
Marine Coastal Development
May 2011
Elin Kjørsvik, IBI

Submission date:
Supervisor: 

Norwegian University of Science and Technology
Department of Biology

Effects of feeding with copepod nauplii
(Acartia tonsa) compared to rotifers
(Brachionus ibericus, Cayman) on
quality parameters in Atlantic cod
(Gadus morhua) larvae

Marit Holmvaag Hansen



 



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

!

! "!

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

!

#$%&! '(&)*+! )$*&%&! ,(&! -(++%*.! /0)! ()! )$*! 1/+,*2%(3! 43%5*+&%)6! /7! 8-%*3-*! (3.!

#*-$3/9/26:! ;*3)+*! /7! <%&$*+%*&! (3.! =>0(-09)0+*! ?8*(9(@A! %3! #+/3.$*%'B! C(+)! /7! )$*!

(3(96)%-(9!,/+D!,(&!./3*!()!)$*!43%5*+&%)6!/7!;+*)*:!E*F(+)'*3)!/7!G%/9/26!?E*-*'@*+!

HI"IAB! #$*! 7%+&)! 7**.%32! *JF*+%'*3)! ,(&! F(+)! /7! )$*! 8K1#L<! F+/M*-)&! N8)(+)! 7O+%32! (5!

)/+&D! 5*.! @+0D! (5! ;/F*F/.*+P! ?QHI"RSA! (3.! NTUK! ;/F*F/.*+! VW+*! /2! U/'&.(9P!

?QHI"R"A:! 703.*.! @6! TUK! %3! #+W3.*9(2! (3.!VW+*! /2! U/'&.(9! (3.! )$*! -/.! $()-$*+%*&!

C+/703.(!(3.!=)9(3)%-!-/.!M05*3%9*!?X%*!*)!(9B:!HI""AB!#$*!&$/+)Y)*+'!&-%*3)%7%-!'%&&%/3!)/!

)$*!43%5*+&%)6!/7!;+*)*!,(&!703.*.!@6!Z=UT=1L#!?;[8#!=-)%/3!<=IQI"AB!#$*!)$*&%&!$(&!

@**3! ,+%))*3! 03.*+! )$*! 20%.(3-*! /7! F+/7*&&/+! L9%3! \MW+&5%D:! +*&*(+-$! .%+*-)/+! #+%3(!

](99/,(6! ?8K1#L<A! (3.! &*3%/+! &-%*3)%&)! ]035/+! X%*! ?8K1#L<AB! K! 7%+&)96! ,/09.! 9%D*! )/!

)$(3D! F+/7*&&/+! L9%3! \MW+&5%D! 7/+! %35(90(@9*! &0F*+5%&%/3:! '/)%5()%32! F*F! )(9D&! (3.!

(9,(6&!@*%32!(5(%9(@9*!7/+!.%&-0&&%/3&!(3.!>0*&)%/3&:!#+%3(!](99/,(6!(3.!]035/+!X%*!7/+!

(99! $*9F! -/'F/&%32! )$%&! *JF*+%'*3)! (3.! 7/+! .%&-0&&%/3&! (3.! 7**.@(-D:! (3.! F+/7*&&/+!

\/0'/0./0+/&! 7/+! 2+*()! $*9F! (3.! (&&%&)(3-*! .0+%32! )$*! 2*/'*)+%-! '/+F$'*)+%-!

(3(96&%&!(3.!7/+!70+)$*+!(.5%-*&!(3.!.%&-0&&%/3&B!!!

!

K!,/09.! 9%D*! )/! )$(3D! K32+%.![5*++*%3:!V()$%(&![3&W6*3:! ^(3![5*!L5M*'/:!V(+)*! 8-$*%:!

V/+)*3!=95*+!(3.!_*+3*+!8)/+W6!7/+!2+*()!$*9F!.0+%32!)$*!*JF*+%'*3)(9!,/+D:!V/+)*3!

Z*%+5%D! 7/+! (.5%-*&! (3.! (&&%&)(3-*! .0+%32! '6! @*$(5%/0+! &)0.%*&:! C*+Y=+5%.! _/9.! 7/+!

.%&-0&&%/3&! (@/0)! )$*! &)()%&)%-(9! (3(96&*&! (3.! #/+(! G(+.(9! 7/+! F+/5%.%32! *J-*99*3)!

20%.(3-*!.0+%32!)$*!(3(96)%-!,/+DB!Z/(.&!/7!)$(3D&!)/!'6!7('%96!7/+!*3-/0+(2*'*3):!(3.!

)/! '6! .*(+! =03)! K32+%.! 7/+! F+//7+*(.%32B! K! ,%99! (9&/! )$(3D! (99! &)0.*3)&! ()! 8*(9(@! 7/+!

$*9F709! .%&-0&&%/3&! (3.! 7/+! (99! &/-%(9! 2()$*+%32&! (3.! (-)%5%)%*&!,%)$! Z=\8B! K! *&F*-%(996!

,/09.! 9%D*! )/! )$(3D! ;$+%&)%3*! \0+D%! `(9&*)$! 7/+! 2+*()! -//F*+()%/3! .0+%32! )$*!

*JF*+%'*3)(9!,/+D!(3.!K.(!=3*))*!1/+$*%'!7/+!2+*()!-//F*+()%/3!.0+%32!*JF*+%'*3)(9!

,/+D!(3.!7/+!(99!)$*!%35(90(@9*!.%&-0&&%/3&!(3.!*3-/0+(2*'*3)!(9/32!)$*!,(6B!_*!7%3(996!

.%.! %)a! Z(&):! @0)! 3/)! 9*(&):! K! ,/09.! 9%D*! )/! )$(3D! 6/0!V/+)*3:! 7/+! (99! $*9F! (3.! &0FF/+)!

.0+%32!(99!/7!'6!&)0.*3)!.(6&!b!&/!7(+a!

!

#+/3.$*%':!V(6!HI""! V(+%)!`/9'5((2!`(3&*3!



!

!

!

!



!
"/.-01#-!

!

%%!

!/-,01",.

!

]//.! 30)+%)%/3(9! >0(9%)6! %&! D*6! 7/+! (! &0--*&&709! =)9(3)%-! -/.! ?21*3.! ,&04315! M05*3%9*!

F+/.0-)%/3B!;/F*F/.&!(+*!)$*!3()0+(9!F+*6!7/+!'(+%3*!7%&$! 9(+5(*:!(3.!)$*%+!30)+%)%/3(9!

-/'F/&%)%/3!%&!@*9%*5*.!)/!@*!/F)%'(9!7/+!)$*!'(+%3*!7%&$!9(+5(*B!E*&F%)*!)$*!&0%)(@%9%)6!/7!

-/F*F/.&!7/+!-/.!9(+5(9!-09)%5()%/3:!/396!(!7*,!$()-$*+%*&!$(5*!0&*.!-/F*F/.&:!(3.!)$*3!

*J)*3&%5*96!-09)%5()*.B!K)!$(&!&*5*+(9!)%'*&!@**3!./-0'*3)*.!)$()!30)+%)%/3!%&!%'F/+)(3)!

7/+!&0+5%5(9:!2+/,)$!(3.!)$*!2*3*+(9!>0(9%)6!/7!-/.!9(+5(*B!L5*3!)$/02$!)$*&*!5(+%(@9*&!

(+*!-$(99*32*&!)/!'(36!7(+'*+&!/7! M05*3%9*!-/.:! )$*+*!$(&!&)%99!3/)!@**3!.*5*9/F*.!(36!

&)(3.(+.!*5(90()%/3!/7!>0(9%)6:!F*+$(F&!,%)$!)$*!*J-*F)%/3!/7!@/3*!.*7/+'()%/3!(3(96&%&B!

!

;/.!9(+5(*!,*+*!2%5*3!c!.%77*+*3)!)+*()'*3)&!7+/'!d!)/!HQ!.F$B![3*!,(&!7*.!)$*!-/F*F/.!

"#10-61! -&%.1! 3(0F9%%! ?2%3(3%)A:! (! &*-/3.! 7*.! *3+%-$*.! +/)%7*+&! 701#46&%3.! 6/)06#3.!

?4%,56A:! (! )$%+.! 7*.!03*3+%-$*.! +/)%7*+&! ?4%,27'A! (3.! (! 7/+)$! -/F*F/.&! 7+/'!e! )/!""!

.F$!(3.!*3+%-$*.!+/)%7*+&!)$*!+*&)!/7!)$*!F*+%/.!?2%38AB!=99!)+*()'*3)&!,*+*!7*.!"0-),61!

&FB!7+/'!HI!)/!cI!.F$!(3.!.+6!7**.!7+/'!df!)/!fI!.F$B!K3!(..%)%/3!)/!(&&*&&%32!2+/,)$!

(3.! &0+5%5(9:! >0(9%)6! /7! )$*! 7%&$! 9(+5(*! ,(&! (&&*&&*.! @6! 0&%32! )$*! 7/99/,%32! >0(9%)6!

F(+('*)*+&g! 9(+5(9! 7**.%32! (-)%5%)6:! +*&F/3&*! )/! $(3.9%32! &)+*&&:! &D*9*)(9! .*7/+'()%/3&!

(3.!&$(F*!5(+%()%/3B!

!

=9+*(.6! 7+/'! Q! .F$! )$*! 9(+5(*! 7*.! -/F*F/.&! ?;/F*F/.! (3.! ;/F! RA! $(.! (! $%2$*+! .+6!

,*%2$)! ?E_A! )$(3! 9(+5(*! 7*.!+/)%7*+&B!=)!fI!.F$! )$*!;/F*F/.!$(.! )$*!$%2$*&)!E_!(3.!

&0+5%5(9! +()*:! 7/99/,*.! @6! )$*! ;/F! R! )+*()'*3)! 9(+5(*:! (3.! ,%)$! )$*! ),/! +/)%7*+!

)+*()'*3)&!$(5%32!)$*!9/,*&)!E_!(3.!&0+5%5(9!+()*B!Z(+5(*!7+/'!)$*!+/)%7*+!)+*()'*3)&!

&,('!),%-*!(&!'0-$!F*+!F+*6!-(02$)!.0+%32!(3(96&%&!/7!7**.%32!@*$(5%/0+!(3.!$(.!)$*!

$%2$*&)! '/+)(9%)6! +()*! (7)*+! $(3.9%32! @6! (%+! *JF/&0+*:! -/'F(+*.! )/! )$*! ),/! -/F*F/.!

)+*()'*3)&B!#$*!;/F*F/.!)+*()'*3)!2(5*!)$*!9/,*&)!F*+-*3)(2*!/7!.*7/+'%)%*&:!7/99/,*.!

@6!;/F!R:!U/)V]!(3.!U/);$9:! %3!)$()!/+.*+B!#$*!.%77*+*3)!)+*()'*3)!2(5*!.%77*+*3-*&!%3!

)$*!&$(F*!/7! )$*! 9(+5(*B!#$*!+*&09)&! 7+/'!)$%&!&)0.6!&$/,!)$()! 7**.%32!-/.! 9(+5(*!,%)$!

%3)*3&%5*96! -09)%5()*.! -/F*F/.&! 3(0F9%%! ?"#10-61! -&%.1A! 7/+! )$*! 7%+&)! HQ! .(6&! F(&)!

$()-$%32!+*&09)&!%3!(!@*))*+!&0+5%5(9:!2+/,)$!(3.!>0(9%)6!/7!)$*!9(+5(*!)$(3!7**.%32!,%)$!

+/)%7*+&:!(3.!03.*+9%3*&!)$*!%'F/+)(3-*!/7!*(+96!9(+5(9!30)+%)%/3B!



!

!

!

!



!
81/()!&9!#&%-)%-.!

!

%%%!

91/'(.%:."%$,($,-.

!

;<.=$,0%)>",?%$. . . . . . . . . . ;.

"B"!G(-D2+/03.! ! ! ! ! ! ! ! ! ! "!

"BH!Z(+5(9!2+/,)$!(3.!.*5*9/F'*3)! ! ! ! ! ! ! H!

"Bd!_$()!%&!)$*!/F)%'(9!9%5*!7**.!7/+!-/.!9(+5(*h! ! ! ! ! ! d!

"Bc!C/&&%@9*!>0(9%)6!F(+('*)*+&!7/+!.*)*+'%3%32!-/.!9(+5(*!(3.!M05*3%9*!>0(9%)6! R!

"Be!8)0.6!/@M*-)%5*&!!(3.!(FF+/(-$!! ! ! ! ! ! ! "H!

!

@<.5(,7%)-. . . . . . . . . . . ;A.

HB"!#$*!&)(+)!7**.%32!*JF*+%'*3)! ! ! ! ! ! ! ! "d!

HBH!Z(+5(9!+*(+%32! ! ! ! ! ! ! ! ! ! "c!

HBd!Z%5*!7**.!F+/.0-)%/3! ! ! ! ! ! ! ! ! "f!

HBdB"!;09)%5()%/3!(3.!$(+5*&)%32!/7!'%-+/(92(*!! ! ! ! ! "f!

HBdBH!;09)%5()%/3:!$(+5*&)%32!(3.!*3+%-$'*3)!/7!+/)%7*+&!! ! ! "f!

HBdBd!;09)%5()%/3!/7!-/F*F/.&! ! ! ! ! ! ! "R!

HBdBc!;09)%5()%/3!/7!"0-),61!&FB! ! ! ! ! ! ! "Q!

HBc!Z(+5(!&('F9%32!(3.!7%J()%/3! ! ! ! ! ! ! ! "Q!

HBe!]+/,)$!(3.!&0+5%5(9! ! ! ! ! ! ! ! ! "S!

HBf!Z(+5(9!7**.%32!(-)%5%)6! ! ! ! ! ! ! ! ! HI!

HBR!U*&F/3&*!)/!$(3.9%32!&)+*&&! ! ! ! ! ! ! ! H"!

HBQ!G/3*!.*7/+'%)%*&! ! ! ! ! ! ! ! ! HH!

HBS!8$(F*!5(+%()%/3! ! ! ! ! ! ! ! ! ! Hd!

HB"I!8)()%&)%-(9!(3(96&%&!/7!.()(! ! ! ! ! ! ! ! HR!

!

A<.4(->',-. . . . . . . . . . . @B.

dB"!]+/,)$! ! ! ! ! ! ! ! ! ! ! HQ!

! dB"B"!E+6!,*%2$)!(3.!.(%96!,*%2$)!%3-+*(&*! ! ! ! ! HQ!

! dB"BH!8)(3.(+.!9*32)$!(3.!'6/)/'*!$*%2$)! ! ! ! ! HS!

dBH!80+5%5(9! ! ! ! ! ! ! ! ! ! ! de!

dBd!Z(+5(9!(-)%5%)6!(3(96&%&! ! ! ! ! ! ! ! ! df!

dBc!U*&F/3&*!)/!$(3.9%32!&)+*&&! ! ! ! ! ! ! ! dS!



!
81/()!&9!#&%-)%-.!

!

%5!

dBe!K3-%.*3-*&!/7!'(97/+'()%/3&!(3.!)6F*&! ! ! ! ! ! cH!

dBf!8$(F*!5(+%()%/3! ! ! ! ! ! ! ! ! ! cR!

!

C<.D?-">--?%$. . . . . . . . . . E;.

cB"!]+/,)$!(3.!&0+5%5(9!%3!+*9()%/3!)/!9%5*!7**.! ! ! ! ! ! e"!

cBH!i0(9%)6!F(+('*)*+&!%3!+*9()%/3!)/!2+/,)$!(3.!9%5*!7**.! ! ! ! ed!

cBc!;/3-90&%/3&!(3.!70)0+*!F*+&F*-)%5*&! ! ! ! ! ! ! fI!

.

4(:(0($"(-. . . . . . . . . . . F;.

.

=CCL1EKj!"!! ! ! ! ! ! ! ! ! ! ! RI!

=CCL1EKj!H! ! ! ! ! ! ! ! ! ! ! R"!

=CCL1EKj!d! ! ! ! ! ! ! ! ! ! ! RH!

=CCL1EKj!c! ! ! ! ! ! ! ! ! ! ! Re!

=CCL1EKj!e! ! ! ! ! ! ! ! ! ! ! Rf!

=CCL1EKj!f! ! ! ! ! ! ! ! ! ! ! RQ!

=CCL1EKj!R! ! ! ! ! ! ! ! ! ! ! Q"!

!

!



!
:;!<%-0&*3#-6&%!

!

"!

;<.=$,0%)>",?%$.

.

;<; G1"#*0%>$).

.

;/''*+-%(9!(>0(-09)0+*! %3!1/+,(6!@*2(3!(+/03.!"SRI:!(3.! %&! )/.(6!/3*!/7! )$*!'(M/+!

%3.0&)+%*&!%3!-/(&)(9!(+*(&B!=!9/32:!&$*9)*+*.!-/(&)9%3*:!)/2*)$*+!,%)$!(!+*9%(@9*!(3.!&)(@9*!

,()*+! )*'F*+()0+*! %&! &/'*!/7! )$*! &0--*&&! 7(-)/+&! 7/+!1/+,*2%(3! (>0(-09)0+*B! <(+'*.!

&(9'/3! %&! /3*! /7! )$*! @%22*&)! *JF/+)! -/''/.%)%*&! 7+/'! 1/+,(6! ?8D/3$/7):! HI"IAB!

8)(23()%/3! %3! )$*! &0FF96! /7! -/.! -()-$*&:! )/2*)$*+!,%)$! )$*! &0--*&&! /7! &(9'/3! 7(+'%32:!

$(5*! 9*.! )/! (3! %3-+*(&*! %3! )$*! %3)*+*&)! /7! 7(+'*.! =)9(3)%-! -/.! ?21*3.! ,&0431A!

?U/&*3903.!k!`(99./+&&/3:!HIIRl!1(DD*3:!HIIQAB!

!

K3! V(6! "SQd! )$*! 7%+&)! @+*(D)$+/02$! %3! -/.! '(&&! -09)%5()%/3! )//D! F9(-*g! Re! III! -/.!

M05*3%9*&! ,*+*! -09)%5()*.! (3.! -/99*-)*.! %3! (! '(+%3*! F/3.! ()! )$*! K3&)%)0)*! /7! '(+%3*!

+*&*(+-$:! =0&)*5/99! G%/9/2%-(9! 8)()%/3:! )$*&*! -/.! 9(+5(*! ,*+*! -09)%5()*.! *J)*3&%5*96!

?X%*&)(.! )-! 1(;:! "SQeAB! K3! *J)*3&%5*! -09)%5()%/3! )$*! 3*,96! $()-$*.! 9(+5(*! (+*! F9(-*.! %3!

-9/&*.!&*(!@(&%3&!(3.!3()0+(9!F+*.()/+&!(+*!+*'/5*.:!,$%9*!3()0+(9!F+*6!?m//F9(3D)/3A!

(+*!(..*.:! %7!3/)!(9+*(.6!)$*+*!?85n&(3.!)-!1(;:!HIIdAB!#$*!%3)*3&%5*!F+/.0-)%/3:!/3!)$*!

/)$*+!$(3.:!%&!9/-()*.!/3!9(3.!%3!(!-9/&*.!(3.!-/3)+/99*.!*35%+/3'*3):!2%5%32!)$*!7(+'*+&!

%'F+/5*.! -/3)+/9! /5*+! *35%+/3'*3)(9! 7(-)/+&:! 9%D*g! )*'F*+()0+*:! 9%2$):! (*+()%/3:!

'%-+/@%(9! 9/(.!*)-B! K)! (9&/!*3&0+*&!(! &)(@9*!(--*&&! )/! 7**.! %3!(! -/3)+/99*.!>0(3)%)6:! (3.!

,%)$! (! '/+*! D3/,3! 30)+%)%/3(9! (3.! '%-+/@%(9! -/3)*3)B! #$*! *J)%3-)%5*! 7%&$! 9(+5(*!

F+/.0-)%/3!%&!'/+*!9%'%)*.!-/'F(+*.!)/!)$*!%3)*3&%5*!F+/.0-)%/3:!*&F*-%(996!%3!)*+'&!/7!

03%)! 5/90'*Y"! (3.! &*(&/3(9! F+/.0-)%/3! ?8$%*9.&:! HII"l! 85n&(3.! )-! 1(;:! HIIdAB! #$*&*!

7(-)/+&! 2%5*! %3)*3&%5*! 7%&$! -09)%5()%/3! (! &)+/32! /5*+(99! %3-*3)%5*! %3! '(+%3*! 7%&$! 9(+5(*!

$()-$*+%*&!(99!/5*+!L0+/F*!?8$%*9.&:!HII"AB!!

!

8%3-*! -/F*F/.&! (+*! )$*! 3()0+(9! 7**.! 7/+! -/.! 9(+5(*! (3.! ,*! '(6! (&&0'*! )$()! )$*%+!

30)+%)%/3(9! -/'F/&%)%/3! %&! %.*(9! 7/+! -/.! 9(+5(*! ?8(+2*3)! )-! 1(;:! "SSSAB! G6! %3)*3&%5*96!

-09)%5()%32!-/F*F/.&:!-/'F(+*.!)/!*J)*3&%5*96!-/F*F/.!-09)%5()%/3:!/3*!,/09.!@*!(@9*!)/!

2(%3! (! -/3)%30/0&!6*(+Y+/03.! &0FF96:! %3! (..%)%/3! )/! (!'/+*! -/3)+/99*.!30)+%)%/3(9! (3.!

'%-+/@%(9! 9/(.! ?8)W))+0F:! HIIIAB! #$%&!,/09.! @*!'/+*! &0%)(@9*! 7/+! %3)*3&%5*! -/.! 9(+5(9!



!
:;!<%-0&*3#-6&%!

!

H!

F+/.0-)%/3:! -/'F(+*.! )/! *J)*3&%5*! -/.! 9(+5(9! F+/.0-)%/3B![3*!/7! )$*!'(%3!.%77*+*3-*&!

@*),**3!*J)*3&%5*!(3.!%3)*3&%5*!-/.!9(+5(9!F+/.0-)%/3!%&!)$*!0&*!/7!3()0+(9!m//F9(3D)/3:!

9%D*!-/F*F/.&:!(&!9%5*!7**.!%3!)$*!*J)*3&%5*!F+/.0-)%/3!?U/&*3903.!k!`(99./+&&/3:!HIIRAB!

;/.! 9(+5(*! 2%5*3! 3()0+(9! m//F9(3D)/3! %3&)*(.! /7! +/)%7*+&! $(5*! &$/,3! (! &%23%7%-(3)96!

$%2$*+! 3Yd! `4<=! 9*5*9:! )/2*)$*+! ,%)$! $%2$*+! 2+/,)$! +()*&:! @*))*+! &0+5%5(9:! 9*&&!

.*7/+'%)%*&! (3.! (! 2*3*+(996! @*))*+! >0(9%)6! ?\MW+&5%D! )-! 1(;:! HIISl! G0&-$! )-! 1(;:! HI"Il!

\/*.%MD!)-!1(;:!HI"IAB!#$*&*!(+*!(99!5(+%(@9*&!-/.!M05*3%9*!$()-$*+%*&!(+*!&)+0229%32!,%)$:!

(3.!)$*!0&*!/7!%3)*3&%5*96!-09)%5()*.!-/F*F/.&!$(&!)$*!F/&&%@%9%)6!)/!@*!(!70)0+*!&/90)%/3B!!

!

;<@ H10I1'.*0%&,7.1$).)(I('%3+($,.

.

;/.! 9(+5(*! $(5*! (! 2+*()! 2+/,)$! F/)*3)%(9! (3.! (+*! (22+*&&%5*! 7**.*+&! ?U/&*3903.! k!

`(99./+&&/3:! HIIRA:! (3.! -(33%@(9%&'! $(&! @**3! +*F/+)*.! %3! -/'@%3()%/3! ,%)$! &0@Y

/F)%'(9! 7//.! (5(%9(@%9%)6! ?X%*&)(.! )-! 1(;:! "SQel! </9D5/+.:! "SS"AB! #$*! F$6&%-(9! ?9%2$):!

)*'F*+()0+*:! -0++*3):! *)-BA! (3.! -$*'%-(9! *35%+/3'*3)! ?&(9%3%)6:! F`! (3.! '*)(@/9%)*&A:!

@%/)%-! 7(-)/+&! ?5%+0&*&:! @(-)*+%(! *)-BA:! 30)+%)%/3(9! -/3)*3)! ?9%5*! 7**.A! (3.! 7%&$! &)/-D%32!

.*3&%)6!(+*!(99!7(-)/+&!%'F/+)(3)!7/+!2+/,)$:!&0+5%5(9!(3.!.*5*9/F'*3)!/7!)$*!'(+%3*!7%&$!

9(+5(*!?`('+*:!HIIfl!\M*&@0!)-!1(;:!HIIfAB!;/.!9(+5(*!$()-$!7+/'!&'(99!?"Bd!''A:!F*9(2%-!

*22&B!#$*!&'(99! &%m*!/7! )$*!*22! 9%'%)&! )$*!('/03)!/7!6/9D! ?V/++%&/3:!"SQRAB!LJ/2*3/0&!

7//.!&$/09.!@*!2%5*3!)/!)$*! 9(+5(*!F+%/+!)/!6/9DY&(-D!(@&/+F)%/3:! )/!F+*5*3)!&)(+5()%/3!

?o%3! k! G9(J)*+:! "SQfAB! #$*! 2(&)+/Y%3)*&)%3(9! &6&)*'! /7! )$*! -/.! 9(+5(*! %&! 3/)! 70996!

.*5*9/F*.!@*7/+*!(7)*+!'*)('/+F$/&%&:!@0)!)$*6!,%99!(9+*(.6!7+/'!$()-$%32!F/&&*&!)$*!

703-)%/3&!(3.!&)+0-)0+*&!*&&*3)%(9!7/+!.%2*&)%/3!(3.!(@&/+F)%/3!/7!30)+%*3)&!?\MW+&5%D!)-!

1(;:!HIIcAB!#$*!&)(+)!/7!*J/2*3/0&!7**.%32!%&!-/3-0++*3)!,%)$!)$*!.*5*9/F'*3)!/7!/+2(3&!

-+%)%-(9! 7/+! &0--*&&709! 7**.%32:! 9%D*! 5%&%/3! (3.! '0&-9*! .*5*9/F'*3):! (3.! /F)%'(9!

-/3.%)%/3&!(+*!)$*+*7/+*!*&F*-%(996!%'F/+)(3)!()!)$%&!&)(2*!?G*99!)-!1(;:!"SSel!](99/,(6!)-!

1(;:!"SSSAB!



!
:;!<%-0&*3#-6&%!

!

d!

;<A.J71,.?-.,7(.%3,?+1'.'?I(.:(().:%0."%).'10I1(K.!
!

#$*! $%2$*&)!'/+)(9%)6! 7/+! 7%&$! 9(+5(*! %&! 7/03.! .0+%32! )$*! )+(3&%)%/3! 7+/'! *3./2*3/0&!

?7+/'! 6/9DA! )/! *J/2*3/0&! ?7+/'! *J)*+3(9! F+*6A! 7**.%32! ?_%@/+2:! "SRfl! `*,%))! )-! 1(;:!

"SQeAB!#$*!7**.!2%5*3!)/!)$*!9(+5(*!()!)$%&!&)(2*!$(&!@**3!+*F/+)*.!5%)(9:!(&!%)!(77*-)&!)$*!

9()*+! F*+7/+'(3-*! /7! )$*! 7%&$! 9(+5(*! ?\/5*3! )-! 1(;:! HII"l! `('+*:! HIIfl! U/&*3903.! k!

`(99./+&&/3:!HIIRl!\MW+&5%D!)-!1(;:!HIISAB!

!

#$*! 2+/,)$! +()*&! %3! %3)*3&%5*! &6&)*'&! (+*! 2*3*+(996! 9/,*+! )$(3! %3! *J)*3&%5*! &6&)*'&B!

`%2$!'/+)(9%)6:!5(+%(@9*!>0(9%)6!(3.!F//+!+*F+/.0-%@%9%)6!(+*!/)$*+!D*6!/@&)(-9*&!,%)$%3!

%3)*3&%5*!F+/.0-)%/3! ?`('+*:!HIIfAB!1/+'(9!F+/)/-/9! 7/+! %3)*3&%5*!-/.!$()-$*+%*&!$(&!

@**3! )$*! 0&*! /7! *3+%-$*.! +/)%7*+&! 7/99/,*.! @6! *3+%-$*.! "0-),61! 3(0F9%%! ?[9&*3! )-! 1(;:!

HIIcAB!"0-),61!3(0F9%%!$(5*!9()*96!2+(.0(996!@*%32!+*F9(-*.!@6!7/+'09()*.!7**.:!&/Y-(99*.!

*(+96!,*(3%32:!@0)!)$%&!$(&!&$/,3!)/!$(5*!(!3*2()%5*!*77*-)!/3!)$*!2+/,)$!(3.!&0+5%5(9!/7!

)$*!-/.!9(+5(*!?;(99(3!)-!1(;:!HIIdl!`('+*:!HIIfAB!"0-),61!&FB!(3.!+/)%7*+&!(+*!3/)!(!F(+)!

/7!)$*!'(+%3*!7%&$!9(+5(p&!3()0+(9!.%*):!,$%-$!'(%396!-/3&%&)&!/7!3()0+(9!m//F9(3D)/3:!9%D*!

-/F*F/.&B! #$*! 0&*! /7! 3()0+(9! m//F9(3D)/3! %3! -/.! -09)%5()%/3! $(&! &$/,3! )/! $(5*! (!

F/&%)%5*!*77*-)!%3!)$*!2+/,)$:!&0+5%5(9!(3.!.*5*9/F'*3)!/7!'(+%3*!7%&$!9(+5(*!?8)W))+0F:!

HIIIl!L5M*'/!)-!1(;:!HIIdl!`('+*:!HIIfAB!E*&F%)*!)$*!&0%)(@%9%)6!/7!-/F*F/.&!(&!F+*6!7/+!

'(+%3*!7%&$!9(+5(*:!)$*+*!(+*!/396!(!7*,!$()-$*+%*&!0&%32!-/F*F/.&!(&!9%5*!7**.:!(3.!)$*&*!

(+*! '(%396! -09)%5()%32! -/F*F/.&! *J)*3&%5*96B! ;/F*F/.&! $(5*! @**3! )+%*.! %3)*3&%5*96!

-09)%5()*.:! F+*./'%3(3)96! %3! &'(99! &-(9*! (3.! ,%)$! 9%'%)*.! .0+()%/3! ?8)W))+0F:! HIIIAB!

8)W))+0F! ?HIIIA! &)()*.! P=! @(&%-! D3/,9*.2*! /7! )$*! F$6&%/9/2%-(9! F+/-*&&*&! (3.!

F/F09()%/3! .63('%-&! /7! (! &F*-%*&! %&! (! F+*+*>0%&%)*! 7/+! )$*! .*5*9/F'*3)! /7! +*(+%32!

)*-$3%>0*&PB! 8-(9%32Y0F! /7! %3)*3&%5*! -/F*F/.! -09)%5()%/3! $(&! @**3! &$/,3! .%77%-09)! (3.!

*JF*3&%5*!%3!)*+'&!/7!-/''*+-%(9!F+/.0-)%/3:!(3.!)$*!-0++*3)!&0FF96!%&!2*/2+(F$%-(996!

(3.!>0(9%)()%5*96!9%'%)*.!?8)W))+0F:!HIIIl!E+%99*)!)-!1(;:!HI""AB!=!F/&&%@9*!&/90)%/3!-/09.!

@*!(! 9(+2*Y&-(9*!F+/.0-)%/3!/7!-/F*F/.!*22&:!,$%-$!-/09.!@*! 70+)$*+!.%&)+%@0)*.!)/! )$*!

7%&$!$()-$*+%*&B!#$%&!,/09.!@*!'/+*!/F)%'(9!(&!.%&)+%@0)%/3!/7! 9%5*!-/F*F/.&!(+*!'/+*!

&F(-*! 9%'%)*.! (3.! &*3&%)%5*! )/! .%&)+%@0)%/3&! ?E+%99*)! )-! 1(;:! HI""AB! 8K1#L<! $(5*:! %3!

-//F*+()%/3!,%)$!1#14:! &)(+)*.! )/! %3)*3&%5*96! -09)%5()*! -/F*F/.&! ?"#10-61! -&%.15! (3.!

$(+5*&)%32! *22&! 7/+! &)/+(2*! ()! "BeYc[;! ?1*&&*:! HI"IAB! 8)/+*.! *22&! $(5*! 9()*+! @**3!

$()-$*.!(3.!0&*.!)/! 7**.!-/.! 9(+5(*! %3)*3&%5*96!-09)%5()*.B!#$%&!$(&!+*&09)*.! %3!$%2$*+!



!
:;!<%-0&*3#-6&%!

!

c!

&0+5%5(9!(3.!.+6!,*%2$)!-/'F(+*.!)/!-/.! 9(+5(*! 7*.!+/)%7*+&:!,$%-$!$(&!@**3! 9%3D*.!)/!

)$*! &0F*+%/+!30)+%)%/3(9! -/3)*3)! %3! -/F*F/.&! ?[5*++*%3! )-!1(;:! 03F0@9%&$*.AB!</+! 70)0+*!

-/''*+-%(9%m()%/3!%3!,%99!@*!*&&*3)%(9!)/!.*5*9/F!3*,!)*-$3/9/26!(3.!(0)/'()%/3!/7!)$*!

F+/-*&&:!2(%3%32!(!'/+*!-/&)Y*77*-)%5*!F+/.0-)%/3!?X%*:!]B:!8K1#L<:!F*+&B!-/'BAB!

!

G/)$! "0-),61! &FB! (3.! +/)%7*+&! (+*! *(&%96! -09)%5()*.:! )$*6! )/9*+()*! $%2$! .*3&%)%*&! (3.!

5(+%(@9*!&(9%3%)6!?8)W))+0F:!HIIdAB!=--/+.%32!)/!G0&$!*)!(9B:!HI"I!)$*!2+/,)$!F/)*3)%(9!7/+!

-/.! 9(+5(*! ,/09.! 3*5*+! @*! 70996! *JF9/%)*.! ,$*3! 0&%32! +/)%7*+&! %3&)*(.! /7! 3()0+(9!

m//F9(3D)/3:!&%3-*!)$*%+!30)+%)%/3(9!5(90*!./3p)!'()-$!)$*!3**.&!/7!)$*!-/.!9(+5(B!</+!)$*!

30)+%)%/3(9!5(90*!/7!)$*!+/)%7*+&!(3.!"0-),61!&FB!)/!@*))*+!&0%)!)$*!+*>0%+*'*3)!/7!)$*!7%&$!

9(+5(*!)$*6!(+*!*3+%-$*.:!'(%396!,%)$!9%F%.&!?L5M*'/!k![9&*3:!"SSRl!8)W))+0F:!HIIdAB!!

!

10)+%)%/3(9! %'@(9(3-*! %&! (!,*99YD3/,3! 7(-)/+! )/! (77*-)! 2+/,)$:! &0+5%5(9! (3.! >0(9%)6! /7!

'(+%3*!7%&$!9(+5(*:!9%D*!-/.!?;0))&!)-!1(;:!HIIfl!`('+*:!HIIfAB!<%33!*)!(9B!?HIIHA!&$/,*.!

)$()!-/.!9(+5(*!2%5*3!)$*!+%2$)!30)+%)%/3(9!(3.!*35%+/3'*3)(9!-/3.%)%/3:!-/09.!%3-+*(&*!

)$*%+!'*(3!,*%2$!HIII!)%'*&!.0+%32!)$*!7%+&)!eI!.(6&!/7!*J/2*3/0&!7**.%32!?<%33!)-!1(;:!

HIIHAB! K37/+'()%/3! (@/0)! )$*! 30)+%)%/3(9! +*>0%+*'*3)&! /7! )$*! '(+%3*! 7%&$! 9(+5(*! $(&!

@**3! .%77%-09)! )/! (-$%*5*:! (&! %)! %&! $(+.! )/! -/3)+/9! )$*! 9%5*! 7**.! 30)+%)%/3(9! -/'F/&%)%/3!

F+*-%&*96!?8$%*9.&:!HII"AB!!

!

=6>6*.!

#$*!9%F%.!>0(9%)6!(3.!>0(3)%)6!/7!)$*!7**.!(+*!-*3)+(9!7/+!)$*!5%(@%9%)6!/7!)$*!'(+%3*!7%&$!

9(+5(*B!Z%F%.&!(+*!0&*.!*%)$*+!(&!&)+0-)0+(9!-/'F/3*3)&!/7!)$*!'*'@+(3*:!/+!7/+!*3*+26!

F+/.0-)%/3! ?_()(3(@*! k! \%+/3:! "SScAB! 8*5*+(9! &)0.%*&! $(5*! &$/,3! )$()! $%2$96!

03&()0+()*.!7())6!(-%.&!?`4<=A!%3!)$*!3Yd!(3.!3Yf!&*+%*&:!'(%396!E`=!?./-/&($*J(*3/%-!

(-%.A:!LC=!?*%-/&(F*3)(*3/%-!(-%.A!(3.!==!?(+(-$%./3%-!(-%.A:! (+*!*&&*3)%(9! 7/+!'(+%3*!

7%&$! 9(+5(*! .0+%32! &)(+)! 7**.%32B!`4<=! .*7%-%*3-6! $(&! &$/,3! )/! .*9(6! 7%&$! 2+/,)$! (3.!

.*5*9/F'*3):! (3.! %3.0-*&!'/+)(9%)6! ?U(%30mm/! )-! 1(;:! "SSHl!_()(3(@*! k! \%+/3:! "SScl!

Km>0%*+./!)-!1(;:!HIIIAB!K3!(..%)%/3!)/!)$*!'%3%'0'!.%*)(+6!+*>0%+*'*3)!/7!3Yd!`4<=:!)$*!

+*9()%5*!F+/F/+)%/3! %&! %'F/+)(3):!(3.!-/3)+/9!/5*+!@/)$! )$*!.%*)(+6!>0(3)%)6!(&!,*99!(&!

(@&/90)*!('/03)&!%&!3*-*&&(+6!?Km>0%*+./!)-!1(;:!HIIIAB!L5M*'/!(3.![9&*3!?"SSRA!7/03.!

)$*! 7/99/,%32! 9%F%.! -/3)*3)! ?q!/7!E_A!,$*3!(3(96&%32!.%77*+*3)! 9%5*! 7**.g!"0-),61!H"Y

Hdq:!U/)%7*+&!fY""q!(3.!;/F*F/.!??1(1%3.!96%%,10#46#3.@!8),&01!(&%+6#&06.!"#10-61!&FB!



!
:;!<%-0&*3#-6&%!

!

e!

A30B-),&01!&FB5!"HY"dq!()!-/F*F/.%.!K:!KK!(3.!KK:!(3.!%3-+*(&%32!)/!Hcq!()!-/F*F/.%.!KT:!

T!(3.!(.09)B!L5*3! )$/02$!"0-),61! &F;! $(.!$%2$*+! 9%F%.! -/3)*3)! -/'F(+*.! )/! -/F*F/.&:!

)$*!-/F*F/.&!$(.!(!&%23%7%-(3)96!$%2$*+!9*5*9!/7!3Yd!`4<=B!!

!

K)! %&! 2*3*+(996! (2+**.! )$()! F$/&F$/9%F%.&! %3! )$*! .%*)! -(3! %'F+/5*! )$*! F*+7/+'(3-*! /7!

'(+%3*! 7%&$! %3! -09)0+*B! #$*! 2+*()*&)! (.5(3)(2*&! (+*! )$*! %3-+*(&*! %3! 2+/,)$:! &0+5%5(9:!

%3)*&)%3(9!'()0+()%/3!(3.!+*.0-)%/3&!/7!&D*9*)(9!.*7/+'()%/3&!?#/-$*+!)-!1(;:!HIIQl!_/9.!

)-!1(;:!HIISAB!E`=!(3.!LC=!-(3!@*!%3-/+F/+()*.!(&!F$/&F$/9%F%.&!?CZA!/+!3*0)+(9!9%F%.&!

?1ZAB!K)!%&!D3/,3!)$()!,$*3!%3-/+F/+()*.!%3!)$*!.%*)(+6!F/9(+!CZ:!)$*!7())6!(-%.&!(+*!'/+*!

@*3*7%-%(9!)/!)$*!-/.!)$()!'/+*!*77%-%*3)96!(@&/+@!`4<=!,$*3!%3-/+F/+()*.!%3!CZ!?;($0!

)-!1(;:!HIId(l!]%&@*+)!)-!1(;:!HIIel!\MW+&5%D!)-!1(;:!HIISl!_/9.!)-!1(;:!HIISAB!CZ!(+*!)$*!'(%3!

-/'F/3*3)!/7!-*99!'*'@+(3*&:!(3.!(+*!*&&*3)%(9!7/+!2+/,)$!(3.!.*5*9/F'*3)!/7!)$*!7%&$!

9(+5(:! ,$%-$! $(5*! (! 9%'%)*.! (@%9%)6! )/! &63)$*&%&*! CZ! *)! %&C&! ?\(3(m(,(! )-! 1(;:! "SQel!

;/0))*(0!)-!1(;:!"SSRAB!;/F*F/.&!?";!-&%.15!$(&!&$/,3!)/!-/3)(%3!(!$%2$*+!F*+-*3)(2*!/7!

`4<=! %3! )$*%+!F$/&F$/9%F%.&:!,$%9*! +/)%7*+&!(3.!"0-),61!&FB!$(&!&$/,3! 9*&&!`4<=!(3.!

'/+*!'/3/03&()0+()*.!7())6!(-%.&:!,$%-$!$(&!@**3!9%3D*.!)/!$%2$*+!&0+5%5(9!(3.!2+/,)$!

+()*&!)/!-/.!9(+5(*!7*.!-/F*F/.&!?[5*++*%3:!HI"IAB!

!

D0&-)6%!

C+/)*%3! %&! )$*!'/&)! (@03.(3)! -/'F/3*3)! %3!'(+%3*! 7%&$! *22&:!,$%-$! -/09.! -/3)(%3! (&!

'0-$!(&!eIq!/7!)$*!)/)(9!('%3/!(-%.!F//9!(&!7+**!('%3/!(-%.&!?<==AB!E0+%32!)$*!6/9DY&(-Y

9(+5(*Y&)(2*!)$*!<==!F//9!%&!.*F9*)*.!?_()(3(@*!k!\%+/3:!"SScl!UW33*&)(.!)-!1(;:!"SSSAB!

K)! %&! )$*+*7/+*!-+0-%(9! 7/+! )$*! 7%&$! 9(+5(*! )/!2*)!*&&*3)%(9!<==!)+/02$! )$*! 7%+&)! 7**.B!#$*!

*&&*3)%(9!<==!(+*!)$/&*!)$()!-(33/)!@*!&63)$*&%&*.!/+!(+*! %3(.*>0()*96!&63)$*&%&*.!*)!

%&C&!@6!)$*!7%&$!9(+5(*!?Z%!)-!1(;:!HIISAB!=&!-/''*3)*.!/3!*(+9%*+:!)$*!7%&$!9(+5(*!$(5*!(3!

2+*()! 2+/,)$! F/)*3)%(9! (3.! )$%&! 2+/,)$! %&!'(%396! )$+/02$!'0&-9*! 2+/,)$! %3-+*(&*! @6!

F+/)*%3! &63)$*&%&! ?UW33*&)(.! )-! 1(;:! "SSSAB! #$*! <==! F9(6&! (3! %'F/+)(3)! +/9*! %3! )$*!

'*)(@/9%&'!(3.!.*5*9/F'*3)!/7!)$*!7%&$:! %3-90.%32!-*99!&%23(99%32:!(FF*)%)*!&)%'09()%/3:!

2+/,)$:! %''03%)6:! &)+*&&! +*&F/3&*:! '*)('/+F$/&%&:! 3*0+(9! .*5*9/F'*3):! @*$(5%/0+:!

F%2'*3)()%/3! (3.! +*209()%/3! ?Z%! *)! (9B:! HIISAB! 8D*9*)(9! '(97/+'()%/3&! $(&! &$/,3! )/!

&%23%7%-(3)96!.*-+*(&*!.0+%32!/F)%'%m()%/3!/7!)$*!F+/)*%3!-/3)*3)!%3!7%&)!7**.!?;($0!)-!1(;:!

HIId@AB!_$*3!*3+%-$%32!"0-),61!&FB!(3.!+/)%7*+&!,%)$!9%F%.&!)$*!+*9()%5*!F+/)*%3!-/3)*3)!

,%99! .*-+*(&*:! @0)! )$*! >0(3)%)()%5*! -/3)*3)! ,%99! &)(6! 7(%+96! 03-$(32*.:! (&! )$*! F+*6! %&!



!
:;!<%-0&*3#-6&%!

!

f!

2(%3%32!,*%2$)! %3! )*+'&!/7! 9%F%.&! ?X%*!k![9&*3:!"SSRl![9&*3! )-! 1(;:! HIIIl!L5M*'/! )-! 1(;:!

HIIdAB!L(+9%*+!F0@9%-()%/3&!$(5*!&$/,3!)$*!7/99/,%32!F+/)*%3!-/3)*3)!?q!/7!E_A!%3!9%5*!

7**.g!"0-),61! &F;! c"q! %3! 3*,96! $()-$*.! 3(0F9%%! (3.! dcq! (7)*+! HcY$! *3+%-$'*3)! (3.!

+/)%7*+&! HcYf"q!.*F*3.*3)! /3! *3+%-$'*3):! -/'F(+*.! )/! reIq! 7/+! -/F*F/.&! ??1(1%3.!

96%%,10#46#3.@! 8),&01! (&%+6#&06.! "#10-61! &FB!A30B-),&01! &FB5! ()! -/F*F/.%.! &)(2*&! KYKT!

?`*99(3.!)-!1(;:!HIIHl!L5M*'/!)-!1(;:!HIIdl!5(3!.*+!V**+*3:!HIIdAB!!

!

E6%)01(.!1%*!C6-1,6%.!

V%3*+(9&:! *&F*-%(996! -(9-%0'! ?;(A! (3.! F$/&F$/+0&! ?CA:! (+*! *&&*3)%(9! .0+%32! 9(+5(9!

.*5*9/F'*3):! F(+)%-09(+96! @/3*! 7/+'()%/3B! ;(! -(3! @*! /@)(%3*.! 7+/'! )$*! &0++/03.%32!

,()*+:! %3! (..%)%/3! )/! .%*):! ,$%9*! C! -(3! /396! @*! /@)(%3*.! 7+/'! .%*)! ?C/,*+:! HIISAB!

V%3*+(9&! 9%D*g! '(32(3*&*:! %/.%3*:! &*9*3%0':! -/FF*+! (3.! m%3-:! $(&! (9&/! @**3! &$/,3!

*&&*3)%(9! .0+%32! &D*9*)(9! .*5*9/F'*3)! ?V/+*3:! HIISA! U*&*(+-$! $(&! (9&/! &$/,3! )$()!

T%)('%3!=! %&!(3! %'F/+)(3)!30)+%)%/3(9! 7(-)/+!.0+%32!)$*! 9%5*! 7**.!F*+%/.!/7!'(+%3*! 7%&$:!

*&F*-%(996!.0+%32!@/3*!7/+'()%/3!?V/+*3!)-!1(;:!HIISl!]*/+2(!)-!1(;:!HI""AB!T%)('%3!=!%&!(!

7()Y&/90@9*!5%)('%3! %'F/+)(3)! 7/+! 2*3*! +*209()%/3!(3.! &%2$)B! K)! $(&! *(+9%*+!@**3! &$/,3!

)$()! )//! '0-$! 5%)('%3! =! '(6! +*&09)! %3! &D*9*)(9! -$(32*&:! *&F*-%(996! 5*+)*@+(9! 70&%/3&B!

8%3-*!-/F*F/.&:!"0-),61! &F;!(3.!+/)%7*+&!./!3/)!-/3)(%3!(36!5%)('%3!=:! )//!'0-$! %&!(3!

039%D*96!F+/@9*'!%3!(>0(-09)0+*!?`('+*!)-!1(;:!HIIQl!V/+*3!)-!1(;:!HIISAB![3!)$*!/)$*+!

$(3.:!@/)$!-/F*F/.!(3.!"0-),61!&F;!-/3)(%3&!-(+/)*3/%.&:!(9&/!-(99*.!F+/Y5%)('%3!=!?)$*!

F+*-0+&/+!)/!5%)('%3!=AB!#$*!9*5*9!/7!-(+/)*3/%.&!%3!-/F*F/.&!(3.!"0-),61!&FB!%&!@*9%*5*.!

)/!2%5*!)$*!9(+5(!)$*!+%2$)!('/03)!/7!5%)('%3!=!3**.*.!?V/+*3!)-!1(;:!HIIHl!]*/+2(!)-!1(;:!

HI""AB!U/)%7*+&! (+*! )$*! 9%5*! 7**.! 7%+&)96! 2%5*3! )/! )$*! -/.! 9(+5(*! %3! )+(.%)%/3(9! %3)*3&%5*!

F+/.0-)%/3:! (3.! )$*! 9(-D! /7! -(+/)*3/%.&! %3! +/)%7*+&! %&! @*9%*5*.! )/! F/&&%@96! (77*-)! )$*!

&D*9*)(9!.*5*9/F'*3)!/7!)$*!9(+5(*!?V/+*3!)-!1(;:!HIISAB!<0+)$*+'/+*:!5%)('%3!E!(3.!;!%&!

(9&/!+*2(+.*.!(&!*&&*3)%(9!.0+%32!@/3*!7/+'()%/3B!T%)('%3!E!%&!(!$/+'/3*!)$()!'(%3)(%3&!

-(9-%0'!(3.!F$/&F$/+0&!$(*'/&)(&%&:!,$%-$! )/2*)$*+!,%)$!5%)('%3!\!(-)&!/3! )$*!@/3*!

-*99&! ?/&)*/@9(&)&! (3.! /&)*/-9(&)&A! (3.! %&! )$*+*7/+*! %3.%+*-)96! (77*-)%32! @/3*!

.*5*9/F'*3)! ?`('+*! )-! 1(;:! HI"IAB! T%)('%3! ;! %&! (3! (3)%/J%.(3):! *&&*3)%(9! 7/+! -/99(2*3!

&63)$*&%&B! E*7%-%*3-6! /7! )$*&*! 5%)('%3&! '(6! 9*(.! )/! .*7/+'()%/3&! %3! )$*! &D099! (3.!

5*+)*@+(*!/7!)$*!'(+%3*!7%&$!9(+5(!?s('@/3%3/YK37(3)*!)-!1(;:!HIISAB!T%)('%3!;!$(&!(9&/!

&$/,3! )/! %3-+*(&*! 2+/,)$! +()*! (3.! &)+*&&! +*&F/3&*! %3!'(+%3*! 7%&$! 9(+5(*! ?;($0! )-! 1(;:!

HIId(AB!



!
:;!<%-0&*3#-6&%!

!

R!

;<C.L%--?/'(.3101+(,(0-.:%0.)(,(0+?$?$*."%).'10I1(.1$).M>I($?'(.N>1'?,O!
.

E*&F%)*!F+/@9*'&!,%)$!5(+%(@9*!>0(9%)6:!)$*+*!$(&!&)%99!3/)!@**3!.*5*9/F*.!(36!&)(3.(+.!

*5(90()%/3! )/! .*)*+'%3*! )$*! -/.! 9(+5(9! (3.! M05*3%9*! >0(9%)6B! #$*! /--0++*3-*! /7!

.*7/+'()%/3&! $(&! @**3! (! -/''/3! F+/@9*'! 7/+! -/.! $()-$*+%*&:! (3.! @/3*! .*7/+'()%/3!

(3(96&%&!(+*! )/.(6!)$*!'/&)!0&*.!5(+%(@9*!,$*3!(3(96&%32!()!'(+%3*! 7%&$! 9(+5(9!>0(9%)6!

?Gt5*+7M/+.!)-!1(;:!HIISAB!V/+F$/'*)%-&!%&!(9&/!(!)//9!0&*.!%3!>0(9%)6!(&&*&&'*3)!/7!7%&$!

9(+5(*:!(3.!)$*!0&*!$(&!@**3!'/+*!(.5(3-*.!%3!+*-*3)!6*(+&!?=.('&!)-!1(;:!HIIcAB![)$*+!

5(+%(@9*&!9%D*!&)+*&&!+*&F/3&*&!(3.!7**.%32!@*$(5%/0+!$(&!(9&/!@**3!0&*.!.0+%32!&)0.%*&!

/7!'(+%3*!7%&$!9(+5(9!(3.!M05*3%9*!>0(9%)6B!!

!

#$*! 0&*! /7! )$*&*! .%77*+*3)! >0(9%)6! F(+('*)*+&! -/09.! 2%5*! (! @+/(.*+! F%-)0+*! /7! )$*!

.%77*+*3)!>0(9%)6!(&F*-)&!/7!)$*!-/.!9(+5(*:!(3.!-/'@%3*.!F+/5%.*!(!2//.!.*&-+%F)%/3!/7!

-/.!9(+5(9!(3.!M05*3%9*!>0(9%)6:!(3.!F/&&%@9*!F+*.%-)%/3&!/3!70)0+*!7%&$!>0(9%)6B!#$%&!-/09.!

@*!(!$*9F709!)//9!7/+!@/)$!7(+'*+&!(3.!&-%*3)%&)&B!

!

F$)()-1(!*)9&0,6-6).!

[3*!/7!)$*!'/&)!-/''/3!F+/@9*'&!7/+!7%&$!$()-$*+%*&!%&!)$*!F+*&*3-*!/7!.*7/+'%)%*&!%3!

)$*!&D*9*)/3!?Z*%3!)-!1(;:!HIISAB!#$%&!%&!'(%396!(!F+/@9*'!7/+!)$*!7%&$!,*97(+*:!@0)!(9&/!(3!

*-/3/'%-(9! %&&0*! 7/+! )$*!F+/.0-*+&! ?G/29%/3*! )-!1(;:!HIIdl!\/0'/0./0+/&:!HI"IAB!Z%D*!

(99!5*+)*@+()*&:!)$*!-/.!$(&!(!$%2$96!.*5*9/F*.!%3)*+3(9!&D*9*)/3!?*3./&D*9*)/3AB!V0&-9*&!

(+*! ())(-$*.! )/! )$*! 5*+)*@+(:! ,$%-$! @*3.&! .0+%32! 3/+'(9! 9/-/'/)%/3B! #$*! &$(F*! (3.!

30'@*+! /7! 5*+)*@+(*! 5(+%*&! ('/32! .%77*+*3)! &F*-%*&! (3.! .%77*+*3)! +*2%/3&! /7! )$*!

5*+)*@+(9!-/90'3!?`(+.*+:!"SReAB!8D*9*)(9!.*7/+'()%/3&! %3!'(+%3*! 7%&$! 9(+5(*!-/09.!@*!

.0*! )/! .%*)(+6! 7(-)/+&:! *B2B! &0@/F)%'(9! 9%F%.! ?8(+2*3)! )-! 1(;:! "SSSA! (3.! F+/)*%3! -/3)*3)!

?;($0! )-! 1(;:! HIId@A! /+! 9(-D! /7! 5%)('%3&! (3.! '%3*+(9&! ?Z(99! k! Z*,%&YV-;+*(:! HIIRl!

Gt5*+7M/+.! )-! 1(;:! HIISA! (3.! (@%/)%-! 7(-)/+&:! *B2B! )*'F*+()0+*! ?]*/+2(D/F/09/0! )-! 1(;:!

HI"IA:!/+!,()*+!&F**.!?`*99(3.!)-!1(;:!HIIS(AB!

!

#$*! 5*+)*@+(9! -/90'3! -(3! @*! .%5%.*.! %3)/! H! F(+)&l! "A! F+*Y$*'(9! 5*+)*@+(*! ?-(++6%32!

*F%F9*0+(9! (3.! F9*0+(9! +%@&:! /F*3! $*'(9! (+-$:! ,%)$/0)! $*'(9! &F%3*&A! (3.! HA! $*'(9!

5*+)*@+(*!?,%)$!$*'(9!(+-$*&!(3.!&F%3*&AB!#$*!03F(%+*.!7%3&!(+*!.%5%.*.!%3!./+&(9Y:!(3(9Y!



!
:;!<%-0&*3#-6&%!

!

Q!

(3.!-(0.(9! 7%3&!?G/29%/3*!*)!(9B:!HIIdA:!(3.!)$*!F(%+*.!(+*!.%5%.*.! %3! )$*!F*-)/+(9Y!(3.!

F*95%-!7%3&!?`(+.*+:!"SReA!?7%20+*!"B"AB!!

!

!
!"#$%&'()('D6#-30)!.4&'6%+!-4)!*&0.1(@!1%1(@!#13*1(@!>)(C6#!1%*!>)#-&01(!96%.!&%!1!#&*!(10C1!

.-16%)*!'6-4!"(6G106%!0)*!1-!HI!*>4@;!84)!*699)0)%-!0)+6&%.!-40&3+4&3-!-4)!C)0-)/01(!#&(3,%!

10)!*6C6*)*!6%!>0)J4),1(!C)0-)/01)!KDA5!1%*!4),1(!C)0-)/01)!L!.4&'%!'6-4!1!.-6>>()*!(6%);!

!

8)(%3%32!(3.!+(.%/2+(F$6!(+*!,*99!D3/,3!)*-$3%>0*&!.0+%32!'(97/+'()%/3!.%(23/&)%-&B!

8)(%3%32!,%)$!=9%m(+%3!U*.!8!%&!F+*7*++*.!7/+!7%&$!u!"2B!=9%m(+%3!+*.!/396!-/9/0+&!@/3*:!3/)!

-(+)%9(2*B! 8)(%3%32! ()! )$%&! &)(2*! ,%99! +*5*(9! '(97/+'()%/3&! %3.0-*.! .0+%32! )$*! ,$/9*!

9(+5(9!F*+%/.!0F!)/!'*)('/+F$/&%&!?Gt5*+7M/+.!)-!1(;:!HIISAB!!

!

[&&%7%-()%/3! %&! )$*! )+(3&7/+'()%/3! 7+/'! -(+)%9(2*! )/! @/3*! ?3/)! '*'@+(3/0&! @/3*&A!

?`(+.*+:!"SReA:!(3.!30)+%)%/3!$(&!*(+9%*+!@**3!&$/,3!)/!(77*-)!)$%&!F+/-*&&!?;($0!)-!1(;:!

HIId@AB!8/'*!/7!)$*!'/&)!-/''/396!.*&-+%@*.!.*7/+'()%/3&!%3!)$*!5*+)*@+(9!-/90'3!/7!

'(+%3*! 7%&$:! %3-90.%32! -/.:! (+*! 9/+./&%&:! D6F$/&%&:! &-/9%/&%&:! &)(+2(m%32! (3.! 70&%/3!

?G/29%/3*! )-! 1(;:! HII"l! Gt5*+7M/+.! )-! 1(;:! HIISl! Z*%3! )-! 1(;:! HIISAB! #$*! 9(+5(9! &%m*! %&!

%'F/+)(3)! 7/+! )$*! 7+*>0*3-6! (3.! .*2+**! /7! .*7/+'%)%*&B! Z/+./&%&! -(3! .*5*9/F! )/! )$*!

@*))*+! /+! )$*! ,/+&*! .0+%32! 9(+5(9! 2+/,)$:! (3.! 9/,! 2+(.*&! /7! 9/+.%&%&! -/09.! *5*3!

.%&(FF*(+! ?`M*9.*:! HIISAB! 8/'*!.*7/+'()%/3&!'%2$)! 3/)! @*! 5%&%@9*! ()! *(+96! &)(2*&:! *B2B!

&)(+2(m%32B!<0&%/3!%3!)$*!5*+)*@+(*!,%99!3*5*+!.%&(FF*(+!.0+%32!9(+5(9!2+/,)$:!@0)!'(6!

2*)!,/+&*B!=99!/7! )$*&*!F/&&%@9*!-$(32*&!'(D*! 70+)$*+!.*5*9/F'*3)!/7!.*7/+'()%/3&! %3!

7%&$!9(+5(*!03F+*.%-)(@9*!?`M*9.*:!HIISAB!!

!



!
:;!<%-0&*3#-6&%!

!

S!

F41>)!C1061-6&%!

K3! (..%)%/3! )/! .*7/+'%)%*&:! 3/+'(9! F$*3/)6F%-! 5(+%()%/3! /3! @/.6! &$(F*! (3.! '*+%&)%-!

-$(+(-)*+&!-(3!(9&/!@*!(77*-)*.!@6!7(-)/+&!(-)%32!.0+%32!)$*!*'@+6/3%-!(3.!9(+5(9!&)(2*&B!

#$*!F$*3/)6F%-!F9(&)%-%)6! %&! (! 2*3/)6F*&! (@%9%)6! )/! +*&F/3.! )/!.%77*+*3)! *35%+/3'*3)(9!

-/3.%)%/3&:! (&! %)!,%99!'(J%'%m*! %)&! 7%)3*&&! %3! (! 790-)0()%32!*35%+/3'*3)! ?C%29%0--%! *)! (9B:!

"SSfAB! #$%&! -(3! @*! &**3! (&! (3! %3-+*(&*! %3! 2+/,)$! /7! )$*! ,$/9*! @/.6:! (! &F*-%7%-!

'/+F$/9/2%-(9! &)+0-)0+*! /+! @/)$B! T(+%()%/3! %3! &$(F*! -/09.! @*! .0*! )/! @/)$! 30)+%)%/3(9!

?]*/+2(!)-!1(;:!HI""A!(3.!*35%+/3'*3)(9!7(-)/+&!?\/0'/03./0+/&!)-!1(;:!HII"l!]*/+2(!k!

\/0'/03./0+/&:! HI"IAB! ;/.! -(3! 2+/,! @/)$! %&/'*)+%-:! (! F+/F/+)%/3(9! %3-+*(&*! %3! (99!

'/+F$/'*)+%-! '*(&0+*'*3)&! (&! &%m*! %3-+*(&*&:! (3.! (99/'*)+%-:! %3-+*(&*! %3! .%77*+*3)!

F(+)&! /7! )$*! &('*! /+2(3%&'! )$()! 2+/,! ()! .%77*+*3)! +()*&:! (77*-)%32! )$*! &$(F*! /7! )$*!

/+2(3%&'B!V/&)!/7!)$*!(99/'*)+%-!2+/,)$!)(D*&!F9(-*!@*7/+*!(3.!.0+%32!'*)('/+F$/&%&!

?V(+-%9!*)!(9B:!HIIfA:!%3.%-()%32!)$()!)$*!30)+%)%/3!%3!)$*!7**.!F+%/+!)/!'*)('/+F$/&%&!%&!

%'F/+)(3)!.0+%32!)$*!&$(F*!.*5*9/F'*3)!/7!-/.B!

!

V/+F$/'*)+%-&! %&! (! >0(3)%)()%5*! ,(6! /7! .*)*+'%3%32! &$(F*! 5(+%()%/3&B! #+(.%)%/3(9!

'/+F$/'*)+%-&! $(&! @**3!F*+7/+'*.!@6!'*(&0+%32! 9*32)$:! .*F)$! (3.!$*%2$):! )$%&! ./*&!

3/)! F+/5%.*! (! &077%-%*3)! F%-)0+*! /7! )$*! -/'F9*J! &$(F*! /7! (! 7%&$! 9(+5(! ?s*9.%)-$:! HIIcAB!

]*/'*)+%-! '/+F$/'*)+%-&! %&! (! +*9()%5*96! 3*,! )//9:! $*9F%32! 0&! 5%&0(9%&%32! )$*! &$(F*!

.%77*+*3-*&! @*),**3! -/'F9*J! &$(F*&! %3! (!'/+*! (.*>0()*!,(6B!_$*3! 0&%32! 2*/'*)+%-!

'/+F$/'*)+%-&! /3*! $(&! )/! '(+D! (! &F*-%7%-! 30'@*+&! /7! 9(3.'(+D&! /3! )$*! 9(+5(*:!

/+%*3)()*.! ()! $/'/9/2/0&! (3()/'%-(9! F/%3)&! ?=.('&! )-! 1(;:! HIIcAB! [)$*+! 7(-)/+&! (9&/!

%'F/+)(3)!,$*3!-$//&%32!9(3.'(+D&!(+*g!=A!#$*6!$(5*!)/!F+/5%.*!(.*>0()*!-/5*+(2*!/7!

'/+F$/9/26:! GA! $(5*! )/! @*! *(&%96! 7/03.! +*F*()*.96! (3.! +*9%(@96:! (3.! ;A! 9%*!,%)$%3! )$*!

&('*!F9(3*B!_$*3!&)0.6%32!&$(F*!5(+%()%/3!@*),**3!.%77*+*3)!%3.%5%.0(9&!)$*!&%m*!/7!)$*!

/+2(3%&'&! (+*! 03%'F/+)(3):! @0)! )$*6! $(5*! )/! @*! ()! )$*! &('*! .*5*9/F'*3)(9! &)(2*B!

E%77*+*3-*&! %3! 9/-()%/3! (3.! +/)()%/3! (+*! 3/)! &$(F*! 5(+%()%/3&:! (3.! (+*! )$*+*7/+*!

%'F/+)(3)!)/!+*'/5*!@*7/+*!(3(96&%32!&$(F*!?s*9.%)-$:!HIIcAB!



!
:;!<%-0&*3#-6&%!

!

"I!

7)41C6&30!
#$*! 9(+5(*v&! (@%9%)6! )/! -(F)0+*! F+*6!,%99! $(5*! (3! %'F(-)! /3! 2+/,)$! (3.! &0+5%5(9B! #$*!

9(+5(9! 7**.%32! @*$(5%/0+! -/09.! )$*+*7/+*! @*! (! 2//.! %3.%-()%/3! /3! $/,! *77%-%*3)96! )$*!

9(+5(*!(+*!2(%3%32!*3*+26!?5/3!`*+@%32!k!](99(2*+:!HIIIAB!=)9(3)%-!-/.!9(+5(*!(+*!2(F*Y

9%'%)*.!F+*.()/+&:!'*(3%32! )$()! )$*6!,%99!3/)! *()! )$*!F+*6! %7! %)! %&! )//!@%2:! *5*3! )$/02$!

)$*6!'(6! ())(-D! %)! ?C05(3*3.+(3! )-! 1(;:! HIIcAB! #$*! 7**.%32! @*$(5%/0+! /7! =)9(3)%-! -/.!

9(+5(*!-/3&%&)&!/7! 7%5*!F(+)&g! &*(+-$:!F*+-*F)%/3:!F0+&0%):! ())(-D:!(3.!-(F)0+*:!,%)$! )+**!

.%77*+*3)!/0)-/'*&g!&0--*&&709!())(-D:!(@/+)*.!())(-D&:!(3.!03&0--*&&709!())(-D&B!E0+%32!

7**.%32:!-/.! 9(+5(*!&,%'!@6!7%+&)!@*()%32!)$*%+! )(%9&!(3.!)$*3!29%.%32:!(!&/Y-(99*.!@0+&)Y

(3.Y29%.*Y&,%''%32! F())*+3! ?V(-\*3m%*! k! \%W+@/*:! "SSel! 5/3! `*+@%32! k! ](99(2*+:!

HIIIl!C*-D!)-!1(;:!HIIfAB!!

!

=! &0--*&&709! ())(-D! ,%99! 3/+'(996! $(5*! (! &'(99! ())(-D! .%&)(3-*! (3.! $%2$*+! &F**.:!

-/'F(+*.!)/!03&0--*&&709!())(-D&!?5/3!`*+@%32!k!](99(2*+:!HIIIAB!#$*!.0+()%/3!/7! )$*!

())(-D!,%99!2*)! &$/+)*+!(&! )$*! 9(+5(!2+/,&B!=&! )$*!-/.!2+/,&:! )$*!&,%''%32!&F**.!(3.!

U*63/9.&! 30'@*+! ?+()%/! /7! %3)*+3(9! 7/+-*&! )/! 5%&-/0&! 7/+-*&A! %3-+*(&*&:! (99! /7! ,$%-$!

(77*-)&!)$*!())(-D!&0--*&&Y+()*!F/&%)%5*96!?`03)*+:!"SRHl!5/3!`*+@%32!k!](99(2*+:!HIIIAB!

#$*!-/.!%&!@/)$!(!F(0&*Y)+(5*9!F+*.()/+!(3.!(!-+0%&%32!F+*.()/+!?5/3!`*+@%32!k!](99(2*+:!

HIIIAB!=!F(0&*Y)+(5*9!F+*.()/+!,%99!&)/F!.0+%32!F+*6!&*(+-$!(3.!9//D!(+/03.!7/+!F+*6!%3!

.%77*+*3)!(329*&:!,$%9*!(!-+0%&%32!F+*.()/+! %&! -/3)%30(996!'/5%32!(+/03.:! &*(+-$%32! 7/+!

F+*6!%3!)$*!/0)*+!@/03.(+6!/7!)$*!&*(+-$!&F(-*!?[wG+%*3!)-!1(;:!"SSIAB!!

!

#$*!+()%/!/7!&0--*&&709!())(-D&!-/09.!.*F*3.!/3!)$*!.*5*9/F'*3)!/7!)$*!9(+5(9!*6*B!G*99!

(3.!-/99*(20*&!?G*99!*)!(9B:!"SSeA! 7/03.!(! 9%3*(+!+*9()%/3&$%F!@*),**3!.%*)(+6!E`=!(3.!

)$*!30'@*+! /7! +/.&! %3! )$*! +*)%3(! /7!`*++%32! ??(3>)1! 410)%+3.!Z;A:! (3.! )$*6! -/3-90.*.!

)$()!.%*)(+6!.*7%-%*3-6!/7!E`=!.0+%32!7%+&)!7**.%32!-/09.!%'F(%+!5%&0(9!F*+7/+'(3-*!&0-$!

)$()!)$*!7%&$!3/!9/32*+!-/09.!7**.!()!9/,!9%2$)!%3)*3&%)%*&B!=9&/!%3!-/.:!(!9(+2*!('/03)!/7!

)$*!+*)%3(!-/3&%&)&!/7!E`=!?G*99!k!E%-D:!"SS"l!8(+2*3)!)-!1(;:!"SSSAB!#$*!.%*)(+6!*77*-)!/7!

F+/)*%3&! (+*! %'F/+)(3)! 7/+! '0&-9*! 2+/,)$:! 9*(.%32! )/! +(%&*.! F*+7/+'(3-*! .0+%32!

9/-/'/)%/3:! (&! )$*! &F**.! (3.! 2*3*+(9! (-)%5%)6! 9*5*9! /7! )$*! 9(+5(*! %3-+*(&*&! ?Vx99*+:!

HIIQAB!



!
:;!<%-0&*3#-6&%!

!

""!

8&()01%#)!-&!41%*(6%+!.-0)..!

#$*!30)+%)%/3(9!-/3)*3)!/7!)$*!9%5*!7**.!$(&!&$/,3!)/!(77*-)!)$*!9(+5(p&!(@%9%)6!)/!)/9*+()*!

&)+*&&:! *B2B! $(3.9%32! (3.! ,*(3%32:! (&! @*))*+! 30)+%)%/3(9! >0(9%)6! +*&09)&! %3! '/+*! $(+.6!

9(+5(*!?G*99!*)!(9B:!"SQel!;(&)*99!*)!(9B:!"SScl!\/5*3!*)!(9B:!HII"AB!#$*!9(+5(9!+*&F/3&*!)/!

&)+*&&! %&! %'F/+)(3)! 7/+! 70+)$*+!.*5*9/F'*3)!(3.!&0+5%5(9B!8)+*&&!$(&!@**3!.*7%3*.!(&!(!

-/3.%)%/3! ,$*+*! )$*! .63('%-! *>0%9%@+%0'! /7! (3! /+2(3%&':! -(99*.! $/'*/&)(&%&:! %&!

)$+*()*3*.! /+! .%&)0+@*.! (&! (! +*&09)! /7! )$*! (-)%/3&! /7! %3)+%3&%-! /+! *J)+%3&%-! &)%'09%:!

-/''/396!.*7%3*.!(&!&)+*&&/+&!?G(+)/3!k!K,('(:!"SS"l!;$+/0&/&!k!]/9.:!"SSHl!G/32(:!

"SSRl! K5*+&*3! k! L9%(&&*3:! HIISAB! K3! $()-$*+%*&! )$*! 7%&$!'(6! *JF*+%*3-*! &)+*&&! .0+%32!

$(3.9%32B! #$*! *77*-)&! /7! &)+*&&! (+*! 2+/0F*.! (&g! F+%'(+6! ?F9(&'(! -/+)%&/9A:! &*-/3.(+6!

?'*)(@/9%-:! -(+.%/5(&-09(+:! $6.+/'%3*+(9!@(9(3-*:! +*&F%+()/+6Y! (3.! %''03*! 703-)%/3&A!

(3.! )*+)%(+6! ?)$*! ,$/9*! 7%&$A:! (77*-)%32! 2+/,)$! (3.! &0+5%5(9! ?G(+)/3! k! K,('(:! "SS"l!

G(+)/3:!HIIHl!G+(03!)-!1(;:!HI"IAB!!

!

80..*3! -$(32*&! %3! )*'F*+()0+*! (3.! &(9%3%)6:! (3.! $(3.9%32:! *B2B! (%+! *JF/&0+*:! (+*! (99!

&)+*&&/+&!-/''/396!0&*.!)/!.%&F9(6!)$*!9(+5(9!+*&F/3&*!)/!&)+*&&B!;/+)%&/9!9*5*9&:!1(y:!\yY

=#C(&*!(-)%5%)6!(3.!'/+)(9%)6!(+*!7(-)/+&!)$(3!$(&!@**3!'/3%)/+*.!.0+%32!.*)*+'%3()%/3!

/7! &)+*&&! *77*-)! /3! 7%&$! 9(+5(*! ?\(3(m(,(:! "SSRl! \/5*3! )-! 1(;:! HII"l! T(3! =3$/9)! )-! 1(;:!

HIIcAB! ;/+)%&/9! 9*5*9! (3.! 1(y:! \yY=#C(&*! (-)%5%)6! &$/,&! )$*! F+%'(+6! (3.! &*-/3.(+6!

&)+*&&!*77*-):!,$%9*!'/+)(9%)6!%&!(!)*+)%(+6!&)+*&&!*77*-)!?G(+)/3:!HIIHAB!



!
:;!<%-0&*3#-6&%!

!

"H!

;<E.P,>)O.%/M(",?I(-.1$).1330%1"7!
!

#$*!(%'!/7!)$%&!&)0.6!,(&!)/!%35*&)%2()*!)$*!*77*-)!/7!7**.%32!-/.!9(+5(*!,%)$!%3)*3&%5*96!

-09)%5()*.! -/F*F/.! 3(0F9%%! ?"#10-61! -&%.15! -/'F(+*.! )/! +/)%7*+&! /7! .%77*+*3)! >0(9%)%*&B!

=9&/:!)$*!*77*-)!/7!7**.%32!,%)$!-/F*F/.&!7/+!HQ!.(6&!-/'F(+*.!)/!R!.(6&!,*+*!&)0.%*.B!

#$*!RY.(6!F*+%/.!,(&!()!)$*!&)(+)!/7!*J/2*3/0&!7**.%32:!,$%-$!$(&!@**3!-$(+(-)*+%m*.!(&!

)$*!'/&)!-+0-%(9!F*+%/.B!!

!

#$*! *77*-)&!,*+*!'*(&0+*.! (&! 2+/,)$:! &0+5%5(9! (3.! >0(9%)6B! 8%3-*! )$*+*! $(&! 3/)! @**3!

.*5*9/F*.!(36!2//.!&)(3.(+.%m*.!>0(9%)6!-+%)*+%(!7/+!-/.!9(+5(*!(3.!M05*3%9*&:!,%)$!)$*!

*J-*F)%/3!/7!@/3*!.*7/+'()%/3&:! )$*!(%'!/7! )$%&! )$*&%&!,(&!(9&/! )/! %35*&)%2()*!F/&&%@9*!

'*)$/.&!/7!'*(&0+%32!>0(9%)6!%3!-/.!9(+5(*!(3.!M05*3%9*&!)$()!-/09.!@*!0&*.!@6!7(+'*+&!

(3.! &-%*3)%&)&B! #$*! >0(9%)6! F(+('*)*+&! )*&)*.! ,*+*! @(&*.! /3! F(+('*)*+&! &0--*&&70996!

0&*.! %3! F*+5%/0&! &)0.%*&:! 3('*96! &D*9*)(9! .*7/+'%)%*&:! &$(F*! 5(+%()%/3:! 9(+5(9! 7**.%32!

(-)%5%)6!(3.!+*&F/3&*!)/!$(3.9%32!&)+*&&B!



!
M;!E1-)061(.!1%*!,)-4&*.!

!

"d!

@<.51,(0?1'-.1$).+(,7%)-.

.

#$*!*JF*+%'*3)(9!(3.!(3(96)%-(9!,/+D!)//D!F9(-*!()!1/+,*2%(3!43%5*+&%)6!/7!8-%*3-*!(3.!

#*-$3/9/26! ?1#14A:!;*3)+*!/7!<%&$*+%*&! (3.!=>0(-09)0+*! ?8*(9(@A! %3!#+/3.$*%'! ?V(6!

HI"I!)/!<*@+0(+6!HI""AB!C(+)!/7!)$*!(3(96)%-(9!,/+D!,(&!./3*!()!)$*!43%5*+&%)6!/7!;+*)*:!

E*F(+)'*3)!/7!G%/9/26:!`*+(D9%/:!]+**-*!?E*-*'@*+!HI"IAB!!

.

@<;.97(.-,10,.:(()?$*.(Q3(0?+($,.

.

</0+!.%77*+*3)!7**.%32!+*2%'*&!,*+*!0&*.!.0+%32!)$*!7%+&)!7**.%32!*JF*+%'*3)!?)(@9*!HB"AB!

</+!*(-$!)+*()'*3)!)$*+*!,*+*!d!+*F9%-()%32!)(3D&B!#$*!)+*()'*3)!3('*.!N;/F*F/.P!2/)!

)$*!-/F*F/.!"#10-61!-&%.1!*J-90&%5*96!(&!7%+&)!7**.!7+/'!dYHI!.F$B!#$*!N;/F!RP!)+*()'*3)!

,(&!7*.!-/F*F/.&!*J-90&%5*96!7+/'!eYQ!.F$:!-/Y7*.!,%)$!-/F*F/.&!(3.!*3+%-$*.!+/)%7*+&!

7+/'!SY""!.F$!?)(@9*!HBHA:!(3.!*3+%-$*.!+/)%7*+&! 7+/'!dYc!(3.!"HYHI!.F$B! NU/)V]P!2/)!

*3+%-$*.! +/)%7*+&! *J-90&%5*96! 7+/'! dYHI! .F$:! (3.! NU/);$9P! 2/)! 03*3+%-$*.! +/)%7*+&!

*J-90&%5*96! 7+/'! dYHI! .F$B! "H! III! +/)%7*+&z-/F*F/.&! ZY"! ,(&! (..*.! )/! )$*! 7%&$! )(3D&!

'(30(996!d!)%'*&!.(6Y"B!=99!)+*()'*3)&!,*+*!,*(3*.!/3)/!"0-),61!&F;!HIYHQ!.F$!?dIII!

"0-),61! &F;! 7**.%32Y"! )(3DY"A:!@*7/+*!@*%32! 7*.!"0-),61!&FB!*J-90&%5*96!HSYde!.F$B!=7)*+!

)$*!9%5*!7**.!F*+%/.!)$*+*!,(&!(!&$/+)!,*(3%32!F*+%/.!?deYcI!.F$A!/3)/!.+6!7**.B!<+/'!

cIYfI! .F$! (99! )+*()'*3)! ,*+*! 7*.! 7/+'09()*.! 7**.! ?]*''(! '%-+/! dII:! 8D+*))%32:!

1/+,(6A!?"I2!.+6!7**.!7**.%32Y"!)(3DY"AB!"0-),61!&FB!(3.!.+6!7**.!,(&!7*.!)/!)$*!9(+5(9!

)(3D&! ,%)$! (! 8)/+5%D! 7**.%32! +/@/)! ?8)/+5%D! =>0(! =8:! 1/+,(6AB! #$*! '%-+/(92(*!

N1%%&#4(&0&>.6.! &#3(1-1! ?U**.! V(+%-09)0+*! K3-B:! 48=A! ,(&! 0&*.! .0+%32! )$*! 9%5*! 7**.!

F*+%/.:!()!H!'2!;!ZY"!7**.%32Y"!03)%9!,*(3%32B!#$*!*JF*+%'*3)!,(&!)*+'%3()*.!()!fI!.F$B!!



!
M;!E1-)061(.!1%*!,)-4&*.!

!

"c!

@<@.H10I1'.0(10?$*!

!

#$*!-/.!*22&!-('*!7+/'!)$*!1/+,*2%(3!;/.!G+**.%32!;*3)*+!?1/7%'(:!#+/'&W:!1/+,(6AB!

#$*!*22&!,*+*!7+/'!(!@+//.&)/-D!F/F09()%/3!,%)$!&*5*+(9!'(9*&!(3.!7*'(9*&:!&F(,3%32!

)/2*)$*+B!E%+*-)96!(7)*+!(++%5(9!)$*!*22&!,*+*!.%&%37*-)*.!,%)$!cII!FF'!290)(+(9.*$6.!7/+!

"I!'%30)*&!(3.!)$/+/02$96!+%3&*.!@*7/+*!)+(3&7*++*.!)/!(3!*22! %3-0@()/+:!(!HRI!9! 79/,!

)$+/02$!29(&&!7%@+*!)(3D&:!,%)$!-/3%-(9!@/))/'&!(3.!dc!FF)!&*(,()*+B!#$*!%3-0@()/+!,(&!

)*3.*.!*5*+6!.(6:!(3.!)*'F*+()0+*!?f![;A!(3.!(*+()%/3!?'/.*+()*A!,(&!-$*-D*.!.(%96B!

#$*! ,()*+! 79/,! +()*! ,(&! d! 9%)+*&! $/0+Y"B! #,/! .(6&! F+%/+! )/! $()-$%32! )$*! *22&! ,*+*!

)+(3&7*++*.!)/!"e!79/,Y)$+/02$!29(&&!7%@+*!)(3D&:!,%)$!-/3%-(9!@/))/'&!?"II!9A!%3!dc!FF)!

&*(,()*+:!,%)$!"II!*22&! 9%)+*Y"! ?"I!III!*22&! )(3DY"AB!4&%32! )$*!'*(3!*22!.%('*)*+! )$*!

30'@*+&! /7! *22&!'9Y"! ,(&! D3/,3! 0&%32! )(@9*! RB"! %3! `/9'! *)! (9B:! ?"SS"AB! #$*! 7/+'09(!

;"T"{;HTH! ?;{;/3-*3)+()%/3!T{T/90'*A!,(&!0&*.! )/!-(9-09()*!'9!*22! )(3DY":!,$*3! )$*!

.*3&%)6!%3!*(-$!)(3D&!&$/09.!@*!"II!*22&!9%)+*Y"B!#$*!$()-$%32!+()*!,(&!rSeqB!

!

=7)*+! $()-$%32! )$*! 9(+5(*! ,*+*! D*F)! 03.*+! -/3&)(3)! 9%2$)B! #$*! )*'F*+()0+*! 2+(.0(996!

%3-+*(&*.!7+/'!f![;!()!)$*!&)(+):!)/!"H![;!()!"R!.F$B!#$*!,()*+!*J-$(32*!+()*!2+(.0(996!

%3-+*(&*.!7+/'!H!)%'*&!.(6Y"!)/!Q!)%'*&!.(6Y"!()!d"!.F$!?)(@9*!HB"AB!#$*!7**.%32!.*3&%)6!

,(&!3/)!-$(32*.!(--/+.%32!)/!2+/,)$!/+!'/+)(9%)6:!(3.!)$*!+()%/!,/09.!)$*+*7/+*!2/!0F!

,%)$! %3-+*(&*.!'/+)(9%)6B! 8*(,()*+! ,(&! &(3.! 7%9)*+*.:! '%-+/@%(9! '()0+*.! (3.! 7%9)*+*.!

)$+/02$!(!"|'!'*&$!@*7/+*!0&*!%3!)$*!7%&$!)(3D&B!

!

!



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

!

"#!

!"#$%&'()!1/'!20-!+&%(&!3''-),4!'56'().',&!

Dph 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29-35 36 37 38 39 40 41-60 
Day 
degrees 6 12 18 24 31 38 46 54 63 72 82 92 103 114 126 138 150 162 174 186 198 210 222 234 246 258 270 282 294-336 348 360 372 384 396 610 

Water  
exchange 
rate 2 2 2 2 2 2 2 3 3 3 3 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4-8 8 8 8 8 8 8 

Temp. 6 6 6 6 7 7 8 8 9 9 10 10 11 11 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 

Copepod               Copepods                                     Dry feed (Gemma !)  

3 tanks                          Artemia sp. (Enriched with Multigain)  

Cop 7             Copepods             Rotifers (enriched with Multigain)   Dry feed (Gemma !) 

3 tanks                          Artemia sp. (Enriched with Multigain)   

RotMG                  Rotifers (enriched with Multigain)         
  
  

 
    Dry feed (Gemma !) 

3 tanks                          Artemia sp. (Enriched with Multigain)   

RotChl                 Rotifers (not enriched)                   
  
    Dry feed (Gemma !)  

3 tanks                                             Artemia sp. (Enriched with Multigain)    

!
!"#$%&'('!7083''-),4!30(!('4).'!706!9!

$%&! #! '! (! )! *! "+! ""!
,-./.-01! "++!2! "++!2! "++!2! "++!2! #(!2! 3+!2! #3!2!
4-567/81! +!2! +!2! +!2! +!2! 39!2! '+!2! 3'!2!
!
!



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

!

"#!

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

$

$%&%"!'()*+,-*+./!-/0!1-2,34*+/5!.6!7+82.-)5-3!91./,/-/+%0!2%*&)3%4!

:13!-)5-3!1./,/-/+%0!2%*&)3%!98)./3!;<=>!?@A"!'2BC*.C1B83-D!EB23/.7./-0-)34F!G-4!

8()*+,-*30! +/! "#H! -/0! $HH! )+*234! *2-/4C-23/*! C)-4*+8! 8B)+/0324I! -/0! +/! &HH! )+*23!

*2-/4C-23/*!C)-4*+8!J-54I!G+*1!&K!CC*!43-G-*32%!L,32B!0-B!KHM?H!N!.6!*13!8()*(234!G323!

1-2,34*30I!-/0!*13!,.)(73!G-4!236+))30!G+*1!43-G-*32!9$H!O'F!-0030!'./GB!730+(7!9"!P!

"%?!7)!'./GB!QM"!-0030!43-G-*32F!9R-)/3I!"ASKF%!:13!43-G-*32!G-4!T3C*!+/!23432,.+24!

G1323! +*!G-4!81).2+/-*30!9"HH!7)!81).2+/3! )+*23M"! 43-G-*32FI!-/0!-6*32!-!7+/+7(7!.6!?!

1.(24!*13!G-*32!G-4!0381).2+/-*30!9&!5!*1+.4()C1-*3!"HH!7)M"!81).2+/3F!6.2!-!7+/+7(7!?!

1.(2!(/032!13-,B!-32-*+./!J36.23!(4-53!9U.66!V!W/3))I!"AXSF%!>*!1-2,34*!*13!03/4+*B!.6!

*13!-)5-3!G-4!Y"!7+))+./!-)5-3!7)M"I!-/0!*13!CU!G-4!-*!-))!*+734!T3C*!J3*G33/!S%?!P!X%&%!

'O$!G-4!-0030!+/!*13!-32-*+./I!-/0!+6!*13!CU!G-4!.(*4+03!*13!.C*+7-)!2-/53I!7.23!.2!)344!

'O$! G-4! -0030%! >2.(/0! 3,32B! 8B)+/032! -/0! J-5! *1323! G323! &! )+51*! 4.(2834I! 3-81!

8./*-+/+/5!$!Z!?X!R!6)(.23483/*!*(J34%!

!

:13! 8()*(234! G323! 3[81-/530! 3,32B! "K*1! 0-BI! -/0! *13! 8B)+/0324! G323! G-4130I!

81).2+/-*30! -/0! 0381).2+/-*30%! :13! J-54! G323! 81-/530! J3*G33/! 3,32B! 8()*(23%! :13!

8()*(234!G323!4*-2*30!62.7!$H!)!J.**)34!.6!1#!2%*&)3%!62.7!+/*32730+-*3!8()*(234!-/0!0-+)B!

0+)(*30!(/*+)!0.(J)30!G+*1!43-G-*32!-/0!'./GBI!J36.23!6+))+/5!"#HM$HH!)!+/!*13!8B)+/0324!

-/0! &HH! )! +/! *13! J-54%! R13/! *13! 03/4+*B! +/! *13! 8B)+/0324@J-54! G-4! 1+51! 3/.(51! 9"!

7+))+./! -)5-3!7)M"F! *13! 8()*(234!G323! 1-2,34*30! -4! 8./*+/(.(4! 8()*(234%! W3-G-*32!G-4!

4-/0!6+)*3230!-/0!6+)*3230!*12.(51!-!"\7!7341!J36.23!(43%!

!

$%&%$!'()*+,-*+./I!1-2,34*+/5!-/0!3/2+8173/*!.6!2.*+6324!95(%3.)/+60!)2'()3607!'-B7-/F!

:13! 2.*+632! 95#! )2'()3604! G-4! 8()*+,-*30! +/! $SH! )! 6).GM*12.(51! 5)-44! 6+J23! *-/T4I! G+*1!

8./+8-)!J.**.74!-/0!&K!CC*!43-G-*32%!:13!355!2-*+.!-/0!2.*+6324!7)M"!G-4!8.(/*30!-/0!

8-)8()-*30!0-+)B%!:13!2.*+6324!G323!630!8./*+/(.(4)B!G+*1!*13!-)5-3!8.*/('**%!96*:%()0!0;#!

9'1).23))-! +/0(4*2B!8.%!Q*0I! ]-C-/F!9$%K!7)!7+))+./M"!2.*+632F%!^.2!.C*+7-)!8./0+*+./4I!*13!

*37C32-*(23!9$HM$?!O'FI!.[B53/!4-*(2-*+./!9SHM""HNF!-/0!G-*32!3[81-/53!2-*3!9"HHN!

0-BM"F!G323!8138T30!0-+)B%!:13!6+)*32!+/!*13!*-/T4!-/0!*13!6330!8./*-+/324!G323!G-4130!

0-+)B%!O/83!-!G33T!*13!2.*+6324!G323!*2-/4632230!*.!-!47-))32!8./*-+/32!-/0!2+/430I!-/0!

*13!*-/T4!G323!*1.2.(51)B!G-4130%!:13!03/4+*B!.6!2.*+6324!+/!*13!*-/T!G-4!T3C*!J3*G33/!



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

!

"S!

&HHMXHH! 2.*+6324! 7)M"%! :13! 2.*+6324! G323! 1-2,34*30! (4+/5! -! 4+C1./I! -/0! 8./83/*2-*30!

(4+/5!-!#H!µ7!4+3,3%!:13!2.*+6324!G323!3/2+8130!G+*1!_()*+5-+/!9`+.7-2I!;.2G-BF!9H%$!5!

7+))+./M"!2.*+632F!6.2!$!1.(24!J36.23!J3+/5!G-4130!-/0!630!*.!*13!6+41!)-2,-%!:13!03/4+*B!

0(2+/5! *13! 3/2+8173/*! G-4! /3,32! 7.23! *13/! KHH! 2.*+6324! 7)M"I! 0(3! *.! )+7+*30!

.[B53/-*+./%!W3-G-*32!G-4!4-/0!6+)*3230!-/0!6+)*3230!*12.(51!-!"\7!7341!J36.23!(43%!

!

$%&%&!'()*+,-*+./!.6!8.C3C.04!9<3%(&)%!&/+0%4!

!

=(/,63&)/+!/>!3/;';/,!'::0!

:13!8.C3C.04!9<#!&/+0%4!98)./3!a^U%>:"F!G323!52.G/!+/!"HHH!-/0!"#HH!)+*23!*-/T4I!G+*1!

&K! CC*! 43-G-*32I! -*! $H! .'%! >)5-3! 91./,/-/+%0! 2%*&)3%4! G323! 8./*+/(.(4)B! 630! *.! *13!
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Dph On paper In air Total Repetition 
24 - 30 30 - 
29 10 20 30 - 
37 15 30 45 - 
58 15 30 45 After 1 hour 
59 20 40 60 After 1 hour 
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R2 Linear: 
Copepod = 0.94 
Cop 7 = 0.98 
RotMG = 0.93 
RotChl = 0.91 

Copepod 
R2= 0.94 
Y= 0.1581x-0.4938 
Cop 7 
R2= 0.98 
Y= 0.1842x-0.7998 
RotMG 
R2= 0.93 
Y= 0.1931x-0.8894 
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R2= 0.91 
Y=0.1887x-0.7734 
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%*#I! $HHHo! l(+I! $HHSF%! :1+4! 7-T34! *13! 52.G*1! 2-*34! +/! *1+4! 3[C32+73/*! /.*! 0+238*)B!

8.7C-2-J)3! *.! .*132! 4*-2*! 6330+/5! 3[C32+73/*4! G+*1! /-*(2-)! d..C)-/T*./%! ^330+/5! *.!
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4-*+-*+./! G+*1! +/*3/4+,3)B! 8()*+,-*30! 8.C3C.04! .6! ,-2+-J)3! 4+d3! 8.()0! C2.J-J)B! 5+,3! -!

1+5132!52.G*1!2-*3!*1-/!.J432,30!1323%!!

!

`(41!3*!-)%!9$H"HF!41.G30!*1-*!6330+/5!G+*1!2.*+6324!5-,3!-!53/32-))B!).G32!52.G*1!2-*3!

8.7C-230! *.! 6330+/5!G+*1! d..C)-/T*./%! :1+4!G-4! -)4.! 41.G/! +/! *13! C2343/*! 4*(0BI! -4!

52.G*1! 2-*3I! 4(2,+,-)! -/0! -))! g(-)+*B! C-2-73*324! *34*30! G323! C.4+*+,3)B! -6638*30! JB!

6330+/5! G+*1! 8.C3C.04! 8.7C-230! *.! 2.*+6324I! G1+81! 41.G4! *1-*! *13! /(*2+*+./-)!

8.7C.4+*+./!.6!*13!8.C3C.0!1-0!-!523-*!36638*!./!*13!4(88344!.6!*13!8.0!)-2,-3%!!

!

>/.*132!7-4*32!*134+4!62.7!*13!4-73!4*-2*!6330+/5!3[C32+73/*!6.(/0!7+*.81./02+-!G+*1!

+/*320+5+*-*30!82+4*-!+/!J.*1!*13!5(*!-/0!*13!)+,32!.6!*13!i.*'1)!)-2,-3I!G1+81!+/0+8-*34!-!

03638*! +/!*13!7+*.81./02+-)!73*-J.)+47!9;.213+7I!$H""F%!:1+4! +4!-!C)-(4+J)3!-00+*+./-)!

23-4./!6.2!*13!).G32!52.G*1!-/0!4(2,+,-)!2-*34!.6!*13!)-2,-3!630!(/3/2+8130!2.*+6324%!

!

</! -! 6330+/5! 3[C32+73/*! G+*1! 1-2,34*30! 8.C3C.04! 6.2! 8.0! )-2,-3I! `(481! 3*! -)%! 9$H"HF!

-81+3,30!-/!-CC2.[+7-*3!SN!4(2,+,-)!-*!K"!0C1I!8.7C-230!*.!$&N!4(2,+,-)!-*!K?!0C1!6.2!

*13!8.C3C.0! *23-*73/*! +/! *13!C2343/*!3[C32+73/*%!:13!41.2*-53!.6! 8./*2.)!.6! )+,3! 6330!

-/0! 3/,+2./73/*-)! C-2-73*324! +/! 3[*3/4+,3! C2.0(8*+./! 8.7C-230! *.! +/*3/4+,3!

C2.0(8*+./I!8.()0!C.44+J)B!J3!./3!.6!7-/B!23-4./4!6.2!C..2!4(2,+,-)!2-*34%!O**32)3+!3*!-)%!

9"AAAF! -)4.! 630! G+*1! d..C)-/T*./! 3[*3/4+,3)B! 4-7C)30I! -81+3,+/5! -/! -CC2.[+7-*3!

4(2,+,-)!.6!?NMK?N!-*!?#!0C1I!+/0+8-*+/5!*1-*!*13!3[*3/4+,3)B!4-7C)30!C)-/T*./!7-B!J3!

5..0!J(*!/.*!23)+-J)3%!!

!

a(2+/5! G3-/+/5! ./*.! 02B! 6330! *13! )-2,-3! 62.7! *13! '.C3C.0! *23-*73/*! 1-0! -! $XN!

03823-43!+/!4(2,+,-)!62.7!&X!0C1!*.!K?!0C1I!G1+)3!i.*'1)!)-2,-3!1-0!-!"&N!03823-43!+/!

4(2,+,-)!0(2+/5! *13!4-73!C32+.0%!>)4.I! *13!'.C3C.0! *23-*73/*! )-2,-3!G323!?#N! )-2532!

9aRF!*1-/!*13!i.*'1)!*23-*73/*!)-2,-3!-*!KH!0C1%!:1+4!8.()0!+/0+8-*3!*1-*!*13!'.C3C.0!

*23-*73/*!)-2,-3!G323!+/!-!82+*+8-)!C1-43!.6!73*-7.2C1.4+4!0(2+/5!*13!&XMK?!0C1!C32+.0I!

-/0!*13B!8.()0!J3!7.23!,()/32-J)3!*.!4*2344I!3%5%!G3-/+/5%!>!03823-43!+/!52.G*1!2-*3!G-4!

/.*+83-J)B!433/!6.2!*13!i.*'1)I!i.*_e!-/0!'.C!S!*23-*73/*!0(2+/5!G3-/+/5I!J(*!/.*!6.2!

*13!'.C3C.0!*23-*73/*%!:1+4!8.()0!J3!)+/T30!*.!*13!4+d3!0+66323/83!C2+.2!*.!G3-/+/5I!-4!

G3-/+/5! ./! 47-))! )-2,-3! 1-4! 41.G/! *.! 1-,3! -! /35-*+,3! 36638*! ./! 52.G*1I! 9R.)0! '&! %*#I!
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$HHXF!.2!*1-*!*13!47-))32!)-2,-3!+/!*13!'.C3C.0!*23-*73/*!G323!*1.43!0B+/5!0(2+/5!*13!

G3-/+/5!C32+.0%!!

!

OJ432,-*+./4! -)4.! 41.G30! *1-*! )-2,-3! 630! 8.C3C.04! 1-0! -! 7.23! B3)).G! C+573/*-*+./!

8.7C-230!*.!)-2,-3!630!2.*+6324I!+/!-00+*+./!*.!-!1+5132!035233!.6!C+573/*-*+./%!'1-C7-/!

9"A##F! 03482+J30! *13! C+573/*! -/+%,/K%+&.)+7! G1+81! 8.7C2+434! "?N! .6! *13! *.*-)!

8-2.*3/.+04! +/! *13! 7+82.-)5-3! 1./,/-/+%0I! (430! +/! *1+4! 3[C32+73/*! *.! 6330! *13!

8.C3C.04%!$/+%,/K%+&.)+! 5+,34! -! B3)).G! 8.).(2! -/0! +4! *13236.23! -! )+T3)B! 8-(43! .6! *13!

7.23!B3)).G!C+573/*-*+./!.6!*13!)-2,-3!630!8.C3C.04%!>4*-[-/*+/!+4!-)4.!-!C+573/*!6.(/0!

+/! 1+51! 8./83/*2-*+./4! +/! 8.C3C.04I! 1-,+/5! -/*+.[+0-*+,3! C2.C32*+34I! C23,3/*+/5! *13!

6.27-*+./!.6!6233!2-0+8-)4!-/0!C2.*38*+/5!-5-+/4*!.[+0-*+./!.6!)+C+04!-/0!83))!737J2-/34%!

>4*-[-/*+/!+4!+/!8.7C-2+4./!6.(/0!+/!47-))!-7.(/*4!+/!2.*+6324!9,-/!032!_3323/I!$HH&FI!

*1+4! +4! -/! -00+*+./-)! 23-4./! 6.2! *13! 1+5132! 52-03! .6! C+573/*-*+./! +/! *13! )-2,-3! 630!

8.C3C.04%!

!

2"!$Q.34&0>$+3,36(0(,5$&1$,(430&-1$0-$7,-;0<$31*$4&'($)((*$

!

>))! g(-)+*B! C-2-73*324I!73-4(230! 62.7!0-B! &&! C.4*! 1-*81+/5! ./G-204I! 5-,3! *13! 4-73!

53/32-)!52-0+3/*!-4!433/!6.2!52.G*1!-/0!4(2,+,-)I!G+*1!*13!'.C3C.0!*23-*73/*!5+,+/5!*13!

J34*! 234()*4I! 6.)).G30! JB! *13! '.C! S! *23-*73/*I! *13! i.*_e! *23-*73/*! -/0! 6+/-))B! *13!

i.*'1)! *23-*73/*%! :1343! 6+/0+/54! +/0+8-*3! -! 8.223)-*+./! J3*G33/! g(-)+*B! .6! )+,3! 6330!

5+,3/!*.!*13!)-2,-3!0(2+/5!*13!6+24*!$X!0C1!-/0!*13!6(*(23!C326.27-/83!.6!*13!)-2,-3%!

!

W'',)+:!2'.%9)/6(!

:13!234()*4! 62.7!*13!-8*+,+*B!.J432,-*+./4!./!&&!0C1!41.G30!*1-*! )-2,-3!630!8.C3C.04!

G323!*13!7.4*!-8*+,3!-/0!*1-*!)-2,-3!630!2.*+632!G323!)344!-8*+,3%!:1+4!+/0+8-*34!*1-*!*13!

0+66323/83!+/!)+,3!6330!0(2+/5!*13!6+24*!$X!0C1!-6638*30!*13!-8*+,+*B!)3,3)!.6!*13!8.0!)-2,-3!

-*!&&!0C1I!-/0!+4!*13236.23!8.7C-2-J)3!G+*1!C23,+.(4!4*(0+34!03482+J+/5!*13!+7C.2*-/83!

.6! 3-2)B! /(*2+*+./-)! g(-)+*B! ./! J31-,+.(2! 9e+4J32*! V! R+))+.*I! "AASF%! :13! 6330+/5!

J31-,+.(2!+/!*13!C2343/*!4*(0B!G-4!/.*!./)B!-6638*30!JB!*23-*73/*I!J(*!-)4.!8.223)-*30!

G+*1! 4*-/0-20! )3/5*1%! W+/83! i3B/.)04! /(7J32! +/823-434! G+*1! +/823-43! )-2,-)! 4+d3I! *13!

G-*32! G+))! 4337! )344! ,+48.(4! *.! -! )-253! )-2,-3! 8.7C-230! *.! -! 47-))32! )-2,-3I! 7-T+/5!

7.,373/*! +/! *13! G-*32! 3-4+32! 6.2! )-2532! )-2,-39W-T41-(5! '&! %*#I! $HHAF%! :13! 53/32-)!
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52-0+3/*!.6!-8*+,+*B!0(2+/5!6330+/5I!G+*1!8.C3C.0!J3+/5!*13!7.4*!-8*+,3I!6.)).G30!JB!'.C!

SI!i.*_e!-/0!i.*'1)I!+4!*13!4-73!-4!*13!52-0+3/*!6.2!52.G*1I!(/032)+/+/5!*13!+7C.2*-/83!

.6!4+d3!0(2+/5!).8.7.*+./!+/!G-*32%!!

!

Q-2,-3! 62.7!*13!2.*+632! *23-*73/*4!4G-7!*G+83!-4!7(81I! 8.7C-230! *.! )-2,-3! 62.7!*13!

'.C3C.0! -/0! '.C! S! *23-*73/*4I! +/! .2032! *.! 8-*81! -! C23B%! :1+4!7-B! 3[C)-+/! *13! ).G32!

52.G*1!2-*34!6.2!*13!2.*+632!*23-*73/*4!)-2,-3I!-4!*13B!C.44+J)B!(43!7.23!3/325B!8-*81+/5!

*13!4-73!-7.(/*!.6!6..0%!

!

e-)).G-B!3*!-)%! 9"AAAF!03482+J30! *13!03,3).C73/*!.6!-[+-)!7(48()-*(23! +/! 6+24*! 6330+/5!

8.0! )-2,-3I! -/0! 6.(/0! 1+5132! 4.7-*+8! 52.G*1! 2-*34! +/! )-2,-3! 630!aU>M2+81! 0+3*4%! U+51!

4.7-*+8!52.G*1!2-*34!G323!-44.8+-*30!G+*1!-/!+/823-430!8./*2+J(*+./!.6!1BC32C)-4+-!*.!

-[+-)! G1+*3! 7(48)3! 52.G*1%! '.C3C.04! 1-,3! 3-2)+32! 41.G/! *.! 1-,3! -! 1+5132! -/0!

g(-)+*-*+,3)B!J3**32!Ub^>!)3,3)!*1-/!2.*+6324!9L,h37.!V!O)43/I!"AASF%!:13!1+5132!)3,3)!.6!

C2.*3+/! +/! 8.C3C.04! 8.7C-230! *.! 2.*+6324! 8.()0! C.44+J)B! )3-0! *.! -! 1+5132! 7(48()-2!

52.G*1I!4+/83!7(48)3M52.G*1!+4!-!C2.0(8*!.6!C2.*3+/M4B/*134+4!9L,h37.!'&!%*#I!$HH&o!Q+!'&!

%*#I!$HHAF%!:1+4! +4!8./4+4*3/*!G+*1!*13!1+5132!4.7-*+8!52.G*1!2-*34!6.(/0!6.2!*13!)-2,-3!

630! 8.C3C.04! +/! *13! C2343/*! 4*(0B%! Q-2,-3! 62.7! *13! '.C3C.0! *23-*73/*! 1-0! -!

4+5/+6+8-/*)B!523-*32!7B.*.73!13+51*! 62.7!"A!0C1I! 8.7C-230! *.! )-2,-3! 62.7!*13!.*132!

*23-*73/*4I!4(5534*+/5!-!6-4*32!52.G*1!.6!-[+-)!7(48)3!+/!)-2,-3!630!8.C3C.04%!>!1+5132!

035233! .6! 8./*2+J(*+./!.6! 1BC32C)-4+-! *.! -[+-)!G1+*3!7(48)3! 52.G*1I! 234()*+/5! +/!7.23!

7(48)3!6+J234I!8.()0!C.44+J)B!-6638*!*13!7(48)3!C.G32!.(*C(*!+/!*13!'.C3C.0!*23-*73/*!

)-2,-3I!G1+81!+/!*(2/!8.()0!3[C)-+/!*13!1+5132!-8*+,+*B!)3,3)!-/0!+/823-43!*13!366+8+3/8B!.6!

C23B!8-C*(23%!</!-00+*+./!-/.*132!7-4*32!*134+4!62.7!*13!4-73!6+24*!6330+/5!3[C32+73/*I!

-/-)B4+/5!-*!7(48)3!03,3).C73/*I!6.(/0!-!1+5132!52.G*1!+/!-[+-)!7(48)3!.6!*13!'.C3C.0!

*23-*73/*! )-2,-3! -)23-0B! -*! "A!0C1I! 8.7C-230! *.! *13! .*132! *23-*73/*4! 9U-)43*1I! '%!l%I!

;:;bI!C324%!8.7%!7-4*32!*134+4!+/!C23C%F%!

!

;./3! .6! *13! )-2,-3! +/! *1+4! 3[C32+73/*! 433730! *.! J3! 5-C3M)+7+*30! 0(2+/5! C23B! -**-8T%!

R13/! .J432,+/5! *13! )-2,-3I! *1.43! 630! 8.C3C.04! 433730! *.! 1-,3! -!7(81!7.23! 8)3-2)B!

C230-*.2! +/4*+/8*I! -/0! -!7.23! &M0+73/*+./-)! ,+3GI! 8.7C-230! *.! *13! 2.*+632! *23-*73/*!

)-2,-3%! :1+4! 8.()0! J3! 433/! 0(2+/5! C23B! -**-8T4I! G1323! *13! 2.*+632! *23-*73/*! )-2,-3!

433730!*.!J3!(/+/*3/*+./-))B!J(7C+/5!+/*.!*13!C23BI!/.*!-**-8T+/5I!G1+)3!*13!)-2,-3!630!
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8.C3C.04!1-0!-!7.23!0+4*+/8*!-**-8T%!:13!)-**32!)-2,-3!8.()0!-)4.!7-T3!4(003/!-/5()-2!

*(2/4! *.G-204! *13!C23BI! +/0+8-*+/5!C32+C132-)!,+4+./%!:1+4!8.()0!J3!433/! +/! *13!8./*3[*!

G+*1!C23,+.(4!4*(0+34!03482+J+/5!*13!+7C.2*-/83!.6!/(*2+*+./!./!)-2,-)!3B3!03,3).C73/*!

9aU>!8./*3/*F!9`3))!'&!%*#I!"AA?F!-/0!J31-,+.(2!9,./!U32J+/5!V!e-))-532I!$HHHF%!

!

>!8-732-!8.()0!1-,3!J33/!C)-834!.,32!*13!-g(-2+(7I!0(2+/5!*13!J31-,+.(2!-/-)B4+4I! *.!

J3**32!03*38*!0+66323/834!+/!-8*+,+*B!-/0!J31-,+.(2%!`B!(4+/5!-!8-732-!4G+77+/5!4C330I!

0+4*-/83!-/0!*+73!8.()0!1-,3!J33/!03*38*30%!_.23!C-2-73*324!8.()0!1-,3!J33/!-/-)B430!

6.2!+/!./3!4*(0BI!-4!-!,+03.!8.()0!1-,3!J33/!-/-)B430!43,32-)!*+734%!O/!*13!.*132!1-/0I!

JB!/.*!(4+/5!-!8-732-!*13!C2.830(23!+4!7.23!4+7C)3!-/0!3-4+32!*.!23C3-*!JB!.*1324I!3%5%!

6-27324%!

!

E%(9%*!('0;/+0'!&/!.%+,*)+:!0&('00!!

:13! 1-/0)+/5! 4*2344! 234C./434! -*! &S! -/0! ?A! 0C1!G323! -6638*30! JB! *23-*73/*I! J(*! /.*!

8.223)-*30! *.! 4*-/0-20! )3/5*1I! +/0+8-*+/5! *1-*! *13! 0+66323/834! 433/! +/! *1343! *34*4!G323!

7-+/)B!8./*2+J(*30!JB!*13!0+66323/834!+/!*23-*73/*!*13!6+24*!$X!0C1%!:13!)-2,-3!62.7!*13!

i.*'1)! *23-*73/*!1-0!*13!1+5134*!7.2*-)+*B!$K!1.(24!-6*32! *13! *34*I!./!J.*1!&S!-/0!?A!

0C1%! R+*1! -! 8)3-2! 52-0+3/*! G+*1! 8.C3C.04! J3+/5! *13! 7.4*! 1-20BI! 6.)).G30! JB! '.C! SI!

i.*_e!-/0!6+/-))B!i.*'1)I!-)*1.(51!./!0-B!?A!*13!*G.!*23-*73/*!630!8.C3C.04!433730!*.!

J3!3g(-))B!1-20B%!L-2)+32!C(J)+8-*+./4!1-,3!-)4.!41.G/!*13!+7C.2*-/83!.6!3-2)B!/(*2+*+./!

6.2!*13!234C./43!*.!4*2344!-*!)-*32!4*-534!9'-4*3))!'&!%*#I!"AAKo!l.,3/!'&!%*#I!$HH"F%!

!

:1343! 234()*4! 1-,3! +7C)+8-*+./4! +/! 8.77328+-)! 8()*+,-*+./! .6! 8.0I! JB! 4(5534*+/5! *1-*!

3-2)B!)-2,-)!/(*2+*+./!-6638*4!*13!4(2,+,-)!.6!.)032!)-2,-3!-/0!h(,3/+)34!*1-*!/330!*.!-0h(4*!

*.! 4*2344!0(2+/5!73*-7.2C1.4+4I!G3-/+/5I!52-0+/5!-/0! *2-/4632! 62.7!*13!1-*8132+34! *.!

43-!8-534%!Q-2,-3!4*234430!-88.20+/5! *.! *13!4-73!C2.830(23!-*!&S!-/0!?X!0C1!41.G30!

523-*!0+66323/834! +/! 4*2344! *.)32-/83I! 4(5534*+/5! *1-*! -*! -!B.(/532! 4*-53! *13! )-2,-3!-23!

7.23!43/4+*+,3!*.!-8(*3!4*2344.24I!)+T3!-+2!3[C.4(23%!:13!4*2344!234C./43!*34*30!./!$KI!$A!

-/0!?X!0C1!0+0!/.*!5+,3!5..0!234()*4I!-4!*13!234C./434!G323!7+)0%!:13!23-4./!6.2!*1+4!+4!

7.4*! )+T3)B! *.! 7+)0! 1-/0)+/5%! :1+4! 37C1-4+434! *13! +7C.2*-/83! .6! 4*-/0-20+d+/5! *1+4!

73*1.0!J36.23!C.44+J)3!6(*(23!(43!-4!-!g(-)+*B!C-2-73*32%!

!
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:13!*23-*73/*4!*1-*!5-,3!*13!).G34*!7.2*-)+*+34!-6*32!1-/0)+/5!4*2344!9'.C3C.0!-/0!'.C!

SF! G323! -)4.! *13! 7.4*! 4(883446()! *23-*73/*4! 235-20+/5! 52.G*1! -/0! 4(2,+,-)%! :1343!

234()*4! +/0+8-*3!*1-*!7.2*-)+*B!-6*32!4*2344I!3%5%!-+2!3[C.4(23I!8.()0!4(883446())B!J3!(430!

-4! -!73-4(23! .6! )-2,-)! g(-)+*B%! ^.2! -! J3**32! 3,-)(-*+./! .6! 4*2344! 36638*4! *1-*!G323! /.*!

*32*+-2BI! ./3! 8.()0! 1-,3! 4*(0+30! .C328()(7! J3-*4! 7+/(*3M"! .2! 8.2*+4.)! )3,3)4! C2+.2! *.!
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>))! g(-)+*B! C-2-73*324! *34*30! +/! *1+4! 4*(0B! 41.G30! 8)3-2! 0+66323/834! J3*G33/! *13!

*23-*73/*4I! -/0! 8.()0! 4(883446())B! J3! (430! 6.2! g(-)+*B! -4434473/*! .6! 8.0! )-2,-3! -/0!

h(,3/+)34%!'.7J+/30!*13B!41.G30!*13!4-73!53/32-)!2-/53!.6!36638*4!62.7!*13!*23-*73/*4I!

3/1-/8+/5! *13! 8./8)(4+./! *1-*! +/*3/4+,3)B! 8()*+,-*30! 8.C3C.04! 4(883446())B! 8.()0! J3!

(430!-4!6+24*!6330!6.2!8.0!)-2,-3%!

!

W6&6('!;'(0;'3&)9'0!

:13! 8.0! )-2,-)! 6330+/5! 235+73! G+*1! +/*3/4+,3)B! 8()*+,-*30! 8.C3C.04! /-(C)++! -4! C23B!

41.()0!J3!.C*+7+d30! 6.2! *13! )-2,-3! *.!53*! *13!J34*!C.44+J)3!36638*!.6! *13!8.C3C.04%!:13!

)3/5*1!-/0!*+7+/5!.6!*13!41.2*32!8.C3C.0M6330+/5!C32+.0!41.()0!J3!4*(0+30!6(2*132I! 6.2!

.C*+7-)!.(*C(*%!:13!C2.0(8*+./!41.()0!-)4.!J3!7-03!7.23!8.4*M36638*+,3%!

!

>))!g(-)+*B!C-2-73*324I!C321-C4!G+*1!*13!3[83C*+./!.6!036.27+*+34I!/330!4*-/0-20+d-*+./!

J36.23! J3+/5! (430! -4! g(-)+*B! C-2-73*32! JB! 6-27324! -/0! 48+3/*+4*4! G.2T+/5! G+*1! 8.0!

)-2,-3%!:1343!C-2-73*324!8.()0!+/!-00+*+./!J3!*34*30!-/0!C321-C4!4*-/0-20+d30!6.2!.*132!

4C38+34!G1323!g(-)+*B!,-2+-*+./4!-23!-!C2.J)37%!!

!

:13!(43!.6!53.73*2+8!7.2C1.73*2+84!23)-*30!*.!4T3)3*-)!036.27-*+./!4*(0+34!8.()0!7-T3!

-! 8)3-232! 036+/+*+./! .6! G13/! -! 4T3)3*-)! 03,+-*+./! +4! -! 036.27+*BI! +/! -00+*+./! *.! 03*38*!

036.27+*+34! /.*! ,+4+J)3! 3[*32/-))B! -*! -/! 3-2)+32! 4*-53%! e3.73*2+8!7.2C1.73*2+84! 8.()0!

-)4.!J3!(430!6.2!6(2*132!-/-)B4+4!.6!8.0!)-2,-)!-)).73*2B%!!
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>0-74I!a%'%I!i.1)6I!^%]%I!W)+83I!a%L%I!$HHK%!e3.73*2+8!7.2C1.73*2+84D!*3/!B3-24!.6!C2.52344!
6.)).G+/5!*13!x23,.)(*+./x%!<*-)+-/!].(2/-)!.6!n..).5B%!?FI!?M"#%!

>),32I!_%O%I!W*.2mBI!R%I!`-20-)I!:%I!O,3223+/I! <%I!O/4mB3/I!_%l%I!:3//mBI!:%I!y+3I!e%I!$H""%!
>(*.7-*+8!73-4(2373/*!.6!<3%(&)%!&/+0%!/-(C)++!03/4+*BI!-/0!34*+7-*+./!.6!4*-53!
0+4*2+J(*+./%!>g(-8()*(23%!#F#I!"HHM"H#%!

>23/04I!i%]%I!_-/832-I! ]%_%I!_(/.dI! ]%Q%I!R3/03)--2!`./5-I!W%L%I!^)+TI!e%I!"AAA%!:13!4*2344!
234C./43! .6! *13! 5+)*13-0! 43-! J23-7! 9D;%(60! %6(%&%! Q%F! *.! -+2! 3[C.4(23! -/0!
8./6+/373/*%!].(2/-)!.6!L/0.82+/.).5B%!F=#I!"KAM"?S%!

`w,326h.20I!e%I!U3))-/0I!W%I!U.(51I!'%I!$HHA%!'./*2.)!.6!7-)6.27-*+./4!+/!6+41!-g(-8()*(23D!
W8+3/83! -/0! C2-8*+83! 9^+/3! 6+41F%! Q+353! D! ^3032-*+./! .6! L(2.C3-/! >g(-8()*(23!
E2.0(8324I!`3)5(7%!

`-2*./I!`%>%I!<G-7-I!e%l%I!"AA"%!E1B4+.).5+8-)!81-/534!+/!6+41!62.7!4*2344!+/!-g(-8()*(23!
G+*1!37C1-4+4!./!*13!234C./43!-/0!36638*4!.6!8.2*+8.4*32.+04%!>//(-)!i3,+3G!.6!
^+41!a+43-434%!FI!&M$#%!

`-2*./I!`%>%I!$HH$%!W*2344!+/!6+4134D!>!0+,324+*B!.6!234C./434!G+*1!C-2*+8()-2!236323/83!*.!
81-/534! +/! 8+28()-*+/5!8.2*+8.4*32.+04%! </*352-*+,3!-/0!'.7C-2-*+,3!`+.).5B%!2!I!
?"SM?$?%!

`3))I! _%=%I! U3/0324./I! i%]%I! E+2+3I! `%]%W%I! W-253/*I! ]%i%I! "AX?%! L6638*4! .6! 0+3*-2B!
C.)B(/4-*(2-*30!6-**B!-8+0!036+8+3/8+34!./!7.2*-)+*BI!52.G*1!-/0!5+))!4*2(8*(23!+/!
*13!*(2J.*I!D3/;.&.%*-60!-%K)-60%!].(2/-)!.6!^+41!`+.).5B%!!=I!"X"M"A"%!

`3))I! _%=%I! a+8TI! ]%i%I! "AA"%! _.)38()-2M4C38+34! 8.7C.4+*+./! .6! *13! 7-h.2! 0+-8B)!
5)B832.C1.4C1.)+C+04!62.7!7(48)3I!)+,32I!23*+/-!-/0!J2-+/!.6!'.0!9f%,60!-/(.6%F%!
Q+C+04%!!=I!?#?M?S&%!

`3))I! _%=%I! `-**BI! i%W%I! a+8TI! ]%i%I! ^23*G3))I! l%I! ;-,-22.I! ]%'%I! W-253/*I! ]%i%I! "AA?%! a+3*-2B!
036+8+3/8B! .6! 0.8.4-13[-3/.+8! -8+0! +7C-+24! ,+4+./! -*! ).GM)+51*! +/*3/4+*+34! +/!
h(,3/+)3!1322+/5!98*6;'%!.%('+:60!QF%!Q+C+04%!#II!KK&MKKA%!

`.5)+./3I!'%I!e-5)+-20+I!^%I!W8-20+I!_%I!'-*-(03))-I!W%I!$HH"%!WT3)3*-)!03482+C*.24!-/0!g(-)+*B!
-4434473/*!+/!)-2,-3!-/0!C.4*M)-2,-3!.6!G+)0M8-(51*!-/0!1-*8132BM23-230!5+)*13-0!
43-!J23-7!9D;%(60!%6(%&%!Q%!"S?XF%!>g(-8()*(23%!FC!I!"M$$%!

`.5)+./3I! '%I! '.4*-I! '%I! a+! a-*.I! E%I! ^32d+/+I! e%I! W8-20+I! _%I! '-*-(03))-I! W%I! $HH&%! WT3)3*-)!
g(-)+*B! -4434473/*! .6! 23-230! -/0! G+)0! 41-2C4/.(*! 43-! J23-7! -/0! C-/0.2-!
h(,3/+)34%!>g(-8()*(23%!!!?I!&S&M&AK%!

`./5-I!W%L%R%I!"AAS%!:13!4*2344!234C./43!+/!6+41%!E1B4+.).5+8-)!i3,+3G4%!??I!?A"M#$?%!
`2-(/I! ;%I! 03! Q+7-I! i%Q%I! `-)0+4432.**.I! `%I! a-623I! >%Q%I! ;(/32I! >%I! $H"H%! e2.G*1I!

J+.8137+8-)! -/0! C1B4+.).5+8-)! 234C./434! .6! D%*-)+60! 2(%0)*)'+0)0! G+*1! 0+66323/*!
4*.8T+/5!03/4+*+34!-/0!1-/0)+/5%!>g(-8()*(23%!#IFI!$$M&H%!

`(481I! l%L%:%I! ^-)TME3*3243/I! <%`%I! E32(dd+I! W%I! i+4*I! ;%>%I! U-723I! l%I! $H"H%! ;-*(2-)!
d..C)-/T*./!-4!)-2,-)!6330!+/!+/*3/4+,3!23-2+/5!4B4*374!6.2!h(,3/+)3!C2.0(8*+./!.6!
>*)-/*+8!8.0!9f%,60!-/(.6%!Q%F%!>g(-8()*(23!i343-281%!2FI!"S$SM"SKH%!
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'-1(I! '%I! </6-/*3I! ]%Q%n%I! `-2J.4-I! =%I! $HH&-%! L6638*! .6! 0+3*-2B! C1.4C1.)+C+0! )3,3)! -/0!
C1.4C1.)+C+0!D!/3(*2-)!)+C+0!,-)(3!./!*13!03,3).C73/*!.6!43-!J-44!9?)3'+&(%(3.60!
*%2(%KF!)-2,-3!630!-!8.7C.(/0!0+3*%!`2+*+41!].(2/-)!.6!;(*2+*+./%!CII!$"M$X%!

'-1(I! '%I! n-7J./+/.M</6-/*3I! ]%I! :-T3(81+I! :%I! $HH&J%! ;(*2+*+./-)! 8.7C./3/*4! -6638*+/5!
4T3)3*-)!03,3).C73/*!+/!6+41!)-2,-3%!>g(-8()*(23%!!!?I!$K?M$?X%!

'-))-/I!'%I! ].20--/I!>%I!l)+/5I!Q%]%I! $HH&%!i30(8+/5!<(&'-)%! (43! +/! *13! 8()*(23!.6!>*)-/*+8!
8.0!9f%,60!-/(.6%F%!>g(-8()*(23%!!FCI!?X?M?A?%!

'-4*3))I!]%a%I!`3))I!]%e%I!:.8132I!a%i%I!W-253/*I!]%i%I!"AAK%!L6638*4!.6!C(2+6+30!0+3*4!8./*-+/+/5!
0+66323/*! 8.7J+/-*+./4! .6! -2-81+0./+8! -/0! 0.8.4-13[-3/.+8! -8+0! ./! 4(2,+,-)I!
52.G*1! -/0! 6-**B! -8+0! 8.7C.4+*+./! .6! h(,3/+)3! *(2J.*! 9D3/;.&.%*-60!-%K)-60F%!
>g(-8()*(23%!F!AI!&"?M&&&%!

'1-C7-/I!a%]%I!"A##%!&!;3G!'-2.*3/.+04!<4.)-*30!^2.7!>)5-3%!E1B*.8137+4*2B%!9I!"&&"M
"&&&%!

'12.(4.4I! e%E%I! e.)0I! E%R%I! "AA$%! :13! 8./83C*4! .6! 4*2344! -/0! 4*2344! 4B4*37!0+4.20324! M!
O,32,+3G!.6!C1B4+8-)!-/0!J31-,+.2-)!1.73.4*-4+4%!]-7-M].(2/-)!.6!*13!>732+8-/!
_30+8-)!>44.8+-*+./%!!=?I!"$KKM"$?$%!

'.))+/4I! ]%E%I!'133TI! ]%L%I!"AX&%!L6638*!.6! 6..0!-/0!03/4+*B!./!03,3).C73/*!.6! *BC+8-)!-/0!
8-//+J-)+4*+8! W-)-7-/032! )-2,-3! +/! <-2@0&/-%! &):()+6-! +'26*/06-%! >732+8-/!
n..).5+4*%!!#I!SSMXK%!

'.(**3-(I! E%I! e3(203/I! <%I! '-7-2-I! _%i%I! `325.*I! E%I! W.253)..4I! E%I! "AAS%! i3,+3G! ./! *13!
0+3*-2B!36638*4!.6!C1.4C1.)+C+04!+/!6+41!-/0!82(4*-83-/!)-2,+8()*(23%!>g(-8()*(23%!
F99I!"KAM"#K%!

'(**4I!'%]%I!W-G-/J../81(/I!]%I!03!z(32.I!'%_%I!`3))I!]%e%I!$HH#%!a+3*M+/0(830!0+66323/834!+/!
*13!3443/*+-)!6-**B!-8+0!9L^>F!8.7C.4+*+./4!.6!)-2,-)!>*)-/*+8!8.0!9f%,60!-/(.6%!
Q%F!G+*1!236323/83!*.!C.44+J)3!36638*4!.6!0+3*-2B!L^>4!./!)-2,-)!C326.27-/83%!<834!
].(2/-)!.6!_-2+/3!W8+3/83%!=#I!&H$M&"H%!

a2+))3*I!e%I!^2.({)I!W%I!W+81)-(I!_%U%I!]3C43/I!E%_%I!Umh5--20I!]%l%I!].-2032I!>%l%I!U-/43/I!`%R%I!
$H""%!W*-*(4!-/0!238.773/0-*+./4!./!7-2+/3!8.C3C.0!8()*+,-*+./!6.2!(43!-4!)+,3!
6330%!>g(-8()*(23%!#F9I!"??M"##%!

L+04,+TI!L%I!$H"H%!'.M6330+/5!>*)-/*+8! 8.0! )-2,-3! 9f%,60!-/(.6%F!G+*1! 8.C3C.0!/-(C)++!
9<3%(&)%! &/+0%F! -/0! 2.*+6324! 95(%3.)/+60! ;*)3%&)*)0FD! M! 36638*! ./! 52.G*1! -/0!
.4*3.).5+8-)!03,3).C73/*I!_-4*32!*134+4%!;:;bI!:2./013+7%!

L,h37.I!]%O%I!O)43/I!|%I!"AAS%!Q+C+0!-/0!6-**B!-8+0!8./*3/*!+/!8()*+,-*30!)+,3!6330!.25-/+474!
8.7C-230!*.!7-2+/3!8.C3C.04%!UB02.J+.).5+-%!#9AI!"?AM"#$%!

L,h37.I! ]%O%I!i3+*-/I!l%<%I!O)43/I!|%I!$HH&%!'.C3C.04!-4! )+,3! 6..0!.25-/+474! +/! *13! )-2,-)!
23-2+/5!.6!1-)+J(*!)-2,-3!9F);;/:*/0060!.);;/:*/0060!Q%F!G+*1!4C38+-)!37C1-4+4!./!
*13!/(*2+*+./-)!,-)(3%!>g(-8()*(23%!!!?I!"A"M$"H%!

^+//I!i%;%I!im//34*-0I!<%I!,-/!032!_3323/I!:%I!^B1/I!U%]%I!$HH$%!^(3)!-/0!73*-J.)+8!48-)+/5!
0(2+/5! *13! 3-2)B! )+63! 4*-534! .6! >*)-/*+8! 8.0! f%,60! -/(.6%%! _-2+/3! L8.).5BM
E2.52344!W32+34%!!2#I!$"SM$&K%!

^.)T,.20I!>%I!"AA"%!e2.G*1I!4(2,+,-)!-/0!8-//+J-)+47!.6!8.0!h(,3/+)34!9f%,60!-/(.6%F!M!
36638*4!.6!6330!*BC3I!4*-2,-*+./!-/0!6+41!4+d3%!>g(-8()*(23%!C?I!K"M?A%!
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e-)).G-BI!:%^%I!lhm24,+TI!L%I!l2B,+I!U%I!"AAA%!_(48)3!52.G*1!-/0!03,3).C73/*!+/!>*)-/*+8!
8.0!)-2,-3!9f%,60!-/(.6%!Q%F!23)-*30!*.!0+66323/*!4.7-*+8!52.G*1!2-*34%!].(2/-)!.6!
L[C32+73/*-)!`+.).5B%!!I!I!$"""M$"$H%!

e3.25-I!<%I!l.(7.(/0.(2.4I!e%I!$H"H%!:1327-))B!+/0(830!C)-4*+8+*B!.6!J.0B!41-C3!+/!-0()*!
n3J2-6+41!?%+)/!('()/!9U-7+)*./I!"X$$F%!].(2/-)!.6!_.2C1.).5B%!!?FI!"&"AM"&$S%!

e3.25-I! <%I!e)B/-*4+I!;%I!`-)*d.+4I!>%I!l-2-7-/.4I!a%I!_-d(2-+4I!a%I!a-2+-4I!_%]%I!'-1(I!'%Q%I!
n-7J./+/.M</6-/*3I! ]%Q%I! l.(7.(/0.(2.4I! e%I! $H""%! L6638*! .6! ,+*-7+/! >! ./! *13!
4T3)3*-)! 7.2C1.53/34+4! .6! L(2.C3-/! 43-! J-44I!?)3'+&(%(3.60! *%2(%K! 9Q+//-3(4I!
"S?XF%!>g(-8()*(23!i343-281%!2!I!#XKM#A$%!

e3.25-T.C.().(I! L%I! l-*1-2+.4I! E%I! a+,-/-81I! E%I! l.(7.(/0.(2.4I! e%I! $H"H%! L6638*! .6!
*37C32-*(23! ./! *13! 03,3).C73/*! .6! 4T3)3*-)! 036.27+*+34! +/! e+)*13-0! 43-J23-7!
9D;%(60!%6(%&%!Q+//-3(4I!"S?XF%!>g(-8()*(23%!#IAI!"&M"A%!

e+4J32*I!L%I!R+))+.*I!E%I!"AAS%!Q-2,-)!J31-,+.(2!-/0!36638*!.6!*13!*+7+/5!.6!+/+*+-)!6330+/5!./!
52.G*1! -/0! 4(2,+,-)! .6! W+J32+-/! 4*(253./! 9<3);'+0'(! 2%'()F! )-2,-3! (/032! 47-))!
48-)3!1-*8132B!C2.0(8*+./%!>g(-8()*(23%!F9=I!#&MS#%!

e+4J32*I!L%I!=+))3/3(,3I!Q%I!n-7J./+/.M</6-/*3I!]%Q%I!z(-d(5(3)I!E%I!'-1(I!'%Q%I!$HH?%!a+3*-2B!
C1.4C1.)+C+04! -23! 7.23! 366+8+3/*! *1-/! /3(*2-)! )+C+04! 6.2! )./5M81-+/!
C.)B(/4-*(2-*30! 6-**B! -8+0! 4(CC)B! +/! L(2.C3-/! 43-! J-44! ?)3'+&(%(3.60! *%2(%K!
)-2,-)!03,3).C73/*%!Q+C+04%!2II!#HAM#"X%!

e2.*7.)I! W%I! l2B,+I! U%I! :.*)-/0I! e%l%I! $HH?%! a36.27-*+./! .6! *13! /.*.81.20! JB! C2344(23!
62.7! *13! 4G+7! J)-0032! 7-B! 8-(43! 7-)6.27-*+./! .6! *13! ,32*3J2-)! 8.)(7/! +/!
8()*(230! >*)-/*+8! 8.0! f%,60! -/(.6%! )-2,-3D! -! 8-43! 4*(0B%! a+43-434! .6! >g(-*+8!
O25-/+474%!=9I!"$"M"$X%!

U-),32I!]%L%I!U-20BI!i%R%I!$HH$%!^+41!/(*2+*+./%!L)43,+32!W8+3/83I!bW>%!
U-723I!l%I!$HH#%!;(*2+*+./! +/!8.0! 9f%,60!-/(.6%F! )-2,-3!-/0! h(,3/+)34%! <834! ].(2/-)!.6!

_-2+/3!W8+3/83%!=#I!$#SM$SK%!
U-723I! l%I! W2+,-4*-,-I! >%I! im//34*-0I! <%I! _-/5.2M]3/43/I! >%I! W*.44I! ]%I! $HHX%! W3,32-)!

7+82./(*2+3/*4! +/! *13! 2.*+632! 5(%3.)/+60! 0;%! 7-B! /.*! 6()6+)! *13! /(*2+*+./-)!
23g(+2373/*4!.6!7-2+/3!6+41!)-2,-3%!>g(-8()*(23!;(*2+*+./%!F2I!?"M#H%!

U-723I!l%I!l2.44.BI!'%I!Q.8TI!L%]%I!_.23/I!_%I!$H"H%!i.)34!.6!)+C+0M4.)(J)3!,+*-7+/4!0(2+/5!
./*.53/B!.6!7-2+/3!6+41!)-2,-3%!>g(-8()*(23!i343-281%!2FI!SK?MS?H%!

U-2032I! R%I! "AS?%! >/-*.7B! .6! 6+4134! L%! W81G3+d32J-2*}4813! =32)-54J(811-/0)(/5I!
W*(**5-2*%!

U3))-/0I! W%I! :32h343/I!`%I! ^%I! `325I! Q%I! $HH$%! ^233! -7+/.! -8+0! -/0!C2.*3+/! 8./*3/*! +/! *13!
C)-/T*./+8! 8.C3C.0! O'-/(%! */+:)3/(+)0! 8.7C-230! *.! <(&'-)%! >('%+3)03%+%%!
>g(-8()*(23%!!F9I!$"&M$$X%!

U3))-/0I!W%I!Q3+/I!<%I!Uh3)03I!l%I!`w,326h.20I!e%I!$HHA-%!L6638*4!.6!G-*32!4C330!./!).20.4+4!V!
13-2*! ,3/*2+8)3! G3+51*! +/! 8.0%! +/D! `w,326h.20I! e%I! U3))-/0I! W%I! U.(51I! '%! 9L04%FI!
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'.C!S!

&! "I$XXH! IHA""! KH!
!! I#&"?! %! !!
"! "IH"#&! IH#??! KH!
$! IAXK#! IHS""! KH!

i.*_e!

&! "IHAS?! IHS?$! &A!
!! %! %! !!
"! "IKK?H! I"""?! KH!
$! "IH"XS! IH#A"! &A!

KH!

i.*'1)!

&! "I"AHH! IHS"?! &A!
!! "XI&?K&! %! !!
"! $&IHK""! "IKAS"! KX!
$! "XI"H$?! "I$?"A! K#!

'.C3C.0!

&! $?I#XHK! "I?#?H! ?H!
!! %! %! !!
"! "#I#&"#! "IHKS$! KA!
$! "#IAH&A! IAASK! ?H!

'.C!S!

&! "$I"&?S! IXHH"! ??!
!! %! %! !!
"! "HIAK$H! ISH#X! ?H!
$! "HI&AAK! IXH?&! KA!

i.*_e!

&! "KIKAH?! "I$?HH! ?H!
!! %! %! !!
"! "$I$S$&! IS$HH! KX!
$! "HI"S&A! I?KK?! ?H!

#H!

i.*'1)!

&! "&IKXAH! IS?A&! ?H!
!
!



!
!

S?!

>EEL;a<Z!K!
N!a-+)B!R3+51*!</823-43!
!

aC1! :23-*73/*!
_3-/!
NaR<! rWL!

'.C3C.0! %! %!
'.C!S! %! %!
i.*_e! %! %!
i.*'1)! %! %!

$M?!

>))! M?%A! %H!
'.C3C.0! "H%X! %"!
'.C!S! X%#! %&!
i.*_e! X%#! %#!
i.*'1)! X%?! %?!

?M"A!

! %! %!
'.C3C.0! "$%S! %#!
'.C!S! "&%"! %&!
i.*_e! "$%?! %?!
i.*'1)! "&%H! %#!

"AM&&!

>))! %! %!
'.C3C.0! "H%X! %?!
'.C!S! $%A! %$!
i.*_e! $%K! %S!
i.*'1)! "%&! %"!

&&MKH!

! %! %!
'.C3C.0! "K%$! "%#!
'.C!S! "$%A! %#!
i.*_e! "$%"! %K!
i.*'1)! ""%X! %K!

KHM#H!

! %! %!
'.C3C.0! ""%H! %$!
'.C!S! "H%&! %$!
i.*_e! A%X! %$!
i.*'1)! A%X! %$!

&M#H!

! %! %!
!



!
!

S#!

>EEL;a<Z!?!
!

W(2,+,-)!
!

W(2,+,-)!9NF!!!
_3-/! rWL!

'.C3C.0! &"IX"! "I&K!
'.C!S! $"IXK! &ISA!
i.*_e! "?I#H! I&K!

&X! :23-*73/*!

i.*'1)! "?I"?! $I$A!
'.C3C.0! &"IH$! "IHS!
'.C!S! $"I##! &IS$!
i.*_e! "?IKS! I&$!

&A! :23-*73/*!

i.*'1)! "?IHA! $I&"!
'.C3C.0! $AISH! "IA&!
'.C!S! $"IKX! &ISH!
i.*_e! "?IKH! I&$!

KH! :23-*73/*!

i.*'1)! "KIAX! $I&$!
'.C3C.0! $AIKH! "IAA!
'.C!S! $"I"&! &IS"!
i.*_e! "KIA#! I#K!

K"! :23-*73/*!

i.*'1)! "KIXK! $I&?!
'.C3C.0! $#I?"! $IHX!
'.C!S! "AIA$! &I?A!
i.*_e! "KI?$! I??!

K$! :23-*73/*!

i.*'1)! "KI?S! $I&?!
'.C3C.0! $KI&$! $I$$!
'.C!S! "XIX$! &I?#!
i.*_e! "&IAK! IKX!

K&! :23-*73/*!

i.*'1)! "KI"K! $I$S!
'.C3C.0! $&I??! $I"K!
'.C!S! "XI$H! &I#"!
i.*_e! "&I?$! I?#!

KK! :23-*73/*!

i.*'1)! "&I#$! $I$A!
'.C3C.0! $$IXH! $IH&!
'.C!S! "SI#$! &I#?!
i.*_e! "$IA#! I??!

K?! :23-*73/*!

i.*'1)! "$ISA! $I"K!
'.C3C.0! $$IK?! "IAS!
'.C!S! "SI$$! &IS&!
i.*_e! "$I?"! IKA!

K#! :23-*73/*!

i.*'1)! "$I&S! $IH#!
'.C3C.0! $$I$#! "IA#!
'.C!S! "#IA$! &I#A!
i.*_e! "$I"&! IK"!

KS! :23-*73/*!

i.*'1)! "$IHH! $IH$!
'.C3C.0! $$IHX! "IAX!

aC1!

KX! :23-*73/*!
'.C!S! "#IS"! &I#&!



!
!

SS!

i.*_e! ""IA"! I&X!! !
i.*'1)! ""IS&! $IH$!
'.C3C.0! $"IX$! "IAS!
'.C!S! "#I?H! &I?"!
i.*_e! ""IS$! IK$!

KA! :23-*73/*!

i.*'1)! ""IKX! "IA"!
'.C3C.0! $"I?"! $IH"!
'.C!S! "#I$X! &I?&!
i.*_e! ""I??! IK$!

?H! :23-*73/*!

i.*'1)! ""I&?! "IXX!
'.C3C.0! $"I&"! $IH&!
'.C!S! "#IHA! &IK$!
i.*_e! ""I&A! IK$!

?"! :23-*73/*!

i.*'1)! ""I"X! "IXH!
'.C3C.0! $"I$K! $IH&!
'.C!S! "#IH&! &IK"!
i.*_e! ""I$"! I?"!

?$! :23-*73/*!

i.*'1)! ""IHA! "IS#!
'.C3C.0! $"I$H! $IH"!
'.C!S! "?IA?! &IK"!
i.*_e! ""I""! I?K!

?&! :23-*73/*!

i.*'1)! "HIAX! "ISH!
'.C3C.0! $"I"S! $IHH!
'.C!S! "?IX"! &I&A!
i.*_e! ""IH&! I?#!

?K! :23-*73/*!

i.*'1)! "HIA"! "I#X!
'.C3C.0! $"IH&! $IH"!
'.C!S! "?I##! &IK$!
i.*_e! "HIA?! I?X!

??! :23-*73/*!

i.*'1)! "HIS"! "IS?!
'.C3C.0! $HISS! "IAA!
'.C!S! "?I&X! &IK?!
i.*_e! "HIX?! I?X!

?#! :23-*73/*!

i.*'1)! "HIKX! "IX"!
'.C3C.0! $HI?&! $IH$!
'.C!S! "?I"X! &IK?!
i.*_e! "HIS#! I?X!

?S! :23-*73/*!

i.*'1)! "HIKH! "IX"!
'.C3C.0! $HI&X! $IH$!
'.C!S! "?IH$! &IK$!
i.*_e! "HISH! I#H!

?X! :23-*73/*!

i.*'1)! "HI$X! "ISX!
'.C3C.0! "AIAX! "IAA!
'.C!S! "KI#H! &I$A!
i.*_e! "HI#"! I#H!

?A! :23-*73/*!

i.*'1)! "HI"#! "IXH!
'.C3C.0! "AI?&! $IHK!
'.C!S! "KI$X! &I&"!
i.*_e! "HI?$! I#"!

!

#H! :23-*73/*!

i.*'1)! AIA?! "IS&!



!
!

SX!

>EEL;a<Z!#!
!
`31-,+.(2!-/-)B4+4!
!

Treatment Tank Larva 
Swimming 
(sec.) Orientation (No.) Eat (No.) 

RotMG 1 1 18,5 21 1 
RotMG 1 2 8,6 16 0 
RotMG 1 3 2,7 13 0 
RotMG 1 4 10,0 28 1 
RotMG 1 5 6,4 24 0 
RotMG 1 6 11,7 27 0 
RotMG 1 7 3,9 8 0 
RotMG 1 8 10,0 11 0 
RotMG 1 9 3,2 7 3 
RotMG 1 10 7,2 17 1 
RotMG 2 1 4,0 9 0 
RotMG 2 2 15,6 10 0 
RotMG 2 3 10,6 9 0 
RotMG 2 4 12,1 10 1 
RotMG 2 5 2,9 19 0 
RotMG 2 6 2,4 19 0 
RotMG 2 7 0,0 1 0 
RotMG 2 8 3,0 21 0 
RotMG 2 9 1,5 15 0 
RotMG 2 10 7,3 16 0 
RotMG 3 1 2,0 14 1 
RotMG 3 2 4,8 27 0 
RotMG 3 3 1,2 22 0 
RotMG 3 4 4,6 16 0 
RotMG 3 5 6,0 34 0 
RotMG 3 6 2,1 3 1 
RotMG 3 7 2,9 23 0 
RotMG 3 8 8,7 12 0 
RotMG 3 9 6,8 29 0 
RotMG 3 10 5,8 21 0 
Average   6,2 16,7 0,3 
      
Copepod 1 1 8,2 29 0 
Copepod 1 2 7,5 33 2 
Copepod 1 3 8,3 58 0 
Copepod 1 4 5,2 23 1 
Copepod 1 5 13,9 26 1 
Copepod 1 6 0,9 14 1 
Copepod 1 7 38,2 1 0 
Copepod 1 8 0,4 13 0 
Copepod 1 9 0,2 22 0 



!
!

SA!

Copepod 1 10 19,1 53 0 
Copepod 2 1 6,4 29 4 
Copepod 2 2 1,9 18 0 
Copepod 2 3 7,0 16 10 
Copepod 2 4 12,3 21 8 
Copepod 2 5 7,4 31 2 
Copepod 2 6 10,0 39 1 
Copepod 2 7 2,7 25 1 
Copepod 2 8 1,2 13 0 
Copepod 2 9 4,6 29 0 
Copepod 2 10 13,3 33 2 
Copepod 3 1 20,3 19 5 
Copepod 3 2 13,6 18 8 
Copepod 3 3 15,3 20 5 
Copepod 3 4 14,8 17 9 
Copepod 3 5 12,0 21 4 
Copepod 3 6 13,6 19 2 
Copepod 3 7 30,3 2 0 
Copepod 3 8 17,8 16 6 
Copepod 3 9 10,7 23 5 
Copepod 3 10 4,6 5 0 
Average   10,7 22,87 2,57 
      
Cop 7 1 1 0,0 10 0 
Cop 7 1 2 5,5 4 4 
Cop 7 1 3 5,4 14 2 
Cop 7 1 4 7,6 46 0 
Cop 7 1 5 2,2 14 2 
Cop 7 1 6 14,9 15 0 
Cop 7 1 7 4,4 13 0 
Cop 7 1 8 2,8 19 0 
Cop 7 1 9 3,1 17 0 
Cop 7 1 10 0,0 18 0 
Cop 7 2 1 1,5 44 1 
Cop 7 2 2 6,3 20 7 
Cop 7 2 3 10,2 13 3 
Cop 7 2 4 5,4 22 1 
Cop 7 2 5 13,6 28 0 
Cop 7 2 6 11,1 25 1 
Cop 7 2 7 1,5 17 0 
Cop 7 2 8 5,5 13 0 
Cop 7 2 9 11,2 22 2 
Cop 7 2 10 7,6 28 0 
Cop 7 3 1 1,7 20 2 
Cop 7 3 2 4,6 14 1 
Cop 7 3 3 7,8 3 0 
Cop 7 3 4 6,0 10 0 
Cop 7 3 5 5,5 21 4 
Cop 7 3 6 4,3 28 1 



!
!

XH!

Cop 7 3 7 10,2 24 2 
Cop 7 3 8 8,8 20 3 
Cop 7 3 9 2,2 13 1 
Cop 7 3 10 5,7 13 1 
Average   5,9 18,9 1,3 
      
RotChl 1 1 8,8 6 0 
RotChl 1 2 21,7 14 0 
RotChl 1 3 31,5 11 0 
RotChl 1 4 5,7 16 2 
RotChl 1 5 8,5 17 0 
RotChl 1 6 4,9 22 0 
RotChl 1 7 5,9 10 0 
RotChl 1 8 2,5 18 0 
RotChl 1 9 3,0 19 0 
RotChl 1 10 7,8 23 2 
RotChl 2 1 4,5 30 2 
RotChl 2 2 1,5 40 0 
RotChl 2 3 0,8 36 0 
RotChl 2 4 1,6 7 0 
RotChl 2 5 9,1 14 2 
RotChl 2 6 8,4 22 1 
RotChl 2 7 13,8 25 0 
RotChl 2 8 4,7 12 0 
RotChl 2 9 0,7 17 0 
RotChl 2 10 13,4 13 1 
RotChl 3 1 26,2 5 0 
RotChl 3 2 12,0 16 1 
RotChl 3 3 4,5 9 0 
RotChl 3 4 23,5 11 0 
RotChl 3 5 22,5 6 0 
RotChl 3 6 5,3 9 0 
RotChl 3 7 6,5 29 0 
RotChl 3 8 8,6 7 1 
RotChl 3 9 13,4 9 1 
RotChl 3 10 12,3 19 1 
Average   9,8 16,4 0,5 
!



!
!

X"!

>EEL;a<Z!S!
!
W*2344!*34*4!
!
a>|!$K!

Treatment/ Dead  Dead  Dead   !

tank after1 h after 5 h after 24 h Survivals !

Cop -1 0 1 1 12 !

Cop -2 2 1 3 8 !

Cop -3 3 0 0 12 !

Cop 7-1 0 0 0 11 !

Cop 7-2 2 0 1 11 !

Cop 7-3 1 0 2 14 !

RotMG -1 1 0 1 11 !

RotMG -2 1 1 0 11 !

RotMG -3 1 2 1 10 !

RotChl -1 1 0 0 9 !

RotChl -2 0 1 0 9 !

RotChl -3 2 0 1 11 !

!
a-B!$A!

Treatment/ Dead  Dead  Dead   !

tank after1 h after 5 h after 24 h Survivals !

Cop -1     2 15 !

Cop -2 1   1 13 !

Cop -3   1   13 !

Cop 7-1 1 1 2 16 !

Cop 7-2 1   2 12 !

Cop 7-3       15 !

RotMG -1     2 15 !

RotMG -2 1     13 !

RotMG -3 1     13 !

RotChl -1 1     15 !

RotChl -2 2 1   13 !

RotChl -3     2 11 !

!
!
!



!
!

X$!

a-B!&S!

Treatment/ Dead  Dead  Dead   !

tank after1 h after 5 h after 24 h Survivals !

Cop -1 0 1 1 14 !

Cop -2 0 1 0 14 !

Cop -3 0 0 0 15 !

Cop 7-1 2 0 1 14 !

Cop 7-2 0 0 1 14 !

Cop 7-3 2 0 1 13 !

RotMG -1 2 0 1 12 !

RotMG -2 1 1 2 12 !

RotMG -3 0 1 2 10 !

RotChl -1 3 0 2 9 !

RotChl -2 1 2 4 10 !

RotChl -3 4 1 2 11 !

!
a-B!?X!

Treatment/ Dead  Dead  Dead   !

tank after1 h after 5 h after 24 h Survivals !

Cop -1 0 0 1 14 !

Cop -2 0 0 0 15 !

Cop -3 0 2 1 12 !

Cop 7-1 0 3 1 11 !

Cop 7-2 0 0 0 15 !

Cop 7-3 0 1 1 13 !

RotMG -1 0 0 2 13 !

RotMG -2 0 0 0 15 !

RotMG -3 0 2 4 9 !

RotChl -1 0 0 1 14 !

RotChl -2 1 1 0 13 !

RotChl -3 0 1 1 13 !

!
!
!
!
!
!
!



!
!

X&!

a-B!?A!

Treatment/ Dead  Dead  Dead   !

tank after1 h after 5 h after 24 h Survivals !

Cop -1 0 2 0 14 !

Cop -2 2 1 0 15 !

Cop -3 0 0 0 13 !

Cop 7-1 0 1 1 15 !

Cop 7-2 0 0 0 14 !

Cop 7-3 0 0 1 16 !

RotMG -1 0 2 0 11 !

RotMG -2 1 2 2 11 !

RotMG -3 0 3 0 10 !

RotChl -1 2 5 0 10 !

RotChl -2 4 5 0 6 !

RotChl -3 1 2 3 9 !

!
!
!


