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1. Introduction

7KH� IDPLO\� *RQLRGURPLWLGDH� EHORQJV� WR� RQH� RI� WKH�
ROGHVW� %UDFK\XUDQ� VXSHUIDPLOLHV� ²� +RPRORGURPLRL�
GHD�ZKLFK�FRPSULVHV�WKH�PRVW�SULPLWLYH�FUDE�IDPLOLHV��
*RQLRGURPLWLGDH�� 7DQLGURPLWLGDH�� %XFFXOHQWLGDH��
3URVRSLGDH��/RQJRGURPLWLGDH��DQG�+RPRORGURPLWLGDH�
�.$5$6$:$�HW�DO��������

7KH�IDPLO\�*RQLRGURPLWLGDH�FRPSULVHV�WHQ�JHQHUD��
&\FORSURVRSRQ�/g5(17+(<��LQ�/g5(17+(<�	�%(85/(1��
������ &\FORWK\UHXV� 5(0(ä�� ������ 'LVWHIDQLD� &+(&�
&+,$�5,632/,�� ������(RGURPLWHV�3$758/,86�� ������*R�
QLRGURPLWHV�5(866�� ������3DODHRGURPLWHV�$��0,/1(�
(':$5'6�� ������ 3LWKRQRWRQ� 921� 0(<(5�� ������ 3OD�
JLRSKWKDOPXV�%(//��������6DEHOOLGURPLWHV�6&+:(,7=(5�
	�)(/'0$11��������DQG�7UDFK\QRWRFDUFLQXV�:5,*+7�
	�&2//,16��������'(�*5$9(�HW�DO���������6HYHQ�JHQHUD�
ZHUH�UHSUHVHQWHG�LQ�WKH�-XUDVVLF�RU�DW�WKH�-XUDVVLF�&UH�
WDFHRXV�ERXQGDU\��&\FORSURVRSRQ��&\FORWK\UHXV��'LV�
WHIDQLD��(RGURPLWHV��*RQLRGURPLWHV��3DODHRGURPLWHV��
3LWKRQRWRQ��DQG�6DEHOOLGURPLWHV��7KH�SUHVHQW�JHQHULF�
FRPSRVLWLRQ� RI� WKH� IDPLO\� KDV� UHVXOWHG� IURP� VHYHUDO�

HDUOLHU� UHYLVLRQV� RI� SDUWLFXODU� JHQHUD�� &\FORSURVR�
SRQ�DQG�&\FORWK\UHXV�ZHUH�UHYLVHG�E\�6&+:(,7=(5�	�
)(/'0$11������������E���3DODHRGURPLWHV��'LVWHIDQLD��
DQG�&\FORWK\UHXV�ZKLFK�KLVWRULFDOO\�EHORQJHG�LQ�'\�
QRPHQLGDH�ZHUH� UH�HYDOXDWHG�DQG� WUDQVIHUUHG� WR�*R�
QLRGURPLWLGDH� E\� 6&+:(,7=(5� 	� )(/'0$11� �����D���
7KHVH� DXWKRUV� GHVFULEHG� DOVR� 6DEHOOLGURPLWHV� DQG�
DGGHG�QHZ�VSHFLHV�WR�(RGURPLWHV��*RQLRGURPLWHV�DQG�
3LWKRQRWRQ��6&+:(,7=(5�	�)(/'0$11�������

*RQLRGURPLWHV� KDV� EHHQ� NQRZQ� LQ� (XURSH� IRU� D�
FHQWXU\�DQG�D�KDOI��5(866��������7KH�JHQXV�KDV�EHHQ�
FRQVLGHUHG�D�VXEJHQXV�RI�3LWKRQRWRQ��*/$(661(5�������
RU�D�V\QRQ\P�RI�3LWKRQRWRQ��&2//,16�	�:,(5=%2:6.,�
������:(+1(5� ������0h//(5� HW� DO�� ������� %(85/(1�
�������DQG�*/$(661(5��������VHSDUDWHG�*RQLRGURPLWHV�
DQG�3LWKRQRWRQ�LQWR�D�QHZ�VXEIDPLO\�*RQLRGURPLWLQDH�
ZLWKLQ� WKH�3URVRSLGDH��EDVHG�XSRQ�WKH�IRUPHU�KDYLQJ�
D�VWURQJ�FHUYLFDO�JURRYH�DQG�D�ZHDNHU�EUDQFKLRFDUGL�
DF�JURRYH��ZHDNO\�SURMHFWHG�URVWUXP��GHYHORSPHQW�RI�
ODWHUDO�ÁDQNV�DQG�RUQDPHQWDWLRQ�RI� WKH�FDUDSDFH� WKDW�
LV�ZHDNHU�WKDQ�LQ�RWKHU�SURVRSLGV��7KH�VXEIDPLO\�ZDV�
UDLVHG�WR�IDPLO\�VWDWXV�E\�6&+:(,7=(5�HW�DO���������
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144 N. Starzyk et al.

5HSUHVHQWDWLYHV� RI� *RQLRGURPLWHV� DUH� NQRZQ�
IURP�WKH�/DWH�-XUDVVLF��2[IRUGLDQ��WR�/DWH�&UHWDFHRXV�
�&HQRPDQLDQ���,W�LV�WKH�JHQXV�RI�ORQJHVW�UDQJH�ZLWKLQ�
WKH�0HVR]RLF�+RPRORGURPLRLGHD��

*RQLRGURPLWLGV� DUH� NQRZQ� IURP� WKH� WHUULWRU\� RI�
(XURSH�DQG�-DSDQ��$�ZLGHO\�VSUHDG�(XURSHDQ�VSHFLHV��
*�� VHUUDWXV�� ZDV� ÀUVW� GHVFULEHG� IURP� WKH�2[IRUGLDQ�
RI� )UDQFH� �%(85/(1� ������6&+:(,7=(5� 	�)(/'0$11�
������ DQG� LV� NQRZQ�DOVR� IURP� WKH�2[IRUGLDQ� ORFDOL�
WLHV�RI�3RODQG��LQ�WKH�+RO\�&URVV�0RXQWDLQV��WKH�3RO�
LVK�-XUD��WKH�.XMDZ\�UHJLRQ��&2//,16�	�:,(5=%2:6.,�
������ DQG�.UDNyZ� ²�=DNU]yZHN� TXDUU\� �0h//(5� DW�
DO���������DQG�ZDV�UHFHQWO\�UHFRUGHG�DOVR�IURP�'REUR�
JHD��5RPDQLD� �)(/'0$11�HW� DO���������)URP� WKH� ODW�
WHU� ORFDOLW\��*��DOLTXDQWXOXV� LV� UHFRUGHG� �6&+:(,7=(5�
HW� DO�� ������ DV�ZHOO� DV� D� UHFHQWO\� GHVFULEHG� VSHFLHV��
*��QDULQRVXV��/DWH�2[IRUGLDQ�²�(DUO\�.LPPHULGJLDQ��
)5$1N(6&8�������

)URP� WKH� 7LWKRQLDQ� RI� (XURSH� ÀYH� VSHFLHV� DUH�
NQRZQ��*RQLRGURPLWHV�SRO\RGRQ�KDV�EHHQ�NQRZQ�IRU�
D� ORQJ� WLPH� IURP� WKH� &]HFK� 5HSXEOLF� �5(866� �������
*RQLRGURPLWHV� GHQWDWXV� DQG�*�� WUDQV\OYDQLFXV�ZHUH�
UHFRUGHG�IURP�+XQJDU\��/g5(17+(<�LQ�/g5(17+(<�	�
%(85/(1���������*RQLRGURPLWHV�ELGHQWDWXV� LV�NQRZQ�
IURP� WKH� 3ROLVK� &DUSDWKLDQV� �:ReQLNL�� �3$758/,86�
�������$XVWULD��(UQVWEUXQQ��DQG�&]HFK�5HSXEOLF��6&+�
:(,7=(5�	�)(/'0$11��������

7ZR�/DWH� -XUDVVLF� VSHFLHV� IURP�-DSDQ��*��KLURWDL�
DQG� *�� VDNDZHQVH�� ZHUH� GHVFULEHG� E\�.$5$6$:$� 	�
.$72��������

1H[W� LQ� DJH� FRPH� WKH� /DWH� &UHWDFHRXV� VSHFLHV�

�&HQRPDQLDQ���*RQLRGURPLWHV�ODHYLV�DQG�*��FHQRPD�
QHQVLV� DUH� NQRZQ� IURP� %ULWDLQ� �:5,*+7� 	� &2//,16�
������� DQG�*�� ODHYLV� KDV� EHHQ� UHSRUWHG� IURP� 6SDLQ�
�6&+:(,7=(5�	�)(/'0$11��������

,Q�WKLV�SDSHU�D�QHZ�VSHFLHV�RI�*RQLRGURPLWHV�LV�GH�
VFULEHG�IURP�IRXU�ORFDOLWLHV�RI�WKH�3ROLVK�-XUD�&KDLQ��
7KH� VSHFLHV� LV� DFFRPSDQLHG� LQ� DOO� ORFDOLWLHV� E\� WZR�
RWKHU� FRQJHQHUV��*�� VHUUDWXV� DQG�*�� QDULQRVXV�� 7KH�
WKUHH�VSHFLHV�DUH�DSSDUHQWO\�FORVHO\�UHODWHG�EDVHG�XSRQ�
VHYHUDO�FKDUDFWHUV�RI�WKH�FDUDSDFH��

7KH� VSHFLPHQV�EHORQJ� WR�D� ODUJH��QHZO\�DFTXLUHG�
FROOHFWLRQ�RI�F�������/DWH�-XUDVVLF�FUDEV�IURP�WKH�3RO�
LVK�-XUD�&KDLQ��KRXVHG�LQ�WKH�,QVWLWXWH�RI�6\VWHPDWLFV�
DQG�(YROXWLRQ�RI�$QLPDOV��3ROLVK�$FDGHP\�RI�6FLHQF�
HV��XO��6ãDZNRZVND������������.UDNyZ��3RODQG��,6($���
7KH�FROOHFWLRQ�FRPSULVHV�DOVR�%XFFXOHQWXP�EXFFXOHQ�
WXP��67$5=<.�HW�DO��������DQG�VHYHUDO�VSHFLHV�RI�$QR�
PXUD� �3\ORFKHOLGDH� DQG�'LRJHQLGDH�� WKUHH� SDSHUV� RI�
)5$$,-(�HW�DO���LQ�SUHVV���

2. Material and methods

6SHFLPHQV� H[DPLQHG� KHUH� ZHUH� FROOHFWHG� IURP� IRXU�
ORFDOLWLHV� LQ� VRXWKHUQ� 3RODQG� �.UDNyZ�:LHOX8� 8S�
ODQG��2[IRUGLDQ��²�%]yZ��*UDERZD��1LHJRZRQLFH�DQG�
2JURG]LHQLHF��(DFK�VSHFLHV�RFFXUV� LQ�DOO� IRXU� ORFDOL�
WLHV��$OO�FUDEV�ZHUH�FROOHFWHG�E\�D�IDPLO\�RI�DPDWHXU�
FROOHFWRUV��,ZRQD��5REHUW�DQG�.DUROLQD�%RUHN��,Q�WRWDO��
WKHUH� DUH� DERXW� ����� VSHFLPHQV� RI� WKH� WKUHH� VSHFLHV�
GHWHUPLQHG�WKXV�IDU��)RU�WKLV�VWXG\�ZH�FKRRVH�����RI�
WKH�EHVW�SUHVHUYHG�VSHFLPHQV�����²�*��VHUUDWXV�����²�

)LJ�����$�²�*URXQGSODQ�RI�WKH�PRUSKRORJLFDO�VWUXFWXUHV�LQ�WKH�WKUHH�VSHFLHV�RI�*RQLRGURPLWHV��*��QDULQRVXV��*��VHUUDWXV��*��
NXEDL�Q��VS����%�²�$UUDQJHPHQW�RI�PDLQ�ODWHUDO�VSLQHV��1XPEHUV�UHIHU�WR�VSLQHV�ZLWKLQ�WKH�UHJLRQV��IXUWKHU�H[SODQDWLRQ�LQ�WH[W�
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*��QDULQRVXV�����²�*��NXEDL�Q��VS���
7HUPLQRORJ\�RI�WKH�FDUDSDFH�VWUXFWXUHV�LV�H[SODLQHG�

LQ�)LJ���$��7KH�OHQJWK�DQG�ZLGWK�RI�HDFK�VSHFLPHQ�ZDV�
PHDVXUHG� DQG� VRPH� RWKHU�PHDVXUHPHQWV�ZHUH� WDNHQ�
IURP���� VSHFLPHQV� ���� ²�*�� VHUUDWXV�� ��� ²�*��QDUL�
QRVXV�����²�*��NXEDL���$W�HDUOLHU�VWDJHV�RI� WKLV�ZRUN�
YDULRXV�FRPELQDWLRQV�RI�PHDVXUHPHQWV�ZHUH�WULHG�DQG�
WKHLU�QXPEHU�KDV�EHHQ�HYHQWXDOO\�UHGXFHG�WR�QLQH��DF�
FRUGLQJ� WR� WKH�SUHOLPLQDU\�UHVXOWV�RI�3ULQFLSDO�&RP�
SRQHQWV� $QDO\VLV�� 7KH� 'LVFULPLQDQW� $QDO\VLV� ZDV�
EDVHG�RQ�WKHVH�QLQH�PHDVXUHPHQWV�WDNHQ�LQ�KRUL]RQWDO�
SRVLWLRQ�RI�FDUDSDFH� �)LJ����$���/��PD[LPXP�OHQJWK�
RI� FDUDSDFH�� 0W)� ²� GLVWDQFH� IURP� SRVWHULRU� HQG� RI�
PHVRJDVWULF�UHJLRQ�WR�DQWHULRU�ERUGHU�RI�WKH�URVWUXP��
0W&�²�GLVWDQFH�IURP�SRVWHULRU�HQG�RI�PHVRJDVWULF�WR�D�
WXEHUFOH�PDUNLQJ�WKH�SRVWHULRU�HQG�RI�FDUGLDF�UHJLRQ��
&W(�²� GLVWDQFH�EHWZHHQ� WKLV� WXEHUFOH� DQG�GLVWDOPRVW�
HQG� RI� FDUDSDFH��&W%&� ²� GLVWDQFH� IURP� WKH� FHUYLFDO�
WR� EUDQFKLRFDUGLDF� JURRYH� ODWHUDOO\��%&W(� �� GLVWDQFH�
IURP�EUDQFKLRFDUGLDF�JURRYH�WR�GLVWDOPRVW�HQG�RI�FDU�
DSDFH�ODWHUDOO\��/30�²�OHQJWK�RI�SRVWHULRU��EURDG��SDUW�
RI�PHVRJDVWULF�UHJLRQ��:0�²�PD[LPXP�ZLGWK�RI�PH�
VRJDVWULF�UHJLRQ��:5�²�ZLGWK�RI�URVWUXP�DW�WKH�SRLQW�
RI�PHVRJDVWULF�DQWHULRU�HQG��:�²�PD[LPXP�ZLGWK�RI�
FDUDSDFH��$�VWDWLVWLFDO�SDFNDJH�6WDWLVWLFD�����ZDV�XVHG�

3. Age of localities

2JURG]LHQLHF� ²� 2Q� DPPRQLWH� HYLGHQFH�� WKH� VHFWLRQ�
H[SRVHG�DW�2JURG]LHQLHF�4XDUU\�FDQ�EH�GDWHG�DV�HDUO\�
WR�PLGGOH�2[IRUGLDQ��:LWK� WKH� H[FHSWLRQ� RI� WKH� GLV�
FRQWLQXRXV�0DULDH�=RQH��DOO�]RQHV�DQG�VXE]RQHV�IURP�
WKH�&RUGDWXP�WR�WKH�7UDQVYHUVDULXP�KDYH�EHHQ�GRFX�
PHQWHG��*â2:1,$.��������67$5=<.�HW�DO���������
%]yZ�²�7KLV�SLW��WKH�QRUWKHUO\�SRUWLRQ�RI�ZKLFK�LV�LQ�
WKH�YLOODJH�RI�%]yZ�� UHSUHVHQWV�D�SURORQJDWLRQ�RI� WKH�
ODUJH� TXDUU\� DW� 2JURG]LHQLHF�� $PPRQLWHV� LQGLFDWH�
WKH� PLGGOH� 2[IRUGLDQ� 7UDQVYHUVDULXP� =RQH�� $� VLQ�
JOH�VSHFLPHQ�LQ�WKLV�ORW�PLJKW�UHSUHVHQW�&DUGLRFHUDV�
WHQXLVHUUDWXP��ZKLFK�ZRXOG�LQGLFDWH�WKH�XSSHU�3OLFD�
WLOLV�=RQH��0$7<-$�	�:,(5=%2:6.,�������
1LHJRZRQLFH�²�7KH�VHTXHQFH�H[SRVHG�DW� WKLV�TXDUU\�
UDQJHV�IURP�WKH�XSSHU�(OLVDEHWKDH�6XE]RQH�WR�WKH�XS�
SHU�:DUWDH�6XE]RQH��PLGGOH� DQG� ODWH�2[IRUGLDQ� DJH�
�*â2:1,$.�������67$5=<.�HW�DO��������
*UDERZD�²�7KH�TXDUU\�LV�HDVW�RI�WKH�TXDUU\�RI�1HJR�
ZRQLFH�DQG�YHU\�FORVH�WR�LW��7KH�DJH�RI�WKHVH�VHGLPHQWV�
ZDV�XQWLO�QRZ�QRW�NQRZQ�IURP�WKH�OLWHUDWXUH��2QH�DF�
FRPSDQ\LQJ� DPPRQLWH� ZDV� UHFHQWO\� GHWHUPLQHG� E\�
(��*â2:1,$.�DQG�$��:,(5=%2:6.,�DV�7DUDPHOOLFHUDV�
H[WHUQQRGRVXP��ZKLFK�FRUUHODWHV�ZLWK�WKH�8SSHU�2[�

IRUGLDQ�]RQH�RI�WKH�XSSHUPRVW�%LIXUFDWXV�WR�WKH�ORZHU�
PRVW�%LPDPPDWXP� �VXE]RQH��+\SVHOXP�� �DFFRUGLQJ�
WR�*â2:1,$.�	�:,(5=%2:6.,�������ÀJ�����

4. Systematic palaeontology

2UGHU�'HFDSRGD�/$75(,//(������
,QIUDRUGHU�%UDFK\XUD�/,11$(86������
6HFWLRQ�'URPLDFHD�'(�+$$1������

6XSHUIDPLO\�+RPRORGURPLRLGHD�$/&2&.������
)DPLO\�*RQLRGURPLWLGDH�%(85/(1�������� �

3LWKRQRWLQDH�*/$(661(5�������

*HQXV�*RQLRGURPLWHV�5(866������

7\SH� VSHFLHV��*RQLRGURPLWHV� ELGHQWDWXV�5(866�������� E\�
RULJLQDO�GHVLJQDWLRQ�

2WKHU� VSHFLHV� LQFOXGHG�� *�� DOLTXDQWXOXV� � 6&+:(,7=(5��
)(/'0$11� 	� /$=�5�� ������*�� FHQRPDQHQVLV� �:5,*+7� 	�
&2//,16�� ������ DV�3LWKRQRWRQ��*�� GHQWDWXV�/g5(17+(<� LQ�
/g5(17+(<� 	� %(85/(1�� ������ *�� ODHYLV� �9$1� 675$(/(1��
������ DV� ,EHULKRPROD�� *�� QDULQRVXV� )5$1N(6&8�� ������
*�� SRO\RGRQ�5(866��������*�� VHUUDWXV�%(85/(1��������*��
KLURWDL�.$5$6$:$�	�.$72��������*��VDNDZHQVH�.$5$6$:$�
	�.$72��������*��WUDQV\OYDQLFXV�/g5(17+(<�LQ�/g5(17+(<�
	� %(85/(1�� ������ DQG�*�� NXEDL� Q�� VS��� GHVFULEHG� KHUHLQ��
$OO� PHPEHUV�� LQFOXGLQJ� VRPH� GLVSXWDEOH� VSHFLHV�� DUH�
RYHUYLHZHG�E\�6&+:(,7=(5�HW�DO���������

&RPPHQWV�� 7KH� SUHVHQW� VWXG\� VKRZV� WKDW� WKUHH� RI� WKH�
2[IRUGLDQ�RU�ROGHU�VSHFLHV��*��VHUUDWXV��*��QDULQRVXV�DQG�*��
NXEDL�Q��VS��IRUP�D�JURXS�RI�VSHFLHV�GLVWLQJXLVKHG�E\�VKDUHG�
FKDUDFWHUV�RI�WKH�DXJHQUHVW�DQG�ODWHUDO�ERUGHU�RI�FDUDSDFH��
%RWK�PDUJLQV�RI�WKH�DXJHQUHVW��XSSHU�DQG�ORZHU��DUH�ÀQHO\�
VHUUDWHG�� 7KH� ODWHUDO� ERUGHU� RI� WKH� FDUDSDFH� LV� VHW� ZLWK�
FRDUVH� VSLQHV� SUHVHQW� LQ� D� FRQVWDQW� SRVLWLRQ� �JURXQGSODQ�
)LJ���$��%���WZR�DORQJ�WKH�KHSDWLF�UHJLRQ��WKH�ÀUVW�RQH��ODUJH�
DQG� VKDUS�� NQRZQ� DV� WKH� RXWHU� RUELWDO� VSLQH��� IRXU� VSLQHV�
���� �� ²� ODUJHU�� ��� �� ²� VPDOOHU�� EHWZHHQ� WKH� FHUYLFDO� DQG�
EUDQFKLRFDUGLDF�JURRYHV��DQG�WZR�VPDOO�VSLQHV�EHKLQG�WKH�
EUDQFKLRFDUGLDF�JURRYH��WKH�ODVW�RQH�VKLIWHG�VOLJKWO\�WR�WKH�
GRUVDO�VLGH��7KLV�DUUDQJHPHQW�RI�ODWHUDO�VSLQHV�ZDV�WLOO�QRZ�
NQRZQ� WR� EH� FKDUDFWHULVWLF� RQO\� WR�*�� VHUUDWXV� �%(85/(1�
������ WUDQVODWLRQ� RI� RULJLQDO� GHVFULSWLRQ� E\� )(/'0$11� HW�
DO��������7KH�LQWHUVSHFLÀF�GLIIHUHQFHV�FRQFHUQ�WKH�VKDSH�RI�
WKH�URVWUXP��DXJHQUHVW��RYHUDOO�SURSRUWLRQV�RI�WKH�FDUDSDFH��
DQG��WR�D�OHVVHU�H[WHQW��DOVR�WKH�ERG\�VL]H�

$W�SUHVHQW�LW�LV�QRW�FOHDU�ZKHWKHU�RU�ZKLFK�RWKHU�VSHFLHV�
RI� WKH�JHQXV�*RQLRGURPLWHV� VKDUHV� WKH�DERYH�JURXQGSODQ��
7KH�GLVWULEXWLRQ�RI�ODWHUDO�VSLQHV�LV�GLVFXVVHG�E\�6&+:(,7=(5�
HW�DO���������DQG�LQ�6&+:(,7=(5�	�)(/'0$11��������LQ�WKH�
GLVFXVVLRQ�RQ�*��VHUUDWXV��-XGJLQJ�IURP�WKH�GHVFULSWLRQ�RI�
*�� DOLTXDQWXOXV� 6&+:(,7=(5�� )(/'0$11� 	� /$=�5�� ������
WKLV�VSHFLHV�LV�GLVWLQFWLYH�E\�RXWHU�RUELWDO�VSLQHV�EHLQJ�VPDOO�
DQG�EOXQW��EXW�PD\�VKDUH�VLPLODU�DUUDQJHPHQW�RI�UHPDLQLQJ�
ODWHUDO�VSLQHV��7KH�VDPH�PD\�EH�WUXH�IRU�*��SRO\RGRQ��VHH�
DOVR� GLVFXVVLRQ� RI�*�� VHUUDWXV�� WKLV� SDSHU��� 2Q� WKH� RWKHU�
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)LJV�����
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KDQG��*��GHQWDWXV�FDQ�EH�H[FOXGHG�LQ�KDYLQJ�RQO\�WZR�ODUJH�
VSLQHV� EHWZHHQ� FHUYLFDO� DQG� EUDQFKRFDUGLDF� JURRYHV� RQ�
ODWHUDO�PDUJLQ� �EDVLQJ�RQ�6&+:(,7=(5�	�)(/'0$11� ������
SO���(���3UHVHQFH�DQG�DUUDQJHPHQW�RI�WKHVH�VSLQHV�LQ�RWKHU�
FRQJHQHUV�VKRXOG�EH�FRQÀUPHG�LQ�IXWXUH�

*RQLRGURPLWHV�QDULQRVXV�)5$1N(6&8������
)LJV���������%

����� *RQLRGURPLWHV� QDULQRVXV� Q�� VS�� ²� )5$1N(6&8�� S��
�����ÀJ����

$PHQGHG�GLDJQRVLV��&DUDSDFH� VOLJKWO\� ORQJHU� WKDQ�ZLGH��
VWURQJO\�FRQYH[��VKDSH�URXQGHG��5RVWUXP�EURDG�DQG�VKRUW��
GLUHFWHG�GRZQZDUG��LQFLVHG�LQ�WKH�PLGGOH��GLYLGHG�WKURXJK�
WKH� PHGLDQ� JURRYH� LQWR� WZR� URXQGHG� OREHV�� 7KHUH� LV� DQ�
LQÁHFWLRQ� DW� WKH� SRLQW� ZKHUH� WKH� SRVWHULRU� PDUJLQ� RI� WKH�
URVWUXP� DQG� XSSHU� RUELWDO�PDUJLQ�PHHW�� 7KH� DXJHQUHVW� LV�
UHODWLYHO\�QDUURZ��DOPRVW�WZLFH�DV�ORQJ�DV�ZLGH��8SSHU�DQG�
VXERUELWDO�PDUJLQV�RI�WKH�DXJHQUHVW�DUH�ÀQHO\�VHUUDWHG��WKH�
VXERUELWDO� PDUJLQ� SURWUXGHV� GLVWLQFWO\� LQ� DGYDQFH� RI� WKH�
XSSHU�PDUJLQ��(SLJDVWULF�UHJLRQV�OLH�FORVH�WR�HDFK�RWKHU�LQ�
IURQW�RI�PHVRJDVWULF� UHJLRQ��0HVRJDVWULF� UHJLRQ�S\ULIRUP��
ZLWK� QDUURZ� DQWHULRU� DQG� EURDG� SRVWHULRU� SRUWLRQV� HTXDO�
LQ�OHQJWK��D[LDOO\���2Q�WKH�ODWHUDO�ERUGHU�RI�FDUDSDFH�WKHUH�
DUH�VL[�VSLQHV��LQFOXGLQJ�RXWHU�RUELWDO�VSLQH���DUUDQJHG�DV�LQ�
)LJ���

7KLV�VSHFLHV�UHDFKHG�D�FDUDSDFH�VL]H�XS�WR���PP��L��H���
ODUJHU�WKDQ�*��VHUUDWXV�DQG�*��NXEDL�Q��VS�

0DWHULDO�� 6SHFLPHQV� IURP� %]yZ�� ,�)�03���������������
,�)�03���������������6SHFLPHQV�IURP�1LHJRZRQLFH�
,�)�03���������������,�)�03���������������,�)�03�������
��������� ,�)�03��������������� ,�)�03��������������� ,�)�
03��������������� ,�)�03��������������� ,�)�03�������
��������� ,�)�03��������������� ,�)�03��������������� ,�)�
03��������������� ,�)�03��������������� ,�)�03�������
��������� ,�)�03��������������� ,�)�03��������������� ,�)�
03��������������� ,�)�03��������������� ,�)�03�������
��������� ,�)�03��������������� ,�)�03��������������� ,�)�
03�������������� DQG� ,�)�03��������������� 6SHFLPHQV�
IURP�2JURG]LHQLHF�� ,�)�03�������������DQG� ,)�03�������
����������6XEVHTXHQWO\�RQO\�WKH�QXPEHUV�LQ�EROG�ZLOO�EH�UH�
IHUUHG�WR��

'LPHQVLRQV�� 7KH� FDUDSDFH� OHQJWK� UDQJHV� IURP� ����������
PP��)LJ���%��

'HVFULSWLRQ� RI� PDWHULDO�� &DUDSDFH� LV� VOLJKWO\� ORQJHU�
WKDQ� ZLGH�� URXQGHG� �)LJ�� �D��� VWURQJO\� ORQJLWXGLQDOO\� DQG�
WUDQVYHUVHO\� FRQYH[�� 3RVWHULRU� ERUGHU� RI� FDUDSDFH� LV� ORQJ�

DQG� GLVWLQFWO\� FRQFDYH�� 7KH� DQJOH� EHWZHHQ� ODWHUDO� DQG�
SRVWHULRU�ERUGHU�LV�URXQGHG�

5RVWUXP� LV�EURDG� DQG�YHU\� VKRUW� �HVWLPDWLQJ� IURP� WKH�
ERUGHU�RI�URVWUXP�WR�DQWHULRU�ERUGHU�RI�HSLJDVWULF�UHJLRQV���
GLUHFWHG�GRZQZDUG��GLYLGHG�E\�ÁDWWHQHG�PHGLDQ�JURRYH�LQWR�
WZR� URXQGHG� OREHV��$QWHULRU�PDUJLQ�RI� URVWUXP� LV� LQFLVHG�
PHGLDOO\��WKH�FKDUDFWHU�YLVLEOH�DOVR�ZKHQ�WKH�URVWUXP�LV�EHQW�
WR�DQWHULRU�VLGH��FRPSDUH�)LJ���D�F���

7KHUH� LV� DQ� LQÁHFWLRQ�DW� WKH�SRLQW�ZKHUH� WKH�SRVWHULRU�
PDUJLQ�RI�WKH�URVWUXP�DQG�XSSHU�RUELWDO�PDUJLQ�PHHW��8SSHU�
DQG�ORZHU�PDUJLQV�RI�WKH�DXJHQUHVW�DUH�FRYHUHG�ZLWK�VPDOO�
VHUUDWLRQV� �HVSHFLDOO\� ZHOO� SUHVHUYHG� LQ� VSHFLPHQV� ������
����� DQG� ������� &KDUDFWHULVWLF� LV� D� YHU\� ORQJ� DXJHQUHVW��
���[� ORQJHU� WKDQ� ZLGH� �)LJ�� ��� WKLV� FKDUDFWHU� LV� YLVLEOH�
DOVR� LQ� )5$1N(6&8� ������ ÀJ�� ���� 7KH� VXERUELWDO� PDUJLQ�
RI� WKH� DXJHQUHVW� LV� VWURQJO\� SURMHFWHG� LQ� DGYDQFH� RI� WKH�
XSSHU�PDUJLQ� DQG� VOLJKWO\�ÁDQJHG� WR� RXWVLGH� �ZHOO� YLVLEOH�
LQ� VSHFLPHQV� ����� ������ ������ ������ ����� DQG� ������� 7KH�
RUELWDO�PDUJLQ�LV�ULPPHG�LQ�WKH�RXWHU�KDOI��ZKLFK�GLVDSSHDUV�
WRZDUG�WKH�URVWUXP�

(SLJDVWULF�UHJLRQV�DUH�VZROOHQ��URXQGHG�DQG�SRVLWLRQHG�
FORVH�WR�HDFK�RWKHU�LQ�IURQW�RI�WKH�PHVRJDVWULF�UHJLRQ��)LJ��
�E�� F��� 0HVRJDVWULF� UHJLRQ� LV� S\ULIRUP�� FRPSRVHG� RI� D�
QDUURZ�DQWHULRU�DQG�D�YHU\�ZLGH�SRVWHULRU�SRUWLRQ�RI�VDPH�
OHQJWK��D[LDOO\���7KH�UHJLRQ�LV�FOHDUO\�YLVLEOH��DV�WKH�DQWHULRU�
SDUW� LV� GHÀQHG� E\� KHSDWLF� JURRYHV�� DQG� D� SRVWHULRU� SDUW��
E\� WKH�FHUYLFDO�JURRYH��7KHUH� LV� D� VPDOO� LQFLVLRQ�GLUHFWHG�
D[LDOO\�LQ�PLGGOH�RI�WKH�SRVWHULRU�SDUW�RI�PHVRJDVWULF�UHJLRQ�

7KH�RXWHU�RUELWDO�VSLQH�LV�VKDUS��EHKLQG�LW�WKHUH�LV�DQRWKHU�
RQH� EHIRUH� WKH� FHUYLFDO� JURRYH��%HWZHHQ� WKH� FHUYLFDO� DQG�
EUDQFKLRFDUGLDF�JURRYHV��RQ�ODWHUDO�ERUGHU��WKHUH�DUH�IXUWKHU�
IRXU�VSLQHV� ������²�ELJJHU�������²�VPDOOHU���DQG� WZR�VSLQHV�
EHKLQG� WKH� EUDQFKLRFDUGLDF� JURRYH� �JURXQGSODQ�� )LJ�� �$��
%���7KH� ODVW� RQH� LV� VKLIWHG� VOLJKWO\� WR� WKH�GRUVDO� VLGH�� DQG�
WKXV�LV�OHVV�YLVLEOH�IURP�DERYH��ZKHQ�WKH�VSHFLPHQ�LV�ODLG�LQ�
D�KRUL]RQWDO�SRVLWLRQ�

&HUYLFDO� JURRYH� LV� VWURQJO\� FRQFDYH� IRUZDUG�� WKHUH� LV�
D�SDLU�RI�SRUHV�O\LQJ�LQ�WKH�PLGGOH��7KH\�DUH�PRUH�YLVLEOH�
WKDQ�WKRVH�LQ�*��VHUUDWXV��3RVWFHUYLFDO�JURRYH�LV�QRW�DOZD\V�
LQWHUUXSWHG� LQ� WKH� PLGGOH�� EXW� VRPHWLPHV� LV� RQO\� D� OLWWOH�
ZHDNHU��H[���VSHFLPHQV������DQG�������

%UDQFKLRFDUGLDF�JURRYH�LV�SDUDOOHO�WR�FHUYLFDO�JURRYH�DQG�
ZHDNHU�LQ�ODWHUDO�VHFWLRQV�WKDQ�LQ�*��VHUUDWXV��,Q�WKH�FDUGLDF�
UHJLRQ�WKHVH�ODWHUDO�SDUWV�HQG�LQ�ZLGH��ÁDW�GHSUHVVLRQV��7KH�
FRQWLQXDWLRQ�RI�WKH�EUDQFKLRFDUGLDF�JURRYH�GHÀQHV�SRVWHULRU�
SDUW�RI�FDUGLDF�UHJLRQ��,W�LV�D�ÁDW��ZLGH��ZHDN�PHGLDQ�JURRYH�
H[WHQGLQJ� WR� WKH� SRVWHULRU� PDUJLQ� RI� WKH� FDUDSDFH� DQG�
GLYLGLQJ�WKH�EUDQFKLDO�UHJLRQ�LQWR�KDOYHV�

7KH�FDUGLDF�UHJLRQ�LV�WULDQJXODU��ZLWK�RQH�VSLQH�RQ�WKH�
SRVWHULRU�SDUW�DQG�WZR�QRGHV�LQ�IURQW�RI�LW�

5HPDUNV�� 7KH� LGHQWLW\� RI� WKLV� VSHFLHV� LV� EDVHG� RQ�
FRPSDULVRQ� ZLWK� H[FHOOHQW� SKRWRJUDSKV� LQ� RULJLQDO�

)LJV�������7KUHH�VSHFLHV�RI�WKH�JHQXV�*RQLRGURPLWHV����²�*��QDULQRVXV���1R��������1LHJRZRQLFH�����²�*��VHUUDWXV���1R��������
1LHJRZRQLFH�����²�*��NXEDL�Q��VS���KRORW\SH��1R��������1LHJRZRQLFH���D�²�VSHFLPHQ��E�²�URVWUDO�DUHD�LQ�WKH�VDPH�VSHFLPHQV�
LQFOLQHG�WR�DQWHULRU�VLGH��F�²�UHFRQVWUXFWLRQ�RI�URVWUDO�DUHD�LQFOLQHG�DV�LQ�E��6FDOH�EDU���PP����²�*RQLRGURPLWHV��NXEDL�Q��VS���
IXUWKHU�H[DPSOHV�RI�URVWUDO�DUHD�LQFOLQHG�DQWHULRUO\��D��E�²�VSHFLPHQ�����DW�WZR�GLIIHUHQW�DQJOHV��F�²�VSHFLPHQ������
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GHVFULSWLRQ� �)5$1N(6&8� ������ÀJ�� ����$OWKRXJK�� DFFRUGLQJ�
WR� WKLV�GHVFULSWLRQ�� WKH� ODWHUDO�PDUJLQV�RI�VSHFLPHQV� IURP�
'REURJHD�DUH�QRW�ZHOO�SUHVHUYHG��WKH�WUDFHV�RI�IRXU�ODWHUDO�
VSLQHV� EHWZHHQ� FHUYLFDO� DQG� EUDQFKLRFDUGLDF� JURRYHV� DUH�
YLVLEOH�RQ�WKH�OHIW�VLGH�RI�WKH�KRORW\SH��)5$1N(6&8�������ÀJ��
�$���$OO�IXUWKHU�FKDUDFWHUV�OLVWHG�LQ�RULJLQDO�GHVFULSWLRQ�DUH�
FRQFRUGDQW�ZLWK�RXU�VSHFLPHQV�

*RQLRGURPLWHV�VHUUDWXV�%(85/(1������
)LJV���������$

����� *RQLRGURPLWHV�VHUUDWXV��²�%(85/(1��S�������ÀJ����
����� 3LWKRQRWRQ� VHUUDWXP� �%(85/(1��� ²� &2//,16� 	�

:,(5=%2:6.,��S������SO�����ÀJV�������SO�����ÀJV������
����� 3LWKRQRWRQ�VHUUDWXP��%(85/(1���²�0h//(5�HW�DO���ÀJ��

��&�
����� *RQLRGURPLWHV�VHUUDWXV� �%(85/(1���²�)(/'0$11�HW�

DO���S�����
����� *RQLRGURPLWHV�VHUUDWXV��%(85/(1���²�6&+:(,7=(5�	�

)(/'0$11��S�������SO�����ÀJ��)�

)LJV�������/DWHUDO�YLHZ�RI�FDUDSDFH��$��DQG�VFKHPH�RI�DXJHQUHVW��%��LQ�ODWHUDO��WRS��DQG�DSLFDO�YLHZ��EHORZ�����²�*��QDULQRVXV�
�1R�����������²�*��VHUUDWXV��1R��������1LHJRZRQLFH�����²�*��NXEDL�Q��VS���KRORW\SH��1R���������$UHD�RI�DXJHQUHVW�VWULDWHG��
XSSHU�RUELWDO�PDUJLQ�VKDGHG��RV�²�RXWHU�RUELWDO�VSLQH�
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'LDJQRVLV��&DUDSDFH�URXJKO\�SHQWDJRQDO��ORQJHU�WKDQ�ZLGH��
5RVWUXP� UHODWLYHO\�QDUURZ��GLUHFWHG�GRZQZDUG�� LQFLVHG� LQ�
WKH�PLGGOH��GLYLGHG�E\�D�PHGLDQ�JURRYH�LQWR�WZR�URXQGHG�
OREHV��7KHUH�LV�DQ�LQÁHFWLRQ�DW�WKH�SRLQW�ZKHUH�WKH�SRVWHULRU�
PDUJLQ� RI� WKH� URVWUXP� PHHWV� WKH� XSSHU� RUELWDO� PDUJLQ��
7KH� DXJHQUHVW� LV� F�� ���[� DV� ORQJ� DV�ZLGH��ZLWK� XSSHU� DQG�
ORZHU� RUELWDO� PDUJLQV� ÀQHO\� VHUUDWHG�� WKH� ORZHU� PDUJLQ�
H[SDQGV�DQWHULRUO\�VOLJKWO\�LQ�DGYDQFH�RI�WKH�XSSHU�PDUJLQ��
0HVRJDVWULF�UHJLRQ�S\ULIRUP��ZLWK�QDUURZ�DQWHULRU�SRUWLRQ�
VOLJKWO\� ORQJHU� �D[LDOO\�� WKDQ� EURDG� SRVWHULRU� SRUWLRQ��
(SLJDVWULF�UHJLRQV�DUH�FORVH�WR�HDFK�RWKHU��WKH�DQWHULRUPRVW�
SRUWLRQ�RI�PHVRJDVWULF�UHJLRQ�MXVW�SURWUXGHV�EHWZHHQ�WKHLU�
EDVHV�

2Q� WKH� ODWHUDO� ERUGHU� RI� FDUDSDFH� WKHUH� DUH� VL[� VSLQHV�
�LQFOXGLQJ�RXWHU�RUELWDO�VSLQH���DUUDQJHG�DV�LQ�)LJ����

0DWHULDO�� 6SHFLPHQV� IURP� %]yZ�� ,�)�03���������������
,�)�03���������������,�)�03���������������,�)�03�������
��������� ,�)�03��������������� ,�)�03���������������
6SHFLPHQ�IURP�*UDERZD�,�)�03���������������6SHFLPHQV�
IURP� 1LHJRZRQLFH�� ,�)�03��������������� ,�)�03�������
���������,�)�03���������������,�)�03���������������,�)�
03��������������� ,�)�03��������������� ,�)�03�������
��������� ,�)�03��������������� ,�)�03��������������� ,�)��
03��������������� ,�)�03��������������� ,�)�03�������
���������,�)�03���������������6SHFLPHQV�IURP�2JURG]LH�
QLHF�� ,�)�03������������� ,�)�03�������������� ,�)�03��
������������� ,�)�03�������������� ,�)�03��������������
,�)�03�������������

'LPHQVLRQV�� 7KH� ODUJHVW� PHDVXUHG� VSHFLPHQ� LV� ���� PP�
ORQJ��DQG�WKH�VPDOOHVW�²������PP�ORQJ��)LJ���$��

$GGLWLRQDO�GHVFULSWLRQ��&DUDSDFH�LV�GLVWLQFWO\�ORQJHU�WKDQ�
ZLGH��SHQWDJRQDO��FRQYH[��)LJ���D���5RVWUXP�LV�PRGHUDWHO\�
EURDG�� GLUHFWHG�GRZQZDUG�� LQFLVHG� LQ� WKH�PLGGOH�� GLYLGHG�
E\�WKH�PHGLDQ�JURRYH�LQWR�WZR�URXQGHG�OREHV��7KH�GLVWDQFH�
IURP�WKH�ERUGHU�RI�WKH�URVWUXP�WR�HSLJDVWULF�UHJLRQV�LV�ORQJHU�
WKDQ�LQ�*��QDULQRVXV��EXW�QRW�DV�ORQJ�DV�LQ�*��NXEDL�Q��VS��
�)LJ���E��FRPSDUH�)LJV���E�DQG��E��

7KH�DXJHQUHVW�LV�FRPSDUDWLYHO\�EURDG�DQG�VKRUW��F�����[�
DV� ORQJ� DV�ZLGH�� SDUDOOHO�VLGHG� �)LJ�� ����7KH� ORZHU� RUELWDO�
PDUJLQ�SURMHFWV�VOLJKWO\�EH\RQG�WKH�XSSHU�PDUJLQ��)LJ���%��
DQG�KHQFH�LW�LV�YLVLEOH�LQ�DSLFDO�YLHZ�ZKHQ�WKH�FDUDSDFH�LV�
ODLG� ÁDW� LQ� KRUL]RQWDO� SRVLWLRQ�� 7KH� XSSHU� RUELWDO� PDUJLQ�
LV� FXUYHG� LQZDUG� LQ� WKH�SODFH�ZKHUH� WKH�SRVWHULRU�PDUJLQ�
RI�WKH�URVWUXP�DQG�XSSHU�RUELWDO�PDUJLQ�PHHW��%RWK�ORZHU�
DQG�XSSHU�PDUJLQV�RI�WKH�DXJHQUHVW�DUH�ÀQHO\�VHUUDWHG��7KLV�
FKDUDFWHU� LV� YLVLEOH� RQO\� LQ� WKH� EHVW� SUHVHUYHG� VSHFLPHQV�
�1RV�� ���� ������ ������ ����� DQG� ������� 7KH� RXWHU� KDOI� RI�
WKH�RUELWDO�PDUJLQ�LV�ULPPHG��ZKLFK�GLVDSSHDUV�WRZDUG�WKH�
URVWUXP�

&DUDSDFH� LV�PRGHUDWHO\�FRQYH[��(SLJDVWULF� UHJLRQV�DUH�
VZROOHQ� DQG� VOLJKWO\� HORQJDWHG� �)LJ�� �E�� F��� 0HVRJDVWULF�
UHJLRQ� LV� S\ULIRUP�� ZLWK� WKH� DQWHULRU� QDUURZ� SDUW� D� OLWWOH�
ORQJHU�WKDQ�SRVWHULRU�EURDG�SDUW��7KH�DQWHULRUPRVW�SRUWLRQ�
SURWUXGHV�EHWZHHQ�EDVHV�RI�HSLJDVWULF�UHJLRQV��7KH�UHJLRQ�LV�
ZHOO�GHÀQHG�DQWHULRUO\�E\�KHSDWLF�JURRYHV��DQG�LQ�SRVWHULRU�
SDUW��E\�WKH�FHUYLFDO�JURRYH��7KHUH�LV�D�VPDOO�D[LDO�LQFLVLRQ�
LQ�WKH�PLGGOH�RI�SRVWHULRU�SRUWLRQ�

3RVWHULRU�ERUGHU�RI�FDUDSDFH�LV�ORQJ�DQG�FRQYH[�IRUZDUG��

7KH�FHUYLFDO�JURRYH�LV�VWURQJO\�FRQFDYH�IRUZDUG��ZLWK�D�SDLU�
RI� SRUHV� LQ� WKH�PLGGOH�� OHVV� YLVLEOH� WKDQ� LQ�*�� QDULQRVXV��
3RVWFHUYLFDO� JURRYH� LV� LQWHUUXSWHG� LQ� WKH� PLGGOH�� 7KH�
EUDQFKLRFDUGLDF� JURRYH� H[WHQGV� SDUDOOHO� WR� WKH� FHUYLFDO�
JURRYH�LQ�ODWHUDO�VHFWLRQV�ZKLFK�DUH�GHHS�DQG�ZHOO�PDUNHG��
0RUH�PHGLDOO\� WKHVH� VHFWLRQV� GLIIXVH� LQWR� WZR�ZLGH�� ÁDW��
URXQGLVK�GHSUHVVLRQV��IURP�ZKLFK�WKH�YHU\�VKDOORZ�JURRYHV�
WXUQ�SRVWHULRUO\�DQG�DUH�IXVHG�EHKLQG�WKH�FDUGLDF�UHJLRQ�LQWR�
RQH�JURRYH�GLYLGLQJ� WKH�EUDQFKLDO� UHJLRQV� LQWR� WZR�KDOYHV�
DQG�UHDFKLQJ�WKH�SRVWHULRU�ERUGHU�RI�WKH�FDUDSDFH�

7KH�FDUGLDF�UHJLRQ�LV�WULDQJXODU��7KHUH�LV�RQH�VSLQH�RQ�
WKH� SRVWHULRU� DQJOH� RI� WKH� WULDQJOH� DQG� WZR�QRGHV� LQ� ERWK�
DQWHULRU� DQJOHV�� &DUDSDFH� SRVWHULRUO\� QDUURZHG�� ODWHUDO�
ERUGHUV�RI�EUDQFKLDO�UHJLRQV�DUH�DOPRVW�VWUDLJKW��7KH�DQJOH�
EHWZHHQ�ODWHUDO�DQG�SRVWHULRU�ERUGHU�LV�OHVV�URXQGHG�WKDQ�LQ�
*��QDULQRVXV�

5HPDUNV��*RQLRGURPLWHV�VHUUDWXV�LV�NQRZQ�WR�EH�DEXQGDQW�
LQ�2[IRUGLDQ�ORFDOLWLHV�RI�3RODQG��&2//,16�	�:,(5=%2:6.,�
�������7KH�GLDJQRVWLF�IHDWXUHV�DSSOLHG�E\�WKHVH�DXWKRUV�IRU�
FODVVLÀFDWLRQ�ZHUH�EDVHG�XSRQ�FKDUDFWHUV�OLVWHG�E\�%(85/(1�
������� WUDQVODWLRQ� RI� RULJLQDO� GHVFULSWLRQ� E\� )(/'0$11�
HW�DO���������$PRQJ� WKHP�� LPSRUWDQW�ZHUH� WKH�ÀYH�VSLQHV�
DORQJ� ODWHUDO� PDUJLQ� �DSDUW� IURP� WKH� RXWHU� RUELWDO� VSLQH���
ZKLFK�DUH�SDUWLDOO\�YLVLEOH�RQ�VRPH�SKRWRJUDSKV��&2//,16�	�
:,(5=%2:6.,�������SO�����ÀJ���%��SO�����ÀJ���%���1RWHZRUWK\�
LV� DOVR� WKH� DXJHQUHVW� RI� VKDSH� DV� GHVFULEHG� KHUHLQ�� DQG�
DQWHULRU� PHVRJDVWULF� UHJLRQ� SURWUXGLQJ� EHWZHHQ� EDVHV� RI�
HSLJDVWULF�UHJLRQV��ZKLFK�DUH�VOLJKWO\�RYDO�

7KH�LGHQWLW\�RI�*��VHUUDWXV�ZDV�FKHFNHG�E\�XV�DJDLQVW�
*RQLRGURPLWHV�SRO\RGRQ�5(866�������ZKLFK�VHHPV�WR�KDYH�
D� YHU\� VLPLODU� VKDSH�ZKHQ� YLHZLQJ� D� FDVW� RI� WKH� FR�W\SH�
LQ�6&+:(,7=(5�	�)(/'0$11� ������ SO�� �&�� DQG� HVSHFLDOO\�
)5$1N(6&8� ������ÀJ�� ��� ,W� LV� QRZ� QRW� FHUWDLQ�ZKHWKHU� WKH�
FLWHG�GLIIHUHQFH�LQ�WKH�QXPEHU�DQG�GLVWULEXWLRQ�RI�VSLQHV�RQ�
WKH�ODWHUDO�ERUGHU�RI�FDUDSDFH�UHDOO\�H[LVWV��VLQFH�ZH�IRXQG�
PXOWLSOH�VSLQHV�DOVR�LQ�WZR�RWKHU�UHODWHG�VSHFLHV��GHVFULEHG�
KHUHLQ��6&+:(,7=(5�	�)(/'0$11� �������HPSKDVL]H� IRU�*��
SRO\RGRQ� D� FKDUDFWHULVWLFDOO\� ORQJ� FDUGLDF� UHJLRQ� ZKLFK�
OHDYHV�RQO\�D�VPDOO�VHFWLRQ�RI�IXVHG�EUDQFKLRFDUGLDF�JURRYH�
WHUPLQDWLQJ� LQ� WKH�SRVWHULRU�ERUGHU��:KHQ�PHDVXUHG�IURP�
WKH� SKRWRJUDSK� RI� WKH� FR�W\SH� FDVW�� WKH� IXVHG� VHFWLRQ� LV�
RQO\������[� WKH�GLVWDQFH� IURP� WKH�EUDQFKLRFDUGLDF�JURRYH�
WR� SRVWHULRU� ERUGHU� �UDWLR�� &W(�%&W(� LQ� )LJ�� ��$��� 2XU�
VSHFLPHQV�RI�*��VHUUDWXV�KDYH�D�VKRUWHU�FDUGLDF�UHJLRQ��DQG�
DFFRUGLQJO\� WKH� IXVHG� VHFWLRQ� RI� EUDQFKRFDUGLDF� JURRYH�
LV� ORQJHU��7KH� FDOFXODWHG�PHDQ�RI� UDWLR��&W(�%&W(�HTXDOV�
������UDQJH����������������ZKLFK�LV�UDWKHU�EH\RQG�WKH�YDOXH�
HVWLPDWHG�IRU�*��SRO\RGRQ��7KHUHIRUH�LQ�RXU�RSLQLRQ�WKH�WZR�
VSHFLHV�VKRXOG�UHPDLQ�VHSDUDWH�XQWLO�D�ODUJHU�VDPSOH�RI�*��
SRO\RGRQ�LV�H[DPLQHG�

*RQLRGURPLWHV�NXEDL�Q��VS�
)LJV������������&

'LDJQRVLV��&DUDSDFH�ORQJHU�WKDQ�ZLGH��URXJKO\�SHQWDJRQDO��
ZLWK� SRVWHULRU� SRUWLRQV� URXQGHG�� 7KH� DQWHULRU� SDUW� RI�
FDUDSDFH�� LQ� IURQW� RI� FHUYLFDO� JURRYH�� LV� ORQJHU� WKDQ� LQ�
*�� VHUUDWXV� DQG� *�� QDULQRVXV�� 5RVWUXP� ORQJ�� GLUHFWHG�
GRZQZDUG�� QDUURZLQJ� LQ� DQWHULRU� SDUW� DQG� VLPLODU� WR� WKDW�
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RI�*��GHQWDWXV��EXW�GLIIHULQJ�E\�WKH�DEVHQFH�RI�LQFLVLRQ�LQ�
WKH�PLGGOH�RI� DQWHULRU�ERUGHU�RI� URVWUXP� �WKH� FKDUDFWHU� LV�
YLVLEOH�LQ�VSHFLPHQ�EHQW�WR�DQWHULRU�VLGH���7KH�DXJHQUHVW�LV�
EURDG�DQG�YHU\�VKRUW��RQO\�D�OLWWOH�����[��ORQJHU�WKDQ�ZLGH��
XSSHU�DQG�VXERUELWDO�PDUJLQV�DUH�ÀQHO\�VHUUDWHG��(SLJDVWULF�
UHJLRQV�DUH�SRVLWLRQHG�DW�ERWK�VLGHV�RI�PHVRJDVWULF�UHJLRQ��
$QWHULRU� �QDUURZ�� SDUW� RI�PHVRJDVWULF� UHJLRQ� LV� GLVWLQFWO\�

ORQJHU�WKDQ�SRVWHULRU��EURDG���ZKLOH�LQ�*��VHUUDWXV�DQG�*��
QDULQRVXV�WKHVH�SDUWV�DUH�DOPRVW�RI�VDPH�OHQJWK�

7KH�VSLQHV�DORQJ�WKH�ODWHUDO�ERUGHU�RI�WKH�FDUDSDFH�DUH�
GLVWULEXWHG�DV�LQ�*��VHUUDWXV�DQG�*��QDULQRVXV�

7\SH� PDWHULDO�� +RORW\SH�� ,�)�03��������������� W\SH�
ORFDOLW\�� 1LHJRZRQLFH�� DJH�� PLGGOH� 2[IRUGLDQ� �,6($���
3DUDW\SHV�� ,�)�03�������������� ,�)�03�������������IURP�
1LHJRZRQLFH�� ,�)�03��������������� ,�)�03��������������
IURP� %]yZ�� ,�)�03������������� DQG� 03��������������
IURP�2JURG]LHQLHF��,6($���$JH�DV�IRU�KRORW\SH�

$GGLWLRQDO� PDWHULDO�� 6SHFLPHQV� IURP� %]yZ�� ,�)�03��
��������������,�)�03���������������,�)�03���������������
,�)�03��������������� ,�)�03��������������� ,�)�03�������
��������� ,�)�03��������������� ,�)�03��������������� ,�)�
03��������������� ,�)�03��������������� ,�)�03�������
��������� ,�)�03��������������� )URP� *UDERZD�� ,�)�03��
�������������� ,�)�03��������������� )URP� 1LHJRZRQLFH��
,�)�03�������������� ,�)�03��������������� ,�)�03�������
���������,�)�03���������������,�)�03���������������,�)�
03��������������� ,�)�03��������������� ,�)�03�������
��������� ,�)�03��������������� ,�)�03��������������� ,�)�
03��������������� ,�)�03��������������� ,�)�03�������
��������� ,�)�03��������������� ,�)�03��������������� ,�)�
03��������������� ,�)�03��������������� ,�)�03�������
���������)URP�2JURG]LHQLHF�� ,�)�03������������� ,�)�03��
������������,�)�03��������������,�)�03��������������,�)�
03��������������,�)�03��������������,�)�03��������������
,�)�03�������������� ,�)�03�������������� ,�)�03������
��������� ,�)�03�������������� ,�)�03�������������� ,�)�
03��������������,�)�03��������������DOO�,6($��

'LPHQVLRQV��7KH�ODUJHVW�PHDVXUHG�VSHFLPHQ�ZDV������PP�
ORQJ��DQG�WKH�VPDOOHVW�²�����PP�ORQJ��)LJ���&��

'HVFULSWLRQ�RI�PDWHULDO��&DUDSDFH�LV�SHQWDJRQDO�DQG�ORQJHU�
WKDQ�ZLGH��)LJ���D���FRQYH[��0D[LPXP�ZLGWK�RI�FDUDSDFH�LV�
DFURVV�WKH�DQWHULRU�SDUW�RI�HSLEUDQFKLDO�UHJLRQV�

5RVWUXP� LV� GLUHFWHG� GRZQZDUG�� QDUURZLQJ� DQWHULRUO\�
DQG�FKDUDFWHULVWLFDOO\�ORQJ��:KHQ�WKH�VSHFLPHQ�LV�LQFOLQHG�
DQWHULRUO\��WKH�URVWUXP�VKRZV�QR�WUDFH�RI�LQFLVLRQ��)LJV���E�
F�����DQG�GLIIHUV�LQ�WKDW�FKDUDFWHU�IURP�*��VHUUDWXV�DQG�*��
QDULQRVXV��ZKLFK�KDYH�WKH�URVWUXP�GLVWLQFO\�LQFLVHG��FRP�
SDUH�)LJV���E�F���E�F���(QWLUH�DQWHULRU�SRUWLRQ�RI�FDUDSDFH�
IURP� WKH�ERUGHU�RI� URVWUXP� WR�HSLJDVWULF� UHJLRQV� LV� ORQJHU�
WKDQ�LQ�*��VHUUDWXV�DQG�*��QDULQRVXV��FRPSDUDEOH�RQO\�WR�
WKDW�LQ�*��GHQWDWXV��6&+:(,7=(5�	�)(/'0$11�������SO���(���
,W�LV�GLYLGHG�E\�WKH�PHGLDQ�JURRYH�LQWR�WZR�OREHV�

7KH�LQFLVLRQ�DW�WKH�SRLQW�ZKHUH�WKH�SRVWHULRU�SDUW�RI�URV�
WUXP�DQG�XSSHU�RUELWDO�PDUJLQ�PHHW�LV�OHVV�YLVLEOH�WKDQ�LQ�*��
VHUUDWXV�DQG�*��QDULQRVXV��)LJ���F��²�WKLV�FKDUDFWHU�LV�HVSH�
FLDOO\�GLVWLQFW�LQ�WKH�URVWUXP�EHQW�WR�DQWHULRU�VLGH��)LJV���E��
�E���E���8SSHU�DQG�VXERUELWDO�PDUJLQV�RI�WKH�DXJHQUHVW�DUH�
FRYHUHG�ZLWK�VPDOO�VHUUDWLRQV��$XJHQUHVW�LV�VKRUW��RQO\����[�
ORQJHU�WKDQ�ZLGH��)LJ���%���6XERUELWDO�PDUJLQ�EDUHO\�SURM�
HFWV�EH\RQG�XSSHU�RUELWDO�PDUJLQ�DQG�LV�QRW�EHQW�RXWZDUG�DV�
LQ�*��VHUUDWXV�DQG�*��QDULQRVXV��D�IHDWXUH�FOHDUO\�YLVLEOH�RQ�
WKH�KRORW\SH�DQG�LQ�EHVW�SUHVHUYHG�VSHFLPHQV��H[�������DQG�
�������,Q�WKH�RXWHU�KDOI�WKH�RUELWDO�PDUJLQ�LV�ULPPHG��ZKLFK�
GLVDSSHDUV�WRZDUG�WKH�URVWUXP�

)LJ�� ��� 2QWRJHQHWLF� YDULDWLRQ� LQ� FDUDSDFH� OHQJWK� �/�� DQG�
ZLWK��:��LQ�WKUHH�VSHFLHV�RI�WKH�JHQXV�*RQLRGURPLWHV��$�²�
*��QDULQRVXV��%�²�*��VHUUDWXV��&�²�*��NXEDL�Q��VS�
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(SLJDVWULF� UHJLRQV� DUH� VZROOHQ�� HORQJDWH� DQG� OLH� DW� WKH�
GLVWDQFH�IURP�HDFK�RWKHU�RQ�ERWK�VLGHV�RI�WKH�PHVRJDVWULF�
UHJLRQ�ZKLFK�SURWUXGHV�XS�WR�EHWZHHQ�WKHP��)LJ���F���0HVR�
JDVWULF�UHJLRQ�LV�S\ULIRUP��DQWHULRU��QDUURZ��SDUW�LV�GLVWLQFW�
O\�ORQJHU�WKDQ�SRVWHULRU��EURDG��SDUW��7KH�UHJLRQ�LV�FOHDUO\�
YLVLEOH�DQWHULRUO\��GHÀQHG�E\�KHSDWLF�JURRYHV��DQG�SRVWHUL�
RUO\�E\�WKH�FHUYLFDO�JURRYH��$�VPDOO�D[LDO�LQFLVLRQ�LQ�PLGGOH�
RI�SRVWHULRU�SDUW�RI�WKH�PHVRJDVWULF�UHJLRQ�LV�SRRUO\�YLVLEOH��

7KH�GLVWLEXWLRQ�DQG�UHODWLYH�VL]H�RI�ODWHUDO�VSLQHV�RQ�ODW�
HUDO�ERUGHU�RI�FDUDSDFH� LV�DV� LQ�ERWK�SUHYLRXVO\�GHVFULEHG�
VSHFLHV��)LJ���%��

7KH�FHUYLFDO�JURRYH�LV�FRQFDYH�IRUZDUG��ZLWK�D�SDLU�RI�
SRUHV�LQ�WKH�PLGGOH��&HUYLFDO�DQG�EUDQFKLRFDUGLDF�JURRYHV�
DUH� GHHS� DQG� SDUDOOHO� WR� HDFK� RWKHU� ODWHUDOO\�� 3RVWFHUYLFDO�
JURRYH�LV�QRW�DOZD\V�LQWHUUXSWHG�D[LDOO\��EXW�VRPHWLPHV�RQO\�
D�OLWWOH�ZHDNHU��H[���VSHFLPHQV�����DQG�������

%UDQFKLRFDUGLDF� JURRYH� GHÀQHV� SRVWHULRU� SDUW� RI� FDU�
GLDF�UHJLRQ��$W�WKH�FDUGLDF�UHJLRQ�WKH�ODWHUDO�SRUWLRQV�RI�WKH�
EUDQFKLRFDUGLDF�JURRYH�HQG�LQ�ZLGH��ÁDW��URXQG�GHSUHVVLRQV��
7KH�SRVWHULRU�FRQWLQXDWLRQ�RI�WKH�EUDQFKLRFDUGLDF�JURRYH�LV�
D�ÁDW��ZLGH��ZHDN�PHGLDQ�JURRYH�H[WHQGLQJ�WR�WKH�SRVWHULRU�
PDUJLQ�RI�WKH�FDUDSDFH��VR�WKDW�WKH�EUDQFKLDO�UHJLRQ�LV�VHSD�
UDWHG�LQWR�KDOYHV��

7KH�FDUGLDF�UHJLRQ�LV�WULDQJXODU��7KHUH�LV�RQH�VSLQH�RQ�
SRVWHULRU�SDUW�DQG�WZR�QRGHV�LQ�IURQW�RI�LW��%UDQFKLDO�UHJLRQV�
DUH�EURDG�DQG�URXQGHG�SRVWHULRUO\��UHODWLYHO\�VKRUWHU�WKDQ�LQ�
*��QDULQRVXV�DQG��WKH�PRUH�VR��LQ�*��VHUUDWXV�

5. Discussion

5.1. Comparison between Goniodromites nari-

nosus, G. serratus and G. kubai n. sp. 

7KH�GLIIHUHQFHV�EHWZHHQ�WKH�WKUHH�VSHFLHV�DUH�H[SUHVVHG�
LQ�SURSRUWLRQV�RI�WKH�FDUDSDFH�DQG�RI�SDUWLFXODU�UHJLRQV��

*��QDULQRVXV�LV�RQO\�D�OLWOH�ORQJHU�WKDQ�ZLGH��ZKLOH�*��
NXEDL�Q��VS��DQG�*��VHUUDWXV�DUH�SURSRUWLRQDOO\�ORQJHU��
5RVWUD�RI�*��QDULQRVXV�DQG�*��VHUUDWXV�DUH�GLVWLQFWO\�
LQFLVHG� PHGLDOO\�� ZKLOH� WKH� DQWHULRU� RXWOLQH� RI� WKH�
URVWUXP� RI� *�� NXEDL� LV� UHJXODUO\� URXQGHG�� ZLWKRXW�
WUDFH�RI� LQFLVLRQ��7KH�SURSRUWLRQV�RI� WKH�PHVRJDVWULF�
UHJLRQ�DUH�VLPLODU�LQ�*��VHUUDWXV�DQG�*��NXEDL�LQ�WKH�
QDUURZ�DQWHULRU�SRUWLRQ�EHLQJ�ORQJHU�WKDQ�WKH�SRVWHULRU�
EURDG�RQH��LQ�*��NXEDL�WKLV�GLIIHUHQFH�LV�PRUH�VWURQJO\�
H[SUHVVHG��,Q�*��QDULQRVXV�ERWK�SRUWLRQV�RI�WKLV�UHJLRQ�
DUH� DOPRVW� HTXDOO\� ORQJ�� (SLJDVWULF� UHJLRQV� GLIIHU� LQ�
VKDSH�DQG�SRVLWLRQ��,Q�*��QDULQRVXV�WKH�UHJLRQV�DUH�LQ�
WKH�VKDSH�RI�URXQGHG�VZHOOLQJV�FORVH�WR�HDFK�RWKHU�DQG�
SRVLWLRQHG�DQWHULRUO\�WR�WKH�PHVRJDVWULF�UHJLRQ��,Q�*��
VHUUDWXV� WKH� HSLJDVWULF� UHJLRQV� DUH� VOLJKWO\� HORQJDWHG�
DQG�SDUWLDOO\�VHSDUDWHG�E\�WKH�DQWHULRU�SRUWLRQ�RI�WKH�
PHVRJDVWULF�UHJLRQ�SURWUXGLQJ�EHWZHHQ�WKHLU�EDVHV��,Q�
*��NXEDL�WKH�HSLJDVWULF�UHJLRQV�DUH�GLVWLQFWO\�HORQJDWHG�
DQG�HYHQ�PRUH�EURDGO\�VHSDUDWHG��O\LQJ�DW�VLGHV�RI�WKH�
PHVRJDVWULF�UHJLRQ�

(VSHFLDOO\� LQWHUHVWLQJ� DUH� GLIIHUHQFHV� LQ� WKH� DXJHQUHVW�
�)LJV�������ZKLFK�FRQYH\V�WKH�OHQJWK�RI�H\HVWDONV�DQG�H\HV��
7KH�VWDONV�DQG�H\HV�FRPELQHG�ZHUH�ORQJHVW�LQ�*��QDULQRVXV��
6XFK� H\HV�PD\�KDYH� UHTXLUHG�PRUH� VXSSRUW� LQ� WKH� UHVWLQJ�
SRVLWLRQ�� KHQFH�� LQ� WKLV� VSHFLHV� WKH� ORZHU� PDUJLQV� RI� WKH�
DXJHQUHVW� SURWUXGH� PXFK� PRUH� LQ� DGYDQFH� RI� WKH� XSSHU�
PDUJLQV��,Q�*��VHUUDWXV�WKH�DXJHQUHVWV�DUH�GLVWLQFWO\�VKRUWHU��

DQG�DUH�HYHQ�VKRUWHU�LQ�*��NXEDL��$FFRUGLQJO\��WKH�ORZHU�
ULPV�RI�WKH�DXJHQUHVWV�GLG�QRW�SURWUXGH�VR�PXFK��DV�LI�
WKH� UHGXFHG�ZHLJKW�RI�H\HV�GLG�QRW�GHPDQG�VR�PXFK�
VXSSRUW�IURP�EHQHDWK�

)LJ������'LVFULPLQDQW�$QDO\VLV�RI����VSHFLPHQV�RI�*��VHUUDWXV��*��QDULQRVXV��*��NXEDL�Q��VS��$�²�0HDVXUHPHQWV�WDNHQ�IRU�
WKH�'LVFULPLQDQW�$QDO\VLV��%�²�SORW�RI�FDQRQLFDO�VFRUHV��URRWV���DQG���
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5.2. Morphometric analyses of the three species

:LGWK�OHQJWK� GLDJUDPV� IRU� FDUDSDFHV� RI� WKH� WKUHH�
VSHFLHV�WUHDWHG�KHUH�DUH�SUHVHQWHG�LQ�)LJ�����*��QDULQRVXV�
LV�WKH�ODUJHVW�VSHFLHV��OHQJWK�UDQJHV�����������PP��DQG�
*��NXEDL�²� WKH�VPDOOHVW� �OHQJWK�UDQJH�����������PP���
*��VHUUDWXV�LV�RI�LQWHUPHGLDWH�VL]H�DQG�LWV�OHQJWK�UDQJH�
���������� PP�� RYHUODSV� WKRVH� RI� WZR� RWKHU� VSHFLHV��
5HPDUNDEO\��VSHFLPHQV�RI�*��NXEDL�IRUP�D�VPDOO�DQG�
FRPSDFW� JURXS� ZKHQ� FRPSDUHG� WR� PRUH� GLVSHUVHG�
FORXGV�RI� UHPDLQLQJ� VSHFLHV��7KLV� LV� GHVSLWH� WKH� IDFW�
WKDW� WKH� QXPEHU� RI� VSHFLPHQV�RI�*�� NXEDL� WDNHQ� IRU�
DQDO\VLV������DOPRVW�WZLFH�H[FHHGV�WKRVH�RI�*��VHUUDWXV�
DQG�*��QDULQRVXV��HDFK����VSHFLPHQV��

0RVW�FRPSOHWH�VSHFLPHQV�RI�WKHVH�VSHFLHV�ZHUH�VXEMHFW�
WR�WKH�'LVFULPLQDQW�$QDO\VLV��)LJ����%��VSHFLPHQV�WDNHQ�WR�
'$�DUH�PDUNHG�EODFN� LQ�)LJ������7KUHH�PHDVXUHPHQWV�DS�
SHDUHG� WR� KDYH� D� JUHDWHVW� GLVFULPLQDQW� SRZHU��0W)��0W&�
DQG�/30��RI�ZKLFK�WZR�UHÁHFW�WKH�REVHUYHG�GLIIHUHQFHV�LQ�
OHQJWK�RI�DQWHULRU�SRUWLRQ�ZLWK�URVWUXP��0W)��DQG�OHQJWK�RI�
ZLGHU�SRUWLRQ�RI�WKH�PHVRJDVWULF�UHJLRQ��/30���0W&�FRQ�
YH\V�D�PRUH�RU�OHVV�HORQJDWHG�PHGLDO�SDUW�RI�WKH�FDUDSDFH�

$JDLQ��D�FORXG�RI�SRLQWV�UHSUHVHQWLQJ�WKH�VSHFLPHQV�RI�
*��NXEDL�LV�PXFK�VPDOOHU�DQG�PRUH�FRPSDFW�WKDQ�LQ�WKH�FDVH�

RI�*��VHUUDWXV�DQG�*��QDULQRVXV��

5.3. Co-occurrence of three species of 

Goniodromites

7KH�FR�RFFXUUHQFH�RI�WKUHH�VLPLODU��REYLRXVO\�FORVHO\�
UHODWHG�VSHFLHV�RI�JRQLRGURPLWLG�FUDEV�DW�VHYHUDO�ORFDO�
LWLHV�PLJKW�VHHP�VXUSULVLQJ��$W�WKH�ÀUVW�JODQFH�LW�PLJKW�
HYHQ�EH�VXVSHFWHG� WKDW�DOO� WKHVH�VSHFLPHQV�PD\�UHS�
UHVHQW�WKH�VDPH�VSHFLHV�DW�GLIIHUHQW�RQWRJHQLF�VWDJHV��
UHJDUGLQJ�WKH�RYHUODS�LQ�VL]H�UDQJHV��)LJ������7KLV�K\�
SRWKHVLV�FDQ�EH�VDIHO\�UHMHFWHG�LQ�YLHZ�RI�SURQRXQFHG�
GLIIHUHQFHV�LQ�VKDSH�RI�URVWUDO�DUHD�DQG�RI�WKH�DXJHQ�
UHVW�� 7KHUH� DUH� QR� WUDQVLWLRQ� VHULHV� LQ� WKHVH� IHDWXUHV�
EHWZHHQ�WKH�WKUHH�VSHFLHV��RXU�VSHFLPHQV�IDOO�FOHDUO\�
ZLWKLQ�WKUHH�JURXSV�ZLWKRXW�LQWHUPHGLDWH�VWDJHV�

$FFRUGLQJ� WR�NQRZQ� IDFWV�RI�ELRORJ\�DQG� VSHFLD�
WLRQ�� WKH� SUHVHQFH� RI� VHYHUDO� UHODWHG� VSHFLHV� LQ� WKH�
VDPH� ORFDOLWLHV� VKRXOG� EH� UDWKHU� H[SHFWHG�� ,Q� UHFHQW�
IDXQD�XVXDOO\�WKHUH�DUH�PRUH�WKDQ�RQH�UHODWHG�VSHFLHV�
�FRQJHQHUV��OLYLQJ�LQ�VDPH�KDELWDW��7KHVH�VSHFLHV�GLIIHU�
JHQHUDOO\�LQ�JHQLWDO�RUJDQV��EXW�DOVR�LQ�VRPH�RWKHU�VSH�
FLDOL]DWLRQV��$PRQJ�WKH�PRVW�IUHTXHQW�DUH�WKH�IHHGLQJ�
KDELWV�ZKLFK�PD\�EH�UHÁHFWHG�E\�WKH�VKDSH�RI�PRXWK�
SDUWV�DQG�RWKHU�VWUXFWXUHV�XVHG�LQ�WKH�IHHGLQJ�SURFHVV��
2XU�WKUHH�VSHFLHV�GLIIHULQJ�LQ�WKH�VKDSH�RI�URVWUXP�DQG�
WKH�H\HV�SUREDEO\�H[HPSOLÀHG�WKLV�SKHQRPHQRQ��

7KH�FR�RFFXUUHQFH�RI�RWKHU�FRQJHQHULF�VSHFLHV�RI�
IRVVLO� EUDFK\XUDQ� FUDEV� LV� NQRZQ� IURP� RWKHU� ORFDOL�

WLHV��DV�WKH�IROORZLQJ�H[DPSOHV�GRFXPHQW��IURP��6&+�
:(,7=(5� 	� )(/'0$11� ������ )(/'0$11� HW� DO�� ������
)5$1N(6&8��������,Q�DQ�2[IRUGLDQ�ORFDOLW\�'REURJHD�
�5RXPDQLD�� OLYHG� IRXU� VSHFLHV� RI�*RQLRGURPLWHV��*��
VHUUDWXV��*��ELGHQWDWXV��*��SRO\RGRQ�DQG�*��QDULQRVXV��
)URP�WKH�IDPRXV�7LWKRQLDQ�ORFDOLW\�(UQVWEUXQQ��$XV�
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