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7R 1DWKDQ�&URRN��-RE�0DQDJHU�
)URP %DUW�-DQVPD��(QYLURQPHQWDO�6FLHQWLVW�
5HSRUW�1o %-����
'RFXPHQW�1R ������� 
'DWH ��0D\������
�

%LRPRQLWRULQJ�RI�WKH�+DHKDQJD�6WUHDP�LQ�UHODWLRQ�WR�GLVFKDUJHV�
IURP�WKH�5HPHGLDWLRQ��1=��/LPLWHG�FRPSRVWLQJ�VLWH�DW�8UXWL��
-DQXDU\������
�

,QWURGXFWLRQ�
5HPHGLDWLRQ��1=��/WG�RSHUDWHV�D�FRPSRVWLQJ�IDFLOLW\�LQ�WKH�+DHKDQJD�9DOOH\��8UXWL��5DZ�PDWHULDOV�DUH�
WUXFNHG�WR�WKH�VLWH�IRU�FRPSRVWLQJ��RQ�D�SXUSRVH�EXLOW�FRPSRVWLQJ�SDG�IRU�D�SHULRG�RI�������GD\V��6\QWKHWLF�
K\GURFDUERQ�FRQWDPLQDWHG�GULOOLQJ�PXGV�DQG�FXWWLQJV�DUH�DOVR�UHFHLYHG�RQ�VLWH��7KH\�DUH�SLOHG�XS�DQG�WKH�
OLTXLGV�DUH�DOORZHG�WR�GUDLQ��WKHQ�EOHQGHG�ZLWK�JUHHQ�ZDVWH�DQG�RWKHU�RUJDQLF�PDWWHU��&RPSRVWHG�PDWHULDO�
LV�WUDQVSRUWHG�RII�VLWH�E\�WUXFNV�WR�5HPHGLDWLRQ��1=��/WG·V�ZRUP�IDUPLQJ�RSHUDWLRQV�DW�:DLWDUD�5RDG�DQG�
3HQQLQJWRQ�5RDG��

7KLV�VXUYH\�ZDV�WKH�RQO\�VXUYH\�VFKHGXOHG�IRU�WKH�����������PRQLWRULQJ�\HDU��$W�WKH�WLPH�RI�WKLV�VXUYH\��
WKHUH�ZHUH�WZR�FRPSRVWLQJ�SDGV��7KH�VRXWK�ZHVW�SDG��UHIHUUHG�WR�DV�FRPSRVWLQJ�SDG���LQ�WKLV�UHSRUW��LV�
ZKHUH�WKH�V\QWKHWLF�PXGV�DUH�EOHQGHG�ZLWK�JUHHQ�ZDVWH�DQG�RWKHU�RUJDQLF�PDWWHU��$�VHFRQG�SDG�QRUWKHDVW�
RI�WKH�RULJLQDO�FRPSRVWLQJ�SDG��ZKLFK�EHFDPH�RSHUDWLRQDO�LQ�WKH�VXPPHU�RI�������LV�UHIHUUHG�WR�DV�
FRPSRVWLQJ�SDG�����

%RWK�FRPSRVWLQJ�SDGV�DUH�EXQGHG��ZLWK�DOO�VXUIDFH�VWRUPZDWHU�DQG�OHDFKDWH�FRQWDLQHG�DQG�GLUHFWHG�WR�
WUHDWPHQW�SRQGV��:DWHU�IURP�WKH�VHWWOLQJ�SRQG�LV�UHF\FOHG�EDFN�WR�WKH�FRPSRVWLQJ�PDWHULDO�ZKHQ�UHTXLUHG�
WR�PDLQWDLQ�D�PRLVW�FRPSRVWLQJ�HQYLURQPHQW��7KH�UXQRII�IURP�FRPSRVWLQJ�SDG���LV�WUHDWHG�LQ�D�VHULHV�RI�
SRQGV��%HWZHHQ�HDFK�SRQG��WKHUH�LV�D�EDIIOH�WKDW�VNLPV�RII�DQ\�IORDWLQJ�K\GURFDUERQV�DV�WKH�OHDFKDWH�SDVVHV�
WKURXJK���7KH�WUHDWHG�OLTXLG�LQ�WKH�ILQDO�SRQG��ORFDWHG�MXVW�XSVWUHDP�RI�VLWH����++*���������LV�WKHQ�LUULJDWHG�
WR�SDVWXUH��7KLV�LUULJDWLRQ�V\VWHP�ZDV�LQVWDOOHG�SULRU�WR�WKH�1RYHPEHU������ELRORJLFDO�VXUYH\���

3ULRU�WR�)HEUXDU\�������QR�GLVFKDUJHV�RI�VWRUPZDWHU�RU�OHDFKDWH�GLUHFWO\�HQWHUHG�WKH�+DHKDQJD�6WUHDP�RU�
LWV�WULEXWDULHV��+RZHYHU��DIWHU�WKDW�GDWH��WKH�VLWH�KDV�EHHQ�SHUPLWWHG�WR�GLVFKDUJH�WUHDWHG�VWRUPZDWHU�DQG�
FRPSRVW�OHDFKDWH�WR�WKH�XQQDPHG�WULEXWDU\�RI�WKH�+DHKDQJD�6WUHDP��7KLV�FRPHV�IURP�FRPSRVWLQJ�SDG����
ZKHUH�OHDFKDWH�LV�SXPSHG�XS�WR�WKH�WRS�RI�D�VHYHQ�WLHU�ZHWODQG��ZKLFK�ZDV�FRQVWUXFWHG�LQ�ODWH�������8QGHU�
GU\�FRQGLWLRQV��WKH�ZHWODQG�ZDWHU�IURP�WKH�ERWWRP�SRQG�RI�WKH�ZHWODQG�LV�UHWLFXODWHG�EDFN�WR�WKH�XSSHU�WLHU�
RI�WKH�ZHWODQG��8QGHU�KLJK�IORZ�FRQGLWLRQV�WKH�ZHWODQG�GLVFKDUJHV�WR�D�WULEXWDU\�RI�WKH�+DHKDQJD�6WUHDP���

,Q�DGGLWLRQ�WR�WKLV�GLVFKDUJH�IURP�WKH�ZHWODQG��WKHUH�LV�VRPH�SRWHQWLDO�IRU�VHHSDJH�IURP�WKH�FRPSRVWLQJ�
SDGV�DQG�LUULJDWLRQ�DUHD�WR�HQWHU�JURXQGZDWHU��DQG�IRU�VWRUPZDWHU�UXQRII�WR�HVFDSH�WKH�FROOHFWLRQ�V\VWHP��
DQG�WKXV�JUDYLWDWH�WRZDUG�WKH�VXUIDFH�ZDWHUFRXUVHV�DW�WKH�VLWH���

$�EDVHOLQH�VXUYH\�RI�ILYH�VLWHV�ZDV�FRQGXFWHG�LQ�2FWREHU������LQ�UHODWLRQ�WR�WKH�FRPSRVWLQJ�RSHUDWLRQ�
�'XQQLQJ���������$W�WKH�WLPH�RI�WKLV�HDUOLHU�VXUYH\��RQO\�FRPSRVWLQJ�SDG���ZDV�RSHUDWLRQDO��DQG�VLWHV�ZHUH�
HVWDEOLVKHG�IRU�ERWK�WKH�H[LVWLQJ�DQG�SURSRVHG�FRPSRVWLQJ�SDGV��8QQDPHG�WULEXWDULHV�RI�WKH�+DHKDQJD�
6WUHDP�IORZ�DGMDFHQW�WR��DQG�GRZQ�JUDGLHQW�RI��ERWK�FRPSRVWLQJ�SDGV�DQG�IORZ�LQWR�WKH�+DHKDQJD�6WUHDP�
GRZQVWUHDP�RI�WKH�FRPSRVWLQJ�DUHDV��)LJXUH�����6LQFH�WKLV�EDVHOLQH�VXUYH\��VLJQLILFDQW�FKDQJHV�KDYH�
RFFXUUHG�RQ�VLWH��OHDGLQJ�WR�VDPSOLQJ�VLWHV�EHLQJ�PRYHG��RU�VDPSOLQJ�DW�VRPH�VLWHV�WR�EH�GLVFRQWLQXHG��$Q\�
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FKDQJHV�WR�VDPSOLQJ�VLWHV�PDGH�SULRU�WR�WKH�FXUUHQW�VXUYH\�KDYH�EHHQ�GLVFXVVHG�LQ�SUHYLRXV�UHSRUWV��
UHIHUHQFHG�EHORZ��

7KH�FXUUHQW�ELRORJLFDO�VXUYH\�ZDV�FRQGXFWHG�WR�PRQLWRU�WKH�HIIHFWV�RI�GLVFKDUJHV�IURP�WKH�FRPSRVWLQJ�VLWH�
WR�WKH�+DHKDQJD�6WUHDP�DQG�WULEXWDULHV�LQ�UHODWLRQ�WR�FRPSRVWLQJ�DUHDV��SDGV���	�����WKH�LUULJDWLRQ�RI�
WUHDWHG�OLTXLG�WR�ODQG��DQG�WKH�GLVFKDUJH�RI�WUHDWHG�VWRUPZDWHU�DQG�OHDFKDWH�WR�WKH�XQQDPHG�WULEXWDU\��
'XULQJ�WKH�0D\������VXUYH\�DQ�DGGLWLRQDO�VLWH�ZDV�LQFOXGHG��++*���������DW�WKH�GRZQVWUHDP�H[WHQW�RI�WKH�
LUULJDWLRQ�DUHD��7KLV�VLWH�LV�QRZ�UHIHUUHG�WR�DV�VLWH����ZLWK�++*�������QRZ�UHIHUUHG�WR�DV�VLWH����7KLV�
FRQVWLWXWHV�D�FKDQJH��DV�++*�������ZDV�SUHYLRXVO\�UHIHUUHG�WR�DV�VLWH����

�

0HWKRGV�
7KLV�VXUYH\��FRPSOHWHG�RQ����-DQXDU\������ZDV�SUHFHGHG�E\�D�SDUWLFXODUO\�GU\�VWDUW�WR�WKH�VXPPHU��
UHVXOWLQJ�LQ�VLJQLILFDQWO\�UHGXFHG�IORZV�LQ�WKH�+DHKDQJD�FDWFKPHQW��&RQVHTXHQWO\��LQYHUWHEUDWH�VDPSOHV�
ZHUH�QRW�FROOHFWHG�IURP�VLWHV�7��DQG�7��LQ�WKH�XQQDPHG�WULEXWDU\��6DPSOLQJ�WHFKQLTXHV�ZHUH�DOVR�LPSDFWHG��
GXH�WR�UHGXFHG�ULIIOH�KDELWDW���

7ZR�GLIIHUHQW�VDPSOLQJ�WHFKQLTXHV�ZHUH�XVHG�WR�FROOHFW�VWUHDPEHG�PDFURLQYHUWHEUDWHV�LQ�WKLV�VXUYH\��7KH�
¶YHJHWDWLRQ�VZHHS·�VDPSOLQJ�WHFKQLTXH�ZDV�XVHG�DW�VLWHV���������DQG���DQG�WKH�&RXQFLO·V�VWDQGDUG�
¶VWUHDPEHG�NLFN·�VDPSOLQJ�WHFKQLTXH�ZDV�XVHG�DW�VLWH����7DEOH�����7KH�¶VWUHDPEHG�NLFN·�DQG�¶YHJHWDWLRQ�
VZHHS·�WHFKQLTXHV�DUH�YHU\�VLPLODU�WR�3URWRFRO�&���KDUG�ERWWRPHG��VHPL�TXDQWLWDWLYH��DQG�&���VRIW�
ERWWRPHG��VHPL�TXDQWLWDWLYH��RI�WKH�1HZ�=HDODQG�0DFURLQYHUWHEUDWH�:RUNLQJ�*URXS��1=0:*��SURWRFROV�
IRU�PDFURLQYHUWHEUDWH�VDPSOHV�LQ�ZDGHDEOH�VWUHDPV��6WDUN�et al����������

7ZR�RI�WKH�VLWHV�VXUYH\HG�ZHUH�SUHYLRXVO\�HVWDEOLVKHG�LQ�WKH�EDVHOLQH�VXUYH\��VLWHV���DQG�����'XQQLQJ����������

 

7DEOH��� %LRPRQLWRULQJ�VLWHV�LQ�WKH�+DHKDQJD�6WUHDP�FDWFKPHQW�

6LWH� 6LWH�&RGH� /RFDWLRQ� 6DPSOLQJ�0HWKRG�

�� ++*������� 8SVWUHDP�RI�H[WHQGHG�LUULJDWLRQ�DUHD�� 9HJHWDWLRQ�VZHHS�

�� ++*������� 'RZQVWUHDP�RI�H[WHQGHG�LUULJDWLRQ�DUHD� 9HJHWDWLRQ�VZHHS�

7�� ++*������� 8SVWUHDP�RI�ZHWODQG�GLVFKDUJH�SRLQW� 1RW�VDPSOHG�

7�� ++*������� 'RZQVWUHDP�RI�ZHWODQG�GLVFKDUJH�SRLQW� 1RW�VDPSOHG�

�� ++*������� ���P�GRZQVWUHDP�RI�ODVW�SRQG�DQG�VZDOH�FROOHFWLRQ�DUHD� 9HJHWDWLRQ�VZHHS�

�� ++*������� ���P�GRZQVWUHDP�RI�ORZHU�LUULJDWLRQ�DUHD� 6WUHDPEHG�.LFN�

�� ++*������� ���PHWUHV�XSVWUHDP�RI�6WDWH�+LJKZD\���EULGJH��� 9HJHWDWLRQ�VZHHS�

�
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6DPSOHV�ZHUH�SUHVHUYHG�ZLWK�.DKOH
V�)OXLG�IRU�ODWHU�VRUWLQJ�DQG�LGHQWLILFDWLRQ�XQGHU�D�VWHUHRPLFURVFRSH�
DFFRUGLQJ�WR�7DUDQDNL�5HJLRQDO�&RXQFLO�PHWKRGRORJ\�XVLQJ�SURWRFRO�3��RI�1=0:*�SURWRFROV�IRU�VDPSOLQJ�
PDFURLQYHUWHEUDWHV�LQ�ZDGHDEOH�VWUHDPV��6WDUN�HW�DO����������

0DFURLQYHUWHEUDWH�WD[D�IRXQG�LQ�HDFK�VDPSOH�ZHUH�UHFRUGHG�DV��

� 5��UDUH���� �  �OHVV�WKDQ���LQGLYLGXDOV���

� &��FRPPRQ��� �  ������LQGLYLGXDOV��

� $��DEXQGDQW�� �  �HVWLPDWHG�������LQGLYLGXDOV��

� 9$��YHU\�DEXQGDQW��  �HVWLPDWHG���������LQGLYLGXDOV��

� ;$��H[WUHPHO\�DEXQGDQW��  �HVWLPDWHG�����LQGLYLGXDOV�RU�PRUH��

6WDUN��������GHYHORSHG�D�VFRULQJ�V\VWHP�IRU�PDFURLQYHUWHEUDWH�WD[D�DFFRUGLQJ�WR�WKHLU�VHQVLWLYLW\�WR�RUJDQLF�
SROOXWLRQ�LQ�VWRQ\�1HZ�=HDODQG�VWUHDPV��0&,���5HFHQWO\��D�VLPLODU�VFRULQJ�V\VWHP�KDV�EHHQ�GHYHORSHG�IRU�
PDFURLQYHUWHEUDWH�WD[D�IRXQG�LQ�VRIW�ERWWRPHG�VWUHDPV��6WDUN�DQG�0D[WHG���������������6%0&,���7KH�6%0&,�
KDV�EHHQ�XVHG�LQ�D�QXPEHU�RI�ELRPRQLWRULQJ�UHSRUWV�VLQFH�LWV�LQFHSWLRQ��DQG�UHVXOWV�WR�GDWH�VXJJHVW�WKDW�LW�
LV�QRW�DV�HIIHFWLYH�DW�DVVHVVLQJ�WKH�LPSDFWV�RI�RUJDQLF�SROOXWLRQ�DV�WKH�0&,��)RU�H[DPSOH��UHVXOWV�IURP�WKH�
)HEUXDU\������0DQJDWL�VXUYH\�IRXQG�D�UHODWLYHO\�XQFKDQJHG�6%0&,�VFRUH�DW�D�VLWH�WKDW�KDG�WKLFN�JURZWKV�RI�
VHZDJH�IXQJXV��-DQVPD������F���7KHUHIRUH��WKLV�LQGH[�LV�FRQVLGHUHG�OHVV�DSSURSULDWH�IRU�WKH�DVVHVVPHQW�RI�
PDFURLQYHUWHEUDWH�FRPPXQLWLHV�SRVVLEO\�DIIHFWHG�E\�LQGXVWULDO�GLVFKDUJHV��$Q\�VXEVHTXHQW�UHIHUHQFH�WR�
0&,�UHIHUV�WR�WKH�0&,��

+LJKO\�¶VHQVLWLYH·�WD[D�ZHUH�DVVLJQHG�WKH�KLJKHVW�VFRUHV�RI���RU�����ZKLOH�WKH�PRVW�¶WROHUDQW·�IRUPV�VFRUHG���
DQG�����LQ�KDUG�ERWWRPHG�DQG�VRIW�ERWWRPHG�VWUHDPV�UHVSHFWLYHO\��7KH�VHQVLWLYLW\�VFRUHV�IRU�FHUWDLQ�WD[D�
IRXQG�LQ�KDUG�ERWWRPHG�VWUHDPV�KDYH�EHHQ�PRGLILHG�LQ�DFFRUGDQFH�ZLWK�7DUDQDNL�H[SHULHQFH��%\�DYHUDJLQJ�
WKH�VFRUHV�REWDLQHG�IURP�D�OLVW�RI�WD[D�WDNHQ�IURP�RQH�VLWH�DQG�PXOWLSO\LQJ�E\�D�VFDOLQJ�IDFWRU�RI�����D�
0DFURLQYHUWHEUDWH�&RPPXQLW\�,QGH[��0&,��YDOXH�ZDV�REWDLQHG��7KH�0&,�LV�D�PHDVXUH�RI�WKH�RYHUDOO�
VHQVLWLYLW\�RI�PDFURLQYHUWHEUDWH�FRPPXQLWLHV�WR�WKH�HIIHFWV�RI�RUJDQLF�SROOXWLRQ��&RPPXQLWLHV�WKDW�DUH�PRUH�
¶VHQVLWLYH·�LQKDELW�OHVV�SROOXWHG�ZDWHUZD\V���

$�VHPL�TXDQWLWDWLYH�0&,�YDOXH��640&,6��KDV�DOVR�EHHQ�FDOFXODWHG�IRU�WKH�WD[D�SUHVHQW�DW�HDFK�VLWH�E\�
PXOWLSO\LQJ�HDFK�WD[RQ�VFRUH�E\�D�ORDGLQJ�IDFWRU��UHODWHG�WR�LWV�DEXQGDQFH���WRWDOOLQJ�WKHVH�SURGXFWV��DQG�
GLYLGLQJ�E\�WKH�VXP�RI�WKH�ORDGLQJ�IDFWRUV��6WDUN������DQG��������7KH�ORDGLQJ�IDFWRUV�ZHUH���IRU�UDUH��5�����
IRU�FRPPRQ��&������IRU�DEXQGDQW��$�������IRU�YHU\�DEXQGDQW��9$��DQG�����IRU�H[WUHPHO\�DEXQGDQW��;$���
8QOLNH�WKH�0&,��WKH�640&,V�LV�QRW�PXOWLSOLHG�E\�D�VFDOLQJ�IDFWRU�RI�����VR�WKDW�LWV�FRUUHVSRQGLQJ�UDQJH�RI�
YDOXHV�LV���[�ORZHU����
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6XE�VDPSOHV�RI�DOJDO�DQG�GHWULWDO�PDWHULDO�WDNHQ�IURP�WKH�PDFURLQYHUWHEUDWH�VDPSOHV��ZHUH�VFDQQHG�XQGHU�
������[�PDJQLILFDWLRQ�WR�GHWHUPLQH�WKH�SUHVHQFH�RU�DEVHQFH�RI�DQ\�PDWV��SOXPHV�RU�GHQVH�JURZWKV�RI�
EDFWHULD��IXQJL�RU�SURWR]RD��´XQGHVLUDEOH�ELRORJLFDO�JURZWKVµ��DW�D�PLFURVFRSLF�OHYHO��7KH�SUHVHQFH�RI�
PDVVHV�RI�WKHVH�RUJDQLVPV�LV�DQ�LQGLFDWRU�RI�RUJDQLF�HQULFKPHQW�ZLWKLQ�D�VWUHDP��

�

5HVXOWV�DQG�'LVFXVVLRQ�
'XULQJ�WKH�SUHVHQW�VXUYH\��ZDWHU�WHPSHUDWXUHV�LQ�WKH�+DHKDQJD�6WUHDP�FDWFKPHQW�UDQJHG�IURP������&�WR�
�����&��6XFK�ZDUP�WHPSHUDWXUHV�KDYH�EHHQ�UHFRUGHG�SUHYLRXVO\��ZLWK�WKH�-DQXDU\������VXUYH\�UHFRUGLQJ�D�
WHPSHUDWXUH�RI������&��ZKLFK�LV�RXWVLGH�WKH�XSSHU�WKHUPDO�WROHUDQFHV�RI�VRPH�PDFURLQYHUWHEUDWH�WD[D��
LQFOXGLQJ�VRPH�RFFDVLRQDOO\�UHFRUGHG�LQ�WKH�+DHKDQJD�6WUHDP�FDWFKPHQW��4XLQQ�HW�DO����������3UHYLRXV�
VXUYH\V�KDYH�EHHQ�XQGHUWDNHQ�HDUOLHU�LQ�WKH�\HDU��LQ�DQ�HIIRUW�WR�VXUYH\�DW�D�WLPH�RI�KLJKHU�IORZ�LQ�WKH�
+DHKDQJD�6WUHDP��+RZHYHU��GXH�WR�D�YHU\�GU\�VSULQJ�DQG�HDUO\�VXPPHU��WKH�FXUUHQW�VXUYH\�ZDV�GHOD\HG�LQ�
WKH�KRSH�WKDW�UDLQV�ZRXOG�UHWXUQ�DQG�IORZV�ZRXOG�UHFRYHU��$�UDLQ�HYHQW�RFFXUUHG�WHQ�GD\V�SULRU�WR�WKLV�
VXUYH\��EXW�ZDV�QRW�VXIILFLHQW�WR�UHVWRUH�JURXQGZDWHU�OHYHOV�WR�WKH�SRLQW�ZKHUH�WKHUH�ZDV�LPSURYHG�IORZ�LQ�
WKH�+DHKDQJD�6WUHDP��$V�D�UHVXOW��WKH�FXUUHQW�VXUYH\�ZDV�XQGHUWDNHQ�LQ�YHU\�ORZ�IORZV��ZLWK�VDPSOLQJ�RI�WKH�
XQQDPHG�WULEXWDU\�SUHFOXGHG�E\�WKHVH�ORZ�IORZV��7KHVH�ORZ�IORZV�DOVR�UHVXOWHG�LQ�OLPLWHG�VDPSOLQJ�KDELWDW�
DW�WKH�PDLQVWHP�VLWHV��DQG�FRQVHTXHQWO\�D�UHODWLYHO\�VPDOO�VDPSOH�ZDV�FROOHFWHG�DW�WKHVH�VLWHV���

$W�VLWHV���DQG����WKH�+DHKDQJD�6WUHDP�ZDV�REVHUYHG�WR�EH�UXQQLQJ�FOHDU�EXW�ZLWK�D�\HOORZ�WDQQLQ�FRORXU��$W�
VLWHV���DQG���WKH�\HOORZ�WDQQLQ�FRORXUDWLRQ�ZDV�VWLOO�DSSDUHQW��EXW�WKH�VWUHDP�KDG�EHFRPH�FORXG\�ZKLOH�DW�
VLWH���WKH�VWUHDP�ZDV�REVHUYHG�WR�EH�EURZQ�DQG�FORXG\��7KH�+DHKDQJD�6WUHDP�LV�IUHTXHQWO\�REVHUYHG�WR�EH�
FORXG\��ZLWK�DVVRFLDWHG�\HOORZ�WR�EURZQ�GLVFRORXUDWLRQ��8VXDOO\�WKH�FORXGLQHVV�DQG�GLVFRORXUDWLRQ�LV�
SULPDULO\�FDXVHG�WKURXJK�WDQQLQV�DQG�VXVSHQGHG�VROLGV�HQWHULQJ�YLD�JURXQGZDWHU�DQG�WULEXWDU\�LQIORZV��
UDWKHU�WKDQ�D�SRLQW�VRXUFH�GLVFKDUJH�IURP�WKH�ZRUPIDUP��+RZHYHU��DW�WLPHV�WDQQLQV�DUH�DOVR�SURYLGHG�
WKURXJK�WKH�ZHWODQG�GLVFKDUJH��ZKLFK�FDQ�DOVR�UHVXOW�LQ�VRPH�GLVFRORXUDWLRQ��'XULQJ�WKH�FXUUHQW�VXUYH\��WKH�
ZHWODQG�ZDV�REVHUYHG�WR�QRW�EH�GLVFKDUJLQJ��DOWKRXJK�GLVFKDUJH�UHFRUGV�LQGLFDWH�D�GLVFKDUJH�RI�����
OLWUHV�PLQXWH�ZDV�RFFXUULQJ�VL[�GD\V�SULRU��DQG�D�GLVFKDUJH�RI����OLWUHV�PLQXWH�ZDV�RFFXUULQJ�WKH�GD\�DIWHU�
WKLV�VXUYH\���

:LWK�WKH�H[FHSWLRQ�RI�VLWH����WKH�VXEVWUDWH�DW�DOO�VLWHV�ZDV�JHQHUDOO\�D�PL[�RI�VLOW��VDQG�DQG�JUDYHOV��ZLWK�VRPH�
ZRRG��7KH�VWUHDPEHG�DW�VLWH���ZDV�FRYHUHG�LQ�PDFURSK\WHV��ZLWK�DQ�XQGHUO\LQJ�EHG�RI�VLOW��$OO�PDLQVWHP�
VLWHV�VXSSRUWHG�DTXDWLF�YHJHWDWLRQ��ZLWK�VXFK�JURZWK�REVHUYHG�DW�WKH�HGJHV�RI�WKH�VWUHDP�DW�VLWH����DQG�
WKURXJKRXW�WKH�VWUHDP�DW�WKH�RWKHU�IRXU�VLWHV��$OWKRXJK�QR�VDPSOHV�ZHUH�FROOHFWHG�DW�VLWHV�7��DQG�7���ERWK�
VLWHV�VXSSRUWHG�DTXDWLF�YHJHWDWLRQ��ZLWK�VPDOO�EHGV�JURZLQJ�RQ�WKH�VWUHDPEHG��7KHUH�ZDV�D�UHODWLYHO\�ORZ�
DOJDO�ELRPDVV�LQ�WKH�+DHKDQJD�6WUHDP�GXULQJ�WKLV�VXUYH\��ZLWK�VLWHV������DQG���VXSSRUWLQJ�RQO\�WKLQ�ILOPV�RI�
DOJDH��DQG�VLWHV���DQG���VXSSRUWLQJ�SDWFKHV�RI�DOJDO�ILODPHQWV���

1R�XQGHVLUDEOH�KHWHURWURSKLF�JURZWKV�ZHUH�UHFRUGHG�DW�DQ\�RI�WKH�VHYHQ�VLWHV�LQ�WKLV�VXUYH\��

8QOLNH�WKH�'HFHPEHU������VXUYH\��ZKLFK�QRWHG�GHDG�HHOV�RQ�WKH�VWUHDP�EHG�DQG�WKH�-DQXDU\������VXUYH\��
ZKLFK�REVHUYHG�K\GURFDUERQV�EHLQJ�UHOHDVHG�IURP�WKH�VWUHDPEHG�DW�VLWH����QR�FRQFHUQLQJ�REVHUYDWLRQV�ZHUH�
PDGH�ZKLOH�FRPSOHWLQJ�WKH�FXUUHQW�VXUYH\���

�

0DFURLQYHUWHEUDWH�FRPPXQLWLHV��
$�PRGHUDWH�QXPEHU�RI�PDFURLQYHUWHEUDWH�VXUYH\V�KDYH�EHHQ�FRQGXFWHG�DW�WKHVH�VLWHV��0RQLWRULQJ�KDV�EHHQ�
FRQGXFWHG�LQ�RWKHU�VPDOO�ORZODQG�KLOO�FRXQWU\�VWUHDPV�LQ�7DUDQDNL�VXUYH\HG�DW�VLPLODU�DOWLWXGHV��75&�������
�VWDWLVWLFV�XSGDWHG��������DQG�WKHVH�KDYH�EHHQ�FRPSDUHG�ZLWK�WKH�FXUUHQW�UHVXOWV�LQ�7DEOH����7DEOH���JLYHV�
VXPPDU\�VWDWLVWLFV�IRU�WKH�VLWHV��ZKLOH�7DEOH���SURYLGHV�D�FRPSOHWH�WD[D�OLVW�IRU�WKH�FXUUHQW�VXUYH\��

�



�

� �

7DEOH��� 1XPEHU�RI�WD[D��0&,�DQG�640&,V�YDOXHV�UHFRUGHG�LQ�WKH�+DHKDQJD�6WUHDP�FDWFKPHQW�WRJHWKHU�
ZLWK�D�VXPPDU\�RI�UHVXOWV�IURP�FRQWURO�VLWHV�LQ�RWKHU�VPDOO�ORZODQG�KLOO�FRXQWU\�VWUHDPV��/2:/��
EHWZHHQ�������0$6/��LQ�7DUDQDNL��75&���������8SGDWHG�WR�2FWREHU��������

6LWH�
1R��RI�
SUHYLRXV�
VXUYH\V�

1XPEHUV�RI�WD[D� 0&,�YDOXHV� 640&,V�YDOXHV�

0HGLDQ� 5DQJH� &XUUHQW� 0HGLDQ� 5DQJH� &XUUHQW� 0HGLDQ� 5DQJH� &XUUHQW�

/2:/� ��� ��� ������ �� ��� ������� �� ���� �������� ��

�� ��� ��� ������ ��� ��� ������ ��� ���� �������� ����

�� ��� ��� ������ ��� ��� ������ ��� ���� �������� ����

�� ��� ��� ����� ��� ��� ������ ��� ���� �������� ����

�� �� ��� ����� �� ��� ������ ��� ���� �������� ����

�� ��� ��� ������ ��� ��� ������ ��� ���� �������� ����

7�� ��� ��� ������ �� ��� ������� �� ���� �������� ��

7�� ��� ��� ������ �� ��� ������ �� ���� �������� ��

640&,V�PHGLDQ�DQG�UDQJH�EDVHG�RQ�RQO\����VDPSOHV�

7KH�FXUUHQW�VXUYH\�UHVXOWV�IRU�WKH�+DHKDQJD�PDLQVWHP�DUH�DOVR�SUHVHQWHG�LQ�)LJXUH���DQG�)LJXUH����ZLWK�
WKHVH�ILJXUHV�SURYLGLQJ�D�FDWFKPHQW�SHUVSHFWLYH���

�

�

)LJXUH��� 1XPEHU�RI�WD[D�DQG�0&,�VFRUHV�UHFRUGHG�DW�WKH�+DHKDQJD�6WUHDP�VLWHV�GXULQJ�WKH�FXUUHQW�
VXUYH\��FRPSDUHG�ZLWK�WKH�UHVSHFWLYH�PHGLDQV�IRU�WKHVH�VLWHV��

�



�

� �

�

)LJXUH��� 640&,6�VFRUHV�UHFRUGHG�DW�WKH�+DHKDQJD�6WUHDP�VLWHV�GXULQJ�WKH�FXUUHQW�VXUYH\��FRPSDUHG�ZLWK�
WKH�UHVSHFWLYH�PHGLDQV�IRU�WKHVH�VLWHV���

�

6LWH���²�8SVWUHDP�RI�H[SDQGHG�LUULJDWLRQ�DUHD�
7KLV�VLWH��VDPSOHG�LQWHUPLWWHQWO\�VLQFH�������ZDV�UH�LQWURGXFHG�WR�WKH�PRQLWRULQJ�SURJUDPPH�LQ�������SULRU�
WR�WKH�LUULJDWLRQ�RI�ZDVWHZDWHU�RQWR�ODQG�EHWZHHQ�VLWHV���DQG����,UULJDWLRQ�RQ�WKLV�ODQG�KDV�VLQFH�RFFXUUHG��
FRQVHTXHQWO\�VLWH���EHFRPHV�WKH�XSVWUHDP�FRQWURO�VLWH��DQG�VLWH���EHFRPHV�DQ�LPSDFW�VLWH����

$�UHODWLYHO\�ORZ�WD[D�ULFKQHVV�ZDV�UHFRUGHG�DW�WKLV�VLWH�������ZKLFK�ZDV�IRXU�WD[D�OHVV�WKDQ�WKH�PHGLDQ��DQG�
WKH�ORZHVW�ULFKQHVV�UHFRUGHG�DW�WKLV�VLWH�WR�GDWH��HTXDO�WR�WKDW�UHFRUGHG�LQ�WKH�WZR�SUHYLRXV�VXUYH\V��)LJXUH�
����7KH�ORZ�WD[D�ULFKQHVV�UHFRUGHG�LQ�WKH�FXUUHQW�VXUYH\�PD\�EH�UHODWHG�WR�WKH�ORZ�IORZV�WKDW�SUHFHGHG�WKLV�
VXUYH\��FRXSOHG�ZLWK�WKH�H[WHQVLYH�PDFURSK\WH�EHGV��7KHVH�FRQGLWLRQV�FDQ�OHDG�WR�ZDUP�ZDWHU�
WHPSHUDWXUHV�DQG�ORZ�GLVVROYHG�R[\JHQ�OHYHOV��ZKLFK�FDQ�OHDG�WR�D�UHGXFWLRQ�LQ�WD[D�ULFKQHVV��ZLWK�RQO\�WKH�
PRUH�UHVLOLHQW�VSHFLHV�UHPDLQLQJ���

�
)LJXUH����7D[D�QXPEHUV�DQG�0&,�UHFRUGHG�WR�GDWH�DW�VLWH���



�

� �

7DEOH��� 0DFURLQYHUWHEUDWH�IDXQD�RI�WKH�+DHKDQJD�6WUHDP�FDWFKPHQW��VDPSOHG�LQ�UHODWLRQ�WR�5HPHGLDWLRQ�
�1=��/WG�RQ����-DQXDU\�������

7D[D�/LVW�
6LWH�1XPEHU�

0&,�
VFRUH�

� � �� �� �
6LWH�&RGH�����������������++*����� ���� ���� ���� ���� ����
6DPSOH�1XPEHU�������):%����� ��� ��� ��� ��� ���

$11(/,'$�� 2OLJRFKDHWD� � 5 & �� 9$� 5
+,58',1($� +LUXGLQHD� � & 5 �� �� �
02//86&$� Physa � $ $ $� &� &
�� Potamopyrgus � ;$ ;$ ;$� ;$� $
�� 6SKDHULLGDH� � 5 � �� �� �
&5867$&($� &ODGRFHUD� � � � �� �� 9$
�� 2VWUDFRGD� � ;$ $ 9$� $� $
�� Paracalliope � 5 9$ 9$� �� &
(3+(0(5237(5$�� Deleatidium � � � 5� �� �
2'21$7$�� Xanthocnemis � 9$ 9$ $� �� 9$
+(0,37(5$�� Anisops � 5 5 $� �� 9$
�� Microvelia � 5 & 5� �� 5
�� Saldula � � 5 �� �� �
�� Sigara � 5 & &� �� 5
&2/(237(5$�� '\WLVFLGDH� � � � 5� �� �
�� +\GURSKLOLGDH� � � 5 �� 5� �
75,&+237(5$�� Oxyethira � � � 5� �� �
�� Paroxyethira � 5 � �� �� �
�� Triplectides � � 9$ $� �� $
',37(5$�� +H[DWRPLQL� � � � �� 5� �
�� Paralimnophila � � � �� �� 5
�� Chironomus � $ 5 &� 5� &
�� Corynoneura � � � 5� �� �
�� 2UWKRFODGLLQDH� � & � $� $� $
�� Polypedilum � � 5 �� �� �
�� 7DQ\SRGLQDH� � & � $� 5� &
�� &XOLFLGDH� � 5 � �� �� �
�� Paradixa � � � 5� �� 5
�� (PSLGLGDH� � � � 5� �� 5
�� 6WUDWLRP\LGDH� �� 5� �� �� �� ��

1R�RI�WD[D� ��� ��� ��� �� ���

0&,� ��� ��� ��� ��� ���

640&,V� ���� ���� ���� ���� ����

(37��WD[D�� �� �� �� �� ��

�(37��WD[D�� �� �� ��� �� ��


7ROHUDQW
�WD[D� 
0RGHUDWHO\�VHQVLWLYH
�WD[D� 
+LJKO\�VHQVLWLYH
�WD[D�

5� �5DUH����������&� �&RPPRQ����������$� �$EXQGDQW����������9$� �9HU\�$EXQGDQW����������;$� �([WUHPHO\�$EXQGDQW�

�



�

� �

7KH�FRPPXQLW\�FRPSULVHG�D�UHODWLYHO\�KLJK�SURSRUWLRQ�RI�WROHUDQW�WD[D�������ZKLFK�UHVXOWHG�LQ�D�¶SRRU·�0&,�
VFRUH�RI����XQLWV��7KLV�LV�WKH�ORZHVW�VFRUH�UHFRUGHG�DW�WKLV�VLWH�WR�GDWH�DQG�LV�QLQH�XQLWV�OHVV�WKDQ�WKH�PHGLDQ�
VFRUH��7DEOH����)LJXUH�����$OWKRXJK�WKLV�LV�D�¶SRRU·�VFRUH��75&���������LW�LV�D�UHIOHFWLRQ�RI�WKH�YHU\�ORZ�DQG�
VORZ�WR�VWLOO�IORZV�DQG�YHJHWDWLRQ�KDELWDW�VDPSOHG��DQG�LV�UHODWLYHO\�FRQVLVWHQW�ZLWK�WKDW�UHFRUGHG�DW�WKLV�VLWH�
LQ�UHFHQW�\HDUV��7KLV�VFRUH�LV�VLJQLILFDQWO\�OHVV�WKDQ�WKH�PHGLDQ�0&,�VFRUH�IRU�RWKHU�VLPLODU�ORZODQG�VWUHDPV�
�6WDUN���������LQGLFDWLQJ�WKDW�WKH�LQYHUWHEUDWH�FRPPXQLW\�DW�WKLV�VLWH�ZDV�LQ�SRRUHU�KHDOWK�WKDQ�VLPLODU�
VWUHDPV�DW�WKLV�DOWLWXGH��

7KH�FRPPXQLW\�ZDV�GRPLQDWHG�E\�WZR�H[WUHPHO\�DEXQGDQW�¶WROHUDQW·�WD[D���VQDLO��Potamopyrgus��DQG�
RVWUDFRG�VHHG�VKULPSV���2WKHU�GRPLQDQW�¶WROHUDQW·�WD[D�LQFOXGHG�Physa VQDLOV��GDPVHOIO\�ODUYDH�
�Xanthocnemis��DQG�Chironomus EORRGZRUPV��1R�¶VHQVLWLYH·�WD[D�ZHUH�DEXQGDQW�DW�WKLV�VLWH�LQ�WKH�FXUUHQW�
VXUYH\��7KH�GRPLQDQFH�RI�¶WROHUDQW·�WD[D�UHVXOWHG�LQ�D�ORZ�640&,6�VFRUH�RI�����XQLWV��ZKLFK�LV�DOVR�WKH�ORZHVW�
UHFRUG�DW�WKLV�VLWH�WR�GDWH��7DEOH�����,W�ZDV�DOVR�VLJQLILFDQWO\�ORZHU�WKDQ�WKH�PHGLDQ�IRU�WKLV�VLWH�DQG�RWKHU�
VLWHV�LQ�VLPLODU�VPDOO�ORZODQG�VWUHDPV��6WDUN���������7DEOH�����

2YHUDOO��WKLV�LQGLFDWHV�WKDW�WKH�ZDWHU�TXDOLW\�RI�WKH�+DHKDQJD�6WUHDP�SULRU�WR�LW�IORZLQJ�LQWR�WKH�
5HPHGLDWLRQ�1=�FRPSRVWLQJ�VLWH�ZDV�RI�EHORZ�DYHUDJH�TXDOLW\��DQG�WKDW�WKH�FRPPXQLW\�ZDV�VWURQJO\�
LQIOXHQFHG�E\�WKH�ORZ�DQG�VORZ�IORZV��DQG�WKH�VKDOORZ�JUDGLHQW�RI�WKLV�VWUHDP���

 

6LWH���²�'RZQVWUHDP�RI�H[WHQGHG�LUULJDWLRQ�DUHD�
$W�VLWH���LQ�WKH�+DHKDQJD�6WUHDP��XSVWUHDP�RI�DOO�FRPSRVWLQJ�DUHDV�����PDFURLQYHUWHEUDWH�WD[D�ZHUH�
UHFRUGHG��7KLV�ZDV�WZR�WD[D�IHZHU�WKDQ�WKDW�UHFRUGHG�LQ�WKH�SUHYLRXV�VXUYH\�DQG�IRXU�WD[D�OHVV�WKDQ�WKH�
PHGLDQ�IRU�WKLV�VLWH��7DEOH�����7KH�FRPPXQLW\�ZDV�GRPLQDWHG�E\�IRXU�¶WROHUDQW·�WD[D���VQDLOV��Physa DQG�
Potamopyrgus� RVWUDFRG�VHHG�VKULPS�DQG�GDPVHOIO\�ODUYDH��Xanthocnemis����DQG�WZR�YHU\�DEXQGDQW�
¶PRGHUDWHO\�VHQVLWLYH·�WD[D���Paracalliope DPSKLSRGV�DQG�Triplectides FDGGLVIO\���7DEOH������

 7KH�0&,�YDOXH�RI����XQLWV�UHIOHFWHG�D�ORZ�SURSRUWLRQ�RI�VHQVLWLYH�WD[D�LQ�WKH�FRPPXQLW\�DW�WKLV�VLWH��������
7KLV�VFRUH�LV�PRUH�WKDQ�WKLUW\�XQLWV�OHVV�WKDQ�WKDW�UHFRUGHG�LQ�WKH�SUHYLRXV�VXUYH\��EXW�QRW�VLJQLILFDQWO\�
GLIIHUHQW�WR�WKH�PHGLDQ�VFRUH�IRU�WKLV�VLWH��DQG�LV�ZLWKLQ�WKH�UDQJH�RI�SUHYLRXV�UHVXOWV��6WDUN��������7DEOH����
)LJXUH�����7KH�640&,6�YDOXH�DW�WKLV�VLWH�������ZDV�VLPLODU�WR�WKH�PHGLDQ�YDOXH��DQG�VLPLODU�WR�WKDW�UHFRUGHG�LQ�
WKH�SUHYLRXV�VXUYH\��DQG�UHIOHFWLQJ�WKH�RYHUDOO�QXPHULFDO�GRPLQDQFH�RI�WKH�¶H[WUHPHO\�DEXQGDQW·�
Potamopyrgus�VQDLOV��

�

�
)LJXUH����7D[D�QXPEHUV�DQG�0&,�UHFRUGHG�WR�GDWH�DW�VLWH���

�



�
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$OWKRXJK�WKLV�VXJJHVWV�WKDW�ZDWHU�TXDOLW\�DW�WKLV�VLWH�KDV�GHWHULRUDWHG�IURP�WKH�SUHYLRXV�VXUYH\��LW�VKRXOG�EH�
QRWHG�WKDW�WKH�VDPSOLQJ�WHFKQLTXH�GLIIHUHG�WR�WKH�WZR�SUHYLRXV�VXUYH\V��+LVWRULFDOO\��WKLV�VLWH�ZDV�VDPSOHG�
XVLQJ�WKH�YHJHWDWLRQ�VZHHS�WHFKQLTXH��DV�LW�ZDV�LQ�WKH�FXUUHQW�VXUYH\��+RZHYHU��WKH�'HFHPEHU������DQG�
�����VXUYH\V�XVHG�WKH�NLFN�VDPSOH�WHFKQLTXH��GXH�WR�D�ODFN�RI�PDFURSK\WH�KDELWDW��7KH�YHJHWDWLRQ�VZHHS�
WHFKQLTXH�VDPSOHV�KDELWDW�WKDW��WHQGV�WR�VXSSRUW�PRUH�¶WROHUDQW·�WD[D�DQG�WKHUHIRUH�SURGXFHV�ORZHU�0&,�
DQG�640&,6�VFRUHV��7KLV�DOVR�H[SODLQV�WKH�VLPLODULW\�LQ�0&,�VFRUH�EHWZHHQ�VLWHV���DQG�����

2YHUDOO��LW�LV�DSSDUHQW�WKDW�WKH�SULPDU\�LQIOXHQFH�RQ�WKH�FRPPXQLW\�DW�WKLV�VLWH�LV�WKH�YDULDWLRQ�LQ�KDELWDW��DQG�
WKH�FKDQJH�LQ�VDPSOLQJ�WHFKQLTXH��7KH�IDFW�WKDW�WZR�¶PRGHUDWHO\�VHQVLWLYH·�WD[D�ZHUH�UHFRUGHG�DV�¶YHU\�
DEXQGDQW·�LV�VXSSRUWLYH�RI�WKH�FRQFOXVLRQ�RI�UHDVRQDEOH�SUHFHGLQJ�ZDWHU�TXDOLW\�ZLWK�QR�GLVFHUQLEOH�LPSDFWV�
IURP�WKH�LUULJDWLRQ�RI�ZDVWHZDWHU�WR�ODQG�EHWZHHQ�VLWHV���DQG����

6LWH���²�GRZQVWUHDP�RI�DOO�SRQG�GLVFKDUJHV�
$W�VLWH���LQ�WKH�+DHKDQJD�6WUHDP�����P�GRZQVWUHDP�RI�DOO�ZDVWHZDWHU�SRQGV�����WD[D�ZHUH�UHFRUGHG��RQH�
WD[RQ�OHVV�WKH�PHGLDQ�RI�WKH�WZHQW\�SUHYLRXV�VXUYH\V��EXW�HLJKW�WD[D�IHZHU�WKDQ�WKDW�UHFRUGHG�LQ�WKH�
SUHYLRXV�VXUYH\��7DEOH����)LJXUH�����7KLV�UHGXFHG�ULFKQHVV�PD\�EH�D�UHIOHFWLRQ�RI�WKH�FKDQJH�LQ�VDPSOLQJ�
WHFKQLTXH�IURP�WKH�SUHYLRXV�VXUYH\��ZKLFK�HPSOR\HG�WKH�VWUHDPEHG�NLFN�PHWKRGRORJ\��)LYH�¶WROHUDQW·�WD[D�
�VQDLOV��Physa DQG�Potamopyrgus���RVWUDFRG�VHHG�VKULPSV��GDPVHOIO\�ODUYDH��Xanthocnemis��DQG�RUWKRFODG�
PLGJH�ODUYDH��DQG�IRXU�¶PRGHUDWHO\�VHQVLWLYH·�WD[D��Paracalliope DPSKLSRGV��EDFNVZLPPHU��Anisops���
FDGGLVIO\�ODUYDH��Triplectides��DQG�WDQ\SRG�PLGJH�ODUYDH���7DEOH�����7KH�QXPHULFDO�GRPLQDQFH�RI�¶H[WUHPHO\�
DEXQGDQW·�¶WROHUDQW·�Potamopyrgus VQDLOV�UHVXOWHG�LQ�WKH�640&,6�VFRUH�RI�����XQLWV��D�VWDWLVWLFDOO\�
LQVLJQLILFDQW�����XQLW�KLJKHU�WKDQ�WKH�PHGLDQ�IRU�WKLV�VLWH��DQG�VLPLODU�WR�WKDW�UHFRUGHG�DW�VLWH����7KH�0&,�
VFRUH������ZDV�YHU\�VLPLODU�WR�WKH�PHGLDQ�VFRUH�IRU�WKLV�VLWH��EXW�ILIWHHQ�XQLWV�OHVV�WKDQ�WKDW�UHFRUGHG�LQ�WKH�
SUHYLRXV�VXUYH\��ZKLFK�UHFRUGHG�WKH�KLJKHVW�0&,�VFRUH�IRU�WKLV�VLWH�WR�GDWH��,W�ZDV�KRZHYHU��ILYH�XQLWV�KLJKHU�
WKDQ�WKDW�UHFRUGHG�DW�VLWH���XSVWUHDP�LQ�WKH�FXUUHQW�VXUYH\��GHVSLWH�DQ�HTXLYDOHQW�SURSRUWLRQ�RI�¶VHQVLWLYH·�
WD[D�LQ�WKH�FRPPXQLW\��������7DEOH������

6RPH�SUHYLRXV�VXUYH\V�KDYH�UHFRUGHG�FKDQJHV�LQ�DEXQGDQFH�RI�LQGLYLGXDO�WD[D��ZKLFK�FDQ�EH�LQWHUSUHWHG�DV�
EHLQJ�DQ�LQGLFDWLRQ�RI�RUJDQLF�HQULFKPHQW�RI�WKH�VWUHDP��6XFK�FKDQJHV�LQFOXGHG�Chironomus EORRGZRUPV�
EHFRPLQJ�DEXQGDQW�DW�WKLV�VLWH��7KH�UHVXOWV�IURP�WKH�FXUUHQW�VXUYH\�LQGLFDWH�WKDW�Chironomus EORRGZRUPV�
ZHUH�SUHVHQW�DW�WKH�WLPH�RI�WKH�VXUYH\��EXW�RQO\�DV�FRPPRQ��ILYH�WR�QLQHWHHQ�LQGLYLGXDOV���,Q�WRWDO��
VLJQLILFDQW�FKDQJHV�LQ�DEXQGDQFH�ZHUH�UHFRUGHG�IRU�RQO\�WKUHH�WD[D��LQFOXGLQJ�DQ�LQFUHDVH�LQ�WZR�¶VHQVLWLYH·�
WD[D��2YHUDOO��WKLV�FRPPXQLW\�DSSHDUV�WR�EH�LQ�DYHUDJH�FRPPXQLW\�KHDOWK��EXW�LQGLFDWLYH�RI�¶SRRU·�ZDWHU�
TXDOLW\��

�
)LJXUH����1XPEHU�RI�WD[D�DQG�0&,�VFRUHV�UHFRUGHG�WR�GDWH�DW�6LWH���
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6LWH���²�'RZQVWUHDP�RI�HIIOXHQW�LUULJDWLRQ�DUHD�
$�ULFKQHVV�RI�QLQH�WD[D�ZDV�UHFRUGHG�DW�WKLV�VLWH��ORFDWHG�GRZQVWUHDP�RI�WKH�HIIOXHQW�LUULJDWLRQ�DUHD��7DEOH����
)LJXUH�����7KLV�UHSUHVHQWV�D�UHGXFWLRQ�RQ�WKDW�UHFRUGHG�LQ�WKH�SUHYLRXV�VXUYH\�ZKHQ�VL[WHHQ�WD[D�ZHUH�
UHFRUGHG��ZKLFK�LV�FRQVLGHUHG�D�GLUHFW�UHIOHFWLRQ�RI�WKH�KDELWDW�OLPLWDWLRQ�FDXVHG�E\�ORZ�IORZV�DQG�DOJDO�
JURZWK�RQ�WKH�VWUHDPEHG��3KRWR�������

7KH�FRPPXQLW\�ZDV�GRPLQDWHG�E\�IRXU�¶WROHUDQW·�WD[D��YHU\�DEXQGDQW�ROLJRFKDHWH�ZRUPV��H[WUHPHO\�
DEXQGDQW�Potamopyrgus VQDLOV��RVWUDFRG�VHHG�VKULPSV�DQG�RUWKRFODG�PLGJH�ODUYDH���$OWKRXJK�WKLV�DOVR�
UHSUHVHQWV�D�GHWHULRUDWLRQ�IURP�WKH�SUHYLRXV�VXUYH\��LW�LV�DOVR�OLNHO\�WR�EH�UHODWHG�WR�WKH�KDELWDW�FRQGLWLRQV�
SUHVHQW�DW�WKH�WLPH�RI�VDPSOLQJ��

7KH�FRPPXQLW\�FRQVLVWHG�PDLQO\�RI�¶WROHUDQW·�WD[D��������UHVXOWLQJ�LQ�DQ�0&,�VFRUH�RI����XQLWV��7KLV�VFRUH�LV�
VLJQLILFDQWO\�ORZHU�WKDQ�WKH�PHGLDQ�IRU�WKLV�VLWH�����XQLWV�ORZHU�WKDQ�WKDW�UHFRUGHG�LQ�WKH�SUHYLRXV�VXUYH\��
DQG�HTXDO�WR�WKH�SUHYLRXV�PLQLPXP�VFRUH�UHFRUGHG�DW�WKLV�VLWH��7DEOH����)LJXUH�����$OWKRXJK�WKLV�LQGLFDWHV�
WKDW�WKH�FRPPXQLW\�GXULQJ�WKH�FXUUHQW�VXUYH\�ZDV�LQ�ZHOO�EHORZ�DYHUDJH�KHDOWK��LW�GRHV�QRW�QHFHVVDULO\�
LQGLFDWH�WKDW�WKLV�FDQ�EH�DWWULEXWHG�WR�WKH�PRQLWRUHG�DFWLYLWLHV��7KH�FXUUHQW�UHVXOW�LV�LQGLFDWLYH�RI�¶SRRU·�ZDWHU�
TXDOLW\��75&����������

7KH�640&,6�VFRUH�ZDV�KHDYLO\�LQIOXHQFHG�E\�WKH�
H[WUHPHO\�DEXQGDQW�Potamopyrgus VQDLOV��7KLV�
UHVXOWHG�LQ�D�640&,6�VFRUH�RI�����XQLWV��VOLJKWO\�
KLJKHU�WKDQ�WKH�PHGLDQ�IRU�WKLV�VLWH��$OWKRXJK�
WKLV�LV�WKH�VHFRQG�ORZHVW�640&,6�VFRUH�UHFRUGHG�
LQ�WKH�FXUUHQW�VXUYH\��LW�GRHV�QRW�GLIIHU�IURP�ZKDW�
LV�XVXDOO\�UHFRUGHG�DW�WKLV�VLWH��DQG�LV�VLJQLILFDQWO\�
EHWWHU�WKDQ�WKDW�UHFRUGHG�LQ�WKH�SUHYLRXV�WZR�
VXUYH\V������XQLW����

3UHYLRXV�VXUYH\V��KDG�QRWHG�640&,6�VFRUHV�DW�
WKLV�VLWH�WKDW�ZHUH�ORZHU�WKDQ�FRXOG�EH�H[SHFWHG��
,W�ZDV�FRQFOXGHG�WKDW�WKHUH�PD\�EH�D�VXEWOH�
GHWHULRUDWLRQ�LQ�ZDWHU�TXDOLW\�DW�WKLV�VLWH��EXW�
KDELWDW�GLIIHUHQFHV�DOVR�QHHGHG�WR�EH�WDNHQ�LQWR�
DFFRXQW��7KLV�LV�EHFDXVH�WKLV�VLWH�KDV�KDELWDW�WKDW�
GLIIHUHG�WR�WKH�RWKHU�+DHKDQJD�6WUHDP�VLWHV��DV�LW�
ZDV�D�WUXH�ULIIOH��LQ�WKDW�LW�ZDV�VKDOORZ�IORZ�
WXPEOLQJ�RYHU�FRDUVH�DQG�ILQH�JUDYHO��DV�RSSRVHG�
WR�GHHSHU�IORZ�PRYLQJ�RYHU�PDFURSK\WH�RU�
VXEPHUJHG�ZRRG���

2YHUDOO��WKH�UHVXOWV�LQGLFDWH�WKDW�WKH�FRPPXQLW\�
DW�WKLV�VLWH�ZDV�LQ�DYHUDJH�WR�EHORZ�DYHUDJH�
KHDOWK��$OWKRXJK�WKH�0&,�VFRUH�ZDV�HTXDO�WR�WKDW�
UHFRUGHG�LQ�WKH������VXUYH\�ZKLFK�FRLQFLGHG�ZLWK�
WKH�GLVFRYHU\�RI�D�QXPEHU�RI�GHDG�HHOV�
LPPHGLDWHO\�GRZQVWUHDP�RI�WKLV�VLWH��WKH�640&,6�
VFRUH�ZDV�VLJQLILFDQWO\�KLJKHU��7KLV�LQGLFDWHV�WKDW�
WKH�ORZHU�WKDQ�DYHUDJH�0&,�VFRUH�LV�UHODWHG�WR�
WKH�ORZ�IORZV�DQG�KLJK�DOJDO�ELRPDVV�REVHUYHG�DW�
WKH�WLPH����

 

3KRWR��� +DHKDQJD�6WUHDP�DW�VLWH�������-DQXDU\������
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)LJXUH���� 1XPEHU�RI�WD[D�DQG�0&,�VFRUHV�UHFRUGHG�WR�GDWH�DW�6LWH�� 

 

6LWH���²�'RZQVWUHDP�RI�DOO�VLWH�DFWLYLWLHV��
7KLV�VLWH�H[KLELWHG�EHORZ�DYHUDJH�WD[D�ULFKQHVV�������IRXU�WD[D�IHZHU�WKDQ�WKH�PHGLDQ��DQG�VHYHQ�PRUH�WKDQ�
WKH�SUHYLRXV�VXUYH\�XQGHUWDNHQ�DW�WKLV�VLWH��7KH�¶SRRU·�0&,�VFRUH�RI����ZDV�GXH�WR�WKH�FRPPXQLW\�
FRPSULVLQJ�����¶WROHUDQW·�WD[D��RI�ZKLFK�WKUHH�ZHUH�DEXQGDQW��VQDLO��Potamopyrgus���RVWUDFRG�VHHG�VKULPS�
DQG�RUWKRFODG�PLGJH�ODUYDH��DQG�RQH�ZDV�YHU\�DEXQGDQW��GDPVHOIO\�ODUYDH��Xanthocnemis���7ZR�¶PRGHUDWHO\�
VHQVLWLYH·�WD[D�ZHUH�DOVR�UHFRUGHG�LQ�DEXQGDQFH��ZDWHU�IOHDV��&ODGRFHUD��DQG�EDFNVZLPPHUV��Anisops���
VXJJHVWLQJ�PRGHUDWH�SUHFHGLQJ�ZDWHU�TXDOLW\���

7KH�0&,�VFRUH�RI����ZDV�VHYHQ�XQLWV�OHVV�WKDQ�WKDW�UHFRUGHG�LQ�WKH�SUHYLRXV�VXUYH\��D�VWDWLVWLFDOO\�
LQVLJQLILFDQW�UHVXOW��6WDUN���������EXW�HTXDO�WR�WKH�PHGLDQ�VFRUH�IRU�WKLV�VLWH��7DEOH����)LJXUH�����7KH�
QXPHULFDO�GRPLQDQFH�RI�WKH�WZR�DEXQGDQW�¶PRGHUDWHO\�VHQVLWLYH·�WD[D�UHVXOWHG�LQ�D�640&,6�RI�����XQLWV������
XQLW�KLJKHU�WKDQ�WKH�PHGLDQ�IRU�WKLV�VLWH�DQG�����XQLW�KLJKHU�WKDQ�WKDW�UHFRUGHG�LQ�WKH�SUHYLRXV�VXUYH\��7KLV�
UHVXOW�ZDV�HTXDO�WR�WKH�SUHYLRXV�PD[LPXP�640&,6�UHFRUGHG�DW�WKLV�VLWH���

�
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��)LJXUH���1XPEHU�RI�WD[D�DQG�0&,�VFRUHV�UHFRUGHG�WR�GDWH�DW�6LWH���
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:KHQ�FRPSDUHG�ZLWK�VLWH���XSVWUHDP��WKH�0&,�VFRUH�ZDV�VLJQLILFDQWO\�KLJKHU��DV�ZDV�WKH�640&,6�VFRUH�
�6WDUN���������7KLV�LPSURYHPHQW�ZDV�GXH�PDLQO\�WR�DQ�LQFUHDVH�LQ�WKH�QXPEHU�RI�PRUH�VHQVLWLYH�WD[D��DQG�
VRPH�VLJQLILFDQW�FKDQJHV�LQ�DEXQGDQFH�RI�D�QXPEHU�RI�WD[D��7KHUH�ZHUH�VHYHQ�VLJQLILFDQW�GLIIHUHQFHV�LQ�
LQGLYLGXDO�WD[RQ�DEXQGDQFH�UHFRUGHG�EHWZHHQ�VLWHV���DQG����ZLWK�WKH�PDMRULW\�RI�WKHVH�GLIIHUHQFHV�
UHIOHFWLQJ�WKH�FKDQJH�LQ�KDELWDW�DQG�VDPSOLQJ�PHWKRGRORJ\��6LWH���ZDV�D�VPDOO�VKDOORZ�ULIIOH�VDPSOHG�E\�
NLFN�VDPSOLQJ��ZKLOH�WKH�KDELWDW�DW�VLWH����SRRO��ZDV�VDPSOHG�XVLQJ�WKH�PDFURSK\WH�VZHHS�PHWKRG��7KLV�LV�
LOOXVWUDWHG�LQ�WKH�WD[D�UHVXOWV��ZLWK�D�QXPEHU�RI�VWLOO�RU�VORZ�ZDWHU�WD[D�EHLQJ�UHFRUGHG�DW�VLWH����7KH�DYHUDJH�
0&,�DQG�DERYH�DYHUDJH�640&,6�VFRUHV�LQGLFDWH�WKDW�WKLV�FRPPXQLW\�ZDV�DOVR�LQ�DYHUDJH�KHDOWK�DQG�
DSSHDUHG�WR�KDYH�UHFRYHUHG�IURP�WKH�'HFHPEHU������VXUYH\����

'XULQJ�VRPH�SUHYLRXV�VXUYH\V��FRQFHUQ�ZDV�UDLVHG�UHJDUGLQJ�DQ�H[WUHPH�DEXQGDQFH�RI�Chironomus�
EORRGZRUP�ODUYDH�DW�WKLV�VLWH��6XFK�DEXQGDQFH�XVXDOO\�RQO\�RFFXUV�ZKHUH�WKHUH�LV�D�VLJQLILFDQW�RUJDQLF�
GLVFKDUJH��ZKLFK�WKH�Chironomus EORRGZRUP ODUYDH�IHHG�XSRQ��,W�ZDV�QRWHG�WKDW�VKRXOG�WKLV�UHVXOW�EH�
UHSHDWHG�LQ�VXEVHTXHQW�VXUYH\V��IXUWKHU�LQYHVWLJDWLRQ�ZRXOG�EH�UHTXLUHG��'LVVROYHG�R[\JHQ�UHDGLQJV�ZHUH�
VXEVHTXHQWO\�WDNHQ�LQ�WKH�VWUHDP��DQG�WKLV�IRXQG�WKDW�WKHUH�PD\�EH�SHULRGV�RI�ORZ�GLVVROYHG�R[\JHQ��
HVSHFLDOO\�ZKHQ�ZHHG�EHGV�DUH�ZHOO�HVWDEOLVKHG��VXFK�DV�LQ�VXPPHU��7KLV�LV�QDWXUDO��DQG�UHODWHG�WR�WKH�
VKDOORZ�JUDGLHQW�RI�WKH�VWUHDP��DQG�FDQ�EH�H[DFHUEDWHG�GXULQJ�ORZ�IORZV��,W�LV�OLNHO\�WKDW�WKH�VSRUDGLF�
DEXQGDQFH�RI�Chironomus LV�UHODWHG�WR�WKH�ORZ�GLVVROYHG�R[\JHQ�FRQFHQWUDWLRQV�ZLWKLQ�WKH�VWUHDP��UDWKHU�
WKDQ�WKH�GLVFKDUJH�RI�RUJDQLF�ZDVWHV�XSVWUHDP��Chironomus�ZDV�UHFRUGHG�DV�¶FRPPRQ·�DW�WKLV�VLWH�LQ�WKH�
FXUUHQW�VXUYH\��

6LWH�7��²�XSVWUHDP�RI�WKH�ZHWODQG�GLVFKDUJH�
6LWH�7��ZDV�QRW�VDPSOHG�LQ�WKH�FXUUHQW�VXUYH\�GXH�WR�ORZ�IORZV�DQG�LQVXIILFLHQW�KDELWDW��)LJXUH���SUHVHQWV�
WKH�GDWD�FROOHFWHG�DW�WKLV�VLWH�WR�GDWH���

�
)LJXUH�����7D[D�QXPEHUV�DQG�0&,�UHFRUGHG�WR�GDWH�DW�VLWH�7��

�

6LWH�7��²�GRZQVWUHDP�RI�WKH�ZHWODQG�GLVFKDUJH�SRLQW�
6LWH�7��ZDV�QRW�VDPSOHG�LQ�WKH�FXUUHQW�VXUYH\�GXH�WR�ORZ�IORZV�DQG�LQVXIILFLHQW�KDELWDW��)LJXUH����SUHVHQWV�
WKH�GDWD�FROOHFWHG�DW�WKLV�VLWH�WR�GDWH���

6RPH�SUHYLRXV�ZDWHU�TXDOLW\�UHVXOWV�LQGLFDWH�WKDW�XQLRQLVHG�DPPRQLD�FRQFHQWUDWLRQV�LQ�WKH�XQQDPHG�
WULEXWDU\�KDYH�DW�WLPHV�EHHQ�WR[LF�HQRXJK�WR�UHGXFH�WKH�DEXQGDQFH�RI��RU�HOLPLQDWH�HQWLUHO\��VRPH�RI�WKH�
VHQVLWLYH�VSHFLHV�XVXDOO\�IRXQG�LQ�WKLV�VWUHDP��5HVXOWV�RI�VDPSOLQJ�XQGHUWDNHQ�LQ�WKH�\HDU�SULRU�WR�WKLV�VXUYH\�
VKRZ�WKDW�WZR�RI�WKH�ILYH�VDPSOHV�FRQWDLQHG�FRQFHQWUDWLRQV�RI�XQLRQLVHG�DPPRQLD�DERYH�WKH�WR[LFLW\�
WKUHVKROG�RI�������J�P���7KLV�VKRZV�PDQDJHPHQW�RI�WKH�XQLRQLVHG�DPPRQLD�FRQFHQWUDWLRQV�KDV�
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GHWHULRUDWHG�VLQFH�WKH�SUHYLRXV�PRQLWRULQJ�VXUYH\��6KRXOG�XQLRQLVHG�DPPRQLD�FRQFHQWUDWLRQV�FRQWLQXH�WR�
H[FHHG�WKH�WR[LFLW\�WKUHVKROG�RQ�RFFDVLRQ��DQ�DGGLWLRQDO�PDFURLQYHUWHEUDWH�VXUYH\�DW�WKLV�WLPH�PLJKW�EH�
ZDUUDQWHG��$W�WKH�YHU\�OHDVW��WKH�ZDWHU�TXDOLW\�PRQLWRULQJ�ZLOO�QHHG�WR�FRQWLQXH�WR�DVVLVW�ZLWK�WKH�
LQWHUSUHWDWLRQ�RI�PDFURLQYHUWHEUDWH�UHVXOWV� 

�
)LJXUH���� ��7D[D�QXPEHUV�DQG�0&,�UHFRUGHG�WR�GDWH�DW�VLWH�7� 

 

&RQFOXVLRQV�
7KH�&RXQFLO·V�VWDQGDUG�¶VWUHDPEHG�NLFN·�DQG�¶YHJHWDWLRQ�VZHHS·�WHFKQLTXHV�ZHUH�XVHG�DW�ILYH�HVWDEOLVKHG�
VLWHV�WR�FROOHFW�VWUHDPEHG�PDFURLQYHUWHEUDWHV�IURP�WKH�+DHKDQJD�6WUHDP�FDWFKPHQW�LQ�RUGHU�WR�DVVHVV�
ZKHWKHU�WKH�5HPHGLDWLRQ��1=��/WG�FRPSRVWLQJ�DUHDV�KDG�KDG�DQ\�DGYHUVH�HIIHFWV�RQ�WKH�PDFURLQYHUWHEUDWH�
FRPPXQLWLHV�RI�WKHVH�VWUHDPV��6DPSOHV�ZHUH�SURFHVVHG�WR�SURYLGH�QXPEHU�RI�WD[D��ULFKQHVV���0&,��DQG�
640&,6�VFRUHV�IRU�HDFK�VLWH��'XH�WR�D�YHU\�GU\�VSULQJ�DQG�HDUO\�VXPPHU��IORZV�LQ�WKH�FDWFKPHQW�ZHUH�YHU\�
ORZ��$V�D�UHVXOW��VDPSOLQJ�RI�WKH�XQQDPHG�WULEXWDU\�ZDV�SUHFOXGHG�E\�WKHVH�ORZ�IORZV��7KHVH�ORZ�IORZV�DOVR�
UHVXOWHG�LQ�OLPLWHG�VDPSOLQJ�KDELWDW�DW�WKH�PDLQVWHP�VLWHV��DQG�FRQVHTXHQWO\�D�UHODWLYHO\�VPDOO�VDPSOH�ZDV�
FROOHFWHG�DW�WKHVH�VLWHV��DQG�LQ�VRPH�FDVHV��VDPSOLQJ�PHWKRGRORJ\�FKDQJHG�IURP�WKDW�W\SLFDOO\�SHUIRUPHG�
DW�WKHVH�VLWHV��,W�VKRXOG�EH�QRWHG�WKDW�ZKHUH�FRPPXQLW\�KHDOWK�LV�GLVFXVVHG�EHORZ��LW�LV�GRQH�VR�ZLWK�
UHIHUHQFH�WR�ZKDW�ZRXOG�EH�H[SHFWHG�LQ�VXFK�ORZ�IORZ��KDELWDW�UHVWULFWHG�FRQGLWLRQV���

7KH�0&,�LV�D�PHDVXUH�RI�WKH�RYHUDOO�VHQVLWLYLW\�RI�WKH�PDFURLQYHUWHEUDWH�FRPPXQLW\�WR�WKH�HIIHFWV�RI�RUJDQLF�
SROOXWLRQ�LQ�VWRQ\�VWUHDPV��,W�LV�EDVHG�RQ�WKH�SUHVHQFH�DEVHQFH�RI�WD[D�ZLWK�YDU\LQJ�GHJUHHV�RI�VHQVLWLYLW\�WR�
HQYLURQPHQWDO�FRQGLWLRQV��7KH�640&,6�WDNHV�LQWR�DFFRXQW�WD[D�DEXQGDQFH�DV�ZHOO�DV�VHQVLWLYLW\�WR�SROOXWLRQ��
DQG�PD\�UHYHDO�PRUH�VXEWOH�FKDQJHV�LQ�FRPPXQLWLHV��SDUWLFXODUO\�LI�QRQ�RUJDQLF�LPSDFWV�DUH�RFFXUULQJ��
6LJQLILFDQW�GLIIHUHQFHV�LQ�HLWKHU�WKH�0&,�RU�WKH�640&,6�EHWZHHQ�VLWHV�LQGLFDWH�WKH�GHJUHH�RI�DGYHUVH�HIIHFWV�
�LI�DQ\��RI�WKH�GLVFKDUJHV�EHLQJ�PRQLWRUHG��

7KH�PDFURLQYHUWHEUDWH�VXUYH\�FRQGXFWHG�RQ����-DQXDU\������REVHUYHG�IORZV�LQ�WKH�+DHKDQJD�FDWFKPHQW�
REVHUYHG�WR�EH�YHU\�ORZ��ZLWK�QR�GLVFHUQLEOH�IORZ�DW�VRPH�VLWHV��7KH�ZDWHU�KDG�D�\HOORZ�WDQQLQ�FRORXUDWLRQ�
DW�WKH�KHDG�RI�WKH�FDWFKPHQW��GHWHULRUDWLQJ�WR�EURZQ�DQG�FORXG\�DW�WKH�PRVW�GRZQVWUHDP�VLWH��7KH�KDELWDW�
OLPLWDWLRQ�FDXVHG�E\�WKH�ORZ�IORZV�UHVXOWHG�LQ�UHGXFHG�FRPPXQLW\�ULFKQHVVHV�DW�DOO�VLWHV��HVSHFLDOO\�DW�VLWH����
ZKHUH�RQO\�QLQH�WD[D�ZHUH�UHFRUGHG��7KLV�KDELWDW�OLPLWDWLRQ��FRXSOHG�ZLWK�D�FKDQJH�LQ�VDPSOLQJ�PHWKRG�DW�
VRPH�VLWHV�DOVR�FRQWULEXWHG�WR�UHGXFHG�FRPPXQLW\�KHDOWK��DV�DOO�VLWHV�UHFRUGHG�0&,�VFRUHV�ORZHU�WKDQ�WKHLU�
UHVSHFWLYH�PHGLDQV�DQG�WKDW�UHFRUGHG�LQ�WKH�SUHYLRXV�VXUYH\��2YHUDOO��WKLV�VXUYH\�IRXQG�WKDW�
PDFURLQYHUWHEUDWH�FRPPXQLWLHV�RI�WKH�PDLQVWHP�VLWHV�ZHUH�RI�DYHUDJH�WR�EHORZ�DYHUDJH�KHDOWK��
8QGHVLUDEOH�KHWHURWURSKLF�JURZWKV�ZHUH�QRW�UHFRUGHG�DW�DQ\�RI�WKH�VHYHQ�VLWHV�LQ�WKLV�VXUYH\��
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7KH�WZR�VLWHV�LQ�WKH�XQQDPHG�WULEXWDU\�ZHUH�QRW�VDPSOHG�LQ�WKH�FXUUHQW�VXUYH\��+RZHYHU��VRPH�SUHYLRXV�
ZDWHU�TXDOLW\�UHVXOWV�LQGLFDWH�WKDW�XQLRQLVHG�DPPRQLD�FRQFHQWUDWLRQV�LQ�WKH�XQQDPHG�WULEXWDU\�KDYH�DW�
WLPHV�EHHQ�WR[LF�HQRXJK�WR�UHGXFH�WKH�DEXQGDQFH�RI��RU�HOLPLQDWH�HQWLUHO\��VRPH�RI�WKH�VHQVLWLYH�VSHFLHV�
XVXDOO\�IRXQG�LQ�WKLV�VWUHDP��5HVXOWV�RI�VDPSOLQJ�XQGHUWDNHQ�LQ�WKH�\HDU�SULRU�WR�WKLV�VXUYH\�VKRZ�WKDW�WZR�
RI�WKH�ILYH�VDPSOHV�FRQWDLQHG�FRQFHQWUDWLRQV�RI�XQLRQLVHG�DPPRQLD�DERYH�WKH�WR[LFLW\�WKUHVKROG�RI�������
J�P���7KLV�VKRZV�PDQDJHPHQW�RI�WKH�XQLRQLVHG�DPPRQLD�FRQFHQWUDWLRQV�KDV�GHWHULRUDWHG�VLQFH�WKH�
SUHYLRXV�PRQLWRULQJ�VXUYH\��6KRXOG�XQLRQLVHG�DPPRQLD�FRQFHQWUDWLRQV�FRQWLQXH�WR�H[FHHG�WKH�WR[LFLW\�
WKUHVKROG�RQ�RFFDVLRQ��DQ�DGGLWLRQDO�PDFURLQYHUWHEUDWH�VXUYH\�DW�WKLV�WLPH�PLJKW�EH�ZDUUDQWHG���$W�WKH�YHU\�
OHDVW��WKH�ZDWHU�TXDOLW\�PRQLWRULQJ�ZLOO�QHHG�WR�FRQWLQXH�WR�DVVLVW�ZLWK�WKH�LQWHUSUHWDWLRQ�RI�
PDFURLQYHUWHEUDWH�UHVXOWV��

,Q�JHQHUDO��WKH�FRPPXQLWLHV�LQ�WKH�+DHKDQJD�6WUHDP�VLWHV�KDG�UHODWLYHO\�ORZ�SURSRUWLRQV�RI�VHQVLWLYH�WD[D��
/RZ�QXPEHUV�RI�VHQVLWLYH�WD[D�DUH�H[SHFWHG�LQ�VPDOO��VLOW\�ERWWRPHG�VWUHDPV�VXFK�DV�WKH�+DHKDQJD�6WUHDP�
DQG�WKH�QXPEHUV�RI�WD[D�ZHUH�JHQHUDOO\�VLPLODU�WR�RWKHU�ORZODQG�KLOO�FRXQWU\�VWUHDPV�VXUYH\HG�DW�VLPLODU�
DOWLWXGH��7KH�FRPPXQLW\�ULFKQHVV�DW�VLWH���DQG���ZDV�ORZHU�WKDQ�WKDW�UHFRUGHG�LQ�WKH�SUHYLRXV�VXUYH\��EXW�
KLJKHU�WKDQ�WKDW�UHFRUGHG�LQ�������ZKHQ�VLJQLILFDQW�GHWHULRUDWLRQ�ZDV�UHFRUGHG��0&,�YDOXHV�UHFRUGHG�LQ�WKH�
+DHKDQJD�6WUHDP�YDULHG�LQ�D�GRZQVWUHDP�GLUHFWLRQ��VRPHZKDW�D�W\SLFDO�IRU�WKLV�VXUYH\��ZKLFK�QRUPDOO\�
UHFRUGV�D�UHGXFLQJ�0&,�VFRUHV�LQ�D�GRZQVWUHDP�GLUHFWLRQ��7KH�ORZHVW�0&,�VFRUH�LQ�WKH�FXUUHQW�VXUYH\�ZDV�
UHFRUGHG�DW�VLWH�������XQLWV��DQG�WKH�KLJKHVW�DW�VLWH�������XQLWV���:LWK�WKH�H[FHSWLRQ�RI�VLWH����DOO�VLWHV�
UHFRUGHG�EHORZ�DYHUDJH�VFRUHV��VLJQLILFDQWO\�VR�IRU�VLWH�����

6LWH���KDV�H[KLELWHG�SRRUHU�PDFURLQYHUWHEUDWH�FRPPXQLWLHV�LQ�WKH�SDVW�FRPSDUHG�WR�RWKHU�VLWHV�XSVWUHDP��
7KLV�KDV�VXJJHVWHG�VRPH�OHYHO�RI�LPSDFW�IURP�WKH�FRPSRVWLQJ�RSHUDWLRQ��DOWKRXJK�WKH�H[WHQW�RI�DGYHUVH�
HIIHFWV�KDV�EHHQ�GLIILFXOW�WR�GHWHUPLQH�GXH�WR�SRRU�KDELWDW�TXDOLW\��'XULQJ�WKH�FXUUHQW�VXUYH\��WKH�0&,�VFRUH�
IRU�VLWH���ZDV�RQH�XQLW�OHVV�WKDQ�WKH�PHGLDQ�VFRUH�IRU�WKLV�VLWH��EXW�KLJKHU�WKDQ�WKDW�UHFRUGHG�DW�DQ\�RWKHU�
VLWH�LQ�WKLV�VXUYH\��7KLV�LQGLFDWHV�WKDW�WKH�VLJQLILFDQW�LPSURYHPHQW�UHFRUGHG�LQ�WKH�SUHYLRXV�VXUYH\�PD\�VWLOO�
EH�SUHVHQW��EXW�LV�VXSSUHVVHG�E\�WKH�ORZ�IORZ�FRQGLWLRQV��7KH�640&,6�VFRUH�UHFRUGHG�DW�VLWH���ZDV�UHGXFHG�
FRPSDUHG�ZLWK�WKDW�UHFRUGHG�DW�VLWH����,Q�DGGLWLRQ��WKH�UHVXOWV�IURP�WKH�FXUUHQW�VXUYH\�LQGLFDWH�WKDW�
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FRPPXQLW\�WR�EH�DVVHVVHG�DW�WKDW�SRLQW�LQ�WLPH��DQG�RYHU�WLPH��LW�ZLOO�DOVR�DOORZ�DQ�DVVHVVPHQW�RI�DQ\�
FKDQJH�LQ�FRPPXQLW\�KHDOWK��)LVK�FRPPXQLWLHV�FDQ�EH�LQIOXHQFHG�E\�RSHUDWLRQV�DW�WKH�FRPSRVWLQJ�VLWH��
SULQFLSDOO\�UHODWHG�WR�WKH�GLVFKDUJH�RI�ZDVWHZDWHU�IURP�WKH�VLWH��DQG�WKH�TXDOLW\�WKHUHRI���EXW�DOVR�E\�
FKDQJHV�LQ�LQVWUHDP�KDELWDW��7KH�EDQNV�RI�WKH�+DHKDQJD�6WUHDP�DUH�KLJKO\�XQVWDEOH�DQG�VXSSRUW�OLWWOH�LQ�WKH�
ZD\�RI�ULSDULDQ�YHJHWDWLRQ��ZLWK�WKH�H[FHSWLRQ�RI�UDQN�JUDVV���$V�D�UHVXOW��WKHUH�LV�VLJQLILFDQW�EDQN�VOXPSLQJ�
LQ�DUHDV��6KRXOG�WKH�VWUHDP�EH�IHQFHG�DQG�SODQWHG�LQ�D�ZD\�WKDW�DGHTXDWHO\�SURWHFWV�WKH�EDQNV�DQG�VWUHDP�
FKDQQHO��LW�LV�OLNHO\�WKDW�WKH�ILVK�FRPPXQLW\�ZRXOG�LPSURYH���

�

0HWKRGV��
,Q�WKLV�VXUYH\��WKUHH�VLWHV�ZHUH�VXUYH\HG�LQ�WKH�+DHKDQJD�6WUHDP��6LWH���ZDV�ORFDWHG�XSVWUHDP�RI�DOO�
FRPSRVWLQJ�DQG�ZDVWH�GLVSRVDO�DFWLYLWLHV��VLWH���ZDV�ORFDWHG�LPPHGLDWHO\�GRZQVWUHDP�RI�WKH�ORZHU�LUULJDWLRQ�
DUHD��ZKLOH�VLWH���ZDV�ORFDWHG�MXVW�XSVWUHDP�RI�6WDWH�+LJKZD\�����'HWDLOV�RI�WKH�VLWHV�VXUYH\HG�DUH�JLYHQ�LQ�
7DEOH���DQG�WKH�ORFDWLRQV�RI�WKH�VLWHV�VXUYH\HG�LQ�UHODWLRQ�WR�WKH�VLWH�DUH�VKRZQ�LQ�)LJXUH�����

�
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�

7KH�ILVK�SRSXODWLRQV�ZHUH�VDPSOHG�XVLQJ�I\NH�QHWV��3KRWR����DQG�JHH�PLQQRZ�WUDSV��$W�HDFK�VLWH��ILYH�JHH�
PLQQRZ�WUDSV�ZHUH�VHW��DQG�EDLWHG�ZLWK�0DUPLWH��7KH\�ZHUH�VHW�RYHUQLJKW��DPRQJ�PDFURSK\WHV�RU�
DORQJVLGH�ZRRG\�GHEULV��7ZR�I\NH�QHWV�ZHUH�DOVR�VHW�DW�HDFK�VLWH��D�VWDQGDUG�PHVK����PP��QHW�DQG�D�ILQH�
PHVK����PP���7KH�VWDQGDUG�PHVK�QHW�ZDV�VHW�GRZQVWUHDP��LQ�DWWHPSW�WR�LQWHUFHSW�DQ\�ODUJH�HHOV�PRYLQJ�
XS�IURP�GRZQVWUHDP��%RWK�I\NH�QHWV�ZHUH�EDLWHG�ZLWK�ILVK�IRRG�SHOOHWV��7KHVH�QHWV�ZHUH�DOVR�VHW�RYHUQLJKW��
$OO�ILVK�FDXJKW�ZHUH�LGHQWLILHG��FRXQWHG�DQG�PHDVXUHG��DQG�DQ\�HHOV�ORQJHU�WKDQ����PP�ZHUH�ZHLJKHG��
XVLQJ�HOHFWURQLF�VFDOHV�WKDW�PHDVXUHG�WR�WKH�QHDUHVW����JUDPV��$OO�QHWV�DQG�WUDSV�ZHUH�GHSOR\HG�RQ�WKH�
DIWHUQRRQ�RI����-DQXDU\�������DQG�UHWULHYHG�PLGPRUQLQJ�WKH�IROORZLQJ�GD\��

,Q�DGGLWLRQ�WR�WKH�QHWV�DQG�WUDSV�VHW�LQ�WKH�+DHKDQJD�6WUHDP��JHH�PLQQRZ�WUDSV�ZHUH�DOVR�VHW�LQ�WKH�
XQQDPHG�WULEXWDU\��7ZR�WUDSV�ZHUH�VHW�ERWK�XSVWUHDP�DQG�GRZQVWUHDP�RI�WKH�ZHWODQG�GLVFKDUJH��7KLV�LV�WKH�
VHFRQG�WLPH�WKLV�WULEXWDU\�ZDV�VXUYH\HG��DQG�ZDV�GRQH�WR�JDLQ�VRPH�XQGHUVWDQGLQJ�RI�ZKDW�PD\�LQKDELW�
WKLV�DUHD�RI�WKH�FDWFKPHQW��

7DEOH��� 6DPSOLQJ�VLWHV�VXUYH\HG�LQ�WKH�+DHKDQJD�6WUHDP�LQ�UHODWLRQ�WR�WKH�5HPHGLDWLRQ�1=�FRPSRVWLQJ�
RSHUDWLRQV��

6LWH� 6LWH�FRGH� 6WUHDP�1DPH� /RFDWLRQ�

�� ++*������� +DHKDQJD�6WUHDP�� 8SVWUHDP�RI�DOO�FRPSRVWLQJ�DQG�ZDVWH�ZDWHU�LUULJDWLRQ�DUHDV�

�� ++*������� +DHKDQJD�6WUHDP� ���PHWHUV�GRZQVWUHDP�RI�5HPHGLDWLRQ�1=�LUULJDWLRQ�DUHD�

�� ++*������� +DHKDQJD�6WUHDP� ���PHWUHV�XSVWUHDP�RI�6WDWH�+LJKZD\���EULGJH�

7�� ++*������� 8QQDPHG�7ULEXWDU\� ��PHWHUV�XSVWUHDP�RI�ZHWODQG�GLVFKDUJH�

7�� ++*������� 8QQDPHG�7ULEXWDU\� ���PHWHUV�GRZQVWUHDP�RI�ZHWODQG�GLVFKDUJH�

�



�

�

�
)LJXUH���/RFDWLRQ�RI�WKH�WKUHH�+DHKDQJD�6WUHDP�DQG�WZR�XQQDPHG�WULEXWDU\�VDPSOLQJ�VLWHV�LQ�UHODWLRQ�WR�

FRPSRVWLQJ�DQG�ZDVWHZDWHU�LUULJDWLRQ�DUHDV���

�
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� �
3KRWR��� $�I\NH�QHW�DQG�JHH�PLQQRZ�WUDS��VHW�DW�VLWH����+DHKDQJD�6WUHDP�����-DQXDU\������

5HVXOWV�DQG�'LVFXVVLRQ�
7KH�ILVK�PRQLWRULQJ�FRPSRQHQW�RI�WKH�FRPSOLDQFH�PRQLWRULQJ�SURJUDPPH�LV�XVXDOO\�VFKHGXOHG�IRU�
'HFHPEHU��WR�WDUJHW�WKH�KLJKHU�IORZV�W\SLFDOO\�SUHVHQW�LQ�HDUO\�VXPPHU��+RZHYHU��GXH�WR�D�YHU\�GU\�VSULQJ�
DQG�HDUO\�VXPPHU��WKH�FXUUHQW�VXUYH\�ZDV�GHOD\HG�LQ�WKH�KRSH�WKDW�UDLQV�ZRXOG�UHWXUQ�DQG�IORZV�ZRXOG�
UHFRYHU��$�UDLQ�HYHQW�RFFXUUHG�WHQ�GD\V�SULRU�WR�WKLV�VXUYH\��EXW�ZDV�QRW�VXIILFLHQW�WR�UHVWRUH�JURXQGZDWHU�
OHYHOV�WR�WKH�SRLQW�ZKHUH�WKHUH�ZDV�LPSURYHG�IORZ�LQ�WKH�+DHKDQJD�6WUHDP��$V�D�UHVXOW��WKH�FXUUHQW�VXUYH\�
ZDV�XQGHUWDNHQ�LQ�YHU\�ORZ�IORZV��ZLWK�QR�GLVFHUQLEOH�IORZ�DW�VLWH����DQG�YHU\�OLWWOH�IORZ�SUHVHQW�DW�VLWHV���DQG�
����

$OO�VLWHV�FRQWDLQHG�PRGHUDWH�ILVK�KDELWDW��ZLWK�GHHS�SRROV��DQG�PDFURSK\WH�EHGV�ERWK�RQ�WKH�EHG�DQG�RQ�
WKH�HGJH��7KH�VXEVWUDWH�RI�WKH�VXUYH\HG�SRROV�FRPSULVHG�SULPDULO\�RI�WKLFN�VLOW��ZLWK�VRPH�ODUJH�ORJV�SUHVHQW�
DW�VLWH����$OO�VLWHV�KDG�DW�OHDVW�VRPH�XQGHUFXW�EDQNV��EXW�WKHUH�ZDV�QR�RYHUKDQJLQJ�YHJHWDWLRQ�DW�DQ\�VLWH��
RWKHU�WKDQ�ORQJ�JUDVV��7KH�ZDWHU�DSSHDUDQFH�RI�WKH�+DHKDQJD�6WUHDP�ZDV�FOHDU�DQG�\HOORZ�DW�VLWH���DQG�
EURZQ�DQG�FORXG\�DW�VLWHV���DQG�����

7KH�XQQDPHG�WULEXWDU\�DOVR�KDG�YHU\�OLWWOH�WR�QR�IORZ��ZLWK�WKH�SRROV�FRQWDLQLQJ�FOHDU�DQG�XQFRORXUHG�ZDWHU���

:DWHU�WHPSHUDWXUHV�UHFRUGHG�GXULQJ�WKH�PDFURLQYHUWHEUDWH�VXUYH\��FRQGXFWHG�RQ�WKH�VDPH�GD\��UDQJHG�
IURP������WR������Ü&��ZKLFK�LV�SDUWLFXODUO\�ZDUP��ZHOO�DERYH�WKH�WKHUPDO�SUHIHUHQFH��DQG�QHDU�WR�WKH�
PD[LPXP�WKHUPDO�WROHUDQFH�RI�D�QXPEHU�RI�QDWLYH�ILVK�VSHFLHV��5LFKDUGVRQ��%RXEHH�DQG�:HVW�����������
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�

$�SUHYLRXV��'HFHPEHU�������VXUYH\�REVHUYHG�VHYHQ�GHDG�HHOV�DW��DQG�GRZQVWUHDP�RI�VLWH����,Q�DGGLWLRQ��D�
PDFURLQYHUWHEUDWH�VDPSOH�FROOHFWHG�XSVWUHDP�RI�VLWH���RQ�WKH�VDPH�GD\�VPHOW�RI�K\GURFDUERQV��DQG�WKHUH�
ZDV�D�K\GURFDUERQ�VKHHQ�QRWHG�RQ�WKH�VXUIDFH��7KLV�IROORZV�RQ�IURP�WKH�REVHUYDWLRQV�PDGH�GXULQJ�WKH�
'HFHPEHU������VXUYH\��ZKHQ�K\GURFDUERQV�ZHUH�UHOHDVHG�IURP�WKH�VHGLPHQW�DW�VLWH����1R�VXFK�
REVHUYDWLRQV�ZHUH�PDGH�GXULQJ�WKH�FXUUHQW�VXUYH\���

,W�LV�ZRUWK�QRWLQJ�WKDW�WKH�PDFURLQYHUWHEUDWH�VXUYH\�XQGHUWDNHQ�RQ�WKH�ILUVW�GD\�RI�WKH�ILVK�VXUYH\�IRXQG�
WKDW�PDFURLQYHUWHEUDWH�FRPPXQLWLHV�RI�ILYH�PDLQVWHP�VLWHV�ZHUH�LQ�DYHUDJH�WR�EHORZ�DYHUDJH�KHDOWK��7KLV�
ZDV�DWWULEXWHG�SULPDULO\�WR�WKH�ORZ�IORZ�FDXVLQJ�KDELWDW�OLPLWDWLRQ��FRXSOHG�ZLWK�D�FKDQJH�LQ�VDPSOLQJ�
PHWKRG�DW�VRPH�VLWHV��

7KH�IXOO�UHVXOWV�RI�WKH�ILVK�VXUYH\�DUH�VKRZQ�LQ�7DEOH���DQG�7DEOH����� �

�
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7DEOH��� 5HVXOWV�RI�WKH�FXUUHQW�ILVK�VXUYH\�DQG�D�VXPPDU\�RI�SUHYLRXV�VXUYH\V�XQGHUWDNHQ�LQ�WKH�XQQDPHG�
WULEXWDU\�RI�WKH�+DHKDQJD�6WUHDP�LQ�UHODWLRQ�WR�5HPHGLDWLRQ�1=·V�FRPSRVWLQJ�RSHUDWLRQV�

�

6LWH���
7KLV�VLWH�UHFRUGHG�MXVW�WZR�VSHFLHV��EHLQJ�ORQJILQ�DQG�VKRUWILQ�HHO��7KLV�LV�FRQVLVWHQW�ZLWK�WKDW�UHFRUGHG�LQ�
SUHYLRXV�VXUYH\V��,W�LV�OLNHO\�WKDW�WKLV�LV�UHODWHG�LQ�SDUW�WR�WKH�UHGXFHG�IORZ�WKDW�FDQ�RFFXU�DW�WKLV�VLWH��
UHVXOWLQJ�LQ�UHGXFHG�KDELWDW��$V�LQ�VRPH�SUHYLRXV�VXUYH\V��WKHUH�ZDV�OLWWOH�WR�NQRZ�IORZ�DW�WKLV�VLWH��)LVK�
SDVVDJH�PD\�DOVR�EH�LQIOXHQFLQJ�WKH�QXPEHU�RI�VSHFLHV�SUHVHQW�DW�WKLV�VLWH��DV�WKH�EDUULHUV�WR�ILVK�SDVVDJH�
REVHUYHG�GRZQVWUHDP�PD\�KDYH�SUHYHQWHG�ILVK�PLJUDWLQJ�XSVWUHDP�WR�WKLV�VLWH��7KLV�KDV�VHULRXV�
LPSOLFDWLRQV�IRU�LQDQJD��DV�WKLV�VSHFLHV�LV�D�VKRUW�OLYHG�VSHFLHV��DQG�PLJUDWHV�GRZQVWUHDP�DQQXDOO\�WR�VSDZQ��
ZLWK�MXYHQLOHV�PLJUDWLQJ�XSVWUHDP�GXULQJ�WKH�ZKLWHEDLW�VHDVRQ���

2YHUDOO��WZR�ILVK�ZHUH�UHFRUGHG�DW�WKLV�VLWH��ZKLFK�LV�D�UHGXFWLRQ�IURP�WKDW�UHFRUGHG�SUHYLRXVO\��7KLV�LV�OLNHO\�
D�UHIOHFWLRQ�RI�WKH�H[WHQGHG�SHULRG�RI�ORZHU�IORZV�SUHFHGLQJ�WKLV�VXUYH\��ZKLFK�PD\�KDYH�SURPSWHG�ILVK�WR�
HPLJUDWH�IURP�WKLV�UHDFK��,Q�DGGLWLRQ��WKH�ODFN�RI�IORZ�ZLOO�KDYH�UHGXFHG�WKH�H[WHQW�WKDW�WKH�EDLW�RGRXU�
WUDYHOOHG�GRZQVWUHDP��UHGXFLQJ�WKH�DWWUDFWLRQ�RI�ILVK�WR�WKH�QHWV���

7KLV�VLWH�LV�LQWHQGHG�DV�D�FRQWURO�VLWH�ZLWK�ZKLFK�WR�FRPSDUH�WKH�GRZQVWUHDP�UHVXOWV��'XH�WR�WKH�ODFN�RI�ILVK�
SDVVDJH��LW�FDQQRW�EH�FRQVLGHUHG�D�WUXH�FRQWURO�VLWH��,Q�DGGLWLRQ��LI�D�FXOYHUW�GRHV�QRW�SURYLGH�IRU�WKH�
SDVVDJH�RI�ILVK��LW�LV�QRQ�FRPSOLDQW�DQG�PXVW�EH�UHPHGLDWHG��6RPH�UHPHGLDO�ZRUNV�KDYH�EHHQ�XQGHUWDNHQ�
VLQFH�WKH�SUHYLRXV�VXUYH\�ZDV�FRPSOHWHG��+RZHYHU��IXUWKHU�UHPHGLDO�ZRUN�LV�UHTXLUHG��VR�LW�LV�RQFH�DJDLQ�
UHFRPPHQGHG�WKDW�WKH�VLWH�RSHUDWRU�LV�PDGH�DZDUH�RI�WKHVH�EDUULHUV�WR�ILVK�SDVVDJH��DQG�UHTXLUHG�WR�WDNH�
VWHSV�WR�UHPHGLDWH�WKHP��7KH�EDUULHUV�DUH�GLVFXVVHG�LQ�PRUH�GHWDLO�EHORZ���

6LWH���
7KLV�VLWH��ORFDWHG�LPPHGLDWHO\�GRZQVWUHDP�RI�WKH�ORZHVW�LUULJDWLRQ�DUHD��FRQWDLQHG�DQ�HTXLYDOHQW�VSHFLHV�
ULFKQHVV�����EXW�WKH�KLJKHVW�DEXQGDQFH������RI�WKH�WKUHH�VLWHV�VXUYH\HG��1R�LQDQJD�ZHUH�UHFRUGHG�DW�WKLV�VLWH�
GXULQJ�WKLV�VXUYH\��DOWKRXJK�WKLV�VSHFLHV�KDV�EHHQ�UHFRUGHG�DW�WKLV�VLWH�LQ�WKUHH�RI�WKH�IRXU�SUHYLRXV�VXUYH\V�
FRPSOHWHG��1DWXUDO�YDULDWLRQ�ZLOO�RFFXU�LQ�LQDQJD�SRSXODWLRQV�IURP�\HDU�WR�\HDU��DV�WKH\�UHFUXLW�DQQXDOO\��DQG�
DUH�WKHUHIRUH�VXEMHFW�WR�QXPHURXV�RWKHU�IDFWRUV��7KDW�QR�LQDQJD�ZHUH�UHFRUGHG��FRPSDUHG�ZLWK�D�PD[LPXP�
RI�HOHYHQ�LQ�������LV�QRW�QHFHVVDULO\�FDXVH�IRU�FRQFHUQ��DV�LW�LV�OLNHO\�WKDW�WKH�ORZ�IORZV�UHVXOWHG�LQ�ORZHU�
QXPEHUV��HLWKHU�WKURXJK�HPLJUDWLRQ��SUHGDWLRQ�RU�ORZ�GLVVROYHG�R[\JHQ�OHYHOV��7KHUH�PD\�KDYH�DOVR�EHHQ�
SUHGDWLRQ�ZLWKLQ�WKH�QHWV��HVSHFLDOO\�ZLWK�WKH�QXPEHU�RI�ODUJH�HHOV�FDXJKW�DOVR���

6LWH�� 7�� 7��

1HW�7UDS�W\SH�� 3UHYLRXV�UHVXOWV
���VXUYH\��

*HH�PLQQRZ
WUDS�

3UHYLRXV�UHVXOWV�
���VXUYH\V��

*HH�PLQQRZ
WUDS�

6DPSOLQJ�HIIRUW��PLQXWHV��� � ����� � �����

%DQGHG�.RNRSX�
�Galaxias 
fasciatus��

1XPEHU� �� �� �� ��

/HQJWK�UDQJH�
�PP�� ���� �� �� ��

7RWDO�QXPEHU�RI�VSHFLHV� �� �� �� ��

7RWDO�QXPEHU�RI�ILVK� �� �� �� ��
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7KLUWHHQ�HHOV�ZHUH�FDSWXUHG��RI�ZKLFK�WZR�ZHUH�ORQJILQ�HHOV��QRQH�RI�ZKLFK�ZHUH�SDUWLFXODUO\�ODUJH��ZLWK�WKH�
ODUJHVW�EHLQJ����PP�DQG�����NJ��7KLV�LV�D�UHGXFWLRQ�IURP�WKH�QXPEHU�RI�HHOV�UHFRUGHG�LQ�WKH�SUHYLRXV�
VXUYH\��ZKLFK�UHFRUGHG�HLJKWHHQ�HHOV��8QOLNH�LQ�WKH�PRUH�UHFHQW�VXUYH\V��WKHUH�ZDV�OLWWOH�GLIIHUHQFH�LQ�VL]H�
FODVV�GLVWULEXWLRQ��VLPLODU�WR�WKDW�UHFRUGHG�LQ�WKH�����������VXUYH\��ZKLFK�ZDV�DOVR�XQGHUWDNHQ�LQ�ORZ�IORZV�
�)LJXUH�����7KHUH�ZHUH�PRUH�VPDOOHU�HHOV�UHFRUGHG�DW�WKLV�VLWH�WKDQ�LQ�WKH�SUHYLRXV�VXUYH\��ZKLFK�LV�OLNHO\�

UHODWHG�WR�WKH�VPDOOHU�QXPEHU�RI�
ODUJH�HHOV��DQG�D�FRQVHTXHQW�
UHGXFWLRQ�LQ�SUHGDWLRQ�ZLWKLQ�WKH�
QHWV���

,W�LV�DSSDUHQW�WKDW�VLWH���VWLOO�KDG�D�
PXFK�KLJKHU�DEXQGDQFH�WKDQ�WKDW�
UHFRUGHG�XSVWUHDP�DW�VLWH����7KLV�
VXJJHVWV�WKDW�WKH�DFFHVV�FXOYHUW�
LPPHGLDWHO\�XSVWUHDP�RI�WKLV�VLWH�
PD\�VWLOO�EH�SRVLQJ�D�EDUULHU�WR�ILVK�
SDVVDJH��3KRWR�����6RPH�UHPHGLDO�
ZRUNV�KDG�EHHQ�XQGHUWDNHQ�LQ�WKH�
SDVW��ZLWK�JUDYHO�EHLQJ�XVHG�WR�
EXLOG�XS�WKH�EHG�OHYHO�DW�WKH�RXWOHW�
RI�WKH�ILUVW�SRRO�GRZQVWUHDP�RI�WKH�
FXOYHUW�SULRU�WR�WKH�����������

VXUYH\��:KLOH�WKLV�ZDV�DQ�DSSURSULDWH�DSSURDFK��DV�LW�OLIWHG�WKH�ZDWHU�OHYHO�DQG�UHVROYHG�WKH�SHUFKHG�QDWXUH�
RI�WKH�FXOYHUWV��WKH�PDWHULDO�XVHG�ZDV�WRR�ILQH�DQG�KDG�DOUHDG\�EHJXQ�VFRXULQJ�DZD\��'XULQJ�WKH�FXUUHQW�
VXUYH\��LW�ZDV�DSSDUHQW�WKDW�WKH�PDWHULDO�KDG�LQGHHG�ZDVKHG�DZD\��DQG�WKH�FXOYHUWV�ZHUH�DJDLQ�SHUFKHG��
5HPHGLDO�ZRUNV�DUH�WKHUHIRUH�RQFH�DJDLQ�UHTXLUHG���

3KRWR���7KH�DFFHVV�FXOYHUW�LPPHGLDWHO\�XSVWUHDP�RI�VLWH����'HFHPEHU�������OHIW���'HFHPEHU�������PLGGOH��DQG�
-DQXDU\�������ULJKW���

6LWH���
/RFDWHG�MXVW�XSVWUHDP�RI�6WDWH�+LJKZD\����WKLV�VLWH�SURYLGHV�VRPH�SHUVSHFWLYH��SURYLGLQJ�DQ�LQGLFDWLRQ�DV�WR�
WKH�H[WHQW�RI�LQIOXHQFH�IURP�WKH�XSVWUHDP�FRPSRVWLQJ�DFWLYLWLHV��7KLV�VLWH�FRQWDLQHG�VRPH�RI�WKH�EHVW�
KDELWDW��ZLWK�ODUJH�ORJV��GHHS�ZDWHU�DQG�XQGHUFXW�EDQNV��7KHVH�WKUHH�KDELWDW�IHDWXUHV�DUH�IUHTXHQWO\�XVHG�E\�
QRFWXUQDO�ILVK�DV�GD\WLPH�FRYHU���

1LQH�ILVK�ZHUH�UHFRUGHG�DW�WKLV�VLWH��VLPLODU�WR�WKDW�UHFRUGHG�LQ�WKH�SUHYLRXV�VXUYH\��,QDQJD�DQG�UHGILQ�EXOO\�
ZHUH�DEVHQW�GHVSLWH�EHLQJ�UHFRUGHG�LQ�RQH�RU�PRUH�SUHYLRXV�VXUYH\V��7KUHH�ORQJILQ�HHOV�DQG�VL[�VKRUWILQ�
HHOV�ZHUH�UHFRUGHG��DOWKRXJK�WKHUH�ZDV�D�ODFN�RI�VPDOO�LQGLYLGXDOV��ZKLFK�VHHPV�W\SLFDO�IRU�WKLV�VLWH��7DEOH�����
7KLV�VLWH�UHFRUGHG�WKH�VDPH�VSHFLHV�ULFKQHVV��WZR��DV�VLWH����ZLWK�D�VLPLODU�UDWLR�RI�ORQJILQ�WR�VKRUWILQ�HHOV��,W�
LV�SRVVLEOH�WKDW�SUHGDWLRQ�ZLWKLQ�WKH�QHWV�FRQWULEXWHG�WR�WKH�ORZ�VSHFLHV�ULFKQHVV�ODFN�RI�VPDOO�HHOV��DV�
VXJJHVWHG�LQ�SUHYLRXV�UHSRUWV��2YHUDOO��WKHVH�UHVXOWV�UHIOHFWHG�WKH�ORZ�IORZV�SUHVHQW�DW�WKH�WLPH�RI�WKLV�
VXUYH\��DQG�UHSUHVHQWHG�OLWWOH�FKDQJH�IURP�WKDW�UHFRUGHG�LQ�WKH�SUHYLRXV�VXUYH\��

)LJXUH��� 6L]H�FODVV�GLVWULEXWLRQ�RI�DOO�HHOV�UHFRUGHG�DW�VLWH���RYHU�
WKH�IRXU�VXUYH\V�FRPSOHWHG�WR�GDWH�



�

�

8QQDPHG�WULEXWDU\�
7KLV�WULEXWDU\�ZDV�VXUYH\HG�IRU�WKH�VHFRQG�WLPH�LQ�WKLV�VXUYH\��ZLWK�WKH�FXUUHQW�VXUYH\�EHLQJ�WKH�ILUVW�
RFFDVLRQ�ZKHQ�ERWK�VLWHV�7,�DQG�7��ZHUH�WUDSSHG��,W�VKRXOG�EH�QRWHG�WKDW�SUHYLRXV�PDFURLQYHUWHEUDWH�
VXUYH\V�KDYH�LQFLGHQWDOO\�UHFRUGHG�ILVK��LQFOXGLQJ�EDQGHG�NRNRSX�DQG�ORQJILQ�HHO��ZLWK�ODUJHU�XQLGHQWLILHG�
HHOV�REVHUYHG�EHORZ�WKH�ZHWODQG�GLVFKDUJH��8QIRUWXQDWHO\��QR�ILVK�ZHUH�UHFRUGHG�DW�HLWKHU�VLWH�LQ�WKH�
FXUUHQW�VXUYH\��ZKLFK�LV�D�UHIOHFWLRQ�RI�WKH�UHODWLYHO\�ORZ�LQWHQVLW\�WUDSSLQJ��EXW�DOVR�WKH�ORZ�IORZV�SUHVHQW�DW�
WKH�WLPH��,Q�WKH�SUHYLRXV�������������VXUYH\��RQH�EDQGHG�NRNRSX�ZDV�FDSWXUHG��3KRWR�����EHLQJ�DQ�
LQGLYLGXDO����PP�LQ�OHQJWK��OLNHO\�WR�EH�EHWZHHQ�WZR�DQG�WKUHH�\HDUV�ROG��+RSNLQV���������%DQGHG�NRNRSX�
DUH�FRQVLGHUHG�D�UHJLRQDOO\�GLVWLQFWLYH�VSHFLHV�LQ�7DUDQDNL��DQG�DV�VXFK��WKHLU�SUHVHQFH�LQ�WKLV�XQQDPHG�
WULEXWDU\�VKRZV�WKH�VLJQLILFDQW�YDOXHV�VXFK�VPDOO�VWUHDPV�FDQ�KDYH���

�
3KRWR��� %DQGHG�NRNRSX��Galaxias fasciatus��FDSWXUHG�LQ�WKH�XQQDPHG�WULEXWDU\�XSVWUHDP�RI�WKH�ZHWODQG�

GLVFKDUJH��'HFHPEHU������� 

6L]H�FODVV�GLVWULEXWLRQ�
$VVHVVLQJ�WKH�VL]H�FODVV�GLVWULEXWLRQ�RI�ILVK�SRSXODWLRQV�FDQ�SURYLGH�D�XVHIXO�SHUVSHFWLYH�RQ�ILVK�UHFUXLWPHQW��
DQG�WKH�ORQJ�WHUP�KHDOWK�RI�WKH�FRPPXQLW\��)RU�H[DPSOH��LI�UHFUXLWPHQW�ZHUH�UHVWULFWHG��WKHQ�WKHUH�ZRXOG�
EH�D�ODFN�RI�\RXQJ�ILVK��+RZHYHU��LW�FDQ�EH�LQIOXHQFHG�E\�RWKHU�DFWLYLWLHV�VXFK�DV�SHRSOH�IHHGLQJ�HHOV��RU�
FRPPHUFLDO�HHOLQJ�RSHUDWLRQV��,W�LV�WKHUHIRUH�UHFRPPHQGHG�WKDW�QR�VXFK�DFWLYLWLHV�WDNH�SODFH�RQ�WKH�
FRQVHQW�KROGHU·V�SURSHUW\��,W�VKRXOG�DOVR�EH�QRWHG�WKDW�JRRG�QXPEHUV�RI�ILVK�DUH�QHHGHG�WR�VXSSRUW�VWURQJ�
FRQFOXVLRQV��DQG�WKHUHIRUH�RQO\�WKH�VL]H�FODVV�GLVWULEXWLRQ�RI�HHOV��DV�RSSRVHG�WR�RWKHU�VSHFLHV��LV�GLVFXVVHG���

)LJXUH��)LJXUH���VKRZV�WKDW�D�ORZHU�QXPEHU�RI�HHOV�ZHUH�UHFRUGHG�LQ�WKH�FXUUHQW�VXUYH\�WKDQ�LQ�WKH������
�����VXUYH\��EXW�VLPLODU�WR�WKDW�UHFRUGHG�LQ�WKH���������VXUYH\��7KH�VL]H�FODVV�GLVWULEXWLRQ�ZDV�TXLWH�
GLIIHUHQW�KRZHYHU��ZLWK�QR�VL]H�FDWHJRU\�FOHDUO\�GRPLQDWLQJ�WKH�FRPPXQLW\��7KLV�GLIIHUV�WR�WKH�SUHYLRXV�
VXUYH\V��ZKLFK�KDYH�UHFRUGHG�WKH�PRVW�HHOV�LQ�WKH�����WR�����PP�VL]H�FODVV��7KH�PRVW�DEXQGDQW�VL]H�
FDWHJRU\�LQ�WKH�FXUUHQW�VXUYH\��DOEHLW�E\�RQO\�WZR�HHOV��ZDV�WKH���������PP�VL]H�FDWHJRU\���

7KLV�GLIIHUHQFH�LQ�WKH�QXPEHU�RI�HHOV�DQG�WKH�VL]H�FODVV�GLVWULEXWLRQ�FDQ�EH�DWWULEXWHG�WR�WKH�UHGXFHG�IORZ�
FRQGLWLRQV�GXULQJ�WKH�FXUUHQW�VXUYH\��7KLV�ORZHU�IORZ�PHDQW�WKDW�WKH�EDLW�VFHQW�ZDV�QRW�FDUULHG�DV�IDU�
GRZQVWUHDP��ZLWK�ILVK�DWWUDFWHG�IURP�D�VPDOOHU�DUHD�WKDQ�GXULQJ�KLJKHU�IORZV��7KLV�ZLOO�KDYH�FRQWULEXWHG�WR�
WKH�UHGXFHG�QXPEHU�RI�ODUJH�HHOV�LQ�WKH�QHWV��UHGXFLQJ�WKH�OLNHOLKRRG�RI�SUHGDWLRQ�LQ�WKH�QHWV��7KLV�DOORZHG�
IRU�DQ�LQFUHDVHG�VXUYLYDO�RI�VPDOOHU�HHOV���



�

�

�
)LJXUH��� 7KH�WRWDO�QXPEHU�RI�HHOV�UHFRUGHG�SHU�VXUYH\�

� �
)LJXUH��� 7KH�VL]H�FODVV�GLVWULEXWLRQ�RI�DOO�HHOV�FDSWXUHG�DW�DOO�VLWHV�RYHU�WKH�

WKUHH�VXUYH\V�XQGHUWDNHQ�WR�GDWH���

�

7KH�SUHVHQFH�RI�ODUJH�HHOV��FRXSOHG�ZLWK�WKH�KLJKHU�QXPEHUV�UHFRUGHG�LQ�WKH�SUHYLRXV�VXUYH\��LV�D�SRVLWLYH�
UHVXOW��DV�LW�VXJJHVWV�VRPH�UHFRYHU\�IURP�WKH�LPSDFWV�RI�FRPPHUFLDO�HHOLQJ��ZKLFK�LV�XQGHUVWRRG�WR�KDYH�
RFFXUUHG�MXVW�SULRU�WR�WKH���������VXUYH\��+RZHYHU��WKLV�UHFRYHU\�ZLOO�QRW�\HW�EH�FRPSOHWH��7KH�FRPPXQLW\�
ZLOO�WDNH�VRPH�WLPH�WR�UHFRYHU�IURP�WKH�LPSDFWV�RI�FRPPHUFLDO�HHOLQJ��DV�FRPPHUFLDO�HHOLQJ�PHWKRGV��I\NH�
QHWWLQJ��DUH�VR�HIILFLHQW�WKDW�����RI�WKH�HHOV�LQ�D�ILVKHG�DUHD�FDQ�EH�FDXJKW�LQ�D�VLQJOH�QLJKW��$V�D�UHVXOW��LW�
FDQ�WDNH�D�GHFDGH�RU�PRUH�IRU�WKH�HHO·V�SRSXODWLRQ�DW�VXFK�D�VLWH�WR�UHFRYHU��3&(���������,W�VKRXOG�EH�QRWHG�
WKDW�WKH�VDPSOLQJ�PHWKRGRORJ\�LV�OHVV�OLNHO\�WR�UHFRUG�HHOV�VPDOOHU�WKDQ����PP��FRPSDUHG�ZLWK�ODUJHU�HHOV��

)LVK�FRQGLWLRQ�
7KH�FRPSRVWLQJ�DFWLYLWLHV�XQGHUWDNHQ�DORQJVLGH�WKH�+DHKDQJD�6WUHDP�KDYH�WKH�SRWHQWLDO�WR�UHOHDVH�D�UDQJH�
RI�VXEVWDQFHV�WR�WKH�VWUHDP��LQFOXGLQJ�VRPH�WKDW�KDYH�WR[LF�HIIHFWV�RQ�WKH�IDXQD�RI�WKH�VWUHDP��7KH�GHJUHH�
RI�WR[LFLW\�FDQ�UDQJH�IURP�DFXWH��UHVXOWLQJ�LQ�TXLFN�GHDWK��WR�FKURQLF��ZKHUH�UHSHDWHG�H[SRVXUH�RYHU�WLPH�
PD\�UHVXOW�LQ�WKH�IDXQD�EHFRPLQJ�XQZHOO��DQG�RU�OHDYLQJ�WKH�DUHD��(HOV�FDSWXUHG�LQ�WKLV�VXUYH\�ZHUH�
PHDVXUHG�DQG�ZHLJKHG��7KLV�GDWD�LV�XVHG�WR�JDXJH�WKH�SK\VLFDO�FRQGLWLRQ�RI�WKH�ILVK��ZKLFK�FDQ�EH�D�XVHIXO�
LQGLFDWLRQ�RI�ILVK�KHDOWK��,I�ILVK�DW�RQH�VLWH�ZHUH�LQ�SRRUHU�FRQGLWLRQ�WKDQ�RWKHUV�LQ�WKH�VDPH�VWUHDP��WKHQ�LW�
ZRXOG�EH�H[SHFWHG�WKDW�WKH�VLFN�ILVK�RI�WKH�VDPH�OHQJWK�ZRXOG�EH�OLJKWHU���



�

�

)LJXUH���VKRZV�WKDW�DOO�RI�WKH�ORQJILQ�HHOV�UHFRUGHG�LQ�WKH�FXUUHQW�VXUYH\�ZHUH�LQ�EHWWHU�FRQGLWLRQ�WKDQ�
ZRXOG�EH�H[SHFWHG��6KRUWILQ�HHO�VKRZHG�D�VLPLODU�UHVXOW��DOWKRXJK�RQH�HHO�ZDV�IRXQG�WR�EH�XQGHUZHLJKW�E\�
�����7KH�IRXU�HHOV�FDSWXUHG�DW�VLWH���ZHUH�DOO�ZHOO�LQ�H[FHVV�RI�WKH�H[SHFWHG�ZHLJKW��D�UHVXOW�FRQVLVWHQW�ZLWK�
WKDW�UHFRUGHG�LQ�WKH�SUHYLRXV�WZR�VXUYH\V��7KLV�LQGLFDWHV�WKDW�WKH�ORQJILQ�HHO�FRPPXQLWLHV�ZHUH�LQ�EHWWHU�
SK\VLFDO�FRQGLWLRQ�WKDQ�ZRXOG�EH�H[SHFWHG��ZKLOH�WKH�VKRUWILQ�HHO�FRPPXQLWLHV�ZHUH�LQ�DYHUDJH�SK\VLFDO�
FRQGLWLRQ��7KLV�LV�GHVSLWH�WKH�ORZ�IORZV�DQG�OLNHO\�VWUHVVIXO�FRQGLWLRQV�WKDW�SUHFHGHG�WKLV�VXUYH\��UHIOHFWLQJ�
WKHLU�UHODWLYHO\�UREXVW�QDWXUH��7KLV�RYHUDOO�DYHUDJH�FRQGLWLRQ�LV�VLPLODU�WR�WKDW�WKDW�UHFRUGHG�LQ�WKH���������
DQG���������VXUYH\V��EXW�QRW�DV�KLJK�DV�UHFRUGHG�LQ�WKH�SUHYLRXV�WZR�VXUYH\V��ZKHQ�PRVW�ILVK�ZHUH�KHDYLHU�
WKDW�WKDW�SUHGLFWHG�E\�-HOO\PDQ�et al ��������7KH�WUHQG�OLQHV�LQ�)LJXUH���XVHG�WKH�HTXDWLRQ�IURP�WDEOH���IRU�
ORQJILQ�HHO�DQG�WDEOH���IRU�VKRUWILQ�HHO�IRXQG�LQ�-HOO\PDQ�et al ���������

2YHUDOO��WKHVH�ILVK�FRQGLWLRQ�UHVXOWV�VXJJHVW�WKDW�ILVK�FRQGLWLRQ�LV�EHWWHU�LQ�HDUO\�VXPPHU�WKDQ�ODWH�VXPPHU��
LQFOXGLQJ�DW�VLWH����7KLV�LV�FRQVLVWHQW�ZLWK�WKH�KLJKHU�DQG�FRROHU�HDUO\�VXPPHU�IORZ�FRQGLWLRQV�SURYLGLQJ�IRU�
LPSURYHG�KDELWDW�DQG�IRRG�VXSSO\��7KH�UHVXOWV�IURP�VLWH���VXJJHVW�WKDW�WKH�HHO�FRPPXQLW\�ZDV�LQ�SRRUHU�
KHDOWK�WKDQ�WKH�SUHYLRXV�VXUYH\��DOWKRXJK�WKH�HHOV�ZHUH�VWLOO�RI�DYHUDJH�FRQGLWLRQ�L�H��QRW�XQGHUZHLJKW��7KLV�
VXJJHVWV�WKDW�WKH�DFWLYLWLHV�DW�WKH�FRPSRVWLQJ�IDFLOLW\�KDG�QRW�DIIHFWHG�WKLV�FRPPXQLW\���

,Q�DGGLWLRQ�WR�OHQJWK�DQG�ZHLJKW�PHDVXUHPHQWV��HDFK�ILVK�ZDV�LQVSHFWHG�IRU�REYLRXV�SK\VLFDO�GDPDJH�RU�
DEQRUPDOLWLHV��1R�VXFK�IHDWXUHV�ZHUH�QRWHG���

� �
)LJXUH���� /RQJILQ�HHO�FRQGLWLRQ��OHIW��DQG�VKRUWILQ�HHO�FRQGLWLRQ��ULJKW��LQ�WKH�+DHKDQJD�6WUHDP��������

'HFHPEHU�������:HLJKW��.J��LV�RQ�WKH�\�D[LV��OHQJWK��PP��RQ�WKH�[�D[LV��7KH�WUHQG�OLQH�LV�WKH�
SUHGLFWHG�ZHLJKW��XVLQJ�HTXDWLRQV�IURP�-HOO\PDQ�et al �������

�

)LVK�3DVVDJH�
'XULQJ�WKLV�DQG�SUHYLRXV�VXUYH\V��WKUHH�DFFHVV�FXOYHUWV�ZHUH�LQVSHFWHG��DQG�DVVHVVHG�IRU�ILVK�SDVVDJH��7KH�
ORFDWLRQV�RI�WKHVH�FXOYHUWV�DUH�VXPPDULVHG�LQ�7DEOH�����,W�ZDV�QRWHG�WKDW�HDFK�RI�WKH�WKUHH�FXOYHUWV�LPSHGHG�
ILVK�SDVVDJH�LQ�VRPH�ZD\��

&XOYHUW����RQ�WKH�+DHKDQJD�6WUHDP�QHDU�WKH�FRPSRVWLQJ�SDGV��KDG�D�YHU\�VKDOORZ�IORZ��3KRWR�����ZKLFK�
ZRXOG�LQKLELW�PRVW�VZLPPHUV�LQFOXGLQJ�LQDQJD��7KH�RXWOHW�RI�WKLV�FXOYHUW�LV�XVXDOO\�WRR�VWHHS�DQG�ZDWHU�
VSHHGV�WRR�VZLIW��DQG�RQO\�VXLWDEOH�IRU�FOLPELQJ�VSHFLHV��7KH�ORZ�IORZV�GXULQJ�WKH�FXUUHQW�VXUYH\�UHGXFHG�
SDVVDJH�E\�UHGXFLQJ�GHSWK��)XUWKHUPRUH��WKH�ODUJH�URFNV�DGGHG�WR�WKH�VWUHDPEHG�KDG�PRYHG��IXUWKHU�
UHGXFLQJ�ZDWHU�GHSWK��7KLV�FXOYHUW�LV�LQ�QHHG�RI�UHPHGLDWLRQ���

&XOYHUW���KDV�WZR�SLSHV��RQH�WKDW�WDNHV�ORZ�IORZ��DQG�D�KLJKHU�RQH�WKDW�RQO\�IORZV�GXULQJ�KLJKHU�IORZV��%RWK�
FXOYHUWV�ZHUH�SHUFKHG��DOWKRXJK�WKH�ORZHU�FXOYHUW�RQO\�E\�D�PDWWHU�RI�DSSUR[LPDWHO\����PP���+RZHYHU��WKH�
ORZHU�FXOYHUW�DSSHDUHG�VXEMHFW�WR�EORFNDJH��3KRWR�����$OWKRXJK�NRNRSX�DQG�HHOV�KDYH�EHHQ�UHFRUGHG�
XSVWUHDP�RI�WKLV�FXOYHUW��WKHVH�VSHFLHV�DUH�JRRG�FOLPELQJ�VSHFLHV�DQG�KLJKO\�DGHSW�DW�QHJRWLDWLQJ�EDUULHUV�
WKDW�VZLPPLQJ�VSHFLHV�FDQQRW�SDVV��7KLV�FXOYHUW�ZLOO�VWLOO�UHGXFH�WKH�SDVVDJH�RI�FOLPELQJ�VSHFLHV��ZKLOH�
FRPSOHWHO\�SUHYHQWLQJ�WKH�SDVVDJH�RI�VZLPPLQJ�VSHFLHV���



�

�

&XOYHUW����D�GRXEOH�FXOYHUW�XQGHU�WKH�PDLQ�DFFHVV�WUDFN��ZDV�DJDLQ�SHUFKHG��3KRWR�����GXH�WR�WKH�UHPHGLDO�
ZRUNV�FRPSOHWHG�SULRU�WR�WKH�����������VXUYH\�KDYLQJ�ZDVKHG�DZD\��7KLV�ZDV�SUHGLFWHG�LQ�WKH�SUHYLRXV�
UHSRUW��-DQVPD���������DQG�DV�D�UHVXOW��UHPHGLDO�ZRUNV�DUH�RQFH�DJDLQ�UHTXLUHG���

,W�LV�LPSRUWDQW�WKDW�WKH�VLWH�RSHUDWRU�LV�PDGH�DZDUH�WKDW�WKHVH�FXOYHUWV�JHQHUDOO\�QHHG�RQJRLQJ�
PDLQWHQDQFH��DQG�WKDW�WKH�SURYLVLRQ�RI�ILVK�SDVVDJH�LV�D�UHTXLUHPHQW�WKDW�PXVW�EH�PHW�DW�DOO�WLPHV���

7DEOH��� &XOYHUWV�DVVHVVHG�IRU�ILVK�SDVVDJH�GXULQJ�WKH�FXUUHQW�ILVK�VXUYH\�
&XOYHUW�
QXPEHU�

/RFDWLRQ�
1=70�*36�
UHIHUHQFH�

��
+DHKDQJD�6WUHDP��QHDU�FRPSRVWLQJ�
SDGV�

����������������

��
8QQDPHG�WULEXWDU\��LPPHGLDWHO\�
XSVWUHDP�RI�+DHKDQJD�6WUHDP�

����������������

��
+DHKDQJD�6WUHDP��DW�GRZQVWUHDP�
H[WHQW�RI�LUULJDWLRQ�DUHD�

����������������

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

3KRWR��� &XOYHUW�����
7RS�OHIW��'HFHPEHU������
7RS�ULJKW��'HFHPEHU�������
%RWWRP�OHIW��-DQXDU\������

�
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3KRWR���&XOYHUW���
7RS�OHIW��'HFHPEHU������
7RS�ULJKW��'HFHPEHU������
%RWWRP�OHIW��-DQXDU\������
%RWWRP�ULJKW��,QWHULRU��-DQXDU\�������
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��

6XPPDU\�DQG�FRQFOXVLRQV�
2Q����DQG����-DQXDU\�������WKUHH�VLWHV�ZHUH�VXUYH\HG�IRU�IUHVKZDWHU�ILVK�LQ�WKH�+DHKDQJD�6WUHDP�LQ�UHODWLRQ�
WR�WKH�FRPSRVWLQJ�DFWLYLWLHV�XQGHUWDNHQ�E\�5HPHGLDWLRQ�1=�/WG��6LWH���ZDV�ORFDWHG�XSVWUHDP�RI�WKH�VLWH��VLWH�
��ORFDWHG�LPPHGLDWHO\�GRZQVWUHDP�RI�WKH�ORZHVW�H[WHQW�RI�WKH�LUULJDWLRQ�DUHD��DQG�VLWH���ZDV�ORFDWHG�MXVW�
XSVWUHDP�RI�6WDWH�+LJKZD\����7KH�VXUYH\�PHWKRG�LQYROYHG�GHSOR\LQJ�EDLWHG�ILQH�DQG�FRDUVH�PHVK�I\NH�QHWV�
DQG�JHH�PLQQRZ�WUDSV�DW�HDFK�VLWH�RYHUQLJKW��7KLV�VXUYH\�DOVR�LQFOXGLQJ�WUDSSLQJ�RI�WKH�XQQDPHG�WULEXWDU\�
WKDW�UHFHLYHV�WKH�ZHWODQG�GLVFKDUJH��ZLWK�WZR�JHH�PLQQRZ�WUDSV�VHW�ERWK�XSVWUHDP�DQG�GRZQVWUHDP�RI�WKH�
GLVFKDUJH��$OO�QHWV�DQG�WUDSV�ZHUH�UHFRYHUHG�WKH�IROORZLQJ�PRUQLQJ��ZLWK�DOO�ILVK�LGHQWLILHG��FRXQWHG�DQG�
PHDVXUHG��ZLWK�HHOV�JUHDWHU�WKDQ����PP�ZHLJKHG���

7KLV�VXUYH\�LV�XVXDOO\�VFKHGXOHG�IRU�'HFHPEHU��WR�WDUJHW�WKH�KLJKHU�IORZV�W\SLFDOO\�SUHVHQW�LQ�HDUO\�VXPPHU��
+RZHYHU��GXH�WR�D�YHU\�GU\�VSULQJ�DQG�HDUO\�VXPPHU��WKH�FXUUHQW�VXUYH\�ZDV�GHOD\HG�LQ�WKH�KRSH�WKDW�UDLQV�
ZRXOG�UHWXUQ�DQG�IORZV�ZRXOG�UHFRYHU��$�UDLQ�HYHQW�RFFXUUHG�WHQ�GD\V�SULRU�WR�WKLV�VXUYH\��EXW�ZDV�QRW�
VXIILFLHQW�WR�UHVWRUH�JURXQGZDWHU�OHYHOV�WR�WKH�SRLQW�ZKHUH�WKHUH�ZDV�LPSURYHG�IORZ�LQ�WKH�+DHKDQJD�
6WUHDP��$V�D�UHVXOW��WKH�FXUUHQW�VXUYH\�ZDV�XQGHUWDNHQ�LQ�YHU\�ORZ�IORZV��ZLWK�QR�GLVFHUQLEOH�IORZ�DW�VLWH����
DQG�YHU\�OLWWOH�IORZ�SUHVHQW�DW�VLWHV���DQG�����

$OO�VLWHV�FRQWDLQHG�PRGHUDWH�ILVK�KDELWDW��ZLWK�GHHS�SRROV��DQG�JRRG�FRYHU��,W�VKRXOG�EH�QRWHG�WKDW�ZDWHU�
WHPSHUDWXUHV�LQ�WKLV�VWUHDP�PD\�RFFDVLRQDOO\�H[FHHG�WKH�WKHUPDO�SUHIHUHQFH��DQG�PD[LPXP�WKHUPDO�
WROHUDQFH�RI�D�QXPEHU�RI�QDWLYH�ILVK�VSHFLHV��ZLWK�D�ZDWHU�WHPSHUDWXUH�RI�����Ü&�UHFRUGHG�GXULQJ�WKH�FXUUHQW�
VXUYH\��'XH�WR�WKH�UHGXFHG�IORZ�FRQGLWLRQV��ZKLFK�UHVXOWHG�LQ�OHVV�IORZ�SDVW�WKH�QHWV�DQG�WUDSV�DQG�UHGXFHG�
GLVWULEXWLRQ�RI�EDLW�RGRXU�GRZQVWUHDP��ILVK�DEXQGDQFH�DQG�QXPEHU�RI�VSHFLHV�UHFRUGHG�ZDV�ORZHU�WKDQ�
WKDW�UHFRUGHG�LQ�WKH�SUHYLRXV�VXUYH\��2YHU�DOO�VLWHV��WZHQW\�IRXU�ILVK�ZHUH�UHFRUGHG�DFURVV�WZR�VSHFLHV��
8QIRUWXQDWHO\�QR�ILVK�ZHUH�UHFRUGHG�LQ�WKH�XQQDPHG�WULEXWDU\��ZKHUH�D�EDQGHG�NRNRSX�ZDV�UHFRUGHG�LQ�WKH�
SUHYLRXV�VXUYH\���

8QOLNH�LQ�WKH�����������VXUYH\��ZKHQ�VHYHQ�GHDG�HHOV�ZHUH�REVHUYHG�DW�DQG�GRZQVWUHDP�RI�VLWH����WKHUH�
ZHUH�QR�REVHUYDWLRQV�PDGH�WKDW�SRVHG�DQ\�FRQFHUQ��7KHUH�ZDV�VRPH�GLVFRORXUDWLRQ�QRWHG�DW�VLWHV���DQG����
EXW�QR�REYLRXV�K\GURFDUERQ�FRQWDPLQDWLRQ�RI�WKH�+DHKDQJD�6WUHDP�OLNH�WKDW�UHFRUGHG�LQ�WKH�����������
DQG�����������VXUYH\V��7KH�GHJUHH�RI�GLVFRORXUDWLRQ�DW�VLWHV���DQG���ZDV�PLQRU��DQG�OLNHO\�D�UHIOHFWLRQ�RI�D�
ODFN�RI�IOXVKLQJ�GXH�WR�WKH�ORZ�IORZV��8SVWUHDP��WKH�ZDWHU�ZDV�FRORXUHG�\HOORZ�E\�GLVVROYHG�WDQQLQV��

,W�LV�ZRUWK�QRWLQJ�WKDW�WKH�PDFURLQYHUWHEUDWH�VXUYH\�XQGHUWDNHQ�RQ�WKH�ILUVW�GD\�RI�WKH�ILVK�VXUYH\�IRXQG�
WKDW�PDFURLQYHUWHEUDWH�FRPPXQLWLHV�RI�ILYH�PDLQVWHP�VLWHV�ZHUH�LQ�DYHUDJH�WR�EHORZ�DYHUDJH�KHDOWK��7KLV�
ZDV�DWWULEXWHG�SULPDULO\�WR�WKH�ORZ�IORZ�FDXVLQJ�KDELWDW�OLPLWDWLRQ��FRXSOHG�ZLWK�D�FKDQJH�LQ�VDPSOLQJ�
PHWKRG�DW�VRPH�VLWHV��

7KH�VLWH�WKDW�ZRXOG�EH�H[SHFWHG�WR�H[SHULHQFH�WKH�JUHDWHVW�LPSDFWV�VKRXOG�WKHUH�EH�DQ\�LV�VLWH����$W�WKLV�
VLWH��WZR�VSHFLHV�ZHUH�UHFRUGHG��DV�ZDV�WKH�KLJKHVW�DEXQGDQFH�����ILVK��RI�WKH�VXUYH\��,QDQJD�ZHUH�QRW�
SUHVHQW��GHVSLWH�EHLQJ�SUHVHQW�LQ�WKH�SUHYLRXV�VXUYH\��1DWXUDO�YDULDWLRQ�ZLOO�RFFXU�LQ�LQDQJD�SRSXODWLRQV�
IURP�\HDU�WR�\HDU��DV�WKH\�UHFUXLW�DQQXDOO\��DQG�DUH�WKHUHIRUH�VXEMHFW�WR�QXPHURXV�RWKHU�IDFWRUV��,W�VKRXOG�
DOVR�EH�QRWHG�WKDW�WKHUH�PD\�EH�SUHGDWLRQ�ZLWKLQ�WKH�QHWV��DV�QRWHG�LQ�WKH�SUHYLRXV�VXUYH\��ZKHQ�ODUJHU�HHOV�
KDG�FOHDUO\�LQJHVWHG�VPDOOHU�HHOV��,W�LV�YHU\�SRVVLEOH�WKDW�VPDOOHU�ILVK�VXFK�DV�LQDQJD�KDV�DOVR�EHHQ�SUHGDWHG�
XSRQ��DOWKRXJK�WKLV�ZDV�QRW�REYLRXV�ZKHQ�KDQGOLQJ�WKH�HHOV���

6LWH����IXUWKHU�GRZQVWUHDP�DOVR�UHFRUGHG�WZR�VSHFLHV��ZKLFK�LV�HTXDO�WR�WKDW�UHFRUGHG�LQ�WKH�SUHYLRXV�
VXUYH\��,QDQJD�ZHUH�DEVHQW��EXW�KDYH�EHHQ�UHFRUGHG�DW�WKLV�VLWH�SUHYLRXVO\��

(HOV�ZHUH�UHFRUGHG�DW�DOO�WKUHH�VLWHV��ZLWK�WKH�ODUJHVW�ORQJILQ�HHO�EHLQJ�UHFRUGHG�DW�VLWH����7KLV�LQGLYLGXDO�ZDV�
����PP�ORQJ��DQG�ZHLJKHG������NJ��7KH�VL]H�FODVV�GLVWULEXWLRQ�RI�WKH�HHOV�ZDV�TXLWH�GLIIHUHQW�WR�WKDW�
UHFRUGHG�LQ�WKH�SUHYLRXV�VXUYH\V��ZLWK�QR�VL]H�FODVV�FOHDUO\�GRPLQDWLQJ�WKH�FRPPXQLW\���7KLV�LV�SUREDEO\�D�
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UHIOHFWLRQ�RI�WKH�UHGXFHG�IORZ�FRQGLWLRQV�GXULQJ�WKH�FXUUHQW�VXUYH\��7KLV�ORZHU�IORZ�PHDQW�WKDW�WKH�EDLW�
VFHQW�ZDV�QRW�FDUULHG�DV�IDU�GRZQVWUHDP��ZLWK�ILVK�DWWUDFWHG�IURP�D�VPDOOHU�DUHD�WKDQ�GXULQJ�KLJKHU�IORZV��
7KLV�ZLOO�KDYH�FRQWULEXWHG�WR�WKH�UHGXFHG�QXPEHU�RI�ODUJH�HHOV�LQ�WKH�QHWV��UHGXFLQJ�WKH�OLNHOLKRRG�RI�
SUHGDWLRQ�LQ�WKH�QHWV��7KLV�DOORZHG�IRU�DQ�LQFUHDVHG�VXUYLYDO�RI�VPDOOHU�HHOV��,W�LV�OLNHO\�WKDW�WKH�FRPPXQLW\�LV�
VWLOO�LPSDFWHG�E\�WKH�FRPPHUFLDO�HHOLQJ�WKDW�LV�XQGHUVWRRG�WR�KDYH�RFFXUUHG�MXVW�SULRU�WR�WKH���������
VXUYH\��,W�LV�H[SHFWHG�LW�ZLOO�WDNH�RYHU�GHFDGH�IRU�WKH�FRPPXQLW\�WR�UHFRYHU�IURP�WKLV��7KH�SK\VLFDO�FRQGLWLRQ�
RI�WKH�HHOV�VKRZHG�WKDW�PRVW�RI�WKH�HHOV�FDSWXUHG�DW�DOO�WKUHH�VLWHV�ZHUH�LQ�DYHUDJH�FRQGLWLRQ��DOWKRXJK�WKH�
FRQGLWLRQ�RI�WKH�ORQJILQ�HHOV�ZDV�EHWWHU�WKDQ�ZRXOG�EH�H[SHFWHG��7KLV�LV�GHVSLWH�WKH�ORZ�IORZV�DQG�OLNHO\�
VWUHVVIXO�FRQGLWLRQV�WKDW�SUHFHGHG�WKLV�VXUYH\��UHIOHFWLQJ�WKHLU�UHODWLYHO\�UREXVW�QDWXUH��2YHUDOO��WKHVH�ILVK�
FRQGLWLRQ�UHVXOWV�VXJJHVW�WKDW�ILVK�FRQGLWLRQ�LV�EHWWHU�LQ�HDUO\�VXPPHU�WKDQ�ODWH�VXPPHU��LQFOXGLQJ�DW�VLWH����
7KLV�LV�FRQVLVWHQW�ZLWK�WKH�KLJKHU�DQG�FRROHU�HDUO\�VXPPHU�IORZ�FRQGLWLRQV�SURYLGLQJ�IRU�LPSURYHG�KDELWDW�
DQG�IRRG�VXSSO\��7KH�UHVXOWV�IURP�VLWH���VXJJHVW�WKDW�WKH�HHO�FRPPXQLW\�ZDV�LQ�SRRUHU�KHDOWK�WKDQ�WKH�
SUHYLRXV�VXUYH\��DOWKRXJK�WKH�HHOV�ZHUH�VWLOO�RI�DYHUDJH�FRQGLWLRQ�L�H��QRW�XQGHUZHLJKW��7KLV�VXJJHVWV�WKDW�
WKH�DFWLYLWLHV�DW�WKH�FRPSRVWLQJ�IDFLOLW\�KDG�QRW�DIIHFWHG�WKLV�FRPPXQLW\��1R�REVHUYHG�ILVK�H[KLELWHG�DQ\�
REYLRXV�SK\VLFDO�GDPDJH�RU�DEQRUPDOLWLHV�GXULQJ�WKH�FXUUHQW�VXUYH\���

7KUHH�DFFHVV�FXOYHUWV�ZHUH�DVVHVVHG�IRU�ILVK�SDVVDJH�GXULQJ�WKLV�VXUYH\��DQG�DOO�ZHUH�IRXQG�WR�SUHVHQW�D�
EDUULHU�WR�ILVK�SDVVDJH�DW�PRVW�LI�QRW�DOO�IORZV��(YHQ�LQ�KLJKHU�IORZV��LW�LV�OLNHO\�WKDW�WKHVH�FXOYHUWV�VHYHUHO\�
UHVWULFW�WKH�SDVVDJH�RI�VZLPPLQJ�VSHFLHV�VXFK�DV�LQDQJD��7KH�FXOYHUW�ORFDWHG�LPPHGLDWHO\�DERYH�VLWH���ZDV�
SHUFKHG��DV�WKH�UHPHGLDO�ZRUNV�FRPSOHWHG�SULRU�WR�WKH�SUHYLRXV�VXUYH\�KDG�VFRXUHG�DZD\��5HPHGLDO�ZRUNV�
DUH�UHTXLUHG�RQ�WKLV�FXOYHUW��DQG�RQ�WKH�UHPDLQLQJ�WZR�FXOYHUWV��ZKLFK�KDYH�EHHQ�LGHQWLILHG�DV�D�EDUULHU�IRU�D�
QXPEHU�RI�\HDUV���

,Q�VXPPDU\��WKH�UHVXOWV�RI�WKH�FXUUHQW�VXUYH\�GR�QRW�LQGLFDWH�WKDW�WKH�FRPSRVWLQJ�DFWLYLWLHV�DQG�ZDVWHZDWHU�
LUULJDWLRQ�XQGHUWDNHQ�E\�5HPHGLDWLRQ�1=�/WG��DORQJVLGH�WKH�+DHKDQJD�6WUHDP��KDYH�KDG�D�GHOHWHULRXV�
LPSDFW�RQ�WKH�ILVK�FRPPXQLWLHV�RI�WKLV�VWUHDP��7KLV�LV�FRQVLVWHQW�ZLWK�WKH�ILQGLQJV�RI�WKH�PDFURLQYHUWHEUDWH�
VXUYH\��FRPSOHWHG�RQ�WKH�VDPH�GD\��+RZHYHU��WKH�LPSDFW�RQ�ILVK�SDVVDJH�FDXVHG�E\�WKH�WKUHH�DFFHVV�
FXOYHUWV�LV�OLNHO\�WR�KDYH�FRQWULEXWHG�WR�WKH�UHGXFHG�VSHFLHV�ULFKQHVV�DW�VLWH����,W�LV�LPSRUWDQW�WKDW�WKH�VLWH�
RSHUDWRU�LV�PDGH�DZDUH�WKDW�WKHVH�FXOYHUWV�JHQHUDOO\�QHHG�RQJRLQJ�PDLQWHQDQFH��DQG�WKDW�WKH�SURYLVLRQ�RI�
ILVK�SDVVDJH�LV�D�UHTXLUHPHQW�WKDW�PXVW�EH�PHW�DW�DOO�WLPHV���

$OWKRXJK�RULJLQDOO\�SODQQHG�IRU�HDUO\�VXPPHU��WKLV�VXUYH\�ZDV�GHOD\HG�XQWLO�PLG�VXPPHU�LQ�WKH�KRSH�WKDW�
IORZV�ZRXOG�UHFRYHU�IURP�WKH�H[WHQGHG�SHULRG�RI�GU\�ZHDWKHU�WKDW�RFFXUUHG�LQ�ODWH�������,W�LV�UHFRPPHQGHG�
WKDW�WKLV�VXUYH\�FRQWLQXHV�WR�EH�VFKHGXOHG�IRU�HDUO\�VXPPHU��DQG�WKDW�VXUYH\V�FRQWLQXH�RQ�DQ�DQQXDO�EDVLV��
,Q�DGGLWLRQ��LW�LV�UHFRPPHQGHG�FRQVLGHUDWLRQ�EH�JLYHQ�WR�LQVWDOOLQJ�FRQWLQXRXV�ZDWHU�WHPSHUDWXUH�
PRQLWRULQJ�HTXLSPHQW�RYHU�WKH�VXPPHU�PRQWKV��WR�LPSURYH�WKH�XQGHUVWDQGLQJ�RI�KRZ�ZDWHU�WHPSHUDWXUH�
FKDQJHV�LQ�WKH�+DHKDQJD�6WUHDP��,W�LV�DOVR�UHFRPPHQGHG�WKDW�WKH�FRPSDQ\�EH�UHPLQGHG�RI�WKHLU�
UHVSRQVLELOLWLHV�UHJDUGLQJ�WKH�SURYLVLRQ�IRU�ILVK�SDVVDJH���
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