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7DEOH#4704<=#0HDVXUHG#*URXQG#:DWHU#7DEOH#9DOXHV#

:HOO#1XPEHU# :DWHUWDEOH#'HSWK#
)URP#6XUIDFH#+P,#

:DWHUWDEOH#+HLJKW#
)URP#'DWXP#+P,#

([LVWLQJ#:HOO#4+%XUKDQ#WRZQ,# 66# 0#
([LVWLQJ# #:HOO#5#+%URNHQ#SXPS,# 431;;# 0#
([LVWLQJ# #:HOO#6#+1HDU#KXW,# 7175# 0#
%RUHKROH#4# :1<3# ;<15#
%RUHKROH#5# # :1<8# :7138#
%RUHKROH#6# # 4719;# 9<165#
#
7KH# WUDQVPLVVLELOLW\# FRHIILFLHQW# RI# WKH# DTXLIHU# LQ# 'HOLFD\# DUHD# FKDQJHV# EHWZHHQ#
6:909/883#P62GD\2P1#

D15# %RUHKROHV#

$# WRWDO#QXPEHU#RI# WKUHH#ERUHKROHV#QDPHG#%4/#%5/#%6#ZHUH#GULOOHG# LQ# WKH#SURSRVHG#
DUHD1#([WHQVLRQ# RI# IRUPDWLRQ# EHORZ# WKH# JURXQG# VXUIDFH# LV# VKRZQ# LQ# )LJXUH# 47055/#
)LJXUH#47056#DFFRUGLQJ#WR#JHRHOHFWULFDO#PHWKRGV#DQG#ZHOO#ORJV1#/RFDWLRQ#RI#%0%¶#DQG#
&0&¶#VHFWLRQ#LV#VKRZQ#LQ#)LJXUH#470531#7KH#YDULDWLRQ#RI#OLWKRORJLFDO#SURILOH#LQ#WKH#ORJV#
RI#WKH#ERUHKROH#DUH#SUHVHQWHG#EHORZ#=#

%RUHKROH#1R=#%4#
'HSWK=# 48133P#
6WDWLF#/HYHO=# :148P#
/LWKRORJ\=# 306133#P# # /LPHVWRQH#JUDYHO#ZLWK#FOD\#
# 613307183#P# # 6DQGVWRQH0FRQJORPHUDWH#
# 7183046183#P# # 6LOW\#FOD\#
# 46183048133#P# # /LPHVWRQH#

%RUHKROH#1R=#%5#
'HSWK=# 49133#P#
6WDWLF#/HYHO=# 5148#P#
/LWKRORJ\=# 307183#P# # 5HG#OLPHVWRQH# # JUDYHO#ZLWK#FOD\#
# 7183048133#P# # 6LOW\#FOD\# #
# 48133049133#P# # /LPHVWRQH#

%RUHKROH#1R=#%6#
'HSWK=# 48133P#
6WDWLF#/HYHO=# 0#P#
/LWKRORJ\=# 305133#P# # 6LOW\/#VDQG\/#FOD\#
# 513306183#P# # 6DQG\# #
# 61830451;3#P#6LOW\#FOD\# #
# 451;3048133#P#/LPHVWRQH#

7KH#VWUDWLILFDWLRQ/#DQG#VRPH#HQJLQHHULQJ#SURSHUWLHV#RI#VRLO#KDYH#EHHQ#GHWHUPLQHG#IURP#
YLVXDO# LQVSHFWLRQ# DQG# VWDQGDUG#SHQHWUDWLRQ# WHVW#GRQH# LQ# WKH#ERUHKROHV1#6RLO# VDPSOHV#
ZHUH#FROOHFWHG# IURP# WKH#ERULQJV# IRU# ODERUDWRU\# WHVWLQJ1#)LOOLQJ#PDWHULDOV# WDNHQ# IURP#
QHDUE\#VRLO#SLWV#ZHUH#DOVR#EURXJKW#WR#WKH#ODERUDWRU\1#
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7KH#GRPLQDWLQJ#JHRORJ\#RI# WKH#SURSRVHG#DUHD# LV#RXWFURSSLQJ#DV#FOD\/#VDQGVWRQH#DQG#
PDUO1#,Q# WKH#SURSRVHG#DUHD/#46#JHR0HOHFWULFDO#UHDGLQJV# LQ#KDUPRQLF#SRVLWLRQLQJ#DORQJ#
ZLWK#WKH#6#ERUHKROHV#DUH#FRQGXFWHG1# #

$V#D#JHQHUDO#H[SUHVVLRQ/#LW#FDQ#EH#VWDWHG#WKDW#WKH#DUHD#LV#EDVHG#RQ#VLOW\#FOD\#RYHU# WKH#
GRPLQDWLQJ#SDUW#RI#WKH#VXUYH\#DUHD/#UHSUHVHQWLQJ#D#WKLFNQHVV#DERXW#:0<#PHWHUV#+)LJXUH#
47055/#)LJXUH#47056,1#7KH#VLOW\#FOD\#LV#WRSSHG#E\#D#OD\HU#YDU\LQJ#IURP#5#P#WR#DURXQG#:#
P# RXWFURSSLQJ# PDLQO\# FOD\# GRPLQDWLQJ# IRUPDWLRQV# RQ# WKH# ODUJHU# SDUW1# 7KHVH#
IRUPDWLRQV# FRQVLVW# RI# YDULRXV# FDOLFKH/# JUDYHO/# VLOW# DQG# VDQG1# 7KHVH# WZR# OD\HUV# DUH#
SODFHG# RYHU# OLPHVWRQH1# 7KH# OLPHVWRQH# RXWFURSSLQJ# LQ# WKH# JHR0HOHFWULFDO# SURILOH# LV#
ILVVXUHG#DQG#WKHUHIRUH#LW#LV#SHUPHDEOH1#+RZHYHU/#LW#LV#TXLWH#GHHS#DQG#SRVLWLRQHG#EHORZ#
DQ#LPSHUPHDEOH#OD\HU1#

7KH# VLOW\# FOD\# KDV# SURYHQ# LWVHOI# WR# EH# KLJKO\# LPSHUPHDEOH# EHFDXVH# RI# WKH# ORZ#
SHUFHQWDJH# DQG# ILQH# JUDLQ# VL]H# RI# WKH# VLOW# FRQWHQW1# 7KH# ODERUDWRU\# WHVW# UHVXOWV# DUH#
HYLGHQWO\#FRQILUPLQJ#WKLV1#6FDWWHUHGO\#OD\LQJ#VDQG\#FOD\#LV#VKRZLQJ#D#VLPLODU#FKDUDFWHU#
ZLWK#YHU\#ILQH#JUDLQV#LQ#ORZ#SHUFHQWDJH1#

7KH# XQGLVWXUEHG# DQG# GLVWXUEHG# VRLO# VDPSOHV# IURP# GLIIHUHQW# VRLOV# DW# YDULRXV# GHSWKV#
IURP# WKH# LQYHVWLJDWLRQ# VLWH# DQG# ILOOLQJ#PDWHULDO#ZHUH# VXEMHFWHG# WR# WHVWV# LQ# WKH# VRLO#
PHFKDQLFV#ODERUDWRU\1#

7DEOH#47053=#7KH#/DERUDWRU\#7HVW#5HVXOWV#

/DERUDWRU\#7HVW# %RUHKROHV# )LOO#PDWHULDO#

0RLVWXUH#FRQWHQW# :Q#+(,# 4<#0#68# 43#0#5:#
%XON#GHQVLW\# δQ#WRQ2P

6# 41;4041;<# 4198041:<#
8QLW#ZHLJKWV# δV#WRQ2P

6# 519<051:7# 51:4051:6#
# :O#+(,#
&RQVLVWHQF\#OLPLWV#
# :S#+(,#

8;#0#9;/#
#

4:#0#6;#

85#0#8;#
#

53#0#5:#

#

7DEOH#47054=#7KH#9DOXHV#RI#SHUPHDELOLW\#FRHIILFLHQW#0N#+FP2VHF,#

%RUHKROH#1R1# %4# %4# %5# %5# %6# %6#

'HSWK#+P,# :1830:1<8# 451304515# 71830913# <1304318# :1830:1:8# <130<153#
N+FP2VHF,# 6184[430:# ;153[430;# 9155[430:# 4193[430:# :146[430:# <136[430:#

#
+\GUDXOLF#FRQGXFWLYLW\#RI#FOD\H\#VRLO#ZHUH#IRXQG#LQ#RUGHU#RI#4[430:#FP2VHF#DFFRUGLQJ#
WR#WKH#FRPSDFWLRQ#WHVW1#

*UDLQ#VL]H#GLVWULEXWLRQ#RI#VRLOV#QDPHG#DV#FOD\#RU#FOD\VWRQH#LQ#WKH#ILHOGV#ZHUH#IRXQG#WR#
EH#PDLQO\# FOD\# DQG# VLOW# VL]H# ILQH#PDWHULDOV# +RYHU# <3(,# EDVHG# RQ# WKH# ERUHKROH# VRLO#
VDPSOHV1#*UDYHO0VDQG#VL]H#FRDUVH#PDWHULDOV#DUH#OHVV#WKDQ#DERXW#43(1#

,W# KDV# EHHQ# IRXQG# WKDW# WKH# VRLO# LPSRUWHG# IURP# QHDUE\# SLWV# FRQVLVWV# RI#PDLQO\# ILQH#
PDWHULDOV# DQG/# JUDYHO# DQG# VDQG# VL]H# FRDUVH#PDWHULDOV# DUH# OHVV# WKDQ# 6(1# ,W# FDQ# EH#
FRQFOXGHG#WKDW#WKHVH#VRLO#VDPSOHV#DUH#KLJKO\#SODVWLF1#

$V# D# FRQFOXVLRQ/# WKH# VRLO# W\SH# LQ# WKH# ERUHKROH# VDPSOHV# ZDV# GHWHUPLQHG# DV# ³KLJK#
SODVWLFLW\#LQRUJDQLF#VLOW\#FOD\#+ZLWK#WKH#JURXS#V\PERO#&+,´1#&HPHQWHG#FOD\VWRQH#OD\HU#
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ZLWK# FDOFDUHRXV# VWUXFWXUH# DUH# REVHUYHG# EHORZ# WKHVH# VRLOV1# # 7KH# SHUPHDELOLW\# RI#
ERUHKROH#VRLOV#DUH#YHU\#ORZ1#

7KH# VRLO# W\SH# IRU# ILOOLQJ# PDWHULDO# ZDV# GHWHUPLQHG# DV# PHGLXP# WR# KLJK# SODVWLFLW\#
LQRUJDQLF# VLOW\# FOD\1# 7KLV# W\SH# RI# VRLOV# KDV# KLJK# FRPSUHVVLELOLW\# DQG# H[SDQVLRQ#
SURSHUWLHV1#

E1# +\GURORJLFDO#6LWXDWLRQ#

,Q#WKH#VWXG\#DUHD#WKHUH#DUH#QR#VLJQLILFDQW#VXUIDFH#ZDWHUV#OLNH#VWUHDP/#ODNH#DQG#VSULQJ/#
ZHW#ODQG#ZKLFK#DUH#ZHW#HYHU\#VHDVRQ1#

E14# 6WUHDPV#

6XUIDFH#ZDWHU# LV#REVHUYHG# DV# VPDOO# IORZV# LQ#EHG#RI# FUHHNV# LQ# WKH#SURSRVHG# DUHD1# ,W#
SHUPLWV#WKH#IORZ#RI#ZDWHU#IRU#RQO\#WZR#RU#WKUHH#PRQWKV#LQ#ZLQWHU#WLPH1#,W#KDV#YHU\#ORZ#
IORZ# UDWH1#2Q# WKH# RWKHU# KDQG/# WKHUH# LV# RQO\# RQH# VWUHDP# FDOOHG# 'HOLFD\# RXW# RI# WKH#
SURSRVHG#DUHD#+DW#WKH#ZHVW,1#7KLV#VWUHDP#DOVR#JHWV#GU\#LQ#KRW#VHDVRQ1#

E15# 6SULQJV#

7KHUH#LV#QR#VSULQJ#LQ#WKH#SURSRVHG#DUHD#EXW#D#IHZ#RI#WKHP#DUH#ORFDWHG#LQ#WKH#QRUWK#RI#
WKH#SURSRVHG#DUHD1#

F1# )DXQD#DQG#)ORUD#

F14# )DXQD#

)DXQD#RI#WKH#DUHD#ZDV#FODVVLILHG#LQ#ILYH#JURXSV#+PDPPDOV/#ELUGV/#UHSWLOHV/#DPSKLELDQV#
DQG#LQVHFWV,#DQG#LQYHVWLJDWLRQ#WRRN#SODFH#LQ#DQG#DURXQG#&LPVD#VLWH1#$FFRUGLQJ#WR#WKH#
UHVHDUFK#;#PDPPDO/#64#ELUG/#;#UHSWLOH#DQG#6#DPSKLELDQ#VSHFLHV#ZHUH#LGHQWLILHG#LQ#WKH#
DUHD1#

F1414# 0DPPDOV#

)LUH# SLQH# VWDQGV# ORFDWHG# LQ# GU\# VWUHDP# EHGV# DQG# VORSHV/# DQG#PDFFKLH# WKLFNHWV# DUH#
DERXQG#LQ#PDPPDOV1#7KLV#KDELWDW#KHOSV#WR#HQULFK#WKH#ELRORJLFDO#GLYHUVLW\#LQ#WKH#DUHD1#
$FFRUGLQJ#WR#WKH#ILHOG#REVHUYDWLRQV#DQG#LQWHUYLHZ#SHUIRUPHG#LQ#WKH#VLWH/#IROORZLQJ#OLVW#
ZDV#IRUPHG1#

#
7XUNFH#$GL# %LOLPVHO#$GL#

&RPPRQ#)R[# 9XOSHV#IODYHVFHQV#
5DEELW# /HSXV#HXURSHXV#
3LSLVWUHOOH# # 3LSLVWUHOOXV#QDWKXVLL#
6KUHZ# # &URFLGXUD#OHXFRGRQ#
0ROH# 7DOSD#OHYDQWLV#
3RUFXSLQH# (ULQDFHXV#HXURSHXV#
,QGLDQ#&UHVWHG#3RUFXSLQH# +\VWUL[#LQGLFD#
:LOG#%RDU# 6XV#VFURID#

#
#
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F1415# %LUGV#

)LUH#SLQH#VWDQGV/#PDFFKLH#WKLFNHWV#DQG#FXOWLYDWHG#ODQGV#DUH#YHU\#ULFK#LQ#ELUG#IDXQD1#$#
VLJQLILFDQW# QXPEHU# RI# ELUGV# LQFOXGLQJ# QDWLYHV# DQG# PLJUDWRU\/# HQULFK# WKH# ZLOG# OLIH#
SRWHQWLDO# RI# WKH# SURSRVHG# VLWH1# 64# ELUG# VSHFLHV# ZHUH# UHFRUGHG# LQ# WKH# VLWH1# 4;# DUH#
PLJUDWRU\#DQG#46#DUH#QDWLYH#DPRQJ#WKHVH#VSHFLHV1#9#RI#WKH#PLJUDWRU\#VSHFLHV#EUHHG#LQ#
WKH#UHJLRQ1#%LUG#VSHFLHV#LGHQWLILHG#LQ#WKH#SURSRVHG#VLWH#DUH#VKRZQ#LQ#7DEOH#470551# #

7DEOH#47055=#%LUGV#6SHFLHV#5HFRUGHG#LQ#DQG#$URXQG#&LPVD#6LWH#

(QJOLVK#QDPH# /DWLQ#QDPH# 0LJUDWRU\# 1DWLYH# 6XPPHU#
YLVLWRU#

:LQWHU#
YLVLWRU# %UHHGLQJ#

-D\# *DUUXOXV#JODQGDULXV# # -# # # -#
:KLWH#:DJWDLO# 0RWDFLOOD#DOED# -# # # -# #
<HOORZ0YHQWHG#%XOEXO# 3\FQRQRWXV#EDUEDWXV# # -# # # -#
%HH0HDWHU# 0HURSV#DSLDVWHU# -# # -# # -#
6SDUURZ#+DZN# $FFLSLWHU#QLVXV# # -# # # -#
&RPPRQ#4XDLO# &RWXUQL[#FRWXUQL[# -# # -# # -#
*UHDW#7LW# 3DUXV#PDMRU# -# # -# # -#
# /LWWOH#6WLQW# &DOLGULV#PLQXWD# # -# # # -#
-DFNGDZ# &RUYXV#PRQHGXOD# # -# # # -#
*UHHQ#ILQFK# &DUGXHOLV#FKORULV# -# # # -# #
5ROOHU# &RUDFLDV#JDUUXOXV# -# # -# # -#
+RRSRH# # 8SXSD#HSRSV# -# # -# # #
&KDIILQFK# )ULQJLOOD#FRHOHEV# -# # # -# #
%ODFN0KHDGHG#%XQWLQJ# (PEHUL]D#PHODQRFHSKDOD# -# # -# # #
6ZLIW# $SXV#DSXV# -# # -# # #
%ODFN#%LUG# 7XUGXV#PHUXOD# -# # # -# #
.HVWUHO# )DOFR#WLQQXQFXOXV# # -# # # -#
6ZDOORZ# +LUXQGR#UXVWLFD# -# # -# # -#
/LWWOH#2ZO# $WKHQD#QRFWXD# # -# # # -#
&ROODUHG#'RYH# 6WUHSWRSHOLD#GHFDRFWR# # -# # # -#
1RUWKHUQ#:HDWKHU# 2HQDQWKH#RHQDQWKH# -# # -# # -#
5DYHQ# &RUYXV#FRUD[# # -# # # -#
&DUULRQ#&URZ# &RUYXV#FRURQH#FRUQL[# # -# # # -#
:KLWH#6WRUN# &LFRQLD#FLFRQLD# -# # -# # #
0LVWOH#7KUXVK# 7XUGXV#YLVFLYRUXV# -# # # -# #
*ROGILQFK# &DUGXHOLV#FDUGXHOLV# # -# # # -#
+RXVH#6SDUURZ# # 3DUXV#GRPHVWLFXV# # -# # # -#
:RRG#SLJHRQ# &ROXPED#SDOXPEXV# -# # # -# #
&RUQ#%XQWLQJ# 0LOLDULD#FDODQGUD# -# # -# # #
7UHH#6SDUURZ# 3DVVHU#PRQWDQXV# # -# # # -#
&UHVWHG#/DUN# *DOOHULGD#FULVWDWD# # -# # # -#

#
7KH#FRORQLHV#RI#&RUYXV#FRUD[/#0HURSV#DSLDVWHU/#&DOLGULV#PLQXWD/#+XULQGR#UXVWLFD#DQG#
2HQDQWKH#RHQDQWKH#DGRSWHG# WR# WKH#VLWH#GXH# WR#FKDQJHG#VLWH#FRQGLWLRQV#DV#D# UHVXOW#RI#
H[FDYDWLRQ#ZRUN#+)LJXUH#47057#WR#)LJXUH#47059,1#

8SXSD#HSRSV/#DQ#HQGDQJHUHG#VSHFLHV/#DOVR#LQKDELW#LQ#WKH#SURSRVHG#VLWH#+)LJXUH#4705:,1#
2QO\# IRXU# LQGLYLGXDOV# KDYH# EHHQ# REVHUYHG# GXULQJ# WKH# ILHOG#ZRUN# SHUIRUPHG# LQ# WKH#
SURSRVHG#VLWH1#

#

#
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