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%LUG�&RQVHUYDWLRQ�5HVHDUFK��,QF� 

3�2��%R[���� 
3RPIUHW��&7�������86$ 

$EVWUDFW��+\EULGL]DWLRQ� LV�FRPSDUDWLYHO\�FRPPRQ�ZLWKLQ� WKH�FORVHO\� UHODWHG�ZRRG�ZDUEOHU�
IDPLO\� �3DUXOLGDH���ZLWK���� LQWHUJHQHULF� K\EULGV�GHVFULEHG�� �+\EULGL]DWLRQ� LV�SDUWLFXODUO\� OLNHO\�
ZKHQ�RQH�VSHFLHV�LV�RXWVLGH�RI�LWV�SULQFLSDO�JHRJUDSKLF�UDQJH���,�UHSRUW�D�GHWDLOHG�ILHOG�REVHUYD�
WLRQ�RI�D�VLQJLQJ�PDOH�ZDUEOHU�WKDW�ZDV�OLNHO\�D�QHZ�LQWHUJHQHULF�K\EULG�� �7KH�ELUG�VWURQJO\�UH�
VHPEOHG� D� IHPDOH�&RPPRQ�<HOORZWKURDW� �*HRWKO\SLV� WULFKDV��EXW� DOVR�KDG� FKDUDFWHULVWLFV� RI� D�
1DVKYLOOH�:DUEOHU��2UHRWKO\SLV�UXILFDSLOOD����7KH�IRUPHU�VSHFLHV�LV�DQ�DEXQGDQW�UHVLGHQW�RI�ZHW�
ODQG�ERUGHUV�VXFK�DV�WKH�RQH�ZKHUH�,�REVHUYHG�WKLV�ELUG��ZKHUHDV�WKH�ODWWHU� LV�D�UDUHO\�EUHHGLQJ��
UDQJH�OLPLW�VSHFLHV�WKDW�FDQ�RFFXS\�WKH�VDPH�KDELWDW���%RWK�VSHFLHV�DUH�NQRZQ�WR�K\EULGL]H�LQWUD–�
DQG�LQWHUJHQHULFDOO\�DQG�QR�RWKHU�VSHFLHV�DSSHDUV�WR�KDYH�FKDUDFWHULVWLFV�FRQVLVWHQW�ZLWK�WKH�RE�
VHUYHG�ELUG��VR�WKLV�LQGLYLGXDO�OLNHO\�UHSUHVHQWV�D�QHZ�LQWHUJHQHULF�K\EULG� 

7KH� RFFXUUHQFH� RI� K\EULGL]DWLRQ� DPRQJ� ZRRG�
ZDUEOHUV� �3DUXOLGDH�� KDV� EHHQ� NQRZQ� VLQFH� WKH� ��WK�
FHQWXU\� �*UDYHV� ������� ,W� KDV� EHHQ� UHSRUWHG� FRP�
PRQO\�� ZLWK� RYHU� ��� K\EULG� FRPELQDWLRQV� NQRZQ�
�%XUUHOO� HW� DO��������DQG�ZLWK�����RI�1RUWK�$PHUL�
FDQ�VSHFLHV�LQYROYHG��:LOOLV�HW�DO����������1HZ�FRP�
ELQDWLRQV�FRQWLQXH� WR�EH�GLVFRYHUHG� �'HODQFH\�HW� DO��
���������7ZHOYH�LQWHUJHQHULF�FRPELQDWLRQV�KDYH�EHHQ�
GHVFULEHG��%OHGVRH�������*UDYHV�������7RHZV�HW�DO��
������ZLWKLQ�WKLV�FORVHO\�UHODWHG�IDPLO\��%XUUHOO�HW�DO��
������� DOWKRXJK� WKH� UHODWLRQVKLSV� DPRQJ� WKH� JHQHUD�
KDYH�EHHQ�UHYLVHG��UHVXOWLQJ�LQ�VRPH�RI�WKHVH�JHQHUD�
EHLQJ�PHUJHG��/RYHWWH�HW�DO���������� 

+\EULGL]DWLRQ� HYHQWV� RIWHQ� DSSHDU� WR� IROORZ�
+XEEV¶�UXOH���������ZKLFK�VWDWHV�WKDW�K\EULGL]DWLRQ�LV�
SDUWLFXODUO\�SUHYDOHQW�LQ�LQVWDQFHV�ZKHUH�DW�OHDVW�RQH�
RI� WKH� VSHFLHV� LV� RXWVLGH� RI� LWV� SULQFLSDO� JHRJUDSKLF�
UDQJH��:LOOLV���������:LOOLV�HW�DO���������IXUWKHU�SRLQW�
RXW�WKDW��VRQJ�VLPLODULW\��WKH�H[WHQW�RI�EUHHGLQJ�V\P�
SDWU\� RI� VSHFLHV� SDLUV� DQG� WKH� QXPEHU� RI� DGGLWLRQDO�
EUHHGLQJ�KHWHURVSHFLILF�ZDUEOHU�VSHFLHV�WKDW�FR-RFFXU�
DUH�DOO�SRVLWLYHO\�UHODWHG�WR�SURSHQVLW\� IRU�K\EULGL]D�
WLRQ� 

2Q����0D\������� ,�REVHUYHG�DQ�XQXVXDO�ZRRG�
ZDUEOHU�DW�&RRSHU¶V�3RLQW��/\PH��&RQQHFWLFXW�DW� WKH�
XSODQG�ERUGHU�RI�D�����KD�EUDFNLVK�WLGDO�PDUVK�DORQJ�

WKH� ORZHU� &RQQHFWLFXW� 5LYHU�� � 7KH� ELUG� LQKDELWHG� D�
WKLFNHW� YHJHWDWHG� E\� &RPPRQ� 5HHG� �3KUDJPLWHV�
FRPPXQLV��DQG�VFDWWHUHG�VKUXEV���,W�VDQJ�SHUVLVWHQWO\�
GXULQJ� P\� REVHUYDWLRQV� ������-������ ('7�� ZLWK� D�
VRQJ�GLIIHUHQW�IURP�WKRVH�ZLWK�ZKLFK�,�DP�IDPLOLDU��,�
UHFRUGHG�LW�LQ�P\�QRWHV�DV�UHVHPEOLQJ�LQ�FDGHQFH�DQG�
TXDOLW\� WKDW� RI� D� ZHDNO\� VLQJLQJ� 3UDLULH� :DUEOHU�
�6HWRSKDJD�GLVFRORU����,�SKUDVHG�WKH�EX]]\��DVFHQGLQJ�
VRQJ� DV� ³]HH-]R-]HH-]R-]HH-]HH-]HH-]HH-]HH�´� �8SRQ�
WUDFNLQJ� GRZQ� WKH� ELUG�� KRZHYHU�� ,� IRXQG� WKDW� LWV��
DSSHDUDQFH�VWURQJO\�UHVHPEOHG�WKDW�RI�D�IHPDOH�&RP�
PRQ� <HOORZWKURDW� �*HRWKO\SLV� WULFKDV�-� D� VSHFLHV�
WKDW� EUHHGV� DEXQGDQWO\� LQ� WKLV� KDELWDW� DW� &RRSHU¶V�
3RLQW�� � )LHOG� QRWHV� WDNHQ� ZKLOH� WKH� ELUG� ZDV� XQGHU�
REVHUYDWLRQ�UHFRUGHG�WKDW�LW�KDG�D�XQLIRUP�ROLYH�EDFN��
KHDG�� WDLO� DQG�ZLQJV�� QR�ZLQJ� EDUV�� QR� H\H� VWULSH�� D�
\HOORZ� WKURDW� DQG� EUHDVW�� DQ� H[WHQVLYH� ZKLWH� EHOO\��
JUD\LVK�IDFH��LQGLVWLQFW�ZKLWLVK�H\H�ULQJ��GDUN�ELOO�DQG�
D� FDS� WKDW� DSSHDUHG�GDUNHU� WKDQ� WKH� UHVW� RI� WKH�KHDG�
�)LJ�� ���� � ,� GLG� QRW� REVHUYH� WKH� FRORU� RI� WKH� OHJV� RU�
XQGHUWDLO�FRYHUWV� 

%DVHG�RQ�WKH�VWURQJO\�VLPLODU�DSSHDUDQFH�RI�WKH�
ELUG�WR�D�&RPPRQ�<HOORZWKURDW�DQG�LWV�RFFXUUHQFH�LQ�
W\SLFDO�\HOORZWKURDW�KDELWDW��,�FRQFOXGHG�WKDW�WKH�ELUG�
ZDV�PRVW� OLNHO\� UHODWHG� WR�D�&RPPRQ�<HOORZWKURDW���
)URP� WKH� ODFN�RI� D� EODFN�PDVN�RQ� DQ�REYLRXVO\� DG�
YHUWLVLQJ� PDOH�� WKH� DEHUUDQW� VRQJ�� JUD\LVK� IDFH� DQG�
GDUNHU�FDS��,�EHOLHYH�LW�ZDV�D�K\EULG� 

�'HVSLWH�LWV�VLPLODU�VRQJ��,�ILQG�WKH�3UDLULH�:DU�
EOHU� WR� EH� DQ� XQOLNHO\� SDUHQWDO� FDQGLGDWH�� � 1RQH� RI�

��&RUUHVSRQGLQJ�DXWKRU���(-PDLO�DGGUHVV��
PDLO#ELUGFRQVHUYDWLRQUHVHDUFK��RUJ� 
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WKH�ELUG¶V�SOXPDJH�FKDUDFWHULVWLFV�DSSHDUHG� �GLVWLQF�
WLYHO\�UHODWHG�WR�WKRVH�RI�D�3UDLULH�:DUEOHU���7KH�ZHW�
ODQG� KDELWDW� RFFXSLHG� ZDV� DOVR� HQWLUHO\� XQOLNH� WKH�
[HULF�KDELWDWV�XVHG�E\�3UDLULH�:DUEOHUV��� 

$� PXFK� PRUH� OLNHO\� SDUHQW� LV� WKH� 1DVKYLOOH�
:DUEOHU��2UHRWKO\SLV�UXILFDSLOOD���ZKRVH�UHODWLRQVKLS�
WR� WKH� ELUG� LV� H[KLELWHG� LQ� WKH� JUD\LVK� IDFH�� FURZQ�
DSSHDUDQFH�� H\H� ULQJ� DQG�� VKDUHG�ZLWK� WKH�&RPPRQ�
<HOORZWKURDW�� VLPLODULWLHV� LQ� EDFN�� WKURDW� DQG� EUHDVW�
FRORU���)XUWKHUPRUH��WKH�VRQJ�FDGHQFH�RI�D�1DVKYLOOH�
:DUEOHU�H[KLELWV�VRPH�VLPLODULW\�WKDW�RI�WKH�UHFRUGHG�
VRQJ�� � +RZHYHU�� WKH� ROLYH� KHDG� DQG� H[WHQW� RI� WKH�
ZKLWH� EHOO\�� PRUH� OLNH� WKDW� RI� D� &RPPRQ� <HO�
ORZWKURDW��DQG�GLVWLQFW�VRQJ�GLIIHUHQFHV�DUJXH�DJDLQVW�
WKH�ELUG�EHLQJ�VROHO\�DQ�DEHUUDQW�1DVKYLOOH�:DUEOHU��� 

$VLGH� IURP� WKH� 1DVKYLOOH� :DUEOHU�� DOO� RWKHU�
1RUWK� $PHULFDQ� ZRRG� ZDUEOHU� VSHFLHV� KDYH� PDMRU��
UDQJH��SOXPDJH��KDELWDW�RU�YRFDO�GLIIHUHQFHV�ZLWK�WKH�
ELUG� ,� REVHUYHG�� � 2WKHU� SODLQ�� ROLYH-EDFNHG� ZDUEOHU�
VSHFLHV�LQ�WKH�JHQXV�2SRURUQLV�DUH�DOVR�SRVVLEOH�SDU�
HQWV�� DOWKRXJK� WKH� .HQWXFN\�:DUEOHU� �2�� IRUPRVXV��
KDV� DQ� HQWLUHO\� GLIIHUHQW� VRQJ� DQG� RFFXSLHV� IRUHVWHG�
KDELWDW� �0F'RQDOG��������ZKHUHDV� WKH�RWKHU� VSHFLHV�
KDYH� VLJQLILFDQW� SOXPDJH� GLIIHUHQFHV� DQG� GR� QRW�
EUHHG� LQ� &RQQHFWLFXW� �%HYLHU� ������� ZKLFK� UHGXFHV�

WKH�SUREDELOLW\�WKDW�D�K\EULG�ZLWK�WKHVH�VSHFLHV�ZRXOG�
DSSHDU�LQ�VRXWKHUQ�&RQQHFWLFXW� 

,Q� &RQQHFWLFXW�� EUHHGLQJ� SRSXODWLRQV� RI� WKH�
&RPPRQ�<HOORZWKURDW�DUH�JUHDW��ZKHUHDV� WKH�1DVK�
YLOOH�:DUEOHU�LV�DW�LWV�UDQJH�OLPLW�DQG�DPRQJ�WKH�UDU�
HVW� RI� EUHHGHUV�� � +RZHYHU�� DGYHUWLVLQJ� PDOHV� RIWHQ�
UHPDLQ� LQWR� ODWH� VSULQJ� �&UDLJ�������� � �<HW��KDELWDWV�
RI� WKH� WZR� RYHUODS� LQ� RSHQ�� VKUXEE\� VZDPSV�
�:LOOLDPV� ������� � +HQFH�� ORFDO� FRQGLWLRQV� � PD\� EH�
FRQGXFLYH� WR�K\EULGL]DWLRQ� LQ� VLWXDWLRQV�ZKHUH� WHUUL�
WRULDO� PDOH� 1DVKYLOOH�:DUEOHUV� DUH� XQDEOH� WR� ORFDWH�
IHPDOHV�RI�WKHLU�RZQ�VSHFLHV��� 

*HRWKO\SLV�KDV�SUHYLRXVO\�EHHQ�UHSRUWHG� WR�K\�
EULGL]H� ZLWK� 2SRURUQLV� PHPEHUV�� DOWKRXJK� WKHVH�
ZHUH� RQFH� FRQVLGHUHG� WR� EH� RI� WKH� VDPH� JHQXV�
�%OHGVRH� ������� � 0RUHRYHU�� WKH� &RPPRQ� <HO�
ORZWKURDW� LV� WKRXJKW� WR� K\EULGL]H� ZLWK� DW� OHDVW� RQH�
RWKHU�PHPEHU�RI�LWV�JHQXV��6LEOH\���������2UHRWKO\S�
LV�KDV�DOVR�SUHYLRXVO\�EHHQ�UHSRUWHG� WR�K\EULGL]H� LQ�
WUDJHQHULFDOO\� �5DOVWRQ� HW� DO�� ������ DQG� LQWHUJHQHUL�
FDOO\�ZLWK�/HLRWKO\SLV��DOWKRXJK� LQ� WKLV�FDVH� WKH� WZR�
VSHFLHV�ZHUH� IRUPHUO\� FRQVLGHUHG� WR�EH� LQ� WKH� VDPH�
JHQXV�9HUPLYRUD���%OHGVRH���������+HQFH��ERWK�VSH�
FLHV�DUH�NQRZQ�WR�K\EULGL]H�DQG�WKLV�REVHUYDWLRQ�DS�
SHDUV�WR�UHSUHVHQW�D�QHZ�LQWHUJHQHULF�K\EULG� 

),*�����)LHOG�QRWHV�GHWDLOLQJ�IHDWXUHV�RI�WKH�OLNHO\�K\EULG�ZRRG�ZDUEOHU� 
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%ൾඏංൾඋ��/�5�� �(GLWRU��� ������� �7KH�DWODV�RI�EUHHGLQJ�
ELUGV� RI� &RQQHFWLFXW�� &RQQHFWLFXW� *HRORJLFDO�
DQG�1DWXUDO�+LVWRU\�6XUYH\�%XOOHWLQ������ 

%අൾൽඌඈൾ��$�+����������$�K\EULG�2SRURUQLV�SKLODGHO�
SKLD�[�*HRWKO\SLV�WULFKDV��ZLWK�FRPPHQWV�RQ�WKH�
WD[RQRPLF� LQWHUSUHWDWLRQ� DQG� HYROXWLRQDU\� VLJ�
QLILFDQFH� RI� LQWHUJHQHULF� K\EULGL]DWLRQ�� :LOVRQ�
%XOOHWLQ������í�� 

%ඎඋඋൾඅඅ�� .�*�'��� -�+�� 6ൾඏංඇඍඈඇ�� 6�� .ൾඅඌඈ��
0�9�$��%ඎඋඋൾඅඅ��'�/��/ൾർඅൺංඋ�DQG�6�$��0ൺർ�
ൾඇඓංൾ�� � ������ � $� SUHYLRXVO\� XQGRFXPHQWHG�
K\EULG�1HZ�:RUOG�:DUEOHU� �6HWRSKDJD� SHQV\O�
YDQLFD� [� 6�� PDJQROLD�� FDSWXUHG� DW� /RQJ� 3RLQW��
2QWDULR��:LOVRQ�-RXUQDO�RI�2UQLWKRORJ\��������
–���� 

&උൺං��5�-�� ������� �)RUHVW�ELUGV�RI�&RQQHFWLFXW�DQG�
5KRGH� ,VODQG��%LUG�&RQVHUYDWLRQ�5HVHDUFK�� ,QF��
&RQWULEXWLRQ���� 

'ൾඅൺඇർൾඒ�� &�'�� *�-�� 0ൺർ'ඈඇൺඅൽ� DQG� .�� ,ඌඅൺආ���
������ �)LUVW�FRQ¿UPHG�K\EULG�SDLULQJ�EHWZHHQ�D�
&HUXOHDQ� :DUEOHU� �6HWRSKDJD� FHUXOHD�� DQG� D�
%ODFN-WKURDWHG� %OXH� :DUEOHU� �6HWRSKDJD� FDHU�
XOHVFHQV��� � :LOVRQ� -RXUQDO� RI� 2UQLWKRORJ\�
�������о���� 

*උൺඏൾඌ�� *�5�� � ������ � (YDOXDWLRQ� RI� 9HUPLYRUD� [�
2SRURUQLV�K\EULG�ZRRG-ZDUEOHUV��:LOVRQ�%XOOH�
WLQ��������–���� 

*උൺඏൾඌ��*�5����������$�QHZ�LQWHUJHQHULF�ZRRG�ZDU�
EOHU�K\EULG��3DUXOD�DPHULFDQD�[�'HQGURLFD�FRU�
RQDWD�� �$YHV�� )ULQJLOOLGDH��� 3URFHHGLQJV� RI� WKH�
%LRORJLFDO�6RFLHW\�RI�:DVKLQJWRQ��������о���� 

+ඎൻൻඌ��&�/����������+\EULGL]DWLRQ�EHWZHHQ�ILVK�VSH�
FLHV�LQ�QDWXUH��6\VWHPDWLF�=RRORJ\����о��� 

/ඈඏൾඍඍൾ�� ,�-��� -�/��3ൾඋൾඓ-(ආൺඇ�� -�3�6ඎඅඅංඏൺඇ��5�&��
%ൺඇඌ�� ,�� )ංඈඋൾඇඍංඇඈ�� 6�� &ඈඋൽඈൻൺ-&ඈඋൽඈൻൺ��
0�� (ർඁൾඏൾඋඋඒ-*ൺඅඏൺඌ�� )�.�� %ൺඋൾඋ�� .�-��
%ඎඋඇඌ�� -�� .අංർൺ�� 6�0�� /ൺඇඒඈඇ� DQG� (��
%ൾඋආංඇඁൺආ�� � ������ � $� FRPSUHKHQVLYH� PXOWL�
ORFXV� SK\ORJHQ\� IRU� WKH� ZRRG-ZDUEOHUV� DQG� D�
UHYLVHG� FODVVLILFDWLRQ� RI� WKH� 3DUXOLGDH� �$YHV���
0ROHFXODU�*HQHWLFV�DQG�(YROXWLRQ�������о���� 

0ർ'ඈඇൺඅൽ�� 0�9�� � ������ � .HQWXFN\� :DUEOHU�
�*HRWKO\SLV� IRUPRVD���1R�� ����� ,Q�7KH� ELUGV� RI�
1RUWK�$PHULFD���$��3RROH�DQG�)��*LOO��(GV����7KH�
%LUGV�RI�1RUWK�$PHULFD��,QF��3KLODGHOSKLD��3$� 

5ൺඅඌඍඈඇ�� -��� '�$�� (උආൺർඈඋ� DQG� -�-�� .ංඋർඁආൺඇ���
�������$�QHZ�ZRRG�ZDUEOHU�K\EULG��2UHRWKO\SLV�
FHODWD� [� 2�� UXILFDSLOOD�� IURP� WKH� $GLURQGDFN�
0RXQWDLQV��1HZ�<RUN��:LOVRQ�-RXUQDO�RI�2UQL�
WKRORJ\�������о��� 

6ංൻඅൾඒ��'�$�� ������� �7KH�6LEOH\�JXLGH� WR�ELUGV��$O�
IUHG�$�.QRSI��1HZ�<RUN��1<� 

7ඈൾඐඌ��'�3�/���+�0��6ඍඋൾൻඒ��/��%ඎඋൾඍඍ�DQG�6�$��
7ൺඒඅඈඋ�� � ������ � $� ZRRG-ZDUEOHU� SURGXFHG�

WKURXJK� ERWK� LQWHUVSHFLILF� DQG� LQWHUJHQHULF� K\�
EULGL]DWLRQ���%LRORJ\�/HWWHUV������������� 

:ංඅඅංൺආඌ��-�0��������1DVKYLOOH�:DUEOHU��9HUPLYRUD�
UXILFDSLOOD��� 1R�� ����� ,Q� 7KH� ELUGV� RI� 1RUWK�
$PHULFD��$��3RROH�DQG�)��*LOO��(GV����7KH�%LUGV�
RI�1RUWK�$PHULFD��,QF��3KLODGHOSKLD��3$�� 

:ංඅඅංඌ�� 3�0�� � ������ � :K\� GR� DQLPDOV� K\EULGL]H"��
$FWD�(WKRORJLFD�������о���� 

:ංඅඅංඌ��3�0���5�(��6ඒආඎඅൺ�DQG�,�-��/ඈඏൾඍඍൾ����������
(FRORJ\�� VRQJ� VLPLODULW\� DQG� SK\ORJHQ\� SUHGLFW�
QDWXUDO�K\EULGL]DWLRQ� LQ�DQ�DYLDQ� IDPLO\��(YROX�
WLRQDU\�(FRORJ\�������о���� 

 
 
 
 


