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PHWKRGV� IRU� WKH� SURGXFWLRQ� RI� PHWDEROLWHV� LV� LQFUHDVLQJ�� $� IXQJXV� HQKDQFHG� E\� FKDQFH�

PXWDWLRQ� IRU� FHOOXODVH�SURGXFWLRQ� LV�3HQLFLOOLXP�HFKLQXODWXP�� LQ�ZKLFK� WKH�ZLOG� VWUDLQ��++�

UHVXOWHG��DIWHU�VHYHUDO�VWHSV��LQ�WKH�6�0���VWUDLQ��0RVW�IXQJDO�FRPSRXQGV�RI�ELRWHFKQRORJLFDO�

LQWHUHVW� DUH� VHFRQGDU\� PHWDEROLWHV�� FODVVLILHG� DV� SRO\NHWLGHV� �3.��� QRQ�ULERVRPDO� SHSWLGHV�

�153��� WHUSHQHV�� DPRQJ� RWKHUV�� DFFRUGLQJ� WR� WKHLU� VWUXFWXUDO� HQ]\PH�� 7KH� REMHFWLYH� RI� WKLV�

VWXG\� ZDV� WR� SUHGLFW� VHFRQGDU\� PHWDEROLWHV� LQ� SUHYLRXVO\� VHTXHQFHG� DQG� DQQRWDWHG� 3��

HFKLQXODWXP� �++� DQG� 6�0��� JHQRPHV�� 7KH� JHQRPLF� VHTXHQFHV� ZHUH� DQDO\]HG� E\� WKH�

DQWL60$6+�Y�����WRRO��ZKLFK�FRPSDUHG�WKHP�ZLWK�WKH�0,%L*�GDWDEDVH��DQG�WKH�REWDLQHG�GDWD�

ZHUH�YHULILHG�E\�PDQXDO�FXUDWLRQ��5HVXOWV�ZHUH�VLPLODU�IRU� WKH�VHTXHQFHV�RI�WKH�WZR�VWUDLQV��

DERXW�����RI�DVVHPEOHG�IUDJPHQWV�ZHUH�LGHQWLILHG�LQ����UHJLRQV�ZLWK�VHFRQGDU\�PHWDEROLWH�

UHODWHG� JHQH� FOXVWHUV� FRQWDLQLQJ� VWUXFWXUDO� HQ]\PHV� IRU� WHUSHQHV�� QRQ�ULERVRPDO� SHSWLGH�

V\QWKHWDVHV� �1536��� IUDJPHQWV� VLPLODU� WR� QRQ�ULERVRPDO� SHSWLGH� V\QWKHWDVH� �1536�OLNH���

SRO\NHWLGH� W\SH� ,� V\QWKDVHV� �3.6��� K\EULG� JURXSLQJV� EHWZHHQ� 1536� DQG� 3.6� W\SH� ,��

EHWDODFWRQH� FRQWDLQLQJ� SURWHDVH� LQKLELWRU� DQG� VLGHURSKRUH�� 6HYHQ� UHJLRQV� VLPLODU� WR�

ELRV\QWKHWLF�JHQH�FOXVWHUV�RI� WKH�PHWDEROLWHV�FODYDULF�DFLG��QDSKWRS\URQH��QLGXODQLQH�$�� WZR�

JURXSV� VLPLODU� WR�R[DOHLPLGH�&��SK\LOORVWLFWLQ�$�DQG�%�DQG����
�SLSHUD]LQH�����GL\OGLPHWK\O�

ELV�SKHQRO� ZHUH� LGHQWLILHG�� 7KHVH� JHQH� JURXSV� LQGLFDWH� RUWKRORJ\� LQ� RWKHU� IXQJDO� VSHFLHV�

ZKRVH� VHFRQGDU\� PHWDEROLWHV� KDYH� EHHQ� FKDUDFWHUL]HG�� VXJJHVWLQJ� WKDW� WKH� VDPH� FRQGLWLRQ�

PD\�H[LVW�IRU�WKH�VWUDLQV�VWXGLHG�LQ�WKH�SUHVHQW�ZRUN��

.(<:25'6��&RPSDUDWLYH�JHQRPLFV��)XQJDO�JHQRPLFV��6HFRQGDU\�PHWDEROLWHV��3UHGLFWLRQ�

RI�ELRV\QWKHWLF�JHQH�FOXVWHUV��
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%LRORJLD��D�FLrQFLD�TXH�HVWXGD�D�YLGD��XWLOL]D�WUDGLFLRQDOPHQWH�PpWRGRV�GH�SHVTXLVD�

EDVHDGRV� HP� REVHUYDomR�� 'HVGH� RV� SULPyUGLRV� GR� XVR� GD� FLrQFLD�� YLVWR� HVWD� SUiWLFD�

PHWRGROyJLFD�� IRL� SRVVtYHO� GHVYHQGDU� FRPR� D� YLGD� DFRQWHFH�� TXDLV� IHQ{PHQRV� HVWmR�

UHODFLRQDGRV�D�HOD��R�TXH�SRVVLELOLWD�D�H[LVWrQFLD�GH�VHUHV�YLYRV��FRPR�HOHV�VH�GHVHQYROYHP�H�

VH�UHODFLRQDP��HQWUH�WDQWRV�RXWURV�DVSHFWRV�TXH�VH�SRVVD�DQDOLVDU��(QWUHWDQWR��FRP�RV�DYDQoRV�

GDV� GHVFREHUWDV�� QRYDV� PHWRGRORJLDV� VmR� QHFHVViULDV� SDUD� D� RUJDQL]DomR� GR� FRQKHFLPHQWR�

JHUDGR��GLYLGLQGR�D�%LRORJLD� HP�GLYHUVDV� FLrQFLDV�� H� UHODFLRQDQGR�D� FRP�FRQKHFLPHQWRV�GH�

RXWUDV�iUHDV��HVSHFLDOPHQWH�FRP�&LrQFLDV�([DWDV��

1HVVH�FRQWH[WR��D�%LRLQIRUPiWLFD�WHP�SURPRYLGR�JUDQGHV�DYDQoRV��HVSHFLDOPHQWH�QD�

iUHD�GD�%LRORJLD�0ROHFXODU��2�XVR�GH� IHUUDPHQWDV�FRPSXWDFLRQDLV�SDUD�R�DUPD]HQDPHQWR� H�

DQiOLVH� GH� GDGRV� SHUPLWLX� R� GHVHQYROYLPHQWR� GD� *HQ{PLFD�� GD� 3URWH{PLFD� H� GD�

0HWDERO{PLFD��SRVVLELOLWDQGR�R�HVWXGR�GH�VHTXrQFLDV�GH�QXFOHRWtGHRV��DPLQRiFLGRV��HVWUXWXUDV�

GH�PHWDEyOLWRV�H�WUD]HQGR�QRYDV�GHVFREHUWDV�QRV�PDLV�YDULDGRV�GRPtQLRV�GRV�RUJDQLVPRV��

&RP�R�VXUJLPHQWR�GRV�VHTXHQFLDGRUHV�DXWRPiWLFRV�GH�'1$�QD�VHJXQGD�PHWDGH�GD�

GpFDGD� GH� ������ KRXYH� XPD� H[SORVmR� QD� TXDQWLGDGH� GH� VHTXrQFLDV� HVWXGDGDV�� H[LJLQGR�

UHFXUVRV� FRPSXWDFLRQDLV� FDGD� YH]� PDLV� HILFLHQWHV�� WDQWR� SDUD� R� DUPD]HQDPHQWR� GH� GDGRV�

FRPR�SDUD�D�VXD�DQiOLVH�� WRUQDQGR�LQGLVSHQViYHO�D�XWLOL]DomR�GH�SODWDIRUPDV�FRPSXWDFLRQDLV�

HILFLHQWHV� SDUD� LQWHUSUHWDomR� GRV� UHVXOWDGRV� REWLGRV��$WXDOPHQWH�� DSyV� R� VHTXHQFLDPHQWR� GH�

XP�JHQRPD��R� IRFR�GDV�SHVTXLVDV� WHP�VLGR�D�DQRWDomR�JHQ{PLFD��SURFHVVR�TXH�FRQVLVWH�HP�

DGLFLRQDU�DQiOLVHV�H�LQWHUSUHWDo}HV�ELROyJLFDV�VREUH�DV�VHTXrQFLDV�GH�'1$��

2� /DERUDWyULR� GH� (Q]LPDV� H� %LRPDVVDV� GR� ,QVWLWXWR� GH� %LRWHFQRORJLD� GD�

8QLYHUVLGDGH� GH� &D[LDV� GR� 6XO� UHDOL]RX� R� VHTXHQFLDPHQWR� GDV� OLQKDJHQV� VHOYDJHP� �++� H�



��

PXWDQWH� 6�0��� GR� IXQJR� 3HQLFLOOLXP� HFKLQXODWXP�� FRQVLGHUDGR� XP� PLFURUJDQLVPR� FRP�

JUDQGH�SRWHQFLDO�SDUD�D�SURGXomR�GH�FHOXODVHV��6HX�FRPSOH[R�HQ]LPiWLFR�DSUHVHQWD�SURSRUomR�

HTXLOLEUDGD�GH�DWLYLGDGH�VREUH�SDSHO�ILOWUR�H�ȕ�JOLFRVLGDVH��R�TXH�p�LPSRUWDQWH�SDUD�D�KLGUyOLVH�

GH� FHOXORVH�� 1HVVH� VHQWLGR�� WRUQD�VH� UHOHYDQWH� R� HVWXGR� WDPEpP� GH� VHX� PHWDEROLVPR�

VHFXQGiULR��LQIRUPDomR�TXH�SRGH�DX[LOLDU�QD�FRPSUHHQVmR�GD�FDSDFLGDGH�GHVWH�PLFURUJDQLVPR�

GH�GHVFRQVWUXLU�RV�OLJQRFHOXOyVLFRV��

$�SURGXomR�GH�HQ]LPDV�OLJQRFHOXOyVLFDV�SRU�PHLR�GHVWH�IXQJR�p�HVWXGDGD�Ki�PDLV�GH�

TXDUHQWD� DQRV�� 6XD� OLQKDJHP� VHOYDJHP� �++� IRL� LVRODGD� GR� WUDWR� GLJHVWLYR� GH� ODUYDV� GR�

FROHySWHUR� $QRELXP� SXQFWDWXP� HP� ������ $� SDUWLU� GLVVR�� R� IXQJR� IRL� VXEPHWLGR� D� XP�

SURJUDPD� GH�PXWDJrQHVH� H� VHOHomR� DWp� D� REWHQomR� HP� ����� GD� OLQKDJHP��$��6���PXWDQWH�

SDUFLDOPHQWH�GHVUHSULPLGR�j� JOLFRVH�� D�SDUWLU� GH�SHUy[LGR�GH�KLGURJrQLR� H� VHOHomR� HP�PHLR�

VXSOHPHQWDGR� FRP� ��GHVR[LJOLFRVH�� 1D� FRQWLQXLGDGH� GR� SURJUDPD� GH� PHOKRUDPHQWR� IRL�

RULJLQDGR��HP�������D�OLQKDJHP�6�0����TXH�SRVVXL�DOWD�SURGXomR�GH�FHOXODVHV�QD�SUHVHQoD�GH�

VDFDURVH���

2� IXQJR� 3�� HFKLQXODWXP� �++� p� XP� RUJDQLVPR� HQGRVVLPELRQWH�� 3RVVLYHOPHQWH��

DQFHVWUDLV�IRUDP�LQJHULGRV�SHODV�ODUYDV�GH�$��SXQFWDWXP��VREUHYLYHUDP�DR�VHX�WUDWR�GLJHVWLYR�H�

SDVVDUDP�D�YLYHU�GH�XPD�GLHWD�GH�OLJQRFHOXOyVLFR��TXH�p�R�DOLPHQWR�GD�ODUYD��VHQGR�D�FHOXORVH�

TXHEUDGD�SHOR�VLVWHPD�HQ]LPiWLFR�GR�IXQJR��

2�JrQHUR�3HQLFLOOLXP� WHP�VLGR�PXLWR�HVWXGDGR�SRU�HVVD�VXD�FDSDFLGDGH�GH�SURGX]LU�

XP�JUDQGH�Q~PHUR�GH�SURGXWRV�QDWXUDLV� FRP�DSOLFDo}HV�ELRWHFQROyJLFDV� H� IDUPDFrXWLFDV��2�

PHWDEyOLWR� VHFXQGiULR� SURGX]LGR� SRU� 3HQLFLOOLXP� VSS� PDLV� FRQKHFLGR� p� R� DQWLELyWLFR�

SHQLFLOLQD�� GHVFREHUWR� HP� ����� SRU� $OH[DQGHU� )OHPLQJ� H� TXH� KRMH� p� SURGX]LGR� HP� ODUJD�

HVFDOD�SRU�OLQKDJHQV�PHOKRUDGDV�GH�3HQLFLOOLXP�UXEHQV���2�DQWLI~QJLFR�JULVHRIXOYLQD��R�iFLGR�

PLFRIHQyOLFR��XP�LPXQRVVXSUHVVRU��H�D�FRPSDFWLQD�PHYDVWDWLQD��PHGLFDPHQWRV�SDUD�UHGX]LU�

R� FROHVWHURO�� HVWmR� HQWUH� FRPSRVWRV� IDUPDFrXWLFRV� UHOHYDQWHV� SURGX]LGRV� SRU� HVSpFLHV� GH�



���

3HQLFLOOLXP�� (QWUHWDQWR�� DOJXPDV� HVSpFLHV� WDPEpP� SURGX]HP� PLFRWR[LQDV� FRPR� FLWULQLQD��

RFUDWR[LQD� H� SDWXOLQD�� TXH�SRGHP�RIHUHFHU� ULVFRV� j� VD~GH� GH� VHUHV� KXPDQRV� H� DQLPDLV�� ,VWR�

FRPSURYD�FRPR�HVVDV�HVSpFLHV�WHP�JUDQGH�LPSRUWkQFLD�FRPR�IRQWHV�GH�SURGXWRV�ELRDWLYRV�GH�

DSOLFDomR�PpGLFD��

0HWDEyOLWRV�VHFXQGiULRV�VmR�FRPSRVWRV�SURGX]LGRV�SRU�XP�RUJDQLVPR�TXH�QmR�HVWmR�

GLUHWDPHQWH� OLJDGRV� j� VREUHYLYrQFLD� GR� LQGLYtGXR�� PDV� TXH� WUD]HP� JUDQGHV� EHQHItFLRV� j�

HVSpFLH� RX� DR� RUJDQLVPR� HP� ORJR� SUD]R��2� DSURYHLWDPHQWR� ELRWHFQROyJLFR� GDV� HVSpFLHV� GH�

3HQLFLOOLXP�SRVVXL�UHODomR�FRP�VXD�FDSDFLGDGH�GH�SURGX]LU�PHWDEyOLWRV�VHFXQGiULRV�ELRDWLYRV���

1HVVH� VHQWLGR�� p� LPSRUWDQWH� DYDOLDU� WRGR� R� FRQWH[WR� GDV� YLDV� ELRVVLQWpWLFDV� GR�

PHWDEROLVPR� GR� IXQJR� SDUD� PHOKRU� FRPSUHHQGHU� FRPR� DSURYHLWDU� D� SURGXomR� GHVVHV�

FRPSRVWRV� HP� SURFHVVRV� ELRWHFQROyJLFRV� RX� VXSULPL�ORV� TXDQGR� LQGHVHMDGRV�� 2�

GHVHQYROYLPHQWR�GH�IHUUDPHQWDV�GH�DQiOLVH�HP�ELRLQIRUPiWLFD�WHP�EHQHILFLDGR�D�SHVTXLVD�GH�

PHWDEyOLWRV�VHFXQGiULRV��SRLV�SRVVLELOLWD�TXH�JHQRPDV�VHMDP�H[WUDtGRV�SDUD�D�LGHQWLILFDomR�GH�

JHQHV� HQYROYLGRV� QDV� YLDV� ELRVVLQWpWLFDV� GH� PHWDEyOLWRV� VHFXQGiULRV�� $V� IHUUDPHQWDV�

GHVHQYROYLGDV� VH� DSURYHLWDP�GD� FDUDFWHUtVWLFD�GHVWHV�JHQHV�GH� VH�DJUXSDUHP�QR�JHQRPD�HP�

DJUXSDPHQWRV�GH�JHQHV�ELRVVLQWpWLFRV��%LRV\QWKHWLF�*HQH�&OXVWHUV�±�%*&����

&RQVLGHUDQGR� HVWH� FRQWH[WR�� R� REMHWLYR� GHVWH� WUDEDOKR� IRL� SUHGL]HU� H� FDUDFWHUL]DU�

DJUXSDPHQWRV�JrQLFRV�UHODFLRQDGRV�DR�PHWDEROLVPR�VHFXQGiULR�GH�3��HFKLQXODWXP��GH�IRUPD�D�

FRPSUHHQGHU�PHFDQLVPRV� ELROyJLFRV� GR�PHWDEROLVPR� VHFXQGiULR� GR� IXQJR�� FRPSDUDQGR� DV�

OLQKDJHQV� VHOYDJHP�H�PXWDQWH� XWLOL]DGDV� SDUD� XP�PHOKRU� DSURYHLWDPHQWR� GH� OLQKDJHQV� FRP�

SRWHQFLDO� DSURYHLWDPHQWR� ELRWHFQROyJLFR�� 6mR� REMHWLYRV� HVSHFtILFRV�� �D�� LGHQWLILFDU�

DJUXSDPHQWRV� GH� JHQHV� UHODFLRQDGRV� DR� PHWDEROLVPR� VHFXQGiULR�� �E�� FRPSDUDU� RV�

DJUXSDPHQWRV� SUHGLWRV� HQWUH� D� OLQKDJHP�PXWDQWH� H� VHOYDJHP�FRP� IXQJRV� ILORJHQHWLFDPHQWH�

UHODFLRQDGRV��H��F��FDUDFWHUL]DU�RV�DJUXSDPHQWRV�HP�UHODomR�j�HQ]LPD�SULQFLSDO�GH�VXSRUWH�H�

DR�PHWDEyOLWR�VHFXQGiULR�SUHGLWR��
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3HQLFLOOLXP�p�XP�JrQHUR�EDVWDQWH�GLYHUVR�GH�IXQJRV�ILODPHQWRVRV��FRP�����HVSpFLHV�

GHVFULWDV�� KDELWDQGR� RV� PDLV� YDULDGRV� DPELHQWHV�� FRP� GLVWULEXLomR� FRVPRSROLWD� H� JUDQGH�

LPSDFWR� HFRQ{PLFR� j� YLGD� KXPDQD�� (P� ������ /LQN� QRPHRX� R� JrQHUR� FRP� D� SDODYUD� TXH�

VLJQLILFD� ³SLQFHO´�� H� GHVGH� DV� SULPHLUDV� WUrV� HVSpFLHV� ±�3HQLFLOOLXP� FDQGLGXP��3HQLFLOOLXP�

JODXFXP� H� 3HQLFLOOLXP� H[SDQVXP� ±� PDLV� GH� ����� QRPHV� IRUDP� DFUHVFHQWDGRV�� PXLWRV�

DWXDOPHQWH� UHYLVLWDGRV� SRU� FULWpULRV� GH� FODVVLILFDomR� PDLV� PRGHUQRV�� RX� FRQVLGHUDGRV�

VLQ{QLPRV�GH�RXWUDV�HVSpFLHV��SULQFLSDOPHQWH�FRP�R�DYDQoR�GRV�VHTXHQFLDPHQWRV�GH�JHQRPD�

D�SDUWLU�GD�GpFDGD�GH�������9LVDJLH�HW�DO���������

$�FODVVLILFDomR�WD[RQ{PLFD�GH�3HQLFLOOLXP�p��5HLQR�)XQJL��)LOR�$VFRP\FRWD��&ODVVH�

(XURWLRP\FHWHV��2UGHP�(XURWLDOHV��)DPtOLD�7ULFKRPDFHDH��*rQHUR�3HQLFLOOLXP��$V� FRO{QLDV�

JHUDOPHQWH� VmR� GH� UiSLGR� FUHVFLPHQWR�� HP� WRQV� GH� YHUGH�� jV� YH]HV� EUDQFDV�� FRQVLVWLQGR�

SULQFLSDOPHQWH� GH� XP� IHOWUR� GHQVR� GH� FRQLGLyIRURV�� 0LFURVFRSLFDPHQWH�� DV� FDGHLDV� GH�

FRQtGLRV� XQLFHOXODUHV� VmR� SURGX]LGDV� HP� VXFHVVmR� EDVLSHWDO� GH� XPD� FpOXOD� FRQLGLRJHQRVD�

�ILiOLGHV��� (P� 3HQLFLOOLXP� VSS��� HVVDV� FpOXODV� SRGHP� SURGX]LU�VH� LVRODGDPHQWH�� HP� JUXSRV�

UDPLILFDGRV��GDQGR�XPD�DSDUrQFLD�GH�HVFRYD��)LJXUD�����3HEHUG\�HW�DO���������



(P� ������ )OHPLQJ� SHUFHEHX� TXH

DFLGHQWDOPHQWH� FRQWDPLQDUDP

DXUHXV��(OH�HQWmR�LVRORX�R�IXQJR�HP�PHLR�OtTXLGR�H�VHSDURX�R�IOXLGR�GDV�FpOXODV��YHULILFDQGR�

TXH� R� FRPSRVWR� LQLELD� R� FUHVFLPHQWR� G

³SHQLFLOLQD´��PDV� D�SHVTXLVD� IRL� GHVFRQWLQXDGD�� 3RU� GpFDGDV�� R� I

FXULRVLGDGH�GH�ODERUDWyULR��DWp�TXH�FLHQWLVWDV�EULWkQLFRV�FRQVHJXLUDP�LVRODU�XPD�IRUPD�VHJXUD�

GD�SHQLFLOLQD��DSHVDU�GH�TXH�D�SURGXomR�SHOR�PLFURUJDQLVPR�IRVVH�

PHOKRUDPHQWR�GD�SURGXomR��DV�FRQGLo}HV�GH�FXO

SRU� VHOHomR� JHQpWLFD�� LQLFLDQGR� FRP�

)DQJ����������

1D�GpFDGD�GH�������GHYLGR�j�,,�*XHUUD�0XQGLDO��D�QHFHVVLGDGH�GH�SHQLFLOLQD�WRUQRX

VH� XPD� UHDOLGDGH�� HVWLPXODQGR� DV

PHOKRUDPHQWR�� WDQWR� JHQpWLFR� FRPR� GH� PLFURELRORJLD� LQGXVWULDO�� H� FRQVHTXHQWHPHQWH�

HQJDMDQGR�RV� HVWXGRV� VREUH�PHWDEROLVPR� VHFXQGiULR� GH� IXQJRV� GH� LQWHUHVVH� ELRWHFQROyJLFR��

FRPR�R�3HQLFLOOLXP��1HVVH�VHQWLG

)LJXUD����3DGU}HV�GH� UDPLILFDomR�GH� FRQLGLyIRURV�REVHUYDGRV� HP�
&RQLGLyIRURV� FRP� ILiOLGHV� VROLWiULDV�� %�� 0RQRYHUWLFLODGR�� &�� 'LYDULFDGR�� '�� (��
%LYHUWLFLODGR�� )��7HUYHUWLFLODGR��*��4XDWHUYHUWLFLODWR
SDUWHV�GH�FRQLGLyIRURV��%DUUD�GH�HVFDOD� ����

(P� ������ )OHPLQJ� SHUFHEHX� TXH� FRO{QLDV� GH� 3HQLFLOOLXP� QRWDWXP

DFLGHQWDOPHQWH� FRQWDPLQDUDP� VXDV� SODFDV� GH� 3HWUL�� PDWDUDP� FRO{QLDV� G

��(OH�HQWmR�LVRORX�R�IXQJR�HP�PHLR�OtTXLGR�H�VHSDURX�R�IOXLGR�GDV�FpOXODV��YHULILFDQGR�

TXH� R� FRPSRVWR� LQLELD� R� FUHVFLPHQWR� GH� EDFWpULDV�� 6XD� GHVFREHUWD� IRL� QRPHDGD� FRPR�

³SHQLFLOLQD´��PDV� D�SHVTXLVD� IRL� GHVFRQWLQXDGD�� 3RU� GpFDGDV�� R� IDWR� SHUPDQHFHX� FRPR�XPD�

FXULRVLGDGH�GH�ODERUDWyULR��DWp�TXH�FLHQWLVWDV�EULWkQLFRV�FRQVHJXLUDP�LVRODU�XPD�IRUPD�VHJXUD�

GD�SHQLFLOLQD��DSHVDU�GH�TXH�D�SURGXomR�SHOR�PLFURUJDQLVPR�IRVVH�EDVWDQWH�OH

SURGXomR��DV�FRQGLo}HV�GH�FXOWLYR�IRUDP�RWLPL]DGDV

VHOHomR� JHQpWLFD�� LQLFLDQGR� FRP� 3HQLFLOOLXP� FKU\VRJHQXP� �)OHPLQJ�� ������ 'HPDLQ� 	�

1D�GpFDGD�GH�������GHYLGR�j�,,�*XHUUD�0XQGLDO��D�QHFHVVLGDGH�GH�SHQLFLOLQD�WRUQRX

VH� XPD� UHDOLGDGH�� HVWLPXODQGR� DV SHVTXLVDV� GH� VHOHomR� GH� OLQKDJHQV� H� GH� SURJUDPDV� GH�

PHOKRUDPHQWR�� WDQWR� JHQpWLFR� FRPR� GH� PLFURELRORJLD� LQGXVWULDO�� H� FRQVHTXHQWHPHQWH�

HQJDMDQGR�RV� HVWXGRV� VREUH�PHWDEROLVPR� VHFXQGiULR� GH� IXQJRV� GH� LQWHUHVVH� ELRWHFQROyJLFR��

��1HVVH�VHQWLGR��D�SHQLFLOLQD�IRL�R�SULPHLUR�PHWDEyOLWR�VHFXQGiULR�XWLOL]DGR�

��3DGU}HV�GH� UDPLILFDomR�GH� FRQLGLyIRURV�REVHUYDGRV� HP�3HQLFLOOLXP
&RQLGLyIRURV� FRP� ILiOLGHV� VROLWiULDV�� %�� 0RQRYHUWLFLODGR�� &�� 'LYDULFDGR�� '�� (��
%LYHUWLFLODGR�� )��7HUYHUWLFLODGR��*��4XDWHUYHUWLFLODWR�� WHUPRV�XWLOL]DGRV� SDUD�GHVFUHYHU�
SDUWHV�GH�FRQLGLyIRURV��%DUUD�GH�HVFDOD� ����ȝP��WUDGX]LGR�GH�9LVDJLH�HW�DO

���

3HQLFLOOLXP� QRWDWXP�� TXH�

FRO{QLDV� GH� 6WDSK\ORFRFFXV�

��(OH�HQWmR�LVRORX�R�IXQJR�HP�PHLR�OtTXLGR�H�VHSDURX�R�IOXLGR�GDV�FpOXODV��YHULILFDQGR�

EDFWpULDV�� 6XD� GHVFREHUWD� IRL� QRPHDGD� FRPR�

DWR� SHUPDQHFHX� FRPR�XPD�

FXULRVLGDGH�GH�ODERUDWyULR��DWp�TXH�FLHQWLVWDV�EULWkQLFRV�FRQVHJXLUDP�LVRODU�XPD�IRUPD�VHJXUD�

EDVWDQWH�OHQWD��(P�EXVFD�GH�

H�R�RUJDQLVPR�SDVVRX�

�)OHPLQJ�� ������ 'HPDLQ� 	�

1D�GpFDGD�GH�������GHYLGR�j�,,�*XHUUD�0XQGLDO��D�QHFHVVLGDGH�GH�SHQLFLOLQD�WRUQRX�

SHVTXLVDV� GH� VHOHomR� GH� OLQKDJHQV� H� GH� SURJUDPDV� GH�

PHOKRUDPHQWR�� WDQWR� JHQpWLFR� FRPR� GH� PLFURELRORJLD� LQGXVWULDO�� H� FRQVHTXHQWHPHQWH�

HQJDMDQGR�RV� HVWXGRV� VREUH�PHWDEROLVPR� VHFXQGiULR� GH� IXQJRV� GH� LQWHUHVVH� ELRWHFQROyJLFR��

R��D�SHQLFLOLQD�IRL�R�SULPHLUR�PHWDEyOLWR�VHFXQGiULR�XWLOL]DGR�

3HQLFLOOLXP��$��
&RQLGLyIRURV� FRP� ILiOLGHV� VROLWiULDV�� %�� 0RQRYHUWLFLODGR�� &�� 'LYDULFDGR�� '�� (��

�� WHUPRV�XWLOL]DGRV� SDUD�GHVFUHYHU�
HW�DO��������



FRPR�DJHQWH�TXLPLRWHUDSrXWLFR�GH�VXFHVVR�SURGX]LGR�SRU�XP�IXQJR��H�DEULX�DV�SRUWDV�SDUD�R�

GHVHQYROYLPHQWR�GD�LQG~VWULD�GH�DQWLELyWLFRV

(VVD� SURFXUD� SRU� PHWDEyOLWRV� VHFXQ

LQLEHP�R�FUHVFLPHQWR�GH�EDFWpULDV��IXQJRV��SURWR]RiULRV��SDUDVLWDV��LQVHWRV��YtUXV�H�DWp�PHVPR�

FpOXODV�WXPRUDLV�KXPDQDV�IRUDP�GHVFREHUWRV��FRPR�H[HPSOLILFDGR�QD�

PROpFXODV� FRP� HIHLWRV� FLWRWy[LFRV�� PXWDJrQLFRV�� FDUFLQRJrQLFRV�� WHUDWRJrQLFRV��

LPXQRVVXSUHVVRUHV�� LQLELGRUHV� GH� HQ]LPDV�� DOHORSiWLFDV� H� RXWURV� HIHLWRV� ELROyJLFRV� WDPEpP�

IRUDP�HQFRQWUDGDV��.HOOHU�HW�DO

)XQJRV� ILODPHQWRVRV�� HP� JHUDO�� VmR� FRQKHFLGRV�

FRPSRVWRV� GH� LQWHUHVVH� FRPHUFLDO�� HVSHFLDOPHQWH� GH� DQWLELyWLFRV� H� RXWURV� IiUPDFRV��

$WXDOPHQWH�� R� JrQHUR� 3HQLFLOOLXP

TXHLMRV��HQ]LPDV�OLJQRFHOXOROtWLFDV�H�SHTXHQDV�PROpFXODV�ELRDWLY

�1LHOVHQ���������2�HVWXGR�GR�PHWDERORPD�VHFXQGiULR�GH�IXQJRV�RIHUHFH�JUDQGH�SRWHQFLDO�QDV�

DSOLFDo}HV�LQGXVWULDLV��.HOOHU��������

)LJXUD����0HWDEyOLWRV�VHFXQGiULRV�HQFRQWUDGRV�HP�HVSpFLHV�GH�

FRPR�DJHQWH�TXLPLRWHUDSrXWLFR�GH�VXFHVVR�SURGX]LGR�SRU�XP�IXQJR��H�DEULX�DV�SRUWDV�SDUD�R�

GHVHQYROYLPHQWR�GD�LQG~VWULD�GH�DQWLELyWLFRV��'HPDLQ�	�)DQJ���������

(VVD� SURFXUD� SRU� PHWDEyOLWRV� VHFXQGiULRV� ELRDWLYRV� FRQWLQXRX� H� FRPSRVWRV� TXH�

LQLEHP�R�FUHVFLPHQWR�GH�EDFWpULDV��IXQJRV��SURWR]RiULRV��SDUDVLWDV��LQVHWRV��YtUXV�H�DWp�PHVPR�

FpOXODV�WXPRUDLV�KXPDQDV�IRUDP�GHVFREHUWRV��FRPR�H[HPSOLILFDGR�QD�)LJXUD�

PROpFXODV� FRP� HIHLWRV� FLWRWy[LFRV�� PXWDJrQLFRV�� FDUFLQRJrQLFRV�� WHUDWRJrQLFRV��

LPXQRVVXSUHVVRUHV�� LQLELGRUHV� GH� HQ]LPDV�� DOHORSiWLFDV� H� RXWURV� HIHLWRV� ELROyJLFRV� WDPEpP�

HW�DO���������

)XQJRV� ILODPHQWRVRV�� HP� JHUDO�� VmR� FRQKHFLGRV� SHOD� SURGXomR� GH� LQ~PHURV�

FRPSRVWRV� GH� LQWHUHVVH� FRPHUFLDO�� HVSHFLDOPHQWH� GH� DQWLELyWLFRV� H� RXWURV� IiUPDFRV��

3HQLFLOOLXP p� DPSODPHQWH� XWLOL]DGR� QD� LQG~VWULD�� QD� IDEULFDomR� GH�

TXHLMRV��HQ]LPDV�OLJQRFHOXOROtWLFDV�H�SHTXHQDV�PROpFXODV�ELRDWLYDV�GH�DSOLFDomR�IDUPDFrXWLFD�

�1LHOVHQ���������2�HVWXGR�GR�PHWDERORPD�VHFXQGiULR�GH�IXQJRV�RIHUHFH�JUDQGH�SRWHQFLDO�QDV�

DSOLFDo}HV�LQGXVWULDLV��.HOOHU��������

��0HWDEyOLWRV�VHFXQGiULRV�HQFRQWUDGRV�HP�HVSpFLHV�GH�3HQLFLOOLXP �WUDGX]LGR�GH�1LHOVHQ��������

���

FRPR�DJHQWH�TXLPLRWHUDSrXWLFR�GH�VXFHVVR�SURGX]LGR�SRU�XP�IXQJR��H�DEULX�DV�SRUWDV�SDUD�R�

GiULRV� ELRDWLYRV� FRQWLQXRX� H� FRPSRVWRV� TXH�

LQLEHP�R�FUHVFLPHQWR�GH�EDFWpULDV��IXQJRV��SURWR]RiULRV��SDUDVLWDV��LQVHWRV��YtUXV�H�DWp�PHVPR�

)LJXUD����0XLWDV�RXWUDV�

PROpFXODV� FRP� HIHLWRV� FLWRWy[LFRV�� PXWDJrQLFRV�� FDUFLQRJrQLFRV�� WHUDWRJrQLFRV��

LPXQRVVXSUHVVRUHV�� LQLELGRUHV� GH� HQ]LPDV�� DOHORSiWLFDV� H� RXWURV� HIHLWRV� ELROyJLFRV� WDPEpP�

SURGXomR� GH� LQ~PHURV�

FRPSRVWRV� GH� LQWHUHVVH� FRPHUFLDO�� HVSHFLDOPHQWH� GH� DQWLELyWLFRV� H� RXWURV� IiUPDFRV��

p� DPSODPHQWH� XWLOL]DGR� QD� LQG~VWULD�� QD� IDEULFDomR� GH�

DV�GH�DSOLFDomR�IDUPDFrXWLFD�

�1LHOVHQ���������2�HVWXGR�GR�PHWDERORPD�VHFXQGiULR�GH�IXQJRV�RIHUHFH�JUDQGH�SRWHQFLDO�QDV�

�WUDGX]LGR�GH�1LHOVHQ��������



���

����0(7$%2/,602�6(&81'È5,2�

2�GHVHQYROYLPHQWR�GD�IHUPHQWDomR�GD�SHQLFLOLQD�QD�GpFDGD�GH������PDUFRX�R�LQtFLR�

GR� TXH� p� FKDPDGR� GH� HUD� GH� RXUR� GD� PLFURELRORJLD� LQGXVWULDO�� UHVXOWDQGR� HP� XP� JUDQGH�

Q~PHUR� GH� PHWDEyOLWRV� SULPiULRV� H� VHFXQGiULRV� GH� LPSRUWkQFLD� FRPHUFLDO�� 2� PHWDEROLVPR�

SULPiULR� HQYROYH� XPD� VpULH� GH� UHDo}HV� FDWDEyOLFDV�� DQILEyOLFDV� H� DQDEyOLFDV� PHGLDGDV� SRU�

HQ]LPDV� TXH� IRUQHFHP� LQWHUPHGLiULRV� ELRVVLQWpWLFRV� H� HQHUJLD�� H� FRQYHUWHP� SUHFXUVRUHV�

ELRVVLQWpWLFRV� HP� PDFURPROpFXODV� HVVHQFLDLV�� FRPR� '1$�� 51$�� SURWHtQDV�� OLStGLRV� H�

SROLVVDFDUtGHRV��e� HTXLOLEUDGR� H�RV� LQWHUPHGLiULRV� UDUDPHQWH� VmR� DFXPXODGRV��2V� SULQFLSDLV�

PHWDEyOLWRV� SULPiULRV� GD� ELRLQG~VWULD� VmR� DPLQRiFLGRV�� QXFOHRWtGHRV�� YLWDPLQDV� H� iFLGRV�

RUJkQLFRV��'HPDLQ�	�)DQJ����������

0HWDEyOLWRV�SULPiULRV�VmR�IXQGDPHQWDLV�SDUD�D�VREUHYLYrQFLD�GDV�HVSpFLHV��3RU�RXWUR�

ODGR��PHWDEyOLWRV�VHFXQGiULRV�VmR�PROpFXODV�RUJkQLFDV�TXH�QmR�HVWmR�GLUHWDPHQWH�HQYROYLGDV�

QR�FUHVFLPHQWR�H�GHVHQYROYLPHQWR�GH�XP�RUJDQLVPR��$SHVDU�GLVVR��VXD�DXVrQFLD�QmR�UHVXOWD�

HP� PRUWH� LPHGLDWD�� PDV� HP� ORQJR� SUD]R� RFRUUH� R� FRPSURPHWLPHQWR� GD� FDSDFLGDGH� GH�

VREUHYLYrQFLD�GR�RUJDQLVPR��$JRVWLQL�&RVWD�HW�DO����������$�LQWHJUDomR�HQWUH�R�PHWDEROLVPR�

SULPiULR�H�R�VHFXQGiULR�p�H[HPSOLILFDGD�QD�)LJXUD����



'H�WRGRV�RV�SURGXWRV�WUDGLFLRQDLV�SURGX]LGRV�SRU�ELRSURFHVVRV��RV�PDLV�LPSRUWDQWHV�

SDUD� D� VD~GH� KXPDQD� VmR� RV� PHWDEyOLWRV� VHFXQGiULRV�� (VWHV

IXQomR�QR�FUHVFLPHQWR�� VHQGR� IUHTXHQWHPHQWH�SURGX]LGRV� HP�XPD� IDVH�GH�GHVHQYROYLPHQWR�

GH� FXOWXUD� VXEVHTXHQWH� D� HVWD�� SRVVXHP� HVWUXWXUDV� TXtPLFDV� LQFRPXQV� H� YDULDGDV�� H� VmR�

IUHTXHQWHPHQWH�PLVWXUDV�GH�PHPEURV�UHODFLRQDGRV�GH�XPD�

�������

(VWHV� FRPSRVWRV� VmR� XP� JUXSR� GH� SURGXWRV� QDWXUDLV� EDVWDQWH� GLYHUVLILFDGRV��

VLQWHWL]DGRV�SRU�SODQWDV��IXQJRV��EDFWpULDV��DOJDV�H�DQLPDLV��$JRVWLQL

IRUQHFHP� YDQWDJHQV� SDUD� D� VREUHYLYrQFLD� GR� RUJDQLVPR� GH� YiULDV� PDQHLUDV�� PHOKRUDP� D�

GLVSRQLELOLGDGH�GH� QXWULHQWHV�� FRPR� RV� VLGHUyIRURV�� SURWHJHP�FRQWUD� HVWUHVVRUHV� DPELHQWDLV��

FRPR�SLJPHQWRV�H�RVPRSURWHWRUHV��HVWmR�HQYROYLGRV�HP�LQWHUDo}HV�FR

)LJXUD� ��� 9LVmR� JHUDO� GR� PHWDEROLVPR��
PHWDEyOLWRV�SRU� DQDEROLVPR��(VWHV�SUHFXUVRUHV� VmR� WUDQVIRUPDGRV� HP�PDFURPROpFXODV� SDUD�JHUDU� ELRPDVVD
SDUD� R� FUHVFLPHQWR�� (P� FRQGLo}HV� GH� OLPLWDomR� GH� QXWULHQWHV�� RV� SUH
FDWDEROLVPR�D�PDFURPROpFXODV�H�DUPD]HQDGDV�QD�FpOXOD��(VWtPXORV�SRGHP�LQGX]LU�R�PHWDEROLVPR�VHFXQGiULR�
H�GLUHFLRQDU�R�IOX[R�GH�SUHFXUVRUHV�GH�PHWDEyOLWRV�SDUD�D�JHUDomR�GH�PHWDEyOLWRV�VHFXQGiULRV��$FHWLO
DPLQRiFLGRV�VmR�LPSRUWDQWHV�EORFRV�GH�FRQVWUXomR�SDUD�PDFURPROpFXODV�H�PHWDEyOLWRV�VHFXQGiULRV��WUDGX]LGR�
GH�1LHOVHQ��������

'H�WRGRV�RV�SURGXWRV�WUDGLFLRQDLV�SURGX]LGRV�SRU�ELRSURFHVVRV��RV�PDLV�LPSRUWDQWHV�

SDUD� D� VD~GH� KXPDQD� VmR� RV� PHWDEyOLWRV� VHFXQGiULRV�� (VWHV VmR� PHWDEyOLWRV� TXH� QmR� WrP�

IXQomR�QR�FUHVFLPHQWR�� VHQGR� IUHTXHQWHPHQWH�SURGX]LGRV� HP�XPD� IDVH�GH�GHVHQYROYLPHQWR�

GH� FXOWXUD� VXEVHTXHQWH� D� HVWD�� SRVVXHP� HVWUXWXUDV� TXtPLFDV� LQFRPXQV� H� YDULDGDV�� H� VmR�

IUHTXHQWHPHQWH�PLVWXUDV�GH�PHPEURV�UHODFLRQDGRV�GH�XPD�IDPtOLD�TXtPLFD��'HPDLQ�	�)DQJ��

(VWHV� FRPSRVWRV� VmR� XP� JUXSR� GH� SURGXWRV� QDWXUDLV� EDVWDQWH� GLYHUVLILFDGRV��

VLQWHWL]DGRV�SRU�SODQWDV��IXQJRV��EDFWpULDV��DOJDV�H�DQLPDLV��$JRVWLQL�&RVWD�

IRUQHFHP� YDQWDJHQV� SDUD� D� VREUHYLYrQFLD� GR� RUJDQLVPR� GH� YiULDV� PDQHLUDV�� PHOKRUDP� D�

GLVSRQLELOLGDGH�GH� QXWULHQWHV�� FRPR� RV� VLGHUyIRURV�� SURWHJHP�FRQWUD� HVWUHVVRUHV� DPELHQWDLV��

FRPR�SLJPHQWRV�H�RVPRSURWHWRUHV��HVWmR�HQYROYLGRV�HP�LQWHUDo}HV�FRPSHWLWLYDV�FRP�RXWURV�

�� 9LVmR� JHUDO� GR� PHWDEROLVPR�� 1XWULHQWHV� DEVRUYLGRV� VmR� FRQYHUWLGRV� HP� SUHFXUVRUHV� GH�
PHWDEyOLWRV�SRU� DQDEROLVPR��(VWHV�SUHFXUVRUHV� VmR� WUDQVIRUPDGRV� HP�PDFURPROpFXODV� SDUD�JHUDU� ELRPDVVD
SDUD� R� FUHVFLPHQWR�� (P� FRQGLo}HV� GH� OLPLWDomR� GH� QXWULHQWHV�� RV� SUHFXUVRUHV� SRGHP� VHU� UHJHQHUDGRV� SRU�
FDWDEROLVPR�D�PDFURPROpFXODV�H�DUPD]HQDGDV�QD�FpOXOD��(VWtPXORV�SRGHP�LQGX]LU�R�PHWDEROLVPR�VHFXQGiULR�
H�GLUHFLRQDU�R�IOX[R�GH�SUHFXUVRUHV�GH�PHWDEyOLWRV�SDUD�D�JHUDomR�GH�PHWDEyOLWRV�VHFXQGiULRV��$FHWLO

VmR�LPSRUWDQWHV�EORFRV�GH�FRQVWUXomR�SDUD�PDFURPROpFXODV�H�PHWDEyOLWRV�VHFXQGiULRV��WUDGX]LGR�

���

'H�WRGRV�RV�SURGXWRV�WUDGLFLRQDLV�SURGX]LGRV�SRU�ELRSURFHVVRV��RV�PDLV�LPSRUWDQWHV�

VmR� PHWDEyOLWRV� TXH� QmR� WrP�

IXQomR�QR�FUHVFLPHQWR�� VHQGR� IUHTXHQWHPHQWH�SURGX]LGRV� HP�XPD� IDVH�GH�GHVHQYROYLPHQWR�

GH� FXOWXUD� VXEVHTXHQWH� D� HVWD�� SRVVXHP� HVWUXWXUDV� TXtPLFDV� LQFRPXQV� H� YDULDGDV�� H� VmR�

IDPtOLD�TXtPLFD��'HPDLQ�	�)DQJ��

(VWHV� FRPSRVWRV� VmR� XP� JUXSR� GH� SURGXWRV� QDWXUDLV� EDVWDQWH� GLYHUVLILFDGRV��

&RVWD�HW�DO���������(OHV�

IRUQHFHP� YDQWDJHQV� SDUD� D� VREUHYLYrQFLD� GR� RUJDQLVPR� GH� YiULDV� PDQHLUDV�� PHOKRUDP� D�

GLVSRQLELOLGDGH�GH� QXWULHQWHV�� FRPR� RV� VLGHUyIRURV�� SURWHJHP�FRQWUD� HVWUHVVRUHV� DPELHQWDLV��

PSHWLWLYDV�FRP�RXWURV�

1XWULHQWHV� DEVRUYLGRV� VmR� FRQYHUWLGRV� HP� SUHFXUVRUHV� GH�
PHWDEyOLWRV�SRU� DQDEROLVPR��(VWHV�SUHFXUVRUHV� VmR� WUDQVIRUPDGRV� HP�PDFURPROpFXODV� SDUD�JHUDU� ELRPDVVD

FXUVRUHV� SRGHP� VHU� UHJHQHUDGRV� SRU�
FDWDEROLVPR�D�PDFURPROpFXODV�H�DUPD]HQDGDV�QD�FpOXOD��(VWtPXORV�SRGHP�LQGX]LU�R�PHWDEROLVPR�VHFXQGiULR�
H�GLUHFLRQDU�R�IOX[R�GH�SUHFXUVRUHV�GH�PHWDEyOLWRV�SDUD�D�JHUDomR�GH�PHWDEyOLWRV�VHFXQGiULRV��$FHWLO�&R$�H�

VmR�LPSRUWDQWHV�EORFRV�GH�FRQVWUXomR�SDUD�PDFURPROpFXODV�H�PHWDEyOLWRV�VHFXQGiULRV��WUDGX]LGR�



���

RUJDQLVPRV��FRPR�DQWLELyWLFRV�H�PROpFXODV�GH�VLQDOL]DomR��RX�DWXDP�FRPR�XP�PHFDQLVPR�GH�

GHIHVD�PHWDEyOLFD��FRPR�IODYRQRLGHV�YHJHWDLV�H�WR[LQDV�DOFDORLGHV��%UHLWOLQJ�HW�DO���������

2�PHWDEROLVPR�VHFXQGiULR�SRGH�VHU�XP�PHLR�SDUD�DUPD]HQDU�RX�HOLPLQDU�PHWDEyOLWRV�

QmR�DSURYHLWDGRV�TXH�UHVXOWDP�GR�PHWDEROLVPR�SULPiULR��2XWUD�DQiOLVH�SURS}H�TXH�RV�JHQHV�

HQYROYLGRV�QR�PHWDEROLVPR�VHFXQGiULR�VRIUHUDP�HYROXomR�SRU�PXWDomR�H�VHOHomR�QDWXUDO�TXH�

UHVXOWRX� HP� EHQHItFLRV� SDUD� D� HVSpFLH��8PD� WHUFHLUD� REVHUYDomR� FDUDFWHUL]D� R�PHWDEROLVPR�

VHFXQGiULR�FRPR�SDUWH�LQWHJUDQWH�GR�PHWDEROLVPR�FHOXODU��VHQGR�GHSHQGHQWH�GR�PHWDEROLVPR�

SULPiULR�SDUD�IRUQHFHU�HQ]LPDV��HQHUJLD��VXEVWUDWRV�H�PDTXLQDULD�FHOXODU�TXH�FRQWULEXHP�SDUD�

D�VREUHYLYrQFLD�GR�RUJDQLVPR��5R]H�HW�DO���������

0HWDEyOLWRV� VHFXQGiULRV�� WDPEpP� FKDPDGRV� GH� SURGXWRV� QDWXUDLV�� VmR�� �L�� EDVH� GH�

IiUPDFRV� FRPR� DQWLELyWLFRV�� DJHQWHV� DQWLWXPRUDLV� H� DQWLYLUDLV�� DQWLSLUpWLFRV�� DOXFLQyJHQRV�� H�

KLSROLSHPLDQWHV�� �LL�� PROpFXODV� LPSRUWDQWHV� SDUD� DSOLFDo}HV� DJUtFRODV�� FRPR� KHUELFLGDV� RX�

ILWRWR[LQDV�� �LLL�� DGLWLYRV� DOLPHQWDUHV� SDUD� FRU�� VDERU� H� HGXOFRUDQWHV�� �LY�� XWLOL]DGRV� HP�

IUDJUkQFLDV�� �Y��XWLOL]DGRV�FRPR�SUHFXUVRUHV�SDUD�D� VtQWHVH�GH�SOiVWLFRV�H�FRP�UHOHYkQFLD�QD�

SHVTXLVD�FLHQWtILFD�HP�ELRORJLD�FHOXODU�H�PROHFXODU��%UHLWOLQJ�HW�DO��������%OLQ�HW�DO���������$R�

ORQJR�GR�VpFXOR�;;��RV�SURGXWRV�QDWXUDLV�FRQWULEXtUDP�QR�DYDQoR�GD� FRPSUHHQVmR�KXPDQD�

VREUH� D� ELRORJLD� H� QR� GHVHQYROYLPHQWR� GD� PHGLFLQD�� SRU� H[HPSOR� QRYRV� FRPSRVWRV�

GHVFREHUWRV�H�VXD�DPSOD�XWLOL]DomR��SULQFLSDOPHQWH�QD� LQG~VWULD� IDUPDFrXWLFD� �$UQLVRQ�HW�DO��

�������

1D�QDWXUH]D��RV�PHWDEyOLWRV�VHFXQGiULRV�SHUPLWHP�D�VREUHYLYrQFLD�GD�OLQKDJHP��PDV�

TXDQGR� RV� PLFURUJDQLVPRV� SURGXWRUHV� VmR� FXOWLYDGRV� HP� FXOWXUD� SXUD� QmR� Ki� HVVD�

QHFHVVLGDGH��H�D�FDSDFLGDGH�GH�SURGXomR�LQGXVWULDO�GH�XP�PHWDEyOLWR�GH�LQWHUHVVH�p�IDFLOPHQWH�

SHUGLGD�SRU�PXWDomR��&RQVLGHUDQGR�TXH�R�PHWDEROLVPR�SULPiULR�p�EDVLFDPHQWH�R�PHVPR�SDUD�

WRGRV� RV� VLVWHPDV� YLYRV�� R� PHWDEROLVPR� VHFXQGiULR� p� JHUDOPHQWH� HVSHFtILFR� GD� OLQKDJHP�

�'HPDLQ�	�)DQJ���������



���

2�PHWDEROLVPR�VHFXQGiULR�HP�SODQWDV��IXQJRV�H�DOJDV�DSUHVHQWD�YiULDV�FDUDFWHUtVWLFDV�

FRPXQV�TXH�SURPRYHP�D� LQWHJUDomR�FRP�R�PHWDEROLVPR�SULPiULR�QRV�QtYHLV�PROHFXODUHV� H�

FHOXODUHV��3ULPHLUR��DV�YLDV�PHWDEyOLFDV�VHFXQGiULDV�XVDP�VXEVWUDWRV��SRU�H[HPSOR��DFLO�&R$��

DPLQRiFLGRV��QXFOHRWtGHRV�H�FDUERLGUDWRV���FRIDWRUHV��PHWDEyOLWRV�H�HQHUJLD�TXH�VmR�IRUPDGRV�

GXUDQWH� R� PHWDEROLVPR� SULPiULR�� 6HJXQGR�� VXS}H�VH� XPD� OLJDomR� HYROXFLRQiULD� HQWUH� R�

PHWDEROLVPR�SULPiULR�H�R�VHFXQGiULR��SRLV�DV�YLDV�PHWDEyOLFDV�VHFXQGiULDV�XWLOL]DP�HQ]LPDV�

GR� PHWDEROLVPR� SULPiULR� H� HVWDEHOHFHP� QRYDV� IXQo}HV� FHOXODUHV� SDUD� HVVDV� HQ]LPDV� SRU�

PXWDomR�DOHDWyULD��7HUFHLUR��RV�JHQHV�SDUD�YLDV�PHWDEyOLFDV� VHFXQGiULDV� IUHTXHQWHPHQWH� VmR�

DJUXSDGRV�H�HVVHV�JUXSRV�FRQVLVWHP�GH�GRLV�D�PXLWRV�JHQHV�QmR�KRPyORJRV��2�DJUXSDPHQWR�

IRUQHFH� DR� RUJDQLVPR� XP� PHFDQLVPR� SDUD� FRRUGHQDU� D� UHJXODomR� WHPSRUDO� GD� H[SUHVVmR�

JrQLFD�GH�PDQHLUD�RUGHQDGD��5R]H�HW�DO���������

3HVTXLVDV� LGHQWLILFDUDP�YiULDV�FODVVHV�GH�SURGXWRV�QDWXUDLV��VHQGR�TXDWUR�JUXSRV�RV�

PDLV� UHOHYDQWHV�� WHUSHQRLGHV�� DOFDORLGHV�� SROLFHWtGHRV� H�SHSWtGHRV�QmR� ULERVV{PLFRV� �4XDGUR�

���� 6HTXHQFLDPHQWRV� GH� JHQRPDV� UHYHODUDP� RXWUD� LPSRUWDQWH� FODVVH� IRUPDGD� SRU� SHSWtGHRV�

VLQWHWL]DGRV� SRU� ULERVVRPRV� H� PRGLILFDGRV� SyV�WUDGXomR� �5L33��� (VVDV� PROpFXODV� VmR�

SURGX]LGDV�HP�WRGRV�RV�WUrV�GRPtQLRV�GD�YLGD��VHXV�JHQHV�VmR�RQLSUHVHQWHV�QRV�JHQRPDV�H�D�

GLYHUVLGDGH�GH�HVWUXWXUDV�p�H[WHQVD��$UQLVRQ�HW�DO��������6ROWDQL���������

4XDGUR����9LVmR�JHUDO�GH�FODVVHV�GH�PHWDEyOLWRV�VHFXQGiULRV����
3URGXWR�QDWXUDO 6LJOD 2ULJHP (Q]LPD ([HPSORV

3ROLFHWtGHRV 3.
ÈFLGRV�FDUER[tOLFRV�
GH�FDGHLD�FXUWD

3ROLFHWtGHR�6LQWDVH�
�3.6�

7HWUDFLFOLQD
(ULWURPLFLQD

7HUSHQRLGHV � $PLQRiFLGRV 7HUSHQR�FLFODVH��7&�
&DURWHQRLGHV
*LEHUHOLQDV

$OFDORLGHV � �� 6HP�FODVVH�HVSHFtILFD (UJRWDPLQD

3HSWtGHRV�1mR�5LERVV{PLFRV 153 �� 6LQWHWDVH�GH�3HSWtGHR�
1mR�5LERVV{PLFR

9DQFRPLFLQD
%DFLWUDFLQD

3HSWtGHRV�6LQWHWL]DGRV�SRU�
5LERVVRPRV�H�0RGLILFDGRV�

3yV�7UDGXomR
5L33 �� 6HP�FODVVH�HVSHFtILFD

8VWLOR[LQD
)RPRSVLQD

��3DUD�WHUSHQRLGHV�H�DOFDORLGHV��QmR�IRL�HQFRQWUDGD�VLJOD�FRUUHVSRQGHQWH��3DUD�DOFDORLGHV��153�H�5L33��
QmR�IRL�HQFRQWUDGD�D�RULJHP�GRV�PHWDEyOLWRV��



���

2V� SULQFLSDLV� JUXSRV� GH� PHWDEyOLWRV� VHFXQGiULRV� LQFOXHP� SROLFHWtGHRV� �3.V���

SHSWtGHRV� ULERVV{PLFRV� �5L33V��� SHSWtGHRV� QmR� ULERVV{PLFRV� �153V�� H� WHUSHQRLGHV�� (VWHV�

SROtPHURV� VmR� FRQVWUXtGRV� SHOD� DomR� GH� VLQWDVHV� RX� VLQWHWDVHV�� FRP� H[FHomR� GRV� SHSWtGHRV�

ULERVV{PLFRV�� H� VmR� PRGLILFDGRV� SRU� �GHV�KLGUDWDVHV�� R[LJHQDVHV�� KLGURODVHV�� PHWLODVHV� H�

RXWURV��(P�IXQJRV��FRPR�Mi�PHQFLRQDGR��RV�JHQHV�ELRVVLQWpWLFRV�GR�PHWDEROLVPR�VHFXQGiULR�

VmR�RUJDQL]DGRV�HP�FOXVWHUV�HP�WRUQR�GRV�JHQHV�GD�VLQWDVH��$QGHUVHQ�HW�DO���������

������3ROLFHWtGHRV��3.V��H�6LQWDVHV�GH�3ROLFHWtGHRV��3.6V��

3ROLFHWtGHRV��3.V��VmR�FRPSRVWRV�SRU�XQLGDGHV�&+��& 2���H�UHSUHVHQWDP�XP�JUDQGH�

JUXSR� GH� SURGXWRV� QDWXUDLV� HQFRQWUDGRV� HP� EDFWpULDV�� IXQJRV� H� SODQWDV�� 6XD� ELRVVtQWHVH�

DFRQWHFH� D� SDUWLU� GH� SUHFXUVRUHV� DFLO� &R$� DWUDYpV� GH� HQ]LPDV� GHQRPLQDGDV� VLQWDVHV� GH�

SROLFHWtGHRV��3.6V���6KHQ��������$QGHUVHQ�HW�DO����������

8PD�3.6�p�RUJDQL]DGD�SRU�SHOR�PHQRV�SRU� WUrV�GRPtQLRV��FHWR�VLQWDVH� �.6��FRPR�

PyGXOR�GH�SDUWLGD��DFLOWUDQVIHUDVHV��$7��FRPR�PyGXORV�GH�DORQJDPHQWR�H�SURWHtQD�FDUUHDGRUD�

GH�DFLO� �$&3��FRPR�PyGXOR�GH�WHUPLQDomR��$SyV�FDGD�DORQJDPHQWR�GD�FDGHLD��RV�GRPtQLRV�

DGLFLRQDLV��FRPR�FHWR�UHGXWDVH��.5���GHVLGUDWDVH��'+���HQRLO�UHGXWDVH��(5���PHWLOWUDQVIHUDVH�

�07�� H� WLRVWHUDVH� �7H��� SRGHP� DOWHUDU� D� FDGHLD� GH� SROLFHWtGHRV� H� SURGX]LU� XPD� HVWUXWXUD�

VDWXUDGD�GH�DFLOD��6ROWDQL����������

6mR� FRQKHFLGRV� WUrV� WLSRV� GH� 3.6�� �D�� 3.6V� GR� WLSR� ,�� TXH� VmR� HQ]LPDV�

PXOWLIXQFLRQDLV�DUUDQMDGDV�GH�IRUPD� OLQHDU�H�RUJDQL]DGDV�HP�PyGXORV�GH�DWLYLGDGHV�GH�DomR�

QmR�LWHUDWLYD�UHVSRQViYHLV�SHOD�FDWiOLVH�GH�XP�FLFOR�GH�DORQJDPHQWR�GD�FDGHLD�GH�SROLFHWtGHRV��

�E�� DV� 3.6V� GR� WLSR� ,,�� TXH� VmR� FRPSOH[RV� FDWDOtWLFRV� LQGHSHQGHQWHV�PXOWLHQ]LPiWLFRV� TXH�

WUDQVSRUWDP�XP�~QLFR�FRQMXQWR�GH�DWLYLGDGHV�TXH�DJH�GH�PDQHLUD�LWHUDWLYD��H��F��3.6V�GR�WLSR�

,,,�� TXH� VmR� HQ]LPDV� KRPRGLPpULFDV�PXOWLIXQFLRQDLV� GH� FRQGHQVDomR� GH� DomR� LWHUDWLYD�� TXH�



���

XWLOL]DP�R�PDORQLO�&R$�FRPR�VXEVWUDWR��(P�DOJXQV�FDVRV��REVHUYD�VH�TXH�PyGXORV�PLVWRV�GH�

3.6� WLSR� ,� H�GH� VLQWHWDVHV�GH�SHSWtGHRV�QmR� ULERVV{PLFRV� �1536V��JHUDP�HQ]LPDV�KtEULGDV�

�3.6�1536���SURGX]LQGR�QRYDV�SHTXHQDV�PROpFXODV�GH�PHWDEyOLWRV�VHFXQGiULRV��6KHQ��������

$QGHUVHQ�HW�DO��������6ROWDQL����������

2V�3.V�VmR�RV�PHWDEyOLWRV�VHFXQGiULRV�PDLV�DEXQGDQWHV�HP�IXQJRV��(VWHV�FRPSRVWRV�

VmR�VLQWHWL]DGRV�SRU�VLQWDVHV�GH�SROLFHWtGHRV��3.6V��GR�WLSR�,��SURWHtQDV�GH�P~OWLSORV�GRPtQLRV�

TXH�HVWmR�UHODFLRQDGDV�FRP�DV�VLQWDVHV�GH�iFLGRV�JUD[RV�GH�HXFDULRQWHV�H�FRQWpP�HVWUXWXUDV�GH�

GRPtQLRV� VHPHOKDQWHV�� 3DUD� DPEDV� DV� HQ]LPDV�� RV� iFLGRV� FDUER[tOLFRV� GH� FDGHLD� FXUWD� ±�

JHUDOPHQWH� DFHWLO�FRHQ]LPD�$� �DFHWLO�&R$�� H�PDORQLO�&R$� ±� VmR� FRQGHQVDGRV� SDUD� IRUPDU�

FDGHLDV�GH�FDUERQR�GH�YiULRV�FRPSULPHQWRV��$�SULQFLSDO�GLIHUHQoD�HQWUH�RV�SROLFHWtGHRV�H�RV�

iFLGRV�JUD[RV�p�D�UHGXomR�WRWDO�GR�ȕ�FDUERQR�QRV�iFLGRV�JUD[RV��R�TXH�p�XP�HYHQWR�RSFLRQDO�

QD� VtQWHVH� GH� SROLFHWtGHRV�� 1DV� 3.6V� I~QJLFDV�� RV� GRPtQLRV� GD� FHWRDFLO�&R$� VLQWDVH� �.6���

DFLOWUDQVIHUDVH� �$7�� H� WUDQVSRUWDGRU� GH� DFLOD� �$&3�� VmR� HVVHQFLDLV� SDUD� D� VtQWHVH� GH�

SROLFHWtGHRV�� HQTXDQWR� RV� GRPtQLRV� GD� UHWHGXFWDVH� �.5��� GHVLGUDWDVH� �'+�� H� HQRLO� UHGXWDVH�

�(5��QmR�HVWmR�SUHVHQWHV�HP�WRGDV�DV�HQ]LPDV�3.6�I~QJLFDV��.HOOHU�HW�DO���������

3.6V�GR� WLSR� ,�SRGHP�VHU�FODVVLILFDGDV�HP�GXDV�FDWHJRULDV��PRGXODUHV�H� LWHUDWLYDV��

VHQGR� TXH� D� SULPHLUD� p� H[FOXVLYD� GH� EDFWpULDV�� 3.6V� WLSR� ,� LWHUDWLYDV� XWLOL]DP�PyGXORV� GH�

GRPtQLRV� FDWDOtWLFRV� HVSHFtILFRV�� HP� TXH� D� UHDomR� p� UHSHWLGD� SDUD� SURGX]LU� R� HVTXHOHWR�

FRPSOHWR� GR� SROLFHWtGHR�� $V� 3.6V� GH� IXQJRV� SRVVXHP� XP� ~QLFR� PyGXOR� H� RV� GRPtQLRV�

FRQVHFXWLYRV�DWXDP�HP�VHTXrQFLD�GXUDQWH� D�VtQWHVH�GR�SROLFHWtGHR��(OHV� VmR�HTXLSDGRV�FRP�

GRPtQLRV�HVWUXWXUDLV�EiVLFRV�HQFRQWUDGRV� HP�HQ]LPDV�3.6� �GRPtQLRV�$&3��.6�H�$7���PDV�

WDPEpP�SRGHP�FRQWHU�RV�GRPtQLRV�.5��'+��(5�H�7H�� VHQGR�TXH� HVVDV�HQ]LPDV�SRGHP�VHU�

GLYLGLGDV�HP�3.6�DOWDPHQWH� UHGXWRUD��QmR�UHGXWRUD�H�SDUFLDOPHQWH� UHGXWRUD��GHSHQGHQGR�GD�

SUHVHQoD�RX�DXVrQFLD�GH�GRPtQLRV�UHGXWRUHV��*X]PiQ�&KDYHV�HW�DO���������



���

$V� 3.6V� GR� WLSR� ,,� VmR� H[FOXVLYDV� GH� EDFWpULDV� H� XWLOL]DP� PHFDQLVPRV� LWHUDWLYRV�

VHPHOKDQWHV� DR� GH� 3.6V� WLSR� ,� LWHUDWLYDV�� $V� 3.6V� GR� WLSR� ,,,� IRUDP� GHVFREHUWDV�

SULPHLUDPHQWH�HP�SODQWDV��PDV� WDPEpP�SRGHP�VHU�HQFRQWUDGDV�HP�IXQJRV�H�EDFWpULDV��(ODV�

VmR�IRUPDGDV�SRU�XP�~QLFR�GRPtQLR�.6�TXH�FDWDOLVD�XP�Q~PHUR�GH�DORQJDPHQWRV��JHUDQGR�

SHTXHQRV�DQpLV�GH�IHQRO�RX�QDIWRO��$�HQ]LPD�WUDQVIHUH�R�JUXSR�DFLO�GR�&R$�SDUD�R�VtWLR�DWLYR�

KLVWLGLQD��H[WUHPDPHQWH�FRQVHUYDGR��(QWUHWDQWR��D�VHTXrQFLD�GH�DPLQRiFLGRV�QmR�p�VLPLODU�j�

HQFRQWUDGD� HP� GRPtQLRV� .6� GH� HQ]LPDV� WLSR� ,� H� ,,�� ,QGHSHQGHQWHPHQWH� GDV� GLIHUHQoDV�

PHFkQLFDV� RX� HVWUXWXUDLV�� WRGRV� RV� SROLFHWtGHRV� VLQWHWL]DGRV� SHODV� HQ]LPDV� 3.6� VHJXHP� R�

PHVPR�PHFDQLVPR�GH� FRQGHQVDomR�GHVFDUER[LODWLYR�GRV�SUHFXUVRUHV� DFLO�&R$��1R� HQWDQWR��

HVVHV�SUHFXUVRUHV�GHYHP�VHU�DWLYDGRV�DQWHV�SHOR�GRPtQLR�$&3��QR�FDVR�GDV�HQ]LPDV�3.6�WLSR�

,� H� ,,�� HQTXDQWR� DV� HQ]LPDV� 3.6� WLSR� ,,,� DWXDP� LQGHSHQGHQWHPHQWH� GRV� GRPtQLRV� $&3�

�*X]PiQ�&KiYH]� HW� DO�� ������� 1R� 4XDGUR� �� HVWmR� GHVFULWRV� RV� GRPtQLRV� HQFRQWUDGRV� HP�

HQ]LPDV�3.6V��



���

4XDGUR����'RPtQLRV�GH�3.6V��DGDSWDGR�GH�*X]PiQ�&KDYH]�HW�DO���������$�FROXQD�³&yGLJR�,QWHUSUR´�LQGLFD�R�
FyGLJR�GR�GRPtQLR�GH�SURWHtQDV�HP�EXVFD�QR�EDQFR�GH�GDGRV�,QWHU3UR��

6,*/$ '20Ë1,2 '(6&5,d­2
&Ï',*2�
,QWHU352

$7�
'RPtQLR�
$FLOWUDQVIHUDVH�

6HOHFLRQD� D� XQLGDGH� GH� LQtFLR� �PDORQLO�&R$� RX�
PHWLOPDORQLO�&R$�� DQWHV� GH� VXD� WUDQVIHUrQFLD� DR�
GRPtQLR�$&3�GR�FLFOR�GH�DORQJDPHQWR�GD�FDGHLD��

,35������

$&3�
3URWHtQD�
&DUUHDGRUD� GH�
$FLO�

0RGXOD� WUrV� HYHQWRV� LPSRUWDQWHV� GXUDQWH� D� VtQWHVH�
GH� 3.�� FRQGHQVDomR� GXUDQWH� R� DORQJDPHQWR� GD�
FDGHLD� DR� WUDQVIHULU� D�XQLGDGH�GH� LQtFLR�GR�GRPtQLR�
$7� DR� GRPtQLR� .6�� WUDQVSRUWH� GD� FDGHLD� HP�
IRUPDomR�HQWUH�RV�GRPtQLRV�GRV�GRLV�H[WUHPRV��EHP�
FRPR� DRV� GRPtQLRV� RSFLRQDLV�� HQYROYHQGR� R�
UHFRQKHFLPHQWR� SURWHtQD�SURWHtQD� HQWUH� GRPtQLRV� H�
SUHYHQomR� D� FLFOL]DomR� SUHPDWXUD� H� HQROL]DomR� GD�
FDGHLD�GH�3.��

,35������

.6�
'RPtQLR�
4XHWRVVLQWDVH�

e� XP� GRPtQLR� GH� FRQGHQVDomR� KRPRGLPpULFR� TXH�
FDWDOLVD�D�H[WHQVmR�GR� LQWHUPHGLiULR�ȕ�FHWRDFLOR�SRU�
XPD�FRQGHQVDomR�GH�&ODLVHQ�GHVFDUER[LODGD��1HVVD�
IDVH�� XPD� OLJDomR� WLRpVWHU� p� IRUPDGD� HQWUH� R� JUXSR�
WLRO� GD� FLVWHtQD� DWLYD� GD� .6� H� D� 3.� QD� IDVH� GH�
DORQJDPHQWR�� 3RUWDQWR�� PHFDQLFDPHQWH�� R� GRPtQLR�
.6�DWXD�HP�WUrV�HVWiJLRV��DFLODomR��GHVFDUER[LODomR�
H�FRQGHQVDomR��

�

.5�
'RPtQLR�
4XHWRUHGXWDVH�

e�XPD�XQLGDGH�GH�SURFHVVDPHQWR�GH�FDUERQR�ȕ�TXH�
SHUWHQFH� IDPtOLD� GH� GHVLGURJHQDVH� GH� FDGHLD�
FXUWD�UHGXWDVHV��(VWH�GRPtQLR�UHGX]�R�JUXSR�ȕ�FHWR��
TXH� p� IRUPDGR�GXUDQWH� R�SURFHVVR�GH� FRQGHQVDomR��
HP� XP� JUXSR� KLGUR[LOD� XVDQGR� 1$'3+�� $OpP�
GLVVR�� DOJXQV� GRPtQLRV� .5� HVWmR� HTXLSDGRV� FRP�
DWLYLGDGH�GH�HSLPHUDVH��

3)�����

'+�
'RPtQLR�
'HVLGUDWDVH�

e�JHUDOPHQWH�DFRSODGR�DRV�GRPtQLRV�.5�GR�WLSR�%��
(VWH� GRPtQLR� FDWDOLVD� D� HOLPLQDomR� GD� iJXD� QD�
SRVLomR� GD� FDGHLD� ȕ�KLGUR[L� DFLO�� SURGX]LQGR� DVVLP�
OLJDo}HV�GXSODV�WUDQV��

�

(5�
'RPtQLR� (QRLO�
5HGXWDVH�

e�XPD�XQLGDGH�GH�DGDSWDomR�RSFLRQDO�HQYROYLGD�QR�
HVWDGR� ILQDO� GH� R[LGDomR� GR� SROLFHWtGHR� HP�
FUHVFLPHQWR��5HGX]� RV� JUXSRV� Į�� ȕ�HQRtOD� H�� DVVLP��
JHUD� OLJDo}HV� Į±ȕ� VDWXUDGDV�� (VWD� UHDomR� HQYROYH�
1$'�3�+� FRPR� GRDGRU� GH� KLGUHWR� HP� XP�
PHFDQLVPR�GH�WLSR�GH�DGLomR�GH�0LFKDHO��

�

7H�
'RPtQLR�
7LRHVWHUDVH�

2� WpUPLQR� GD� ELRVVtQWHVH� GR� SROLFHWtGHR� HQYROYH� R�
GRPtQLR� 7H�� TXH� SURGX]� PDFURODFWRQDV� YLD�
FLFOL]DomR� LQWUDPROHFXODU� RX� 3.V� OLQHDUHV� SRU�
KLGUyOLVH�� (P� DPERV� RV� HYHQWRV�� XP� LQWHUPHGLiULR�
DFLO�7H�p�IRUPDGR�DWUDYpV�GD�WUDQVIHUrQFLD�GD�FDGHLD�
3.� GR� ~OWLPR�$&3� SDUD� D� VHULQD� DWLYD� QR� GRPtQLR�
7H��

,35������

��3DUD�RV�GRPLQLRV�.6��'+�H�(5��QmR�IRL�HQFRQWUDGR�UHJLVWUR�QR�EDQFR�GH�GDGRV�,QWHU3UR��



���

������3HSWtGHRV�1mR�5LERVV{PLFRV� �153V�� H�6LQWHWDVHV�GH�3HSWtGHRV�1mR�5LERVV{PLFRV�

�1536V��

3HSWtGHRV� QmR� ULERVV{PLFRV� �153V�� VmR� PHWDEyOLWRV� VHFXQGiULRV� IRUPDGRV� SRU�

SHSWtGHRV��FRPXPHQWH�HQFRQWUDGRV�HP�EDFWpULDV�� IXQJRV�RX�RUJDQLVPRV�HQGRVVLPELRQWHV�GH�

HXFDULRQWHV� VXSHULRUHV�� (VWHV� FRPSRVWRV� VmR� VLQWHWL]DGRV� SRU� VLQWHWDVHV� GH� SHSWtGHRV� QmR�

ULERVV{PLFRV��1536V���XPD�IDPtOLD�GH�HQ]LPDV�TXH�DGLFLRQDP�VXEVWUDWRV�DFLOD�DR�PHWDEyOLWR�

VHFXQGiULR�ELRDWLYR��6ROWDQL��������%ORXGRII�	�6FKPHLQJ�����������

$V�1536V�SRGHP�XWLOL]DU�PDLV�GH�����GLIHUHQWHV�VXEVWUDWRV�GH�PRQ{PHURV�GH�DFLOD��

SUHGRPLQDQWHPHQWH� DPLQRiFLGRV��PDV� WDPEpP� iFLGRV� JUD[RV�� iFLGRV� FDUER[tOLFRV� H� RXWURV��

SRGHP� VHU� FRVVLQWHWLFDPHQWH� RX� SyV�VLQWHWLFDPHQWH� PRGLILFDGRV� H� WrP� WRSRORJLDV� OLQHDUHV��

FtFOLFDV� RX� UDPLILFDGDV�� 7RGD� HVVD� YDULHGDGH� HP� HVWUXWXUD� TXtPLFD� UHIOHWH� D� GLYHUVLGDGH� GH�

DWLYLGDGHV�LPSRUWDQWHV�GHVWHV�FRPSRVWRV��TXH�SRGHP�VHU�VLQDOL]DomR��FRPXQLFDomR��TXHODomR�

GH� tRQV�PHWiOLFRV�� SURWHomR� GR� KRVSHGHLUR�� H� DLQGD�PXLWRV� FRPSRVWRV� DLQGD� QmR� WRWDOPHQWH�

FDUDFWHUL]DGRV��(QWUH�SURGXWRV� IDUPDFrXWLFRV�HP�TXH�RV�153V�SRGHP�VHU�HPSUHJDGRV�HVWmR�

FRPSRVWRV� DQWLI~QJLFRV�� DQWLEDFWHULDQRV�� DQWLYLUDLV�� DQWLWXPRUDLV�� VLGHUyIRURV��

LPXQRVVXSUHVVRUHV�H�GURJDV�FLWRVWiWLFDV��%ORXGRII�	�6FKPHLQJ��������*X]PiQ�&KDYH]�HW�DO��

�������

$V� VLQWHWDVHV� SHSWtGLFDV� QmR� ULERVV{PLFDV� VmR� PiTXLQDV� HQ]LPiWLFDV� DOWDPHQWH�

HVWUXWXUDGDV�H�FRPSOH[DV��LQWLPDPHQWH�UHODFLRQDGDV�FRP�RXWUDV�HQ]LPDV�PRGXODUHV��WDLV�FRPR�

3.6V�� VLQWHWDVHV�KtEULGDV�1536�3.6�H� VLQWHWDVHV�GH� iFLGRV� JUD[RV� �)$6V���(VWDV� VLQWHWDVHV�

WrP�FHUWDV�SURSULHGDGHV�HP�FRPXP��FRPR�VXD�GLYLVmR�HVWUXWXUDO�HP�GRPtQLRV�H�PyGXORV��TXH�

VH�PDQLIHVWD�HP�VXD�KLVWyULD�HYROXWLYD�FRPSDUWLOKDGD��&DGD�HQ]LPD�FRQVLVWH�HP�XP�PyGXOR��

TXH�p�XPD�XQLGDGH�IXQFLRQDOPHQWH�GLVWLQWD�TXH�SHUPLWH�R�UHFUXWDPHQWR�H�LQFRUSRUDomR�GH�XP�

SUHFXUVRU�HP�XP�SURGXWR�HP�FUHVFLPHQWR��'RPtQLRV��DVVLP�FRPR�PyGXORV�� VmR�FODUDPHQWH�

GHILQLGRV�H�SRVVXHP�HVWUXWXUDV�HYROXWLYDV�LQWHUFDPELiYHLV�HQWUH�HQ]LPDV�PXOWLPRGXODUHV��1R�



���

FDVR� GH� 3.6� H� 1536�� LVVR� OHYRX� j� RFRUUrQFLD� GH� XPD� YDULHGDGH� GH� KtEULGRV� 1536�3.6�

�*X]PiQ�&KDYH]�HW�DO���������

2V� 153V� VmR� GHULYDGRV� GH� DPLQRiFLGRV� SURWHLQRJrQLFRV� H� DPLQRiFLGRV� QmR�

SURWHLQRJrQLFRV� SROLPHUL]DGRV� SRU� HQ]LPDV� VLQWHWDVHV� SHSWtGLFDV� QmR� ULERVVRPDLV�� TXH� VmR�

PXOWLGRPtQLRV� H�PXOWLPRGXODUHV��&DGD�PyGXOR� HP� XP�1536� FRQWpP� YiULRV� GRPtQLRV� TXH�

SHUPLWHP�R�UHFRQKHFLPHQWR��D�DWLYDomR�H�D�OLJDomR�FRYDOHQWH�GH�XP�DPLQRiFLGR�HVSHFtILFR�D�

XP�PyGXOR�� 6XEVHTXHQWHPHQWH�� OLJDo}HV� SHSWtGLFDV� VmR� IRUPDGDV� HQWUH� RV� DPLQRiFLGRV�� 2�

SHSWtGHR� UHVXOWDQWH� p� HQWmR� OLEHUDGR� SRU� XP� GRPtQLR� VHPHOKDQWH� j� WLRHVWHUDVH� TXH� HVWi�

QRUPDOPHQWH� ORFDOL]DGR� QD� H[WUHPLGDGH� GR� &�WHUPLQDO� GR� PyGXOR� ILQDO�� 2V� GRPtQLRV� TXH�

UHDOL]DP� HVWDV� DWLYLGDGHV� VmR� GHQRPLQDGRV� $� �DGHQLODomR��� 3&3� �SURWHtQD� FDUUHDGRUD� GH�

SDQWRWHQLODomR�SHSWLGLOR��� &� �FRQGHQVDomR�IRUPDomR� GH� OLJDomR� SHSWtGLFD�� H� 7H� �WLRHVWHUDVH��

�.HOOHU�HW�DO���������

(VWUXWXUDOPHQWH�� FDGD� PyGXOR� GH� 1536� �R� PyGXOR� GH� LQLFLDomR�� Q� PyGXORV� GH�

DORQJDPHQWR� H�R�PyGXOR�GH� WHUPLQDomR�� UHTXHU�XP�FRQMXQWR�PtQLPR�GH�GRPtQLRV��2V�GRLV�

GRPtQLRV� HVVHQFLDLV� SDUD� FDGD� PyGXOR� VmR� R� GRPtQLR� GH� DGHQLODomR� �$�� H� R� GRPtQLR� QmR�

FDWDOtWLFR� GH� WLRODomR� �7��� (VVH� GRPtQLR� GXSOR� HP� WDQGHP� SHUPLWH� D� VHOHomR� H� DWLYDomR�

HVSHFtILFDV�GH�XP�GHWHUPLQDGR�VXEVWUDWR��1R�HQWDQWR��R�GRPtQLR�7�GHYH�SULPHLUR�SDVVDU�SHOD�

DWLYDomR�DSyV�H[SUHVVmR�GD��¶�IRVIRSDQWHWHLQLO� WUDQVIHUDVH��337DVH��H�GD�FRHQ]LPD�$��&R$��

GHSHQGHQWH��WUDQVIHULQGR�D�SRUomR�IRVIRSDQWHWHtQD�GD�&R$�D�XP�UHVtGXR�GH�VHULQD�FRQVHUYDGR��

SDUD�HQWUDU�QR�HVWDGR�DWLYDGR��$OpP�GLVVR��RV�GRPtQLRV�GH�DGHQLODomR��$��SRVVXHP�IDWRUHV�GH�

DFRPSDQKDPHQWR��RX�SURWHtQDV��GHQRPLQDGRV�SURWHtQDV� VHPHOKDQWHV�D�0EW+��0/3V���$OpP�

GHVVHV�GRPtQLRV��TXDOTXHU�PyGXOR�GH�DORQJDPHQWR�H[LJLUi�XP�GRPtQLR�GH�FRQGHQVDomR��&���

TXH�FRQHFWD�GRLV�PyGXORV�H�OLJD�RV�VXEVWUDWRV�DWLYDGRV�DWUDYpV�GH�XPD�OLJDomR�SHSWtGLFD��2V�

GRPtQLRV�&� VmR� HVWHUHRHVSHFtILFRV� SDUD� DPERV� RV� VXEVWUDWRV� DWLYDGRV� H� WRUQDP�R� FRPSRVWR�

LQWHUPHGLiULR� UHVXOWDQWH� OLJDGR� DR� GRPtQLR�7��3RU� ILP�� R�PyGXOR� GH� WHUPLQDomR�&�WHUPLQDO�



���

UHTXHU� HVVHQFLDOPHQWH� XP� GRPtQLR� GH� WLRHVWHUDVH� �7H��� SDUD� OLEHUDU� FDWDOLWLFDPHQWH� R�

FRPSRVWR� FRYDOHQWHPHQWH� OLJDGR� GR� 1536�� UHWRUQDQGR� R� FRPSOH[R� 1536� DR� HVWDGR�

IXQGDPHQWDO�SDUD�RXWUR�FLFOR�GH�UHDomR��$OpP�GHVVHV�GRPtQLRV�HVVHQFLDLV��SRGHPRV�GLVWLQJXLU�

XPD� VpULH� GH� GRPtQLRV� DGLFLRQDLV�� UHDOL]DQGR� HSLPHUL]DomR�� KDORJHQDomR�� FLFOL]DomR��

PDFURFLFOL]DomR�� PXOWLPHUL]DomR� RX� PHWLODomR�� (VVHV� PHFDQLVPRV� HQ]LPiWLFRV� SRGHP� VHU�

FODVVLILFDGRV�FRPR�1536�WLSR�,�TXDQGR�RV�PyGXORV�HVWmR�GLVSRVWRV�HP�XPD�~QLFD�SURWHtQD��H�

GH�1536�WLSR�,,�TXDQGR�DV�SURWHtQDV�VmR�LQGHSHQGHQWHV�H�DWXDP�GH�IRUPD�WUDQVLWyULD�GXUDQWH�D�

VtQWHVH�GH�153��*X]PiQ�&KiYH]�HW�DO���������

8PD�1536�SRGH�VHU�IRUPDGD�SRU�XPD�~QLFD�XQLGDGH�PRGXODU�GH�WUrV�GRPtQLRV��RX�

FRPR�D�PDLRU�H�PDLV�FRPSOH[D�HVWUXWXUD�FRQKHFLGD��FRQWHQGR����PyGXORV�FRP����GRPtQLRV��

JHUDQGR�XP�FRPSOH[R�SURWHLFR�GH�����0'D��1536�WLSR�,���(PERUD�D�FRQILJXUDomR�GR�153�

VHMD�OLPLWDGD�SHOR�WDPDQKR�H�VHTXrQFLD�PRGXODU�GD�1536��HVWD�SRGH�LQWHUDJLU�FRP�HQ]LPDV�GH�

FRUWH��JHUDQGR�SURGXWRV�GH�PDLRU�FRPSOH[LGDGH��3HTXHQRV�WUHFKRV�GH�DWp����DPLQRiFLGRV�QR�

&��RX�1��WHUPLQDO��TXH�IRUPDP�XP�SRQWR�GH�UHFRQKHFLPHQWR�EDVWDQWH�HVSHFtILFR��SHUPLWLQGR�D�

FRPXQLFDomR�HQWUH�P~OWLSORV�1536�GH�XP�FOXVWHU��1536�WLSR�,,���)RUDP�GHVFULWRV�WUrV�WLSRV�

GH�VLVWHPDV�1536��GH�DFRUGR�FRP�R�VHX�PRGR�GH�VtQWHVH��RX�HVWUDWpJLD�GH�ELRVVtQWHVH���7LSR�

$��OLQHDU���WLSR�%��LWHUDWLYR��H�WLSR�&��QmR�OLQHDU���FRPR�HVWi�LOXVWUDGR�QD�)LJXUD����*X]PiQ�

&KiYH]�HW�DO���������



2�VLVWHPD�WLSR�$�DEULJD�D�WtSLFD�RUJDQL]DomR�GH�GRPtQLR

UHSUHVHQWD�R�Q~PHUR�GH�DPLQRiFLGRV�QR�SHSWtGHR��1HVWH�1536�OLQHDU��D�RUGHP�H�R�Q~PHUR�GH�

PyGXORV� FRUUHODFLRQDP�VH� FRP�D� VHTXrQFLD�GH�DPLQRiFLGRV�QR�153�H�� SRUWDQWR�� p�SRVVtYHO�

SUHGL]HU� R� SURGXWR� TXH� VHUi� IRUPDGR�� *HUDOPHQWH�� QDV

FLFOL]DomR�p�UHDOL]DGD�SRU�XP�GRPtQLR�&�HVSHFLDOL]DGR�HP�YH]�GR�GRPtQLR�7H��8PD�YH]�TXH�

FDGD� PyGXOR� FDWDOLVD� XP� FLFOR� GXUDQWH� R� DORQJDPHQWR� GD� FDGHLD� GR� 153� GHYLGR� j� VXD�

DWLYLGDGH� HVSHFtILFD�� HVWH� VLVWHPD� p� FRQVLGHUDGR� DQiORJR

H[HPSORV� PDLV� SURHPLQHQWHV� GHVWH� WLSR� GH� 1536� VmR� $&9� VLQWHWDVHV� �

VLQWHWDVHV�GH�FLFORVSRULQD��FLFORVSRULQD�$��H�VLQWHWDVHV�GH�SHSWDLERO��SHSWDERLOV

GH� DQWLELyWLFRV� FRP� DOWR� FRQWH~GR� GH� iFLGR�

)LJXUD����%LRVVtQWHVH�GH�1536�

2�VLVWHPD�WLSR�$�DEULJD�D�WtSLFD�RUJDQL]DomR�GH�GRPtQLR�$�7�&

HSUHVHQWD�R�Q~PHUR�GH�DPLQRiFLGRV�QR�SHSWtGHR��1HVWH�1536�OLQHDU��D�RUGHP�H�R�Q~PHUR�GH�

VH� FRP�D� VHTXrQFLD�GH�DPLQRiFLGRV�QR�153�H�� SRUWDQWR�� p�SRVVtYHO�

SUHGL]HU� R� SURGXWR� TXH� VHUi� IRUPDGR�� *HUDOPHQWH�� QDV 1536V� GH� IXQJRV�� D� UHDomR� GH�

FLFOL]DomR�p�UHDOL]DGD�SRU�XP�GRPtQLR�&�HVSHFLDOL]DGR�HP�YH]�GR�GRPtQLR�7H��8PD�YH]�TXH�

FDGD� PyGXOR� FDWDOLVD� XP� FLFOR� GXUDQWH� R� DORQJDPHQWR� GD� FDGHLD� GR� 153� GHYLGR� j� VXD�

DWLYLGDGH� HVSHFtILFD�� HVWH� VLVWHPD� p� FRQVLGHUDGR� DQiORJR DR� GH� 3.6� WLSR� ,�� 1RV� IXQJRV�� RV�

H[HPSORV� PDLV� SURHPLQHQWHV� GHVWH� WLSR� GH� 1536� VmR� $&9� VLQWHWDVHV� �

VLQWHWDVHV�GH�FLFORVSRULQD��FLFORVSRULQD�$��H�VLQWHWDVHV�GH�SHSWDLERO��SHSWDERLOV

GH� DQWLELyWLFRV� FRP� DOWR� FRQWH~GR� GH� iFLGR� Į�DPLQRLVREXWtULFR��� 2� VLVWHPD� WLSR� %� p�

��%LRVVtQWHVH�GH�1536��WUDGX]LGR�GH�*X]PiQ�&KDYH]�HW�DO��������

���

7�&�$�7�Q���7H�&��RQGH�Q

HSUHVHQWD�R�Q~PHUR�GH�DPLQRiFLGRV�QR�SHSWtGHR��1HVWH�1536�OLQHDU��D�RUGHP�H�R�Q~PHUR�GH�

VH� FRP�D� VHTXrQFLD�GH�DPLQRiFLGRV�QR�153�H�� SRUWDQWR�� p�SRVVtYHO�

1536V� GH� IXQJRV�� D� UHDomR� GH�

FLFOL]DomR�p�UHDOL]DGD�SRU�XP�GRPtQLR�&�HVSHFLDOL]DGR�HP�YH]�GR�GRPtQLR�7H��8PD�YH]�TXH�

FDGD� PyGXOR� FDWDOLVD� XP� FLFOR� GXUDQWH� R� DORQJDPHQWR� GD� FDGHLD� GR� 153� GHYLGR� j� VXD�

DR� GH� 3.6� WLSR� ,�� 1RV� IXQJRV�� RV�

H[HPSORV� PDLV� SURHPLQHQWHV� GHVWH� WLSR� GH� 1536� VmR� $&9� VLQWHWDVHV� �ȕ�ODFWkPLFRV���

VLQWHWDVHV�GH�FLFORVSRULQD��FLFORVSRULQD�$��H�VLQWHWDVHV�GH�SHSWDLERO��SHSWDERLOV�VmR�XPD�FODVVH�

DPLQRLVREXWtULFR��� 2� VLVWHPD� WLSR� %� p�

&KDYH]�HW�DO��������



���

FDUDFWHUL]DGR�SRU�HPSUHJDU� WRGRV�RV� VHXV�PyGXORV�RX�GRPtQLRV�PDLV�GH�XPD�YH]�GXUDQWH�D�

VtQWHVH� GH� XP� ~QLFR� 153�� R� TXH� SHUPLWH� D� PRQWDJHP� GH� FDGHLDV� SHSWtGLFDV� TXH� FRQWrP�

VHTXrQFLDV�UHSHWLGDV�DR�ORQJR�GD�HVWUXWXUD��([HPSORV�GH�1536V�GR�WLSR�%�VmR�DV�VLQWHWDVHV�GH�

VLGHUyIRURV��TXH�FRQWrP�DSHQDV� WUrV�GRPtQLRV�$�TXH�FDWDOLVDP�D�ELRVVtQWHVH�GR�IHUURFURPR��

1R�VLVWHPD�WLSR�&��RV�1536�QmR�OLQHDUHV�WrP�SHOR�PHQRV�XPD�FRQIRUPDomR�GH�GRPtQLR�TXH�

VH� GHVYLD� GD� RUJDQL]DomR� �&�$�7�Q��� FRQWLGD� HP�1536V� OLQHDUHV�� 'D�PHVPD� IRUPD�� QHVWDV�

VLQWHWDVHV�D�GLVSRVLomR�GR�PyGXOR�QmR�FRUUHVSRQGH�j�VHTXrQFLD�GH�DPLQRiFLGRV�QR�153��$R�

FRQWUiULR� GD� 1536� WLSR�$�� QDV� 1536V� WLSR� &� R� SHSWtGHR� QmR� OLQHDU� p� SURGX]LGR� SRU� XPD�

VLQWDVH�GH� SRQWR� GH� UDPLILFDomR� H� FRQWpP�SDGU}HV� GH� FLFOL]DomR� LQFRPXQV��2XWUD� GLIHUHQoD�

LPSRUWDQWH� p� TXH� RV� 1536V� QmR� OLQHDUHV� SRGHP� LQFRUSRUDU� SHTXHQDV� HVWUXWXUDV� VRO~YHLV��

FRPR� DPLQDV�� QR� 153� FUHVFHQWH� DWUDYpV� GH� GRPtQLRV� &� HVSHFLDOL]DGRV�� $� FDSUHRPLFLQD��

EOHRPLFLQD� H� YLEULREDFWLQD� VmR� H[HPSORV� GH� 153V� SURGX]LGRV� SRU� HVWH� WLSR� GH� VLQWHWDVHV�

�*X]PiQ�&KiYH]�HW�DO���������2�4XDGUR���DSUHVHQWD�RV�GRPtQLRV�HQFRQWUDGRV�HP�1536V��



���

4XDGUR����'RPtQLRV�HP�1536��DGDSWDGR�GH�*X]PiQ�&KDYH]�HW�DO����������
6,*/$ '20Ë1,2 '(6&5,d­2

$7�
'RPtQLR�GH�
$GHQLODomR�
H�7LRODomR�

4XDOTXHU�PyGXOR�1536�FRQVLVWH�PLQLPDPHQWH�GH�XP�GRPtQLR�$�H�7�
�RX� SURWHtQD� FDUUHDGRUD� GH� SHSWLGLOR�� 3&3��� SHUPLWLQGR�
IXQFLRQDOLGDGH� GH� PyGXOR� ~QLFR� H� IXQFLRQDOLGDGH� PXOWL�PRGXODU�
DSyV�D�DGLomR�GH�GRPtQLRV�&��1mR�H[LVWH�IRUPDomR�GH�SURGXWRV�VHP�
DGHQLODomR�SUpYLD� H� WLRHVWHULILFDomR�GH�XP�VXEVWUDWR��$V� IXQo}HV�GR�
GRPtQLR�$�VmR�FDUDFWHUL]DGDV�SULPHLUR��DWUDYpV�GD�KLGUyOLVH�GH�$73�
RX�DGHQLODomR��SHUPLWLQGR�D�IRUPDomR�GH�XP�FRQMXJDGR�GH�VXEVWUDWR�
$03��TXH�p�VXEVHTXHQWHPHQWH�WUDQVIHULGR�SDUD�R�JUXSR�WLRO�OLYUH�GD�
SRUomR����IRVIRSDQWHWDLQLQLOR� �3SDQW���TXH�p�DQFRUDGR�D�XP�UHVtGXR�
GH�VHULQD�FRQVHUYDGR�QR�GRPtQLR�7��

&�
'RPtQLR�GH�
&RQGHQ�
VDomR�

2V� GRPtQLRV�&� FRQWrP� DSUR[LPDGDPHQWH� ���� UHVtGXRV�� XPD� FODVVH�
DOWDPHQWH�YHUViWLO�GH�GRPtQLRV�1536��4XDOTXHU�1536�FRPSRVWR�SRU�
PDLV� GH� XP� PyGXOR� GHYH� FRQWHU�� SHOR� PHQRV�� XP� GRPtQLR� &��
(VVHQFLDOPHQWH��R�DOYR�SULPiULR�GH�XP�GRPtQLR�&�p�D�FRQGHQVDomR�
GRV� VXEVWUDWRV� DWLYDGRV� DWUDYpV� GH� XP� DWDTXH� QXFOHRItOLFR�� OHYDQGR�
SULQFLSDOPHQWH�j� IRUPDomR�GH�XP�Q�SHSWtGHR� OLJDGR�DWUDYpV�GH�XPD�
OLJDomR�SHSWtGLFD��1R�HQWDQWR��YiULRV� UHVtGXRV�GR�GRPtQLR�&�SRGHP�
WHU�R�SRWHQFLDO�LQWUtQVHFR�SDUD�FXPSULU�P~OWLSODV�IXQo}HV��

(�
'RPtQLR�GH�
(SLPHUL�
]DomR�

2V� GRPtQLRV� (� HVWmR� HQWUH� RV� GRPtQLRV� GH� PRGLILFDomR� PDLV�
DEXQGDQWHV� LQWUtQVHFRV� DR�1536��(P�FRQWUDVWH� FRP�RV� GRPtQLRV�&�
HVWUXWXUDOPHQWH�VHPHOKDQWHV��HOHV�VmR�UHVSRQViYHLV�SHOD�HSLPHUL]DomR�
HVSHFtILFD� GR� ORFDO� GH� XP� VXEVWUDWR�� GHVHPSHQKDQGR�
SUHGRPLQDQWHPHQWH�HVVD�IXQomR�DSyV�D�IRUPDomR�GD�OLJDomR�SHSWtGLFD�
WHU�RFRUULGR��

7H�
'RPtQLR�
7LRHVWHUDVH�

$� SUHVHQoD� GR� GRPtQLR� GD� WLRHVWHUDVH� �7H�� p� FRPXP� HP� 1536�
VLPSOHV�H�PXOWLPRGXODUHV��$�PDLRULD�GRV�1536�FRQWpP�XP�GRPtQLR�
HP�VHX�&�WHUPLQDO� UHVSRQViYHO�SRU� UHPRYHU�XP�SURGXWR�RX� VXSRUWH�
GH�SURGXWR�GD�HQ]LPD�SULPiULD��$OpP�GLVVR��HVVH�GRPtQLR�DEULJD�XPD�
DWLYLGDGH� GH� FRQWUROH� GH� TXDOLGDGH� �UHYLVmR�� SDUD� YHULILFDU� D�
FRQILJXUDomR�FRUUHWD�GR�SHSWtGHR�FULDGR��

2XWURV�GRPtQLRV�

$OpP� GR� GRPtQLR� GH� HSLPHUL]DomR� UHODFLRQDGR� DR� GRPtQLR� &��
H[LVWHP�RV� GRPtQLRV� GH�FLFOL]DomR� �&\��� R[LJHQDomR� �2[\�� H�PHWLO�
WUDQVIHUDVH��07���2V�GRPtQLRV�&\�H�2[\�VXEVWLWXHP�HVSHFLILFDPHQWH�
D� IXQomR� FOiVVLFD� GRV� GRPtQLRV� &�� RPLWLQGR� D� FRQGHQVDomR� GH�
DPLQRiFLGRV� DWUDYpV�GD� IRUPDomR�GH� OLJDo}HV�SHSWtGLFDV�� UHVXOWDQGR�
HP� HVWUXWXUDV� GH� WLD]ROLQD�� R[D]ROLQD� RX� PHWLOR[D]ROLQD�� (VVDV�
UHDo}HV� RFRUUHP� SUHGRPLQDQWHPHQWH� HP� 1536� SURGXWRUDV� GH�
VLGHUyIRURV�H�FRQWDP�FRP�D�SUHVHQoD�GH�UHVtGXRV�GH�VHULQD��WUHRQLQD�H�
FLVWHtQD��7DPEpP�RV�GRPtQLRV�07�VHJXHP�D�SDGURQL]DomR�HVWUXWXUDO�
FRPXP�GH�VXEGRPtQLR��TXH�WDPEpP�p�YLVWD�QRV�GRPtQLRV�$���&���(��
H� &\��� � 2V� GRPtQLRV� 07� VmR� PDLV� UHVWULWRV� HP� VXD� IXQomR�� TXH�
DEUDQJH�D�WUDQVIHUrQFLD�GH�JUXSRV�PHWLO�GH�6�DGHQRVLOPHWLRQLQD�SDUD�
1� �1�07���&� �&�07���2� �2�07��RX�SDUD�GHWHUPLQDGRV� UHVtGXRV�6�
�6�07���



���

������3HSWtGHRV�6LQWHWL]DGRV�SRU�5LERVVRPRV�H�0RGLILFDGRV�3yV�7UDGXomR��5L33V��

3HSWtGHRV� VLQWHWL]DGRV� SRU� ULERVVRPRV� H� PRGLILFDGRV� SyV�WUDGXomR� �5L33V�� VmR�

PHWDEyOLWRV� VHFXQGiULRV� PDLV� FRPXQV� HP� EDFWpULDV�� DSHVDU� GH� WHUHP� VLGR� LGHQWLILFDGRV�

WDPEpP� HP� IXQJRV� EDVLGLRPLFHWRV� H� DVFRPLFHWRV� �6ROWDQL�� ������� (VVDV� PROpFXODV� WrP�

HVWUXWXUDV�GLYHUVDV�H�VmR�RQLSUHVHQWHV�QRV�JHQRPDV�H�WUDQVFULSWRPDV�VHTXHQFLDGRV��$UQLVRQ�HW�

DO���������

$V� YDULDGDV� PRGLILFDo}HV� SyV�WUDGXFLRQDLV� RX� FR�WUDGXFLRQDLV� FRQIHUHP� HVWUXWXUDV�

QmR�GLUHWDPHQWH�DFHVVtYHLV�DRV�SHSWtGHRV�ULERVVRPDLV�QDWXUDLV��UHVWULQJLQGR�VXD�IOH[LELOLGDGH�

FRQIRUPDFLRQDO� SDUD� SHUPLWLU� XP�PHOKRU� UHFRQKHFLPHQWR� GR� DOYR�� DXPHQWDU� D� HVWDELOLGDGH�

PHWDEyOLFD�H�TXtPLFD��H�PHOKRUDU�VXD�IXQFLRQDOLGDGH�TXtPLFD��$UQLVRQ�HW�DO���������

4XDVH� WRGRV� RV� FRPSRVWRV� SURGX]LGRV� SRU� 6tQWHVH� 3HSWtGLFD� 3yV�5LERVV{PLFD� VmR�

LQLFLDOPHQWH�VLQWHWL]DGRV�FRPR�XP�SHSWtGHR�SUHFXUVRU�PDLV� ORQJR��HQWUH��������UHVtGXRV�GH�

DPLQRiFLGRV��FRGLILFDGRV�SRU�XP�JHQH�HVWUXWXUDO��3RGH�VHU�IHLWD�XPD�GLVWLQomR�HP�UHODomR�DR�

SHSWtGHR�FHQWUDO�QmR�PRGLILFDGR��QR�SHSWtGHR�SUHFXUVRU�H�QR�SHSWtGHR�FHQWUDO�PRGLILFDGR�DSyV�

DV�PRGLILFDo}HV� SyV�WUDGXomR��1D�PDLRULD� GDV� 5L33V�� XP� SHSWtGHR� OtGHU� RX� XPD� VHTXrQFLD�

OtGHU�p�DQH[DGD�j�SRUomR�1�WHUPLQDO�GR�SHSWtGHR�FHQWUDO�TXH�p�JHUDOPHQWH�LPSRUWDQWH�SDUD�R�

UHFRQKHFLPHQWR� GH� PXLWDV� GDV� HQ]LPDV� GH� PRGLILFDomR� SyV�WUDGXFLRQDO� H� SDUD� H[SRUWDomR�

�$UQLVRQ� HW� DO�� ������� 1D� )LJXUD� �� HVWi� H[HPSOLILFDGR� R� IXQFLRQDPHQWR� GD� YLD� SDUD� D�

ELRVVtQWHVH�GH�5L33��



������7HUSHQRV�

7HUSHQRLGHV�VmR�SURGXWRV�QDWXUDLV�VLQWHWL]DGRV�SRU�IXQJRV�ILODPHQWRVRV��p�R�PDLRU�H�

PDLV�GLYHUVR�JUXSR�GH�PHWDEyOLWRV�VHFXQGiULRV�GHULYDGRV�GH�UD

FDGHLD�GH�LVRSUHQR��LVRSHQWHQLO�SLURIRVIDWR��,33��H�GLPHWLODOLO�SLURIRVIDWR��'0$33���TXH�VmR�

VLQWHWL]DGRV�QD�YLD�PHYDORQDWR�GH�DFHWLO

KHPLWHUSHQRV� GH� FLQFR� FDUERQRV� D�PLOKDUHV�

������6ROWDQL��������*X]PiQ

2V� WHUSHQRV� PDLV� FRQKHFLGRV� VmR� RV� PHWDEyOLWRV� GH� SODQWDV� RGRUtIHUDV�� FRPR� D�

FkQIRUD� H� D� WHUHELQWLQD�� PDV� RV� IXQJRV� WDPEpP� VLQWHWL]DP� YiULRV� WHUSHQRV� LPSRUWDQWHV��

LQFOXLQGR� RV� DULVWRORTXHQRV�� FDURWHQRLGHV�� JLEHUHOLQDV�� GLWHUSHQRV� LQGyOLFRV� H� WULFRWHFHQRV�

�.HOOHU�HW�DO����������

)LJXUD� ��� 9LD� ELRVVLQWpWLFD� JHUDO� SDUD� RV� 5L33V��
WUDQVIRUPDGD�QR�SURGXWR�PDGXUR��0XLWDV�GDV�PRGLILFDo}HV�SyV
VHTXrQFLDV� GH� UHFRQKHFLPHQWR� SDUD� VXEFODVVHV� GH� 5L33V�� 3URGXWRV� GH� RULJHP� HXFDULyWLFD� WDPEpP� FRQWrP�
IUHTXHQWHPHQWH� XP� SHSWtGHR� VLQDO� 1
PRGLILFDomR�H�VHFUHomR��$V�VHTXrQFLDV�GH�UHFRQKHFLPHQWR�GR�WHUPLQDO�&�HVWmR
FLFOL]DomR�GH�SHSWtGHRV��$UQLVRQ�HW�DO

7HUSHQRLGHV�VmR�SURGXWRV�QDWXUDLV�VLQWHWL]DGRV�SRU�IXQJRV�ILODPHQWRVRV��p�R�PDLRU�H�

PDLV�GLYHUVR�JUXSR�GH�PHWDEyOLWRV�VHFXQGiULRV�GHULYDGRV�GH�UDPLILFDo}HV�QR�FDUERQR�&��GD�

FDGHLD�GH�LVRSUHQR��LVRSHQWHQLO�SLURIRVIDWR��,33��H�GLPHWLODOLO�SLURIRVIDWR��'0$33���TXH�VmR�

VLQWHWL]DGRV�QD�YLD�PHYDORQDWR�GH�DFHWLO�&R$��9DULDP�GH�FDGHLDV�OLQHDUHV�D�SROLFtFOLFDV�H�GH�

KHPLWHUSHQRV� GH� FLQFR� FDUERQRV� D�PLOKDUHV� GH� XQLGDGHV� GH� LVRSUHQR� �$JRVWLQL

������6ROWDQL��������*X]PiQ�&KiYH]�HW�DO���������

2V� WHUSHQRV� PDLV� FRQKHFLGRV� VmR� RV� PHWDEyOLWRV� GH� SODQWDV� RGRUtIHUDV�� FRPR� D�

FkQIRUD� H� D� WHUHELQWLQD�� PDV� RV� IXQJRV� WDPEpP� VLQWHWL]DP� YiULRV� WHUSHQRV� LPSRUWDQWHV��

LQFOXLQGR� RV� DULVWRORTXHQRV�� FDURWHQRLGHV�� JLEHUHOLQDV�� GLWHUSHQRV� LQGyOLFRV� H� WULFRWHFHQRV�

�� 9LD� ELRVVLQWpWLFD� JHUDO� SDUD� RV� 5L33V�� 2� SHSWtGHR� SUHFXUVRU� FRQWpP� XPD� UHJLmR� FHQWUDO� TXH� p�
WUDQVIRUPDGD�QR�SURGXWR�PDGXUR��0XLWDV�GDV�PRGLILFDo}HV�SyV�WUDGXFLRQDLV�VmR�JXLDGDV�SHOR�SHSWtGHR�OtGHU�H�SHODV�

QWR� SDUD� VXEFODVVHV� GH� 5L33V�� 3URGXWRV� GH� RULJHP� HXFDULyWLFD� WDPEpP� FRQWrP�
IUHTXHQWHPHQWH� XP� SHSWtGHR� VLQDO� 1�WHUPLQDO� TXH� GLULJH� R� SHSWtGHR� SDUD� FRPSDUWLPHQWRV� HVSHFLDOL]DGRV� SDUD�
PRGLILFDomR�H�VHFUHomR��$V�VHTXrQFLDV�GH�UHFRQKHFLPHQWR�GR�WHUPLQDO�&�HVWmR SRU�YH]HV�WDPEpP�SUHVHQWHV�SDUD�D�

HW�DO��������PRGLILFDGR���

���

7HUSHQRLGHV�VmR�SURGXWRV�QDWXUDLV�VLQWHWL]DGRV�SRU�IXQJRV�ILODPHQWRVRV��p�R�PDLRU�H�

PLILFDo}HV�QR�FDUERQR�&��GD�

FDGHLD�GH�LVRSUHQR��LVRSHQWHQLO�SLURIRVIDWR��,33��H�GLPHWLODOLO�SLURIRVIDWR��'0$33���TXH�VmR�

&R$��9DULDP�GH�FDGHLDV�OLQHDUHV�D�SROLFtFOLFDV�H�GH�

GH� XQLGDGHV� GH� LVRSUHQR� �$JRVWLQL�&RVWD� HW� DO��

2V� WHUSHQRV� PDLV� FRQKHFLGRV� VmR� RV� PHWDEyOLWRV� GH� SODQWDV� RGRUtIHUDV�� FRPR� D�

FkQIRUD� H� D� WHUHELQWLQD�� PDV� RV� IXQJRV� WDPEpP� VLQWHWL]DP� YiULRV� WHUSHQRV� LPSRUWDQWHV��

LQFOXLQGR� RV� DULVWRORTXHQRV�� FDURWHQRLGHV�� JLEHUHOLQDV�� GLWHUSHQRV� LQGyOLFRV� H� WULFRWHFHQRV�

2� SHSWtGHR� SUHFXUVRU� FRQWpP� XPD� UHJLmR� FHQWUDO� TXH� p�
WUDGXFLRQDLV�VmR�JXLDGDV�SHOR�SHSWtGHR�OtGHU�H�SHODV�

QWR� SDUD� VXEFODVVHV� GH� 5L33V�� 3URGXWRV� GH� RULJHP� HXFDULyWLFD� WDPEpP� FRQWrP�
WHUPLQDO� TXH� GLULJH� R� SHSWtGHR� SDUD� FRPSDUWLPHQWRV� HVSHFLDOL]DGRV� SDUD�

SRU�YH]HV�WDPEpP�SUHVHQWHV�SDUD�D�



���

6mR�H[HPSORV�GH�WHUSHQRLGHV�DOJXQV�VDERUHV�H�PROpFXODV�DURPiWLFDV��FRPR�PHQWRO��

OLQDORO��JHUDQLRO�H�FDULRILOHQR��IRUPDGRV�SRU�PRQRWHUSHQRV��&����TXH�VmR�JHUDGRV�D�SDUWLU�GR�

JHUDQLO�SLURIRVIDWR���FRP�GXDV�XQLGDGHV�GH�LVRSUHQR��H�VHVTXLWHUSHQRV��&����TXH�VmR�JHUDGRV�D�

SDUWLU� GH� IDUQHVLO� SLURIRVIDWR��� FRP� WUrV� XQLGDGHV� GH� LVRSUHQR�� DOpP� GH� RXWURV� FRPSRVWRV�

ELRDWLYRV� FRP� SURSULHGDGHV� HVSHFLDLV�� FRPR� GLWHUSHQRV� �&���� TXH� VmR� JHUDGRV� D� SDUWLU� GR�

JHUDQLO�JHUDQLO�SLURIRVIDWR���WULWHUSHQRV��&����H�WHWUDWHUSHQRV�RX�FDURWHQRLGHV��&�����.HOOHU�HW�

DO��������$JRVWLQL�&RVWD�HW�DO��������6ROWDQL��������*X]PiQ�&KiYH]�HW�DO���������

(YHQWXDOPHQWH��HVWDV�FDGHLDV�OLQHDUHV�GH�GLIHUHQWHV�FRPSULPHQWRV�VmR�SRVWHULRUPHQWH�

PRGLILFDGDV� SRU� FLFODVHV�� WHUSHQRVLQWHVWpVLFRV� �73V�� H� SUHQLOWUDQVIHUDVHV� �37V��� SURGX]LQGR�

GLIHUHQWHV� VXEFODVVHV� GH� WHUSHQRLGHV� �*X]PDQ�&KiYH]� HW� DO�� ������� $� HQ]LPD� TXH� DWXD� QD�

VtQWHVH�GH�WHUSHQRV�p�D�WHUSHQR�FLFODVH��TXH�p�HVVHQFLDO�SDUD�D�SURGXomR�GH�GLIHUHQWHV�WHUSHQRV�

D�SDUWLU�GH�GLIHUHQWHV�GLIRVIDWRV��(PERUD�DV�WHUSHQR�FLFODVHV�WHQKDP�KRPRORJLD�HVWUXWXUDO��HODV�

WrP�SRXFD�VLPLODULGDGH�QD�VHTXrQFLD�SULPiULD�H�SDUHFHP�WHU�GLYHUJLGR�GH�IRUPD�UHODWLYDPHQWH�

UiSLGD�GH�XP�DQFHVWUDO�FRPXP��.HOOHU�HW�DO���������

������$OFDORLGHV�

2V� DOFDORLGHV� VmR� XP� JUXSR� GH� SURGXWRV� QDWXUDLV� DOWDPHQWH� GLYHUVLILFDGRV� TXH�

FRQWpP�XP�RX�PDLV�iWRPRV�GH�QLWURJrQLR�EiVLFRV�HP�XP�DQHO�KHWHURFtFOLFR��6ROWDQL���������

$OFDORLGHV� LQGyOLFRV� VmR� JHUDOPHQWH� GHULYDGRV� GR� WULSWRIDQR� H� GR� GLPHWLODOLO� SLURIRVIDWR��

HPERUD� jV� YH]HV� RXWURV� DPLQRiFLGRV� DOpP� GR� WULSWRIDQR� VHMDP� XVDGRV� FRPR� SUHFXUVRUHV�

�.HOOHU�HW�DO���������'HYLGR�j�VXD�JUDQGH�GLYHUVLGDGH�HVWUXWXUDO��QmR�Ki�FODVVLILFDomR�XQLIRUPH�

GH� DOFDORLGHV� H� QHQKXPD� FODVVH� HVSHFtILFD� GH� HQ]LPDV� SDUD� VXD� ELRVVtQWHVH��1R� HQWDQWR�� GH�

DFRUGR� FRP� DV� VXDV� RULJHQV� ELRJHQpWLFDV�� RV� DOFDORLGHV� SRGHP� VHU� DJUXSDGRV� HP� TXDWUR�

FODVVHV�� DOFDORLGHV� GHULYDGRV� GH� DPLQRiFLGRV�� DOFDORLGHV� SXUtQLFRV�� WHUSHQRV� DPLQDGRV� H�

DOFDORLGHV�SROLFHWLGRV��6ROWDQL���������



���

$�YLD�PHWDEyOLFD�GH�DOFDORLGHV�PDLV�EHP�FRPSUHHQGLGD�p�D�VtQWHVH�GH�HUJRWDPLQD�HP�

&ODYLFHSV�SXUSXUHD�H�HVSpFLHV�UHODFLRQDGDV��SULPHLUR�DFRQWHFH�D�SUHQLODomR�GR�WULSWRIDQR�SHOD�

GLPHWLODOLO� WULSWRIDQR� VLQWHWDVH� �'0$76���$SyV� D�PHWLODomR� GR� GLPHWLODOLO� WULSWRIDQR�� LQLFLD�

XPD� VpULH� GH� HWDSDV� GH� R[LGDomR� DWUDYpV� GD� DJURFODYLQD� SDUD� R� iFLGR� OLVpUJLFR�� 2� iFLGR�

OLVpUJLFR�p� HQWmR� DWLYDGR�SRU�XPD�1536�GH�PyGXOR�~QLFR��FRQGHQVDGR�FRP�XP� WULSHSWtGHR�

TXH�p�SURGX]LGR�SRU�XPD�VHJXQGD�1536�H�OLEHUDGR�FRPR�HUJRWDPLQD��.HOOHU�HW�DO���������

(PERUD� PXLWRV� DOFDORLGHV� EHP� FRQKHFLGRV� �FRPR� KLSRFLDQDPLQD�� ILVRVWLJPLQD��

FRFDtQD��PRUILQD��FRGHtQD��YLPEODVWLQD��VHMDP�SURGX]LGRV�SRU�SODQWDV��RV�DOFDORLGHV�WDPEpP�

SRGHP� VHU�SURGX]LGRV� SRU� YiULRV� RXWURV� RUJDQLVPRV�� FRPR�RV� IXQJRV��(VWHV� FRPSRVWRV� VmR�

FRQVLGHUDGRV�SDUWH�GD�GHIHVD�TXtPLFD�GH�XP�RUJDQLVPR��PDV�DSUHVHQWDP�WDPEHP�DSOLFDo}HV�

QD� PHGLFLQD� KXPDQD� FRPR� DQDOJpVLFRV�� DQWLDUUtWPLFRV�� DQWL�KLSHUWHQVLYRV�� DQWLSURWR]RiULRV��

DQWLWXPRUDLV��HVWLPXODQWHV�H�YDVRGLODWDGRUHV�H�QD�DJULFXOWXUD�FRPR�LQVHWLFLGDV��6ROWDQL���������

'HYLGR�DR�IDWR�GH�TXH�RV�JHQRPDV�GH�PXLWRV�PLFURUJDQLVPRV�FRGLILFDP�D�SURGXomR�

GH� PHWDEyOLWRV� VHFXQGiULRV� D� SDUWLU� GH� P~OWLSORV� FRQMXQWRV� GH� JHQHV� �ELRV\QWKHWLF� JHQH�

FOXVWHUV��� D� PLQHUDomR� GH� JHQRPD� WHP� VLGR� HVWDEHOHFLGD� FRPR� LPSRUWDQWH� IHUUDPHQWD� TXH�

FRPSOHPHQWD� ELRHQVDLRV� QR� HVWXGR� GH� SURGXWRV� QDWXUDLV�� R� TXH� IRL� DPSDUDGR� SHOR�

GHVHQYROYLPHQWR�H�GLVSRQLELOLGDGH�GH�YiULDV�IHUUDPHQWDV�GH�PLQHUDomR�GH�GDGRV��%OLQ�HW�DO��

��������

2�UiSLGR�GHVHQYROYLPHQWR�GD�JHQ{PLFD�QRV�~OWLPRV�DQRV�SRVVLELOLWRX�HQWHQGHU�TXH�

RV�PLFURUJDQLVPRV�FRGLILFDP�R�SRWHQFLDO�SDUD�SURGX]LU�PXLWR�PDLV�PHWDEyOLWRV� VHFXQGiULRV�

GR� TXH� R� LQLFLDOPHQWH� HVSHUDGR�� 0XLWDV� GHVWDV� PROpFXODV� VmR� SUHGLWDV� SRU� DQiOLVH�

ELRLQIRUPiWLFD� GR� VXSRVWR� DJUXSDPHQWR� JHQpWLFR� GR� PHWDEyOLWR� VHFXQGiULR� HP� JHQRPDV�

VHTXHQFLDGRV�� PDV� QmR� VmR� SURGX]LGDV� QDWXUDOPHQWH� HP� FRQGLo}HV� GH� ODERUDWyULR� RX� HVWmR�

SUHVHQWHV�HP�QtYHLV�TXH�VmR�GHPDVLDGR�EDL[RV�SDUD�VHUHP�GHWHFWDGRV�SRU�PpWRGRV�SDGUmR��(P�



���

DOJXQV� FDVRV�� D� SURGXomR� GHVVHV�PHWDEyOLWRV� SRGH� VHU� LQGX]LGD� SRU�PDQLSXODo}HV� JHQpWLFDV�

�%UHLWOLQJ�HW�DO���������

����*5832�'(�*(1(6�%,266,17e7,&26�

$R�FRQWUiULR�GRV�JHQHV�QHFHVViULRV�SDUD�D�VtQWHVH�GH�XP�PHWDEyOLWR�SULPiULR��TXH�VmR�

GLVSHUVRV� SHOR� JHQRPD� GR� IXQJR�� RV� JHQHV� TXH� FRGLILFDP� DV� DWLYLGDGHV� HQ]LPiWLFDV� SDUD�

SURGX]LU�XP�PHWDEyOLWR�VHFXQGiULR�VmR�RUJDQL]DGRV�GH�IRUPD�DJUXSDGD��IRUPDQGR�XP�JUXSR�

GH� JHQHV� ELRVVLQWpWLFRV� �.HOOHU�� ������� 8P� JUXSR� GH� JHQHV� ELRVVLQWpWLFRV� �%*&�� p� XP�

DJUXSDPHQWR� GH� GRLV� RX� PDLV� JHQHV� HP� XP� FURPRVVRPR� GH� XP� GDGR� JHQRPD� TXH� MXQWRV�

FRGLILFDP�XPD�YLD�ELRVVLQWpWLFD�SDUD�D�SURGXomR�GH�XP�PHWDEyOLWR�VHFXQGiULR�H�VXDV�YDULDQWHV�

TXtPLFDV��0HGHPD�HW�DO��������:HEHU�HW�DO���������(VWHV�JHQHV�VmR�FRUUHJXODGRV�GH�DFRUGR�

FRP�D�IXQomR�HFROyJLFD�GR�PHWDEyOLWR�VHFXQGiULR�FRGLILFDGR��.HOOHU���������

2� DJUXSDPHQWR� GH� JHQHV� GH� YLDV� PHWDEyOLFDV� QmR� p� FRPXP� HP� HXFDULRWRV��

SRVVLYHOPHQWH� SRU� FDXVD� GR� ULVFR� GH� SHUGHU� WRGD� XPD� URWD� HVVHQFLDO� FDVR� SDUWH� GH� XP�

FURPRVVRPR� VHMD� SHUGLGD��1R� HQWDQWR�� QDV� EDFWpULDV�� RV� JHQHV� GDV� YLDV� VmR� IUHTXHQWHPHQWH�

DJUXSDGRV� HP� RSHURQV�� SURSULHGDGH� HP� TXH� RV� JHQHV� VmR� PDLV� SURSHQVRV� D� VREUHYLYHU� j�

WUDQVIHUrQFLD�KRUL]RQWDO�VH�WRGRV�RV�FRPSRVWRV�GD�YLD�IRUHP�DGTXLULGRV�GH�XPD�Vy�YH]��'HVVD�

IRUPD�� HQWHQGH�VH� TXH� %*&V� GH� IXQJRV� WHQKDP� RULJHP� GH� EDFWpULDV�� &RPR� RV�PHWDEyOLWRV�

VHFXQGiULRV�QmR�VmR�HVVHQFLDLV��SRGH�QmR�KDYHU�XPD�IRUWH�SUHVVmR�VHOHWLYD�SDUD�GLVWULEXLU�RV�

JHQHV� GD� YLD� QR� JHQRPD�� 2� DJUXSDPHQWR� GH� JHQHV� WDPEpP� SRGH� VHUYLU� FRPR� XPD�

FDUDFWHUtVWLFD� YDQWDMRVD� SDUD� QRYDV� YLDV� PHWDEyOLFDV� VHFXQGiULDV� HP� UiSLGD� HYROXomR��

0XWDo}HV�SRGHP�JHUDU�FRPSRVWRV�QRYRV�H�~WHLV��VHP�R�ULVFR�GH�SUHMXGLFDU�R�KRVSHGHLUR�SRU�



DIHWDU�JHQHV�HVVHQFLDLV��R�TXH�VH�FRQILUPD�SHOR�IDWR�GH�JHUDOPHQWH�RV�%*&�ORFDOL]DUHP

UHJL}HV�WHORPpULFDV�GRV�FURPRVVRPRV��1LHOVHQ��������

$� VtQWHVH� GH� PHWDEyOLWRV� VHFXQGiULRV� HQYROYH� SULQFLSDOPHQWH� D� SROLPHUL]DomR� GH�

PHWDEyOLWRV�SULPiULRV�SRU�HQ]LPDV�GHGLFDGDV��PXLWDV�YH]HV�UHIHULGDV�FRPR�HQ]LPDV�FHQWUDLV�

RX� FRUH�� �)LJXUD� ���� 2V� PHWDEyOLWRV� JHUDGRV� SRU� HVWDV� HQ]LPDV� WDPEpP� SRVVXHP� HQ]LPDV�

DGLFLRQDLV�TXH�SRGHP�DOWHUDU�VXDV�ELRDWLYLGDGHV��$�HQ]LPD�FHQWUDO�GHILQH�D�FODVVH�TXtPLFD�GR�

PHWDEyOLWR�VHFXQGiULR�JHUDGR��SROLFHWtGHRV�VLQWDVHV��3.6V��SURGX]HP�SROLFHWtGHRV�D�SDUWLU�GH�

DFLO�&R$V��SHSWtGHRV�QmR�ULERVV{PLFRV�VLQWHWDVHV��1536V��JHUDP�SHSWtGHRV�QmR�ULERVV{PLFRV�

D�SDUWLU�GH�DPLQRiFLGRV�H�WHUSHQRV�VLQWDVHV�H�WHUSHQR�FLFODVHV��76V�H�7&V��JHUDP�WHUSHQRV�GH�

XQLGDGHV�GH�LVRSUHQR�DWLYDGDV��$OJXQV�PHWDEyOLWRV�VHFXQGiULRV�VmR�KtEULGRV�

D�SDUWLU�GH�GXDV�VLQWDVHV�H�RX�VLQWHWDVHV��.HOOHU��������

)LJXUD� ��� 9LVmR� JHUDO� GH� $JUXSDPHQWRV� GH
VHFXQGiULRV� �$�� %*&� WtSLFR� H� DV� FODVVHV� GH� JHQHV� PDLV� FRPXQV�� �%�� $UTXLWHWXUD� GH� GRPtQLRV�
SURWHLFRV�H�SULQFtSLR�FDWDOtWLFR�GH�JHQHV�HVWUXWXUDLV�GH�3.6�H�1536�FDWDOLVDQGR�D�IRUPDomR�GH�3.V�H�
153V��UHVSHFWLYDPHQWH �DGDSWDGR�GH�1LHOVHQ��������

DIHWDU�JHQHV�HVVHQFLDLV��R�TXH�VH�FRQILUPD�SHOR�IDWR�GH�JHUDOPHQWH�RV�%*&�ORFDOL]DUHP

UHJL}HV�WHORPpULFDV�GRV�FURPRVVRPRV��1LHOVHQ��������

$� VtQWHVH� GH� PHWDEyOLWRV� VHFXQGiULRV� HQYROYH� SULQFLSDOPHQWH� D� SROLPHUL]DomR� GH�

PHWDEyOLWRV�SULPiULRV�SRU�HQ]LPDV�GHGLFDGDV��PXLWDV�YH]HV�UHIHULGDV�FRPR�HQ]LPDV�FHQWUDLV�

��� 2V� PHWDEyOLWRV� JHUDGRV� SRU� HVWDV� HQ]LPDV� WDPEpP� SRVVXHP� HQ]LPDV�

DGLFLRQDLV�TXH�SRGHP�DOWHUDU�VXDV�ELRDWLYLGDGHV��$�HQ]LPD�FHQWUDO�GHILQH�D�FODVVH�TXtPLFD�GR�

DGR��SROLFHWtGHRV�VLQWDVHV��3.6V��SURGX]HP�SROLFHWtGHRV�D�SDUWLU�GH�

&R$V��SHSWtGHRV�QmR�ULERVV{PLFRV�VLQWHWDVHV��1536V��JHUDP�SHSWtGHRV�QmR�ULERVV{PLFRV�

D�SDUWLU�GH�DPLQRiFLGRV�H�WHUSHQRV�VLQWDVHV�H�WHUSHQR�FLFODVHV��76V�H�7&V��JHUDP�WHUSHQRV�GH�

GHV�GH�LVRSUHQR�DWLYDGDV��$OJXQV�PHWDEyOLWRV�VHFXQGiULRV�VmR�KtEULGRV�

D�SDUWLU�GH�GXDV�VLQWDVHV�H�RX�VLQWHWDVHV��.HOOHU��������

�� 9LVmR� JHUDO� GH� $JUXSDPHQWRV� GH *HQHV� %LRVVLQWpWLFRV� �%*&V�� GH� PHWDEyOLWRV�
�$�� %*&� WtSLFR� H� DV� FODVVHV� GH� JHQHV� PDLV� FRPXQV�� �%�� $UTXLWHWXUD� GH� GRPtQLRV�

SURWHLFRV�H�SULQFtSLR�FDWDOtWLFR�GH�JHQHV�HVWUXWXUDLV�GH�3.6�H�1536�FDWDOLVDQGR�D�IRUPDomR�GH�3.V�H�
�DGDSWDGR�GH�1LHOVHQ��������

���

DIHWDU�JHQHV�HVVHQFLDLV��R�TXH�VH�FRQILUPD�SHOR�IDWR�GH�JHUDOPHQWH�RV�%*&�ORFDOL]DUHP�VH�HP�

$� VtQWHVH� GH� PHWDEyOLWRV� VHFXQGiULRV� HQYROYH� SULQFLSDOPHQWH� D� SROLPHUL]DomR� GH�

PHWDEyOLWRV�SULPiULRV�SRU�HQ]LPDV�GHGLFDGDV��PXLWDV�YH]HV�UHIHULGDV�FRPR�HQ]LPDV�FHQWUDLV�

��� 2V� PHWDEyOLWRV� JHUDGRV� SRU� HVWDV� HQ]LPDV� WDPEpP� SRVVXHP� HQ]LPDV�

DGLFLRQDLV�TXH�SRGHP�DOWHUDU�VXDV�ELRDWLYLGDGHV��$�HQ]LPD�FHQWUDO�GHILQH�D�FODVVH�TXtPLFD�GR�

DGR��SROLFHWtGHRV�VLQWDVHV��3.6V��SURGX]HP�SROLFHWtGHRV�D�SDUWLU�GH�

&R$V��SHSWtGHRV�QmR�ULERVV{PLFRV�VLQWHWDVHV��1536V��JHUDP�SHSWtGHRV�QmR�ULERVV{PLFRV�

D�SDUWLU�GH�DPLQRiFLGRV�H�WHUSHQRV�VLQWDVHV�H�WHUSHQR�FLFODVHV��76V�H�7&V��JHUDP�WHUSHQRV�GH�

GHV�GH�LVRSUHQR�DWLYDGDV��$OJXQV�PHWDEyOLWRV�VHFXQGiULRV�VmR�KtEULGRV�±�VmR�VLQWHWL]DGRV�

*HQHV� %LRVVLQWpWLFRV� �%*&V�� GH� PHWDEyOLWRV�
�$�� %*&� WtSLFR� H� DV� FODVVHV� GH� JHQHV� PDLV� FRPXQV�� �%�� $UTXLWHWXUD� GH� GRPtQLRV�

SURWHLFRV�H�SULQFtSLR�FDWDOtWLFR�GH�JHQHV�HVWUXWXUDLV�GH�3.6�H�1536�FDWDOLVDQGR�D�IRUPDomR�GH�3.V�H�



���

'HYLGR�DR�VHX�JUDQGH�SRWHQFLDO�QD�LQG~VWULD�IDUPDFrXWLFD�H�ELRTXtPLFD�VLQWpWLFD��DV�

YLDV�ELRVVLQWpWLFDV�GRV�PHWDEyOLWRV�VHFXQGiULRV�GRV�IXQJRV�VmR�IRFR�GH�HVWXGRV�SDUD�HOXFLGDU�D�

EDVH�JHQpWLFD�SDUD�HVWHV�FRPSRVWRV��2�PpWRGR�PDLV�XWLOL]DGR�LGHQWLILFD�DV�HQ]LPDV�GH�VXSRUWH�

SDUD�VLQWDVHV�FKDYH��XP�JUXSR�GH�FDGD�YH]��$QGHUVHQ�HW�DO���������

0XLWDV� YLDV� HQ]LPiWLFDV� GH�PHWDEyOLWRV� VHFXQGiULRV� HP�EDFWpULDV�� IXQJRV� H� SODQWDV�

VmR�FRGLILFDGDV�HP�%*&V��$V�LQIRUPDo}HV�VREUH�HVVHV�JUXSRV��YLDV�H�PHWDEyOLWRV�p�GH�GLItFLO�

H[SORUDomR��0HGHPD�HW�DO����������

$�DWULEXLomR�H�SUHGLomR�GH�JHQHV�GRV�DJUXSDPHQWRV�D�SDUWLU�GD�VHTXrQFLD�GR�JHQRPD�

QmR� VmR� SUHFLVDV�� DSHVDU� GD�GLVSRQLELOLGDGH� GH� DOJRULWPRV� HILFLHQWHV� SDUD� D� LGHQWLILFDomR� GH�

SRVVtYHLV� JHQHV� ELRVVLQWpWLFRV� GH� PHWDEyOLWRV� VHFXQGiULRV�� HVSHFLDOPHQWH� 3.6V�� 1536V� H�

'0$76V��'RPtQLRV�SURWHLFRV�UHOHYDQWHV�SRGHP�VHU�SUHYLVWRV�SDUD�DOJXQV�GRV�JHQHV��PDV�RV�

JHQHV�HP�JUXSRV�LGHQWLILFDGRV�JHUDOPHQWH�WrP�IXQo}HV�GHVFRQKHFLGDV��R�TXH�WRUQD�LPSRVVtYHO�

SUHYHU� VXD� LQFOXVmR�� $OpP� GLVVR�� RV� JUXSRV� GH� JHQHV� GR� PHWDEROLVPR� VHFXQGiULR�

IUHTXHQWHPHQWH� ORFDOL]DP� RV� FURPRVVRPRV�� R� TXH� GLILFXOWD� D� VHSDUDomR� GH� DJORPHUDGRV�

EDVHDGRV�DSHQDV�HP�SUHGLo}HV�GD�IXQomR�JrQLFD��$QGHUVHQ�HW�DO���������

$WXDOPHQWH�� HQWHQGH�VH� TXH� DSHQDV� XPD� SHTXHQD� SDUWH� GR� SRWHQFLDO� GH� PROpFXODV�

SRVVtYHLV�IRL�GHVFREHUWD��8P�JUDQGH�Q~PHUR�GH�%*&V�DLQGD�QmR�IRL�FDUDFWHUL]DGR��VHQGR�TXH�

PXLWRV� GHVVHV� JHQHV� QmR� VmR� H[SUHVVRV�� 6HQGR� DVVLP�� VmR� PXLWRV� RV� GHVDILRV� D� VHUHP�

VXSHUDGRV�SDUD�R�DSURYHLWDPHQWR�GD�GLYHUVLGDGH�GH�SURGXWRV�QDWXUDLV��GHVGH�FXOWLYDU�OLQKDJHQV�

HP� ODERUDWyULR� D� HIHWLYDPHQWH� DWLYDU� D� H[SUHVVmR� GH� %*&V�� 7UrV� DERUGDJHQV� SRGHP� VHU�

XWLOL]DGDV��PDQLSXODomR�GH�FRQGLo}HV�GH�FXOWLYR��HQJHQKDULD�GH�1536�H�3.6�H�LQWHUIHUrQFLD�

JHQpWLFD��*X]PiQ�&KiYH]�HW�DO���������



���

����3HQLFLOOLXP�VSS��(�0(7$%Ï/,726�6(&81'È5,26�'(�,17(5(66(�

2�JrQHUR�3HQLFLOOLXP� p� XPD�IRQWH� ULFD�H�GLYHUVLILFDGD�GH�FRPSRVWRV�ELRDWLYRV��TXH�

YDULDP�HP�HVWUXWXUD�H�VmR�VLQWHWL]DGRV�YLD�GLIHUHQWHV�YLDV�ELRVVLQWpWLFDV��'LIHUHQWHV�HVSpFLHV�

IRUDP�LVRODGDV�GH�XPD�YDULHGDGH�GH�IRQWHV�DPELHQWDLV�FROHWDGDV�HP�GLIHUHQWHV�iUHDV�DR�UHGRU�

GR�PXQGR�� 2�PHWDEROLVPR� VHFXQGiULR� GHVWHV� LVRODGRV� IRL� HVWXGDGR� H� GLIHUHQWHV� FRPSRVWRV�

IRUDP�LGHQWLILFDGRV��2V�SUy[LPRV�SDUiJUDIRV�DSUHVHQWDP�XPD�YLVmR�JHUDO�GHVVD�GLYHUVLGDGH��

%D]LROL�HW�DO��������UHXQLUDP�XP�WRWDO�GH����PHWDEyOLWRV�VHFXQGiULRV�ELRVVLQWHWL]DGRV�

SRU�3HQLFLOOLXP�EUDVLOLDQXP�� LQFOXLQGR�PHWDEyOLWRV�GH�QDWXUH]D� DOFDORLGH��GLFHWRSLSHUD]LQDV��

PHURWHUSHQRLGHV�� SROLFHWtGHRV� H� FLFORGHSVLSHSWtGHRV�� 6FK�UPDQQ� HW� DO� ������� GHWHFWDUDP�

DXVWLQ��GHKLGURDXVWLQ��'�PDQLWRO�H�iFLGR�SHQLFtOLFR�HP�LQyFXOR�GHVWD�PHVPD�HVSpFLH�HP�PHLR�

DTXRVR� FRQWHQGR� GH[WURVH�� )LOO� HW� DO� ������� HQFRQWUDUDP� FLQFR� WLSRV� GH� EUDVLOLDPLGDV��

FRPSRVWRV�SRWHQFLDOPHQWH�FRQYXOVLYDQWHV�H�EDFWHULRVWiWLFRV��HP�FXOWLYR�HP�PHLR�%'$�GH�3��

EUDVLOLDQXP�LVRODGR�GH�0HOLD�D]HGDUDFK��

(P�3HQLFLOOLXP� GHFXPEHQV�� /LQ� HW� DO� ������� HQFRQWUDUDP� XP� FRPSRVWR� FKDPDGR�

FLFORSHQLFLORQH��TXH�DSUHVHQWRX�HIHLWR�LQLELWyULR�PRGHUDGR�FRQWUD�D�SURGXomR�GH�y[LGR�QtWULFR�

�12��LQGX]LGR�SRU�OLSRSROLVVDFDUtGHRV��/36���0DPPD�HW�DO���������GHWHFWDUDP�DWLYLGDGHV�GH�

ȕ�JOLFRVLGDVH��Į�UDPQRVLGDVH�H�TXHUFHWDVH�HP�FXOWLYR�HP�XP�ELRUUHDWRU�XVDQGR� UXWLQD�FRPR�

~QLFD�IRQWH�GH�FDUERQR�H�HQHUJLD��SDUD�LQGX]LU�D�DWLYLGDGH�JOLFRVtGLFD���

3DUD� 3HQLFLOOLXP� JULVHRIXOYXP�� %DQDQL� HW� DO� ������� HVWXGDUDP� D� VHTXrQFLD� GR�

JHQRPD�GH�3*��������0E���PRVWUDQGR�TXH��ILORJHQHWLFDPHQWH���3��JULVHRIXOYXP�VH�UDPLILFRX�

DSyV�D�GLYHUJrQFLD�GH�3HQLFLOOLXP�R[DOLFXP��PDV�DQWHV�GD�GLYHUJrQFLD�GH�3��FKU\VRJHQXP��$�

DQiOLVH� HP� WRGR� R� JHQRPD� UHYHORX� DJUXSDPHQWRV� GH� JHQHV� SXWDWLYRV� SDUD� ELRVVtQWHVH� GH�

SDWXOLQD��JULVHRIXOYLQD�H�URTXHIRUWLQD�&��$OpP�GLVVR��UHDOL]DUDP�TXDQWLILFDomR�GD�SURGXomR�GH�



���

PHWDEyOLWRV�VHFXQGiULRV�LQ�YLWUR�H�HP�PDomV��UHYHODQGR�D�FLQpWLFD�GH�H[SUHVVmR�GRV�SULQFLSDLV�

JHQHV�GH�PHWDEyOLWRV�VHFXQGiULRV�SURGX]LGRV�QD�PDom�LQIHFWDGD��1HVVD�DQiOLVH��HQFRQWUDUDP�

FOXVWHUV�DGLFLRQDLV�GH�PHWDEyOLWRV�VHFXQGiULRV�� LQFOXLQGR�JHQHV�SRWHQFLDOPHQWH� UHVSRQViYHLV�

SHOD�VtQWHVH�GH�SHQLFLOLQD��\DQXWKRQH�'��iFLGR�FLFORSLD]{QLFR�H�FKDQRFODYLQD�,��

+DXWEHUJXH� HW� DO� ������� HQFRQWUDUDP� ��� PHWDEyOLWRV� VHFXQGiULRV� HP� 3HQLFLOOLXP�

YHUUXFRVXP�HP�DQiOLVH�FRP�+3/&�+356�GH�VHX�FXOWLYR��*KDQEDUL�HW�DO��������HVWXGDUDP�D�

SURGXomR� GH� PHWDEyOLWRV� VHFXQGiULRV� HP� GLYHUVDV� HVSpFLHV� GH� 3HQLFLOOLXP� SRU� PHLR� GH�

DQiOLVHV�GH�FURPDWRJUDILD�JDVRVD��REWHQGR�RV�VHJXLQWHV�UHVXOWDGRV���L��HP�3HQLFLOOLXP�MHQVHLL��

HQFRQWUDUDP� iFLGR� RFWDGHFDQRLFR�� XQGHFDQR�� DQWUDFHQR�� iFLGR� R[iOLFR�� ����QRQDGLLQH��

SKHQDQWKUHQR�� GRGHFDQR�� GLEHQ]RWLRIHQR�� iFLGR� KH[DGHFDQRLFR�� HQWUH� RXWURV�� �LL�� HP�

3HQLFLOOLXP� SXVLOXP�� IRUDP� HQFRQWUDGRV� RV� FRPSRVWRV� iFLGR� GHFDQHGLRLFR�� XYLGLQD� %��

KH[DGHFDQR��WULGHFDQR��GHFDQR��FDPD]XOHQR��HQWUH�RXWURV���LLL��HP�3HQLFLOOLXP�SXUSXURJHQXP��

HQFRQWUDUDP� D]HWLGLQD�� GHFDQR�� WLPRO�� GLEHQ]RWKLRIHQR�� VDUFRFDSQLGLQD�� DQWUDFHQR�� iFLGR�

RFWDGHFDQRLFR��HQWUH�RXWURV���LY��H�HP�3HQLFLOOLXP�FDQHVFHQV�IRUDP�HQFRQWUDGRV�RV�FRPSRVWRV�

GRGHFDQR��iFLGR�R[iOLFR��iFLGR�KH[DGHFDQRLFR�H�WULGHFDQR��HQWUH�RXWURV���

7DQQRXV� HW� DO� ������� UHDOL]DUDP� XPD� UHYLVmR� QD� OLWHUDWXUD� VREUH� RV� PHWDEyOLWRV�

VHFXQGiULRV� SURGX]LGRV� SRU� 3HQLFLOOLXP� H[SDQVXP�� GDQGR� rQIDVH� j� SDWXOLQD�� $OpP� GHVVD�

PLFRWR[LQD�� WDPEpP� VmR� SURGX]LGRV� RXWURV� SROLFHWtGHRV�� FRPR� D� FLWULQLQD�� SHSWtGHRV� QmR�

ULERVV{PLFRV��FRPR�D�FRPPXQHVLQD�H�URTXHIRUWLQD�&��PHWDEyOLWRV�KtEULGRV�HQWUH�SROLFHWtGHRV�

H�SHSWtGHRV�QmR�ULERVV{PLFRV��FRPR�FKDHWRJORERVLQD�$�H�&�H�FLWRFKDODVLQD��WHUSHQRV�FRPR�D�

JHRVPLQD�H�H[SDQVROLGD�$�H�%�H�DV�DQGUDVWLQDV�$��%��H�&��DOpP�GH�PHURWHUSHQRLGHV��

6KHQ�HW� DO� ������� HVWXGDUDP� H[WUDWRV� GH�3�� R[DOLFXP� ����)��� TXH� H[LELX� DWLYLGDGH�

LQLELGRUD� FRQWUD� R� YtUXV� GR�PRVDLFR� GR� WDEDFR� H� QD� UHSOLFDomR� H� SUROLIHUDomR� GH� FpOXODV� GH�

FkQFHU� JiVWULFR� KXPDQR� H� FpOXODV� GH� FkQFHU� KHSiWLFR�� EXVFDQGR� LGHQWLILFDU� RV� FRPSRVWRV�

SURGX]LGRV�SRU�HVWH� IXQJR��TXH� WHQKD�SRWHQFLDO�DWLYLGDGH� LQLELWyULD�FRQWUD�ILWRYtUXV�H�FpOXODV�



���

WXPRURVDV��1HVWH� WUDEDOKR�� IRUDP�LGHQWLILFDGRV�SRU�HVSHFWURVFRSLD�GH�UHVVRQkQFLD�PDJQpWLFD�

QXFOHDU� RV� FRPSRVWRV� �����KLGUR[LEHQ]LO�TXLQD]ROLQ����+��RQD�� UXELQDILQD�$�� FLWUHRURVHLQ� H��

��KLGUR[LIHQLODFHWDWR� GH� PHWLOD�� DOpP� GD� GHVFREHUWD� GR� FRPSRVWR� �����

KLGUR[LEHQ]RLO�TXLQD]ROLQ����+��RQD��

$Wp�R�SUHVHQWH��GDGRV�VREUH�D�JHQ{PLFD�GH�3��HFKLQXODWXP�UHODFLRQDGD�D�PHWDEyOLWRV�

VHFXQGiULRV�DLQGD�p�LQFLSLHQWH��

����3HQLFLOOLXP�HFKLQXODWXP

2� IXQJR� ILODPHQWRVR� 3HQLFLOOLXP HFKLQXODWXP� p� HVWXGDGR� GHVGH� ������ FRP� R�

LVRODPHQWR�GD�OLQKDJHP�VHOYDJHP��++�D�SDUWLU�GH�IXQJRV�GHVFREHUWRV�QR� WUDWR�GLJHVWLYR�GH�

$QRELXP�SXQFWDWXP��XPD�HVSpFLH�GH�FROHySWHUR��&DUUDX�HW�DO���������$�SDUWLU�GLVVR��R�IXQJR�

IRL�VXEPHWLGR�D�XP�SURJUDPD�GH�PXWDJrQHVH�H�VHOHomR�DWp�D�REWHQomR�HP������GD�OLQKDJHP�

�$��6���PXWDQWH�SDUFLDOPHQWH�GHVUHSULPLGR�j�JOLFRVH��D�SDUWLU�GH�SHUy[LGR�GH�KLGURJrQLR�H�

VHOHomR� HP�PHLR� VXSOHPHQWDGR�FRP���GHVR[LJOLFRVH� �'LOORQ�HW�DO�� �������(P�������R� JHQH�

(*/�� �HQGR�����EHWD�JOLFDQDVH�*+����� IRL�FORQDGR�H�FDUDFWHUL]DGR��5XELQL�HW�DO���������1D�

FRQWLQXLGDGH�GR�SURJUDPD�GH�PHOKRUDPHQWR�IRL�RULJLQDGR��HP�������D�OLQKDJHP�6�0����TXH�

SRVVXL�DOWD�SURGXomR�GH�FHOXODVHV�QD�SUHVHQoD�GH�VDFDURVH��'LOORQ�HW�DO����������

$V� OLQKDJHQV� �++� H� 6�0��� WLYHUDP� VHXV� JHQRPDV� VHTXHQFLDGRV� HP� ����� �GDGRV�

DLQGD� QmR� SXEOLFDGRV�� H� HP� ����� VXD� ILVLRORJLD� IRL� HVWXGDGD� TXDQWR� j� FDSDFLGDGH� GH�

PHWDEROL]DU� GLIHUHQWHV� IRQWHV� GH� FDUERQR� �6FKQHLGHU� HW� DO�� ������� (P� ������ IRL� UHDOL]DGD� D�

FDUDFWHUL]DomR� H� DQiOLVH� GD� H[SUHVVmR� JrQLFD� GH� RLWR� HQ]LPDV� GR� FRPSOH[R� HQYROYHQGR�

FHOXODVHV� H� KHPLFHOXODVHV� GD� OLQKDJHP� 6�0��� �=DPSLHUL�� ������� 1R� DQR� VHJXLQWH�� DV�

OLQKDJHQV�VHOYDJHP�H�PXWDQWH�IRUDP�FRPSDUDGDV�� LGHQWLILFDQGR�����SURWHtQDV��VHQGR�����DV�

SURWHtQDV�HP�FRPXP�����H[FOXVLYDV�GD�OLQKDJHP�VHOYDJHP�H����TXH�SRU�VXD�YH]�WRUQDUDP�VH�



���

H[SUHVVDV� QR� PXWDQWH�� )RL� REVHUYDGR� TXH� HP� WRUQR� GH� ���� GDV� HQ]LPDV� VHFUHWDGDV� SHOR�

PXWDQWH�VmR�&$=\PHV� �&DUERK\GUDWH�$FWLYH�(Q=\PHV���6FKQHLGHU�HW�DO���������3RU�ILP��HP�

������DFRQWHFH�D�PRQWDJHP�H�DQRWDomR�GRV�JHQRPDV�GDV�OLQKDJHQV��++�H�6�0����



1HVWH�FDStWXOR��p�H[SOLFDGD�D�

QHVWH� WUDEDOKR�� 2� IOX[RJUDPD� GD�

PHWDEyOLWRV�VHFXQGiULRV�GH�

WUDEDOKRV� DQWHULRUHV� DWp� D� REWHQomR� GDV� VHTXrQFLDV� XWLOL]DGDV� QHVWH� WUDEDOKR��

DQDOLVDGDV�FRP�R�DX[tOLR�GD

VHVVmR����5HVXOWDGRV���QR�IRUPDWR�GH�DUWLJR�FLHQWtILFR�

)LJXUD� ��� )OX[RJUDPD� GH� WUDEDOKR� SDUD� D� DQiOLVH� GR� JHQRPD� GR� IXQJR�
6�0���� (P� FLQ]D�� D� OLVWD� GH� IHUU
DPDUHOR��DV�HWDSDV�UHDOL]DGDV�H�DSUHVHQWDGDV�

��0$7(5,$/�(�0e72'26��

1HVWH�FDStWXOR��p�H[SOLFDGD�D�RULJHP�GRV�GDGRV�XWLOL]DGRV�H�D�PHWRGRORJLD�HPSUHJDGD�

QHVWH� WUDEDOKR�� 2� IOX[RJUDPD� GD� )LJXUD� �� UHVXPH� RV� SURFHGLPHQWRV� SDUD

PHWDEyOLWRV�VHFXQGiULRV�GH�3��HFKLQXODWXP��++�H�6�0����HWDSDV�H�IHUUDPHQWDV�XWLOL]DGDV�

DWp� D� REWHQomR� GDV� VHTXrQFLDV� XWLOL]DGDV� QHVWH� WUDEDOKR��

DQDOLVDGDV�FRP�R�DX[tOLR�GD�IHUUDPHQWD�DQWL60$6+��0DLRUHV�GHWDOKHV�H[SHULPHQWDLV�HVWmR�QD�

VHVVmR����5HVXOWDGRV���QR�IRUPDWR�GH�DUWLJR�FLHQWtILFR�

�� )OX[RJUDPD� GH� WUDEDOKR� SDUD� D� DQiOLVH� GR� JHQRPD� GR� IXQJR�3HQLFLOOLXP� HFKLQXODWXP
(P� FLQ]D�� D� OLVWD� GH� IHUUDPHQWDV� XWLOL]DGDV� HP� FDGD� HWDSD� GH� DQiOLVH� HP� WUDEDOKRV� DQWHULRUHV�� (P�

DPDUHOR��DV�HWDSDV�UHDOL]DGDV�H�DSUHVHQWDGDV�QHVWD�GLVVHUWDomR�

���

PHWRGRORJLD�HPSUHJDGD�

UHVXPH� RV� SURFHGLPHQWRV� SDUD� R� HVWXGR� GRV�

HWDSDV�H�IHUUDPHQWDV�XWLOL]DGDV�HP�

DWp� D� REWHQomR� GDV� VHTXrQFLDV� XWLOL]DGDV� QHVWH� WUDEDOKR�� TXH� IRUDP�

HV�H[SHULPHQWDLV�HVWmR�QD�

3HQLFLOOLXP� HFKLQXODWXP �++� H�
DPHQWDV� XWLOL]DGDV� HP� FDGD� HWDSD� GH� DQiOLVH� HP� WUDEDOKRV� DQWHULRUHV�� (P�



���

����6(48(1&,$0(172�(�$127$d­2�*(1Ð0,&$��

$V� OLQKDJHQV� VHOYDJHP� ��++�� H� PXWDQWH� �6�0���� GR� IXQJR� 3�� HFKLQXODWXP

HPSUHJDGDV� QHVWH� WUDEDOKR� SHUWHQFHP� j� FROHomR� GH� PLFURUJDQLVPRV� GR� /DERUDWyULR� GH�

(Q]LPDV� H� %LRPDVVD� GR� ,QVWLWXWR� GH� %LRWHFQRORJLD� GD� 8QLYHUVLGDGH� GH� &D[LDV� GR� 6XO�� 2V�

GDGRV�XWLOL]DGRV�IRUDP�REWLGRV�HP�HVWXGRV�DQWHULRUHV��DLQGD�QmR�SXEOLFDGRV���HP�TXH�DV�������

SURWHtQDV�SUHYLVWDV�SDUD�FDGD�FHSD�IRUDP�IXQFLRQDOPHQWH�DQRWDGDV�XVDQGR�R�SURWRFROR�GHVFULWR�

SRU� 'H� 9ULHV� HW� DO� �������� � 3DUD� D� DQRWDomR� JHQ{PLFD�� SULPHLUDPHQWH� IRL� UHDOL]DGR� R�

VHTXHQFLDPHQWR�GR�JHQRPD�FRPSOHWR�GDV� OLQKDJHQV�VHOYDJHP��++�H�PXWDQWH�6�0���GH�3��

HFKLQXODWXP��VHJXLGDV�GH�SURFHGLPHQWRV�SDUD�YHULILFDomR�H�FRQWUROH�GH�TXDOLGDGH��PRQWDJHP�

GH�OHLWXUDV�H�SUHGLomR�GH�JHQHV���

2�'1$�JHQ{PLFR� IRL� H[WUDtGR�GH�DPEDV� DV� OLQKDJHQV��++�H�6�0���XWLOL]DQGR�VH�

SURWRFROR�,OOXPLQD�7UX6HT�� VHJXLGR�GH�VHTXHQFLDPHQWR�XVDQGR�D�SODWDIRUPD�,OOXPLQD�+L6HT

������)RUDP�JHUDGDV�ELEOLRWHFDV�GH�����SDUHV�GH�EDVHV�SDUD�FDGD� OLQKDJHP��$�DYDOLDomR�GH�

GDGRV� EUXWRV� XVDQGR� )DVW4&� �Y��������� IRL� UHDOL]DGD� SDUD� YHULILFDU� D� TXDOLGDGH� JHUDO� GD�

VHTXrQFLD�� D� GLVWULEXLomR� SHUFHQWXDO� GR�*&� H� D� SUHVHQoD� RX� DXVrQFLD� GH� VHTXrQFLDV� VXSHU�

UHSUHVHQWDGDV�� 8VDQGR� R� 7ULP*DORUH� �Y��������� DV� OHLWXUDV� IRUDP� DGDSWDGDV�� EDVHV� GH� EDL[D�

TXDOLGDGH� GDV� H[WUHPLGDGHV� �
� H� �
� IRUDP� UHPRYLGDV� DQWHV� GH� VHUHP� FRUWDGDV� H� TXDOLGDGH�

DSDUDGD� �YDORUHV� GH� TXDOLGDGH� GH� VHTXHQFLDPHQWR�� 4���� H� SHTXHQRV� IUDJPHQWRV� ���� SE��

DEDQGRQDGR�DSyV�R�FRUWH�GR�DGDSWDGRU�H�FRUWH�GH�TXDOLGDGH���

$�PRQWDJHP�GR�JHQRPD�IRL�UHDOL]DGD�FRP�D�IHUUDPHQWD�.PHU*HQLH��Y����������SDUD�

SUHGL]HU� R� PHOKRU� N� H� WDPDQKR� GH� JHQRPD� H� 63$GHV� �Y�� ��������� XP� PXOWL�N� DVVHPEOHU��

XWLOL]DQGR�VH� WRGRV� YDORUHV� tPSDUHV� ���� �� N��� ����� 6FDIIROGV� FRP�PHQRV� GH� ���� SE� IRUDP�

UHPRYLGRV� XWLOL]DQGR� )XQDQQRWDWH� �Y��������� $V� VHTXrQFLDV� GH� UHSHWLomR� IRUDP� PDVFDUDGDV�

XVDQGR�5HSHDW0DVNHU��Y�����������5HSHDW�0RGHOHU��Y����������H�D�ELEOLRWHFD�5HS%DVH�������



���

�������� 2V� FRQMXQWRV� PDVFDUDGRV� GH� UHSHWLo}HV� IRUDP� XVDGRV� SDUD� FRGLILFDU� D� SUHGLomR� GH�

JHQHV� H[HFXWDGD� LQGHSHQGHQWHPHQWH� FRP� XP� FRQMXQWR� GH� ORFDOL]DGRUHV� GH� JHQHV� LQFOXLQGR�

$XJXVWXV� �Y��������� *HQH0DUN�(6� �Y�������� ([RQHUDU� �Y�������� H� W51$VFDQ� �Y��������

)XQDQQRWDWH� �Y�������� IRUDP� XWLOL]DGRV� SDUD� WRPDU� YiULDV� SUHGLo}HV� GLIHUHQWHV� GH� JHQHV� H�

SURGX]LU� PRGHORV� GH� JHQHV� FRQVHQVXDLV� H� PHVFOi�ORV�� XVDQGR� R� 0RGHODGRU� GH� (YLGrQFLDV�

�Y��������FRPR�Q~FOHR��HQWmR�*$*��Y��������H�7EO�DVQ��Y�������IRUDP�DFLRQDGRV�SDUD�JHUDU�RV�

DUTXLYRV� FRQWHQGR� R� FRQMXQWR� GH� JHQHV� SUHYLVWR�� 3HQLFLOOLXP� VS�� IRL� XVDGR� SDUD� UHYLVDU� H�

FRPSOHPHQWDU� RV� JHQHV� SUHYLVWRV� SRU� SHVTXLVDV� GH� KRPRORJLD� XVDQGR� YHUV}HV� RQOLQH� GR�

*HQH:LVH��6RIW%HUU\�)JHQHVK���(VWH�FRQMXQWR�UHSUHVHQWDWLYR�IRL�VXMHLWR�D�DQiOLVH�H�DQRWDomR�

DGLFLRQDLV��

$V�SURWHtQDV�SUHGLWDV�IRUDP�IXQFLRQDOPHQWH�DQRWDGDV�XWLOL]DQGR�JHQ{PLFD�GH�IXQJRV��

7RGRV� RV� PRGHORV� JHQpWLFRV� SUHYLVWRV� IRUDP� DQRWDGRV� IXQFLRQDOPHQWH� XVDQGR� R� 6LJQDO3�

6HUYHU� �Y������SDUD�SUHYHU� D�SUHVHQoD�H� ORFDOL]DomR�GH� VtWLRV�GH�FOLYDJHP�GH�SHSWtGHR� VLQDO��

70+00� 6HUYHU� �Y������ IRL� XWLOL]DGR� SDUD� LGHQWLILFDU� KpOLFHV� WUDQVPHPEUDQDUHV� H�

,QWHU3UR6FDQ� �Y������������ IRL� XVDGR�SDUD�PDSHDU� IDPtOLDV� ,QWHUSUR��GRPtQLRV�H� WHUPRV�*2��

KPPVHDUFK��Y��������IRL�XVDGD�SDUD�LGHQWLILFDU�RV�GRPtQLRV�GR�3)$0�VREUH�R�EDQFR�GH�GDGRV�

GR�SIDP��Y�����������������XVDQGR�SRQWRV�GH�FRUWH�GH�FROHWD��$V�DWULEXLo}HV�GH�.2��.2**�

2UWKRORJ\��H�DV�YLDV�.(**�JHUDGDV�DXWRPDWLFDPHQWH�IRUDP�DWULEXtGDV�jV�SURWHtQDV�SUHYLVWDV�

XVDQGR� .$$6� �6HUYLGRU� GH� DQRWDomR� DXWRPiWLFR� .(**��� 2UWyORJRV� FRQVHUYDGRV�

VHOHFLRQDGRV� GH� 2UWKR'%� Y��� XVDQGR� FRQMXQWRV� GH� GDGRV�� (XFDULRWD�� )XQJL�� 'LNDU\D��

$VFRP\FRWD�H�(XURWLRP\FHWHV� IRUDP�GHVLJQDGRV�XVDQGR�%86&2��Y��������SRU�DYDOLDomR�GH�

FRPSOHWXGH� GH� DQRWDomR�� (JJ12*�0DSSHU� �Y��������� IRL� XVDGR� SDUD� PDSHDU� FDWHJRULDV�

IXQFLRQDLV� JHUDLV� D� SDUWLU� GH� FOXVWHUV� GH� &2*� H� DJORPHUDGRV� GH� (**� FRP� SUHFXUVRUHV�

RUWRJrQLFRV�D�SDUWLU�GR�(**�Y��������



���

����35(',d­2�'(�%,26<17+(7,&�*(1(�&/867(56�

1HVWH� WUDEDOKR� GH� DQiOLVH� GH� PHWDEyOLWRV� VHFXQGiULRV� GR� IXQJR�� IRL� XWLOL]DGR� R�

VRIWZDUH� DQWL60$6+� Y����� �DQWLELRWLFV� 	� 6HFRQGDU\� 0HWDEROLWH� $QDO\VLV� 6KHOO��� XPD�

IHUUDPHQWD� GH� LGHQWLILFDomR�� DQRWDomR� H� DQiOLVH� GH� DJUXSDPHQWRV� GH� JHQHV� GH�PHWDEROLVPR�

VHFXQGiULR�GH�EDFWpULDV��IXQJRV�H�SODQWDV��0HGHPD�HW�DO��������%OLQ�HW�DO���������$�VHTXrQFLD�

�JEN�DQRWDGD�IRL�LQVHULGD�QD�IHUUDPHQWD��PDQWHQGR�VH�DV�FRQILJXUDo}HV�SDGU}HV��FRPR�PRVWUD�

D� )LJXUD� ��� SDUD� TXH� VHMD� FRPSDUDGD� FRP� RV� EDQFRV� GH� GDGRV� XWLOL]DGRV�� HVSHFLDOPHQWH� R�

0LQLPXP� ,QIRUPDWLRQ� DERXW� D� %LRV\QWKHWLF� *HQH� &OXVWHU� �0,%L*�� �0HGHPD� HW� DO�� �������

&RQFOXtGD�D�DQiOLVH��RV�UHVXOWDGRV�REWLGRV�IRUDP�DQDOLVDGRV�PDQXDOPHQWH�D�ILP�GH�TXH�VHMDP�

FULDGDV� DV� UHODo}HV� H� LQIHUrQFLDV� QHFHVViULDV� SDUD� R� HVWXGR� GH� PHWDEyOLWRV� VHFXQGiULRV�

SUHGLWRV��LQFOXLQGR�FRPSDUDo}HV�GH�UHYLVmR�GH�OLWHUDWXUD��



(QTXDQWR�RXWUDV�IHUUDPHQWDV�SHUPLWH

DQWL60$6+�p�FDSD]�GH�GHWHFWDU�WRGDV�DV�FODVVHV�GH�

GH�PHWDEyOLWRV�VHFXQGiULRV�

HP�WRGR�R�JHQRPD�GH�DJUXSDPHQWRV�GH�JHQHV�GH�ELRVVtQWHVH�GH�PHWDEyOLWRV�VHFXQGiULRV�HP�

JHQRPDV� GH� EDFWpULDV� H� IXQJRV�� (OH� LQWHJUD� H� FUX]D� OLJDo}HV� FRP� XP� JUDQGH� Q~PHUR� GH�

IHUUDPHQWDV� GH� DQiOLVH� GH� PHWDEyOLWRV� VHFXQGiULRV�

DQWHULRUPHQWH�� VHQGR� DOLPHQWDGR� SRU� YiULDV� IHUUDPHQWDV� GH� FyGLJR� DEHUWR��1&%,� %/$67���

+00HU����0XVFOH����)DVW7UHH��3\69*�H�-4XHU\�69*��0HGHPD�

)LJXUD����5HFRUWH�GH�WHOD�GH�

IHUUDPHQWDV�SHUPLWHP�D�LGHQWLILFDomR�DSHQDV�GH�153�H�GH�3.�WLSR�,��

FDSD]�GH�GHWHFWDU�WRGDV�DV�FODVVHV�GH�DJUXSDPHQWRV�GH�JHQHV�SDUD�D�ELRVVtQWHVH�

GH�PHWDEyOLWRV�VHFXQGiULRV� (VWD�IHUUDPHQWD�SHUPLWH�D�UiSLGD�LGHQWLILFDomR��DQRWDomR�H�DQi

HP�WRGR�R�JHQRPD�GH�DJUXSDPHQWRV�GH�JHQHV�GH�ELRVVtQWHVH�GH�PHWDEyOLWRV�VHFXQGiULRV�HP�

JHQRPDV� GH� EDFWpULDV� H� IXQJRV�� (OH� LQWHJUD� H� FUX]D� OLJDo}HV� FRP� XP� JUDQGH� Q~PHUR� GH�

IHUUDPHQWDV� GH� DQiOLVH� GH� PHWDEyOLWRV� VHFXQGiULRV� LQ� VLOLFR TXH� IRUDP� SXEOLFDGDV

DQWHULRUPHQWH�� VHQGR� DOLPHQWDGR� SRU� YiULDV� IHUUDPHQWDV� GH� FyGLJR� DEHUWR��1&%,� %/$67���

+00HU����0XVFOH����)DVW7UHH��3\69*�H�-4XHU\�69*��0HGHPD�HW�DO���������

��5HFRUWH�GH�WHOD�GH�LQSXW GD�IHUUDPHQWD�DQWL60$6+�

���

P�D�LGHQWLILFDomR�DSHQDV�GH�153�H�GH�3.�WLSR�,��

GH�JHQHV�SDUD�D�ELRVVtQWHVH�

(VWD�IHUUDPHQWD�SHUPLWH�D�UiSLGD�LGHQWLILFDomR��DQRWDomR�H�DQiOLVH�

HP�WRGR�R�JHQRPD�GH�DJUXSDPHQWRV�GH�JHQHV�GH�ELRVVtQWHVH�GH�PHWDEyOLWRV�VHFXQGiULRV�HP�

JHQRPDV� GH� EDFWpULDV� H� IXQJRV�� (OH� LQWHJUD� H� FUX]D� OLJDo}HV� FRP� XP� JUDQGH� Q~PHUR� GH�

TXH� IRUDP� SXEOLFDGDV

DQWHULRUPHQWH�� VHQGR� DOLPHQWDGR� SRU� YiULDV� IHUUDPHQWDV� GH� FyGLJR� DEHUWR��1&%,� %/$67���

���������

GD�IHUUDPHQWD�DQWL60$6+�



$QWL60$6+� SRGH� VHU� H[HFXWDGR� D� SDUWLU� GH� XP� VHUYLGRU� ZHE�

�KWWS���DQWLVPDVK�VHFRQGDU\PHWDEROLWHV�RUJ��� RX� FRPR� XPD� YHUVmR�

XP�FRPSXWDGRU�SDGUmR��(OH�

DJUXSDPHQWRV� GH� JHQHV� GH� ELRVVtQWHVH� GH� PHWDEyOLWRV� VHFXQGiULRV�� IRUQHFHU� DQRWDo}HV�

IXQFLRQDLV�GHWDOKDGDV�GH�1536���3.6�H�SUHYHU�D�HVWUXWXUD�

2V� JHQHV� VmR� H[WUDtGRV� RX� SUHYLVWRV� D� SDUWLU� GD� VHTXrQFLD� GH� QXFOHRWtGHRV� GH� HQWUDGD� H� RV�

DJORPHUDGRV�GH�JHQHV� VmR� LGHQWLILFDGRV� FRP�R�JHQH�GH�DVVLQDWXUD�S+00V��3RVWHULRUPHQWH��

YiULDV�DQiOLVHV�SRGHP�VHU�UHDOL]DGDV��DQiOLVH�H�DQRWDomR�GR�GRPtQLR�1536��

HVWUXWXUD� TXtPLFD� GR� Q~FOHR� GH� 3.6V� H� 1536V�� DQiOLVH� FRPSDUDWLYD� GH� DJUXSDPHQWRV� GH�

JHQHV�&OXVWHU%ODVW H�DQiOLVH�GD�IDPtOLD�GH�SURWHtQDV�GR�PHWDEROLVPR�VHFXQGiULR�

VDtGD� p� YLVXDOL]DGD� HP� XPD� SiJLQD� GD�

DUPD]HQDGRV� HP� XP� DUTXLYR� (0%/� SDUD� DQiOLVH� H� HGLomR� DGLFLRQDO� HP� XP� QDYHJDGRU� GH�

JHQRPD��8P�DUTXLYR�GR�0LFURVRIW�([FHO�FRP�XPD�YLVmR�JHUDO�GH�WRGRV�RV�DJUXSDPHQWRV�GH�

JHQHV�GHWHFWDGRV�H�VHXV�GHWDOKHV�WDPEpP�p�JHUDGR�

)LJXUD� ��� 3LSHOLQH GH� DQiOLVH� JHQ{PLFD� GH� PHWDEyOLWRV� VHFXQGiULRV� UHDOL]DGD� SRU�
DQWL60$6+��PRGLILFDGR�GH�%OLQ�HW�DO���������

$QWL60$6+� SRGH� VHU� H[HFXWDGR� D� SDUWLU� GH� XP� VHUYLGRU� ZHE�

�KWWS���DQWLVPDVK�VHFRQGDU\PHWDEROLWHV�RUJ��� RX� FRPR� XPD� YHUVmR�GHVNWRS

FRPSXWDGRU�SDGUmR��(OH�p�FDSD]�GH�GHWHFWDU� UDSLGDPHQWH� WRGDV�DV�FODVVHV�FRQKHFLGDV�GH�

GH� JHQHV� GH� ELRVVtQWHVH� GH� PHWDEyOLWRV� VHFXQGiULRV�� IRUQHFHU� DQRWDo}HV�

IXQFLRQDLV�GHWDOKDGDV�GH�1536���3.6�H�SUHYHU�D�HVWUXWXUD�TXtPLFD�GRV�SURGXWRV�1536���

2V� JHQHV� VmR� H[WUDtGRV� RX� SUHYLVWRV� D� SDUWLU� GD� VHTXrQFLD� GH� QXFOHRWtGHRV� GH� HQWUDGD� H� RV�

DJORPHUDGRV�GH�JHQHV� VmR� LGHQWLILFDGRV� FRP�R�JHQH�GH�DVVLQDWXUD�S+00V��3RVWHULRUPHQWH��

YiULDV�DQiOLVHV�SRGHP�VHU�UHDOL]DGDV��DQiOLVH�H�DQRWDomR�GR�GRPtQLR�1536��

HVWUXWXUD� TXtPLFD� GR� Q~FOHR� GH� 3.6V� H� 1536V�� DQiOLVH� FRPSDUDWLYD� GH� DJUXSDPHQWRV� GH�

H�DQiOLVH�GD�IDPtOLD�GH�SURWHtQDV�GR�PHWDEROLVPR�VHFXQGiULR�

VDtGD� p� YLVXDOL]DGD� HP� XPD� SiJLQD� GD� ZHE ;+70/� LQWHUDWLYD� H� WRGRV�

DUPD]HQDGRV� HP� XP� DUTXLYR� (0%/� SDUD� DQiOLVH� H� HGLomR� DGLFLRQDO� HP� XP� QDYHJDGRU� GH�

JHQRPD��8P�DUTXLYR�GR�0LFURVRIW�([FHO�FRP�XPD�YLVmR�JHUDO�GH�WRGRV�RV�DJUXSDPHQWRV�GH�

JHQHV�GHWHFWDGRV�H�VHXV�GHWDOKHV�WDPEpP�p�JHUDGR��)LJXUD�����%OLQ�HW�DO�������

GH� DQiOLVH� JHQ{PLFD� GH� PHWDEyOLWRV� VHFXQGiULRV� UHDOL]DGD� SRU�
�PRGLILFDGR�GH�%OLQ�HW�DO���������

���

$QWL60$6+� SRGH� VHU� H[HFXWDGR� D� SDUWLU� GH� XP� VHUYLGRU� ZHE�

GHVNWRS� LQGHSHQGHQWH� HP�

GHWHFWDU� UDSLGDPHQWH� WRGDV�DV�FODVVHV�FRQKHFLGDV�GH�

GH� JHQHV� GH� ELRVVtQWHVH� GH� PHWDEyOLWRV� VHFXQGiULRV�� IRUQHFHU� DQRWDo}HV�

TXtPLFD�GRV�SURGXWRV�1536���3.6��

2V� JHQHV� VmR� H[WUDtGRV� RX� SUHYLVWRV� D� SDUWLU� GD� VHTXrQFLD� GH� QXFOHRWtGHRV� GH� HQWUDGD� H� RV�

DJORPHUDGRV�GH�JHQHV� VmR� LGHQWLILFDGRV� FRP�R�JHQH�GH�DVVLQDWXUD�S+00V��3RVWHULRUPHQWH��

YiULDV�DQiOLVHV�SRGHP�VHU�UHDOL]DGDV��DQiOLVH�H�DQRWDomR�GR�GRPtQLR�1536���3.6��SUHYLVmR�GD�

HVWUXWXUD� TXtPLFD� GR� Q~FOHR� GH� 3.6V� H� 1536V�� DQiOLVH� FRPSDUDWLYD� GH� DJUXSDPHQWRV� GH�

H�DQiOLVH�GD�IDPtOLD�GH�SURWHtQDV�GR�PHWDEROLVPR�VHFXQGiULR�VP&2*��$�

;+70/� LQWHUDWLYD� H� WRGRV� RV� GHWDOKHV� VmR�

DUPD]HQDGRV� HP� XP� DUTXLYR� (0%/� SDUD� DQiOLVH� H� HGLomR� DGLFLRQDO� HP� XP� QDYHJDGRU� GH�

JHQRPD��8P�DUTXLYR�GR�0LFURVRIW�([FHO�FRP�XPD�YLVmR�JHUDO�GH�WRGRV�RV�DJUXSDPHQWRV�GH�

����������

GH� DQiOLVH� JHQ{PLFD� GH� PHWDEyOLWRV� VHFXQGiULRV� UHDOL]DGD� SRU�



���

6HPHOKDQoDV� HYROXWLYDV� HQWUH� XP� DJUXSDPHQWR� GH� JHQHV� FRQVXOWDGR� H� RXWURV�

DJUXSDPHQWRV�GH�JHQHV�VmR�GHWHFWDGDV�H�YLVXDOL]DGDV�SDUD�SRGHU�LQIHULU�UDSLGDPHQWH�IXQo}HV�

GH�JHQHV� H�RSHURQV� FRP�EDVH�QD�KRPRORJLD��$�SDUWLU� GHVVHV� JHQHV�� DJUXSDPHQWRV�GH�JHQHV�

RUWyORJRV� GH� PHWDEROLVPR� VHFXQGiULR� �VP&2*V�� VmR� FRQVWUXtGRV�� XWLOL]DGRV� SDUD� SUHYHU� H�

FDWHJRUL]DU�DV�IXQo}HV�GRV�JHQHV�DFHVVyULRV�H�SDUD�FDOFXODU�DV�iUYRUHV�ILORJHQpWLFDV�SDUD�FDGD�

JHQH��%OLQ�HW�DO���������

5HFHQWHPHQWH��R�VRIWZDUH�SDVVRX�SRU�DWXDOL]DomR��Y������TXH�DJRUD�FRQWD�FRP�UHJUDV�

SDUD�D�GHWHFomR�GH����GLIHUHQWHV�WLSRV�GH�%*&��LQFOXLQGR�D�ELRVVtQWHVH�GH�DFLO�DPLQRiFLGRV��ȕ�

ODFWRQDV�� 5L33V� GH� IXQJRV�� 5D6�5L33V�� pWHUHV� GLIHQtOLFRV� SROLEURPDGRV�� &�QXFOHRVtGHRV��

FHWRQDV�VHPHOKDQWHV�D�33<�H�OLSRODQWLQDV��DOpP�GH��SUHYLV}HV�PDLV�GHWDOKDGDV�SDUD�FOXVWHUV�GH�

JHQHV�FRGLILFDGRUHV�GD�VLQWDVH�GH�SROLFHWtGHR�WLSR�,,��$OpP�GLVVR��XPD�QRYD�UHJUD� 
QUSV�OLNH


IRL�GHILQLGD�SDUD�IUDJPHQWRV�GH�1536��RX�VHMD��1536V�DWtSLFRV�TXH�QmR�SRVVXHP�D�DUTXLWHWXUD�

WtSLFD�GR�PyGXOR�&�$�7��%OLQ�HW�DO���������

$OJXQV�FRQFHLWRV�VmR�LPSRUWDQWHV�SDUD�FRPSUHHQGHU�RV�UHVXOWDGRV�DSUHVHQWDGRV�SHOD�

IHUUDPHQWD�� �L��1~FOHR� �FRUH��� D� iUHD�PtQLPD�TXH�FRQWpP�XP�RX�PDLV� JHQHV�TXH� FRGLILFDP�

HQ]LPDV�SDUD�XP�~QLFR�WLSR�GH�%*&�TXH�VmR�GHWHFWDGRV�SHODV�UHJUDV�GH�GHWHFomR�VHOHFLRQDGDV�

PDQXDOPHQWH��(VVHV�JHQHV�QmR�SUHFLVDP�VHU�FRQWtJXRV��PDV�SRGHP�HVWDU�D�XPD�FHUWD�GLVWkQFLD�

GH� FRUWH�� FRQIRUPH� GHILQLGR� SHOD� UHJUD� GH� GHWHFomR� SDUD� R� WLSR� GH� %*&� HP� TXHVWmR�� �LL��

9L]LQKDQoD��GLVWkQFLD�SDUD�FLPD�H�SDUD�EDL[R�GR�Q~FOHR�GR�FOXVWHU�XVDGR�SDUD�HQFRQWUDU�JHQHV�

RX�HQ]LPDV�DGDSWDGRV���LLL��3URWRFOXVWHU��&RQWpP�Q~FOHR�H�YL]LQKDQoD�HP�DPERV�RV�ODGRV�GR�

Q~FOHR�� FDGD�SURWRFOXVWHU� VHPSUH� WHUi�XP�~QLFR� WLSR�GH�SURGXWR� �SRU�H[HPSOR��1536��� �LY��

&OXVWHU� FDQGLGDWR�� &RQWpP� XP� RX�PDLV� SURWRFOXVWHUV�� (VVDV� GHILQLo}HV� SHUPLWHP�PHOKRU� D�

PRGHODJHP� GH� FOXVWHUV� KtEULGRV�� FRPR� KtEULGRV� 3.6�1536�� TXH� FRPELQDP� GXDV� RX� PDLV�

FODVVHV�ELRVVLQWpWLFDV�GLIHUHQWHV� �FRQIRUPH� LGHQWLILFDGR�QDV� UHJUDV�GH�GHWHFomR��RX�FDVRV�HP�



���

TXH� XPD� FODVVH� p� XVDGD� SDUD� ELRVVLQWHWL]DU� XP� SUHFXUVRU� SDUD� XPD� VHJXQGD� FODVVH�� H� �Y��

5HJLmR��FRQWpP�XP�RX�PDLV�DJUXSDPHQWRV�GH�FOXVWHUV�FDQGLGDWRV��%OLQ�HW�DO���������

����&85$'25,$�'(�35(',d®(6�

$LQGD� TXH� DV� IHUUDPHQWDV� GLVSRQtYHLV� DWXDOPHQWH� SDUD� DV� DQiOLVHV� JHQ{PLFDV��

ILORJHQpWLFDV� H� GH� PHWDEROLVPR� VHFXQGiULR� VHMDP� FRQILiYHLV�� p� QHFHVViULR� UHYLVDU�

PDQXDOPHQWH�RV�UHVXOWDGRV�SDUD�JDUDQWLU�D�TXDOLGDGH�GDV�SUHGLo}HV�UHDOL]DGDV��$OpP�GLVVR��R�

PHWDEROLVPR�VHFXQGiULR��SRU�VHU�FDUDFWHUtVWLFR�GH�FDGD�HVSpFLH�H�SRU�HYLGHQFLDU�VLPLODULGDGHV�

ILORJHQpWLFDV� HQWUH� RV� VHUHV� YLYRV�� p� HVWXGDGR� D� SDUWLU� GH� LQIHUrQFLDV� FRP� HVSpFLHV�

UHODFLRQDGDV�� 6HQGR� DVVLP�� DV� SUHGLo}HV� IRUDP�YHULILFDGDV�PDQXDOPHQWH� H� FRPSDUDGDV� FRP�

GDGRV�RULXQGRV�GH�UHYLVmR�GH�OLWHUDWXUD��



���

��5(68/7$'26�(�',6&866­2�

����$57,*2�&,(17Ë),&2�$�6(5�68%0(7,'2�$2�3(5,Ï',&2�³)81*$/�%,2/2*<´�

2V� UHVXOWDGRV� HVWmR� DSUHVHQWDGRV� QR� IRUPDWR� GR� DUWLJR� FLHQWtILFR� ³2YHUYLHZ� RI�
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Abstract 

Filamentous fungi are known for their production of secondary metabolites of interest, used 
in industry, in enzymes production and other relevant compounds. Due to this, the de- 
velopment of production improvement methods is increasing. One of these improved fungi 
is Penicillium echinulatum 2HH resulting in its optimal celullase producing strain S1M29. 

The objective of this work was to predict secondary metabolites and mycotoxins in P. ech- 

inulatum. The annotated genomic sequence was analyzed by antiSMASH tool, followed by 
manual curation. Mycotoxins were analyzed by BLAST tool, compared to known genes and 
checked manually. AntiSMASH analysis identified families of terpene, non-ribosomal pep- 
tide synthetase, similar to non-ribosomal peptide synthetase fragment, type I PKS, hybrid 
cluster between non-ribosomal peptide synthetase and type I PKS, betalactone containing 
protease inhibitor and a siderophore cluster. Regions containing biosynthetic gene clusters 
were identified as clavaric acid, naphthopyrone, nidulanin A, oxaleimide C, phyllostictine 
and 4,4’-piperazine-2,5-diyldimethyl-bis-phenol. For mycotoxin analysis, only HC-toxin has 
potential for expression by the fungus genome. The results do not indicate that these en- 
zymes are actually secreted, but indicate orthologous gene groups. These are prediction 
data, which might be verified by experimental analysis of gene expression and identification 
of secreted secondary metabolites. 

Keywords: fungal secondary metabolites, biosynthetic gene clusters, comparative genomics 
 

 

1. Introduction 

Filamentous ascomycetes fungi are known to have important roles in natural cycles. 
Due to their metabolically versatile biocatalysis, they have been employed in the industrial 
production of enzymes, antibiotics, organic acids and human food [1]. The development of 
methods to improve enzymatic hydrolysis and fermentation is also important to increase the 
production of biomolecules, liquid fuels and chemical supplies by lignocellulosic materials, 
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present in the cell wall of superior plants [2]. The economically efficient production of 
second generation ethanol could be obtained by the development of more productive strains 
of microorganisms and processes with increased enzyme levels. This fact has motivated the 
implementation of genetic programs for cellulolytic filamentous fungi and the development 
of fermentation processes that could be more efficient [3–6]. 

Cellulases are mainly produced using filamentous fungi. Several species in Penicillium 

genus might be alternatives for the production of second generation biofuels, due to their high 
β-glucosidase activity [5]. In China, Penicillium oxalicum (previously named as Penicillium 

decumbens) has been used for industrial high-scale production since the 1990s, after its 
isolation from decayed straw-covered soil and a long-term strain improvement process to 
increase the cellulase production ability [7]. 

In Brazil, cellulases production is studied using the fungus P. echinulat um. A wild strain, 

2HH, was isolated from the furniture beetle Anobium punctatum [8]. The strain S1M29 is a 
genetic variant isolated from strain 9A02S1 (a partially glucose-derepressed mutant) by mu- 
tagenesis with hydrogen peroxide [9, 10]. This mutant shows higher cellulosase productivity 
and these enzymes are faster than the parental strain [9]. Significant efforts to understand 
the mechanisms to regulate the expression of genes related to cellulases expression have been 
developed, according to obtaining genetic variants carrying specific markers of interest [4]. 

These mutants of P. echinulatum are able to secrete high cellulase titers in both 
submerged and solid-state fermentation [5]. Their Filter Paper Activity (FPA) and β- 

glucosidases enzymes have good thermal stability at 50◦C, justifying its application in en- 
zymatic hydrolysis of cellulose and lignocelluloses processes [11]. 

Cellulolytic microorganisms present several genes related to enzyme production. Most 
of them are still not identified, which could operate jointly to achieve an efficient cellulase 
secretion. Due to this, the known cellulase genes are only a part of all genes involved in 
this process. Additionally, these genes could vary in different species or genus of cellulase 
producer microorganisms [4]. 

Penicillium genus is known as an important producer of secondary metabolites of interest 
for human activities since the 1930s following Alexander Fleming’s findings on penicillin [12, 
13]. After the development of penicillin fermentation methodologies, a large number of 
primary and secondary metabolites of commercial interest were discovered [14]. The primary 
metabolism of an organism involves a series of biochemical reactions that provides essentials 
macromolecules for organism survival, such as DNA, RNA, proteins, polysaccharides and 
lipids. However, products derived from biological processes relevant to human activities 
are mostly secondary metabolites, which have no function in culture growing. Considering 
that the primary metabolism is basically the same for all living systems, the secondary 
metabolism is usually specific to a particular lineage of plants and microorganisms, being 
the most well-known secondary metabolites are antibiotics [14, 15]. 

Secondary or Specialized Metabolites (SM), also called Natural Products (NP), are the 
base of drugs such as antibiotics, antitumor and antiviral agents, antipyretics, hallucino- 
gens, and lipid lowering agents; molecules important for agricultural applications, such as 
herbicides or phytotoxins; as food additives for color, flavor and sweeteners; in fragrances; 
as precursors for the synthesis of plastics and with relevance in scientific research in cellular 



   

 

 

 

and molecular biology [16, 17]. Throughout the twentieth century, natural products have 
contributed to the advancement of human understanding of biology and the development of 
medicine [18]. 

SMs are usually classified in four chemical categories: polyketides, non-ribosomal pep- 
tides, terpenes and prenylated tryptophan derivatives. Each class of secondary metabolite 
has a specific backbone enzyme required to its production, named polyketide synthases 
(PKSs), non-ribosomal peptide synthetases (NRPSs), terpene synthases/cyclases (TCs) and 
dimethylallyl tryptophan synthases (DMATSs), respectively [19]. The predicted secondary 
metabolite clusters are defined according to their backbone enzyme [20]. 

Unlike genes required for the synthesis of a primary metabolite, which are dispersed 
throughout the fungal genome, genes that encode enzymatic activities to produce any sec- 
ondary metabolites are organized in a cluster, forming a group of biosynthetic genes [21]. 
Biosynthetic gene cluster (BGC) can be defined as a clustering of genes in a given genome 
that together encode a pathway for the production of a metabolite, often biosynthesized by 
multienzymatic pathways [22, 23]. In view of the fact that the genomes of many microorgan- 
isms encode the production of secondary metabolites from multiple BGCs, genome mining 
has been established as an important tool complementing bioassays in the study of natural 
products, supported by development and availability of various data mining tools [24]. 

The aim of this paper was to identify BGCs related to secondary metabolism, including 
mycotoxins in P. echinulatum wild and mutant strain. For this, both genome annotation of 
the wild strain 2HH and its mutant S1M29 of P. echinulatum were used and the data were 
compared with other genomes of fungi described as cellulases-producing strains. 

 
2. Material and Methods 

2.1. Penicillium echinulatum 2HH and S1M29 genome 

In previous works, the fungus P. echinulatum was isolated, cultivated and studied for the 
production of lignocellulosic enzymes [3, 11, 25]. To optimize this production, the fungus 
underwent mutagenesis and selection of best producing mutants [4, 9]. These strains had 
their genetic material extracted, sequenced, assembled and annotated to relate the genes 
present to their function, in yet to be published studies. 

2.2. Secondary metabolites prediction 

The annotated .gff sequence has been inserted into the antiSMASH software v.5.0 (http 
s://fungismash.secondarymetabolites.org), a tool for identification, annotation and analysis 
of groups of secondary metabolism genes [26], which compares the query sequence with 
MIBiG — Minimum Information about a Biosynthetic Gene Cluster database [22]. After the 
analysis, the results obtained were manually curated by comparison with related literature 
in order to create the necessary relationships and inferences for the prediction of secondary 
metabolites. 



   

 

 

 

2.3. Mycotoxins analysis 

In order to gauge the antiSMASH assay to mycotoxins BGCs, the annotated genome of 
P. echinulatum 2HH was compared to known mycotoxins gene clusters deposited in MIBiG 
database using the BLAST tool, followed by manual curation in literature. 

 
3. Results and Discussion 

3.1. Secondary metabolites clusters according to backbone enzymes 

The 2HH strain assembly obtained 708 scaffolds in a 30.44 Mb draft genome, while the 
assembly of S1M29 strain identified 682 scaffolds in a 30.41 Mb draft genome. The secondary 
metabolites cluster prediction in P. echinulat um using antiSMASH software package has 
predicted 26 regions for both wild and mutant strains, being the same number of cluster an 
expected information due the strain S1M29 be a mutant of 2HH. In P. echinulatum 2HH, 
588 scaffolds were not identified as a backbone enzyme region. In P. echinulat um S1M29, 
568 scaffolds couldn’t be clustered in any region. 

In order to compare these strains of P. echinulatum with other filamentous fungi usually 

used in enzymatic hydrolysis of cellulose and lignocellulose processes, P. oxalicum 114-2, 
a similar annotated genome sequence available in GenBank database, was submitted to 
antiSMASH assay. It has identified 46 regions in its genome. A single scaffold was not 
classified as a region. 

The most abundant families of secondary metabolite gene clusters identified in P. ech- 

inulatum genome are terpene, non-ribosomal peptide synthetase cluster (NRPS) and similar 
to non-ribosomal peptide synthetase fragment (NRPS-like). It was also found type I PKS 
(polyketide synthase), hybrid cluster between non-ribosomal peptide synthetase and type I 
PKS, a beta-lactone containing protease inhibitor and a siderophore cluster (Figure 1). 

TheFigure 1 allows to compare the amount of predict BGC in the three genomes. In P. 

echinulatum, there is no difference between the wild (2HH) and the mutant (S1M29) strains. 
On the other hand, the number of predicted BCG is different when compared to P. oxalicum 

114-2. This can be explained by the fact that secondary metabolites are very specific for a 
given organism. 

Polyketides are NP containing multiple β-hydroxyketone or β-hydroxyaldehyde (- 

H2C(=O)CH2CH(OH)CH2C(=O)-) functional groups [27]. They are the most abundant 
fungal secondary metabolites. One of the genetically best-characterized polyketides is the 
yellow spore-pigment intermediate naphthopyrone in Aspergillus nidulans, the carcinogen 
aflatoxin and the cholesterol-lowering compound lovastatin. Non-ribosomal peptides are de- 
rived from proteinogenic amino acids and non-proteinogenic amino acids by non-ribosomal 
peptide synthetases (NRPSs). Examples of NRP are the peptaibol synthetase of Tricho- 

derma virens; in Tolypocladium niveum, a NRPS synthesizes cyclosporin, an immunosup- 
pressive drug, and in A. nidulans, there is a NRPS gene involved in the biosynthesis of the 
siderophore ferricrocin. Terpenes are known as odoriferous plant metabolites, but fungi also 
synthesize them, as example, aristolochenes, carotenoids, gibberellins, indole-diterpenes and 
trichothecenes. All terpenes are composed of several isoprene units, can be linear or cyclic, 
saturated or unsaturated, and can be modified in various ways [28]. 



   

 

 
 
 

 
 

Figure 1: Distribution of predicted secondary metabolite clusters, according to their backbone enzymes. 
“Hybrid” refers to clusters with multiple core genes belonging to different secondary metabolite families, 
NRPS (non-ribosomal peptide synthetase), PKS (polyketide synthase). 

 

3.2. Biosynthetic Gene Clusters 

As expected due to their phylogenetic proximity, the antiSMASH assay identified similar 
known biosynthetic gene clusters (a percent of genes that shows similarity) in seven regions 
for 2HH and S1M29 strains: clavaric acid, naphthopyrone, nidulanin A, two clusters as 
oxaleimide C, phyllostictine A / phyllostictine B and 4,4’-piperazine-2,5-diyldimethyl-bis- 
phenol (Figure 2). 

3.2.1. 4,4’-piperazine-2,5-diyldimetyl-bis-phenol 

The 4,4’-piperazine-2,5-diyldimetyl-bis-phenol BGC was predicted with 50% of similar- 
ity, but the MIBiG information is no longer available, so it was not possible to relate the 
orthologous genes identified (Figure 3). No literature review was found for this compound 
until the date of this article was written. 

3.2.2. Clavaric acid 

The clavaric acid BGC was identified based on the comparison with the Hypholoma 

sublateritium cluster hosted on MIBiG database. The ACF70484.1 gene is similar to the 
PECH008628 gene in P. echinulatum 2HH and PECM005203 in P. echinulatum S1M29. 



   

 

 
 
 
 

 

Figure 2: Biosynthetic gene cluster predicted by antiSMASH assay in P. echinulatum 2HH and S1M29 
annotated genome. 



   

 

 
 
 

 
 

Figure 3: 4,4’-piperazine-2,5-diyldimethyl-bis-phenol BGC and molecular formula. The genes in same the 
color means they are orthologous. 

 
The antiSMASH assay showed 100% of similarity in the query sequence and the database 
sequence, but there is only one gene in the H. sublateritium BGC similar to one gene in nine 
genes present in that pathway in P. echinulatum (Figure 4). 

Clavaric acid is a triterpenoid described as an antitumor compound due to its ability 
of inhibit the Farnesyl-protein transferase (FPTase), an essential catalystic for oncogenic 
activity in oncogene-mediated tumors [29]. There is a minor chance that P. echinulatum 

might secrete this compound, due to its position in the metabolic pathway — only one in 
nine genes in these fungi showed similarity to the related pathway. 

 

Figure 4: Clavaric acid BGC and molecular formula. The genes in same the color means they are orthologous. 

 
 

3.2.3. Naphthopyrone 

Naphthopyrone is a heptaketide involved in the conidial pigmentation [30], a precursor 
in the synthesis of 1,8-dihydroxynaphtalene (1,8-DHN) melanin [31]. AntiSMASH identified 
the naphthopyrone BGC from A. nidulans FGSC A4. The gene ANIA_08209 from A. 

nidulans showed 100% of similarity with the gene PECH_008565 in P. echinulatum2HH 
and the gene PECM_000136 in P. echinulatum S1M29 (Figure 5). Despite, these results 
doesn’t necessary indicate that P. echinulatum would be able to secrete this compound, 
because of the other genes present in this pathway: A. nidulans has a single gene in its role, 
while P. echinulatum has 12. 



   

 

 
 
 

 
 

Figure 5: Naphtopyrone BGC and molecular formula. The genes in same the color means they are ortholo- 
gous. 

 
3.2.4. Nidulanin A 

AntiSMASH identified a nidulanin A BGC from A. nidulans FGSC A4 with 75% of genes 
showing similarity. Three in four genes in A. nidulans pathway showed similarity with three 
in nine genes in P. echinulatum: the gene ANIA_01243 from A. nidulans is similar to the 
gene PECH_004874 in P. echinulatum 2HH and the gene PECM_006978 in P. echinulatum 

S1M29; the gene ANIA_01242 from A. nidulans is similar to the gene PECH_004875 in 

P. echinulatum 2HH and the gene PECM_006979 in P. echinulatum S1M29 and the gene 
ANIA_01240 from A. nidulans is similar to the gene PECH_004876 in P. echinulatum 2HH 
and the gene PECM_006981 in P. echinulatum S1M29 (Figure 6). 

Nidulanin A is a tetracyclopeptide/isoprene isolated from A. nidulans [32]. Its gene 
cluster is conserved in all Aspergillus spp., and has yet to be tested for pharmaceutical 
properties [33]. 

 

 
Figure 6: Nidulanin A BGC and molecular formula. The genes in same the color means they are orthologous. 

 
 

3.2.5. Oxaleimide C 

The oxaleimide C BGC was identified in two genomic regions. In one of these regions, 
the genes showed 10% of similarity with oxaleimide C BGC from P. oxalicum 114-2: the 
gene PDE_04012 is an orthologous with PECH_003589 and PECM_003098 and the gene 
PDE_04019 is an orthologous with PECH_003591 and PECM_003100. In the second 
region, the genes showed 15% of similarity with oxaleimide C BGC from P. oxalicum 114-2: 



   

 

 

 

the gene PDE_04021 is an orthologous with PECH_008717 and PECM_007228; the gene 
PDE_04024 showed similarity with PECH_8719 and PECM_007231; the gene PDE_04025 
showed similarity with PECH_008718 and PECM_007230 (Figure 7). No literature review 
was found for this compound until the date of this article was written. 

 

Figure 7: Oxaleimide C BGC and molecular formula. The genes in same the color means they are ortholo- 
gous. 

 
 

3.2.6. Phyllostictine A / phyllostictine B 

The phyllostictine A biosynthetic gene cluster from Phyllosticta cirsii was compared  
to Penicillium echinulatum, as four in fourteen genes in the query sequence has showed 
similarity to four in ten genes from P. cirsii. The gene ARP51720.1 has shown simi-  
larity to PECH_000294 and PECM_008709; the gene ARP517109.1 has shown similar- 
ity to PECH_000295 and PECM_008708;  the gene ARP51714.1 has shown similarity  
to PECH_000293 and PECM_008710 and the gene ARP51711.1 has shown similarity to 
PECH_000290 and PECM_008713 (Figure 8). 

Phyllostictine is an oxazatricycloalkenone, produced by Phyllosticta cirsii, a phytotoxic 
metabolite with potential herbicidal activity. Four compounds were identified, named Phyl- 
lostictine A-D in decreasing order of phytotoxicity. Beside its phytotoxic properties, phyl- 
lostictine A has no antifungal activity, an antibiotic activity only against Gram+ bacteria, 

and a zootoxic activity when tested at high concentrations in Artemia salina [34]. 

3.3. Mycotoxin analysis 

The mycotoxins analysis compared the number of potential genes found in P. echinulatum 

2HH with other known genes in filamentous fungi, and its results are shown inFigure 9. 



   

 

 
 
 

 
 

Figure 8: Phyllostictine A and B BGC and molecular formula. The genes in same the color means they are 
orthologous. 

 
For the known mycotoxins present in filamentous fungi, the analysis of genes in P. ech- 

inulatum with orthology does not indicate that these mycotoxins are expressed, since the 
number of genes in the cluster is greater than the number of genes that have orthology with 
any known gene to mycotoxins. 

 

Figure 9: Comparison between the number of genes demonstrating orthology with a known mycotoxin gene 
in filamentous fungi and the total number of genes in P. echinulatum in its gene clusters. 

 
For cyclopiazoni, PR toxin and roquefortine, no cluster gene demonstrated orthology. 

For acetylaranotin, aflatoxins, aflatrem, citreoviridin, citrinin, fumagillin, fumitremorgin, 



   

 

 

 

fumonisin, gliotoxi, ochratoxin A, patulin, penitrem A and T2-toxin, the amount of orthol- 
ogous cluster genes is less than half of the total genes present in the cluster. For HC-toxin, 
70% of the genes present in the cluster demonstrate orthology, thus being the only mycotoxin 
studied that shows expression potential. HC-toxin is a cyclic tetrapeptide, an inhibitor of 
histone deacetylases in many organisms, and has antitumor properties [35, 36]. 

 
4. Conclusions 

The present study by antiSMASH analysis showed that P. echinulatum, at least 2HH 
and its mutants, such as in other fungi, had carried a set of gene cluster to a high diversity 
of secondary metabolites. With a total number of 26 gene clusters, with featured to 7 
gene clusters, found so much to NRPS (non-ribosomal peptide synthetase) cluster as also to 
terpene. Although were found various genes relates with mycotoxins, the antiSMASH assay 
did not predict any mycotoxins in the fungus genome, which corroborates BLAST analysis. 
It is also worth pointing out that the same also can be told to other putative secondary 
metabolites. 

By observing the metabolic pathways presented by the antiSMASH analysis, it is clear 
that the related genes are smaller part of the pathway and not part of the core, which 
indicates that they will hardly be expressed. The same goes for mycotoxin analysis, except 
for what has already been cited for HC-toxin. The results presented are prediction data, 

does not mean that Penicillium echinulatum actually secretes the secondary metabolites  
or the mycotoxins previously related, but evidences the orthology between other fungi. In 
addition, it is interesting to note that the antiSMASH assay did not predict any mycotoxins 
in the fungus genome, which corroborates BLAST analysis. However, many scaffolds were 
unrelated to any secondary metabolite region (588 scaffolds for the wild strain and 568 for 
the mutant strain). This demonstrates the potential for further analysis of these genes, 
whether they may be related to metabolism or mycotoxins or just residues. Thus, in future 
is important that this analysis in silico would be strengthened by experimental data about 
gene expression and secretion of secondary metabolites. 
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(VWH� WUDEDOKR� YLVDYD SUHGL]HU� H� FDUDFWHUL]DU� DJUXSDPHQWRV JrQLFRV� UHODFLRQDGRV� DR�

PHWDEROLVPR� VHFXQGiULR� GH� 3HQLFLOOLXP� HFKLQXODWXP�� $SHQDV� ���� GRV� VFDIIROGV PRQWDGRV�

IRUDP�DJUXSDGRV�HP�UHJL}HV�D�SDUWLU�GH�RUWRORJLD�FRP�JHQHV�Mi�DQRWDGRV�GHSRVLWDGRV QR�EDQFR�

GH�GDGRV��)RL�SRVVtYHO�DQDOLVDU PHFDQLVPRV�ELROyJLFRV�GR�PHWDEROLVPR�VHFXQGiULR�GR�IXQJR�

UHDOL]DQGR�LQIHUrQFLDV�TXDQWR�DR�SRWHQFLDO�ELRWHFQROyJLFR�GH�DSURYHLWDPHQWR�GH�PHWDEyOLWRV�D�

SDUWLU�GR�TXH�HVWi�QR�JHQRPD�GH�3��HFKLQXODWXP��$�FRPSDUDomR�HQWUH�DV�OLQKDJHQV�VHOYDJHP�H�

PXWDQWH�GHPRQVWURX�TXH�DV�GLIHUHQoDV�HQWUH�RV�JHQRPDV�VmR�LQVLJQLILFDQWHV�QR�TXH�VH�UHIHUH�

DR�PHWDEROLVPR�VHFXQGiULR GRV�FRPSRVWRV�DYDOLDGRV��

$R� REVHUYDU� RV� GDGRV� REWLGRV�� p� LPSRUWDQWH� WHU� FODUR� TXH� DV� DQiOLVHV� LQ� VLOLFR

UHSUHVHQWDP�XPD�SUHGLomR��XPD�YLVmR�JHUDO�VREUH�R�SRWHQFLDO�PHWDEROLVPR�VHFXQGiULR�GH�3�

HFKLQXODWXP�� 2V� GDGRV� GHPRQVWUDP� D� RUWRORJLD� GH� JHQHV� FRQKHFLGRV� HP� RXWURV� IXQJRV�

ILODPHQWRVRV�� (QWUHWDQWR�� p� FRQKHFLGR� TXH� VmR� LQ~PHURV� RV� IDWRUHV� TXH� LQIOXHQFLDP� QD�

SURGXomR� GH� GHWHUPLQDGD� VXEVWkQFLD�� GHVGH� FRQGLo}HV� DPELHQWDLV� D� IDWRUHV� JHQpWLFRV��

HSLJHQpWLFRV� H� GH� UHJXODomR�� R� TXH� WRUQD� LQWHUHVVDQWH�� QR� IXWXUR� FRPSOHPHQWDU� HVWH� HVWXGR�

FRP�D�DQiOLVH�GH�H[SUHVVmR�JrQLFD�GDV�OLQKDJHQV��UHODFLRQDQGR�IDWRUHV�DPELHQWDLV�GH�FXOWLYR�H�

D�JHQpWLFD�GR�IXQJR�SDUD�VH�REWHU�UHVXOWDGRV�TXDQWR�j�PHWDERO{PLFD��$OpP�GLVVR�� WDPEpP�p�

LQWHUHVVDQWH�REVHUYDU�TXH��QDV�DQiOLVHV�FRP�R�VRIWZDUH DQWL60$6+��D�PDLRULD JHQHV�DQRWDGRV�

QmR� IRUDP� DJUXSDGRV� HP� UHJL}HV�� SRLV� QmR� IRL� HQFRQWUDGD� QHQKXPD� HQ]LPD� UHODFLRQDGD� D�

DTXHOD�VHTXrQFLD��'HVVH�PRGR��WDPEpP�p�LQWHUHVVDQWH�YHULILFDU�HVVD�VLWXDomR��FRQIHULQGR�HP�

TXH�SDUWH�GR�PHWDEROLVPR�GR�IXQJR�DWXDP�HVWHV�JHQHV�
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$JRVWLQL�&RVWD�� 7� 'D� 6��� 9LHLUD�� 5� )��� %L]]R�� +� 5��� HW� DO�� ������� 6HFRQGDU\� PHWDEROLWHV��

&KURPDWRJUDSK\�DQG�,WV�$SSOLFDWLRQV��S� ���±����

$QGHUVHQ��0�5���1LHOVHQ��-�%���.OLWJDDUG��$��HW�DO�� �������$FFXUDWH�SUHGLFWLRQ�RI�VHFRQGDU\�

PHWDEROLWH�JHQH�FOXVWHUV� LQ�ILODPHQWRXV�IXQJL��3URFHHGLQJV�RI�WKH�1DWLRQDO�$FDGHP\�

RI�6FLHQFHV�RI�WKH�8QLWHG�6WDWHV�RI�$PHULFD��Y� �����Q� ���S��(��±(����

$UQLVRQ��3�*���%LEE��0� -���%LHUEDXP��*�� HW� DO�� �������5LERVVRPDOO\� V\QWKHVL]HG� DQG�SRVW�

WUDQVODWLRQDOO\�PRGLILHG�SHSWLGH�QDWXUDO�SURGXFWV��RYHUYLHZ�DQG�UHFRPPHQGDWLRQV�IRU�D�

XQLYHUVDO�QRPHQFODWXUH��1DWXUDO�3URGXFW�5HSRUWV��Y� ����Q� ���S� ���±����

%DQDQL�� +�� 0DUFHW�+RXEHQ�� 0�� %DOOHVWHU�� $� 5�� HW� DO�� ������� *HQRPH� VHTXHQFLQJ� DQG�

VHFRQGDU\� PHWDEROLVP� RI� WKH� SRVWKDUYHVW� SDWKRJHQ� 3HQLFLOOLXP� JULVHRIXOYXP�� %0&�

*HQRPLFV��Y� ����Q� ���S� �±���

%D]LROL�� -� 0�� $PDUDO�� /� 6�� )LOO�� 7� 3�� HW� DO�� ������� ,QVLJKWV� LQWR� 3HQLFLOOLXP� EUDVLOLDQXP

VHFRQGDU\�PHWDEROLVP�DQG�LWV�ELRWHFKQRORJLFDO�SRWHQWLDO��0ROHFXOHV��Y� ����Q� ������S�

%OLQ��.��0HGHPD��0�+��.D]HPSRXU��'��HW�DO� �������DQWL60$6+�����² D�YHUVDWLOH�SODWIRUP�

IRU�JHQRPH�PLQLQJ�RI�VHFRQGDU\�PHWDEROLWH�SURGXFHUV��1XFOHLF�$FLGV�5HVHDUFK��Y������

S��:���±:����

%OLQ�� .�� 0HGHPD�� 0� +�� .RWWPDQQ�� 5�� HW� DO�� ������� 7KH� DQWL60$6+� GDWDEDVH�� D�

FRPSUHKHQVLYH�GDWDEDVH�RI�PLFURELDO� VHFRQGDU\�PHWDEROLWH�ELRV\QWKHWLF�JHQH�FOXVWHUV��

1XFOHLF�$FLGV�5HVHDUFK��Y� ����Q� '���S� '���±'����

%OLQ�� .�� 6KDZ�� 6�� 6WHLQNH�� .�� HW� DO�� ������� DQWL60$6+� ����� XSGDWHV� WR� WKH� VHFRQGDU\�

PHWDEROLWH� JHQRPH�PLQLQJ� SLSHOLQH��1XFOHLF�$FLGV�5HVHDUFK�� Y� ���� Q� :��� S� :��±
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%ORXGRII��.��6FKPHLQJ��7��0���������6WUXFWXUDO�DQG�IXQFWLRQDO�DVSHFWV�RI�WKH�QRQULERVRPDO�

SHSWLGH� V\QWKHWDVH� FRQGHQVDWLRQ� GRPDLQ� VXSHUIDPLO\�� GLVFRYHU\�� GLVVHFWLRQ� DQG�

GLYHUVLW\��%LRFKLPLFD�HW�%LRSK\VLFD�$FWD�� 3URWHLQV�DQG�3URWHRPLFV��Y� ������Q� ����

S� ����±�����

%UHLWOLQJ�� 5�� &HQLFHURV�� $�� -DQNHYLFV�� $�� HW� DO�� ������� 0HWDERORPLFV� IRU� 6HFRQGDU\�

0HWDEROLWH�5HVHDUFK��0HWDEROLWHV��Y� ���Q� ���S� ����±�����

&DPDVVROD��0���'LOORQ��$��-�3���������(IIHFW�RI�PHWK\O[DQWKLQHV�RQ�SURGXFWLRQ�RI�FHOOXODVHV�

E\�3HQLFLOOLXP� HFKLQXODWXP� -RXUQDO� RI�$SSOLHG�0LFURELRORJ\�� Y� ����� Q� ��� S� ���±

����

&DUUDX��-�/�HW�DO��������3URGXomR�GH�HQ]LPDV�FHOXOROtWLFDV�SRU�PLFURUJDQLVPRV��,Q��6LPSyVLR�

,QWHUQDFLRQDO�GH�(QJHQKDULD�*HQpWLFD��$QDLV��S������3LUDFLFDED��63�������

'H�9ULHV��5�3��7VDQJ��$��*ULJRULHY��,�9���������)XQJDO�*HQRPLFV�0HWKRGV�DQG�3URWRFROV��

��HG��0HWKRGV�LQ�0ROHFXODU�%LRORJ\������ S�

'HPDLQ��$��/���)DQJ��$���������7KH�QDWXUDO�IXQFWLRQV�RI�VHFRQGDU\�PHWDEROLWHV��$GYDQFHV�LQ�

%LRFKHPLFDO�(QJLQHHULQJ�%LRWHFKQRORJ\��Y� ����S� �±���

'LOORQ��$�- 3���=RUJL��&��&DPDVVROD��0��HW�DO���������8VH�RI���GHR[\JOXFRVH�LQ�OLTXLG�PHGLD�

IRU� WKH� VHOHFWLRQ� RI� PXWDQW� VWUDLQV� RI� 3HQLFLOOLXP� HFKLQXODWXP SURGXFLQJ� LQFUHDVHG�

FHOOXODVH� DQG� ȕ�JOXFRVLGDVH� DFWLYLWLHV�� $SSOLHG� 0LFURELRORJ\ DQG� %LRWHFKQRORJ\��

Y� ����Q� ���S� ���±����

'LOORQ��$� -�3��%HWWLR��0��3R]]DQ��)�*�� HW� DO� �������$�QHZ�3HQLFLOOLXP�HFKLQXODWXP VWUDLQ�

ZLWK� IDVWHU� FHOOXODVH� VHFUHWLRQ� REWDLQHG� XVLQJ� K\GURJHQ� SHUR[LGH� PXWDJHQHVLV� DQG�

VFUHHQLQJ�ZLWK���GHR[\JOXFRVH��-RXUQDO�RI�$SSOLHG�0LFURELRORJ\��Y�����S��������
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)DQJ�� ;�� 6KHQ�� <�� =KDR�� -�� HW� DO�� ������� 6WDWXV� DQG� SURVSHFW� RI� OLJQRFHOOXORVLF� ELRHWKDQRO�

SURGXFWLRQ�LQ�&KLQD��%LRUHVRXUFH�7HFKQRORJ\��Y� �����Q� ����S� ����±�����

)LOO��7�3��GD�6LOYD��%�)��5RGULJXHV�)R��(���������%LRV\QWKHVLV�RI�SKHQ\OSURSDQRLG�DPLGHV�E\�

DQ�HQGRSK\WLF�3HQLFLOOLXP�EUDVLOLDQXP IRXQG�LQ�URRW�EDUN�RI�PHOLD�D]HGDUDFK��-RXUQDO�

RI�0LFURELRORJ\�DQG�%LRWHFKQRORJ\��Y� ����Q� ���S� ���±����

)OHPLQJ��$�� �������2Q� WKH�$QWLEDFWHULDO�$FWLRQ� RI�&XOWXUHV� RI� D�3HQLFLOOLXP��ZLWK� 6SHFLDO�

5HIHUHQFH� WR� WKHLU� 8VH� LQ� WKH� ,VRODWLRQ� RI� %�� LQIOXHQ] �� %ULWLVK� -RXUQDO� RI�

([SHULPHQWDO�3DWKRORJ\� S����������

*KDQEDUL��0�$�7��0RKDPPDGNKDQL��+�6��%DEDHL]DG��9��HW�DO���������,GHQWLILFDWLRQ�RI�VRPH�

VHFRQGDU\�PHWDEROLWHV� SURGXFHG� E\� IRXU�3HQLFLOOLXP VSHFLHV��0\FRORJLD� ,UDQLD�� Y� ���

Q� 2FWREHU�������S� ���±����

*X]PiQ�&KiYH]�� )�� =ZDKOHQ�� 5� '��� %RYHQEHUJ�� 5� $�/��� HW� DO�� ������� (QJLQHHULQJ� RI� WKH�

ILODPHQWRXV� IXQJXV� 3HQLFLOOLXP� FKU\VRJHQXP DV� FHOO� IDFWRU\� IRU� QDWXUDO� SURGXFWV��

)URQWLHUV�LQ�0LFURELRORJ\��Y� ���Q� 129��S� �±���

+DXWEHUJXH�� 7�� 3XHO�� 2�� 7DGULVW�� 6�� HW� DO�� ������� (YLGHQFLQJ� ��� VHFRQGDU\� PHWDEROLWHV� RI�

3HQLFLOOLXP� YHUUXFRVXP XVLQJ� VXEVWUDWH� LVRWRSLF� ODEHOLQJ� DQG� KLJK�UHVROXWLRQ� PDVV�

VSHFWURPHWU\�� -RXUQDO� RI� &KURPDWRJUDSK\� %�� $QDO\WLFDO� 7HFKQRORJLHV� LQ� WKH�

%LRPHGLFDO�DQG�/LIH�6FLHQFHV��Y� ������S� ��±���

+RXEUDNHQ�� -��� 6DPVRQ�� 5�� ������� $�� 3K\ORJHQ\� RI� 3HQLFLOOLXP DQG� WKH� VHJUHJDWLRQ� RI�

7ULFKRFRPDFHDH�LQWR�WKUHH�IDPLOLHV��6WXGLHV�LQ�0\FRORJ\��Y� ����S� �±���

.HOOHU��1�3�� �������)XQJDO� VHFRQGDU\�PHWDEROLVP�� UHJXODWLRQ�� IXQFWLRQ�DQG�GUXJ�GLVFRYHU\��

1DWXUH�5HYLHZV�0LFURELRORJ\��Y� ����Q� ���S� ���±����

.HOOHU�� 1� 3��� 7XUQHU�� *�� %HQQHWW�� -� :�� ������� )XQJDO� VHFRQGDU\� PHWDEROLVP� � )URP�

ELRFKHPLVWU\�WR�JHQRPLFV��1DWXUH�5HYLHZV�0LFURELRORJ\��Y� ���Q� ����S� ���±����
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/LQ��6��6KL��7��&KHQ��.�<�HW�DO���������&\FORSHQLFLOORQH��D�XQLTXH�F\FORSHQWHQRQH�IURP�WKH�
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