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$EVWUDFW�
�
3UDLULH YROHV DUH DQ LGHDO PRGHO IRU VWXG\LQJ WKH QHXURELRORJLFDO XQGHUSLQQLQJV RI SDLU�ERQGLQJ� � � � � � � � � � � � �
DQG PRQRJDP\� :KLOH SUHYLRXV VWXGLHV KDYH VKRZQ WKDW YROHV FDQ IRUP VHTXHQWLDO SDUWQHU� � � � � � � � � � � � �
SUHIHUHQFHV� OLWWOH LV NQRZQ DERXW KRZ SULRU ERQGV DOWHU WKH WUDMHFWRU\ DQG GLVSOD\ RI QHZ RQHV�� � � � � � � � � � � � � � � �
:H SHUIRUPHG DQ H[SHULPHQW LQ ZKLFK ZH GLVUXSWHG DQ LQLWLDO SDLU ERQG DQG WKHQ YDULHG WKH� � � � � � � � � � � � � � � �
DPRXQW RI WLPH EHIRUH D QHZ SDUWQHU ZDV LQWURGXFHG� :H DVVHVVHG KRZ SULRU ERQGLQJ H[SHULHQFH� � � � � � � � � � � � � � �
DQG WLPH VLQFH VHSDUDWLRQ IURP D ILUVW SDUWQHU DIIHFWHG WKH VWDELOLW\ RI SDUWQHU SUHIHUHQFH RYHU� � � � � � � � � � � � � � �
WLPH DQG LQIOXHQFHG GHFLVLRQ�PDNLQJ LQ YROHV SHUIRUPLQJ D KHDG�WR�KHDG SDUWQHU SUHIHUHQFH WHVW� � � � � � � � � � � �
LQ ZKLFK WKH\ FKRVH EHWZHHQ WKH ILUVW DQG VHFRQG SDUWQHU� :H IRXQG WKDW WKH DELOLW\ WR� � � � � � � � � � � � � � � �
FRQVLVWHQWO\ GLVSOD\ D SDUWQHU SUHIHUHQFH IRU WKH VHFRQG SDUWQHU GHSHQGHG RQ KRZ ORQJ WKH WHVW� � � � � � � � � � � � � � �
DQLPDO ZDV VHSDUDWHG IURP WKHLU ILUVW SDUWQHU� RQO\ DQLPDOV VHSDUDWHG IRU DW OHDVW � ZHHNV VKRZHG� � � � � � � � � � � � � � � �
D FRQVLVWHQW SUHIHUHQFH IRU WKH VHFRQG SDUWQHU� 0LUURULQJ WKLV UHVXOW� IRXU ZHHNV RI VHSDUDWLRQ ZDV� � � � � � � � � � � � � � �
DOVR UHTXLUHG IRU WKH ERQG ZLWK WKH VHFRQG SDUWQHU WR FRQVLVWHQWO\ VXSSODQW WKH ILUVW SUHIHUHQFH LQ� � � � � � � � � � � � � � � �
D KHDG�WR�KHDG WHVW� )LQDOO\� ZH DOVR IRXQG WKDW SDUWQHU SUHIHUHQFH VWUHQJWK ZDV VHQVLWLYH WR� � � � � � � � � � � � � �
ODWHQF\ WR PDWH ZLWK WKH VHFRQG SDUWQHU EXW QRW WKH ILUVW SDUWQHU� LUUHVSHFWLYH RI VHSDUDWLRQ WLPH�� � � � � � � � � � � � � � � �
7KHVH UHVXOWV VXJJHVW WKDW WKH DELOLW\ WR IRUP D FRQVLVWHQW VHTXHQWLDO SDUWQHU SUHIHUHQFH GHSHQGV� � � � � � � � � � � � � �
XSRQ WKH WLPH EHWZHHQ VHSDUDWLRQ IURP WKHLU ILUVW SDUWQHU DQG LQWURGXFWLRQ WR WKHLU QHZ SDUWQHU�� � � � � � � � � � � � � � �
8QGHUVWDQGLQJ KRZ SULRU ERQGV LPSDFW IXWXUH ERQGV PD\ SURYLGH YDOXDEOH LQVLJKWV LQWR WKH ZD\V� � � � � � � � � � � � � �
LQ ZKLFK KXPDQ ERQGV DUH G\QDPLFDOO\ VKDSHG E\ SULRU VRFLDO H[SHULHQFH DQG QHZ SHUVSHFWLYHV� � � � � � � � � � � � � �
RQ�WKH�YDULDEOHV�WKDW�FRQWULEXWH�WR�VXFFHVVIXOO\�RYHUFRPLQJ�SDUWQHU�ORVV��� �
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���,QWURGXFWLRQ�
�
5RPDQWLF UHODWLRQVKLSV DUH G\QDPLF RYHU WLPH� ,W LV QRW XQFRPPRQ IRU KXPDQV WR VHTXHQWLDOO\� � � � � � � � � � � � � �
IRUP PRUH WKDQ RQH URPDQWLF UHODWLRQVKLS RU SDLU ERQG� 7KH IRUPDWLRQ DQG GLVVROXWLRQ RI WKHVH� � � � � � � � � � � � � � �
ERQGV FDQ KDYH SURIRXQG HIIHFWV RQ HPRWLRQDO ZHOO�EHLQJ DQG KHDOWK� *LYHQ WKH LPSRUWDQFH RI� � � � � � � � � � � � � �
VRFLDO ERQGV WR OLIH� XQGHUVWDQGLQJ KRZ SUHYLRXV UHODWLRQVKLSV DQG RWKHU H[SHULHQWLDO IDFWRUV� � � � � � � � � � � �
LPSDFW VXEVHTXHQW ERQGV KDV WKH SRWHQWLDO WR HOXFLGDWH WKH FRPSOH[ LQWHUSOD\ EHWZHHQ ERQGLQJ� � � � � � � � � � � � �
DQG�KHDOWK���
�
0RQRJDPRXV SUDLULH YROHV SURYLGH D WUDFWDEOH PRGHO WR EHJLQ WR H[SORUH WKH IDFWRUV WKDW� � � � � � � � � � � � � �
FRQWULEXWH WR WKH DELOLW\ WR IRUP D QHZ ERQG WKDW VXSSODQWV WKH ROG� 9ROHV IRUP OLIH�ORQJ SDLU� � � � � � � � � � � � � � � � �
ERQGV� ZKLFK FDQ EH PHDVXUHG LQ WKH ODERUDWRU\ XVLQJ D 3DUWQHU 3UHIHUHQFH 7HVW �337�� 7KH 337� � � � � � � � � � � � � � � �
WUDFNV KRZ PXFK WLPH WKH WHVW DQLPDO VSHQGV ZLWK D QRYHO IHPDOH� FRPSDUHG WR WKHLU SDUWQHU DQG� � � � � � � � � � � � � � � � �
LV FRQVLGHUHG WKH WRXFKVWRQH IRU PHDVXULQJ SUHIHUHQFH EHKDYLRU LQ SUDLULH YROHV ��:LOOLDPV HW DO��� � � � � � � � � � � � � �
����� �� 7KH WZR PDLQ PHWULFV RI SDUWQHU SUHIHUHQFH DUH KXGGOLQJ DQG DYHUDJH GLVWDQFH� $ UHFHQW� � � � � � � � � � � � � � �
VWXG\ ��$KHUQ HW DO�� ����� VXJJHVWV KXGGOLQJ ODFNV VWDELOLW\ DFURVV SDUWQHU SUHIHUHQFH WHVWV�� � � � � � � � � � � � �
+RZHYHU��DV�RXU�VWXG\�GHPRQVWUDWHV��WKLV�LV�QRW�QHFHVVDULO\�WKH�FDVH��
�
,Q WKH ZLOG� SUDLULH YROHV RFFDVLRQDOO\ UH�SDLU� ��� ZLOO WDNH D QHZ SDUWQHU� EXW LW LV XQFOHDU KRZ� � � � � � � � � � � � � � � � � �
SDUWQHU DYDLODELOLW\ DQG KLJK PRUWDOLW\ UDWHV OLPLW UH�SDLULQJ ��&DUWHU DQG *HW]� ����� �� 5HFHQW� � � � � � � � � � � � �
ODERUDWRU\ VWXGLHV VXJJHVW WKDW PRVW PDOH YROHV ZLOO IRUP D VXEVHTXHQW SDUWQHU SUHIHUHQFH DIWHU� � � � � � � � � � � � � �
WKH ORVV RI D SDUWQHU DQG FDQ GR VR PXOWLSOH WLPHV WKURXJKRXW WKHLU OLIH ��.HQNHO HW DO�� ����� ��� � � � � � � � � � � � � � � � � �
:KLOH ZH KDYH HVWDEOLVKHG WKDW YROHV FDQ IRUP PRUH WKDQ RQH VHTXHQWLDO SDUWQHU SUHIHUHQFH� ZH� � � � � � � � � � � � � � �
VWLOO GR QRW NQRZ KRZ WKH VHFRQG ERQG FRPSDUHV WR WKH ILUVW ERQG� QRU GR ZH NQRZ KRZ WLPH� � � � � � � � � � � � � � � � � � �
EHWZHHQ VHSDUDWLRQ IURP WKH ILUVW SDUWQHU DQG LQWURGXFWLRQ WR WKH VHFRQG SDUWQHU DIIHFWV SDUWQHU� � � � � � � � � � � � � �
SUHIHUHQFH���
�
7R IXUWKHU GHILQH WKH HIIHFWV RI SUHYLRXV SDLU ERQG H[SHULHQFH RQ WKH VXEVHTXHQW IRUPDWLRQ RI� � � � � � � � � � � � � � �
QHZ ERQGV� ZH GHVLJQHG DQ H[SHULPHQW LQ ZKLFK ZH YDULHG WKH WLPH EHWZHHQ VHSDUDWLRQ IURP WKH� � � � � � � � � � � � � � � �
ILUVW SDUWQHU DQG LQWURGXFWLRQ WR WKH VHFRQG SDUWQHU� 0DOHV ZHUH DOORZHG WR FRKDELWDWH ZLWK WKHLU� � � � � � � � � � � � � � �
ILUVW SDUWQHU IRU �� GD\V EHIRUH EHLQJ VHSDUDWHG IRU �� KRXUV� � ZHHNV� RU � ZHHNV SULRU WR WKH� � � � � � � � � � � � � � � � � � �
LQWURGXFWLRQ RI WKH VHFRQG SDUWQHU� ,Q RUGHU WR DVVHVV ZKHWKHU ERQGV PDWXUH ZLWK WLPH� ZH� � � � � � � � � � � � � � �
SHUIRUPHG D 337 DW � GD\V DQG �� GD\V SRVW�LQWURGXFWLRQ RI HDFK SDUWQHU� )LQDOO\� ZH SHUIRUPHG� � � � � � � � � � � � � � � �
D KHDG�WR�KHDG SDUWQHU SUHIHUHQFH WHVW WR GHWHUPLQH ZKHWKHU WKH VHFRQG ERQG KDG VXSSODQWHG WKH� � � � � � � � � � � � � �
ILUVW���
�
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:H K\SRWKHVL]HG WKDW YROHV LQ DOO VHSDUDWLRQ FRQGLWLRQV ZRXOG IRUP VXEVHTXHQW ERQGV� DV VHHQ LQ� � � � � � � � � � � � � � �
SUHYLRXV UHVHDUFK� KRZHYHU� ZH SRVWXODWHG WKDW OHQJWK RI VHSDUDWLRQ WLPH ZRXOG SUHGLFW ZKHWKHU� � � � � � � � � � � � �
WKH�QHZ�ERQG�VXFFHVVIXOO\�VXSSODQWHG�WKH�ILUVW��
�
�
���0HWKRGV�
�
�����$QLPDOV�
�
6H[XDOO\ QDLYH DGXOW SUDLULH YROHV �0LFURWXV RFKURJDVWHU� Q  ��� ��0� ��)� ZHUH EUHG LQ�KRXVH� � � � � � � � � � � � � � �
LQ D FRORQ\ RULJLQDWLQJ IURP D FURVV EHWZHHQ YROHV REWDLQHG IURP FRORQLHV DW (PRU\ 8QLYHUVLW\� � � � � � � � � � � � � � �
DQG 8QLYHUVLW\ RI &DOLIRUQLD 'DYLV� ERWK RI ZKLFK ZHUH HVWDEOLVKHG IURP ZLOG DQLPDOV FROOHFWHG� � � � � � � � � � � � � �
LQ ,OOLQRLV� $QLPDOV ZHUH ZHDQHG DW �� GD\V DQG KRXVHG LQ VDPH�VH[ JURXSV RI � ± � DQLPDOV LQ� � � � � � � � � � � � � � � � � � �
VWDQGDUG VWDWLF URGHQW FDJHV ���� [ ����� [ � LQ�� ZLWK DG�OLE ZDWHU� UDEELW FKRZ ������� E\ 30,� � � � � � � � � � � � � � � � � �
/DE 'LHW� VXSSOHPHQWHG ZLWK DOIDOID FXEHV� VXQIORZHU VHHGV� FRWWRQ QHVWOHWV� DQG LJORRV IRU� � � � � � � � � � � � �
HQULFKPHQW XQWLO LQLWLDWLRQ RI WKH H[SHULPHQW� ,Q RUGHU WR HOLPLQDWH FRQIRXQGV RI SUHJQDQF\�� � � � � � � � � � � � �
IHPDOHV ZHUH WXEDOO\ OLJDWHG DQG JLYHQ DW OHDVW WZR ZHHNV WR UHFRYHU SULRU WR WKH VWDUW RI WKH� � � � � � � � � � � � � � � � � �
H[SHULPHQW �GHWDLOV EHORZ�� $OO YROHV ZHUH EHWZHHQ WKH DJHV RI � DQG �� ZHHNV DW WKH VWDUW RI WKH� � � � � � � � � � � � � � � � � � �
H[SHULPHQW� 7KURXJKRXW WKH H[SHULPHQW� DQLPDOV ZHUH KRXVHG LQ VPDOOHU VWDWLF URGHQW FDJHV� � � � � � � � � � � �
����� LQ� [ ��� LQ� [ ��� LQ�� ZLWK DG�OLE ZDWHU� UDEELW FKRZ ������� E\ 30, /DE 'LHW�� DQG FRWWRQ� � � � � � � � � � � � � � � � � � � �
QHVWOHWV� 7KH\ ZHUH NHSW DW ��±���& ZLWK D ����� GDUN� OLJKW F\FOH WR IDFLOLWDWH EUHHGLQJ� $OO� � � � � � � � � � � � � � � �
SURFHGXUHV ZHUH DSSURYHG E\ WKH 8QLYHUVLW\ RI &RORUDGR ,QVWLWXWLRQDO $QLPDO &DUH DQG 8VH� � � � � � � � � � � � �
&RPPLWWHH��
�
����7XEDO�OLJDWLRQ�
�
7XEDO OLJDWLRQ VXUJHULHV ZHUH SHUIRUPHG XVLQJ D GRUVDO DSSURDFK DQG LVRIOXUDQH DV DQ DQHVWKHWLF� � � � � � � � � � � � � �
�6RX]D HW DO�� ����� �� ,RGLQH ZDV XVHG WR GLVLQIHFW WKH VNLQ DQG IXU DURXQG WKH FXW VLWH� $Q HOHFWULF� � � � � � � � � � � � � � � � � � �
UD]RU ZDV XVHG WR FOHDU WKH LPPHGLDWH DUHD RI IXU DQG LRGLQH ZDV DSSOLHG DJDLQ WR WKH H[SRVHG� � � � � � � � � � � � � � � � � �
VNLQ� $ KRUL]RQWDO FXW ZDV PDGH WKURXJK WKH ILUVW OD\HU RI HSLWKHOLDO WLVVXH LQ WKH OXPEDU UHJLRQ�� � � � � � � � � � � � � � � � �
$Q LQWHUQDO FXW ZDV PDGH WKURXJK WKH QH[W OD\HU RI WLVVXH� QHDU HDFK RYDU\� $ FDXWHUL]LQJ WRRO� � � � � � � � � � � � � � � � �
ZDV DSSOLHG WR HDFK WXEH XQWLO VHSDUDWLRQ� 7KH LQWHUQDO DQG H[WHUQDO FXWV ZHUH VXWXUHG XVLQJ� � � � � � � � � � � � � � �
YLFU\O�FRDWHG VXWXUHV� VL]H ���� 7KH H[WHUQDO FXW ZDV WKHQ VHDOHG ZLWK VXUJLFDO VWDSOHV� ZKLFK� � � � � � � � � � � � � �
ZHUH UHPRYHG ZLWKLQ RQH�ZHHN SRVW�VXUJHU\� $OO IHPDOHV ZHUH JLYHQ DW OHDVW � ZHHNV WR KHDO� � � � � � � � � � � � � � �
EHIRUH�WKHLU�ILUVW�SDLULQJ��
�
����([SHULPHQWDO�'HVLJQ�
�
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$OO DQLPDOV ZHUH SDLUHG ZLWK DQ LQLWLDO SDUWQHU �3DUWQHU �� DQG SODFHG RQ RSSRVLWH VLGHV RI D� � � � � � � � � � � � � � � � �
FXVWRP WUDQVSDUHQW� YHQWLODWHG� GLYLGHU IRU �� KRXUV WR UHGXFH DJJUHVVLRQ DQG LQGXFH VH[XDO� � � � � � � � � � � � �
UHFHSWLYLW\ LQ WKH IHPDOH YROHV ��5REHUWV HW DO�� ����� �� 'LYLGHUV ZHUH UHPRYHG DIWHU �� KRXUV DQG� � � � � � � � � � � � � � � �
VH[XDO EHKDYLRU ZDV UHFRUGHG RQ 6RQ\ +DQG\FDPV �'&5�6;��� ZLWK IRXU FDJHV FDSWXUHG SHU� � � � � � � � � � � � �
IUDPH� IRU WKH ILUVW � KRXUV IROORZLQJ GLYLGHU UHPRYDO� 3DUWQHU SUHIHUHQFH WHVWV �337� ZHUH� � � � � � � � � � � � � �
SHUIRUPHG DW RQH VKRUW�WHUP �� GD\V SRVW�GLYLGHU UHPRYDO� DQG RQH ORQJ�WHUP WLPHSRLQW ��� GD\V� � � � � � � � � � � � � �
SRVW�GLYLGHU UHPRYDO�� 7KH GHFLVLRQ WR WHVW SDUWQHU SUHIHUHQFH DW WZR WLPHSRLQWV ZDV EDVHG RQ� � � � � � � � � � � � � �
SUHYLRXV ZRUN LQ RXU ODE WKDW LQGLFDWHG SDLU ERQGV VWUHQJWKHQ ZLWK WLPH ��6FULEQHU HW DO�� ����� ��� � � � � � � � � � � � � � � �
)RU DOO 337 WHVWV� H[FHSW IRU WKH ILQDO KHDG�WR�KHDG WHVW� QRYHO IHPDOHV FRQVLVWHG RI SDUWQHUV IURP� � � � � � � � � � � � � � � �
RWKHU SDLULQJV� 7HVW DQLPDOV ZHUH QHYHU UH�H[SRVHG WR WKH VDPH QRYHO DQLPDOV QRU ZHUH WKH\� � � � � � � � � � � � � � �
SDLUHG ZLWK RU H[SRVHG WR D VLEOLQJ GXULQJ 337� ,PPHGLDWHO\ IROORZLQJ WKH ORQJ�WHUP 337� WKH� � � � � � � � � � � � � � �
SDUWQHUV ZHUH VHSDUDWHG DQG VLQJO\ KRXVHG IRU �� KRXUV� � ZHHNV� RU � ZHHNV� DFFRUGLQJ WR WKH� � � � � � � � � � � � � � � � �
H[SHULPHQWDO FRQGLWLRQ WR ZKLFK WKH\ ZHUH UDQGRPO\ DVVLJQHG �)LJ� 6�%��� 7KLV ZDV GRQH WR WHVW� � � � � � � � � � � � � � �
WKH SUHVHQFH RI DQ HIIHFW RI VHSDUDWLRQ WLPH EHWZHHQ SDUWQHUV RQ VXEVHTXHQW SDUWQHU SUHIHUHQFH�� � � � � � � � � � � � � �
$IWHU WKH UHVSHFWLYH SHULRGV RI LVRODWLRQ� WKH H[SHULPHQW ZDV UHSHDWHG ZLWK D QHZ VH[XDOO\ QDLYH� � � � � � � � � � � � � � �
SDUWQHU �3DUWQHU ��� )ROORZLQJ WKH ORQJ�WHUP 337� DOO YROHV ZHUH VLQJO\ KRXVHG IRU �� KRXUV� $� � � � � � � � � � � � � � � �
ILQDO 337 ZDV SHUIRUPHG LQ ZKLFK WKH WHVW DQLPDO FKRVH EHWZHHQ 3DUWQHU � DQG 3DUWQHU � ZKLFK� � � � � � � � � � � � � � � � �
ZHUH SODFHG LQ WKH DGMDFHQW FKDPEHUV� 7KLV ILQDO KHDG�WR�KHDG 337 HQDEOHG XV WR GHWHUPLQH� � � � � � � � � � � � � �
ZKHWKHU�WKH�VHFRQG�ERQG�KDG�VXSSODQWHG�WKH�ILUVW���
�
����3DUWQHU�3UHIHUHQFH�7HVW�
�
:H SHUIRUPHG D SDUWQHU SUHIHUHQFH WHVW �337� WR DVVHVV VHOHFWLYH SDUWQHU DIILOLDWLRQ DW YDULRXV� � � � � � � � � � � � � �
WLPHSRLQWV� (DFK 337 DSSDUDWXV FRQVLVWHG RI D ER[ ����� FP� [ ���� FP� [ ���� FP�� VHFWLRQHG� � � � � � � � � � � � � � � � �
LQWR WKUHH HTXDO VL]H FKDPEHUV VHSDUDWHG E\ UHPRYDEOH GLYLGHUV� 7R VWDUW� GLYLGHUV ZHUH SODFHG� � � � � � � � � � � � � �
ZLWK WKH PDOH XQWHWKHUHG LQ WKH FHQWHU FKDPEHU� +LV 3DUWQHU DQG D QRYHO DJH�PDWFKHG FRQVSHFLILF� � � � � � � � � � � � � � �
�1RYHO� ZHUH WHWKHUHG WR EROWV ORFDWHG RQ RSSRVLWH VLGHV RI WKH DSSDUDWXV XVLQJ ILVKLQJ VZLYHOV� � � � � � � � � � � � � � �
DQG ]LS WLHV ZLWK D ZDWHU ERWWOH DIIL[HG WR WKH VDPH ZDOO� 2QH FXS RI EHGGLQJ DQG WZR DOIDOID� � � � � � � � � � � � � � � � � � �
SHOOHWV ZHUH SODFHG LQ HDFK FKDPEHU FRQWDLQLQJ D WHWKHUHG DQLPDO� 2YHUKHDG FDPHUDV �3DQDVRQLF� � � � � � � � � � � � �
:9&3���� ZHUH XVHG WR ILOP WZR ER[HV VLPXOWDQHRXVO\� 7KH WHVW DQLPDO IUHHO\ H[SORUHG WKH� � � � � � � � � � � � � �
DSSDUDWXV IRU � KRXUV� ,Q HDFK URXQG RI 337� WKH QRYHO IHPDOH ZDV SLFNHG IURP D GLIIHUHQW SDLU WR� � � � � � � � � � � � � � � � � � �
HQVXUH QRYHOW\ ZDV SUHVHUYHG EHWZHHQ GLIIHUHQW WHVWLQJ WLPHSRLQWV� 7KH PRYHPHQW RI WKH WHVW� � � � � � � � � � � � �
DQLPDO ZDV UHFRUGHG DQG WUDFNHG SRVW�KRF XVLQJ 7RSVFDQ VRIWZDUH �&OHYHUV\V ,QF��� 3UHYLRXV� � � � � � � � � � � �
VWXGLHV GHPRQVWUDWHG WKDW &OHYHUV\V LV D UHOLDEOH DQG HIILFLHQW PHWKRG WR REWDLQ GDWD IURP 337V� � � � � � � � � � � � � � �
�$KHUQ HW DO�� ����� �� :H XVHG 7RS6FDQ ��� ZLWK VRPH PLQRU FXVWRPL]DWLRQV� )UDPH E\ IUDPH� � � � � � � � � � � � � � �
EHKDYLRUDO DQDO\VLV ZDV DQDO\]HG XVLQJ D FXVWRP 0DWODE VFULSW FUHDWHG LQ RXU ODE WR JHQHUDWH� � � � � � � � � � � � � � �
DYHUDJH GLVWDQFH EHWZHHQ WKH WHVW DQLPDO DQG WHWKHUHG DQLPDO ZKHQ LQ WKH VDPH FKDPEHU� WLPH� � � � � � � � � � � � � � �
VSHQW KXGGOLQJ ZLWK WKH WHWKHUHG DQLPDO� DQG WRWDO GLVWDQFH WUDYHOHG� 7KH SDUWQHU SUHIHUHQFH VFRUH� � � � � � � � � � � � � �
ZDV�FDOFXODWHG�XVLQJ�KXGGOH�WLPH��3DUWQHU�+XGGOH�3DUWQHU���1RYHO�+XGGOH����
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�
����6WDWLVWLFV�
�
'DWD ZHUH DQDO\]HG XVLQJ 6366 YHUVLRQ ��� 'HWDLOV RI DOO VWDWLVWLFDO WHVWV DUH SURYLGHG LQ� � � � � � � � � � � � � � �
6XSSOHPHQWDU\ 7DEOH �� $V D EHKDYLRUDO WHVW� FRPSDULVRQ RI WLPH VSHQW ZLWK WKH SDUWQHU YHUVXV� � � � � � � � � � � � � � �
WKH QRYHO DQLPDO YLRODWHV WKH DVVXPSWLRQV RI D WUDGLWLRQDO 7�WHVW EHFDXVH WLPH ZLWK HDFK WHWKHUHG� � � � � � � � � � � � � � �
YROH LV QRW WUXO\ LQGHSHQGHQW� 7R DGGUHVV WKLV� SDUWQHU SUHIHUHQFH ZDV DVVHVVHG XVLQJ WKH SHUFHQW� � � � � � � � � � � � � � �
RI WLPH VSHQW KXGGOLQJ ZLWK WKH SDUWQHU ZKHUH KXGGOH WLPH ZLWK ERWK WHWKHUHG DQLPDOV ZDV XVHG� � � � � � � � � � � � � � � �
DV WKH GHQRPLQDWRU� 7KLV ZDV FRPSDUHG WR D QXOO YDOXH RI ��� �QR SUHIHUHQFH� LQ D WZR�WDLOHG� � � � � � � � � � � � � � � � �
RQH�VDPSOH 7�WHVW� 'LIIHUHQFHV LQ SUHIHUHQFH DFURVV JURXSV DQG�RU WHVWLQJ WLPHSRLQWV ZHUH� � � � � � � � � � �
DQDO\]HG XVLQJ DQ 50�$129$ ZLWK 7LPHSRLQW DV D ZLWKLQ�VXEMHFW IDFWRU DQG 7UHDWPHQW DV D� � � � � � � � � � � � � �
EHWZHHQ�VXEMHFW IDFWRU� 7R JDLQ IXUWKHU LQVLJKW LQWR WKH XQGHUO\LQJ EHKDYLRUDO FKDQJHV WKDW� � � � � � � � � � � �
FRQWULEXWHG WR GLIIHUHQFHV LQ SDUWQHU SUHIHUHQFH RYHU WLPH� WRWDO SDUWQHU KXGGOH RU WRWDO QRYHO� � � � � � � � � � � � � �
KXGGOH DFURVV WLPHSRLQWV ZHUH DQDO\]HG VHSDUDWHO\ XVLQJ D SDLUHG 7�WHVW� 7R GHWHUPLQH� � � � � � � � � � � �
EHKDYLRUDO FRQVLVWHQF\ DFURVV WLPHSRLQWV� ZH H[DPLQHG FRUUHODWLRQV EHWZHHQ WKH WRWDO SDUWQHU� � � � � � � � � � �
KXGGOH WLPH� QRYHO KXGGOH WLPH� DQG SHUFHQW SDUWQHU KXGGOH �DV DERYH� EHWZHHQ VKRUW�WHUP DQG� � � � � � � � � � � � � �
ORQJ�WHUP�WLPHSRLQWV���
�
7R VWUHQJWKHQ RXU LQWHUSUHWDWLRQ� ZH DOVR H[DPLQHG WKH DYHUDJH GLVWDQFH EHWZHHQ WKH WHVW DQLPDO� � � � � � � � � � � � � �
DQG WKH WHWKHUHG DQLPDOV ZKHQ WKH WHVW DQLPDO ZDV LQ WKH FKDPEHU ZLWK WKH WHWKHUHG DQLPDO� :H� � � � � � � � � � � � � � � � �
KDYH SUHYLRXVO\ VKRZQ WKDW WKLV EHKDYLRUDO PHWULF VHUYHV DV D SUR[\ IRU SDUWQHU SUHIHUHQFH� � � � � � � � � � � � � �
�6FULEQHU HW DO�� ����� �� %HFDXVH WKH GLVWDQFH IURP WKH SDUWQHU ZKLOH LQ WKH SDUWQHU FKDPEHU GRHV� � � � � � � � � � � � � � � �
QRW LQIOXHQFH WKH GLVWDQFH IURP WKH QRYHO LQ WKH QRYHO FKDPEHU� WKHVH YDULDEOHV FDQ EH FRQVLGHUHG� � � � � � � � � � � � � � � �
LQGHSHQGHQW� DQG ZH SHUIRUPHG D SDLUHG 7�WHVW DQG�RU 50�$129$ WR GHWHUPLQH ZKHWKHU WKHVH� � � � � � � � � � � � �
PHWULFV GLIIHUHG ZLWKLQ DQG DFURVV WHVWV� ,Q DGGLWLRQ� ZH FDOFXODWHG D UDWLR RI QRYHO� � � � � � � � � � � � � �
GLVWDQFH�SDUWQHU GLVWDQFH WR FUHDWH D ZLWKLQ�DQLPDO SUHIHUHQFH VFRUH EDVHG RQ GLVWDQFH DQG DVNHG� � � � � � � � � � � � �
ZKHWKHU�WKLV�VFRUH�FRUUHODWHG�ZLWK�SHUFHQW�SDUWQHU�KXGGOH���
�
)LQDOO\� ZH H[DPLQHG WKH HIIHFWV RI PDWLQJ ODWHQF\ RQ SDUWQHU SUHIHUHQFH� :H SHUIRUPHG D� � � � � � � � � � � � � �
.DSODQ 0H\HU VXUYLYDO DQDO\VLV ZLWK /RJ 5DQN IRU RYHUDOO FRPSDULVRQ WR H[DPLQH SRWHQWLDO� � � � � � � � � � � � �
JURXS GLIIHUHQFHV LQ PDWLQJ ODWHQF\� 7KLV DSSURDFK SURYLGHV DQ LGHDO QRQ�SDUDPHWULF WHVW WKDW� � � � � � � � � � � � �
WDNHV�LQWR�DFFRXQW�IDLOXUH�WR�FRPSOHWH�WKH�WDVN��H�J��IDLOXUH�WR�PDWH����
�
�
� �
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���5HVXOWV�
�
����([FOXGHG�$QLPDOV�
�
([FOXGHG DQLPDOV DQG WKH UHDVRQ IRU WKHLU H[FOXVLRQ DUH DYDLODEOH LQ )LJXUH 6�$� 2QH DQLPDO� � � � � � � � � � � � � � �
IURP WKH �� +RXU FRQGLWLRQ� WZR IURP WKH � :HHN FRQGLWLRQ� DQG WZR IURP WKH � :HHN FRQGLWLRQ� � � � � � � � � � � � � � � � � �
ZHUH H[FOXGHG ZKHQ WKHLU SDUWQHU ZDV NLOOHG E\ DJJUHVVLYH PDOHV GXULQJ SDUWQHU SUHIHUHQFH WHVWV� � � � � � � � � � � � � �
LQ ZKLFK WKHLU SDUWQHUV ZHUH DFWLQJ DV WKH QRYHO IHPDOH� )RXU DQLPDOV ZHUH H[FOXGHG IURP WKH ��� � � � � � � � � � � � � � � � �
+RXU�FRQGLWLRQ�GXH�WR�FDPHUD�IDLOXUH�GXULQJ�WKH�SDUWQHU�SUHIHUHQFH�WHVW��
�
����3DUWQHU�3UHIHUHQFH�IRU�3DUWQHU�2QH�
�
3DUWQHU SUHIHUHQFH ZDV PHDVXUHG DW WZR WLPHSRLQWV WR DVVHVV VWDELOLW\ RI WKH ERQG ZLWK 3DUWQHU� � � � � � � � � � � � � � �
���$YHUDJH�'LVWDQFH�ZDV�HYDOXDWHG�DV�D�SRWHQWLDO�HVWLPDWH�RI�SDUWQHU�SUHIHUHQFH��
�
7KH GXUDWLRQ RI SDLULQJ SUHGLFWV GHFUHDVHG QRYHO LQWHUDFWLRQ ZLWKRXW DOWHULQJ SDUWQHU� � � � � � � � � � �
LQWHUDFWLRQ��
�
5HODWLYH WR D QXOO K\SRWKHVLV RI QR SUHIHUHQFH� VH[XDOO\ QDLYH PDOH YROHV SDLUHG ZLWK D IHPDOH� � � � � � � � � � � � � � � �
SDUWQHU GHPRQVWUDWHG D SDUWQHU SUHIHUHQFH DW VKRUW�WHUP �S  ������ DQG ORQJ�WHUP �S � ������� � � � � � � � � � � � � � �
WLPHSRLQWV �)LJ� �$�� 7LPH VSHQW ZLWK WKH SDUWQHU GLG QRW FKDQJH RYHU WLPH �S  ������� WKXV� WKH� � � � � � � � � � � � � � � � � �
VWUHQJWKHQLQJ RI WKH SUHIHUHQFH IRU 3DUWQHU � ZDV UHIOHFWHG H[FOXVLYHO\ LQ D GHFUHDVH LQ QRYHO� � � � � � � � � � � � � � �
KXGGOH WLPH DW WKH ORQJ�WHUP WLPHSRLQW �)LJ� �%� S  ������� 7LPH VSHQW KXGGOLQJ ZLWK WKH� � � � � � � � � � � � � � � �
SDUWQHU RU ZLWK WKH QRYHO DQLPDO ZHUH SRVLWLYHO\ FRUUHODWHG DFURVV WKH WZR WHVWV �SDUWQHU� S  � � � � � � � � � � � � � � � �
������ QRYHO� S  ������� VXJJHVWLQJ LQWUD�DQLPDO EHKDYLRUDO FRQVLVWHQF\ DFURVV WHVWV� $YHUDJH� � � � � � � � � � �
GLVWDQFH ZDV PHDVXUHG RQO\ ZKLOH WKH WHVW DQLPDO RFFXSLHG WKH VDPH FKDPEHU DV WKH WHWKHUHG� � � � � � � � � � � � � � �
DQLPDO �)LJ� 6�$�� 3UHIHUHQFH UHVXOWHG LQ D GHFUHDVHG GLVWDQFH EHWZHHQ WKH WHVW DQLPDO DQG� � � � � � � � � � � � � �
SDUWQHU FRPSDUHG WR WKH WHVW DQLPDO DQG QRYHO �)LJ� �&� PDLQ HIIHFW RI WHWKHUHG DQLPDO� S �� � � � � � � � � � � � � � � � �
������� 7KHVH WZR PHWULFV� WLPH VSHQW KXGGOLQJ DQG DYHUDJH GLVWDQFH� ZHUH FRUUHODWHG VWURQJO\ DW� � � � � � � � � � � � � �
ERWK WHVWLQJ WLPHSRLQWV �)LJ� �'� VKRUW�WHUP� S � ������ ORQJ�WHUP� S � ������� LQGLFDWLQJ WKDW� � � � � � � � � � � � � � �
WKH\ PHDVXUHG RYHUODSSLQJ DVSHFWV RI SUHIHUHQFH EHKDYLRU DQG FDQ ERWK EH XVHG DV SUR[LHV IRU� � � � � � � � � � � � � � �
LQIHUULQJ�SDUWQHU�SUHIHUHQFH�� �
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�
)LJXUH �� 0HWULFV RI SDUWQHU SUHIHUHQFH IRU� � � � � � �
3DUWQHU �� �0DOH SUDLULH YROHV KRXVHG ZLWK D� � � � � � � �
VH[XDOO\ UHFHSWLYH WXEDOO\�OLJDWHG IHPDOH SUDLULH� � � � �
YROH H[KLELWHG D SDUWQHU SUHIHUHQFH IROORZLQJ �� � � � � � �
GD\V �VKRUW�WHUP� DQG �� GD\V �ORQJ�WHUP� RI� � � � � � �
FRKDELWDWLRQ SRVW GLYLGHU UHPRYDO� �$� �3DUWQHU� � � � � �
SUHIHUHQFH VFRUH �SURSRUWLRQ RI WLPH VSHQW� � � � � �
KXGGOLQJ ZLWK WKH SDUWQHU� ZDV VLJQLILFDQWO\� � � � � �
JUHDWHU WKDQ FKDQFH ����� DW ERWK WLPHSRLQWV� � � � � � �
� �VKRUW�WHUP� S  ������ ORQJ�WHUP� S � ������ �� �%�� � � � � � � � �
7LPH VSHQW KXGGOLQJ ZLWK WKH SDUWQHU GLG QRW� � � � � � � �
FKDQJH RYHU WLPH �S  ������ ZKLOH WLPH VSHQW� � � � � � � � �
KXGGOLQJ ZLWK WKH QRYHO GHFUHDVHG RYHU WLPH �S  � � � � � � � � �
������� 7KH LQFUHDVHG SDUWQHU SUHIHUHQFH VFRUH LQ� � � � � � �
�$� LV H[SODLQHG E\ D VLJQLILFDQW GHFUHDVH LQ WKH� � � � � � � � �
WLPH VSHQW KXGGOLQJ ZLWK WKH QRYHO DW WKH� � � � � � � �
ORQJ�WHUP WLPHSRLQW FRPSDUHG ZLWK WKH� � � � �
VKRUW�WHUP� �&� $YHUDJH GLVWDQFH IURP WKH WHWKHUHG� � � � � � �
DQLPDO ZKLOH LQ WKH VDPH FKDPEHU DOVR UHIOHFWV� � � � � � � �
SDUWQHU SUHIHUHQFH� $W ERWK WLPHSRLQWV� WKH WHVW� � � � � � �
DQLPDO ZDV SK\VLFDOO\ FORVHU WR WKHLU SDUWQHU ZKHQ� � � � � � � �
LQ WKH SDUWQHU FKDPEHU WKDQ WKH\ ZHUH WR WKH QRYHO� � � � � � � � � �
DQLPDO ZKHQ WKH\ ZHUH LQ WKH QRYHO FKDPEHU� � � � � � � �
�PDLQ HIIHFW RI WHWKHUHG DQLPDO� S � ������� �'� 7R� � � � � � � � � �

H[DPLQH WKH FRQVLVWHQF\ EHWZHHQ SUHIHUHQFH VFRUH DQG GLVWDQFH PHWULFV� ZH FDOFXODWHG D GLVWDQFH UDWLR �QRYHO GLVWDQFH�SDUWQHU� � � � � � � � � � � � � � � �
GLVWDQFH� IURP �&�� 7KHUH ZDV D VWURQJ FRUUHODWLRQ EHWZHHQ WKH SUHIHUHQFH VFRUH DQG WKH GLVWDQFH UDWLR DW ERWK WLPHSRLQWV� � � � � � � � � � � � � � � � � � �
�VKRUW�WHUP� S � ������ ORQJ�WHUP� S � ������� VXJJHVWLQJ WKDW ERWK PHWULFV SURYLGH YDOLG HVWLPDWHV RI SDUWQHU SUHIHUHQFH�� � � � � � � � � � � � � � � � � �
6LJQLILFDQFH�QRWDWHG�DV��
S�����������

S������������


S�������������
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����3DUWQHU�3UHIHUHQFH�IRU�3DUWQHU�7ZR�
�
)ROORZLQJ VHSDUDWLRQ IURP 3DUWQHU �� PDOHV ZHUH VLQJO\ KRXVHG DFFRUGLQJ WR WKHLU DVVLJQHG� � � � � � � � � � � � �
SHULRG RI VHSDUDWLRQ EHIRUH EHLQJ LQWURGXFHG WR 3DUWQHU �� 7KH HIIHFW RI VHSDUDWLRQ WLPH ZDV� � � � � � � � � � � � � � �
DQDO\]HG�IURP�SDUWQHU�SUHIHUHQFH�GDWD�WDNHQ�DW�WZR�WLPHSRLQWV��
�
6WDELOLW\ RI SUHIHUHQFH IRU D QHZ SDUWQHU LV VHQVLWLYH WR WKH WLPH VLQFH VHSDUDWLRQ IURP WKH� � � � � � � � � � � � � � � �
ILUVW�SDUWQHU���
�
&RQILUPLQJ SUHYLRXV ZRUN� ZH IRXQG WKDW YROHV LQ DOO FRQGLWLRQV ZHUH FDSDEOH RI VKRZLQJ D� � � � � � � � � � � � � � �
SUHIHUHQFH IRU WKHLU VHFRQG SDUWQHU VKRUWO\ DIWHU SDLULQJ� +RZHYHU� ZKHQ UH�WHVWHG IROORZLQJ D� � � � � � � � � � � � �
ORQJHU FRKDELWDWLRQ� RQO\ DQLPDOV LQ WKH � :HHN FRQGLWLRQ VKRZHG DQ LQLWLDO WUHQG WRZDUGV� � � � � � � � � � � � � �
SUHIHUHQFH IRU 3DUWQHU � ZKLFK PDQLIHVWHG IXOO\ DW WKH ORQJ�WHUP WLPHSRLQW� 7KLV VXJJHVWV WKDW� � � � � � � � � � � � � �
SUHIHUHQFH ZDV QR ORQJHU LQWDFW DW WKH ORQJ�WHUP WLPHSRLQW H[FHSW LQ WKH � :HHN FRQGLWLRQ�� � � � � � � � � � � � � � �
LQGLFDWLQJ DQ HIIHFW RI SDLULQJ WLPH WKDW GHSHQGV RQ WKH GXUDWLRQ RI WKH VHSDUDWLRQ SHULRG�� � � � � � � � � � � � � � �
$YHUDJH GLVWDQFH IURP WKH WHWKHUHG DQLPDOV UHYHDOHG VLPLODU SDWWHUQV WR WKRVH RI SDUWQHU� � � � � � � � � � � � �
SUHIHUHQFH� 0DOHV IURP WKH �� +RXU DQG � :HHN FRQGLWLRQV ZHUH FORVHU WR WKH SDUWQHU WKDQ WKH� � � � � � � � � � � � � � � � �
QRYHO DQLPDOV DW WKH VKRUW�WHUP WLPHSRLQW� EXW QRW DW WKH ORQJ�WHUP WLPHSRLQW� ,Q FRQWUDVW� WKH �� � � � � � � � � � � � � � � �
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:HHN FRQGLWLRQ ZDV FORVHU WR WKH SDUWQHU WKDQ WKH QRYHO DW ERWK WLPHSRLQWV� $V ZLWK WKH ILUVW� � � � � � � � � � � � � � � � �
SDLULQJ� SDUWQHU KXGGOH DQG QRYHO KXGGOH ZHUH WLJKWO\ FRUUHODWHG DFURVV WHVWV IRU 3DUWQHU �� � � � � � � � � � � � � �
�SDUWQHU��S����������QRYHO��S� ����������
�

�� +RXU VHSDUDWLRQ� 3DUWQHU SUHIHUHQFH ZDV HYLGHQW DW WKH VKRUW�WHUP WHVW �S  ������ EXW QRW DW� � � � � � � � � � � � � � � � �
WKH ORQJ�WHUP WHVW �S  ������ �)LJ� �$�� 7KHUH ZHUH QR FKDQJHV LQ WRWDO WLPH KXGGOLQJ ZLWK WKH� � � � � � � � � � � � � � � � � �
SDUWQHU RU WKH QRYHO EHWZHHQ WKH WZR WLPHSRLQWV �SDUWQHU� S  ������ QRYHO� S  ������ �)LJ� �%��� � � � � � � � � � � � � � � � � �
&RQILUPLQJ D ODFN RI SDUWQHU SUHIHUHQFH� LQ�FKDPEHU GLVWDQFH VKRZHG WKDW WHVW DQLPDOV ZHUH� � � � � � � � � � � � �
FORVHU WR WKHLU SDUWQHU WKDQ WKH QRYHO DQLPDO GXULQJ WKH VKRUW�WHUP �S  ������ EXW QRW WKH� � � � � � � � � � � � � � � � �
ORQJ�WHUP�WHVW��S� ���������)LJ���&����
�
� :HHN VHSDUDWLRQ� 3DUWQHU SUHIHUHQFH ZDV HYLGHQW DW WKH VKRUW�WHUP WHVW �S  ������ EXW QRW DW� � � � � � � � � � � � � � � � �
WKH ORQJ�WHUP WHVW �S  ������ �)LJ� �'�� 7KHUH ZDV QR FKDQJH LQ WKH WLPH KXGGOLQJ ZLWK WKH� � � � � � � � � � � � � � � � � �
SDUWQHU EHWZHHQ WHVWV �S  ������ EXW WKHUH ZDV DQ LQFUHDVH LQ WKH WLPH VSHQW ZLWK WKH QRYHO LQ WKH� � � � � � � � � � � � � � � � � � � �
ORQJ�WHUP WHVW UHODWLYH WR WKH VKRUW�WHUP �S  ������ �)LJ� �(�� 0LUURULQJ SDUWQHU SUHIHUHQFH� � � � � � � � � � � � � �
UHVXOWV� WHVW DQLPDOV ZHUH FORVHU WR WKHLU SDUWQHU WKDQ WKH QRYHO DQLPDO GXULQJ WKH VKRUW�WHUP �S  � � � � � � � � � � � � � � � � �
�������EXW�QRW�WKH�ORQJ�WHUP�WHVW��S� ���������)LJ���)���
�
� :HHN VHSDUDWLRQ� 8QOLNH VKRUWHU VHSDUDWLRQ WLPHSRLQWV� SDUWQHU SUHIHUHQFH ZDV VLJQLILFDQW DW� � � � � � � � � � � �
WKH ORQJ�WHUP WLPHSRLQW �S  ������ VKRUW�WHUP� S  ������ DV LQGLFDWHG E\ WZR PHWULFV� DYHUDJH� � � � � � � � � � � � � � � �
GLVWDQFH DQG SURSRUWLRQ KXGGOH �)LJ� �*�� 2YHUDOO� WKHUH ZDV QR GLIIHUHQFH LQ KRZ ORQJ WKH WHVW� � � � � � � � � � � � � � � �
DQLPDO KXGGOHG ZLWK WKH SDUWQHU �S  ������ RU WKH QRYHO �S  ������ DFURVV WKH WZR WHVWV �)LJ�� � � � � � � � � � � � � � � � � � �
�+�� 7HVW DQLPDOV ZHUH VLJQLILFDQWO\ FORVHU WR WKHLU SDUWQHU WKDQ WKH QRYHO DW ERWK WLPHSRLQWV �)LJ�� � � � � � � � � � � � � � � �
�,��VKRUW�WHUP��S� ��������ORQJ�WHUP��S� ����������
�

�



�

�
)LJXUH �� 0HWULFV RI SDUWQHU SUHIHUHQFH IRU 3DUWQHU �� 0DOH SUDLULH YROHV VSHQW �� KRXUV� � ZHHNV� RU � ZHHNV� � � � � � � � � � � � � � � � � � � �
VLQJO\ KRXVHG EHWZHHQ VHSDUDWLRQ IURP WKHLU ILUVW SDUWQHU DQG LQWURGXFWLRQ WR WKHLU VHFRQG SDUWQHU� $V ZLWK 3DUWQHU ��� � � � � � � � � � � � � � � � � �
DQLPDOV�ZHUH�WHVWHG�IRU�SDUWQHU�SUHIHUHQFH�DW���GD\V��VKRUW�WHUP��DQG����GD\V��ORQJ�WHUP��SRVW�FDJH�GLYLGHU�UHPRYDO���
�� +RXU FRQGLWLRQ� �$� �0DOH YROHV VKRZHG D FOHDU SDUWQHU SUHIHUHQFH DW WKH VKRUW�WHUP WHVW �S  ������ EXW QRW DW WKH� � � � � � � � � � � � � � � � � � � � � �
ORQJ�WHUP WHVW �S  ������� �%� 7KHUH ZHUH QR FKDQJHV LQ SDUWQHU KXGGOH WLPH �S  ������ DFURVV WHVWV� QRU LQ QRYHO� � � � � � � � � � � � � � � � � � � � � �
KXGGOH WLPH �S  ������ DFURVV WHVWV� �&� 0DOHV ZHUH FORVHU WR WKHLU SDUWQHU WKDQ WKH QRYHO DQLPDO GXULQJ WKH� � � � � � � � � � � � � � � � � � � �
VKRUW�WHUP��S� ��������EXW�QRW�WKH�ORQJ�WHUP�WHVW��S� ����������
� :HHN FRQGLWLRQ� �'� 3DUWQHU SUHIHUHQFH ZDV HYLGHQW DW WKH VKRUW�WHUP �S  ������ EXW QRW WKH ORQJ�WHUP �S  ������� � � � � � � � � � � � � � � � � � � � �
WHVW� �(� 7LPH VSHQW KXGGOLQJ ZLWK WKH SDUWQHU GLG QRW FKDQJH EHWZHHQ WHVWV �S  ������ ZKLOH WLPH VSHQW KXGGOLQJ� � � � � � � � � � � � � � � � � � � �
ZLWK WKH QRYHO LQFUHDVHG �S  ������� )� 0DOHV ZHUH FORVHU ZLWK WKHLU SDUWQHU WKDQ WKH QRYHO DW WKH VKRUW�WHUP WHVW �S� � � � � � � � � � � � � � � � � � � � � �
 ��������EXW�QRW�DW�WKH�ORQJ�WHUP�WHVW��S� ����������
� :HHN FRQGLWLRQ� �*� 3DUWQHU SUHIHUHQFH ZDV HYLGHQW DW WKH ORQJ�WHUP ������� WHVW EXW RQO\ VOLJKWO\ SUHVHQW �S  � � � � � � � � � � � � � � � � � � �
������ DW WKH VKRUW�WHUP WHVW� �+� �1HLWKHU WLPH VSHQW KXGGOLQJ ZLWK WKH SDUWQHU �S  ������ QRU WLPH VSHQW KXGGOLQJ� � � � � � � � � � � � � � � � � � � �
ZLWK WKH QRYHO �S  ������ YDULHG RYHU WLPH� �,� 7HVW DQLPDOV ZHUH FORVHU LQ SUR[LPLW\ WR WKH SDUWQHU WKDQ WKH QRYHO DW� � � � � � � � � � � � � � � � � � � � � � �
ERWK WKH VKRUW �S  ������ DQG ORQJ�WHUP �S  ������ WHVWV� 1RWDEO\� PDOHV LQ WKH � ZHHN VHSDUDWLRQ FRQGLWLRQ ZHUH� � � � � � � � � � � � � � � � � � � � �
WKH RQO\ PDOHV WR VKRZ D SDUWQHU SUHIHUHQFH DW WKH ORQJ�WHUP WHVW� ZKLFK LV UHIOHFWHG LQ D FRQVLVWHQW GHFUHDVHG� � � � � � � � � � � � � � � � � � �
GLVWDQFH�IURP�WKH�SDUWQHU�FRPSDUHG�ZLWK�WKH�QRYHO��� �

�



�

�
����0DWLQJ�/DWHQF\�&RPSDULVRQ�$FURVV�3DLULQJV�

�

3UHYLRXV ZRUN VXJJHVWV WKDW PDWLQJ IDFLOLWDWHV SDUWQHU SUHIHUHQFH� 7KXV� ZH VHSDUDWHG DQLPDOV� � � � � � � � � � � �
LQWR HDUO\ DQG ODWH PDWLQJ JURXSV EDVHG RQ ZKHWKHU WKH\ PDWHG ZLWKLQ � KRXUV RI GLYLGHU� � � � � � � � � � � � � � � �
UHPRYDO���
�
/DWHQF\ WR PDWH GLG QRW YDU\ VLJQLILFDQWO\ EHWZHHQ WKH ILUVW DQG VHFRQG SDLULQJV RU EHWZHHQ� � � � � � � � � � � � � � �
VHSDUDWLRQ�FRQGLWLRQV���
�

7KHUH ZHUH QR VLJQLILFDQW GLIIHUHQFHV LQ PDWLQJ ODWHQF\ DFURVV SDLULQJV RU EHWZHHQ FRQGLWLRQV�� � � � � � � � � � � � �
LQGLFDWLQJ WKDW OLNHOLKRRG WR PDWH ZLWKLQ WKH ILUVW � KRXUV DIWHU GLYLGHU UHPRYDO LV QRW LQIOXHQFHG� � � � � � � � � � � � � � � �
E\ SULRU SDLULQJ RU E\ VHSDUDWLRQ WLPH� 7KHUH ZHUH QR GLIIHUHQFHV EHWZHHQ ILUVW DQG VHFRQG� � � � � � � � � � � � � � �
SDLULQJV �)LJ� �$�&� S  ������� ,Q ERWK LQVWDQFHV� D VLPLODU SURSRUWLRQ RI DQLPDOV ���� LQ WKH� � � � � � � � � � � � � � � � �
ILUVW SDLULQJ DQG ��� LQ WKH VHFRQG SDLULQJ� PDWHG ZLWKLQ WKH ILUVW ��� PLQXWHV �)LJ� �$�$�%� S  � � � � � � � � � � � � � � � � � �
������� :KHQ DQDO\]HG E\ VHSDUDWLRQ FRQGLWLRQ ��� +RXU� � :HHN� � :HHN� WKHUH ZDV QR� � � � � � � � � � � � � � �
VLJQLILFDQW GLIIHUHQFH LQ ODWHQF\ WR PDWH EHWZHHQ FRQGLWLRQV DW HLWKHU SDLULQJ �)LJ� 6��$� %� ILUVW� � � � � � � � � � � � � � �
SDLULQJ�S� ��������VHFRQG�SDLULQJ�S� ����������

�
)LJXUH �$� 0DWLQJ /DWHQF\ IRU ERWK SDUWQHUV� �'LYLGHUV ZHUH UHPRYHG IURP FDJHV �� KRXUV SRVW SDLULQJ DQG� � � � � � � � � � � � � � � � �
PDWLQJ EHKDYLRU ZDV ILOPHG DQG VFRUHG IRU WKH ILUVW ��� PLQXWHV RI LQWHUDFWLRQV� �$� %� )RU WKH ILUVW DQG VHFRQG� � � � � � � � � � � � � � � � � � � �
SDLULQJV� DSSUR[LPDWHO\ KDOI RI WKH WHVW DQLPDOV PDWHG ZLWKLQ WKH ILUVW ��� PLQXWHV� �&� 7KHUH ZHUH QR VLJQLILFDQW� � � � � � � � � � � � � � � � � �
GLIIHUHQFHV�LQ�PDWLQJ�ODWHQF\�EHWZHHQ�WKH�ILUVW�DQG�VHFRQG�SDLULQJV��S� ����������
� �

�



�

�

����(DUO\�0DWHG�YV��1RQ�(DUO\�0DWHG�*URXSV�

�

$IWHU HVWDEOLVKLQJ WKDW PDWLQJ ODWHQF\ GLG QRW YDU\ VLJQLILFDQWO\ EHWZHHQ SDLULQJV RU VHSDUDWLRQ� � � � � � � � � � � � �
FRQGLWLRQV��ZH�H[DPLQHG�ZKHWKHU�PDWLQJ�ODWHQF\�SUHGLFWHG�GLIIHUHQFHV�LQ�SDUWQHU�SUHIHUHQFH��
��

/RQJHU�ODWHQF\�WR�PDWH�ZDV�DVVRFLDWHG�ZLWK�ZHDNHU�ERQGV�IRU�3DUWQHU����EXW�QRW�3DUWQHU����

�

(DUO\ PDWHUV RQO\ VKRZHG D SUHIHUHQFH DW WKH VKRUW�WHUP WLPHSRLQW IRU 3DUWQHU � �)LJ� �%�$�� � � � � � � � � � � � � � �
3DUWQHU �� S  ������ 3DUWQHU �� S  ������� ZKLOH WKH\ VKRZHG D SUHIHUHQFH DW WKH ORQJ�WHUP� � � � � � � � � � � � � � � � � �
WLPHSRLQWV IRU ERWK 3DUWQHU � �S � ������ DQG 3DUWQHU � �S � ������ �)LJ� �%�&�� 3UHIHUHQFH IRU� � � � � � � � � � � � � � � � � �
3DUWQHU � IRU WKH QRQ�HDUO\ PDWHUV ZDV QRW HYLGHQW DW WKH VKRUW�WHUP WHVW �S  ������ EXW ZDV DW� � � � � � � � � � � � � � � � � � �
WKH ORQJ�WHUP WHVW �S  ������ �)LJ� �%�%�� )RU 3DUWQHU �� SDUWQHU SUHIHUHQFH ZDV QRW HYLGHQW DW� � � � � � � � � � � � � � � � �
HLWKHU WLPHSRLQW IRU QRQ�HDUO\ PDWHUV �VKRUW�WHUP S  ������ ORQJ�WHUP S  ������ �)LJ� �%�'��� � � � � � � � � � � � � � �
7KHUH ZDV QRW D VLJQLILFDQW HIIHFW RI WLPH �S  ������ RU PDWLQJ ODWHQF\ JURXS �S  ������ RQ� � � � � � � � � � � � � � � � � � �
SDUWQHU SUHIHUHQFH IRU 3DUWQHU �� )RU 3DUWQHU �� WKHUH ZDV D VLJQLILFDQW HIIHFW RI WLPH �S  ������� � � � � � � � � � � � � � � � � �
DQG�PDWLQJ�ODWHQF\�JURXS��S� ����������
�

)LJXUH �%� 3DUWQHU SUHIHUHQFH� � � �
VFRUHV RI HDUO\ YV� QRQ�HDUO\� � � � �
PDWHUV� �9ROHV WKDW PDWHG ZLWKLQ WKH� � � � � �
ILUVW ��� PLQXWHV ZHUH FODVVLILHG DV� � � � � �
³(DUO\ 0DWHG´ ZKLOH WKRVH ZKR GLG� � � � � �
QRW ZHUH FODVVLILHG DV ³1RQ�(DUO\� � � � �
0DWHG´� 7KHLU SDUWQHU SUHIHUHQFH� � � �
VFRUHV IRU ERWK SDUWQHUV ZHUH� � � � �
DQDO\]HG E\ WKLV JURXSLQJ� �$�� � � � �
3DUWQHU SUHIHUHQFH ZDV HYLGHQW DW WKH� � � � � �
ORQJ�WHUP �S  ������ EXW QRW WKH� � � � � � �
VKRUW�WHUP �S  ������ WHVWV� �%�� � � � � �
3DUWQHU SUHIHUHQFH ZDV QRW HYLGHQW DW� � � � � �
WKH VKRUW�WHUP WHVW �S  ������ EXW� � � � � � �
ZDV DW WKH ORQJ�WHUP WHVW �S  �������� � � � � � � �
&� 3DUWQHU SUHIHUHQFH ZDV SUHVHQW DW� � � � � �
WKH VKRUW�WHUP �S � ������ DQG� � � � � �
ORQJ�WHUP WHVW �S  ������� �'�� � � � � �
3DUWQHU SUHIHUHQFH ZDV QRW HYLGHQW DW� � � � � �
HLWKHU WLPHSRLQW �VKRUW�WHUP S  � � � � �
�������ORQJ�WHUP�S� ����������
�

�

�
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����+HDG�WR�+HDG�3DUWQHU�3UHIHUHQFH�7HVW�

�

3UHYLRXV ZRUN KDG VKRZQ WKDW PDOH YROHV FDQ IRUP PXOWLSOH VHTXHQWLDO SDLU ERQGV IROORZLQJ� � � � � � � � � � � � � �
SDUWQHU ORVV� +RZHYHU� LW LV QRW \HW NQRZQ ZKHWKHU WKH VXEVHTXHQW SDLU ERQG IRUPHG LV VXIILFLHQW� � � � � � � � � � � � � � � �
WR VXSSODQW WKH ILUVW� ,Q RUGHU WR H[DPLQH WKLV� ZH SHUIRUPHG D ILQDO 337 LQ ZKLFK WKH PDOH WHVW� � � � � � � � � � � � � � � � � � �
DQLPDO�FKRVH�EHWZHHQ�3DUWQHU���DQG�3DUWQHU�����
�

)RXU�ZHHNV�RI�VHSDUDWLRQ�DUH�UHTXLUHG�WR�VXSSODQW�DQ�ROG�ERQG�ZLWK�D�QHZ�RQH��

�

0DOHV LQ WKH � :HHN FRQGLWLRQ VSHQW PRUH WLPH KXGGOLQJ ZLWK 3DUWQHU � WKDQ 3DUWQHU � ��� +RXU�� � � � � � � � � � � � � � � � � �
S  ������ � :HHN� S  ������ � :HHN� S � ������ �)LJ� �$�� 6LPLODUO\� RQO\ PDOHV LQ WKH � :HHN� � � � � � � � � � � � � � � � � � � � � �
FRQGLWLRQ VWD\HG VLJQLILFDQWO\ FORVHU WR 3DUWQHU � WKDQ 3DUWQHU � ��� +RXU S  ������ � :HHN S  � � � � � � � � � � � � � � � � � � �
������ � :HHN S � ������ �)LJ� �%�� 7KLV VXJJHVWV DQ HIIHFW RI VHSDUDWLRQ GXUDWLRQ RQ WKH DELOLW\� � � � � � � � � � � � � � � � � �
RI�WKH�QHZ�ERQG�WR�VXSSODQW�WKH�ILUVW��HYHQ�ZKHQ�WHVWHG�DJDLQVW�D�SUHYLRXV�SDUWQHU��

�
)LJXUH����0HWULFV�IRU�WKH�KHDG�WR�KHDG�SDUWQHU�SUHIHUHQFH�WHVW���9ROHV�ZHUH�VLQJO\�KRXVHG�IRU����KRXUV�
IROORZLQJ�WKH�ORQJ�WHUP�SDUWQHU�SUHIHUHQFH�WHVW�ZLWK�3DUWQHU����$IWHU����KRXUV�WKH�PDOHV�ZHUH�SODFHG�LQ�D�
SDUWQHU�SUHIHUHQFH�WHVW�ZLWK�3DUWQHU���DQG�3DUWQHU���DV�WKH�WHWKHUHG�DQLPDOV�WR�VHH�ZKLFK�SDUWQHU�WKH\�
SUHIHUUHG���$���0DOHV�LQ�WKH���:HHN�FRQGLWLRQ�ZHUH�WKH�RQO\�WHVW�DQLPDOV�WR�VSHQG�VLJQLILFDQWO\�PRUH�WLPH�
KXGGOLQJ��S� ��������ZLWK�3DUWQHU���WKDQ�3DUWQHU�������+RXU��S� ����������:HHN��S� ����������%���7HVW�
DQLPDOV�LQ�WKH���:HHN�FRQGLWLRQ�VWD\HG�VLJQLILFDQWO\�FORVHU��S� ��������WR�3DUWQHU���WKDQ�3DUWQHU���:KLOH�
WHVW�DQLPDOV�LQ�WKH����+RXU��S� ��������DQG���:HHN��S� ��������FRQGLWLRQV�GLG�QRW�VKRZ�D�GLIIHUHQFH�LQ�
SUR[LPLW\�WR�3DUWQHU���YHUVXV�3DUWQHU���� �

�



�

���'LVFXVVLRQ�
�
9ROHV DUH D YDOXDEOH PRGHO IRU VWXG\LQJ SDLU�ERQGLQJ DQG PRQRJDP\� :KLOH UHFHQW VWXGLHV KDYH� � � � � � � � � � � � � �
VKRZQ WKDW YROHV FDQ IRUP VHTXHQWLDO ERQGV IROORZLQJ SDUWQHU ORVV� UHODWLYHO\ OLWWOH ZRUN KDV� � � � � � � � � � � � � �
IRFXVHG�RQ�KRZ�SUHYLRXV�ERQG�IRUPDWLRQ�DIIHFWV�VXEVHTXHQW�ERQGLQJ�LQ�WKLV�VSHFLHV���
�
7KH JRDO RI WKLV VWXG\ ZDV WR H[DPLQH KRZ D SUHYLRXV SDLU ERQG DOWHUHG VXEVHTXHQW ERQGLQJ� � � � � � � � � � � � � � � �
EHKDYLRU ZLWK D QHZ SDUWQHU� ,Q OLQH ZLWK SUHYLRXV UHVHDUFK� ZH IRXQG WKDW PDOH SUDLULH YROHV� � � � � � � � � � � � � � � �
IRUPHG D VHTXHQWLDO SDUWQHU SUHIHUHQFH IROORZLQJ WKH ORVV RI WKHLU ILUVW SDUWQHU� +RZHYHU� WKH� � � � � � � � � � � � � �
IRUPDWLRQ DQG VWDELOLW\ RI WKDW SUHIHUHQFH DV ZHOO DV ZKHWKHU WKH QHZ SUHIHUHQFH VXSSODQWV WKH ROG� � � � � � � � � � � � � � � �
RQH DUH GHSHQGHQW RQ PDWLQJ ODWHQF\ DQG VHSDUDWLRQ WLPH� 2QO\ YROHV VHSDUDWHG IURP WKH ILUVW� � � � � � � � � � � � � � �
SDUWQHU IRU � ZHHNV IRUPHG D FRQVLVWHQW VHFRQG ERQG WKDW VXSSODQWHG WKH ILUVW� 2YHUDOO WKLV� � � � � � � � � � � � � � �
VXJJHVWV WKDW WRWDO GLVVROXWLRQ RI D SDUWQHU ERQG LV GHSHQGHQW RQ WLPH� ZKLFK FRXOG EH GXH WR D� � � � � � � � � � � � � � � � � �
ORVV�RI�PRWLYDWLRQDO�VDOLHQFH�RU�GLPLQLVKHG�PHPRU\�IRU�WKH�ILUVW�SDUWQHU��
�
,Q DFFRUGDQFH ZLWK D SULRU VWXG\� PDOH SUDLULH YROHV UHOLDEO\ GHPRQVWUDWHG D VHTXHQWLDO SDUWQHU� � � � � � � � � � � � � �
SUHIHUHQFH UHJDUGOHVV RI SUHYLRXV ERQGLQJ H[SHULHQFH ��.HQNHO HW DO�� ����� �� 7KLV ZRXOG VXJJHVW� � � � � � � � � � � � �
WKDW SULRU ERQGLQJ H[SHULHQFH GRHV QRW QXOOLI\ WKH DELOLW\ RI PDOH SUDLULH YROHV WR GHYHORS D� � � � � � � � � � � � � � � �
VXEVHTXHQW SUHIHUHQFH IRU D QHZ LQGLYLGXDO� 7KLV VWXG\ EXLOGV RQ SULRU VWXGLHV LQ WKUHH NH\ ZD\V�� � � � � � � � � � � � � � � �
)LUVW� ZH PRQLWRUHG PDWLQJ ODWHQF\ DQG IRXQG WKDW ORQJHU ODWHQF\ WR PDWH SUHGLFWV ZHDNHU SDUWQHU� � � � � � � � � � � � � � �
SUHIHUHQFH ZLWK WKH VHFRQG SDUWQHU� 7KLV FRXOG EH DQ HIIHFW RI H[SHULHQWLDO IDPLOLDULW\� PHDQLQJ�� � � � � � � � � � � � � �
RQFH DQLPDOV DUH QR ORQJHU VH[XDOO\ QDLYH� WKH SURSHQVLW\ WR PDWH VRRQ DIWHU GLYLGHU UHPRYDO PD\� � � � � � � � � � � � � � � �
SOD\ D ODUJHU UROH LQ WKHLU DVVHVVPHQW RI ERQG TXDOLW\� 6HFRQG� ZH DVVHVVHG SDUWQHU SUHIHUHQFH� � � � � � � � � � � � � � �
VWDELOLW\ E\ SHUIRUPLQJ SDUWQHU SUHIHUHQFH WHVWV DW VKRUW�WHUP DQG ORQJ�WHUP WLPHSRLQWV IROORZLQJ� � � � � � � � � � � �
SDUWQHU LQWURGXFWLRQ� 7KLUG� ZH LQFOXGHG D KHDG�WR�KHDG WHVW GHVLJQHG WR DVN ZKHQ WKH VHFRQG� � � � � � � � � � � � � �
ERQG VXSSODQWV WKH ILUVW� 2QO\ YROHV VHSDUDWHG IURP WKHLU ILUVW SDUWQHU IRU DW OHDVW � ZHHNV� � � � � � � � � � � � � � � �
GHPRQVWUDWHG D FRQVLVWHQW� VWURQJ SUHIHUHQFH IRU WKH VHFRQG SDUWQHU DFURVV ERWK WHVWV DQG FKRVH� � � � � � � � � � � � � �
WKH VHFRQG SDUWQHU LQ D KHDG�WR�KHDG WHVW� 7KLV FRUUHVSRQGV ZHOO ZLWK SULRU ZRUN LQGLFDWLQJ WKDW� � � � � � � � � � � � � � �
SUDLULH YROHV QR ORQJHU VKRZ D SDUWQHU SUHIHUHQFH DIWHU IRXU ZHHNV RI VHSDUDWLRQ IURP WKHLU� � � � � � � � � � � � � � �
SDLU�ERQGHG�SDUWQHU�� ��6XQ�HW�DO�������� ����
�
7HVWLQJ SDUWQHU SUHIHUHQFH DW WZR WLPHSRLQWV SURYLGHG DQ RSSRUWXQLW\ WR H[DPLQH EHKDYLRUDO� � � � � � � � � � � �
VWDELOLW\ DFURVV WHVWV� $ UHFHQW UHSRUW ��$KHUQ HW DO�� ����� VXJJHVWV WKDW KXGGOLQJ DFURVV GLIIHUHQW� � � � � � � � � � � � � � �
SDUWQHU SUHIHUHQFH WHVWV LV QRW KLJKO\ FRUUHODWHG� +HUH ZH VKRZ WKDW KXGGOLQJ WLPHV ZLWK WKH� � � � � � � � � � � � � � �
SDUWQHU DQG QRYHO DQLPDOV DUH KLJKO\ FRUUHODWHG DFURVV WHVWV� ,Q WKH $KHUQ VWXG\� KXGGOLQJ ZDV� � � � � � � � � � � � � � �
WHVWHG DFURVV GLIIHUHQW W\SHV RI EHKDYLRUDO WHVWV RU FRQWH[WV� :KLOH LQ RXU VWXG\ KXGGOLQJ ZDV� � � � � � � � � � � � � � �
WHVWHG ZLWKLQ WKH VDPH FRQWH[W RI WKH SDUWQHU SUHIHUHQFH WHVW� 2XU ILQGLQJV LQGLFDWH WKDW� � � � � � � � � � � � � �
LQWHU�LQGLYLGXDO�KXGGOLQJ�LV�FRQVLVWHQW�ZKHQ�LW�LV�ZLWKLQ�FRQWH[W�� �
�

�



�

�
���/LPLWDWLRQV�DQG�)XWXUH�'LUHFWLRQV�
�
7KHUH DUH VRPH DVSHFWV RI WKLV VWXG\ WKDW PDNH WKH ILQGLQJV OHVV UHSUHVHQWDWLYH RI YROH ERQGLQJ� � � � � � � � � � � � � � � �
LQ WKH ZLOG� 7KH KHDG�WR�KHDG WHVW SODFHV YROHV LQ D VLWXDWLRQ WKH\ DUH XQOLNHO\ WR HQFRXQWHU LQ WKH� � � � � � � � � � � � � � � � � �
ZLOG ZKHUH UH�SDLULQJ LV D UHODWLYHO\ VFDUFH RFFXUUHQFH ��&DUWHU DQG *HW]� ����� �� 7KHUH DUH VHYHUDO� � � � � � � � � � � � � � �
FRQWULEXWLQJ IDFWRUV WR WKH ORZHU UDWH RI UH�SDLULQJ LQ WKH ZLOG� /LIH H[SHFWDQF\ LV VKRUWHU LQ WKH� � � � � � � � � � � � � � � � �
ZLOG� WKXV OLPLWLQJ WKH SRRO RI DYDLODEOH SDUWQHUV ��*HW] HW DO�� ����� �� (YHQ ZKHQ D SRWHQWLDO PDWH� � � � � � � � � � � � � � � � �
LV DYDLODEOH� SDLU�ERQGHG PDOHV VKRZ VLJQLILFDQW DJJUHVVLRQ WR QRYHO IHPDOHV DQG YLFH YHUVD XS WR� � � � � � � � � � � � � � �
� ZHHNV SRVW�VHSDUDWLRQ IURP WKHLU SUHYLRXV SDUWQHU ��2SKLU HW DO�� ����� 6XQ HW DO�� ����� �� ,Q WKH� � � � � � � � � � � � � � � � �
ODE VHWWLQJ� ZH XVH WUDQVSDUHQW GLYLGHUV WR PLQLPL]H DJJUHVVLRQ DQG IDFLOLWDWH PDWLQJ� ZKLFK PD\� � � � � � � � � � � � � �
FRQWULEXWH�WR�WKH�PXFK�KLJKHU�UDWH�RI�VHTXHQWLDO�SUHIHUHQFH�IRUPDWLRQ�WKDQ�VHHQ�LQ�WKH�ZLOG���
�
2XU QRYHO DSSURDFK RI PHDVXULQJ SDUWQHU SUHIHUHQFH VWDELOLW\ DQG DGPLQLVWHULQJ D KHDG�WR�KHDG� � � � � � � � � � � �
WHVW LQWURGXFHV D QHZ SDWK RI LQTXLU\ LQ YROH UHVHDUFK� :H GR QRW KDYH GDWD RQ VXEVHTXHQW ERQG� � � � � � � � � � � � � � � � � �
IRUPDWLRQ LQ IHPDOHV� ZKRVH PDWLQJ EHKDYLRU GLIIHUV IURP WKDW RI PDOHV� ,I ZH DUH WR WKRURXJKO\� � � � � � � � � � � � � � � �
XQGHUVWDQG VHTXHQWLDO SDUWQHU SUHIHUHQFH IRUPDWLRQ LQ YROHV� UHSOLFDWLQJ WKLV VWXG\ LQ IHPDOHV LV D� � � � � � � � � � � � � �
QHFHVVDU\ QH[W VWHS� 7KH HIIHFW RI VHSDUDWLRQ WLPH RQ SDUWQHU SUHIHUHQFH FRXOG EH GXH WR DQ� � � � � � � � � � � � � � � �
DOWHUDWLRQ RI WKH PHPRU\ IRU WKH ILUVW SDUWQHU RU LW FRXOG EH WKDW WKH YROHV VWLOO UHPHPEHU WKH ILUVW� � � � � � � � � � � � � � � � � � �
SDUWQHU EXW QR ORQJHU KDYH WKH VDPH PRWLYDWLRQDO VDOLHQFH� )XWXUH VWXGLHV VKRXOG H[DPLQH WKHVH� � � � � � � � � � � � � �
SRVVLELOLWLHV���
�
���&RQFOXVLRQV�
�
)LQGLQJV IURP WKLV VWXG\ SURYLGH D IRXQGDWLRQ XSRQ ZKLFK ZH FDQ LQYHVWLJDWH WKH QHXURELRORJLFDO� � � � � � � � � � � � � �
PHFKDQLVPV VXEVHUYLQJ DGDSWDWLRQ WR ERQG GLVVROXWLRQ LQ VSHFLHV ZKRVH VRFLDO ELRORJ\ UHVHPEOHV� � � � � � � � � � � �
WKDW RI KXPDQV� ,Q RUGHU WR VXFFHVVIXOO\ UHFRYHU IURP ORVV� KXPDQV PXVW VXFFHVVIXOO\ DGDSW DQG� � � � � � � � � � � � � � �
IRUP QHZ ERQGV WR UHGXFH WKHLU ULVN RI GHYHORSLQJ D P\ULDG RI PHQWDO DQG SK\VLRORJLFDO� � � � � � � � � � � � � � �
GLVRUGHUV VWHPPLQJ IURP XQUHVROYHG JULHI� %\ VKRZLQJ WKDW YROHV FDQ IRUP PRUH VWDEOH� � � � � � � � � � � � �
VHFRQGDU\ ERQGV ZKHQ JLYHQ DGHTXDWH WLPH IROORZLQJ VHSDUDWLRQ IURP WKHLU ILUVW SDUWQHU� ZH KDYH� � � � � � � � � � � � � �
SURYLGHG WKH EHJLQQLQJV RI D EHKDYLRUDO PRGHO IRU DGDSWDWLRQ WR ORVV WKDW PLJKW RQH GD\ EH� � � � � � � � � � � � � � � �
WUDQVODWHG�WR�FOLQLFDO�LQWHUYHQWLRQV�IRU�KXPDQV�VWUXJJOLQJ�WR�RYHUFRPH�JULHI���
�
�
5HIHUHQFHV�
�
$KHUQ��7�+���0RGL��0�(���%XUNHWW��-�3���<RXQJ��/�-���������(YDOXDWLRQ�RI�WZR�DXWRPDWHG�PHWULFV�IRU�

DQDO\]LQJ�SDUWQHU�SUHIHUHQFH�WHVWV��-�1HXURVFL�0HWKRGV���������±���

�



�

KWWSV���GRL�RUJ���������M�MQHXPHWK�������������
$KHUQ��7�+���2SKLU��$���%XUQ��'���������(YDOXDWLQJ�WKH�VWDELOLW\�RI�LQGLYLGXDO�YDULDWLRQ�LQ�VRFLDO�DQG�

QRQVRFLDO�EHKDYLRXUDO�W\SHV�XVLQJ�SUDLULH�YROHV��0LFURWXV�RFKURJDVWHU���%HKDY��3URFHVVHV������
��������KWWSV���GRL�RUJ���������M�EHSURF�������������

&DUWHU��&�6���*HW]��/�/���������0RQRJDP\�DQG�WKH�SUDLULH�YROH��6FL��$P����������±�����
*HW]��/�/���&DUWHU��&�6���*DYLVK��/���������7KH�PDWLQJ�V\VWHP�RI�WKH�SUDLULH�YROH�0LFURWXV�RFKURJDVWHU��

)LHOG�DQG�ODERUDWRU\�HYLGHQFH�IRU�SDLU�ERQGLQJ��%HKDY�(FRO�6RFLRELRO�������±�����
.HQNHO��:�0���3HUNH\ELOH��$�0���<HH��-�5���&DUWHU��&�6���������5HZULWDEOH�ILGHOLW\��+RZ�UHSHDWHG�

SDLULQJV�DQG�DJH�LQIOXHQFH�VXEVHTXHQW�SDLU�ERQG�IRUPDWLRQ�LQ�PDOH�SUDLULH�YROHV��+RUP��%HKDY��
�������±����KWWSV���GRL�RUJ���������M�\KEHK�������������

2SKLU��$�*���&ULQR��2�/���:LONHUVRQ��4�&���:ROII��-�2���3KHOSV��6�0���������)HPDOH�GLUHFWHG�DJJUHVVLRQ�
SUHGLFWV�SDWHUQDO�EHKDYLRU��EXW�IHPDOH�SUDLULH�YROHV�SUHIHU�DIILOLDWLYH�PDOHV�WR�SDWHUQDO�PDOHV��
%UDLQ��%HKDY��(YRO��������±����KWWSV���GRL�RUJ�������������������

5REHUWV��5�/���&XVKLQJ��%�6���&DUWHU��&�6���������,QWUDVSHFLILF�9DULDWLRQ�LQ�WKH�,QGXFWLRQ�RI�)HPDOH�6H[XDO�
5HFHSWLYLW\�LQ�3UDLULH�9ROHV��3K\VLRO��%HKDY���������±�����
KWWSV���GRL�RUJ���������6���������������������

6FULEQHU��-�/���9DQFH��(���3URWWHU��'�6�:���6KHHUDQ��:�0���6DVORZ��(���&DPHURQ��5���.OHLQ��(���-LPHQH]��
-�&���.KHLUEHN��0�$���'RQDOGVRQ��=�5���������$�QHXURQDO�VLJQDWXUH�IRU�PRQRJDPRXV�UHXQLRQ��
ELR5[LY��KWWSV���GRL�RUJ����������������

6RX]D��9�5���0HQGHV��(���&DVDUR��0���$QWLRULR��$�7�)�%���2OLYHLUD��)�$���)HUUHLUD��&�0���������
'HVFULSWLRQ�RI�2YDULHFWRP\�3URWRFRO�LQ�0LFH��0HWKRGV�0RO��%LRO��&OLIWRQ�1-����������±�����
KWWSV���GRL�RUJ��������������������������B���

6XQ��3���6PLWK��$�6���/HL��.���/LX��<���:DQJ��=���������%UHDNLQJ�ERQGV�LQ�PDOH�SUDLULH�YROH��/RQJ�WHUP�
HIIHFWV�RQ�HPRWLRQDO�DQG�VRFLDO�EHKDYLRU��SK\VLRORJ\��DQG�QHXURFKHPLVWU\��%HKDY��%UDLQ�5HV��
�������±����KWWSV���GRL�RUJ���������M�EEU�������������

:LOOLDPV��-�5���&DUWHU��&�6���,QVHO��7���������3DUWQHU�SUHIHUHQFH�GHYHORSPHQW�LQ�IHPDOH�SUDLULH�YROHV�LV�
IDFLOLWDWHG�E\�PDWLQJ�RU�WKH�FHQWUDO�LQIXVLRQ�RI�R[\WRFLQ��$QQ�1�$FDG�6FL���������±���
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6XSSOHPHQWDO�0DWHULDOV�

�

�
6XSSOHPHQWDO )LJXUH �� 0DWLQJ ODWHQF\ FRPSDULVRQ DFURVV � FRQGLWLRQV� $� �7KHUH ZHUH QR� � � � � � � � � � � � �
VLJQLILFDQW GLIIHUHQFHV EHWZHHQ FRQGLWLRQV LQ PDWLQJ ODWHQF\ ZLWK WKH ILUVW SDUWQHU �S  ������� �%�� � � � � � � � � � � � � � �
7KHUH ZHUH QR VLJQLILFDQW GLIIHUHQFHV EHWZHHQ FRQGLWLRQV LQ PDWLQJ ODWHQF\ ZLWK WKH VHFRQG� � � � � � � � � � � � �
SDUWQHU��S� ���������
�

�
� �

�
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�

�
�
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�
6XSSOHPHQWDO )LJXUH � DQG 3DUWQHU 3UHIHUHQFH 7HVW DQG ([SHULPHQW 'HVLJQ� $� �$W WKH VWDUW RI HDFK SDUWQHU� � � � � � � � � � � � � � � � �
SUHIHUHQFH WHVW� WKH PDOH YROH LV SODFHG LQ WKH FHQWHU FKDPEHU ZLWK GLYLGHUV RQ HLWKHU VLGH EORFNLQJ KLV ZD\ WR HDFK� � � � � � � � � � � � � � � � � � � � �
VLGH FKDPEHU� 2QH RI ZKLFK FRQWDLQV KLV SDUWQHU DQG DQRWKHU FRQWDLQV D QRYHO DQLPDO� ,Q WKH ILQDO 337 WKHVH� � � � � � � � � � � � � � � � � � �
FKDPEHUV FRQWDLQ 3DUWQHU � DQG 3DUWQHU �� :KHQ WKH WHVW EHJLQV� WKH GLYLGHUV DUH UHPRYHG DQG WKH PDOH LV IUHH WR� � � � � � � � � � � � � � � � � � � � �
URDP DPRQJ WKH WKUHH FKDPEHUV ZKLOH DQ RYHUKHDG FDPHUD UHFRUGV KLV PRYHPHQWV WR ODWHU GHWHUPLQH ZKLFK IHPDOH� � � � � � � � � � � � � � � � �
KH SUHIHUV� �%� 0DOH YROHV ZHUH SDLUHG ZLWK QDwYH IHPDOHV DQG SODFHG LQ VPDOO FDJHV ZLWK D OHQJWKZLVH GLYLGHU IRU �� � � � � � � � � � � � � � � � � � � � �
GD\V� 2QFH GLYLGHUV ZHUH UHPRYHG WKH YROHV LQWHUDFWHG DQG PDWHG IRU � GD\V DW ZKLFK SRLQW WKH\ XQGHUZHQW D� � � � � � � � � � � � � � � � � � �
VKRUW�WHUP 337� 7KH SDLUV WKHQ FRKDELWDWHG IRU D SHULRG RI � GD\V EHIRUH XQGHUJRLQJ D ORQJ�WHUP 337� ,PPHGLDWHO\� � � � � � � � � � � � � � � � � �
IROORZLQJ WKH ORQJ�WHUP 337 DOO YROHV ZHUH VLQJO\ KRXVHG DFFRUGLQJ WR WKHLU DVVLJQHG VHSDUDWLRQ FRQGLWLRQ RI ��� � � � � � � � � � � � � � � � �
KRXUV� � ZHHNV� RU � ZHHNV� $IWHU WKHLU DVVLJQHG GXUDWLRQ� WKH YROHV ZHUH SDLUHG ZLWK D QHZ QDwYH IHPDOH DQG SXW� � � � � � � � � � � � � � � � � � � � �
WKURXJK WKH VDPH VWDJHV DV WKH ILUVW SDLULQJ� 'LYLGHU SODFHPHQW� GLYLGHU UHPRYDO� VKRUW�WHUP 337 IROORZHG E\ � GD\V� � � � � � � � � � � � � � � � � �
RI FRKDELWDWLRQ DQG D ORQJ�WHUP 337� ,PPHGLDWHO\ DIWHU WKH ORQJ�WHUP 337 DOO YROHV ZHUH VLQJO\ KRXVHG IRU � GD\V DW� � � � � � � � � � � � � � � � � � � �
ZKLFK SRLQW WKH ILQDO� KHDG�WR�KHDG 337 ZDV SHUIRUPHG� ,Q WKLV 337 WKH PDOHV ZHUH SODFHG ZLWK WKHLU ILUVW SDUWQHU� � � � � � � � � � � � � � � � � � �
DQG WKHLU PRVW UHFHQW SDUWQHU �3DUWQHU �� WR WHVW LI WKH QHZ ERQG IRUPHG ZLWK 3DUWQHU � VXSSODQWHG WKH ERQG IRUPHG� � � � � � � � � � � � � � � � � � � � �
ZLWK�3DUWQHU�����
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�
6XSSOHPHQWDO�7DEOH���([FOXGHG�$QLPDOV�7DEOH��
�
.H\���
337�� �3DUWQHU���6KRUW�WHUP�
337�� �3DUWQHU���/RQJ�WHUP�
337�� �3DUWQHU���6KRUW�WHUP�
337�� �3DUWQHU���/RQJ�WHUP�
337�� �3DUWQHU���YV��3DUWQHU���
�
�$� �$OO SDUWQHU ORVVHV ZHUH GXH WR LQMXULHV LQFXUUHG IURP DJJUHVVLYH PDOHV ZKLOVW WKH IHPDOHV� � � � � � � � � � � � � � �
SOD\HG�WKH�QRYHO�LQ�RWKHU�SDUWQHU�SUHIHUHQFH�WHVWV���
�

�

�



Experiment Part-
ner Measurement Statistical 

Test Comparison
° of 

freedom, 
error

F or T p * Group 
Size Fig. Notes

Prop. Partner 

huddle
RM-ANOVA Time (RM) 1, 36 1.726 0.197 n = 37

Short Term one way T-test
relative to 

50%
37 2.495 0.017 * n = 38

Long Term one way T-test
relative to 

50%
36 4.667 0.000

***
n = 37

Time (RM) 1, 34 1.444 0.238

Time x group 2, 34 2.19 0.127

Group 2, 34 0.091 0.913

48hr, short 

term
one way T-test

relative to 

50%
16 1.428 0.174

48hr, long 

term
one way T-test

relative to 

50%
15 4.24 0.001 **

2 wk, short 

term
one way T-test

relative to 

50%
10 0.77 0.459

2 wk, long 

term
one way T-test

relative to 

50%
10 3.261 0.009

**

4 wk, short 

term
one way T-test

relative to 

50%
10 2.163 0.056

4 wk, long 

term
one way T-test

relative to 

50%
10 1.009 0.337

partner time
pearson, 

spearman

0.335, 

0.341

0.043, 

0.039 *
n = 37

partner huddle
pearson, 

spearman

0.347, 

0.417

0.036, 

0.010 *
n = 37

percent 

phuddle

pearson, 

spearman

0.290, 

0.387

0.081, 

0.018 *
n = 37

novel time
pearson, 

spearman

0.413, 

0.423

0.011, 

0.009 *
n = 37

novel huddle
pearson, 

spearman

0.294, 

0.353

0.077, 

0.032 *
n = 37

Ndist/Pdist 

corr with 

PctPhuddle

Short term
pearson, 

spearman

0.782, 

0.827

6.7e-9, 

1.55e-

10 ***

n = 38

Ndist/Pdist 

corr with 

PctPhuddle

Long term
pearson, 

spearman

0.760, 

0.790

1.55e-

10, 

4.73e-8 ***

n = 37

Huddle time 1
Partner huddle 

time
paired t-test Time (RM) 36.000 0.192 0.849 n = 37 1B

Huddle time 1
Novel huddle 

time
paired t-test Time (RM) 36.000 2.347 0.025 * n = 37 1B

Time (RM) 4.090 0.051

Tethered 

animal (RM)
24.252 0.000 ***

Time x 

tethered
1.534

0.224

Short vs long 

term, partner 1

Partner 

Preference
1

1D

not 

show

n

Avg. 

distance 

from 

tethered 

partner 

1 1C

1A

n = 37

48 hr = 

15, 2 wk 

= 11, 4 

wk = 11

RM-ANOVA 1, 36

Group 

differences 

prop. Partner 

huddle

RM-ANOVA

Distance when 

in chamber



48 hr; Paired t-

test short term
14 -3.899 0.002

**

48 hr; Paired t-

test long term
14 -3.727

0.002

**

2 wk; Paired t-

test short term
10 -2.765 0.020

*

2 wk; Paired t-

test long term
10 -3.615

0.005

***

4 wk; Paired t-

test short term
10 -3.367 0.007

***

4 wk; Paired t-

test long term
10 -2.334

0.042

*

RM-ANOVA Time (RM) 1, 36 1.534 0.224 n = 37

Time (RM) 1, 34 1.224 0.276

Group 2, 34 0.545 0.585

Time x group 2, 34 1.276
0.292

Huddle time 2

48hr, 2nd 

partner; 

Partner huddle 

RM-ANOVA Time (RM) 1, 12 3.392 0.090 n = 13

Huddle time 2

48hr, 2nd 

partner; Novel 

huddle time

RM-ANOVA Time (RM) 1, 12 2.106 0.172 n = 13

Huddle time 2

2wk, 2nd 

partner; 

Partner huddle 

time

RM-ANOVA Time (RM) 1, 9 2.754 0.131 n = 10

Huddle time 2

2wk, 2nd 

partner; Novel 

huddle time

RM-ANOVA Time (RM) 1, 9 6.424 0.032 * n = 10

Huddle time 2

4wk, 2nd 

partner; 

Partner huddle 

time

RM-ANOVA Time (RM) 1, 10 0.322 0.577 n = 11

Huddle time 2

4wk, 2nd 

partner; Novel 

huddle time

RM-ANOVA Time (RM) 1, 10 0.343 0.571 n = 11

Time (RM) 6.405 0.026 *

Tethered 

animal (RM)
5.007 0.045 *

Time x 

tethered
1.669

0.221

Paired t-test 

short term
14 -3.727 0.002

**

Paired t-test 

long term
12 -1.371

0.196

Time (RM) 2.636 0.139

Tethered 

animal (RM)
8.734 0.016 *

Time x 

tethered
3.290

0.103

Paired t-test 

short term
10 -3.615

0.005

**

Paired t-test 

long term
9 -0.623

0.549

Avg. 

distance 

from 

tethered 

partner 

Avg. 

distance 

from 

tethered 

partner 

2B

2E

1, 12

1, 9

n = 10 - 

11

n = 13 - 

15
2

2

not 

show

n

Avg. 

distance 

from 

tethered 

partner 

1

Distance 1

n = 15

1C

n = 11

n = 11

RM-ANOVA

RM-ANOVA

RM-ANOVA

2F

2I

2C

Pdistance 

minus 

Ndistance

Distance when 

in chamber

2wk: Distance 

when in 

chamber

48hr: Distance 

when in 

chamber



Time (RM) 1.655 0.227

Tethered 

animal (RM)
19.06 0.001

Time x 

tethered
1.872

0.201

Paired t-test 

short term
10 -2.334

0.042

*

Paired t-test 

long term
10 -4.1

0.002

**

Time (RM) 1, 31 4.991 0.033 *

Time x group 2, 31 3.263 0.052

Group 2, 31 0.342 0.712

48hr, short 

term
one way T-test

relative to 

50%
14 2.584 0.022

*
n = 15

48hr, long 

term
one way T-test

relative to 

50%
12 1.119 0.285 n = 13

48hr

Paired t-test 

short vs long 

term

Percent 

huddle
12 2.031 0.065

2 wk, short 

term
one way T-test

relative to 

50%
10 3.833 0.003

**
n = 11

2wk, long term one way T-test
relative to 

50%
9 0.194 0.850 n = 10

2 wk

Paired t-test 

short vs long 

term

Percent 

huddle
9 3.297 0.009

**

4wk, short 

term
one way T-test

relative to 

50%
10 1.985 0.075 n = 11

4 wk, long 

term
one way T-test

relative to 

50%
10 2.901 0.016

*

4 wk

Paired t-test 

short vs long 

term

Percent 

huddle
10 -0.553 0.592

partner time
pearson, 

spearman

0.557, 

0.593

0.001, 

0.0003

**

n = 33

exclu

des 

1872, 

2262, 

2267, 

2245, 

no 

data 

for 

1850, 

1867, 

1924

partner huddle
pearson, 

spearman

0.660, 

0.732

0.0000

3, 

0.0000

01 **

percent 

phuddle

pearson, 

spearman

0.535, 

0.560

0.001, 

0.001 **

Partner 

preference
2

Short vs long 

term, partner 2

Avg. 

distance 

from 

tethered 

partner 

4 wk: Distance 

when in 

chamber

2H

1, 10

n = 112

RM-ANOVA

RM-ANOVA

Proportion 

partner huddle 

time

2A

2B

2B

not 
show

n



novel time
pearson, 

spearman

0.594, 

0.520

0.0002

68, 

0.002 **

novel huddle
pearson, 

spearman

0.614, 

0.374

0.0001

47, 

0.032 **

Partner 2 

huddle time
ANOVA Group 1, 30 1.06 0.359

Parnter 1 

huddle time
ANOVA Group 1, 30 2.455 0.103

48 hr group one way T-test
relative to 

50%
13 -0.03 0.981 n = 14

 2wk group one way T-test
relative to 

50%
9 0.871 0.406 n = 10

 4wk group one way T-test
relative to 

50%
8 10.66 0.000

***
n = 9

Group 2, 30 2.281 0.120

Tethered 

animal (RM)
1, 30 17.062 0.000 ***

Group x 

tethered
2, 30 6.480

0.005

**

48 hr: Paired t-

test 
13 -0.578

0.573

2 wk: Paired t-

test 
9 -1.064

0.315

4 wk: Paired t-

test
8 -7.953

0.000

***

Mating 

latency 1st 

partner - 

survival 

analysis

48 

hr vs 

2 wk 

vs 

4wk

Latency to 

mate

Kaplan Meyer 

with Log Rank 

for overall 

comparison

Chi sq = 

1.367
df = 2 0.505 S1A

Mating 

latency 2nd 

partner - 

survival 

analysis

48 

hr vs 

2 wk 

vs 

4wk

Latency to 

mate

Kaplan Meyer 

with Log Rank 

for overall 

comparison

Chi sq = 

0.852
df = 2 0.653 S1:B

Mating 

latency 1st 

vs 2nd 

partner

1st 

vs 

2nd

Latency to 

mate

Kaplan Meyer 

with Log Rank 

for overall 

comparison

Chi sq = 

0.565
df = 1 0.452 3C

Proportion 

mated 

within 3 

hours

1st 

vs 

2nd

Fisher exact F = 0.313 0.187

Mating 

latency 1st 

vs 2nd 

partner

Corr

elati

on

Latency to 

mate

pearson, 

spearman

0.193, 

0.176 0.253, 

0.296

3A:A,

B

Avg. 

distance 

from 

tethered 

partner 

1 vs 

2

Short vs long 

term, partner 2

Partner 

preference

1 vs 

2

1 vs 

2

Huddle time

not 

show

n

48 hr = 

14, 2 wk 

= 10, 4 

wk = 9

4B

RM-ANOVA

Distance when 

in chamber

4A

48 hr = 

14, 2 wk 

= 10, 4 

wk = 9

not 
show

n



Time (RM) 1, 35 0.220 0.642

Time x 

condition
1, 35 0.683 0.414

Condition 

(early vs 

late)

1, 35 0.029

0.866

Time (RM) 1, 35 3.818 0.059

Time x 

condition
1, 35 0.007 0.933

Condition 

(early vs 

late)

1, 35 0.507 0.481

Time (RM) 1, 35 1.122 0.297

Time x 

condition
1, 35 0.287 0.595

Condition 

(early vs 

late)

1, 35 0.097 0.757

Time (RM) 1, 35 1.21 0.279

Time x 

condition
1, 35 0.458 0.503

Condition 

(early vs 
1, 35 0.002 0.969

Early maters, 

short term
one way T-test

relative to 

50%
22 1.752 0.094

Late maters, 

short term
one way T-test

relative to 

50%
14 1.766 0.099

Early maters, 

long term
one way T-test

relative to 

50%
22 4.13 0.000

**

Late maters, 

long term
one way T-test

relative to 

50%
13 2.291 0.039

*

Time (RM) 4.533 0.041 *

Time x 

condition
1.296 0.263

Condition 

(early vs 
9.077 0.005

**

Early maters, 

short term
one way T-test

relative to 

50%
17 10.3 9..9*10^-9

****

Late maters, 

short term
one way T-test

relative to 

50%
18 1.048 0.309

Early maters, 

long term
one way T-test

relative to 

50%
15 3.832 0.002

**

Late maters, 

long term
one way T-test

relative to 

50%
17 0.501 0.623

3B:A,

B

Proportion 

partner huddle 

time

RM-ANOVA

Early 

mating = 

23; Late 

mating = 

14

Avg. 

distance 

from 

tethered 

partner for 

early and 

late mating 

1
Distance when 

in chamber
RM-ANOVA

Early 

mating = 

23; Late 

mating = 

14

not 

show

n

Early 

mating = 

23; Late 

mating = 

14

not 

show

n

Avg. 

distance 

from 

tethered 

novel for 

early and 

late mating 

1
Distance when 

in chamber
RM-ANOVA

Partner 

preference
2

Proportion 

partner huddle 

time

RM-ANOVA

Early = 

16, Late = 

18 

3B:C,

D

1, 32

Avg. 

distance 

from 

tethered 

partner 

minus 

novel for 

1
Distance when 

in chamber
RM-ANOVA

Early 

mating = 

23; Late 

mating = 

14

not 

show

n

Partner 

preference
1


