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*)B>"*",4!$"4$!'/0>,(%!01!),)*45:!A,!",=*)'%)!",!,>=3)>%!%>*1'=)!'*)'!=0H)*'4)!/"4$(!F)!



! ! 4%-0&*M#-N&%!

! T`!

'! %"4,! 01! $"4$! (*',%.0*(! F)(+)),! ,>=3)>%! ',9! =5(0.3'%/6! ',9! "/.3")%! $"4$!/)('F03"=!

'=("H"(5!PZ$'9"'3356!TVVUW:!

#$)!=09!3'*H'3!3"H)*!4*0+%!'330/)(*"='335!',9!($)!4*0+($!01!($)!3"H)*!%))/%!(0!F)!%(*0,435!

=0**)3'()9! (0! 3'*H'3! %"f):!Z35=04),! "%! ($)!/0%(!0==>**",4!%(0*'4)! 10*/!01!),)*45! ",! ($)!

=09!3'*H'3!3"H)*6!',9!3"."9!9*0.3)(%!'*)!,0(!($'(!=0//0,35!0F%)*H)9!",!3'*H')!($'(!$'%!,0(!

5)(! *)'=$)9!/)('/0*.$0%"%! PYJM*%H"<! "#! $%&6! C>F/"(()9W:! #$)*)! "%! ,0! 435=04),! .*)%),(!

9>*",4!($)!)'*35!503<!%'=!%('4)!",!A(3',("=!=09!P&0**"%0,6!TVVcW6!',9!$'%!,0(!F)),!10>,9!

>,("3!Td[TU!9.$!",!.*)H"0>%!%(>9")%!PYJM*%H"<!"#!$%&6!TVVT]!YJM*%H"<!"#!$%&6!C>F/"(()9W:!#$)!

/"(0=$0,9*"'!",!$).'(0=5()%!=',!H'*5!",!'..)'*',=)!',9!*)13)=(!($)!,>(*"("0,'3!%('(>%!01!

($)! 3'*H'):! YJM*%H"<! "#! $%&! PC>F/"(()9W! 10>,9! ($'(! =09! 3'*H')!+"($0>(! H"%"F3)! 435=04),!

%(0*)9! ",! ($)! 3"H)*!$'9!/"(0=$0,9*"'! ($'(!'..)'*)9!%0/)+$'(!),3'*4)9!',9!$'9!/0*)!

)/.(5!",,)*!%.'=):!#$)5!'3%0!10>,9!($'(!($)%)!3'*H')!$'9!>,>%>'3!=>.[%$'.)9!',9!/0*)!

"**)4>3'*35!%$'.)9!/"(0=$0,9*"'6!+$"=$!+'%!%>44)%()9!(0!F)!'!%"4,!01!=)33>3'*!%(*)%%!9>)!

(0!30+)*!,>(*"("0,'3!%('(>%!",!($)%)!3'*H'):!A,0($)*!0F%)*H'("0,!1*0/!($)%)!%(>9")%!+'%!

($'(! 435=04),! 3)H)3%!+)*)!.0%"("H)35! =0**)3'()9! (0!$).'(0=5()! %"f)! ',9!,>=3)"! %"f)6! ',9!

%>44)%(%!($'(!$).'(0,>=3)'*!%"f)!=',!F)!>%)9!'%!'!/)'%>*)/),(!0,!,>(*"("0,'3!%('(>%!",!

9)H)30.",4!=09!3'*H'):!

!

!

!

!

!

!

!

!

!

!



! ! 4%-0&*M#-N&%!

! Td!

3;E "N,!&T!-O)!.-M*U!!

#$)! '"/! 01! ($"%! %(>95! "%! (0! )H'3>'()! ($)! )11)=(! 01! 1))9",4! =09! 3'*H')! +"($! ",(),%"H)35!

=>3("H'()9! ,'>.3""! 01! ($)! =0.).09! /1$-#0$! #,2*$! =0/.'*)9! (0! *0("1)*%! 01! 9"11)*),(!

,>(*"("0,'3! H'3>)6! ",! ()*/%! 01! 3'*H'3! 4*0+($6! %>*H"H'36! ',9! 1>,=("0,'3! 9)H)30./),(! 01!

),()*0=5()%!',9!$).'(0=5()%!1*0/!`!9.$!(0!TV!9.$:!#$)!%(>95!+"33!'3%0!);'/",)!"1!($)*)!

'*)! ',5! )11)=(%! 01! 1))9",4! +"($! =0.).09%! 10*! 0,35! '! %$0*(! .)*"09! ",! ($)! 1"*%(! 9'5%! 01!

9)H)30./),(:!#$)!,>(*"("0,'3!)11)=(%!01!=0.).09%!+"33!F)!)H'3>'()9!'4'",%(!1))9",4!+"($!

),*"=$)9! ',9! >,),*"=$)9! *0("1)*%6! (0! );'/",)! "1! ($)! ,>(*"("0,'3! 9"11)*),=)%! ",! ($)! 3"H)!

1))9! =',! F)! 9"%(",4>"%$)9! ",! ($)! ("%%>)! 01! ($)! 9"4)%("H)! %5%()/:! #0! )H'3>'()! ($"%! ($)!

10330+",4!0FJ)=("H)%!+"33!F)!%(>9")9!10*!($)!3'*H'3!4>(!',9!3"H)*j!

[ '*)'!1*'=("0,!01!,>=3)"6!/"(0=$0,9*"'!',9!435=04),!

[ '*)'!%"f)!01!=)33%6!,>=3)"!',9!/"(0=$0,9*"'!

[ 4),)*'3!/)/F*',)!%(*>=(>*)!'..)'*',=)!+"($",!($)!=)33%!

[ =*"%(')!'..)'*',=)!+"($",!($)!/"(0=$0,9*"'!

\"($!%()*)0304"='3!/)($09%!"(!"%!.0%%"F3)!(0!9)()*/",)!'*)'!%"f)!01!=)33%!',9!%>*1'=)!'*)'!

1*'=("0,%!01!0*4',)33)%6!+$"=$!=',!.*0H"9)!*)%>3(%!",9"='(",4!($)!9)H)30./),(!0H)*!("/):!

I"%(0304"='3! 0F%)*H'("0,%!+"33! '3%0! F)! '! $)3.1>3! (003! ",! 9)()*/",",4! ($)! '..)'*',=)! 01!

9"11)*),(! =$'*'=()*"%("=%! ",! 0*4',)33)%6! +"($! %.)="'3! )/.$'%"%! (0! ($)! /"(0=$0,9*"'!

%(*>=(>*)%!',9!/'(>*'("0,!01!F0($!),()*0=5()%!',9!$).'(0=5()%:!G,)!%)=("0,!($*0>4$!($)!

3"H)*6! ',9! (+0! %)=("0,%! 01! ($)! 4>(! +"33! F)! );'/",)96! *)%.)=("H)35! ($)! 10*)4>(! ',9! ($)!

/"94>(6!+$"=$!"%!)%.)="'335!'=("H)!",!3"."9!'F%0*.("0,:!!



! ! =1-)0N1(.!1%*!,)-O&*.!

! Te!

< =1-)0N1(.!1%*!,)-O&*.!

<;3 @-10-XT))*N%+!&T!#&*!(10S1)!

<;3;3 ?10S1(!0)10N%+!

A(3',("=! =09! )44%! +)*)! %>..3")9! 1*0/! '! F*))9",4! =0/.',5! P7'%J0,'3! 'H3%%('%J0,! 10*!

(0*%<6! I'HF*><%%),()*)(! "! #*0/%MW! ',9!+)*)! 9"%",1)=()9!+"($! `SS! ../! 43>('*'39)$59!

10*!Q!/",>()%!'==0*9",4!(0!C'3H)%),!',9!K'9%()",!PTVVdW!F)10*)!",=>F'("0,!",!9'*<,)%%!

",! '! =0,)[F0((0/)9! =53",9*"='3! (',<!+"($!RUS!^! %+)'()*! Pc`!..(W:! #)/.)*'(>*)! ",! ($)!

",=>F'(0*!+'%! e! 0?6! ($)! %)'+'()*!+'%!/09)*'()35! ')*'()96! ($)!+'()*! );=$',4)!+'%! c!

3"(*)!$0>*[T6!',9!($)!+'%()!+'%!13>%$)9!0>(!F5!0.),",4!($)!H),(!",!($)!F0((0/!)'=$!9'5:!!

#+0! 9'5%! .*"0*! (0! $'(=$",4! ($)! )44%! +)*)! (*',%1)**)9! (0! TSS! ^! =0,)[F0((0/)9!

=53",9*"='3!*)'*",4!(',<%!+"($!'!9),%"(5!01!TSS!)44%!^[T:!#$)!H03>/)!01!)44%!",!($)!*)'*",4!

(',<%!+'%!)%("/'()9!1*0/!'!/)'%>*)/),(!01!($)!)44%!9"'/)()*!'==0*9",4!(0!I03/!"#!$%&6!

PTVVTW:!#$)!%)'+'()*!",!($)!(',<%!+'%!%',9!1"3()*)96!1"3()*)9!($*0>4$!'!T!s/!/)%$6!',9!

/"=*0F"'335!/'(>*)9! PC<J)*/0! "#!$%&6! TVVUW!F)10*)!),()*",4! ($)! (',<%:!E'=$! (',<!$'9!'!

/09)*'()! ')*'("0,6! ',9! ($)5! +)*)! '33! )B>"..)9! +"($! %>*1'=)! %<"//)*%:! #$)! +'()*!

);=$',4)!+'%!4*'9>'335!",=*)'%)9!1*0/!R!("/)%!9'5[T!(0!Q!("/)%!9'5[T!>,("3!cT!9.$6!',9!

()/.)*'(>*)!+'%! 4*'9>'335! ",=*)'%)9! 1*0/!e! (0! TR! 0?! P#'F3)! R:TW:! E'=$! 3'*H'3! *)'*",4!

(',<!+'%!"33>/",'()9!R`!$0>*%!'!9'5!F5!(+0!13>0*)%=),(!(>F)%!t!TQ\lVed:!!

#$)!%'/.3",4!01!3'*H')!+'%!='**")9!0>(!F5!*',90/35!%)3)=(",4!3'*H')!1*0/!)'=$!(',<:!A33!

01! ($)! 3'*H')! ($'(! +)*)! %'/.3)9! 10*! ($)! 9"11)*),(! .>*.0%)%! +)*)! ',)%($)("f)9! +"($!

(*"='",)!/)($',)%>310,'()!P&C[RRR6!@",B>)3$6!A*4),(!?$)/"='3!^'F0*'(0*")%!D,=:6!8CAW!

F)10*)!1>*($)*!(*)'(/),(:!!

<;3;< ?10S1(!T))*N%+!0)+N,).!

@0>*! 9"11)*),(! 1))9",4! *)4"/)%! +)*)! )%('F3"%$)96! ',9! )'=$! (*)'(/),(! $'9! ($*))!

*).3"='()%!P#'F3)!R:TW:!#$)!1))9",4!*)4"/)%!9"11)*)9!",!(5.)!01!3"H)!1))9!",!($)!1"*%(!RS[RQ!

9.$:!#$)!9),%"(5!01!($)!1))9!0*4',"%/%!",!($)!(',<%!+'%!T:R!/"33"0,!TSS!^[T:!#$)!3'*H')!

($'(!*)=)"H)9!($)!?0.).09!(*)'(/),(!+)*)!1)9!/1$-#0$!#,2*$!,'>.3""!'(!%('4)!7DK6!+$"=$!

"%!)B>"H'3),(!(0!($)!%"f)!01!($)!*0("1)*%!P3-$1.0,2)*!04"-01)*W!P?'5/',!(5.)W!PO),43'%)!"#!

$%&6! RSTS]! A3H)*! "#! $%&6! RSTTW! ($'(!+)*)! 1)9! (0! 3'*H')! *)=)"H",4! ($)! L0(&Z! ',9! L0(?$3!

(*)'(/),(:! #$)! 3'*H')! ($'(! *)=)"H)9! ($)! L0(&Z! (*)'(/),(!+)*)! 1)9! *0("1)*%! ($'(!+)*)!



! ! =1-)0N1(.!1%*!,)-O&*.!

! TU!

),*"=$)9! +"($! &>3("4'",! P2"0&'*! AC6! 70*+'5W:! ^'*H')! ($'(! *)=)"H)9! ($)! L0(?$3!

(*)'(/),(!+)*)!1)9!>,),*"=$)9!*0("1)*%:!#$)!?0.!U!(*)'(/),(!+'%!'!=0[1))9",4!*)4"/)!01!

=0.).09%!',9!),*"=$)9!*0("1)*%:!#$"%! (*)'(/),(!*)=)"H)9!H'*"'F3)! 1*'=("0,%!01!)'=$! 3"H)!

1))9!0*4',"%/!9>)!(0!($)!H'*"'F3)!$'(=$",4!%>==)%%!01!/&!#,2*$!,'>.3""!P#'F3)!R:RW:!!

#$)! =0.).09%! ',9! *0("1)*%! +)*)! 9"%(*"F>()9! /',>'335! ",! ($)! =09! *)'*",4! (',<%! ($*))!

("/)%!'!9'5:!/-#"+0$!%.:!',9!10*/>3'()9!1))9!PZ)//'!&"=*0!cSS6!C<*)((",4!AC6!70*+'5W!

+)*)! 9"%(*"F>()9! ",(0! ($)! =09! *)'*",4! (',<%! F5! '! 1))9",4! *0F0(! PC(0*H"<! 'B>'! AC6!

70*+'5W:!#$)!=09!3'*H')!+)*)!1)9!/-#"+0$!%.:! 10>*!("/)%!'!9'56!',9!($)!9*5!1))9!PTS!4!

(',<[T!9'5[TW!+'%! 1)9! (0! ($)! 1"%$! 10>*! ("/)%!',!$0>*! 10*!R`!$0>*%!'!9'5:!A!.'%()!01! ($)!

4*)),! '34')!@$22,1.%,-,G*0*! ,11)%$#$! PL))9! &'*"=>3(>*)! D,=:6! 8CAW! +'%! '99)9! (0! ($)!

(',<%!c!("/)%!'!9'5!PR!/4!?!^[TW!PL)"(',!"#!$%&6!TVVcW!!9>*",4!($)!3"H)!1))9!.)*"09:!#$)*)!

+'%!'!+)',",4!.)*"09!F)(+)),!)'=$!(*',%"("0,!",!1))9!(5.)!P#'F3)!R:TW:!



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

! "#!

/#0(%!1234!$%&'()*'+,-.!.-/01,!20(!,3'!4,-(,52''6)+7!02!8069!)+8.16)+7!,3'!201(!6)22'('+,!2''6)+7!('7)*'4:!;3'!,-<.'!)+8.16'4!=3'+!4-*&.)+7!-+6!8.'-+)+7!=-4!
'%'81,'69!-+6!6)4&.-/4!,3'!7(-61-.!)+8('-4'!)+!=-,'(!'%83-+7'!-+6!,'*&'(-,1(':!

!

/#0(%!1214!;3'!2(-8,)0+!02!(0,)2'(4!-+6!80&'&064!41&&.)'6!)+!,3'!>0&!?!,('-,*'+,:!
56-! 7! 8! 9! :! ;! 3<! 33!

=.6%6.+!>!"#$%&'(?!>@?! "@@!! "@@!! "@@!! "@@!! A?!! B@!! AB!!
A.$'B%&!>)"#*+,-*./'?!>@?! @!! @!! @!! @!! BC!! D@!! BD!!

July
Date 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 1 2 3 4 5 6 7 8 9 10 11 1
Do 6 12 18 24 31 38 46 54 63 72 82 92 103 114 126 138 150 162 174 186 198 210 222 234 246 258 270 282 294 306 318 330 342 354 366 378 390 402 414 426
Dph 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 60
Sampling X X X X X X X X X X
Cleaning X X X X X X X X X X X X X X X X X X X X X X
Water exchange day-1 2 2 2 2 2 2 3 3 3 3 4 4 4 4 4 4 4 6 6 6 6 6 6 6 6 6 6 6 6 6 8 8 8 8 8 8 8 8 8 8 8
Temperature (oC) 6 6 6 6 7 7 8 8 9 9 10 10 11 11 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12

Acartia tonsa (Rhodomonas baltica) Dry feed (Gemma micro)
Artemia sp. (Multigain)

Brachionus ibericus (Chlorella sp.)

Artemia sp. (Multigain)

Artemia sp. (Multigain)

Artemia sp. (Multigain)

Dry feed (Gemma micro)

Dry feed (Gemma micro)

Brachionus ibericus (Chlorella sp., Multigain)

Acartia tonsa (R.baltica) Brachionus ibericus (Chlorella sp., Multigain) Dry feed (Gemma micro)

Treatment

3 x Copepod

3 x RotMG

3 x RotChl

3 x Cop 7

May June



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

! "#!

/0/ 1'2%!3%%+!4&.+56$'.*!!

/0/07 "'6&.#(8#%!

$%&! '()*+,-.,&! !"#$#%#&'() *'+,-.'! /)-+0&! 1234! 56#"! )*789%+8%7)&,:!

87*&0+'+0,;,-&<=! >,<! )?-9(@,9&;A! ,0;! ?<&;! ,<! B&&;! B+*! 9%&! )+8&8+;! )?-9?*&! //.'0,-')

,#&('=C!!"#$#%#&'()*'+,-.')>,<!)?-9(@,9&;!<&'(D)+09(0?+?<-7!,9!,!9&'8&*,9?*&!+B!EF!+G!

(0!HFF!I!8-,<9()!J,.<!,0;!(0!"KF!I!,0;!EFF!I!8+-7),*J+0,9&!8-,<9()!)7-(0;&*<!/LF!)'!(0!

;(,'&9&*=!>(9%!<&,>,9&*!/HL!889=A!>%()%!>,<!;(<(0B&)9&;!J7!,;;(0.!<+;(?'!%78+)%-+*(9&!

/1,G-M=!,0;!,B9&*!5!%+?*<!0&?9*,-(<&;!J7!,;;(0.!<+;(?'!9%(+<?-8%,9&! /1,ENEMH=! /O+BBA!

N0&--A!"#PQ=C!$%&!;(-?9(+0!*,9&!+B!9%&!,-.,&!)?-9?*&!>,<!LFD5F!R!;,7D"A!,0;!"C5!'I!G+0>7!

'&;(?'! /S,-0&A! "#QL=! 8&*! -(9*&! +B! )?-9(@,9(+0! @+-?'&!>,<! ,;;&;! 9+! 9%&! )?-9?*&! ,B9&*!

;(-?9(+0! B+*! 0?9*(&09! &0*()%'&09C! $%&! )?-9?*&! >,<! %&-;! ,9! ,! ;&0<(97! ,J+@&! "! '(--(+0!

)&--<6-(9*&! /)+?09&;!>(9%!T?-9(<(U&*$T! H! G+?-9&*! G+?09&*! /),8(--,*7! ;(,'&9&*! "FF!µ'=A!

V&)W',0!G+?-9&*!20)CA!XN4=A!8O!@,-?&<!/'&,<?*&;!>(9%!,!8O6'3D'&9&*A!S$S!8O!H"5(A!

Y&*',07=!>&*&!%&-;! ,9! QC5DPCH! /B*+'!;(-?9&;! 9+! )+0)&09*,9&;! )?-9?*&=! ,0;! 9%&! )?-9?*&!

>,<!,&*,9&;!>(9%!"DE!R!GMEC!$%&!)?-9?*&<!>&*&!.*+>0!>(9%!)+09(0?+?<!-(.%9A!,0;!&,)%!

)7-(0;&*!>,<!(--?'(0,9&;!J7!<(Z!B-?+*&<)&09!9?J&<![!5P!S6PLF!B*+'!9%*&&!<(;&<!+B!&,)%!

)7-(0;&*C!

/0/0/ 9.4%4.+)!

\..<!+B!9%&!)+8&8+;!/.'0,-'),#&(')],0,)/)-+0&!]^OC4$"=!>&*&!)+--&)9&;!B+*!%,9)%(0.!+B!

0,?8-((!9%,9!>,<!B&;!9+!9%&!)+;!-,*@,&C!$%&!/.'0,-'),#&(')>,<!)?-9(@,9&;!(0!<&,>,9&*!/HL!

889=!(0!+0&!"FFF!I!9,0W!,0;!+0&!"KFF!I!9,0W!,9!EF+GA!,0;!>&*&!B&;!!"#$#%#&'()*'+,-.')

'$)+-*-,1%)/1&<<&A!EF"F=C!$%&!'(0('?'!;&0<(97!+B!,@,(-,J-&!,-.,&!>,<!HF!FFF!)&--<!'ID"!

/NW+.<9,;A!EF"F=C!$%&!>,9&*!&Z)%,0.&!>,<!"FF!R!;,7D"A!8O!>,<!QDP!/'&,<?*&;!>(9%!,!

8O6'3D'&9&*A!S$S!8O! H"5(A! Y&*',07=A! 9%&! +Z7.&0! /ME=! -&@&-!>,<! %&-;! ,J+@&! KF!R!

<,9?*,9(+0!/'&,<?*&;!>(9%!MZ7Y?*,;!O,0;7!_+-,*(<!_+*9,J-&!]M!T&9&*A!ST$A!XN4=A!,0;!

9%&!)?-9?*&!>,<!)+09(0?+?<-7! (--?'(0,9&;C!\..<!8*+;?)&;!J7!9%&!)?-9?*&!<&;('&09&;!9+!

9%&!J+99+'!+B!9%&!9,0W<A!,0;!>&*&!)+--&)9&;!J7!<>(8(0.!9%&!J+99+'!<+!9%,9!9%&!&..<!)+?-;!

J&!)+--&)9&;!(0!,!J?)W&9!J7!<(8%+0(0.C!$%&!&..<!>&*&!<(&@&;!9%*+?.%!,!"EF!`'!'&<%!/9+!

.&9! *(;!+B!>,<9&=! ,0;! 9%&0! 9%*+?.%!,!KL!`'!'&<%!>%&*&! 9%&7!>&*&! )+0)&09*,9&;! ,0;!

>,<%&;!?09(-!9%&!)+-+?*!9?*0&;!;,*W!J-?&!,<!,0!(0;(),9+*!+B!,!)-&,0!<,'8-&C!$%&7!>&*&!

9*,0<B&**&;!9+!,!55!'I!\,<7^-,<W<$T!/1?0)!46NA!]&0',*W=!>(9%!<&,>,9&*!/HL!889=!,0;!



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

! EF!

<9+*&;!,9!E!+G!>(9%!>,9&*!&Z)%,0.&!&@&*7!EDH!>&&W<C!20!&,)%!J,9)%!+B!&..<!9%&!%,9)%(0.!

<?))&<<!>,<!9&<9&;!/488&0;(Z!E=C!

$%&!<9+*&;!)+8&8+;<!&..<!>&*&!%,9)%&;A!,0;!9%&!0,?8-((!>&*&!?<&;!,<!-(@&!B&&;!B+*!9%&!

)+;! -,*@,&C!$%&!)+8&8+;!&..<!>%&*&!%,9)%&;!>(9%!,!;&0<(97!+B!"5F!&..<!'ID"! (0!"FF!I!
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;(BB&*&0)&<! (0!'(9+)%+0;*(,-! ,*&,! <(U&! (0! 9%&! $E! <&)9(+0<A! >%&*&! 9%&! G+8! Q! 9*&,9'&09!

/"CE±FCF!µ'E=!%,;!9%&!-,*.&<9!'(9+)%+0;*(,-!,*&,!<(U&C!$%&!G+8&8+;!9*&,9'&09!/FCQ±FC"!

µ'E=!,0;!9%&!b+9TY!9*&,9'&09!/FCQ±FC"!µ'E=!%,;!9%&!<',--&<9!'(9+)%+0;*(,-!,*&,!<(U&!

(0!9%&!$E!<&)9(+0<!/$,J-&!HCH=C!

4!_&,*<+0!)+**&-,9(+0!9&<9!>&*&!;+0&!9+!)+'8,*&!&09&*+)79&!,*&,!<(U&!(0!9%&!$E!<&)9(+0<!

9+!NI!+B!9%&!-,*@,&!,9!L!;8%!,0;!"#!;8%A!,0;!<%+>&;!9%,9!9%&*&!>,<!,!8+<(9(@&!)+**&-,9(+0!

J&9>&&0!NI!,0;!&09&*+)79&!,*&,!<(U&!/_lFCF5=C!O+>&@&*A! -(0&,*!*&.*&<<(+0!,0,-7<(<!;(;!

0+9! .(@&! ,07! -(0&,*! *&-,9(+0<%(8!J&9>&&0! 9%&! 9>+!@,*(,J-&<! /bEm!FCE"K=C!1+! <(.0(B(),09!

)+**&-,9(+0! >,<! B+?0;! J&9>&&0! 0?)-&?<! ,*&,! <(U&! ,0;! NIC! 1+! )+**&-,9(+0! >,<! B+?0;!

J&9>&&0!&09&*+)79&!,*&,!<(U&!,0;!,*&,!B*,)9(+0!/R=!+B!0?)-&(!+*!'(9+)%+0;*(,C!

F#N(%!:0/E!\09&*+)79&!,*&,! <(U&A!'(9+)%+0;*(,-! ,*&,! <(U&A! ,0;!0?)-&?<!,*&,! <(U&!±! N\A! (0! 9%&!$"! <&)9(+0<!
B*+'!,--! -,*@,&! ,9! L!;8%! ,0;! B*+'! 9%&! B+?*!;(BB&*&09! 9*&,9'&09<! ,9! "#!;8%! /0m5=C! I&99&*<! (0! <?8&*<)*(89!
;&0+9&<!<(.0(B(),09!;(BB&*&0)&<!J&9>&&0!9%&!.*+?8<C!

>4-! F&%#$,%*$! R*$%&.6?$%!
#&%#!)'W%!Aµ,/B!

S56(%5)!
#&%#!)'W%!Aµ,/B!

"'$.6-.*+&'#(!
#&%#!)'W%!Aµ,/B!

<! L((! ELHC"!±!H5CK! E"C5!±!"CL,! "CF!±!FCF!

9.4%4.+! L"ECK!±!K"CH! "#C5!±!FCP,J! FCP!±!FC"!
9.4!O! HK#CQ!±!HFCE! "KCF!±!"CEJ! "CF!±!FC"!
;.$"P! HQ#C5!±!"LCP! "5CP!±!"CFJ! FC#!±!FC"!

!

7X!

;.$9-(! LEKCH!±!KECF! "QC"!±!"CFJ! FCP!±!FCF!
!

F#N(%!:0:E!\09&*+)79&!,*&,! <(U&A!'(9+)%+0;*(,-! ,*&,! <(U&A! ,0;!0?)-&?<!,*&,! <(U&!±! N\A! (0! 9%&!$E! <&)9(+0<!
B*+'!,--! -,*@,&! ,9! L!;8%!,0;! B*+'! 9%&! B+?*!;(BB&*&09! 9*&,9'&09<! ,9! "#!;8%! /0m5=C! I&99&*<! (0! <?8&*<)*(89!
;&0+9&<!<(.0(B(),09!;(BB&*&0)&<!J&9>&&0!9%&!.*+?8<C!
>4-! F&%#$,%*$! R*$%&.6?$%!

#&%#!)'W%!Aµ,/B!
S56(%5)!

#&%#!)'W%!Aµ,/B!
"'$.6-.*+&'#(!
#&%#!)'W%!Aµ,/B!

<! L((! E#FC5!±!HPCL! "PCK!±!FCE! "CF!±!FC",J!

9.4%4.+! LEQCP!±!L#C#! "PCF!±!"C"! FCQ!±!FC"J!
9.4!O! HQKCP!±!EPCQ! "5C#!±!"CK! "CE!±!FCF,!
;.$"P! LE#C5!±!5#CL! "#CL!±!"C"! FCQ!±!FC"J!

!

7X!

;.$9-(! HQ5C5!±!LECK! "PCK!±!FCK! FC#!±!FC",J!



! ! ;%)5($)!

! L"!

:0: 1'2%&!,.&4-.(.8?!

$%&! -(@&*! <&)9(+0<! <%+>&;! 8+-7%&;*,-! )&--<! >(9%! *+?0;! 0?)-&(! ,0;! ,J?0;,09!

'(9+)%+0;*(,!/^(.?*&!HC#=C!V(-&!),0,-()?-(!,0;!;?)9<!>&*&!@(<(J-&!J&9>&&0!9%&!)&--<C!49!"#!

;8%! 9%&! -,*@,-! -(@&*! %&8,9+)79&<! %,;! +*.,0&--&<! 9%,9! >&*&! '+*&! ;(<9(0)9! ,0;! <%,*8-7!

;&B(0&;! /^(.?*&! HC#! VD\=! 9%,0! ,9! L! ;8%! >%&*&! 9%&! '&'J*,0&! <9*?)9?*&<! ,88&,*&;!

*?..&;C! M?9&*! '(9+)%+0;*(,-! '&'J*,0&<! >&*&! <'++9%&*! ,9! "#! ;8%! ,0;! ',;&! 9%&!

'(9+)%+0;*(,!,88&,*!*+?0;&*A!9%,0!,9!L!;8%C!20!,;;(9(+0!.-7)+.&0!>,<!B+?0;!>(9%(0!9%&!

%&8,9+)79&<! ,9! "#! ;8%A! J?9! 0+9! ,9! L! ;8%C! 4-<+A! (9! >,<! +J<&*@&;! 9%,9! &0;+8-,<'()!

*&9()?-?'! <&&'&;! '+*&! ,J?0;,09! ,9! "#! ;8%C! 3&*7! B&>! -(8(;! ;*+8-&9<! >&*&! +J<&*@&;!

>(9%(0! 9%&!%&8,9+)79&<C!$%&!+?9&*!'(9+)%+0;*(,-!'&'J*,0&!>,<! (**&.?-,*-7! <%,8&;! (0!

-,*@,&! ,9! L! ;8%! /^(.?*&! HC#! 4=C! 209&*;(.(9,9&;! )*(<9,&!>&*&! B+?0;! (0! -,*@,-! %&8,9+)79&!

'(9+)%+0;*(,! B*+'! J+9%! *+9(B&*! 9*&,9'&09<A! J?9! &<8&)(,--7! (0! 9%&! b+9G%-! 9*&,9'&09!

/^(.?*&!HC#!\=C!

!

!

!
D'85&%! :0X!LE! $*,0<'(<<(+0! &-&)9*+0!'()*+<)+87! 8%+9+! 9%,9! <%+><! 9%&! .&0&*,-! ,88&,*,0)&! +B! 9%&! -(@&*!
9(<<?&! B*+'! -,*@,&! ,9! L! ;8%C! 1?)-&(! /1?=A! '(9+)%+0;*(,! /'=! ,*&! ;(<8-,7&;! +0! 9%&! 8%+9+<C! $%&! B(.?*&!
)+09(0?&<! +0! 88C! LEDLHC! $%&! 8%+9+<! (--?<9*,9&<! 9%,9! 9%&*&! >,<! ,! ;(BB&*&0)&! (0! +*.,0&--&! '&'J*,0&!
;(<9(0)90&<<!+@&*!9('&C!$%&!-,*@,&!%,;!*?..&;!+?9&*!'(9+)%+0;*(,-!'&'J*,0&<!,9!L!;8%!/4=!/,**+><=!,0;!
<'++9%&*!+?9&*!'(9+)%+0;*(,-!'&'J*,0&<!,9!"#!;8%!/VA!GA!]A!\=C!G*(<9,&!<9*?)9?*&<!>&*&!-&<<!;&0<&!,9!L!
;8%!/4=!/,**+>%&,;<=!9%,0!(9!.&0&*,--7!>,<!,9!"#!;8%C!
!

!<!+4-!

,!

,!
,!

S5!

S5!



! ! ;%)5($)!

! LE!

!
D'85&%! :0X!ME! $*,0<'(<<(+0! &-&)9*+0!'()*+<)+87! 8%+9+! 9%,9! <%+><! 9%&! .&0&*,-! ,88&,*,0)&! +B! 9%&! -(@&*!
9(<<?&! (0! -,*@,&!B*+'!9%&!G+8&8+;!9*&,9'&09!,9!"#!;8%C!1?)-&(!/1?=A!'(9+)%+0;*(,!/'=!,0;!&0;+8-,<'()!
*&9()?-?'!/\b=!,*&!;(<8-,7&;!+0!9%&!8%+9+<C!$%&!B(.?*&!)+09(0?&<!+0!8C!LHC!!

!

!
D'85&%! :0X! 9E! $*,0<'(<<(+0! &-&)9*+0!'()*+<)+87! 8%+9+! 9%,9! <%+><! 9%&! .&0&*,-! ,88&,*,0)&! +B! 9%&! -(@&*!
9(<<?&!(0!-,*@,&!B*+'!9%&!G+8Q!9*&,9'&09!,9!"#!;8%C!1?)-&(!/1?=A!'(9+)%+0;*(,!/'=A!&0;+8-,<'()!*&9()?-?'!
/\b=!,0;!.-7)+.&0!/.=!,*&!;(<8-,7&;!+0!9%&!8%+9+<C!$%&!B(.?*&!)+09(0?&<!+0!8C!LHC!!

!

9.4!O!

9.4%4.+!

,!

,!

,!

,!

,!

S5!

8!
8!

8!

R;!

R;!

,!

,!

,!

R;!



! ! ;%)5($)!

! LH!

!
D'85&%!:0X!>E! $*,0<'(<<(+0! &-&)9*+0!'()*+<)+87! 8%+9+! 9%,9! <%+><! 9%&! .&0&*,-! ,88&,*,0)&! +B! 9%&! -(@&*!
9(<<?&! (0! -,*@,&! B*+'! 9%&! b+9TY! 9*&,9'&09! ,9! "#! ;8%C! 1?)-&(! /1?=A! '(9+)%+0;*(,! /'=A! &0;+8-,<'()!
*&9()?-?'!/\b=!,0;!.-7)+.&0!/.=!,*&!;(<8-,7&;!+0!9%&!8%+9+<C!

!

!
D'85&%!:0X!RE!$*,0<'(<<(+0!&-&)9*+0!'()*+<)+87!8%+9+<! 9%,9! <%+><! 9%&!.&0&*,-! ,88&,*,0)&!+B! 9%&! -(@&*!
9(<<?&! (0! -,*@,&! B*+'! 9%&! b+9G%-! 9*&,9'&09! ,9! "#! ;8%C! 1?)-&(! /1?=A! '(9+)%+0;*(,! /'=A! &0;+8-,<'()!
*&9()?-?'! /\b=A! ,0;! .-7)+.&0! /.=! ,*&! ;(<8-,7&;! +0! 9%&! 8%+9+<C! $%&! 8%+9+! (--?<9*,9&<! 9%&! ,88&,*,0)&! +B!
(09&*;(.(9,9&;!)*(<9,&!/,**+><=!>(9%(0!9%&!&09&*+)79&<!'(9+)%+0;*(,!+B!-,*@,&!B*+'!9%&!b+9G%-!9*&,9'&09C!!

;.$"P!

;.$9-(!

,! ,!

,!

S5!

R;!

8!

,!

,!

,!

S5!

8!

8!

R;!



! ! ;%)5($)!

! LL!

:0:07 "'$.6-.*+&'#(!#44%#&#*6%!

^(.?*&! HC"F! (--?<9*,9&<! 9%&! a?,09(B(),9(+0! +B! 9%&! +J<&*@&;! ,88&,*,0)&! +B! 9%&! +?9&*!

'(9+)%+0;*(,-!'&'J*,0&!(0!%&8,9+)79&<A!J+9%!B*+'!-,*@,&!,9!L!;8%!,0;!B*+'!-,*@,&!+B!

9%&!B+?*!;(BB&*&09!9*&,9'&09<!,9!"#!;8%C!$%&!+?9&*!'(9+)%+0;*(,-!'&'J*,0&!>,<!&(9%&*!

)-,<<(B(&;!,<!<'++9%!+*!*?..&;C!^(.?*&!HC#!;&'+0<9*,9&<!9%&!;(BB&*&0)&!+B!*?..&;!+?9&*!

'(9+)%+0;*(,-!'&'J*,0&!<9*?)9?*&<!(0!%&8,9+)79&<!(0!9%&!-,*@,&!,9!L!;8%!/^(.?*&!HC#!4=A!

,0;!<'++9%!+?9&*!'&'J*,0&!<9*?)9?*&<!B*+'!9%&!G+8&8+;!9*&,9'&09!,9!"#!;8%!/^(.?*&!

HC#!V=C!$%&!+?9&*!'(9+)%+0;*(,-!'&'J*,0&!,9!L!;8%!>,<!<(.0(B(),09-7!-&<<!;&B(0&;!9%,0!

9%&!;(<9(0)9! ,0;! <%,*8-7! ;&B(0&;!'&'J*,0&! <9*?)9?*&! 9%,9!>,<! B+?0;! <?**+?0;(0.! 9%&!

'(9+)%+0;*(,! B*+'! 9%&! ;,7! "#! -,*@,&C! $%&*&! >,<! 0+! <(.0(B(),09! ;(BB&*&0)&! (0! +?9&*!

'(9+)%+0;*(,-!'&'J*,0&!<'++9%0&<<!J&9>&&0!9%&!-,*@,&!B*+'!9%&!;(BB&*&09!9*&,9'&09<!

,9!"#!;8%!/^(.?*&!HC"F=C!!

!
D'85&%!:07YE!T&,0!+?9&*!'(9+)%+0;*(,-!'&'J*,0&!,88&,*,0)&!/R=! (0! -(@&*!+B! -,*@,&!,9!L!;8%!,0;!B*+'!
&,)%!9*&,9'&09!,9!"#!;8%!/0mLD5=C!N(.0(B(),09!;(BB&*&0)&<!/n=!(0!'&'J*,0&!<9*?)9?*&!>&*&!B+?0;!J&9>&&0!
-,*@,&!,9!L!;8%!,0;!,--!9%&!-,*@,&!,9!"#!;8%C!\**+*!J,*<!,*&!<&9!,9!±!N\C!!
!

!

!

!

!!!!n!



! ! ;%)5($)!

! L5!

^(.?*&! HC""! ,0;! ^(.?*&! HC#! ;&'+0<9*,9&<! 9%&! ;(BB&*&0)&<! (0! )*(<9,&! ;&0<(97! ,0;!

,88&,*,0)&! /R=! (0<(;&! 9%&! %&8,9+)79&<! '(9+)%+0;*(,C! $%&! ,88*+,)%! ;(<)*('(0,9&<!

J&9>&&0! 9>+! W(0;<! +B! ;&0<(97A! ;&0<&! +*! -&<<! ;&0<&A! >%&*&! 9%&! ;&0<&! ,88&,*,0)&! (<!

&a?(@,-&09!9+!9%&!$78&!E!'(9+)%+0;*(,!B+?0;!(0!&09&*+)79&<!(0!S+-;!2,)'+3!/EFFP=C!$%&*&!

>&*&!0+!<(.0(B(),09!;(BB&*&0)&<!J&9>&&0!9%&!9*&,9'&09<!,9!"#!;8%!(0!)*(<9,&!;&0<(97C!$%&!

)*(<9,&!>&*&!<(.0(B(),09-7!-&<<!;&0<&!,9!L!;8%!9%,0!,9!"#!;8%C!!

$%&*&! >,<! <(.0(B(),09! ;(BB&*&0)&! (0! ,88&,*,0)&! +B! (09&*;(.(9,9&;! )*(<9,&! J&9>&&0! 9%&!

9*&,9'&09<!,9!"#!;8%A!>%()%!>&*&!+0-7!B+?0;!(0!9%&!b+9G%-!/LLCEE±EFC#K!R=!,0;!(0!9%&!

b+9TY! /"FCFF±"FCFF! R=! 9*&,9'&09<A! ,-9%+?.%! 9+! ,! .*&,9&*! &Z9&09! (0! 9%&! b+9G%-!

9*&,9'&09C! 20! 9%&! -(@&*! <&)9(+0<! L! +?9! +B! 5! b+9G%-! -,*@,&! %,;! (09&*;(.(9,9&;! )*(<9,&C!

O+>&@&*A!(0!+0-7!+0&!-,*@,!9%&*&!>,<!B+?0;!&Z)-?<(@&-7!(09&*;(.(9,9&;!)*(<9,&A!>%()%!>,<!

9%&!<,'&! -,*@,!9%,9!%,;!.*&7!)*(<9,&! (0! 9%&!$E!<&)9(+0C!^(.?*&!HC"F!\!;&'+0<9*,9&<!9%&!

+))?**&0)&! +B! (09&*;(.(9,9&;! )*(<9,&! >(9%(0! 9%&! '(9+)%+0;*(,A! >%&*&! '&'J*,0&!

J+?0;,*(&<!)+?-;!0+9!&,<(-7!J&!;(<9(0.?(<%&;C!

!
D'85&%!:077E!T&,0!)*(<9,&!,88&,*,0)&!/R=!(0!%&8,9+)79&<!+B!-,*@,&!,9!L!;8%!,0;!+B!&,)%!9*&,9'&09!,9!"#!
;8%! /0mLD5=C! $%&*&!>&*&! 0+! <(.0(B(),09! ;(BB&*&0)&<! (0! )*(<9,&! ;&0<(97! (0! 9%&!'(9+)%+0;*(,! J&9>&&0! 9%&!
9*&,9'&09<! ,9! "#! ;8%A! J?9! ,9! L! ;8%! 9%&! -,*@,&! %,;! <(.0(B(),09! -&<<! ;&0<&! )*(<9,&! /n=C! I&99&*<! ;&0+9&<!
<(.0(B(),09!;(BB&*&0)&<! (0!;&0<(97!+B!)*(<9,&C!$%&! (09&*;(.(9,9&;!)*(<9,&! 978&!>,<!+0-7! B+?0;! (0! 9%&!b+9G%-!
9*&,9'&09!,0;!(0!9%&!b+9TY!9*&,9'&09A!>%()%!>,<!<(.0(B(),09-7!%(.%&*!(0!9%&!b+9G%-!9*&,9'&09!/n=C!\**+*!
J,*<!(--?<9*,9&<!±!N\C!!

!!!!n!

!!!!n!



! ! ;%)5($)!

! LK!

:0:0/ @5&3#6%!#&%#!3&#6$'.*)!.3!-%4#$.6?$%!6.,4.*%*$)!

Y-7)+.&0!>,<!B+?0;!(0!9%&!-(@&*!+B!9%&!)+;!-,*@,&!,9!"#!;8%A!,0;!9%&*&!>&*&!<(.0(B(),09!

;(BB&*&0)&<!(0!<?*B,)&!,*&,!B*,)9(+0!+B!.-7)+.&0!J&9>&&0!<+'&!+B!9%&!9*&,9'&09<!/^(.?*&!

HC"E=C!$%&!-,*@,&!B*+'!9%&!G+8&8+;!9*&,9'&09!%,;!<(.0(B(),09-7!-+>&*!-&@&-<!/ECE±"CL!R=!

9%,0!-,*@,&!B*+'!9%&!b+9TY!9*&,9'&09!/"QCL±"CP!R=!,0;!b+9G%-!9*&,9'&09!/E5CH±LCP!R=C!

$%&!.-7)+.&0!<9+*,.&!(0!9%&!-,*@,-!-(@&*!(0!9%&!G+8&8+;!9*&,9'&09!>,<!<+!-+>!9%,9!(9!;(;!

0+9!;(BB&*!<(.0(B(),09-7! B*+'!9%&! -,*@,&!,9!L!;8%!>%&*&! 9%&*&!>,<!0+!.-7)+.&0!8*&<&09C!

$%&! <?*B,)&! ,*&,! B*,)9(+0!+B!'(9+)%+0;*(,!>,<!0+9! <(.0(B(),09-7!;(BB&*&09! (0! ,07!+B! 9%&!

9*&,9'&09<A!+*!J&9>&&0! -,*@,&!,9!L!;8%!)+'8,*&;! 9+!,--! -,*@,&!,9!"#!;8%C!1&(9%&*!>,<!

9%&*&!,07!;(BB&*&0)&!J&9>&&0!9%&!9*&,9'&09<!(0!<?*B,)&!,*&,!B*,)9(+0!+B!9%&!0?)-&(!>(9%(0!

9%&!%&8,9+)79&<!/^(.?*&!HC"E=C!!

N(.0(B(),09! )+**&-,9(+0! >,<! B+?0;! J&9>&&0! -,*@,-! <9,0;,*;! -&0.9%! ,0;! <?*B,)&! ,*&,!

B*,)9(+0!+B!.-7)+.&0!/_lFCF"=!,-9%+?.%!0+9!,!-(0&,*!+0&!/bEmFCHL5=C!$%&*&!>,<!,!0&.,9(@&!

*&-,9(+0<%(8!J&9>&&0!9%&!9>+!@,*(,J-&<A!>%()%!('8-(&<!9%,9!9%&!<',--&*!-,*@,&!%,;!'+*&!

.-7)+.&0!<9+*&;!(0!9%&!-(@&*!9%,0!9%&!-,*.&*!-,*@,&!%,;A!>%&*&!9%&!-,*.&*!-,*@,&!J&-+0.&;!

9+! 9%&! G+8&8+;! 9*&,9'&09! ,0;! %,;! l"FR! <?*B,)&! ,*&,! B*,)9(+0! +B! .-7)+.&0C! 1+!

)+**&-,9(+0! >,<! B+?0;! J&9>&&0! <9,0;,*;! -&0.9%! ,0;! <?*B,)&! ,*&,! B*,)9(+0! +B!

'(9+)%+0;*(,!+*!0?)-&(C!! ! ! !

!
D'85&%! :07/E! T&,0! <?*B,)&! ,*&,! B*,)9(+0<! /R=! +B! '(9+)%+0;*(,A! 0?)-&(! ,0;! .-7)+.&0! (0! 9%&! -,*@,&o<!
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0?)-&(!>,<!.&0&*,--7! -,*.&*!9%,0!9%&!,*&,!B*,)9(+0!+B!'(9+)%+0;*(,A!,0;!+88+<(9&! (0!9%&!

$E! <&)9(+0<C! $%(<! ',7! ('8-7! ,! ;(BB&*&0)&! (0! &0&*.7! '&9,J+-(<'! J&9>&&0! 9%&! 9>+!

;(BB&*&09!8,*9<! +B! 9%&! .?9A! 9%?<! 9%&!'(;.?9!'(.%9! *&B-&)9! 9%&! &0&*.7! <9,9&!+B! 9%&! -,*@,&!

'+*&!&@(;&09-7C!$%(<!',7!J&!*&-,9&;!9+!9%,9!9%&*&!%,<!J&&0!*&8+*9&;!9%,9!-(8(;!@,)?+-&<!

,0;! J+;(&<! ,*&! '+*&! B*&a?&09! B+?0;! (0! 9%&! '(;.?9A! 9%?<! 9%&! '(;.?9! %,<! ,! %(.%&*!

,J<+*89(+0!+B!-(8(;<!/fgh*<@(W)2,)'+3A!"##"=!,0;!%,@(0.!,!%(.%&*!'&9,J+-()!,)9(@(97C!4-<+A!

9%&! '(9+)%+0;*(,! (0! 9%&! $E! <&)9(+0<! <%+>&;! (0;(),9(+0<! +B! 0&.,9(@&! &BB&)9! ;?&! 9+!

<?J+89(',-! 0?9*(9(+0,-! @,-?&<! (0! 9%&! -(@&! B&&;A! >%&*&,<! 9%&! '(9+)%+0;*(,! (0! 9%&! $"!

<&)9(+0<! ;(;! 0+9! <&&'! 9+! %,@&! ,07! ,J0+*',-(9(&<! ;?&! 9+! 9%(<C! 4J0+*',-(9(&<! (0!

'(9+)%+0;*(,! <9*?)9?*&<!',7! 9%?<! ('8-7! 9%,9! 9%&! ;(.&<9(@&! ,)9(@(97! +B! 9%&!'(;.?9!>,<!

*&;?)&;C!!

29!%,<!8*&@(+?<-7!J&&0!*&8+*9&;!9%,9!)+;!-,*@,-!%&8,9+)79&<!,*&!'+*&!<&0<(9(@&!9+!;(&9,*7!

(0;?)&;! &BB&)9<! 9%,0! 9%&! (09&<9(0&A! ,0;! (9! %,<! J&&0! *&)+''&0;&;! 9+! B+)?<! +0! -(@&*!

<9*?)9?*&! B+*! B?*9%&*! ,0,-7<(<! +B! ;(.&<9(@&! <7<9&'<! (0! )+;! -,*@,&! /S+-;) 2,) '+3A! EFF#=C!



! ! >')65))'.*!

! KE!

G+**&-,9(+0<!+B!<9,0;,*;!-&0.9%!,0;!0?)-&?<!<(U&!;?*(0.!;&@&-+8'&09!+B!)+;!-,*@,&!%,@&!

,-<+!<%+>0!9+!J&!'+*&!&@(;&09!(0!-(@&*!/fgh*<@(W)2,)'+3A!N?J'(99&;=!9%,0!(9!%,<!J&&0!(0!.?9!

/S+-;) 2,) '+3A! EFFP=C! G+'8,*&;! 9+! 9%&! B(0;(0.<! (0! 9%&! 8*&<&09! <9?;7A! >%&*&! )*(<9,&!

<9*?)9?*&!>&*&!+J<&*@&;!9+!J&!'+*&!&@(;&09-7!',9?*(0.! (0!9%&!%&8,9+)79&<!,0;!%(.%&*!

B*,)9(+0! +B! )*(<9,&! (09&*;(.(9,9(+0!>,<! B+?0;A! (9! (0;(),9&<! 9%,9!',9?*,9(+0! B&,9?*&<! ,0;!

;(&9,*7! (0;?)&;! &BB&)9<! '(.%9! J&! '+*&! &@(;&09! *&B-&)9&;! (0! 9%&! %&8,9+)79&<! J7!

%(<9+-+.(),-!,0;!<9&*&+-+.(),-!,0,-7<&<C!!

!

!



! ! "#$%&'()#$!

! "#!

"#$%&'()#$!!

$%!&'(!)*(+(%&!+&,-.!&'(*(!'/+!0((%!-(12%+&*/&(-!&'/&! 3%&(%+34(5.!)*2-,6(-!62)()2-+!
1/.! +,66(++7,55.! 0(! ,+(-! /+! 534(! 7((-! 3%! &'(! 3%&(%+34(! +&/*&87((-3%9! 27! 62-! 5/*4/(:! ;'(!
*(+,5&+!+'2<!9*(/&!-377(*(%6(+!3%!9*2<&'=!-(4(52)1(%&=!/%-!+,*434/5!0(&<((%!5/*4/(!7(-!
62)()2-+! /%-! &'2+(! 7(-! *2&37(*+=! &',+! 3%-36/&3%9! %,&*3&32%/5! 0(%(73&+! 27! 7((-3%9! <3&'!
62)()2-+!3%+&(/-!27!*2&37(*+:!>3%6(!62)()2-+!/*(!3%!7/6&!&'(!%/&,*/5!)*(.!72*!1/*3%(!73+'!
5/*4/(=!3&!3+!53?(5.!&'/&!&'(*(!/*(!+)(63736!5/*4/5!/-/)&/&32%+!&2!&'(!62)()2-+!0326'(136/5!
621)2+3&32%:!

;'(!*(+,5&+! 3%!&'(!)*(+(%&!+&,-.!+,99(+&!&'/&!&'(!'39'!12*&/53&.!&'/&!266,*+!-,*3%9!&'(!
5/*4/5!+&/9(!27!62-!1/.!0(!3%75,(%6(-!0.!&'(!(%(*9.!+&/&,+!27!&'(!5/*4/(=!<'(*(!/0353&.!&2!
,&353@(! (%(*9.! *36'! (++(%&3/5! 7/&&.! /63-+! 72*! 9*2<&'! 3+! 6*,63/5! 72*! +,*434/5:! A*3+&/(!
3%&(*-393&/&32%!</+!72,%-!<3&'3%!13&26'2%-*3/!3%!&'(!9,&!/%-!534(*!27!5/*4/(!7(-!*2&37(*+=!
31)5.3%9!13&26'2%-*3/5! -.+7,%6&32%:! B2<(4(*=! &'3+!</+! %2&! 72,%-! 3%! &'(! 62)()2-87(-!
5/*4/(=! /%-! &'(*(72*(! +,99(+&+! &'/&! 7((-3%9! 62-! 5/*4/(!<3&'! 62)()2-+! 3+! 0(%(7363/5! 72*!
%2*1/5!-(4(52)1(%&!27!13&26'2%-*3/=!/%-!139'&!0(!-,(!&2!&'(!62)()2-+!'39'!62%&(%&!27!
)'2+)'253)3-+!&'/&!1/.!0(!-3*(6&5.!3%62*)2*/&(-!3%&2!0321(10*/%(+:!

;'(!95.629(%!62%&(%&!72,%-!3%!&'(!62-!5/*4/(!7*21!&'(!)*(+(%&!+&,-.!/*9,(+!&'/&!&'(!+3@(!
27!95.629(%!+&2*/9(+!-2(+!%2&!62**(5/&(!)2+3&34(5.!<3&'!9*2<&'!/%-!+,*434/5!27! &'(!62-!
5/*4/(:!A2)()2-+=!<'36'!/*(!62%+3-(*(-!/+!&'(!12+&!%,&*3&32%/5!7/42,*/05(!534(!7((-!72*!
1/*3%(!73+'!5/*4/(=!-2(+!%2&!62%&/3%!/+!'39'!/12,%&+!27!6/*02'.-*/&(+!/+!*2&37(*+:!;',+=!
&'(.!1/.!)*243-(!5(++!+&2*(-!95.629(%!3%!&'(!534(*:!>3%6(!95.629(%!3+!&'(!+&2*(-!72*1!27!
95,62+(=!/%-!6/*02'.-*/&(+!/*(!%2&!62%+3-(*(-!/+!/%!(++(%&3/5!%,&*3&32,+!+,0+&/%6(=!3&!3+!
+,99(+&(-!&'/&!95.629(%!+&2*/9(!3%!62-!5/*4/(!3+!-2(+!%2&!%(6(++/*35.!934(!31)536/&32%+!27!
/!<(558%2,*3+'(-!5/*4/:!

;'(!534(*!&3++,(!-3-!12*(!(43-(%&5.!*(75(6&!&'(!(%(*9.!+&/&(!27!&'(!5/*4/(=!&'/%!&'(!&3++,(!
7*21! &'(! 9,&:! ;'(! 534(*! -3-! /5+2! +'2<! /!12*(! (43-(%&!1/&,*/&32%! 27! 13&26'2%-*3/! 3%!
&(*1+! 27! 6*3+&/(! -(%+3&.:! $%! &'(! /%/5.+(+! 27! &'(! 9,&! 3&! </+! &'(!13-9,&! &'/&! </+!12*(!
(43-(%&5.! *(75(6&3%9! &'(! 534(! 7((-+! %,&*3&32%/5! 4/5,(:! $&! 3+! &'(*(72*(! +,99(+&(-! &'/&! &'(!
13-9,&! /%-! (+)(63/55.! &'(! 534(*! 1/.! 0(! 12*(! 7/42,*/05(! <'(%! /%/5.@3%9! 72*! &'(!
%,&*3&32%/5!(77(6&!2%!7,%6&32%/5!-(4(52)1(%&!27!-39(+&34(!2*9/%+!/&!/%!(/*5.!5/*4/5!+&/9(:!!



! ! *+,+-+$%+(!

! "C!

*+,+-+$%+(!
D54(*=!E:F:=!;(%%G.=!;:=!D57*(-+(%=!H:D:=!I3(=!J:=!KLMMNO:!D,&21/&36!1(/+,*(1(%&!27!*2&37(*!

!"#$%&'()*+,-&$#.&-&*!-(%+3&3(+!3%!73*+&!7((-3%9!&/%?+:!DP,/6,5&,*(!Q%93%((*3%9:!./=!
RRS8RLR:!

D54(*=!E:F:=!>&2*G.=!T:=!U/*-/5=!;:=!F4(**(3%=!$:=!F%+G.(%=!E:V:=!;(%%G.=!;:=!I3(=!J:=!KLMRRO:!
D,&21/&36!1(/+,*(1(%&!27!/$#".&#+.'(*#!%/,)533!-(%+3&.=!/%-!(+&31/&32%!27!+&/9(!
-3+&*30,&32%:!DP,/6,5&,*(:!.0.=!RMM8RM":!

D))5(0/,1=! >:W:=! XG%%(+&/-=! $:=! KLMMCO:! D0+2*)&32%=! /++3135/&32%! /%-! 6/&/0253+1! 27!
3%-343-,/5!7*((!/13%2!/63-+!0.!5/*4/5!D&5/%&36!'/530,&!K0&,,'1-'**)*+%&,,'1-'**)*O:!
DP,/6,5&,*(:!1.2=!#R#8#LL:!

U(55=! H:J:=! A/+&(55=! H:Y:=! ;26'(*=! Y:X:=! E/6Y2%/5-=! Z:E:=! >/*9(%&=! H:X:=! KR[[SO:! Q77(6&+! 27!
-377(*(%&!-3(&/*.!/*/6'3-2%36!/63-!\!-262+/'(]/(%236!/63-!*/&32+!2%!)'2+)'253)3-!
7/&&.! /63-! 621)2+3&32%+! /%-! )*2+&/95/%-3%! )*2-,6&32%! 3%! ^,4(%35(! &,*02&!
K2$',%.%#-3)*+3#4&3)*O:!Z3+'!_'.+32529.!/%-!U326'(13+&*.:!03=!R#[8RSR:!

U(55=!H:J:=!E6Q42.=!H:=!;26'(*=!Y:X:=!>/*9(%&=!H:X:=!KLMMMO:!Y()5(&32%!27!/5)'/8&262)'(*25!/%-!
/+&/]/%&'3%! 3%! D&5/%&36! +/512%! K2#-3'+ *#-#"O! /77(6&+! /,&2]3-/&34(! -(7(%+(! /%-!
7/&&.!/63-!1(&/0253+1:!H2,*%/5!27!`,&*3&32%:!0.2=!RaMM8RaMa:!

U(55=! H:J:=! E6Q42.=! W:D:=! Q+&(4(@=! D:=! >'3(5-+=! X:H:=! >/*9(%&=! H:X:=! KLMM#O:! F)&313+3%9! 53)3-!
%,&*3&32%!3%!73*+&87((-3%9!75/&73+'!5/*4/(:!DP,/6,5&,*(:!114=!LRR8LLM:!

U(*-/%3(*=!A:U:=!KLMMMO:!Z/&&.!D63-+!/%-!E(10*/%(!Z,%6&32%:! 3%\!A'2<=!A:V:!KQ-:O=!Z/&&.!
/63-+! 3%! 722-+! /%-! &'(3*! '(/5&'! 31)536/&32%+:!E/*6(5!Y(??(*! $%6:=!`(<!b2*?=! )):!
S"[8SaC:!

U(*9=! H:E:=! W:H:=! ;:=! >&*.(*=! W:=! KLMMNO:! U326'(13+&*.=! "! (-:!T:B:! Z*((1/%! /%-! A21)/%.=!
c>D:!!)):!S[L8"R":!

U^d*%+-2&&3*=! X:=! e91,%-/*+2%=! f:=! g*%/+2%=! H:=! X(++(1=!B:=! Hh%++2%=! D:=! V250(3%+'/4(%=!
D:J:=!>&(3%/*++2%=!D:=!F4(**(3%=!$:=! Hh'/%%/++2%=!X:=!KLMRMO:!UD>QAFY!8!>&/05(!/%-!
+/7(!)*2-,6&32%!27!'39'!P,/53&.!62-!5/*4/(!/%-!^,4(%35(+:!!)):!RL:!

U2@@25/=!H:H:=!X,++(5=!Y:W:=!KR[[LO:!Q5(6&*2%!E36*2+62).:!H2%(+!/%-!U/*&5(&&!_,053+'(*+=!$%6:=!
W2%-2%:!!)):!SCL:!

U*2<%=! H:D:=! E3%?277=! J:=! _,4/%(%-*/%=! i:=! KLMM#O:! W/*436,5&,*(! 27! D&5/%&36! 62-! K5#6)*+
3'"%)#O\!)*29*(++=!)*2&2625+!/%-!)*205(1+:!DP,/6,5&,*(:!114=!#SN8#NL:!

U,+6'=! V:Q:;:=! Z/5?8_(&(*+(%=! $:8U:=! _(*,@@3=! >:=! X3+&=! `:D:=! B/1*(=! V:=! KLMRMO:! `/&,*/5!
@22)5/%?&2%!/+!5/*4/5!7((-!3%!3%&(%+34(!*(/*3%9!+.+&(1+!72*!^,4(%35(!)*2-,6&32%!27!
D&5/%&36!62-!K5#6)*+3'"%)#!W:O:!DP,/6,5&,*(!X(+(/*6':!30=!RNLN8RNCM:!

A/0/55(*2=! E:H:=! $@P,3(*-2=! E:>:=! V^G*+43?=! Q:=! E2%&(*2=! Y:=! >262**2=! H:=! Z(*%/%-(@=! D:H:=!
X2+(%5,%-=! J:=! KLMM#O:! E2*)'252936/5! /+)(6&+! 27! 3%&(+&3%/5! 6(55+! 7*21! 935&'(/-!
+(/0*(/1! K2,#")*+ #)"#.#O! 7(-! -3(&+! 62%&/3%3%9! -377(*(%&! 53)3-! +2,*6(+:!
DP,/6,5&,*(:!115=!#LS8#CM:!

A/',=!A:W:=!j/102%3%28$%7/%&(=!H:W:=!KLMMRO:!>,0+&3&,&32%!27!534(!722-!0.!72*1,5/&(-!-3(&+!
3%!1/*3%(!73+'!5/*4/(:!DP,/6,5&,*(:!122=!R"R8RaM:!

A/',=! A:W:=! j/102%3%28$%7/%&(=! H:W:=! ;/?(,6'3=! ;:=! KLMM#/O:! `,&*3&32%/5! 621)2%(%&+!
/77(6&3%9!+?(5(&/5!-(4(52)1(%&!3%!73+'!5/*4/(:!DP,/6,5&,*(:!114=!LCS8LSa:!



! ! *+,+-+$%+(!

! "S!

A/',=!A:W:=!j/102%3%28$%7/%&(=! H:W:=!U/*02+/=!i:=! KLMM#0O:!Q77(6&!27!-3(&/*.!)'2+)'253)3-!
5(4(5! /%-! )'2+)'253)3-\! %(,&*/5! 53)3-! 4/5,(! 2%! &'(! -(4(52)1(%&! 27! +(/! 0/++!
K7&$8(."#"$%)*+ -#9"#4O! 5/*4/(! 7(-! /! 621)2,%-!-3(&:!U*3&3+'! H2,*%/5! 27!`,&*3&32%:!
62=!LR8La:!

A/*4/5'2=!D:_:=!F534/8;(5(+=!D:=!U(*92&=!_:=! KLMM#O:!D!)*(5313%/*.!+&,-.!2%!&'(!125(6,5/*!
<(39'&!)*2735(!27!+25,05(!)*2&(3%!%3&*29(%! 3%! 534(! 722-!2*9/%3+1+!72*! 73+'! 5/*4/(:!
DP,/6,5&,*(:!115=!CCS8CC[:!

A'/)1/%=! Y:=! KR[""O:! ;'*((! %(<! 6/*2&(%23-+! 3+25/&(-! 7*21! /59/(:! _'.&26'(13+&*.:! 5=!
R##R8R###:!

A2%6(36/2=! W:Q:A:=! b,7(*/=!E:=!E/?*3-3+=! _:=!E2*/3+=! >:=!Y3%3+=!E:;:=! KLMRMO:! W34(! 7((-+! 72*!
(/*5.!+&/9(+!27!73+'!*(/*3%9:!DP,/6,5&,*(!X(+(/*6':!30=!"R#8"CM:!

A2*%(*=! Q:Y:>:=! FkB/*/=! >:A:E:=! KR[a"O:! ;'(! U3252936/5! A'(13+&*.! 27! E/*3%(! A2)()2-+:!
F]72*-!c%34(*+3&.!_*(++=!`(<!b2*?:!!)):!R8S[:!

A2,&&(/,=!_:=!J(,*-(%=! $:=!A/1/*/=!E:X:=!U(*92&=!_:=! >2*9(522+=!_:=! KR[[NO:!X(43(<!2%! &'(!
-3(&/*.!(77(6&+!27!)'2+)'253)3-+!3%!73+'!/%-!6*,+&/6(/%!5/*436,5&,*(:!DP,/6,5&,*(:!
055=!RC[8R"C:!

Y*355(&=!J:=!$4(*+(%=!E:B:=!>2*(%+(%=!;:Z:=!X/1524=!B:=!W,%-=!;:=!B/%+(%=!U:T:=!KLMM"O:!Q77(6&!
27!625-!+&2*/9(!,)2%!(99+!27!/!6/5/%23-!62)()2-=!/$#".&#+.'(*#!KY/%/O!/%-!&'(3*!
277+)*3%9:!DP,/6,5&,*(:!153=!NRC8NL[:!

Y*355(&=!J:=!Z*2,l5=!>:=!>36'5/,=!E:B:=!H()+(%=!_:E:=!BG^9//*-=!H:V:=!H2/*-(*=!D:V:=!B/%+(%=!U:T:=!
KLMRRO:! >&/&,+! /%-! *(6211(%-/&32%+! 2%!1/*3%(! 62)()2-! 6,5&34/&32%! 72*! ,+(! /+!
534(!7((-:!DP,/6,5&,*(:!.05=!RSS8R"":!

Q3-+43?=!Q:=!KLMRMO:!A287((-3%9!D5&/%&36!62-!5/*4/(!K5#6)*+3'"%)#O!<3&'!62)()2-!%/,)533!
K/$#".&#+ .'(*#O! /%-! *2&37(*+! K!"#$%&'()*+ ,-&$#.&-&*O! 8! (77(6&! 2%! 9*2<&'! /%-!
2+&(252936/5!-(4(52)1(%&:!E/+&(*!+!&'(+3+:!`;`c:!!)):!NR:!

Q50/5=!E:;:=! B(*%/%-(@=!E:_:J:=! W2@/%2=!E:;:=! D9,55(3*2=! U:=! KLMMCO:! Y(4(52)1(%&! 27! &'(!
-39(+&34(! &*/6&! 27! 935&'(/-! +(/! 0*(/1! K2,#")*+ #)"#.#! W:O:! W39'&! /%-! (5(6&*2%!
136*2+62)36!+&,-3(+:!DP,/6,5&,*(:!1.3=!LRS8L#a:!

Q%9(558>G*(%+(%=!V:=!B251+&*,)=!E:=!X/15G4=!B:=!B/%+(%=!U:=!Z5/*,)!>G*(%+(%=!;:=!Y*355(&=!
J:=! Q4^(12=! H:F:=! F4(**(3%=! $:=! Z3%&3?/?3=! E:=! i(**32)2,53+=! J:=! ;+24(%3+=! $:=! D*/%!
Q6'/0(=!H:=!F4(*9//*-=!H:=!;'3%99//*-=!D:=!KLMM"O:!$%&(%+34(!)*2-,6&32%!27!6/5/%23-!
62)()2-+! /%-! )2++305(! )*(+(*4/&32%! 27! 62)()2-! (99+! 72*! 73+'! 7/*13%9:!
_*(+(%&/&32%!27! 24(*/55! *(+,5&+! 7*21! &'(!Z_S8AXDZ;!)*2^(6&!_FAQZZ!)*2^(6&!`2!
mSAX8R[[[8NLC"a:! T2*5-! /P,/6,5&,*(! +263(&.:! W/&(+! -2<%52/-\! Ma:MS:LMRR=!
'&&)+\nn<<<:</+:2*9nY26,1(%&+nE((&3%9_*(+(%&/&32%+nDmcDLMM"nTDLMM"8
RM"M:)-7:!

Q4^(12=! H:F:=! A2,&&(/,=! _:=! F5+(%=! b:=! >2*9(522+=! _:=! KR[[NO:! ;'(! +&/0353&.! 27!
-262+/'(]/(%236! /63-! 3%! &<2! /".83&#! +)(63(+! 72552<3%9! (%*36'1(%&! /%-!
+,0+(P,(%&!+&/*4/&32%:!DP,/6,5&,*(:!055=!R#S8RCa:!

Q4^(12=!H:F:=!X(3&/%=!V:$:=!F5+(%=!b:=!KLMM#O:!A2)()2-+!/+!534(!722-!2*9/%3+1+!3%!&'(!5/*4/5!
*(/*3%9!27!'/530,&!5/*4/(!K0&,,'1-'**)*+%&,,'1-'**)*!W:O!<3&'!+)(63/5!(1)'/+3+!2%!
&'(!%,&*3&32%/5!4/5,(:!DP,/6,5&,*(:!114=!R[R8LRM:!

ZDF=!LMRM:!;'(!>&/&(!27!T2*5-!Z3+'(*3(+!/%-!DP,/6,5&,*(:!ZDF!Z3+'(*3(+!/%-!DP,/6,&,*(!
Y()/*&1(%&=!)):!R[N:!



! ! *+,+-+$%+(!

! ""!
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>?#$#?&! 7#>:F! #>:G!
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A?:<B! #E>H9! >9E!
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A?:>9-! #E>"E! F>7I!
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>?#!@! #H>HF! 7>IH!
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A?:>9-! ##>7I! #>""!

>?#$#?&! F#>7#! F>:7!

>?#!@! #9>:H! 7>EF!
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A?:>9-! #:>E:! #>"#!
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Mean

Standard 
Error of 
Mean Total N Mean

Standard 
Error of 
Mean Total N Mean

Standard 
Error of 
Mean Total N

4 dph 7.0 .2 2 13.6 1.7 2 79.5 1.8 2

RotChl 11.7 1.1 5 12.3 2.6 5 76.0 2.0 5

RotMG 10.0 .8 5 10.2 1.7 5 79.8 1.6 5

Cop 7 11.7 1.5 5 15.7 2.0 5 72.7 1.6 5

Copepod 9.5 .9 5 14.6 3.2 5 75.9 2.4 5

Treatment

Surface area fraction of 
mitochondria (%) Surface area fraction of nuclei (%)

Surface area fraction of other 
cell components (%)

Mean

Standard 
Error of 
Mean Total N Mean

Standard 
Error of 
Mean Total N Mean

Standard 
Error of 
Mean Total N

4 dph 6.5 1.3 5 17.0 2.7 5 76.5 2.8 5

RotChl 10.2 1.2 5 11.0 .9 5 78.8 1.2 5

RotMG 9.6 1.2 5 6.4 1.7 5 84.0 2.4 5

Cop 7 10.5 2.3 5 9.2 1.0 5 80.3 1.8 5
Copepod 9.2 1.9 5 5.5 1.0 5 85.3 1.8 5

Treatment

Surface area fraction of 
mitochondria (%) Surface area fraction of nuclei (%)

Surface area fraction of other cell 
components (%)

Mean

Standard 
Error of 
Mean Total N Mean

Standard 
Error of 
Mean Total N Mean

Standard 
Error of 
Mean Total N Mean

Standard 
Error of 
Mean Total N

4 dph 0 0 5 13.0 1.6 5 11.7 1.4 5 75.4 2.7 5

RotChl 26.3 4.1 5 16.3 1.0 5 7.4 1.1 5 51.0 4.0 5

RotMG 17.4 1.8 5 14.2 1.0 5 9.5 .8 5 58.9 2.3 5

Cop 7 13.1 3.6 5 16.0 1.4 5 10.9 1.0 5 60.0 2.8 5
Copepod 2.2 1.4 5 15.6 1.2 5 7.6 1.5 5 74.6 3.6 5

Treatment

Sufrace area fraction of 
glycogen (%)

Surface area fraction of 
mitochondria (%)

Surface area fraction of 
nuclei (%)

Surface area fraction of other 
cell components (%)
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