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5HVXOWV�RI�WKH�VWXG\�RI�WKH�DQWOLRQ�VSHFLHV�1HXUROHRQ�PLFURVWHQXV�DUH�GHVFULEHG�DQG�ILJXUHG��'LVWULEXWLRQ�RI� WKH
VSHFLHV� LQ� WKH�QRUWKZHVWHUQ�SDUW�RI� WKH�%DONDQ�3HQLQVXOD�DQG�VRPH� LQIRUPDWLRQ�RQ�ELRORJ\�RI� WKH� VSHFLHV�DUH�SUH�
VHQWHG��7KH�VSHFLHV�ZDV�IRXQG�IRU�WKH�ILUVW�WLPH�LQ�6ORYHQLD�DQG�WKH�GLVWULEXWLRQ�LQ�&URDWLD�DQG�0RQWHQHJUR�ZDV�FRQ�
ILUPHG��7ZR�GDUN�SLJPHQWHG�VSRWV�LQ�IRUHZLQJV�DUH�FKDUDFWHULVWLF�IRU�WKH�VSHFLHV��7KH�OHQJWK�RI�GLVWDO�VSRW�YDULHV�DQG
FRPSULVHV� DQ� DUHD� RI� ���� FURVV�YHLQV�� 7KH� RQO\� NQRZQ� ILQGLQJ�SODFH� LQ� 6ORYHQLD� KDV� EHHQ� GHVWUR\HG� DQG� FRQVH�
TXHQWO\�WKH�VSHFLHV�VHHPV�WR�EH�H[WLQFW�WKHUH�

.H\�ZRUGV��1HXUROHRQ�PLFURVWHQXV��DQWOLRQV��1HXURSWHUD��HFRORJ\��HQGDQJHUPHQW��%DONDQ�3HQLQVXOD

1(852/(21�0,&5267(186��0&/$&+/$1���������1(85237(5$��0<50(/(217,'$(�
1(//¤$5($�125'���2&&,'(17$/(�'(//$�3(1,62/$�%$/&$1,&$

6,17(6,

1HOOD�SDUWH�QRUG���RFFLGHQWDOH�GHOOD�SHQLVROD�EDOFDQLFD��OD�VSHFLH�GL�IRUPLFDOHRQH�1HXUROHRQ�PLFURVWHQXV�o�GLI�
IXVD�LQ�6ORYHQLD��&URD]LD�H�0RQWHQHJUR��/D�VSHFLH�VL�GLVWLQJXH�SHU�OH�FKLD]]H�VFXUH�VXOOH�DOL�DQWHULRUL��/D�OXQJKH]]D
GHOOD�FKLD]]D�GLVWDOH�YDULD��OD�FKLD]]D�FRSUH�XQ¢DUHD�FKH�YD�GD�GXH�D�TXDWWUR�QHUYDWXUH�WUDVYHUVDOL��/D�SRSROD]LRQH
SUHVHQWH�LQ�6ORYHQLD�o�PLQDFFLDWD��YHQJRQR�SUHVHQWDWL�DOFXQL�GDWL�UHODWLYL�DO�VXR�KDELWDW��1HOO¢XQLFR�OXRJR�GL�LQVHGLD�
PHQWR�QRWR�LQ�6ORYHQLD��OD�VSHFLH�o�VWDWD�VWHUPLQDWD�

3DUROH�FKLDYH��1HXUROHRQ�PLFURVWHQXV��IRUPLFDOHRQL��1HXURWWHUL��HFRORJLD��PLQDFFLD��SHQLVROD�EDOFDQLFD
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7KH�DQWOLRQV��0\UPHOHRQWLGDH��DUH�ZHOO�NQRZQ�HYHQ
WR� QRQ�HQWRPRORJLVWV� GXH� WR� WKHLU� XQLTXH� PHWKRG� RI
FDSWXULQJ� WKHLU� SUH\�� ,Q� SLW�EXLOGLQJ� VSHFLHV�� WKH� ODUYD
GLJV�D�FRQLFDO�SLW�LQ�VDQG�RU�ORRVH�VRLO�DQG�WKHQ�ZDLWV�IRU
SUH\�DW�WKH�ERWWRP�RI�WKH�SLW�

$QWOLRQV� RFFXU� LQ� ZDUPHU� SDUWV� RI� WKH� ZRUOG�� WKH
0HGLWHUUDQHDQ�%DVLQ�LV�RQH�RI�WKHLU�GLVWULEXWLRQ�FHQWUHV�

7KH� JHQXV� 1HXUROHRQ� 1DYiV�� ����� LQFOXGHV� VPDOO
DQWOLRQV�DQG�LV�FRQILQHG� WR�$IULFD��VRXWKHUQ�(XURSH�DQG
ODUJH�SDUWV�RI�$VLD� �+{O]HO���������7KHUH�DUH�DERXW����
YDOLG�VSHFLHV�RI�WKH�JHQXV��EXW�RQO\�WZR�RI�WKHP�RFFXU�LQ
WKH�ZHVWHUQ�SDUW�RI� WKH�%DONDQ�3HQLQVXOD��$VS{FN�HW�DO��
������� 7LOO� QRZ�� ERWK� %DONDQ� VSHFLHV� ��1HXUROHRQ�PL�
FURVWHQXV��0F/DFKODQ��DQG�1HXUROHRQ�HJHQXV��1DYiV���
KDYH� EHHQ� UHSRUWHG� IURP� &URDWLD� �'HYHWDN�� ����D�� E��
.QRZOHGJH� RI� HFRORJ\� DQG� GLVWULEXWLRQ� RI� 1HXUROHRQ
VSHFLHV�LV�SRRU��XVXDOO\�RQO\�VLQJOH�VSHFLPHQV�KDYH�EHHQ
FROOHFWHG� LQ� (XURSHDQ�FRXQWULHV�� 7KH�RQO\� H[FHSWLRQ� LQ
WKLV�UHVSHFW�LV�)UDQFH��ZKHUH�6WHIIDQ��������VWXGLHG�HFRO�
RJ\�DQG�GLVWULEXWLRQ�RI� WKH�JHQXV�LQ�GHWDLO��7KH�ODUYD�RI
1�� PLFURVWHQXV� OLYHV� LQ� VDQG� ZLWKRXW� FRQVWUXFWLQJ� SLWV
�*HSS��������*HSS�	�+{O]HO��������

1��PLFURVWHQXV� LV� D� SRO\FHQWULF�0HGLWHUUDQHDQ� VSH�
FLHV��IRU�UHYLHZ�RI�GLVWULEXWLRQ�VHH�$VS{FN�HW�DO���������
0RUSKRORJ\� RI� WKH� ILUVW� LQVWDU� ODUYDH� ZDV� GHVFULEHG� E\
*HSS���������1��PLFURVWHQXV�FDQ�HDVLO\�EH�GLVWLQJXLVKHG
IURP� RWKHU�1HXUROHRQ� VSHFLHV� IROORZLQJ� NH\�FKDUDFWHUV
�$VS{FN�HW� DO��� ������� $PRQJ� WKH� RWKHU� FKDUDFWHUV�� DE�
GRPHQ�RI�PDOHV�RI� WKLV�VSHFLHV�LV�PXFK�ORQJHU�WKDQ�WKH
ZLQJV�

)LJ�� ��� &ROOHFWLQJ� SODFHV� RI�1HXUROHRQ� PLFURVWHQXV� LQ
WKH�QRUWKZHVWHUQ�SDUW�RI� WKH�%DONDQ�3HQLQVXOD�� /RFDOL�
WLHV�ZLWK�LQGLYLGXDOV�FROOHFWHG�EHIRUH������DUH�PDUNHG
ZLWK�RSHQ�FLUFOHV��R��
6O�����5D]ÉLUMHQRVW�YRONFHY�YUVWH�1HXUROHRQ�PLFURVWHQXV
Y� VHYHUR]DKRGQHP� GHOX� %DONDQVNHJD� SRORWRND�� /RNDOL�
WHWH� V� SULPHUNL�� QDEUDQLPL� SUHG� OHWRP� ������ VR� SULND�
]DQH�V�SUD]QLPL�NURJFL��R��

,Q�������1��PLFURVWHQXV�ZDV�IRXQG�LQ�6ORYHQLD��9HU\
OLWWOH� LV�NQRZQ�DERXW� WKH�KDELWDW�SUHIHUHQFH�RI� WKLV� VSH�
FLHV��$FFRUGLQJ�WR�$VS{FN�HW�DO�� �������� WKH�VSHFLHV�RF�
FXUV�LQ�IRUHVWV�RU�PDFFKLD��RXU� ILQGLQJ� LQ�6ORYHQLD�GRHV
QRW�FRQILUP�WKLV�DV��FRQWUDU\�WR�WKLV��WKH�VSHFLHV�LV�OLQNHG
WR�DQ�RSHQ�DUHD�GHYRLG�RI�WUHHV�DQG�EXVKHV�

,Q�WKLV�SDSHU��WKH�GLVWULEXWLRQ�RI�1��PLFURVWHQXV�LQ�WKH
QRUWKZHVWHUQ�SDUW�RI� WKH�%DONDQ�3HQLQVXOD�DQG� VRPH� LQ�
IRUPDWLRQ�RQ�ELRORJ\�RI�WKH�VSHFLHV�DUH�SUHVHQWHG�

0$7(5,$/�$1'�0(7+2'6

)OXLG�SUHVHUYHG�DQG�GULHG�VSHFLPHQV�DUH�GHSRVLWHG�LQ
WKH�1DWXUDO�+LVWRU\�0XVHXP��=DJUHE��&URDWLD� �FROO��0X�
VHXP�=*��DQG�LQ�WKH�ILUVW�DXWKRU¤V�FROOHFWLRQ��0DULERU��

:LQJ� PRUSKRORJ\� ZDV� H[DPLQHG� PLFURVFRSLFDOO\�
+DELWDW� WHPSHUDWXUHV� ZHUH� PHDVXUHG� ZLWK� GLJLWDO� WKHU�
PRPHWHUV�&UHVWD�DQG�&KHFNWHPS��+DQQD�,QVWUXPHQWV�

5(68/76�$1'�',6&866,21

'LVWULEXWLRQ�LQ�WKH�QRUWKZHVWHUQ�SDUW�RI�WKH�%DONDQ
3HQLQVXOD

/LWHUDWXUH� UHFRUGV��'HYHWDN� �����E��� &URDWLD�� 1RYL�
.UN��6WRMD

0DWHULDO�H[DPLQHG��P���PDOHV��I���IHPDOHV�
6ORYHQLD��.RSHU��6UPLQ���9,,,�������P��I��'��'HYH�

WDN�OHJ������9,,,�������I�3��'HYHWDN�OHJ�
&URDWLD�� 3XOD�� 6WRMD� ���9,,,������ �P�� '�� 'HYHWDN

OHJ��� 1RYL� 9,,,������ �P� �FROO�� 0XVHXP� =*��� .UN�� .UN
9,,,�� ����� �P� �FROO�� 0XVHXP� =*��� 2EURYDF�� *ROXELß�
ULMHND�.UXSD���9,,,�������I��0��)UDQNRYLß�OHJ���FROO��0X�
VHXP�=*���3ORáH��%ODFH���9,,,�������I�)��3HURYLß�OHJ����I
*��*MHUDSLß�OHJ���FROO��0XVHXP�=*��

0RQWHQHJUR�� 7X]L� ���9,,,������ �I�� ���9,,,������ �P
�I�� ���9,,,������ �P� �I�� ���9,,,����,;������ �I�� ������,;�
������I��DOO�)��-DQÌHNRYLá�OHJ�

7KH� ILQGLQJ� SODFHV� LQ� WKH� QRUWKZHVWHUQ� SDUW� RI� WKH
%DONDQ�3HQLQVXOD�DUH�VKRZQ�LQ�ILJXUH���

)LJ�����5LJKW�IRUHZLQJ�RI�1HXUROHRQ�PLFURVWHQXV��*ROX�
ELÞ��&URDWLD���7KH�SUR[LPDO��SV��DQG�GLVWDO�VSRWV��GV��DUH
PDUNHG�ZLWK�DUURZV��7KH�ZLQJ�LV����PP�ORQJ�
6O�����'HVQR�VSUHGQMH�NULOR�YRONFD�YUVWH�1HXUROHRQ�PL�
FURVWHQXV� �*ROXELÞ�� +UYDÉND��� 3URNVLPDOQD� �SV�� LQ� GLV�
WDOQD�OLVD��GV��VWD�R]QDàHQL�V�SXÉàLFDPD��'ROËLQD�NULOD�MH
���PP�
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)LJ�����9DULDELOLW\�RI�WKH�GLVWDO�VSRW�LQ�ULJKW�IRUHZLQJV��D��E���IHPDOHV�IURP�6UPLQ�QHDU�.RSHU��6ORYHQLD���F���PDOH
IURP�7X]L��0RQWHQHJUR���%DU����PP�
6O�����9DULDELOQRVW�GLVWDOQH�OLVH�Y�GHVQLK�VSUHGQMLK�NULOLK��D��E���VDPLFL�V�6UPLQD�SUL�.RSUX��F���VDPHF�L]�7X]LMD��ßUQD
JRUD���0HULOR����PP�

:LQJ�PRUSKRORJ\�DQG�SLJPHQWDWLRQ

)RUHZLQJV� DUH� VKRZQ� LQ� ILJXUHV� �� DQG� ��� 7ZR� GDUN
SLJPHQWHG� VSRWV� DUH� FKDUDFWHULVWLF� RI� WKLV� VSHFLHV�� WKH
SUR[LPDO� DQG� GLVWDO� RQHV�� 7KH� OHQJWK� RI� WKH� GLVWDO� VSRW
YDULHV�DQG�FRPSULVHV�DQ�DUHD�RI�����FURVV�YHLQV��)LJ�����
+RZHYHU�� ZH� GLG� QRW� QRWH� JHRJUDSKLFDOO\� FRUUHODWHG
YDULDELOLW\�

)LJ�� ��� 'U\� HURGHG� IO\VFK� VORSHV� DW� 6UPLQ� QHDU� .RSHU
�6ORYHQLD��LQ�$XJXVW�������7KLV�FROOHFWLQJ�SODFH�LV�QRZ
GHVWUR\HG�
6O�� ��� 6XKD� LQ� HURGLUDQD� IOLÉQDWD� SRERàMD� KULED� 6UPLQD
SUL� .RSUX� Y� DYJXVWX� ������ 7D� ORNDOLWHWD� MH� GDQHV� XQL�
àHQD�

5HPDUNV�RQ�WKH�KDELWDW

$FFRUGLQJ� WR�$VS{FN�HW� DO�� �������� WKH� W\SLFDO�KDEL�
WDWV� RI� WKH� VSHFLHV� DUH� IRUHVWV� RU� PDFFKLD�� ,Q� &URDWLD
�6WRMD�LQ�WKH�YLFLQLW\�RI�3XOD���WKH�VSHFLHV�RULJLQDWHV�IURP
PDFFKLD�� ZKLOH� LQ� 6ORYHQLD� �6UPLQ� QHDU� .RSHU��1�� PL�
FURVWHQXV� SRSXODWHG� DQ� DUHD� GHYRLG� RI� YHJHWDWLRQ� �)LJ�
����,Q�WKLV�SODFH��QXPHURXV�LQGLYLGXDOV�ZHUH�REVHUYHG�RQ
$XJXVW������ IO\LQJ�DORQJ�GU\�HURGHG� IO\VFK� VORSHV��7KH
PD[LPDO�JURXQG� WHPSHUDWXUHV� ���FP�GHSWK�� LQ�6UPLQ� LQ
VXPPHU�UHDFKHG�����&�DQG�WKH�PD[LPDO�DLU�WHPSHUDWXUH
����&������FP�KHLJKW�����$XJXVW��������7DE������'HVSLWH
WKH�H[WUHPHO\�KLJK� WHPSHUDWXUHV��DQWOLRQV�ZHUH� VWLOO� DF�
WLYHO\�IO\LQJ�

(QGDQJHUPHQW�LQ�6ORYHQLD

'XULQJ� ����� DQG� ������ WKH� RQO\� NQRZQ� ILQGLQJ�
SODFH� LQ� 6ORYHQLD�ZDV� GHVWUR\HG� DV�PDWHULDO� H[FDYDWHG
GXULQJ�URDG�FRQVWUXFWLRQ�ZDV�GHSRVLWHG�LQ�6UPLQ�DQG�WKH
HURGHG� IO\VFK� VORSHV�ZHUH� ILOOHG� XS�� 7KH� VSHFLHV� VHHPV
WR�EH�H[WLQFW�LQ�6ORYHQLD�

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

:H� WKDQN� 'U� )UDQMR� 3HURYLß� �1DWXUDO� +LVWRU\� 0X�
VHXP��=DJUHE��&URDWLD��IRU�WKH�ORDQHG�PDWHULDO�DQG�3URI�
'U�)UDQF�-DQÌHNRYLá��'HSDUWPHQW�RI�%LRORJ\��8QLYHUVLW\
RI�0DULERU��IRU�SURYLGLQJ�WKH�VSHFLPHQV��2XU�WKDQNV�DUH
DOVR� GXH� WR� 3URI��'U� 7RQH�1RYDN� �'HSDUWPHQW� RI� %LRO�
RJ\��8QLYHUVLW\�RI�0DULERU��DQG�DQ�DQRQ\PRXV�UHYLHZHU
IRU�WKH�FULWLFDO�UHDGLQJ�RI�WKH�PDQXVFULSW��7KLV�VWXG\�ZDV
SDUWO\� VXSSRUWHG�E\� UHVHDUFK�JUDQW� IURP� WKH�0LQLVWU\�RI
(GXFDWLRQ�� 6FLHQFH� DQG� 6SRUWV� RI� 6ORYHQLD� �*UDQW� 1R�
3�������%LRGLYHUVLW\��
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7DE�����$LU�DQG�VDQG�WHPSHUDWXUHV�LQ�6UPLQ��QHDU�.RSHU��6ORYHQLD��DW�GLIIHUHQW�GHSWKV�RQ�WZR�FOHDU�GD\V�LQ�$XJXVW
�����DQG�-XQH������
7DE�� ��� 7HPSHUDWXUH� ]UDND� LQ� SHVND� Y� 6UPLQX� SUL� .RSUX� Y� UD]OLàQLK� JORELQDK� PHG� GYHPD� VRQàQLPD� GQHYRPD
DYJXVWD������LQ�MXQLMD������

6DQG�WHPSHUDWXUHV $LU�WHPSHUDWXUHV
'DWH�7LPH

VXUIDFH ��FP�GHSWK ���FP�GHSWK ����FP�KHLJKW
:HDWKHU�FRQGLWLRQV

���$XJ�����
����� �� �� � ���� &ORXG\�GD\��QR�ZLQG
����� ���� �� � �� &OHDU�GD\��QR�ZLQG
����� �� �� � �� &OHDU�GD\��QR�ZLQG
����� �� �� � �� &OHDU�GD\��QR�ZLQG
���-XQ�����
����� ���� ���� ���� ���� &OHDU�GD\��OLJKW�ZLQG
����� ���� ���� ���� ���� &OHDU�GD\��OLJKW�ZLQG
����� ���� ���� ���� ���� &OHDU�GD\��OLJKW�ZLQG
����� ���� ���� ���� ���� &OHDU�GD\��OLJKW�ZLQG
����� ���� ���� � � &OHDU�GD\��OLJKW�ZLQG
����� ���� ���� ���� ���� &OHDU�GD\��OLJKW�ZLQG
����� ���� ���� ���� ���� &OHDU�GD\��OLJKW�ZLQG
����� ���� ���� ���� ���� &OHDU�GD\��OLJKW�ZLQG
����� ���� ���� ���� ���� &OHDU�GD\��QR�ZLQG

1(852/(21�0,&5267(186��0&/$&+/$1���������1(85237(5$��0<50(/(217,'$(�
9�6(9(52=$+2'1(0�'(/8�%$/.$16.(*$�32/272.$

'XÈDQ�'(9(7$.
2GGHOHN�]D�ELRORJLMR��3HGDJRÊND�IDNXOWHWD��8QLYHU]D�Y�0DULERUX��6,������0DULERU��.RURÊND����

3HWUD�'(9(7$.
6,������0DULERU��6ODYH�.ODYRUH��

329=(7(.

9UVWD�YRONFHY�1HXUROHRQ�PLFURVWHQXV�MH�Y�VHYHUR]DKRGQHP�GHOX�%DONDQVNHJD�SRORWRND�UD]ÈLUMHQD�Y�6ORYHQLML��QD
+UYDÈNHP�LQ�Y�ÞUQL�JRUL��=D�YUVWR�VWD�]QDßLOQL�WHPQR�SLJPHQWLUDQL�OLVL�Y�VSUHGQMLK�NULOLK��'ROÊLQD�GLVWDOQH�OLVH�YDULLUD�
OLVD�SRNULYD�REPRßMH�RG�GYHK�GR�ÈWLULK�SUHßQLK�ÊLOLF��=D�SRSXODFLMR��NL�ÊLYL�Y�6ORYHQLML��QDYDMDYD�RJURÊHQRVW�LQ�QHNDM
SRGDWNRY�R�KDELWDWX��1D�HGLQHP�]QDQHP�VORYHQVNHP�QDKDMDOLÈßX�MH�YUVWD�L]WUHEOMHQD�

.OMXÞQH�EHVHGH��1HXUROHRQ�PLFURVWHQXV��YRONFL��1HXURSWHUD��HNRORJLMD��RJURÌHQRVW��%DONDQVNL�SRORWRN

5()(5(1&(6

$VSxFN��+���8��$VSxFN�	�+��+xO]HO� �������� 'LH�1HX�
URSWHUHQ� (XURSDV�� (LQH� ]XVDPPHQIDVVHQGH� 'DUVWHOOXQJ
GHU� 6\VWHPDWLN�� gNRORJLH� XQG� &KRURORJLH� GHU� 1HXURS�
WHURLGHD� �0HJDORSWHUD�� 5DSKLGLRSWHUD�� 3ODQLSHQQLD�� (X�
URSDV����YROV��*RHFNH�DQG�(YHUV��.UHIHOG��*HUPDQ\�����
DQG�����SS�
$VSxFN��+���+��+xO]HO�	�8��$VSxFN� ��������.RPPHQ�
WLHUWHU�.DWDORJ�GHU�1HXURSWHULGD��,QVHFWD��5DSKLGLRSWHUD�
0HJDORSWHUD�� 1HXURSWHUD�� GHU� :HVWSDOlDUNWLV�� 'HQLVLD�
���������
'HYHWDN��'�� �����D��� 3UHVHQW� NQRZOHGJH� RI� WKH�0HJD�
ORSWHUD�� 5DSKLGLRSWHUD� DQG� 1HXURSWHUD� RI� <XJRVODYLD
�,QVHFWD��1HXURSWHURLGHD��� ,Q��&DQDUG��0���+��$VSöFN�	
0��:��0DQVHOO� �HGV����&XUUHQW�5HVHDUFK�LQ�1HXURSWHURO�
RJ\��3URFHHGLQJV�RI�WKH�)RXUWK�,QWHUQDWLRQDO�6\PSRVLXP

RQ�1HXURSWHURORJ\��7RXORXVH��)UDQFH��������S����������
'HYHWDN�� '�� �����E��� 0HJDORSWHUD�� 5DSKLGLRSWHUD� DQG
3ODQLSHQQLD� �1HXURSWHURLGHD�� ,QVHFWD�� RI� &URDWLD�
=QDQVWY��5HY����������������
*HSS�� -�� �������� %HLWUDJ� ]XU� .HQQWQLV� GHU� 1HXURSWHUHQ
GHU�7�UNHL��(QWRPRO��%HU���$PVW����������������
*HSS�� -�� 	� +�� +xO]HO� �������� $PHLVHQO{ZHQ� XQG
$PHLVHQMXQJIHUQ� �� 0\UPHOHRQLGDH�� =LHPVHQ� 9HUODJ�
:LWWHQEHUJ�/XWKHUVWDGW�
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