
!

!"#$%&'(#)(*'"+'%,-&(./'%"%0'(12345646(

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

/0/012/343/0/1012/3!

!
!

7!(89:(!+;%#&;-<+'%(=+'+()"#<(<+"-/%(0%=-<%/'0!

7!(>##"=-/+'#"?(@+A"-B-#(C-"%"(
567089:5;!6<*+=$!

!

6D'E#"0?(

@9(C-"%"F(G9(H+;;%)D#&#F(29(6/B+;#/%F(*9(I#/#<#F(C9(@%""+"#F(59(59(./0-/,+F(J9(G+",+"-'%;;-F(

29(G+"0%;;+F(19(!%;#0-F(*9(*#",+'#(

567089:5;!6<*+=$!

*9(6;A%"'+BB-F(C9(I%;;D&&-F(!9(G#/'+,/+F(C9(>+K#'#/=-F(*9(J-D;-+/-(

8":970567;!>+=+?&<!

69(>+0&%;;+(

86@A;!B$C<!

@9(5-(L-'+F(59(G+,"-(

D$*<)'$.%&'+!D$!>$+=+?$<!9.E$%&'<=%!0!>+'<&$#<;!7+.<!

!9(5%(G-&E%;-0F(@9(@;#"-/=#F(>9(CD"&#&M(!#/'D0F(@9(G+""+F(69(G%;#/-F(69(H%/D'-F(69(7-/M;%"(

86@A;!7+.<!

!9(!%'"#0-/#(

D8"F97;!6<*+=$!

G9(*K"#N-%"-(

89:5;!F+))%''<!@)<&$'+=<!GFBH!

 

!
!

!



(

(

89(!;+//%=(+&'-N-'-%0(+/=(%OK%&'%=("%0D;'0((

!

F,%! )%C%<)#,!<#'$I$'$%C!+(! ',%! C%#+&-!J%<)!+(! ',%!*)+K%#';! <C! C*%#$($%-! $&! ',%!LM%#N'$I%!B=<&;!

%&#+.*<CCO!

0 ',%! 6LPFD9F9012/3! +#%<&+?)<*,$#! #)N$C%! <E+<)-! ',%! 74A! Q)<&$<! 567;! R,$#,! '++S!

*=<#%! ()+.! /1! '+! 11! "%*'%.E%)! 12/3;! $&! ',%! #+&'$&%&'<=! C,%=(! <)%<C! +(! ',%! @N=(! +(!

F<)<&'+!<&-!+(!',%!"$#$=J!5,<&&%=T!

0 ',%! E%?$&&$&?! +(! <&<=JC$C! G*=<&S'+&$#! (+)<.$&$(%)<;! #<=#<)%+NC! &<&&+(+CC$=C;! *+==%&C;!

*<=%+.<?&%'$#! <&<=JC$C;! '%*,)+C')<'$?)<*,$#! <&<=JC$C;! #,)+&+=+?$#<=! <&<=JC$C;! C'<E=%!

$C+'+*$#! <&<=JC$CH! +(! ',%! #+)%C! #+==%#'%-! -N)$&?! ',%! 6LPFD9F9012/3! +#%<&+?)<*,$#!

#)N$C%;! <=C+! $&! #+==<E+)<'$+&! R$',! )%C%<)#,%)C! ()+.! +',%)! )%C%<)#,! $&C'$'N'$+&C! <&-!

N&$I%)C$'$%CT!

0 ',%! $&'%?)<'%-! ,$?,0)%C+=N'$+&! C'N-J! +(! ',%! #+)%C! =<E%==%-! 5U! GV;//!.%'%)C! =+&?! <&-!

)%#+I%)%-!',)+N?,!<!WN==%&E%)?!?)<I$'J!#+)%)!CJC'%.!<'!<!R<'%)!-%*',!+(!0!X3!.%'%)CH;!!

<&-! 5UY"Z/2[! G/;2\! .%'%)C! =+&?! <&-! )%#+I%)%-! ',)+N?,! ',%! ?)<I$'J! #+)%)! CJC'%.!

"Z/2[!<'!<!R<'%)!-%*',!+(!0!X3!.%'%)CH;!<#]N$)%-!R$',!',%!567!74A!Q)<&$<!$&!^%E)N<)J!

12/3!$&!',%!@N=(!+(!@<%'<!G#%&')<=!FJ)),%&$<&!"%<H;!<!C$'%!+(!$&'%)%C'!<=)%<-J!$-%&'$($%-!

$&!',%!($)C'!J%<)!+(!',%!*)+K%#'!<C!<!'<)?%'!(+)!,$?,0)%C+=N'$+&!*<=%+#=$.<'$#!C'N-$%CT!

0 )%I$%R!+(!%M$C'$&?!=$'%)<'N)%!-<'<!+&!.<)$&%!#+)%C!+(!',%!:%-$'%))<&%<&!E<C$&;!$&!+)-%)!

'+! *)+-N#%! <! #+.*=%'%! =$C'! +(! ',%! <I<$=<E=%! -<'<! <&-! <&! +N'=$&%! +(! ',%!.<$&! #=$.<'$#!

+C#$==<'$+&C!+(!',%!=<C'!'R+!.$==%&&$<T!

0 ')<&C.$CC$+&!+(!-<'<!<#]N$)%-!EJ!6%M'D<'<!'+!',%!@%&%)<=!B+)'<=T!

0 +)?<&$_<'$+&!+(!',%!5+&?)%CC!+(!',%!8'<=$<&!9CC+#$<'$+&!(+)!',%!"'N-J!+(!',%!`N<'%)&<)J!0!

98`Q9!12/3!%&'$'=%-!!"#$%&'()'*$+',-.#$/.0-,&.1#.)$&2$)"#$+#3-)#,,'.#'.$)&3'4$'.3$

-.$)"#$,#5#.)$6#&*&6-5'*$7'()8$)&$9.&:$-.$&,3#,$)&$;.3#,()'.3;!,%=-! $&!6<*=%C!+&!/X;!12!

<&-!1/!aN&%!12/3;!CN**+)'%-!EJ!',%!6%M'D<'<!B)+K%#'b!

!

:/bUb1!:$=%C'+&%!GB:1[HO!9&<=JC$C!+(!<I<$=<E=%!C%-$.%&'<)J!#+)%C!()+.!+(!',%!:%-$'%))<&%<&!

E<C$&! <&-! *+CC$E=%! )%')$%I<=! +(! .<)$&%! #+&'$&N+NC! C%]N%&#%C! $&! #+&'$&%&'<=! C,%=(!

%&I$)+&.%&'Cb!!

!

P9(5%;-N%"+A;%0(K;+//%=()#"('E%("%K#"'-/,(K%"-#=(

D/bUb1O! 7%*+)'! (+)! ',%! :%-$'%))<&%<&! <)%<;! +&! ',%! )%#+?&$_%-! GE<C%-! +&! =$'%)<'N)%! -<'<H!

#=$.<'$#! +C#$==<'$+&C! +(! ',%! =<C'! 'R+! .$==%&&$<! ()+.! .<)$&%! #+)%CT! ')<&C.$CC$+&! +(! -<'<! '+!

<)#,$I%C!<&-!'+!',%!@%&%)<=!B+)'<=b!!

!

!

Q9(6&'-N-'-%0(+&'D+;;R(&+""-%=(#D'(=D"-/,('E%("%K#"'-/,(K%"-#=(

F,%! )%C%<)#,! <#'$I$'$%C! -%I%=+*%-! R$',$&! ',%!ZB/bU! -N)$&?! ',%! C%#+&-! J%<)! +(! ',%! *)+K%#'!

<==+R%-!NC! '+! #+==<'%!.N#,! $&(+).<'$+&! ()+.! ',%! =$'%)<'N)%! #+&#%)&$&?! ',%! =<C'! 1222! J%<)C;!

R$',! *<)'$#N=<)! )%(%)%&#%! '+! ',%!:%-$'%))<&%<&b! F,$C! $&(+).<'$+&!R$==! E%! I%)J! NC%(N=! $&! ',%!

%M%#N'$+&!+(!*<=%+#=$.<'%!C'N-$%Cb!

"*%#$($#<==J;! R%! ,<I%! $-%&'$($%-! 1c! .<)$&%! #+)%C! ()+.! I<)$+NC! <)%<C! +(! ',%! :%-$'%))<&%<&!

E<C$&!R,$#,!,<I%!E%%&!$&#=N-%-!$&!',%!ZB!1b[!@%+-<'<E<C%O!3!#+)%C!()+.!',%!9-)$<'$#!"%<;!/!

#+)%!()+.!',%!@N=(!+(!d$+&;!/2!#+)%C!()+.!',%!@N=(!+(!F<)<&'+;!/!#+)%!()+.!',%!@N=(!+(!"<=%)&+;!3!

#+)%C! ()+.! ',%! "$#$=J! 5,<&&%=;! /! #+)%! &%<)! 8C)<%=;! /! #+)%! $&! ',%! &+)',%)&!9%?%<&! "%<! <&-! c!

#+)%C!$&!',%!9=E+)<&!"%<!G^$?N)%!/Hb!F,$C!C'N-J!C,+R%-!',<'!',%!.<)$&%!C%-$.%&'<)J!)%#+)-C!



)%#+I%)%-! <&-! <&<=JC%-! (+)! ',%! =<C'! 1222! J%<)C! <)%! I%)J! (%R! <&-! ',%)%(+)%! *)+I$-%! <&!

$&CN(($#$%&'!?%+?)<*,$#<=!#+I%)<?%!G^$?N)%!/Hb!!
!

!
!

^$?b!/b!d+#<'$+&!.<*!+(!',%!:%-$'%))<&%<&!.<)$&%!#+)%C!#+&'<$&$&?!NC%(N=!$&(+).<'$+&!(+)!*<=%+#=$.<'%!

C'N-$%C!(+)!',%!=<C'!1222!J%<)Cb!!

!

8&! ',%C%! #+)%C! C%I%)<=! *<)<.%'%)C! ,<I%! E%%&!.%<CN)%-! GN&(+)'N&<'%=J;! &+'! <==! *<)<.%'%)C!

R%)%! .%<CN)%-! $&! <==! #+)%CH;! <&-! ',%J! <)%! NC%(N=! (+)! ',%! %C'$.<'$+&! +(! ',%! "%<! "N)(<#%!

F%.*%)<'N)%!G""FH!<&-!(+)!<CC%CC.%&'!+(!',%!)%C*+&C%C!+(!(=+)<!<&-!(<N&<!'+!#=$.<'$#!(+)#$&?b!

8&!<--$'$+&;! ',%!-%%*!)%I$%R!+(! ',%! =$'%)<'N)%!-<'<!<==+R%-!NC! '+!-%($&%!<! C%)$%C!+(! $&'%)I<=C!

#+))%C*+&-$&?!'+!',%!.<$&!#=$.<'$#!#,<&?%C!)%#+?&$C<E=%!<'!:%-$'%))<&%<&!C#<=%b!

!

F,%!C'N-J!+(!=$'%)<'N)%!-<'<!(+)!%M')<0:%-$'%))<&%<&!<)%<!$C!(+#NC%-!+&!',%!9'=<&'$#!<)%<!&%<)!

',%!B+)'N?<=!:<)?$&b!F,$C!C'N-J!<==+R%-!NC!'+!$-%&'$(J!+&=J!C%I%&!#+)%C!*)+I$-$&?!NC%(N=!-<'<!

(+)!*<=%+#=$.<'$#!C'N-J!+(!',%!=<C'!'R+!.$==%&&$<!G^$?N)%!1Hb!

!



!
^$?b!1b!d+#<'$+&!.<*!+(!',%!%M')<0:%-$'%))<&%<&!.<)$&%!#+)%C!#+&'<$&$&?!NC%(N=!$&(+).<'$+&!(+)!

*<=%+#=$.<'%!C'N-$%C!(+)!',%!=<C'!1222!J%<)Cb!

!

8&! )%#%&'! J%<)C;! C%I%)<=! 8'<=$<&! *+==%&! C$'%C! ,<I%! E%%&! C'N-$%-! $&! +)-%)! '+! )%#+&C')N#'! ',%!

,$C'+)J!+(!I%?%'<'$+&!<&-!#=$.<'%!+(!',%!=<C'!(%R!',+NC<&-!J%<)C;!<=',+N?,!C+.%!8'<=$<&!)%?$+&C!

<)%! C'$==! =<)?%=J! N&%M*=+)%-! G%b?b;! "<)-$&$<;! 5<.*<&$<;! :<)#,%Hb! 9=',+N?,! ',%! &%'R+)S! +(!

*NE=$C,%-! *+==%&! C$'%C! $&! 8'<=J! +((%)C! (N&-<.%&'<=! $&(+).<'$+&! +&! ',%! ,$C'+)J! +(! 8'<=$<&!

I%?%'<'$+&;! ',%)%! ,<C! <C! J%'! E%%&! &+! CJ&',%C$C! R+)S! <$.%-! <'! *)+I$-$&?! <! -%'<$=%-!

N&-%)C'<&-$&?! +(! ',%! .%#,<&$C.C! <&-! -J&<.$#C! $&I+=I%-! $&! ',%! I%?%'<'$+&! #,<&?%C! <'!

)%?$+&<=!<&-!CN*)<0)%?$+&<=!C#<=%C!-N)$&?!',%!*<C'!3222!J%<)Cb!

9C!*<)'!+(!',%!6%M'D<'<!B)+K%#';!<!*+==%&!-<'<E<C%!()+.!',%!8'<=$<&!*%&$&CN=<!R<C!#)%<'%-!R$',!

',%! $&'%&'! +(! %I<=N<'$&?! ',%! I<)$<E$=$'J! +(! I%?%'<'$+&! (%<'N)%C! G#+.*+C$'$+&;! C')N#'N)%;! <&-!

-%&C$'JH!-N)$&?!',%!=<C'!3222!J%<)C;!R$',!*<)'$#N=<)!<''%&'$+&!'+O!

!

0 %M'%&';!-N)<'$+&!<&-!)<'%!+(!I%?%'<'$+&!#,<&?%T!

0 <CC%CC.%&'! +(! ',%! CJ&#,)+&J! +)! -$<#,)+&J! +(! #=$.<'$#! (=N#'N<'$+&C! +I%)! ',%! 8'<=$<&!

'%))$'+)JT!

0 %C'$.<'%!+(!',%!$.*+)'<&#%!+(!&<'N)<=!<&-!<&',)+*+?%&$#!(<#'+)C!$&!',%!.+-$($#<'$+&!+(!

',%!I%?%'<'$+&<=!=<&-C#<*%!-N)$&?!',%!*<C'!',+NC<&-C!+(!J%<)CT!

0 #+))%=<'$+&! +(! I%?%'<'$+&! <&-! %&I$)+&.%&'<=! #,<&?%C! R$',! #%&'%&&$<=0C#<=%! #=$.<'$#!

(=N#'N<'$+&C!)%#+?&$_%-!$&!8'<=J!<&-!+',%)!:%-$'%))<&%<&!#+N&')$%C!G%b?b;!d$''=%!8#%!9?%Hb!

!

Z%!,<I%!<=C+!(+C'%)%-!*<)'&%)C,$*C!R$',!(+)%$?&!)%C%<)#,!?)+N*C!R,$#,!<)%!=%<-$&?!$&'%?)<'%-!

<&<=JC$C!+(!.<)$&%!#+)%C!$&!C%=%#'%-!<)%<C!+(!',%!:%-$'%))<&%<&!E<C$&;!'+!$-%&'$(J!',%!#=$.<'$#!

+C#$==<'$+&C!+(!',%!=<C'!1;222!J%<)Cb!!

 

Z%! ,<I%! )%0<&<=J_%-! ',%! <I<$=<E=%! -<'< (δ/\e! <=$ ,;>#,$ <&-! ]N<&'$'<'$I%! -$C')$EN'$+&! +(!

*=<&S'+&$#!(+)<.$&$(%)<H!(+)!5X2Y/.!0!5X2!#+)%C!G<!C$'%!+(!$&'%)%C'!$-%&'$($%-!-N)$&?!',%!($)C'!

J%<)!+(! ',%!*)+K%#'H! #+==%#'%-! $&! ',%!@N=(!+(! "<=%)&+! G"+N',%)&!FJ)),%&$<&!"%<H!EJ! ',%!5670!

89:5!<&-!.<-%!<I<$=<E=%!'+!',%!6%M'D<'<!B)+K%#'b!F,$C!&%R!*,<C%!+(!',%!C'N-J!,<C!=%-!NC!'+!

*NE=$C,! ',%! *<*%)! d87L7! ^b;! "B7eA8L78!:b;! A9ddL^Qe5e!:b;! ^L7797e! db;! BLde"8! 6b;! @8e7D96e! db;!



59BeFe6D8!db;! G12/[HO! B=<&S'+&$#! (+)<.$&$(%)<! <C! E$+0! $&-$#<'+)C! (+)!.+&$'+)$&?! ',%! #=$.<'$#!

#,<&?%C! +##N))%-!-N)$&?! ',%! =<C'! 1222! J%<)C! $&! ',%! "L!FJ)),%&$<&! "%<b! ?.)#6,')-0#$@&&*&64;!

De8O! /2b////4/V[X0[\VVb/12\3b! F,$C! C'N-J! <==+R%-! '+! $-%&'$(J! <&-! -<'%;! $&! .<)$&%!

#+&'$&%&'<=! C,%=(! )%#+)-C! G/23!.%'%)C!+(!R<'%)!-%*',H;! <! C%]N%&#%!+(! #=$.<'%!%I%&'C!-N)$&?!

',%! =<C'! 1;222! J%<)CO! A&1'.$ B#,-&3C$ D',9$ E6#C$ +#3-#0'*$ %*'((-5$ E.&1'*4C$ F-))*#$ ?5#$ E6#C$

?.3;(),-'*$B#,-&3C$+&3#,.$G',1$B#,-&3b!

!

DN)$&?! ',%! C%#+&-! J%<)! +(! ',%! *)+K%#'! ',%! (+==+R$&?! <&<=JC%C! ,<I%! E%%&! #+&-N#'%-! +&! ',%!

#+)%C! 5U;! 5UY"Z/2[;! 5c! <&-! 5cY"Z/2[;! #+==%#'%-! $&! ',%! @N=(! +(! @<%'<! G5%&')<=! FJ)),%&$<&!

"%<H!EJ!89:50567!<E+<)-!',%!567!R/V Q)<&$<!$&!^%E)N<)J!12/3O!

/H 9&<=JC$C! +(! *=<&S'+&$#! (+)<.$&$(%)<! G5U;! 5UY"Z/2[! <&-! 5c! #+)%CH! <&-! #<=#<)%+NC!

&<&&+(+CC$=C!G5U!<&-!5UY"Z/2[!#+)%CH!<.+N&'$&?!'+!<!'+'<=!+(!c3[!=%I%=C;!*%)(+).%-!$&!

#+==<E+)<'$+&!R$',!D)b!9&'+&$+!5<C#%==<!G86@A!B$C<Hb!

1H eMJ?%&!<&-!#<)E+&! $C+'+*%!<&<=JC%C!+&!<*&>-6#,-.&-3#($,;>#,$<.+N&'$&?! '+!<! '+'<=!+(!

UU\!=%I%=Cb!

3H B<=%+.<?&%'$#!.%<CN)%.%&'C!#<))$%-!+N'!<'! ',%! 86@A!d<E+)<'+)J!+(!B<=%+.<?&%'$C.!

G7+.%H! $&! #+==<E+)<'$+&! R$',! D)b! ^<E$+! ^=+)$&-+! <&-! D)b! B+&'NC! dN)#+#Sb! F,%! '+'<=!

&N.E%)!+(!=%I%=C!R,$#,!R%)%!<&<=J_%-!(+)!%<#,!#+)%!<)%O!V23!=%I%=C!(+)!',%!5U!#+)%;!ccU!

=%I%=C! (+)! ',%! 5c! #+)%;! /31! =%I%=C! (+)! ',%! 5UY"Z/2[! #+)%! <&-! /2c! =%I%=C! (+)! ',%!

5cY"Z/2[!#+)%b!F,%!(+==+R$&?!*<)<.%'%)C!R%)%!.%<CN)%-!(+)!%<#,!=%I%=O!',%!.<?&%'$#!

CNC#%*'$E$=$'J!GR$',!E+',! =++*!<&-!*+$&'!C%&C+)CH;! ',%!67:;! ',%!)%.<$&$&?!67:!<('%)!

%<#,!+(!//!C'<?%C!+(!-%.<?&%'$_<'$+&;! ',%!97:!$&'%&C$'J;!<&-!',%!97:!$&'%&C$'J!<('%)!

%<#,!+(!/2!C'<?%C!+(!-%.<?&%'$_<'$+&b!^+)!',%!5UY"Z/2[!#+)%;!',%!87:!.<?&%'$_<'$+&!

<&-!',%!"0)<'$+!R%)%!.%<CN)%-!'++b!^N)',%).+)%;!',%!C<.%!.%<CN)%.%&'C!,<I%!E%%&!

#<))$%-!+N'!+&!/[!-$C#)%'%!C<.*=%C!()+.!',%!5UY"Z/2[!#+)%b!

[H F%*,)+C')<'$?)<*,$#! <&<=JC%C! R%)%! *%)(+).%-! <'! ',%! 567089:5! <&-! <'! ',%!

D$*<)'$.%&'+!-$!"#$%&_<!-%==<!F%))<!%!-%==%!7$C+)C%!-%==fQ&$I%)C$'g!^%-%)$#+!88!-$!6<*+=$;!

$&!#+==<E+)<'$+&!R$',!D)b!B<+=<!B%')+C$&+b!Z%!$-%&'$($%-!C%I%)<=!'%*,)<!=<J%)C!G5U!<&-!

5UY"Z/2[! #+)%CH;! EN'! +&=J! 3! +(! ',%.!R%)%! <&<=J_%-! (+)! ',%! *N)*+C%C! +(! ',%! *)+K%#'!

G',%!=<C'!1222!J%<)CHb!

UH F,%!)<-$+&N#=$-%C!-<'$&?!R<C!*%)(+).%-!<'!',%!56708":97!+(!>+=+?&<!$&!#+==<E+)<'$+&!

R$',!D)b!dN#<!>%==N##$b!F,%!210
Pb and 

1375C!-<'$&?!R<C!#<))$%-!+N'!<'!/1!=%I%=C!R$',$&!',%!

($)C'!c2!#.!G5UY"Z/2[;!5cY"Z/2[!<&-!5/3Y"Z/2[Hb!

cH B+==%&! <&<=JC%C! ,<I%! E%%&! #<))$%-! +N'! <'! ',%! D$*<)'$.%&'+! -$! >$+=+?$<! 9.E$%&'<=%! 0!

>+'<&$#<;! +(! ',%!Q&$I%)C$'g! d<! "<*$%&_<! $&! 7+.%;! $&! #+==<E+)<'$+&!R$',!D)b! D+&<'%==<!

:<?)$!<&-!D)b!^%-%)$#+!D$!7$'<b!F,%!C<.*=%C! ()+.!',%!5UY"Z/2[!#+)%!R%)%!<&<=JC%-!

<&-!',+C%!()+.!',%!5U!#+)%!<)%!C'$==!$&!*)+?)%CCb!

!

^N)',%).+)%;! $&! ',$C!C%#+&-!J%<)!+(! ',%!*)+K%#'!<=.+C'!<==! ',%!*<=%+.<?&%'$#!.%<CN)%.%&'C!

+&! ',%! \! #+)%C! G51;! 5U;! 5V;! 5\;! 5X;! 5/2;! 5//;! 5/3H! #+==%#'%-! $&! ',%! @N=(! +(! @<%'<! G5%&')<=!

FJ)),%&$<&!"%<H!EJ! ',%!567089:5!+(!6<*=%C!<E+<)-! ',%!R/V Q)<&$<!+(! ',%!567! $&!^%E)N<)J!

12/3;!R%)%!#+.*=%'%-!G^$?N)%!3Hb!!
!



!
!

^$?b!3b!B<=%+.<?&%'$#!<&<=JC%C!#+.*=%'%-!-N)$&?!',%!C%#+&-!J%<)!+(!',%!*)+K%#'b!

!

F,%! 6LPFD9F9012/3! +#%<&+?)<*,$#! #)N$C%! <E+<)-! ',%! 567! R/V Q)<&$<! R<C! ,%=-! ()+.!

"%*'%.E%)! /1! '+! "%*'%.E%)! 11;! 12/3;! $&! ',%! #+&'$&%&'<=! C,%=(! %&I$)+&.%&'C! +(! ',%! @N=(! +(!

F<)<&'+!<&-!+(!',%!"$#$=J!5,<&&%=b!!

B)%=$.$&<)J! -<'<! GC')<'$?)<*,$#! #+=N.&C;! *,+'+?)<*,C;! C%$C.$#! =$&%C! <&-! .<?&%'$#!

CNC#%*'$E$=$'J!.%<CN)%.%&'C!+(!',%!#+==%#'%-!#+)%CH!?<',%)%-!-N)$&?!',$C!+#%<&+?)<*,$#!#)N$C%!

,<I%!E%%&!)%*+)'%-!$&!'R+!F%#,&$#<=!7%*+)'C!*NE=$C,%-!+&!%HAIJFEA!<&-!')<&C.$''%-!'+!',%!

6%M'D<'<!,+.%*<?%O!

>e6e:e!"b;!d87L7!^b;!^L7797e!db;!9d>96e!db;!9d>L785e!8b;!96h9de6L!Lb;!>9779!7b;!59BBLdd8!5b;!59"5Ldd9!

9b;!59"FLdd96e!:b;!59A9dd869!5b;!D8!"FL^96e!Lb;!Dfe7896e!5b;!^L7797e!7b;!^7965L"5e68!:b;!@9hhed9!

7b;!@8e7D96e!db;!dQ75e5W!Bb!5b;!:97@978FLdd8!@b;!:97"Ldd9!Lb;!BLde"8!6b;!BQ6he!:b;!A9ddL^Qe5e!:b;!

"e7@9Fe! "b;! F979dde! Db;! h975e6L! @b;! G12/3Hb! K-.'*$ A#7&,)$ &2$ )"#$ J5#'.&6,'7"-5$ I;,0#4$

H#L)D')'MNOP$ Q$ I),'-)$ &2$ I-5-*4$ Q$ <;*2$ &2$ !','.)&$ ROMQOS$ I#7)#1>#,$ MNOPT=$ %HAIJFEA!

$-%&'$($#<'$+&!#+-%!3cX/F712/3b!

>e6e:e! "b;! d87L7! ^b;! ^L7797e! db;! 9d>96e! db;! 9d>L785e! 8b;! 96h9de6L! Lb;! >9779! 7b;! 59"5Ldd9! 9b;!

59"FLdd96e!:b;!D8!"FL^96e!Lb;!Dfe7896e!5b;!^L7797e!7b;!@8e7D96e!db;!dQ75e5W!Bb!5b;!:97@978FLdd8!@b;!

:97"Ldd9!Lb;!BLde"8!6b;!BQ6he!:b;!A9ddL^Qe5e!:b;!"e7@9Fe!"b;!F979dde!Db;!h975e6L!@b;!G12/[Hb!%&,#$

3#(5,-7)-&.$5&**#5)#3$3;,-.6$J5#'.&6,'7"-5$I;,0#48$H#L)D')'$MNOP$ROM$U$OS$I#7)#1>#,$MNOPT! 0!

"')<$'!+(!"$#$=J!0!@N=(!+(!F<)<&'+b!%HAIJFEA$$-%&'$($#<'$+&!#+-%![U/VF712/[b!
!

DN)$&?! ',$C! +#%<&+?)<*,$#! #)N$C%;! \! #+)%C! G6D1;!6DU;!6Dc;!6D\;!6DX;!6D/2;!6D//;!6D/3H!

R%)%!#+==%#'%-!',)+N?,!',%!Z"/2[!<&-!',%!WN==%&E%)?!?)<I$'J!#+)%)!CJC'%.C;!<&-!U!+(!',%.!

,<I%! E%%&! %I<=N<'%-! <C! CN$'<E=%! (+)! C'N-J! +(! ',%! #=$.<'$#! +C#$==<'$+&C! +(! ',%! =<C'! 1;222J%<)C!

GF<E=%!/Hb!
!

>#"%! C+'-'D=-/%(

!

C#/,-'D=-/%(

!

G%=-'%""+/%+/(A+0-/(

!

S+'%"(

=%K'E!

T&%+/#,"+KE-&(>"D-0%(

!

6D1! 3ci33jU1jj! /[iU1jUXjj! "$#$=$<&!5+&'$&%&'<=!",%=(! 0\X!.%'%)C! 6LPFD9F9!12/3!!

6D/3! 3ci3Uj/2jj! /[i1cjUUjj! "$#$=$<&!5+&'$&%&'<=!",%=(! 0/cU!.%'%)C! 6LPFD9F9!12/3!!
6DX! 3Xi[Xj1[jj! /ViU1j[Vjj! @N=(!+(!F<)<&'+! 0/V1!.%'%)C! 6LPFD9F9!12/3!!
6DU! 3Ui12j2cjj! /Ui1[j[Ujj! "+N',0%<C'!+(:<='<! 033U!.%'%)C! 6LPFD9F9!12/3!
6D//! 3Vi2/jUVjj! /3i/2jU[jj! "')<$'!+(!"$#$=J! 0[VU!.%'%)C! 6LPFD9F9!12/3!!
F<Eb!/b!:<)$&%!#+)%C!#+==%#'%-!-N)$&?!',%!6LPFD9F9012/3!+#%<&+?)<*,$#!#)N$C%b!

!



F,%C%! #+)%C! <)%! C'+)%-! <'! ',%! 5+)%!7%*+C$'+)J! +(! ',%! 567089:5! $&!6<*=%Cb! ^+)! %<#,! C$'%! +(!

$&'%)%C';!$-%&'$($%-!$&!',%!($)C'!J%<)!+(!',%!*)+K%#';!R%!,<I%!?<',%)%-!3!#+)%Cb!e(!',%C%;!+&%!R$==!

E%!.<-%!<I<$=<E=%!'+!',%!&<'$+&<=!<&-!$&'%)&<'$+&<=!C#$%&'$($#!#+..N&$'J!(+)!(N)',%)!C'N-$%C!<'!

',%! %&-! +(! ',%! *)+K%#'b! DN)$&?! ',%! +#%<&+?)<*,$#! #)N$C%;! .<?&%'$#! CNC#%*'$E$=$'J!

.%<CN)%.%&'C!,<I%!E%%&!*%)(+).%-!+&!<==!',%C%!#+)%C!<&-!<&<=JC%C!+(!.<?&%'$#!.$&%)<=+?J!

<)%!$&!*)+?)%CC!<'!',%!86@A!B<=%+.<?&%'$C.!!d<E+)<'+)J!!$&!7+.%!G^$?N)%!3Hb!!

!

^$&<==J;!',%!5+&?)%CC!+(!',%!8'<=$<&!9CC+#$<'$+&!(+)!',%!"'N-J!+(!',%!`N<'%)&<)J!0!E?VWE$MNOP!

%&'$'=%-! !"#$ %&'()'*$ +',-.#$ /.0-,&.1#.)$ &2$ )"#$ +#3-)#,,'.#'.$ )&3'4$ '.3$ -.$ )"#$ ,#5#.)$

6#&*&6-5'*$ 7'()8$ )&$ 9.&:$ -.$ &,3#,$ )&$ ;.3#,()'.3;! R<C! ,%=-! $&! 6<*=%C! <'! ',%! Q&$I%)C$'g! -%?=$!

"'N-$!-$!6<*+=$!kB<)',%&+*%l!+&!/X;!12!<&-!1/!aN&%!12/3;!CN**+)'%-!EJ!',%!B)+K%#'!6%M'D<'<b!

F,%! C#$%&'$($#! #+&')$EN'$+&C! +(! ',%! #+&?)%CC! ,<I%! E%%&! *NE=$C,%-! $&! ',%! K+N)&<=$+-(5#**'.#'$

?H<X;! I+=b! /X! 8""6! 123X0ccU/;! 12/3;! %-$'%-! EJ! 96h9de6L!Lb;!d87L7!^b;!^L7797e!db;!D8!^8e7L!Ab;!

B9BBe6L!@b;!:97"Ldd9!Lb;!Dj97@L68e!>b!F,$C! I+=N.%!,<C!E%%&!.<-%!<I<$=<E=%!+&! ',%!6%M'D<'<!

B)+K%#'! ,+.%*<?%! <&-! +&! ',%! +(($#$<=! R%EC$'%! +(! ',%! K+N)&<=! G,''*O44$C'$'N'+b$&?Ib$'4=0

$&?I4*)+-N_$+&%0C#$%&'$($#<4.$C#%==<&%<0$&?I4Hb! F,%! #+&?)%CC! $&#=N-%-! X! ',%.<'$#! C%CC$+&C!

)%?<)-$&?!',%!`N<'%)&<)J;!+&%!+(!',%.!%&'$'=%-!k5=$.<'%!<&-!B<=%+#=$.<'%k!R$',!',%!(+==+R$&?!

#+&I%&+)CO!db!59BeFe6D8!G56708":97!+(!>+=+?&<H;!Db!:9@78!GQ&$I%)C$'J!+(!7+.%!d<!"<*$%&_<H!

<&-!5b!B9"`QL7e!GQ&$I%)C$'J!:$=<&+!>$#+##<Hb!

!

P=O$A#(#',5"$'5)-0-)-#($

P=M$E77*-5')-&.C$)#5".&*&6-5'*$'.3$-.2&,1')-5($3#0#*&71#.)($

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

!

P=P$!,'-.-.6$'5)-0-)-#($

8&! ',%! C%#+&-! J%<)! +(! ',%!6%M'D<'<!B)+K%#'! <!7%C%<)#,! ^%==+RC,$*! ,<C! E%%&! #)%<'%-! (+)!D)b!

@$N=$<! :<)?<)$'%==$;! $&! +)-%)! '+! #+&-N#'! k*<=%+#=$.<'%! <&-! *<=%+%#+=+?$#<=! <&<=JC$C! +(!

C%-$.%&'C! $&! ',%!:%-$'%))<&%<&!E<C$&!+I%)!',%! =<C'!1;222!J%<)C;!E<C%-!+&!',%! $&'%?)<'$+&!+(!

]N<&'$'<'$I%!-<'<!-%)$I%-!()+.!*=<&S'+&$#!<&-!E%&',$#!(+)<.$&$(%)<=!<CC%.E=<?%Ckb!

8&!a<&N<)J!12/3;!<!*+C'-+#'+)<=!*+C$'$+&!R<C!<=C+!#)%<'%-!(+)!D)b!B+&'NC!5b!dN)#+#S!<'!86@A!$&!

7+.%;! $&! #+==<E+)<'$+&! R$',! D)b! ^<E$+! ^=+)$&-+;! <$.%-! <'! C'N-J$&?! *<=%+.<?&%'$C.! <&-!

.<?&%'$#!.$&%)<=+?J!+(!-)$==%-!C%]N%&#%C!R$',$&!',%!B)+K%#'!6%M'D<'<;!<&-!<'!-%I%=+*.%&'!+(!

C+('R<)%! '+! *%)(+).! C')<'$?)<*,$#! #+))%=<'$+&! <&-! C'<#S$&?! +(! ',%! #+))%C*+&-$&?!

*<=%+$&'%&C$'J!#N)I%Cb!

!

P=Y$D-((#1-.')-&.$'.3$3-(5*&(;,#$'5)-0-)-#($

F,%!567089:5!+)?<&$_%-;!R$',!',%!C*+&C+)C,$*!+(!',%!6%M'D<'<!B)+K%#';!',%!5+&?)%CC!+(!',%!

8'<=$<&!9CC+#$<'$+&!(+)!',%!"'N-J!+(!',%!`N<'%)&<)J!0!98`Q9!12/3!%&'$'=%-!!"#$%&'()'*$+',-.#$

/.0-,&.1#.)$&2$)"#$+#3-)#,,'.#'.$)&3'4$'.3$-.$)"#$,#5#.)$6#&*&6-5'*$7'()8$)&$9.&:$-.$&,3#,$)&$

;.3#,()'.3b! F,%! C#$%&'$($#! #+&')$EN'$+&C! +(! ',%! #+&?)%CC! ,<I%! E%%&!*NE=$C,%-! $&! ',%! K+N)&<=$

+-(5#**'.#'$?H<X;!I+=b!/X!8""6!123X0ccU/;!12/3b!F,$C!I+=N.%!,<C!E%%&!.<-%!<I<$=<E=%!+&!',%!

6%M'D<'<!B)+K%#'!,+.%*<?%!<&-!+&!',%!+(($#$<=!R%EC$'%!+(!',%!K+N)&<=!G,''*O44$C'$'N'+b$&?Ib$'4=0

$&?I4*)+-N_$+&%0C#$%&'$($#<4.$C#%==<&%<0$&?I4Hb$

!

DN)$&?!',$C!#+&?)%CC!',%)%!R%)%!X!',%.<'$#!C%CC$+&C!+&!',%!`N<'%)&<)JO!

0 5+<C'<=!<&-!+*%&!+#%<&!+#%<&+?)<*,Jb!

0 >$+0.+&$'+)$&?!+(!#+<C'<=!.<)$&%!%&I$)+&.%&'Cb!



0 5=$.<'%!<&-!*<=%+#=$.<'%b!

0 7%=<'$I%!C%<!=%I%=!#,<&?%C!<&-!',%$)!$.*<#'!+&!#+<C'<=!.+)*,+=+?Jb!

0 7%=<'$+&C,$*C!E%'R%%&!'%#'+&$#!%I%&'C!<&-!C%-$.%&'<'$+&!$&!)%#%&'!#+<C'<=!<)%<Cb!!

0 @%+=+?$#<=!#<)'+?)<*,J!<&-!=<&-0C%<!#+))%=<'$+&Cb!

0 @%+-J&<.$#!<&-!*<=%+%&I$)+&.%&'<=!%I+=N'$+&!+(!',%!#+&'$&%&'<=!.<)?$&Cb!

0 :<)$&%!@%+,<_<)-C!+(!',%!8'<=$<&!C%<Cb!

0 "%$C.$#!<&-!I+=#<&$#!,<_<)-Cb!

!

F,%!6%M'D<'<! B)+K%#'! ,<C! E%%&! $&#=N-%-! $&! ',%! "%#'$+&!&.6&-.6$A%+HI$B,&Z#5)! +(! ',%! 12/3!

75:6"!G7%?$+&<=!5+..$''%%!+&!:%-$'%))<&%<&!6%+?%&%!"')<'$?)<*,JH!>N==%'$&;!%-$'%-!EJ!',%!

6<'N)<=!m$C'+)J!:NC%N.!+(!A$%&&<b!

!

P=[$B',)-5-7')-&.$-.$5&.2#,#.5#($

E?VWE$%&.6,#(($MNOP!n!6<*+=$!/X01/!aN&%!12/3;!+)<=!*)%C%&'<'$+&O!B=<&S'+&$#!(+)<.$&$(%)<!<C!

E$+0!$&-$#<'+)C!(+)!.+&$'+)$&?!',%!#=$.<'$#!#,<&?%C!+##N))%-!-N)$&?!',%!=<C'!1222!J%<)C!$&!',%!

"L!FJ)),%&$<&!"%<;!EJ!d87L7!^b;!"B7eA8L78!:b;!A9ddL^Qe5e!:b;!^L7797e!db;!BLde"8!6b;!59BeFe6D8!db;!

A+=N.%!+-(5#**'.#'!?H<X;!I+=b!/X!""6!123X0ccU/;!*<?%![cb!

VWE$%&.6,#(($MNOP!n!6<*+=$!/X01/!aN&%!12/3;!*+C'%)!#+&')$EN'$+&O!B<=<%+.<?&%'$C.!<&-!)+#S!

.<?&%'$C.! +(! =<'%! m+=+#%&%! C%-$.%&'C! ()+.! ',%! %<C'%)&! FJ)),%&$<&! "%<;! EJ! dQ75e5W! Bb;!

^de786De!^b;!+-(5#**'.#'!?H<X;!I+=b!/X!""6!123X0ccU/;!*<?%![Vb!

!

W,>-.&$ I;11#,$ I5"&&*$ -.$ B'*#&5*-1')&*&64! GQ""BH;! 12/3;! *+C'%)! #+&')$EN'$+&O!

B<=<%+.<?&%'$C.! <&-! )+#S! .<?&%'$C.! +(! =<'%! m+=+#%&%! C%-$.%&'C! ()+.! ',%! %<C'%)&!

FJ)),%&$<&!"%<;!EJ!dQ75e5W!Bb!<&-!^de786De!^b!

!

E<W$ K'**$ +##)-.6;! "<&! ^)<&#$C#+;! X0/3! D%#%.E%)! 12/3;! *+C'%)! #+&')$EN'$+&O! 9! m+=+#%&%!

L&I$)+.<?&%'$#!7%#+)-!()+.!',%!L<C'%)&!FJ)),%&$<&!"%<;!EJ!dQ75e5W!Bb!5b!<&-!^de786De!^b!
!

!

U9(L%0D;'0(#A'+-/%=(=D"-/,('E%("%)%"%/&%(K%"-#=(

Y=O$I7#5-2-5$,#(;*)($R3')'>'(#(C$1#'(;,#1#.)($,#(;*)(C$1&3#*($&;)7;)C$#)5T$

Z%! ,<I%! )%0<&<=J_%-! ',%! <I<$=<E=%! -<'<! Gδ/\e! <=$ ,;>#,$ <&-! ]N<&'$'<'$I%! -$C')$EN'$+&! +(!

*=<&S'+&$#!(+)<.$&$(%)<H!*NE=$C,%-!EJ!d$)%)!%'!<=b!G12/3H!$&!V;')#,.',4$?.)#,.')-&.'*!I+=b!1X1;!

V/0\U;!(+)!5X2Y/.!0!5X2!#+)%C!#+==%#'%-!$&!',%!@N=(!+(!"<=%)&+!G"+N',%)&!FJ)),%&$<&!"%<H!<'!n!

/23!.%'%)C!R<'%)!-%*',b!!

F,$C!C'N-J;!(+#NC%-!+&!',%!'$.%!R$&-+R!+(!',%!=<C'!1222!J%<)C;!G()+.!'+*!+(!B+.*%$$!I+=#<&$#!

%I%&'! -<'%-! <'! VX! 9D! '+! '+*! +(! #+)%H;! <==+R%-! NC! '+! )%#+?&$_%! <&-! -<'%! ',%! .<$&! #=$.<'$#!

+C#$==<'$+&C!+(!',$C!'$.%!$&'%)I<=!G^$?N)%![HO!A&1'.$B#,-&3!G'+*!$&'%)I<=!#<b!U32!9DH;!D',9$E6#!

G#<b! U32!n! #<b! \[2!9DH;!+#3-#0'*$%*'((-5$E.&1'*4! G#<b! \[2!n! #<b! /1[2!9DH;!F-))*#$ ?5#$E6#! G#<b!

/1[2! n! #<b! /\U2!9DH;! ?.3;(),-'*$B#,-&3! G#<b! /\U2! n! #<b! /X[2!9DH;!+&3#,.$G',1$B#,-&3! G#<b!

/X[2!9DHb!!

F,%C%! #=$.<'$#! +C#$==<'$+&C;! #<=$E)<'%-! R$',! ,$?,0)%C+=N'$+&! <?%! .+-%=C;! R%)%! $-%&'$($%-! EJ!

#+.*<)$&?!',%!δ/\e!<=$,;>#,!C$?&<=!R$',!',%!)%#+&C')N#'%-!F+'<=!"+=<)!8))<-$<&#%!<&-!R$',!',%!

*=<&S'+&$#! (+)<.$&$(%)<=! 'N)&+I%)C! E%'R%%&! #<)&$I+)+NC! G<*&>-6#,-.&-3#($ ,;>#,;! <=$

\;'3,-*&>');(;! J,>;*-.'! C**b;! <*&>-6#,-.')#**'$ (-7"&.-2#,'H! <&-! ,%)E$I+)+NC0+**+)'N&$C'$#!

C*%#$%C!G!;,>&,&)'*-)'$\;-.\;#*&>';!<*&>-6#,-.-)'$6*;)-.')';!<*&>-6#,-.'$>;**&-3#(Hb!D%'<$=C!<)%!

)%*+)'%-! $&!d$)%)!%'! <=b! G12/[HO!B=<&S'+&$#! (+)<.$&$(%)<!<C!E$+0$&-$#<'+)C! (+)!.+&$'+)$&?! ',%!

#=$.<'$#! #,<&?%C! +##N))%-! -N)$&?! ',%! =<C'! 1222! J%<)C! $&! ',%! "L! FJ)),%&$<&! "%<b! ?.)#6,')-0#$



@&&*&64;!De8O!/2b////4/V[X0[\VVb/12\3b!F,$C!$C!',%!($)C'!<)'$#=%!+&!*<=%+#=$.<'%!*NE=$C,%-!EJ!

',%!6%M'D<'<!B)+K%#'b!

!

!
!

Fig. 4. Succession of climatic events recognized during the last 2000 years in a marine sediment 

core from Gulf of Salerno (figure modified after Lirer et al., 2014). The planktonic foraminifer 

Globigerinoides quadrilobatus (warm water and oligotrophic taxon) increases in abundance during 

the warm climatic phases. 
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