<$&6,?#!)) FX???!

! *1! /%!D!,%!) FHB??!

! *1! 8'&,&+!6<!)! XB??!
! ! /:;02! <*!555!

! ! ) !

8(-(%+!B?!:! a! A.!-#'!.#!)) F???!
! *=! F:'!$E?&$&%!<)) QB??!

! *=! F:'&.&+&++1<)) FHB??!

! *=! F&<$!.#1$)) B??!

! *=! 32!1.!<2.1$)) B??!

! *=! 9,2.!,?.&%)) Z???!
! *=! H&%&.!6:#?#1$)) B??!

! *=! P&'#,''!)) B??!

! *1! H,.#<$&6,?#!)) Q>???!

! *1! 3E%,+:&+&++1<)) >B??!

! ! /:;02! <8!355!

! ! ! !

8(-(%+!F??!:! *=! F:'!$E?&$&%!<)) FB??!

! *=! F:'&.&+&++1<) FBB??!
! *=! 9,2.!,?.&%) FB??!

! *=! H&%&.!6:#?#1$) FB??!

! *1! /%!D!,%!) F????!
! *1! 8'&,&+!6<!! >????!

! ! /:;02! 35!555!

! ! ! !

! ! ='0>! 3?!4((!@!8?(<!

! ! ! !
! ! ! !

!
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/012'!99!05G%,(%&.!+D!'=1-+')(%L-+%!I.%.#(!(/!%G:5.#!+D!&.))/!'.#!V!D+#!V(L.!

8(=()+%(;!f$E$/$+%/!(#.!#.'#./.%-.,!(/!a!D+#!5(&$))(#$+'=1-./N!*=!D+#!&=)+#+'=1-./N!

(%,!*1!D+#!&1(%+5(&-.#$(;!8.(%!&.))!(5G%,(%&.!'.#!)$-.#!(-!/(:')$%I!,.'-=/!$/!W!
/-(%,(#,!.##+#;!

!

!
!

!
!

!

!
!

!

!

!

!

!

!

!

!

!

9(:').!

!

f$E$/$+%! e.%G/! 05G%,(%&.!

2&.))/UV4!

!
8(=()+%(!?:! *=! F:'!$E?&$&%!<) B???!

! *=! F:'&.&+&++1<) QZ???!
! *=! F&<$!.#1$) B??!

! *=! H&%&.!6:#?#1$) Q>???!

! *=! P&'#,''!) B??!

! *1! /%!D!,%!) B??!

! *1! 8'&,&+!6<!! QH???!
! ! /:;02! .5?!355!

! ! ! !

8(=()+%(!Q?!:! *=! F:'!$E?&$&%!<) >???!

! *=! F:'&.&+&++1<) QB??!

! *1! 8'&,&+!6<!) >>B??!

! ! /:;02! 84!555!

! ! ! !

8(=()+%(X?!:! *=! F:'!$E?&$&%!<) FB??!
! *=! F:'&.&+&++1<) @B??!

! *=! F&<$!.#1$) B??!

! *=! H&%&.!6:#?#1$) F???!

! *=! 9,2.!,?.&%) >B??!

! *1! 8'&,&+!6<!! >B???!

! ! /:;02! (?!555!

! ! ! !

! ! ='0>!! 34!4((!@!.6!*6.!
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/012'!999!05G%,(%&.!+D!'=1-+')(%L-+%!I.%.#(!(/!%G:5.#!+D!&.))/!'.#!V!D+#!V(L.!

M+<G-$;!f$E$/$+%/!(#.!#.'#./.%-.,!(/!a!D+#!5(&$))(#$+'=1-./N!*=!D+#!&=)+#+'=1-./N!(%,!

*1!D+#!&1(%+5(&-.#$(;!8.(%!&.))!(5G%,(%&.!'.#!)$-.#!(-!/(:')$%I!,.'-=/!$/!W!/-(%,(#,!
.##+#;!

!

!

!

!
!

!

!
!

!

!

!

!
!

!

!
!

9(:').!

!

f$E$/$+%! e.%G/! 05G%,(%&.!

2&.))/UV4!

!
M+<G-$!?:! *=! F:'!$E?&$&%!<) >???!

! *=! F:'&.&+&++1<) BB??!
! *=! F&<$!.#1$) B??!

! *=! 9,2.!,?.&%) B??!

! ! /:;02! 4355!

! ! ! !

M+<G-$!B?!:! *=! F:'!$E?&$&%!<) >???!
! *=! F:'&.&+&++1<) Z???!

! *1! 8'&,&+!6<!) >????!

! ! /:;02! 8<!555!

! ! ! !

M+<G-$!!F??!:! *=! F:'!$E?&$&%!<) FB??!

! *=! F:'&.&+&++1<) >B??!

! *1! 8'&,&+!6<!) XB??!

! ! /:;02! .5!355!

! ! ! !

! ! ='0>! .3!555!@!(.?(!
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!

/012'!9A!05G%,(%&.!+D!'=1-+')(%L-+%!I.%.#(!(/!%G:5.#!+D!&.))/!'.#!V!D+#!V(L.!

"+/+;!f$E$/$+%/!(#.!#.'#./.%-.,!(/!*=!D+#!&=)+#+'=1-./N!(%,!*1!D+#!&1(%+5(&-.#$(;!!
!

!

!
!

!
!

!

!
!

!

!

!

!
!

!

!
!

!

!

!

!
!

!
!

!

!

!

!

!

!

!
!

!

!
!

!

!
!

!
!

!

!
!

9(:').!

!

f$E$/$+%! e.%G/! 05G%,(%&.!

2&.))/UV4!

!
"+/+!?:! *=! F:'!$E?&$&%!<) >FB??!

! *=! F:'&.&+&++1<) QQ???!
! *=! 32!1.!<2.1$) B??!

! *=! 9,2.!,?.&%) FB??!

! *1! /%!D!,%!) F>B??!

! *1! 8'&,&+!6<!) FF???!

! ! /:;02! 45!555!

! !   
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!

6789(9:!8;47<(
!

K(:.b!0:1!m$))!9%++L!

!

")(&.!+D!a$#-=b!*+#%.#!a#++LN!K.<D+G%,)(%,N!*(%(,(!

!

f(-.!+D!a$#-=b!0GIG/-!>N!FA@Z!

!

R%,.#I#(,G(-.!f.I#..b!O+%+G#/!k%E$#+%:.%-()!9&$.%&.!2*=.:$/-#14N!9$#!P$)D#.,!

e#.%D.))!*+)).I.U8.:+#$()!R%$E.#/$-1!+D!K.<D+G%,)(%,!

!
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