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$EVWUDFW�

&DGPLXP� LV� D� WR[LF� WUDFH� PHWDO� ZKLFK� DULVHV� IURP� EDWWHULHV��

HOHFWURSODWLQJ��SODVWLF�DQG�IHUWLOL]HU�LQGXVWULHV��7KH�DLP�RI�WKH�SUHVHQW�ZRUN�

ZDV�WR�VWXG\�WKH�HIIHFW�RI�FDGPLXP�RQ�WKH� OLYHU�RI�DGXOW�DOELQR�UDWV�DQG�WR�

GHPRQVWUDWH� WKH� SURWHFWLYH� UROH� RI� FRPELQHG� DQWLR[LGDQWV� �VHOHQLXP��

YLWDPLQV�$��&� DQG�(��� )RU� WKLV� VWXG\�� WKLUW\� DGXOW�PDOH� DOELQR�:LVWDU� UDWV�

ZHUH�GLYLGHG�LQWR�WKUHH�JURXSV���FRQWURO�JURXS��FDGPLXP�UHFHLYHG�JURXS�DQG�

FDGPLXP�VXSSOHPHQWHG�E\�FRPELQHG�DQWLR[LGDQWV��VHOHQLXP��YLWDPLQV�$��&�

DQG� (�� UHFHLYHG� JURXS�� 6WUXFWXUDOO\�� FDGPLXP�UHFHLYHG� UDWV� GHPRQVWUDWHG�

PDUNHGO\�GLVWXUEHG�KHSDWLF�DUFKLWHFWXUH��ZLGHVSUHDG�GLODWDWLRQ�RI�WKH�FHQWUDO�

YHLQV� DV� ZHOO� DV� KHSDWLF� VLQXVRLGV�� PRQRQXFOHDU� FHOOXODU� LQILOWUDWLRQ� DQG�

VLJQLILFDQW� LQFUHDVH� LQ� ERWK� WKH� NXSIIHU� FHOOV� DV� ZHOO� DV� WKH� DPRXQW� RI�

FROODJHQ�ILEHUV��XVLQJ�0DVVRQ
V�WULFKURPH�VWDLQ���7KH�KHSDWRF\WHV�GLVSOD\HG�

K\GURSLF� F\WRSODVPLF� GHJHQHUDWLRQ� DQG� YDULDEOH� QXFOHDU� GHJHQHUDWLYH�

FKDQJHV��&RQFRPLWDQWO\��WKHUH�ZDV�D�GHFUHDVH�LQ�WKH�FDUERK\GUDWH�FRQWHQW�RI�

WKHVH�KHSDWRF\WHV��XVLQJ�3$6�VWDLQ��DQG�VLJQLILFDQW�HOHYDWLRQ�LQ�VHUXP�OLYHU�

HQ]\PHV�� (OHFWURQ� PLFURVFRSLF� VWXG\� RI� WKH� KHSDWRF\WHV� RI� FDGPLXP�

UHFHLYHG� JURXS� UHYHDOHG� PDUNHG� UDUHIDFWLRQ� DQG� YDFXRODWLRQ� RI� WKH�

F\WRSODVP�ZLWK� ORVV�RI�PRVW�FHOO�RUJDQHOOHV�� ,Q� OLYHU�VSHFLPHQV�RI�DQLPDOV�

UHFHLYHG� FDGPLXP� VXSSOHPHQWHG� E\� DQWLR[LGDQWV�� WKHUH� ZDV� D� UHFWLI\LQJ�

HIIHFW�RQ�WKH�VWXGLHG�SDUDPHWHUV�WR�YDULDEOH�GHJUHHV��&RQFOXVLRQ��FDGPLXP�

KDG�SURGXFHG�LQMXULRXV�HIIHFWV�WR� WKH� OLYHU�DQG�WKH�XVH�RI�D�FRPELQDWLRQ�RI�

DQWLR[LGDQWV��VHOHQLXP��YLWDPLQV�$��&�DQG�(��KDV�D�SURWHFWLYH�HIIHFW�DJDLQVW�

WKHVH�LQMXULRXV�HIIHFWV��

�

.H\�ZRUGV��FDGPLXP�OLYHU�VHOHQLXP�DQWLR[LGDQWV��



3U]`ai^WVY_W`f�
�
3XfWd�_k�bdaXag`V�YdSf[fgVW�S`V�fZS`]e�fa�3^^SZ�iZa�bdah[VWV�_W�i[fZ�_gUZ�
bSf[W`UW� S`V� XS[fZ�� ;� iag^V� ^[]W� fa� WjbdWee� _k� VWWbWef� fZS`]e� fa� BdaX � 6d �
@ST[^S�KageeWX� UZS[d_S`�aX�3`Sfa_k�VWbSdf_W`f��XSUg^fk�aX�_WV[U[`W��5S[da�
G`[hWde[fk � ;� S_� YdSfWXg^� Xad� ZWd� Ua`f[`gage� W`UagdSYW_W`f� S`V� _afZWd^k�
egbbadf �
�
IadVe� efS`V� eZadf� iZW`� fZWk� Ua_W� fa� WjbdWee�_k� YdSfWXg^`Wee� fa�_k� egbWdh[eade �
8[def�Á�fa�efSdf�i[fZ�BdaX �6d �7_SV�@SYg[T�9ZS^k��bdaXWeead�aX�3`Sfa_k��
XSUg^fk�aX�_WV[U[`W��5S[da�G`[hWde[fk��iZa�ZSe�TWW`�aX�gf_aef�egbdW_W�Yg[VS`UW�
S`V� egbWdh[e[a`� i[fZ� ahWd� iZW^_[`Y� ][`V� USdW� S`V� W`UagdSYW_W`f � ;� YdWSf^k�
SbbdWU[SfW�Z[e�[`fWdWef��bSf[W`UW�S`V�hS^gST^W�eU[W`f[X[U�SVh[UWe �
�
; iag^V�^[]W�fa�WjbdWee�_k�YdWSfWef�YdSf[fgVW�fa�BdaX �6d �3_[`S�4adZS_k�
7^��8SVS^k� BdaXWeead�aX�3`Sfa_k�� XSUg^fk�aX�_WV[U[`W��5S[da�G`[hWde[fk��
iZa�ZSe�bWdXad_WV�ZWd�YdWSfWef�WXXadf�i[fZ�_W�Vgd[`Y�fZW�efgVk�Xda_�fZW�TWY[``[`Y�
S`V� fZdagYZ� fZW� bdSUf[US^� bSdf� aX� fZW� efgVk� gb� fa� fZW� hWdk� X[`W� VWfS[^e� aX� fZW� fZWe[e�
bdWbSdSf[a` �
�
?k�WhWd^Sef[`Y�e[`UWdW�fZS`]e�S`V�dWebWUf�fa�6d �7ZST�3TVW^�3l[l�3Z_WV��
>WUfgdWd� aX�3`Sfa_k� XSUg^fk� aX�_WV[U[`W��5S[da�G`[hWde[fk��iZa�ZSV�TWZ[`V�
WhWdk� VWfS[^� [`� fZ[e� iad] �:[e�_Wf[Ug^age� Yg[VS`UW�� U^aeW� egbWdh[e[a`� iSe� TWka`V�
^[_[fe �
�
; i[eZ� fa�WjbdWee�_k�e[`UWdW�fZS`]e�S`V�dWebWUf� fa�BdaX �6d �EaZW[d�3eSSV��
BdaXWeead� aX� :[efa^aYk�� XSUg^fk� aX� _WV[U[`W�� 5S[da� G`[hWde[fk�� Xad� YW`Wdage�
bWdXad_[`Y�fZW�Z[efa^aY[US^�iad]�[`�fZ[e�fZWe[e �
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,QWURGXFWLRQ�DQG�DLP�RI�WKH�ZRUN�

�

�

,QWURGXFWLRQ�

&DGPLXP�LV�RQH�RI�WKH�PRVW�WR[LF�KHDY\�PHWDOV��,W�KDV�PDQ\�VRXUFHV�LQ�

RXU� HQYLURQPHQW�� ,W� LV� SURGXFHG� DV� D� GLVFKDUJH� IURP� WKH� LQGXVWULHV� RI�

HOHFWURSODWLQJ��SODVWLF�SURGXFWLRQ��SLJPHQW�DQG�EDWWHU\�PDQXIDFWXULQJ��VHZDJH�

WUHDWPHQW�SODQWV��JDV�IURP�WKH�PXQLFLSDO�LQFLQHUDWRUV�DQG�SHVWLFLGHV��)ULEHUJ��

�������

�

&DGPLXP� LV� PRUH� ZLGHVSUHDG�� GDQJHURXV� WKDQ� OHDG� DQG� KDV� PDQ\�

SRWHQWLDO� KD]DUGV� �&ODUNVRQ� HW� DO��� ������ 1RUGEHUJ� DQG� 1RUGEHUJ�� ������

6NHUIYLQJ��������3OHDVDQWV�HW�DO����������,W�KDV�DQ�H[WUHPHO\�ORQJ�ELRORJLFDO�

KDOI�OLIH����±���\HDUV�� WKDW�HVVHQWLDOO\�PDNHV�LW�D�FXPXODWLYH� WR[LQ��6WRKV�HW�

DO����������$OVR��LW� LV�SURYHG�WR�EH�PXOWLWDUJHW�WR[LQ�ZKLFK�FDXVHV�GDPDJH�WR�

PDQ\� RUJDQV�� VXFK� DV� OLYHU�� NLGQH\�� OXQJ�� EUDLQ�� WHVWLV�� ERQH� DQG� SODFHQWD�

�3DWULFN���������

$IWHU� H[SRVXUH� WR� FDGPLXP�� WKH�PHWDO� UDSLGO\� DFFXPXODWHV� LQ� WKH� OLYHU�

DQG�SURGXFHV�YDFXODWLRQ��GHJHQHUDWLRQ��LQFUHDVHG�GHQVLW\�RI�QXFOHDU�FKURPDWLQ�

ZLWK�EOXUUHG�WUDEHFXODU�VWUXFWXUH��PRQR�QXFOHDU�FHOO�LQILOWUDWLRQ�DQG�QHFURVLV�RI�

WKH�KHSDWRF\WHV��.ODDVVHQ�HW�DO���������%U]yVND�HW�DO���������

$ QXPEHU�RI�VWXGLHV�KDG�GHPRQVWUDWHG�WKH�SURWHFWLYH�UROH�RI�DQWLR[LGDQWV�

DJDLQVW�FDGPLXP�LQGXFHG� WR[LFLW\��%H\WXW�HW�DO�� ������� LQYHVWLJDWHG� WKH� UROH�

RI� GLHWDU\� YLWDPLQ� �(�� LQ� FDGPLXP�LQGXFHG� R[LGDWLYH� GDPDJH� LQ� UDEELW¶V�

EORRG�� OLYHU� DQG� NLGQH\V�� 7KH\� FRQFOXGHG� WKDW� YLWDPLQ� �(�� DGPLQLVWUDWLRQ� LV�

HIIHFWLYH� LQ� UHGXFLQJ� WKH� R[LGDWLYH� VWUHVV� LQ� FDGPLXP�WUHDWHG� UDEELWV�� ,Q�

DGGLWLRQ��LW�KDV�EHHQ�UHSRUWHG�WKDW�VHOHQLXP�PD\�PLQLPL]H�FDGPLXP�LQGXFHG�

R[LGDWLYH�VWUHVV�E\�GHFUHDVLQJ� OLSLG�SHUR[LGDWLRQ�DQG�DOWHULQJ� WKH�DQWLR[LGDQW�



,QWURGXFWLRQ�DQG�DLP�RI�WKH�ZRUN�

�

�

GHIHQVH� V\VWHP� LQ� UDW� OLYHU� DQG� NLGQH\V� �2JQMDQRYLü� HW� DO��� �������

)XUWKHUPRUH��WKH�FRPELQHG�DQWLR[LGDQWV��YLW�&��YLW�(�DQG�VHOHQLXP��KDG�EHHQ�

VKRZQ�WR�SURWHFW�DJDLQVW�FDGPLXP�LQGXFHG�UHQDO�GDPDJH� �.DUDEXOXW�%XODQ�

HW� DO��� ������� +RZHYHU�� WKH� SURWHFWLYH� UROH� RI� FRPELQHG� DQWLR[LGDQWV�

�VHOHQLXP�� YLWDPLQV��$��&� DQG�(� RQ�FDGPLXP�LQGXFHG�KHSDWLF� GDPDJH�ZDV�

QRW�IXOO\�HOXFLGDWHG�E\�WKH�SUHYLRXV�ZRUNHUV��

�

$,0�2)�7+(�:25.�

7KH� DLP� RI� WKH� SUHVHQW� ZRUN� ZDV� WR� VWXG\� WKH� HIIHFW� RI� RUDO� FDGPLXP�

DGPLQLVWUDWLRQ�RQ�WKH�OLYHU�RI�DGXOW�DOELQR�UDWV�DQG�WR�GHPRQVWUDWH�WKH�SRVVLEOH�

SURWHFWLYH�UROH�RI�FRPELQHG�DQWLR[LGDQWV��VHOHQLXP��YLWDPLQV��$��&�DQG�(��LQ�

LQKLELWLQJ�FDGPLXP�LQGXFHG�OLYHU�FKDQJHV��

�
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�

1RUPDO�VWUXFWXUH�RI�WKH�OLYHU�

7KH� OLYHU� LV� DQ� HVVHQWLDO� RUJDQ� IRU� PDLQWHQDQFH� RI� OLIH�� ,W� LV� IRUPHG� RI�

FRPSOH[� QHWZRUN� RI� KHSDWRF\WHV� LQWHUYHQHG� E\� VXSSRUWLYH� FRQQHFWLYH� WLVVXH�

DQG�SHUPHDWHG�E\�JUHDW�QXPEHU�RI�EORRG�YHVVHOV�WKDW�SHUIXVH�WKH�OLYHU�ZLWK�D�ULFK�

IORZ� RI� EORRG�� 7KH� OLYHU� KDV� WZR� VRXUFHV� RI� EORRG� VXSSO\�� WKH� KHSDWLF� DUWHU\�

ZKLFK�SURYLGHV�QXWULWLRQ�DQG�WKH�SRUWDO�YHLQ�ZKLFK�GHOLYHUV�VXEVWDQFHV�DEVRUEHG�

E\� WKH� JDVWURLQWHVWLQDO� WUDFW� �3RSS� DQG� &DWWOH\�� ������� +HSDWRF\WHV�� ZKLFK�

FDUU\�RXW�WKH�PDMRU�PHWDEROLF�DFWLYLWLHV�RI�WKLV�RUJDQ��DUH�DVVLVWHG�E\�DGGLWLRQDO�

FODVVHV� RI� FHOOV� ZKLFK� KDYH� VWRUDJH�� SKDJRF\WLF� DQG� PHFKDQLFDOO\� VXSSRUWLYH�

IXQFWLRQV��6KHUORFN�DQG�'RRGOH\��������

7KH�RUJDQL]DWLRQ�RI�OLYHU�SDUHQFK\PD�LV�WUDGLWLRQDOO\�GHVFULEHG�LQ�WKUHH�

GLIIHUHQW� ZD\V�� WKH� FODVVLF� KHSDWLF� OREXOH�� WKH� SRUWDO� OREXOH�� DQG� WKH� OLYHU�

DFLQXV� &RUPDFN�������� UHSRUWHG�WKDW� WKH�FODVVLF�KHSDWLF� OREXOH�GHVFULSWLRQ�

LV� EDVHG� RQ� WKH� GLVWULEXWLRQ� RI� WKH� EUDQFKHV� RI� WKH� SRUWDO� YHLQ� DQG� KHSDWLF�

DUWHU\�ZLWKLQ�WKH�RUJDQ�DQG�WKH�SDWKZD\�RI�EORRG�LQ�WKHP��+H�DOVR�DGGHG�WKDW�

WKH� FODVVLF� KHSDWLF� OREXOH� LV� D� URXJKO\� KH[DJRQDO�PDVV� RI� WLVVXH� FRQVLVWV� RI�

VWDFNV� RI� DQDVWRPRVLQJ�SODWHV� RI� KHSDWRF\WHV�� RQH� FHOO� WKLFN�� VHSDUDWHG�E\�

WKH�DQDVWRPRVLQJ�V\VWHP�RI�VLQXVRLGV�WKDW�SHUIXVH�WKH�FHOOV�ZLWK�WKH�PL[HG�

SRUWDO� DQG� DUWHULDO� EORRG�� $W� WKH� FHQWHU� RI� WKH� OREXOH�� WKHUH� LV� D� UHODWLYHO\�

ODUJH�YHQXOH�WHUPHG�WKH�WHUPLQDO�KHSDWLF�YHQXOH��FHQWUDO�YHLQ�� IURP�ZKLFK�

WKH�SODWHV�RI�FHOOV�DQG�WKH�VLQXVRLGV�UDGLDWH�WR�WKH�SHULSKHU\�RI�WKH�OREXOH��$W�

WKH�DQJOHV�RI�WKH�KH[DJRQ��WKHUH�DUH�WKH�SRUWDO�DUHDV��SRUWDO�FDQDOV��ZKLFK�DUH�

ORRVH�VWURPDO�FRQQHFWLYH� WLVVXH�FKDUDFWHUL]HG�E\� WKH�SUHVHQFH�RI� WKH�SRUWDO�

WULDG� �SRUWDO�YHLQ�� KHSDWLF� DUWHU\� DQG�ELOH�GXFW��� 7KLV� FRQQHFWLYH� WLVVXH� LV�

XOWLPDWHO\�FRQWLQXRXV�ZLWK�WKH�ILEURXV�FDSVXOH�RI�WKH�OLYHU��7KH�SRUWDO�FDQDO�

LV�ERUGHUHG�E\�WKH�RXWHUPRVW�KHSDWRF\WHV�RI�WKH�OREXOH��&RUPDFN���������
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�

7KH�SRUWDO�OREXOH�LV�GHVFULEHG�DV�D�WULDQJXODU�EORFN�RI�WLVVXH�ERUGHUHG�E\�

WKUHH� LPDJLQDU\� OLQHV� GUDZQ� EHWZHHQ� WKH� FHQWUDO� YHLQV� RI� DGMDFHQW� FODVVLF�

OREXOHV�WKDW�DUH�FORVHVW�WR�WKDW�SRUWDO�WULDG��)DZFHW�DQG�-HQVLK��������

7KH� OLYHU� DFLQXV� LV� WKH� VWUXFWXUDO� XQLW� WKDW� SURYLGHV� WKH� EHVW� FRUUHODWLRQ�

EHWZHHQ�EORRG�SHUIXVLRQ��PHWDEROLF�DFWLYLW\��DQG�OLYHU�SDWKRORJ\���,W�LV�OR]HQJH�

VKDSHG�DQG�UHSUHVHQWV�WKH�VPDOOHVW�IXQFWLRQDO�XQLW�RI�WKH�KHSDWLF�SDUHQFK\PD��7KH�

VKRUW�D[LV�RI�WKH�DFLQXV�LV�GHILQHG�E\�WKH�WHUPLQDO�EUDQFKHV�RI�WKH�SRUWDO�WULDG�WKDW�

OLH� DORQJ� WKH�ERUGHU�EHWZHHQ� WZR�FODVVLF� OREXOHV��7KH� ORQJ�D[LV� LV� D� OLQH�GUDZQ�

EHWZHHQ� WKH� WZR� FHQWUDO� YHLQV� FORVHVW� WR� WKH� VKRUW� D[LV�� � 7KHUHIRUH�� LQ� D� WZR�

GLPHQVLRQDO� YLHZ�WKH� OLYHU� DFLQXV� RFFXSLHV� SDUWV� RI� DGMDFHQW� FODVVLF� OREXOHV�

�-DQTXHUD�HW�DO�����������

'LDJUDP��$���&RPSDULVRQ�EHWZHHQ�WKH�FODVVLF�OREXOH��SRUWDO�OREXOH�DQG�OLYHU�DFLQXV��7KH�

DUHD�LQGLFDWHG�LQ�JUH\�VKRZV�WKH�WHUULWRU\�RI�HDFK�RI�WKH�WKUHH�XQLWV�UHODWLQJ�WR�OLYHU�RUJDQL]DWLRQ�

DQG�IXQFWLRQ��7KH�FODVVLF�OREXOH�KDV�WKH�FHQWUDO�YHLQ�DW� WKH�FHQWHU�RI� WKH�OREXOH�DQG�WKH�SRUWDO�

FDQDOV� FRQWDLQLQJ�SRUWDO� WULDGV� DW� WKH�SHULSKHUDO� DQJOHV�RI� WKH� OREXOH��7KH�SRUWDO� OREXOH�KDV� D�

SRUWDO�FDQDO�DW�WKH�FHQWHU�RI�WKH�OREXOH�DQG�WKH�FHQWUDO�YHLQV�DW�WKH�SHULSKHUDO�DQJOHV�RI�WKH�OREXOH��

7KH� OLYHU� DFLQXV� KDV� GLVWULEXWLQJ� YHVVHOV� DW� WKH� HTXDWRU� DQG� WKH� FHQWUDO� YHLQV� DW� HDFK� SROH�

�6FKHPDWLF�UHSUHVHQWDWLRQ�DIWHU�5RVV�DQG�3DZOLQD�������������
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-XQJHUPDQQ��������UHSRUWHG�WKDW�WKH�KHSDWRF\WHV�LQ�HDFK�OLYHU�DFLQXV�DUH�

GHVFULEHG�DV�EHLQJ�DUUDQJHG�LQ�WKUHH�FRQFHQWULF�HOOLSWLFDO�]RQHV�VXUURXQGLQJ�WKH�

VKRUW�D[LV�RI�WKH�OLYHU�DFLQXV��

� =RQH� RQH� LV� FORVHVW� WR� WKH� VKRUW� D[LV� DQG� WKH� EORRG� VXSSO\� IURP�

SHQHWUDWLQJ�EUDQFKHV�RI�WKH�SRUWDO�YHLQ�DQG�KHSDWLF�DUWHU\��7KLV�]RQH�FRUUHVSRQGV�

WR�WKH�SHULSKHU\�RI�WKH�FODVVLF�OREXOHV�DQG�LV�DOVR�FDOOHG�SHULSRUWDO�]RQH��

� =RQH�WZR�OLHV�EHWZHHQ�]RQH���DQG�]RQH���ZLWK�QR�VKDUS�ERXQGDULHV�

LQ�EHWZHHQ���

� =RQH�WKUHH� LV� WKH�IDUWKHVW�IURP�WKH�VKRUW�D[LV�DQG�FORVHVW�WR� WKH�FHQWUDO�

YHLQ��7KLV� ]RQH�FRUUHVSRQGV� WR� WKH�PRVW� FHQWUDO� SDUW� RI� WKH� FODVVLF� OREXOH�

WKDW�VXUURXQGV�WKH�FHQWUDO�YHLQ�DQG�LW�LV�FDOOHG�SHULFHQWUDO�]RQH��

'LDJUDP��%�� 7KH�]RQHV�RI�OLYHU�DFLQXV��,W�FRQVLVWV�RI�DGMDFHQW�VHFWRUV�RI�QHLJKERULQJ�KH[DJRQDO�
ILHOGV�RI�FODVVLF�OREXOHV�SDUWLDOO\�VHSDUDWHG�E\�GLVWULEXWLQJ�EORRG�YHVVHOV��7KH�]RQHV��PDUNHG������

DQG���DUH�VXSSOLHG�ZLWK�EORRG�WKDW�LV�PRVW�R[\JHQDWHG�DQG�ULFKHVW�LQ�QXWULHQWV�LQ�]RQH���DQG�OHDVW�

VR�LQ�]RQH����7KH�FHQWUDO�YHLQV�DUH�DW�WKH�HGJHV�RI�WKH�DFLQXV�LQVWHDG�RI�EHLQJ�DW�WKH�FHQWHU��DV�LQ�

FODVVLFDO�OREXOH��6FKHPDWLF�UHSUHVHQWDWLRQ�DIWHU�5RVV�DQG�3DZOLQD����������
�

5RVV� DQG�3DZOLQD� ������� UHSRUWHG� WKDW� WKH�]RQDWLRQ� LV� LPSRUWDQW� LQ� WKH�

GHVFULSWLRQ� DQG� LQWHUSUHWDWLRQ� RI� SDWWHUQV� RI� GHJHQHUDWLRQ�� UHJHQHUDWLRQ�� DQG�

VSHFLILF�WR[LF�HIIHFWV�LQ�WKH�OLYHU�SDUHQFK\PD��7KH\�DGGHG�WKDW�WKH�GLVWULEXWLRQ�RI�

OLYHU� GDPDJH� DV� D� UHVXOW� RI� LVFKHPLD� DQG� H[SRVXUH� WR� WR[LF� VXEVWDQFHV� FDQ� EH�

H[SODLQHG� XVLQJ� WKLV� ]RQDO� LQWHUSUHWDWLRQ�� &HOOV� LQ� ]RQH� RQH� DUH� WKH� ILUVW� WR�

UHFHLYH�R[\JHQ��QXWULHQWV�DQG�WR[LQV�IURP�WKH�VLQXVRLGDO�EORRG�DQG�DUH�WKH�ILUVW�

WR�VKRZ�PRUSKRORJLF�FKDQJHV�DIWHU�ELOH�GXFW�RFFOXVLRQ��ELOH�VWDVLV���7KHVH�FHOOV�
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DUH�DOVR�WKH�ODVW�WR�GLH�LI�FLUFXODWLRQ�LV�LPSDLUHG�DQG�WKH�ILUVW�WR�UHJHQHUDWH��2Q�WKH�

RWKHU� KDQG�� FHOOV� LQ� ]RQH� WKUHH� DUH� WKH� ILUVW� WR� VKRZ� LVFKHPLF� QHFURVLV�

�FHQWULOREXODU�QHFURVLV�� LQ�VLWXDWLRQV�RI�UHGXFHG�SHUIXVLRQ�DQG�WKH�ILUVW� WR�VKRZ�

IDW�DFFXPXODWLRQ��7KH\�DUH�WKH�ODVW�WR�UHVSRQG�WR�WR[LF�VXEVWDQFHV�DQG�ELOH�VWDVLV��

1RUPDO�JUDGLHQWV�LQ�HQ]\PH�DFWLYLW\��QXPEHU�RI�F\WRSODVPLF�RUJDQHOOHV�DQG�VL]H�

RI�F\WRSODVPLF�JO\FRJHQ�GHSRVLWV�DUH�DOVR�FRQVLGHUHG�DPRQJ�WKH�WKUHH�]RQHV��&HOOV�

LQ� ]RQH� WZR� KDYH� LQWHUPHGLDWH� IXQFWLRQDO� DQG� PRUSKRORJLF� FKDUDFWHULVWLFV�

EHWZHHQ�WKRVH�LQ�]RQHV�RQH�DQG�WKUHH��

7KH�KHSDWRF\WHV�FRQVWLWXWH�DERXW�����RI�WKH�KHSDWLF�FHOO�SRSXODWLRQ��7KH\�

DUH�LUUHJXODU�SRO\KHGUDO�RI�YDULDEOH�GLPHQVLRQV�DQG�JHRPHWULF�VKDSH��7KH\�DUH�

DUUDQJHG�LQ�SODWHV�RI�D�VLQJOH�FHOO�WKLFNQHVV�ZLWK�LQWHUYHQLQJ�VLQXVRLGV��%LRXODF�

6DJH�HW�DO��������� 7KH�YDULDELOLW\�LQ�VKDSH�DQG�VL]H�RI�WKH�KHSDWRF\WHV�GHSHQGV�

RQ� WKH� DJH�� ORFDWLRQ�� PHWDEROLF� VWDWXV� DQG� UHJHQHUDWLYH� DFWLYLW\� RI� WKH� FHOOV�

�0RWWD� HW� DO��� ������ DV� ZHOO� DV� VLQXVRLGDO� EORRG� IORZ� DQG� RVPRWLF� ORDG�

�'XQNHOEHUJ�HW�DO����������

7KH�QXFOHXV�RI�WKH�KHSDWRF\WH�IRUPV�ILYH�WR�WHQ�SHUFHQW�RI�WKH�FHOO�YROXPH��

,W� LV�VSKHULFDO� LQ�VKDSH�DQG�FRQWDLQV�RQH�RU�PRUH�SURPLQHQW�QXFOHROL��7ZHQW\�ILYH�

SHUFHQW�RI�KHSDWRF\WHV�DUH�ELQXFOHDWHG�WR�FRSH�ZLWK�WKH�H[WUD�RUGLQDU\�PHWDEROLF�DFWLYLW\�

LQ�WKLV�RUJDQ��)HOGPDQQ���������

)DZFHW�DQG�-HQLVK��������GHVFULELQJ�WKH�XOWUDVWUXFWXUH�RI�WKH�OLYHU�FHOOV��UHSRUWHG�

WKDW�DOO�WKH�KHSDWRF\WHV�DUH�ORDGHG�ZLWK�RUJDQHOOHV��0LWRFKRQGULD�DUH�QXPHURXV�DQG�WKHLU�

QXPEHU�PD\�UHDFK�����SHU�FHOO��7KH\�DUH�HORQJDWHG��ZLWK� ODPHOODU�RU� WUDEHFXODU�FULVWDH�

SURMHFWLQJ�LQWR�WKHLU�LQWHULRU��7KH\�DUH�VPDOOHU�LQ�]RQH�RQH�RI�WKH�OLYHU�DFLQXV�EXW�QHDUO\�WZLFH�

WKH�VL]H�RI� WKRVH� LQ�]RQH� WZR��7KH�*ROJL�FRPSOH[�RI� WKH� OLYHU�FHOO� LV�QRW�D� MX[WDQXFOHDU�

RUJDQHOOH� EXW� ORFDWHG� DORQJ� ERWK� VLGHV� RI� WKH� FHOO� QHDU� WKH� ELOH� FDQDOLFXODWL�� ,W�
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FRQVLVWV�RI�PXOWLSOH�VWDFNV�RI�ILYH�WR�QLQH�FLVWHUQDH�VOLJKWO\�H[SDQGHG�DW�WKHLU�HQGV��7KH�

O\VRVRPHV� DUH� PHPEUDQH� ERXQGHG� GHQVH� ERGLHV�� XVXDOO\� ORFDWHG� LQ� WKH�

YLVFLQLW\�RI�WKH�*ROJL�ERG\� 7KH�URXJK�HQGRSODVPLF�UHWLFXOXP�LV�DEXQGDQW�LQ�

KHSDWRF\WHV� DQG� LV� UHVSRQVLEOH� IRU� WKH� EDVRSKLOLF� ERGLHV� LQ� WKH� DFLGRSKLOLF�

F\WRSODVP�� 7KHVH� ERGLHV� DUH� WUDGLWLRQDOO\� NQRZQ� DV� HUJDVWRSODVP�� 7KH�

ULERVRPHV�DUH�HLWKHU�DWWDFKHG�WR�WKH�URXJK�HQGRSODVPLF�UHWLFXOXP�RU�O\LQJ�IUHH�

LQ�WKH�F\WRSODVP��

&RQFHUQLQJ� WKH� KHSDWLF� VLQXVRLGV� WKHUH� DUH� IRXU� W\SHV� RI� FHOOV� SRSXODWH�

WKHP� (QGRWKHOLDO� FHOOV�� YRQ� .XSIIHU� FHOOV�� 6WHOODWH� FHOOV� DQG� /\PSKRF\WHV�

0RUSKRPHWULF�DQDO\VLV�LQGLFDWHG�WKDW�HQGRWKHOLDO�FHOOV��.XSIIHU�FHOOV�DQG�VWHOODWH�FHOOV�

DFFRXQW�IRU�WKH�YDVW�PDMRULW\�RI�KHSDWLF�QRQ�SDUHQFK\PDO�FHOOV��5DPDRULO�HW�DO���

������ 6LQXVRLGDO�HQGRWKHOLDO�FHOOV�DFFRXQW�IRU�WZR�WR�ILYH�SHUFHQW�RI�WKH�OREXODU�

SDUHQFK\PD�� 7KH\� KDYH� QXPHURXV� IHQHVWUDH� DQG� ODFN� D� EDVHPHQW� PHPEUDQH�

�$ULDV�������� .XSIIHU�FHOOV�DFFRXQW�IRU�WZR�SHUFHQW�RI�WKH�OREXODU�SDUHQFK\PD�DQG�

EHORQJ� WR� WKH�PDFURSKDJH�PRQRF\WH�V\VWHP�� UHSUHVHQWLQJ� IL[HG�PDFURSKDJHV�RI� WKH�

OLYHU�DQG�DUH�WKH�ODUJHVW�SRSXODWLRQ�RI�PDFURSKDJHV�DQ\�ZKHUH�LQ�WKH�ERG\��7KH\�DUH�

PRUH�QXPHURXV�LQ�SHULSRUWDO�VLQXVRLGV�EXW�FDQ�PLJUDWH�DORQJ�WKH�VLQXVRLGV�LQWR�DUHDV�

RI�OLYHU�LQMXU\�ZLWK�DQG�DJDLQVW�WKH�EORRG�IORZ��5RJRII�DQG�/LSVN\��������0DFSKFH�

HW� DO��� ������ 7KH� SHULVLQXVRLGDO� VSDFH� RI� 'LVVH� ZKLFK� OLHV� EHWZHHQ� WKH�

KHSDWRF\WHV�DQG�WKH�LQWHUUXSWHG�VLQXVRLGDO�HQGRWKHOLXP�FRQWDLQV�KHSDWLF�VWHOODWH�

FHOOV�ZKLFK�DUH�DOVR�NQRZQ�DV�,WR�FHOOV� SDUDVLQXVRLGDO�FHOOV�RU�IDW�VWRULQJ�FHOOV�DV�

WKH\� VWRUH� YLWDPLQ� $� �(QJ� DQG� )ULHGPDQ�� ������ 7KH\� DUH� 6WHOODWH� LQ� VKDSH��

DFFRXQW�IRU������RI�OREXODU�SDUHQFK\PD�DQG�OLH�EHWZHHQ�KHSDWRF\WHV�LQ�WKH�VSDFH�RI�

'LVVH� �%XUW�� ����� DQG� *UHHWV�� ������ 6LQXVRLGDO� O\PSKRF\WHV� WRJHWKHU� ZLWK�

VHYHUDO�W\SHV�RI�O\PSKRF\WHV�SRSXODW�WKH�KHSDWLF�SDUHQFK\PD�DQG�SURYLGH�WKH�

OLYHU�ZLWK�LQKHULWHG�LPPXQLW\��:LVVH�HW�DO���������


