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(YDOXDWLQJ�DQG�PRQLWRULQJ�HIIHFWV�RI�3K\WRSKWKRUD�UDPRUXP�FDQNHU��VXGGHQ�RDN
GHDWK��LQ�6RQRPD�&RXQW\�ZRRGODQGV�DQG�IRUHVWV

&RQWHQWV

$FNQRZOHGJHPHQWV����������������������������������������������������������������������������������������������� �
([HFXWLYH�6XPPDU\ ����������������������������������������������������������������������������������������������� �
,QWURGXFWLRQ ���������������������������������������������������������������������������������������������������������� �
0HWKRGV���������������������������������������������������������������������������������������������������������������� �
3ORW�VHOHFWLRQ ��������������������������������������������������������������������������������������������������������������� �
'DWD�PDQDJHPHQW�DQG�DQDO\VLV ������������������������������������������������������������������������������������ �

5HVXOWV ���������������������������������������������������������������������������������������������������������������� ��
3UHVHQFH�RI�3��UDPRUXP�DW�GLIIHUHQW�VWXG\�ORFDWLRQV ���������������������������������������������������� ��
/HYHOV�RI�GLVHDVH�E\�ORFDWLRQ �������������������������������������������������������������������������������������� ��
3��UDPRUXP�FDQNHU��62'���������������������������������������������������������������������������������������� ��
2WKHU�GLVHDVHV�DQG�LQWHUDFWLRQV�ZLWK�62' �������������������������������������������������������������� ��

'LVWULEXWLRQ�RI�62'�ZLWKLQ�VWXG\�ORFDWLRQV����������������������������������������������������������������� ��
5HJHQHUDWLRQ ������������������������������������������������������������������������������������������������������������� ��
7DQRDN������������������������������������������������������������������������������������������������������������������� ��
&RDVW�OLYH�RDN��������������������������������������������������������������������������������������������������������� ��
%ODFN�RDN ��������������������������������������������������������������������������������������������������������������� ��

6XPPDU\�DQG�&RQFOXVLRQV ���������������������������������������������������������������������������������� ��
/LWHUDWXUH�&LWHG ��������������������������������������������������������������������������������������������������� ��

&RYHU�LOOXVWUDWLRQV�
OHIW���7ULSRG�PDUNLQJ�SORW�FHQWHU�LQ�D�WDQRDN�GRPLQDWHG�VWDQG�DW�6DOW�3RLQW�6WDWH�3DUN�
ULJKW���)LUVW�DXWKRU�XVLQJ�*36�UHFHLYHU�ZLWK�PDVW�PRXQWHG�DQWHQQD�WR�ORFDWH�SORW
FRRUGLQDWHV�LQ�EODFN�DQG�FRDVW�OLYH�RDN�GRPLQDWHG�ZRRGODQG�DW�:HVWRQ�5DQFK�
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$FNQRZOHGJHPHQWV

3ULPDU\�IXQGLQJ�IRU�WKLV�SURMHFW�ZDV�SURYLGHG�E\�WKH�6RQRPD�&RXQW\�)LVK�DQG�:LOGOLIH
$GYLVRU\�%RDUG���:H�HVSHFLDOO\�WKDQN�-RKQ�:HVWRE\��6RQRPD�&RXQW\�$JULFXOWXUDO
&RPPLVVLRQHU�IRU�KLV�HQFRXUDJHPHQW�DQG�VXSSRUW�RI�WKLV�SURMHFW�

:H�WKDQN�)UDQFHV�6ZLHFNL�%HUQKDUGW�IRU�DVVLVWLQJ�ZLWK�ILHOG�ZRUN�DW�VHYHUDO�ORFDWLRQV���:H
DOVR�WKDQN�6WHYHQ�6ZDLQ��8&�&RRSHUDWLYH�([WHQVLRQ��6RQRPD�&R���DQG�.LP�.LHUQDQ
�8&&(��0DULQ�&R���IRU�WKHLU�KHOS�ZLWK�ILHOG�GDWD�FROOHFWLRQ�DW�6RQRPD�&RDVW�6WDWH�%HDFK
DQG�WKH�:HVWRQ�SURSHUW\��UHVSHFWLYHO\�

$UUDQJLQJ�WKH�ORJLVWLFV��SHUPLVVLRQV��DQG�DFFHVV�QHHGHG�WR�ZRUN�DW�DOO�WKH�VWXG\�ORFDWLRQV
ZRXOG�QRW�KDYH�EHHQ�SRVVLEOH�ZLWKRXW�WKH�LQIRUPDWLRQ�DQG�FRRSHUDWLRQ�SURYLGHG�E\�PDQ\
GLIIHUHQW�SHRSOH���:H�H[SUHVV�RXU�DSSUHFLDWLRQ�WR�WKH�IROORZLQJ�LQGLYLGXDOV�DQG
RUJDQL]DWLRQV�IRU�WKHLU�KHOS�LQ�ORFDWLQJ�DQG�DUUDQJLQJ�DFFHVV�WR�WKH�YDULRXV�VWXG\�ORFDWLRQV�
DV�ZHOO�DV�WR�RWKHUV�WKDW�ZH�KDYH�FRQWDFWHG�LQ�WKH�FRXUVH�RI�WKLV�VWXG\�

&DOLIRUQLD�6WDWH�3DUNV��0DUJDUHW�%DXPJUDW]��1RDK�%XOZD��$UW�)RQJ��0DUOD�+DVWLQJV�
*UHJ�+D\HV��7LDQD�.UDXV��&KHU\O�/DZWRQ��5LFK�/DZWRQ��:DUGHOO�1RHO��$QJLH�1RZLFNL�
5HQHH�3DVTXLQHOOL��6X]DQQH�:HVWRYHU��DQG�$VKIRUG�:RRG�

6RQRPD�&R��5HJLRQDO�3DUNV���-LP�0F&UD\��-DQHW�5RVV

6RQRPD�&RXQW\�$JULFXOWXUDO�3UHVHUYDWLRQ�DQG�2SHQ�6SDFH�'LVWULFW���.DWKOHHQ�0DUVK

86�$UP\�&RUSV�RI�(QJLQHHUV��/DNH�6RQRPD���$QJLH�:XOIRZ

-LP�DQG�6KLUOH\�0RGLQL

0U��DQG�0UV��5LFKDUG�:HVWRQ
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7KH�UHFHQWO\�GHVFULEHG�SODQW�SDWKRJHQ�3K\WRSKWKRUD�UDPRUXP�FDXVHV�H[WHQVLYH�EDUN
FDQNHUV�LQ�FRDVW�OLYH�RDN��EODFN�RDN��DQG�WDQRDN�WKDW�DUH�DVVRFLDWHG�ZLWK�SUHPDWXUH
PRUWDOLW\�RI�WKHVH�VSHFLHV���7KLV�EDUN�FDQNHU�GLVHDVH��ZKLFK�LV�FRPPRQO\�UHIHUUHG�WR�DV
�VXGGHQ�RDN�GHDWK���62'��KDV�WKH�SRWHQWLDO�WR�VHYHUHO\�LPSDFW�PDQ\�RI�WKH�HFRORJLFDOO\
LPSRUWDQW�ZRRGODQGV�DQG�IRUHVWV�RI�6RQRPD�&RXQW\���,Q�WKLV�SURMHFW��ZH�HVWDEOLVKHG
SHUPDQHQW�UHVHDUFK�PRQLWRULQJ�SORWV�LQ�ZRRGODQG�DQG�IRUHVW�W\SHV�DW�ULVN�IURP�3��UDPRUXP
FDQNHU�WR�PRQLWRU�GLVHDVH�SURJUHVVLRQ�DQG�DVVHVV�LPSDFWV�RI�GLVHDVH�RYHU�WLPH���:H�DOVR
DVVHVVHG�WUHH�GHFOLQH�DQG�PRUWDOLW\�GXH�WR�RWKHU�DJHQWV�

:H�HVWDEOLVKHG�D�WRWDO�RI�����IL[HG�DUHD�SORWV�������KD�HDFK��DW����VWXG\�ORFDWLRQV�LQ
YDULRXV�SRUWLRQV�RI�6RQRPD�&RXQW\���62'�KRVW�WUHHV��L�H���FRDVW�OLYH�RDN��EODFN�RDN��DQG
WDQRDN��ODFNHG�DQ\�V\PSWRPV�RI�3��UDPRUXP�FDQNHU�DW�IRXU�ORFDWLRQV���)RXU�ORFDWLRQV�KDG
WUHHV�ZLWK�62'�V\PSWRPV��EXW�WKH�SUHVHQFH�RI�3��UDPRUXP�DW�WKHVH�ORFDWLRQV�KDV�QRW�\HW
EHHQ�FRQILUPHG�E\�ODERUDWRU\�DQDO\VLV���7KUHH�ORFDWLRQV�ZLWK�62'�V\PSWRPV�KDG
SUHH[LVWLQJ�ODERUDWRU\�FRQILUPDWLRQV�IRU�3��UDPRUXP
V�SUHVHQFH�

$PRQJ�WKH�VHYHQ�ORFDWLRQV�ZLWK�OLNHO\�3��UDPRUXP�V\PSWRPV��DSSDUHQW�62'�LQIHFWLRQ
UDWHV�UDQJHG�IURP����WR�������6\PSWRPV�RI�3��UDPRUXP�FDQNHU�ZHUH�PRVW�FRPPRQ�RQ
WDQRDN�DQG�OHDVW�FRPPRQ�RQ�EODFN�RDN���)RU�FRDVW�OLYH�RDN�EXW�QRW�WDQRDN��62'�V\PSWRPV
ZHUH�VLJQLILFDQWO\�PRUH�FRPPRQ�DPRQJ�RYHUVWRU\�WUHHV�WKDQ�XQGHUVWRU\�WUHHV�

$PRQJ�WKH����VWXG\�ORFDWLRQV��WKH�LQFLGHQFH�RI�GHFOLQH�DQG�PRUWDOLW\�RI�62'�KRVWV�IURP
DJHQWV�RWKHU�WKDQ�3��UDPRUXP�UDQJHG�IURP�����WR�������,Q�PRVW�ORFDWLRQV��GHFOLQH�DQG
PRUWDOLW\�IURP�WKHVH�DJHQWV��PRVWO\�QDWLYH�ZRRG�GHFD\�IXQJL��LV�FXUUHQWO\�PRUH�LPSRUWDQW
WKDQ�62'���+RZHYHU��ZH�REVHUYHG�UHODWLYHO\�OLWWOH�RYHUODS�EHWZHHQ�WUHHV�DIIHFWHG�E\�3�
UDPRUXP�DQG�WUHHV�GHFOLQLQJ�DV�D�UHVXOW�RI�RWKHU�SDWKRJHQV���,I�3��UDPRUXP�LV�OHVV�OLNHO\�WR
DIIHFW�WUHHV�WKDW�DUH�DOUHDG\�LQ�GHFOLQH�GXH�WR�RWKHU�IDFWRUV��WKH�RYHUDOO�LPSDFW�RI�62'�ZLOO
EH�LQFUHDVHG�LQ�VWDQGV�ZLWK�KLJK�EDFNJURXQG�OHYHOV�RI�GHFOLQH�DQG�PRUWDOLW\�

6HHGOLQJV�RI�WDQRDN�DQG�FRDVW�OLYH�RDN�DUH�W\SLFDOO\�SUHVHQW�LQ�WKH�XQGHUVWRU\�EHQHDWK�WKHVH
VSHFLHV���7KLV�LQFUHDVHV�WKH�FKDQFHV�WKDW�WDQRDN�DQG�FRDVW�OLYH�RDN�PRUWDOLW\�PD\�EH
UHSODFHG�E\�WKH�VDPH�VSHFLHV���+RZHYHU��GLVHDVH�DQG�FRPSHWLWLRQ�ZLWK�VHHGOLQJV�RI�RWKHU
WUHH�VSHFLHV�PD\�LQKLELW�UHJHQHUDWLRQ�RI�WDQRDN�DQG�FRDVW�OLYH�RDN���%ODFN�RDN�VHHGOLQJV�DUH
UHODWLYHO\�XQFRPPRQ�EHQHDWK�EODFN�RDN�FDQRS\���%ODFN�RDN�UHJHQHUDWLRQ�DSSHDUV�WR�EH
LQVXIILFLHQW�WR�PDLQWDLQ�FXUUHQW�GHQVLWLHV�DW�WKH�VWXG\�ORFDWLRQV��LQFOXGLQJ�WKRVH�LQ�ZKLFK�3�
UDPRUXP�LV�QRW�FXUUHQWO\�D�SUREOHP�
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7KH�SODQW�SDWKRJHQLF�ZDWHU�PROG�3K\WRSKWKRUD�UDPRUXP�KDV�EHHQ�DVVRFLDWHG�ZLWK
HOHYDWHG�OHYHOV�RI�PRUWDOLW\�LQ�WDQRDN��/LWKRFDUSXV�GHQVLIORUXV���FRDVW�OLYH�RDN��4XHUFXV
DJULIROLD���DQG�&DOLIRUQLD�EODFN�RDN��4��NHOORJJLL��WUHHV�LQ�D�QXPEHU�RI�&DOLIRUQLD�FRDVWDO
FRXQWLHV�RYHU�WKH�SDVW�IHZ�\HDUV��*DUEHORWWR�HW�DO���������7KLV�SDWKRJHQ�FDXVHV�EOHHGLQJ
EDUN�FDQNHUV�RQ�WKH�EROH�RI�WKHVH�VSHFLHV�DQG�WKH�XQFRPPRQ�6KUHYH�RDN��4��SDUYXOD�YDU�
VKUHYHL����$V�WKHVH�EDUN�FDQNHUV�H[SDQG�DQG�FRDOHVFH��WKH\�HYHQWXDOO\�JLUGOH�DIIHFWHG�WUHHV�
3��UDPRUXP�LQIHFWHG�WUHHV�DUH�FRPPRQO\�FRORQL]HG�E\�WKH�VDSZRRG�GHFD\LQJ�IXQJXV
+\SR[\ORQ�WKRXDUVLDQXP��RDN�EDUN�EHHWOHV��3VHXGRSLW\RSKWKRUXV�VSS����DQG�DPEURVLD
EHHWOHV��0RQDUWKUXP�VSS���DV�WKH\�GHFOLQH���$OWKRXJK�WKH�FDQNHU�GLVHDVH�KDV�EHHQ�QDPHG
�VXGGHQ�RDN�GHDWK���62'���WKH�WLPH�LQWHUYDO�EHWZHHQ�WKH�RQVHW�RI�YLVLEOH�GLVHDVH
V\PSWRPV�DQG�WUHH�GHDWK�PD\�FRPPRQO\�EH�PRUH�WKDQ�D�\HDU�

7R�GDWH��EOHHGLQJ�VWHP�FDQNHUV�FDXVHG�E\�3��UDPRUXP�KDYH�RQO\�EHHQ�REVHUYHG�LQ�WKH�ILHOG
RQ�WDQRDN�DQG�RDNV�LQ�WKH�EODFN�RDN�VXEJHQXV��LQFOXGLQJ�FRDVW�OLYH�RDN��&DOLIRUQLD�EODFN
RDN��DQG�6KUHYH�RDN���+RZHYHU��WKH�SDWKRJHQ�DOVR�FDXVHV�OHDI�VSRWV�DQG�RU�WZLJ�FDQNHUV�RQ
D�QXPEHU�RI�QDWLYH�SODQWV�FRPPRQO\�DVVRFLDWHG�ZLWK�RDNV�DQG�WDQRDN��LQFOXGLQJ�&DOLIRUQLD
ED\��8PEHOOXODULD�FDOLIRUQLFD���PDGURQH��$UEXWXV�PHQ]LHVLL���KXFNOHEHUU\��9DFFLQLXP
RYDWXP���&DOLIRUQLD�EXFNH\H��$HVFXOXV�FDOLIRUQLFD���ELJOHDI�PDSOH��$FHU�PDFURSK\OOXP��
PDQ]DQLWD��$UFWRVWDSK\ORV�PDQ]DQLWD���DQG�RWKHU�VSHFLHV���6WHP�FDQNHUV�WKDW�RFFXU�RQ�OLYH
RDN�DQG�EODFN�RDN�DUH�SUREDEO\�LQLWLDWHG�E\�LQRFXOXP�SURGXFHG�RQ�DW�OHDVW�VRPH�RI�WKHVH
RWKHU�KRVWV���$W�WKLV�WLPH��WKHUH�LV�QR�HYLGHQFH�WR�VXJJHVW�WKDW�3��UDPRUXP�LV�WUDQVPLWWHG
GLUHFWO\�IURP�RQH�RDN�WR�DQRWKHU���,Q�WDQRDN��KRZHYHU��3��UDPRUXP�FDXVHV�OHDI�DQG�WZLJ
LQIHFWLRQV���,QRFXOXP�SURGXFHG�RQ�WKHVH�VXUIDFHV�PLJKW�FRQWULEXWH�WR�FDQNHUV�RQ�WKH�PDLQ
VWHPV�RI�WDQRDN���7KH�HSLGHPLRORJ\�RI�WKLV�GLVHDVH�LV�VWLOO�XQGHU�LQYHVWLJDWLRQ�

7DQRDN�WUHHV�H[KLELWLQJ�V\PSWRPV�FRQVLVWHQW�ZLWK�62'�ZHUH�UHSRUWHG�LQ�0DULQ�&RXQW\�
&$�LQ�������6YLKUD���������%\�DXWXPQ�������62'�KDG�EHFRPH�ZLGHVSUHDG�LQ�SRUWLRQV�RI
6DQWD�&UX]��0DULQ��0RQWHUH\��1DSD��DQG�6RQRPD�&RXQWLHV���$W�WKH�FXUUHQW�WLPH��'HFHPEHU
�������WUHHV�LQIHFWHG�ZLWK�3��UDPRUXP�KDYH�EHHQ�FRQILUPHG�LQ�6RODQR��$ODPHGD��DQG
0HQGRFLQR�FRXQWLHV�DQG�LQ�VRXWKHUQ�2UHJRQ���,W�LV�QRW�FOHDU�KRZ�ZLGHO\�WKLV�GLVHDVH�ZLOO
HYHQWXDOO\�VSUHDG��EXW�IXUWKHU�VSUHDG�DSSHDUV�OLNHO\�

7R�SURYLGH�LQIRUPDWLRQ�RQ�KRZ�3��UDPRUXP�LV�OLNHO\�WR�DIIHFW�6RQRPD�&RXQW\�ZRRGODQGV
DQG�IRUHVWV��ZH�LQLWLDWHG�WKLV�SURMHFW�ZLWK�WKH�IROORZLQJ�REMHFWLYHV�

����(VWDEOLVK�D�EDVHOLQH�IRU�PHDVXULQJ�YHJHWDWLRQ�FKDQJH�LQ�VSHFLILF�KDELWDW�W\SHV�WKDW�ZLOO
UHVXOW�IURP�LQFUHDVHG�GLVHDVH�LQFLGHQFH�DQG�PRUWDOLW\�LQ�WDQRDN��FRDVW�OLYH�RDN��DQG�EODFN
RDN�

����(YDOXDWH�FXUUHQW�SDWWHUQV�RI�3��UDPRUXP�UHODWHG�PRUWDOLW\�RQ�D�ODQGVFDSH�VFDOH�LQ�D
YDULHW\�RI�ZRRGODQG�DQG�IRUHVW�W\SHV���7KLV�LQIRUPDWLRQ�FDQ�EH�XVHG�WR�KHOS�GHYHORS
PRGHOV�IRU�SUHGLFWLQJ�GLVHDVH�VSUHDG�DQG�SURJUHVVLRQ�LQ�GLIIHUHQW�SDUWV�RI�WKH�FRXQW\���6XFK
PRGHOV�PD\�SURYLGH�LQIRUPDWLRQ�WKDW�FDQ�EH�XVHG�WR�PDQDJH�DQG�SRVVLEO\�UHGXFH�GLVHDVH
LPSDFWV�LQ�QDWXUDO�VWDQGV�

����0HDVXUH�EDFNJURXQG�OHYHOV�RI�GLVHDVH�DQG�PRUWDOLW\�DVVRFLDWHG�ZLWK�RWKHU�DJHQWV�WR
GHYHORS�D�FRPSOHWH�SLFWXUH�RI�WKH�KHDOWK�RI�6RQRPD�&RXQW\�IRUHVW�ZRRGODQG�UHVRXUFHV�DQG
WKH�SRWHQWLDO�PDQDJHPHQW�LPSOLFDWLRQV�IRU�PDLQWDLQLQJ�WKHVH�UHVRXUFHV�
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����3URYLGH�EDFNJURXQG�YHJHWDWLRQ�GDWD�IRU�VSHFLILF�VLWHV�WKDW�FDQ�EH�FRXSOHG�ZLWK
VXEVHTXHQW�ZLOGOLIH�XVH�SRSXODWLRQ�VWXGLHV�WKDW�FDQ�GLUHFWO\�PHDVXUH�HIIHFWV�RI�WKH�GLVHDVH
RQ�ZLOGOLIH�DQG�ILVKHULHV�

7KLV�UHSRUW�GHVFULEHV�LQLWLDO�SORW�HVWDEOLVKPHQW�DQG�VXPPDUL]HV�EDVLF�GLVHDVH�DQG�VWDQG
GDWD�FROOHFWHG�LQ�WKH�LQLWLDO�VXUYH\�

0(7+2'6

3ORW�VHOHFWLRQ

:H�HVWDEOLVKHG�SORWV�DW�HOHYHQ�ORFDWLRQV�LQ�6RQRPD�&RXQW\�ZKHUH�WDQRDN��FRDVW�OLYH�RDN�
DQG�RU�EODFN�RDN�ZHUH�FRPPRQ��DV�VKRZQ�LQ�)LJXUH���DQG�7DEOH�����3ORWV�DUH�ORFDWHG�RQ
SXEOLF�ODQG�WR�WKH�H[WHQW�SRVVLEOH���$W�ORFDWLRQV���DQG����SORWV�DUH�RQ�SULYDWH�ODQGV�WKDW�DUH
SURWHFWHG�E\�FRQVHUYDWLRQ�HDVHPHQWV�KHOG�E\�WKH�6RQRPD�&RXQW\�$JULFXOWXUDO�3UHVHUYDWLRQ
DQG�2SHQ�6SDFH�'LVWULFW�

3ORWV�DW�HDFK�ORFDWLRQ�DUH�VHW�XS�RQ�D�JULG�SODQ�WKDW�DOORZV�IRU�UDQGRP�VDPSOLQJ�RI�WKH
WDUJHW�DUHD���3ULRU�WR�YLVLWLQJ�HDFK�VWXG\�ORFDWLRQ��ZH�FRQWDFWHG�VLWH�RZQHUV�RU�UHVRXUFH
PDQDJHUV�WR�REWDLQ�YHJHWDWLRQ�PDSV�RU�JHQHUDO�VWDQG�FRPSRVLWLRQ�LQIRUPDWLRQ���7KLV
DOORZHG�XV�WR�WDUJHW�DUHDV�IRU�VDPSOLQJ�WKDW�ZHUH�OLNHO\�WR�KDYH�RQH�RU�PRUH�RI�WKH�WKUHH
KRVW�VSHFLHV�RI�LQWHUHVW���:H�VXSHULPSRVHG�D�SORW�JULG�EDVHG�RQ�870�FRRUGLQDWHV�RYHU�WKH
DUHD�RI�LQWHUHVW�SULRU�WR�YLVLWLQJ�WKH�VLWH��)LJXUH������3ORW�FHQWHUV�RQ�WKH�JULG�DUH�DW����P
LQWHUYDOV�DV�SORWWHG�RQ�D�WRSRJUDSKLF�PDS��ZLWK�WKH�H[FHSWLRQ�RI�WKH�ILUVW�ORFDWLRQ��-DFN
/RQGRQ�63��ZKHUH�JULG�VSDFLQJ�ZDV����P���*URXQG�GLVWDQFHV�EHWZHHQ�SORW�FHQWHUV�DUH
JHQHUDOO\�JUHDWHU�WKDQ����P�EHFDXVH�RI�JURXQG�VORSH���%HFDXVH�RQO\�SORWV�FRQWDLQLQJ�FRDVW
OLYH�RDN��EODFN�RDN��DQG�RU�WDQRDN�ZHUH�VDPSOHG��WKH�SDWWHUQ�RI�DFWXDO�SORW�SRVLWLRQV�GLIIHUV
IURP�WKH�LGHDOL]HG�VDPSOLQJ�JULG��)LJXUH������:H�DWWHPSWHG�WR�VDPSOH�DERXW����SORWV�SHU
ORFDWLRQ��EXW�IHZHU�SORWV�ZHUH�VDPSOHG�DW�VRPH�ORFDWLRQV�GXH�WR�OLPLWDWLRQV�RI�WLPH�DQG
EXGJHW�FRQVWUDLQWV���)LHOG�GDWD�FROOHFWLRQ�UHTXLUHG�WZR�GD\V�DW�DOO�ORFDWLRQV�H[FHSW�)RRWKLOO
5HJLRQDO�3DUN��ZKHUH�GDWD�ZHUH�JDWKHUHG�LQ�D�VLQJOH�GD\���$�WRWDO�RI�����SORWV�ZHUH
HVWDEOLVKHG�DW�WKH����ORFDWLRQV�EHWZHHQ���������DQG���������

7KH�870�FRRUGLQDWHV�RI�HDFK�SORW�FHQWHU�ZHUH�XSORDGHG�LQWR�D�KDQGKHOG�*36�UHFHLYHU
�*DUPLQ�*36�����ZKLFK�ZDV�FDSDEOH�RI�GLIIHUHQWLDO�FRUUHFWLRQ�XVLQJ�VDWHOOLWH�EDVHG�:$$6
VLJQDOV���$�KLJK�JDLQ�H[WHUQDO�*36�DQWHQQD��0LJKW\�0RXVH�,,��PRXQWHG�RQ�D�PDVW�ZDV�XVHG
ZLWK�WKH�*36�UHFHLYHU�WR�LPSURYH�UHFHSWLRQ�XQGHU�WUHH�FDQRS\���:H�XVHG�WKH�*36�UHFHLYHU
WR�QDYLJDWH�WR�WKH�SORW�FHQWHUV���'XH�WR�XQFHUWDLQW\�DQG�GULIW�LQ�*36�EDVHG�FRRUGLQDWHV�
HVSHFLDOO\�XQGHU�SRRU�VDWHOOLWH�UHFHSWLRQ�FRQGLWLRQV��ZH�HVWDEOLVKHG�SORW�FHQWHUV�ZKHQ�WKH
*36�UHDGLQJ�LQGLFDWHG�WKDW�ZH�ZHUH�ZLWKLQ���PHWHUV�RI�WKH�XSORDGHG�SORW�FHQWHU
FRRUGLQDWHV���$IWHU�DOORZLQJ�*36�UHDGLQJV�WR�VWDELOL]H��ZH�VWRUHG�WKH�FRRUGLQDWHV�RI�WKH�SORW
FHQWHU�DV�UHSRUWHG�E\�WKH�*36�UHFHLYHU���7KHVH�SRLQWV�ZHUH�VXEVHTXHQWO\�GRZQORDGHG�DQG
SORWWHG�DV�WKH�QRPLQDO�SORW�FRRUGLQDWHV���3RVLWLRQDO�XQFHUWDLQW\�RI�WKHVH�FRRUGLQDWHV�LV
JHQHUDOO\���P�RU�OHVV��EXW�PD\�EH�JUHDWHU�LQ�DUHDV�ZLWK�GHQVH�UHGZRRG�RYHUVWRU\�ZKHUH
VDWHOOLWH�UHFHSWLRQ�ZDV�W\SLFDOO\�SRRU�

3ORWV�DUH�FLUFXODU�ZLWK�D�UDGLXV�RI���PHWHUV�PHDVXUHG�SDUDOOHO�WR�WKH�JURXQG�VORSH��SORW�DUHD
�����KD �����DFUH�����:H�GHPDUFDWHG�WKH�SORW�SHULPHWHU�DQG�GHWHUPLQHG�ZKLFK�WUHHV�ZHUH
LQ�WKH�SORW�E\�XVLQJ�D�KDQGKHOG�ODVHU�UDQJHILQGHU��/HLFD�'LVWR�&ODVVLF��DLPHG�DW�WKH�*36
PDVW��ZKLFK�ZDV�SODFHG�DW�WKH�SORW�FHQWHU���,Q�HDFK�SORW��ZH�HYDOXDWHG�WKH�FRQGLWLRQ�RI�XS
WR�WKUHH�3��UDPRUXP�FDQNHU�KRVW�WUHHV�LQ�GHWDLO��7DEOH������7KHVH�WUHHV�DUH�UHIHUUHG�WR�DV
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�WDOO\�WUHHV����7DOO\�WUHHV�ZHUH�WDJJHG�ZLWK�URXQG�����PP�GLDPHWHU�DOXPLQXP�WUHH�WDJV
ZKLFK�SRLQW�WRZDUGV�WKH�SORW�FHQWHU���)RU�SORWV�LQ�ZKLFK�WDOO\�WUHHV�GLG�QRW�DSSHDU�OLNHO\�WR
SHUVLVW�IRU�PRUH�WKDQ�D�IHZ�\HDUV��RQH�RU�WZR�QRQWDUJHW�WUHH�VSHFLHV�ZHUH�WDJJHG�WR�LQFUHDVH
WKH�FKDQFH�WKDW�WKH�SORW�FRXOG�EH�UHORFDWHG�DW�D�ODWHU�GDWH���8VLQJ�WKH�ODVHU�UDQJHILQGHU�DQG
D�FRPSDVV��ZH�PHDVXUHG�WKH�GLVWDQFH�DQG�D]LPXWK�EHWZHHQ�WDJJHG�WUHHV�DQG�WKH�SORW
FHQWHU�WR�SHUPLW�SUHFLVH�UHORFDWLRQ�RI�SORW�FHQWHUV���,Q�PDQ\�SORWV�WKDW�FRQWDLQHG�RQO\�RQH
RU�WZR�WDUJHW�VSHFLHV�WUHHV��ZH�DGGHG�WDOO\�WUHHV�RXWVLGH�WKH�SORW�UDGLXV�WKDW�ZHUH�FORVH�WR
WKH�SORW�HGJH���7KHVH�WUHHV�DUH�H[FOXGHG�IURP�SORW�EDVHG�FDOFXODWLRQV��VXFK�DV�WUHH�GHQVLW\�

$OO�RWKHU�WUHHV�LQ�WKH�SORWV�ZHUH�FRXQWHG�E\�VSHFLHV��FDQRS\�SRVLWLRQ��RYHUVWRU\�RU
XQGHUVWRU\��DQG�GLVHDVH�VWDWXV���)RU�FRDVW�OLYH�RDN��EODFN�RDN��DQG�WDQRDN��WKH�RFFXUUHQFH�RI
3��UDPRUXP�FDQNHU�V\PSWRPV�ZDV�LQFOXGHG�LQ�WKHVH�HYDOXDWLRQV���2WKHU�SORW�GDWD�ZH
FROOHFWHG�LQFOXGH�VKUXE�VSHFLHV�SUHVHQW��RYHUDOO�WUHH�DQG�VKUXE�FRYHU�UDWLQJV��SORW�VORSH�DQG
DVSHFW��DQG�WKH�SUHVHQFH�RI�RWKHU�GLVHDVH�DJHQWV�LQ�WKH�SORW���7DEOH���SUHVHQWV�D�GHWDLOHG
GHVFULSWLRQ�RI�SORW�GDWD�FROOHFWHG�

Table 1.  Locations of plots and host species studied.

/RFDWLRQ
QXPEHU

/RFDWLRQ 1XPEHU
RI�SORWV

6XEMHFW�WUHH�VSHFLHV

� -DFN�/RQGRQ�6WDWH�3DUN �� %ODFN�RDN��WDQRDN��FRDVW�OLYH�RDN
� 6XJDUORDI�5LGJH�6WDWH�3DUN �� &RDVW�OLYH�RDN
� /DNH�6RQRPD��$UP\�&RUSV�RI�(QJLQHHUV� �� &RDVW�OLYH�RDN��EODFN�RDN
� :HVWRQ�5DQFK��SULYDWH�ODQG� �� &RDVW�OLYH�RDN��EODFN�RDN
� $XVWLQ�&UHHN�6WDWH�5HFUHDWLRQ�$UHD �� 7DQRDN��EODFN�RDN
� 0RGLQL�5DQFK��SULYDWH�ODQG� �� %ODFN�RDN��FRDVW�OLYH�RDN
� $QQDGHO�6WDWH�3DUN �� %ODFN�RDN
� 6DOW�3RLQW�6WDWH�3DUN �� 7DQRDN
� +HOHQ�3XWQDP�5HJLRQDO�3DUN �� &RDVW�OLYH�RDN��EODFN�RDN
�� )RRWKLOO�5HJLRQDO�3DUN �� %ODFN�RDN��FRDVW�OLYH�RDN
�� 6RQRPD�&RDVW�6WDWH�%HDFK �� 7DQRDN
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)LJXUH�����'LVWULEXWLRQ�RI�VXUYH\���PRQLWRULQJ�ORFDWLRQV�ZLWKLQ�6RQRPD�&RXQW\�
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)LJXUH�����([DPSOH�RI�D�SORW�JULG�OD\RXW��6KRZQ�LV�WKH�SORW�JULG�OD\RXW�IRU�6DOW�3RLQW�6WDWH
3DUN���7KH�JULG�ZDV�VXSHULPSRVHG�RYHU�DQ�DUHD�VKRZQ�DV�WDQ�RDN�IRUHVW�LQ�D�YHJHWDWLRQ�PDS
VXSSOLHG�E\�6WDWH�3DUN�VWDII�

)LJXUH�����$FWXDO�SORW�ORFDWLRQV�IRU�6DOW�3RLQW�6WDWH�3DUN��EDVHG�RQ�FRRUGLQDWHV�UHFRUGHG�E\
D�KDQGKHOG�*36�UHFHLYHU�
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'DWD�PDQDJHPHQW�DQG�DQDO\VLV

3ORW�GDWD�DUH�JHRUHIHUHQFHG�WR�WKH�SORW�ORFDWLRQV�WR�DOORZ�IRU�XVH�DQG�DQDO\VLV�ZLWK�*,6
VRIWZDUH���)RU�HDFK�ORFDWLRQ��ZH�DFTXLUHG�ORFDO�DHULDO�SKRWR�DQG�86*6�WRSRJUDSKLF�PDS
LPDJHV�ZKLFK�ZH�XVHG�DV�D�EDVH�PDS�OD\HU���:H�GHVLJQHG�*,6�FRPSDWLEOH�GDWDEDVHV�IRU
GDWD�VWRUDJH�DQG�PDQLSXODWLRQ���3ORW�GDWD�DQG�GHWDLOHG�GDWD�RQ�LQGLYLGXDO�WDOO\�WUHHV�DUH
VWRUHG�LQ�VHSDUDWH�GDWDEDVHV�

$OO�GDWD�ZHUH�FKHFNHG�IRU�SRVVLEOH�GDWD�HQWU\�HUURUV�SULRU�WR�VXPPDU\�DQG�DQDO\VLV���'DWD
VXPPDULHV�DQG�DQDO\VHV�ZHUH�SUHSDUHG�XVLQJ�-03�VWDWLVWLFDO�VRIWZDUH�YHUVLRQ��������6$6
,QF���&DU\�1&��
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Table 2.  Tree variables measured for tally trees in each study plot
9DULDEOH 0HWKRG 6FDOH�XQLWV�DQG�QRWHV
7DOO\�WUHH�VSHFLHV 4��DJULIROLD��4��NHOORJJLL��4��ZLVOL]HQL��RU�/��GHQVLIORUXV
2ULJLQ�FODVV YLVXDO�DVVHVVPHQW VHHG�RU�VSURXW
'LVWDQFH�WR�SORW�FHQWHU ODVHU�UDQJHILQGHU P��GDWD�XVHG�IRU�SORW�FHQWHU�UHORFDWLRQ
$]LPXWK�WR�SORW�FHQWHU FRPSDVV GHJUHHV��GDWD�XVHG�IRU�SORW�FHQWHU�UHORFDWLRQ
'%+ G�WDSH�RU�IODW�WDSH LQFKHV��G�WDSH��RU�FP��IODW�WDSH���IODW�WDSH�XVHG�ZKHUH�G�WDSH�FRXOG�QRW�EH

�H�J���WUXQNV�FRYHUHG�ZLWK�SRLVRQ�RDN�
1XPEHU�RI�VWHPV�IURP
JURXQG

FRXQW VWHPV�WUHH

6WHPV�ZLWK�3�
UDPRUXP�V\PSWRPV

FRXQW LQIHFWHG�VWHPV�WUHH

'HDG�VWHPV FRXQW GHDG�VWHPV�WUHH
7UHH�GHDG���FDXVH YLVXDO�DVVHVVPHQW &DXVHV�������3K\WRSKWKRUD�������RWKHU�DJHQW�V��������XQDEOH�WR�GHWHUPLQH

7UHH�VFRUHG�DV�GHDG�LI�DOO�PDLQ�VWHPV�DUH�GHDG���7ZR�FDXVHV��3K\WRSKWKRUD
SOXV�RWKHU�DJHQWV��DUH�VFRUHG�LI�DSSOLFDEOH�

+\SR[\ORQ
WKRXDUVLDQXP

SUHVHQFH�RI�IUXLWLQJ
ERGLHV

SUHVHQW���DEVHQW

%DUN�DQG�RU�DPEURVLD
EHHWOHV�LQ�PDLQ�VWHP

SUHVHQFH�RI�ERULQJ
GXVW�DQG�RU�KROHV

SUHVHQW���DEVHQW

3��UDPRUXP�UHODWHG
V\PSWRPV

YLVXDOO\�DVVHVV
V\PSWRPV�SUHVHQW

���1R�V\PSWRPV
���(DUO\���EOHHGLQJ�FDQNHUV�RQO\
���/DWH���FDQNHUV�SOXV�EHHWOHV�DQG�RU�+��WKRXDUVLDQXP
���'HDG�DV�UHVXOW�RI�3��UDPRUXP�LQIHFWLRQ��HYLGHQFH�RI�EDUN�FDQNHUV�SUHVHQW

3��UDPRUXP�FDQNHU
FRXQW

FRXQW HVWLPDWHG�RQ�EDVLV�RI�H[WHUQDO�EOHHGLQJ�VSRWV�DQG�OLPLWHG�LQVSHFWLRQ�RI�FDQNHU
PDUJLQV

3HUFHQW�JLUGOLQJ�GXH�WR
3��UDPRUXP�FDQNHU

YLVXDO�HVWLPDWH SUHWUDQVIRUPHG�����VFDOH�
3HUFHQW�RI�FLUFXPIHUHQFH�DIIHFWHG�HVWLPDWHG�EDVHG�RQ�SURMHFWLRQ�RI�FDQNHUHG
DUHDV�DV�LI�DOO�ZHUH�YLHZHG�RQ�VDPH�FURVV�VHFWLRQ��VRPH�OLPLWHG�FKLSSLQJ�RI
EDUN�GRQH�WR�FRQILUP�KRUL]RQWDO�H[WHQW�RI�FDQNHU�PDUJLQV

6HYHUH�WUHH�GHFOLQH
GXH�WR�RWKHU�DJHQWV

YLVXDO�DVVHVVPHQW \HV���QR
7UHHV�VFRUHG�DV�LQ�GHFOLQH�LI�RYHUDOO�FRQGLWLRQ�LV�SRRU�HQRXJK�WKDW�GHDWK
ZLWKLQ����\HDUV�DSSHDUHG�OLNHO\�

6N\�H[SRVHG�FDQRS\ YLVXDO SUHWUDQVIRUPHG�����VFDOH���SHUFHQW�RI�FDQRS\�SURMHFWLRQ�DUHD�ZLWK
XQREVWUXFWHG�DFFHVV�WR�GLUHFW�RYHUKHDG�VXQOLJKW

&DQRS\�WKLQQLQJ YLVXDO�HVWLPDWH ����6FDOH����QRQH����VOLJKW����SURQRXQFHG
&DQRS\�GLHEDFN YLVXDO�HVWLPDWH SUHWUDQVIRUPHG�����VFDOH�

%DVHG�RQ�SHUFHQW�GHDG�FURZQ�YROXPH
'HFD\�LPSDFW YLVXDO�DVVHVVPHQW ����6FDOH����QR�����ORZ����PRGHUDWH����KLJK

$VVHVVPHQW�RI�DFWXDO�OHYHOV�RI�GHFD\�LQ�VWDQGLQJ�WUHHV�LV�SUREOHPDWLF���'HFD\
LPSDFW�UDWLQJ��6ZLHFNL�DQG�%HUQKDUGW�������DVVHVVHV�WKH�SUREDELOLW\�WKDW
H[LVWLQJ�GHFD\�ZLOO�KDYH�D�VLJQLILFDQW�QHJDWLYH�LPSDFW�RQ�WUHH�KHDOWK�RU
VXUYLYDO��$VVHVVPHQW�RI�GHFD\�LPSDFW�LV�EDVHG�RQ�WKH�W\SH�V��RI�GHFD\
SUHVHQW��ORFDWLRQ�RI�GHFD\�ZLWKLQ�WKH�WUHH��DQG�WKH�HVWLPDWHG�H[WHQW�RI�GHFD\
DV�UDWHG�E\�D�WUDLQHG�REVHUYHU�

/LYH�EDVDO�VSURXWV YLVXDO�REVHUYDWLRQ SUHVHQFH�DEVHQFH�VFRUHG�IRU�GHDG�WUHHV�RQO\
)RU�VXPPDULHV��WUHHV�DUH�VFRUHG�DV�GHDG�LI�DOO�PDLQ�VWHPV�DUH�GHDG�HYHQ�LI
VRPH�OLYH�EDVDO�VSURXWV�DUH�SUHVHQW

�7KH�����VFDOH�LV�EDVHG�RQ�WKH�IROORZLQJ�DUFVLQH�WUDQVIRUPHG�SHUFHQWDJH�VFDOH�
���6\PSWRP�QRW�VHHQ �������WR������
�������� �������WR��������
���������WR����� ���������WR�����
�������WR������
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Table 3.  Plot and stand variables measured in study plots.  All variables were measured in
the 8 m radius fixed-area plots.

9DULDEOH 0HWKRG 6FDOH�XQLWV�DQG�QRWHV
7UHH�GHQVLW\���VSHFLHV
FRPSRVLWLRQ

FRXQW�E\�VSHFLHV 7UHHV�KDYH�DW�OHDVW�RQH�VWHP�DW�OHDVW���FP�'%+�ORFDWHG�ZLWKLQ���P
RI�SORW�FHQWHU��PXOWL�VWHPPHG�WUHHV�FRXQW�DV�VLQJOH�WUHHV��FRSSLFHG
UHGZRRGV�VHSDUDWHG�E\���P�FRXQW�DV�VHSDUDWH�WUHHV

3ORW�VORSH FOLQRPHWHU SHUFHQW
3ORW�DVSHFW FRPSDVV GHJUHHV
3ORW�WUHH�FDQRS\�FRYHU YLVXDO�HVWLPDWH SUHWUDQVIRUPHG�����VFDOH�

3ORW�VKUXE�FRYHU YLVXDO�HVWLPDWH SUHWUDQVIRUPHG�����VFDOH�

2YHUVWRU\�FDQRS\�WUHHV
VSHFLHV�LQ�SORW

YLVXDO�DVVHVVPHQW OLVW�RI�VSHFLHV
7UHHV�GR�QRW�KDYH�WR�EH�URRWHG�ZLWKLQ�WKH�SORW

&RXQW�E\�WUHH�KHDOWK�FODVV
UHODWLYH�WR�3K\WRSKWKRUD
UDPRUXP�FDQNHU�DQG�RWKHU
GHFOLQH�PRUWDOLW\�DJHQWV
�62'�KRVWV��RQO\�

WUHH�FRXQW�E\�VSHFLHV�
VXEFDWHJRUL]HG�E\
V\PSWRP�FODVV�DQG
FDQRS\�SRVLWLRQ
�RYHUVWRU\�XQGHUVWRU\
ZKHUH�RYHUVWRU\�WUHHV
KDYH�VN\�H[SRVHG
FDQRS\�UDWLQJ���RU
KLJKHU�

6\PSWRP�FODVVHV�DUH�EDVHG�RQ�FRPELQDWLRQV�RI�WUHH�GHDWK�FDXVHV�
3��UDPRUXP�V\PSWRP�FODVVHV��DQG�VHYHUH�GHFOLQH�UDWLQJV�LQ�7DEOH���
����DV\PSWRPDWLF
����HDUO\�3��UDPRUXP�GLVHDVH
����ODWH�3��UDPRUXP�GLVHDVH
����GHDG�DWWULEXWHG�WR�3��UDPRUXP
����VHYHUH�GHFOLQH�GXH�WR�RWKHU�DJHQWV
����GHDG�GXH�WR�RWKHU�DJHQWV
����GHDG�EXW�FDXVH�FDQ
W�EH�GHWHUPLQHG
����HDUO\�3��UDPRUXP�GLVHDVH�DQG�VHYHUH�GHFOLQH�GXH�WR�RWKHU�DJHQWV
����ODWH�3��UDPRUXP�GLVHDVH�DQG�VHYHUH�GHFOLQH�GXH�WR�RWKHU�DJHQWV
�����GHDG�DWWULEXWHG�WR�ERWK�3��UDPRUXP�DQG�RWKHU�DJHQWV
�2WKHU�GHFOLQH�PRUWDOLW\�DJHQWV�GR�QRW�LQFOXGH�+��WKRXDUVLDQXP�DQG
EDUN�RU�DPEURVLD�EHHWOHV�LI�WKH\�DUH�DVVRFLDWHG�ZLWK�3��UDPRUXP

&RXQW�E\�JHQHUDO�WUHH
KHDOWK�FODVV��WUHHV�RWKHU
WKDQ�62'�KRVWV��

WUHH�FRXQW�E\�VSHFLHV�
VXEFDWHJRUL]HG�E\
V\PSWRP�FODVV�DQG
FDQRS\�SRVLWLRQ
�RYHUVWRU\�XQGHUVWRU\�

6\PSWRP�FODVVHV�
����OLYH
����GHFOLQH
����GHDG

62'�KRVW��UHJHQHUDWLRQ FRXQW�RU�HVWLPDWH�LI�!�� UHJHQHUDWLRQ��VHHGOLQJV�DQG�VDSOLQJV����FP�GEK
'LVHDVH�LQFLGHQFH�LQ�62'
KRVW��UHJHQHUDWLRQ

FRXQW�RU�HVWLPDWH�SHUFHQW
LI�FRXQW�!���

'LVHDVH�FRXOG�EH�GXH�WR�3�UDPRUXP�RU�RWKHU�DJHQWV

'HDG�62'�KRVW�
UHJHQHUDWLRQ

FRXQW &DXVH�RI�PRUWDOLW\�LQ�UHJHQHUDWLRQ�ZDV�QRW�GHWHUPLQHG

5HJHQHUDWLRQ�RI�WUHHV
RWKHU�WKDQ�62'�KRVWV�

SUHVHQFH�QRWHG�E\
VSHFLHV

UHJHQHUDWLRQ��VHHGOLQJV�DQG�VDSOLQJV����FP�GEK

2WKHU�SDWKRJHQV�DJHQWV QRWH�SUHVHQFH OLVWLQJ�RI�DJHQWV�DQG�V\PSWRPV�REVHUYHG��LQFOXGLQJ�YDULRXV�GHFD\
IXQJL��FDQNHU�URW��URRW�GLVHDVH��+��WKRXDUVLDQXP��DQG�EHHWOHV

:RRG\�XQGHUVWRU\�VSHFLHV QRWH�SUHVHQFH OLVW�VKUXEV�DQG�ZRRG\�YLQHV�SUHVHQW�ZLWKLQ�SORW��KHUEDFHRXV�VSHFLHV
DQG�JUDVVHV�ZHUH�QRW�VFRUHG

'LVWXUEDQFH 1RWH�W\SH�RI�GLVWXUEDQFH URDGV��WUDLOV��ORJJLQJ��HWF��ZLWKLQ�SORW�RU�QHDU�HGJH�RI�SORW�ZHUH�QRWHG
�7KH�����VFDOH�LV�EDVHG�RQ�WKH�IROORZLQJ�DUFVLQH�WUDQVIRUPHG�SHUFHQWDJH�VFDOH�
���6\PSWRP�QRW�VHHQ �������WR������
�������� �������WR��������
���������WR����� ���������WR�����
�������WR������

�+RVWV�RI�3��UDPRUXP�FDQNHU��L�H���FRDVW�OLYH�RDN��EODFN�RDN��DQG�WDQRDN
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5(68/76

7KH�PDLQ�VSHFLHV�RI�LQWHUHVW�LQ�WKLV�VWXG\�DUH�FRDVW�OLYH�RDN��EODFN�RDN��DQG�WDQRDN��DOO�RI
ZKLFK�GHYHORS�3��UDPRUXP�EDUN�FDQNHUV���7KH�SUHYDOHQFH�RI�WKHVH�VSHFLHV�DW�HDFK�RI�WKH
VWXG\�ORFDWLRQV�LV�VKRZQ�LQ�7DEOH�����)RU�WKH�SXUSRVHV�RI�WKLV�UHSRUW��WKHVH�WKUHH�VSHFLHV
ZLOO�EH�UHIHUUHG�WR�DV�62'�KRVW�WUHHV���$�WRWDO�RI�����FRDVW�OLYH�RDN������EODFN�RDN��DQG����
WDQRDN�WUHHV�ZHUH�REVHUYHG�LQ�SORWV���7DOO\�WUHHV�LQFOXGHG�����FRDVW�OLYH�RDNV������EODFN
RDNV��DQG�����WDQRDNV�

$OO�RDN�VSHFLHV�ZKLFK�DUH�FXUUHQWO\�NQRZQ�WR�GHYHORS�EDUN�FDQNHUV�GXH�WR�3��UDPRUXP�DUH
PHPEHUV�RI�WKH�EODFN�RDN�VXEJHQXV���$QRWKHU�VSHFLHV�LQ�WKH�EODFN�RDN�VXEJHQXV��4�
ZLVOL]HQL�YDU��IUXWHVFHQV��D�YDULHW\�RI�LQWHULRU�OLYH�RDN���ZDV�HQFRXQWHUHG�DW�WZR�VWXG\
ORFDWLRQV��/DNH�6RQRPD�DQG�$XVWLQ�&UHHN����$OWKRXJK�LQIHFWLRQ�RI�WKLV�VSHFLHV�XQGHU�ILHOG
FRQGLWLRQV�E\�3��UDPRUXP�KDV�QRW�EHHQ�UHSRUWHG��ZH�FRQVLGHU�WKLV�VSHFLHV�WR�EH�D�SRWHQWLDO
62'�KRVW�GXH�WR�LWV�FORVH�UHODWHGQHVV�WR�FRDVW�OLYH�RDN�DQG�6KUHYH�RDN���7KHUHIRUH��ZH�KDYH
LQFOXGHG�WKH����4��ZLVOL]HQL�YDU��IUXWHVFHQV�REVHUYHG�LQ�WKH�SORWV�ZLWK�RWKHU�PHPEHUV�RI
WKH�EODFN�RDN�VXEJHQXV�LQ�)LJXUH���

&XUUHQW�LQIRUPDWLRQ�LQGLFDWHV�WKDW�YDULRXV�RWKHU�RDN�VSHFLHV�DUH�QRW�VXVFHSWLEOH�3��UDPRUXP
FDQNHUV���7KHVH�LQFOXGH�VSHFLHV�LQ�WKH�ZKLWH�RDN�VXEJHQXV��YDOOH\�RDN��4��OREDWD���EOXH
RDN��4��GRXJODVLL���VFUXE�RDN��4��EHUEHULGLIROLD��DQG�2UHJRQ�ZKLWH�RDN��4��JDUU\DQD��DQG�D
PHPEHU�RI�WKH�LQWHUPHGLDWH�RDNV��FDQ\RQ�OLYH�RDN���4��FKU\VROHSLV����%HFDXVH�WKHVH�RDNV
SURYLGH�PDQ\�RI�WKH�VDPH�KDELWDW�YDOXHV�DV�WKH�62'�KRVWV��WKH\�DUH�KDQGOHG�DV�D�VHSDUDWH
JURXS�LQ�7DEOH���DQG�)LJXUH�����$�WRWDO�RI�����RI�WKHVH�RWKHU�RDNV�ZHUH�SUHVHQW�LQ�SORWV�

7KH�UHPDLQLQJ�������WUHHV�LQ�WKH�SORWV�FRQVLVW�RI�WUHHV�RWKHU�WKDQ�RDNV�RU�WDQRDN���6RPH�RI
WKHVH�VSHFLHV��LQFOXGLQJ�&DOLIRUQLD�ED\�DQG�PDGURQH��DUH�NQRZQ�WR�VXVWDLQ�OHDI�DQG�RU�WZLJ
LQIHFWLRQV�FDXVHG�E\�3��UDPRUXP���+RZHYHU��VLQFH�WKH�IXOO�OLVW�RI�SRWHQWLDO�IROLDU�KRVWV�LV�QRW
NQRZQ�DW�WKLV�WLPH��ZH�KDYH�UHIUDLQHG�IURP�VSOLWWLQJ�WKHVH�RWKHU�VSHFLHV�LQWR�3��UDPRUXP
KRVWV�DQG�QRQ�KRVWV�LQ�WKH�IROORZLQJ�VXPPDULHV���,Q�DGGLWLRQ�WR�WKH�VSHFLHV�OLVWHG�LQ�7DEOH
���ELJOHDI�PDSOH��$FHU�PDFURSK\OOXP���&DOLIRUQLD�EXFNH\H��$HVFXOXV�FDOLIRUQLFD���DQG
&DOLIRUQLD�QXWPHJ��7RUUH\D�FDOLIRUQLFD��WUHHV�ZHUH�IRXQG�LQ�D�IHZ�SORWV�LQ�VRPH�ORFDWLRQV�
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Table 4. Composition of the sampled areas at each study location.

3HUFHQW�RI�WUHHV�ZLWKLQ�SORWV
/RFDWLRQ 7UHHV

SHU
KHFWDUH

FRDVW
OLYH
RDN

EODFN
RDN

WDQRDN LQWHULRU
OLYH
RDN

DOO
RWKHU
RDNV�

&$
ED\

PDGURQH FRDVW
UHGZRRG

'RXJODV
ILU

$QQDGHO ��� �� ��� �� �� ��� ��� �� �� ��
$XVWLQ
&UHHN

��� �� ��� ��� �� �� ��� �� �� ���

)RRWKLOO ��� �� ��� �� �� ��� �� ��� �� ��
+��3XWQDP ��� ��� ��� �� �� �� �� �� �� ��
-��/RQGRQ ��� �� �� ��� �� �� ��� ��� ��� ���
/��6RQRPD ��� ��� �� �� ��� �� ��� �� ��� ��
0RGLQL ��� �� ��� �� �� ��� �� ��� �� ���
6DOW�3RLQW ���� �� �� ��� �� �� �� �� ��� ��
6RQRPD
&RDVW

��� �� �� ��� �� �� ��� �� ��� ��

6XJDUORDI ��� ��� �� �� �� �� ��� �� �� ���
:HVWRQ ��� ��� ��� �� �� �� �� ��� �� ��

�$OO�RWKHU�RDNV�LQFOXGHV�PHPEHUV�RI�WKH�ZKLWH�RDN�JURXS��4��OREDWD��4��GRXJODVLL��4��EHUEHULGLIROLD��DQG�4��JDUU\DQD��DQG�D�PHPEHU
RI�WKH�LQWHUPHGLDWH�RDNV��4��FKU\VROHSLV����7R�GDWH��QRQH�RI�WKHVH�RDNV�KDYH�EHHQ�VKRZQ�WR�EH�VXVFHSWLEOH�WR�EDUN�FDQNHUV�FDXVHG
E\�3��UDPRUXP�
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Figure 4.  Percent of plot trees in three species groups:  known and likely SOD hosts (tanoak plus
the black oaks Q. agrifolia, Q kelloggii, and Q. wislizeni) [dark green];  other, apparently non-host
oaks (Q. chrysolepis, Q. berberidifolia, Q. douglasii, Q. garryana, and Q. lobata) [light green]; and

other non-oak tree species (including species such as California bay, madrone, and buckeye
which may sustain leaf and twig infections caused by P. ramorum) [yellow]. JLSP=Jack London

SP, LS=Lake Sonoma, SRSP=Sugarloaf Ridge SP.
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3UHVHQFH�RI�3��UDPRUXP�DW�GLIIHUHQW�VWXG\�ORFDWLRQV

:H�GLG�QRW�REVHUYH�DQ\�WUHHV�ZLWK�W\SLFDO�V\PSWRPV�RI�3��UDPRUXP�FDQNHU�DW�0RGLQL
5DQFK��:HVWRQ�5DQFK��$QQDGHO�6WDWH�3DUN��RU�)RRWKLOO�5HJLRQDO�3DUN���$W�OHDVW�VRPH
V\PSWRPDWLF�WUHHV�ZHUH�REVHUYHG�LQ�SORWV�DW�WKH�UHPDLQLQJ�VHYHQ�ORFDWLRQV���7KH�SUHVHQFH
RI�3��UDPRUXP�FDQNHU�DW�-DFN�/RQGRQ�6WDWH�3DUN��6XJDUORDI�5LGJH�6WDWH�3DUN��DQG�$XVWLQ
&UHHN�6WDWH�5HFUHDWLRQ�$UHD�KDG�EHHQ�FRQILUPHG�E\�WKH�ODE�RI�8�&��'DYLV�3ODQW�3DWKRORJLVW
'DYLG�5L]]R�EHIRUH�WKLV�SURMHFW�ZDV�LQLWLDWHG���6DPSOLQJ�DQG�WHVWLQJ�LV�FXUUHQWO\�XQGHUZD\
E\�6RQRPD�&RXQW\�8&&(�VWDII�WR�GHWHUPLQH�ZKHWKHU�FDQNHU�V\PSWRPV�DW�6RQRPD�&RDVW
6WDWH�%HDFK��6DOW�3RLQW�6WDWH�3DUN��+HOHQ�3XWQDP�5HJLRQDO�3DUN��DQG�/DNH�6RQRPD�DUH�GXH
WR�3��UDPRUXP�

'HWHUPLQLQJ�ZKHWKHU�3��UDPRUXP�LV�SUHVHQW�DW�WKH�IRXU�XQFRQILUPHG�VLWHV�LV�FRPSOLFDWHG
E\�VHYHUDO�IDFWRUV���7KH�PRVW�FRPPRQ�GLDJQRVWLF�WHFKQLTXH��LVRODWLRQ�RI�WKH�SDWKRJHQ�RQ
VHOHFWLYH�PHGLD��IUHTXHQWO\�\LHOGV�IDOVH�QHJDWLYH�UHVXOWV��HVSHFLDOO\�LQ�VDPSOHV�FROOHFWHG�DW
FHUWDLQ�WLPHV�RI�WKH�\HDU���$OWKRXJK�D�SRVLWLYH�LVRODWLRQ�IURP�WKHVH�VLWHV�ZRXOG�SURYLGH
GHILQLWLYH�HYLGHQFH�IRU�WKH�SUHVHQFH�RI�3��UDPRUXP��D�QHJDWLYH�UHVXOW�ZRXOG�QRW�UXOH�RXW
WKH�SRVVLELOLW\�WKDW�WKH�FDQNHUV�DUH�FDXVHG�E\�3��UDPRUXP���0RUH�VHQVLWLYH�'1$�EDVHG�WHVWV
DUH�QRW�\HW�DYDLODEOH�IRU�XVH�ZLWK�ILHOG�FROOHFWHG�ZRRG\�FDQNHU�WLVVXH���,Q�DGGLWLRQ��DQRWKHU�
SRVVLEO\�XQQDPHG�3K\WRSKWKRUD�VSHFLHV�VLPLODU�WR�3��LOLFLV�KDV�EHHQ�DVVRFLDWHG�ZLWK
EOHHGLQJ�EDUN�FDQNHUV�RQ�WDQRDN�DQG�FRDVW�OLYH�RDN�LQ�VRPH�ORFDWLRQV��'��5L]]R��SHUVRQDO
FRPPXQLFDWLRQ����+HQFH��V\PSWRPV�WKDW�DSSHDU�W\SLFDO�RI�3��UDPRUXP�FRXOG�DFWXDOO\�EH
GXH�WR�DQRWKHU�3K\WRSKWKRUD�VSHFLHV���:KLOH�LW�PD\�WDNH�VRPH�WLPH�EHIRUH�D�GHILQLWLYH
GHWHUPLQDWLRQ�RI�WKH�DJHQW�V��DVVRFLDWHG�ZLWK�WKH�EOHHGLQJ�EDUN�FDQNHUV�DW�WKH�IRXU
XQFRQILUPHG�ORFDWLRQV�FDQ�EH�PDGH��LQ�WKLV�UHSRUW��GDWD�DUH�VXPPDUL]HG�DVVXPLQJ�WKDW
WKHVH�V\PSWRPDWLF�ORFDWLRQV�DUH�SRVLWLYH�IRU�3��UDPRUXP�

:LWK�WKH�H[FHSWLRQ�RI�+HOHQ�3XWQDP�5HJLRQDO�3DUN��VXUYH\HG�VWDQGV�DUH�JHQHUDOO\
FRQWLJXRXV�ZLWK�H[WHQVLYH�ZRRGODQGV�RU�IRUHVWV���7KH�VWDQG�DW�+HOHQ�3XWQDP�5HJLRQDO�3DUN
LV�HVVHQWLDOO\�D�VPDOO�UHPQDQW�LVODQG�RI�ZRRGODQG�WKDW�LV�VHSDUDWHG�E\�DERXW�����NP����PL�
IURP�D�PRUH�H[WHQVLYH�ZRRGODQG�ORFDWHG�WR�WKH�VRXWK�LQ�0DULQ�&RXQW\���:LWKLQ�RXU�VWXG\
DUHD��WKH�+HOHQ�3XWQDP�VWDQG�ZDV�FRPSRVHG�DOPRVW�H[FOXVLYHO\�RI�FRDVW�OLYH�RDN�DQG�EODFN
RDN���,W�ODFNHG�DQ\�RYHUVWRU\�WUHHV�WKDW�DUH�NQRZQ�WR�VXSSRUW�WZLJ�DQG�IROLDU�LQIHFWLRQV�RI�3�
UDPRUXP��DOWKRXJK�KRQH\VXFNOH��/RQLFHUD�VS����ZKLFK�VXVWDLQV�IROLDU�LQIHFWLRQV��ZDV
FRPPRQ�LQ�WKH�DUHD���2QH�SRVVLELOLW\�WKDW�ZDUUDQWV�IXUWKHU�LQYHVWLJDWLRQ�LV�ZKHWKHU�WKH
UHODWLYHO\�IHZ�DQG�JHQHUDOO\�VPDOO�FDQNHUV�VHHQ�DW�WKLV�VLWH�FRXOG�KDYH�UHVXOWHG�IURP�ZLQG�
ERUQH�3��UDPRUXP�LQRFXOXP�RULJLQDWLQJ�LQ�WKH�LQIHFWHG�VWDQGV�WR�WKH�VRXWK�

$OWKRXJK�6RQRPD�&RXQW\�LV�ZLWKLQ�WKH�GHFODUHG�=RQH�RI�,QIHVWDWLRQ�IRU�3��UDPRUXP��RXU
VXUYH\V�VKRZ�WKDW�WKH�FRXQW\�KDV�VWDQGV�RI�KRVW�WUHHV�WKDW�DUH�FXUUHQWO\�IUHH�RI�HYLGHQW
GLVHDVH�V\PSWRPV���2QH�ORFDWLRQ��$QQDGHO�63��LV�UHODWLYHO\�FORVH�WR�DUHDV�ZKHUH�WKH�GLVHDVH
LV�FRPPRQ�ZKHUHDV�WKH�UHPDLQLQJ�DV\PSWRPDWLF�ORFDWLRQ��0RGLQL��:HVWRQ��)RRWKLOO�53�
DUH�UHODWLYHO\�GLVWDQW�IURP�KHDYLO\�GLVHDVHG�DUHDV���7KH�DSSDUHQW�ODFN�RI�GLVHDVH�DW�WKH
$QQDGHO�VWXG\�DUHD�LV�RI�LQWHUHVW�EHFDXVH�WKH�VLWH�SRVVHVVHV�VHYHUDO�FKDUDFWHULVWLFV�WKDW
ZRXOG�VHHP�WR�SODFH�LW�DW�D�UHODWLYHO\�KLJK�ULVN�IRU�GLVHDVH���,W�KDV�UHODWLYHO\�KLJK
SRSXODWLRQV�RI�&DOLIRUQLD�ED\��WKH�OHDYHV�RI�ZKLFK�VXSSRUW�VSRUXODWLRQ�RI�3��UDPRUXP�
$QQDGHO�LV�DOVR�UHODWLYHO\�FORVH�WR�RWKHU�LQIHVWHG�DUHDV��DQG�KDV�RWKHU�FKDUDFWHULVWLFV��WUDLOV
KHDYLO\�XVHG�E\�UHFUHDWLRQLVWV��SUR[LPLW\�WR�UHVLGHQFHV��WKDW�LQFUHDVH�WKH�FKDQFH�WKDW�3�
UDPRUXP�PLJKW�EH�LQWURGXFHG�LQWR�WKH�VWDQG�
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)XWXUH�PRQLWRULQJ�RI�WKH�VWXG\�SORWV�ZLOO�EH�QHFHVVDU\�WR�GHWHUPLQH�ZKHWKHU�XQDIIHFWHG
VWDQGV�UHPDLQ�IUHH�RI�GLVHDVH��DQG�LI�QRW��WKH�SDWWHUQ�RI�GLVHDVH�LQWURGXFWLRQ�DQG�VSUHDG�LQ
WKHVH�DUHDV���,W�ZRXOG�DOVR�EH�XVHIXO�WR�UHODWH�GLIIHUHQFHV�LQ�GLVHDVH�SURJUHVV�LQ�GLIIHUHQW
VWDQGV�WR�IDFWRUV�VXFK�DV�VWDQG�GHQVLW\�DQG�FRPSRVLWLRQ��7DEOH����)LJXUH�����PRLVWXUH�DQG
WHPSHUDWXUH�UHJLPHV��DQG�RWKHU�VLWH�FKDUDFWHULVWLFV�WR�GHWHUPLQH�ZKHWKHU�WKHVH�IDFWRUV�FDQ
EH�XVHG�WR�SUHGLFW�WKH�ULVN�RI�GLVHDVH�VSUHDG�

/HYHOV�RI�GLVHDVH�E\�ORFDWLRQ

3��UDPRUXP�FDQNHU��62'�

)LJXUHV��$���$��DQG��$�VKRZ�WKH�QXPEHUV�RI�62'�KRVW�WUHHV�H[KLELWLQJ�V\PSWRPV�WKDW
DSSHDU�WR�EH�GXH�WR�3��UDPRUXP�LQIHFWLRQ�IRU�HDFK�VWXG\�ORFDWLRQ���7KH�WRWDOV�DUH�IXUWKHU
VXEGLYLGHG�E\�FDQRS\�SRVLWLRQ��RYHUVWRU\�RU�XQGHUVWRU\��IRU�HDFK�V\PSWRP�FODVV���,I�ZH
H[FOXGH�WKH�IRXU�ORFDWLRQV�ZKHUH�QR�V\PSWRPDWLF�WUHHV�ZHUH�REVHUYHG��WKH�RYHUDOO�DSSDUHQW
LQIHFWLRQ�UDWHV�IRU�EODFN�RDN��FRDVW�OLYH�RDN��DQG�WDQRDN�DUH�������������DQG�������
UHVSHFWLYHO\���,I�ZH�OLPLW�RXU�DQDO\VLV�WR�WKH�WKUHH�ORFDWLRQV�IRU�ZKLFK�SRVLWLYH
LGHQWLILFDWLRQV�RI�3��UDPRUXP�KDYH�EHHQ�PDGH��WKH�DSSDUHQW�LQIHFWLRQ�UDWHV�IRU�WKH�EODFN
RDN��FRDVW�OLYH�RDN��DQG�WDQRDN�DUH��������������DQG��������UHVSHFWLYHO\���7KHVH
SHUFHQWDJHV�DSSHDU�WR�DJUHH�ZLWK�ODERUDWRU\�VWXGLHV�VKRZLQJ�WKDW�WDQRDN�LV�WKH�PRVW�DQG
EODFN�RDN�WKH�OHDVW�VXVFHSWLEOH�RI�WKHVH�WKUHH�VSHFLHV�WR�3��UDPRUXP�LQIHFWLRQ��'��5L]]R�
SHUVRQDO�FRPPXQLFDWLRQ��

$SSDUHQW�LQIHFWLRQ�UDWHV�YDU\�ZLGHO\�EHWZHHQ�WKH�VWXG\�ORFDWLRQV���$W�WKH�WLPH�RI�WKH
VXUYH\��WKH�VWXG\�DUHD�DW�-DFN�/RQGRQ�63�ZDV�WKH�PRVW�KHDYLO\�LPSDFWHG�E\�3��UDPRUXP���$W
WKLV�ORFDWLRQ��QHDUO\�����RI�DOO�62'�KRVWV��LQFOXGLQJ�����RI�DOO�VXUYH\HG�WDQRDN��ZHUH
V\PSWRPDWLF���&XUUHQWO\��WKH�SHUFHQWDJH�RI�62'�KRVWV�VKRZLQJ�V\PSWRPV�DW�RWKHU
ORFDWLRQV�LV�PXFK�ORZHU��UDQJLQJ�IURP�DERXW����WR�����RI�DOO�62'�KRVWV�DW�WKH�RWKHU�VL[
ORFDWLRQV�ZKHUH�ZH�REVHUYHG�V\PSWRPV�W\SLFDO�RI�3��UDPRUXP��)LJXUH������6LWHV�LQ�ZKLFK
WDQRDN�FRPSULVHV�D�ODUJH�SRUWLRQ�RI�WKH�62'�KRVW�WUHH�SRSXODWLRQ��7DEOH����JHQHUDOO\�KDYH
KLJKHU�UDWHV�RI�V\PSWRPDWLF�62'�KRVWV�WKDQ�VLWHV�GRPLQDWHG�E\�WKH�OHVV�VXVFHSWLEOH�RDN
VSHFLHV�

2QH�OHVV�REYLRXV�WUHQG�LV�WKDW�V\PSWRPDWLF�FRDVW�OLYH�RDN�DUH�VLJQLILFDQWO\�PRUH�OLNHO\�WR�EH
IRXQG�LQ�WKH�RYHUVWRU\�WKDQ�LQ�WKH�XQGHUVWRU\��3 ����������WDLO�)LVKHU
V�H[DFW�WHVW����$W�WKH
ILYH�ORFDWLRQV�ZLWK�ERWK�FRDVW�OLYH�RDN�DQG�62'�V\PSWRPV��WKH�DSSDUHQW�FRDVW�OLYH�RDN
LQIHFWLRQ�UDWH�DPRQJ�RYHUVWRU\�WUHHV�ZDV�����FRPSDUHG�ZLWK����IRU�XQGHUVWRU\�WUHHV�
$OWKRXJK�����RI�WKH�VXUYH\HG�FRDVW�OLYH�RDNV�DW�WKHVH�ORFDWLRQV�ZHUH�RYHUVWRU\�WUHHV�����
RI�WKH�V\PSWRPDWLF�WUHHV�ZHUH�RYHUVWRU\�WUHHV���,Q�D�SUHYLRXV�VWXG\��6ZLHFNL�DQG�%HUQKDUGW
������FRDVW�OLYH�RDN�WUHHV�ZLWK�PRUH�WKDQ�����VN\�H[SRVHG�FDQRS\��7DEOH����ZHUH�DW
KLJKHU�ULVN�RI�GHYHORSLQJ�3��UDPRUXP�LQIHFWLRQV�WKDQ�WKRVH�ZLWK�OHVV�VN\�H[SRVHG�FDQRS\�
7KLV�LQFUHDVHG�ULVN�PLJKW�EH�UHODWHG�WR�LQWHUFHSWLRQ�RI�ZLQG�EORZQ�LQRFXOXP�E\�WKHVH�WUHH
FDQRSLHV�RU�WR�WUHH�JURZWK�UDWHV�DV�GLVFXVVHG�LQ�WKH�IROORZLQJ�VHFWLRQ�

,Q�WDQRDN��DSSDUHQW�3��UDPRUXP�LQIHFWLRQ�UDWHV�GLG�QRW�GLIIHU�VLJQLILFDQWO\�EHWZHHQ
RYHUVWRU\�DQG�XQGHUVWRU\�WUHHV���)RU�EODFN�RDN��WKH�QXPEHU�RI�V\PSWRPDWLF�WUHHV�ZLWKLQ
SORWV�����LV�WRR�ORZ�WR�GUDZ�DQ\�PHDQLQJIXO�FRQFOXVLRQV�
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Figure 5A.  Density of coast live oak (QA) trees with P. ramorum-related symptoms by canopy
position at eleven locations in Sonoma County.
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Figure 5B.  Density of coast live oak (QA) trees in severe decline or recently dead (within past 10
years) due to causes other than SOD by canopy position at eleven locations in Sonoma County.
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Figure 6A.  Density of black oak (QK) trees with P. ramorum-related symptoms by canopy position
at eleven locations in Sonoma County.
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Figure 6B.  Density of black oak (QK) trees in severe decline or recently dead (within past 10
years) due to causes other than SOD by canopy position at eleven locations in Sonoma County.
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Figure 7A.  Density of tanoak (LD) trees with P. ramorum-related symptoms by canopy position at
eleven locations in Sonoma County.
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Figure 7B. Density of tanoak (LD) trees in severe decline or recently dead (within past 10 years)
due to causes other than SOD by canopy position at eleven locations in Sonoma County.
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2WKHU�GLVHDVHV�DQG�LQWHUDFWLRQV�ZLWK�62'

$V�VKRZQ�LQ�)LJXUHV��%���%���%�����DQG����WUHH�GHFOLQH�DQG�GHDWK�GXH�WR�DJHQWV�RWKHU�WKDQ
3��UDPRUXP�DUH�FRPPRQ�DPRQJ�62'�KRVWV�LQ�WKH�VXUYH\HG�VWDQGV���$PRQJ�WKH�VHYHQ
ORFDWLRQV�ZLWK�DSSDUHQW�3��UDPRUXP�FDQNHU�V\PSWRPV��RQO\�WZR��-DFN�/RQGRQ�63�DQG
6RQRPD�&RDVW�63��KDG�DSSDUHQW�3��UDPRUXP�LQIHFWLRQ�OHYHOV�WKDW�ZHUH�FRPSDUDEOH�WR
�EDFNJURXQG��OHYHOV�RI�GLVHDVH�DVVRFLDWHG�ZLWK�RWKHU�DJHQWV��)LJXUH������7DQRDN�FRPSULVHV
WKH�PDMRULW\�RI�WKH�62'�KRVWV�LQ�ERWK�RI�WKHVH�ORFDWLRQV��7DEOH������)RU�ORFDWLRQV�LQ�ZKLFK
OHVV�VXVFHSWLEOH�FRDVW�OLYH�RDN�DQG�EODFN�RDN�UHSUHVHQW�WKH�EXON�RI�WKH�62'�KRVWV��3�
UDPRUXP�FDQNHU�ZDV�PXFK�OHVV�SUHYDOHQW�WKDQ�GHFOLQH�GXH�WR�RWKHU�DJHQWV�

&RQVLGHULQJ�RQO\�62'�KRVW�WUHHV�ODFNLQJ�3��UDPRUXP�FDQNHU�V\PSWRPV��EHWZHHQ�����DQG
����RI�WKHVH�WUHHV�ZHUH�LQ�VHYHUH�GHFOLQH�RU�KDG�GLHG�ZLWKLQ�WKH�SDVW����\HDUV�EHFDXVH�RI
DJHQWV�RWKHU�WKDQ�3��UDPRUXP���&DQNHU�URW��FRPPRQO\�FDXVHG�E\�,QRQRWXV�VSS���ZDV�WKH
PRVW�FRPPRQ�FDXVH�RI�GHFOLQH�DQG�PRUWDOLW\�RYHUDOO���&DQNHU�URW�V\PSWRPV�ZHUH�VFRUHG�LQ
����RI�DOO�VXUYH\HG�SORWV���%\�FRPSDULVRQ��URRW�GLVHDVH�V\PSWRPV�ZHUH�VFRUHG�LQ�RQO\���
RI�VXUYH\HG�SORWV���$IWHU�+��WKRXDUVLDQXP��ZKRVH�IUXLWLQJ�ERGLHV�ZHUH�REVHUYHG�LQ�����RI
DOO�VDPSOHG�SORWV��IUXLWLQJ�ERGLHV�RI�3KHOOLQXV�VSS�������RI�SORWV��DQG�,QRQRWXV�VSS������RI
SORWV��ZHUH�PRVW�FRPPRQ�DPRQJ�WKH�ZRRG�GHFD\�IXQJL���+RZHYHU��WKH�IUHTXHQF\�RI
GHWHFWLRQ�EDVHG�RQ�IUXLWLQJ�ERGLHV�LV�OLNHO\�WR�EH�ZHOO�EHORZ�WKH�DFWXDO�IUHTXHQF\�RI
RFFXUUHQFH�IRU�WKHVH�IXQJL�
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Figure 8.  Percent of known SOD host trees (coast live oak, black oak and tanoak) at each
location exhibiting symptoms of P. ramorum infection (PR) or showing severe decline or recent

mortality due to other causes.  The presence of P. ramorum has not been confirmed at LS (Lake
Sonoma), Salt Point, Helen Putnam, and Sonoma Coast.

$V�VKRZQ�LQ�)LJXUHV��%���%��DQG��%��PDQ\�RI�WKH�WUHHV�WKDW�DUH�GHDG�RU�GHFOLQLQJ�GXH�WR
DJHQWV�RWKHU�WKDQ�3��UDPRUXP�DUH�XQGHUVWRU\�WUHHV���(VSHFLDOO\�IRU�FRDVW�OLYH�RDN�DQG�EODFN
RDN��WKHVH�DUH�RIWHQ�RYHUWRSSHG�DQG�RU�VXSSUHVVHG�WUHHV�DQG�FRPSHWLWLRQ�LV�IUHTXHQWO\�D
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FRQWULEXWLQJ�IDFWRU�WR�GHFOLQH���+RZHYHU��QRW�DOO�RI�WKHVH�GHFOLQLQJ�DQG�GHDG�WUHHV�DUH
VXSSUHVVHG�XQGHUVWRU\�WUHHV���0DQ\�DUH�ODUJH��UHODWLYHO\�ROG�RYHUVWRU\�WUHHV�WKDW�KDYH�EHHQ
XQGHU�DWWDFN�E\�SDWKRJHQV�VXFK�DV�FDQNHU�URW�IXQJL�DQG�RWKHU�ZRRG�GHFD\�IXQJL�IRU�PDQ\
\HDUV�

2QH�SRVVLELOLW\�UDLVHG�E\�WKHVH�GDWD�LV�WKDW�HVSHFLDOO\�IRU�FRDVW�OLYH�RDN�DQG�EODFN�RDN��3�
UDPRUXP�FDQNHU�PD\�EH�PRUH�FRPPRQ�RQ�UHODWLYHO\�YLJRURXV�WUHHV���:H�REVHUYHG�YHU\
IHZ�62'�KRVW�WUHHV�WKDW�ZHUH�DIIHFWHG�E\�ERWK�3��UDPRUXP�DQG�RWKHU�GHFOLQH�PRUWDOLW\
DJHQWV��)LJXUH������,W�PD\�EH�WKDW�VHYHUHO\�GHFOLQLQJ�WUHHV�DUH�OHVV�OLNHO\�WR�EH�LQIHFWHG�E\�3�
UDPRUXP�EHFDXVH�WKH\�DUH�JURZLQJ�VORZO\���7KH�UHODWLYH�GHDUWK�RI�3��UDPRUXP�LQIHFWHG
XQGHUVWRU\�FRDVW�OLYH�RDNV��)LJXUH��$��FRXOG�OLNHZLVH�EH�GXH�WR�SRRU�JURZWK�UDWHV�LQ�WKHVH
LQGLYLGXDOV�FRPSDUHG�ZLWK�WUHHV�ZLWK�JUHDWHU�DFFHVV�WR�VXQOLJKW���2WKHU�UHVHDUFK��6ZLHFNL
DQG�%HUQKDUGW�������������LQGLFDWHV�WKDW�FRDVW�OLYH�RDNV�WKDW�H[SHULHQFH�UHODWLYHO\�KLJK
OHYHOV�RI�ZDWHU�VWUHVV�ODWH�LQ�WKH�VHDVRQ�KDYH�D�UHGXFHG�ULVN�RI�3��UDPRUXP�LQIHFWLRQ�
:DWHU�VWUHVVHG�WUHHV�JURZ�VORZHU�WKDQ�WKHLU�OHVV�VWUHVVHG�FRPSDQLRQV���)RU�OLYH�RDN��DQG
SRVVLEO\�EODFN�RDN��LW�LV�FRQFHLYDEOH�WKDW�EDUN�FKDUDFWHULVWLFV�RI�IDVWHU�JURZLQJ�WUHHV��H�J��
EDUN�ILVVXUHV��WKLFNQHVV��FRQFHQWUDWLRQV�RI�WDQQLQV�RU�RWKHU�ELRFKHPLFDO�IDFWRUV��UHQGHU
WKHP�PRUH�VXVFHSWLEOH�WR�3��UDPRUXP�LQIHFWLRQ�DQG�RU�DIIHFW�WKH�UDWH�RI�SDWKRJHQ
H[SDQVLRQ��)XUWKHU�LQYHVWLJDWLRQ�LQWR�WKLV�TXHVWLRQ�VHHPV�ZDUUDQWHG�EHFDXVH�D�UHODWLRQVKLS
EHWZHHQ�JURZWK�UDWH�DQG�GLVHDVH�VXVFHSWLELOLW\�ZRXOG�KDYH�PDMRU�PDQDJHPHQW
LPSOLFDWLRQV�

)LJXUH���LOOXVWUDWHV�WKH�UHODWLYH�LPSDFWV�RI�62'�DQG�RWKHU�GLVHDVHV�RQ�RYHUDOO�VWDQG
FRQGLWLRQ�DW�WKH����ORFDWLRQV���7KH�SHUFHQWDJH�RI�DOO�WUHHV��62'�KRVWV�DQG�RWKHUV��WKDW�ZHUH
GHDG�RU�LQ�GHFOLQH�GXH�WR�IDFWRUV�RWKHU�WKDQ�3��UDPRUXP�UDQJHG�IURP�DERXW�����WR�����DW
WKH����ORFDWLRQV�ZLWK�DQ�RYHUDOO�DYHUDJH�RI�������,I�62'�DIIHFWHG�WUHHV�DUH�LQFOXGHG�ZLWK
WKH�GHDG�DQG�GHFOLQLQJ�WUHH�WRWDOV��WKH�SHUFHQW�RI�WUHHV�DIIHFWHG�UDQJHV�IURP�����WR�����
DQG�WKH�RYHUDOO�DYHUDJH�IRU�DOO�ORFDWLRQV�LV�LQFUHDVHG�WR�������,Q�KHDYLO\�GLVHDVHG�VLWHV
ZKHUH�KLJKO\�VXVFHSWLEOH�WDQRDNV�FRQVWLWXWH�D�ODUJH�SURSRUWLRQ�RI�WKH�VWDQG��H�J���-DFN
/RQGRQ�63��6RQRPD�&RDVW�6%���3��UDPRUXP�KDV�DOUHDG\�KDG�D�PDMRU�LPSDFW�RQ�VWDQG
GHQVLW\�DQG�FRPSRVLWLRQ��DQG�WKH�LPSDFW�RI�WKLV�SDWKRJHQ�LV�OLNHO\�WR�LQFUHDVH���1RQH�RI�WKH
RWKHU�ORFDWLRQV�KDV�PRUH�WKDQ����RI�WKH�SORW�WUHHV�DIIHFWHG�E\�3��UDPRUXP��)LJXUH����

,PSDFWV�RI�62'�LQ�WKHVH�IRUHVWV�GLIIHU�LQ�VHYHUDO�ZD\V�IURP�WKRVH�RI�QDWLYH�SDWKRJHQV���3�
UDPRUXP�UHODWHG�GHFOLQH�JHQHUDOO\�SURFHHGV�PRUH�TXLFNO\�WKDQ�GHFOLQH�UHODWHG�WR�ZRRG
GHFD\�IXQJL���7KLV�KDV�LPSOLFDWLRQV�IRU�KDELWDW�YDOXH���)RU�H[DPSOH��D�WUHH�LQ�VORZ�GHFOLQH
GXH�WR�LQIHFWLRQ�E\�WKH�FDQNHU�URW�SDWKRJHQ�,QRQRWXV�DQGHUVRQLL�ZLOO�FRQWULEXWH�FRDUVH
ZRRG\�GHEULV�WR�WKH�XQGHUVWRU\�RYHU�D�SHULRG�RI�PDQ\�\HDUV�DV�EUDQFKHV�SHULRGLFDOO\�IDLO�
,Q�DGGLWLRQ��WKH�WUHH�ZLOO�SURYLGH�DQ�DEXQGDQFH�RI�FDYLWLHV�DV�ZHOO�DV�KHDOWK\�EUDQFKHV�DQG
IROLDJH�RYHU�DQ�H[WHQGHG�SHULRG���$OWKRXJK�D�WUHH�NLOOHG�E\�3��UDPRUXP�ZLOO�SURYLGH�VRPH
KDELWDW�YDOXH��GHFD\�LV�OLNHO\�WR�SURFHHG�PRUH�TXLFNO\��UHGXFLQJ�WKH�WLPH�VSDQ�GXULQJ
ZKLFK�YDULRXV�KDELWDW�HOHPHQWV�DUH�PDGH�DYDLODEOH���,Q�DGGLWLRQ��62'�DSSHDUV�WR�LQFUHDVH
GHFOLQH�DQG�PRUWDOLW\�UDWHV�DPRQJ�WUHHV�WKDW�DUH�RWKHUZLVH�JHQHUDOO\�KHDOWK\��)LJXUH����
SRWHQWLDOO\�GHSOHWLQJ�WKH�SRSXODWLRQ�RI�PDWXUH�WUHHV�PXFK�PRUH�TXLFNO\�WKDQ�ZRXOG�RFFXU
DV�WKH�UHVXOW�RI�QDWLYH�GLVHDVHV�
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Figure 9.  Impact of sudden oak death and other diseases on the health of forest stands at 11
locations in Sonoma County.  Green and red shades represent SOD host trees (coast live oak,

black oak, and tanoak) and blue shades all other tree species (including other oaks).

'LVWULEXWLRQ�RI�62'�ZLWKLQ�VWXG\�ORFDWLRQV

3ORW�PDSV�VKRZLQJ�WKH�GLVWULEXWLRQ�RI�SORWV�ZLWK�V\PSWRPV�W\SLFDO�RI�3��UDPRUXP�FDQNHU
IRU�HDFK�ORFDWLRQ�DUH�VKRZQ�LQ�)LJXUHV����WKURXJK����DW�WKH�HQG�RI�WKLV�VHFWLRQ���$OO�ILJXUHV
DUH�VKRZQ�DW�WKH�VDPH�VFDOH���$W�VHYHUDO�ORFDWLRQV��FDQNHU�V\PSWRPV�RQ�VSHFLILF�WUHHV�ZHUH
QRW�FRPSOHWHO\�W\SLFDO�RI�3��UDPRUXP�FDQNHUV���+RZHYHU��WKH�FRPSOHWH�UDQJH�RI�YDULDWLRQ
SRVVLEOH�LQ�3��UDPRUXP�FDQNHUV�LV�QRW�NQRZQ�DW�WKLV�WLPH���3ORWV�LQ�ZKLFK�WKH�RQO\
V\PSWRPDWLF�WUHH�V��KDG�DPELJXRXV�V\PSWRPV�DUH�GHQRWHG�ZLWK�\HOORZ�WULDQJOHV�LQ�WKH
ILJXUHV�

(YHQ�DW�WKH�ORFDWLRQ�ZLWK�WKH�JUHDWHVW�DPRXQW�RI�GLVHDVH��-DFN�/RQGRQ�63���GLVHDVH
V\PSWRPV�ZHUH�QRW�XQLIRUPO\�GLVWULEXWHG�DFURVV�WKH�VXUYH\HG�DUHD��)LJXUH�������3ORWV�ZLWK
GLVHDVHG�WUHHV�WHQG�WR�VKRZ�VRPH�GHJUHH�RI�FOXVWHULQJ�DW�PRVW�ORFDWLRQV�ZKHUH�GLVHDVH�LV
SUHVHQW��)LJXUHV�������������������������������:LWKLQ�SORWV��ZH�UHFRUGHG�GDWD�RQ�VWDQG
FRPSRVLWLRQ��GHQVLW\��XQGHUVWRU\�VSHFLHV��SORW�VORSH�DQG�DVSHFW��DQG�RWKHU�IDFWRUV�WKDW
FRXOG�EH�UHODWHG�WR�REVHUYHG�GLIIHUHQFHV�LQ�GLVHDVH�LQFLGHQFH���:H�KDYH�SUHYLRXVO\�VKRZQ
WKDW�FHUWDLQ�SORW�IDFWRUV�DUH�FRUUHODWHG�ZLWK�WKH�ULVN�RI�3��UDPRUXP�FDQNHU��6ZLHFNL�DQG
%HUQKDUGW���������������$Q�DQDO\VLV�RI�WKH�GDWD�IURP�WKLV�VWXG\�ZRXOG�SURYLGH�DGGLWLRQDO
LQIRUPDWLRQ�RQ�SORW�IDFWRUV�WKDW�PD\�EH�FRUUHODWHG�ZLWK�GLVHDVH��EXW�QR�IXQGLQJ�LV�FXUUHQWO\
DYDLODEOH�WR�FRQGXFW�WKHVH�DQDO\VHV���6LPLODUO\��ZH�KDYH�DOVR�QRW�DQDO\]HG�WKH�GDWD�IRU�WKH
����WDOO\�WUHHV�WR�H[DPLQH�LQGLYLGXDO�WUHH�IDFWRUV�WKDW�PD\�EH�UHODWHG�WR�GLVHDVH�VHYHULW\�
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5HJHQHUDWLRQ

0RUWDOLW\�GXH�WR�GLVHDVH�RU�RWKHU�IDFWRUV�KDV�WKH�SRWHQWLDO�WR�KDYH�ORQJ�WHUP�HIIHFWV�RQ
IRUHVW�VWDQG�FRPSRVLWLRQ�DQG�KHQFH�LWV�YDOXH�DV�ZLOGOLIH�KDELWDW���$OO�RI�WKH�VWDQGV�ZH
VWXGLHG�KDG�PXOWLSOH�WUHH�FDQRS\�VSHFLHV��DQG�JDSV�IRUPHG�WKURXJK�WUHH�PRUWDOLW\�FRXOG�EH
ILOOHG�E\�D�QXPEHU�RI�GLIIHUHQW�VSHFLHV��SRVVLEO\�UHVXOWLQJ�LQ�D�VKLIW�LQ�WKH�GRPLQDQFH�RI
FDQRS\�VSHFLHV���7R�H[DPLQH�WKHVH�UHODWLRQVKLSV��ZH�ORRNHG�DW�WKH�SUHVHQFH�RI�WUHH�VSHFLHV
UHJHQHUDWLRQ�LQ�WKH�XQGHUVWRU\�RI�SORWV�ZKHUH�62'�KRVW�GHQVLWLHV�KDYH�RU�ZLOO�EH�LPSDFWHG
GXH�WR�PRUWDOLW\�E\�ERWK�62'�DQG�RWKHU�DJHQWV�

'HDG�RDN�DQG�WDQRDN�VHHGOLQJV�FDQ�EH�GLIILFXOW�WR�GHWHFW�RU�LGHQWLI\�DV�VHHGOLQJV��VR�OHYHOV
RI�VHHGOLQJ�PRUWDOLW\�QRWHG�EHORZ�DUH�DSSUR[LPDWH�DW�EHVW�DQG�SUREDEO\�XQGHUHVWLPDWH
DFWXDO�PRUWDOLW\�UDWHV���$OVR��VHHGOLQJV�RI�GHFLGXRXV�RDNV�VXFK�DV�EODFN�RDN�DUH�GLIILFXOW�WR
REVHUYH�LI�IROLDJH�VHQHVFHV�HDUO\�GXH�WR�GURXJKW�VWUHVV���+HQFH��VHHGOLQJ�GHQVLWLHV�RI�VXFK
VSHFLHV�PD\�EH�XQGHUUHSRUWHG�LQ�D�RQH�WLPH�VXUYH\�

7DQRDN

$PRQJ�WKH����SORWV�ZLWK�WDQRDN�RYHUVWRU\�DQG�RU�XQGHUVWRU\�WUHHV�������������DOVR�KDG
WDQRDN�UHJHQHUDWLRQ�LQ�WKH�XQGHUVWRU\���7DQRDN�UHJHQHUDWLRQ�ZDV�SUHVHQW�LQ�D�UDQJH�RI�VL]H
FODVVHV��EXW�PXFK�RI�WKLV�UHJHQHUDWLRQ�FRQVLVWHG�RI��VHHGOLQJ�VSURXWV���%XUQV�DQG�+RQNDOD
��������7KHVH�DUH�VPDOO�VKUXEE\�SODQWV�WKDW�IRUP�IURP�VHHGOLQJV�ZKRVH�VKRRWV�KDYH
SHULRGLFDOO\�GLHG�EDFN�WR�WKH�JURXQG�DQG�EHHQ�UHSODFHG�E\�QHZ�VKRRWV�DULVLQJ�IURP�WKH
URRW�FURZQ���0RVW�RI�WKHVH�VHHGOLQJ�VSURXWV�DUH�QR�PRUH�WKDQ����WR����FP�WDOO�DQG�PDQ\
DUH�PXOWLVWHPPHG���7DQRDN�UHJHQHUDWLRQ�ZDV�JHQHUDOO\�DEXQGDQW������RI�WKH�SORWV�KDG���
RU�PRUH�VHHGOLQJV�DQG�����RI�WKH�SORWV�KDG����RU�PRUH���'LVHDVH�V\PSWRPV��VRPH�RI
ZKLFK�DUH�SUREDEO\�DWWULEXWDEOH�WR�3��UDPRUXP��ZHUH�VHHQ�LQ�WDQRDN�UHJHQHUDWLRQ�LQ����
RI�DOO�SORWV�ZLWK�WDQRDN��DQG�GHDG�WDQRDN�VHHGOLQJV�ZHUH�REVHUYHG�LQ�����RI�WKHVH�SORWV�
'LVHDVH�V\PSWRPV�ZHUH�VHHQ�LQ�DERXW�����RI�DOO�WDQRDN�VHHGOLQJV�

'HDG��GHFOLQLQJ��RU�3��UDPRUXP�GLVHDVHG�WDQRDN�WUHHV�ZHUH�SUHVHQW�LQ����SORWV������RI�DOO
SORWV�ZLWK�WDQRDN����'HFOLQLQJ�RU�GHDG�WDQRDN�ZHUH�LQ�WKH�RYHUVWRU\�LQ�MXVW�RYHU�KDOI�RI
WKHVH�SORWV����������$OO����RI�WKH�SORWV�WKDW�KDYH�RU�DUH�OLNHO\�WR�VXVWDLQ�D�ORVV�RI�WDQRDN�WUHHV
GXH�WR�GLVHDVH�KDG�WDQRDN�UHJHQHUDWLRQ�LQ�WKH�XQGHUVWRU\���0RVW�RI�WKHVH�SORWV���������DOVR
KDG�UHJHQHUDWLRQ�RI�RWKHU�WUHH�VSHFLHV��PRVW�FRPPRQO\�&DOLIRUQLD�ED\����������FRDVW
UHGZRRG����������'RXJODV�ILU����������DQG�PDGURQH���������2DN�VHHGOLQJV�ZHUH�SUHVHQW
RQO\�LQ�WZR��������RI�WKHVH�SORWV���6HHGOLQJV�RI�DV�PDQ\�DV�IRXU�RWKHU�WUHH�VSHFLHV�ZHUH
IRXQG�LQ�VRPH�SORWV�

,Q�D�VWXG\�RI�ROG�JURZWK�UHGZRRG�IRUHVWV�LQ�WKH�&DOLIRUQLD�&HQWUDO�&RDVW�UHJLRQ��+XQWHU�HW
DO��������VKRZHG�WKDW�WDQRDN�VHHGOLQJV�DFFXPXODWH�LQ�WKH�XQGHUVWRU\���$OWKRXJK�VKDGH
WROHUDQW��WDQRDN�VHHGOLQJV�JURZ�TXLFNO\�LQ�UHVSRQVH�WR�RYHUKHDG�OLJKW�ZKHQ�FDQRS\�JDSV
IRUP�DQG�FDQ�RXWFRPSHWH�'RXJODV�ILU�DQG�UHGZRRG�VHHGOLQJV�LQ�FDQRS\�JDSV��%XUQV�DQG
+RQNDOD���������$OWKRXJK�WDQRDN�VHHGOLQJV�DUH�FXUUHQWO\�SOHQWLIXO�DQG�IDLUO\�FRQVLVWHQW�LQ
SORWV�ZLWK�WDQRDN�RYHUVWRU\��KLJK�OHYHOV�RI�VHHGOLQJ�GLVHDVH�FRXOG�UHGXFH�WKH�FKDQFH�WKDW
WDQRDN�PRUWDOLW\�ZLOO�EH�UHSODFHG�E\�UHFUXLWHG�WDQRDN�VHHGOLQJV�

8QOHVV�KLJK�SURSRUWLRQV�RI�WDQRDN�VHHGOLQJV�UHVLVWDQW�WR�3��UDPRUXP�DUH�SUHVHQW�LQ
XQGHUVWRU\�VHHGOLQJ�SRSXODWLRQV��LW�VHHPV�XQOLNHO\�WDQRDN�UHJHQHUDWLRQ�ZLOO�EH�DV
VXFFHVVIXO�LQ�VWDQGV�DIIHFWHG�E\�3��UDPRUXP�DV�LW�KDV�EHHQ�LQ�WKH�SDVW���,I�SUDFWLFDO�OHYHOV�RI
UHVLVWDQFH�WR�3��UDPRUXP�GR�QRW�RFFXU�LQ�WDQRDN�SRSXODWLRQV��LW�LV�SRVVLEOH�WKDW�WKLV�VSHFLHV
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FRXOG�EH�QHDUO\�HOLPLQDWHG�LQ�VRPH�DUHDV���+RZHYHU��WKH�VWURQJ�VHOHFWLRQ�SUHVVXUH�SRVHG
E\�3��UDPRUXP�DJDLQVW�VXVFHSWLEOH�WDQRDN�JHQRW\SHV�FRXOG�LQ�WLPH�UHVXOW�LQ�WKH
GHYHORSPHQW�RI�PRUH�UHVLVWDQW�RU�WROHUDQW�WDQRDN�SRSXODWLRQV�LI�JHQHV�IRU�UHVLVWDQFH�DUH
SUHVHQW���6XFK�VHOHFWLRQ�ZRXOG�RFFXU�TXLFNHU�LI�GLVHDVH�UHVLVWDQFH�LQ�VHHGOLQJV�LV�FRUUHODWHG
ZLWK�PDWXUH�WUHH�UHVLVWDQFH�

- seedlings - decline/death

+ seedlings - decline/death

+ seedlings + decline/death

Tanoak
- seedlings - decline/death

+ seedlings - decline/death    + seedlings + decline/death

- seedlings + decline/death
Coast live oak

- seedlings - decline/death

+ seedlings - decline/death+ seedlings + decline/death

- seedlings + decline/death

Black oak

Figure 10.  Plots with same-species regeneration and/or tree decline or mortality (due to any
cause) for tanoak, coast live oak, and black oak.  Decline/death includes all tree with P. ramorum
canker symptoms as well as trees with severe decline or recent (in past 10 years) mortality from
other agents.  Regeneration includes any seedling or sapling with DBH< 3 cm.  Plots with same-
species regeneration are shown in green, those without in blue; plots with decline or mortality are

indicated with darker colors.

&RDVW�OLYH�RDN

&RDVW�OLYH�RDN�ZDV�SUHVHQW�LQ�����SORWV��RI�ZKLFK�����������DOVR�KDG�FRDVW�OLYH�RDN
VHHGOLQJV���5HJHQHUDWLRQ�FRQVLVWHG�SULPDULO\�RI�VPDOO�VHHGOLQJV�OHVV�WKDQ����FP�WDOO�
LQFOXGLQJ�ERWK�UHFHQWO\�HVWDEOLVKHG�VHHGOLQJV�DQG�ROGHU��SHUVLVWHQW�VHHGOLQJ�VSURXWV�
6HHGOLQJ�SRSXODWLRQV�ZHUH�YDULDEOH���+LJK�QXPEHUV�RI�FRDVW�OLYH�RDN�VHHGOLQJV�ZHUH
VRPHWLPHV�SUHVHQW�����SORWV�������KDG�����RU�PRUH�VHHGOLQJV���'HDG�VHHGOLQJV�ZHUH
REVHUYHG�LQ�RQO\����RI�WKH�SORWV���'LVHDVH�V\PSWRPV��SUHVXPDEO\�GXH�WR�DJHQWV�RWKHU�WKDQ
3��UDPRUXP��ZHUH�VFRUHG�IRU�RQO\�D�VLQJOH�VHHGOLQJ�

$ERXW�KDOI�RI�WKH�SORWV�ZLWK�FRDVW�OLYH�RDN����������DOVR�KDG�GHDG��GHFOLQLQJ��RU�3�
UDPRUXP�GLVHDVHG�WUHHV��DQG�LQ�WKH�PDMRULW\�RI�WKHVH�SORWV���������WKH�GLVHDVHG�WUHHV�ZHUH
LQ�WKH�RYHUVWRU\���&RDVW�OLYH�RDN�VHHGOLQJV�ZHUH�SUHVHQW�LQ�����RI�WKHVH����SORWV���6HHGOLQJV
RI�RWKHU�RDNV�DQG�RU�WDQRDN�ZHUH�SUHVHQW�LQ�����RI�WKHVH�SORWV��ZKLOH�VHHGOLQJV�RI�RWKHU
QRQ�RDN�WUHH�VSHFLHV�ZHUH�SUHVHQW�LQ�����RI�WKHVH�SORWV���2WKHU�WKDQ�FRDVW�OLYH�RDN��WKH
PRVW�FRPPRQ�VHHGOLQJ�VSHFLHV�LQ�WKHVH�SORWV�ZHUH�ED\������RI�SORWV���'RXJODV�ILU������RI
SORWV���PDGURQH�����RI�SORWV���DQG�WDQRDN������RI�SORWV����2QO\���RI�WKHVH����SORWV�KDG�QR
WUHH�VHHGOLQJV�RI�DQ\�VRUW�LQ�WKH�XQGHUVWRU\��DQG�VRPH�SORWV�KDG�VHHGOLQJV�RI�DV�PDQ\�DV
ILYH�RWKHU�WUHH�VSHFLHV�
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&RDVW�OLYH�RDN�UHJHQHUDWLRQ�LV�QRW�FRQVLVWHQWO\�SUHVHQW�LQ�WKH�XQGHUVWRU\�RI�SORWV�ZKHUH
PRUWDOLW\�RI�WKLV�VSHFLHV�LV�RFFXUULQJ���$OWKRXJK�VRPH�VHOI�UHSODFHPHQW�RI�FRDVW�OLYH�RDN�LV
OLNHO\��WKH�SUHVHQFH�RI�JHQHUDOO\�ODUJHU�VHHGOLQJV�RI�RWKHU�WUHH�VSHFLHV�LQ�WKHVH�SORWV�PD\
UHGXFH�WKH�VXFFHVV�RI�FRDVW�OLYH�RDN�UHJHQHUDWLRQ���,QFUHDVHG�UDWHV�RI�FRDVW�OLYH�RDN
PRUWDOLW\�GXH�WR�62'�ZLOO�H[DFHUEDWH�WKLV�VLWXDWLRQ��EHFDXVH�UHGXFHG�FRDVW�OLYH�RDN�DFRUQ
SURGXFWLRQ�ZLOO�IXUWKHU�UHGXFH�OLYH�RDN�VHHGOLQJ�SRSXODWLRQV�LQ�WKH�XQGHUVWRU\���$OWKRXJK
RWKHU�RDN�VSHFLHV�PD\�UHSODFH�FRDVW�OLYH�RDN�LQ�VRPH�SORWV��ED\�DQG�'RXJODV�ILU�DSSHDU�WR
EH�WKH�PRVW�OLNHO\�UHSODFHPHQWV�LQ�PDQ\�DUHDV�

%ODFN�RDN

%ODFN�RDN�ZDV�SUHVHQW�LQ�����SORWV��RQO\����RI�WKHVH�������KDG�EODFN�RDN�UHJHQHUDWLRQ�
%ODFN�RDN�UHJHQHUDWLRQ�FRQVLVWHG�HQWLUHO\�RI�VPDOO�VHHGOLQJV�RU�VHHGOLQJ�VSURXWV��PRVWO\�OHVV
WKDQ����FP�WDOO���:H�GLG�QRW�REVHUYH�EODFN�RDNV�LQ�WKH�LQWHUPHGLDWH�VL]H�FODVV�EHWZHHQ
WUHHV�DQG�VHHGOLQJV���,Q�FRQWUDVW�ZLWK�WKH�WZR�VSHFLHV�GHVFULEHG�DERYH��VHHGOLQJ
SRSXODWLRQV�LQ�EODFN�RDN�SORWV�ZHUH�JHQHUDOO\�ORZ���)RXU�RU�IHZHU�EODFN�RDN�VHHGOLQJV�ZHUH
SUHVHQW�LQ�����RI�WKH�SORWV���7ZR�SORWV�KDG�DSSUR[LPDWHO\����VHHGOLQJV��ZKLFK�ZDV�WKH
KLJKHVW�GHQVLW\�ZH�UHFRUGHG�IRU�WKLV�VSHFLHV���7KH�UHPDLQLQJ�SORWV�KDG����RU�IHZHU
VHHGOLQJV���:H�GLG�QRW�REVHUYH�GHDG�RU�GLVHDVHG�VHHGOLQJV�

/HVV�WKDQ�KDOI�RI�WKH�SORWV�ZLWK�EODFN�RDN����������KDG�GHDG��GHFOLQLQJ��RU�3��UDPRUXP�
GLVHDVHG�WUHHV���2YHUVWRU\�EODFN�RDNV�ZHUH�GHDG�RU�GLVHDVHG�LQ�DERXW�����RI�WKHVH�SORWV
����������%ODFN�RDN�UHJHQHUDWLRQ�ZDV�REVHUYHG�LQ�����RI�WKHVH����SORWV���6HHGOLQJV�RI�RWKHU
RDNV�DQG�RU�WDQRDN�ZHUH�SUHVHQW�LQ�����RI�WKHVH�SORWV��ZKHUHDV�VHHGOLQJV�RI�RWKHU�QRQ�RDN
WUHH�VSHFLHV�ZHUH�SUHVHQW�LQ�����RI�WKHVH�SORWV���%HVLGHV�EODFN�RDN��WKH�PRVW�FRPPRQ
VHHGOLQJ�VSHFLHV�LQ�WKHVH�SORWV�ZHUH�ED\������RI�SORWV���'RXJODV�ILU������RI�SORWV���FRDVW
OLYH�RDN������RI�SORWV���PDGURQH������RI�SORWV���DQG�WDQRDN������RI�SORWV����8S�WR�HLJKW
GLIIHUHQW�WUHH�VSHFLHV
�VHHGOLQJV�ZHUH�SUHVHQW�LQ�D�VLQJOH�SORW���7ZR�EODFN�RDN�SORWV�����
ODFNHG�DQ\�WUHH�VHHGOLQJV�

2I�WKH�WKUHH�VSHFLHV�VWXGLHG��EODFN�RDN�ZDV�WKH�OHDVW�OLNHO\�WR�KDYH�LWV�VHHGOLQJV�SUHVHQW�LQ
LWV�RZQ�XQGHUVWRU\���,Q�PXFK�RI�WKH�VXUYH\HG�DUHD��LW�DSSHDUV�XQOLNHO\�WKDW�EODFN�RDN
PRUWDOLW\�ZLOO�EH�UHSODFHG�E\�UHJHQHUDWLRQ�RI�WKLV�VSHFLHV��UHVXOWLQJ�LQ�D�GHFUHDVH�LQ�EODFN
RDN�GHQVLW\�DW�OHDVW�RYHU�WKH�QHDU�WHUP���&RDVW�OLYH�RDN�DQG�WDQRDN�PD\�UHSODFH�EODFN�RDN�LQ
VRPH�SORWV��EXW�ED\�DQG�'RXJODV�ILU�DUH�SUREDEO\�PRUH�OLNHO\�WR�LQFUHDVH�LQ�GRPLQDQFH�DV�D
UHVXOW�RI�EODFN�RDN�DWWULWLRQ�
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)LJXUH������3ORW�ORFDWLRQV�DW�$QQDGHO�6WDWH�3DUN���1R�3��UDPRUXP�LQIHFWHG�WUHHV�ZHUH�VHHQ
LQ�SORWV�DW�WKLV�ORFDWLRQ���6FDOH�EDU�DW�ORZHU�ULJKW�LV�����P�ORQJ���7KH�VDPH�VFDOH�LV�XVHG�IRU
)LJXUHV�������

)LJXUH������3ORW�ORFDWLRQV�DW�$XVWLQ�&UHHN�6WDWH�5HFUHDWLRQ�$UHD���3LQN�VTXDUHV�UHSUHVHQW
SORWV�ZKLFK�FRQWDLQHG�WUHHV�ZLWK�W\SLFDO�V\PSWRPV�RI�3��UDPRUXP�LQIHFWLRQ���*UHHQ�FLUFOHV
LQGLFDWH�SORWV�LQ�ZKLFK�QR�WUHHV�VKRZHG�3��UDPRUXP�V\PSWRPV���3��UDPRUXP�KDG
SUHYLRXVO\�EHHQ�FRQILUPHG�E\�8&�UHVHDUFKHUV�DW�WKLV�ORFDWLRQ�
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)LJXUH������3ORW�ORFDWLRQV�DW�)RRWKLOO�5HJLRQDO�3DUN���1R�3��UDPRUXP�LQIHFWHG�WUHHV�ZHUH
VHHQ�LQ�SORWV�DW�WKLV�ORFDWLRQ�

)LJXUH������3ORW�ORFDWLRQV�DW�+HOHQ�3XWQDP�5HJLRQDO�3DUN���3LQN�VTXDUHV�UHSUHVHQW�SORWV
ZKLFK�FRQWDLQHG�WUHHV�ZLWK�W\SLFDO�V\PSWRPV�RI�3��UDPRUXP�LQIHFWLRQ���*UHHQ�FLUFOHV

LQGLFDWH�SORWV�LQ�ZKLFK�QR�WUHHV�VKRZHG�3��UDPRUXP�V\PSWRPV���<HOORZ�WULDQJOHV�UHSUHVHQW
SORWV�LQ�ZKLFK�WKH�RQO\�V\PSWRPDWLF�WUHH�V��KDG�DPELJXRXV�V\PSWRPV��L�H���FDQNHUV�WKDW
ZHUH�QRW�HQWLUHO\�W\SLFDO�RI�3��UDPRUXP���3��UDPRUXP�KDV�QRW�EHHQ�FRQILUPHG�DW�WKLV

ORFDWLRQ�
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)LJXUH������3ORW�ORFDWLRQV�DW�-DFN�/RQGRQ�6WDWH�3DUN��3LQN�VTXDUHV�UHSUHVHQW�SORWV�ZKLFK
FRQWDLQHG�WUHHV�ZLWK�W\SLFDO�V\PSWRPV�RI�3��UDPRUXP�LQIHFWLRQ���*UHHQ�FLUFOHV�LQGLFDWH
SORWV�LQ�ZKLFK�QR�WUHHV�VKRZHG�3��UDPRUXP�V\PSWRPV���3��UDPRUXP�KDG�SUHYLRXVO\�EHHQ

FRQILUPHG�E\�8&�UHVHDUFKHUV�DW�WKLV�ORFDWLRQ�

)LJXUH������3ORW�ORFDWLRQV�DW�/DNH�6RQRPD��*UHHQ�FLUFOHV�LQGLFDWH�SORWV�LQ�ZKLFK�QR�WUHHV
VKRZHG�3��UDPRUXP�V\PSWRPV��<HOORZ�WULDQJOHV�UHSUHVHQW�SORWV�LQ�ZKLFK�WKH�RQO\

V\PSWRPDWLF�WUHH�V��KDG�DPELJXRXV�V\PSWRPV��L�H���FDQNHUV�WKDW�ZHUH�QRW�HQWLUHO\�W\SLFDO
RI�3��UDPRUXP���3��UDPRUXP�KDV�QRW�EHHQ�FRQILUPHG�DW�WKLV�ORFDWLRQ�
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)LJXUH������3ORW�ORFDWLRQV�DW��0RGLQL�5DQFK��1R�3��UDPRUXP�LQIHFWHG�WUHHV�ZHUH�VHHQ�LQ
SORWV�DW�WKLV�ORFDWLRQ�

)LJXUH������3ORW�ORFDWLRQV�DW�6DOW�3RLQW�6WDWH�3DUN���3LQN�VTXDUHV�UHSUHVHQW�SORWV�ZKLFK
FRQWDLQHG�WUHHV�ZLWK�W\SLFDO�V\PSWRPV�RI�3��UDPRUXP�LQIHFWLRQ���*UHHQ�FLUFOHV�LQGLFDWH
SORWV�LQ�ZKLFK�QR�WUHHV�VKRZHG�3��UDPRUXP�V\PSWRPV��<HOORZ�WULDQJOHV�UHSUHVHQW�SORWV�LQ
ZKLFK�WKH�RQO\�V\PSWRPDWLF�WUHH�V��KDG�DPELJXRXV�V\PSWRPV��L�H���FDQNHUV�WKDW�ZHUH�QRW
HQWLUHO\�W\SLFDO�RI�3��UDPRUXP���3��UDPRUXP�KDV�QRW�EHHQ�FRQILUPHG�DW�WKLV�ORFDWLRQ�
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)LJXUH������3ORW�ORFDWLRQV�DW�6RQRPD�&RDVW�6WDWH�%HDFK���3LQN�VTXDUHV�UHSUHVHQW�SORWV�ZKLFK
FRQWDLQHG�WUHHV�ZLWK�W\SLFDO�V\PSWRPV�RI�3��UDPRUXP�LQIHFWLRQ���*UHHQ�FLUFOHV�LQGLFDWH
SORWV�LQ�ZKLFK�QR�WUHHV�VKRZHG�3��UDPRUXP�V\PSWRPV���3��UDPRUXP�KDV�QRW�EHHQ

FRQILUPHG�DW�WKLV�ORFDWLRQ�

)LJXUH������3ORW�ORFDWLRQV�DW�6XJDUORDI�5LGJH�6WDWH�3DUN��3LQN�VTXDUHV�UHSUHVHQW�SORWV�ZKLFK
FRQWDLQHG�WUHHV�ZLWK�W\SLFDO�V\PSWRPV�RI�3��UDPRUXP�LQIHFWLRQ���*UHHQ�FLUFOHV�LQGLFDWH
SORWV�LQ�ZKLFK�QR�WUHHV�VKRZHG�3��UDPRUXP�V\PSWRPV��<HOORZ�WULDQJOHV�UHSUHVHQW�SORWV�LQ
ZKLFK�WKH�RQO\�V\PSWRPDWLF�WUHH�V��KDG�DPELJXRXV�V\PSWRPV��L�H���FDQNHUV�WKDW�ZHUH�QRW
HQWLUHO\�W\SLFDO�RI�3��UDPRUXP���3��UDPRUXP�KDV�EHHQ�FRQILUPHG�DW�WKLV�ORFDWLRQ�E\�8&

UHVHDUFKHUV�
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)LJXUH������3ORW�ORFDWLRQV�DW�:HVWRQ�5DQFK���1R�3��UDPRUXP�LQIHFWHG�WUHHV�ZHUH�VHHQ�LQ
SORWV�DW�WKLV�ORFDWLRQ�

6800$5<�$1'�&21&/86,216

,Q�LQWHUSUHWLQJ�RXU�UHVXOWV��RQH�VKRXOG�EHDU�LQ�PLQG�WKDW�RXU�UHVXOWV�DSSO\�VSHFLILFDOO\�WR
SRUWLRQV�RI�VDPSOHG�VWDQGV�WKDW�FRQWDLQ�WKH�62'�KRVWV�RI�LQWHUHVW��L�H���WDQRDN��FRDVW�OLYH
RDN��DQG�EODFN�RDN���,W�LV�SUHFLVHO\�LQ�WKHVH�DUHDV�WKDW�WKH�GLUHFW�LPSDFWV�RI�62'�ZLOO�RFFXU�
+RZHYHU��DYHUDJH�GLVHDVH�OHYHOV�LQ�RXU�SORWV�DUH�QRW�YDOLG�HVWLPDWRUV�RI�GLVHDVH�OHYHOV
FRXQW\ZLGH���)XUWKHUPRUH��EHFDXVH�ZH�OLPLWHG�RXU�VDPSOLQJ�WR�SRUWLRQV�RI�VWDQGV�ZLWK
62'�KRVWV��RXU�GDWD�W\SLFDOO\�GR�QRW�UHIOHFW�WKH�FRPSRVLWLRQ�RI�WKH�HQWLUH�VWDQG�

3HUKDSV�WKH�PRVW�EDVLF�ILQGLQJ�RI�WKLV�VXUYH\�LV�WKDW�VWDQGV�FRQWDLQLQJ�FRDVW�OLYH�RDN�DQG
EODFN�RDN�WKDW�ODFN�DQ\�V\PSWRPV�RI�3��UDPRUXP�DUH�VWLOO�IRXQG�LQ�SRUWLRQV�RI�6RQRPD
&RXQW\���7KLV�KDV�REYLRXV�LPSOLFDWLRQV�IRU�GLVHDVH�PDQDJHPHQW�ZLWKLQ�WKH�FRXQW\���:H
EHOLHYH�WKDW�HIIRUWV�WR�UHGXFH�WKH�SRVVLEOH�WUDQVSRUW�RI�LQIHFWHG�KRVW�PDWHULDO�LQWR
QRQLQIHFWHG�VWDQGV�ZLWKLQ�WKH�FRXQW\�VKRXOG�UHPDLQ�D�KLJK�SULRULW\�

+XPDQ�DFWLYLWLHV��LQFOXGLQJ�WKH�WUDQVSRUW�RI�LQIHFWHG�SODQW�PDWHULDO��DUH�VXVSHFWHG�WR�EH�D
OLNHO\�VRXUFH�RI�GLVHDVH�VSUHDG�WR�DUHDV�WKDW�DUH�ZLGHO\�VHSDUDWHG�IURP�H[LVWLQJ�GLVHDVHG
DUHDV���:H�REVHUYHG�WKDW�LQ�VHYHUDO�ORFDWLRQV��DSSDUHQW�LQIHFWLRQ�UDWHV�WHQGHG�WR�GLPLQLVK
ZLWK�LQFUHDVLQJ�GLVWDQFH�IURP�URDGV��FDPSJURXQGV��RU�RWKHU�DUHDV�IUHTXHQWHG�E\�YHKLFOHV�
+XPDQ�PHGLDWHG�WUDQVSRUW�RI�3��UDPRUXP�LV�HVSHFLDOO\�VLJQLILFDQW�EHFDXVH�GLVHDVH�VSUHDG
YLD�ZLQG�EORZQ�VSRUHV�LV�OLNHO\�WR�RFFXU�RYHU�D�OLPLWHG�GLVWDQFH���)XUWKHUPRUH��VSUHDG�YLD
LQYHUWHEUDWH�RU�YHUWHEUDWH�YHFWRUV�KDV�QRW�\HW�EHHQ�GHPRQVWUDWHG�WR�RFFXU���(YHQ�LI�LQVHFWV
RU�DQLPDOV�GR�FRQWULEXWH�WR�WKH�VSUHDG�RI�WKLV�SDWKRJHQ��KXPDQV�DUH�OLNHO\�WR�EH�PRUH
HIILFLHQW�YHFWRUV�RI�WKH�GLVHDVH�RYHU�ORQJ�GLVWDQFHV�WKDQ�RWKHU�SRVVLEOH�YHFWRUV�

:H�IRXQG�WKDW�LQ�PRVW�VWXG\�DUHDV�ZKHUH�3��UDPRUXP�RFFXUV��GLVHDVH�OHYHOV�LQ�62'�KRVWV
DUH�JHQHUDOO\�ORZ��)LJXUH����DQG�WKH�GLVWULEXWLRQ�RI�V\PSWRPDWLF�WUHHV�LV�VSRWW\���)URP�WKLV�
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ZH�PD\�LQIHU�WKDW�HLWKHU�FRQGLWLRQV�IDYRUDEOH�IRU�GLVHDVH�VSUHDG�DQG�GHYHORSPHQW�YDU\
DFURVV�WKH�ODQGVFDSH�DQG�RU�WKH�GLVWULEXWLRQ�RI�LQRFXOXP�KDV�QRW�EHHQ�YHU\�XQLIRUP�RU
HIILFLHQW�WR�GDWH���9DULDWLRQV�LQ�GLVHDVH�LQFLGHQFH�DQG�LQWHQVLW\�FRXOG�EH�UHODWHG�WR�ORFDO
YDULDWLRQV�LQ�HQYLURQPHQWDO�FRQGLWLRQV��WKH�VSDWLDO�GLVWULEXWLRQ�RI�62'�KRVW�WUHHV�ZLWK�KLJK
OHYHOV�RI�GLVHDVH�UHVLVWDQFH�ZLWKLQ�VWDQGV��DQG�RU�ORFDO�GLIIHUHQFHV�LQ�VWDQG�VWUXFWXUH�RU
FRPSRVLWLRQ�ZLWK�UHVSHFW�WR�62'�KRVWV��3��UDPRUXP�IROLDU�KRVWV��DQG�QRQ�KRVWV�

,I�FRQGLWLRQV�IRU�ORFDO�GLVHDVH�VSUHDG�RFFXU�LQ�WKHVH�VWDQGV�DQG�GLVHDVH�LV�PDLQO\�OLPLWHG�E\
WKH�DPRXQW�RI�WLPH�WKDW�KDV�SDVVHG�VLQFH�WKH�LQWURGXFWLRQ�RI�WKH�SDWKRJHQ��ZH�FDQ�H[SHFW
WKH�LPSDFW�RI�3��UDPRUXP�FDQNHU�WR�LQFUHDVH�RYHU�WLPH�LQ�PDQ\�ORFDWLRQV���%HFDXVH�GLVHDVH
SURJUHVV�PD\�EH�LQIOXHQFHG�E\�WKH�YDULRXV�IDFWRUV�PHQWLRQHG�DERYH��LW�LV�QRW�SRVVLEOH�WR
SUHGLFW�WKH�ILQDO�RXWFRPH�RI�WKH�GLVHDVH�HSLGHPLF�LQ�WKHVH�VWDQGV���7KH�SORWV�ZH�KDYH
HVWDEOLVKHG�SURYLGH�D�YDOXDEOH�UHVRXUFH�IRU�WUDFNLQJ�GLVHDVH�SURJUHVV�DQG�H[DPLQLQJ�IDFWRUV
WKDW�PD\�VSHHG�RU�UHWDUG�WKH�SURJUHVV�RI�WKH�HSLGHPLF�

,Q�6RQRPD�&RXQW\��WDQRDN�SRSXODWLRQV�LQ�YDULRXV�IRUHVW�DVVRFLDWLRQV�DSSHDU�WR�EH�DW�WKH
JUHDWHVW�ULVN�IURP�3��UDPRUXP�RYHU�WKH�QHDU�WHUP���,I�RWKHU�WDQRDN�VWDQGV�DWWDLQ�WKH�KLJK
GLVHDVH�OHYHOV�FXUUHQWO\�REVHUYHG�DW�-DFN�/RQGRQ�63��WKH�LPSDFW�RQ�WDQRDN�IRUHVWV�ZLOO�EH
FRQVLGHUDEOH���*LYHQ�RXU�FXUUHQW�XQGHUVWDQGLQJ�RI�3��UDPRUXP
V�HQYLURQPHQWDO
SUHIHUHQFHV��FOLPDWLF�FRQGLWLRQV�DQG�PRLVWXUH�UHJLPHV�IDYRUDEOH�IRU�62'�GHYHORSPHQW�DUH
OLNHO\�WR�RFFXU�LQ�PRVW�DUHDV�ZKHUH�WDQRDN�RFFXUV���6XEVWDQWLDO�DPRXQWV�RI�WDQRDN�GHFOLQH�
DSSDUHQWO\�GXH�WR�DJHQWV�RWKHU�WKDQ�3��UDPRUXP��ZHUH�VHHQ�DW�6DOW�3RLQW�63��)LJXUH��%��
+HQFH��RWKHU�DJHQWV�PD\�FRQWULEXWH�VLJQLILFDQWO\�WR�WDQRDN�ORVV�LQ�VRPH�ORFDWLRQV�

&XUUHQWO\��3��UDPRUXP�LV�KDYLQJ�OLWWOH�LPSDFW�RQ�EODFN�RDN�LQ�WKH�VWDQGV�WKDW�ZH�VWXGLHG�
+RZHYHU��HYHQ�ZLWKRXW�PDMRU�LPSDFWV�GXH�WR�62'��EODFN�RDN�SRSXODWLRQV�VHHP�OLNHO\�WR
GHFOLQH�LQ�PDQ\�RI�WKH�VWXG\�ORFDWLRQV�EHFDXVH�RI�ORZ�UDWHV�RI�UHJHQHUDWLRQ�DQG�KLJK�OHYHOV
RI�WUHH�GHFOLQH�DVVRFLDWHG�ZLWK�RWKHU�SDWKRJHQV��)LJXUH�������%HFDXVH�OHYHOV�RI�EDFNJURXQG
GHFOLQH�DQG�PRUWDOLW\�DUH�KLJK�DQG�UHJHQHUDWLRQ�LV�ORZ��DQ\�DGGLWLRQDO�PRUWDOLW\�DVVRFLDWHG
ZLWK�3��UDPRUXP�ZLOO�KDYH�D�GLVSURSRUWLRQDWHO\�ODUJH�LPSDFW�

:KLOH�QDWXUDO�UHJHQHUDWLRQ�RI�FRDVW�OLYH�RDN�LV�PRUH�FRQVLVWHQW�DQG�SOHQWLIXO�WKDQ�EODFN
RDN��WKH�LQFLGHQFH�RI�62'�LQ�FRDVW�OLYH�RDN�LV�DOVR�JUHDWHU�WKDQ�WKDW�REVHUYHG�LQ�EODFN�RDN�
0RUWDOLW\�GXH�WR�3��UDPRUXP�LV�H[SHFWHG�WR�DGG�WR�W\SLFDOO\�KLJK�OHYHOV�RI�EDFNJURXQG
GHFOLQH�DQG�PRUWDOLW\��UHVXOWLQJ�LQ�GHFUHDVHG�FRDVW�OLYH�RDN�WUHH�GHQVLWLHV�LQ�PDQ\�RI�WKH
VWXG\�DUHDV���2YHU�WKH�ORQJ�WHUP��PXFK�RI�WKLV�FRDVW�OLYH�RDN�PRUWDOLW\�FRXOG�EH�UHSODFHG�E\
VHHGOLQJV�RI�WKLV�VSHFLHV�WKDW�DUH�UHFUXLWHG�WR�ILOO�UHVXOWLQJ�FDQRS\�JDSV���+RZHYHU��LW
UHPDLQV�WR�EH�VHHQ�ZKHWKHU�FRDVW�OLYH�RDN�VHHGOLQJV�FDQ�EH�VXFFHVVIXOO\�UHFUXLWHG�LQ�WKH
SUHVHQFH�RI�WKH�FRPSHWLQJ�VHHGOLQJ�JURZWK�RI�RWKHU�WUHH�VSHFLHV�

5HVXUYH\�RI�WKH�HVWDEOLVKHG�SORWV�ZLOO�SURYLGH�LQIRUPDWLRQ�RQ�GLVHDVH�SURJUHVV�WKDW�FDQQRW
EH�GHWHUPLQHG�IURP�D�RQH�WLPH�VXUYH\���,Q�VRPH�ORFDWLRQV�ZKHUH�GLVHDVH�OHYHOV�DUH�KLJK�
VXFK�DV�-DFN�/RQGRQ�63��LW�PD\�EH�ZRUWKZKLOH�WR�UHYLVLW�SORWV�DV�HDUO\�DV�RQH�\HDU�DIWHU�WKH
LQLWLDO�VXUYH\�EHFDXVH�UDWHV�RI�FKDQJH�DUH�OLNHO\�WR�EH�UDSLG���)XUWKHUPRUH��ORVV�RI�WDJJHG
WUHHV�GXH�WR�WUHH�IDLOXUH�RU�WUHH�UHPRYDO�FRXOG�PDNH�VRPH�SORWV�LPSRVVLEOH�WR�UHORFDWH�LI�WKH
LQLWLDO�UHVXUYH\�LQWHUYDO�LV�ORQJHU�WKDQ�D�\HDU�RU�WZR�LQ�WKHVH�VWDQGV���,Q�VWDQGV�WKDW�DUH
FXUUHQWO\�IUHH�RI�62'�V\PSWRPV��UHVXUYH\�QHHG�QRW�RFFXU�IRU�DW�OHDVW�WZR�\HDUV�XQOHVV�WKH
FXUUHQW�ZHW�VHDVRQ�LQLWLDWHV�D�VXEVWDQWLDO�LQFUHDVH�LQ�WKH�UDQJH�RI�WKH�GLVHDVH�
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%XUQV��5XVVHOO�0���DQG�%DUEDUD�+��+RQNDOD��WHFK��FRRUGV��������6LOYLFV�RI�1RUWK�$PHULFD�
���&RQLIHUV�����+DUGZRRGV��$JULFXOWXUH�+DQGERRN������8�6��'HSDUWPHQW�RI�$JULFXOWXUH�
)RUHVW�6HUYLFH��:DVKLQJWRQ��'&��YRO��������S�
KWWS���ZZZ�QD�IV�IHG�XV�VSIR�SXEV�VLOYLFVBPDQXDO�WDEOHBRIBFRQWHQWV�KWP

*DUEHORWWR��0���6YLKUD��3���5L]]R��'��0����������6XGGHQ�RDN�GHDWK�IHOOV���RDN�VSHFLHV�
&DOLIRUQLD�$JULFXOWXUH���������

+XQWHU��-��&���3DUNHU��9��7���%DUERXU��0��*����������8QGHUVWRU\�OLJKW�DQ�JDS�G\QDPLFV�LQ�DQ
ROG�JURZWK�IRUHVWHG�ZDWHUVKHG�LQ�FRDVWDO�&DOLIRUQLD���0DGURQR��������

6YLKUD��3����������'LDJQRVLV�RI�62'��FDVH�VWXG\�RI�D�VFLHQWLILF�SURFHVV���&DOLIRUQLD
$JULFXOWXUH����������

6ZLHFNL��7��-���%HUQKDUGW��(��$���������(YDOXDWLRQ�RI�VWHP�ZDWHU�SRWHQWLDO�DQG�RWKHU�WUHH�DQG
VWDQG�YDULDEOHV�DV�ULVN�IDFWRUV�IRU�3K\WRSKWKRUD�FDQNHU�GHYHORSPHQW�LQ�FRDVW�OLYH�RDN�DQG
WDQRDN���3UHSDUHG�IRU���6WDWH�DQG�3ULYDWH�)RUHVWU\��86'$���)RUHVW�6HUYLFH��9DOOHMR��&$�
�KWWS���SK\WRVSKHUH�FRP�SXEOLFDWLRQV�3K\WRSKWKRUDBFDVH�FRQWURO�KWP�

6ZLHFNL��7��-���%HUQKDUGW��(��$���������DFFHSWHG���(YDOXDWLRQ�RI�VWHP�ZDWHU�SRWHQWLDO�DQG
RWKHU�WUHH�DQG�VWDQG�YDULDEOHV�DV�ULVN�IDFWRUV�IRU�3K\WRSKWKRUD�UDPRUXP�FDQNHU
GHYHORSPHQW�LQ�FRDVW�OLYH�RDN���3URFHHGLQJV�RI�WKH�6\PSRVLXP�RQ�2DNV�LQ�&DOLIRUQLD
V
&KDQJLQJ�/DQGVFDSH�


