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Salmon farming in the international scenar io 
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Graph 1. W or l d wi l d v/s farmed sal mon producti on, 
1981-2004 (thousand tons)
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Graph 2. Main farmed salmon producers
1994-2004 
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Salmon farming 
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Feed conversion efficiency (pelagic fish/famed salmon)  
(Use of fishmeal and fish oil in farmed salmon diets) 
!!
@&'(,! 4-0!39/%+.-08!*0.0$*1-!'(! )008!1'(<0*.+'(! 0))+1+0(12!WE5Mc\:! . ' &0!$94- ' *. ! - $<0!
/ 00( !<0*2!1*+4+1$%:! .4$4+( , ! )' *!0; $&3%0!4- $4!4- 0!3*' 8914+' ( ! ' )!19%4+<$408!)+. - !%+C0!.$%&' ( :!
4- $4!9.0!)+. - &0$%!+( !4- 0+*!8+04. :!+. !/ 0+( , !.9/ .+8+G08!/ 2!4- 0!&$*+( 0!01' .2.40&!WX$2%' * et al., 
NHHH)6!@%. ' :!+4!- $. !/ 00( !. - ' > ( !4- $4!4' !3*' 8910!' ( 0!C, !' )!)$*&08!.$%&' ( :!/ 04>00( !R!$( 8![ !
C, !' )!30%$, +1!)+. - !$*0!*0?9+*08!WK' >0%%, NHHR\6!!
!
@!&' *0!*010( 4!.4982!1' &&0( 808!4' !4- 0!+( <0.4+, $4' *!@%/ 0*4!D$1' ( ! / 2!4- 0!World Wildlife 
Fund! WL L E\! $( 8! 39/ %+.- 08! 0%014*' ( +1$%%2! +( ! NHH[ :! 0.4+&$408! 4- 0! E5M! )' *! 19%4+<$408!
.$%&'(+8.! >$.! /04>00(!"6`!$(8!]6Q6!D-0!E5M!)'*! 4- 0!&$I' *!3*' 8910*. !' )!)$*&08!.$%&' ( !+( !
4- 0!> ' *%8!$*0!4- 0!)' %%' >+( , _!
!

Table 1. Feed Conversion Efficiency for the main 
farmed salmon producing countr ies 

Country % FM % FO FCE 

5$( $8$! NH!A!N[ ! " [ !A!NH! " :` !A!N:P!
5- +%0! RH!A!R[ ! N[ !A!RH! N:P!A!] :N!
X' *> $2! RH!A!R[ ! N[ !A!RH! N:P!A!] :N!
d( +408!
f +( , 8' &! R[ !A!] H! NQ!A!RN! R:N!A!] :Q!
#' 9*10_!!D$1' ( !WNHH[ \! ! !

!
7 $( +0%!K$9%2:!$!&$*+( 0!/ +' %' , +.4!4- $4!- $. !/ 00( !80)+( 08!/ 2!Science!&$, $G+( 0!$. !' ( 0!' )!4- 0!
&' .4!3*' 8914+<0!$( 8!1+408!)+. - 0*2!.1+0( 4+.4. !+( !4- 0!> ' *%8!- $. !.$+8:!T4- 0*0!$*0!4> ' !4230. !' )!
$?9$19%49*06!O( 0!*$+.0. !<0, 04$*+$( !)+. - :!)08!>+4- !#' 2$!$( 8!4- +( , . !%+C0!4- $4:!$( 8!4- 0!*0.9%4!+. !
$! (04!3*'8914+'(! ')! )+.-! )'*! -9& $(! 1'(.9& 34+' ( 6! D- 0! ' 4- 0*! +. :! )' *! 0; $&3%0:! )008+( , !
)+. - &0$%!4' !.$%&' ( !%+C0!+( !X' *>$2:!$( 8!+4!+. !$!1' &&0*1+$%!.9110. . !/ 01$9.0!+4!4*$( . )' *&. !

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
[ !E' *!/ 0440*!%+3+8!)+; $4+' ( !$( 8!- +, - 0*!)%' $4$/ +%+42!
c!Feed conversion efficiency: f , !' )!30%$, +1!)+. - !( 00808!4' !3*' 8910!' ( 0!C, !' )!)$*&08!.$%&' ( !

![!



' ( 0!.301+0. !+( 4' !$!&' *0!0; 30( .+<0!)+. - :!/ 94!+( !( 04!&0$4!3*' 8914+' ( !+4!+. !$!%' . .6!O( 0!)' *&!' )!
$?9$19%49*0!+. !<$%+8:!$( 8!4- 0!' 4- 0*!+. !( ' 4UQ6!
!
D- +. ! > ' **2+( , ! .+49$4+' ( ! - $. ! ( ' 4! ' ( %2! / 00( ! 1*+4+1+G08! / 2! 4- 0! .1+0( 4+)+1! 1' &&9( +426!
M( <+*' ( &0( 4$%!$( 8!01' %' , +1$%!' *, $( +G$4+' ( . :!/ ' 4- !( $4+' ( $%!$( 8!+( 40*( $4+' ( $%!- $<0!0; 3*0. .08!
4- $4!9( 80*!19**0( 4!1' ( 8+4+' ( . :!.$%&' ( !)$*&+( , !+. !9( .9.4$+( $/ %06`6!J ' *0' <0*:!+4!- $. !/ 01' &0!$!
)' ' 8!.019*+42!+. .90!$1*' . . !4- 0!> ' *%8P:!+4!/ 0+( , !?9+40!+*' ( +1!4- $4!&$( 2!&' *0!)+. - !$*0!( 00808!
4' !)008!.$%&' ( +8. !4- $( !4- ' .0!3*' 89108:!&' *0!. ' !> - 0( !4- 0!)+*.4!, 0( 0*$%%2!3*0.0( 4!4- 0!.$&0!
3*' 40+1!<$%90!4- $( !4- 0!%$440*6!
!
O4- 0*!+( <0.4+, $4' *. !- $<0!.4$408!4- $4!$%4- ' 9, - !4- 0!30*10(4$,0!')! )+.-&0$%!9.08!+(!4-0!)008!-$.!
*+.0( !" HS !4' !R[ S !+( !" H!20$*. !W" P̀ ` !4' !" PP̀ \:!4- 0!4' 4$%!/ +' &$. . !' )!30%$, +1!)+. - !( 00808!- $. !
.4$208!*0%$4+<0%2!1' ( .4$( 4!WX0+*$!Y!7 Z$G,!NHH[\6!!
!
7 9*+( , !4- +. !.$&0!30*+' 8:!RH!&+%%+' ( !4' ( . !' )!)+. - !30*!20$*!>0*0!9.08!4' !3*' 8910!/ 04>00( !c!
$( 8!Q!&+%%+' ( !4' ( . !' )!)+. - &0$%!$( 8!/ 04>00(!"6"!$(8!"6]!&+%%+'(!4'(.! ')! )+.-!'+%" H6!F( !' 4- 0*!
>'*8.:! )'*! 0<0*2!"HH!C,!')! )+.-:!/04>00(!NH!$(8!NR!C,!')! )+.-&0$%!$(8!R6[!4'!]6c!C,!')! )+.-!
' +%! >0*0! 3*' 891086! O( ! 4- 0! ' 4- 0*! - $( 8:! +4! - $. ! / 00( ! $*, 908! 4- $4! 4- 0! 9.0! ' )! )+. - &0$%! +. !
3*+&$*+%2!80.4+( 08!4' !/ ' <+( 0. !$( 8!3' 9%4*26!X0<0*4- 0%0. . :!4- 0!%$.4!0.4+&$40!' ( !4- 0!, %' / $%!9.0!
' )! )+. - &0$%!$( 8!)+. - ! ' +%!39/ %+.- 08!/ 2!4- 0!International Fishmeal and Fish Oil WFEEO\!+( !
NHHN:!+( 8+1$40. !4- $4!$?9$19%49*0!9.0. !( 0$*%2!] cS !' )!4- 0!)+. - &0$%!W4- 0!.$&0!$&' 9( 4!$. !4- $4!
9.08!)' *!)008+( , !3' 9%4*2!$( 8!3' *1+( 0!4' , 04- 0*\:!$( 8!` " S !' )!4- 0!)+. - !' +%!WK+C0:!NHH[ \:!$. !.00( !
+(!,*$3-.!R!$(8!]6!
!
!

!Gr‡fico 4. Uso global repor tado de aceite de 
pescado (2002)
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Gr‡fico 3. Uso global repor tado de har ina de 
pescado (2002)
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Gr‡fico 5. Uso global estimado de har ina de 
pescado (2010)
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Gr‡fico 6. Uso global estimado de aceite de 
pescado (2010)
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Graph 7. Chilean salmonid expor ts: real volumes and pr ice levels 
based on the year  1992 (1992 - 2004)
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Graph 8. National production and apparant comsumption of fish 
meal (thousand tons)
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Graph 9. National production and apparant comsumption of fish oil  
(thousand tons)
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Table 2. Composition of feed and FCR in the Chilean salmon farming 
industry 

Composition of feed 
Year  FCR 

FM FO Total FM and 
FO 

" PPH! " :Q! H:[ H! H:" [ ! H:c[ !
" PP[ ! " :c! H:] [ ! H:N[ ! H:QH!
NHHH! " :[ ! H:] H! H:RH! H:QH!
2004 1,4 0,40 0,30 0,70 

#' 9*10_!M%$/ ' *$408!/ 2!D0**$&!E' 9( 8$4+' ( !/ $.08!' ( !i $**$Z( !et al.!WNHH[ \!
!
!
@. !1$( !/ 0!$33*01+$408!+( !4$/ %0!N:!4- 0!)008!1' ( <0*.+' ( !*$4+' !WC, !)008nC, !.$%&' ( :!E5B\: !- $. !
)$%%0( !.%' >%26!F4!+. !0.4+&$408!4- $4!+( !4- 0!)+*.4!20$*. !W" P̀ R!^!" P̀ [ \!4- +. !*$4+' !>$. !0<0( !- +, - 0*!
4- $( !N6!59**0( 4%2:!)' *!4- 0!1$.0!' )!5- +%0:!+4!> ' 9%8!/ 0!" 6] N:!+)!+4!>0*0!1' ( .+80*08!4- $4!+( !4- 0!
20$*!NHH] !4- 0!0.4+&$408!1' ( .9&34+' ( !>$. !` H[ !4- ' 9.$( 8!4' ( . !Wi $**$Z( !et al:!NHH[ \!$( 8!4- 0!
.$%&' ( +8!3*' 8914+' ( !>$. !cHH6[ !4- ' 9.$( 8!4' ( . !W*' 9( 8\6!
!
F( !4- 0!1' &3' .+4+' ( !' )!4- 0!)008:!)+. - &0$%!- $. !/ 00( !9.08!%0. . !$( 8!%0. .6!O*+, +( $%%2:!- $%)!' )!4- 0!
)008! >$. ! 1' &3' .08! ' )! 4- +. ! +( , *08+0( 4_! +( ! 4- 0! 20$*! NHH] ! +4! *03*0.0( 408! ] HS ! $( 8! +4! +. !
0.4+&$408!4- $4!+( !NHH[ !+4!>$. !R[ S NH6!
!
!
!
!
!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
NH!i $**$Z( :!et. al.:!NHH[ 6!

!"H!



Table 3. FM and FO used in the salmon industry 
Composition of feed 

Year  Salmonid prod. 
(Thousand 
round tons) 

Feed needed
FM FO Total FM 

and FO 
" PPH! Ǹ :] ! ] ` :R! N] :" ! Q:N! R" :] !
" PP[ ! " NQ:` ! NH] :[ ! PN:H! [ " :" ! " ] R:" !
NHHH! RH" :Q! ] [ N:c! " ` " :H! " R[ :` ! R" c:` !
2004 600,5 850,0 340,0 253,7 593,7 

#' 9*10_!M%$/ ' *$408!/ 2!D0**$&!E' 9( 8$4+' ( !/ $.08!' ( !#0*( $30.1$!@( ( 9$%!#4$4+.4+1. :!
#$%&' ( 5- +%0!$( 8!i $**$Z( !et al.!WNHH[ \!

!
!
D- 0!9.0!' )!)+. - !' +%:!+( !+4. !49*( :!- $. !*+.0( !1' ( .+80*$/ %2!+( !4- 0!)008!1' &3' .+4+' ( !3$. .+( , !)*' &!
" [ S ! +( ! " PPH! 4' ! RHS ! +( ! NHH] 6! E' *! 4- 0! 20$*! NHH[ ! 4- 0! 3' *4+' ( ! 9.08! +( ! .$%&' ( ! )008! +. !
0.4+&$408!$4!R[ S N"6!!
!
E*' &!4- 0!, *' . . !3*' 8914+' ( !' )!.$%&' ( +8. !$( 8!4- 0!E5B!)' *!4- 0!8+))0*0( 4!30*+' 8. :!4- 0!4' 4$%!)008!
( 00808!1$( !/ 0!' / 4$+( 08!$( 8!1' ( .0?90( 4%2:!4- 0!4' 4$%!+( 394!' )!)+. - &0$%!$( 8!)+. - !' +%6!
!!
F(!4$/ %0!R:!+)!4- 0!)+, 9*0. !)*' &!" PPH!$( 8!NHH] !$*0!1' &3$*08!>0!.00!4- $4!4- 0!.9&!' )!)+. - &0$%!
$( 8!)+. - !' +%!9.0!+( !.$%&' ( +8!)008. !- $. !, *' > ( !( 0$*%2!" P!4+&0. :!> - +%.4!.03$*$40%2:!4- 0!9.0!' )!
)+. - &0$%!- $. !&9%4+3%+08!" ] !4+&0. :!4- $4!+. !%0. . !4- $( !- $%)!4- $( !)+. - !' +%!> - ' .0!9.0!&9%4+3%+08!
&' *0!4- $( !R[ !4+&0.6!
!
5 ' &3$*+( , !4- 0.0!)+, 9*0. !>+4- !4- 0!( $4+' ( $%!1' ( .9&34+' ( !$( 8!( $4+' ( $%!3*' 8914+' ( :!>0!' / 4$+( _!
!!
! ! D- 0! )+. - &0$%! 9.08! *03*0.0( 4. ! ' ( 0! 4- +*8! ' )! 4- 0! ( $4+' ( V. ! 3*' 8914+' ( ! $( 8! ( 0$*%2! 4- *00!

?9$*40*. !' )!( $4+' ( $%!1' ( .9&34+' ( 6!W#00!, *$3- !"H\!
! ! D- 0!)+. - !' +%!9.08!1' ( .4+4940. !RHS !&' *0!4- $( !4- 0!( $4+' ( $%!3*' 8914+' ( !$( 8!4- 0!4' 4$%+42!' )!

4- 0!( $4+' ( $%!1' ( .9&34+' ( 6!W#00!, *$3- !" " \!
!

Graph 10. Apparent consumption of FM (thousand tons)

H

" HH

NHH

RHH

] HH

[ HH

" PPH " PP[ NHHH NHH]

7 0.4+( $8' !$!.$%& ' ( +19%49*$ 7 0.4+( $8' !$!' 4*' !.014' *

# ' 9*10_!M%$/ ' *$408!/ 2!D0**$& !E' 9( 8$4+' ( !/ $. 08!' ( !#0*( $30. 1$!20$*!/ ' ' C. :!5 ' & & 0*10!B03' *4. !
)*' & !4- 0!h $( 1' !5 0( 4*$%!80!5 - +%0:!5 9. 4' & . :!#$%& ' ( 5 - +%0!$( 8!i $**$Z( !et al WNHH[ \

!
!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
N"F/ +8!

!""!



Graph 11. Apparent consumption of FO (thousand tons)
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Estimation of the FCE in the case of Chile 
!
F(!4- 0!1$.0! ' )!5- +%0:!4- 0!E5M!- $. ! / 00( !0.4+&$408!/ 04>00( !N6P!$( 8! ] 6N!WD$1' ( :!NHH[ \!$. !
&0(4+'(08!/0)'*06!
!
X0<0*4- 0%0. . :!$( 8!1' ( .+80*+( , !4- 0!3$*4+19%$*+4+0. !' )!( $4+' ( $%!.$%&' ( !)$*&+( , :!4- 0.0!)+, 9*0. !
$*0!?9+40!1' ( .0*<$4+<06!
!

Estimated FCE for  the Chilean salmon farming industry (2004) 

Year  Item 
2004 

#$%&' ( +8!3*' 8914+' ( !W4- ' 9.$( 8!4' ( .6!*' 9( 8\! cHH6[ H!
E008!9.08!W4- ' 9.$( 8!4' ( .6\! ` [ H6H!
E008n.$%&' ( !1' ( <0*.+' ( !*$4+' !WE5B\! " 6] N!
K0*10( 4$, 0!' )!)+. - &0$%!+( !)008! ] H!
K0*10( 4$, 0!' )!)+. - !' +%!+( !)008! RH!
D' 4$%!EJ !*0?9+*08!)' *!)008!W4- ' 9.$( 8!4' ( .6\! R] H6HH!
D' 4$%!EO!*0?9+*08!)' *!)008!W4- ' 9.$( 8!4' ( .6\! N[ [ 6HH!

K0%$, +1!*0. ' 9*10. !( 00808!4' !3*' 8910!EJ !+( !)008!W4- ' 9.$( 8!4' ( .6\! " :RHQ6cP!
S !5 ' ( <0*.+' ( !)+. - nEJ ! H6Nc!
S !5 ' ( <0*.+' ( !)+. - nEO! H6H[ !

EO!3*' 89108!$. !.9/ A3*' 8914!' )!EJ !W4- ' 9.$( 8!4' ( . \! cN6Pc!
@88+4+' ( $%!EO!( 00808!W4- ' 9.$( 8!4' ( . \! " PN6H] !

K0%$, +1!*0. ' 9*10. !( 00808!4' !3*' 8910!$88+4+' ( $%!EO!+( !)008!W4- ' 9.$( 8!4' ( .6\! R:` ] H6Q] !
D' 4$%!30%$, +1!*0. ' 9*10. !( 00808!W4- ' 9.$( 8!4' ( .6\! [ :" HH6HH!
Total feed conversion efficiency 8.5 
#' 9*10_! M%$/ ' *$408! / 2! D0**$&! E' 9( 8$4+' ( ! / $.08! ' ( ! +( )' *&$4+' ( ! )*' &! @( 9$*+' ! M.4$8Z.4+1' ! 80! K0.1$!
#MBX@KM#5@!WNHH] \:!#$%&' ( 5- +%0!$( 8!i $**$Z( !04!$%!WNHH[ \6!
!
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5' ( .+80*+( , !4- 0!+( )' *&$4+' ( !$<$+%$/ %0!93!4' !4- 0!20$*!NHH] :!+4!1$( !/ 0!+( )0**08!4- $4!4- 0!E5M!+( !
4- 0!1$.0!' )!5- +%0!+. !$4!%0$.4!` 6[ :!/ 0440*!.$+8:!` 6[ !C, !' )!30%$, +1!)+. - !$*0!( 00808!4' !3*' 8910!
'(%2!"!C,!')!)$*&08!.$%&'( NN6!
!
F( ! 0))014:! $%%!4- 0! )+. - &0$%!$( 8! )+. - ! ' +%! *0?9+*08! )' *!4- 0!&$( 9)$149*+( , ! ' )! .$%&' ( +8! )008:!
89*+(,!NHH]:!>$.! R]H!4-'9.$(8! $(8!N[[! 4-'9.$(8! 4'(. !*0.3014+<0%26!O)!4- 0!30%$, +1!)+. - 0*2!
*0. ' 9*10. !1$9, - 4:!4- 0!*08914+' ( !+( 89.4*2!' / 4$+( . !$!2+0%8!')!NQS!)'*!)+.-&0$%!$(8![S!)'*!)+.-!
'+%6!F(!'4-0*!>'*8.:! )'*! 0<0*2!"HH!C,!')! >+%8!)+.-:! NQ!C,!')! )+.-&0$%!$(8! [! C,!')! )+.-!'+%!$*0!
3*' 89108NR6! D- 0*0)' *0:! 4' ! 3*' 8910! 4- 0! R] H! 4- ' 9.$(8! 4'(.! ')! )+.-!&0$%:!"6N[P:Nc!4'(.! ')!
30%$, +1!)+. - !$*0!*0?9+*08:!)*' &!> - +1- !cN6Pc!4' ( . !' )!)+. - !' +%!$*0!$%. ' !0; 4*$14086!X0<0*4- 0%0. . :!
$('4-0*! "PN6H]!4'(.! ')! )+.-! '+%!$*0!(00808:!>-+1-! $*0!3*'89108!)*'& ! R6`]H:Q]!4'(.! ')!
30%$, +1!)+. - 6!D- 0*0)' *0:!4' !3*' 8910!4- 0!cHH6[ !4-'9.$(8! 4'(.! ')! )$*&08!.$%&'(! +(!5-+%0:![6"!
&+%%+' ( !4' ( . ! ' )!30%$, +1! *0. ' 9*10. !>0*0! ( 00808:!>-+1-! 4*$(.%$40.!+(4'!$!E5M!')! `6[6!D-+.!
)+, 9*0!> ' 9%8!/ 0!0<0( !- +, - 0*!)' *!4- 0!20$*!NHH[ :!/ 0+( , !4- $4!$11' *8+( , !4' !4- 0!1- $( , 0. !*03' *408!
+( !4- 0!8+04$*2!%0<0%!' )!3*' 40+( . !$( 8!%+3+8. !+( !.$%&' ( !)008:!.+( 10!" P̀ [ !4' !8$40:!Wi $**$Z( !et al.!
NHH[ \:!4- 0!1' &3' .+4+' ( !' )!4- 0!)008!)' *!4- 0!%$.4!20$*!> ' 9%8!1' **0.3' ( 8!4' !R[ S !EJ !$( 8!R[ S !
EO6!
!
F( ! 4- +. ! &$( ( 0*:! 4- 0! 0.4+&$408! )008! 1' ( <0*.+' ( ! 0))+1+0( 12! )' *! 19%4+<$408! .$%&' ( ! +( ! 5- +%0!
?90.4+' ( . !' ( 0!' )!4- 0!$*, 9&0( 4. !.04!/ 2!.1+0( 4+.4. !4' !I9.4+)2!.$%&' ( !)$*&+( , 6!F4!$. !/ 00( !$*, 908!
4- $4!19%4+<$408!.$%&' ( !3*0.0( 4!$!1%0$*!01' %' , +1$%!$8<$( 4$, 0!' <0*!>+%8!.$%&' ( !)+. - +( , !WX0+*$!
Y! 7 Z$G, NHH[ \:! 4- +. ! +. ! / $.08! ' ( ! <$%90. ! ' )! 0( 0*, 2! )%' > ! +( ! ( $49*0! > - 0*0! $! >+%8! .$%&' ( !
*0?9+*0.!"H!C,!')! )+.-!30*!C,!')! >0+, - 4!WE' *.40*:!" PPP\6!X0<0*4- 0%0. . :!$4!%0$.4!+( !4- 0!1$.0!' )!
5- +%0:!4- +. !$8<$( 4$, 0!> ' 9%8!/ 0!1' ( .+80*$/ %2!%0. . !$( 8!3*$14+1$%%2!( +%!+( !4- 0!&+8A40*&!+)!4- 0!
+( 89.4*+0. !3*' I01408!- $*<0.4. !)' *!4- 0!20$*!NH" R!$*0!4$C0( !+( 4' !1' ( .+80*$4+' ( :!$( 8!4- 0!%0<0%.!
' )!)+. - &0$%!$( 8!)+. - !' +%!9.08!+( !)008!$4!4- 0!&' &0( 4!$*0!C034!1' ( .4$( 46!!
!
O( ! 4- 0! ' 4- 0*! - $( 8:! $%4- ' 9, - ! 4- 0! )+. - ! 3*0.0( 4! . ' &0! 80, *00! ' )! 01' %' , +1$%! $8<$( 4$, 0:! $!
1' ( .4$( 4! , *' >4- !+( ! .$%&' ( !3*' 8914+' ( !+. ! ( ' 4! .9.4$+( $/ %0!+( !4+&0:! / 0+( , !4- $4!$%4- ' 9, - !4- 0!
E5M! 30*! .$%&' ( ! , 04. ! / 0440*! W8+&+( +. - 0. \:! 4- 0! $, , *0, $40! 0))014! > +%%! C003! , 044+( , ! - +, - 0*:!
/ 01$9.0! 4- 0! ( 9&/ 0*! ' )! 3*' 40+( ! 80&$( 8+( , ! 1$*( +<' *0! +( 8+<+89$%.! > +%%! *+.0:! > +4- ' 94!
1' ( .+80*+( , !4- 0!01' %' , +1$%!$( 8!01' ( ' &+1$%!%' . .0. !$. . ' 1+$408!4' !4- 0!.$%&' ( !4- $4!0.1$30!)*' &!
4- 0! ( 04A30( . :! 4- $4! 3*08$40! ' ( ! $! 1' ( .+80*$/ %0! ( 9&/ 0*! ' )! ( $4+<0! .301+0. ! ' )! 4- 0! 5- +%0$( !
1' $.46N] 6!!
 
 
Projections  
!
D- 0!( $4+' ( $%!.$%&' ( !)$*&+( , !+( 89.4*2!+. !+( !&+8.4!' )!$!/ ' ' &!$( 8!+4. !, *' >4- !+. !0; 301408!4' !
1' ( 4+( 906!D- 0!3*' I014+' ( . !' )!4- 0!.$%&' ( !.014' *!3' +( 4. !4' >$*8. !$!- +, - 0*!> ' *%8!80&$( 8!)' *!
.$%&' ( :!> - +1- !+. !0.4+&$408!$4!$!20$*%2!$<0*$, 0!, *' >4- !*$40!' )!$*' 9( 8!Q6[ S !)' *!4- 0!30*+' 8!
/04>00(!NHHR!^!NH"H:!3$..+(,!)*'&!"6][H!4-'9.$(8!4'!N6`[H!4-'9.$(8!*'9(8!4'(. N[ 6!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
NN! D- +. ! 1$%19%$4+' ( ! 8' 0. ! ( ' 4! 1' ( .+80*! ' 4- 0*! 01' %' , +1$%! +&3$14.!$..'1+$408!4'! 4-0!1$349*0! ' )! 4- 0! *0. ' 9*10. !

80.4+( 08!4' !4- 0!*08914+' ( !+( 89.4*2!%+C0!4*$> %+( , !$( 8!+( 1+80( 4$%!1$41- 0.6!
NR!5$%19%$4+' ( !' / 4$+( 08!)*' &!8$4$!39/ %+.- 08!+( !4- 0!#0*( $30.1$!@( 9$*+' !NHH] 6!
N]!M.1$30!80!.$%&' ( 0._!59$( 8' !%$!803*08$1+l ( !0.1$3$!80!.9. !I$9%$. :!@7 5!Xo" !#$%&'(+19%49*$:!K9/%+1$1+'(0.!

D0**$&6!
N[!#$%&' ( 5- +%06!
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!
D' !*0.3' ( 8!4' !4- 0!, *' >+( , !80&$( 8:!4- 0!5- +%0$( !.$%&' ( !)$*&+( , !+( 89.4*2!&9.4!9( 8' 9/ 408%2!
+( 1*0$.0!+4. !3*' 8914+' ( 6!D- 0!( $4+' ( $%!+( 89.4*2!3*' I014. !4- $4!.933%2!>+%%!, *' > !" cNS !+( !4- 0!
(0;4!"H!20$*.6!O)!4-0!]``6P!4-'9.$(8! *'9(8! 4'(.! 3*' 89108!+( !NHHR:!4- 0!)+, 9*0!+. !0; 301408!4' !
, *' > !4' !"6Ǹ R!4- ' 9.$( 8!4' ( . !+( !NH" R:!$. !1$( !/ 0!$33*01+$408!+( !, *$3- !"H6!
!

Graph 12. Estimated salmonid production for  the Chilean industr y 
(2003 - 2013)
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!
F)!4- 0!$149$%!1' &3' .+4+' ( ! ' )!4- 0!)+. - !8+04!+. !&$+( 4$+( 08:!WR[ S !EJ !$( 8!R[ S !EO\!$( 8!4- 0!
0))+1+0(12!%0<0%.!')! 4-0!E5B!$(8!E5M!.4$2!4- 0!.$&0:!4- 0!, *' >4- !+( !3*' 8914+' ( !3*' I01408!
>+%%! +( 0<+4$/ %2! 80&$( 8! $! *+.+( , ! $&' 9( 4! ' )! EJ ! $( 8! EO:! , 0( 0*$4+( , ! $( ! 9( .9.4$+( $/ %0!
3*0. .9*0!' ( !4- 0!)+. - 0*2!/ +' &$. .6!
!
!

Estimated FCE for  the Chilean salmon farming industry (2013) 

Year  Item 
2013 

#$%&' ( +8!3*' 8914+' ( !W4- ' 9.$( 8!4' ( .6!*' 9( 8\! " :Ǹ R6HH!
E008!9.08!W4- ' 9.$( 8!4' ( .6\! " :` " c6HQ!
E008n.$%&' ( !1' ( <0*.+' ( !*$4+' !WE5B\! " 6] N!
K0*10( 4$, 0!' )!)+. - &0$%!+( !)008! R[ !
K0*10( 4$, 0!' )!)+. - !' +%!+( !)008! R[ !
D' 4$%!EJ !*0?9+*08!)' *!)008!W4- ' 9.$( 8!4' ( .6\! cR[ 6cN!
D' 4$%!EO!*0?9+*08!)' *!)008!W4- ' 9.$( 8!4' ( .6\! cR[ 6cN!

K0%$, +1!*0. ' 9*10. !( 00808!4' !3*' 8910!EJ !+( !)008!W4- ' 9.$( 8!4' ( .6\! N:R[ ] 6" c!

S !5 ' ( <0*.+' ( !)+. - nEJ ! H6Nc!
S !5 ' ( <0*.+' ( !)+. - nEO! H6H[ !

EO!3*' 89108!$. !.9/ A3*' 8914!' )!EJ !W4- ' 9.$( 8!4' ( . \! " " Q6Q" !

@88+4+' ( $%!EO!( 00808!W4- ' 9.$( 8!4' ( . \! [ " Q6PN!

K0%$, +1!*0. ' 9*10. !( 00808!4' !3*' 8910!$88+4+' ( $%!EO!+( !)008!W4- ' 9.$( 8!4' ( .6\! " H:R[ ` 6RN!

D' 4$%!30%$, +1!*0. ' 9*10. !( 00808!W4- ' 9.$( 8!4' ( .6\! " N:Q" N6] P!
Total feed conversion efficiency 9.9 

#' 9*10_!M%$/ ' *$408!/ 2!D0**$&!E' 9( 8$4+' ( !/ $.08!' ( !+( )' *&$4+' ( !)*' &!@( 9$*+' !M.4$8Z.4+1' !80!K0.1$!
#MBX@KM#5@!WNHH] \:!#$%&' ( 5- +%0!$( 8!i $**$Z( !04!$%!WNHH[ \6!!
!
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F)!4- 0!+( 89.4*+0. !3*' I014+' ( . !/ 01' &0!$!*0$%+42:!4- 0!" 6Ǹ R!4- ' 9.$( 8!4' ( . !4' !/ 0!3*' 89108!>+%%!
*0?9+*0!" 6̀ " c!&+%%+' ( !4' ( . !' )!)0086!F)!4- 0!1' &3' .+4+' ( !' )!4- 0!)008!1' ( 4$+( . !4- 0!%0<0%.!' )!EJ !
$(8!EO!9.08!+(!NHH[!WR[S!0$1-\:!cR[6c!4'(.! ') !EJ !$( 8!4- 0!.$&0!$&' 9( 4!' )!EO!>+%%!/ 0!
( 00808!4' !3*' 8910!4- 0!0; 4*9808!)0086!
!
#' :! 4' ! 3*' 8910! 4- 0! $&' 9( 4! ' )! EJ ! &0( 4+'(08! $/'<0:! N6R[]!4-'9.$(8! 4'(.! ')! 30%$,+1!
*0. ' 9*10. !>+%%!/ 0! *0?9+*08:! )*' &!> - +1- ! " " Q6Q!4-'9.$(8! 4'(.! ')! EO!1$(!/0! 0;4*$14086!D'!
3*' 8910! 4- 0! *0&$+( +( , ! $&' 9( 4! ' )! EO! W["Q6P!4-'9.$(8! 4'(.\! "H6R[`!4-'9.$(8! 4'(.! ')!
$88+4+' ( $%! 30%$, +1! *0. ' 9*10. ! > +%%! / 0! ( 008086! D- 0*0)' *0:! 4- 0! 4' 4$%! 80&$( 8! ' )! 30%$, +1!
*0. ' 9*10. !>+%%!/ 0!)' *!" N6Q!&+%%+' ( !4' ( . !$( 8!4- 0*0)' *0!P6P!C, !' )!30%$, +1!)+. - !> +%%!/ 0!( 00808!4' !
3*' 8910!" !C, !' )!.$%&' ( :!*0$1- +( , !4- 0!.$&0!3*08$4' *2!%0<0%!' )!$!>+%8!.301+&0( 6!
!
F)!4-0!19**0(4!<'%9&0.! ')! EJ! $(8!EO!3*' 8914+' ( !>0*0!&$+( 4$+( 08:!/ 2!4- 0!20$*!NH" R!4- 0!
.$%&' ( !)$*&+( , !+( 89.4*2!$%' ( 0!> ' 9%8!*0?9+*0!4> ' !4- +*8. !' )!4- 0!4' 4$%!EJ !3*' 89108!/ 2!5- +%0!
W4' !NHH] \!$( 8!4- 0!4' 4$%+42!' )!4- 0!EO!3*' 89108!+( !4- 0!#' 94- !K$1+)+1!W5-+%0!$( 8!K0*9\:!X' *4- !
@&0*+1$:!@.+$:!@)*+1$:!O10$( +$!3%9. !"RS !' )!4- 0!M9*' 30$( !3*' 8914+' ( Nc6!
!!
Pressure upon the biomass 
!
D- 0!$%$*&+( , !)+, 9*0. !3*0.0( 408!>+%%!+( 0<+4$/ %2!, 0( 0*$40!$!- 9, 0!3*0. .9*0!93' ( !4- 0!$%*0$82!
' <0*!0; 3%' +408!)+. - 0*2!/ +' &$. .6!
!
D- 0!*010( 4!0( <+*' ( &0( 4$%!0<$%9$4+' ( !4' !> - +1- ! ' 9*!1' 9( 4*2!<' %9( 4$*+%2!.9/ &+4408!+4.0%)!4' !
/0)'*0! 4-0!O57M!WO*,$(+G$1+l(!80!5''30* $1+l ( !2!7 0.$**' %%' !M1' ( l &+1' \! - $. !+( 8+1$408!
4- $4! $! *+.0! +( ! .$%&' ( ! )$*&+( , ! +( ! 5- +%0! 1' 9%8! accentuate the excessive exploitation of 
fisheries.27  
!
D- 0! 1$41- 0. ! ' )! $( 1- ' <2:! .$*8+( 0. ! $( 8! I$1C! &$1C0*0%:! 3*+&$*2! .301+0. ! 94+%+G08! )' *! 4- 0!
3*' 8914+' ( !' )!EJ :!- $. !801*0$.08!.+( 10!4- 0!&+8!" PPHV.!)*' &!N6P!&+%%+' ( !4' ( . !+( !" PPQ!4' !" 6c!
&+%%+' ( !4' ( . !+( !NHH" !+( !4- 0!1$.0!' )!I$1C!&$1C0*0%Ǹ

!
O( !4- 0! ' 4- 0*! - $( 8:!4- 0! .4$40! ' )!4- 0!3*+&$*2! .301+0. !4- $4! .933%2!4- 0!*08914+' ( !+( 89.4*2!+. !
>'**2+(,6!
!
!
!
!
!
!
!
!
!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
Nc!D- 0!3*' 8914+' ( !' )!EO!)' *!NHHR!> $. !4- 0!)' %%' > +( , !W4- ' 9.$( 8!4' ( . \!
!

#6!@&0*+1$_R[ " :R̀ M9*' 30_RR̀ :R̀ X6!@&0*+1$_" " N:N" @.+$_P̀ :RH@)*+1$_N" :Ǹ O10$( +$_N:` [ Total:924,42 
5$%19%$4+' ( !/ 2!D$1' ( !WNHH[ \!' ( !4- 0!/ $.+. !' )!EJ !$( 8!EO!3*' 8914+' ( !*03' *408!/ 2!E@O!WNHH[ \!
NQ

!M<$%9$1+l ( !80%!7 0.0&30p' !@&/ +0( 4$%!80!5- +%06!WO57 M\aNHH[ 6!
N`!F/ Z86!

!"[!



Table 6. State of the main Chilean fisher ies (Oct - Nov, 2004) 
Resource Situation Biomass Adm. % Ar tes. % Ind. 

g$1C!&$1C0*0%! O<0*!0;3%'+408! 5*+4+1$%! iJ5! [! P[!

@( 1- ' <2!
WF!AFF\!

E$*!)*' &!' <0*!
0; 3%' +4$4+' ( !

701*0$.0!+(!4-0!
%$.4!R!20$*.! i J 5! " " ! ` P!

@( 1- ' <2!!
WFFFAFq !2!q Ar \!

E$*!)*' &!' <0*!
0; 3%' +4$4+' ( ! = 0$%4- 2! i J 5! c" ! RP!

#3$( +. - !.$*8+( 0! 5 ' %%$3.08!
5*+4+1$%!890!4' !
0( <+*' ( &0( 4$%!

)$14'*.!
i J 5! QH! RH!

5 ' &&' ( !.$*8+( 0!!
Wq Ar \!

E$*!)*' &!' <0*!
0; 3%' +4$4+' ( ! = 0$%4- 2! i J 5! Q[ ! N[ !

#' 9*10_!#9/ 30.1$! ! ! ! ! !
!!
!
h ' 4- ! @( 1- ' <+0. ! $( 8! 4- 0! 5 ' &&' ( ! #$*8+( 0V. ! .+49$4+' ( ! $*0! )$*! )*' &! ' <0*0; 3%' +4086!
X0<0*4- 0%0. . :!4- 0!I$1C!&$1C0*0%!$( 8!4- 0!#3$( +. - !.$*8+( 0!$*0!+( !$!80%+1$40!.+49$4+' ( _!4- 0!)+*.4!
+. !19**0( 4%2!' <0*!0; 3%' +408:!$( 8!4- 0!%$440*!+. !1' %%$3.086!
!
D- 0! 1$.0! ' )! 4- 0! I$1C! &$1C0*0%! A> - +1- ! )' *! &$( 2! 20$*. ! >$. ! 4- 0! 3*+&$*2! ' / I014+<0! ' )!
+( 89.4*+$%!)+. - 0*+0.A:!+. !$!, ' ' 8!0; $&3%0!4' !+%%9.4*$40!4- 0!801*0$.0!+( !4- 0!)+. - 0*2!/ +' &$. .6!!
!
F( !NHH" !4- 0!/ +' &$. . !>$. !0.4+&$408!$4![ 6P[ !&+%%+' ( !4' ( . :!$!)+, 9*0!.%+, - 4%2!- +, - 0*!4- $( !4- $4!' )!
4- 0!20$*!NHHH!W[ 6c!&+%%+' ( !4' ( . \6!E' *!4- 0!20$*. !NHHN!$( 8!NHHR!4- 0!0.4+&$408!/ +' &$. . !>$. !
" 6P! $( 8! H6̀ ! &+%%+' ( ! 4' ( . ! *0.3014+<0%2! W5l *8' <$! et. al., NHHN! $( 8! NHHR\:! > - +1- ! &0$( 4! $!
.4*' ( , !)$%%!>+4- !*0.3014!4' !4- 0!20$*. !/ 0)' *0!4- +. !30*+' 8:!*03*0.0( 4+( , !' ( %2!RHS !$( 8!" ] S !' )!
4- 0!0; +.4+( , !/ +' &$. . !+( !NHH" !NP6!
!
#+&+%$*%2:! +( ! NHH] ! 4- 0! / +' &$. . ! ' )! I$1C! &$1C0*0%! > +4- +( ! 4- 0! NHH! ( $94+1$%! &+%0. ! / $*0%2!
*0$1- 08!H6[ " !&+%%+' ( !4' ( .6!
!
F(! , *$3- !" R:!4- 0! .>+)4!8' > ( )$%%!' )!4- 0! / +' &$. . ! ' )! I$1C!&$1C0*0%!.4$*4+( , !+( !NHH" !1$( ! / 0!
' / .0*<086!
!

!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
NP!h$.08!' ( !!F( )' *&0!Dj 1( +1' !Xo!QPnNHH] !#0*( $30.1$6!

Gr‡fico 13. Esti maci—n de biomasa de ju rel  dentro de las 200 mn 
(mi les tons)
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Substitution 
!
D- 0!+( 1*0$.+( , !.1$*1+42!' )!)+. - 0*2!*0. ' 9*10. !$( 8!80*+<08!3*' 8914. !>+%%!, 0( 0*$40!$( !+( 10( 4+<0!
4' !.9/ .4+4940!EJ !$( 8!3$*4+19%$*%2!EORH6!B'8*+,'! F()$(40:!5MO!')! #$%&'(5-+%0:!-$.! .4$408:!
TD- 0!' ( %2!4- +( , !*0%0<$( 4!W4' !1- $( , 0!4' !<0, 04$%!+( 394. \!+. !4- 0!3*+10!%0<0%:!> - +1- !+( !. ' &0!>$2!
>+%%!$%>$2. !/ 0!*0%$408!4' !4- 0!3*+10!' )!EJ !$( 8!EOUR"

!
!

Graph 14. Evolution of real Fob pr ices of national FM and FO expor ts 
based on the year  1992 (US$/ton)
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@10+40 =$*+( $ i +( 0$%!W=$*+( $\ i +( 0$%!W@10+40\

#' 9*10_!M%$/ ' *$408!/ 2!D0**$& !E' 9( 8$4+' ( !/ $.08!' ( !5' & & 0*10!B03' *4.!)*' & !4- 0!h$( 1' !50( 4*$%!80!5- +%0

!
!
@.!1$( !/ 0!' / .0*<08!+( !, *$3- !" ] :!4- 0!3*+10!' )!EJ !- $. !.4$208!*0%$4+<0%2!.4$/ %0!> +4- !$!.%+, - 4!
40( 80( 12!4' !4- 0!*$+.0!$( 8!$( !$<0*$, 0!$( ( 9$%!, *' >4- !' )!$*' 9( 8!NS RN6!F(!0))014:!EJ! -$.! /00(!
4*$808!$4!$( !$<0*$, 0!3*+10! ' )!d #m!] P" n4' ( !W89*+( , !4- 0!%$.4!" R!20$*. \:!> - +%.4!+( !4- 0!%$.4![ !
20$*. !4- 0!3*+10!- $. !/ 00( !d #m!] P[ n4' ( !$( 8!+( !4- 0!%$.4!20$*!+4!- $. !*0$1- 08!d #m![ ] ` n!4' ( :!$!
)+, 9*0!" " S !- +, - 0*!4- $( !4- 0!$<0*$, 0!' )!4- 0!)+*.4!30*+' 86!
!!
O( !$( ' 4- 0*!- $( 8:!4- 0!3*+10!' )!EO!- $. !.- ' > ( !$!.+, ( +)+1$( 4!*+.0!890!4' !4- 0!, *' >+( , !.1$*1+42!' )!
4- 0! *0. ' 9*106! D- 0! $<0*$, 0! $( ( 9$%! , *' >4- ! ' )! EO! 3*+10! +. ! $*' 9( 8! " ` S 6! D- 0! $<0*$, 0!
4*$( .$14+' ( !3*+10!)' *!4- 0!30*+' 8!+. !d #m!Rccn4' ( :!/ 94!> - 0( !' / .0*<+( , !4- 0!%0<0%.!' )!4- 0!%$.4!
)+<0! 20$*. ! 4- +. ! )+, 9*0! +( 1*0$.0. ! 4' ! d #m! ] " [ n4' ( ! $( 8! 4' ! d #m! [ " Pn4' ( ! +( ! 4- 0! %$.4! 20$*:!
+( 1*0$.+( , !] QS !$/ ' <0!4- 0!$<0*$, 0!3*+10!' )!4- 0!%$.4!" R!20$*. !$( 8!*0$1- +( , !.+&+%$*!3*+10. !$. !
4-$4!')!EJ6!
!
D- 0!+( )' *&$4+' ( !3*0.0( 408!.9, , 0.4. !4- $4:!$4!3*0.0( 4:!EJ !+. !+( 1*0$.+( , %2!/ 01' &+( , !$! .9/ A
3*' 8914!' )!EO:!$!.+49$4+' ( !4- $4!>+%%!/ 01' &0!&' *0!$1940!+( !4- 0!)949*0!+)!4- 0!19**0( 4!4*0( 8!' )!
9.+( , !&' *0!EO!*$4- 0*!4- $( !EJ !$( 8!' 4- 0*!.9/ .4+4940. !1' ( 4+( 90.6!
!
!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
RH!E@O!0.4+&$40.!$!.- ' *4$,0!' )!EO!+(!%0..!4-$(!40(!20$*.6!
R"!7 +$*+' !M.4*$40, +$:!" ] 4- !g9( 0!NHH] 6!
RN!D- 0!3*+10. !> 0*0!80)%$408!1' ( .+80*+( , !4- 0!" PPN!d 6#6!K*' 8910*!K*+10!F( 80; :!( ' ( A.0$. ' ( $%!.0*+0. !d ( +408!#4$40. !
7 0<0%' 3&0( 4!' )!i $/ ' *:!h9*0$9!' )!i $/ ' *!#4$4+.4+1.6!!
!

!"Q!



Vegetal substitutes 
!
@11'*8+(,!4'!O57M!*01'&&0(8$4+'(.!'(! $?9$19%49*0:!4- 0!3*0. .9*0!' ( !4- 0!)+. - 0*2!/ +' &$. . !
1$( !/ 0!*089108!+)!0; 10. . !)008+( , !+. !$<' +808!$( 8!4- 0!3*' 3' *4+' ( ! ' )!#'2$:! >-0$4!$(8!%93+(!
&0$%!+. !+( 1*0$.08!+( !.$%&' ( !)008:!> - +1- !+. !$!8' &+( $4+( , !4*0( 8!, +<0( !4- 0!*+.0!+( !)+. - !)008!
3*+10.6RR

!
X0<0*4- 0%0. . :!4- +. !.9/ .4+494+' ( !8' 0. !( ' 4!.00&!4' !/ 0!.+&3%0a!)' *!&$( 2!20$*. !4- 0*0!- $<0!/ 00( !
4*+$%.!4' !.9/ .4+4940!EJ !)' *!<0, 04$%!3*' 40+( !+( !)+. - !)008!$( 8!4- 0!*0.9%4. !- $<0!/ 00( !8+<0*.06!E' *!
.%' > !, *' >+( , !)+. - :!4- 0!3$*4+$%!.9/ .4+494+' ( !- $. ! . - ' > ( !( ' 4!4' !- $<0!( 0, $4+<0!0))014. ! ' ( !4- 0!
)+. - 6! !X0<0*4- 0%0. . :! )' *!*$3+8! , *' >4- ! )+. - !W.91- !$. ! .$%&' ( \:!4- 0!0<+80( 10!- $. ! . - ' > ( !4- $4!
, *' >4- !, 0( 0*$%%2!801*0$.0. !> - 0( !&' *0!4- $( !$!?9$*40*!' )!4- 0!EJ !+. !.9/ .4+49408!> +4- !<0, 04$%!
3*' 40+( :!4- $4!+. !93!4' !N[ S !' )!4- 0!3*' 40+( !+( !)+. - !)008!8+04. !1' 9%8!/ 0!.9/ .4+49408!> +4- !%+44%0!' *!
( ' !0))014. !' ( !4- 0!)+. - 0.V!,*' >4- !WK+C0!Y!h$*%' > :!NHHN\6!
!
!
L imitations to substitution 34

!
O)!)+. - !&0$%_!
!

" 6! D- 0!.9/ .4+4940. !&$2!/ 0!%0. . !8+, 0.4+/ %0!4- $( !3*' 40+( . !)*' &!EJ 6!
N6! q 0, 04$%!3*' 40+( . !- $<0!1$*/ ' - 28*$40. !$( 8!)+/ 0*!4- $4!$*0!3' ' *%2!94+%+G08!$( 8!4- $4!1$( !

$14!$. !$( 4+( 94*+0( 4.6!
R6! D- 0!8+.1- $*, 0. !' )!4- 0!)+. - !*+.0:!$88+( , !4' !3' %%94+' ( 6!
] 6! 7 90! 4' ! 4- 0! 1' ( 40( 4. ! ' )! 1$*/ ' - 28*$40. ! $( 8! )+/ 0*:! 4- 0! 0( 0*, 2! 1' ( 40( 4. ! ' )! <0, 04$%!

3*' 40+( . !+. !%' >0*!4- $( !+( !4- 0!1$.0!' )!EJ a!4- 0*0)' *0!$!&$I' *!$&' 9( 4!' )!)008!>+%%!/ 0!
( 00808:!+( 1*0$.+( , !4- 0!E5B6!@%. ' :!, *' >4- !1$( !801*0$.06!!!

!
O)!)+. - !' +%_!
!

" 6! D- 0!1' &3' .+4+' ( !' )!)$4!+( !4- 0!)+. - !>+%%!1- $( , 06!E' *!0; $&3%0:!&$( 2!<0, 04$%!' +%.!>+%%!
*08910! 4- 0! $&' 9( 4! ' )! ' &0, $AR! +( ! 4- 0! %' ( , ! 1- $+( ! ' )! 3' %29( .$49*$408! )$442! $1+8. !
WKd E@\R[ 6!

N6! D- 0!4$.40!$( 8!3- 2.+1$%!?9$%+42!' )!4- 0!&0$4!1' 9%8!/ 0!$))014086!
R6! D- 0! )+. - 0.V!+&&9( 0! .2.40&!1' 9%8!$%. ' ! / 0!$%40*08:!+( 1*0$.+( , !4- 0! .9.1034+/ +%+42!4' !

8+.0$.0.6!!
!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
RR!M<$%9$1+l ( !80%!7 0.0&30p' !@&/ +0( 4$%!80!5- +%0:!O57 M:!NHH[ 6!
R]!h$.08!' ( !FEEO!NHH" !
R[ ! L +4- +( ! 4- 0! 1' &3' .+4+' ( ! ' )! 4- 0! )$442! $1+8. ! +( ! 5- +%0$( ! .$%&' ( :! 4- 0! 3' %29( .$49*$408! $1+8. ! ' &0, $Ac! $( 8!
' &0, $AR!$*0!)' 9( 8!+( ![ 6NS !$( 8!NH6] S !*0.3014+<0%26!F( !3$*4+19%$*:!4- 0!%$440*!3*0.0( 4. !+&3' *4$( 4!)9( 14+' ( . !+( !
- 9&$( !- 0$%4- :!. ' &0!' )!> - +1- !$*0_!!
!

! " B08914+' ( !' )!- +, - !/ %' ' 8!3*0. .9*06!
! " K*0<0( 4+' ( !' )!&+' 1$*8+1!-0$*4!$44$1C.6!
! " #' ' 4- +( , !' )!*-09&$4'+8!$*4-*+4+.6!

!

!"`!



@%4- ' 9, - !.9/ .4+494+' ( !)' *!<0, 04$%!3*' 40+( . !- $. !. ' &0!$8<$( 4$, 0. :!+( !4- 0!1$.0!' )!5- +%0!4- 0*0!+. !
$( ' 4- 0*!.0*+0. !' )!8+.$8<$( 4$, 0. !4- $4!8' !( ' 4!$%%' > !4- 0!3*' 10. . !4' !/ 0!1' &3%040%2!.9110. . )9%:!$4!
%0$.4!( ' 4!+( !4- 0!.- ' *4!40*&6!
!!
#' &0!' )!4- 0!8+.$8<$( 4$, 0. !$*0_!
!

! " d ( $<$+%$/ +%+42!' )!4- 0!*0?9+*08!?9$( 4+4+0.6!
! " @!.4$( 8$*8+G$4+' ( !1' ( 1034!' )!4- 0!3*' 8914!8' 0. !( ' 4!0; +.4!/ 04>00( !$, *+19%49*0!)$*&0*.6!
! " i ' ( , ! 40*&! $%%+$( 10. ! / 04> 00( ! $, *+19%49*0! )$*&0*.! $( 8! )008! &$( 9)$149*0*.! 8' ! ( ' 4!

0; +.46!
! " #1$*10!+( <0.4+, $4+' ( !' ( !4- 0!$( 4+A( 94*+4+' ( $%!)$14' *.6!

!
 
Other  substitutes 
 
E$*&08!.$%&' ( !3*' 891+( , !1' 9( 4*+0. !+( !4- 0!X' *4- 0*( !- 0&+.3- 0*0!$*0!.9/ .4+494+( , !EJ !$( 8!
EO!+( !+( 1*0$.+( , !3*' 3' *4+' ( . !890!4' !4- 0!4*0( 8!+( !4- 0!+( 1*0$.0!+( !3*+10. !' )!4- 0!+( 394. :!4- 0!- +, - !
%0<0%.! ' )! 1' ( 4$&+( $( 4. ! 3*0.0( 4! +( ! 4- 0! EJ ! )*' &! 4- 0! X' *4- 0*( ! - 0&+.3- 0*0! WK5hV.Rc! $(8!
8+' ; +( . \:!4- 0!*08914+' ( ! ' )! )+. - 0*2! .4' 1C. !$( 8!4- 0! , *' >+( , !80&$( 8. ! )' *! .9.4$+( $/ +%+42!$( 8!
4*$10$/ +%+42!' ( !/ 0- $%)!' )!4- 0!1' ( .9&0*.6!D- 0!9.0!' )!3*' 40+1!. ' 9*10. !9( 4+%!( ' > !+( !8+.9.0!+. !
/ 0+( , !%' ' C08!+( 4' :!%+C0!4- 0!*0&$+( . !)*' &!4- 0!3' 9%4*2!+( 89.4*26!F( !5$( $8$:!)' *!0; $&3%0:!EJ !
+. !.9/ .4+49408!>+4- !)0$4- 0*!&0$%!$( 8!/ %' ' 8!&0$%RQ6!D- 0!3*' 40+1!+( 394!4' !.$%&' ( !8+04. !+. !- +, - :!
( 0<0*4- 0%0. . !^!$( 8!890!4' !1' ( .9&0*. !> ' **2!' )!$!3' . .+/ %0!4*$( . )0*!' )!+( )014+' 9. !$, 0( 4. !)*' &!
&$&&$%.!4' !4- 0!)+. - !W$. !+4!' 119**08!>+4- !/ ' 4- !h#MR̀ !$(8!D#MRP\!^!401- ( +?90. !$( 8!1' 80. !
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