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Comparación de la comunidad de Equinodermos,
asociada a arrecifes, en dos localidades de las
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®�õ�\h[]i;´�jNX]�ö¯�£	£N�	² ¯�¾N�?°N�	¡¥�÷X�j	i V/i�YKV�_.e�V/i
[uVsY
[�V.i]Vsmh`Bj�U
j�i©Y
\	[�w�m­i-\	X?\¥\	[u�
j�m$eQi]��\¥�Bw
Vs[u\	m
à á/â
ã?î�¸Gâ�ð�ã ø�ð�ï$ù�ãQå � ^$��j/m"�5¯]±/�/£3ì�ú©å�¸a·uð�ã?è$¹�i�Y�^
û ã?¹�ù�·uó¼¹9ó¼·gøhã?ä�¹�è3ï3óü«¼�r«¼�3j�i-i-e?q��r¯�±�¾�µ
»

x m��¿j/i-j¬�¥eg�N`BV�_�j¬i-V�eQUWV.m�`aeQ�aeg_�j/[�\
mÊ¯-��£
\N[��	jsm3eGi��z\Ni¼U�eGiu`g[1eGnNwheGU�\/i+V�m¢°zV;iuYhV�_]e�V�i�� x m¢V;iu`gj
_]\/�zw$m
eGUhjsU�XRjÀ_]XGj;iuV½�:Y$|3eRwh[�\/eGUhV�jÀ�gw$V½XGj:�zÂsi5[�eG_]j
V�m9V�iuY$V�_�eGV�i _]\/m9£s£s� £;£s¡ý® £+V�iuY$V�_�eGV�iu²���UhV�iuY$w$��i XGjsi

CLASE No. org No. esp 

Ophiuroidea 176 5 

Holothuroidea 42 2 

Echinoidea 17 2 

Asteroidea 1 1 

TOTAL 236 10 
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MONQPSRUTVR!WYXZN[XZ\^]�_a`&XZb[c	T�P*dfeaM+]�b[g�XZb[c	T�P�h
iViKjQiViKkml _ngZP�T+R&onT+M�bET+pKhqNEP�MGNLPVR&TsrtR&\QT+`uX�bLc�T+P�gvX
TGRu\E_qwxXy`�TGoq`�TGRuTGg�\EPOcZP l z PO{SN=P}|~|~p j

� PSRYT�RGo�TVMUb~TVRY���SRYP�{q_5gnc5PSgn\�T�Ry�^_�TV`�Xqg
�
���q�A���u�[�A�t�,���
�q�A�E� l � T���Xxgq\~T1h i��+�Zi p�M&Xxg��+� j��Ziuk
���x���[�O�����[� �K�O�x� �5�V �� iG¡SjL¢x�Sk h £¥¤ � ¤ �L��¦v§K�[�¨ © �U 1�ª� ¤ �A 1�,�=�Q«ª�¬���1���~�¬���S� i)¡Uj ­1i)k dsRuX�NAXs]�_q{SXs_qg1P
TORKonTOM�bLTy`)TOon`)T+RKTOgZ\[P�cnP�ovX�`®_vg6RKXxNLX!Xx`u¯�P�gZbLRK�yX�°
�9���v� ¤ ��§E ��v�Q¦1���Z§)�G��¦1� ¤ �)¦1�²± bLTONLR&TOg6e9h i�¢ �V��³

´ TGRuoq_qµGR	cZTGN�PUg1�ON=bARubAR	cZT�¶�]�POg�g1X�g·oqPO`�P�NAPOR
NLXxM�P�N�bLcnP�cnTORVh1TON
w1P�NLXx`®�y��R¥P�NL\[X!M&X�`)`)TORKovX�gqcnbL¸!P
�9PORuPY¹ºbA»�\ETUMKP�M&X�g!W�¼ ½�� j�� � � {SbA\~Ru¾Zb�g�c
h�TUg!\EP+g�\~X
¿S_ZT � P¥eZg1\E`�TG¯SP¥\E_ZwSXYW�¼ ½Z� j ­UÀO� {Sb=\ERu¾Zb=g1c j

evg�M&_vP+gq\~XºP+N�Á�g1cnb�M&T�cvT�¶�b��YovR�XSg l � p�hxN�P
M�X��y_ngZbLcnPVc*M�X�g�NLP��yP�d1Xx`·cnX��ybLgZPVgqMGbLP��Q_nT � P
e1gx\�`�T&¯VP�MuX�g � ½ ­Gj � ¡ �G�Âd��ÂPGR)PÂ¹�b¬»O\�T&M)P�MuX�g � ½ ­GjLi��GÀGj

eng�`)TUNLP�M&bL¸xg�PsN�Psen¿1_vb�\[P�\[b�w1bLcnP+c9h�ovP�`)PsTON
ÁLgqc�bLM�TycnTyÃnbLT+NLXx_ l Ä ¼¬pKh1NLP�M�X��y_ngqbLc�P�c*c�XxgZcnTyTON
gqÅn�yTO`)XÆcnTyXx`)¯�P�gqbLRK�yXxR¥TORK\[_vw1X!`)TOovP�`)\[b�c�XÆ�y��R
TG¿S_Zb=\EPO\Eb=wxPO��TGg�\ETÇTGg�\E`�TÇTGN�g1Åq��TG`�XtcZTÇTGR)oZT�MKbATGR	�~_qT
�
PORuP�¹ºb=»�\ETGM�PÇM�X�g®_ZgtwxPONAX�`ncZT Ä ¼ ½ ­Oj �OÀ dÈN=PÇ��T�g1X�`
�~_qT � P}eZg1\E`�TG¯SP}MKX�g Ä ¼ ½ ­Oj À �O�

´ TÉN=PÊoq`�_qTG{SP}cZTÉwxPU`,b=POg1ËUPÊPOoqN=bAMKPOcZP}PÊN=X�R
w�P+N�XS`,TUR·XS{S\~TUgqb�cvXSR®cvTUN�ÁAgqcvbAM&T�cvTÊ¶�]1P+g1gqXSg2oZP+`,P
M&P+cnPyM&XS�Y_vgqb�cvP+c9hxR�T�Xx{x\~_vw�b�TU`)XSg�N�XSR·R�b�¯�_Zb�TOg1\[TUR
`uTORK_vNL\QP�cnXxRK° � Pse�gq\Q`)TO¯1PZh1ÌÇP�` j c�TyW�¼¬½ ­�j¬­�­�¢�� d
�
PORuP�¹ºbA»+\ETGMKP�Ì9PO` j cZT}Ws¼ ½ ­Oj�­O­O�Oj

´ TGN�MK�ON=MK_qNAXªcZT�NVTGR)\EPOcZÁ=Ru\EbAMKX²\xoqPO`�P�NAP�oqPO`�T�ÍEP
cZT}MKX���_Zg�bAcZPOcZTGR+h�RuT}X�{S\E_qwxX�¿x_qT}oq`�TURuTGg�\EPOgÆ_Zg�P
c	b[��T�`&TVg�M+b[PÎRUb[¯vg�b[��bQMOPx\^bQwvPÎT�g/RG_aR�wnPSNQXq`&T�R�c	T
cZbAwxTG`,Rub=cvPOc l \
½ ¡Oj �O�1Ï ¯ j N j ½��O� �1Ï oqÐ ­Oj ­O� p j

ÑÊÒ^ÓUÔUÕ5ÓUÒ^Öq×aØ�ÓyÙ�ÔUÖZ×5ÔUÚ^Õ5ÓUÒ^Öq×aØ�Ó

� POR�cqbA�ETG`�TGg�MKbAPUR�TGgÈcZbAwxT�`�RubAcZPOc®RuT�cZTG{�TGgtT�g
¯1`uP�g6onPV`u\[TqhqP�¿1_nTsNLPVRÉMGX��y_ngZbEc�P�c�T+RÉMGX�`)PVNLbEgZPVR
\EbAT�g1TGgÊ_qg1PªMKX���oqX�RubAM�bA¸�g�T�RuoqTGMKÁ=�~b=MKPÈcZbA�ETG`�TGg1\LT²dÉNAP
TGRuoqTGM�bATÇcZT�M�X�`,PUNScZX���bAg�POg1\LT�T�gÉTGNSPO`�`�TGMKbA�ETÇbAg��~N=_ZdST
TGgtN=P9cZbARuoqX�g�bA{Sb=NAbAcZPOc·cZT�`�TG�~_q¯SbAX�d²oq`�X�\ETGMKMKb=¸�gtoqPO`�P
NAP�M&`�bAoZ\EXS�~PO_Zg1P l � TUdS\ETUÛ~¹ºX�`,PONATUR+h iu¢O¢O¢ p j

ÃqX�`�T�ÍLTG��oqNAXnh+N=PÉNAX�M�PONAbAcZPUcÆcZT·�
PORuPÉ¹ºb=»�\LTGMKPÉTGR²N=P
M�X��y_ngZbLcnPVc*M�X�g�NLP��yP�d1Xx`·cnbLwqTO`uRKbLc�P�c�h1NLX!M�_nPVN
oaXZg�T6c	T6�ºPSg�bQ��b[T�RG\�X�¿v_aT6T�»�b[RU\^T�_ag�P*{Z_aT�g�P
c	b[RUo5XZg�b[{vb[NQb[c	PSc7caT*]��S{vb[\�PS\�caT�{ZbQcaXfPÜo5XZMOXZR
cZbARu\L_Z`�{Sb=X�R�TGgsRu_�PORuTGg�\EPO��bATGg�\EX j

eagÎT�RG\^P2MOX1��_5g�b~caPSc�h5TVN�PS`K`KTVMOb~�^T!T�RG\^�
�^Xq`K��P�caX o5`Kb[gnMUb[o�PSN[��TVgn\^T c5T Ýa¤ ���E�E� ¤ � ¤ §K�
Þ �����¬� ¤ §^����� l � b¬g�gxPUT�_qRUh i,�U�U� p)h�N¬P²M�_1PUNxT�R�_1g�P²T�R)o1T�Mub=T
M�PU`�PUM�\LTG`^b=ËUPOcqP}o1X�`�o1X�R)T�TG`��Ê_qM�]�PURª`^PU��b=�Eb=M�PUM�b=XVg�T�R
dÆP+cvTU�Y�+R�hxP+NÂ\~`)P+\~P+`,R�T�cvT�_ZgqPyMKXx�Y_Zgqb�cvP+c6�Y_Zd
PUg�\Eb=¯S_qP�hVPUNAM�PUg�ËOP}_qg�PÊPUN=\E_q`�P}MKXVg�Rub=cZT�`�PU{SN=Txh�cZT¥\EPUN
�^Xq`K��P�¿Z_aT!TVNªwvXqN~_5��T�g�c5b[R�o5Xqgnb[{qN[T!o5PS`KP�RGTV`
_1\Lb=N=b=ËUPGcZX·oqXV`ÂN=XVR
X�`^¯�PUgxb=R)�ÊXVR9R)T²w�T²b=gxM�`^T��ÊT�g�\LPUcqX
l � T�dS\LT�Û~¹�XV`�PUNAT�R+h�ß²¹�r²à�h�M�X�� j ÃqT�`�R j p�o1X�`�N=P}¯S`^POg
MGPVgZ\QbEc�PVcÜc�TsMGPVwqbEc�PVc�T+R}T�bEgZ\QT+`�R&\QbLMGbEX�RVhvd�T+R&\QPVR
MUPS`KPSMU\^T�`KÁ~RG\^b~MOP�Rá�^Á~RGb[MUPSRâb[gn�^N[_5dZT�gãc5Tä��X1`K��P
b=�Êo1XV`^\LPUg�\LTÇT�gÉN=P�R)XV{�`^T�wSb=wST�gxM�b=P�cqTÇN=P�M�`^b=o1\LXV�EPU_1g�P j

CLASE No. Org No. esp %

Ophiuroidea 89 7 8

Holothuroidea 15 1 1

Echinoidea 3 1 2

Asteroidea 0 0 

TOTAL 107 9 

å�æÊç�è�æäé&é�ê5ë�ì�í�î�ï&ðòñ�î6ðnï&ó�ô�õ�ö�÷+í�ðn÷Æøò÷+ù$ú�ðnï&û+î�õ�ü�ô,ýxî�ñ�î6û+ð�õ�ü�ï&ö�þ�ù�û+ö,ÿnõ ú�ô�ï&ô � ô�÷ºû�ù�ôxü,ïKð
û � ô1÷Vî1÷!ñ
î3î��
ù
ö)õ
ð�ñ
î1ï�í6ð�÷2î1õ��Çô1÷�ô�� ö	�1ü,î1û�ô	ê



23

C
ie

nc
ia

 y
 M

ar


���
������������ ��������� � ����
�!"�"� �����#����$%!"� �"�����&�&
���'�( ( (

)+* ,.-0/2143�5�67,.8:9;1	<=,.5?>@6BACAC9�,.5D<�,.1�1	9;EF5D9�G=9�>@H2<=9;I�H21
*J,KH:E�LMHN*JLMO&>P,KQDLM,KRMLJ,2*JH45SH:G%,2>P<%H:A?H:O#H:A"A",2>P9�G%,T5�9
HDRU6JA.<VHDAW>XH�5Y<"9�*ZH�*Z,�1[EJA.HD5Y*�,�1[*Z,\,FO�,F-],F5Y<"6J1
<%,2A"A"^�E�,25 6�1_Q�LJ,`H:O&<%,2A",25a,2O�>bA	,2>b9�-c9�,�5 <%6T*J,2O�>P6�A"H:OC3.,
9�5�>PO&LJ1@9&ID,76�>PH:1d9�6�5�,25eO&H_-cLJ,2A"<%,7*J,7RMf�O&9�RM6�1#g`O�H:A"IDH41
*J,h6�<%A"6�1i6�A	E�H45 9&1@-c6�1?RMA",21@,25�<%,21i,25cO�Hj>b6�-cLJ5�9�*JH4*
HXAdAd,4>.9=G�HBO=k

l HU9�5�G�O�L�,.5D>d9�HU* ,#O�HUH2>@<=9;I�9�* H2*`H25D<=AC6FR�6BEFm.5D9�>dH
,X1cL#5nGCHF>4<�6�ANQMLY,S<�HF-SR#6 >26o,X1aGCLY,XAb<�,p,X5nqrH�1.H
s 9&8B<%,�>PH 3@*J,2t�9�*J6jH:O�H:>P>b,21@6j*J9�G%^�>b9�O�RM6�AU<%9&,2A"A	H+gK1@6�O�6
RM6�1@9�t�O�,uRM6�AZO�H:5�>Pv�H:k�wM6�A7O�6T<%H:5�<%6x,21@<�HeyJH:v�^&He5�6x,21
-zL#goG�A@,X>2L#,X5{<�HB*UHpR#6�Ax,XO?<�L#A@9%1.-z6Wg|,X1a-z,X5J6�1
R#Ad6�t�HBt�O%,}Q L{,z1P,}R#L{,X*#HSHFO�<�,XAdHFAKO�HS>26D-zL{5J9�*YHB*
HXAdAd,4>.9=G�HBO=k

l HK~J5 <%A",2E�HK,21rO�HK>P6�-cLM5 9&*JH:*pQ�LM,j<%9&,25 ,eO�H
-cH:g�6�AY,28X<%,25�1@9�f�5T*J,?H:A"A",2>P9&G�,K�4�:�:�+-�*J,iO�H:A"E�6eRM6�A
�D����*Z,�HD5Y>:vY6J�"k|��6�6Mt{12<"H�5Y<",#3}R�6M14,�,�L�5YH
*{9�I�,2A	1b9�*{HX*|tDHd��H:kY~{5�,21b<�Hc>.6�-cLJ5 9=*JHX*oO�H�,41@RJ,4>P9=,
*Y6�-}9%5JHB5J<�,z<�HB-zt�9%m:5�,:1z�Y���P�=�=���V�{���@�c�B�2�j�=�P���@�����d�
�B9�5j,2-ct�H:A"E�6u,21@<%Hi,21ULM5�H?,21@RM,2>P9&,_-cLMghG%A"/:E�9�OXgh>P6�5
A.H�-]HD1WQ{L�,Ft{A.H�*Z9��DH�1�� l ,�g{<V,�� s 6JA.HDO�,�1D3j�2���D���4 
>PH:A"H:>b<%,2A"^�1d<%9�>PHrQDLM,iO�Hrv H:>b,?-c/:1�1@LM1@>P,2RM<%9&t�O�,iH+*JH:¡�6
RY6 A0H�>4<C9�IJ9�*UH�*\v#LY-SH�5#H#3{O�H¢>4LUH�Od3#RY6 A0,BO+H�LUEM,
<%LMA"^�1@<�9�>P6#3@1@,rv�H`9&5 >bA	,2-c,�5 <%H:*J6j>b6�5 1@9&*J,2A"H:t�O�,�-c,25 <%,
,�5£O�H¥¤UO�<V9�-pH¥*ZmF>XH�*ZH�kS)x*Z9�>:9�6M5YHDO�-],�5Y<V,#3TO�H
9�5 ,48XRJ,4A"9=,25 >P9�H�*J,aO�Hc-�H:g�6�A	^�Hc*{,0O�6�1jt�LJ>P,4H:*{6�A	,41
Q�LJ,+ID9�1d9�<%H:50O&6�1_H:A"A",2>P9&G�,21X3b,21_LM50G%H:>P<%6�AZ9&-cRM6�A"<%H:5 <�,
Q�LJ,+v�HuRMA"6�ID6�>PH:*J6KRM6�>P6KHuRM6�>P6KQDLM,+O�Hu,21@<�A	LM>P<�LJA"H
H:A"A",2>P9�G%H:O21@,�G�A"H:E�-c,25�<%,D3�>P6�-c6rO&6r*J6�>PLM-c,25�<%H:*J6?RM6�A
l ,2g�<%,2� s 6�A"H:O�,21:���d�:�4�:�@3.*J6�5�*J,h-c,25�>P9&6�5 HeQ�LM,h,25aO�H
~Y5J<�A@,XE Hp,XO?�F¦B§¨*Y,zO%Hp>�6�t ,XA@<�L#A@HpHFA@A@,X>29�GCHFO?1P6�5
G�A	HXED-�,45 <�6D1bk

l 6�1xG�A	HBED-},45M<�6�1x5 6¢>.6D5M1b<�9=<�L{g�,45|tDL{,:5 6D1
O�LME�H:A",21eRMH:A"Ha1@,2AuLM<%9�O&9��:H:*J6�1e>P6�-c6zv�/:t�9�<�H:<_RM6�A`O�H
>PA"9�RM<%6�G%H:LM5 H�3B*J,2t�9�*J6�H0QDLM,x1@6�5pG%/:>P9�O&,21h*J,x-c6�ID,�A
RJ6�Ah>.LJH:O�QDLJ9=,2AhH:>.>P9�f�5�G�^�1b9�>PHW� 6�O�,4Hd�%,�3�>.6�A	A	9�,45 <%,41j6
O�Hr,28X<%A"H:>P>b9�f�5TRM6�A#RMH:A"<%,i*J,?RM,2A"1@6�5�H:1@�%k:wM6�A#O�6h<%H:5 <�6
O�6�1u6�A"E�H:5�9�1@-c6�1u1d6�5pG%/:>P9�O&-c,25 <�,T*J,2RMA	,�*{H4*J6�1X3X>P6�5
O�H©>:6J5Y129�EJL�9�,F5Y<",�*Z9�14-p9�5YLU>X9�fJ5�<VHD5Y<V6ª*�,«12L
H:t�LM5�*JH:5�>P9�HN>b6�-c6}*J,TO&HN*J9�ID,2A"1@9�*JH4*Jk

q¬6F5z,�1d<�H41+H4R AV,�>b9&H4>b9�6�5D,�1+,�1`R 6F1d9&tFO&,K9�5�G�,�A"9�A
Q�LJ,NO�Ha>P6�-cLJ5�9�*JH:*|1@6�-c,2<%9&*{HaHa-cH:g�6�AuH:>P<%9�ID9&*JH:*
vDLM-aH45DH�3VH4L 5�H4*M6`HiO�H41Y>bH4AVH4>b<�,�AV^�1d<�9&>bH41Y*M,¬O�Hi,�1dR ,�>b9&,
*#,�>�6DAdHBO¬*#6D-}9�5MHB5M<�, 3�,:1xO=HzQ L{,�<�9=,:5J,�O=Hz-},:5M6DA
*{9�I�,4A	1@9=*{H:*{kY�x6p,48B9=1@<�,45�<�A	HXt�H@�%6�1KA	,4O�HX>.9�6�5 HX*{6�1KH
6F<%AV6�1?E�A"LMR 6F1rt�,�5�<�f�5D9&>b6�1?,25cO�HK�46F5�H�34Q�LM,jR LM,�*MH45

>.6�AdAd6�tD6DA	HXAj,41b<�HB1T6�tD1b,:A	I�HB>.9=6�5M,41B3DR{6�AjO=6]>.L{HXO¬1b,
A",4>P6�-c9�,25 *JHcA",4H:O�9��:H:Au<%A	H:t�Hd�%6�1j*J,0>PH:A"H:>P<�,2A"9��:H:>P9�f�5
*J,xO�HN>P6�-cLM5 9&*JH:*�,25]6�<�A	6�1hE�A"LMRM6�1h<%H:8X6�5�f�-c9�>P6�1X3
RMH:A"H+I�,2AY1@9FRMA	,21d,25 <%H45T,2O�-c9&1@-c6e>b6�-cRM6�A"<%H4-c9�,25�<%6#3
g�*{,�1b,:AjHX1P^"3D,:1b<�HXt�O=,:>.,:AeR{O�HX5M,:1T*#,c-}HX5M,d��6¢Q�L{,
EDH:A	HX5 <%9=>P,45�,4OZ-�,45 6�Ae*JHX¡ 6p1@6�tDA	,0O=Hc>.6�-cLJ5 9=*JHX*
HDA.A.,F>X9�G"HDOP3¬*ZHD*�H�12L«E{A.HD5­9�-]R�6JA.<VHD5Y>:9�Hn<"HD5Y<"6
,2>P6�O�f�E�9�>PHc>P6�-c6S,2>P6�5 f�-c9�>PH:k

®`¯@°_±@¯@²U³U´2µM¶2·@µ

¸�¹�º2»F¼�½j¾ ¿K¾�ÀSÁ4Â	ÃDÄ4¾N¿ÆÅb¹=º4Ç@ÇdÈ=É�È=Åbº4Ê�È=ËBÌ�º4ÌYÍ
Î�ÏFÐX¹&ËXÑX¼PÌFÐaË:É7Ò�ËXÇ"Ê	Ó Î�º�¹&¼PËXÔ.ËXÈ&ÅuÇ	¼PºKÇ	Ê�º.ÕVÇxÖ ¿¬Ç	Ê�¼PÕCËXÈCÍ�¼Pº�×
ØBÅ"Ï:È Ì:Ë�ÍP¼dÕ�Ù`ºbÊ&º@Ú{ÛC¾.Üiº@ÊC¾.ÝiÈ ÇCÊC¾ À�ÞbÁ@×�ß�ÃBÁ@Ó�à@Þ�ÃB¾

¸�Õ	ËBáu¼�Õ}Ûb¾ Ø�¾¬ÐnÛb¾ Ý0¾7â#º4Õ2ÀhÁ4Â"Ã�ß2¾¬ãFÈ=¼�¹"Í[º2ÌYÍ
äBºbå2Ë�Õ�º@Ê&Ë�Õ�ÐeæK¼dÊ&Ï:ËDÍbÇ7É�Ë�Õ�Ñ2¼dÌ:¼dÕ�º@¹�¼dÅVË�¹;Ë�Ñ2ÐD¾FÞ�ºB¾PØ{ÍB¾Pç¢èB¸
ÎFéBå2¹;È;ÇCÏX¼@Õ�Ç.¾�ÞbÞPàZÒFÒJ¾

¸�Õ	é�ÇdÅbºëêi¾�è�¾�À[Á4Â	Ã2ì�¾[è�ËBÙKÙKËFÌ�È=Ì�Ê�¼�Õ	Ê%È"Í:º4¹
È;ÌBí:¼@Õ�Ê�¼bå4Õ�ºPÊ�¼@ÇiË4ÉYÊ�ÏB¼Nî éF¹�ÉYË2É?è�ºP¹;È�É=Ë2Õ�ÌXÈ�ºF¾DÞ�ºF¾4Ø#ÍF¾4ï7ÌXÈ�í ¾
¿ZÕ�È;ÔbË�ÌXº`ÎBÕ�¼@ÇCÇPÀ�ðFéBÅVÇCË2Ì ¾�ßbÁbñZÒBÒJ¾

èBº@Ç�Ëhæ}¾ ØJ¾ ÀBÁbÂ@à@Á@¾FèBË�Ì4Ê&Õ�È å2éXÅVÈ ò�ÌKº@¹�ÅCË�Ì:Ë�ÅCÈ Ù`È ¼dÌ4Ê&Ë
Í�¼e¹&Ë:Ç+Ë:É�È&é�ÕCË:È�Í2¼bË:ÇxÍ�¼jæxóPô2È&Å	Ë ¾B¿¬¹&ÑXé�ÌFº.Ç+¼PÇ"Ò�¼bÅdÈ&¼PÇxÍ�¼
Ë�É�È éBÕ%Ë�È%Íb¼	Ë.ÇZ¹ È Ê�Ë.Õ�º@¹ ¼	ÇP¾BÁ@Ö õ�õDö&ö&Ú�¾b¿�Ì�¾bö&Ì:Ç�Ê�¾b¸BÈ Ë�¹ Ë�Ñ�÷ ºrï�Ü_¿�æ�×
ÁPÓ=ñPÁPÞP¾

èBºbÇCËræ}¾ Ø{¾ À4ÁbÂ�ÃBñ�ºX¾däBË2ÇY¼dø2éBÈ Ì:Ë2È�Íb¼dË�ÇrÍb¼d¹FÎBº@Å"÷ É�È ÅVË
Í4¼ùæaó�ô:È=ÅbËJÀaÎ�º2Õ	Ê%¼�ß4¾]úYÕ2Í:¼�Ì�¼�Çûè�º4Ç@È"Í4é�¹=ËBÈ"Í:¼�º©Ð
ü Ò�º.Ê�º.ÌFÑXË:ÈCÍ�º�¾X¿_ÌJ¾Jè�¼PÌBÊ�ÕCË]è�È&¼PÌFÅ:¾MÍ�¼P¹#æNº�ÕiÐaä�È&ÙeÌFË:¹C¾
ïZÜi¿�æ}¾bÎBéBå2¹�¾bØFÇ�ÒJ×BÁbÓ&Þ�ìbìX¾

èDº�ÇdËaæ]¾ ØU¾ À{Á2ÂVÃDñVåJ¾FäDº�Çu¼.Ç	ÒD¼PÅ@È�¼.Ç0Í2¼.¹UÑBó.Ì�¼PÕVË
ý{þ ÿ���� �������
	�����
�� ÍP¼r¹ º`Å"Ë�ÇCÊ&ºNÍP¼d¹ ÎBºbÅV÷ É�È Å"ËeæT¼dôPÈ Å"ºbÌ:ËD¾.¿ZÌM¾
èB¼dÌ:Ê&Õ�ËTèBÈ ¼dÌ:Å2¾2ÍP¼d¹BæKº@Õ{Ð+äBÈ Ù`ÌXË�¹�¾	ï�Üi¿Zæ}¾4Á�ìBÖ�Á�ÚV×2ÁbÓ�Þ�ìBÂb¾

è�º.Ç"ËNæS¾ ØY¾ ÀMÁ.ÂCÃ��.¾X½7¼PÇ"ÅdÕ�È&Ò�ÅdÈ�ò:Ì�Í�¼eé�ÌFºjÌFé�¼bíBº
¼bÇ"Ò�¼bÅ	È�¼cÍ.¼hË:É=È&é�Õ�Ë4ÈCÍ.¼bËpÍ.¼e¹�ºjå:ºPÏF÷�ºcÍ�¼hæxº.Ô.º.Ê=¹��.ÌJÀ ü È�ÌJ¾
�Bÿ�������	����Cþ�������	�� ÿ��� � ���������� Ç"ÒY¾ ÌFË:íJ¾XÐaÅdË:ÙeÒ�º.ÕVº.ÅdÈ&ò:Ì�ÅdË:Ì
�Xÿ��!� ��	!����þ"�$#��%��� ��&��
'(
	þ äFéFÊ�»4¼@ÌJ¾�¿7ÌM¾DèF¼@ÌBÊ�Õ�Ë}èFÈ�¼@ÌXÅ2¾DÍP¼@¹
æKºbÕ�ÐjäBÈ Ù`Ì:Ë2¹�¾.ï�Üi¿Zæ}¾ Á@ñbÖ&Á�ÚV×FÞbÞbñ@Ó�Þ@ß�ÃB¾

èDÈ&Ì�Ê�ÕVºT¸U¾ èU¾ ØU¾ À{Á�Â�Â�Ä�¾ ü È&Ì�Ë:Ò�Ç	È�Ç`Ê%º�ô2ËXÌFòXÙeÈ�ÅdºxÐ
å2È Ë2Ñ2¼dË2Ñ2Õ�ºbÉ�÷ º`¼dÅVË2¹ ò�Ñ4È ÅVºNÍP¼rºbÇCÊ&¼dÕ�Ë2È�ÍP¼dË�ÇhÖ ØBÅ"Ï:È ÌXË�ÍP¼dÕ�Ù`º@Ê�ºX×
¿?ÇdÊ�¼�Õ"ËFÈ"Í4¼�º4ÚnÍ4¼�¹oî#ËB¹=É�ËªÍ:¼©è�º2¹=È�É�ËBÕ	Ì�È=º�¾hð ¼�ÇdÈ=Ç­Í4¼
¹;È Å"¼dÌXÅVÈ;ºbÊ&éBÕ�ºB¾�ïZ¿Z¸{è ü ¾�æKódô.È Å"ËD¾bÁbàbß7ÒBÒJ¾

èBéBÊ&Õ�¼dÇCÇ#æ}¾ ¸J¾ À4Á@ÂbÂ��@¾4èBÏ:ºbÌ:Ñ2¼dÇYÈ ÌNÍP¼dÕ�Ù`ºb¹BË�ÇCÅVÈ ÅV¹ ¼dÇ
Í4é�Õ	È=Ì�ÑSÇdËFÙKº2Ê�È=ÅTÑFÕ	ËBáuÊ�Ï]È=Ìnè�º4Õ"È=åFåF¼�º2Ì]¹=È�Ê%Ê�ËFÕ"º4¹7Ç@¼�º
Åbé�Åbé�ÙKåF¼�Õ"Ç Ö Ø ÅbÏ�È=Ì�Ë{Í4¼�Õ"ÙKº4Ê�º�× ÝuËF¹=ËBÊ�Ï�é�Õ"ËFÈ"Í4¼�º�×
¿ZÇ�ÒBÈ Õ�Ë�Å"Ï:È�ÍbË2Ê&ºbÚC¾.¸FéX¹;¹�¾.æKºbÕ@¾ ü ÅVÈ�¾�ÁbÖ&à�ÃbÚC×�ßbßbÓ&ÁbÁbàb¾

½i¼.È�Å@Ï�Ùjº2Ì�Ì Ø�¾;ÀKÁ2Â2ß2Á2¾?ð�Ï�¼�Ý`ËB¹�ËXÊ�Ï�éDÕVËBÈVÍ4¼.º
ÅCË�¹ ¹ ¼	ÅCÊ�¼:ÍYå�Ð¬Ê�Ï4¼*){¼	¹ ¼	Õ�Ë7ö&ö&ö Í@éXÕ�È Ì4Ñ¬Ð�¼	º@Õ�Ç�ÁdÂ@ñ@Þ�Ê�ËuÁ@Âdñ�ÃX¾�ÎXº@Õ�Ê
öCÀb½�¼	Ì�ÍbÕ%Ë�ÅCÏ:È Õ�Ë.Ê�È�Í@ºX¾b¿�¹ ¹ º@ÌjÝ_º@Ì4ÅVË.ÅV»hÎXº@Å�¾bØXôbÒM¾bÃX×��@Á@Ó&Á@à@ñ@¾



+-,/. 0 1(2%3 4�57698/:%5/; 6!4<5

C
ie

nc
ia

 y
 M

ar

24

=9>�?A@!B�CED7FGFIHKJ�LNM
O
P�QRJTSRBG>VU�W�XAW�Y�B�ZR[%W�?�\
>�D
@�W7X]X]>�@�Y(>-\�^
_EY(B->a`b>cX >c[�WEd(dAd9\!Z�[�? F-ef_7>cD�[�ghM!O�i!jTY(WkM�O�P!l�J
m�D�[�Y�d(d�L�nTg�o-?�\!W�@�B-? [�W�Y/?�\!D-J�nTX X D�FpU9D�Fq@�W7@�r9m�D�@�J�H�s!otJ�McM�u/j�v�w
j�O�l�x�i�i�M�J

y X _7F-F{zVJ mtJ(_ y J(|�>�_7Y/>qx }EW�[�D�X >�g!L�M�OcO�~cJ���W�[�DcX��R>�>��
W���U�ZGD
Y�ZRXA@�WtLtz�>�g�YN}���sq?A@�W*w�[%>�>���\q>���>�XAW�oGCE>�FGYa?<F
Z�o��$>cX�X]?]F�e y Z�X]��W7��S�>cB-Z�D!F-Y(>�o�>�@7J7��>c��J7��?]W
X�J7S�[�W7o*JGl!P!w
M���i�i�x�M���l�~�J

y ZR�
CE�
F�}VJ U�J�L�M
O�Q
QRJ�=9?AgcY�[�?A^�ZR@�?A��F�_
D�^7Z�F�\�D�Fq@�? D�\!>pW�[�e7D�Fq? g�CNW�g�@�W7[�D�X � �
W�[�W�g�>�FfX W�g�D�[�[�>�@�? �(>�g
@�W7[�D�X ? FqW�g{\!>tX Db?]g�X D9\!>�X���Dc�qWGL���W7g�Y/Db�R? @�D-J��G>��RJ���? W�X�J�S�[�W�otJ
i!�!wRM�O!M!xAj���~!J

U9? @�r7CND�Fk�tJ mtJ L�M�OcO�Q�J�n��/?]>�X�\ae7Z�?�\!>$Y�W�g�>�Dag�Y/Dc[�g
D�Ft\EWqYAB�>�[9>�@�B�?�F�WR\�>![�ChgaW
� y D�X���o�D�e-W
g7J-��Z�eqD�[9�7o�[�?/F�e
m�[�>�g�g�J�|*J�`*?][cJ�Q-ito-otJ

U�_�CED
F�|KJ�U�J�L�M
O
O7i
J�SRB�>�?AFG��>�[%Y�>�^�[%D7Y�>�g-w
H�@�B-? F-W�\!>�[�CND�Y(DNY/Bq>a@�W7>�X]W�C�D�Y/>p^
? X D�Y(>�[�? D�J ������m�Z�^7X ?]g�Bq>c[�g
� \�? g�Y/[�? ^7Z�Y/W�[�g�J�=T>�X Bq?�J ~���iKo�otJ

�/D�Fqe7W7Z-sb}kJ<_K��J  ¡J<|�D��9[�>�Fq@�>qL%M�O�Q�O�JAH�@�Bq? F-W�\�>�[�CNg
g�Y/Z�\!? >�g��
W�X Z�CN>hi�J%nNJ naJ���D�X r7>�CND¢�RW7Y/Y�>�[�\�D�C�L% ¡J M�O�Q¢o-otJ

|�>�_
Y�>qx }EW�[�D�X >�g y J L�McO�O�~cJ���W�X >�@�@�? ��F¡\!>b@�W7[�D�X >�gT\�>
X D9£KFq? �
>�[�g�?�\�D�\¡\!>�X�}EDc[�¤���? >�Fq@�? D9_N}ED�[cJqM�wqicx(M��cJ

|R>�_�Y�>�x]}�W�[�D
XA>�g y J]L¥M7O
O7O
J¦H�@�W�XAW�e��(D§\q>
@�W-C�Z�F�?�\7D�\7>!gN@�Wq[�D�X/?/F�D�g�\�>¡X/D�gN��D�B��/D�g�\�>¡UaZ�D�Y<Z�X/@�W�J
d(Fq�/W7[�CN>{�/?]FqDcXR\!>�X
o�[�W�_7>�@�Y/W¢��d/��H��*x�£T}EnK�KL��R 9}EnNx/¨�nT©
ª M�����l�x/O���J�~�lKo�otJ

}ED�e7Z�[�[�D�FfnNJ H*J L�M�O�QcQ�J�H�@�W7X W�e
? @�D�XK\!? �
>�[�g�? Y/_¡D�F�\
? Y/g�CN>�D�g�Z�[�>�CN>�FqY�J�m�[�? F-@�>�Y/W7Ff£TFq? �
>�[�g�? Y/_¡m�[�>�g�g�J M�~cOTo�otJ

}ED�X Z���|tJ «KJ L!M�O�QcQ�J!��W�CNo-W7g�?]Y�?]W�FpDcF�\N\!? g�Y/[�? ^7Z�Y/? W�F
W7�V@�>cFqY([�D�X�>�D�g�Y/>c[�F�m�D�@�?]�(? @$>c@�B-?]F-WG\!>�[�C�g�J�|*J nNJ���WGJ� $D�Y�J
U9? g�Y�J�}EW�g�J�S�>�@�B�J��R>�otw7jcx�j�l�j�J

}�?]YA@%B�>cX�X�x n"[�D�F-D�|bJ }�J LRM!O�O!l!Jqm�>�[��A?�X�\�>�Xt@%W
[�D!Xt_
>�g�o->�@�? >�g"Dcg�W�@�? D-\!Dcg">�Ff|�DaH�FqY/[�>�e7D�L!��DcB-� D�g�\�>pU9Z�DcY/Z�X @�WGJ
S�>�g�?Agk\
>�|R?A@�>�FG@�?AD7Y�ZR[�DRLR¬�D7@�J{\
>­�R?A>�FG@�?AD7g®£$ �n$}­J
}E�cs!?]@�WGJ�~!lTo�otJ

}EW�r7D�\�_�¨TJ L%�tJ%|�D��cD�[t_a«{J%|�W7_7D-L
McO�O��cJ%H�@�Bq? FqW�?�\
^7? W�>�[�W�g�? W�F$D�g�DKCND�¯(W�[Gg�Y/[�Z�@�Y/Z�[�? F-e��(W�[�@�>bW7�-�R>q\K��>�D{@�W�[�D�X
[�>�>c�/g�J���? W7X�J���Z�X]X�J M�O���w�i���~�x(i�~�j�J

 $?]>�X]g�>�F�H*J L�M!O�i!j�JG¨�o�B-?]Z�[�D�F-g¢�A[�W7C°Y(B-> y Z�X]�bW7�
mRD
F�D7CE�RL���D7XA?<��W�[%F�?AD±D
F�\�Y�B�>²g�Y�[%D7?AY�W�� y >�W�[�e�?<DGJ
`�?�\�>�F-g�r
D!^q>cX�?]eq>�}f>�\�\�>cX�>cX�g�>�[��A[�Dh="D!F�g�r� $D�Y(Z�[�?�g�Y(W
[�?�g�r
¬
W7[�>cFq?]F-eRJ�O�M!w�j�l!M�x(j!i���J

m�?�>�X]W
Z³HbJ �*J LRM!O!~�O!J
��?]W
eq>�W7eq[�D!o�B-_�J
�AW
B-F�z�?�X�>c_
D�F�\p�!W7FqgKm�Z�^7X�Jc ¡J «KJ-i�P�M�o-otJ

�GW�\c[�� e�Z->%�pm�J ��J naJ L�McO�Q-OcJ��-Dc[�D�@�Y�>%[�? �cDc@�? ��Fk\c>¡\�W�g
@�W�C�Z�Fq?�\!D�\!>�g�D�g�W7@�? D�\!D�g¢DN�(D�@�?]>�g¢[�W7@�W�g�D�g�L�>�F�X]D�g�^7D�B-� D�g
´ HRX²}�D7e�ZG>�_tµ¶u UNZGD7Y�ZGX(@�W-v°_·\
>¥mGZG>�[�Y�W¸n9F�e�>�X
¨�D�s!D�@�D�J u =K?]g�Y/[�?]^7Z�@�?]�7F�L�\!? �q>�[�g�?�\!D�\�_ED�^7Z�F�\!D�F-@�? D�v�J�S�>cg�? g
\�>{|-? @�>%Fq@�? DcY�Z-[�D-L�¬�Dc@�J�\�>p�-? >%F
@�? Dcg�£K ¢nK}¹J�}E�%s�? @�W�J�Ocl�oqo�J

��Z�o�>c[�YbH*J HbJ�_f�TJ =�J���D![�F->cg�LGM�O!O!��J7º�W7W
X]W7e
�]D�\!>
X W�gK? Fq�
>�[�Y/>�^�[�D-\!W�g!Jc}E@ y [�Dc�°x U9? X X�Lc}¡��s!? @�WGJqM�M�lbo�o�J

��@�BqW�o�o�>*��J�_��tJ �*J�z�>�[c\!? FqeGLcM�OcO���J�S�Bq>*^7W�[�>�BqW�X >�g
W
�bYAB->Ng�>�DhZ�[�@%B-?�F�e
>�F-Z�g�»�¼�½!¾ ¿qÀ�Á"Â�Ã Ä�Å�u H�@%B-?]F�WG\�>c[�C�D!Y(D�w
HR@!B�?AF�W�?�\q>�D7vhD
g�D�CE?A@�[�W�B�D7^�?AY�D
Y�?AF�Y�[�W�oG?A@!D7Xp�-W�ZRY�B
nTCN��[�? @�D�J!mtJ ��J ºKJ  ¡J�}ED�[�? F->9H�@�W�X W7e7_³w Mci�x/j���J

�-W�XA�Agqx]}�D7[%�AF�¬*J n¡J�LtU�Jt�b>�_�>�g-x �RW�F�?AXAXADRLt}VJ =¡J
U9>%[�[�>%[�W�x m->�[�>���[�Z-X�L�¨TJ(nK[�? ��o->qx/��W��
Dc[�[�Z�^�? D�g�_bnNJ/|�D�e�Z�D�[c\�D-x
¬�?(e�ZG>�[�D�gqL*M7O�O7~�DGJ��q?(g�Y<>�C¡�7Y<?(@cD�_Æ\
?(g%Y�[�?(^�ZG@c?(�-FÇ\7>fX(W-g
>�È7Z�? FqWG\�>�[�CNW�g¢\�>TX D"^�D�Bq� D�\�>T|�D"m�D��-J���? >�Fq@�? D�g*}ED�[�? FqD�g!J
j!i!uAj�v�wGj!l!O!xAj!�!i!J

��W
X���g�x }�D![��]F�¬RJ n�J L
n�J
|�D�e
Z�D![!\�D�x ¬q?]eqZ�>c[�D�g9_�n�J
|G>!? ¯�DfSG[�?/g%Y<��F*L*M�O�O�~�^�J�}�Wq[�o�B�W-X/W-e-_�L�g%_�g%Y<>!C�D�Y<?(@�gND�F*\
\�?�g�YA[�?�^qZ�YA?�WqF�Wq�9É�Â�À�Á�ÅNÊ!Â�¿�Ã Ä�¾]¼�À%Ë�ÅaÌ�Ä�Å�¿qÍ�¾�ËTD�Ft\�É�Â�À�Á�Å
Ê7Â�¿tÃ Ä�¾/¼�À�Ë�Å¡Ê7Â�¿tÃ Ä�¾(¼�ÀcË�Å�Jbu HG@cB�?(F�Wt\7>�[�C¡D7Y�D�w�HG@cB�?(F�W�?�\7>�D�w
��[�? g�g�?�\!Dc>�v�D�X W�Fqe$}E>�s!? @�D�Fp@�W7Dcg�Y/g�J�m�[�W�@�>�>q\�? Fqe$W���Y/Bq>{��? W�X�J
��W�@�J�W7�tz�D�g�Bq? F-e7Y/W�F�J�M�M��-u(j�v�w�i���Mcx*i���O�J

��W�X � g�x }ED�[�� F$¬RJ nNJ�_¢H*J�}ED�Y/DKmtJ L!M�O�OcO�J�}ED�FqZ�D�XG\!>�X
@�Z�[�g�WpY/D�X X >�[ ´ S�Dcs!W7FqW�CN� Dh\!>">�È7Z�? FqWG\�>�[�CNW7g!µ*d(Fqg�Y�J
��? >�F-@�J
\�>�X�}EDc[t_p|�? CNFqW�X�J%£K 9nT}kw7Mcx(i�PcJ


