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7KH�UHFRUG�RI� WZR� MXYHQLOH�EOXQWKHDG�SXIIHUV��6SKRHURLGHV�SDFK\JDVWHU� �0~OOHU�	�7URVFKHO��������FRQILUPV� WKH
RFFXUUHQFH�RI�WKH�VSHFLHV�LQ�7XQLVLDQ�ZDWHUV��7KH�VSHFLPHQV�ZHUH�FDSWXUHG�LQ�WKH�*XOI�RI�+DPPDPHW��QRUWK�HDVWHUQ
7XQLVLD�WKDW�FRQVWLWXWHV�WKH�QRUWKHUQPRVW�H[WHQVLRQ�UDQJH�RI�WKH�VSHFLHV�LQ�WKH�DUHD�ZKHUH�WKH�VSHFLPHQ�LV�VXEVWDQ�
WLDOO\�HVWDEOLVKHG��SUREDEO\�GXH�WR�KLJKHU�WHPSHUDWXUHV�RI�ZDWHUV�

.H\�ZRUGV��2VWHLFKWK\HV��7HWUDRGRQWLGDH��6SKRHURLGHV�SDFK\JDVWHU��GLVWULEXWLRQ��7XQLVLD��0HGLWHUUDQHDQ�6HD
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/¢DYYLVWDPHQWR� GL� GXH� HVHPSODUL� JLRYDQL� GL� SHVFH� SDOOD� OLVFLR�� 6SKRHURLGHV� SDFK\JDVWHU� �0~OOHU� 	� 7URVFKHO�
�������FRQIHUPD�OD�SUHVHQ]D�GHOOD�VSHFLH�LQ�DFTXH�WXQLVLQH��*OL�HVHPSODUL�VRQR�VWDWL�FDWWXUDWL�QHO�*ROIR�GL�+DPPD�
PHW��QHOOD�7XQLVLD�QRUG�RULHQWDOH��FKH�UDSSUHVHQWD�LO� OLPLWH�GL�HVWHQVLRQH�SL|�VHWWHQWULRQDOH�GHOOD�VSHFLH�QHOO¢DUHD��H
GRYH� OD� VSHFLH� VL� o� HIIHWWLYDPHQWH� VWDELOL]]DWD�� SUREDELOPHQWH� D� FDXVD� GHOO¢LQQDO]DPHQWR� GHOOD� WHPSHUDWXUD
GHOO¢DFTXD�

3DUROH�FKLDYH��2VWHLFKWK\HV��7HWUDRGRQWLGDH��6SKRHURLGHV�SDFK\JDVWHU��GLVWULEX]LRQH��7XQLVLD��PDUH�0HGLWHUUDQHR
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7KH� EOXQWKHDG� SXIIHU� 6SKRHURLGHV� SDFK\JDVWHU
�0�OOHU�	�7URVFKHO��������LV�ZLGHO\�GLVWULEXWHG�LQ�WURSL�
FDO� DQG� WHPSHUDWH�ZDWHUV� RQ� ERWK� VLGHV� RI� WKH�$WODQWLF
2FHDQ��6KLSS��������6DPSDLR�HW�DO����������7KH�VSHFLHV
LV� IUHTXHQWO\� FDSWXUHG� RII� WKH� HDVWHUQ� WURSLFDO� $WODQWLF�
HVSHFLDOO\� RII� 6HQHJDO� �6pUHW�	�2SLF�� ������ DQG� LQ� WKH
*XOI�RI�*XLQHD��%ODFKH�HW�DO���������6KLSS��������

6SKRHURLGHV�SDFK\JDVWHU� LV� NQRZQ� LQ� WKH�0HGLWHUUD�
QHDQ�ZKHUH�DW�OHDVW����UHFRUGV�ZHUH�UHSRUWHG��3HULVWHUDNL
HW�DO���������3VRPDGDNLV�HW�DO���������/LJDV�HW�DO��������
������� WKH� ODWHVW�EHLQJ� IURP�+HPLGD�HW�DO�� �������RII� WKH
$OJHULDQ�FRDVW�� WKH�QRUWKHUQPRVW�H[WHQVLRQ� UDQJH�RI� WKH
VSHFLHV� LQ� WKH� 0HGLWHUUDQHDQ� EHLQJ� WKH� $GULDWLF� 6HD
�'XOáLß���������7KH�VSHFLHV�ZDV�ILUVW�UHFRUGHG�LQ�7XQLVLDQ
PDULQH�ZDWHUV�E\�%UDGDw� ��������ZKR�REVHUYHG��� VSHFL�
PHQV� FDXJKW� LQ� WKH� *XOI� RI� *DEqV� EHWZHHQ� ����� DQG
������VLQFH�WKHQ��QR�VSHFLPHQ�ZDV�UHFRUGHG�LQ�WKH�DUHD�
DOWKRXJK� LW�ZDV� IRUPHUO\� FRQVLGHUHG� WR� EH� WKH� £FRUH¤� RI
WKH�0HGLWHUUDQHDQ�SRSXODWLRQ��*RODQL�HW�DO���������

'XULQJ� UHVHDUFK�� UHFHQWO\� FRQGXFWHG� RII� WKH� HDVWHUQ
7XQLVLDQ�FRDVW����VSHFLPHQV�ZHUH�FDSWXUHG��WKH\�DUH�GH�
VFULEHG� LQ� WKH� SUHVHQW� SDSHU�� LQFOXGLQJ� GHWDLOHG� PRU�
SKRPHWULF�FKDUDFWHUV��PHULVWLF�FRXQWV�DQG�VRPH�ELRORJL�
FDO�REVHUYDWLRQV��$GGLWLRQDOO\��ZH�FRPPHQW�RQ� WKH�GLV�
WULEXWLRQ� RI� 6�� SDFK\JDVWHU� LQ� 7XQLVLDQ� PDULQH� ZDWHUV
DQG�LQ�WKH�0HGLWHUUDQHDQ��ZKLOH�WKH�DLP�RI�WKH�SDSHU�LV
WR�SRLQW�RXW� WKDW� WKH� VSHFLHV� LV� VXEVWDQWLDOO\� HVWDEOLVKHG
LQ�WKH�DUHD�

0$7(5,$/�$1'�0(7+2'6

7ZR� EOXQWKHDG� SXIIHUV� ZHUH� FDXJKW� RQ� ���2FWREHU
������ LQ� WKH�*XOI�RI�+DPPDPHW��QRUWK�HDVWHUQ�7XQLVLD�
E\� WUDZO�QHW� VKULPS�ERDW��DW������P�GHSWK�� ORFDWHG�EH�
WZHHQ� �����
��
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�(��)LJ������FRQFRPLWDQWO\�ZLWK����WHOHRVW�VSH�
FLHV�� DPRQJ� WKHP� WKH� UHG�PXOOHW�0XOOXV� EDUEDWXV� �/LQ�
QDHXV��������DQG�WKH�$WODQWLF�KRUVH�PDFNHUHO�7UDFKXUXV
WUDFKXUXV� �/LQQDHXV���������ZKLFK�ZHUH� WKH�PRVW�DEXQ�
GDQW�� DQG� �� FHSKDORSRG� VSHFLHV�� PRVWO\� WKH� FRPPRQ
FXWWOHILVK�6HSLD�RIILFLQDOLV��/LQQDHXV���������7RWDO�ZHLJKW
RI� ODQGHG� WHOHRVW�VSHFLHV� UHDFKHG������NJ��ZKLOH� WKLV�RI
FHSKDORSRG�VSHFLHV�ZDV�����NJ�

0RUSKRPHWULF� PHDVXUHPHQWV�� PHULVWLF� FRXQWV� IRO�
ORZLQJ� 5DJRQHVH� HW� DO�� �������� DQG� ZHLJKWV� ZHUH� UH�
FRUGHG� RQ� IUHVK� VSHFLPHQV�� $OO� GDWD� LV� VXPPDUL]HG� LQ
7DEOH����0HDVXUHPHQWV�ZHUH� FDUULHG� RXW� WR� WKH� QHDUHVW
PLOOLPHWUH� ZKLOH� ZHLJKWV� WR� WKH� QHDUHVW� JUDP�� %RWK
VSHFLPHQV�DUH�SUHVHUYHG�LQ�WKH�LFKWK\RORJLFDO�FROOHFWLRQ
RI� ,QVWLWXW�1DWLRQDO� GHV� 6FLHQFHV� HW� 7HFKQRORJLHV� GH� OD
0HU� RI� 6DODPPEz�� FLW\� ORFDWHG� ��� NP� QRUWK� RI� 7XQLV�
7XQLVLD��ZLWK�FDWDORJXH�QXPEHUV�� ,1670�63+�3DFK\���
DQG�,1670�63+�3DFK\�����)LJ����

)LJ�����0DS�RI�WKH�0HGLWHUUDQHDQ�VKRZLQJ�WKH�7XQLVLDQ
FRDVW� DQG� FDSWXUH� VLWH� RI� WKH� WZR� VSHFLPHQV� RI� 6SKR�
HURLGHV� SDFK\JDVWHU� LQ� WKH� *XOI� RI� +DPPDPHW� �EODFN
VWDU��
6O�����=HPOMHYLG�6UHGR]HPOMD�V�WXQL]LMVNR�REDOR�LQ�WRàNR
Y� ]DOLYX� +DPPDPHW�� NMHU� VWD� ELOD� XMHWD� GYD� SULPHUND
6SKRHURLGHV�SDFK\JDVWHU��àUQD�]YH]GD��

5(68/76�$1'�',6&866,21

,GHQWLILFDWLRQ�ZDV�PDGH� RQ� WKH� EDVLV� RI� FRPSOHWHO\
VPRRWK� VNLQ�� RQ� ODWHUDO� OLQH� RQ� HDFK� VLGH� FRQYROXWHG�
ERG\�LQIODWDEOH��ODUJH�KHDG�DQG�VQRXW�URXQGHG��EHDN�OLNH
MDZV�ZLWK�WZR�ODUJH�WHHWK�RQ�HDFK�MDZ�IRUPLQJ�D�GHQWDO
SODWH�ZLWK�HQWLUH�FXWWLQJ�HGJH��H\H�ELJ�DQG�RYDO��SHOYLF
ILQ�DEVHQW�DQG�FDXGDO� ILQ� WUXQFDWHG�RU� VOLJKWO\�FRQFDYH�
FRORXU� JUH\LVK� RQ� GRUVDO� VXUIDFH�ZLWK� GDUN� VSRWV�� EHOO\
JUH\LVK��FDXGDO� ILQ�EDVH�GDUN��7KH�VSHFLPHQ� UHIHUHQFHG
DV�,1670�63+�3DFK\����ZDV�D�MXYHQLOH�IHPDOH��WKH�VHF�
RQG�RQH�� ,1670�63+�3DFK\�����D� MXYHQLOH�PDOH��$GGL�
WLRQDOO\��QR� IRRG�RU� UHPDLQV�RI� IRRG�ZHUH� IRXQG� LQ� WKH
JXWV�RI�VSHFLPHQV�

0RUSKRORJ\�� FRORXU�� PRUSKRPHWULF� PHDVXUHPHQWV
DQG�FRXQWV�DUH�LQ�DJUHHPHQW�ZLWK�SUHYLRXV�GHVFULSWLRQV
RI� VSHFLPHQV� IURP� WKH�0HGLWHUUDQHDQ�6HD� �5DJRQHVH�HW
DO���������*RODQL�HW�DO���������3VRPDGDNLV�HW�DO���������
HVSHFLDOO\� WKH� $OJHULDQ� VSHFLPHQ� �VHH� +HPLGD� HW� DO��
������� +RZHYHU�� VOLJKW� YDULDWLRQV� ZHUH� UHFRUGHG� ZLWK
VSHFLDO� UHJDUG� WR� VSHFLPHQV� FDXJKW� RII� VRXWK�ZHVWHUQ
$WODQWLF�FRDVW��VHH�6DPSDLR�HW�DO���������
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7DE�����0RUSKRPHWULF�PHDVXUHPHQWV��LQ�PP�DQG�DV���7/���PHULVWLF�FRXQWV�DQG�ZHLJKWV�LQ�JUDPPHV��FDUULHG�RXW�LQ
WZR�6SKRHURLGHV� SDFK\JDVWHU� FDXJKW� LQ� 7XQLVLDQ�ZDWHUV��&RPSDULVRQ�ZLWK� WKH� VSHFLPHQ� FDXJKW� RII� WKH�$OJHULDQ
FRDVW��+HPLGD�HW�DO���������
7DE�����0RUIRPHWULàQH�PHULWYH��Y�PP�LQ�NRW���7/���PHULVWLàQR�ÉWHWMH�LQ�WHËD�Y�JUDPLK�GYHK�SULPHUNRY�6SKRHURLGHV
SDFK\JDVWHU��XMHWLK�Y�WXQL]LMVNLK�YRGDK��3ULPHUMDYD�V�SULPHUNRP��XMHWLP�RE�DOËLUVNL�REDOL��+HPLGD�HW�DO���������

5HIHUHQFH ,1670�63+�3DFK\��� ,1670�63+�3DFK\��� +HPLGD�HW�DO��������
0RUSKRPHWULF�PHDVXUHPHQWV PP ��7/ PP ��7/ PP ��7/
7RWDO�OHQJWK��7/� ����� ��� ���� ��� ��� ���
6WDQGDUG�OHQJWK ���� ���� �� ���� ��� ����
+HDG�OHQJWK ���� ���� ���� ���� ��� ����
+HDG�ZLGWK ���� ���� ���� ���� �� ����
+HDG�KHLJKW ���� ���� ���� ���� �� ����
(\H�KRUL]RQWDO�GLDPHWHU ��� ��� ��� ��� �� ���
(\H�YHUWLFDO�GLDPHWHU ��� ��� ��� ��� �� ���
,QWHURUELWDO�VSDFH ���� ���� ���� ���� �� ���
6QRXW�OHQJWK ���� ���� ��� ��� �� ����
3RVWRUELWDO�OHQJWK ���� ���� ���� ���� �� ����
:LGWK�RI�SHGXQFXOXP ���� ���� ���� ���� �� ����
:LGWK�RI�JLOO�RSHQLQJ ��� ��� ��� ��� �� ���
3UHGRUVDO�OHQJWK ���� ���� ���� ���� ��� ����
3UHDQDO�OHQJWK ���� ���� ���� ���� ��� ����
'RUVDO�ILQ�OHQJWK ��� ��� ���� ���� �� ���
'RUVDO�ILQ�EDVH ��� ��� ��� ��� �� ���
$QDO�ILQ�OHQJWK ���� ���� ���� ���� �� ���
$QDO�ILQ�EDVH�OHQJWK ��� ��� ��� ��� �� ���
3HFWRUDO�ILQ�OHQJWK ���� ���� ���� ���� �� ���
&DXGDO�ILQ�OHQJWK ���� ���� ���� ���� �� ����
%RG\�WKLFNQHVV ���� ���� ���� ���� �� ����
%RG\�KHLJKW ���� ���� ���� ���� �� ����
1RVWULOO�JUHDWHVW�GLDPHWHU ��� ��� ��� ��� � ���
1RVWULOO�OHVVHU�GLDPHWHU ��� ��� ��� ��� � ���
,QWHUQDULDO�VSDFH ���� ���� ���� ���� �� ���

0HULVWLF�FRXQWV
'RUVDO�ILQ�VRIW�UD\V � � � �
$QDO�ILQ�VRIW�UD\V � � � �
3HFWRUDO�ILQ�VRIW�UD\V �� �� �� �
&DXGDO�ILQ�VRIW�UD\V �� �� �� �

:HLJKWV��J�
7RWDO�ZHLJKW ����� ����� � �
(YLVFHUDWHG�ZHLJKW ����� ����� � �
/LYHU�PDVV�ZHLJKW ���� ���� � �
*RQDG�ZHLJKW ���� ���� � �

)LJ�����6��SDFK\JDVWHU� �,1670�63+�3DFK\�����FDSWXUHG
LQ�WKH�*XOI�RI�+DPPDPHW��VFDOH�EDU� ����PP��
6O�����6��SDFK\JDVWHU� �,1670�63+�3DFK\������XMHW�Y�]D�
OLYX�+DPPDPHW��PHULOR� ����PP��

7KLV� QHZ� ILQGLQJ� RI� 6�� SDFK\JDVWHU� LQ� 7XQLVLDQ�PD�
ULQH�ZDWHUV�FRQVWLWXWHG�WKH�QRUWKHUQPRVW�H[WHQVLRQ�UDQJH
RI� WKH� VSHFLHV� LQ� WKH� DUHD�� ZKHUH� WKH� VSHFLHV� FRXOG� DW

SUHVHQW� EH� FRQVLGHUHG� DV� VXEVWDQWLDOO\� HVWDEOLVKHG�� VHY�
HUDO� VSHFLPHQV� EHLQJ� SUHYLRXVO\� IRXQG� LQ� WKH� VRXWKHUQ
*XOI� RI� *DEqV� E\� %UDGDw� �������� $� PLJUDWLRQ� WRZDUGV
QRUWKHUQ�7XQLVLDQ�DUHDV�UHPDLQV�D�VXLWDEOH�K\SRWKHVLV��DV
LW� ZDV� WKH� FDVH� ZLWK� RWKHU� VSHFLHV� VXFK� DV� WKH� ILOILVK
6WHSKDQROHSLV�GLDVSURV��)UDVHU�%U�QQHU��������DFFRUGLQJ
WR�%HQ�$PRU�	�&DSDSp� ��������SUREDEO\�GXH� WR� WKH� IDFW
WKDW�7XQLVLDQ�PDULQH�ZDWHUV�DV�RWKHU�0HGLWHUUDQHDQ�DUHDV
DUH� EHFRPLQJ�ZDUPHU� �)UDQFRXU� HW� DO��� ������� VKRZLQJ
ERWK� UHJXODU�DQG�SHUPDQHQW�SURFHVVHV�RI� WURSLFDOLVDWLRQ
�4XLJQDUG�	�7RPDVLQL���������$GGLWLRQDOO\��D�PLJUDWLRQ
VRXWKZDUG� IURP� WKH� $OJHULDQ� FRDVW� �VHH�+HPLGD� HW� DO��
������FDQQRW�EH�WRWDOO\�H[FOXGHG��+RZHYHU��IXUWKHU�FRQ�
ILUPDWLRQ�E\�JHQHWLF�PHWKRGV� LV�QHHGHG� LQ� WKH�FDVH�RI�D
VLQJOH�SRSXODWLRQ�IURP�RII�WKH�0DJKUHELQ�FRDVW�

$&.12:/('*(0(176

7KH�DXWKRUV�ZLVK�WR�WKDQN�WKUHH�DQRQ\PRXV�UHIHUHHV
IRU�KHOSIXO�DQG�XVHIXO�FRPPHQWV�RQ�WKH�PDQXVFULSW�
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0RXUDG�&+(5,)��0RKDPHG�0RXUDG�%(1�$025��0DURXHQH�%',28,��6NDQGHU�%(1�6$/(0�	�+HFKPL�0,66$28,
,QVWLWXW�1DWLRQDO�GHV�6FLHQFHV�HW�7HFKQRORJLHV�GH�OD�0HU��,1670�&HQWUH�/D�*RXOHWWH��3RUW�GH�SrFKH�������/D�*RXOHWWH��7XQLVLH

(�PDLO��EHQDPRU�#\DKRR�IU

&KULVWLDQ�&$3$3e
/DERUDWRLUH�G¤,FKW\RORJLH��FDVH������8QLYHUVLWp�0RQWSHOOLHU�,,��6FLHQFHV�HW�7HFKQLTXHV�GX�/DQJXHGRF��)�������0RQWSHOOLHU�FHGH[����)UDQFH

329=(7(.

3RGDWNL�R�GYHK�PODGRVWQLK�ÈWLUL]RENDK�6SKRHURLGHV�SDFK\JDVWHU��0~OOHU�	�7URVFKHO��������SRWUMXMHMR�SULVRWQRVW�YU�
VWH�Y�WXQL]LMVNLK�YRGDK��3ULPHUND�VWD�ELOD�XMHWD�Y�]DOLYX�+DPPDPHW��Y�VHYHURY]KRGQL�7XQL]LML��NDU�SUHGVWDYOMD�QDMVHYHU�
QHMÈL�GHO�REPRßMD�UD]ÈLUMHQRVWL�YUVWH��NL�MH�WX�Y�YHOLNL�PHUL�SULVRWQD��SR�YVHM�YHUMHWQRVWL�]DUDGL�YLÈMLK�WHPSHUDWXU�YRGH�

.OMXÞQH�EHVHGH��2VWHLFKWK\HV��7HWUDRGRQWLGDH��6SKRHURLGHV�SDFK\JDVWHU��GLVWULEXFLMD��7XQL]LMD��6UHGR]HPVNR�PRUMH

5()(5(1&(6

%HQ�$PRU��0��0��	�&��&DSDSm���������2FFXUUHQFH�RI�D
ILOHILVK� FORVHO\� UHODWHG� WR� 6WHSKDQROHSLV� GLDVSURV� �2V�
WHLFKWK\HV��0RQDFDQWKLGDH�� RII� QRUWKHUQ� 7XQLVLDQ� FRDVW
�VRXWK�ZHVWHUQ� 0HGLWHUUDQHDQ��� &DK�� %LRO�� 0DU��� ���
��������
%ODFKH��-���-��&DGHQDW�	�-��6WDXFK���������&OpV�GH�GpWHU�
PLQDWLRQ�GHV�SRLVVRQV�GH�PHU�VLJQDOpV�GDQV�O
$WODQWLTXH
RULHQWDO� WURSLFDO� �HQWUH� OH� ��� qPH� SDUDOOqOH�1�� HW� OH� ��
qPH�SDUDOOqOH�6����)DXQH�7URS���256720������������
%UDGDt��0��1����������'LYHUVLWp�GX�SHXSOHPHQW� LFKW\TXH
HW�FRQWULEXWLRQ�j�OD�FRQQDLVVDQFH�GHV�VSDULGpV�GX�JROIH�GH
*DEqV��3K�'��7KHVLV��8QLYHUVLW\�RI�6ID[��7XQLVLD������S�
'XOÞLÜ�� -�� ��������1RUWKHUQRVW� RFFXUUHQFH� RI� 6SKRHURL�
GHV� SDFK\JDVWHU� �7HWUDRGRQWLGDH�� LQ� WKH� $GULDWLF� 6HD�
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