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7KH�OLWKRVWUDWLJUDSK\�RI�WKH�7ULDVVLF�DJH
VWUDWD��'DQ�5LYHU�*URXS�RI�WKH�1HZDUN�6X�
SHUJURXS��LQ�WKH�'DQ�5LYHU�%DVLQ�RI�9LUJLQLD
DQG�1RUWK�&DUROLQD�LV�UHYLVHG�WR�FRQVLVW�RI��LQ
DVFHQGLQJ�RUGHU��WKH�3LQH�+DOO��:DOQXW�&RYH�
'U\�)RUN��&RZ�%UDQFK��DQG�6WRQHYLOOH�IRU�
PDWLRQV��7KH�EDVDO�3LQH�+DOO�)RUPDWLRQ�LV
ODUJHO\�IOXYLDO�DQG�FRQVLVWV�RI�UHG��JUD\��EXII
DQG�UHODWLYHO\�FRDUVH��IOXYLDO�FODVWLF�URFNV�
7KH�:DOQXW�&RYH�)RUPDWLRQ��QHZ��FRQVLVWV
RI�EODFN�DQG�JUD\��ODUJHO\�ODFXVWULQH�PXG�
VWRQH�DQG�PLQRU�FRDO��7KH�'U\�)RUN�)RUPD�
WLRQ� LV�FRPSULVHG�RI�JUD\��EXII��DQG�UHG
ODFXVWULQH�WR�IOXYLDO�VWUDWD��7KH�&RZ�%UDQFK
)RUPDWLRQ��UHVWULFWHG��LV�PDGH�XS�RI�PRVWO\
EODFN�DQG�JUD\��SUHGRPLQDWHO\� ODFXVWULQH

PXGVWRQH�DQG�VDQGVWRQH��7KH�XSSHUPRVW
XQLW�LV�WKH�6WRQHYLOOH�)RUPDWLRQ�FRQVLVWLQJ
PRVWO\�RI�UHG�FODVWLF�URFNV�ZLWK�DEXQGDQW
JUD\� ODFXVWULQH��DQG�JUD\�DQG�UHG�IOXYLDO
FRPSRQHQWV��$OO�EXW�WKH�3LQH�+DOO�)RUPDWLRQ
VKRZ�OLWKRORJLFDO�F\FOLFLW\�WKDW�ZH�LQWHUSUHW
WR�UHIOHFW�ODNH�OHYHO�IOXFWXDWLRQV�SDFHG�E\�RU�
ELWDOO\�IRUFHG�YDULDWLRQV�LQ�VRODU�LQVRODWLRQ�
3XEOLVKHG�DQG�QHZO\�GHYHORSHG�SDOHRPDJ�
QHWLF�SRODULW\�VWUDWLJUDSK\�RI�WKH�'DQ�5LYHU
%DVLQ�SURYLGHV�D�IUDPHZRUN�IRU�SUHFLVH�WHP�
SRUDO�FRUUHODWLRQ�ZLWK�RWKHU�1HZDUN�6XSHU�
JURXS�EDVLQV��7KH�H[WHQVLYH�RUJDQLF�ULFK�
KLJK�WKHUPDO�PDWXULW\�ODFXVWULQH�URFNV�DUH�D
SRWHQWLDO�GU\�JDV�UHVRXUFH��JLYHQ�UHFHQW�DG�
YDQFHV�LQ�UHFRYHU\�WHFKQRORJ\�
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7KH�'DQ�5LYHU�%DVLQ��'DQ�5LYHU�'DQYLOOH
%DVLQ�RI�/XWWUHOO��������RI�1RUWK�&DUROLQD�DQG
9LUJLQLD��)LJXUH����FRQWDLQV�/DWH�7ULDVVLF�DJH
FRQWLQHQWDO�VWUDWD�RI�GHPRQVWUDWHG��OLJKW�ZHLJKW
DJJUHJDWH��DQG�SRWHQWLDO��JDV��HFRQRPLF�YDOXH
DV�ZHOO� DV� LPSRUWDQW�SDOHRQWRORJLFDO� VLWHV
�7KD\HU�DQG�RWKHUV��������5HLG�DQG�0LOLFL�
������0LOLFL�DQG�RWKHUV��������2OVHQ�DQG�RWK�
HUV��������)UDVHU�DQG�RWKHUV��������)UDVHU�DQG
2OVHQ��������%ODJRGHURY�DQG�RWKHUV��������
7KH�EDVLQV�DUH�UHPQDQWV�RI�IRUPHUO\�ODUJHU�FRQ�
WLQHQWDO�ULIW�EDVLQV��D�VXLWH�RI�ZKLFK�IRUPHG�GXU�
LQJ�3HUPLDQ� WR�(DUO\�-XUDVVLF�H[WHQVLRQ� LQ
FHQWUDO�3DQJHD�DV�WKH�VXSHUFRQWLQHQW�EHJDQ�WR
IUDJPHQW��9DQ�+RXWHQ��������2OVHQ���������7KH
'DQ�5LYHU�%DVLQ�FRPSOH[� LV�ERXQG�RQ� WKH
QRUWKZHVW�E\�D�ODUJHO\�QRUPDO�ERUGHU�IDXOW�V\V�
WHP�DQG�RQ�WKH�VRXWKHDVW�PRVWO\�E\�RQODS�via D
SURIRXQG�XQFRQIRUPLW\�RQWR�FU\VWDOOLQH��KDQJ�
LQJ�ZDOO�EDVHPHQW��0H\HUWRQV��������7KD\HU�
�������7KH�SXUSRVH�RI�WKLV�SDSHU�LV�WR�VLPSOLI\
DQG�UHFRQFLOH�WKH�VWUDWLJUDSKLF�QRPHQFODWXUH

DQG�WR�FODULI\�WKH�VWUDWLJUDSKLF�UHODWLRQVKLSV�
DJH��DQG�GHSRVLWLRQDO�HQYLURQPHQWV�RI�WKH�PD�
MRU�OLWKRVWUDWLJUDSKLF�XQLWV�ZLWKLQ�WKH�EDVLQV�
WKHLU�DJH��DQG�GHSRVLWLRQDO�HQYLURQPHQWV�

+LVWRU\�RI�6WUDWLJUDSKLF�
1RPHQFODWXUH

7KH�'DQ�5LYHU�DQG�'DQYLOOH�EDVLQV�DUH�WKH
QDPHV�WUDGLWLRQDOO\�JLYHQ�WR�WKH�VRXWKHUQ�DQG
QRUWKHUQ�SDUWV��UHVSHFWLYHO\��RI�WKH�VDPH�ODUJHU
ULIW�EDVLQ�VKDULQJ�OLWKRVWUDWLJUDSKLF�XQLWV��EXW
VWUDGGOLQJ�WKH�1RUWK�&DUROLQD�9LUJLQLD�VWDWH�OLQH
�)LJXUHV�������WKDW�/XWWUHOO���������IROORZLQJ�WKH
ROGHU�OLWHUDWXUH��FDOOHG�WKH�'DQ�5LYHU�DQG�'DQ�
YLOOH�%DVLQ��7KH�OLWKRVWUDWLJUDSKLF�QRPHQFOD�
WXUHV� GHYHORSHG� VHSDUDWHO\� LQ� 9LUJLQLD
�0H\HUWRQV��������DQG�1RUWK�&DUROLQD��7KD\HU�
������DUH�QRW�IXOO\�FRQVLVWHQW��DQG�WKLV�GLVVR�
QDQFH�KDV�UHVXOWHG�LQ�D�FRQIXVLQJ�QRPHQFODWXUH
WKDW�GRHV�QRW�DFFXUDWHO\�SRUWUD\�WKH�DFWXDO�OLWKR�
ORJLF�UHODWLRQVKLSV��3URJUHVV�IURP�WKH�DQDO\VLV
RI�KXJH�TXDUU\�H[SRVXUHV��GULOO�FRUHV��DQG�RXW�
FURSV�DQG�H[SRVXUHV�KDV�QRZ�UHYHDOHG�D�FRQVLV�

)LJXUH����1HZDUN�6XSHUJURXS�%DVLQV�LQ�3DQJHD��(DVWHUQ�1RUWK�$PHULFD�DQG�WKH�VRXWKHDVW�
HUQ�8QLWHG�6WDWHV�VKRZLQJ�WKH�SRVLWLRQ�RI�WKH�'DQ�5LYHU�%DVLQ�����DQG�WKH�'HHS�5LYHU�%DVLQ
����RI�9LUJLQLD�DQG�1RUWK�&DUROLQD��%DVLQV�DUH�����'DQ�5LYHU���D�±�'DQ�5LYHU�%DVLQ�RI�ROGHU
WHUPLQRORJ\���E��'DQ�5LYHU�%DVLQ�RI�ROGHU�WHUPLQRORJ\������'HHS�5LYHU�%DVLQ�����)DUPYLOOH�DQG
VXEVLGLDU\�EDVLQV�WR�VRXWK�����5LFKPRQG�%DVLQ���D��DQG�7D\ORUVYLOOH�%DVLQ���E������6FRWWVYLOOH
%DVLQ�����&XOSHSHU�%DVLQ�����*HWW\VEXUJ�%DVLQ�����1HZDUN�%DVLQ�����+DUWIRUG�DQG�'HHUILHOG
EDVLQV������)XQG\�%DVLQ�
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)LJXUH����'HWDLOHG�JHRORJLF�PDSV�RI�:DOQXW�&RYH��1&�DUHD�DQG�(GHQ�$UHD��1&�DQG�9$���6HH
)LJXUH���IRU�ORFDWLRQ��
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WHQF\�LQ�VWUDWLJUDSK\�DFURVV�WKH�HQWLUH�ODUJHU
EDVLQ��
1LQHWLHWK�DQG�HDUO\�WR�PLG�WZHQWLHWK�FHQWXU\

PDSSLQJ�DQG�VWUDWLJUDSKLF� WHUPLQRORJ\��UH�
YLHZHG�E\�0H\HUWRQV�������DQG�7KD\HU�������
IRU�WKH�'DQ�5LYHU�%DVLQ�ZDV�JHQHUDOL]HG�DQG�VX�
SHUILFLDO��DQG�GHSHQGHQW�XSRQ�YHU\�JHQHUDO
FRPSDULVRQV�EHLQJ�PDGH�ZLWK�RWKHU�EDVLQV
�5RJHUV��������(PPRQV��������6WRQH�������
5REHUWV��������0XQGRUII��������3LFNHWW��������
7KH�ILUVW�PRGHUQ�PDSSLQJ�DQG�VWUDWLJUDSKLF�QR�
PHQFODWXUH�ZDV�WKDW�RI�0H\HUWRQV��������DQG
7KD\HU��������IRU�WKH�9LUJLQLD�DQG�1RUWK�&DUR�
OLQD�SRUWLRQV�RI�WKH�'DQ�5LYHU�%DVLQ��UHVSHF�

WLYHO\��7KHVH�SLRQHHULQJ�ZRUNV�ZHUH�GRQH�DW�D
WLPH�ZKHQ�QR�FRQFHSWXDO�PRGHO�H[LVWHG�IRU�KRZ
FRQWLQHQWDO�GHSRVLWV�PLJKW�EHKDYH��VDYH�WKDW
WKH\�ZHUH�VXSSRVHG�WR�FRDUVHQ�WRZDUG�VRXUFH
DUHDV��'DYLV��������%DUUHOO���������DQG�EH�VXE�
MHFW�WR�DEUXSW�ODWHUDO�IDFLHV�FKDQJHV��.UXPEHLQ
DQG�6ORVV��������

'DQ�5LYHU�%DVLQ�±�9LUJLQLD
0H\HUWRQV���������EDVHG�RQ�KLV�3K'�WKHVLV

ZRUN�RI�������GLYLGHG�WKH�9LUJLQLD�SDUW�RI�WKH
'DQ�5LYHU�%DVLQ��'DQYLOOH�%DVLQ��VHFWLRQ�LQWR
WKUHH�OLWKRVRPHV��ZKLFK�KH�QDPHG�DV�IRUPD�
WLRQV��,Q�WKH�����V�DQG�����V�WKH�FRQFHSW�RI�WKH

)LJXUH����6FKHPDWLF�FURVV�VHFWLRQV�LOOXVWUDWLQJ�WKH�UHODWLRQVKLS�DPRQJ�OLWKRORJLFDO�XQLWV
EDVHG�RQ�0H\HUWRQV���������7KD\HU���������DQG�RXU�LQWHUSUHWDWLRQV��WKLV�UHSRUW���7KH�FURVV
VHFWLRQV�RI�0H\HUWRQV�DQG�7KD\HU�DUH�VFKHPDWLF�UHSUHVHQWDWLRQV�RI�VSHFLILF�ORFDWLRQV�LQ�WKH
'DQ�5LYHU�%DVLQ��DQG�FRQWDLQ�ODEHOV�DGGHG�E\�XV��$EEUHYLDWLRQV�DUH��75&E��&RZ�%UDQFK�)RU�
PDWLRQ��75&EFJ��&RZ�%UDQFK�)RUPDWLRQ��FRQJORPHUDWH�IDFLHV��75FI��&HGDU�)RUHVW�)RUPD�
WLRQ��75GI��'U\�)RUN�)RUPDWLRQ��75OFV��/HDNVYLOOH�)RUPDWLRQ��&DVFDGH�6WDWLRQ�0HPEHU�
75OFE��/HDNVYLOOH�)RUPDWLRQ��&RZ�%UDQFK�0HPEHU��75GIFJ��'U\�)RUN�)RUPDWLRQ�FRQJORPHU�
DWH�IDFLHV��753K��3LQH�+DOO�)RUPDWLRQ��753KFJ��3LQH�+DOO�)RUPDWLRQ�FRQJORPHUDWH�IDFLHV�
753K��3LQH�+DOO�)RUPDWLRQ��756P��6WRQHYLOOH�)RUPDWLRQ��PXGVWRQH�VLOWVWRQH�IDFLHV��756V�
6WRQHYLOOH�)RUPDWLRQ��VDQGVWRQH�IDFLHV��756FJ��6WRQHYLOOH�)RUPDWLRQ��FRQJORPHUDWH�IDFLHV�
756V�VOW��6WRQHYLOOH�)RUPDWLRQ��VDQGVWRQH�VLOWVWRQH�IDFLHV��75:F��:DOQXW�&RYH�)RUPDWLRQ�
75:FFJ��:DOQXW�&RYH�)RUPDWLRQ��FRQJORPHUDWH�IDFLHV��3��4J��4��5��7��YDULRXV�3DOHR]RLF
XQLWV�IURP�0H\HUWRQV��������



�

3$8/�(��2/6(1�$1'�27+(56

)L
JX

UH
��
��'

DQ
�5
LY
HU
�%
DV
LQ
�Q
RP

HQ
FO
DW
XU
DO
�V
\V
WH
P
V�
DQ
G�
SD
OH
RP

DJ
QH
WLF

�S
RO
DU
LW\
�V
HT

XH
QF
H�
Z
LWK

�F
RU
UH
OD
WLR

Q�
WR
�WK
H�
1
HZ

DU
N�
$
37

6�
�7
KD

\H
U��
��
��
�

IR
U�W
KH
�'
DQ
�5
LY
HU
�V
XE

ED
VL
Q�
�D
QG

�WK
LV
�UH

SR
UW
�IR

U�W
KH
�'
DQ
�5
LY
HU
�%
DV
LQ
��&

ULW
LF
DO
�V
DP

SO
HG

�V
HF
WLR

QV
�D
UH
��D

��W
\S
H�
/H

DN
VY
LOO
H�
)R

UP
DW
LR
Q�
�&
DV
FD
GH

6W
DW
LR
Q�
0
HP

EH
U�R

I�0
H\
HU
WR
QV

���
��
��
��E

��W
\S
H�
/H

DN
VY
LOO
H�
)R

UP
DW
LR
Q�
�&
RZ

�%
UD
QF
K�
0
HP

EH
U�R

I�0
H\
HU
WR
QV
���
��
��
�D
QG

�W\
SH
�V
HF
WLR

Q�
&
RZ

�%
UD
QF
K

)R
UP

DW
LR
Q�
RI
�7
KD
\H
U��
��
��
���
F�
�³
XS

SH
U´
�T
XD

UU
\�
DW
�&
DV
FD
GH

��9
$
��G

��³
P
LG
GO
H´
�T
XD
UU
\�
DW
�/
HD
NV
YL
OOH
��(

GH
Q�
��1

&
��H
��³
OR
Z
HU
´�
TX

DU
U\
�D
W�/

HD
NV
YL
OOH

�(
GH
Q�
��I
��S

UH
IH
UU
HG
�R
SW
LR
Q�
RI
�F
RU
UH
OD
WLR

Q�
RI
�Q
RU
P
DO
�S
RO
DU
LW\
�LQ

WH
UY
DO
�'
�Q
�LQ

�6
2
�&
��
��
��
WR
�D
�S
RU
WLR

Q�
RI
�1
HZ

DU
N�
P
DJ

QH
WR
]R
QH
�(
�Q
��J

��V
HF
RQ

G
RS

WLR
Q�
Z
LWK

�F
RU
UH
OD
WLR

Q�
RI
�'
�Q

�WR
�(
�Q
��:

KL
WH
VL
GH
�D
QG

�R
WK
HU
V�
��
��
��
��+

DF
KX

UH
G�
LQ
WH
UY
DO
V�
LQ
GL
FD
WH
�X
QV
DP

SO
HG
�LQ

WH
UY
DO
�D
QG

�J
UD
\�
UH
SU
HV
HQ
WV

LQ
GH

WH
UP

LQ
DW
H�
SR

OD
ULW
\�
�V
HH
�)
LJ
XU
H�
��
��7
KH
�1
HZ

DU
N�
$
37

6�
LV
�IU
RP

�.
HQ
W�D
QG

�2
OV
HQ
���
��
��
�V
KR

Z
Q�
Z
LWK

�WK
H�
DG
GL
WLR

Q�
RI
�WK
H�
+
DU
WIR

UG
�%
DV
LQ
�S
RO
DU
LW\

VH
TX

HQ
FH
�IU
RP

�.
HQ
W�D
QG

�2
OV
HQ
���
��
��
�



�

5(9,6('�675$7,*5$3+<�2)�/$7(�75,$66,&�$*(�675$7$�2)�7+(�'$1�5,9(5�%$6,1

)LJXUH����'HWDLOV�RI�WKH�W\SH�VHFWLRQ�RI�/HDNVYLOOH�)RUPDWLRQ�RI�0H\HUWRQV��������VHFWLRQV
H[DPLQHG�E\�.HQW�DQG�2OVHQ��������DQG�OHFWRVWUDWRW\SH�RI�&RZ�%UDQFK�)RUPDWLRQ��D��/HDNV�
YLOOH�)RUPDWLRQ�VHFWLRQ�QRZ�LQFOXGHG�LQ�6WRQHYLOOH�)RUPDWLRQ�RI�7KD\HU���������E��W\SH�VHF�
WLRQV�RI�&RZ�%UDQFK�0HPEHU�RI�WKH�/HDNVYLOOH�)RUPDWLRQ�RI�0H\HUWRQV��������DQG�W\SH
VHFWLRQ�RI�&RZ�%UDQFK�)RUPDWLRQ�RI�7KD\HU���������F��XSSHU�TXDUU\�RI�.HQW�DQG�2OVHQ
��������G��PDLQ�TXDUU\�RI�.HQW�DQG�2OVHQ��������DQG�OHFWRVWUDWRW\SH�RI�WKH�&RZ�%UDQFK�)RU�
PDWLRQ��G��ORZHU�TXDUU\�RI�.HQW�DQG�2OVHQ���������7\SH�VHFWLRQ�RI�/HDNVYLOOH�)RUPDWLRQ
JUDSKLFDOO\�VXPPDUL]HG�IURP�0H\HUWRQV��������ZLWK�LQWHUSUHWHG�FRORUV�RI�XQZHDWKHUHG
URFN��WKLV�VHFWLRQ�LV�QRZ�FRYHUHG�
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OLWKRVRPH��:KHHOHU�DQG�0DOORU\��������.UXP�
EHLQ�DQG�6ORVV��������ZDV�SRSXODU��ZLWK�D�OLWKH�
VRPH�EHLQJ�GHILQHG�DV��³«PDVVHV�RI�URFN�RI
HVVHQWLDOO\�XQLIRUP�FKDUDFWHU�DQG�KDYLQJ�LQWHU�
WRQJXLQJ�UHODWLRQVKLSV�ZLWK�DGMDFHQW�PDVVHV�RI
GLIIHUHQW�OLWKRORJ\«´��,Q�RWKHU�ZRUGV�WKH�IRU�
PDWLRQV�FRQVLVWHG�RI�OHQVHV�WKDW�FRXOG�KDYH�DQ\
RI�D�YDULHW\�UHODWLRQVKLSV�ZLWK�OHQVHV�RI�GLIIHU�
HQW�OLWKRORJ\��ZLWK�QR�SDUWLFXODU�RUGHU�RU�VSHFLI�
LF� UHODWLRQVKLS�ZLWK� RQH� DQRWKHU� H[FHSW
OLWKRORJ\��7KLV�FRQFHSW�ZDV�FOHDUO\�LOOXVWUDWHG
E\�0H\HUWRQV��������LQ�D�VHULHV�RI�FRQFHSWXDO
FURVV�VHFWLRQV�RI�WKH�EDVLQ�DFFRPSDQ\LQJ�WKH
PDSV��)LJXUH����
0H\HUWRQV��������QDPHG�����WKH�/HDNHVYLOOH

)RUPDWLRQ��IRU�WKH�SUHGRPLQDWHO\�PXGVWRQH�
GRPLQDWHG�URFNV�RI�WKH�EDVLQ��ZLWK�WKH�&DVFDGH
6WDWLRQ�0HPEHU�EHLQJ�FRPSULVHG�RI�ODUJHO\�UHG
VWUDWD�DQG�WKH�&RZ�%UDQFK�0HPEHU�EHLQJ�PDGH
XS�RI�SULPDULO\�JUD\�DQG�EODFN�VWUDWD�����WKH�'U\
)RUN�)RUPDWLRQ�IRU�WKH�SULPDULO\�VDQG�GRPLQDW�
HG�VWUDWD��DQG����WKH�&HGDU�)RUHVW�)RUPDWLRQ�IRU
WKH�FRQJORPHUDWH�GRPLQDWHG�VWUDWD��ZKLFK�KH
WKRXJKW�DW�WKH�WLPH�ZHUH�XQFRQIRUPDEOH�RQ�WKH
'U\�)RUN�)RUPDWLRQ��)LJXUHV��������7KHVH�XQLWV
KDG�WKH�DGYDQWDJH�RI�VLPSOLFLW\��EXW�ZHUH�GLIIHU�
HQWLDWHG�PRVWO\�E\�JUDLQ�VL]H�

'DQ�5LYHU�%DVLQ�±�1RUWK�&DUROLQD
7KD\HU���������DOVR�EDVHG�RQ�KLV�3K'�ZRUN

�7KD\HU���������GLYLGHG�WKH�FRQWLJXRXV�1RUWK
&DUROLQD�SDUW�RI�WKH�'DQ�5LYHU�%DVLQ�VHFWLRQ�LQ�
WR�WKUHH�IRUPDWLRQV��)LJXUH�����EXW�LQ�D�GLIIHUHQW
ZD\�WKDQ�0H\HUWRQV���������+H�QDPHG�WKH�3LQH
+DOO�)RUPDWLRQ�IRU�WKH�EDVDO�XQLW��UHVWLQJ�XQ�
FRQIRUPDEO\�RQ�EDVHPHQW��FRQVLVWLQJ�RI�SUL�
PDULO\�UHG�DQG�WDQ�FRDUVH�FODVWLFV��+H�UDLVHG�WKH
UDQN�RI� WKH�RYHUO\LQJ�JUD\�DQG�EODFN�&RZ
%UDQFK�0HPEHU�WR�IRUPDWLRQ��UHFRPPHQGLQJ
DEDQGRQPHQW�RI�WKH�/HDNHVYLOOH�)RUPDWLRQ�EH�
FDXVH�RI�WKH�GLVWLQFW�PDSSDELOLW\�RI�WKH�IRUPHU�
)LQDOO\��KH�QDPHG�WKH�6WRQHYLOOH�)RUPDWLRQ�IRU
YDULDEOH�FODVWLFV�RYHUO\LQJ�DQG�LQWHUWRQJXLQJ
ZLWK�WKH�&RZ�%UDQFK�)RUPDWLRQ��)LJXUH����
7KD\HU�DOVR�DUJXHG�WKDW�WKH�&HGDU�)RUHVW�)RU�
PDWLRQ�RI�0H\HUWRQV��������GLG�QRW�XQFRQ�
IRUPDEO\�RYHUOLH�WKH�'U\�)RUN�)RUPDWLRQ��EXW
UDWKHU�ZDV�D�VHW�FRQJORPHULWLF�OHQVHV�DQG�EHGV
ZLWKLQ�WKH�ODWWHU��)LQDOO\��7KD\HU�DVVLJQHG�DOO�WKH

IRUPDWLRQV�RI�WKH�1RUWK�&DUROLQD�SDUW�RI�WKH
'DQ�5LYHU�%DVLQ�WR�WKH�'DQ�5LYHU�*URXS��ZLWK�
RXW�H[SOLFLWO\�LQFOXGLQJ�WKH�UHPDLQLQJ�'U\�)RUN
IRUPDWLRQ�RI�0H\HUWRQV�LQ�WKH�9LUJLQLD�SDUW�RI
WKH�EDVLQ��&RQFHSWXDOO\��KRZHYHU��WKH�IRUPD�
WLRQV�GHILQHG�E\�7KD\HU�ZHUH�YHU\�VLPLODU�WR�WKH
OLWKRVRPHV�GHILQHG�E\�0H\HUWRQV¶�DV�VKRZQ�LQ
WKH�FURVV�VHFWLRQV�LQ�7KD\HU¶V��������DQG�7KD\�
HU�DQG�5REELQV���������)LJXUH����
7R�VRPH�H[WHQW�WKH�GXDO�QRPHQFODWXUH�IRU�WKH

EDVLQ�KDV�VXUYLYHG�WR�WKLV�GD\�GHVSLWH�WKH�LQKHU�
HQW�FRQWUDGLFWLRQV�UHYLHZHG�E\�/XWUHOO��������
0RVW�UHFHQW�RYHUYLHZV��7KD\HU�DQG�5REELQV�
������������)UDVHU�DQG�2OVHQ��������IROORZ�WKLV
SDWWHUQ�ZLWK�WKH�H[FHSWLRQ�RI�.HQW�DQG�2OVHQ
�������ZKR�XVHG�0H\HUWRQV¶��������/HDNHV�
YLOOH�)RUPDWLRQ�LQ�LWV�RULJLQDO�PHDQLQJ�VXEGL�
YLGHG�LQWR�WKH�&RZ�%UDQFK�DQG�&DVFDGH�6WDWLRQ
PHPEHUV��EXW�DOVR�UHFRJQL]HG�WKH�3LQH�+DOO�DQG
6WRQHYLOOH�)RUPDWLRQV�RI�7KD\HU���������)LJXUH
���

120(1&/$785$/�5(9,6,21

&ODULI\LQJ�WKLV�FRQIXVLQJ�VWUDWLJUDSKLF�QR�
PHQFODWXUH�LV�D�SULQFLSDO�JRDO�RI�WKLV�SDSHU��SDU�
WLFXODUO\�LQ�OLJKW�RI�WKH�UHFRJQLWLRQ�WKDW�WKH�&RZ
%UDQFK��IRUPDWLRQ�RU�PHPEHU��FRQVLVWV�RI�WZR
PDMRU�GLVWLQFW�XQLWV�ZLWK�GLIIHUHQW�OLWKRORJLFDO
SURSHUWLHV�WKDW�FDQ�EH�PDSSHG�WKRXJK�PRVW�RI
WKH�'DQ�5LYHU�%DVLQ��%DVHG�RQ�QHZ�GDWD�IURP
FRUHV�DV�ZHOO�DV�SUHYLRXV�DYDLODEOH�RXWFURS�GDWD�
WKHVH�GLVWLQFWLYH�XQLWV�SURYLGH�D�IUDPHZRUN�WKDW
FODULILHV�WKH�HQWLUH�VWUDWLJUDSK\�ZLWK�PLQLPDO
GLVUXSWLRQ�WR�H[LVWLQJ�XVDJH��)LJXUH�����%HORZ
ZH�GHVFULEH� WKH� IRUPDWLRQV�ZH� UHFRJQL]H�
ZKLFK�DUH�LQ�DVFHQGLQJ�RUGHU�DUH�����WKH�3LQH
+DOO�)RUPDWLRQ�����WKH�:DOQXW�&RYH�)RUPDWLRQ�
���WKH�6WRQHYLOOH�)RUPDWLRQ�����WKH�&RZ�%UDQFK
)RUPDWLRQ��DQG����WKH�6WRQHYLOOH�)RUPDWLRQ�
:H�DOVR�DEDQGRQ�WKH�WHUP�'DQ�5LYHU�'DQ�

YLOOH�%DVLQ�DQG�XVH�WKH�WHUP�'DQ�5LYHU�%DVLQ�IRU
WKH�HQWLUH�FRQWLJXRXV�VWUXFWXUDO�EDVLQ��7KH�WHUP
'DQ�5LYHU�%DVLQ�KDV�SULRULW\��EHFDXVH�LW�ZDV
XVHG�E\�(PPRQV��������DQG�UHIHUUHG�WR�DV�WKH
'DQ�5LYHU�DUHD��7KH�'DQYLOOH�%DVLQ��DUHD��LV
PHQWLRQHG�E\�+HLQULFK���������EXW�KH�FRQWLQ�
XHG�WR�XVH�WKH�WHUP�'DQ�5LYHU�IRU�WKH�1RUWK�&DU�
ROLQD�DUHD��5XVVHOO��������SODWH�9,�DQG�S�����
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SHUSHWXDWHG�WKH�GXDO�EDVLQ�QRPHQFODWXUH�E\
PLVWDNHQO\�PDSSLQJ�DQG�PHQWLRQLQJ�D�VXS�
SRVHG�LQWHUYDO�RI�EDVHPHQW�EHWZHHQ�WKH�WZR�
ZKLFK�GRHV�QRW�H[LVW��3HUSHWXDWLQJ�WKH�GXDO�ED�
VLQ�QDPH�IRU�WKH�FRQWLJXRXV�ZKROH�VHUYHV�QR
SXUSRVH�DQG�GRHV�QRW�FRQIRUP�WR�DQ\�DFWXDO
VWUXFWXUDO�HQWLWLHV��DQG�WKHUHIRUH�WKH�WHUP�'DQ
5LYHU�'DQYLOOH�%DVLQ�VKRXOG�EH�DEDQGRQHG��DQG
WKLV�SDSHU�ZLOO�XVH�'DQ�5LYHU�%DVLQ�LQ�LWV�SODFH�
6WUDWD�RI�WKH�'DQ�5LYHU�%DVLQ�DUH�DVVLJQHG�WR

WKH�1HZDUN�6XSHUJURXS�E\�2OVHQ���������)URH�
OLFK�DQG�2OVHQ���������DQG��/XWWUHOO���������WKDW
FRQVLVWV�RI�DOO�RI�WKH�H[SRVHG�DQG�VRPH�VXEVXU�
IDFH�VHGLPHQWDU\�VWUDWD�DQG�LQWHUEHGGHG�H[WUX�
VLYH� LJQHRXV� URFNV� LQ� WKH� H[WHQVLYH�/DWH
3HUPLDQ�WR�(DUO\�-XUDVVLF�ULIW�EDVLQV�LQ�HDVWHUQ
1RUWK�$PHULFD�

'DQ�5LYHU�*URXS

7KD\HU��������QDPHG�DOO�RI�WKH�VHGLPHQWDU\
VWUDWD�RI�WKH�1RUWK�&DUROLQD�SDUW�RI�WKH�'DQ�5LY�
HU�%DVLQ�WKH�'DQ�5LYHU�*URXS��ZKLOH�WKH�VWUDWD
RI�WKH�9LUJLQLD�SDUW�RI�WKH�EDVLQ�ZHUH�QRW�DV�
VLJQHG�WR�D�JURXS��:H�WKHUHIRUH�UHGHILQH�WKH
'DQ�5LYHU�*URXS�WR�DOVR�LQFOXGH�DOO�RI�WKH�IRU�
PDWLRQV�LQ�WKH�9LUJLQLD�SRUWLRQ�RI�WKH�'DQ�5LYHU
%DVLQ��&RQYHUVHO\��ZH�GR�QRW�DSSO\�WKH�H[WHQ�
VLRQ�RI�&KDWKDP�*URXS�DV�XVHG�E\�:HHPV�DQG
2OVHQ��������WR�WKH�VWUDWD�RI�WKH�'DQ�5LYHU�%D�
VLQ��SUHIHUULQJ�LQVWHDG�WR�XVH�WKH�WHFWRQRVWUDWL�
JUDSKLF�VHTXHQFH�IUDPHZRUN�HVWDEOLVKHG�E\
2OVHQ� ��������DQG� WKH�1HZDUN�6XSHUJURXS
JURXS�UDQN�XQLWV�DV�GLVFXVVHG�E\�2OVHQ�������
DQG�)URHOLFK�DQG�2OVHQ��������

6WUDWLJUDSKLF�5HYLVLRQ

7KD\HU��������UHFRJQL]HG�WKDW� LQ�WKH�'DQ
5LYHU�%DVLQ��WKH�SUHGRPLQDWHO\�ILQH�JUDLQHG�
RUJDQLF�ULFK��JUD\�DQG�EODFN�FODVWLF�VWUDWD�RI�WKH
&RZ�%UDQFK�)RUPDWLRQ��FRQVLVWHG�RI�WZR�XQLWV�
D�ORZHU�PRUH�ODWHUDOO\�WUDFHDEOH�EXW�WKLQQHU�XQLW
DQG�DQ�XSSHU� WKLFNHU� OHQV��2OVHQ�DQG�RWKHUV
��������2OVHQ���������2OVHQ�DQG�RWKHUV�������
FRQWLQXHG�WKLV�GLVWLQFWLRQ��UHFRJQL]LQJ�WKDW�WKH
RYHUDOO�IDFLHV��OLWKRORJ\��EHGGLQJ�FKDUDFWHU��DQG
ILVK�DVVHPEODJHV�DQG�WDSKRQRP\�RI�WKH�WZR
XQLWV�ZHUH�VXEVWDQWLDOO\�GLIIHUHQW�DQG�UHIHUUHG�WR

WKHP�LQIRUPDOO\�DV�WKH�XSSHU�DQG�ORZHU�PHP�
EHUV�RI�WKH�&RZ�%UDQFK�)RUPDWLRQ��7KLV�SUDF�
WLFH�ZDV� IROORZHG�E\�5REELQV� ������� DQG
7KD\HU�DQG�5REELQV���������+RZHYHU��2OVHQ
DQG�RWKHUV� ������� ������ IROORZHG�:HHPV
�������LQ�VXJJHVWLQJ�WKDW�WKH�WZR�SDUWV�RI�WKH
&RZ�%UDQFK�)RUPDWLRQ�FRXOG�EH�WKH�VDPH�XQLW
UHSHDWHG�E\�QRUPDO�IDXOWV��)LJXUH����
.HQW�DQG�2OVHQ��������XVHG�ORQJ�RXWFURS

VHFWLRQV�DORQJ�VWUHDPV�DQG�ODUJH�TXDUU\�H[SR�
VXUHV�WR�GHOLQHDWH�WKH�SDOHRPDJQHWLF�SRODULW\
VWUDWLJUDSK\�RI�WKH�'DQ�5LYHU�%DVLQ�DQG�LQ�WKH
SURFHVV�LPSOLFLWO\�WHVW�DQG�IDOVLI\�WKH�IDXOW�UHS�
HWLWLRQ�K\SRWKHVLV��)LJXUH�����7KH\�VKRZHG�WKDW
WKHUH�ZDV�D�FRKHUHQW�SRODULW\�VWUDWLJUDSK\�LQ
WZR�VHWV�RI�DSSUR[LPDWHO\�SDUDOOHO�VHFWLRQV
VWUDWLJUDSKLFDOO\�DERYH�WKH�PDSSHG�ORZHU�PHP�
EHU�RI�WKH�&RZ�%UDQFK�DOORZLQJ�XQDPELJXRXV
FRUUHODWLRQ�ZLWK�WKH�1HZDUN�%DVLQ�SRODULW\�VWUD�
WLJUDSK\��7KH\�DWWHPSWHG�WR�XVH�0H\HUWRQV¶
�������QRPHQFODWXUH�IRU�WKH�/HDNVYLOOH�)RUPD�
WLRQ��XVLQJ�WKH�&DVFDGH�6WDWLRQ�0HPEHU�IRU�WKH
XSSHU�F\FOLFDO�WKLFN�LQWHUYDO�RI�UHG�VWUDWD�DQG�LQ�
IRUPDOO\�GLYLGLQJ�WKH�&RZ�%UDQFK�0HPEHU�LQWR
XSSHU��PLGGOH��DQG�ORZHU�&RZ�%UDQFK�PHP�
EHUV�
:KLWHVLGH�DQG�RWKHUV� �������EULHIO\�GH�

VFULEHG� WKH�VWUDWLJUDSK\�RI�FRUH�62�&�����
�)LJXUH�����7KLV�DQG�FRUH�62�&�������)LJXUH���
FRQWDLQ�WKH�ORZHU�KDOI�RI�WKH�ORZHU�PHPEHU�RI
WKH�&RZ�%UDQFK�)RUPDWLRQ��RXU�:DOQXW�&RYH
)RUPDWLRQ��DQG�XSSHU�3LQH�+DOO�)RUPDWLRQ�DW
:DOQXW�&RYH�DQG�QHDU�3LQH�+DOO��UHVSHFWLYHO\�
%DVHG�RQ�WKH�SDOHRPDJQHWLF�SRODULW\�VWUDWLJUD�
SK\��GHVFULEHG�EHORZ��D�WRWDO�RI�WZR�PDMRU�DGGL�
WLRQDO�SRODULW\�]RQHV�DUH�DGGHG�WR�WKH�'DQ�5LYHU
%DVLQ�SRODULW\�VWUDWLJUDSK\��)LJXUHV��������7KH
JRRG�FRUUHODWLRQ�RI�WKH�PDJQHWRVWUDWLJUDSK\�WR
WKH�1HZDUN�%DVLQ�VHFWLRQ�PDNHV�IDXOW�UHSHWLWLRQ
RI�WKH�VHFWLRQV�XQOLNHO\�DQG�LQGHHG��QR�HYLGHQFH
RI�IDXOWV�H[LVWV�LQ�WKH�DSSURSULDWH�SODFHV�
7KXV��WKHUH�DUH�WZR�VHSDUDWH�PDMRU��PDSSD�

EOH��JUD\�DQG�EODFN�PXGVWRQH�XQLWV�ZLWKLQ�WKH
&RZ�%UDQFK�)RUPDWLRQ�RI�7KD\HU� �������
7KHVH�WZR�XQLWV�DUH�VHSDUDWHG�E\�F\FOLFDO�WDQ�
JUD\��DQG�UHG�VDQGVWRQH�DQG�PXGVWRQH�VHTXHQFH
WKDW�ZDV�IRUPHUO\�JURXSHG�ZLWK�WKH�3LQH�+DOO�RU
6WRQHYLOOH�IRUPDWLRQV��7KD\HU���������7KH\�DUH
KRZHYHU��SK\VLFDOO\�FRQQHFWHG�WR�WKH�'U\�)RUN
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)RUPDWLRQ��PDS�RI�7KD\HU���������DQG�ZH�DVVHUW
WKDW� WKHVH�EHGV�DUH�PRUH�VLPLODU� WKURXJKRXW
WKHLU�H[WHQW�WR�WKH�'U\�)RUN�)RUPDWLRQ�WKDQ�WR
HLWKHU�WKH�3LQH�+DOO�RU�6WRQHYLOOH�IRUPDWLRQV�
7KLV�VFKHPH�KDV�WKH�DGYDQWDJH�RI�HDVH�RI�PDS�
SDELOLW\��UHODWLYH�VLPSOLFLW\��DQG�SUHGLFWDELOLW\
RI�FRQWHQW�
:H�SURSRVH�WKDW�WKH�³ORZHU�PHPEHU´�RI�WKH

&RZ�%UDQFK�)RUPDWLRQ�EH�UHPRYHG�IURP�WKDW

IRUPDWLRQ�DQG�EH�UHFRJQL]HG�DV�D�IRUPDO�QHZ
PDSSDEOH�XQLW�RI�HTXDO�UDQN��WKH�:DOQXW�&RYH
)RUPDWLRQ��VHH�EHORZ���7KH�³XSSHU�PHPEHU´�
ZH�DUJXH�� VKRXOG� UHWDLQ� WKH�QDPH�RI�&RZ
%UDQFK�)RUPDWLRQ��)LJXUH�������DV�WKH�ODWWHU¶V
W\SH�VHFWLRQ�IXOO\�FRQIRUPV�WR�RXU�UHVWULFWHG
GHILQLWLRQ��8VH�RI�WKH�/HDNHVYLOOH�DQG�&HGDU
)RUHVW�IRUPDWLRQV�VKRXOG�EH�DEDQGRQHG�DV�VXJ�
JHVWHG�E\��/XWWUHOO���������7KH�'DQ�5LYHU�%DVLQ

)LJXUH����'DQ�5LYHU�%DVLQ�FRUH�62�&�������LQFOXGLQJ�WKH�W\SH�VHFWLRQ�RI�WKH�:DOQXW�&RYH�)RU�
PDWLRQ��OHFWRVWUDWRW\SH�RI�WKH�3LQH�+DOO�)RUPDWLRQ�DQG�FRUH�62�&������WKDW�LV�FORVHU�WR�WKH
EDVLQ�GHSRFHQWHU��VHH�)LJXUH���IRU�ORFDWLRQV���VKRZLQJ�SDOHRPDJQHWLF�SRODULW\�VHTXHQFH�
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VHFWLRQ�WKXV�FRQVLVWV�RI�ILYH�IRUPDWLRQV��GH�
VFULEHG�DV�IROORZV��IURP�WKH�EDVH�XSZDUGV�

3LQH�+DOO�)RUPDWLRQ
7KH�EDVDO�IRUPDWLRQ�RI�WKH�'DQ�5LYHU�%DVLQ

LV�WKH�3LQH�+DOO�)RUPDWLRQ��7KD\HU��������WKDW
FRQVLVWV�ODUJHO\�RI�FRDUVH�FODVWLF�URFNV�DQG�LQ�
WHUEHGGHG�VDQGVWRQHV�DQG�UHG�PXGVWRQHV��:H
LQWHQG�LWV�XVH�WR�EH�VLPLODU�WR�WKDW�LQWHQGHG�E\
7KD\HU��������DQG�7KD\HU�DQG�RWKHUV���������,Q
PRVW�DUHDV�� WKHUH� LV�D� ORZHU�FRQJORPHULWLF�
ODUJHO\� WDQ�SRUWLRQ�DQG�DQ�XSSHU�PRVWO\�UHG
VDQGVWRQH�DQG�PXGVWRQH�LQWHUYDO��/RFDOO\��VLOLF�
LILHG�ORJV�DUH�SUHVHQW�LQ�WKH�WDQ�VDQGVWRQH�GRP�
LQDWHG�XQLWV� �(PPRQV��������6WRQH�������
7KD\HU��������7KD\HU�DQG�5REELQV��������DQG
UHSWLOH�ERQHV�RFFXU� ORFDOO\� �3��+XEHU��SHUV�
FRPP����������7KH�3LQH�+DOO�)RUPDWLRQ� LV
DERXW�����P�WKLFN�LQ�WKH�DUHD�RI�LWV�OHFWRVWUDWR�
W\SH��EHORZ��
7KH�FRQWDFW�ZLWK�WKH�RYHUO\LQJ�:DOQXW�&RYH

)RUPDWLRQ�LV�PDUNHG�E\�WKH�SUHVHQFH�RI�JUD\
VDQGVWRQH�DQG�PXGVWRQH�ZLWK�D�PXFK�ORZHU�IUH�
TXHQF\�RI�UHG�PXGVWRQH��7KLV�WUDQVLWLRQ�FDQ�EH
VHHQ�LQ�GHWDLO�LQ�ERWK�62�&������DQG�62�&���
���FRUHV��:KHUH�WKH�:DOQXW�&RYH�)RUPDWLRQ�LV
DEVHQW��3LQH�+DOO�FODVWLF�URFNV�FDQ�EH�GLIIHUHQWL�
DWHG�IURP�WKH�RYHUO\LQJ�'U\�)RUN�)RUPDWLRQ�E\
WKH�SUHVHQFH�RI�PRUH�DEXQGDQW�UHG�VWUDWD�LQ�WKH
3LQH�+DOO��7KH�3LQH�+DOO�)RUPDWLRQ�DSSHDUV�WR
SLQFK�RXW�DJDLQVW�EDVHPHQW�LQ�WKH�QRUWKHUQ�KDOI
RI�WKH�9LUJLQLD�VHJPHQW�RI�WKH�'DQ�5LYHU�%DVLQ�
�)LJXUH����
7KD\HU��������GLG�QRW�GHVLJQDWH�D�W\SH�VHF�

WLRQ�IRU�WKH�3LQH�+DOO�)RUPDWLRQ�GXH�WR�ODFN�RI
VWUDWLJUDSKLFDOO\�LQIRUPDWLYH��FRQWLQXRXV�VHF�
WLRQV��7KHUHIRUH��ZH�GHVLJQDWH�D�OHFWRVWUDWRW\SH
IRU�WKH�3LQH�+DOO�)RUPDWLRQ�IURP������������
P��������������IW���FRUH�GHSWK��FRUUHVSRQGLQJ
WR�������������P�VWUDWLJUDSKLF�GHSWK�LQ�WKH�62�
&������FRUH��ZKHUH�LW�FRQVLVWV�SULPDULO\�RI�UHG
FODVWLF�URFNV�ZLWK�DEXQGDQW�FDUERQDWH�QRGXOHV
DQG�PRWWOHG�VWUDWD�RI�SUREDEOH�SHGRJHQLF�RULJLQ
�)LJXUH����$SSHQGL[����

:DOQXW�&RYH�)RUPDWLRQ
7KH�W\SH�VHFWLRQ�RI�WKH�:DOQXW�&RYH�)RUPD�

WLRQ�LV�IURP�FRUH�62�&������GULOOHG�DW�:DOQXW

&RYH��1&��:KLWHVLGH�DQG�RWKHUV��������DW
����������1�������������:��)LJXUH����������
������P�������������IW���LQ�FRUH�GHSWK��FRUUH�
VSRQGLQJ�WR������������������������IW���VWUDWL�
JUDSKLF�GHSWK�EDVHG�RQ�GLSV�PHDVXUHG�LQ�WKH
FRUH��)LJXUHV����6XSSRUWLQJ�LQIRUPDWLRQ�LQ�:K�
LWHVLGH�DQG�RWKHUV���������,Q�LWV�W\SH�VHFWLRQ�DQG
HOVHZKHUH��WKH�:DOQXW�&RYH�)RUPDWLRQ�FRQVLVWV
RI�F\FOLFDO�EODFN�DQG�JUD\�PXGVWRQHV�DQG�VDQG�
VWRQHV��DQG�WKLQ�FRDO�EHGV�DQG�PLQRU��D�VHTXHQFH
WKDW�ZDV�ILUVW�REVHUYHG�E\�(PPRQV��������DQG
LQYHVWLJDWHG�DQG�PDSSHG� LQ�VRPH�GHWDLO�E\
6WRQH���������7KH�EODFN�PXGVWRQHV�DUH�PDV�
VLYH��WKLQ�EHGGHG�WR�ODPLQDWHG��EXW�QHYHU�PLFUR�
ODPLQDWHG�DQG�WHQG�WR�KDYH�KLJKHU�OHYHOV�RI�WRWDO
RUJDQLF�FDUERQ�WKDQ�WKH�GDUN�JUD\�WR�EODFN�PXG�
VWRQHV�RI�WKH�&RZ�%UDQFK�)RUPDWLRQ��5HLG�DQG
7D\ORU��������������VHH�EHORZ���7KH�WRWDO�WKLFN�
QHVV�RI�WKH�:DOQXW�&RYH�)RUPDWLRQ�LV�PLQLPDO�
O\�DERXW�����PHWHUV�DW� LWV� W\SH�VHFWLRQ��EXW
DSSHDUV�WR�WKLFNHQ�QRUWKHDVWZDUG�WR�DERXW����
P�LQ�(GHQ��1&��.HQW�DQG�2OVHQ���������)LJXUH
���
5RFNV�RI�WKH�:DOQXW�&RYH�)RUPDWLRQ�KDYH

EHHQ�PDSSHG�H[WHQVLYHO\�LQ�WKH�1RUWK�&DUROLQD
SDUW�RI�WKH�'DQ�5LYHU�%DVLQ��7KD\HU��������.HQW
DQG�2OVHQ��������DV�&RZ�%UDQFK�)RUPDWLRQ�
7KH�IRUPHU�EHFRPHV�LQGLVWLQJXLVKDEOH�IURP�WKH
'U\�)RUN�0HPEHU�QRUWK�RI�&DVFDGH�&UHHN�DQG
LQWR�9LUJLQLD�DV�WKH�SURSRUWLRQ�RI�WDQ�DQG�JUD\
VDQGVWRQH�EHFRPHV�SUHGRPLQDQW�DW�WKH�H[SHQVH
RI�ILQH�JUDLQHG�VWUDWD��DOWKRXJK�WKH�GHWDLOV�DUH
REVFXUHG�E\�SRRU�RXWFURS��7KHUH�DUH�SODFHV
ZKHUH�0H\HUWRQV� ������� VKRZV�ZKDW� DUH
PDSSHG�DV�OHQVHV�RI�KLV�&RZ�%UDQFK�)RUPDWLRQ
LQ�WKH�DSSURSULDWH�VWUDWLJUDSKLF�SRVLWLRQ�WR�EH
RXWOLHUV�RI�:DOQXW�&RYH�)RUPDWLRQ��EXW�WKH�RXW�
FURSV�DUH�SUHVHQWO\�VR�SRRU�DV�WR�PDNH�WKHLU�UHF�
RJQL W LRQ � XQFHU WD LQ � � 7KH �:DOQX W � &RYH
)RUPDWLRQ�DOVR�SDVVHV�LQWR�FRDUVH�FODVWLFV�DW�WKH
VRXWKZHVWHUQ�WHUPLQXV�RI�WKH�'DQ�5LYHU�%DVLQ
QHDU�*HUPDQWRQ��1&��2XWOLHUV�RI�WKH�:DOQXW
&RYH�)RUPDWLRQ�PD\�EH�ORFDOO\�SUHVHQW�LQ�WKH
9LUJLQLD�SRUWLRQ�RI�WKH�EDVLQ�SDUWLFXODUO\�QHDU
+HUPRVD��9$��0H\HUWRQV��������
$�XVHIXO�UHIHUHQFH�VHFWLRQ�LV�H[SRVHG�LQ�WKH

DEDQGRQHG�&UDQE\�5REHUWV��.LQJ�DQG�+DOO�
TXDUU\�LQ�VRXWKZHVW�(GHQ��1&�����������
�1�
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���������
�:���7KH�VHFWLRQ�H[SRVHV�DERXW����P
RI�F\FOLFDO�JUD\�DQG�EODFN�VWUDWD�RI�WKH�PLGGOH
:DOQXW�&RYH�)RUPDWLRQ�DQG�KDV�SURGXFHG�UHS�
WLOH�ERQHV�DQG�IRRWSULQWV��)LJXUHV��������$GGL�
WLRQDO� VHFWLRQV� RI� FRPSDUDEOH� RU� JUHDWHU
WKLFNQHVV�ZHUH�GHVFULEHG�E\�6WRQH��������DQG
7KD\HU���������:H�KDYH�EHHQ�XQDEOH�WR�ORFDWH
DQ\�JRRG�RXWFURSV�RI�WKH�WUDQVLWLRQ�IURP�WKH
:DOQXW�&RYH�)RUPDWLRQ�LQWR�WKH�RYHUO\LQJ�'U\

)RUN�)RUPDWLRQ��EXW�FDQ�VXUPLVH� WKDW� LW� LV
PDUNHG�E\�WKH�UHSODFHPHQW�RI�PRVWO\�JUD\�PXG�
VWRQH�DQG�VDQGVWRQH�E\�UHG�PXGVWRQH�DQG�WDQ
DQG�UHG�VDQGVWRQH�

'U\�)RUN�)RUPDWLRQ
7KH�W\SH�VHFWLRQ�RI�WKH�'U\�)RUN�)RUPDWLRQ

FRQVLVWV�RI�³&XWV�DORQJ�WKH�6RXWKHUQ�5DLOZD\
RQ�:KLWH�2DN�0RXQWDLQ������NP�VRXWK�RI�WKH
WRZQ�RI�'U\�)RUN�RQ�6WDWH�5RDG����������NP
ZHVW�RI�8�6��+LJKZD\�����0RXQW�+HUPRQ�TXDG�
UDQJOH��3LWWV\OYDQLD�&RXQW\��9LUJLQLD��0H\HU�
WRQV� � �����´� � �/XWWUHO O � � ������ DW � DERXW
����������1������������:��)LJXUH�����7KH
'U\�)RUN�)RUPDWLRQ�FRQVLVWV�RI�WDQ�WR�UHG�VDQG�
VWRQHV�ZLWK�F\FOLFDOO\�LQWHUEHGGHG�JUD\��SXUSOH�
DQG�UHG�PXGVWRQHV��,Q�WKH�9LUJLQLD�SRUWLRQ�RI
WKH�'DQ�5LYHU�%DVLQ��WKLV�IRUPDWLRQ�LV�W\SLFDOO\
FRDUVHU��PRUH�KLJKO\�LQGXUDWHG��DQG�KDV�PXFK
OHVV�F\FOLFDO�OD\HULQJ�ZLWK�D�JUHDWHU�FRQWHQW�RI
OLJKW�FRORUHG�VDQGVWRQH�DQG�FRQJORPHUDWH��)LJ�
XUH�����7KH�'U\�)RUN�)RUPDWLRQ�DOVR�JHQHUDOO\
ODFNV�WKH�SHUVLVWHQW�EODFN�PXGVWRQH�EHDULQJ�F\�
FOHV�W\SLFDO�RI�WKH�6WRQHYLOOH�)RUPDWLRQ�WKDW
RYHUOLHV�WKH�&RZ�%UDQFK�)RUPDWLRQ��EXW�GRHV
KDYH�JUD\�DQG�SXUSOLVK�VKDOH�F\FOHV�DV�VHHQ
DORQJ�'U\�&UHHN�LQ�(GHQ�1RUWK�&DUROLQD�DQG
WKH� WULEXWDU\�WR�&DVFDGH�&UHHN�H[DPLQHG�E\
.HQW�DQG�2OVHQ���������DQG�OHQVHV�RI�JUD\�PXG�
VWRQH�ZKHUH�LW�LV�WKH�ODWHUDO�HTXLYDOHQW�RI�WKH
:DOQXW�&RYH�)RUPDWLRQ��DV�QRWHG�DERYH��7KH
WKLFNQHVV�RI�WKH�'U\�)RUN�LV�KLJKO\�YDULDEOH��LW
LV�DERXW�����P�WKLFN�LQ�(GHQ��1&�ZKHUH�LW�LV�H[�
SRVHG�DORQJ�'U\�&UHHN��.HQW�DQG�2OVHQ�������
�)LJXUH�����EXW�LV�PXFK�WKLFNHU�ZKHUH�LW�UHSODFHV
WKH�:DOQXW�&RYH�)RUPDWLRQ�LQ�9LUJLQLD�
7KH�ORQJ�VHW�RI�H[SRVXUHV�RI�WKH�W\SH�VHFWLRQ

DORQJ�WKH�6RXWKHUQ�5DLOZD\�FXW�LQ�3LWWV\OYDQLD
&RXQW\��9$��0H\HUWRQV��������KDYH�DQ�XSSHU
LQWHUYDO�RI�ODUJHO\�JUD\�FRDUVH�FODVWLF�URFN�ZLWK
LQWHUEHGGHG�GDUN�JUD\�PXGVWRQHV��:H�FRQVLGHU
WKLV�LQWHUYDO�WR�EH�D�FRDUVH�IDFLHV�RI�WKH�&RZ
%UDQFK�)RUPDWLRQ��ZKHUHDV�WKH�UHVW�RI�WKH�H[SR�
VXUHV�WR�WKH�VRXWKHDVW�DUH�UHGGLVK�WR�EXII�FRDUVH
FODVWLFV�LQWHUEHGGHG�ZLWK�ILQHU�ODUJHO\�UHGGLVK
WR�SXUSOLVK�FODVWLF�URFNV��ZKLFK�LQFOXGHV�WKH�'U\
)RUN�W\SH�VHFWLRQ�RI�0H\HUWRQ���������7KH�'U\
)RUN�)RUPDWLRQ�LV�YHU\�LQGXUDWHG�DW�LWV�W\SH�VHF�
WLRQ�DQG�UHPDLQV�VR�WR�WKH�QRUWKHDVW�DQG�VRXWK�

)LJXUH����6HFWLRQ�RI� WKH�PLGGOH�:DOQXW
&RYH�)RUPDWLRQ�H[SRVHG�LQ�WKH�&UDQE\
5REHUWV��.LQJ�DQG�+DOO��TXDUU\�PHDVXUHG
����������9+&�VWDQGV�IRU�UHSUHVHQWDWLYH
9DQ�+RXWHQ�F\FOH�
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)LJXUH����([SRVXUHV��WUDFNV�DQG�ERQHV�IURP�&UDQE\�5REHUWV��.LQJ�DQG�+DOO��TXDUU\�LQ�PLGGOH
:DOQXW�&RYH�)RUPDWLRQ�DQG�QHZ�ORFDOLW\�LQ�6WRQHYLOOH�)RUPDWLRQ�'U\�0RXQWDLQ�&UHHN��/RQJ
,VODQG��9$�DW����������
1�����������
:��$��VHFWLRQ�RI�H[SRVHG�RQ�WKH�QRUWK�ZDOO�RI�WKH�&UDQE\
5REHUWV��.LQJ�DQG�+DOO��TXDUU\�LQ������VKRZLQJ�LQWHUYDO�IURP���WR����P�LQ�)LJXUH�����%��UHSWLOH
ERQHV��SUREDEOH�SK\WRVDXU��ZKLWH�DUURZV��in situ DW�DERXW�����P�LQ�WKH�&UDQE\�5REHUWV
TXDUU\�VHFWLRQ��&�"Apatopus �SK\WRVDXU��PDQXV�LPSUHVVLRQ�LQ�PXGFUDFNHG�PXGVWRQH
�IURP�DERXW������P��LQ�&UDQE\�5REHUWV�TXDUU\��'�"Apatopus��SK\WRVDXU��PDQXV��RQ�ULJKW�
DQG�SHV��RQ�OHIW��LPSUHVVLRQ�LQ�PXGFUDFNHG�PXGVWRQH��IURP�DERXW������P��LQ�&UDQE\�5RE�
HUWV�TXDUU\��(��EURQWR]RLG��Anchisauripus��IRRWSULQW�DW�IRRWSULQW�ORFDOLW\�RQ�'U\�0RXQWDLQ
&UHHN��9LUJLQLD�0XVHXP�RI�1DWXUDO�+LVWRU\�901+����������)��Rhynchosauroides brunswickii
PDQXV�LPSUHVVLRQ��901+�������E��IURP�IRRWSULQW�ORFDOLW\�RQ�'U\�0RXQWDLQ�&UHHN��*��QDWXUDO
FDVWV�RI�Rhynchosauroides brunswickii PDQXV�DQG�SHV�LPSUHVVLRQV��901+���������IURP
IRRWSULQW�ORFDOLW\�RQ�'U\�0RXQWDLQ�&UHHN�
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ZHVW�IRUPLQJ�D�YHU\�SURPLQHQW�OLQHDU�ULGJH�
LQFOXGLQJ�:KLWH�2DN�0RXQWDLQ��7KH�SURPLQHQW
ULGJH�FDQ�EH�WUDFHG�ZLWK�EUHDNV�WR�%R\G�0RXQ�
WDLQ�ZKHUH�LW�VWULNHV�LQWR�WKH�OHVV�LQGXUDWHG�VWUDWD
WKDW�VHSDUDWH�WKH�:DOQXW�&RYH�IURP�WKH�&RZ
%UDQFK�IRUPDWLRQV�QHDU�WKH�9LUJLQLD�1RUWK�&DU�
ROLQD�VWDWH�OLQH��7KH�FKDQJH�LQ�LQGXUDWLRQ�PD\
EH�DVVRFLDWHG�ZLWK�DQ�LQFUHDVH�LQ�WKH�SURSRUWLRQ
RI�UHG�PXGVWRQH�DW�WKH�H[SHQVH�RI�JUD\�DQG�EXII
FRDUVH�FODVWLFV��ZLWK�FRQJORPHUDWHV�EHFRPLQJ
UDUH��6RXWKZHVW�RI�(GHQ��WKH�IRUPDWLRQ�EHFRPHV
\HW�ILQHU�JUDLQHG�DQG�SURSRUWLRQDOO\�PRUH�UHG�
7KH�XSZDUG�WUDQVLWLRQ�EHWZHHQ�WKH�'U\�)RUN

DQG�WKH�&RZ�%UDQFK�IRUPDWLRQV�LV�PDUNHG�E\�DQ
LQFUHDVH�LQ�WKH�IUHTXHQF\�RI�JUD\�VWUDWD�ZLWK�GLV�
WLQFWO\�GDUNHU�JUD\�WR�EODFN�ODPLQDWHG�PXG�
VWRQHV�WKDQ�W\SLFDO�IRU�WKH�IRUPHU��7KHVH�GDUN
PXGVWRQHV�FRQWDLQ�DEXQGDQW�FRQFKRVWUDFDQV�
RVWUDFRGHV��DQG�ILVK�IUDJPHQWV��2QH�WHPSRUDU\
H[SRVXUH�DGMDFHQW�WR�WKH�VRXWKHDVW�TXDGUDQW�RI
WKH�LQWHUVHFWLRQ�RI�86�+LJKZD\���������DQG
1&�+LJKZD\�������86������DSSUR[LPDWHO\�DW
�����������1������������:�FRQVLVWHG�RI�DW
OHDVW�WKUHH�GDUN�DQG�PHGLXP�JUD\�PXGVWRQH�VH�
TXHQFHV�LQWHUOD\HUHG�EHWZHHQ�ILQH�UHG�VLOWVWRQH�
PXGVWRQHV�DQG�ILQH�JUDLQHG�VDQGVWRQHV��ZLWK
ODPLQDWHG�WR�ILQHO\�ODPLQDWHG�UHG�FOD\VWRQHV
DQG�ILQH�WR�YHU\�ILQHO\�ODPLQDWHG�JUD\�PXG�
VWRQHV�FRQWDLQLQJ�FRQFKRVWUDFDQV��3��+XEHUW
�����EDVHG�RQ�REVHUYDWLRQV�PDGH�LQ��������$Q
DGGLWLRQDO� ODUJH�H[SRVXUH�ZDV�WKH�SLW�RI� WKH
:HEVWHU�%ULFN�&RPSDQ\�LQ�(GHQ��1RUWK�&DUROL�
QD������������1������������:���EULHIO\�GH�
VFULEHG�LQ�2OVHQ�DQG�RWKHUV���������)RVVLOV�IURP
WKH�EODFN�VKDOH�LQFOXGH�WKH�ILVK�Turseodus��Syn-
orichthys��DQG�Diplurus��DV�ZHOO�DV�SRVVLEOH
SK\WRVDXU�WHHWK��FRSUROLWHV��FRQFKRVWUDFDQV��DQG
H[WUHPHO\�DEXQGDQW�GDUZLQXOLG�RVWUDFRGHV�
/DUJH�LQFOLQHG�VDQGVWRQH�DQG�VLOWVWRQH�EHGV
ZHUH�H[SRVHG�DERYH�WKH�EODFN�VKDOH��7KH�H[SR�
VXUH�LV�SUHVHQWO\�RYHUJURZQ��

&RZ�%UDQFK�)RUPDWLRQ
7KH�W\SH�VHFWLRQ�RI�WKH�&RZ�%UDQFK�)RUPD�

WLRQ�RI�7KD\HU� �������FRPSULVHG�WKH�VWUDWL�
JUDSKLFDOO\� ORZHU� KDOI� RI� WKH�/HDNVYLOOH
)RUPDWLRQ�RI�0H\HUWRQV��������DV�H[SRVHG
DORQJ�9LUJLQLD�6WDWH�5RDG������EHWZHHQ�����
NP������PL��VRXWK�RI�6WDWH�5RDG�����DQG�����

NP������PL��QRUWK�RI�WKH�9$�6WDWH�OLQH��3LWWV\O�
YDQLD�&R���9$��%DVHG�RQ�0H\HUWRQV¶�VHFWLRQ�
WUDQVODWHG�WR�JHRJUDSK\�� WKH� WRS�RI� WKH�&RZ
%UDQFK�VKRXOG�EH�DW�DERXW������NP�VRXWK�RI
6WDWH�5RDG������DQG�WKH�FHQWHU�RI�WKH�VHFWLRQ
VKRXOG�EH�DW�DERXW�����������1������������:�
8QIRUWXQDWHO\��DOPRVW�DOO�RI�WKH�H[SRVXUHV�DORQJ
WKLV�URDG�KDYH�EHHQ�FRYHUHG�VLQFH�DW�OHDVW������
ZLWK�WKH�H[FHSWLRQ�RI�UHG�VWUDWD�DW�QHDU�WKH�WRS�RI
WKH�VHFWLRQ�LQ�ZKDW�ZH�UHJDUG�DV�6WRQHYLOOH�)RU�
PDWLRQ�
7KHUHIRUH��VWUDWD�H[SRVHG�LQ�WKH�³PDLQ�TXDU�

U\´�VHFWLRQ�RI�2OVHQ�DQG�RWKHUV��������LQ�WKH�$U�
DUDW�5RFN�3URGXFWV�&R��TXDUU\��IRUPHUO\�WKH
6ROLWH�DQG�WKHQ�&HPH[�TXDUU\���EHJLQQLQJ�DW
DERXW�����������1������������:�DUH�GHVLJ�
QDWHG�D�OHFWRVWUDWRW\SH�IRU�WKH�&RZ�%UDQFK�)RU�
PDWLRQ��$V�VHHQ�KHUH��WKH�IRUPDWLRQ�FRQVLVWV�RI
F\FOLFDO�JUD\�DQG�EODFN�PXGVWRQH�DQG�PLQRU
VDQGVWRQH�ZLWK�DEXQGDQW�KLJKO\�IRVVLOLIHURXV
PLFURODPLQDWHG�PXGVWRQHV��7KH�&RZ�%UDQFK
)RUPDWLRQ�DOVR�FRQWDLQV� ODWHUDOO\�HTXLYDOHQW
JUD\�VDQGVWRQHV�DQG�FRQJORPHUDWHV�ZLWK�F\FOL�
FDOO\�RFFXUULQJ�EODFN�DQG�GDUN�JUD\�PXGVWRQH
LQWHUYDOV��8QIRUWXQDWHO\��WKH�DGMDFHQW�&DVFDGH
&UHHN�RXWFURSV��ZKLOH�H[WHQVLYH�GR�QRW�PDNH�D
VXLWDEOH�OHFWRVWUDWRW\SH�EHFDXVH�WKH�RXWFURSV
DUH�QHDUO\�DOO�DW�ZDWHU�OHYHO�DQG�FRPSULVHG�DO�
PRVW�HQWLUHO\�RI�WKH�PDVVLYH�SRUWLRQV�RI�F\FOHV�
ZLWK�YLUWXDOO\�QR�RXWFURSV�RI�ODPLQDWHG�VWUDWD�
7KH�PD[LPXP�WKLFNQHVV�RI�WKH�&RZ�%UDQFK
)RUPDWLRQ�DSSHDUV�WR�EH�LQ�WKH�DUHD�RI�WKH�9LU�
JLQLD�1RUWK�&DUROLQD�6WDWH�OLQH�ZKHUH�LW�UHDFKHV
DERXW������P�
7KH�&RZ�%UDQFK�)RUPDWLRQ�ORFDOO\�JUDGHV

ODWHUDOO\�LQWR�FRDUVH�JUD\�FODVWLF�URFNV��,Q�VXFK
FDVHV��WKH�&RZ�%UDQFK�)RUPDWLRQ�FDQ�EH�GLIIL�
FXOW�WR�GLVWLQJXLVK�IURP�WKH�'U\�)RUN�)RUPD�
WLRQ��+RZHYHU��D� UDULW\�RU�DEVHQFH�RI� ILQH�
JUDLQHG��JUD\�DQG�SXUSOH�EHGV�OHDGV�XV�WR�PDS
VXFK�URFNV�DV�'U\�)RUN�)RUPDWLRQ��ZKHUHDV�WKH
SUHVHQFH�RI�EODFN�DQG�GDUN�PXGVWRQH�EHGV�OHDGV
XV�WR�PDS�VXFK�URFNV�DV�&RZ�%UDQFK�)RUPD�
WLRQ�
7KH�&RZ�%UDQFK�)RUPDWLRQ�EHFRPHV�PXFK

FRDUVHU�ERWK�VRXWKZHVW�DQG�QRUWKHDVW�RI�LWV�W\SH
DUHD��EXW�UHWDLQV�LWV�GRPLQDQW�JUD\�FRORU�DQG
SHUVLVWHQW��LI�OHVV�DEXQGDQW��EODFN�PXGVWRQHV��,Q
DUHDV�ZKHUH�WKH�FRDUVH�FODVWLFV�GRPLQDWH��7KD\�
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HU��������PDSSHG�WKHP�DV�6WRQHYLOOH�)RUPD�
WLRQ��SDUWLFXODUO\�WR�WKH�VRXWKZHVW�RI�WKH�W\SH
DUHD��)RU�H[DPSOH��DW�(GHQ��1&��VSHFWDFXODU
RXWFURSV�DUH�SUHVHQW�IRU�DERXW�����NP��JHR�
JUDSKLF�GLVWDQFH��RQ�WKH�VRXWKHDVW�EDQN�RI�WKH
6PLWK�5LYHU��QRUWK�RI�WKH�EULGJH�IRU�6WDWH�5RXWH
�����ROG�6WDWH�+LJKZD\�������WKHVH�VWUDWD�ZHUH
PDSSHG�E\�7KD\HU�DV�6WRQHYLOOH�)RUPDWLRQ�
+RZHYHU��WKHVH�RXWFURSV�FRQWDLQ�DEXQGDQW

SHULRGLFDOO\�VSDFHG�ODPLQDWHG�EODFN�PXGVWRQHV
WKDW�DUH�FOHDUO\�D�FRQWLQXDWLRQ�RI�WKH�SDWWHUQ
VHHQ�LQ�WKH�H[SRVHG��XQGHUO\LQJ��ILQH�JUDLQHG
&RZ�%UDQFK�)RUPDWLRQ�DQG�DUH�DORQJ�VWULNH
IURP�LWV� W\SH�VHFWLRQ��:H�WKHUHIRUH�FRQVLGHU
WKHVH�H[SRVXUHV�WR�PRUH�SURSHUO\�EHORQJ�WR�WKH
&RZ�%UDQFK�)RUPDWLRQ��$W�OHDVW�DV�IDU�VRXWK�
ZHVW�DV�0D\RGDQ�DQG�0DGLVRQ��1&��H�J���DORQJ
WKH�URDGV�DQG�DGMDFHQW�DUHDV�IURP���������
�1�
��������
�:�WR���������
�1����������
:��UDLOURDG
HPEDQNPHQW�H[SRVXUHV�DW���������
�1����������

:�WR�RXWFURSV�LQ�DQG�DORQJ�WKH�0D\R�5LYHU�DW
��������
�1����������
�:���WKHUH�SHUVLVWV�D�PDS�
SDEOH�DQG�KRPRWD[LDO�XQLW�FRPSULVHG�RI�D�ORZHU
F\FOLFDO� LQWHUYDO�GRPLQDWHG�E\�ILQHU�FODVWLFV
JUDGLQJ�LQWR�DQ�XSSHU�F\FOLFDO�LQWHUYDO�GRPLQDW�
HG�E\�FRDUVHU�FODVWLFV��DOO�ZLWK�SHULRGLF�EODFN
DQG�JUD\�PXGVWRQHV��:H�DOVR�DVVLJQ�WKHVH�URFNV
WR� WKH�&RZ�%UDQFK�)RUPDWLRQ��ZKHUHDV� WKH
RYHUO\LQJ�ODUJHO\�UHG�FODVWLF�URFNV��DOVR�RIWHQ
FRDUVH��DUH�DVVLJQHG�WR�WKH�6WRQHYLOOH�)RUPD�
WLRQ��:H�KDYH�QRW�\HW�EHHQ�DEOH�WR�FRQILUP�WKH
SUHVHQFH�RI�WKH�&RZ�%UDQFK�)RUPDWLRQ�VRXWK�
ZHVW�RI�0D\RGDQ�DQG�0DGLVRQ�EHFDXVH�RI�SRRU
RXWFURS�
,Q�WKH�9LUJLQLD�SDUW�RI�WKH�'DQ�5LYHU�%DVLQ

WKHUH�DUH�DUHDV�ZKHUH�ILQH�JUDLQHG�IDFLHV�RI�WKH
&RZ�%UDQFK�)RUPDWLRQ�DUH�SUHVHQW��SDUWLFXODUO\
LQ�WKH�DUHD�IURP�QHDU�0RWOH\�0LOOV�WR�6WLQNLQJ
5LYHU��9$��7KLV�DUHD�VKRZV�WKH�UHODWLRQVKLS�EH�
WZHHQ� WKH�&RZ�%UDQFK�DQG�XQGHUO\LQJ�'U\
)RUN�IRUPDWLRQV�H[FHSWLRQDOO\�ZHOO��DQG�WKH�KR�
PRWD[LDO�UHODWLRQVKLSV�ZLWK�WKH�QRUWKHUQ�1RUWK
&DUROLQD�SDUW�RI�WKH�'DQ�5LYHU�%DVLQ��,Q�WKDW�DU�
HD��D�ORZHU�VWULNLQJO\�F\FOLFDO�JUD\�ODPLQDWHG
PXGVWRQH�DQG�JUD\�PXGVWRQH�DQG�VDQGVWRQH�VH�
TXHQFH��H�J��DW�EHWZHHQ����������
�1�����������

:�DQG����������
�1�����������
�:��DUH�GLUHFWO\
FRPSDUDEOH�WR�WKH�&RZ�%UDQFK�)RUPDWLRQ�LQ
WKH�(GHQ�DUHD��DQG�DUH�VXFFHHGHG�E\�F\FOLFDO�

ODUJHO\�UHG�DQG�JUD\�VWUDWD��H�J��DW����������
1�
���������
:��7KH�ODWWHU��LQFOXGHV�WKH�W\SH�ORFDO�
LW\�RI�WKH�GLQRVDXURPRUSK�LFKQRWD[RQ�Banister-
obates boisseau �)UDVHU�DQG�2OVHQ��������
7KH�WUDQVLWLRQ�EHWZHHQ�WKH�&RZ�%UDQFK�)RU�

PDWLRQ�DQG�RYHUO\LQJ�6WRQHYLOOH�)RUPDWLRQ�LV
PDUNHG�E\�D�F\FOLFDOO\�LQFUHDVLQJ�IUHTXHQF\�RI
UHG�VWUDWD�XSZDUG��DW�WKH�H[SHQVH�RI�JUD\�PXG�
VWRQH�DQG�VDQGVWRQH��7KLV�WUDQVLWLRQ�ZDV�GH�
VFULEHG�E\�0H\HUWRQV��������LQ�KLV�W\SH�VHFWLRQ
RI�KLV�/HDNVYLOOH�)RUPDWLRQ��)LJXUH�����GLV�
FXVVHG�DERYH�

6WRQHYLOOH�)RUPDWLRQ
2YHUO\LQJ�WKH�&RZ�%UDQFK�)RUPDWLRQ�LV�WKH

6WRQHYLOOH�)RUPDWLRQ��ZKLFK�LV�GLIIHUHQWLDWHG�E\
D�YHU\�VWURQJ�SUHSRQGHUDQFH�RI�UHG�LQVWHDG�RI
JUD\�DQG�EODFN�FODVWLF� URFNV��+RZHYHU�� WKH
6WRQHYLOOH�FRQWLQXHV�WKH�F\FOLFLW\�VHHQ�LQ�WKH
&RZ�%UDQFK�)RUPDWLRQ� DQG� SHULRGLFDOO\
VSDFHG��SXUSOH��JUD\��DQG�EODFN�PXGVWRQH�EHGV
UHPDLQ��LQFOXGLQJ�ZKHUH�WKH�IRUPDWLRQ�LV�GRPL�
QDWHG�E\�FRDUVH�FODVWLF�URFNV��:H�KDYH�\HW�WR
ILQG�VHFWLRQV�WKDW�GHPRQVWUDWH� WKDW�JUD\�DQG
EODFN�&RZ�%UDQFK�OLWKRORJLHV�SDVV�ODWHUDOO\�LQWR
UHG�GRPLQDWHG�6WRQHYLOOH�OLWKRORJLHV��ZKLFK�LV
RQH�RI�RXU�UHDVRQV�IRU�QRW�GLIIHUHQWLDWLQJ�EH�
WZHHQ�WKHVH�WZR�IRUPDWLRQV�VROHO\�RQ�WKH�EDVLV
RI�JUDLQ�VL]H��$OWKRXJK�WKH�PD[LPXP�WKLFNQHVV
RI�WKH�6WRQHYLOOH�)RUPDWLRQ�KDV�QRW�EHHQ�DVFHU�
WDLQHG��LV�DW�OHDVW������P�LQ�WKH�DUHD�RI�WKH�9LU�
JLQLD�1RUWK�&DUROLQD�6WDWH� OLQH��DQG�QHDUO\
WZLFH�WKDW�LV�SUHVHUYHG�DGMDFHQW�WR�WKH�6WDXQWRQ
5LYHU�LQ�9LUJLQLD�
7KH�W\SH�VHFWLRQ�RI�WKH�6WRQHYLOOH�)RUPDWLRQ

LV�GHVFULEHG�E\�7KD\HU��������������DQG�7KD\HU
DQG�5REELQV��������DQG�LV�WKH�URDG�FXW�RQ�ZHVW
VLGH�RI�86�5RXWH�����%\SDVV������NP�������PL�
QRUWK�RI�5RFNLQJKDP�&RXQW\�URDG�������)U\H
5RDG���0D\RGDQ������������1������������:��
,W�LV�GRPLQDWHG�E\�FRDUVH�UHG�FODVWLFV��ODUJHO\
VDQGVWRQH��ILQH�JUD\�PXGVWRQH�DQG�VDQGVWRQH�DUH
SUHVHQW�QHDU�WKH�PLGGOH�RI�WKH�VHFWLRQ��7KH�UHIHU�
HQFH�VHFWLRQ�SURYLGHG�E\�7KD\HU�������������
DQG�7KD\HU�DQG�5REELQV��������DORQJ�WKH�FXW�RQ
WKH�ZHVW�VLGH�RI�WKH�1RUIRON�DQG�:HVWHUQ�UDLOURDG
WUDFNV�������NP������PL��QRUWKHDVW�RI�0D\RGDQ
FLW\�OLPLWV�DW�DERXW�����������1������������:�
LV�ILQHU�JUDLQHG�DQG�LV�FOHDUO\�F\FOLFDO�ZLWK�VHY�
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HUDO�WKLQ�JUD\�DQG�GDUN�JUD\�PXGVWRQHV�LQ�WKH
VHFWLRQ��7KH�6WRQHYLOOH�)RUPDWLRQ�LV�UHSUHVHQWHG
LQ�WKH�UHJLRQ�QHDU�0RWOH\V�0LOOV�E\�ILQH�JUDLQHG
ODUJHO\�UHG�EXW�F\FOLFDO�IDFLHV��VXFK�DV�VHHQ�LQ�WKH
DUHD�WR�WKH�QRUWK�ZHVW�RI�WKH�%DQLVWHU�5LYHU�WR�WKH
QRUWKZHVW�HGJH�RI�WKH�EDVLQ��&RUHV�GULOOHG�IRU�WKH
0DUOLQH�8UDQLXP�&RPSDQ\�VKRZ�WKH�UK\WKPLF
DOWHUQDWLRQ�RI�UHG�DQG�JUD\�DQG�EODFN�VWUDWD
�&KULVWRSKHU��������W\SLFDO�RI�WKH�6WRQHYLOOH
)RUPDWLRQ�
,Q�WKH�SRUWLRQ�RI�WKH�'DQ�5LYHU�%DVLQ�QRUWK�

HDVW�RI� WKH�6WDXQWRQ�5LYHU��ZH�KDYH�QRW�\HW
IRXQG�WKH�&RZ�%UDQFK�)RUPDWLRQ��7KH�WKLQQLQJ
RI�WKH�PDSSHG�H[WHQW�RI�WKH�'U\�)RUN�)RUPDWLRQ
IURP�WKH�VRXWK�WRZDUGV�WKH�6WDXQWRQ�5LYHU�DQG
LWV�UHVWULFWLRQ�WR�WKH�HDVWHUQ�HGJH�RI�WKH�EDVLQ�LQ
WKDW�DUHD�VXJJHVWV�WKDW�RQO\�SDUW�RI� WKH�&RZ
%UDQFK�)RUPDWLRQ�PD\�EH�SUHVHQW��2XU�SUHOLP�
LQDU\�LQYHVWLJDWLRQV�LQ�WKH�UHJLRQ�QRUWK�RI�WKH
6WDXQWRQ�5LYHU�VXJJHVWV�WKDW�RQO\�OLWKRIDFLHV
FKDUDFWHULVWLF�RI�WKH�6WRQHYLOOH�)RUPDWLRQ�DUH
SUHVHQW�DQG�WKH�WRQJXHV�RI�WKH�³&RZ�%UDQFK
0HPEHU´�DV�PDSSHG�E\�0H\HUWRQV��������DUH
JUD\�DQG�EODFN�XQLWV�ZLWKLQ�6WRQHYLOOH�PDUNLQJ
RXW�LWV�FKDUDFWHULVWLF�F\FOLFLW\�

3$/(20$*1(7,&�32/$5,7<�
675$7,*5$3+<�2)�7+(�'$1�

5,9(5�%$6,1

.HQW�DQG�2OVHQ��������SURGXFHG�D�FRPSRVLWH
SDOHRPDJQHWLF�SRODULW\�VWUDWLJUDSK\�IRU�PRVW�RI
WKH�'DQ�5LYHU�%DVLQ�LQ�DQG�DGMDFHQW�WR�(GHQ�
1&��)LJXUH����EDVHG�RQ�ORQJ�TXDUU\�DQG�VWUHDP
RXWFURS�VHFWLRQV��7KH�FRPSRVLWH�VHFWLRQ�LQ�
FOXGHV�ZKDW�ZH�QRZ�WHUP�WKH�'U\�)RUN�DQG�&RZ
%UDQFK�IRUPDWLRQV�DQG�WKH�ORZHU�SDUW�RI�WKH
6WRQHYLOOH�)RUPDWLRQ��7KH�a�����PHWHU�WKLFN
FRPSRVLWH�PDJQHWRVWUDWLJUDSK\�ZDV�EDVHG�RQ
����VDPSOLQJ�VLWHV�DQG�FRPSULVHG�RI����QRUPDO
DQG�UHYHUVH�SRODULW\�]RQHV�GHVLJQDWHG�'�Q�WR
'�Q�DQG�YDU\LQJ�LQ�WKLFNQHVV�IURP�a����WR����
P��WKDW�IRUP�D�SDWWHUQ�WKDW�FRUUHODWHV�UHPDUN�
DEO\�ZHOO�WR�FKURQV�(�Q�WR�(��Q�RI�WKH�1HZDUN
$376��7KLV�LQWHUYDO�WKXV�VSDQV�a����0\U�IURP
����0D�WR�������0D��$376�DGMXVWHG�IRU�EDVH�RI
(��Q��YLUWXDOO\�FRLQFLGHQW�ZLWK�EDVH�RI�&$03
YROFDQLFV��DW�������0D�UDWKHU�WKDQ�����0D�XVHG
LQ�.HQW�DQG�2OVHQ��������

+HUH�ZH�H[WHQG�WKH�'DQ�5LYHU�%DVLQ�PDJQH�
WRVWUDWLJUDSK\�GRZQZDUG�E\�DGGLQJ�GDWD�IURP
FRQWLQXRXV�FRUH�IRU�WKH�:DOQXW�&RYH�)RUPDWLRQ
DQG�WKH�XSSHUPRVW�3LQH�+DOO�)RUPDWLRQ��SUH�
OLPLQDU\�UHVXOWV�UHSRUWHG�E\�:KLWHVLGH�DQG�RWK�
HUV���������$SSHQGL[�����)LJXUHV��������7KH
������P��FRUUHFWHG�IURP�PDUNHG�GULOOHU�GHSWK�
RI�WKH�62�&������FRUH��������P�FRUH�GHSWK�
������P�VWUDWLJUDSKLF�GHSWK��WDNHQ�DW�:DOQXW
&RYH��1&�����������1������������:��VSDQV
WKH�XSSHUPRVW�3LQH�+DOO�)RUPDWLRQ�DQG�WKH
:DOQXW�&RYH�)RUPDWLRQ��LQFOXGLQJ�WKH�ODWWHU¶V
W\SH�VHFWLRQ�DV�GHVFULEHG�DERYH��&RUH�62�&���
���ZDV�VHOHFWHG�IRU�VDPSOLQJ�IRU�SDOHRPDJQHWLF
SRODULW\�VWUDWLJUDSK\�EHFDXVH�LW�KDV�D�UHODWLYHO\
KLJK�SHUFHQWDJH�RI�UHG�VWUDWD��D�OLWKRORJ\�WKDW
XVXDOO\�KDV�D�PRUH�HDVLO\�LQWHUSUHWDEOH�GHPDJ�
QHWL]DWLRQ�EHKDYLRU�FRPSDUHG�WR�JUD\�VWUDWD�LQ
WKLV�EDVLQ��.HQW�DQG�2OVHQ���������)RU�DOO�FRUHV�
WKH�FRUH�VHFWLRQ�ZDV�PHDVXUHG�LQ�FRQWLJXRXV�LQ�
WHUYDOV��DQG�EHGGLQJ�GLS�PDJQLWXGH�ZDV�UHFRUG�
HG�ZKHUH� MXGJHG�UHOLDEOH��$�GLS�PRGHO�ZDV
FRQVWUXFWHG�XVLQJ�OLQHDU�UHJUHVVLRQ��DQG�IRU�RWK�
HU�FRUHV��H[FHSW�62�&�������E\�LQWHUSRODWLRQ�DW
LQFUHPHQWV�RI�����IW��DQG�WKHQ�GLS�FRUUHFWHG�E\
WKH�OLQHDU�UHJUHVVLRQ�DW�������FP������IW���LQ�RULJ�
LQDO�GULOOHU�XQLWV���ZLWK�DOO� LQFUHPHQWV�EHLQJ
VXPPHG�WR�FRUUHFWHG�VWUDWLJUDSKLF�GHSWKV�DV�GH�
SLFWHG�LQ�)LJXUH����1RWH�KRZHYHU�WKDW�WKH�RE�
VHUYHG�EHGGLQJ�GLSV�LQ�WKH�FRUH��W\SLFDOO\�����
DUH�a����VKDOORZHU�WKDQ�UHSRUWHG�IURP�QHDUE\
RXWFURS��a����RU�PRUH�WR�WKH�QRUWK��7KD\HU�
�������7KH�VLPSOHVW�H[SODQDWLRQ�LV�WKDW�WKH�FRUH
GULOOLQJ�GHYLDWHG�IURP�YHUWLFDO�WRZDUG�WKH�VRXWK
LQWR��SHUSHQGLFXODU�WR��EHGGLQJ��$�VHFRQG�FRUH�
62�&�� ��� � W DNHQ � QHD U � 0DG L VRQ � � 1&
�����������1�����������:���VSDQV�QHDUO\�WKH
VDPH�VHFWLRQ��EXW�ZDV�WDNHQ�LQ�D�PRUH�EDVLQ�
ZDUG�SRVLWLRQ�LQ�ILQHU�JUDLQHG�URFN�ZLWK�D�KLJK�
HU�SURSRUWLRQ�RI�JUD\�VWUDWD��DQG�LV�VKRZQ�KHUH
WR�GHPRQVWUDWH�WKH�FRQWLQXLW\�RI�F\FORVWUDWLJUD�
SK\�LQ�WKH�IRUPDWLRQ��)LJXUH�����,Q�WKLV�FRUH�DQ
H[SRQHQWLDO�UHJUHVVLRQ�ZDV�D�PXFK�EHWWHU�ILW�WR
WKH�GLS�GDWD��XQOLNH�62�&�������EHFDXVH�WKH
FRUH�FDSWXUHV�WKH�KLJK�RXWFURS�GLSV�LQLWLDOO\�EH�
IRUH�GHYLDWLQJ�LQWR��SHUSHQGLFXODU�WR��WKH�EHG�
GLQJ�FDSWXULQJ�ORZHU�DSSDUHQW�GLSV�
)RU�SDOHRPDJQHWLF�DQDO\VLV�����VDPSOH�SOXJV

����FP�LQ�GLDPHWHU�ZHUH�WDNHQ�LQ�62�&�����
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IURP�WKH�PRVW�LQWDFW�VHJPHQWV�RI�WKH�FRUHV��IRU
ZKLFK�WKH�XS�GLUHFWLRQ�ZDV�MXGJHG�UHOLDEOH�DQG
WDNHQ�SDUDOOHO�WR�WKH�D]LPXWK�RI�EHGGLQJ��ZKHUH
YLVLEOH��5HPDQHQFH�PHDVXUHPHQWV�ZHUH�PDGH
RQ�D��*�0RGHO�������D[LV�'&�648,'�FU\RJHQ�
LF�URFN�PDJQHWRPHWHU�LQ�D�PDJQHWLFDOO\�VKLHOG�
HG�URRP�LQ�WKH�3DOHRPDJQHWLFV�/DE�DW�/'(2�
6DPSOHV�ZHUH�VXEMHFWHG�WR�SURJUHVVLYH�WKHUPDO
GHPDJQHWL]DWLRQ�LQ�D�GR]HQ�RU�PRUH�WHPSHUD�
WXUH�VWHSV�WR�����&�IRU�WKH�JUD\�OLWKRORJLHV�
ZKLFK�DOPRVW�LQYDULDEO\�DUH�GRPLQDWHG�E\�PDJ�
QHWLWH�DQG�VXOILGH�UHPDQHQFH�FDUULHUV��DQG�WR
����&�IRU�WKH�KHPDWLWH�EHDULQJ�UHG�OLWKRORJLHV�
9HU\�IHZ�RI�WKH�JUD\�OLWKRORJLHV�SURGXFHG�UHOL�
DEOH�SRODULW\�GDWD��W\SLFDOO\�EHFDXVH�RI�LQWHUIHU�
HQFH� E\� ODUJH�PDJQHWLF� DOWHUDWLRQ� GXULQJ
ODERUDWRU\�KHDWLQJ��PRQLWRUHG�E\�UHSHDW�PHD�
VXUHPHQWV�RI�PDJQHWLF�VXVFHSWLELOLW\��MXVW�ZKHQ
D�GLDJQRVWLF�DOEHLW�ZHDN�SDOHRPDJQHWLF�SRODULW\
VLJQDO�PLJKW�KDYH�EHFRPH�DSSDUHQW��7KH�UHG�OL�
WKRORJLHV�SURYLGHG�PXFK�PRUH�FRQVLVWHQW�DQG
UHOLDEOH�SRODULW\�UHVXOWV��HVSHFLDOO\�LQ�VDPSOHV
WKDW�KDG�DUWLFXODWHG�GHPDJQHWL]DWLRQ�WUDMHFWR�
ULHV�OLNH�WKH�H[DPSOH�LOOXVWUDWHG�IRU�DQ�RXWFURS
VDPSOH��)LJXUH��M�LQ�.HQW�DQG�2OVHQ���������WKLV
GHPDJQHWL]DWLRQ�SDWWHUQ�OLNHO\�UHIOHFWV�D�SDUWLDO
QRUPDO�SRODULW\�RYHUSULQW�RI�DQ�RULJLQDO�RU�FKDU�
DFWHULVWLF�PDJQHWL]DWLRQ��&K50��ZLWK�UHYHUVH
SRODULW\��6DPSOHV�ZLWK�D�QRUPDO�SRODULW\�&K50
DUH�PRUH�GLIILFXOW�WR�GLDJQRVH�EHFDXVH�DQ�RIWHQ
SHUYDVLYH�QRUPDO�SRODULW\�RYHUSULQW��H�J���FRP�
SRQHQW�%K�LQ�.HQW�DQG�2OVHQ���������WHQGV�WR�EH
VXESDUDOOHO� WR� WKH�QRUPDO�SRODULW\�&K50�
ZKRVH�GHVLJQDWLRQ�WKXV�RIWHQ�UHOLHV�RQ�KDYLQJ
WKH�KLJKHU�XQEORFNLQJ�WHPSHUDWXUH��H�J���)LJXUH
�H�LQ�.HQW�DQG�2OVHQ���������&RPELQHG�ZLWK
HYDOXDWLQJ�DGGHG�YDULDEOHV�RI�GLSSLQJ�EHGV�LQ
GULOO�KROHV�WKDW�PD\�KDYH�GHYLDWHG�VXEVWDQWLDOO\
IURP�YHUWLFDO��RXU�HVWLPDWLRQ�RI�&K50�SRODULW\
IURP�WKH�VDPSOH�GDWD�VKRXOG�EH�UHJDUGHG�DV
TXDOLWDWLYH�:H�DUH�PRVW�FRQILGHQW�RI�GDWD�IURP
UHG�EHG�VDPSOHV� LQGLFDWLQJ�UHYHUVH�SRODULW\
&K50��ZKLFK�DUH�LQGLFDWHG�E\�RSHQ�FLUFOHV�LQ
WKH�VWUDWLJUDSKLF�SORWV��6DPSOHV�RI�UHG�EHG�OL�
WKRORJ\�ZLWK�JRRG�TXDOLW\�GDWD�SRLQWLQJ�WR�QRU�
PDO�SRODULW\�&K50��ZLWK�GXH�FDYHDWV��DUH
LQGLFDWHG�E\�ILOOHG�FLUFOHV��6DPSOHV�ZLWK�LQGH�
WHUPLQDWH�&K50�SRODULW\�DUH�LQGLFDWHG�E\�JUD\
FLUFOHV�DQG�DOPRVW�LQYDULDEO\�FRPH�IURP�IXWLOH

VDPSOLQJ�HIIRUWV�WR�REWDLQ�SRODULW\�LQIRUPDWLRQ
LQ�JUD\�EHGV�LQ�WKH�DEVHQFH�RI�V\VWHPDWLF�DEVR�
OXWH�RULHQWDWLRQ��3UHOLPLQDU\�UHVXOWV�IURP�62&�
�����ZHUH�SUHVHQWHG�E\�:KLWHVLGH�DQG�RWKHUV
�������
&K50�SRODULW\�FRXOG�QRW�EH�DVVLJQHG�WR�DQ\

RI�WKH�VDPSOHV�IURP�WKH�JUD\�GRPLQDWHG�:DOQXW
&RYH�)RUPDWLRQ�LQ�WKH�XSSHU�a����P�RI�FRUH
VHFWLRQ��VDPSOHV�IURP������WR�������P�VWUDWL�
JUDSKLF�GHSWK�����WR�������IW���GULOOHUV�GHSWK�
�)LJXUH�����+RZHYHU��SDOHRPDJQHWLF�GDWD�IURP
VDPSOHV�IURP�WKH�ORZHU�SDUW�RI�WKH�:DOQXW�&RYH
)RUPDWLRQ�WKDW�VKRZHG�KLQWV�RI�UHG��DQG�KLJK
XQEORFNLQJ�WHPSHUDWXUH�PDJQHWL]DWLRQV���DV
ZHOO�DV�WKH�UHG�GRPLQDWHG�3LQH�+DOO�)RUPDWLRQ�
SURYLGH�PHDQLQJIXO�UHVXOWV�WKDW�LQGLFDWH�PRVWO\
QRUPDO�SRODULW\�&K50�IRU�WKH�ORZHU�a����P�RI
WKH�FRUH�VWUDWLJUDSK\��VDPSOHV�IURP�������WR
������P�VWUDWLJUDSKLF�GHSWK��������WR�������IW�
GULOOHU¶V�GHSWK���7KH�H[FHSWLRQ�LV�D�WKLQ�]RQH
IURP�ZKLFK���VDPSOHV�IURP�������WR�������P
VWUDWLJUDSKLF�GHSWK��������WR�������IW��GULOOHU¶V
GHSWK��VKRZ�PRUH�DUWLFXODWHG�GHPDJQHWL]DWLRQ
WUDMHFWRULHV�FRQVLVWHQW�ZLWK�UHYHUVH�SRODULW\
&K50�

&255(/$7,21�:,7+�7+(�1(:$5.�
%$6,1�$376

7KH�H[WHQGHG�SRODULW\�VWUDWLJUDSK\�FDQ�QRZ
EH�SODFHG�LQ�WKH�IUDPHZRUN�RI�WKH�OLWKRVWUDWLJUD�
SK\�DQG�SRODULW\�VWUDWLJUDSK\�RI�.HQW�DQG�2OVHQ
��������EDVHG�RQ�WKH�RXWFURSV�DQG�H[SRVXUHV�LQ
DQG�DURXQG�(GHQ��1&��)LJXUH����DQG�WKH�SUR�
MHFWHG�PDS�SRVLWLRQ�RI�WKH�ERXQGDU\�EHWZHHQ
WKH�3LQH�+DOO�DQG�:DOQXW�&RYH�IRUPDWLRQV�DQG
WKH�RULJLQDO�VWUDWLJUDSKLF�WKLFNQHVVHV�IURP�62�
&�������7KH�:DOQXW�&RYH�)RUPDWLRQ�WKLFNHQV
IURP�WKH�VRXWKZHVW�LQWR�WKH�(GHQ�DUHD�E\�DQ�LQ�
FUHDVH�LQ�WKH�SURSRUWLRQ�RI�JUD\�DQG�EODFN�VWUDWD
ZLWK�QR�GLVFHUQDEOH�FKDQJH�LQ�GLS��)LJXUH���DQG
.HQW�DQG�2OVHQ���������%DVHG�RQ�WKH�PDS�EDVHG
WKLFNQHVV�HVWLPDWH��LW�LV�FOHDU�WKDW�WKH�WZR�FRUHV
VDPSOLQJ�WKH�:DOQXW�&RYH�)RUPDWLRQ�VSDQ�RQO\
LWV�ORZHU�WKLUG��)LJXUHV���������6XSHUSRVLWLRQ
KRZHYHU��LV�FOHDU�DQG�WKH�UHODWLRQVKLS�ZLWK�WKH
SRODULW\�VWUDWLJUDSK\�JLYHQ�LQ�.HQW�DQG�2OVHQ
������� IRU� WKH� RYHUO\LQJ�'U\�)RUN��&RZ
%UDQFK��DQG�6WRQHYLOOH�)RUPDWLRQV�LV�XQDPELJ�
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XRXV��)LJXUH�����%HFDXVH�RI�WKH�XQVDPSOHG��XQ�
FRUHG�DQG�SRRUO\�H[SRVHG��LQWHUYDO�RI�WKH�XSSHU
:DOQXW�&RYH�DQG�'U\�)RUN�)RUPDWLRQV�� WKH
GRZQZDUG�H[WHQVLRQ�RI�WKH�'DQ�5LYHU�SRODULW\
VHFWLRQ�FDQ�RQO\�EH�WHQWDWLYHO\�FRUUHODWHG�ZLWK
WKH�1HZDUN�%DVLQ�$376��)LJXUH������7KH�FRU�
UHODWLRQ�EHWZHHQ�'�Q�WKRXJK�'�Q�DV�SUHVHQWHG
LQ�.HQW�DQG�2OVHQ��������WR�WKH�1HZDUN�$376
FKURQV�(�Q�WR�(��Q�LV�XQDPELJXRXV��7KH�IORDW�
LQJ�QRUPDO�SRODULW\�PDJQHWR]RQH�'�Q�LQ�WKH
ERWWRP�SDUW�RI�WKH�:DOQXW�&RYH�)RUPDWLRQ�LQ
62�&������FRXOG�UHSUHVHQW�(�Q�RU�(�Q��I�DQG�J�
UHVSHFWLYHO\�LQ�)LJXUH�����$VVXPLQJ�WKDW�VHGL�
PHQW�DFFXPXODWLRQ�UDWHV�EDVHG�RQ�WKH�PDJQHWR�
VWUDWLJUDSK\��a����P�0\U��VWD\HG�PRUH�RU�OHVV

XQLIRUP�LQ�WKH�ROGHU�SDUW�RI�WKH�VHTXHQFH��RU�DW
OHDVW�ZHUH�QRW�SXQFWXDWHG�E\�GUDVWLF�LQFUHDVHV
RU�XQFRQIRUPLWLHV�IRU�ZKLFK�WKHUH�LV�QR�HYL�
GHQFH���ZH�EHOLHYH�WKDW�'�Q�LV�PRVW�FRPSDWLEOH
ZLWK�D�FRUUHODWLRQ�WR�(�Q��)LJXUH������WKLV�DV�
VLJQPHQW�LV�VXSSRUWHG�E\�QHZ�UHVXOWV�IURP�WKH
'HHS�5LYHU�%DVLQ��2OVHQ�DQG�RWKHUV��LQ�SUHSDUD�
WLRQ���$Q�HTXLYDOHQW�WR�WKH�YHU\�WKLQ�UHYHUVH�SR�
ODULW\�]RQH�LQ�'�Q�RI�WKH�'DQ�5LYHU�%DVLQ�FRUHV
LV�QRW�VHHQ�LQ�WKH�3ULQFHWRQ�QR����FRUH��IURP
ZKLFK�WKH�UHODWLYH�SRODULW\�]RQHV�IRU�WKLV�SDUW�RI
WKH�1HZDUN�$376�ZDV�GHULYHG��7KHUH�DUH�VHY�
HUDO�SRVVLEOH�H[SODQDWLRQV�IRU�WKLV�PLVPDWFK�
DPRQJVW�ZKLFK�LV�WKH�ODFN�RI�FRPSDUDEOH�UHVR�
OXWLRQ��ORZHU�VHGLPHQW�DFFXPXODWLRQ�UDWH�DQG

)LJXUH�����&URVV�FRUUHODWLRQ�RI�FRPSRVLWH�'DQ�5LYHU�%DVLQ�VHFWLRQ��1HZDUN�%DVLQ�VHFWLRQ
DQG�1HZDUN�$376��IURP�.HQW�DQG�2OVHQ��������WKDW�ZDV�UHYLVHG�IURP�.HQW�DQG�RWKHUV�������
ZLWK�WKH�DGGLWLRQ�RI�F\FORVWUDWLJUDSKLF�FRQWURO�IRU�FKURQV�(��(����7KH�VORSHV�RI�WKH�OLQHV�DUH
DYHUDJH�VHGLPHQW�DFFXPXODWLRQ�UDWHV�IRU�WKRVH�VHJPHQW��1RWH�WKDW�WKH�VHGLPHQWDWLRQ�UDWH
IRU�EDVH�RI�'DQ�5LYHU�PDJQHWR]RQH�'�Q�WKURXJK�DOO�RI�'��LV�H[WUDSRODWHG�IURP�WKH�FRUUHOD�
WLRQ�OLQH�RI�WKH�WRS�RI�'�Q�WKURXJK�WKH�EDVH�RI�'�Q��+DFKXUHG�JUD\�LQWHUYDOV�UHSUHVHQW
XQVDPSOHG�VHFWLRQ�DQG�JUD\�UHSUHVHQWV�LQGHWHUPLQDWH�SRODULW\�
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ORZHU�VDPSOLQJ�GHQVLW\��LQ�WKH�3ULQFHWRQ�QR���
FRUH��ZKLFK�LV�ODUJHO\�IOXYLDO�RU�PDUJLQDO�ODFXV�
WULQH�VDQGVWRQH��H�J���7XUQHU�3HWHUVRQ��������
ZKHUHDV��WKH�FRUH�IURP�WKH�'DQ�5LYHU�%DVLQ�LV
ODUJHO\�ODFXVWULQH�PXGVWRQHV�DQG�WKXV�LW�LV�OLNHO\
WKH�WKLQ�UHYHUVH�LQWHUYDO�LV�VLPSO\�EHORZ�WKH�OHY�
HO�RI�VDPSOLQJ�UHVROXWLRQ�LQ� WKDW�SDUW�RI� WKH
1HZDUN�%DVLQ�VHTXHQFH��

&<&/,&,7<�2)�7+(�:$/187�&29(�
)250$7,21

7KH�YLVXDOO\�FRQVSLFXRXV�F\FOLFLW\� LQ� WKH
62�&������DQG�62�&������FRUHV�DQG�RXWFURSV
VXJJHVWV�D�SURPLQHQW�WKLFNQHVV�SHULRGLFLW\�RI
IURP���WR���P��)LJXUHV�������FRUUHVSRQGLQJ�WR
WKH�9DQ�+RXWHQ�F\FOH�VHHQ�LQ�WKH�&RZ�%UDQFK
)RUPDWLRQ�DQG�RWKHU�ODFXVWULQH�1HZDUN�6XSHU�
JURXS�EDVLQV��2OVHQ��������:KLWHVLGH�DQG�RWK�
HUV���������7KLV�LV�VXSSRUWHG�E\�WKH�PXOWLWDSHU
PHWKRG�VSHFWUD��070��IRU�62�&������DQG�62�

&�������WKH�VLJQLILFDQW�SHDNV��W�WHVW�!������RI
ZKLFK�GLVSOD\�SHULRGV�DURXQG�����DQG�����P��WKH
9DQ�+RXWHQ�F\FOH��DV�ZHOO�DV�D�SHULRG�DURXQG
�����P��VXJJHVWLQJ�WKH�VKRUW�PRGXODWLQJ�F\FOH
�)LJXUH������8VLQJ�WKH�DFFXPXODWLRQ�UDWH�RI����
P�P�\��GHULYHG�IURP�FRUUHODWLRQ�EHWZHHQ�'�Q
WKRXJK�'�Q�DQG�WKH�1HZDUN�$376�(�Q�WKURXJK
(��Q���XVLQJ�$376��RI�.HQW�DQG�2OVHQ�������
VKRZV�WKHVH�WKLFNQHVV�SHULRGLFLWLHV�WR�EH�FRQVLV�
WHQW�ZLWK�WKH�0LODQNRYLWFK�FOLPDWLF�SUHFHVVLRQ
F\FOHV�RI�a���N\��KHPLSUHFHVVLRQ�RI�a���N\�DQG
VKRUW�HFFHQWULFLW\�F\FOH�RI�a����N\�

&255(/$7,21�:,7+�27+(5�
1(:$5.�683(5*5283�%$6,16

7KH�H[SDQGHG�SDOHRPDJQHWLF�SRODULW\�VH�
TXHQFH�RI�WKH�'DQ�5LYHU�%DVLQ�DOORZV�GHWDLOHG
FRPSDULVRQ�DQG�FRUUHODWLRQ�ZLWK�RWKHU�1HZDUN
6XSHUJURXS�EDVLQV��)LJXUH������7KLV�LV�HVSHFLDO�
O\�LQWHUHVWLQJ�JLYHQ�WKH�DSSDUHQW�FOLPDWLF�FRQ�

)LJXUH�����$PSOLWXGH�VSHFWUD�DQG�I�WHVW�VLJQLILFDQFH�RI�FRORU�LQ�WKH�62�&������DQG�62�&���
���FRUHV��7KH�KLJKOLJKWHG�VSHFWUDO�SHDNV�DUH�WKHVH�WKDW�RFFXU�LQ�ERWK�FRUH�VHFWLRQV�DQG
ZKLFK�ULVH�DERYH�WKH������VLJQLILFDQFH�OHYHO��3HULRGV�LQ�WLPH�XVH�WKH�DFFXPXODWLRQ�UDWH
GHULYHG�IURP�FRUUHODWLRQ�RI�WKH�'DQ�5LYHU�%DVLQ�VHFWLRQ�DQG�1HZDUN�$376�LQ�)LJXUH����



��

3$8/�(��2/6(1�$1'�27+(56

WURO�RI� WKH� ODFXVWULQH� IDFLHV� DQG�PRGHV�RI
RUELWDOO\�IRUFHG�F\FOLFLW\�H[SUHVVHG�LQ�WKH�ED�
VLQV�WKDW�YDU\�ZLWK�ODWLWXGH��2OVHQ��������:KL�
WHVLGH�DQG�RWKHUV��������
$V�QRWHG�E\�:KLWHVLGH�DQG�RWKHUV���������WKH

:DOQXW�&RYH�)RUPDWLRQ�DQG�WKH�&XPQRFN�)RU�
PDWLRQ�RI�WKH�'HHS�5LYHU�%DVLQ�DUH�UHPDUNDEO\
VLPLODU��QRW�RQO\�LQ�JURVV�DVSHFWV�RI�OLWKRORJ\�

EXW�DOVR�LQ�UHVSHFW�WR�WKHLU�GHWDLOHG�F\FORVWUDWLJ�
UDSK\�DQG�ELRVWUDWLJUDSK\��:KLWHVLGH�DQG�RWK�
HUV��������2OVHQ�DQG�RWKHUV���������7KLV�LPSOLHV
H[WUHPHO\�WLJKW�FOLPDWLF�FRQWURO�RYHU�IDFLHV��RU
D�GLUHFW�K\GURORJLF�FRQQHFWLRQ�EHWZHHQ�WKH�WZR
EDVLQV��&RUUHODWLRQ�EHWZHHQ�WKH�:DOQXW�&RYH
DQG�&XPQRFN�IRUPDWLRQV�LPSOLHV�FRUUHODWLRQ�RI
WKH�'U\�)RUN�)RUPDWLRQ�ZLWK�WKH�ORZHU�6DQIRUG

)LJXUH�����/DWLWXGH�±�DJH�QRPRJUDP�RI�WKH�'DQ�5LYHU�%DVLQ�DQG�RWKHU�H[SRVHG�EDVLQV�LQ
HDVWHUQ�1RUWK�$PHULFD�VKRZLQJ�QXPHULFDO�DJH�GHULYHG�IURP�WKH�1HZDUN�$376�� WHF�
WRQRVWUDWLJUDSKLF�VHTXHQFHV��76�,,�±�76�,9��DQG�PDULQH�EDVHG�VWDQGDUG�DJHV��$EEUHYLDWLRQ
RI�IRUPDWLRQV�DUH��&%��&RZ�%UDQFK��&1��&XPQRFN��')��'U\�)RUN��3+��3LQH�+DOO��3.��3HNLQ�
6)��6DQIRUG��69��6WRQHYLOOH��:&��:DOQXW�&RYH��/���/LWKRIDFLHV�$VVRFLDWLRQ�,,��/���/LWKRIDFLHV
$VVRFLDWLRQ�,,,��$��ORZHU�EDUUHQ�EHGV��%��9LQLWD��&��2WWHUGDOH��'��6WDJ�&UHHN��(��)DOOLQJ�&UHHN�
)��1HZIRXQG��*��3RUW�5R\DO��+��/HHGVYLOOH��,��5HVWRQ��-��0DQDVVDV��.��%DOOV�%OXII��/��H[WUXVLYH
]RQH��0W��=LRQ�&KXUFK�%DVDOW��0LGODQG��)P���+LFNRU\�*URYH�%DVDOW��7XUNH\�5XQ�)RUPDWLRQ�
6DQGHU�%DVDOW��:DWHUIDOO�)P����0��6WRFNWRQ��1��/RFNDWRQJ��2��3DVVDLF��3��H[WUXVLYH�]RQH�DQG
RYHUO\LQJ�XQLW��2UDQJH�0RXQWDLQ�%DVDOW��)HOWYLOOH�)P���3UHDNQHVV�%DVDOW��7RZDFR�)P���+RRN
0W��%DVDOW��%RRQWRQ�)P����4��1HZ�+DYHQ��5��H[WUXVLYH�]RQH�DQG�RYHUO\LQJ�XQLW��7DOFRWW
%DVDOW��6KXWWOH�0HDGRZ�)P���+RO\RNH�%DVDOW��(DVW�%HUOLQ�)P���+DPSGHQ�%DVDOW��3RUWODQG
)RUPDWLRQ���6��:ROIYLOOH��7��%ORPLGRQ��8��H[WUXVLYH�]RQH�DQG�RYHUO\LQJ�XQLW��1RUWK�0RXQWDLQ
%DVDOW��0F&R\�%URRN�)P���
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)RUPDWLRQ��DQG�WKH�SRVVLEOH�FRUUHODWLRQ�RI�WKH
&RZ�%UDQFK�)RUPDWLRQ�ZLWK�DW�OHDVW�SDUW�RI�WKH
XSSHU�6DQIRUG�)RUPDWLRQ�
%DVHG�RQ� WKH�SRODULW\� VWUDWLJUDSK\� DQG

FRUUHODWLRQ�WR�WKH�1HZDUN�%DVLQ�VHFWLRQ�� WKH
:DOQXW�&RYH�)RUPDWLRQ�FRUUHODWHV�ZLWK� WKH
&XWDORRVD�0HPEHU�RI�WKH�6WRFNWRQ�)RUPDWLRQ
DQG�WKH�'U\�)RUN�)RUPDWLRQ�FRUUHODWHV�ZLWK�WKH
5DYHQ�5RFN�PHPEHU��ZKHUHDV�WKH�&RZ�%UDQFK
)RUPDWLRQ�FRUUHODWHV�ZLWK�WKH�/RFNDWRQJ�DQG
ORZHVW� 3DVVDLF�)RUPDWLRQV� DV� SUHYLRXVO\
SXEOLVKHG��.HQW�DQG�2OVHQ���������)RU�VLPLODU
UHDVRQV�� WKH�6WRQHYLOOH�)RUPDWLRQ�FRUUHODWHV
JHQHUDOO\�ZLWK� WKH�3DVVDLF�)RUPDWLRQ�WKDW� LW
YHU\�VWURQJO\�UHVHPEOHV�OLWKRORJLFDOO\��H[FHSW
IRU�WKH�DSSDUHQW�DEVHQFH�RI�DQ�HTXLYDOHQW�RI�WKH
XSSHU�3DVVDLF�)RUPDWLRQ�LQ�WKH�'DQ�5LYHU�%DVLQ
�)LJXUH�����

)266,/6�$1'�'(326,7,21$/�
(19,5210(176

7KH�'DQ�5LYHU�%DVLQ�KDV�SURGXFHG�FODVVLF
IRVVLO�PDWHULDO�IRU�����\HDUV��(PPRQV�������
������DQG�QRZ�LV�UHQRZQHG�IRU�VRPH�RI�WKH
ULFKHVW�IRVVLO�DVVHPEODJHV�RI�WKH�JOREDO�/DWH
7ULDVVLF��LQFOXGLQJ�D�ZRUOG�FODVV�.RQVHUYDW�/D�
JHUVWlWWHQ�IURP�WKH�&RZ�%UDQFK�)RUPDWLRQ��2O�
VHQ�DQG�RWKHUV��������*ULPDOGL�DQG�RWKHUV�
������%ODJRGHURY�DQG�RWKHUV���������+HUH�ZH
ZLOO�EULHIO\�UHYLHZ�KLJKOLJKWV�RI�WKH�IRVVLO�DV�
VHPEODJHV�E\�IRUPDWLRQ�

3LQH�+DOO�)RUPDWLRQ

6DQGVWRQHV�DQG�FRQJORPHUDWHV�RI�WKH�3LQH
+DOO�)RUPDWLRQ�KDYH�SURGXFHG�VLOLFLILHG�ZRRG�
DSSDUHQWO\�ORFDOO\�YHU\�DEXQGDQW�DV�LVRODWHG
IUDJPHQWV�DQG� ORJV��(PPRQV��������6WRQH�
�������DQG�ERQH�IUDJPHQWV�DW�:DOQXW�&RYH��EXW
RYHUDOO��WKH�XQLW�LV�SRRUO\�H[SORUHG��(PPRQV
�������������������GHVFULEHG�DQG�ILJXUHG�VHPL�
DUWLFXODWHG�WHWUDSRG�HOHPHQWV�IURP�WKH�XSSHU
3LQH�+DOO�)RUPDWLRQ�QHDU�*HUPDQWRQ��DW� WKH
VRXWKHUQ�HQG�RI�WKH�EDVLQ��7KD\HU��������DQG
7KD\HU�DQG�RWKHUV��������LQWHUSUHWHG�WKH�3LQH
+DOO�)RUPDWLRQ�DV�D�IOXYLDO�VHTXHQFH�ZLWK�WKH
FRDUVHU�XQLWV�EHLQJ�SDUWV�RI�DOOXYLDO�IDQV�RULJL�
QDWLQJ�DORQJ�DQ�HDVWHUQ�IDXOW�V\VWHP��DOWKRXJK

JLYHQ�WKH�FXUYLQJ�JHRPHWU\�RI�WKH�HDVWHUQ�PDU�
JLQ��LW�LV�KDUG�WR�VHH�KRZ�WKHUH�FDQ�EH�D�PDMRU
HDVWHUQ�ERUGHU� IDXOW��7KD\HU� DQG�5REELQV
�������LQWHUSUHWHG�SDUW�RI�WKH�IRUPDWLRQ�DV�D
EUDLGHG�VWUHDP�GHSRVLW��7KH�XSSHUPRVW�3LQH
+DOO�)RUPDWLRQ�DV�VHHQ�LQ�WKH�62�&������DQG
62�&������FRUHV�FRQVLVWV�RI� UHG�PXGVWRQHV
ZLWK�DSSDUHQWO\�SHGRJHQLF�FDUERQDWH�QRGXOHV
DQG�JUD\�JUHHQ�PRWWOLQJ�DVVRFLDWHG�ZLWK�UKL]R�
PRUSKV��URRW�WUDFHV���7KHVH�SULPDULO\�UHG�EHGV
DUH�FRQVLVWHQW�ZLWK�GLVWDO�IORRG�SODLQ�RU�PDUJLQ�
DO��YHU\�VKDOORZ�ZDWHU�ODFXVWULQH�HQYLURQPHQWV�
3HQGLQJ�GHWDLOHG�DQDO\VLV��LW�LV�VLPSOHVW�WR�LQWHU�
SUHW�WKH�IRUPDWLRQ�DV�D�ZKROH�DV�IOXYLDO�LQ�RUL�
JLQ�

:DOQXW�&RYH�)RUPDWLRQ

7KH�:DOQXW�&RYH�)RUPDWLRQ�KDV�SURGXFHG�D
GLYHUVH�EXW� ODUJHO\�XQVWXGLHG�IDXQDO�DVVHP�
EODJH��%LYDOYH�PROOXVNV�KDYH�EHHQ�IRXQG��E\
3(2��DW�RQH�ORFDOLW\�����������
�1����������
�:�
�XQFDWDORJHG�<30�LQYHUWHEUDWH�SDOHRQWRORJ\
FROOHFWLRQ���DQG�WKH�XQLW�KDV�ORQJ�EHHQ�NQRZQ
IRU� LWV�FRQFKRVWUDFDQV�DQG�RVWUDFRGHV��(P�
PRQV���������ZLWK�Anyuanestheria �.R]XU�DQG
:HHPV��������DQG�Darwinula EHLQJ�YHU\�FRP�
PRQ��UHVSHFWLYHO\��$�ODUJH�VXLWH�RI�LQVHFW�HOH�
PHQWV� � ODUJHO\�ZLQJV� DQG� EHHW OH � H O\WUD
VXPPDUL]HG�E\�+XEHU�DQG�)UDVHU��������KDYH
EHHQ�FROOHFWHG�IURP�WKH�ORZHU�SDUW�RI�WKH�IRUPD�
WLRQ��DW�DSSUR[LPDWHO\����������
�1�����������

:��DQG�UHVLGH�DV�\HW�XQGHVFULEHG�LQ�WKH�FROOHF�
WLRQV�RI� WKH�9LUJLQLD�0XVHXP�RI�6FLHQFH�LQ
0DUWLQVYLOOH��9$��*HQHUDOO\�LVRODWHG�ILVK�UH�
PDLQV�DUH�FRPPRQ��DQG�WKHVH�DUH�FORVHO\�FRP�
SDUDEOH�WR�WKRVH�IURP�WKH�&XPQRFN�)RUPDWLRQ
RI� WKH�'HHS�5LYHU�%DVLQ��2OVHQ�DQG�RWKHUV�
�������LQFOXGLQJ�WKH�UHGILHOGLLG�Synorichthys
VS���DQG�VFUDSV�RI�XQGHWHUPLQHG�FRHODFDQWKV�DV
ZHOO�DV�WKHLU�SUHVXPHG�FRSUROLWHV��+XEHU�DQG
)UDVHU���������3K\WRVDXU�ERQHV��XQFDWDORJHG
<30�FROOHFWLRQ��DQG�WHHWK�DUH�QRW�XQFRPPRQ�
5HSWLOH�IRRWSULQWV��WHQWDWLYHO\�DVVLJQHG�WR�Apa-
topus �)LJXUH����DQG�Brachychirotherium��3�
+XEHU��SHUV��FRPP���������KDYH�EHHQ�IRXQG�DV
ZHOO��)ORUDO�UHPDLQV�DUH�ODUJHO\�XQGHVFULEHG�
EXW� LQFOXGH�FRQLIHUV��DQG�SROOHQ�DQG�VSRUHV
�5REELQV�DQG�7UDYHUVH��������5REELQV�������
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5REELQV�HW�DO���������/LWZLQ�DQG�$VK���������DO�
WKRXJK�SUHVHUYDWLRQ�LV�SRRU��7KHUH�LV�YHU\�OLWWOH
GRXEW�WKDW�FDUHIXO�SURVSHFWLQJ�ZLOO�\LHOG�PXFK
DGGLWLRQDO�PDWHULDO�
7KH�RYHUDOO�HQYLURQPHQWDO�FRQWH[W�RI� WKH

:DOQXW�&RYH�DQG�&RZ�%UDQFK�IRUPDWLRQV�KDV
ORQJ�EHHQ�UHFRJQL]HG�DV�ODFXVWULQH��DQG�DGGL�
WLRQDOO\�WKDW�WKH�ODFXVWULQH�HQYLURQPHQW�IOXFWX�
DWHG� IURP� UHODWLYHO\�GHHS� WR� VKDOORZ� DQG
VXEDHULDOO\�H[SRVHG��(PPRQV��������0H\HU�
WRQV��������7KD\HU��������������7KD\HU�DQG
RWKHUV��������2OVHQ�DQG�RWKHUV�������������
������7KD\HU�DQG�5REELQV��������������)UDVHU
DQG�RWKHUV��������:KLWHVLGH�DQG�RWKHUV��������
6DOLHQW�HYLGHQFH�IRU�D�SULPDULO\�ODFXVWULQH��DV
RSSRVHG�WR�PDULQH�RU�IOXYLDO��HQYLURQPHQW�IRU
WKH�:DOQXW�&RYH�)RUPDWLRQ�LQFOXGHV�WKH�JHQHU�
DO�HYLGHQFH�RI�ODUJHO\�VXVSHQVLRQ�GRPLQDWHG
GHSRVLWLRQ��ILQH�JUDLQ�VL]H�DQG�JUHDW�ODWHUDO�FRQ�
WLQXLW\�RI�EHGV��VHH�)LJ������FRXSOHG�ZLWK�WKH�WR�
WDO�DEVHQFH�RI�PDULQH�UHVWULFWHG�LQYHUWHEUDWHV
DQG�WKH�SUHVHQFH�RI�FRQFKRVWUDFDQV�DQG�GDUZL�
QXOLG�RVWUDFRGHV��ZKLFK�DUH�FKDUDFWHULVWLF�QRQ�
PDULQH�DUWKURSRGV��7KH�ODFXVWULQH�IDFLHV�DOWHU�
QDWH�YHUWLFDOO\�EHWZHHQ�EODFN�WR�GDUN�JUD\�GHHS�
HU�ZDWHU�PXGVWRQH�IDFLHV�ZLWK�KLJK�WRWDO�RUJDQLF
FDUERQ�FRQWHQW��72&�XS�WR�����WKDW�JHQHUDOO\
ODFN�LQGLFDWLRQV�RI�VXEDHULDO�H[SRVXUH�VXFK�DV
GHVLFFDWLRQ�FUDFNV��DQG�OLJKWHU�JUD\�ORZ�72&
PXGVWRQHV�ZLWK�DEXQGDQW�GHVLFFDWLRQ�FUDFNV�
VRPHWLPHV�ZLWK�WHWUDSRG�WUDFNV��)LJ������$�YHU\
GLVWLQFWLYH�IDFLHV��DEVHQW�IURP�WKH�&RZ�%UDQFK
)RUPDWLRQ��LV�D�URRWHG�GDUN�JUD\�RU�EODFN�PXG�
VWRQH��VRPHWLPHV�DVVRFLDWHG�ZLWK�WKLQ�RYHUO\LQJ
FRDO�EHGV��7KHVH�IDFLHV�DUH�SUHVHQW�RQO\�LQ�WKH
ORZHU�:DOQXW�&RYH�)RUPDWLRQ�DQG�FOHDUO\�UHS�
UHVHQW�VZDPS�GHSRVLWV��$QRWKHU�GLVWLQFWLYH�DV�
SHFW� RI� WKLV� IRUPDWLRQ� LV� WKH� SUHYLRXVO\
PHQWLRQHG�ODFN�RI�PLFURODPLQDWHG�PXGVWRQHV
DQG�WKH�FRUUHODWHG�ODFN�RI�DUWLFXODWHG��DV�RS�
SRVHG�WR�IUDJPHQWDU\��ILVK�DQG�LQVHFWV�
&RUUHVSRQGLQJO\��WKH�ODNHV�WKDW�GHSRVLWHG�WKH

:DOQXW�&RYH�)RUPDWLRQ�QHYHU�EHFDPH�GHHS
HQRXJK��UHODWLYH�WR�WKHLU�DUHD��WR�SHUHQQLDOO\�
FKHPLFDOO\�VWUDWLI\��DQG�VXIILFLHQW�R[\JHQ�DQG
FXUUHQW�DFWLYLW\�UHDFKHG�WKH�ERWWRP��SUREDEO\
RQ�D�VHDVRQDO�EDVLV�WR�SUHYHQW�SUHVHUYDWLRQ�RI
GHOLFDWH��ODWHUDOO\�SHUVLVWHQW�ODPLQDH�DQG�DUWLFX�
ODWHG�DQLPDOV��7KH�ORZHU�72&�PXGVWRQHV��RIWHQ

ZLWK�GHVLFFDWLRQ�FUDFNV��ZHUH�GHSRVLWHG�LQ�HYHQ
VKDOORZHU�ZDWHU�HQYLURQPHQWV�VXEMHFW�WR�DW�OHDVW
RFFDVLRQDO�H[SRVXUH�WR�DLU��6DQGVWRQHV�SUHVHQW
DUH�XVXDOO\�DVVRFLDWHG�ZLWK�WKH�VKDOORZHU�ZDWHU
PXGVWRQHV�DQG�DSSHDU�WR�EH�SDUWV�RI�YHU\�ORZ
UHOLHI�VKHHW�GHOWDV��H�J���6PRRW���������3DOHR�
PDJQHWLF�GDWD�LQGLFDWH�DQ�HTXDWRULDO�SRVLWLRQ
IRU�WKH�'DQ�5LYHU�%DVLQ�GXULQJ�WKH�HDUO\�SDUW�RI
LWV�GHSRVLWLRQDO�KLVWRU\��.HQW�DQG�7DX[H��������
LQFOXGLQJ�WKH�:DOQXW�&RYH�)RUPDWLRQ��$V�SUH�
YLRXVO\�QRWHG��WKH�GHHSHU�ZDWHU�DQG�VKDOORZHU
ZDWHU�IDFLHV�DOWHUQDWH�LQ�D�F\FOLFDO�SDWWHUQ��ZLWK
WKLFNQHVV�SHULRGLFLWLHV�LQGLFDWLYH�RI�FRQWURO�E\
RUELWDOO\�IRUFHG�FKDQJHV�LQ�LQVRODWLRQ��:KLWH�
VLGH�DQG�RWKHUV���������ZLWK�FOLPDWLF�SUHFHVVLRQ
EHLQJ�GRPLQDQW�

'U\�)RUN�)RUPDWLRQ

7R�RXU�NQRZOHGJH��WKH�'U\�)RUN�)RUPDWLRQ
KDV�SURGXFHG�QR�IRVVLOV�H[FHSW�IRU�WKH�LQYHUWH�
EUDWH�WUDFH�IRVVLO�Scoyenia��XQGHWHUPLQHG�FRDO�
LILHG��2OVHQ�DQG�RWKHUV��������DQG�VLOLFLILHG
ZRRG��0H\HUWRQV���������DQG�UKL]RPRUSKV
�URRW�WUDFHV��SHUV��REV����0DQ\�RXWFURSV�LQ�WKH
QRUWKHUQ�'DQ�5LYHU�%DVLQ�H[KLELW�ILQLQJ�XS�
ZDUG�F\FOHV�WKDW�RIWHQ�FRQVLVW�RI�JUDYHO�OHQVHV
ZLWK�ORZ�DQJOH�FURVV�EHGV�WR�ODUJH�WURXJK�FURVV
EHGV��-�3��6PRRW��FLWHG�LQ�2OVHQ�DQG�RWKHUV�
�������ILQLQJ�XSZDUG�LQWR�GDUN�JUD\��PDVVLYH�
DSSHDULQJ�RU�WURXJK�FURVV�EHGGHG��YHU\�FRDUVH�
JUDLQHG�VDQGVWRQH��FRPPRQO\�FRQWDLQLQJ�VFDW�
WHUHG�SHEEOHV�DQG�FREEOHV��7KD\HU�DQG�RWKHUV�
�������7KHVH�LQ�WXUQ�JUDGH�XSZDUG�LQWR�UHG�RU
JUD\�ILQH�JUDLQHG�VDQGVWRQH��FDSSHG�E\�UHG�
PDVVLYH��YHU\�ILQH�JUDLQHG�VDQGVWRQH�RU�VLOW�
VWRQH��7KD\HU�DQG�RWKHUV���������7KH�SUHVHQFH
RI�ILQLQJ�XSZDUG�F\FOHV��SRVVLEOH�FKDQQHO�ODJ
FRQJORPHUDWHV��DQG�GXQH�VFDOH�FURVV�EHGGLQJ
VXJJHVWV�IOXYLDO�GHSRVLWLRQ��7KD\HU�DQG�RWKHUV�
�������7KH�F\FOHV�DUH�LQWHUSUHWHG�WR�EH�WKH�UHVXOW
RU�FKDQQHO�ILOOLQJ�DQG�PLJUDWLRQ�LQ�D�EUDLGHG
VWUHDP�HQYLURQPHQW�EHFDXVH�RI�WKH�KLJK�UDWLR�RI
FRDUVH�WR�ILQH�JUDLQHG�URFN��WKH�ZLGH�UDQJH�RI
JUDLQ�VL]HV��DQG�WKH�SUHVHQFH�RI�ILQLQJ�XSZDUG
VHTXHQFHV��7KD\HU�and others, �������
2QH�ORFDOLW\�ZKHUH�WKH�JHRPHWU\�RI�WKH�VWUDWD

FDQ�EH�VHHQ�LV�D�����P�DORQJ�VWULNH�H[SRVXUH�DW
WKH�&KDWKDP�4XDUU\�RI�WKH�9XOFDQ�0DWHULDOV
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&RUSRUDWLRQ�������������1�������������:��
VXSHUILFLDOO\�GHVFULEHG� LQ�2OVHQ�DQG�RWKHUV
��������,Q�JHQHUDO��EHGGLQJ�DSSHDUV�LUUHJXODU
DQG�GLIILFXOW�WR�WUDFH�ODWHUDOO\�GXH�WR�ODUJH�VFDOH
FKDQQHOLQJ�DQG�VPDOO�VFDOH�IDXOWLQJ��/DUJH�
VFDOH� WLOWHG�VXUIDFHV�DQG�ODUJH�FKDQQHO�IRUP
OHQVHV�LQ�SDOH�JUD\�WR�QHDUO\�ZKLWH�RU�OLJKW�SXU�
SOH�FODVWLF�URFNV�DUH�REVHUYHG� LQ� WKH�TXDUU\
ZDOOV��6PDOO�VFDOH�VHGLPHQWDU\�VWUXFWXUHV�VHHP
PRVWO\�REOLWHUDWHG�E\�LQWHQVH�ELRWXUEDWLRQ�RU
GLDJHQHWLF�RYHUSULQWV��DOWKRXJK�ORFDOO\�DEXQ�
GDQW�FRDOLILHG�ZRRG�DQG�SODQW�IUDJPHQWV�DUH
SUHVHQW��7KH�JHRPHWU\�RI�WKH�WLOWHG�VXUIDFHV�VXJ�
JHVWV�WKH�SRVVLELOLW\�RI�GHOWD�IRUHVHWV�DQG�WKH
FKDQQHO�IRUP� OHQVHV�� VXJJHVW�GRZQFXWWLQJ
VWUHDPV��2YHUDOO��WKH�H[SRVXUHV�VXJJHVW�IOXYLDO
WR�PDUJLQDO�ODFXVWULQH�HQYLURQPHQWV�
/HVV�GHWDLO�LV�NQRZQ�DERXW�WKH�PRUH�VRXWKHUQ

DUHDV�RI� WKH�'U\�)RUN�)RUPDWLRQ��+RZHYHU�
WHPSRUDU\�H[SRVXUHV�LQ�WKH�YLFLQLW\�RI�(GHQ�H[�
KLELW�VHGLPHQWDU\�F\FOHV�FRQVLVWLQJ�RI�JUD\�WKLQ�
EHGGHG�PXGVWRQHV�JUDGLQJ�XSZDUG�LQWR�ELRWXU�
EDWHG� UHG�PXGVWRQHV�DQG�VDQGVWRQHV� �ZLWK
Scoyenia DQG�RU�UKL]RPRUSKV���7KHVH�VXJJHVW
PXWHG�DQG�VKDOORZ�ZDWHU�ODFXVWULQH�F\FOHV�WKDW
PLJKW�EH�ODWHUDO�WR�WKH�GHOWDLF�DQG�IOXYLDO�IDFLHV
WR�WKH�QRUWKHDVW��DQG�OLNH�WKH�VHGLPHQWDU\�F\FOHV
RI�WKH�:DOQXW�&RYH�DQG�&RZ�%UDQFK�IRUPD�
WLRQV��WKHVH�ZHUH�SUREDEO\�SDFHG�E\�RUELWDO�FOL�
PDWH�IRUFLQJ�

&2:�%5$1&+�)250$7,21

7KH�&RZ�%UDQFK�)RUPDWLRQ�SURGXFHG�RQH�RI
WKH�HDUOLHVW�YHUWHEUDWHV�IURP�WKH�EDVLQ��D�SDUWLDO
VNHOHWRQ�RI�D�SK\WRVDXU�UHIHUUHG�WR�Rutiodon
carolinensis �(PPRQV���������IRXQG�LQ�(GHQ�
1&��QHDU�WKH�EULGJH�IRU�2OG�6WDWH�+LJKZD\����
�SUREDEO\�DW������������1�������������:��
0RUH�UHFHQWO\�LW�KDV�SURGXFHG�D�VXLWH�RI�UHPDUN�
DEOH�LQYHUWHEUDWH�DQG�YHUWHEUDWH�UHPDLQV�FRP�
SULVLQJ�D�PDMRU�1RUWK�$PHULFDQ�.RQVHUYDW�
/DJHUVWlWWHQ��2OVHQ��������2OVHQ�DQG�RWKHUV�
������2OVHQ�DQG�-RKDQVVRQ��������)UDVHU�DQG
RWKHUV��������6XHV�DQG�)UDVHU��������)UDVHU�DQG
6XHV���������GLYHUVH�LQ�ERWK�IDXQDO�DQG�IORUDO�HO�
HPHQWV��7KH�IDXQDO�DVVHPEODJH�FRPSULVHV�GDU�
ZLQXOLG� RVWUDFRGHV�� WKH� FRQFKRVWUDFDQV
Euestheria�ovata DQG�Euestheria princetonen-

sis �.R]XU�DQG�:HHPV���������DQ�XQLGHQWLILHG
VKULPSOLNH�FUXVWDFHDQ��2OVHQ�DQG�RWKHUV��������
D�UHPDUNDEO\�GLYHUVH�DVVHPEODJH�RI�LQVHFWV��2O�
VHQ�DQG�RWKHUV��������)UDVHU�DQG�RWKHUV�������
*ULPDOGL��DQG�RWKHUV��������%ODJRGHURY��DQG
RWKHUV��������.HDUQV�DQG�2UU���������VHYHUDO
JHQHUD�RI�ILVK��2OVHQ�DQG�RWKHUV��������2OVHQ
DQG�RWKHUV���������DQG�DEXQGDQW�DUWLFXODWHG�WDQ�
\VWURSKHLG� UHSWLOHV� �Tanytrachelos��2OVHQ�
������&DVH\�DW�DO����������D�YHU\�XQXVXDO�JOLG�
LQJ�UHSWLOH��Mecistotrachelos �)UDVHU��DQG�RWK�
HUV���������LQGHWHUPLQDWH�SK\WRVDXU�HOHPHQWV�
DQG�WKH�UHSWLOLDQ�LFKQRWD[D�Gynnedichnium��Ap-
atopus��SRVVLEOH�Atreipus��DQG�RWKHU�GLQRVDXUR�
PRUSKV��2OVHQ�DQG�%DLUG��������2OVHQ�DQG
RWKHUV���������7KH�IDXQDO�DVVHPEODJH�LV�HVSH�
FLDOO\�QRWDEOH�IRU�LWV�GLYHUVH�IOLHV��H[WUDRUGLQDU\
DEXQGDQW�ZDWHU�EXJV��DQG�VRIW�WLVVXH�SUHVHUYD�
WLRQ�LQFOXGLQJ�WKH�VNLQ�RI�UHSWLOHV��7KH�IORUDO�DV�
VHPEODJH�LV�QRWDEOH�IRU�WKH�DEXQGDQFH�RI�ODUJH
IROLDJH�UHPDLQV�DQG�UHSURGXFWLYH�VWUXFWXUHV
�2OVHQ�DQG�RWKHUV��������&RUQHW��������$[VPLWK
DQG�RWKHUV���������������7KH�WD[D�LQFOXGH�O\FR�
SRGV��VFRXULQJ�UXVKHV��IHUQV��JLQNJRV��FRQLIHUV�
F\FDGHRLGV��F\FDGV��DQG�VRPH�XQGHWHUPLQHG
IRUPV��3ROOHQ�DQG�VSRUHV�KDYH�EHHQ�UHFRYHUHG
DOWKRXJK�OLNH�WKRVH�IURP�WKH�:DOQXW�&RYH�)RU�
PDWLRQ��WKH�SUHVHUYDWLRQ�LV�SRRU��5REELQV�DQG
7UDYHUVH��������5REELQV��������5REELQV�HW�DO��
������/LWZLQ�DQG�$VK��������
%HGV�RI�PLFURODPLQDWHG�����PP�WKLFN�ODWHU�

DOO\�FRQWLQXRXV�ODPLQDH��PXGVWRQH�DQG�OHVV
ZHOO�ODPLQDWHG�GDUN�PXGVWRQH�DOWHUQDWH�ZLWK
PDVVLYH�PXGFUDFNHG�PXGVWRQHV�IRUP�DV\P�
PHWULFDO�OLWKRORJLFDO�F\FOHV�DYHUDJLQJ�DERXW���P
LQ�WKLFNQHVV��7KH�ODWWHU�DUH�YHU\�VLPLODU�WR�WKRVH
VHHQ�LQ�WKH�DJH�HTXLYDOHQW�/RFNDWRQJ�)RUPD�
WLRQ�RI�WKH�1HZDUN�%DVLQ�DQG�ZKLFK�KDYH�EHHQ
GHVFULEHG�LQ�WHUPV�RI�D�PRGDO�VHGLPHQWDU\�VH�
TXHQFH�FDOOHG�D�9DQ�+RXWHQ�F\FOH��2OVHQ�������
DQG�DVFULEHG�WR�FOLPDWLF�SUHFHVVLRQ�IRUFHG�FOL�
PDWH��7LPH�VHULHV�DQDO\VLV�RI�WKH�&RZ�%UDQFK
)RUPDWLRQ�VHTXHQFHV��:KLWHVLGH�DQG�RWKHUV�
������VKRZHG�DOVR�WKDW�WKH�&RZ�%UDQFK�)RUPD�
WLRQ�DOVR�H[KLELWV�D�WKLFNQHVV�SHULRGLFLW\�FRUUH�
VSRQGLQJ�WR�DERXW�RQH�KDOI�D�9DQ�+RXWHQ�F\FOH
SDFHG�E\�KHPLSUHFHVVLRQ��ZKLFK�VKRXOG�EH�H[�
SHFWHG�IURP�ORFDO�LQVRODWLRQ�FKDQJHV�FORVH�WR
WKH�HTXDWRU��7KLV�³GRXEOH�F\FOLFLW\¶�LV��KRZHYHU�
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PXFK�PRUH�VWURQJO\�H[SUHVVHG�WKDQ�LQ�WKH�&RZ
%UDQFK�)RUPDWLRQ�WKDQ�LQ�WKH�XQGHUO\LQJ�:DO�
QXW�&RYH�)RUPDWLRQ�
$�SUHGRPLQDWHO\� ODFXVWULQH�RULJLQ�IRU�WKH

&RZ�%UDQFK�)RUPDWLRQ�LV�HYLGHQW�RQ�WKH�EDVLV
RI�WKH�VDPH�FULWHULD�DSSOLHG�WR�WKH�:DOQXW�&RYH
)RUPDWLRQ��HVSHFLDOO\�WKH�SDOHRQWRORJLFDO�GDWD�
7KHUH� LV�QR�HYLGHQFH�RI�PDULQH� LQIOXHQFH�
ZKHUHDV�D�ODFXVWULQH�GHOWDLF�DQG�IOXYLDO�FRPSR�
QHQW�LV�FHUWDLQO\�SUHVHQW��HVSHFLDOO\�QHDU�WKH
EDVH�RI� WKH� IRUPDWLRQ�DQG�ZKHUH� LW� LV�FRQ�
JORPHULWLF�LQ�SUR[LPLW\�WR�WKH�QRUWKZHVWHUQ�ERU�
GHU�IDXOW�V\VWHP��7KH�EDVLF�OLWKRORJLFDO�SDWWHUQ
RI�WKH�&RZ�%UDQFK�)RUPDWLRQ�LV�VLPLODU�WR�WKDW
RI� WKH�:DOQXW�&RYH�)RUPDWLRQ��YDU\LQJ�EH�
WZHHQ� WKLQ�EHGGHG�EODFN�RUJDQLF�ULFK�PXG�
VWRQHV�DQG�PXGFUDFNHG�PDVVLYH�PXGVWRQHV�
H[FHSW�WKDW�PLFURODPLQDWHG�PXGVWRQHV�DUH�D�UHO�
DWLYHO\�DEXQGDQW�SDUW�RI�WKH�GDUN�PXGVWRQH�HQG
PHPEHU��7KHVH�PLFURODPLQDWHG�PXGVWRQHV��DV
LV� W\SLFDO� IRU� WKLV�NLQG�RI� IDFLHV��SURGXFH�D
ZHDOWK�RI�DUWLFXODWHG�YHUWHEUDWHV�DQG�FRQWLQHQ�
WDO�DUWKURSRGV��HVSHFLDOO\�LQVHFWV��2OVHQ�DQG
RWKHUV��������)UDVHU�DQG�RWKHUV���������2OVHQ
DQG�RWKHUV��������������DUJXHG�WKDW�WKH�PLFUR�
ODPLQDWHG�PXGVWRQHV�RI�WKH�&RZ�%UDQFK�)RU�
PDW LRQ � ZHUH � GHSRVL WHG � E\ � SHUHQQLD O O\
FKHPLFDOO\�VWUDWLILHG�ODNHV�WKDW�ZHUH�GHHS�UHOD�
WLYH� WR� WKHLU�DUHD��UHVWULFWLQJ�WKH�HIILFDF\�RI
ZDYH�PL[LQJ�WR�WKH�ERWWRP��2OVHQ���������7KH
PLFURODPLQDWHG�PXGVWRQHV�ZHUH�GHSRVLWHG�LQ
GHSWKV�GHYRLG�RI�R[\JHQ�EHORZ�WKH�FKHPRFOLQH
DQG�ZKHUH�ERWK�ELRWXUEDWLRQ�DQG�SK\VLFDO�GLV�
WXUEDQFH�ZHUH�PLQLPDO��7KH�FKDUDFWHULVWLF�SUHV�
HUYDWLRQ�RI�FRPSOHWH��DUWLFXODWHG�YHUWHEUDWHV
DQG�DUWKURSRGV�LV�D�IHDWXUH�PDQ\�EHGV�RI�WKLV�ID�
FLHV�WKDW�KDYH�EHHQ�H[DPLQHG�LQ�WKH�ODUJHVW�VLJ�
QLILFDQW�H[SRVXUHV�RI� WKLV� IRUPDWLRQ� LQ� WKH
TXDUULHV�RI�WKH�$UDUDW�5RFN�3URGXFWV�&R���IRU�
PHUO\�6ROLWH��LQ�(GHQ��1&�
2QH�SDUWLFXODU�PLFURODPLQDWHG�PXGVWRQH

EHG�LQ�WKH�IRUPHU�6ROLWH�TXDUU\�KDV�SURGXFHG�WKH
IDPRXV�.RQVHUYDW�/DJHUVWlWWH�GHVFULEHG�E\�2O�
VHQ�DQG�RWKHUV��������DQG�)UDVHU�DQG�RWKHUV
��������7KH�EDVDO��URXJKO\���FP�RI�WKLV�EHG�LV
HVSHFLDOO\�ILQHO\�PLFURODPLQDWHG�DQG�SURGXFHV
WKH�EXON�RI�LQVHFWV�DQG�UHSWLOHV�ZLWK�VRIW�WLVVXH
SUHVHUYDWLRQ��2OVHQ��������2OVHQ�DQG�RWKHUV�
�������/LXWNXV�DQG�RWKHUV��������LQWHUSUHW�WKLV

LQWHUYDO�DV�GHSRVLWHG�E\�D�VKDOORZ�VDOLQH�DQG�DO�
NDOLQH�ODNH�GXULQJ�WKH�LQLWLDO�VWDJHV�RI�WUDQVJUHV�
VLRQ�RYHU�ODNH�PDUJLQ�VHGLPHQWV�DIIHFWHG�E\
JURXQGZDWHU�VHHSV��DQ�LQWHUSUHWDWLRQ�VLJQLIL�
FDQWO\�GLIIHUHQW�IURP�WKH�VWUDWLILHG�ODNH�PRGHO
IRU�WKH�VDPH�LQWHUYDO��H�J���2OVHQ�DQG�RWKHUV�
�������$OWKRXJK�D�GHWDLOHG�WUHDWPHQW�RI�WKLV�LQ�
WHUSUHWDWLRQ�LV�EH\RQG�WKH�VFRSH�RI�WKLV�SDSHU�
ZH�DUJXH�WKDW�VXFK�D�VSHFLDO�LQWHUSUHWDWLRQ�RI
WKLV�IDFLHV�LV�XQQHFHVVDU\�DQG�QRW�VXSSRUWHG�E\
DYDLODEOH�HYLGHQFH�RU�DQ\�PRGHUQ�DQDORJ�HQYL�
URQPHQW��,W�LV�PXFK�PRUH�VLPSO\�LQWHUSUHWHG�DV
D�GHSRVLW�SURGXFHG�MXVW�DIWHU�WUDQVJUHVVLRQ�RI
WKH�FKHPRFOLQH�RYHU�QRUPDO�VKDOORZHU� ODNH
PXGVWRQHV��ZKHQ�WKDW�SDUWLFXODU�JHRJUDSKLF�OR�
FDWLRQ�ZDV�FORVHVW�WR�VKRUH�DQG�ZKHUH�SUHVHUYD�
WLRQ�RI�DUWLFXODWHG�RUJDQLVPV�DQG�UHVLGXHV�RI
VRIW�WLVVXH�ZDV�SRVVLEOH��F�I���2OVHQ���������,Q�
WHUYDOV�EHDULQJ�LQVHFWV�DUH�SUHVHQW�LQ�RWKHU�EDVDO
PLFURODPLQDWHG�EHGV�ZLWKLQ�WKH�IRUPHU�6ROLWH
TXDUU\�DQG�WKH�SDUWLFXODU�LQWHUYDO�LQ�TXHVWLRQ�LV
QRW�XQLTXH�LQ�ZKDW�LW�SUHVHUYHV��EXW�LV�XQXVXDO�LQ
RIWHQ�VSOLWWLQJ�DORQJ�EHGGLQJ�RQ�ZKLFK�WKH�RU�
JDQLF�UHPDLQV�DUH�SUHVHUYHG��DOORZLQJ�WKH�VRIW
WLVVXH�SUHVHUYDWLRQ�WR�EH�VHHQ��9HU\�VLPLODU�H[�
DPSOHV�LQFOXGH�QXPHURXV�ODFXVWULQH�.RQVHUYDW
/DJHUVWlWWH��VXFK�DV�WKH�(RFHQH�*UHHQ�5LYHU
)RUPDWLRQ�RI�WKH�:HVWHUQ��86$��%UDGOH\�������
)HUEHUD�DQG�:HOOV��������DQG�WKH�(DUO\�&UHWD�
FHRXV�<L[LDQ�RI�QRUWKHDVW�&KLQD��H�J���=KDQJ
DQG�6KD��������

6WRQHYLOOH�)RUPDWLRQ

'HVSLWH�FRYHULQJ�PXFK�RI� WKH�EDVLQ�� WKH
6WRQHYLOOH�)RUPDWLRQ�KDV�KDUGO\�EHHQ�SURVSHFW�
HG�IRU�IRVVLOV��1RQHWKHOHVV��WKH�EXUURZ�Scoyenia
LV�DEXQGDQW��FRQFKRVWUDFDQV�RFFXU�LQ�VRPH�RI
WKH�GDUN�JUD\�PXGVWRQHV��DQG�UHSWLOH�WUDFNV�KDYH
EHHQ�IRXQG��)UDVHU�DQG�2OVHQ��������UHSRUWHG�DV
'U\�)RUN�)RUPDWLRQ��DQG�PD\�EH�YHU\�ZLGH�
VSUHDG�DQG�GLYHUVH��H�J���)LJXUH�����3ROOHQ�DQG
VSRUHV�KDYH�EHHQ�UHFRYHUHG��/LWZLQ�DQG�$VK�
������DQG�DUH�EHWWHU�SUHVHUYHG�WKDQ�WKRVH�GH�
VFULEHG�WR�GDWH�IURP�WKH�&RZ�%UDQFK�)RUPD�
WLRQ��7KD\HU�DQG�RWKHUV��������DQG�7KD\HU�DQG
5REELQV��������VWUHVVHG�WKDW� WKH�SUHVHQFH�RI
UK\WKPLF�VDQGVWRQH�VLOWVWRQH�DOWHUQDWLRQV�FRP�
SULVLQJ�ILQLQJ�XSZDUGV�F\FOHV�LQ�WKH�ODUJHO\�UHG
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6WRQHYLOOH�DUJXHG�IRU�IOXYLDO�GHSRVLWLRQ�LQ�KLJK�
JUDGLHQW��ORZ�VLQXRVLW\�VWUHDPV��7KH�F\FOLFDO
SDWWHUQ�RI�DOWHUQDWLRQV�RI�WKLQ�EHGGHG�EODFN�WR
JUD\�PXGVWRQHV��WKDW�ZH�LQWHUSUHW�DV�GHHSHU�ZD�
WHU�ODFXVWULQH�GHSRVLWV�XVLQJ�WKH�VDPH�FULWHULD�DV
IRU�WKH�VLPLODU�:DOQXW�FRYH�DQG�&RZ�%UDQFK
PXGVWRQHV��ZLWK�VKDOORZ�ZDWHU�GHSRVLWV� LV
SUHYDOHQW�LQ�WKH�6WRQHYLOOH�)RUPDWLRQ�DV�ZHOO�
ZLWK�WKH�IOXYLDO�GHSRVLWV�VWUHVVHG�E\�7KD\HU�DQG
RWKHUV��������DQG�7KD\HU�DQG�5REELQV�������
RFFXUULQJ�LQ�WKH�VKDOORZ�ZDWHU�LQWHUYDOV�RI�WKH
F\FOHV��7KXV�WKH�SDWWHUQ�RI�F\FOLFLW\�VHHQ�LQ�WKH
&RZ�%UDQFK�)RUPDWLRQ�FRQWLQXHV�XS�VHFWLRQ�LQ�
WR�WKH�6WRQHYLOOH�IRUPDWLRQ�ZLWK�DQ�XSZDUG�LQ�
FUHDVH�LQ�WKH�IUHTXHQF\�RI�UHG�VKDOORZ�ZDWHU�DQG
IOXYLDO�GHSRVLWV��PXFK�OLNH�WKH�WUDQVLWLRQ�EH�
WZHHQ�WKH�/RFNDWRQJ�DQG�RYHUO\LQJ�3DVVDLF�IRU�
PDWLRQV�RI�WKH�1HZDUN�%DVLQ��2OVHQ�DQG�RWKHUV�
������

,JQHRXV�5RFNV

1XPHURXV�GLDEDVH��GROHULWH��GLNHV�FURVV�WKH
EDVLQ�DQG�WKH�VWUDWD�DUH�LQWUXGHG�E\�D�VPDOO�SOX�
WRQ�RU�VKHHW�QHDU�5HQDQ��9LUJLQLD��$OO�RI�WKHVH
ERGLHV�EHORQJ�WR�WKH�&HQWUDO�$WODQWLF�0DJPDWLF
3URYLQFH��0DU]ROL�DQG�RWKHUV���������7KHVH�LQ�
WUXVLYHV�KDYH�EHHQ�GLVFXVVHG�LQ�JHQHUDO�E\�5DJ�
ODQG�DQG�3XIIHU���������EXW�WR�RXU�NQRZOHGJH
WKHUH�LV�QR�GHWDLOHG�VWXG\�VSHFLILFDOO\�RQ�WKRVH
LQWUXGHG�LQWR�WKH�EDVLQ��&XPPLQV��������DQG
*RWWIULHG�DQG�RWKHUV��������SURYLGH�JHRFKHPL�
FDO�GDWD�RQ�GLDEDVH�ERGLHV�LQ�WKH�9LUJLQLD�SDUW�RI
WKH�EDVLQ��QLQH�RI�WKH�WHQ�VDPSOHG�GLNHV�DUH�KLJK
LURQ��TXDUW]�QRUPDWLYH��+)4��WKROHLLWHV�� WKH
RWKHU�EHLQJ�DQ�ROLYLQH�QRUPDWLYH�GLNH��7KH�5H�
QDQ�SOXWRQ�DOVR�KDV�DQ�+)4�WKROHLLWLF�FRPSRVL�
WLRQ��*LYHQ� WKH�PLQXWH�YROXPH�RI� WKH�EDVLQ
RFFXSLHG�E\�WKHVH�LQWUXVLYH�URFNV�WKHLU�GLUHFW
FRQWDFW�PHWDPRUSKLVP�LV�YHU\�OLPLWHG��DOWKRXJK
WKHLU�K\GURWKHUPDO�HIIHFW�PD\�KDYH�EHHQ�PRUH
VXEVWDQWLDO�

$*(

%HFDXVH�RI�WKH�VWUDWLJUDSKLFDOO\�H[WHQVLYH
PDJQHWRVWUDWLJUDSK\�DYDLODEOH�IRU�WKH�'DQ�5LY�
HU�%DVLQ��FRUUHODWLRQ�WR�WKH�RWKHU�1HZDUN�6XSHU�
JURXS�EDVLQV�LV�VHFXUH��)LJXUH������%DVHG�RQ

FRUUHODWLRQ�WR�WKH�1HZDUN�%DVLQ�$376��WKH�QX�
PHULFDO�DJHV�RI�WKH�OLWKRVWUDWLJUDSKLF�XQLWV�DUH
DOVR�ZHOO�GHILQHG��)LJXUH������+RZHYHU��WKH�UHO�
DWLYH�DJHV�LQ�WHUPV�RI�WKH�PDULQH��L�H���7HWK\DQ�
VWDQGDUG�DJHV�UHPDLQ�FRQWHQWLRXV��H�J���0XWWRQL
DQG�RWKHUV��������2OVHQ�DQG�RWKHUV��������/XFDV
DQG�RWKHUV��������2JJ��������DQG�D�UHVROXWLRQ�LV
ZHOO�RXWVLGH�WKH�VFRSH�RI�WKLV�ZRUN��+RZHYHU�
WKUHH�PDULQH�KRVWHG�8�3E�GDWHV�RI�PLGGOH�WR
HDUO\�1RULDQ�DJH��PRVWO\�EDVHG�RQ�FRQRGRQWV�
DUH������������DQG�������������IURP�%ULWLVK
&ROXPELD� �'LDNRZ�DQG�RWKHUV���������DQG
������0D�IURP�$ODVND��*HKUHOV�DQG�RWKHUV�
�������UXOLQJ�RXW�D�&DUQLDQ�1RULDQ�ERXQGDU\
DJH�\RXQJHU�WKDQ�����0D��7DNHQ�WRJHWKHU�ZLWK
D�ODWH�&DUQLDQ��ODWH�7XYDOLDQ��EDVHG�RQ�FRQ�
RGRQWV��8�3E�DJH�RI�������������IURP�PDULQH
VWUDWD�LQ�,WDO\��)XULQ�DQG�RWKHUV���������WKH�&DU�
QLDQ�1RULDQ�ERXQGDU\�PXVW�EH�EHWZHHQ�����DQG
����0D��2I�WKH�WZR�RSWLRQV�IRU�WKH�OHQJWK�RI�WKH
1RULDQ��2JJ�DQG�RWKHUV���������WKH�VR�FDOOHG
³VKRUW´�DQG�³ORQJ�1RULDQ´��WKHVH�GDWD�DUH�RQO\
FRPSDWLEOH�ZLWK�WKH�ORQJ�1RULDQ�RSWLRQ��&RUUH�
ODWLRQ�RI�WKH�8�3E�GDWHG�,WDOLDQ�VHFWLRQ�WR�WKH
1HZDUN�%DVLQ�$376�VXJJHVWV� WKH�&DUQLDQ�
1RULDQ�ERXQGDU\�VKRXOG�EH�EHWZHHQ�1HZDUN
&KURQV�(�U�DQG�(�Q��)XULQ�DQG�RWKHUV��������
$Q� LQGHSHQGHQW�3DQWKDODVVDQ� �-DSDQ�� DV�
WURFKURQRORJ\�FRUUHODWHG�WR�WKH�7HWK\DQ�VHFWLRQ
E\�FRQRGRQWV�VXJJHVWV� WKH�&DUQLDQ�1RULDQ
ERXQGDU\�VKRXOG�FRUUHODWH� WR�1HZDUN�&KURQ
(�U�DW�����0D��,NHGD�DQG�7DGD���������ZKLFK
DOVR�LV�FRQVLVWHQW�ZLWK�WKH�ORQJ�1RULDQ�RSWLRQ�
,Q�DQ\�FDVH��HLWKHU�WKH�EDVH�RI�WKH�:DOQXW�&RYH
)RUPDWLRQ�LV�DW�WKH�&DUQLDQ�1RULDQ�ERXQGDU\
DJH��RU�ZHOO�ZLWKLQ�WKH�HDUO\�1RULDQ��ZKHWKHU
'���FRUUHODWHV�WR�(�Q�RU�(�Q���7KHUHIRUH��YLUWX�
DOO\�WKH�HQWLUH�VWUDWLJUDSK\�RI�WKH�'DQ�5LYHU�%D�
VLQ�LV�HDUO\�WR�PLGGOH�1RULDQ�LQ�DJH��3LQH�+DOO
WR�ORZHU�6WRQHYLOOH�IRUPDWLRQV���DQG�PD\�SRVVL�
EO\�LQWR�WKH�5KDHWLDQ�DJH��XSSHU�6WRQHYLOOH�)RU�
PDWLRQ���ZLWK�&DUQLDQ�DJH�VWUDWD�DUH�DEVHQW�RU
YLUWXDOO\�DEVHQW��7KLV�DOVR�PHDQV�WKDW�WKH�ID�
PRXV�³6ROLWH´�ELRWLF�DVVHPEODJHV�DUH�RI�1RULDQ
DQG��QRW�&DUQLDQ�DV�LV�XVXDOO\�VWDWHG��H�J���2OVHQ
DQG�RWKHUV��������������)UDVHU�HW�DO���������
7KH�&$03�LQWUXVLYH�URFNV�RI�WKH�'DQ�5LYHU

%DVLQ�KDYH�QRW�EHHQ�GLUHFWO\�GDWHG��DOWKRXJK�LI
WKH\�DUH� OLNH�RWKHU�1RUWK�$PHULFDQ�&$03
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URFNV��WKH\�ZHUH�HPSODFHG�ZLWKLQ�D���PLOOLRQ
\HDU�SHULRG�DW�DURXQG�����0D��2OVHQ�DQG�RWK�
HUV������E���VWUDGGOLQJ�WKH�ODWHVW�7ULDVVLF�-XUDV�
VLF� ERXQGDU\� �2OVHQ� DQG� RWKHUV�� ����E�
%ODFNEXUQ�DQG�RWKHUV���������$�IHZ�RI�WKH�GLNHV
FURVV�WKH�EDVLQ�ERUGHU�IDXOW�ZLWKRXW�DSSDUHQW
GLVSODFHPHQW��)LJXUHV��������ZKLFK�LI�PDSSHG
FRUUHFWO\�PD\�LQGLFDWH�HPSODFHPHQW�DIWHU�VXE�
VLGHQFH�DQG�LQYHUVLRQ�FHDVHG��H�J���:LWKMDFN
DQG�RWKHUV������D��E��FHDVHG�

(&2120,&�*(2/2*<

3RWHQWLDO�DQG�UHDOL]HG�HFRQRPLF�UHVRXUFHV�RI
WKH�'DQ�5LYHU�%DVLQ� LQFOXGH�FUXVKHG�VWRQH�
OLJKW�ZHLJKW�DJJUHJDWH��H[SDQGHG�VKDOH���FOD\
�IURP�ZHDWKHUHG�PXGVWRQH���XUDQLXP��DFWXDOO\
IURP�WKH�IRRWZDOO�URFN�RQ�WKH�ERUGHU�IDXOW�V\V�
WHP��FRDO��DQG�VKDOH�JDV��7KH�IRUPHU�IRXU�UH�
VRXUFHV�KDYH�EHHQ�UHYLHZHG�E\�7KD\HU��������
7KD\HU�DQG�RWKHUV� ��������������DQG�6WRQH
�������DQG�ZLOO�QRW�EH�GHDOW�ZLWK�KHUH��7KH�SR�
WHQWLDOO\�YHU\�LPSRUWDQW�&ROHV�+LOO�8UDQLXP
3URVSHFW�LV�ORFDWHG�LQ�WKH�IRRW�ZDOO�RI�WKH�&KD�
WKDP�)DXOW�RQ�WKH�QRUWKZHVW�VLGH�RI�WKH�9LUJLQLD
VHJPHQW�RI�WKH�'DQ�5LYHU�%DVLQ��ZLWK�WKH�SUL�
PDU\�KRVW�URFN�EHLQJ�JQHLVVLF�SRUSK\ULWLF�WR
VFKLVWRVH�PHWDPRUSKLF�URFNV�RI�WKH�6PLWK�5LYHU
$OORFKWKRQ��:KLOH�VWULFWO\�QRW�ZLWKLQ�WKH�ULIW�ED�
VLQ�SURSHU��LWV�GLUHFW�FRQWDFW�ZLWK�WKH�VHGLPHQWD�
U\�URFNV�RI�WKH�EDVLQ�VXJJHVWV�D�SRWHQWLDO�JHQHWLF
UHODWLRQVKLS��<HW��GHVSLWH�LWV�SRWHQWLDO�HFRQRPLF
LPSRUWDQFH�DQG� LWV�GLVFRYHU\�PRUH� WKDQ���
\HDUV�DJR��'ULEXV���������WKLV�GHSRVLW�KDV�QRW
EHHQ�WKH�VXEMHFW�WR�D�FRPSUHKHQVLYH�VFKRODUO\
DQDO\VLV��DOWKRXJK�LW�KDV�EHHQ�GLVFXVVHG�LQ�VHY�
HUDO�VKRUW�SUHVHQWDWLRQV��UHSRUWV��DQG�PDVWHUV
WKHVHV��DV�ZHOO�DV�D�1DWLRQDO�$FDGHP\�RI�6FL�
HQFHV�VWXG\�WKDW�GHDOW�SULPDULO\�ZLWK�VRFLR�HFR�
QRPLF�DQG�HQYLURQPHQWDO�LVVXHV��H�J���:DOHV�
QR�GDWH��&KULVWRSKHU��������:\DWW��������DQG
&RPPLWWHH�RQ�8UDQLXP�0LQLQJ�LQ�9LUJLQLD�
&RPPLWWHH�RQ�(DUWK�5HVRXUFHV��1DWLRQDO�5H�
VHDUFK�&RXQFLO���������:H�QRWH�WKDW�PLQRU�HQ�
U LFKPHQWV � RI � XUDQLXP� RFFXU � D ORQJ� WKH
XQFRQIRUPDEOH�EDVLQ�FRQWDFW�ZLWK�WKH�SUH�7UL�
DVVLF��DORQJ�KRUQIHOVHG�FRQWDFWV�EHWZHHQ�VHGL�
PHQWV�DQG�GLDEDVH�GLNHV��DQG�ZLWKLQ�F\FOLFDO
VWUDWLJUDSKLF� LQWHUYDOV�RI� LQWHUEHGGHG�EODFN

PXGVWRQHV�DQG�UHG�VDQGVWRQHV�LQ�WKH�6WRQHYLOOH
)RUPDWLRQ��'ULEXV���������%HFDXVH�WKH�SUHVHQW
SDSHU�GHDOV�ZLWK�WKH�VHGLPHQWDU\�JHRORJ\�RI�WKH
EDVLQ��LQ�SDUWLFXODU�WKH�VKDOH�ULFK�:DOQXW�&RYH
DQG�&RZ�%UDQFK�IRUPDWLRQV��DGGLWLRQDO�GLVFXV�
VLRQ�RI�WKH�K\GURFDUERQ�SRWHQWLDO�RI�WKH�EDVLQ�LV
LQ�RUGHU�

2LO�DQG�JDV�SRWHQWLDO

7KH�HFRQRPLF�K\GURFDUERQ�SRWHQWLDO�RI�WKH
'DQ�5LYHU�%DVLQ�ZDV�DVVHVVHG�E\�WKH�8�6��*HR�
ORJLFDO�6XUYH\��0LOLFL�DQG�RWKHUV��������DV�SDUW
RI�D�UHYLHZ�RI�SRWHQWLDO�RLO�DQG�JDV�UHVRXUFHV�RI
WKH�(DVW�&RDVW�0HVR]RLF�EDVLQV�RI�WKH�3LHG�
PRQW��%OXH�5LGJH�WKUXVW�EHOW��$WODQWLF�&RDVWDO
3ODLQ��DQG�1HZ�(QJODQG�SURYLQFHV��7KH�VRXUFH
URFN�URFNV�ZLWK�WKH�SRWHQWLDO�WR�KDYH�\LHOGHG�RLO
DQG�JDV�LQ�WKLV�DQG�RWKHU�HDVWHUQ�8�6��0HVR]RLF
EDVLQV�LQFOXGH�WKH�JUD\�DQG�EODFN�PXGVWRQHV
DQG�FRDO�EHGV��0RVW�RI�WKH�KLJK�72&�PXGVWRQHV
DFFXPXODWHG�LQ�GHHSHU�ODFXVWULQH�HQYLURQPHQWV�
ZLWK�WKH�REYLRXV�H[FHSWLRQ�RI�WKH�FDUERQDFHRXV
PXGVWRQHV�DQG�FRDO�EHGV�WKDW�DFFXPXODWHG�LQ
VZDPSV�DQG�VKDOORZ�ODNHV��.HURJHQ��QRQ�VROX�
EOH�RUJDQLF�PDWWHU��LQ�WKH�PXGVWRQHV�RULJLQDWHG
IURP�YDVFXODU�SODQWV�DQG�PLFUREHV�WKDW�KDG�WKH
SRWHQWLDO�WR�IRUP�ERWK�RLO�DQG�JDV��7KD\HU�DQG
RWKHUV��������VXJJHVWHG�WKDW�DQ\�SHWUROHXP�DQG
JDV�WKDW�ZDV�JHQHUDWHG�LQ�WKH�ULIW�EDVLQ�ZDV�ODWHU
GHVWUR\HG�E\�KLJK�KHDW� IORZ�VXSSRUWHG�E\
VSDUVH�SXEOLVKHG�72&��7KD\HU�DQG�5REELQV�
������DQG�WKHUPDO�PDWXULW\�GDWD��0DOLFRQLFR�
�������7KH�DYHUDJH�WRWDO�RUJDQLF�FRQWHQW��72&�
RI� WKH�:DOQXW�&RYH�)RUPDWLRQ� LV� �����
�Q �����IURP�RXWFURS�DQG�WKUHH�GLDPRQG�GULOO
KROHV��,WV��5R�LV�������Q �����7KH�72&�IRU�WKH
&RZ�%UDQFK�)RUPDWLRQ�LV��������Q ����IURP�D
FRQWLQXRXV�TXDUU\�VHFWLRQ�� ,WV��5R�LV�����
�Q �����5HLG�DQG�7D\ORU���������7KHVH�GDWD�LQ�
GLFDWH�WKH�7ULDVVLF�VWUDWD�DUH�ZLWKLQ�WKH�GU\�JDV
ZLQGRZ��%LWXPHQ�IRXQG�LQ�D�QXPEHU�RI�VDPSOHV
GXULQJ�RUJDQLF�SHWURJUDSKLF�DQDO\VLV�LQGLFDWHV�D
WKHUPDO�HYROXWLRQ�SDWK�WKDW�SDVVHG�WKURXJK�WKH
RLO�ZLQGRZ�DQG�HQGHG�LQ�WKH�SUHVHUYHG�GU\�JDV
ZLQGRZ�
3RWHQWLDO�UHVHUYRLU�URFNV�LQ�WKH�'DQ�5LYHU

%DVLQ�FRXOG�LQFOXGH�GLYHUVH�OLWKRORJLHV�VXFK�DV
ERXOGHU�FRQJORPHUDWHV��YHU\�FRDUVH�VDQGVWRQH�
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PXGVWRQH��DQG�FRDO��0XGVWRQH�XQLWV�WKDW�DUH�LQ�
WHUEHGGHG�ZLWK�FRDUVH�JUDLQHG�VWUDWD�FRXOG�EH
VHDOV��7KH�RUJDQLF�ULFK�PXGVWRQH�XQLWV�WKHP�
VHOYHV�FRXOG�EH�UHVHUYRLUV�DFFHVVLEOH�YLD�K\�
GUDXOLF�IUDFWXULQJ��7KH������8�6��*HRORJLFDO
6XUYH\�QXPHULFDO�UHVRXUFH�DVVHVVPHQW�RI�WKH
'DQ�5LYHU�'DQYLOOH�³&RQWLQXRXV�*DV�$VVHVV�
PHQW�8QLW´�LQGLFDWHG�D�PHDQ�RI����%&)*��ELO�
OLRQ�FXELF�IHHW�JDV��DQG�QR�QDWXUDO�JDV�OLTXLGV
�1*/���0LOLFL�DQG�RWKHUV���������0LOLFL�DQG
RWKHUV��������VXSSO\�D�UDQJH�RI�YDOXHV�HVWLPDW�
HG�IRU�%&)*�DQG�1*/��+RZHYHU��WKLV�DVVHVV�
PHQW�PDGH�XVH�RI�GDWD�DYDLODEOH�LQ������DQG�GLG
QRW�LQFOXGH�PRUH�UHFHQW�1�&��*HRORJLFDO�6XU�
YH\�RUJDQLF�JHRFKHPLFDO�GDWD�

,03/,&$7,216

$�SDUWLFXODUO\�LQWHUHVWLQJ�DVSHFW�RI�WKH�'DQ
5LYHU�%DVLQ�LV�WKH�FRPELQDWLRQ�RI�VHGLPHQWDU\
XQLWV�UHVHPEOLQJ�ERWK�PRUH�QRUWKHUQ�EDVLQV
�L�H���/RFNDWRQJ�DQG�3DVVDLF�IRUPDWLRQV�RI�WKH
1HZDUN�%DVLQ�� DQG�PRUH� VRXWKHUQ�EDVLQV
�&XPQRFN�)RUPDWLRQ�RI�WKH�'HHS�5LYHU�%DVLQ��
(VSHFLDOO\�IRU�WKH�WHPSRUDOO\�RYHUODSSLQJ�1HZ�
DUN�%DVLQ�VHFWLRQ��WKHUH�LV�ZHOO�GHYHORSHG�PDJ�
QHWRVWUDWLJUDSK\� �.HQW� DQG�2OVHQ�� �����
)LJXUHV������������DOORZLQJ�D�TXDOLWDWLYH�XQGHU�
VWDQGLQJ�RI�WKH�WHFWRQRVWUDWLJUDSKLF�GHYHORS�
PHQW� RI� WKH�'DQ�5LYHU� %DVLQ� DV�ZHOO � D
TXDQWLWDWLYH�FRPSDUDWLYH�DVVHVVPHQW�RI� WKH
FKDQJHV�LQ�DFFXPXODWLRQ�UDWH�LQ�WKH�EDVLQ�

7HFWRQRVWUDWLJUDSKLF�(YROXWLRQ�RI�
WKH�'DQ�5LYHU�%DVLQ

2OVHQ���������PRGLILHG�E\�2OVHQ�DQG�RWKHUV
�����D��������DQG�0HGLQD�DQG�RWKHUV��������
UHFRJQL]HG���PDMRU� WHFWRQRVWUDWLJUDSKLF�VH�
TXHQFHV��76�,�±�76�,9��ZLWKLQ�WKH�EDVLQV�RI�WKH
FRQMXJDWH�FHQWUDO�$WODQWLF�PDUJLQ� �&$0��
7KHVH�WHFWRQRVWUDWLJUDSKLF�VHTXHQFHV�FRQVLVW�RI
DW�OHDVW�SDUWLDOO\�XQFRQIRUPLW\�ERXQG�VHTXHQF�
HV��2OVHQ��������WKDW�PD\�SDVV�LQWR�FRUUHODWLYH
FRQIRUPLWLHV�WRZDUGV�WKH�EDVLQ�GHSRFHQWHUV��$O�
WKRXJK�GHGXFLEOH�RQ�WKH�EDVLV�RI�HLWKHU�OLWKRORJ�
LFDO�SDWWHUQ�RU�ELRVWUDWLJUDSK\��WKH�FRUUHODWLRQ�RI
WKH�PDJQHWRVWUDWLJUDSK\�WR�WKH�1HZDUN�$376
FOHDUO\�VKRZV�WKDW�WKH�HQWLUH�VDPSOHG�VWUDWLJUD�

SK\�RI�WKH�'DQ�5LYHU�%DVLQ�EHORQJV�WR�76�,,,
�)LJXUH������7KLV�VHTXHQFH��ZKHUH�FRPSOHWHO\
SUHVHUYHG��VSDQV�WKH�HDUO\�1RULDQ�WR�WKH�ODWH
5KDHWLDQ�DQG�LV�WKH�PRVW�ZLGHVSUHDG�RI�WKH�IRXU
WHFWRQRVWUDWLJUDSKLF�VHTXHQFHV�LQ�HDVWHUQ�1RUWK
$PHULFD�DQG�0RURFFR��7KDW�VDLG��LW�LV�FOHDUO\
SRVVLEOH�WKDW��ODFNLQJ�GDWD�IURP�WKH�ORZHU�WRZ�
WKLUGV�RI�WKH�3LQH�+DOO�)RUPDWLRQ��SDUW�RI�WKH�ODW�
WHU�FRXOG�EHORQJ�WR�WKH�QH[W�ORZHU�WHFWRQRVWUDWL�
JUDSKLF�VHTXHQFH��76�,,�
7KH�'DQ�5LYHU�%DVLQ�VHTXHQFH�WKXV�UHVHP�

EOHV� WKH�&XOSHSHU�DQG�*HWW\VEXUJ�EDVLQ�VH�
TXHQFHV�WKDW�OLH�DORQJ�VWULNH��WKDW�GR�SUHVHUYH�D
YHU\�VPDOO�SDUW�RI�76�,,��FRQWUDVWLQJ�ZLWK�WKH
1HZDUN�%DVLQ�DQG�PRVW�RI� WKH�RWKHU� ODUJHU
&$0�EDVLQV�WKDW�KDYH�D�WKLFN�76�,,�VHTXHQFH
�2OVHQ��������6XHV�DQG�2OVHQ���������7KLV�SODX�
VLEO\�LQGLFDWHV�WKDW�WKH�VWUDQGV�RI�IDXOWV�PDUNLQJ
WKH�VRXWKHUQ�VHJPHQW�RI�WKH�ZHVWHUQ�ERXQGDU\
RI�WKH�7ULDVVLF�-XUDVVLF�ULIW�EDVLQ�FRPSOH[�ZHUH
QRW�SDUWLFXODUO\�DFWLYH�XQWLO�ZHOO�LQWR�WKH�ULIWLQJ
KLVWRU\�RI�WKH�&$0�FRPSOH[��
8QOLNH�WKH�RWKHU�PDMRU�EDVLQV�WR�WKH�QRUWKHDVW

DORQJ�VWULNH��WKH�'DQ�5LYHU�%DVLQ�GRHV�QRW�SUH�
VHUYH�DQ\�RI�76�,9��LQFOXGLQJ�WKH�ODYD�IORZV�RI
WKH�&HQWUDO�$WODQWLF�PDJPDWLF�SURYLQFH��2Q�WKH
RWKHU�KDQG��PXFK�RI�WKH�VHTXHQFH�H[KLELWV�KLJK
WKHUPDO�PDWXULW\�DV�LQGLFDWHG�E\�ERWK�SROOHQ
DQG�VSRUH�SUHVHUYDWLRQ��5REELQV�DQG�7UDYHUVH�
������/LWZLQ�DQG�$VK��������DQG�YLWULQLWH�UH�
IOHFWLRQ��0DOLFRQLFR���������%HFDXVH�ODUJH�LQ�
WUXVLYH�ERGLHV�WKDW�FRXOG�KDYH�VXSSOLHG�WKH�KHDW
DUH�QRW�SUHVHUYHG��D�PXFK�JUHDWHU�WKLFNQHVV�RI
VWUDWD�PD\�KDYH�RULJLQDOO\�EHHQ�SUHVHQW�EXW�VXE�
VHTXHQWO\�HURGHG�DZD\��,I�WUXH��WKH�'DQ�5LYHU
%DVLQ�PD\�EH�EXW�D�QDUURZ�HURVLRQDO�UHPQDQW�RI
ZKDW�ZDV�DQ�RULJLQDOO\�PXFK�ODUJHU�EDVLQ�

$&.12:/('*(0(176

:H�WKDQN�WKH�RZQHUV�DQG�PDQDJHUV�RI�WKH
IRUPHU�6ROLWH�&RUSRUDWLRQ�TXDUU\��IRUPHU�&H�
PH[�86$��&RUSRUDWLRQ��DQG�SUHVHQW�$UDUDW
5RFN�3URGXFWV�&RPSDQ\�IRU�DFFHVV�WR�WKH�VSHF�
WDFXODU�H[SRVXUHV�ZLWKLQ��)XQGLQJ�WR�3(2�DQG
'9.�IRU�WKLV�ZRUN�ZDV�SURYLGHG�IRU�E\�WKH�1D�
WLRQDO�6FLHQFH�)RXQGDWLRQ�� LQFOXGLQJ�JUDQWV
($5����������3(2������������3(2�'9.��
DQG����������3(2��DV�ZHOO�DV�JUDQWV�WR�3(2
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IURP�WKH�/DPRQW�&OLPDWH�&HQWHU��DQG�7KH�%D� 
KDPDV�3HWUROHXP�&RPSDQ\��:H�DOVR�DUH�YHU\ 
JUDWHIXO�WR�3HWHU�/HWRXUQHDX��0RKDPPHG�(W� 
7RXKDPL��DQG�3KLOOLS�+XEHU�IRU�ILHOG�DQG�ODER� 
UDWRU\�DVVLVWDQFH�DV�ZHOO�DV�QXPHURXV�HQOLJKWHQ� 
LQJ�GLVFXVVLRQV��3KLOOLS�+XEHU�UHDG�D�GUDIW�RI�WKH 
PDQXVFULSW�DQG�VXJJHVWHG�PDQ\�XVHIXO�LP� 
SURYHPHQWV�7KLV�LV�/'(2�FRQWULEXWLRQ�QXPEHU 
���� and is a contribution to IGCP 632�

5()(5(1&(6
$[VPLWK��%�-���)UDVHU��1�&���&RUVR��7���������$�7ULDVVLF�VHHG

ZLWK�DQ�DQJLRVSHUP�OLNH�ZLQG�GLVSHUVDO�PHFKDQLVP�
3DODHRQWRORJ\��Y���������S������±�����

$[VPLWK��%�-���7D\ORU��7�1���)UDVHU��1�&���2OVHQ��3�(��������
$Q�RFFXUUHQFH�RI�WKH�*RQGZDQDQ�SODQW�Fraxinopsis LQ
WKH�XSSHU�7ULDVVLF�RI�HDVWHUQ�1RUWK�$PHULFD��0RGHUQ
*HRORJ\��Y������S����������

%ODJRGHURY��9���*ULPDOGL��'�$���)UDVHU��1�&���������+RZ
WLPH�IOLHV�IRU�IOLHV��GLYHUVH�'LSWHUD�IURP�WKH�7ULDVVLF�RI
9LUJLQLD�DQG�HDUO\�UDGLDWLRQ�RI�WKH�RUGHU��$PHULFDQ
0XVHXP�1RYLWDWHV�QR��������S�������

%UDGOH\��:�+���������/LPQRORJ\�DQG�WKH�(RFHQH�ODNHV�RI�WKH
5RFN\�0RXQWDLQ�UHJLRQ��*HRO��6RF��$P��%XOO���Y������S�
��������

%URZQ��3�0��DQG�3DUNHU��-��0���,,,��FRPSLOHUV��������*HR�
ORJLF�PDS�RI�1RUWK�&DUROLQD��1RUWK�&DUROLQD�'HSDUW�
PHQW � RI � 1DWXUD O � 5HVRXUFHV � DQG � &RPPXQL W\
'HYHORSPHQW��VFDOH��������������VKHHW�

&DVH\��0�0���)UDVHU��1�&���.RZDOHZVNL��0���������4XDQWL�
WDWLYH�WDSKRQRP\�RI�D�7ULDVVLF�UHSWLOH�Tanytrachelos
ahynis IURP�WKH�&RZ�%UDQFK�)RUPDWLRQ��'DQ�5LYHU
%DVLQ��6ROLWH�4XDUU\��9LUJLQLD��3$/$,26��Y���������S�
��������

&KULVWRSKHU��3�$���������7HFKQLFDO�UHSRUW�LQ�WKH�&ROHV�+LOO�
8UDQLXP�SURSHUW\��3LWWV\OYDQLD�&RXQW\��9LUJLQLD��IRU
1RUPDQ�:��5H\QROGV��3UHVLGHQW�DQG�&(2��9LUJLQLD
8UDQLXP��,QF���3$&�*HRORJLFDO�&RQVXOWLQJ�,QF��9DQ�
FRXYHU��%�&���&DQ������S�

&RPPLWWHH�RQ�8UDQLXP�0LQLQJ�LQ�9LUJLQLD��&RPPLWWHH�RQ
(DUWK�5HVRXUFHV��1DWLRQDO�5HVHDUFK�&RXQFLO�������
8UDQLXP�0LQLQJ�LQ�9LUJLQLD��6FLHQWLILF��7HFKQLFDO�
(QYLURQPHQWDO��+XPDQ�+HDOWK�DQG�6DIHW\��DQG�5HJXOD�
WRU\�$VSHFWV�RI�8UDQLXP�0LQLQJ�DQG�3URFHVVLQJ�LQ�9LU�
JLQLD��1DWLRQDO�5HVHDUFK�&RXQFLO��1DWLRQDO�$FDGHPLHV
3UHVV������S�

&RUQHW��%��������'LFRW�OLNH�OHDI�DQG�IORZHUV�IURP�WKH�/DWH
7ULDVVLF�WURSLFDO�1HZDUN�6XSHUJURXS�ULIW�]RQH��86$�
0RGHUQ�*HRORJ\��Y������S��������

&XPPLQV��/�(���������*HRFKHPLVWU\��PLQHUDORJ\��DQG�RUL�
JLQ�RI�0HVR]RLF�GLDEDVH�GLNHV�RI�9LUJLQLD��XQSXEOLVKHG
3K�'��WKHVLV��)ORULGD�6WDWH�8QLYHUVLW\��7DOODKDVVHH�����
S�

'ULEXV��-�5���������3UHOLPLQDU\�6WXG\�RI�WKH�8UDQLXP�3RWHQ�
WLDO�RI�WKH�'DQ�5LYHU�7ULDVVLF�%DVLQ�6\VWHP��1RUWK�&DU�
ROLQD�DQG�9LUJLQLD��5HSRUW�*-%;����������%HQGL[

)LHOG�(QJLQHHULQJ�&RUSRUDWLRQ��*UDQG�-XQFWLRQ�2SHUD�
WLRQV�����S�

'LDNRZ��/���2UFKDUG��0�-���)ULHGPDQ��5���������$EVROXWH
DJHV�IRU�WKH�1RULDQ�6WDJH��D�FRQWULEXWLRQ�IURP�VRXWKHUQ
%ULWLVK�&ROXPELD��&DQDGD��&RUGLOOHUDQ�7HFWRQLFV
:RUNVKRS�������9LFWRULD�%&��������)HEUXDU\��3DFLILF
6HFWLRQ��*HRORJLFDO�$VVRFLDWLRQ�RI�&DQDGD��3URJUDP
DQG�DEVWUDFWV��S��������

(PPRQV��(���������5HSRUW�RI�3URIHVVRU�(PPRQV�RQ�KLV�JHR�
ORJLFDO�VXUYH\�RI�1RUWK�&DUROLQD��5DOHLJK��1�&���6HDWRQ
*DOHV������S�

(PPRQV��(���������$PHULFDQ�*HRORJ\��3DUW�9,��6SUDJXH�
$OEDQ\������S�

)HUEHUD��&�7��DQG�:HOOV��1�$���������3DOHROLPQRORJ\�DQG
WDSKRQRP\�RI� VRPH�ILVK�GHSRVLWV� LQ�³)RVVLO´�DQG
³8LQWD´�/DNHV�RI�WKH�(RFHQH�*UHHQ�5LYHU�)RUPDWLRQ�
8WDK�DQG�:\RPLQJ��3DODHRJHRJUDSK\��3DODHRFOLPDWRO�
RJ\��3DODHRHFRORJ\��Y�������S�����±����

)UDVHU��1�&���*ULPDOGL��'��$���2OVHQ��3��(���DQG�$[VPLWK��%��
������$�7ULDVVLF�/DJHUVWlWWH�IURP�(DVWHUQ�1RUWK�$PHU�
LFD��1DWXUH��Y�������S����������

)UDVHU��1�&��DQG�2OVHQ��3�(���������$�QHZ�GLQRVDXURPRUSK
LFKQRJHQXV�IURP�WKH�7ULDVVLF�RI�9LUJLQLD��-HIIHUVRQLDQD�
QR�����S�������

)UDVHU��1�&���2OVHQ��3�(���'RROH\�-U��$�&���DQG�5\DQ��7�5��
������$�QHZ�JOLGLQJ�WHWUDSRG��'LDSVLGD�"�$UFKRVDXUR�
PRUSKD��IURP�WKH�8SSHU�7ULDVVLF��&DUQLDQ��RI�9LUJLQLD�
-RXUQDO�RI�9HUWHEUDWH�3DOHRQWRORJ\������QR�����S������
����

)UDVHU��1�&��DQG�6XHV��+��'���������7KH�EHJLQQLQJ�RI�WKH
µ$JH�RI�'LQRVDXUV¶��D�EULHI�RYHUYLHZ�RI�WHUUHVWULDO�ELRWLF
FKDQJHV�GXULQJ�WKH�7ULDVVLF��(DUWK�DQG�(QYLURQPHQWDO
6FLHQFH�7UDQVDFWLRQV�RI�WKH�5R\DO�6RFLHW\�RI�(GLQ�
EXUJK��Y�������S�����±����

)URHOLFK��$�-��DQG�2OVHQ��3��(���������1HZDUN�6XSHUJURXS�
D�UHYLVLRQ�RI�WKH�1HZDUN�*URXS�LQ�HDVWHUQ�1RUWK�$PHU�
LFD��8�6��*HRORJLFDO�6XUYH\�&LUFXODU������S������

)XULQ��6���3UHWR��1���5LJR��0���5RJKL��*���*LDQROOD��3���&URZ�
OH\��-�/���%RZULQJ��6�$���������+LJK�SUHFLVLRQ�8±3E
]LUFRQ�DJH�IURP�WKH�7ULDVVLF�RI�,WDO\��LPSOLFDWLRQV�IRU
WKH�7ULDVVLF�WLPH�VFDOH�DQG�WKH�&DUQLDQ�RULJLQ�RI�FDOFDU�
HRXV�QDQQRSODQNWRQ�DQG�GLQRVDXUV��*HRORJ\��Y������S�
����±�����

*HKUHOV��*�(���6DOHHE\��-��%��	�%HUJ��+��&��������*HRORJ\
RI�$QQHWWH��*UDYLQD��DQG�'XNH�LVODQGV��VRXWKHDVWHUQ
$ODVND��&DQDGLDQ�-RXUQDO�RI�(DUWK�6FLHQFH��Y������S�
���±����

*RWWIULHG��'���)URHOLFK��$�-���*URVVPDQ��-�1���������*HR�
FKHPLFDO�GDWD�IRU�-XUDVVLF�GLDEDVH�DVVRFLDWHG�ZLWK�HDUO\
0HVR]RLF�EDVLQV�LQ�WKH�(DVWHUQ�8QLWHG�6WDWHV��'DQYLOOH
%DVLQ�DQG�YLFLQLW\��9LUJLQLD��86*6�2SHQ�)LOH�5HSRUW
�������+����S�

+HQLND��:�6���7KD\HU��3�$���������*HRORJ\�RI�WKH�%ODLUV�
0RXQW�+HUPRQ��'DQYLOOH��DQG�5LQJJROG�TXDGUDQJOHV�
9LUJLQLD��9LUJLQLD�'LYLVLRQ�RI�0LQHUDO�5HVRXUFHV��3XE�
OLFDWLRQ�������������

+HQLND��:�6��DQG�7KD\HU��3�$���������*HRORJLF�PDS�RI�WKH
6SULQJ�*DUGHQ�TXDGUDQJOH��9LUJLQLD��9LUJLQLD�'LYLVLRQ
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RI�0LQHUDO�5HVRXUFHV��3XEOLFDWLRQ��3XEOLFDWLRQ����
���������

+XEHU��3��DQG�)UDVHU�1���������$�QHZ�IRVVLO�DVVHPEODJH�IURP
WKH�/DWH�7ULDVVLF�'DQ�5LYHU�%DVLQ��1HZDUN�6XSHU�
JURXS��RI�1RUWK�&DUROLQD��*HRORJLFDO�6RFLHW\�RI�$PHU�
LFD�$EVWUDFWV�ZLWK�3URJUDPV��Y���������S�����

,NHGD��0��DQG�7DGD��5���������$����PLOOLRQ�\HDU�DVWURQRP�
LFDO�WLPH�VFDOH�IRU�WKH�GHHS�VHD�EHGGHG�FKHUW�VHTXHQFH
�,QX\DPD��-DSDQ���,PSOLFDWLRQV�IRU�7ULDVVLF±-XUDVVLF
JHRFKURQRORJ\��(DUWK�DQG�3ODQHWDU\�6FLHQFH�/HWWHUV��Y�
�����S����±���

.HDUQV��6�/��DQG�2UU��3�-���������&KDUJH�FRQWUDVW�LPDJLQJ�RI
H[FHSWLRQDOO\�SUHVHUYHG�IRVVLOV��3DODHRQWRORJ\��Y�
�������S�����±����

.HQW��'�9���2OVHQ��3�(���DQG�:LWWH��:�.���������/DWH�7ULDV�
VLF�(DUO\�-XUDVVLF�JHRPDJQHWLF�SRODULW\�DQG�SDOHRODWL�
WXGHV�IURP�GULOO�FRUHV�LQ�WKH�1HZDUN�ULIW�EDVLQ��(DVWHUQ
1RUWK�$PHULFD���-RXUQDO�RI�*HRSK\VLFDO�5HVHDUFK��Y�
�����%����S����������������

.HQW��'�9��DQG�2OVHQ��3�(���������0DJQHWRVWUDWLJUDSK\�DQG
SDOHRSROHV�IURP�WKH�/DWH�7ULDVVLF�'DQ�5LYHU�%DVLQ�
LQWHUEDVLQ�FRUUHODWLRQ�RI�FRQWLQHQWDO�VHGLPHQWV�DQG�D
WHVW�RI�WKH�WHFWRQLF�FRKHUHQFH�RI�1HZDUN�ULIW�EDVLQV�LQ
HDVWHUQ�1RUWK�$PHULFD��*HRORJLFDO�6RFLHW\�RI�$PHULFD
%XOOHWLQ��Y�������QR�����S����������

.HQW��'�9��DQG�7DX[H��/���������&RUUHFWHG�/DWH�7ULDVVLF�ODW�
LWXGHV�IRU�FRQWLQHQWV�DGMDFHQW�WR�WKH�1RUWK�$WODQWLF��6FL�
HQFH��Y�������S����������

.UXPEHLQ��:�&��DQG�6ORVV��/�/���������6WUDWLJUDSK\�DQG
VHGLPHQWDWLRQ��:��+��)UHHPDQ��6DQ�)UDQFLVFR������S�

/H7RXUQHDX��3��0���������'HSRVLWLRQDO�+LVWRU\�DQG�7HFWRQLF
(YROXWLRQ�RI�/DWH�7ULDVVLF�$JH�5LIWV�RI�WKH�8��6��&HQWUDO
$WODQWLF�0DUJLQ��5HVXOWV�RI�DQ�,QWHJUDWHG�6WUDWLJUDSKLF�
6WUXFWXUDO��DQG�3DOHRPDJQHWLF�$QDO\VLV�RI�WKH�7D\ORUV�
YLOOH�DQG�5LFKPRQG�%DVLQV��>3K�'��WKHVLV@��1HZ�<RUN�
1HZ�<RUN��&ROXPELD�8QLYHUVLW\��'HSDUWPHQW�RI�(DUWK
DQG�(QYLURQPHQWDO�6FLHQFHV������S�

/H7RXUQHDX��3�0���������6WUDWLJUDSKLF�DUFKLWHFWXUH�DQG
SDOHRPDJQHWLF�UHYHUVDO�VWUDWLJUDSK\�RI�WKH�/DWH�7ULDVVLF
7D\ORUVYLOOH�EDVLQ��9LUJLQLD�DQG�0DU\ODQG��LQ�/H7RXU�
QHDX��3�0��DQG�2OVHQ��3�(���HGV����7KH�*UHDW�5LIW�9DOOH\V
RI�3DQJHD�LQ�(DVWHUQ�1RUWK�$PHULFD�9ROXPH����S�����
���

/LWZLQ��5�-��DQG�$VK��6�5���������5HYLVLRQ�RI�WKH�ELRVWUDWLJ�
UDSK\�RI�WKH�&KDWKDP�*URXS��8SSHU�7ULDVVLF���'HHS
5LYHU�EDVLQ��1RUWK�&DUROLQD��86$��5HYLHZ�RI�3DODHR�
ERWDQ\�DQG�3DO\QRORJ\��Y������S��������

/XFDV��6�*��7DQQHU��/�+���.R]XU��+�:���:HHPV��5�(���+HFN�
HUW��$�%���������7KH�/DWH�7ULDVVLF�WLPHVFDOH��$JH�DQG
FRUUHODWLRQ�RI�WKH�&DUQLDQ�1RULDQ�ERXQGDU\��(DUWK�6FL�
HQFH�5HYLHZV��GRL����������M�HDUVFLUHY�������������

/LXWNXV��&�0���%HDUG��-�6���)UDVHU��1�&���5DJODQG��3�&��
������8VH�RI�ILQH�VFDOH�VWUDWLJUDSK\�DQG�FKHPRVWUDWLJ�
UDSK\�WR�HYDOXDWH�FRQGLWLRQV�RI�GHSRVLWLRQ�DQG�SUHVHU�
YDWLRQ�RI�D�7ULDVVLF�/DJHUVWlWWH��VRXWK�FHQWUDO�9LUJLQLD�
-��3DOHROLPQRO��Y������S�����±����

/XWWUHOO��*�:���������6WUDWLJUDSKLF�QRPHQFODWXUH�RI� WKH
1HZDUN�6XSHUJURXS�RI�HDVWHUQ�1RUWK�$PHULFD��86

*HRO��6XUY��%XOO��%������������S�
0DOLQFRQLFR��0$��/���������/DFXVWULQH�RUJDQLF�VHGLPHQWD�

WLRQ��RUJDQLF�PHWDPRUSKLVP�DQG�WKHUPDO�KLVWRU\�RI
VHOHFWHG�(DUO\�0HVR]RLF�1HZDUN�6XSHUJURXS�EDVLQV�
(DVWHUQ�8��6�$���>3K�'��WKHVLV@��1HZ�<RUN��1HZ�<RUN�
&ROXPELD�8QLYHUVLW\��'HSDUWPHQW�RI�(DUWK�DQG�(QYL�
URQPHQWDO�6FLHQFHV������S�

0HGLQD��)���(W�7RXKDPL��0���2OVHQ��3�(���%RXDRXGD��0�6��
+DILG��0���(WWDFKILQL��(O�0RVWDID��������+DXW�$WODV
RFFLGHQWDO����MRXUV���+DXW�$WODV�FHQWUDO��SDUWLH�QRUG�
RXHVW����MRXUV��>:HVWHUQ�+LJK�$WODV����GD\V���1RUWK�
ZHVWHUQ�SDUW�RI�&HQWUDO�+LJK�$WODV����GD\V�@��LQ�0LFK�
DUG��$��� 6DGGLTL��2���&KDORXDQ��$���5MLPDWL��(�
0RXWWDTX��$���HGV���1RXYHDX[�*XLGHV�*pRORJLTXHV�HW
0LQLHUV�GX�0RURF��1RWHV�(W�0HPRLUHV�GX�6HUYLFH
*HRORJLTXH��1R������� Y�����5R\DXPH�GX�0DURF�
0LQLVWqUH�GH�/¶eQHUJLH��GHV�0LQHV��GH¶(DX�HW�GH
/¶(QYLURQPHQW��'LUHFWLRQ�GX�'pYHRSSHPHQW�0LQLHU
,661�����������

0H\HUWRQV��&�7���������*HRORJ\�RI�WKH�'DQYLOOH�7ULDVVLF
%DVLQ�RI�9LUJLQLD��3K'�WKHVLV��9LUJLQLD�3RO\WHFKQLF
,QVWLWXWH��%ODFNVEXUJ��9LUJLQLD������S�

0H\HUWRQV��&�7���������7ULDVVLF�IRUPDWLRQV�RI�WKH�'DQYLOOH
EDVLQ��9D��'LY��0LQ��5HV���5HSW��,QYHVW��Y��������S�

0LOLFL��5�&���&ROHPDQ��-�/���5RZDQ��(�/���&RRN��7�$���&KDU�
SHQWLHU��5�5���.LUVFKEDXP��0�$���.OHWW��7�5���3ROODVWUR�
5�0���DQG�6FKHQN��&�-���������$VVHVVPHQW�RI�XQGLVFRY�
HUHG�RLO�DQG�JDV�UHVRXUFHV�RI�WKH�(DVW�&RDVW�0HVR]RLF
EDVLQV�RI�WKH�3LHGPRQW��%OXH�5LGJH�7KUXVW�%HOW��$WODQ�
WLF�&RDVWDO�3ODLQ��DQG�1HZ�(QJODQG�3URYLQFHV�������
8�6��*HRORJLFDO�6XUYH\�)DFW�6KHHW�����±��������S�

0XWWRQL��*���.HQW��'��9���2OVHQ��3��(���'L6WHIDQR��3���/RZULH�
:���%HUQDVFRQL��6���+HUQDQGH]��)�0���������7HWK\DQ
PDJQHWRVWUDWLJUDSK\�IURP�3L]]R�0RQGHOOR��6LFLO\��DQG
FRUUHODWLRQ�WR�WKH�/DWH�7ULDVVLF�1HZDUN�DVWURFKURQRORJ�
LFDO�SRODULW\�WLPH�VFDOH��*HRORJLFDO�6RFLHW\�RI�$PHULFD
%XOOHWLQ��Y�������QR��������S������±�����

2JJ��-�*���������7ULDVVLF��,Q�)�0��*UDGVWHLQ��-�*��2JJ��0�'�
6FKPLW]��*�0��2JJ��(GV���7KH�*HRORJLF�7LPH�6FDOH
������9RO�����SS�����±������&DPEULGJH��&DPEULGJH
8QLYHUVLW\�3UHVV�

2OVHQ��3�(���������2Q�WKH�XVH�RI�WKH�WHUP�1HZDUN�IRU�7ULDVVLF
DQG�(DUO\�-XUDVVLF�URFNV�RI�HDVWHUQ�1RUWK�$PHULFD�
1HZVOHWWHUV�RQ�6WUDWLJUDSK\��Y�����S��������

2OVHQ��3�(���������1HZ�DTXDWLF�HRVXFKLDQ�IURP�WKH�1HZDUN
6XSHUJURXS��/DWH�7ULDVVLF�(DUO\�-XUDVVLF��RI�1RUWK�&DU�
ROLQD�DQG�9LUJLQLD��3RVWLOOD��Y����������S�

2OVHQ��3�(���������$����PLOOLRQ�\HDU�ODNH�UHFRUG�RI�HDUO\
0HVR]RLF�FOLPDWLF�IRUFLQJ��6FLHQFH��Y�������S����������

2OVHQ��3�(���������3DOHRHFRORJ\�DQG�3DOHRHQYLURQPHQWV�RI
WKH�&RQWLQHQWDO�(DUO\�0HVR]RLF�1HZDUN�6XSHUJURXS�RI
(DVWHUQ�1RUWK�$PHULFD��,Q�0DQVSHL]HU��:���HG����7ULDV�
VLF�-XUDVVLF�5LIWLQJ�DQG�WKH�RSHQLQJ�RI�WKH�$WODQWLF
2FHDQ��(OVHYLHU��$PVWHUGDP��S����������

2OVHQ��3�(���������7HFWRQLF��FOLPDWLF��DQG�ELRWLF�PRGXODWLRQ
RI�ODFXVWULQH�HFRV\VWHPV��H[DPSOHV�IURP�WKH�1HZDUN
6XSHUJURXS�RI�HDVWHUQ�1RUWK�$PHULFD��LQ�.DW]��%���HG���
/DFXVWULQH�%DVLQ�([SORUDWLRQ��&DVH�6WXGLHV�DQG�0RG�
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HUQ�$QDORJV��$PHULFDQ�$VVRFLDWLRQ�3HWUROHXP�*HROR�
JLVWV�0HPRLU�����S����������

2OVHQ��3�(���������6WUDWLJUDSKLF�UHFRUG�RI�WKH�HDUO\�0HVR]RLF
EUHDNXS�RI�3DQJHD�LQ�WKH�/DXUDVLD�*RQGZDQD�ULIW�V\V�
WHP��$QQXDO�5HYLHZV�RI�(DUWK�DQG�3ODQHWDU\�6FLHQFH�Y�
����S����������

2OVHQ��3�(��DQG�(W�7RXKDPL��0���������)LHOG�7ULS�����7URS�
LFDO� WR�VXEWURSLFDO�V\QWHFWRQLF�VHGLPHQWDWLRQ�LQ�WKH
3HUPLDQ�WR�-XUDVVLF�)XQG\�ULIW�EDVLQ��$WODQWLF�&DQDGD�
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