
� 2QH�KXQGUHG�DQG�¿IW\�\HDUV�DJR��'DUZLQ�SXEOLVKHG�
KLV� WUHDWLVH�� On the Origin of Species by Means 

of Natural Selection�� 8QTXHVWLRQDEO\�� WKLV� ZDV� D�
ODQGPDUN� HYHQW� WKDW� VKRRN� WKH� WHQHWV� RI� VFLHQFH� DQG�

ZHVWHUQ�VRFLHW\��7KLV�����SDJH�DEVWUDFW�HVWDEOLVKHG�WKH�
IRXQGDWLRQ� IRU� HYROXWLRQDU\� WKHRU\�E\�GHVFULELQJ� WKH�
SURFHVV� E\�ZKLFK� FKDQJH�PD\�RFFXU� WKURXJK�QDWXUDO�
VHOHFWLRQ��'DUZLQ���������$V�WKH�VWRU\�KDV�EHHQ�WROG�VR�
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��$XWKRU�IRU�FRUUHSRQGHQFH��DFNHUPDQ�XSU#JPDLO�FRP��

absTracT��3DWWHUQV�RI�YDULDWLRQ�DQG�WKHLU�¿WQHVV�FRQVHTXHQFHV�DUH�FULWLFDO�LQ�UHYHDOLQJ�QDWXUDO�VHOHFWLRQ��2QH�
RI�WKH�PRVW�YDULDEOH�JURXSV�RI�SODQWV�DUH�WKH�GHFHSWLRQ�SROOLQDWHG�RUFKLGV��SROOLQDWRUV�RI�ZKLFK�DUH�GHFHLYHG�
LQ�WKHLU�VHDUFK�IRU�D�IRRG�UHZDUG��1HJDWLYH�IUHTXHQF\�GHSHQGHQW�VHOHFWLRQ�DQG�GLVUXSWLYH�VHOHFWLRQ�KDYH�EHHQ�
VXJJHVWHG� DV� WKH�PHDQV� E\�ZKLFK� KLJK� OHYHOV� RI� YDULDWLRQ� DUH�PDLQWDLQHG�� \HW� LQ�PRVW� FDVHV� VXFK� VHOHFWLRQ�
KDV�QRW�EHHQ�GHWHFWHG��SURPSWLQJ�DOWHUQDWLYH�H[SODQDWLRQV�LQFOXGLQJ�JHQHWLF�GULIW��&RXOG�SKHQRW\SLF�SODVWLFLW\�
FORXG� WKH� HIIHFWV� RI� VHOHFWLRQ"�8VLQJ� D�Tolumnia variegata SRSXODWLRQ� DV� D�PRGHO� V\VWHP��ZH� FRQGXFWHG� D�
UHFLSURFDO� WUDQVSODQW� H[SHULPHQW� WR� GHWHUPLQH� WKH� HIIHFWV� RI� OLJKW� HQYLURQPHQW� RQ� YHJHWDWLYH�� LQÀRUHVFHQFH��
DQG�ÀRUDO�FKDUDFWHULVWLFV�RYHU�PXOWLSOH�VHDVRQV��7KH�UHVXOWV�ZHUH�FRPSOH[�DQG�VKRZHG�VLJQL¿FDQW� UHVSRQVHV�
WR�OLJKW�IRU�PRVW�WUDLWV�PHDVXUHG��EXW�RIWHQ�WKRVH�FKDQJHV�ZHUH�REVFXUHG�E\�YDULDEOH�UHVSRQVHV�DFURVV�\HDUV��
OLNHO\�D�FRQVHTXHQFH�RI�GUDPDWLFDOO\�GLIIHUHQW�UDLQIDOO��)UXLW�SURGXFWLRQ�ZDV�VLPLODU�IRU�VXQ�DQG�VKDGH�VLWHV��EXW�
WUDMHFWRULHV�RI�VHOHFWLRQ�RQ�D�JLYHQ�WUDLW�EHWZHHQ�WKH�WZR�VLWHV�ZHUH�RIWHQ�LQFRQJUXHQW��2XU�GDWD�LQGLFDWHG�WKDW�
VHOHFWLRQ�LQ�D�KHWHURJHQHRXV�HQYLURQPHQW�FDQ�LQGHHG�EH�EOXQWHG�E\�SKHQRW\SLF�SODVWLFLW\��EXW�QRW�DOO�FKDUDFWHUV�
UHVSRQG�LQ�WKH�VDPH�ZD\��

resumen��/DV�FRQVHFXHQFLDV�GH�ORV�SDWURQHV�GH�YDULDFLyQ�HQ�HO�p[LWR�GH�XQD�SODQWD�VRQ�FUtWLFDV�SDUD�UHYHODU�OD�
VHOHFFLyQ�QDWXUDO��8QR�GH�ORV�JUXSRV�PiV�YDULDGRV�GH�SODQWDV�VRQ�ODV�RUTXtGHDV�TXH�OOHYDQ�D�FDER�SROLQL]DFLyQ�
SRU�HQJDxR� ODV�PLVPDV�HQJDxDQ�D� ORV�SROLQL]DGRUHV� ORV�FXDOHV�EXVFDQ�XQD� UHFRPSHQVD�DOLPHQWDULD�HQ�HOODV��
/D�VHOHFFLyQ�QHJDWLYD�GHSHQGLHQWH�GH�IUHFXHQFLD�\�OD�VHOHFFLyQ�GLVUXSWLYD�KDQ�VLGR�VXJHULGDV�SDUD�H[SOLFDU�HO�
PDQWHQLPLHQWR�GH�DOWRV�QLYHOHV�GH�YDULDFLyQ��(Q�OD�PD\RUtD�GH�ORV�FDVRV�HVWDV�VHOHFFLRQHV�QR�KDQ�VLGR�GHWHFWDGDV��
SURYRFDQGR�RWUDV�H[SOLFDFLRQHV�DOWHUQDV�FRPR�OD�GHULYD�JHQpWLFD��¢3RGUi�OD�VHOHFFLyQ�QDWXUDO�VHU�QXEODGD�SRU�OD�
SODVWLFLGDG�IHQRWtSLFD"�8VDQGR�SREODFLRQHV�GH�Tolumnia variegata FRPR�VLVWHPD�PRGHOR��QRVRWURV�UHDOL]DPRV�
XQ�H[SHULPHQWR�GH�WUDVSODQWH�UHFtSURFR�SDUD�GHWHUPLQDU�ORV�HIHFWRV�GH�OD�OX]�HQ�ODV�FDUDFWHUtVWLFDV�GH�OD�SDUWH�
YHJHWDWLYD��LQÀRUHVFHQFLD�\�ÀRUHV��D�WUDYpV�GH�GLIHUHQWHV�pSRFDV�GHO�DxR��/RV�UHVXOWDGRV�IXHURQ�FRPSOHMRV��OD�
PD\RUtD�GH�ORV�UDVJRV�PHGLGRV�SUHVHQWDURQ�UHVSXHVWDV�VLJQL¿FDWLYDV�D�OD�OX]��SHUR�OD�PD\RUtD�GH�HVWRV�FDPELRV�
IXHURQ�REVFXUHFLGRV�SRU�UHVSXHVWDV�YDULDGDV�D�WUDYpV�GH�ORV�DxRV��SUREDEOHPHQWH�SRU�XQD�GLIHUHQFLD�GUDPiWLFD�
HQ�OD�SUHFLSLWDFLyQ��/D�SURGXFFLyQ�GH�IUXWRV�IXH�VLPLODU�HQWUH�VLWLRV�GH�VRPEUD�\�VRO��SHUR�ODV�WUD\HFWRULDV�GH�
VHOHFFLyQ�GH�ODV�FDUDFWHUtVWLFDV�HQWUH�ORV�GRV�OXJDUHV�IXHURQ�HQ�VX�PD\RUtD�LQFRQJUXHQWHV��1XHVWURV�GDWRV�LQGLFDQ�
TXH�OD�VHOHFFLyQ�HQ�XQ�DPELHQWH�KHWHURJpQHR�SXHGH�VHU�GLVIUD]DGD�SRU�OD�SODVWLFLGDG�IHQRWtSLFD��SHUR�QR�WRGDV�ODV�
FDUDFWHUtVWLFDV�UHVSRQGHQ�GH�OD�PLVPD�PDQHUD�

key worDs��2UFKLGDFHDH��&KDUOHV�'DUZLQ��ÀRUDO�YDULDWLRQ��GHFHLSW�SROOLQDWLRQ��QDWXUDO�VHOHFWLRQ



PDQ\� WLPHV� IURP�D� SOHWKRUD� RI� SHUVSHFWLYHV��'DUZLQ�
ZDV�VORZ�WR�DPDVV�VXSSRUWLQJ�GDWD�DQG�ZDV�SXVKHG�WR�
FRPH�IRUWK�ZLWK�KLV�WKHVLV�ZKHQ�$OIUHG�5XVVHO�:DOODFH�
ZURWH� WR� KLP� H[SUHVVLQJ� HVVHQWLDOO\� WKH� VDPH� LGHDV�
�:DOODFH�� �������$OWKRXJK�'DUZLQ� GLG� QRW� UHDFK� WKH�
ELRORJLFDO� GLYHUVH� UHJLRQV� RI� WKH� WURSLFDO�$QGHV�� KH�
ZDV� VWURQJO\� LQÀXHQFHG� E\� KLV� YLVLW� WR� DQRWKHU� SDUW�
RI� (FXDGRU�� WKH� *DODSDJRV� ,VODQGV� �'DUZLQ�� �������
)URP� WKRVH� VWXGLHV� DQG�PDQ\� RWKHUV� WKURXJKRXW� WKH�
ZRUOG�KH�GHYHORSHG�D�VHQVH�RI�QDWXUDO�KLVWRU\�SHUKDSV�
XQPDWFKHG�E\�DOO� WKRVH�ZKR�SUHFHGHG�KLP�DQG� WKRVH�
ZKR�IROORZHG�
� 2YHU�WLPH��ZH�KDYH�FRPH�WR�NQRZ�'DUZLQ¶V�WKHRU\�
RI�QDWXUDO�VHOHFWLRQ�TXLWH�ZHOO�DQG�KDYH�EHHQ�DEOH� WR�
HQULFK� LW� ZLWK� DFFXPXODWHG� NQRZOHGJH� RI� ELRORJ\��
HVSHFLDOO\� ZLWK� D� EHWWHU� XQGHUVWDQGLQJ� RI� JHQHWLFV��
1DWXUDO�VHOHFWLRQ�LV�QRZ�YLHZHG�DV�D�SURFHVV�ZLWK�WKUHH
FRQGLWLRQV��)LUVW��D�SRSXODWLRQ�PXVW�KDYH�YDULDWLRQ��D�
FRUQHUVWRQH� WR� WKH� WKHRU\� WKRURXJKO\� DSSUHFLDWHG� E\�
'DUZLQ��WKRXJK�KH�GLG�QRW�NQRZ�WKH�JHQHWLF�EDVLV�IRU�
LW��6HFRQGO\��YDULDQWV�ZLWKLQ�D�SRSXODWLRQ�PXVW� VKRZ�
GLIIHUHQWLDO�UHSURGXFWLYH�VXFFHVV��DOVR�NQRZQ�DV�¿WQHVV��
$QG�¿QDOO\��WKH�WUDLWV�LQ�TXHVWLRQ�PXVW�EH�KHULWDEOH��$OO�
WKUHH�LGHDV�ZHUH�ZHOO�GHYHORSHG�E\�'DUZLQ��ZKLFK�LV�
UHPDUNDEOH� FRQVLGHULQJ�PRGHUQ� JHQHWLFV� KDG� QRW� \HW�
DUULYHG�� ,I� DOO� WKUHH� FRQGLWLRQV� DUH� PHW�� WKHQ� QDWXUDO�
VHOHFWLRQ�HQVXHV�ZLWK�D�SUHGLFWDEOH�RXWFRPH� �(QGOHU��
������
� 'DUZLQ� GLG� QRWH� WKDW� PXFK� YDULDWLRQ� FDPH� IURP�
FURVV�IHUWLOL]DWLRQ� DQG� WKDW� PDQ\� SODQW� WUDLWV� ZHUH�
DGDSWDWLRQV�WKDW�HQVXUHG�RU�HQKDQFHG�WKH�SUREDELOLW\�IRU�
FURVV�SROOLQDWLRQ��7KH�DPRXQW�RI�GDWD�KH�DFFXPXODWHG�
RQ�WKLV�ZDV�SURGLJLRXV��DQG�KLV�IDYRULWH�PRGHO�V\VWHP
ZDV�XQTXHVWLRQDEO\�RUFKLGV��+H�OHIW�WKH�RUFKLGV�RXW�RI�
WKH�Origin of Species��EXW�WKH�¿UVW�ERRN�SXEOLVKHG�DIWHU�
KLV�ODQGPDUN�WUHDWLVH�ZDV�On the Various Contrivances 

by which British and Foreign Orchids Are Fertilised 

by Insects��D�FRPSHQGLXP�RI�SROOLQDWLRQ�PHFKDQLVPV�
DVVRFLDWHG� ZLWK� HQVXULQJ� FURVV�IHUWLOL]DWLRQ� �'DUZLQ��
������� +H� UHJDUGHG� WKRVH� PHFKDQLVPV�� VRPH� TXLWH�
IDQWDVWLF�� DV� D� FRQVHTXHQFH� RI� WKH� DGYDQWDJHV� IRU�
FURVV�SROOLQDWLRQ�� 6XFK� REVHUYDWLRQV� DUH� FRQYLQFLQJ��
DOWKRXJK�WKH\�PHUHO\�UHSUHVHQW�LQGLUHFW�HYLGHQFH�IRU
QDWXUDO�VHOHFWLRQ�
� 7KH�PHFKDQLVPV�IRU�FURVV�IHUWLOL]DWLRQ�DERXQG� LQ�
SODQWV��EXW�'DUZLQ�NQHZ�WKDW�LW�ZDV�LQVXI¿FLHQW�VLPSO\�
WR�FDWDORJXH�WKHP��WKDW�KH�DOVR�KDG�WR�VKRZ�ZKDW�WKH�

DGYDQWDJH�ZDV��2XW�FDPH�\HW�DQRWKHU�ERRN�LQ�VXSSRUW�
RI�KLV�WKHRU\�RI�QDWXUDO�VHOHFWLRQ��The Effects of Cross 

and Self Fertilisation in the Vegetable Kingdom 

�'DUZLQ���������:LWK�PHWLFXORXV�JDUGHQ�H[SHULPHQWV�
RQ� D� YDULHW\� RI� SODQWV�� 'DUZLQ� GHPRQVWUDWHG� WKDW�
FURVV�IHUWLOL]DWLRQ�SURGXFHG�VWURQJ��YDULDEOH�RIIVSULQJ��
ZKHUHDV� UHSHDWHG� VHOI�IHUWLOL]DWLRQ� SURGXFHG�
SURJUHVVLYHO\�IHZHU�DQG�ZHDNHU�SURJHQ\��D�WUHQG�WKDW�
FRXOG�EH� UHYHUVHG�ZLWK�D� UHWXUQ� WR�FURVV�IHUWLOL]DWLRQ��
:H�LQWHUSUHW�WKH�UHVXOWV�RI�VHO¿QJ�DV�VLPSO\�LQEUHHGLQJ�
GHSUHVVLRQ��WKRXJK�'DUZLQ�H[SUHVVHG�LW�PRUH�HOHJDQWO\�
LQ� WKH�ÀRZHU\� ODQJXDJH�RI� WKH� WLPH�� ³,W� LV� KDUGO\� DQ�
H[DJJHUDWLRQ� WR� VD\� WKDW�1DWXUH� WHOOV� XV�� LQ� WKH�PRVW�
HPSKDWLF� PDQQHU�� WKDW� VKH� DEKRUV� SHUSHWXDO� VHOI�
IHUWLOLVDWLRQ´��'DUZLQ��������

2UFKLGV�DQG�ÀRUDO�YDULDWLRQ

� 2UFKLGV� DUH� QRW� RQO\� DQ� LGHDO� PRGHO� V\VWHP� WR�
HOXFLGDWH� WKH� UHPDUNDEOH� DGDSWDWLRQV� DVVRFLDWHG�ZLWK�
FURVV�SROOLQDWLRQ��EXW�WKH\�DUH�DOVR�LGHDO�EHFDXVH�WKH\�
DUH�SHUKDSV�WKH�PRVW�VSHFLHV�ULFK�IDPLO\�RI�ÀRZHULQJ�
SODQWV�� 7KLV� GLYHUVLW\� KDV� RIWHQ� EHHQ� DWWULEXWHG� WR�
DGDSWLYH�UDGLDWLRQ�DVVRFLDWHG�ZLWK�GLYHUVH�SROOLQDWLRQ�
ELRORJ\��$OWKRXJK�WKH�IDPLO\�LV�UHODWLYHO\�ROG��5DPtUH]�
et al����������ZH�SHUFHLYH�LW�DV�D�G\QDPLF�JURXS�ZKHUH�
QDWXUDO�VHOHFWLRQ�VKRXOG�EH�SHUYDVLYH�
� 8QOLNH� 3RQFH� GH� /HyQ�� VRPH� HYLGHQFH� LQGLFDWHV�
WKDW�RUFKLGV�KDYH� IRXQG� WKH� IRXQWDLQ�RI�\RXWK�ZKHUH�
GLYHUVL¿FDWLRQ� UHPDLQV� DQ� DFWLYH� SURFHVV�� WKHLU�
SRSXODWLRQV� RIWHQ� VKRZ� FRQVLGHUDEOH� YDULDWLRQ�� RQH�
RI� WKH�EDVLF�FRQGLWLRQV� IRU�QDWXUDO� VHOHFWLRQ��)ORZHUV�
PD\� YDU\� LQ� VL]H�� VKDSH�� FRORU�� DQG� HYHQ� IUDJUDQFH�
�$FNHUPDQ��������
� :K\� GR� PDQ\� VSHFLHV� RI� RUFKLGV� VKRZ� KLJK�
OHYHOV� RI� YDULDWLRQ"� 7KHUH� DUH� VHYHUDO� SRVVLELOLWLHV��
)LUVW�� WKHUH� FRXOG� EH� D� EUHDNGRZQ� LQ� UHSURGXFWLYH�
LVRODWLRQ�PHFKDQLVPV� DPRQJ� FORVHO\� UHODWHG� VSHFLHV��
)RU� H[DPSOH�� HQYLURQPHQWDO� FKDQJHV� FRXOG� OHDG� WR�
SROOLQDWRU�VKDULQJ�� FUHDWLQJ� K\EULG� VZDUPV� WKURXJK�
LQWURJUHVVLYH� K\EULGL]DWLRQ�� &HUWDLQO\� KXPDQ�
DOWHUDWLRQV�WR�WKH�HQYLURQPHQW�FDQ�FUHDWH�LQWHUPHGLDWH�
KDELWDWV� WKDW� EULQJ� WZR� RWKHUZLVH� VHSDUDWHG� VSHFLHV�
WRJHWKHU�� 6RPH� ZHOO�GRFXPHQWHG� K\EULG� VZDUPV�
H[LVW�� DQG� RWKHUV� DUH� VXVSHFWHG�� EXW� QRW� DOO� YDULDEOH�
SRSXODWLRQV�FDQ�EH�DWWULEXWHG�WR�K\EULGL]DWLRQ��:LWKQHU��
������$FNHUPDQ�	�*DODU]D�3pUH]��������$]HYHGR�et 

al���������-HUViNRYi�et al���������
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 $� VHFRQG� SRVVLELOLW\� LV� WKDW� SHULRGLF� JHQHWLF�
GULIW� �UHOD[HG� VHOHFWLRQ�� PD\� JHQHUDWH� YDULDWLRQ��
SDUWLFXODUO\� ZKHQ� SRSXODWLRQ� VL]HV� DUH� VPDOO�� ZLWK�
HYHQ� IHZHU� UHSURGXFWLYH� LQGLYLGXDOV�� ,QGHHG� PDQ\�
RUFKLG�SRSXODWLRQV�GR�DSSHDU�WR�EH�VPDOO��DQG�IUXLW�VHW�
LV�RIWHQ�ORZ��1DWXUDO�VHOHFWLRQ�ZRXOG�KDYH�WR�EH�VWURQJ�
WR�RYHUFRPH�WKHVH�FRQGLWLRQV��7KHUH�LV�VRPH�HYLGHQFH�
FRQVLVWHQW�ZLWK�WKLV�PHFKDQLVP�RI�JHQHUDWLQJ�XQXVXDOO\�
KLJK�OHYHOV�RI�YDULDWLRQ��7UHPEOD\�	�$FNHUPDQ��������
3HOOHJULQR�et al���������6DO]PDQQ�et al����������*HQHWLF�
GULIW� PD\� DOVR� RFFXU� LQ� ODUJHU� SRSXODWLRQV� ZKHQ� WKH�
GULYHU�RI�VHOHFWLRQ�LV�QR�ORQJHU�UHOHYDQW��DW�OHDVW�IRU�D�
WLPH��$OWKRXJK� WKLV� KDV� EHHQ� GHPRQVWUDWHG� IRU� VRPH�
DQLPDOV� VXFK� DV� 'DUZLQ¶V� *DODSDJRV� ¿QFKHV� DQG�
VXJJHVWHG� IRU� SODQWV� �*UDQW� 	� *UDQW� ������ 5LYHUD�
0DUFKDQG�	�$FNHUPDQ���������ZH�DUH�QRW�DZDUH�RI�D�
VLPLODU�H[DPSOH�LQ�RUFKLGV��
� 7KH� WKLUG� SRVVLELOLW\� IRU� XQXVXDOO\� KLJK� OHYHOV� RI�
YDULDWLRQ� FRPHV� EDFN� WR� QDWXUDO� VHOHFWLRQ�� ,Q� PRVW�
FDVHV�LW�LV�H[SHFWHG�WKDW�VHOHFWLRQ�ZLOO�UHGXFH�YDULDWLRQ�
�(QGOHU���������EXW�WKHUH�DUH�W\SHV�RI�VHOHFWLRQ�WKDW�FDQ�
LQFUHDVH�YDULDWLRQ�VXFK�DV�GLVUXSWLYH�VHOHFWLRQ�ZKHUHE\�
XQXVXDO� YDULDQWV� DUH� WKRVH� WKDW� KDYH� DQ� DGYDQWDJH�
RYHU� FRPPRQ� IRUPV�� 0RVW� ÀRZHULQJ� SODQWV� SUHVHQW�
D� UHZDUG� WR� WKHLU� SROOLQDWRUV� ZKR� VHDUFK� IRU� IRRG��
PDWHULDOV� IRU� QHVW� FRQVWUXFWLRQ�� DQG� HYHQ� UHVRXUFHV�
WR� DWWUDFW� PDWHV�� 7KHVH� FRPH� LQ� WKH� IRUP� RI� QHFWDU��
SROOHQ��UHVLQV��ZD[HV��DQG�HYHQ�IUDJUDQFHV�GHSHQGLQJ�
RQ� WKH� SROOLQDWLRQ� V\VWHP� �6LPSVRQ� 	� 1HII�� �������
7KRXVDQGV�RI�RUFKLG�VSHFLHV��WKRXJK��GR�QRW�RIIHU�DQ\�
SROOLQDWRU�UHZDUG�ZKDWVRHYHU��7KHVH�DWWUDFW�SROOLQDWRUV�
WKURXJK�GHFHSWLRQ�E\�DSSHDULQJ�WR�RIIHU�WKH�UHVRXUFHV�
WKDW� SROOLQDWRUV� VHHN�� 3HUKDSV� WKH� PRVW� FRPPRQ�
IRUP� RI� GHFHLW� LV� WKH� DSSHDUDQFH� DV� D� IRRG� UHVRXUFH�
�$FNHUPDQ���������3UHFLVH�PLPLFU\�LV�QRW�QHFHVVDU\�DV�
SROOLQDWRUV�DSSHDU�WR�EH�³ZLUHG´�WR�UHFRJQL]H�SRWHQWLDO�
IRRG� VRXUFHV��%HHV�� IRU� H[DPSOH�� WHVW� WKH� DYDLODELOLW\�
RI�UHVRXUFHV�WKURXJK�H[SORUDWRU\�YLVLWV�VRRQ�DIWHU�WKH\�
HPHUJH�IURP�WKHLU�FHOOV�DQG�ODWHU�DV�WKHLU�IDYRUHG�SODQWV�
JR�RXW�RI�ÀRZHU��7KH\�YLVLW�D�QXPEHU�RI�ÀRZHUV�RI�D�
FHUWDLQ�W\SH��DQG�LI�WKH\�IDLO�WR�H[WUDFW�D�UHZDUG��WKHQ�
WKH\�ZLOO�PRYH�WR�VHHN�DOWHUQDWLYH�UHVRXUFHV��+HLQULFK��
�������7KH� LGHD� LV� WKDW� LI� DOO� ÀRZHUV� ORRN� WKH� VDPH��
WKHQ� WKH�EHHV�ZLOO� OHDUQ�TXLFNO\� WR�DYRLG� WKH�VSHFLHV��
EXW� LI�ÀRZHUV�DSSHDU�GLIIHUHQW�� WKHQ� LW� WDNHV� WKH�EHHV�
ORQJHU�WR�OHDUQ��DQG�PRUH�ÀRZHUV�ZLOO�EH�YLVLWHG�DV�D�
FRQVHTXHQFH��+HLQULFK���������1RW�RQO\�ZRXOG�IUXLW�VHW�

EH�KLJKHU�LQ�YDULDEOH�SRSXODWLRQV��WKH�EHHV�ZRXOG�PRUH�
OLNHO\�PRYH�DPRQJ�SODQWV�DIWHU�HDFK�IDLOHG�H[SORUDWRU\�
YLVLW�UHVXOWLQJ�LQ�DQ�LQFUHDVH�LQ�WKH�SUREDELOLW\�RI�FURVV�
SROOLQDWLRQ��-RKQVRQ�	�1LOVVRQ��������-RKQVRQ�et al.��
������ -HUViNRYi� 	� -RKQVRQ�� ������� 7KXV�� XQXVXDO�
YDULDQWV�ZRXOG�KDYH�WKH�DGYDQWDJH��DQG�WKHLU�SURJHQ\�
ZRXOG�EH�EHWWHU�UHSUHVHQWHG�LQ�WKH�QH[W�JHQHUDWLRQ��
� 7KH�KLJK�OHYHOV�RI�YDULDWLRQ�LQ�GHFHSWLRQ�SROOLQDWHG�
SODQWV� KDV� EHHQ� IUHTXHQWO\� FRPPHQWHG� XSRQ�� EXW�
WKHUH� LV�RQO\�D� VLQJOH�SXEOLVKHG� UHSRUW� WKDW�FRPSDUHV�
SRSXODWLRQ�YDULDWLRQ�LQ�GHFHSWLRQ�DQG�UHZDUG�SODQWV��DQG�
WKLV�ZDV�D�VLQJOH�VSHFLHV�SDLU�RI�Anacamptis �6DO]PDQQ�
et al.�� ������� :H� GR� KDYH� DPSOH� XQSXEOLVKHG� GDWD�
WKDW� LQGLFDWH� GHFHSWLRQ�SROOLQDWHG� SODQWV� DUH� LQGHHG�
JHQHUDOO\�PRUH�YDULDEOH��$FNHUPDQ��&XHYDV��DQG�+RI��
XQSXEOLVKHG���+RZHYHU��WKH�FDXVHV�RI�VXFK�KLJK�OHYHOV�
RI� YDULDWLRQ� XVXDOO\� GR� QRW�PHHW� WKH� H[SHFWDWLRQV� RI�
QHJDWLYH� IUHTXHQF\�GHSHQGHQW�VHOHFWLRQ�� ,Q� IDFW��RQO\�
RQH�FDVH�KDV�EHHQ�UHSRUWHG����Dactylorhiza sambucina 

�/���6Ry����DQG�WKHUH�LV�VRPH�GLVSXWH�RYHU�WKDW��*LJRUG�
et al���������-HUViNRYi�et al.���������7KXV�IDU��DOO�RWKHU�
FDVHV�VWXGLHG��DOO�XVLQJ�GLIIHUHQW�PHWKRGRORJLHV��KDYH�
IDLOHG�WR�GHWHFW�WKLV�W\SH�RI�VHOHFWLRQ�DQG�KDYH�LQGLFDWHG�
WKDW�UHOD[HG�VHOHFWLRQ�RU�VRPH�RWKHU�IRUP�RI�VHOHFWLRQ�
PD\�EH�RFFXUULQJ��$FNHUPDQ�et al.��������$UDJyQ�	�
$FNHUPDQ�� ������ $FNHUPDQ� 	� &DUURPHUR�� �������
7KLV�LV�QRW�WR�VD\�WKDW�QDWXUDO�VHOHFWLRQ��RU�HYHQ�PRUH�
VSHFL¿FDOO\� QHJDWLYH� IUHTXHQF\�GHSHQGHQW� VHOHFWLRQ��
KDV� QRW� RU� ZLOO� QRW� RFFXU� EXW� WKDW� RQO\� GXULQJ� WKH�
FRXUVH�RI�WKHVH�SDUWLFXODU�VWXGLHV�LW�ZDV�QRW�KDSSHQLQJ��
6HOHFWLRQ�WKHQ�LV�HLWKHU�GLI¿FXOW�WR�GHWHFW�LQ�WKHVH�SODQWV�
RU�RFFXUV�IRU�UHODWLYHO\�EULHI�SHULRGV�RI�WLPH�DV�VKRZQ�
E\� WKH� VSDVPRGLF�GLYHUVL¿FDWLRQ�PRGHO� �7UHPEOD\�et 

al.���������2I�FRXUVH��WKHUH�LV�\HW�DQRWKHU�H[SODQDWLRQ��
WKH�PHWKRGV�IRU�GHWHFWLQJ�VHOHFWLRQ�ZHUH�QRW�ULJRURXV�
HQRXJK� RU� VXI¿FLHQWO\� VHQVLWLYH� WR� GHWHFW� VHOHFWLRQ�
ZKHQ�LW�RFFXUV�

9DULDWLRQ�DQG�SODVWLFLW\ 

� 9DULDWLRQ�LV�RIWHQ�SUHVXPHG�WR�EH�KHULWDEOH��EXW�WKH�
JHQHWLFV�RI�WKHVH�WUDLWV�DUH�UDUHO\�H[DPLQHG�LQ�RUFKLGV��
SULPDULO\�EHFDXVH�WUDGLWLRQDO�PHWKRGV�UHTXLUH�FRPPRQ�
JDUGHQ� H[SHULPHQWV� DQG� FURVVHV� DPRQJ� WKH� YDULDQWV��
)RU�WKLV��RUFKLGV�DUH�QRW�JRRG�PRGHO�V\VWHPV�EHFDXVH�
RI� WKH� GLI¿FXOW\� LQ� SURSDJDWLQJ� SODQWV� IURP� VHHG�
�HVSHFLDOO\� WHUUHVWULDO� VSHFLHV��DQG� WKH� UHODWLYHO\� ORQJ�
SHULRG� WR� ¿UVW� UHSURGXFWLRQ�� 6RPH� SODVWLFLW\� LQ� WUDLW�
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H[SUHVVLRQ�RFFXUV�DQG�LV�QRW�OLNHO\�GLUHFWO\�LQKHULWHG��
)RU�H[DPSOH��LQÀRUHVFHQFHV�RI�PRVW�VSHFLHV��QRW�MXVW�
RUFKLGV�� KDYH� PXOWLSOH� ÀRZHUV�� DQG� IUHTXHQWO\� WKH�
¿UVW�ÀRZHUV�SURGXFHG�DUH�ODUJHU�WKDQ�WKRVH�WKDW�FRPH�
ODWHU�� D� SUREOHP� RI� LQÀRUHVFHQFH� DUFKLWHFWXUH� DQG�RU�
UHVRXUFH� DOORFDWLRQ� �7UHPEOD\�� ������+HUUHUD�� �������
3ODVWLF�UHVSRQVHV�PD\�DOVR�RFFXU� LQ�ÀRUDO�SURGXFWLRQ�
DIWHU� D� SROOLQDWLRQ� HYHQW� �$FNHUPDQ�� ������ +DUGHU�
DQG� -RKQVRQ�� �������:H� JHW� DURXQG� WKLV� SUREOHP� E\�
PHDVXULQJ� DOO� ÀRZHUV� RI� DQ� LQÀRUHVFHQFH� RU� MXVW� WKH�
ORZHUPRVW�ÀRZHU��+RZHYHU�� SODVWLFLW\� DOVR�RFFXUV� LQ�
UHVSRQVH�WR�HQYLURQPHQWDO�KHWHURJHQHLW\��0LFURKDELWDW�
JUDGLHQWV�RFFXU�ZLWKLQ�SRSXODWLRQV��DQG�SODQWV�UHVSRQG�
DFFRUGLQJO\�� (QYLURQPHQWDO� FRQGLWLRQV� FDQ� DOVR� YDU\�
IURP�\HDU�WR�\HDU�DV�KDELWDWV�JR�WKURXJK�VXFFHVVLRQDO�
SURFHVVHV� RU� DV� ORFDO� FOLPDWH� FKDQJHV�� ZKHWKHU�
WHPSRUDU\��(O�1LxR�RU�/D�1LxD��RU�UHODWLYHO\�SHUPDQHQW�
�ORFDO� XUEDQL]DWLRQ� RU� JOREDO� FKDQJHV��� 3KHQRW\SLF�
UHVSRQVHV�IRU�JLYHQ�JHQRW\SHV�DUH�ZHOO�NQRZQ�DPRQJ�
SODQWV� �3LJOLXFFL�� ������� \HW� SODVWLFLW\� LQ� RUFKLGV� KDV�
UHFHLYHG� VFDQW� DWWHQWLRQ�� 6KRXOG� SODVWLF� YHUVLRQV�
RI� WUDLWV� UHVXOW� LQ� GLIIHUHQWLDO� ¿WQHVV�� WKHQ� GHWHFWLQJ�
VHOHFWLRQ�ZLWKLQ�D�SRSXODWLRQ�PD\�EHFRPH�DGGLWLRQDOO\�
SUREOHPDWLF��&HUWDLQO\�SKHQRW\SLF�SODVWLFLW\�FDQ�EOXQW�
WKH�SRZHU�RI�VHOHFWLRQ�

3ODVWLFLW\�LQ�RUFKLGV��D�WHVW�FDVH

� +RZ�PXFK�SODVWLFLW\�RFFXUV�LQ�RUFKLG�PRUSKRORJ\��
DQG�KRZ� LV� WKLV� UHODWHG� WR�¿WQHVV"�:H�DGGUHVVHG� WKLV�
TXHVWLRQ� LQ� D� UHFHQW� SDSHU� �0RUDOHV� et al.�� ������ E\�
VWXG\LQJ� D� SRSXODWLRQ� RI� Tolumnia variegata �6Z���
%UDHP��D�GHFHSWLRQ�SROOLQDWHG�WZLJ�HSLSK\WH�RFFXUULQJ�
LQ� WKH�*UHDWHU�$QWLOOHV� IURP�WKH�9LUJLQ�,VODQGV� LQ� WKH�
HDVW� WR� ZHVWHUQ� &XED�� 7KLV� LV� D� VSHFLHV� IRU� ZKLFK�
DWWHPSWV� ZHUH� PDGH� WR� GHWHFW� QHJDWLYH� IUHTXHQF\�
GHSHQGHQW� VHOHFWLRQ� EXW� ZLWKRXW� VXFFHVV� �$FNHUPDQ�
et al����������,Q�IDFW��QR�VHOHFWLRQ�RI�DQ\�NLQG�RQ�DQ\�
ÀRUDO� FKDUDFWHULVWLF� �LQFOXGLQJ� IUDJUDQFH� SURGXFWLRQ��
ZDV� UHYHDOHG�� H[FHSW� IRU� GLVUXSWLYH� VHOHFWLRQ� RQ�
ÀRZHULQJ�SKHQRORJ\�DQG�ZHDN�GLUHFWLRQDO�VHOHFWLRQ�RQ�
WKH�QXPEHU�RI�ÀRZHUV��6DEDW�DQG�$FNHUPDQ���������
� /DUJH� SRSXODWLRQV� RI� T. variegata DUH� QRW�
XQFRPPRQ�DQG�FDQ�EH�IRXQG�IURP�GU\�IRUHVWV�WR�ZHW�
PRQWDQH�UHJLRQV��$FNHUPDQ��LQ�SUHVV���3ODQWV�DUH�VPDOO�
ZLWK� V\PSRGLDO� JURZWK�� 0RUSKRORJLFDO� DQG� JHQHWLF�
GLYHUVLW\� DUH� KLJK� �)LJ�� ���� *HQHWLF� GLIIHUHQWLDWLRQ�
DPRQJ�SRSXODWLRQV�LV�ORZ��DQG�HVWLPDWHV�RI�JHQH�ÀRZ�

DUH� KLJK�� SDUWLFXODUO\� DPRQJ� SRSXODWLRQV� RI� D� JLYHQ�
LVODQG��$FNHUPDQ�DQG�*DODU]D�3pUH]��������$FNHUPDQ�
DQG�:DUG���������)ORZHUV� DUH� VHOI�LQFRPSDWLEOH�� DQG�
SROOLQDWRUV� DUH� IHPDOH� Centris decolorata �$SLGDH��
$FNHUPDQ� et al.�� ������� SUHVXPDEO\� GHFHLYHG� E\�
ÀRZHUV�DSSHDULQJ�DV�DQ�RLO�UHVRXUFH��
� 7R� LQGXFH� SODVWLF� UHVSRQVHV�� ZH� FRQGXFWHG�
D� UHFLSURFDO� WUDQVSODQW� H[SHULPHQW� ZKHUH� RXU�
HQYLURQPHQWDO� JUDGLHQW� RI� LQWHUHVW� ZDV� OLJKW�� 3ODQWV�
JUHZ�LQ�WKH�RSHQ�XQGHU�IXOO�VXQ�DQG�DOVR�LQ�WKH�VKDGH��
:H�XVHG� ��� SODQWV� IURP� WZR� VXQ� VLWHV� DQG���� SODQWV�
IURP� WZR� VKDG\� VLWHV�� DOO� RI� ZKLFK� ZHUH� ZLWKLQ� D�
��� P� UDGLXV�� 3ULRU� WR� WUDQVSODQWLQJ� WKH� RUFKLGV�� ZH�
IRXQG� WKDW� VKDGH�SODQWV� KDG� ODUJHU� OHDYHV� DQG� ORQJHU�
LQÀRUHVFHQFHV�EXW�IHZHU�ÀRZHUV�WKDQ�VXQ�SODQWV��$IWHU�
WUDQVSODQWLQJ��ZH�IROORZHG�WKHVH�SODQWV�IRU�WZR�\HDUV�
DQG� UHFRUGHG� D� QXPEHU� RI� YHJHWDWLYH�� LQÀRUHVFHQFH��
DQG�ÀRUDO�FKDUDFWHULVWLFV�RQ�HDFK�SODQW�DQG�PRQLWRUHG�
IHPDOH� UHSURGXFWLYH� VXFFHVV� �IUXLW� SURGXFWLRQ��� 7KH�
¿UVW� \HDU� DIWHU� WUDQVSODQWLQJ� ������� ZDV� D� ZHW� RQH��
DERXW� ���� PP� DERYH� QRUPDO� SUHFLSLWDWLRQ�� 7KH�
VHFRQG�\HDU��������ZDV�D�GU\�RQH��ZLWK�SUHFLSLWDWLRQ�
DSSUR[LPDWHO\�����PP�EHORZ�QRUPDO��
� 8VLQJ� UHSHDWHG� PHDVXUHV� $129$� WR� DQDO\]H�
UHVXOWV� RI� WKH� WUDQVSODQW� H[SHULPHQW�� ZH� IRXQG� WKDW�
SODQW�UHVSRQVHV�ZHUH�FRPSOH[��0RUDOHV�et al.���������
/HDI�FKDUDFWHULVWLFV�RI�SODQWV�WUDQVSODQWHG�IURP�VXQ�WR�
VKDGH�RYHU�WLPH�ORRNHG�PXFK�OLNH�WKRVH�WKDW�RULJLQDWHG�
DQG�VWD\HG�LQ�WKH�VKDGH��/LNHZLVH��WKRVH�WKDW�ZHQW�IURP�
VKDGH�WR�VXQ�EHFDPH�PRUH�OLNH�VXQ�SODQWV��/HDI�VL]H�LQ�
JHQHUDO�ZDV�VWURQJO\�DIIHFWHG�E\�GURXJKW�FRQGLWLRQV�LQ�
WKH�VHFRQG�\HDU��
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Figure����9DULDWLRQ� LQ�ÀRZHUV�IURP�D�VLQJOH�SRSXODWLRQ�RI�
Tolumnia variegata� LQ�3XHUWR�5LFR��(DFK�ÀRZHU�FDPH�
IURP�D�GLIIHUHQW�SODQW��3KRWR��-DPHV�'��$FNHUPDQ�
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� 0HDVXUHV�RI�UHSURGXFWLYH�HIIRUW�JDYH�PL[HG�UHVXOWV��
7KH�QXPEHU�RI�ÀRZHUV�GLG�QRW�FKDQJH��3HGXQFOH�OHQJWK�
ZDV�VWURQJO\�DIIHFWHG�E\�\HDU��ZKHUHDV�WKH�QXPEHU�RI�
LQÀRUHVFHQFHV� ZDV� PRUH� DIIHFWHG� E\� HQYLURQPHQWDO�
YDULDWLRQ��
� )ORUDO�FKDUDFWHULVWLFV�ZH�PHDVXUHG�ZHUH�DVVRFLDWHG�
ZLWK�ÀRUDO�GLVSOD\��QRW�ZLWK�SROOLQDWLRQ�PHFKDQLFV��$OO�
DSSHDUHG�WR�EH�SODVWLF��DQG�DOO�ZHUH�DIIHFWHG�E\�\HDU��
2ULJLQ�RI�WUDQVSODQWV�KDG�D�VLJQL¿FDQW�HIIHFW�LQ�WKUHH�RI�
¿YH�PHDVXUHV��DQG�ÀRZHUV�LQ�WKH�VKDGH�ZHUH�ODUJHU�LQ�
WKUHH�RI�¿YH�PHDVXUHV�DV�ZHOO��
� +RZ�GLG�WUDQVSODQWV�GLIIHU�LQ�UHSURGXFWLYH�VXFFHVV"�
6XUSULVLQJO\��IUXLW�VHW�ZDV�QRW�DIIHFWHG�E\�HQYLURQPHQW��
HYHQ� WKRXJK� WKHUH� ZHUH� VLJQL¿FDQW� GLIIHUHQFHV� LQ�
SODQW� WUDLWV� EHWZHHQ� WKH� VXQ� DQG� VKDGH� VLWHV��:H� GLG�
QRW�PHDVXUH�PDOH� UHSURGXFWLYH�VXFFHVV�ZKHUH�DOO� WKH�
DFWLRQ�PD\�RFFXU��DV�KDV�EHHQ�VKRZQ�LQ�RWKHU�RUFKLG�
V\VWHPV��$FNHUPDQ�	�&DUURPHUR���������
� %HFDXVH� WKH� SLFWXUH� WKXV� IDU� LV� FOHDU� RQO\� LQ� WKH�
VHQVH�WKDW�LW�LV�PXGG\��ZH�GHFLGHG�WR�WDNH�DQ�DOWHUQDWLYH�
DSSURDFK�WR�GHWHFWLQJ�SDWWHUQV�RI�VHOHFWLRQ�E\�XVLQJ�WKH�
QRQ�SDUDPHWULF�� FXELF� VSOLQH� UHJUHVVLRQ� DQDO\VLV� �VHH�
7UHPEOD\� et al.�� �������:H� XVHG� GDWD� IRU� RQO\� WKRVH�
FKDUDFWHULVWLFV� WKDW� VKRZHG� VLJQL¿FDQW� UHVXOWV� LQ� WKH�
UHSHDWHG�PHDVXUHV�$129$V��:H�IRXQG�WKDW�IRU�SHWDO�
ZLGWK�WKH�RYHUDOO�SDWWHUQ�ZDV�IRU�GLVUXSWLYH�VHOHFWLRQ��
DQG� WKLV�ZDV� DOVR� UHÀHFWHG� LQ� WKH� LQGLYLGXDO� SDWWHUQV�
IRU� VKDGH� DQG� VXQ� SODQWV�� 7KXV�� WKH� WZR� KDELWDWV�
EHKDYHG� WKH� VDPH�ZLWK� UHVSHFW� WR� WKLV� FKDUDFWHU�� )RU�
ÀRZHU� QXPEHU�� WKHUH�ZDV� DQ� RYHUDOO� WUHQG� IRU� ODUJHU�
LQÀRUHVFHQFHV� WR� KDYH� JUHDWHU� ¿WQHVV�� EXW� WKLV� ZDV�
PRVWO\� OLPLWHG� WR� VXQ� SODQWV� EHFDXVH� VKDGH� SODQWV�
VKRZHG� QR� WUHQG� ZKDWVRHYHU�� 5HJDUGOHVV�� WKLV� WUHQG�
LV�ZKDW�ZDV� GHWHFWHG� LQ� DQ� HDUOLHU� VWXG\� DW� WKH� VDPH�
ORFDOLW\� �6DEDW� DQG� $FNHUPDQ�� ������� )LQDOO\�� ZH�
FRPSDUHG� OLS� OHQJWK� DQG� IRXQG� D� QHJDWLYH� WUHQG��
+RZHYHU�� ZKHQ� VKDGH� SODQWV� DQG� VXQ� SODQWV� ZHUH�
DQDO\]HG�VHSDUDWHO\��ZH�IRXQG�WKDW�VKDGH�SODQWV�KDYH�D�
VOLJKW�SRVLWLYH�WUHQG��ZKHUHDV�VXQ�SODQWV�VKRZ�D�VWURQJ�
QHJDWLYH�WUHQG�DIIHFWLQJ�WKH�RYHUDOO�VHOHFWLRQ�SDWWHUQ��
� :KHQ�VHOHFWLRQ�DFURVV�PLFURKDELWDWV�LV�FRQVLVWHQW��
WKHQ�HYROXWLRQ�KDV� WKH�SRWHQWLDO� WR�EH� IDVW��%XW�ZKHQ�
VHOHFWLRQ� SDWWHUQV� DFURVV� DQ� HQYLURQPHQWDO� JUDGLHQW�
DUH�RQ�GLIIHUHQW�WUDMHFWRULHV��WKHQ�WKH�VSHHG�RI�FKDQJH�
PD\�EH�JUDGXDO�RU�QLO��PDNLQJ�LW�GLI¿FXOW�WR�GHWHFW�DW�
WKH�SRSXODWLRQ�OHYHO��6XFK�FRQÀLFWV�PD\�RFFXU�DFURVV�
KDELWDWV�DV�ZHOO�DV�RYHU�WLPH��

&RQFOXVLRQV

� 7KH� GLI¿FXOW\� LQ� GHWHFWLQJ� VHOHFWLRQ� LQ� RUFKLG�
SRSXODWLRQV�PD\�EH� H[SODLQHG�E\� WKH� SRVVLELOLW\� WKDW�
VHOHFWLRQ� LV� QRW� RFFXUULQJ�� RU� DV� ZH� GLVFXVVHG� KHUH��
VHOHFWLRQ� PD\� JR� LQ� GLIIHUHQW� GLUHFWLRQV� GHSHQGLQJ�
RQ� ZKHUH� WKH\� DUH� LQ� D� KHWHURJHQHRXV� KDELWDW�� 7KH�
SLFWXUH�FDQ�JHW�HYHQ�PRUH�RSDTXH�ZKHQ�RQH�FRQVLGHUV�
SKHQRW\SLF� UHVSRQVHV� RYHU� D� QXPEHU� RI� VHDVRQV�
ZKHQ� HQYLURQPHQWDO� FRQGLWLRQV� FKDQJH� IURP� \HDU�
WR� \HDU�� 8VLQJ� D� %D\HVLDQ� DSSURDFK� ZLWK� GDWD� IURP�
WKLV� Tolumnia VWXG\� SOXV� GDWD� IURP� D� SRSXODWLRQ� RI�
Caladenia��7UHPEOD\�et al. ������� IRXQG� WKDW� LQGHHG�
VHOHFWLRQ�WUDMHFWRULHV�FDQ�YDU\�QRW�RQO\�DPRQJ�KDELWDWV�
EXW� DOVR� DPRQJ� \HDUV�� DQG� VLJQL¿FDQWO\� VR��7KXV�ZH�
¿QG�\HW�DQRWKHU�UHDVRQ�ZK\�VHOHFWLRQ�PD\�EH�GLI¿FXOW�
WR�GHWHFW�LQ�RUFKLGV��7KH�QRWLRQ�WKDW�VHOHFWLRQ�QHHG�QRW�
EH�RSHUDWLRQDO�DOO�WKH�WLPH�VKRXOG�FRPH�DV�QR�VXUSULVH��
&RQVHTXHQWO\��ZH�¿QG�WKDW�WKHVH�VWXGLHV�DUH�FRQVLVWHQW�
ZLWK� WKH� VSDVPRGLF� PRGHO� RI� RUFKLG� GLYHUVL¿FDWLRQ�
ZKHUHE\� SHULRGV� RI� GULIW� �QR� VHOHFWLRQ�� PD\� EH�
SXQFWXDWHG� E\� EULHI� EXW� VWURQJ� ERXWV� RI� VHOHFWLRQ�
�7UHPEOD\�et al.���������
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