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'HDU�,$&8&��,�KDYH�PDUNHG�RQH�FHUWLĆFDWLRQ��LQFRUUHFWO\��DQG�RQO\�VR�WKDW�VXEPLVVLRQ�FRXOG�EH

FRPSOHWHG��DV�ZRUN�RQ�WKLV�SURMHFW�KDV�DOUHDG\�EHJXQ��8QWLO�YHU\�UHFHQWO\��,�VLPSO\��DV�LQ�DEVHQW�

PLQGHGO\��GLG�QRW�FRQVLGHU�WKDW�WKLV�DXJPHQWHG�DQDO\VLV�RI�RXU�DUFKLYHG�VDPSOHV�PLJKW�UHSUHVHQW

D�VXIĆFLHQWO\�VXEVWDQWLDO�H[WHQVLRQ�RI�ZRUN�RQ�FROOHFWLRQ�DQG�LGHQWLĆFDWLRQ�RI�ODUYDO�ĆVKHV

FXUUHQWO\�DSSURYHG�XQGHU�SUHYLRXV�DQG�FXUUHQW�,$&8&�SURWRFROV��������0/����$��������)����

$�������0�����$��DQG�������0�����$�IRU�WKH�VDPSOHV�FRQVLGHUHG�KHUH������0���IRU�RQJRLQJ

FROOHFWLRQV�QRW�LQFOXGHG�LQ�WKLV�SURMHFW���7KLV�SURMHFW�LQFOXGHV�DQDO\VLV�RI�DUFKLYHG�VDPSOHV�WR

LGHQWLI\�ODUYDO�ĆVKHV��9LVXDO�LGHQWLĆFDWLRQ�LV�SDUW�RI�RXU�RQJRLQJ�ZRUN����ZKDW�LV�VXEVWDQWLYHO\�QHZ

KHUH�LV�HQKDQFLQJ�WKDW�DQDO\VLV�ZLWK�JHQHWLF�WHFKQLTXHV�WR�SDUVH�RXW�LGHQWLĆFDWLRQV�IRU�YLVXDOO\

FU\SWLF�ODUYDO�URFNĆVKHV��,Q�DQ\�FDVH��P\�VLQFHUH�DSRORJLHV��7KLV�ZDV�D�VLPSOH�HUURU�DQG�FHUWDLQO\

UHSUHVHQWV�QR�GLVUHVSHFW�IRU�WKH�,$&8&�DQG�WKH�VWDQGDUGV�LW�XSKROGV��3OHDVH�FRQWDFW�PH�GLUHFWO\

E\�HPDLO��HSE�#KXPEROGW�HGX��RU�SKRQH����������������LI�,�PD\�SURYLGH�DQ\�IXUWKHU

FODULĆFDWLRQ��$Q\�UHSULPDQGV��HWF���VKRXOG�EH�GLUHFWHG�DW�PH��DQG�,�DVN�WKDW�WKLV�QRW�UHćHFW

GHWULPHQWDOO\�RQ�WKH�JUDGXDWH�VWXGHQW��%ODLU�:LQQDFRWW��ZKRVH�ZRUN�RQ�WKLV�SURMHFW�LV�QHDULQJ

FRPSOHWLRQ�RU�RQ�P\�FROOHDJXH��$QGUHZ�.LQ]LJHU��LQ�ZKRVH�ODE�WKH�JHQHWLF�DQDO\VLV�ZRUN�LV�EHLQJ

GRQH��5HVSHFWIXOO\��(ULF�%MRUNVWHGW

&RSLHG�RYHU�IURP�HPDLOHG�FRPPHQWV����+HOOR�(ULF��,�XQGHUVWDQG�WKDW�\RX�ZLOO�EH�XVLQJ�DUFKLYHG

ĆVK�VDPSOHV�DQG�QRW�OLYH�VSHFLPHQV��EXW�\RX�VWLOO�QHHG�WR�SURYLGH�D�GHWDLOHG�OLVW�RI�SURFHGXUHV�

RWKHUZLVH��,�FDQQRW�UHDOO\�HYDOXDWH�\RXU�SURMHFW�DV�DQ�(�OHYHO�SURWRFRO��1�$�DV�D�UHVSRQVH�LV�UHDOO\

RQO\�DSSOLFDEOH�IRU�FHUWDLQ�VHFWLRQV��$OVR��RQ�WKH�VSHFLHV�OLVW��,�GR�QRW�VHH�HVWLPDWHV�RI�WKH���RI

LQGLYLGXDOV�\RX�H[SHFW�WR�ĆQG��,�NQRZ�\RX�FDQQRW�NQRZ�H[DFW��V��EXW�DUH�ZH�WDONLQJ�VLQJOH�GLJLWV�

GRXEOH�RU�WULSOH�GLJLWV"�)LQDOO\��,
P�QRW�VXUH�ZKDW�\RXU�QRWH�DERXW��LQFRUUHFWO\��FKHFNLQJ�D�ER[�LV

UHIHUULQJ�WR���FDQ�\RX�SOHDVH�EH�PRUH�VSHFLĆF"�7KDQN�\RX��0LFDHOD�

5HVSRQVHV��7KDQNV�IRU�WKH�TXLFN�UHYLHZ��7R�DGGUHVV�FRPPHQWV�ZH�KDYH�DGGHG�DGGLWLRQDO

LQIRUPDWLRQ�RQ�WKH��SULRU��FROOHFWLRQ�RI�VSHFLPHQV�LQFOXGHG�LQ�RXU�DUFKLYH��DQG�RQ�WKH�SURFHGXUHV

XVHG�IRU�JHQHWLF�LGHQWLĆFDWLRQ�RI�ODUYDO�URFNĆVKHV��:H�KDYH�DGGHG�LQIRUPDWLRQ�RQ�QXPEHUV�EHORZ

�LQ�1XPEHUV�-XVWLĆFDWLRQ��DQG�DV�D�SUHIDFH�WR�WKH�6SHFLHV�/LVW�SURYLGHG�DV�D�VXSSOHPHQWDU\

GRFXPHQW��5HJDUGLQJ��LQFRUUHFWO\�����WKLV�UHIHUUHG�WR�P\�FKHFNLQJ�
\HV
�WR�WKH�TXHU\�WKDW�ZRUN�KDG

QRW�\HW�EHHQ�LQLWLDWHG�SHQGLQJ�,$&8&�UHYLHZ��3OHDVH�UHIHU�WR�P\�RULJLQDO�QRWH�DERYH�UHJDUGLQJ�P\

WDUG\�UHFRJQLWLRQ�WKDW�WKH�SURSRVHG�ZRUN��HYHQ�WKRXJK�RQ�DUFKLYHG�VDPSOHV��UHSUHVHQWHG�D

VXEVWDQWLDO�H[WHQVLRQ�RI�UHVHDUFK�UHTXLULQJ�DGGLWLRQDO�,$&8&�UHYLHZ��-XVW�EHLQJ�KRQHVW�WKDW�ZH

KDYH�DOUHDG\�VWDUWHG�WKLV�ZRUN��DQG�DUH�ZRUNLQJ�LQ�JRRG�IDLWK�WR�UHFRQFLOH�WKLV��3OHDVH�OHW�PH�NQRZ

LI�,�FDQ�SURYLGH�IXUWKHU�FODULĆFDWLRQ�	�WKDQNV�DJDLQ�

���)DFXOW\�3URMHFW�/HDGHU�DQG�3HUVRQQHO

3URMHFW�/HDGHU�b

(ULF�3�%MRUNVWHGW



3URMHFW�/HDGHU�5ROH�b)DFXOW\

'HSDUWPHQW�b0DULQH�)DFLOLWLHV

1DPH�b

%ODLU�:LQQDFRWW

(PDLO�b

%ODLU�:LQQDFRWW#KXPEROGW�HGX��PDLOWR�%ODLU�:LQQDFRWW#KXPEROGW�HGX�

1DPH�b

$QGUHZ�.LQ]LJHU

(PDLO�b

$QGUHZ�.LQ]LJHU#KXPEROGW�HGX��PDLOWR�$QGUHZ�.LQ]LJHU#KXPEROGW�HGX�

2WKHU�3URWRFRO�3DUWLFLSDQWV�b

���3URMHFW�,QIRUPDWLRQ

3URMHFW�7LWOH�b

&RPPXQLW\�VWUXFWXUH�RI�ODUYDO�ĆVKHV�RII�QRUWKHUQ�&DOLIRUQLD

3URWRFRO�VWDUW�GDWH�RQ�GDWH�RI�DSSURYDO�b

<HV

���1RQ�+68�&ROODERUDWLRQ

,V�WKLV�SURMHFW�SDUW�RI�D�FROODERUDWLRQ"�b

1R

���)XQGLQJ

:LOO�WKH�GHVFULEHG�SURMHFW�EH�IXQGHG"�b

<HV

,I�)XQGHG�ZLOO�WKH�IXQGV�EH�DGPLQLVWHUHG�E\�WKH�+68�VSRQVRUHG�3URJUDPV�)RXQGDWLRQ��63)��b

1R
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���/D\�$EVWUDFW�RI�3URSRVHG�3URMHFW

/D\�$EVWUDFW�b

7KH�SXUSRVH�RI�WKLV�SURMHFW�LV�WR�DQDO\]H�D����\HDU�������������WLPH�VHULHV�RI�DUFKLYHG

LFKWK\RSODQNWRQ��ODUYDO�ĆVK��H[WUDFWHG�IURP�VDPSOHV�FROOHFWHG�DORQJ�D�FURVV�VKHOI�WUDQVHFW�RII

QRUWKHUQ�&DOLIRUQLD�WR�FKDUDFWHUL]H�YDULDELOLW\�LQ�DVVHPEODJH�VWUXFWXUH�DQG�FURVV�VKHOI

GLVWULEXWLRQV�LQ�WKH�FRQWH[W�RI�VHDVRQDO�DQG�EDVLQ�VFDOH�FKDQJHV�LQ�RFHDQRJUDSKLF�FRQGLWLRQV�

/DUYDO�ĆVK�ZLOO�EH�LGHQWLĆHG�DQG�PHDVXUHG�XQGHU�PDJQLĆFDWLRQ��$�NH\�HOHPHQW�RI�WKLV�UHVHDUFK�ZLOO

EH�WKH�DSSOLFDWLRQ�RI�JHQHWLF�PHWKRGV�WR�UHVROYH�DPELJXLW\�LQ�LGHQWLĆFDWLRQ�RI�ODUYDO�URFNĆVKHV

�6HEDVWHV�VSS���å�D�ĆUVW�DSSOLFDWLRQ�RI�WKLV�DSSURDFK�RII�QRUWKHUQ�&DOLIRUQLD��2XU�JRDO�LV�WR����

GHVFULEH�DVVHPEODJH�YDULDELOLW\�ZLWK�H[WUD�IRFXV�RQ�URFNĆVKHV������UHODWH�YDULDELOLW\�WR

RFHDQRJUDSKLF�FRQGLWLRQV�DQG�����LGHQWLI\�KRZ�LFKWK\RSODQNWRQ�VXUYH\V�PLJKW�\LHOG�LQVLJKW�LQWR

SRWHQWLDO�SRSXODWLRQ�VKLIWV�OLQNHG�WR�FOLPDWH�YDULDELOLW\��H�J���(O�1LQR�DQG�0DULQH�+HDWZDYHV��

5HVXOWV�IURP�WKLV�ZRUN�ZLOO�FRQWULEXWH�WR�ĆOOLQJ�D�VXEVWDQWLDO�VSDWLDO�JDS�LQ�RXU�XQGHUVWDQGLQJ�RI

SODQNWRQ�GLVWULEXWLRQV�DORQJ�WKH�8��6��:HVW�&RDVW��DQG�KRZ�WKH�&DOLIRUQLD�&XUUHQW�(FRV\VWHP

UHVSRQGV�WR�VHDVRQDO�F\FOHV�DQG�LQWHUDQQXDO�FOLPDWH�G\QDPLFV�

���3XUSRVH�RI�3URMHFW

3XUSRVH�RI�3URMHFW�b

6WXGHQW�5HVHDUFK

���WKH�W\SH�RI�OLWHUDWXUH�VHDUFKHV�FRQGXFWHG��b

*RRJOH�6FKRODU

���NH\ZRUGV�XVHG��b

ODUYDO�ĆVK��LFKWK\RSODQNRQ��&DOLIRUQLD�&XUUHQW

���UDQJH�RI�GDWHV�VHDUFKHG��b

���������

���$QLPDO�+RXVLQJ

:LOO�/LYH�9HUWHEUDWH�DQLPDOV�EH�PDLQWDLQHG�LQ�FDSWLYLW\�IRU�JUHDWHU�WKDQ����KRXUV"�b

1R

���$QLPDOV



/DWLQ�%LQRPLDO�V��b

6HH�DWWDFKHG�GRFXPHQWDWLRQ

6H[�b

8QVSHFLĆHG

7DUJHW�6SHFLHV�b

����1XPEHUV�-XVWLĆFDWLRQ

([SODLQ�ZK\�D�VPDOOHU�QXPEHU�ZRXOG�QRW�DOORZ�\RX�WR�PHHW�\RXU�REMHFWLYHV��b

:H�ZLOO�FRQGXFW�JHQHWLF�DQDO\VLV�RQ�DOO�ODUYDO�URFNĆVKHV�UHFRYHUHG�IURP�VDPSOHV��XS�WR�D

PD[LPXP�RI����SHU�VDPSOH���%DVHG�RQ�YLVXDO�LGHQWLĆFDWLRQV�RI�FRUUHVSRQGLQJ�IRUPDOLQ�SUHVHUYHG

VDPSOHV��ZH�H[SHFW�WKDW�WKH�WRWDO�QXPEHU�RI�LQGLYLGXDOV�XVHG�IRU�WKLV�DQDO\VLV�ZLOO�EH�RQ�WKH�RUGHU

RI�������VSUHDG�DFURVV�DSSUR[LPDWHO\�����VDPSOHV��LQFOXGLQJ�VDPSOHV�ZLWK�QR�URFNĆVK�ODUYDH���,W

LV�QHFHVVDU\�WR�GR�FRPSUHKHQVLYH�DQDO\VLV�RI�LQGLYLGXDOV�LQ�VDPSOH��RU�D�VXEVWDQWLDO�VXEVDPSOH��LQ

RUGHU�WR�DGHTXDWHO\�FKDUDFWHUL]H�VSHFLHV�GLYHUVLW\�LQ�HDFK�VDPSOH��3URFHVVLQJ�IHZHU�LQGLYLGXDOV

ZLOO�LQWURGXFH�VXEVWDQWLDO�XQFHUWDLQW\�DQG�FRPSURPLVH�HVWLPDWHV�RI�VSHFLHV�FRPSRVLWLRQ�LQ�RXU

VDPSOHV��1RWH�WKDW�WKH�PD[LPXP�QXPEHU�WR�EH�LGHQWLĆHG�IRU�WKRVH�UDUH�VDPSOHV�WKDW�LQFOXGH

PDQ\�URFNĆVK�ODUYDH�LV�FRQVWUDLQHG�E\�IXQGLQJ��DV�VDPSOHV�RI�XS�WR���������DUH�RIWHQ�QHHGHG�WR

GHWHFW�UDUH�WD[D�LQ�SODQNWRQ�FRPPXQLW\�DQDO\VLV��7KLV�DQDO\VLV�UHTXLUHV�QR�QHZ�FROOHFWLRQV�RU

KDQGOLQJ�RI�OLYH�DQLPDOV��6SHFLPHQV�WLVVXHV�DUH�IURP�DUFKLYHG�FROOHFWLRQV�REWDLQHG�LQ�DFFRUGDQFH

ZLWK�,$&8&�SURWRFROV�������0/����$��������)����$��������0�����$��DQG�������0�����$�

����6RXUFH�RI�$QLPDOV

6RXUFH�RI�WKH�DQLPDOV��RU�WLVVXHV��b

6SHFLPHQV�WLVVXHV�DUH�IURP�DUFKLYHG�FROOHFWLRQV�REWDLQHG�DORQJ�WKH�7ULQLGDG�+HDG�/LQH��������1�

����������:���LQ�DFFRUGDQFH�ZLWK�,$&8&�SURWRFROV�������0/����$��������)����$�

������0�����$��DQG�������0�����$�

����3URFHGXUHV�/LNHO\�WR�$IIHFW�$QLPDO�%HKDYLRU�DQG�:HOIDUH



/LVW�WKH�VSHFLĆF�SURFHGXUHV�OLNHO\�WR�DIIHFW�WKH�EHKDYLRU��SK\VLRORJ\�RU�ZHOOEHLQJ�RI�OLYH

DQLPDOV��b

1�$�ZLWK�UHVSHFW�WR�XVH�RI�OLYH�DQLPDOV��$OO�VSHFLPHQV�WLVVXHV�DUH�WDNHQ�IURP�DUFKLYHG�FROOHFWLRQV�

����/HYHO�RI�H[SHFWHG�SDLQ�RU�GLVWUHVV

7KH�PHWKRGV�GHVFULEHG�DUH�SXUHO\�REVHUYDWLRQDO�DQG�QRQ�LQYDVLYH��b

1R

7KH�PHWKRGV�ZLOO�LQYROYH�RQO\�WKH�WLVVXHV�RU�FDUFDVVHV�RI�GHDG�DQLPDOV�QRW�RULJLQDOO\�FROOHFWHG

IRU�WKLV�VWXG\��EHKDYLRU�RI�OLYH�DQLPDOV�ZLOO�QRW�EH�LQćXHQFHG�LQWHQWLRQDOO\��$QG�,�FHUWLI\�WKDW�WKH

DQLPDOV�IURP�ZKLFK�WLVVXHV�ZHUH�FROOHFWHG�ZHUH�QRW�NLOOHG�IRU�WKH�SXUSRVH�RI�WKLV�VWXG\��b

<HV

7KH�PHWKRGV�ZLOO�DIIHFW�EHKDYLRU��EXW�QR�DQLPDOV�ZLOO�EH�FDSWXUHG�RU�KDQGOHG��H�J��EDLWLQJ

DQLPDOV��FDPHUDV�LQ�FORVH�SUR[LPLW\�WR�DQLPDOV��SURGXFWLRQ�RI�QRLVHV�ZLWKLQ�QRUPDO�OLPLWV�RI

YROXPH�RU�IUHTXHQF\���b

1R

7KH�PHWKRGV�LQYROYH�FDSWXUH�RU�KDQGOLQJ�ZLWKRXW�DQHVWKHVLD��EXW�RQO\�IRU�D�EULHI�SHULRG�IRU

PHDVXUHPHQW�RU�REVHUYDWLRQ��1R�VDPSOHV�ZLOO�EH�FROOHFWHG��b

1R

7KH�PHWKRGV�LQYROYH�FDSWXUH�RU�KDQGOLQJ�ZLWKRXW�DQHVWKHVLD��DQG�URXWLQH�VDPSOHV��KDLU��EORRG�

HWF���ZLOO�EH�FROOHFWHG�RU�HXWKDQDVLD�ZLOO�EH�SHUIRUPHG��WKLV�PD\�LQYROYH�XVH�RI�URXWLQH

SKDUPDFHXWLFDOV�WR�SURPRWH�KHDOWK��H�J��DQWLELRWLFV��YLWDPLQV��ćXLGV���7KLV�ZRUN�PD\�DOVR�LQYROYH

WHPSRUDU\�PDUNLQJ��SODFHPHQW�RI�SHUPDQHQW�WDJV��RU�ĆWWLQJ�ZLWK�WHOHPHWU\�WUDQVPLWWHUV�RU�*36

UHFHLYHUV��b

1R

7KH�PHWKRGV�UHTXLUH�XVH�RI�DQHVWKHVLD�WR�PLWLJDWH�GLVWUHVV�RU�IDFLOLWDWH�KDQGOLQJ��DQG�URXWLQH

VDPSOHV��KDLU��EORRG��HWF���ZLOO�EH�FROOHFWHG�RU�HXWKDQDVLD�ZLOO�EH�SUHIRUPHG��$�DERYH��WKLV�ZRUN

PD\�LQYROYH�WHPSRUDU\�PDUNLQJ��SODFHPHQW�RI�SHUPDQHQW�WDJV��RU�ĆWWLQJ�ZLWK�WHOHPHWU\

WUDQVPLWWHUV�RU�*36�UHFHLYHUV��b

1R

7KH�PHWKRGV�UHTXLUH�XVH�RI�DQHVWKHVLD�WR�PLWLJDWH�SDLQ�RU�GLVWUHVV��DQG�SURFHGXUHV�ZLOO�EH

LQYDVLYH�HQRXJK�WR�UHTXLUH�SDLQ�NLOOLQJ�GUXJV��DQDOJHVLFV��XSRQ�UHYLYDO��6DPSOLQJ�RU�PDUNLQJ�PD\

EH�SUHIRUPHG�DV�DERYH��b

1R

7KH�PHWKRGV�ZLOO�FDXVH�SDLQ�RU�FRQVLGHUDEOH�GLVWUHVV��EXW�DQDOJHVLFV�ZLOO�QRW�EH�XVHG�WR�PLWLJDWH

WKH�SDLQ��H�J��VXUJHULHV�IURP�ZKLFK�DQLPDOV�DUH�UHYLYHG�ZLWKRXW�SURYLVLRQ�RI�DQDOJHVLFV���b

1R

7KH�PHWKRGV�ZLOO�EH�LQYDVLYH�DQG�FDXVH�SURORQJHG�SK\VLRORJLFDO�RU�SV\FKRORJLFDO�VWUHVV�ZLWKRXW

DGHTXDWH�PLWLJDWLRQ�RI�SDLQ�RU�GLVWUHVV�7KLV�PD\�DOORZ�DQLPDOV�WR�SURJUHVV�WR�GHDWK�ZLWKRXW



SURYLVLRQ�RI�HXWKDQDVLD�RU�DQDOJHVLFV��H�J��/'���H[SHULPHQWV�RU�ORQJ�WHUP�IRRG�RU�ZDWHU

GHSULYDWLRQ���b

1R

����'HWDLOHG�'HVFULSWLRQ�RI�WKH�3URFHGXUHV

&RPSOHWH�DQG�GHWDLOHG�GHVFULSWLRQ�b

1�$�ZLWK�UHVSHFW�WR�XVH�RI�OLYH�DQLPDOV��$OO�VSHFLPHQV�WLVVXHV�DUH�WDNHQ�IURP�DUFKLYHG�FROOHFWLRQV�

'HWDLOV�RI��SULRU��FROOHFWLRQ�DQG�JHQHWLF�DQDO\VLV�WR�EH�SHUIRUPHG�RQ�DUFKLYHG�VDPSOHV�DUH

SURYLGHG�EHORZ��/DUYDO�ĆVK�WR�EH�XVHG�LQ�WKLV�VWXG\�DUH�EHLQJ�UHPRYHG�IURP�DUFKLYHG�VDPSOHV

FROOHFWHG�XQGHU�,$&8&�SURWFROV�������0/����$��������)����$��������0�����$��DQG

������0�����$��/DUYDO�ĆVKHV�DUH�FROOHFWHG�PRQWKO\�IURP�ĆYH�VWDWLRQV�DORQJ�WKH�7ULQLGDG�+HDG

/LQH��7+�OLQH�������r�1���D�KLJK�IUHTXHQF\�FRDVWDO�WUDQVHFW��+)&7���+\GURJUDSKLF�GDWD�DQG

SODQNWRQ�VDPSOHV�KDYH�EHHQ�FROOHFWHG�PRQWKO\�DORQJ�WKLV�WUDQVHFW�VLQFH������WR�VHUYH�DV�D�VRXUFH

RI�LQIRUPDWLRQ�RQ�HFRV\VWHP�VWDWH�DQG�UHVSRQVH�WR�FOLPDWH�IRUFLQJ�LQ�WKH�QRUWKHUQ�&DOLIRUQLD

&XUUHQW��6DPSOLQJ�LV�FRQGXFWHG�RQ�+XPEROGW�6WDWH�8QLYHUVLW\èV�5�9�&RUDO�6HD��/DUYDO�ĆVKHV�DUH

FROOHFWHG�XVLQJ�D�����XP�DQG�����XP�PHVK�ERQJR�QHW��WRZHG�REOLTXHO\�IURP�D�GHSWK�RI���PHWHUV

DERYH�WKH�VHD�ćRRU�DW�VKDOORZ�VWDWLRQV�DQG�WR�����PHWHUV�DW�GHHSHU�VWDWLRQV��$IWHU�FROOHFWLRQ�

VDPSOHV�IURP�WKH�����XP�QHW�DUH�SUHVHUYHG�LQ�����HWKDQRO�DQG�VDPSOHV�IURP�WKH�����XP�QHW�DUH

SUHVHUYHG�LQ����IRUPDOLQ�DW�VHD��,Q�ODE��DOO�ODUYDO�ĆVKHV�DUH�VRUWHG�IURP�SODQNWRQ�VDPSOHV�DQG

SUHVHUYHG�LQ�HWKDQRO��/DERUDWRU\�SURWRFRO�IRU�WKLV�SURMHFW�FRYHUV�RQO\�WKH�XVH�RI�FDUFDVVHV�DQG

WLVVXHV�IRU�SXUSRVHV�RI�JHQHWLF�LGHQWLĆFDWLRQ�RI�ODUYDO�URFNĆVKHV��$OO�ODUYDO�ĆVKHV�SUHYLRXVO\

FROOHFWHG�XQGHU�,$&8&�DSSURYHG�ĆHOG�SURWRFROV�DQG�KDYH�EHHQ�LGHQWLĆHG�GRZQ�WR�WKH�ORZHVW

SRVVLEOH�WD[RQRPLF�OHYHO�EDVHG�RQ�YLVXDO�FKDUDFWHULVWLFV��0DWDUHVH�HW�DO��������0RVHU�������

8QIRUWXQDWHO\��WKH�URFNĆVKHV��6HEDVWHV�VSS���FDQQRW�UHOLDEO\�EH�LGHQWLĆHG�WR�VSHFLHV�XVLQJ�YLVXDO

DVVHVVPHQW��H[FHSW�IRU�D�IHZ�UDUH�H[FHSWLRQV��*HQHWLF�WHFKQLTXHV�KDYH�DOORZHG�WKH�DELOLW\�WR

LGHQWLI\�SUHYLRXVO\�XQNQRZQ�ODUYDO�ĆVKHV��DQG�KDYH�EHHQ�SDUWLFXODUO\�XVHIXO�LQ�DSSOLFDWLRQV�WR

6HEDVWHV��7D\ORU�HW�DO��������7D\ORU�������+DUYH\�HW�DO��������7KRPSVRQ�HW�DO��������-RKDQVVRQ�HW

DO���������*HQHWLF�LGHQWLĆFDWLRQ�RI�ODUYDO�URFNĆVKHV�ZLOO�WKHUHIRUH�EH�FRQGXFWHG�DQG�EDVHG�RQ

FRPSDULVRQ�RI�����EDVH�SDLU�VHTXHQFHV�RI�WKH�F\WRFKURPH�E�JHQH�WR�DQ�H[LVWLQJ�UHIHUHQFH

GDWDEDVH�RI�DGXOW�URFNĆVK�VHTXHQFHV��*HQHWLF�VHTXHQFLQJ�RI�ODUYDO�URFNĆVKHV�UHTXLUHV�WKH�XVH�RI

WLVVXH�WR�DFW�DV�WHPSODWH�'1$�IRU�3RO\PHUDVH�&KDLQ�5HDFWLRQ��3&5���7R�H[WUDFW�WLVVXH�IURP�ODUYDO

URFNĆVKHV��LQGLYLGXDO�URFNĆVK�DUH�SODFHG�LQ�ZDWHU�XQGHU�D�PLFURVFRSH��SKRWRJUDSKHG��DQG�DQ

H\HEDOO�RU�WLVVXH�IURP�WKH�FDXGDO�ĆQ�LV�H[WUDFWHG�IURP�WKH�ĆVK�XVLQJ�IRUFHSV��,QGLYLGXDO�ĆVK�DUH

UHWDLQHG�LQ�HWKDQRO�LQ�LQGLYLGXDO�YLDOV�DV�SDUW�WKH�DUFKLYHG�FROOHFWLRQ��([WUDFWHG�WLVVXHV�DUH�VWRUHG

LQ�����HWKDQRO�LQ�LQGLYLGXDO�HSSHQGRUI�WXEHV�SULRU�WR�JHQHWLF�VHTXHQFLQJ��3RO\PHUDVH�FKDLQ

UHDFWLRQ��3&5��ZDV�XVHG�WR�DPSOLI\�D�����EDVH�SDLU�UHJLRQ�RI�WKH�PW'1$�F\WRFKURPH�E�JHQH�XVLQJ

WKH�SULPHUV�*/85)��DQG�&%�5)���5RFKD�2OLYDUHV�HW�DO���������(DFK�3&5�UHDFWLRQ�ZDV�FRQGXFWHG

ZLWK������ȝO�RI�*R7DT�+RWVWDUW�0DVWHU�0L[��3URPHJD�������ȝO�RI����ȝ0�RI�HDFK�SULPHU�������ȝO�RI



3&5�FOHDQ�ZDWHU��DQG���ȝO�RI�FKHOH[�VXSHUQDWDQW�FRQWDLQLQJ�'1$�WHPSODWH��7KHUPDO�F\FOLQJ

FRQGLWLRQV�RI�3&5�LQFOXGHG�DQ�LQLWLDO�GHQDWXUDWLRQ�DW����&�IRU���PLQ��IROORZHG�E\����F\FOHV�RI����&

IRU����VHF�����&�IRU�����PLQ��DQG����&�IRU�����PLQ��$�ĆQDO�H[WHQVLRQ�ZDV�FDUULHG�RXW�DW����&�IRU��

PLQ��$�QHJDWLYH�FRQWURO�ZDV�LQFOXGHG�LQ�HDFK�3&5�UHDFWLRQ�WR�WHVW�IRU�WKH�SRVVLELOLW\�RI

FRQWDPLQDWLRQ��3&5�SURGXFWV�ZHUH�WKHQ�VKLSSHG�WR�0F/DE�,QF���6RXWK�6DQ�)UDQFLVFR��IRU�3&5

FOHDQ�XS�DQG�VHTXHQFLQJ��&OHDQHG�3&5�SURGXFWV�ZHUH�VHTXHQFHG�LQ�RQH�GLUHFWLRQ�XVLQJ�WKH

SULPHU�&%,15���6HTXHQFHV�ZHUH�HGLWHG�DQG�DOLJQHG�XVLQJ�WKH�'1$�VHTXHQFH�DQDO\VLV�VRIWZDUH

6HTXHQFKHU�Y������*HQH&RGHV���8QNQRZQ�VHTXHQFHV�ZHUH�FRPSDUHG�WR�D�UHIHUHQFH�GDWD�VHW�RI

����LQGHSHQGHQW�KDSORW\SH�VHTXHQFHV�UHSUHVHQWLQJ����VSHFLHV�RI�LGHQWLĆHG�DGXOW�6HEDVWHV��+\GH

DQG�9HWWHU��������5HVXOWLQJ�VSHFLHV��RU�VSHFLHV�FRPSOH[��DVVLJQPHQWV�DUH�XVHG�WR�HVWLPDWH

GHQVLW\�RI�ODUYDH��H[SUHVVHG�DV�QXPEHU�XQGHU����P��RI�RFHDQ�VXUIDFH��DW�HDFK�VWDWLRQ�DORQJ�WKH

WUDQVHFW��'DWD�RQ�ODUYDO�ĆVK�FRPPXQLW\�VWUXFWXUH�DQG�GHQVLW\�LV�WKHQ�UHODWHG�WR�RFHDQRJUDSKLF

FRQGLWLRQV�DQG�FOLPDWH�IRUFLQJ�WR�XQGHUVWDQG�GULYHUV�RI�YDULDELOLW\�LQ�FRDVWDO�HFRV\VWHPV�

����&RQVLGHUDWLRQ�RI�$OWHUQDWH�3URFHGXUHV

���$OW�ZHE�ZDV�VHDUFKHG���D�KUHI 
KWWS���DOWZHE�MKVSK�HGX�UHVRXUFHV�VHDUFKDOW


WDUJHW 
BEODQN
!KWWS���DOWZHE�MKVSK�HGX�UHVRXUFHV�VHDUFKDOW��D!��b

<HV

���NH\ZRUGV�XVHG��b

ODUYDO�ĆVK��URFNĆVK��6HEDVWHV��JHQHWLF�LGHQWLĆFDWLRQ

���RWKHU�UHVRXUFHV�PHWKRGHV�XVHG�WR�GHWHUPLQH�DOWHUQDWLYH�SURFHGXUHV��b

FRQVXOWDWLRQ�ZLWK�H[SHUW�FROOHDJXHV

����$OWHUQDWH�3URFHGXUHV�&RQVLGHUHG�DQG�5HMHFWHG

([SODQDWLRQ�RI�DOWHUQDWLYH�SURFHGXUHV�UHMHFWHG�b

1�$�ZLWK�UHVSHFW�WR�XVH�RI�OLYH�DQLPDOV��$OO�VSHFLPHQV�WLVVXHV�DUH�WDNHQ�IURP�DUFKLYHG�FROOHFWLRQV�

7KHUH�DUH�QR�DOWHUQDWLYH�PHWKRGV�IRU�UHVROYLQJ�VSHFLHV�LGHQWLĆFDWLRQV�IRU�ODUYDO�URFNĆVK�LQ

JHQHUDO��DOWKRXJK�VRPH�VSHFLHV�FDQ�EH�GLVWLQJXLVKHG�YLVXDOO\�

����+XPDQ�+HDOWK�5LVNV

+XPDQ�KHDOWK�ULVNV�b



0LQLPDO�H[SRVXUH�WR�HWKDQRO�YDSRUV�GXULQJ�VSHFLPHQ�KDQGOLQJ�DQG�H[SRVXUH�WR�UHDJHQWV�XVHG�LQ

JHQHWLF�DQDO\VLV�

'HVFULEH�VWHSV�WDNHQ�WR�PLWLJDWH�ULVNV�b

$SSURSULDWH�VWHSV��H�J���VDIH�ODE�SUDFWLFHV��XVH�RI�DSSURSULDWH�33(�>JORYHV��VDIHW\�JODVVHV@��DUH

WDNHQ�WR�UHGXFH�H[SRVXUH�WR�HWKDQRO�DQG�JHQHWLF�VHTXHQFLQJ�UHDJHQWV�

����)DWH�RI�$QLPDOV�8SRQ�3URWRFRO�&RPSOHWLRQ

'HVFULEH�WKH�IDWH�RI�DQLPDOV�XSRQ�FRPSOHWLRQ�RI�WKH�SURWRFRO�b

$OO�VSHFLPHQV�ZLOO�EH�UHWXUQHG�WR�DUFKLYHG�FROOHFWLRQ�

����&HUWLĆFDWLRQ

,�KDYH�UHDG�DQG�DJUHH�WR�DELGH�E\�WKH���LQV!3ULQFLSOHV�IRU�WKH�8WLOL]DWLRQ�DQG�&DUH�RI�9HUWHEUDWH

$QLPDOV�8VHG�LQ�7HVWLQJ��5HVHDUFK��DQG�7UDLQLQJ�DW�+68���LQV!��DQG�WKDW�,�ZLOO�PDNH�FRSLHV�RI

WKHVH�SULQFLSOHV�DQG�RWKHU�SHUWLQHQW�JXLGHOLQHV�DYDLODEOH�WR�WKRVH�SHUVRQV�ZKR�ZRUN�XQGHU�P\

VXSHUYLVLRQ��DQG�WKDW�GHYLDWLRQV�IURP�WKLV�SURWRFRO��LQFOXGLQJ�DQ\�XQDQWLFLSDWHG�LQMXULHV�RU

GHDWK�RI�DQLPDOV��ZLOO�EH�UHSRUWHG�LPPHGLDWHO\�WR�WKH�,$&8&���D

KUHI 
KWWSV���LDFXF�KXPEROGW�HGX�LDFXF�SROLF\


WDUJHW 
BEODQN

!KWWSV���LDFXF�KXPEROGW�HGX�LDFXF�SROLF\���D!�b

<HV

0\�OHYHO�RI�VXSHUYLVLRQ�ZLOO�EH�VXFK�WKDW�WKH�SURFHGXUHV�RXWOLQHG�LQ�WKLV�SURWRFRO�ZLOO�EH�FDUULHG

RXW�LQ�D�KXPDQH�DQG�D�VFLHQWLĆFDOO\�DFFHSWDEOH�PDQQHU�DV�GHVFULEHG�KHUHLQ��b

<HV

,�WDNH�UHVSRQVLELOLW\�IRU�WKH�FRQGXFW�RI�DQ\RQH�ZRUNLQJ�XQGHU�WKLV�DSSURYHG�SURWRFRO��DQG�,�ZLOO

VXSHUYLVH�WKH�UHVHDUFK�WR�HQVXUH�WKDW�QR�ZRUN�LV�FRQGXFWHG�WKDW�LV�QRW�FRYHUHG�KHUHLQ�RU�LQ�D

VHSDUDWH�DSSURYHG�SURWRFRO��b

<HV

,�ZLOO�HQVXUH�WKDW�QR�ZRUN�GHVFULEHG�LQ�WKLV�SURWRFRO�ZLOO�EHJLQ�XQWLO�WKH�SURWRFRO�KDV�EHHQ�IXOO\

DSSURYHG�E\�WKH�,$&8&��DQG�WKDW�,�ZLOO�DGKHUH�WR�DOO�GHDGOLQHV�DQG�SURFHGXUH�RXWOLQHG�LQ�WKH

+68�$1,0$/�:(/)$5(�$6685$1&(�LQ�DFFRUGDQFH�ZLWK�WKH�3+6�3ROLF\�IRU�+XPDQH�&DUH�DQG

8VH�RI�/DERUDWRU\�$QLPDOV��b

<HV

,�DP�DZDUH�WKDW�P\�UHVHDUFK�PLJKW�UHTXLUH�SHUPLWV�IURP�IHGHUDO�DQG�RU�VWDWH�DJHQFLHV�WKDW

UHJXODWH�WKH�KDUDVVPHQW��FDSWXUH��WUDQVSRUW��FDSWLYH�PDLQWHQDQFH��KDQGOLQJ�DQG�PDQLSXODWLRQ

RI�OLYH�YHUWHEUDWH�DQLPDOV��b

<HV



0\�VWXG\�GRHV�QRW�XQQHFHVVDULO\�GXSOLFDWH�SUHYLRXV�VWXGLHV�XVLQJ�OLYH�YHUWHEUDWH�DQLPDOV��DV

GHWHUPLQHG�WKURXJK�OLWHUDWXUH�GDWDEDVH�VHDUFKHV��b

<HV

,�KDYH�FRQVLGHUHG�WKH�XVH�RI�OHVV�LQYDVLYH�SURFHGXUHV��XVH�RI�IHZHU�QXPEHUV�RI�DQLPDOV�DQG�KDYH

GHWHUPLQHG�WKDW�WKH�PHWKRGV�SURSRVHG�LQ�WKLV�SURWRFRO�DUH�MXVWLĆHG�IRU�WKH�UHVHDUFK�DQG�RU

LQVWUXFWLRQDO�REMHFWLYHV�GHVFULEHG�KHUHLQ��b

<HV

$QLPDO�:HOIDUH�$FW�b

1R

6WDWH�RI�&DOLIRUQLD�)LVK�DQG�*DPH�&RPPLVVLRQ��7LWOH�������6FLHQWLĆF�&ROOHFWLQJ�3HUPLW�V��b

<HV

(QGDQJHUHG�6SHFLHV�$FW�b

1R

)LVKHU\�&RQVHUYDWLRQ�DQG�0DQDJHPHQW�$FW�b

1R

/DFH\�$FW�b

1R

0DULQH�0DPPDO�3URWHFWLRQ�$FW�b

1R

&RQYHQWLRQ�RQ�,QWHUQDWLRQDO�7UDGH�LQ�(QGDQJHUHG�6SHFLHV�RI�:LOG�)DXQD�DQG�)ORUD�b

1R

2WKHU�b

1R

6XSSOHPHQWDO�'RFXPHQWDWLRQ

6XSSOHPHQW�b

�WKOBVSHFLHVOLVW�SGI��KWWSV���KVX�

IRUPV�KXPEROGW�HGX�LDFXFBSURWRFROV�V\VWHP�ĆOHV�WKOBVSHFLHVOLVW�SGI�

���

,$&8&�3URWRFROV

��+DUSVW�6W

$UFDWD

https://hsu-forms.humboldt.edu/iacuc_protocols/system/files/thl_specieslist.pdf
https://hsu-forms.humboldt.edu/
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