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.+,E+7(.57+#(-1#*(%M-M.3#(-1#+W+-#G(.+7#45(%M.3H#<D+#6577+-.#G(*.+#.7+(.,+-.#*3*.+,#M*#(#<3E+#LLL#,(7M-+#

*(-M.(.M&-#1+WM6+#C1+*MI-+1#/&7#.D+#*DMEEM-I#M-15*.73JH##<D+3#(7+#(%*&#+QE%&7M-I#(-(+7&'M6#1MI+*.+7*#.&#67+(.+#

,+.D(-+#(-1#G(W+V+-+7I3#I+-+7(.&7*#/&7#%&G#6&*.#+-+7I3#I+-+7(.M&-H##B%.M,(.+%3N#.D+#E&1*#*D&5%1#'+#+-.M7+%3#*+%/#

*5//M6M+-.#/&7#9/(7#/7&,#*D&7+;#&E+-#&6+(-#1+E%&3,+-.H#L-#.+*.*#.D+3#D(W+#D(1#/(M7%3#I&&1#/++1#6&-W+7*M&-#7(.M&*#&/#

cHcbH##

!

>U<)8S@#

d@)<BT@A##

2,(%%#+-+7I3#7+45M7+,+-.*#/&7#E5,EM-IN#(-1#6&-.7&%#&/#M-6&,M-I#G(.+7*#.D7&5ID#[]\#,#1++E#

M-.(=+#EME+N#I&&1#/++1#6&-W+7*M&-#7(.M&*N#E&.+-.M(%#/&7#&//*D&7+#1+E%&3,+-.#(*#M.#M*#('%+#.&#*.(-1#

5E#.&#DMID#GM-1*#(-#G(W+*#C-&.+#.D+#?6T&'+7.#02)#*3*.+,#M*#*E+6M/M6(%%3#1+*MI-+1#/&7#M-%(-1#

&6+(-#(-1#%&G#.M1+*JH#K%(*.M6#*M1+*#7+156+#'(7-(6%+#I7&G.DN#7+156M-I#.M1(%#(-1#6577+-.#+//+6.*#(*#

G+%%#(*#M-67+(*M-I#%&-I+WM.3#&/#.(-=*H#

#

########################################################
!"
#<D+#/&%%&GM-I#M-/&7,(.M&-#G(*#6&%%+6.+1#/7&,#(-#M-.+7WM+G#GM.D#RH#?+MD(-N#&/#?(7M65%.57+#23*.+,*N#(-1#/7&,#

GGGH*(7I&H-+.#H#
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#

!
#

#
890:;<=2>#

?9)$<)@2A#

!"#$%&'()*'+,-./'0102&3'!"#$%&'()*+',--./0011123#)4*2&%-05'

'

'
'

'

!

!

#

B)@=A# "#$$%&!'()!*+,-(#.(/%&!01+(2+%-+3&!4.,-#-+-&!

0(,C'+%%#<DE+7F#G7D.D*H#0&%5,'D(#IH..CA>>JJJK*5*.(D-('%+L(45(65%.57+K6(>M#IN(%O+7F#PQQ"M#

28=09=2A'# 0HD-&&O#*(%,&-#I6&7*),8&7,93'-3,#18-37,#5#

2:):;2A## =RC+7D,+-.(%#

?=:)9S2A#

:H+#*3*.+,#'+D-T#1+E+%&C+1#(.#@D11%+#G(3#H(*#+E&%E+1#/7&,#.H+#)T7D@(7D-+#1+,&-*.7(.D&-#C7&U+6.#D-#0+1(7F#G0K!"#

:HD*#*3*.+,#D*#6&,C&*+1#*&%D1#J(%%*#,(1+#/7&,#/D'7+T%(**#7+D-/&76+1#C%(*.D6#&E+7#HDTH#1+-*D.3#/&(,#ID-D.D(%%3#D.#J(*#

6&-67+.+MK#:H+#C%(-#D*#.&#D-*.(%%#V#.(-O*#W#+(6H#JD.H#(#5*+('%+#E&%5,+#&/#XXQQ#65'D6#,+.+7*K#=(6H#.(-O#D*#C7&U+6.+1#

.&#'+#6(C('%+#&/#C7&156D-T#YQQFQQQ#/D*H#(.#(#*DZ+#&/#!KX#[T>/D*HK#:H+#.D,+#7+45D7+1#/&7#.HD*#T7&JL&5.#D*#+RC+6.+1#.&#

'+#(CC7&RD,(.+%3#Y\LY]#,&-.H*K#0577+-.%3F#@D11%+#G(3#D*#7(D*D-T#0HD-&&O#*(%,&-F#.H&5TH#.H+#*3*.+,#JD%%#'+#

(1(C.('%+#.&#&.H+7#*C+6D+*#I*56H#(*#*+(#.7&5.F#'%(6O#6&1#I*('%+/D*HMF#H(%D'5.M#(-1#C7&156+7*#,(3#%&&O#D-.&#.H+*+#D-#

.H+#/5.57+K#

#

87&156+7*#(.#@D11%+#G(3#H(E+#+,C%&3+1#.H+#5*+#&/#^5.57+#2=)#:+6H-&%&TD+*#2=)#23*.+,_#.&#H&5*+#/D*H#*.&6O#D-#

.H+#D-.+7D,#JHD%+#.H+3#6&-.D-5+#.&#1+E+%&C#.H+D7#&J-#.+6H-&%&T3K##

##

B`:)GS=#

^=):;<=A##

aDTH#C7&156.D&-#%+E+%*#&/#PQQ#@.>37#/&7#+(6H#.(-OF#(-1#H(7E+*.D-T#&/#%&6(%#*C+6D+*K#

#

########################################################
!"
#:H+#D-/&7,(.D&-#D-#.HD*#*+6.D&-#J(*#1+7DE+1#/7&,#C+7*&-(%#6&,,5-D6(.D&-#JD.H#<&'#N(%O+7F#&/#@D11%+#G(3#25*.(D-('%+#

)45(65%.57+#9-*.D.5.+#(-1#/7&,#H..CA>>JJJK*5*.(D-('%+L(45(65%.57+K6(>##
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#

!
#

#

5. Species Grown in Closed System Aquaculture 
#

89+# /&%%&:;-<# *+6.;&-# 6&-.(;-*# (-# &=+7=;+:#&/# 69(7(6.+7;*.;6*# >+7.(;-;-<# .&# *&,+#&/# .9+#,&7+# 6&,,&-# *>+6;+*#

6577+-.%3#'+;-<#9(7=+*.+1#?6&,,+76;(%%3#&7#+@>+7;,+-.(%%3A#;-#02)#*3*.+,*B##

#

"#$%&'(#?!"#$%&$'('))*A##

)'(%&-+# ;*# *5*6+>.;'%+# .&#(# 7(-<+#&/#>(7(*;.+*#(-1# 7+45;7+*# *>+6;/;6#:(.+7# 6&-1;.;&-*# *569#(*# 6&-*.(-.#(-1# %&:#

%+=+%*#&/#(,,&-;(#(.#(#9;<9#>CD#%&:#%+=+%*#&/#0EFD#6&-*.(-.#%+=+%*#&/#&@3<+-#(7&5-1#GHHI#*(.57(.;&-#;-#.9+#.(-J*D#

(-1#=+73#%&:#.57';1;.3B#K+6(5*+#&/#(1=(-.(<+*#7+%(.+1#.&#.9+#(';%;.3#.&#>7+=+-.#+6.&>(7(*;.+*#(-1#.9+#6&-.7&%#&/#

;-6&,;-<#:(.+7L#('(%&-+#;*#+*>+6;(%%3#:+%%#*5;.+1#/&7#02)B##

!

")*+,*!-.$)!?+"#,-#$./'("#)$./'A!

)76.;6# 69(7# .&%+7(.+# 9;<9M1+-*;.3# 65%.57+# 6&-1;.;&-*L# 9(=+# (-# +@6+%%+-.# /;%%+.# 3;+%1L# (7+# (,+-('%+# .&# -;69+#

,(7J+.;-<L#(-1#(7+#*5;.('%+#/&7#>7&156.;&-#:;.9;-#*5>+7M;-.+-*;=+#7+6;765%(.;-<#*3*.+,*#?25,,+7/+%.L#FHHNAB#)76.;6#

69(7#(7+#7(;*+1#>7+1&,;-(-.%3#;-#%(-1M'(*+1L#6%&*+1#*3*.+,*#:;.9#7+6;765%(.;-<#:(.+7#?25,,+7/+%.L#FHHNAB#89+7+#;*#

*&,+#%;,;.+1#>7&156.;&-#;-#/%&:M.97&5<9#*3*.+,*#(-1#-+.M>+-*B##)76.;6#69(7#9(=+#'++-#*9&:-#.&#'+#,&7+#1;*+(*+#

7+*;*.(-.#.9(-#&.9+7#*(%,&-;1*#?O(7*9L#FHHPAB#

#

/$))$01'2,!?0"&-'(1"#1"2$3-2A!#

K(77(,5-1;!;*#(#.7&>;6(%#*>+6;+*#7+45;7;-<#:(.+7#.+,>+7(.57+*#'+.:++-#FHQ0#(-1#!HQ0B#0&,,+76;(%#<7&:.9#7(.+*#

7+45;7+#.+,>+7(.57+*#('&=+#FRQ0B#K+;-<#+5739(%;-+#?('%+#.&#.&%+7(.+#(#:;1+#7(-<+#&/#*(%;-;.;+*AL#'(77(,5-1;#6(-#'+#

<7&:-#;-#*(%.L#'7(6J;*9#&7#/7+*9#:(.+7#+-=;7&-,+-.*B#K(77(,5-1;#(7+#.3>;6(%%3#7(;*+1#(.#SR#T<U,!#?269;>>L#FHHPAB#

89+3#(7+# 7+(7+1#&-#173L#>+%%+.+1#1;+.*D# (-1#,(@;,5,# ;-.(J+*# ?(-1#'+*.# /++1# 6&-=+7*;&-# 7(.;&*A#&6657#'+.:++-#

FSQ0# .&# FVQ0B# 89+# (,&5-.# &/# /++1# 6&-*5,+1# '3# .9+# /;*9# 1+67+(*+*# 7(>;1%3# (*# .9+# :(.+7# .+,>+7(.57+# 17&>*B#

K(77(,5-1;# (7+# =+73# 7&'5*.# (-1# 9(713# (-1# 1;*+(*+# ;*# <+-+7(%%3# -&.# (# >7&'%+,L# >7&=;1;-<# <&&1# 95*'(-173#

.+69-;45+*#(7+#+,>%&3+1B#W.#;*#(#9;<9#45(%;.3L#:9;.+#/%+*9+1#/;*9L#:;.9#(#9;<9#3;+%1#&/#,+(.#.&#'&13#:+;<9.#?(7&5-1#

NRIA#(-1#;*#9;<9#;-#E,+<(#!#&;%*B#89+#1+=+%&>,+-.#&/#9(.69+73#.+69-&%&<3#9(*#>7&=;1+1#.9+#,(X&7#;,>+.5*#.&#.9+#

'(77(,5-1;#;-15*.73Y*#1+=+%&>,+-.#;-#7+6+-.#3+(7*B#

#

-&2
34#?4"5/'(6%27/"A#(-1#ZK%(6J[#?8%&%&7-.$"(6$12%#-)$5%&"9#

0&1#;*#(#7+%(.;=+%3#-+:#*>+6;+*#;-#(45(65%.57+B#89+#.&.(%#>7&156.;&-#=&%5,+#&/#6&1#;*#*.;%%#7+%(.;=+%3#%&:L#9&:+=+7L#

;.# ;*# (# *>+6;+*# .9(.# 6&5%1# 9(=+# .9+# >&.+-.;(%# .&# <7&:# ;-.&# (# >7&156.;&-# =&%5,+# +45;=(%+-.# .&# .9(.# &/# *(%,&-##

?:::B5-;M(45(B6&,AB#0&1#6(-#'+# /(7,+1#(.#=+73#9;<9#1+-*;.;+*#'5.#(# .(-J#1+*;<-#(1(>.+1# /&7#6&1# ;*#-+6+**(73#

(-1# .9+# =(66;-(.;&-# >7&<7(,# ;*# 1;//+7+-.# /7&,# .9+# &-+# 5*+1# ;-# /%&:M.97&5<9# *3*.+,*# ?\75>L# FHHSAB# O(7;-+#

C(7=+*.#9(*#'++-#+@>+7;,+-.;-<#:;.9#(#6&1#?4"5/'(6%27/"A#9(.69+73#;-#]&7:(3B#W-#FHHR#.9+3#>7&156+1#F#,;%%;&-#

GH<#/;*9#(.#(#6&*.#&/#^GBFP#+(69#?29;>>L#FHHPAB#]&.+#.9(.#6&1#7+45;7+#9;<9#%+=+%*#&/#/;*9#&;%#;-#.9+;7#1;+.B##

#

5$%,#1+!?!$))%:#%''/'(7$))%:#%''/'AL#Z0(%;/&7-;([#?;"2"#$17&7<'(1"#$3%2.$1/'9!

C(%;'5.# ;*# (# -+:# *>+6;+*# ;-# (45(65%.57+B# W.# ;*# 9;<9%3# =(%5+1L# (%.9&5<9# &-%3# :+%%# J-&:-#,(;-%3# ;-# 26(-1;-(=;(L#

K7;.(;-L# \2)# (-1# 0(-(1(B# $+-+7(%%3L# 9(%;'5.# 9(*# '++-# <7&:-# ;-# 6&-.(;-,+-.# (*# X5=+-;%+*# (-1# *5'*+45+-.%3#

.7(-*/+77+1#.&#&>+-#:(.+7#6(<+*B#_+6+-.%3L#(-#&>+7(.;&-#;-#]&7:(3#9(*#'+<5-#>+7/&7,;-<#.9+#+-.;7+#>7&156.;&-M

636%+#&-#%(-1L#:;.9#7+6;765%(.;&-#.+69-&%&<3B#\*;-<#.9;*#.+69-&%&<3L#.9+#>7&156.;&-#.;,+#7+45;7+1#/&7#(#,(7J+.#*;`+#

/;*9#6(-#'+#7+156+1#/7&,#P#3+(7*#?6(<+A#.&#(>>7&@#Fa#3+(7*#?7+6;75%(.;-<#*3*.+,A#?\75>L#FHHSAB#b57.9+7,&7+L#.9+#

&=+7(%%# >7&156.;&-# 6&*.*L# ;-6%51;-<# 6(>;.(%# 6&*.*L# &/# 9(%;'5.# >7&156.;&-# 6(-# '+# 7+156+1# '3# (>>7&@;,(.+%3# !HI#

########################################################
!"
#]&.+#.9(.#4"5/'(6%27/"#7+/+7*#.&#.9+#).%(-.;6#6&1*L#(#,(7;-+#*>+6;+*#(-1#*;,;%(7#.&#ZK%(6J[#6&1#&/#]+:#c+(%(-1B#E.9+7#

d6&1*Y#*569#(*#ZO577(3[#=>"11/##%17-##"()--#$$9(".5([2%++>3[#??@<-#-%&2$'(#$.-%#"&/'A#(7+#/7+*9:(.+7#)5*.7(%;(-#=(7;+.;+*#(-1#

(7+#&/#-&#7+%(.;&-B#
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#

!
#

5*8-9# 7+68765%(.8-9# .+6:-&%&93# (*# 6&,;(7+1#<8.:# 6(9+# &;+7(.8&-*# =>75;?# @AABCD# E&.+# .:(.# :(%8'5.# 7+4587+# :89:#

%+F+%*#&/#/8*:#&8%#8-#.:+87#18+.D##

##

G+*+(76:+7*#(.#.:+#E&7<+98(-#H-*.8.5.+#&/#I(.+7#G+*+(76:#=EHJ)C#:(F+#(%*&#'++-#+K;+78,+-.8-9#<8.:#:(%8'5.D#L-+#

+K;+78,+-.#(8,+1#.&#6&-.7&%#.:+#,(.57(.8&-#;7&6+**#8-#&71+7#.&#,(8-.(8-#*&,(.86#=,5*6%+C#97&<.:#8-#.:+#/8*:#(-1#

8,;7&F+# .:+#M0GD#N&#1&# .:8*?# 7+*+(76:+7*# .78(%%+1#(# /++18-9# 7+98,+#<:+7+# /8*:#<+7+# *.(7F+1# .:+-# /+1# 8-#O#<++P#

636%+#7&.(.8&-*#=:(%8'5.#6(-#%8F+#5;#.&#&-+#3+(7#<8.:&5.#/++1C#=2:8;;?#@AAQCD##

#

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

L-+#&/#.:+#,&*.#97&<-#*;+68+*#8-#(45(65%.57+#8-#I+*.+7-#R57&;+?#E&7.:#),+786(#(-1#0:8%+#'5.#;7+1&,8-(-.%3#8-#

&;+-?#-+.S;+-#*3*.+,*D#).%(-.86#*(%,&-#(7+#,(8-%3#97&<-#8-#7+68765%(.8&-#*3*.+,*#.&#*,&%.#(-1#;&*.S*,&%.#*.(9+*D##

N:+# )978T(78-+# /(7,# 8-# 0+1(7?# U0# 97+<# .<&# 636%+*# &/# ).%(-.86# *(%,&-# 8-# @AA@# (-1# @AA!D# N:+# ).%(-.86# *(%,&-#

7(8*+1#8-#.:+#*+6&-1#636%+#.:8*#&;+7(.8&-#:(1#'+..+7#/++1#6&-F+7*8&-#7(.+*#=VD!WC#(-1#;+(P#1+-*8.8+*#=!Q#X9Y#,!C#

6&,;(7+1#.&#(F+7(9+#).%(-.86#*(%,&-#:(7F+*.*#8-#-+.S;+-#*3*.+,*#=1+-*8.3#&/#VQ#X9Y#,!C#=)978T(78-+?#@AAWCD#N:+#

2(79&Z#*3*.+,#<(*#(%*&#5*+1#.&#97&<#@#636%+*#&/#).%(-.86#*(%,&-#8-#[59+.#2&5-1#'+/&7+#.:+#%+(*+#/&7#.:+#;7&;+7.3#

+K;87+1D##

!

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

0:8-&&P#*(%,&-# 8*# 6577+-.%3#'+8-9# 7(8*+1#(.#+K;+78,+-.(%# /(68%8.8+*# 8-#U78.8*:#0&%5,'8(D#N78(%*#(.# .:+#T811%+#U(3#

25*.(8-('%+#)45(65%.57+#H-*.8.5.+#:(F+#1+,&-*.7(.+1#.:(.#.:8*#*;+68+*#6(-#'+#7(8*+1#8-#02)#/(68%8.8+*#(.#6&*.*#&-#

;(7#<8.:#.:&*+#7+4587+1#/&7#-+.S;+-#;7&156.8&-#=I(%P+7?#@AABCD#M5.57+#2R)Z#(*#<+%%#(*#2(79&Z#.+6:-&%&98+*#:(F+#

(%*&#'++-#.+*.+1#/&7#0:8-&&P#/(7,8-9D#N:+3#6(-#'+#*.&6P+1#&-#(F+7(9+#(.#(#1+-*8.3#&/#!AX9Y#,!#=0%(7P?#@AABC#(-1#

.3;86(%%3#97&<#.&#!S!DOX9#8-#VQSV\#,&-.:*#8-#02)#/(68%8.8+*#=I(%P+7?#@AABCD##H-#@AA@?#.:+#)978T(8-+#.+*.#/(68%8.3#8-#

0+1(7?#U0?#97+<#0:8-&&P#.&#(#:(7F+*.#*8]+#&/#VDQ#X9#=!DVVY%'C#(/.+7#V!#,&-.:*#=:&<+F+7?#.:+3#<+7+#:(7F+*.#+(7%3#

.&#,(P+#7&&,#/&7#&.:+7#.78(%*C#=)978T(78-+?#@AA!CD#

!

"#$%&'(!-&.&#2)*+%(,-*+,.'&34'./+,1&

N<&#;7&156.8&-#636%+*#&/#0&:&#<+7+#97&<-#(.#.:+#)978T(78-+#.+*.#/(68%8.3#8-#0+1(7?#U0#8-#@AA@#(-1#@AA!D#H-#.:+#

/87*.#9+-+7(.8&-?#.:+#97&<.:#7(.+*#=/8*:#7+(6:8-9#@S!#X9#=WDOSQD\#%'*C#8-#VO#,&-.:*C?#*57F8F(%#7(.+*#=\B^C#(-1#/++1#

6&-F+7*8&-# 7(.+*# =VD@C# <+7+# 6&,;(7('%+# .&# .:+# ;+7/&7,(-6+# &/# -+.S;+-# ;7&156.8&-# =).%(-.86C# *(%,&-D# N:+#

1+-*8.8+*# .+*.+1# =W@X9Y# ,!C# <+7+# ,&7+# .:(-# .<86+# .:(.# &/# -+.S;+-# ;7&156.8&-# =,(K# @A# X9Y# ,!CD# N:+*+# <+7+#

;7&156+1#(.#(#6&*.#&/#0_E`#BYX9#=0_E`!D@@Y%'C#=8-6%518-9#.7(-*;&7.(.8&-#6&*.*#.&#J86.&78(C#<:8%+#,(7P+.#F(%5+#8-#

@AA@#<(*#0_E#`WD"YX9#=0_E`@D@OY%'C#=)978T(78-+?#@AA!CD#M++1'(6P#/7&,#6&-*5,+7*#(.#.:+#.8,+#8-186(.+1#.:+7+#

<&5%1#'+#&;;&7.5-8.8+*#.&#*+%%# .:8*#;7&156.#(.#(#;7&/8.# =)978T(78-+?#@AA!CD#N:+#*+6&-1#9+-+7(.8&-#:(7F+*.#(9(8-#

*:&<+1# /(F&7('%+# 6&-18.8&-*# /&7#0&:&D# N:+# /++1# 6&-F+7*8&-# 7(.+#<(*#:89:+7# =M0G#VDQ# a#'+%8+F+1# .&#:(F+#'++-#

(//+6.+1#'3#(# %&-9+7#97&<.:#;+78&1#(-1#&F+7/++18-9CD#N:+#;+(P#1+-*8.3?#(.#!@DOX9Y#,!?#<(*# %&<+7#.:(-#.:+#/87*.#

9+-+7(.8&-#'5.#7+,(8-+1#:89:+7#.:(-#.3;86(%#-+.S;+-#;7&156.8&-D##

#

"#$%&'(!"&,/010!=)*+%(,-*+,.'&*5(3"1#
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