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Mes premiers mots vont sans conteste à Clémentine VIGNAL, sans qui rien n’aurait jamais été 
possible. Je la remercie du fond du cœur pour m’avoir donné la chance de faire une thèse sous sa 
direction et de m’avoir tant appris, dans des situations parfois insolites (enregistrer des oiseaux sous 
45°C en plein désert, qui l’eut cru). Un énorme merci pour sa disponibilité, son enthousiasme a toute 
épreuve, sa patience et sa confiance sans faille.  Elle a su me guider tout en me permettant d’explorer 
mes propres idées. Je ne garde que des bons souvenirs de ces 4 années passées, des grandes 
discussions scientifiques enflammées aux fous rires impromptus. Mais ceci n’est qu’un au revoir, 
j’espère que nos échanges se poursuivront dans les années à venir. 

Ma deuxième pensée va à Rémi EPALLE, mon compagnon, qui m’a suivi au bout du monde, m’a 
soutenue et encouragée tout au long de ses 4 années. Je le remercie pour sa patience, son amour et 
ses attentions particulières dans les moments difficiles.  

Je souhaite remercier Simon GRIFFITH pour m’avoir donné l’opportunité de rejoindre son équipe et 
travailler sur le diamant Mandarin sauvage. Son approche scientifique m’a énormément apporté, et m’a 
permis d’élaborer une thèse complète, en laboratoire et en milieu sauvage. Je le remercie pour toute la 
confiance et le soutien qu’il m’a donné durant l’année passée au sein de son équipe.  

Un énorme merci à Nicolas MATHEVON, « le chef », pour l’ambiance de travail et le dynamisme qu’il 
a apporté à son équipe. Ce fut un plaisir et un honneur d’être doctorante au sein de l’ENES, et je 
remercie Nicolas d’avoir accepté de m’ouvrir si généreusement les portes de son laboratoire. 

Je tiens à remercier Colette BOUCHUT, pour sa gentillesse à toute épreuve et ses compétences 
incroyables dans tous les domaines,  du marquage de protéine par immunohistochimie au remplissage 
de documents administratifs incompréhensibles pour nous pauvres étudiants perdus. Ma Colette, tu 
me manqueras beaucoup, et j’espère que les suivants sauront évaluer ta grande valeur au sein du 
laboratoire. 

Comment ne pas remercier Nicolas BOYER ? Tout d’abord un énorme merci pour les bons soins 
prodigués aux oiseaux durant mes expériences au laboratoire. Ensuite, je te félicite pour le travail que 
tu as fourni en 2011 en plein désert Australien. Je suis fière de pouvoir dire que tu as su dominer ta 
phobie des serpents en ma compagnie. Merci pour tes sourires et cette bonne humeur qui font chaud 
au cœur. « Je ne vais po quiner comme une quinarelle, mais fouilla, t’es un bon garagnas et j’irais bien 
faire une bataille de babet avec toi mon belet quand je reviendrais sur Sainté! ». 

Pour sa sagesse, son calme, son flegme et son professionnalisme, je tiens à remercier Ingrid 
BOUCAUD. De Saint Etienne à Fowlers Gap, sa gentillesse et son talent sont sans égal. Bon 
courage pour la suite, et merci pour cette dernière saison de terrain en ta compagnie. Le flambeau est 
passé, fais en bon usage. 

Un énorme merci à mes collaborateurs, pour tout ce qu’ils ont apporté à mes recherches. Merci à 
Christophe SOULAGE et Kate BUCHANAN pour les dosages de corticostérone qui ont donné 
une dimension originale à mes recherches. Une attention particulière pour Jul ie ELIE, qui m’a formée 
à mon arrivée, m’a conseillée, m’a encadrée, et a toujours su trouver les mots ; je suis très heureuse que 
nous ayons pu travailler sur tant de projets communs. Je remercie également Frédéric 
THEUNISSEN pour son énorme travail sur la finalisation du chapitre 2. Merci à Mylène 
MARIETTE pour m’avoir formée sur le terrain. Enfin, « last but not least », je tire mon chapeau à 
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Hédi SOULA, sans qui l’extraction et le traitement des signaux acoustiques n’auraient pas été 
possibles.  

Je souhaite remercier tous les membres de l’ENES, statutaires ou non, pour leur bonne humeur et 
l’ambiance unique qu’ils ont su mettre en place. Un grand merci à Alain BLANC, Mari lyn 
BEAUCHAUD, Joël ATTIA pour leur ouverture d’esprit et les discussions scientifiques autour du 
repas de vendredi (et la pâte de coing). Avelyne VILLAIN, bon courage pour ces trois années à 
venir. Frédéric SEBE, merci pour tes conseils avisés et les champignons succulents qui m’auront 
boostée pour cette fin de rédaction. Solveig MOUTERDE, tu y es presque, accroche toi la route 
n’est plus très longue. Arahma ABDALLA, merci pour le bon café du matin et ta grande gentillesse. 
Je n’oublie pas les anciens, qui sont partis vers d’autres aventures : Séverine LIGOUT, Delphine 
SCAION, Charlotte CURE aka GROSBOUBOU, Erik GUSTAFSSON et Tudor 
DRAGANOIU.  

Je voudrais remercier et féliciter tous les étudiants qui ont participé à mes recherches : Thomas 
CROUCHET, Préci l l ia  COCHARD, Mélissa AGUIRRE-SMITH aka l’Australienne, Violaine 
DOREAU, Matt MARINI mais également Pénélope HABERMACHER (Merci pour le chat !). 

Pour leur accueil et leur bonne humeur, je remercie tous les membres du BBE (department of Brain 
Behaviour and Evolution). Une attention particulière pour les doctorants et post doc: Peri  
BOLTON qui a réalisé mon rêve en m’emmenant à la conquête de l’ornithorynque, à Luke 
McGOWAN, Mark MAINWARING, Rowan McGYNLEY, Tina PECKMEZIAN, Viv ian 
MENDEZ ALVAREZ, Héloise DEAUX ma pote de discussion scientifique, Marianne PESO, 
Eir ik SOVIK pour son humour borderline, Miya WARRINGTON pour sa générosité et ses 
imitations aviaires surprenantes, David HUMPHRIES et Fiona FINCH, Dali la RENDON, et 
Nora PRIOR qui aura gouté aux joies du terrain Zebra finch avec nous. Merci à Kerry et Ben 
FANSON pour m’avoir recueillie chez eux en 2011.Et bien sur, un ENORME merci à mon amie Nai la 
EVEN du bee lab et à sa famille, pour tout ce qu’ils ont fait pour nous, pour nous avoir ouvert les 
portes de leur maison dès notre arrivée et avoir partagé un bout de leur vie avec nous. 

J’en profite pour remercier l’équipe de Fowlers Gap research Station : la  famil le DOWLING pour 
leur accueil et leur générosité, ainsi que Keith LEGGET, directeur avisé.  

Je tiens à remercier l’équipe technique enseignante de la Faculté des Sciences de Saint Etienne pour 
m’avoir aidée et soutenue lors des vacations d’enseignement : Wanda PADZIOR, Marie 
MONTABONNEL, Pascal DISLE et Odile LISET.  Pour m’avoir laissé utilisé leur centrifugeuse 
lors des prélèvements sanguins sur l’oiseau, je remercie tout particulièrement le laboratoire BV PAM. 

A mes amis, rencontrés sur les bancs de la fac ou ailleurs : ma vilaine/colloque/amie Sophie 
ALTMEYER, tu m’auras soutenue jusqu’au bout et je t’en remercie. Merci à Ludovic FAVRE et 
Emmanuel MONTERIMAR dit « mon manu ». Al isson COHADE, merci pour tes petites 
attentions et ton amitié.  Frédéric BERTUCCI, mon collègue du labo, je te remercie pour avoir été là 
pendant ses années et m’avoir nourrie a grands coups de charcuterie et Fromages Corses. Un grand 
merci à Carol ine GRANGE et Séverine DAVID pour avoir égaillé mes soirées dans les moments 
difficiles, et à leurs enfants pour m’avoir réconciliée avec les petits humains. A mes potes de Saint Just 
Saint Rambert, pour nos soirées endiablées.                 0 

Pour m’avoir appris à me battre pour mes idées et à ne jamais laisser tomber, je remercie ma grand-
mère et ma mère. A ma sœur Séréna,  pour tout ce qu’elle m’a apporté et plus encore. Merci à mon 
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presque papa, Christophe, pour m’avoir élevée et avoir fait de moi ce que je suis devenue. Enfin, un 
grand merci à ma famille d’adoption, les EPALLE, pour tout leur soutien et leur sens de la famille. Je 
vais aussi remercier chatchat, qui m’a accompagnée discrètement, avec nonchalance et douceur 
pendant mes longues nuits de travail intensif. 

J’adresse mes remerciements à Elodie BRIEFER, Katharina RIEBEL, Sébastien 
DEREGNAUCOURT, Diego GIL et Raymond NOWAK pour avoir accepté de participer à mon 
jury de thèse. 

Je suis redevable de ceux qui ont accepté de financer mes recherches : la SFECA pour leurs bourses 
de congrès qui m’ont permis de participer à leur colloque annuel et à la conférence BEHAVIOUR en 
2013, merci à L’AFFDU pour leur soutien lors de mon projet de recherche en Australie en 2012. Je 
remercie également la Région Rhône-Alpes qui a soutenu mes projets 2011 et 2012 via la bourse 
CMIRA explora doc. Enfin, merci à l ’Agence Nationale de la recherche. 
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!
(/./!)01!23456783!302991:!2::4;6!34<<598327849!;87089!2!64382:!=>45?/!

%&!'()*+,!-.(/0'1!)(22/&*)+3*(&!453655&!-.(/0725245.'!*'!5''5&3*+,!+'! *3!+''/.5'!385!
5'3+4,*'825&3!+&9!385!)(85'*(&!(:!385!-.(/0;!<(22/&*)+3*(&!*'!+!0.()5''!9/.*&-!68*)8!
+!'5&95.!5&)(95'!*&:(.2+3*(&!*&3(!+!'*-&+,!38+3!*'!3.+&'2*3359!3(!+!.5)5*=5.!38.(/-8!385!
5&=*.(&25&3;! >85! .5)5*=5.! .5)5*=5'! 385! '*-&+,1! 385&! 95)(95'! *3! 3(! .5)(=5.! 385!
*&:(.2+3*(&! +&9! .5'0(&9! 3(! 385! .5)5*=5.! ?'/22+.*@59! *&!A5&9+,,1! B6.5&! 53! +,;! #CCDE;!
F(38! '5&95.! +&9! .5)5*=5.! 0.5'5&3! '05)*:*)! '3./)3/.5'! 3(! .5'05)3*=5,G! '5&9! +&9! .5)5*=5!
385!'*-&+,;!
>85! '*-&+,! )+&! 45! 5&)(959! *&! 9*::5.5&3!6+G'1! .5'/,3*&-! *&! )852*)+,1! +)(/'3*)1! =*'/+,! (.!
25)8+&*)+,!)8+&&5,'!(:!)(22/&*)+3*(&;!H505&9*&-!(&!385!'05)*5'1!2(.5!38+&!(&5!3G05!
(:! )8+&&5,! )+&! 45! /'59! .5'/,3*&-! *&! 2/,3*2(9+,! )(22/&*)+3*(&! ?I+.3+&! +&9! J+.,5.!
"DDDK! I+.3+&! #CCLK! M(.9(&! +&9! N53@! #C""E;! >8*'! *'! 385! )+'5! :(.! *&'3+&)5! 9/.*&-!
)(/.3'8*0! ?O&9.56! "DP"K! Q5453'! +&9! N53@! "DDDK! I+.3+&1! R5,9+! 53! +,;! #CCSK! <(,52+&!
#CCDE1!(.!45--*&-!458+=*(/.!?T.*-83!+&9!U5(&+.9!#CC#E!9/.*&-!68*)8!=*'/+,1!+)(/'3*)1!
)852*)+,! +&9! '(253*25'! 3+)3*,5! )8+&&5,'! )+&! 45! /'59! +3! 385! '+25! 3*25;! V+)8! 3G05! (:!
)8+&&5,!8+'! *3'!(6&!0.(05.3*5'! *&! 35.2'!(:!0.(0+-+3*(&! .+&-51! '*-&+,! ,*:53*251! =5,()*3G!
+&9!5&5.-53*)!)('3'!@A8=5>1!.B;!>8/'1!385!/'5!(:!+!'05)*:*)!)8+&&5,!*'!9535.2*&59!&(3!(&,G!
4G!385!*&9*=*9/+,!)+0+)*3*5'!3(!52*3!+&9!.5)5*=5!385!'*-&+,1!4/3!+,'(!4G!385!5&=*.(&25&3+,!
'05)*:*)*3*5'!?0.(0+-+3*(&!*&!385!+*.!(.!6+35.1!,5=5,!(:!&(*'51!0.5'5&)5!(:!0.59+3(.'E!+&9!
385! 3G05! (:! *&:(.2+3*(&! 38+3! *'! '5&3;! O)(/'3*)! '*-&+,'! 8+=5! 385! 0+.3*)/,+.*3G! 3(! '0.5+9!
.+0*9,G!+3!'8(.3!+&9! ,(&-!9*'3+&)5'!/&,*W5!=*'/+,!'*-&+,'1!+&9!9(!&(3! ,5+=5!+&G! 3.+)5! *&!
385! 5&=*.(&25&3! /&,*W5! )852*)+,! '*-&+,'! ?X0+.W'! "DYLK! H+=*5'1! Z.54'! 53! +,;! #C"#E;!
O)(/'3*)! )(22/&*)+3*(&! *'! +,'(! )('3,G! 45)+/'5! *3! )+&! 45! (4=*(/'! :(.! 0.59+3(.'1! +&9!
45)+/'5! 385! *&:(.2+3*(&! *'! *20+*.59!+&9!5=5&! '(253*25'! ,('3!4G!9535.*(.+3*(&!9/.*&-!
0.(0+-+3*(&! *&! 385! 5&=*.(&25&3! ?T*,5G! +&9! A*)8+.9'! "D[YE;! H5'0*35! 385'5! ,+335.!
9*'+9=+&3+-5'1! '(/&9! 0.(9/)3*(&! 8+'! 455&! 95').*459! *&!2+&G! '05)*5'! 38.(/-8(/3! 385!
+&*2+,! W*&-9(21! :.(2! +.38.(0(9'! ?O,5\+&95.! "DP[K! A(=&5.! "DP[K! F.+94/.G! +&9!
]58.5&)+20!"DDYE!3(!:*'8!?^5,*)W1!J+&&!53!+,;!"DDDK!F+''!+&9!J)Z*445&!#CC$K!F5.3/))*1!
O33*+! 53! +,;! #C"#E1! +&/.+&'! ?AG+&! "DYYK! M5.8+.93! +&9! Q/45.! #CC#E1! .503*,5'! ?R(/&-!
#CC$K!T+&-1!T+&-!53!+,;!#CC[K!]5.-&51!I.*3@!53!+,;!#CCDE1!4*.9'!?_(3354(82!"D[CK!Z,/20!
+&9!X8+,35.!"DYLE!+&9!2+22+,'!?%&',5G1!I8*,,*0'!53!+,;!#CC$K!A54G!+&9!J)<(24!#CC$K!
`*3)81! Q+/'5.! 53! +,;! #CCSK! a+&*W! #CCSK! `5995.'5&7I535.'5&! #CC[K! I(.3:(.'! #CC[E;!
O)(/'3*)!)(22/&*)+3*(&!*'!38/'!8*-8,G!.50.5'5&359!*&!'()*+,!+&9!-.5-+.*(/'!'05)*5';!>85!
'3./)3/.5!(:!+)(/'3*)!'*-&+,'!*'!385!.5'/,3!(:!+!3.+95!(::!:(.!385!'5&95.b!385!'*-&+,!&559'!3(!
45!*&:(.2+3*=51!4/3!*3'!0.(05.3*5'!'8(/,9!+,'(!0.5=5&3!9535.*(.+3*(&!9/.*&-!0.(0+-+3*(&!!
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+&9!,*2*3!)(&'0*)/(/'&5''!'(!+'!3(!+=(*9!385!)('3!(:!0.59+3*(&;!>85!'3./)3/.5!(:!+)(/'3*)!
'*-&+,'!38/'!.50.5'5&3'!+!)(20.(2*'5!453655&!2/,3*0,5!)(&'3.+*&3';!
!
(/C/!D432:86278496!32>>E!672F:1!89A4><27849!2F457!701!619G1>/!

H/.*&-!385!0+'3!95)+951!2+&G!'3/9*5'!95).G0359!68+3!W*&9!(:!*&:(.2+3*(&!*'!)+..*59!4G!
+)(/'3*)! '*-&+,';! O)(/'3*)! '*-&+,'! )+&! 0.5'5&3! +! =+.*53G! (:! 3520(.+,! +&9! '05)3.+,!
0+.+2535.'!9505&9*&-!(&! 385*.! )(20,5\*3G1!68*)8! +.5!25+'/.+4,5! +&9! )+&!0(35&3*+,,G!
5&)(95!*&:(.2+3*(&!@A8=5>1!CB;!>85G!)+&!)+..G!'3+4,5!*&:(.2+3*(&!+4(/3!385!'5&95.1!*;5;!
*&:(.2+3*(&!38+3!*'!'3+4,5!9/.*&-!385!5&3*.5!,*:5!(:!385!*&9*=*9/+,;!J+&G!+)(/'3*)!'*-&+,'!
+.5! '05)*5'! '05)*:*)! +&9! 38/'! 5&)(95! 385! '05)*5'! *95&3*3G! (:! 385! *&9*=*9/+,1! 68*)8! *'!
/'5:/,!9/.*&-!2+35!)8(*)5!+&9!3(!+=(*9!8G4.*9*@+3*(&!*&!'G20+3.*)!'05)*5';!%&!+!=+.*53G!(:!
'05)*5'1! *&9*=*9/+,'!)+&!9*').*2*&+35!)(&'05)*:*)'!:.(2!8535.('05)*:*)'!(&!=()+,*'+3*(&'!
(&,G! ?'/,+65'*! 3+.'*5.'! ?_*53')8! +&9! Z(00! "DDYE1! -*44(&'! ?J*3+&*! "DY[E1! 2G*+.)8/'!
:,G)+3)85.'! ?U+&G(&! "DP$E1! H+.6*&c'! :*&)85'! ?A+3),*::5! +&9! M.+&3! "DYSE1! @54.+! :*&)85'!
?F.++35&!+&9!A5G&(,9'!"DDDE1!5/.(05+&!d/+*,'!?H5.5-&+/)(/.3!+&9!M/G(2+.)c8!#CC$E1!
4/9-5.*9+.'1! 5/.(05+&! '3+.,*&-'! (.! )+&+.*5'! ?H((,*&-1! F.(6&! 53! +,;! "DD#EE;! >85!
0+.+2535.'! 5&)(9*&-! '/)8! *&:(.2+3*(&! +.5! =+.*59! +2(&-! '05)*5'b! :(.! *&'3+&)51! 385!
68*'3,5'!:.(2!:*=5!'05)*5'!(:!65'35.&!&(.38!+3,+&3*)!9(,08*&'!)+&!45!9*').*2*&+359!4+'59!
(&!385!2+\*2/2!+&9!2*&*2/2!:.5d/5&)*5'1!385!=+,/5'!(:!:.5d/5&)*5'!+3!385!45-*&&*&-!
+&9!+3! 385!5&9!(:! 385!=()+,*'+3*(&1! 385!9/.+3*(&!(:! 385!=()+,*'+3*(&'!+&9!385!&/245.!(:!
*&:,5\*(&!0(*&3'!*&!385!'05)3./2!?X35*&5.!"DY"E1!68*,5!4,+)W7)+0059!)8*)W+955'!/'5!385!
:.5d/5&)G!2(9/,+3*(&1!385!+20,*3/95!2(9/,+3*(&1!385!:.5d/5&)G!.+&-5!4/3!+,'(!385!)+,,!
.8G382*)*3G! +&9! 'G&3+\! :(.! 5&)(9*&-! ?<8+..*5.! +&9! X3/.9G! #CCSE;! %&! +! =+.*53G! (:! 3+\+1!
'5\/+,! 9*2(.08*'2! *'! .5=5+,59! *&! =()+,*'+3*(&'1! 38/'! 0+.3*)*0+3*&-! *&! 385!2+35! )8(*)5!
0.()5'';!>85!25+&! :/&9+25&3+,! :.5d/5&)G!+&9! 385!25+&! :.5d/5&)*5'!(:! 385! :*.'3! 38.55!
:(.2+&3'!(:!=(65,7,*W5!-./&3!=()+,*'+3*(&'!*&!4+4((&'!+.5!,(65.!*&!2+,5'!38+&!*&!:52+,5'!
?A5&9+,,1!B6.5&!53!+,;!#CCLE1!38/'!)(&'05)*:*)'!8+=5!+))5''!3(!385!'5\!(:!385!)+,,5.!4+'59!
(&! 38*'! +)(/'3*)! '*-&+,;! U(&-! )+,,'! (:! W*33*6+W5'! +.5! '5\/+,,G! 9*2(.08*)1! 9*2(.08*'2!
45*&-!4+'59!(&!385!=+,/5!(:! 385! :/&9+25&3+,! :.5d/5&)G!?O/4*&1!J+385=(&!53!+,;!#CC[E1!
+&9! +,,(6! 3(! 9*').*2*&+35! 0(35&3*+,! '5\/+,! 0+.3&5.'! +'! W*33*6+W5'! 8+=5! '*2*,+.!
+005+.+&)5;!`(.!385!&()3/.&+,!+&9!+d/+3*)!:.(-!\5&(0/'1!)+..*5.!:.5d/5&)G!+&9!),*)W!.+35!
.50.5'5&3!'5\/+,,G!9*::5.5&3*+359!0+.+2535.'!38+3!:+)*,*3+35!'5\/+,!2553*&-'!*&!9+.W1!'*,37
:*,,59! 0(&9'! ?T53@5,! +&9! Z5,,5G! "DY$K! >(4*+'1! F+.&+.9! 53! +,;! #CCLK! ]*-&+,! +&9! Z5,,5G!
#CC[E;! `*&+,,G1! +)(/'3*)! '*-&+,'! (:35&! 5&)(95! 385! *95&3*3G! (:! 385! '5&95.1! 5'05)*+,,G! *&!
'()*+,! '05)*5'! *&! 68*)8! *3! *'! *20(.3+&3! 3(! .5)(-&*@5! -.(/0! 25245.'! +&9! 38/'! 3(!
9*').*2*&+35!),('5!)(&'05)*:*)'!'/)8!+'!385!'()*+,!0+.3&5.1!385!0+.5&3'!(.!385!G(/&-!:.(2!
(385.! *&9*=*9/+,';! V+.,G! .5)(-&*3*(&! 4+'59! (&! =()+,! )/5'! *'! 5'3+4,*'859! 6*38*&! LY8!
0('30+.3/2!453655&! 565'! +&9! 385*.! ,+24! ?X5451!_(6+W! 53! +,;! #CC[E1! +&9! -(+3'! '8(6!
,(&-735.2! .5)(-&*3*(&! (:! 385! )+,,'! (:! 385*.! G(/&-! ?F.*5:5.1! 95! ,+! >(..5! 53! +,;! #C"#E;! %&!
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)+0G4+.+1! 385! *95&3*3G! (:! 385! '5&95.! *'! )+..*59! 4G! 3520(.+,! 0+.+2535.'! ?9/.+3*(&! +&9!
*&35.=+,!9/.+3*(&!(:!385!),*)W'1!?U+)5.9+1!>(W/2+./!53!+,;!#C"$EEK!+!'05)*:*)!)(24*&+3*(&!
(:! '*\! '3./)3/.+,! 0+.+2535.'! )8+.+)35.*@5'! 385! )8/)W'! (:! 5+)8! *&9*=*9/+,! *&! 'd/*..5,!
2(&W5G'!?X2*381!_562+&!53!+,;!"DY#E;!Z*33*6+W5e'! ,(&-!)+,,'!+.5! *&9*=*9/+,*@59!38+&W'!
3(!+!)(20,5\!(:!3520(.+,!+&9!:.5d/5&)G!0+.+2535.'!(:!385!'*-&+,!?O/4*&1!J+385=(&!53!+,;!
#CC[E;!I5&-/*&'!)+,,'!)+..G!&(3!(&,G!*&:(.2+3*(&!+4(/3!385!'05)*5'!?T++'!"DYYE!4/3!385G!
+.5!+,'(!8*-8,G!*&9*=*9/+,*'59!?U5&-+-&51!U+/-+!53!+,;!"DD[K!a(/=5&3*&1!O/4*&!53!+,;!"DDDK!
a(/=5&3*&! +&9! O/4*&! #CC#E! +&9! *&9*=*9/+,! .5)(-&*3*(&! 4+'59! (&! )+,,'! (&,G! 5\*'3'! *&!
'5=5.+,! '05)*5'! (:! 05&-/*&'! ?H5.5&&51! a(/=5&3*&! 53! +,;! "D[DK! a(/=5&3*&1! M/*,,(3*&! 53! +,;!
"D[DK! a(/=5&3*&!"DY#K!X05*.'!+&9!H+=*'!"DD"E;! %&!05&-/*&'1!W*&!.5)(-&*3*(&!?2+35!+&9!
(::'0.*&-E! *'!5*385.!0(''*4,5!/'*&-! 385!'05)3.+,!0.(:*,5!+&9! 385!0*3)8!(:! 385!)+,,! ?3*24.5!
+&+,G'*'1!:(.!&5'3*&-!05&-/*&'E!(.!4G!/'*&-!+!2(.5!)(20,5\!'G'352!*&=(,=*&-!+!3520(.+,!
95)(9*&-! )(20,525&359! 4G! 385! 45+3'! -5&5.+359! 4G! +! 36(7=(*)5! 'G'352! ?&(&7&5'3*&-!
05&-/*&'1!?O/4*&1!a(/=5&3*&!53!+,;!#CCCE;!>8/'1!+!8/-5!.+&-5!(:!+)(/'3*)!0+.+2535.'!)+&!
5&)(95! '3+4,5! *&:(.2+3*(&! +4(/3! 385! '5&95.1! 6*38! +! )(9*&-795)(9*&-! 'G'352! 38+3! *'!
'/*3+4,5!6*38!+&9!9505&95&3!(:!385!4*(3*)!+&9!+4*(3*)!5&=*.(&25&3+,!)(&35\3;!
!
(/H/!D432:86278496!2:64!32>>E!:2F8:1!89A4><27849!2F457!701!1<8771>/!

U+4*,5!*&:(.2+3*(&!)(&'*'3'!*&!*&:(.2+3*(&!38+3!*'!&(3!'3+4,5!(=5.!385!*&9*=*9/+,!,*:5'0+&;!
%&9*=*9/+,'! &559! 3(! *&:(.2! )(&'05)*:*)'! +4(/3! 385*.! .50.(9/)3*=5! '3+3/'1! 385*.! '()*+,!
'3+3/'! *&! 385! -.(/01! (.! 385*.! 2(3*=+3*(&+,! +&9! 52(3*(&+,! '3+35'1! '(! +'! 3(! .5)5*=5!
+00.(0.*+35! :5594+)W'!'/)8!+'!+!0('*3*=5!.5'0(&'5! :.(2!+!'5\/+,,G!+)3*=5! *&9*=*9/+,!(.!
+''*'3+&)5!:.(2!+!W*&!*&!.5'0(&'5!3(!'05)*:*)!&559'!?'3+.=+3*(&1!*'(,+3*(&!:.(2!385!'()*+,!
-.(/01!0.5'5&)5!(:!+!0.59+3(.E;!U+4*,5!*&:(.2+3*(&!38/'!.5-/,+35'!'()*+,!*&35.+)3*(&';!B&!
3(0!(:!*&:(.2*&-!+4(/3!385!*95&3*3G!(:!385!'5&95.1!45--*&-!)+,,'!(:!G(/&-!)+&!+,'(!)+..G!
*&:(.2+3*(&! (&! 385! -5&5.+,! '3+3/'! (:! 385! G(/&-1! +&(385.! 3G05! (:! *&:(.2+3*(&! 38+3! )+&!
=+.G! (=5.! 3*25;! F5--*&-! )+,,'! *&35&'*3G! +&9! 45--*&-! )+,,'! .+35! +.5! W&(6&! +'! 8(&5'3!
'*-&+,'! 38+3! *&:(.2! 0+.5&3'! +4(/3! 385! ,5=5,! (:! 8/&-5.1! 385! 4(9G! )(&9*3*(&! +&9f(.! 385!
'05)*:*)! &559'! *&! 35.2! (:! 4(9G! 35205.+3/.5! ?A(05.! "DD$K! J(&9,()8! "DDSK! <(33(&1!
Z+)5,&*W!53!+,;!"DDPK!Z*,&5.!+&9! a(8&'3(&5!"DD[K!A(G,51!Q+.3,5G!53!+,;!#CC#K!O&95.'(&1!
F./&3(&! 53! +,;! #C"CE! +&9! .5'/,3! *&! +! 2(9*:*)+3*(&! (:! 0+.5&3+,! :559*&-! 458+=*(/.!
?Z*3+G'WG1!T*&-:*5,9!53!+,;!#CC"E;!<+,,'!(:!\5&(0/'!9(!&(3!(&,G!)+..G! *&:(.2+3*(&!+4(/3!
385! '5\1! 4/3! +,,(6! :52+,5'! 3(! '*-&+,! 385*.! .50.(9/)3*=5! '3+351! 6*38! '5\/+,,G! .5)503*=5!
:52+,5'! =()+,*'*&-! 6*38! +! .+0*9! ),*)W! .+35! 38+3! '3*2/,+35'! 2+,5'! )(/.3'8*01! 68*,5! &(&!
.5)503*=5! :52+,5'! 52*3! ),*)W'!6*38! +! ,(65.! .+35! 38+3! '/00.5''!2+,5'! '5\/+,! 458+=*(/.!
?>(4*+'1!]*'6+&+38+&!53!+,;!"DDYK!>(4*+'1!F+.&+.9!53!+,;!#CCLK!V,,*(33!+&9!Z5,,5G!#CC[E;!
%&! 385'5! )+'5'1! 385! ,+4*,5! *&:(.2+3*(&! *'! 5&)(959! *&! 3520(.+,! 0+.+2535.'! 2(.5! 38+&!
'05)3.+,!0+.+2535.';!



! [!

X05)3.+,!0+.+2535.'!)+&!+,'(!5&)(95!,+4*,5!*&:(.2+3*(&;!%&!"D[[1!J(.3(&!95=5,(059!385!
J(3*=+3*(&7'3./)3/.+,! ./,5'! 4+'59! (&! 520*.*)+,! 9+3+! :.(2! +! 8/-5! =+.*53G! (:!2+22+,'!
+&9!4*.9'!'05)*5'!?J(.3(&!"D[[E;!>85!)(&)503!'3+35'!38+3!385!'3./)3/.5!(:!=()+,*'+3*(&'!
)+&!45!0.59*)359!4G!385!)(&35\3!(:!52*''*(&;!O&*2+,'!52*3!8*-8!:.5d/5&)G!+&9!0/.5!3(&5!
'*-&+,'! *&! :5+.:/,! (.! +005+'*&-! )(&35\3'! 68*,5! 385G! /'5! 8+.'8! +&9! ,(65.! :.5d/5&)G!
'*-&+,'! *&! 8('3*,5! )(&35\3;! %&35.259*+35! '*3/+3*(&'! 453655&! 8('3*,*3G! +&9! :5+.! (.!
+005+'525&3! .5'/,3! *&! 385! 52*''*(&! (:! '*-&+,'! 6*38! *&35.259*+35! '3./)3/.5';! >8*'!
8G0(385'*'! 6+'! =+,*9+359! *&! '5=5.+,! '05)*5'! (:! 2+22+,'! '/)8! +'! )8*20+&@55'1! 9(-'1!
68*357:+)59! )+0/)8*&'! (.! 68*357&('59! 2+)+d/5'! ?M(/@(/,5'! +&9! M(/@(/,5'! #CCCK!
X*545.3! +&9! I+..! #CC$K! R*&! +&9! J)<(6+&! #CCLK! I(&-.+)@1! J(,&g.! 53! +,;! #CCPK! M.('7
U(/*'1!I5..G!53!+,;!#CCYK!U(.91!`5*&'35*&!53!+,;!#CCDK!>+G,(.1!A54G!53!+,;!#CCDE1!4/3!+,'(!*&!
'(25! 4*.9! '05)*5'! '/)8! +'! .(4568*35'1! G5,,(6785+959! 4,+)W4*.9'1! 4,+)W7)+0059!
)8*)W+955'! (.! )+.(,*&+! )8*)W+955'! ?_5.(! "DP$K! X3(W5'! "DP[K! X2*38! +&9! <,/4! "D[#K!
`*)W5&1!`*)W5&!53!+,;!"D[YE;!_5=5.385,5''1!'(25!'3/9*5'!9*9!&(3!=5.*:G!385!5&3*.5!385(.G!
?J+.,5.! "DSPK! O/-/'3! +&9! O&95.'(&! "DY[E;! %&! #C"C1! J+&'5.! '/--5'359! 3(! *20.(=5!
J(.3(&e'!./,5'!4G!0.(0('*&-!38+3!=+.*+3*(&!453655&!)+,,'!(:!9*::5.5&3!2(3*=+3*(&+,!'3+35!
?:.*5&9,G! )(&35\3! ='!8('3*,5! )(&35\3! *&!J(.3(&! '3/9GE!2*-83! .5:,5)3!9*::5.5&3! 52(3*(&+,!
=+,5&)5'!?0('*3*=5!(.!&5-+3*=5!=+,5&)5E1!+&9!=+.*+3*(&'!6*38*&!+!'05)*:*)!)+,,!3G05!.5:,5)3!
9*::5.5&)5'! *&!+.(/'+,!'3+35'!?*&35&'*3G! :.(2!,(6!3(!8*-81! ?J+&'5.!#C"CK!F.*5:5.!#C"#E;!
>8/'1!385!'3./)3/.+,72(3*=+3*(&!./,5!0.(0('59!4G!J(.3(&!)+&!45!+00,*59!&(3!(&,G!3(!385!
=()+,! .505.3(*.5! (:! +! '05)*5'1! 4/3! +,'(! 3(! +! '05)*:*)! 3G05! (:! +)(/'3*)! '*-&+,! 6*38*&! 385!
.505.3(*.51!38+3!)+&!45!2(9*:*59!9505&9*&-!(&!385!,5=5,!(:!+.(/'+,!(:!385!'5&95.;!
!
(/I/!)01!J2:1931!29G!701!2>4562:!4A!29!1<47849!2>1!>1A:1371G!89!J432:86278496/!!

V2(3*(&! *'! +! 0+.3*)/,+.! 3G05! (:! ,+4*,5! *&:(.2+3*(&! 38+3! 8+'! 455&! (&,G! +))50359! +&9!
95').*459! *&! 8/2+&'! :(.! 95)+95'1! 5=5&! 38(/-8! H+.6*&! *&3.(9/)59! *&! "Y[#! 385!
0(''*4*,*3G! 38+&! +&*2+,'! 2*-83! 5\05.*5&)5! 52(3*(&'! ?H+.6*&! "Y[#E;! V2(3*(&'! )+&! 45!
)(&'5&'/+,,G!95:*&59!+'!+!'8(.3!+::5)3*=5!.5+)3*(&!3(!+!'05)*:*)!'3*2/,/'!38+3!0.(=(W5'!+!
'05)*:*)! 08G'*(,(-*)+,! '3+351! 68*)8! 9505&9'! (&! 385! =+,5&)5! +&9! 385! +.(/'+,! (:! 385!
5\05.*5&)59!52(3*(&! ?O.&(,9!"DPCK!Z,5*&-*&&+! a.!+&9!Z,5*&-*&&+!"DY"K!F.*5:5.!#C"#E;!
F+'*)! 52(3*(&'! 8+=5! 455&! 95').*4591! 6*38! +! '05)*:*)! ,5=5,! (:! =+,5&)5! +&9! +.(/'+,! :(.!
5+)8b! '55W*&-1! .+-51! :5+.1! '3.5''1! ,/'31! )+.51! 0+&*)! +&9! 0,+G! +.5! 385! 2+*&! )+35-(.*5'!
0.(0('59! *&! +&*2+,'! +&9!8/2+&'! ?M.+G!"DY[K!I+&W'500!#C""E;! %&! '()*+,! -.(/0! ,*=*&-1!
5\0.5''*&-!52(3*(&'!+,,(6'!3(!.5+)3!3(!'/995&!'*3/+3*(&'1!'/)8!+'!+&!*22*&5&3!9+&-5.1!
385!0+*&!(:!+!)(&'05)*:*)!(.!385!'05)*:*)!458+=*(/.+,!*&35&3*(&'!(:!(385.!*&9*=*9/+,'1!+&9!
38/'! 0+.3*)*0+35'! 3(! 385! '/.=*=+,! (:! 385! -.(/0! ?Z5,3&5.! +&9! U5.&5.! #C"CE;! H*::5.5&3!
08G'*(,(-*)+,1!08G'*)+,!+&9!458+=*(/.+,!0+.+2535.'! *&9*)+35!52(3*(&'! *&!+&*2+,'1! '/)8!
+'! 85+.3! .+351! .5'0*.+3*(&! .+351! 'W*&! 35205.+3/.51! :+)*+,! 5\0.5''*(&'1! &5/.(5&9().*&5!
+)3*=*3*5'1!,()(2(3(.!+)3*=*3G!(.!4(9G!0('3/.5!?<85=+,*5.7XW(,&*W(::!"D[$K!F.*5:5.!#C"#E;!



! Y!

_5=5.385,5''1! *&! '()*+,! '05)*5'! 38+3! +.5! 8*-8,G! =()+,1! 2(9*:*)+3*(&'! (:! +)(/'3*)! '*-&+,'!
2*-83!+,'(!0+.3*)*0+35!*&!385!5\0.5''*(&!(:!52(3*(&'1!+'!385G!)+&!*&:(.2!d/*)W,G!+&9!+3!
,(&-5.!9*'3+&)5'!)(20+.59!3(!:+)*+,!5\0.5''*(&'!:(.!*&'3+&)5;!O)(/'3*)!'*-&+,'!)(/,9!38/'!
45!385!5\0.5''*(&!(:!+!9*'3*&)3*=5!*&&5.!'3+35!(:!+&!+&*2+,!38+3!2+G!())/.!'0(&3+&5(/',G!
(.!+'!+!.5'/,3!(:!+&!5\35.&+,!5=5&3!?M.+&9*&!"DDYE;!
J+&G! '3/9*5'!+''5''59! 385!=()+,! 5\0.5''*(&!(:! 52(3*(&'! *&!8/2+&';!V2(3*(&'! '/)8!+'!
'3.5''1! 95').*459! +'! +! &5-+3*=5! 52(3*(&! (:! 8*-8! +.(/'+,1! *'! W&(6&! 3(! 0.(=(W5! +!
2(9*:*)+3*(&!(:!385!'055)8!38.(/-8!.8G382!+&9!*&3(&+3*(&b!385!'055)8!*'!/'/+,,G!8*-85.!
0*3)859! +&9! '(/&9'! d/*)W5.1! 6*38! +3! 385! '+25! 3*25! +! 8*-85.! '055)8! .+35! +&9! '8(.35.!
*&35.7=()+,*'+3*(&! *&35.=+,'! ?X)85.5.!"DYPK!J/..+G!+&9!O.&(33!"DD$K!F+)8(.(6'W*! +&9!
B6.5&!"DDSK!F+&'5!+&9!X)85.5.!"DDPK!Z5,,5.1!F+*,,G!53!+,;!#CC"K!Q+..*-+&1!A('5&38+,!53!
+,;!#CCYE;!>8*'!085&(25&(&!)+,,59!+::5)3*=5!0.('(9G!'552'!3(!*&:(.2!+4(/3!385!52*335.!
52(3*(&+,! '3+351! +&9! -*=5'! )/5'! :(.! 0(35&3*+,! .5)5*=5.'! ?H5,,+5.31! I(,@*&! 53! +,;! "DDPK!
F/)8+&+&1! U/3@! 53! +,;! #CCCK! U*32+&! +&9! `(.45'! #CC$K! R+)(/41! X*2'W5! 53! +,;! #CC$K!
]5.=5.*9*'!+&9!Z(3.(0(/,('!#CCPE;!!
%&!)(&:(.2*3G!6*38! 385!2(9*:*59!2(3*=+3*(&7'3./)3/.+,! 385(.G!(:!'(/&9!'*-&+,'1! '5=5.+,!
'3/9*5'! 952(&'3.+359! 38+3! 52(3*(&'! +.5! 5&)(959! 38.(/-8! 2(9*:*)+3*(&'! (:! +)(/'3*)!
'*-&+,'! (:! 2+&G! &(&78/2+&! 2+22+,';! V\)503! 385! 6(.W! (:! 0*(&55.'! *&! +::5)3*=5!
&5/.(')*5&)5'!(&!0('*3*=5!52(3*(&'!*&!2+22+,'!?<+4+&+)!"D["K!F5..*9-5!+&9!A(4*&'(&!
#CC$K! I+&W'500! +&9! F/.-9(.:! #CC$K! F/.-9(.:! +&9! I+&W'500! #CCPK! Z+.0*&'W*1!
J+@/.W*56*)@!53!+,;!#C"#K!J5,,(.!#C"#K!A5*25.31!F(,8/*'!53!+,;!#C"$E1!2('3!(:!385!6(.W!
(&!385!+)(/'3*)!5\0.5''*(&!(:!52(3*(&'!*&!+&*2+,'!8+'!455&!9(&5!(&!&5-+3*=5!52(3*(&'!
?:(.!+&!5\8+/'3*=5! ,*'31! '55! ?F.*5:5.!#C"#EE;!>85!2+*&!.5+'(&! :(.! 38*'! *24+,+&)5! *'! 38+3!
&5-+3*=5! 52(3*(&'!8+=5!/'/+,,G! +!8*-85.! +.(/'+,! 38+&!0('*3*=5! 52(3*(&'1!2+W*&-! 385*.!
5\0.5''*(&! 2(.5! (4=*(/'! +&9! 5+'*5.! 3(! '3/9G! ?F(*''G1! J+&35/::5,! 53! +,;! #CC[E;! O'! +!
)(&'5d/5&)51!2(.5!3((,'!8+=5!455&!95=5,(059!3(!'3/9G!&5-+3*=5!52(3*(&'1!+&9!2('3!(:!
385! '3/9*5'! /0! 3(! &(6! :()/'59! (&! )(&35\3'! '/)8! +'! *'(,+3*(&! :.(2! 385! '()*+,! -.(/01!
'50+.+3*(&! :.(2! +! ),('5! .5,+3*=5! ?'()*+,! 0+.3&5.1! *&:+&3E1! 5\05.*5&)5! (:! 0+*&! (.! '3.5''!
68*,5!8+&9,591!+33+)W!4G!+!0.59+3(.!(.!+-(&*'3*)!*&35.+)3*(&'!6*38!)(&'05)*:*)';!I.('(9*)!
)/5'! .5,+359! 3(! 52(3*(&+,! '3+35! 8+=5! 455&! 95').*459! '(! :+.! *&! +! ,+.-5! &/245.! (:!
2+22+,*+&! '05)*5'1! 5'05)*+,,G! 0.*2+35'! ?X3+&:(.9! "DDY1! :(.! +&! 5\8+/'3*=5! ,*'31! '55!
?F(*''G1! J+&35/::5,! 53! +,;! #CC[K! F.*5:5.! #C"#EE! 4/3! +,'(! &(&70.*2+35! 2+22+,'! :.(2!
8*-8,G! 9(25'3*)+359! '05)*5'! '/)8! +'! )+33,5'1! -(+3'1! 0*-'1! '8550'1! )+3'1! 9(-'! (.! 8(.'5'!!
?T5+.G!+&9!`.+'5.!"DDSK!X)8.+95.!+&9!>(93!"DDYK!A/'85&1!F(*''G!53!+,;!"DDDK!T+33'!+&9!
X3((W5G! #CCCK! >8(2+'1! T5+.G! 53! +,;! #CC"K! >+G,(.1! A54G! 53! +,;! #CCDK! ](&! F(.5,,1!
F+/2-+.3&5.!53!+,;!#CCDK!I(&91!H+..5!53!+,;!#C"CK! %2:5,97J/5,,5.1!]+&!T5@52+5,!53!+,;!
#C""K! X*545.31! U+&-45*&! 53! +,;! #C""K! R5(&1! Z*2! 53! +,;! #C""E1! 3(! 6*,9! '05)*5'! '/)8! +'!
'0(3359!8G5&+'1!4(33,5&('5!9(,08*&'1!O:.*)+&!5,508+&3'1! .+3'!(.!-/*&5+!0*-'! ?J(&3*)5,,*1!
>(W/2+./!53!+,;!#CCLK!X(,3*'1!U5(&-!53!+,;!#CCSK!F./9@G&'W*!#CC[K!U*3=*&1!F,+&)8+.9!53!+,;!



! D!

#CC[K!>85*'1!M.55&5!53!+,;!#CC[K!V')81!X+G*-8!53!+,;!#CCDK!X(,3*'1!U5*-83G!53!+,;!#CCDK!X(,3*'1!
F,(65.'!53!+,;!#C""E;!
O! =+.*53G! (:! 0+.+2535.'! +.5! *&=(,=59! *&! 5\0.5''*&-! 52(3*(&'! *&!2+22+,'! @A8=5>1! HB1!
6*38!385!2+*&!0+.+2535.'!*&9*)+3*&-!+.(/'+,!45*&-!385!=()+,*'+3*(&!.+351!385!)(&3(/.!+&9!
385! .+&-5! (:! 385! :/&9+25&3+,! :.5d/5&)G1! 385! +20,*3/95! )(&3(/.1! 385! 9*'3.*4/3*(&! (:!
5&5.-G1! 385! :.5d/5&)G! 05+W! +&9! 385! :(.2+&3! )(&3(/.1! +'!65,,! +'! 385! *&35.7=()+,*'+3*(&!
*&35.=+,!?F.*5:5.!#C"#E;!
!
(/K/! )01>1! 86! 2! :23L! 4A! 89A4><27849! 49! J432:! 1M?>166849! 4A! 1<478496! 89! 2J829!

6?13816/!

T8*,5! 2+&G! 4*.9! '05)*5'! +,'(! '8(6! )(20,5\! '()*+,! -.(/0'! +&9! )(20,5\! =()+,!
.505.3(*.5'1! :56! '3/9*5'! ),5+.,G! 95).G0359! *:! +&9! 8(6! 4*.9! '05)*5'! 5\0.5''! 385*.!
52(3*(&'! 38.(/-8! 2(9*:*)+3*(&'! (:! 385*.! =()+,*'+3*(&';! >85! 9(25'3*)+359! )8*)W5&! 8+'!
455&!385!+=*+&!2(95,!*&!38*'!:*5,9!'(!:+.;!<8*)W5&!=()+,*'+3*(&'!+.5!)(&35\3!'05)*:*)b!>85!
=*56!(:! +!0.59+3(.! 5,*)*3'! 385! 52*''*(&!(:! +,+.2!)+,,'! ?Z+.+W+'8*+&1!MG-5.! 53! +,;! "DYYE!
68*,5! '3.5'':/,! '*3/+3*(&'! 5,*)*3! 52*''*(&! (:! 9*'3.5''! )+,,'! ?J+.\1! U5005,3! 53! +,;! #CC"E;!
>85'5! =()+,*'+3*(&'! 8+=5! 38/'! 455&! +33.*4/359! 3(! 52(3*(&+,! '3+35'! *&! 385! )8*)W5&;! >85!
9*'3.5''! )+,,! .+35! 95).5+'5'! *&! &56,G! 8+3)859! )8*)W'! 685&! 5\05.*5&)*&-! 6+.2*&-! (.!
'3*2/,+359!4G!385!0,+G4+)W!(:!),/)W*&-!'(/&9'!(:!+9/,3'!?<(,,*+'!"DS#E1!68*,5!385!9*'3.5''!
)+,,!.+35!*&).5+'5'!685&!+24*5&3!35205.+3/.5!*'!,(65.!38+&!/'/+,!9/.*&-!385!:*.'3!655W!
0('3! 8+3)8*&-! ?Z+/:2+&! +&9! Q*&95! "DP"E;! >85! *&35&'*3G! (:! 9*'3.5''! )+,,'! )+&! +,'(! 45!
2(9*:*59!4G! 385!'()*+,! )(&35\3b! %&!G(/&-1! 385!.+35!(:!9*'3.5''!)+,,*&-!+3!8*-8! *&35&'*3*5'!
95).5+'5'! '*-&*:*)+&3,G! 6*38! *&).5+'*&-! 2+35.&+,! )(&3+)3! ?)(20,535! *'(,+3*(&! ='! =()+,!
)(&3+)3!='!=()+,!+&9!=*'/+,!)(&3+)3!6*38!385!2(385.E1!68*,5!385!.+35!(:!)+,,*&-!+3! ,(65.!
*&35&'*3*5'! *&).5+'5'! ?F5.2+&3! "DP$E;! _5=5.385,5''1! 385! 9(25'3*)+359! )8*)W5&! '8(6'!
9*::5.5&)5'! *&! :5+.! .5'0(&'5'! 3(! &(=5,3G! )(20+.59! 3(! *3'! 6*,9! +&)5'3(.1! 385! .59!
h/&-,5:(6,! ?X)8i3@1! `(.W2+&! 53! +,;! #CC"E1! '/--5'3*&-! 38+3! 9(25'3*)+3*(&!2+G! 8+=5! +&!
*20+)3!(&!52(3*=*3G!*&!)8*)W5&1!+&9!38/'!*3'!+)(/'3*)!5\0.5''*(&;!
X3/9*5'! *&! 9(25'3*)+359! )8*)W5&! .+*'5! 385! *95+! 38+3! 52(3*(&'! +.5! 5\0.5''59! 38.(/-8!
+=*+&!=()+,*'+3*(&';!X(25!'3/9*5'!'8(659!+!)8+&-5!*&!385!+)(/'3*)!.505.3(*.5!(:!)8*)W5&!
6*38!+&!52(3*(&!(:!'3.5''1!+'!)8*)W'!/'5!,(6!5&5.-G!)+,,!3G05'!*&!'()*+,!)(&35\3!+&9!'8*:3!
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'(&-4*.9'!38+3!'8(6!=()+,!,5+.&*&-!0.()5''5'!=5.G!'*2*,+.!3(!8/2+&!(&5'!?J+.,5.!"D[CE;!
>85! (=5.+,,! 0/.0('5! (:! 38*'! '3/9G! *'! 38/'! 3(! /&95.'3+&9! 385!0.()5''5'! *&=(,=59! *&! 385!
5\0.5''*(&!(:!+!4+'*)!52(3*(&1!*;5;!'3.5''1!*&!+&!+=*+&!'05)*5'1!:.(2!5&9().*&5!)(&3.(,!4G!



! ##!

)(.3*)('35.(&5! 3(! 458+=*(/.+,! 2(9*:*)+3*(&'! (:! 4(38! '5&95.'! +&9! .5)5*=5.'! *&! 385!
)(22/&*)+3*(&!,((0;!!
!
! !"D"$"% EC.2% $4% F:% ;,8(% )(*+,% -./0'(2% (/0:7(% 3'(.+% 23+(22% 3'+:5='% 3'(.+%

9:0,8.2,3.:/2G!

^54.+!:*&)85'!+.5!-.5-+.*(/'!4*.9'1!+&9!:+2*,*+.!*&9*=*9/+,'!:.(2!385!'+25!'()*+,!-.(/0!
*&35.+)3! +3! :559*&-f9.*&W*&-! +.5+'! +&9! *&! '()*+,! 3.55';! F5)+/'5! *'(,+3*(&! 8+'! 455&!
.50(.359!3(!45!+!'3.(&-!'3.5''(.!*&!2+&G!'()*+,!'05)*5'!+&9!45)+/'5!'50+.+3*(&!:.(2!385!
0+.3&5.! *&! 385! @54.+! :*&)8! 0.(=(W5'! +! .+*'5! *&! 0,+'2+! ,5=5,'! (:! )(.3*)('35.(&51! 65!
'/00('59! 38+3! *'(,+3*(&! (:! @54.+! :*&)85'! :.(2! 385! '()*+,! -.(/0! )(/,9! +,'(! 45! +! '3.(&-!
'3.5''(.! +&9! 38/'! 0.(=(W5! +! .+*'5! (:! )(.3*)('35.(&5;! O'! @54.+! :*&)85'! +.5! 8*-8,G! =()+,!
4*.9'1!65!8G0(385'*'59! 38+3! 38*'! 52(3*(&+,! '3+35! )(/,9! ,5+9! 3(! 385! =()+,! 5\0.5''*(&!(:!
'3.5''!4G!385!4*.9!38.(/-8!385!52*''*(&!(:!2(9/,+359!=()+,*'+3*(&';!T5!:()/'59!(&!385!
9*'3+&)5! )+,,'1! /'/+,,G! /'59! 9/.*&-! '()*+,! *&35.+)3*(&! 6*38! 385! 2+35! +&9! :+2*,*+.!
)(&'05)*:*)'!685&!=*'/+,!)(&3+)3!8+'!455&!*&35../0359;!>85G!+.5!)(20,5\!=()+,*'+3*(&'!
38+3!)+..G!'3+4,5!*&:(.2+3*(&!+4(/3!385!'5&95.1!:.(2!*3'!'5\!3(!*3'!*95&3*3G1!+&9!+.5!38/'!
-((9! )+&9*9+35'! 3(! +,'(! *&:(.2!+4(/3! 385! 52(3*(&+,! '3+35!(:! 385! '5&95.;!>(!=5.*:G!(/.!
8G0(385'5'1!65!/'59!+!0.(3()(,!(:!'()*+,!*'(,+3*(&!(:!/&0+*.59!2+,5'!3(!)85)W!*:!4.5+W*&-!
(::!'()*+,!4(&9'!6*38!:+2*,*+.'!)(/,9!*&9/)5!+!'()*+,!'3.5''1!+'!'50+.+3*(&!453655&!2+35'!
9(5';! >85&1! 0,+G4+)W! '5''*(&'! (:! :52+,5! )+,,'! (&! 385! *'(,+359! 2+,5'! +,,(659!
/&95.'3+&9*&-!*:!+&9!8(6!2+,5'!)+&!5\0.5''!385*.!'3.5''!6*38*&!=()+,*'+3*(&'!52*3359!*&!
.5'0(&'5! 3(! 385! 0+G4+)W;! _5/.(5&9().*&5! )(&3.(,! (:! 385! 52*''*(&! (:! 2(9/,+359!
=()+,*'+3*(&'! 8+'! 455&! 0.(0('59! *&! 2+&G! '3/9*5'1! 4/3! 9*.5)3! *20,*)+3*(&! (:! +! '05)*:*)!
08G'*(,(-*)+,!'*-&+,!8+'!&5=5.!455&!0.(=591!&5*385.!*&!2+22+,'!&(.!*&!4*.9';!>8/'1!65!
+,'(! 3.*59! 3(! /&95.'3+&9! 685385.! )(.3*)('35.(&5! 6(/,9! 9.*=5! *'(,+3*(&7*&9/)59!
2(9*:*)+3*(&'!(:!@54.+!:*&)8!)+,,'!4G!:559*&-!2+,5'!6*38!5\(-5&(/'!)(.3*)('35.(&5!45:(.5!
385! 0,+G4+)W! '5''*(&;! B/.! .5'/,3'! '8(6&! *&! -02?71>! .!0.5'5&3! 385! :*.'3! 5=*95&)5! (:! +!
9*.5)3! *20,*)+3*(&! (:! )(.3*)('35.(&5! *&! 385! 52*''*(&! (:!2(9/,+359! =()+,*'+3*(&'! *&! 385!
@54.+!:*&)8!+&9!0.(0('5!9*::5.5&3!0(''*4*,*3*5'!:(.!385!4*(,(-*)+,!=+,/5'!(:!385'5!*'(,+3597
*&9/)59!=()+,*'+3*(&';!
!
% !"D"<"%EC.2%<4%F:%-(;,8(%)(*+,%-./0'(2%6(+0(.9(%3'(%(;:3.:/,8%9,85(%:-%0:/3+:8%

,/7%23+(22H./750(7%0,882%:-%;,8(2G%%%

%:!2+,5'!)+&!5&)(95!385*.!'3.5''!38.(/-8!2(9*:*)+3*(&'!(:!385*.!9*'3+&)5!)+,,'1!*3!*'!,*W5,G!
38+3! 0(''*4,5! .5)5*=5.'! (:! 385'5! )+,,'! )(/,9! 95)(95! 385! *&:(.2+3*(&! +&9! .5'0(&9!
+00.(0.*+35,G;!^54.+!:*&)85'!8+=5!8*-8!85+.*&-!)+0+)*3*5'!?BW+&(G+!+&9!H((,*&-!"DY[E!
38+3!+,,(6!3852!3(!9*').*2*&+35!:*&5!+)(/'3*)!2(9*:*)+3*(&'!'/)8!+'!/07'8*:3!*&!385!5&5.-G!
'05)3./2;! %:! '3.5''7*&9/)59! =()+,*'+3*(&'! )+..G! 385! 52(3*(&+,! '3+35! (:! 2+,5'1! :52+,5'!
)(/,9!45!+4,5!3(!05.)5*=5!385!2(9*:*)+3*(&'!(:!0+.+2535.'!)+..G*&-!38*'!*&:(.2+3*(&;!>(!



! #$!

=5.*:G! *:! '3.5''7*&9/)59! )+,,'! 8+=5! +! 4*(,(-*)+,! =+,/51! 65! /'59! +! '50+.+3*(&! 0.(3()(,!
9/.*&-!68*)8!:52+,5'!*'(,+359!:.(2!385*.!0+.3&5.!65.5!'3*2/,+359!4G!5*385.!385!'3.5''59!
)+,,'!(.!4G!385!&(&7'3.5''59!)+,,'!(:!(&5!2+,5!9/.*&-!9*::5.5&3!0,+G4+)W!'5''*(&';!F5)+/'5!
385!,5=5,!(:!:+2*,*+.*3G!(:!385!'5&95.!)(/,9!8+=5!+&!*20+)3!(&!:52+,5!.5'0(&'51!65!/'59!
2+,5!)+,,'!:.(2!9*::5.5&3!'+,*5&)5'b!0+.3&5.!)+,,'1!:+2*,*+.!2+,5!)+,,'!+&9!/&:+2*,*+.!2+,5!
)+,,';! `52+,5'! 65.5! .5)(.959! +&9! =*95(3+059! 9/.*&-! 385! 5&3*.5! 5\05.*25&3! 3(! +''5''!
385*.! =()+,! +&9! ,()(2(3(.! 458+=*(/.;! F5)+/'5! '50+.+3*(&! :.(2! 385! '()*+,! 0+.3&5.! *'!
+,.5+9G! W&(6&! +'! +! '3.(&-! '3.5''(.! +&9! )(&'*95.*&-! 385! 8*-8! )((.9*&+3*(&! (:! '()*+,!
0+.3&5.'!*&!385!@54.+!:*&)81!65!'/00('59!38+3!85+.*&-!385!)+,,'! :.(2!9*::5.5&3!=+,5&)5'!
+&9!,5=5,'!(:!:+2*,*+.*3G!)(/,9!8+=5!+!'05)*:*)!*20+)3!(&!385!:52+,5e'!08G'*(,(-*)+,!'3.5'';!
T5!38/'!+,'(!25+'/.59!0,+'2+!,5=5,'!(:!)(.3*)('35.(&5!(&!:52+,5'!+:35.!5+)8!0,+G4+)W!3(!
)85)W!:(.!08G'*(,(-*)+,!.5'(&+&)51!+!)/5!(:!52(3*(&+,!)(&3+-*(&!*&!+&*2+,';!>85!.5'/,3'!
0.5'5&359!*&!302?71>!C!'8(6!38+3!:52+,5'!9*').*2*&+35!453655&!385!)(&3.(,!)+,,'!=5.'/'!
385! '3.5''59! )+,,'! (:! 385*.! 2+351! +&9! 5\8*4*3! +! 458+=*(/.! .5,+359! 3(! +&! +&3*0.59+3(.!
'3.+35-G;!T5! =5.*:*59! 38+3! 38*'! 5::5)3!6+'! &(3! 9/5! 3(! +! :+*,/.5! (:! 385!2+35! .5)(-&*3*(&!
'G'352b!+&+,G'*'!(:!2+,5!)+,,!'3./)3/.5'!+&9!(05.+&3!)(&9*3*(&*&-!5\05.*25&3!(&!:52+,5'!
'8(6!38+3!'3.5''7*&9/)59!)+,,'!'3*,,!)+..G!385!*95&3*3G!(:!385!)+,,5.;!`*&+,,G1!:52+,5'!65.5!
2(.5!'3.5''59!+:35.!85+.*&-! 385!'3.5''597)+,,'!(:! 385*.!2+35!)(20+.59! 3(! )(&3.(,! )+,,'1!
'/--5'3*&-! 385!5\*'35&)5!(:!08G'*(,(-*)+,! .5'(&+&)5!453655&!0+.3&5.';!>8*'! *'! 385! :*.'3!
5=*95&)5! (:! 52(3*(&+,! )(&3+-*(&! 4+'59! (&! +)(/'3*)! )/5'! (&,G! *&! 4*.9'1! +&9! .+*'5'!
d/5'3*(&'!+4(/3!385!5\*'35&)5!(:!+!:(.2!(:!520+38G!*&!+=*+&!'05)*5';!
!
! (/W/H/! &M86! HO$ +4! <2716! 604;! 29! 2664>7278J1! <2789=! FE! J432:! 29G!

?0E684:4=832:!?>4A8:16!G5>89=!2!67>166A5:!1J197Y!

<((.9*&+3*(&!453655&!2+35'!8+'!455&!0.(0('59!+'!+!W5G!)8+.+)35.*'3*)!(:! 385!'/.=*=+,!
+&9!385!.50.(9/)3*=5!'/))5''!(:!+!0+*.;!<((.9*&+3*(&!)+&!45!+)8*5=59!=*+!+&!+''(.3+3*=5!
2+3*&-!(:!*&9*=*9/+,'1!,5+9*&-!3(!385!+''()*+3*(&!(:!)(20+3*4,5!0+.3&5.'!38+3!+.5!'*2*,+.!
/0(&! +! )(24*&+3*(&! (:! 3.+*3'! W&(6&! 3(! *&:,/5&)5! 385! .50.(9/)3*=5! '/))5''! +&9! 385!
'/.=*=+,!(:!*&9*=*9/+,';!^54.+!:*&)85'!:(.2!2(&(-+2(/'!0+*.4(&9'!38+3!5\8*4*3!+!8*-8,G!
)((.9*&+359!+&9!'G&)8.(&*'59!458+=*(/.1!5'05)*+,,G!+.(/&9!385!&5'3;!%3!*'!38/'!,*W5,G!38+3!
+''(.3+3*=5!2+3*&-!())/.'! *&! 38*'! '05)*5';! ^54.+! :*&)85'! +.5!8*-8,G! =()+,1! +&9!0+.3&5.'!
)+&!5\)8+&-5!:*&5!,+4*,5!*&:(.2+3*(&!*&!385*.!)+,,'b!2+,5'!+.5!+4,5!3(!5\0.5''!385*.!'3.5''!
=*+! :*&5!2(9/,+3*(&! (:! =()+,*'+3*(&'! +&9! :52+,5'! 95)(95! 385! *&:(.2+3*(&! +&9! +&'65.!
+00.(0.*+35,G! 6*38! +! 458+=*(/.! .5,+359! 3(! +&! +&3*0.59+3(.! '3.+35-G;! <(&'*95.*&-! 385!
*20(.3+&)5!(:!=()+,*'+3*(&'!*&!385!*&35.+)3*(&!(:!385!0+.3&5.'!5'05)*+,,G!9/.*&-!'3.5'':/,!
5=5&3'1!65!8G0(385'*'59!38+3!0+.3&5.'!)(/,9!)8(('5!385*.!2+35!4+'59!(&!385*.!=()+,!4/3!
+,'(!08G'*(,(-*)+,!0.(:*,5;!>8/'1!3(!=5.*:G!*:!+&!+''(.3+3*=5!2+3*&-!5\*'3'!(&!385'5!).*35.*+!
*&!385!@54.+!:*&)81!65!05.:(.259!+!'50+.+3*(&!.5/&*(&!0.(3()(,5!38+3!5,*)*3'!385!52*''*(&!
(:!9*'3+&)5!)+,,'!4G!0+.3&5.';!T5!+,'(!25+'/.59!0,+'2+!,5=5,'!(:!)(.3*)('35.(&5!+:35.!$C!



! #L!

2*&/35'! (:! '50+.+3*(&! +&9! *&! )(&3.(,! )(&9*3*(&! '(! +'! 3(! )85)W! :(.! +''(.3+3*=5! 2+3*&-!
4+'59!(&!0,+'2+! ,5=5,'!(:! )(.3*)('35.(&5;!B/.!.5'/,3'!9(!&(3! .5=5+,!+''(.3+3*=5!2+3*&-!
4+'59! &5*385.! (&! 08G'*(,(-*)+,! &(.! (&! =()+,! 0.(:*,5;! %&'35+9! 65! '8(6! 38+3! 0+.3&5.'!
+9h/'3! 385*.! 458+=*(/.! 68*,5! *&! +)(/'3*)! )(&3+)3;! %&! 302?71>! H1! 65! 0.5'5&3! 8(6! 385!
8*'3(.G!(:!385!0+*.!*&:,/5&)5'!385!=()+,!+)3*=*3*5'!(:!4*.9'1!'3.(&-5.!0+*.'!+&9!0+*.'!6*38!
4.559*&-! 5\05.*5&)5! '8(6*&-! 2(.5! *&35&'5! =()+,! *&35.+)3*(&';! T5! :*&+,,G! 9*')/''! 385!
8G0(385'*'!38+3!+''(.3+3*=5!2+3*&-!)(/,9!&(3!5\*'3!*&!385!@54.+!:*&)8!+&9!38+3!+9h/'325&3!
(:!458+=*(/.'!38.(/-8!:+2*,*+.*3G!*'!+!0,+/'*4,5!25)8+&*'2!0+.3*)*0+3*&-!*&!)((.9*&+3*(&!
453655&!2+35';!
!
! (/W/I/! &M86! IO! -29! 9167:89=! U1F>2! A893016! 1934G1! 7018>! 67>166! 70>45=0!

<4G5:27849!4A!7018>!F1==89=!32::6!29G!G4!?2>1976!G134G1!701!<1662=1!29G!>16?49G!

2??>4?>8271:EY!!!!

T*,9! &5'3,*&-'! (:! @54.+! :*&)85'! )+&! '/::5.! :.(2! 5+.,G! '3.5''! 9/5! 3(! 385*.! =+.*+4,5! +&9!
/&0.59*)3+4,5!8+4*3+3;!>85G!)5.3+*&,G!&559!3(!5\0.5''!385*.!'3.5''!+&9!38/'!385*.!'05)*:*)!
&559'! 3(! 385*.! 0+.5&3'! '(! 38+3! +9/,3'! )+&! +9h/'3! 385*.! )+.5! *&! )(&'5d/5&)5;! _5'3,*&-'!
5\8*4*3! +! '35.5(3G0*)! 45--*&-! 458+=*(/.! 38+3! *&),/95'! 385! 52*''*(&! (:! 45--*&-! )+,,';!
I8G'*(,(-*)+,! '3.5''! *'! +,.5+9G! W&(6&! 3(! 5,5=+35! 385! .+35! +&9! 385! *&35&'*3G! (:! 45--*&-!
)+,,'!*&!2+&G!4*.9!'05)*5'1!+!)(&'0*)/(/'!'*-&+,!38+3!+33.+)3'!0.59+3(.'!4/3!38+3!8+'!455&!
'/00('59!3(!*&:(.2!0+.5&3'!+4(/3!385!G(/&-!'05)*:*)!&559'!+3!+&G3*25;!F5)+/'5!'5=5.+,!
'3/9*5'!8+=5!9*')/''59! 385!)(&3.+9*)3*(&!453655&! 385!)(&'0*)/(/'&5''!(:!45--*&-!+&9!
385! +''()*+359!0.59+3*(&! )('3'1!65!8G0(385'*'59! 38+3! *&)(&'0*)/(/'! '*-&+,'! )(/,9! +,'(!
)+..G! *&:(.2+3*(&! +4(/3! 385! &5'3,*&-'e! &559';! <(&'*95.*&-! 38+3! 2+,5! @54.+! :*&)85'!
5\0.5''! 385*.! '3.5''! 38.(/-8!2(9/,+3*(&! (:! 385*.! =()+,*'+3*(&'1! 65! '/00('59! 38+3! 38*'!
:,5\*4*,*3G!)(/,9!+,'(!45!0(''*4,5!*&!&5'3,*&-';!T5!38/'!2*2*)W59!+!08G'*(,(-*)+,!'3.5''!4G!
+92*&*'3.+3*&-! 5\(-5&(/'! )(.3*)('35.(&5! *&! 6*,9! &5'3,*&-';! >(! =5.*:G! *:! )(.3*)('35.(&5!
)(/,9!8+=5!+&!*20+)3!(&!385!+)(/'3*)!0+.+2535.'!(:!385!45--*&-!)+,,'1!65!.5)(.959!385'5!
=()+,*'+3*(&'!45:(.5!+&9!+:35.!(.+,!+92*&*'3.+3*(&!(:!)(.3*)('35.(&5;!`*&+,,G1!3(!'5+.)8!:(.!
0+.5&3+,!+9h/'325&3!(:!458+=*(/.1!65!2(&*3(.59!0+.5&3+,!=*'*3'!+3!385!&5'3!+&9!:(.+-*&-!
458+=*(/.'!9/.*&-!385!9+G'!:(,,(6*&-!385!5\05.*25&3!/'*&-!3.+&'0(&95.'1!+&9!25+'/.59!
385!&5'3,*&-'e!4(9G!)(&9*3*(&!+3!385!5&9!(:!385!5\05.*25&3;!%&!302?71>!I1!65!'8(6!38+3!
)(.3*)('35.(&5! 0.(=(W5'! +! 2(9*:*)+3*(&! (:! 385! :.5d/5&)G! '05)3./2! (:! 45--*&-! )+,,'!
'*2*,+.! 3(!68+3!8+'!455&! :(/&9! *&!+9/,3';!I+.5&3'!05.)5*=5! 385!25''+-5!+'! 385G!+9h/'3!
385*.!458+=*(/.!4G!=*'*3*&-! 385!&5'3'! +&9! 385! :559*&-!+.5+'!2(.5!(:35&!+&9! :(.! ,(&-5.;!
>85'5!.5'/,3'!'/--5'3! 38+3!5=5&!&(&7,5+.&59!=()+,*'+3*(&'!)+&!0.5'5&3!+! :,5\*4*,*3G! 38+3!
5&)(95'!,+4*,5!*&:(.2+3*(&;!T5!+,'(!0.(0('5!38+3!52*33*&-!/07'8*:359!=()+,*'+3*(&'!)(/,9!
45!+!/&*=5.'+,!'*-&+,!:(.!385!5\0.5''*(&!(:!+&!52(3*(&!(:!'3.5'';!
!
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V2*,*5!<;!I5.5@!"1!!a/,*5!V;!V,*5!"1!<8.*'3(085!B;!X(/,+-5!#1!Qm9*!O;!X(/,+!"1!_*)(,+'!
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!
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!
!
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!
!
"!N&*=5.'*3m!95!X+*&37V3*5&&51!N&*=5.'*3m!95!UG(&1!V_VXf<_IX!<_AX!NJAY"DS1!L#C#$!

X+*&37V3*5&&51!`.+&)5;!
!

#!N&*=5.'*3m!95!UG(&1!%_XO!95!UG(&1!<+.J5_1!%_XVAJ!N"CPC1!N&*=!UG(&7"1!`7PDP#"1!
]*,,5/.4+&&51!`.+&)5;!

!
!
!
!
I/4,*'859!*&!Q(.2(&5'!+&9!F58+=*(/.!b!!
!
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Animal vocalizations convey multiple pieces of information about the sender. Some of them are stable, such
as identity or sex, but others are labile like the emotional or motivational state. Only a few studies have
examined the acoustic expression of emotional state in non-human animals and related vocal cues to phys-
iological parameters. In this paper, we examined the vocal expression of isolation-induced stress in a song-
bird, the zebra finch (Taeniopygia guttata). Although songbirds use acoustic communication extensively,
nothing is known to date on how they might encode physiological states in their vocalizations. We tested
the hypothesis that social isolation in zebra finches induces a rise of plasma corticosterone that modifies
the vocal behavior. We monitored plasma corticosterone, as well as call rate and acoustic structure of calls
of males in response to the playback of female calls of varied saliences (familiar versus stranger) in two
situations: social isolation and social housing. Social isolation induced both a rise in plasma corticosterone,
and a range of modifications in males' vocal behavior. Isolated birds showed a lower vocal activity, an aboli-
tion of the difference of response between the two stimuli, and evoked calls with longer duration and higher
pitch. Because some of these effects were mimicked after oral administration of corticosterone in socially
housed subjects, we conclude that corticosterone could be partly responsible for the isolation-related modi-
fications of calls in male zebra finches. To our knowledge, this is the first demonstration of the direct impli-
cation of glucocorticoids in the modulation of the structure of vocal sounds.

© 2012 Elsevier Inc. All rights reserved.

Introduction

Animal vocalizations can convey information about context and
events in the environment, as well as multiple pieces of information
about the sender such as identity, physical characteristics, emotional
or motivational state (Seyfarth and Cheney, 2003). Within a species,
individuals often produce different context-specific types of calls
that are characterized by different structures (amplitude, frequency,
duration, etc). These calls generally carry stable characteristics
related to the emitter's sex or individual identity, but also more
instantaneous information such as the sender's motivation or physio-
logical state. For instance, in the presence of a male, females of the
South African clawed frog Xenopus laevis can produce two call types
both consisting of repetitive click trains: a fast fertility call and a
slower unreceptive call (Tobias et al., 1998). While these two call
types differ in click rate, both are slower than male calls (Tobias et
al., 1998). Thus, these calls encode stable information about the

sender's sex and social context, but also labile information about re-
productive state (Tobias et al., 1998; Vignal and Kelley, 2007).

The emotional state of the emitter is an example of transient infor-
mation conveyed in the vocalizations. Because of its importance in
speech perception, several studies have focused on vocal expression of
emotions in humans (Bachorowski, 1999; Bachorowski and Owren,
2003), and speech rhythm and intonation seem to be the main param-
eters affected by emotional state (Nygaard and Queen, 2008). In con-
trast, few studies have examined the acoustic expression of emotional
state in non-human animals. One notable exception is the acoustic ex-
pression of distress duringmother–young separation or during isolation
from affiliated individuals in mammalian species. In infant rhesus mon-
keys, the isolation from the mother induces behavioral agitation and
modification of the acoustic structure of vocalizations (Bayart et al.,
1990; Levine et al., 1985). In several species of primates, isolation
from the mother in young or separation from affiliated individuals in
adults has been reported to elicit the emission of specific vocalizations
named separation calls (Masataka and Symmes, 1986; Mendoza and
Mason, 1986; Norcross and Newman, 1999; Scheumann et al., 2007).
In rodents, isolated pups produce specific ultrasonic vocalizations that
provoke a fast return of the mother to the nest (Ehret, 2005; Shair,
2007), suggesting that these separation calls convey information
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about the emotional distress of the young and promote physical re-
union with the mother (D'Amato et al., 2005).

Physiological stress is a good candidate as proximate mechanism
of the acoustic expression of separation distress. Indeed, the pertur-
bation of social interactions is one of the most efficient stressors in
animals (DeVries et al., 2003). Social isolation in particular provokes
a rise of plasma glucocorticoids in both young and adults of many
mammalian and avian species. In infant squirrel monkeys and rhesus
monkeys, isolation from the mother elicits a rise of plasma cortisol
(Levine and Wiener, 1988; Levine et al., 1985). In marmosets
(Norcross and Newman, 1999) and titi monkeys (Mendoza and
Mason, 1986), separation of adult pair-mates elevates cortisol levels.
In pigs, young females isolated from the social group show an increase
of plasma cortisol (Ruis et al., 2001). In European starlings, isolation
from group members increases plasma corticosterone, the main stress
hormone in birds (Apfelbeck and Raess, 2008). Thus, social isolation
may be perceived as a strong stressor, triggering a hypothalamic–
pituitary–adrenal (HPA) axis response through a glucocorticoid re-
lease. This physiological stress response could provoke the emission
of modulated vocalizations that could be considered as the vocal
expression of stress. To the best of our knowledge, this hypothesis
has not yet been directly tested.

The present study aimed at investigating the vocal expression of
stress and its control by glucocorticoids using a songbird as a model
system. Although songbirds use acoustic communication extensively
during social interactions, nothing is known to date on how they en-
code emotional and physiological states like stress in their vocaliza-
tions. Our study focused on a songbird model species, the zebra
finch (Taeniopygia guttata). This gregarious bird forms monogamous
life-long pair bonds, and is thus highly social (Zann, 1996). Perturba-
tions of social interactions in this bird such as separation from the
mate (Remage-Healey et al., 2003) or isolation (Banerjee and
Adkins-Regan, 2011) are already suspected to provoke physiological
stress but nothing is known on the related modifications of acoustic
communication. We hypothesized that social isolation in zebra
finches provokes a rise of plasma corticosterone that modifies the
acoustic structure of calls and the call rate of emission. We monitored
plasma corticosterone concentration, as well as call rate and acoustic
structure of calls of males in response to the playback of female calls
of varied saliences (familiar versus stranger) in two situations: social
isolation and social housing. To test whether the vocal modifications
induced by social isolation are triggered by a physiological stress,
we investigated whether oral administration of corticosterone can
mimic the effects of isolation in socially housed subjects.

Materials and methods

Subjects and housing conditions

Birds used for this study were zebra finches (T. guttata) bred in our
colony (ENES lab, University of Saint-Etienne). Thirty male subjects
were used to study the kinetics of circulating level of corticosterone
after oral administration of exogenous hormone (Experiment 1). Eigh-
teen male subjects were used in the playback experiment (Experiment
2). All male subjects (n=48) were housed in individual cages (dimen-
sions 24×29×39 cm) for the duration of the experiments (light condi-
tions: 14:10 h light:dark; temperature from 22 to 24 °C) to acclimate
them to the experimental condition. Food (mixed seeds) and water
were provided ad libitum. Birds had free access to a water pool for
bathing and were also supplemented with fresh salad once a week.

For at least two weeks before the playback experiment, subjects
shared the room with 10 breeding pairs (referred to as “audience
birds” in the protocol; each breeding pair was housed in an individual
cage) and six females (whose calls were used as familiar acoustic
stimuli during playback experiments; each female was housed in an
individual cage). Because all cages were in the same room allowing

visual and acoustic contacts between birds, all birds in the room can
be considered as familiar to each other.

Six females unknown by the other birds were housed in individual
cages and kept in a second room without any acoustic or visual con-
tact with the subjects. Distance calls from theses females were used
as stranger acoustic stimuli during the playback experiment. The cor-
ticosterone baseline of our birds (see results, mean=3.50 ng/mL) was
not different from corticosterone baseline of birds living in aviaries of
other studies (Remage-Healey et al., 2003, 3.80 ng/mL for pair housed
birds, 3.50 ng/mL for group housed birds). Thus, we assumed that our
housing conditions did not modify the baseline stress level and thus
the basal behavior of our birds.

Experiments were performed under the authorization no. 42-218-
0901-38 SV 09 (ENES Lab, Direction Départementale des Services
Vétérinaires de la Loire) according to the guidelines laid down by
the French Ministère de l'Agriculture (no. 87-848) and the E.U.
Council Directive for the Care and Use of Laboratory Animals of
November 24th, 1986 (86/609/EEC).

Corticosterone manipulation

To non-invasively induce an acute increase of plasma corticoste-
rone, a procedure of oral administration was used. The subjects
were fed with 300 mg of seeds sprinkled either with corticosterone
dissolved in peanut oil (CORT condition in Experiment 1 and 2) or
peanut oil alone (Control condition in Experiment 1, NOCORT and
ISOLATION conditions in Experiment 2). To elicit a huge increase of
plasma corticosterone in few minutes (Spencer and Verhulst, 2007),
a dose of 0.0125 mg of exogenous corticosterone was used (50 μL,
concentration: 0.25 mg/mL; Sigma Aldrich ref: 27840). Seeds were
presented via a trap-door at the bottom of the experimental cage.
The cage was inside an acoustically-isolated chamber (internal
dimensions: 2.00 m H×1.35 m W×1.00 m D; Silence Box model, Tip-
top Wood, Saint-Etienne, France). To make sure that subjects ate the
entire dose of seeds in less than 5 min, any food was removed from
the cage the day before the experiment (15 h30±30 min before the
experiment). To monitor when the subject started eating the seeds
(denoted as t=0) and the time spent eating, the experimenter ob-
served the bird through a one-way mirror and was thus outside the
chamber.

Blood sample collection and hormone assay

All blood samples (b150 μL) were obtained by puncturing the alar
vein with a 25-gauge needle. Blood was collected in heparinized tips,
and plasma was separated under centrifugation (15 min, 3800×g)
and stored at −80 °C until hormone assay. Blood samples were
taken within 3 min so as to measure corticosterone baseline and not
corticosterone due to handling (Wingfield et al., 1982). No bird was
bled more than once per week to ensure that they had sufficiently
replenished their blood volume between bleeds and HPA axis
function had recovered from previous sampling (Romero and Reed,
2008).

Because circulating level of endogenous corticosterone shows cir-
cadian variations in many bird species with a peak just before the ac-
tive period and a rapid decrease during the first hours of activity, all
experiments were performed between 8 and 11 am (Remage-Healey
and Romero, 2000; Tarlow et al., 2003).

Hormone assays were performed using the ELISA method (Kit
Corticosterone EIA, Cayman, #5000561) according to the manufac-
turer's recommendations. All samples were run in duplicate in three
different assays: all samples from Experiment 1 were run in one
assay and samples from Experiment 2 in two other assays. The detec-
tion limit was 0.2 ng/mL, intra-assay coefficient of variation was 0.14,
and inter-assay coefficient of variation was 0.09.
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Experimental setup and test procedures

Experiment 1: Study of the kinetics of circulating level of corticosterone
after oral administration of exogenous hormone

To assess the effects of exogenous corticosterone administration
on circulating levels of hormone over time, 30 males were used. The
day before the experiment (15 h30±30 min before the experiment),
the subject was placed without any food in an individual cage next to
a pair of audience birds (placed in another individual cage). Both
cages were inside an acoustically-isolated chamber. On the morning
of the experiment, seeds with corticosterone (CORT condition,
n=13) or without corticosterone (control condition, n=13) were
presented to the subject via the trap-door. Blood was then collected
either at 15 min (n=4 and n=5 for the control and the CORT condi-
tions, respectively), or 25 min (n=4 for the control and the CORT
condition) or 45 min (n=5 and n=4 for the control and the CORT
conditions, respectively) after the subject started eating the seeds.
Baseline corticosterone (t=0) was assessed using other subjects
(n=4) placed in the same experimental conditions (placed without
any food and with the presence of an audience) but without the pre-
sentation of the seeds before blood sampling.

Experiment 2: Playback experiments

Experimental groups. Eighteen male subjects were used in playback
experiments in three different conditions:

- NOCORT condition: subjects were placed with a pair of audience
birds and received seeds with peanut oil.

- CORT condition: subjects were placed with a pair of audience birds
and received seeds with corticosterone.

- ISOLATION condition: subjects were alone and received seeds
with peanut oil.

Twelve males (group 1) experienced a NOCORT condition followed
by a CORT condition a week later. 6 males (group 2) experienced a
CORT, then a NOCORT and finally an ISOLATION condition, with one
week between two conditions. Birds of group 2 were exposed to CORT
and NOCORT conditions in the reverse order as group 1 so as to control
for a potential order effect. Results did not differ between groups, so
data were pooled and analyzed together.

Repertoire choice for playback stimuli and analysis of the subject's vocal
response. While zebra finches have ten distinct calls in addition to the
song (Zann 1996), we decided to focus our study on distance calls:
first, these calls are usually used by sexual partners when they lose vi-
sual contact, and secondly, it has been demonstrated that distance
calls carry the identity of the sender (Vignal et al. 2008, Forstmeier
et al. 2009), supposedly allowing the birds to distinguish between
calls from familiar females and calls from stranger females. Distance
calls were thus supposed to have a stable and not easily alterable
acoustic structure.

Preparation of the subjects. The day before the experiment (at least
12 h prior to the start of stimulus presentation), the subject was de-
prived of food in the experimental cage (Fig. 1) either in the presence
of a pair of audience birds (CORT and NOCORT conditions) or alone
(ISOLATION condition). The experimental cage was inside an
acoustically-isolated chamber. Both the subject and the audience
birds were placed in the lower part of the cage, but the subject was
physically separated from the audience by a wire barrier that allowed
acoustic and visual contact (Fig. 1). On the morning of the
experiment, seeds were presented to the subject via the trap-door.
Five minutes after the subject started eating the seeds, the experi-
menter opened the door between the lower part and the upper part
of the experimental cage, so that only the subject was able to visit
this part of the cage. It was important not to open the door between

the two parts of the cage before the subject started eating, so as to
make sure that the bird would easily find the seeds and eat them
quickly.

Recording and preparation of acoustic stimuli. Distance calls from six
stranger and six familiar females were recorded in an acoustically iso-
lated room. The day before the recording session, the female subject
was placed in an individual cage in sight of another cage containing
two females to provide a social context and to avoid social isolation.
Recording started on the following morning. Subjects were stimulat-
ed with distance calls of males, played by a computer using Goldwave
software (GoldWave Inc. St. John's, NL Canada) through an amplifier
(Yamaha AX 396) connected to a loudspeaker (Audiopro Bravo
Allroom sat E7140044). Evoked calls were recorded using a micro-
phone (Sennheiser MD42) located 50 cm above the subject and
connected to a recorder (Marantz PMD 670, sampling rate: 44.1 kHz).

Playbacks. Fifteen minutes after the beginning of ingestion, a playback
session started in the upper part of the cage. This delay was deter-
mined based on the results of Experiment 1. Each playback session
consisted of four sets of five calls. Each set lasted five seconds (one
call per second) and sets were separated by at least 1 min and 55 s.
The next set started only if the subject remained silent for at least
10 s, considered as a criterion of basal activity level. Thus, a playback
session lasted at least 8 min. Among the four sets, 2 sets contained
different calls from one familiar female and 2 sets contained different
calls from one stranger female. Sets were randomly played. The fe-
males used as stranger or familiar stimuli were never used in two dif-
ferent conditions for the same subject. So, the stranger/familiar
stimuli used in one condition (e.g. NOCORT) were different from the
stranger/familiar stimuli used in the following condition (e.g. CORT).

Calls were played by a computer using Goldwave software,
through an amplifier (Yamaha AX 396) connected to two loud-
speakers (Audiopro Bravo Allroom sat E7140044). Loudspeakers
were placed on both sides of the experimental cage, so that sets of
calls could be randomly played either on the right or on the left side
of the cage. The intensity of calls given by audience birds placed in
the test room was used as a sound intensity reference for the play-
back. The root mean square (RMS) sound pressure of the stimuli
was set at half the RMS value of the audience's calls using Goldwave
software, to mimic a distant bird.

Fig. 1. Experimental cage used in Experiment 2. a) Front view, b) Side view. The exper-
imental cage is composed of three parts: the subject was placed in part 1. This area
communicated with the upper part of the cage (part 3) when the door was open.
The audience was placed in part 2. This area did not communicate with the other
parts of the cage, so that only the subject could visit the upper part of the cage. The
two lower parts of the cage were separated by wire mesh allowing visual and acoustic
contacts between the subject and the audience but preventing physical contacts. A
trap-door allowed the experimenter to give seeds to the subject.
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Vocal response of the subjects was recorded during the entire ses-
sion using a microphone (Sennheiser MD46) connected to a recorder
(Marantz PMD 670, sampling rate: 44.1 kHz).

At the end of the playback session, the subject was rapidly caught
(less than 2 min after the end of the last playback set) and bled within
3 min after entering the acoustically-isolated chamber to measure the
level of plasma corticosterone.

Analysis of the vocal response. For each playback test, the vocal re-
sponse of the subject was assessed using two behavioral parameters:

- the latency to the first call (in seconds): the time between the
start of the first call of a stimulus set and the first distance call
emitted by the subject.

- the call density: the number of calls emitted by the subject during
the first minute of each stimulus set was first quantified using
Pratt software (Boersma, 2001). Since calling activity during one
playback session was highly variable across individuals (mean
number of calls=41±20 (SD), min=8, max=81), normalization
procedures were used. First, the number of calls emitted during
each stimulus set was divided by the total number of calls emitted
by the subject during the entire playback session (4 stimulus sets,
2 stranger and 2 familiar sets). This procedure produced a parame-
ter called an allocation factor “AF STIM” that reflected the propor-
tion of calling activity allocated to each stimulus set in a given
playback session. Second, the number of calls emitted during one
playback session was divided by the total number of calls emitted
by the subject during the different playback sessions (2 sessions
in group 1, 3 sessions in group 2). This procedure produced an
allocation factor called “AF COND” that reflected the proportion of
calling activity allocated to each condition (NOCORT versus CORT
versus ISOLATION). Because birds underwent either 3 playback ses-
sions (group 2) or 2 playback sessions (group 1), “AF COND” was
scaled by a coefficient 2/3 in group 1 to allow for comparisons of
all birds.

Distance calls used by the subjects in response to the stimuli were iso-
lated using Pratt software and analyzed. Seven acoustic parameters were
measured for each call. Using a home-made computer program, the call
duration and the call mean frequency were quantified as follows:

- call duration (in seconds): the energy was first computed from the
signal envelope and the peak maximum was used as an energy
reference. The beginning and the end of the call were then defined
as the points where the signal reached 10% of this reference before
and after the peak maximum.

- call mean frequency (in Hertz): the mean frequency was first cal-
culated between 0 and 6000 Hertz using the power spectrum of
the signal (Fast-Fourier-Transform). A high-pitched call was char-
acterized by a high mean frequency, whereas a low-pitched call
showed a low mean frequency. An index of variation “I” was
then calculated for each call as follows: I=FX−FM where FX is
the mean frequency of the call analyzed, and FM is the average
of the mean frequencies of the 10 lowest-pitched calls emitted
by the subject during the whole experiment. This index thus
represented a measure of the pitch variation relative to the aver-
age pitch of the subject's lower-pitched calls.

Using the Seewave package (Sueur et al., 2008) implemented in R
software (R Development Core Team, 2007, www.r-project.org), we
measured the following spectral parameters:

- the call dominant frequency (in Hertz) is the average over the
duration of the call of the frequencies of highest amplitude
(obtained via the ‘dfreq’ package function). The frequency of high-
est amplitude is first assessed on time bins using a window length
of 512, and the series of values obtained over the duration of the
call is then averaged.

- the call fundamental frequency (in Hertz) is the average over the
duration of the call of the fundamental frequency values (these
are tracks of the fundamental frequency through a short-term
cepstral transform obtained via the ‘fund’ package function).

- the median, the mode and the inter-quartile range of the call
spectrum (using ‘specprop’ package function).

Statistical analysis

All statistical tests were performed using R software. Normal dis-
tribution was tested using the Shapiro test and homoscedasticity
was tested using the Bartlett test. When at least one of these two con-
ditions was violated, non-parametric statistical tests were used.

In Experiment 1 (kinetic study), data were independent so the re-
sults were analyzed using t-tests.

In Experiment 2, hormone data were analyzed using a Linear
Mixed-effects Model (LMM, using lme function of the R package
nlme) with the condition (NOCORT, CORT or ISOLATION) as a fixed
factor, and subject identity as a random factor. This allowed us to con-
trol for potential confounding effects of the number and order of con-
ditions experienced by each subject. All post hoc tests were done
using paired t-tests with Bonferroni correction.

Call density (AF STIM and AF COND) and fundamental frequency
were all analyzed using LMM with the condition (NOCORT, CORT or
ISOLATION) and the type of stimulus (familiar calls or stranger
calls) as fixed factors, and subject identity and order of presentation
of the stimulus as random factors. All post hoc tests were done
using paired t-tests with Bonferroni correction.

Latency to the first call, call duration, index of variation of call
mean frequency, dominant frequency, median, mode and inter-
quartile range values were analyzed using a Kruskal–Wallis ANOVA.
Posthoc tests were done using Wilcoxon tests with Bonferroni
correction.

Values displayed are means are given±SE. All significant differ-
ences are reported for P≤0.05.

Results

Experiment 1: Circulating levels of corticosterone after oral administra-
tion of exogenous hormone

Plasma corticosterone levels increased significantly following oral
administration while levels of corticosterone in the control group did

Fig. 2. Effect of oral administration of exogenous hormone on plasma corticosterone
levels: Kinetic study (Experiment 1). n=13 for both CORT group and control group.
The zero time-point represents baseline corticosterone level (n=4). The gray rectangle
highlights the choice of the beginning and the end of playback experiments (experiment
2). Data are presented as mean±SE.*: significant differences between the two treatment
groups at the Pb0.05 level.
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not change over time and remained at baseline with a mean value
around 3.57 ng/mL±0.97 (t-tests, CORT group vs control group:
P=0.008 at 15 min, P=0.035 at 25 min and P=0.018 at 45 min,
Fig. 2). Corticosterone levels peaked 15 min after oral administration
and remained high until 45 min. Playback experiments (Experiment
2) were thus performed during this peak ranging from 15 to 25 min
after oral administration — as shown with a gray time range on Fig. 2.

Experiment 2: Modifications of behavioral response to playback with el-
evation of circulating levels of corticosterone

Modification of circulating levels of corticosterone with experimental
conditions

Plasma corticosterone was measured at the end of the playback
session, i.e. 25 min after the ingestion of seeds. In line with the results
obtained in Experiment 1, oral administration of exogenous cortico-
sterone provoked a huge increase of circulating hormone reaching
1700% of basal values (LMM: F2,19=40.80, Pb0.001, paired t-tests
with Bonferroni correction: NOCORT versus CORT: Pb0.001,
ISOLATION versus CORT Pb0.001). Isolation also significantly in-
creased circulating levels of corticosterone (164% of basal values)
that did not reach the levels obtained in CORT condition (paired
t-test with Bonferroni correction: ISOLATION versus NOCORT:
P=0.002, Fig. 3).

Exogenous administration of corticosterone as well as isolation abolished
the difference of response between the two stimuli

Whereas subjects in NOCORT condition showed higher calling ac-
tivity in response to the “stranger” stimulus compared to the “familiar”
stimulus (LMM: F5,63=2.87, P=0.02, paired t-test with Bonferroni
correction: Pb0.001, Fig. 4), ISOLATION and CORT conditions abolished
this difference (paired t-tests with Bonferroni correction: P=0.98 and
P=0.69 respectively). There was no significant difference in response
latency in any of the three conditions (Kruskal–Wallis ANOVA:
P=0.07 for all comparisons).

Isolation, but not exogenous administration of corticosterone, decreased
total calling activity

Subjects in ISOLATION condition showed a significantly lower total
calling activity than subjects in experimental conditions with an audi-
ence (LMM: F2,23=8.25, P=0.002, paired t-tests with Bonferroni
correction: ISOLATION versus NOCORT P=0.002, ISOLATION versus
CORT P=0.05, Fig. 5). There was no significant difference between
CORT and NOCORT conditions (paired t-test with Bonferroni correc-
tion: P=0.33).

Exogenous administration of corticosterone as well as isolation modified
acoustic parameters of evoked calls

Subjects emitted higher-pitched and longer calls in ISOLATION than
in the two other conditions (Table 1). Indeed, the index of variation of
call's mean frequency and the duration showed significant differences
between ISOLATION and the two other conditions (Tables 2 and 3). Al-
beit significant (see Tables 2 and 3), the differences in duration be-
tween conditions are probably too small (up to 6 ms) to be of
biological importance. On the other hand, the index of variation of call's
mean frequency not only showed significant differences but also
amounted to easily discernable variation (Table 1).

In addition, the pitch of the calls in CORT condition can be described
as intermediate between NOCORT and ISOLATION conditions since the
dominant frequency, the mode and the median were all ordered de-
creasingly as ISOLATION>CORT>NOCORT (Tables 1, 2 and 3). These
differences can be observed on a spectrogram of the calls (Fig. 6 and
Supplementary sound file).

Calls in NOCORT condition showed a more broadband spectral
composition than calls in CORT and ISOLATION. Indeed, the inter-
quartile range (IQR) is significantly higher in NOCORT condition
(Tables 1, 2 and 3).

The index of variation of call's mean frequency, the median and
the mode of the spectrum as well as the fundamental frequency
were all affected by the stimulus type: “stranger” stimuli evoked
higher-pitched calls and calls of higher fundamental frequency than
“familiar” stimuli (Tables 1, 2 and 3).

Finally, interactions between conditions and stimuli yielded no
significant differences.

Fig. 3.Modifications of circulating level of corticosterone with experimental conditions
(Experiment 2). Data are presented as mean±SE. **: P=0.002; ***: Pb0.001. NOCORT
(n=18): subjects were placed with a pair of audience birds and received seeds with
peanut oil; CORT (n=18): subjects were placed with a pair of audience birds and re-
ceived seeds with corticosterone; ISOLATION (n=6): subjects were alone and received
seeds with peanut oil. «+» and «-» indicate specific context for each condition: birds in
social isolation (+) or in social context (-), administration of exogenous corticosterone
(+) or no administration (-).

Fig. 4. Vocal activity allocated to each stimulus in response to the playback (Experi-
ment 2). ***: Pb0.001. Note the high variability of AF in ISOLATION condition that
caused the sum of the 2 group means to be below 1.

Fig. 5. Vocal activity allocated to each condition in response to the playback (Experiment
2). ***: Pb0.001; *: P=0.05.
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Discussion

In our experiment, social isolation induced in male zebra finches
both an acute physiological stress, evidenced through a notable rise
in plasma corticosterone concentration, and a range of modifications
in their vocal behavior in response to playback. Indeed, isolated
birds showed an overall decline of their vocal activity, an abolition
of the difference of response between the two stimuli, and evoked
calls with longer duration and higher pitch. Because some of these ef-
fects were mimicked after oral administration of corticosterone in so-
cial context (CORT group), we conclude that corticosterone could be
partly responsible for the isolation-related modifications of vocal re-
sponse to playback in male zebra finches.

Implication of corticosterone in isolation-related modifications of vocal
response to playback

To our knowledge, our evidence is the first demonstration of the
direct effect of glucocorticoids in the modulation of the acoustic
structure of vocal sounds on the short term. Indeed, natural eleva-
tions of glucocorticoids induced by both acute and chronic stress are
known to modify or impair a huge range of behaviors such as locomo-
tor activity (Breuner et al., 1998; Cox et al., 2011; Landys et al., 2006),
maternal behavior (Saltzman and Abbott, 2009; Yamada et al., 2002)
or aggressiveness (Meddle et al., 2002). However, very few studies
have looked at the short-term impact of glucocorticoids on the
vocal behavior of animals and apparently, no one has ever shown
the implication of corticosterone in the modification of the fine struc-
tures of the acoustic signals such as spectral modifications. Indeed,
previous studies have only dealt with modifications of temporal
cues such as the rate of emission of vocalizations (Kitaysky et al.,
2001), and long-term effects such as the impact of developmental
stress on adult song structure (Buchanan et al., 2003, 2004; Spencer

et al., 2005). Inversely, modification of the finer structures of the vocal
signals was observed in mammalian as well as avian species during
stressful situations but the direct effect of glucocorticoids has not
been previously demonstrated. For instance, female bottlenose dol-
phins with dependent calves produced whistles with higher
maximum frequencies during capture–release sessions (Carter et al.,
2009). Here we show for the first time that the isolation-induced
modifications of the acoustic structure of vocal sounds are at least
partly linked to an elevation in plasma corticosterone.

In the present experiment, oral administration of exogenous corti-
costerone in social condition provoked a huge rise of plasma cortico-
sterone while isolation provoked a more moderate elevation
compared to social condition. This range of variation is comparable
to already described population variability in response to restraint
stress: Evans et al. (2006) observed that peak corticosterone produc-
tion showed considerable individual variation after 20 min holding in
a cloth bag, a standardized capture/restraint technique. Indeed, corti-
costerone concentrations in their experiment ranged from 3.06 to
183.29 nmol/L, i.e. 1.06 to 63.5 ng/mL (Evans et al., 2006).

Nevertheless, our results show that the oral administration of exog-
enous corticosterone (CORT group) only partly mimicked the effect of
social isolation (ISOLATION group). Several hypotheses can be envis-
aged. First, corticosterone has a non-monotonic dose-dependent effect
on many behaviors: for instance, white-crowed sparrows that received
an intermediate dose of exogenous corticosterone (10 ng/mL) show a
higher motor activity than those that received a significantly higher
dose (60 ng/mL) (Breuner et al., 1998). Such a non-monotonic effect
of corticosterone could explain why the CORT condition did not totally
mimic the ISOLATION condition.

Secondly, the audience could act as a social buffer on birds of the
CORT group and could thus lessen the effect of the physiological
stress. This buffering effect has been reported in rhesus and saïmiri
monkeys, in which infants separated from their mother emit less vo-
calizations in the presence of conspecifics than when totally isolated
(Levine and Wiener, 1988).

Table 1
Measure of seven acoustic parameters on the calls emitted during the playback experiment. Values are given as mean±SE. Duration is given in seconds, whereas other parameters
are given in Hz. (Index=index of variation of call mean frequency; IQR=inter-quartile range).

Condition Stimulus

NOCORT CORT ISOLATION Familiar Stranger

Duration 0.106±1.6E−3 0.108±2E−3 0.112±2.2E−3 0.107±1.6E−3 0.109±1.5E−3
Index 259.6±11.1 295.9±13.0 380.9±24.6 269.8±11.7 309.0±11.2
Dominant frequency 3876.5±20.6 4057.7±13.5 4193.1±19.1 3957.5±18.9 4018.8±15.3
Fundamental frequency 781.3±6.6 773.6±7.8 860.7±10.7 774.9±6.5 802.1±6.7
Median 4062.8±12.4 4149.8±11.1 4301.9±18.1 4105.5±12.5 4150.2±10.5
Mode 4023.2±27.2 4196.3±28.3 4542.1±41.9 4118.8±27.8 4198.3±25.8
IQR 1389.6±16.9 1295.5±13.6 1294.2±19.4 1342.3±15.2 1338.5±13.5

Table 2
Statistical tests on the seven acoustic parameters measured on the calls emitted during
the playback experiment. Only significant effects are presented. Call duration, Index
(= index of variation of call mean frequency), dominant frequency, median, mode
and IQR (= inter-quartile range) values were analyzed using a Kruskal–Wallis
ANOVA. Fundamental frequency values were analyzed using a linear Mixed-effects
Model.

Parameter Factors Chi-squared df P-value

Duration Condition 14.52 2 0.0007
Index Condition 21.55 2 b0.0001

Stimulus 6.53 1 0.0106
Dominant frequency Condition 94.40 2 b0.0001
Median Condition 95.41 2 b0.0001

Stimulus 4.75 1 0.0292
Mode Condition 79.72 2 b0.0001

Stimulus 5.94 1 0.0148
IQR Condition 9.44 2 0.0089

Parameter Factors numDF denDF F-value P-value

Fundamental
frequency

Condition 2 846 2.097 0.1234
Stimulus 1 846 7.493 0.0063

Table 3
Posthoc tests on the seven acoustic parameters measured on the calls emitted during
the playback experiment. Posthoc tests were run only when there was a significant ef-
fect of the factor (condition and stimulus). Posthoc tests were done using Wilcoxon
tests with Bonferroni correction for call duration, Index (= index of variation of call
mean frequency), dominant frequency, median, mode and IQR (= inter-quartile
range) values. Fundamental frequency values were analyzed using paired t-tests with
Bonferroni correction.

Condition Stimulus

NOCORT vs
CORT

NOCORT vs
ISOLATION

ISOLATION vs
CORT

FAMILIAR vs
STRANGER

Duration 1.0000 0.0010 0.0020 –

Index 0.1570 b0.0001 0.0040 0.0110
Dominant frequency b0.0001 b0.0001 b0.0001 –

Fundamental frequency – – – 0.0380
Median b0.0001 b0.0001 b0.0001 0.0290
Mode 0.0001 b0.0001 b0.0001 0.0150
IQR 0.0210 0.0370 1.0000 –
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Finally, others hormones such as catecholamines could contribute
to the modulation of isolation-induced vocalizations. In rodent pups,
the injection of a dopamine receptor agonist reduces the rate of
emission of isolation-induced vocalizations (Muller et al., 2005).
Nevertheless, this hypothesis remains to be tested in birds.

Isolation-related modifications of zebra finch calls and their potential
role in communication

To the best of our knowledge, this is the first demonstration in a
bird of a vocal flexibility induced by the social context. While it has
been demonstrated that the presence of an audience as well as social
isolation modifies the vocal activity of male zebra finches in response
to playback stimuli (Vignal et al., 2004, 2005), here we show that the
acoustic structure of calls is altered in response to the social context.
Moreover, isolation-related modifications of the vocal response to
playback were mimicked using an experimental increase of plasma
corticosterone without any variation in the social context of the
bird. Thus, physiological stress could be an underlying mechanism
of the audience effect in zebra finches.

The behavioral modifications triggered by the elevation of plasma
corticosterone could allow the birds to respond to the stressful situa-
tion. This function has been previously demonstrated in rodents, in
which the emission ofmodulated ultrasonic calls by isolated pups elicits
reunion with themother (D'Amato et al., 2005). An equivalent function
is highly possible in zebra finches, which use distance calls when social
partners lose visual contact. The adjustment of behavior could then ex-
plain why stressed birds (CORT and ISOLATION groups) do not show
any difference of response to either familiar or stranger stimuli, while

they do sowhen they are not stressed (NOCORT group). This loss of dis-
crimination could reveal the urgent need to elicit physical reunion with
other individuals. Another explanation could be that birds are no longer
able to discriminate between stranger and familiar stimuli in stressful
situations. This hypothesis remains to be explored.

Our results suggest that distance calls of male zebra finches are
more flexible than previously thought and can be modified in rela-
tion to an increase in plasma corticosterone indicating that the bird
is experiencing stress (Cockrem, 2007), that is to say in relation to
the emotion of the emitter. Corticosterone is known to elevate
basal metabolism and muscular activity. A recent study has also
demonstrated that the mean frequency and the duration of vocali-
zations are directed by basal metabolism and muscular activity in
many animals (Gillooly and Ophir, 2010). Thus, the effect of corti-
costerone on vocalizations could be mediated by its action on the
muscular activity of the emitter. This leads to an important ques-
tion: do modified vocalizations represent only a by-product of the
bird's physiological stress, or do they carry information about the
emotion of the emitter that could be perceived by conspecifics?
Zebra finches are able to perceive fine changes in the spectral com-
ponents of sounds (Dooling et al., 1995; Ohms et al., 2012; Weisman
et al., 1998), so they could potentially discriminate stress-induced
modifications in calls. Whether stress-induced modifications of calls
have a role in zebra finches' communication remains a question to in-
vestigate. Moreover, none of the birds have ever emitted distance
calls spontaneously during our experiment: consequently, we do not
know if spontaneous calls are modified by stress in the same way
as evoked calls and thus also carry information about the emotion
of the emitter.

Fig. 6. Spectrograms of the calls of the same subject in the three experimental conditions. Note that the intensity of the third harmonic (around 3.4 kHz) is ordered decreasingly as
NOCORT>CORT>ISOLATION, whereas the intensity of the fifth harmonic (around 5 kHz) is ordered increasingly as NOCORTbCORTb ISOLATION. These variations are consistent
with a pitch ordered increasingly as NOCORTbCORTb ISOLATION. Spectrograms are calculated using the Seewave package implemented in R software (overlap=90, window
length=700, color scale=−40 dB−0 dB). See Supplementary sound file.
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Modifications of duration and spectrum of vocalizations in relation
to the emotional state of the emitter seem to represent a conserved
effect in mammals and birds. In elephants, low-ranking females inter-
acting with dominant individuals produce rumbles with increased
and more variable fundamental frequency, as well as increased dura-
tion and amplitude (Soltis et al., 2009). In humans, stressful situations
such as fear or anxiety modify not only the rhythm but also the mean
fundamental frequency and the pitch of the speech (Banse and
Scherer, 1996). In rodents, modifications in frequency modulations
and call duration of isolation-calls correlate with the distress of the
pup (Ehret, 2005; Hodgson et al., 2008). Finally, the calls of primates
can also be modified by the emotional state of the emitter: for in-
stance, separated infants of squirrel monkeys give longer calls at
greater separation distances from their natal group members, and
responding adults and juveniles similarly extend the length of their
vocalizations (Masataka and Symmes, 1986). Our study demonstrates
that birds are also able to modify their vocalizations in relation to
their emotional state, using similar prosodic rules as mammals.

Supplementary materials related to this article can be found on-
line at doi:10.1016/j.yhbeh.2012.02.004.
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Figure 1. Effect of the stress-induced calls of male zebra finches on corticosterone plasma concentrations 
of their female partner.  
(A) First set of playback sessions (n = 8), (B) second set of playback sessions (n = 9). For display purpose, 
corticosterone plasma concentrations are normalized by dividing by individual means and log transformed. 
Original data ranged from 3.83 ng/mL to 126.36 ng/mL, with mean 27.49 ± 2.80 ng/mL. Boxes are medians and 
error bars are interquartile-ranges (1st quartile-3rd quartile). Significance is based on non-parametric within 
subject tests (see Supplemental Information for full description of statistical analyses). 
A) Females showed significantly higher plasma corticosterone concentrations after the playback of their mate’s 
stress-induced calls than after silence or their mate’s control calls (Friedman !2 = 8.55, df = 3, P = 0.036, 
posthoc Wilcoxon signed rank test MATE STRESS vs SILENCE n = 8 and V = 36, P =0.008, MATE STRESS 
vs MATE CONTROL n = 8 and V = 3, P =0.039). FAMILIAR CONTROL was not significantly different from 
the other conditions. B) None of the stimuli elicited differences in plasma corticosterone concentrations 
(Friedman !2 = 3.2667, df = 3, P = 0.352). 
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N8=5>1!H/!&92:E686!4A!701!1AA137!4A!67>166!49!701!89G8J8G52:!68=9275>1!4A!32::6/!
?OE!+&9!?FE!X05)3.(-.+2'!(:!385!)+,,'!(:!36(!2+,5!4*.9'!*&!385!36(!5\05.*25&3+,!)(&9*3*(&'!?)(&3.(,!+&9!
'3.5''E;!_(35! 385!),5+.! *&9*=*9/+,! '*-&+3/.5'! *&!4(38!)(&9*3*(&';!_(35!+,'(! 38+3! *&! 385!'3.5''7*&9/)59!)+,,!
.5,+3*=5! 3(! 385! )(&3.(,! )+,,1! 385! 5&5.-G! *&! 385! :.5d/5&)G! 4+&9! +.(/&9! $! WQ@! *'! +335&/+3591!685.5+'! 385!
5&5.-G! *&! 385! :.5d/5&)G!4+&9!453655&!L!+&9!S!WQ@! *'!5&8+&)59;!>85'5!=+.*+3*(&'!+.5!)(&'*'35&3!6*38!+!
'8*:3!3(6+.9'!8*-85.!:.5d/5&)*5'!*&!385!'05)3.+,!5&=5,(05!(:!385!'3.5''7*&9/)59!)+,,';!!X2+,,!9*::5.5&)5'!*&!
0*3)8! )+&! +,'(! 45! (4'5.=59b! *&! 385'5! 5\+20,5'! 2(.5! '(! :(.! F*.9! #! 38+&! :(.! F*.9! ";! X05)3.(-.+2'! +.5!
)+,)/,+359!/'*&-!385!X556+=5!0+)W+-5!*20,525&359!*&!A!'(:36+.5!?(=5.,+0!q!DCk1!6*&9(6!,5&-38!q!"P!2'!
1!)(,(.!')+,5!q!LC!9FE;!!
?<E!3(!?`E!<(&:/'*(&!2+3.*)5'!(43+*&59!:.(2!9*').*2*&+&3!:/&)3*(&!+&+,G'5'!?H`OE;!N'*&-!+!-.5G!')+,51!)5,,!
?*1!hE!'8(6'!385!)(&9*3*(&+,!0.(4+4*,*3G!(:!-/5''*&-!38+3!385!35'3!)+,,'!)+25!:.(2!*&9*=*9/+,!h!685&!*&!:+)3!*3!
6+'! 52*3359! 4G! *;! A5'/,3'! :.(2! :(/.! 9*::5.5&3! H`O'! +.5! '8(6&;! ?<E! <,+''*)+,! H`O! (&! )(&3.(,! )+,,'!
?),+''*:*)+3*(&!'/))5''b!YC;LkE;!?HE!I,(3!(:!)+,,'!:.(2!:(/.!9*::5.5&3!4*.9'!?:(/.!)(,(.'E!+'!+!:/&)3*(&!(:!385!
:*.'3! 36(! 9*').*2*&+&3! :/&)3*(&'! (43+*&59! :.(2! 385!H`O! ?H*2"1!H*2#E;! ?VE!H`O! /'*&-! )(&3.(,! )+,,'! +'! +!
3.+*&*&-!'53!+&9!'3.5''7*&9/)59!)+,,'!(:!385!'+25!*&9*=*9/+,'!+'!+!=+,*9+3*&-!'53!?'/))5''b!LSkE;!?`E!I,(3!(:!
'3.5''7*&9/)59! )+,,'! :.(2! 385! '+25! :(/.! 4*.9'! +'! *&! ?HE! +'! +! :/&)3*(&! (:! 385! '+25!H*2"! +&9!H*2#;! >85!
+)(/'3*)! '*-&+3/.5! (:! +! -*=5&! *&9*=*9/+,! )8+&-5'! '(2568+3! 453655&! )(&3.(,! )(&9*3*(&! ?HE! +&9! '3.5''!
)(&9*3*(&!?`E;!?ME!H`O!(&!'3.5''7*&9/)59!)+,,'!?'/))5''!.+35b!YC;"kE;!_(35!38+3!'/))5''!.+35'!*&!?<E!+&9!?ME!
+.5!'*2*,+.;!?QE!H`O!/'*&-!'3.5''7*&9/)59!)+,,'!+'!+!3.+*&*&-!'53!+&9!)(&3.(,!)+,,'!(:!385!'+25!*&9*=*9/+,'!+'!
+!=+,*9+3*&-!'53!?'/))5''b!SC;PkE;!!
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N8=5>1!I/!%134=987849!4A!<2:1!89G8J8G52:6!FE!A1<2:16!F261G!49!3497>4:!29G!67>166\89G531G!32::6/!
%&35../03*(&!458+=*(.!(:!:52+,5'!9505&9*&-!(&!385!3G05!(:!52*335.!?A5!(.!_(A5E!+&9!385!3G05!(:!0.(3()(,!
?%95&3*3G!X8*:31!*;5;!35'359!6*38!9*::5.5&3!0+*.'!(:!*&9*=*9/+,'!(&!9+G!"!+&9!9+G!#1!&!q!$K!(.!V2(3*(&+,!X8*:31!
*;5;!35'359!6*38!385!'+25!0+*.!(:!*&9*=*9/+,'!/'*&-!'3.5''7*&9/)59!)+,,'!(&!9+G!#1!&!q!LE;!
?OE!I5.)5&3+-5!(:!)+,,!'5d/5&)5'!*&35../0359!4G!:52+,5'!?25+&!r!';5;2E1!!!
?FE! I5.)5&3+-5! (:! )8+&-5! *&! 385! (99'! (:! %&35../03*&-! ?B%E! 453655&! 9+G! "! +&9! 9+G! #! ?=+,/5! oSk7DSkp!
)(&:*95&)5! *&35.=+,E1! 9505&9*&-! (&! 385! 3G05! (:! 52*335.! ?A5! (.!_(A5E! +&9! 385! 3G05! (:! 0.(3()(,! ?%95&3*3G!
X8*:31!*;5;!35'359!6*38!9*::5.5&3!0+*.'!(:!*&9*=*9/+,'!(&!9+G!"!+&9!9+G!#1!&!q!$K!(.!V2(3*(&+,!X8*:31!*;5;!35'359!
6*38!'+25!0+*.!(:!*&9*=*9/+,'!/'*&-!'3.5''7*&9/)59!)+,,'!(&!9+G!#1!&!q!LE;!
`52+,5'!*&35../0359!2(.5!385!_(A5!%&9*=*9/+,!38+&!385!A5!%&9*=*9/+,!*..5'05)3*=5!(:!385!3G05!(:!)+,,!/'59!
?s#!q!"SD;L1!9:!q!"1!9!T!K-KKLE1!38/'!)(&3.(,!+&9!'3.5''7*&9/)59!)+,,'!65.5!4(38!*&9*=*9/+,*@59!4G!:52+,5';!
`52+,5'!/&95.-(*&-!385!V2(3*(&+,!X8*:3!0.(3()(,!*20.(=59!385*.!05.:(.2+&)5!(&!9+G#b!385G!*&35../0359!
,5''!385!A5!%&9*=*9/+,!?95).5+'5!(:!P"k!*&!385!B%E!+&9!W503!*&35../03*&-!385!_(A5!%&9*=*9/+,!+3!385!'+25!
8*-8! ,5=5,! ?s#!q!P;$#1!9:!q!"1!9!S!K-KLJE;!>8/'1! :52+,5'! 35'359!6*38! '3.5''7*&9/)59!)+,,!(&!9+G#!45&5:*359!
:.(2!385!,5+.&*&-!38+3!())/..59!(&!9+G!"!6*38!385!)(&3.(,!)+,,'!:.(2!385!'+25!*&9*=*9/+,';!



! LP!

385!0,+'2+!)(.3*)('35.(&5!)(&)5&3.+3*(&'!25+'/.59!*&!:52+,5'!+:35.!0,+G4+)W';!_(&5!(:!
385!4*7=+.*+35!)(..5,+3*(&'!65.5!'*-&*:*)+&3,G!9*::5.5&3!:.(2!@5.(!?t.!2*&t!q!C;C$1!t.!2+\t!
q! C;"PE1! &5*385.! 6+'! 385! )(..5,+3*(&! 6*38! 385! (03*2+,! ,*&5+.!)(24*&+3*(&! (:! 385'5!
0+.+2535.'!(43+*&59!:.(2!+!9*').*2*&+&3!:/&)3*(&!+&+,G'*'!?H`OE!5'3*2+359!3(!'50+.+35!
'3.5''7*&9/)59! :.(2! )(&3.(,! )+,,'! ?'55! X/00,525&3+,! V\05.*25&3+,! I.()59/.5'E;! >8/'1!
)+,,!'3./)3/.+,!=+.*+3*(&!9(5'!&(3!+)3!+'!+!'*20,5!-.+959!'*-&+,!*&!68*)8!385!)+,,'!(:!+&G!
'3.5''59!2+,5'!0.(=(W5!+&!+.(/'59!'3+35!*&!:52+,5';!!

>(!:/.385.!5\0,(.5!385!0(''*4*,*3G!38+3!(/.!.5'/,3'!)(/,9!45!9/5!3(!+!:+*,/.5!(:!385!
2+35! .5)(-&*3*(&! 'G'3521! 65! *&=5'3*-+359! 36(! 9*::5.5&3! d/5'3*(&'b! Q(6! +.5! 385!
*&9*=*9/+,!'*-&+3/.5'!0.5'5&3!*&!2+,5!)+,,'!+::5)359!4G!'3.5''u!O&91!9(!:52+,5'!)+35-(.*@5!
)(&3.(,!+&9!'3.5''7*&9/)59!)+,,'!+'!45,(&-*&-!3(!385!'+25!*&9*=*9/+,u!

T5! :*.'3! /'59! +)(/'3*)+,! +&9! '3+3*'3*)+,! +&+,G'5'! (:! 385! )+,,'1! 3(! *&=5'3*-+35!
685385.!+!0(35&3*+,!9535.*(.+3*(&!(:!385!*&9*=*9/+,!'*-&+3/.5!*&!385!'3.5''7*&9/)59!)+,,'!
)(/,9!,5+9!3(!+!:+*,/.5!(:!385!2+35!.5)(-&*3*(&!'G'352!?`*-/.5!$O!+&9!$FE;!<(&3.(,!)+,,'!
+&9!'3.5''7*&9/)59!)+,,'!+.5!5d/+,,G! *&9*=*9/+,*@59b!),+''*)+,!H`O!4+'59!(&!""!+)(/'3*)!
:5+3/.5'! *95&3*:*59! '*-&*:*)+&3! +)(/'3*)! 9*::5.5&)5'! 453655&! *&9*=*9/+,'! *&! 4(38! '53'!
'50+.+35,G!?`*-/.5!$<!+&9!$M1!'/))5''!.+35'!=5.'/'!)8+&)5b!)(&3.(,!)+,,'b!YC;#k!=5.'/'!
[;[kK!'3.5''7*&9/)59!)+,,'b![D;Yk!=5.'/'!Y;$kE;!_5=5.385,5''1! 385! *&9*=*9/+,! '*-&+3/.5!
'8(6'!+!'8*:3!453655&!)(&9*3*(&'!?`*-/.5!$H!+&9!$`Eb!685&!+!H`O!6+'!05.:(.259!/'*&-!
)(&3.(,!)+,,'!+'!3.+*&*&-!'53!+&9!'3.5''7*&9/)59!)+,,'!(:!385!'+25!*&9*=*9/+,'!+'!=+,*9+3*&-!
'531!385!'/))5''!.+35!:5,,!3(!L$;Pk!?`*-/.5!$VE;!>85!'+25!*'!3./5!*&!385!.5=5.'5!+&+,G'*'!
?SC;Yk1! `*-/.5! $QE;! >85! '*-&+3/.5! '8*:3! *'! )(&:*.259! 4G! +! H`O! /'*&-! )(&3.(,! )+,,'! +'!
3.+*&*&-!'53!+&9!0((,*&-!)(&3.(,!)+,,'!+&9!'3.5''7*&9/)59!)+,,'!(:!385!'+25!*&9*=*9/+,'!+'!
=+,*9+3*&-! '531! '8(6*&-! *&35.259*+35! '/))5''! .+35! ?PY;LkE;! >8/'1! )(&3.(,! +&9! '3.5''7
*&9/)59! )+,,'! 4(38! '8(6! ),5+.! *&9*=*9/+,! '*-&+3/.5'1! 4/3! 385! '*-&+3/.5! (:! +! -*=5&!
*&9*=*9/+,!)8+&-5'!',*-83,G!453655&!385!36(!)(&9*3*(&';!!

<(&'*95.*&-! 38*'! '*-&+3/.5! '8*:31! 65! 35'359! 685385.! '3.5''7*&9/)59! )+,,'! +&9!
)(&3.(,!)+,,'!:.(2!385!'+25!*&9*=*9/+,!6(/,9!45!)+35-(.*@59!+'!)+,,'!:.(2!385!'+25!4*.9!
/'*&-!+!)(&9*3*(&*&-!0+.+9*-2;!%&!38*'!0+.+9*-21!/&0+*.59!:52+,5'!9*').*2*&+35!453655&!
385!)+,,'!(:!36(!*&9*=*9/+,'!4G!*&35../03*&-!385!&(&7.56+.959!?_(A5E!%&9*=*9/+,!+&9!&(3!
*&35../03*&-!385!.56+.959!?A5E!%&9*=*9/+,!?'55!X/00,525&3+,!V\05.*25&3+,!I.()59/.5'E;!
%..5'05)3*=5! (:! 385! 3G05! (:! )+,,'! /'59! ?)(&3.(,! (.! '3.5''7*&9/)59E1! :52+,5'! *&35../0359!
2(.5!385!_(A5!38+&!385!A5!%&9*=*9/+,!?`*-/.5!LO1!'55!+,'(!`*-/.5!X"E;!>8/'1!4(38!3G05'!
(:!)+,,'!)(/,9!45! *&9*=*9/+,*@59!4G! :52+,5';!T5!385&!5\+2*&59!685385.! :52+,5'!6(/,9!
45&5:*3!:.(2!8+=*&-!,5+.&59!385!*95&3*3G!)/5'!(&!)(&3.(,!)+,,'!685&!35'359!6*38!'3.5''597
*&9/)59!)+,,'!(:!385!'+25!*&9*=*9/+,';!O!:*.'3!-.(/0!(:!:52+,5'!6+'!3.+*&59!+&9!35'359!(&!
+!:*.'3!9+G!/'*&-!385!)(&3.(,!)+,,'!(:!(&5!0+*.!(:!*&9*=*9/+,'1!+&9!3.+*&59!+&9!35'359!(&!385!
:(,,(6*&-! 9+G! 6*38! 385! '+25! 0+*.! (:! *&9*=*9/+,'! 4/3! /'*&-! '3.5''7*&9/)59! )+,,'!
?V2(3*(&+,!X8*:3!0.(3()(,E;!>85!05.:(.2+&)5!(:!385'5!:52+,5'!6+'!)(20+.59!3(!+&(385.!



! L[!

-.(/0!(:! :52+,5'!68(!65.5!3.+*&59!+&9!35'359!(&!385!'5)(&9!9+G!6*38!+&(385.!0+*.!(:!
*&9*=*9/+,'! /'*&-! )(&3.(,! )+,,'! ?%95&3*3G! X8*:3! 0.(3()(,E;! B/.! .5'/,3'! '/00(.359! 385!
0.59*)3*(&!38+3!:52+,5'!/&95.-(*&-!385!V2(3*(&+,!X8*:3!6(/,9!45&5:*3!:.(2!385!3.+*&*&-!
.5)5*=59! *&! 385! :*.'3! 9+G! +&9! 9(! 45335.! 38+&! :52+,5'! /&95.! 385! %95&3*3G! X8*:3b! (&! 385!
'5)(&9! 9+G1! :52+,5'! /&95.! 385! V2(3*(&+,! X8*:3! 2+*&3+*&59! +! 8*-8! .+35! (:! '/))5''5'!
?LD;Lr##;Sk!*&35../03*(&'!(:!_(A5E!+&9!95).5+'59!385!05.)5&3+-5!(:!5..(.'!)(20+.59!
3(! 385! :*.'3! 9+G! ?"$;[rY;"k! *&35../03*(&'! (:!A5! (&!9+G!#! =5.'/'! #$;LrD;Dk!(&!9+G!"E!
?`*-/.5!LO1!'55!+,'(!`*-/.5!X"!+&9!X#E;!>8*'!*&).5+'5!*&!05.:(.2+&)5'!:.(2!9+G!"!3(!9+G!
#!3.+&',+359!*&!+!95).5+'5!(:!P"k!(:!385!(99'!(:!*&35../03*&-!385!A5!%&9*=*9/+,!?.+3*(!(:!
385! 0.(4+4*,*3*5'! (:! *&35../03*&-! +&9! &(3! *&35../03*&-E! ?`*-/.5! LFE;! B&! 385! )(&3.+.G1!
:52+,5'!/&95.! 385! %95&3*3G!X8*:3!95).5+'59! 385!05.)5&3+-5!(:! '/))5''5'!453655&!9+G!"!
+&9! 9+G! #! ?L[;$#r[;#k! =5.'/'! LC;[rD;YkE! +&9! 2+*&3+*&59! 385! '+25! ,5=5,! (:! 5..(.'!
?+.(/&9!#CkE!?`*-/.5!LO1!'55!+,'(!`*-/.5!X"!+&9!X#E;!>8*'!6+'!25+'/.59!4G!+!95).5+'5!
(:!"D;Dk!*&!385!(99'!(:!*&35../03*&-!385!_(A5!%&9*=*9/+,!?`*-/.5!LFE;!>8/'1!+,38(/-8!385!
+)(/'3*)! '*-&+3/.5! (:! +! -*=5&! *&9*=*9/+,! *'! )8+&-59! 453655&! )(&3.(,! +&9! '3.5''!
)(&9*3*(&'1!:52+,5'!)+&!'3*,,!)+35-(.*@5!)+,,'!4+'59!(&!385!*95&3*3G!(:!385!4*.9;!

O'! 08G'*(,(-*)+,! '3.5''! 6+'! )(&3.(,,59! 4(38! *&! 385! '3*2/,/'! 4*.9! +&9! *&! 385!
'/4h5)31! +&9! 08G'*(,(-*)+,! .5'(&+&)5! .5'/,359! :.(2! +)(/'3*)! )/5'! (&,G1! (/.! .5'/,3'!
952(&'3.+35! 52(3*(&+,! )(&3+-*(&! 453655&! +::*,*+359! 4*.9'! '/)8! +'! 2+35';! O'! (:35&!
/&95.,*&59!*&!8/2+&!'3/9*5'!(:!520+38G!oDp1!65!)+&!&(3!./,5!(/3!385!0(''*4*,*3G!38+3!38*'!
.50.5'5&3'!+!'5,:7(.*5&359!.5'0(&'5!3(!385!0+.3&5.e'!+::5)31!6*38!+!0(35&3*+,!2(3*=+3*(&!(:!
.59/)*&-! (&5e'! (6&! 9*'3.5'';! J+,5! +&9! :52+,5! 0+.3&5.'! *&! @54.+! :*&)85'! +.5! &5+.,G!
+,6+G'!+''()*+359!+&9!)5.3+*&,G!/&95.-(!385!'+25!38.5+3'!+&9!.*'W';!`52+,5'!)(/,9!,5+.&!
38+3! +! '3.5''! :(.! 385*.!2+35! *'! +,'(1!6*38!8*-8!0.(4+4*,*3G1! +! 38.5+3! :(.! 3852'5,=5';!>85!
+4*,*3G!3(!'8+.5!+::5)3*=5!5\05.*5&)5!)(/,9!)(..5,+35!6*38!385!'3.5&-38!(:!385!'()*+,!4(&91!
+'!'8(6&!*&!85&'!o#"p!+&9!-55'5!o##p;!X*&)5!@54.+!:*&)85'!:(.2!,*:5!,(&-!0+*.!4(&9'1!385!
+-5!(:!385!0+*.!)(/,9!0.59*)3!385!,5=5,!(:!52(3*(&+,!)(&3+-*(&;!^54.+!:*&)85'!)(/,9!+,'(!45!
-((9!)+&9*9+35'!:(.!385!'3/9G!(:!=()+,!4/::5.*&-1!*&!68*)8!+&!*&9*=*9/+,!'8(6'!+!45335.!
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4G!(&,G!(&5!'3*2/,/'!3G05!05.!'5''*(&b!

! 7!JO>V!<B_>ABUb!385!35&!,(65.!0*3)859!)+,,'!(:!85.!2+35;!
! 7!N_`OJ%U%OA!<B_>ABUb!385!35&!,(65.!0*3)859!)+,,'!(:!+&!/&:+2*,*+.!2+,5!

?+!2+,5!&5=5.!8(/'59!*&!385!'+25!)(,(&G!.((2!+'!385!'/4h5)3E;!
! 7!N_`OJ%U%OA!X>AVXXb!385!35&!8*-85.!0*3)859!)+,,'!(:!+&(385.!/&:+2*,*+.!

2+,5!?3(!+=(*9!0(35&3*+,!:+2*,*+.*3G!+005+.*&-!453655&!36(!'/))5''*=5!5\05.*25&3'E;!
! 7!X%UV_<Vb!&(!0,+G4+)W;!
N'*&-!385!'50+.+3*(&!0.(3()(,!953+*,59!+4(=51!385!2+,5!(:!385!0+*.!6+'!2(=59!3(!

+&(385.! .((2;! >85! :52+,51! +,(&5! *&! 385! 5\05.*25&3+,! .((2! :(.! S! 2*&/35'1! 6+'! 385&!
'3*2/,+359! 5=5.G! 35&!2*&/35'! 9/.*&-! (&5!8(/.! ?*;5;! '*\! 3*25'E;! V+)8! '3*2/,+3*(&!6+'! +!
0,+G4+)W! (:! 35&! 9*'3+&)5! )+,,'! :.(2! 385! '+25! 2+,5! *&9*=*9/+,! .5)(.959! *&! (&5! (:! 385!
+4(=5!)(&9*3*(&'!?25+&!.+35b!#!)+,,'!05.!'5)(&9E;!>8/'!385!3(3+,!9/.+3*(&!(:!385!0,+G4+)W!
9/.*&-! 385! (&578(/.! 35'3!6+'! P! \! S'1!68*)8! .50.5'5&359! P! '53'! (:! "C! )+,,';! <+,,'!65.5!
0,+G59!4G!+! )(20/35.!/'*&-!M(,96+=5!'(:36+.5! ?M(,9T+=5! %&);! X3;! a(8&c'1!_U!<+&+9+E!
38.(/-8! +&! +20,*:*5.! ?R+2+8+! OÅ! $DPE! )(&&5)359! 3(! +! ,(/9'05+W5.! ?O/9*(0.(! F.+=(!
O,,.((2!'+3!V["LCCLLE;!!

O3!385!5&9!(:!385!5\05.*25&3!?"!8(/.E1!385!:52+,5!6+'!)+/-83!:(.!4,((9!'+20,*&-;!
M((9!d/+,*3G!4,((9!'+20,*&-!:+*,59!*&!36(!:52+,5'!(:!385!:*.'3!'53!(:!5\05.*25&3'1!'(!385!
'+20,5!'*@5!(:!8(.2(&5!9+3+!*'!/!q!"[!?/!q!Y!+&9!/!q!DE;!Q(.2(&5!9+3+!65.5!+&+,G@59!+'!
95').*459! +4(=5;! T*38*&! '/4h5)3'1! &(&70+.+253.*)! 35'3'! 65.5! +00,*59! 3(! 35'3! :(.!
9*::5.5&)5'! +).(''! +,,! )(&9*3*(&'! ?`.*592+&! >5'3E! +'! 65,,! +'! 0+*.76*'5! 9*::5.5&)5'!
?T*,)(\(&!X*-&59!A+&W!35'3E;!B&!385!:*-/.5'1!8(.2(&5!9+3+!+.5!&(.2+,*@59!4G!9*=*9*&-!
4G!385!25+&!,5=5,!(43+*&59!:(.!5+)8!*&9*=*9/+,!+&9!,(-73.+&':(.259;!!
!

O&+,G'*'!(:!385!458+=*(.+,!.5'0(&'5!
H/.*&-!385!68(,5!5\05.*25&31!385!458+=*(.!(:!385!:52+,5!6+'!2(&*3(.59!/'*&-!+!

654)+2!?Q5.)/,5'Ç!T54)+2!H5,/\5E!+&9!+!2*).(08(&5!?X5&&85*'5.!JHL#E!,()+359!SC!
)2! +4(=5! 385! '/4h5)3! +&9! )(&&5)359! 3(! +! .5)(.95.! ?J+.+&3@! IJH!P[C1! '+20,*&-! .+35b!
LL;"! WQ@E;! >85! 458+=*(.'! (:! 385! :52+,5!65.5! ')(.59! (&! =*95(! .5)(.9*&-'! (:! 0,+G4+)W!
'5''*(&'!4G! +&!(4'5.=5.!4,*&9! 3(! 5\05.*25&3+,! )(&9*3*(&'! ?><E;!]*95('!65.5! ')(.59! *&!
.+&9(2! (.95.! .5-+.9*&-! )(&9*3*(&'! +&9! *95&3*3G! (:! 385! 4*.9';! N'*&-! V38(,(-! '(:36+.5!
?).5+359!4G!B33(&*E1!:(/.!)+35-(.*5'!(:!458+=*(.'!65.5!d/+&3*:*59b!



! SP!

7!]()+,!+)3*=*3Gb! 36(!9*::5.5&3!3G05'!(:!=()+,*@+3*(&'!65.5!52*3359!4G!385!:52+,5!
9/.*&-! 385! 5\05.*25&3b! 9*'3+&)5! )+,,'! &(.2+,,G! /'59! 4G! @54.+! :*&)85'!685&! 385G! ,('5!
=*'/+,!)(&3+)3!+&9!'8(.3!)+,,'!&(.2+,,G!/'59!9/.*&-!),('5!*&35.+)3*(&';!>85'5!)+,,'!65.5!
0((,59!*&!(&5!0+.+2535.!(:!)+,,*&-!+)3*=*3G;!

7! U()(2(3(.! +)3*=*3Gb! 36(!9*::5.5&3! +)3*=*3*5'!65.5!d/+&3*:*59b! 385! h/20'!(&! 385!
:,((.! (.! (&! 385!05.)8! +&9! 385! :,*-83'! (.! h/20'!6*38! :,+00*&-!6*&-';! >85'5!0+.+2535.'!
65.5!&(3!*&:,/5&)59!4G!385!3.5+325&3'1!'(!9+3+!+.5!&(3!0.5'5&359;!

7! I.55&*&-! +)3*=*3Gb! (&5! 5=5&3! 6+'! ')(.59! 5=5.G! 3*25! 385! :52+,5! ),5+&59! 85.!
:5+385.';! >8*'! 0+.+2535.! 6+'! &(3! *&:,/5&)59! 4G! 385! 3.5+325&3'1! '(! 9+3+! +.5! &(3!
0.5'5&359;!

7!]*-*,+&)5b!385!&/245.!(:!85+973/.&'!6+'!')(.59;!
V+)8!=*95(!6+'!9*=*959!*&3(!38.55!05.*(9'!(:!3*25b!+!:*=57'5)(&9!0,+G4+)W!05.*(9!

?.505+359! '*\! 3*25'! 05.! =*95(E1! :(,,(6*&-! 4G! +! (&572*&/35! 0('370,+G4+)W! 05.*(9!
?.505+359!'*\!3*25'E1! :(,,(6*&-!4G!+!Y2*&SS'!*&35.70,+G4+)W!05.*(9!?.505+359!(&,G!:*=5!
3*25'E;! V+)8! 458+=*(.!6+'! d/+&3*:*59! 4(38! 9/.*&-! 0,+G4+)W! +&9! 9/.*&-! 0('370,+G4+)W!
05.*(9';!>8*'!G*5,959!+!3(3+,!(:!Y!458+=*(.+,!0+.+2535.';!

A+6! 458+=*(.+,! 9+3+! 65.5! +&+,G@59! /'*&-! +! -5&5.+,*@59! ,*&5+.! 2*\59! 2(95,!
?,25.E! :.(2! 385! ,25L! 0+)W+-5! *20,525&359! *&! A! '(:36+.5;! >85! 5::5)3! (:! 385! 0,+G4+)W!
)(&9*3*(&! ?P! ,5=5,'b! X%UV_<V1! JO>V! <B_>ABU1! JO>V! X>AVXX1! `OJ%U%OA! <B_>ABU1!
N_`OJ%U%OA! <B_>ABU1! N_`OJ%U%OA! X>AVXXE! (&! 385! 458+=*(.+,! .5'0(&'5! (:! 385!
:52+,5!6+'!+''5''59!6*38!385!:52+,5!*95&3*3G!?"D!,5=5,'E!+&9!385!0,+G4+)W!'53!?#!,5=5,'E!
+'!.+&9(2!:+)3(.';!O'!+,,! .+6!458+=*(.+,!0+.+2535.'!+.5!)(/&3'! *&!-*=5&! 3*25!05.*(9'1!
385!2(95,!6+'! :*3359!/'*&-! +!0(*''(&!9*'3.*4/3*(&! +&9! 385! ,(-! ,*&W! :/&)3*(&;!A5'/,3'! (:!
38*'!+&+,G'*'!+.5!0.5'5&359!*&!V\35&959!H+3+!>+4,5!"!:(.!385!:(/.!458+=*(.+,!0+.+2535.'!
+::5)359! 4G! 385! 5\05.*25&3+,! )(&9*3*(&'! ?=()+,! +)3*=*3G! +&9! =*-*,+&)5! 458+=*(.1! 4(38!
9/.*&-!+&9!+:35.!385!0,+G4+)W!05.*(9'E;!

]()+,! +)3*=*3G! 6+'! +,'(! +&+,G@59! +'! +! 4*&+.G! =+.*+4,5! ?Cb! &(! .5'0(&'51! "b!
.5'0(&'5E1!9*'.5-+.9*&-!385!&/245.!(:!)+,,'!/'59!*&!.5'0(&'5;!>8*'!+,,(659!3(!d/+&3*:G!
385! 0.(4+4*,*3G! (:! .5'0(&'5! 3(! +! '3*2/,/'! '53! *&! 5+)8! 0,+G4+)W! )(&9*3*(&! ?9/.*&-! 5+)8!
(&578(/.! 35'31! +! :52+,5!6+'! 35'359!6*38! '*\! '53'! (:! S'70,+G4+)WE;! >85!2(95,!6+'! 385&!
:*3359!/'*&-!+!4*&(2*+,!9*'3.*4/3*(&!+&9!385!,(-*3!,*&W!:/&)3*(&;!J/,3*0,5!)(20+.*'(&'!(:!
25+&'! 65.5! 05.:(.259! (&! 385! 2(95,'! /'*&-! 385! -,83! :/&)3*(&! :.(2! 385! 2/,)(20!
0+)W+-5!/'*&-!>/W5G!)(&3.+'3';!

>85! :(/.! 458+=*(.+,! 0+.+2535.'! +::5)359! 4G! 385! 5\05.*25&3+,! )(&9*3*(&'! ?=()+,!
+)3*=*3G!+&9!=*-*,+&)5!458+=*(.1!4(38!9/.*&-!+&9!+:35.!385!0,+G4+)W!05.*(9'E!65.5!/'59!
3(! )(20/35! +! 0.*&)*0+,! )(20(&5&3! +&+,G'*'! ?I<O1! :/&)3*(&! 9/9*;0)+! :.(2! 385! +95L!
0+)W+-5! *&! A! '(:36+.51! )(20/359! (&! @7')(.59! 0+.+2535.'E;! >85! I<O! .53+*&59! 36(!
)(20(&5&3'! 6*38! 5*-5&7=+,/5'! ,+.-5.! 38+&! (&5! ?Z+*'5.! ).*35.*(&E1! I<"! +&9! I<#1!
5\0,+*&*&-!.5'05)3*=5,G!S[k!+&9!#$k!(:!385!=+.*+&)5;!>85'5!36(!0.*&)*0+,!)(20(&5&3'!



! S[!

65.5!/'59!*&!'3+3*'3*)+,!+&+,G'*'!+'!*&95\!(:!.5'0(&'5!3(!385!0,+G4+)W!'3*2/,*;!V\35&959!
H+3+!>+4,5! #! '8(6'! 385! 05.)5&3+-5! (:! =+.*+&)5! 38+3! *'! 5\0,+*&59! 4G! 385! 36(!0.*&)*0+,!
)(20(&5&3'!(:!385!I<O1!+'!65,,!+'!385!=+.*+4,5!,(+9*&-'!(&!5+)8!)(20(&5&3;!!

>85!458+=*(.+,!*&95\!95.*=59!:.(2!385!I<O1!I<"!+&9!I<#1!65.5!+&+,G@59!/'*&-!+!
,*&5+.!2*\59!2(95,!?,25E!:.(2!385!&,25!0+)W+-5!*20,525&359!*&!A!'(:36+.5;!>85!5::5)3!
(:! 385! 0,+G4+)W! )(&9*3*(&! ?X%UV_<V1! JO>V! <B_>ABU1! JO>V! X>AVXX1! `OJ%U%OA!
<B_>ABU1!N_`OJ%U%OA!<B_>ABU1!N_`OJ%U%OA!X>AVXXE!6+'!+''5''59!6*38!385!:52+,5!
*95&3*3G!+'!.+&9(2!:+)3(.;!A5'/,3'!(:!38*'!+&+,G'*'!+.5!0.5'5&359!*&!V\35&959!H+3+!>+4,5!
$;!J/,3*0,5!)(20+.*'(&'!(:!25+&'!65.5!05.:(.259!(&!385!2(95,'!/'*&-!0+*.6*'5!3735'3'!
6*38!F(&:5..(&*!)(..5)3*(&;!

!
#M?1>8<197!CO!292:E686!4A!701!J2>827849!;870!67>166!4A!89G8J8G52:!68=9275>16!

! 89!32::6!
O)(/'3*)!+&+,G'*'!(:!2+,5!9*'3+&)5!)+,,'!
>85! 9*'3+&)5! )+,,'! (:! "P! /&0+*.59! 2+,5'! &+É=5! 3(! 385! 5\05.*25&3+,! )(&9*3*(&'!

65.5! .5)(.959! /&95.! )(&3.(,! +&9! '3.5''! )(&9*3*(&'! +&9! +&+,G@59! +'! 95').*459! *&!
5\05.*25&3!";!
!

X3+3*'3*)+,! +&+,G'*'! (:! 385! =+.*+3*(&!6*38! '3.5''! (:! *&9*=*9/+,! '*-&+3/.5'! *&!2+,5!
! )+,,'!

>85! 9*::5.5&)5'! 453655&! )+,,'! :.(2! 9*::5.5&3! *&9*=*9/+,'! 65.5! +&+,G@59! /'*&-!
,*&5+.!9*').*2*&+&3!+&+,G'*'!(.!9*').*2*&+&3! :/&)3*(&!+&+,G'*'! ?H`OE! *20,525&359! *&!A!
'(:36+.5! ?,9+! :/&)3*(&1!JOXX!0+)W+-5E;!F5:(.5!2/,3*=+.*+35!+&+,G'*'1! 385! .+6!=+,/5'!(:!
385!365,=5!+)(/'3*)+,!0+.+2535.'!65.5!)5&35.59!+&9!&(.2+,*@59!?*;5;!3.+&':(.259!*&3(!@7
')(.5'E!3(!*&'/.5!)(..5)3!65*-83*&-!'*&)5!385!+)(/'3*)+,!0+.+2535.'!8+9!9*::5.5&3!/&*3';!
>85!H`O! *'! )(20('59! (:! 36(! '350'b! *&! 385! :*.'3! '350! +! '53! (:! 9*').*2*&+&3! :/&)3*(&'! *'!
(43+*&59!:.(2!+!'/4'53!(:!385!9+3+!?385!3.+*&*&-!9+3+!'531!*;5;!9*::5.5&3!5\520,+.'!(:!385!
)+,,'! (:! 2/,3*0,5! *&9*=*9/+,'EK! *&! 385! '5)(&9! '350! 385'5! :/&)3*(&'! +.5! /'59! 3(! 35'3!
),+''*:*)+3*(&! (&! +! =+,*9+3*(&! '53! ?*;5;! &56! 5\520,+.'! (:! )+,,'! (:! 385! '+25! *&9*=*9/+,'E;!
>8*'! ).(''7=+,*9+3*(&! '350! -*=5'! +! 25+'/.5! (:! 385! 5::5)3! '*@5! ?385! 05.)5&3! )(..5)3! (:!
),+''*:*)+3*(&! (:! 385! )+,,'! 3(! 385! )(..5)3! *95&3*3GE! +&9! (:! 385! '3+3*'3*)+,! '*-&*:*)+&)5! 4G!
)(20+.*&-!385!25+&!05.)5&3!)(..5)3!3(!)8+&)5;!>85!25+&!05.)5&3!)(..5)3!*'!(43+*&59!4G!
+&+,G@*&-!385!05.)5&3!)(..5)3!+''*-&25&3!(:!"CC!.+&9(2!'5,5)3*(&'!(:!385!3.+*&*&-!+&9!
=+,*9+3*&-!9+3+!'53'!*&!385!(.*-*&+,!9+3+!'53;!!

>(! )(20+.5! *&9*=*9/+,! '*-&+3/.5'! *&! 2+,5! )+,,'! 453655&! )(&3.(,! +&9! '3.5''!
)(&9*3*(&'1! )+,,'! .5)(.959! :.(2! 385! '+25! *&9*=*9/+,'! *&! 4(38! )(&9*3*(&'!65.5! /'59! *&!
'5=5.+,!H`O;! `*.'31! ),+''*)+,!H`O!65.5! 05.:(.259! '50+.+35,G! (&! 5*385.! )(&3.(,! )+,,'! (.!
'3.5''7*&9/)59! )+,,';! %:! '3.5''! *20+*.'! *&9*=*9/+,! '*-&+3/.5'1! 385! '/))5''! .+35'! (:! 385'5!
H`O!'8(/,9!9*::5.;!>85&1!H`O!65.5!05.:(.259!/'*&-!(&5!)(&9*3*(&!+'! 3.+*&*&-! '53! +&9!



! SY!

385! (385.! +'! =+,*9+3*&-! '53! ?)(&3.(,! )+,,'! +'! 3.+*&*&-! '53! +&9! '3.5''! )+,,'! (:! 385! '+25!
*&9*=*9/+,'! +'! =+,*9+3*&-! '531! (.! 385! .5=5.'5! '*3/+3*(&E;! %:! '3.5''! 2(9*:*5'! *&9*=*9/+,!
'*-&+3/.5'! *&!)+,,'1! 385!'/))5''!.+35'!(:! 385'5!H`O!'8(/,9!45! ,(65.! 38+&! 385!'/))5''!(:!
385!+4(=5!),+''*)+,!H`O;!`*&+,,G1!65!05.:(.259!+!H`O!/'*&-!)(&3.(,!)+,,'!+'!3.+*&*&-!'53!
+&9!0((,*&-!385!)+,,'!(:! 385!'+25!*&9*=*9/+,'!.5)(.959!*&!4(38!)(&9*3*(&'!+'!=+,*9+3*&-!
'53;!O-+*&1!*:!'3.5''!*20+*.'!*&9*=*9/+,!'*-&+3/.5'1!385!'/))5''!.+35!(:!38*'!H`O!'8(/,9!45!
,(65.;!

>85'5! :*=5! H`O! 65.5! 05.:(.259! (&! ',*-83,G! 9*::5.5&3! '/4'53'! (:! 385! "P! 2+,5'!
(.*-*&+,,G!.5)(.9591!45)+/'5!+!2*&*2/2!(:!"C!)+,,'!05.! *&9*=*9/+,!6+'!.5d/*.59! *&! 385!
3.+*&*&-! '53! 3(! 5&'/.5! 0.(05.! 9535.2*&+3*(&! (:! 385! 9*').*2*&+&3! :/&)3*(&';! >8/'1! 385!
'+20,5!'*@5'!65.5!+'!:(,,(6'b!

7!T85&!385!3.+*&*&-!'53!)(&'*'359!(:!)(&3.(,!)+,,'b!PL#!2+,5!9*'3+&)5!)+,,'!:.(2!"$!
2+,5'! ?#D;Sr"S;L! )+,,'! 05.! *&9*=*9/+,! ?2*&! q! "$K! 2+\! q! [SE! *&! )(&3.(,! )(&9*3*(&! +&9!
"D;Dr"P;$!)+,,'!05.!*&9*=*9/+,!!?2*&!q!$K!2+\!q!S#E!*&!'3.5''!)(&9*3*(&E;!!

7!T85&!385!3.+*&*&-!'53!)(&'*'359!(:!'3.5''7*&9/)59!)+,,'b!SPP!2+,5!9*'3+&)5!)+,,'!
:.(2!"#!2+,5'!?##;#r"";P!)+,,'!05.!*&9*=*9/+,!?2*&!q!SK!2+\!q!$YE!*&!)(&3.(,!)(&9*3*(&!
+&9!#Sr"L;$!)+,,'!05.!*&9*=*9/+,!!?2*&!q!""K!2+\!q!S#E!*&!'3.5''!)(&9*3*(&E;!

V\35&959!H+3+!>+4,5!L!'8(6'!385!05.)5&3+-5!(:!=+.*+&)5!453655&!*&9*=*9/+,'!*&!
)(&3.(,!)+,,'!?+E!(.!'3.5''7*&9/)59!)+,,'!?4E!38+3!+.5!5\0,+*&59!4G!385!:*.'3!:(/.!:/&)3*(&'!
(:!385!)(..5'0(&9*&-!H`O1!+'!65,,!+'!385!=+.*+4,5!,(+9*&-'!(&!5+)8!:/&)3*(&!:(.!385!:(/.!
2('3!*20(.3+&3!:+)3(.';!!

!

#M?1>8<197!HO! 675GE!4A! 701!>134=987849!4A!<2:1!1<8771>6!FE! A1<2:16!F261G!

49!3497>4:!29G!67>166\89G531G!32::6/!

%&! 38*'! 38*.9! 5\05.*25&31! /&0+*.59! :52+,5'! 8+9! 3(! 05)W! +! 0+9! 3(! *&9/)5! 385!
0,+G4+)W!(:!)+,,'!:.(2!36(!0.5=*(/',G!/&W&(6&!2+,5';!<+,,'!:.(2!(&5!(:!385!*&9*=*9/+,'!
65.5!*&:.5d/5&3!?#CkE!+&9!.56+.959!4G!'559'!+3!385!5&9!(:!385!'5d/5&)5'!(:!)+,,'!?A5!
%&9*=*9/+,E! 68*,5! )+,,'! :.(2! 385! '5)(&9! *&9*=*9/+,! 65.5! 0.(4+4,5! ?YCkE! 4/3! &(3!
.56+.959! ?_(A5! %&9*=*9/+,E;! O:35.! 3.*--5.*&-! 385! 0,+G4+)W! (:! +! '3*2/,/'1! 385! :52+,5!
)(/,9!5*385.!6+*3!/&3*,!385!5&9!(:!385!0,+G4+)W!?P!'E!(.!*&35../03!*3!4G!05)W*&-!+-+*&!3(!
3.*--5.!+&(385.!'3*2/,/';!F5)+/'5! 385! :52+,5'!)(/,9!(&,G!05)W! :(.!+!-*=5&!05.*(91! 385G!
65.5! 5&)(/.+-59! 3(! '05)*:*)+,,G! *&35../03! 385! _(A5! %&9*=*9/+,! 3(! (43+*&! 2(.5! A5!
%&9*=*9/+,! '3*2/,*! +&91! *&! 38*'!2+&&5.1! *&).5+'5! 385*.! ! +))5''! 3(! '559'!9/.*&-! '5''*(&';!
H*').*2*&+3*(&!6+'! +''5''59! 4G! )(20+.*&-! 385! &/245.! (:! *&35../03*(&'! :(.! 385!_(A5!
%&9*=*9/+,! 3(! 38('5! (43+*&59! :(.! 385! A5! %&9*=*9/+,;! %&! )(&3.+'3! 3(! (385.! )(&9*3*(&*&-!
0+.+9*-2'!/'59!3(!35'3!9*').*2*&+3*(&!)+0+)*3*5'!(:!4*.9'!o#D1$Cp1!38*'!0+.+9*-2!+=(*9'!
/'*&-!0/&*'825&3!:(.!*&)(..5)3!.5'0(&'5';!O'!+!.5'/,31!*3'!./,5'!65.5!d/*)W,G!+)d/*.59!4G!
:52+,5'!+&9!,5+.&*&-!)(/,9!45!+)8*5=591!6*38!(&,G!+!:56!8/&9.59'!(:!05)W'!6*38*&!+!3(3+,!
(:!$!3(!L!8(/.'!(:!3.+*&*&-!*&!385!35'3*&-!)8+245.!?`*-/.5!XLE;!>(!2(3*=+35!385!'/4h5)3'1!



! SD!

:52+,5'!65.5!:+'359!+3!,5+'3!"S!8(/.'!0.*(.!3(!385!45-*&&*&-!(:!385!5\05.*25&3!+&9!65.5!
-*=5&!(&,G!";S-!(:!:*&)8!'559'!+3!385!5&9!(:!5+)8!35'3*&-!9+G;!!

!
<8+245.!+00+.+3/'!
`+'3*&-! :52+,5'! 65.5! 35'359! *&! +! )(20/35.7+''*'359! 5\3.+! 3+,,! 2(9/,+.! 35'3!

)8+245.!?J59!O''()*+35'!%&);1!X3!O,4+&'1!]>!CSL[Y1!NXOK!'*@5b!$C;S!)2!\!#L;"!)2!\!#D;#!
)2E! 0,+)59! *&! +! '(/&90.((:! 4((38! ?O)(/'3*)! XG'352'E;! O)(/'3*)! '3*2/,*! 65.5!
4.(+9)+'359!4G!385!)(20/35.!/'*&-!J+3,+4!?JO>UOF!=5.'*(&![;P;!_+3*)W1!J+''+)8/'533'b!
>85! J+38T(.W'! %&);1! A#CCY+;E! )(&&5)359! 3(! +&! +20,*:*5.! ?>5)8&*)'1! J+3'/'8*3+!
V,5)3.(&*)5'1!XO7VÅ"LCE!+&9!+!,(/9'05+W5.!?F('5!J(95,!"L"E!0,+)59!+3!#C!)2!:.(2!385!
35'3!)8+245.;!>85!458+=*(.!(:! 385!4*.9!6+'!2(&*3(.59!4(38!4G! 385!)(20/35.!+&9!4G!+!
654)+2!?U(-*35)8E!0,+)59!*&'*95!385!'(/&90.((:!4((38;!!

!
<(20/35.!)(95!+&9!'5''*(&!0.()59/.5!

! ! O!8(252+95!)(95!6.*335&!*&!J+3,+4!+,,(659!385!4*.9!3(!./&!38.55!'5''*(&'!(:!$C!
2*&!5+)8!05.!9+G!6*38!+!2*&*2/2!*&35.7'5''*(&!95,+G!(:!DC!2*&;!>85!)(95!9535)359!385!
45-*&&*&-! (:! 5+)8! '5''*(&! ?685&! 385! 4*.9! 05)W59! 385! W5G! 0+9! :(.! 385! :*.'3! 3*25E! +&9!
5&959!385!'5''*(&!$C!2*&!,+35.;!H/.*&-!5+)8!'5''*(&1!*3!2(&*3(.59!385!05)W*&-!458+=*(.!
(:!385!4*.9!4G!.5)(.9*&-!385!'3+3/'!(:!385!W5G!0+9!5=5.G!C;"'!+&9!4.(+9)+'359!+!9*::5.5&3!
P!'!'5d/5&)5!(:!)+,,'!5+)8!3*25!385!W5G!0+9!6+'!950.5''59!4G!385!4*.9;!%&35../03*(&!(:!
'3*2/,*!6+'!05.2*3359b!385!4*.9!)(/,9!05)W!68*,5!385!)(20/35.!6+'!0,+G*&-!+!P'!'3*2/,/'!
+&9!0.(203,G!-53!+&(385.!'3*2/,/'!45:(.5!385!5&9!(:!385!P';!>85!0.(4+4*,*3G!3(!-53!+!A5!
'3*2/,/'!?.56+.959!4G!+!"C'!+))5''!3(!'559'E!6+'!'53!+3!#Ck;!_(35!38+3!385!.56+.9!6+'!
(&,G!+))5''*4,5!3(!385!4*.9!+3!385!5&9!(:!385!A5!'3*2/,/'!+&9!38+3!*&35../03*(&!(:!385!A5!
'3*2/,/'!6(/,9!)+&)5,!385!+))5''!3(!385!.56+.9;!

!
O)(/'3*)!'3*2/,*!
V+)8!+)(/'3*)!'3*2/,/'!)(&'*'359!(:!'*\!4+&970+''!:*,35.59!?C;#S7"#!WQ@E!9*'3+&)5!

)+,,'!(:! 385!'+25! *&9*=*9/+,1! .+&9(2,G!+''*-&59!6*38*&!+!P'!6*&9(6;!F5:(.5!5+)8! 3.*+,1!
385! )(20/35.!6+'! .+&9(2,G! )(&'3./)3*&-!YC!A5! '3*2/,*! +&9!$#C!_(A5! '3*2/,*!/'*&-!+!
)+,,!4+&W!(:!#C!9*::5.5&3!)+,,'!05.!*&9*=*9/+,;!V+)8!'3*2/,/'!6+'!(&,G!0,+G59!(&)5!9/.*&-!
385!'5''*(&;!

!
X8+0*&-!
F*.9'!65.5!'8+059!*&!36(!9+G';!B&!385!:*.'3!9+G!385!:52+,5!:*.'3!8+9!+!05.*(9!3(!

+)),*2+35! 3(! 385!)+-5!+&9! :*&9! 385!.56+.9*&-! :5595.;!B&)5! *3!8+9! :(/&9!385! :5595.!+&9!
8+9!38.55!"C!'!(00(.3/&*3*5'!3(!5+31!385!:52+,5!)(/,9!./&!+!,(&-!3.*+,!?"!3(!$!8(/.'E!6*38!
385!0.(4+4*,*3G! 3(!-53! +!A5! '3*2/,/'! '53!453655&!C;S!+&9!C;D!9505&9*&-!(&! 385! :52+,5!
2(3*=+3*(&;!H/.*&-!38*'!:*.'3!3.*+,1!385!:52+,5'!,5+.&!36(!+''()*+3*(&'b!"E!38+3!05)W*&-!385!



! PC!

W5G!0+9!3.*--5.'!+!=()+,*@+3*(&1!#E!38+3!(&5!(:!385!36(!=()+,*@+3*(&'!*'!:(,,(659!4G!+!'8(.3!
+))5''!3(!385!:5595.;!B&!385!'5)(&9!9+G1!38.55!.5-/,+.!'5''*(&'!(:!$C!2*&!65.5!)(&9/)359!
6*38!+!0.(4+4*,*3G!3(!-53!385!A5!'3*2/,/'!(:!C;#!?`*-/.5!XLE;!B&!38*'!'5)(&9!9+G1!385!4*.9!
6+'!5\05)359!3(!,5+.&!3(!*&35../03!385!'3*2/,*;!O!:52+,5!6+'!)(&'*95.59!.5+9G!3(!./&!385!
5\05.*25&3! *:! *3! *&35../0359! +3! ,5+'3! #Ck! (:! 385! _(A5! '3*2/,*! +&9! *:! 385! 9*::5.5&)5! *&!
05.)5&3+-5!(:!*&35../03*(&!453655&!_(A5!+&9!A5!'3*2/,*!?_(A5!|!A5E!6+'!+3!,5+'3!#Ck;!
X3*2/,*! /'59! :(.! '8+0*&-!685.5! 36(! P'! '5d/5&)5'! (:! '(&-'! .5)(.959! :.(2! #! 9*::5.5&3!
2+,5'!(:!(/.!)(,(&G;!

!
<(&9*3*(&*&-!
>6(! 0.(3()(,'! (:! )(&9*3*(&*&-! 65.5! )(&9/)359b! %95&3*3G! X8*:3! +&9! V2(3*(&+,!

X8*:3;!%&!4(38!0.(3()(,'1!:52+,5'!?/!q![E!./&!38.55!'5''*(&'!05.!9+G!+&9!65.5!3.+*&59!+&9!
35'359! (&! 385! :*.'3! 9+G!6*38! )(&3.(,! 9*'3+&)5! )+,,'! (:! 0.5=*(/',G! /&W&(6&!2+,5'! ?:(/.!
0+*.'! (:! *&9*=*9/+,'!65.5!/'59! :(.! 38*'! 5\05.*25&3E;!B&! 385! '5)(&9!9+G1! 38.55! :52+,5'!
65.5! .573.+*&59! +&9! 35'359! 6*38! )(&3.(,! 9*'3+&)5! )+,,'! (:! &56! 0+*.'! (:! 0.5=*(/',G!
/&W&(6&!2+,5'! ?%95&3*3G! X8*:3! 0.(3()(,E! 68*,5! :(/.! :52+,5'! 65.5! 35'359! 6*38! '3.5''7
*&9/)59!9*'3+&)5!)+,,'!52*3359!4G!385!'+25!2+,5'!+'!385!0.5=*(/'!9+G!?V2(3*(&+,!X8*:3!
0.(3()(,E;!

!
X3+3*'3*)+,! +&+,G'*'! (:! 385! +4*,*3G! (:! :52+,5! 3(! *&9*=*9/+,*@5! 4(38! )(&3.(,! +&9!

'3.5''7*&9/)59!9*'3+&)5!)+,,';!
>85!5::5)3'!(:!385!3G05!(:!'3*2/,/'!?A5!(.!_(A5E!+&9!(:!385!3G05!(:!9*'3+&)5!)+,,'!

?)(&3.(,!(.!'3.5''7*&9/)59E!(&!385!&/245.!(:!*&35../03*(&'!05.:(.259!4G!:52+,5'!65.5!
:*.'3! +&+,G@59! /'*&-! ,(-*'3*)! .5-.5''*(&! 6*38! 385! :52+,5! *95&3*3G! &5'359! *&! 385! 9+G!
&/245.!?:*.'31!'5)(&9E!+'!.+&9(2!:+)3(.';!F5)+/'5!'3.5''7*&9/)59!)+,,'!65.5!(&,G!/'59!
(&!385!'5)(&9!9+G!(:!385!5\05.*25&31!65!)(&:*.2!385!.5'/,3'!(:!385!0.5=*(/'!.5-.5''*(&!
4G! 05.:(.2*&-! 385! '+25! ,(-*'3*)! .5-.5''*(&! /'*&-! 385! 9+3+! '53! .5'3.*)359! 3(! =+,/5'!
(43+*&59! :(.! 385! '5)(&9! 9+G! +&9! /'*&-! (&,G! 385! :52+,5! *95&3*3G! +'! +! .+&9(2! :+)3(.;!
A5'/,3'!(43+*&59!65.5!'*2*,+.b!385!5::5)3!(:!385!3G05!(:!'3*2/,/'!6+'!8*-8,G!'*-&*:*)+&3!*&!
4(38! .5-.5''*(&'! ?9!v! C;CC"E! +&9! *&).5+'5'! *&! (99'! (:! *&35../03*&-!65.5! (:! 385! '+25!
.+&-5!?#;S!o";D!|!$!;#p!:(.!)(&3.(,!)+,,'!+&9![;"!oS;D!|!Y;Sp!:(.!'3.5''7*&9/)59!)+,,'E;!!!

!
X3+3*'3*)+,! +&+,G'*'! (:! 385! +4*,*3G! (:! :52+,5'! 3(! )+35-(.*@5! )(&3.(,! +&9! '3.5''7

*&9/)59!)+,,'!:.(2!385!'+25!*&9*=*9/+,!+'!)+,,'!:.(2!385!'+25!4*.9;!
>85!5::5)3'!(:!385!3G05!(:!'3*2/,/'!?A5!(.!_(A5E1!(:!385!0.(3()(,!?%95&3*3G!X8*:3!='!

V2(3*(&+,!X8*:3E!+&9!(:! 385!9+G!&/245.!?:*.'31!'5)(&9E!(&!385!&/245.!(:! *&35../03*(&'!
05.:(.259!4G!:52+,5'!65.5!+&+,G@59!/'*&-! ,(-*'3*)!.5-.5''*(&!6*38!385!:52+,5! *95&3*3G!
&5'359!*&!385!3G05!(:!0.(3()(,!+&9!3G05!(:!'3*2/,/'!+'!.+&9(2!:+)3(.';!A+&9(2!:+)3(.'!



! P"!

65.5! )8('5&!'/)8!+'! 3(! 3+W5! *&3(!+))(/&3! 385!9*::5.5&3! ,5=5,'!(:!2(3*=+3*(&!(:! :52+,5'!
6*38*&!5+)8!0.(3()(,!+&9!5+)8!9+G;!

`(.!+,,!385!.5-.5''*(&'1!5::5)3'!65.5!d/+&3*:*59!4G!)+,)/,+3*&-!385!*&).5+'5!*&!(99'!
(:!*&35../03*&-!?385!.+3*(!(:!385!0.(4+4*,*3G!(:!*&35../03*&-!+!'3*2/,/'!+&9!385!0.(4+4*,*3G!
(:!&(3!*&35../03*&-E;!>85!'3+3*'3*)+,!'*-&*:*)+&)5!(:!5+)8!0+.+2535.!6+'!)+,)/,+359!/'*&-!
+&!+&(=+!(&!385!,(-*'3*)!2(95,;!>85'5!'3+3*'3*)+,!+&+,G'5'!65.5!05.:(.259!*&!A!/'*&-!385!
-5&5.+,*@59! ,*&5+.!2*\59!2(95,! ?,25.E! :.(2! 385! ,25L!0+)W+-5!+&9! 385!+&(=+! ?O&(=+E!
:.(2!385!)+.!0+)W+-5;!

O,,! =+,/5'!9*'0,+G59!+.5!25+&'r!';5;2!5\)503!=+.*+3*(&'! *&!(99'!(:! *&35../03*&-!
68*)8!+.5!-*=5&!6*38! 385*.! )(&:*95&)5! *&35.=+,'! oSk! 7!DSkp;!O,,! '*-&*:*)+&3!9*::5.5&)5'!
+.5!.50(.359!:(.!9^C;CS;!
 



! P#!
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N8=5>1!P./!_/245.!(:!'5d/5&)5'!(:!)+,,'!38+3!65.5!*&35../0359!(.!&(3!*&35../0359!4G!:52+,5'!9505&9*&-!
(&!385!3G05!(:!*&9*=*9/+,!?.56+.959b!A51!&(&7.56+.959b!_(A5E!+&9!385!3G05!(:!0.(3()(,!?%95&3*3G!X8*:3!(.!
V2(3*(&+,!X8*:3E;!
!

!
N8=5>1!PC/!%134=987849!4A!<2:1!1<8771>6!FE!A1<2:16!F261G!49!3497>4:!29G!67>166\89G531G!32::6/!

?OE!I5)W*&-!35'3!)8+245.;!!
?FE! I5.:(.2+&)5'! (:! +! '/4h5)3! /&95.! 385! %95&3*3G! X8*:3! 0.(3()(,! ?*;5;! 35'359! 6*38! 9*::5.5&3! 0+*.'! (:!
*&9*=*9/+,'!(&!9+G!"!+&9!9+G!#E;!!
?<E! I5.:(.2+&)5'! (:! +! '/4h5)3! /&95.! 385!V2(3*(&+,! X8*:3! 0.(3()(,! ?*;5;! 35'359!6*38! 385! '+25!0+*.! (:!
*&9*=*9/+,'!/'*&-!'3.5''7*&9/)59!)+,,'!(&!9+G!#E;!!

%&!?F7<E1! ,5335.'!(&!4*.9'! *&9*)+35! *95&3*3G!68*,5! 385*.!)(,(.'!-.5Gf.59!2+3)8!385!5\05.*25&3+,!)(&9*3*(&!
)(&3.(,f'3.5'';!I5.:(.2+&)5'!+.5!25+'/.59!+'!+&!(99'!.+3*(b!385!.+3*(!(:!385!(99'!(:!*&35../03*&-!385!_(A5!
%&9*=*9/+,!?B%_(A5E!+&9!385!(99'!(:!*&35../03*&-!385!A5!%&9*=*9/+,!?B%A5E;!B%!?385!.+3*(!(:!385!(99'!:(.!385!A5!
'3*2/,*!+&9!385!(99'!:(.!385!_(A5!'3*2/,*E!6+'!(43+*&59!:.(2!.5'0(&'5'!3(!L!A5!'3*2/,*!+&9!+,,!385!_(A5!
'3*2/,*!38+3!())/..59!9/.*&-!385!'+25!3*25!05.*(9!?+!=+.G*&-!&/245.E;!>8*'!3*25!6*&9(6!6+'!)8('5&!*&!
(.95.!3(!-53!385!2*&*2/2!&/245.!(:! !A5!'3*2/,*! 3(!5'3*2+35!385!B%!+&91! *&!38*'!2+&&5.1! :(,,(6!385!3*25!
)(/.'5!(:!,5+.&*&-;!>(!)(..5)3!:(.!385!4*+'5'!9/5!3(!'2+,,!&/245.'1!385!0.(4+4*,*3*5'!/'59!*&!385!)+,)/,+3*(&!
(:!385!B%!65.5!5'3*2+359!/'*&-!385!259*+&!/&4*+'59!5'3*2+35!(:!385!0.(4+4*,*3*5'!(:!*&35../03*(&'!:(.!385!
A5!+&9!_(A5!)(&9*3*(&!+'!0.(0('59!4G!I+.@5&!53!+,;!o#Cp;!A59!,*&5'b!,*&5+.!.5-.5''*(&'!)+,)/,+359!(&!5+)8!
9+*,G!9+3+!'53;!!
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N8=5>1!PH/!#AA137!4A!61?2>27849!49!701!?0E684:4=832:!67>166!4A!?2>791>6/!
`(.!9*'0,+G!0/.0('51!)(.3*)('35.(&5!0,+'2+!)(&)5&3.+3*(&'!+.5!&(.2+,*@59!4G!9*=*9*&-!4G!385! *&9*=*9/+,!
25+&'!+&9!,(-!3.+&':(.259;!B.*-*&+,!9+3+!.+&-59!:.(2!";[P!&-f2U!3(!#D;P$!&-f2,1!6*38!25+&!D;C"!r!C;S[!
&-f2U;! F5)+/'5! 385.5!6+'! &(! 5::5)3! (:! 385! '5\! (:! 385! 4*.9'1! 9+3+! :.(2!2+,5'! +&9! :52+,5'!65.5! 0((,59;!
F(\5'!+.5!259*+&'!+&9!5..(.!4+.'!+.5!*&35.d/+.3*,57.+&-5'!?"'3!d/+.3*,57$.9!d/+.3*,5E!:(.!/!q!Y!0+*.'!*;5;!"P!
4*.9';!!
"Q!(:!'50+.+3*(&!'*-&*:*)+&3,G!*&).5+'59!0,+'2+!)(.3*)('35.(&5!)(&)5&3.+3*(&'!(:!385!0+.3&5.'!?`.*592+&!
s#!q!"$;"S1!9:!q!$1!9!S!K-KKUP1!!0('38()!T*,)(\(&!'*-&59!.+&W!35'3!<(&3.(,!='!"!8(/.!/!q!"P!]!q!D1!9!S!K-KKLV;!
I,+'2+!)(&)5&3.+3*(&'!(:!)(.3*)('35.(&5!95).5+'59!+:35.!#Q!(:!'50+.+3*(&!+&9!.53/.&59!3(!,5=5,'!),('5!3(!
)(&3.(,! ,5=5,'! ?0('38()!T*,)(\(&! '*-&59! .+&W! 35'3! <(&3.(,! ='! #! 8(/.!/! q! "P! +&9! ]! q! SC1!9! S! K-POE;!T5!
385.5:(.5! 95)*959! 3(! 05.:(.2! 385! 0,+G4+)W! 5\05.*25&3! 9/.*&-! 385! 8(.2(&+,! 05+W1! *;5;! 385! :*.'3! 8(/.! (:!
'50+.+3*(&;!!
!

!

!
N8=5>1!PI/![1>A4><29316!4A!2!65FX137!59G1>!701!P02?89=!?>47434:!29G!701!%29G4<!?>47434:!89!701!
?13L89=!7167!302<F1>/!!
>85!X8+0*&-!0.(3()(,! *'!+! ,5+.&*&-!08+'5!685.5!(&,G!36(!'(&-'!:.(2!36(!9*::5.5&3! *&9*=*9/+,'!+.5!/'591!
(&5!38+3!2+3)85'!385!A5!'3*2/,/'!+&9!385!(385.!38+3!2+3)85'!385!_(A5!'3*2/,/';!>85!A+&9(2!0.(3()(,!*'!+!
)(&3.(,!35'3!685.5!385!'+25!=()+,*@+3*(&'!+.5!/'59!+'!385!A5!'3*2/,*!+&9!385!_(A5!'3*2/,*;!I5.:(.2+&)5'!
+.5!25+'/.59!+'!+&!(99'!.+3*(b!385!.+3*(!(:!385!(99'!(:!*&35../03*&-!385!_(A5!%&9*=*9/+,!?B%_(A5E!+&9!385!
(99'!(:!*&35../03*&-!385!A5!%&9*=*9/+,!?B%A5E;!B%!65.5!(43+*&59!:.(2!.5'0(&'5'!3(!L!A5!'3*2/,*!+&9!+,,!385!
_(A5!'3*2/,*! 38+3!())/..59!9/.*&-! 385!'+25! 3*25!05.*(9!?+!=+.G*&-!&/245.E;! !>85!0.(4+4*,*3*5'!/'59! 3(!
)+,)/,+35!385!B%!65.5!5'3*2+359!/'*&-!385!259*+&!/&4*+'59!5'3*2+35!(:!385!0.(4+4*,*3*5'!(:!*&35../03*(&'!
:(.!385!A5!+&9!_(A5!)(&9*3*(&'!o#Cp;!A59!,*&5'b!,*&5+.!.5-.5''*(&'!)+,)/,+359!(&!5+)8!9+*,G!9+3+!'53;!

!
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! PL!

!-Z&[)#%!H!
!

!

!

!

!

$47!68<8:2>!F57!344>G89271GO!_1F>2!A8930!<2716!
604;!94!68<8:2>87E!89!>16?4961!74!2!67>166A5:!

1J197V!F57!08=0!344>G8927849!89!?467\67>166!J432:!
F102J845>6/!

!
!

V2*,*5!<;!I5.5@!"1$1!!Z+35!U;!F/)8+&+&#1!X*2(&!M.*::*38!$!+&9!<,m25&3*&5!]*-&+,!"!
!
!
!
!
!
!
!
!
!
"!N&*=5.'*3m!95!X+*&37V3*5&&51!N&*=5.'*3m!95!UG(&1!V_VXf<_IX!<_AX!NJAY"DS1!L#C#$!

X+*&37V3*5&&51!`.+&)5;!
!

#!<5&3.5!:(.!%&35-.+3*=5!V)(,(-G1!X)8((,!(:!U*:5!+&9!V&=*.(&25&3+,!X)*5&)5'1!H5+W*&!
N&*=5.'*3G1!M55,(&-1!]*)3(.*+1!O/'3.+,*+;!

!
$!H50+.325&3!(:!F*(,(-*)+,!X)*5&)5'1!J+)d/+.*5!N&*=5.'*3G1!XG9&5G1!_XT1!O/'3.+,*+.!

!
!



! PS!

!



! PP!

&F67>237!

<((.9*&+3*(&1!+&!525.-*&-!0.(05.3G!(:!*&35.+)3*(&'!453655&!2+35'1!*'!0.*2(.9*+,!:(.!385!
'/.=*=+,! +&9! .50.(9/)3*=5! '/))5''! (:! 385! 0+*.;! <((.9*&+3*(&! *'! 2(.5! ,*W5,G! 3(! ())/.!
453655&! )(20+3*4,5! 0+.3&5.'1! 68(! /'/+,,G! +''()*+35! =*+! +''(.3+3*=5! 2+3*&-! (:!
*&9*=*9/+,';! ^54.+! :*&)85'! +.5! 2(&(-+2(/'! '(&-4*.9'! 38+3! :(.2! ,*:5,(&-! 0+*.4(&9';!
>85G! 5\8*4*3! 8*-8,G! )((.9*&+359! 458+=*(/.'! 5'05)*+,,G! +3! 385! &5'3;! F5)+/'5! 0+.3&5.'!
'8(6! )((.9*&+359! =()+,! +)3*=*3G1! 65! 38/'! 8G0(385'*'59! 38+3! 385! =()+,! 0.(:*,5! (:!
*&9*=*9/+,'! )(/,9! 45! '/4h5)3! 3(! +''(.3+3*=5! 2+3*&-;! F5)+/'5! )(.3*)('35.(&51! 385! 2+*&!
'3.5''! 8(.2(&5! *&! 4*.9'1! 8+'! +! )5&3.+,! .(,5! *&! 0+*.4(&9! 2+*&35&+&)5! +&9! *&! =()+,!
458+=*(/.!9/.*&-! '3.5'':/,! 5=5&3'1!65!+,'(!8G0(385'*@59! 38+3! +''(.3+3*=5!2+3*&-! )(/,9!
5\*'3!(&!8(.2(&+,!0.(:*,5;!
T5!05.:(.259! +! '50+.+3*(&7.5/&*(&! 0.(3()(,! 9/.*&-!68*)8!65! .5)(.959! =()+,*'+3*(&'!
+&9!3((W!4,((9!'+20,5'! :(.!)(.3*)('35.(&5!+''+G;! %&! *'(,+3*(&1!=()+,!458+=*(/.!6+'!&(3!
)(..5,+359! 453655&! 0+.3&5.'! +&9! )(/,9! &(3! 0.59*)3! 458+=*(/.! 9/.*&-! .5/&*(&;! %&!
)(&3.+'3! 0+.3&5.'! '8(659! 8*-8,G! )(..5,+359! =()+,! 458+=*(/.'! 9/.*&-! .5/&*(&1! +&9! 385!
8*'3(.G!(:!385!0+*.!0.59*)359!385*.!=()+,!+)3*=*3Gb!0+*.'!5\8*4*3*&-!'3.(&-!+33+)825&3!+&9!
0+*.'!68(!8+9!4.559*&-!5\05.*5&)5!4(38!52*3359! ,(&-1!)((.9*&+359!+&9!4+,+&)59!=()+,!
*&35.+)3*(&'1!68*,5!#f$!(:!385!0+*.'!6*38!,(('5!.5,+3*(&'8*0'!9*9!&(3!52*3!+&G!)+,,'!9/.*&-!
.5/&*(&;! _(! '*2*,+.*3G!6+'! :(/&9! *&! 385! 08G'*(,(-*)+,! 0.(:*,5! (:! 0+.3&5.'1! +&9! 0,+'2+!
,5=5,! (:! )(.3*)('35.(&5! 6+'! &(3! )(..5,+359! 3(! +&G! (:! 385! 458+=*(/.+,! 0+.+2535.'!
+&+,G'59;! %&'35+91! 65! :(/&9! 38+3! 2+,5'! 65.5! 2(.5! '3.5''59! 38+&! :52+,5'! +:35.! $C!
2*&/35'!(:!'50+.+3*(&;!
B/.!.5'/,3'!9*9!&(3!'8(6!+&G!+''(.3+3*=5!2+3*&-!*&!385!@54.+!:*&)81!&5*385.!(&!=()+,!&(.!
(&!08G'*(,(-*)+,!0.(:*,5!(:!0+.3&5.';!T5!9*')/''!385!0(''*4*,*3G!38+3!)((.9*&+3*(&!*&!385!
@54.+! :*&)8! *'! +)8*5=59! 38.(/-8! +! '3.(&-! +9h/'325&3! 453655&! 0+.3&5.'! 458+=*(/.1!
*20.(=59!6*38!:+2*,*+.*3G!453655&!2+35';!

!



! P[!

($)%*+,-)(*$!
T8*,5! *&9*=*9/+,! 3.+*3'! /'/+,,G! 9.*=5! 0.(4+4*,*3G! (:! '/.=*=+,! +&9! 4.559*&-! *&! +! -*=5&!
5&=*.(&25&31! 385! '/))5''! (:! +! 0+*.! 2+G! +,'(! 9505&9! (&! 0.(05.3*5'! 525.-*&-! :.(2!
*&35.+)3*(&'!453655&!2+35'1!(=5..*9*&-!385!*&:,/5&)5!(:!*&3.*&'*)!*&9*=*9/+,!d/+,*3G!?V&'1!
X+:.*5,!53!+,;!"DD$K!AG+&!+&9!O,32+&&!#CC"E;!%&!2+&G!4*.9!'05)*5'1!)((.9*&+3*(&!453655&!
0+.3&5.'! '552'! 3(! 0,+G! +&! *20(.3+&3! .(,5! *&! '/.=*=+,! +&9! .50.(9/)3*=5! '/))5''! (:! 385!
0+*.!?X0((&1!J*,,+2!53!+,;!#CCPE;!<((.9*&+3*(&!8+'!2+*&,G!455&!'3/9*59!9/.*&-!:(.+-*&-!
3.*0'!+&9!+3!385!&5'3!9/.*&-!385!4.559*&-!'5+'(&!?H+=*'!"DYYK!J+.*5335!+&9!M.*::*38!#C"#K!
J+''(&*1! A54(.59+! 53! +,;! #C"#E1! 5'05)*+,,G! *&! )((05.+3*=5! 4.5595.'! +&9!2(&(-+2(/'!
0+*.4(&9'1! *;5;!'05)*5'!68('5!&5'3,*&-'e!'/.=*=+,!9505&9'!(&!385!)+.5!(:!2(.5!38+&!(&5!
*&9*=*9/+,;!T85&!0.59+3*(&!.*'W!*'!8*-81!'G&)8.(&*@59!:(.+-*&-!458+=*(/.!)(/,9!45!2(.5!
5::*)*5&3!:(.!385!'/.=*=+,!(:!385!0+*.!?Z.+/'5!+&9!A/\3(&!#CC#Eb!0+.3&5.'!)+&!.5,G!(&!5+)8!
(385.! :(.! =*-*,+&)5! 9/.*&-! :559*&-1! +&9! 3(3+,! 3*25! '05&3! :(.+-*&-! +3! 385! '+25! 0+3)8! *'!
.59/)591! 95).5+'*&-! 385! 0(''*4*,*3G! (:! 45*&-! '55&! 4G! +! 0(35&3*+,! 0.59+3(.;! I+.3&5.'! (:!
)((.9*&+359!0+*.'! =*'*3! 385!&5'3! 3(-5385.1! 0.(=*'*(&*&-! 385*.! G(/&-!2(.5! 5::*)*5&3,G! 4G!
45335.! 5'3*2+3*&-! 385! G(/&-! &559'! ?J)H(&+,91! Z+@52! 53! +,;! #CC[E! +&9! 4G! .59/)*&-!
&5'3,*&-! )(2053*3*(&! ?X85&1! <85&! 53! +,;! #C"CE;! XG&)8.(&*'+3*(&! (:! &5'3! =*'*3'! +,'(!
95).5+'5'! 385! .*'W! (:! +33.+)3*&-! 0.59+3(.'! +3! 385! &5'3! 4G! .59/)*&-! 385! (=5.+,,! +)3*=*3G!
+.(/&9!385!&5'3!?`(&3+*&5!+&9!J+.3*&!#CCPE!4/3!+,'(!385!*&35&'*3G!(:!45--*&-!+&9f(.!385!
3*25! '05&3! 45--*&-! 4G! 385! &5'3,*&-'! ?V--5.'1! M.*5''5.! 53! +,;! #CCYK! I5,/)1! X*,,533! 53! +,;!
#CCYK!A+*8+&*1!_5,'(&7`,(65.!53!+,;!#C"CE;!
<((.9*&+3*(&!+&9!'G&)8.(&*@+3*(&!(:! 385!0+*.!9505&9!(&!8(6!0+.3&5.'!25'8! 3(-5385.1!
*;5;! (&! 385! )(20+3*4*,*3G! (:! 385! 0+.3&5.';! <(20+3*4*,*3G! *'! 95:*&59! +'! +! )(24*&+3*(&! (:!
3.+*3'!:(/&9!*&!4(38!0+.3&5.'!38+3!,5+9'!3(!+!8*-8!.50.(9/)3*=5!'/))5''!(:!385!0+*.;!>8/'1!
9505&9*&-!(&!385!3.+*3!(:!*&35.5'31!(&5!*&9*=*9/+,!)+&!5*385.!2+35!6*38!+!'*2*,+.!0+.3&5.!
,5+9*&-! 3(! +&! +''(.3+3*=5! 2+3*&-1! (.! (&! 385! (00('*351! 6*38! +! 9*''*2*,+.! 4/3!
)(20,525&3+.G! 0+.3&5.1! ,5+9*&-! 3(! 9*'+''(.3+3*=5! 2+3*&-! ?M+4.*5,! +&9! F,+)W! #C"#E;!
J(&(-+2(/'!+&*2+,'!2('3,G!0.5:5.!0+.3&5.'!6*38!3.+*3'!'*2*,+.!3(!385*.!(6&!085&(3G05!
?F/.,5G!"DY$K!<((W5!+&9!H+=*5'!"DY$K!J+.',/::!"DYYK!I.GW5!+&9!M.*::*38!#CC[E;!%&!2+&G!
4*.9! '05)*5'1! 8*-8,G! )(20+3*4,5! 0+.3&5.'! 5\8*4*3! 2(.5! )((.9*&+359! 458+=*(/.! +&9! +!
45335.! .50.(9/)3*=5! '/))5''! ?<(/,'(&!"DPPK!<(/,'(&!"D[#K!X0((&1!J*,,+2!53! +,;! #CCPE;!
<(20+3*4*,*3G!453655&!)()W+3*5,!2+35'!9/.*&-!385!&(&4.559*&-!05.*(91!25+'/.59!+'!385!
'*2*,+.*3G! *&! +--.5''*=5! +&9! +::*,*+3*=5!458+=*(/.'1! )(..5,+35'!0('*3*=5,G!6*38! 385!0+*.c'!
'/4'5d/5&3!)((.9*&+3*(&!(:!0+.5&3+,!)+.5!+&9!.50.(9/)3*=5!'/))5''!?X0((&1!J*,,+2!53!+,;!
#CCPE;! %&! '35,,5.e'! h+G'1! 0+*.'e! 0+.3&5.'! 6*38! '*2*,+.! 5\0,(.+3*(&! +&9! .*'W73+W*&-!
458+=*(/.'! 4.559! 5+.,*5.! *&! 385! '5+'(&! 38+&! 9*''*2*,+.! 0+*.'! ?I*+! B! +&9! F,+)W! #C"#E;!
O''(.3+3*=5!0+*.'!(:!-.5+3!3*3'1!*&!68*)8!4(38!2+35'!'8(6!:+'375\0,(.*&-!0.(:*,5!(.!',(67
5\0,(.*&-! 0.(:*,5! *&! +! &(=5,! 5&=*.(&25&31! 0.(9/)5! 2(.5! '/.=*=*&-! (::'0.*&-!
?H*&-52+&'5!+&9!95!M(595!#CCLE!+&9!(::'0.*&-!*&!45335.!)(&9*3*(&!38+&!9*'+''(.3+3*=5!



! PY!

0+*.'!?F(381!H*&-52+&'5!53!+,;!#CCSE;!%&!2+&-5,,+&*)!05&-/*&'1!'/))5'':/,!4.5595.'!'8(6!
+''(.3+3*=5! 2+3*&-! 4G! 4(9G! 2+''! +&9! 0+*.'! 38+3! +.5! 2(.5! '*2*,+.! *&! :,*005.! ,5&-38!
0.(9/)5!2(.5!G(/&-!?`(.5.(1!>5,,+!53!+,;!#CC"E!;!
>85!+''(.3+3*=5!2+3*&-!(:!+!0+*.!+3!+!-*=5&!3*25!)(/,9!45!385!.5'/,3!(:!+!0+.3&5.!)8(*)5!
9.*=5&!4G!'05)*:*)! 3.+*3'1! *&!68*)8!8*-8!d/+,*3G!2+35'!+.5!5=+,/+359!+'! *&9*=*9/+,'!6*38!
'5,:7'*2*,+.!3.+*3'!?V&'1!X+:.*5,!53!+,;!"DD$K!AG+&!+&9!O,32+&&!#CC"K!H*&-52+&'5!+&9!95!
M(595! #CCLE;! F/3! 385! '*2*,+.*3G! (:! 385! 0+.3&5.'! )(/,9! +,'(! 45! 385! )(&'5d/5&)5! (:! +&!
+9h/'325&3! (:! 458+=*(/.! 453655&! 385! 0+.3&5.';! >6(! 4*.9'! )(/,9! 45! 9*::5.5&3! (&! +!
458+=*(/.+,! 3.+*3! +3! 385! 45-*&&*&-! (:! 385! .5,+3*(&'8*01! +&9! 45)(25!2(.5! '*2*,+.! (=5.!
3*25!4G! +9h/'325&3! (:! 385*.! 458+=*(/.;! >85'5! 36(!085&(25&+! )+&! +,'(! 45! +''()*+359b!
`(.!*&'3+&)5!*&!F/9-5.*-+.'1!2+35!)8(*)5!*'!4+'59!(&!)+,,!'*2*,+.*3G1!4/3!+:35.!0+*.*&-1!385!
)+,,'! (:! 385! 0+.3&5.'! )(&=5.-5! :/.385.! *&! +)(/'3*)! '3./)3/.5! ?J(.+=5)1! X3.*5935.! 53! +,;!
#CCPE;!
J+&G! '3/9*5'! +''5''59! 385! +''(.3+3*=5! 2+3*&-! (:! +! 0+*.! /'*&-! 08G'*)+,! .5'524,+&)5!
?T*545!#CCCK!J+)H(/-+,,!+&9!J(&3-(25.*5!#CC$K!Q/45.1!H5!U5(&!53!+,;!#CC[K!M.+&3!+&9!
M.+&3!#CCYE1! ,()(2(3(.!458+=*(/.! ?F5+.8(01!`*59,5.!53!+,;!#CCSE(.!-5&53*)! '*2*,+.*3*5'!
?I.GW5!#C"CE1!68*,5! (385.! )8+.+)35.'! )5&3.+,! 3(! 385! +=*+&!0+*.4(&9e'! 4*(,(-G! )(/,9!45!
'*2*,+.! 453655&! 0+.3&5.';! T8*,5! 2('3! 4*.9! '05)*5'! /'5! =()+,*'+3*(&'! :(.! 0+*.4(&9!
)(22/&*)+3*(&! +&9! 2+35! )8(*)5! ?<+3)80(,5! "DYPK! X5+.)G! "DD#K! O&95.''(&! "DDLK!
Q+''5,d/*'31! F5&')8! 53! +,;! "DDPK! X5+.)G! +&9!R+'/W+6+!"DDPK! F/)8+&+&! +&9! <+3)80(,5!
"DD[K!A5*91!O.)5'5!53! +,;!#CCLK!_(6*)W*!+&9!X5+.)G!#CCSE1!&(! '3/9G! 3(!(/.!W&(6,59-5!
8+'! G53! +''5''59! 385! '*2*,+.*3G! 453655&! 0+.3&5.'! /'*&-! =()+,! +)3*=*3G;! `56! '3/9*5'!
'8(659!)+,,e'!'3./)3/.5!2+3)8*&-!453655&!2+35'!?M.(38!"DD$K!J(.+=5)1!X3.*5935.!53!+,;!
#CCPK!X2*381!Xh(45.-!53!+,;!#C"#E1!4/3!+''(.3+3*=5!2+3*&-!4+'59!(&!*&9*=*9/+,!0.(05&'*3G!
(:! )+,,*&-! )(/,9! +,'(! 45! +! 6+G! 3(! .5+)8! 'G&)8.(&*'+3*(&! +&9! )((.9*&+3*(&! 453655&!
0+.3&5.';!]()+,*'+3*(&'!+,,(6!0+.3&5.'! 3(!5\)8+&-5!9*=5.'5!0*5)5'!(:! *&:(.2+3*(&b! 385G!
)+&! )(&=5G! *&:(.2+3*(&! +4(/3! 385! *95&3*3G! (:! 385! '5&95.! ?F55.! "D["K! J+.',/::! "DYYK!
A(45.3'(&!"DDPK!]*-&+,1!J+385=(&!53!+,;!#CCYK!Q+8&1!Z.G',5.!53!+,;!#C"$E1!4/3!+,'(!+4(/3!
385!2+35!'()*+,!+&9!9(2*&+&)5!'3+3/'!?>8(.051!Q+,,7<.+--'!53!+,;!"D[#K!T*)W,5.!+&9!X5*43!
"DYCK! Q+,,! #CCCK! >(93! +&9! _+-/*4! #CCCK! %,,5'1! Q+,,! 53! +,;! #CCPE1! *3'! 52(3*(&+,! '3+35!
?I5.5@1! V,*5! 53! +,;! #C"#E1! *3'! ,5=5,! (:! =*-*,+&)5! +&9! +,5.3! *&! )+'5! (:! 9+&-5.1! 5'05)*+,,G!
0.59+3(.'! ?Z.5)82+.! #CC$K! >520,53(&1! M.55&5! 53! +,;! #CCSK! <(,(245,,*7_5-.5,1!
A(45.3'(&!53! +,;! #C""E;!I+.3&5.'!/'5!=()+,! *&35.+)3*(&'!9/.*&-!W5G!5=5&3'! ?J+.,5.! +&9!
X,+445W((.&!#CCLE1! ,*W5!)(/.3'8*0!+&9!2+*&35&+&)5!(:! 385!0+*.4(&9!?F,+)W!+&9!Q/,25!
"DDPK!^+&&!"DDPE1!:(.+-*&-!458+=*(/.!?MG-5.!+&9!J+.,5.!"DYYK!V=+&'!+&9!J+.,5.!"DDLE1!
(.!5--'!4.((9*&-!+&9!&5'3,*&-'! :559*&-! ?M(.*''5&!+&9!V5&'!#CCSE;!X(25!'05)*5'!5=5&3!
5\8*4*3! 8*-8,G! 'G&)8.(&*'59! =()+,! 9/53'! ?`+.+4+/-8! "DY#K! Q+,,! #CCLK! Q+,,! #CCPK!
F5&59*)3! #CCYK! Q+,,! #CCDE;! <((.9*&+3*(&! (:! =()+,! 5\)8+&-5! 453655&! 0+.3&5.'! *'! 38/'!
5''5&3*+,1! +&9! 385! =()+,! 0.(:*,5! (:! 385! 0+.3&5.1! *;5;! *&9*=*9/+,! 0.(05&'*3G! (:! =()+,*'*&-1!



! PD!

)(/,9! 45! '/4h5)3! 3(! +''(.3+3*=5! 2+35! )8(*)51! '5,5)3*&-! +! '*2*,+.! 0+.3&5.! +4,5! 3(!
)((.9*&+35!+&9!'G&)8.(&*'5!*3'!=()+,!458+=*(/.!2(.5!5::*)*5&3,G;!
X(25!08G'*(,(-*)+,!0+.+2535.'1!'/)8!+'!*22/&5!'3+3/'!?Q+2*,3(&!+&9!^/W!"DY#K!`(,'3+9!
+&9! Z+.35.! "DD#K! X85,9(&! +&9! ]5.8/,'3! "DDPK! O&95.''(&! +&9! X*22(&'! #CCPE! (.!
'35.(*9'!,5=5,'!?B65&'!+&9!X8(.3!"DDSK!^/W1!a(8&'5&!53!+,;!"DDSK!V&'3.(21!Z5335.'(&!53!
+,;! "DD[E1! +.5! W&(6&! 3(! 45! '/4h5)3! 3(! 2+35! )8(*)5;! Q(.2(&+,! '*2*,+.*3G! 8+'! 455&!
0.5=*(/',G! '8(6&! *&! 2(&(-+2(/'! 4*.9'b! -.5G,+-! -(('5! 0+*.'! 6*38! 8*-8,G! )(..5,+359!
,5=5,'!(:!35'3('35.(&5!38.(/-8(/3!385!G5+.!'8(6!8*-85.!,(&-735.2!.50.(9/)3*=5!'/))5''!
?Q*.')85&8+/'5.1! J('3,! 53! +,;! "DDDE;! X3.5''! 8(.2(&5'! +,'(! 8+=5! +! )5&3.+,! .(,5! *&! 385!
5'3+4,*'825&3!+&9!385!2+*&35&+&)5!(:!385!0+*.4(&9b!%&!4(38!2+22+,'!+&9!4*.9'1!0,+'2+!
,5=5,'! (:! '3.5''! 8(.2(&5! ?*;5;! -,/)()(.3*)(*9'E! 95).5+'5! +:35.! 0+*.*&-! ?A54/.&! +&9!
TG&&57V96+.9'!"DDDK!M*&385.1!^*5-,5.!53!+,;!#CC"K!O&-5,*5.1!J(5!53!+,;!#CC[E1!+&9!'8(6!
+!d/*)W!*&).5+'5!+:35.!'50+.+3*(&!:.(2!+!'()*+,!0+.3&5.!?J5&9(@+!+&9!J+'(&!"DYPK!a(&5'!
+&9!T*,,*+2'!"DD#K!<+'3.(!+&9!J+33!"DD[K!_(.).(''!+&9!_562+&!"DDDK!A52+-57Q5+,5G1!
O9W*&'7A5-+&!53!+,;!#CC$E;!_(!'3/9G!3(!(/.!W&(6,59-5!8+'!.50(.359!+''(.3+3*=5!2+3*&-!
4+'59!(&! '3.5''!8(.2(&5'e! ,5=5,'1!68*)8! )+&! +,'(! *&:,/5&)5!458+=*(/.!9/.*&-! '3.5'':/,!
'*3/+3*(&'!?<.55,!#CC"E!+&9!38/'!'/.=*=+,!(.!.50.(9/)3*=5!'/))5'';!I+.3&5.'!6*38!'*2*,+.!
'3.5''!8(.2(&5'e!,5=5,'!)(/,9!45!2(.5!)((.9*&+359!+&9!5::*)*5&3!3(!'/.=*=5!+!'3.5'';!
^54.+! :*&)85'! +.5! 2(&(-+2(/'! '(&-4*.9'! 38+3! :(.2! ,*:5,(&-! 0+*.4(&9'K! 0+.3&5.'! +.5!
*&'50+.+4,5! 5=5&! (/3'*95! (:! 385! 4.559*&-! '5+'(&! ?^+&&! "DDPE;! >85G! W550! +! ),('5!
.5,+3*(&'8*0! +&9! '05&9! 2('3! (:! 385*.! 3*25! 3(-5385.;! _5'3! =*'*3'! +.5! 'G&)8.(&*'59!
453655&! 0+.3&5.'1! +&9! 8*-8,G! 'G&)8.(&*'59! 0+.3&5.'! -53! 45335.! .50.(9/)3*=5! '/))5''!
?J+.*5335!+&9!M.*::*38!#C"#E;!>85!@54.+!:*&)8!*'!38/'!+!-((9!2(95,!'05)*5'!3(!'3/9G!8(6!
)((.9*&+3*(&!+&9!'G&)8.(&*@+3*(&!+.5!.5+)859!453655&!0+.3&5.'!(:!+!0+*.4(&9;!H5'0*35!
68+3!8+'!455&!'8(6&!*&!(385.!:*&)85'!?M.(38!"DD$K!<8.*'35&'5&!+&9!Z,5*&9(.:5.!#CC[K!
I.GW5!+&9!M.*::*38!#CC[E1!&(!'3/9G!3(!9+35! :(/&9!+&G!)/5'!(:!+''(.3+3*=5!2+3*&-! *&! 385!
@54.+! :*&)8! (&! 08G'*)+,1! 458+=*(/.+,! (.! 08G'*(,(-*)+,! 3.+*3'! ?X)8*5,@5381! F/.-5.! 53! +,;!
#CCYE;!!
!
^54.+!:*&)85'!/'5!+!,+.-5!.505.3(*.5!(:!)+,,'!9/.*&-!'()*+,!*&35.+)3*(&'!?^+&&!"DDPE;!J+,5!
+&9! :52+,5! )+&! .5)(-&*@5! 385*.! 2+35'! /'*&-! )+,,'! (&,G! ?]*-&+,1! J+385=(&! 53! +,;! #CCLK!
]*-&+,1!J+385=(&!53!+,;!#CCYK!V,*51!J+.*5335!53!+,;!#C"CE!+&9!0+.3&5.'!52*3!)((.9*&+359!
=()+,!9/53'!+3!385!&5'3!9/.*&-!4.559*&-!38+3!2+G!85,0!*&!2+*&3+*&*&-!385!0+*.4(&9!+&9!
)((.9*&+35!4.((9!)+.5!?V,*51!J+.*5335!53!+,;!#C"CE;!H/.*&-!:(.+-*&-1!2+35'!W550!)(&'3+&3!
+)(/'3*)! )(&3+)3! 5=5&!685&! =*'/+,,G! '50+.+359! ?^+&&! "DDPE;! F5)+/'5! +)(/'3*)! '*-&+,'!
,*W5!'(&-!+.5!)5&3.+,!3(!2+35!)8(*)5!0.()5''5'!*&!385!@54.+!:*&)8!?<(,,*&'1!Q/44+.9!53!+,;!
"DDLK!`(.'325*5.!+&9!F*.W85+9!#CCLK!X05&)5.1!T*205&&G!53!+,;!#CCSK!A*545,!#CCDE!+&9!
)(&'*95.*&-! 38+3! )+,,'!2*-83!0+.3*)*0+35! *&! 385!@54.+! :*&)8!0+*.4(&9e'! )((.9*&+3*(&1!65!
8G0(385'*'59! 38+3! @54.+! :*&)85'! )(/,9! +,'(! 4+'5! 385*.! 2+35! )8(*)5! (&! +)(/'3*)!



! [C!

0.(9/)3*(&;!%&!38*'!)+'51!+!4*.9!6*,,!45!2(.5!,*W5,G!3(!0+*.!/0!6*38!+!0+.3&5.!6*38!+!'5,:7
'*2*,+.! =()+,! 0.(:*,51! 3+,W+3*=5! 4*.9'! 0+*.*&-! 3(-5385.! (&! (&5! 8+&9! +&9! ,5''! =()+,,G!
0.(9/)3*=5!4*.9'!(&!385!(385.!8+&9;!!
<(.3*)('35.(&51! 385!2+*&! '3.5''!8(.2(&5! *&!4*.9'1! *'! +,'(! *&=(,=59! *&! 385! .5-/,+3*(&!(:!
'()*+,! 4(&9'! *&! 385! @54.+! :*&)8b! '()*+,! *'(,+3*(&! :.(2! :+2*,*+.! *&9*=*9/+,'! 0.(=(W5'! +&!
5,5=+3*(&! (:! 0,+'2+! ,5=5,'! (:! )(.3*)('35.(&5! *&! 2+,5! @54.+! :*&)85'! ?I5.5@1! V,*5! 53! +,;!
#C"#E1! +&9! )(.3*)('35.(&5! *'! 9*.5)3,G! *&=(,=59! *&! 385! 52*''*(&! (:! '3.5''7*&9/)59!
=()+,*'+3*(&'!*&!*'(,+359!4*.9';!>85!8(.2(&5!+,'(!'8(6'!+!d/*)W!*&).5+'5!*&!@54.+!:*&)85'!
'50+.+359! :.(2! 385*.! 0+.3&5.1! +&9! +! d/*)W! .53/.&! 3(! 4+'5,*&5! +:35.! .5/&*(&! ?A52+-57
Q5+,5G1!O9W*&'7A5-+&!53!+,;!#CC$E;!<8.(&*)!5,5=+3*(&!(:!0,+'2+!)(.3*)('35.(&5!)+&!+,'(!
+::5)3! '(&-! d/+,*3G! (:!2+,5'! ?X05&)5.1! F/)8+&+&! 53! +,;! #CC$E!68*,5! +)/35! '3.5''! ,(65.!
'(&-!.+35! ?UG&&1!X3+20,*'!53!+,;!#C"CE;! !A5)5&3!'3/9G!0.(=59! 38+3! :52+,5!@54.+! :*&)85'!
'8(6! +! 0.5:5.5&)5! :(.! 2+,5'! 6*38! ,(6! 0,+'2+! ,5=5,'! (:! )(.3*)('35.(&5! ?A(45.3'1!
F/)8+&+&!53!+,;!#CC[E1!'/--5'3*&-!38+3!)(.3*)('35.(&5!0.(:*,5!*'!'/4h5)3!3(!2+35!)8(*)5!*&!
38*'!'05)*5';!!
>(!5=+,/+35! +''(.3+3*=5!2+3*&-!4+'59!(&!=()+,! +&9! '3.5''!0.(:*,5'1!65!25+'/.59!=()+,!
0.(9/)3*(&! +&9! )(.3*)('35.(&5! .5'0(&'5! (:! 0+.3&5.'! 9/.*&-! +! '50+.+3*(&7.5/&*(&!
5\05.*25&3;! >85! @54.+! :*&)8! 0+*.4(&9! *'! =5.G! '3.(&-! 5=5&! 9/.*&-! 385! &(&4.559*&-!
'5+'(&b! 385!0+.3&5.'! '3+G! 3(-5385.!9/.*&-!+,,! +)3*=*3*5'! +&9! 38.(/-8(/3! 385!G5+.! ?^+&&!
"DDPE1!+&9!'50+.+3*(&!:.(2!385!0+.3&5.!*'!+!'3.5'':/,!'*3/+3*(&!?A52+-57Q5+,5G1!O9W*&'7
A5-+&!53!+,;!#CC$E!38+3!385!4*.9'!+)3*=5,G!3.G!3(!35.2*&+35!4G!)+,,*&-!+&9!'5+.)8*&-!385*.!
2+35! ?^+&&!"DDPE;!T5! 38/'! /'59! +! '50+.+3*(&7.5/&*(&! 5\05.*25&3! 3(!25+'/.5! )+,,*&-!
0.(05&'*3G! +'!65,,! +'! )(.3*)('35.(&5! .5'0(&'5! +&9! 5=+,/+35! '*2*,+.*3G! 453655&!2+359!
0+.3&5.';!!
F5)+/'5! *&9*=*9/+,'! )(/,9! 0+*.! /0! +''(.3+3*=5,G! *&! 385! :*.'3! 0,+)5! (.! +9h/'3! 385*.!
458+=*(/.! +&9! 45)(25! 2(.5! '*2*,+.! +:35.! 0+*.*&-1! 65! )(20+.59! 0+*.'! 6*38! 9*::5.5&3!
5\05.*5&)5'b! ?"E! 0+*.'! 38+3! &5=5.! 4.59! 3(-5385.! 45:(.5! ?#E! 0+*.'! 38+3! 4.59! 3(-5385.! +3!
,5+'3!(&)5! *&!385!0+'3!P!2(&38';!O'!'()*+,!+33+)825&3! *'!+!'3.(&-!:+)3(.! *&:,/5&)*&-!385!
2+35'! 08G'*(,(-G! +&9! 458+=*(/.! ?A52+-57Q5+,5G1! O9W*&'7A5-+&! 53! +,;! #CC$E1! 65! +,'(!
)(&'*95.59! 0+*.'! 38+3! '8(659! '3.(&-! 4(&9! +&9! )(20+.59! 3852! 3(! 0+*.'! 38+3! '8(659!
,(('5.!4(&9;!
`*&+,,G1!'(25!.5)5&3!'3/9*5'!'/--5'3!38+3!6*,9!3G05!+&9!9(25'3*)!'3.+*&!(:!@54.+!:*&)85'!
9(! &(3! 5\8*4*3! 385! 5\+)3! '+25! 458+=*(/.1! 5'05)*+,,G! 685&! *3! )(25'! 3(! .50.(9/)3*(&!
?M*,4G1!J+*&6+.*&-!53!+,;!#C""E;!>(!=5.*:G!38*'!8G0(385'*'1!8+,:!(:! 385!0+*.'!/'59!*&!38*'!
5\05.*25&3!65.5!6*,973G05!@54.+!:*&)85'1!68*,5!385!(385.!8+,:!685.5!9(25'3*)!4*.9';!
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!

!

!
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F*.9'!/'59!:(.!38*'!'3/9G!65.5!@54.+!`*&)85'!?.*#/(%'01(*!1233*3*E!W503!*&!)+03*=*3G!*&!
(/.!+=*+.*5';!Q+,:!(:!385!+&*2+,'!65.5!9(25'3*)!4*.9'!4.59!*&!(/.!)(,(&G1!385!(385.!8+,:!
65.5!6*,973G05!4*.9';!>85!9(25'3*)!4*.9'!65.5! 385!95')5&9+&3'!(:!9(25'3*)+359!6*,97
3G05!@54.+! :*&)85'!(.*-*&+,,G!(43+*&59!:.(2!+=*)/,3/.*'3'! *&!385!XG9&5G!.5-*(&! *&!#CCS1!
+&9!8+9!455&!4.59!*&!(/.!:+)*,*3G!:(.!+3!,5+'3!38.55!-5&5.+3*(&'!?A/3'35*&1!F.+@*,,7F(+'3!53!
+,;! #CC[E;! >85! )+03*=5! 6*,973G05! 4*.9'! 65.5! 5*385.! 3+W5&! /&95.! ,*)5&)5! :.(2! X3/.3!
_+3*(&+,! I+.W! ?&(.3865'3!_56! X(/38!T+,5'1! O/'3.+,*+E! *&! X5035245.! #CC[! /'*&-!2*'3!
&53'!?I+.*'5.1!J+.*5335!53!+,;!#C"CE1!(.!9*.5)3!95')5&9+&3'!(:!385!0.5=*(/'!(&5';!!
H(25'3*)!+&9!6*,973G05!4*.9'!65.5!8(/'59!'50+.+35,G!*&!36(!(/39((.!+=*+.*5'!?"C!Å!Y!2!
+&9!#!2!8*-8E1!5+)8!)(&3+*&*&-!:.(2!$C!3(!SC!4*.9';!V+)8!+=*+.G!6+'!0.(=*959!6*38!+9!
,*4*3/2! )(225.)*+,! :*&)8! '559'1! 6+35.1! )/33,5:*'81! -.*31! '0.(/359! '5591! 36(! 85+3! ,+20'!
+&9!&5'34(\5';!
!
>(!'5,5)3!0+*.4(&9'!:(.!385!'3/9G1!4*.9'!65.5!9*.5)3,G!(4'5.=59!*&!385!+=*+.*5'!:(.!38.55!
)(&'5)/3*=5!9+G'!9/.*&-!36(!8(/.'!'(!+'!3(!9535)3!0+*.'!/'*&-!:(/.!'05)*:*)!458+=*(/.'!
?^+&&!"DDPEb!!
7!_5'3,*&-!.5+.*&-b!F*.9'!.+*'*&-!)8*)W'!3(-5385.;!
7!<,/20*&-b!4*.9'!05.)8*&-!'*95!4G!'*95!*&!)(&3+)3;!
7!O,,(0.55&*&-b!(&5!4*.9!0.55&*&-!385!:5+385.'!(:!385!(385.!(&5;!
7!_5'3!'8+.*&-b!4*.9'!'8+.*&-!385!'+25!&5'3;!
!
F.559*&-!+)3*=*3G!*&!385!36(!(/39((.!+=*+.*5'!8+9!455&!:(,,(659!:(.!+!G5+.!0.*(.!3(!385!
5\05.*25&3;!>8*'!+,,(659! 3(!9535.2*&5! 385!+-5!(:! 385!0+*.4(&9'! *&!2(&38'1! +'!65,,! +'!
0.5=*(/'!.50.(9/)3*=5!'/))5''!(:!385!0+*.;!!
"L!0+*.'! ?Y!6*,973G05!+&9!P!9(25'3*)E!65.5!)+/-83! *&! 385!+=*+.*5'!+&9! 385&!8(/'59! *&!
*&9*=*9/+,!)+-5'!?"!0+*.!05.!)+-51!85*-83!q!LC!)21!6*938!q![S!)21!95038!q!L[!)2E!'3(.59!
*&!385!'+25!.5+.*&-!.((2!:(.!385!9/.+3*(&!(:! 385!5\05.*25&3;!`*=5!(:! 385'5!"L!0+*.'!?$!
6*,973G05! +&9! #! 9(25'3*)E! 65.5! :(.259! 4G! .+&9(2,G! 0/33*&-! 3(-5385.! +! 2+,5! +&9! +!
:52+,5! *&! 385! '+25! *&9*=*9/+,! )+-5! :(.! (&5!2(&38! 0.*(.! 3(! 385! 5\05.*25&3;! B&5!655W!
45:(.5! 385! 45-*&&*&-! (:! 385! 5\05.*25&31! 385! 5::5)3*=5&5''! (:! 385'5! :*=5! 0+*.4(&9'!6+'!
)85)W59!/'*&-!385!'+25!'05)*:*)!458+=*(/.'!+'!+4(=5;!
A5+.*&-! )(&9*3*(&'! *&! 385! .((2! 65.5! 385! '+25! +'! *&! +=*+.*5'! ?'55! +4(=5E;! >85! ,*-83!
)(&9*3*(&'! :(,,(659! 385! &+3/.+,! )G),5! (:! 9+G,*-83! +3! 38*'! 05.*(9! (:! 385! G5+.b! 385! ,*-83'!
65.5!'/))5''*=5,G!'6*3)859!(&!:.(2!SbLS!+2!3(!PbCC!+2!'(!+'!3(!2*2*)!385!'/&.*'51!+&9!
385G!65.5!'/))5''*=5,G!'6*3)859!(::!:.(2![bCC!02!3(![b$C!02!3(!2*2*)!385!'/&'53;!>85!
35205.+3/.5! *&! 385! .5+.*&-! .((2!+&9! 385!5\05.*25&3+,! .((2'! '3+G59!+.(/&9!##j<! :(.!
385!9/.+3*(&!(:!385!5\05.*25&3;!
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%&!(.95.!3(!+=(*9!+&G!'/00,525&3+.G!'3.5''!3(!385!4*.9'!38+3!)(/,9!+::5)3!385!5\05.*25&31!
0.5)+/3*(&'!65.5!3+W5&b!!
7! F*.9'! +)),*2+359! 3(! 385! .5+.*&-! .((2! 36(! 655W'! 0.*(.! 3(! 385! 45-*&&*&-! (:! 385!
5\05.*25&3;!!
7B&,G! (&5! 5\05.*25&35.! 8+9! +))5''! 3(! 385! 4*.9'! *&! 385! .5+.*&-! .((2! +&9! *&! 385!
5\05.*25&3+,! .((2! 9/.*&-! 385! 9/.+3*(&! (:! 385! 5\05.*25&3;! >85! 5\05.*25&35.! +,6+G'!
6(.5!385!'+25!68*35!,+4)(+3;!>8/'1!'3.5''!:.(2!&(=5,3G!6+'!,(6;!
7!`((9!+&9!6+35.!6+'!9*'3.*4/359!5=5.G!9+G!+:35.!385!5\05.*25&3!?+:35.!"#bCCE!3(!+=(*9!
+&G!*&35.:5.5&)5!(:!)+-5!9*'3/.4+&)5!6*38!)(.3*)('35.(&5!25+'/.525&3';!!!
!
]:44G!62<?:1!34::137849!29G!04><491!2662E!

O,,!4,((9!'+20,5'!?v"SC!w,E!65.5!(43+*&59!4G!0/&)3/.*&-!385!+,+.!=5*&!6*38!+!#S7-+/-5!
&559,5;! F,((9! 6+'! )(,,5)359! *&! 850+.*&*@59! 3*0'1! +&9! 0,+'2+! 6+'! '50+.+359! /&95.!
)5&3.*:/-+3*(&!?$YCC!M!9/.*&-!"S!2*&/35'E!+&9!'3(.59!+3!~#Cj<!:(.!,+35.!8(.2(&5!+''+G;!
F,((9!'+20,5'!65.5! 3+W5&!6*38*&!$!2*&!'(!+'! 3(!25+'/.5! )(.3*)('35.(&5!4+'5,*&5!+&9!
&(3!)(.3*)('35.(&5!9/5!3(!8+&9,*&-?T*&-:*5,91!X2*38!53!+,;!"DY#E;!_(!4*.9!6+'!4,59!2(.5!
38+&!(&)5!05.!655W!3(!5&'/.5!38+3!385G!8+9!'/::*)*5&3,G!.50,5&*'859!385*.!4,((9!=(,/25!
453655&!4,559'!+&9!QIO!+\*'! :/&)3*(&!8+9!.5)(=5.59!:.(2!0.5=*(/'!'+20,*&-?A(25.(!
+&9!A559!#CCYE;!!
F5)+/'5! )*.)/,+3*&-! ,5=5,! (:! 5&9(-5&(/'! )(.3*)('35.(&5! '8(6'! )*.)+9*+&! =+.*+3*(&'! *&!
2+&G!4*.9!'05)*5'!6*38!+!05+W!h/'3!45:(.5!385!+)3*=5!05.*(9!+&9!+!.+0*9!95).5+'5!9/.*&-!
385! :*.'3! 8(/.'! (:! +)3*=*3G1! +,,! 5\05.*25&3'! 65.5! 05.:(.259! 453655&! Y! +&9! "#! +2!
?A52+-57Q5+,5G!+&9!A(25.(!#CCCK!>+.,(61!Q+/!53!+,;!#CC$E;!!
<(.3*)('35.(&5! )(&)5&3.+3*(&'!65.5!25+'/.59! :.(2!9/0,*)+35! #C/,! 0,+'2+! '+20,5'! *&!
(&5! +''+G! /'*&-! 9*.5)3! .+9*(*22/&(+''+G! ?JI! F*(259*)+,'! W*3! C["#CCC#E;! >85! +''+G!
6+'!./&!6*38!SCk!4*&9*&-!+3!C;"P[!&-f2,1!+&9!385!9535)3*(&!,*2*3!?:(.!#C/,!+,*d/(3'!(:!
5\3.+)3591!9*,/359!0,+'2+E!6+'!C;C#S!&-f2,;!
!
#M?1>8<1972:!6175?!29G!7167!?>431G5>16!

"#*&26#+#/3!%8!W*&#$(/#!$#5#$!%8!4%63(4%&3#6%/#!!

>(!+''5''!4+'+,!,5=5,!(:!)*.)/,+3*&-!)(.3*)('35.(&5!?xFOXOUÑ<BA>yE1!4*.9'!65.5!)+03/.59!
:.(2!0.5=*(/',G!/&9*'3/.459! .5+.*&-! .((2!+&9!4,59! *&!+&!+9h+)5&3! .((2!45:(.5!-(*&-!
4+)W! 3(! 385*.!)+-5;!>8*'!0.()59/.5!6+'!)+..*59!(/3!6*38*&!$!2*&/35'!(:! 385! ,*-83!45*&-!
3/.&59!(::! :(.!)+03/.5;!>8*'!0.(3()(,!6+'!.505+359!$! 3*25'!05.!2(.&*&-!+3!YbCC1!"CbCC!
+&9!"#bCC!021! 38/'!$!4*.9'!65.5!)+03/.59!+&9!4,59!05.!9+G! *&! 385!.5+.*&-!.((2;!>6(!
8(/.'! 453655&! 36(! 4,((9! '+20,5! 5=5&3'! 65.5! &5)5''+.G! 3(! +,,(6! 0,+'2+! ,5=5,'! (:!
)(.3*)('35.(&5!(:!+,,!385!4*.9'!3(!.53/.&!3(!4+'+,!,5=5,'!+:35.!9*'3/.4+&)5!(:!385!.((2;!
!



! [$!

E#'*6*3(%/@6#2/(%/!'6%3%4%$!

T5!95=5,(059!+!0.(3()(,! 3(!'50+.+35!385!0+.3&5.'!(:!+!0+*.!6*38(/3!8+&9,*&-1!+=(*9*&-!
/&&5)5''+.G!'3.5'';!>85!9+G!45:(.5!385!5\05.*25&31!385!0+.3&5.'!(:!+!0+*.!65.5!2(=59!
:.(2! 385! .5+.*&-! .((2! 3(! 385! 5\05.*25&3+,! .((2! +&9! 0,+)59! 3(-5385.! *&! +! '50+.+3*(&!
)+-5!?:*-/.5!"E;!>85!2(.&*&-!(:!385!5\05.*25&31!#!654)+2'!?,(-*35)8!QH!0.(!<D"CE!+&9!
#! 2*).(08(&5'! ?OZM! <! L"[! <,*07(&! J*).(08(&5'1! (&5! 05.! 8+,:! )+-5E! )(&&5)359! 3(! +!
.5)(.95.! ?@((2!QL&E!65.5! 3/.&59!(&! 3(!2(&*3(.! 385! ,()(2(3(.!+&9!=()+,!+)3*=*3*5'!(:!
385!4*.9'!9/.*&-!385!68(,5!5\05.*25&3;!>6(!'5''*(&'!65.5!./&!*&!385!'+25!2(.&*&-!*&!
36(! 9*::5.5&3! 5\05.*25&3+,! .((2'1! +,,(6*&-! /'! 3(! .5)(.9! 36(! 0+*.'! 05.! 9+G;! >85! :*.'3!
'5''*(&!45-+&!+3!YbCC!+21!385!'5)(&9!'5''*(&!+3!"CbCC!+2;!
F*.9'!65.5!:*.'3!.5)(.959!6*38(/3!9*'3/.4+&)5!:(.!#C!2*&/35'!3(-5385.!*&!385!'+25!)+-5!
?:*-/.5!"!xI+*.y!)(&:*-/.+3*(&E!?X>VI!"E;!I+.3&5.'!65.5!385&!08G'*)+,,G!'50+.+359!/'*&-!
36(! 6*.5! 0+.3*3*(&'! 0,+)59! *&! 385! 2*99,5! (:! 385! 5\05.*25&3+,! )+-51! 68*)8! +,,(659!
'50+.+3*&-! 385!)+-5! *&! 36(! *&9505&95&3!0+.3';!>8/'1! 385!4*.9'!65.5!'50+.+359!6*38(/3!
8+&9,*&-1! W&(6&! 3(! 0.(=(W5! +! .+*'5! *&! 0,+'2+3*)! ,5=5,'! (:! )(.3*)('35.(&5! 6*38*&! S!
2*&/35'!?6*&-:*5,9!"DY#!+&9!"DD#E;!>85!&56,G!*&9505&95&3!0+.3'!65.5!385&!2(=59!*&!
36(! *&9505&95&3! .((2'! '50+.+359! 4G! P!2535.'! +&9! 36(! 9((.'1! '(! 385! 0+.3&5.'! 65.5!
=*'/+,,G!+&9!+)(/'3*)+,,G!*'(,+359!:.(2!5+)8!(385.!?:*-/.5!"!x'*&-,5y!)(&:*-/.+3*(&E;!O:35.!
$C!2*&/35'!(:!'50+.+3*(&!?X>VI!#E1!385!9((.'!:.(2!385!*&9505&95&3!.((2'!65.5!(05&59!
:(.! "C!2*&/35'1! +,,(6*&-! +&! +)(/'3*)! )(&3+)3! 453655&! 385! 4*.9'! 4/3! 0.5=5&3*&-! 3852!
:.(2!+!=*'/+,!)(&3+)3!?X>VI!$E;!>8*'!'*3/+3*(&!6+'!'/*3+4,5!:(.!385!5\)8+&-5!(:!9*'3+&)5!
)+,,'!453655&!0+.3&5.';!V+)8!4*.9!6+'!385&!0,+)59!4+)W!*&!385!:*.'3!5\05.*25&3+,!.((2!'(!
38+3!0+.3&5.'!6*,,!45!*&!385!'+25!.((2!+-+*&1!:(.!#C!2*&/35'!?X>VI!LE;!!
>(! 25+'/.5! 385! ,5=5,! (:! )*.)/,+3*&-! )(.3*)('35.(&5! 9/.*&-! +! '3.5''! (:! '50+.+3*(&!
?xX>AVXXÑ<BA>yE1!385!4*.9'!65.5!'50+.+359!+-+*&!*&!385!36(!*&9505&95&3!.((2'!?X>VI!
SE;!O:35.!$C!2*&/35'!(:!'50+.+3*(&1!4,((9!'+20,5'!65.5!3+W5&!6*38*&!$!2*&/35'!+&9!4*.9'!
65.5!0,+)59!4+)W!*&!385!.5+.*&-!.((2;!>85!4,((9!'+20,5'!:.(2!385!:*.'3!0+*.!65.5!./&!+3!
DbSC!+21!385!'5)(&9!+3!""bSC!+2;!
!
X*/,%+()*3(%/!!

Q+,:!(:!385!6*,9!4*.9'!65.5!.5)(.959!9/.*&-!+!:*.'3!'5''*(&!?:.(2!YbCC!3(!DbSC!+2E1!385!
(385.!8+,:!9/.*&-!+!'5)(&9!'5''*(&!?:.(2!"CbCC!3(!""bSC!+2E;!>85!'+25!0.5)+/3*(&!6+'!
/'59!:(.!385!9(25'3*)!4*.9';!>85!(.95.!(:!4,((9!'+20,*&-!:(.!+''5''*&-!385!4+'5,*&5!6+'!
+,'(!.+&9(2*@59b!8+,:!(:!385!:52+,5'!65.5!4,59!:(.!4+'5,*&5!45:(.5!385!2+,5!685.5+'!385!
(385.! 8+,:!6+'! 4,59! +:35.! 385!2+,5;!J(.5(=5.1! 8+,:! (:! 385! 4*.9'!65.5! 4,59! :(.! 4+'5,*&5!
45:(.5!385!'50+.+3*(&7.5/&*(&!5\05.*25&31!685.5+'!385!(385.!8+,:!6+'!4,59!:(.!4+'5,*&5!
+:35.!385!'50+.+3*(&7.5/&*(&!5\05.*25&3;!!
!
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! [S!

&92:E686!4A!2AA8:8278J1!F102J845>6!29G!G171><8927849!4A!701!67>19=70!4A!701!?28>!

>85!458+=*(/.'!(:!385!0+*.!9/.*&-!385!:*.'3!#C!2*&/35'!(:!385!5\05.*25&3!?X>VI!"E!65.5!
')(.59!(&!=*95(!.5)(.9*&-'!4G!+&!(4'5.=5.!4,*&9!3(!385!*95&3*3G!(:!385!0+*.;!]*95('!65.5!
')(.59! *&! .+&9(2!(.95.! .5-+.9*&-! *95&3*3G!(:! 385!0+*.;!N'*&-!V38(,(-! '(:36+.5! ?B33(&*!
#CCCE1!!:*=5!=+.*+4,5'!65.5!d/+&3*:*59b!
7!<,/20*&-b!4*.9'!05.)859!'*95!4G!'*95!*&!08G'*)+,!)(&3+)3;!>8*'!=+.*+4,5!6+'!)(&'*95.59!
+'!4*&+.G!?I.5'5&)5!(:!385!458+=*(.!q!"1!+4'5&)5!q!CE;!
7! O,,(0.55&*&-b! (&5! 4*.9! 0.55&59! 385! :5+385.'! (:! 385! (385.! (&5;! >8*'! =+.*+4,5! 6+'!
)(&'*95.59!+'!4*&+.G;!
7! X*&-*&-b! '(&-'! 52*3359! 4G! 385! 2+,5! 3(6+.9! 385! :52+,5! ?9*.5)359! '(&-'E! (.! &(3!
?/&9*.5)359!'(&-'1!&5=5.!(4'5.=59E;!>8*'!=+.*+4,5!6+'!)(&'*95.59!+'!4*&+.G;!!
7!I.(\*2*3Gb!3*25!'05&3!4G!385!4*.9'!+3!),('5!0.(\*2*3G!?,5''!38+&!P!)2E1!*&!'5)(&9';!I+*.'!
.5)5*=59!+!')(.5!(:!C!:.(2!C!3(!#Sk!(:!3*25!'05&3!*&!0.(\*2*3G1!C;S!:.(2!#S!3(!SCk!+&9!"!
:.(2!SC!3(!"CCk;!
7!XG&)8(&*'+3*(&b!3*25!'05&3!4G!385!0+.3&5.'!*&!385!'+25!+)3*=*3G1!*&!'5)(&9';!>85!+)3*=*3G!
(:!5+)8!4*.9!6+'!2(&*3(.59!+&9!),+''*:*59!*&!S!'/473G05'b!+::*,*+3*=5!458+=*(/.!?),/20*&-!
+&9f(.!+,,(0.55&*&-E1!0.55&*&-!?4*.9'!),5+&*&-!385*.!(6&!:5+385.'E1!.5'3(.*&-!?9.*&W*&-!
+&9f(.! 5+3*&-E1! h/20*&-! (&! 385! 05.)8! (.! (&! 385! :,((.1! +&9! .5'3*&-! ?4*.9! '3+G*&-! (&! +!
05.)8!6*38(/3! +&G!(4=*(/'! +)3*=*3GE;! >85&!0+.3&5.'e! +)3*=*3*5'!65.5! )(20+.59! +&9! 385!
5&3*.5!3*25!'05&3!9(*&-!385!'+25!+)3*=*3G!6+'!5\3.+)359;!I+*.'!:*&+,,G!.5)5*=59!+!')(.5!(:!
C! :.(2!C!3(!$$1$k!(:! 385! 3*25!'05&3! *&!'G&)8.(&G1!C;S! :.(2!$$1$! 3(!PP1Pk!+&9!"! :.(2!
PP1P!3(!"CCkq";!
>85!,*2*3'!(:!385!38.55!')(.5!),+''5'!65.5!9*::5.5&3!453655&!385!36(!0.5=*(/'!=+.*+4,5'!
'(!+'!3(!95).5+'5!385!*&:,/5&)5!(:!385!'G&)8.(&*@+3*(&!0+.+2535.;!F5)+/'5!385!&/245.!(:!
)+35-(.*5'! (:! 458+=*(/.! 6+'! '2+,,1! 385! 0.(4+4*,*3G! 38+3! '(25! +)3*=*3*5'! 65.5!
'G&)8.(&*@59!453655&!385!36(!4*.9'!6+'!8*-8;!
>(! 385&! 5=+,/+35! 385! '3.5&-38! (:! 385! 0+*.1!65! )(20/359! +! '*&-,5! )(20('*35! *&95\1! 385!
*&95\!(:!.5,+3*(&'8*0!'3.5&-38!?(AXEb!385!:*=5!0.5=*(/'!=+.*+4,5'!65.5!/'59!3(!)(20/35!+!
0.*&)*0+,! )(20(&5&3! +&+,G'*'! ?I<O1! :/&)3*(&! 9/9*;0)+! :.(2! 385! +95L! 0+)W+-5! *&! A!
'(:36+.51! )(20/359!(&!@7')(.59!0+.+2535.'E;!>85!I<O!.53+*&59! 36(!)(20(&5&3'!6*38!
5*-5&7=+,/5'! ,+.-5.! 38+&! (&5! ?Z+*'5.! ).*35.*(&E1! I<"! +&9! I<#1! 5\0,+*&*&-! .5'05)3*=5,G!
LLk! +&9! #Dk! (:! 385! =+.*+&)5! ?:(.! =+.*+4,5! ,(+9*&-'! (&! 5+)8! I<1! '55! '/00,525&3+.G!
9+3+E;!>85!:*.'3!0.*&)*0+,!)(20(&5&3!?I<"E!6+'!/'59!*&!'3+3*'3*)+,!+&+,G'*'!+'!385!*&95\!(:!
.5,+3*(&'8*0! '3.5&-38! ?(AXE;! I<"! '8(659! +! 4*2(9+,! 9*'3.*4/3*(&! 6*38! +! -+0! +.(/&9! C!
?'/00,525&3+.G! 9+3+E;! >8/'1! B! 6+'! )8('5&! +'! 385! ,*2*3! 3(! 9*').*2*&+35! '3.(&-! 4(&9'!
?I<"vC1!&qS!0+*.'!6*38!$!6*,973G05!+&9!#!9(25'3*)E!:.(2!,(('5!4(&9'!?I<"ÖC1!&qD!0+*.'!
6*38!S!6*,973G05!+&9!L!9(25'3*)E;!!!
!
!



! [P!

&92:E686!4A!J432:!2378J87E!!

<+,,'! 52*3359! 4G! 385! 4*.9'! 9/.*&-! )(20,535! *'(,+3*(&! ?X>VI! #E! +&9! 9/.*&-! +)(/'3*)!
)(&3+)3!+3!,(&-!9*'3+&)5!?X>VI!$E!65.5!:*.'3!5\3.+)359!:.(2!385!(.*-*&+,!.5)(.9*&-'!/'*&-!
+!)/'3(276.*335&!0.(-.+2!?IR>QB_!0.(-.+22*&-!,+&-/+-51!(05&7'(/.)5!,*4.+.*5'E;!!
>85!0.(-.+2!+,,(659!9535.2*&*&-!$!+)(/'3*)!=+.*+4,5'!:(.!5+)8!4*.9b!!
7!>85!&/245.!(:!)+,,'b!_FÑ<OUU!
7!>85!3*25!'05&3!)+,,*&-!?*&!'5)(&9'Eb!HNAÑ<OUU!
7!>85!)+,,!.+35!?*&!)+,,'!05.!'5)(&9Eb!AO>VÑ<OUU!+'!AO>VÑ<OUUq!_FÑ<OUUf?HNAÑ<OUUE!
>85'5!=+.*+4,5'!65.5!/'59!+'!'/)8!:(.!)(..5,+3*(&!?'55!45,(6E1!4/3!65.5!+,'(!)(24*&59!
3(!)(20/35!36(!I<O1!(&5!:(.!9+3+!*&!*'(,+3*(&1!(&5!:(.!9+3+!*&!+)(/'3*)!)(&3+)3;!>85!I<O!
*&! *'(,+3*(&! .53+*&59! 36(! )(20(&5&3'! 6*38! 5*-5&7=+,/5'! ,+.-5.! 38+&! (&5! ?Z+*'5.!
).*35.*(&E1! I<"! +&9! I<#1! 5\0,+*&*&-! .5'05)3*=5,G! SPk! +&9! $Yk! (:! 385! =+.*+&)5! ?:(.!
=+.*+4,5! ,(+9*&-'! (&! 5+)8!I<1! '55! '/00,525&3+.G!9+3+E;! >85! :*.'3! 0.*&)*0+,! )(20(&5&3!
?I<"!*&!*'(,+3*(&E!6+'!/'59!*&!'3+3*'3*)+,!+&+,G'*';!>85!I<O!*&!+)(/'3*)!)(&3+)3!.53+*&59!
(&5!)(20(&5&3!6*38!5*-5&7=+,/5'!,+.-5.!38+&!(&5!?Z+*'5.!).*35.*(&E1!+&9!5\0,+*&59!Y$k!
(:! 385! =+.*+&)5! ?:(.! =+.*+4,5! ,(+9*&-'! (&! 5+)8! I<1! '55! :*-/.5! S<E;! >8*'! :*.'3! 0.*&)*0+,!
)(20(&5&3!?I<"!*&!=*'/+,!)(&3+)3E!6+'!/'59!*&!'3+3*'3*)+,!+&+,G'*';!
!
>8.55!(385.!=+.*+4,5'!65.5!385&!4/*,3b!!
7!>85!0.(0(.3*(&!(:!:52+,5!)+,,'!*&!385!*&35.+)3*(&!?X>VI!$E!6+'!)+,)/,+359!:(.!5+)8!0+*.!
+'! 385!&/245.!(:! :52+,5!)+,,'!9*=*959!05.!385!3(3+,!&/245.!(:!)+,,'!52*3359!9/.*&-!385!
*&35.+)3*(&;! %:! 4(38! 0+.3&5.'! 0+.3*)*0+35! 5d/+,,G! 3(! 385! *&35.+)3*(&1! 385! 0.(0(.3*(&! (:!
:52+,5!)+,,'!*'!),('59!3(!C;S;!
7! >85! 3+,W+3*=5&5''! (:! 5+)8! 4*.9! 9/.*&-! +)(/'3*)! )(&3+)3! ?X>VI! $E! 6+'! +''5''59! 4G!
4/*,9*&-!+!4*&(2*+,!=+.*+4,5b!"!:(.!4*.9'!38+3!3+,W591!C!:(.!4*.9'!38+3!9*9!&(3!3+,W;!
7! >85! '3./)3/.5! (:! 385! =()+,! '5d/5&)5'!6+'! 95').*459! /'*&-! 385! 95-.55! (:! +,35.&+3*(&!
453655&! 0+.3&5.'1! 68*)8! *'! 95:*&59! +'! 385! _/245.! (:! A/&'! ?_AE! (:! 5,525&3'! *&! 385!
'5d/5&)5!?*;5;!385!&/245.!(:!)(&3*&/(/'!'5.*5'!(:!)+,,'!(:!5+)8!0+.3&5.E!?V,*5!53!+,!#C"CE;!
O,35.&+3*&-! '5d/5&)5'! 453655&! 385! 2+,5! ?JE! +&9! 385! :52+,5! ?`E! G*5,9! 8*-8! _A! ?5;-;!
J`J`J`J`1! 5*-83! ./&'E1! 68*,5! ),/2059! '5d/5&)5'! G*5,9! ,(6! _A! ?JJJJ````1! 36(!
./&'E!+&9!.+&9(2!'5d/5&)5'!G*5,9!*&35.259*+35!_A!?JJJ``J``1!:(/.!./&'E;!`(.!5+)8!
'5d/5&)51!65!)(20/359!385!_A!5\05)359!+3!.+&9(2!+'! 385!25+&!(:! 385!9*'3.*4/3*(&!(:!
385!_A!(43+*&59!4G!"C!CCC!9.+6'!:(,,(6*&-!+!F5.&(/,,*!,+6!+&9!6*38!385!'+25!&/245.!
(:! 5,525&3'! :(.! 5+)8! 0+.3&5.! +'! *&! 385! (4'5.=59! '5d/5&)5;! T5! 385&! +''5''59! 385!
95=*+3*(&!(:! 385!_A!?95=!_AE! *&! 385!(4'5.=59!'5d/5&)5! :.(2!385!25+&!.+&9(2!_A!4G!
)+,)/,+3*&-b! 95=! _A! q! ?(4'5.=59! _A! 7! 25+&! .+&9(2! _AEf25+&! .+&9(2! _A;! I('*3*=5!
=+,/5'! (:! 38*'! 95=*+3*(&! 0+.+2535.! *&9*)+35! +,35.&+359! '5d/5&)5'! ?8*-85.! _A! 38+&!
5\05)359!+3!.+&9(2E;!
!
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O,,!'3+3*'3*)'!65.5!05.:(.259!/'*&-!A!'(:36+.5!?>5+2!#CCSE;!!
T5! 8+9! '5=5.+,! 0*5)5'! (:! *&:(.2+3*(&! +4(/3! 385! 0+*.'! 38+3! 65.5! /'59! +'! :+)3(.'! *&!
'3+3*'3*)+,!+&+,G'5'!?'55!385!!.50+.3*3*(&!(:!385!0+*.'!*&!5+)8!)+35-(.G1!'55!:*-/.5!#Eb!!
7!>85!(.*-*&!(:!385!0+*.!+'!T%UH!3G05!(.!HBJVX>%<!4*.9';!
7!>85!.50.(9/)3*=5!4+)W-.(/&9!(:!385!0+*.1!+'!0+*.'!68(!+,.5+9G!8+9!+!<Q%<ZX!(.!68(!
8+9!_B!<Q%<ZX!45:(.5;!
7!>85!+-5!(:!385!0+*.4(&91!+'!RBN_M!0+*.'!?0+*.59!:(.!,5''!38+&!$!2(&38'E1!+&9!BUH!0+*.'!
?0+*.59!:(.!2(.5!38+&!$!2(&38'E;!
7!>85!'3.5&-38!(:!385!0+*.1!+'!X>AB_M!(.!UBBXV!.5,+3*(&'8*0'!?'55!O&+,G'*'!(:!+::*,*+3*=5!
458+=*(/.'!+4(=5E;!
7!>85!5\05.*25&3+,! )(&9*3*(&!(:!4,((9!'+20,*&-1!/'59!(&,G! 3(!+&+,G'5!0,+'2+! ,5=5,'!(:!
)(.3*)('35.(&5!?<BA>ÑFOXOU!='!<BA>ÑX>AVXXE!
!
<(..5,+3*(&'!453655&!=+.*+4,5'!65.5!5\0,(.59!4G!:*33*&-!,*&5+.!2(95,'!?:/&)3*(&!,2!:.(2!
385!'3+3'!0+)W+-5!*&!A!'(:36+.5E;!!
!
_(.2+,*3G!6+'!35'359!/'*&-!385!X8+0*.(!35'3!+&9!8(2(')59+'3*)*3G!6+'!35'359!/'*&-!385!
F+.3,533!35'3;!T85&!+3!,5+'3!(&5!(:!385'5!36(!)(&9*3*(&'!6+'!=*(,+3591!2(95,'!65.5!:*3359!
/'*&-!+9+0359!9*'3.*4/3*(&!?4*&(2*+,E;!!
O,,! ,*&5+.! 2*\59! 2(95,'! 65.5! (.*-*&+,,G! 05.:(.259! 6*38! 385! (.*-*&1! 385! .50.(9/)3*=5!
4+)W-.(/&91!385!+-5!(:!385!0+*.1!385!'3.5&-38!(:!385!4(&91!!+&9!385!'5\!(:!385!4*.9!+'!:*\59!
:+)3(.'1!6*38!38.55!5\)503*(&'b! *&!385!+&+,G'*'!(:!385!0.(0(.3*(&!(:! :52+,5!)+,,'!+&9!385!
95=*+3*(&!(:!385!_A1!'5\!6+'!&(3!/'59!+'!+!:+)3(.1!+&9!*&!385!+&+,G'*'!(:!0,+'2+!,5=5,'!(:!
)(.3*)('35.(&51! 385! 5\05.*25&3+,! )(&9*3*(&!6+'! +9959! +'! +! :+)3(.;! >85! *95&3*3G! (:! 385!
0+*.! 6+'! /'59! +'! +! .+&9(2! :+)3(.1! 5\)503! *&! 385! +&+,G'*'! (:! 0,+'2+! ,5=5,'! (:!
)(.3*)('35.(&5! *&! 68*)8! 65! /'59! 385! *95&3*3G! (:! 385! 4*.9;! >(! '*20,*:G! 385! 2(95,1! 65!
:(,,(659! +! 4+)W6+.9! '3506*'5! 0.()59/.5! 685.5! ,5+'3! '*-&*:*)+&3! 35.2'! 65.5!
'5d/5&3*+,,G!.52(=59;!X/))5''*=5!2(95,'!65.5!)(20+.59!/'*&-!385!l+&(=+e!:/&)3*(&1!+&9!
+!:+)3(.!6+'!.52(=59!685&!07=+,/5ÖC;CS;!!
I('3!8()!35'3'!:(.!,*&5+.!2*\59!2(95,'!6*38!&(.2+,!9*'3.*4/3*(&!65.5!05.:(.259!/'*&-!
J/,3*0,5!<(20+.*'(&'!(:!J5+&'!6*38!>/W5G!<(&3.+'3'1!/'*&-!385!x-,83y!:/&)3*(&!:.(2!!385!
x2/,3)(20y!0+)W+-5!6*38!385!=+.*+4,5!(:!*&35.5'3!+'!(4h5)3!(:!),+''!x2)0y;!I('3!8()!35'3'!
:(.! ,*&5+.! 2*\59! 2(95,'! 6*38! 4*2(9+,! 9*'3.*4/3*(&! 65.5! 05.:(.259! /'*&-! 0+*.6*'5! 3!
35'3';!!
!
I,+'2+! ,5=5,'! (:! )(.3*)('35.(&51! I<"! *&! *'(,+3*(&! +&9! I<"! *&! +)(/'3*)! )(&3+)3! 65.5!
&(.2+,,G!9*'3.*4/359;!U*&5+.!2*\59!2(95,'!65.5!05.:(.259!?l,25e!:/&)3*(&!:.(2!l,25Le!
0+)W+-5E;!!



! [Y!



! [D!

!

)2F:1.O!>165:76!A4>!:8912>!>1=>1668496!F17;119!?:26<2!:1J1:6!4A!34>7834671>491!4A!
?2>791>6/!
<BA>!b!0,+'2+!,5=5,'!(:!)(.3*)('35.(&5!
X>AVXX!b!)(&9*3*(&!+:35.!$C!2*&!(:!'50+.+3*(&;!
FOXOU!b!4+'+,!)(&9*3*(&;!
Å!b!&(!.5'/,3'1!'+20,5!'*@5!3(!'2+,,;!
!

D&%(&]'#!.! D&%(&]'#!C! P&`['#!P(_#! %C! [!J2:51!
_FÑ<OUU!:52+,5!?IOA>#E! _FÑ<OUU!2+,5!?IOA>#E! "L! 7!C;C[! C;[[!
HNAÑ<OUU!:52+,5!?IOA>#E! HNAÑ<OUU!2+,5!?IOA>#E! "L! C;CS! C;#"!
AO>VÑ<OUU!:52+,5!?IOA>#E! AO>VÑ<OUU!2+,5!?IOA>#E! "L! 7C;"C! C;DS!
I<"Ñ%XBUO>%B_!:52+,5!?IOA>$E% I<"Ñ%XBUO>%B_!2+,5!?IOA>$E% "L! 7C;CL! C;L[!
IJKLEMM%-(;,8(%NOEP&AQ% IJKLEMM%;,8(%NOEP&AQ% $B% R"SR% TR"RR$%

FUPKLEMM%-(;,8(%NOEP&AQ% FUPKLEMM%;,8(%NOEP&AQ% $B% R"S$% TR"RR$%

PE&VKLEMM%-(;,8(%NOEP&AQ% PE&VKLEMM%;,8(%NOEP&AQ% $B% R"S#% TR"RR$%

OL$KELWUX&!L%-(;,8(%NOEP&AQ% OL$KELWUX&!L%;,8(%NOEP&AQ% $B% R"SY% TR"RR$%

_FÑ<OUU!?IOA>#E! _FÑ<OUU!?IOA>$E! #Y! 7C;C#! C;SS!
HNAÑ<OUU!?IOA>#E! HNAÑ<OUU!?IOA>$E! #Y! C;CD! C;CP!
AO>VÑ<OUU!?IOA>#E! AO>VÑ<OUU!?IOA>$E! #Y! C;CS! C;"$!
I<"Ñ%XBUO>%B_!?IOA>#E! I<"ÑO<BNX>%<!?IOA>$E! #Y! 7C;CC! C;$$!

!
)2F:1CO!>165:76!A4>!:8912>!>1=>1668496!F17;119!23456783!?>4A8:16!4A!?2>791>6/!
!
_FÑ<OUU!b!&/245.'!(:!)+,,'!52*3359;!
HNAÑ<OUU!b!3*25!'05&3!=()+,*'*&-;!
AO>VÑ<OUU!b!)+,,!.+35;!
IOA>#!b!%&!'50+.+3*(&1!4*.9'!+.5!08G'*)+,,G!+&9!+)(/'3*)+,,G!*'(,+359!:.(2!385!0+.3&5.;!
IOA>$!b!*&!+)(/'3*)!)(&3+)31!4*.9'!)+&!85+.!4/3!&(3!'55!385*.!2+35;!
!
U*&5'! "! 3(! L! +,,(6! 3(! =5.*:G! 385! )(..5,+3*(&! (:! 385! 0+.3&5.'e! =()+,! 0.(:*,5! 68*,5! *&!
*'(,+3*(&;!
U*&5'!S!3(!Y!+,,(6!3(!=5.*:G!385!)(..5,+3*(&!(:!385!0+.3&5.'e!=()+,!0.(:*,5!68*,5!*&!+)(/'3*)!
)(&3+)3;!!
U*&5'! D! 3(! "#! +,,(6! 3(! =5.*:G! 385! )(..5,+3*(&! 453655&! 385! +)(/'3*)! 0.(:*,5! (:! (&5!
*&9*=*9/+,!*&!*'(,+3*(&!+&9!*3'!458+=*(/.!68*,5!*&!=*'/+,!)(&3+)3!6*38!385!0+.3&5.;!

D&%(&]'#!.! D&%(&]'#!C! P&`['#!P(_#! %C! [!J2:51!

X>AVXXÑ<BA>!:52+,5! X>AVXXÑ<BA>!2+,5! "L! 7C;C[! C;PD!

X>AVXXÑ<BA>!:52+,5!?X>AB_M!-.(/0E! X>AVXXÑ<BA>!2+,5!
?X>AB_M!-.(/0E! S! 7C;##! C;PL!

X>AVXXÑ<BA>!:52+,5!
?UBBXV!-.(/0E!

X>AVXXÑ<BA>!2+,5!
?UBBXV!-.(/0E! D! 7C;"L! C;DS!

X>AVXXÑ<BA>!:52+,5!
?T%UH!>RIV!-.(/0E!

X>AVXXÑ<BA>!2+,5!
?T%UH!>RIV!-.(/0E! Y! 7C;CS! C;LS!

X>AVXXÑ<BA>!:52+,5!
?HBJVX>%<!-.(/0E!

X>AVXXÑ<BA>!2+,5!
?HBJVX>%<!-.(/0E! P! 7C;##! C;[[!

X>AVXXÑ<BA>!:52+,5!
?-.(/0!6*38!<Q%<ZXE!

X>AVXXÑ<BA>!2+,5!
?-.(/0!6*38!<Q%<ZXE! S! C;"P! C;#[!

X>AVXXÑ<BA>!:52+,5!
?-.(/0!6*38(/3!<Q%<ZXE!

X>AVXXÑ<BA>!2+,5!
?-.(/0!6*38(/3!<Q%<ZXE! D! 7C;"C! C;P#!

FOXOUÑ<BA>!:52+,5! FOXOUÑ<BA>!2+,5! D! 7C;CD! C;PC!

FOXOUÑ<BA>!:52+,5!
!?X>AB_M!-.(/0E!

FOXOUÑ<BA>!2+,5!
?X>AB_M!-.(/0E! $! Å! Å!

FOXOUÑ<BA>!:52+,5!
?UBBXV!-.(/0E!

FOXOUÑ<BA>!2+,5!
?UBBXV!-.(/0E! P! C;PD! C;#S!

FOXOU!Ñ<BA>!:52+,5!
?T%UH!>RIV!-.(/0E!

FOXOU!Ñ<BA>!2+,5!
?T%UH!>RIV!-.(/0E! S! 7C;$$! C;DD!

FOXOU!Ñ<BA>!:52+,5!
?HBJVX>%<!-.(/0E!

FOXOU!Ñ<BA>!2+,5!
?HBJVX>%<!-.(/0E! L! Å! Å!

FOXOU!Ñ<BA>!:52+,5!
?-.(/0!6*38!<Q%<ZXE!

FOXOU!Ñ<BA>!2+,5!
?-.(/0!6*38!<Q%<ZXE! #! Å! Å!

FOXOU!Ñ<BA>!:52+,5!
?-.(/0!6*38(/3!<Q%<ZXE!

FOXOU!Ñ<BA>!2+,5!
?-.(/0!6*38(/3!<Q%<ZXE! Y! 7C;"L! C;["!



! YC!

!

!



! Y"!

>+,W+3*=5&5''!6+'!+&+,G@59!/'*&-!+!M5&5.+,! ,*&5+.!2*\59!2(95,'!?l,25.e! :/&)3*(&! :.(2!
l,25Le! 0+)W+-5E! 6*38! 4*&(2*+,! 9*'3.*4/3*(&;! >85! 0.(0(.3*(&! (:! :52+,5! )+,,'! *&! 385!
*&35.+)3*(&!9/.*&-!+)(/'3*)!)(&3+)3!6+'!&(.2+,,G!9*'3.*4/359!+&9!38/'!+&+,G@59!/'*&-!+!
M5&5.+,!,*&5+.!2*\59!2(95,'!?l,25e!:/&)3*(&!:.(2!l,25Le!0+)W+-5E;!O!3!35'3!6+'!/'59!6*38!
)(20+.*'(&! 3(! C;S1! 385! 385(.*)+,! =+,/5! 38+3! 95').*459! +&! 5d/+,! 0+.3*)*0+3*(&! (:!
*&9*=*9/+,'!*&!385!*&35.+)3*(&;>85!95=*+3*(&!(:!385!_A!6+'!+,'(!)(20+.59!3(!C!/'*&-!+!3!
35'31! 3(! =5.*:G! *:! =()+,! *&35.+)3*(&'! 65.5! 2(.5! +,35.&+359! 38+&! 68+3! *'! 5\05)359! +'!
.+&9(2;!
!
%#P,')P!

$4!2664>7278J1!<2789=!F261G!49!?0E684:4=832:!?>4A8:1V!F57!<2:16!<4>1!2AA1371G!FE!

864:27849!7029!A1<2:16!

_(!)(..5,+3*(&!65.5!:(/&9!453655&!2+,5!+&9!:52+,5!0+.3&5.'!(&!08G'*(,(-*)+,!3.+*3'1!*;5;!
4+'+,!0,+'2+!,5=5,!(:!)(.3*)('35.(&5!+&9!0,+'2+!,5=5,!(:!)(.3*)('35.(&5!+:35.!'50+.+3*(&!
?'55!>+4,5!"!:(.!)(..5,+3*(&!.5'/,3'!05.!5\05.*25&3+,!-.(/0'E;!!
I,+'2+! ,5=5,'! (:! )(.3*)('35.(&5! 65.5! &(3! +::5)359! 4G! 385! )8+.+)35.*'3*)'! (:! 385! 0+*.!
?'3.5&-38!(:!385!4(&91!(.*-*&1!+-5!(:!385!0+*.1!0.(9/)3*=5!4+)W-.(/&9E!4/3!4G!385!'5\!(:!
385! 4*.9! ?,25! `qS;P"1! 0qC;C$E1! 385! 5\05.*25&3+,! )(&9*3*(&! (:! 4,((9! '+20,*&-! ?,25!
`qDD;#$DSP1! 0! vC;CC"E! +&9! 385! *&35.+)3*(&! 453655&! 385'5! 36(! :+)3(.'! ?,25! `qL;PP1!
0qC;CLDE;!F(38!2+,5'!+&9!:52+,5'!'8(6!+!.+*'5!*&!0,+'2+!,5=5,'!(:!)(.3*)('35.(&5!+:35.!
*'(,+3*(&1!4/3!2+,5'!'8(6!8*-85.!8(.2(&+,!,5=5,'!38+&!:52+,5'!+:35.!*'(,+3*(&!?I('3!8()!
35'3!0vC;CS!5\)503!:(.!J+,5ÑFOXOU!='!`52+,5ÑFOXOU!685.5!0qC;DD1!:*-/.5!$E;!
!
$4! 2664>7278J1! <2789=! F261G! 49! 23456783! ?>4A8:1! F57! 344>G89271G! 8971>237849!

G5>89=!23456783!3497237!;870!72:L278J19166!G1?19G89=!49!701!?28>!672756!

_(! )(..5,+3*(&! 6+'! :(/&9! 453655&! 2+,5! +&9! :52+,5! 0+.3&5.'! (&! +)(/'3*)! 3.+*3'! *&!
*'(,+3*(&!?X>VI!#E1! *;5;! 385!&/245.!(:!)+,,'1! 385!3*25!'05&3!)+,,*&-!+&9!385!)+,,!.+35!?'55!
>+4,5!#!:(.!)(..5,+3*(&!.5'/,3'E1!685.5+'!'3.(&-!)(..5,+3*(&'!65.5!:(/&9!685&!0+.3&5.'!
65.5!*&!+)(/'3*)!)(&3+)3!?X>VI!$1!3+4,5!#!+&9!:*-/.5!LE1!'*-&*&-!+&!+)(/'3*)!*&35.+)3*(&;!!
>85!=()+,!458+=*(/.!(:!(&5!*&9*=*9/+,!*&!*'(,+3*(&!6+'!&(3!)(..5,+359!6*38!*3'!458+=*(/.!
68*,5!*&!+)(/'3*)!)(&3+)3!6*38!*3'!0+.3&5.!?'55!>+4,5!#!:(.!)(..5,+3*(&!.5'/,3'EK!38*'!6+'!
3./5! :(.!+,,! )+35-(.*5'!(:!4*.9';!>8/'1! 385!4*.9!+)(/'3*)!0.(:*,5!)8+&-59!9/.*&-!+)(/'3*)!
)(&3+)3!6*38!*3'!0+.3&5.;!!
O)(/'3*)!0+.+2535.'!*&!*'(,+3*(&!+&9!*&!+)(/'3*)!)(&3+)3!65.5!+::5)359!&5*385.!4G!385!'5\!
(:!385!4*.91!&(.!4G!385!+-5!(:!385!0+*.!&(.!4G!*3'!(.*-*&!?,25!0ÖC;CS!:(.!+,,!07=+,/5'!(&!I<"!
*&! *'(,+3*(&! +&9! I<"! *&! =*'/+,! )(&3+)3E;! F/31! +)(/'3*)! 0+.+2535.'! *&! +)(/'3*)! )(&3+)3!
9505&959! (&! 385! 0+*.! 8*'3(.Gb! 0+*.'! 6*38! +! '3.(&-! .5,+3*(&'8*0! )+,,59! ,(&-5.1! 52*3359!
2(.5!)+,,'!6*38!+!8*-85.!)+,,!.+35!38+&!0+*.'!6*38!,(('5!4(&9'!?:*-/.5!S1!O1!,25!b!`qL;#Y!
0qC;CS!K!0('3!8()!35'3b!X>AB_M!='!UBBXV1!0qC;C#E;!I+*.'!38+3!0.5=*(/',G!.+*'59!&5'3,*&-'!!



! Y#!



! Y$!



! YL!



! YS!

+,'(!'8(6!385!'+25!0.(:*,51!)(20+.59!3(!0+*.'!38+3!9*9!&(3!.50.(9/)5!*&!385!0+'3!?:*-/.5!
S1!F1!,25!b!`qP;SL!!0qC;CL!0('3!8()!35'3!b!<Q%<ZX!='!_B!<Q%<ZX1!0qC;CSE;!
>85! 3+,W+3*=5&5''!(:! 385!4*.9'!9/.*&-! +)(/'3*)! )(&3+)3! ?0.(4+4*,*3G! (:! 52*33*&-! +3! ,5+'3!
(&5! )+,,E! 6+'! +::5)359! 4G! 385! '3.5&-38! (:! 385! 0+*.;! DCk! (:! 385! 4*.9'! ?D! (/3! (:! "C!
*&9*=*9/+,'1! (&5! 0+*.!6*38! (&,G! 385!2+,5! )+,,*&-E! *&=(,=59! *&! +! '3.(&-! 4(&9! =()+,*'591!
68*,5! (&,G! $$k! (:! 385! 4*.9'! ?P! (/3! (:! "Y! *&9*=*9/+,'E! *&=(,=59! *&! +! ,(('5! 0+*.! 9*9! '(!
?X>AB_M! ='! UBBXV1! I('3! 8()! 35'3b! 0vC;C$1! :*-/.5! P! OE;! >85! 0.5=*(/'! .50.(9/)3*=5!
5\05.*5&)5!+,'(!+::5)359!385!3+,W+3*=5&5''!(:!385!4*.9'b!"CCk!(:!385!4*.9'!?"C!(/3!(:!"C!
*&9*=*9/+,'E! 38+3! +,.5+9G!8+9! )8*)W'! )+,,59!9/.*&-! +)(/'3*)! )(&3+)31!68*,5! (&,G!#Yk!(:!
385! 4*.9'! ?S! (/3! (:! "C! *&9*=*9/+,'E! 9*9! '(! *&! 385! -.(/0! 6*38(/3! 0.5=*(/'! &5'3,*&-'!
?<Q%<ZX! ='! _B! <Q%<ZX1! I('3! 8()! 35'3b! 0vC;CC"1! :*-/.5! P! FE;! >85! 3+,W+3*=5&5''! (:! 385!
0+.3&5.'!6+'!8(2(-5&(/'1!+'!(&,G!(&!0+*.!(/3!(:!"L!'8(659!+!9*''*2*,+.!0.(:*,5!6*38!385!
2+,5!)+,,*&-!+&9!385!:52+,5!'3+G*&-!d/*53;!
`*&+,,G1! 385! .5,+3*=5! 0+.3*)*0+3*(&! (:! 385! 0+.3&5.'! 3(! 385! +)(/'3*)! *&35.+)3*(&! 6+'!
4+,+&)59!?3!35'3!6*38!)(20+.*'(&!3(!C;S1!0qC;SE!+&9!6+'!&(3!+::5)359!4G!385!'3.5&-38!(:!
385!4(&91!385!(.*-*&1!385!+-5!(.!385!.50.(9/)3*=5!4+)W-.(/&9!(:!385!0+*.!?,25!0ÖC;CS!:(.!
+,,!07=+,/5'E;!!
>85.5! 6+'! &(! )(..5,+3*(&! 453655&! 0,+'2+! ,5=5,'! (:! )(.3*)('35.(&5! +&9! +&G! (:! 385!
+)(/'3*)! 0+.+2535.'! +&+,G@59! ?&/245.! (:! )+,,'1! 3*25! '05&3! )+,,*&-! +&9! )+,,! .+35K! *&!
*'(,+3*(&! (.! *&! +)(/'3*)! )(&3+)3E1! *&! +&G! (:! 385! 9*::5.5&3! 3G05! (:! 0+*.'! 0.5'5&359! *&! 385!
5\05.*25&3!?'3.5&-38!(:!385!4(&91!(.*-*&1!+-5!(:!385!0+*.1!0+.5&3+,!4+)W-.(/&9E;!!
!
+(P-,PP(*$!

!

B/.! 5\05.*25&3! .5=5+,59! &(! +''(.3+3*=5! 2+3*&-! 4+'59! (&! 08G'*(,(-*)+,! 0.(:*,5! *&! 385!
@54.+! :*&)8;! %&'35+91! 65! '8(659! 38+3! 2+,5'! 65.5! 2(.5! 0.(&5! 3(! '3.5''! )(20+.59! 3(!
:52+,5';! >85! 0,+'2+! ,5=5,! (:! )(.3*)('35.(&5! (:! *&9*=*9/+,'! )(/,9! &(3! 0.59*)3! 385! =()+,!
458+=*(/.!(:! 385!4*.9'!+&9!6+'!&(3!)(..5,+359!3(!+&G!(:!385!0+.+2535.'!95').*4*&-!385!
0+*.!'3+3/';!
T5!+,'(!:(/&9!&(!+''(.3+3*=5!2+3*&-!453655&!0+.3&5.'!4+'59!(&!+)(/'3*)!0.(:*,51!+'!385!
=()+,!458+=*(/.'!(:!2+35'!65.5!&(3!)(..5,+359!68*,5!4*.9'!65.5!*'(,+359;!_5=5.385,5''!
9/.*&-!+)(/'3*)!)(&3+)31!0+.3&5.'!5\8*4*359!+&!+9h/'359!=()+,!'3.+35-G!38+3!9505&959!(&!
385!0+*.!'3+3/'b!'3.(&-!0+*.'!+&9!0+*.'!38+3!+,.5+9G!4.59!45:(.5!52*3359!&/25.(/'!)+,,'!
*&!+! )((.9*&+359! *&35.+)3*(&!6*38!5d/+,!0+.3*)*0+3*(&!(:!4(38! 385!2+,5!+&9! 385! :52+,51!
68*,5!,(('5!0+*.'!+&9!0+*.'!6*38!&(!4.559*&-!5\05.*5&)5!'3+G59!d/*535.;!
!
B&,G!5*-83!(/3!(:!385!"L!0+*.'!=()+,*'59!9/.*&-!385!+)(/'3*)!)(&3+)3!6*38!385*.!0+.3&5.1!
+&9! (&,G! (&5! 0+*.! '8(659! +! 9*''*2*,+.! 4(&9! 6*38! 385! 2+,5! )+,,*&-! 68*,5! 385! :52+,5!
.52+*&59!'*,5&3;!>8*'!'*2*,+.*3G!(:!0.(05&'*3G!(:!)+,,*&-!)(/,9!'*-&!+&!+''(.3+3*=5!2+3*&-1!



! YP!

+'!0+.3&5.'!'8(6!385!'+25!=()+,!0.(:*,5!68*,5!*&!+)(/'3*)!)(&3+)31!6*38!'*,5&3!4*.9'!+&9!
3+,W+3*=5! (&5'! 5+)8! 45*&-! 2+359! 6*38! '5,:7'*2*,+.! 0+.3&5.';! _5=5.385,5''1! 385! =()+,!
0.(:*,5! (:! 4*.9'! *&! *'(,+3*(&! 9*9! &(3! 2+3)8! 385! 0.(:*,5! (:! 385*.! 0+.3&5.! +&9! )(/,9! &(3!
0.59*)3! 385! 4*.9'e! 458+=*(/.! 68*,5! *&! +)(/'3*)! )(&3+)3! 6*38! 385*.! 2+35;! >8/'1! 385!
'*2*,+.*3G! (4'5.=59! 68*,5! *&! +)(/'3*)! )(&3+)3! *'! 45335.! 95').*459! +'! +&! +9h/'325&3! (:!
458+=*(/.! 38+&! +&! +''(.3+3*=5! 2+3*&-;! >8*'! +9h/'325&3! (:! 458+=*(/.! ,5+9*&-! 3(! +!
'*2*,+.*3G!(:!0+.3&5.'!68*,5!*&35.+)3*&-!3(-5385.!8+'!455&!95').*459!0.5=*(/',G!*&!'(25!
'05)*5'b!:(.!*&'3+&)51!:52+,5!4,+)W745,,*59!6.5&'!)8(('5!3(!'*&-!385!'(&-!3G05!'*2*,+.!3(!
385*.!2+35!68*,5!9/533*&-1!5=5&!*:!385G!)+&!'*&-!9*::5.5&3!3G05'!(:!'(&-!?U(-/5!#CCPE;!!!
%&).5+'*&-! 5\05.*5&)5! +&9! :+2*,*+.*3G! 453655&! 2+35'! +,,(6'! +! 45335.! .50.(9/)3*=5!
'/))5''! )(20+.59! 3(! &56! 0+*.'! ?M+4.*5,! +&9! F,+)W! #C"$E1! +)8*5=59! 38.(/-8! 45335.!
)((.9*&+3*(&! +&9! 'G&)8.(&G! 4+'59! (&! +! '3.(&-! '*2*,+.*3G! *&! 385*.! 085&(3G0*)+,! 3.+*3'!
?T*)W,5.! "D[PK! <((W51! F(/':*5,9! 53! +,;! "DY"K! <8(/98/.G! +&9! F,+)W! "DDLE;! >8/'1!
'*2*,+.*3G! *&).5+'5'!6*38! 3*25! +&9! 4(&9! 5\05.*5&)51!6*38! ,*:57,(&-! 0+*.4(&9'! '8(6*&-!
8*-85.! )((.9*&+3*(&! +&9! 45335.! .50.(9/)3*=5! '/))5'';! B/.! .5'/,3'! 9*9! &(3! .5=5+,! +&G!
5::5)3! (:! 385! +-5! (:! 385! 0+*.! (&! '*2*,+.*3G! (:! 0+.3&5.'1! 4/3! 65! 9*9! :*&9! 38+3! 385! 0+*.!
0.5=*(/'!5\05.*5&)5!8+9!+!'3.(&-!5::5)3!(&!385!0+.3&5.'!=()+,!'3.+35-G;!%&!(/.!'3/9G1!385!
'3.+35-G!(:!*&35.+)3*(&!453655&!2+35'!+005+.'!9*::5.5&3!9505&9*&-!(&!385!8*'3(.G!(:!385!
4(&9b! 0+*.'! 38+3! +,.5+9G! 4.59! 3(-5385.1! +&9! 0+*.'! 38+3! '3.(&-,G! 5\0.5''59! 385*.! '()*+,!
+33+)825&3! 38.(/-8!+::*,*+3*=5!458+=*(/.'!'8(659!+!8*-85.!0.(05&'*3G!(:!)+,,*&-1!68*,5!
,(('5!0+*.'!+&9!0+*.'!38+3!9*9!&(3!4.559!45:(.5!.52+*&59!2(.5!'*,5&3;!!
%&!38*'!'3/9G1!385!+)(/'3*)!)(&3+)3!453655&!0+.3&5.'!())/.59!+:35.!+!'3.5''!(:!'50+.+3*(&1!
38/'! *3! .50.5'5&3'! +! =()+,! .5/&*(&! 453655&!2+35'! *&! +! &(&7.50.(9/)3*=5! )(&35\3! +&9!
)(/,9!0+.3*)*0+35!*&!385!0+*.4(&9!2+*&35&+&)5;!>8*'!)(/,9!5\0,+*&!68G!0+*.4(&9'!6*38!+!
,(('5!.5,+3*(&'8*0!'3+G!d/*535.1!+'! 385G!9(!&(3!2+*&3+*&! 385!4(&9! *&!+!'3.(&-!9G&+2*)1!
)(20+.59!3(!+33+)859!)(20+&*(&'!2(.5!2(3*=+359!3(!2+*&3+*&!)(&3+)3;!>8*'!8G0(385'*'!
*'!'/00(.359!4G!0.5=*(/'!.5'/,3'!*&!(/.!,+4(.+3(.G1!'8(6*&-!38+3!08G'*)+,!.5/&*(&!6*38!
385!0+.3&5.!5,*)*3!+!,(&-!=()+,!5\)8+&-5!+:35.!'50+.+3*(&1!68*,5!08G'*)+,!.5/&*(&!6*38!+!
&(&! 2+35! 9(5'! &(3! 5,*)*3! +! :/,,! =()+,! 5\)8+&-5! ?V,*5! +&9! ]*-&+,! #CCDE;! %&! 38+3! )+'51!
'3+G*&-! d/*53! )+&&(3! 45! 95').*459! +'! '*2*,+.*3G! 453655&!2+35'1! 4/3!2(.5! +'! +! ,+)W! (:!
2(3*=+3*(&!3(!.5)(&&5)3!6*38!385!2+35;!B&!385!(385.!8+&91!+,,!385!0+*.'!38+3!+,.5+9G!4.59!
45:(.5!.5'0(&959!3(!5+)8!(385.!68*,5!*&!'()*+,!)(&3+)3;!%3!*'!0(''*4,5!38+3!5\05.*5&)*&-!+!
.50.(9/)3*=5! 5=5&3! +,,(659! 3852! 3(! 5\8*4*3! 2+&G! =()+,! 5\)8+&-5'1! 5'05)*+,,G! 9/.*&-!
9/53'! +3! 385! &5'3! ?V,*51! J+.*5335! 53! +,;! #C"CE;! >8*'! )(/,9! 8+=5! ,59! 3(! +! 3+,W+3*=5! +&9!
)((.9*&+359!0+*.;!
!
>85!=()+,!5\)8+&-5'!9/.*&-!+)(/'3*)!)(&3+)3!+.5!)((.9*&+359!+&9!65,,!4+,+&)59!453655&!
0+.3&5.'b! 385! 0.(0(.3*(&! (:! :52+,5! +&9! 2+,5! )+,,'! *&! 385! 5\)8+&-5! *'! '3+3*'3*)+,,G!
*95&3*)+,1!385!)+,,!.+35!+&9!385!3*25!'05&3!)+,,*&-!*'!385!'+25!453655&!0+.3&5.'1!+&9!2+,5!
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+&9!:52+,5!)+,,'!+.5!&(3!.+&9(2,G!(.95.59!4/3!8*-8,G!+,35.&+359;!>8*'!0+.3*)/,+.*3*5'!:*3!
6*38!2('3!(:! 385!5''5&3*+,!)8+.+)35.*'3*)'!/'59!3(!95:*&5!=()+,!9/53'!?`+.+4+/-8!"DY#K!
T*)W,5.!+&9!X5*43!"DY#K!Q+,,!#CCLE;!%&!38*'!'3/9G1!385!=()+,!5\)8+&-5!453655&!0+.3&5.'!
)(/,9! 38/'! 45! 95').*459! +'! +! 9/537,*W5! 5\)8+&-5! 38+3! 0+.3*)*0+35'! *&! 0+*.4(&9!
2+*&35&+&)5!+:35.!+!'3.5''!(:!'50+.+3*(&;!B/.!5\05.*25&3+,!0.()59/.5!9*9!&(3!+,,(6!3(!
:*&9! )/5'! *&! 385! 5\)8+&-5! 38+3! 85,0! /&95.'3+&9*&-! 385! *&:(.2+3*(&! )+..*59! 4G! 38*'!
'05)*:*)!5\)8+&-51!'/)8!+'!385! ,5=5,!(:!'3.5''!(:! 385!4*.9'1!45)+/'5!&(&5!(:! 385!+)(/'3*)!
0+.+2535.'!65.5!)(..5,+359!6*38!385!0,+'2+!,5=5,!(:!)(.3*)('35.(&5;!_5=5.385,5''1! *3! *'!
*20(.3+&3! 3(! W550! *&!2*&9! 38+3! 0+*.'! 68(! 9*9! &(3! 4.559! 45:(.5! (.! 68(! 5\8*4*3! 0((.!
+33+)825&3! :+*,59! 3(! 5\)8+&-5!=()+,*'+3*(&'1! 38/'!9*9!&(3! '8(6! 385! '+25! )((.9*&+3*(&!
+&9! )(/,9! &(3! 5&)(95! +&G! *20(.3+&3! *&:(.2+3*(&! *&! 385*.! =()+,*'+3*(&'! )(20+.59! 3(!
'3.(&-!0+*.';!
!
B/.!'3/9G!9*9!&(3!'8(6!+&G!+''(.3+3*=5!2+3*&-!(&!385!)(.3*)('35.(&5!0.(:*,5!(:!385!4*.9';!
%&'35+91!(/.!.5'/,3'!'8(6!38+3!2+,5'!65.5!2(.5!+::5)359!4G!385!'3.5''!0.(=(W59!4G!385!
5\05.*25&3! 38+&! :52+,5';! B385.! '3/9*5'! +,.5+9G! .50(.359! '5\! 9*::5.5&)5'! *&! 0,+'2+!
,5=5,'! (:! )(.3*)('35.(&5! *&! 9*::5.5&3! 4*.9! '05)*5'! ?O'385*25.1! F/33525.! 53! +,;! "DDLK!
T+''5.1!F5=*'!53!+,;!"DD[K!_*&&5'1!T++'!53!+,;!#C"CE;!J(.5(=5.1! .5)5&3!'3/9*5'!'/--5'3!
38+3! 2+,5! 4*.9'! +.5! 2(.5! '/4h5)3! 3(! '3.5''! +'! 385G! '8(6! '3.(&-5.! *&).5+'5! (:!
)(.3*)('35.(&5! )(&)5&3.+3*(&! +:35.! +&! +)/35! '3.5''! ?X)8(5)81! Z5335.'(&! 53! +,;! "DDDK!
J+.*&1! F5&+=*95@! 53! +,;! #CC#E! (.! 0503*95! *&h5)3*(&'! ?J+9*'(&1! a/.W5=*)8! 53! +,;! #CCYE;!
X5=5.+,!5=*95&)5'!'/--5'3! 38+3!2+,5'! .5+)3!9*::5.5&3,G! 3(!'3.5''!)(20+.59! 3(! :52+,5! *&!
'(&-4*.9'b!%&!'(&-!'0+..(6'1!95=5,(025&3+,!'3.5''!8+'!95,535.*(/'!5::5)3!(&!:52+,5'!4/3!
&(!5::5)3!(.!+9=+&3+-5(/'!5::5)3'!*&!2+,5'!*&!35.2!(:!65*-83!+&9!'3+&9+.9!253+4(,*)!.+35!
+'!+9/,3!?X)82*931!J+)H(/-+,,7X8+)W,53(&!53!+,;!#C"#E;!O!'*2*,+.!5::5)3!8+'!455&!'8(6&!
*&!385!@54.+!:*&)8!?]5.8/,'31!Q(,=5)W!53!+,;!#CCPE;!>85'5!:*&9*&-'!25+&!38+3!2+,5'!3+W5!
+9=+&3+-5!(:! '3.5'':/,! )(&9*3*(&'! )(20+.59! 3(! :52+,5'!68*,5!&5'3,*&-'! 38.(/-8! '*4,*&-!
)(2053*3*(&1! '/--5'3*&-! 38+3! '5,5)3*(&! *'! &(3! '3.(&-! (&! 2+,5'e! 0,+'2+! ,5=5,'! (:!
)(.3*)('35.(&5! +'! *3! *'! :(.! :52+,5';! >85'5! 5::5)3'! (:! 5+.,G! '3.5''! )(/,9! 38/'! 5\0,+*&! 385!
9*::5.5&)5!(:!.5'0(&'5!3(!+)/35!'3.5''!68*,5!+9/,3;!
V=5&! *:! 2+,5'! '8(659! +! 8*-85.! )(.3*)('35.(&5! )(&)5&3.+3*(&! +:35.! +! '3.5''1! *3! 9*9! &(3!
*20+)3!385*.!=()+,!458+=*(/.!&5*385.!9/.*&-!*'(,+3*(&1!&(.!9/.*&-!+)(/'3*)!)(&3+)3!6*38!
385! 0+.3&5.b! 2+,5'! 9*9! &(3! =()+,*'5! :(.! ,(&-5.! (.! 52*3! 2(.5! )+,,'! 38+&! :52+,5';! >8*'!
)(&3.+9*)3'! 0.5=*(/'! 8G0(385'5'! )(&'*95.*&-! 38+3! 385! '3.(&-5.! *&9*=*9/+,! '*-&+3/.5! (:!
2+,5'!)+,,'!6(/,9! ,5+9! 3(!+'G2253.*)!=()+,! *&35.+)3*(&'!453655&!2+35'1!9/.*&-!68*)8!
2+,5'!=()+,*'5!2(.5!'(!+'!3(!45!.5)(-&*@59!+&9!,()+,*@59!4G!385*.!:52+,5!0+.3&5.!?^+&&!
"DDPE;!<(.3*)('35.(&5!*'!+,'(!W&(6&!3(!,(65.!385!'(&-!.+35!?UG&&1!X3+20,*'!53!+,;!#C"CE!
4/3!+,'(!385!-5&5.+,!=()+,!+)3*=*3G!(:!2+,5'!?I5.5@1!V,*5!53!+,;!#C"#E;!B/.!.5'/,3'!'/--5'3!
38+3! =()+,! *&35.+)3*(&! 453655&!2+35'! +:35.! +! '3.5''! (:! '50+.+3*(&! *'! &(3! 9.*=5&! 4G! 385!
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08G'*(,(-*)+,! '3.5''! 4/3! 4G! 385! '3.5&-38! (:! 385! 0+*.4(&9;! >85! +9h/'325&3! (:! =()+,!
458+=*(/.!+&9!385!9*::5.5&)5'!*&!=()+,!'3.+35-G!453655&!'3.(&-!+&9!,(('5!4(&9'!'55&!*&!
38*'! '3/9G! )(/,9! 45! /&95.! 385! )(&3.(,! (:! (385.! 0503*95'! *20,*)+359! *&! 0+*.4(&9!
5'3+4,*'825&3!+&9!2+*&35&+&)51!'/)8!+'!=+'(3()*&!W&(6&!3(!2(9*:G!'()*+,!458+=*(/.!*&!
385! @54.+! :*&)81! 5'05)*+,,G! *&! 2+,5'! ?M((9'(&! +&9! O9W*&'7A5-+&! "DDDK! M((9'(&1!
U*&945.-!53!+,;!#CCLE;!
T5!9*9!&(3!:*&9!+&G!9*::5.5&)5!453655&!'5\5'!*&!4+'+,!,5=5,'!(:!)(.3*)('35.(&51!68*)8!*'!
*&!)(&3.+9*)3*(&!6*38!+!.5)5&3!'3/9G!'/--5'3*&-!38+3!:52+,5'!'8(6!8*-85.!4+'+,!,5=5,'!(:!
)(.3*)('35.(&5! 38+&! 2+,5'! *&! 385! @54.+! :*&)8! ?Z8+&! +&9! A(45.3! #C"$E;! O'! '3.(&-!
5=*95&)5'! '/--5'3! 38+3! 4+'5,*&5! +&9! '3.5''7*&9/)59! ,5=5,'! (:! )(.3*)('35.(&5! 0('*3*=5,G!
)(=+.G! *&!4*.9'!?A(25.(!+&9!T*&-:*5,9!"DDYK!X)8(5)81!Z5335.'(&!53!+,;!"DDDK!<()W.52!
+&9!X*,=5.*&!#CC#E1!(/.!.5'/,3'!+.5!9*::5.5&3!:.(2!68+3!)(/,9!45!0.59*)359!*&!385!@54.+!
:*&)8;! _5=5.385,5''1! *&! Z8+&! 53! +,;e'! '3/9G1! 385! 0+*.*&-! '3+3/'! (:! 385! '/4h5)3'! 6+'! &(3!
+''5''59! +&9! 4*.9'! 65.5! 8(/'59! *&! '+25! '5\! +=*+.*5'! Y! 9+G'! 0.*(.! 3(! 5\05.*25&3'1!
'/--5'3*&-!38+3!385G!65.5!&(3!0+*.59!+3!385!3*25!(:!'+20,*&-;!>85!9*::5.5&)5!*&!2+3*&-!
'3+3/'! *&! (/.! 5\05.*25&3! )(/,9! 5\0,+*&! 38+3! (/.! .5'/,3'! +.5! 9*::5.5&3! :.(2! 68+3! 6+'!
5\05)359!0.5=*(/',G;!
`52+,5! @54.+! :*&)85'! +.5! +,.5+9G! W&(6&! 3(! 0.5:5.! 2+,5'! 6*38! ,(6! 0,+'2+! ,5=5,'! (:!
)(.3*)('35.(&5! ?A(45.3'1!F/)8+&+&!53!+,;!#CC[E;!<(.3*)('35.(&5!8+'!+! '3.(&-! *20+)3!(&!
385! :*3&5''! (:! +&! *&9*=*9/+,b! ,5=5,'! (:! )(.3*)('35.(&5! *20+)3! 385!d/+,*3G! (:! 385! *22/&5!
'G'3521! 6*38! )8.(&*)! '3.5''! 8+=*&-! *22/&('/00.5''*=5! 5::5)3'! ?F/)8+&+&! #CCCK!
X+0(,'WG1! A(25.(! 53! +,;! #CCCE;! Q*-8! ,5=5,'! (:! )(.3*)('35.(&5! +.5! +,'(! +''()*+359! 6*38!
0((.! 4(9G! )(&9*3*(&! ?X()W2+&! +&9! X)86+4,! #CC"E;! `*&+,,G1! )8.(&*)! 5,5=+3*(&! (:!
)(.3*)('35.(&5! )+&! *&8*4*3! 385! .50.(9/)3*=5! 'G'352! ?X*,=5.*&! "DDYK! T*&-:*5,9! +&9!
A+25&(:'WG! "DDDE;! F5)+/'5!65! 9*9! &(3! :*&9! +&G! +''(.3+3*=5!2+3*&-1! (/.! .5'/,3'! 38/'!
'/--5'3! 38+3! *&! 385! @54.+! :*&)81!2+35! )8(*)5! 4+'59!(&!08G'*(,(-*)+,! 3.+*3'! *'! 9.*=5&!4G!
:52+,5'!68(!)8(('5!+!2+,5!6*38! 385!45'3!d/+,*3G!?*;5;! ,(65.!)(.3*)('35.(&5!3*3.5E!2(.5!
38+&!+!'*2*,+.!0+.3&5.;!
!
B/.!'3/9G!9*9!&(3!:*&9!+&G!+''(.3+3*=5!2+3*&-!*&!385!@54.+!:*&)8!4+'59!(&!08G'*(,(-*)+,!
+&9!=()+,!0.(:*,5';!>(!(/.!W&(6,59-51!(&,G! 36(!'3/9*5'! .50(.359!+''(.3+3*=5!2+3*&-! *&!
385!@54.+! :*&)8b!(&5!95+,3!6*38!385!0.5:5.5&)5! :(.! :+2*,*+.!W*&1! 38/'!+''(.3+3*=5!2+3*&-!
4+'59!(&!-5&53*)!3.+*3'1!4/3!+,'(!0(35&3*+,,G!38.(/-8!'5,:7.5:5.5&)5!085&(3G05!3.+*3'!'/)8!
+'!08G'*)+,! 3.+*3'1! =()+,*'+3*(&'1!458+=*(/.+,! 35&95&)*5'!(.!08G'*(,(-*)+,!0.(:*,5! ?X,+35.!
+&9!<,525&3'!"DY"E;!_5=5.385,5''1!:52+,5'!'8(659!W*&!0.5:5.5&)5!(&,G!685&!385G!65.5!
.+*'59!6*38! 385*.! .5,+3*=5'1!685.5+'!&(!0.5:5.5&)5! :(.!W*&!6+'! .50(.359!685&! :52+,5'!
65.5!.+*'59!*&!:('35.!:+2*,*5'!?X)8*5,@5381!F/.-5.!53!+,;!#CCYE;!>85!'5)(&9!'3/9G!'8(659!
38+3! *&9*=*9/+,'! 0+*.! 0.5:5.5&3*+,,G! 6*38! 4*.9'! 38+3! 5\05.*5&)59! 385! '+25! .5+.*&-!
)(&9*3*(&'! +'! h/=5&*,5'1! 4/3! 38*'!0.()5''! *'!&(3! +!2/3/+,! )8(*)5! +'!(&,G! :52+,5'!0.5:5.!
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2+,5'!.+*'59! *&! 385!'+25!)(&9*3*(&!68*,5!2+,5'!9(!&(3!'8(6!+&G!0.5:5.5&)5!?Q(,=5)W1!
M545.@+8&!53!+,;!#C""E;!!
^54.+! :*&)85'! :(.2!,*:5! ,(&-!0+*.4(&91!'8(6!,(6! ,5=5,'!(:!5\3.+!0+*.!)(0/,+3*(&!?#k!(:!
385! 4.((9'! *&! 385! 6*,9! ?F*.W85+91! F/.W5! 53! +,;! "DDCK! ^+&&! "DDPE1! +&9! 0+.3&5.'! '3+G!
3(-5385.!38.(/-8(/3!+,,!385*.!+)3*=*3*5'!5=5&!(/3'*95!(:!385!4.559*&-!'5+'(&;!>8/'1!@54.+!
:*&)85'! '8(6! (&5! (:! 385! '3.*)35'3! '()*+,! +&9! .50.(9/)3*=5! 2(&(-+2G! *&! 4*.9';!
<(&'*95.*&-! .5'/,3'!(&!+''(.3+3*=5!2+3*&-! *&! 385!@54.+! :*&)8!'(! :+.1! *3! *'! ,*W5,G! 38+3! 385!
0.()5''! (:! 0+*.4(&9*&-! *&! 38*'! '05)*5'! *'! 9.*=5&! 4G! 2+35! )8(*)5! 4+'59! (&! (4h5)3*=5!
d/+,*3*5'!?*;5;! 35'3('35.(&5!,5=5,'1! *22/&5!'G'352!'3.5&-381!4(9G!)(&9*3*(&E!+&9!&(3!(&!
'*2*,+.*3G! 0.(:*,5;! >85! 2+35! :+2*,*+.*3G! 8G0(385'*'! '/--5'3'! 38+3! *&9*=*9/+,'! 35&9! 3(!
4.559!+-+*&!6*38!0+.3&5.'!385G!+,.5+9G!4.59!6*38!*&!(.95.!3(!*&).5+'5!385*.!.50.(9/)3*=5!
'/))5''! ?F,+)W! +&9!Q/,25! "DDPE;! >8*'! *'! 385! )+'5! *&! 8(/'5! '0+..(6!685.5! 0+*.'! 38+3!
+,.5+9G!4.59!3(-5385.!:,59-59!2(.5!G(/&-!38+&!&56!0+*.'!?Q+3)8!+&9!T5'3&5+3!#CCYE;!
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)+,,'!*&!.5'0(&'5!3(!3+00*&-1!385!4.((9!6+'!W503!*&'*95!385!&5'374(\!+6+G!:.(2!0+.5&3'!
'(! +'! 3(! *&).5+'5! :+'3*&-! 9/.+3*(&! +&9! 38/'! 2(3*=+3*(&;! >85! 3*25! '05&3! 6+*3*&-! :(.!
45--*&-!)+,,'!.+&-59!:.(2!S!3(!YC!2*&!?25+&!#";[!2*&!r!"D;Y!2*&EK!&(3!,(&-!5&(/-8!3(!
5,*)*3! +! '*-&*:*)+&3! *&).5+'5! *&! 385! ,5=5,! (:! 0,+'2+3*)! )(.3*)('35.(&5! ?:*-/.5! X";F!
'/00,525&3+.G!9+3+E;!O:35.!38*'!:*.'3!.5)(.9*&-1!(.+,!+92*&*'3.+3*(&!(:!)(.3*)('35.(&5!(.!
(*,!6+'!05.:(.259!/'*&-!+!0*05335!5d/*0059!6*38!+!"C/U!3*0;!O!.59!05&)*,!6+'!/'59!3(!3+0!
385!45+W!3(!5,*)*3!45--*&-1!+&9!385!0*05335!3*0!6+'!d/*)W,G!*&3.(9/)59!*&!385!(05&!4*,,!3(!
.5,5+'5!385!:,/*9!*&3(!385!)8*)We'!38.(+3;!_5'3,*&-'!65.5!385&!W503!*&!385*.!&5'374(\1!+&9!
.5)(.959!+-+*&!5\+)3,G!"C!2*&/35'!+:35.!(.+,!+92*&*'3.+3*(&1!4G!+-+*&!3+00*&-!385!45+W!
6*38!+!.59!05&)*,;!F5--*&-!)+,,'!65.5!.5)(.959!/'*&-!+!3*5!2*).(08(&5!?OZM!<!L"[!<,*07
(&!J*).(08(&5'E!,()+359!"C!)2!+4(=5!385!'/4h5)3!+&9!)(&&5)359!3(!+!.5)(.95.!?J+.+&3@!
IJH! P[C1! '+20,*&-! .+35b! LL;"! WQ@1! I<J! "P4*3E;! O:35.! .5)(.9*&-1! &5'3,*&-'! 65.5!
25+'/.59!?65*-83!+&9!3+.'/'!,5&-381!'55!953+*,'!45,(6E!+&9!.50,+)59!*&!385*.!&5'3;!>85!
&5'374(\!6+'!385&!2(=59!4+)W!3(!*3'!(.*-*&+,!0('*3*(&;!
!
O!'5)(&9!+92*&*'3.+3*(&!(:!5*385.!)(.3*)('35.(&5!?<BA>!-.(/0E!(.!(*,! ?B%U!-.(/0E!6+'!
05.:(.259! (&! H+G! S! 685&! &5'3,*&-'! 65.5! 453655&! D! +&9! ""! 9+G'! 0('3! 8+3)8*&-! 3(!
9535.2*&5!385!5::5)3!(:!&5'3,*&-!'3.5''!(&!0+.5&3+,!458+=*(/.;!
!
&92:E686!4A!F1==89=!32::6!

F5--*&-!)+,,'!65.5!:*.'3!5\3.+)359!:.(2!385!(.*-*&+,!.5)(.9*&-'!(:!$C!&5'3'!/'*&-!+!
)/'3(276.*335&! 0.(-.+2! ?IR>QB_! 0.(-.+22*&-! ,+&-/+-51! (05&7'(/.)5! ,*4.+.*5'E;!
F5--*&-!)+,,'!+.5!52*3359!*&!4(/3'1!68*)8!)(&'*'3!(:!+!.+0*9!'/))5''*(&!(:!'8(.3!'G,,+4,5';!
%&!38*'!'3/9G1!65!+&+,G@59!385!*&:(.2+3*(&!38+3!)(/,9!45!5\3.+)359!:.(2!'*&-,5!)+,,'!+&9!
9*9!&(3!+&+,G@5! 385!'3./)3/.5!(:! 385!4(/3;!<+,,'!65.5! 385&!+&+,G@59!/'*&-! 385!X556+=5!
0+)W+-5! ?X/5/.! 53! +,;1! #CCYE! *20,525&359! *&! A! '(:36+.5! ?A! H5=5,(025&3! <(.5! >5+21!
#CC[1!666;.70.(h5)3;(.-E!'(!+'!3(!5\3.+)3!3520(.+,1!'05)3.+,!+&9!'3+3*'3*)+,!0+.+2535.'!
(&!5+)8!'G,,+4,5;!O!I<O!6+'!385&!05.:(.259!(&!385!@7')(.5'!(:![!0+.+2535.'!(:!*&35.5'3!
+&9! '3+3*'3*)'! 65.5! 05.:(.259! (&! *3'! :*.'3! 36(! :*.'3! +\*'1! +))(/&3*&-! :(.! ["k! (:! 385!
=+.*+&)5! +&9! '8(6*&-! +&! 5*-5&7=+,/5! +4(=5! "E! ?:(.! +! 953+*,59! 95').*03*(&! (:! 385!
0.()59/.51!'55!'/00,525&3+.G!2+35.*+,!F;E;!!



! "CL!

!
]>44G!29G!?2>1972:!F102J845>!G5>89=!9167!J86876!

_5'3,*&-'! +&9! 0+.5&3+,! 458+=*(/.! 6+'! 2(&*3(.59! *&! 385! &5'3! +:35.! (.+,!
+92*&*'3.+3*(&!?H+G!#qVÅIE!(&!Y!&5'3'!?&q$!:(.!385!<BA>!-.(/01!&qS!:(.!385!B%U!-.(/0E;!
O!)+25.+!?)(,(/.!<<H!)+25.+QZ7<$1!Q+&9GW+21!666;8+&9GW+2;)(2E!6+'!+33+)859!3(!
385!&5'374(\!,*9!0(*&3*&-!9(6&6+.9!*&3(!385!&5'3!)/01!+&9!=*95('!65.5!.5)(.959!(&3(!+&!
5\35.&+,! 8+.9! 9.*=5! ?O.)8('! PCS1! "PC!M!252(.GE! 38+3! +,,(659! )(&3*&/(/'! :*,2*&-! :(.!
'5=5.+,!8(/.'!?M*,4G!#C""E;!<+25.+'!65.5!0,+)59!*&!4(\5'!+3!,5+'3!#L!8!0.*(.!3(!:*,2*&-!
3(!+,,(6!4*.9'! 3(!8+4*3/+35! 3(! 385*.!0.5'5&)5;!]*95('!65.5!')(.59!4G!+&!(4'5.=5.! ?I<E!
4,*&9! 3(! 385! 3.5+325&3! +&9! *&! +! .+&9(2! (.95.! 6*38! .5'05)3! 3(! 385! 3.5+325&3;! N'*&-!
V38(,(-!'(:36+.5!?B33(&*!#CCCE1!385!:(,,(6*&-!0+.+2535.'!65.5!25+'/.59;!
79*6#/3*$!8##,(/1!:#<*5(%26!6+'!5=+,/+359!/'*&-!385!:(,,(6*&-!0+.+2535.'b!!
!! n!H/.+3*(&!(:!385!=*'*3;!
! n!_/245.!(:!:559*&-'1!d/+&3*:*59!4G!385!85+=*&-!2(3*(&!(:!385!0+.5&3;!!
! n!X5\!(:!385!0+.5&3!=*'*3*&-!?*95&3*:*59!/'*&-!385!9*2(.08*)!0,/2+-5!(:!+9/,3'E;!
O!2*&*2/2!(:!38.55!0+.5&3+,!:559*&-!=*'*3'!65.5!+&+,G'59!:(.!5+)8!&5'31!6*38!+&!(=5.+,,!
.+&-5!(:!$|#C!:559*&-!4(/3'!05.!&5'3;!
!
7!H#&3$(/1&Y! :#<*5(%26>! 45)+/'5! 385!0.5'5&)5!(:!0+.5&3'! *&'*95! 385!&5'3!2+'W59!0+.3!(:!
385!&5'3,*&-'1!65!')(.59!385!4.((9!458+=*(/.!+&9!&(3!385!458+=*(/.!(:!5+)8!)8*)W!*&'*95!
385!&5'3!*&9*=*9/+,,G;!!
! n!U+35&)G!3(!45-b! 3*25!453655&!385!5&3.+&)5!(:! 385!0+.5&3!+&9!385! :*.'3!45--*&-!
! 458+=*(/.;!
! n!U+35&)G!3(!52*3!45--*&-!)+,,'b!3*25!453655&!385!5&3.+&)5!(:!385!0+.5&3!+&9!385!
! :*.'3!45--*&-!)+,,;!
! n!H/.+3*(&!(:!45--*&-!458+=*(/.! *&!'5)(&9'b!'3+.3'!685&!385!:*.'3!)8*)W!45-*&!3(!
! 45-1!+&9!'3(0'!685&!385!,+'3!)8*)W!'3(0'!45--*&-;!!
! n!H/.+3*(&!(:!45--*&-!)+,,!52*''*(&!*&!'5)(&9'b!'3+.3'!685&!385!:*.'3!)8*)W!52*3'!
45--*&-!)+,,'1!+&9!'3(0'!685&!385!,+'3!)8*)W!'3(0'!52*33*&-!45--*&-!)+,,';!
>85! 36(! ,+'3! 0+.+2535.'!65.5! &(.2+,*@59! 4G! 9*=*9*&-! 4G! 385! 9/.+3*(&! (:! 385! =*'*31! 3(!
+=(*9!9*::5.5&)5'!.5,+359!3(!0+.5&3+,!458+=*(/.!(.!4.((9!'*@5;!
!
O'! 385'5! 0+.+2535.'! (:! 385! &5'3,*&-'e! 458+=*(/.!65.5! )(..5,+3591! +! 458+=*(/.+,! *&95\!
6+'!)(20/359!/'*&-!+!I<O!(&!385!:(/.!0+.+2535.';!>85!:*.'3!O\*'!(:!385!I<O!?+))(/&3*&-!
:(.! LP! k! (:! 385! =+.*+&)5! +&9! '8(6*&-! +&! 5*-5&7=+,/5! +4(=5! "E! 6+'! 385&! /'59! :(.!
'3+3*'3*)+,!+&+,G'*';!
! ! !
!

!



! "CS!

[2>1972:!F102J845>!<49874>89=!5689=![()\72=!G17137849!6E671<!

O! 0+''*=5! *&35-.+359! 3.+&'0(&95.! ?I%>E! 3+-! 9535)3*(&! 'G'352! 6+'! /'5! 3(! d/+&3*:G!
0+.5&3+,!=*'*3'!+3!385!&5'3!+&9!+3!385!:5595.'!?J+.*53351!I+.*'5.!53!+,;!#C""E;!O9/,3'!65.5!
)+/-83!*&!385!2(.&*&-!+3!385!&5'3!6*38!+!&5'3!3.+0!685&!&5'3,*&-'!65.5!453655&!L!+&9!P!
9+G'!(,9;!T85&!0(''*4,51!4(38!385!2+,5!+&9!385!:52+,5!(:!385!&5'3!65.5!:*3359!6*38!+!I%>7
3+-!?""!Å!#!221!>.(=+&1!NZE!-,/59!(&3(!+!0,+'3*)!)(,(/.!.*&-1!+&9!6*38!+&! *&9*=*9/+,,G!
&/245.59!253+,!4+&9!'/00,*59!4G! 385!O/'3.+,*+&!F*.9!+&9!F+3!F+&9*&-!X)8525;!>85*.!
&5'374(\!6+'!385&!.50,+)59!6*38!+&!*95&3*)+,!&5'374(\!5d/*0059!6*38!+!I%>73+-!9535)3*(&!
'G'352!?U%H7PPS!95)(95.1!>.(=+&1!NZE!38+3!+/3(2+3*)+,,G!.5)(.959!385!/&*d/5!*95&3*:G!
)+03*(&! &/245.! (:! +&G! 3+--59! 4*.9! -(*&-! 38.(/-8! 385! &5'3! 5&3.+&)5! ?6*38! +! =*'*3!
9535)3*(&! 0.(4+4*,*3G! DDkK! ?J+.*53351! I+.*'5.! 53! +,;! #C""E;! `5595.'! 0,+)59! *&! 385! +.5+!
65.5!+,'(! :*3359!6*38!I%>73+-!9535)3*(&!'G'352'1!+,,(6*&-!2(&*3(.*&-!0+.5&3+,!=*'*3'!+3!
385!:5595.';!I+.5&3+,!=*'*3'!+3!&5'3!+&9!:5595.'!65.5!2(&*3(.59!:.(2!H+G!#!/&3*,!H+G!Y!
+&9!d/+&3*:*59!6*38!385!:(,,(6*&-!0+.+2535.'b!!
! n!_/245.!(:!=*'*3'!05.!9+G!
! n!H/.+3*(&!(:!385!=*'*3'!*&!'5)(&9'!
! n!H/.+3*(&!453655&!=*'*3'!*&!2*&/35'!?(&,G!:(.!&5'3!=*'*3'E!
H+3+!65.5!&(.2+,*@59!4G!9*=*9*&-!4G!385!25+&!(:!385!=+,/5'!(:!385!0+.+2535.!(43+*&59!
(&!4+'+,!9+G!:(.!385!'+25!*&9*=*9/+,1!*;5;!H+G!";!>8*'!+,,(659!+''5''*&-!385!0.(-.5''*(&!(:!
0+.5&3+,!=*'*3'!(=5.!3*25;!H+3+!+.5!0.5'5&359!:(.!+!3(3+,!(:!#$!&5'3'!?&q""!&5'3'!:(.!385!
<BA>!-.(/01! !&q"#!&5'3'!:(.!385!B%U!-.(/0E!b!S!&5'3'!6*38!4(38!0+.5&3'!5d/*0059!6*38!
0*33+-'!+&9!"Y!&5'3'!6*38!(&,G!(&5!0+.5&3!5d/*0059!6*38!+!0*33+-!?[!6*38!(&,G!:52+,51!""!
6*38!(&,G!2+,5E;%
!
$167:89=R6!=>4;70!<1265>1<1976!

>(!2(&*3(.! &5'3,*&-'e! -.(6381!65!25+'/.59! 3+.'/'! ,5&-38!6*38! +! 9*-*3+,! )+,,*05.! ?rC;"!
22E!+&9!2+''!6*38!+&!5,5)3.(&*)!')+,5!?rC;C"!-E!+3!H+G!#1!H+G!L!+&9!H+G!P!+&9!H+G!Y!(:!
5\05.*25&3;!!
>85!&5'3,*&-'e!4(9G!)(&9*3*(&!6+'!+''5''59!/'*&-!385!.5'*9/+,'!(:!385!,*&5+.!.5-.5''*(&!
453655&!385!3+.'/'!,5&-38!+&9!385!65*-83!+3!H+G!P!(:!5\05.*25&3!:(.!$C!&5'3'!?X)8/,357
Q('359951!^*&&5.!53!+,;!#CCSE;!>85!9*.5)3!-+*&'!*&!65*-83!+&9!*&!3+.'/'!,5&-38!65.5!+,'(!
+''5''59! :(.! 5+)8! &5'3,*&-! (:! #S! &5'3'! ?&q! $P! )8*)W'! *&! "#! &5'3'! :(.! 385! <BA>! -.(/01!
&qLC!)8*)W'!*&!"$!&5'3'!:(.!385!B%U!-.(/0E!4G!'/4'3.+)3*&-!:(.!5+)8!0+.+2535.!385!=+,/5!
+3!H+G!#!?Yr"!9+G7(,91!45:(.5!(.+,!+92*&*'3.+3*(&E!3(!385!=+,/5!+3!H+G!P!?"#r"!9+G7(,91!
+:35.! '5)(&9! (.+,! +92*&*'3.+3*(&E1! 05.*(9! 9/.*&-! 68*)8! 385! -.(638! .+35! *'! '3*,,! ,*&5+.!
??XW+-5&!"DYYK!J+.3*&'!#CCLE;!T5*-83!-+*&!6+'!,(-!3.+&':(.259!3(!2553!6*38!&(.2+,*3G!
+&9!8(2(')59+')3*)*3G!).*35.*+;!!
!
!



! "CP!



! "C[!

P727867832:!292:E686!

O,,!'3+3*'3*)'!65.5!05.:(.259!/'*&-!A!'(:36+.5!
U*&5+.!2*\59!2(95,'!/'*&-! x,25.y! :/&)3*(&! :.(2!x,25Ly!0+)W+-5!65.5! :*3359!/'*&-! 385!
+9+0359!9*'3.*4/3*(&b!!
! ! n-+/''*+&! :(.! 385! I<O! .5'/,3*&-! (&! &5'3,*&-e'! 458+=*(/.! 9/.*&-! 0+.5&3+,!
=*'*3'1! 385! I<O! 4/*,3! (&! +)(/'3*)! 0+.+2535.'! (:! 45--*&-! )+,,'1! 385! 9/.+3*(&! (:! =*'*3'! (:!
0+.5&3'1!+&9!9+3+!(:!&5'3,*&-e'!-.(638;!
! ! n!0(*''(&!:(.!385!&/245.!(:!:559'!9/.*&-!0+.5&3+,!=*'*3'!+&9!385!9+3+!:.(2!
0+.5&3+,!458+=*(/.!2(&*3(.*&-!+3!385!&5'3!+&9!+3!385!:5595.;!
O,,!,*&5+.!2*\59!2(95,'!65.5!(.*-*&+,,G!05.:(.259!6*38!385!MABNI!+'!:*\59!:+)3(.'1!6*38!
38.55!5\)503*(&'b! *&!385!+&+,G'*'!(:!385!0+.5&3'e!458+=*(/.!2(&*3(.59!6*38!I%>73+-1!385!
HOR! (:! 385! 5\05.*25&3! 6+'! +,'(! /'59! +'! +! :*\59! :+)3(.1! 65! +9959! 385! AO_Z! (:! 385!
&5'3,*&-!:(.!385!9+3+!(&!&5'3,*&-'e!65*-83!+&9!3+.'/'!-+*&1!+&9!65!+,'(!/'59!385!JBJV_>!
+'! +! :*\59! :+)3(.! :(.! 385! +&+,G'*'! (:! +)(/'3*)! 0+.+2535.';! >85! *95&3*3G! (:! 385! &5'31! 385!
4.((9!'*@5!+&9!385!'5\!(:!385!0+.5&3!65.5!/'59!+'!+!.+&9(2!:+)3(.1!5\)503!*&!385!+&+,G'*'!
(:! .5'*9/+,'! :(.!68*)8!65! +,'(! /'59! 385! AO_Z! (:! 385! &5'3,*&-1! +&9! :(.! 385! +&+,G'*'! (:!
+)(/'3*)! 0+.+2535.'! :(.! 68*)8! 65! +9959! 385! *95&3*3G! +&9! 385! +-5! (:! 385! &5'3,*&-;! >(!
'*20,*:G!385!2(95,1!65!:(,,(659!+!4+)W6+.9!'3506*'5!0.()59/.5!685.5!,5+'3!'*-&*:*)+&3!
35.2'!65.5!'5d/5&3*+,,G!.52(=59;!X/))5''*=5!2(95,'!65.5!)(20+.59!/'*&-!385!x+&(=+y!
:/&)3*(&1!+&9!+!:+)3(.!6+'!.52(=59!685&!07=+,/5ÖC;CS;!!
I('3!8()!35'3'!:(.!,*&5+.!2*\59!2(95,'!6*38!&(.2+,!9*'3.*4/3*(&!65.5!05.:(.259!/'*&-!
J/,3*0,5!<(20+.*'(&'!(:!J5+&'!6*38!>/W5G!<(&3.+'3'1!/'*&-!385!x-,83y!:/&)3*(&!:.(2!385!
x2/,3)(20y!0+)W+-5!6*38!385!=+.*+4,5!(:!*&35.5'3!+'!(4h5)3!(:!),+''!x2)0y;!!
O'!'*20,*:*)+3*(&!,5+9!3(!2(95,'!6*38!&(!.+&9(2!5::5)3'!:(.!385!9/.+3*(&!(:!0+.5&3+,!=*'*3!
+3!385!&5'3!+&9!385!I<O!4+'59!(&!&5'3,*&-'e!458+=*(/.!9/.*&-!0+.5&3+,!=*'*3'1!385'5!9+3+!
65.5!+&+,G'59!3735'3';!
!
%#P,')P!

>85! :*.'3!+\*'!(:! 385!I<O!(&!+)(/'3*)!0+.+2535.'! ?:*-/.5!#FE!+))(/&359! :(.!L$k!(:! 385!
=+.*+&)5! *&! )+,,';! >85!2+*&! ,(+9*&-! :+)3(.'! 65.5! 385!25+&! :.5d/5&)G! ?C;DLE1! 385! :*.'3!
d/+.3*,5!(:!385!'05)3./2!?C;DLE!+&9!385!9(2*&+&3!:.5d/5&)G!?C;YYE1!'(!0('*3*=5!=+,/5'!(:!
385! :*.'3! )(20(&5&3! '*-&59!)+,,'!6*38!8*-87:.5d/5&)G!'05)3.+,! )(&35&3! ?:*-/.5!#FE;!>85!
:*.'3!)(20(&5&3!6+'!+::5)359!4G!385!MABNI!+&9!385!*&35.+)3*(&!453655&!385!MABNI!+&9!
385!JBJV_>;! B.+,! +92*&*'3.+3*(&! (:! )(.3*)('35.(&5! 5=(W59! 8*-85.7:.5d/5&)G! 45--*&-!
)+,,'!38+&!38('5!.5)(.959!45:(.5!385!+92*&*'3.+3*(&1!68*,5!385!(.+,!+92*&*'3.+3*(&!(:!B%U!
5=(W59!,(65.7:.5d/5&)G!45--*&-!)+,,'!)(20+.59!3(!4+'5,*&5!?I('3!8()!35'3'b!0vC;CS!:(.!
+,,!)(20+.*'(&'!5\)503!B%UÑFV`BAV!='!<BA>ÑFV`BAV!0qC;"[1!:*-/.5!#OE;!38/'!45--*&-!
)+,,'e!'05)3./2!*'!/07'8*:359!*&!<BA>!)8*)W'!+&9!9(6&7'8*:359!*&!)(&3.(,!)8*)W'!!



! "CY!



! "CD!

>85!'5)(&9!+\*'!(:!385!I<O!+))(/&359!:(.!#Yk!(:!385!=+.*+&)5;!>85!2+*&!,(+9*&-!:+)3(.'!
65.5!385!*&35.d/+.3*,5!.+&-5!?7C;D#E!+&9!385!'3+&9+.9!95=*+3*(&!(:!385!'05)3./2!?7C;Y[E1!
'(! &5-+3*=5! =+,/5'! (:! 385! '5)(&9! )(20(&5&3! *&9*)+35! )+,,'! 6*38! +! 2(.5! 4.(+94+&9!
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'*@5!+&9!385!*95&3*3G!(:!385!&5'3!+'!.+&9(2!:+)3(.';!I('3!8()!35'3'!)(&'*'359!*&!0+*.6*'5!
T*,)(\(&! '/2!.+&W! 35'3'!6*38! 385! *&35.+)3*(&!453655&! 385!H+G!+&9! 385!MABNI!+'! 385!
0.59*)3(.;!
!
M5&5.+,! ,*&5+.! 2*\59! 2(95,'! ?x,25.y! :/&)3*(&! :.(2! x,25Ly! 0+)W+-5E! 65.5! :*&+,,G!
05.:(.259! (&! 385! .5'*9/+,'! :.(2! )(..5,+3*(&! (:! &5'3,*&-'e! -.(638! 25+'/.5'! 6*38! 385!
MABNI!?B%U!(.!<BA>E!+'!+!:*\59!:+)3(.1!+&9!385!*95&3*3G!(:!385!&5'31!385!4.((9!'*@5!+&9!
385! AO_Z! (:! 385! &5'3,*&-! +'! .+&9(2! :+)3(.';! T5! '*20,*:*59! 385! 2(95,1! +&9! 385! :*&+,!
2(95,!/'59!(&,G!385!&5'3!+'!+!.+&9(2!:+)3(.!6*38!&(!:*\59!:+)3(.;!!
M5&5.+,!,*&5+.!2*\59!2(95,!?x,25.y!:/&)3*(&!:.(2!x,25Ly!0+)W+-5E!65.5!385&!05.:(.259!
(&! 385!65*-83!-+*&!+&9! 385! 3+.'/'! ,5&-38!-+*&!6*38! 385!MABNI!?B%U!(.!<BA>E!+&9! 385!
AO_Z! (:! 385! &5'3,*&-! +&9! 385! *&35.+)3*(&! 453655&! 385! MABNI! +&9! 385! AO_Z! +'! :*\59!
:+)3(.'1! +&9! 385! *95&3*3G! (:! 385! &5'3! +&9! 385! 4.((9! '*@5! +'! .+&9(2! :+)3(.';! O:35.!
'*20,*:*)+3*(&1! 385! :*&+,! 2(95,! :(.! 65*-83! -+*&! /'59! 385! MABNI! +&9! 385! *&35.+)3*(&!
453655&! 385! MABNI! +&9! 385! AO_Z! +'! :*\59! :+)3(.'1! +&9! 385! *95&3*3G! (:! 385! &5'3! +'! +!
.+&9(2!5::5)31!68*,5!385!:*&+,!2(95,!:(.!385!3+.'/'!,5&-38!-+*&!/'59!(&,G!385!*95&3*3G!(:!
385! &5'3! +'! +! .+&9(2! :+)3(.! +&9! &(! :*\59! :+)3(.;! I('3! 8()! 35'3'! :(.! 385! 65*-83! -+*&!
)(&'*'359!*&!2/,3*0,5!<(20+.*'(&'!(:!J5+&'!6*38!>/W5G!<(&3.+'3'1!/'*&-!x-,83y!:/&)3*(&!
:.(2! x2/,3)(20y! 0+)W+-5!6*38! 385! *&35.+)3*(&! 453655&! 385! MABNI! +&9! 385! AO_Z! +'!
(4h5)3! (:! ),+''! x2)0y;! %&35.+)3*(&! 453655&! 385! MABNI! +&9! 385! AO_Z! 6+'! 385&!
*&=5'3*-+359! 4G! +&+,G'*&-! .5'/,3'! AO_Z!05.!AO_Z!6*38! +! M5&5.+,! ,*&5+.!2*\59!2(95,!
/'*&-! 385! MABNI! +'! +! :*\59! :+)3(.1! +&9! 385! 4.((9! '*@5! +&9! 385! *95&3*3G! (:! 385! &5'3! +'!
.+&9(2! :+)3(.;! O:35.! '*20,*:*)+3*(&1! :*&+,! 2(95,'! )(&'*'359! (&,G! *&! 2(95,'! 6*38! 385!
*95&3*3G!(:!385!&5'3!+'!+!.+&9(2!:+)3(.!+&9!&(!:*\59!:+)3(.1!5\)503!:(.!AO_Z!"!*&!68*)8!
385!2(95,!6+'!'*20,*:*59!4G!/'*&-!385!MABNI!+'!+! :*\59! :+)3(.1!+&9!385! *95&3*3G!(:! 385!
&5'3! +'! +! .+&9(2! :+)3(.;! I('3! 8()! 35'3! :(.! 38*'! ,+'3! 2(95,! )(&'*'359! *&! 2/,3*0,5!
<(20+.*'(&'! (:! J5+&'! 6*38! >/W5G! <(&3.+'3'1! /'*&-! x-,83y! :/&)3*(&! :.(2! x2/,3)(20y!
0+)W+-5!6*38!385!MABNI!+'!(4h5)3!(:!),+''!x2)0y;!
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! "$C!

(((/!"#$#%&'!+(P-,PP(*$!

!
!
>85!0.5'5&3!385'*'!6(.W!'8(6'!38+3!@54.+!:*&)85'!)+&!5&)(95!385*.!08G'*(,(-*)+,!'3+35!*&!
385*.! )+,,'1! 38.(/-8! 385! 52*''*(&! (:! '3.5''7*&9/)59! =()+,*'+3*(&'! 2(9/,+359! *&! 385*.!
'05)3.+,! 0+.+2535.'! ?302?71>6!.V! C! 29G!IE;! %3! +,'(! '8(6'! :(.! 385! :*.'3! 3*25! 385! 9*.5)3!
*20,*)+3*(&!(:!)(.3*)('35.(&51!385!2+*&!'3.5''!8(.2(&5!*&!4*.9'1!&(3!(&,G!*&!3520(.+,!4/3!
+,'(! *&! '05)3.+,!2(9*:*)+3*(&'!(:!4*.9'!=()+,*'+3*(&'! ?9*'3+&)5'! )+,,'! +&9!45--*&-! )+,,'E!
*&=(,=59! *&!5\0.5''*&-! ,+4*,5! *&:(.2+3*(&!'/)8!+'!+&!52(3*(&!(:!'3.5''!?302?71>!.!+&9!
IE;! <(.3*)('35.(&51! +&9! 2(.5! -5&5.+,,G! -,/)()(.3*)('35.(*9'1! )(/,9! 45! (&5! (:! 385!
&5/.(5&9().*&5! '*-&+,'! 38+3!9.*=5! 385!5\0.5''*(&!(:! 52(3*(&'! *&!+&*2+,';!>85! '05)3.+,!
2(9*:*)+3*(&'! .5=5+,59! *&! '3.5''7*&9/)59! =()+,*'+3*(&'! +.5! 4*(,(-*)+,,G! .5,5=+&3! :(.!
0(35&3*+,!.5)5*=5.'!?:52+,5'!*&!302?71>!C1!0+.5&3'!*&!302?71>!IE1!+'!385G!'8(6!+9+0359!
2(9*:*)+3*(&'!*&!385*.!458+=*(/.!+:35.!85+.*&-!)(.3*)('35.(&57*&9/)59!=()+,*'+3*(&';!T5!
'8(6! 85.5! 38+3! @54.+! :*&)8! =()+,*'+3*(&'! +.5! '/::*)*5&3! 3(! *&:(.2! 385! -.(/0! +4(/3! &(3!
(&,G!'3+4,5!*&:(.2+3*(&!*;5;!'5\!+&9!*95&3*3G!?^+&&!+&9!X3.+6!"DYLK!X*20'(&!+&9!]*)+.*(!
"DDCK!]*)+.*(1!_+d=*! 53! +,;! #CC"K!]*-&+,1!J+385=(&!53! +,;! #CCLK!]*-&+,1!J+385=(&!53! +,;!
#CCYK!`(.'325*5.1!F/.-5.!53!+,;!#CCDK!M(45'1!>5.!Q++.!53!+,;!#CCDK!U5=.5.(1!H/.+&9!53!+,;!
#CCDK!]*-&+,! +&9!J+385=(&!#C""E!4/3! +,'(! 3(3+,,G! ,+4*,5! *&:(.2+3*(&! '/)8! +'! +&! +)/35!
'3.5'';! >85! 0.5'5&3! 385'*'! 6(.W! 0.(0('5'! 38+3! )(.3*)('35.(&5! 8+'! +! 2+*&! .(,5! *&!
2(9/,+3*&-!=()+,*'+3*(&'1!4/3!9+3+!+,'(!'/--5'3!385!*20,*)+3*(&!(:!(385.!&5/.(5&9().*&5!
'*-&+,'1! +'! 385! ,5=5,!(:! '3.5''!5\05.*5&)59!4G!+&! *&9*=*9/+,!9/.*&-! '50+.+3*(&! :.(2! 385!
0+.3&5.!)+&&(3!0.59*)3!*3'!=()+,!+)3*=*3G1!68*,5!*3'!,*:5!8*'3(.G!?'3.(&-!0+*.4(&91!4.559*&-!
5\05.*5&)5E!*'!+!2(.5!.5,5=+&3!0.59*)3(.!?-02?71>!HE;!!
!
(((/./!&9!23571!67>166! 86!1934G1G!70>45=0!701!1<866849!4A!5?\608A71G!J432:86278496!

89!2G5:76!29G!9167:89=6!65==16789=!08=0!A:1M8F8:87E!89!32::6/!

O:35.!(.+,!+92*&*'3.+3*(&!(:!5\(-5&(/'!)(.3*)('35.(&51!4(38!+9/,3'!+&9!)8*)W'!52*3!)+,,'!
6*38! 8*-85.! 25+&! :.5d/5&)G! +&9! 8*-85.! 9(2*&+&3! :.5d/5&)G;! F(38! '3.5''7*&9/)59!
45--*&-! )+,,'! *&! )8*)W'! +&9! '3.5''7*&9/)59! 9*'3+&)5! )+,,'! *&! +9/,3'! '8(6! +! '05)3.+,!
'3./)3/.5!38+3!*'!/07'8*:359!*&!8*-85.!:.5d/5&)G!4+&9';!>8/'1!4(38!+9/,3!+&9!G(/&-!@54.+!
:*&)85'!'8(6!+!:,5\*4*,*3G!(:!385*.!)+,,';!J+&G!'3/9*5'!0.(0('59!38+3!2+,5!)+,,'!?+&9!'(&-!
'G,,+4,5'E!+.5!2(.5! :,5\*4,5! 38+&! :52+,5e'!(&5'1!45)+/'5! 385G!+.5! '8+059!4G!+! ,5+.&*&-!
0.()5''!+&9!+.5!38/'!2(.5! *&9*=*9/+,*'59!?^+&&!+&9!X3.+6!"DYLK!X*20'(&!+&9!]*)+.*(!
"DDCK!]*)+.*(1!_+d=*!53!+,;!#CC"K!`(.'325*5.1!F/.-5.!53!+,;!#CCDE1!68*,5!:52+,5!)+,,'!+.5!
&(&7,5+.&59!).G'3+,,*@59!)+,,';!O'!385G!65.5!&(3!95'*-&59!3(!38*'!+*21!(/.!5\05.*25&3'!*&!
302?71>6!C!29G!H!9*9!&(3!+,,(6!3(!.5)(.9!5&(/-8!)+,,'!:.(2!:52+,5'!9/.*&-!*'(,+3*(&!3(!
=5.*:G! *:! )(.3*)('35.(&5! )+&! +,'(! +::5)3! :52+,5! )+,,'e! '3./)3/.5;! <(20,525&3+.G!
5\05.*25&3'! +.5! /&95.! 0.()5''! 3(! +&'65.! 38*'! d/5'3*(&;! _5=5.385,5''1! 385! '+25!



! "$"!

8G0(385'*'! (:! ,(6! )+,,! :,5\*4*,*3G! )(/,9! 8+=5! 455&! :(.2/,+359! :(.! &5'3,*&-'1! +'! 45--*&-!
)+,,'!+.5!52*3359!:.(2!385!:*.'3!9+G!0('3!8+3)8*&-1!+&9!&(!,5+.&*&-!0.()5''!8+'!G53!455&!
'8(6&! +3! 38*'! +-5;! B/.! .5'/,3'! '/--5'3! 38+3! =()+,! :,5\*4*,*3G! *&! 385! @54.+! :*&)8! *'! &(3!
5\),/'*=5!(:! ,5+.&59!=()+,*'+3*(&'!4/3! *'!+,'(!0(''*4,5! :(.! *&&+35!(&5'1!+&9! 385!0.()5''!
,5+9*&-!3(!:,5\*4*,*3G!*'!0+.3*+,,G!(.!3(3+,,G!*&9505&95&3!(:!385!=()+,!,5+.&*&-!0.()5'';!!
X5=5.+,!'3/9*5'!)(&9/)359!*&!+208*4*+&'1!4*.9'!+&9!2+22+,'!?T8*3&5G!+&9!Z.54'!"D[SK!
O/4*&! +&9! F.m2(&9! "DYDK! O/4*&! +&9! F.52(&9! "DD#K! F.m2(&9! +&9! O/4*&! "DD#K!
F.5&(6*3@! +&9! A('5! "DDLK! M5.8+.93! "DDLK! U5&-+-&51! U+/-+! 53! +,;! #CC"K! <8+..*5.1!
J+385=(&!53!+,;!#CC#K! a(/=5&3*&!+&9!O/4*&!#CC#K!X5+.4G!+&9! a(/=5&3*&!#CC$E!'/--5'3!
38+3! 0*3)8! +&9! '05)3.+,! 0+.+2535.'! )+..G! 385! *95&3*3G! (:! 385! '*-&+,,5.1! 68*,5! 3520(.+,!
0+.+2535.'!*&:(.2!+4(/3!2(3*=+3*(&!(.!.50.(9/)3*=5!'3+3/';!T5!'8(6!*&!(/.!'3/9G!38+3!
'05)3.+,!0+.+2535.'!)+&!)(&=5G!2/,3*0,5! *&:(.2+3*(&1! :.(2!'3+4,5! *&:(.2+3*(&!'/)8!+'!
385!*95&3*3G!(:!385!'5&95.!3(!,+4*,5!*&:(.2+3*(&!'/)8!+'!*3'!52(3*(&+,!'3+35;!T5!+,'(!'8(6!
38+3! 385! 2(9/,+3*(&! (:! 385! =()+,*'+3*(&'! )+..G*&-! 52(3*(&! *'! :*&51! +'! )+,,'! +.5! '3*,,!
*&9*=*9/+,*'591! +&9! 38/'! 385! *95&3*3G! )+..*59! 4G! 385! )+,,'! *'! &(3! ,('3;! _5=5.385,5''1! 385!
*&9*=*9/+,!'*-&+3/.5!*'!+)(/'3*)+,,G!'8*:3591!4/3!:52+,5'!+.5!+4,5!3(!.5)(-&*@5!385!*95&3*3G!
(:!+!-*=5&!2+,5!(&!4(38!)(&3.(,!+&9!'3.5''597*&9/)59!=()+,*'+3*(&';!B/.!.5'/,3'!'/--5'3!
38+3! '(25! (:! 385! 0+.+2535.'! 5&)(9*&-! *&9*=*9/+,! *95&3*3G! +.5! +,'(! /'59! 3(! 5&)(95!
52(3*(&;!%&9*=*9/+,!*95&3*3G!*&!2+,5!)+,,'!*'!)+..*59!4G!385!:.5d/5&)G!2(9/,+3*(&!(:!385!
9(6&'6550!0+.3!(:! 385!)+,,1!+&9!52(3*(&! *'!5&)(959! *&!2(9*:*)+3*(&'!(:! 385! :.5d/5&)G!
'05)3./2;!O'!*&9*=*9/+,!*95&3*3G!*'!)(959!.59/&9+&3,G!4G!'5=5.+,!0+.+2535.'!*&!385!)+,,'1!
'(25! (:! 3852! )(/,9! 45! ,5''! *20(.3+&3! :(.! *&9*=*9/+,! .5)(-&*3*(&! 4G! )(&'05)*:*)'1! +&9!
)(/,9! 38/'!45!2(9*:*59! 3(!)+..G! ,+4*,5! *&:(.2+3*(&!6*38(/3! ,(('*&-! 385! *&9*=*9/+,*3G! *&!
385!)+,,';!>85!/'5!(:!2(9*:*59!'*-&+,'!*&!0,+G4+)W!5\05.*25&3'!)(/,9!85,0!/&95.'3+&9*&-!
38*'!0.()5''!?]*-&+,!+&9!J+385=(&!#C""E;!!
>85!'3/9G!(:!385!&5/.+,!0.()5''5'!/&95.,G*&-!385!=()+,!5\0.5''*(&!(:!'3.5''!*&!2+,5'!*'!
)/..5&3,G! *&! 0.(-.5''! +&9! 6*,,! 8(05:/,,G! ,5+9! 3(! +! 45335.! /&95.'3+&9*&-! (:! 8(6!
)(.3*)('35.(&5!)+&!0.(=(W5!+!2(9/,+3*(&!(:!385!'05)3.+,!0+.+2535.'!(:!)+,,'!*&!385!@54.+!
:*&)8;! >85! 0.(3()(,! :.(2! 302?71>! .! 8+'! .5)5&3,G! 455&! +9+0359! :(.! &5/.(4*(,(-*)+,!
5\05.*25&3';!T5!/'59!$P!2+,5'!38+3!65.5!'3*2/,+359!4G!:52+,5!)+,,'! *&!38.55!9*::5.5&3!
)(&35\3'b! "#! 2+,5'! 65.5! )(20,535,G! *'(,+3591! "#! 2+,5'! 65.5! *&! 385! 0.5'5&)5! (:! +&!
+/9*5&)51! +&9!"#!2+,5'!65.5!6*38!+&!+/9*5&)5!4/3! .5)5*=59!+&!(.+,! +92*&*'3.+3*(&!(:!
5\(-5&(/'!)(.3*)('35.(&5!45:(.5!385!0,+G4+)W;!T5!:()/'59!(/.!*&=5'3*-+3*(&!(&!'05)*:*)!
4.+*&!+.5+'b!?*E!385!'(7)+,,59!'()*+,!458+=*(/.!&536(.W1!+!-.(/0!(:!'3./)3/.5'!*&=(,=59!*&!
385! '()*+,! 458+=*(/.! (:! 4*.9'1! +&9! *&=(,=*&-! 385! &5/.(3.+&'2*335.! O]>! ?+.-*&*&5!
=+'(3()*&5E1! +,'(! *20,*)+359! *&! 385! .5,5+'5! (:! )(.3*)('35.(&5! *&! 0,+'2+;! ?**E! 385! _<J$
?)+/9(259*+,!&*9(0+,,*/2E1! +! '5)(&9+.G!+/9*3(.G!+.5+! *&!4*.9'1! *&=(,=59! *&! 385!&5/.+,!
3.5+325&3! (:! +)(/'3*)! '3*2/,*! (:! 9*::5.5&3! '+,*5&)5;! N'*&-! *22/&(8*'3()852*'3.G! (&!
4.+*&! 3*''/5'1! 65! '3/9*59! 385! -5&5.+,! +)3*=*3G! (:! 385! '3./)3/.5'! 4G! 2(&*3(.*&-! 385!



! "$#!

5\0.5''*(&!(:!+&!*2259*+35!5+.,G!-5&5!?)7`('E1!+&9!385!&+3/.5!(:!385!&5/.(&'!*&=(,=59!
4G! ,+45,,*&-! O]>;! >85! 9+3+! 6*,,! 4.*&-! &56! 5=*95&)5! (&! 385! 0(''*4,5! +)3*(&! (:!
)(.3*)('35.(&5!*&!385!2(9/,+3*(&!(:!&5/.+,!0.()5''!38+3!)(/,9!,5+9!3(!385!5\0.5''*(&!(:!
'3.5''7*&9/)59!)+,,';!
!
(((/C/!)01!645>31!A8:71>!7014>E!329!F1!2??:81G!74!701!U1F>2!A8930!J432:86278496/!!

B/.! .5'/,3'! +.5! )(&=5.-5&3! 6*38! '3/9*5'! *&! 8/2+&'! +&9! &(&78/2+&! 2+22+,'! ?:(.! +!
.5=*56! '55! ?F.*5:5.! #C"#EE1! '8(6*&-! /07'8*:359! =()+,*'+3*(&'! 68*,5! 5\05.*5&)*&-! +&!
52(3*(&! (:! &5-+3*=5! =+,5&)5! +&9! 8*-8! +.(/'+,1! *;5;! :5+.! (.! '3.5'';! B/.! .5'/,3'1! 3(-5385.!
6*38!0.5=*(/'!'3/9*5'!*&!4*.9'!+&9!2+22+,'1!.*'5!385!0(''*4*,*3G!(:!+!/&*=5.'+,!'*-&+,!(:!
'3.5''!+2(&-!=5.354.+35'1!5&)(959!*&!=()+,*@+3*(&'!6*38!/07'8*:359!:.5d/5&)G!'05)3./2;!
>8*'! 8G0(385'*'! 2+3)85'! 385! J(3*=+3*(&7X3./)3/.+,! A/,5'! (:! J(.3(&! ?J(.3(&! "D[[E!
2(9*:*59! 4G!J+&'5.! +&9! '/--5'3*&-! 38+3! =+.*+3*(&'! (:! +)(/'3*)! 0+.+2535.'! (:! +! -*=5&!
3G05! (:! )+,,'! .5:,5)3! 9*::5.5&)5'! *&! +.(/'+,! '3+35'! ?J+&'5.! #C"CK! F.*5:5.! #C"#E1! 38/'!
9*::5.5&3!52(3*(&+,!'3+35';!Q(6!)+&!+!08G'*(,(-*)+,!'3.5''!0.(=(W5!385!52*''*(&!(:!/07
'8*:359! =()+,*'+3*(&'u! %:! (/.! 8G0(385'*'! (:! +! )(&=5.-5&3! /07'8*:359! '*-&+,! *'! 3./51! 385!
0.()5''5'!*&=(,=59!*&!2+22+,'!+&9!4*.9'!2*-83!45!'*2*,+.;!!
%

>85! '(/.)5! :*,35.! 385(.G! (:! =()+,! 0.(9/)3*(&! 0.(0('59! *&!2+22+,'! ?`+&3! "DPCK! >*3@5!
"DDLK!J*&9,*&! +&9! U+h5! #CCSK! >+G,(.! +&9! A54G! #C"CE! '/--5'3'! 38+3! =()+,! '*-&+,'! +.5!
).5+359!4G!=*4.+3*(&'!(:!+!'(/.)51! *;5;! 385!=()+,! :(,9'1!+&9!+.5! 385&! :*,35.59! *&! 385!=()+,!
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*&9*=*9/+,';!>8*'!5::5)3!)(/,9!45!'3.(&-!5&(/-8!3(!(=5..*95!385!5::5)3!(:!)(.3*)('35.(&5;!
>85! +9h/'325&3! (:! =()+,! 458+=*(/.! 453655&! 0+.3&5.'1! +&9! 385! 9*::5.5&)5'! *&! =()+,!
'3.+35-G! 453655&! '3.(&-! +&9! ,(('5! 4(&9'! )(/,9! 45! )(&3.(,,59! 4G! (385.! 0503*95'!
*20,*)+359! *&! 0+*.4(&9! 5'3+4,*'825&3! +&9! 2+*&35&+&)51! '/)8! +'! =+'(3()*&! W&(6&! 3(!
2(9*:G! '()*+,! 458+=*(/.! *&! 385! @54.+! :*&)81! 5'05)*+,,G! *&!2+,5'! ?M((9'(&! +&9! O9W*&'7
A5-+&!"DDDK!M((9'(&1!U*&945.-!53!+,;!#CCLE;!!!
!

(((/I/!-4>7834671>491!1:83876!701!1<866849!4A!893496?835456!29G!3496?835456!68=92:6/!

B/.!.5'/,3'!'8(6!38+3!+&!52(3*(&!(:!'3.5''!0.(=(W5'!+!2(9*:*)+3*(&!(:!385!:*&5!+)(/'3*)!
'3./)3/.5!(:!385!)+,,'!*&!385!@54.+!:*&)81!).5+3*&-!=()+,*'+3*(&'!6*38!/07'8*:359!:.5d/5&)G!



! "$[!

'05)3./2;!X5&9*&-!*&:(.2+3*(&!3(!)(&'05)*:*)'!/'*&-!/07'8*:359!=()+,*'+3*(&'1!685&!385!
'5&95.!*'!5*385.!+&!+9/,3!?-02?71>!.E!(.!+!&5'3,*&-!?-02?71>!IE1!*'!,5''!)(&'0*)/(/'!:(.!
0(35&3*+,!0.59+3(.'! 38+&!52*33*&-! ,(/95.!)+,,'! ?F.*'W*51!J+.3*&!53!+,;!"DDDE1!)+,,*&-!+3!+!
8*-85.! )+,,! .+35! (.! 6*38! +! ,(&-5.! 9/.+3*(&! ?U55)8! +&9! U5(&+.9! "DD[E;! >85! 5::5)3! (:!
)(.3*)('35.(&5! (&! =()+,*'+3*(&'! *&! 385! @54.+! :*&)8! +005+.'! +9+03*=51! 4/3! *3! *'! 0(''*4,5!
38+3! 38*'! .5'0(&'5! 3(! '3.5''(.'! ?5;-;! 0.59+3(.'E! 8+'! 5=(,=59! +'! +! 4G70.(9/)3! (:! 385!
08G'*(,(-*)+,!5::5)3!(:!'3.5''!8(.2(&5'!(&!=()+,!'*-&+,';!_5=5.385,5''1!/'*&-!5\(-5&(/'!
)(.3*)('35.(&51! 65! +,'(! 0.(=(W59! 2(.5! )(&'0*)/(/'! '*-&+,'b! *&! 302?71>! .1! '3.5''59!
2+,5'! +&'65.59! '3.(&-,G! 3(! 4(38! :+2*,*+.! +&9! '3.+&-5.! :52+,5! )+,,'! 68*,5! 385G! (&,G!
+&'65.59! '3.(&-,G! 3(! 385! '3.+&-5.! )+,,'! *&! '()*+,! )(&35\31! +&9! *&! 302?71>! I! &5'3,*&-'!
45--59! ,(&-5.! +:35.! (.+,! +92*&*'3.+3*(&! (:! )(.3*)('35.(&5;! >8/'1! 385! 5::5)3! (:!
)(.3*)('35.(&5! *'! )(20,5\1! +&9! )(/,9! ,5+9! 3(! 4(38! )(&'0*)/(/'! +&9! *&)(&'0*)/(/'!
'*-&+,';! >85! 5::5)3! (:! )(.3*)('35.(&5! )(/,9! 45! 9('579505&95&31! 385! *20+)3! (&!
)(&'0*)/(/'! +&9! *&)(&'0*)/(/'! '*-&+,'! 9505&9*&-! (&! 385!0,+'2+! )(&)5&3.+3*(&!(:! 385!
8(.2(&5;! H/.*&-! 38*'! 385'*'! 6(.W1! 65! 95)*959! 3(! 5,5=+35! 4+'+,! 0,+'2+! ,5=5,'! (:!
)(.3*)('35.(&5!'(!+'!3(!+&+,G'5!*3'!5::5)3;!O!)(20,525&3+.G!+00.(+)8!)(/,9!*&=(,=5!385!
'/00.5''*(&!(:!)(.3*)('35.(&5!+)3*(&1!5*385.!4G!.52(=*&-!+9.5&+,!-,+&9'!'(!+'!3(!0.5=5&3!
385! .5,5+'5! (:! )(.3*)('35.(&5! *&! 4,((91! (.! 4G! 3+.-53*&-! )(.3*)('35.(&5! .5)503(.'! *&!
'05)*:*)!+.5+'!3(!+=(*9!)5,,'! 3(!.5+)3!3(!5,5=+3*(&!(:!0,+'2+!,5=5,'!(:! 385!8(.2(&5;!>8*'!
)(/,9!85,0!'50+.+3*&-! 385!'05)*:*)!5::5)3'!(:! )(.3*)('35.(&5! :.(2!(385.!&5/.(5&9().*&5!
5::5)3'!&(3!.5,+359!3(!385!+)3*=+3*(&!(:!385!QIO!+\*';!!
!
(((/K/!&G5:7!U1F>2!A893016!604;!67>49=!F49G6!;870!A2<8:82>6!A>4<!7018>!64382:!=>45?/!

>85! *'(,+3*(&! (:! /&2+359! 2+,5'! :.(2! 385*.! '()*+,! -.(/0! *'! 5&(/-8! 3(! 0.(=(W5! +&!
5,5=+3*(&!(:!0,+'2+!,5=5,'!(:!)(.3*)('35.(&51!'*2*,+.!3(!68+3!8+'!455&!'8(6&!*&!385!@54.+!
:*&)8!685&!2+35'!+.5!'50+.+359!?A52+-57Q5+,5G1!O9W*&'7A5-+&!53!+,;!#CC$E;!>85!5::5)3!
(:! +&! *'(,+3*(&! :.(2! 385! '()*+,! -.(/0!(&! ,5=5,'! (:! '3.5''! 8+'! 455&!2+*&,G! 95').*459! *&!
2+22+,'1! 6*38! :56! 5\+20,5'! *&! 4*.9'! '/)8! +'! 385! 5/.(05+&! '3+.,*&-! ?O0:5,45)W! +&9!
A+5''!#CCYE;!B&5!.5)5&3!'3/9G!*&!385!@54.+!:*&)8!!'8(659!38+3!'50+.+3*(&!:.(2!385!:,()W!
.5'/,359! (&! +&! 5,5=+3*(&! (:! 0,+'2+! ,5=5,'! (:! )(.3*)('35.(&5! "C! 2*&/35'! 4/3! &(3! $C!
2*&/35'!+:35.!*'(,+3*(&!:.(2!385!-.(/0!?F+&5.h55!+&9!O9W*&'7A5-+&!#C""E;!%&!(/.!'3/9G!
?302?71>! .E1! 65! '8(6! 38+3! 5=5&! +:35.! (&5! &*-83! (:! *'(,+3*(&1! 0,+'2+! ,5=5,'! (:!
)(.3*)('35.(&5! *&! *'(,+359!2+,5'!9*9!&(3!.53/.&!3(!4+'5,*&5;!>8*'!5::5)3!)+&&(3!45!9/!3(!
385!:(,,(6*&-!0,+G4+)W!*&!(/.!5\05.*25&3!+'!.5'/,3'!:.(2!38.55!/&9*'3/.459!2+,5'!+,'(!
'8(6!+!.+*'5!(:!0,+'2+!,5=5,'!(:!)(.3*)('35.(&5!+:35.!+!&*-83!(:!*'(,+3*(&!:.(2!385!-.(/0!
?9+3+!&(3!'8(6&E;!%&!F+&5.h55!53!+,;e'!5\05.*25&31!4*.9'!+.5!2(=59!:.(2!385!+=*+.G!3(!385!
*'(,+3*(&! .((2! /'*&-! +! 0.(3()(,! 9/.*&-! 68*)8! 385! 4*.9! *'! 8+&97)+03/.59! +&9! 385&!
.5,5+'59;!Q+&9!)+03/.5!)(/,9!5\0,+*&!385!)(.3*)('35.(&5!05+W!+3!"C!2*&/35'1!+'!0,+'2+!
,5=5,'! (:! )(.3*)('35.(&5! .*'5! *&!$!2*&/35'! +:35.! +! '3.5''! ?T*&-:*5,91! X2*38! 53! +,;! "DY#E;!



! "$Y!

>8/'1!385!0(''*4,5!5,5=+3*(&!+:35.!$C!2*&/35'!(:!*'(,+3*(&1! ,5''!*20(.3+&31!9*9!&(3!'8(6!
/0!6*38!'3+3*'3*)+,!+&+,G'5';!!!
>85! 5,5=+3*(&! (:! 0,+'2+! ,5=5,'! (:! )(.3*)('35.(&5! 6*38! *'(,+3*(&! :.(2! 385! '()*+,! -.(/0!
'/--5'3'! 38+3! :+2*,*+.! *&9*=*9/+,'! '8+.5! '()*+,! 4(&9';! >85! '()*+,! &536(.W! (:! (&5!
*&9*=*9/+,!*'!)(20,5\1!+'!385!4(&9'!:(.259!6*38!:+2*,*+.'!(:!385!-.(/0!+.5!'3.(&-!5&(/-8!
3(!3.*--5.!+!08G'*(,(-*)+,!'3.5''!685&!4.(W5&!(::;!!
!H/.*&-! (/.! 5\05.*25&3'1! 65! )(/,9! &(3! 5=+,/+35! 385! ,5=5,! (:! :+2*,*+.*3G! 453655&! (/.!
+&*2+,'1!+'!385G!65.5!0,+)59!*&!*&9*=*9/+,!)+-5'!?+,(&5!:(.!/&0+*.59!2+,5'!*&!302?71>!.1!
6*38! 385! 0+.3&5.! *:!2+359! *&! 302?71>! CE;! _5=5.385,5''1! '(25! 0,+G4+)W'! :.(2! :+2*,*+.!
:52+,5'! *&! 302?71>! .! 5,*)*359! 2(.5! .5'0(&'5'! 38+&! 5\05)359! *&! '(25! '05)*:*)! 2+,5';!
V=5&! *:!65!3.*59!3(!+=(*9! 385!5'3+4,*'825&3!(:!9*::5.5&3! ,5=5,'!(:! :+2*,*+.*3G!4G!2(=*&-!
385!)+-5'!5=5.G!38.55!9+G'!'(!38+3!(&5!*&9*=*9/+,!6+'!&5=5.!),('5!3(!385!'+25!&5*-84(/.!
9/.*&-! 385! 5&3*.5! 5\05.*25&31! *3! *'! ,*W5,G! 38+3! '05)*:*)! .5,+3*(&'8*0'! 65.5! 5'3+4,*'859!
+&G8(6;! %&! A52+-5! 53! +,;e'! 5\05.*25&31! 385! 5,5=+3*(&! (:! )(.3*)('35.(&5! 0.(=(W59! 4G!
'50+.+3*(&! :.(2! 385!2+35! *'! .59/)59! *:! 0+.3&5.'! +.5! 0,+)59!6*38! :+2*,*+.! )(&'05)*:*)'!
9/.*&-! '50+.+3*(&! ?A52+-57Q5+,5G1! O9W*&'7A5-+&! 53! +,;! #CC$E;! >8*'! 4/::5.*&-! 5::5)3! (:!
:+2*,*+.'!(&!385!9*'3.5''!(:!+!)(&'05)*:*)1!2+*&,G!95').*459!*&!2+22+,'!?I(.35.1!_(6+W!
53! +,;! "DDSK!M/'31!M(.9(&!53! +,;! "DDPK!I(.35.1!_(6+W!53! +,;! "DD[K!A/W'3+,*'! +&9!`.5&)8!
#CCSK!Z*W/'/*1!T*&',(6!53!+,;!#CCPE!+,'(!'/--5'3'!385!0(''*4*,*3G!38+3!4*.9'!)+&!95=5,(0!
'3.(&-! 4(&9'! 6*38! :+2*,*+.';! >8*'! 8+'! +,'(! 455&! (4'5.=59! (&! 6*,9! :.55! ,5+=*&-! @54.+!
:*&)85'!*&!`(6,5.'!M+0!?_XT1!O/'3.+,*+E1!685.5!'5=5.+,!(4'5.=+3*(&'!(:!'2+,,!-.(/0'!,59!
3(! 385! )(&),/'*(&! 38+3! 0+.3&5.'! /'/+,,G! h(*&! 385! '+25! ),('5! -.(/0! 25245.'! 9/.*&-!
:559*&-f9.*&W*&-! 5=5&3'1! +&9! +.5! 2(.5! ,*W5,G! 3(! 45! :(/&9! *&! 385! '+25! '()*+,! 3.55'!
3(-5385.!?05.'(&+,!(4'5.=+3*(&E;!>8*'!+''()*+3*(&!(:!*&9*=*9/+,'!&(3!*&=(,=59!*&!+!'5\/+,!
4(&9!8+'!455&!(4'5.=59! *&! 385! @54.+! :*&)81!6*38! '+257'5\!0+*.'! ?V,*51!J+385=(&!53! +,;!
#C""E1!+&9!*&!(385.!+=*+&!'05)*5'b!*&!5/.(05+&!'3+.,*&-1!'+257'5\!4*.9'!+''()*+35!(/3!(:!
385! 4.559*&-! '5+'(&! +&9! 5\8*4*3! '3.(&-! +::*,*+3*=5! 458+=*(/.'! ?Q+/'45.-5.! +&9! F,+)W!
"DD"K!Q+/'45.-5.1!A*)8+.97R.*'!53!+,;!"DDSK!Q5&.G!+&9!Q+/'45.-5.!#CC"E! K!)(.=*9'!+.5!
W&(6&!3(!)((05.+35!+&9!:(.2!'()*+,!+,,*+&)5'!?V25.G1!X559!53!+,;!#CC[K!X5591!<,+G3(&!53!
+,;! #CC[K! X5591! V25.G! 53! +,;! #CCDE1! +&9! .+=5&! '()*+,! 0+.3&5.'! '8+.*&-! +! =+,/+4,5!
.5,+3*(&'8*0! 4/3! &(3! *&=(,=59! *&! +! 0+*.4(&9! +.5! ,5''! ,*W5,G! 3(! +--.5''! 5+)8! (385.! +&9!
'8(6! )/5'! (:! .5)(&)*,*+3*(&! +:35.! '/)8! 5=5&3! ?`.+'5.! +&9! F/-&G+.! #C""E;! >85'5!
0.5:5.5&3*+,!+::*,*+3*=5!+''()*+3*(&'!(/3'*95!(:!385!0+*.4(&9!*&!4*.9'!)(/,9!45!)(&'*95.59!
+'!4+'*'!(:!'()*+,!-.(/0! :(.2+3*(&!+&9!2+*&35&+&)5;!>85!0+*.4(&9! *'! 385!)(.5!(:!@54.+!
:*&)85'e!-.(/0'1!4/3! 385!)(85'*(&!(:! 385!'()*+,!-.(/0!)(/,9!45!2+*&3+*&59!4G!+::*,*+3*=5!
4(&9'!453655&!:+2*,*+.';!
!
!

!



! "$D!

(((/Q/!+8672931!32::6!26!2:2><!32::6!89!701!U1F>2!A8930/%

>85.5!6+'!0.5=*(/'!5=*95&)5!38+3!+!'3.(&-!52(3*(&!)(/,9!0.(=(W5!385!52*''*(&!(:!/07
'8*:359!=()+,*'+3*(&'!*&!4*.9';!O,+.2!)+,,'1!+!'05)*:*)!)+,,!/'59!3(!*&:(.2!385!-.(/0!+4(/3!
0(35&3*+,! 9+&-5.1! '8(6! 8*-870*3)859! '3./)3/.5! +:35.! 385! '*-83! (:! +! 0.59+3(.! *&! 2+&G!
'05)*5'! ?J+.,5.! "DSSK! X2*38! "DPSE;! %&! 38*'! )+'51! 385! 9(2*&+&3! :.5d/5&)G1! :.5d/5&)G!
2(9/,+3*(&'! +&9! :.5d/5&)G!4+&96*938! +.5! /'/+,,G! -((9!0.59*)3(.'! (:! 385! .5'0(&'5! (:!
)(&'05)*:*)'!?T((91!X+&95.'(&!53!+,;!#CCCK!`+,,(61!I*3)85.!53!+,;!#C"$E;!_(!'05)*:*)!+,+.2!
)+,,'!8+=5!455&!95').*459!*&!385!@54.+!:*&)8;!<(&'*95.*&-!38+3!9*'3+&)5!)+,,'!+.5!385!)+,,!
3G05!38+3!+9/,3'!/'5!685&!385G!,(('5!=*'/+,!)(&3+)3!+&9!685&!385G!0.50+.5!3(!3+W5!(::1!*3!
*'!,*W5,G!38+3!@54.+!:*&)8!+,'(!/'5!38*'!3G05!(:!)+,,!+'!+,+.2!)+,,'!?^+&&!"DDPE;!J(.5(=5.1!
/&2+359! 2+,5'! *&! 302?71>! .! '8(659! +! '3.(&-5.! .5'0(&'5! 3(! 385! )+,,'! (:! +! '3.+&-5.!
:52+,5!)(20+.59!3(!385!)+,,'!(:!+!:+2*,*+.!:52+,5!(&,G!*&!'()*+,!)(&35\31!4/3!&(3!*&!'3.5''!
)(&35\3!?*'(,+3*(&!+&9!'()*+,!)(&35\3!6*38!5\(-5&(/'!)(.3*)('35.(&5E1!9/.*&-!68*)8!385G!
/'59!/07'8*:359!=()+,*'+3*(&'!3(!+&'65.!'3.(&-,G!3(!4(38!)+,,!)+35-(.*5';!>8/'1!385!'3.5''!
)(&35\3! 5,*)*3'! &(3! (&,G! +! 2(9*:*)+3*(&! (:! 385! :*&5! '3./)3/.5! (:! 385! )+,,'1! 4/3! +,'(! +&!
+4(,*3*(&!(:!385!0.5:5.5&)5!:(.!385!'3.+&-5.!'3*2/,*;!B&5!5\0,+&+3*(&!3(!38*'!5::5)3!)(/,9!
45! 38+3! '3.5''59! 4*.9'! +.5! &(3! +&G2(.5! +4,5! 3(! 9*').*2*&+35! 453655&! :+2*,*+.! +&9!
'3.+&-5.! :52+,5'!4+'59!(&!385*.!)+,,'!(&,G;!>8*'!8G0(385'*'!)(/,9!45! 35'359!/'*&-!+!-(7
&(-(! (05.+&3! 95'*-&;! O'! 0.(0('59! +4(=51! 385! 5\0,(.+3*(&! (:! 385! +)3*=*3G! (:! 385! _<J1!
'5)(&9+.G!+/9*3(.G!+.5+!*&!4*.9'!*&=(,=59!*&!385!&5/.+,!3.5+325&3!(:!+)(/'3*)!'3*2/,*!(:!
9*::5.5&3! '+,*5&)5'1!6*,,! +,'(! 85,0! 3(! )(&),/95! (&! 38*'! 8G0(385'*';! O&(385.! 5\0,+&+3*(&!
)(/,9! 45! 38+3! 385! '3.5''! )(&35\3! *&:,/5&)5'! 385! =()+,! 458+=*(/.! (:! 385! 4*.9;!J+,5'! +.5!
+,.5+9G!W&(6&!3(!'8(6!9*::5.5&3!.5'0(&'5'!3(!385!)+,,'!(:!385*.!0+.3&5.!9505&9*&-!(&!385!
'()*+,! )(&35\3! 9/.*&-! 385! 0,+G4+)W! 5\05.*25&3! ?]*-&+,1! J+385=(&! 53! +,;! #CCLE;! %&! 385!
0.5'5&3! 6(.W1! +! 08G'*(,(-*)+,! '3.5''! )(/,9! 5,*)*3! +! 9*'*&8*4*3*(&! (:! 385! 4*.9e'! =()+,!
458+=*(/.! 38+3! ,5+9'! 3(! 5\8*4*3*&-! 385! '+25! 3G05! (:! .5'0(&'5'! :(.! 4(38! :+2*,*+.'! +&9!
'3.+&-5.!:52+,5!)+,,';!!
>8/'1!9*'3+&)5!)+,,'!5&)(95!2/,3*0,5!0*5)5'!(:!*&:(.2+3*(&;!B/.!.5'/,3'!'8(6!38+3!5=5&!*:!
385! )+,,'! '3./)3/.5! *'! /07'8*:3591! 385! *&9*=*9/+,*3G! 5&)(959! *&! 385! )+,,! .52+*&';! >8*'!
'05)*:*)*3G!25+&'! 38+3! .5)5*=5.'! (:! 385! '*-&+,! 0(35&3*+,,G! W&(6!68*)8! 4*.9! *'! 52*33*&-!
'3.5''7*&9/)59! =()+,*'+3*(&';! %3! *'! 38/'! 0(''*4,5! 38+31! W&(6*&-! 385! )+,,5.1! 385! .5)5*=5.!
2*-83!.5'0(&9!9*::5.5&3,G!3(!385!'3.5''7*&9/)59!)+,,'!9505&9*&-!(&!*3'!.5,+3*(&'8*0!6*38!
385! )+,,5.;! %&! 302?71>! C1! 65! 8+=5! '8(6&! 38+3! :52+,5'! 2(9*:G! 385*.! 458+=*(/.! 3(! 385!
'3.5''7*&9/)59!)+,,!(:!385*.!2+351!38/'!+!:+2*,*+.!*&9*=*9/+,1!68*,5!385G!9(!&(3!9(!'(!685&!
385G! 85+.! 385! '3.5''7*&9/)59! )+,,'! (:! +! '3.+&-5.;! >85! '3./)3/.5! (:! 9*'3+&)5! )+,,'! =+.*5'!
)(&'*95.+4,G!453655&!*&9*=*9/+,'!?]*-&+,1!J+385=(&!53!+,;!#CCLK!]*-&+,1!J+385=(&!53!+,;!
#CCYK! `(.'325*5.1! F/.-5.! 53! +,;! #CCDE1! +&9! (&5! *&9*=*9/+,! )+&! 0.5'5&3! +! .5-/,+.! 0*3)8!
38+3! *'! 8*-85.! 38+&! 385! .5-/,+.!0*3)8!(:! +&(385.! *&9*=*9/+,1! '(! 385! )(&3.(,! 0*3)8!(:! (&5!
*&9*=*9/+,! )+&! 45! *&! 385! .+&-5! (:! 385! '3.5''7*&9/)59! 0*3)8! (:! +&(385.! 4*.9;! B&5!



! "LC!

5\0,+&+3*(&!(:!(/.!.5'/,3'!6(/,9!38/'!45!38+3!+!.5)5*=5.!(:!'3.5''7*&9/)59!)+,,'!&559'!3(!
W&(6! 45:(.58+&9! 385! .5-/,+.! )+,,'! (:! 385! '5&95.1! '(! +'! 3(! /'5! *3! +'! +! .5:5.5&)5! +&9!
)(20+.5!'3.5''7*&9/)59!)+,,'!6*38!38*'!.5:5.5&)5;!%&!38*'!)+'51!'3.+&-5.!.5-/,+.!)+,,'!+.5!
&(3!W&(6&!4G!385!.5)5*=5.1!+&9!385*.!'3.5''7*&9/)59!)+,,'!)+&&(3!45!)(&'*95.59!+'!'/)81!
+&9!38/'!9(!&(3!5,*)*3!+&G!'05)*:*)!.5'0(&'5;!!
!
(((/S/!P7>166\89G531G!J432:86278496!1:8387!1AA838197!>16?49616!A>4<!=>45?!<1<F1>6/!

B/.! .5'/,3'! '8(6! 38+3! 385! .5)5*=5.'! (:! '3.5''7*&9/)59! =()+,*'+3*(&'! 5\8*4*3! +! .5,5=+&3!
.5'0(&'5!3(!385!'5&95.;!I+.5&3'!(:!'3.5''59!&5'3,*&-'1!38/'!(:!&5'3,*&-'!38+3!)(/,9!'/::5.!
:.(2!'3+.=+3*(&!(.!&559!:(.!6+.238!?Z*3+G'WG1!T*&-:*5,9!53!+,;!#CC"K!U(*'5+/1!X(.)*!53!+,;!
#CCYK!`+*.8/.'31!>.55&!53!+,;!#C"#E!.5'0(&959!4G!:(.+-*&-!2(.5!+&9!'05&9*&-!2(.5!3*25!
*&! 385!&5'31! 38/'!0(35&3*+,,G! '5+.)8*&-! :(.!2(.5! :((91! :559*&-! +&9!4.((9*&-! 385! )8*)W'!
2(.5;!T5! )(/,9!&(3! 5=+,/+35!68*)8!0+.5&3+,! .5'0(&'5!6(/,9!45! 5,*)*359! 5*385.!4G! 385!
52*''*(&!(:!/07'8*:359!45--*&-!)+,,'!(.!45--*&-!)+,,'!6*38!,(&-5.!9/.+3*(&;!_5=5.385,5''1!
)(.3*)('35.(&5!+005+.'!+'!+!)5&3.+,!8(.2(&5! *&=(,=59! *&!.5-/,+3*&-!45--*&-!458+=*(/.!
*&!&5'3,*&-'1!5,*)*3*&-!385!52*''*(&!(:!+!2(9*:*59!'*-&+,!38+3!*'!05.)5*=59!4G!0+.5&3'!+&9!
0.(=(W5'!+&!5::*)*5&3!2(9*:*)+3*(&!(:!385!0+.5&3+,!:559*&-!+&9!:(.+-*&-!0+335.&';!
%&!302?71>!C1!:52+,5'!.5'0(&959!3(!385!'3.5''7*&9/)59!)+,,'!(:!385*.!0+.3&5.!4G!'8(6*&-!
+! 2(9*:*)+3*(&! *&! 385*.! 458+=*(/.! 6*38! 36(! 9*25&'*(&'b! ?*E! +! 2(9*:*)+3*(&! (:! 385*.!
=*-*,+&)5!.5,+359!3(!+&!+&3*70.59+3(.!458+=*(/.1! 38+3!)(/,9!:*3!+!'*3/+3*(&!*&!68*)8!385G!
+.5! *&:(.259!+4(/3! +! *22*&5&3!9+&-5.! '/)8!+'! +!0.59+3(.1! ?**E! +!2(9*:*)+3*(&! *&! 385*.!
=()+,! 458+=*(/.! 3(! 2+*&3+*&! )(&3+)3! 6*38! 385! 2+35! +&9! 0(35&3*+,,G! *&*3*+35! 08G'*)+,!
.5/&*(&;!%&!38*'!5\05.*25&31!:52+,5'!+,'(!'8(659!+&!5,5=+3*(&!(:!385*.!(6&!0,+'2+!,5=5,'!
(:! )(.3*)('35.(&5! 68*,5! 85+.*&-! 385! '3.5''7*&9/)59! )+,,'! (:! 385*.! 0+.3&5.;! >8*'! 5::5)3!
)(/,9!&(3!45!9/5!3(!385!:+*,/.5!(:!385!2+35!.5)(-&*3*(&!'G'352!+'1!*&!385!-(7&(-(!(05.+&3!
95'*-&1! :52+,5'! )+35-(.*@5! )(&3.(,! +&9! '3.5''7*&9/)59! )+,,'! +'! 45,(&-*&-! 3(! 385! '+25!
52*335.1!+&9!'3.5''59!)+,,'!(:!:+2*,*+.!2+,5'!9(!&(3!5,*)*3!8*-85.!,5=5,'!(:!)(.3*)('35.(&5!
*&! :52+,5';! >8/'1! (/.! .5'/,3'! '/--5'3! +&! 52(3*(&+,! )(&3+-*(&! 453655&! 0+.3&5.'1! +!
0.()5''!*&!68*)8!385!52(3*(&+,!'3+35!(:!+&!*&9*=*9/+,!+)3*=+35'!385!'+25!'3+35!*&!&5+.4G!
)(&'05)*:*)'! ?I+&W'500! #C""E;! >8*'! 08G'*(,(-*)+,! .5'(&+&)51! +! 0.52*'5! (:! 520+38G1!
)(/,9!)(&3.(,!385!:52+,5!'05)*:*)!.5'0(&'5!3(!385!'3.5''7*&9/)59!)+,,'!(:!*3'!0+.3&5.!+&9!
&(3! 3(! (385.! *&9*=*9/+,'1! +&9! 38/'! 0+.3*)*0+35'! *&! 385! 2+*&35&+&)5! (:! 385! 0+*.! 4(&9; 
Empathy in birds has been previously proposed (Edgar, Lowe et al. 2011), but we provide the 
first evidence of the phenomenon 4+'59!(&!+)(/'3*)!)/5'!(&,G;!B/.!.5'/,3'!:.(2!302?71>!H!
9*9!&(3! '8(6!+&G!+''(.3+3*=5!2+3*&- based on physiological! 0.(:*,5!4/3! '/--5'3! 38+3!+&!
458+=*(/.+,! +9h/'325&3! 9.*=5'! )((.9*&+3*(&! +&9! 38/'! 'G&)8.(&G! 453655&! 2+35';! (9!
302?71>! CV! 385! 08G'*(,(-*)+,! .5'(&+&)5! 453655&!2+35'! *'! +&(385.! 3G05! (:! +9h/'325&3!
38+3!6*,,!0.5'/2+4,G!5&8+&)5!385!'G&)8.(&G!(:!2+35'!*&!385*.!+)3*=*3*5'!+:35.!+!'3.5'':/,!
5=5&3; 



! "L"!

`(.! +! )(22/&*)+3*(&! 'G'352! 3(! 5=(,=51! 4(38! 385! '5&95.! +&9! 385! .5)5*=5.!2/'3! 95.*=5!
45&5:*3'! :.(2! 385! '*-&+,! ?^+8+=*! "DD"E;! %&! (/.! 5\05.*25&3'1! 385! 9*.5)3! 45&5:*3! :(.! 385!
0+.5&3!.5)5*=5.'!?302?71>!IE!*'!3(!5&8+&)5!385*.!.50.(9/)3*=5!'/))5''1!*;5;!3(!+25,*(.+35!
385*.!:*3&5''!4G!5&'/.*&-!385!'/.=*=+,!(:!385!0.(-5&G;!`52+,5'!?302?71>!C!+&9!302?71>!
HE!)+&!45&5:*3!:.(2!+!9*.5)3!5::5)3!(&!385*.!'/.=*=+,!4G!45*&-!+6+.5!(:!+!0(35&3*+,!9+&-5.1!
4/3!385G!)+&!+,'(!5::*)*5&3,G!.5'0(&9!3(!385*.!0+.3&5.1!+&9!0(35&3*+,,G!*&).5+'5!385!0+*.e'!
'/.=*=+,;! %3! *'!&(6!.5)(-&*@59! 38+3! 385!5=(,/3*(&!(:!+&!+)(/'3*)!)(22/&*)+3*(&!'G'352!
())/.'! &(3! (&,G! *&! 385! )(&35\3! (:! *&9*=*9/+,! '5&95.'! +&9! .5)5*=5.'1! 4/3! +,'(! +2(&-! +!
&536(.W! (:! '5&95.'! +&9! .5)5*=5.'! ?J)M.5-(.! +&9! H+45,'355&! "DDPE;! %&! 302?71>! I1!
'*4,*&-'!+.5!0(35&3*+,!.5)5*=5.'!(:!385!'3.5''7*&9/)59!=()+,*'+3*(&'!(:!385*.!4.(385.'!+&9!
'*'35.'1! *&:(.2*&-! 3852! (:! 385*.! '*4,*&-'e! &559'1! 68*)8! )(/,9! 0+.3*)*0+35! *&! +! -,(4+,!
.5-/,+3*(&!(:!'*4,*&-'!)(2053*3*(&!*&!385!&5'3!+'!0.5=*(/',G!'8(6&!*&!4+.&!(6,'!?H.5*''1!
A/00,*! 53! +,;! #C"$E! (.! 4+.&! '6+,,(6'! ?A(2+&(1! F(&)(.+-,*(! 53! +,;! #C"$E;! B385.! +9/,3!
0+*.'!)(/,9!45&5:*3! :.(2!85+.*&-!'3.5''7*&9/)59!45--*&-'!4G!-533*&-! *&:(.2+3*(&!+4(/3!
:((9! +=+*,+4*,*3G! (:! 0(35&3*+,! 4.559*&-! '0(3'! ?Q(.&! +&9! U5(&+.9! #CCSEb! +! 0((.! 0+3)8!
25+&'! 38+3! 0+.5&3'!6*,,! 0(35&3*+,,G! 8+=5! 9*::*)/,3*5'! 3(! '+3*':G! 385*.! )8*)W'1!68*)8!6*,,!
)(&'5d/5&3,G! 52*3! '3.5''7*&9/)59! 45--*&-! )+,,'! 45)+/'5! '3+.=+3*(&! 5,5=+35'! 0,+'2+!
,5=5,'! (:! )(.3*)('35.(&5! ?302?71>! IE;! V+=5'9.(00*&-! )(/,9! 38/'! 85,0! (385.! +9/,3'! 3(!
)8(('5!*:!385!0,+)5!*'!+!-((9!)8(*)5!:(.!4.559*&-!(.!&(3;!`*&+,,G1!'3.5''7*&9/)59!)+,,'!:.(2!
/&2+359! ?302?71>!.E!(.!2+359!2+,5'! ?302?71>!CE! )(/,9! *&:(.2!+&G!4*.9! *&! 385! '()*+,!
-.(/0!+4(/3!+&! *22*&5&3!9+&-5.1!5'05)*+,,G! *:!9*'3+&)5!)+,,'!+.5!/'59!+'!+,+.2!)+,,'! *&!
38*'!'05)*5';!T5!W&(6!:.(2!302?71>!C!38+3!:52+,5'!.5'0(&9!3(!385!'3.5''7*&9/)59!)+,,'!
(:!385*.!2+35'!4/3!&(3!3(!385!'3.5''7*&9/)59!)+,,'!(:!+!'3.+&-5.!4*.91!4/3!65!'3*,,!9(!&(3!
W&(6! *:! :52+,5'!6(/,9! .5+)3! 3(! 385! '3.5''7*&9/)59! )+,,'! (:! +! :+2*,*+.!2+,51! *;5;! +!2+,5!
:.(2!385!'+25!'()*+,!-.(/0;!>8*'!d/5'3*(&!.52+*&'!3(!45!5\0,(.59;!
O,,! 385'5!45&5:*3'! *20+)3!(&!'05)*:*)! *&35.+)3*(&'!(:! 385!@54.+! :*&)8!'()*+,!&536(.W1! *;5;!
0+*.4(&91! 0+.5&3'7(::'0.*&-1! '*4,*&-'7'*4,*&-'! +&9! 0(35&3*+,,G! :+2*,*+.7:+2*,*+.!
*&35.+)3*(&';!!>8*'!)(/,9!(=5.+,,!0+.3*)*0+35!*&!385!2+*&35&+&)5!(:!385!'()*+,!-.(/0!(=5.!
3*251!+'!*3!*20+)3'!(&!9*::5.5&3!3G05'!(:!=+,/+4,5!'()*+,!*&35.+)3*(&';!O)(/'3*)!'*-&+,'!+&9!
08G'*(,(-*)+,! '*-&+,'! '/)8! +'! )(.3*)('35.(&5! *&=(,=59! *&! 385! 2(9/,+3*(&! (:! '()*+,!
.5,+3*(&'8*0'! +.5! 38/'! )5&3.+,! 0+.+2535.'! *&! 385! 5=(,/3*(&! (:! -.(/0! ,*=*&-! *&! =()+,!
'05)*5';!
%

(((/T!-493:56849!29G!?1>6?1378J16/!

!

>85!0.5'5&3!6(.W!0.(0('5'!)(.3*)('35.(&5!+'!+!W5G!8(.2(&5!38+3!9.*=5'!385!5\0.5''*(&!
(:! 52(3*(&! *&!4*.9'! 38.(/-8! :*&5!2(9*:*)+3*(&'!(:! 385!+)(/'3*)! '3./)3/.5!(:! 385! )+,,'!(:!
4(38!+9/,3'!+&9!&5'3,*&-';!T5!'8(6!38+3!385'5!:*&5!2(9/,+3*(&'!5,*)*3!+9+03*=5!.5'0(&'5'!
:.(2!385!.5)5*=5.'!+&9!)(/,9!(=5.+,,!0+.3*)*0+35!*&!385!'/.=*=+,!(:!*&9*=*9/+,'1!4/3!+,'(!*&!



! "L#!

385! 2+*&35&+&)5! (:! '3.(&-! 4(&9'! '/)8! +'! 385! 0+*.4(&9;! N'*&-! +! 2/,3*9*')*0,*&+.G!
+00.(+)8! :.(2!08G'*(,(-G!3(!+)(/'3*)'1! 38*'!6(.W!4.*&-'!+!45335.!/&95.'3+&9*&-!(:! 385!
0.()5''5'! *&=(,=59! *&! =()+,! :,5\*4*,*3G! *&! 4*.9'1! +&9! '/--5'3! 38+3! &(&7,5+.&59! =()+,!
'*-&+,'! +.5! 8*-8,G! :,5\*4,5! +&9! *&:(.2! '5&95.'! +4(/3! 2/,3*0,5! 0*5)5'! (:! *&:(.2+3*(&;!
`/.385.! *&=5'3*-+3*(&'! +.5! &55959! 3(! /&95.'3+&9! 8(6! )(.3*)('35.(&5! )+&! 0.(=(W5! 385!
52*''*(&!(:!2(9/,+359!=()+,*'+3*(&'!*&!4(38!+9/,3'!+&9!&5'3,*&-';!!
>85! 0.5'5&3!6(.W! '/00(.3'! 0.5=*(/'! '3/9*5'! .5=5+,*&-! 38+3! 385! 0+*.4(&9! *&! 385! @54.+!
:*&)8! *'! 5\3.525,G! '3.(&-! ?^+&&!"DDPK!A52+-57Q5+,5G1! O9W*&'7A5-+&! 53! +,;! #CC$K! V,*51!
J+385=(&! 53! +,;! #C""E! +&9! *'! +''()*+359!6*38! )(20,5\! 0.()5''5'1! +'! 65!65.5! +4,5! 3(!
95').*45!52(3*(&+,!)(&3+-*(&!4+'59!(&!=()+,!'*-&+,'!(&,G1!+!0(35&3*+,!4+'*'!(:!520+38G;!
X3.5''! )+&! 45! d/+&3*:*59! 4G! 25+'/.*&-! 0,+'2+! ,5=5,'! (:! )(.3*)('35.(&51! 4/3! *3! *'! &(3!
+,6+G'!0(''*4,5! 3(! 3+W5!4,((9!'+20,5'1! 5'05)*+,,G! *&!6*,9!+&*2+,'!+&9!G(/&-!&5'3,*&-'!
38+3! )(/,9!'/::5.! :.(2! *&=+'*=5!4,((9!'+20,*&-;!B/.! :*&9*&-'! '8(6! 38+3! '3.5''7*&9/)59!
)+,,'! )(/,9! 45! -((9! *&9*)+3(.'! (:! 385!9*'3.5''! (:! +! 4*.9! +&9! 385! '3.5''! (:! +&! *&9*=*9/+,!
)(/,9!45!5=+,/+359!4G!25+'/.*&-!+)(/'3*)!0+.+2535.'!(&!*3'!=()+,*'+3*(&';!O)(/'3*)!)/5'!
(:! 52(3*(&'! *&!4*.9'! )(/,9! 38/'!45!/'59!+'! *&9*)+3(.'!(:! +&*2+,!65,:+.5!6*38(/3!/'*&-!
+&G! *&=+'*=5! 0.()5''1! +&9! .50.5'5&3! +! -((9! +,35.&+3*=5! 3(! 4,((9! '+20,*&-;! B385.!
*&9*)+3(.'! )(/,9! 45! 0(35&3*+,,G! *&35.5'3*&-b! 385! 0.5,*2*&+.G! '3/9G! /'*&-! +&! *&:.+.59!
)+25.+! 3(! 5=+,/+35! 385! 35205.+3/.5! (:! +! 4*.9! 9/.*&-! +! '3.5'':/,! '*3/+3*(&! '8(6!
)(&-./5&3!)(&),/'*(&'!6*38!(/.! .5'/,3'! :.(2!302?71>!H! +&9!)(/,9! 38/'!45!+!-((9!&(&!
*&=+'*=5!*&9*)+3(.!(:!'3.5''!*&!38*'!'05)*5';!
>85!@54.+!:*&)8!*'!+!-.5-+.*(/'!'05)*5'!38+3!.5,*5'!(&!=()+,*'+3*(&'!3(!)(22/&*)+35!6*38!
-.(/0!25245.';!_5=5.385,5''1!(385.!)8+&&5,'!(:!)(22/&*)+3*(&!'8(/,9!45!)(&'*95.59!
3(! -53! +! 2(.5! )(20,535! /&95.'3+&9*&-! (:! 385! 5\0.5''*(&! (:! 52(3*(&'! *&! 38*'! '05)*5';!
A5)5&3! '3/9*5'! 8+=5! '8(659! 38+3! 4*.9! '05)*5'! 0.5'5&3! +)3*=5! (,:+)3*=5! 4/,4'! +4,5! 3(!
9*').*2*&+35! 453655&! .5,5=+&3! (,:+)3(.G! '*-&+,'! ?J+4+G(1! BW/2/.+! 53! +,;! "DDPK! a(&5'!
+&9!A(05.!"DD[Eb! :(.! *&'3+&)51! @54.+! :*&)8! :,59-,*&-'! .5)(-&*@5! 385*.!&5'3!4+'59!(&! *3'!
(9(/.!?<+'05.'!+&9!Z.+/'5!#C""E1!-.5+3!3*3'!5,+4(.+35!+!4(/d/53!(:!0,+&3!(9(/.'!*&!385*.!
&5'3!+&9!/'5!*3!+'!)/5'!:(.!:.5d/5&)G!(:!&5'3!2+*&35&+&)5!?I53*31!Q(''+5.37J)Z5G!53!+,;!
#CC#E!+&9!053.5,'!+.5!)+0+4,5!(:!(,:+)3(.G!0+.3&5.!.5)(-&*3*(&!?F(&+9(&&+!+&9!_5=*33!
#CCLK! F(&+9(&&+1! <+.(! 53! +,;! #CCDE;! >85! (,:+)3(.G! )8+&&5,! )(/,9! 38/'! 45! +! -((9!
)+&9*9+35!:(.!385!'3/9G!(:!52(3*(&'!*&!4*.9';!JG!0('379()3(.+35!0.(h5)3!6*,,!*&=5'3*-+35!
52(3*(&'! *&! )8*)W5&'1! +&9! 5'05)*+,,G! 8(6! (,:+)3(.G! '*-&+,'! )+&! -5&5.+35! +&9f(.!
2(9/,+35! 52(3*(&'! (:! 9*::5.5&3! =+,5&)5'! *&! G(/&-! +9/,3'! )(&:.(&359! 3(! +! &(=5,!
5&=*.(&25&3;! >8*'! 0.(h5)3! :(,,(6*&-! 2G! 385'*'! 6(.W! 6*,,! 4.*&-! &56! 5=*95&)5! (&! 385!
2/,3*2(9+,! 5\0.5''*(&! (:! 52(3*(&'! *&! 4*.9! +&9!6*,,! +,,(6! 3(! *20.(=5! (/.! W&(6,59-5!
+4(/3!385!)(20,5\*3G!(:!4*.9'e!)(-&*3*=5!+4*,*3*5';!
!
! 



! "L$!

!

!

!

!

%#N#%#$-#P!

!

!

!

!

!

!
! ! ! ! ! ! ! ! ! ! ! !

! ! ! ! ! ! ! ! ! ! ! !

! ! ! ! ! ! ! ! ! ! ! !

! ! ! ! ! ! ! ! ! ! ! ! .IH



! "LL!

(D/!%#N#%#$-#P!
!
!
&9G1>649V!`/V!]>59749V!+/V!Z25F1>V!`/V!Ca.a!@Ca.aB/!g%1:82F:1!89A4><27849!3497197!29G!4974=191783!608A7!89!F1==89=!32::6!4A!
! =>1E!;2>F:1>!9167:89=6/g!#704:4=E!..Q@IBO!HKS!\!HQK/!
&9G>1;V!%/!@.WQWB/!g(97>23>2982:!61:A\678<5:27849!89!701!3083L!29G!701!325627849!4A!1<478492:!F102J845>/g!&99!$!c!&32G!P38!

.KW@HBO!QCK\QHW/!
&9G>1;V!%/!h/!@.WQ.B/!g)01!G86?:2E6!=8J19!FE!?2661>8916!89!345>7608?!29G!>1?>4G5378J1!A8=0789=O!2!>1J81;/g!(F86!.aH@HBO!H.K\

HIT/!
&?A1:F13LV!]/!29G!%2166!`/!@CaaTB/!g]102J845>2:!29G!04><492:!1AA1376!4A!64382:!864:27849!29G!914?04F82!89!2!=>1=2>8456!F8>G!

6?13816V!701!#5>4?129!672>:89=!@P75>956!J5:=2>86B/g!Z4><!]102J!KI@HBO!IHK\II./!
&>2=492V! ]/! h/! 29G! b29=! _/! @CaaIB/! g)01! ?>28>81! J4:1! @`83>4756! 430>4=2671>BO! 29! 298<2:! <4G1:! A4>! F102J84>2:!

915>419G43>891!>1612>30!49!?28>!F49G89=/g!(:2>!h45>92:!IK@.BO!HK\IK/!
&>94:GV!`/!]/!@.WQaB/!g#<47849!29G!?1>6492:87E/g!_56!R(.Wb!<(,/24*+!N&*=5.'*3G!I.5'';!
&5F89V! )/! 29G! ]>1<49G! h/! @.WWCB/! g[1>31?7849! 4A! G867>166! 32::! 02><4983! 67>5375>1! FE! 701! 672>:89=! @P75>956! J5:=2>86B/g!
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Mots clés : communication acoustique, corticostérone, cris de distance, cris de quémande, Diamant mandarin, émotion, état 
émotionnel, lien d’appariement, stress, structure des cris, vocalisations. 
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