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þąɷŁÚɷ¡�n.

(IHFWRV�GH�OD�KLVWRULD�GH�XVR�GHO�VXHOR�\�GH�OD�
FREHUWXUD�IRUHVWDO�HQ�HO�SDLVDMH�VREUH�OD�
UHFXSHUDFLµQ�GH�ERVTXHV

/RV�ERVTXHV�WURSLFDOHV�DOEHUJDQ�XQD�HQRUPH�ELRGLYHUVLGDG�\�EULQGDQ�P¼OWLSOHV�EHQHILFLRV�D�OD�

VRFLHGDG��6LQ�HPEDUJR��HVWRV�ERVTXHV�\�VXV�ELHQHV�\�VHUYLFLRV�HVW£Q�HQ�SURFHVR�GH�GHVDSDUHFHU�

U£SLGDPHQWH� GHELGR� DO� DYDQFH� GH� OD� IURQWHUD� DJU¯FROD� \� RWURV� GHVDUUROORV�� $IRUWXQDGDPHQWH��

FXDQGR� VH� DEDQGRQDQ� ORV� FDPSRV� DJU¯FRODV� H[LVWH� OD� SRVLELOLGDG� GH� TXH� ODV� FRPXQLGDGHV�

IRUHVWDOHV�YXHOYDQ�D�GHVDUUROODUVH�PHGLDQWH�HO�SURFHVR�GH�VXFHVLµQ�IRUHVWDO��$TX¯�GLVFXWLPRV�

FµPR� OD� UHFXSHUDFLµQ� GHO� ERVTXH� GHSHQGH� GH� ODV� VHFXHODV� GH� OD� VHYHULGDG� GH� ODV� SU£FWLFDV�

DJU¯FRODV��SUHYLDV�DO�DEDQGRQR��ODV�FXDOHV�SXHGHQ�SRQHU�HQ�ULHVJR�OD�UHFXSHUDFLµQ��DV¯�FRPR�GH�

OD�FREHUWXUD�IRUHVWDO�FLUFXQGDQWH��OD�FXDO�SURYHH�VHPLOODV�GH�£UEROHV�\�DQLPDOHV�TXH�GLVSHUVDQ�

VHPLOODV��3DUD�OD�UHVWDXUDFLµQ�QDWXUDO�GH�ORV�ERVTXHV�UHFRPHQGDPRV�VHOHFFLRQDU�£UHDV�GRQGH��

���� OD� VHYHULGDG� GHO� XVR� SUHYLR� GHO� VXHOR� VHD� EDMD� HQ� H[WHQVLµQ�� GXUDFLµQ�� LQWHQVLGDG� \�

IUHFXHQFLD��\�����OD�FREHUWXUD�\�OD�FRQHFWLYLGDG�GHO�ERVTXH�HQ�HO�SDLVDMH�VHDQ�DOWDV�

5HVXPHQ

3DODEUDV�FODYH
ERVTXHV�VHFXQGDULRV��FREHUWXUD�IRUHVWDO��SDLVDMH��SU£FWLFDV�GH�XVR�GHO�VXHOR��UHFXSHUDFLµQ�
IRUHVWDO��UHVWDXUDFLµQ

,QGLD��(MHPSOR�GH�XQ�SDLVDMH�WURSLFDO�HQ�PRVDLFR��FRQ�£UEROHV�DLVODGRV��UHPDQHQWHV�GH�ERVTXH��WLHUUDV�DJU¯FRODV�\�FDVDV�
�)RWRJUDI¯D��$OH[DQGHU��3L[DED\�
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,ULV�+RUGLMN�����/RXUHQV�3RRUWHU�����0LJXHO�0DUW¯QH]�5DPRV�����)UDQV�%RQJHUV�����5RGULJR�

0X³R]�����-RUJH�$��0HDYH

*UXSR�GH�(FRORJ¯D�)RUHVWDO�\�0DQHMR�)RUHVWDO��8QLYHUVLGDG�GH�:DJHQLQJHQ��$SDUWDGR�3RVWDO�����
:DJHQLQJHQ�������$$��3D¯VHV�%DMRV
,QVWLWXWR�GH�,QYHVWLJDFLRQHV�HQ�(FRVLVWHPDV�\�6XVWHQWDELOLGDG��8QLYHUVLGDG�1DFLRQDO�$XWµQRPD�GH�
0«[LFR��&DPSXV�0RUHOLD��0RUHOLD��0LFKRDF£Q��0«[LFR
'HSDUWDPHQWR�GH�(FRORJ¯D�\�5HFXUVRV�1DWXUDOHV��)DFXOWDG�GH�&LHQFLDV��8QLYHUVLGDG�1DFLRQDO�$XWµQRPD�
GH�0«[LFR��&LXGDG�GH�0«[LFR��������')��0«[LFR
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� � �RV�ERVTXHV�WURSLFDOHV�VRQ�HFRVLVWHPDV�LQVXVWLWXLEOHV��'HVHPSH³DQ�SDSHOHV�VRFLDOHV�\�
HFROµJLFRV�IXQGDPHQWDOHV�DO�SURSRUFLRQDU�D�OD�VRFLHGDG��XQD�VHULH�GH�EHQHILFLRV�YLWDOHV�
LQFOX\HQGR� OD� SURYLVLµQ� GH� DOLPHQWRV�� DJXD� OLPSLD�� PDWHULDOHV� GH� FRQVWUXFFLµQ��
UHJXODFLµQ� FOLP£WLFD� H� K¯GULFD� \�� VLPXOW£QHDPHQWH�� DO� VHUYLU� FRPR� HO� K£ELWDW� GH� XQD�
H[WUDRUGLQDULD�GLYHUVLGDG�GH�HVSHFLHV�YHJHWDOHV�\�DQLPDOHV��$� OR� ODUJR�GH�VX�KLVWRULD�� OD�
KXPDQLGDG�KD�SUDFWLFDGR�OD�GHIRUHVWDFLµQ�FRPR�SDUWH�GH�VX�GHVDUUROOR��LQFOXVR�DQWHV�GH�
TXH�VH�DGRSWDUD�OD�DJULFXOWXUD��+DFH�DSUR[LPDGDPHQWH��������D³RV��ORV�VHUHV�KXPDQRV�
FRPHQ]DURQ�D�XVDU�HO�IXHJR�SDUD�HOLPLQDU�ORV�ERVTXHV�\�UHHPSOD]DUORV�SRU�FXOWLYRV��XQD�
SU£FWLFD�TXH�D¼Q�SHUGXUD�HQ�GLYHUVDV�UHJLRQHV�GHO�PXQGR��(Q�HO�SDVDGR��OD�GHIRUHVWDFLµQ�
RFXUU¯D�D�XQD�HVFDOD�SHTXH³D�\�HQ�PHGLR�GH�JUDQGHV�UHJLRQHV�WURSLFDOHV���YLQFXODGD�FRQ�
XQ�VLVWHPD�VRVWHQLEOH�GH�FXOWLYR�URWDWLYR�HQ�HO�FXDO�HO�ERVTXH�HUD�WDODGR��TXHPDGR�\�ODV�
FHQL]DV�XVDGDV�FRPR�IHUWLOL]DQWH�GH�FXOWLYRV�TXH�GXUDEDQ�DOJXQRV�D³RV��$O�FDER�GH�XQRV�
SRFRV� D³RV�� HO� WHUUHQR� HUD� DEDQGRQDGR� SDUD� VX� GHVFDQVR�� VH� GHMDEDQ� FUHFHU�
FRPXQLGDGHV�IRUHVWDOHV�GH�PDQHUD�QDWXUDO�FRQ�HO�ILQ�GH�UHFXSHUDU�OD�IHUWLOLGDG�GHO�VXHOR�
\�GDU�FRPLHQ]R�D��RWUR�FLFOR�GH�FXOWLYR��/DPHQWDEOHPHQWH��D�SDUWLU�GH������HO�GHVDUUROOR�
GH�DJURLQGXVWULDV�\�OD�PD\RU�GHPDQGD�GH�DOLPHQWRV�DJU¯FRODV�SRU�XQD�SREODFLµQ�KXPDQD�
HQ�U£SLGR�FUHFLPLHQWR� OOHYµ�DO�DXPHQWR�GH� OD�GHIRUHVWDFLµQ�WURSLFDO�KDVWD�DOFDQ]DU�XQD�
WDVD�GH�QXHYH�PLOORQHV�GH�KHFW£UHDV�DQXDOHV�

$FWXDOPHQWH�� OD� FDXVD� SULQFLSDO� GH� OD� GHIRUHVWDFLµQ� WURSLFDO� HV� OD� H[SDQVLµQ� GH� OD�
IURQWHUD�DJU¯FROD��(Q�0«[LFR��VH�WDODQ�ERVTXHV�SDUD�VHPEUDU�SDVWRV�SDUD�JDQDGR�R�SDUD�
HVWDEOHFHU� FXOWLYRV� DQXDOHV� FRPR� HO� PD¯]� \� RWURV� DVRFLDGRV� D� «VWH�� &RPR� HQ� PXFKDV�
UHJLRQHV� WURSLFDOHV�� OD� DJULFXOWXUD� LWLQHUDQWH� HV� XQD� IRUPD� FRP¼Q� GH� DJULFXOWXUD� GH�
VXEVLVWHQFLD�� (VWD� DJULFXOWXUD� �DJULFXOWXUD� GH� UR]D�WXPED�TXHPD�� 5�7�4�� WLHQH� XQ�
LPSDFWR�EDMR�HQ�FRPSDUDFLµQ�FRQ�OD�RFDVLRQDGD�SRU�ODV�DJURLQGXVWULDV��(Q�OD�DJULFXOWXUD�
LWLQHUDQWH� VH� GHVSHMD� XQ� WHUUHQR� \� VH� XWLOL]D� PLHQWUDV� HV� SURGXFWLYR�� &XDQGR� OD�
SURGXFWLYLGDG�GLVPLQX\H�VH�DEDQGRQD�HO�WHUUHQR�\�ODV�FRPXQLGDGHV�GH�£UEROHV�YXHOYHQ�D�
FUHFHU� SRU� XQ� SURFHVR� GH� UHJHQHUDFLµQ� QDWXUDO�� (VWDV� SU£FWLFDV� GH� PDQHMR� UHVXOWDQ� HQ�
SDLVDMHV� HQ� PRVDLFR�� HQ� ORV� TXH� VH� HQWUHPH]FODQ� WLHUUDV� DJU¯FRODV� \� ERVTXHV� GH�
GLIHUHQWHV�HGDGHV�

/RV�ERVTXHV�HQ�UHJHQHUDFLµQ�VH�GHQRPLQDQ�ERVTXHV�VHFXQGDULRV��([LVWHQ�GLIHUHQWHV�IDVHV�
TXH� VH� SUHVHQWDQ� GHVGH� TXH� HO� FDPSR�� XQD� YH]� FXELHUWR� SRU� SDVWRV� R� PD¯]�� OOHJD� D� VHU�
FXELHUWR� FRPSOHWDPHQWH� SRU� £UEROHV� �)LJXUD� ���� (O� SDVWR� \� ORV� FXOWLYRV� TXHGDQ�
VRPEUHDGRV�XQD�YH]�TXH�VH�HVWDEOHFHQ�ORV�£UEROHV��&XDQWRV�P£V�£UEROHV�OOHJDQ�\�FUHFHQ�
DXPHQWD� OD� VRPEUD� VREUH� HO� VXHOR� \� SHUPDQHFHQ� PHQRV� FXOWLYRV� \� SDVWR�� KDVWD� TXH� VH�
IRUPD�XQD�FRPXQLGDG�IRUHVWDO��&RQ�HO�SDVR�GH�ORV�D³RV��ORV�ERVTXHV�VHFXQGDULRV�SXHGHQ�
DOFDQ]DU� QLYHOHV� GH� ELRGLYHUVLGDG� \� SURSRUFLRQDU� EHQHILFLRV� D� ODV� SHUVRQDV� TXH� VRQ�
FRPSDUDEOHV� D� ORV� GH� ORV� ERVTXHV� H[LVWHQWHV� DQWHV� GH� OD� GHIRUHVWDFLµQ� �3RRUWHU� HW� DO��
������

9ROXPHQ�����1¼PHUR�����QRYLHPEUH����� ��

/
%RVTXHV�VHFXQGDULRV
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)LJXUD�����'LIHUHQWHV�IDVHV�GH�OD�UHJHQHUDFLµQ�IRUHVWDO�HQ�FDPSRV�DJU¯FRODV�DEDQGRQDGRV��'HVGH�XQ�SRWUHUR�

R�XQ�FDPSR�DJU¯FROD��D�OD�L]TXLHUGD��KDVWD�XQ�ERVTXH�VHFXQGDULR�FRPSOHWDPHQWH�GHVDUUROODGR��D�OD�GHUHFKD�

/RV� ERVTXHV� VHFXQGDULRV� VLJXHQ� WUD\HFWRULDV� GH� UHJHQHUDFLµQ� YDULDGDV� TXH� RFXUUHQ� D�

GLIHUHQWHV� YHORFLGDGHV�� (Q� DOJXQRV� SRWUHURV� DEDQGRQDGRV�� SXHGHQ� SDVDU� YDULRV� D³RV�

DQWHV� GH� TXH� VH� HVWDEOH]FDQ� ORV� SULPHURV� £UEROHV�� PLHQWUDV� TXH� HQ� DOJXQRV� FDPSRV�

DJU¯FRODV�\D�VH�KD�IRUPDGR�XQ�ERVTXH�VHFXQGDULR�HQ�HO�PLVPR�SHU¯RGR��(VWDV�GLIHUHQFLDV�

HQ�OD�YHORFLGDG�GH�OD�UHJHQHUDFLµQ�GHSHQGHQ�GH�DVSHFWRV�VRFLDOHV��FRPR�OD�VHYHULGDG�GHO�

XVR�SUHYLR�GHO�VXHOR��\�HFROµJLFRV��FRPR�OD�FDQWLGDG�GH�FREHUWXUD�IRUHVWDO�FLUFXQGDQWH�DO�

WHUUHQR�DEDQGRQDGR��%DOYDQHUD�HW�DO��������)LJXUD�����0£V�DGHODQWH�GLVFXWLUHPRV�FµPR�

HO� XVR� SUHYLR� GHO� VXHOR� \� OD� FREHUWXUD� IRUHVWDO� FLUFXQGDQWH� SXHGHQ� DIHFWDU� OD�

UHJHQHUDFLµQ�GH�ODV�FRPXQLGDGHV�IRUHVWDOHV�

)DFWRUHV�TXH�LPSXOVDQ�OD�UHFXSHUDFLµQ�GHO�ERVTXH�

)LJXUD�����9LVLµQ�HVTXHP£WLFD�GH�FµPR�ODV�SU£FWLFDV�GH�XVR�GHO�VXHOR�\�OD�FREHUWXUD�IRUHVWDO�FLUFXQGDQWH�

DIHFWDQ�OD�UHJHQHUDFLµQ�GHO�ERVTXH�VHFXQGDULR�XQD�YH]�TXH�VH�DEDQGRQD�XQ�FDPSR�DJU¯FROD�
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9ROXPHQ�����1¼PHUR�����QRYLHPEUH����� ��

(Q�0«[LFR��GRV�GH�ORV�XVRV�DJU¯FRODV�GHO�VXHOR�P£V�IUHFXHQWHV�VRQ�OD�FU¯D�GH�JDQDGR�\�HO�

FXOWLYR�GH�PD¯]�\�RWUDV�HVSHFLHV�DVRFLDGDV��VLVWHPD�GH�PLOSD���FDGD�XQR�FRQ�SU£FWLFDV�GH�

PDQHMR�HVSHF¯ILFDV��3DUD�OD�FU¯D�GH�JDQDGR��ORV�FDPSHVLQRV�VXHOHQ�TXHPDU�OD�YHJHWDFLµQ�

SDUD�SHUPLWLU�HO� FUHFLPLHQWR�GHO�SDVWR�VHPEUDGR��R� VLPSOHPHQWH�SHUPLWLU�TXH�HO�SDVWR�

FUH]FD� GH� IRUPD� QDWXUDO�� /D� HOLPLQDFLµQ� GH� OD� YHJHWDFLµQ� �LQFOX\HQGR� £UEROHV�� VXHOH�

DXPHQWDU� OD� H[SRVLFLµQ� GHO� SDVWR� D� OD� OX]� VRODU�� 3DUD� HO� FXOWLYR� GH� PD¯]� \� VXV� FXOWLYRV�

DVRFLDGRV��IULMRO��FDODED]D��FKLOHV�\�RWURV���HO�FDPSR�VXHOH�VHU�TXHPDGR�SDUD�GHVSHMDU�HO�

WHUUHQR�� VHJXLGR� GH� ODERUHV� GH� ODEUDQ]D� PDQXDO� R� PHF£QLFD�� FRQ� HO� SURSµVLWR� GH�

LQFRUSRUDU�HO�PDWHULDO�YHJHWDO�DO�VXHOR�\�PHMRUDU�VX�IHUWLOLGDG��'XUDQWH�OD�WHPSRUDGD�GH�

FUHFLPLHQWR� GHO� FXOWLYR�� HV� FRP¼Q� HO� XVR� GH� KHUELFLGDV� SDUD� HOLPLQDU� PDOH]DV� \� RWUDV�

SODQWDV� TXH� SRGU¯DQ� FRPSHWLU� FRQ� ORV� � FXOWLYRV� DQXDOHV� SRU� OD� OX]� \� ORV� QXWULHQWHV� GHO�

VXHOR��$GHP£V��VH�SXHGHQ�DSOLFDU�SHVWLFLGDV�SDUD�FRQWURODU�D�ODV�SODJDV�

/D�UHJHQHUDFLµQ�QDWXUDO�GHO�ERVTXH�HQ�XQ�FDPSR�DEDQGRQDGR�GHSHQGH�GH�OD�VHYHULGDG�

GH� ODV�SU£FWLFDV�GH�PDQHMR�GHO�VXHOR�DSOLFDGDV�SUHYLDPHQWH�DO�DEDQGRQR��)LJXUD�����1R�

VµOR� LPSRUWD� TX«� WLSR� GH� XVR� GHO� VXHOR� VH� OOHYµ� D� FDER�� (V� LPSRUWDQWH� FRQRFHU� OD�

H[WHQVLµQ��GXUDFLµQ�� LQWHQVLGDG�\�IUHFXHQFLD�GH�ODV�SU£FWLFDV�DJU¯FRODV�TXH�VH�DSOLFDURQ�

DO�VXHOR�\�D�OD�YHJHWDFLµQ�UHPDQHQWH�DQWHV�GHO�DEDQGRQR��-DNRYDF�HW�DO��������)LJXUD�����

3RU� HMHPSOR�� VL� VH� DSOLFDURQ� SHVWLFLGDV� R� KHUELFLGDV� HV� LPSRUWDQWH� FRQVLGHUDU� OD�

H[WHQVLµQ� GHO� WHUUHQR�� HO� WLHPSR�� OD� FDQWLGDG� \� IUHFXHQFLD� GH� DSOLFDFLµQ� GH� HVWRV�

DJURTX¯PLFRV�

(O�PDQHMR�SUHYLR�GHO�VXHOR�DIHFWD�GLUHFWDPHQWH�D�OD�UHJHQHUDFLµQ�GHO�ERVTXH��/D��5�7�4�

UHGXFH�GH�PDQHUD�LPSRUWDQWH�WDQWR�HO�Q¼PHUR�GH�VHPLOODV�YLDEOHV�SUHVHQWHV�HQ�HO�VXHOR�

FRPR� HO� Q¼PHUR� GH� £UEROHV� SURGXFWRUHV� GH� VHPLOODV�� OR� TXH� FRQGXFH� D� XQD� PHQRU�

FDQWLGDG�\�GLYHUVLGDG�GH�VHPLOODV�\��SRU�OR�WDQWR��GH�ODV�SO£QWXODV�GH�£UEROHV�TXH�SRGU¯DQ�

HPHUJHU�� �$GHP£V��HVWD�SU£FWLFD�DJU¯FROD�IDYRUHFH�D� ORV�£UEROHV�TXH�SXHGHQ�UHEURWDU�D�

SDUWLU� GH� XQ� WRFµQ�� SRU� OR� TXH� VH� GD� XQD� UHFXSHUDFLµQ� U£SLGD� GH� OD� PDVD� IRUHVWDO�

GRPLQDGD� SRU� HVWDV� HVSHFLHV�� (O� DXPHQWR� HQ� OD� IUHFXHQFLD� GHO� GHVKLHUEH� WDPEL«Q�

IDYRUHFH� OD� DEXQGDQFLD� GH� HVSHFLHV� FRQ� FDSDFLGDG� GH� SURGXFLU� UHEURWHV�� \D� TXH� ODV�

HVSHFLHV�TXH�QR�UHEURWDQ�VRQ�HOLPLQDGDV��)LJXUD��$���/DV�SU£FWLFDV�LQWHQVLYDV�GH�XVR�GHO�

VXHOR�� FRPR� SRU� HMHPSOR� OD� ODEUDQ]D� FRQ� WUDFWRU�� DXPHQWDQ� OD� DEXQGDQFLD� GH� DOJXQDV�

HVSHFLHV� DGDSWDGDV� D� OD� FRPSDFWDFLµQ� GH� VXHOR� \� D� RWURV� HIHFWRV� GH� HVWRV� XVRV�

LQWHQVLYRV� �=HUPH³R�+HUQ£QGH]� HW� DO�� ������� (Q� HO� FDVR� GH� ORV� SRWUHURV�� ORV� SDVWRV�

VHPEUDGRV�R�LQGXFLGRV�GLILFXOWDQ�TXH�ODV�SO£QWXODV�GH�£UEROHV�VH�HVWDEOH]FDQ�GHELGR�D�OD�

PD\RU�FDSDFLGDG�FRPSHWLWLYD�GH�ORV�]DFDWHV�SRU�HVSDFLR��DJXD��QXWULHQWHV�\�OX]��3RRUWHU�

(IHFWR�GHO�PDQHMR�SUHYLR�GH�OD�WLHUUD�HQ�OD�UHFXSHUDFLµQ�GHO�ERVTXH�
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)LJXUD���� � �(IHFWR�GH�SU£FWLFDV�GH�XVR�GHO�VXHOR��$��\�GH�OD�FREHUWXUD�IRUHVWDO�FLUFXQGDQWH��%��VREUH�HO�PRGR�
GH�HVWDEOHFLPLHQWR�GH�£UEROHV�HQ�SRWUHURV�DEDQGRQDGRV�HQ�XQD�UHJLµQ�F£OLGR�K¼PHGD�GH�&KLDSDV��0«[LFR��
(O�SRUFHQWDMH�GH�£UEROHV�TXH�QR�VH�RULJLQDQ�GH�VHPLOODV�FRUUHVSRQGH�D�HVSHFLHV�TXH�VRQ�FDSDFHV�GH�UHEURWDU��
/D�FREHUWXUD�GH�ERVTXH�LQGLFD�HO�SRUFHQWDMH�GH�FREHUWXUD�GH�ERVTXH�VHFXQGDULRV�P£V�YLHMRV�TXH�QR�OLPLWDQ�
FRQ� RWUR� XVR� GHO� VXHOR� HQ� XQ� UDGLR� GH� XQ� NLOµPHWUR� DOUHGHGRU� GHO� SRWUHUR� DEDQGRQDGR�� /RV� GDWRV�
FRUUHVSRQGHQ�D�OD�IDVH�LQLFLDO�GH�OD�UHJHQHUDFLµQ�IRUHVWDO��WUHV�D³RV�GHVSX«V�GHO�DEDQGRQR��(VWRV�UHVXOWDGRV�
VH�REWXYLHURQ�HQ����SDUFHODV� ����[����P�FDGD�XQD��GH�SRWUHURV�DEDQGRQDGRV�GLVWULEXLGRV�HQ�HO�SDLVDMH�GHO�
SREODGR�GH�/RPD�%RQLWD��(O�FRHILFLHQWH�GH�FRUUHODFLµQ�GH�6SHDUPDQ��U��\�HO�YDORU�S�GH�OD�UHODFLµQ�VH�PXHVWUDQ�
GHQWUR�GH�ODV�JU£ILFDV�

HW�DO���������/D�SUHVHQFLD�GH�JDQDGR�WDPEL«Q�DIHFWD�OD�UHJHQHUDFLµQ�GH�SDOPDV�\�SODQWDV�
OH³RVDV��\D�TXH� ORV�ERYLQRV�UDPRQHDQ�\�SLVRWHDQ� ODV�SO£QWXODV� �+RUGLMN�HW� DO���������6LQ�
HPEDUJR��FLHUWDV�SU£FWLFDV�GH�PDQHMR�SXHGHQ�DXPHQWDU�OD�DEXQGDQFLD�\�OD�GLYHUVLGDG�GH�

£UEROHV��FRPR� OD�SODQWDFLµQ�GH�£UEROHV�DXWµFWRQRV�R�HO�FXLGDGR�GH�DTXHOORV�TXH�VH�KDQ�

HVWDEOHFLGR�QDWXUDOPHQWH��(VWRV�£UEROHV�SXHGHQ�VHUYLU�FRPR�IXHQWH�GH�VHPLOODV�R�K£ELWDW�

SDUD�DYHV�\�PXUFL«ODJRV�GLVSHUVRUHV�GH�VHPLOODV�\��SRU�OR�WDQWR��DXPHQWDU�OD�YHORFLGDG�GH�

OD�UHJHQHUDFLµQ�GH�ODV�FRPXQLGDGHV�IRUHVWDOHV��'HQW�\�(VWUDGD�9LOOHJDV�������

/D� GHIRUHVWDFLµQ� GLVPLQX\H� OD� FREHUWXUD� IRUHVWDO� \� OD� FRQHFWLYLGDG� HQWUH� IUDJPHQWRV�

UHPDQHQWHV�GH�ERVTXH�� OR�TXH�OLPLWD� OD�UHJHQHUDFLµQ�GH�ERVTXHV�HQ�FDPSRV�DEDQGRQDGRV�

�)LJXUD����� (VWR� VH�GHEH� D� TXH� OD� SUHVHQFLD� \� DEXQGDQFLD� GH�SROLQL]DGRUHV�� ODV� IXHQWHV�GH�

VHPLOODV

(IHFWR�GH�OD�FREHUWXUD�IRUHVWDO�FLUFXQGDQWH�HQ�OD�UHFXSHUDFLµQ�GHO�ERVTXH
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VHPLOODV�\� VXV�GLVSHUVRUHV�GHSHQGHQ�HQ�JUDQ�PHGLGD�GH� OD�H[WHQVLµQ�\� FRQHFWLYLGDG�GH� OD�
FREHUWXUD�IRUHVWDO�HQ�HO�SDLVDMH��$UUR\R�5RGU¯JXH]�HW�DO���������$V¯��SRU�HMHPSOR��FXDQGR�KD\�
P£V�ERVTXH�DOUHGHGRU�GH�ORV�FDPSRV�DEDQGRQDGRV��DXPHQWD�HO�SRWHQFLDO�GH�UHJHQHUDFLµQ�
FRQ� OD�SUHVHQFLD�GH�GLFKRV� �DQLPDOHV�\� OD�GLVSRQLELOLGDG�GH�VHPLOODV�GH�£UEROHV� �6DIDU�HW�DO��
������� $GHP£V�� OD� GLYHUVLGDG� GH� HVSHFLHV� GH� £UEROHV� DXPHQWD� P£V� U£SLGR� HQ� FDPSRV�
URGHDGRV�SRU�XQD�PD\RU�FREHUWXUD�IRUHVWDO��\D�TXH�HVWR�IDFLOLWD�HO�PRYLPLHQWR�GH�DQLPDOHV�
TXH�GLVSHUVDQ�VHPLOODV�GH�XQD�YDULHGDG�DPSOLD�GH�HVSHFLHV��3RU�RWUR�ODGR��D�PHGLGD�TXH�HO�
ERVTXH� HVW£� P£V� FHUFDQ� GHO� FDPSR� DEDQGRQDGR� DXPHQWD� OD� OOHJDGD� GH� VHPLOODV��
HVSHFLDOPHQWH�GH�ODV�TXH�VRQ�GLVSHUVDGDV�SRU�YHUWHEUDGRV��(Q�FRQWUDVWH��DO�DXPHQWDU�HVWD�
GLVWDQFLD�ODV�VHPLOODV�TXH�OOHJDQ�VRQ�SULPRUGLDOPHQWH�ODV�GLVSHUVDGDV�SRU�HO�YLHQWR��'HQW�\�
(VWUDGD�9LOOHJDV� ������� $GHP£V�� OD� FRQHFWLYLGDG� GHO� ERVTXH� SHUPLWH� HO� PRYLPLHQWR� GH�
DQLPDOHV�GLVSHUVRUHV�GH�VHPLOODV�JUDQGHV��SURGXFLGDV�SRU�HVSHFLHV�DUEµUHDV�W¯SLFRV�GH� ORV�
ERVTXHV� PDGXURV�� (Q� QXHVWURV� HVWXGLRV� HQFRQWUDPRV� TXH� HO� SRUFHQWDMH� GH� £UEROHV� TXH�
LQJUHVDURQ�D� WUDY«V�GH� VHPLOODV�GLVSHUVDGDV�DXPHQWµ�HQ�SRWUHURV�DEDQGRQDGRV� URGHDGRV�
SRU�IUDJPHQWRV�GH�ERVTXH�P£V�JUDQGHV�\�FRQHFWDGRV��)LJXUD��%���$GHP£V�GH�OD�SUHVHQFLD�
GH�ERVTXH��ORV�£UEROHV�UHPDQHQWHV��ORV�TXH�QR�IXHURQ�FRUWDGRV��SXHGHQ�IDFLOLWDU�OD�VXFHVLµQ��
\�HVSHFLDOPHQWH�HO�HVWDEOHFLPLHQWR�GH�£UEROHV�D�SDUWLU�GH�VHPLOODV�GLVSHUVDGDV�SRU�DQLPDOHV�
�

1R� VµOR� ODV� SU£FWLFDV� GH� PDQHMR� SUHYLDV�� VLQR� WDPEL«Q� OD� FREHUWXUD� IRUHVWDO� FLUFXQGDQWH��
DIHFWDQ� OD� UHJHQHUDFLµQ� GH� ORV� ERVTXHV� WURSLFDOHV� HQ� FDPSRV� DJU¯FRODV� DEDQGRQDGRV�� (Q�
FDGD� UHJLµQ� WURSLFDO�� ORV� DJULFXOWRUHV� WLHQHQ� VXV� SURSLDV� SU£FWLFDV� GH� PDQHMR� \� ODV�
FRQGLFLRQHV� ORFDOHV� GHO� VLWLR� VRQ� FU¯WLFDV� SDUD� GHILQLU� OD� YHORFLGDG� \� OD� WUD\HFWRULD� GH� OD�
UHJHQHUDFLµQ� QDWXUDO� GHO� ERVTXH�� 3DUD� LGHQWLILFDU� WHUUHQRV� FRQ� PD\RU� SRWHQFLDO� GH�
UHJHQHUDUVH�QDWXUDOPHQWH�KD\�TXH�VHOHFFLRQDU�£UHDV�GRQGH�

&RQFOXVLRQHV�\�UHFRPHQGDFLRQHV�GH�PDQHMR�

'HFODUDFLµQ�GH�DXWRU¯D

ï�(O�XVR�SUHYLR�GHO�VXHOR�VHD�EDMR�HQ�H[WHQVLµQ��GXUDFLµQ��LQWHQVLGDG�\�IUHFXHQFLD�
ï�/D�FREHUWXUD�\�FRQHFWLYLGDG�GHO�ERVTXH�HQ�HO�SDLVDMH�VHDQ�DOWDV�

,+��/3��005��)%��50�\�-0�FRQFLELHURQ�ODV�LGHDV�\�GLVH³DURQ�OD�PHWRGRORJ¯D��,+�UHFRSLOµ�\�
DQDOL]µ� ORV� GDWRV� \� GLULJLµ� OD� UHGDFFLµQ� GHO� PDQXVFULWR�� 005� WUDGXMR� HO� PDQXVFULWR� GHO�
LQJO«V��

$JUDGHFLPLHQWRV

(VWD� LQYHVWLJDFLµQ� KD� VLGR� ILQDQFLDGD� FRQ� XQD� 6XEYHQFLµQ� $YDQ]DGD� GHO� (5&� �(XURSHDQ�
5HVHDUFK� &RXQFLO�� ê%LRGLYHUVLGDG� \� UHFXSHUDFLµQ� GH� ERVTXHV� HQ� SDLVDMHV� WURSLFDOHV� å�
3$17523ë��,'���������RWRUJDGD�D�/RXUHQV�3RRUWHU�
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/LWHUDWXUD�FLWDGD�

ï�$UUR\R�5RGU¯JXH]�9�HW�DO��������0XOWLSOH�VXFFHVVLRQDO�SDWKZD\V�LQ�KXPDQ�PRGLILHG�
WURSLFDO�ODQGVFDSHV��QHZ�LQVLJKWV�IURP�IRUHVW�VXFFHVVLRQ��IRUHVW�IUDJPHQWDWLRQ�DQG�
ODQGVFDSH�HFRORJ\�UHVHDUFK��%LRORJLFDO�5HYLHZV��������å�����
KWWSV���GRL�RUJ���������EUY������

ï��%DOYDQHUD�3�HW�DO��������6RFLDO�HFRORJLFDO�G\QDPLFV�RI�WURSLFDO�VHFRQGDU\�IRUHVWV��)RUHVW�
(FRORJ\�DQG�0DQDJHPHQW��������������KWWSV���GRL�RUJ���������M�IRUHFR������������

ï�'HQW�'+��(VWUDGD�9LOOHJDV�6��������8QLWLQJ�QLFKH�GLIIHUHQWLDWLRQ�DQG�GLVSHUVDO�
OLPLWDWLRQ�SUHGLFWV�WURSLFDO�IRUHVW�VXFFHVVLRQ��7UHQGV�LQ�(FRORJ\�DQG�(YROXWLRQ��������������
KWWSV���GRL�RUJ���������M�WUHH������������

ï��+RUGLMN�,�HW�DO��������&DWWOH�DIIHFW�UHJHQHUDWLRQ�RI�WKH�SDOP�VSHFLHV�$WWDOHD�SULQFHSV�LQ�D�
%ROLYLDQ�IRUHVWåVDYDQQD�PRVDLF��%LRWURSLFD������������KWWSV���GRL�RUJ���������EWS������

ï�-DNRYDF�&&�HW�DO��������7KH�UROH�RI�ODQG�XVH�KLVWRU\�LQ�GULYLQJ�VXFFHVVLRQDO�SDWKZD\V�
DQG�LWV�LPSOLFDWLRQV�IRU�WKH�UHVWRUDWLRQ�RI�WURSLFDO�IRUHVWV��%LRORJLFDO�5HYLHZV����������
������KWWSV���GRL�RUJ���������EUY������

ï�3RRUWHU�/�HW�DO��������0XOWLGLPHQVLRQDO�WURSLFDO�IRUHVW�UHFRYHU\��6FLHQFH�����������
�����

ï��6DIDU�19�HW�DO��������/DQGVFDSH�RSHQQHVV�KDV�GLIIHUHQW�HIIHFWV�RQ�WKH�VWUXFWXUH��
GLYHUVLW\�DQG�IXQFWLRQDO�FRPSRVLWLRQ�RI�%UD]LOLDQ�UDLQIRUHVWV��)RUHVW�(FRORJ\�DQG�
0DQDJHPHQW��������������KWWSV���GRL�RUJ���������M�IRUHFR������������

ï�=HUPH³R�+HUQ£QGH]�,�HW�DO��������(FRORJLFDO�GLVWXUEDQFH�UHJLPHV�FDXVHG�E\�
DJULFXOWXUDO�ODQG�XVHV�DQG�WKHLU�HIIHFWV�RQ�WURSLFDO�IRUHVW�UHJHQHUDWLRQ��$SSOLHG�9HJHWDWLRQ�
6FLHQFH��������������KWWSV���GRL�RUJ���������DYVF������
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https://doi.org/10.1016/j.tree.2021.04.001
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5HJUHVDU�DO�¯QGLFH

,ULV� +RUGLMN� HV� 'RFWRUD� SRU� OD� 8QLYHUVLGDG� (7+� GH�
=¼ULFK�� 6XL]D�� (Q� OD� DFWXDOLGDG� HV� LQYHVWLJDGRUD�
SRVWGRFWRUDO� HQ� OD� 8QLYHUVLGDG� GH� :DJHQLQJHQ��
3D¯VHV�%DMRV��6X� LQYHVWLJDFLµQ�VH�FHQWUD�HQ�HO�DQ£OLVLV�
GH� OD� DEXQGDQFLD� \� GLYHUVLGDG� GH� HVSHFLHV� HQ�
FRPXQLGDGHV�YHJHWDOHV��GHVGH� OD�HVFDOD� ORFDO�KDVWD� OD�
JOREDO�� 6X� VLVWHPD� GH� HVWXGLR� W¯SLFR� HV� HO� SDLVDMH�
IRUHVWDO�� FRQ� «QIDVLV� HQ� ORV� £UEROHV�� WHQLHQGR� HQ�
FXHQWD�ODV�LQIOXHQFLDV�HFROµJLFDV�\�KXPDQDV��

&RQWDFWR�

LULV�KRUGLMN#ZXU�QO

�4XL«Q�HVFULEH"

mailto:iris.hordijk@wur.nl

