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0/D.D'!)(Z7,-,%'5["33)++,9,5,&Z'()+'%Z3,7+'3$%"55,)-+'#$F%':,)FU'#%Z(,%)'5)F%'9,$:"++)')-'#$,++$-+

'DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD'..1!

0/DED'V"'*%"6,&Z'()+',:#"3&+'8F:",-+'%Z(F,&'5)+'*",-+'()'3$-+)%6"&,$-'+F%'5)+'%Z3,7+'3$%"55,)-+' ..P!

0/DHD'J-75F)-3)'(F':"%38Z'+F%'5)+'#%"&,\F)+'()'#]38)')&'()'3$-+$::"&,$-'()+'3$::F-"F&Z+'

3^&,_%)+'(F'-$%(4$F)+&'()'R"("*"+3"%'DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD'..S!

0/D1D'J()-&,7,)%'5)+')+#_3)+'"++$3,Z)+'"F'7$-3&,$--):)-&'()+'Z3$+<+&_:)+'6,"'5["##%$38)'

G,99.&*+6AO*-%#P/(&'DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD'.E/!

0/DGD'C$-35F+,$-')&'#)%+#)3&,6)'DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD'.E0!

!!"#H.2)*/(+*,&3#('*3*&<#-.'*&<#H8Q#/(&-*-(+.'%#"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""#10>!

!

!



!"#!

! !



! "$!

0D!T)-)%"5',-&%$(F3&,$-'

!

!

0D0D!B%$#,3"5'3$%"5'%))7+''

0D0D0D!`,$(,6)%+,&<'8$&+#$&+',-'&8)':,((5)'$7'"-'$3)"-,3'()+)%&'

%&'(),!(88*('*3!(1&9/!RQQ!72))2&5!4*(',!(0&!(53!+2',/!6&*?2,/*56*!1*/:**5!+2,-*,!(53!6&'()!

'**+,! 3(/*,! +'&7! /-*!S*.&52(5! GP#QJ$Rm!M(H! Gd*)):&&3$ %&$ '()! #Q"RH<! =-*! .(,/!7(a&'2/4! &+!

7&3*'5!6&'()!'**+,!(,!:*!>5&:!/-*7!/&3(4!('*!)*,,!/-(5!"Q;QQQ!4*(',!&)3!GI*('3!#Q"QH;!('*!

)&6(/*3!25!,-())&:!:(/*',!Gp!RQ7!:(/*'!3*8/-H!:2/-25!(!/'&826()!X&5*!1*/:**5!#mq!K!(53!$"q!

I!)(/2/93*!,&!:2/-25!(5!(559()!7*(5!/*78*'(/9'*!'(50*!&+!(88'&?27(/*)4!##q!/&!#mq%<!M&3*'5!

6&'()!'**+,!('*!*,/27(/*3!/&!6&.*'!(1&9/!#UP;QQQ!>7#!GI8()3250$%&$'()!#QQ"H!&'!)*,,!/-(5!Q<"r!

&+!/-*!:&')3s,!&6*(5!,9'+(6*<!!

!

%&'()!'**+,!,988&'/!/-*!:&')3T,!0'*(/*,/!12&32.*',2/4!&+!7('25*!&'0(52,7,!Gc&1*'/,$%&$'()!#QQ#H!

:2/-! ()7&,/! ";QQQ;QQQ! GmRr! 6'*321)*! )272/,C! RRQ;QQQn! ";$$Q;QQQH! &+! 79)/2J6*))9)('! ,8*62*,!

:&')3:23*!GE2,-*'$%&$'()!#Q"RH<!F5!+(6/;!6&'()!'**+,!-&,/!5&!)*,,!/-(5!];QQQ!+2,-!,8*62*,!:-26-!

'*8'*,*5/!/-*!7(a&'!0'&98!&+!.*'/*1'(/*,!G`9)126>2$%&$'()!#Q"$H<!=-*!0'&98!&+!O6(5/-&7&'8-,!

6&78'2,*,!m#r!&+!/-*!'**+!+2,-!,8*62*,!(53!2/,!&'2025!:(,!*,/27(/*3!(/!J"$Q!72))2&5!4*(',!GK*('$

%&$'()!#Q"$H!:-2)*!,*.*'()!:(.*,!&+!6&)&52X(/2&5!&+!6&'()!'**+,!14!+2,-*,!-(.*!1**5!23*5/2+2*3!

(1&9/!PP!72))2&5!4*(',!(0&!GN'26*$%&$'()!#Q"PH<!=-*!32,/'219/2&5!&+!'**+!+2,-!12&32.*',2/4!25!/-*!

&6*(5,!-(,!'(2,*3!/-*!25/*'*,/!&+!,*.*'()!0*5*'(/2&5,!&+!'*,*('6-*',!Gd*)):&&3!k!M*4*'!#QQmH!

(53!,/2))!8'*,*5/,!956*'/(25/2*,!G%&:7(5$%&$'()!#Q"jH<!F53**3;!'**+!+2,-!'26-5*,,!2,!32,/'219/*3!

()&50!(!)(/2/9325()!0'(32*5/!+'&7!/-*!/'&826,!/&!/-*!8&)*,;!19/!(),&!(66&'3250!/&!(!)&502/9325()!

0'(32*5/;!6*5/*'*3!&5!/-*!F53&JO9,/'()2(5!O'6-28*)(0&<!=-*!32,/'219/2&5!&+!'**+!+2,-!'26-5*,,!

-(,! 1**5! '*)(/*3! /&! .('2(1)*,! ,96-! (,! ,*(! ,9'+(6*! /*78*'(/9'*! (53! (.(2)(1)*! '**+! ('*(!

G=2//*5,&'$%&$'()!#Q"QD!N(''(.26252$%&$'()!#Q"$H;!(,!2,!8'&8&,*3!+&'!/-*!0'*(/!)(53!6)(3*,!GS(.2*,$

%&$'()!#QQjD!d96>)*4!k!Y*/X!#QQUD!`'*+/!k!Y*/X!#Q"QH<!A&:*.*';!/(>250!25/&!(66&95/!-2,/&'26()!

(53!8()*&J*5.2'&57*5/()!+(6/&',!,**7,!(),&!*,,*5/2()!/&!*?8)(25!/-*!32,/'219/2&5!&+!69''*5/!

'**+!+2,-!12&32.*',2/4!G=2//*5,&'$%&$'()!#Q"QD!N(''(.26252$%&$'()!#Q"$D!N*))2,,2*'$%&$'()!#Q"PH<!

!



!"P!

O)7&,/!#QQ!4*(',!(0&;!%-(')*,!S(':25!+2',/!(,>*3!-&:!/-*!3(XX)250!12&32.*',2/4!&+!6&'()!'**+,!

6&9)3!+)&9'2,-!25!'*)(/2.*)4!1(''*5!&6*(5,!GS(':25!"UP#H<!F5!+(6/;!8-4/&8)(5>/&5!8'&396/2&5!2,!

8('(3&?26())4!*5-(56*3!5*('!(5!2,)(53J'**+!*6&,4,/*7!14!/-*!F,)(53!M(,,!Z++*6/!GFMZH<!=-2,!

8-*5&7*5&5!2,!6(9,*3!14!59/'2*5/,!/-(/!'*,9)/!+'&7!3*6&78&,250!'**+!(527(),;!98:*))250,!&+!

59/'2*5/J'26-! 6&)3*'! :(/*',! /&:('3! /-*! ,9'+(6*;! 72?250! *++*6/,! &+! :(.*,! (53! 69''*5/,;!

,*327*5/(/2&5! +'&7! )(53! *'&,2&5! (53! -97(5J3*'2.*3! '95&++,! +'&7! (0'269)/9'*! (53! 9'1(5!

3*.*)&87*5/! G^&.*$ %&$ '()! #Q"]H<! I96-! &6*(5! &(,*,! &'! -&/,8&/,! 256'*(,*! 5*(',-&'*!

8-4/&8)(5>/&5! 12&7(,,! 14! 98! /&! U]r! &.*'! &6*(526! 6&532/2&5,;! 8'&.23250! 1(,()! *5*'0*/26!

'*,&9'6*,!/&!-20-*'!/'&8-26! )*.*),!/-(/!,988&'/!0'*(/! +2,-!12&7(,,!+&'!*?(78)*!G^&.*$%&$'()!

#Q"]H<!O!-*()/-4!(53!:*))J7(5(0*3!6&'()!'**+!6(5!42*)3!1*/:**5!Q<#!(53!PQ!/&5,!&+!+2,-!(53!

,*(+&&3!8*'!,B9('*!>2)&7*/*'!8*'!4*('!GS()X*))!"mm]D!K*:/&5$%&$'()!#QQjH<!=-*,*!*,/27(/*,!

)*(3! /&!(5!(559()! 42*)3!&+!Q<QR]! J!""<$]!72))2&5! /&5,!&+! +2,-!(53! ,*(+&&3!8*'!4*('! G+&'! /-*!

#UP;QQQ!>7#!&+!'**+,H!:-2)*!/&/()!0)&1()!)(53250!:(,!*,/27(/*3!(/!"<P!J!P<#!72))2&5!/&5,!8*'!4*('!

GN(9)4$ %&$ '()! #QQ#H<! N'*,*'.250! /-*! 12&32.*',2/4! &+! -*()/-4! '**+,! 2,! /-*! >*4! /&!7(25/(25250!

,9,/(25(1)*!'**+!+2,-*'2*,!/-(/!8'&.23*!(5!278&'/(5/;!()7&,/!2''*8)(6*(1)*;!,&9'6*!&+!(527()!

8'&/*25! /&! /-*! 8&89)(/2&5,! &+!7(54! 3*.*)&8250! 6&95/'2*,! GEOi! #QQQD! `(:('(X9>(!k!d\5\!

#Q""D!=*-$%&$'()!#Q"$D!%-(')/&5$%&$'()!#Q"]H<!

'

0D0D.D!B8)')-&A,-)('%)5"&,$-+8,#'9)&A))-'%))7'7,+8'"-('3$%"5'3$:#5)U,&<'

='&826()!'**+!*6&,4,/*7,!,/'&50)4!'*)4!&5!I6)*'(6/252(5!6&'(),!:-26-!-(.*!)&50!1**5!'*6&052X*3!

(,! 8'&.23250! *,,*5/2()! -(12/(/! +&'! '**+J(,,&62(/*3! &'0(52,7,! G_96>-9',/! k! _96>-9',/! "mjUD!

c&1*'/,!k! i'7&53! "mUjD! I/*))($ %&$ '()! #Q""H<! K(/9'())4;! 6&'()! '**+,! 8'&.23*! -20-! ,/'96/9'()!

6&78)*?2/4;!3*+25*3!(,!/-*!8-4,26()!/-'**J327*5,2&5()!6&5+209'(/2&5!&+!(!'**+;!:-26-!6(5!,-(8*!

/-*!(1953(56*!(53!32.*',2/4!&+!'**+!+2,-!(,,*71)(0*,!(6'&,,!1&/-!)('0*!(53!,7())!,8(/2()!,6()*,!!

GM6%&'726>!"mmPD!K(,-$%&$'()!#Q"$D!E*''('2$%&$'()!#Q"]H<!F53**3;!6&'(),!(53!+2,-*,!('*!6)&,*)4!

*5/:25*3! ,256*!6&'(),!&++*'!*?/*5,2.*!8'*4! '*+902(! /-(/! ,988&'/!0'*(/*'!3*5,2/2*,!&+! ,7())J

1&32*3!(53!+(,/J0'&:250!+2,-!,8*62*,!/-(/!+**3!7&,/!&+!-20-*'!/'&8-26!)*.*),!:-2)*;!(,!(!8&,2/2.*!

+**31(6>;!,&7*!+2,-*,!+(.&'!6&'()!0'&:/-!/-'&90-!-*'12.&'4;!12&*'&,2&5!(53!59/'2*5/!'*646)250!

GA&)7)953!k!A(77*'!"mmmD!L2),&5$%&$'()!#Q"QD!O).('*XJE2)28$%&$'()!#Q""D!d*)):&&3$%&$'()!#Q"#D!

c&0*',$ %&$ '()! #Q"PH<! Z9/'&8-26(/2&5;! 1)*(6-250! (53! ,/&'7,! 6&5/259&9,)4! ,-(8*! 6&'()! '**+!

,4,/*7,!(53!6(5! )*(3!/&!6&'()!6&78)*?2/4! )&,,! G^'(-(7!#Q"PD!c&0*',$%&$'()!#Q"PH<!=-*! )(,/!

#Q"Rn#Q"]!1)*(6-250!*.*5/!:(,!*?/'*7*!:-*'*!jRr!&+!/-*!6&'()!'**+,!7&52/&'*3!0)&1())4!



! "R!

:*'*!(++*6/*3!:-2)*! /-*! )2>*)2-&&3!&+!(559()!1)*(6-250!7(4!>**8! 256'*(,250! 25! /-*!6&7250!

3*6(3*,! GA90-*,$ %&$ '()! #Q"UH<! =-*! +2,-! ,8*62*,! /-(/! +**3! *?6)9,2.*)4! &5! )2.*! 6&'()! G7&,/!

597*'&9,!:2/-25!/-*!%-(*/&3&5/23(*H!('*!/-*!8'27*!,8*62*,!(++*6/*3!14!1&/-!)2.*!6&'()!6&.*'!

(53!-(12/(/!6&78)*?2/4!)&,,!GE253)*4!k!E253)*4!#QQ"H<!d*4&53!/-*!7*'*!&1)20(/*!6&'()!+**3*',;!

/&8!8'*3(/&',;!-*'12.&'*,!(53!8)(5>/2.&'*,!('*!(),&!(++*6/*3!/-'&90-!,-*)/*',!(53!'*,&9'6*,!

)&,,!GZ7,)2*$%&$'()!#Q"PD!c&0*',$%&$'()!#Q"PH<!O25,:&'/-!k!M9714!G#Q"RH!,-&:!/-(/!:-*5!6&'(),!

('*!'*7&.*3;!(559()!'**+!+2,-!)(53250,!3*6)25*!14!$mr<!S*,/'96/2.*!+2,-250!8'(6/26*,!,96-!(,!

345(72/*!(53!64(523*!+2,-250;!&'!/'(:)250!('*!/-'*(/*5250!6&'()!'**+!-(12/(/,!/-9,!)272/250!/-*!

)&50J/*'7!8'&396/2.2/4!&+!'**+J'*)(/*3!+2,-*'2*,!,256*!6&78)*?!'**+,!8'&396*!796-!7&'*!+2,-!

12&7(,,!/-(5!+)(/!'&6>4!'**+,<!F53**3;!-(12/(/!)&,,!25396*,!/'&8-26!6(,6(3*!:-26-!'*396*,!/-*!

8'&396/2.2/4!&+!8'*3(/&'4!+2,-!14!()7&,/!-()+!GE209'*!"<"!OH;!(53!&+!-*'12.&'&9,!+2,-!14!7&'*!

/-(5!/:&!(53!(!-()+!/27*,!GE209'*!"<"!dH<!O,!(!'*,9)/;!/-*!278(6/!&+!(!)&,,!&+!6&78)*?2/4!&5!

8'&396/2.2/4!&+!6&7125*3!8'*3(/&'!(53!-*'12.&'*!/('0*/*3!14!+2,-250!Gt!#R!67H!:(,!7&'*!/-(5!

$J+&)3!Gc&0*',!%&$'()!#Q"PH<!

!

!

!

M*<.'%# !"!# R# 5%)(+*,&38*73# 2%+C%%&#

7',-./+*;*+6# (&-# /,97)%S*+6# ,4# /,'()# '%%4"#

*+,%($ -.%,"/&"+01$ 12+3$ 2+3$ ,%/("0"04$

2'5"&'&$ 1&.6/&6.'($ /+7-(%8"&9$ "0:(6%0/%1$

-.%,'&+.9$ !;#$ '0,$ 2%.5"<+.+61$ !=#$ :"12$

-.+,6/&"<"&9$!4$7>?$9.>@A$7%'16.%,$'1$&2%$.'&%$

'&$ 32"/2$ 5"+7'11$ :(68%1$ &2.+642$ :"12$ 1"B%$

/('11%1#)$C+4%.$%&$'()$!DE@F#)$

'

'

'

'

'

'

'



!"]!

0D0DED!J:#$%&"-3)'$7'7,+8'9,$(,6)%+,&<'$-'3$%"5'%))7+'

0D0DED0D!B8)':F5&,#5)'7"3)&+'$7'9,$(,6)%+,&<'"-('&8),%'%)5"&,$-'A,&8')3$+<+&):'7F-3&,$-,-*'

=-*!+956/2&5250!&+!*6&,4,/*7,!2,!1(,*3!&5!2H!8-4,26();!6-*726()!(53!12&)&026()!8'&6*,,*,!:-26-!

25,9'*! (5! *++262*5/! 62'69)(/2&5! &+! 7(//*'! (53! *5*'04! /-'&90-! .('2&9,! )*.*),! &+! 12&)&026()!

&'0(52X(/2&5,!G8'27('4;!,*6&53('4!8'&396*',!(53!3*6&78&,*',H;!22H!*5*'04!(53!7(//*'!,/&'(0*!

(53!222H!/-*!,/(12)2/4!&+!*5*'04!(53!7(//*'!,/&'(0*!&.*'!/27*!Gd&*'&!k!d&5,3&'++!#QQjH<!F5!/-*!

+(6*!&+!:&')3:23*!3*6)25*,!25!12&32.*',2/4!25!*(')4!"mmQ,;!7(54!,/932*,!-(.*!1**5!25/*'*,/*3!

25!B9(5/2+4250!/-*!278&'/(56*!&+!12&32.*',2/4!&5!*6&,4,/*7!+956/2&5250!(53!6&5,*B9*56*,!25!

/-*! ,988)4! &+! *6&,4,/*7! 0&&3,! (53! ,*'.26*,! /&! -97(5! 8&89)(/2&5,! G%-(825$ %&$ '()! #QQQD!

%('325()*$ %&$ '()! #Q"#H<! O! '*6*5/! ,/934! 9,*3! *782'26()! 7*(,9'*7*5/,! &+! 12&32.*',2/4! (53!

+956/2&5250! &+! 5(/9'()! *6&,4,/*7,! /&! 8'&.*! /-(/! 256'*(,*! 25! 12&7(,,! 8'&396/2&5! :2/-!

12&32.*',2/4!2,!796-!-20-*'!25!5(/9'*!/-(5!-(,!8'*.2&9,)4!1**5!3&697*5/*3!25!*?8*'27*5/,!

(53!(/!)*(,/!6&78('(1)*!&'!-20-*'!/-(5!6)27(/*!(53!59/'2*5/!(.(2)(12)2/4!GS9++4$%&$'()!#Q"jH<!

!

A&:*.*';! 2+! 7(54! *?8*'27*5/()! ,/932*,! -(.*! ,-&:*3! (! ,(/9'(/250! G6&56(.*J3&:5H!

'*)(/2&5,-28!GE209'*!"<#!OH!1*/:**5!*6&,4,/*7!+956/2&5250!G,/(53250!,/&6>!(53!8'&396/2.2/4H!

(53!12&32.*',2/4!G,8*62*,!(53!+956/2&5()!'26-5*,,H!G%('325()*$%&$'()!#QQ]HD!7&'*!'*6*5/!,/932*,!

-(.*!42*)3*3!5&5J,(/9'(/250!G6&56(.*J98;!E209'*!"<#!dH!8(//*'5,!GS(5&.('&$%&$'()!#QQUD!M&'($

%&$'()!#Q""H<!M&'(!%&$'()!G#Q"PH!-(.*!3*.*)&8*3!/-*&'*/26()!+'(7*:&'>!/&!,988&'/!6&56(.*J98!

12&32.*',2/4J*6&,4,/*7!+956/2&5250!'*)(/2&5,-28,!25!5(/9'()!*6&,4,/*7,!(53!/-9,;!8'&.*3!/-(/!

6&5,*B9*56*,! &+! 12&32.*',2/4! )&,,! 6&9)3! 1*! ,91,/(5/2())4! 7&'*! 3'(7(/26! /-(5! 8'*.2&9,)4!

8'*326/*3<!!!



! "j!

!

'

M*<.'%#!"1#R#TS7%'*9%&+()#UJV#(&-#&(+.'()#UWV#%/,363+%93#'%)(+*,&38*73#2%+C%%&#2*,-*;%'3*+6#

(&-#%/,363+%9#4.&/+*,&*&<"$!*+.'$%&$'()$DE@F#$

!

I62*5/2,/,! *,/27(/*! /-(/! 6&'()! '**+! 12&32.*',2/4! 6&9)3! '*(6-! ('&953! ";QQQ;QQQ! GRRQ;QQQJ

";$$Q;QQQH!,8*62*,!&+!79)/2J6*))9)('!8)(5/,!(53!(527(),!:-2)*!&5)4!Ur!&+!/-*7!('*!69''*5/)4!

5(7*3!GE2,-*'$%&$'()!#Q"RH<!E'&7!/-*!"mUQ,;!,62*5/2+26!6&77952/4!-(,!1**5!25/*'*,/*3!25!1*//*'!

953*',/(53250! /-*! '&)*! &+! 12&32.*',2/4! (53!7&'*! ,8*62+26())4! &+! /-*! 5971*'! &+! ,8*62*,! &5!

*6&,4,/*7!+956/2&5250!G%('325()*$%&$'()!#Q"#H<!E2',/!,/932*,!-(.*!7(25)4!1**5!6&5396/*3! 25!

6&5/'&))*3! /*''*,/'2()! *6&,4,/*7,! (53! -(.*! ,-&:*3! (! 8&,2/2.*! 19/! '(/-*'! :*(>! G'#! p! Q<R;!

8pQ<QQ"H!'*)(/2&5,-28!1*/:**5!8)(5/!,8*62*,!'26-5*,,!(53!/-*2'!12&7(,,!&'!59/'2*5/!'*646)250!

GK(**7$%&$'()!"mmPD!=2)7(5!k!S&:5250!"mmPD!=2)7(5$%&$'()!"mm]D!_&'*(9!k!A*6/&'!#QQ"H<!=-*!

'*)(/2.*!:*(>!*?8)(5(/&'4!8&:*'!&+!,8*62*,!'26-5*,,!/&!*6&,4,/*7!+956/2&5250!6&7*,!+'&7!

,278)2,/26! (,,978/2&5! /-(/! *(6-! ,8*62*,! :&9)3! -(.*! /-*! ,(7*! 6&5/'219/2&5! /&! *6&,4,/*7!

+956/2&5250<! A&:*.*';! 5(/9'()! ,*)*6/2&5! (53! ,8*62(/2&5! 8'&6*,,*,! 6&5+*'! .('2&9,!

7&'8-&)&026();! 12&)&026()! G)2+*! -2,/&'4! /'(2/,H! (53! *6&)&026()! /'(2/,! /&! ,8*62*,;!:-26-! *5(1)*!

/-*7!/&!8*'+&'7!.('2&9,!+956/2&5,;!7&,/!1*250!,272)('!&'!'*3953(5/!Gc&,*5+*)3;!#QQ#H!:-2)*!

,&7*!('*!952B9*!GN*/6-*4$%&$'()!#QQUH<!c*3953(564!&'!95262/4!&+!+956/2&5,!'*()2X*3!14!,8*62*,!

('*!,/'&50)4!)25>*3!/&!)2+*!-2,/&'4!/'(2/,!:-26-!7&/2.(/*,!/-*!9,*!&+!+956/2&5()!32.*',2/4!25,/*(3!

&+!/-*!7*'*!,8*62*,!'26-5*,,!/&!*?8)(25!*6&,4,/*7!+956/2&5250!GM&'($%&$'()!#Q""H<!!

!



!"U!

E956/2&5()! 32.*',2/4! 2,! (! 8&:*'+9);! 278&'/(5/! 6&78&5*5/! &+! 12&32.*',2/4;! 19/! (),&! '(/-*'!

6&78)*?!/&!7*(,9'*!(53!3*+25*!GN*/6-*4!k!^(,/&5!#QQ]H<!E956/2&5()!32.*',2/4!6(5!1*!3*+25*3!

(,!V/-*!.()9*!(53!/-*!'(50*!&+!/-&,*!,8*62*,!(53!&'0(52,7()!/'(2/,!/-(/!25+)9*56*!*6&,4,/*7!

+956/2&5250W! G=2)7(5! #QQ"H! 7*(5250! /-(/! +956/2&5()! 32.*',2/4! +&69,*,! &5! 953*',/(53250!

6&77952/2*,!(53!*6&,4,/*7,!1(,*3!&5!:-(/!&'0(52,7,!3&;!'(/-*'!/-(5!&5!/-*2'!*.&)9/2&5('4!

32.*',2+26(/2&5!GN*/6-*4!k!̂ (,/&5!#QQ]H<!d*4&53!/-*!7*'*!)&,,!&+!,8*62*,;!/-*!)&,,!&+!8('/269)('!

+956/2&5,!25,9'*3!14!,8*62*,!2,!/-*!7(25!/-'*(/!/-(/!a*&8('32X*!+956/2&5250!Gd*)):&&3$%&$'()!

#Q"#D! K(**7$ %&$ '()! #Q"#H<! Z,8*62())4! 25! 6&78)*?! ,4,/*7,! ,96-! (,! 6&'()! '**+,;! +956/2&5()!

'*3953(564! G*<0<! ,*.*'()! ,8*62*,! 6(5! ,988&'/! ,272)('! +956/2&5,H! 7(4! 8'*,*'.*! *6&,4,/*7!

+956/2&5250! *.*5! 953*'! ,8*62*,! 3*6)25*! G@(6-2! k! _&'*(9! "mmmD! E&5,*6(! k! ^(5(3*! #QQ"H<!

A&:*.*';!M&92))&/!*/!()<!G#Q"PH!-(.*!,-&:*3!/-(/!25!6&'()!'**+,;!-20-*'!)*.*),!&+!'*3953(564!

25!+956/2&5,!('*!8(6>*3!25/&!(!+*:!+956/2&5()!*5/2/2*,!:-*'*(,!$Ur!&+!/-*!+956/2&5,!('*!-20-)4!

.9)5*'(1)*!,256*!:2/-&9/!+956/2&5()!25,9'(56*!:2/-!&5)4!&5*!,8*62*,<!=-*'*+&'*;!,&7*!,8*62*,!

8*'+&'7250! 952B9*! '&)*,;! (88*('! /&! 1*! 2''*8)(6*(1)*! Gd*)):&&3$ %&$ '()! #QQ]H! (53! 278*'2)!

*6&,4,/*7!+956/2&5250!2+!*?/256/<!!

!

Z.()9(/250!+956/2&5()!32.*',2/4!'*)2*,!&5!12&)&026()!/'(2/,!G6())*3!+956/2&5()!/'(2/,H!/-(/!*71&32*,!

.('2&9,!)2+*!-2,/&'4!/'(2/,!(53!8'&6*,,*,<!E&'!*?(78)*;!1&34!,2X*!'*+)*6/,!/-*!7*/(1&)2,7!19/!

(),&!25+&'7,!(1&9/!/-*!/'&8-26!)*.*)!(53!/-*!7&12)2/4!&+!/-*!,8*62*<!I2X*;!7&12)2/4;!8*'2&3!&+!

(6/2.2/4;! ,6-&&)250;! .*'/26()! 8&,2/2&5! 25! /-*! :(/*'! 6&)975! (53! 32*/! ('*! +956/2&5()! /'(2/,!

6&77&5)4!9,*3!/&!3*,6'21*!6&'()!'**+!+2,-*,!GM&92))&/$%&$'()!#Q"PH<!F+!/-*!,8*62*,!3*,6'28/2&5!

9,250!+956/2&5()!/'(2/,!25/*53,!/&!,278)2+4!&9'!.2,2&5!&+!/-*!+956/2&5,!8*'+&'7*3!14!/-*!:-&)*!

+2,-!6&77952/4;!/-*!6'2/26()!,/*8!'*7(25!/-*!/'(2/,!6-&26*!:-26-!6(5!25+)9*56*!/-*!7*(,9'*!&+!

+956/2&5()! 32.*',2/4! GN*/6-*4! k! ^(,/&5! #QQ]H<! F5! '26-*'! *6&,4,/*7,! ,96-! (,! 6&'()! '**+,;!

+956/2&5()! /'(2/,!7(4! 6(8/9'*! &5)4! (! '*,/'26/*3! 5971*'! &+! +956/2&5,! ,988&'/*3! 14! ,8*62*,!

1*6(9,*!&+!/-*!:23*!'(50*!&+!/'(2/,!&1,*'.*3!GN*/6-*4!k!^(,/&5!#QQ]H<!

!

^2.*5!/-*,*!)272/(/2&5,;!8-4)&0*5*/26!32.*',2/4!*<0<! /-*!,97!&+!8-4)&0*5*/26!1'(56-! )*50/-,!

G7*(,9'*3! &5! 8-4)&0*54H! 6&55*6/250! ,8*62*,! /&0*/-*';! -(,! 1**5! 8'&8&,*3! (,! ()/*'5(/2.*<!

N-4)&0*5*/26!32.*',2/4!7(4!6(8/9'*!/-*!:-&)*!'(50*!&+!+956/2&5,!*.*5!/-&,*!5&/!7*(,9'*3!14!

+956/2&5()!/'(2/,!GE)455$%&$'()!#Q""H!(53!7(4!1*!(1)*!/&!8'*326/!12&7(,,!8'&396/2&5!&+/*5!1*//*'!



! "m!

/-(5!,8*62+26!'26-5*,,!&'!+956/2&5()!32.*',2/4!G%(3&//*$%&$'()!#QQUD!%(3&//*$%&$'()!#QQmD!A('7&5$

%&$'()!#QQmD!%(3&//*$%&$'()!#Q"#D!%(3&//*!#Q"$D!M2)69$%&$'()!#Q"$H<!

'

0D0DED.D!?%)'"55'7,+8'+#)3,)+'-)3)++"%<'7$%'3$%"5'%))7'7F-3&,$-,-*a',()-&,7<,-*'>)<'7,+8')-&,&,)+D'

%&'()!'**+,!-(.*!/-*!0'*(/*,/!12&32.*',2/4!&+!(54!*6&,4,/*7!&5!/-*!8)(5*/;!*.*5!7&'*!/-(5!(!

/'&826()!'(25+&'*,/!GL2)>25,&5!#QQQH!(53!6&5/(25!/-*!7&,/!32.*',*!+2,-!(,,*71)(0*,!/&!1*!+&953!

(54:-*'*!(6'&,,!/-*!&6*(5,;!:2/-!(/!)*(,/!]QQQJUQQQ!,8*62*,!G_2*,>*!k!M4*',!#QQ#H!,8'*(3!25!

7&'*!/-(5!#QQ!+(72)2*,;!4*/!6&'()!'**+,!6&.*'!)*,,!/-(5!&5*!8*'6*5/!&+!/-*!&6*(5!+)&&'!GI8()3250$

%&$'()!#QQ"H<!i.*'!#Rr!&+!/-*!:&')3s,!+2,-!12&32.*',2/4;!(53!1*/:**5!m!(53!"#r!&+!/-*!:&')3s,!

/&/()!+2,-*'2*,;!('*!(,,&62(/*3!/&!6&'()!'**+,!GI8()3250$%&$'()!#QQ"H<!E2,-*'2*,!7(5(0*7*5/!79,/!

/-9,! 8'*,*'.*! 1()(56*! 1*/:**5! +2,-! -('.*,/250! (53! *6&,4,/*7! +956/2&5250! ,&! 5**3! (!

'*6&562)2(/2&5!1*/:**5!*?8)&2/(/2&5!(53!6&5,*'.(/2&5<!=(6>)250!/-2,!2,,9*!6(5!1*!6-())*50250!

25!6&78)*?!*6&,4,/*7,;!8('/269)(')4!2+!/-*!/('0*/!,8*62*,!14!+2,-*'2*,!(),&!,988&'/!>*4!'&)*,!25!

*6&,4,/*7!+956/2&5250<!

'

F/! 2,! 5&:! 6)*('! /-(/! 12&32.*',2/4! 8'&7&/*,! -20-*'! 8'&396/2.2/4! &+! +2,-! 12&7(,,! (53! -20-*'!

'*,2)2*56*! &+! /-(/! *6&,4,/*7! ,*'.26*! 25! /-*! +(6*! &+! 6)27(/*! 6-(50*! GS9++4$ %&$ '()! #Q"]H<!

F3*5/2+4250! +956/2&5())4! 278&'/(5/! &'! >*4! ,8*62*,! 2,! 8('/269)(')4! 6-())*50250! 25! 12&32.*',*!

*6&,4,/*7,;! 39*! )('0*)4! /&! /-*! 6&78)*?2/4! &+! 25/*'(6/2&5,! 1*/:**5! ,8*62*,! (53!:2/-! /-*2'!

*5.2'&57*5/!256)93250!-97(5!32,/9'1(56*,<!E&'!*?(78)*;!3*,82/*!/-*!)('0*!1&34!&+!'*,*('6-!

&5! 6&'()! '**+,;! /-*! 23*5/2+26(/2&5! &+! +2,-! ,8*62*,! /-(/! 32,8'&8&'/2&5())4! 3'2.*! *6&,4,/*7!

+956/2&5250!2,!,/2))!25!2/,!25+(564!GA&*4!k!d*)):&&3!#QQmD!d*)):&&3$%&$'()!#Q"#H<!=-*!+956/2&5()!

278&'/(56*!&+!7&,/!6&'()!'**+!+2,-*,!2,!,/2))!8&&')4!953*',/&&3;!(53!5&!,/934!-(,!,6(55*3!*5/2'*!

+2,-!6&77952/2*,!/&!3*/*6/!8&/*5/2()!)25>,!:2/-!*6&,4,/*7!+956/2&5250!(53!,*'.26*,!(/!)('0*!

,6()*<!=-*!6'2/26()!2,,9*!2,!:-*/-*'!/-*!*?/'(&'325('4!,8*62*,!32.*',2/4!&5!6&'()!'**+,!7(//*',!

+&'!*6&,4,/*7!+956/2&5250!&'!:-*/-*'!(!,7())*'!8'&8&'/2&5!&+!,8*62*,!2,!*5&90-!/&!8*'+&'7!

7&,/!&+!/-*!>*4!+956/2&5,!GM&92))&/$%&$'()!#Q"$H<!!

!

B8)',-&)*%,&<'$7'3$%"5'%))7')3$+<+&):+'&8F+'3%,&,3"55<'()#)-(+'$-'&8)' ,-&)%"3&,$-'9)&A))-'

3$%"5+'"-('7,+8)+'A,&8'7,+8'9,$(,6)%+,&<'9),-*'&8)'3$%-)%+&$-)D'J-'&8)'5"+&'7)A'()3"()+='&8)'

3$-3)#&'$7'9,$(,6)%+,&<'8"+'9)3$:)':F5&,7"3)&)('+&"%&,-*'A,&8'&"U$-$:,3'%,38-)++'"-('&8)-'

,-&)*%"&,-*'7F-3&,$-"5'"-('#8<5$*)-)&,3'%)5"&)(-)++'9)&A))-'+#)3,)+D'̀ ,$(,6)%+,&<',+'"':"b$%'



!#Q!

()&)%:,-"-&' $7' )3$+<+&):' #%$(F3&,6,&<=' +&"9,5,&<=' ,-6"+,9,5,&<=' "-(' -F&%,)-&' (<-":,3+D'

C$-3)%-+' "9$F&' &8)' $-*$,-*' 5$++' $7' 9,$(,6)%+,&<' "-(' ()*%"("&,$-' $7' 3$%"5' %))7+' 8"6)'

:$&,6"&)('+3,)-&,+&+'&$'U*V'9)&&)%'F-()%+&"-('8$A'"-&8%$#$*)-,3'&8%)"&+',:#)%,5'3$%"5'%))7'

)3$+<+&):+' "-(' &8),%' "++$3,"&)(' 9,$(,6)%+,&<' "-(' U**V' &$' ,()-&,7<' A8,38' 7,+8' +#)3,)+='

7F-3&,$-"5'*%$F#+'"-('#8<5$*)-)&,3'5,-)"*)+'(,+#%$#$%&,$-"55<'+F+&",-'3$%"5'%))7'7F-3&,$-,-*'

"-('+)%6,3)+D''

'

0D.D!C$%"5'%))7+',-'&8)'?-&8%$#$3)-)'

0D.D0D!2$3,$)3$-$:,3'9)-)7,&+'7%$:'3$%"5'%))7+'

=-*!:&')3!8&89)(/2&5!2,!*?8*6/*3!/&!256'*(,*!+'&7!/-*!69''*5/!j<#!12))2&5!/&!m<]!12))2&5!25!#QRQ!

(53!"Q<m!12))2&5!8*&8)*!25!#"QQ!:2/-!/-*!-20-*,/!0'&:/-!25!O+'26(!G^*')(53$%&$'()!#Q"PH<!M&'*!

/-(5!PQr!&+!/-*!:&')3s,!8&89)(/2&5!)2.*!:2/-25!"RQ!>2)&7*/*',!&+!/-*!6&(,/!GgK!#QQ#D!K*97(55$

%&$ '()! #Q"RH! (53! (! 32,8'&8&'/2&5(/*! 5971*'! )2.*,! 25! /-*! 12&32.*',2/4! -&/,8&/,! (53! /'&826()!

'*7&/*!('*(,!GL2))2(7,!#Q"$H<!=-&,*!72))2&5,!&+!8*&8)*!25!6&(,/()!('*(,!3*8*53!32'*6/)4!&5!/-*!

*6&,4,/*7!0&&3,!(53!,*'.26*,!8'&.23*3!14!6&'()!'**+,!:-26-!,9,/(25!+'&7!+&&3!(53!*6&5&726!

256&7*! /-'&90-!('/2,(5()! ,91,2,/*56*! +2,-*'2*,;! 6&77*'62()! +2,-*'2*,;! (B9(69)/9'*;!(53! )2.*!

'**+J+2,-!+&'!/-*!&'5(7*5/()!2539,/'4!G`2//250*'$%&$'()!#Q"#D!=*-$%&$'()!#Q"$D!%255*'!#Q"PH<!%&'()!

'**+!+2,-*'2*,!,988)4!7&'*!/-(5!-()+!&+!/-*!8'&/*25!6&5,97*3!14!-97(5!8&89)(/2&5,!25!6&(,/()!

'*02&5,!GM&++2//!k!%(a(,J%(5&!#Q"PH!(53!('*!,/2))!/-*!7(a&'!,&9'6*!&+!8'&/*25!+&'!7(54!8*&8)*!

25!,&7*!,7())!2,)(53,!G`(:('(X9>(!k!d\5\!#Q""D!=*-$%&$'()!#Q"$D!%-(')/&5$%&$'()!#Q"]H<!%&'()!

'**+,!3&!5&/!,988&'/!&5)4!)2.*)2-&&3!&+!8*&8)*!/-*4!(),&!&++*'!6&(,/()!8'&/*6/2&5;!7*32625*,;!

'*6'*(/2&5()!(53!/&9'2,/26!&88&'/952/2*,!GE*''('2&$%&$'()!#Q"PD!A(''2,$%&$'()!#Q"UH<!O332/2&5())4;!

6&'()!'**+,!6&5/'219/*!/&!(*,/-*/26;!69)/9'()!(53!,82'2/9()!.()9*,!&+!6&(,/()!,&62*/2*,!G`2//250*'$

%&$'()!#Q"#D!%255*'!#Q"PH<!!

'

0D.D.D!C5,:"&)'38"-*)',:#"3&+'

I256*!/-*!"mUQ,;!'2,250!,*(!,9'+(6*!/*78*'(/9'*,;!&:250!/&!-97(5J25396*3!0)&1()!:('7250;!

-(,!1**5!(!7(a&'!6&56*'5!+&'!6&'()!'**+,<!F53**3;!958'*6*3*5/*3!7(,,!1)*(6-250!&+!6&'(),;!

256)93250! /-'**!8(5J/'&826()!*.*5/,! 25!"mmU;!#Q"Q!(53!#Q"RJ#Q"]! GE209'*!"<$H;!:-26-!&+/*5!

)*(3,!/&!-20-!)*.*),!&+!6&'()!7&'/()2/4!GA*'&5$%&$'()!#Q"]H;!2,!278*'2)250!/-*!+9/9'*!&+!6&'()!'**+,<!!

!



! #"!

M*<.'%#!"0#R#5%/%&+#9(33*;%# /,'()#2)%(/8*&<"$ G2%$ &+-$ "7'4%1$ 12+3$ &2%$7'8"767$&2%.7'($

1&.%11$(%<%(1$7%'16.%,$59$HI;;$1'&%(("&%1$"0$DE@F$'0,$DE@J$'(+04$3"&2$(+/'&"+01$32%.%$&2%$

3+.1&$ /+.'($ 5(%'/2"04$ 3'1$ .%-+.&%,)$ G2%$ 5+&&+7$ "7'4%$ 12+31$ &2%$ K+6.$*+0&2$ =(%'/2"04$

I6&(++L$:+.$K%5.6'.9>*'9$DE@M$5'1%,$+0$&2%$HI;;$N("7'&%$K+.%/'1&$O91&%7$7+,%($'(+04$3"&2$

(+/'&"+01)$O+6./%P$HI;;)$

!

c*6*5/!,/932*,!)*(3!14!N'<!=*''4!N<!A90-*,!G#Q"j;!#Q"UH!-(.*!,-&:*3!/-(/!,*.*'*!'*69''*5/!

-*(/!:(.*,;!1&&,/*3!14!7&'*!(53!7&'*!,*.*'*!Z)!K25&!*.*5/,;!('*!/-*!7(a&'!/-'*(/!&5!6&'()!

'**+,!(53!/-(/!)&6()!'*,2,/(56*!G+2,-*'2*,!7(5(0*7*5/!(53!:(/*'!B9()2/4H!6(55&/!8'&.23*!(54!

V7(026!,-2*)3W!/&!*?/'*7*!-*(/<!F53**3;!*.*5!-20-)4!8'&/*6/*3!(53!5*('!8'2,/25*!('*(,!25!/-*!

^'*(/!d(''2*'!c**+!G^dcH!-(.*!*?8*'2*56*3!7(,,2.*!1)*(6-250!25!#Q"]!GE209'*!"<PH;!)*(.250!.*'4!

+*:! 8&/*5/2()! '*+902(! &5! /-*! ^dc! ,256*! &5)4! mr! &+! '**+,! '*8*(/*3)4! ,9'.*4*3! -(.*! 5*.*'!

1)*(6-*3!GA90-*,$%&$'()!#Q"j1H<!M&'*&.*';!/-*,*!:('7250!*.*5/,!('*!0*//250!:('7*'!(53!('*!

&669''250!7&'*!+'*B9*5/)4!/-(5!8'*.2&9,)4!)*(.250!(!/&&!,-&'/!/27*!25/*'.()!+&'!(!+9))!'*6&.*'4!

&+!6&'()!'**+,!GA90-*,$%&$'()!#Q"UH<!^)&1()!:('7250!2,!1*-253!/-*!'*6*5/!(66*)*'(/2&5!&+!,*(!

)*.*)! '2,*!:2/-!7(a&'! '*8*'69,,2&5,! &5! 6&(,/()! '*02&5,<! F5! +(6/;!7(54! 6&'()! '**+,!:&9)3! 1*!

95(1)*! /&! >**8! 0'&:250! +(,/! *5&90-! /&! >**8! 98! :2/-! '2,250! ,*(! )*.*),;! )*(.250! /'&826()!



!##!

6&(,/)25*,!(53!)&:J)4250!2,)(53,!*?8&,*3!/&!256'*(,*3!*'&,2&5!(53!+)&&3250!'2,>!GN*''4$%&$'()!

#Q"UH<!

!

M*<.'%#!":#R#P%;%'%#/,'()#2)%(/8*&<"$(X$;%."'($<"%3$+:$1%<%.%$5(%'/2"04$"0$Q."0/%11$N2'.(+&&%$

='9R$0+.&2%'1&$;61&.'("'$"0$*'./2$DE@M$32%.%$'(7+1&$@EES$+:$/+.'(1$'.%$5(%'/2%,$+0$&2%$.%%:$

:('&$'0,$/.%1&)$2X$=(%'/2"04$+//6.1$32%0$'(4'($1975"+0&1$!O975"+,"0"67$1--)#$"0$'$/+.'($2+1&$

'.%$L"((%,$59$%0<".+07%0&'($1&.%11R$.%<%'("04$&2%$32"&%$60,%.(9"04$1L%(%&+0$+:$&2%$/+.'()$/X#-X#%X$

*'&6.%$/+.'(1$3%.%$%8&".-'&%,$59$2%'&$1&.%11$'0,$4X$.'-",(9$/+(+0"B%,$59$'(4'%)$Q2+&+$/.%,"&1P$

'R$T'7%1$G)$U%..9)A$5>:R$V<'$*'".%)$

!



! #$!

F78(6/,!&+!0)&1()!6-(50*!('*!()'*(34!953*':(4;!:2/-!(5!(.*'(0*!0)&1()!/*78*'(/9'*!256'*(,*!

&+!5*(')4!"q%!,256*!8'*J2539,/'2()!6&532/2&5,!Gp"mQQH<!=-*'*!2,!&.*':-*)7250!*.23*56*!/-(/!"<Rq!

&'! #q%! &+! :('7250! (1&.*! 8'*2539,/'2()! 6&532/2&5,! :2))! 25*.2/(1)4! 6&5/'219/*! /&! +9'/-*'!

3*0'(3(/2&5!&+!/-*!:&')3T,!6&'()!'**+,!GA*'&5$%&$'()!#Q"]H<!I*69'250!(!+9/9'*!+&'!6&'()!'**+,!

'*B92'*,!9'0*5/!(53!'(823!(6/2&5,!/&!'*396*!0)&1()!:('7250!(53!(!6)*('*'!953*',/(53250!&+!

79)/28)*!3'2.*',!(53!*6&,4,/*7!'*,8&5,*,!953*'!/-*,*!5*:!,6*5('2&,!25!/-*!O5/-'&8&6*5*!

GA90-*,$%&$'()!#Q"j(H<!

'

0D.DED!?-&8%$#$*)-,3'(,%)3&',:#"3&+'

O5/-'&8&0*526!6-(50*,!-(.*!1*6&7*!/-*!3&725(5/!+&'6*!,-(8250!())!*6&,4,/*7,!&5!Z('/-;!(!

5*:!*'(!/*'7*3!/-*!O5/-'&8&6*5*!GI/*++*5$%&$'()!#Q""H<!I&62()!(53!*6&)&026()!8'&6*,,*,!('*!

6)&,*)4! 25/*'/:25*3! GA()8*'5$ %&$ '()! #QQUD! c&6>,/'u7$ %&$ '()! #QQmD! v,/*'1)&7$ %&$ '()! #Q"jH!

8('/269)(')4! &5! 6&'()! '**+,! *6&,4,/*7,! :-*'*! -97(5,! -(.*! -2,/&'26())4! 3*8)*/*3! 7('25*!

'*,&9'6*,! GY(6>,&5$ %&$'()! #QQ"D!N(53&)+2$ %&$'()! #QQ$D! d*)):&&3$ %&$'()! #QQPD!K&',/'u7$ %&$'()!

#Q"]H<!E&'!25,/(56*;!(!-20-J'*,&)9/2&5!$;QQQJ4*('!'*6&'3!&+!'**+!(66'*/2&5!'(/*!(53!-*'12.&'*!

G8(''&/+2,-!(53!9'6-25H!(1953(56*!G%'(7*'$%&$'()!#Q"jH!,-&:,!/-(/!-2,/&'26()!+2,-250!7(4!-(.*!

1**5! ,2052+26(5/)4! (++*6/250! %('211*(5! '**+,! +&'! &.*'! /:&! 6*5/9'2*,;! 252/2(/250! *6&,4,/*7!

3*6)25*,!+'&7!:-26-!/-*4!-(.*!5*.*'!'*6&.*'*3<!S*6)25*,!25!+2,-!(53!6&'()!(1953(56*!1*6&7*!

3*/*6/(1)*! 25!/-*!%('211*(5!,256*!/-*!723J"U/-!6*5/9'4!:2/-!/-*! 256'*(,250!*?8)&2/(/2&5!&+!

6&(,/()!7('25*!'*,&9'6*,!+'&7!25320*5&9,!25-(12/(5/,;!Z9'&8*(5!/'(3*',;!(53!82'(/*,!*50(0250!

25!25/*5,2.*!-('.*,/250!(53!)(53!6)*('250!+&'!2539,/'2()J,6()*!1(5(5(!(0'269)/9'*!G%'(7*'$%&$'()!

#Q"jH<!

!

I62*5/2+26!953*',/(53250!&+!-97(5!278(6/,!&5!'**+!,4,/*7,!-(,!7(25)4!3*7&5,/'(/*3!5*0(/2.*!

'*)(/2&5,-28,!1*/:**5!)&6()!-97(5!8&89)(/2&5,!(53!/-*!6&532/2&5!&+!6&'()!'**+,!GM&'($%&$'()!

#Q""D!d*)):&&3$%&$'()!#Q"#H;!/-*!/*'7!w6&532/2&5T!'*+*''250!/&!7(54!(,8*6/,!+'&7!/-*!B9()2/4!

&+!-(12/(/!/&!+2,-!12&7(,,!(53!12&32.*',2/4<!M&'*!,8*62+26())4;!+2,-250!(6/2.2/2*,!278(6/!/'&8-26!

84'(723!(/!())! )*.*),!(53!/-*!+(7&9,!w+2,-250!3&:5!/-*!+&&3!:*1T!/*5*/!278)2*,!/-(/!+2,-250!

,/('/,! (/! /-*! -20-*,/J.()9*3! ,8*62*,! (/! /-*! /&8! &+! /-*! 84'(723! (53! /-*5!7&.*,! 3&:5! /-*!

84'(723!(,!8'*3(/&',! 6&))(8,*!:2/-!*?8)&2/(/2&5!GN(9)4$ %&$'()! "mmUH<! E&'! 6&'()! '**+,;! +2,-250!

/-'&90-! *5/2'*! /'&8-26! 84'(723,! Gd'(56-$ %&$ '()! #Q"QH!7(4! 1*! (! 6&77&5!8'(6/26*! ,256*! ())!

/'&8-26! )*.*),! -(.*!7('>*/! .()9*<! N'*.2&9,! ,/932*,! -(.*! ,-&:*3! /-(/! '**+! +2,-! 12&7(,,! 2,!



!#P!

6&5,/'(25*3! 14! /-*! 3*5,2/4! &+! )&6()! -97(5! 8&89)(/2&5,! GM&'($ %&$ '()! #Q""H! 19/! /-*! )25*('!

32,/(56*!/&!/-*!5*('*,/!7('>*/!2,!(),&!(!,/'&50!*?8)(5(/&'4!.('2(1)*!+&'!/-*!6&532/2&5!&+!'**+!

+2,-*'2*,! G%255*'$ %&$ '()! #Q"$H<!i5*! 7(a&'! 8&25/! 2,! /-(/! *.*5! )&:! -97(5! ,*//)*7*5/! &'!

8&89)(/2&5! 3*5,2/2*,! 6(5! 3*8)*/*! '*,&9'6*,! &5! 6)&,*! '**+,! (53! -(.*! 0'*(/! 278(6/,! &5! +2,-!

(1953(56*<! F53**3;! d*)):&&3! (53! 6&))*(09*,! G#Q"#H! ,-&:! /-(/! "]! 8*&8)*! 8*'! ,B9('*!

>2)&7*/*'! 2,!*5&90-!/&!7(>*!1200*'!8(''&/+2,-*,!G=+(5+7%&+-+0$76."/'&67R$N2(+.6.61$1-)H!

)&6())4!*?/256/!GE209'*!"<RH<!!

!

'

M*<.'%#!">#R#5%)(+*,&38*73#2%+C%%&#8.9(&#-%&3*+6#U*&8(2*+(&+3#7%'#@91V#(&-#+8%#(2.&-(&/%#

,4# $'%%&# 8.978%(-# 7('',+4*38%3# UW,)2,9%+,7,&V# (&-# )('<%# G8),'.'.3# 7('',+4*38%3"$

!=%((3++,$%&$'()$DE@D#)$

!

N(''&/+2,-*,! ,9,/(25! 12&*'&,2&5! (53! 6&'()! 8'*3(/2&5!:-26-! ('*! >*4! +956/2&5,! +&'! 6&'()! '**+!

'*,2)2*56*;!/-9,!(1'98/!*6&,4,/*7!,-2+/!6(5!1*!&1,*'.*3!(,!,&&5!(,!+2,-250!'*396*,!8(''&/+2,-!

,2X*!(53!(1953(56*! Gd*)):&&3$ %&$'()! #Q"#D!d&X*6$ %&$'()! #Q"]H<!%&'()! '**+,! 25/*0'2/4! 6(5!1*!

32,'98/*3!14!-97(5!(6/2.2/2*,!(53!&.*'J*?8)&2/(/2&5;!)*(3250!/&!,&62()J*6&)&026()!/'(8,!G%255*'!

#Q""H!:-*'*!+2,-!*?/'(6/2&5!'*396*,!/-*!:23*!32.*',2/4!&+!+956/2&5,!8'&.23*3!/&!/-*!*6&,4,/*7!

(53!25396*,!6&'()!-(12/(/!3*0'(3(/2&5<!F/!'*,9)/,!(!7&'*!-*(.2)4!-97(5!8'*,,9'*!&5!'*7(25250!

+2,-*,!(53!9)/27(/*)4;!6&'()!'**+!,4,/*7,!('*!5&/!(1)*!/&!,988&'/!,*'.26*,!/-(/!8*&8)*!3*8*53!

&5!(547&'*<!!



! #R!

Z.*'!256'*(,250!6&(,/()!8&89)(/2&5!0'&:/-;!:2/-!(,,&62(/*3!3*7(53,!&5!5(/9'()!'*,&9'6*,!7(4!

6&78'&72,*!/-*!6(8(62/4!&+!6&'()!'**+,!/&!>**8!8'&.23250!-97(5!,&62*/2*,!:2/-!+2,-*'2*,!(53!

&/-*'!,&62&*6&5&726!1*5*+2/,<!

'

0D.DHD!R"-"*):)-&'"3&,$-+'&$'3$F-&)%"3&'8F:"-',:#"3&+''

K97*'&9,!(88'&(6-*,!6(5!1*!9,*3!/&!,9,/(25!7('25*!'*,&9'6*,!G%&,/*))&$%&$'()!#QQUD!^*)626-$

%&$'()!#QQUD!L&'7$%&$'()!#QQmD!%255*'$%&$'()!#Q"#H<!I256*!/-*!"m]Q,;!M('25*!N'&/*6/*3!O'*(,!

GMNO,H!(53!M('25*!c*,*'.*,!GMc,H;!/-*!)(//*'!1*250!3*+25*3!(,!5&J/(>*!MNO,!:-*'*!+2,-250!

(6/2.2/2*,! ('*! 8'&-212/*3! G%&,/*))&! k! d())(5/25*! #Q"RH;! -(.*! 1*6&7*! 8&89)('! /&&),! +&'!

6&5,*'.250!12&32.*',2/4!(53!7(5(0250!7('25*!'*,&9'6*,!G^(25*,$%&$'()!#Q"QD![*2/6-$%&$'()!#Q"#D!

L(/,&5$%&$'()!#Q"PD!M(6K*2)$%&$'()!#Q"RH<!MNO,!('*!7&'*!(53!7&'*!8&89)('!(6'&,,!/-*!&6*(5,!

/&!8'*,*'.*!12&32.*',2/4!19/!(),&!/&!'*396*!8&.*'/4;!192)3!+&&3!,*69'2/4;!6'*(/*!*78)&47*5/!

(53!8'&/*6/!,9,/(25!+2,-*'2*,!G[(5!d*9>*'250!k!_*(!#Q"$D!E*''('2&$%&$'()!#Q"PD!d'(53*'$%&$'()!

#Q"RH<!=-*'*!2,!5&:!(!)('0*!1&34!&+!*.23*56*!,988&'/250!8&,2/2.*!*++*6/,!&+!Mc,!:2/-25!/-*2'!

1&953('2*,!(53! 25!/-*2'!.26252/4<!Mc,!95(71209&9,)4! 256'*(,*!+2,-!(1953(56*! G_*,/*'$%&$'()!

#QQmH! (53! 12&7(,,! G%&,/*))&! #Q"PH! (53! -&,/! )('0*';! (53! /-9,!7&'*! +*'/2)*;! +2,-! 2532.239(),!

GO1*,(72,!k!c9,,!#QQRD!Z.(5,$%&$'()!#QQUH<!=-*,*!1*5*+2/,!/4826())4!(88*('!(+/*'!#!/&!R!4*(',!

&+!8'&/*6/2&5!G%)(93*/$%&$'()!#QQUH!(53!6&5/259*! /&!0'&:!*.*5!(+/*'!PQ!4*(',! +&'!,&7*!+2,-!

0'&98,!)2>*!8'*3(/&',!GM(6K*2)$%&$'()!#Q"RH<!

'

c(823!3*0'(3(/2&5!&+!/-*!:&')3T,!6&'()!'**+,!GA90-*,$%&$'()!#QQ$D!N(53&)+2$%&$'()!#QQ$D!d*)):&&3$

%&$ '()! #QQPD! A90-*,$ %&$ '()! #Q"j(H! a*&8('32X*,! /-*2'! *6&)&026()! +956/2&5250! (53! 9)/27(/*)4!

278*'2),!/-*!:*))1*250!&+!/-*!72))2&5,!&+!8*&8)*!:2/-!'**+J3*8*53*5/!)2.*)2-&&3,!G=*-$%&$'()!

#Q"$H<!=-*'*!2,!(5!9'0*5/!5**3!/&!953*',/(53!/-*!6&5/*?/!953*'!:-26-!6&5,*'.(/2&5!0(25,!6(5!

1*!7(?272X*3!GS*.2))*',$%&$'()!#Q"RD!N'*,,*4$%&$'()!#Q"RH!(53!:-*'*!6&5,*'.(/2&5!&9/6&7*,!

G*<0<!+2,-!12&7(,,H!6(5!1*!7(?272X*3<!F56'*(,*3!+2,-!12&7(,,!25,23*!7('25*!'*,*'.*,!8'&.23*,!

-20-*'!)*.*),!&+!*6&,4,/*7!+956/2&5250!GM6%)(5(-(5$%&$'()!#Q""H!19/!(),&!'*,9)/,!25!,82))&.*'!&+!

(39)/,!(53! )('.(*! /&! ,9''&953250!('*(,! GO1*,(72,!k!c9,,!#QQRH;!:-26-!6(5!1*5*+2/! +2,-*',!

GA(''2,&5$ %&$ '()! #Q"#D! Y(596-&:,>2JA('/)*4$ %&$ '()! #Q"#D! O53'*))&$ %&$ '()! #Q"jH<! =-9,;!

6&5,*'.(/2&5!0(25,!('*!1*5*+262()!+&'!1&/-!8*&8)*!(53!*6&,4,/*7,!

!



!#]!

2)3F%,-*'"'7F&F%)'7$%'3$%"5'%))7+'F-()%'&8)+)':F5&,#5)'?-&8%$#$*)-,3'7$%3,-*'7"3&$%+'WcF*8)+#

%+#()"'./0P"X'%)\F,%)+'F%*)-&'"5&)%-"&,6)+'&$'+F+&",-'3$%"5'%))7'+$3,$4)3$5$*,3"5'+<+&):+D'd)'

&8F+'-))('&$'U*V'9)&&)%'F-()%+&"-(='\F"-&,7<'"-(':"#'&8)'5)6)5'$7',-&)%"3&,$-+'9)&A))-'%))7+'

"-('8F:"-+'"-('U**V'()7,-)'8$A'&8)',-&)-+,&<'$7'8F:"-',:#"3&+',-'&8)'+F%%$F-(,-*'+)"+3"#)'

"77)3&+'&8)'"9,5,&<'$7'Re?+'&$'"38,)6)'3$-+)%6"&,$-'$9b)3&,6)+D'

'

0DED!?33)++,9,5,&<' "+' "' 3$%-)%+&$-)' $7' &8)' :F5&,#5)' ,-&)%"3&,$-+' ,-' +$3,"54

)3$5$*,3"5'+<+&):+''

0DED0D!?33)++,9,5,&<'"+'"'>)<'(%,6)%'$7'&8)'3$-(,&,$-+'$7')3$+<+&):+'

K(/9'()!'*,&9'6*,;!,96-!(,!+&'*,/,!(53!+2,-*'2*,;!('*!1*6&7250!,*.*'*)4!3*8)*/*3D!*,8*62())4!

/-&,*!/-(/!('*!7&'*!(66*,,21)*!/&!8*&8)*!GM&'($%&$'()!#Q""D!%255*'$%&$'()!#Q"$D!d('1*'$%&$'()!

#Q"PH<! E&'! *?(78)*;! 597*'&9,! ,/932*,! -(.*! )25>*3! 256'*(,*3! (66*,,212)2/4! /-'&90-! '&(3!

192)3250!/&!3*+&'*,/(/2&5!G_(9'(56*$%&$'()!#QQmH!(53!(.2(5!12&32.*',2/4!*'&,2&5!GO-7*3$%&$'()!

#Q"PH<! O66*,,212)2/4! 2,! (),&! ,-&:5! /&! 1*! (!7(25! 3'2.*'! &+! *6&,4,/*7! '*6&.*'4<!S2,/(56*! /&!

8'27('4!'&(3,!*5-(56*,!'*6&.*'4!&+!,*6&53('4!+&'*,/,!(+/*'!(1(53&57*5/!&+!(0'269)/9'*!25!

N9*'/&!c26&!G%'>$%&$'()!#QQmH<!F5!/*''*,/'2()!,4,/*7,;!/-*'*!2,!/-9,!6&5,23*'(1)*!(//*5/2&5!&5!

(66*,,212)2/4!7(5(0*7*5/;!7(25)4!.2(!'&(3!5*/:&'>,!(/!1&/-!)&6()!GS&1,&5$%&$'()!#Q"QH!(53!

0)&1()!,6()*,!G_(9'(56*$%&$'()!#Q"PH<!!

!

F5! 6&5/'(,/;! 6&5,23*'(1)4! )*,,! '*,*('6-! -(,! +&69,*3! &5! (66*,,212)2/4! 25!7('25*! *6&,4,/*7,;!

/-&90-! 2/! -(,! 1**5! ,-&:5! /&! ,/'&50)4! 3*/*'725*! /-*2'! 6&532/2&5,! G*<0<! +2,-! 12&7(,,! (53!

12&32.*',2/4H! (53! +956/2&5250! GM&'(/&$ %&$ '()! #QQ]D! %255*'$ %&$ '()! #Q"$H<! E&'! *?(78)*;! 25!

K26('(09(;!/-*!3*.*)&87*5/!&+!(!'&(3!/&!'*(6-!(!+&'7*'!'*7&/*!+2,-250!('*(!()/*'*3!1&/-!8'26*!

(53!8'26*!.('2(12)2/4!&+!+2,-;!:-26-!)*3!/&!7&'*!25/*5,2.*!&.*'*?8)&2/(/2&5!GI6-72//!k!`'(7*'!

#QQmH<!_2>*:2,*;!,*.*'()!,/932*,!-(.*!3*7&5,/'(/*3!/-(/!8'&?272/4!/&!7('>*/;!7*(,9'*3!(,!(!

)25*('!32,/(56*;!2,!/-*!,/'&50*,/!8'*326/&'!&+!&.*'+2,-250!&5!6&'()!'**+,!G%255*'!k!M6%)(5(-(5!

#QQ]D!%255*'$%&$'()!#Q"#D!%255*'$%&$'()!#Q"$H<!!

!

R)"+F%,-*'&8)')U&)-&'&$'A8,38'*5$9"5':"%,-)'%)+$F%3)+'"%)'"33)++,95)'&$'8F:"-+'8"+'9))-'

*)-)%"55<' 5,:,&)('&$')U":,-,-*'&8)' 5,-)"%'(,+&"-3)'9)&A))-'7,+8,-*'*%$F-(+'"-(':"%>)&+='

6,55"*)+'$%'#$%&+'Wd"&+$-#%+#()"'./01XD'c$A)6)%='7$%':$+&'3$"+&"5')3$+<+&):+'"-('"%&,+"-"5'



! #j!

7,+8)%,)+='&8,+'5,-)"%'(,+&"-3)',*-$%)+'%"**)('3$"+&5,-)+='%$"('-)&A$%>+'"-('$&8)%'7)"&F%)+'

&8"&'3"-'"77)3&'&8)'&,:)'%)\F,%)('&$'%)"38'7,+8,-*'*%$F-(+D'B8)'"6",5"9,5,&<'$7'-)A'"-"5<&,3"5'

&$$5+' "-('8,*84%)+$5F&,$-' *)$4%)7)%)-3)(' 5"-(+3"#)'("&"' -$A'"55$A+' 7$%' )+&,:"&,-*' %))7'

"33)++,9,5,&<='&8%$F*8'&%"6)5'&,:)='9<'&">,-*'"33$F-&'&8)'8)&)%$*)-),&<'$7'&8)'+)"+3"#)D'f)&='

+F38'3"53F5"&,$-'%$F&,-)+'%):",-'&$'9)'9F,5&'"-('$#&,:,g)('&$'$9&",-'5"%*)'+3"5)'"++)++:)-&D'

'

0DED.D!R$6,-*'9)<$-('&8)'R"5&8F+,"-'#)%+#)3&,6)'

c*,*('6-*',!-(.*!6)(,,26())4!/9'5*3!/&:('3!/-*!M()/-9,2(5!8*',8*6/2.*!,900*,/250!/-(/!-97(5!

8&89)(/2&5! ,2X*! 2,! (!7(a&'! 3'2.*'! &+! *6&)&026()! 6&532/2&5,! &+! *6&,4,/*7,!:-*'*! 8&89)(/2&5!

0'&:,!*?8&5*5/2())4!(53!:2))!():(4,!*?6**3!+&&3!8'&396/2&5!/-(/!0'&:,!)25*(')4;!)*(3250!/&!

256'*(,250! 8&.*'/4! (53! 25396250! 25*.2/(1)*! 6&))(8,*! &+! -97(5! ,&62*/2*,! GM()/-9,! "jmUH<!

O88)2*3!/&!+2,-*'2*,;!/-*!6(9,*,!&+!&.*'+2,-250!('*!3'2.*5!14!V/&&!7(54!+2,-*',!6-(,250!/&&!+*:!

+2,-W!GN(9)4!"mmQH!(53!(,!+2,-250!*++&'/!0'&:,!8'&8&'/2&5(/*)4!/&!-97(5!8&89)(/2&5!0'&:/-;!

:-26-!2,!&+/*5!*?8&5*5/2()!8('/269)(')4!25!6&(,/()!62/2*,;!8&)264!25/*'.*5/2&5,!/-(/!'*396*!+2,-*'!

(66*,,;! /-*! 5971*'! &+! +2,-*',;! &'! /-*! -97(5!8&89)(/2&5! ('*! 5**3*3! GN(9)4! "mmQD! c&1*'/,!

"mmRH<!c*02&5,!25!/-*!:&')3!6-('(6/*'2X*3!14!8&,2/2.*!8&89)(/2&5!0'&:/-;!-20-!)*.*)!&+!8&.*'/4!

(53!,/'&50!3*8*53*56*!&5!7('25*!'*,&9'6*,!+())!:2/-25!/-2,!6&5/*?/<!A&:*.*';!/-*'*!2,!,/2))!

)2//)*!*782'26()!*.23*56*!/-(/!0)&1()!&'!)&6()!8&89)(/2&5!0'&:/-!-(,!7&'*!278(6/,!&5!6&'()!'**+,!

/-(5!&/-*'!,&62&J*6&5&726!(,8*6/,!G3*!I-*'12525$%&$'()!#QQjH<!M(54!6&'()!'**+!,/932*,!'*.*()*3!

/-(/!&/-*'!3'2.*',!,96-!(,!/*6-5&)&04;!7('>*/!(66*,,!(53!3*.*)&87*5/!&+/*5!8'&.23*!1*//*'!

*?8)(5(/2&5!&+!/-*!6&532/2&5,!&+!6&'()!'**+,!+2,-*'2*,!/-(5!-97(5!8&89)(/2&5!,2X*!&'!3*5,2/4!

G%255*'! k!M6%)(5(-(5! #QQ]D! %255*'$ %&$ '()! #QQm(D! d'*:*'$ %&$ '()! #Q"#D! %255*'$ %&$ '()! #Q"$D!

E25>1*25*'$%&$'()!#Q"jH<!!

!

L$3F+,-*'$-5<'$-'8F:"-'#$#F5"&,$-'()-+,&<':"<'5)"('&$'9,"+)('8F:"-',:#"3&'"++)++:)-&'

9)3"F+)'$&8)%' ,:#$%&"-&'(%,6)%+':"<'9)'"&'#5"<)('A8,5)' ,*-$%)('9<':$+&':"-"*)%+'"-('

#$5,3<' :">)%+' W`)%>)+# %+# ()"' .//GXD' ?++)++,-*' "33)++,9,5,&<' $7' 3$%"5' %))7+' 7%$:' 8F:"-'

+)&&5):)-&+'+)):+'&$'9)'"'3$:#5):)-&"%<'"-('F+)7F5'&$$5'&$'9)&&)%')U#5",-'&8)'+&"&F+'"-('

(<-":,3+'$7'3$%"5'%))7'+$3,$4)3$5$*,3"5'+<+&):+D'

'

'

'



!#U!

0DEDED!23"5,-*'($A-'&8)'5,->'9)&A))-'3$%"5'%))7'"33)++,9,5,&<'"-('%)+$F%3)')U#5$,&"&,$-'

Z('/-T,!*6&,4,/*7,!-(.*!6&7*!953*'!256'*(,250!8'*,,9'*!(,!0)&1()2X(/2&5!6&55*6/,!/-*!:&')3!

G_29$ %&$ '()! #Q"$H<! Z?8(53250! /'(3*;! /'(5,8&'/(/2&5;! 720'(/2&5;! (53! /*6-5&)&04! ('*! ()/*'250!

25/*'/:25*3! 345(726,! 1*/:**5! -97(5! (53! 5(/9'()! *6&,4,/*7,! (6'&,,! ,8(6*! (53! /27*!

Gc&6>,/'u7$%&$'()!#QQmD!_29$%&$'()!#Q"RH<!^)&1()!/'(3*!/-'&90-!25/*'6&55*6/*3!7('>*/,!&'!5*:!

(66*,,!/&!7('>*/,!-*(.2)4!,-(8*!/-*!*?8)&2/(/2&5!&+!5(/9'()!'*,&9'6*,!(53!-(,!'(2,*3!,*'2&9,!

*6&)&026()!(53!7(5(0*7*5/!2,,9*,!Gd*'>*,$%&$'()!#QQ]D!c&6>,/'u7$%&$'()!#QQmD!I/*++*5$%&$'()!

#Q""H<!O66*,,212)2/4!2,!(5!278&'/(5/!3*/*'725(5/!&+!8*&8)*T,!(12)2/4!/&!9,*!5(/9'()!'*,&9'6*,<!

F5!8('/269)(';!25!1&/-!/*''*,/'2()!(53!7('25*!12&7*,;!(66*,,212)2/4!/-'&90-!'&(3!5*/:&'>,!(53!

25+'(,/'96/9'*! *?8(5,2&5! -(,! 1**5! ,-&:5! /&! 1*! (! 7(25! 3'2.*'! &+! /-*! 6&532/2&5,! &+! /-*!

*6&,4,/*7,;!:2/-! /-*!7&,/! (66*,,21)*! '*,&9'6*,! 1*250!7&,/! (/! '2,>! G_(9'(56*$ %&$ '()! #QQmD!

S&1,&5$%&$'()!#Q"QD!M&'($%&$'()!#Q""D!O-7*3$%&$'()!#Q"PD!d('1*'$%&$'()!#Q"PD!O)(702'$%&$'()!

#Q"jH<!N'*.2&9,)4!'*7&/*!'*02&5,!&+!/-*!:&')3!-(.*!1*6&7*!7&'*!(66*,,21)*!(53!/-9,;!7&'*!

25/*0'(/*3!:2/-!/-*!0)&1()!*6&5&74!:-26-!7(4!8'&+&953)4!(++*6/!8'*.2&9,)4!'*7&/*!&'!*.*5!

8'2,/25*!*6&,4,/*7,!GM6%(9)*4$%&$'()!#Q"$D!M&'($%&$'()!#Q"]H<!@*/!/-*!7*6-(52,7,!/-'&90-!

:-26-!/-*!)*.*)!(66*,,212)2/4!25+)9*56*,!,&62()!(53!*6&)&026()!6&532/2&5,!('*!,/2))!95>5&:5!(53!

6*'/(25)4!5&/!,&!,/'(20-/+&':('3<!

!

=&!3(/*;!'*,*('6-!&5!7('>*/!(66*,,212)2/4!-(,!7(25)4!*?(725*3!-&:!256'*(,*3!7('>*/!(66*,,!

(++*6/,!'*,&9'6*,!9,*',!/-'&90-!/'(3*!(53!8'26*! 6-(50*,!GS*)0(3&!#QQ$D!I6-72//!k!`'(7*'!

#QQmD!=-4'*,,&5$%&$'()!#Q""D!=-4'*,,&5$%&$'()!#Q"$H;!(53!6-(50*,!25!)2.*)2-&&3!32.*',2+26(/2&5!

G%255*'!k!d&325!#Q"QD!%-(.*,$%&$'()!#Q"jD!`'(7*'$%&$'()!#Q"jH!G6&78&,2/2&5!*++*6/H!(,!:*))!(,!

/*6-5&)&04!25/'&396/2&5,!&'!6-(50*,!Gd'*:*'!#Q"$D!I/*.*5,$%&$'()!#Q"PH!G/*6-52B9*!*++*6/H<!

_(6>!&+!>5&:)*30*!&5!-&:!7('>*/!(66*,,!,-(8*,!)&6()!-97(5!6&77952/2*,!'*7(25,!)('0*)4!

953*'J*,/27(/*3!(53!6&9)3!-23*!6'962()!345(726,!(/!)&6()!,6()*<!!

'

h-()%+&"-(,-*'8$A'"33)++,9,5,&<' 7%$:'8F:"-'+$3,)&,)+'"77)3&+'&8)')U#5$,&"&,$-'$7'-"&F%"5'

%)+$F%3)+',+'"'3%,&,3"5'+&)#'&$A"%('"'5$-*4&)%:':"-"*):)-&'$7'&8)')3$+<+&):+'A8)%)'"3&,$-+'

"%)'-))()('&$')-8"-3)'&8),%')3$5$*,3"5'"-(')3$-$:,3'+F+&",-"9,5,&<D'T,6)-'&8"&'&8)'8F:"-4

)-6,%$-:)-&"5',-&)%%)5"&,$-+'"%)'()#)-()-&'$-'&8)'+$3,"5'3$-&)U&='"'+3"5,-*4($A-'$7'%))7'

"33)++,9,5,&<'&$'8,*85,*8&'&8)'(%,6)%+'$7'%)+$F%3)'F+)'"-('*$6)%-"-3)'"&'7,-)'+3"5)',+'-))()(D'

'



! #m!

0DHD!?,:+'"-('&8)+,+'$F&5,-)'

=-*!8'*,*5/!/-*,2,!-(,!/:&!7(25!&1a*6/2.*,C!2H!3*.*)&8250!5*:!7*/'26,!&+!(66*,,212)2/4!/&!1*//*'!

(66&95/!+&'!-97(5!278(6/,!&5!6&'()!'**+,!25!(5!-*/*'&0*5&9,!,*(,6(8*D!(53!22H!*.()9(/250!/-*!

278&'/(56*!&+!/-*,*!5*:!7*/'26,;!25!25/*'(6/2&5!:2/-!7(5(0*7*5/;!/&!*?8)(25!.('2(/2&5,!&+!

+2,-!12&7(,,!&5!6&'()!'**+,<!!

!

=-*,*!(27,!('*!(33'*,,*3!25!+&9'!,*8('(/*!,/932*,!+&69,250!&5!32,/256/!'*,*('6-!B9*,/2&5,!GcxH!

/-(/!'*7(25!95,&).*3!GE209'*!"<]HC!

cx!"<!F,!/'(.*)!/27*!+'&7!-97(5!,*//)*7*5/,!(!0&&3!8'*326/&'!&+!'**+!+2,-!12&7(,,!(/!/-*!0)&1()!

,6()*o!

cx!#<!!A&:!/-*!25/*5,2/4!&+!-97(5!278(6/,!(++*6/,!/-*!*++*6/2.*5*,,!&+!7('25*!'*,*'.*,!25!/-*!

6&5/*?/!&+!6&'()!'**+,o!

cx!$<!A&:!/'(.*)!/27*!+'&7!7('>*/!(++*6/!'*,&9'6*!9,*!(/!)&6()!,6()*o!

cx!P<!L-26-!(53!-&:!,8*62*,!('*!5*6*,,('4!/&!7(25/(25!+2,-!12&7(,,!(53!6&'()!6&.*'!&5!6&'()!

'**+,o!

M*<.'%#!"F#R#Y%6#(*93#,4#+8%#+8%3*3#+8',.<8#:#-*3+*&/+#'%3%('/8#Z.%3+*,&3#U5[#!A:V"#

!"#$#

%&&'(()*)+),-
!''.

!"#/#

0)12)3'4(),-

56789

!"#:

;898<'7'9,

!"#=#

!'(164&'#6('



!$Q!

=-*!'*,*('6-!B9*,/2&5,!('*!(33'*,,*3! 25!/-*!+&9'!,/932*,!1'2*+)4!3*,6'21*3!1*)&:!(53! +9))4!

3*.*)&8*3!25!25/'&396/2&5!&+!*(6-!6&''*,8&53250!6-(8/*'<!!

!

O+/*'!/-2,!0*5*'()!25/'&396/2&5!WC8"#&)%'0X;!F!+2',/!8'&.23*!/-*!7*/-&3&)&026()!(53!/-*&'*/26()!

1(,2,!&+!74!N-SC!C8"#&)%'.'*?8&,*,!/-*!0)&1()!3(/(,*/!F!9,*3!39'250!/-*!/-*,2,!:-26-!2,!&5*!&+!

/-*! )('0*,/! ,*/,! (.(2)(1)*! +&'! /'&826()! '**+,! /-(/! 6&782)*,! 6&'()! '**+! 6&532/2&5,! (53!

,&62&*6&5&726! 3'2.*',! +'&7! 7&'*! /-(5! #;RQQ! '**+,! :&')3:23*D! C8"#&)%' E! *?8)(25,! /-*!

+'(7*:&'>! F! 3*.*)&8*3! /&! (,,*,,! /'(.*)! /27*! 1*/:**5! (54! '**+! (53! -97(5! ,*//)*7*5/,!

/-'&90-!)(53!G'&(3!(53!.*0*/(/2&5H!(53!:(/*'!G5(.20(1)*!'2.*';!)(>*!(53!&6*(5H!(/!0)&1()!,6()*<!

F/!(),&!,-&:,!/-(/!/'(.*)!/27*!2,!(!7(a&'!3'2.*'!&+!'**+!+2,-!12&7(,,<!F/!(),&'3*,6'21*,!-&:!/&!

6&7125*!/'(.*)!/27*!(53!-97(5!8&89)(/2&5!25/&!(5!25/*0'(/2.*!7*/'26!&+!-97(5!0'(.2/4<!!

I*6&53)4;! F! -20-)20-/! /-*! 278&'/(56*! &+! /-*,*! 5*:! 7*/'26,! 25! '**+! 6&5,*'.(/2&5! (53!

7(5(0*7*5/!:2/-!/-'**!3*326(/*3!6-(8/*',C!C8"#&)%'H'*?8)&'*!-&:!/-*!25/*5,2/4!&+!-97(5!

278(6/,;!7*(,9'*3!(,!(!+956/2&5!&+!-97(5!8&89)(/2&5!,2X*!(53!(66*,,212)2/4!/&!'**+,;!(++*6/,!

/-*!*++*6/2.*5*,,!&+!7('25*!'*,*'.*,!25!/'&826()!'**+,D!C8"#&)%'1!*?8)&'*,!-&:!/'(.*)!/27*!+'&7!

7('>*/!6(5!(++*6/!'*,&9'6*!9,*!(/!)&6()!,6()*!/-'&90-!(!,/934!6(,*!25!K&'/-:*,/!M(3(0(,6(';!

:-*'*!F!8('/2628(/*3!25!/-*!6&))*6/2&5!&+!,&62()!(53!*6&)&026()!3(/(D!(53!C8"#&)%'G!*?8&,*,!/-*!

+'(7*:&'>!F!3*.*)&8*3!/&!3*+25*!:-26-!,8*62*,!('*!5*6*,,('4!/&!7(25/(25!+2,-!6&77952/2*,!

(53!/-*2'!(,,&62(/*3!,*'.26*,<!!

_(,/)4;! C8"#&)%' P' 6&5,2,/,! &5! (! ,45/-*/26! (5()4,2,! 8'*,*5/250! /-*! 7(25! 6&56)9,2&5,! (53!

)272/(/2&5,!&+!/-*!/-*,2,<!F/!(),&!8'&.23*,!8*',8*6/2.*,!(53!+9/9'*!(88)26(/2&5,<!!

 

  



! $"!

 

 

!

!

!

!

!

!

!

!

!

!

!

!

! !



!$#!

!

' '



! $$!

.D!T5$9"5'("&"+)&'$-'3$%"5'%))7+'

!

!

.D0D!J-&%$(F3&,$-'

M4!N-S!2,!25/*0'(/*3!25/&!/-*!N"00%.$C%1%'./2$W.+6-!)*3!14!S'<!Y&,-9(!Z<!%255*'!/-(/!+&69,*,!

&5!/-*!25/*'+(6*!1*/:**5!,&62()!,62*56*!(53!*6&)&04!/&!3*.*)&8!,&)9/2&5,!+&'!(!:23*!'(50*!&+!

2,,9*,!+(6250!6&'()!'**+,!(53!/-*!72))2&5,!&+!8*&8)*!:-&!3*8*53!&5!/-*7<!=-*!7(a&'!8('/!&+!

74!N-S!G%-(8/*'!P!(53!]H!-(,!1**5!6&5396/*3!(/!)('0*!,6()*!(53!9,*,!&5*!&+!/-*!)('0*,/!,*/,!

&+! '**+! 3(/(! (.(2)(1)*! /-(/! 6&782)*,! 6&'()! '**+! 6&532/2&5,! (53! ,&62&*6&5&726! 3'2.*',! +'&7!

7&'*! /-(5!#;RQQ! '**+,!:&')3:23*<!=-2,!8('/!(27,! /&!3*,6'21*! /-*!.('2(1)*,! 256)93*3! 25! /-*!

3(/(,*/!/-(/!F!-(.*!9,*3!25!74!N-S<!!

 

.D.D!K)+&)('+3"5)+'$7'("&"'

=-*! 0)&1()! 3(/(,*/! :(,! &'0(52X*3! (/! /-'**! ,8(/2()! ,6()*,C! '**+! ,2/*;! '**+! 6)9,/*';! (53!

5(/2&5y,/(/*!3*,6'21*3!1*)&:C!

!

!"#!c**+!,2/*!G-*'*(+/*'!s'**+sH!2,!/-*!,7())*,/!,6()*!(53!'*8'*,*5/,!(!8&&)!&+!,9'.*4,!G/'(5,*6/,H<!

$

!""#!c**+!6)9,/*'!-(.*!1**5!&1/(25*3!14!6)9,/*'250!'**+,!/&0*/-*'!/-(/!:*'*!:2/-25!P>7!&+!*(6-!

&/-*'!(53!9,*3!/-*!6*5/'&23!/&!*,/27(/*!'**+!6)9,/*'J)*.*)!,&62()!(53!*5.2'&57*5/()!6&.('2(/*,<!

=&!3*+25*!'**+!6)9,/*',;!/-*!)25*('!32,/(56*!1*/:**5!())!'**+!,2/*,!:(,!+2',/!*,/27(/*3;!/-*5!(!

-2*'('6-26()!(5()4,2,!:2/-!/-*!6&78)*/*J)25>(0*!6)9,/*'250!/*6-52B9*!1(,*3!&5!/-*!7(?2797!

32,/(56*!1*/:**5!'**+,!:(,!9,*3<!O!69/J&++!(/!P!>7!:(,!,*/!/&!,*)*6/!79/9())4!*?6)9,2.*!,2/*,!

:-*'*!'**+,!6(55&/!1*!7&'*!32,/(5/!/-(5!P!>7<!=-*!6-&26*!&+!P!>7!:(,!25+&'7*3!14!(!$J4*('!

,/934!&+!/-*!,8(/2()!7&.*7*5/!8(//*'5,!&+!('/2,(5()!6&'()!'**+!+2,-*',;!6&''*,8&53250!/&!/-*!

-20-*,/! 3*5,2/4! &+! +2,-250! (6/2.2/2*,! &5! '**+,! 1(,*3! &5!^NIJ3*'2.*3! *++&'/! 3*5,2/4!7(8,! &+!

('/2,(5()!6&'()!'**+!+2,-250!(6/2.2/2*,!GS(:$%&$'()!#Q""H<!

$

!"""#!K(/2&5y,/(/*!G5(/2&5;!,/(/*;!&'!/*''2/&'4H!:-26-!('*!a9'2,326/2&5,!/-(/!0*5*'())4!6&''*,8&53!

/&!2532.239()!5(/2&5,!G19/!6&9)3!(),&!256)93*!,/(/*,;!/*''2/&'2*,;!&.*',*(,!'*02&5,H<!

!



!$P!

.DED!!))7'L,+8'9,$:"++'

c**+!+2,-!12&7(,,!6(5!'*+)*6/!(!1'&(3!,*)*6/2&5!&+!'**+!+2,-!+956/2&5250!(53!1*5/-26!6&532/2&5!

GM6%)(5(-(5$%&$'()!#Q""D!M&'($%&$'()!#Q""D!Z3:('3,$%&$'()!#Q"PD!M(6K*2)$%&$'()!#Q"RH;!(53!2,!(!

>*4!7*/'26!&+! '*,&9'6*!(.(2)(12)2/4! +&'! '**+! +2,-*'2*,<!=-*! 252/2()!3(/(,*/!0(/-*',!7&'*! /-(5!

#P;QQQ!.2,9()!6&95/,!6&))*6/*3!+'&7!j;$#U!'**+,!1*/:**5!"mm#!(53!#Q"$!25!]$!5(/2&5,;!,/(/*,!

&'!/*''2/&'2*,<!O))!,9'.*4,!9,*3!$!6*5,9,!7*/-&3,!G,/(53('3!1*)/J/'(5,*6/,;!32,/(56*!,(78)250!

(53!8&25/J6&95/,H<!L-*'*!3(/(!+'&7!79)/28)*!4*(',!:*'*!(.(2)(1)*!+'&7!(!,250)*!'**+!,2/*;!&5)4!

3(/(!+'&7!/-*!4*('!6)&,*,/!/&!#Q"Q!:*'*!6&5,23*'*3<!!

E&'!/-*!89'8&,*,!&+!/-*!'*,*('6-!B9*,/2&5,;!&5)4!8('/,!&+!/-2,!3(/(,*/!-(.*!1**5!,*)*6/*3!/&!

*?/'(6/! /('0*/*3! +2,-! G%-(8/*'! PH;! /&8!8'*3(/&',! 8'*,*56*! G%-(8/*'!PH!(53! F53&JN(62+26! +2,-!

12&7(,,!G%-(8/*'!]H!3*,6'21*3!1*)&:C!

'

4'B"%*)&)('L,+8'`,$:"++;!P;"]P!,9'.*4,!6&))*6/*3!+'&7!";jmU!/'&826()!'**+!,2/*,!1*/:**5!#QQP!

(53! #Q"$! :*'*! '*/(25*3<! i5)4! "P! +2,-! +(72)2*,! :*'*! 6&5,23*'*3! ,256*! :*'*! 6&5,2,/*5/)4!

,/932*3;!6&77&5)4!/('0*/*3;!(53!:*'*!(1&.*!(!7252797!,2X*!69/J&++!*.*5!2+!/('0*/250!&+!'**+!

+2,-*,! 6(5! .('4! 14! )&6(/2&5! 39*! /&! 0*(';! 69)/9'()! 8'*+*'*56*,;! (53! (! '(50*! &+! &/-*'!

6&5,23*'(/2&5,<!=-9,;!6&95/,!&+!t"Q67!329'5())4J(6/2.*;!5&5J6'48/26!'**+!+2,-!/-(/!('*!'*,23*5/!

&5!/-*!'**+!:*'*!'*/(25*3;!*?6)93250!,-('>,!(53!,*72J8*)(026!,8*62*,!G=(1)*!FH<!!

!

4B$#'e%)("&$%+;!U!+(72)2*,!&+!+2,-!:*'*!6&5,23*'*3!(,!/&8!8'*3(/&',!G=(1)*!FH<!F5!%-(8/*'!P;!&5)4!

8'*,*56*y(1,*56*!:(,!9,*3!25,/*(3!&+!12&7(,,!1*6(9,*!12&7(,,!:(,!-*(.2)4!X*'&!25+)(/*3<!

!

4J-($4e"3,7,3'L,+8'̀ ,$:"++;!P;]mP!,9'.*4,!6&))*6/*3!+'&7!";U#P!'**+,!)&6(/*3!25!/-*!F53&JN(62+26!

:*'*! '*/(25*3<! =-&,*! ,9'.*4,! 9,*3! &5)4! /:&! 6*5,9,! 7*/-&3,! G1*)/J/'(5,*6/,! &'! 32,/(56*!

,(78)250H!(53!:*'*!6&5396/*3!1*/:**5!#QQP!(53!#Q"$<!=-*5;!())!6&95/,!&+!5&5J6'48/26!'**+!

+2,-! ,8*62*,! t"Q67! 25! /&/()! )*50/-;! /-(/! ('*! '**+J(,,&62(/*3! G$Q! +(72)2*,;! jPU! ,8*62*,;! ,**!

O88*5326*,!%-(8/*'!]H!:*'*!6&5,23*'*3<!I-('>,!:*'*!5&/!256)93*3!25!/-*!,/934!(,!/-*4!:*'*!

&+/*5!*?6)93*3!+'&7!.2,9()!,9'.*4,<!

!

L2/-25!*(6-!,9'.*4!('*(;!'**+!(,,&62(/*3!+2,-*,!:*'*!23*5/2+2*3!/&!,8*62*,!)*.*);!(1953(56*!

6&95/*3;! (53! /&/()! )*50/-! G=_H! *,/27(/*3;! :2/-! /-*! *?6*8/2&5! &+! &5*! 3(/(! 8'&.23*'! :-&!
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9,*3<! =&! 7(>*! *,/27(/*,! &+! 12&7(,,! +'&7! /-*,*! /'(5,*6/J)*.*)! 3(/(! 6&78('(1)*! (7&50!
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256)93250C! G2H!7('25*! '*,*'.*J!:-*/-*'! /-*! ,2/*! +*))!:2/-25! /-*!1&'3*',! &+!(! 5&J/(>*!7('25*!
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G*<0<!1(5,!&5!/-*!9,*!&+!5*/,;!,8*('095,;!&'!/'(8,H!&'!+2,-250!*++&'/!G:-26-!6&9)3!-(.*!256)93*3!
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c"9,&"&;!=-*!+&))&:250!-(12/(/!6(/*0&'2*,!:*'*!256)93*3C!!"H!I)&8*C!=-*!'**+!,)&8*!-(12/(/!2,!
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,/4)*s! '**+!-(12/(/<!S9*!/&!72527()!'*8'*,*5/(/2&5!(7&50!&9'!,(78)*;!&/-*'! )*,,!8'*.()*5/!

-(12/(/!/48*,!:*'*!*?6)93*3;!,96-!(,!6-(55*),!(53!1(5>,<!=-*!M2))*55297!%&'()!c**+!M(88250!

N'&a*6/! GM%cMNH! -2*'('6-26()! 3(/(! GO53'\+&9z/$ %&$ '()! #QQ]H;!^&&0)*! Z('/-;! (53! ,2/*! 3*8/-!

25+&'7(/2&5!:*'*!9,*3!/&!.*'2+4!/-*!,2/*,T!-(12/(/!25+&'7(/2&5<!
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e%$(F3&,6,&<;! i6*(5! 8'&396/2.2/4! +&'! *(6-! &+! &9'! ,2/*,! 25! 70%! y! 7#! y! 3(4!
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7&5/-)4!3(/(!+&'!4*(',!#QQR!/&!#Q"Q!G25!-3+!+&'7(/H;!/-&,*!3(/(!:*'*!278&'/*3!(53!6&5.*'/*3!

25/&!O'6^FI<!@*(')4!(.*'(0*!(53!+25())4!(5!(.*'(0*!+&'!())!/-*,*!4*(',!:(,!6()69)(/*3<!O!"QQ!>7!
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!
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$+/6&(21(:!F91/!(&091<-2(4'!0',<&1/-/!(!,(1*!9149!1/2(*)!(*)!/-5-&(2!/,(22-&!1/2(*)/:!Q*-!691&)!

'.!69-!9+,(*!<'<+2(61'*!215-/!1*!`'+,-(!69-!,(1*!0168!>o!gh3###!<-'<2-A!0'*/1)-&-)!(/!69-!

&-41'*(2!0(<16(2!9'/61*4!69-!,(1*!,(&B-6:!

!

D!+/-)!V3X@E!N1/6(*0-!_(,<21*4!a*)-&7(6-&!C1/+(2!?-*/+/!>aC?A!/+&5-8/!'.!.1/9!0',,+*161-/!

>;14+&-!X$A!6'!\+(*61.8!69-!&-2(615-!1*.2+-*0-/!'.!-*51&'*,-*63!9(%16(63!(*)!9+,(*!1,<(06!'*!

.1/9!%1',(//!>F(%2-!DDD3!;14+&-!DDDA:!

!

1"9"1"!"!T',7+,%86)'0B+

J--.!.1/9-/!(*)!69-!(//'01(6-)!0'&(2!&--.!9(%16(6/!7-&-!/+&5-8-)!.&',!VghbKW#VX!(0&'//!`-7!

?(2-)'*1(:!N-/0&1<61'*! '.! 69-! /(,<21*4! 0(,<(14*/! 0(*! %-! .'+*)! 1*!$*)&p.'+q6!R!P(*61-j!

>W#V#A3! N^$4(6(* 0'* 3);! >W#V"A3! n+2%10B1! >VggEM! W##bA3! O-6'+&*-+&* 0'* 3);! >W###A! (*)!P(*61-j!

>W#V#A:!N(6(!7-&-!0'22-06-)!(2'*4!V3X@E!N1/6(*0-!_(,<21*4!a*)-&7(6-&!C1/+(2!?-*/+/!>aC?A!



! @E!

6&(*/-06/! 0'22-06-)! (2'*4! (! 4&()1-*6! '.! 9+,(*! <&-//+&-/! >-:4:! 914928! <'<+2(6-)! >W3VX@!

<-'<2-:B,KkA!6'!1/'2(6-)!(*)!+*1*9(%16-)!/16-/A:!!

!

F9-!,(1*!&--.!68<-/!>%1'6'<-A!1*02+)-)H!!"#!/9-26-&-)!0'(/6(2!&--.3!!""#! 2(4''*!&--.3!!"""#! 1**-&!

%(&&1-&!&--.3!(*)!!".#!'+6-&!&--.:!;'&!-(09!&--.3!6&(*/-06/!7-&-!<-&.'&,-)!'*!%'69!69-!&--.!.2(6!

(*)!/2'<-3!79-*!.-(/1%2-:!F'!)-0&-(/-!69-!%1(/!)+-!6'!)15-&!(66&(061'*!(*)! &-<+2/1'*3!aC?!

)(6(/-6/!7-&-! 6&+*0(6-)!(6!(!)1/6(*0-!'.!E!,!'*!-(09! /1)-!'.! 6&(*/-06/:!F91/! 1*0'&<'&(6-)!

(<<&'G1,(6-28!g@r!'.! /1496-)!0',,-&01(228! 1,<'&6(*6! /<-01-/!(*)!(22! (<-G!<&-)(6'&/3! (*)!

(22'7-)!.'&!69-!0(20+2(61'*!'.!.1/9!%1',(//!'5-&!(!E##!,k!(&-(!>W!/1)-/!G!E!,!71)69!G!@#!,!

2'*4A:! _9(&B/! (*)! &(8/!7-&-! &-,'5-)! .&',! 69-!,(1*! /<-01-/! 21/6! )+-! 6'! 69-! )1..10+261-/! 1*!

(//-//1*4! 69-1&! (%+*)(*0-!7169! aC?:! F9-! )(6(/-6! 0',<&1/-/! X@W! /<-01-/! %-2'*41*4! 6'! XX!

)1..-&-*6!.(,121-/:!

F9-!%1',(//!'.!1*)151)+(2!.1/9-/!7(/!-/61,(6-)!+/1*4!69-!(22',-6&10!2-*469K7-1496!0'*5-&/1'*H!

P!l!(FO%3!79-&-!<(&(,-6-&/!(!(*)!%!(&-!/<-01-/K/<-01.10!0'*/6(*6/3!FO!1/!69-!1*)151)+(2!6'6(2!

.'&B!2-*469!1*!0,3!(*)!P!1/!69-!7-1496!1*!4&(,/:!I1',(//!7(/!2'4K6&(*/.'&,-)!.'&!/6(61/610(2!

(*(28/-/:!

!

1"9"1"1"!U<8%0+'86%-.+;%&'%()*,+

D! 0',%1*-)! )(6(! '*! 69&--! 9+,(*! 1,<(06! 5(&1(%2-/! >F(%2-! DDDA:! F9-/-!7-&-H! VA! 69-! 9+,(*!

<'<+2(61'*! '00+&&1*4! 71691*! (! W#! B,! &()1+/! '.! -(09! aC?! .'&! 69-! /(,<21*4! 8-(&! >(2&-()8!

0(20+2(6-)! 1*! <&-51'+/! /6+)1-/AM! WA! 69-! 21*-(&! )1/6(*0-! %-67--*! -(09! aC?! (*)! 69-!,(&B-6!

`'+,-(M!XA!69-!6&(5-2!61,-!%-67--*!-(09!aC?!(*)!`'+,-(:!

!

1"9"1"F"!U%('.%.+%03+*0;'&/08*0.%)+;%&'%()*,+

_-5-&(2!9(%16(6!(*)!-*51&'*,-*6(2!5(&1(%2-/!7-&-!(2/'!0'22-06-)!>F(%2-!DDDA:!F9-!T-)1+,!_0(2-!

$<<&'(09!>T_$A!7(/!+/-)!6'!&-0'&)!/+%/6&(6-!09(&(06-&1/610/!(2'*4!6&(*/-06/!79-&-!.1*.1/9!

7-&-! 0'+*6-)! %8! aC?:! T_$! 9(/! %--*! )-5-2'<-)! %8! ?2+(* 0'* 3);! >W##bA! 6'! /<-01.10(228!

0',<2-,-*6!aC?!/+&5-8/:!F9-!,-69')!0'*/1/6/!1*!&-0'&)1*4!)-<693!9(%16(6!0',<2-G1683!(*)!

WX!/+%/6&(6-!<(&(,-6-&/!>r!0'&(2!0'5-&3!r!,(0&'!(24(-3!-60:A!71691*!6-*!@G@!,!\+()&(6/!'*!

-(09!/1)-!'.!@#K,!6&(*/-06/3!.'&!(!6'6(2!'.!W#!\+()&(6/!<-&!6&(*/-06:!f(%16(6!09(&(06-&1/610/!'.!

-(09!6&(*/-06!(&-!69-*!0(20+2(6-)!%8!(5-&(41*4!'5-&!69-!W#!\+()&(6/!-(09!9(%16(6!<(&(,-6-&!

<'6-*61(228!&-2-5(*6!6'!-G<2(1*!69-!/6&+06+&-!'.!.1*.1/9!0',,+*161-/:!



!@h!

D/2(*)!68<-!7(/!1*02+)-)!(*)!1/!09(&(06-&1j-)!%8!69&--!0(6-4'&1-/H!9149!1/2(*)!>1/2(*)!7169'+6!

2(4''*3!79109!1*02+)-!6-06'*10(228!+<21.6-)!&--./A3!2'7!1/2(*)!>1/2(*)!7169!(!2(&4-!2(4''*A!(*)!

(6'22! >*'! 1/2(*)! -G0-<6! &--.! 1/2(*)/!79109! (&-! 1/2(*)/! 0&-(6-)! %8! 69-! (00+,+2(61'*! '.! &--.!

/-)1,-*6/A:!P--B28!(5-&(4-!_-(!_+&.(0-!F-,<-&(6+&-!>__FA!>VgghKW##h!1*!(!@!B,!<1G-2A!7(/!

(5(12(%2-! .&',! $CfJJ! >$)5(*0-)! C-&8! f149! J-/'2+61'*! J()1',-6-&M!

966<HYY'0-(*7(609:<1./0:*'((:4'5YA:!;'&!-(09!aC?!6&(*/-063!69-!6-,<-&(6+&-!71691*!69(6!<1G-2!

7(/!0(20+2(6-):!

!

1"9"1"H"!V/3*),+%03+'86/&.%0-*+/4+;%&'%()*,+

D!.1&/6!&(*!(!/-&1-/!'.!=-*-&(21j-)!O1*-(&!T')-2/!>=OTA!,')-2/!69(6!<&-)106!.1/9!%1',(//!+/1*4!

)1..-&-*6!/-6/!'.!<&-)106'&!5(&1(%2-/!>9+,(*3!9(%16(6!(*)!-*51&'*,-*63!F(%2-!DDDA:!;1/9!%1',(//!

7(/!2'4K6&(*/.'&,-)!6'!'%6(1*!(!*'&,(2!)1/6&1%+61'*:!F&(5-2!61,-3!21*-(&!)1/6(*0-3!(*)!)-<69!

7-&-!2'4K6&(*/.'&,-)!<&1'&!(*(28/-/3!%-0(+/-!69-/-/!5(&1(%2-!/9'7-)!(!<'7-&!&-2(61'*/91<!

7169!2'4K%1',(//!'.!.1/9:!D!.1&/6!%+126!(!%(/-!,')-2!7169'+6!(*8!9+,(*!1,<(06!5(&1(%2-/!>'*28!

9(%16(6!(*)!-*51&'*,-*6!5(&1(%2-/A:!F9-*!D!())-)!6'!691/!,')-2!'*28!'*-!9+,(*!5(&1(%2-!6'!

<&'51)-!69&--!*-7!,')-2/!-(09!0'&&-/<'*)1*4!6'!'*-!(/<-06!'.!9+,(*!1,<(06:!D!0',<(&-)!

69-!<-&.'&,(*0-!'.!-(09!'.!69-/-!69&--!,')-2/!6'!69-!%(/-!,')-2!+/1*4!69-!21B-219'')K&(61'!

>OJA! 6-/6:! F9-*3! +/1*4! (! %(0B7(&)! /-2-061'*! <&'0-)+&-3! D! 1)-*61.1-)! 69-!,'/6! <(&/1,'*1'+/!

,')-2!+/1*4!69-!$B(1B-!D*.'&,(61'*!?&16-&1'*!>$D?A3!(!,')-2!0'1*-)!(/!S%-/6U!,')-2:!!

!

F'!)-6-&,1*-!69-!1,<'&6(*0-!'.!-(09!5(&1(%2-!1*!-G<2(1*1*4!5(&1(61'*/!1*!.1/9!%1',(//!D!%+126!

(22!/+%K,')-2/!>0'*6(1*1*4!(!/+%/-6!'.!5(&1(%2-/A!.&',!69-!.+22!,')-2!>(22!5(&1(%2-/A!+/1*4!69-!

)&-)4-!.+*061'*!.&',!<(0B(4-!ZT+T1*[!1*!J!X:#:X!>J!N-5-2'<,-*6!?'&-!F-(,!W#V"A:!F9-*!.'&!

-(09! /+%K,')-23! D! 0(20+2(6-)! 69-! $B(1B-! 7-1496! >$D?7A! 69(6! 0(*! %-! 1*6-&<&-6-)! (/! 69-!

<&'%(%12168!69(6!(!/<-01.10!,')-2!1/!69-!%-/6:!F9-!&-2(615-!1,<'&6(*0-!'.!-(09!<&-)106'&!5(&1(%2-!

(6!-G<2(1*1*4!5(&1(61'*!'.!.1/9!%1',(//!7(/!-/61,(6-)!%8!/+,,1*4!$B(1B-!7-1496!5(2+-/!(0&'//!

(22!,')-2/!69(6!1*02+)-!691/!<&-)106'&!5(&1(%2-:!F9-/-!/+,,-)!$B(1B-!7-1496/!>$D?7A!&(*4-!

.&',!#!>+/-2-//!5(&1(%2-A!6'!V! >-//-*61(2!5(&1(%2-A3!9-*0-!<&'51)1*4!(!,-(*/!.'&!&(*B1*4!69-!

<&-)106'&!5(&1(%2-/!1*!6-&,/!'.!1*.'&,(61'*!0'*6-*6:!

!

$/! (! 0',<2-,-*6(&8! (*(28/1/! D! &(*! (! I''/6-)!J-4&-//1'*! F&--! >IJFA!,')-2! 6'! <&-)106! .1/9!

%1',(//!+/1*4!(22!<&-)106'&!5(&1(%2-/:!IJF!9(5-!69-!()5(*6(4-3!'5-&!=OT!,')-2/3!6'!0'<-!7169!



! @g!

1*6-&(061*4!.(06'&/!(*)!*'*K21*-(&!&-2(61'*/91</! >]2169*0'*3);!W##hA:! D*!IJF/3!0'*6&1%+61'*/!'.!

-(09!-G<2(*(6'&8!5(&1(%2-!>rA!(&-!69-!<&'<'&61'*!'.!-(09!5(&1(%2-!/-2-06-)!6'!/<216!69-!)(6(!

(,'*4!(22!69-!6&--/3!7-1496-)!%8!69-!/\+(&-)!1,<&'5-,-*6!6'!69-!,')-2!(/!(!&-/+26!'.!-(09!

/<2163!(*)!(5-&(4-)!'5-&!(22!6&--/:!F9-!5(&1(%2-/!7169!69-!9149-/6!0'*6&1%+61'*/!(&-!69-!,'/6!

1,<'&6(*6!5(&1(%2-/!0'*6&1%+61*4!6'!69-!,')-2:!

!

1"9"F"!:&%;*)+.'8*+4&/8+8%&@*.+%,+.7*+@*5+3&';*&+/4+-/&%)+&**4+-/03'.'/0,++

f+,(*/! /9(<-! 69-! 2-5-2! '.! &--.! .1/9! %1',(//! /1*0-! -(09! <&'G8! '.! 9+,(*! 1,<(06! 9(/! (!

/14*1.10(*6!-..-06!%-8'*)!69(6!'.!9(%16(6!(*)!-*51&'*,-*6!>F(%2-!X:VA:!!

!

,089&'()*'+'B3;<0%"236'3='5064"40.&';34&92'<%&4"5."6#'%&&='="2-'8"3;022'02'0'=$65."36'3='

&67"%36;&6.09C' -08".0.C' 064' -$;06' ";<05.' 70%"089&2' 05%322' .-&' 53%09' %&&=2' 3=' D&/'

B09&436"0)*W70*O"G3"G0*c&+%(23'"%&*$("'0("%&*!Oc$#*3&1*'70*'%'3)*31X,6'01*di6j,3(01*!dI#*+%(*

03A7* 2%10)* 3&1* 6,5i2%10)* M0(0* A3)A,)3'01;* O* )"G0)"7%%1* (3'"%* '06'* !?di'06'* 3&1* ki.3),0#*

50'M00&* '70* V:&."(%&20&'l@35"'3']* 2%10)* 3&1* 03A7* 0&("A701* 2%10)* M"'7* %&0* 36-0A'* %+*

7,23&*"&+),0&A0*!-%-,)3'"%&9*)"&03(*1"6'3&A09*%(*'(3.0)*'"20#*67%M6*'70*6"D&"+"A3&A0*%+*311"&D*

7,23&* "2-3A'* .3("35)06;* W70* Vm06']*2%10)* "6* '70*2%6'* -3(6"2%&"%,6* 3AA%(1"&D* '%* '70*Oc$*

A("'0("%&*A%&'3"&"&D*%&)B*'(3.0)*'"20*3&1*6%20*60)0A'01*0&."(%&20&'3)*.3("35)06*!203&*10-'79*

6,(+3A0*A%.0(*%+*)".0*A%(3)9*6,(+3A0*A%.0(*%+*23A(%3)D309*'70*(00+*'B-09*3&1*"6)3&1*'B-0#;*

*

!

!

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

!"##$ 2085 %$ $ $

&'()*+',-'.$/$012).1.$ 1544 %345$ $ 678.-9.$

&'()*+',-'.$/$012).1.$/$0",1'$:-'9).;$ 1449 %3<=$ $ >?3?@<A$

&'()*+',-'.$/$012).1.$/$6)'-1*$:)9.1'B-$ 1413 %3<4$ $ =4?34A$

&'()*+',-'.$/$012).1.$/$C*1(-#$.),-$ 1352 %3<@$ $ D%E3DA$

F-9.$ 1350 %3<@$ ! $

-&./01%2$345446& &    

 



!b#!

f'7-5-&3!<'6-*61(2!6&(5-2!61,-!.&',!69-!,(&B-6!1/!69-!/6&'*4-/6!<&-)106'&!'.!.1/9!%1',(//!/1*0-!

16/!$D?7!1/!V!>-//-*61(2!5(&1(%2-!1*!(22!%-/6!=OT!/+%K,')-2/A!(*)!16/!&-2(615-!0'*6&1%+61'*!6'!69-!

IJF!,')-2!1/!Whr!/+&<(//1*4!69(6!'.!(22!'69-&!0',<-61*4!5(&1(%2-/!>;14+&-!X:@IA:!I8!0'*6&(/63!

9+,(*! )-*/168! (*)! 21*-(&! )1/6(*0-! 6'! ,(&B-6! 9(5-! 2'7-&! $D?7! 5(2+-/! >#:XX! (*)! #:""!

&-/<-0615-28A!(*)!0'*6&1%+6-!6'!IJF!,')-2/!(63!&-/<-0615-283!69-!.'+&69!>VVrA!(*)!691&)!&(*B!

>VXrA!/+44-/61*4!69-1&!,(&41*(2!1*.2+-*0-!'*!.1/9!%1',(//!0',<(&-)!6'!6&(5-2!61,-:!;1*(2283!

69-!,'/6!<(&/1,'*1'+/!,')-2!>Z%-/6[!1*!F(%2-!X:VA3!%(/-)!'*!5(&1(%2-!/-2-061'*!+/1*4!69-!$D?!

0&16-&1'*3!'*28!&-6(1*/!<'6-*61(2!6&(5-2!61,-!.&',!69-!,(&B-6!(/!69-!/'2-!9+,(*!)&15-&!'.!.1/9!

%1',(//!'*!`-7!?(2-)'*1(*!&--./:!F91/!=OT!,')-2!-G<2(1*/!"@r!'.!5(&1(61'*!1*!.1/9!%1',(//!

(0&'//! &--./:!f'7-5-&3! 69-!IJF!,')-23!79109! 6(B-/! 1*6'!(00'+*6!5(&1(%2-! 1*6-&(061'*/!(*)!

69&-/9'2)/! -..-06/3! -G<2(1*/! +<! 6'! E#r! '.! 691/! 5(&1(61'*! 9149214961*4! <'6-*61(2! 1*6-&<2(8!

%-67--*!9+,(*3!-*51&'*,-*6(23! (*)! 9(%16(6!)&15-&/:!P9-*!-G6&(061*4! 69-! Z<+&-[!-..-06! '.!

6&(5-2!61,-!.&',!69-!,(&B-6!'*!.1/9!%1',(//!+/1*4!(!<(&61(2!<2'6!.&',!69-!=OT!(!/(6+&(61*4!

&-2(61'*/91<!7(/!'%/-&5-)!>;14+&-!X:@?A:!O'7!%1',(//!5(2+-/!>mV##!B4:9(KVA!(&-!,'/628!.'+*)!

79-*!6&(5-2!61,-!1/!2'7-&!69(*!V#9!>;14+&-!X:@?A:!$22!&-,'6-!&--./!>;14+&-!X:@$A!9(5-!(!.1/9!

%1',(//! 9149-&! 69(*! @##! B4:9(KV3! 79109! 9(/! %--*! /+44-/6-)! (/! (! <'6-*61(2! 69&-/9'2)! 6'!

,(1*6(1*!9-(2698!(*)!.+*061'*1*4!0'&(2!&--./!>T0?2(*(9(**0'*3);!W#VVM!T(0`-12*0'*3);!W#V@A:!

!



! bV!

!

!"#$%&'()E'+'A3.&6."09'.%07&9'.";&'02'.-&';0"6'4%"7&%'3='="2-'8"3;022)*k"67*5"%2366*06'"23'06*

+(%2* K9QRU* n&10(M3'0(* ="6,3)* $0&6,6* !n=$#* 6,(.0B6* -0(+%(201* 3A(%66* A%(3)* (00+6* %+* _0M*

$3)01%&"3*!3#;*W70*(0)3'".0*"&+),0&A06*%+*-(01"A'%(*.3("35)06*!0&."(%&20&'9*735"'3'*3&1*7,23&*

"2-3A'#*3(0*36606601*,6"&D*'70*M0"D7'01*OG3"G0*c&+%(23'"%&*$("'0("%&*!Oc$M#*+(%2*D0&0(3)">01*

)"&03(* 2%10)6* 3&1* '70* (0)3'".0* A%&'("5,'"%&* +(%2* 5%%6'01* (0D(066"%&* '(00* 2%10)6* !5#;* W70*



!bW!

-3('"3)* -)%'* !A#* 67%M6* '70* e-,(0a* (0)3'"%&67"-* 50'M00&* -%'0&'"3)* '(3.0)* '"20* 3&1* (00+* +"67*

5"%23669*";0;*M7")0*A%&6"10("&D*'70*%'70(*-(01"A'%(*.3("35)06;**

!

1"9"H"!U'B7+(<.+;%&'%()*+%--*,,'(')'.5+/4+-/&%)+&**4,+%&/<03+.7*+A/&)3+++

F9-!42'%(2!(//-//,-*6!'.!0'&(2!&--./!(00-//1%12168!/9'7/!69(6!@hr!'.!0'&(2!&--./!>V@3b#g!'+6!'.!

WE3WVW!0'&(2!&--.!0-22/A!(&-!2'0(6-)!(6!2-//!69(*!X#!,1*+6-/!6&(5-221*4!61,-!.&',!69-!*-(&-/6!

9+,(*!/-662-,-*6!>;14+&-!X:bA:!Q*!(5-&(4-3!-(09!&--.!0(*!%-!&-(09-)!71691*!V9@#!>_N!l!"9V@A:!

F9-!%+2B!'.!&--./!(&-!914928!(00-//1%2-!1*!69-!?(&1%%-(*3!69-!?'&(2!F&1(*42-3!69-!P-/6-&*!D*)1(*!
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β = −0.52**
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!
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,')-2/3!7-!/-6!&--.!02+/6-&!*-/6-)!71691*!*(61'*Y/6(6-!(/!(!&(*)',!-..-06!6'!(00'+*6!.'&!69-!

91-&(&0910(2!*(6+&-!'.!69-!)(6(!>1:-:!&--.!/16-/!*-/6-)!1*!&--.!02+/6-&/3!&--.!02+/6-&/!*-/6-)!1*!
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<2'66-)!0'*/-&5(61'*!4(1*/!1*!B12'4&(,/!<-&!9-06(&-!>B4Y9(M!(/!'<<'/-)!6'!2'4wB4Y9(xA:!$!2'4K
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)-0&-(/1*4!(00-//1%12168!6'!%'69!,(&B-6/!(*)!0'(/6(2!0',,+*161-/3!%+6!69-!&(6-!'.!1*0&-(/-!7122!

%-! )1..-&-*6! .'&! .1/9-)! (*)! +*.1/9-)! &--./:! P-! (2/'! -G<-06! 69(6! 69-! /'01'-0'*',10! (*)!

&-/'+&0-!+/-!09(&(06-&1/610/!'.!0'(/6(2!0',,+*161-/!09(*4-!7169!(00-//!6'!,(&B-6/:!f-&-3!7-!

1*5-/614(6-)H!!"#!69-!&-2(615-!-..-06/!'.!,(*(4-,-*63!,(&B-6!(00-//3!(*)!B-8!-*51&'*,-*6(2!

5(&1(%2-/!'*!&--.!.1/9!%1',(//!1*!69-!*'&697-/6!'.!T()(4(/0(&M!(*)!!""#!F9-!1*.2+-*0-!'.!,(&B-6!

<&'G1,168! '*! 0'(/6(2! 0',,+*161-/! 69&'+49! 69-! /0(2-3! 69-! 0',<'/161'*3! (*)! 69-! 6-09*1\+-!

-..-06/:!P-! ())&-//! 69-/-! \+-/61'*/! +/1*4! -0'2'410(2! )(6(! 0'22-06-)! 1*! XV! &--./! (*)! /'01(2!

)&15-&/!0'22-06-)!(6!9'+/-9'2)K2-5-2!1*!V#!0'(/6(2!0',,+*161-/!1*!`'&697-/6!T()(4(/0(&:!

+

H"!"!C/0.*N.+%03+,.<35+%&*%+

N-/<16-! 16/! %1'2'410(2! (*)! 0+26+&(2! &109*-//3! T()(4(/0(&! 1/! '*-! '.! 69-! 7'&2)^/! <''&-/6!

)-5-2'<1*4!0'+*6&1-/!(*)!16/!<-'<2-!)-<-*)!9-(5128!'*!69-!-G<2'16(61'*!'.!*(6+&(2!&-/'+&0-/!

.'&!/+%/1/6-*0-!>P'&2)!I(*B!W#V#M!?'*/-&5(61'*!D*6-&*(61'*(2!W#V@A:!F9-!(&61/(*(2!.1/9-&8!1/!(!

/14*1.10(*6!-0'*',10!/-06'&!79-&-!()+26!,(2-/!(&-!-*4(4-)!1*!,+261K4-(&!(*)!,+261K/<-01-/!

.1/91*4!.&',!69-!/9'&-!'&!+/1*4!7'')-*!<1&'4+-!0(*'-/!>T0n-**(!R!$22-*!W##XM!N'+B(B1/!0'*

3);!W##EM!N(51-/!0'*3);!W##gM!I-&*1-&!0'*3);!W#VV!A:!$&61/(*(2!.1/9-&1-/!1*!T()(4(/0(&!(&-!516(2!6'!

.'')! /-0+&168! (*)! 215-219'')/! .'&! 0'(/6(2! 0',,+*161-/! (*)! /+<<'&6! 69-! ,(d'&168! '.! 69-!

T(2(4(/8!0'(/6(2!<'<+2(61'*!>I(&*-/KT(+69-*0'*3);!W#VXA:!F91/!1/!<(&610+2(&28!6&+-!(2'*4!69-!

7-/6!0'(/6!79-&-!(4&10+26+&(2!<&')+061'*!1/!,'/628!1*.-(/1%2-3!(*)!-,<2'8,-*6!'<61'*/!(&-!

21,16-)!>O(&'09-!R!J(,(*(*(&15'!Vgg@M!O-!T(*(09*0'*3);!W#VWA:!



! gE!

J--./!1*!691/!(&-(!9(5-!%--*!&-0'4*1j-)!.'&!69-1&!-G0-<61'*(2!%1')15-&/168!(*)!69-1&!&-/121-*0-!

6'!021,(6-!09(*4-!1*!69-!P-/6-&*!D*)1(*!Q0-(*!>PDQA!>T0n-**(!R!$22-*!W##X3!T0?2(*(9(**0'*

3);*W#VVM!Q%+&(3!W#VWA!(*)!(&-!*'7!0'*/1)-&-)!(/!(!9149!<&1'&168!.'&!1*0&-(/-)!,(*(4-,-*6!

-..'&6/:! T(*(4-,-*6! (061'*/! 1,<2-,-*6-)! 1*! T()(4(/0(&! 9(5-! ,(1*28! .'0+/-)! '*!

-,<'7-&1*4! 2'0(2! 0',,+*161-/! 6'! 6(B-!4&-(6-&! &-/<'*/1%12168! .'&!,(&1*-!*(6+&(2! &-/'+&0-/!

,(*(4-,-*6! 7912-! /-0+&1*4! 2'0(2! <'<+2(61'*/[! 1*6-&-/6/! >e()'6! 0'* 3);* W#V@A:! F9-/-! 2'0(2!

.1/9-&1-/! ,(*(4-,-*63! (2/'! 0(22-)! O'0(228! T(*(4-)! T(&1*-! $&-(/! >OTT$/A3! (1,-)! (6!

1*0&-(/1*4!.1/9!/6'0B/!(*)!%1')15-&/1683!<&'6-061*4!0+26+&(2!9-&16(4-3!(*)!<&','61*4!/+/6(1*(%2-!

/'01'K-0'*',10!)-5-2'<,-*6!6'!0'*6&1%+6-!6'!<'5-&68!&-)+061'*!>='5(*!0'*3);!W##gM!e+<16-&!

0'* 3);! W#V"M! J'021..-! 0'* 3);! W#V"A:! T(*(4-,-*6! (061'*/! (&-! &-4+2(6-)! %8! 67'! ,(1*! 2-4(2!

1*/6&+,-*6/!(6!(!2'0(2!2-5-2!1*!T()(4(/0(&H!!"#!69-!-/6(%21/9,-*6!'.!(!Z)1*([!>6&()161'*(2!5122(4-!

2(7/A! >f(&&1/3! W#VVAM! (*)! !""#! 0',,+*168! ,(*(4-)!T(&1*-! L&'6-06-)! $&-(/! >TL$/A! >Da?`!

0(6-4'&1-/!C!'&!CDA:!T'/6!'.!69-!OTT$/!0'*6(1*! 6-,<'&(&8!.1/91*4!02'/+&-!(*)!<-&,(*-*6!

&-/-&5-/! >*'K6(B-! j'*-/! 79-&-! .1/91*4! (0615161-/! (&-! <&'91%16-)A! (*)! 1,<2-,-*6! 4-(&! (*)!

/<-01-/! &-/6&1061'*/:! T'&-! /<-01.10(228! 1*! 69-! `'&697-/63! %-(09! /-1*1*43! 0'*/1)-&-)! (/! (!

)-/6&+0615-!.1/91*4!<&(0610-3!1/!*'7!<&'91%16-)3!/9(&B!.1/91*4!(*)!/-(!0+0+,%-&!9(&5-/61*4!(&-!

&-4+2(6-)!7912-!/',-!<-2(410!.1/9!(&-!+*)-&!/-(/'*(2!02'/+&-/!>/+09!(/!d36'(0))"D0(*G3&3D,('3!

'&!S,(9(2'B8UA:!f'7-5-&3!4-(&!(*)!/<-01-/!&-/6&1061'*/!1,<2-,-*6-)!1*!69-!67'!TL$/!)'!*'6!

1*02+)-! 69-! 6(&4-6-)! .1/9! /<-01-/! 7-! 0'*/1)-&-)! 1*! '+&! /6+)8! 69+/3! &--./! +*)-&! 69-/-!

&-/6&1061'*/!/6122!-G<-&1-*0-!.1/91*4!(0615161-/:!!

!

D*! $<&12! W#V@3! $*B(&-(! (*)!$*B15'*d8!TL$/3! 69-! 67'! .1&/6! 0',,+*168K2-)! *(61'*(2!T(&1*-!

L&'6-06-)!$&-(/!>TL$/A!7-&-!'..101(228!-/6(%21/9-)!(*)!9(5-!%--*!6&1(21*4!(*!(00-//!&-/6&1061'*!

/6&(6-48!1*!79109!2'0(2!.1/9-&,-*!>.1/9-&,-*!.&',!69-!*-(&%8!5122(4-!1*!69-!TL$!%'+*)(&1-/A!

9(5-!-G02+/15-!(00-//!&1496/!6'!.1/91*4!(&-(/!1*/1)-!69-!TL$:!T(*(4-,-*6!'.!.1/91*4!(&-(/!1/!

(66&1%+6-)!6'!0',,+*161-/!79109!/9'+2)!2-()!6'!)1&-06!%-*-.16/!.'&!69-,:!!

!

Q+&!/6+)8!0'5-&/!(*!(<<&'G1,(6-!21*-(&!)1/6(*0-!'.!V@#!B,!(2'*4!69-!0'(/6!.&',!`'/8!D&(*d(!

(6!69-!/'+69!>$*B15'*d8!TL$A!6'!`'/8!T16/1'!>$*B(&-(!TL$A!(6!69-!*'&69!(*)!-*0',<(//-/!

'<-*K(00-//!&--./!%-67--*!69'/-!67'!TL$/!>;14+&-!@:VA:!F9-!(&-(!1/!09(&(06-&1/-)!%8!,(*8!

1/2(*)/! '..! 69-! 0'(/6!79-&-! 0'(/6(2! 9+,(*! /-662-,-*6/! (&-! &-2(615-28! /<(&/-3! 0'*/1/61*4! '.!

71)-28!/0(66-&-)!/,(22!5122(4-/:!T'/6!'.!69-!.1/91*4!5-//-2/!(&-!/(121*4!7'')-*!<1&'4+-!0(*'-/!



!gh!

(*)!69-!,'/6!0',,'*28!-,<2'8-)!4-(&/!(&-!69-!/<-(&!4+*/3!4122*-6/3!21*-/3!(*)!%-(09!/-1*-/!

>N'+B(B1/!0'*3);!W##EM!e'*(9/'*3!W##W3!F1(,%(9'(B(3!W#VV3!J(*)&1(,%'2'*(3!W##EA:!!

!

+

!"#$%&'E)*'+'L0<'3='.-&'D3%.-/&2.'L040#0250%'%&&=2)'/,(.0B01*(00+6*!5)3AG*36'0("6G6#*3&1*

A%36'3)*A%22,&"'"06*!B0))%M*1"32%&16#9*)%A3)*23(G0'6*!%(3&D0*6'3(6#9*84O6*5%,&13("06*!D(00&*

)"&06#* M"'7* &%i'3G0* >%&06* !D(00&* -%)BD%&6#* 3&1* A3('%D(3-7B* %+* (00+6* !5),0* -%)BD%&6#* 3(0*

(0-(060&'01;*

!

H"1"!V*.7/3,+

H"1"9"!G-/)/B'-%)+%03+,/-'%)+,.<35+,'.*,+

N(6(! +/-)! 1*! '+&! (*(28/1/! 7-&-! 0'22-06-)! '*! /'01(2! (*)! -0'2'410(2! /6+)8! /16-/:! _'01(2! /16-/!

0'*/1/6-)! '.! V#! T(2(4(/8! 0'(/6(2! 0',,+*161-/! >;14+&-! @:VA! 79-&-! \+-/61'**(1&-/! 7-&-!

<-&.'&,-)!6'!0'22-06!1*.'&,(61'*!'*!/'01'-0'*',10/3!.1/91*4!(*)!.(&,1*4!(0615161-/3!&-/'+&0-!

+/-3!(*)!,(*(4-,-*6:!?'&(2!&--./!/+&&'+*)1*4!69-/-!V#!0'(/6(2!0',,+*161-/!7-&-!/(,<2-)!

7912-!0'5-&1*4!(22!69-!,(*(4-,-*6!68<-/!>'<-*!(00-//3!&-/6&106-)!(*)!*'K6(B-!&--./A!6'!0'22-06!



! gg!

-0'2'410(2!)(6(:!D*!6'6(23!XV!-0'2'410(2!/16-/!>9-&-(.6-&!S&--./UA!7-&-!/+&5-8-)!7169!Vb!.1/9-)!

&--./! (*)! V@! 2'0(6-)! 1*! 2'7! 6'! 9149! 0',<21(*0-! &-/-&5-/! 79-&-! .1/91*4! (0615161-/! 7-&-!

<&'91%16-)!>;14+&-!@:VA:!

!

H"1"!"!2**4+,<&;*5,+8*.7/3/)/B5+

N1/6(*0-K/(,<21*4!+*)-&7(6-&!51/+(2!0-*/+/!>NKaC?A!6-09*1\+-!7(/!+/-)!6'!/+&5-8!.1*.1/9-/!

(2'*4! @#K,K2'*4! 6&(*/-06/:! I&1-.283! 691/! ,-69')! 1*5'25-)! 67'! )15-&/3! 79-&-! -(09! )15-&!

&-0'&)-)!69-!/<-01-/3!(%+*)(*0-3!%')8!2-*469!(*)!)1/6(*0-!<-&<-*)10+2(&!6'!69-!6&(*/-06!21*-!

'.!-(09!.1/9!'&!4&'+<!'.!.1/93!7912-!/71,,1*4!/2'728!)'7*!69-!21*-!>O(%&'//-*0'*3);!W##WA:!

F9-!,(1*!&--.!68<-/!>%1'6'<-A!1*!69-!(&-(!7-&-!1*02+)-)3!,(1*28!!"#!.&1*41*4!&--./!'.!0'*61*-*6(2!

1/2(*)/!(*)!!""#!0',<2-G!<(609!&--./:!;'&!-(09!&--.3!6&(*/-06/!7-&-!<-&.'&,-)!'*!69-!/2'<-:!

F&(*/-06/!7-&-!'&1-*6-)!<(&(22-2!6'!69-!)-<69!0'*6'+&!%-67--*!X!(*)!V"!,:!!

!

R<&5"&2'4&62".1'064'8"3;022'

P-! 1*02+)-)! '*28! .1/9! .(,121-/! >W@! .(,121-/! -:4:! OA3&'7,("1309* m3)"6'"1309* $306"%&"1309*

$3(3&D"1309* $730'%1%&'"1309* :-7"--"1309* k"6',)3("1309* @302,)"1309* @%)%A0&'("1309*

FB-7%6"1309* ?35("1309* ?0'7("&"1309* ?,'X3&"1309* 8,))"1309* _02"-'0("1309* 402-70("1309*

4%23A3&'7"1309*4%23A0&'("1309*/A3("1309*/A%25("1309*/A%(-30&"1309*/0((3&"1309*/"D3&"1309*

/-7B(30&"130*(*)*t3&A)"130A!79109!&-<&-/-*6!69-!,(1*!6&'<910!4&'+</!'.!&--.!.1/9!'00+&&1*4!

1*!69-!/6+)8!&-41'*!(*)!69-!,(1*!.1/9!.(,121-/!6(&4-6-)!%8!.1/9-&,-*:!F&(*/-06/!71)69!7-&-!

6&+*0(6-)! (6! @! ,-6-&/! '*! -(09! /1)-! (22'71*4! .'&! /<-01-/! )-*/168! -/61,(61'*! '*! (! @##,W!

6&(*/-06!>@#GV#,A:!

F9-!%1',(//!'.!1*)151)+(2!.1/9-/!7(/!-/61,(6-)!+/1*4!69-!(22',-6&10!2-*469K7-1496!0'*5-&/1'*H!

Pl(FO%3!79-&-!<(&(,-6-&/!(!(*)!%!(&-!/<-01-/K/<-01.10!0'*/6(*6/3!FO!1/!69-!1*)151)+(2!6'6(2!

.'&B!2-*469!1*!0-*61,-6-&/!(*)!P!1/!69-!7-1496!1*!4&(,/!>n+2%10B1*0'*3);!W##@A:!I1',(//!'.!-(09!

6&(*/-06!>9-&-(.6-&!Z&--.[A!7(/!.+&69-&!0'*5-&6-)!6'!B12'4&(,/!<-&!9-06(&-!'.!&--.!(&-(:!

!

B3%09'-08".0.'064'&67"%36;&6.09'70%"089&2'

L'1*6!D*6-&0-<6!F&(*/-06!W@0,!>LDFW@A!>f122!RP12B1*/'*!W##"A!7-&-!<-&.'&,-)!(6!-(09!&--.!6'!

(//-//!%-*6910!0'*)161'*/:!F91/!,-69')!0'*/1/6/!'.!&-0'&)1*4!69-!%-*6910!/+%/6&(6-!(6!W@0,!

1*6-&5(2!(2'*4!(!@#,!6&(*/-06!(,'*4!69-!21/6!'.!/+%/6&(6-!0(6-4'&1-/:!?'&(2!7(/!1)-*61.1-)!(6!

69-!4-*+/!2-5-2!79-*!<'//1%2-:!F9-!<-&0-*6!0'5-&!'.!-(09!4-*+/!7(/!69-*!'%6(1*-)!%8!)151)1*4!



!V##!

69-!*+,%-&!'.!<'1*6/!.'&!79109!69-!0(6-4'&8!'.!1*6-&-/6!1/!&-0'&)-)!>*A!%8!69-!6'6(2!*+,%-&!'.!

<'1*6/!>`3!9-&-!W##!.'&!@#!,-6-&/!6&(*/-06A:!D*!'+&!/6+)83!7-!0'*/1)-&-)!'*28!69-!<-&0-*6!0'5-&!

'.!215-!9(&)!0'&(2!(*)!,(0&'(24(-:!

!

_6&+06+&(2!0',<2-G168!7(/!-/61,(6-)!,+261<2-!61,-/!>-:4:3!-5-&8!@!6'!V#!,-6-&/A!(2'*4!-(09!

6&(*/-06!6'!<&'51)-!(*!(5-&(4-!/6&+06+&(2!0',<2-G168!/0'&-!<-&!6&(*/-06:!_0'&-/!&(*4-)!.&',!#!

>*'!5-&610(2!&-21-.3!.2(6!'&!&+%%28!(&-(/A!6'!@!>-G0-<61'*(228!0',<2-G!&-21-.!7169!*+,-&'+/!0(5-/!

(*)!'5-&!9(*4/A!(2'*4! 69-!@#!,-6-&/! 6&(*/-06! >,-69')!()(<6-)! .&',!P12/'** 0'*3);! W##EA:!

N-<69!7(/!(2/'!&-0'&)-)!)+&1*4!9(%16(6!09(&(06-&1j(61'*:!!

!

P--B28! (5-&(4-! _-(! _+&.(0-! F-,<-&(6+&-! >__FA! (*)! 092'&'<9822K(! 0'*0-*6&(61'*! 79109!

<&'51)-/!<&'G8!1*.'&,(61'*!'*!69-!(,'+*6!'.!<&1,(&8!<&')+061'*!'00+&&1*4!1*!69-!'0-(*!>f+'6*

0'*3);!W##EA!7-&-!-G6&(06-)!)+&1*4!(!@K8-(&/!<-&1')!>W#VWKW#VbA!(6!(!"B,!&-/'2+61'*!.&',!69-!

=Q]_KLQ]_! )(6(/-6! >=-'/6(61'*(&8! Q<-&(61'*(2! ]*51&'*,-*6(2! _(6-2216-/! (*)! 69-! L'2(&K

'&%161*4!Q<-&(61'*(2!]*51&'*,-*6(2!_(6-2216-/A!(*)!69-!TQND_!>T')-&(6-!J-/'2+61'*!D,(41*4!

_<-06&'K&()1',-6-&M! 966<HYY'0-(*7(609:<1./0:*'((:4'5YA:! ;'&! -(09! &--.3! 7-! 0(20+2(6-)! 69-!

(5-&(4-!'.!,'*6928!6-,<-&(6+&-!(*)!'0-(*!<&1,(&8!<&')+0615168!'5-&!69-!@K8-(&/!<-&1'):!

!

I-0(+/-! 69-/-! -*51&'*,-*6(2! (*)! 9(%16(6! 0'*)161'*/! ,(8! 9(5-! 0'*.'+*)1*4! -..-06/3! 7-!

<-&.'&,-)!(!L&1*01<(2!?''&)1*(6-/!$*(28/1/!>L?'$!+/1*4!='7-&[/!)1/6(*0-A!+/1*4!69-!0',,'*!

-*51&'*,-*6(2!<&-)106'&/!79109!)-/0&1%-!'+&!-0'2'410(2!/16-/!1*02+)1*4H!)-<693!7--B28!(5-&(4-!

__F!(*)!<&1,(&8!<&')+06151683!&--.!0',<2-G1683!<-&0-*6!0'5-&!'.!,(0&'(24(-!(*)!215-!9(&)!0'&(2!

>?1**-&*0'*3);!W#VXM!T(1&-*0'*3);!W#VbM!T0?2(*(9(**0'*3);!W#VbA3!(*)!B-<6!'*28!69-!67'!.1&/6!

<&1*01<(2!0',<'*-*6/!(/!-*51&'*,-*6(2!0'5(&1(6-/! .'&! .+&69-&!(*(28/1/!&-<&-/-*61*4!E"r!'.!

69-!6'6(2!5(&1(*0-:!

+

H"1"1"!P/-'/*-/0/8'-+;%&'%()*,+

P-!0'*/1)-&-)!67'!9+,(*!/-662-,-*6/!.'&!-(09!&--.H!!"#!69-!*-(&-/6!0'(/6(2!0',,+*168M!(*)!

!""#!69-!*-(&-/6!,(&B-6:!!

F&(5-2!61,-!7(/!-/61,(6-)!(/!69-!/9'&6-/6!61,-!'.!6&(5-221*4!%-67--*!-(09!&--.!(*)!16/!*-(&-/6!

,(&B-63!0',,+*168!&-/<-0615-28!0'*/1)-&1*4H!

}!_-(!6&(5-2!+/1*4!7'')-*!<1&'4+-/!0(*'-/H!!/<--)!'.!E!B,:9tV!



! V#V!

}!L&1,(&8!&'()/!+/1*4!,'6'&1j-)!5-9102-/H!/<--)!'.!@#!B,:9tV!

}!F&(0BY/-0'*)(&8!&'()/!+/1*4!,'6'&1j-)!5-9102-/H!/<--)!'.!W#!B,:9tV!

!

J'()!*-67'&B!)(6(!7(/!-G6&(06-)!.&',!69-!Q<-*_6&--6T(<!>Q_TA!<&'d-06!(*)!7(/!0',<2-6-)!

%8!=L_!6&(0B/!'%6(1*-)!)+&1*4!69-!.1-2)!0(,<(14*/!1*!T(&09K$<&12!W#Vb:!!
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HS:
04T'U'V)MJ)'W70*'M%*+"(6'*A%2-%&0&'6*!:&.K*3&1*:&.I#*%+*'70*4("&A"-3)*$%%(1"&3'06*O&3)B6"6*

!4$%O#*-0(+%(201*M"'7*735"'3'*3&1*0&."(%&20&'3)*.3("35)069*7,23&*-%-,)3'"%&*6">09* '(3.0)*

'"20*+(%2*'70*&03(06'*23(G0'*3&1*'(3.0)*'"20*+(%2*."))3D0*"&*"&'0(3A'"%&*M"'7*23&3D020&'*

!+"6701*.6*,&+"6701*(00+6#*-(%."101*'70*506'i+"'*2%10);*:6'"23'06*3&1*6'3&13(1*0((%(6*!/:#*%+*

06'"23'06*%+*+"o01*'0(26*M7")0*06'"23'01*10D(00*%+*+(001%2*!01+#*%+*62%%'7*'0(26*3(0*-(%."101*

M"'7*A%((06-%&1"&D*6"D&"+"A3&A0*'06';**

*

!

a*.1/9-)! &--./! <&-/-*6-)! 9149-&! 2-5-2/! '.! %1',(//! 69(6! .1/9-)! &--./! )-/<16-! 69-! &-0-*6!

1,<2-,-*6(61'*!>W#V@A!'.!69-!67'!TL$/!1*!`'&697-/6!T()(4(/0(&!(*)!&-(09-)!2-5-2/!'.!&--.!

.1/9!%1',(//!0'*/1)-&-)!(/!&-/1)-*6!%1',(//!1*!69-!(%/-*0-!'.!.1/91*4!>,-)1(*!VWX@!B4:9(KVA:!

;1/9-)!&--./!7-&-!,'&-!-G<2'16-)!>,-)1(*!X"@!B4:9(KVA!1*!2-//!69(*!V!9'+&!'.!6&(5-221*4!.&',!

5122(4-!>;14+&-!@:W(3)A:!;1/9!%1',(//! 1*0&-(/-)!%-8'*)!V!9'+&!6'! &-(09!0',<(&(%2-! 2-5-2!'.!

%1',(//!69(*!+*.1/9-)!&--./!.&',!W:@!9'+&/!(*)!'+6&-(09-)!69'/-!/(,-!2-5-2/!%-8'*)!X!9'+&/!

.&',!69-!5122(4-!>;14+&-!@:W(A:!

!

!

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

!"#$%&'()*+,++-%.- 2$3'45*'#+)

/01234251 6%7- -%-.8 98%: ;62"87

<'0'=2>201+&?0@A#B2(* -%9: -%89 9%-C 67668

,+99*:'45*'#+)5.;5<5=1 '4> 2 ?@A"&B'

D0E8 8%-- 8%F- -%68

D0E6 8%-- 6%GC -%89

HI5JK'1AI0 8%-- .%.C 6766C

L3'E2K+1A>2+>'3M21 8%.- :%C- 6766D

L3'E2K+1A>2+EAKK'=2 -%7F C%7: -%-7G

L3'E2K+1A>2+EAKK'=2+N+<'0'=2>201+&OA#B2(* 8%GF 8%F9 -%86

L3'E2K+1A>2+EAKK'=2+N+<'0'=2>201+&?0@A#B2(* -%7: F%C. 676=6



! V#E!

+

!"#$%&'E):'+'L0%#"609'&==&5.2'3='.%07&9'.";&'=%3;'.-&'6&0%&2.'53;;$6".1'H0JC'.%07&9'.";&'=%3;'

.-&'6&0%&2.';0%I&.'H8JC'-$;06'<3<$90."36'2"W&'H5J'064';060#&;&6.'H4J'=3%'="2-&4'H#%&&6J'

064'$6="2-&4'%&&=2'H3%06#&J)''

!

H"F"!"!G44*-.+/4+8%&@*.+6&/N'8'.5+/0+)/-%)+-/88<0'.'*,++

P-!.'+*)!69(6!'*!(5-&(4-!"br!>&(*4-H!W"!K!bErA!'.!9'+/-9'2)/!&(*B-)!.1/91*4!(/!69-1&!.1&/6!

(0615168!7912-! '*28! V"r! >&(*4-H! X! K! ""rA! &(*B-)! .(&,1*4! (/! .1&/6! (0615168! 1*! 69-! V#! 0'(/6(2!

0',,+*161-/!>F(%2-!@:@A:!F9-!*+,%-&!'.!215-219'')/!'.!69-/-!0',,+*161-/!7(/!&(69-&!/6-()8!

7169!(!,-(*!5(2+-!'.!W!>&(*4-!(6!0',,+*168!2-5-2H!V:b!K!W:XM!&(*4-!'.!9'+/-9'2)!&-/<'*/-/H!V!

K!"A!)-,'*/6&(61*4!69(6!,(*8!9'+/-9'2)/!9()!(6!2-(/6!W!(0615161-/:!Q*!(5-&(4-!@Vr!>&(*4-!(6!

! "

# $



!V#h!

0',,+*168! 2-5-2H! Xh! K! b@rA! '.! 9'+/-9'2)/! 0'*/+,-)! .1/9! (6! 2-(/6! '*0-! (! )(8! >F(%2-! @:@A:!

Q+6/1)-!69-1&!'7*!&-2(6-)3!9'+/-9'2)/!7-&-!1*5'25-)!'*!(5-&(4-!1*!'*28!V!0',,+*168!4&'+<!

>&(*4-!(6!0',,+*168!2-5-2H!#:W!K!V:VM!&(*4-!'.!9'+/-9'2)!&-/<'*/-/H!#!K!"A!>F(%2-!@:@A:!

!

,089&' E)E' +' N&25%"<."36' 3=' .-&' =3$%' 235"09' 5-0%05.&%"2."52' ;&02$%&4' =3%' .-&' *V' 5302.09'

53;;$6"."&2)'W(3.0)*'"20*+(%2*'70*&03(06'*23(G0'*3&1*'70*-(060&A0*%+*23&3D020&'*3A'"%&6*

3(0*3)6%*-(%."101;''

!

!

P-!1*5-/614(6-)!79-69-&!<&'G1,168!6'!,(&B-6!1/!&-2(6-)!6'!0',,+*161-/[!/'01'-0'*',10!(*)!

&-/'+&0-! +/-! 09(&(06-&1/610/:! P-! '%/-&5-)! 69(6! 0',,+*161-/! .+&69-&! (7(8! .&',! ,(&B-6!

6-*)-)!6'!%-!,'&-!)-<-*)-*6!'*!,(&1*-!&-/'+&0-/!/1*0-!,'&-!9'+/-9'2)/!7-&-!-*4(4-)!1*!

.1/91*4! (/! <&1,(&8! (0615168! (*)! <&-/-*6-)! 9149-&! 0'*/+,<61'*! '.! .1/9! 7912-! 9(51*4! .-7-&!

*+,%-&!'.!215-219'')/!>`'/8!D&(*d(3!T(&1,%-!(*)!T(&'6'4*8!.'&!-G(,<2-A!>;14+&-!@:X3!F(%2-!

@:@A:!J-,'6-*-//!.&',!,(&B-6!6-*)-)!6'!21,16!/'01(2!1*6-&(061'*/!71691*!0',,+*161-/!/1*0-!

,'&-!)-5-2'<-)!/'01(2!*-67'&B!7-&-!,'/628!.'+*)!1*!0',,+*161-/!02'/-!6'!,(&B-6!>_(B(61(!

(*)!$*d1(%-!.'&!-G(,<2-A!>;14+&-!@:X3!F(%2-!@:@A:!

!

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

.'"/'00'10"'

2#+345'/,$0,+6'#$'

72,)#2-'#(%,8,%-

.'"/'00'10"'

2#+345'/#2),+6'

#$'72,)#2-'

#(%,8,%-

94#+'+*):42'

"/'&,84&,0""5$

94#+'$"(,#&'

("++4(%,"+

.'"/'00'

("+$*),+6'/,$0'

5#,&-

;2#84&'%,)4'

/2")')#234%'

<0=

9#+#64)4+%

!"#$%$"&'$( )* * +,- .,/* ). *,0 !12$%3$456!

!17%$89%9:1$ )/ +0 /,; /,/ <. ),= !12$%3$456!

5$%&">3 =. 0 /,; .,=< )= 0,< !12$%3$456!

?$@$#31A23 <- ) +,. /,/ -0 ),= !12$%3$456!

!"#9%$B$ =+ /0 /,0 .,<) =; ),* !12&891A(456!

5$%9@9:1( <. < /,0 .,;. )< ),* !12&891A(456!

C9D(4E%$1A$ +) - /,) .,0. </ *,; !12&891A(456!

!1A&$>3 -= == +,. /,. =+ /,; !"#$%&''#((

!1@$F&$">9@%( )+ = /,) .,0= <. /,; !"#$%&''#((

G$2$@&$ +< /= +,/ /,. =- .,0 !"#$%&''#((



! V#g!

+

!"#$%&'E)('+'B3%%&90."362'8&./&&6'235"09'5-0%05.&%"2."52'3=' 93509'53;;$6"."&2'064';0%I&.'

055&22)* k".0* 6%A"3)* "&1"A3'%(6* M0(0* 36606601* +%(* 03A7* %+* '70* KJ* A%36'3)* A%22,&"'"06S* '70*

-(%-%('"%&*%+*7%,607%)16*M7%*(3&G01*+"67"&D*36*-("23(B*3A'"."'B9*'70*-(%-%('"%&*%+*7%,607%)16*

M7%* (3&G01* +3(2"&D* 36* -("23(B* 3A'"."'B9* '70* )".0)"7%%16* 1".0(6"'BS* '70* 203&* &,250(* %+*

)".0)"7%%1*3A'"."'"06*'73'*7%,607%)16*3(0*"&.%).01*"&9*'70*203&*&,250(*%+*A%22,&"'B*D(%,-6*

-0%-)0*3(0*"&.%).01*"&9*'70*-(%-%('"%&*%+*7%,607%)16*A%&6,2"&D*+"67*3'*)036'*%&A0*3*13B*'73'*

M0(0* (0)3'01* '%* 23(G0'* 3AA066;* O6* 23(G0'* 3AA066"5")"'B* 3&1* 23&3D020&'* 3A'"%&6* 731*

A%&+%,&1"&D*0++0A'6*"&*'70*6',1B*3(03*!23("&0*(060(.06*3(0*1"6-(%-%('"%&3))B*)%A3'01*+3(*+(%2*

23(G0'6#*M0*"&A),101*%&0*.3("35)0*!d060(.0#*'%*'3G0*"&'%*3AA%,&'*'7"6*0++0A';*W70*KJ*A%36'3)*

A%22,&"'"06* 3(0* (0-(060&'01* 36* D(0B* 1%'6* 3&1* 3(0* "&* 5%)1* M70&* '70* A%22,&"'B* "6* M0))*

(0-(060&'01*5B*'70*+"(6'*'M%*A%2-%&0&'6*!$%6I*u*J;f#;**

Nb livelihoods

Social connection

Fish consumption

Fishing

Reserve

Travel time from market

Farming

Anjiabe

Sakatia

Antafiambotry

Nosy Iranja

Marotogny

Amparamilay

Marimbe

Amporaha

Ratapenjke

Andravorogna



!VV#!

!

H"F"1"!G44*-.+/4+8%&@*.+/0+4',7'0B+%03+,*))'0B+6&%-.'-*,+

P-!914921496-)!(!9149!9-6-&'4-*-168!1*!.1/91*4!<&(0610-/!/1*0-!'*!(5-&(4-!bVr!'.!9'+/-9'2)/!

+/-)!/-2-0615-!4-(&/!>&(*4-H!V#!K!gXrA!(*)!Whr!>&(*4-H!#!K!hErA!+/-)!*-6/!(/!69-!,(1*!4-(&:!

?',,+*161-/!/'2)!69-!,(d'&168!'.!.1/9!0(609-/!>,-(*H!h@rM!&(*4-H!EV!z!gXrA!7169!9(2.!'.!69-!

0',,+*161-/!>@!'+6!'.!V#A!79109!/'2)!,'&-!69(*!g#r!'.!0(609-/!>F(%2-!@:bA:!!

!

,089&'E)F'+'N&25%"<."36'3='=3$%'235"09'5-0%05.&%"2."52'022&22&4'=%3;'-3$2&-3942'&6#0#&4'"6'

="2-"6#'05."7"."&2'/".-"6'.-&'*V'5302.09'53;;$6"."&2)'W(3.0)*'"20*+(%2*'70*&03(06'*23(G0'9*'70*

-(060&A0*%+*23&3D020&'*3A'"%&6*3&1*'70*-(0+0((01*63)0*'%*2"11)020&*3(0*3)6%*-(%."101;**

!

?',,+*161-/! .(&! .&',! ,(&B-6! 6-*)-)! 6'! +/-! ,'&-! /-2-0615-! 4-(&/! 7912-! *-6/! (&-! ,'&-!

0',,'*! 1*! 5122(4-/! 02'/-&! 6'!,(&B-6/! >;14+&-! @:"3! F(%2-! @:bA:! ;1*(2283! )1/6(*6! 0',,+*161-/!

6-*)-)!6'!/-22!(!9149-&!<&'<'&61'*!'.!.1/9!7169!*'!)1/61*061'*!%-67--*!69-!)-/61*(61'*!>,(&B-63!

69-1&!'7*!0',,+*1683!*-149%'&1*4!'&!1*2(*)!0',,+*168A!>;14+&-!@:"A:!!

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

.'*$,+/'

$0&0(%,10'/0#2$'

#$')#,+'/0#2

.'*$,+/'+0%$'#$'

)#,+'/0#2

.'"3'3,$4'(#%(40$'

$"&5

62#10&'%,)0'

32")')#270%'849
:#+#/0)0+%

:,55&0)0+;'8<9',3'

3,2$%'=*-02>'8<<9',3'

$0("+5'=*-02'#+5'

8?9',3'#=$0+%

!"#$%$"&'$( )) * +, -.) !/0$%1$234! 55

!/6%$78%89/$ -: +.* +: ;.< !/0$%1$234! 55

3$%&"=1 <, <, )> ).? !/0$%1$234! 5

@$A$#1/B01 +: * +* ;.< !/0$%1$234! 55

!"#8%$C$ ;? :? )+ ;.- !/0&78/B(234! 55

3$%8A89/( ?: >, +* ;.- !/0&78/B(234! 55

D8E(25%$/B$ ;- ,, -> -.+ !/0&78/B(234! *

!/B&$=1 :: ;: -+ >.+ !"#$%&''#(( 55

!/A$F&$"=8A%( >* )- +, >.+ !"#$%&''#(( 5

G$0$A&$ ): >: -) *.) !"#$%&''#(( 55



! VVV!

!

!"#$%&'E)@'+'B3%%&90."362'8&./&&6'235"09'5-0%05.&%"2."52'3='="2-&%;&6'064';0%I&.'055&22)*E0*

A%&6"10(01*%&)B*7%,607%)16*0&D3D01*"&*+"67"&D*3A'"."'"06*3&1*M0*36606601*+%(*03A7*A%22,&"'BS*

'70*-(%-%('"%&*%+*+"670(20&*M7%*,601*36*23"&*D03(*&0'6*%(*60)0A'".0*D03(6*(06-0A'".0)B*3&1*'70*

-(%-%('"%&* %+* +"67* A3'A706* 6%)1* '73'*M0(0* (0)3'01* '%*23(G0'* 3AA066;*E0* 3)6%* "&A),101* %&0*

.3("35)0*!d060(.0#*'%*'3G0*"&'%*3AA%,&'*'7"6*A%&+%,&1"&D*0++0A'*50'M00&*23(G0'*(02%'0&066*

3&1*'70*-(060&A0*%+*23("&0*(060(.06;*W70*KJ*A%36'3)*A%22,&"'"06*3(0*(0-(060&'01*36*D(0B*1%'6*

3&1*3(0*"&*5%)1*M70&*'70*A%22,&"'B*"6*M0))*(0-(060&'01*5B*'70*+"(6'*'M%*A%2-%&0&'6*!$%6I*u*

J;f#;*

*

!

!

Anjiabe

Sakatia

Antafiambotry

Amparamilay

Andravorogna

Ratapenjke

AmporahaMarimbe

Marotogny

Nosy Iranja

Net

Fish sold

Travel time from market

Reserve

Selective gear



!VVW!

`'*-69-2-//3!/-221*4!/6&(6-41-/!6-*)-)!6'!%-!(..-06-)!%8!,(&B-6!<&'G1,168! >;14+&-!@:@A:!P-!

.'+*)!69(6!.1/9-&,-*!.&',!)1/6(*6!0',,+*161-/!>vW!9'+&/A!)1)!*'6!4'!6'!69-!*-(&%8!,(&B-6!6'!

/-22!.1/9!0(609-/3!/'2)!<&-.-&-*61(228!6'!69-1&!'7*!0',,+*168!'&!6'!,1))2-,-*!79'!'00(/1'*(228!

0'22-06-)!/-(!.'')!<&')+06/!1*!69'/-!&-,'6-!0',,+*161-/!>;14+&-!@:@A:!_1,12(&283!.1/9-&,-*!

/'2)!69-1&!'7*!.1/9!6'!,(&B-6!'*28!1.!69-1&!0',,+*168!1/!2'0(6-)!(6!2-//!69(*!W!9'+&/!>;14+&-!

@:@A:! T1))2-,-*! (&-! 71)-/<&-()! 1*! 69-! &-41'*! /1*0-! /--,-)! 6'! 0'22-06! (*)! %+8! /-(.'')!

<&')+06/! .&',!5-&8! 02'/-! >m! W! 9'+&/A! 6'!,'&-!)1/6(*6! 0',,+*161-/! .&',!,(&B-6/! >+<! 6'! h!

9'+&/A!>;14+&-!@:@3!F(%2-!@:bA:!!

!!

!

!"#$%&' E)E' +' R&0' =334' 2&99"6#' 2.%0.&#1' <%&=&%%&4' 81' 93509' 53;;$6"."&2' "6' D3%.-/&2.'

L040#0250%)* E70&* +"67* 6%)19* M0* 36606601* +%(* '70* KJ* A%36'3)* A%22,&"'"06* 6,(.0B01* '70*

-(0+0((01*5,B0(S*%M&*A%22,&"'B9*2"11)020&*+(%2*%'70(*A%22,&"'B*%(*)%A3)*23(G0';*O'*)036'*

-3('*%+*+"67*A3'A706*M36*6%)1*1"(0A')B*M"'7"&*'70*A%22,&"'B9*5,'*+"67*M36*3)6%*6%)1*'%*2"11)020&*

%(*3'*'70*)%A3)*23(G0';*8"11)020&*M0(0*M"106-(031*"&*'70*(0D"%&*3&1*600201*'%*5,B*603+%%1*

Middlemen & market

Middlemen

Community only

2 4 6 8
Travel time from market (h)



! VVX!

-(%1,A'6*+(%2*.0(B*A)%60*!s*I*7%,(6#*'%*2%(0*1"6'3&'*A%22,&"'"06*+(%2*23(G0'6*!,-*'%*q*7%,(6#;*

C"6'("5,'"%&6*3(0*(0-(060&'01*,6"&D*PRr*A%&+"10&A0*"&'0(.3)6*M70&*-%66"5)0;**

*

!

H"H"!K',-<,,'/0+

Q+&! .1*-K/0(2-! (//-//,-*6! /9'7-)! 9'7! 69-! (00-//1%12168! '.! %'69! ,(&B-6/! (*)! 2'0(2!

0',,+*161-/!(&-!&-2(6-)!6'!&--.! .1/9!%1',(//:!F'!-G(,1*-!<'6-*61(2!-G<2(*(61'*/!.'&!69-/-!

&-2(61'*/91</3!7-! 1*5-/614(6-)! 9'7! 69-! /'01'-0'*',10! (*)! &-/'+&0-! +/-! 09(&(06-&1/610/! '.!

0'(/6(2!0',,+*161-/!09(*4-!7169!<&'G1,168!6'!,(&B-6/!69&'+49!69&--!/6&(6-41-/H!!"#!69-!09(*4-!

1*!6-09*1\+-/!<-'<2-!+/-)!6'!9(&5-/6!.1/9!>0(22-)!69-!6-09*1\+-!-..-06AM!!""#!69-!0',<'/161'*!'.!

69-!-0'*',8!>0(22-)!69-!0',<'/161'*!-..-06AM!(*)!!"""#!69-!/0(2-!(6!79109!<-'<2-!(06!>0(22-)!69-!

/0(2-!-..-06A:!N-/<16-!(!2(&4-!(,'+*6!'.!5(&1(61'*!%-67--*!0',,+*161-/3!7-!914921496-)!69(6!

,(&B-6!<&'G1,168!1*!`'&697-/6!T()(4(/0(&!,(1*28!(..-06!0'(/6(2!0',,+*161-/!69&'+49!69-!

0',<'/161'*!(*)!69-!6-09*1\+-!-..-06/!7912-!7-!7-&-!*'6!(%2-!6'!,-(/+&-!(*8!09(*4-!69&'+49!

69-! /0(2-! -..-06:!P-! /+44-/6! 69(6! %-66-&! \+(*61.81*4! -..-06! '.! 2'0(2!,(&B-6! '*! 9'+/-9'2)/!

%-9(51'&/! (*)! <&(0610-/! 0'+2)! 9-2<! '+&! +*)-&/6(*)1*4! '.! 09(*4-/! 1*! *(6+&(2! &-/'+&0-/!

-G<2'16(61'*3!(*)!+261,(6-28!/+<<'&6!-..-0615-!,(*(4-,-*6!'.!/,(22K/0(2-!0'&(2!&--.!.1/9-&1-/:!

!

H"H"9"!Y0&%;*))'0B+7<8%0+'04)<*0-*+/0+4',7+('/8%,,+%.+)/-%)+,-%)*+

$00-//1%12168! 6'!,(&B-6/! 0(*! /9(<-! 69-! 0',<'/161'*! (*)! &-/'+&0-! +/-! 6-09*1\+-/! '.! 2'0(2!
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(27(8/!/+%d-0615-!>=(/6'*!Vgg"M!O-&'8*0'*3);!W#VWA:!f-&-!7-!-G02+)-)!/<-01-/!<&-/-*6!'*!2-//!

69(*!Vr!'.!69-!&--./!>1:-:!Vh!(*)!E!&--./!.'&!.1/9!%1',(//!(*)!0'&(2!0'5-&!)(6(/-63!&-/<-0615-28A3!

/'!7-!&-6(1*-)!XhV!/<-01-/!79109!0'&&-/<'*)/!6'!&'+4928!9(2.! >@VrA!'.!69-!/<-01-/!<''23!(!

0'*/-&5(615-!69&-/9'2)!6'!)-.1*-!&(&168!>=(/6'*!Vgg"A:!F9-/-!XhV!.1/9!/<-01-/!%-2'*4-)!6'!VVb!

4-*-&(!(*)!X#!.(,121-/!7-&-!0'*/1)-&-)!(/!<'6-*61(2!0(*)1)(6-!/<-01-/:!

!

L"!"1"!>3*0.'45'0B+6/.*0.'%)+@*5+-/0.&'(<./&,+./+*-/,5,.*8+,*&;'-*,"++

](09!'.!69-!XhV!/<-01-/!7(/!6-/6-)!(/!0(*)1)(6-!.'&!1,<&'51*4!<&-)1061'*!'.!&--.!.1/9!%1',(//!

(*)!215-!0'&(2!0'5-&!415-*!69-!/'01'-0'*',10!(*)!-*51&'*,-*6(2!0'*)161'*/!(6!-(09!/6+)8!/16-:!



!VWb!

T'&-!<&-01/-283!7-!6-/6-)!<&-/-*0-!'.!-(09!0(*)1)(6-!/<-01-/!(/!(*!())161'*(2!-G<2(*(6'&8!

%1*(&8!5(&1(%2-!6'!T#!6'!0',<+6-!,')-2!TV!(*)!16/!(//'01(6-)!$D?!>$D?TVnA:!;1*(2283!(!/<-01-/!

7(/!1)-*61.1-)!(/!(!<'6-*61(2!B-8!0'*6&1%+6'&!6'!(!415-*!-0'/8/6-,!/-&510-!1.3!79-*!1*02+)-)3!

∆$D?!v!"!(*)!1.! 16/!<(&61(2!-..-06!7(/!<'/1615-!><'/1615-!0'-..101-*6!1*!69-!,')-2A:!F9-!%1*(&8!

5(&1(%2-!)-/0&1%1*4!69-!<&-/-*0-Y(%/-*0-!'.!(!/<-01-/!7(/!/6&10628!&-2(6-)!6'!16/!'00+&&-*0-!1*!

'+&!/6+)8!>1:-:!<&-/-*0-!'.!(6!2-(/6!V!1*)151)+(2A!%+6!0'+2)!%-!(2/'!)-6-&,1*-)!+/1*4!(*8!&-2(615-!

(%+*)(*0-!69&-/9'2)!>;14+&-!b:V!(*)!_+<<2-,-*6(&8!T(6-&1(2A:!

!

L"!"F"!G0;'&/08*0.%)+%03+,/-'/*-/0/8'-+;%&'%()*,"++

F9-!5(&1(%2-/!1*02+)-)!1*!69-!,')-2/!7-&-!-*51&'*,-*6(2H!VA!'0-(*10!<&')+06151683!WA!9(%16(6!

68<-3!XA!)-<69!(*)!/'01'-0'*',10H!"A!,(*(4-,-*6!@A!2'0(2!9+,(*!<'<+2(61'*!4&'769!&(6-3!bA!

4&(5168!'.! 2'0(2!<'<+2(61'*3!EA!4&(5168!'.!,(&B-6/3!hA! 2-5-2/!'.!9+,(*!)-5-2'<,-*6!>f+,(*!

N-5-2'<,-*6!D*)-GA3!gA!9+,(*!<'<+2(61'*!/1j-3!V#A!2-5-2/!'.!6'+&1/,3!VVA!)-4&--!'.!5'10-!(*)!

(00'+*6(%12168!'.!0161j-*/3!(*)!VWA!&--.!.1/9!2(*)1*4/!>6'*/AYB,W!'.!&--.!>)-.1*161'*/!(*)!)-6(12/!

(&-!<&'51)-)!1*!?9(<6-&!W!(*)!1*!69-!_+<<2-,-*6(&8!T(6-&1(2A:+

!

L"!"H"!P.%.',.'-%)+%0%)5,*,"++

P-!.1&/6!%+126! 67'! 21*-(&!,1G-)!,')-2/! >OTTA3!79109!<&-)106-)!.1/9!%1',(//!(*)! 215-!0'&(2!

0'5-&!&-/<-0615-283!7912-!(00'+*61*4!.'&!69-!)1..-&-*6!/0(2-/!(6!79109!69-!)(6(!7-&-!0'22-06-)!

(/!&(*)',!-..-06/!>&--.!2'0(61'*3!/16-3!(*)!*(61'*Y/6(6-3!/--!_+<<2-,-*6(&8!T(6-&1(2A3!7169!VW!

B-8!-*51&'*,-*6(2!(*)!/'01'-0'*',10!5(&1(%2-/!-G<-06-)!6'!1*.2+-*0-!&--.!0'*)161'*/!>?1**-&*

0'* 3);! W#VbM! ?1**-&* 0'* 3);! W#VhA! (*)! .1/9! /<-01-/! &109*-//! (/! .1G-)! -..-06/! >_+<<2-,-*6(&8!

T(6-&1(2A:!F'!-5(2+(6-!69-!.16!'.! 69-!67'! 21*-(&!,1G-)!,')-2/3!7-!09-0B-)!69-!&-2(61'*/91<!

%-67--*!'%/-&5-)!(*)!<&-)106-)!5(2+-/:!T')-2!5(21)(61'*!(*)!\+(2168!0'*6&'2!<&'0-)+&-/!(&-!

)-/0&1%-)!1*!69-!_+<<2-,-*6(&8!T(6-&1(2:!!

D*!'&)-&!6'!\+(*61.8!69-!<'6-*61(2!*-6!%-*-.16!'.!-(09!1)-*61.1-)!B-8!/<-01-/3!7-!-G6&(06-)!69-!

*-6!-..-06!'.!-(09!B-8!/<-01-/!.'&!%1',(//!(*)!215-!0'&(2!0'5-&!+/1*4!(!<(&61(2!<2'6!.&',!21*-(&!

,1G-)!,')-2/!7912-!69-!'69-&!5(&1(%2-/!7-&-!9-2)!0'*/6(*6:!!

P-!*-G6!1*5-/614(6-)!79-69-&!&--./!7169!/-5-&(2!B-8!/<-01-/!/9'7!9149!2-5-2/!'.!.1/9!%1',(//!

(*)! 215-! 0'&(2! 0'5-&:!F'!0'*6&'2! .'&! 69-!-..-06/!'.! /<-01-/! &109*-//!7-!0',<(&-)!,')-22-)!

-/61,(6-/!'.! .1/9!%1',(//!(*)! 215-!0'&(2!%-67--*!&--./!7912-!1*0&-(/1*4!69-!*+,%-&!'.!B-8!

/<-01-/:!P-!-/61,(6-)!69-!*+,%-&!'.!B-8!/<-01-/!<&-/-*6!'*!-(09!&--.!(*)!09'/-!69-!&109-/6!



! VWE!

\+(&612-!(/!(!69&-/9'2)!>1:-:!"!(*)!b!B-8!/<-01-/!.'&!%1',(//!(*)!215-!0'&(2!0'5-&!&-/<-0615-28A:!

P-!*-G6!0&-(6-)!X!0(6-4'&1-/!'.!&--./H!69'/-!7169!*'!B-8!/<-01-/3!69'/-!7169!(6!2-(/6!'*-!B-8!

/<-01-/!%+6!%-2'7!69-!&109*-//!69&-/9'2)!>"!(*)!b!.'&!%1',(//!(*)!215-!0'&(2!0'5-&!&-/<-0615-28A!

(*)!69'/-!7169!,'&-!B-8!/<-01-/!69(*!69-!69&-/9'2):!

!

L"!"L"!T<0-.'/0%)+,6%-*+%03+*0.'.'*,"++

F9-! XhV! 0(*)1)(6-! .1/9! /<-01-/! 7-&-! .+*061'*(228! )-/0&1%-)! +/1*4! /1G! 6&(16/H! >VA! /1j-3! >WA!

,'%121683!>XA!<-&1')!'.!(06151683!>"A!/09''21*43!>@A!5-&610(2!<'/161'*!1*!69-!7(6-&!0'2+,*3!(*)!>bA!

)1-6:!C(2+-/!.'&!69-/-!/1G!6&(16/!7-&-!6(B-*!.&',!69-!42'%(2!6&(16!)(6(%(/-!'*!6&'<10(2!&--.!.1/9-/!

.&',!T'+122'6!0'*3);! >W#V"A! >T'+122'6*0'*3);!W#V"A! >_+<<2-,-*6(&8!T(6-&1(2A:!_1*0-!(22! 6&(16/!

7-&-!0(6-4'&10(23!/<-01-/!7169!1)-*610(2!6&(16/!7-&-!4&'+<-)!1*6'!.+*061'*(2!-*6161-/:!F9-!XhV!

0(*)1)(6-!/<-01-/!&-<&-/-*6-)!W"#!.+*061'*(2!-*6161-/!(*)!,'/6! .+*061'*(2!-*6161-/!0',<&1/-!

/<-01-/!.&',!)1..-&-*6!4-*-&(!>T'+122'6*0'*3);!W#V"A:!!

P-! (//-//-)! .+*061'*(2! &109*-//! >;J10A3! 1:-:! 69-! .+*061'*(2! /<(0-! '00+<1-)! %8! 69-! B-8! .1/9!

/<-01-/!.'&!%1',(//!(*)!0'&(2!0'5-&!&-/<-0615-283!+/1*4!69-!0'*5-G!9+22!5'2+,-!1*)-G!<&'<'/-)!

%8!?'&*7-22!0'*3);!>W##bA!>?'&*7-22*0'*3);!W##bA:!F91/!5'2+,-!0'&&-/<'*)/!6'!69-!(,'+*6!'.!

,+261)1,-*/1'*(2! >.'+&! 1*! '+&! 0(/-A! .+*061'*(2! /<(0-! .122-)! %8! B-8! /<-01-/3!79-&-! (G-/! (&-!

)-.1*-)!%8!/<-01-/!6&(16/:!

!

L"!"#"!T',7+675)/B*05"++

P-!+/-)!(!61,-K0(21%&(6-)!<982'4-*8!'.!$0(*69','&<9!.1/9-/!>`-(&*0'*3);!W#VXA!79109!0'5-&/!

(22!X#!&--.!.1/9!.(,121-/!'.!69-!<&-/-*6!/6+)8!>F(%2-!_VA:!_',-!.1/9!4-*-&(!>-:4:!:)3D3'"6!(*)!

43(,-0&0,6!.'&!-G(,<2-A!&-0'&)-)!'*!&--./!7-&-!,1//1*4*1*!691/!<982'4-*8:!!

!

!

L"1"!2*,<).,+

L"1"9"!Q&*3'-.%(')'.5+/4+4',7+('/8%,,+%03+-/&%)+-/;*&+

F9-!67'!1*161(2!>T#A!,')-2/!-G<2(1*-)!Egr!(*)!bVr!'.!69-!5(&1(*0-!1*!.1/9!%1',(//!(*)!215-!

0'&(2!0'5-&3!&-/<-0615-28!>;14+&-!_XM!_+<<2-,-*6(&8!T(6-&1(2A:!F9-!&-/1)+(2/!'.!69-!67'!,')-2/!

7-&-!*'&,(228!)1/6&1%+6-)!>;14+&-!_XA:!D*!6'6(23!h!(*)!b!5(&1(%2-/!9()!69-!9149-/6!1,<'&6(*0-!

>$B(1B-!7-1496!l!VA!1*!<&-)1061*4!.1/9!%1',(//!(*)!215-!0'&(2!0'5-&3!&-/<-0615-28!>F(%2-/!_W!R!



!VWh!

_XA:!;1/9!/<-01-/!&109*-//3!'0-(*10!<&')+06151683!<'<+2(61'*!/1j-3!6'+&1/,!(*)!0-*/+/!,-69')!

7-&-! 69-!,(1*! <&-)106'&/! '.! %'69! .1/9! %1',(//!(*)! 0'&(2! 0'5-&:!N-<693!,(*(4-,-*63! (*)!

/(,<21*4! (&-(! 7-&-! (2/'! 1,<'&6(*6! <&-)106'&/! '.! .1/9! %1',(//! 7912-! 9(%16(6! 68<-! 7(/!

1,<'&6(*6!1*!<&-)1061*4!0'&(2!0'5-&!>F(%2-/!_W!R!_XA:!!

!

L"1"!"!Z*5+,6*-'*,+%,,/-'%.*3+A'.7+&**4+4',7+('/8%,,++

$,'*4!69-!XhV!.1/9!/<-01-/!0'*/1)-&-)!(/!0(*)1)(6-/3!'*28!Wb!/<-01-/!>ErA!7-&-!/14*1.10(*628!

&-2(6-)!6'!.1/9!%1',(//!%-8'*)!69-!1*161(2!/-6!'.!5(&1(%2-/!>∆$D?!v!"!(*)!<'/1615-!-..-06A3!(.6-&!

0'*/1)-&1*4!69-1&!<&-/-*0-!>(6!2-(/6!V!1*)151)+(2A!>F(%2-!_"A:!F9'/-!Wb!B-8!/<-01-/!0'5-&-)!(!

71)-!%&-()69!'.!<982'4-*-610!21*-(4-/!>;14+&-!b:WA3!&-<&-/-*61*4!Vb!'+6!'.!VVb!4-*-&(!(*)!h!

'+6!'.!X#!.(,121-/!>1:-:!$0(*69+&1)(-3!?(&(*41)(-3!O(%&1)(-3!O-69&1*1)(-3!O+6d(*1)(-3!T+221)(-3!

_0',%&1)(-3!_-&&(*1)(-A:!!

P9-*!0'*/1)-&1*4!.+*061'*(2!6&(16/3!7-!.'+*)!69(6!69'/-!Wb!B-8!/<-01-/!&-<&-/-*6-)!W"!)1..-&-*6!

.+*061'*(2!-*6161-/!>F(%2-!_bA!)-,'*/6&(61*4!(!5-&8!2'7!.+*061'*(2!&-)+*)(*08!7169!V:V!/<-01-/!

<-&! .+*061'*(2! -*6168! >,-)1(*lVM! &(*4-H! VKWA:! D*! ())161'*3! B-8! /<-01-/! 9()! 0'*6&(/61*4!

.+*061'*(2!6&(16/!7169!(22!%')8!/1j-/!>.&',!V#0,!6'!v!@#0,A!(*)!(22!)1-6/!>E!6&'<910!0(6-4'&1-/A!

&-<&-/-*6-)!>F(%2-!_bA:!F'4-69-&!69-/-!Wb!B-8!/<-01-/!.122-)!W#r!'.!69-!79'2-!.+*061'*(2!/<(0-!

)-.1*-)!%8!69-!W"#!.+*061'*(2!-*6161-/!0'&&-/<'*)1*4!6'!69-!XhV!0(*)1)(6-!/<-01-/!>;J10!l!#:W#M!

;14+&-!b:XA:!



! VWg!

!

!"#$%&'F):'+'A32"."362'3='I&1'2<&5"&2'=3%'8"3;022'H%&4JC'9"7&'53%09'537&%'H89$&J'3%'83.-'3='.-&;'

H<$%<9&J' %&<%&2&6.&4' 02' .-&"%' 53%%&2<364"6#' ="2-' #&6&%0' "6' .-&' ,%&&' 3=' X"=&' 3=' B3%09' S&&='

!"2-&2C'040<.&4'=%3;'D&0%'&.'09)'H:V*(J)*W70*IL*G0B*6-0A"06*+%(*5"%2366*(0-(060&'*KL*D0&0(3*

M7")0*'70*Iq*G0B*6-0A"06*+%(*A%(3)*A%.0(*(0-(060&'*KR*D0&0(3*M"'7*f*A%22%&*D0&0(3;*:)3D3'"6*

3&1*43(,-0&0,6*D0&0(3*3(0*2"66"&D;*

*

*

*
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!VX#!

L"1"1"!Z*5+,6*-'*,+%,,/-'%.*3+A'.7+)';*+-/&%)+-/;*&++

P-!.'+*)!69(6!Wh!&--.!.1/9!/<-01-/!'+6!'.!XhV!>ErA!7-&-!/14*1.10(*628!(*)!<'/1615-28!&-2(6-)!6'!

0'&(2!0'5-&!>∆$D?!v!"A3!(.6-&!0'*/1)-&1*4!69-1&!<&-/-*0-!>F(%2-!_@A:!F9'/-!Wh!B-8!/<-01-/!(2/'!

-*0',<(//-)!(!71)-!%&-()69!'.!<982'4-*-610!21*-(4-/!>;14+&-!b:WA3!&-<&-/-*61*4!V@!'+6!'.!VVb!

4-*-&(!(*)!h!'+6!'.!X#!.(,121-/!>1:-:!$0(*69+&1)(-3!?9(-6')'*61)(-3!?1&&9161)(-3!f(-,+21)(-3!

O(%&1)(-3!O+6d(*1)(-3!T'*(0(*691)(-3!_-&&(*1)(-A:!

P9-*!0'*/1)-&1*4!.+*061'*(2! 6&(16/3!7-!.'+*)!69(6!69-!Wh!B-8!.1/9!/<-01-/!7-&-!)1/6&1%+6-)!

(,'*4!VE!)1..-&-*6!.+*061'*(2!-*6161-/!>F(%2-!_bA:!n-8!.1/9!/<-01-/!7169!&-4(&)!6'!0'&(2!0'5-&!

/9'7-)! /',-! )-4&--! '.! .+*061'*(2! &-)+*)(*08! 71693! '*! (5-&(4-3! V:b! B-8! /<-01-/! <-&!

.+*061'*(2!-*6168!>,-)1(*lVM!&(*4-H!VKb!/<-01-/A:!F91/!9149-&!.+*061'*(2!&-)+*)(*08!6&(*/2(6-)!

1*6'!(!,'&-!&-/6&106-)!.+*061'*(2!/<(0-!.122-)!%8!69-/-!B-8!/<-01-/!>'*28!@r!7169!;J10!l!#:#@M!

;14+&-!b:XA:!_<-01-/!'.!(22!/1j-/!>.&',!V#0,!6'!v!@#0,A!(*)!(2,'/6!(22!)1-6/!>b!)1-6!0(6-4'&1-/!

'+6!'.!EA!7-&-!/14*1.10(*628!(//'01(6-)!7169!215-!0'&(2!0'5-&:!f'7-5-&3!2(&4-!,'%12-!<&-)(6'&/!

(*)!2(&4-!9-&%15'&'+/!.1/9-/!7-&-!*'6!0'*/1)-&-)!(/!B-8!.'&!215-!0'&(2!0'5-&!>F(%2-!_bA:!!

!!

'

!"#$%&'F)('+'!$65."3609'0..%"8$.&2'3='I&1'="2-'2<&5"&2)*c&*'%'3)9*RK*+"67*6-0A"06*M7"A7*A%((06-%&1*

'%* QR* %,'*%+* IfJ* +,&A'"%&3)* 0&'"'"06* !KRr#* 73.0*500&* "10&'"+"01* 36* 6'(%&D)B* (0)3'01* '%*7"D7*

5"%2366* !Kq* (01* 673-06#9* 7"D7* )".0* A%(3)* A%.0(* !KK* 5),0* 673-06#* %(* 5%'7* %+* '702* !L* -,(-)0*

673-06#;*W70*-%6"'"%&6*%+*03A7*%+*'7%60*QR*+,&A'"%&3)*0&'"'"06*"&*'70*fi1"20&6"%&3)*+,&A'"%&3)*

6-3A0*3(0*10+"&01*3AA%(1"&D*'%*6-0A"06*'(3"'*.3),06;*k"67*673-06*M0(0*A7%60&*'%*")),6'(3'0*'70*



! VXV!

23"&*D0&,6*%+*'70*6-0A"06*A%2-("601*"&*03A7*+,&A'"%&3)*0&'"'B;*\'70(*+,&A'"%&3)*0&'"'"06*3(0*

(0-(060&'01* M"'7* D(0B* 1%'6;* $%)%(01* 3(036* (0-(060&'* '70* +,&A'"%&3)* .%),20* +"))01* 5B* '70*

+,&A'"%&3)*0&'"'"06*'73'*73.0*500&*"10&'"+"01*36*6'(%&D)B*(0)3'01*'%*7"D7*5"%2366*!(019*kd"A*h*

J;I#9*7"D7*)".0*A%(3)*A%.0(*!5),09*kd"A*h*J;JR#9*5%'7*%+*'702*!-,(-)09*kd"A*h*J;JK#*%(*3))*+,&A'"%&3)*

0&'"'"06*!0;D;*3))*6-0A"069*M7"'0#*-(060&'*"&*'70*13'360';**

!

L"1"F"![/A+/;*&)%6+(*.A**0+,6*-'*,+@*5+A'.7+&*B%&3+./+4',7+('/8%,,+%03+-/&%)+-/;*&+

F9-!67'!/-6/!'.!B-8!.1/9!/<-01-/!(//'01(6-)!7169!6'6(2!.1/9!%1',(//!(*)!215-!0'&(2!0'5-&!>Wb!(*)!

Wh!B-8!/<-01-/3!&-/<-0615-28A!-(09!&-<&-/-*6-)!2-//!69(*!V#r!'.!69-!XhV!.1/9!/<-01-/!6-/6-)!(/!

0(*)1)(6-/:!Q*28!69&--!/<-01-/! >OA3&'7,(,6*3)5"-0A'%(3)"69*?,'X3&,6*5%73(9*?,'X3&,6*D"55,6#!

7-&-!0',,'*!6'!%'69!/-6/!7912-!.'+&!4-*-&(!>OA3&'7,(,69*$7)%(,(,69*?,'X3&,69*3&1*/A3(,6A!

(*)!.'+&!.(,121-/!>$0(*69+&1)(-3!O(%&1)(-3!O+6d(*1)(-!(*)!_-&&(*1)(-A!<&-/-*6-)!B-8!/<-01-/!

/14*1.10(*628!(//'01(6-)!7169!69-!67'!&--.!/-&510-/!>;14+&-!b:!W3!F(%2-!_bA:!

Q*28!/1G!.+*061'*(2!-*6161-/!7-&-!0',,'*!(*)!/14*1.10(*628!(//'01(6-)!7169!%'69!%1',(//!(*)!

215-!0'&(2!0'5-&!>;14+&-!b:XA3!*(,-28!/,(22!(*)!,-)1+,!9-&%15'&-/3!/,(22!<2(*B615'&-/3!,-)1+,!

(*)!2(&4-!.1/9-/!6(&4-61*4!,'%12-!1*5-&6-%&(6-/!(*)!,-/'K<&-)(6'&/!>F(%2-!_bA:!!

!

L"1"H"!:7*+0*.+(*0*4'.+/4+@*5+,6*-'*,+4/&+4',7+('/8%,,+%03+)';*+-/&%)+-/;*&+

P9-*!<&-/-*63!-(09!B-8!/<-01-/!%-2'*4-)!6'!(!0',,+*168!7169!(!,-)1(*!2-5-2!'.!.1/9!%1',(//!

9149-&!>@b#!B4:9(KV3!&(*4-H!"XgKEEX!B4:9(KVA!69(*!69-!,-)1(*!%1',(//!'%/-&5-)!79-*!(%/-*6!

>XE#!B4:9(KV3! &(*4-H!XXEKXh@!B4:9(KVA:! _1,12(&283! 215-! 0'&(2! 0'5-&!7(/!-/61,(6-)!(6!(!,-)1(*!

5(2+-!'.!@#r!>&(*4-H!XbKhWrA!79-*!-(09!B-8!/<-01-/!7(/!<&-/-*6!(4(1*/6!X"r!>&(*4-H!WbKXhrA!

79-*! (%/-*6! >;14+&-! b:"A:! ;'&! 02(&1683! 7-! '*28! <&-/-*6-)! 69-! *-6! -..-06! '.! 69-! .'+&!,'/6!

/14*1.10(*6!B-8! /<-01-/! >2'7-/6!$D?3!F(%2-/!_"!R!_@A!(//'01(6-)!7169!%1',(//!(*)! 215-! 0'&(2!

0'5-&!>;14+&-!b:"A:!D6!1/!1,<'&6(*6!6'!*'6-!69(6!69-/-!.'+&!,'/6!/14*1.10(*6!B-8!/<-01-/!>2'7-/6!

$D?A!7-&-!*'6!*-0-//(&128!&-2(6-)!6'!69-!9149-/6!2-5-2!'.!%1',(//!(*)!0'&(2!0'5-&!>;14+&-!_"A:!

!

'

'

'

'

'



!VXW!

'

!"#$%&'F)@'+'D&.'&==&5.'3='.-&'@';32.'2"#6"="506.'H93/&2.'GYBJ'I&1'="2-'2<&5"&2'/-&6'<%&2&6.'

=3%' ="2-' 8"3;022' H.3<J' 064' 9"7&' 53%09' 537&%' H83..3;J* !32%&D* '70* IL* 3&1* Iq* G0B* 6-0A"06*

(06-0A'".0)B#*,6"&D*3*-3('"3)*-)%'*+(%2*'70*)"&03(*2"o01*2%10)6*M7")0*'70*%'70(*.3("35)06*3(0*

70)1*A%&6'3&';*E70&*-(060&'9*03A7*G0B*6-0A"06*"6*)"&G01*'%*3*201"3&*)0.0)*%+*5"%2366*3&1*)".0*

A%(3)*A%.0(*6"D&"+"A3&')B*!-sJ;JR#*7"D70(*'73&*'70*)0.0)*%560(.01*M70(0*3560&';**

!

D6!1/!*'6!'*28!1*)151)+(2!B-8!/<-01-/3!%+6!(2/'!69-!(00+,+2(61'*!'.!B-8!/<-01-/!69(6!7(/!21*B-)!

6'! 9149! 2-5-2/! '.! -0'/8/6-,! /-&510-/:! ;'&! 1*/6(*0-3! &--./! 7169!,'&-! 69(*! .'+&! B-8! /<-01-/!

&-(09-)!(!,-)1(*!2-5-2!'.!%1',(//!'.!V3V@#!B4:9(KV!>&(*4-H!XbWKX3EV@!B4:9(KVA3!1:-:!69&--!61,-/!

69-! ,-)1(*! %1',(//! '%/-&5-)! >XE#! B4:9(KV3! &(*4-H! hbKV3Xh#! B4:9(KVA! 1*! &--./! 7169! (*!

1*6-&,-)1(6-!*+,%-&!'.! B-8! /<-01-/! >.&',!V! 6'!X!B-8! /<-01-/A!(*)!,'&-! 69(*! /-5-*! 61,-/!

9149-&! 69(*! 69-!,-)1(*! 2-5-2! '.! .1/9! %1',(//! &-(09-)! 1*! &--./! 9(51*4! *'! B-8! /<-01-/! >V@b!!!

B4:9(KV3!&(*4-H!VWKhVW!B4:9(KVA:!$269'+49!2-//!<&'*'+*0-)3!&--./!7169!(6!2-(/6!b!B-8!.1/9!/<-01-/!

/9'7-)!(!,-)1(*!215-!0'&(2!0'5-&!'.!"#r!>&(*4-H!W#KbhrA!7912-!&--./!7169!*'!B-8!/<-01-/!9()!

(!,-)1(*!2-5-2!'.!XVr!>&(*4-H!VhK@"rA!215-!0'&(2!0'5-&!>;14+&-!b:@A:!

!

!

!

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

3"#4,*5$,67* 0"#)'8'9'&7* :"#*5';,*#!"#62$4,*5$,)$*

<"#.$2-*5-&*



! VXX!

!

*

!"#$%&'F)E'+',-&'055$;$90."36'3='I&1'2<&5"&2'53Q355$%%"6#'36'53%09'%&&=2'"2'<32"."7&91'%&90.&4'

.3' ="2-' 8"3;022' H9&=.J' 064' 9"7&' 53%09' 537&%' H%"#-.J)* W%* A%&'(%)* +%(* -%6"'".0* 0++0A'* %+* 6-0A"06*

("A7&066*%&*0A%6B6'02*+,&A'"%&"&D9*M0*A%2-3(01*2%10))01*06'"23'06*%+*+"67*5"%2366*3&1*)".0*

A%(3)*50'M00&*(00+6*M7")0*"&A(036"&D*'70*&,250(*%+*A%i%AA,(("&D*G0B*6-0A"06;*Q*A3'0D%("06*%+*

(00+6*M0(0*A%&6"10(01*53601*%&*'70*Q(1ij,3('")0*%+*'70*&,250(*%+*G0B*6-0A"06*36*'7(067%)1*!≥f*

3&1*≥L*G0B*6-0A"06*+%(*5"%2366*3&1*A%(3)*A%.0(9*(06-0A'".0)B#;*d00+*M"'7*'70*7"D706'*&,250(*%+*

A%i%AA,(("&D*G0B*6-0A"06*(03A701*7"D70(*)0.0)6*%+*5"%2366*!K9KRJ*GD;73iK#*3&1*A%(3)*A%.0(*!fJr#*

'73&*'70"(*A%,&'0(-3('6*73."&D*&%*G0B*6-0A"06*!KRL*GD;73iK9*QKr*(06-0A'".0)B#;*C"6'("5,'"%&6*3(0*

(0-(060&'01*,6"&D*PR*-0(A0&'*A%&+"10&A0*"&'0(.3)6;**

*

*

L"F"!K',-<,,'/0+

L"F"9"!P<,.%'0'0B+7*%).75+%03+6&/3<-.';*+-/&%)+&**4,+

]5-*! 1.! 69-!<+&<'/-!'.! 69-!<&-/-*6! /6+)8!7(/!*'6! 6'!)1/-*6(*42-!-..-06/!'.!(*69&'<'4-*103!

-*51&'*,-*6(2!(*)!%1')15-&/168!)&15-&/!'*!.1/9!%1',(//!(*)!0'&(2!0'5-&3!7-!.'+*)!0'*/1/6-*6!

&-/+26/!>F(%2-/!_W!R!_XA!7169!<&-51'+/!2(&4-K/0(2-!/6+)1-/!9149214961*4!69-!<&1,(&8!1,<'&6(*0-!

'.!9+,(*!)-*/1683!/<-01-/!&109*-//!(*)!'0-(*!<&')+0615168!'*!.1/9!%1',(//!(*)!0'&(2!0'5-&!

>T'&(*0'*3);!W#VVM!P1221(,/*0'*3);!W#V@(M!N+..8*0'*3);!W#VbA:!!

!
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!VX"!

D*!69-!<&-/-*6!/6+)83!,(*8!)1..-&-*6!.1/9!/<-01-/!>o"##!/<-01-/!0(*)1)(6-/A!7-&-!/0(**-)!(*)!

'*28!Wb!(*)!Wh!/<-01-/!7-&-!1)-*61.1-)!(/!/14*1.10(*628!(*)!<'/1615-28!&-2(6-)!6'!.1/9!%1',(//!

(*)! 215-!0'&(2!0'5-&3! &-/<-0615-283!7169!'*28!69&--!/<-01-/!%-1*4!0',,'*!6'!%'69:! D*!6'6(23!

69-/-!@V!/<-01-/!>1:-:!oVXr!'.!69-!/<-01-/!<''2!6-/6-)A!&-<&-/-*6!X@!)1/61*06!.+*061'*(2!-*6161-/!

>'+6!'.!W"#3!1:-:!V@rA!69(6!(&-!71)-/<&-()!1*!69-!.+*061'*(2!/<(0-:!P912-!2(&4-K%')1-)!/<-01-/!

,(8!%-!-G<-06-)!6'!)1/<&'<'&61'*(6-28!0'*6&1%+6-!6'!.1/9!%1',(//3!'+&!&-/+26/!1*)10(6-!69(6!

'*28!W@r!>E!'+6!'.!Wb3!F(%2-!_bA!'.!B-8!/<-01-/!.'&!.1/9!%1',(//!7-&-!2(&4-K%')1-)!>v@#0,A3!

79109! 1/! )1&-0628! 0',<(&(%2-! 6'! 69-! <-&0-*6(4-! '.! 2(&4-K%')1-)! /<-01-/! (,'*4! 69-! 1*161(2!

0(*)1)(6-!/<-01-/!>W"r!'&!gV!.1/9!/<-01-/!'+6!'.!XhVA:!D*!())161'*3!X@r!'.!B-8!/<-01-/!.'&!.1/9!

%1',(//!7-&-!/,(22-&!69(*!X#0,!>g!'+6!'.!Wb3!F(%2-!_bA:!F9-!<'/1615-!(//'01(61'*!7169!.1/9!

%1',(//!1/!69+/!1*)-<-*)-*6!'.!%')8!/1j-:!

!

D6! 0',-/! (/! *'! /+&<&1/-! 69(6! /',-! B-8! .1/9! /<-01-/! 1)-*61.1-)! 1*! 691/! /6+)8! 9(5-! (2&-()8!

(66&(06-)! 0'*/1)-&(%2-! 1*6-&-/6! 1*! 0'&(2! &--.! -0'2'48:! f-&%15'&'+/! .1/9! /+<<'&6! 0'&(2! &--.!

&-/121-*0-!%8!0'*6&'221*4!(24(2!4&'7693!1*.2+-*01*4!0',<-61615-!1*6-&(061'*/!%-67--*!0'&(2/!(*)!

,(0&'(24(-3!(*)!<&-5-*61*4!0'&(2K(24(2!<9(/-!/91.6/!>I-227'')*0'*3);!W##"M!T+,%8*0'*3);!W##bM!

f+49-/*0'*3);!W##EM!J(/9-&*0'*3);!W#VXM!=&(9(,*0'*3);!W#V@M!I'j-0*0'*3);!W#VbA3!(*)!69-&-.'&-!

,(8!0'*6&1%+6-!6'!69-!,(1*6-*(*0-!'.!9149!0'&(2!0'5-&!(*)!.1/9!%1',(//:!D*!<(&610+2(&3!/0(&1*-!

<(&&'6.1/9-/!>1:-:3!m%)5%20'%-%&9*$7)%(,(,69*@"--%6A3(,6*(*)*/A3(,69*F(%2-/!_"3!_@!R!_bA!<2(8!

0&1610(2!&'2-/!(/!4&(j-&/!(*)!%1'-&')-&/!'.!69-!&--.!/+%/6&(6+,!>I-227'')*0'*3);!W##XM!T+,%8!

W##bA3! (*)! 69-1&! (%+*)(*0-/! 9(5-! /6&'*4! <'/1615-! -..-06/! '*! 0'5-&! '.! 0'&(2/! (*)! 9-*0-!

(00&-61'*!&(6-/!'.!69-!&--.!>?&(,-&*0'*3);!W#VEA:!;+&69-&3!4&(j1*4!(*)!)-6&1615'&'+/!(0(*69+&1)/!

>1:-:3!OA3&'7,(,6*(*)!$'0&%A730',63! F(%2-/!_"3! _@!R!_bA! 1*6-*/-28!4&(j-!-<1216910!(24(2! 6+&./!

>T(&/9-22!R!T+,%8!W#VWM!J(/9-&*0'*3);!W#VXA3!7912-!%-*6910K.--)1*4!+*10'&*.1/9-/!>1:-:3!_36%3!

F(%2-/!_"!R!_bA!<2(8!(!/14*1.10(*6!&'2-!1*!,(0&'(24(2!&-,'5(2!>;'G!R!I-227'')!W##hM!f'-8!R!

I-227'')!W##gA:!!

!

I8! 0'*6&(/63! /',-! B-8! /<-01-/! 1)-*61.1-)! 1*! 69-! <&-/-*6! /6+)8! 9(5-! *'6! <&-51'+/28! %--*!

1)-*61.1-)!(/!<2(81*4!/14*1.10(*6!&'2-/:!P912-!<&-)(61'*!1/!(!B-8!<&'0-//!/9(<1*4!<&-8!%-9(51'&!

(*)!<'<+2(61'*/!>J(/9-&*0'*3);!W#VEA3!/6&+06+&1*4!-0'2'410(2!0',,+*161-/!>I'()-*!R!n1*4/.'&)!

W#V@A3!(*)!<&','61*4!*+6&1-*6!0(<(0168!>$224-1-&*0'*3);!W#VbM!$224-1-&*0'*3);!W#VEA3!*'!1*)151)+(2!

<&-)(6'&!/<-01-/!9(5-!%--*!-G<&-//28!1)-*61.1-)!(/!%-*-.101(2!.'&!6'6(2!.1/9!%1',(//!(*)!0'&(2!



! VX@!

0'5-&:! f-&-3! 7-! /9'7! 69(6! <&-)(6'&8! /<-01-/! 21B-!O-("%&9* $3(3&o9* $0-73)%-7%)"69* :)3D3'"69*

bB2&%63(139*?0'7("&,69*?,'X3&,69*\oBA70")"&,69*(*)*4)0A'(%-%2,6!>;14+&-!b:"3!F(%2-/!_"!R!_@3!

;14+&-!_"A!,(8!<2(8!(!0&1610(2! &'2-! .'&! .1/9!%1',(//!(*)! 215-!0'&(2!0'5-&3!(269'+49!69-!-G(06!

<(697(8/!69&'+49!79109!69-8!(06!&-,(1*!6'!%-!-2+01)(6-):!

!

L"F"!"![/A+*-/)/B'-%)+6)*'/.&/65+/0+-/&%)+&**4,++

F9-! .1*)1*4! 69(6! (! 21,16-)! *+,%-&! '.! .+*061'*(228! (*)! -5'2+61'*(&8! )1..-&-*6! /<-01-/! (&-!

<'/1615-28!&-2(6-)!6'!9149!2-5-2/!'.!.1/9!%1',(//!(*)!0'&(2!0'5-&!>;14+&-/!b:W3!b:X!R!_"A!/+<<'&6/!

69-! 1)-(! 69(6! /+/6(1*1*4! -0'/8/6-,! /-&510-/! ,(8! &-\+1&-! (! 2(&4-! %&-()69! '.! <(&610+2(&!

(66&1%+6-/!%-8'*)!69-!*+,%-&!'.!/<-01-/!>_'215-&-/*0'*3);!W#VbM!=&'//*0'*3);!W#VEA:!F9-!21,16-)!

'5-&2(<!%-67--*! 69-! 67'!/-6/!'.! /<-01-/! /14*1.10(*628!(//'01(6-)!7169! 67'! &--.! /-&510-/! >X!

/<-01-/3! "! 4-*-&(! (*)! b! .+*061'*(2! -*6161-/A! /+44-/6/! (! 2'7! 2-5-2! '.! -0'2'410(2! <2-1'6&'<8!

>_6&(+//!R!D&71*!W##"A3!1:-:!69(6!(!/1*42-!/<-01-/3!4-*+/!'&!.+*061'*(2!-*6168!0(**'6!%-!B-8!6'!

,(*8!1*)-<-*)-*6!-0'/8/6-,!.+*061'*/!(*)!/-&510-/:!]G6-*)-)!6'!69-!0',,+*168!2-5-23!7-!

/9'7!69(6!-0'2'410(2!<2-1'6&'<83!69-!'<<'/16-!'.!.+*061'*(2!&-)+*)(*083!1/!*'6!69-!*'&,!'*!

0'&(2!&--./:!F91/! .1*)1*4!,(8!-G<2(1*!798!69-!,+261K.+*061'*(2168!'.!-0'/8/6-,/!&-21-/!,'&-!

/6&'*428! '*! %1')15-&/168! 69(*! )'! /1*42-! .+*061'*/! >D/%-22* 0'* 3);! W#VVM! O-.09-0B* 0'* 3);! W#V@M!

_'215-&-/*0'*3);!W#VbM!=&'//*0'*3);!W#VEA3!/1*0-!/',-!/<-01-/!<2(8!+*1\+-!(*)!69+/!1&&-<2(0-(%2-!

&'2-/!1*!-0'/8/6-,/!>I-227'')*0'*3);!W##bM!L-609-8*0'*3);!W##hA:!f'7-5-&3!16!1/!1,<'&6(*6!6'!

B--<! 1*! ,1*)! 69(6! 69-! &-/+26/! ,(8! 09(*4-! )-<-*)1*4! '*! 79109! 6&(16/! (*)! .+*061'*/! (&-!

0'*/1)-&-)!1*!69-!(*(28/1/3!(*)!(!*+,%-&!'.!8-6!+*B*'7*!%+6!&-2-5(*6!6&(16/!'&!.+*061'*/!*'6!

0'*/1)-&-)!9-&-!0'+2)!%-!1*02+)-)!1*!.+6+&-!/6+)1-/:!P-!/+44-/6!69(6!691/!-0'2'410(2!<2-1'6&'<8!

&-0'*012-/!67'!'<<'/1*4!51-7/!1*!I1')15-&/168!(*)!]0'/8/6-,!;+*061'*1*4+\I];A!&-/-(&09!/1*0-!

,(*8!0',<2-,-*6(&8!/<-01-/!4&'+</!(*)!21*-(4-/3!(*)!9-*0-!(!2(&4-!(,'+*6!'.!%1')15-&/1683!

(&-!*-0-//(&8!6'!/+/6(1*!-0'/8/6-,!,+261K.+*061'*(2168!(*)!(//'01(6-)!/-&510-/:!J(69-&!69(*!

<&'51)1*4!,+261<2-!.+*061'*/!1*)151)+(2283!69'/-!B-8!/<-01-/!(<<-(&!6'!<&'51)-!9149!%-*-.16/!1*!

6-&,/!'.! .1/9!%1',(//!(*)! 215-!0'&(2!0'5-&!'*0-!0',%1*-)!>;14+&-!b:@A:!T(1*6(1*1*4!9(%16(6!

9-6-&'4-*-168! (*)! (//'01(6-)! <&'0-//-/! (/! 7-22! (/! 9149! /<-01-/! )15-&/168! 1/! 69+/! (! ,(d'&!

0',<'*-*6! '.! ,(*(4-,-*6! (*)! 0'*/-&5(61'*:! Q+&! &-/+26/! 0(22! .'&! ,'&-! /<-01-/K.'0+/-)!

,(*(4-,-*6! /6&(6-41-/! /+09! (/! 69-! %(**1*4! '.! .1/91*4! /<-01-/! 0'*/1)-&-)! (/! B-8! .'&! 69-!

-0'/8/6-,! >I'j-0* 0'* 3);! W#VbA:! $))161'*(2283! /+/6(1*1*4! ,+261K.+*061'*(2168! (2/'! &-\+1&-/! (!



!VXb!

%&'()-&!<'&6.'21'!(<<&'(09!79109!,(8!&-)+0-!2'0(2!-G61*061'*!&1/B!%8!/-0+&1*4!69-!%1')15-&/168!

2-5-2!1*!(*!1*0&-(/1*428!+*0-&6(1*!.+6+&-!>P-%/6-&*0'*3);!W#VEA:!!

!

L"F"1"!CJP+%,+%+4)*N'()*+4&%8*A/&@+./+)'0@+('/3';*&,'.5+./+*-/,5,.*8+4<0-.'/0'0B+%03+,*&;'-*,+

F9-!0',,+*168K71)-!/0(*!>?P_A!(<<&'(09!0(*!%-!()(<6-)!.'&!(!71)-!&(*4-!'.!-0'/8/6-,/3!

0',%1*(61'*/!'.!6(G(!'&!1*6-&(061'*/!(*)!/-&510-/:!f-&-!7-!'*28!6-/6-)!69-!<&-/-*0-!'.!B-8!

/<-01-/3! 7912-! 16! 7'+2)! %-! <'//1%2-! 6'! 2''B! .'&! B-8! /<-01-/! 4&'+</! ><(1&/! '&! ,'&-A3! B-8!

-5'2+61'*(&8!21*-(4-/!'&!-5-*!B-8!%1'610!1*6-&(061'*/:!_1*0-!69'/-!1*6-&(061'*/!(&-!<'6-*61(228!

,+261<2-! 1*! /<-01-/K&109! 0',,+*161-/! 69-8! 0(**'6! %-! -G<-&1,-*6(228! 6-/6-)! %+6! 69-8! 0(*!

-,-&4-!.&',!-,<1&10(2!)(6(!+/1*4!69-!?P_!(<<&'(09:!F9-!7(8!0(*)1)(6-/!(&-!6-/6-)!0(*!%-!

,')1.1-)!7912-! &-/<-061*4! 1*)-<-*)-*0-! %-67--*!<&-)106-)!(*)!-G<2(*(6'&8!5(&1(%2-/:!$/!

<'/1615-!-..-06/!'.!/',-!/<-01-/!,(8!'*28!%-!&-5-(2-)!%-8'*)!<(&610+2(&!69&-/9'2)/3!<&-/-*0-!

)(6(! 0(*! (2/'! %-! )-6-&,1*-)! %8! (*8! (%+*)(*0-! 69&-/9'2)! /+09! (/! (!,1*1,+,!*+,%-&! '.!

1*)151)+(2/3!0'5-&!&(6-3!%1',(//!'&!2-5-2!'.!1*6-&(061'*/:!!

!

Q*!0'&(2!&--./3!)-.1*1*4!/<-01-/!<&-/-*0-!%(/-)!'*!)1/6&1%+61'*!'.! 16/!%1',(//!(0&'//!/6+)8!

(&-(!>+/1*4!+<<-&!<-&0-*612-/!'&!)-012-/A!0(*!<&','6-!69-!1*02+/1'*!'.!/,(22K%')1-)!/<-01-/!

%+6!0(*!(2/'!)1/0&1,1*(6-!(4(1*/6!/<-01-/!69(6!(&-!*'6!0',,'*28!-*0'+*6-&-)!'&!9(5-!/B-7-)!

%1',(//! )1/6&1%+61'*/! >_+<<2-,-*6(&8!T(6-&1(2! (*)! F(%2-! _EKV#A:! J(69-&3! )-.1*1*4! /<-01-/!

<&-/-*0-!(00'&)1*4!6'!16/!&-2(615-!%1',(//!1*!0',,+*161-/!0(*!%-!(<<21-)!1*)-<-*)-*628!'.!

69-!/<-01-/!%1',(//!)1/6&1%+61'*:!f'7-5-&3!7-!.'+*)!0'*/1/6-*6!&-/+26/!%-67--*!69-/-!67'!

<&'0-)+&-/!/1*0-!69-!,(d'&168!'.!/<-01-/!)-6-06-)!(/!B-8!/<-01-/!+/1*4!69-!1*6&(0',,+*168!

(<<&'(09!(&-!(2/'!/14*1.10(*6!+/1*4!69-!1*6&(/<-01.10!(<<&'(093!&-1*.'&01*4!69-!&'%+/6*-//!'.!

'+&!.1*)1*4/:!!

!

F9-!?P_! .&(,-7'&B! 69+/!'..-&/!(!*-7!(*)! .2-G1%2-!7(8! 6'!(*(28j-!-,<1&10(2!)(6(! &-2(61*4!

%1')15-&/168!6'!-0'/8/6-,!.+*061'*1*4!(*)!/-&510-/:!?P_!/6+)1-/!0(*!(2/'!%-!0'*/1)-&-)!(/!

1*161(2! .'&(8/! 1*6'! (! %-66-&! +*)-&/6(*)1*4! '.! 69-! 0',<2-G! &-2(61'*/91</! %-67--*!<(&610+2(&!

/<-01-/3!/<-01-/!4&'+</!'&!1*6-&(061'*/!(*)!-0'/8/6-,!.+*061'*1*4!(*)!(//'01(6-)!/-&510-/:!$!

2(&4-!*+,%-&!'.! .(2/-K<'/1615-/3! /<-01-/!%-1*4!)-6-06-)!(/!B-8!7912-! 69-8!(&-!*'63!,(8!%-!

&-5-(2-):! ;+&69-&,'&-3! *'! 0(+/(2168! 1/! )-6-&,1*-)! 1*! 691/! (<<&'(09M! 69-!,(1*!,-&16! 1/! 6'!

1)-*61.8!+*/+/<-06-)!(*)!/6(61/610(228!/14*1.10(*6!<'/1615-!(//'01(61'*/:!F9-!2'410(2!<&'4&-//1'*!



! VXE!

7'+2)!%-!6'!0'*)+06!-G<-&1,-*6/!.'0+/1*4!'*!<'6-*61(2!B-8!/<-01-/!'&!1*6-&(061'*/!7169!69-!

+261,(6-!(1,!'.!9149214961*4!69-!+*)-&281*4!-0'2'410(2!'&!%1'2'410(2!<&'0-//-/!(*)!<(697(8/!

69(6!<'6-*61(228!/+/6(1*!9-(2698!(*)!<&')+0615-!-0'/8/6-,/:!!!

!

!

L"H"!C/0-)<,'/0+

F9-! 0',,+*168K71)-! /0(*! >?P_A! (<<&'(09! 9(/! 69-! <'6-*61(2! 6'! &-5-(2! +*/+/<-06-)!

0'*6&1%+61'*/!6'!-0'/8/6-,!.+*061'*1*4!(*)!16/!(//'01(6-)!/-&510-/3!-/<-01(228!1*!0',<2-G!(*)!

%1')15-&/-!-0'/8/6-,/!79-&-!69-!)-6-061'*!'.!/+09!0'*6&1%+61'*/!&-,(1*/!09(22-*41*4:!F9-!

?P_! (<<&'(09! 9'2)/! ,+09! <&',1/-! 1*! -,<1&10(2! I];! /6+)1-/! 79-&-! '*28! (! .-7! /<-01-/3!

.+*061'*(2!'&!<982'4-*-610!4&'+</3!0(*!)1/<&'<'&61'*(228!)&15-!-0'/8/6-,!.+*061'*1*4!(*)!69-!

)-215-&8!'.!/-&510-/:!a261,(6-283!69-!B-8!/<-01-/!1)-*61.1-)!.'&,!6&(06(%2-!0'*/-&5(61'*!6(&4-6/!

(*)!-*0'+&(4-!(!)15-&/1.10(61'*!'.!,(*(4-,-*6!'<61'*/!6'!,(1*6(1*!.1/9!/<-01-/!0'*/1)-&-)!(/!

B-8!.'&!69-!-0'/8/6-,:!=15-*!69-!4&'71*4!1*6-&-/6!1*!69-!(//-//,-*6!(*)!0'*/-\+-*0-/!'.!69-!

'*4'1*4!-G61*061'*!0&1/1/!'*!-0'/8/6-,!.+*061'*1*43!/+09!(!.&(,-7'&B!1/!-G6&-,-28!61,-28!(*)!

71)-28! (<<210(%2-:! Q+&! .&(,-7'&B! '..-&/! (! *-7! (*)! .2-G1%2-! 7(8! 6'! (*(28j-! 69-! '*4'1*4!

,(//15-!-,<1&10(2!)(6(!&-2(61*4!%1')15-&/168!6'!-0'/8/6-,!.+*061'*1*4!(*)!/-&510-/!7169!69-!

<'6-*61(2!6'!&-0'*012-!67'!'<<'/1*4!51-7/H!/<-01-/!1)-*6168!5/:!)15-&/168:!
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! V"X!

#"9"!C/0-)<,'/0+

F9-&-!1/!(!02-(&!0'*/-*/+/!69(6!0'&(2!&--./!(&-!+*)-&!69&-(6/:!_-0+&1*4!(!.+6+&-!.'&!0'&(2!&--./!

+*)-&! 69-/-!,+261<2-! (*69&'<'4-*10! .'&01*4! .(06'&/! >f+49-/* 0'* 3);! W#VE(A! &-\+1&-/! +&4-*6!

(26-&*(615-/!6'!/+/6(1*!0'&(2!&--.!/'01'K-0'2'410(2!/8/6-,/:!O1B-!(22!-0'/8/6-,/3!0'&(2!&--./!(&-!

.(01*4!1*0&-(/1*4!<&-//+&-!(/!42'%(21j(61'*!0'**-06/!69-!7'&2)!>O1+*0'*3);!W#VXA:!D*!<(&610+2(&3!

1*!%'69!6-&&-/6&1(2!(*)!,(&1*-!%1',-/3!(00-//1%12168!69&'+49!&'()!*-67'&B/!(*)!1*.&(/6&+06+&-!

-G<(*/1'*! (&-! <&1,(&128! )&151*4! 69-! 0'*)161'*/! '.! -0'/8/6-,/3! 7169! 69-! ,'/6! (00-//1%2-!

&-/'+&0-/!%-1*4!,'/6!(6!&1/B!'.!'5-&-G<2'16(61'*!(*)!0'22(</-!>O(+&(*0-*0'*3);!W##gM!N'%/'**0'*

3);! W#V#M! T'&(* 0'* 3);! W#VVM! $9,-)* 0'* 3);! W#V"M! I(&%-&* 0'* 3);! W#V"M! $2(,41&* 0'* 3);! W#VEA:!

$00-//1%12168! 1/!(2/'! 1,<'&6(*6!)-6-&,1*(*6!'.!<-'<2-[/!(%12168!6'!+/-!*(6+&(2! &-/'+&0-/!(*)!

+261,(6-283! 9(/! &(1/-)! /-&1'+/! -0'2'410(2! (*)! ,(*(4-,-*6! 1//+-/! >I-&B-/* 0'* 3);! W##bM!

J'0B/6&|,*0'*3);!W##gM!_6-..-**0'*3);!W#VVA:!F'!)(6-3!,-(/+&1*4!69-!-G6-*6!6'!79109!42'%(2!

,(&1*-! &-/'+&0-/! (&-! (00-//1%2-! 6'! 9+,(*/! 7(/! /6&10628! 21,16-)! 6'! -G(,1*1*4! 69-! 21*-(&!

)1/6(*0-!%-67--*!.1/91*4!4&'+*)/!(*)!,(&B-6/!'&!<'&6/!>P(6/'**0'*3);!W#V@A:!f'7-5-&3!.'&!

,'/6!0'(/6(2!-0'/8/6-,/!(*)!(&61/(*(2!.1/9-&1-/3!691/!21*-(&!)1/6(*0-!14*'&-/!&(44-)!0'(/621*-/3!

&'()!*-67'&B/!(*)!'69-&!.-(6+&-/!69(6!0(*!(..-06!69-!61,-!&-\+1&-)!6'!&-(09!.1/91*4!4&'+*)/!

(*)!+261,(6-28!0(*!<&')+0-!%1(/-)!0'*02+/1'*/:!!

!

D*!&-/<'*/-!6'!691/!+&4-*6!*--)3!'*-!,(d'&!'%d-0615-!'.!69-!69-/1/!7(/!6'!)-5-2'<!*-7!,-6&10/!

'.!9+,(*!(00-//1%12168!'*!0'&(2!&--./!6(B1*4!1*6'!(00'+*6!69-!9-6-&'4-*-168!'.!69-!/-(/0(<-!

(*)!6(B1*4!()5(*6(4-!'.!69-!,'/6!+<K6'K)(6-!/<(61(2!1*.'&,(61'*!(*)!'<61,1j(61'*!(24'&169,/!

>C7%6.*&+ 1A:! _<-01.10(2283! 69-! 69-/1/! /9'7/! 69(6! 6&(5-2! 61,-! (*)! +261,(6-28! 9+,(*! 4&(51683!

<&'51)-!(!%-66-&!-G<2(*(61'*!'.!5(&1(61'*/! 1*!&--.! .1/9!%1',(//!69(*! 21*-(&!)1/6(*0-!(6!%'69!

2'0(2!>C7%6.*&+HA!(*)!2(&4-!/0(2-!>?1**-&*0'*3);!W#VbA:!T'/6!/<-01.10(2283!69-!69-/1/!914921496/!

69-! 1,<'&6(*0-! '.!,(&B-6! (00-//! 6'! <&-)106! .1/9! %1',(//! 0'*)161'*/! >C7%6.*&+ HA! 79109! 1/!

0'*/1/6-*6!7169! /-5-&(2! /6+)1-/! 69(6! 9(5-! /9'7*! <&'G1,168! 6'!,(&B-6! 6'! %-! 69-! /6&'*4-/6!

<&-)106'&!'.!'5-&.1/91*4!'*!0'&(2!&--./!>T0?2(*(9(**0'*3);!W##bM!?1**-&*0'*3);!W#VWM!?1**-&*0'*

3);!W#VXA:!

!

?'&(2! &--./! 0'*6(1*! 69-! ,'/6! )15-&/-! .1/9! (//-,%2(4-/! 7'&2)71)-! (*)! 16! 1/! 02-(&! 69(6!

%1')15-&/168! )-6-&,1*-/3! (6! 2-(/6! <(&6283! .1/9! %1',(//! 1*! 0'*d+*061'*! 7169! /-(! /+&.(0-!



!V""!

6-,<-&(6+&-3!<&')+0615168!(*)!9+,(*!1,<(06/!>T'&(*0'*3);!W#VVM!P1221(,/*0'*3);!W#V@%M!N+..8*

0'*3);!W#VbM!T(1&-*0'*3);!W#Vh(A:!T'&-!%&'()283!%1')15-&/168!7'+2)!<&','6-!9149!<&')+06151683!

&-/1/6(*0-!(*)!&-/121-*0-!'.!-0'/8/6-,/!1*!69-!.(0-!'.!021,(6-!09(*4-!>D/%-22*0'*3);!W#V@M!N+..8*

0'*3);!W#VbM!D/%-22*0'*3);!W#VhA:!f'7-5-&3!69-!<&'0-//-/!%8!79109!691/!<'/1615-!%1')15-&/168!-..-06!

1/!(061*4!&-,(1*/!+*)-&!/0&+61*8!>T0?2(1**0'*3);!W#VbM!_'215-&-/*0'*3);!W#VbM!T'&1*0'*3);!W#VhAM!!

(*)!/',-61,-/!0'*6&'5-&/1(2!>T'&(*0'*3);!W#V"A:!

!

F'!)1/-*6(*42-!69-!1,%&10(6-)!&-2(61'*/91</!%-67--*!%1')15-&/1683!-0'/8/6-,!.+*061'*1*4!(*)!

9+,(*! 1,<(06/3! 69-! 69-/1/! 0'*6&1%+6-)! 6'! 1,<&'5-! 69-! -G<2(*(61'*! '.! 5(&1(61'*/! 1*! .1/9!

%1',(//!'*!0'&(2!&--./!69&'+49!!"#!(!,'&-!(00+&(6-!\+(*61.10(61'*!'.!9+,(*!1,<(06/!(*)!!""#!(!

0',,+*168K71)-!/0(*!(<<&'(09!6'!1)-*61.8!B-8!/<-01-/3!.+*061'*(2!4&'+</!(*)!-5'2+61'*(&8!

21*-(4-/:!D!+/-)!69-!42'%(2!)(6(/-6!'*!0'&(2!&--./!>C7%6.*&+!A!(*)!,')-22-)!.1/9!%1',(//!+/1*4!

/'01'K-0'*',10!(*)!-*51&'*,-*6(2!0'5(&1(6-/!-G<-06-)!6'!1*.2+-*0-!&--.!0'*)161'*/!>?1**-&*

0'*3);!W#VbM!?1**-&*0'*3);!W#VhA!:!F91/!(*(28/1/!69-*!0'*/1/6-)!'*!(!0',<(&1/'*!'.!(!/-&1-/!'.!

,')-2/!69(6!<&-)106-)! .1/9!%1',(//! 1*02+)1*4!)1..-&-*6!5(&1(%2-/!/+09!(/! >#A! 21*-(&!)1/6(*0-!

.&',!69-!*-(&-/6!,(&B-63!>VA!6&(5-2!61,-!.&',!69-!*-(&-/6!,(&B-63!>WA!6'6(2!4&(51683!>XA!6'6(2!

4&(5168!(*)! /<-01-/! &109*-//!(*)! >"A! 6'6(2! 4&(51683! /<-01-/! &109*-//!(*)! 69-! *+,%-&! '.! .1/9!

/<-01-/!)-.1*-)!(/!SB-8U!.'&!%1',(//!>?9(<6-&!bA:!!

!

$6!42'%(2!/0(2-3!69-!,')-2!1*02+)1*4!6&(5-2!61,-!<&'51)-/!(!%-66-&!-G<2(*(61'*!'.!.1/9!%1',(//!

69(*!21*-(&!)1/6(*0-!>"!+*16/K2'7-&!$D?A!(*)!-G<2(1*/!@hr!'.!69-!5(&1(*0-!'%/-&5-)!>;14+&-!E:VA3!

-5-*!1.!21*-(&!)1/6(*0-!(*)!6&(5-2!61,-!(&-!914928!0'&&-2(6-)!42'%(228!>C7%6.*&+1A:!D6!,-(*/!69(6!

2'0(228!'&!&-41'*(228!>/--!T()(4(/0(&!'&!`-7K?(2-)'*1(!C7%6.*&,+1+]+HA!691/!0'&&-2(61'*!1/!*'6!

/'!9149!'71*4!6'!9-6-&'4-*'+/!/-(/0(<-!(*)!(00-//1%12168!<(66-&*/!(0&'//!2(*):!?',<(&-)!6'!

6&(5-2! 61,-3! 6'6(2! 4&(5168! <&'51)-/! 69-! %-/6! <&-)10615-! ,')-2! >WX! +*16/K2'7-&! $D?A! '.! .1/9!

%1',(//!7912-!69-!<&'<'&61'*!'.!5(&1(*0-!-G<2(1*-)!%8!69-!4&(5168!,')-2!1/!/2149628!9149-&!>b#r!

/--!;14+&-!E:VA:!D*!/9'&63!*-7!,-6&10/!'.!9+,(*!1,<(06/!%(/-)!'*!(00-//1%12168!<&'51)-!(!%-66-&!

-G<2(*(61'*!'.!.1/9!%1',(//!0',<(&-)!6'!21*-(&!)1/6(*0-!7169!(!,'&-!21B-28!,')-2!415-*!69-!

0',%1*(61'*!'.!0'5(&1(6-/! >2'7-&!$D?! 1,<21-/!9149-&!,(G1,+,!21B-219'')!(/!69-!*+,%-&!'.!

<(&(,-6-&/!1/!9'2)!0'*/6(*6A:!

!!



! V"@!

P9-*! 0'*/1)-&1*4! 6'6(2! 4&(5168! (*)! /<-01-/! &109*-//3! 69-! ,')-2! /6122! <&'51)-/! (! %-66-&!

-G<2(*(61'*! '.! .1/9! %1',(//! >vV###! +*16/K2'7-&! $D?A! (*)! -G<2(1*/! #:EEr! '.! 69-! 5(&1(*0-!

'%/-&5-):!F9-&-!1/!*'!/+&<&1/-!(/!16!9(/!(2&-()8!%--*!/9'7*!69(6!/<-01-/!&109*-//!1/!(!,(d'&!

)&15-&!'.!.1/9!%1',(//!>N+..8!0'*3);!W#VbA:!f'7-5-&3!/',-!/<-01-/!0(*!9(5-!,'&-!1*.2+-*0-!'*!

-0'/8/6-,!.+*061'*1*4!69(*!'69-&/!(*)!0(*!0'*/1)-&-)!(/!B-8!.'&!(!415-*!<&'0-//!.+*061'*!'&!

/-&510-:!_'!2(/6283!69-!%-/6!,')-2!1/!'%6(1*-)!79-*!())1*4!4&(51683!/<-01-/!&109*-//!(*)!B-8!

/<-01-/! >@#!+*16/K2'7-&!$D?A!(*)!-G<2(1*/!Ehr!'.!69-!5(&1(*0-!-G<2(1*-)!>;14+&-!E:VA:!Q*0-!

(4(1*3!69-!%-/6!1,<&'5-,-*6!1/!&-2(6-)!6'!69-!,(G1,1j(61'*!'.!2'4K21B-219'')!(*)!69+/3!'<61,(2!

5(2+-/!'.!69-!-/61,(6-)!0'-..101-*6/:!

!

'

!"#$%&'K)*'+'B3;<0%"236'3='0'2&%"&2'3=';34&92'.-0.'<%&4"5.&4'="2-'8"3;022*"&A),1"&D*1"++0(0&'*

.3("35)06*6,A7*36*!J#*)"&03(*1"6'3&A0*+(%2*'70*&03(06'*23(G0'9*!K#*'(3.0)*'"20*+(%2*'70*&03(06'*

23(G0'9*!I#*'%'3)*D(3."'B9*!Q#*'%'3)*D(3."'B*3&1*6-0A"06*("A7&066*3&1*!f#*'%'3)*D(3."'B9*6-0A"06*

("A7&066* 3&1* '70* &,250(* %+* G0B* +"67* 6-0A"06;* W70* 6320* -%%)* %+* 0&."(%&20&'3)* 3&1* 6%A"%i

0A%&%2"A*A%.3("3'06*0o-0A'01*'%*"&+),0&A0*+"67*5"%2366*"6*"&A),101*"&*0.0(B*2%10);*'

!""# $%&'(

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

)*+,-../0

!.,-1234

!""# $%&'(

!/#$0*)1(2$-&3(

)*+,-../1

!.,-1235

!""# 453)'

!6#$7*)1&-8

)*+,-..64

!.,-1261

!""# 453)'

!9#$7*)1&-8$:$;<(.&(,$

=&.>'(,,

)*+,-7.76

!.,-1244

453)'

!?#$7*)1&-8$:$=&.>'(,,$:$

@(8$;<(.&(,

ABCD$EF"

=6D$"GHI

!""#



!V"b!

#"!"!C/0.&'(<.'/0,+./+.7*+4'*)3+

I-8'*)!(!%-66-&!0',<&-9-*/1'*!'.!69-!)&15-&/!'.!.1/9!%1',(//3!69-!69-/1/!9(/!0'*6&1%+6-)!6'!

69-! -,-&4-*0-! '.! <'6-*61(2! /'2+61'*/! 6'! /+/6(1*! 0'&(2! &--./! (/! /'01(2K-0'2'410(2! /8/6-,/:!

$//-//1*4!69-!(%12168!'.!,(*(4-,-*6!(061'*/!6'!%-!%-*-.101(2!.'&!%'69!<-'<2-!(*)!-0'/8/6-,/!

.1&/6!&-\+1&-/!(*!(00+&(6-!(//-//,-*6!'.!9'7!9+,(*!<'<+2(61'*/!(..-06!0'&(2!&--./!(*)!69-1&!

&-/'+&0-/:!F9+/3!69-!1,<2-,-*6(61'*!'.!6&(5-2!61,-!(*)!4&(5168!&-<&-/-*6/!69-!.1&/6!-//-*61(2!

/6-<!(*)!9(/!%--*!(<<21-)!1*!69&--!)1..-&-*6!0(/-!/6+)8:!!

!

#"!"9"!V%0%B*8*0.+'86)'-%.'/0,+

G44*-.';*0*,,+/4+.&/6'-%)+&**4,+VQI,"!]..-0615-!/'2+61'*/!6'!69-!0&1/1/!.(01*4!0'&(2!&--./!)-<-*)!

1*! <(&6! '*! '+&! +*)-&/6(*)1*4! '.! 69-! 0'*6-G6! +*)-&!79109! )1..-&-*6! 68<-/! '.! 0'*/-&5(61'*!

%-*-.16/!0(*!%-!,(G1,1j-)!>N-5122-&/*0'*3);!W#V@M!L&-//-8*0'*3);!W#V@A:!C7%6.*&+F!+/-/!(!2(&4-K

/0(2-!(*(28/1/!'.!*-(&28!V3h##!6&'<10(2!&--./!(*)!&-5-(2/!9'7!69-!4&(5168!'.!9+,(*!1,<(06/!1*!

69-!/+&&'+*)1*4!/-(/0(<-3!)1,1*1/9-/!69-!-..-0615-*-//!'.!,(&1*-!&-/-&5-/!(6!/+/6(1*1*4!&--.!

.1/9!%1',(//!(*)!69-!<&-/-*0-!'.!6'<!<&-)(6'&/3!-5-*!79-&-!0',<21(*0-!7169!&-/-&5-!&+2-/!1/!

9149:! ?&1610(2283! .1/9! %1',(//! 1*! 9149K0',<21(*0-! ,(&1*-! &-/-&5-/! 2'0(6-)! 79-&-! 9+,(*!

1,<(06/!7-&-!1*6-*/15-!6-*)-)!6'!%-!2-//!69(*!(!\+(&6-&!69(6!'.!&-/-&5-/!79-&-!9+,(*!1,<(06/!

7-&-!2'7:!_1,12(&283!69-!<&'%(%12168!'.!-*0'+*6-&1*4!6'<!<&-)(6'&/!'*!&--./!7169!9149!9+,(*!

1,<(06/!7(/!02'/-!6'!j-&'3!-5-*!1*!9149K0',<21(*0-!,(&1*-!&-/-&5-/:!!

f'7-5-&3! 69-! /6+)8! (2/'! /9'7/! 69(6! 0'*/-&5(61'*! 4(1*/! >69-! &-2(615-! )1..-&-*0-! %-67--*!

'<-*28! .1/9-)! /16-/! (*)! &-/-&5-/A! (&-! 9149-/6! .'&! .1/9! %1',(//! 79-&-! 9+,(*! 1,<(06/! (&-!

,')-&(6-!>*-(&28!(!/+&<2+/!'.!"##!B4!'.!.1/9!<-&!9-06(&-!/'!g##!B4Y9(!1*!&-/-&5-/!(4(1*/6!@##!

B4Y9(! 1*! .1/9-)! (&-(A! (*)! .'&! 6'<! <&-)(6'&/!79-&-! 9+,(*! 1,<(06/! (&-! 2'7:! F9-/-! &-/+26/!

122+/6&(6-!0&1610(2!-0'2'410(2!6&()-K'../!1*!,--61*4!B-8!0'*/-&5(61'*!'%d-0615-/H!&-/-&5-/!<2(0-)!

79-&-!69-&-!(&-!,')-&(6-K6'K9149!9+,(*!1,<(06/!,(8!<&'51)-!/+%/6(*61(2!0'*/-&5(61'*!4(1*/!

.'&!.1/9!%1',(//3!8-6!69-8!(&-!+*21B-28!6'!/+<<'&6!(*)!/-0+&-!B-8!-0'/8/6-,!.+*061'*/!21B-!6'<!

<&-)(61'*3!79109!1/!'*28!<&-5(2-*6!1*!&-/-&5-/!7169!2'7!9+,(*!1,<(06/!1*!/+&&'+*)1*4!(&-(/:!

!

V%&@*.?+4',7+%03+4',7*&8%0W+.7*+*.*&0%)+.&'%0B)*"+J(<1)!)-4&()(61'*!'.!69-!7'&2)[/!0'&(2!&--./!

>f+49-/* 0'* 3);! W##XM! L(*)'2.1* 0'* 3);! W##XM! I-227'')* 0'* 3);! W##"M! f+49-/* 0'* 3);! W#VE(A!

d-'<(&)1j-/!69-1&!-0'2'410(2!.+*061'*1*4!(*)!+261,(6-28!1,<-&12/!69-!7-22%-1*4!'.!69-!,1221'*/!



! V"E!

'.!<-'<2-!7169!&--.K)-<-*)-*6!215-219'')/!>F-9!-6!(2:!W#VXA:!a*)-&/6(*)1*4!9'7!(00-//1%12168!

.&',! 9+,(*! /'01-61-/! (..-06/! *(6+&(2! &-/'+&0-/! 1/! (! 0&1610(2! /6-<! 6'7(&)! (! 2'*4K6-&,!

,(*(4-,-*6!'.!69-!-0'/8/6-,/!79-&-!(061'*/!(&-!*--)-)!6'!-*9(*0-!69-1&!-0'2'410(2!(*)!

-0'*',10! /+/6(1*(%12168:! C7%6.*&+ H! 914921496/! &-/+26/! .&',! (*! (&09-68<(2! /6+)8! 0(/-! 1*!

`'&697-/6!T()(4(/0(&!79-&-!D!,')-22-)!69-!&-/<-0615-!1*.2+-*0-!'.!2'0(2!0',,+*161-/!(*)!

2'0(2!,(&B-6!'*!69-!0'*)161'*/!'.!0'&(2!&--./3!415-*!,(*(4-,-*6:!!

D!/9'7!69(6!0',,+*161-/!.+&69-&!(7(8!.&',!,(&B-6/!9()!,'&-!9'+/-9'2)/!-*4(4-)!1*!.1/91*43!

9149-&!)-<-*)-*0-!'*!,(&1*-! &-/'+&0-/!(*)! 21,16-)!*+,%-&!'.! 215-219'')/:!F9-&-.'&-3!7-!

,(8!-G<-06!(!2'7-&!.1/9!%1',(//!1*!/+09!(&-(/!.(&!.&',!,(&B-6/!79-&-!.1/9-&1-/!)-<-*)-*08!

1/!9149:!_+&<&1/1*4283!69-!/6+)8!&-5-(2/!69(6!.1/9!%1',(//!1*0&-(/-/!(/!&--./!7-&-!.+&69-&!(7(8!

.&',!69-!,(&B-6:!F9+/3!,(&B-6!<&'G1,168!0'*/6&(1*/!.1/9!%1',(//!7169!(*!-5-*!4&-(6-&!-..-06!

69(*!.1/91*4!0',,+*161-/!-5-*!1*!,(*(4-)!&--./:!

F9+/3!(!%-66-&!(//-//,-*6!'.!(00-//1%12168!.&',!9+,(*!/'01-61-/!>,(&B-6!(*)!5122(4-A!(<<-(&/!

(/! (! 0&1610(2! /6-<! 6'7(&)! (! 2'*4K6-&,!,(*(4-,-*6! '.! 69-! 0'&(2! &--.! .1/9-&1-/:! D*! ())161'*3!

,(&B-6!(00-//! 1/!*'7!'*-!B-8! 1*)10(6'&! 1*!69-!42'%(2!,'*16'&1*4!.&(,-7'&B!+/-)!%8!/',-!

,(d'&! *'*K4'5-&*,-*6(2! '&4(*1j(61'*/! '<-&(61*4! 1*! T()(4(/0(&! 21B-! 69-! P12)21.-!

?'*/-&5(61'*!_'01-683!I2+-!C-*6+&-/!'&!?'*/-&5(61'*!D*6-&*(61'*(2:!!

!

#"!"!"!M'/3';*&,'.5+

P1691*! 69-! 0'*6-G6! '.! 42'%(2! 09(*4-/! (*)! %1')15-&/168! 2'//3! &-/6'&1*4! &--./! 6'! <(/6!

0'*.14+&(61'*/! 1/! *'! 2'*4-&! (*! '<61'*! 1*! 69-! $*69&'<'0-*-:! D*/6-()3! 7-! *--)! (! 02-(&-&!

+*)-&/6(*)1*4!'.!,+261<2-!)&15-&/!(*)!-0'/8/6-,!&-/<'*/-/!6'!%-66-&!(*6101<(6-!69-!<'6-*61(2!

.+6+&-/!'.!0'&(2!&--./!+*)-&!5(&1'+/!/0-*(&1'/:!]..-0615-!-0'/8/6-,!,(*(4-,-*6!&-21-/!'*!(!

%-66-&!+*)-&/6(*)1*4!'.!69-!0(+/(2!<(697(8/!%-67--*!-0'2'410(2!0',,+*161-/!(*)!69-!,8&1()!

'.!/-&510-/!69-8!/+/6(1*!>?(&)1*(2-*0'*3);!W#VWM!?9-+*4*0'*3);!W#VbM!J10B-66/*0'*3);!W#VbM!J(6021..-*

0'*3);!W#VEA:!N-6-&,1*1*4!79-69-&!,(*8!.+*061'*(228!0',<2-,-*6(&8!/<-01-/!'&!'*28!(!/+%/-6!

'.! B-8! /<-01-/! (&-! *-0-//(&8! 6'! ,(1*6(1*! -0'/8/6-,! .+*061'*1*4! (*)! /-&510-/! 1/! (! 0&1610(2!

\+-/61'*! 1*! 0',,+*168!-0'2'48!(*)!%1')15-&/168!0'*/-&5(61'*:! D)-*61.81*4!/+09!B-8!/<-01-/!

&-,(1*/!09(22-*41*43!-/<-01(228!1*!69-!6&'<10/!79-&-!,(*8!/<-01-/!0'K'00+&!(*)!0(*!<'6-*61(228!

/+<<'&6!69-!/(,-!'&!)1..-&-*6!<&'0-//-/:!D*!C7%6.*&+L!D!)-5-2'<!(!*-7!0',,+*168K71)-!/0(*!

>?P_A!(<<&'(093!(*(2'4'+/!6'!69-!4-*',-K71)-!/0(*3!6'!1)-*61.8!.1/9!/<-01-/!69(6!/14*1.10(*628!



!V"h!

0'*6&1%+6-3!%-8'*)!69-!/'01'K-*51&'*,-*6(2!(*)!/<-01-/!&109*-//!-..-06/3!6'!69-!%1',(//!(*)!

0'&(2!0'5-&!'*!D*)'KL(01.10!&--./:!!

F9-!/6+)8!&-5-(2/!69(6!'*28!(!21,16-)!/-6!'.!.1/9!/<-01-/!>@V!'+6!'.!o"##3!(<<&'G1,(6-28!VXrA3!

%-2'*41*4!6'!5(&1'+/!.+*061'*(2!4&'+</!(*)!-5'2+61'*(&8!21*-(4-/3!(&-!/6&'*428!(*)!<'/1615-28!

(//'01(6-)!7169!.1/9!%1',(//!(*)!215-!0'&(2!0'5-&:!T(*8!'.!69-/-!/<-01-/!9(5-!*'6!<&-51'+/28!

%--*! 1)-*61.1-)! (/! .+*061'*(228! 1,<'&6(*6! (*)! 69+/3! ,(8! %-! 1*5'25-)! 1*! +*B*'7*3! 8-6!

1,<'&6(*63!%1'2'410(2!,-09(*1/,/!69(6!9-2<!/+/6(1*!9-(2698!(*)!<&')+0615-!0'&(2!&--./:!F9-!

.1*)1*4!69(6!(!21,16-)!*+,%-&!'.!.+*061'*(228!(*)!-5'2+61'*(&8!)1..-&-*6!/<-01-/!(&-!<'/1615-28!

&-2(6-)! 6'! (! 9149! 2-5-2! '.! .1/9! %1',(//! (*)! 0'&(2! 0'5-&! /+<<'&6/! 69-! 1)-(! 69(6! /+/6(1*1*4!

-0'/8/6-,!/-&510-/!,(8!&-\+1&-!(!2(&4-!%&-()69!'.!<(&610+2(&!(66&1%+6-/!%-8'*)!69-!*+,%-&!

'.!/<-01-/!>_'215-&-/*0'*3);!W#VbM!=&'//*0'*3);!W#VEA:!F9-/-!&-/+26/!0(22!.'&!,'&-!/<-01-/K.'0+/-)!

,(*(4-,-*6! /6&(6-41-/! /+09! (/! 69-! %(**1*4! '.! .1/91*4! /<-01-/! 0'*/1)-&-)! (/! B-8! .'&! 69-!

-0'/8/6-,! >I'j-0* 0'* 3);! W#VbA:! $))161'*(2283! /+/6(1*1*4! ,+261K.+*061'*(2168! (2/'! &-\+1&-/! (!

%&'()-&!<'&6.'21'!(<<&'(09!79109!,(8!&-)+0-!2'0(2!-G61*061'*!&1/B!%8!/-0+&1*4!69-!%1')15-&/168!

2-5-2!+*)-&!+*0-&6(1*!.+6+&-/!>P-%/6-&*0'*3);!W#VEA:!?P_!9(/!69-!<'6-*61(2!6'!&-5-(2!/<-01-/!

69(6!(&-!B-8!6'!-0'/8/6-,!.+*061'*1*4!(*)!/-&510-/!(*)!6'!4+1)-!,(*(4-,-*6!/6&(6-41-/!(/!

7-22!(/!*-7!-G<-&1,-*6/!6'!)-01<9-&!+*)-&281*4!-0'2'410(2!<&'0-//-/:!!

!

#"!"1"!O6*0D,/<&-*+3%.%+

F'!.(01216(6-!(<<210(61'*/!&-2(6-)!6'!0'&(2!&--./!(00-//1%121683!<'6-*61(2!6&(5-2! 61,-!-/61,(6-/!

>?9(<6-&!XA!(*)!4&(5168!'.!9+,(*!1,<(06/!>?9(<6-&!"A3!42'%(2!/<(61(2!2(8-&/!(6!V#!B,K&-/'2+61'*!

(&-!.&--28!(5(12(%2-!>?1**-&!R!T(1&-!W#VhA:!

?P_!.&(,-7'&B!'..-&/!(!*-7!(*)!.2-G1%2-!7(8!6'!(*(28/-!69-!'*4'1*4!,(//15-!-,<1&10(2!)(6(!

&-2(61*4!%1')15-&/168!6'!-0'/8/6-,!.+*061'*1*4!(*)!/-&510-/3!69+/!0')-/!(*)!)(6(!/+<<'&61*4!

69-!(*(28/1/!(&-!.&--28!(5(12(%2-!1*!(!<+%210!&-<'/16'&8!>T(1&-*0'*3);!W#Vh%A:!

!

#"1"!['8'.,+

2*4'0'0B+.&%;*)+.'8*+'0+%--/&3%0-*+A'.7+)/-%)+'04&%,.&<-.<&*,+%03+.*-70/)/B5+

D*!69-!.1&/6!(//-//,-*6!'.!6&(5-2!61,-!>C7%6.*&+1A3!/<--)!5(2+-/!&-\+1&-)!6'!0&'//!69-!)1..-&-*6!

68<-/!'.! 2(*)!0'5-&!7-&-!()(<6-)! .&',!(!42'%(2!(//-//,-*6!'.!6&(5-2! 61,-!%-67--*!,(d'&!

0161-/!>`-2/'*3!W##hA:!F9-/-!(//+,-!69(6!&'()!(*)!,(&161,-!6&(5-2/!(&-!,()-!%8!,'6'&1j-)!



! V"g!

5-9102-/!7912-! '..! &'()! 6&(5-2! 1/! .''6! %(/-):! F91/! (2/'! /+<<'/-/! (! /1*42-! 5(2+-! '&! (! /1*42-!

,'6'&1j-)!5-9102-!.'&!(22!69-!0'+*6&1-/!7912-!,(*8!&--./!(&-!2'0(6-)!1*!)-5-2'<1*4!0'+*6&1-/!

79-&-!7'')-*!0(*'-/!(&-!0',,'*28!+/-)!(*)!,'6'&1j-)!5-9102-/!(&-!*'6!/'!0',,'*:!;+6+&-!

(<<210(61'*/!/9'+2)!0'*/1)-&!5(&1(%2-!6&(5-2!/<--)/!(00'&)1*4!6'!<-&!0(<16(!=&'//!N',-/610!

L&')+06!'&!-,<1&10(2!5(2+-/!1*!'&)-&!6'!&-.2-06!)1..-&-*6!2-5-2/!'.!1*.&(/6&+06+&-!(*)!6-09*'2'48!

1*!)-5-2'<-)!5-&/+/!)-5-2'<1*4!0'+*6&1-/:!!

!

G,-%6'0B+.7*+,6%.'%)+&*,/)<.'/0+-/0,.&%'0.+./+%,,*,,+.&%;*)+.'8*+

F9-!2-(/6K0'/6!)1/6(*0-!(24'&169,!+/-)!6'!(//-//!6&(5-2!61,-3!&-\+1&-/!(!.&1061'*K/+&.(0-!4&1)!

79-&-!-(09!0-22!0'*6(1*/!(!+*1\+-!0'/6!5(2+-!(00'&)1*4!6'!2(*)!0'5-&:!$/!&-4+2(&!/<(61(2!4&1)/3!

69-! .&1061'*K/+&.(0-! +/-/! (! /<-01.1-)! &-/'2+61'*! >(! VB,K&-/'2+61'*!7(/! +/-)! .'&! 69-! 42'%(2!

(//-//,-*6!'.!6&(5-2!61,-!1*!C7%6.*&+1A!79109!)-6-&,1*-/!69-!/1j-!'.!-5-&8!0-22:!?'*/-\+-*6283!

2(*)/0(<-! 9-6-&'4-*-168!7'+2)! %-! /,''69-)! (*)! &'()! *-67'&B/!7'+2)! 9(5-! (!,1*1,+,!

71)69! 0'*/6&(1*-)! %8! 69-! &-/'2+61'*! '.! 69-! 4&1):! $!,'&-! &-2-5(*6! (26-&*(615-!7'+2)! %-! 6'!

1,<2-,-*6!(!*-67'&BK%(/-)! /<(61(2! (*(28/1/!79109! 1/!(! /<(61(2! 6''2! 0',,'*28!+/-)! 1*!=L_!

)-510-/! 6'! )-.1*-! 69-! .(/6-/6! <(69! %-67--*! 67'! 2'0(61'*/:! $)(<61*4! /+09! 6''2/! 1/! 5-&8!

<&',1/1*4! (/! 16!,(8! <&'51)-!,'&-! &-(21/610! 6&(5-2! 61,-! -/61,(6-/!7912-!,')+2(61*4! /<--)!
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Fish family Common name Fishery target Top predator 

Acanthuridae Surgeonfishes All X 

Balistidae Triggerfishes 
Non-Target<20cm 

Target >20cm 
X 

Carangidae Jacks/Trevallies <50cm > 50cm 

Carcharhinidae Sharks X All 

Diodontidae Porcupinefish Non-Target X 

Ephippidae Spadefishes All X 

Ginglymostomatidae Sharks X All 

Haemulidae Grunts/Sweetlips All X 

Heterodontidae Sharks X All 

Kyphosidae 
Sea 

Chubs/Drummers 
All X 

Labridae 
Wrasses and 

Parrotfish 

Non-Target<20cm 

Target >20cm 
X 

Lethrinidae Emperors All X 

Lutjanidae Snappers All Selected species > 50cm 

Monacanthidae Filefish Non-Target X 

Mullidae Goatfishes All X 

Nemipteridae Coral Breams All X 

Pinguipedidae Sand perch Non-Target X 

Pomacanthidae Angelfishes 
Non-Target<20cm 

Target >20cm 
X 

Serranidae Groupers All Selected species > 50cm 

Siganidae Rabbitfishes All X 

Sparidae Porgies All X 

Sphyraenidae Barracuda X Selected species > 50cm 

Sphyrnidae Sharks X All 

Synodontidae Lizardfish Non-Target X 

Tetraodontidae Pufferfish Non-Target X 

Zanclidae Moorish Idol Non-Target X 
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\./6b+%03+)';*+-/&%)+-/;*&+\(/../8b"+P-!-G6&(06-)!69-!<+&-!-..-06/!'.!(22!69-!B-8!/<-01-/!(*)!

)-6-&,1*-)!79109!7-&-!&-2(6-)!6'!69-!9149-/6!2-5-2/!'.!%1',(//!(*)!0'&(2!0'5-&!&-/<-0615-283!

+/1*4!(!<(&61(2!<2'6!.&',!-(09!OTT!7912-!69-!'69-&!5(&1(%2-/!(&-!9-2)!0'*/6(*6:!
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!"#$%&'()!"#*(+(,,-$%.% /"#.-*&01)-) 2"#3-0(4%.-3

!"#+(4.-) 5"#$&-41).&0,1, 6"#7-..%.())(3-) 6"#3&8&0(
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:%()*+P9+c+ [',.+/4+ -/&%)+ &**4+ 4',7+ 4%8')'*,+ '0-)<3*3+ '0+ .7*+ ,.<35+%03+ .7*'&+ -/88/0+0%8*"+

;(,121-/! 1*02+)-)! (&-H! $0(*69+&1)(-3! I(21/61)(-3! ?(-/1'*1)(-3! ?(&(*41)(-3! ?9(-6')'*61)(-3!

?1&&9161)(-3! N1')'*61)(-3! ]<91<<1)(-3! f(-,+21)(-3! f'2'0-*6&1)(-3! n8<9'/1)(-3! O(%&1)(-3!

O-69&1*1)(-3! O+6d(*1)(-3! T'*(0(*691)(-3! T+221)(-3! `-,1<6-&1)(-3! L-,<9-&1)(-3!

L1*4+1<-)1)(-3! L',(0(*691)(-3! L&1(0(*691)(-3! L/-+)'09&',1)(-3! _0',%&1)(-3! _-&&(*1)(-3!

_14(*1)(-3!_<(&1)(-3!_<98&(-*1)(-3!_8*')'*61)(-3!F-6&(')'*61)(-3!�(*021)(-:!!
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!

Fish family
Common family 

name
Fish family

Common family 

name

Acanthuridae Surgeonfishes Mullidae Goatfishes

Balistidae Triggerfishes Nemipteridae Coral Breams

Caesionidae Fusiliers Pempheridae Sweepers

Carangidae Jacks/Trevallies Pinguipedidae Sandperches

Chaetodontidae Butterflyfishes Pomacanthidae Angelfishes

Cirrhitidae Hawkfishes Priacanthidae Bigeyes

Diodontidae Porcupinefishes Pseudochromidae Dottybacks

Ephippidae Batfishes Scombridae
Mackerels and 

Tunas

Haemulidae Sweetlips Serranidae Groupers

Holocentridae
Squirrelfishes, 

Soldierfishes
Siganidae Rabbitfishes

Kyphosidae Drummers Sparidae Porgies

Labridae
Wrasses and 

Parrotfishes
Sphyraenidae Barracuda

Lethrinidae Emperors Synodontidae Lizardfishes

Lutjanidae Snappers Tetradontidae Puffers

Monacanthidae Filefishes Zanclidae Moorish Idol
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>1:-:!(22!69-!<'//1%2-!0',%1*(61'*!'.!5(&1(%2-/A!1*!79109!69-!5(&1(%2-!1/!<&-/-*6:!
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,#"-) +

.$#/*%$'"(012$-%3%-4 +

5/6%-/- 789:

;0"2</-%0*'&%=#' +

>/*/?#@#*- +

A02(%&@ +

5,B 78CD

E##F'F%&)'</*1%*?& 78C+

G(/3%-4'0F'@/(H#-& 78II

J0%$#'/$$02*-/6%<%-4 78ID

K0$/<'"0"2</-%0*'?(0L-) 78M9

G(/3%-4'0F')2@/*'&#--<#@#*- 78DN

!/@"<%*?'/(#/ +

O#*&2&'@#-)01 +

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

/&0$&1(0&"&'$0,#*%$*-+(.
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46D 78EF

G(-2%13'.H'?-(I#1& 78FC

J##H'H%&)'<-*/%*A& 78FF

K-*-A#?#*1 78F+

L.%$#'-$$.0*1-5%<%13 78ME

G(-2%13'.H')0?-*'&#11<#?#*1 78NE

O#*&0&'?#1)./ +

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

0&-1&'")2&%3

4.'&)-.+".%$#('$)&$*#"2

5-/&-6"/-.-+&/('$)&$*#"2

7"%8-1
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>-*51&'*,-*63!/'01'K-0'*',10/!(*)!/<-01-/!&109*-//A!<&'51)-/!&-.-&-*0-!$B(1B-!D*.'&,(61'*!

?&16-&1'*!>$D?!T#A:!L&-/-*0-!'.!-(09!/<-01-/!9(/!%--*!())-)!6'!T#!(/!%1*(&8!5(&1(%2-!+/1*4!

'00+&&-*0-!>1:-:!<&-/-*0-!'.!(6!2-(/6!V!1*)151)+(2A:!;'&!-(09!/<-01-/3!*+,%-&!'.!'00+&&-*0-/3!

0'-..101-*6!1*!69-!,')-2!>?'-..:A!(*)!$D?!'.!69-!,')-2!(00'+*61*4!.'&!69-!/<-01-/!>$D?!TVA!(&-!
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!"#$%#&'("'# )*%+,%+((- .+',,- /0.%12 3/0. /0.%14

!"#"$%&'($)*'+', 56 4-75 2288-8 9:-8 2772-7

-./0"$.,&*)1"# ::6 4-26 22;2-: :5-6 2772-7

2+34/#)5)6.,&+"37', 275 4-7< 2269-; <9-9 2772-7

85#')$&7'#3,43$, 285 4-26 2265-; <2-9 2772-7

9"4)+)#&$'(3# 29; 4-7 2265-5 <2-< 2772-7

!1+)#.#.,&6'4#)#1'$), <2: 4-29 2254 <2-7 2772-7

:'55),4"#.,&+)$('435, 28< 4-25 225< 76-7 2772-7

;",)&/.*3#),., 92 4-< 2259-5 79-< 2772-7

-3/1#'$.,&"/<'$,)$' ;: 4-76 2256-< 77-5 2772-7

=)+*)63/)5)$&6.#'4"/.6 <6 4-<7 2255-5 72-< 2772-7

!13'+'$.,&.$>.+"/., 2<: 4-2; 2744 72-7 2772-7

?+"("/',&*'5'$$.+"/" <7 4-< 2742-9 25-; 2772-7

;",)&13%"4"$/1., 22< 4-28 274<-2 26-2 2772-7

!"#"$%&63+"65@(., 768 4-22 274;-2 2:-2 2772-7

A4"#.,&"+/'5'$$', 262 4-2< 2746-9 27-; 2772-7

;",)&4"3,'., <2 4-7; 2745-7 27 2772-7

2"#.53$3.,&4#",,'+"*#', 99 4-7 2727-< 6-5 2772-7

;",)&.$'4)#$', <64 4-45 2727-< 6-5 2772-7

-3/1#'$.,&)+'7"43., ;5 4-28 2727-6 6-: 2772-7

9"4)+)#&6"4.+"#', 24; 4-28 272:-; 8-9 2772-7

-./0"$.,&('**., 252 4-27 2729 8-7 2772-7

B@6$),"#>"&.$'4)+)# 7< 4-7: 2729-2 8-2 2772-7

84"$/1.#.,&"+*'534/)#"+', 78 4-7< 2729-; 9-9 2772-7

84"$/1.#.,&+'$3"/., 767 4-45 2729-6 9-: 2772-7

A4"#.,&#.*#)7')+"43., <8; 4-46 2728-8 :-8 2772-7

84"$/1.#.,&>.,,.6'3#' 286 4-2 272; :-7 2772-7
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>-*51&'*,-*63!/'01'K-0'*',10/!(*)!/<-01-/!&109*-//A!<&'51)-/!&-.-&-*0-!$B(1B-!D*.'&,(61'*!

?&16-&1'*!>$D?!T#A:!L&-/-*0-!'.!-(09!/<-01-/!9(/!%--*!())-)!6'!T#!(/!%1*(&8!5(&1(%2-!+/1*4!

'00+&&-*0-!>1:-:!<&-/-*0-!'.!(6!2-(/6!V!1*)151)+(2A:!;'&!-(09!/<-01-/3!*+,%-&!'.!'00+&&-*0-/3!

0'-..101-*6!1*!69-!,')-2!>?'-..:A!(*)!$D?!'.!69-!,')-2!(00'+*61*4!.'&!69-!/<-01-/!>$D?!TVA!(&-!

&-<'&6-):!?',<(&1/'*/!7169!&-.-&-*0-!$D?!>$D?!T#A!(&-!(2/'!<&'51)-)!>∆$D?A:!
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!"#$%#&'("'# )*%+,%+((- .+',,- /0.%12 3/0. /0.%14

!"#$%&'&()%*+,#-.+#/+- 256 4-66 7248-8 88-9 %794-6

0$1+231(4-),#-.+#%4- 288 4-2: 7;6-2 92-< %794-6

5&'+#(4-)/&6&7&(4- 5= 4-6: 78<-2 6;-< %794-6

8$9*#-&1#)-.&:#- 242 4-28 788-2 6=-< %794-6

!"#$%&'&()24%%#%+--+14- 94 4-5= 784-= 64-5 %794-6

;.#*4-),*$(#%4- 2=; 4-2= 7=<-2 2;-< %794-6

!"#$%&'&()9#*&($--# 8= 4-66 7=;-5 2;-2 %794-6

</$.%&*"+(."4-):+.4- 24 4-55 7==-2 29-< %794-6

=63."$+/+(4-)4(+,#-.+#%4- 29: 4-2 7=9-2 25-< %794-6

!"#$%&'&()1$3$*+ 94 4-6< 7=9 25-; %794-6

!"/&*4*4-)-%*&(23/&.$:"#/4- 56 4-68 7=5-< 25-: %794-6

>4%?#(4-)2+994- == 4-28 7=5-8 25-9 %794-6

!"#$%&'&()4(+1#.4/#%4- 9; 4-28 7=6-; 26-8 %794-6

!"#$%&'&():$/$@$(-+- :4 4-28 7=6-: 26-= %794-6

A.#(%"4*4-)/$4.&-%$*(&( 99 4-55 7=6-8 26-9 %794-6

!%$(&."#$%4-)%*4(.#%4- 58 4-6: 7=4-8 24-9 %794-6

!"#$%&'&()*$%+.4/#%4- ;8 4-2; 7=4-= 24-5 %794-6

A.#(%"4*4-)#/9+:$.%&*#/+- 69 4-6 79<-< <-: %794-6

>#9*+."%"3-)4(+/+($#%4- =< 4-28 79<-9 <-6 %794-6

>4%?#(4-)9&"#* 2<< 4-22 79;-< ;-: %794-6

5&'+#(4-)#6+//#*+- 22; 4-2 79:-< :-: %794-6

A.#(%"4*4-)%"&1:-&(+ ;; 4-22 79:-5 :-2 %794-6

;.#*4-)."#1$/$&( :9 4-22 79: 8-; %794-6

<#*#.+**"+%$-)(+-4- 69 4-66 798-= 8-5 %794-6

;.#*4-)%*+.&/&* 52 4-6 798-6 8 %794-6

!$:"#/&:"&/+-)4*&'$%# 29= 4-25 79=-6 = %794-6

;.#*4-)2/&9+.$:- :8 4-26 799-: 9-= %794-6

!#(%"$*"+($-)'41$*+/++ =6 4-22 799-: 9-= %794-6
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!"#$%&'( )*+,#"$-.*-+ "*/-#012++ 3&4*1*5( 6.5*7*5( ".,&&1*89 :&+*5*&8 ;*-5 )<8.5=#!85*5(#>;

!" !"#$%&'(')*+'))',-.(- #$%&$'( ")* +,- .(,//0 !)11)( 2+ 3

!" !"#$%&'(')*/-$.#%') #$%&$'( .45 +,- .)/ !)11)( 2+ #6

!" !0(-1$*2-(.)".$) 6$%#6&'( 7")* !)18 .(,//0 9): ;< &&

!" 31/41,.%101$*,'(-"#%', 6$%#6&'( 7")* +,- "450 !)11)( =. &6

!" 5#(#$6*-7$14-/-) 6$%#6&'( 7")* !)18 .)/ 2>?8 ;< &@

!" 5#(#$6*,./#,087') &$%6$'( 7")* !)18 .(,//0 2>?8 ;< A6

!" 5&.-/-$')*'$+'/#%') 6$%#6&'( ")* +,- .)/ !)11)( =" &#

!" 5&/1('(')*,-"(1(&-$1) &$%6$'( ")* +,- .(,//0 !)11)( B" A&

!" 9/#7#%-)*4-0-$$'/#%# 6$%#6&'( 7")* !)18 "450 2>?8 ;< &A

!" :8,$1)#(+#*'$-"1/1( 6$%#6&'( 7")* !)18 .)/ 2>?8 ;< &@

!" ;-001)"#(')*/1$7-".0) #$%&$'( ")* +,- "450 !)11)( B" &

!" <.%&(-$')*#%=-$)1$- #$%&$'( 7")* C>?81 "450 !)11)( =" A$

!" <.%&(-$')*1/-2#".') &$%6$'( 7")* !)18 .)/ !)11)( ;< A3

!" >#"1/1(*,#"'/#(-) #$%&$'( ")* !)18 "450 2>?8 DE #

!" >#"1/1(*$-7.( &$%6$'( ")* !)18 "450 2>?8 DE AA

!" ?#)1*"#.)-') &$%6$'( 7")* +,- "450 2>?8 DE AF

!" ?#)1*&.6#"#$%&') &$%6$'( 7")* +,- 9,G?40 2>?8 DE AH

!" ?#)1*%'4.(1)') &$%6$'( 7")* +,- "450 2>?8 2" AI

!" ?#)1*'$-"1($-) #$%&$'( ")* +,- .(,//0 !)11)( 2" H

!" @#('0.$.')*"(#))-/#4(-) #$%&$'( ")* +,- .(,//0 !)11)( =" I

!" @/."%(101,')*/#.2-) 6$%#6&'( ")* +,- .)/ !)11)( ;< &$

!" A"#(')*#/%-0-$$-) #$%&$'( ")* +,- 9,G?40 !)11)( B" A

!" A"#(')*('4(12-1/#".') &$%6$'( ")* +,- .(,//0 !)11)( B" A&

<< !"#$%&'(')*/.'"1)%.($1$ #$%&$'( 7")* +,- 9,G?40 !)11)( 2+ #I

<< !"#$%&'(')*%&1,0)1$- #$%&$'( 7")* +,- "450 9): DE #F

<< 31+-#$')*#6-//#(-) #$%&$'( ")* +,- .)/ !)11)( =" F

<< 31+-#$')*/161B1$') #$%&$'( ")* +,- .)/ !)11)( =" F

<< 5#$%&.(&-$.)*+',.(-/-- #$%&$'( ")* +,- D,>G !)11)( =. @

<< 5.0&#/10&1/-)*'(1+.%# #$%&$'( .45 !)18 .)/ !)11)( ;< ##

<< 5&#.%1+1$*4#(1$.))# #$%&$'( .45 +,- D,>G !)11)( =. #A

<< 5&#.%1+1$*7'%%#%-))-,') #$%&$'( .45 +,- D,>G !)11)( =. #A

<< 5&#.%1+1$*,.8.(- #$%&$'( .45 +,- D,>G !)11)( =. #A

<< 5&#.%1+1$*0./.C.$)-) #$%&$'( .45 +,- D,>G !)11)( =. #A

<< 5&#.%1+1$*(.%-"'/#%') #$%&$'( .45 +,- D,>G 9): =. #&

<< 5&#.%1+1$*%(-D#)"-#/-) #$%&$'( .45 +,- D,>G !)11)( =. #A

<< 5&#.%1+1$*'$-,#"'/#%') #$%&$'( .45 +,- D,>G !)11)( =. #A

<< 5&/1('(')*)%(1$78/1".0&#/') &$%6$'( ")* +,- .(,//0 !)11)( B" A&

<< 5%.$1"&#.%')*%('$"#%') #$%&$'( .45 +,- .(,//0 !)11)( B" #@

<< ;.,-78,$')*D#)"-#%') #$%&$'( ")* +,- .)/ !)11)( =" F

<< <#4(-"&%&8)*'$-/-$.#%') #$%&$'( .45 +,- .)/ !)11)( =. #H

<< E68"&.-/-$')*'$-D#)"-#%') #$%&$'( ")* +,- .(,//0 !)11)( ;< 6

<< @#(#"-((&-%.)*$-)') #$%&$'( .45 +,- .)/ !)11)( =" #3

<< @/."%1(&-$"&')*0-"') 6$%#6&'( ")* +,- .)/ !)11)( =" &#

<< A"#(')*"&#,./.1$ #$%&$'( ")* +,- .)/ !)11)( B" #$

<< A"#(')*D(.$#%') #$%&$'( ")* +,- .)/ !)11)( B" #$

<< A"#(')*7/14-".0) #$%&$'( ")* +,- .)/ !)11)( B" #$

<< A"#(')*%(-"1/1( #$%&$'( ")* +,- .)/ !)11)( B" #$
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!"#"$%&'($)*'+', 67 /6 //89-/

-./0"$.,&('**., /6/ /6 //99-8

1"2)+)#&$'(3# /89 /6 //99-7

4",)&53%"2"$/5., //: /6 //7:-7

-3/5#'$.,&"/6'$,)$' 9; /6 //77-<

7)+*)83/)9)$&8.#'2"/.8 :7 <= //77-;

:'99),2"#.,&+)$('239, />: /6 //6/->

;2"#.,&"+/'9'$$', /7/ /6 //6<-7

!5+)#.#.,&8'2#)#5'$), :/; <= //6;

-./0"$.,&6",8'#" <=< /6 //6>

-./0"$.,&*)5"# ;;7 /6 //69-:

<+32/#)9)8.,&+"3=', /<6 /6 /<=<-<

4",)&/.*3#),., 8/ <= /<=<-9

>2"$/5.#.,&*+)25'' <<8 /6 /<=<-6

;'("$.,&9.$2/"/., 8= /6 /<=:->

4",)&.$'2)#$', :7= /6 /<=:-9

4",)&2"3,'., :/ /6 /<=;-/

!/3$)25"3/.,&,/#'"/., 68; /6 /<=8-/

!"#"$%&83+"89?(., <7> /6 /<=8-:

!5+)#.#.,&*+3363#' </= /6 /<=>-/

1"2)+)#&8"2.+"#', /=9 /6 /<=>-8

!"3,')&2.$'$( //= /6 /<=>-9

!5+)#.#.,&@#)$/"+', 98 /6 /<=>-6

1)$)/"%',&(#"$A)2.+', ;77 /6 /<=>-6

;2"#.,&(5)**"$ </= /6 /<=7-9

</3#)2"3,')&/'+3 /7/ /6 /<=7-6

>2"$/5.#.,&+'$3"/., <7< /6 /<=7-6

<+32/)#5'$25.,&)#'3$/"+', :: /6 /<=6-;

B+"("/',&*'9'$$.+"/" :< /6 /<=6-6

4",)&=+"8'$('' 8/ /6 /<//

;2)+)9,',&(5"$"8 :8 /6 /<//-<

-./0"$.,&@.+='@+"88" /=9 <= /</<-<

>2"$/5.#.,&%"$/5)9/3#., 89 <= /</<-<

!53'+'$.,&.$A.+"/., /:; /6 /</<-;

4",)&*#3='#),/#', /88 /6 /</:->

4",)&+'/.#"/., ><; /6 /</:->
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-3/5#'$.,&)+'="23., 96 <: /</:-6

!"3,')&/3#3, 6; /6 /</;
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!3/),2"#.,&)23++"/., 8/ /6 /</8-9
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!"3,')&2"3#.+".#3" 88 /6 /</8-6
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9",)&/.*3#),., </ 98 /;=8-8

:"4)+)#&$'(3# /<> /== /;=6-7

;5#')$&7'#3,43$, /86 /</ /;/=-6

<'55),4"#.,&+)$('435, /8: /=> /;//-<

9",)&13%"4"$/1., //: 78 /;/;-8
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!"#$%#&'("'# )*%+,%+((- )*%+,%+((-%./01 234%56

!"#$%&"'()*+%, 778 9: 666;-8

-+.*,","'(/01,*,+0&*' <67 9: 66/7-6

-%,%&2(03&*)0.0' 98 9: 66/;-:

4%1*.*,(&035, 6/= 9: 66;7-6

6077*'1%,"'(.*&30157' 6;< 9: 66;=-<

4*&*#%20'(3,%&8*1".0' 788 9: 66=6-:

9%'*("&01*,&0' <8> 9: 668<-8

:1%&#+","'(.0&5%#"' :8: 9: 668;-7

;.51#,*7*/"'(.%5<0' 6:9 9: 668;-9

-%,%&2(/5.%/7=3"' :8; 9: 6696-8

-#5&*1+%5#"'('#,0%#"' 9/7 9: 669<-9

>1%,"'(%.#070&&0' 686 9= 6697-=

!"#$%&"'(30))"' 696 9: 6698-:

9%'*(+52%1%&#+"' 66< 9: 6:>>-6

:7,0*&(<0,5'15&' 6;9 9: 6:>6-6

>1%,"'(,"),*<0*.%15"' <;= 9/ 6:>7-9

-+50.0&"'("&8".%#"' 6<7 9: 6:>/-8

;#5,*1%5'0*(#0.5 686 9: 6:>;-8

!"#$%&"'(?%'/0,% :>: 9: 6:>=-8

:1%&#+","'().*1+00 ::/ 9: 6:>8-/

-5#*'1%,"'()01*.*, 677 9: 6:6>-=

4%1*.*,(/%1".%,0' 6>= 9; 6:6>-9

>1%,"'(@,5&%#"' <9: 9: 6:66-6

A%&1."'(1*,&"#"' /<: 9: 6:6:-:

-+.*,","'('*,808"' 6>79 9: 6:6:-:
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9%'*(.0#",%#"' ;:7 9: 6:6<-8

A5),%'*/%(<5.0@5,"/ :9/ 9< 6:6<-9

B=7+*'"'('7C 67/ 9/ 6:6/-:

-57+%.*7+*.0'(%,3"' /=> 9: 6:6/-<

:1%&#+","'(8"''"/05,0 6;8 9: 6:6/-<

D%,0*.%(.*"#0 6<9 9: 6:6;-:

;*/%1%&#+"'(0/75,%#*, 6<= 9/ 6:6;-/

>1%,"'(&035, 77= 9: 6:6;-9

9%'*(),5<0,*'#,0' 6// 97 6:6=-6
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!5#+,0&"'(%#?0&'*&0E =7 )2 )2

F*.)*/5#*7*&(/",01%#"/E <8 )2 )2
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3)3E32F%5GHIF%.5>1J%234%K%6::6-:

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

!"#$%#&'("'# )*%+,%+((- )*%+,%+((-%./01 234%56

!"#"$%&'($)*'+', 78 86 6697-:

-./0"$.,&*)1"# ;;8 :<8 6689-:

2"3)+)#&$'(4# 6/= ;8 6:>=-6
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-./0"$.,&('**., 676 =: 6:6/-/

!1"4/)=)$&>+":'#),/#',6 /8 < 6:69-;

?+"("/',&*'8'$$.+"/"6 <: 68 6:69-7
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!"#$%&'(')*#+,-./"%0(#+-) 67 /8 %98:-: 1.-$/.&/+')*2')"03'%%#%') // : %988-7

4'%5#$')*,0&#( /:: /;6 %98;-/ 6#)0*&/7#"#$%&') 87 < %98=-/

809-#$')*+070:0$') =8 ; %98=-; 4'%5#$')*;0$0)%-3;# =8 < %98>-=

<+/"%0(&-$"&')*.-"') /> : %98>-; 4'%5#$')*,0&#( /:: < %97:-:

="#(')*2(/$#%') /8< /=6 %97;-8 !"#$%&'(')*#+,-./"%0(#+-) 67 < %97;-7

>&+0('(')*)%(0$3?+0"/.&#+') =6 => %97?-: >&#/%090$*(/%-"'+#%') <? < %97;-/

@#"0+0(*$-3/( ?; 8> %97?-? <#(#"-((&-%/)*$-)') 67 // %97?-=

=-3#$')*#(3/$%/') 6> // %977-6 <+/"%0(&-$"&')*.-"') /> < 97?

4#,(0-9/)*,-"0+0( 6? /7 %978-:

A&#+#))0;#*+'%/)"/$) 6/7 < %977-<

B/;-%#'(-"&%&?)*.0+?+/.-) 66 < %977-=

>&+0('(')*)%(0$3?+0"/.&#+') =6 < %9=8-?

809-#$')*+070:0$') =8 ? %9=?-;

="#(')*2(/$#%') /8< < %9=;-=

@#"0+0(*$-3/( ?; < %9=;-:

=-3#$')*#(3/$%/') 6> < %9=<-/

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

&)*+%,'-../)&*0
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!"#$%&'(')*#+,-./"%0(#+-)1 78 9 %:97-; 2&#/%030$*%(-4#)"-#+-) 6<7 87 :;6

5'%6#$')*,0&#( 6== 6<6 %://-= !"#$%&'(')*+/'"0)%/($0$ 88 <> %:9<-;

7-8#$')*#(8/$%/')1 7? 8 %:/7-6 2&#/%030$*8'%%#%-))-9') 8? 8? %:9?-/

7"#(')*4(/$#%') 6/> 9? %:/?-; :/,(#)09#*)"0.#) 6?6 <= %:9?-8

;#"0+0(*$-8/( 9; 7> %:8=-7 2&#/%030$*,#(0$/))# 9/ 88 %:/>-9

</9-8=9$')*4#)"-#%') 699 <> %:/>-7

2&#/%030$*'$-9#"'+#%') 8> <> %:/9-9

2&#/%030$*9/=/(- 8? 8? :/8

2&#/%030$*(/%-"'+#%') >9 <> %:/7->

7"#(')*4(/$#%') 6/> <> %:/7-8

>&#+#))09#*+'%/)"/$) 768 <> :/6

;#"0+0(*$-8/( 9; <> %:/?-<

>&#+#))09#*&#(3?-"@/ 67< <= %:8>-;

5'%6#$')*,0&#( 6== <> %:8;-6

2&#/%030$*./+/?/$)-) ;? 9< %:89-?

A#)0*,(/B-(0)%(-) 66? <= %:8/->

5'%6#$')*8-,,') // <> %:88-;

7#(80"/$%(0$*"#'3-9#"'+#%'9 <= <> %:88-<

!"#$%&'(')*#+,-./"%0(#+-)1 78 )2 )2

7-8#$')*#(8/$%/')1 7? )2 )2
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1*)1&-06-/!M!!""#!-/61,-&!2-!6-,</!)-!6&(d-6!�!2[p09-22-!42'%(2-!&-<'/-!/+&!+*-!98<'69�/-!.'&6-!
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)-*/16p! )-! <'<+2(61'*! 6(*)1/! \+-! )^(+6&-/! 61-**-*6! 0',<6-! )-! 2[(00-//1%1216p:! F&�/! <-+!
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/'01'p0'*',1\+-!2'0(2!'+!*(61'*(2!>?1**-&*0'*3);!W#VbA:!`p(*,'1*/3!12!&-/6-!�!)p6-&,1*-&!/1!2(!
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PERSPECT IVE How accessible are coral reefs to people? A global assessment

based on travel time
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Abstract

The depletion of natural resources has become a major issue in many parts of the world, with the

most accessible resources being most at risk. In the terrestrial realm, resource depletion has classi-

cally been related to accessibility through road networks. In contrast, in the marine realm, the

impact on living resources is often framed into the Malthusian theory of human density around

ecosystems. Here, we develop a new framework to estimate the accessibility of global coral reefs

using potential travel time from the nearest human settlement or market. We show that 58% of

coral reefs are located < 30 min from the nearest human settlement. We use a case study from

New Caledonia to demonstrate that travel time from the market is a strong predictor of fish bio-

mass on coral reefs. We also highlight a relative deficit of protection on coral reef areas near peo-

ple, with disproportional protection on reefs far from people. This suggests that conservation

efforts are targeting low-conflict reefs or places that may already be receiving de facto protection

due to their isolation. Our global assessment of accessibility in the marine realm is a critical step

to better understand the interplay between humans and resources.

Keywords
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INTRODUCTION

Natural resources, such as forests and fisheries, are becoming

severely depleted; especially those that are more accessible to

people (Mora et al. 2011; Cinner et al. 2013; Barber et al.

2014). For example numerous studies have linked increased

accessibility through road building to deforestation (Laurance

et al. 2009) and biodiversity erosion (Ahmed et al. 2014).

Accessibility is also shown to be a main driver of ecosystem

recovery. Distance to primary roads enhances recovery of sec-

ondary forests after abandonment of agriculture in Puerto

Rico (Crk et al. 2009). In terrestrial systems, there is thus con-

siderable attention on accessibility management, mainly via

road networks at both local (Dobson et al. 2010) and global

scales (Laurance et al. 2014).

In contrast, considerably less research has focused on acces-

sibility in marine ecosystems, though it has been shown to

strongly determine their conditions (e.g. fish biomass and bio-

diversity) and functioning (Morato et al. 2006; Cinner et al.

2013). For example in Nicaragua, the development of a road

into a remote fishing area altered both price and price vari-

ability of fish, which led to more intensive overexploitation

(Schmitt & Kramer 2009). Likewise, several studies have

shown proximity to market to be the strongest predictor of

overfishing on coral reefs (Cinner & McClanahan 2006;

Cinner et al. 2012, 2013).

Measuring the extent to which global marine resources are

accessible to humans has been generally limited to examining

the linear distance between fishing grounds and markets or

ports (e.g. Watson et al. 2015). However, for most coastal

ecosystems and artisanal fisheries, this linear distance does not

capture ragged coastlines, road networks and other features

that can affect the time it takes to travel to a fishing ground.

The availability of new analytical tools and high-resolution

geo-referenced landscape data now allows for global travel

time analyses.

Here, we undertake the first global assessment of the human

accessibility of an entire marine ecosystem: coral reefs. Coral

reefs are an important study system for exploring accessibility

because millions of people depend on their resources (Teh

et al. 2013; Cinner 2014) and because their services are valued

more than for any other ecosystem on earth; on average at

$350,000/ha/year (De Groot et al. 2012). Yet reefs are located

on varied coastal and oceanic places with different levels of

infrastructure development (roads, markets) and thus are

likely to show great variability in their degree of accessibility
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by people. Using a novel metric of ‘potential travel time’

between people and reefs we ask the following questions: (1)

How accessible are the world’s coral reefs to people? (2) Is

accessibility to people through travel time a better predictor

of reef fish biomass than classical measures of human impact?

(3) Are marine conservation efforts representatively protecting

reefs near and far from people?

GLOBAL ACCESSIBILITY OF CORAL REEFS FROM

HUMAN POPULATIONS

Potential travel time as a new measure of accessibility – more than

linear distance

Linear distance between fisheries and human settlements can

fail to capture differences in accessibility incurred by road net-

works, landscape heterogeneity and coastline tortuosity. The

existence of a road along the coast, for instance could facili-

tate faster access to a given coral reef than the direct travel by

boat (Fig. 1a). To account for all these drivers of differential

accessibility, we adapted the geographical concept of ‘friction

of distance’ to develop a metric we refer to as ‘potential travel

time’. We first assigned speeds required to cross 24 different

types of land cover for each cell of our global 1 km-resolution

grid (e.g. 60 km h!1 on a road, 30 km h!1 on a track,

20 km h!1 on the ocean; see details in Supplemental method-

ological procedures and Table S1). These estimates were

adapted from a global assessment of travel time between

major cities (Nelson 2008) and represent the minimum travel

time required to cross each type of surface, assuming that

road and maritime travels are made by motorised vehicles.

Road speed depends on road type while off road travel is foot

based. Since these values can vary depending on available

technology, infrastructures and vehicles we called our metric

‘potential travel time’. We then used the Dijkstra’s algorithm

through the accCost function (R Development Core Team

2014) to determine the minimum cumulative cost in time

between every coral reef in the world (27,212 coral reef cells)

and (1) the nearest human settlement of any size (any popu-

lated pixel given by the finest resolution global human distri-

bution grid, see Fig. S1), and (2) the nearest major market

(considered as a national capital, a provincial capital, a major

population centre, or landmark city; see Supplemental

methodological procedures) since both have been shown to

impact reef resources and functioning (Cinner et al. 2013;

Advani et al. 2015).

We related the linear geographical distance and potential

travel time from the nearest major market (Fig. 1b). Not sur-

prisingly, linear distance and travel time are correlated glob-

ally (R² = 0.9); a reef far from people cannot be reached with

limited travel time while a reef close to people (< 10 km) is

always accessible with < 4 h travel time. However, a given lin-

ear distance value may correspond to a wide range of poten-

tial travel times (Fig. 1c). For any 10km-window along a

whole linear distance gradient from 0 to 500 kilometres

between a given reef and the nearest market, the range of tra-

vel time is highly variable. For example a range of linear dis-

tance to market between 105 and 115 kilometres (represented

as red bar in Fig. 1c) corresponds to potential travel time

ranging from 2 to 13 h. This result highlights the importance

of integrating the landscape heterogeneity in accessibility

assessments since considering travel on a unique surface may

produce a coarse and unrealistic estimation of time required

to reach reefs. Travelling only off-road, i.e. through the vege-

tation, only on road or only on the ocean provide over-simpli-

fied scenarios that are almost never met (Fig. 1b). Most of the

pathways to reach the reefs combine road and maritime tra-

vel, preventing any simplification. Even if linear distance may

appear to be a good surrogate for estimating potential travel

time to reach the reefs globally (Fig. 1b), a map of residuals

from predicted values shows that, relative to potential travel

time, linear distance tends to underestimate accessibility in

populated areas where roads are present and overestimates

accessibility in more remote places (Fig. S2). This likely has

to do with the potential travel time metric’s recognition of

reduced travel time on roads.

High but variable accessibility of coral reefs around the world

Our global assessment of coral reefs accessibility shows that

58% of coral reefs (15,609 out of 27,212 coral reef cells) are

located at < 30 min travelling time from the nearest human

settlement (Fig. 2). On average, each reef can be reached

within 1 h 50 (SD = 4 h 15). The bulk of reefs are highly

accessible in the Caribbean, the Coral Triangle, the Western

Indian Ocean and the Pacific Islands. However, some areas

like the Chagos Archipelago, the Spratly Islands, the Chester-

field Islands, the northwest Hawaiian Islands and the Coral

Sea have reefs at more than 12 h travel time from the nearest

human settlement. None of Caribbean coral reefs are more

than 13 h from people (Fig. 2 a1 & b1).

Accessibility of coral reefs from major markets is high rela-

tive to the nearest human settlement (mean = 10 h), but is

highly variable around the world (SD = 9 h). Our analysis

shows that 25% (6,790 pixels) of reefs are located at < 4 h

from the nearest major market, whereas 31% (8,428 pixels) of

reefs are more than 12 h from the nearest market. Caribbean

coral reefs appear much more accessible from markets than

their Indo-Pacific counterparts (Fig. 2 a2 & b2).

To take into account the variability of available boat tech-

nology, we re-assessed global accessibility using slow

(10 km h!1) and fast (40 km h!1) boat speeds. Accessibility

of coral reefs from the nearest population ranges between

3 h 40 (SD = 8 h 30) and 1 h 10 (SD = 3 h), and from the

nearest market between 17 h (SD = 17 h 30) and 6 h 10

(SD = 4 h 40) using slow vs. fast boats respectively (Fig. S3

and S4). Future applications should consider variable travel

speeds according to per capita Gross Domestic Product to

reflect different levels of infrastructure and technology in

developed vs. developing countries. Yet this country-scale

assessment was beyond the scope of our initial exploration of

travel time.

TRAVEL TIME FROM MARKET AS A KEY DRIVER OF

CORAL REEF CONDITIONS

There is considerable effort to better understand the multi-

scale drivers of change in coral reef ecosystems through

© 2016 John Wiley & Sons Ltd/CNRS
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Figure 1 Potential travel time as a measure of accessibility. Accessibility is defined as the travel time to a location using land (road and land cover) or water

(navigable river, lake and ocean) based travels and represents the ‘cost’ of travelling in time across a specific surface (e.g. land, sea, forest, etc.). As an

illustration, the major market in Papua New Guinea, Kimbe (yellow asterisk), and two reef sites (red points) were considered (a). We calculated the linear

distance and the travel time from the nearest market for 23,940 cells of coral reefs globally (b). Linear distance and travel time are highly correlated

(R² = 0.9) but a small range of linear distance values (10 kilometres) may correspond to a wide range of potential travel time values (c). Travel time is a

combination of road (red line), off road (green line) and maritime (blue line) travels.

© 2016 John Wiley & Sons Ltd/CNRS
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predictive modelling from local to global scales. For instance

patterns of biomass and biodiversity across coral reef assem-

blages have been explained by several non-mutually exclusive

processes that involve the roles of energy (Tittensor et al.

2010), climate (Pellissier et al. 2014), habitat (Rogers et al.

2014), biogeography (Parravicini et al. 2013), humans (Mora

et al. 2011) and environmental stochasticity (Dornelas et al.

2006). A key goal of this body of research is to identify dri-

vers of change that can be used as policy levers to positively

influence the future conditions of coral reefs (Cinner & Kit-

tinger 2015). We suggest that the availability of travel time

estimation to reach the reefs from markets or populations

Figure 2 Accessibility of any coral reef from people (nearest market and nearest human settlement) around the world. Global coral reefs are extremely close

to people (a1 & b1); 58% of reefs located at < 30 min travelling from the nearest human settlement while 25% of reefs are located at < 4 h from the

nearest major market (a2 & b2). Only few areas appear as remote reefs (further away than 12 h travelling from human settlements) like the Chagos

Archipelago, the Spratly Islands, the Chesterfield Islands and the Hawaiian Islands.

© 2016 John Wiley & Sons Ltd/CNRS
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may help to decipher the many dimensions of human influ-

ence on ecosystem conditions when integrated to models in

combination with other commonly used predictors (e.g.,

environment and habitat). Coral reef conditions (biomass or

biodiversity) and functioning (e.g. herbivory) are classically

related to the density of local human populations (Bellwood

et al. 2012; Williams et al. 2015) and more recently to the lin-

ear distance to humans (Advani et al. 2015) or markets

(Brewer et al. 2012; Cinner et al. 2013). Here, we test whether

potential travel time from market is a better predictor of reef

fish biomass than local human density and linear distance to

market in a case study from New Caledonia.

We used 1,357 Distance Sampling Underwater Visual

Census (UVC) surveys of fish communities (Fig. 3a) to quan-

tify the relative influences of environment, habitat and human

impact on fish biomass (Supplemental methodological proce-

dures, Table S2, Fig. S5). Human impact is assessed through

three potential proxies: (1) the density of people within a buf-

fer of 20 km around each UVC survey, (2) the linear distance

between each UVC survey and the major market located in

the regional capital of Noumea and (3) the travel time to

reach each UVC survey from the market. We use generalised

linear models (GLM) and boosted regression tree (BRT) mod-

els to predict fish biomass and rank the different explanatory

variables according to their Akaike weight (AICw) and their

relative contribution respectively (see Supplemental method-

ological procedures). We demonstrate that humans shape the

level of reef fish biomass since each proxy of human impact

has a significant effect beyond that of habitat and environ-

ment (Table 1). Then we show that potential travel time from

the market is the strongest predictor of fish biomass since its

AICw is 1 (essential variable in all best GLM sub-models) and

its relative contribution to the BRT model is 28% surpassing

that of all other competing variables (Fig. 3b). In contrast,

human density and linear distance to market have lower AICw

values (0.33 and 0.44 respectively) and contribute to BRT

models at, respectively, the fourth (11%) and third rank

(13%) suggesting their marginal influence on fish biomass

compared to travel time. Finally the most parsimonious model

(‘best’ in Table 1), based on variable selection using the AIC

criterion, only retains potential travel time from the market as

the sole human driver of fish biomass on New Caledonian

reefs. This GLM model explains 45% of variation in fish bio-

mass across reefs. However, the BRT model, which takes into

account variable interactions and thresholds effects, explains

up to 70% of this variation highlighting potential interplay

between human, environmental and habitat drivers. When

extracting the ‘pure’ effect of travel time from the market on

fish biomass using a partial plot from the GLM we observe a

saturating relationship (Fig. 3c). Low biomass values

(< 100 kg ha!1) are mostly found when travel time is lower

than 10 h (Fig. 3c). All remote reefs (Fig. 3a) have a fish bio-

mass higher than 500 kg ha!1, which has been suggested as a

potential threshold to maintain healthy and functioning coral

reefs (McClanahan et al. 2011; MacNeil et al. 2015).

DISPROPORTIONNAL ISOLATION OF MARINE

PROTECTED AREAS FROM PEOPLE

While numerous approaches can be used to sustain marine

resources (Costello et al. 2008; Gelcich et al. 2008; Worm

et al. 2009; Cinner et al. 2012), Marine Protected Areas

(MPAs) are widely recognised as a key management tool

(Gaines et al. 2010; Veitch et al. 2012; MacNeil et al. 2015).

As in terrestrial systems, scientists have voiced concerns that

protected areas are being disproportionally placed in remote

areas, away from human impacts, and consequently are ‘resid-

ual reserves’ with limited benefits for biodiversity since not

adverting direct exploitation (Mora & Sale 2011; Devillers

et al. 2014; Watson et al. 2014). However, remote MPAs offer

reference conditions to evaluate management measures or

time to recovery (MacNeil et al. 2015), and can be emblematic

so making publicity for marine protection worldwide (Single-

ton & Roberts 2014). Our goal is not to discuss the value of

remote MPAs but to assess the degree to which remote areas

receive disproportional protection, or whether the 1,140 coral

reef MPAs we reported (Fig. S6) are unevenly distributed

along gradients of accessibility based on travel time.

Intersecting the 1,140 MPAs globally with our 10 9 10 km

coral reef grid, we first identify which coral reef cells are pro-

tected (6,935 among the 27,212 cells) and to which MPA they

belong (Supplemental methodological procedures). For each

protected coral reef cell, we then calculate the potential travel

time from the nearest human settlement and major market.

To examine whether protected coral reefs around the world

are disproportionally farther from people, we estimate the

deviance between the accessibility of protected reefs and the

global distribution of coral reef accessibility for five categories

of potential travel time: ≤ 10, 10–30 min, 30 min–2 h, 2–12 h,

> 12 h. We then compare the proportion of reefs protected

relative to the global distribution of reefs in each travel time

category (Fig. 4). Relative to the global distribution of reefs,

the proportion of reefs receiving protection is lower near peo-

ple. We find an average ‘deficit’ of !19% lower protection on

reefs that have a potential travel time lower than 2 h. How-

ever, reefs further from people (potential travel time higher

than 2 h) are disproportionally protected. This relative ‘sur-

Table 1 Comparison of candidate models predicting reef fish biomass as a

function of environmental, habitat and human impact variables across the

coral reefs of New Caledonia

Model AIC R2 F

Null 2085 0

Environment + Habitat 1544 0.37 LR-test

Environment + Habitat + Human density 1449 0.41 98.854*

Environment + Habitat + Linear distance 1413 0.43 138.3*

Environment + Habitat + Travel time 1352 0.45 206.2*

Best 1350 0.45

*P-value < 0.001. We calculated the Aikaike Information Criterion (AIC)

and the total adjusted R-squared (R2) for each model and sub-model (see

Supplemental methodological procedures and Table S2). A likelihood

ratio test (LR-test and F-value) between the ‘Environment+Habitat’

model and each enriched model with one aspect of human influence (pop-

ulation, linear distance or travel time) shows the significance of adding

human impact variables. The ‘Best’ model is the most parsimonious

according to the AIC criterion containing only travel time and some

selected environmental variables (mean depth, surface cover of live coral,

surface cover of macroalgae, the reef type and island type).

© 2016 John Wiley & Sons Ltd/CNRS
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plus’ of protection is even more marked for isolated coral

reefs (potential travel time > 12 h) with more than twice

(127%) the proportion of protected coral reefs compared to

the global distribution (Fig. 4a). Importantly, this dispropor-

tional protection of isolated reefs is much less pronounced

when using travel time from markets (Fig. 4b).

This trend of protecting inaccessible reefs tends to emerge

because of complex ecological, socioeconomic and political

(a)

(b) (c)

Figure 3 Potential travel time as the main driver of fish biomass. Fish biomass estimates from 1,357 Underwater Visual Census (UVC) surveys performed

across coral reefs of New Caledonia (a). The relative influences of predictor variables (environment, habitat and human impact) are assessed using the

weighted Akaike Information Criterion (AICw) from generalised linear models and the relative contribution from boosted regression tree models (b). The

partial plot (c) shows the ‘pure’ relationship between potential travel time and reef fish biomass, i.e. while considering the other predictor variables.
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trade-offs that aim to maximise conservation benefits while

minimising costs to the people engaged in natural resources

exploitation (McNeill 1994; Pressey et al. 1993; Jones 1999;

Stewart et al. 2003). Indeed, some fishers are very unlikely to

support development of no-take MPAs, particularly in their

primary fishing grounds (McClanahan et al. 2012), so locating

MPAs further away from people can be a sensible strategy for

reducing opposition from fishers but with questionable conser-

vation benefits (Singleton & Roberts 2014; Wilhelm et al.

2014). The concern with the pattern of disproportionally

protecting inaccessible areas that we quantified is that conser-

vation targets (such as 10% protection of oceans by 2020) can

be met without actually reducing human impacts on the

seascape (i.e. because MPAs get placed in locations which are

already de facto protected because of their inaccessibility;

Devillers et al. 2014). Our results suggest that in situations

where MPAs are located where they do little to actually

reduce human impacts, complementary tools such as gear

restrictions and user rights may help to sustain reef fisheries

in accessible areas (Costello et al. 2008; Gelcich et al. 2008;

McClanahan et al. 2011; Cinner et al. 2012; MacNeil et al.

2015) with less opposition from fishers (McClanahan et al.

2012).

FUTURE DIRECTIONS

To sustain coral reef ecosystems, we need to understand the

complex interactions between people and reefs. Our develop-

ment of a global measure of potential travel time is an

important step towards this objective, and we suggest three

areas where future applications could be beneficial: (1) using

travel time as a proxy for fishing effort to identify refuges and

analyse extinction risk, (2) assessing financial cost and

profitability for artisanal reef fisheries and (3) assessing poten-

tial impacts of expanding road networks. To facilitate these

and other applications, we provide our global potential travel

time estimates for coral reefs as a spatial layer at 10 km-reso-

lution upon request or for a set of coordinates.

Species accessibility and refuges on coral reefs

The extent to which a species is under fishing pressure is clas-

sically estimated through either its catch rates (Bejarano et al.

2013) or its geographical overlap with fishing effort

(Comeros-Raynal et al. 2012). The former is a direct measure

of extraction but is unavailable in many data-poor fisheries

while the latter is an indirect estimate which is challenging to

downscale (Teh et al. 2013). Alternatively, the potential travel

time to reach the reefs from markets or people, certainly in

interaction with other social–economic aspects, can provide a

standardised way to approximate fishing pressure with a host

of potential applications. These could include: (1) identifying

refuges where the geographical ranges of threatened or

endangered species may overlap with inaccessible areas; and

(2) providing a standardised index of potential exposure to

fishing threats to include in evaluations of vulnerability or

extinction risk (Parravicini et al. 2014).

Assessing profitability and costs of fishing coral reefs

Travel time is a first step towards the assessment of travel cost

in terms of energetic or monetary units. Beyond time and dis-

tance, travel cost also depends on the type of vessel (size,

engine, etc.), labour costs, infrastructure (road, harbour, etc.),

and the price of fuel (including government subsidies). Esti-

mating travel costs would require detailed data currently

Figure 4 Deficit and surplus of protection for global coral reefs. The proportion of reefs receiving a deficit or a surplus of protection relative to the

distribution of reefs globally is assessed along a gradient of isolation (≤ 10 min, 10–30 min, 30 min-2 h, 2–12 h, >12 h) using travel time from the nearest

population (a) or the nearest market (b).
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unavailable for a global analysis but could be well suited to a

downscaled analysis. Ultimately, based on expected yields and

seafood prices, isoclines or contours of profitability could be

drawn for artisanal fisheries on coral reefs. Such estimates and

maps may also serve to define reefs where accessibility is too

restricted to host profitable fisheries, show where short travel

time and low travel cost from humans may promote over-

exploitation, and even highlight potential consequences of fish-

eries fuel subsidies. The travel cost to reach any reef from a

market or a village would make a valuable management tool to

better map artisanal fisheries effort, yields and economic out-

comes in what is generally a data-poor fisheries.

Future impacts of road building on coral reefs accessibility

The global network of roads is rapidly expanding under mul-

tiple needs of accessibility to resources, industries and infras-

tructures. Most of the 25 million kilometres of new roads

anticipated by 2050 will be built in developing countries to

sustain their social and economic development, but this could

have profound impacts on biodiversity (Laurance et al. 2014).

The spread of this road network in the last terrestrial wilder-

ness areas (e.g. Amazon) and its ecological consequences have

been widely documented particularly the accentuated deple-

tion of natural resources (Barber et al. 2014). Comparatively

the impact of road construction on marine ecosystems

remains largely overlooked (Schmitt & Kramer 2009). Travel

time provides a framework to assess scenarios of future road

development on reef systems, highlighting potential ecological

consequences and trade-offs associated with specific plans.

Development of new and faster roads along the coasts will

increase the accessibility of some reefs to humans (Fig. 1a),

likely resulting in overfishing and potential impacts on corals

(Mumby 2006; Hughes et al. 2007). Travel time calculations

using future scenarios of road building may help to identify

reefs that are particularly at risk and develop potential alter-

natives that could still meet socioeconomic goals with less

environmental impact.

CONCLUSION

Better understanding the dynamics of coral reef social–ecolog-

ical systems is one of the most critical challenges that scien-

tists and managers are facing today (Cinner 2014). The

severity of human impacts on reef systems has been widely

acknowledged, though the causes of, and solutions to, these

impacts are debated (Hughes et al. 2010; Rogers et al. 2015).

It is clear that human population size and density are major

drivers of change on reefs (Mora et al. 2006, 2011; Bellwood

et al. 2012; Williams et al. 2015), but in addition to these

demographic pressures, drivers such as market integration and

poverty also shape the ways that people use and govern coral

reefs (Cinner et al. 2009, 2013). However, these drivers of

unsustainable exploitation are often poorly considered by

both scientists and policy makers, leading to insufficient gov-

ernance and diminished outcomes. A critical step is to better

understand, and integrate into governance, the complex, mul-

ti-scale interrelationship between humans and coral reefs with

accessibility being critical.
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Coral reefs provide ecosystem goods and services for millions of

people in the tropics, but reef conditions are declining worldwide.

Effective solutions to the crisis facing coral reefs depend in part on

understanding the context under which different types of conserva-

tion benefits can be maximized. Our global analysis of nearly

1,800 tropical reefs reveals how the intensity of human impacts

in the surrounding seascape, measured as a function of human

population size and accessibility to reefs (“gravity”), diminishes the

effectiveness of marine reserves at sustaining reef fish biomass and

the presence of top predators, even where compliance with reserve

rules is high. Critically, fish biomass in high-compliance marine re-

serves located where human impacts were intensive tended to be

less than a quarter that of reserves where human impacts were low.

Similarly, the probability of encountering top predators on reefs with

high human impacts was close to zero, even in high-compliance ma-

rine reserves. However, we find that the relative difference between

openly fished sites and reserves (what we refer to as conservation

gains) are highest for fish biomass (excluding predators) where hu-

man impacts are moderate and for top predators where human im-

pacts are low. Our results illustrate critical ecological trade-offs in

meeting key conservation objectives: reserves placed where there

are moderate-to-high human impacts can provide substantial conser-

vation gains for fish biomass, yet they are unlikely to support key

ecosystem functions like higher-order predation, which is more prev-

alent in reserve locations with low human impacts.

marine reserves | fisheries | coral reefs | social-ecological | socioeconomic

The world’s coral reefs are rapidly degrading (1–3), which is
diminishing ecological functioning and potentially affecting

the well-being of the millions of people with reef-dependent
livelihoods (4). Global climate change and local human impacts
(such as fishing) are pervasive drivers of reef degradation (1, 5). In

Significance

Marine reserves that prohibit fishing are a critical tool for sus-

taining coral reef ecosystems, yet it remains unclear how human

impacts in surrounding areas affect the capacity of marine re-

serves to deliver key conservation benefits. Our global study

found that only marine reserves in areas of low human impact

consistently sustained top predators. Fish biomass inside marine

reserves declined along a gradient of human impacts in sur-

rounding areas; however, reserves located where human im-

pacts are moderate had the greatest difference in fish biomass

compared with openly fished areas. Reserves in low human-

impact areas are required for sustaining ecological functions like

high-order predation, but reserves in high-impact areas can

provide substantial conservation gains in fish biomass.
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response to this “coral reef crisis,” governments around the world
have developed a number of reef conservation initiatives (1, 6, 7).
Our focus here is on the efficacy of management tools that limit or
prohibit fishing. Management efforts that reduce fishing mortality
should help to sustain reef ecosystems by increasing the abun-
dance, mean body size, and diversity of fishes that perform critical
ecological functions (8–10). In practice, however, outcomes from
these reef-management tools have been mixed (5, 11–13).
A number of studies have examined the social, institutional,

and environmental conditions that enable reef management to
achieve key ecological outcomes, such as sustaining fish biomass
(5, 14, 15), coral cover (16), or the presence of top predators
(17). These studies often emphasize the role of: (i) types of key
management strategies in use, such as marine reserves where
fishing is prohibited, or areas where fishing gears and/or effort
are restricted to reduce fishing mortality (8, 18); (ii) levels of
compliance with management (12, 19, 20); (iii) the design
characteristics of these management initiatives, for example the
size and age of reserves, and whether they are placed in remote
versus populated areas (11, 21); and (iv) the role of social drivers,
such as markets, socioeconomic development, and human de-
mography that shape people’s relationship with nature (14, 22).
In addition to examining when key ecological conditions are

sustained, it is also crucial to understand the context under which
conservation gains can be maximized (23, 24). By conservation
gains, we are referring to the difference in a conservation outcome
(e.g., the amount of fish biomass) when some form of management
(i.e., a marine reserve or fishery restriction) is implemented relative
to unmanaged areas. These conservation gains can be beneficial for
both people and ecosystems. For example, increased fish biomass
inside marine reserves is not only related to a range of ecosystem
states and processes (18), but can also result in spillover of adults
and larvae to surrounding areas, which can benefit fishers (25–27).
The potential to achieve conservation gains may depend on the

intensity of human impacts in the surrounding seascape (23, 24), yet
these effects have never been quantified.
Here, we use data from 1,798 tropical coral reef sites in 41

nations, states, or territories (hereafter “nation/states”) in every
major coral reef region of the world to quantify how expected
conservation gains in two key ecological outcomes are mediated by
the intensity of human impact, namely: (i) targeted reef fish bio-
mass (i.e., species generally caught in fisheries) and (ii) the pres-
ence of top predators (Materials and Methods and SI Appendix,
Table S1). To quantify human impact at each site, we draw from a
long history of social science theory and practice to develop a
metric referred to as “gravity” (Box 1). The concept of gravity
(also called interactance) has been used in economics and geog-
raphy to measure economic interactions, migration patterns, and
trade flows since the late 1800s (28–30). We adapt this approach
to examine potential interactions with reefs as a function of how
large and far away the surrounding human population is (Box 1).
At each site, we also determined the status of reef management,
grouped into either: (i) openly fished, where sites are largely un-
managed and national or local regulations tend to be poorly

Box 1

Drawing on an analogy from Newton’s Law of Gravitation,
the gravity concept predicts that interactions between two
places (e.g., cities) are positively related to their mass (i.e.,
population) and inversely related to the distance between
them (31). The gravity concept is often considered one of the
most successful and long-enduring empirical models in eco-
nomics and geography (31), but has rarely been directly ap-
plied in a natural resource management setting and holds
much promise in informing reef conservation and manage-
ment. Application of the gravity concept in a reef governance
context posits that human interactions with a reef are a
function of the population of a place divided by the squared
time it takes to travel to the reefs (we used travel time instead
of linear distance to account for the differences incurred by
traveling over different surfaces, such as water, roads, tracks)
(14, 32) (see Fig. 1 and SI Appendix, Table S2). Here, we build
upon previous work (14) by developing a new indicator that
examines the cumulative human gravity of all populated
places within a 500-km radius of a given reef, which aims to
capture both market and subsistence pressures on reef fish
biomass. We tested the predictive power of a series of gravity
metrics with varying radii (50 km, 250 km, 500 km) and expo-
nents of travel time (travel time, travel time2, travel time3)
(Materials and Methods and SI Appendix, Table S3). A key lim-
itation of our global gravity metric is that we are unable to
capture local variations in efficiencies that may affect fishing
mortality per capita, such as fishing fleet technology or in-
frastructure (e.g., road) quality.
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Fig. 1. Operationalizing gravity. (A) Applied to coral reefs, our heuristic of

the gravity concept captures interactions between people and coral reef fish

as a function of the population of a place divided by the squared time it takes

to travel to the reefs (i.e., travel time). (B) Gravity isoclines along gradients of

population size and travel time illustrate how gravity values could be similar

for places that have large populations but are far from the reefs (e.g., pop-

ulationx = 15,000 people, travel timex = 7 h, gravityx = 306) as to those with

small populations that are close to the reef (e.g., populationy = 300 people,

travel timey = 1 h, gravityy = 300). For ease of interpretation, we have illus-

trated travel time here in hours, but we use minutes in the main text.
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complied with; (ii) restricted fishing, where there are actively
enforced restrictions on the types of gears that can be used (e.g.,
bans on spear guns) or on access (e.g., marine tenure systems that
restrict fishing by “outsiders”); or (iii) high-compliance marine
reserves, where fishing is effectively prohibited (Materials and
Methods). We hypothesized that our ecological indicators would
decline with increasing gravity in fished areas, but that marine
reserves areas would be less sensitive to gravity. To test our hy-
potheses, we used general and generalized linear mixed-effects
models to predict target fish biomass and the presence of top
predators, respectively, at each site based on gravity and man-
agement status, while accounting for other key environmental and
social conditions thought to influence our ecological outcomes
(14) (Materials and Methods). Based on our models, we calculated
expected conservation gains along a gravity gradient as the dif-
ference between managed sites and openly fished sites.
Our analysis reveals that human gravity was the strongest predictor

of fish biomass (Fig. 2 and SI Appendix, Fig. S1). Fish biomass
consistently declined along a human gravity gradient, a trend par-
ticularly evident at the nation/state scale (Fig. 2 C–E). However, this
relationship can vary by management type (Fig. 2 and SI Appendix,
Fig. S1). Specifically, we found that biomass in reserves demonstrated
a flatter (but still negative) relationship with gravity compared with
openly fished and restricted areas (Fig. 2B). Interestingly, this dif-
ferential slope between reserves and fished areas (Fig. 2B) was due to
a strong interaction between gravity and reserve age such that older
reserves contributed more to biomass in high-gravity situations than
in low-gravity ones (SI Appendix, Fig. S1). This is likely due to fish
stocks at high-gravity sites being heavily depleted and requiring de-
cades to recover, whereas low-gravity sites would likely require less
time to reach unfished biomass levels (8). Thus, given average reserve
age in our sample (15.5 y), biomass in reserves did not decline as
rapidly with gravity compared with fished and restricted areas (Fig.
2B). In the highest-gravity locations, modeled fish biomass in
marine reserves was approximately five times higher than in fished
areas (270 kg/ha compared with 56 kg/ha) (Fig. 2B). At the reef
site scale, there was considerable variability in reef fish biomass,
particularly at low gravity (Fig. 2 F–H). For example, at the lowest-
gravity locations, biomass levels in reserves spanned more than
three orders-of-magnitude (Fig. 2F). Importantly, there was never
extremely high biomass encountered in high-gravity locations. Our
estimate of target fish biomass included top predators. As a sup-
plemental analysis, we also examined target fish biomass with the
biomass of top predators excluded, which displays a similar trend,
but with lower fish biomass in reserves at low gravity compared
with when top predators are included (SI Appendix, Fig. S2).
A key finding from our study is that top predators were en-

countered on only 28% of our reef sites, but as gravity increases, the
probability of encountering top predator on tropical coral reefs
dropped to almost zero (<0.005), regardless of management (Fig. 3).
The probability of encountering top predators was strongly related
to gravity and the type of management in place, as well as sampling
methodology and area surveyed (Fig. 3 and SI Appendix, Fig. S1). At
low gravity, the probability of encountering a top predator was
highest in marine reserves (0.59) and lowest in fished areas (0.14),
when controlling for sampling and other environmental and social
drivers (Fig. 3 and SI Appendix, Fig. S1).
Our study demonstrates the degree to which fish communities in-

side marine reserves can be affected by human impacts in the broader
seascape (Figs. 2 and 3). Critically, high-compliance marine reserves in
the lowest-gravity locations tended to support more than four times
more fish biomass than the highest-gravity reserves (1,150 vs. 270 kg/ha,
respectively) (Fig. 2B). Similarly, the modeled probability of en-
countering a top predator decreased by more than 100-fold from
0.59 in low-gravity reserves to 0.0046 in the highest-gravity reserves
(Fig. 3B). Our study design meant that it was not possible to uncover
the mechanisms responsible for this decline of ecological condition
indicators within marine reserves along a gravity gradient, but this

pattern of depletion is likely related to: (i) human impacts in the
surrounding seascape (fishing, pollution, and so forth) affecting eco-
logical processes (recruitment, feeding behavior, and so forth) within
reserves (33, 34); (ii) almost every marine reserve is likely to have
some degree of poaching, even where compliance is considered high
(20, 35) and the cumulative impacts from occasional poaching events
is probably higher in high-gravity situations; (iii) the life history of top
predators, such as old age of reproduction and small clutch size for
some (e.g., sharks), which makes then particularly susceptible to even
mild levels of exploitation (36); and (iv) high-gravity marine reserves
in our sample possibly being too young or too small to provide sub-
stantial conservation gains (11, 37). We conducted a supplementary
analysis to further examine this latter potential explanation. Because
of collinearity, we could not directly account for reserve size in our
model, but conducted a supplemental analysis where we separated
reserves into small (≤28 km2) and large (Materials andMethods and SI
Appendix, Fig. S3). We found that the biomass and probability of
encountering top predators was higher in large compared with small
reserves, but surprisingly, we found a flatter slope for small compared
with large reserves (SI Appendix, Fig. S3). However, there were no
large high-compliance reserves in high-gravity areas in our sample,
likely due to the social and political difficulties in establishing large
reserves near people (38). Because there is little overlap between large
and small reserves along the gravity gradient in our sample, we are
unable to distinguish the effects of reserve size from those of gravity,
but this is an important area for future research. Additionally, we
modeled how the relationship between gravity and our ecological
outcomes changed with reserve age, comparing outcomes using the
average reserve age (15.5 y) to those from reserves nearly twice as old
(29 y, which was the third quartile of our global distribution in reserve
age). Older reserves were predicted to sustain an additional 180 kg/ha
(+66%) of fish biomass at the highest levels of gravity compared with
average age reserves. However, the effects of reserve age on the
probability of encountering a top predator was less marked: the
modeled probability of encountering a top predator in older reserves
(29 y) was only 0.01, compared with <0.005 for average age (∼15 y)
reserves, suggesting that small reserves common in high-gravity situ-
ations can support high levels of biomass, but are unlikely to sustain
top predators, even when they are mature.
Although absolute fish biomass under all management categories

declined with increasing gravity (Fig. 2B), the maximum expected
conservation gains (i.e., the difference between openly fished and
managed) differed by management type along the gravity gradient
(Fig. 4A). Interestingly, the conservation gains for restricted fishing
is highest in low-gravity situations, but rapidly declines as human
impacts increase (Fig. 4A) (39). For marine reserves, biomass
conservation gains demonstrated a hump-shaped pattern that
peaked at very low gravity when predators were included in the
biomass estimates (Fig. 4A, solid blue line). When top predators
were excluded from biomass estimates, conservation gains peaked
at intermediate gravity levels, and were higher in high gravity
compared with low gravity (Fig. 4A, dotted blue line). Our results
highlight how the expected differences between openly fished and
marine reserves change along a gravity gradient, given a range of
other social and environmental conditions that are controlled for
within our model (SI Appendix, Fig. S1). Thus, differences in these
trends are relative to average conditions, and individual reserves
may demonstrate larger or smaller biomass build-up over time,
which can vary by fish groups or families (e.g., ref. 40).
In an effort to minimize costs to users, many marine reserves,

particularly the large ones, tend to be placed in remote locations
that experience low human pressure (24, 41). However, critics of
marine reserves in remote locations suggest that limited re-
sources could be better spent protecting areas under higher
threat that could potentially yield greater conservation gains (23,
24, 42). Our results make explicit the types of benefits—and the
limitations—to placing reserves in high versus low human-impact
locations. We found that for nontop predator reef fishes,
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substantial conservation gains can occur at even the highest-
gravity locations but that optimal gains are obtained at moder-
ate gravity (Fig. 4A). Our results also show that low-gravity marine
reserves (and to a lesser extent low-gravity fisheries restrictions)
are critical to support the presence of top predators (Fig. 3).
However, the expected conservation gains for top predators de-
clines rapidly with gravity in both marine reserves and restricted
areas (Fig. 4B). Our results illustrate a critical ecological trade-off
inherent in the placement of marine reserves: high-gravity reserves

can have the substantial conservation gains for fish biomass, yet
they are unlikely to support key ecosystem functions like pre-
dation, even with high levels of compliance. This highlights the
importance of having clear objectives for conservation initiatives
and recognizing the trade-offs involved (43, 44).
Our analysis does not allow us to uncover the mechanisms behind

why we might observe the greatest differences in top predators
between marine reserves and fished areas in low-gravity locations. A
plausible explanation is that top predators, such as sharks, are

Fig. 2. Model-predicted relationships between human gravity and reef fish biomass under different types of fisheries management. (A) Map of our study

sites with color indicating the amount of fish biomass at each site. (B) Model-predicted relationships of how reef fish biomass declines as gravity increases by

management type. Partial plots of the relationship between biomass and gravity under different types of management at the nation/state (C–E), and reef site

(F–H) scale; openly fished (red), restricted (green), and high-compliance marine reserves (blue). Shaded areas represent 95% confidence intervals. Bubble size

in C–E reflect the number of reef sites in each nation/state, scaled for each management type (such that the largest bubble in each panel represent the highest

number of sites per nation/state for that type of management) (SI Appendix, Table S5). Nation/state name abbreviations for F–H are in SI Appendix, Table S5.
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particularly vulnerable to fishing (17) and are exposed to some
fishing even in the most remote fished areas, driven by the
extremely high price for shark fins [shark fins can fetch US$960/kg
in wholesale markets (45), compared with only $43/kg for
parrotfish in European supermarkets (46)]. Thus, even small
amounts of fishing in remote openly fished areas may be de-
pleting top predators, which creates a large difference between

low-gravity–fished areas and marine reserves. This difference
may diminish along the gravity because top predators tend to
have large home ranges (37), and there were only small reserves
in high-gravity locations (SI Appendix, Fig. S3), which may
mean that existing high-gravity reserves are not likely big
enough to support the large home ranges of many predators
(37, 47).

Fig. 3. Model-predicted relationships between human gravity and the probability of encountering top predators under different types of fisheries manage-

ment. (A) Map of our study sites indicating the presence of top predators. (B) Model-predicted relationships of how the probability of encountering predators

declines as gravity increases. Shaded areas represent 95% confidence intervals. The presence of top predators along a gravity gradient under different types of

management at the nation/state (C–E) and site (F–H) scale; openly fished (red), restricted (green), and high-compliance marine reserves (blue). Bubble size in C–E

reflect the number of reef sites in each nation/state, scaled for each management type (such that the largest bubble in each panel represent the highest number

of sites per nation/state for that type of management) (SI Appendix, Table S5). Nation/state name abbreviations for F–H in SI Appendix, Table S5.

Cinner et al. PNAS Latest Articles | 5 of 10

S
U
S
T
A
IN
A
B
IL
IT
Y

S
C
IE
N
C
E



Successful conservation also depends on a range of social
considerations (48). For example, gear restrictions often have
greater support from local fishers (49) and are usually imple-
mented over greater reef areas than marine reserves. We show
here that there are conservation gains produced by gear re-
strictions, although they are low relative to marine reserves (Fig.
4). Thus, in locations where a lack of support makes establishing
marine reserves untenable, gear restrictions may still provide
incremental gains toward achieving some conservation goals (8),
particularly for specific fish groups and families (39).
As a supplemental analysis, we examined the conservation gains

for biomass of nontarget species (SI Appendix, Figs. S1D and S4).
This supplemental analysis addresses whether the effects of gravity
on reef fish communities are from fishing or other impacts, such as
sedimentation or pollution. We found very different patterns for
nontarget species compared with target species, suggesting the
relationship between target fish biomass and gravity (SI Appendix,
Fig. S1) is primarily driven by fishing pressure.
Overall, our results demonstrate that the capacity to not

only sustain reef fish biomass and the presence of top pred-
ators, but also the potential to achieve conservation gains, may
be highly dependent on the level of human impact in the
surrounding seascape. It is therefore essential to consider the
global context of present and future human gravity in coral
reef governance. Consequently, we calculated gravity of hu-
man impacts for every reef cell globally using a 10- × 10-km
grid across the world’s coral reefs (Fig. 5). Critically, the
distribution of gravity varies substantially among regions, with
the central and eastern Indo-Pacific demonstrating lower-
gravity values. Even within a region, there can be substantial
variability in gravity values. For example, the Central Indo-
Pacific has highly contrasting gravity patterns, with Southeast
Asian reefs (Fig. 5 A, 3) generally showing extremely high-
gravity values while Australian and Melanesian reefs (Fig.
5 A, 4) are dominated by relatively low-gravity values.
The ways in which gravity will increase over time, and how the

impacts of gravity on reef systems can be reduced, is of substantial
concern for coral reef governance. The potential benefits of protecting
locations that are currently remote could increase over time as human

populations and the accessibility of reefs change (50). Demographic
projections of high migration and fertility rates in some countries
suggest substantial increases in coastal human populations in de-
veloping countries, where the majority of coral reefs are located (5, 51–
53). Development projects that address high rates of fertility through
improvements in women’s education, empowerment, and the expan-
sion of family-planning opportunities have successfully reduced fertility
rates (54, 55). Such initiatives, when partnered with resource man-
agement, have the potential to be beneficial to both people and reefs.
Demographic changes, such as increased migration in coastal areas,
are also expected to be coupled with coastal development and road
building that will increase the accessibility of reefs. For example,
previously uninhabited areas have become more accessible, as evi-
denced by China’s recent Belt and Roads Initiative and island-building
enterprise in the South China Sea (56–58). Investments in sustainable
planning of coastal development and road building could help to
minimize unnecessary increases in reef accessibility. Importantly,
stemming increases in gravity is only part of the potential solution
space: it will also be important to dampen the mechanisms through
which gravity operates, such that a given level of gravity can have a
lesser impact on reef systems (1). People’s environmental behavior is
fundamentally driven by their social norms, tastes, values, practices,
and preferences (59), all of which can be altered by policies, media,
and other campaigns in ways that could change the local relationship
between gravity and reef degradation.

Gravity Future Directions

Our gravity index (Materials and Methods and Box 1) makes
several key assumptions that could potentially be refined in
further applications. First, our application of gravity held friction
constant across each specific type of surface (i.e., all paved roads
had the same friction value). Future applications of more lo-
calized studies could vary travel time to reflect the quality of
road networks, topographic barriers to access (such as cliffs), and
the availability of technology. Similarly, future applications could
also aim to incorporate local information about fishing fleet ef-
ficiency. Second, our adaptation of the gravity model (31) is
unidirectional, assuming a constant level of attraction from any
reef (i.e., gravity varies based on human population size, but not
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Fig. 4. The conservation gains (i.e., the difference

between openly fished sites and managed areas) for

high-compliance marine reserves (blue line) and re-

stricted fishing (green line) for (A) target fish biomass

(solid lines include biomass of top predators, dotted

lines exclude top predator biomass as per SI Appen-

dix, Fig. S2), and (B) the probability of encountering

top predators change along a gradient of gravity.
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on the quality or quantity of fish on a specific reef). Reefs with
more fish, or higher fish value, could be more attractive and
exert a higher pull for exploitation (60). Likewise, societal values
and preferences can also make certain fish more or less attrac-
tive. Our adaptation of gravity was designed to examine the
observed conditions of reefs as a function of potential interac-
tions with markets and local settlements, so our modification of
the concept for this application was appropriate. However, fu-
ture applications wishing to predict where reefs may be most
vulnerable might wish to consider incorporating fish biomass or
composition (i.e., potential market price of reef fish) in the
gravity equation. Third, our database was not designed to look at
ecological changes in a single location over time. However, fu-

ture applications could examine whether ecological recovery in
reserves (8) depends on the level of gravity present. To this end,
we provide a global dataset of gravity for every reef pixel globally
(Materials and Methods).
We demonstrate that human impacts deplete reef fish stocks

and how certain types of management can mediate but not
eliminate these pressures. In an era of increasing change, the
global network of marine reserves may not safeguard reef fish
communities from human impacts adequately enough to ensure
key ecological functions, such as predation, are sustained. Efforts
must be made to both reduce and dampen key drivers of change
(1, 61), while maintaining or improving the well-being of reef-
dependent people. Importantly, we find evidence that both

=+,-21>

!

"

#

$

B

%

@
.
;
7
21
>
05
A0
+.
.
A7

A

% $ #

!

"

B.71.+;0C;D5E9,F2A2F

G.;1+,/0C;D5E9,F2A2F

H,71.+;0C;D5E9,F2A2F

*+5:2F,/0I1/,;12F

#<#

#<$

#<%

#<J

# $ $# $## $### $####

=+,-21>

#

$#

%#####

K#

%##

Fig. 5. Distribution of gravity on the world’s coral reefs. (A) Map of gravity calculated for every coral reef in the world ranging from blue (low gravity) to red

(high gravity). The four coral reef realms (70) are delineated. Insets highlight gravity for key coral reef regions of the world: (1) Red Sea, (2) Western Indian

Ocean, (3) Southeast Asia, (4) Great Barrier Reef of Australia and the South Pacific, (5) Caribbean. For visual effect, gravity values in Inset maps are also given

vertical relief, with higher relief indicating higher gravity values. (B) Distribution of gravity values per coral reef realm.

Cinner et al. PNAS Latest Articles | 7 of 10

S
U
S
T
A
IN
A
B
IL
IT
Y

S
C
IE
N
C
E



remote and human-surrounded reserves can produce different
types of conservation gains. Ultimately, multiple forms of man-
agement are needed across the seascape to sustain coral reef fishes
and the people who depend upon them.

Materials and Methods
Scales of Data. Our data were organized at three spatial scales: reef site (n =

1,798), reef cluster (n = 734), and nation/state (n = 41).

Reef site is the smallest scale, which had an average of 2.4 surveys

(transects), hereafter referred to as “reef.”

For reef cluster (which had an average of 2.4 ± 2.4 reef sites), we

clustered reefs together that were within 4 km of each other, and used the

centroid to estimate reef cluster-level social and environmental covariates.

To define reef clusters, we first estimated the linear distance between all

reef sites, then used a hierarchical analysis with the complete-linkage

clustering technique based on the maximum distance between reefs. We

set the cut-off at 4 km to select mutually exclusive sites where reefs cannot

be more distant than 4 km. The choice of 4 km was informed by a 3-y study

of the spatial movement patterns of artisanal coral reef fishers, corre-

sponding to the highest density of fishing activities on reefs based on GPS-

derived effort density maps of artisanal coral reef fishing activities (62).

This clustering analysis was carried out using the R functions “hclust”

and “cutree.”

A larger scale in our analysis was “nation/state” (nation, state, or territory,

which had an average of 44 ± 59 reef clusters), which are jurisdictions that

generally correspond to individual nations (but could also include states,

territories, overseas regions), within which sites were nested for analysis.

Targeted fish biomass. Reef fish biomass estimates were based on visual counts in

1,798 reef sites. All surveys used standard belt-transects, distance sampling, or

point-counts, and were conducted between 2004 and 2013. Where data from

multiple years were available from a single reef site, we included only data from

the year closest to 2010. Within each survey area, reef-associated fishes were

identified to species level, their abundance counted, and total length (TL) es-

timated, with the exception of one data provider whomeasured biomass at the

family level. To make estimates of targeted biomass from these transect-level

data comparable among studies, we did the following. (i) We retained fami-

lies that were consistently studied, commonly targeted, and were above a

minimum size cut-off. Thus, we retained counts of >10 cm diurnally active,

noncryptic reef fish that are resident on the reef (14 families), excluding sharks

and semipelagic species (SI Appendix, Table S1). We calculated total biomass of

targeted fishes on each reef using standard published species-level length–

weight relationship parameters or those available on FishBase (63). When

length–weight relationship parameters were not available for a species, we

used the parameters for a closely related species or genus. For comparison, we

also calculated nontarget fish biomass (SI Appendix, Table S1). (ii) We directly

accounted for depth and habitat as covariates in the model (see Environmental

Drivers, below). (iii) We accounted for differences among census methods by

including each census method (standard belt-transects, distance sampling, or

point-counts) as a covariate in the model. (iv) We accounted for differences in

sampling area by including total sampling area for each reef (m2) as a covariate

in the model.

Top predators. We examined the presence/absence of eight families of fish

considered top predators (SI Appendix, Table S1). We considered presence/

absence instead of biomass because biomass was heavily zero inflated.

Gravity.We first developed a gravity index for each of our reef sites where we

had in situ ecological data. We gathered data on both population estimates

and a surrogate for distance: travel time.

Population estimates.Wegathered population estimates for each 1- by 1-km

cell within a 500-km radius of each reef site using LandScan 2011 database.

We chose a 500-km radius from the reef as a likely maximum distance fishing

activities for reef fish are likely to occur.

Travel time calculation. The following procedure was repeated for each

populated cell within the 500-km radius. Travel time was computed using a

cost–distance algorithm that computes the least “cost” (in minutes) of

traveling between two locations on a regular raster grid. In our case, the two

locations were the centroid of the reef site and the populated cell of in-

terest. The cost (i.e., time) of traveling between the two locations was de-

termined by using a raster grid of land cover and road networks with the

cells containing values that represent the time required to travel across them

(32) (SI Appendix, Table S2), we termed this raster grid a “friction-surface”

(with the time required to travel across different types of surfaces analogous

to different levels of friction). To develop the friction-surface, we used

global datasets of road networks, land cover, and shorelines:

Road network data were extracted from the Vector Map Level 0 (VMap0)

from the National Imagery and Mapping Agency’s (NIMA) Digital Chart of

the World (DCW). We converted vector data from VMap0 to 1 km

resolution raster.

Land cover data were extracted from the Global Land Cover 2000 (64).

To define the shorelines, we used the GSHHS (Global Self-consistent, Hi-

erarchical, High-resolution Shoreline) database v2.2.2.

These three friction components (road networks, land cover, and shore-

lines) were combined into a single friction surface with a Behrmann map

projection (an equal area projection). We calculated our cost-distance models

in R using the accCost function of the “gdistance” package. The function

uses Dijkstra’s algorithm to calculate least-cost distance between two cells

on the grid taking into account obstacles and the local friction of the

landscape (65). Travel time estimates over a particular surface could be af-

fected by the infrastructure (e.g., road quality) and types of technology used

(e.g., types of boats). These types of data were not available at a global scale

but could be important modifications in more localized studies.

Gravity computation. To compute gravity, we calculated the population of

the cell and divided that by the squared travel time between the reef site and

the cell. We summed the gravity values for each cell within 500 km of the reef

site to get the “total gravity” within 500 km. We used the squared distance

(or in our case, travel time), which is relatively common in geography and

economics, although other exponents can be used (31) (Table S3).

We also developed a global gravity index for each 10- × 10-km grid of reef

in the world (Box 1), which we provide as an open-access dataset. The pro-

cedure to calculate gravity was similar to above with the only difference

being in the precision of the location; the former was a single data point

(reef site), while the latter was a grid cell (reef cell). For the purpose of the

analysis, gravity was log-transformed and standardized.

We also explored various exponents (1–3) and buffer sizes (50, 250, and

500 km) to build nine gravity metrics. The metric providing the best model, so

with the lowest Akaike Information Criterion (AIC), was that with a squared

exponent for travel time and a 500-km buffer (SI Appendix, Table S3).

Management. For each observation, we determined the prevailing type of

management, including the following. (i) Marine reserve (whether the site fell

within the borders of a no-take marine reserve): we asked data providers to

further classify whether the reserve had high or low levels of compliance. For this

analysis, we removed sites that were categorized as low-compliance reserves (n =

233). (ii) Restricted fishing: whether there were active restrictions on gears (e.g.,

bans on the use of nets, spearguns, or traps) or fishing effort (which could have

included areas inside marine protected areas that were not necessarily no take).

Or (iii) openly fished: regularly fished without effective restrictions. To determine

these classifications, we used the expert opinion of the data providers, and tri-

angulated this with a global database of marine reserve boundaries (66). We also

calculated size (median = 113.6 km2, mean= 217,516 km2, SD = 304,417) and age

(median = 9, mean = 15.5 y, SD = 14.5) of the no-take portion of each reserve.

Reserve size was strongly related to our metric of gravity and could not be di-

rectly included in the analysis. We conducted a supplemental analysis where we

separated reserves into small (≤28 km2) and large (>65 km2) based on a natural

break in the data to illustrate: (i) how biomass and the presence of top predators

might differ between small and large reserves; and (ii) how large reserves are

absent in our sample in high gravity.

Other Social Drivers. To account for the influence of other social drivers that

are thought to be related to the condition of reef fish biomass, we also

included the following covariates in our model.

Local population growth.We created a 100-km buffer around each site and used

this to calculate human population within the buffer in 2000 and 2010 based

on the Socioeconomic Data andApplication Centre gridded population of the

world database. Population growthwas the proportional difference between

the population in 2000 and 2010. We chose a 100-km buffer as a reasonable

range at which many key human impacts from population (e.g., land-use and

nutrients) might affect reefs (67).

Human development index. Human development index (HDI) is a summary

measure of human development encompassing a long and healthy life, being

knowledgeable, and having a decent standard of living. In cases where HDI

values were not available specific to the state (e.g., Florida and Hawaii), we

used the national (e.g., United States) HDI value.

Population size. For each nation/state, we determined the size of the human

population. Data were derivedmainly from the national census reports CIA fact

book (https://www.cia.gov/library/publications/the-world-factbook/rankorder/

2119rank.html), and Wikipedia (https://en.wikipedia.org/wiki/Main_Page). For

the purpose of the analysis, population size was log-transformed.
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Environmental Drivers.

Depth. The depth of reef surveys was grouped into the following categories:

<4 m, 4–10 m, >10 m to account for broad differences in reef fish community

structure attributable to a number of interlinked depth-related factors. Cat-

egories were necessary to standardize methods used by data providers and

were determined by preexisting categories used by several data providers.

Habitat. We included the following habitat categories. (i) Slope: the reef slope

habitat is typically on the ocean side of a reef, where the reef slopes down into

deeper water. (ii) Crest: the reef crest habitat is the section that joins a reef

slope to the reef flat. The zone is typified by high wave energy (i.e., where the

waves break). It is also typified by a change in the angle of the reef from an

inclined slope to a horizontal reef flat. (iii) Flat: the reef flat habitat is typically

horizontal and extends back from the reef crest for tens to hundreds of me-

ters. (iv) Lagoon/back reef: lagoonal reef habitats are where the continuous

reef flat breaks up into more patchy reef environments sheltered from wave

energy. These habitats can be behind barrier/fringing reefs or within atolls.

Back reef habitats are similar broken habitats where the wave energy does not

typically reach the reefs and thus forms a less continuous “lagoon style” reef

habitat. Due to minimal representation among our sample, we excluded other

less-prevalent habitat types, such as channels and banks. To verify the sites’

habitat information, we used the Millennium Coral Reef Mapping Project hi-

erarchical data (68), Google Earth, and site depth information.

Productivity.We examined ocean productivity for each of our sites in milligrams

of C per square meter per day (mg C m−2 d−1) (www.science.oregonstate.edu/

ocean.productivity/). Using the monthly data for years the 2005–2010 (in hdf

format), we imported and converted those data into ArcGIS. We then calcu-

lated yearly average and finally an average for all these years. We used a

100-km buffer around each of our sites and examined the average productivity

within that radius. Note that ocean productivity estimates are less accurate

for nearshore environments, but we used the best available data. For the

purpose of the analysis, productivity was log-transformed.

Climate stress.We included an index of climate stress for corals, developed by

Maina et al. (69), which incorporated 11 different environmental conditions,

such as the mean and variability of sea-surface temperature.

Analyses.We first looked for collinearity among our covariates using bivariate

correlations and variance inflation factor estimates. This led to the exclusion

of several covariates (not described above): (i) Biogeographic Realm (Tropical

Atlantic, western Indo-Pacific, Central Indo-Pacific, or eastern Indo-Pacific);

(ii) Gross Domestic Product (purchasing power parity); (iii) Rule of Law

(World Bank governance index); (iv) Control of Corruption (World Bank

governance index); (v) Voice and Accountability (World Bank governance

index); (vi) Reef Fish Landings; (vii) Tourism arrivals relative to local pop-

ulation; (viii) Sedimentation; and (ix) Marine Reserve Size. Other covariates

had correlation coefficients 0.7 or less and Variance Inflation Factor scores

less than 5 (indicating multicollinearity was not a serious concern). Care must

be taken in causal attribution of covariates that were significant in our

model, but demonstrated collinearity with candidate covariates that were

removed during the aforementioned process. Importantly, the covariate of

interest in this study, gravity, was not strongly collinear with candidate

covariates except reserve size (r = −0.8, t = 3.6, df = 104, P = 0.0004).

To quantify the relationships between gravity and target fish biomass, we

developed a general linear-mixedmodel in R, using a log-normal distribution for

biomass. To quantify the relationships between gravity and presence/absence of

top predators, we developed a generalized linear-mixedmodel with a binomial

family and a logit link function. For both models, we set reef cluster nested

within nation/state as a random effect to account for the hierarchical nature of

the data (i.e., reef sites nested in reef clusters, reef clusters nested in nation/

states). We included an interaction between gravity and reserve age, as well as

all of the other social and environmental drivers and the sampling method and

total sampling area as covariates. We also tested interactions between gravity

and management and used AIC to select the most parsimonious model. For fish

biomass, the interaction between gravity and reserve age had AIC values >2 lower

than the interaction between gravity and management (and a combination of

both interactions). For the top predator models, both interactions were within 2

AIC values, so we chose the interaction with reserve age for consistency. All con-

tinuous covariates were standardized for the analysis, and reserve age was then

normalized such that nonreserves were 0 and the oldest reserves were 1. In

summary, our models thus predicted target fish biomass or probability of top

predators being observed at the reef site scale with an interaction between gravity

and reserve age, while accounting within the random factors for two bigger scales

at which the data were collected (reef cluster, and nation/state) (SI Appendix), and

key social and environmental characteristics expected to influence the biomass of

reef fish (14). In addition to coefficient plots (SI Appendix, Fig. S1), we conducted a

supplemental analysis of relative variable importance (SI Appendix, Table S4).

We ran the residuals from the models against size of the no-take areas of

the marine reserves and no patterns were evident, suggesting it would ex-

plain no additional variance in the model. Trend lines and partial plots

(averaged by site and nation/state) are presented in the figures (Figs. 2 B–H

and 3H). We plotted the partial effect of the relationship between gravity

and protection on targeted fish biomass and presence of top predators (Figs.

2 B–G and 3 B–G) by setting all other continuous covariates to 0 because they

were all standardized and all categorical covariates to their most common

category (i.e., 4–10 m for depth, slope for habitat, standard belt transect for

census method). For age of reserves, we set this to 0 for fished and restricted

areas, and to the average age of reserves (15.5 y) for reserves.

To examine the expected conservation gains of different management

strategies, we calculated: (i) the difference between the response of openly

fished areas (our counterfactual) and high-compliance marine reserves to

gravity; and (ii) the difference between the response of openly fished areas

and fisheries restricted areas to gravity. For ease of interpretation, we

plotted conservation gains in kilograms per hectare (kg/ha; as opposed to

log[kg/ha]) (Fig. 4A). A log-normal (linear) model was used to develop the

slopes of the biomass (i) fished, (ii) marine reserve, and (iii) fisheries re-

stricted areas, which results in the differences between (i) and (ii) and be-

tween (i) and (iii) being nonlinear on an arithmetic scale (Fig. 4A).

Weplotted the diagnostic plots of the general linear-mixedmodel to check that

themodel assumptionswerenot violated. To check the fit of thegeneralized linear-

mixedmodel,weused the confusionmatrix (tabular representationofactual versus

predicted values) to calculate the accuracy of the model, which came to 79.2%.

Toexaminehomoscedasticity, we checked residuals against fitted values.We

checked our models against a null model, which contained the model structure

(i.e., random effects), but no covariates. We used the null model as a baseline

against which we could ensure that our full model performed better than a

model with no covariate information. In all cases ourmodels outperformed our

null models by more than 2 AIC values, indicating a more parsimonious model.

All analyses were undertaken using R (3.43) statistical package.

Data Access. A gridded global gravity data layer is freely available at dx.doi.

org/10.4225/28/5a0e7b1b3cc0e. The ecological data used in this report are

owned by individual data providers. Although much of these data (e.g.,

NOAA CRED data, and Reef Life Surveys) are already open access, some of

these data are governed by intellectual property arrangements and cannot be

made open access. Because the data are individually owned, we have agreed

upon and developed a structure and process for those wishing access to the

data. Our process is one of engagement and collaboration with the data

providers. Anyone interested can send a short (one-half to one page) proposal

for use of the database that details the problem statement, research gap,

research question(s), and proposed analyses to the Principle Investigator and

database administrator Joshua.cinner@jcu.edu.au, who will send the proposal

to the data providers. Individual data providers can agree to make their data

available or not. They can also decide whether they would like to be con-

sidered as a potential coauthor if their data are used. The administrator will

then send only the data that the providers have agreed to make available.
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Determining whether many functionally complementary species or only a

subset of key species are necessary to maintain ecosystem functioning and

services is a critical question in community ecology and biodiversity conser-

vation. Identifying such key species remains challenging, especially in the

tropics where many species co-occur and can potentially support the same

or different processes. Here, we developed a new community-wide scan

(CWS) approach, analogous to the genome-wide scan, to identify fish

species that significantly contribute, beyond the socio-environmental and

species richness effects, to the biomass and coral cover on Indo-Pacific

reefs. We found that only a limited set of species (51 out of approx. 400,

approx. 13%), belonging to various functional groups and evolutionary

lineages, are strongly and positively associated with fish biomass and live

coral cover. Many of these species have not previously been identified as

functionally important and thus, may be involved in unknown, yet impor-

tant, biological mechanisms that help sustain healthy and productive coral

reefs. CWS has the potential to reveal species that are key to ecosystem func-

tioning and services and to guide management strategies as well as new

experiments to decipher underlying causal ecological processes.

1. Introduction
Within the context of global changes and biodiversity loss, effective ecosystem

management relies on a better understanding of the causal pathways between

ecological communities and the myriad of services they sustain [1–4]. Exper-

iments that manipulate community compositions have unambiguously

demonstrated the positive effect of species diversity on ecosystem functioning

over short and long timescales [5–8]. Recent studies have also convincingly

shown that natural species-rich communities are more productive and can deli-

ver higher rates of ecosystem services than impoverished communities [9,10].

Beyond the mere number of species, the diversity of species traits and evolution-

ary histories has been shown to promote ecosystem functioning in both

controlled experiments and natural communities [11–14]. In parallel, another

& 2018 The Author(s) Published by the Royal Society. All rights reserved.
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line of evidence suggests that particular species are key to eco-

system functioning as they contribute disproportionally to

certain processes when present [15–19]. However, identifying

these key species remains highly challenging in diverse ecosys-

tems, such as tropical reefs or rainforests, where many species

co-occur and can have multiple or unique contributions to

ecosystem functions and services [17,20].

To tackle this challenge, ecologists can now use the increas-

ing availability of extensive and standardized databases that

have compiled environmental, social and ecological infor-

mation across space and time [9,21]. This emergence of large

social-ecological databases parallels what happened 20 years

ago in genetics with advances in genome sequencing generat-

ing millions of genetic variants for individual loci. To

identify genetic variants among this myriad of sequences

that are more frequent in people with a particular disease

or traits of biomedical significance, genome-wide scans or

genome-wide association studies (GWAS) were developed

[22]. Such an approach is powerful to relate a given biologi-

cal feature or trait to its underlying genetics, based on the

simple idea that if a genetic variant increases the frequency

of a given trait it should be more frequent in individuals

with this trait than expected by chance [23]. Although this

approach does not attribute causality, it can uncover pre-

viously unsuspected, yet important, potential biological

mechanisms and pathways [24]. Although similar approaches

have not been used in ecology, they hold much promise

in empirical community ecology where only a few, among

dozens or even hundreds of species (the ecological equivalents

of genetic variants) can disproportionally drive ecosystem func-

tioning and the delivery of services (the equivalents of

diseases, traits or phenotypes) [17,19,25]. This approach

could also reveal the unknown level of ecological pleiotropy

in communities, i.e. the propensity that a single species can

be key to many ecological functions and services [26,27].

This term was initially coined by Strauss & Irwin [28] [29Q2 ]

by analogy to genetic pleiotropy, where one gene can influ-

ence two or more seemingly unrelated phenotypic traits.

Under ecological pleiotropy a few species, so only a small

fraction of biodiversity, may underpin many different eco-

system functions or services and would deserve particular

conservation actions.

Identifying functionally important or key species is particu-

larly challenging in biodiverse ecosystems, due largely to the

complexity of interactions between species and with their

environment including human disturbances. For example,

despite the large body of research on coral reefs, the identifi-

cation of fish species that disproportionally drive ecosystem

functioning is still in its infancy [15,30]. The functional impor-

tance of most coral reef fishes is still poorly understood, and no

study has scanned entire fish communities to detect potential

links with ecosystem functioning and services at large scale.

Here, we develop a new community-wide scan (CWS)

approach, analogous to the GWAS approach, to identify key

fish species that are linked to the delivery of services on coral

reef ecosystems. Here ‘key’ has a different meaning than ‘key-

stone’ which corresponds to a ‘species whose effect is large,

and disproportionately large relative to its abundance’ [31].

We define key species as those consistently and significantly

associated, i.e. above a certain statistical threshold, to a certain

level of ecosystem functioning or services.

More precisely, we propose a statistical framework and

use empirical data from 1824 Indo-Pacific coral reefs hosting

approximately 400 fish species to determine species whose

presence is disproportionately related to fish biomass and

live coral cover which insure, for instance, fisheries yield

[32] and coastal protection [33], respectively. We then place

those key species on a reef fish phylogeny, and in a functional

trait space [34] to show the extent of species traits and evol-

utionary lineages that are necessary to sustain these two

services on coral reefs. Identifying key species can provide

new research priorities to elucidate ecological processes by

which such candidate species positively affect coral reefs

and to motivate a diversification of management options to

maintain fish communities and their associated services in

the face of a highly uncertain future.

2. Material and methods

(a) General framework
The community-wide scan (CWS) framework to identify species
that are associated with higher levels of ecosystem services
involves three steps (figure 1): (i) collecting environmental, socio-
economic, species presence and/or abundance, and indicators of
ecosystem services data across many sites; (ii) modelling a given
(or several) ecosystem service as a function of this large set of
predictor variables (socioeconomic, environmental conditions
and species richness). The accuracy and parsimony of this com-
prehensive initial, or reference, model (M0) is validated
according to its R2 and its Akaike information criterion
(AICM0), respectively; (iii) testing the effect of each species separ-
ately on each ecosystem service beyond the effect of previous
variables including species richness. For this, the presence of a
given candidate species in a community (coded as a binary vari-
able) is added as an explanatory variable to M0. The resulting
model M1, so the importance of the candidate species to explain
variations of a given ecosystem service, is evaluated according to
its AIC (AICM1K). A species is declared as a potential key contri-
butor to the ecosystem service if DAIC (AICM02 AICM1k) greater
than 4 and if its partial effect is positive (figure 1).

(b) Coral reef data
(i) Coral reef services
The proxies for coral reef services we considered are fish biomass
and live coral cover which support, among many others, food
security, shoreline protection and recreational value [32,33,35,36].
We used data from 1824 coral reefs in 26 nations/states located
across the Indo-Pacific which include fish biomass (electronic sup-
plementary material, figure S1) and live coral cover (electronic
supplementary material, figure S2) estimates (see details in the
electronic supplementary material).

(ii) Initial models and species candidates
For each of the 1824 reefs located in the Indo-Pacific we collected
and used 12 relevant social and environmental variables (listed
below), together with the occurrence, abundance and size of
739 reef fish species [21]. To build the initial model (M0) and esti-
mate the reference AICM0 we modelled fish biomass and live
coral cover using linear mixed models (LMMs) with the complete
set of socioeconomic and environmental conditions plus species
richness as predictor variables. For each of the 739-fish species
present in this dataset, we estimated the number of reefs where
a given fish species was present. To avoid results only influenced
by a few reefs we chose to remove rare species. Rarity can be seen
as a relative (compared to other species) or absolute (compared
to the number of sampled reefs) concept while cutoffs are
always subjective [37,38]. Here, we excluded species present on
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less than 1% of the reefs (i.e. 18 and 7 reefs for fish biomass and
coral cover dataset, respectively), so we retained 381 species
which corresponds to roughly half (51%) of the species pool, a
conservative threshold to define rarity [37]. These 381 fish species
belonged to 116 genera and 30 families were considered as
potential candidate species.

(iii) Identifying potential key contributors to ecosystem services
Each of the 381 species was tested as candidate for improving
prediction of reef fish biomass and live coral cover given the
socioeconomic and environmental conditions at each study
site. More precisely, we tested presence of each candidate
species as an additional explanatory binary variable to M0 to
compute model M1 and its associated AIC (AICM1K). Finally, a
species was identified as a potential key contributor to a given
ecosystem service if, when included, DAIC greater than 4 and
if its partial effect was positive (positive coefficient in the
model). The binary variable describing the presence/absence
of a species was strictly related to its occurrence in our study
(i.e. presence of at least 1 individual) but could be also deter-
mined using any relative abundance threshold (figure 1 and
electronic supplementary material).

(iv) Environmental and socioeconomic variables
The variables included in the models were environmental: (1)
oceanic productivity, (2) habitat type, (3) depth and socioeco-
nomic: (4) management (5) local human population growth
rate, (6) gravity of local population, (7) gravity of markets, (8)
levels of human development (human development index), (9)
human population size, (10) levels of tourism, (11) degree of
voice and accountability of citizens and (12) reef fish landings
(details are provided in the electronic supplementary material).

(v) Statistical analyses
We first built two linear mixed models (LMM), which pre-
dicted fish biomass and live coral cover respectively, while

accounting for the different scales at which the data were col-
lected as random effects (reef site, location and nation/state,
electronic supplementary material), with 12 key environ-
mental and socioeconomic variables expected to influence
reef conditions [21,39] and fish species richness as fixed effects
(electronic supplementary material). To evaluate the fit of the
two linear mixed models, we checked the relationship
between observed and predicted values. Model validation
and quality control procedures are described in the electronic
supplementary material.

In order to quantify the potential net benefit of each ident-
ified key species, we extracted the net effect of each key species
for biomass and live coral cover using a partial plot from linear
mixed models while the other variables were held constant.

We next investigated whether reefs with several key species
show high levels of fish biomass and live coral cover. To control
for the effects of species richness we compared modelled esti-
mates of fish biomass and live coral between reefs while
increasing the number of key species. We estimated the
number of key species present on each reef and chose the richest
quartile as a threshold (i.e. four and six key species for biomass
and live coral cover respectively). We next created three cat-
egories of reefs: those with no key species, those with at least
one key species but below the richness threshold (four and six
for biomass and live coral cover, respectively) and those with
more key species than the threshold.

(vi) Functional space and entities
The 381 candidate fish species were functionally described using
six traits: (1) size, (2) mobility, (3) period of activity, (4) schooling,
(5) vertical position in the water column and (6) diet. Values for
these six traits were taken from the global trait database on tropi-
cal reef fishes from Mouillot et al. [40] (electronic supplementary
material). The 381 candidate species represented 240 functional
entities and most functional entities comprise species from
different genera [40].
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Figure 1. Statistical framework to assess the significant potential contribution of species to ecosystem services beyond the effects of environmental and socio-

economic conditions and species richness. (1) Collecting datasets: for a (large) set of sites, variables describing a given ecosystem service (Y), environmental

(E) and socioeconomic conditions (SE), and the occurrence of species. Species richness (R) is computed for each site from the sites-species matrix as well as

the vector (Sk) with presence–absence of each species in sites. (2) The goal is to model a given ecosystem service (Y) according to environmental (E) and socio-

economic conditions (SE) and species richness (R); to check its relevance according to its explanatory power and to save its AICM0 as a reference for the next step. (3)

The goal is to identify species key for the studied ecosystem service (Y) adding each candidate species ( presence–absence, Sk) as an additional explanatory variable

to M0 to compute model M1 and its associated AIC (AICM1k). Finally, a species is declared as a key potential contributor to the ecosystem service if DAIC (AICM0 2

AICM1k). 4 and if its partial effect is positive ( positive coefficient in the model).
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We assessed functional richness (FRic), i.e. the functional
space occupied by the key fish species for biomass and coral
cover respectively, using the convex hull volume index proposed
by Cornwell et al. [41]. This volume corresponds to the amount of
multidimensional (four in our case) functional space filled by key
species, where axes are defined by species traits.

(vii) Fish phylogeny
We used a phylogeny of Acanthomorph fishes [42] which covers
all 30 reef fish families of the present study (electronic supplemen-
tary material, table S1). Some fish genera (e.g. Elagatis and
Parupeneus) recorded on reefs were missing in this phylogeny.

3. Results

(a) Predictability of fish biomass and coral cover
The two initial (M0) models explained 79% and 61% of the

variance in fish biomass and live coral cover, respectively

(electronic supplementary material, figure S3). The residuals

of the two models were normally distributed (electronic sup-

plementary material, figure S3). In total, eight and six

variables had the highest importance (Akaike weight ¼ 1)

in predicting fish biomass and live coral cover, respectively

(electronic supplementary material, tables S2, S3). Fish

species richness, oceanic productivity, population size, tour-

ism and census method were the main predictors of both

fish biomass and coral cover. Depth, management and

sampling area were also important predictors of fish biomass

while habitat type was important in predicting coral cover

(electronic supplementary material, tables S2, S3).

(b) Key species associated with reef fish biomass
Among the 381 fish species considered as candidates, only 26

species (7%) were significantly related to fish biomass

beyond the initial set of variables (DAIC. 4 and positive

effect), after considering their presence (at least one
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Figure 2. Positions of key species for biomass (red), live coral cover (blue) or both of them (purple) represented as their corresponding fish genera in the Tree of Life

of Coral Reef Fishes, adapted from Near et al. [42]. The 26 key species for biomass represent 16 genera while the 28 key species for coral cover represent 15 genera

with 4 common genera. Elagatis and Parupeneus genera are missing.

rspb.royalsocietypublishing.org
Proc.

R.
Soc.

B
20181167

4190

191

192

193

194

195

196

197

198

199

200

201

202

203

204

205

206

207

208

209

210

211

212

213

214

215

216

217

218

219

220

221

222

223

224

225

226

227

228

229

230

231

232

233

234

235

236

237

238

239

240

241

242

243

244

245

246

247

248

249

250

251

252

ARTICLE IN PRESS

RSPB20181167—9/7/18—12:49–Copy Edited by: Not Mentioned



individual) (electronic supplementary material, table S4).

Those 26 key species covered a wide breadth of phylogenetic

lineages (figure 2), representing 16 out of 116 genera and 8

out of 30 families (i.e. Acanthuridae, Carangidae, Labridae,

Lethrinidae, Lutjanidae, Mullidae, Scombridae, Serranidae).

When considering functional traits, we found that those

26 key species represented 24 different functional entities

(electronic supplementary material, table S6) demonstrating

a very low functional redundancy with 1.1 species per func-

tional entity (median ¼ 1; range: 1–2). In addition, key

species had contrasting functional traits with all body

sizes (from 10 cm to greater than 50 cm) and all diets

(seven trophic categories) represented (electronic supplemen-

tary material, table S6). Together these 26 key species filled

20% of the whole functional space defined by the 240 func-

tional entities corresponding to the 381 candidate species

(FRic ¼ 0.20; figure 3).

(c) Key species associated with live coral cover
We found that 28 reef fish species out of 381 (7%) were sig-

nificantly and positively related to coral cover (DAIC. 4),

after considering their presence (electronic supplementary

material, table S5). Those 28 key species also encompassed

a wide breadth of phylogenetic lineages (figure 2), represent-

ing 15 out of 116 genera and 8 out of 30 families (i.e.

Acanthuridae, Chaetodontidae, Cirrhitidae, Haemulidae,

Labridae, Lutjanidae, Monacanthidae, Serranidae).

When considering functional traits, we found that the 28

key fish species were distributed among 17 different func-

tional entities (electronic supplementary material, table S6).

Key fish species with regard to coral cover showed some

degree of functional redundancy with, on average, 1.6 key

species per functional entity (median ¼ 1; range: 1–6

species). This higher functional redundancy translated into

a more restricted functional space filled by these key species

(only 5% with FRic ¼ 0.05; figure 3). Species of all sizes (from

10 cm to greater than 50 cm) and almost all diets (six diet cat-

egories out of seven) were significantly associated with live

coral cover. However, large mobile predators and large herbi-

vorous fishes were not considered as key for live coral cover

(electronic supplementary material, table S6).

(d) Low overlap between key species with regard to

fish biomass and coral cover
The two sets of key species associated with total fish

biomass and live coral cover (26 and 28 key species, respect-

ively) each represented less than 10% of the 381 fish species

tested as candidates. Only three species (Acanthurus albipec-

toralis, Lutjanus bohar, Lutjanus gibbus)were common to both

sets while four genera (Acanthurus, Chlorurus, Lutjanus and

Scarus) and four families (Acanthuridae, Labridae, Lutjani-

dae and Serranidae) presented key species significantly

associated with the two reef services (figure 2, electronic

supplementary material, table S6).

Only six functional entities were common and signifi-

cantly associated with both biomass and live coral cover

(figure 3), namely small and medium herbivores, small

planktivores, medium and large fishes targeting mobile

invertebrates and meso-predators (electronic supplementary

material, table S6).

(e) The net benefit of key species for fish biomass and

live coral cover
When present, each key species belonged to a community

with a median level of fish biomass higher (560 kg ha21,

range: 439–773 kg ha21) than the median biomass observed

when absent (370 kg ha21, range: 337–385 kg . ha21). Simi-

larly, live coral cover was estimated at a median value of

50% (range: 36–82%) when each key species was present

against 34% (range: 26–38%) when absent (figure 4). For

clarity, we only presented the net effect of the four most
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Figure 3. In total, 51 fish species which correspond to 35 out of 240 functional entities (15%) have been identified as strongly related to high biomass (18 red

shapes), high live coral cover (11 blue shapes) or both of them (6 purple shapes). The positions those 35 functional entities in the four-dimensional functional

space are defined according to species trait values. Fish shapes were chosen to illustrate the main genus of the species comprised in each functional entity,

other functional entities are represented with grey dots. Coloured areas represent the functional volume filled by the functional entities strongly related to
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significant key species (lowest AIC, electronic supplementary

material, tables S4, S5) associated with biomass and live

coral cover (figure 4). Importantly, these four most signifi-

cant key species (lowest AIC) were not necessarily related

to the highest level of biomass and coral cover (electronic

supplementary material, figure S4).

It is not only individual key species, but also the

accumulation of key species that was linked to high

levels of ecosystem services. For instance, reefs with more

than four key species reached a median level of biomass

of 1,150 kg ha21 (range: 362–3,715 kg ha21), i.e. three

times the median biomass observed (370 kg ha21, range:

86–1,380 kg ha21) in reefs with an intermediate number of key

species (from 1 to 3 key species) and more than seven times

higher than the median level of fish biomass reached in reefs

having no key species (156 kg ha21, range: 12–812 kg ha21).

Although less pronounced, reefswith at least six key fish species

showed a median live coral cover of 40% (range: 20–68%)

while reefs with no key species had a median level of 31%

(range: 18–54%) live coral cover (figure 5).

4. Discussion

(a) Sustaining healthy and productive coral reefs
Even if the purpose of the present study was not to disentan-

gle effects of anthropogenic, environmental and biodiversity

drivers on fish biomass and coral cover, we found consistent

results (electronic supplementary material, tables S2, S3)

with previous large-scale studies highlighting the primary

importance of human density, species richness and ocean

productivity on fish biomass and coral cover [43–45].

In the present study, many different fish species (approx.

400 candidate species) were scanned and only 26 and 28

species were identified as significantly and positively

related to fish biomass and live coral cover, respectively,

with only three species being common to both. In total,

these 51 species (i.e. approx. 13% of the species pool

tested) represent 35 distinct functional entities (out of 240,

i.e. 15%) that are widespread in the functional space.

While large-bodied species may be expected to dispropor-

tionately contribute to fish biomass, our results indicate

that only 25% (7 out of 26, electronic supplementary

material, table S6) of key species for fish biomass were

large-bodied (greater than 50 cm), which is directly com-

parable to the percentage of large-bodied species among

the initial candidate species (24% or 91 fish species out of

381). In addition, 35% of key species for fish biomass

were smaller than 30 cm (9 out of 26, electronic supplemen-

tary material, table S6). The positive association with fish

biomass is thus independent of body size.

It comes as no surprise that some key fish species ident-

ified in this study have already attracted considerable

interest in coral reef ecology. Herbivorous fish support coral

reef resilience by preventing coral–algal phase shifts

[17,29,46–49], and, therefore, may contribute to the mainten-

ance of high coral cover and fish biomass. In particular,

scarine parrotfishes (i.e. Bolbometopon, Chlorurus, Hipposcarus

and Scarus, electronic supplementary material, tables

S4–S6) play critical roles as grazers and bioeroders of the

reef substratum [50,51], and their abundances have strong

positive effects on cover of corals and hence accretion rates of

the reef [52]. Further, grazing and detritivorous acanthurids

(i.e. Acanthurus and Ctenochaetus, electronic supplementary

material, tables S4–S6) intensely graze epilithic algal turfs

[49,53], while benthic-feeding unicornfishes (i.e.Naso, electronic

supplementary material, tables S4, S6) play a significant role in

macroalgal removal [30,54].

By contrast, some key species identified in the present

study have not previously been identified as playing signifi-

cant roles. While predation is a key process shaping prey

behaviour and populations [55], structuring ecological com-

munities [56] and promoting nutrient capacity [57], no

individual predator species have been expressly identified.

Here, we show that predatory species like Aprion, Caranx,

Cephalopholis, Elagatis, Gymnosarda, Lethrinus, Lutjanus, Oxy-

cheilinus and Plectropomus (figure 4, electronic supplementary

material, S4 Tables S4, S5) may play a critical role for fish bio-

mass and live coral cover, although the exact pathways

through which they act remain to be elucidated.
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(b) Low ecological pleiotropy on coral reefs
The finding that a limited number of functionally and evol-

utionary different species are positively related to high

levels of fish biomass and coral cover (figures 2, 3, electronic

supplementary material, S4) supports the idea that sustain-

ing ecosystem services may require a large breadth of

particular attributes beyond the number of species [14,58].

The limited overlap between the two sets of species signifi-

cantly associated with two reef services (three species, four

genera and six functional entities) suggests a low level of

ecological pleiotropy [28], i.e. that a single species, genus

or functional entity cannot be key to many independent eco-

system functions and services. Extended to the community

level, we show that ecological pleiotropy, the opposite of

functional redundancy, is not the norm on coral reefs. This

finding may explain why the multi-functionality of ecosys-

tems relies more strongly on biodiversity than do single

functions [6,14,58,59], because some species play unique

and thus irreplaceable roles in ecosystems [25,60]. However,

it is important to keep in mind that the results may change

depending on which traits and functions are considered in

the analysis, and a number of yet unknown but relevant

traits or functions not considered here could be included in

future studies. We suggest that this ecological pleiotropy

reconciles two opposing views in biodiversity and ecosystem

functioning (BEF) research because many complementary

species groups and lineages, and hence a large amount

of biodiversity, are necessary to sustain ecosystem multi-

functionality and associated services. Rather than providing

multiple functions individually, those key species appear to

provide high benefits in terms of fish biomass and live coral

cover once combined (figure 5). Maintaining habitat hetero-

geneity and high regional species diversity is thus a major

component of management and conservation. Our results

call for more species-focused management strategies such

as the banning of fishing species considered as key for the

ecosystem [17]. Additionally, sustaining multi-functionality

also requires a broader portfolio approach which may reduce

local extinction risk by securing the biodiversity level in

an increasingly uncertain future [61].

(c) Community-wide scan as a flexible framework to

link biodiversity to ecosystem functioning and

services
The CWS approach can be adapted for a wide range of eco-

systems, combinations of taxa or interactions and services.

Here, we only tested the presence of key species, while it

would be possible to look for key species groups (pairs or

more), key evolutionary lineages or even key biotic inter-

actions. Since those interactions are potentially multiple in

species-rich communities they cannot be experimentally

tested but they can emerge from empirical data using the

CWS approach. The way candidates are tested can be modi-

fied while respecting independence between predicted and

explanatory variables. As positive effects of some species

may only be revealed beyond particular thresholds, pres-

ence data can also be determined by any abundance

threshold such as a minimum number of individuals,

cover rate, biomass or level of interactions.

On coral reefs, defining species presence based on dis-

tribution of its biomass across study area (using upper

percentiles or deciles) can promote the inclusion of small-

bodied species but can also discriminate against species that

are not commonly encountered or have skewed biomass

distributions (electronic supplementary material, tables

S7–S10). Rather, defining species presence according to its

relative biomass in communities can be applied independently

of the species biomass distribution. However, we found con-

sistent results between these two procedures because the

majority of species detected as key species using the intracom-

munity approach are also significant using the intraspecific

approach, reinforcing the robustness of our findings.

CWS studies can also be considered as initial forays into a

better understanding of the complex relationships between
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particular species, species groups or interactions and ecosys-

tem processes or services. Some false-positives, species being

detected as key while they are not, may be revealed. Further-

more, no causality is determined in this approach; the main

merit is to identify unsuspected and statistically significant

positive associations. The logical progression would be to

conduct experiments focusing on potential key species with

the ultimate aim of highlighting the underlying ecological

or biological processes that potentially sustain healthy and

productive ecosystems.

5. Conclusion
The CWS approach has the potential to reveal unsuspected

contributions to ecosystem functioning and its associated ser-

vices, especially in complex and biodiverse ecosystems where

the detection of such contributions remains challenging. The

CWS approach holds much promise in empirical BEF studies

where only a few species, functional or phylogenetic groups,

can disproportionally drive ecosystem functioning and the

delivery of services. Our framework offers a new and flexible

way to analyse the ongoing massive empirical data relating

biodiversity to ecosystem functioning and services with the

potential to reconcile two opposing views: species identity

versus diversity. Given the growing interest in the assessment

and consequences of the ongoing extinction crisis on ecosys-

tem functioning, such a framework is extremely timely and

widely applicable.
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Bright spots among the world’s coral reefs
Joshua E. Cinner1, Cindy Huchery1, M. Aaron MacNeil1,2,3, Nicholas A.J. Graham1,4, Tim R. McClanahan5, Joseph Maina5,6,7, 
Eva Maire1,8, John N. Kittinger9,10, Christina C. Hicks1,4,9, Camilo Mora11, Edward H. Allison12, Stephanie D’Agata5,7,13, 
Andrew Hoey1, David A. Feary14, Larry Crowder9, Ivor D. Williams15, Michel Kulbicki16, Laurent Vigliola13, Laurent Wantiez17, 
Graham Edgar18, Rick D. Stuart-Smith18, Stuart A. Sandin19, Alison L. Green20, Marah J. Hardt21, Maria Beger6, 
Alan Friedlander22,23, Stuart J. Campbell5, Katherine E. Holmes5, Shaun K. Wilson24,25, Eran Brokovich26, Andrew J. Brooks27, 
Juan J. Cruz-Motta28, David J. Booth29, Pascale Chabanet30, Charlie Gough31, Mark Tupper32, Sebastian C. A. Ferse33, 
U. Rashid Sumaila34 & David Mouillot1,8

Ongoing declines in the structure and function of the world’s coral 
reefs1,2 require novel approaches to sustain these ecosystems and the 
millions of people who depend on them3. A presently unexplored 
approach that draws on theory and practice in human health and 
rural development4,5 is to systematically identify and learn from 
the ‘outliers’—places where ecosystems are substantially better 
(‘bright spots’) or worse (‘dark spots’) than expected, given the 
environmental conditions and socioeconomic drivers they are 
exposed to. Here we compile data from more than 2,500 reefs 
worldwide and develop a Bayesian hierarchical model to generate 
expectations of how standing stocks of reef fish biomass are related 
to 18 socioeconomic drivers and environmental conditions. We 
identify 15 bright spots and 35 dark spots among our global survey 
of coral reefs, defined as sites that have biomass levels more than 
two standard deviations from expectations. Importantly, bright 
spots are not simply comprised of remote areas with low fishing 
pressure; they include localities where human populations and use 
of ecosystem resources is high, potentially providing insights into 
how communities have successfully confronted strong drivers of 
change. Conversely, dark spots are not necessarily the sites with the 
lowest absolute biomass and even include some remote, uninhabited 
locations often considered near pristine6. We surveyed local 
experts about social, institutional, and environmental conditions 
at these sites to reveal that bright spots are characterized by strong 
sociocultural institutions such as customary taboos and marine 
tenure, high levels of local engagement in management, high 
dependence on marine resources, and beneficial environmental 
conditions such as deep-water refuges. Alternatively, dark spots 
are characterized by intensive capture and storage technology and 
a recent history of environmental shocks. Our results suggest that 
investments in strengthening fisheries governance, particularly 
aspects such as participation and property rights, could facilitate 

innovative conservation actions that help communities defy 
expectations of global reef degradation.

Despite substantial international conservation efforts, diversity and 
abundance continue to decline within many of the world’s ecosystems1,7.  
Most conservation approaches aim to identify and protect places of 
high ecological integrity under minimal threat8. Yet, with escalating 
social and environmental drivers of change, conservation actions are 
also needed where people and nature coexist, especially where human 
effects are already severe9. Here, we highlight an approach for imple-
menting conservation in coupled human–natural systems focused on 
identifying and learning from outliers—places that are performing 
substantially better than expected, given the socioeconomic and envi-
ronmental conditions they are exposed to. By their very nature, outliers 
deviate from expectations, and consequently can provide novel insights 
into confronting complex problems where conventional solutions have 
failed. This type of positive deviance, or bright spot analysis has been 
used in fields such as business, health, and human development to 
uncover local actions and governance systems that work in the con-
text of widespread failure10,11, and holds much promise in informing 
conservation.

To demonstrate this approach, we compiled data from 2,514 coral 
reefs in 46 countries, states, and territories (hereafter ‘nations/states’) 
and developed a Bayesian hierarchical model to generate expected con-
ditions of how standing reef fish biomass (a key indicator of resource 
availability and ecosystem functions12) was related to 18 key environ-
mental variables and socioeconomic drivers (Fig. 1; Extended Data 
Tables 1–4; Extended Data Figs 1–3; Methods). Drawing on a broad 
body of theoretical and empirical research in the social sciences13–15 
and ecology2,6,16 on coupled human–natural systems, we quantified 
how reef fish biomass (Fig. 1a) was related to distal social drivers such 
as markets, affluence, governance, and population (Fig. 1b, c), while 
controlling for well-known environmental conditions such as depth, 
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habitat, and productivity (Fig. 1d) (Extended Data Table 1; Methods). 
In contrast to many global studies of reef systems that are focused on 
demonstrating the severity of human effects6, our examination seeks 

to uncover potential policy levers by highlighting the relative role of 
specific social drivers. A key finding from our global analysis is that 
our metric of potential interactions with urban centres, called market  
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covariates, respectively. Parameter estimates are Bayesian posterior median 

values, 95% uncertainty intervals (UI; thin lines), and 50% UI (thick lines). 
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indicates that 75% of the posterior distribution lies to one side of 0; and 
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gravity17 (Methods), more so than local or national population  
pressure, management, environmental conditions, or national socioec-
onomic context, had the strongest relationship with reef fish biomass 
(Fig. 1). Specifically, we found that reef fish biomass decreased as the 
size and accessibility of markets increased (Extended Data Fig. 1b). 
Somewhat counter-intuitively, fish biomass was higher in places with 
high local human population growth rates, probably reflecting human 
migration to areas of better environmental quality18—a phenomenon 
that could result in increased degradation at these sites over time. We 
found a strong positive, but less certain relationship (that is, a high 
standardized effect size, but only > 75% of the posterior distribution 
above zero) with the Human Development Index, meaning that reefs 
tended to be in better condition in wealthier nations/states (Fig. 1c). 
Our analysis also confirmed the role that marine reserves can play in 
sustaining biomass on coral reefs, but only when compliance is high 
(Fig. 1b), reinforcing the importance of fostering compliance for 
reserves to be successful.

Next, we identified 15 bright spots and 35 dark spots among the 
world’s coral reefs, defined as sites with biomass levels more than two 
standard deviations higher or lower than expectations from our global 
model, respectively (Fig. 2; Methods; Extended Data Table 5). Rather 
than simply identifying places in the best or worst condition, our bright 
spots approach reveals the places that most strongly defy expectations. 
Using them to inform the conservation discourse will certainly chal-
lenge established ideas of where and how conservation efforts should 
be focused. For example, remote places far from human impacts are 
conventionally considered near-pristine areas of high conservation 
value6, yet most of the bright spots we identified occur in fished, pop-
ulated areas (Extended Data Table 5), some with biomass values below 
the global average. Alternatively, some remote places such as parts of 
the northwest Hawaiian Islands underperform (that is, were identified 
as dark spots).

Detailed analysis of why bright spots can evade the fate of similar 
areas facing equivalent stresses will require a new research agenda 
gathering detailed site-level information on social and institutional 
conditions, technological innovations, external influences, and 
 ecological processes19 that are simply not available in a global-scale 
analysis. As a hypothesis-generating exploration to begin uncovering 

why bright and dark spots may diverge from expectations, we sur-
veyed data providers who sampled the sites and other experts with 
first-hand knowledge about the presence or absence of ten key social 
and environmental conditions at the 15 bright spots, 35 dark spots, 
and 14 average sites with biomass values closest to model expecta-
tions (see Methods and Supplementary Information for details). Our 
initial exploration revealed that bright spots were more likely to have 
high levels of local engagement in the management process, high 
dependence on coastal resources, and the presence of sociocultural 
governance institutions such as customary tenure or taboos (Fig. 3; 
Methods). For example, in one bright spot, Karkar Island, Papua New 
Guinea, resource use is restricted through an adaptive rotational har-
vest system based on ecological feedbacks, marine tenure that allows 
for the exclusion of fishers from outside the local village, and initiation 
rights that limit individuals’ entry into certain fisheries20. Bright spots 
were also generally proximate to deep water, which may help provide 
a refuge from disturbance for corals and fish21 (Fig. 3; Extended Data 
Fig. 4). Conversely, dark spots were distinguished by having fishing 
technologies allowing for more intensive exploitation, such as fish 
freezers and potentially destructive netting, as well as a recent history 
of environmental shocks (for example, coral bleaching or cyclone; 
Fig. 3). The latter is particularly worrisome in the context of climate 
change, which is likely to lead to increased coral bleaching and more 
intense cyclones22.

Our global analyses highlight two novel opportunities to inform 
coral reef governance. The first is to use bright spots as agents of 
change to expand the conservation discourse from the current focus 
on protecting places under minimal threat8, towards harnessing les-
sons from places that have successfully confronted numerous or severe  
stressors. Our bright spots approach can be used to inform the types of 
investments and governance structures that may help to create more 
sustainable pathways for impacted coral reefs. Specifically, our initial 
investigation highlights how investments that strengthen fisheries 
governance, particularly issues such as participation and property 
rights, could help communities to innovate in ways that allow them 
to defy expectations. Conversely, the more typical efforts to provide 
capture and storage infrastructure, particularly where there are envi-
ronmental shocks and local-scale governance is weak, may lead to 

Figure 3 | Differences in key social and environmental conditions between bright spots, dark spots, and ‘average’ sites. a, Social and institutional 
conditions; b, external- or donor-driven projects; c, technologies; d, environmental conditions. P values are determined using Fisher’s exact test. 
Intensive netting includes beach seine nets, surround gill nets, and muro-ami.
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social– ecological traps23 that reinforce resource degradation beyond 
expectations. Effectively harnessing the potential to learn from both 
bright and dark spots will require scientists to increase research efforts 
in these places, NGOs to catalyse lessons from other areas, donors to 
start investing in novel solutions, and policy makers to ensure that 
governance structures foster flexible learning and experimentation. 
Indeed, bright spots may have much to offer in terms of how to crea-
tively confront drivers of change and prioritize conservation actions. 
Likewise, dark spots can help identify development strategies to avoid. 
Critically, the bright spots we identified span the development spec-
trum from low to high income (for example, Solomon Islands and 
territories of the USA, respectively; Fig. 2), showing that lessons about 
effective reef management can emerge from diverse places.

A second opportunity stems from a renewed focus on managing the 
socioeconomic drivers that shape reef conditions. Many social drivers 
are amenable to governance interventions, and our comprehensive 
analysis (Fig. 1) suggests that an increased policy focus on social drivers 
such as markets and development could result in improvements to reef 
fish biomass. For example, given the important influence of markets in 
our analysis, reef managers, donor organizations, conservation groups, 
and coastal communities could improve sustainability by developing 
interventions that dampen the negative influence of markets on reef sys-
tems. A portfolio of market interventions, including eco- labelling and 
sustainable harvesting certifications, fisheries improvement projects, 
and value chain interventions have been developed within large-scale 
industrial fisheries to condition access to markets based on sustainable 
harvesting24,25. Although there is considerable scope for adapting these 
interventions to artisanal coral reef fisheries in both local and regional 
markets, effectively dampening the negative influence of markets may 
also require developing novel interventions that address the range of 
ways in which markets can lead to over exploitation. Existing research 
suggests that markets create incentives for overexploitation not only by 
affecting price and price variability for reef products26, but also by influ-
encing people’s behaviour27,28, including their willingness to cooperate 
in the collective management of natural resources29.

The long-term viability of coral reefs will ultimately depend on inter-
national action to reduce carbon emissions22. However, fisheries remain 
a pervasive source of reef degradation, and effective local-level fisheries 
governance is crucial to sustaining ecological processes that give reefs 
the best chance of coping with global environmental change30. Seeking 
out and learning from bright spots is a novel approach to conserva-
tion that may offer insights into confronting the complex governance 
problems facing coupled human–natural systems such as coral reefs.

Online Content Methods, along with any additional Extended Data display items and 
Source Data, are available in the online version of the paper; references unique to 
these sections appear only in the online paper.
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METHODS
No statistical methods were used to predetermine sample size.
Scales of data. Our data were organized at three spatial scales:

(i)    Reef (n =  2,514).  e smallest scale, which had an average of 2.4 surveys/
transects.

(ii)   Site (a cluster of reefs; n =  918). We clustered reefs together that were with-
in 4 km of each other, and used the centroid of these clusters to estimate 
site-level social and site-level environmental covariates (Extended Data  
Table 1). To make these clusters, we "rst estimated the linear distance  
between all reefs, then used a hierarchical analysis with the complete- 
linkage clustering technique based on the maximum distance between 
reefs. We set the cut-o# at 4 km to select mutually exclusive sites where reefs 
cannot be more distant than 4 km.  e choice of 4 km was informed by a 
3-year study of the spatial movement patterns of artisanal coral reef "shers, 
corresponding to the highest density of "shing activities on reefs based on 
GPS-derived e#ort density maps of artisanal coral reef "shing activities31. 
 is clustering analysis was carried out using the R functions hclust and 
cutree, resulting in an average of 2.7 reefs per site.

(iii)  Nation/state (nation, state, or territory; n =  46). A larger scale in our analysis 
was nation/state, which are jurisdictions that generally correspond to indi-
vidual nations (but could also include states, territories, overseas regions, or 
extremely remote areas within a state such as the northwest Hawaiian Islands; 
Extended Data Table 2), within which sites and reefs were nested for analysis.

Estimating biomass. Reef fish biomass can reflect a broad selection of reef fish 
functioning and benthic conditions12,32–34, and is a key metric of resource availabil-
ity for reef fisheries. Reef fish biomass estimates were based on instantaneous visual 
counts from 6,088 surveys collected from 2,514 reefs. All surveys used standard 
belt-transects, distance sampling, or point-counts, and were conducted between 
2004 and 2013. Where data from multiple years were available from a single reef, 
we included only data from the year closest to 2010. Within each survey area, reef 
associated fishes were identified to species level, abundance counted, and total 
length (TL) estimated, with the exception of one data provider who measured 
biomass at the family level. To make estimates of biomass from these transect-level 
data comparable among studies, we:

(iv)  Retained families that were consistently studied and were above a mini-
mum size cut-o#.  us, we retained counts of > 10-cm diurnally active, 
non-cryptic reef "sh that are resident on the reef (20 families, 774 species), 
excluding sharks and semi-pelagic species. We also excluded three groups 
of "shes that are strongly associated with coral habitat conditions and are 
rarely targets for "sheries (Anthiinae, Chaetodontidae, and Cirrhitidae). 
Families included are: Acanthuridae, Balistidae, Diodontidae, Ephippidae, 
Haemulidae, Kyphosidae, Labridae, Lethrinidae, Lutjanidae, Monacanthi-
dae, Mullidae, Nemipteridae, Pinguipedidae, Pomacanthidae, Serranidae, 
Siganidae, Sparidae, Synodontidae, Tetraodontidae and Zanclidae. We 
calculated the total biomass of "sh on each reef using standard published 
species-level length–weight relationship parameters or those available on 
FishBase35. When length–weight relationship parameters were not available 
for a species, we used the parameters for a closely related species or genus.

(v)   Directly accounted for depth and habitat as covariates in the model (see 
Environmental conditions section below).

(vi)  Accounted for any potential bias among data providers (capturing informa-
tion on both inter-observer di#erences, and census methods) by including 
each data provider as a random e#ect in our model.

Biomass means, medians, and standard deviations were calculated at the reef-
scale. All reported log values are the natural log.
Social drivers
Local population growth. We created a 100 km buffer around each site and used 
this to calculate human population within the buffer in 2000 and 2010 based  
on the Socioeconomic Data and Application Centre (SEDAC) gridded popula-
tion of the world database36. Population growth was the proportional difference 
between the population in 2000 and 2010. We chose a 100 km buffer as a reasonable 
range at which many key human impacts from population (for example, land-use 
and nutrients) might affect reefs37.
Management. For each site, we determined if it was unfished, that is, whether it 
fell within the borders of a no-take marine reserve (we asked data providers to  
further classify whether the reserve had high or low levels of compliance); 
restricted—whether there were active restrictions on gears (for example, bans on 
the use of nets, spear guns, or traps) or fishing effort (which could have included 
areas inside marine parks that were not necessarily no take); or fished, that is, reg-
ularly fished without effective restrictions. To determine these classifications, we 

used the expert opinion of the data providers, and triangulated this with a global 
database of marine reserve boundaries38.
Gravity. We adapted the economic geography concept of ‘gravity’17,39–41, also called 
interactance42, to examine potential interactions between reefs and: (i) major urban 
centres/markets (defined as provincial capital cities, major population centres, 
landmark cities, national capitals, and ports); and (ii) the nearest human settle-
ments. This application of the gravity concept infers that potential interactions 
increase with population size, but decay exponentially with the effective distance 
between two points. Thus, we gathered data on both population estimates and a 
surrogate for distance: travel time.
Population estimations. We gathered population estimates for: (i) the nearest major 
markets (which includes national capitals, provincial capitals, major population 
centres, ports, and landmark cities) using the World Cities base map from ESRI; 
and (ii) the nearest human settlement within a 500 km radius using LandScan 2011 
database. The different data sets were required because the latter is available in 
raster format while the former is available as point data. We chose a 500 km radius 
from the nearest settlement as the maximum distance any non-market fishing 
activities for fresh reef fish are likely to occur.
Travel time calculation. Travel time was computed using a cost–distance algorithm 
that computes the least ‘cost’ (in minutes) of travelling between two locations on 
a regular raster grid. In our case, the two locations were either the centroid of the 
site (that is, reef cluster) and the nearest settlement, or the centroid of the site and 
the major market. The cost (that is, time) of travelling between the two locations 
was determined by using a raster grid of land cover and road networks with the 
cells containing values that represent the time required to travel across them43:

• Tree cover, broadleaved, deciduous and evergreen, closed; regularly $ooded 
tree cover, shrub, or herbaceous cover (fresh, saline, & brackish water) =  speed 
of 1 km h−1

• Tree cover, broadleaved, deciduous, open (open =  15–40% tree cover) =  speed 
of 1.25 km h−1

• Tree cover, needle-leaved, deciduous and evergreen, mixed leaf type; shrub 
cover, closed-open, deciduous and evergreen; herbaceous cover, closed-open; 
cultivated and managed areas; mosaic: cropland/tree cover/other natural veg-
etation, cropland/shrub or grass cover =  speed of 1.5 km h−1

• Mosaic: tree cover/other natural vegetation; tree cover, burnt =  speed of 
1.25 km h−1

• Sparse herbaceous or sparse shrub cover =  speed of 2.5 km h−1

• Water =  speed of 20 km h−1

• Roads =  speed of 60 km h−1

• Track =  speed of 30 km h−1

• Arti"cial surfaces and associated areas =  speed of 30 km h−1

• Missing values =  speed of 1.4 km h−1

We termed this raster grid a friction-surface (with the time required to travel 
across different types of surfaces analogous to different levels of friction). To 
develop the friction-surface, we used global data sets of road networks, land cover, 
and shorelines:

• Road network data was extracted from the Vector Map Level 0 (VMap0) from 
the National Imagery and Mapping Agency’s (NIMA) Digital Chart of the 
World (DCW). We converted vector data from VMap0 to 1 km resolution 
raster.

• Land cover data were extracted from the Global Land Cover 2000 (ref. 44).
• To de"ne the shorelines, we used the GSHHS (Global Self-consistent,  

Hierarchical, High-resolution Shoreline) database version 2.2.2.

These three friction components (road networks, land cover, and water bodies) 
were combined into a single friction surface with a Behrmann map projection. 
We calculated our cost-distance models in R45 using the accCost function of the 
gdistance package. The function uses Dijkstra’s algorithm to calculate least-cost 
distance between two cells on the grid and the associated distance taking into 
account obstacles and the local friction of the landscape46. Travel time estimates 
over a particular surface could be affected by the infrastructure (for example, road 
quality) and types of technology used (for example, types of boats). These types 
of data were not available at a global scale but could be important modifications 
in more localized studies.
Gravity computation. To compute the gravity to the nearest market, we calculated 
the population of the nearest major market and divided that by the squared travel 
time between the market and the site. Although other exponents can be used47, we 
used the squared distance (or in our case, travel time), which is relatively common 
in geography and economics. This decay function could be influenced by local 
considerations, such as infrastructure quality (for example, roads), the types of 
transport technology (that is, vessels being used), and fuel prices, which were not 
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available in a comparable format for this global analysis, but could be important 
considerations in more localized adaptations of this study.

To determine the gravity of the nearest settlement, we located the nearest pop-
ulated pixel within 500 km, determined the population of that pixel, and divided 
that by the squared travel time between that cell and the reef site.

As is standard practice in many agricultural economics studies48, an assumption 
in our study is that the nearest major capital or landmark city represents a market. 
Ideally we would have used a global database of all local and regional markets 
for coral reef fish, but this type of database is not available at a global scale. As a 
sensitivity analysis to help justify our assumption that capital and landmark cities 
were a reasonable proxy for reef fish markets, we tested a series of candidate models 
that predicted biomass based on: (1) cumulative gravity of all cities within 500 km;  
(2) gravity of the nearest city; (3) travel time to the nearest city; (4) population of 
the nearest city; (5) gravity to the nearest human population above 40 people km−2 
(assumed to be a small peri-urban area and potential local market); (6) the travel 
time between the reef and a small peri-urban area; (7) the population size of the 
small peri-urban population; (8) gravity to the nearest human population above 
75 people km−2 (assumed to be a large peri-urban area and potential market);  
(9) the travel time between the reef and this large peri-urban population; (10) the 
population size of this large peri-urban population; and (11) the total population 
size within a 500 km radius. Model selection revealed that the best two models 
were gravity of the nearest city and gravity of all cities within 500 km (with a 3 
AIC value difference between them; Extended Data Table 3). Importantly, when 
looking at the individual components of gravity models, the travel time compo-
nents all had a much lower AIC value than the population components, which is 
broadly consistent with previous systematic review studies49. Similarly, travel time 
to the nearest city had a lower AIC score than any aspect of either the peri-urban 
or urban measures. This suggests our use of capital and landmark cities is likely 
to better capture exploitation drivers from markets rather than simple popula-
tion pressures. This may be because market dynamics are difficult to capture by 
population threshold estimates; for example some small provincial capitals where 
fish markets are located have very low population densities, while some larger 
population centres may not have a market. Downscaled regional or local analyses 
could attempt to use more detailed knowledge about fish markets, but we used the 
best proxy available at a global scale.
Human Development Index (HDI). HDI is a summary measure of human devel-
opment encompassing: a long and healthy life, being knowledgeable, and having 
a decent standard of living. In cases where HDI values were not available specific 
to the State (for example, Florida and Hawaii), we used the national (for example, 
USA) HDI value.
Population size. For each nation/state, we determined the size of the human pop-
ulation. Data were derived mainly from census reports, the CIA fact book, and 
Wikipedia.
Tourism. We examined tourist arrivals relative to the nation/state population 
size (above). Tourism arrivals were gathered primarily from the World Tourism 
Organization’s Compendium of Tourism Statistics.
National reef fish landings. Catch data were obtained from the Sea Around Us 
Project (SAUP) catch database (http://www.seaaroundus.org), except for Florida, 
which was not reported separately in the database. We identified 200 reef fish 
species and taxon groups in the SAUP catch database50. Note that reef-associated 
pelagics such as scombrids and carangids normally form part of reef fish catches. 
However, we chose not to include these species because they are also targeted and 
caught in large amounts by large-scale, non-reef operations.
Voice and accountability. This metric, from the World Bank survey on governance, 
reflects the perceptions of the extent to which a country’s citizens are able to par-
ticipate in selecting their government, as well as freedom of expression, freedom of 
association, and a free media. In cases where governance values were not available 
specific to the nation/state (for example, Florida and Hawaii), we used national 
(for example, USA) values.
Environmental drivers
Depth. The depth of reef surveys were grouped into the following categories: < 4 m, 
4–10 m, > 10 m to account for broad differences in reef fish community structure 
attributable to a number of inter-linked depth- related factors. Categories were 
necessary to standardise methods used by data providers and were determined by 
pre-existing categories used by several data providers.
Habitat. We included the following habitat categories:

(i)   Slope.  e reef slope habitat is typically on the ocean side of a reef, where the 
reef slopes down into deeper water.

(ii)  Crest.  e reef crest habitat is the section that joins a reef slope to the reef $at. 
 e zone is typi"ed by high wave energy (that is, where the waves break). It 
is also typi"ed by a change in the angle of the reef from an inclined slope to 
a horizontal reef $at.

(iii)  Flat.  e reef $at habitat is typically horizontal and extends back from the 
reef crest for 10’s to 100’s of metres;

(iv)   Lagoon/back reef. Lagoon reef habitats are where the continuous reef $at 
breaks up into more patchy reef environments sheltered from wave energy. 
 ese habitats can be behind barrier/fringing reefs or within atolls. Back 
reef habitats are similar broken habitats where the wave energy does not 
typically reach the reefs and thus forms a less continuous ‘lagoon style’ reef 
habitat. Due to minimal representation among our sample, we excluded 
other less prevalent habitat types, such as channels and banks. To verify 
the sites’ habitat information, we used the Millennium Coral Reef Map-
ping Project (MCRMP) hierarchical data51, Google Earth, and site depth 

information.

Productivity. We examined ocean productivity for each of our sites in mg of C per 
m2 per day (http://www.science.oregonstate.edu/ocean.productivity/). Using the 
monthly data for years 2005 to 2010 (in hdf format), we imported and converted 
those data into ArcGIS. We then calculated yearly average and finally an average 
for all these years. We used a 100 km buffer around each of our sites and examined 
the average productivity within that radius. Note that ocean productivity esti-
mates are less accurate for near-shore environments, but we used the best available  
data.
Analyses. We first looked for collinearity among our covariates using bivariate 
correlations and variance inflation factor estimates (Extended Data Fig. 2 and 
Extended Data Table 4). This led to the exclusion of several covariates (not 
described above): (i) geographic basin (tropical Atlantic, western Indo-Pacific, 
central Indo-Pacific, or eastern Indo-Pacific); (ii) gross domestic product (purchas-
ing power parity); (iii) rule of law (World Bank governance index); (iv) control of 
corruption (World Bank governance index); and (v) sedimentation. Additionally, 
we removed an index of climate stress, developed by Maina et al.52, which incor-
porated 11 different environmental conditions, such as the mean and variability 
of sea surface temperature due to repeated lack of convergence for this parameter 
in the model, likely indicative of unidentified multicollinearity. All other covar-
iates had correlation coefficients 0.7 or less and variance inflation factor scores 
less than 5 (indicating multicollinearity was not a serious concern). Care must be 
taken in causal attribution of covariates that were significant in our model, but 
demonstrated collinearity with candidate covariates that were removed during the 
aforementioned process. Importantly, the covariate that exhibited the largest effect 
size in our model, market gravity, was not strongly collinear with other candidate 
covariates.

To quantify the multi-scale social, environmental, and economic factors affect-
ing reef fish biomass we adopted a Bayesian hierarchical modelling approach that 
explicitly recognized the three scales of spatial organization: reef (j), site (k), and 
nation/state (s).

In adopting the Bayesian approach we developed two models for inference: 
a null model, consisting only of the hierarchical units of observation (that is, 
intercepts-only) and a full model that included all of our covariates (drivers) of 
interest. Covariates were entered into the model at the relevant scale, leading 
to a hierarchical model whereby lower-level intercepts (averages) were placed 
in the context of higher-level covariates in which they were nested. We used 
the null model as a baseline against which we could ensure that our full model 
performed better than a model with no covariate information. We did not 
remove ‘non-significant’ covariates from the model because each covariate was 
carefully considered for inclusion and could therefore reasonably be considered 
as having an effect, even if small or uncertain; removing factors from the model 
is equivalent to fixing parameter estimates at exactly zero—a highly-subjective 
modelling decision after covariates have already been selected as potentially 
important53.

The full model assumed the observed, reef-scale observations of fish biomass 
(yijks) were modelled using a non-central t distribution, allowing for fatter tails than 
typical log-normal models of reef fish biomass32. We chose the non-central t after 
having initially used a log-normal model because our model diagnostics suggested 
that several model parameters had not converged. We ran a supplementary analysis 
to support our use of the non-central t distribution with 3.5 degrees of freedom 
(see Supplementary Information). Therefore our model was:

­ µ τ∼ ( . )y tlog[ ] non central , , 3 5ijks ijks reef

µ β β= + Xijks jks0 reef reef

τ ∼ ( )−U 0,100reef
2

with Xreef representing the matrix of observed reef-scale covariates and βreef array 
of estimated reef-scale parameters. The τreef (and all subsequent τ values) were 
assumed common across observations in the final model and were minimally 
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informative53. Using a similar structure, the reef-scale intercepts (β0jks) were struc-
tured as a function of site-scale covariates (Xsit):

β µ τ∼ ( )N ,jks jks0 sit

µ γ γ= + Xjks ks0 sit sit

τ ∼ ( )−U 0,100sit
2

with γsit representing an array of site-scale parameters. Building upon the hier-
archy, the site-scale intercepts (γ0ks) were structured as a function of state-scale 
covariates (Xsta):

γ µ τ∼ ( )N ,
ks ks0 sta

µ γ γ= + X
ks 0 sta sta

τ ∼ ( )−U 0,100sta
2

Finally, at the top scale of the analysis we allowed for a global (overall) estimate of 
average log-biomass (γ0):

γ ∼ ( . )N 0 0,10000

The relationships between fish biomass and reef, site, and state-scale drivers 
was carried out using the PyMC package54 for the Python programming language, 
using a Metropolis-Hastings (MH) sampler run for 106 iterations, with a 900,000 
iteration burn-in thinned by 10, leaving 10,000 samples in the posterior distribu-
tion of each parameter; these long burn-in times are often required with a com-
plex model using the MH algorithm. Convergence was monitored by examining 
posterior chains and distributions for stability and by running multiple chains 
from different starting points and checking for convergence using Gelman–Rubin 
statistics55 for parameters across multiple chains; all were at or close to 1, indicating 
good convergence of parameters across multiple chains.
Overall model fit. We conducted posterior predictive checks for goodness of fit 
(GoF) using Bayesian P values43 (BpV), whereby fit was assessed by the discrep-
ancy between observed or simulated data and their expected values. To do this we 
simulated new data (yi

new) by sampling from the joint posterior of our model (θ ) 
and calculated the Freeman–Tukey measure of discrepancy for the observed (yi

obs) 
or simulated data, given their expected values (µi):

∑θ( | ) = ( − )D y y y
i

i i
2

yielding two arrays of median discrepancies D(yobs|θ ) and D(ynew|θ ) that were 
then used to calculate a BpV for our model by recording the proportion of times 
D(yobs|θ ) was greater than D(ynew|θ ) (Extended Data Fig. 3a). A BpV above 0.975 
or under 0.025 provides substantial evidence for lack of model fit. Evaluated by 
the deviance information criterion (DIC), the full model greatly outperformed a 
null model that included no covariates (∆ DIC =  472).

To examine homoscedasticity, we checked residuals against fitted values. We 
also checked the residuals against all covariates included in the model, and several 
covariates that were not included in the model (primarily due to collinearity), 
including: (i) Atoll, a binary metric of whether the reef was on an atoll or not;  
(ii) control of corruption, perceptions of the extent to which public power is exer-
cised for private gain, including both petty and grand forms of corruption, as well 
as ‘capture’ of the state by elites and private interests, derived from the World Bank 
survey on governance; (iii) geographic basin, whether the site was in the tropi-
cal Atlantic, western Indo-Pacific, central Indo-Pacific, or eastern Indo-Pacific;  
(iv) connectivity, we examined three measures based on the area of coral reef 
within a 30 km, 100 km, and 600 km radius of the site; (v) sedimentation; (vi) coral 
cover (which was only available for a subset of the sites); (vii) climate stress52; and  
(viii) census method. The model residuals showed no patterns with these eight 
additional covariates, suggesting they would not explain additional information 
in our model.
Bright and dark spot estimates. Because the performance of site scale locations 
are of substantial interest in uncovering novel solutions for reef conservation, we 
defined bright and dark spots at the site scale. To this end, we defined bright (or 
dark) spots as locations where expected site-scale intercepts (γ0ks) differed by more 
than two standard deviations from their nation/state-scale expected value (µks), 
given all the covariates present in the full hierarchical model:

µ γ µ γ= ( − ) > . .( − )SS 2[s d ]
ks ks ks ksspot 0 0

This, in effect, probabilistically identified the most deviant sites, given the  
model, while shrinking sites towards their group-level means, thereby allowing 

us to overcome potential bias due to low and varying sample sizes that can lead to 
extreme values from chance alone. After an initial log-normal model formulation, 
where we were not confident in model convergence, we employed a non-central 
t distribution at the observation scale, which facilitated model convergence and 
dampened any effects of potentially extreme reef-scale observations on the bright 
and dark spot estimates. Further, we did not consider a site a bright or dark spot if 
the group-level (that is, nation/state) mean included fewer than five sites.
Analysing conditions at bright spots. For our preliminary exploration into why 
bright and dark spots may diverge from expectations, we surveyed data providers 
and other experts about key social, institutional, and environmental conditions 
at the 15 bright spots, 35 dark spots, and 14 sites that performed most closely to 
model specifications. Specifically, we developed an online survey (SI) using Survey 
Monkey (http://www.surveymonkey.com) software, which we asked data providers 
who sampled those sites to complete with input from local experts, where neces-
sary. Data providers generally filled in the survey in consultation with nationally 
based field team members who had detailed local knowledge of the socioeconomic 
and environmental conditions at each of the sites. Research on bright spots in 
agricultural development19 highlights several types of social and environmental 
conditions that may lead to bright spots, which we adapted and developed proxies 
for as the basis of our survey into why our bright and dark spots may diverge from 
expectations. These include:

(i)     Social and institutional conditions. We examined the presence of custom-
ary management institutions such as taboos and marine tenure institutions, 
whether there was substantial engagement by local people in management 
(speci"cally de"ned as there being active engagement by local people in reef 
management decisions; token involvement and consultation were not consid-
ered substantial engagement), and whether there were high levels of depend-
ence on marine resources (speci"cally, whether a majority of local residents 
depend on reef "sh as a primary source of food or income). All social and 
institutional conditions were converted to presence/absence data. Depend-
ence on resources and engagement were limited to sites that had adjacent 
human populations. All other conditions were recorded regardless of whether 
there is an adjacent community.

(ii)   Technological use/innovation. We examined the presence of motorized ves-
sels, intensive capture equipment (such as beach seine nets, surround gill 
nets, and muro-ami nets), and storage capacity (that is, freezers).

(iii)  External in$uences (such as donor-driven projects). We examined the pres-
ence of NGOs, "shery development projects, development initiatives (such 
as alternative livelihoods), and "sheries improvement projects. All external 
in$uences were recorded as present/absent then summarized into a single 
index of whether external projects were occurring at the site.

(iv)  Environmental/ecological processes (for example, recruitment and con-
nectivity). We examined whether sites were within 5 km of mangroves and 
deep-water refuges, and whether there had been any major environmental 
disturbances such as coral bleaching, tsunami, and cyclones within the past 
5 years. All environmental conditions were recorded as present/absent.

As an exploratory analysis of associations between these conditions and 
whether sites diverged more or less from expectations, we used two complemen-
tary approaches. The link between the presence/absence of the aforementioned 
conditions and whether a site was bright, average, or dark was assessed using a 
Fisher’s exact test. Then we tested whether the mean deviation in fish biomass from 
expected was similar between sites with presence or absence of the mechanisms 
in question (that is, the presence or absence of marine tenure/taboos) using an 
ANOVA assuming unequal variance. The two tests yielded similar results, but 
provide slightly different ways to conceptualize the issue, the former is correlative 
while the latter explains deviation from expectations based on conditions, so we 
provide both (Fig. 3 and Extended Data Fig. 4). It is important to note that some 
of these social and environmental conditions were significantly associated (that 
is, Fisher’s exact probabilities < 0.05), and further research is required to uncover 
how these and other conditions may make sites bright or dark.
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Extended Data Figure 1 | Marginal relationships between reef fish 
biomass and social drivers. a, Local population growth; b, market 
gravity; c, nearest settlement gravity; d, tourism; e, nation/state 
population size; f, Human Development Index; g, high compliance 
marine reserve (0 is fished baseline); h, restricted fishing (0 is fished 
baseline); i, low-compliance marine reserve (0 is fished baseline); j, voice 
and accountability; k, reef fish landings; l, ocean productivity; m, depth 
(− 1 =  0–4 m, 0 =  4–10 m, 1 =  > 10 m); n, reef flat (0 is reef slope baseline); 
o, reef crest flat (0 is reef slope baseline); p, lagoon/back reef flat (0 is reef 

slope baseline). All variables displayed on the x axis are standardized. Red 
lines are the marginal trend line for each parameter as estimated by the full 
model. Grey lines are 100 simulations of the marginal trend line sampled 
from the posterior distributions of the intercept and parameter slope, 
analogous to conventional confidence intervals. Two asterisks indicate that 
95% of the posterior density is in either a positive or negative direction 
(Fig. 1b–d); a single asterisk indicates that 75% of the posterior density is 
in either a positive or negative direction.
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Extended Data Figure 2 | Correlation plot of candidate continuous covariates before accounting for collinearity (Extended Data Table 4). 
Collinearity between continuous and categorical covariates (including biogeographic region, habitat, protection status, and depth) were analysed using 
box plots.
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Extended Data Figure 3 | Model fit statistics. Top, Bayesian P values (BpV) 
for the full model indicating goodness of fit, based on posterior discrepancy. 
Points are Freeman–Tukey differences between observed and expected 
values, and simulated and expected values within the MCMC scheme 
(n =  10,000). Plot shows no evidence for lack of fit between the model 

and the data. Bottom, Posterior distribution for the degrees of freedom 
parameter (ν ) in our supplementary analysis of candidate distributions. The 
highest posterior density of 3.46, with 97.5% of the total posterior density 
below 4 provides strong evidence in favour of a non-central t distribution 
relative to a normal distribution and supports the use of 3.5 for ν .
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Extended Data Figure 4 | Box plot of deviation from expected as a 
function of the presence or absence of key social and environmental 
conditions expected to produce bright spots. Boxes range from the first 
to third quartile and whiskers extend to the highest value that is within 

1.5×  the inter-quartile range (that is, distance between the first and third 
quartiles). Data beyond the end of the whiskers are outliers, which are 
plotted as points.
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Extended Data Table 1 | Summary of social and environmental covariates

Further details can be found in the Methods. The smallest scale is the individual reef. Sites consist of clusters of reefs within 4 km of each other. Nations/states generally correspond to countries, but 

can also include or territories or states, particularly when geographically isolated (for example, Hawaii). Refs 36 and 50 are cited in this table.
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Extended Data Table 2 | List of nations/states covered in study and their respective average biomass (kg ha−1 ± standard error)

In most cases, nation/state refers to an individual country, but can also include states (for example, Hawaii or Florida), territories (for example, British Indian Ocean Territory), or other jurisdictions.  

We treated the northwestern Hawaiian islands and Farquhar as separate ‘nation/states’ from Hawaii and the Seychelles, respectively, because they are extremely isolated and have little or no human 

population. In practical terms, this meant di"erent values for a few nation/state scale indicators that ended up having relatively small e"ect sizes (Fig. 1b): population, tourism visitations, and in the 

case of the northwestern Hawaiian islands,  sh landings.
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Extended Data Table 3 | Model selection of potential gravity indicators and components
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Extended Data Table 4 | Variance inflation factor (VIF) scores for continuous data before and after removing variables due to collinearity

X =  covariate removed.
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Extended Data Table 5 | List of bright and dark spot locations, population status, and protection status
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