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������ 'UHGJH�DQG�%DUJH�����P�
7KH�GUHGJH�DQG�EDUJH�DUH�DUWLILFLDO�UHHIV�RQ�VXQNHQ��VWHHO�KXOOHG�YHVVHOV��%RWK�DUH�DSSUR[LPDWHO\
���P�ORQJ�E\����P�ZLGH�E\�����P�KLJK��DQG�OLH� LQ��������P�RI�ZDWHU��7KH\�DUH�ORFDWHG�GLUHFWO\
RIIVKRUH�IURP�*OHQHOJ�DQG�DUH�VXEMHFW� WR�QHJOLJLEOH�ZDYH�HQHUJ\��%RWK�ZHUH�VDPSOHG�DORQJ�WKH
XSSHU� GHFN� VXUIDFH� ����P��� �7KH� GUHGJH� KDV� D� IODW�PHWDO� GHFN�ZLWK�ZKHHO� KRXVH� DQG� HQWUDQFH
VWUXFWXUHV�PLG�GHFN��D�QDUURZ�FHQWUDO�KROH�LQ�WKH�GHFN�DW�WKH�ERZ�HQG��DQG�D�UDLVHG�DUHD��DSSUR[�
��P��DW�WKH�VWHUQ��7KH�EDUJH�KDV�D�IODW�PHWDO�GHFN�ZKLFK�LV�GRPLQDWHG�E\�WZR�ODUJH�RSHQ�KROGV�
UHVXOWLQJ�LQ�OLWWOH�DFWXDO�GHFN�VXUIDFH�

������ +DOOHWW�&RYH����P�
+DOOHWW�&RYH�UHHI�LV�FRPSULVHG�RI�D�ORQJ�QDUURZ�VWULS�RI�URFN�SODWIRUP�HOHYDWHG�E\�������P�IURP
WKH�VDQG�ERWWRP��,W�KDV�D�FRQVLVWHQWO\�IODW�VXUIDFH��8QOLNH�6HPDSKRUH�DQG�%URNHQ�%RWWRP��+DOOHWW
&RYH�UHHI�LV�TXLWH�FORVH�WR�VKRUH��RFFXUULQJ�LQ�VKDOORZ�ZDWHU��DSSUR[LPDWHO\���P��DQG�LV�WKHUHIRUH
VXEMHFW� WR� JUHDWHU� ZDYH� HQHUJ\�� 6DPSOLQJ�ZDV� FDUULHG� RXW� DORQJ� WKH� XSSHU� VXUIDFH� RI� WKH� UHHI
ZKLFK�KDG�D�VLPLODU�WRSRJUDSK\�WR�WKH�RWKHU�WZR�UHHIV�
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������ 1RDUOXQJD����DQG���P�
�P�� 1RDUOXQJD� UHHI� H[WHQGV� VHYHUDO� KXQGUHG
PHWUHV� QRUWK� DQG� VRXWK� RI� WKH� HQG� RI� WKH
1RDUOXQJD� MHWW\�� 7KH� ZLGWK� YDULHV� EHWZHHQ� ��� �
����P� DORQJ� LWV� OHQJWK��2Q� WKH� VHDZDUG� VLGH� WKH
EDVH�LV��������P�GHHS��DQG�RQ�WKH�VKRUH�VLGH�������
P�� 7KH� UHHI� WRS� LV� H[SRVHG� DW� ORZ� WLGH�� 7KH
VHDZDUG� VLGH� LQ� SDUWLFXODU� SURYLGHV� D� KLJK� HQHUJ\
HQYLURQPHQW�GXH�WR�FRQVWDQW�ZDYH�DFWLRQ��DQG�WKH
IDFW�WKDW�WKH�UHHI�DFWV�DV�D�EDUULHU�WR�SDVVLQJ�VZHOO�
1RDUOXQJD� UHHI� LV� VLWXDWHG� EHWZHHQ� WKH
2QNDSDULQJD� ULYHU� PRXWK� WR� WKH� VRXWK� DQG
&KULVWLHV�EHDFK�HIIOXHQW�RXWIDOO�WR�WKH�QRUWK��ERWK
VHYHUDO�NLORPHWUHV�DZD\���,W�LV�DOVR�VXEMHFW�WR�KHDY\
UHFUHDWLRQDO�XVH�E\�VZLPPHUV�DQG�GLYHUV��6DPSOLQJ
ZDV�FDUULHG�RXW�RQ�WKH�VHDZDUG�VLGH�DQG�QRUWKHUQ
HQG�RI�WKH�QRUWKHUQ�VHFWLRQ�RI�WKH�UHHI��7UDQVHFWV
ZHUH� VDPSOHG� DW� �� �� ��P�GHSWK��$OO� WUDQVHFWV� UDQ
QRUWK� �� VRXWK� DORQJ� WKH� UHHI� VORSH�� RYHU� WHUUDLQ
PDGH�XS�RI�ODUJH�ERXOGHUV�DQG�SODWIRUPV�

��P��7KH� WHQ�PHWUH� WUDQVHFWV�ZHUH� VDPSOHG� RYHU
VLPLODU� WHUUDLQ� DV� WKH� ILYH�PHWUH� WUDQVHFWV�� DQG� DOO
WKH�VDPH�FRQGLWLRQV�DSSOLHG��7KHVH�WUDQVHFWV�ZHUH
RQ� WKH� VHDZDUG� VLGH� DQG� ORFDWHG� DW� WKH� VRXWKHUQ
HQG� RI� WKH� QRUWKHUQ� VHFWLRQ� RI� UHHI� LQ
DSSUR[LPDWHO\���P�RI�ZDWHU�

������ $OGLQJD����DQG���P�
�P�� $OGLQJD� UHHI� ZDV� VXUYH\HG� VRXWK� RI� DQ� DUHD
NQRZQ�DV� WKH�GURS�RII��7KH� UHHI� LV� FRPSULVHG�RI
DQ� H[WHQVLYH�� JHQWO\� VORSLQJ�� URFN� VXUIDFH� ZLWK
RFFDVLRQDO� SURWUXGLQJ� � RXWFURSV� RI� YDU\LQJ� VL]H
DQG�H[SHULHQFHV� LQWHUPHGLDWH�ZDYH�H[SRVXUH��7KH
VXUYH\�DUHD�ZDV�DSSUR[LPDWHO\��NP�RIIVKRUH��7KH
FRDVWOLQH� LV� SUHGRPLQDQWO\� ORZ� FOLIIV�ZLWK� QDUURZ
VDQG�RU�URFN\�EHDFK��7UDQVHFWV�ZHUH�VDPSOHG�DW�D
GHSWK�RI���WR���PHWUHV�

��P��6DPSOLQJ�WUDQVHFWV�ZHUH�ORFDWHG�GLUHFWO\�RII�
VKRUH�IURP�WKH���P�VLWH�DW�D�GHSWK�RI�����WR����P�
&RQGLWLRQV� DQG� WRSRJUDSK\�ZHUH� VLPLODU� WR� WKH� �
P� VLWH� DOWKRXJK� ZDYH� HQHUJ\� PD\� KDYH� EHHQ
VOLJKWO\�ORZHU�GXH�WR�GHSWK�

���� )LHOG�VDPSOLQJ�PHWKRGV
7KUHH�VDPSOLQJ�PHWKRGRORJLHV�ZHUH�DGDSWHG�WR�DVVHVV�UHHI�VWDWXV�HDFK�RI�ZKLFK�ZDV�DSSURSULDWH
IRU�D�GLIIHUHQW�FRPSRQHQW�RI�WKH�UHHI�IORUD�DQG�IDXQD���/LQH�LQWHUFHSW�WUDQVHFWV��/,7��ZHUH�XVHG�WR
DVVHVV�VHVVLOH�ELRWD��TXDGUDW�VDPSOLQJ�IRU�VHGHQWDU\�ELRWD�DQG�YLVXDO�FHQVXV�ZDV�XVHG�IRU�ILVK���7KH
MXVWLILFDWLRQ�IRU�FKRRVLQJ�WKHVH�PHWKRGV�LV�JLYHQ�LQ�&KHVKLUH�HW�DO���������

Broken
Bottom

Dredge/
Barge

Hallett
Cove

Noarlunga

Semaphore

Aldinga

)LJXUH� �� �� 0DS� RI� $GHODLGH� PHWURSROLWDQ� FRDVW
VKRZLQJ�WKH�ORFDWLRQ�RI�DOO�VWXG\�VLWHV�
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������ �/LQH�,QWHUFHSW�7UDQVHFWV��VHVVLOH�ELRWD�
7KH� /LQH� ,QWHUFHSW� 7UDQVHFW� PHWKRG
�/,7��7XUQHU�������ZDV�XVHG�WR�REWDLQ
HVWLPDWHV� RI� WKH� SHUFHQW� FRYHU� RI
VHVVLOH� EHQWKLF� RUJDQLVPV�� $� WZHQW\
PHWUH� WDSH� ZDV� SODFHG� RYHU� WKH
VXEVWUDWXP�� IURP� D� UDQGRP� VWDUW
SRLQW�� � 7KH� GLVWDQFHV� DW� ZKLFK� WKH
XQGHUO\LQJ� ELRWD� FKDQJHG� ZHUH
UHFRUGHG� �)LJXUH� ��� IRU� WKH� HQWLUH
OHQJWK�� 7R� RYHUFRPH� WKH� SUREOHP� RI
PDFURDOJDH� PRYLQJ� XQGHU� WKH
LQIOXHQFH�RI�ZDYHV�DQG�FXUUHQWV�D���P
ZHLJKWHG�UXOHU������NJ��ZDV�XVHG�WR�SLQ
GRZQ� WKH� ELRWD� DORQJ� WKH� WUDQVHFW
�7XUQHU�������

)RU� PRVW� VLWHV� VL[� VDPSOH� WUDQVHFWV
ZHUH� PHDVXUHG�� ([FHSWLRQV� WR� WKLV
ZHUH�DW�$OGLQJD� ���P�� DQG�1RDUOXQJD
��� P��� ZKHUH� RQO\� �� WUDQVHFWV� ZHUH
VDPSOHG�� DQG� DW� 1RDUOXQJD� ���� P�
ZKHUH�RQO\�RQH� WUDQVHFW�ZDV�VDPSOHG�
$QRWKHU� H[FHSWLRQ� ZDV� DW� WKH� EDUJH
DQG�GUHGJH�VLWHV�ZKHUH�WKHUH�ZDV�OLWWOH
KRUL]RQWDO�VXUIDFH�DYDLODEOH��,Q�YLHZ�RI
WKH� FORVH� SUR[LPLW\� RI� WKH� WZR� VLWHV
DQG� WKHLU� VLPLODU� QDWXUH� DQG� ZDWHU
GHSWK�� WKH\�ZHUH� VDPSOHG� DV� RQH� UHHI
ZLWK� IRXU� WUDQVHFWV� VDPSOHG� RQ� WKH
GUHGJH�DQG�WZR�RQ�WKH�EDUJH�

$OO�WUDQVHFWV�ZHUH�SODFHG�UDQGRPO\�E\
GURSSLQJ�D�ZHLJKW�IURP�WKH�ERDW�DW�WKH
UHTXLUHG� GHSWK�� 7KH� ZHLJKW� VHUYHG� DV
WKH�VWDUWLQJ�SRLQW�WR�ZKLFK�WKH�WUDQVHFW
PHDVXULQJ� WDSH� ZDV� DWWDFKHG�
7UDQVHFWV� ZHUH� VDPSOHG� E\� WZR� GLYHUV� HDFK� VXUYH\LQJ� D� WHQ� PHWUH� VHFWLRQ�� � 7KH� WD[RQRPLF
FODVVLILFDWLRQ�VFKHPH�XVHG�ZLWK�WKLV�PHWKRG�LV�JLYHQ�LQ�VHFWLRQ�����

/,7�GDWD�ZHUH�SUHSDUHG�IRU�DQDO\VLV�E\�FDOFXODWLQJ�WKH�SHUFHQWDJH�FRYHU�RI�HDFK�WD[D�OLIHIRUP�SHU
WUDQVHFW�XVLQJ�WKH�IROORZLQJ�IRUPXOD�

3HUFHQW�FRYHU�RI�DQ\�OLIHIRUP�$� �
L

Y D
A∑

∑−
× 100

ZKHUH ∑/
$

� �WKH�VXP�RI�WKH�LQGLYLGXDO�OHQJWKV�RI�OLIHIRUP�$�RQ�WKH�WUDQVHFW�

<� �WKH�WRWDO�OHQJWK�RI�WKH�WUDQVHFW�DQG

� ∑'� �WKH�VXP�RI�WKH�OHQJWKV�ZKHUH�QR�GDWD�ZDV�UHFRUGHG�

7KHVH�ZHUH�WKHQ�XVHG�WR�FDOFXODWH�VXPPDU\�VWDWLVWLFV�IRU�HDFK�VLWH�

)LJXUH�����6FKHPDWLF�YLHZ�RI�EHQWKRV�VKRZLQJ�/,7�

RCORAL (8)

SUBSTRATE  (12)

GFOLI  (28)

RFOLI  (49)

BRROBUST  (60)

RFOLI  (65)

GFOLI  (75)

BRROBUST  (100)

7DEOH�����([DPSOH�RI�GDWD�UHFRUGHG�IURP�/,7�VKRZQ�LQ
�)LJXUH���

7UDQVLWLRQ /LIHIRUP 7D[D

� 5&25$/ 8QNQRZQ

�� 68%675$7(

�� *)2/, &DXOHUSD

�� 5)2/, $VSDUDJRSVLV

�� %552%867 &\VWRSKHUD

�� 5)2/, $VSDUDJRSVLV

�� *)2/, &DXOHUSD

��� %552%867 (FNORQLD
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������ 4XDGUDWV��VHGHQWDU\�ELRWD�
7KH� DEXQGDQFH�RI� VHGHQWDU\�ELRWD�ZDV� DOVR� DVVHVVHG� XVLQJ� ��FP�[� ��FP�TXDGUDWV�ZKLFK�ZHUH
WDNHQ�DW� UDQGRP�GLVWDQFHV� DORQJ�/,7� WUDQVHFW� OLQHV��7KH�RQO\� H[FHSWLRQ� WR� WKLV�ZDV�1RDUOXQJD
UHHI�ZKHUH�TXDGUDW�GDWD�ZDV�FROOHFWHG� LQGHSHQGHQWO\�RI�/,7�DQG� ILVK�FHQVXV�GDWD��$EXQGDQFHV
ZHUH�UHFRUGHG�IRU�DOO�PDFUR�IDXQD�ZLWKLQ�HDFK�TXDGUDW�DQG�HLJKW�TXDGUDWV�ZHUH�DVVHVVHG�SHU����P
WUDQVHFW�� 7UDQVHFWV� ZHUH� WKH� VDPH� DV� WKRVH� XVHG� IRU� /,7� PHDVXUHPHQWV�� 7KH� WD[RQRPLF
FODVVLILFDWLRQ�VFKHPH�XVHG�ZLWK�WKLV�PHWKRG�LV�JLYHQ�LQ�VHFWLRQ�����

4XDGUDW�GDWD�ZHUH�SUHSDUHG�IRU�DQDO\VLV�E\�FDOFXODWLQJ�WKH�DEXQGDQFH�RI�HDFK�WD[D�OLIHIRUP�SHU
VTXDUH�PHWHU��QR·V��P������7KHVH�ZHUH�WKHQ�XVHG�WR�FDOFXODWH�VXPPDU\�VWDWLVWLFV�IRU�HDFK�VLWH�

������ )LVK�9LVXDO�&HQVXV
)LVK�YLVXDO�FHQVXVHV�ZHUH�FDUULHG�RXW�RQ�WKH�VDPH�WUDQVHFWV�DV�WKH�RWKHU�WZR�VXUYH\�PHWKRGV��EXW
ZHUH�H[WHQGHG�WR�ILIW\�PHWUHV�LQ�OHQJWK��7KH\�ZHUH�FDUULHG�RXW�SULRU�WR�/,7�DQG�TXDGUDW�VDPSOLQJ
WR�PLQLPLVH�GLVWXUEDQFH�WR�WKH�ILVK�SULRU�WR�DVVHVVPHQW���7ZR�GLYHUV�VZDP�WKH�WUDQVHFW��WKH�ILUVW
UHFRUGLQJ�ILVK�DEXQGDQFH�ZLWKLQ�D�WKUHH�PHWUH�UDGLXV��DERYH�DQG�WR�HLWKHU�VLGH���ZKLOH�WKH�VHFRQG
QRWHG�GLVWDQFH�VZXP��7KLV�SURYLGHG�DQ�DEXQGDQFH�FRXQW�IRU�DOO�ILVK�WD[D�ZLWKLQ�D����[���P�UDGLXV
WXQQHO���7KH�WD[RQRPLF�FODVVLILFDWLRQ�VFKHPH�XVHG�ZLWK�WKLV�PHWKRG�LV�JLYHQ�LQ�VHFWLRQ�����

9LVXDO� FHQVXV� GDWD� ZHUH� SUHSDUHG� IRU� DQDO\VLV� E\� UHFRUGLQJ� WKH� DEXQGDQFH� RI� HDFK� WD[D� SHU
WUDQVHFW���7KHVH�ZHUH�WKHQ�XVHG�WR�FDOFXODWH�VXPPDU\�VWDWLVWLFV�IRU�HDFK�VLWH�

������ 7RSRJUDSKLF�FRPSOH[LW\
7KH�FRPSOH[LW\�RI�WKH�UHHI�VXUIDFH�FDQ�KDYH�D�PDUNHG�LQIOXHQFH�RQ�WKH�HFRORJLFDO�FRPPXQLW\�LW
VXSSRUWV� DQG�REWDLQLQJ� D�PHDVXUH�RI� WKLV� FRPSOH[LW\� FDQ�RIWHQ� DLG� LQWHUSUHWDWLRQ�RI� HFRORJLFDO
GDWD��8VLQJ�PHWKRGV�RXWOLQHG�E\�$URQVRQ�HW�DO���������D�FRPSOH[LW\�LQGH[��&��ZDV�FDOFXODWHG�IRU
HDFK�UHHI�WUDQVHFW�VDPSOHG��7KH�FRPSOH[LW\�LQGH[��&��LV�GHILQHG�DV�

&� �����G�/�

ZKHUH�G�LV�WKH�KRUL]RQWDO�GLVWDQFH�FRYHUHG�E\�D�FRQIRUPHG�FKDLQ��PHDVXUHG�DJDLQVW�WKH�WUDQVHFW
WDSH�XVHG�IRU�/,7�DQG�TXDGUDW�WUDQVHFWV��DQG�/�LV�WKH�FKDLQ·V�OHQJWK�ZKHQ�IXOO\�H[WHQGHG��)RU�WKLV
VXUYH\�D���P�FKDLQ�ZLWK����PP�ORQJ�OLQNV�ZDV�XVHG�

���� 7D[RQRPLF�UHVROXWLRQ
)RU� ERWK� WKH� /,7� DQG� WKH� TXDGUDW� VXUYH\V� WD[D� ZHUH� UHFRUGHG� DW� UHODWLYHO\� ORZ� WD[RQRPLF
UHVROXWLRQ�� XVLQJ� D� V\VWHP� RI� IXQFWLRQDO� OLIH� IRUP� JURXSV�� 7KLV� DSSURDFK� LV� SUHIHUUHG� EHFDXVH
LGHQWLILFDWLRQ� LV� UHODWLYHO\� VLPSOH�� DQG� DOORZV� ILHOG� ZRUNHUV� WR�PDLQWDLQ� D� FRQVLVWHQW� WD[RQRP\
WKURXJKRXW�WKH�VXUYH\V��7KH�OLIH�IRUP�JURXSV�XVHG�DUH�OLVWHG�LQ�7DEOH���DQG�7DEOH���IRU�IORUD�DQG
IDXQD�UHVSHFWLYHO\�
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7DEOH��� ��$OJDO� OLIH� IRUPV�FODVVLILFDWLRQ�XVHG� LQ� WKLV� VWXG\�� �1RWH�� WKLV�FODVVLILFDWLRQ� LV�EDVHG�RQ�7XUQHU·V
�������VFKHPH�DQG�LV�DOVR�FRPSDUDEOH�WR�WKDW�XVHG�E\�/LWWOHU�DQG�/LWWOHU�������

/LIHIRUP *HQHUDO�GHVFULSWLRQ 7\SLFDO�PHPEHU�WD[D
(QFUXVWLQJ�EURZQV 5DOIVLRG�EURZQV�ZKLFK�LQFOXGHV�WKH�DOWHUQDWH

SKDVH�LQ�WKH�OLIH�KLVWRU\�RI�VRPH�RWKHUZLVH�XSULJKW
IRUPV�

5DOIVLD��6F\WRVLSKRQ��JDPHWRSK\WHV�

(QFUXVWLQJ�UHGV &RPSULVHV�PDLQO\�FRUDOOLQDFHRXV�UHG�DOJDH 3RUROLWKRQ��/LWKRWKDPQLRQ
)LODPHQWRXV�WXUIV 6PDOOHU������PP��ILODPHQWRXV�IRUPV (FWRFDUSXV��6SKDFHODULD��&ODGRSKRUD�

3RO\VLSKRQLD�DQG�RWKHU�FHUDPLDFHRXV
UHGV

)ROLDFHRXV�EURZQV %XVK\�QRQ�PHPEUDQRXV�EURZQV +DORSWHULV��=RQDULD��3DGLQD��/RERSKRUD�
/RERVSLUD

)ROLDFHRXV�JUHHQV %XVK\�QRQ�PHPEUDQRXV�JUHHQV &DXOHUSD��&RGLXP��$SMRQLD
)ROLDFHRXV�UHGV %XVK\�QRQ�PHPEUDQRXV�UHGV 3ORFDPLXP��3KDFHORFDUSXV��$VSDUDJRSVLV
0HPEUDQRXV
EURZQV

)ODWWHQHG�PHPEUDQH�IRUPV�JHQHUDOO\�UHODWLYHO\
WUDQVSDUHQW�LQ�JHQHUDO�DSSHDUDQFH

&ROSHPHQLD��+\GURFODWKUXV��6F\WRVLSKRQ
�VSRURSK\WHV�

0HPEUDQRXV�JUHHQV )ODWWHQHG�PHPEUDQH�IRUPV�JHQHUDOO\�UHODWLYHO\
WUDQVSDUHQW�LQ�JHQHUDO�DSSHDUDQFH

8OYD��(QWHURPRUSKD

0HPEUDQRXV�UHGV )ODWWHQHG�PHPEUDQH�IRUPV�JHQHUDOO\�UHODWLYHO\
WUDQVSDUHQW�LQ�JHQHUDO�DSSHDUDQFH

.DOO\PHQLDFHDH

5REXVW�EURZQV *HQHUDOO\�WKH�ODUJHU�FDQRS\�GRPLQDQWV 6DUJDVVXP��&\VWRSKRUD��(FNORQLD�
6HLURFFRFXV��6F\WRWKDOLD��$FURFDUSLD�

7KLFN�IOHVK\�UHGV *HQHUDOO\�UREXVW�SHUVLVWHQW�IRUPV 2VPXQGDULD��/HQRUPDQGLD

7DEOH�����)DXQDO�OLIH�IRUP�FODVVLILFDWLRQV�XVHG�LQ�WKLV�VWXG\��

7D[RQRPLF�JURXS �/LIH�IRUP 7D[RQRPLF�JURXS /LIH�IRUP
%U\R]RDQV %U\R]RD (FKLQRGHUPV 8UFKLQV
+\GURLGV +\GURLGLD &RVFLQDVWHULDV�VS
0ROOXVFV %LYDOYLD 2WKHU�VWDUV

*DVWURSRGD &KULQRLGV
2SLVKREUDQFKLD $QHPRQHV $QHPRQH
&KLWRQ &RUDOV &RUDO
6TXLG &UXVWDFHDQV &UDEV
2FWRSXV *RRVH�EDUQDFOHV

$VFLGLDQV 6WDONHG 6KULPSV
&RORQLDO 2WKHU
2WKHU :RUPV 7XEH�3RO\FKDHWHV

6SRQJHV 'LVFUHHW�VSRQJHV 2WKHU�3RO\FKDHWHV
$PRUSKRXV�VSRQJHV 6DEHOOLGV

%HQWKLF�ILVK %HQWKLF�ILVK +RORWKXULDQV

)LVK� LGHQWLILFDWLRQV� ZHUH� WR� WKH� OHYHO� RI� FRPPRQ� QDPHV�� WKHUHE\� OHDGLQJ� WR� D� PL[HG� OHYHO� RI
WD[RQRPLF�UHVROXWLRQ��7DEOH�����EXW�RQH�WKDW�LV�OLNHO\�WR�EH�UHODWLYHO\�UREXVW�IRU�GLYHUV�ZLWK�OLWWOH
WD[RQRPLF�WUDLQLQJ���7KH�VSHFLHV�LGHQWLILHG�DUH�JLYHQ�LQ�7DEOH���
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7DEOH�����)LVK�WD[D�UHFRUGHG�GXULQJ�YLVXDO�FHQVXV�VXUYH\V

&RPPRQ
1DPH

/DWLQ�1DPH &RQVLGHUHG�WR
EH�UHVLGHQW�RQ
UHHI�V\VWHPV

&RPPRQ
1DPH

/DWLQ�1DPH &RQVLGHUHG�WR
EH�UHVLGHQW�RQ
UHHI�V\VWHPV

 Blenny Blennidae yes  Old Wife Enoplosus armatus yes
 Blue Devil Paraplesiops meleagris yes  Salmon trout Arripis truttaceus no
 Bullseye Pempheris spp yes  Silver

 Drummer
Kyphosus sydneyanus yes

 Cowfish Aracana spp yes  Squid Sepioteuthus australis no
 Crab Portunidae no  Stingray Myliobatis australis no
 Cuttlefish Sepia yes  Sweep Scorpis spp yes
 Dragonet Bovichthys variegatus yes  Talma Chelmonops spp yes
 Dusky
 Morwong

Dactylophora nigricans yes  Three fin Norfolkia clarkei yes

 Fry Fry no  Toadfish Tetradontidae no
 Goatfish Upeniechthys vlamingii yes  unknown Unidentified no
 Goby Gobidae yes  Victorian

 Scalyfin
Parma victoriae yes

 Herring Cale Odax cyanomelas yes  Weedfish Clinidae yes
 Hula Fish Trachinops spp. Yes  Weedy

 Whiting
Odacidae yes

 Leather
Jacket

Meuschenia spp. Yes  Whiting Sillaginidae no

 Long Finned
 Pike

Dinolestes lewini no  Wrasse Thalossoma spp. Yes

 Magpie Perch Cheilodactylus nigripes yes  Yellowtail
 Scad

Trachurus
novaezelandiae

no

 Moonlighter Tilodon sexfasciatum yes  Zebra Fish Girella zebra yes
 Mullet Aldrichetta forsteri no  Silver Belly Parequula

melbournensis
yes

���� 6WDWLVWLFDO�PHWKRGV
������ 'HVFULSWLYH�VWDWLVWLFV
$�VHULHV�RI�VXPPDU\�VWDWLVWLFV��PHDQV��VWDQGDUG�GHYLDWLRQV��HWF��ZHUH�FDOFXODWHG�IRU�HDFK�WD[D�DW
HDFK�VLWH�WR�SURYLGH�DQ�RYHUDOO�VXPPDU\�RI�WKH�GLVWULEXWLRQV�DQG�WKHLU�UHODWLYH�DEXQGDQFH�DFURVV
VLWHV�

������ &RPPXQLW\�SDWWHUQV�DQG�WUHQGV
0XOWLYDULDWH� DQDO\VHV� DOORZ� XV� WR� FKDUDFWHULVH� FRPPXQLWLHV� XVLQJ� LQIRUPDWLRQ� DERXW� DOO
FRPSRQHQWV� RI� WKH� V\VWHP� �FRPPXQLW\�� VLPXOWDQHRXVO\�� �$V� VXFK� WKH\� SURYLGH� XV�ZLWK� D� WRRO
ZKLFK�HQDEOHV�XV�WR�GHDO�ZLWK�WKH�FRPSOH[LW\�LQKHUHQW�LQ�FRPPXQLW\�GDWD�VHWV�ZLWKRXW�ORVLQJ�WKH
ULFKQHVV�FRQWDLQHG�ZLWKLQ�WKH�UDZ�GDWD�

$�YDULHW\�RI�PXOWLYDULDWH�DQDO\VLV� WHFKQLTXHV�DYDLODEOH�ZLWKLQ� WKH�35,0(5�SDFNDJH� �&ODUNH�DQG
:DUZLFN�������ZHUH�XVHG� WR� DVVHVV� FRPPXQLW\�SDWWHUQV� DQG� WUHQGV�� �7KLV� VXLWH� RI� DSSURDFKHV
�HDFK� ZLWK� D� GLIIHUHQW� DQDO\WLFDO� IUDPHZRUN�� ZDV� DGRSWHG� VR� WKDW� WKH� UREXVWQHVV� RI� WUHQGV� RU
SDWWHUQV�LQ�WKH�GDWD�FRXOG�EH�GHWHUPLQHG�

�������� &ODVVLILFDWLRQ�DQG�RUGLQDWLRQ�DQDO\VHV
0DWULFHV� RI� VLPLODULWLHV� EHWZHHQ� HDFK� SDLU� RI� VDPSOHV� ZHUH� JHQHUDWHG� XVLQJ� WKH� %UD\�&XUWLV
FRHIILFLHQW� �%UD\�DQG�&XUWLV������� DQG� WKHQ�ZHUH� VXEMHFW� WR� FOXVWHU� DQDO\VLV� DQG�RUGLQDWLRQ� IRU
HDFK�VDPSOLQJ�PHWKRG��&OXVWHULQJ�ZDV�E\�D�KLHUDUFKDO��DJJORPHUDWLYH�PHWKRG�HPSOR\LQJ�JURXS�
DYHUDJH�OLQNLQJ�ZLWK�UHVXOWV�EHLQJ�GLVSOD\HG�LQ�GHQGRJUDPV��2UGLQDWLRQ�SORWV�EDVHG�RQ�VLPLODULW\
PHDVXUHV�ZHUH�FUHDWHG�XVLQJ�PXOWLGLPHQVLRQDO�VFDOLQJ��0'6��
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�������� 7UDQVIRUPDWLRQ�DQG�VWDQGDUGLVDWLRQ
1R�VWDQGDUGLVDWLRQ�ZDV�XVHG� IRU�PXOWLYDULDWH� DQDO\VLV� VR� WKDW� WKH� LQIRUPDWLRQ� FRQWDLQHG� LQ� WKH
DEXQGDQFH� WRWDOV� ZDV� UHWDLQHG� �&ODUNH� ������� +RZHYHU�� DOO� GDWD� ZDV� VTXDUH� URRW� WUDQVIRUPHG
H[FHSW�IRU�WKH�GDWD�XVHG�LQ�WKH�FDQRQLFDO�FRUUHODWLRQ�DQDO\VLV��7KH�VTXDUH�URRW�WUDQVIRUP�LV�IDLUO\
PRGHUDWH�LQ�HIIHFW�DQG��ZKHQ�XVHG�ZLWK�%UD\�&XUWLV�VLPLODULW\�PHDVXUHV��WHQGV�WR�UHGXFH�WKH�ORVV
RI� VWUXFWXUH� LQ� UHVXOWDQW� DQDO\VHV�GXH� WR� ODUJH� IOXFWXDWLRQV� LQ�GRPLQDQW� WD[D� �&ODUNH�DQG�*UHHQ
�������7KLV�LV�DFKLHYHG�E\�LQFUHDVLQJ�WKH�FRQWULEXWLRQ�RI�PLGGOH�DEXQGDQFH�WD[D��&ODUNH�������WR
WKH�RYHUDOO�GLVVLPLODULW\�PHDVXUH�

�������� 6LPSHU�DQDO\VLV
:KHUH�RUGLQDWLRQ�WHFKQLTXHV�LQGLFDWHG�GLIIHUHQFHV�LQ�FRPPXQLW\�VWUXFWXUH�EHWZHHQ�UHHIV��6LPSHU
DQDO\VLV�ZDV�XVHG�WR�H[DPLQH�ZKLFK�VSHFLHV�FRQWULEXWH�PRVW�WR�WKDW�GLIIHUHQFH��6LPSHU��VLPLODULW\
SHUFHQWDJHV��SURYLGHV�D�TXDQWLWDWLYH�LQGH[�RI�WKH�VLPLODULW\�EHWZHHQ�WUDQVHFWV��RU�TXDGUDWV��ZLWKLQ
D�ORFDWLRQ�DQG�RI�WKH�GLVVLPLODULW\�EHWZHHQ�WUDQVHFWV��RU�TXDGUDWV��EHWZHHQ�ORFDWLRQV��VHH�&ODUNH
DQG�:DUZLFN�������IRU�D�IXOO�GHVFULSWLRQ�RI�WKH�PHWKRG����6LWHV�ZKLFK�KDYH�D�KLJK�YDOXH�IRU�WKH
DYHUDJH� VLPLODULW\� DUH�FRPSULVHG�RI� WUDQVHFWV�ZKLFK� LQ�JHQHUDO� DUH� VLPLODU� LQ� WHUPV�RI� WKH�ELRWD
WKH\�FRQWDLQ���$�ORZ�DYHUDJH�VLPLODULW\�ZRXOG�LQGLFDWH�WKDW�WUDQVHFWV�ZLWKLQ�D�VLWH�DUH�YDULDEOH�DQG
WKDW�RYHUDOO�FRPPXQLWLHV�DUH�PRUH�KHWHURJHQHRXV�

&RQYHUVHO\��DQ\� WZR�VLWHV�ZKLFK�KDYH�D�KLJK�YDOXH� IRU� WKH�DYHUDJH�GLVVLPLODULW\� DUH� OLNHO\� WR�EH
TXLWH�GLIIHUHQW�LQ�WKH�QDWXUH�RI�WKH�FRQVWLWXHQW�FRPPXQLWLHV�ZKHUHDV�D�ORZ�DYHUDJH�GLVVLPLODULW\
ZRXOG�LQGLFDWH�WKDW�WUDQVHFWV�DUH�PRUH�VLPLODU�DFURVV�WKH�WZR�VLWHV�

6,03(5� DQDO\VLV� DOVR� JLYHV� HVWLPDWHV� RI� WKH� DYHUDJH� FRQWULEXWLRQV� RI� LQGLYLGXDO� WD[D� WR� WKHVH
VLPLODULWLHV�DQG�GLVVLPLODULWLHV��%\�VWXG\LQJ�WKH�FRQVLVWHQF\�ZLWK�ZKLFK�YDULRXV�WD[D�FRQWULEXWH�WR
WKH�RYHUDOO�PHDVXUHV�RI�VLPLODULW\�GLVVLPLODULW\�LW�LV�SRVVLEOH�WR�GHWHUPLQH�ZKLFK�WD[D�FDQ�EH�XVHG
DV�LQGLFDWRUV�RI�FRPPXQLW\�GLIIHUHQFHV�

�������� &DQRQLFDO�FRUUHODWLRQ�DQDO\VLV
&DQRQLFDO�FRUUHODWLRQ�DQDO\VLV�SURYLGHV�DQ�DOWHUQDWLYH�PHWKRG�IRU� UHSUHVHQWLQJ� WKH� UHODWLRQVKLSV
EHWZHHQ� WUDQVHFWV� ZLWKLQ� DQG� EHWZHHQ� VLWHV�� ,Q� JHQHUDO� WHUPV� WKH� PHWKRG� LV� VLPLODU� WR� IDFWRU
DQDO\VLV� LQ� WKDW� UHODWLRQVKLSV� EHWZHHQ� VDPSOHV� DUH� GHWHUPLQHG� E\� WKH� H[WUDFWLRQ� RI� D� VHULHV� RI
HLJHQYHFWRUV� ZKLFK� UHSUHVHQW� OLQHDU� FRPELQDWLRQV� RI� WKH� FRQVWLWXHQW� YDULDEOHV�� � 7KH� FDQRQLFDO
YHFWRUV�H[WUDFWHG�XVLQJ�WKLV�WHFKQLTXH�FDQ�WKHQ�EH�FRUUHODWHG�ZLWK�WKH�RULJLQDO�YDULDEOHV�XVHG�WR
FKDUDFWHULVH� WKH� VDPSOHV� DQG� WKLV� LQ� WXUQ�SURYLGHV� DQ� DVVHVVPHQW�RI� WKH� UHODWLYH� LPSRUWDQFH� RI
WD[D�LQ�FKDUDFWHULVLQJ�VLWHV���&DQRQLFDO�FRUUHODWLRQV�ZHUH�GHWHUPLQHG�XVLQJ�-03��-03�������
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���5HVXOWV
���� 'HVFULSWLYH�VXPPDU\
7KLV� VHFWLRQ�JLYHV� D�EDVLF�GHVFULSWLRQ�RI� WKH� VWUXFWXUH� RI� HDFK� UHHI� DQG�ZKDW�ZDV� IRXQG�RQ� LW�
7KHVH�VXPPDU\�GDWD�DUH�SUHVHQWHG�DW�WKH�RXWVHW�WR�SURYLGH�WKH�UHDGHU�ZLWK�D�EURDG�DSSUHFLDWLRQ
RI�WKH�FXUUHQW�VWDWXV�RI�HDFK�UHHI��,W�VKRXOG�EH�ERUQH�LQ�PLQG��KRZHYHU��WKDW�DQ\�SLFWXUH�RI�ZKDW
LV� RQ� D� UHHI� LV� FULWLFDOO\� GHSHQGHQW� RQ� WKH� PHWKRG� RI� VDPSOLQJ� WKDW� LV� XVHG�� 7KXV�� GDWD� DUH
SUHVHQWHG�VHSDUDWHO\�IRU�HDFK�RI�WKH�VDPSOLQJ�PHWKRGV�WR�JLYH�D�PRUH�FRPSOHWH�VXPPDU\�RI�UHHI
FRPPXQLW\�VWUXFWXUH��'LVFXVVLRQ�RI�WKH�UHODWLYH�YDOXH�RI�WKH�YDULRXV�GDWD�FROOHFWLRQ�WHFKQLTXHV�LV
GHDOW�ZLWK�LQ�WKH�FRPSDQLRQ�UHSRUW��0LOOHU�HW�DO���������

������ 7RSRJUDSKLF�FRPSOH[LW\
$�VXPPDU\�RI�WKH�GLVWULEXWLRQ�RI�WRSRJUDSKLF�FRPSOH[LW\�HVWLPDWHV�IRU�WKH�VDPSOH�VLWHV�RQ�HDFK
UHHI�LV�JLYHQ�LQ�)LJXUH����7KH�KLJKHVW�HVWLPDWHV�RI�FRPSOH[LW\�ZHUH�REVHUYHG�DW�1RDUOXQJD��ZKHUH
WKH� VWUXFWXUH� RI� WKH� UHHI� PHDQW� WKDW� VDPSOHV� KDG� WR� EH� WDNHQ� RQ� D� ZDYH� H[SRVHG� VORSH�� ,Q
FRQWUDVW��IRU�WKH�RWKHU�UHHIV�LW�ZDV�SRVVLEOH�WR�VDPSOH�UHHI�WRSV�IODWV�DW�WKH�UHTXLUHG�GHSWK�

'HVSLWH�WKLV�GLIIHUHQFH��KRZHYHU��WKH�RYHUDOO�GLVWULEXWLRQ�RI�HVWLPDWHV�LQGLFDWHV�WKDW�WKHUH�LV�OLWWOH
GLIIHUHQFH�LQ�WKH�FRPSOH[LW\�RI�WKH�KDELWDW�DW�WKH�GLIIHUHQW�ORFDWLRQV��7KLV�FRQFOXVLRQ�LV�VXSSRUWHG
E\�$QDO\LV�RI�9DULDQFH�ZKLFK�LQGLFDWHG�QR�VWDWLVWLFDOO\�VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�VLWHV��7DEOH
���� ,W� VKRXOG�EH�QRWHG��KRZHYHU�� WKDW�$OGLQJD� UHHI� LQ�SDUWLFXODU� LV�NQRZQ� WR�EH� WRSRJUDSKLFDOO\
TXLWH�YDULDEOH� DQG�RXU�HVWLPDWHV� DUH� OLNHO\� WR�KDYH�EHHQ�ELDVHG�GRZQZDUGV�E\� FKRRVLQJ� VXUYH\
DUHDV�VLPLODU�WR�WKRVH�IRXQG�RQ�RWKHU�UHHIV��2XU�SXUSRVH��KRZHYHU��ZDV�WR�GHWHUPLQH�WRSRJUDSKLF
FRPSOH[LW\�RQ�WKH�SDUWV�RI�WKH�UHHI�ZKHUH�IDXQDO�DQG�IORUDO�FHQVXVHV�ZHUH�XQGHUWDNHQ�DQG�QRW�WR
FKDUDFWHULVH�WKH�UHHIV�WKHPVHOYHV�

7DEOH�����5HVXOWV�RI�VLQJOH�IDFWRU�DQDO\VLV�RI�YDULDQFH�IRU�WRSRJUDSKLF�FRPSOH[LW\�EHWZHHQ�VLWHV�

'I 66 06 )
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)LJXUH�����%R[SORWV�VKRZLQJ�WKH�GLVWULEXWLRQ�RI�FRPSOH[LW\�LQGLFHV�IRU�DOO�VLWHV
ZKHUH�PRUH�WKDQ�WZR�HVWLPDWHV�ZHUH�REWDLQHG�
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������ )DXQDO�DQG�IORUDO�FRPSRVLWLRQ

�������� /LQH�,QWHUFHSW�7UDQVHFWV
$� WRWDO� RI� ��� WD[RQRPLF� FODVVHV� ZHUH� UHFRUGHG� RQ� OLQH� LQWHUFHSW� WUDQVHFWV� DQG�� DV� RQH� PLJKW
H[SHFW��WKH�PDMRULW\�RI�UHFRUGLQJV�ZHUH�RI�UHG�RU�EURZQ�DOJDH�RI�YDULRXV�W\SHV��6XPPDULHV�RI�WKH
/,7�GDWD�IRU�HDFK�WD[D�DUH�JLYHQ�LQ�$SSHQGL[����DQG�D�JUDSKLFDO�UHSUHVHQWDWLRQ�RI�WKH�GLVWULEXWLRQ
RI�REVHUYDWLRQV�DPRQJ�UHHIV�LV�JLYHQ�LQ�)LJXUH����)LJXUH���VKRZV�D�EURDG�VHSDUDWLRQ�EHWZHHQ�VLWHV
VXSSRUWLQJ� IROLDFHRXV� DQG� UREXVW�EURZQ� DOJDH��ZLWK� VRPH� UHG� IROLDFHRXV� DOJDH� RU� WXUI� IRUPLQJ
VSHFLHV��DQG�WKRVH�VXSSRUWLQJ�UHG�IROLDFHRXV�DOJDH�RU�WXUI�IRUPLQJ�VSHFLHV��EXW�ZLWK�EURZQ�DOJDH
DEVHQW��7KH�PDMRULW\�RI�RWKHU�WD[D�ZHUH�UHSUHVHQWHG�DW�DOO�VLWHV�LQ�UHODWLYHO\�ORZ�DEXQGDQFH�

�������� 4XDGUDWV
�$�WRWDO�RI����WD[RQRPLF�FODVVHV�ZHUH�UHFRUGHG�LQ�TXDGUDW�VDPSOHV��2I�WKHVH�K\GURLGV��WXELFRORXV
SRO\FKDHWHV�� DQG� DQHPRQHV� ZHUH� JHQHUDOO\� PRVW� DEXQGDQW�� ZLWK� SDUWLFXODUO\� KLJK� GHQVLWLHV
REVHUYHG�DW�+DOOHWW�&RYH�DQG�1RDUOXQJD��)RU�WKH�PRVW�SDUW�KRZHYHU��VSHFLHV�GLVWULEXWLRQV�ZHUH
SDWFK\�DQG�ORZ�DEXQGDQFHV�ZHUH�UHFRUGHG��6XPPDULHV�RI�WKH�TXDGUDW�GDWD�IRU�HDFK�WD[D�DUH�JLYHQ
LQ�$SSHQGL[����DQG�D�JUDSKLFDO�UHSUHVHQWDWLRQ�RI�WKH�GLVWULEXWLRQ�RI�REVHUYDWLRQV�DPRQJ�UHHIV�LV
JLYHQ�EHORZ��)LJXUH����

7KLV�ILJXUH�VKRZV�WKH�SDUWLFXODUO\�KLJK�QXPEHUV�RI�WXELFRORXV�SRO\FKDHWHV�DQG�K\GURLGV�IRXQG�DW
+DOOHWW� &RYH� DQG� 1RDUOXQJD�� UHVSHFWLYHO\�� EXW� DOVR� VXJJHVWV� WKDW� WKHVH� VDPH� WD[D�� DORQJ� ZLWK
DQHPRQHV� ZHUH� DOVR� UHODWLYHO\� PRUH� DEXQGDQW� DW� WKH� RWKHU� VLWHV�� 7KH� RQO\� VLWHV� ZKLFK� VHHP
GLVWLQFW�DUH�'UHGJH�%DUJH�ZKLFK�KDV�D�XQLIRUPO\�ORZ�DEXQGDQFH�RI�DOO�VHGHQWDU\�WD[D�DQG�%URNHQ
%RWWRP��ZKLFK�KDV�UHODWLYHO\�KLJK�QXPEHUV�RI�QRQ�WXELFRORXV�SRO\FKDHWHV�

B ro w n  ro b u s t  a lg a e

E n c ru s t in g  a lg a e

B ro w n  fo l ia c io u s  a lg a e

O th e r a s c id ia n s
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R e d  lu m p y  a lg a e

R e d  c o ra l in e  a lg a e

R e d  m e m b ra n o u s

C o lo n ia l a s c id ia n

G re e n  lo b e d  a lg a e

B ry o z o a n

G re e n  lu m p y  a lg a e

G a s tro p o d

B ro w n  lu m p y  a lg a e

C rin o id

H y d ro id

G m e m b ra n o u s  a lg a e

S e a g ra s s

C ra b

S ta r f is h

S ta lk e d  a s c id ia n

H o lo th u r ia n

U rc h in

B iv a lv e

B ro w n  m e m b ra n o u s  a lg a

C o ra l

R e d  ro b u s t  a lg a e

D is c re e te  s p o n g e

A m o rp h o u s  s p o n g e

B a re  ro c k

G re e n  fo l ia c io u s  a lg a e

B a re  s a n d

T u r f

R e d  fo l ia c e o u s  a lg a e
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)LJXUH� �� �� *UDSKLF� VKRZLQJ� WKH� UHODWLYH� DEXQGDQFH� �ORJ� �� &RYHU� �� ������ RI� WKH� YDULRXV� OLIHIRUPV
UHFRUGHG�RQ�/,7�WUDQVHFW�
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�������� )LVK
$�WRWDO�RI����ILVK�WD[D�ZHUH�UHFRUGHG�E\�YLVXDO�FHQVXV��2I�WKHVH�WKH�QXPHULFDO�GRPLQDQW�DW�DOO�EXW
RQH� RI� WKH� VLWHV�ZDV� WKH� KXODILVK� �7UDFKLQRSV� VS�� �$SSHQGL[� ��� )LJXUH� ���� 7KLV� VSHFLHV� ZDV� QRW
UHFRUGHG�LQ�ODUJH�QXPEHUV�DW�$OGLQJD�DW��P��EXW�VLQFH�LW�ZDV�GRPLQDQW�DW���P�RQ�WKLV�UHHI�DQG�LV
FRPPRQO\�IRXQG�RQ�URFN\�UHHIV�LQ�ODUJH�VFKRROV��LW�ZRXOG�EH�GLIILFXOW�WR�DUJXH�WKDW�LW�DEVHQFH�DW
�P� ZDV� VLJQLILFDQW�� /HDWKHU� MDFNHWV� �0HXVFKHQLD� VSS�� DQG� EXOOVH\HV� �3HPSKHULV� VS�� ZHUH� DOVR
FRPPRQ��SDUWLFXODUO\�RQ�%URNHQ�%RWWRP��'UHGJH�DQG�%DUJH�DQG�6HPDSKRUH���0RVW�RWKHU�VSHFLHV
RFFXUUHG�RFFDVLRQDOO\�ZLWK�QR�REYLRXV�VHSDUDWLRQ�RI�WD[D�EHWZHHQ�VLWHV

 T u b e  P o ly c h a e te s  

 H y d ro id s  

 O th e r  A s c id ia n s  

 A n e m o n e s   

 C o lo n ia l  A s c id ia n s  

 G a s tr o p o d s  

 A m o r p h o u s  S p o n g e  

 B r y o z o a n  

 D is c r e te  S p o n g e  

 B a rn a c le  

 C h ito n  

 C r in o id  

 C o s c in a s te r ia s  

 G o o s e  b a r n a c le  

 O p is to b r a n c h  

 O c to p u s  

 O th e r  C r u s ta c e a n  

 F is h  

 S a b e l l id  w o r m s  

 H o lo th u r ia n  

 C r a b  

 S e a  s ta r  

 U r c h in  

 S ta lk e d  A s c id ia n  

 B iv a lv e  

 C o r a l  

 P o ly c h a e te  

A ld in g a  5 m A ld in g a  1 0 m H a l le t t  C o v e N o a r lu n g a  5 m B r o k e n  B o tto m D r e d g e /B a r g e S e m a p h o r e

)LJXUH�����*UDSKLF�VKRZLQJ�WKH�UHODWLYH�DEXQGDQFH��ORJ�GHQVLW\���������RI�WKH�YDULRXV�WD[D�UHFRUGHG�LQ
TXDGUDWV�

Parequula melbournensis 

Girella zebra 

Odacidae 

Clinidae 

Thalossoma spp. 

Norfolkia clarkei 

Scorpis spp 

Kyphosus sydneyanus 

Chelmonops spp 

Tilodon sexfasciatum 

Enoplosus armatus 

Cheilodactylus nigripes 

Odax cyanomelas 

Gobidae 

Upeniechthys vlamingii 

Dactylophora nigricans 

Bovichthys variegatus 

Sepia 

 Aracana spp 

Paraplesiops meleagris 

Blennidae 

Meuschenia spp. 

Pempheris spp 

Trachinops spp. 

Aldinga 5m Aldinga 10m Hallett Cove Noarlunga 5m Broken Bottom Dredge/Barge Semaphore

)LJXUH�����*UDSKLF�VKRZLQJ�WKH�UHODWLYH�DEXQGDQFH��ORJ�GHQVLW\���������RI�WKH�YDULRXV�ILVK�WD[D
UHFRUGHG�E\�YLVXDO�FHQVXV
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���� &RPSDUDWLYH�DQDO\VLV
7KLV�VHFWLRQ�ORRNV�LQ�PRUH�GHWDLO�DW�WKH�VLPLODULWLHV�DQG�GLIIHUHQFHV�LQ�WKH�FRPPXQLW\�VWUXFWXUH�RI
WKH�VL[�UHHIV��7KH�REMHFWLYH�LV�WR�LGHQWLI\�IHDWXUHV�RI�FRPPXQLW\�VWUXFWXUH�WKDW�DUH�HLWKHU�FRPPRQ
WR�JURXSV�RI�UHHIV�RU�ZKLFK�VHW�SDUWLFXODU�UHHIV�DSDUW�IURP�WKH�UHVW��7KLV�DOORZV�D�GHWHUPLQDWLRQ�RI
WKH�H[WHQW� WR�ZKLFK�WKH�YDULRXV�VDPSOLQJ�PHWKRGV�UHYHDO�FRQVLVWHQW�SDWWHUQV�� �7KH�DQDO\VHV�DUH
SUHVHQWHG�VHSDUDWHO\�IRU�HDFK�PHWKRG�

������ /,7��VHVVLOH�ELRWD�

�������� &OXVWHU�DQDO\VLV
7KHUH� LV� D� GLVWLQFW� QRUWK�VRXWK� GLIIHUHQFH� LQ� UHHIV� �)LJXUH� ��� EXW� WKHUH� LV� QR� HYLGHQFH� IRU� DQ\
HIIHFW� RI� GHSWK� RQ� WKH� VWUXFWXUH� RI� WKH� UHHI� FRPPXQLWLHV�� � 5HHIV� FDQ� EH� GHILQHG� XVLQJ� WKUHH
JURXSV���7KH�ILUVW�JURXS�FRPSULVHV�DOO�RI�WKH�QRUWKHUQ�UHHIV��%URNHQ�%RWWRP��'UHGJH�%DUJH�DQG
6HPDSKRUH���WKH�RWKHU�WZR�JURXSV�DUH�FRPSULVHG�RI�WKH�VRXWKHUQ�UHHIV�ZLWK�$OGLQJD�DQG�+DOOHWW
&RYH�IRUPLQJ�RQH�JURXS��DQG�1RDUOXQJD�UHHI�WKH�RWKHU��)LJXUH����
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7       
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18      

16      

19      
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100. 90. 80. 70. 60. 50. 40.

Hallett Cove 5m

Hallett Cove 5m

Aldinga 10m

Aldinga 10m
Aldinga 5m

Aldinga 5m

Noarlunga 5m

Noarlunga 5m

Noarlunga 5m

Noarlunga 5m

Hallett Cove 5m

Hallett Cove 5m

Hallett Cove 5m

Hallett Cove 5m
Aldinga 10m

Aldinga 10m

Aldinga 5m

Aldinga 10m

Aldinga 10m

Aldinga 5m
Aldinga 5m

Semaphore 10m

Semaphore 10m

Semaphore 10m

Semaphore 10m

Semaphore 10m
Semaphore 10m

Dredge 15m

Dredge 15m

Barge 15m

Barge 15m

Dredge 15m
Dredge 15m

Broken Bottom 10m

Broken Bottom 10m
Broken Bottom 10m

Broken Bottom 10m

Broken Bottom 10m

Broken Bottom 10m

Noarlunga 5m

Noarlunga 10m

Group 1

Group 2

Group 3

Northern
reefs

Southern 
reefs

1A

1B

2A

2B

2C

3

)LJXUH� �� �� &OXVWHU� DQDO\VLV� RI� /,7� GDWD�� 7KUHH� PDMRU� JURXSLQJV� RFFXU� ZLWK� D� GLVWLQFW� QRUWK�VRXWK
GLIIHUHQWLDWLRQ�

7KHVH� JURXSV� PD\� EH� IXUWKHU� VXE�GLYLGHG� LQWR� VL[� PLQRU� JURXSLQJV�� WZR� QRUWKHUQ� DQG� IRXU
VRXWKHUQ��7KH�VRXWKHUQ�JURXSV���$���%���&�DQG����VKRZ�DOPRVW�FRPSOHWH�GLVFULPLQDWLRQ�RI�UHHIV
ZLWK�WKH�H[FHSWLRQ�RI�RQH�+DOOHWW�&RYH�WUDQVHFW�����LQ�JURXS��$��2I�WKH�QRUWKHUQ�JURXSV��%URNHQ
%RWWRP� LV� ODUJHO\�GLVWLQFW� ��%���ZKLOH� WKH�RWKHU�JURXS�FRPSULVHG�D�PL[HG� VHOHFWLRQ�RI� WUDQVHFWV
IURP�WKH�RWKHU�QRUWKHUQ�UHHIV���$����)URP�WKLV�DQDO\VLV�LW�ZRXOG�DSSHDU�WKHUHIRUH��WKDW�HDFK�UHHI
VXSSRUWV�D�GLVWLQFW�ELRWD�

�������� 0'6
7KH� UHVXOWV� RI� WKH�0'6� DQDO\VLV�ZHUH� HQWLUHO\� FRQVLVWHQW�ZLWK� WKRVH� IURP� WKH� FOXVWHU� DQDO\VLV�
)LJXUH���VKRZV�WKH�RUGLQDWLRQ�SORW�IURP�WKLV�DQDO\VLV���+HUH��VLWHV�FORVHU�WRJHWKHU�RQ�WKH�SORW�DUH
PRUH� VLPLODU� WR� RQH� DQRWKHU� LQ� FRPPXQLW\� FRPSRVLWLRQ�� � 7KH� QRUWK�VRXWK� GLIIHUHQFH� FDQ� EH
FOHDUO\� VHHQ� LQ� WKH� SORW� DQG� WUDQVHFWV� IURP� HDFK� UHHI� DUH� JURXSHG� WRJHWKHU�� � +RZHYHU�� WKH
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DUUDQJHPHQW� RI� UHHIV� ZLWKLQ� WKH� QRUWKHUQ� RU� VRXWKHUQ� ]RQH� GRHV� QRW� UHIOHFW� JHRJUDSKLFDO
SUR[LPLW\�

HC5

HC5

ALD10
ALD10

ALD5

ALD5

NO5
NO5

NO5

NO5

HC5
HC5 HC5

HC5

ALD10

ALD10

ALD5

ALD10
ALD10

ALD5

ALD5
SEM10 SEM10

SEM10

SEM10

SEM10
SEM10

D/B15

DRED15

BAR15

BAR15
D15

D/B15

BB10

BB10

BB10

BB10

BB10

BB10

NO5

NO10

Group 1

Group 2

Group 3

Stress = 0.13
A

B

2B

2C

2A

1A

1B

Sth Nth

)LJXUH� �� ��0'6�RUGLQDWLRQ�SORW�RI�/,7�GDWD��2YHUDOO� D� QRUWK�VRXWK� JUDGLHQW�ZDV� HYLGHQW�� 6XE�JURXSLQJV
IRXQG��LQ�WKH�FOXVWHU�DQDO\VLV�DUH�DOVR�DSSDUHQW�LQ�WKH�RUGLQDWLRQ�

�������� 6LPSHU�DQDO\VLV
6LPSHU�DQDO\VLV�ZDV�XVHG�WR�DVVHVV�WKH�FRQVLVWHQF\�LQ�FRPPXQLW\�VWUXFWXUH�RI�WUDQVHFWV�ZLWKLQ�WKH
JURXSV� GHILQHG� E\� ERWK� FOXVWHU� DQG�0'6� DQDO\VHV�� � 7KH� DYHUDJH� VLPLODULW\� RI� WUDQVHFWV� ZLWKLQ
HDFK�RI�WKH�WKUHH�PDMRU�UHJLRQV�ZDV�PRGHUDWH�UDQJLQJ�IURP��������

9DULRXV� OLIHIRUPV� FRQWULEXWH� WR� WKH� VLPLODULW\�RU�GLVVLPLODULW\�ZLWKLQ� DQG�EHWZHHQ� VLWHV�� EXW� WKH
PDMRULW\�RI� WKH�FRQWULEXWLRQ�FDQ�EH�DWWULEXWHG�WR�GLIIHUHQFHV� LQ�RQO\���PDMRU� OLIHIRUPV�� UHG�DQG
EURZQ� IROLDFHRXV� DOJDH�� UHG� WXUILQJ� DOJDH�� UHG� HQFUXVWLQJ� DOJDH�� EURZQ� OHDWKHU\� DOJDH� DQG
DPRUSKRXV�VSRQJHV��7DEOH����7DEOH����

7DEOH� �� �� :LWKLQ� VLWH� VLPLODULW\� SHUFHQWDJHV� IRU� WKH� WKUHH� PDMRU� JURXSLQJV�� � 6LPLODULWLHV� ZLWKLQ� JURXSV
LQGLFDWH�D�PRGHUDWH�GHJUHH�RI�KRPRJHQHLW\�

*URXS���DYHUDJH
VLPLODULW\�DFURVV�DOO
WD[D�DQG�VDPSOHV

7D[D $YHUDJH
SHUFHQW
FRYHU

$YHUDJH
VLPLODULW\�

5DWLR� 3HUFHQW
FRQWULEXWLRQ
WR�VLPLODULW\

1RUWKHUQ�5HHIV�� 5HG�)ROLDFHRXV�DOJDH ����� ���� ���� �����
DYHUDJH�VLPLODULW\ %DUH�VDQG ����� ��� ���� �����
 ������ %DUH�5RFN ���� ��� ���� �����

5HG�WXUILQJ�DOJDH ����� ��� ��� ����
$PRUSKRXV�VSRQJHV ���� ��� ���� ����

6RXWKHUQ�UHHIV %URZQ�UREXVW�DOJDH ����� ���� ���� �����
�$OGLQJD�DQG 5HG�HQFUXVWLQJ�DOJDH ���� ��� ���� �����
+DOOHWW�&RYH��� %URZQ�IROLDFHRXV�DOJDH ����� ��� ���� �����
DYHUDJH�VLPLODULW\ %DUH�VDQG ����� ��� ���� �����
 ������ 5HG�)ROLDFHRXV�DOJDH ����� ��� ��� ����

6RXWKHUQ�UHHIV %URZQ�UREXVW�DOJDH ����� ���� ����� �����
�1RDUOXQJD��� 5HG�HQFUXVWLQJ�DOJDH ����� ���� ���� �����
DYHUDJH�VLPLODULW\ 0L[HG�WXUILQJ�DOJDH ���� ��� ���� �����
 ������ 5HG�WXUILQJ�DOJDH ����� ��� ���� �����

$PRUSKRXV�VSRQJHV ���� ��� ���� �����
�
$YHUDJH�VLPLODULW\�LV�EDVHG�RQ�DQ�DYHUDJH�PHDVXUH�RI�DOO�SDLUV�RI�VDPSOHV�ZKHUH�WKH�WD[D�FR�RFFXUV�

�
7KH�UDWLR�LV�D�PHDVXUH�RI�WKH�H[WHQW�WR�ZKLFK�D�WD[D�FDQ�EH�XVHG�WR�GLVFULPLQDWH�VLWHV���,I�GHOWD�LV�ODUJH�DQG�VG�LV�VPDOO�WKHQ�WKH�UDWLR�LV�ODUJH�ZKLFK

LQGLFDWHV�WKDW�WKH�LWK�VSHFLHV�QRW�RQO\�FRQWULEXWHV�PXFK�WR�WKH�GLVVLPLODULW\�EHWZHHQ�JURXSV�EXW�LW�DOVR�GRHV�VR�FRQVLVWHQWO\�LQ�LQWHUFRPSDULVRQV�RI

DOO�VDPSOHV�LQ�WKH�WZR�JURXSV���,W�LV�WKXV�D�JRRG�GLVFULPLQDWLQJ�VSHFLHV�
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���������� 'LVFULPLQDWLRQ�RI�VLWHV
7KH� DYHUDJH� GLVVLPLODULW\� EHWZHHQ� WUDQVHFWV� UHLQIRUFHV� WKH� QRUWK�VRXWK� GLVFULPLQDWLRQ� RI� VLWHV�
7KH�ORZHVW�OHYHO�IRU�DYHUDJH�GLVVLPLODULW\�������ZDV�EHWZHHQ�JURXSV���DQG����WKH�VRXWKHUQ�VLWHV��
7KH� DYHUDJH� GLVVLPLODULW\� EHWZHHQ� HLWKHU� RI� WKH� VRXWKHUQ� JURXSV� DQG� WKH� QRUWKHUQ� JURXS� ZDV
KLJKHU������DQG�����UHVSHFWLYHO\��7DEOH����

7DEOH� �� �� 'LVVLPLODULW\� UHVXOWV� IURP� 6,03(5� DQDO\VLV�� 7KH� KLJKHVW� GLVVLPLODULW\� H[LVWV� EHWZHHQ� WKH
VRXWKHUQ�DQG�QRUWKHUQ�UHHIV�

7D[D $YHUDJH
SHUFHQW�FRYHU
JURXS��

$YHUDJH
SHUFHQW�FRYHU
JURXS��

$YHUDJH
GLVVLPLODULW\

5DWLR 3HUFHQW
FRQWULEXWLRQ�WR
GLVVLPLODULW\

'LVVLPLODULW\
EHWZHHQ�JURXSV���	
���$YHUDJH�GLV�
VLPLODULW\ �����

1RUWKHUQ�5HHIV 1RDUOXQJD

5HG�IROLDFHRXV�DOJDH ����� ���� ����� ���� �����
5HG�HQFUXVWLQJ�DOJDH ���� ����� ���� ���� �����
%URZQ�UREXVW�DOJDH ���� ����� ���� ���� �����
%DUH�VDQG ����� ���� ���� ���� ����
5HG�WXUILQJ�DOJDH ����� ����� ���� ���� ����
'LVVLPLODULW\
EHWZHHQ�JURXSV���	
��DYHUDJH�GLV�
VLPLODUOLW\ �����

1RUWKHUQ�5HHIV $OGLQJD�DQG
+DOOHWW�&RYH

%URZQ�UREXVW�DOJDH ���� ����� ����� ���� �����
5HG�IROLDFHRXV�DOJDH ����� ����� ���� ���� �����
%URZQ�IROLDFHRXV
DOJDH

���� ����� ���� ���� ����

5HG�HQFUXVWLQJ�DOJDH ���� ���� ���� ���� ����
5HG�WXUILQJ�DOJDH ����� ���� ���� ���� ����
'LVVLPLODULW\
EHWZHHQ�JURXSV���	
��DYHUDJH�GLV�
VLPLODULW\� ������

1RDUOXQJD $OGLQJD�DQG
+DOOHWW�&RYH

5HG�WXUILQJ�DOJDH ����� ���� ���� ���� �����
%URZQ�IROLDFHRXV
DOJDH

���� ����� ���� ���� ����

5HG�IROLDFHRXV�DOJDH ���� ����� ���� ���� ����
%DUH�VDQG ���� ����� ���� ���� ����
5HG�HQFUXVWLQJ�DOJDH ����� ���� ���� ���� ����

�������� &DQRQLFDO�FRUUHODWLRQ�DQDO\VLV
5HVXOWV�IURP�WKH�FDQRQLFDO�FRUUHODWLRQ�DQDO\VLV�RI�/,7�GDWD�ZHUH�FRQVLVWHQW�ZLWK�WKRVH�DERYH�LQ
WKDW� WKHUH�ZDV� D� FOHDU�GLVFULPLQDWLRQ�RI� DOPRVW� DOO� VLWHV� �UHHIV��� �7KH� FOHDU�QRUWK�VRXWK� WUHQG� LV
VHHQ�LQ�WKH�RUGLQDWLRQ�RI�WKH�VRXWKHUQ�VLWHV�LQ�WKH�QHJDWLYH�GRPDLQ�RI�D[LV�,��OHIW�KDQG�VLGH�RI�WKH
SORW��)LJXUH������7KHUH�LV�DQ�RYHUODS�EHWZHHQ�6HPDSKRUH�DQG�%URNHQ�%RWWRP�ZKLFK�LOOXVWUDWHV�WKH
VLPLODULWLHV�LQ�WKH�WKHVH�QRUWKHUQ�UHHIV�����P�GHSWK��
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I

II

IIIAldinga

Hallet Cove

Noarlunga

Broken Bottom

Dredge

Barge

Semaphore

)LJXUH�����&DQRQLFDO�FRUUHODWLRQ�RUGLQDWLRQ�RI�FRPPXQLW\�/,7�GDWD�VKRZLQJ�FDQRQLFDO�YHFWRUV�,�WR�,,,���$OO
VLWHV�FDQ�EH�GLVFULPLQDWHG�IURP�RQH�DQRWKHU�RQ�WKH�EDVLV�RI�WKH�/,7�GDWD�VKRZLQJ�FOHDU�GLIIHUHQFHV�LQ�WKH
FRPPXQLW\�VWUXFWXUH�DW�WKH�YDULRXV�VLWHV�

������ 4XDGUDW�GDWD

�������� &OXVWHU�DQDO\VLV
,Q� JHQHUDO� WKHUH� ZHUH� QR� FOHDU� DVVRFLDWLRQV� EHWZHHQ� UHHIV� LQ� WHUPV� RI� WKH� DEXQGDQFH� RI� WD[D
DVVHVVHG� XVLQJ� WKH� TXDGUDW� VXUYH\V�� � 7KLV� LQGLFDWHV� WKDW� WKH� SDWWHUQV� LQ� WKH� GLVWULEXWLRQ� RI� WKH
VHVVLOH�DQG�VHGHQWDU\�WD[D�LGHQWLILHG�XVLQJ�WKH�TXDGUDW�VXUYH\V�GR�QRW�YDU\�LQ�WKH�VDPH�ZD\�DV�WKH
WD[D�TXDQWLILHG�XVLQJ�WKH�/,7�VXUYH\V�� �7KH�FOXVWHU�DQDO\VLV�RI� WKH�TXDGUDW�GDWD�VKRZHG�QR�UHDO
GLVFULPLQDWLRQ�RI� UHHIV� �)LJXUH� ����� 6DPSOHV� IURP� WKH�YDULRXV� UHHIV�ZHUH� IUHTXHQWO\� GLVWULEXWHG
EURDGO\�DFURVV�WKH�GHQGRJUDP�DQG�LQWHUPL[HG�ZLWK�RQH�DQRWKHU�ZKLFK�LQGLFDWHV�D�UHODWLYHO\�KLJK
OHYHO�RI�KHWHURJHQHLW\�ZLWKLQ�UHHI�V\VWHPV�

2Q�D�ILQHU�VFDOH�WKHUH�ZDV�VRPH�DJJUHJDWLRQ�RI�VDPSOHV���*URXSV�RQH��WZR�DQG�ILYH��)LJXUH����
ODUJHO\�FRPSULVH�VDPSOHV�IURP�WKH�WKUHH�VRXWKHUQ�UHHIV��JURXS�WKUHH�FDQ�EH�VSOLW�LQWR�WZR�JURXSV
FRPSULVLQJ�VRXWKHUQ�UHHIV�LQ�RQH�VHFWLRQ�DQG�6HPDSKRUH�LQ�WKH�RWKHU��*URXS���LV�SUHGRPLQDQWO\
D�PL[� RI� QRUWKHUQ� UHHIV��ZKLOH� WKH� UHPDLQGHU� RI� WUDQVHFWV��ZKLFK� DUH� VFDWWHUHG� WKURXJKRXW� WKH
GHQGRJUDP��DUH�DOVR�QRUWKHUQ�UHHIV�ZLWK�WKH�H[FHSWLRQ�RI�WZR�VRXWKHUQ�UHHI�WUDQVHFWV�
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7KHVH�UHVXOWV�VXJJHVW� WKDW� WUDQVHFWV�ZLWKLQ�UHHIV�PD\�GLVSOD\�FRPPRQ�FKDUDFWHULVWLFV�ZKLFK�FDQ
FKDUDFWHULVH� WKDW� UHHI�� KRZHYHU� WKHUH� LV� D� KLJK� OHYHO� RI� RYHUODS� EHWZHHQ� UHHIV� PDNLQJ� LW� YHU\
GLIILFXOW�WR�GLVWLQJXLVK�UHHIV�IURP�RQH�DQRWKHU�RQ�WKH�EDVLV�RI�WKHVH�GDWD�

100. 90. 80. 70. 60. 50. 40. 30.

Noarlunga

Hallett Cove

Hallett Cove

Hallett Cove

Hallett Cove

Hallett Cove

Broken Bottom

Broken Bottom

Broken Bottom

Broken Bottom

Dredge

Broken Bottom

Semaphore

Semaphore

Dredge

Semaphore

Aldinga

Hallet Cove

Barge

Semaphore

Semaphore

Semaphore

Aldinga

Aldinga

Noarlunga

Aldinga

Aldinga

Aldinga

Aldinga

Aldinga

Aldinga

Noarlunga

Aldinga

Noarlunga

Noarlunga

Noarlunga

Dredge

Barge

Aldinga

Broken Bottom

Noarlunga

Dredge

1

5

3A

3B

4

2

)LJXUH���� ��&OXVWHU�DQDO\VLV� UHVXOWV� IRU�TXDGUDW�GDWD��7KHUH�DUH�QR�EURDG� VFDOH�JURXSLQJV�SUHVHQW�� � 6RPH
JURXSLQJ� LV� DSSDUHQW� RQ� WKH� ILQHU� VFDOH� EXW� WKHUH� DVVRFLDWLRQ� RI� WKHVH� JURXSV� LV� QRW� FRQVLVWHQW� ZLWK� WKH
RYHUDOO�DVVRFLDWLRQ�RI�WKHVH�UHHIV�LQ�JHRJUDSKLFDO�RU�GHSWK�WHUPV�

�������� 0'6
2UGLQDWLRQ� RI� TXDGUDW� GDWD� IXUWKHU� VXSSRUWHG� WKH� FRQFOXVLRQ� WKDW� WUDQVHFWV� ZLWKLQ� UHHIV� ZHUH
VLPLODU��EXW� ORZ�YDULDELOLW\� H[LVWHG�EHWZHHQ� UHHIV��7KH�PDMRULW\�RI� WUDQVHFWV� IRU� LQGLYLGXDO� UHHIV
RUGLQDWHG� WRJHWKHU� �)LJXUH� �����+RZHYHU�� WKHVH� JURXSLQJV� RYHUODS� RQH� DQRWKHU� VXJJHVWLQJ� WKDW
WKH�EHWZHHQ�UHHI�YDULDELOLW\� LV� VLPLODU� LQ�PDJQLWXGH� WR� WKH�YDULDELOLW\�EHWZHHQ� WUDQVHFWV�ZLWKLQ�D
UHHI�
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H/Cove

H/Cove

ALD

ALD

ALD

ALD

NOAR

NOAR
NOAR

NOAR
H/Cove

H/Cove

H/Cove

H/Cove

ALD

ALD

ALD

ALD

ALD

ALD

ALD

SEM

SEM

SEM

SEMSEM

SEM

DREDGE

DREDGE

BARGE

BARGE

DREDGE

DREDGE

BBOT

BBOT

BBOT

BBOT

BBOT

BBOT

NOAR
NOAR

Stress =  .25

)LJXUH� ��� ��0'6� RUGLQDWLRQ� RI� TXDGUDW� GDWD��0RVW� WUDQVHFWV� IURP� WKH� YDULRXV� UHHIV� DSSHDU� FORVH� WR� RQH
DQRWKHU�LQ�WKH�RUGLQDWLRQ�VSDFH��7KH�JURXSLQJV�RI�WKH�LQGLYLGXDO�UHHIV�RYHUODS�VXJJHVWLQJ�YDULDELOLW\�ZLWKLQ
UHHIV�LV�VLPLODU�WR�WKDW�EHWZHHQ�UHHIV�

�������� &DQRQLFDO�FRUUHODWLRQ
:KHUHDV�WKHUH�LV� OLWWOH�QDWXUDO�VWUXFWXUH�LQ�WKH�TXDGUDW�GDWD�D�FDQRQLFDO�FRUUHODWLRQ�DQDO\VLV�GRHV
SURYLGH�D�WRRO�IRU�GLVFULPLQDWLQJ�WKH�UHHIV���$�PRUH�RU�OHVV�FRPSOHWH�GLVFULPLQDWLRQ�RI�LQGLYLGXDO
UHHIV� FDQ� EH� DFKLHYHG� XVLQJ� WKLV� WHFKQLTXH� �)LJXUH� ����� )XUWKHU�� D� QRUWK�VRXWK� GLVFULPLQDWLRQ
H[LVWV�RQ�YHFWRU�,�RI�WKLV�RUGLQDWLRQ��ZKLOH�GLVFULPLQDWLRQ�EHWZHHQ�%URNHQ�%RWWRP��WKH�%DUJH�DQG
6HPDSKRUH�LV�SUHVHQW�RQ�YHFWRU�,,,�

7KLV�UHVXOW�SURYLGHV�VRPH�VXSSRUW�IRU�WKH�FRQFOXVLRQV�GUDZQ�IURP�WKH�FOXVWHU�DQDO\VLV��)LJXUH����
DQG�WKH�0'6�RUGLQDWLRQ��)LJXUH�����LQ�WKDW�WKHUH�LV�VRPH�GHJUHH�RI�VLPLODULW\�EHWZHHQ�WUDQVHFWV
IURP�ZLWKLQ�HDFK�VLWH�� �)XUWKHUPRUH�� LW� LV� VXJJHVWV� WKH�JHQHUDO�QRUWK�VRXWK� WUHQG� LQ�FRPPXQLW\
VWUXFWXUH�LV�UHIOHFWHG�LQ�WKH�VWUXFWXUH�RI�WKHVH�FRPPXQLWLHV�

Aldinga

Hallet Cove

Noarlunga

Broken Bottom

Dredge

Barge

Semaphore

III

I

II

)LJXUH������&DQRQLFDO�FRUUHODWLRQ�RUGLQDWLRQ�RI�FRPPXQLW\�TXDGUDW�GDWD�VKRZLQJ�FDQRQLFDO�YHFWRUV�,�WR�,,,�
1RUWK�VRXWK� GLVFULPLQDWLRQ� LV� HYLGHQW� RQ� YHFWRU� ,�� $OPRVW� FRPSOHWH� GLVFULPLQDWLRQ� LQGLYLGXDO� UHHIV� LV
HYLGHQW�

�������� $QDO\VLV�XVLQJ�SUHVHQFH�DEVHQFH�GDWD
3UHVHQFH�DEVHQFH�GDWD�SURYLGHV�DQ�DOWHUQDWLYH�ZD\�RI�DQDO\VLQJ�WKH�GDWD�ZKLFK�UHPRYHV�WKH�HIIHFW
RI�GLIIHUHQFHV� LQ�DEXQGDQFH�RI�WD[D�DQG�IRFXVHV�VLPSO\�RQ�ZKHWKHU�D� WD[D� LV� IRXQG�DW�D� VLWH�RU
QRW�� �7KH�DQDO\VLV�RI�WKH�GDWD�DW� WKLV� OHYHO�GLG�QRW�SURYLGH�DQ\�QHZ�LQVLJKWV�RQ�WKH�VWUXFWXUH�RI
WKHVH�FRPPXQLWLHV�
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������ )LVK�9LVXDO�&HQVXV

�������� &OXVWHU�DQDO\VLV
&OXVWHU� DQDO\VLV� XVLQJ� ILVK� GDWD� VKRZHG� VRPH� GLVFULPLQDWLRQ� RI� UHHIV�� DOWKRXJK� QRW� FRPSOHWH
�)LJXUH������7KLV�GLVFULPLQDWLRQ�VHHPV�WR�EH�RQ�D�ILQH�VFDOH��(DFK�UHHI�LV�UHSUHVHQWHG�E\�D�VPDOO
JURXS�RI� WUDQVHFWV��ZLWK� WKH� H[FHSWLRQ� RI�'UHGJH�%DUJH�ZKLFK� VKRZ� FRPSOHWH� GLVFULPLQDWLRQ�
DQG� %URNHQ� %RWWRP� DQG� 6HPDSKRUH� ZKLFK� WHQG� WR� EH� PRUH� VFDWWHUHG�� 7KLV� VXJJHVWV� KLJKHU
YDULDELOLW\�RQ�WKHVH�WZR�UHHIV��6RPH�GHSWK�GLVFULPLQDWLRQ�DSSHDUV�ZLWK�JURXSV�RQH�DQG�WZR�EHLQJ
SUHGRPLQDQWO\���P�DQG�JURXS�WKUHH�FRPSULVLQJ����DQG����P�WUDQVHFWV�

100. 90. 80. 70. 60. 50. 40. 30. 20. 10.  0.

45 Aldinga 10
40 Aldinga 10
43 Aldinga 10
44 Aldinga 10

30 Noarlunga 5
6 Semaphore 10

5 Semaphore 10
4 Semaphore 10

12 B.Bottom 10
18 Dredge 15
15 Dredge 15
17 Dredge 15

16 Dredge 15
14 Barge 15

13 Barge 15
42 Aldinga 10

26 Noarlunga 5
28 Noarlunga 5
34 Noarlunga 5

31 Noarlunga 5
29 Noarlunga 5
25 Noarlunga 5
32 Noarlunga 5

33 Noarlunga 5
27 Noarlunga 5

19 Hallett Cove 5
9 B.Bottom 10

41 Aldinga 10
39 Aldinga 5

7 B.Bottom 10
37 Aldinga 5
2 Semaphore 10

1 Semaphore 10
22 Hallett Cove 5
38 Aldinga 5

36 Aldinga 5
35 Aldinga 5

8 B.Bottom 10
3 Semaphore 10

11 B.Bottom 10
10 B.Bottom 10
24 Hallett Cove 5
23 Hallett Cove 5

21 Hallett Cove 5
20 Hallett Cove 5

BRAY-CURTIS SIMILARITY

1

3

2

)LJXUH������&OXVWHU�DQDO\VLV�RI�ILVK�YLVXDO�FHQVXV�GDWD��6RPH�GLVFULPLQDWLRQ�RI�UHHIV�LV�SUHVHQW�DOWKRXJK�QRW
FRPSOHWH�� 6RPH� GHSWK� GLVFULPLQDWLRQ� DSSHDUV� ZLWK� JURXSV� RQH� DQG� WZR� EHLQJ� SUHGRPLQDQWO\� �� P� DQG
JURXS�WKUHH�FRPSULVLQJ����DQG����P�WUDQVHFWV

�������� 0'6
0'6�RUGLQDWLRQ�RI�ILVK�YLVXDO�FHQVXV�GDWD�VXJJHVW�KLJK�YDULDELOLW\�RYHUDOO� �)LJXUH������7KLV�ZDV
HYLGHQW�LQ�WKH�KLJK�VWUHVV�YDOXH�DQG�PL[LQJ�RI�JURXSV�RI�WUDQVHFWV��'UHGJH�%DUJH�DQG�1RDUOXQJD
JURXS�WLJKWO\�VXJJHVWLQJ�WUDQVHFWV�DW�WKHVH�VLJKWV�ZHUH�PRUH�FRQVLVWHQWO\�VLPLODU�
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Sem10
Sem10

Sem10

Sem10

Sem10
Sem10

B.Bot10

B.Bot10

B.Bot10

B.Bot10

B.Bot10

B.Bot10

Barg15

Barg15
Dred15

Dred15
Dred15

Dred15

HCove5

HCove5

HCove5

HCove5

HCove5

HCove5

Noar5

Noar5

Noar5

Noar5

Noar5

Noar5

Noar5

Noar5

Noar5Noar5
Ald5

Ald5

Ald5

Ald5

Ald5

Ald10

Ald10

Ald10

Ald10

Ald10
Ald10

Stress =  .18

)LJXUH� ��� ��0'6� RUGLQDWLRQ� RI� ILVK� YLVXDO� FHQVXV� GDWD�� 7KH� KLJK� VWUHVV� YDOXH� DQG�PL[LQJ� RI� JURXSV� RI
WUDQVHFWV�VXJJHVW�KLJK�YDULDELOLW\�RYHUDOO��'UHGJH�%DUJH�DQG�1RUOXQJD�JURXS�WLJKWO\�VXJJHVWLQJ�WUDQVHFWV
DW�WKHVH�VLJKWV�ZHUH�FRQVLVWHQWO\�VLPLODU�

�������� &DQRQLFDO�FRUUHODWLRQ
&DQRQLFDO� FRUUHODWLRQ� RUGLQDWLRQ� RI� ILVK� YLVXDO� FHQVXV� GDWD� VKRZHG� FOHDU� GLVFULPLQDWLRQ� RI� DOO
UHHIV��)LJXUH������'UHGJH��%DUJH�DQG�6HPDSKRUH�DUH�GLVFULPLQDWHG�RQ�D[LV�,��ZKLOH�WKH�UHPDLQGHU
DUH�GLVSHUVHG�DORQJ�D[LV�,,,�

Aldinga

Hallet Cove

Noarlunga

Broken Bottom

Dredge

Barge

Semaphore

I

II

III

)LJXUH������&DQRQLFDO�FRUUHODWLRQ�RUGLQDWLRQ�RI�ILVK�YLVXDO�FHQVXV�GDWD��6KRZLQJ�FDQRQLFDO�YHFWRUV�,�WR�,,,�
'UHGJH��%DUJH�DQG�6HPDSKRUH�DUH�GLVFULPLQDWHG�RQ�D[LV�,��ZKLOH� WKH�UHPDLQGHU�DUH�GLVSHUVHG�DORQJ�D[LV
,,,�

�������� )LVK�9LVXDO�&HQVXV�IRU�QRQ�PLJUDWRU\�VSHFLHV
)XUWKHU�DQDO\VLV�RI�WKH�YLVXDO�FHQVXV�GDWD�ZDV�XQGHUWDNHQ�XVLQJ�D�GDWD�VHW�ZKLFK�FRPSULVHG�RQO\
WKH�QRQ�PLJUDWRU\�VSHFLHV���7KLV�ZDV�EDVHG�XSRQ�WKH�SURSRVDO�WKDW�WKHVH�UHVLGHQW�VSHFLHV�ZRXOG
UHIOHFW�PRUH�FORVHO\�FKDQJHV�GLIIHUHQFHV�LQ�WKH�UHHI�HQYLURQPHQW�

)HZ� QHZ� LQVLJKWV� ZHUH� JDLQHG� IURP� WKLV� DQDO\VLV� RWKHU� WKDQ� DQ� LQGLFDWLRQ� WKDW� WUDQVHFWV� RQ
1RDUOXQJD�UHHI�LOOXVWUDWHG�UHPDUNDEO\�FRQVLVWHQW�ILVK�FRPPXQLWLHV��)LJXUH�����
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AL D10

AL D10

AL D10

DR ED

DR ED

BA RG

BA RG

DR ED

DR ED

HA LC O V

AL D10

NO AR

BR O K BO T

SE M

SE M

SE M

HA LC O V

AL D10

NO AR

NO AR

AL D10

AL D5

AL D5

BR O K BO T

BR O K BO T

NO AR

NO AR

NO AR

NO AR

NO AR

NO AR

NO AR

BR O K BO T

SE M

SE M

HA LC O V

HA LC O V

BR O K BO T

SE M

BR O K BO T

H A LCO V

AL D5

H A LCO V

)LJXUH������&OXVWHU�DQDO\VLV�RI�QRQ�PLJUDWRU\�ILVK�VSHFLHV���1RWH�WKH�FOXVWHULQJ�RI�WKH�1RDUOXQJD�VLWHV�
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���'LVFXVVLRQ
���� 7KH�VWDWXV�RI�UHHIV�LQ�*XOI�6W�9LQFHQW
0DFURDOJDO� GRPLQDWHG� FRPPXQLWLHV� DUH� D� GLVWLQFWLYH� IHDWXUH� RI� VXEWLGDO� URFN\� UHHIV� DQG� URFN\
FRDVWDO�PDUJLQV�RI�VRXWKHUQ�$XVWUDOLD���7KH\�DUH�JHQHUDOO\�KLJKO\�SURGXFWLYH��&KHVKLUH�HW�DO�������
:HVWSKDOHQ�DQG�&KHVKLUH�������DQG�WKLV�SURGXFWLYLW\�XQGHUSLQV�WKH�SURYLVLRQ�RI�ERWK�IRRG�DQG
KDELWDW�IRU�D�GLYHUVH�DVVHPEODJH�RI�DVVRFLDWHG�ILVK�DQG�LQYHUWHEUDWH�WD[D�LQ�WKHVH�UHJLRQV��&ROOLQJV
DQG�&KHVKLUH�������%XWOHU�������������.D\�	�%XWOHU�������.HRXJK�����D�E��%XWOHU�DQG�&RQQROO\
��������,Q�*XOI�6W�9LQFHQW�UHHIV�FRPSULVH�DQ�LPSRUWDQW�KDELWDW

)HZ�VWXGLHV�RI�VXEWLGDO�UHHIV�LQ�6RXWK�$XVWUDOLD�KDYH�DWWHPSWHG�WR�LQWHJUDWH�LQIRUPDWLRQ�RQ�ERWK
SODQW� DQG�DQLPDO� FRPSRQHQWV�RI� WKH�EHQWKLF� FRPPXQLWLHV�� �7KH� VHULHV�RI� VWXGLHV�E\�6KHSKHUG
DQG�:RPHUVOH\��������������������������ZKLOH�H[WHQVLYH�LQ�WKHLU�JHRJUDSKLF�H[WHQW�DQG�UDQJH�RI
GHSWKV� H[DPLQHG�� ZHUH� UHVWULFWHG� WR� DQ� LQYHVWLJDWLRQ� RI� PDFURDOJDO� FRPPXQLWLHV� DW� ORFDWLRQV
LQIOXHQFHG�E\�RFHDQLF�ZDWHUV���:KHUHDV�WKH�VWXGLHV�E\�%XWOHU�DQG�RWKHUV��%XWOHU�������������.D\
	�%XWOHU�������.HRXJK�����D�E��%XWOHU�DQG�&RQQROO\�������KDYH�WHQGHG�WR�IRFXV�RQ�LQYHUWHEUDWH
FRPPXQLWLHV�ZLWK�VSHFLDO�UHIHUHQFH�WR�FRPPXQLWLHV�RQ� MHWW\�SLOLQJV�UDWKHU� WKDQ� LQ� UHHI�KDELWDWV�
,Q�PRVW�FDVHV�WKHVH�KDELWDWV�SURYLGH�YHUWLFDO��RIWHQ�VKDGHG��VXUIDFHV�ZKHUH�WKH�LQYHUWHEUDWH�WD[D
GR�QRW�JURZ�LQ�DVVRFLDWLRQ�ZLWK�PDFURDOJDH�

$FURVV� VRXWKHUQ�$XVWUDOLD� WKH� FRPSRVLWLRQ� RI� UHHI� FRPPXQLWLHV� YDULHV� ERWK� TXDQWLWDWLYHO\� DQG
TXDOLWDWLYHO\�RYHU�D� UDQJH�RI�VSDWLDO� VFDOHV�� � ,Q� WHUPV�RI� WKH�PDFURDOJDO� FRPPXQLWLHV� WKH� UHJLRQ
FRPSULVHV� WKH� )OLQGHUVLDQ� %LRJHRJUDSKLFDO� SURYLQFH� �:RPHUVOH\� ������� � :LWKLQ� WKLV� SURYLQFH
SK\VLFDO�IDFWRUV�VXFK�DV�QXWULHQW�VWDWXV��GHJUHH�RI�ZDWHU�PRYHPHQW��OLJKW�UHJLPH�DQG�VXEVWUDWXP
W\SH�DUH�OLNHO\�WR�SOD\�DQ�LPSRUWDQW�UROH�LQ�GHWHUPLQLQJ�FRPPXQLW\�FRPSRVLWLRQ��6KHSKHUG�DQG
:RPHUVOH\�������/REEDQ�DQG�+DUULVRQ���������)XUWKHU��ELRWLF�IDFWRUV�VXFK�DV�KHUELYRU\��HJ�-RQHV
DQG�$QGUHZ�������DQG�FRPSHWLWLRQ�DUH�OLNHO\�WR�H[HUW�D�PDMRU�LQIOXHQFH�RQ�WKH�FRPPXQLW\�DW�DQ\
JLYHQ�ORFDWLRQ���%HWZHHQ�WKHP��WKHVH�IDFWRUV�SOD\�D�PDMRU�UROH�LQ�GHWHUPLQLQJ�ZKLFK�VSHFLHV��IURP
WKH�VXLWH�RI�DYDLODEOH�VSHFLHV��H[LVW�LQ�D�SDUWLFXODU�DUHD���,W�LV�D�FRPELQDWLRQ�RI�WKH�GHPRJUDSK\�DQG
OLIH� KLVWRU\� RI� WKH� VSHFLHV� LQWHUDFWLQJ� ZLWK� WKH� SK\VLFDO� HQYLURQPHQW� ZKLFK� GHWHUPLQHV� WKH
RXWFRPH� RI� WKH� LQWHUDFWLRQV� DQG� VXFFHVVLRQ� VHTXHQFHV� WKDW� XOWLPDWHO\� VKDSH� FRPPXQLW\
FRPSRVLWLRQ��6FKLHO�������

,Q� WKLV� VWXG\�ZH�KDYH� H[DPLQHG� WKH� FRPSRVLWLRQ�RI� WKH� UHHI� FRPPXQLWLHV�GRPLQDWLQJ� VXEWLGDO
UHHIV�DORQJ�WKH�$GHODLGH�PHWURSROLWDQ�FRDVW���7KLV�ZRUN�UHSUHVHQWV�WKH�ILUVW�TXDQWLWDWLYH�DFFRXQW
RI�WKH�FRPSRVLWLRQ�RI�WKHVH�FRPPXQLWLHV�LQ�WKH�JXOI�ZDWHUV�RI�6RXWK�$XVWUDOLD�DQG�LW�SURYLGHV�D
EDVLV� IRU� FRPSDULVRQ� ZLWK� SUHYLRXV� ZRUN� DQG� DQ� LQIRUPHG� EDVLV� IRU� WKH� IRUPXODWLRQ� RI
K\SRWKHVHV� DERXW� VRPH� RI� WKH� SURFHVVHV� ZKLFK� DFW� WR� VWUXFWXUH� WKHVH� FRPPXQLWLHV��:LWK� WKH
FXUUHQW�SDXFLW\�RI�NQRZOHGJH�DERXW�WKHVH�HFRV\VWHPV��WKLV�LV�DQ�LPSRUWDQW�LQLWLDO�VWHS�

2YHUDOO�RXU�UHVXOWV�GHPRQVWUDWH�D�SDWWHUQ�RI�FKDQJLQJ�FRPPXQLW\�VWUXFWXUH��DW� OHDVW� LQ�WHUPV�RI
WKH�GRPLQDQW�PDFURDOJDO� HOHPHQWV�� DORQJ�D�QRUWK� VRXWK�JUDGLHQW�GRZQ� WKH�PHWURSROLWDQ� FRDVW�
7KLV� SDWWHUQ� LV� DOVR� UHIOHFWHG�� DOWKRXJK�ZLWK�PXFK� OHVV� FODULW\� DQG� GHILQLWLRQ�� LQ� WKH� DVVRFLDWHG
VHVVLOH� DQG� VHGHQWDU\� IDXQD�� 7KH� FRPPXQLW\� FRPSRVLWLRQ� FKDQJHG� IURP� WKH� VRXWKHUQ� VLWHV
�$OGLQJD��1RDUOXQJD�DQG�+DOOHWW�&RYH���ZKLFK�ZHUH�JHQHUDOO\�GRPLQDWHG�E\�UREXVW�EURZQ�DOJDH
�LQFOXGLQJ�(FNORQLD� DQG� D� YDULHW\� RI� IXFRLG� VSHFLHV� LQFOXGLQJ�&\VWRSKRUD� DQG� 6DUJDVVXP��� WR� WKH
QRUWKHUQ� VLWHV� �%URNHQ�%RWWRP��'UHGJH�%DUJH�DQG�6HPDSKRUH���ZKLFK�ZHUH�GRPLQDWHG�E\� UHG
IROLDFHRXV� DOJDH� ZLWK� YHU\� IHZ� ODUJHU� EURZQ� DOJDH�� � ,Q� DOO� FDVHV� WKH� VHVVLOH� LQYHUWHEUDWH� WD[D
FRQWULEXWHG�YHU\�OLWWOH� WR�WKH�FKDUDFWHULVDWLRQ�RI�HLWKHU�WKH�VLWHV�RU� WKH�GLIIHUHQFHV�EHWZHHQ�VLWHV
DQG�WKHUH�ZHUH�QR�FOHDU�GLIIHUHQFHV�LQ�WKH�VWUXFWXUH�RI�WKH�UHVLGHQW�ILVK�FRPPXQLWLHV�

7KH�GLIIHUHQFHV�LQ�WKH�VWUXFWXUH�RI�WKH�DOJDO�FRPPXQLWLHV�PD\�EH�H[SODLQHG�LQ�D�QXPEHU�RI�ZD\V�
,Q�JHQHUDO�WHUPV�WKH�FKDQJH�LQ�WKH�QDWXUH�RI�WKH�KDELWDW�IURP�WKH�VRXWKHUQ�PHWURSROLWDQ�FRDVW�WR
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WKH�QRUWK� LV�UHSUHVHQWDWLYH�RI�D�ZDYH�H[SRVXUH�JUDGLHQW�ZLWK�JUHDWHU� OHYHOV�RI�ZDYH�H[SRVXUH�DW
WKH�VRXWKHUQ�VLWHV��7KHUH�LV�DOVR��KRZHYHU��D�JUDGLHQW�LQ�WKH�OHYHO�RI�DQWKURSRJHQLF�LPSDFWV�RQ�WKH
QHDUVKRUH�FRPPXQLWLHV�ZLWK�LQFUHDVLQJ�OHYHOV�RI�LPSDFW�DORQJ�WKH�QRUWKHUQ�H[WHQW�RI�WKH�FRDVWOLQH
�LQGXFHG� YLD� KLJKHU� OHYHOV� RI� ODQG� EDVHG� HIIOXHQW� GLVFKDUJHV� DQG� VWRUPZDWHU� IORZV��� (LWKHU� RI
WKHVH�JUDGLHQWV�ZRXOG�EH� OLNHO\� WR�FDXVH�FKDQJHV� LQ� WKH� VWUXFWXUH�RI� UHHI� FRPPXQLWLHV� DQG� LW� LV
WKHVH� FKDQJHV� WKDW� ZH� QHHG� WR� FRQVLGHU� LQ� RUGHU� WR� FRPH� WR� VRPH� XQGHUVWDQGLQJ� RI� WKHVH
SURFHVVHV�

,I� WKH� FKDQJH� LQ� VWUXFWXUH� RI� WKH� DOJDO� FRPPXQLWLHV� ZHUH� FDXVHG� E\� ZDYH� H[SRVXUH� DORQJ� WKH
FRDVWOLQH�WKHQ�RQH�ZRXOG�H[SHFW� WR�VHH�VSHFLILF�VXLWHV�RI�VSHFLHV�DORQJ� WKLV�JUDGLHQW�� �6KHSKHUG
DQG�:RPHUVOH\���������������������������GHPRQVWUDWHG�WKDW�WKH�VWUXFWXUH�RI�DOJDO�FRPPXQLWLHV�DW
VHOHFWHG�VLWHV�RQ�WKH�RFHDQLF�FRDVWV�RI�6RXWK�$XVWUDOLD�YDULHG�ODUJHO\�LQ�UHVSRQVH�WR�OHYHOV�RI�ZDYH
H[SRVXUH� DQG� WKLV� KDV� VXEVHTXHQWO\� EHHQ� GHPRQVWUDWHG� IRU� 6RXWK� $XVWUDOLDQ� *XOI� :DWHUV� E\
&ROOLQJV� DQG� &KHVKLUH� �������� � 'RPLQDQW� EURZQ� DOJDO� JHQHUD� FRPPRQO\� DVVRFLDWHG� ZLWK� ORZ
HQHUJ\� VLWHV� LQFOXGH� 6DUJDVVXP� DQG� 6FDEHULD�� � $W� PRGHUDWH� OHYHOV� RI� H[SRVXUH� &\VWRSKRUD� DQG
6HLURFRFFXV� DUH� W\SLFDOO\� GRPLQDQWV�� ZKLOH� LQ� PRUH� H[WUHPH� HQHUJ\� HQYLURQPHQWV�$FURFDUSLD� DQG
6F\WRWKDOLD�DUH�PRVW�FRPPRQ���(FNORQLD�UDGLDWD��WKH�GRPLQDQW�ODPLQDULDOHDQ�VSHFLHV�LQ�WKLV�UHJLRQ�LV
NQRZQ�WR�IRUP�PRQRVSHFLILF�IRUHVWV�XQGHU�D�ZLGH�UDQJH�RI�ZDYH�H[SRVXUH�FRQGLWLRQV��/DUNXP
������.LUNPDQ�������DQG� WKHUHIRUH�PD\�EH� IRXQG�DFURVV� WKH� UDQJH�RI� VLWHV� LQYHVWLJDWHG� LQ� WKLV
VWXG\�

7KH� GLIIHUHQFHV� LQ� FRPPXQLW\� VWUXFWXUH� ZH� REVHUYHG� DUH� QRW�� KRZHYHU�� FRQVLVWHQW� ZLWK� WKH
SDWWHUQ�H[SHFWHG�LQ�UHVSRQVH�WR�D�VLPSOH�JUDGLHQW�RI�ZDYH�H[SRVXUH���%\�DQG�ODUJH�WKH�QRUWKHUQ
VLWHV� UHIOHFW� D� IORUD� ZKLFK� LV� GHSDXSHUDWH� LQ� WHUPV� RI� WKH� UREXVW� EURZQ� DOJDH� ZLWK� DOPRVW� QR
VWDQGV�RI�PL[HG�IXFRLG�DOJDH�RQ�UHHIV�ZKHUH�H[SHULHQFH�VXJJHVWV�WKH\�VKRXOG�EH�TXLWH�FRPPRQ�
)RU�H[DPSOH��RQH�REVHUYHV�VXFK�VSHFLHV�DW�VLWHV�LQ�6SHQFHU�*XOI��&ROOLQJV�DQG�&KHVKLUH�������RU
LQ�SURWHFWHG�ORFDWLRQV�RQ�WKH�RWKHU�VLGH�RI�WKH�6W�9LQFHQW·V�*XOI��&KHVKLUH�SHUV�REV��

&RQYHUVHO\��WKH�GLIIHUHQFH�LQ�FRPPXQLW\�VWUXFWXUH�DORQJ�WKH�QRUWK�VRXWK�H[WHQW�RI�WKH�FRDVWOLQH
LV�SRWHQWLDOO\�RI�JUHDW�VLJQLILFDQFH�LQ�WKH�FRQWH[W�RI�WKH�´KHDOWKµ�RI�WKHVH�V\VWHPV���,W�LV�UHOHYDQW
WKDW� WKH� ORVV� RI� UREXVW� EURZQ� DOJDH� IURP� WKH� UHHI� V\VWHPV� FRUUHODWHV� ZLWK� WKH� DUHDV� RI� PDMRU
VHDJUDVVHV�ORVV�DORQJ�WKH�PLG�QRUWKHUQ�H[WHQW�RI�WKH�PHWURSROLWDQ�FRDVWOLQH��7DEOH�����0RUHRYHU�
WKH�ODFN�RI�UREXVW�RU�IROLDFHRXV�EURZQ�DOJDH�RQ�WKH�QRUWKHUQ�UHHIV�LV�FRQVLVWHQW�ZLWK�REVHUYDWLRQV
IURP�HOVHZKHUH�RQ�WKH�HIIHFWV�RI�VHZDJH�HIIOXHQW�RQ�PDFURDOJDO�FRPPXQLWLHV��VHH�H[WHQVLYH�OLVW�RI
FLWDWLRQV�LQ�%HOOJURYH�HW�DO����������,W�KDV�EHHQ�UHSHDWHGO\�UHSRUWHG�WKDW�GRPHVWLF�VHZDJH�RXWIDOOV
DIIHFW� ODUJHU� EURZQ� DOJDH�� � 3ROOXWHG� VLWHV� FRPPRQO\� VKRZ� DQ� DEVHQFH� RI� EURZQ� DOJDH� DQG� DQ
LQFUHDVH� LQ� RSSRUWXQLVWLF� DQG� WXUI�IRUPLQJ� WD[D� �VXFK� DV� WKRVH� IRXQG� LQ� WKLV� VWXG\��� � 7KHVH
FKDQJHV�UHODWH�WR�D�FRPSOH[�LQWHUSOD\�RI�SURFHVVHV�UHODWLQJ�WR�WKH�HIIHFWV�RI�HIIOXHQW�DQG�QXWULHQW
SROOXWLRQ� RQ� JURZWK� DQG� UHFUXLWPHQW� RI� WKH� GRPLQDQW� EURZQ� DOJDO� VSHFLHV�� � 6XFK� FRQFOXVLRQV
PXVW�KRZHYHU� UHPDLQ� WHQWDWLYH� LQ� WKH� DEVHQFH�RI�PRUH� GHWDLOHG� H[SHULPHQWDO� VWXGLHV� WR� FODULI\
WKHLU�UROH�LQ�WKLV�V\VWHP�

$OWHUQDWLYH� H[SODQDWLRQV� IRU� WKH� DEVHQFH� RI� WKH� ODUJHU� EURZQ� DOJDH� LQFOXGH� WKH� LPSDFW� RI
VHGLPHQWDWLRQ�RQ�UHFUXLWPHQW�SURFHVVHV�� � ,Q� WKLV� UHVSHFW�� LW� LV� UHOHYDQW� WR�QRWH� WKDW�DW� OHDVW�RQH
DUWLILFLDO�UHHI�V\VWHP�LQ�WKH�QRUWKHUQ�UHJLRQ��WKH�*OHQHOJ�%ORFNV��ZKLFK�ZDV�QRW�LQFOXGHG�LQ�WKLV
VXUYH\��GRHV�VXSSRUW�ODUJH�SRSXODWLRQV�RI�(FNORQLD�UDGLDWD��&KHVKLUH�SHUV�REV����7KH�H[LVWHQFH�RI
WKLV�DOJD�DW�WKDW�ORFDWLRQ��ZKLFK�LV�ZLWKLQ�D�IHZ�KXQGUHG�PHWHUV�RI�WKH�RXWIDOO�RI�WKH�3DWDZDOXQJD
DQG�DURXQG���NP�IURP�%URNHQ�%RWWRP��ZRXOG�VHHP�WR�QHJDWH�WKH�SURSRVDO�WKDW�WKHVH�DOJDH�DUH
DIIHFWHG�E\�HIIOXHQW�SROOXWLRQ�� � ,PSRUWDQWO\�� WKH�(FNORQLD� DW�*OHQHOJ� LV�PRVWO\� JURZLQJ�RQO\�RQ
YHUWLFDO�VXUIDFHV��ZKLFK�ZRXOG�EH�OHVV�DIIHFWHG�E\�VHGLPHQWDWLRQ�WKDQ�KRUL]RQWDO�VXUIDFHV��ZKHUH
VHGLPHQWV� ZRXOG� DFFXPXODWH��� � 7KLV� REVHUYDWLRQ�PD\� LQGLFDWH� WKDW� WKH� DEVHQFH� RI� WKHVH� DOJDH
IURP�WKH�RWKHU�QRUWKHUQ�VLWHV� LV�PHGLDWHG�PRUH�E\� VHGLPHQWDWLRQ�HIIHFWV�RQ� UHFUXLWPHQW� UDWKHU
WKDQ�E\�HIIOXHQW�
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1RW�ZLWKVWDQGLQJ�WKHVH�REVHUYDWLRQV�LW�LV�DOVR�SRVVLEOH�WKDW�WKH�DEVHQFH�RI�WKH�ODUJHU�EURZQV�IURP
WKH�QRUWKHUQ�UHHIV�LV�D�QDWXUDO�SKHQRPHQD�PHGLDWHG�E\�IDFWRUV�VXFK�DV�JUD]LQJ��ERWK�LQYHUWHEUDWH
DQG�YHUWHEUDWH��RU�FRPSHWLWLRQ�ZLWK�WKH�IROLDFHRXV�UHG�DOJDH�� �7KHVH�DUH�DOO�TXHVWLRQV�ZRUWK\�RI
PRUH�GHWDLOHG�LQYHVWLJDWLRQ�

���� ,QGLFHV�IRU�WKH�DVVHVVPHQW�RI�UHHI�VWDWXV
7KH�GHYHORSPHQW�RI�D� VHW�RI� LQGLFHV� IRU� FKDUDFWHUL]LQJ� UHHIV�ZRXOG�SURYLGH�D�YDOXDEOH� WRRO� IRU
VXPPDUL]LQJ�GDWD�RQ� WKH� VWDWXV�RI� UHHIV� DQG�SURYLGH�D�EDVLV� IRU� FRPSDULQJ� UHHIV� �UHJLRQDOO\�RU
WKURXJK�WLPH����,Q�JHQHUDO�WZR�VRUWV�RI�LQGLFHV�FRXOG�EH�XVHG�D��LQGLFHV�ZKLFK�UHODWH�WR�LQGLFDWRU
WD[D�RU�OLIHIRUPV��HJ���FRYHU�RI�GRPLQDQW�WD[D��DQG�E��PXOWLYDULDWH�LQGLFHV�RI�FRPPXQLW\�VWDWXV�
%RWK� VRUWV� RI� LQGLFHV� KDYH� XWLOLW\� GHSHQGLQJ� RQ� WKH� QDWXUH� RI� WKH� FRPSDULVRQV� WKDW� DUH� EHLQJ
DWWHPSWHG�

7KH�XVH�RI�LQGLFDWRU�WD[D�PD\�EH�ZRUWKZKLOH�LI�RQH�RU�PRUH�VSHFLHV�FDQ�EH�LGHQWLILHG�ZKLFK�DUH
NQRZQ�WR�EH�LQGLFDWLYH�RI�HQYLURQPHQWDO�VWDWXV�DQG�ZKLFK�DUH�XELTXLWRXV�LQ�WKHLU�GLVWULEXWLRQ���,Q
WKH� FDVH� RI� WHPSHUDWH� UHHI� V\VWHPV� KRZHYHU�� WKHUH� DUH� QR� VSHFLHV� ZKLFK� VWDQG� DV� REYLRXV
FDQGLGDWHV� IRU� WKLV� UROH�� LQ�PRVW� FDVHV�ZH� GR� QRW� KDYH� WKH� NQRZOHGJH� DERXW� WKH� UHVSRQVHV� RI
VSHFLILF�RUJDQLVPV�WR�LPSDFWV���)XUWKHUPRUH��WKHUH�DUH�IHZ�VSHFLHV�WKDW�DUH�VXIILFLHQWO\�JHQHUDO�LQ
WKHLU� GLVWULEXWLRQ� WR� IXOILO� WKH� UROH� DV� DQ� LQGLFDWRU�� � 7KH� H[FHSWLRQV� LQ� WKLV� UHVSHFW� DUH� ZKHQ
FRQVLGHULQJ�WKH�SUHVHQFH�RI�LQYDVLYH�H[RWLF�VSHFLHV��VXFK�DV�6DEHOOD�RU�8QGDULD����7KH�SUHVHQFH�RI
WKHVH�VSHFLHV�PXVW�EH�FRQVLGHUHG�D�FRQWUDLQGLFDWLRQ�RI�UHHI�KHDOWK�

0XOWLYDULDWH� LQGLFHV� SURYLGH� D� PRUH� DEVWUDFW� V\VWHP� IRU� FODVVLI\LQJ� WKH� VWDWXV� RI� UHHIV�� � 6XFK
LQGLFHV�DUH�JHQHUDOO\�GHULYHG�IURP�WKH�XQGHUO\LQJ�GDWD�VHW�XVLQJ�VRPH�VRUW�RI�IDFWRU�DQDO\VLV�DQG
SURYLGH�D�QXPHULFDO�YDOXH��LQGH[��ZKLFK�LV�FDOFXODWHG�EDVHG�RQ�WKH�DEXQGDQFH�RI�PRUH�WKDQ�RQH
WD[D� VLPXOWDQHRXVO\��0XOWLYDULDWH� LQGLFHV� HQDEOH� FRPSDULVRQV� EHWZHHQ� FRPPXQLWLHV� HYHQ�ZKHQ
WKHUH� DUH� VSHFLHV� ZKLFK� DUH� QRW� FRPPRQ� WR� DOO� FRPPXQLWLHV� EHLQJ� FRPSDUHG�� � )XUWKHUPRUH�
EHFDXVH�WKHVH�LQGLFHV�LQFOXGH�LQIRUPDWLRQ�RQ�PDQ\�VSHFLHV�ZLWKLQ�D�FRPPXQLW\�WKH\�DUH�VHQVLWLYH
WR�LQWHUDFWLRQV�EHWZHHQ�VSHFLHV�ZKLFK�DUH�FKDUDFWHULVWLFV�RI�PRVW�G\QDPLF�V\VWHPV�

0RVW�PXOWLYDULDWH�WHFKQLTXHV�DLP�WR�VLPSOLI\�WKH�LQWHUSUHWDWLRQ�RI�FRPPXQLW\�GDWD�E\�D��UHGXFLQJ
WKH�GLPHQVLRQDOLW\�RI�WKH�GDWD�VHW�VR�WKDW�LQGLYLGXDO�HQWLWLHV��HJ�VLWHV�RU�WUDQVHFWV��FDQ�EH�GHVFULEHG
XVLQJ�D�VPDOOHU�QXPEHU�RI� LQGLFHV��YDULDEOHV�GLPHQVLRQV��RU�E��UHGXFLQJ�WKH�QXPEHU�RI�HQWLWLHV
E\�GHYHORSLQJ�FODVVLILFDWLRQV�ZKLFK�JURXS�VLPLODU�HQWLWLHV��*DXFK�������� �7KHVH�WZR�DSSURDFKHV
DUH� FRPSOHPHQWDU\� DQG� SURYLGH� D� EDVLV� IRU� TXDQWLWDWLYHO\� YLVXDOL]LQJ� WKH� FRPSDULVRQV� ZKLOVW
UHWDLQLQJ� D� ODUJH� SURSRUWLRQ� RI� WKH� LQIRUPDWLRQ� FRQWHQW� RI� WKH� RULJLQDO� GDWD� VHW�� �:KHUHDV� WKLV
DSSURDFK� ZLOO� SURYLGH� D� V\VWHP� IRU� IRUPXODWLQJ� TXDQWLWDWLYH� LQGLFHV� WKHVH� IRUPXODWLRQV� DUH
DEVWUDFW�� DOWKRXJK�XVHIXO� IRU� TXDQWLI\LQJ� VLPLODULWLHV�RU�GLIIHUHQFHV�EHWZHHQ� VDPSOHV�ZLWKLQ� DQ\
JLYHQ� DQDO\WLFDO� IUDPHZRUN� �DV� LQ� SUHFHGLQJ� SDUWV� RI� WKLV� UHSRUW�� WKH\� PD\� EH� GLIILFXOW� WR
FRPSUHKHQG�LQ�D�JHQHUDO�VHQVH��VHH�GLVFXVVLRQ�E\�*DXFK������S��������

�������� &LUFXPVFULEHG�LQGLFHV�RI�UHHI�KHDOWK�
1RWZLWKVWDQGLQJ� WKH�SUHFHGLQJ� FRPPHQWV� LW� LV� SRVVLEOH� WR� LGHQWLI\� ELRWLF� LQGLFHV� RI� UHHI� VWDWXV
ZLWK�D�PRUH�FLUFXPVFULEHG�DSSOLFDWLRQ���$Q�DOWHUQDWLYH�DSSURDFK�WR�GHILQLQJ�D�LQGH[�RI�UHHI�VWDWXV
LV�WR�VWDUW�E\�DVNLQJ�WKH�TXHVWLRQ�

´:KDW�LV�WKH�GHILQLQJ�IHDWXUH�RI�D�VRXWKHUQ�$XVWUDOLDQ�VKDOORZ�VXEWLGDO�UHHI�V\VWHP"µ

:LWK�IHZ�H[FHSWLRQV�WKH�DQVZHU�ZRXOG�EH�D�SKDHRSK\FHDQ��EURZQ�DOJDO��GRPLQDWHG�PDFUR�
DOJDO� FDQRS\�� 5HHIV� LQ� VRXWKHUQ� $XVWUDOLD�� ZKLFK� DUH� QRW� VXIIHULQJ� H[FHVVLYHO\� IURP� KXPDQ
LPSDFWV��DUH�JHQHUDOO\�GRPLQDWHG�LQ�ELRPDVV�DQG�FRYHU�WHUPV�E\�SKDHRSK\FHDQ�DOJDH�EHWZHHQ�WKH
GHSWKV�RI�������DQG���������P���7KLV�JHQHUDOLW\� LV�VXSSRUWHG�E\�DQ�H[WHQVLYH�VHULHV�RI�SXEOLVKHG
SDSHUV� �VHH�8QGHUZRRG� DQG�.HQQHOO\�� ����� IRU� D� GHWDLOHG� VXPPDU\��� � 7KLV� LV� QRW� WR� VD\� WKDW
UREXVW�EURZQ�DOJDH�PD\�QRW�EH�HTXDOO\�GRPLQDQW�DW�ERWK�VKDOORZHU�DQG�GHHSHU�GHSWKV�EXW�UDWKHU
WKDW� WKLV� SDWWHUQ� LV� VXEMHFW� WR� FKDQJH� GHSHQGLQJ� RQ� QDWXUDO� OHYHOV� RI� ZDWHU� PRYHPHQW� DQG
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WXUELGLW\��6KHSKHUG�DQG�:RPHUVOH\�������������������������&ROOLQJV�������&ROOLQJV�DQG�&KHVKLUH
������� � )XUWKHUPRUH�� ZKHUHDV� WKH� VSHFLHV� SUHVHQW� PD\� YDU\� EHWZHHQ� ORFDWLRQV� WKH� FDQRS\� LV
JHQHUDOO\� FRPSULVHG� RI� NHOSV� �RUGHU� /DPLQDULDOHV��� IXFRLGV� �RUGHU� )XFDOHV�� RU�'XUYLOODHD� �RUGHU
'XUYLOODHDOHV���2Q�WKLV�EDVLV�ZH�ZRXOG�DUJXH�WKDW��WKH�GRPLQDQFH�RI�´UREXVW�EURZQµ�DOJDH�RYHU
WKH������P�GHSWK�UDQJH��LV�DQ�LQGLFDWRU�RI�D�´KHDOWK\µ�UHHI�V\VWHP�

7KLV�FRQFOXVLRQ�PD\�DSSHDU�WR�EH�QRWKLQJ�PRUH�WKDQ�D�UHVWDWHPHQW�RI�FRQYHQWLRQDO�ZLVGRP�EXW
WKHUHLQ�OLHV�LWV�YDOXH���,PSRUWDQWO\��WKLV�LQGH[�KDV�WKH�IROORZLQJ�SURSHUWLHV�

��� 5REXVW�EURZQ�DOJDH�ZRXOG�SURYLGH�WKH�FRPPXQLW\�ZLWK�DQ�REMHFW�IRU�WKHLU�FRQFHUQ�ZKLFK�LV
DQDORJRXV� WR� ´VHDJUDVVHVµ�� �:H�KDYH� DOPRVW� UHDFKHG� WKH� VLWXDWLRQ�ZKHUH� WKH� JHQHUDO� SXEOLF
DXWRPDWLFDOO\�DFFHSWV�VHDJUDVV� ORVV�DV�D�EDG� WKLQJ�HYHQ� WKRXJK� WKH\�PD\�QRW�XQGHUVWDQG� WKH
GHWDLO� LQ� UHVSHFW�RI� FKDQJHV� LQ�HSLSK\WH� ORDGLQJV��GHSUHVVHG� UDWHV�RI�SKRWRV\QWKHVLV�RU� WR[LF
HIIHFWV� RQ� JURZWK� DQG� UHSURGXFWLRQ�� � 7R� HVWDEOLVK� ´UREXVW� EURZQVµ� DV� DQ� LFRQ� IRU� KHDOWK\
UHHIV�ZRXOG�SURYLGH�WKH�FRPPXQLW\�ZLWK�D�FRPSDUDEOH�PHDVXUH�IRU�UHHI�V\VWHPV�

��� 5REXVW� EURZQ� DOJDH� UHVSRQG� VLPLODUO\� WR� VHDJUDVVHV� WR� H[FHVVLYH� QXWULHQWV�� VHGLPHQW� RU
WXUELGLW\�ORDGLQJV��VHH�VHFWLRQ�����DERYH��DQG�WKHUHIRUH�SURYLGH�DQ�LQGLFDWRU�RI�WKHVH�VWUHVVHV
LQ�V\VWHPV�ZLWK�D�FRQVROLGDWHG�VXEVWUDWXP��ZKHUH�VHDJUDVVHV�GRQ·W�JURZ��

��� 5REXVW� EURZQ� DOJDH� �UHJDUGOHVV� RI� VSHFLHV�� DUH� JHQHUDOO\� SHUHQQLDO� ZLWK� DQ� DQQXDO� F\FOH� RI
JURZWK�DQG�UHSURGXFWLRQ���$V�VXFK�WKH\�LQWHJUDWH�LPSDFWV�RYHU�ORQJHU�WHPSRUDO�VFDOHV�

��� 5REXVW�EURZQ�DOJDH�DUH�JHQHUDOO\�WKH�PDMRU�FRQWULEXWRUV�WR�SULPDU\�SURGXFWLRQ�RQ�UHHIV�DQG
DUH�VLJQLILFDQW�LQ�WKH�SURYLVLRQ�RI�D�FRPSOH[��VWUXFWXUHG��KDELWDW�IRU�UHHI�ELRWD���$V�VXFK��WKH\
DUH�SRWHQWLDOO\�RI�JUHDW�VLJQLILFDQFH�LQ�GHWHUPLQLQJ�WKH�TXDOLW\�RI�WKH�KDELWDW��SURYLVLRQ�RI�IRRG
DQG� OLYLQJ� VSDFH�� IRU� DW� OHDVW� �� LPSRUWDQW� FRPPHUFLDO� ILVKHULHV� �VRXWKHUQ� URFN� OREVWHU� DQG
DEDORQH��

,Q� VXPPDU\�� WKH� XVH� RI� WKH� SHUFHQW� FRYHU� RI� UREXVW� EURZQ� DOJDH� LQ� WKH� VKDOORZ� VXEWLGDO�� DV� D
JHQHUDO� LQGH[� RI� UHHI� KHDOWK�� SURYLGHV� DQ� HDVLO\� TXDQWLILHG�PHDVXUH� RI� V\VWHP� VWDWXV�� �:KHUHDV
WKHUH� DUH� VRPH� V\VWHPV�ZKLFK�PD\� EH� TXLWH� ´KHDOWK\µ� HYHQ� WKRXJK� WKH\� KDYH� D� ORZ� FRYHU� RI
UREXVW�EURZQV�WKHVH�ZLOO�EH�WKH�H[FHSWLRQV���,Q�PRVW�V\VWHPV�D�GHFUHDVH�LQ�WKH�SHUFHQW�FRYHU�RI
EURZQ�DOJDH�ZLOO�EH�D�YDOXDEOH�LQGLFDWRU�RI�VWUHVV�ZKLFK�PD\�OHDG�WR�D�GHJUDGHG�KDELWDW���,Q�RWKHU
FDVHV�D�ILQGLQJ�RI�D�ORZ�SHUFHQWDJH�FRYHU�ZLOO�EH�WKH�VWLPXOXV�IRU�D�PRUH�GHWDLOHG�LQYHVWLJDWLRQ�WR
DVVHVV� ZKHWKHU� WKLV� UHSUHVHQWV� D� QDWXUDO� VLWXDWLRQ� RU� LV� DQ� LQGLFDWRU� RI� SUREOHPV� �VXFK� DV� WKH
ILQGLQJV�IURP�WKLV�VWXG\�ZKLFK�VKRZV�D�PXFK�ORZHU�FRYHU�E\�UREXVW�EURZQV�RQ�QRUWKHUQ�UHHIV�RI
$GHODLGH·V�PHWURSROLWDQ�FRDVW��
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���&RQFOXVLRQV
7KLV�VWXG\�KDV�GHPRQVWUDWHG�WKDW�GLIIHUHQFHV�RFFXU�LQ�WKH�VWUXFWXUH�RI�UHHI�FRPPXQLWLHV�IURP�WKH
VRXWK�WR�WKH�QRUWK�DORQJ�WKH�$GHODLGH�PHWURSROLWDQ�FRDVW���7KHVH�FKDQJHV�FRPSULVH�D�VKLIW�IURP
FRPPXQLWLHV�GRPLQDWHG�E\�UREXVW�EURZQ�DOJDH�LQ�WKH�VRXWK�WR�IROLDFHRXV�UHG�DOJDH�LQ�WKH�QRUWK�
7KLV� FKDQJH� LQ� FRPPXQLW\� VWUXFWXUH� FRUUHODWHV� ZLWK� JUDGLHQWV� LQ� ERWK� ZDYH� H[SRVXUH� DQG
DQWKURSRJHQLF� LPSDFWV�� � 7KH� GDWD� DUH� QRW� FRQFOXVLYH�� EXW� RQH� H[SODQDWLRQ� IRU� WKLV� FKDQJH� LQ
FRPPXQLW\�VWUXFWXUH�LV�WKDW�WKH�QRUWKHUQ�FRPPXQLWLHV�UHSUHVHQW�D�GHJUDGHG�KDELWDW�IURP�ZKLFK
VLJQLILFDQW�ORVVHV�KDYH�RFFXUUHG�LQFOXGLQJ�WKH�GRPLQDQW�EURZQ�DOJDH���7KH�ODFN�RI�KLVWRULFDO�GDWD
PDNH�WKLV�SURSRVDO�VSHFXODWLYH�EXW�LW�ZLOO�EH�LPSRUWDQW�WR�FRQWLQXH�WR�PRQLWRU�WKH�PRUH�VRXWKHUO\
UHHI�V\VWHPV�DV�WKH�LQGXVWULDO�DQG�UHVLGHQWLDO�GHYHORSPHQWV�LQ�WKH�VRXWK�SURJUHVV��(DUO\�UHPHGLDO
DFWLRQ��VXFK�DV�WKH�UHGXFWLRQ�RI�HIIOXHQW�LQSXWV�WR�VRXWKHUQ�UHHI�V\VWHPV��PD\�ZHOO�SUHYHQW�VLPLODU
GHJUDGDWLRQ�RFFXUULQJ�RQ�WKH�VRXWKHUQ�UHHIV�

8QFHUWDLQW\�DERXW�WKH�EDVLV�IRU�WKLV�FKDQJH�LQ�FRPPXQLW\�VWUXFWXUH�FRXOG�EH�DGGUHVVHG�WKURXJK�D
FRRUGLQDWHG�VHULHV�RI�H[SHULPHQWDO�VWXGLHV�ZKLFK�DLP�WR� LGHQWLI\� WKH�HFRORJLFDO�SURFHVVHV�ZKLFK
DUH� RSHUDWLQJ� LQ� WKHVH� V\VWHPV� DQG� ZKLFK� FRQWURO� WKH� VWUXFWXUH� RI� WKH� GRPLQDQW� PDFUR�DOJDO
FRPPXQLWLHV�

���5HFRPPHQGDWLRQV�IRU�IXWXUH�ZRUN
&RQVLGHUDWLRQ� VKRXOG� EH� JLYHQ� WR� XQGHUWDNLQJ� D� VHULHV� RI� VWXGLHV� IRFXVVLQJ� RQ� WKH� HFRORJLFDO
IDFWRUV�FRQWUROOLQJ�WKH�VWUXFWXUH�RI�WKH�EURZQ�DOJDO�GRPLQDWHG�FRPPXQLWLHV��7KH�REMHFWLYH�RI�WKLV
ZRUN� ZRXOG� EH� WR� FODULI\� WKH� H[WHQW� WR� ZKLFK� WKHVH� FRPPXQLWLHV� LQ� *XOI� ZDWHUV� DUH
GHJUDGHG�VXVFHSWLEOH�WR�GHJUDGDWLRQ�IURP�DQWKURSRJHQLF�LPSDFWV�

)XWXUH�ZRUN�RQ�GHYHORSLQJ�WKH�VXUYH\�PHWKRGRORJLHV�KDV�EHHQ�GHWDLOHG�LQ�WKH�FRPSDQLRQ�UHSRUW�
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���$SSHQGL[�����7HPSHUDWH�UHHIV�LQ�VRXWKHUQ�$XVWUDOLD
���� 7HPSHUDWH�UHHIV���ZKDW�DUH�WKH\"
7KH� WHUP� ´7HPSHUDWH�5HHIµ�ZLOO� LQGLFDWH� GLIIHUHQW� WKLQJV� WR� GLIIHUHQW� SHRSOH� GHSHQGLQJ� XSRQ
WKHLU� EDFNJURXQG� DQG� LQWHUHVWV�� � )RU�PDQ\� SHRSOH� WKH�ZRUG� UHHI� FRQMXUHV� XS� LPDJHV� RI� LG\OOLF
WURSLFDO� ORFDWLRQV�� D� VSODVK� RI� FRORXU� DQG� D� PXOWLWXGH� RI� FRUDOV� DQG� ILVKHV�� � ([WHQVLYH� PHGLD
H[SRVXUH� KDV� UHLQIRUFHG� WKLV� YLHZ� DQG� D� ODUJH� WRXULVW� LQGXVWU\� KDV� EHHQ� EXLOW� DURXQG� WKH
DWWUDFWLRQV� RI� FRUDO� UHHIV�� )RU� SHRSOH� OLYLQJ� LQ� VRXWKHUQ� $XVWUDOLD� KRZHYHU� D� UHHI� LV� TXLWH� D
GLIIHUHQW� WKLQJ�� � ,W� LV� JHQHUDOO\� D� URFN\� RXWFURS� FRYHUHG� LQ� VHDZHHGV�� OLNH� FRUDO� UHHIV� WKH\� DUH
KLJKO\�GLYHUVH�HQYLURQPHQWV�DQG�DUH�JRRG�SODFHV� WR�FDWFK�ILVK�EXW�RYHUDOO� � WKH\�DUH�QRW�DV�ZHOO
XQGHUVWRRG�E\� WKH�JHQHUDO� FRPPXQLW\�� �:H�GR�QRW� IRU� H[DPSOH�KDYH� JODVV�ERWWRPHG�ERDWV�RU
�*UHHQ�,VODQG��W\SH�UHVRUWV�ZKHUH�SHRSOH�JR�VLPSO\�WR�YLHZ��WKH�UHHI���5DWKHU��DOWKRXJK�RXU�UHHIV
DUH�YLVLWHG�UHJXODUO\�E\�ILVKHUV�WKH\�DUH�ODUJHO\�XQVHHQ�H[FHSW�E\�GLYLQJ�HQWKXVLDVWV�

7KH� GLVWLQFWLRQ� EHWZHHQ� WHPSHUDWH� DQG� WURSLFDO� �FRUDO�� UHHIV� LV� QRW� VLPSO\� RQH� RI� SHUFHSWLRQ�
7KHUH� DUH� LQ� IDFW� TXLWH� IXQGDPHQWDO� GLIIHUHQFHV� LQ� WKH� VWUXFWXUH� DQG� G\QDPLFV� RI� WKHVH
HFRV\VWHPV��7HPSHUDWH�UHHIV�RQO\�H[LVW� LQ�DUHDV�ZKHUH�FRQVROLGDWHG�VHGLPHQWV�RU�URFN\�VHDEHGV
SURYLGH�D�VLWH�IRU�VHWWOHPHQW�DQG�DWWDFKPHQW�RI�DOJDH�DQG�VHVVLOH�LQYHUWHEUDWHV���,Q�FRQWUDVW��FRUDO
UHHIV� DUH� ODUJHO\� EXLOW� XS� E\� WKH� FRQVWLWXHQW� FRUDOV� DQG� DOJDH� DQG� � RQFH� HVWDEOLVKHG� WKH\� FDQ
GHYHORS�DQG�H[SDQG�XSRQ�WKLV�VXEVWUDWH���)XUWKHUPRUH��WKH�SK\VLFDO�DQG�FKHPLFDO�HQYLURQPHQWV
DUH�GLVWLQFWO\�GLIIHUHQW���7HPSHUDWH�ZDWHUV�DUH��FRROHU�DQG�QXWULHQW�OHYHOV�WHQG�WR�EH�KLJKHU�WKDQ�LQ
UHHIV�LQ�WURSLFDO�ZDWHUV���7RJHWKHU��WKHVH�IDFWRUV�KDYH�KDG�D�SURIRXQG�HIIHFW�RQ�WKH�HYROXWLRQ�RI
WKH�ELRWD�LQ�WKHVH�UHJLRQV�

,QVWHDG�RI�EHLQJ�GRPLQDWHG�E\�FRUDOV�DQG�VSRQJHV��PDQ\�RI�ZKLFK�KDYH�]RR[DQWKHOODH�RU�RWKHU
SKRWRV\QWKHWLF� V\PELRQWV�� WKH� GRPLQDQW� ELRWD� RQ� WHPSHUDWH� UHHIV� DUH� WKH� IUHH� OLYLQJ� DOJDH�
:KHUHDV�PDQ\�VSRQJHV��D�IHZ�FRUDOV�DQG�D�GLYHUVH�DUUD\�RI�RWKHU�DQLPDOV�GR�H[LVW�RQ�WHPSHUDWH
UHHIV��WKH\�DUH�UDUHO\�LQYROYHG�LQ�PXWXDOLVWLF�V\PELRVHV�DQG�DUH�WKHUHIRUH�ODUJHO\�KHWHURWURSKLF�LQ
WKHLU� QXWULWLRQ�� � ,Q� HVVHQFH�� WKHUH� LV� D� PRUH� GLVWLQFW� VHSDUDWLRQ� EHWZHHQ� WKH� SURGXFHUV� DQG
FRQVXPHUV�RQ�WHPSHUDWH�UHHIV�DQG�FRQVHTXHQWO\�WKHUH�DUH�IXQGDPHQWDO�GLIIHUHQFHV�LQ�PDQ\�RI�WKH
G\QDPLF�SURFHVVHV��HVSHFLDOO\�LQ�UHODWLRQ�WR�WURSKLF�FRQQHFWLRQV��

,Q�DFFHSWLQJ�WKHVH�JHQHUDO�GLIIHUHQFHV�EHWZHHQ�WURSLFDO�DQG�WHPSHUDWH�V\VWHPV�LW�LV�LPSRUWDQW�WR
UHFRJQLVH� WKDW� WHPSHUDWH� UHHI� V\VWHPV� YDU\� FRQVLGHUDEO\� RQ� D� JOREDO� VFDOH�� � ,PSRUWDQWO\�� WKH
WHPSHUDWH�UHHIV�RI�VRXWKHUQ�$XVWUDOLD�DUH�XQLTXH�LQ�WHUPV�RI�ERWK�WKH�VSHFLHV�ULFKQHVV��WKHUH�DUH
IRU�H[DPSOH�PRUH� VSHFLHV�RI� VHDZHHG� LQ� VRXWKHUQ�$XVWUDOLD� WKDQ� WKHUH� DUH� FRUDOV�RQ� WKH�*UHDW
%DUULHU�5HHI���DQG�WKH�GHJUHH�RI�HQGHPLVP�DW�ERWK�VSHFLILF�DQG�JHQHULF� OHYHOV��7KLV�XQLTXHQHVV
FDQ�EH�EURDGO\�DWWULEXWHG�EURDGO\�WR���SULQFLSOH�IDFWRUV�LQFOXGLQJ�

• WKH�RFHDQRJUDSKLF�LVRODWLRQ�RI�VRXWKHUQ�$XVWUDOLDQ�FRDVWV�IURP�RWKHU�WHPSHUDWH�FRDVWV�

• WKH�OHQJWK�RI�RXU�FRDVWOLQH�DW�D�UHODWLYHO\�FRQVWDQW�ODWLWXGH�DQG�

• �ZLWK� UHVSHFW� WR� HQGHPLVP�� WKH� IDFW� WKDW� VRXWKHUQ� $XVWUDOLDQ� FRDVWDO� ZDWHUV� DUH� QDWXUDOO\
QXWULHQW�SRRU�UHODWLYH�WR�VLPLODU�WHPSHUDWH�ORFDWLRQV�HOVHZKHUH�LQ�WKH�ZRUOG�

2FHDQRJUDSKLF�LVRODWLRQ�KDV�UHVXOWHG�IURP�WKH�GRPLQDQFH�RI�WKH�QRUWK�VRXWK�IORZLQJ�FXUUHQWV�RQ
ERWK�WKH�HDVWHUQ�DQG�ZHVWHUQ�VHDERDUGV��(DVW�$XVWUDOLDQ�&XUUHQW�DQG�/HHXZLQ�&XUUHQW��-HIIUH\�HW
DO��������)LJXUH�������7KHVH�FXUUHQWV�EULQJ�ZDUP�QXWULHQW�SRRU�ZDWHUV�VRXWK�DQG�ODUJHO\�LVRODWH�WKH
VRXWKHUQ�$XVWUDOLDQ� FRDVW� IURP� WKH�ZHVWHUO\� IORZLQJ� FXUUHQWV� RI� WKH� 6RXWKHUQ�2FHDQ�� �7KLV� LQ
WXUQ� OLPLWV� WKH� GLVSHUVDO� RI� WHPSHUDWH� VSHFLHV� ERWK� WR� DQG� IURP� WKH� VRXWKHUQ�$XVWUDOLDQ� FRDVW
�DOWKRXJK�UHDVRQDEO\�VWURQJ�FRQQHFWLRQV�GR�RFFXU�DFURVV�WKH�7DVPDQ�ZLWK�1HZ�=HDODQG��3RRUH
������
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7KHVH�SURFHVVHV� DFW� WRJHWKHU� WR� LVRODWH� VRXWKHUQ�$XVWUDOLDQ� FRDVWDO�ZDWHUV� IURP� DQ\� VLJQLILFDQW
DGGLWLRQDO�QXWULHQW�LQSXWV�

7KH�VRXWKHUQ�$XVWUDOLDQ�FRDVWOLQH�UHSUHVHQWV� WKH� ORQJHVW�HDVW�ZHVW�UXQQLQJ�VWUHWFK�RI�FRDVW� LQ�D
WHPSHUDWH� UHJLRQ� DQ\ZKHUH� LQ� WKH�ZRUOG� DQG� LW� KDV� D�ZLGH�GLYHUVLW\�RI�KDELWDWV� LQFOXGLQJ� ED\V�
JXOIV��SURPRQWRULHV��LVODQGV�DQG�HVWXDULHV�

7RJHWKHU�� WKHVH� IDFWRUV�KDYH� OHG�� RYHU� JHRORJLFDO� WLPHV� �SDUWLFXODUO\� VLQFH� WKH�&UHWDFHRXV� �� ���
P\D���WR�DQ�LVRODWLRQ�RI�RXU�WHPSHUDWH�ELRWD���6XEVHTXHQW�VSHFLDWLRQ�KDV�OHG�WR�D�YHU\�KLJK�GHJUHH
RI� HQGHPLVP� �3RRUH� ������:RPHUVOH\� ������ 7DEOH� ����� � &RXSOHG�ZLWK� WKLV�ZH� KDYH� D� FRDVWDO
HQYLURQPHQW� ZLWK� D� ZLGH� GLYHUVLW\� RI� KDELWDWV� � LQGXFLQJ� D� VLPLODUO\� KLJK� GLYHUVLW\� RI� VSHFLHV
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7DEOH������(QGHPLVP�DQG�GLYHUVLW\�RI�PDMRU�WHPSHUDWH�UHHI�WD[D�LQ�6RXWKHUQ�$XVWUDOLD�
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7DEOH������&RPSDUDWLYH�GLYHUVLW\�RI�VRXWKHUQ�$XVWUDOLDQ�PDFURDOJDO�WD[D��DIWHU�:RPHUVOH\�������

5HJLRQ &RDVW�OHQJWK 7HPSHUDWXUH�UDQJH ��RI�VSHFLHV

6RXWKHUQ�$XVWUDOLD ����� &ROG�ZDUP�WHPSHUDWH �����
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7KLV� XQLTXH� FKDUDFWHU�� ZLWK� UHVSHFW� WR� ERWK� WKH� SK\VLFDO�RFHDQRJUDSKLF� HQYLURQPHQW� DQG� WKH
ELRWD�LQ�WKLV�UHJLRQ��KDV�VLJQLILFDQW�FRQVHTXHQFHV�IRU�WKH�XQGHUVWDQGLQJ�DQG�PDQDJHPHQW�RI�RXU
UHHIV��7KH�IXQGDPHQWDO�GLIIHUHQFHV�LQ�FKDUDFWHU�RI�VRXWKHUQ�$XVWUDOLDQ�WHPSHUDWH�UHHIV��DQG�WKH
LPSOLFDWLRQV�WKLV�KDV�IRU�WKH�XQGHUO\LQJ�SURFHVVHV�RSHUDWLQJ�LQ�WKHVH�V\VWHPV��PDNH�LW�LPSHUDWLYH
WKDW�PDQDJHPHQW� GHFLVLRQV� DUH� EDVHG� XSRQ� UHOHYDQW� GDWD� WKDW� KDYH� EHHQ� REWDLQHG� IURP� ORFDO
V\VWHPV�� � &RQVHTXHQWO\�� LW� ZRXOG� EH� LQDSSURSULDWH� WR� DVVXPH� WKDW� ILQGLQJV� IURP� V\VWHPV
HOVHZKHUH�LQ�WKH�ZRUOG�ZLOO�EH�JHQHUDOO\�DSSOLFDEOH�WR�VRXWKHUQ�$XVWUDOLDQ�UHHIV�

���� :KDW�GRHV�D�UHHI�ORRN�OLNH
1DWXUDOO\� RFFXUULQJ� VXEWLGDO� KDUG� VXEVWUDWD� UDQJH� LQ� VL]H� IURP� VPDOO� LVRODWHG� SDWFKHV�� VXFK� DV
3LQQD�VKHOOV��WR�ODUJH�FRQWLJXRXV�DUHDV�RI�URFN\�UHHI���6XEVWDQWLDO�DUWLILFLDO�VXUIDFHV��VXFK�DV�MHWWLHV
DQG�SLHUV��DUH�DOVR�DEXQGDQW�SDUWLFXODUO\�LQ�PHWURSROLWDQ�DUHDV��7KLV�KHWHURJHQHRXV�DUUD\�RI�KDUG
VXUIDFHV�SURYLGH�DQFKRUDJH�SRLQWV�IRU�PDQ\�VSHFLHV�RI�PDFURDOJDH�DQG�VHVVLOH�DQLPDOV�ZKLFK� LQ
WXUQ�IRUP�SK\VLFDO�KDELWDW�XVHG�E\�D�YDULHW\�RI�RWKHU�VSHFLHV�

������ 5HHIV�RI�*XOI�6W�9LQFHQW
*XOI�6W�9LQFHQW�LV�SULPDULO\�D�FDUERQDWH�VHGLPHQWDU\�SURYLQFH� LQ�ZKLFK�D�QXPEHU�RI� OLPHVWRQH
UHHIV�RFFXU�DORQJ�ZLWK�VKHOO�EHG�SODWIRUPV�DQG�DHROLDQLWH�GXQHV��6KHSKHUG�DQG�6SULJJ�������

,Q� DGGLWLRQ�� D� QXPEHU� RI� DUWLILFLDO� UHHIV� DUH� DOVR� SUHVHQW� FRPSULVLQJ� VFXWWOHG� VKLSV� ����� W\UH
FRQVWUXFWV������DQG�WKH�FRQFUHWH�EORFNV�DW�*OHQHOJ��7KHUH�DUH�DOVR�D�QXPEHU�RI�VKLSZUHFNV�WKDW
FRXOG� EH� FODVVLILHG� DV� DUWLILFLDO� UHHIV�� 7KHVH� V\VWHPV� KDYH� EHHQ� FRORQLVHG� WR� IRUP� OXVK� DQG
SURGXFWLYH�HFRV\VWHPV�ZKLFK�KDYH�LQFUHDVHG�WKH�WRWDO�DPRXQW�RI�UHHIDO�KDELWDW�LQ�WKH�*XOI�

������ )ORUD
*XOI�UHHIV�KDYH�D�GLYHUVH�IORUD�RI�PDFURDOJDH�FRQVHUYDWLYHO\�QXPEHUHG�LQ�H[FHVV�RI�����VSHFLHV�
5HSUHVHQWDWLYHV�RI�DOO���PDMRU�PDFURDOJDO�GLYLVLRQV��5KRGRSK\WD��3KDHRSK\WD�DQG�&KORURSK\WD�
DUH� FRPPRQ�ZLWK�PRVW� UHHIV� EHLQJ� YLVXDOO\� GRPLQDWHG� E\� WKH� ODUJHU� EURZQ� DOJDH�� � 2QO\� RQH
VSHFLHV�RI�NHOS��(FNORQLD�UDGLDWD��LV�IRXQG�RQ�WKHVH�UHHIV�EXW�WKHUH�DUH�PDQ\�VSHFLHV�RI�URFNZHHGV
�IXFDOHDQ� DOJD�� � FRPPRQO\� LQFOXGLQJ� VSHFLHV� RI� &\VWRSKRUD� DQG� 6DUJDVVXP�� � 7KHUH� KDYH� EHHQ
UHODWLYHO\�IHZ�SXEOLVKHG�DFFRXQWV�RI�WKH�EHQWKLF�IORUD�RI�WKH�*XOI�UHHIV�H[FHSW�IRU�D�FRPSDULVRQ
RI� DOJDH� �&ROOLQJV� DQG�&KHVKLUH� ������EHWZHHQ� VHOHFWHG� ORZHU�*XOI� UHHIV� DQG� WKH� RFHDQLF� VLWHV
VXUYH\HG�E\�6KHSKHUG�DQG�:RPHUVOH\����������������������������7KH�PDMRU�FRQFOXVLRQ�IURP�WKLV
ZRUN�ZDV�WKDW�PDQ\�RI�WKH�GRPLQDQW��FDQRS\��VSHFLHV�IRXQG�RQ�UHHIV�LQ�WKH�ORZHU�*XOI�DUH�WKH
VDPH�DV�WKRVH�IRXQG�LQ�WKH�PRUH�H[SRVHG�RFHDQLF�HQYLURQPHQWV���,Q�JHQHUDO�WKH�GLVWULEXWLRQ�RI
DOJDH�RQ�JXOI�UHHIV�IROORZV�D�VLPLODU�SDWWHUQ�WR�WKDW�SURSRVHG�E\�6KHSKHUG�DQG�:RPHUVOH\�������
������������������)LJXUH�����IRU�RFHDQLF�HQYLURQPHQWV�

$�QXPEHU�RI�XQSXEOLVKHG� WKHVHV� �&ROOLQJV�������+DUYH\�������(PPHUVRQ�������7XUQHU� �����
SURYLGH�GHWDLOV�RQ�WKH�YDULDELOLW\�LQ�FRPSRVLWLRQ�DQG�G\QDPLFV�RI�PDFURDOJDO�FRPPXQLWLHV�IURP
VHOHFWHG�VLWHV��7KHVH�KDYH�VKRZQ�WKDW�FRPPXQLW\�VWUXFWXUH�YDULHV�ERWK�DQQXDOO\��VHDVRQDO�JURZWK�
VKHGGLQJ�DQG�UHFUXLWPHQW��DQG�LQWHUDQQXDOO\�ZLWK�PDMRU�VKLIWV� LQ�WKH�GRPLQDQFH�EHLQJ�UHSRUWHG
RQ�LQWHUDQQXDO�VFDOHV��&ROOLQJV���������6SDWLDO�YDULDELOLW\�LV�KLJK�ZLWK�VPDOO�VWUHWFKHV�RI�FRDVWOLQH
RIWHQ� VKRZLQJ�PRUH� YDULDWLRQ� RYHU� VPDOO� ������P�� VSDWLDO� VFDOHV� WKDQ� LV� VHHQ� VHDVRQDOO\� RYHU
DQQXDO�F\FOHV�

7KHVH�PDFURDOJDO�FRPPXQLWLHV�DUH�KLJKO\�SURGXFWLYH�ZLWK�SULPDU\�SURGXFWLRQ�UDWHV�DURXQG�����
SHU� GD\� LQ�ZLQWHU� WR� �����SHU� GD\� LQ� VXPPHU� �&KHVKLUH� HW� DO�� ������:HVWSKDOHQ� DQG�&KHVKLUH
������� � 7KLV� JLYHV� ULVH� WR� DQQXDO� SURGXFWLRQ� ILJXUHV� RI� ������ NJ� ZHW� ZHLJKW�� P���� \��� �IURP� D
W\SLFDO� VWDQGLQJ� ELRPDVV� RI� ���� NJ� ZHW� ZHLJKW�� P����� � 7KLV� UDWH� RI� SULPDU\� SURGXFWLRQ� LV
FRPSDUDEOH�WR�WKDW�RI�D�FHUHDO�FURS�RU�VXJDU�FDQH�VWDQG�JURZLQJ�XQGHU�DJULFXOWXUDO�PRQR�FXOWXUH
FRQGLWLRQV��7KHVH�UDWHV�DUH�DURXQG�WKUHH�WLPHV�KLJKHU�WKDQ�WKRVH�IRU�LQWHU�UHHIDO�VHDJUDVV�V\VWHPV
DQG�LW�PD\�WKHUHIRUH�EH�FRQFOXGHG�WKDW�WKHVH�UHHIV�DUH�D�PDMRU�VRXUFH�RI�FRPSOH[�RUJDQLF�FDUERQ
WR�FRDVWDO�HFRV\VWHPV�
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)LJXUH���D���6FKHPDWLF�VKRZLQJ�WKH�UHODWLRQVKLS�RI�PDFURDOJDO�FRPPXQLWLHV�WR�ZDWHU�PRYHPHQW�DQG�GHSWK
RQ�6RXWK�$XVWUDOLDQ�UHHIV��EDVHG�RQ�6KHSKHUG�DQG�:RPHUVOH\�������
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������ 6HVVLOH��VHGHQWDU\�IDXQD
/LNH�WKH�DOJDH��WKH�VHVVLOH��RU�QRQ�PRWLOH��DQG�VHGHQWDU\��ORZ�PRWLOLW\��DQLPDOV�RI�WHPSHUDWH�UHHIV
DUH� FKDUDFWHULVWLF� RI� WKLV� KDELWDW�� � 7KH� DYDLODELOLW\� RI� D� VROLG� VXEVWUDWXP� SUHVHQWV� FRORQLVDWLRQ
RSSRUWXQLWLHV�IRU�D�YDULHW\�RI�VSHFLHV�WKDW�DUH�DEVHQW�IURP�WKH�VXUURXQGLQJ�VHDJUDVV�EHGV�DQG�VDQG
IODWV���+RZHYHU�QRW�DOO�UHHIV�SURYLGH�WKH�VDPH�VRUWV�RI�KDELWDW��DQG�VHYHUDO�IDFWRUV�DUH�NQRZQ�WR
LQIOXHQFH�WKH�FRPPXQLW\�FRPSRVLWLRQ�RI�WHPSHUDWH�UHHIV�

7KH�VHVVLOH�IDXQD�RI�WHPSHUDWH�UHHIV�DUH�FKDUDFWHULVHG�FKLHIO\�E\�VXVSHQVLRQ�IHHGHUV���2Q�D�W\SLFDO
WHPSHUDWH� UHHI� WKH� PRVW� FRPPRQ� JURXSV� HQFRXQWHUHG� DUH� DQHPRQHV�� FRUDOV� DQG� K\GURLGV
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�&QLGDULD��� EU\R]RDQV� �%U\R]RD�� (FWRSURFWD��� VSRQJHV� �3RULIHUD��� SRO\FKDHWH� WXEH� ZRUPV
�$QQHOLGD��� ELYDOYH� PROOXVFV� �0ROOXVFD��� DQG� DVFLGLDQV� �8URFKRUGDWD��� � 7KHVH� JURXSV� DUH� ZHOO
UHSUHVHQWHG� RQ� WKH� URFN\� UHHIV� RI� 6RXWK� $XVWUDOLD�� EXW� GHQVLWLHV� DQG� GLYHUVLWLHV� RI� VSRQJHV�
EU\R]RDQV�� DQG� DVFLGLDQV� DUH� SDUWLFXODUO\� KLJK� �%XWOHU� ������ .HRXJK� DQG� %XWOHU� ������� � ,Q
SDUWLFXODU��WKH�GLYHUVLW\�RI�DVFLGLDQV�LQ�6RXWK�$XVWUDOLD�LV�FRQVLGHUDEOH��.RWW�������������������

,Q�FRQWUDVW�WR�WKH�VHVVLOH�IDXQD��WKH�VHGHQWDU\�IDXQD�LQKDELWLQJ�WHPSHUDWH�UHHI�V\VWHPV�DUH�RIWHQ
OHVV� REYLRXV�� � &KDUDFWHULVHG� E\� XQLWDU\�� UDWKHU� WKDQ� PRGXODU�� RUJDQLVPV� WKH� VHGHQWDU\� IDXQD
FRPSULVHV� D�YDULHW\�RI� WD[D� LQFOXGLQJ� �KHUELYRUHV��SUHGDWRUV� DQG� VFDYHQJHUV�� �7\SLFDO� VHGHQWDU\
KHUELYRUHV�RQ�WHPSHUDWH�UHHIV�LQFOXGH�VHD�XUFKLQV��JDVWURSRGV��SDUWLFXODUO\�DEDORQH���DQG�VHYHUDO
VSHFLHV�RI�LVRSRG���6HGHQWDU\�FDUQLYRUHV�LQFOXGH�VSHFLHV�RI�VHDVWDUV��GHFDSRG�FUXVWDFHDQV��QRWDEO\
FUDEV��� VRPH� SRO\FKDHWHV� DQG� JDVWURSRGV�� � $OWKRXJK� WKHVH� VSHFLHV� DUH� IDU� OHVV� QXPHULFDOO\
GRPLQDQW�WKDQ�WKHLU�VHVVLOH�FRXQWHUSDUWV��WKHLU�LPSDFW�RQ�WKH�VWUXFWXUH�DQG�G\QDPLFV�RI�WHPSHUDWH
UHHI�V\VWHPV�PD\�EH�VLJQLILFDQW�

������ )LVK
:H�GHILQH�PRELOH�IDXQD�DV�WKRVH�WD[D�WKDW�FDQQRW�DGHTXDWHO\�EH�VDPSOHG�E\�VWDWLF�SRLQW�VDPSOLQJ
PHWKRGV� VXFK� DV�TXDGUDW� FRXQWV��)RU� WKH�PRVW�SDUW�� WKLV� FDWHJRU\� LV� FRPSULVHG� RI� ILVK� VSHFLHV
ZKLFK��DOWKRXJK�RIWHQ�FORVHO\�DVVRFLDWHG�ZLWK�SDUWLFXODU�UHHI�IHDWXUHV��DUH�FDSDEOH�RI�UDQJLQJ�RYHU
ZLGH�DUHDV�RI�D�UHHI�LQ�VKRUW�SHULRGV�RI�WLPH�

$� WRWDO� RI� ���� VSHFLHV� KDYH� EHHQ� UHFRUGHG� IRU� VRXWKHUQ� $XVWUDOLD�� PDQ\� RI� ZKLFK� H[SORLW
WHPSHUDWH�UHHI�KDELWDWV�IRU�SDUW�RI�WKHLU� OLYHV��,Q�FRQWUDVW�WR�WURSLFDO�UHHIV��D�KLJK�SURSRUWLRQ�RI
WKHVH� WHPSHUDWH� VSHFLHV� DUH� XQLTXH� WR�$XVWUDOLD�� 6RPH� VSHFLHV�� VXFK� DV� WKH� KHUULQJ� FDOH� �2GD[
F\DQRPHODV�� DUH�HQGHPLF� WR� WHPSHUDWH�$XVWUDOLD�� �2WKHU� VSHFLHV�KDYH�PRUH� UHVWULFWHG� JHRJUDSKLF
UDQJHV��:LWKLQ�WKH�JHQXV�$FKRHURGXV��EOXH�JURSHU���IRU�H[DPSOH��WKHUH�DUH�WZR�VSHFLHV��RQH�IRXQG
LQ� WKH� HDVW� �$�� YLULGXV�� DQG� WKH�RWKHU� LQ� WKH�ZHVW� �$�� JRXOGLL���7KH� ODWWHU� LV� WKH� VSHFLHV� IRXQG� LQ
HDVWHUQ�6RXWK�$XVWUDOLD��:KLOVW�YHU\�QDUURZ�JHRJUDSKLF�UDQJHV�DSSHDU�WR�EH� UDUH�� VRPH�VSHFLHV�
LQFOXGLQJ�WKH�VHDGUDJRQ�3K\FRGXUXV�HTXHV�KDYH�H[WUHPHO\�OLPLWHG�GLVWULEXWLRQV�

$OWKRXJK� LW� LV�FRQYHQLHQW� WR�VSHDN�RI�DQ�$XVWUDOLDQ�WHPSHUDWH�UHHI� ILVK� IDXQD�� VSHFLHV�H[KLELW�D
UDQJH�RI�ELRJHRJUDSKLF�SDWWHUQV� DQG� WKH� VWUXFWXUH�RI� UHHI� ILVK� DVVHPEODJHV� FDQ�GLIIHU�PDUNHGO\
EHWZHHQ�UHJLRQV��1HYHUWKHOHVV��WKHUH�DSSHDU�WR�EH�IXQFWLRQDOO\�HTXLYDOHQW�VSHFLHV�H[SORLWLQJ�WKH
VDPH�KDELWDWV�DQG�UHVRXUFHV�LQ�GLIIHUHQW�UHJLRQV��)RU�H[DPSOH��WHUULWRULDO�GDPVHOILVK��ODUJH�URYLQJ
KHUELYRURXV� VSHFLHV�� SUHGDWRU\� ZUDVVH�� DQG� ODUJHU� SUHGDWRUV� VXFK� DV� ZREEHJRQJ� VKDUNV� DUH
FRPPRQ� PHPEHUV� RI� WHPSHUDWH� UHHI� IDXQD�� HYHQ� WKRXJK� WKH� VSHFLHV� PD\� GLIIHU� EHWZHHQ
ORFDWLRQV��/LQFROQ�6PLWK�	�-RQHV�������

7KH� WHPSHUDWH� UHHI� ILVK� IDXQD� LV� GRPLQDWHG� E\� FDUQLYRURXV� WD[D� ZKLFK� HLWKHU� IHHG� RQ� UHHI
GZHOOLQJ�LQYHUWHEUDWHV��RU��RQ�]RRSODQNWRQLF�RUJDQLVPV�DERYH�WKH�VXEVWUDWXP��0RVW�RI�WKHVH�ILVK
VSHFLHV� HDW� PRELOH� FUXVWDFHDQV� DQG� PROOXVFV�� EXW� VRPH�� VXFK� DV� WKH� OHDWKHUMDFNHWV
�0RQRFDQWKLGDH�� IHHG� RQ� YHUWLFDO� GURS� RIIV� DQG� XQGHU� SLHUV� DQG� SUH\� RQ� D� ZLGH� UDQJH� RI
HQFUXVWLQJ�WD[D��1RWZLWKVWDQGLQJ�WKH�GRPLQDQFH�E\�FDUQLYRUHV��KHUELYRURXV� UHHI� ILVK�DUH�E\�QR
PHDQV�UDUH�RQ�WHPSHUDWH�URFN\�UHHIV��-RQHV�	�$QGUHZ��������HVWLPDWH��IRU�H[DPSOH��WKDW�������
RI� VSHFLHV� HDW� DW� OHDVW� VRPH� DOJDH�� 0RUHRYHU�� LQ� VRPH� DUHDV� KHUELYRUHV� GRPLQDWH� LQ� ELRPDVV
WHUPV��RZLQJ�WR�WKHLU�RIWHQ�ODUJH�ERG\�VL]H��/LQFROQ�6PLWK�	�-RQHV���������0RVW�KHUELYRUHV�IHHG
RQ�IROLRVH�UHG�DQG�JUHHQ�DOJDH�ZLWK�IHZ�H[SORLWLQJ�WKH�RIWHQ�ODUJH�ELRPDVV�RI�NHOS�IRXQG�RQ�UHHIV�
WKH� RQO\� H[FHSWLRQ� WR� WKLV� LV� WKH� KHUULQJ� FDOH� �2GD[� F\DQRPHODV�� ZKLFK� KDV� D� VSHFLDOLVHG� GLHW
FRQVLVWLQJ�DOPRVW�HQWLUHO\�RI��(FNORQLD�UDGLDWD�

2Q�D� ORFDO� VFDOH�� WKRVH� VSHFLHV� WKDW�GR�RFFXU� LQ� WKH� UHJLRQ�RIWHQ�H[KLELW� FRQVLVWHQW�SDWWHUQV�RI
DEXQGDQFH� ZKLFK� UHIOHFW� FKDQJHV� LQ� HLWKHU� WKH� SK\VLFDO� RU� ELRORJLFDO� VWUXFWXUH� RI� WKH� UHHI�
&KDQJHV�DVVRFLDWHG�ZLWK�GHSWK�RU�GLVFRQWLQXLWLHV�LQ�KDELWDW�W\SH��HJ�DW�WKH�URFN�VDQG�ERXQGDU\��RU
EHWZHHQ�WKH�NHOS�DQG�WKH�DOJDO�WXUI�]RQH��DUH�SDUWLFXODUO\�PDUNHG��/LQFROQ�6PLWK�	�-RQHV�������
UHSRUWHG� WKDW� WKH� GLVWULEXWLRQ� RI� PDQ\� VSHFLHV� LV� GHWHUPLQHG� E\� WKH� WRSRJUDSK\� RI� WKH� URFN\
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VXEVWUDWXP�� *UHDWHU� SK\VLFDO� FRPSOH[LW\� LV� DVVRFLDWHG� ZLWK� KLJKHU� GHQVLWLHV� SHUKDSV� EHFDXVH
UHIXJHV� IURP� SUHGDWRUV� DUH�PRUH� DEXQGDQW�� 7KH� SUHVHQFH� RU� DEVHQFH� RI� NHOS� DQG� RWKHU� ODUJH
PDFURDOJDH� LV� DOVR� D� NH\� GHWHUPLQDQW� RI� DVVHPEODJH� VWUXFWXUH� IRU� UHHI� ILVKHV�� )RU� H[DPSOH�
H[SHULPHQWV�RQ�UHHIV�VKRZ�FOHDUO\�WKDW�D�QXPEHU�RI�KHUELYRURXV�VSHFLHV�ZKLFK�IHHG�SUHIHUHQWLDOO\
RQ�IROLRVH�UHG�DQG�JUHHQ�DOJDH�RFFXU�LQ�KLJKHU�GHQVLWLHV�LQ�FOHDUHG�SDWFKHV�ZLWKLQ�NHOS�EHGV��-RQHV
������

7KH� OLIH�F\FOH� RI� PRVW� UHHI� ILVKHV� LQFOXGHV� D� SHODJLF� ODUYDO� SKDVH� RI� EHWZHHQ� RQH� DQG� WKUHH
PRQWKV��GXULQJ�ZKLFK�WLPH�WKHUH�LV�FRQVLGHUDEOH�SRWHQWLDO�IRU�GLVSHUVDO�

���� 5HHI�G\QDPLFV
2QH�IHDWXUH�RI�DOO�HFRORJLFDO�V\VWHPV�LV�WKDW�WKH\�DUH�QDWXUDOO\�YDULDEOH�RQ�D�UDQJH�RI�VSDWLDO�DQG
WHPSRUDO�VFDOHV��)RU�WKH�FDVXDO�REVHUYHU�WKH�VFDOHV�RI�VSDWLDO�YDULDELOLW\�DUH�HDV\�WR�DSSUHFLDWH�²�D
GLYH�RQ�D�UHHI�RU�YLGHR�IRRWDJH�FDQ�HDVLO\�GHPRQVWUDWH�WKDW�UHHIV�DUH�QRW�XQLIRUP�DQG�WKDW�IDXQD
DQG�IORUD�DUH�DJJUHJDWHG�LQWR�SDWFKHV�RI�YDU\LQJ�VL]HV��:KDW�LV�PRUH�GLIILFXOW�WR�DSSUHFLDWH�LV�WKH
WHPSRUDO�DVSHFW�RI�WKLV�YDULDELOLW\�EHFDXVH�LW�LV�UDUH�IRU�UHSHDWHG�REVHUYDWLRQV�WR�EH�PDGH�DW�WKH
VDPH�ORFDWLRQ�RYHU�ORQJ�WLPH�VFDOHV��1HYHUWKHOHVV�WKHUH�DUH�PDQ\�ZHOO�GRFXPHQWHG�FDVHV�RI�ODUJH
VFDOH�QDWXUDO�YDULDELOLW\��VXFK�DV�WKH�UHPRYDO�RI�ODUJH�NHOS�SDWFKHV�GXH�WR�VWRUPV�DQG�VXEVHTXHQW
VXSSUHVVLRQ�RI�UHFUXLWPHQW�WKURXJK�FKDQJHV� LQ�XUFKLQ�EHKDYLRXU��$OWHUQDWLYHO\��XUFKLQ�GLH�EDFN
GXH�WR�GLVHDVH�DQG�SUHGDWLRQ�PD\�UHVXOW�LQ�D�VKLIW�EDFN�WR�D�NHOS�GRPLQDWHG�V\VWHP���&OHDUO\�WKH
SRVVLELOLW\�RI� VXFK�YDULDWLRQ� FDQQRW� EH� LJQRUHG�ZKHQ� DWWHPSWLQJ� WR� DVVHVV� WKH� H[WHQW� WR�ZKLFK
KXPDQ�DFWLYLWLHV�DUH�UHVSRQVLEOH�IRU�REVHUYHG�FKDQJHV�

������ $OJDO�FRPPXQLWLHV
$OWKRXJK� D� VLJQLILFDQW� DPRXQW�RI� LQIRUPDWLRQ� H[LVWV� RQ� WKH� FRPSRVLWLRQ� RI� WKH� SKDHRSK\FHDQ
�EURZQ�DOJDH�� GRPLQDWHG�PDFUR�DOJDO� FRPPXQLWLHV� W\SLFDO� RI� UHHIV� LQ� VRXWKHUQ�$XVWUDOLD�� WKHUH
KDYH�EHHQ�IHZ�DWWHPSWV�WR�V\QWKHVLVH�RU�VXPPDULVH�WKLV�NQRZOHGJH� LQ�RUGHU�WR�H[WUDFW�XQLI\LQJ
SULQFLSOHV�UHODWLQJ�WR�WKH�G\QDPLFV�RI�WKHVH�V\VWHPV���8QGHUZRRG�DQG�.HQQHOO\��������XQGHUWRRN
D� FULWLFDO� UHYLHZ� RI� WKH� OLWHUDWXUH� EXW� WKHLU� IRFXV� ZDV� YHU\� PXFK� GLUHFWHG� WR� ZKDW� FRXOG� EH
GHILQLWLYHO\�FRQFOXGHG�UDWKHU�WKDQ�ZKDW�KDG�ZH�OHDUQW�IURP�ZRUN�WR�GDWH���6LPLODUO\��6FKHLO��������
UHYLHZHG�WKH�VWDWXV�RI�NQRZOHGJH�RQ�PDFUR�DOJDO�DVVHPEODJHV�LQ�1HZ�=HDODQG���7KH�FRQFOXVLRQ
FRPPRQ� WR� ERWK� RI� WKHVH� VWXGLHV� ZDV� WKDW� PXFK� ZRUN� UHPDLQV� WR� EH� GRQH� WR� GHYHORS� D
NQRZOHGJH�RI�WKH�SURFHVVHV�UHVSRQVLEOH�IRU�VWUXFWXULQJ�WKHVH�FRPPXQLWLHV�LQ�$XVWUDODVLD���6FKHLO
�������DOVR�DUJXHG���DV�GR�$QGUHZ�DQG�0DSVWRQH�������WKDW�WKH�QDWXUH�RI� LQWHUDFWLRQV�EHWZHHQ
DOJDH� DQG� WKHLU� HQYLURQPHQW� �LQFOXGLQJ� ERWK� WKH� ELRWLF� DQG� DELRWLF� FRPSRQHQWV�� FDQ� RQO\� EH
XQGHUVWRRG�ZLWK� UHIHUHQFH� WR� WKH� OLIH�KLVWRU\� DQG�SKHQRORJLFDO� WUDLWV� RI�SDUWLFXODU� VSHFLHV��7KLV
HPSKDVLVHV�WKH�QHHG�IRU�PRUH�H[WHQVLYH�VWXGLHV�RQ�WKH�EDVLF�ELRORJ\�SDUWLFXODUO\�RI�WKH�GRPLQDQW
VSHFLHV�

6RXWKHUQ� $XVWUDOLD� LV� QRWDEOH� IRU� WKH� GLYHUVLW\� RI� WKH� PDFUR�DOJDO� IORUD� �7DEOH� ����:RPHUVOH\
������� �7KLV� GLYHUVLW\� KDV� ORQJ� EHHQ� UHFRJQL]HG� DQG� UHSRUWHG�ZLWK� UHVSHFW� WR� WKH� FRPSDUDWLYH
ELRJHRJUDSK\�RI�WKH�UHJLRQ�EXW�WKH�SRWHQWLDO�VLJQLILFDQFH�RI�GLYHUVLW\�WR�WKH�HFRORJ\�RI�WKH�WKHVH
V\VWHPV�KDV� QRW� EHHQ� GLVFXVVHG�� � ,W� LV� WKLV� DVSHFW� RI� WKH� VRXWKHUQ�$XVWUDOLDQ� V\VWHPV�� SHUKDSV
PRUH� WKDQ� DQ\� RWKHU�� WKDW� XQGHUVFRUHV� RXU� QHHG� IRU� FDXWLRQ� LQ� DEVWUDFWLQJ� JHQHUDO� HFRORJLFDO
SULQFLSOHV�IURP�RWKHU�V\VWHPV�� �7KH�FRPSOH[�QDWXUH�RI� LQWHUVSHFLILF�SURFHVVHV�WKDW�PD\�HPHUJH
IURP�PRUH�GLYHUVH�V\VWHPV�VKRXOG�VWDQG�DV�D�FDXWLRQ�DJDLQVW�WKH�DEVWUDFWLRQ�RI�JHQHUDOLWLHV�DERXW
HFRV\VWHP�SURFHVVHV�IURP�V\VWHPV�HOVHZKHUH��

������������������������������������������������
1 See for example the work on the chemical ecology of kelp, herbivore interactions in southern Australia

compared with North America (Steinberg 1989, Van Altena and Steinberg 1992).
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$Q� LPSRUWDQW� ORFDO� VHULHV�RI�VWXGLHV�ZKLFK�FRUUHODWHG� WKH�VWUXFWXUH�RI�PDFUR�DOJDO�FRPPXQLWLHV
ZLWK�GLIIHUHQFHV� LQ�VXEVWUDWD��GHSWK�� OLJKW�DQG�ZDWHU�PRYHPHQW��ZDV�FRQGXFWHG�DW�VHOHFWHG�VLWHV
DORQJ� WKH� H[SRVHG� URFN\� FRDVWV� RI� 6RXWK� $XVWUDOLD� �DQG� RIIVKRUH� LVODQGV�� E\� 6KHSKHUG� DQG
:RPHUVOH\����������������������������7KLV�ZRUN�FRQFOXGHG

• WKDW�WKHUH�DUH�FRQVLVWHQW�SDWWHUQV�RI�YHUWLFDO�]RQDWLRQ�RQ�6RXWK�$XVWUDOLDQ�FRDVWV�

• WKDW�WKLV�]RQDWLRQ�FDQ�EH�GLYLGHG�LQWR���OHYHOV�EXW

• WKH�]RQHV�PD\�EH�FKDUDFWHULVHG�E\�D�YDULDEOH�DUUD\�RI�VSHFLHV�DW�GLIIHUHQW�VLWHV�
7KHVH�VWXGLHV�E\�6KHSKHUG�DQG�:RPHUVOH\�KDYH�VXEVHTXHQWO\�SURYLGHG�WKH�EDVLV�IRU�D�QXPEHU�RI
FRPSDUDEOH�LQYHVWLJDWLRQV�WKURXJKRXW�VRXWKHUQ�$XVWUDOLD���6XFK�VWXGLHV�KDYH�YDULRXVO\�VXSSRUWHG
WKH�REVHUYDWLRQV�RQ�WKH�H[LVWHQFH�DQG�FRPSRVLWLRQ�RI�]RQHV�IRU�D�YDULHW\�RI�KDELWDWV��HJ�)DUUDQW
DQG�.LQJ�������(GJDU�������6DQGHUVRQ�DQG�7KRPDV���������2WKHU�VWXGLHV�KDYH�QRWHG�GLIIHUHQFHV
LQ�HLWKHU�WKH�QXPEHU�RU�FRPSRVLWLRQ�RI�WKH�]RQHV��VHH�HJ�0D\�DQG�/DUNXP�������9DQ�GHU�9HOGH
DQG� .LQJ� ������ DQG�� LQ� UHVSRQVH�� KDYH� TXHVWLRQHG� WKH� JHQHUDO� DSSOLFDELOLW\� RI� 6KHSKHUG� DQG
:RPHUVOH\
V�SURSRVDOV�

7KH�UHYLHZ�E\� �8QGHUZRRG�DQG�.HQQHOO\� �������DOVR�FRQFOXGHG� WKDW�DWWHPSWV� WR�FRPSDUH�DQG
FRQWUDVW� WKH� VWUXFWXUH� RI� VXEWLGDO�PDFUR�DOJDO� FRPPXQLWLHV� IURP� GLIIHUHQW� UHJLRQV� LQ� VRXWKHUQ
$XVWUDOLD�KDYH�EHHQ�VHULRXVO\�FRQIRXQGHG�E\�D�ODFN�RI�VXLWDEOH�UHSOLFDWLRQ�RU�D�FRQVLGHUDWLRQ�RI
DQ\� VHDVRQDO� RU� LQWHU�DQQXDO� FKDQJHV�� � 7KXV�� FRQFOXVLRQV� DERXW� YDULDELOLW\� DW� HLWKHU� ORFDO� RU
UHJLRQDO� VFDOHV� FDQ� RQO\� EH� VSHFXODWLYH� XQWLO� DSSURSULDWH� VWXGLHV� KDYH� EHHQ� GHYHORSHG� ZKLFK
DGGUHVV�WKHVH�SUREOHPV�

7KLV�VKRXOG�QRW�KRZHYHU��GHWUDFW�IURP�WKH�IDFW�WKDW�D� ODUJH�SURSRUWLRQ�RI�WKH�ZRUN�WR�GDWH�KDV
SURYLGHG�YDOXDEOH�LQVLJKWV�RQ�WKH�QDWXUH�RI�PDFUR�DOJDO�DVVHPEODJHV�LQ�VRXWKHUQ�$XVWUDOLD���7KLV
ZRUN�DOORZV�XV�WR�GHILQH�D�VHULHV�RI�DVVHPEODJHV��7DEOH�����ZKLFK��ZKHQ�FRQVLGHUHG�LQ�WHUPV�RI
WKH�OLIH�KLVWRU\�SURFHVVHV�RI�WKH�GRPLQDQW�WD[D��DUH�OLNHO\�WR�EH�D��SHUVLVWHQW�DQG�E��TXDOLWDWLYHO\
GLVVLPLODU�LQ�WHUPV�RI�WKH�VWUXFWXULQJ�SURFHVVHV�

7DEOH�����3KDHRSK\FHDQ�GRPLQDWHG�FRPPXQLW\�DVVHPEODJHV�IURP�VRXWKHUQ�$XVWUDOLD�

$VVHPEODJH 'RPLQDQW�WD[D )XQFWLRQDO�FODVVLILFDWLRQ�RI�FDQRS\ 5HIHUHQFH

(FNORQLD (FNORQLD�UDGLDWD��$FURFDUSLD�SDQLFXODWD�

6F\WRWKDOLD�GRU\FDUSD��6HLURFRFFXV�D[LOODULV

6WLSLWDWH 6KHSKHUG�DQG�:RPHUVOH\�������

�����������������

0DFURF\VWLV 0DFURF\VWLV�DQJXVWLIROLD�RU�0DFURF\VWLV

S\ULIHUD

)ORDWLQJ 6DQGHUVRQ�	�7KRPDV�������

/HVVRQLD /HVVRQLD�FRUUXJDWD������;LSKRSKRUD

JODGLDWD�

6WLSLWDWH�IROLDFHRXV

'XUYLOODHD 'XUYLOODHD�SRWDWRUXP 6WLSLWDWH &KHVKLUH�DQG�+DOODP������D������E�

&\VWRSKRUD )ROLDFHRXV �6KHSKHUG�DQG�:RPHUVOH\�������

�������������������&KHVKLUH�HW�DO�

������

&DXORF\VWLV &DXORF\VWLV�XYLIHUD�RIWHQ�IRUPLQJ�PL[HG

DVVHPEODJHV�ZLWK�&\VWRSKRUD�VSS��RU

6DUJDVVXP�VSS�

)ROLDFHRXV

6DUJDVVXP )ROLDFHRXV 6KHSKHUG�DQG�:RPHUVOH\�������

�������������������&KHVKLUH�HW�DO�

������

3K\OORVSRUD 3K\OORVSRUD�FRPRVD )ORDWLQJ

;LSKRSKRUD ;LSKRSKRUD�JODGLDWD )ROLDFHRXV

������ 6HVVLOH���VHGHQWDU\�IDXQD
$� FRQVLGHUDEOH� ERG\� RI� OLWHUDWXUH� KDV� GHVFULEHG� WKH� FKDUDFWHULVWLFV� DQG� G\QDPLFV� RI� 6RXWK
$XVWUDOLDQ� KDUG� VXEVWUDWXP� V\VWHPV� �HJ� %XWOHU�� ������ ������ .D\� 	� %XWOHU�� ������ .HRXJK�
����D�E��� � ,W� LV� FOHDU� IURP� WKLV�ZRUN� WKDW� DOWKRXJK� FRPPXQLW\� FRPSRVLWLRQ�YDULHV� VXEVWDQWLDOO\
DFURVV� ERWK� VSDFH� DQG� WLPH�� WKH� VFDOH� RI� YDULDWLRQ� LV� ORFDO� DQG� ODUJH�VFDOH� FRPPXQLW\
FKDUDFWHULVWLFV� DW� D� VLWH� UHPDLQ� PRUH� RU� OHVV� FRQVWDQW� RYHU� UHODWLYHO\� ORQJ� SHULRGV� DQG� ODUJH
GLVWDQFHV���)RU�H[DPSOH��.D\�	�%XWOHU��������VKRZHG�WKDW�DOWKRXJK����������RI�WKH�RFFXSDQWV�RI
D� MHWW\� SLOLQJ�PD\� EH� HDWHQ�� RXWFRPSHWHG�� RU� RYHUJURZQ� ZLWKLQ� ��PRQWKV�� WKH� RYHUDOO� VSHFLHV
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FRPSRVLWLRQ�DQG�UHODWLYH�DEXQGDQFHV�LQ�WKHVH�DVVHPEODJHV�RQ�D�JLYHQ�MHWW\�ZHUH�URXJKO\�FRQVWDQW
IRU� PRUH� WKDQ� WZR� \HDUV�� � 6LPLODU� VPDOO�VFDOH� G\QDPLFV� KDYH� DOVR� EHHQ� QRWHG� E\� .HRXJK
�����D�E��� IRU� FRPPXQLWLHV� HQFUXVWLQJ� 3LQQD� VKHOOV�� � %XWOHU� DQG� &RQQROO\� ������� LQ� H[DPLQLQJ
FRPPXQLWLHV�GHYHORSLQJ�RQ�D�QHZ�MHWW\�IRXQG�WKDW�LW�PD\�WDNH�D�ORQJ�WLPH�IRU�WKLV�NLQG�RI�ODUJH�
VFDOH�´VWDELOLW\µ�WR�GHYHORS���7KXV��WKHVH�VPDOO�VFDOH�GLIIHUHQFHV�LQ�FRPPXQLW\�FRPSRVLWLRQ�IRUP
D� VSDWLDOO\� DQG� WHPSRUDOO\� G\QDPLF�PRVDLF��7KH� G\QDPLFV� RI� KDUG�VXEVWUDWXP� FRPPXQLWLHV� RQ
MHWW\�SLOLQJV� DQG�3LQQD� VKHOOV� FDQ�EH� H[WHQGHG��ZLWK� FDXWLRQ�� WR� DSSO\� WR� FRPPXQLWLHV�RQ�PRUH
H[SDQVLYH�QDWXUDO�VXEVWUDWD�VXFK�DV�URFN\�UHHIV��%XWOHU���������7R�GDWH��KRZHYHU��WKHUH�KDYH�EHHQ
QR� FRPSUHKHQVLYH� VWXGLHV� WR� DGGUHVV� YDULDWLRQ� LQ� IDXQDO� FRPPXQLW\� VWUXFWXUH� RQ� 6RXWK
$XVWUDOLDQ� URFN\� UHHIV� �WKLV� FRQWUDVWV� ZLWK� WKH� ZRUN� E\� &ROOLQJV� ����� ZKLFK� FRPSULVHG� DQ
H[WHQVLYH�VWXG\�RI�WKH�VSDWLDO�DQG�WHPSRUDO�VFDOHV�RI�YDULDWLRQ�LQ�PDFURDOJDO�FRPPXQLWLHV�LQ�WKLV
UHJLRQ��

7KH�URFN\�UHHIV� LQ�*XOI�6W�9LQFHQW�DUH� UHODWLYHO\� LVRODWHG� IURP�HDFK�RWKHU�DQG� WKH� �PDMRULW\�RI
VHVVLOH�IDXQD�ZKLFK�W\SLI\�WKHVH�UHHIV�UHSURGXFH�E\�GLVSHUVLYH�ODUYDH���&RQVHTXHQWO\�VRPH�RI�WKH
VSHFLHV�RQ�HDFK�UHHI�KDYH��RSHQ��SRSXODWLRQV�LQ�ZKLFK�UHFUXLWPHQW�UDWHV�DUH�LQGHSHQGHQW�RI�ORFDO
DGXOW� IHFXQGLW\� �VHQVX�5RXJKJDUGHQ� HW� DO�� ������� �2WKHU� VSHFLHV� LQ� WKHVH� SRSXODWLRQV� KDYH� WKHLU
RZQ� ORFDO� UHFUXLWPHQW�� JURZWK� DQG� PRUWDOLW\� UDWHV� DQG� WKHQ� FROOHFWLYHO\� EHKDYH� DV� D
PHWDSRSXODWLRQ��+DQVNL�������HJ�'DYLV�	�%XWOHU���������)RU�H[DPSOH��UHFUXLWPHQW�UDWHV�RQWR�WKH
SLOLQJV�RI� � MHWWLHV� LQ�*XOI�6W�9LQFHQW�KDYH�EHHQ� IRXQG� WR�YDU\� VLJQLILFDQWO\�ERWK� VHDVRQDOO\� DQG
LQWHUDQQXDOO\�� EXW� VRPH� MHWWLHV� VKRZ� FRQVLVWHQWO\� KLJKHU� OHYHOV� RI� UHFUXLWPHQW� RYHU� SHULRGV� RI
VHYHUDO� \HDUV� �%XWOHU�� ������ ������� � 7KHVH� UDWHV�ZLOO� EH� LQIOXHQFHG� E\� ORFDO� G\QDPLFV�� � VXFK� DV
PLJUDWLRQ� EHWZHHQ� SDWFKHV�� VR� WKDW� DOWKRXJK� D� VSHFLHV� PD\� WKULYH� RQ� VRPH� UHHIV� LW� PD\� EH
GLVSODFHG� RQ� RWKHUV�� � 5DWHV� RI� JURZWK� DQG� PRUWDOLW\� ZLOO� DOVR� YDU\� WHPSRUDOO\�� KRZHYHU� WKH
G\QDPLFV� RI� WKH� V\VWHP� DUH� VXFK� WKDW� RQ� DYHUDJH� WKH� SRSXODWLRQV� RI� D� JLYHQ� VSHFLHV� PD\� EH
PDLQWDLQHG�ZLWKLQ�D�UHJLRQ�HYHQ�WKRXJK�ORFDO�H[WLQFWLRQV�PD\�RFFXU��%XWOHU�	�&KHVVRQ��������

7KLV� YDULDWLRQ� SUHVHQWV� SUREOHPV� ZKHQ� DWWHPSWLQJ� WR� DVVHVV� WKH� �KHDOWK�� RI� D� UHHI� V\VWHP�
&OHDUO\�� VRPH� YDULDELOLW\� LV� QDWXUDO�� DQG� PLJKW� LQGHHG� EH� D� IXQGDPHQWDO� FRPSRQHQW� RI� WKH
PHFKDQLVPV�PDLQWDLQLQJ� ELRGLYHUVLW\� LQ� WKH� V\VWHP��2XU� SUREOHP� LV� WR� GHWHFW� FKDQJHV�� DJDLQVW
WKLV�EDFNJURXQG�RU�QDWXUDO�YDULDELOLW\��ZKLFK�UHSUHVHQW�GHWHULRUDWLRQ�RI�WKH�V\VWHP�

7KH� IDFWRUV� ZKLFK� EULQJ� DERXW� YDULDELOLW\� LQ� FRPPXQLW\� VWUXFWXUH� RI� WHPSHUDWH� UHHIV� DUH� ZHOO
GRFXPHQWHG�� DQG� LQFOXGH� IORZ� UDWH�� WXUELGLW\�� VKDGH�� DYDLODELOLW\� RI� IRRG�� UHFUXLWPHQW�
FRPSHWLWLRQ�� DQG� SUHGDWLRQ� �VHH� %XWOHU� ������� � 7KHVH� IDFWRUV�� DQG� KRZ� WKH\� LQIOXHQFH� WKH
FRPPXQLW\�VWUXFWXUH�RQ�6RXWK�$XVWUDOLDQ�URFN\�UHHIV�DUH�FRQVLGHUHG�EHORZ�

0DQ\�RI�WKH�VHVVLOH� LQGLYLGXDOV�RQ�VXEWLGDO�UHHIV�UHTXLUH�DFFHVV�WR�WKH�ZDWHU�FROXPQ�LQ�RUGHU�WR
IHHG��KHQFH� VSDFH� DQG� DFFHVV� WR� IORZLQJ�ZDWHU� DUH� SUREDEO\� WKH� SULPDU\� IDFWRUV� JRYHUQLQJ� WKH
GLVWULEXWLRQ� RI� WKHVH� VSHFLHV�� � /HYHOV� RI� VXVSHQGHG� IRRG� DUH� ORZ� LQ� 6RXWK� $XVWUDOLDQ� ZDWHUV
�%XWOHU����������WKHUHIRUH�VXVSHQVLRQ�DQG��ILOWHU�IHHGHUV�KDYH�DGDSWHG�WR�SURFHVVLQJ�ODUJH�YROXPHV
RI�ZDWHU�� �3DVVLYH� VXVSHQVLRQ� IHHGHUV� WHQG� WR�EH�FRORQLDO� VSHFLHV� DQG�RFFXU�FRPPRQO\�RQO\� LQ
DUHDV�RI�UHODWLYHO\�KLJK�IORZ��HJ�JRUJRQLDQV����(UHFW�RU�EUDQFKLQJ�VSHFLHV�ZKLFK�IHHG�DFWLYHO\��EXW
ZLWK�UHODWLYHO\�ZHDN�FXUUHQWV��HJ�EU\R]RDQV���DUH�DOVR�IRXQG�SULPDULO\�LQ�DUHDV�RI�KLJK�WR�PRGHUDWH
IORZ�� � ,Q� DGGLWLRQ� WR� WKHLU� GHSHQGHQFH� RQ� IORZ� UDWHV� WKHVH� VSHFLHV� DUH� HVSHFLDOO\� VHQVLWLYH� WR
VXVSHQGHG� VHGLPHQW� ORDGV�� ,I� WKHVH� ULVH� WRR� KLJK� IHHGLQJ�PD\� EH� FRPSURPLVHG�� �0RUHRYHU�� LI
VHGLPHQWDWLRQ� UDWHV� DUH� KLJK�� WKH� IHHGLQJ� DSSDUDWXV� � PD\� EHFRPH� FORJJHG�� � &RQVHTXHQWO\� WKH
LQWHUDFWLRQ� EHWZHHQ� WXUELGLW\� DQG� IORZ� UDWH� SOD\V� DQ� LPSRUWDQW� UROH� LQ� GHWHUPLQLQJ� ORFDO
GLVWULEXWLRQV�RI�VXFK�VSHFLHV�

$FWLYH� ILOWHU� IHHGHUV�� VXFK� DV� VSRQJHV�� PD\� VXSSOHPHQW� WKHLU� IHHGLQJ� FXUUHQWV� ZLWK� WKH� DLG� RI
DPELHQW�FXUUHQWV��'LIIHUHQW�VSHFLHV�KDYH�GLIIHUHQW�RSWLPXP�FRQGLWLRQV�RI�ZDWHU�PRYHPHQW��IRU
H[DPSOH� � DVFLGLDQV� DUH� OHVV� GHSHQGHQW� RQ� DPELHQW� IORZ� FRQGLWLRQV� WKDQ� RWKHU� WD[D� ZKLFK� DUH
VHQVLWLYH� WR� FKDQJHV� LQ� WKH� VXVSHQGHG� VHGLPHQW� ORDG�� DQG� XQGXH� VHGLPHQWDWLRQ� FDQ� OHDG� WR
FORJJLQJ�RI�WKH�ILOWHULQJ�DSSDUDWXV�DQG�GHDWK��5RJHUV����������&RQVHTXHQWO\�LQ�DUHDV�RI�ORZ�IORZ
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WKHVH�VSHFLHV�WHQG�WR�LQKDELW�QHDU�YHUWLFDO�RU�RYHUKDQJLQJ�VXEVWUDWD�ZKHUH�VHGLPHQWDWLRQ�UDWHV�DUH
ORZ�� � �7ROHUDQFHV�RI�GLIIHUHQW� VSHFLHV�YDU\�ZLGHO\�� IRU� H[DPSOH�� WKH�DVFLGLDQ�%RWU\OORLGHV� OHDFKLL� LV
FRPPRQ�LQ�DUHDV�RI�KLJK�IORZ�DQG�ZDYH�VXUJH��ZKHUHDV�&LRQD�LQWHVWLQDOLV�LV�RQO\�IRXQG�LQ�WKH�PRVW
VKHOWHUHG�ORFDWLRQV�

.HRXJK� DQG� %XWOHU� ������� QRWHG� WKDW� DUHDV� RI� KLJK� IORZ� WHQG� WR� EH� FKDUDFWHULVHG� E\� FRORQLDO
VSHFLHV�ZKLOH�LQ�ORZ�IORZ�DUHDV�XQLWDU\�RUJDQLVPV�GRPLQDWH���8QLWDU\�VSHFLHV�VXFK�DV�WKH�ELYDOYH
PROOXVFV�3LQQD��2VWUHD��DQG�0\WLOXV��DUH�SUREDEO\�WKH� OHDVW� LQIOXHQFHG�E\�IORZ�DQG�VHGLPHQWDWLRQ
UDWHV���7KHVH�VSHFLHV�JHQHUDWH�VXIILFLHQW�LQWHUQDO�IORZ�WR�EH�DEOH�WR�JURZ�LQ�DOPRVW�DQ\�FRQGLWLRQV
DQG� KDYH� HODERUDWH� PHFKDQLVPV� WR� FOHDU� VHGLPHQW� IURP� WKH� ILOWHULQJ� DSSDUDWXV�� 0\WLOXV�� IRU
H[DPSOH��ZLOO�RIWHQ�JURZ� LQ�GHQVH�EHGV�RQ�QHDU�KRUL]RQWDO� VXEVWUDWD� HYHQ� LQ�DUHDV�RI� UHODWLYHO\
KLJK�VHGLPHQWDWLRQ�UDWHV�

3HUKDSV� WKH� JUHDWHVW� LPSDFW� RI� ZDWHU� IORZ� DQG� VHGLPHQWDWLRQ� DUH� WKURXJK� WKHLU� HIIHFWV� RQ
UHSURGXFWLRQ��ODUYDO�GLVSHUVDO��VHWWOHPHQW��DQG�UHFUXLWPHQW���2Q�DYHUDJH��DUHDV�RI�KLJK�IORZ�ZLOO�EH
H[SRVHG� WR� JUHDWHU� QXPEHUV� RI� SRWHQWLDO� VHWWOHUV�� � +RZHYHU�� ODUYDO� VHWWOHPHQW� SUHIHUHQFHV� IRU
UHJLRQV�RI�SDUWLFXODU�IORZ�FKDUDFWHULVWLFV�KDYH�UHFHQWO\�UHFHLYHG�PXFK�DWWHQWLRQ��HJ�0XOOLQHDX[�	
%XWPDQ��������3DZOLN�	�%XWPDQ���������DQG�LW�KDV�EHFRPH�FOHDU�WKDW�PDQ\�VSHFLHV�DFWLYHO\�VHOHFW
FHUWDLQ�IORZ�UHJLPHV��HJ��:HWKH\�������+DYHQKDQG�	�6YDQH����������7KXV��IORZ�UDWH�PD\�RIWHQ
GHWHUPLQH� QRW� RQO\� WKH� QXPEHUV� RI� ODUYDH� LQ� D� JLYHQ� ORFDWLRQ� EXW� DOVR� WKH� QXPEHUV� RI� ODUYDH
FKRRVLQJ� WR� VHWWOH� WKHUH�� �$JDLQ�� WXUELGLW\� DQG� IORZ� UDWH� LQWHUDFW� DV� WKH� ODUYDH� RI�PDQ\� VSHFLHV
FRPPRQ�WR�URFN\�UHHIV�DFWLYHO\�DYRLG�VHWWOHPHQW�RQ�XSZDUG�IDFLQJ�VXUIDFHV�ZKLFK�PD\� OHDG� WR
HDUO\�PRUWDOLW\�FDXVHG�E\�VHGLPHQWDWLRQ�DQG�RU�DOJDO�RYHUJURZWK��6YDQH�	�<RXQJ�������

&RPSHWLWLRQ�IURP�DOJDH�SOD\V�D�PDMRU�UROH�LQ�GHWHUPLQLQJ�GHSWK�GLVWULEXWLRQV�RI�VHVVLOH�VSHFLHV�RQ
WHPSHUDWH�UHHIV�KRZHYHU�VHFRQGDU\�HIIHFWV�VXFK�DV�VKDGLQJ�PD\�DOVR�EH�LPSRUWDQW���%XWOHU��������
7KH�XSSHU� IHZ�PHWHUV�RI� DQ\� UHHI� V\VWHP�DUH� DOPRVW� LQYDULDEO\�GRPLQDWHG�E\�PDFURDOJDH�� DQG
ZKLOH� WKDW� FDQRS\� PD\� VXEVWDQWLDOO\� PRGLI\� WKH� XQGHUVWRUH\� HQYLURQPHQW� �DQG� KHQFH� WKH
DVVRFLDWHG�IDXQDO�FRPSRVLWLRQ��'XJJLQV�DQG�(FNPDQ��������LW�LV�RQO\�EHORZ�WKLV�DOJDO�]RQH�WKDW
WKH�VHVVLOH�IDXQD�EHJLQ�WR�GRPLQDWH�

&RPSHWLWLRQ� DPRQJ� WKH� VHVVLOH� IDXQD� LV� SULPDULO\� UHVWULFWHG� WR� FRPSHWLWLRQ� IRU� VSDFH� �%XWOHU
��������+HUH�VXE�GRPLQDQW�VSHFLHV�VXFK�DV�EDUQDFOHV�DQG�WXELFRORXV�SRO\FKDHWHV�VXUYLYH�E\�YLUWXH
RI�WKHLU�KLJK�UHFUXLWPHQW�UDWHV�DQG�DELOLW\�WR�UDSLGO\�FRORQLVH�HYHQ�VPDOO�SDWFKHV�RI�DYDLODEOH�IUHH
VSDFH��.HRXJK������D��%XWOHU��������ZKLOH�VORZHU�JURZLQJ�GRPLQDQW�VSHFLHV��HJ�VSRQJHV�0\FDOH
DQG�&ODWKULD��DQG�FRORQLDO�DVFLGLDQV��PD\�RYHUJURZ�WKHLU�FRPSHWLWRUV��EXW�KDYH� ORZ�UHFUXLWPHQW
UDWHV� DQG� DUH� PRUH� VXVFHSWLEOH� WR� SHULRGLF� GLVWXUEDQFHV� VXFK� DV� VWRUP�LQGXFHG� ZDYH� DFWLRQ�
:LWKLQ� WKLV� GRPLQDQW� JURXS�� VWDWH�GHSHQGHQW� LQWHUDFWLRQV� RFFXU� VXFK� WKDW� QR� VLQJOH� VSHFLHV� LV
FRQVLVWHQWO\�GRPLQDQW� �.HRXJK�� ����D��� �&RQVHTXHQWO\� WKH� FRPSHWLWLYH� GRPLQDQFH� RI� VSRQJHV
DQG� DVFLGLDQV� RQ� VRXWKHUQ� $XVWUDOLDQ� KDUG� VXEVWUDWD� LV� FRXQWHUHG� E\� GLVWXUEDQFH� DQG� UDSLG
UHFUXLWPHQW� DQG� FRORQLVDWLRQ� E\� VXE�GRPLQDQW� VSHFLHV�� � $JDLQ�� WKH� LPSRUWDQFH� RI� VSDWLDO� DQG
WHPSRUDO�YDULDELOLW\�LV�DSSDUHQW��WKLV�WLPH�LQ�PDLQWDLQLQJ�GLYHUVLW\�LQ�WKHVH�V\VWHPV�

������ )LVK
0DQ\� H[SHULPHQWDO� VWXGLHV� LQGLFDWH� WKDW� ILVK� WD[D� DUH� DQ� LQWHJUDO� FRPSRQHQW� RI� FRDVWDO� UHHI
V\VWHPV�LQ�WHPSHUDWH�ZDWHUV�DQG�FKDQJHV�LQ�UHHI�KDELWDW�DUH�DOPRVW�FHUWDLQ�WR�UHVXOW�LQ�FKDQJHV�LQ
WKH� ILVK� IDXQD�� �2QH�PLJKW� LPDJLQH�� WKHUHIRUH�� WKDW� WKLV�FDQ�EH�XVHG�DV�DQ� LQGH[�RI� UHHI� VWDWXV�
+RZHYHU�� WKH� SUR[LPDWH� FDXVH� RI� FKDQJHV� �LH� D� FKDQJH� LQ� KDELWDW� FKDUDFWHULVWLFV�� ZLOO� RIWHQ
SURYLGH�D�PRUH�GLUHFW�DQG�LQWHUSUHWDEOH�LQGH[�RI�FKDQJH���2QH�QRWDEOH�IHDWXUH�RI�WKH�ILVK�IDXQD
ZKLFK� LV�SDUWLFXODUO\�SUREOHPDWLF� LV� WKH�FRQVLGHUDEOH� VSDWLDO�YDULDWLRQ� WKDW�RFFXUV�EHWZHHQ� VLWHV�
ZLWKLQ� UHJLRQV� DQG� WKH� LQWHU�DQQXDO� YDULDWLRQ� WKDW� FDQ� RFFXU� HYHQ� RQ� D� VLQJOH� UHHI� �.LQJVIRUG�
������� ,QGHHG�/LQFROQ�6PLWK� DQG� -RQHV� ������� QRWH� WKDW� ¶RQH� RI� WKH� JUHDWHVW� FKDOOHQJHV� LQ� WKH
VWXG\�RI�UHHI�ILVKHV�LV�WR�XQGHUVWDQG�WKH�FDXVHV�RI�WKH�KXJH�QDWXUDO�YDULDWLRQ�ZH�VHH�LQ�DEXQGDQFH
IURP�SODFH�WR�SODFH�DQG�WLPH�WR�WLPH·��:LWK�UHVSHFW�WR�WKH�DVVHVVPHQW�RI�WKH�VWDWXV�RI�UHHIV��WKLV
SRVHV�SDUWLFXODU�SUREOHPV�EHFDXVH�GHWHFWLQJ�DQ\�VLJQDOV�WKDW�DUH�LQGLFDWLYH�RI�XQGHVLUDEOH�WUHQGV
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IURP� WKH� QRLVH� RI� QDWXUDO� YDULDELOLW\� LV� OLNHO\� WR� EH� GLIILFXOW� LQ� VKRUW�WHUP� VWXGLHV�� � $OWKRXJK
FKDQJHV� LQ� DEXQGDQFH�FDQ� VRPHWLPHV�EH�DVVRFLDWHG�ZLWK�FKDQJHV� LQ� WKH�KDELWDW� �HJ� WKH� ORVV�RI
NHOS�GXH�WR�VWRUPV���LW�LV�YDULDEOH�UHFUXLWPHQW�RI�MXYHQLOHV�IURP�WKH�SHODJLF�ODUYDO�SKDVH�WKDW�LV�WKH
PDMRU�VRXUFH�RI�YDULDELOLW\��/LQFROQ�6PLWK�HW�DO����������:LWK�UHVSHFW�WR�ORQJHU�WHUP�PRQLWRULQJ�
WKHUH�DUH�IHZ�GDWD�DYDLODEOH�IURP�ZKLFK�ZH�FDQ�GRFXPHQW�ORQJ�WHUP�WUHQGV�

7KH� ILVK� IDXQD� LWVHOI� FDQ�KDYH� FRQWUROOLQJ� HIIHFWV� RQ� RWKHU� FRPSRQHQWV� RI� WKH� V\VWHP� WKURXJK
SUHGDWRU\� LQWHUDFWLRQV��)RU�H[DPSOH�� -RQHV�	�$QGUHZ� �������KDYH� VKRZQ� WKDW� WKH�KHUULQJ� FDOH
�2GD[�F\DQRPHODV��FDQ�KDYH�D�VHDVRQDO�LPSDFW�RQ�NHOS��(FNORQLD�UDGLDWD��VWDQGV�ZKHUHE\�FKDQJHV�LQ
WKH�EHKDYLRXU�RI�IHPDOHV�OHG�WR�WKH�FOHDULQJ�RI�NHOS�LQ�DSSUR[LPDWHO\�WKH�VDPH�ORFDWLRQV�EHWZHHQ
$XJXVW� DQG� 2FWREHU� LQ� HDFK� RI� WKUHH� \HDUV�� $OWKRXJK� WKH� JHQHUDOLW\� RI� VXFK� HIIHFWV� UHPDLQV
XQGHWHUPLQHG�LW�LV�FOHDU�WKDW�VXFK�EHKDYLRXUV�KDYH�LPSOLFDWLRQV�IRU�WKH�LQWHUSUHWDWLRQ�RI�FKDQJH�LQ
WHPSHUDWH�UHHI�V\VWHPV�

���� 5HHI�+HDOWK
7KH�DQDORJ\�EHWZHHQ�WKH�KHDOWK�RI�KXPDQ�EHLQJV�DQG�KHDOWK�RI�HFRV\VWHPV�LV�RQH�WKDW�LV�ILQGLQJ
JURZLQJ�DFFHSWDQFH��,W�LV�ZRUWK�FRQVLGHULQJ��KRZHYHU��KRZ�IDU�WKH�DQDORJ\�FDQ�EH�SXVKHG��&DORZ
������� LGHQWLILHV� WZR� IRUPV�� D� ZHDN� IRUP� LQ� ZKLFK� WKH� WHUP� KHDOWK� VLPSO\� VLJQDOV� QRUPDOLW\
�LPSO\LQJ�RI�FRXUVH�WKDW�LOO�KHDOWK�VLJQDOV�DEQRUPDOLW\��DQG�D�VWURQJ�IRUP�LQ�ZKLFK�KHDOWK�GHILQHV
D�FRQGLWLRQ�WKDW�LV�IDYRXUDEOH��LH�RSWLPDO��IRU�WKH�IXQFWLRQLQJ�RI�WKH�V\VWHP��,Q�WKLV�ODWWHU�FDVH�WKH
RSWLPDO�VWDWH�LV�DFWLYHO\�GHIHQGHG�E\�KRPHRVWDWLF�SURFHVVHV��,GHDOO\��D�KHDOWK\�VWDWH�VKRXOG�EH�WKH
VDPH�IRU�DOO�UHHI�V\VWHPV�VLQFH�RQO\�WKHQ�FDQ�REMHFWLYH�KHDOWK�FULWHULD�EH�GHILQHG�

&DORZ��������FRQVLGHUV�WKH�GHJUHH�WR�ZKLFK�WKH�VWURQJ�IRUP�RI�WKH�DQDORJ\�FDQ�EH�DSSOLHG�WR�DQ
HFRV\VWHP��DUJXLQJ�WKDW�IRU�VXFK�D�IRUP�WR�EH�YDOLG�WKH�H[LVWHQFH�RI�D�FRQWUROOHG�¶RSWLPXP·�VWDWH
IRU�D�V\VWHP�LV�QHFHVVDU\��&RQWURO�LV�RFFXUULQJ�LI�V\VWHPV�UHPDLQ�XQFKDQJHG�ZLWK�SHUWXUEDWLRQ��LH
WKH\�UHVLVW�LW���RU�LI�WKH\�KDYH�WKH�DELOLW\�WR�UHWXUQ�WR�WKHLU�SUHYLRXV�VWDWH�DIWHU�SHUWXUEDWLRQ��LH�WKH\
DUH�UHVLOLHQW�WR�LW���6XFK�V\VWHP�EHKDYLRXU�FDQ�EH�DFKLHYHG�E\�DFWLYH�IHHGEDFN��XVXDOO\�QHJDWLYH�
FRQWURO� LQ� ZKLFK� WKH� V\VWHP� PRYHV� WRZDUGV� D� IXWXUH� ¶JRDO� VWDWH·� WKDW� LV� SURJUDPPHG� LQWR� LW�
$OWHUQDWLYHO\�� WKH� G\QDPLFV� RI� WKH� LQWHUDFWLQJ� SDUWV� PLJKW� VLPSO\� OHDG� WR� DQ� HTXLOLEULXP� VWDWH
ZKLFK� LV�QRW� DFKLHYHG�E\�D�JRDO�GLUHFWHG�PHFKDQLVP� �SURJUDP��EXW� LV� DFKLHYHG�SDVVLYHO\� �� LW� LV
GLIILFXOW�WR�DUJXH�WKDW�WKLV�ODWWHU�SDVVLYH�FRQWURO�LV�RI�WKH�NLQG�WKDW�LV�UHTXLUHG�LI�ZH�DUH�WR�DFFHSW
WKH�VWURQJ�IRUP�RI�WKH�DQDORJ\��0RUHRYHU��&DORZ�DUJXHV��FRUUHFWO\�LQ�RXU�YLHZ��WKDW�LW�LV�XQOLNHO\
WKDW� FRPSRQHQW� SDUWV� RI� HFRV\VWHPV� DUH� SURJUDPPHG� IRU� DFWLYH� FRQWURO� WKDW� ZLOO� OHDG� WR� D
¶EDODQFHG�HFRQRP\·�LQ�WKH�HFRV\VWHP�DV�D�ZKROH��7KLV�LV�EHFDXVH�QDWXUDO�VHOHFWLRQ�RQ�LQGLYLGXDOV
DQG� SRSXODWLRQV� ZLOO� IDYRXU� WKRVH� WKDW� PD[LPLVH� FRPPDQG� RI� UHVRXUFHV� HYHQ� LI� LW� LV� DW� WKH
H[SHQVH� RI� WKH� UHVW� RI� WKH� HFRV\VWHP�� 7KXV�� WKH� VWURQJ� VHQVH� RI� WKH� DQDORJ\� ZLWK� KHDOWK� LQ
KXPDQV�LV�IODZHG�

$OWKRXJK�WKH�VWURQJ�IRUP�RI�WKH�KHDOWK�DQDORJ\�LV�LQYDOLG�FDQ�ZH�XVH�WKH�ZHDN�IRUP�XVHIXOO\"�,Q
RWKHU� ZRUGV� LV� WKHUH� D� GHILQDEOH� ¶QRUPDO·� RU� EDVHOLQH� VWDWH� ZKLFK� ZRXOG� FRQVWLWXWH� D� KHDOWK\
V\VWHP"�2QH� DSSURDFK� WR� GHILQLQJ� VXFK� EDVHOLQHV�PLJKW� EH� WR� OLVW� WKH� SURSHUWLHV� RI� SXWDWLYHO\
SULVWLQH�V\VWHPV� �LH� WKRVH�ZKLFK�KDYH�EHHQ�XQDIIHFWHG�E\�KXPDQ�DFWLYLW\���7KLV� LV� DQDORJRXV� WR
ZKDW� KDSSHQHG� LQ� HDUO\� PHGLFLQH� ZKHUH� SK\VLFLDQV� VRXJKW� WR� FRUUHODWH� ERG\� VWDWHV� ZLWK
FRQGLWLRQV� RI� KHDOWK� DQG� LOO�KHDOWK�� +RZHYHU�� D� NH\� SRLQW� WR� PDNH� LQ� WKLV� UHVSHFW� LV� WKDW� WKH
VWUXFWXUH�RI�WKH�ELRWLF�FRPSRQHQWV�RI�D�V\VWHP��LH�ELRGLYHUVLW\� LQ�DOO�VHQVHV�RI� WKH�ZRUG��YDULHV
ZLWK� ¶QDWXUDO·� HQYLURQPHQWDO� FRQGLWLRQV� �VHH� EHORZ��� 7KXV�� WR� XVH� VRPH� HFRV\VWHP� VWDWH� DV� D
EDVHOLQH� IURP�ZKLFK� WR� MXGJH� WKH� HIIHFWV� RI� RXU� DFWLYLWLHV�� UHTXLUHV� D� FOHDU� VSHFLILFDWLRQ� RI� WKH
UHODWLRQVKLS� EHWZHHQ� VWUXFWXUH� DQG� HQYLURQPHQWDO� IDFWRUV�� 8QIRUWXQDWHO\�� ZH� DUH� IDU� IURP
SRVVHVVLQJ�VXFK�XQGHUVWDQGLQJ�

0RUH�IXQGDPHQWDOO\��ZH�IHHO�WKHUH�LV�VRPH�GLIILFXOW\�ZLWK�HTXDWLQJ�¶QRUPDOLW\·�RU�¶KHDOWK·�ZLWK�WKH
DEVHQFH� RI� KXPDQ� LQIOXHQFH�� 7KLV� LV� EHFDXVH� LW� LPSOLHV� WKDW� DIIHFWHG� V\VWHPV� DUH� LQKHUHQWO\
DEQRUPDO�RU� ¶XQ�KHDOWK\·��7KLV� LV�QRW� WR� VD\� WKDW� WKH�FKDQJHV�PDGH� WR� V\VWHPV� DUH�GHVLUDEOH�RU
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PRUDOO\�GHIHQVLEOH��FOHDUO\�PDQ\�RI�WKHP�DUH�QRW��LW�LV�VLPSO\�WKDW�WKHUH�LV�QR�D�SULRUL�UHDVRQ�ZK\�D
V\VWHP�ZH�KDYH�DIIHFWHG�VKRXOG�EH�YLHZHG�DV�EHLQJ�DQ\�PRUH�RU�OHVV�KHDOWK\�WKDQ�RQH�LQ�ZKLFK
RXU�LQIOXHQFH�LV�PLQLPDO���7KLV�VWDWHG�KRZHYHU��LW�VWDQGV�WR�UHDVRQ�WKDW�WKH�RQO\�LPSDFWV�ZH�DUH
OLNHO\�WR�EH�DEOH�WR�FRQWURO�DUH�WKRVH�WKDW�DUH�WKH�UHVXOW�RI�KXPDQ�DFWLYLWLHV���:H�VKRXOG�WKHUHIRUH
DWWHPSW� WR� VHSDUDWH� WKHVH� IURP� RWKHU� LPSDFWV� DQG� FRQWURO� WKHP� DFFRUGLQJ� WR� RXU� SHUFHLYHG
FRPPRQ�JRDOV��ZKHWKHU�WKH\�EH�FRPPHUFLDO��UHFUHDWLRQDO��DHVWKHWLF�RU�VSLULWXDO�

7KHUH� DUH�RI� FRXUVH� LQKHUHQW�GLIILFXOWLHV� LQ�PDNLQJ� WKHVH� NLQGV�RI� MXGJHPHQWV��&RQVLGHU� D� UHHI
WKDW� KDV� EHHQ� VXUYH\HG� DQG� VKRZQ� WR� KDYH� ULFK� NHOS� EHGV� DQG� D� GLYHUVH� ILVK� DQG� LQYHUWHEUDWH
IDXQD�� ,Q� RWKHUV�ZRUGV�� WKH� UHHI� LV� LQ� D� VWDWH� WKDW�PRVW� SHRSOH�ZRXOG� EH� KDSS\� WR� GHVFULEH� DV
KHDOWK\��1RZ�LPDJLQH�WKDW�EHIRUH�D�VHFRQG�VXUYH\�D�\HDU�ODWHU��DQG�XQEHNQRZQ�WR�WKH�VXUYH\RU��D
VWRUP�UHPRYHV�PRVW�RI� WKH�NHOS� IURP� WKH� UHHI�� �$W� WKH� VDPH� WLPH� WKHUH�ZDV� D� YHU\� VXFFHVVIXO
UHFUXLWPHQW�RI� VHD�XUFKLQV� DQG� WKDW� WKHVH� FLUFXPVWDQFHV� FRQVSLUHG� VXFK� WKDW�PRVW� RI� WKH� DOJDO
FRYHU�ZDV� UHPRYHG� DQG� WKH� UHHI�EHFDPH� D� GHSDXSHUDWH� XUFKLQ� EDUUHQ��:RXOG� WKH� VXUYH\RU� EH
FRUUHFW�WR�FDOO�WKH�VHFRQG�VWDWH�OHVV�KHDOWK\�WKDQ�WKH�ILUVW"�,W�LV�HDV\�WR�VHH�WKDW�LW�LV�OHVV�GHVLUDEOH
IURP�D�KXPDQ�SHUVSHFWLYH�EXW�LI�WKH�FULWHULRQ�IRU�SRRU�KHDOWK�LV�D�VWDWH�QRW�HQJHQGHUHG�E\�KXPDQ
DFWLYLWLHV�LW�FOHDUO\�GRHV�QRW�TXDOLI\��$OWKRXJK�LW�LV�SRZHUIXOO\�HPRWLYH�WR�FDOO�XQGHVLUDEOH�V\VWHP
VWDWHV�XQKHDOWK\��LW�VHHPV�WR�XV�WR�EH�PRUH�UHDVRQDEOH�DQG�LQWHOOHFWXDOO\�KRQHVW�WR�FRQVLGHU�UHHIV
DV� EHLQJ� LQ� GHVLUDEOH� RU� XQGHVLUDEOH� VWDWHV�� 7KLV� GRHV� QRW� RI� FRXUVH� UHPRYH� WKH� GLIILFXOW\� RI
GHWHUPLQLQJ�WKH�FRQWUROV�RQ�WKRVH�VWDWHV�DQG�WKH�GHJUHH�WR�ZKLFK�RXU�DFWLRQV�FDQ�HIIHFW�FKDQJHV�
EXW�LW�GRHV�UHPRYH�VRPH�RI�WKH�K\SHUEROH�VXUURXQGLQJ�WKH�LVVXHV�

���� 'HWHUPLQLQJ�WKH�FDXVHV�RI�FKDQJH
7KH�OLQN�EHWZHHQ�GHILQLQJ�VWDWHV�ZKLFK�DUH�PRUH�RU� OHVV�GHVLUDEOH�DQG� LGHQWLI\LQJ�WKH�SURFHVVHV
ZKLFK�KDYH��FUHDWHG�WKHVH�VWDWHV�LV�JHQHUDOO\�EH\RQG�WKH�VFRSH�RI�DQ\�VKRUW�WHUP�VWXG\���,W�HLWKHU
UHTXLUHV� D� VHULHV� RI� ORQJ�WHUP� PHQVXUDWLYH� H[SHULPHQWV� RU� D� VHULHV� RI� WDUJHWHG� H[SHULPHQWV
GHVLJQHG�WR�LQYHVWLJDWH�VSHFLILF�SURFHVVHV�DQG�FRQWUROV�

7KHUH�DUH�D�QXPEHU�RI�H[DPSOHV�ZKHUH�VXSSRVHG�HDUO\�ZDUQLQJV�RI�SDWKRORJLFDO�FRQGLWLRQV�KDYH
SURYHG� GHFHSWLYH�� 5DSSRUW� ������� IRU� H[DPSOH�� FLWHV� WKH� VXGGHQ� GLH�EDFN� RI�PDFUR�DOJDO� EHGV
DORQJ� WKH� )LQQLVK� FRDVW� LQ� WKH� ODWH� ����·V�� 7KLV� FKDQJH� ZDV� ILUVW� WKRXJKW� WR� EH� LQGLFDWLYH� RI
FRDVWDO� ZLGH� HQYLURQPHQWDO� GHJUDGDWLRQ� UHVXOWLQJ� IURP� HXWURSKLFDWLRQ�� ,Q� WKH� PLG� ����·V�
KRZHYHU��DOJDO�EHGV�VWDUWHG�WR�UHFRYHU�GHVSLWH�FRQWLQXHG�KLJK�QXWULHQW�ORDGLQJV�VXJJHVWLQJ�D�PRUH
FRPSOH[� FKDLQ� RI� HYHQWV� DQG� D� FRDVWDO� V\VWHP� WKDW� ZDV� XQGHU� OHVV� WKUHDW� WKDQ� ZDV� RULJLQDOO\
HQYLVDJHG��5RVHQEHUJ�HW�DO���������



6WDWXV�RI�UHHIV�LQ�*XOI�6W�9LQFHQW 3DJH���

����$SSHQGL[�����/,7�VXPPDU\�GDWD
7DEOH������6XPPDU\�GDWD�IRU�/,7�VXUYH\��/LIHIRUP�FRGHV�DQG�WKH�WD[D�WKH\�UHSUHVHQW�DUH�OLVWHG�LQ�DSSHQGL[
��
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%DUJH %OXH�'HYLO � ���� ����� �����

%XOOVH\H ������ ������ ������� ������

'XVN\�0RUZRQJ � ���� ����� �����
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����$SSHQGL[����/LIHIRUP�FRGHV�DQG�WD[D�UHSUHVHQWHG�
7DEOH������$OJDO�OLIHIRUPV�ZLWK�UHSUHVHQWDWLYH�VSHFLHV

/LIHIRUP�FRGH 'HVFULSWLRQ 5HSUHVHQWDWLYH�WD[D

%5(1& %URZQ�HQFUXVWLQJ�DOJDH 5DOIVLD

%5)2/, %URZQ�IROLDFHRXV�DOJDH +DORSWHULV��&ODGRVWHSKXV��/RERVSLUD

%5)/$7 %URZQ�UREXVW�DOJDH�ZLWK� ODUJH� IODWWHQHG�EODGHV� �PXFK�EURDGHU� WKDQ

WKLFN����QRW�PHPEUDQRXV�EHFDXVH�YHU\�UREXVW

(FNORQLD��'XUYLOODHD��0DFURF\VWLV

%5%5$1&+ %URZQ� UREXVW� DOJDH� ZLWK� KLJKO\� EUDQFKHG� KDELW� �EODGHV� QRW� PXFK

EURDGHU�WKDQ�WKH\�DUH�WKLFN�

&\VWRSKRUD� VSS�� 6DUJDVVXP�� &DXORF\VWLV�� $FURFDUSLD�

6F\WRWKDOLD��6HLURFRFFXV��;LSKRSKRUD

%5/2%( %URZQ�OREHG�DOJDH =RQDULD��3DGLQD��7XUELQDULD��/RERSKRUD

%50(0 %URZQ�PHPEUDQRXV�DOJDH 6F\WRVLSKRQ�

785) 7XUILQJ�DOJDH��DOO�FRORXUV� 6SKDFHODULD��(FWRFDUSXV��&HULDPLXP��&ODGRSKRUD

*)2/, *UHHQ�IROLDFHRXV�DOJDH &DXOHUSD� VSS�� &ODGRSKRUD�� &KDHWRPRUSKD�� $SMRKQLD�

&RGLXP��%U\RSVLV

*/2%( *UHHQ�OREHG�DOJDH 'LFW\RVSKDHULD��$YUDLQYLOOHD

*/803 *UHHQ�OXPS\�DOJDH &RGLXP�VSS

*0(0 *UHHQ�PHPEUDQRXV�DOJDH 8OYD�VSS

5&25$/ 5HG�FRUDOOLQH�DOJDH &RUDOOLQD��0HWDJRQLDOLWKRQ�

5(1& 5HG�HQFUXVWLQJ�DOJDH 6SRUROLWKRQ

5)2/, 5HG�IROLDFHRXV�DOJDH 3ORFDPLXP�� 3KDFHORFDUSXV�� 1L]\PHQLD�� *HOLGLXP�

3WHURFODGLD

552% 5HG�UREXVW�DOJDH 2VPXQGDULD��/HQRUPDQGLD

5/2%( 5HG�OREHG�DOJDH 3H\VVRQQHOLD

50(0 5HG�PHPEUDQRXV�DOJDH *ORLRVDFFKLRQ��3DFK\GLFW\RQ

7DEOH������/LVW�RI�DQLPDO�OLIHIRUP�FRGHV�DQG�DVVRFLDWHG�WD[D��/LIHIRUP�FRGHV� LQ�EROG�W\SH�UHSUHVHQW� WKRVH
ZKLFK�DUH�FRPPRQO\�IRXQG�XVLQJ�WKH�/,7�PHWKRG��7KRVH�XQGHUOLQHG�RFFXU�IUHTXHQWO\�

%URDG�FDWHJRU\ /LIHIRUP�FRGH 7D[D�LQFOXGHG

6SRQJHV $0263 $PRUSKRXV�VSRQJHV

',63 'LVFUHHW�VSRQJHV

0ROOXVFV *$67 *DVWURSRGV

23,6 2SLVWKREUDQFKV

%,9 %LYDOYHV

$VFLGLDQV &2/$6& &RORQLDO�DVFLGLDQV

67$6& 6WDONHG�DVFLGLDQV

2$6& 2WKHU�DVFLGLDQV

(FKLQRGHUPV 85&+,1 8UFKLQV

&26& &RVFLQDVWDULDV�VWDUILVK

&5,1 &ULQRLGV

67$5 6WDUILVK��DOO�RWKHU�W\SHV�

:RUPV 78%32/ 7XEH�SRO\FKDHWHV

32/ 2WKHU�SRO\FKDHWHV

6$%(/ 6DEHOOLG�ZRUPV

+2/2 +RORWKXULDQV

+\GULRGV +<' +\GULRGV

$QHPRQHV $1(0 $QHPRQHV

&RUDO &25$/ &RUDOV

&UXVWDFHDQV &5$% &UDEV

*226 *RRVH�EDUQDFOHV

&586 2WKHU�FUXVWDFHDQV


