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0\[RP\FHWHV� �0\[RJDVWULD�� DUH� DPRHERLG�� IXQJL�OLNH�� VSRUH�SURGXFLQJ�

SURWLVWV�� WKDW�KDYH� WUDGLWLRQDOO\�EHHQ� VWXGLHG�E\�P\FRORJLVWV��7KH� JURXS� FRPSULVHV�
PRUH� WKDQ� ����� PRUSKRVSHFLHV LQ� �� RUGHUV� >�@�� %RWK� ]RRORJLFDO� DQG� ERWDQLFDO�
QRPHQFODWXUH�FRGHV�FDQ�EH�DSSOLHG� WR� WKHVH�RUJDQLVPV�VLQFH� LQ� WKH� ODWWHU�FDVH� WKH\�
DUH�FRQVLGHUHG�DV�RQH�RI�WKH�JURXSV�LQ�WKH�$PRHER]RD�FODGH >�@��IRUPLQJ�VSRURFDUSV�
� D� W\SH� RI� IUXLWLQJ� ERGLHV� >�@�� 0\[RP\FHWHV� SOD\� DQ� LPSRUWDQW� UROH� LQ� VRLO�
HFRV\VWHPV��WKH\�VLJQLILFDQWO\�LQIOXHQFH�WKH�SRSXODWLRQ�RI�RWKHU�PLFURRUJDQLVPV�DQG�
FRQVWLWXWH�XS�WR�����RI�WKH�FRPSOHWH�DPRHERLG�GLYHUVLW\�>�������@�

2QH� RI� WKH� PDLQ� IDFWRUV� LQIOXHQFLQJ� GLVWULEXWLRQ� RI� P\[RP\FHWHV� LV� WKH�
DFFHVVLELOLW\� RI� VXLWDEOH� VXEVWUDWHV�� 0\[RP\FHWH� WURSKLF� VWDJHV� �P\[DPRHED��
]RRVSRUHV�DQG�SODVPRGLD��SULPDULO\�LQKDELW�VRLO�RU�VXEVWUDWHV�GLUHFWO\�FRQQHFWHG�ZLWK�
LW�� VXFK� DV� URWWHQ�ZRRG�� JURXQG� OLWWHU�� OHDYHV� DQG� VWHPV� RI� OLYLQJ� JUDVVHV��PRVVHV��
OLFKHQV��ZHDWKHUHG� GXQJ�RI� KHUELYRURXV� DQLPDOV�� HWF��+RZHYHU�� WKHUH� H[LVW� VSHFLHV�
ZKRVH� OLIH� F\FOH� VWDJHV� SDVV� RQ� WKH� EDUN� RI� OLYLQJ� WUHHV� DQG� DOVR� LQ� WKH� OHDI� DQG�
EUDQFK�OLWWHU�XQGHU�WKH�IRUHVW�FDQRS\�>�@��7KH�ODWWHU�KDELWDW�LV�SUHVHQW�PRUH�RIWHQ�LQ�
YDULRXV� WURSLFDO�DQG�VXEWURSLFDO�ELRPHV�� ,Q�DGGLWLRQ� WR�YDVFXODU�SODQW�GHEULV��DHULDO�
KDELWDWV�RI�P\[RP\FHWHV�LQFOXGH�OLYHUZRUWV�DQG�OLFKHQV��FRYHULQJ�WUHH�OHDYHV�LQ�WKH�
XQGHUVWRU\� OD\HU� >��� �@�� LQIORUHVFHQFHV� RI� JLDQW� JUDVVHV� >���� ��@�� DQG� DOVR� VRLO��
DFFXPXODWLQJ�VWUDLJKW�LQ�WKH�FDQRS\�>�@ DQG�XVXDOO\�FRQQHFWHG�ZLWK�ODUJH�HSLSK\WHV�

&RUWLFRORXV�P\[RP\FHWHV�>�����@�DQG�P\[RP\FHWH�DVVHPEODJHV�RI�DHULDO�OLWWHU�
>������@�KDYH�EHHQ�UHFRUGHG�LQ�ERWK�1HRWURSLFV�DQG�3DOHRWURSLFV��LQFOXGLQJ�9LHWQDP�
>����������@� 7KH�GHVFULEHG�KDELWDWV�VLJQLILFDQWO\�GLIIHU� LQ�SK\VLFDO�SDUDPHWHUV��EXW�
FDQ�EH�VXLWDEOH�IRU�VLPLODU�P\[RP\FHWH�VSHFLHV��KRZHYHU��WKH�FRPSDUDWLYH�DQDO\VLV�
RI� P\[RP\FHWH� GLYHUVLW\� RI� WKHVH� WZR� VXEVWUDWH� DVVHPEODJHV� LQ� 9LHWQDP� KDV� QRW�
EHHQ�IXOILOOHG�

7KH�DLP�RI�WKLV�ZRUN�LV�WR�FRPSDUH�WKH�VSHFLHV�DQG�WD[RQRPLF�FRPSRVLWLRQ�RI�
WKHVH� WZR� HFRORJLFDO� DVVHPEODJHV� RI�P\[RP\FHWHV�� RFFXUULQJ� KLJK� DERYH� VRLO� DQG�
JURXQG�OLWWHU�

���0$7(5,$/6�$1'�0(7+2'6
7KHUH�DUH�WZR�PDLQ�W\SHV�RI�P\[RP\FHWH�VSHFLHV�UHJLVWUDWLRQ��WUDGLWLRQDO�ILHOG�

UHFRUGV�DQG�WKH�PRLVW�FKDPEHU�FXOWXUH�WHFKQLTXH�LQ�WKH�ODERUDWRU\��'XULQJ�WKLV�ZRUN�
ZH�XVHG�WKH�ODWWHU�PHWKRG��VLQFH�LW�LV�PRUH�VXLWDEOH�WR�UHYHDO�VSHFLHV�LQKDELWLQJ�WKH�
EDUN� RI� OLYLQJ� SODQWV� DQG� DHULDO� OLWWHU� DV� WKH\� KDYH� PLQXWH� VSRURFDUSV� ZKLFK� DUH�
FKDOOHQJLQJ� WR� QRWLFH� LQ� WKH� ILHOG� DQG� DOVR� WHQG� WR� EH� HDVLO\� GHVWUXFWHG� E\�
LQYHUWHEUDWHV��7KH�DQDO\VLV�ZDV�EDVHG�RQ�WKH�GDWD�IURP�WKUHH�QDWLRQDO�SDUNV��ZKHUH�
P\[RP\FHWHV� ZHUH� VWXGLHG� WKH�PRVW� LQWHQVLYHO\� GXULQJ� WKH� ODVW� ��� \HDUV�� QDPHO\�
3KLD�2DF�3KLD�'HQ��%LGRXS�1XL�%D�DQG�&DW�7LHQ��)LJ�����
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)LJXUH��� /RFDWLRQ�RI�WKH�VWXGLHG�

)RU� HYHU\� VSHFLPHQ� WKHUH� ZHUH�
JHRJUDSKLF� FRRUGLQDWHV�� YHJHWDWLRQ�
W\SH�DQG�GDWD�RQ�VXEVWUDWH�QRWHG�GRZQ��
VXFK� DV� D�� VXEVWUDWH� W\SH�� E�� KHLJKW�
DERYH� JURXQG� �IRU� EDUN� VDPSOHV��� F��
LQWHQVLW\� RI� OLJKW� H[SRVXUH�� G��
H[SRVXUH� WR� ZLQG�� H�� WH[WXUH� RI� WKH�
EDUN�VXUIDFH��IRU�EDUN�VDPSOHV���7KHVH�
SDUDPHWHUV�ZHUH�UHJLVWHUHG�LQ�WKH�ILHOG�
XVLQJ� D� VSHFLDOO\� GHYHORSHG� PRGXOH�
V\VWHP DQG� WKHQ� WUDQVIHUUHG� WR� WKH�
GDWDEDVH�� 7KH� VXEVWUDWH� S+� ZDV�
PHDVXUHG�ODWHU�LQ�WKH�ODERUDWRU\�

6XEVWUDWH� VDPSOHV� IRU� HYHU\�
PRLVW� FKDPEHU� ZHUH� FROOHFWHG� IURP�
H[DFWO\� RQH� VHSDUDWH�PLFURKDELWDW� DQG�
SODFHG�LQ�SDSHU�EDJV��,Q�WKH�ODERUDWRU\�
VDPSOHV� ZHUH� VHW� LQ� 3HWUL� GLVKHV�
FRYHUHG�ZLWK�PRLVW� ILOWHU� SDSHU� LQ� WKH�
ERWWRP��&XOWXUHV�ZHUH� VWRUHG� DW� URRP�
WHPSHUDWXUH� �������ɋ�� DQG� GLIIXVHG�
OLJKW�DQG�FKHFNHG���WLPHV��RQ�����������
�����������������������������������������GD\V�IURP�WKH�H[SHULPHQW�VWDUW��XVLQJ�WKH�
=HLVV�6WHPL VWHUHR�PLFURVFRSH��

'HWHUPLQDWLRQ� RI� VSHFLPHQV�ZDV� SHUIRUPHG� XVLQJ� VSHFLHV� NH\V��PRQRJUDSKV�
>���� ���� ��@ DQG� YDULRXV� ZHEVLWHV� RQ� WKH� ,QWHUQHW� �KWWS���ZZZ�GLVFRYHUOLIH�RUJ��
KWWS���ZZZ�HXP\FHWR]RD�FRP�� KWWS���VOLPHPROG�XDUN�HGX��� )HDWXUHV� RI� VSRURFDUSV�
DQG�VSRUHV�ZHUH�VWXGLHG�YLD�OLJKW�PLFURVFRS\��=HLVV�6WHPL�VWHUHR�PLFURVFRSH��=HLVV�
$[LR�,PDJHU�$��OLJKW�PLFURVFRSH��DQG� LQ�VRPH�FDVHV�-60������VFDQQLQJ�HOHFWURQ�
PLFURVFRSH�6(0��� $OVR�� ZH� UHIHUUHG� WR� WKH� PRGLILHG� P\[RP\FHWH� SK\ORJHQ\�
V\VWHP�>��@�

(YDOXDWLRQ� RI� VSHFLHV� FRPSRVLWLRQ� RI� VXEVWUDWH� DVVHPEODJHV� ZDV� FDUULHG� RXW�
XVLQJ� LQGLYLGXDO�EDVHG� ULFKQHVV� HVWLPDWRU� &KDR��� FDOFXODWHG� YLD� (VWLPDWH6� ������
>��@�� ,Q�RUGHU� WR� DVVHVV� FRPSOHWHQHVV�RI� WKH� UHYHDOHG�VSHFLHV� FRPSRVLWLRQ�� UDWLR�RI�
WKH�H[SHFWHG�QXPEHU�RI�VSHFLHV��EDVHG�RQ�WKH�&KDR��LQGH[��WR�WKH�UHFRUGHG�QXPEHU�
RI�VSHFLHV�ZDV�XVHG��6����&KDR�������6SHFLHV�FRPSRVLWLRQ�VLPLODULW\�RI�VXEVWUDWH�
DVVHPEODJHV�ZDV�FDOFXODWHG�XVLQJ�WKH�FRUUHFWHG�&KDR�6¡UHQVHQ�LQGH[�>��@�

6SHFLHV� GLYHUVLW\� �DOSKD� GLYHUVLW\�� ZDV� FDOFXODWHG� XVLQJ� WKH� 6KDQQRQ¶V�
GLYHUVLW\� LQGH[ܪ�ᇱ ൌ െσ  �� 

ோ
ୀଵ ��ZKHUH� SL � WKH� UHODWLYH� DEXQGDQFH� �QXPEHU�RI

LQGLYLGXDOV�RI�VSHFLHV� L� WR� WKH� WRWDO�QXPEHU�RI� LQGLYLGXDOV�RI�DOO�VSHFLHV�UDWLR���DQG�
DOVR�WKH�6LPSVRQ¶V�GLYHUVLW\�LQGH[ܦ� ൌ ͳȀσ 

ଶோ
ୀଵ ��7KH�PHDQ�QXPEHU�RI�VSHFLHV�SHU�

JHQXV��6�*��ZDV�XVHG�DV�DQ�LQGH[�RI�JHQHUDO�WD[RQRPLF�GLYHUVLW\�>��@�
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7KH�$&25�VFDOH ZDV�XVHG�WR�DVVHVV�WKH�VSHFLHV�DEXQGDQFH�>��@��,W�LV�EDVHG�RQ�
WKH�UDWLR�RI�WKH�QXPEHU�RI�LQGLYLGXDO�VSHFLHV�UHFRUGV�WR�WKH�WRWDO�QXPEHU�RI�UHFRUGV��
5�� UDUH�������������UHFRUGV���2�� RFFDVLRQDO�����������������UHFRUGV���&�� FRPPRQ�
���������������UHFRUGV�� $�� DEXQGDQW��!�����PRUH�WKDQ����UHFRUGV��

,QGLFDWRU�VSHFLHV�DQDO\VLV�ZDV�SHUIRUPHG�FRQVLGHULQJ����VSHFLHV�KDYLQJ�PRUH�
WKDQ� WKUHH� UHFRUGV� ����� UHFRUGV� LQ� WRWDO��� )RU� WKLV�� ³PXOWLSDWW´� IXQFWLRQ� IURP�
³LQGLFVSHFLHV´� SDFNDJH� LQ� 5� ZLWK� ³,QG9DO�J´� DV� DVVRFLDWLRQ� IXQFWLRQ� DQG� �����
SHUPXWDWLRQV�ZDV�XVHG�>��@�

7KH�DQQRWDWHG�VSHFLHV�OLVW�LV�JLYHQ�EHORZ��(YHU\�VSHFLHV�QDPH�LV�SURYLGHG�ZLWK�
WKH� IROORZLQJ� GDWD� LQ� EUDFNHWV�� VSHFLHV� DEXQGDQFH� DFFRUGLQJ� WR� WKH� $&25� VFDOH��
QXPEHU�RI�VSHFLPHQV�IRXQG�RQ�EDUN��E��DQG�DHULDO�OLWWHU��DOLW���QXPEHU�RI�VSHFLPHQV�
IRXQG� LQ�HDFK�RI� WKH� WKUHH�QDWLRQDO�SDUNV��7KH�VSHFLPHQ�FROOHFWLRQ� LV� VWRUHG� LQ� WKH�
P\FRORJLFDO�KHUEDULXP�RI�%,1�5$6��/(�)���

���5(68/76�$1'�',6&866,21

$UF\ULD�FLQHUHD �%XOO���3HUV��>$����@�E������DOLW������%,'�����&$7������3+2����

$UF\ULD�GHQXGDWD �/���:HWWVW��>5���@�E�����DOLW�����%,'�����&$7����

$UF\ULD�PDUJLQR�XQGXODWD 1DQQ��%UHPHN��	�<�<DPDP��>5���@�E�����3+2����

$UF\ULD�PLQXWD %XFKHW�>2���@�E�����DOLW�����&$7����

%DGKDPLD�DIILQLV 5RVWDI��>5���@�E�����&$7����

&ODVWRGHUPD�GHEDU\DQXP�$��%O\WW� >$����@�E������DOLW�����%,'������&$7������
3+2����

&ROORGHUPD�RFXODWXP �&��/LSSHUW��*��/LVWHU�>5���@�E�����3+2����

&ROODULD�DUF\ULRQHPD �5RVWDI���1DQQ��%UHPHN��H[�/DGR�>5���@�DOLW�����&$7����

&ROODULD�OXULGD �/LVWHU��1DQQ��%UHPHN��>5���@�DOLW�����&$7����

&RPDWULFKD�HOHJDQV��5DFLE���*��/LVWHU�>5���@�E�����DOLW�����%,'�����&$7����

&RPDWULFKD�SXOFKHOOD �&��%DE���5RVWDI��>5���@�DOLW�����%,'����

&RPDWULFKD� VSLQLVSRUD 1RYR]K��	 '�:�0LWFK�� >5�� �@� E�� ��� DOLW�� ��� %,'�� ���
&$7�����3+2����

&RPDWULFKD� WHQHUULPD �0��$��&XUWLV��*�� /LVWHU� >2�� �@� E�� ��� DOLW�� ��� %,'�� ���
&$7����

&ULEUDULD�FRQIXVD 1DQQ��%UHPHN��	�<��<DPDP�� >$����@�E������DOLW�����%,'��
����&$7������3+2�����)LJ���D��G��

&ULEUDULD�LQWULFDWD 6FKUDG��>5���@�E�����&$7����

&ULEUDULD�OHSLGD0H\O��>5���@�E�����&$7����
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&ULEUDULD�PLFURFDUSD �6FKUDG���3HUV�� >$����@�E������ DOLW�� ����%,'������&$7��
����3+2�����)LJ���E��H��

&ULEUDULD�PLQXWLVVLPD 6FKZHLQ��>$����@�E������%,'������)LJ���F��I��

&ULEUDULD�WHFWD +RRII�>5���@�E�����&$7�����3+2����

&ULEUDULD�WHQHOOD YDU��FRQFLQQD *��/LVWHU�>5���@�DOLW�����&$7����

&ULEUDULD�YLRODFHD 5H[�>$����@�E������DOLW�����&$7������3+2����

'LG\PLXP�GLIIRUPH �3HUV���*UD\�>2���@�E�����3+2����

6FDOH�EDUV��Q� �� �P��H� �����P��N��T� �����P��G��I��L� ������P��D��K��P��R� �
�����P��E��F��M��O��S� ������P��J� �������P�

'LG\PLXP�IORFFRLGHV 1DQQ��%UHPHN��	�<�<DPDP��>&����@�E�����DOLW�����&$7��
����3+2����

'LG\PLXP�LULGLV �'LWPDU��)U��>2���@�E�����DOLW�����&$7�����3+2����

'LG\PLXP�PLQXV �/LVWHU��0RUJDQ�>2���@�E�����&$7����

'LG\PLXP�QLJULSHV �/LQN��)U��>2����@�E�����DOLW�����&$7������3+2����

'LG\PLXP�YHUUXFRVSRUXP $�/�:HOGHQ�>5���@�DOLW�����&$7����

'LDFKHD�OHXFRSRGLD �%XOO���5RVWDI��>5���@�E�����3+2����

'LGHUPD�FKRQGULRGHUPD �GH�%DU\�	�5RVWDI���.XQW]H�>5���@�E�����3+2����

'LGHUPD�GHSODQDWXP )U��>&����@�E������3+2�����

'LGHUPD�HIIXVXP �6FKZHLQ���0RUJDQ�>&����@�E������DOLW�����%,'�����&$7�����

'LGHUPD�KHPLVSKDHULFXP �%XOO���+RUQHP��>2���@�E�����DOLW�����%,'�����&$7����

'LGHUPD�SVHXGRWHVWDFHXP 1RYR]K��	�'�:�0LWFK��>5���@�E�����&$7����

'LGHUPD�UXJRVXP �5H[��7�0DFEU��>5���@�E�����&$7����

(FKLQRVWHOLXP�DSLWHFWXP .�'�:KLWQH\�>2���@�E�����%,'����

(FKLQRVWHOLXP�EURRNVLL .�'�:KLWQH\�>5���@�E�����%,'����

(FKLQRVWHOLXP�FROOLFXORVXP .�'�:KLWQH\�	�+��:��.HOOHU�>5���@�E�����%,'����

(FKLQRVWHOLXP�HODFKLVWRQ $OH[RS��>5���@�E�����&$7����

(FKLQRVWHOLXP�PLQXWXP GH�%DU\�>$����@�E������DOLW�����%,'�����&$7������3+2�����

(QHUWKHQHPD�SDSLOODWXP �3HUV���5RVWDI��>5���@�E�����%,'����

+HPLWULFKLD�FDO\FXODWD �6SHJ���0�/�)DUU�>5���@�E�����DOLW�����&$7����

+HPLWULFKLD�OHLRWULFKD �/LVWHU��*�/LVWHU�>5���@�E�����3+2����

+HPLWULFKLD�PLQRU *�/LVWHU�>5���@�E�����%,'����

+HPLWULFKLD�SDUGLQD �0LQDNDWD��,QJ�>5���@�E�����DOLW�����&$7�����3+2����
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)LJXUH����&ULEUDULD�FRQIXVD �D��G���D�� *HQHUDO�YLHZ�RI�VSRURFDUSV��G�� 6SRUDQJLXP�
XQGHU�6(0��&ULEUDULD�PDFURFDUSD �E��H�� E�� *HQHUDO�YLHZ�RI�VSRURFDUSV��H�� 7RS�RI�

WKH�VSRUDQJLXP�XQGHU�6(0��&ULEUDULD�PLQXWLVVLPD��F��I���F�� *HQHUDO�YLHZ�RI�
VSRURFDUSV��I�� 6SRUDQJLXP�XQGHU�6(0��+HPLWULFKLD�VHUSXOD��J�� 3ODVPRGLRFDUS��

/LFHD�RSHUFXODWD� K��L�� 6SRURFDUSV��3HULFKDHQD�FKU\VRVSHUPD��M��N���M��
3ODVPRGLRFDUS��N�� 6SRUHV�DQG�SDUW�RI�FDSLOOLWLDO�WKUHDGV��3HULFKDHQD�GHSUHVVD� O��
6SRURFDUSV��3HULFKDHQD�GLFW\RQHPD��P��Q���P�� 6SRUDQJLD��Q�� &DSLOOLWLDO�WKUHDG��
3HULFKDHQD�SHGDWD� R�� 6SRUDQJLXP��6WHPRQLWLV�IXVFD��S��T�� S�� 6SRUDQJLD��T�� 6SRUHV
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+HPLWULFKLD�VHUSXOD �6FRS���5RVWDI��H[�/LVWHU�>&����@�E�����DOLW������&$7������
3+2�����)LJ���J��

/DPSURGHUPD�VFLQWLOODQV �%HUN��	 %URRPH��0RUJDQ�>&����@�E�����DOLW�����&$7�����

/LFHD�ELIRULV0RUJDQ�>5���@�E�����&$7����

/LFHD�EXOERVD 1DQQ��%UHPHN��	�<�<DPDP��>5���@�E�����3+2����

/LFHD�HOHDQRUDH ,QJ�>5���@�E�����&$7����

/LFHD�NOHLVWREROXV *�:�0DUWLQ�>5���@�E�����%,'�����&$7����

/LFHD� RSHUFXODWD �:LQJDWH�� *�:�0DUWLQ� >$�� ��@� E�� ���� %,'�� ��� &$7�� ����
3+2������)LJ���K��L��

/LFHD�VF\SKRLGHV 7�(�%URRNV�	�+�:�.HOOHU�>5���@�E�����&$7����

0DFEULGHROD�DUJHQWHD 1DQQ��%UHPHN��	�<��<DPDP��>5���@�E�����&$7����

0DFEULGHROD�FRUQHD �*�/LVWHU�	�&UDQ��$OH[RS��>5���@�E�����3+2����

0DFEULGHROD�RYRLGHD 1DQQ��%UHPHN��	�<�<DPDP��>5���@�E�����&$7����

0DFEULGHROD�VFLQWLOODQV +�&�*LOEHUW�>&����@�E������%,'�����&$7�����

0HWDWULFKLD� YHVSDULD �%DWVFK��1DQQ��%UHPHN�� H[�*�:�0DUWLQ�	�$OH[RS� >&��
��@�E�����DOLW�����&$7�����

3DUDGLDFKHRSVLV�ORQJLSHV +RRI�	�1DQQ��%UHPHN��>2���@�E�����DOLW�����%,'�����
3+2����

3DUDGLDFKHRSVLV�ULJLGD �%UkQG]ă��1DQQ��%UHPHN��>2���@�E�����&$7����

3DUDGLDFKHRSVLV� VROLWDULD �1DQQ��%UHPHN���1DQQ��%UHPHN�� >2���@�E�����%,'��
���3+2����

3HULFKDHQD�FDORQJHL /DGR��'�:ULJOH\�	�(VWUDGD�>5���@�DOLW�����3+2����

3HULFKDHQD�FKU\VRVSHUPD �&XUU���/LVWHU�>$����@�E������DOLW������%,'�����&$7��
����)LJ���M��N��

3HULFKDHQD�GHSUHVVD /LE��>2����@�E�����DOLW�����&$7������)LJ���O��

3HULFKDHQD�GLFW\RQHPD 5DPPHORR�>5���@�DOLW�����&$7�����3+2�����)LJ���P��Q��

3HULFKDHQD�HFKLQRORSKRVSRUD 1RYR]K��	�6�/�6WHSKHQVRQ�>5���@�E�����&$7����

3HULFKDHQD�SHGDWD �/LVWHU�	�*�/LVWHU��/LVWHU�H[�(�-DKQ�>5���@�DOLW�����&$7�����
3+2�����)LJ���R��

3HULFKDHQD�YHUPLFXODULV �6FKZHLQ���5RVWDI��>5���@�E�����DOLW�����&$7����

3K\VDUXP�DOEXP �%XOO���&KHYDOO��>2���@�E�����DOLW�����&$7����

3K\VDUXP�FRPSUHVVXP $OE��	�6FKZHLQ��>2���@�E�����DOLW�����&$7����

3K\VDUXP�GHFLSLHQV0�$�&XUWLV�>5���@�E�����&$7����
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3K\VDUXP�IODYLFRPXP %HUN��>5���@�DOLW�����&$7����

3K\VDUXP�ODNKDQSDOLL 1DQQ��%UHPHN��	�<�<DPDP��>5���@�E�����3+2����

3K\VDUXP�PHOOHXP �%HUN��	�%URRPH��0DVVHH�>5���@�DOLW�����&$7����

3K\VDUXP�REODWXP 7�0DFEU��>5���@�E�����DOLW�����&$7����

3K\VDUXP�SHQHWUDOH 5H[�>5���@�DOLW�����&$7����

3K\VDUXP�SXVLOOXP �%HUN��	�0�$�&XUWLV��*��/LVWHU�>5���@�DOLW�����&$7����

3K\VDUXP�URVHXP %HUN��	�%URRPH�>2���@�E�����DOLW�����&$7�����3+2����

3K\VDUXP�VXOSKXUHXP $OE��	�6FKZHLQ��>5���@�DOLW�����&$7����

3K\VDUXP�VXSHUEXP +DJHOVW��>2���@�E�����DOLW�����&$7����

3K\VDUXP�YLULGH �%XOO���3HUV��>5���@�E�����&$7����

6WHPRQLWLV�IXVFD 5RWK�>2����@�E�����DOLW������%,'�����&$7������)LJ���S��T��

6WHPRQLWLV�PXVVRRULHQVLV *�:�0DUWLQ��.�6�7KLQG�	�6RKL�>5���@�E�����&$7����

6WHPRQLWRSVLV�DHTXDOLV �3HFN��<�<DPDP��>5���@�DOLW�����&$7����

7ULFKLD�DPELJXD 6FKLUPHU��/�*�.ULHJOVW��	�)ODWDX�>2���@�E�����3+2����

7ULFKLD�GHFLSLHQV YDU��ROLYDFHD �0H\O���0H\O��>5���@�E�����3+2����

7ULFKLD�HUHFWD 5H[�>5���@�E�����%,'����

7ULFKLD�VFDEUD 5RVWDI��>5���@�E�����3+2����

$V�D� WRWDO�� �����PRLVW� FKDPEHU� FXOWXUHV�ZHUH� VWXGLHG�GXULQJ� WKH�H[SHULPHQW�
DQG�����UHFRUGV�ZHUH�PDGH��7KH\�UHVXOWHG�LQ����VSHFLHV�IURP���RUGHUV����IDPLOLHV��
DQG����JHQHUD��WKDW�ZHUH�HQFRXQWHUHG�RQ�ERWK�VXEVWUDWHV��&ODVWRGHUPD�GHEDU\DQXP�
DQG�(FKLQRVWHOLXP�PLQXWXP�ZHUH� LQGLFDWHG� DV� DEXQGDQW�� WKH� IRUPHU�ZDV� ��� WLPHV�
PRUH� UHVWULFWHG� WR� EDUN� DQG� WKH� ODWHU� � DERXW� ���� WLPHV� PRUH�� $QRWKHU� DEXQGDQW�
VSHFLHV�� 3HULFKDHQD� FKU\VRVSHUPD�� GHPRQVWUDWHG� QR� VXEVWUDWH� SUHIHUHQFHV� ����
UHFRUGV�RQ�EDUN�YV���� UHFRUGV�RQ� OLWWHU��� )RUW\�VHYHQ�VSHFLHV�ZHUH�FRQVLGHUHG�UDUH��
ZKLFK� LV� PRUH� WKDQ� D� KDOI� RI� WKH� WRWDO� QXPEHU�� DQG� �� VSHFLHV� ZHUH� PDUNHG� DV�
DEXQGDQW��%RWK�EDUN�DQG�DHULDO�OLWWHU�ZHUH�DOPRVW�HYHQO\�VWXGLHG�������DQG������SHU�
FHQW�UHVSHFWLYH��&RPSDULVRQ�RI�VWXG\�FRPSOHWHQHVV�LQ�HDFK�UHVHUYHV�GHPRQVWUDWHV�DQ�
REYLRXV� GHSHQGHQF\�� WKH� PRUH� UHFRUGV� DUH� PDGH�� WKH� PRUH� WKH� YDOXH� LV�� 7KH�
DEXQGDQFH�EDVHG�&KDR�6¡UHQVHQ�LQGH[�HTXDOV�������ZKLFK�LPSOLHV�D�KLJK�SURSRUWLRQ�
RI�DFWXDO�DQG�HVWLPDWHG�VKDUHG�VSHFLHV��DOWKRXJK�WKHUH�ZHUH�RQO\����RI�WKHP�

7KH� DQDO\VLV� RI� LQGLFDWRU� VSHFLHV� UHVXOWHG� LQ� ��� VSHFLHV� ZLWK� VLJQLILFDQW�
LQGLFDWRU�YDOXHV�IRU�RQH�RI� WKH� WZR�VXEVWUDWH� W\SHV��7DEOH����)LJ������)RU� WKH�PRLVW�
FKDPEHUV� ZLWK� DHULDO� OLWWHU�� HLJKW� VSHFLHV� VKRZHG� KLJK� LQGLFDWRU� YDOXHV�� LQFOXGLQJ�
3HULFKDHQD�FKU\VRVSHUPD��&ULEUDULD�PDFURFDUSD� DQG�$UF\ULD�FLQHUHD��)LYH�VSHFLHV�
GHPRQVWUDWHG� KLJK� LQGLFDWRU� YDOXHV� IRU� WKH� EDUN� RI� OLYLQJ� WUHHV�� ZLWK� &ULEUDULD�
FRQIXVD��&��PLQXWLVVLPD� DQG�/LFHD�RSHUFXODWD�KDYLQJ�WKH�KLJKHVW�,QG9DO�J�YDOXHV�
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,Q� WKH� FDVH� RI� $UF\ULD FLQHUHD�� LQGLFDWRU� YDOXHV� DUH� TXLWH� ELDVHG� VLQFH� WKLV�
VSHFLHV�LV�FRQVLGHUHG�XELTXLWRXV�DQG�RFFXSLHV�D�ZKROH�UDQJH�RI�YDULRXV�VXEVWUDWH��VR�
LW� LV� DOVR� YHU\� DEXQGDQW� RQ� DHULDO� OLWWHU�� 7KH� VDPH� LV� WUXH� IRU� RWKHU� VSHFLHV��
3HULFKDHQD� FKU\VRVSHUPD� DQG� &ULEUDULD PLFURFDUSD� RFFXU� OHVV� RIWHQ� WKDQ� WKH�
DIRUHPHQWLRQHG�VSHFLHV��7KH�GDWD�IURP�OLWHUDWXUH�>��@�DQG�RXU�UHVXOWV�VKRZ�WKDW�WKHVH�
VSHFLHV� DOVR� LQKDELW� JURXQG� OLWWHU�� ZRRG�� DQG� WKH� EDUN� RI� OLYLQJ� WUHHV�� 5HVW� RI� WKH�
3HULFKDHQD� VSHFLHV� OLVWHG� KHUH� �3�� GHSUHVVD�� 3�� GLFW\RQHPD�� DQG� 3�� SHGDWD�� DUH�
FRPPRQ� EDUN� LQKDELWDQWV� DQG� ZHUH� H[SHFWHG� WR� EH� LGHQWLILHG� DV� LQGLFDWRUV�� 7KH�
VLPLODU�VLWXDWLRQ�LV�ZLWK�DOO�LQGLFDWRU�VSHFLHV�RI�WKH�FRUWLFRORXV�DVVHPEODJH�

7KH�PRVW� SHFXOLDU� FDVH� LV� WKH� DEXQGDQFH� RI�6WHPRQLWLV� IXVFD�RQ� DHULDO� OLWWHU��
VLQFH� WKLV� LV� D� W\SLFDO� OLJQLFRORXV� VSHFLHV� LQ� UHJLRQV� ZLWK� ERUHDO� DQG� WHPSHUDWH�
FOLPDWH��6XFK�VXEVWUDWH�VZLWFKHV�PLJKW�RFFXU� LQ� WURSLFDO� IRUHVWV�GXH� WR� WKH�VSHFLILF�
HQYLURQPHQWDO�FRQGLWLRQV�

7DEOH����3DUDPHWHUV�FKDUDFWHUL]LQJ�P\[RP\FHWH�GLYHUVLW\�RQ�WKH�EDUN�

RI�OLYLQJ�WUHHV��E��DQG�DHULDO�OLWWHU��DOLW��LQ�WKUHH�QDWLRQDO�SDUNV�LQ�9LHWQDP

$OO 3+2 %,' &$7 E DOLW

5HF ��� ��� ��� ��� ��� ���

6S �� �� �� �� �� ��

* �� �� �� �� �� ��

6S�* ��� ��� ��� ��� ��� ���

&KDR� ������ ����� ����� ����� ����� �����

6' ����� ����� ����� ����� ����� �����

&RPS����� ���� ���� ���� ���� ���� ����

+
 ���� ���� ��� ���� ���� ���

' ����� ����� ���� ����� ����� �����

3+2�� 3KLD�2DF��%,'� � %LGRXS�1XL�%D��&$7� � &DW�7LHQ��5HF  �QXPEHU�RI�
VSHFLPHQV�� 6S  � QXPEHU� RI� PRUSKRVSHFLHV�� *  � QXPEHU� RI� JHQHUD�� 6S�*  �
PRUSKRVSHFLHV�QXPEHU���JHQHUD�QXPEHU��&KDR�� �HVWLPDWHG�VSHFLHV�QXPEHU��6'  �
&KDR��VWDQGDUG�GHYLDWLRQ��&RPS������ �UDWLR�RI�WKH�UHYHDOHG�QXPEHU�RI�VSHFLHV�WR�
WKH� HVWLPDWHG� QXPEHU� RI� VSHFLHV��+
� � 6KDQQRQ¶V� GLYHUVLW\� LQGH[��'  �6LPSVRQ¶V�
�LQYHUVH��GLYHUVLW\�LQGH[
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7DEOH����0\[RP\FHWH�VSHFLHV�ZLWK�D�VLJQLILFDQW�LQGLFDWRU�YDOXH
IRU�RQH�RI�WKH�VXEVWUDWH�W\SHV

6XEVWUDWH 6SHFLHV��UHFRUGV� &RPS��$ &RPS��% ,QG9DO�J S�YDOXH

DOLW 3HULFKDHQD�FKU\VRVSHUPD ���� ���� ���� ����� ������

DOLW &ULEUDULD�PLFURFDUSD ���� ������ ������� ����� ������

DOLW $UF\ULD�FLQHUHD ���� ������� ������� ����� �����

DOLW +HPLWULFKLD�VHUSXOD ���� ������� ��� ����� ������

DOLW 6WHPRQLWLV�IXVFD ���� ������� ������� ����� ������

DOLW 3HULFKDHQD�GHSUHVVD ���� ������� ������� ����� ������

DOLW 3HULFKDHQD�GLFW\RQHPD ��� � ������� ����� ������

DOLW 3HULFKDHQD�SHGDWD ��� � ������� ����� ������

E &ULEUDULD�FRQIXVD ���� ������� ������� ����� ������

E &ULEUDULD�PLQXWLVVLPD ���� � ������� ����� �����

E /LFHD�RSHUFXODWD ���� � ������� ����� ������

)RU�D�VSHFLHV��³&RPS��$´�LV�WKH�SUREDELOLW\�WKDW�WKH�VXUYH\HG�VLWH�EHORQJV�WR�
WKH�WDUJHW�VLWH�JURXS�JLYHQ�WKH�IDFW�WKDW�WKH�VSHFLHV�KDV�EHHQ�IRXQG��DQG�³&RPS��%´�
LV�WKH�SUREDELOLW\�RI�ILQGLQJ�WKH�VSHFLHV�LQ�VLWHV�EHORQJLQJ�WR�WKH�VLWH�JURXS��,QG9DO�J�
LV� D� IXQFWLRQ� RI� ERWK� FRPSRQHQWV�� 6LJQLILFDQFH� OHYHOV�� � �������� � ������������
$EEUHYLDWLRQV��DOLW�� DHULDO�OLWWHU��E�� EDUN�RI�OLYLQJ�WUHHV�

���&21&/86,21

� $� WRWDO� RI� ���� UHFRUGV� RI� ���P\[RP\FHWHV�ZHUH� UHFRYHUHG� IURP� WKH� �����
PRLVW� FKDPEHU� FXOWXUHV� SUHSDUHG�� $OWRJHWKHU�� ��� PRUSKRVSHFLHV� RI� P\[RP\FHWHV�
ZHUH�UHFRUGHG�

� 7ZR�W\SHV�RI�P\[RP\FHWH�DVVHPEODJHV�ZHUH�VWXGLHG��RQ�EDUN�DQG�RQ�DHULDO�
OLWWHU�� %RWK� RI� WKHP� ZHUH� FKDUDFWHUL]HG� E\� WKH� VDPH� VXUYH\� FRPSOHWHQHVV� EXW� E\�
GLIIHUHQW�LQGLFDWRU�VSHFLHV�

� $V�D� UHVXOW��3HULFKDHQD�FKU\VRVSHUPD��&ULEUDULD�PDFURFDUSD� DQG�$UF\ULD�
FLQHUHD ZHUH� UHFRJQL]HG� DV� LQGLFDWRU� VSHFLHV� IRU� DHULDO� OLWWHU� ZKHUHDV� &ULEUDULD�
FRQIXVD��&� PLQXWLVVLPD� DQG�/LFHD�RSHUFXODWD�� IRU�EDUN�

5()(5(1&(6

�� /DGR� &��� $Q� RQ�OLQH� QRPHQFODWXUDO� LQIRUPDWLRQ� V\VWHP� RI� (XP\FHWR]RD��
KWWS���ZZZ�HXP\FHWR]RD�FRP��DFFHVVHG�ODVW�����������������������
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�� )LRUH�'RQQR�$��0���&OLVVPDQQ�)���0H\HU�0���6FKQLWWOHU�0���&DYDOLHU�6PLWK�7��
7ZR�JHQH�SK\ORJHQ\�RI�EULJKW�VSRUHG�0\[RP\FHWHV��VOLPH�PRXOGV��VXSHURUGHU�
/XFLVSRULGLD���3OR6�21(��������H������

�� +LOOPDQQ� )��� )RUEHV� *��� 1RYRKUDGVNi� 6��� )HUOLQJ� ,��� 5LHJH� .��� *URWK� 0���
:HVWHUPDQQ�0���0DU]�0���6SDOOHU�7���:LQFNOHU�7���6FKDDS�3���*O|FNQHU�*���
0XOWLSOH�URRWV�RI�IUXLWLQJ�ERG\�IRUPDWLRQ�LQ�$PRHER]RD��*HQRPH�%LRORJ\�DQG�
(YROXWLRQ�������������������

�� *HLVHQ�6���.¡OOHU�5���+�QQLQJKDXV�0���'XPDFN�.���8ULFK�7���%RQNRZVNL�0���
7KH� VRLO� IRRG� ZHE� UHYLVLWHG�� GLYHUVH� DQG� ZLGHVSUHDG� P\FRSKDJRXV� VRLO�
SURWLVWV��6RLO�%LRORJ\�DQG�%LRFKHPLVWU\�����������������

�� *HLVHQ�6���7YHLW�$��7���&ODUN�,��0���5LFKWHU�$���6YHQQLQJ�0��0���%RQNRZVNL�0��
8ULFK� 7���0HWDWUDQVFULSWRPLF� FHQVXV� RI� DFWLYH� SURWLVWV� LQ� VRLOV�� 7KH� ,60(�
-RXUQDO��������������������

�� 8ULFK� 7��� /DQ]pQ� $��� 4L� -��� +XVRQ� '�� +��� 6FKOHSHU� &��� 6FKUXVWHU� 6�� &���
6LPXOWDQHRXV�DVVHVVPHQW�RI� VRLO�PLFURELDO� FRPPXQLW\� VWUXFWXUH�DQG� IXQFWLRQ�
WKURXJK�DQDO\VLV�RI�WKH�PHWD�WUDQVFULSWRPH��3/R6�21(��������H�����

�� 1RYR]KLORY� <�� .��� 5ROOLQV� $��� 6FKQLWWOHU� 0��� (FRORJ\� DQG� GLVWULEXWLRQ� RI�
0\[RP\FHWHV��0\[RP\FHWHV��ELRORJ\��V\VWHPDWLFV��ELRJHRJUDSK\�DQG�HFRORJ\��
$FDGHPLF�3UHVV��/RQGRQ������E���SS���������

�� 6FKQLWWOHU� 0��� )ROLLFRORXV� OLYHUZRUWV� DV� D� PLFURKDELWDW� IRU� 1HRWURSLFDO�
0\[RP\FHWHV��1RYD�+HGZLJLD�������������������

�� 6WHSKHQVRQ� 6�� /��� 6FKQLWWOHU� 0��� /DGR� &��� (FRORJLFDO� FKDUDFWHUL]DWLRQ� RI� D�
WURSLFDO� P\[RP\FHWH� DVVHPEODJH�0DTXLSXFXQD� &ORXG� )RUHVW� 5HVHUYH��
(FXDGRU��0\FRORJLD�������������������

��� 1RYR]KLORY� <�� .��� 6KFKHSLQ� 2�� 1��� 6FKQLWWOHU� 0��� 'DJDPDF� 1�� +�� $���
$OH[DQGURYD�� 3RSRY� (�� 6��� .X]QHWVRY� $�1��� 0\[RP\FHWHV� DVVRFLDWHG� ZLWK�
PRXQWDLQ�WURSLFDO�IRUHVWV�RI�%LGRXS�1XL�%D�DQG�&KX�<DQJ�6LQ�QDWLRQDO�SDUNV�
�'DODW�3ODWHDX��VRXWKHUQ�9LHWQDP���1RYD�+HGZLJLD��������������������

��� 6FKQLWWOHU� 0��� 6WHSKHQVRQ� 6�� /��� ,QIORUHVFHQFHV� RI� 1HRWURSLFDO� KHUEV� DV� D�
QHZO\�GLVFRYHUHG�PLFURKDELWDW�IRU�P\[RP\FHWHV��0\FRORJLD����������������

��� 6WHSKHQVRQ� 6�� /��� 0DUEDQLDQJ� 7�� 0��� *XSWD� 3��� 5RMDV� &��� $VVHPEODJHV� RI�
FRUWLFRORXV�P\[RP\FHWHV�DVVRFLDWHG�ZLWK�VSHFLHV�RI�3LQXV� �3LQDFHDH�� LQ� IRXU�
GLIIHUHQW�UHJLRQV�RI�WKH�ZRUOG��1RYD�+HGZLJLD��������������������

��� %ODFN�'��5��� 6WHSKHQVRQ� 6�� /��� 3HDUFH�&���0\[RP\FHWHV� DVVRFLDWHG�ZLWK� WKH�
DHULDO� OLWWHU� PLFURKDELWDW� LQ� WURSLFDO� IRUHVWV� RI� 1RUWKHUQ� 4XHHQVODQG�
6\VWHPDWLFV�DQG�*HRJUDSK\�RI�3ODQWV�������������������



EŐŚŝġŶ�ĐӈƵ ŬŚŽĂ�ŚҸĐ�ĐƀŶŐ�ŶŐŚҵ

dҢƉ�ĐŚş�<ŚŽĂ�ŚҸĐ�ǀă��ƀŶŐ�ŶŐŚҵ ŶŚŝҵƚ�ĜӀŝ͕�^Һ Ϯϰ͕�ϭϭͲϮϬϮϭ ϱϭ

��� 6WHSKHQVRQ� 6�� /��� (VWUDGD�7RUUHV� $��� 6FKQLWWOHU� 0��� /DGR� &��� :ULJOH\� 'H�
%DVDQWD� '��� 2JDWD� 1��� 'LVWULEXWLRQ� DQG� HFRORJ\� RI� 0\[RP\FHWHV� LQ� WKH�
IRUHVWVWV� RI� <XFDWDQ�� ,Q�� *RPH]�3RPSD� $�� $OOHQ� 0�� )��� )HGLFN� 6�� /�� 	�
-LPLQH]�2VRUQLR� -�� -�� �HGV����7KH�/RZODQG�0D\D� DUHD��7KUHH�0LOOHQLD� DW� WKH�
+XPDQ�:LOGODQG�,QWHUIDFH��)RRG�3URGXFW�SUHVV��1HZ�<RUN��/RQGRQ��2[IRUG��
������SS����������

��� )HGRURYD� 1�� $��� 1RYR]KLORY� <�� .��� *PRVKLQVNL\� 9�� ,��� 'LYHUVLW\� RI� VOLPH�
PRXOGV��0\[RP\FHWHV� �0\[RJDVWUHD��LQ�PRXQWDLQ�WURSLFDO�IRUHVWV�RI�WKH�3KLD�
2DF� 5HVHUYH� �QRUWKHUQ� 9LHWQDP�� UHYHDOHG� E\� PRLVW� FKDPEHU� FXOWXUHV��
0LNRORJL\D�,�)LWRSDWRORJL\D�������������������

��� 1RYR]KLORY� <�� .��� (UDVWRYD� '�� $��� 6KFKHSLQ� 2�� 1��� 6FKQLWWOHU� 0���
$OHNVDQGURYD�$��9���3RSRY�(��6���.X]QHWVRY�$��1���0\[RP\FHWHV�DVVRFLDWHG�
ZLWK�PRQVRRQ�ORZODQG�WURSLFDO� IRUHVWV� LQ�VRXWKHUQ�9LHWQDP��1RYD�+HGZLJLD��
����D��������������

��� /HRQW\HY�'��9���6FKQLWWOHU�0���6WHSKHQVRQ�6��/���1RYR]KLORY�<��.���6KFKHSLQ��
2� 1���7RZDUGV�D�SK\ORJHQHWLF�FODVVLILFDWLRQ�RI� WKH�0\[RP\FHWHV��3K\WRWD[D��
������������������

��� 0DLPRQL�5RGHOOD� 5�� &�� 6��� &DYDOFDQWL� /�� '�� +�� 0\[RP\FHWHV� VREUH�
LQIORUHVFrQFLDV� H� IROKDV� YLYDV� GH� OtULR�GR�EUHMR� �+HG\FKLXP� FRURQDULXP�
.RHQLJ�� =LQJLEHUDFHDH��� UHJLVWUR� GH� XP�QRYR� VXEVWUDWR��%UD]LOLDQ� -RXUQDO� RI�
%RWDQ\�������������������

��� ɇɨɜɨɠɢɥɨɜ�ɘ� Ʉ�� Ɉɩɪɟɞɟɥɢɬɟɥɶ�ɝɪɢɛɨɜ�Ɋɨɫɫɢɢ� Ɉɬɞɟɥ�ɋɥɢɡɟɜɢɤɢ��ɋɚɧɤɬ�
ɉɟɬɟɪɛɭɪɝɫɤɚɹ�ɢɡɞɚɬɟɥɶɫɤɨ�ɤɧɢɝɨɬɨɪɝɨɜɚɹ�ɮɢɪɦɚ�µɇɚɭɤɚ¶������������F�

��� &ROZHOO�5��.���(VWLPDWH6������8VHU
V�*XLGH�������

��� &KDR�$���&KD]GRQ�5��/���&ROZHOO�5��.���6KHQ�7��-���$EXQGDQFH�EDVHG�VLPLODULW\
LQGLFHV� DQG� WKHLU� HVWLPDWLRQ� ZKHQ� WKHUH� DUH� XQVHHQ� VSHFLHV� LQ� VDPSOHV��
%LRPHWULFV�������������������

��� 0DJXUUDQ� $�� (��� 0HDVXULQJ� ELRORJLFDO� GLYHUVLW\�� %ODFNZHOO� 3XEOLVKLQJ��
0DOGHQ������������S�

��� 6WHSKHQVRQ� 6�� /��� .DO\DQDVXQGDUDP� ,��� /DNKDQSDO� 7�� 1��� $� FRPSDUDWLYH�
ELRJHRJUDSKLFDO� VWXG\� RI� P\[RP\FHWHV� LQ� WKH� PLG�$SSDODFKLDQV� RI� HDVWHUQ�
1RUWK� $PHULFD� DQG� WZR� UHJLRQV� RI� ,QGLD�� -RXUQDO� RI� %LRJHRJUDSK\�� ������
�����������

��� 'H� &iFHUHV� 0��� /HJHQGUH� 3��� $VVRFLDWLRQV� EHWZHHQ� VSHFLHV� DQG� JURXSV� RI�
VLWHV��LQGLFHV�DQG�VWDWLVWLFDO�LQIHUHQFH��(FRORJ\���������������������
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0\[RP\FHWH��0\[RJDVWULD��DUH�DPRHERLG�SURWLVWV��XVXDOO\�DVVRFLDWHG�ZLWK�VRLO�
RU�QHDUE\�VXEVWUDWHV��DV� WKHLU� WURSKLF�VWDJHV� UHTXLUH�PRLVW�FRQGLWLRQV�DQG�VXIILFLHQW�
QXPEHU�RI�PLFURRUJDQLVPV�WR�IHHG�RQ��+RZHYHU��WKH\�DUH�DEOH�WR�LQKDELW�SODFHV�WKDW�
KDYH� QR� GLUHFW� FRQQHFWLRQ� ZLWK� VRLO�� ,Q� WKLV� SDSHU� P\[RP\FHWH� DVVHPEODJHV�
HQFRXQWHUHG� RQ� EDUN� DQG� DHULDO� OLWHU�� D� XQLTXH� VXEVWUDWH� RI� WURSLFDO� IRUHVW�� ZHUH�
VWXGLHG��7KH�PDWHULDO�ZDV�FROOHFWHG�LQ�GLIIHUHQW�\HDUV�LQ�YDULRXV�YHJHWDWLRQ�W\SHV�RI�
��QDWLRQDO SDUNV��3KLD�2DF�3KLD�'HQ��%LGRXS�1XL�%D�DQG�&DW�7LHQ��ORFDWHG�LQ�GLVWDQW�
SDUWV�RI�9LHWQDP�GXULQJ�WKH�ODVW����\HDUV��7D[RQRPLF�GLYHUVLW\�ZDV�UHYHDOHG�YLD�WKH�
H[SHULPHQW�XVLQJ�PRLVW� FKDPEHU� FXOWXUHV��$� WRWDO�RI������FXOWXUHV� UHVXOWHG� LQ�����
UHFRUGV�� DVVLJQHG� WR� ��� PRUSKRVSHFLHV� IURP� �� RUGHUV�� �� IDPLOLHV�� DQG� ��� JHQHUD��
6HYHQW\�WKUHH�VSHFLHV�ZHUH�UHFRUGHG�RQ�WKH�EDUN�RI�OLYLQJ�SODQWV�DQG����ZHUH�IRXQG�
RQ�DHULDO�OLWWHU��DQG�WKH�VWXG\�IRU�HDFK�VXEVWUDWH�ZDV�FRPSOHWHG�IRU������DQG������SHU�
FHQW�UHVSHFWLYHO\��0RUH�WKDQ D�KDOI�RI�WKH�WRWDO�QXPEHU�RI�VSHFLHV�ZDV�SUHVHQWHG�E\�
VLQJOHWRQV�DQG�GRXEOHWRQV��7KH�DQDO\VLV�RI� LQGLFDWRU�VSHFLHV�ZDV�SHUIRUPHG��ZKLFK�
FRQILUPHG� WKH� GRPLQDQFH� RI� VSHFLDOLVW� VSHFLHV� RQ� EDUN� �&ULEUDULD� FRQIXVD�� &��
PLQXWLVVLPD�� DQG� /LFHD� RSHUFXODWD�� DQG� DHULDO� OLWWHU� �3HULFKDHQD� GHSUHVVD�� 3��
GLFW\RQHPD�� DQG� 3�� SHGDWD��� 6RPH� VSHFLHV�� VXFK� DV� 3HULFKDHQD� FKU\VRVSHUPD��
GHPRQVWUDWHG� QR� VSHFLILF� VXEVWUDWH� SUHIHUHQFH�� $� W\SLFDO� OLJQLFRORXV� VSHFLHV� LQ�
WHPSHUDWH� UHJLRQV�� 6WHPRQLWLV� IXVFD�� DSSHDUHG� WR� EH� DEXQGDQW� RQ� DHULDO� OLWWHU��
VKRZLQJ� D� FKDQJH� LQ� VXEVWUDWH� SUHIHUHQFHV�� ZKLFK� LV� FRPPRQ� IRU� VHYHUDO�
P\[RP\FHWH�VSHFLHV�LQ�WURSLFV��+LJK�TXDOLW\�SKRWRJUDSKV��LQFOXGLQJ�WKRVH�REWDLQHG�
ZLWK�6(0��RI����LQGLFDWRU�PRUSKRVSHFLHV�DUH�SURYLGHG�

.H\ZRUGV� $PRHER]RD��0\[RP\FHWHV��WURSLFV��ELRGLYHUVLW\��FRUWLFXORXV�VSHFLHV�

1K̵Q�EjL�QJj\����WKiQJ���QăP�����

3K̫Q�EL͏Q�[RQJ�QJj\����WKiQJ����QăP�����

+RjQ�WKL͏Q�QJj\����WKiQJ����QăP�����

��� 6DLQW�3HWHUVEXUJ�6WDWH�8QLYHUVLW\
��� .RPDURY�%RWDQLFDO�,QVWLWXWH�RI�WKH�5XVVLDQ�$FDGHP\�RI�6FLHQFHV
��� -RLQW�5XVVLDQ�9LHWQDPHVH�7URSLFDO�5HVHDUFK�DQG�7HFKQRORJLFDO�&HQWUH


