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&RXQW\�)DUPODQGV�DQG�2SHQ�6SDFH�)RXQGDWLRQ���:H�ZRXOG�OLNH�WR�DFNQRZOHGJH�WKH�KHOS�RI�6/7
VWDII�PHPEHUV�-XOLDQ�0HLVOHU�DQG�.HQ�3RHUQHU��DV�ZHOO�DV�LQSXW�IURP�&DURO�:LWKDP��.HYLQ�5LFH�
DQG�6XVDQ�+DUULVRQ�LQ�WKH�VHOHFWLRQ�RI�QDWLYH�SODQW�VSHFLHV�LQFOXGHG�LQ�WKH�PRQLWRULQJ�

)URQW�FRYHU�SKRWRV���7RS���PRQLWRULQJ�WUDQVHFW�����$SULO��������/HIW���'HVFKDPSVLD�GDQWKRQLRLGHV�DQG
/DVWKHQLD�VSS���%RWWRP���PRQLWRULQJ�WUDQVHFW�����$SULO������
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7KLV�UHSRUW�GHVFULEHV�WKH�GHYHORSPHQW�RI�D�PRQLWRULQJ�V\VWHP�WR�DVVHVV�SRSXODWLRQV�RI�VHOHFWHG
H[RWLF�DQG�QDWLYH�SODQWV�DW�WKH�-HSVRQ�3UDLULH�3UHVHUYH�LQ�6RODQR�&RXQW\��&DOLIRUQLD���7KH
PRQLWRULQJ�V\VWHP�LV�EDVHG�RQ�WKH�XVH�RI�SHUPDQHQW�EHOW�WUDQVHFWV�����P�ZLGH��WKDW�WUDYHUVH�DOO�RI
WKH�SDVWXUHV�DW�WKH�SUHVHUYH���7UDQVHFWV�DUH�GLYLGHG�LQWR�VHJPHQWV����P�LQ�OHQJWK�IRU�SXUSRVHV�RI
GDWD�FROOHFWLRQ�DQG�DQDO\VLV���3HUFHQW�FRYHU�RI�HDFK�PRQLWRUHG�VSHFLHV�ZLWKLQ�HDFK�WUDQVHFW
VHJPHQW�LV�HVWLPDWHG�YLVXDOO\�DQG�DVVLJQHG�WR�RQH�RI�IRXU�FRYHU�UDQNV���,Q�DGGLWLRQ�WR�WUDQVHFW�
EDVHG�PRQLWRULQJ��SRSXODWLRQV�RI�XQFRPPRQ�ZHHGV�ORFDWHG�RXWVLGH�RI�WUDQVHFWV�DUH�PDSSHG�ZLWK
WKH�DLG�RI�D�*36�UHFHLYHU���,QLWLDO�PRQLWRULQJ�DORQJ�WKH�WUDQVHFWV�ZDV�FRQGXFWHG�GXULQJ�D�RQH�ZHHN
SHULRG�LQ�PLG�$SULO������DQG�WUDQVHFWV�ZHUH�UHVXUYH\HG�LQ�$SULO��������7KH�UHVXOWV�RI�WKHVH�VXUYH\V
DUH�UHSRUWHG�LQ�WKLV�UHSRUW�DQG�D�SUHYLRXV�UHSRUW��6ZLHFNL�DQG�%HUQKDUGW�������

:H�XVHG�SDLUHG�FRPSDULVRQV�RI�GDWD�FROOHFWHG�DORQJ�WKH�VDPH�WUDQVHFW�E\�GLIIHUHQW�VHWV�RI
HYDOXDWRUV�WR�DVVHVV�WKH�DPRXQW�RI�YDULDWLRQ�LQ�FRYHU�UDQNV�WKDW�FRXOG�EH�DWWULEXWHG�WR�GLIIHUHQFHV
EHWZHHQ�HYDOXDWRUV�DQG�WR�*36�UHFHLYHU�SRVLWLRQ�HUURU���0HDVXUHPHQW�HUURU�DVVRFLDWHG�ZLWK�WKHVH
IDFWRUV�ZDV�DFFHSWDEO\�ORZ���4XDOLW\�FRQWURO�RQ�GDWD�FROOHFWHG�LQ�VXFFHVVLYH�\HDUV�FDQ�EH
PDLQWDLQHG�E\�HQVXULQJ�WKDW�HYDOXDWRUV�DUH�DGHTXDWHO\�WUDLQHG��SODQW�SKHQRORJ\�LV�RSWLPDO�IRU
REVHUYDWLRQV��DQG�GLIIHUHQWLDOO\�FRUUHFWHG�*36�UHDGLQJV�DUH�XVHG�

)RU�PRVW�PRQLWRUHG�VSHFLHV��FRYHU�UDWLQJV�LQ������DQG������GLG�QRW�GLIIHU�VLJQLILFDQWO\���+RZHYHU�
VRPH�VSHFLHV��LQFOXGLQJ�WKH�QDWLYH�JUDVV�3OHXURSRJRQ�FDOLIRUQLFXV�DQG�WKH�H[RWLFV�&DUGXXV
S\FQRFHSKDOXV��,WDOLDQ�WKLVWOH��DQG�/DFWXFD�VHUULROD��SULFNO\�OHWWXFH��VKRZHG�JHQHUDO�LQFUHDVHV�LQ
FRYHU�WKDW�PD\�EH�UHODWHG�WR�GLIIHUHQFHV�LQ�UDLQIDOO�SDWWHUQV�LQ�WKH�WZR�\HDUV���0RQLWRULQJ�GDWD�DOVR
GRFXPHQWHG�WKDW�FRQWUROOHG�EXUQV�LQ������DQG������SURYLGHG�YLUWXDOO\�FRPSOHWH�VXSSUHVVLRQ�RI
WKH�H[RWLF�JUDVV�7DHQLDWKHUXP�FDSXW�PHGXVDH��PHGXVDKHDG��IRU�DW�OHDVW���\HDUV�LQ�VRPH�SDVWXUHV�
+RZHYHU��EXUQV�FRQGXFWHG�LQ�VRPH�SDVWXUHV�LQ�WKH�VDPH�\HDUV�ZHUH�LQHIIHFWLYH�DW�FRQWUROOLQJ�7�
FDSXW�PHGXVDH���$QDO\VLV�RI�SDLUHG�SUH��DQG�SRVW�ILUH�GDWD�DOVR�LQGLFDWHV�WKDW�WKH�FRYHU�RI
7ULSK\VDULD�HULDQWKD��9LROD�SHGXQFXODWD��DQG�(URGLXP�VSS��ZDV�VLJQLILFDQWO\�HOHYDWHG�LQ�EXUQHG
WUDQVHFW�VHJPHQWV�UHODWLYH�WR�PDWFKHG�QRQEXUQHG�VHJPHQWV�

$PRQJ�WKH�WDUJHW�ZHHGV�VXUYH\HG��/HSLGLXP�ODWLIROLXP��SHUHQQLDO�SHSSHUZHHG��DQG�&�
S\FQRFHSKDOXV�DSSHDU�WR�KDYH�VSUHDG�VLJQLILFDQWO\�VLQFH�������&HQWDXUHD�FDOFLWUDSD��SXUSOH�VWDU�
WKLVWOH��PD\�DOVR�VKRZ�VRPH�H[SDQVLRQ�LQ�LWV�GLVWULEXWLRQ�VLQFH��������+RZHYHU�������EDVHOLQH
GDWD�DUH�LQDGHTXDWH�WR�GHWHUPLQH�ZKHWKHU�PRVW�WDUJHW�ZHHG�VSHFLHV�VKRZ�ORQJ�WHUP�JDLQV�LQ�FRYHU�
$�QXPEHU�RI�WDUJHW�ZHHG�VSHFLHV�WKDW�KDYH�OLPLWHG�GLVWULEXWLRQ�DW�WKH�SUHVHUYH�ZHUH�UDUHO\�GHWHFWHG
LQ�WUDQVHFWV��EXW�PDSSHG�SRLQWV�DQG�SRO\JRQV�GRFXPHQW�WKDW�WKH\�RFFXU�DW�YDULRXV�ORFDWLRQV
WKURXJKRXW�WKH�SUHVHUYH�

7KH�FRPELQDWLRQ�RI�DQQXDO�WUDQVHFW�EDVHG�PRQLWRULQJ�DQG�SRLQW�SRO\JRQ�PDSSLQJ�RI�XQFRPPRQ
WDUJHW�ZHHGV�SURYLGHV�D�SUDFWLFDO�PHDQV�IRU�DVVHVVLQJ�WKH�VSUHDG�RI�LQYDVLYH�VSHFLHV�DW�WKH�SUHVHUYH�
,W�FDQ�DOVR�SURYLGH�LQIRUPDWLRQ�RQ�WKH�HIILFDF\�RI�PDQDJHPHQW�DFWLYLWLHV�VXFK�DV�EXUQLQJ�DQG�WKH
LPSDFW�RI�PDQDJHPHQW�DFWLRQV�RQ�YDULRXV�QDWLYH�VSHFLHV���$GDSWLYH�PDQDJHPHQW�RI�-HSVRQ�3UDLULH
JUDVVODQG�YHJHWDWLRQ�ZLOO�EH�IDFLOLWDWHG�E\�FRQVLVWHQWO\�LPSOHPHQWLQJ�WKH�PRQLWRULQJ�SURWRFROV
GHVFULEHG�LQ�WKLV�UHSRUW�
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-HSVRQ�3UDLULH�3UHVHUYH�LV�PDQDJHG�E\�WKH�6RODQR�/DQG�7UXVW��6/7��WR�PDLQWDLQ�D�&HQWUDO�9DOOH\
YHUQDO�SRRO�DQG�QDWLYH�JUDVVODQG�HFRV\VWHP���7KH�3UHVHUYH�FXUUHQWO\�VXSSRUWV�D�ZLGH�GLYHUVLW\�RI
QDWLYH�SODQWV�DV�ZHOO�DV�D�QXPEHU�RI�H[RWLF�SODQWV���6RPH�RI�WKHVH�H[RWLF�SODQWV�KDYH�WKH�SRWHQWLDO
WR�GLVSODFH�QDWLYH�SODQWV�DQG�VHULRXVO\�GHJUDGH�WKH�LQWHJULW\�RI�WKH�HFRV\VWHP���7KH�SXUSRVH�RI�WKLV
SURMHFW�LV�WR�GHYHORS�D�V\VWHP�WR�PRQLWRU�H[RWLF�DQG�QDWLYH�SODQWV�VR�WKDW�FKDQJHV�LQ�YHJHWDWLRQ�FDQ
EH�GHWHFWHG�DQG�KRSHIXOO\�FRUUHFWHG�EHIRUH�WKH\�OHDG�WR�VHULRXV�GHJUDGDWLRQ�RI�WKH�HFRV\VWHP�

6HYHUDO�IDFWRUV�QHHGHG�WR�EH�WDNHQ�LQWR�FRQVLGHUDWLRQ�LQ�WKH�GHVLJQ�RI�WKH�PRQLWRULQJ�V\VWHP���)LUVW�
VRLO�FRQGLWLRQV�DW�-HSVRQ�3UDLULH�DUH�GLYHUVH��ERWK�LQ�WHUPV�RI�VRLO�FKHPLVWU\�DQG
PLFURWRSRJUDSKLFDO�UHOLHI���7KHVH�VRLO�IDFWRUV�VWURQJO\�LQIOXHQFH�SODQW�GLVWULEXWLRQ���+HQFH��LQ�RUGHU
WR�PDNH�YDOLG�FRPSDULVRQV�EHWZHHQ�GLIIHUHQW�\HDUV��YDULDWLRQ�GXH�WR�GLIIHUHQFHV�LQ�VRLO�W\SH�RU
PLFURWRSRJUDSK\�VKRXOG�EH�HOLPLQDWHG���7KLV�LV�PRVW�UHDGLO\�DFFRPSOLVKHG�E\�HQVXULQJ�WKDW�WKH
VDPH�VSHFLILF�DUHDV�DUH�UHVXUYH\HG�LQ�VXFFHVVLYH�\HDUV���2WKHUZLVH��FKDQJHV�REVHUYHG�PD\�EH�GXH
WR�SRVLWLRQDO�FKDQJH�RI�WKH�REVHUYHU�UDWKHU�WKDQ�WR�DFWXDO�FKDQJH�LQ�VSHFLHV�FRPSRVLWLRQ�

6HFRQG��WKH�PRQLWRULQJ�PHWKRG�QHHGV�WR�EH�DV�LQGHSHQGHQW�RI�REVHUYHU�ELDV�DV�SRVVLEOH�
0RQLWRULQJ�ZLOO�EH�FRQGXFWHG�RYHU�D�SHULRG�RI�PDQ\�\HDUV��VR�LW�LV�OLNHO\�WKDW�GLIIHUHQW�SHUVRQQHO
ZLOO�EH�FROOHFWLQJ�GDWD�LQ�GLIIHUHQW�\HDUV���6XEMHFWLYH�FRYHU�UDWLQJV��VXFK�DV�WKRVH�XVHG�LQ�WKH�����
VXUYH\��7KH�1DWXUH�&RQVHUYDQF\�������PD\�EH�LQWHUSUHWHG�GLIIHUHQWO\�E\�GLIIHUHQW�HYDOXDWRUV���,I
GLIIHUHQW�REVHUYHUV�SURYLGH�GLIIHUHQW�UDWLQJV�IRU�WKH�VDPH�DPRXQW�RI�FRYHU��WKH�YDULDWLRQ�LQ�UDWLQJV
DWWULEXWDEOH�WR�HYDOXDWRUV�ZLOO�REVFXUH�DFWXDO�FRYHU�FKDQJHV���7R�WKH�GHJUHH�SRVVLEOH��YHJHWDWLRQ
DVVHVVPHQWV�QHHG�WR�EH�REMHFWLYH�DQG�TXDQWLILDEOH�WR�UHGXFH�WKLV�VRXUFH�RI�HUURU���+RZHYHU��JLYHQ
WKH�FRQVWUDLQWV�RI�WLPH�DQG�UHVRXUFHV�DYDLODEOH�IRU�PRQLWRULQJ��DVVHVVPHQW�PHWKRGV�PXVW�DOVR�EH
UHODWLYHO\�VLPSOH�DQG�IDVW��ZKLOH�VWLOO�PDLQWDLQLQJ�D�KLJK�OHYHO�RI�UHSURGXFLELOLW\�

&KDQJHV�LQ�ZHDWKHU�FRQGLWLRQV��VXFK�DV�WKH�WLPLQJ�DQG�DPRXQW�RI�ZLQWHU�UDLQIDOO��FDQ�IDYRU�VRPH
VSHFLHV�DQG�GLVIDYRU�RWKHUV���+HQFH��VRPH�RI�WKH�\HDU�WR�\HDU�YDULDWLRQ�LQ�YHJHWDWLRQ�FRPSRVLWLRQ
ZLOO�EH�DVVRFLDWHG�ZLWK�ZHDWKHU�FRQGLWLRQV�DORQH���%\�PLQLPL]LQJ�HUURU�DVVRFLDWHG�ZLWK�RWKHU
FRQWUROODEOH�IDFWRUV��VXFK�DV�ORFDWLRQ�DQG�REVHUYHU�ELDV��RXU�DELOLW\�WR�PRGHO�WKH�YDULDWLRQ
DVVRFLDWHG�ZLWK�ZHDWKHU�ZLOO�EH�LPSURYHG�

2QH�RI�WKH�PDMRU�TXHVWLRQV�IRU�SUHVHUYH�PDQDJHUV�LV�ZKHWKHU�PDQDJHPHQW�SUDFWLFHV�VXFK�DV
EXUQLQJ�DQG�JUD]LQJ�DUH�KDYLQJ�WKH�GHVLUHG�YHJHWDWLRQ�PDQDJHPHQW�HIIHFWV�DQG�ZKHWKHU�FKDQJHV�LQ
WKH�WLPLQJ��IUHTXHQF\��DQG�RU�LQWHQVLW\�RI�WKHVH�SUDFWLFHV�FDQ�EH�XVHG�WR�SURYLGH�PRUH�HIIHFWLYH
FRQWURO�RI�WDUJHW�ZHHGV���7KH�GDWD�IURP�WKH�DQQXDO�QDWLYH�DQG�H[RWLF�SODQW�PRQLWRULQJ�FDQ�EH�XVHG
WR�VRPH�GHJUHH�WR�DVVHVV�WKH�LPSDFWV�RI�YDULRXV�PDQDJHPHQW�IDFWRUV���7KH�XVH�RI�PRQLWRULQJ�GDWD
WR�DVVHVV�WUHDWPHQW�HIIHFWV�LV�VRPHZKDW�OLPLWHG�EHFDXVH�WKH�IDFWRUV�XQGHU�VWXG\��EXUQLQJ��JUD]LQJ�
DQG�VRLOV��DUH�FRQIRXQGHG�WR�YDU\LQJ�GHJUHHV�RYHU�VSDFH�DQG�WLPH���1RQHWKHOHVV��WKH�PRQLWRULQJ
GDWD�FDQ�EH�XVHG�WR�DGGUHVV�FHUWDLQ�PDQDJHPHQW�TXHVWLRQV�DQG�PD\�DOVR�SURYLGH�LQIRUPDWLRQ�WKDW
FDQ�EH�XVHG�WR�IRUP�K\SRWKHVHV�WKDW�FDQ�EH�WHVWHG�WKURXJK�FRQWUROOHG�H[SHULPHQWV���7KH�GHVLJQ
DQG�H[HFXWLRQ�RI�SODQQHG�VWXGLHV�WR�LQYHVWLJDWH�WKH�HIIHFWV�RI�YDULRXV�PDQDJHPHQW�UHJLPHV�DUH
EH\RQG�WKH�VFRSH�RI�WKH�PRQLWRULQJ�SURJUDP�GLVFXVVHG�KHUHLQ�

'HWDLOHG�UHVXOWV�RI�WKH�ILUVW�\HDU�RI�PRQLWRULQJ��������KDYH�DOUHDG\�EHHQ�SUHVHQWHG��6ZLHFNL�DQG
%HUQKDUGW����������7KLV�UHSRUW�SUHVHQWV�UHVXOWV�RI�PRQLWRULQJ�LQ������DQG�GRHV�QRW�UHLWHUDWH�UHVXOWV
DOUHDG\�GLVFXVVHG�LQ�WKH������UHSRUW�H[FHSW�ZLWK�UHIHUHQFH�WR�YDULRXV�FRPSDULVRQV�EHWZHHQ�WKH
WZR�\HDUV���'HWDLOHG�PHWKRGV�XVHG�WR�FRQGXFW�WKH�PRQLWRULQJ�DUH�DOVR�SUHVHQWHG�LQ�WKLV�UHSRUW�
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0(7+2'6

3ODQW�VSHFLHV�PRQLWRUHG

7DUJHWHG�H[RWLF�SODQWV�WR�LQFOXGH�LQ�ZHHG�PRQLWRULQJ�ZHUH�FKRVHQ�EDVHG�RQ�FRQYHUVDWLRQV�ZLWK
6/7�VWDII�DQG�UHYLHZ�RI�WKH�UHVXOWV�RI�DQ�HDUOLHU�ZHHG�PRQLWRULQJ�SURJUDP�FRQGXFWHG�E\�7KH�1DWXUH
&RQVHUYDQF\����������7KH�WDUJHWHG�ZHHGV�KDYH�WKH�SRWHQWLDO�WR�GLVSODFH�QDWLYH�VSHFLHV�DW�WKH
SUHVHUYH���:LWK�WKH�H[FHSWLRQ�RI�7DHQLDWKHUXP�FDSXW�PHGXVDH��PRVW�WDUJHW�ZHHGV��7DEOH���
FXUUHQWO\�KDYH�UHODWLYHO\�OLPLWHG�GLVWULEXWLRQV�DQG�RU�SRSXODWLRQV���&RQWUROOLQJ�WKH�VSUHDG�DQG�RU
GHQVLW\�RI�WKH�WDUJHWHG�H[RWLFV�PD\�EH�SRVVLEOH�WKURXJK�DYDLODEOH�PDQDJHPHQW�SUDFWLFHV���$
QXPEHU�RI�FRPPRQ�ZHHG\�VSHFLHV��LQFOXGLQJ�%URPXV�GLDQGUXV��ULSJXW�EURPH��DQG�/ROLXP
PXOWLIORUXP��DQQXDO�U\HJUDVV���KDYH�QRW�EHHQ�LQFOXGHG�RQ�WKH�OLVW�EHFDXVH�WKH\�DUH�ZLGHVSUHDG�
RFFXU�LQ�UHODWLYHO\�KLJK�GHQVLWLHV��DQG�DUH�QRW�FXUUHQWO\�WKRXJKW�WR�EH�PDQDJHDEOH�

7KH�WDUJHWHG�ZHHG�VSHFLHV�LQFOXGH�SHUHQQLDO�IRUEV��ODWH�VHDVRQ�DQQXDO�IRUEV��DQG�JUDVVHV���(URGLXP
VSS��ZHUH�LQFOXGHG�LQ�WKH�PRQLWRULQJ�RI�H[RWLFV�WR�UHSUHVHQW�WKH�HDUO\�VHDVRQ�H[RWLF�IRUE�SODQW
JXLOG��3ROODN�DQG�.DQ�������HYHQ�WKRXJK�WKH\�DUH�QRW�FRQVLGHUHG�WR�EH�WDUJHWHG�ZHHGV�

7KH�OLVW�RI�SODQWV�WR�LQFOXGH�LQ�QDWLYH�SODQW�PRQLWRULQJ��7DEOH����ZDV�FKRVHQ�DIWHU�FRQVXOWLQJ�ZLWK
.HYLQ�5LFH��8&�'DYLV��DQG�&DURO�:LWKDP��9HUQDOSRROV�RUJ����6SHFLHV�ZHUH�VHOHFWHG�DV�FRPPRQ
UHSUHVHQWDWLYHV�RI�QDWLYH�SODQW�JXLOGV��QDWLYH�JUDPLQRLGV��QDWLYH�HDUO\�IRUEV��DQG�QDWLYH�ODWH�IRUEV�
GHVFULEHG�LQ�3ROODN�DQG�.DQ��������

7UDQVHFW�EDVHG�PRQLWRULQJ

:H�HVWDEOLVKHG�D�V\VWHP�RI�SDUDOOHO�EHOW�WUDQVHFWV�ZKLFK�IRUP�WKH�EDFNERQH�RI�WKH�PRQLWRULQJ
V\VWHP��)LJXUHV���DQG������$W�OHDVW�RQH�WUDQVHFW�SDVVHV�WKURXJK�HDFK�SDVWXUH�RQ�WKH�SUHVHUYH���:H
XVHG�WKH�PDSSHG�VRLO�W\SHV��%DWHV�������WR�JXLGH�SODFHPHQW�RI�WUDQVHFWV�WR�HQVXUH�WKDW�PRVW�RU�DOO
RI�WKH�VRLO�W\SHV�SUHVHQW�ZLWKLQ�HDFK�SDVWXUH�ZHUH�UHSUHVHQWHG�ZLWKLQ�WKDW�SDVWXUH
V�WUDQVHFW�V���,Q
IRXU�SDVWXUHV��WUDQVHFWV�ZHUH�GLYLGHG�LQWR�RIIVHW�VHJPHQWV�RU�OHJV�WR�DYRLG�DUHDV�WKDW�FRXOG�QRW�EH
VDPSOHG��H�J���SRQG�LQ�1RUULV�SDVWXUH��WUDQVHFW�������$OPRVW�DOO�RI�WKH�WUDQVHFWV�DUH�RULHQWHG�DORQJ
VWUDLJKW�HDVW�ZHVW�OLQHV��EXW�WKUHH�SDVWXUHV�KDYH�QRUWK�VRXWK�RULHQWHG�WUDQVHFWV�DQG�RQH�WUDQVHFW
�WUDQVHFW����KDV�D�VHFWLRQ�RULHQWHG�DORQJ�D�QRUWKZHVW�VRXWKHDVW�EHDULQJ�QHDU�2OFRWW�/DNH��)LJXUH����

(DFK�WUDQVHFW�ZDV�GLYLGHG�LQWR�VHJPHQWV����P�ORQJ���)RU�HDFK�WUDQVHFW�VHJPHQW��DQ�DUHD�H[WHQGLQJ
RXW����P�RQ�HLWKHU�VLGH�RI�WKH�FHQWHUOLQH�RI�WKH�WUDQVHFW�ZDV�HYDOXDWHG���(DFK�WUDQVHFW�VHJPHQW�ZDV
WKHUHIRUH����P�E\����P�RU������P��LQ�DUHD������KD����%HFDXVH�WKH�OHQJWK�RI�PRVW�WUDQVHFWV�ZDV�QRW
DQ�H[DFW�PXOWLSOH�RI����P��WKH�ILQDO�VHJPHQW�LQ�PRVW�WUDQVHFWV�ZDV�HLWKHU�VOLJKWO\�ORQJHU�RU�VKRUWHU
WKDQ�WKH����P�WDUJHW�OHQJWK���7KH�WRWDO�DUHD�VXUYH\HG�LQ�WKH�WUDQVHFW�V\VWHP�DPRXQWV�WR�DERXW����RI
WKH�WRWDO�DUHD�RI�WKH�SDVWXUHV�DW�WKH�-HSVRQ�3UDLULH�3UHVHUYH��H[FOXGLQJ�2OFRWW�/DNH��7DEOH������7KH
GLVWULEXWLRQ�RI�WUDQVHFW�VHJPHQWV�E\�SDVWXUH�LV�VKRZQ�LQ�7DEOH���
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Table 1.  Monitored exotic plant species arranged by plant family.

&RPPRQ�QDPH 6FLHQWLILF�QDPH &DWHJRU\
$SLDFHDH
)HQQHO )RHQLFXOXP�YXOJDUH ODWH�SHUHQQLDO�IRUE
$VWHUDFHDH
,WDOLDQ�WKLVWOH &DUGXXV�S\FQRFHSKDOXV ODWH�DQQXDO�IRUE
3XUSOH�VWDU�WKLVWOH &HQWDXUHD�FDOFLWUDSD ODWH�DQQXDO�IRUE
<HOORZ�VWDU�WKLVWOH &HQWDXUHD�VROVWLWLDOLV ODWH�DQQXDO�IRUE
%XOO�WKLVWOH &LUVLXP�YXOJDUH ODWH�DQQXDO�IRUE
:LOG�OHWWXFH /DFWXFD�VHUULROD ODWH�DQQXDO�IRUE
0LON�WKLVWOH 6LO\EXP�PDULDQXP ODWH�DQQXDO�IRUE
&RFNOHEXU ;DQWKLXP�VWUXPDULXP ODWH�DQQXDO�IRUE
%UDVVLFDFHDH
3HUHQQLDO�SHSSHUZHHG /HSLGLXP�ODWLIROLXP ODWH�SHUHQQLDO�IRUE
*HUDQLDFHDH
)LODUHH� (URGLXP�VSS� HDUO\�DQQXDO�IRUE
3RDFHDH
*RDW�JUDVV $HJLORSV�F\OLQGULFD DQQXDO�JUDVV
0HGXVDKHDG�JUDVV 7DHQLDWKHUXP�FDSXW�PHGXVDH DQQXDO�JUDVV

�(URGLXP�VSS��DUH�QRW�FRQVLGHUHG�WR�EH�WDUJHW�ZHHGV�

Table 2.  Monitored native plants arranged by plant family.

&RPPRQ�QDPH 6FLHQWLILF�QDPH &DWHJRU\
$VWHUDFHDH
<DUURZ $FKLOOHD�PLOOHIROLXP ODWH�SHUHQQLDO�IRUE
*ROGILHOGV /DVWKHQLD�VSS�

�VSHFLHV�ZLWK�FRQVSLFXRXV�UD\�IORZHUV�
LQFOXGLQJ�/��FDOLIRUQLFD�DQG�/��IUHPRQWLL�

HDUO\�DQQXDO�IRUE

3RDFHDH
$QQXDO�KDLUJUDVV 'HVFKDPSVLD�GDQWKRQLRLGHV DQQXDO�JUDVV
6HPDSKRUH�JUDVV 3OHXURSRJRQ�FDOLIRUQLFXV DQQXDO�JUDVV
3XUSOH�QHHGOH�JUDVV 1DVVHOOD�SXOFKUD SHUHQQLDO�JUDVV
6FURSKXODULDFHDH
%XWWHU�DQG�HJJV 7ULSK\VDULD�HULDQWKD�VVS��HULDQWKD HDUO\�DQQXDO�IRUE
9LRODFHDH
-RKQQ\�MXPS�XS 9LROD�SHGXQFXODWD HDUO\�SHUHQQLDO�IRUE

Table 3.  Transect dimensions relative to Jepson Prairie Preserve area.

7RWDO�WUDQVHFW�OHQJWK �������P�����PLOHV�
7UDQVHFW�ZLGWK ���P

7RWDO�DUHD�FRYHUHG�E\�WUDQVHFWV ������KD
7RWDO�3UHVHUYH�SDVWXUH�DUHD ������KD��������DFUHV�
3HUFHQW�VDPSOHG�LQ�WUDQVHFWV �����
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Figure 1.  Transect segment locations superimposed on pasture map and soil types.  Pasture
names are in blue.  Numbers assigned to each transect (1 to 20) are shown in black.  Black

squares which mark transect segments are centered over the midpoint of the segment and are
not to scale.  Soil types:  AoA=Antioch - San Ysidro complex, Pc=Pescadero clay loam,

Pe=Pescadero clay, SeA=San Ysidro sandy loam, Sh=Solano loam, W=water.
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Figure 2.  Transect segments, pasture outlines, and soil type outlines superimposed on digital
ortho imagery of the preserve (June 1993).  Soil type outlines are in light blue.  Pasture names

are in dark blue.  Numbers assigned to each transect (1 to 20) are shown in black.  Black
squares which mark transect segments are centered over the midpoint of the segment and are

not to scale.
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)RU�WKH�ILUVW�\HDU�RI�PRQLWRULQJ��������ZH�XVHG�D�KDQGKHOG�*DUPLQ����;/�*36�UHFHLYHU�RSHUDWLQJ
ZLWKRXW�GLIIHUHQWLDO�FRUUHFWLRQ�WR�HVWDEOLVK�WKH�VWDUWLQJ�SRLQW�RI�HDFK�WUDQVHFW�DQG�WR�QDYLJDWH�DORQJ
WUDQVHFWV�LQ�WKH�ILHOG���7UDQVHFW�HQGV�ZHUH�PDUNHG�WHPSRUDULO\�ZLWK�IODJJLQJ�WDSH�DW�WKH�WLPH�RI�WKH
RULJLQDO�PRQLWRULQJ���:H�VXEVHTXHQWO\�LQVWDOOHG�D�F\OLQGULFDO�JDOYDQL]HG�VWHHO�SRVW������P�ORQJ�����
FP�GLDPHWHU��WR�ZKLFK�ZH�DWWDFKHG�D�SHUIRUDWHG�JDOYDQL]HG�SODWH����E\����FP��DW�WKH�VWDUW�DQG�HQG
RI�HDFK�WUDQVHFW�RU�WUDQVHFW�VHFWLRQ���7KH���SRVWV�WKDW�DUH�QRW�ORFDWHG�DGMDFHQW�WR�IHQFH�OLQHV
�WUDQVHFWV�������DQG�����ZHUH�DOVR�SDLQWHG�ZLWK�UHG�KHDW�UHVLVWDQW�SDLQW�WR�LQFUHDVH�WKHLU�YLVLELOLW\�
7KH�SRVLWLRQ�RI�HDFK�SRVW�ZDV�VXEVHTXHQWO\�UHPHDVXUHG�XVLQJ�D�*DUPLQ��*36����UHFHLYHU
RSHUDWLQJ�ZLWK�:$$6�GLIIHUHQWLDO�FRUUHFWLRQ���7KH�QRPLQDO�SRVLWLRQDO�DFFXUDF\�LQ�GLIIHUHQWLDO
FRUUHFWLRQ�PRGH�LV���PHWHUV���6HYHUDO�RI�WKH�SRVWV��PRVWO\�WKRVH�ORFDWHG�DZD\�IURP�IHQFHV�KDG
EHHQ�NQRFNHG�RXW�E\�OLYHVWRFN�DQG�ZHUH�UHSRVLWLRQHG�ZLWK�WKH�DLG�RI�D�*36����UHFHLYHU�SULRU�WR
WKH������PRQLWRULQJ���*DUPLQ��*36����UHFHLYHUV�RSHUDWLQJ�ZLWK�:$$6�GLIIHUHQWLDO�FRUUHFWLRQ
ZHUH�XVHG�E\�HYDOXDWRUV�WR�QDYLJDWH�DORQJ�WKH�WUDQVHFWV�LQ�WKH������PRQLWRULQJ�

*DUPLQ��*36����UHFHLYHUV�RSHUDWLQJ�ZLWK�:$$6�GLIIHUHQWLDO�FRUUHFWLRQ�ZHUH�XVHG�E\�HYDOXDWRUV�WR
QDYLJDWH�DORQJ�WKH�WUDQVHFWV�IRU�PRQLWRULQJ�LQ��������7KH�*36�GLVSOD\�ZDV�VHW�WR�UHDG�LQ�870
FRRUGLQDWHV��VR�SRVLWLRQ�ZDV�GLVSOD\HG�DV�;�DQG�<�FRRUGLQDWHV�LQ�PHWHUV�DORQJ�D�XQLIRUP�JULG���7KH
WUDQVHFW�FHQWHUOLQH�ZDV�HVWDEOLVKHG�E\�PDLQWDLQLQJ�WKH�DSSURSULDWH�FRRUGLQDWH�FRQVWDQW�RQ�WKH�*36
�H�J���QRUWKLQJ�RU�<�FRRUGLQDWH�IRU�HDVW�ZHVW�WUDQVHFWV����7UDQVHFW�VHJPHQW�OHQJWK�ZDV�DOVR
GHWHUPLQHG�XVLQJ�*36�UHDGLQJV���$�PHDVXULQJ�WDSH�ZDV�XVHG�WR�KHOS�WKH�HYDOXDWRUV�GHWHUPLQH�WKH
���P�GLVWDQFH�IURP�WKH�FHQWHUOLQH�LQLWLDOO\�DQG�ZDV�XVHG�IRU�VSRW�FKHFNLQJ�YLVXDO�GLVWDQFH�HVWLPDWHV
GXULQJ�WKH�HYDOXDWLRQ���,Q�������ZH�IRXQG�WKDW�YLVXDO�FDOLEUDWLRQ�RI�WKH����P�GLVWDQFH�FRXOG�EH
PDLQWDLQHG�PRUH�HDVLO\�LI�RQH�PHPEHU�RI�WKH�VXUYH\�WHDP�GUDJJHG����P�RI�PHDVXULQJ�WDSH�EHKLQG
WKHP�DV�WKH\�ZDONHG�WKH�WUDQVHFW�

0RQLWRULQJ�ZDV�FRQGXFWHG�E\�FUHZV�RI�WZR�WR�IRXU�SHUVRQV���,Q�JHQHUDO��D�PLQLPXP�RI�WKUHH
SHUVRQV�SHU�FUHZ�LV�GHVLUDEOH���,Q�D�WKUHH�SHUVRQ�FUHZ��RQH�SHUVRQ�PRQLWRUV�SRVLWLRQ�ZLWK�WKH�*36
DQG�ZDONV�DORQJ�WKH�WUDQVHFW�FHQWHUOLQH���7KH�RWKHU�WZR�FUHZ�PHPEHUV�UHFRUG�FRYHU�GDWD�IRU�WDUJHW
QDWLYH�DQG�ZHHG�VSHFLHV�UHVSHFWLYHO\��DLGHG�E\�WKH�*36�RSHUDWRU���,Q�D�WZR�SHUVRQ�FUHZ��WKH�*36
LV�PRQLWRUHG�E\�RQH�FUHZ�PHPEHU�ZKR�DOVR�UDWHV�HLWKHU�QDWLYH�RU�H[RWLF�VSHFLHV��SUHIHUDEO\�WKH
JURXS�ZLWK�IHZHU�VSHFLHV�UHSUHVHQWHG���7R�SHUPLW�WKH�XVH�RI�SUHQXPEHUHG�GDWD�VKHHWV�DQG�LQFUHDVH
HIILFLHQF\�LQ�WKH�ILHOG�VXUYH\��ZH�RUJDQL]HG�WKH�WUDQVHFWV�LQ�VHYHQ�URXWHV��7DEOH����ZKLFK�ZHUH�XVHG
LQ�WKH������VXUYH\�

,Q�������ZHHG�DQG�QDWLYH�SODQW�FRYHU�ZHUH�UDWHG�EHWZHHQ����DQG����$SULO�E\�WKH�DXWKRUV�RI�WKLV
UHSRUW���,Q�������PRQLWRULQJ�ZDV�FRQGXFWHG�EHWZHHQ����DQG����$SULO���:H�WUDLQHG�6/7�VWDII
PHPEHUV�DQG�YROXQWHHUV�LQ�WKH�PHWKRGV�XVHG�WR�PRQLWRU�WUDQVHFWV�SULRU�WR�GDWD�FROOHFWLRQ�DQG
SDUWLFLSDWHG�LQ�GDWD�FROOHFWLRQ�RQ�DOO�WUDQVHFWV�LQ�WKH�$SULO������PRQLWRULQJ���7KLV�DOORZHG�XV�WR
PDLQWDLQ�VRPH�OHYHO�RI�TXDOLW\�FRQWURO�IRU�DOO�PRQLWRULQJ�FUHZV���6/7�VWDII�PHPEHUV�.HQ�3RHUQHU
DQG�-XOLDQ�0HLVOHU�ZHUH�DOVR�PHPEHUV�RI�PRQLWRULQJ�FUHZV�IRU�DOO�WUDQVHFWV�LQ�$SULO������
9ROXQWHHUV�.DWH�0DZGVOH\��-LP�6WHLQHUW��7ULVKD�7LHUQH\��9LUJLQLD�%RXFKHU��&HOLD�=DYDWVN\��'RQ
7D\QWRQ��DQG�0DO�(YHWW�SDUWLFLSDWHG�LQ�WKH�$SULO������PRQLWRULQJ�FUHZV�RQ�RQH�RU�PRUH�GD\V���,Q
������HDFK�PRQLWRULQJ�GD\�UHTXLUHG���WR���KRXUV�RI�ILHOG�WLPH��LQFOXGLQJ�WLPH�IRU�OXQFK�LQ�WKH
ILHOG���)LHOG�WLPH�RQ�WKH�ILUVW�GD\�����$SULO��LQFOXGHG�DERXW�DQ�KRXU�RI�RULHQWDWLRQ�DQG�WUDLQLQJ�WKDW
LQFOXGHG�D�VPDOO�SUDFWLFH�WUDQVHFW�
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Table 4.  List of pastures monitored, including approximate pasture areas (based on grazing
records), transect segments, and approximate sample percentage.  Pasture areas calculated
from ArcView differ from those used in grazing records.  To maintain consistency with other

documents, we have used areas reported in the grazing records.  Areas of the nongrazed
Docents, Dozier, and West of Railroad pastures are based on ArcView calculations because

their areas are not reported in grazing records.

3DVWXUH $SSUR[LPDWH
DUHD��DFUHV�

$SSUR[LPDWH
DUHD��KD�

7UDQVHFW
QXPEHU�V�

1XPEHU�RI
WUDQVHFW
VHJPHQWV

$SSUR[LPDWH
VDPSOH

SHUFHQWDJH
%XFN ��� �� �� �� �
&RUUDO �� � �� � �
'RFHQWV �� � �� �� ��
'R]LHU ��� ��� � � ��
(XFDO\SWXV ��� ��� ������� �� �
1RUULV ��� �� ������ �� �
1RUWK�+DOI�6HFWLRQ��� ��� ��� ���� �� �
1RUWK�RI�%DUQ ��� �� ������ �� �
1RUWKHDVW�%DUNHU �� � � � �
1RUWKZHVW�%DUNHU �� � � � ��
6RXWK�+DOI�6HFWLRQ��� ��� ��� ������ �� �
6RXWK�RI�&DOKRXQ�&XW �� �� �� � �
7ULDQJOH �� �� � � �
:HVW�RI�5DLOURDG �� � �� � ��

Table 5.  Routes used for transect monitoring in 2002 and the order in which monitoring
occurred.

5RXWH 7UDQVHFW�QXPEHUV 'D\�PRQLWRUHG
� ����� �
� ���� �
� ���� �
� ������ �
� ������ �
� ������� �
� ������� �

(VWLPDWLQJ�DQG�UHFRUGLQJ�SODQW�FRYHU

'DWD�FROOHFWHG�GXULQJ�WUDQVHFW�PRQLWRULQJ�FRQVLVWHG�RI�FRYHU�UDQNV�IRU�HDFK�RI�WKH�PRQLWRUHG
H[RWLF�DQG�QDWLYH�VSHFLHV�IRU�HDFK�WUDQVHFW�VHJPHQW���&RYHU�IRU�HDFK�PRQLWRUHG�VSHFLHV�ZDV
HVWLPDWHG�YLVXDOO\�XVLQJ�WKH�FRYHU�FODVVHV�VKRZQ�LQ�7DEOH�����&RYHU�LV�HVWLPDWHG�LQ�D�PDQQHU
DQDORJRXV�WR�FRYHU�W\SH�PDSSLQJ�IURP�DHULDO�SKRWRJUDSKV���9HU\�VPDOO�JDSV�EHWZHHQ�SODQWV�RU
OHDYHV�ZLWKLQ�D�SODQW�WKDW�ZRXOG�EH�PHDVXUHG�LQ�YHU\�SUHFLVH�ILHOG�SRLQW�LQWHUFHSW�PHWKRGV�DUH
HVVHQWLDOO\�LJQRUHG�ZKHQ�HVWLPDWLQJ�FRYHU�DUHD�

%HFDXVH�PDQ\�RI�WKH�PRQLWRUHG�SODQWV�DUH�DQQXDOV��WKH�DFWXDO�FRYHU�IRU�WKHVH�VSHFLHV�ZLOO�FKDQJH
RYHU�WLPH�LQ�D�JLYHQ�VHDVRQ���7KH�VXUYH\�LV�WLPHG�WR�EH�QHDU�SHDN�FRYHU�IRU�PRVW�RI�WKH�PRQLWRUHG
QDWLYH�VSULQJ�DQQXDOV���7KLV�WHQGV�WR�EH�VOLJKWO\�HDUOLHU�WKDQ�RSWLPDO�IRU�DVVHVVLQJ�ILQDO�FRYHU�RI
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H[RWLF�VXPPHU�DQQXDOV��EXW�DV�QRWHG�LQ�RXU�SUHYLRXV�UHSRUW��6ZLHFNL�DQG�%HUQKDUGW��������WKLV�LV
SUREDEO\�WKH�EHVW�WLPLQJ�IRU�D�VLQJOH�VSULQJ�VXUYH\���(YHQ�LI�WKH�VXUYH\�LV�WLPHG�IRU�SHDN�FRYHU�
VRPH�SODQWV��H�J���/DVWKHQLD�VSS��DQG�3��FDOLIRUQLFXV��LQ�VRPH�DUHDV��VXFK�DV�SRRU�VRLO�DUHDV��PD\�EH
LQ�YDU\LQJ�VWDJHV�RI�VHQHVFHQFH�DW�WKH�WLPH�RI�UDWLQJ���7R�DYRLG�ELDV�DVVRFLDWHG�ZLWK�HDUO\
VHQHVFHQFH��HYDOXDWRUV�VKRXOG�LQFOXGH�GHDG�DQG�VHQHVFHQW�FXUUHQW�VHDVRQ�ELRPDVV�ZKHQ�DVVHVVLQJ
SODQW�FRYHU���&RYHU�HVWLPDWHV�RI�VHQHVFLQJ�QDWLYH�SODQWV�VKRXOG�EH�DGMXVWHG�WR�UHIOHFW�WKH�OHYHO�RI
FRYHU�DW�SHDN�EORRP�

Table 6.  Cover classes used for estimating exotic and native plant cover and associated
calibration guidelines.

&RYHU
FODVV�UDQN

3ODQW�FRYHU (TXLYDOHQW�DUHD�ZLWKLQ����
KD�WUDQVHFW�VHJPHQW

5DWLR�RI�KLWV�WR�VDPSOHG�SRLQWV

� 1RW�REVHUYHG 1RW�REVHUYHG 1RW�REVHUYHG
� !��WR�����FRYHU ����VTXDUH�PHWHUV OHVV�WKDQ���LQ����
� ���WR�����FRYHU ���WR�����VTXDUH�PHWHUV EHWZHHQ���LQ�����DQG���LQ���
� !����FRYHU !����VTXDUH�PHWHUV PRUH�WKDQ���LQ���

,Q�SUDFWLFH��WKH�HYDOXDWRU�QHHGV�WR�DQVZHU�XS�WR�WKUHH�TXHVWLRQV�IRU�HDFK�VFRUHG�VSHFLHV�LQ�HDFK
VHJPHQW�LQ�WKH�VHTXHQFH�QRWHG�EHORZ�

$���,V�WKH�WDUJHW�VSHFLHV�SUHVHQW�LQ�WKH�VHJPHQW"���LI�\HV��HYDOXDWRU�VFRUHV�SUHVHQFH�ZLWK�D
GRW��L�H���FRYHU�UDQN�LV�DW�OHDVW����RWKHUZLVH�FRYHU ��
%���,I�$�LV�WUXH��LV�FRYHU�JUHDWHU�WKDQ�RU�HTXDO�WR���"���LI�\HV��REVHUYHU�DGGV�D�VHFRQG�GRW�
L�H���FRYHU�UDQN�LV�DW�OHDVW�����RWKHUZLVH�FRYHU ��
&���,I�%�LV�WUXH��LV�FRYHU�JUHDWHU�WKDQ����"���LI�\HV��REVHUYHU�UHFRUGV�FRYHU�UDQN�DV���
RWKHUZLVH�UDQN ��

$W�WKH�HQG�RI�HDFK�WUDQVHFW��WKH�HYDOXDWRU�WUDQVODWHV�DOO�GRWV�LQWR�QXPEHUV�RQ�WKH�GDWD�VKHHW�DQG
GUDZV�D�KRUL]RQWDO�OLQH�WKURXJK�FHOOV�ZLWK�QR�FRYHU���7KLV�KHOSV�HQVXUH�WKDW�GDWD�IURP�WKH�QH[W
WUDQVHFW�VHJPHQW�LV�QRW�UHFRUGHG�LQ�WKH�ZURQJ�FHOO�

:H�GHYHORSHG�WZR�W\SHV�RI�FDOLEUDWLRQ�JXLGHOLQHV�WR�KHOS�PDLQWDLQ�FRQVLVWHQF\�RI�UDWLQJV�EHWZHHQ
REVHUYHUV�DQG�IRU�WKH�VDPH�REVHUYHU�RYHU�WLPH�

$UHD�EDVHG�FDOLEUDWLRQ�JXLGHOLQH���7R�XVH�WKH�DUHD�EDVHG�FDOLEUDWLRQ�JXLGHOLQH��WKH�HYDOXDWRU
PHQWDOO\�VXPV�WKH�FRYHU�DUHD�IRU�D�JLYHQ�VSHFLHV�DQG�GHWHUPLQHV�ZKHWKHU�WKH�DUHD�H[FHHGV�HLWKHU
RI�WKH�FRYHU�FODVV�FXWRIIV�����P��RU�����P��IRU�D�IXOO����P�ORQJ�WUDQVHFW�VHJPHQW���7KH�VXPPHG
DUHD�LV�EDVHG�RQ������FRYHU�IRU�WKH�UDWHG�VSHFLHV�RYHU�WKH�PHQWDOO\�FRQVROLGDWHG�DUHD�RI�FRYHUDJH�
:H�SURGXFHG�D�YLVXDO�JXLGH��)LJXUH����WKDW�VXSHULPSRVHV�GLDJUDPV�RI�WKH�FRYHU�FODVV�FXWRII�DUHDV
RYHU�D�VFKHPDWLF�RI�WKH�WUDQVHFW�VHJPHQW���7KH�JXLGH�DOVR�LQFOXGHV�DQ�DX[LOLDU\�WDEOH�WKDW�SURYLGHV
WKH�FXWRII�DUHDV�IRU�HQG�WUDQVHFW�VHJPHQWV�WKDW�DUH�ORQJHU�RU�VKRUWHU�WKDQ�WKH�VWDQGDUG����P�OHQJWK�
7KLV�FDOLEUDWLRQ�JXLGHOLQH�ZRUNV�EHVW�IRU�SODQWV�WKDW�RFFXU�LQ�GLVWLQFW�SDWFKHV�RI�QHDUO\�FRPSOHWH
FRYHU��H�J���/DVWKHQLD�VSS�����+RZHYHU��LW�FDQ�EH�XVHG�IRU�PRVW�VSHFLHV�E\�DGMXVWLQJ�WKH�DUHD�IRU
SODQWV�WKDW�WKDW�RFFXU�LQ�SDWFKHV�ZLWK�ORZHU�WKDQ������SHUFHQW�FRYHU�ZLWKLQ�WKH�SDWFK�

,QWHUFHSW�EDVHG�FDOLEUDWLRQ�JXLGHOLQH���:KHQ�PRQLWRUHG�VSHFLHV�DUH�ZLGHO\�GLVSHUVHG�RYHU�WKH
WUDQVHFW�VHJPHQW�DQG�DUH�QRW�LQ�GLVFUHWH�SDWFKHV��DQ�DOWHUQDWLYH�PHWKRG�IRU�HVWLPDWLQJ�FRYHU�PD\
EH�PRUH�XVHIXO���7KLV�LV�HVVHQWLDOO\�D�YLVXDOL]DWLRQ�RI�D�SRLQW�LQWHUFHSW�UDWLQJ�RU�D�GRW�JULG�FRXQW�RI
DQ�RYHUKHDG�LPDJH�RI�WKH�WUDQVHFW�VHJPHQW���7KH�HYDOXDWRU�YLVXDOL]HV�����VPDOO�SRLQWV��H�J���SDLQW
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GURSV��GLVSHUVHG�UDQGRPO\�DFURVV�WKH�WUDQVHFW�VHJPHQW���,Q�UHSHDWHG�WULDOV��D�SODQW�ZLWK�PRUH�WKDQ
���FRYHU�ZRXOG�EH�KLW�E\�RQH�RU�PRUH�RI�WKHVH�SRLQWV�RQ�DYHUDJH���)RU�WKH�����FRYHU�FXWRII��WKH
HYDOXDWRU�FDQ�YLVXDOL]H�UHSHDWHG�WULDOV�XVLQJ�WHQ�UDQGRP�SRLQWV���7KLV�FDOLEUDWLRQ�JXLGHOLQH�LV
SUREDEO\�PRUH�GLIILFXOW�WR�XVH�RQ�D�URXWLQH�EDVLV�WKDQ�WKH�DUHD�EDVHG�JXLGHOLQH��EXW�LV�XVHIXO�IRU
FHUWDLQ�VLWXDWLRQV�

50 m

20 m

1 m

10 m

3.6 m diam

11.3 m diam

1% cover (=10 sq m)

10% cover (=100 sq m)

10 m

10 m

Figure 3.  Visual aid used for area-based method of estimating cover classes illustrating overall
transect segment dimensions and area equivalents for 1% and 10% cover cutoffs.

3RO\JRQ�PRQLWRULQJ

:H�DOVR�XVHG�*36�UHFHLYHUV�WR�PDS�SRO\JRQV��ODUJH�SDWFKHV��DQG�RU�SRLQWV��VPDOO�SDWFKHV��RI�UDUHO\
RFFXUULQJ�WDUJHW�ZHHG�VSHFLHV�WKDW�ZHUH�REVHUYHG�RXWVLGH�RI�WKH�WUDQVHFWV��,QGLYLGXDO�ZHHGV�RU
VPDOO�SDWFKHV������P�DORQJ�RQH�D[LV��ZHUH�UHFRUGHG�DV�VLQJOH�SRLQWV���/DUJHU�SDWFKHV�ZHUH
PDSSHG�E\�UHFRUGLQJ�WKH�FRRUGLQDWHV�RI�WZR�RU�PRUH�SRLQWV�DORQJ�WKH�RXWHU�ERUGHU�RI�WKH�SDWFK�
)RU�HDFK�PDSSHG�ZHHG�SRLQW�RU�SRO\JRQ�ZH�UHFRUGHG�WKH�IROORZLQJ�GDWD�

��ZHHG�VSHFLHV�SUHVHQW
��WKH�QXPEHU�RI�ZHHGV�LQ�WKH�SDWFK�E\�VSHFLHV���7KH�H[DFW�FRXQW�ZDV�UHFRUGHG�IRU�SDWFKHV
RI����RU�IHZHU�SODQWV���$SSUR[LPDWH�FRXQW�FODVVHV��������������������������!�����ZHUH
UHFRUGHG�IRU�SDWFKHV�ZLWK�ODUJHU�QXPEHUV�RI�SODQWV�
��WKH�SUHGRPLQDQW�PLFURWRSRJUDSK\�DW�WKH�VLWH�RI�ZHHG�RFFXUUHQFH��XVLQJ�WKH�IROORZLQJ
FDWHJRULHV��GHSUHVVHG�DUHD��H�J��VZDOH�RU�SRRO���IODW��DYHUDJH�HOHYDWLRQ���RU�HOHYDWHG�DUHD
�H�J���PRXQG��

$GGLWLRQDO�VLWH�YDULDEOHV

*,6�OD\HUV�RI�WKH�PDSSHG�VRLO�W\SH�ZHUH�GRZQORDGHG�IURP�WKH�86'$�1DWLRQDO�6685*2�GDWDEDVH�
*UD]LQJ�UHFRUGV�IRU�WKH�LQWHUYDO�-XO\������WKURXJK�-XQH������ZHUH�REWDLQHG�IURP�WKH�JUD]HU
WKURXJK�6/7�DQG�ZHUH�HQWHUHG�LQWR�D�VSUHDGVKHHW�IRU�VXPPDUL]DWLRQ�DQG�FDOFXODWLRQ�RI�GHULYHG
YDULDEOHV���*UD]LQJ�GDWD�ZHUH�H[SUHVVHG�DV�DYHUDJH�$80��DQLPDO�XQLW�PRQWKV��SHU�DFUH�IRU�HDFK
SDVWXUH�DQG�DUH�EDVHG�RQ�WKH�JUD]HU
V�UHSRUWV���:H�DOVR�REWDLQHG�ILUH�UHFRUGV�IRU�WKH�SHULRG�����
WKURXJK������IURP�.HQ�3RHUQHU�RI�6/7���&RQWUROOHG�EXUQV�ZHUH�FRQGXFWHG�LQ�ODWH�0D\�RU�HDUO\
-XQH���1R�EXUQLQJ�RFFXUUHG�LQ�������������RU������
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'DWD�DQDO\VLV

:H�XVHG�-03�YHUVLRQ���VWDWLVWLFDO�VRIWZDUH��6$6�,QF���&DU\�1&��DQG�5��������5�'HYHORSPHQW�&RUH
7HDP��IRU�GDWD�DQDO\VLV���8QOHVV�RWKHUZLVH�LQGLFDWHG��HIIHFWV�RU�GLIIHUHQFHV�DUH�UHIHUUHG�WR�DV
VLJQLILFDQW�LI�3��������:H�XVHG�QRPLQDO�ORJLVWLF�UHJUHVVLRQ�WR�WHVW�IRU�HIIHFWV�RI�VHOHFWHG�SUHGLFWRUV
RQ�WKH�ELQDU\�SUHVHQFH�DEVHQFH�RXWFRPH���0F1HPDU
V�WHVW�RI�FRUUHODWHG�SURSRUWLRQV�ZLWK
FRQWLQXLW\�FRUUHFWLRQ�ZDV�XVHG�WR�FRPSDUH�WKH�SURSRUWLRQV�RI�WUDQVHFW�VHJPHQWV�ZLWK�RU�ZLWKRXW�D
JLYHQ�VSHFLHV��SUHVHQFH��DEVHQFH�RXWFRPH��LQ�WKH�WZR�\HDUV���:H�XVHG�WKH�:LOFR[RQ�VLJQHG�UDQN
WHVW�WR�FRPSDUH�GLIIHUHQFHV�EHWZHHQ�FRYHU�UDQNV�RQ�WUDQVHFW�VHJPHQWV�LQ�WKH�WZR�\HDUV���:H�XVHG
UHSHDWHG�PHDVXUHV�DQDO\VLV�RI�YDULDQFH�WR�FRPSDUH�VXPV�RI�FRYHU�FODVV�UDQNV���)RU�WKHVH�DQDO\VHV�
VXPV�RI�FRYHU�FODVV�UDQNV�ZLWKLQ�WUDQVHFW�VHJPHQWV�ZHUH�WUDQVIRUPHG�WR�WKH�VTXDUH�URRW�RI��UDQN
VXP��������SULRU�WR�DQDO\VLV�WR�VWDELOL]H�WKH�YDULDQFH��6WHHOH�DQG�7RUULH�������

5(68/76�$1'�',6&866,21

3ODQW�SKHQRORJ\�DW�WKH�WLPH�RI�PRQLWRULQJ

,Q�JHQHUDO��SKHQRORJLFDO�VWDJHV�RI�WKH�PRQLWRUHG�QDWLYH�VSHFLHV�ZHUH�VLPLODU�DW�WKH�WLPH�WKDW
WUDQVHFWV�ZHUH�UHDG�LQ������DQG��������,Q�ERWK�RI�WKH�$SULO�VXUYH\V��/DVWKHQLD�VSS��ZHUH�DW�SHDN
EORRP�WR�VOLJKWO\�SDVW��PRVW�7��HULDQWKD�DQG�9��SHGXQFXODWD�ZHUH�SDVW�SHDN�EORRP��DQG�$�
PLOOHIROLXP�ZDV�MXVW�VWDUWLQJ�WR�EORRP���0RVW�'��GDQWKRQLRLGHV�DQG�3��FDOLIRUQLFXV�SODQWV�ZHUH
IXOO\�KHDGHG�RXW�ZKHUHDV�PRVW�1��SXOFKUD�ZHUH�YHJHWDWLYH�RU�MXVW�EHJLQQLQJ�WR�KHDG���$V�D�JURXS�
WKHVH�SODQWV�ZHUH�DW�QHDUO\�RSWLPDO�VWDJHV�IRU�FRYHU�HVWLPDWLRQ���,Q�������WKH�WRSV�RI�'�
GDQWKRQLRLGHV�DQG�3��FDOLIRUQLFXV�ZHUH�HDWHQ�RII�LQ�SDVWXUHV�ZKHUH�VKHHS�KDG�UHFHQWO\�JUD]HG�
ZKLFK�PDGH�WKHVH�VSHFLHV�PRUH�GLIILFXOW�WR�UDWH�LQ�VRPH�DUHDV��6ZLHFNL�DQG�%HUQKDUGW���������,Q
JHQHUDO��IHZ�DUHDV�KDG�EHHQ�DIIHFWHG�E\�UHFHQW�VKHHS�JUD]LQJ�DW�WKH�WLPH�RI�WKH�$SULO�����
PRQLWRULQJ��DQG�WKH�LPSDFWV�RI�VKHHS�DSSHDUHG�WR�EH�OHVV�LQ�$SULO������WKDQ�LQ�$SULO������

$PRQJ�WKH�PRQLWRUHG�H[RWLFV��(URGLXP�VSS��UDQJHG�IURP�IXOO�EORRP�WR�SDVW�EORRP�LQ�ERWK�\HDUV�
,Q�ERWK�\HDUV��/��VHUULROD�DQG�PRVW�RI�WKH�WKLVWOHV�ZHUH�VWLOO�LQ�URVHWWH�VWDJH��DOWKRXJK�VRPH�&�
S\FQRFHSKDOXV�KDG�VWDUWHG�WR�EROW���)ORZHULQJ�LQ�ERWK�/��ODWLIROLXP�DQG�7��FDSXW�PHGXVDH�ZDV
PRUH�DGYDQFHG�LQ�WKH�$SULO������VXUYH\�FRPSDUHG�ZLWK�WKH�$SULO������VXUYH\���/��ODWLIROLXP�ZDV
EHJLQQLQJ�WR�EROW�LQ�QXPHURXV�ORFDWLRQV�DW�WKH�WLPH�RI�WKH�$SULO������VXUYH\��EXW�YHU\�IHZ
LQIORUHVHQFHV�ZHUH�HORQJDWLQJ�DW�WKH�WLPH�RI�WKH������VXUYH\���7��FDSXW�PHGXVDH�KDG�QRW�KHDGHG
RXW�LQ�DOO�DUHDV�E\�WKH�WLPH�RI�HLWKHU�WKH�$SULO������RU������VXUYH\V��EXW�IORZHULQJ�LQ������ZDV
PRUH�DGYDQFHG�WKDQ�LQ������DW�WKH�WLPH�RI�WKH�VXUYH\�

)DFWRUV�UHODWHG�WR�GLIIHUHQFHV�LQ�FRYHU�UDWLQJV

%HIRUH�ZH�SUHVHQW�DQG�LQWHUSUHW�GLIIHUHQFHV�EHWZHHQ�6SULQJ������DQG�������LW�LV�LPSRUWDQW�WR
XQGHUVWDQG�WKH�DUUD\�RI�IDFWRUV�WKDW�PD\�FRQWULEXWH�WR�WKHVH�GLIIHUHQFHV���7KHVH�IDFWRUV�FDQ�EH
GLYLGHG�LQWR�WZR�FDWHJRULHV���7KH�ILUVW�FDWHJRU\�LQFOXGHV�D�VHW�RI�LQWHUDFWLQJ�IDFWRUV�WKDW�DFWXDOO\
LQIOXHQFH�VSHFLHV�GLYHUVLW\�DQG�GLVWULEXWLRQ�RYHU�WLPH�DQG�VSDFH���7KH\�LQFOXGH�
����ZHDWKHU�FRQGLWLRQV��VXFK�DV�UDLQIDOO�DQG�WHPSHUDWXUH�
����VRLO�W\SH�DQG�SURSHUWLHV��H�J���VDOW�DQG�QXWULHQW�OHYHOV��FRPSDFWLRQ��
����WRSRJUDSKLFDO�YDULDWLRQ��HVSHFLDOO\�VOLJKW�HOHYDWLRQDO�GLIIHUHQFHV�WKDW�DIIHFW�GUDLQDJH�
����SUHYLRXV�SODQW�FRYHU��DQG�KHQFH�WKH�VRLO�VHHG�EDQN��DQG�SUR[LPLW\�WR�FXUUHQW�VHHG�VRXUFHV�
����GDPDJLQJ�IDFWRUV��H�J���ILUH��JUD]LQJ��GLVHDVHV��LQVHFWV��WKDW�PD\�DIIHFW�VHHG�SURGXFWLRQ��VHHG
YLDELOLW\��SODQW�JHUPLQDWLRQ�DQG�RU�VXUYLYDO�
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)LUH�DQG�JUD]LQJ�DUH�WKH�WZR�PRVW�LPSRUWDQW�PDQDJHPHQW�IDFWRUV�WKDW�LQIOXHQFH�YHJHWDWLRQ�DW�WKH
SUHVHUYH���7KH�PDMRU�HIIHFWV�RI�WKHVH�WZR�PDQDJHPHQW�IDFWRUV�DUH�LQFOXGHG�LQ�WKH�OLVW�DERYH�XQGHU
LWHPV����GDPDJH������SUHYLRXV�SODQW�FRYHU���DQG�WR�D�OHVVHU�H[WHQW����VRLO�SURSHUWLHV����,PSDFWV�RI�ILUH
DQG�JUD]LQJ�RQ�WKH�VHHG�EDQN�DQG�VRLO�FRQGLWLRQV�FDQ�SHUVLVW�RYHU�VHYHUDO�\HDUV��VR�WKH�KLVWRU\�RI
ILUH�DQG�JUD]LQJ�SDWWHUQV�PXVW�EH�FRQVLGHUHG�ZKHQ�DVVHVVLQJ�WKH�HIIHFWV�RI�WKHVH�IDFWRUV���%HFDXVH
DOO�RI�WKH�DERYH�IDFWRUV�LQWHUDFW�DQG�YDU\�RYHU�WLPH�DQG�VSDFH��LW�LV�JHQHUDOO\�GLIILFXOW�WR�DWWULEXWH
REVHUYHG�FKDQJHV�LQ�YHJHWDWLRQ�WR�DQ\�VLQJOH�IDFWRU��DOWKRXJK�VRPH�H[DPSOHV�H[LVW��H�J���HIIHFW�RI
ILUH�RQ�7��FDSXW�PHGXVDH�FRYHU��DV�GLVFXVVHG�ODWHU��

7KH�VHFRQG�VHW�RI�IDFWRUV�WKDW�FRQWULEXWH�WR�YDULDWLRQ�LQ�FRYHU�UDWLQJV�FRQVLVWV�RI�PHDVXUHPHQW
HUURUV�WKDW�DUH�DVVRFLDWHG�ZLWK�WKH�PRQLWRULQJ�PHWKRG�LWVHOI���7KLV�YDULDWLRQ�WHQGV�WR�UHGXFH�RXU
DELOLW\�WR�GHWHFW�FKDQJHV�DVVRFLDWHG�ZLWK�IDFWRUV�LQ�WKH�ILUVW�FDWHJRU\���$OWKRXJK�WKH�PRQLWRULQJ
PHWKRGV�KDYH�EHHQ�GHVLJQHG�WR�PLQLPL]H�PHDVXUHPHQW�HUURUV��WKH\�DUH�FRQVWUDLQHG�E\�WKH
UHVRXUFHV�DYDLODEOH�IRU�WKH�PRQLWRULQJ�SURJUDP��LQFOXGLQJ�WLPH�DQG�SHUVRQQHO�FRQVWUDLQWV���+HQFH�
WKH�VHOHFWHG�PHWKRGV�UHSUHVHQW�D�FRPSURPLVH��DQG�GR�QRW�QHFHVVDULO\�UHSUHVHQW�PHWKRGV�ZLWK�WKH
ORZHVW�SRVVLEOH�OHYHOV�RI�PHDVXUHPHQW�HUURU�

7KH�PDLQ�W\SHV�RI�PHDVXUHPHQW�HUURU�DVVRFLDWHG�ZLWK�WKH�PRQLWRULQJ�PHWKRG�DUH�DV�IROORZV�

����,QDFFXUDWH�HVWLPDWHV�RI�SODQW�FRYHU�E\�HYDOXDWRUV���9LUWXDOO\�DOO�PHWKRGV�XVHG�WR�DVVHVV�SODQW
FRYHU�DUH�VXEMHFW�WR�PHDVXUHPHQW�HUURU���)RU�WUDQVHFW�PRQLWRULQJ�DW�WKH�-HSVRQ�3UHVHUYH��ZH
GHFLGHG�WR�XVH�YLVXDO�HVWLPDWHV�WR�DVVHVV�SODQW�FRYHU���9LVXDO�HVWLPDWHV�DUH�PXFK�IDVWHU�DQG�HDVLHU
WR�SHUIRUP�WKDQ�PDQ\�RWKHU�PHWKRGV�IRU�HVWLPDWLQJ�FRYHU��DQG�ZHUH�WKHUHIRUH�ZHOO�VXLWHG�WR�WKH
UDSLG��ODUJH�VFDOH��PXOWLVSHFLHV�PRQLWRULQJ�HIIRUW�WKDW�ZDV�UHTXLUHG���+RZHYHU��YLVXDO�HVWLPDWHV�DUH
VXEMHFW�WR�VHYHUDO�SRWHQWLDO�VRXUFHV�RI�HUURU�WKDW�FDQ�UHVXOW�LQ�LQFRQVLVWHQF\�RI�UDWLQJV�PDGH�E\
GLIIHUHQW�HYDOXDWRUV�RU�E\�D�JLYHQ�HYDOXDWRU�DW�GLIIHUHQW�WLPHV�

,Q�JHQHUDO��WKH�FRQVLVWHQF\�DQG�DFFXUDF\�RI�YLVXDO�FRYHU�HVWLPDWHV�LPSURYHV�ZLWK�WKH�OHYHO�RI
WUDLQLQJ�DQG�RU�VNLOO�RI�WKH�HYDOXDWRU���:H�KDYH�PDGH�HIIRUWV�WR�UHGXFH�WKH�OLNHOLKRRG�RI
PHDVXUHPHQW�HUURUV�E\�XVLQJ�IHZ�FRYHU�FODVVHV�����LQFOXGLQJ�]HUR��DQG�SURYLGLQJ�HYDOXDWRUV�ZLWK
FDOLEUDWLRQ�DLGV�DQG�WUDLQLQJ���+RZHYHU��VRPH�YDULDWLRQ�LQ�WKH�DVVHVVPHQW�RI�SODQW�FRYHU�LV�WR�EH
H[SHFWHG��HVSHFLDOO\�ZKHQ�WKH�DFWXDO�FRYHU�LV�QHDU�RQH�RI�WKH�FRYHU�FODVV�FXWRIIV�����RU��������,Q
DGGLWLRQ��HYHQ�UDWLQJV�PDGH�E\�D�VNLOOHG�HYDOXDWRU�PD\�EH�DIIHFWHG�E\�DGYHUVH�FRQGLWLRQV�WKDW�PD\
RFFXU�GXULQJ�WKH�VXUYH\��VXFK�DV�KLJK�ZLQGV�RU�SRRU�OLJKWLQJ���7KH�DFFXUDF\�RI�WKH�FRYHU�UDWLQJV�IRU
VSHFLHV�VXFK�DV�7��FDSXW�PHGXVDH�PD\�EH�DIIHFWHG�E\�VXFK�FRQGLWLRQV���5HFHQW�JUD]LQJ�GDPDJH��DV
QRWHG�RQ�'��GDQWKRQLRLGHV�DQG�3��FDOLIRUQLFXV�LQ�������6ZLHFNL�DQG�%HUQKDUGW��������FRXOG�DOVR
DIIHFW�WKH�UHOLDELOLW\�RI�FRYHU�HVWLPDWHV�IRU�VRPH�VSHFLHV���'LIIHUHQFHV�LQ�SODQW�SKHQRORJ\�FDQ�DOVR
DIIHFW�WKH�DELOLW\�WR�GHWHFW�VRPH�VSHFLHV�DQG�FRXOG�OHDG�WR�GLIIHULQJ�SODQW�FRYHU�HVWLPDWHV���6SHFLHV
VXFK�DV�7��FDSXW�PHGXVDH�DQG�1��SXOFKUD�DUH�PRUH�HDVLO\�LGHQWLILHG�ZKHQ�IORZHU�RU�VHHG�VWDONV�DUH
SUHVHQW��DQG�PD\�EH�XQGHUUDWHG�EHIRUH�IORZHULQJ�RFFXUV�

����3RVLWLRQDO�FKDQJHV�LQ�WKH�ORFDWLRQ�RI�WUDQVHFW�VHJPHQWV���7UDQVHFWV�KDYH�EHHQ�HVWDEOLVKHG�LQ
IL[HG�ORFDWLRQV�WR�DYRLG�YDULDQFH�DVVRFLDWHG�ZLWK�WKH�VSDWLDO�GLVWULEXWLRQ�RI�WKH�PRQLWRUHG�VSHFLHV�
+RZHYHU��WKH�VSDWLDO�FRRUGLQDWHV�SURYLGHG�E\�*36�XQLWV�XVLQJ�GLIIHUHQWLDO�FRUUHFWLRQ�FDQ�EH�LQ
HUURU�E\�XS�WR���P���:LWKRXW�GLIIHUHQWLDO�FRUUHFWLRQ��SRVLWLRQDO�HUURUV�FDQ�EH�DV�JUHDW�DV����P�
WKRXJK�WKH\�DUH�PRUH�FRPPRQO\�LQ�WKH�UDQJH�RI���WR����P���)RU�PRVW�FRPPRQ�VSHFLHV��SRVLWLRQDO
HUURUV�WKDW�VKLIW�WKH�WUDQVHFW�VHJPHQW�VHYHUDO�PHWHUV�RU�PRUH�ZLOO�KDYH�OLWWOH�RU�QR�HIIHFW�RQ�FRYHU
UDWLQJV���+RZHYHU��SRVLWLRQDO�VKLIWV�PD\�DIIHFW�UDWLQJV�RI�VSHFLHV�WKDW�DUH�XQFRPPRQ�DQG�WKDW�OLH
QHDU�WKH�RXWHU�HGJHV�RI�WKH�WUDQVHFW�VHJPHQW���6XFK�VSHFLHV�PD\�EH�VKLIWHG�LQ�RU�RXW�RI�D�VHJPHQW
E\�D�SRVLWLRQDO�VKLIW�RI�DV�OLWWOH�DV���WR���P���,Q�VRPH�FDVHV��WKH�VSHFLHV
�UHFRUGHG�SRVLWLRQ�PD\�VKLIW
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IURP�RQH�VHJPHQW�WR�WKH�DGMRLQLQJ�VHJPHQW�LI�WKH�LVRODWHG�SODQWV�RFFXU�QHDU�WKH�ERUGHU�EHWZHHQ
WZR�VHJPHQWV�

$VVHVVPHQW�RI�PHDVXUHPHQW�HUURU

7R�JHW�DQ�LGHD�RI�WKH�DPRXQW�RI�YDULDWLRQ�WKDW�FRXOG�EH�H[SHFWHG�GXH�PHDVXUHPHQW�HUURUV��ZH
SHUIRUPHG�D�VPDOO�VFDOH�FRPSDULVRQ�RI�UDWLQJV�PDGH�LQGHSHQGHQWO\�E\�GLIIHUHQW�HYDOXDWRUV�RQ�D
VLQJOH�VHW�RI�WUDQVHFW�VHJPHQWV���2Q����$SULO�������H[RWLFV�DQG�QDWLYHV�LQ�WUDQVHFW���ZHUH�VFRUHG�E\
(��%HUQKDUGW�DQG�7��6ZLHFNL��UHVSHFWLYHO\���2Q����$SULO�������WKH�WUDQVHFW�ZDV�UDWHG�DJDLQ��E\�.�
3RHUQHU�DQG�-��6WHLQHU�HYDOXDWLQJ�H[RWLFV�DQG�.��0DZGVOH\�DQG�7��6ZLHFNL�HYDOXDWLQJ�QDWLYHV�
7UDQVHFW���KDV����WUDQVHFW�VHJPHQWV�

7KLV�OLPLWHG�WHVW�SRWHQWLDOO\�LQFOXGHV�YDULDWLRQ�DVVRFLDWHG�ZLWK�WKH�IROORZLQJ�IDFWRUV�

��FKDQJHV�LQ�SODQW�SKHQRORJ\�RYHU�WKH���GD\�LQWHUYDO�EHWZHHQ�WKH�UDWLQJV�FRXOG�KDYH�DOWHUHG
WKH�HYDOXDWRUV
�DELOLW\�WR�GHWHFW�VRPH�VSHFLHV��HVSHFLDOO\�7��FDSXW�PHGXVDH�
��VOLJKW�VKLIWV�LQ�WKH�SRVLWLRQ�RI�WKH�WUDQVHFW�VHJPHQWV�DUH�SRVVLEOH�GXH�WR�GLIIHUHQW�*36�
UHSRUWHG�SRVLWLRQV�LQ�WKH�WZR�UDWLQJ�VHVVLRQV�
��WKH����$SULO�FUHZ�KDG�WZLFH�DV�PDQ\�HYDOXDWRUV�����DV�WKH����$SULO�FUHZ����
��GLIIHUHQW�VHWV�RI�HYDOXDWRUV�DUH�LQYROYHG�LQ�UDWLQJ�H[RWLF�VSHFLHV�RQ�WKH�WZR�GD\V
��RQH�HYDOXDWRU��7��6ZLHFNL��ZDV�LQYROYHG�LQ�UDWLQJ�QDWLYH�VSHFLHV�RQ�ERWK�GD\V�

$OO�RI�WKHVH�IDFWRUV�PD\�FRPH�LQWR�SOD\�GXULQJ�WKH�PRQLWRULQJ�HIIRUW��ZKLFK�ODVWV�IRU�VHYHUDO�GD\V
DQG�XWLOL]HV�FUHZV�RI�YDU\LQJ�FRPSRVLWLRQ�RQ�GLIIHUHQW�GD\V���+HQFH��WKLV�OLPLWHG�WHVW�JLYHV�DQ�LGHD
RI�KRZ�PXFK�YDULDWLRQ�PD\�EH�GXH�VROHO\�WR�WKHVH�W\SLFDO�VRXUFHV�RI�HUURU�

2I�WKH�VSHFLHV�PRQLWRUHG��&HQWDXUHD�FDOFLWUDSD��&LUVLXP�YXOJDUH��)RHQLFLXP�YXOJDUH��/HSLGLXP
ODWLIROLXP��DQG�6LO\EXP�PDULDQXP�ZHUH�QRW�GHWHFWHG�E\�HLWKHU�PRQLWRULQJ�FUHZ���)RU�WKH�VSHFLHV
WKDW�ZHUH�GHWHFWHG��GLIIHUHQFHV�EHWZHHQ�WKH�WZR�VHWV�RI�UDWLQJV�DUH�VXPPDUL]HG�LQ�7DEOH���EHORZ�

)RU�DOO�VSHFLHV��VRPH�WUDQVHFW�VHJPHQWV�UHFHLYHG�GLIIHUHQW�UDWLQJV�RQ�WKH�WZR�GDWHV���0RVW�RI�WKH
GLIIHUHQFHV�ZHUH�TXLWH�PLQRU��DQG�LQYROYHG�VLQJOH�FODVV�VKLIWV�LQ�FRYHU�UDQNV���2QO\�WKUHH�RI�WKH
����LQGLYLGXDO�VHJPHQW�E\�VSHFLHV�UDQNV�GLIIHUHG�E\�WZR�UDQNV��DQG�WZR�RI�WKHVH�ZHUH�GLIIHUHQFHV
EHWZHHQ�WKH�UDQNV����QRW�GHWHFWHG��DQG����������FRYHU��

)RU�IRXU�VSHFLHV��RYHUDOO�GHWHFWLRQ��SUHVHQFH�DEVHQFH�SHU�VHJPHQW��GLIIHUHG�E\�PRUH�WKDQ��
VHJPHQW�LQ�WKH����VHJPHQWV�WKDW�ZHUH�HYDOXDWHG�E\�WKH�WZR�GLIIHUHQW�FUHZV��7DEOH������7KUHH�RI
WKHVH�VSHFLHV�DUH�SHUHQQLDOV��$��PLOOHIROLXP��1��SXOFKUD��DQG�9��SHGXQFXODWD����$OWKRXJK�FKDQJHV
LQ�SKHQRORJ\�FRXOG�KDYH�FRQWULEXWHG�WR�WKH�UHFRUGHG�GLIIHUHQFHV��SRVLWLRQDO�HUURUV�DVVRFLDWHG�ZLWK
*36�GULIW�FRXOG�DOVR�FRQWULEXWH�WR�GLIIHUHQFHV�LQ�FRYHU�UDQNV���7KH�GLIIHUHQFHV�LQ�WKH
SUHVHQFH�DEVHQFH�RXWFRPH�IRU������DQG������ZHUH�QRW�VLJQLILFDQW�IRU�DQ\�RI�WKH�VSHFLHV�DFFRUGLQJ
WR�0F1HPDU
V�WHVW��7DEOH����

)RU�VSHFLHV��&��S\FQRFHSKDOXV�DQG�7��FDSXW�PHGXVDH��SDLUHG�W�WHVWV�RQ�WKH�WZR�VHWV�RI�FRYHU�UDQNV
ZHUH�VLJQLILFDQW��L�H���WKH�PHDQ�RI�WKH�GLIIHUHQFHV�LQ�FRYHU�UDQN�GLIIHUHG�IURP�]HUR���+RZHYHU��LI�WKH
PRUH�FRQVHUYDWLYH��QRQSDUDPHWULF�:LOFR[RQ�VLJQHG�UDQN�WHVW�LV�XVHG�QRQH�RI�WKH�PHDQ�UDQN
GLIIHUHQFHV�GLIIHU�VLJQLILFDQWO\�IURP�]HUR���)RU�ERWK�RI�WKHVH�VSHFLHV��FRYHU�UDQNV�RI�WKH�ODWHU
HYDOXDWLRQ�ZHUH�JUHDWHU�WKDQ�WKRVH�RI�WKH�HDUOLHU�UDWLQJ���,W�VHHPV�OLNHO\�WKDW�ERWK�SKHQRORJ\�DQG
FUHZ�VL]H�FRQWULEXWHG�WR�WKH�KLJKHU�UDQNV�IRU�WKH����$SULO�UHDGLQJ���9HU\�IHZ�7��FDSXW�PHGXVDH
ZHUH�KHDGHG�RXW�E\����$SULO��DQG�&��S\FQRFHSKDOXV�ZHUH�PRVWO\�YHU\�VPDOO�URVHWWHV�DW�WKLV�WLPH�
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'HWHFWLRQ�HIILFLHQF\�ZRXOG�KDYH�LPSURYHG�ERWK�ZLWK���DGGLWLRQDO�GD\V�RI�JURZWK�DQG�WKH�SUHVHQFH
RI�PRUH�HYDOXDWRUV����YV�����

Table 7.  Comparison between cover ranks of transect 5 (14 segments) made on 12 April and
16 April 2002 by different monitoring crews.

)UHTXHQF\�GLVWULEXWLRQ�RI�UDQNV
���$SU
���$SU

1XPEHU�RI�UDQNV
GLIIHULQJ�E\�

6SHFLHV 0HDQ
UDQN�

���$SU
���$SU

� � � � � � �

3UHVHQFH�
DEVHQFH

GLIIHUHQFHV�
�QXPEHU�RI
VHJPHQWV�

1DWLYHV
$FKLOOHD
PLOOHIROLXP

����
�

��
��

�
�

�
�

�� � � �

'HVFKDPSVLD
GDQWKRQLRLGHV

����
����

��
��

�
�

�� � �

/DVWKHQLD�VSS� ����
����

�
�

�
�

�
�

�
�

�� � �

1DVVHOOD�SXOFKUD ����
����

�
�

�
�

� � �

3OHXURSRJRQ
FDOLIRUQLFXV

����
����

�
�

�
�

�
�

�
�

�� � �

7ULSK\VDULD
HULDQWKD

����
����

�
�

�
�

�
�

�� � �

9LROD�SHGXQFXODWD ����
����

�
�

�
�

�� � �

([RWLFV
&DUGXXV
S\FQRFHSKDOXV��

����
����

�
�

�
�

�
�

�� � �

&HQWDXUHD
VROVWLWLDOLV

����
����

��
��

�
�

�� � �

(URGLXP�VSS� ����
����

�
�

�
�

�
�

�
�

�� � �

/DFWXFD�VHUULROD ����
����

�
�

�
�

�
�

�
�

� � � �

7DHQLDWKHUXP
FDSXW�PHGXVDH�

����
����

�
�

�
�

�
�

� � � �

��0HDQ�UDQN�GLIIHUHQFHV�DUH�DOO�QRQVLJQLILFDQW�DW�3 �����EDVHG�RQ�:LOFR[RQ�VLJQHG�UDQN�WHVW
��'LIIHUHQFHV�DUH�DOO�QRQVLJQLILFDQW�DW�3 �����DFFRUGLQJ�WR�0F1HPDU
V�WHVW�
��0DWFKHG�SDLUV�W�WHVW�3�OHYHO ������
���0DWFKHG�SDLUV�W�WHVW�3�OHYHO ������

$�PRUH�LQGLUHFW�DVVHVVPHQW�RI�PHDVXUHPHQW�HUURU�FDQ�EH�PDGH�E\�FRPSDULQJ�WKH������DQG�����
FRYHU�UDQNV�RI�WKH�PRQLWRUHG�SHUHQQLDO�VSHFLHV��L�H���$��PLOOHIROLXP��1��SXOFKUD��9��SHGXQFXODWD�
DQG�/��ODWLIROLXP���([FHSW�LQ�ILHOGV�WKDW�KDYH�EHHQ�EXUQHG�UHFHQWO\��ZH�ZRXOG�H[SHFW�WKDW�FRYHU
FKDQJHV�GXH�WR�UHFUXLWPHQW�RU�PRUWDOLW\�VKRXOG�EH�YHU\�PLQRU�IRU�WKHVH�SHUHQQLDOV���'LIIHUHQFHV
EHWZHHQ������DQG������FRYHU�UDQNV�IRU�WKHVH�VSHFLHV��H[FOXGLQJ�WUDQVHFW�VHJPHQWV�WKDW�KDYH
EXUQHG�ZLWKLQ�WKH�ODVW�WKUHH�\HDUV��DUH�VXPPDUL]HG�LQ�7DEOH�����3DLUHG�FRPSDULVRQV�RI�FRYHU�UDQNV
ZHUH�VLJQLILFDQW�RQO\�IRU�1��SXOFKUD��DQG�QR�VLJQLILFDQW�GLIIHUHQFHV�ZHUH�GHWHFWHG�IRU�WKH�ELQDU\
SUHVHQFH�DEVHQFH�RXWFRPH�
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7KH�VLJQLILFDQFH�RI�WKH�FRYHU�UDQN�GLIIHUHQFH�IRU�1��SXOFKUD�FRXOG�EH�GXH�WR�IDFWRUV�WKDW�WHQG�WR
LQFUHDVH�PHDVXUHPHQW�HUURU�IRU�WKLV�VSHFLHV���)RU�LQVWDQFH��UHFHQW�JUD]LQJ�LQWHQVLW\�RU�GHOD\HG
SKHQRORJ\�LQ������UHODWLYH�WR������FRXOG�KDYH�LQIOXHQFHG�HYDOXDWRU
V�DELOLW\�WR�VHH�WKLV�VSHFLHV�LQ
WKH�WUDQVHFWV�DQG�FRXOG�KDYH�OHG�GLIIHUHQFHV�LQ�FRYHU�UDWLQJV���%HFDXVH�WKLV�VSHFLHV�VRPHWLPHV
RFFXUV�LQ�GHQVH�SDWFKHV��SRVLWLRQDO�HUURU�FRXOG�KDYH�D�GLVSURSRUWLRQDWH�HIIHFW�RQ�FRYHU�UDQNV�RI
WKLV�VSHFLHV�UHODWLYH�WR�WKH�RWKHU�SHUHQQLDOV���:H�ZRXOG�QHHG�WR�REVHUYH�D�WUHQG�LQ�FRYHU�UDQNV�RYHU
VHYHUDO�\HDUV�WR�EH�DEOH�WR�FRQFOXGH�ZLWK�FRQILGHQFH�WKDW�D�UHDO�FKDQJH�LQ�1��SXOFKUD�FRYHU�KDG
RFFXUUHG�

Table 8. Comparison between 2001 and 2002 cover ranks of perennial monitored species in
segments that had not been burned since before 1999 (n=221 segments)

6SHFLHV 0HDQ�RI
FRYHU
UDQNV
����

0HDQ�RI
FRYHU
UDQNV
����

'LIIHUHQFH�LQ
FRYHU�UDQNV
:LOFR[RQ�WHVW

3�OHYHO

3HUFHQW�RI
VHJPHQW�ZLWK
VSHFLHV�����

3HUFHQW�RI
VHJPHQW�ZLWK
VSHFLHV�����

0F1HPDU
V�WHVW
RQ�SUHVHQFH�
DEVHQFH
3�OHYHO

$FKLOOHD�PLOOHIROLXP ���� ���� 16 ���� ���� 16
1DVVHOOD�SXOFKUD ���� ���� ������ ���� ���� 16
9LROD�SHGXQFXODWD ���� ���� 16 ���� ���� 16
/HSLGLXP�ODWLIROLXP ���� ���� 16 ���� ���� 16

$OWKRXJK�WKHVH�FRPSDULVRQV�DUH�OLPLWHG�LQ�VFRSH��ZH�FDQ�GUDZ�VHYHUDO�FRQFOXVLRQV�WKDW�SHUWDLQ�WR
WKH�DQDO\VLV�RI�GLIIHUHQFHV�EHWZHHQ�FRYHU�UDQNV�LQ�GLIIHUHQW�SDVWXUHV�DQG�GLIIHUHQW�\HDUV�

$���8VLQJ�WKH�SDLUHG�W�WHVW��GLIIHUHQFHV�QHDU�WKH�3 �����VLJQLILFDQFH�OHYHO�FDQ�RFFDVLRQDOO\�EH
H[SHFWHG�WR�RFFXU�GXH�WR�PHDVXUHPHQW�HUURUV�DORQH���8VLQJ�D�PRUH�FRQVHUYDWLYH�WHVW�VWDWLVWLF��VXFK
DV�WKH�:LOFR[RQ�VLJQHG�UDQN�WHVW�ZLOO�WHQG�WR�UHGXFH�WKH�ULVN�RI�7\SH���HUURU��L�H���GHWHFWLRQ�RI�D
GLIIHUHQFH�ZKHQ�QR�UHDO�GLIIHUHQFH�H[LVWV��

%���6PDOO�GLIIHUHQFHV�LQ�WKH�IUHTXHQF\�GLVWULEXWLRQ�RI�UDQN�VXPV�DUH�OLNHO\�WR�RFFXU�GXH�WR
PHDVXUHPHQW�HUURU���&KDQJLQJ�FRYHU�UDQNV�WR�WKH�ELQDU\�SUHVHQFH�DEVHQFH�RXWFRPH�GRHV�QRW
FRPSOHWHO\�HOLPLQDWH�WKH�GHWHFWLRQ�GLIIHUHQFHV�WKDW�RFFXU�DV�D�UHVXOW�RI�PHDVXUHPHQW�HUURU��EXW
PD\�UHGXFH�GLIIHUHQFHV�GXH�WR�PHDVXUHPHQW�HUURU�EHORZ�VWDWLVWLFDO�VLJQLILFDQFH�

&���7KH�PDJQLWXGH�RI�HUURUV�UHODWHG�WR�WKH�PRQLWRULQJ�PHWKRG�PD\�GLIIHU�EHWZHHQ�VSHFLHV���*UHDWHU
HUURUV�DUH�WR�EH�H[SHFWHG�IRU�VSHFLHV�WKDW�PD\�EH�PRUH�GLIILFXOW�WR�GHWHFW��HVSHFLDOO\�VXPPHU
DQQXDO�H[RWLFV�WKDW�DUH�QRW�IORZHULQJ�DW�WKH�WLPH�RI�PRQLWRULQJ���&RQYHUVHO\��UHODWLYHO\�OLWWOH
PHDVXUHPHQW�HUURU�LV�OLNHO\�WR�EH�DVVRFLDWHG�ZLWK�UDWLQJV�RI�WKH�PRVW�REYLRXV�VSHFLHV��H�J��
/DVWKHQLD�VSS��

%DVHG�RQ�WKHVH�ILQGLQJV��ZH�FDQ�PDNH�WKH�IROORZLQJ�UHFRPPHQGDWLRQV�IRU�IXWXUH�PRQLWRULQJ�WR
PLQLPL]H�PHDVXUHPHQW�HUURUV�

����(YDOXDWRUV�VKRXOG�EH�ZHOO�WUDLQHG�DQG�FDOLEUDWHG�SULRU�WR�WKH�VWDUW�RI�GDWD�FROOHFWLRQ���$�SUDFWLFH
VHVVLRQ�XVLQJ�VHYHUDO�WUDQVHFW�VHJPHQWV�PD\�EH�QHFHVVDU\�DW�WKH�VWDUW�RI�WKH�PRQLWRULQJ�HIIRUW�WR
HQVXUH�WKDW�DOO�UDWLQJ�WHDPV�FDQ�SURYLGH�XQLIRUP�UDWLQJV���$W�OHDVW�RQH�WUDLQHG�HYDOXDWRU�WKDW�KDV
EHHQ�LQYROYHG�LQ�PRQLWRULQJ�IURP�SUHYLRXV�\HDUV�VKRXOG�EH�LQ�HDFK�PRQLWRULQJ�FUHZ�WR�KHOS
SURYLGH�TXDOLW\�FRQWURO�

����8VH�UHDO�WLPH�GLIIHUHQWLDO�*36�SRVLWLRQV��DV�SURYLGHG�WKURXJK�:$$6�RU�RWKHU�UDGLR�EDVHG
VHUYLFHV�WR�PLQLPL]H�SRVLWLRQ�HUURU���,GHDOO\��WKH�SRVLWLRQ�RI�WUDQVHFW�VHJPHQW�ERXQGDULHV�VKRXOG
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QRW�GULIW�E\�PRUH�WKDQ���WR���P�IURP�\HDU�WR�\HDU���$OWKRXJK�PRQXPHQWLQJ�WKH�WUDQVHFW�VHJPHQW
HQGV�ZRXOG�LQ�WKHRU\�HOLPLQDWH�SRVLWLRQDO�GULIW��PRUH�WKDQ�����PRQXPHQWV�ZRXOG�QHHG�WR�EH
LQVWDOOHG�DQG�PDLQWDLQHG�WR�PDUN�WKH�HQWLUH�WUDQVHFW�V\VWHP���$�QXPEHU�RI�WKH�PRQXPHQWV�WKDW�ZH
LQVWDOOHG�DW�WUDQVHFW�HQGV�ZHUH�NQRFNHG�RXW�E\�VKHHS�LQ�OHVV�WKDQ�D�\HDU��VR�PDLQWDLQLQJ�PDQ\
PRQXPHQWV�FRXOG�EH�GLIILFXOW���7KH�FRVW�DQG�SRWHQWLDO�PDLQWHQDQFH�SUREOHPV�UHQGHU�WKH�RSWLRQ�RI
PRQXPHQWHG�WUDQVHFW�HQGV�LPSUDFWLFDO�DW�SUHVHQW�

����7KH�PRQLWRULQJ�VXUYH\�VKRXOG�EH�WLPHG�WR�PD[LPL]H�DELOLW\�WR�GHWHFW�WDUJHW�VSHFLHV���7KH�GDWH
ZLOO�YDU\�IURP�\HDU�WR�\HDU�DQG�VKRXOG�EH�EDVHG�RQ�SODQW�SKHQRORJ\���,GHDOO\��7��FDSXW�PHGXVDH
DQG�1��SXOFKUD�LQIORUHVFHQFHV�VKRXOG�EH�YLVLEOH�DQG�PRVW�QDWLYH�VSULQJ�DQQXDOV�VKRXOG�EH�DW�SHDN
EORRP���7R�SHUPLW�DFFXUDWH�UDWLQJV�RI�VXPPHU�DQQXDO�H[RWLFV��LW�LV�SUREDEO\�EHWWHU�WR�WLPH
PRQLWRULQJ�DV�ODWH�DV�SRVVLEOH�EHIRUH�VSULQJ�DQQXDOV�EHFRPH�VHQHVFHQW���7KH�WLPLQJ�RI�ERWK�WKH
�����DQG������UDWLQJV�ZDV�YHU\�FORVH�WR�RSWLPDO�

����7R�KHOS�GHYHORS�D�EHWWHU�HVWLPDWH�RI�PHDVXUHPHQW�HUURUV��DGGLWLRQDO�GXSOLFDWH�UDWLQJV�RI�D�JLYHQ
WUDQVHFW�E\�WZR�WHDPV�VKRXOG�EH�FRQGXFWHG�LQ�VXEVHTXHQW�\HDUV���7KLV�ZRXOG�DOVR�VHUYH�DV�D
TXDOLW\�FRQWURO�FKHFN�RQ�WKH�PRQLWRULQJ�SURFHVV���7R�UHPRYH�VSDWLDO�HUURUV��VHJPHQW�HQGSRLQWV
FRXOG�EH�IODJJHG�E\�WKH�ILUVW�FUHZ�VR�WKDW�WKH�VHFRQG�FUHZ�FRXOG�IROORZ�LQ�WKH�VDPH�VHJPHQWV�PRUH
RU�OHVV�H[DFWO\���7KLV�ZRXOG�DOORZ�IRU�D�GLUHFW�FRPSDULVRQ�RI�HYDOXDWRU�UDWLQJV�RQO\�

2YHUDOO�FRPSDULVRQV�EHWZHHQ�$SULO������DQG�$SULO������PRQLWRULQJ�UHVXOWV

<HDU�WR�\HDU�GLIIHUHQFHV�LQ�SODQW�FRYHU�WKDW�RFFXU�JHQHUDOO\�WKURXJKRXW�WKH�SUHVHUYH�PD\�SRWHQWLDOO\
EH�UHODWHG�WR�ZHDWKHU�UHODWHG�HIIHFWV���%HFDXVH�VRLOV�DQG�UHFHQW�PDQDJHPHQW�DFWLRQV��VXFK�DV
EXUQLQJ��PD\�LQWHUDFW�ZLWK�ZHDWKHU�FRQGLWLRQV��LW�LV�XVHIXO�WR�YLHZ�VHYHUDO�OD\HUV�RI�LQIRUPDWLRQ
FRQFXUUHQWO\�ZKHQ�VFUHHQLQJ�PRQLWRULQJ�UHVXOWV�IRU�SRVVLEOH�SDWWHUQV�RI�LQWHUHVW�

)LJXUHV����WKURXJK����DW�WKH�HQG�RI�WKLV�UHSRUW�VKRZ�KRZ�VHYHUDO�W\SHV�RI�GDWD�FDQ�EH�RYHUODLG�RQ
VSDWLDO�SORWV�WKDW�VKRZ�PRQLWRULQJ�UHVXOWV�RYHU�WKH�HQWLUH�SUHVHUYH���:H�XVHG�$UF9LHZ�*,6
VRIWZDUH�WR�FUHDWH�WKHVH�SORWV��ZKLFK�LQWHJUDWH�SODQW�FRYHU�GDWD�IURP�ERWK�\HDUV�ZLWK�ILUH�KLVWRU\
DQG�VRLOV�GDWD���,Q�WKHVH�ILJXUHV��VHJPHQWV�ZLWK�QR�FRYHU�RI�WKH�PRQLWRUHG�VSHFLHV�DUH�VKRZQ�DV
EODFN�WULDQJOHV�ZLWK�D�ZKLWH�ILOO�IRU������GDWD�DQG�DUH�QRW�SORWWHG�IRU������GDWD��VR�VHJPHQWV
ODFNLQJ�D�VSHFLHV�LQ�ERWK�\HDUV�SORW�DV�D�ZKLWH�WULDQJOH�RQO\���)RU�VHJPHQWV�LQ�ZKLFK�D�VSHFLHV
RFFXUV��FRYHU�FODVV�UDQNV�DUH�GHQRWHG�ZLWK�WKH�VDPH�FRORUV�IRU�ERWK������DQG���������7KH�����
PDUNHU��D�VPDOO�WULDQJOH��LV�ODLG�RYHU�WKH������PDUNHU��D�VTXDUH���$V�D�UHVXOW��VHJPHQWV�GLVSOD\LQJ�DV
D�XQLIRUPO\�FRORUHG�VTXDUH�KDG�HTXDO��QRQ]HUR�FRYHU�UDQNV�ERWK�\HDUV���$�WULDQJOH�VXUURXQGHG�E\�D
GDUNHU�VTXDUH�UHSUHVHQWV�D�VHJPHQW�ZLWK�D�KLJKHU�FRYHU�UDQN�LQ������WKDQ�LQ��������$�FRORUHG
WULDQJOH�VXUURXQGHG�E\�D�OLJKWHU�FRORUHG�VTXDUH�RU�QR�VTXDUH�GHQRWHV�D�VHJPHQW�ZLWK�D�ORZHU�FRYHU
UDQN�LQ������WKDQ�LQ��������7KH�*,6�DQG�GDWDEDVH�ILOHV�XVHG�WR�SURGXFH�WKHVH�ILJXUHV�KDYH�EHHQ
GHOLYHUHG�WR�WKH�6RODQR�/DQG�7UXVW�

6HYHUDO�W\SHV�RI�YHJHWDWLRQ�FKDQJHV�FDQ�EH�VHHQ�IURP�WKHVH�SUHVHQWDWLRQV���)URP�)LJXUH�����LW
DSSHDUV�WKDW�WKH�FRYHU�RI�3��FDOLIRUQLFXV�ZDV�JUHDWHU�LQ�D�QXPEHU�RI�SDVWXUHV�LQ������WKDQ�LW�ZDV�LQ
�������)URP�)LJXUH�����ZH�FDQ�VHH�WKDW�WKDW�FRYHU�RI�7��FDSXW�PHGXVDH�ZDV�YLUWXDOO\�HOLPLQDWHG
IURP�VRPH�SDVWXUHV�IRU���\HDUV�IROORZLQJ�FRQWUROOHG�EXUQV���,W�LV�DOVR�DSSDUHQW�IURP�WKLV�ILJXUH�WKDW
EXUQLQJ�GLG�QRW�SURYLGH�FRPSOHWH�FRQWURO�RI�7��FDSXW�PHGXVDH�LQ�WKH�&RUUDO��1RUWKHDVW�%DUNHU��DQG
SRUWLRQV�RI�WKH�1RUULV�SDVWXUHV�

9DULRXV�RWKHU�W\SHV�RI�RYHUDOO�GDWD�VXPPDULHV�DUH�DOVR�XVHIXO�IRU�KLJKOLJKWLQJ�ODUJH�GLIIHUHQFHV
EHWZHHQ�\HDUV���)UHTXHQF\�GLVWULEXWLRQV�IRU�WKH�QXPEHU�RI�PRQLWRUHG�QDWLYH�DQG�H[RWLF�VSHFLHV�SHU
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WUDQVHFW�VHJPHQW�DUH�VKRZQ�LQ�)LJXUH�����7KH�PHDQ�QXPEHU�RI�QDWLYH�VSHFLHV�SHU�WUDQVHFW�VHJPHQW
LQ������������ZDV�VLJQLILFDQWO\�JUHDWHU��PDWFKHG�SDLUV�W�WHVW�3���������WKDQ�WKDW�REVHUYHG�LQ�����
��������$V�VKRZQ�LQ�7DEOH����IRXU�PRQLWRUHG�QDWLYHV�ZHUH�GHWHFWHG�LQ�VLJQLILFDQWO\�KLJKHU
SHUFHQWDJHV�RI�WUDQVHFW�VHJPHQWV�LQ������WKDQ�LQ��������7KH�PDJQLWXGHV�RI�WKH�GLIIHUHQFHV�FDQ�DOVR
EH�VHHQ�E\�FRPSDULQJ�)LJXUHV���DQG����DQG�WKH�VSDWLDO�SDWWHUQV�RI�WKH�GLIIHUHQFHV�FDQ�EH�VHHQ�LQ
)LJXUHV�������������DQG����

*LYHQ�WKDW�PRVW�RI�WKHVH�GLIIHUHQFHV�DUH�VLJQLILFDQW�IRU�ERWK�WKH�ELQDU\�RXWFRPH��SUHVHQFH�DEVHQFH�
DQG�WKH�:LOFR[RQ�WHVW�RQ�WKH�GLIIHUHQFH�LQ�FRYHU�UDQNV��7DEOH�����LW�VHHPV�OLNHO\�WKDW�WKH\�UHIOHFW
DFWXDO�FRYHU�LQFUHDVHV�UDWKHU�WKDQ�PHDVXUHPHQW�HUURU�DORQH���)XUWKHUPRUH��WKUHH�RI�WKH�VSHFLHV�DUH
DQQXDOV��VR�LW�LV�UHDVRQDEOH�WR�H[SHFW�WKDW�WKHVH�VSHFLHV�FRXOG�VKRZ�VLJQLILFDQW�IOXFWXDWLRQV�LQ�FRYHU
LQ�WZR�FRQVHFXWLYH�\HDUV���5DLQIDOO�SDWWHUQV�SULRU�WR�WKH�WZR�VSULQJ�PRQLWRULQJ�VXUYH\V�ZHUH�TXLWH
GLIIHUHQW��)LJXUH�����ZLWK�JUHDWHU�HDUO\�UDLQIDOO�WRWDOV�SUHFHGLQJ�WKH������JURZLQJ�VHDVRQ���,QFUHDVHV
LQ�VSHFLHV�VXFK�DV�3��FDOLIRUQLFXV�PD\�EH�ODUJHO\�GXH�WR�GLIIHUHQFHV�LQ�WKH�UDLQIDOO�DPRXQW�DQG
WLPLQJ�LQ�WKHVH�WZR�\HDUV�

Table 9.  Changes in occurrence and cover rank of monitored native species from 2001 to
2002.

6SHFLHV 5HODWLYH���FKDQJH
LQ�RFFXUUHQFH

IURP������WR������
Q�YDULHV

2YHUDOO���FKDQJH�LQ
RFFXUUHQFH�IURP�����

WR������
Q ���

0F1HPDU
V�WHVW�RQ
SUHVHQFH��DEVHQFH

3�OHYHO

'LIIHUHQFH�LQ
FRYHU�UDQNV
:LOFR[RQ�WHVW

3�OHYHO
$FKLOOHD�PLOOHIROLXP ��� ���� 16 16
'HVFKDPSVLD�GDQWKRQLRLGHV ��� ����� ������� 16
/DVWKHQLD�VSS� �� ���� 16 16
1DVVHOOD�SXOFKUD �� ���� 16 �����
3OHXURSRJRQ�FDOLIRUQLFXV ��� ����� ������� ������
7ULSK\VDULD�HULDQWKD ��� ���� ������ ������
9LROD�SHGXQFXODWD ��� ���� ������ ������
���1XPEHU�RI�VHJPHQWV�ZLWK�SODQW�SUHVHQW�LQ��������QXPEHU�RI�VHJPHQWV�ZLWK�SODQW�SUHVHQW�LQ�������QXPEHU�RI�VHJPHQWV�ZLWK
SODQW�SUHVHQW�LQ�����

���1XPEHU�RI�VHJPHQWV�ZLWK�SODQW�SUHVHQW�LQ��������QXPEHU�RI�VHJPHQWV�ZLWK�SODQW�SUHVHQW�LQ�������WRWDO�QXPEHU�RI�WUDQVHFW
VHJPHQWV
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Figure 4.  Percent of transect segments having various number of monitored native and target
weed species in 2001 and 2002.  Erodium spp. are not included in the counts of target weeds.

$OWKRXJK�WKH�GLVWULEXWLRQ�IRU�WKH�QXPEHU�RI�WDUJHW�ZHHGV�GHWHFWHG�SHU�VHJPHQW�VKLIWHG�VRPHZKDW
IURP������WR�������)LJXUH�����WKH�PHDQ�QXPEHU�RI�WDUJHW�ZHHGV�SHU�VHJPHQW�GLG�QRW�GLIIHU�LQ�WKH
WZR�\HDUV���7KH�GLVWULEXWLRQV�RI�UDQNV�LQ�WKH�WZR�\HDUV�DUH�VKRZQ�LQ�)LJXUHV���DQG�����7��FDSXW�
PHGXVDH�VKRZV�DQ�REYLRXV�GHFUHDVH�LQ�FRYHU�LQ������FRPSDUHG�WR������ZKHUHDV�&�
S\FQRFHSKDOXV�DQG�/��VHUULROD�KDG�LQFUHDVHG�FRYHU�UDQNV�LQ��������%RWK�WKH�FKDQJH�LQ�SHUFHQW
RFFXUUHQFH�DQG�WKH�GLIIHUHQFH�LQ�FRYHU�UDQNV�ZHUH�KLJKO\�VLJQLILFDQW�IRU�WKHVH�WKUHH�VSHFLHV��7DEOH
������,Q�DGGLWLRQ��(URGLXP�FRYHU�UDQNV�VKRZ�D�VLJQLILFDQW�GLIIHUHQFH�LQ�FRYHU�UDQN�RQO\�
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Figure 5.  Percent of transect segments scored at each cover rank for monitored native plants,
April 2001.
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Figure 6.  Percent of transect segments scored at each cover rank for monitored native plants,
April 2002.
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Figure 7.  Vacaville rainfall by month for 2000/2001 and 2001/2002 rainfall years.

Table 10.  Changes in rated occurrence and cover rank of monitored exotic species from 2001
to 2002.

6SHFLHV 5HODWLYH��
FKDQJH�LQ

RFFXUUHQFH�IURP
�����WR������

Q�YDULHV

2YHUDOO���FKDQJH�LQ
RFFXUUHQFH�IURP
�����WR������

Q ���

0F1HPDU
V�WHVW
RQ�SUHVHQFH�
DEVHQFH
3�OHYHO

'LIIHUHQFH�LQ
FRYHU�UDQNV
:LOFR[RQ�WHVW

3�OHYHO

&DUGXXV�S\FQRFHSKDOXV ��� ��� ������� ������
&HQWDXUHD�VROVWLWLDOLV �� ���� 16 16
(URGLXP�VSS� �� ���� 16 ������
/DFWXFD�VHUULROD ��� ��� ������ ������
/HSLGLXP�ODWLIROLXP �� ���� 16 16
7DHQLDWKHUXP�FDSXW�PHGXVDH ��� ��� ������� ������
���1XPEHU�RI�VHJPHQWV�ZLWK�SODQW�SUHVHQW�LQ��������QXPEHU�RI�VHJPHQWV�ZLWK�SODQW�SUHVHQW�LQ�������QXPEHU�RI�VHJPHQWV�ZLWK
SODQW�SUHVHQW�LQ�����
���1XPEHU�RI�VHJPHQWV�ZLWK�SODQW�SUHVHQW�LQ��������QXPEHU�RI�VHJPHQWV�ZLWK�SODQW�SUHVHQW�LQ�������WRWDO�QXPEHU�RI�WUDQVHFW
VHJPHQWV
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Figure 8.  Percent of transect segments scored at each cover rank for monitored exotic plants,
April 2001.
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Figure 9.  Percent of transect segments scored at each cover rank for monitored exotic plants,
April 2002.
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2YHUDOO�WDUJHW�ZHHG�DQG�QDWLYH�FRYHU�E\�SDVWXUH

:LWK�VRPH�H[FHSWLRQV��ILUH�DQG�JUD]LQJ�UHJLPHV�GR�QRW�YDU\�ZLWKLQ�D�SDVWXUH��EXW�GLIIHU�EHWZHHQ
SDVWXUHV��)LJXUH�������3DVWXUHV�DOVR�GLIIHU�ZLWK�UHVSHFW�WR�WKH�GLVWULEXWLRQ�RI�VRLO�W\SHV�SUHVHQW
�)LJXUH�������$V�D�UHVXOW��DOWKRXJK�YDULRXV�FRPELQDWLRQV�RI�VRLO�W\SH��ILUH�KLVWRU\��DQG�JUD]LQJ
KLVWRU\�DUH�UHSUHVHQWHG�DFURVV�WKH�SUHVHUYH��WKH\�DUH�FRQIRXQGHG�ZLWK�HDFK�RWKHU�WR�YDU\LQJ
GHJUHHV�ZLWKLQ�SDVWXUHV�

7KH�RQO\�QRQJUD]HG�ILHOGV�DUH�WKH�'R]LHU�DQG�'RFHQWV�XQLWV��ZLWK�D�FRPELQHG�WRWDO�RI����WUDQVHFW
VHJPHQWV�RQ�D�VLQJOH�VRLO�W\SH��6DQ�<VLGUR�VDQG\�ORDP����$�UHODWLYHO\�ORZ�JUD]LQJ�LQWHQVLW\�LV
UHSUHVHQWHG�LQ�RQO\�RQH�SDVWXUH��(XFDO\SWXV���ZKLFK�LQFOXGHV�WUDQVHFW�VHJPHQWV�RQ�RQO\�WZR�VRLO
W\SHV���7KH�PRVW�UHFHQW�EXUQ��������LQFOXGHG�VRPH�WUDQVHFW�VHJPHQWV�RQ�DOO�IRXU�VRLO�W\SHV��EXW
VHJPHQWV�RQ�6DQ�<VLGUR�VDQG\�ORDP�DQG�$QWLRFK�6DQ�<VLGUR�FRPSOH[�DUH�WKH�PRVW�FRPPRQ���0RVW
VHJPHQWV�EXUQHG�LQ������UHSUHVHQWHG�WKH�KLJKHVW�UHFHQW����\HDU��JUD]LQJ�LQWHQVLWLHV�DW�WKH�SUHVHUYH�
,Q�DGGLWLRQ�WR�WKHVH�VLQJXODULWLHV��RYHUDOO�JUD]LQJ�LQWHQVLW\�VLQFH�DW�OHDVW������YDULHV�E\�VRLO�W\SH
�)LJXUH������DQG�JUD]LQJ�LQWHQVLW\�LQ�HDFK�SDVWXUH�YDULHV�FRQVLGHUDEO\�IURP�\HDU�WR�\HDU���*HQHUDOO\
QR�JUD]LQJ�RFFXUV�RQ�SDVWXUHV�LQ�WKH�\HDU�DIWHU�WKH\�DUH�EXUQHG�

7KH�FRQIRXQGLQJ�RI�VRLO�W\SH��ILUH�KLVWRU\��DQG�JUD]LQJ�KLVWRU\�OLPLWV�WKH�W\SHV�RI�DQDO\VHV�WKDW�FDQ
EH�SHUIRUPHG�WR�LQYHVWLJDWH�WKH�HIIHFWV�RI�WKHVH�IDFWRUV�RQ�WKH�YHJHWDWLRQ�RXWFRPHV�PHDVXUHG
GXULQJ�PRQLWRULQJ���:KLOH�LW�LV�XVHIXO�WR�H[DPLQH�GLIIHUHQFHV�EHWZHHQ�SDVWXUHV�RYHUDOO�IURP�D
PDQDJHPHQW�VWDQGSRLQW��LW�LV�LPSRUWDQW�WR�UHPHPEHU�WKDW�GLIIHUHQFHV�LQ�VRLO�W\SH��)LJXUH�����
WRSRJUDSK\��DQG�VXUURXQGLQJ�YHJHWDWLRQ��DQG�KHQFH�SRVVLEOH�VHHG�LQIOX[��WKDW�H[LVW�EHWZHHQ
SDVWXUHV�QHHG�WR�EH�DFFRXQWHG�IRU�EHIRUH�DWWHPSWLQJ�WR�DWWULEXWH�GLIIHUHQFHV�RU�FKDQJHV�WR�WKH
PDQDJHPHQW�UHJLPH�DORQH�

:H�UDQ�UHSHDWHG�PHDVXUHV�DQDO\VLV�RI�YDULDQFH�E\�SDVWXUH�RQ�UDQN�VXPV�IRU�ERWK�QDWLYHV�DQG�WDUJHW
ZHHGV�LQ������DQG��������7KH�DQDO\VHV�VKRZHG�KLJKO\�VLJQLILFDQW�HIIHFWV�RI�SDVWXUH��\HDU��DQG�WKH
SDVWXUH�E\�\HDU�LQWHUDFWLRQ�IRU�ERWK�QDWLYH�SODQW�UDQN�VXPV�DQG�WDUJHW�ZHHG�UDQN�VXPV��3�������
IRU�DOO�IDFWRUV�H[FHSW�3 �������IRU�HIIHFW�RI�\HDU�IRU�ZHHGV����0HDQ�UDQN�VXPV�IRU�ERWK�\HDUV�E\
SDVWXUH�DUH�VKRZQ�LQ�)LJXUH������2YHUDOO��FRYHU�UDQN�VXPV�IRU�QDWLYHV�ZHUH�KLJKHU�DQG�UDQN�VXPV
IRU�ZHHGV�ZHUH�ORZHU�LQ������WKDQ�LQ��������'HYLDWLRQV�IURP�WKLV�RYHUDOO�WUHQG�LQ�FHUWDLQ�SDVWXUHV
DFFRXQW�IRU�WKH�VLJQLILFDQW�\HDU�E\�SDVWXUH�LQWHUDFWLRQV�

,Q�ERWK�\HDUV��WUDQVHFWV�LQ�&RUUDO��6�RI�&DOKRXQ�&XW��DQG�WKH�QRUWKHUQPRVW�SDVWXUHV��'R]LHU��1(�DQG
1:�%DUNHU��DQG�(XFDO\SWXV��KDG�KLJKHU�SRSXODWLRQV�RI�WDUJHW�ZHHGV�DQG�ORZHU�FRYHU�RI�PRQLWRUHG
QDWLYH�VSHFLHV�WKDQ�WUDQVHFWV�LQ�RWKHU�SDVWXUHV��)LJXUH�������)URP�)LJXUH�����LW�LV�DSSDUHQW�WKDW�WKH
WUDQVHFWV�UHSUHVHQW�D�UDQJH�RI�VRLO�W\SHV��WKRXJK�6DQ�<VLGUR�VDQG\�ORDP�SUHGRPLQDWHV��H[FHSW
&RUUDO���SDVW�JUD]LQJ�LQWHQVLWLHV��DQG�ILUH�KLVWRULHV���,Q�FRQWUDVW��WUDQVHFWV�LQ�WKH�VRXWKZHVWHUQ
SDVWXUHV��%XFN��1RUWK�RI�%DUQ��1RUULV��KDG�EHORZ�DYHUDJH�ZHHG�SRSXODWLRQV�DQG�UHODWLYHO\�KLJK
FRYHU�RI�PRQLWRUHG�QDWLYH�VSHFLHV�LQ�ERWK������DQG��������$OO�WKUHH�RI�WKHVH�SDVWXUHV�KDYH�EHHQ
JUD]HG�DW�UHODWLYHO\�KLJK�LQWHQVLWLHV�RYHU�WKH�SDVW���\HDUV�DQG�VRLOV�RWKHU�WKDQ�6DQ�<VLGUR�VDQG\
ORDP�DUH�SUHGRPLQDQW�RU�DW�OHDVW�FRPPRQ�LQ�WKH�WUDQVHFWV�
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Figure 10.  Recent grazing intensity July 1996-June 2001 (top graph), soil types (4 bottom
graphs), and fire history (color coding) by pasture at Jepson Prairie Preserve.  Corral and

WORR pastures (asterisks in top graph) are grazed but AUM/acre data are unavailable.  Bars
for soil types represent the number of transect segments on each soil type (AoA=Antioch - San

Ysidro complex, Pc=Pescadero clay loam, SeA=San Ysidro sandy loam, Sh=Solano loam).
Fire history is denoted by color:  red=burned in 2001; orange=burned in 2000; yellow=burned in

1999; green=not burned within the past 6 years.
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Figure 11.  Average AUM/acre for each transect segment by soil type at Jepson Prairie for the
period July 1996 to June 2001.  Circles or triangles represent the values present for each

transect segment, and alternate for clarity.  The horizontal line represents the overall average.
The center line of each diamond represents the mean for the soil type; the vertical extent of

each diamond represents the 95% confidence interval based on a pooled variance for all
segments.  The horizontal spread of each diamond is proportional to the number of transect
segments on each soil type.  Soil types:  AoA=Antioch - San Ysidro complex, Pc=Pescadero

clay loam, SeA=San Ysidro sandy loam, Sh=Solano loam.

6RLO�W\SH�DQG�WKH�GLVWULEXWLRQ�RI�WDUJHW�H[RWLF�DQG�QDWLYH�VSHFLHV

:H�SUHYLRXVO\�UHSRUWHG�WKDW�WKH�FRYHU�RI�VHYHUDO�RI�WKH�PRQLWRUHG�VSHFLHV�VKRZHG�VLJQLILFDQW
DVVRFLDWLRQV�ZLWK�VRLO�W\SH��6ZLHFNL�DQG�%HUQKDUGW���������7KHVH�LQFOXGHG�WKH�QDWLYHV�$�
PLOOHIROLXP��/DVWKHQLD�VSS���1��SXOFKUD��DQG�9��SHGXQFXODWD��DQG�WKH�H[RWLFV�&��S\FQRFHSKDOXV�
(URGLXP�VSS���/��VHUULROD��DQG�7��FDSXW�PHGXVDH�

7ZR�RI�WKH�IRXU�VRLO�W\SHV�UHSUHVHQWHG�LQ�WKH�WUDQVHFWV��3HVFDGHUR�FOD\�ORDP��3F��DQG�6RODQR�ORDP
�6K���PD\�EH�VOLJKWO\�WR�KLJKO\�VDOLQH��(&H ����DQG������G6�P��UHVSHFWLYHO\��%DWHV�������
3HVFDGHUR�FOD\�ORDP�KDV�DQ�DONDOLQH�VRLO�VXUIDFH��S+�����������ZKHUHDV�6RODQR�ORDP
V�VXUIDFH�VRLO
LV�DFLGLF��S+������������6DQ�<VLGUR�VDQG\�ORDP��6H$��DQG�$QWLRFK���6DQ�<VLGUR�FRPSOH[��$R$��DUH
QRQVDOLQH�VRLOV�ZLWK�VOLJKWO\�DFLGLF��S+����������VXUIDFH�KRUL]RQV���$UHDV�PDSSHG�WR�6RODQR�ORDP
DQG�$QWLRFK�6DQ�<VLGUR�FRPSOH[�FDQ�FRQWDLQ�VPDOO�DPRXQWV�RI�WKH�RWKHU�VRLO�W\SHV��%DWHV�������
,Q�WKH�VSHFLHV�GLVWULEXWLRQ�SORWV�DW�WKH�HQG�RI�WKLV�UHSRUW��)LJXUHV���������VDOLQH�VRLOV�DUH�JUD\�VKDGHV
DQG�QRQVDOLQH�VRLOV�DUH�JUHHQ�VKDGHV�
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Figure 12.  Average cover rank sums per transect segment for native species (left) and target
weed species (right) for 2001 and 2002 by pasture.  Erodium cover is not included with either

the native or target weed cover rank sums.

:H�XVHG�WKH�PDSSHG�VRLO�W\SHV�DV�D�ILUVW�DSSUR[LPDWLRQ�IRU�WKH�GLVWULEXWLRQ�RI�VDOLQH��3F�RU�6K��DQG
QRQVDOLQH��6H$�RU�$R$��VRLOV���7KLV�ELQDU\�VRLO�VDOLQLW\�YDULDEOH�DQG�UHFHQW�JUD]LQJ�LQWHQVLW\�ZHUH
WHVWHG�LQ�ORJLVWLF�UHJUHVVLRQ�PRGHOV�WR�SUHGLFW�WKH�SUHVHQFH�RI�PRQLWRUHG�VSHFLHV�LQ�WUDQVHFW
VHJPHQWV�LQ��������:H�H[FOXGHG�IURP�WKH�DQDO\VLV�VHJPHQWV�WKDW�KDG�EXUQHG�ZLWKLQ�WKH�SDVW��
\HDUV���7KH�VLJQLILFDQW�ORJLVWLF�UHJUHVVLRQ�PRGHOV�DUH�VKRZQ�LQ�7DEOH������)RXU�VSHFLHV�ZHUH�OHVV
OLNHO\�WR�RFFXU�LQ�VHJPHQWV�PDSSHG�WR�WKH�VDOLQH�VRLO�W\SHV���,Q�FRQWUDVW��/DVWKHQLD�VSS��ZHUH�PRUH
OLNHO\�WR�RFFXU�LQ�WKHVH�DUHDV���7KLV�UHVXOW�LV�FRQVLVWHQW�ZLWK�RXU�ILHOG�REVHUYDWLRQV�WKDW�/DVWKHQLD
VSS��ZHUH�FDSDEOH�RI�JURZLQJ�LQ�DUHDV�ZLWK�YLVLEOH�HIIORUHVFHQFH��D�VLJQ�RI�KLJK�VRLO�VDOLQLW\�
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Table 11.  Model and parameter significance levels (effect likelihood ratio A2 test) for nominal
logistic regression models for native and exotic species occurrence in transect segments which
were not burned in either 2000 or 2001 and for which grazing data are available (n=222).  The

two segments in the Dozier field were also excluded from these analyses.

3UHGLFWRU�YDULDEOHV
/LNHOLKRRG�5DWLR�3!A���HIIHFW�GLUHFWLRQ�

6SHFLHV 2YHUDOO�PRGHO
OLNHOLKRRG
UDWLR�3!A� 6DOLQH�VRLO�W\SH��3F�RU�6K� ��\HDU�DYHUDJH

$80�DFUH����������
1DWLYHV
$FKLOOHD�PLOOHIROLXP ������� ����������� �����������
'HVFKDPSVLD�GDQWKRQLRLGHV ������ ������ ����������
/DVWKHQLD�VSS� ������� ���������� ����������
1DVVHOOD�SXOFKUD ������ ������ ����������
9LROD�SHGXQFXODWD ������ ����������� ������
([RWLFV
&DUGXXV�S\FQRFHSKDOXV ������� ����������� ����������
/DFWXFD�VHUULROD ������� ���������� �����������
7DHQLDWKHUXP�FDSXW�
PHGXVDH

������ ������ ����������

:H�SUHYLRXVO\�QRWHG��6ZLHFNL�DQG�%HUQKDUGW�������WKDW�VRLO�VDOLQLW\�LV�OLNHO\�WR�SOD\�D�PDMRU�UROH�LQ
WKH�GLVWULEXWLRQ�RI�SODQW�VSHFLHV�DW�-HSVRQ�3UDLULH���2QO\�VDOW�WROHUDQW�VSHFLHV�DUH�DEOH�WR�FRORQL]H
DUHDV�ZLWK�KLJKO\�HOHYDWHG�VDOLQLW\�OHYHOV���6DOW�WROHUDQW�VSHFLHV�PD\�DOVR�KDYH�D�FRPSHWLWLYH
DGYDQWDJH�RYHU�VDOW�VHQVLWLYH�VSHFLHV�LQ�DUHDV�ZKHUH�VRLO�VDOLQLW\�LV�RQO\�VRPHZKDW�HOHYDWHG���,Q
VRLOV�ZKHUH�KLJK�VDOLQLW\�RFFXUV�DORQJ�ZLWK�KLJK�OHYHOV�RI�H[FKDQJHDEOH�VRGLXP��VDOLQH�VRGLF�VRLOV��
VRLOV�ZLOO�WHQG�WR�EH�GHIORFFXODWHG��UHVXOWLQJ�LQ�VORZ�GUDLQDJH�DQG�ORQJHU�SHULRGV�RI�SRQGLQJ�LQ�WKH
ZLQWHU�DQG�VSULQJ�

9DULDWLRQ�LQ�VRLO�VDOLQLW\�LV�RQO\�FUXGHO\�UHSUHVHQWHG�E\�PDSSHG�VRLO�W\SHV���%HWWHU�FKDUDFWHUL]DWLRQ
RI�WKH�YDULDWLRQ�LQ�VRLO�VDOLQLW\�ZLWKLQ�WUDQVHFWV�DQG�DFURVV�WKH�SUHVHUYH�FRXOG�EH�XVHG�WR�EHWWHU
DVVHVV�WKH�UHODWLYH�VDOW�VHQVLWLYLW\�RI�YDULRXV�QDWLYH�DQG�H[RWLF�VSHFLHV�SUHVHQW�DQG�ZRXOG�DLG�LQ�WKH
LQWHUSUHWDWLRQ�RI�YHJHWDWLRQ�G\QDPLFV�DW�WKH�SUHVHUYH�

(IIHFWV�RI�JUD]LQJ�RQ�WDUJHW�H[RWLF�DQG�QDWLYH�VSHFLHV

6HYHUDO�DQDO\VHV�LQ�RXU�SUHYLRXV�UHSRUW��6ZLHFNL�DQG�%HUQKDUGW�������VKRZHG�UHODWLRQVKLSV
EHWZHHQ�UHFHQW�JUD]LQJ�LQWHQVLW\��H[SUHVVHG�DW�$80�DFUH��DQG�WKH�FRYHU�RI�YDULRXV�PRQLWRUHG
VSHFLHV���7KHVH�DQDO\VHV�VKRZHG�SRVLWLYH�UHODWLRQVKLSV�EHWZHHQ�JUD]LQJ�LQWHQVLW\�DQG�WKH�FRYHU�RI
WKH�QDWLYH�VSHFLHV�'��GDQWKRQLRLGHV��/DVWKHQLD�VSS���1��SXOFKUD�DQG�7��HULDQWKD���,Q�DGGLWLRQ�
KLJKHU�JUD]LQJ�LQWHQVLWLHV�ZHUH�DVVRFLDWHG�ZLWK�UHGXFHG�FRYHU�RI�WKH�WDUJHW�ZHHGV�&�
S\FQRFHSKDOXV�DQG�&��VROVWLWLDOLV���7DEOH����VKRZV�VLPLODU�UHODWLRQVKLSV�EHWZHHQ�UHFHQW�SDVW
JUD]LQJ�LQWHQVLW\�DQG�WKH�SUHVHQFH�RI�VHYHUDO�QDWLYH�DQG�H[RWLF�VSHFLHV�LQ�QRQ�EXUQHG�SDVWXUHV�

0DQ\�SDVWXUHV�KDYH�EHHQ�JUD]HG�DW�VLPLODU�DYHUDJH�LQWHQVLWLHV�RYHU�WKH�SDVW���\HDUV��)LJXUH�����
+HQFH��DQ\�LQWHUSUHWDWLRQ�RI�JUD]LQJ�HIIHFWV�LV�QHFHVVDULO\�UHVWULFWHG�WR�WKH�UDWKHU�QDUURZ�UDQJH�RI
JUD]LQJ�LQWHQVLWLHV�UHSUHVHQWHG�DW�WKH�SUHVHUYH���)XUWKHUPRUH��JUD]LQJ�LQWHQVLW\�H[SUHVVHG�LQ�WHUPV
RI�$80�DFUH�GRHV�QRW�IXOO\�GHVFULEH�DOO�RI�WKH�LPSDFWV�RI�JUD]LQJ���$�JLYHQ�JUD]LQJ�LQWHQVLW\�FRXOG
KDYH�GLIIHUHQW�HIIHFWV�RQ�YHJHWDWLRQ�GHSHQGLQJ�RQ�WKH�VHDVRQDO�WLPLQJ�RI�SDVWXUH�XVH���$OVR��VLQFH
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DQQXDO�SODQW�ELRPDVV�DQG�FRPSRVLWLRQ�PD\�YDU\�ZLWK�UDLQIDOO�DPRXQW�DQG�WLPLQJ��D�JLYHQ�JUD]LQJ
LQWHQVLW\�FDQ�KDYH�GLIIHUHQW�LPSDFWV�LQ�GLIIHUHQW�\HDUV���:KLOH�DQDO\VLV�RI�WUDQVHFW�PRQLWRULQJ�GDWD
FDQ�SURYLGH�VRPH�LQIRUPDWLRQ�RQ�JUD]LQJ�HIIHFWV��ZHOO�GHVLJQHG�DQG�FRQWUROOHG�VWXGLHV�DUH�QHHGHG
WR�SURYLGH�D�PRUH�GHWDLOHG�SLFWXUH�RI�KRZ�JUD]LQJ�SDWWHUQV�LQIOXHQFH�WKH�FRYHU�RI�YDULRXV�QDWLYH
DQG�H[RWLF�VSHFLHV�DW�WKH�SUHVHUYH�

(IIHFWV�RI�ILUH�RQ�WDUJHW�H[RWLF�DQG�QDWLYH�VSHFLHV

$QDO\VHV�LQ�6ZLHFNL�DQG�%HUQKDUGW��������LQGLFDWHG�WKDW�RYHUDOO�FRYHU�UDQN�VXPV�IRU�ERWK
PRQLWRUHG�QDWLYHV�DQG�WDUJHW�ZHHGV�ZHUH�VLJQLILFDQWO\�DVVRFLDWHG�ZLWK�FRQWUROOHG�EXUQV�LQ�����
DQG��������)RU�WUDQVHFW�VHJPHQWV�RQ�6DQ�<VLGUR�VDQG\�ORDP�VRLO��6H$���FRYHU�FODVV�UDQNV�RI�VHYHUDO
QDWLYH�DQG�H[RWLF�VSHFLHV�ZHUH�SRVLWLYHO\�DVVRFLDWHG�ZLWK�EXUQLQJ��DQG�FRYHU�RI�7��FDSXW�PHGXVDH
ZDV�QHJDWLYHO\�DVVRFLDWHG�ZLWK�EXUQLQJ��6ZLHFNL�DQG�%HUQKDUGW�������

7KH�LPSDFW�RI�ILUH�RQ�7��FDSXW�PHGXVDH�FRYHU�LV�UHDGLO\�DSSDUHQW�IURP�)LJXUH������7��FDSXW�
PHGXVDH�ZDV�UHGXFHG�WR�XQGHWHFWDEOH�OHYHOV�LQ�WKH�\HDU�IROORZLQJ�ILUH�LQ�WKH�1RUWK�RI�%DUQ�
'RFHQWV��7ULDQJOH��DQG�1RUWKZHVW�%DUNHU�SDVWXUHV���,Q�WKH�ODWWHU�WKUHH�SDVWXUHV��7��FDSXW�PHGXVDH
KDV�UHPDLQHG�XQGHWHFWHG�LQ�WUDQVHFWV�LQWR�WKH�VHFRQG�VSULQJ�DIWHU�EXUQLQJ���+RZHYHU��VRPH�7�
FDSXW�PHGXVDH�ZDV�SUHVHQW�LQ�WKH�VRXWKHUQ�SRUWLRQ�RI�1RUULV�DQG�LQ�WKH�1RUWKHDVW�%DUNHU�DQG
&RUUDO�SDVWXUHV�LQ�WKH�ILUVW�VSULQJ�DIWHU�EXUQLQJ���,Q�WKH�ODWWHU�WZR�SDVWXUHV��7��FDSXW�PHGXVDH�ZDV
SUHVHQW�LQ�DOO�WUDQVHFW�VHJPHQWV�ERWK�RQH�DQG�WZR�\HDUV�DIWHU�EXUQLQJ���%\�FRPSLOLQJ�ILUH�GDWD�IRU
HIIHFWLYH�DQG�LQHIIHFWLYH�EXUQV��H�J���GDWH�SODQW�SKHQRORJ\��ILUH�FKDUDFWHULVWLFV��FRPSOHWHQHVV�RI
FRPEXVWLRQ���WUDQVHFW�PRQLWRULQJ�GDWD�FRXOG�SURYLGH�D�ZD\�WR�SLQSRLQW�IDFWRUV�WKDW�DUH�PRVW
LPSRUWDQW�IRU�HIILFDF\�RI�FRQWUROOHG�EXUQV�

7��FDSXW�PHGXVDH�ZDV�WKH�RQO\�PRQLWRUHG�VSHFLHV�WKDW�ZDV�FOHDUO\�HOLPLQDWHG�E\�ILUH���%HFDXVH
FKDQJHV�LQ�FRYHU�RI�RWKHU�VSHFLHV�ZHUH�QRW�VR�VWURQJO\�DIIHFWHG��VWDWLVWLFDO�DQDO\VHV�DUH�QHFHVVDU\�WR
GHWHUPLQH�ZKHWKHU�FKDQJHV�REVHUYHG�IRU�RWKHU�PRQLWRUHG�VSHFLHV�DUH�VLJQLILFDQW���%HFDXVH�ZH
KDYH�PDWFKHG�SUHILUH�DQG�ILUVW�VHDVRQ�SRVWILUH�GDWD�IRU�WUDQVHFWV�WKDW�ZHUH�EXUQHG�LQ�-XQH�������ZH
FDQ�GLUHFWO\�DVVHVV�KRZ�ILUH�LQIOXHQFHG�SRSXODWLRQV�RI�PRQLWRUHG�VSHFLHV�LQ�WKHVH�EXUQHG�SDVWXUHV�

7R�FRPSDUH�WKH�GLIIHUHQFHV�LQ�FRYHU�UDQNV�EHWZHHQ������DQG������IRU�EXUQHG�DQG�QRQEXUQHG
WUDQVHFW�VHJPHQWV��ZH�DGDSWHG�DQ�DSSURDFK�VXJJHVWHG�E\�/HYLQ�DQG�6HUOLQ����������7KH�DQDO\VLV
XVHV�)LVKHU
V�H[DFW�WHVW�WR�FRPSDUH�WKH�FHOOV�WKDW�VKRZ�FKDQJH�LQ�D���[���FRQWLQJHQF\�WDEOH�RI
SDLUHG�UDWLQJV�LQ�HDFK�\HDU���7KLV���[���FRQWLQJHQF\�WDEOH�LV�FRPSRVHG�RI�WKH�WZR�GLVFRUGDQW�SDLUV
FHOOV�IURP�WZR�RWKHU���[���WDEOHV��RQH�IRU�EXUQHG�DQG�RQH�IRU�QRQEXUQHG�VHJPHQWV���7KH�GLVFRUGDQW
SDLUV�GDWD��L�H���WUDQVHFW�VHJPHQWV�WKDW�KDG�GLIIHUHQW�FRYHU�UDQNV�LQ�WKH�WZR�\HDUV��DQG�RYHUDOO�WHVW
IRU�GLIIHUHQFHV�DUH�SUHVHQWHG�LQ�7DEOH������:H�DOVR�XVHG�0F1HPDU
V�WHVW�WR�IRU�RYHUDOO�FKDQJHV
EHWZHHQ�WKH�WZR�\HDUV�ZLWKLQ�WKH�EXUQHG�DQG�QRQEXUQHG�VHJPHQWV���7KH�QRQEXUQHG�FRQWURO
SRSXODWLRQ�ZDV�VHOHFWHG�IURP�WKH�����VHJPHQWV�WKDW�ZHUH�QRW�EXUQHG�LQ������XVLQJ�FOXVWHU
DQDO\VLV���:H�XVHG�KLHUDUFKLFDO�FOXVWHULQJ�RQ�JUD]LQJ����\HDU�DYHUDJH�DQG�����������$80�DFUH��
VRLO�W\SH��DQG�ILUH�KLVWRU\�������DQG������EXUQV�RQO\��WR�LGHQWLI\�FOXVWHUV���7KH�VHJPHQWV�EXUQHG�LQ
�����ZHUH�GLVWULEXWHG�LQ�ILYH�RI�WKHVH�FOXVWHUV��DQG�WKH�UHPDLQLQJ�QRQ�EXUQHG�VHJPHQWV�LQ�WKHVH
ILYH�FOXVWHUV�ZHUH�XVHG�DV�WKH�FRPSDULVRQ�SRSXODWLRQ�

&��VROVWLWLDOLV��&��FDOLFWUDSD��DQG�/��ODWLIROLXP�GLG�QRW�RFFXU�LQ�WUDQVHFWV�LQ�WKH�SDVWXUHV�WKDW�ZHUH
EXUQHG�LQ��������1R�VLJQLILFDQW�FKDQJHV�LQ�WKH�FRYHU�RI�$��PLOOHIROLXP�DQG�/DVWKHQLD�VSS��ZHUH
GHWHFWHG�IRU�HLWKHU�EXUQHG�RU�QRQEXUQHG�VHJPHQWV���7KH�VSHFLHV�OLVWHG�LQ�7DEOH����VKRZHG
VLJQLILFDQW�FKDQJHV�LQ�FRYHU�UDQNV�EHWZHHQ������DQG������LQ�EXUQHG�DQG�RU�QRQEXUQHG�VHJPHQWV
DFFRUGLQJ�WR�0F1HPDU
V�WHVW���)RXU�VSHFLHV��7��HULDQWKD��9��SHGXQFXODWD��(URGLXP�VSS��DQG�&�
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S\FQRFHSKDOXV��VKRZHG�D�GLIIHUHQWLDO�FKDQJH�LQ�EXUQHG�FRPSDUHG�WR�QRQEXUQHG�VHJPHQWV
LQGLFDWLYH�RI�D�ILUH�HIIHFW��7DEOH�������&RYHU�UDQNV�RI�7��HULDQWKD�DQG�9��SHGXQFXODWD�LQFUHDVHG
RYHUDOO�IURP������WR������LQ�EXUQHG�VHJPHQWV��EXW�GLG�QRW�LQFUHDVH�LQ�QRQEXUQHG�VHJPHQWV��7DEOH
������)RU�(URGLXP�VSS���QRQEXUQHG�VHJPHQWV�GHFUHDVHG�LQ�FRYHU�UDQNV�LQ������FRPSDUHG�WR������
EXW�FRYHU�UDQNV�LQ�EXUQHG�VHJPHQWV�GLG�QRW�GHFUHDVH���+HQFH��ILUH�KDG�D�SRVLWLYH�HIIHFW�RQ�(URGLXP
FRYHU���&DUGXXV�S\FQRFHSKDOXV�FRYHU�UDQNV�LQFUHDVHG�IURP������WR������LQ�QRQEXUQHG�VHJPHQWV�
EXW�ZHUH�XQFKDQJHG�LQ�EXUQHG�VHJPHQWV��7DEOH�������7KXV��WKH�RYHUDOO�HIIHFW�RI�ILUH�ZDV�WR�SUHYHQW
DQ�LQFUHDVH�LQ�WKH�FRYHU�RI�&��S\FQRFHSKDOXV�

)LUH�HIIHFWV�RQ�PRQLWRUHG�VSHFLHV�DUH�OLNHO\�WR�YDU\�QRW�RQO\�ZLWK�WKH�WLPLQJ�DQG�FKDUDFWHULVWLFV�RI
WKH�EXUQ��EXW�DOVR�ZLWK�WKH�GLVWULEXWLRQ�DQG�GHQVLW\�RI�SODQW�ELRPDVV��WKH�VWDWXV�RI�WKH�VHHGEDQN�
DQG�RWKHU�IDFWRUV���+HQFH��WKH�ILUH�HIIHFWV�WKDW�ZH�GHWHFWHG�WKRXJK�VWDWLVWLFDO�DQDO\VHV��7DEOH����
VKRXOG�EH�FRQVLGHUHG�WHQWDWLYH�XQOHVV�WKH\�FDQ�EH�VKRZQ�WR�EH�UHSHDWDEOH�LQ�GLIIHUHQW�\HDUV�

Table 12.  Burned (in May 2001) and matched nonburned transect segments showing changes
in cover ranks between April 2002 and April 2001 monitoring surveys.
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/RQJ�WHUP�WUHQGV�DQG�VWDWXV�RI�WDUJHW�ZHHG�VSHFLHV

,Q�DGGLWLRQ�WR�WKH�WUDQVHFW�PRQLWRULQJ�GDWD�IURP������DQG�������WZR�RWKHU�VRXUFHV�SURYLGH
LQIRUPDWLRQ�RQ�VKRUW�DQG�ORQJ�WHUPV�WUHQGV�LQ�ZHHG�SRSXODWLRQV�DW�WKH�SUHVHUYH���,Q�ERWK������DQG
������ZH�XVHG�WKH�ZHHG�SRO\JRQ�PRQLWRULQJ�SURWRFRO�GHVFULEHG�LQ�WKH�PHWKRGV�WR�PDS�DQG
FKDUDFWHUL]H�VSRW�SRSXODWLRQV�RI�YDULRXV�UDUHO\�RFFXUULQJ�WDUJHW�ZHHGV���7KH�SRLQWV�DQG�SRO\JRQV
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PDSSHG�LQ�WKH�WZR�\HDUV�DUH�VKRZQ�LQ�)LJXUH����DORQJ�ZLWK�WUDQVHFW�EDVHG�FRYHU�GDWD�IRU
&HQWDXUHD�FDOFLWUDSD��&LUVLXP�YXOJDUH��6LO\EXP�PDULDQXP��DQG�)RHQLFXOXP�YXOJDUH���7UDQVHFW�DQG
SRO\JRQ�GDWD�IRU�/��ODWLIROLXP�DUH�VKRZQ�LQ�)LJXUH����

7UDQVHFW�PRQLWRULQJ�DORQH�LV�LQVXIILFLHQW�WR�GRFXPHQW�WKH�GLVWULEXWLRQ�DQG�VSUHDG�RI�UDUHO\�
RFFXUULQJ�ZHHGV���3RO\JRQ�GDWD�FROOHFWHG�WR�GDWH�VKRZ�WKDW�PDQ\�RI�WKH�XQFRPPRQ�ZHHG�VSHFLHV
DUH�SUHVHQW�LQ�SDVWXUHV�ZKHUH�WKH\�ZHUH�QRW�GHWHFWHG�WKURXJK�WUDQVHFW�PRQLWRULQJ���+RZHYHU�
ZHHG�SRO\JRQ�GDWD�DUH�QRW�FRPSOHWH�DQG�DUH�ODUJHO\�EDVHG�RQ�FKDQFH�REVHUYDWLRQV�PDGH�LQ
DVVRFLDWLRQ�ZLWK�PRQLWRULQJ�DFWLYLWLHV�RYHU�WKH�SDVW�WZR�\HDUV���6RPH�WDUJHW�ZHHGV�RI�LQWHUHVW�
QRWDEO\�$HJLORSV�F\OLQGULFD��KDYH�QHLWKHU�EHHQ�PDSSHG�DV�SRO\JRQV�RU�GHWHFWHG�LQ�WUDQVHFWV�WR�GDWH
EXW�DUH�NQRZQ�WR�RFFXU�DW�-HSVRQ�3UDLULH���$�PRUH�V\VWHPDWLF�DSSOLFDWLRQ�RI�WKH�SRO\JRQ
PRQLWRULQJ�SURWRFRO�ZRXOG�EH�KHOSIXO�IRU�DVVHVVLQJ�ERWK�WKH�FXUUHQW�GLVWULEXWLRQ�DQG�IXWXUH�VSUHDG
RI�WKH�XQFRPPRQ�ZHHG�VSHFLHV�

,Q�DGGLWLRQ�WR�WKH�GDWD�ZH�KDYH�DFFXPXODWHG�WKURXJK�WKLV�SURMHFW��VRPH�KLVWRULFDO�GDWD�RQ�WKH
GLVWULEXWLRQ�RI�YDULRXV�H[RWLFV�LV�DYDLODEOH�IURP�D�VXUYH\�FRQGXFWHG�LQ�2FWREHU�������7KH�1DWXUH
&RQVHUYDQF\���������7KH������VXUYH\�IROORZHG�D�PRQLWRULQJ�DSSURDFK�DQDORJRXV�WR�WKDW�GHVFULEHG
LQ�WKLV�UHSRUW��DOWKRXJK�WKH������VXUYH\�ZDV�OHVV�TXDQWLWDWLYH�DQG�LQYROYHG�D�PXFK�VPDOOHU
VDPSOLQJ�UDWH���7KH������VXUYH\�LQFOXGHG�RQO\�TXDOLWDWLYH�ZHHG�FRYHU�UDWLQJV�PDGH�RQ�RQH����IW
UDGLXV�FLUFOH��DERXW������DFUH��SHU����DFUHV���%DVHG�RQ�WKH�GLVWULEXWLRQ�PDSV�LQFOXGHG�LQ�WKH�����
UHSRUW��WKDW�VXUYH\�RPLWWHG�WKH�SDVWXUHV�QRUWK�RI�%DUNHU�6ORXJK��VRXWK�RI�&DOKRXQ�&XW��DQG�WKH
VRXWK�KDOI�RI�6HFWLRQ������1RQHWKHOHVV��GDWD�IURP�WKH������VXUYH\�FRQVWLWXWH�WKH�ROGHVW�EDVHOLQH
GDWD�DYDLODEOH�IRU�DVVHVVLQJ�WKH�VSUHDG�RI�WDUJHW�ZHHGV�DW�WKH�SUHVHUYH�

:H�KDYH�VXPPDUL]HG�LQIRUPDWLRQ�DERXW�WKH�VWDWXV�DQG�DSSDUHQW�VSUHDG�RI�WKH�PDLQ�WDUJHW�ZHHGV
EHORZ�

,WDOLDQ�WKLVWOH���&DUGXXV�S\FQRFHSKDOXV

&��S\FQRFHSKDOXV�LV�WKH�WKLUG�PRVW�FRPPRQ�WDUJHW�ZHHG��)LJXUHV���DQG����DQG�VKRZHG�WKH�KLJKHVW
UHODWLYH�LQFUHDVH�LQ�WUDQVHFW�VHJPHQWV�IURP������WR������RI�WKH�PDMRU�PRQLWRUHG�ZHHGV��7DEOH�����
$OPRVW�DOO�VHJPHQWV�WKDW�KDG�&��S\FQRFHSKDOXV�LQ������DOVR�KDG�WKLV�VSHFLHV�LQ�������EXW�WKH
ZHHG�ZDV�DOVR�GHWHFWHG�LQ�PDQ\�QHZ�VHJPHQWV�LQ�������)LJXUH�������%RWK�FRYHU�UDQNV�DQG�WKH
RYHUDOO�SURSRUWLRQ�RI�VHJPHQWV�ZLWK�WKLV�VSHFLHV�ZHUH�VLJQLILFDQWO\�JUHDWHU�LQ������FRPSDUHG�WR
������7DEOH�������,Q�SDUW��WKH�JHQHUDO�LQFUHDVH�LQ�&��S\FQRFHSKDOXV�LQ������PD\�EH�DVVRFLDWHG
ZLWK�UDLQIDOO��)LJXUH������(DUO\�IDOO�UDLQV�IDYRU�HVWDEOLVKPHQW�RI�&��S\FQRFHSKDOXV��-��'L7RPDVR�
:HHG�(FRORJLVW��8&�'DYLV��SHUVRQDO�FRPPXQLFDWLRQ��

,Q�FRPSDULQJ�WKH������GLVWULEXWLRQ�PDS�IRU�&��S\FQRFHSKDOXV��7KH�1DWXUH�&RQVHUYDQF\�������
ZLWK�)LJXUH�����LW�VHHPV�YHU\�OLNHO\�WKDW�WKLV�VSHFLHV�KDV�LQFUHDVHG�LQ�WRWDO�FRYHU�DQG�GLVWULEXWLRQ
VLQFH�WKH������VXUYH\�HYHQ�LI�WKH�GLIIHUHQFHV�LQ�VXUYH\�PHWKRGRORJ\�DUH�WDNHQ�LQWR�DFFRXQW���,Q
SDUWLFXODU��WKH������PDS�VKRZV�QR�RFFXUUHQFHV�RI�&��S\FQRFHSKDOXV�LQ�WKH�7ULDQJOH��QRUWKHUQ
(XFDO\SWXV��1RUULV��RU�1RUWK�RI�%DUQ�SDVWXUHV��DOO�RI�ZKLFK�KDG�VL]HDEOH�SRSXODWLRQV�RI�WKLV�ZHHG�LQ
�����

$V�GLVFXVVHG�DERYH��EXUQLQJ�LQ������DSSHDUV�WR�KDYH�SUHYHQWHG�DQ�LQFUHDVH�LQ�&��S\FQRFHSKDOXV
SRSXODWLRQV��7DEOH������DOWKRXJK�WKHUH�ZDV�QR�FRUUHODWLRQ�EHWZHHQ�EXUQLQJ�DQG�FRYHU�UDQNV
UHSRUWHG�LQ�������6ZLHFNL�DQG�%HUQKDUGW���������7KH�GLVWULEXWLRQ�RI�&��S\FQRFHSKDOXV�PD\�DOVR�EH
OLPLWHG�E\�VRLO�VDOLQLW\��7DEOH�������(VSHFLDOO\�LQ�WKH�6RXWK�KDOI�RI�6HFWLRQ����SDVWXUH��&�
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S\FQRFHSKDOXV�LV�DEVHQW�IURP�WKH�VDOLQH�3HVFDGHUR�FOD\�ORDP�EXW�RFFXUV�RQ�DGMDFHQW�QRQVDOLQH�6DQ
<VLGUR�VDQG\�ORDP�DQG�$QWLRFK���6DQ�<VLGUR�FRPSOH[�VRLOV��)LJXUH�����

2SWLRQV�IRU�PDQDJLQJ�&��S\FQRFHSKDOXV�SRSXODWLRQV�DUH�OLPLWHG���+HUELFLGHV�DUH�QRW�D�YLDEOH
RSWLRQ�GXH�WR�WKH�ZLGHVSUHDG�DQG�GLVSHUVHG�QDWXUH�RI�&��S\FQRFHSKDOXV�SRSXODWLRQV���*UD]LQJ
�6ZLHFNL�DQG�%HUQKDUGW�������DQG�EXUQLQJ��7DEOH�����PD\�KDYH�WKH�SRWHQWLDO�WR�UHGXFH
SRSXODWLRQV�VRPHZKDW��EXW�PRUH�FRQWUROOHG�VWXGLHV�DUH�QHHGHG�WR�GHWHUPLQH�KRZ�WR�RSWLPL]H
VXSSUHVVLRQ�RI�&��S\FQRFHSKDOXV�ZLWK�WKHVH�WRROV���$�ZHHYLO��5KLQRF\OOXV�FRQLFXV��LV�ZLGHO\
HVWDEOLVKHG�LQ�&DOLIRUQLD�DQG�SURYLGHV�VRPH�ELRORJLFDO�FRQWURO�RI�&��S\FQRFHSKDOXV���7KH�ZHHYLO�LV
PRVW�GHVWUXFWLYH�LQ�WKH�ODUYDO�VWDJH�DQG�DWWDFNV�WKH�VHHG�KHDG���,W�PD\�DOVR�DWWDFN�VWHPV�DQG�DGXOWV
PD\�SDUWLDOO\�GHIROLDWH�SODQWV���$�SKRWR�RI�WKH�ZHHYLO��ZKLFK�KDV�D�VKRUW�VQRXW�DQG�LV�DERXW���WR��
PP�ORQJ��LV�DYDLODEOH�DW�KWWS���PWZRZ�RUJ�PXVN�WKLVWOH�LQIRUPDWLRQ�KWP���0RQLWRULQJ�IRU�WKH�ZHHYLO
DQG�WLPLQJ�DFWLYLWLHV��ZKHUH�SRVVLEOH��WR�PLQLPL]H�LPSDFWV�WR�WKH�ZHHYLO�PD\�EH�XVHIXO�IRU
FRQVHUYLQJ�WKLV�ELRFRQWURO�DJHQW�

3XUSOH�VWDU�WKLVWOH���&HQWDXUHD�FDOFLWUDSD

&��FDOFLWUDSD�ZDV�QRW�GHWHFWHG�LQ�WUDQVHFWV�LQ�������DOWKRXJK�DQ�LVRODWHG�SODQW�ZDV�PDSSHG�MXVW
EH\RQG�D�WUDQVHFW�VHJPHQW�LQ������QHDU�WKH�YLVLWRU�SDUNLQJ�DUHD���$Q�LQIHVWDWLRQ�RI�WKLV�VSHFLHV�WKDW
ZDV�NQRZQ�WR�H[LVW�LQ�WKH�&RUUDO�SDVWXUH�ZDV�SDUWLDOO\�PDSSHG�LQ�������DQG�&��FDOFLWUDSD�ZDV�DOVR
GHWHFWHG�LQ�D�QHDUE\�WUDQVHFW�VHJPHQW��)LJXUH�������7KLV�LQIHVWDWLRQ�PD\�EH�UHODWHG�WR�WKH�RQH�QRWHG
RQ�WKH�VRXWKHDVW�VLGH�RI�WKH�&RUUDO�SDVWXUH�LQ�WKH������VXUYH\��7KH�1DWXUH�&RQVHUYDQF\����������,W
DSSHDUV�WKDW�VRPH�ORFDOL]HG�VSUHDG�RI�WKLV�VSHFLHV�KDV�RFFXUUHG�VLQFH��������7KH������EXUQ�RI�WKH
&RUUDO�SDVWXUH�IDLOHG�WR�HOLPLQDWH�WKH�&��FDOFLWUDSD�LQIHVWDWLRQ�

0RUH�FRPSOHWH�PDSSLQJ�RI�WKLV�LQIHVWDWLRQ�XVLQJ�WKH�SRO\JRQ�SURWRFRO�DQG�WDUJHWHG�HUDGLFDWLRQ�DUH
UHFRPPHQGHG�WR�SUHYHQW�IXUWKHU�VSUHDG�RI�WKLV�VSHFLHV���)RU�VPDOO�LQIHVWDWLRQV��KDQG�UHPRYDO�PD\
EH�DQ�RSWLRQ���6SRW�DSSOLFDWLRQ�RI�D�VHOHFWLYH��H�J���FORS\UDOLG�>7UDQVOLQH@��RU�QRQVHOHFWLYH��H�J��
JO\SKRVDWH�>5RXQGXS@��KHUELFLGH�WR�SODQWV�LQ�WKH�URVHWWH�VWDJH�LV�OLNHO\�WR�EH�WKH�PRVW�YLDEOH
PDQDJHPHQW�RSWLRQ�IRU�ODUJHU�DUHDV���8VLQJ�D�ZLFN�DSSOLFDWRU�RU�EDFNSDFN�VSUD\HU�ZLWK�D�QDUURZ
VSUD\�SDWWHUQ�ZLOO�PLQLPL]H�WKH�WRWDO�DPRXQW�RI�KHUELFLGH�QHHGHG�DQG�GDPDJH�WR�QRQWDUJHW
VSHFLHV�

<HOORZ�VWDU�WKLVWOH���&HQWDXUHD�VROVWLWLDOLV

&��VROVWLWLDOLV�SRSXODWLRQV�DSSDUHQWO\�GLG�QRW�FKDQJH�VXEVWDQWLDOO\�LQ�WKH�SDVW�\HDU��7DEOH�����)LJXUH
�����7KH�KLJKHVW�FRQFHQWUDWLRQ�RI�&��VROVWLWLDOLV�LV�LQ�WKH�DUHDV�DGMDFHQW�WR�&RRN�/DQH�QRUWK�RI
2OFRWW�/DNH�DQG�LQ�WKH�WKUHH�QRUWKHUQPRVW�ILHOGV�DORQJ�+Z\������1:�DQG�1(�%DUNHU��'R]LHU����$
IHZ�VFDWWHUHG�SRSXODWLRQV�RI�&��VROVWLWLDOLV�DUH�SUHVHQW�LQ�ILHOGV�VRXWK�RI�2OFRWW�/DNH���$OWKRXJK�WKH
�����UHSRUW�GLG�QRW�PRQLWRU�WKH�1:�DQG�1(�%DUNHU�SDVWXUHV��WKH�FXUUHQW�GLVWULEXWLRQ�RI�&�
VROVWLWLDOLV�SRSXODWLRQV�LQ�WKH�UHPDLQGHU�RI�WKH�SUHVHUYH�DSSHDUV�VLPLODU�WR�WKDW�UHSRUWHG�LQ�����
�7KH�1DWXUH�&RQVHUYDQF\��������

7KH�PDQDJHPHQW�RI�&��VROVWLWLDOLV�LV�D�WRSLF�RI�RQJRLQJ�UHVHDUFK���$W�WKH�SUHVHUYH��DQ�LQWHJUDWHG
FRQWURO�VWUDWHJ\�LV�FOHDUO\�QHFHVVDU\��$W�PLQLPXP��JUD]LQJ�DQG�EXUQLQJ�ZLOO�EH�LQYROYHG�LQ�WKLV
VWUDWHJ\��EXW�PRZLQJ��KDQG�UHPRYDO��KHUELFLGH�XVH��DQG�FRQVHUYDWLRQ�RI�ELRORJLFDO�FRQWURO�DJHQWV
VKRXOG�DOVR�EH�FRQVLGHUHG�LQ�DW�OHDVW�VRPH�VLWXDWLRQV���7R�EH�HIIHFWLYH��PDQDJHPHQW�DFWLRQV�QHHG
WR�EH�UDWKHU�SUHFLVHO\�WLPHG�DQG�LQWHJUDWHG�LQWR�D�PXOWL�\HDU�SURJUDP���7KH�8&�'DYLV�:HHG
5HVHDUFK�DQG�,QIRUPDWLRQ�&HQWHU�ZHEVLWH�SURYLGHV�H[WHQVLYH�UHVRXUFHV�UHODWHG�WR�&��VROVWLWLDOLV
PDQDJHPHQW��KWWS���ZULF�XFGDYLV�HGX�\VW�LQGH[�KWPO����5HVHDUFK�E\�-RH�'L7RPDVR�RQ�WKH�XVH�RI�ILUH
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WR�FRQWURO�&��VROVWLWLDOLV�KDV�\LHOGHG�LQFRQVLVWHQW�UHVXOWV��EXW�LQ�VRPH�LQVWDQFHV�EXUQLQJ�VWLPXODWHV
&��VROVWLWLDOLV�E\�UHPRYLQJ�FRPSHWLWLRQ�

0RQLWRULQJ�GDWD�IURP�������6ZLHFNL�DQG�%HUQKDUGW�������LQGLFDWHV�WKDW�&��VROVWLWLDOLV�FRYHU�RQ�6DQ
<VLGUR�VDQG\�ORDP�VRLO�GHFUHDVHG�ZLWK�LQFUHDVLQJ�JUD]LQJ�LQWHQVLW\��DOWKRXJK�WKLV�UHODWLRQVKLS�LV
VRPHZKDW�FRQIRXQGHG�ZLWK�WKH�VSDWLDO�GLVWULEXWLRQ�RI�&��VROVWLWLDOLV�RQ�WKH�SUHVHUYH��&��VROVWLWLDOLV
ZDV�GHWHFWHG�LQ�WKH�\HDU�DIWHU�EXUQLQJ�LQ�WKUHH�RI�WKH�IRXU�ILHOGV�EXUQHG�LQ������DQG�LQ�DOO�IRXU�RI
WKHVH�ILHOGV�WZR�\HDUV�DIWHU�EXUQLQJ��)LJXUH�������:KLOH�&��VROVWLWLDOLV�ZDV�FOHDUO\�QRW�HUDGLFDWHG�E\
WKHVH�EXUQV��WKH�DFWXDO�LPSDFW�RI�WKHVH�ILUHV�RQ�&��VROVWLWLDOLV�SRSXODWLRQV�FDQQRW�EH�DVVHVVHG�GXH�WR
D�ODFN�RI�SUHILUH�GDWD���%HFDXVH�&��VROVWLWLDOLV�ZDV�QRW�SUHVHQW�LQ�WUDQVHFWV�RI�WKH�SDVWXUHV�WKDW�ZHUH
EXUQHG�LQ�������WKH�PRQLWRULQJ�GDWD�FROOHFWHG�WR�GDWH�GR�QRW�DOORZ�XV�WR�GLUHFWO\�DVVHVV�WKH�RI
HIIHFWV�RI�ILUH�RQ�&��VROVWLWLDOLV�FRYHU�DW�WKH�SUHVHUYH�

%XOO�WKLVWOH���&LUVLXP�YXOJDUH

&��YXOJDUH�ZDV�GHWHFWHG�LQ�RQH�VHJPHQW�LQ������DQG�LQ�WZR�GLIIHUHQW�VHJPHQWV�LQ�������)LJXUH�����
6HYHUDO�VFDWWHUHG�RFFXUUHQFHV�RI�&��YXOJDUH�KDYH�DOVR�EHHQ�PDSSHG���7KH�FXUUHQW�GHQVLW\�DQG
GLVWULEXWLRQ�RI�&��YXOJDUH�DFURVV�WKH�SUHVHUYH�GRHV�QRW�DSSHDU�WR�EH�VXEVWDQWLDOO\�JUHDWHU�WKDQ�WKDW
UHSRUWHG�LQ�WKH������VXUYH\��7KH�1DWXUH�&RQVHUYDQF\����������%HFDXVH�WKH������WUDQVHFW�DQG�WKH
FXUUHQW�WUDQVHFWV�DUH�QRW�GLUHFWO\�VXSHULPSRVHG��ZH�FDQQRW�WHOO�ZKHWKHU�VPDOO�&��YXOJDUH
SRSXODWLRQV�KDYH�SHUVLVWHG�LQ�WKH�DUHDV�ZKHUH�WKH\�ZHUH�IRXQG�LQ��������)ROORZXS�PRQLWRULQJ�RI
WUDQVHFWV�DQG�SRO\JRQV�ZLOO�SURYLGH�LQIRUPDWLRQ�RQ�WKH�ORQJHYLW\�RI�ORFDOL]HG�SRSXODWLRQV�RI�WKLV
VSHFLHV�

$OWKRXJK�WKLV�VSHFLHV�KDV�QRW�VKRZQ�D�VWURQJ�SURSHQVLW\�WR�VSUHDG��VSRW�WUHDWPHQW�RI�EXOO�WKLVWOH
ZRXOG�EH�SUXGHQW�LQ�GLVWXUEHG�DUHDV�ZKHUH�WKLV�ELHQQLDO�WHQGV�WR�UH�HVWDEOLVK�DQG�SHUVLVW���+DQG
UHPRYDO�EHIRUH�IORZHULQJ�LV�SUREDEO\�WKH�VLPSOHVW�PHWKRG�RI�FRQWURO���,I�SODQWV�DUH�IORZHULQJ�
VHHGKHDGV�VKRXOG�EH�UHPRYHG��EDJJHG��DQG�GLVSRVHG�RI�RII�VLWH�ZKHQ�WRSV�DUH�FXW���7KH�XSSHU��
FP����LQFKHV��RI�WDSURRW�VKRXOG�EH�UHPRYHG�ZKHQ�SODQWV�DUH�GXJ���6SRW�KHUELFLGH�DSSOLFDWLRQ�FDQ
EH�XVHG�LQ�OLHX�RI�KDQG�UHPRYDO�LI�SODQWV�DUH�WUHDWHG�EHIRUH�EROWLQJ�

)HQQHO���)RHQLFXOXP�YXOJDUH

)��YXOJDUH�ZDV�GHWHFWHG�LQ�WKH�VDPH�VLQJOH�VHJPHQW�LQ�WKH�1:�%DUNHU�SDVWXUH�LQ�ERWK������DQG
������)LJXUH�������$�QXPEHU�RI�)��YXOJDUH�SODQWV�KDYH�DOVR�EHHQ�PDSSHG�LQ�WKH�QRUWKZHVW�SRUWLRQ
RI�WKH�WULDQJOH�SDVWXUH��WKH�VDPH�DUHD�ZKHUH�VRPH�SODQWV�ZHUH�QRWHG�LQ�WKH������VXUYH\���,W�DSSHDUV
WKDW�)��YXOJDUH�KDV�VSUHDG�VRPHZKDW�VLQFH������IURP�WKLV�RQH�DUHD��DOWKRXJK�VSUHDG�DSSHDUV�WR�EH
OHVV�UDSLG�WKDQ�DQWLFLSDWHG�E\�7KH�1DWXUH�&RQVHUYDQF\
V��������UHSRUW�

7KH�SHUVLVWHQFH�RI�WKH�)��YXOJDUH�SRSXODWLRQ�LQ�WKH�QRUWKHUQ�DUHD�GHVSLWH�JUD]LQJ�DQG�EXUQLQJ
LQGLFDWHV�WKDW�WKHVH�PDQDJHPHQW�DFWLYLWLHV�KDYH�OLPLWHG�HIIHFWV�DJDLQVW�WKLV�SHUHQQLDO���(UDGLFDWLRQ
UHTXLUHV�PHFKDQLFDO�UHPRYDO��LQFOXGLQJ�UHPRYDO�RI�WKH�HQWLUH�URRW�FURZQ�DUHD�DQG��������FP�������
LQFKHV��RI�WDSURRW�DQG�RU�VSRW�DSSOLFDWLRQ�RI�KHUELFLGHV��H�J���JO\SKRVDWH�>5RXQGXS@����+HUELFLGH
DSSOLFDWLRQ�PD\�EH�PRUH�HIIHFWLYH�RQ�ODUJH�SODQWV�LI�WRSV�DUH�ILUVW�FXW�DQG�WKHQ�DOORZHG�WR�UHVSURXW
VOLJKWO\���&RQWURO�DFWLRQV�VKRXOG�EH�WDNHQ�EHIRUH�VHHG�LV�SURGXFHG�

3ULFNO\�OHWWXFH���/DFWXFD�VHUULROD

7KH�QXPEHU�RI�WUDQVHFW�VHJPHQWV�ZLWK�/��VHUULROD�LQFUHDVHG�JUHDWO\�LQ������FRPSDUHG�WR�����
�7DEOH�����)LJXUH�������$V�GLVFXVVHG�LQ�RXU�SUHYLRXV�UHSRUW��6ZLHFNL�DQG�%HUQKDUGW��������$SULO�LV
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QRW�WKH�RSWLPDO�WLPH�IRU�DVVHVVLQJ�/��VHUULROD�SRSXODWLRQV�EHFDXVH�WKH�URVHWWHV�DUH�GLIILFXOW�WR�VHH
IURP�D�GLVWDQFH���%HFDXVH�ODUJHU�VXUYH\�FUHZV�ZHUH�XVHG�LQ������FRPSDUHG�WR�������SDUW�RI�WKH
LQFUHDVH�LQ�/��VHUULROD�SRSXODWLRQV�FRXOG�EH�GXH�WR�LQFUHDVHG�HIILFLHQF\�RI�GHWHFWLRQ�E\�WKH�ODUJHU
FUHZV���7KH�UDLQIDOO�SDWWHUQ�LQ�WKH�����������VHDVRQ��)LJXUH����FRXOG�DOVR�KDYH�EHHQ�PRUH
IDYRUDEOH�IRU�WKH�HVWDEOLVKPHQW�RI�/��VHUULROD�WKDQ�WKH�SUHYLRXV�VHDVRQ
V�UDLQIDOO���7KH�GLVWULEXWLRQ�RI
/��VHUULROD�ZDV�QRW�GHVFULEHG�LQ�WKH������UHSRUW�

$V�VKRZQ�LQ�7DEOH�����/��VHUULROD�LV�OLNHO\�WR�EH�OLPLWHG�E\�VRLO�VDOLQLW\�DQG�DSSHDUV�WR�EH
VXSSUHVVHG�E\�JUD]LQJ���7KH������EXUQ�GLG�QRW�KDYH�D�VLJQLILFDQW�HIIHFW�RQ�/��VHUULROD��7DEOH�����
EXW�EHFDXVH�WKLV�VSHFLHV�ZDV�XQFRPPRQ�LQ�WKH�EXUQHG�ILHOGV��ILUH�HIIHFWV�ZRXOG�EH�GLIILFXOW�WR
GHWHFW���$W�WKLV�WLPH��LW�LV�XQOLNHO\�WKDW�VSHFLILF�PDQDJHPHQW�DFWLRQV�ZLOO�EH�WDNHQ�DJDLQVW�/�
VHUULROD��EXW�JUD]LQJ�DQG�EXUQLQJ�WUHDWPHQWV�GLUHFWHG�DJDLQVW�RWKHU�VSHFLHV�PD\�SURYLGH�VRPH
FRQWURO�RI�/��VHUULROD�

3HUHQQLDO�SHSSHUZHHG���/HSLGLXP�ODWLIROLXP

/��ODWLIROLXP�DSSHDUV�WR�KDYH�VSUHDG�WKH�PRVW�RI�DOO�WKH�WDUJHW�ZHHGV�GRFXPHQWHG�LQ�WKH�����
VXUYH\���,Q�������RQO\�IRXU�VPDOO�/��ODWLIROLXP�LQIHVWDWLRQV�ZHUH�UHSRUWHG��DOWKRXJK�DV�QRWHG�DERYH�
WKH�ILHOGV�QRUWK�RI�%DUNHU�6ORXJK�ZHUH�QRW�VXUYH\HG���&XUUHQWO\��H[WHQVLYH��GHQVH�SDWFKHV�RI�/�
ODWLIROLXP�RFFXU�DORQJ�%DUNHU�6ORXJK�DQG�PDQ\�VPDOOHU�/��ODWLIROLXP�SDWFKHV�DUH�IRXQG�WKURXJKRXW
1:�%DUNHU�SDVWXUH���3RSXODWLRQV�RI�/��ODWLIROLXP�DUH�DOVR�IRXQG�WKURXJKRXW�WKH�7ULDQJOH�SDVWXUH
DQG�LVRODWHG�VSRW�LQIHVWDWLRQV�DUH�IRXQG�LQ�WKH�(XFDO\SWXV�SDVWXUH��WKH�VPDOO�FRUUDOV�QRUWK�RI�WKH
EDUQ��DQG�QHDU�&DOKRXQ�&XW��)LJXUH�������$V�H[SHFWHG��FRYHU�UDQNV�RI�WKLV�SHUHQQLDO�VSHFLHV�GLG�QRW
GLIIHU�VLJQLILFDQWO\�EHWZHHQ�WKH������DQG������VXUYH\V��7DEOH�����

/��ODWLIROLXP�LV�D�UKL]RPDWRXV�SHUHQQLDO�DQG�LV�YHU\�GLIILFXOW�WR�FRQWURO���,W�KDV�D�KLJK�SRWHQWLDO�IRU
LQYDGLQJ�WKH�IODW�DQG�VZDOH�WRSRJUDSKLF�SRVLWLRQV�WKURXJKRXW�WKH�SUHVHUYH��DQG�XQGHU�IDYRUDEOH
FRQGLWLRQV�FDQ�EHFRPH�WKH�GRPLQDQW�FRYHU�WKURXJK�YHJHWDWLYH�VSUHDG��D�VWXG\�VKRZLQJ�UDSLG
VSUHDG�RYHU�VL[�\HDUV�LV�VXPPDUL]HG�DW�KWWS���ZULF�XFGDYLV�HGX�H[RWLF�WHFKWUDQ�UDWHBRIBVSUHDG�KWP��
5HSURGXFWLRQ�YLD�VHHG�LV�SUREDEO\�PRUH�LPSRUWDQW�IRU�WKH�HVWDEOLVKPHQW�RI�QHZ�LQIHVWDWLRQV�WKDQ
WKH�VSUHDG�RI�H[LVWLQJ�SRSXODWLRQV�

*UD]LQJ�PD\�KHOS�UHGXFH�IORZHULQJ�DQG�VHHG�SURGXFWLRQ�RI�/��ODWLIROLXP��/DZV��������EXW�JUD]LQJ
KDV�FOHDUO\�QRW�SUHYHQWHG�WKH�VSUHDG�RI�/��ODWLIROLXP�DW�WKH�SUHVHUYH���0RQLWRULQJ�GDWD�LV�FRQVLVWHQW
ZLWK�/DZV
��������ILQGLQJ�WKDW�ILUH�LV�LQHIIHFWLYH�DW�UHGXFLQJ�HVWDEOLVKHG�/��ODWLIROLXP�SRSXODWLRQV�
DQG�EXUQLQJ�PD\�DFWXDOO\�IDYRU�VSUHDG�LI�LW�VXSSUHVVHV�FRPSHWLQJ�YHJHWDWLRQ���$OWKRXJK�UHVHDUFK�LV
RQJRLQJ��FRQWURO�RI�/��ODWLIROLXP�LV�ODUJHO\�EDVHG�RQ�WKH�XVH�RI�KHUELFLGHV���,PD]DS\U��$UVHQDO�
DQG�VXOIRQ\OXUHD�KHUELFLGHV��LQFOXGLQJ�FKORUVXOIXURQ��7HODU��DQG�PHWVXOIXURQ��(VFRUW��DUH�KLJKO\
HIIHFWLYH�DJDLQVW�/��ODWLIROLXP��EXW�XVH�RI�WKHVH�FRPSRXQGV�LV�OLPLWHG�WR�DUHDV�DZD\�IURP�ZDWHU��LQ
SDUW�GXH�WR�WKHLU�KLJK�WR[LFLW\�WR�D�ZLGH�YDULHW\�RI�QRQWDUJHW�SODQWV���*O\SKRVDWH�DQG�RU������'�KDYH
EHHQ�XVHG�IRU�FRQWURO�DGMDFHQW�WR�ZDWHU��EXW�WKHVH�FRPSRXQGV�DUH�OHVV�HIIHFWLYH���0RZLQJ�RU
JUD]LQJ�WRSV�WR�GHSOHWH�FDUERK\GUDWH�UHVHUYHV�SULRU�WR�KHUELFLGH�DSSOLFDWLRQ�FDQ�LPSURYH�KHUELFLGH
HIILFDF\���&XUUHQW�8&�UHFRPPHQGDWLRQV�IRU�/��ODWLIROLXP�PDQDJHPHQW�VKRXOG�EH�UHYLHZHG�EHIRUH
XQGHUWDNLQJ�PDQDJHPHQW�DFWLRQV�IRU�WKLV�VSHFLHV�

0LON�WKLVWOH���6LO\EXP�PDULDQXP

6��PDULDQXP��PLON�WKLVWOH��ZDV�QRW�GHWHFWHG�LQ�DQ\�WUDQVHFWV�LQ�������EXW�ZDV�GHWHFWHG�LQ������LQ
DQ�DUHD�ZKHUH�WKH�(XFDO\SWXV�WUHHV�ZHUH�UHPRYHG�GXULQJ�WKH�VXPPHU�RI�������)LJXUH�������2WKHU
LVRODWHG�PLON�WKLVWOH�SODQWV�KDYH�DOVR�EHHQ�QRWHG�LQ�VHYHUDO�RWKHU�DUHDV�DURXQG�WKH�SUHVHUYH�
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SDUWLFXODUO\�LQ�GLVWXUEHG�DUHDV�DQG�DORQJ�IHQFH�OLQHV���0LON�WKLVWOH�ZDV�QRW�QRWHG�LQ�WKH������VXUYH\
�7KH�1DWXUH�&RQVHUYDQF\��������

6��PDULDQXP�JHQHUDOO\�SUHIHUV�IHUWLOH�VRLOV�DQG�JHUPLQDWHV�EHVW�LQ�GLVWXUEHG��JHQHUDOO\�EDUH�VRLOV�
+HQFH��DUHDV�ZKHUH�VKHHS�FRQJUHJDWH�RU�OLQJHU��VXFK�DV�DURXQG�HXFDO\SWXV�VWXPSV��DUH�PRVW
VXVFHSWLEOH�WR�FRORQL]DWLRQ�E\�WKLV�VSHFLHV�

0HGXVDKHDG�JUDVV���7DHQLDWKHUXP�FDSXW�PHGXVDH

8QOLNH�WKH�RWKHU�WDUJHW�ZHHGV�GLVFXVVHG�DERYH��7��FDSXW�PHGXVDH�LV�ZLGHVSUHDG�WKURXJKRXW�WKH
SUHVHUYH���7KH������VXUYH\�VKRZHG�WKLV�VSHFLHV�WR�EH�FRPPRQ�RU�GRPLQDQW�WKURXJKRXW�PRVW�RI
WKH�SUHVHUYH���'XH�WR�WKH�VXSSUHVVLRQ�RI�7��FDSXW�PHGXVDH�LQ�SDVWXUHV�WKDW�ZHUH�EXUQHG�LQ�WKH�SDVW
WZR�\HDUV��)LJXUH������FXUUHQW�FRYHU�RI�7��FDSXW�PHGXVDH�LV�SUREDEO\�ORZHU�WKDQ�OHYHOV�SUHVHQW�LQ
�����

$�UHJXODU�EXUQLQJ�SURJUDP�DW�WKH�SUHVHUYH�LV�OLNHO\�WR�NHHS�SRSXODWLRQV�RI�7��FDSXW�PHGXVDH�LQ
FKHFN���&RQWLQXHG�REVHUYDWLRQV�RQ�UHFHQWO\�EXUQHG�SDVWXUHV�ZLOO�KHOS�SURYLGH�DGGLWLRQDO
LQIRUPDWLRQ�RQ�WKH�OHQJWK�RI�WLPH�WKDW�7��FDSXW�PHGXVDH�LV�VXSSUHVVHG�E\�DQ�HIIHFWLYH�EXUQ���$V
QRWHG�DERYH��QRW�DOO�UHFHQW�EXUQV�KDYH�EHHQ�HIIHFWLYH���%\�DQDO\]LQJ�EXUQ�SDUDPHWHUV�DQG
LGHQWLI\LQJ�FRQWURO�VXFFHVVHV�DQG�IDLOXUHV�WKURXJK�PRQLWRULQJ�LW�VKRXOG�EH�SRVVLEOH�WR�PRUH�FOHDUO\
LGHQWLI\�IDFWRUV�WKDW�DUH�QHFHVVDU\�IRU�HIILFDF\���,Q�DGGLWLRQ��SDVWXUHV�UHFHLYLQJ�LQHIIHFWLYH�EXUQV
VKRXOG�EH�VFKHGXOHG�IRU�UHEXUQLQJ�VRRQHU�WKDQ�SDVWXUHV�ZKHUH�JRRG�FRQWURO�ZDV�DWWDLQHG�

,Q�ILHOGV�WKDW�KDYH�QRW�EHHQ�EXUQHG�UHFHQWO\��KLJKHU�JUD]LQJ�LQWHQVLW\�LV�DVVRFLDWHG�ZLWK�ORZHU
FRYHU�RI�7��FDSXW�PHGXVDH��7DEOH�������'XH�WR�WKH�FRQIRXQGLQJ�RI�WKHVH�IDFWRUV��LQIRUPDWLRQ�RQ�WKH
LQWHUDFWLRQ�RI�ILUH�DQG�JUD]LQJ�ZLOO�EH�GLIILFXOW�WR�H[WUDFW�IURP�PRQLWRULQJ�GDWD���/RQJ�WHUP
FRQWUROOHG�VWXGLHV�ZLOO�EH�QHFHVVDU\�WR�H[SORUH�WKHVH�LQWHUDFWLRQV�DW�WKH�SUHVHUYH�

2WKHU�VSHFLHV

$V�QRWHG�DERYH��$��F\OLQGULFD��JRDW�JUDVV��KDV�QRW�EHHQ�GHWHFWHG�LQ�WUDQVHFWV���7R�GDWH��QR
SRSXODWLRQV�RI�WKLV�VSHFLHV�KDYH�EHHQ�PDSSHG�XVLQJ�WKH�SRO\JRQ�SURWRFRO���$��F\OLQGULFD�LV�QRW
GLVWLQFWLYH�HQRXJK�WR�UHFRJQL]H�ZLWKRXW�WKH�SUHVHQFH�RI�LQIORUHVFHQFHV���%HFDXVH�$��F\OLQGULFD
JHQHUDOO\�KHDGV�RXW�WRR�ODWH�WR�EH�UHFRJQL]HG�LQ�VSULQJ�VXUYH\V�DQG�VHHG�PD\�VKDWWHU�E\
PLGVXPPHU��HIIRUWV�WR�PDS�LWV�GLVWULEXWLRQ�VKRXOG�EH�WLPHG�IRU�ODWH�VSULQJ�RU�HDUO\�VXPPHU���7KLV
VSHFLHV�ZDV�QRW�PHQWLRQHG�LQ�WKH������VXUYH\��EXW�LW�ZRXOG�KDYH�EHHQ�GLIILFXOW�WR�UHFRJQL]H�LQ
2FWREHU�

;DQWKLXP�VWUXPDULXP��FRFNOHEXU��KDV�RQO\�EHHQ�REVHUYHG�WR�GDWH�LQ�WZR�ORFDWLRQV�LQ�VHFWLRQ���
�6ZLHFNL�DQG�%HUQKDUGW���������,W�ZDV�QRW�UHFRUGHG�LQ�WKH������VXUYH\�

3LFULV�HFKLRLGHV��EULVWO\�R[�WRQJXH��KDV�EHHQ�QRWHG�LQ�VHYHUDO�ORFDWLRQV�WKURXJKRXW�WKH�SUHVHUYH�
PRVWO\�QHDU�SDVWXUH�HGJHV��)LJXUH�������$OWKRXJK�WKLV�VSHFLHV�LV�QRW�FXUUHQWO\�RQ�WKH�WDUJHW�ZHHG
OLVW��LW�KDV�WKH�SRWHQWLDO�WR�VSUHDG�PRUH�H[WHQVLYHO\�LQ�WKH�SUHVHUYH��EDVHG�RQ�REVHUYDWLRQV�IURP
RWKHU�VLPLODU�DUHDV���7KH�SUHVHQFH�RI�WKLV�VSHFLHV�VKRXOG�EH�QRWHG�LQ�IXWXUH�VXUYH\V�LQ�RUGHU�WR
GHWHUPLQH�ZKHWKHU�WKLV�VSHFLHV�LV�LQFUHDVLQJ�WR�WKH�SRLQW�WKDW�PDQDJHPHQW�VKRXOG�EH�FRQVLGHUHG�

&21&/86,216�$1'�5(&200(1'$7,216

7KH�FRPELQDWLRQ�RI�UHJXODU�WUDQVHFW�EDVHG�PRQLWRULQJ�DQG�SRLQW�SRO\JRQ�PDSSLQJ�IRU�XQFRPPRQ
WDUJHW�ZHHGV�SURYLGHV�D�PHDQV�IRU�PRQLWRULQJ�FHUWDLQ�QDWLYH�DQG�LQYDVLYH�H[RWLF�SODQW�VSHFLHV�LQ
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WKH�-HSVRQ�3UDLULH�3UHVHUYH�JUDVVODQGV���:H�KDYH�GHPRQVWUDWHG�WKDW�WKH�SHUVRQQHO��HTXLSPHQW��DQG
WLPH�UHTXLUHPHQWV�WR�H[HFXWH�WKH�WUDQVHFW�EDVHG�PRQLWRULQJ�DUH�TXLWH�PRGHVW���,I�FDUH�LV�WDNHQ�WR
HQVXUH�WKDW�DOO�HYDOXDWRUV�DUH�DGHTXDWHO\�WUDLQHG�SULRU�WR�PRQLWRULQJ�DQG�WKH�VXUYH\�LV�WLPHG�IRU
RSWLPDO�GHWHFWLRQ�RI�PRQLWRUHG�VSHFLHV��WKH�PHDVXUHPHQW�HUURU�DVVRFLDWHG�ZLWK�WUDQVHFW�EDVHG
PRQLWRULQJ�LV�DFFHSWDEO\�ORZ�

2QJRLQJ�PRQLWRULQJ�LV�WKH�NH\�WR�DQ�DGDSWLYH�UHVRXUFH�PDQDJHPHQW�SURJUDP���%HFDXVH�WKH�-HSVRQ
3UDLULH�SODQW�FRPPXQLW\�LV�GRPLQDWHG�E\�DQQXDOV��UHODWLYHO\�ODUJH�FKDQJHV�LQ�WKH�YHJHWDWLRQ�FDQ
RFFXU�IURP�\HDU�WR�\HDU���7KH�PRQLWRULQJ�GDWD�FROOHFWHG�WR�GDWH�KDV�FOHDUO\�VKRZQ�WKDW�EXUQLQJ
SURYLGHG�QHDUO\�FRPSOHWH�VXSSUHVVLRQ�RI�7��FDSXW�PHGXVDH�LQ�VRPH�SDVWXUHV��EXW�WKDW�VRPH�EXUQV
ZHUH�LQHIIHFWLYH���&RQWLQXHG�PRQLWRULQJ�VKRXOG�VKRZ�KRZ�ORQJ�LV�UHTXLUHG�IRU�7��FDSXW�PHGXVDH
SRSXODWLRQV�WR�UHWXUQ�WR�SUREOHPDWLF�OHYHOV���,QFUHDVHV�LQ�VSHFLHV�VXFK�DV�WKH�QDWLYH�3��FDOLIRUQLFXV
DQG�WKH�H[RWLF�&��S\FQRFHSKDOXV�DSSHDU�WR�EH�UHODWHG�WR�UDLQIDOO�GLIIHUHQFHV�IRU�WKH�WZR�\HDUV�LQ
ZKLFK�PRQLWRULQJ�KDV�RFFXUUHG�VR�IDU���&RQWLQXHG�PRQLWRULQJ�RQ�DQ�DQQXDO�EDVLV�ZLOO�EH�QHHGHG�WR
GHYHORS�D�GDWDEDVH�WKDW�FDQ�EH�XVHG�WR�VWXG\�WKH�LQWHUDFWLRQ�EHWZHHQ�ZHDWKHU�SDUDPHWHUV�DQG
YHJHWDWLRQ�

%\�FRPSDULQJ�WKH�FXUUHQW�PRQLWRULQJ�GDWD�ZLWK�ROGHU�EDVHOLQH�GDWD��LW�DSSHDU�WKDW�&�
S\FQRFHSKDOXV�DQG�/��ODWLIROLXP�KDYH�VSUHDG�VXEVWDQWLDOO\�DW�WKH�SUHVHUYH�VLQFH��������&RQVLVWHQW
DSSOLFDWLRQ�RI�WKH�FXUUHQW�PRQLWRULQJ�SURWRFROV�ZLOO�SURYLGH�D�FOHDUHU�SLFWXUH�RI�WKH�VSUHDG�RI�WKHVH
DQG�RWKHU�LQYDVLYH�H[RWLFV���0RQLWRULQJ�ZLOO�DOVR�SURYLGH�D�PHDQV�IRU�REMHFWLYHO\�GHWHUPLQLQJ�WKH
VXFFHVV�RI�PDQDJHPHQW�DFWLYLWLHV�GLUHFWHG�DJDLQVW�H[RWLF�VSHFLHV���7KH�LQFOXVLRQ�RI�QDWLYH�SODQWV�LQ
WKH�PRQLWRULQJ�SURWRFRO�SURYLGHV�D�ZD\�WR�DVVHVV�WKH�LPSDFW�RI�WKHVH�PDQDJHPHQW�DFWLYLWLHV�RQ
QDWLYH�VSHFLHV�

7KH�PRQLWRULQJ�V\VWHP�ZLOO�ZRUN�EHVW�LI�GDWD�LV�FROOHFWHG�DQQXDOO\���*,6�EDVHG�SUHVHQWDWLRQV�RI�WKH
GDWD�FDQ�EH�XVHG�WR�VFDQ�HDFK�\HDU
V�GDWD�IRU�REYLRXV�WUHQGV�DQG�QHZ�GHWHFWLRQV�RI�XQFRPPRQ
H[RWLFV���0RUH�FRPSOHWH�UHWURVSHFWLYH�DQDO\VHV�RI�WKH�PRQLWRULQJ�GDWD�QHHG�QRW�EH�FRQGXFWHG
DQQXDOO\��EXW�FRXOG�EH�FRQGXFWHG�HYHU\���WR���\HDUV�

7KH�YDOXH�RI�WKH�PRQLWRULQJ�V\VWHP�ZLOO�EH�LQFUHDVHG�LI�DGGLWLRQDO�LQIRUPDWLRQ�WKDW�LV�FROOHFWHG�DW
WKH�SUHVHUYH�XWLOL]HV�RU�LQFOXGHV�WKH�HVWDEOLVKHG�WUDQVHFW�V\VWHP���)RU�LQVWDQFH��D�PRUH�GHWDLOHG�VRLO
VXUYH\��LQFOXGLQJ�EHWWHU�FKDUDFWHUL]DWLRQ�RI�VRLO�VDOLQLW\�OHYHOV�DORQJ�WKH�WUDQVHFWV�ZRXOG�SURYLGH�D
EHWWHU�EDVLV�IRU�DFFRXQWLQJ�IRU�HGDSKLF�IDFWRUV�WKDQ�WKH�H[LVWLQJ�VRLO�W\SH�SRO\JRQV���,I�VXUYH\V�IRU
QDWLYH�VSHFLHV�RWKHU�WKDQ�WKRVH�LQFOXGHG�LQ�WKH�WUDQVHFW�SURWRFRO�ZHUH�FRQGXFWHG�XVLQJ�WKH�VDPH
WUDQVHFW�VHJPHQWV��UHODWLRQVKLSV�EHWZHHQ�D�ZLGHU�YDULHW\�RI�QDWLYH�DQG�H[RWLF�VSHFLHV�FRXOG�EH
H[SORUHG�DQG�UHODWHG�WR�PDQDJHPHQW�DFWLYLWLHV�

,Q�FRQWUDVW��VPDOO�PDQLSXODWLYH�VWXGLHV��HVSHFLDOO\�WKRVH�LQYROYLQJ�PDQLSXODWLRQV�RI�YHJHWDWLRQ�E\
JUD]LQJ��EXUQLQJ��RU�RWKHU�PHDQV��VKRXOG�JHQHUDOO\�QRW�EH�FRQGXFWHG�ZLWKLQ�WKH�WUDQVHFW�VHJPHQWV�
$OWHUQDWLYH�PDQDJHPHQW�UHJLPHV�WKDW�DIIHFW�DW�PRVW�RQH�RU�D�IHZ�WUDQVHFW�VHJPHQWV�JHQHUDOO\
FDQQRW�EH�GHDOW�ZLWK�LQ�VWDWLVWLFDO�PRGHOV�DQG�ZRXOG�UHVXOW�LQ�WKH�H[FOXVLRQ�RI�GDWD�IURP�WKH
DIIHFWHG�WUDQVHFW�VHJPHQWV���+RZHYHU��ZKHQ�ORFDOL]HG�HYHQWV�RFFXU�LQ�WUDQVHFW�VHJPHQWV��VXFK�DV
KHUELFLGH�WUHDWPHQWV�RU�VSRW�ILUHV��ORFDWLRQ�GDWD�VKRXOG�EH�JDWKHUHG�XVLQJ�*36�UHFHLYHUV�VR�WKDW
WKHVH�IDFWRUV�FDQ�EH�WDNHQ�LQWR�DFFRXQW�SULRU�WR�GDWD�DQDO\VLV�
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Figure 13.  Achillea millefolium cover ranks in transect segments, April 2001 and 2002  Markers
for transect segments are centered over the midpoint of the segment and are not to scale.



([RWLF�DQG�QDWLYH�SODQW�PRQLWRULQJ��-HSVRQ�3UDLULH������ SDJH����RI���

3 + < 7 2 6 3 + ( 5 ( � 5 ( 6 ( $ 5 & +

Figure 14.  Deschampsia danthonioides cover ranks in transect segments, April 2001 and April
2002.  Markers for transect segments are centered over the midpoint of the segment and are

not to scale.
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Figure 15.  Lasthenia spp. (species with conspicuous ray flowers, including L. californica and L.
fremontii) cover ranks in transect segments, April 2001 and April 2002.  Markers for transect

segments are centered over the midpoint of the segment and are not to scale.
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Figure 16.  Nassella pulchra cover ranks in transect segments, April 2001 and April 2002.
Markers for transect segments are centered over the midpoint of the segment and are not to

scale.
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Figure 17.  Pleuropogon californicus cover ranks in transect segments, April 2001 and April
2002.  Markers for transect segments are centered over the midpoint of the segment and are

not to scale.
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Figure 18.  Triphysaria eriantha spp. eriantha cover ranks in transect segments, April 2001 and
April 2002.  Markers for transect segments are centered over the midpoint of the segment and

are not to scale.
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Figure 19.  Viola pedunculata cover ranks in transect segments, April 2001 and April 2002.
Markers for transect segments are centered over the midpoint of the segment and are not to

scale.
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Figure 20.  Carduus pycnocephalus cover ranks in transect segments, April 2001 and April
2002.  Markers for transect segments are centered over the midpoint of the segment and are

not to scale.
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Figure 21.  Centaurea solstitialis cover ranks in transect segments, April 2001 and 2002.
Markers for transect segments are centered over the midpoint of the segment and are not to

scale.
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Figure 22.  Erodium spp. cover ranks in transect segments, April 2001 and April 2002.  Markers
for transect segments are centered over the midpoint of the segment and are not to scale.
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Figure 23.  Lactuca serriola cover ranks in transect segments, April 2001 and 2002.  Markers
for transect segments are centered over the midpoint of the segment and are not to scale.
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Figure 24.  Lepidium latifolium cover ranks in transect segments (April 2001 and April 2002)
and mapped point/polygon populations.  Not all visible populations have been mapped in the

heavily infested pastures north of Barker Slough.  Markers for transect segments are centered
over the midpoint of the segment and are not to scale.  Point/polygon markers are at centers of
points or edges of polygons. Marker size for all markers for a given polygon is scaled to match

the weed population size class for the entire polygon.
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Figure 25.  Taeniatherum caput-medusae cover ranks in transect segments, April 2001 and
2002.  Markers for transect segments are centered over the midpoint of the segment and are

not to scale.
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Figure 26.  Rarely-occurring weeds noted during the transect monitoring in April 2001
(triangles) and April 2002 (squares) and mapped as weed polygons in April 2001 through April
2002 (circles).  Bristly ox-tongue (Picris echioides) is not on the target list of weeds.  Markers

for transect segments are centered over the midpoint of the segment.  Markers are not to scale.



([RWLF�DQG�QDWLYH�SODQW�PRQLWRULQJ��-HSVRQ�3UDLULH������ SDJH����RI���

3 + < 7 2 6 3 + ( 5 ( � 5 ( 6 ( $ 5 & +

/,7(5$785(�&,7('
%DWHV��/��$����������6RLO�6XUYH\�RI�6RODQR�&RXQW\��&DOLIRUQLD���86'$�6RLO�&RQVHUYDWLRQ�6HUYLFH��

8QLYHUVLW\�RI�&DOLIRUQLD�$JULFXOWXUDO�([SHULPHQW�6WDWLRQ�

/DZV��0DUJDUHW�6����������&RQWURO�RI�/HSLGLXP�ODWLIROLXP�DQG�UHVWRUDWLRQ�RI�QDWLYH�JUDVVHV���0�6�
7KHVLV��2UHJRQ�6WDWH�8QLY������SDJHV���$YDLODEOH�RQOLQH�DW
KWWS���IUHVF�XVJV�JRY�RQOLQH�RQOLQHBGRFV�ODZV�PHJWKHVLV�SGI

/HYLQ��-��5��6HUOLQ�5��&����������&KDQJLQJ�6WXGHQWV
�3HUVSHFWLYHV�RI�0F1HPDU
V�7HVW�RI�&KDQJH�
-RXUQDO�RI�6WDWLVWLFV�(GXFDWLRQ�>RQOLQH@������
KWWS���ZZZ�DPVWDW�RUJ�SXEOLFDWLRQV�MVH�VHFXUH�Y�Q��OHYLQ�FIP

3ROODN��2���.DQ��7����������7KH�XVH�RI�SUHVFULEHG�ILUH�WR�FRQWURO�LQYDVLYH�H[RWLF�ZHHGV�DW�-HSVRQ
3UDLULH�3UHVHUYH���3DJHV���������LQ��:LWKDP��&��:���%DXGHU��(��7���%HON��'���)HUUHQ��:��5��
2UQGXII��5���(GLWRUV����(FRORJ\��&RQVHUYDWLRQ��DQG�0DQDJHPHQW�RI�9HUQDO�3RRO�(FRV\VWHPV�
3URFHHGLQJV�IURP�D������&RQIHUHQFH���&DOLIRUQLD�1DWLYH�3ODQW�6RFLHW\��6DFUDPHQWR��&$�������

6WHHOH��5��*��'���7RUULH��-��+����������3ULQFLSOHV�DQG�3URFHGXUHV�RI�6WDWLVWLFV���1HZ�<RUN���0F*UDZ�
+LOO�%RRN�&RPSDQ\��,QF�

6ZLHFNL��7���%HUQKDUGW��(����������([RWLF�DQG�QDWLYH�SODQW�PRQLWRULQJ�DW�-HSVRQ�3UDLULH�3UHVHUYH�
�������3UHSDUHG�IRU�6RODQR�/DQG�7UXVW��)DLUILHOG��&$������SDJHV�

7KH�1DWXUH�&RQVHUYDQF\����������'UDIW�-HSVRQ�3UDLULH�3UHVHUYH�:HHG�&RQWURO�3URJUDP�������
�����������SDJHV�


