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,QWURGXFWLRQ�
� 7KH�WULORELWH�JHQHUD�FRPPRQO\�UHIHUUHG�WR�DV�
³VDXNLLG´�DUH�DPRQJ�WKH�PRVW�GLYHUVH��DEXQGDQW��
DQG�VSDWLR�WHPSRUDOO\� LPSRUWDQW�ODWH�&DPEULDQ�
WULORELWH�JURXSV��EXW�WKHLU�WD[RQRP\�LV�QRW�ZHOO��
UHVROYHG��$W� D� EURDG� WD[RQRPLF� OHYHO�� WKHUH� LV�
OLWWOH�DJUHHPHQW�RQ�ZKHWKHU�³VDXNLLG´� WULORELWHV�
FROOHFWLYHO\�DUH�D�FODGH��SDUW�RI�D�FODGH��RU�DUH�D�
SRO\SK\OHWLF�DVVHPEODJH�ZLWKLQ�'LNHORFHSKDOLGDH�
�$GUDLQ�� ������/HH�DQG�&KRL�������� 3DUN� DQG�
.LKP���������$W�WKH�JHQXV�OHYHO��VRPH�GLIIHUHQWLDO�
GLDJQRVHV�DUH�DPELJXRXV�DPRQJ�JHQHUD��UHVXOWLQJ�
LQ� VRPH� ³VDXNLLG´� VSHFLHV� EHLQJ� UHDVVLJQHG�
WR� VHYHUDO� GLIIHUHQW� JHQHUD� DIWHU� WKHLU� LQLWLDO�
GHVFULSWLRQ� �H�J��(RVDXNLD�PLFURSRUD�4LDQ��
1985;�Lee�and�Choi,�2011).�Re¿ning�“saukiid”�
UHODWLRQVKLSV�DW�ERWK�WKH�JHQXV�DQG�IDPLO\�OHYHOV�
LV�LPSRUWDQW��EHFDXVH�³6DXNLLGDH´�HQFRPSDVVHV�
QXPHURXV�JHQHUD�WKDW�DUH�RI�JUHDW�LPSRUWDQFH�WR�
ODWH�&DPEULDQ� �)XURQJLDQ�� ELRVWUDWLJUDSK\�DQG�
SDOHRJHRJUDSK\��$V� RI� ������ -HOO� DQG�$GUDLQ�
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&RS\ULJKW��������E\�WKH�'HSDUWPHQW�RI�0LQHUDO�5HVRXUFHV�RI�7KDLODQG
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7KH�)XURQJLDQ��ODWH�&DPEULDQ��WULORELWH�7KDLODQGLXP¶V
HQGHPLFLW\�UHDVVHVVHG�DORQJ�ZLWK�D�QHZ�VSHFLHV�RI�3URVDXNLD

IURP�.R�7DUXWDR��7KDLODQG

6KHOO\�-��:HUQHWWH�
��1LJHO�&��+XJKHV������3DXO�0��0\URZ���$SVRUQ�6DUGVXG�

��'HSDUWPHQW�RI�(DUWK�DQG�3ODQHWDU\�6FLHQFHV��8QLYHUVLW\�RI�&DOLIRUQLD��5LYHUVLGH��&$��������86$�
��*HRORJLFDO�6WXGLHV�8QLW��,QGLDQ�6WDWLVWLFDO�,QVWLWXWH������%�7��5RDG��.RONDWD����������,QGLD�

�'HSDUWPHQW�RI�*HRORJ\��&RORUDGR�&ROOHJH��&RORUDGR�6SULQJV��&2��������86$
�'HSDUWPHQW�RI�0LQHUDO�5HVRXUFHV��������5DPD�9,�5RDG��

5DWFKDWHZL��%DQJNRN��������7KDLODQG�


&RUUHVSRQGLQJ�DXWKRU��VZHUQ���#XFU�HGX

5HFHLYHG����0DUFK��������$FFHSWHG���-XO\�����

$EVWUDFW
7KH�WULORELWH�7KDLODQGLXP�VROXP��WKH�W\SH�VSHFLHV�RI��7KDLODQGLXP��LV�D�ODUJH�³VDXNLLG´�VSHFLHV�NQRZQ�RQO\�
IURP�WKH�$R�0R�/DH�)RUPDWLRQ�RI�WKH�7DUXWDR�*URXS��7KDLODQG��,Q�DGGLWLRQ�WR�WKH�W\SH�VSHFLHV�RFFXUUHQFH�
LQ�7KDLODQG��7KDLODQGLXP�LV�DOVR�UHSRUWHG�IURP�QRUWKHUQ�+HQDQ��&KLQD�DV�7KDLODQGLXP�WUXQFDWXP�=KRX�DQG�
IURP�$XVWUDOLD¶V�3DFRRWD�6DQGVWRQH�DV�DQ�XQGHWHUPLQDWH�VSHFLHV��7\SH�PDWHULDO�RI�3URVDXNLD�PLVD��WKH�W\SH�
VSHFLHV� RI�3URVDXNLD�� DV�ZHOO� DV� UHFHQW� FROOHFWLRQV� RI�7KDLODQGLXP� VROXP��3URVDXNLD� WDUXWDRHQVLV�
�.RED\DVKL���������DQG�D�QHZ�VSHFLHV�RI�3URVDXNLD��3��RFXODWD��IURP�.R�7DUXWDR��7KDLODQG�DUH�XVHG�WR�
UHHYDOXDWH� WKH� JHQHULF� LGHQWLW\� RI� WKH�$XVWUDOLDQ� DQG�QRUWK�&KLQHVH�PDWHULDO� XVLQJ� ODQGPDUN�EDVHG�
PRUSKRPHWULF� DQDO\VLV��7KH�QHZ�PDWHULDO� RI�3URVDXNLD� DQG�7KDLODQGLXP�� DOO� IURP� WKH�$R�0R�/DH�
)RUPDWLRQ��UHYHDO�WKDW�WKH�$XVWUDOLDQ�PDWHULDO�LV�EHWWHU�FKDUDFWHUL]HG�DV�3URVDXNLD��7KH�FUDQLGLXP�RI�QRUWK�
&KLQD¶V�7KDLODQGLXP�WUXQFDWXP�LV�JHRPHWULFDOO\�FRPSDUDEOH�WR�7KDLODQGLXP�VROXP��EXW�GLIIHUV�QRWDEO\�LQ�
RYHUDOO� UHOLHI� DQG� LQ� WKH� DQWHULRU�ERUGHU� VWUXFWXUH� DQG�SURSRUWLRQV��+HUH�ZH�DVVLJQ� LW� WHQWDWLYHO\� WR�
another�“saukiid”�genus.�These�morphometric�and�qualitative�comparisons�facilitate�a�re¿ned�generic�
GLDJQRVLV�IRU�7KDLODQGLXP��resulting�in�its�restriction�to�a�monospeci¿c�genus.

.H\�ZRUGV��ODQGPDUN�PRUSKRPHWULF��7DUXWDR��³VDXNLLG´��7KDLODQGLXP��3URVDXNLD

UHFRJQL]HG� ���GLVWLQFW� JHQHUD� UHIHUUHG� WR�DV�
6DXNLLGDH�8OULFK� DQG�5HVVHU� ��������2I� WKHVH�
0LFWRVDXNLD�6KHUJROG� ��������6LQRVDXNLD�6XQ�
��������(RVDXNLD� /X� �������� /RSKRVDXNLD
6KHUJROG� �������� 6DXNLD�:DOFRWW� ��������DQG�
6DXNLHOOD�8OULFK�DQG�5HVVHU��������KDYH�DOO�EHHQ�
XVHG�WR�FKDUDFWHUL]H�&DPEULDQ�6WDJH����WULORELWH�
ELRVWUDWLJUDSKLF�]RQHV�DQG�VXE]RQHV�LQ�/DXUHQWLD��
$XVWUDOLD��.D]DNKVWDQ�� 6RXWK�&KLQD��1RUWK�
&KLQD��DQG�6RXWK�.RUHD��6KHUJROG�DQG�*H\HU��
������/HH�DQG�&KRL���������&D]QDLD�6KHUJROG�
�������FKDUDFWHUL]HV� WZR�PLGGOH� -LDQJVKDQLDQ�
]RQHV� LQ�$XVWUDOLD�ZKLOH�6DXNLD� DQG�6DXNLHOOD�
de¿ne� the� uppermost� Jiangshanian� zones� and�
VXE]RQHV�LQ�/DXUHQWLD��3HQJ�HW�DO���������2JJ�HW�
DO���������� ,Q�DGGLWLRQ� WR� WKHLU�ELRVWUDWLJUDSKLF�
DSSOLFDWLRQ��³VDXNLLG´�JHQHUD�DUH�DOVR�LPSRUWDQW�
IRU�SDOHRJHRJUDSKLF�UHFRQVWUXFWLRQ��*RQGZDQD�
FRQWDLQV�D� VXLWH�RI�³VDXNLLG´�JHQHUD�XQLTXH� WR�
LWV�WHUUDQHV��LQFOXGLQJ�EXW�QRW�OLPLWHG�WR�/RSKR�
VDXNLD��0LFWRVDXNLD��DQG�(RVDXNLD�
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� 7KH� WD[RQRPLF�FKDOOHQJHV�DVVRFLDWHG�ZLWK�
³VDXNLLGV´� OLPLW� WKHLU� FXUUHQW� DSSOLFDWLRQ� WR�
EURDGHU� JHRORJLF� TXHVWLRQV��7KH� � FKDUDFWHUV�
GLIIHUHQWLDWLQJ�PDQ\�RI� WKH� ³VDXNLLG´�JHQHUD�
DUH� QRW� WKH� GLVFUHWH� SUHVHQFH� RU� DEVHQFH� RI�
SDUWLFXODU� WUDLWV� EXW� UDWKHU� WKH� H[DJJHUDWLRQ�
RU� UHGXFWLRQ�RI� WUDLWV� FRPPRQ� WR�PDQ\�RU�DOO�
³VDXNLLGV´�� 6RPH� DUH� GLIIHUHQWLDWHG� E\� WKH�
presence,�length,�or�inÀation�of�the�preglabellar�
¿eld�(Ulrich�and�Resser,�1933;�Ludvigsen�and�
:HVWURS��������� 6KHUJROG� ������� UHFRJQL]HG�
WKUHH�PRUSKRORJLFDO� JURXSLQJV� RI� ³VDXNLLG´�
cranidia,�the�¿rst�of�which�comprises�3URVDXNLD��
OLNH�JHQHUD�� LQFOXGLQJ�7KDLODQGLXP��&D]QDLD��
/LFKHQJLD��DQG�6DXNLHOOD��ZKLFK�KDYH�D�GLVWLQFW�
preglabellar�¿eld�fully�distinguishable�from�the�
DQWHULRU�ERUGHU�
� :LWKLQ�WKLV�JURXS�RI�³VDXNLLGV´�ZLWK�D�GLVWLQFW�
preglabellar�¿eld,�7KDLODQGLXP�.RED\DVKL�������
has�an�exceptionally�long�preglabellar�¿eld�and�
D� VWURQJO\� GLIIHUHQWLDWHG�DQWHULRU�ERUGHU��7KLV�
JHQXV�KDV� EHHQ� UHSRUWHG� IURP� WKUHH� UHJLRQV��
7KDLODQG¶V�.R�7DUXWDR� �DOVR� FDOOHG�7DUXWDR�
,VODQG�� LQ�6DWXQ�*OREDO�*HRSDUN� �.RED\DVKL��
�������QRUWKHUQ�+HQDQ��&KLQD��=KRX�HW�DO����������
DQG�$XVWUDOLD¶V�$PDGHXV� %DVLQ� �6KHUJROG��

�������7KH� W\SH� VSHFLHV��7KDLODQGLXP�VROXP�
.RED\DVKL��������ZDV�GHVFULEHG�IURP�WKH�$R�0R�/DH�
)RUPDWLRQ�RI�WKH�7DUXWDR�*URXS��WKHQ�NQRZQ�DV�
WKH�7DUXWDR�)RUPDWLRQ��LQ�WKH�LQLWLDO�GHVFULSWLRQ�
RI�WKH�IDXQD�RI�.R�7DUXWDR��=KRX�HW�DO���������
HUHFWHG�D�VHFRQG�VSHFLHV��7KDLODQGLXP�WUXQFDWXP��
RQ�D�VLQJOH�VSHFLPHQ�DQG�UHDVVLJQHG�WKH�JHQXV�WR�
(OYLQLLGDH�.RED\DVKL�� �����ZLWK� QR� UHDVRQV�
JLYHQ�IRU�WKLV�FKDQJH�LQ�IDPLO\�DVVLJQPHQW��7KLV�
VSHFLHV�ZDV�FKDUDFWHUL]HG�DV�FRPLQJ� IURP� WKH�
1RUWK�&KLQD�EORFN�E\�=KX���������,Q�WKHLU�PRUH�
H[WHQVLYH� GHVFULSWLRQ� RI� WKH�7DUXWDR�*URXS¶V�
WULORELWH� IDXQD��6KHUJROG�HW� DO�� ������� GLG� QRW�
LOOXVWUDWH� RU� GLVFXVV� 7KDLODQGLXP� ZLWK� WKH�
H[FHSWLRQ�RI� UHDVVLJQLQJ�FHUWDLQ� OLEULJHQD�DQG�
pygidia�form�Kobayashi’s�(1957)�¿gured�material�
WR� RWKHU� VSHFLHV� VXFK� DV�4XDGUDWLFHSKDOXV�
SODQXODWXV� �.RED\DVKL�� ������ DQG�/LFKHQJLD�
WDUXWDRHQVLV��.RED\DVKL��������VHQVX�6KHUJROG�
HW�DO����������6KHUJROG��������DVVLJQHG�VSHFLPHQV�
IURP� WKH�3DFRRWD� 6DQGVWRQH�RI� WKH�$PDGHXV�
%DVLQ� �)LJ����� WR� DQ�XQGHWHUPLQHG� VSHFLHV� RI�
7KDLODQGLXP�EDVHG�RQ� D� VLPLODUO\� ORQJ� IURQWDO�
area�and�de¿ned�anterior�border�as�7KDLODQGLXP�
VROXP�ZLWK�WKH�FDYHDW�WKDW�WKH\�OLNHO\�EHORQJ�WR�
3URVDXNLD��6KHUJROG� ������� VXJJHVWHG� WKDW� WKH�
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)LJXUH�����&DPEUR�2UGRYLFLDQ�SDOHRJHRJUDSKLF�UHFRQVWUXFWLRQ�RI�QRUWKHUQ�*RQGZDQD��/RFDWLRQV�RI�WKH�$PDGHXV�%DVLQ�

and�Tarutao�are�only�approximations�to�indicate�their�relative�locations�and�proximity.�Modi¿ed�from�Hughes,�2016;�
RURJHQLHV�IURP�&DZRRG�HW�DO���������HTXDWRU�IURP�&RFNV�DQG�7RUVYLN�������



��6KHOO\�-��:HUQHWWH�HW�DO����7KDL�*HRVFLHQFH�-RXUQDO�������������S�������

VWDWXV�RI�KLV�$XVWUDOLDQ�PDWHULDO�FRXOG�EH�PHDQ�
LQJIXOO\�HYDOXDWHG�RQO\�DIWHU�UHHYDOXDWLRQ�RI�WKH�
7��VROXP�W\SH�PDWHULDO�ZLWK�JUHDWHU�FRQVLGHUDWLRQ�
RI�SRVVLEOH�PRUSKRORJLF�YDULDWLRQ�ZLWKLQ�LW�DQG�
GLG�QRW�FRPPHQW�RQ�7�� WUXQFDWXP��$�VHULHV�RI�
H[FXUVLRQV� IURP������ WR� ����� KDYH� JUHDWO\�
H[SDQGHG�WULORELWH�FROOHFWLRQV�IURP�.R�7DUXWDR�
�)LJ������7KLV�QHZ�PDWHULDO�SHUPLWV�UHHYDOXDWLRQ�
RI�WKH�FUDQLGLDO�PRUSKRORJ\�RI��7��VROXP��SURPSWLQJ�
UHDVVHVVPHQW� RI� 6KHUJROG¶V� ������� TXHVWLRQ�
RI�ZKHWKHU� WKH� VSHFLPHQV� IURP� WKH� 3DFRRWD�
6DQGVWRQH� DUH� WUX O\ � 7KDLODQGLXP � DQG�
UHFRQVLGHUDWLRQ�RI�WKH�UHODWLRQVKLS�RI�7KDLODQGLXP
WUXQFDWXP� IURP� 1RUWK� &KLQD�� 6SHFLHV� RI�
3URVDXNLD�IRXQG�GXULQJ�WKH�VDPH�H[FXUVLRQV��
3URVDXNLD�WDUXWDRHQVLV��.RED\DVKL��������QRQ�
/LFKHQJLD�WDUXWDRHQVLV�LQ�6KHUJROG�HW�DO���������
DQG�3��RFXODWD�Q�� VS��IDFLOLWDWH�FRPSDULVRQ�RI�
VSHFLHV�DVVLJQHG�WR�7KDLODQGLXP�ZLWK�WKRVH�RI�
WKH�UHODWHG�JHQXV��3URVDXNLD�
� /DQGPDUN�EDVHG�PRUSKRPHWULF�DQDO\VLV�LV�
D�XVHIXO�WRRO�IRU�REMHFWLYHO\�FRQVLGHULQJ�PRUSKR�
ORJLFDO�YDULDWLRQ�ZLWKLQ�DQG�EHWZHHQ�JURXSV��7KLV�
WRRO�ZDV�KHUHLQ�DSSOLHG�WR�7KDLODQGLXP�VROXP��
3URVDXNLD�WDUXWDRHQVLV��DQG�3URVDXNLD�RFXODWD�

)LJXUH�����7ULORELWH�2FFXUUHQFHV�RQ�.R�7DUXWDR��$0/� �

$R�0R�/DH��$77� �$R�7DOR�7RSR��$77Z� �$R�7DOR�7RSR�

ZHVW��/+1� �/DHP�+LQ�1JDP��$7'� �$R�7DOR�8GDQJ��

APM�=�Ao�Phante�Malacca;�ATW�=�Ao�Talo�Wao.�Modi¿ed�
IURP�%XQRSDV�HW�DO��������DQG�:HUQHWWH�HW�DO��������

from�Ko�Tarutao,� the�¿gured� type�material� of�
3��PLVD��+DOO���������WKH�3URVDXNLD�W\SH�VSHFLHV��
the�¿gured�material�of�7KDLODQGLXP�VS��XQGHW��
from�Australia,� and� the� ¿gured� holotype� of��
7KDLODQGLXP�WUXQFDWXP�IURP�&KLQD�LQ�RUGHU�WR�
GHWHUPLQH�ZKHWKHU�D� FRQVLVWHQWO\� GLDJQRVDEOH�
GLIIHUHQFH� H[LVWV� EHWZHHQ�7KDLODQGLXP� DQG�
3URVDXNLD�DQG��LI�VR��WR�ZKLFK�JHQXV�7KDLODQGLXP�
VS��XQGHW��LV�EHVW�DVVLJQHG��$V�GHPRQVWUDWHG�KHUHLQ��
WKH�FRQWLQXHG�UHFRYHU\�RI�QHZ�VSHFLHV�IURP�SRRUO\�
H[SORUHG�WHUUDQHV�OLNH�6LEXPDVX�RIIHUV�PDWHULDO�
with�which�to�re¿ne�de¿nitions�of�existing�genera�
VXFK�DV�3URVDXNLD�DQG�7KDLODQGLXP�

7DUXWDR�/RFDOLWLHV
� 7KH�7DUXWDR�*URXS� LV� WKH� VWUDWLJUDSKLFDOO\�
ORZHVW�3DOHR]RLF�XQLW�LQ�ZHVWHUQ�7KDLODQG��:KLOH�
WKH�7DUXWDR�*URXS�FRSV�RXW�RQ�ERWK�WKH�PDLQODQG�
RI� VRXWKHUQ�7KDLODQG� DQG�.R�7DUXWDR�� RQO\�
RXWFURSV�RQ�.R�7DUXWDR�DUH�GRFXPHQWHG�WR�FRQWDLQ�
identi¿able�fossils�(Wangwanich�et�al.,�2002).�Ko�
Tarutao�is�suf¿ciently�removed�from�the�Bentaung�
5DXE�6XWXUH�=RQH�EHWZHHQ� 6LEXPDVX� DQG� WKH�
(DVW�0DOD\VLDQ�7HUUDQH�WR�WKH�HDVW�DQG�IURP�WKH�
6XPDWUDQ�)DXOW�=RQH�WR�WKH�ZHVW�WKDW�LW�UHSUHVHQWV�
D� UHDVRQDEO\� WHFWRQLFDOO\� VWDEOH� DUHD�� DQG� WKH�
IRVVLOV�VKRZ�QR�HYLGHQFH�RI�WHFWRQLF�GHIRUPDWLRQ�
�%XUUHWW� HW� DO��� �������7KH�7DUXWDR�*URXS� LV�D�
clastic� succession�of�mostly�very�¿ne� to�¿ne-
JUDLQHG�VDQGVWRQHV�ZLWK�LQWHUEHGGHG�VLOWVWRQHV��
PXGVWRQHV�DQG�UK\ROLWLF�WXIIV��,W�LV�GLVWLQFW�IURP�
WKH�RYHUO\LQJ�FDUERQDWH�ULFK�7KXQJ�6RQJ�*URXS��
WKH�RQO\�RWKHU� OLWKRORJLF�XQLW� WR� RFFXU� RQ� WKH�
LVODQG��2I�WKH�IRXU�IRUPDWLRQV�WKDW�FRPSULVH�WKH�
7DUXWDR�*URXS��$R�0DNKDP��$R�7DPL��$R�0R�
/DH��DQG�7DOR�:DR���RQO\�WKH�XSSHU�WZR��$R�0R�
/DH�DQG�7DOR�:DR��KDYH�\LHOGHG�WULORELWH�IRVVLOV�
� Of� the�¿ve� fossiliferous� localities� and� six�
VWUDWLJUDSKLF� VHFWLRQV�RQ�ZKLFK�RXU�WHDPZRUNHG�
GXULQJ� YLVLWV�PDGH� EHWZHHQ� ����±����� ����
WKH�PDWHULDOV�RI�UHOHYDQFH�WR�WKLV�SDSHU�DUH�RQO\�
IRXQG� DW�$R�7DOR�7RSR� �$77�� ������¶��´1��
������¶��´(���$R�7DOR�7RSR�ZHVW� �$77Z��
������¶��´1�� ������¶��´(��� DQG�$R�0R�/DH�
�$0/�� ������¶��´1��������¶��´(���$77Z� LV�
VHSDUDWHG� IURP�$77�E\�D�SURPLQHQW�ED\��%RWK�
ORFDOLWLHV�ZHUH�RULJLQDOO\�JLYHQ�WKH�VDPH�QDPH�
E\�WKH�DXWKRUV��EXW�WKH\�DUH�KHUH�GLIIHUHQWLDWHG��
$OO�VWUDWLJUDSKLF�PHDVXUHPHQWV�ZHUH�FRPSOHWHG�
DW�$77�� DQG� RQO\� D� VLQJOH� EHG�ZDV� VDPSOHG�
ZLWK� OLWWOH� VWUDWLJUDSKLF� FRQWH[W� DW�$77Z� DV�
SDUW�RI�WKH������H[SORUDWRU\�H[FXUVLRQ��WKLV�LV�DOVR�
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)LJXUH���� �0HDVXUHG� OLWKRVWUDWLJUDSKLF�VHFWLRQ�DQG�IDXQDO�

ranges�for�Ao�Mo�Lae�(AML).�Sh�=�shale;�vfs�=�very�¿ne�sand;�
fs�=�¿ne�sand;�coq�=�coquina.�Measurements�are�in�meters.

WKH�EHG�LQ�ZKLFK�6DWXQDUFXV�PRODHQVLV�:HUQHWWH�
DQG�+XJKHV�������ZDV�FROOHFWHG��VR�DQ\�UHIHUHQFHV�
WR�$77�LQ�:HUQHWWH�HW�DO���������UHIHU�WR�ZKDW�LV�
KHUH�FDOOHG�$77Z�
� $OO�WKUHH�ORFDOLWLHV�ZLWK�PDWHULDO�FRQVLGHUHG�
LQ�WKLV�SDSHU�FRQVLVW�H[FOXVLYHO\�RI�WKH�$R�0R�
/DH�)RUPDWLRQ�� WKH� VHFRQG�KLJKHVW�RI�WKH� IRXU�
IRUPDWLRQV� LQFOXGHG�ZLWKLQ� WKH�7DUXWDR�*URXS�
�,PVDPXW� DQG�<DWKDNDP�� ������� 7KH� HQWLUH�
IRUPDWLRQ�� RQO\� D� VPDOO� SRUWLRQ� RI�ZKLFK� LV�
H[SRVHG�DW�$R�0R�/DH��LV�HVWLPDWHG�WR�EH�a���P�
WKLFN��EXW�WKLV�HVWLPDWH�LV�VSHFXODWLYH�GXH�WR�WKH�
SUHYDOHQFH� RI� IDXOWV� DURXQG� WKH� LVODQG� DQG�
GLVFRQWLQXLW\� RI� H[SRVXUHV� �,PVDPXW� DQG�
<DWKDNDP���������,W�SULPDULO\�FRQVLVWV�RI�SXUSOLVK�
red� and� gray� ¿ne-grained� quartzarenites.�
5K\ROLWLF�WXII�GHSRVLWV�RFFXU�PRVWO\�LQ�WKH�XSSHU�
SRUWLRQV� RI� WKLV� IRUPDWLRQ� �,PVDPXW� DQG��
<DWKDNDP�� ������� 'LVDUWLFXODWHG�� PLOGO\�

IUDJPHQWHG�IRVVLOV�DUH�FRQFHQWUDWHG�LQWR�GHQVH�
FRTXLQDV� RQ� VRPH� EHGGLQJ� VXUIDFHV�� )RVVLO�
SUHVHUYDWLRQ� LV� DV�PROGV�ZKLFK�PD\� DSSHDU�
ZKLWH�ZKHUH� VLOLFD�KDV�EHFRPH� FRQFHQWUDWHG�
DV� D� WKLQ� VWDLQLQJ�RQ� WKH� VXUIDFH� RI� WKH�PROG�
EXW�QRW�HQRXJK�WR�IRUP�D�VLOLFLF�FDVW�
� 7KH� VLPLODULW\�RI� IDXQDO�FRQWHQW� LQGLFDWHV�
WKDW�WKH�$R�0R�/DH�)RUPDWLRQ�LV�IURP�&DPEULDQ�
6WDJH�����DQG�WKH�$77Z�DQG�$0/�IDXQD�DSSHDU�
WR�EH�RI�QHDUO\� WKH� VDPH�GHSRVLWLRQDO�DJH��VHH�
)LJ�� �� DQG� IROORZLQJ� SDUDJUDSK� IRU� IDXQDO�
FRQWHQW���$77� �)LJ�� ���PD\� KDYH� D� VOLJKWO\�
GLIIHUHQW�DJH�WKDQ�WKH�RWKHU� WZR��%DVHG�RQ� WKH�
VKDOORZ�QRUWKHDVWZDUG�GLS�HYLGHQW�DW�ERWK�$77�
DQG�$0/�� WKH� ODWWHU�PD\�EH� VOLJKWO\�\RXQJHU�
LI�WKHVH�VHFWLRQV�DUH�LQ�VWUDWLJUDSKLF�FRQWLQXLW\��
EXW� WKH\�DUH� VHSDUDWHG� E\�D� VPDOO�� VDQG\� LQOHW�
ZKLFK�PD\�FRQFHDO�RQH�RI�.R�7DUXWDR¶V�PDQ\�
IDXOWV��7KH� OLWKRORJ\�RI�DOO� WKUHH� ORFDOLWLHV� LV�
VLPLODU� H[FHSW� WKDW�$77� DQG�$77Z� FRQWDLQ�
VHYHUDO�SURPLQHQW�KRUL]RQV�RI�UK\ROLWLF�WXIIV��$77�
KDV�D�VOLJKWO\�GLIIHUHQW�IDXQDO�DVVHPEODJH�WKDQ�
WKH�RWKHU�WZR�ORFDOLWLHV��)LJV����DQG����ZLWK�PXFK�
RI�WKHLU�VKDUHG�IDXQD�RFFXUULQJ�RQO\�LQ�PDWHULDO�
IURP�$77� RU�$0/� WKDW�ZDV� QRW� ORFDWHG� WR�
a�speci¿c�horizon.
� &ROOHFWLRQV�RI�IRVVLOV�PDGH�IURP�VLQJOH�EHGV�
at� speci¿ed� localities,� but�whose� particular�
KRUL]RQ�ZDV�QRW�ORFDWHG�ZLWKLQ�D�PHDVXUHG�VHF�
WLRQ�DUH�LQFOXGHG�KHUH��EHFDXVH�WKHVH�FROOHFWLRQV�
DUH� LQIRUPDWLYH� UHJDUGLQJ� WKH� GLYHUVLW\�RI� WKH�
$R�0R�/DH� )RUPDWLRQ� DQG� UHJDUGLQJ� WD[RQ�
FRRFFXUUHQFHV��7KH� VLQJOH� KRUL]RQ� DW�$77Z�
FRQWDLQV�7KDLODQGLXP�VROXP�.RED\DVKL���������
3URVDXNLD� WDUXWDRHQVLV� �.RED\DVKL�� �������
+DQLZD� VS�����3DJRGLD� WKDLHQVLV�.RED\DVKL�
��������4XDGUDWLFHSKDOXV�SODQXODWXV��.RED\DV�
KL���������6DWXQDUFXV�PRODHQVLV��:HUQHWWH�HW�DO���
�������DQG�(RVDXNLD�EXUDYDVL�.RED\DVKL���������
2QH�SRRUO\�ORFDOL]HG�KRUL]RQ�DW�$R�7DOR�7RSR��
KHQFHIRUWK� UHIHUUHG� WR� DV�$77� K�� FRQWDLQV�
.ROGLQLRLGLD� VS�� DQG�3URVDXNLD�RFXODWD��)LYH�
QRW�ORFDOL]HG�ZLWKLQ�VHFWLRQ� FROOHFWLRQV�ZHUH�
DVVHPEOHG� IURP�$0/�� KHQFHIRUWK� UHIHUUHG�
WR�DV�$R�0R�/DH�KRUL]RQV��±���$0/�K�±$0/�
K����$0/�K��DQG�$0/�K��FRUUHVSRQG�WR�KRUL]RQV�
��DQG���IURP�:HUQHWWH�HW� DO�� ��������$0/�K��
FRQWDLQV�7KDLODQGLXP�VROXP��4XDGUDWLFHSKDOXV�
SODQXODWXV��6DWXQDUFXV�PRODHQVLV��DQG�(RVDXNLD�

EXUDYDVL�� $0/� K�� FRQWDLQV� 7�� VROXP��

3�� WDUXWDRHQVLV��3�� WKDLHQVLV�� DQG�(��EXUDYDVL��
$0/�K��FRQWDLQV�7�� VROXP��4��SODQXODWXV�� DQG�
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)LJXUH����0HDVXUHG� OLWKRVWUDWLJUDSKLF� VHFWLRQ�DQG� IDXQDO� UDQJHV� IRU�$R�7DOR�7RSR� �$77���

0HDVXUHPHQWV�DUH�LQ�PHWHUV��6HH�)LJ����IRU�DEEUHYLDWLRQV�DQG�DGGLWLRQDO�OHJHQG�V\PEROV�
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)LJXUH�����/DQGPDUN�VFKHPH�VKRZLQJ�WKH����ODQGPDUNV�

XVHG� LQ� WKH�PRUSKRPHWULF� DQDO\VLV� RI�3URVDXNLD� DQG�

7KDLODQGLXP�

GLJLWL]HG� FRSLHV� RI� WKH� RULJLQDO� SXEOLVKHG�
LOOXVWUDWLRQV��7KH� VL]H� UDQJH� IRU� HDFK� WD[RQ��
PHDVXUHG� E\� WKH� OHQJWK� RI� WKH� SUHRFFLSLWDO�
JODEHOOD�� LV� DV� IROORZV�� ����±������PP� IRU�
7KDLODQGLXP�VROXP������±�����PP�IRU�7KDLODQGLXP�
VS��XQGHW��������±������PP�IRU�3��PLVD������±�����
PP� IRU�3�� RFXODWD�� DQG� ����±����� PP� IRU�
3��WDUXWDRHQVLV�

� 7KDL� VSHFLPHQV� IURP� WKH������������� DQG�
�����H[FXUVLRQV�ZHUH�SUHSDUHG�PDQXDOO\�XVLQJ�
D�'UHPHO�YLEURWRRO��WKHQ�EODFNHQHG�ZLWK�,QGLD�
LQN��ZKLWHQHG�ZLWK� DPPRQLXP� FKORULGH�� DQG�
SKRWRJUDSKHG�ZLWK�D�/HLFD�VWHUHRVFRSLF�FDPHUD�
model�MZ16�or�M205C.�All�¿gures�and�plates�
ZHUH�FUHDWHG�XVLQJ�$GREH� ,OOXVWUDWRU�&6��DQG�
$GREH�3KRWRVKRS�&&������([WHUQDO�PROGV�ZHUH�
¿gured� in� positive� relief� by� using� the� color�
LQYHUVLRQ�IHDWXUH�DYDLODEOH�LQ�3KRWRVKRS�&&������
0ROGV�RI�.RED\DVKL¶V��������W\SH�PDWHULDO�ZHUH�
PDGH� XVLQJ� YLQ\O� SRO\VLOR[DQH� LQ� WKH� IRUP�RI�
OLJKW�ERGLHG�3UHVLGHQW�3OXV�E\�&ROWHQH�
� *HRPHWULF�PRUSKRPHWULF� DQDO\VLV� ZDV�
FRQGXFWHG�XVLQJ� WKH� IUHH�VRIWZDUH� ,PDJH-�DQG�
WKH�,QWHJUDWHG�0RUSKRPHWULFV�3DFNDJH��&RRUG�
*HQ���%LJ)L[���5HJUHVV���DQG�3&$*HQ����D�VHW�
RI�FRPSLOHG� VRIWZDUH� WRROV� IRU�GLVSOD\LQJ�DQG�
DQDO\]LQJ� ��'� ODQGPDUN�EDVHG� JHRPHWULF�
PRUSKRPHWULF�GDWD��:HEVWHU�DQG�6KHHWV��������
http://www.¿logenetica.org/cursos/Morfometria/
,03BLQVWDOOHUV�LQGH[�SKS��� /DQGPDUNV�ZHUH�
reÀected�and�averaged�across�the�sagittal�axis.

(�� EXUDYDVL��$0/� K�� FRQWDLQV� 7�� VROXP��

(�� EXUDYDVL�� DQG�3DFRRWDVDXNLD"� VS��7KH�
IDXQD�OLVWHG�KHUHLQ��H[FOXGLQJ�3��WDUXWDRHQVLV�DQG�
3��RFXODWD��XVHV�WKH�QDPHV�RULJLQDOO\�JLYHQ�E\�
.RED\DVKL� �������� 6KHUJROG� HW� DO�� �������� RU�
:HUQHWWH�HW�DO�� ��������SUHYLRXVO\�XQGHVFULEHG�
VSHFLHV� FROOHFWHG� RQ� WKH� UHFHQW� H[FXUVLRQV�
�H[FOXGLQJ�WKRVH�GHVFULEHG�KHUHLQ��DUH�OLVWHG�E\�
JHQXV�RQO\��7KLV�SDSHU�LV�SDUW�RI�RQJRLQJ�ZRUN�
UHYLVLQJ� WKH�.RED\DVKL� ������� DQG� 6KHUJROG�
HW�DO���������PDWHULDO�DV�ZHOO�DV�GHVFULELQJ�QHZO\�
FROOHFWHG�PDWHULDO��H�J��:HUQHWWH�HW�DO���������

0DWHULDOV�DQG�0HWKRGV
� 7KH�PRUSKRPHWULF�DQDO\VLV�WKDW�IROORZV�LV�
EDVHG�RQ���� GLVFUHWH� ODQGPDUNV� �)LJ����� DQG�
30� cranidia.�Only� specimens�with� suf¿cient�
SUHVHUYDWLRQ� WR�GLVWLQJXLVK�DOO� D[LDO� ODQGPDUNV�
DQG�DW�OHDVW�RQH�RI�HDFK�SDLUHG� ODQGPDUN�ZHUH�
HOLJLEOH�IRU�XVH�LQ�WKH�DQDO\VLV�����FUDQLGLD�DUH�RI�
7KDLODQGLXP�VROXP��DOO�IURP�.R�7DUXWDR��'*6&�
)������)������)������)������)������)�������
)������ )������ )������ )������ )������ )������
)������)������DQG�&0&�,3��������7KH�KRORW\SH�
RI� 7KDLODQGLXP�� though�¿gured� from� a� vinyl�
SRO\VLOR[DQH�FDVW�KHUHLQ��ZDV�H[FOXGHG�IURP�WKH�
analysis�as�the�original�¿gure�(Kobayashi,�1957,�
pl.� 4,� ¿g.� 9)� lacks� a� clear� posterior� occipital�
PDUJLQ�)RXU�FUDQLGLD�DVVLJQHG� WR�7KDLODQGLXP�
VS�� XQGHW�� IURP� WKH�3DFRRWD� 6DQGVWRQH� LQ� WKH�
$PDGHXV�%DVLQ� RI� �$XVWUDOLD� DUH� FRQVLGHUHG�
(Shergold,� 1991� pl.� 4,� ¿gs� 16–18,� 21;�
&3&�����$�� &3&������� &3&�����
&3&�������� 2QH� FUDQLGLXP� DVVLJQHG� WR�
7KDLODQGLXP� WUXQFDWXP� IURP�QRUWKHUQ�+HQDQ��
&KLQD� LV� LQFOXGHG� �=KRX� HW� DO��� ����� SO�� ����
¿g.�23;�Hubei�Institute�of�Geoscience�IV70109).�
7ZR�V\QW\SH�FUDQLGLD�DUH�LQFOXGHG�RI�3URVDXNLD�
PLVD��+DOO���������WKH�W\SH�VSHFLHV�RI��3URVDXNLD�
Ulrich�and�Resser,� 1933� (pl.� 24�¿gs�3� and�7;�
8610��������030��������)RXU�FUDQLGLD�EHORQJ�
WR�3URVDXNLD�RFXODWD�Q��VS���'*6&�)������)������
)������DQG�)������� DQG� IRXU� FUDQLGLD� DUH� RI�
3URVDXNLD�WDUXWDRHQVLV��.RED\DVKL��������SO����
¿g.�12,�and�three�recently�collected�specimens;�
8087�3$�����F��'*6&�)������ )������DQG�
F0545� respectively).�The�published�¿gures�of�
3��PLVD��LQ�8OULFK�DQG�5HVVHU���������3URVDXNLD�
WDUXWDRHQVLV� �.RED\DVKL���������7KDLODQGLXP�
WUXQFDWXP�=KRX��������DQG�7KDLODQGLXP�XQGHW��
(Shergold,� 1991)� are�of� suf¿cient� quality� that�
ODQGPDUNV� FRXOG� EH�PDSSHG� GLUHFWO\� RQWR�
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� All�¿gured�specimens�and�select�un¿gured�
VSHFLPHQV� IURP� WKH�����������H[FXUVLRQV�DUH�
UHSRVLWHG�DW�7KDLODQG¶V�'HSDUWPHQW�RI�0LQHUDO�
5HVRXUFHV¶� *HRORJLFDO� 5HIHUHQFHG� 6DPSOH�
Collection� (DGSC).�Additional� un¿gured�
VSHFLPHQV�DUH�FXUDWHG�DW�WKH�&LQFLQQDWL�0XVHXP�
&HQWHU� �&0&���7\SH�PDWHULDO�IURP�.RED\DVKL�
������� LV� UHSRVLWHG�DW� WKH�8QLYHUVLW\�RI�7RN\R�
8QLYHUVLW\�0XVHXP� �8087��� RQH� RU�PRUH�
SRO\VLOR[DQH�PROGV� RI� HDFK� VSHFLPHQ� LQ� WKH�
.RED\DVKL� ������� FROOHFWLRQ�DW�8087� LV�DOVR�
UHSRVLWHG� LQ� WKH�SODVWRW\SH�FROOHFWLRQ�DW�&0&��
$GGLWLRQDO�VSHFLPHQV�XVHG�LQ�WKH�PRUSKRPHWULF�
DQDO\VLV� DUH� FXUDWHG� LQ� WKH�&RPPRQZHDOWK�
3DODHRQWRORJLFDO�&ROOHFWLRQ��%XUHDX�RI�0LQHUDO�
5HVRXUFHV��&DQEHUUD��&3&��DQG�WKH�6PLWKVRQLDQ�
1DWLRQDO�0XVHXP�RI�1DWXUDO�+LVWRU\��8610���
+XEHL�,QVWLWXWH�RI�*HRVFLHQFH��DQG�WKH�0LOZDXNHH�
3XEOLF�0XVHXP��030��

5HVXOWV�DQG�'LVFXVVLRQ
� 6OLGLQJ� EDVHOLQH� UHJLVWUDWLRQ� �6%5�� EHVW�
GLVSOD\V�WKH�YDULDWLRQ�ZLWKLQ�WKH�GDWDVHW�DQG�VR�
LV�XVHG� FRQVLVWHQWO\� WKURXJKRXW� WKH� IROORZLQJ�
GLVFXVVLRQ� RI�PRUSKRPHWULFV� H[FHSW�ZKHUH�
3URFUXVWHV� VXSHULPSRVLWLRQ� LV� UHTXLUHG� IRU�
VWDWLVWLFDO�FDOFXODWLRQV�RI�JURXS�PHDQ�GLIIHUHQFHV�
�:HEVWHU�DQG�6KHHWV���������7KH�6%5�GLVWULEXWLRQ�
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)LJXUH����6OLGLQJ�EDVHOLQH�UHJLVWUDWLRQ�RI����ODQGPDUNV�DFURVV����FUDQLGLD�

RI�³VDXNLLG´�GLNHORFHSKDOLGV��7KH�[�D[LV�DQFKRUHG�EDVHOLQH�ODQGPDUNV�DUH�

ODQGPDUNV���DQG����6HH�)LJ����IRU�ODQGPDUN�VFKHPH��7KDLODQGLXP"�VS��LV�WKH�

WD[RQ�IURP�$XVWUDOLD��6KHUJROG��������KHUHLQ�UHDVVLJQHG�WR�3URVDXNLD�VS��

RI�ODQGPDUNV��)LJ�����LQGLFDWHV�WKDW�7KDLODQGLXP�
VROXP�DQG�7KDLODQGLXP�VS��XQGHW���VHQVX�6KHUJROG��
������KDYH�VLPLODUO\�ORQJ�IURQWDO�DUHDV�UHODWLYH�
WR�JODEHOODU� OHQJWK�DQG�VLPLODU�GLYLVLRQ� RI� WKH�
frontal�area�into�preglabellar�¿eld�and�anterior�
ERUGHU��7KH�UHODWLYH�OHQJWK�RI�WKH�IURQWDO�DUHD�RI�
7KDLODQGLXP�WUXQFDWXP�LV��KRZHYHU��VRPHZKDW�
VKRUWHU�WKDQ�WKDW�RI�3URVDXNLD�PLVD��:LWK�UHJDUG�
WR�WKH�SDOSHEUDO�OREH�SRVLWLRQ��)LJ�����ODQGPDUNV�
��±�����7�� VROXP¶V�SRVLWLRQV� DOLJQ�PRUH�ZLWK�
3URVDXNLD�RFXODWD��WKH�H\HV�IRU�WKHVH�VSHFLHV�DUH�
PRUH�DED[LDOO\�SODFHG�WKDQ�LQ�WKH�RWKHU�VSHFLHV��
WKH�SDOSHEUDO� OREHV�RI�3��RFXODWD�DUH��KRZHYHU��
ORQJHU�ZLWK�WKH�SRVWHULRU�HQG�H[WHQGLQJ�IXUWKHU�
EDFNZDUGV��3URVDXNLD�PLVD��3URVDXNLD�WDUXWDRHQ�
VLV�� DQG�7KDLODQGLXP� VS��XQGHW��KDYH�VLPLODUO\�
ORQJ�SDOSHEUDO� OREHV� WKDW� DUH�PRUH� SRVWHULRUO\�
FHQWHUHG�WKDQ�LQ�7��VROXP��7KH�SDOSHEUDO�OREHV�RI�
7��WUXQFDWXP�DUH�UHODWLYHO\�VKRUW�DQG�DQWHULRUO\�
SODFHG�� DV� LQ�7�� VROXP��$OO� VL[� VSHFLHV�KDYH� D�
VLPLODU�ORQJLWXGLQDO�SODFHPHQW�RI�WKH�DQWHULRU�HQG�
RI�WKH�SDOSHEUDO�OREH��VR�LW�LV�WKH�SRVLWLRQ�RI�WKH�
SRVWHULRU�HQG�WKDW�UHYHDOV�GLIIHUHQFHV�LQ�RYHUDOO�
SDOSHEUDO�OHQJWK��7KH�ODWHUDO�FRUQHU�RI�WKH�DQWH�
ULRU�ERUGHU��)LJ�����ODQGPDUNV���������LV�VLPLODU�
O\�SODFHG�LQ�3��PLVD��3��WDUXWDRHQVLV��7��VROXP��7��
WUXQFDWXP��DQG�7KDLODQGLXP�VS��XQGHW���EXW�LQ�
3��RFXODWD�LW�LV�PRUH�SRVWHURODWHUDOO\�SRVLWLRQHG��
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)LJXUH���� � )LUVW� WZR� UHODWLYH�ZDUSV� �5:�� DQG�5:����

DFFRXQWLQJ� IRU� ������� DQG� �������RI� WKH� YDULDQFH�

UHVSHFWLYHO\��7KDLODQGLXP"�VS��LV�WKH�WD[RQ�IURP�$XVWUDOLD�

�6KHUJROG��������KHUHLQ�UHDVVLJQHG�WR�3URVDXNLD�VS�

attributable�to�the�very�short�preglabellar�¿eld�
and�wide-set�¿xigena�in�that�form.�If�isolated�
FOXVWHUV� RI� ODQGPDUNV� ZHUH� WR� EH� UHTXLUHG�
IRU�JHQHULF� GLVWLQFWLRQ�� QR�HYLGHQW�GLIIHUHQFHV�
VHSDUDWH�7KDLODQGLXP�IURP�3URVDXNLD��+RZHYHU��
WKH�FROOHFWLYH�DOLJQPHQW�RI�WKH�VL[�ODWHUDO�PRVW�
ODQGPDUNV��)LJ�����ODQGPDUNV���±����LV�GLIIHUHQW�
LQ�7��VROXP�DQG�7��WUXQFDWXP� WKDQ�LQ�WKH�RWKHU�
IRXU�VSHFLHV��,Q�7��VROXP�WKH�ODQGPDUNV�DOLJQHG�
DORQJ�DQ�DQWHURPHGLDO�WUHQGOLQH��,Q�WKH�RWKHU�IRXU�
VSHFLHV�WKH�DQWHULRU�SDOSHEUDO�ODQGPDUNV��)LJ�����
ODQGPDUNV� ���� ���� DUH�PRUH�PHGLDO� WKDQ� WKH�
SRVWHULRU�SDOSHEUDO�ODQGPDUNV�RU�ODWHUDO�FRUQHUV�
RI�WKH�DQWHULRU�ERUGHU��)LJ�����ODQGPDUNV���������
��������� ,Q�WKLV�ZD\�7��VROXP�DQG�7��WUXQFDWXP�
IRUP�D�GLVWLQFWO\�VHSDUDWH�JURXS��DQG�7KDLODQGLXP�
VS��XQGHW��IROORZV�WKH�VDPH�WUHQG�DV�WKH�VSHFLHV�
RI�3URVDXNLD�
� The�¿rst�two�relative�warps�of�a�thin�plate�
VSOLQH�GHFRPSRVLWLRQ� �%RRNVWHLQ��������RI� WKH�
VKDSH�YDULDWLRQ�LQ�WKH�VDPSOH��5:��DQG�5:���
)LJ�����DFFRXQW�IRU��������DQG��������RI�WKH�
YDULDQFH� UHVSHFWLYHO\�� RWKHU� UHODWLYH� ZDUSV�
DFFRXQW�IRU�OHVV�WKDQ�����RI�YDULDQFH�HDFK��7KH�
distribution� of� specimens� along� the�¿rst� two�
UHODWLYH�ZDUSV��SDUWLFXODUO\�5:���IXUWKHU�VXSSRUW�
WKH�GLIIHUHQWLDWLRQ�RI�7KDLODQGLXP� VROXP� DQG�
7KDLODQGLXP� WUXQFDWXP� IURP� WKH� RWKHU� IRXU�
VSHFLHV� GLVFXVVHG� ZLWK� D� GLVWLQFW� JURXS� RI�
WKH� IRUPHU� WZR� DQG� RYHUODS� DPRQJ�3��PLVD�
3��WDUXWDRHQVLV��3��RFXODWD��DQG�7KDLODQGLXP�VS��

undet.�This�view�is�supported�by�the�signi¿cant�
VKDSH�GLIIHUHQFH�EHWZHHQ�7KDLODQGLXP�VS��XQGHW��
DQG�7��VROXP��XVLQJ�D�3URFUXVWHV�VXSHULPSRVLWLRQ�
WR� FRPSDUH� VKDSH� GLIIHUHQFHV� *RRGDOOV¶V� )��
S� !��������� )� WHVW� S�  � �������ZLWK� �����
ERRWVWUDSV���%HWZHHQ�7KDLODQGLXP�VS��XQGHW��DQG�
WKH�SRROHG�3URVDXNLD�VDPSOH�WKH�GLIIHUHQFH�LV�QRW�
signi¿cant�(using�a�Procrustes�superimposition�
WR� FRPSDUH� VKDSH� GLIIHUHQFHV� *RRGDOOV¶V� )��
S� ��������� UHVDPSOLQJ� )� WHVW� ZLWK� �����
ERRWVWUDSV�S� ����������7KXV� WKH� VLPLODULW\�RI�
VSHFLPHQV�RI��7KDLODQGLXP�VS��XQGHW��WR�WKRVH�RI�
WKH� WKUHH� VSHFLHV�RI�3URVDXNLD� �)LJ�����DQG� LWV�
HYLGHQW� VHSDUDWLRQ� IURP� WKH� VSHFLPHQV�
RI�7�� VROXP� DQG�7�� WUXQFDWXP� LQGLFDWH� WKDW�
7KDLODQGLXP�sp.�undet.�should�be�reclassi¿ed�as�
D�VSHFLHV�RI�3URVDXNLD�
� 5HODWLYH�ZDUS���ODUJHO\�FDSWXUHV�GLIIHUHQFHV�
LQ�WKH�ODWHUDO�SODFHPHQW�RI�WKH�DQWHULRU�ERUGHU¶V�
ODWHUDO�FRUQHU��WKH�OHQJWK�RI�WKH�IURQWDO�DUHD��DQG�
WKH�ORQJLWXGLQDO�SODFHPHQW�RI�WKH�SDOSHEUDO�OREH¶V�
SRVWHULRU�SRLQW��)LJ������5HODWLYH�ZDUS���SULPDULO\�
captures� the�width�of� the�¿xigena� and� lateral�
SRVLWLRQ�RI�WKH�SDOSHEUDO�OREHV��7KH�GLIIHUHQWLDWLRQ�
RI�3URVDXNLD�DQG�7KDLODQGLXP�DORQJ�5:���)LJ�����
LV�FRQVLVWHQW�ZLWK�WKH�6%5�ODQGPDUN�GLVWULEXWLRQ�
�)LJ����� LQ�GLIIHUHQWLDWLQJ�7KDLODQGLXP�VROXP
DQG�7KDLODQGLXP� WUXQFDWXP� IURP�3URVDXNLD�
LQFOXGLQJ� 7KDLODQGLXP� VS�� XQGHW��� E\� WKH�
DQWHULRU�FRQYHUJHQFH�RI�WKH�DQWHULRU�IDFLDO�VXWXUH�
EUDQFKHV�� VKRUWHU� SDOSHEUDO� OREHV�� DQG� D�
SDUWLFXODUO\� ORQJ� IURQWDO� DUHD��7KDLODQGLXP�
VROXP�also�has�wider�¿xigena�than�is�typical�for�
3URVDXNLD� DV� LQGLFDWHG� E\� GLVWULEXWLRQ� DORQJ�
5:��� EXW� WKLV� LV� QRW� D� UHOLDEO\� GLDJQRVWLF�
character� since� P.� oculata� has� ¿xigena� of�
FRPSDUDEOH� ZLGWK� WR�7�� VROXP��$� UHOLDEOH�
GLDJQRVLV� IRU� WKH� GLIIHUHQFH� LQ� OHQJWK� DQG�
ORQJLWXGLQDO� SRVLWLRQ� RI� WKH� SDOSHEUDO� OREH�
RI�7KDLODQGLXP� YHUVXV�3URVDXNLD� LV� WKDW� WKH�
SRVWHULRU�HQG�RI�WKH�SDOSHEUDO�OREH�LV�RSSRVLWH�
6��LQ�7��VROXP�EXW�LQ�DOO�RWKHU�VSHFLHV�LQFOXGHG�
KHUHLQ�LW�LV�RSSRVLWH�/��
� 7KH�VHSDUDWH�FOXVWHULQJ�RI��3��RFXODWD�RQ�5:��
and�RW2� reÀects� its�wide�¿xigena� and� short�
preglabellar�¿eld.�The�short�preglabellar�¿eld�is�
FRQVLVWHQW�ZLWK�VRPH�RWKHU�VSHFLHV�RI�3URVDXNLD�
�H�J��3�� VXEDHTXDOLV�8OULFK�DQG�5HVVHU���������
Broad�¿xigena�are�also�known�in�other�species�
RI�3URVDXNLD� �H�J��3��GHOHFRVWDWD�8OULFK� DQG�
5HVVHU�� �������7KHUHIRUH�� WKHVH�FKDUDFWHUV�GR�
QRW�VXJJHVW�WKH�QHHG�WR�HVWDEOLVK�D�VHSDUDWH�JHQXV�
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6XSHUIDPLO\�',.(/2&(3+$/2,'($�0LOOHU������

)DPLO\�',.(/2&(3+$/,'$(�0LOOHU�� ���

5HPDUNV�²7KH� GLNHORFHSKDOLG� WULORELWHV�
GLVFXVVHG�KHUHLQ�DUH�WKRVH�KLVWRULFDOO\�DVVLJQHG�
WR�6DXNLLGDH�8OULFK�DQG�5HVVHU��������DQG�VWLOO�
FRPPRQO\� UHIHUUHG� WR� DV�³VDXNLLG´� WULORELWHV��
7KH� WD[RQRPLF� UDQNLQJ� RU� YDOLGLW\� RI� WKH�
³VDXNLLG´�JURXSLQJ�KDV�ORQJ�EHHQ�FRQWURYHUVLDO��
6DXNLLQDH�ZDV�LQLWLDOO\�HVWDEOLVKHG�DV�D�VXEIDPLO\�
ZLWKLQ�'LNHORFHSKDOLGDH� �8OULFK� DQG�5HVVHU��
�������5DDVFK��������HOHYDWHG�6DXNLLQDH�WR�WKH�
OHYHO� RI� IDPLO\�� DUJXLQJ� IRU� D� FORVHU� OLQN� WR�
3W\FKDVSLGLLGDH�5D\PRQG��������WKDQ�WR�RWKHU�
GLNHORFHSKDOLGV�� 7KLV� YLHZ� TXLFNO\� EHFDPH�
ZLGHO\�DFFHSWHG� �H�J��+XSp��������/RFKPDQ��
�������+RZHYHU�LWV�WD[RQRPLF�SRVLWLRQ�KDV�QRW�
EHHQ�VWDEOH�ZLWK�.RED\DVKL���������/RQJDFUH�
�������� 6WLWW� ������� ������� DQG�7D\ORU� DQG�
+DOOH\� ������� UHOHJDWLQJ� LW� WR�D� VXEIDPLO\� RI�
3W\FKDVSLGLGDH� DQG�/XGYLJVHQ� DQG�:HVWURS�
������� UHWDLQLQJ� WKH� IDPLO\� GHVLJQDWLRQ� EXW�
UHDVVLJQLQJ�LW�WR�'LNHORFHSKDORLGHD��'XH�WR�WKH�
LQDELOLW\�WR�HVWDEOLVK�V\QDSRPRUSKLF�FKDUDFWHUV�
IRU� DOO� RI�6DXNLLGDH�� /XGYLJVHQ� HW� DO�� �������
DEDQGRQHG� WKLV�JURXSLQJ��FODLPLQJ�WKDW�LW� LV�D�
SDUDSK\OHWLF�JURXS�DQG�WKXV�D�MXQLRU�V\QRQ\P�
RI�D�ODUJHU��PRQRSK\OHWLF�'LNHORFHSKDOLGDH��7KLV�
VFKHPH� KDV� EHHQ� ZLGHO\� DFFHSWHG� E\�
/DXUHQWLDQ� DQG�*RQGZDQDQ� WULORELWH�ZRUNHUV�
�H�J��$GUDLQ�� ����� DQG�/HH�DQG�&KRL�� �������
DOWKRXJK�VRPH�DXWKRUV�FRQWLQXH�WR�XVH�6DXNLLGDH�
DV�D� IDPLO\�� OHYHO� GHVLJQDWLRQ�ZLWKLQ�'LNHOR�
FHSKDORLGHD��H�J��3DUN�DQG�.LKP��������6KHUJROG�
HW� DO��� �������+HUHLQ�ZH� IROORZ� WKH� VFKHPH�
DVVLJQLQJ� WKH� ³VDXNLLG´� WULORELWHV� WR�'LNHOR�
FHSKDOLGDH� EXW�ZLWKRXW� VWURQJ� RSLQLRQ� DV� WR�
ZKHWKHU�WKH�H[LVWHQFH�RI�6DXNLLGDH�LV�VXSSRUWHG�
E\�V\QDSRPRUSKLHV�HLWKHU�DV�D�SDUDSK\OHWLF�RU�
PRQRSK\OHWLF�JURXS�

*HQXV�7KDLODQGLXP�.RED\DVKL������
7\SH� VSHFLHV�²7KDLODQGLXP�VROXP�.RED\DVKL��
�����IURP�WKH�$R�0R�/DH�)RUPDWLRQ��7DUXWDR�
*URXS��.R�7DUXWDR� �E\� RULJLQDO� GHVLJQDWLRQ��

(PHQGHG�GLDJQRVLV�²$V�IRU�7KDLODQGLXP�VROXP�

5HPDUNV�²7KH� UHVXOWV�RI� WKH�DERYH� ODQGPDUN�
PRUSKRPHWULF�DQDO\VLV�LQGLFDWH�WKDW�7KDLODQGLXP�

)LJXUH�����5HODWLYH�ZDUS�JULGV�XVLQJ�6%5�VXSHULPSRVLWLRQ�

IRU�5:�� DQG�5:�� IRU� WKH� ��� FUDQLGLDO� ODQGPDUNV� RI�

DOO� VSHFLPHQV� RI�7KDLODQGLXP� VROXP�� 3URVDXNLD�PLVD��

3URVDXNLD�RFXODWD��3URVDXNLD�WDUXWDRHQVLV��DQG�7KDLODQGLXP�

VS��XQGHW������VKDSH�YDULDWLRQ�UHODWHG�WR�5HODWLYH�:DUS��5:��

����������RI� WRWDO�YDULDQFH�� ���� VKDSH�YDULDWLRQ�UHODWHG�

WR�5:����������RI�WRWDO�YDULDQFH�

� %DVHG� RQ� WKH� ODQGPDUN� PRUSKRPHWULF�
DQDO\VLV�DORQH��7��VROXP�DQG�7��WUXQFDWXP�GLIIHU�
RQO\�LQ�WKH�OHQJWK�RI�WKH�IURQWDO�DUHD�DQG�ZLGWK�
RI�WKH�RFFLSLWDO�OREH��+RZHYHU��WKH\�DUH�UHDGLO\�
GLVWLQJXLVKHG�E\�FKDUDFWHUV�QRW�FDSWXUHG�LQ�RXU�
JHRPHWULF�DQDO\VLV��LQFOXGLQJ�RYHUDOO�FRQYH[LW\�
DQG�WKH�PDQQHU�RI�LQFLVLRQ�RI�WKH�DQWHULRU�ERUGHU�
IXUURZ��WR�WKH�H[WHQW�WKDW�7��WUXQFDWXP�LV�XQOLNHO\�
WR�EH�D� VSHFLHV�RI�7KDLODQGLXP��)RU�DGGLWLRQDO�
comments�regarding�the�af¿nity�of�7��WUXQFDWXP�
VHH�WKH�JHQHULF�UHPDUNV�IRU�7KDLODQGLXP�

6\VWHPDWLF�3DOHRQWRORJ\
� 7KH� V\VWHPDWLF� SDOHRQWRORJ\� VHFWLRQ�
LV� E\� 6KHOO\�:HUQHWWH� DQG� 1LJHO� +XJKHV��
0HDVXUHPHQWV�DQG�VSHFLHV�GHVFULSWLRQV�DUH�EDVHG�
on� internal�molds� unless�otherwise� speci¿ed.�
7KH� DEEUHYLDWLRQV�62� DQG�6�±6�� UHIHU� WR� WKH�
RFFLSLWDO� IXUURZ�DQG� ODWHUDO�JODEHOODU� IXUURZV�
UHVSHFWLYHO\��/2�DQG�/��/��UHIHU�WR�WKH�RFFLSLWDO�
DQG�JODEHOODU�OREHV�
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SRVVHVVHV�DQWHULRUO\�FRQYHUJHQW�IDFLDO�VXWXUHV�DQG�
WKDW�7KDLODQGLXP� VS�� XQGHW�� �VHQVX� 6KHUJROG��
������ LV� D� VSHFLHV� RI�3URVDXNLD� UDWKHU� WKDQ�
RI�7KDLODQGLXP��7KH� VKRUWHU� IURQWDO� DUHD� RI�
7��WUXQFDWXP�LV�HYLGHQW�IURP�WKH�PRUSKRPHWULFV��
EXW�RWKHU�QRWDEOH�GLIIHUHQFHV�EHWZHHQ�7��VROXP�
DQG�7��WUXQFDWXP�DUH�QRW��,Q�7KDLODQGLXP�WUXQ�
FDWXP�=KRX�HW�DO��������WKH�DQWHULRU�ERUGHU�IXUURZ�
VKDOORZV�QRWDEO\�PHGLDOO\��ZKLOH�RWKHU�IXUURZV�
are�deeply�incised,�and�the�¿xigena�and�pregla�
bellar�¿eld�are� inÀated,�strongly�convex�rather�
than�relatively�Àat�as�in�7��VROXP��)XUWKHUPRUH�
WKH�RFFLSLWDO�OREH�LV�PXFK�EURDGHU�WKDQ�/��
� 7KH�VLQJOH�FUDQLGLXP�NQRZQ�IRU�7��WUXQFDWXP�
does�not�¿t�with�the�concept�of�7KDLODQGLXP�DV�
a�Àat,�broad�taxon�with�a�long�frontal�area.�The�
inÀated�preglabellar�¿eld�with�a�medially�shal�
ORZLQJ�DQWHULRU�ERUGHU�IXUURZ�LV�ZHOO�GHYHORSHG�
LQ� WZR�³VDXNLLG´�JHQHUD��+R\WDVSLV�/XGYLJVHQ�
DQG�:HVWURS�������DQG�&D]QDLD�6KHUJROG��������
7KH� VKRUW� �WU���6��DQG�6��� QHDUO\� VWUDLJKW� �WU���
DQWHULRU� ERUGHU� IXUURZ�� VWURQJO\� DQWHULRUO\�
WDSHULQJ�JODEHOOD��DQG�ODFN�RI�FRDUVH�JUDQXODWLRQ�
SUHFOXGH�DVVLJQPHQW� WR�+R\WDVSLV� �/XGYLJVHQ�
DQG�:HVWURS��������6KHUJROG���������&D]QDLD�
6KHUJROG�� ����� LV� D� EHWWHU�PDWFK�� 7KRXJK�

WKH� JHQHULF� GLDJQRVLV� IRU�&D]QDLD� LQFOXGHV�
DQWHULRUO\� GLYHUJHQW� IDFLDO� VXWXUHV��&D]QDLD
VHFWDUL[�6KHUJROG��������RQH�RI�WKH�WZR�VSHFLHV�
RULJLQDOO\�LQFOXGHG�LQ�WKH�JHQXV��KDV�DQWHULRUO\�
FRQYHUJHQW� VXWXUHV��7KH�PHGLDOO\� GHHS�6�� RI�
7�� WUXQFDWXP� DQG� UHODWLYHO\� VWUDLJKW�VLGHG�
SUHRFFLSLWDO�JODEHOOD�DUH�PRUH�SUREOHPDWLF� IRU�
DVVLJQPHQW� WR�&D]QDLD�� EXW� YDULDWLRQ� DPRQJ�
&��VHFWDUL[�DQG�&D]QDLD�VTXDPRVD�is�suf¿cient�
WR� VXJJHVW� WKDW� WKHVH� FKDUDFWHU� VWDWHV� PD\�
QRW� SUHFOXGH� DVVLJQPHQW�� 7KH� S\JLGLD� DQG�
OLEULJHQD� RI� 7KDLODQGLXP� DQG�&D]QDLD� DUH�
suf¿ciently�distinct�that�recovery�of�these�would�
help� signi¿cantly� in�determining� to�which,� if�
HLWKHU��RI�WKHVH�JHQHUD�7��WUXQFDWXP�EHORQJV��EXW�
XQWLO�VXFK�PDWHULDO�LV�UHFRYHUHG��ZH�UHDVVLJQ�7��
WUXQFDWXP�WR�&D]QDLD"�WUXQFDWD��:KLOH�LWV�JHQXV�
LV�XQFHUWDLQ��&D]QDLD"�WUXQFDWD�PRUH�OLNHO\�EHORQJV�
WR�'LNHORFHSKDOLGDH�WKDQ�WR�(OYLQLLGDH�.RED\DVKL��
�����DV�LW�ODFNV�WKH�QRWDEOH�H\H�ULGJHV�HYLGHQW�LQ�
VSHFLHV�WKDW�KDYH�EHHQ�DVVLJQHG�WR�(OYLQLLGDH��H�J��
Palmer�1965,�pl.�3,�¿gs.�9,�11,�12,�14,�16).
� :LWK� WKH�H[FOXVLRQ� RI�&D]QDLD"� WUXQFDWD
DQG�7KDLODQGLXP�VS��XQGHW��7KDLODQGLXP�LV�OHIW�
as� a�monospeci¿c� genus� known� only� from�
.R�7DUXWDR��7KDLODQG�

)LJXUH�����7KDLODQGLXP�VROXP�.RED\DVKL�������FUDQLGLD�IURP�.R�7DUXWDR������'*6&�)������$R�0R�/DH��$0/�������P��

����'*6&�)������$R�7DOR�7RSR�ZHVW��$77Z�������'*6&�)������$0/�����P������&0&�,3�������YLQ\O�SRO\VLOR[DQH�

cast,�original�of�UMUT�PA02299b-1,�Kobayashi�(1957)�pl.�4�¿g.�9,�holotype;�(5a–c)�dorsal,�anterior,�and�left�lateral�views�
UHVSHFWLYHO\��'*6&�)������$0/������P������'*6&�)������$0/������P������'*6&�)������$0/������P������'*6&�

)������$0/������P������'*6&�)������$0/������P�������'*6&�)������$77Z�������'*6&�)������$0/������P�������

'*6&�)������$0/������P�������'*6&�)������$0/������P�������'*6&�)������$0/������P�������'*6&�)������$0/�K���

�����'*6&�)������$0/������P�������'*6&�)������$0/������P�������'*6&�)������$0/������P��$OO�LQWHUQDO�PROGV�

H[FHSW�����H[WHUQDO�PROG��6FDOH�EDUV� ���PP�IRU�����±�����DQG���PP�IRU�����±������
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)LJXUH� ��� � 7KDLODQGLXP� VROXP � .RED\DVKL�� ����� OLEULJHQD� ��±��� DQG� S\JLGLD� ��±���� IURP�

.R�7DUXWDR������'*6&�)�����$R�0R�/DH��$0/��K�������'*6&�)������$0/�K�������'*6&�)������$0/�

�����P�� ����'*6&�)������$0/������P�� ����'*6&�)������$0/������P�� ����&0&� ,3������� YLQ\O�

polysiloxane� cast,� original� of�UMUT�PA02299b-2,�Kobayashi,� 1957�pl.� 4,�¿g.� 10;� (7)�DGSC�F0418,��
$R�7DOR�7RSR�ZHVW��$77Z�������&0&�,3�������YLQ\O�SRO\VLOR[DQH�FDVW��RULJLQDO�RI�8087�3$�����G����

Kobayashi� (1957)� pl.� 4,� ¿g.� 16;� (9)�DGSC�F0610,�AML�5.81�m;� (10a–c)� dorsal,� right� lateral,� and�
SRVWHULRU�YLHZV� UHVSHFWLYHO\��'*6&�)������$0/������P�� �����'*6&�)�����$0/�����P�� �����'*6&�

)������$0/������P�� H[WHUQDO�PROG�� �����'*6&�)������$0/������P�� �����'*6&�)������$0/�K���

$OO�LQWHUQDO�PROGV�H[FHSW����6FDOH�EDUV� ���PP�IRU��±����±���DQG���PP�IRU��±������
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7KDLODQGLXP�VROXP�.RED\DVKL������
)LJV������

����� 7KDLODQGLXP� VROXP�.RED\DVKL� S�� �����
pl.�4�¿g.�9,10;�not�¿gs�11,12��4XDGUDWLFHSKDOXV�
SODQXODWXV��

�����&RUHDQRFHSKDOXV�SODQXODWXV�.RED\DVKL�
pl.�4�¿gs�16,17�only,�not�¿gs�13–15��4XDGUDWL�
FHSKDOXV�SODQXODWXV��

'LDJQRVLV�²7UDSH]RLGDO� FUDQLGLXP�ZLWK� ORQJ�
IURQWDO� DUHD� ORQJ� �VDJ��� HTXDOO\� WR� VXEHTXDOO\�
GLYLGHG�LQWR�WKH�DQWHULRU�ERUGHU�DQG�SUHJODEHOODU�
¿eld,�anteriorly�convergent�facial�suture�branches,�
ORZ� FRQYH[LW\�� VKDOORZ� IXUURZV�� VWURQJO\�
ERZHG��PHGLDOO\�FRQWLQXRXV�6���SDOSHEUDO�OREHV�
VKRUW��H[VDJ���ZLWK�SRVWHULRU�SRLQW�RSSRVLWH�6���
3\JLGLXP�VXEFLUFXODU�WR�VXEWULDQJXODU��D[LV�VKRUW�
ZLWK�IRXU�D[LDO� ULQJV�DQG� ORQJ�SRVW�D[LDO�ULGJH�
RFFXS\LQJ�DERXW�KDOI�WKH�S\JLGLDO�OHQJWK��VDJ����
pleural�¿eld�broad,�effaced.
2FFXUUHQFH�²$R�0R�/DH��$0/������±����P��
$0/�KRUL]RQV��±���DQG�$R�7DOR�7RSR�ZHVW��$R�
0R�/DH�)RUPDWLRQ�RI�WKH�7DUXWDR�*URXS��7KDL�
ODQG��ORZHU�WR�PLGGOH�&DPEULDQ�6WDJH����
(PHQGHG�'HVFULSWLRQ�²&UDQLGLXP�DV�GHVFULEHG�
E\�.RED\DVKL��������S�������H[FHSW�WKDW�WKH�HQWLUH�
VXUIDFH� LV�YHU\� IDLQWO\�JUDQXORVH�� QRW� VPRRWK��
2FFLSLWDO�JODEHOODU�OHQJWK��VDJ���XS�WR�����FP�
� /LEULJHQD�PRGHUDWHO\� EURDG�ZLWK� VPRRWK��
gently� sloping�pleural� area� and�¿rmly-incised�
posterior� and� lateral� border� furrows� de¿ning�
wide,�inÀated�borders;�posterior�border�furrow�
conÀuent�with�lateral�border�furrow,�extending�
WR�SRVWHULRU�PDUJLQ�VR�DV�WR�IXOO\�VHSDUDWH�ODWHUDO�
DQG� SRVWHULRU� ERUGHUV�� *HQDO� VSLQH� ORQJ�

)LJXUH����� �6KDSH�FKDQJH�ZLWK�JURZWK� IRU�7KDLODQGLXP�

VROXP�.RED\DVKL��������SURGXFHG�IURP�WKH�UHJUHVVLRQ�RI�

3URFUXVWHV�GLVWDQFH�YV��ORJ�RI�FHQWURLG�VL]H��/&6��XVLQJ�

WKH� WKUHH� VPDOOHVW� VSHFLPHQV� DV� UHIHUHQFH��3 ������ IRU�

�����ERRWVWUDSV�

ZLWK�EURDG�EDVH� DQG� VORZ�SRVWHULRU� WDSHULQJ��
XQLQWHUUXSWHG� H[WHQVLRQ� RI� ODWHUDO� ERUGHU��
'RXEOXUH�VDPH�ZLGWK��H[VDJ��DQG�WU���DV�ODWHUDO�
ERUGHU��(\H�VHPL�FLUFXODU�ZLWK�GLVWLQFW�H\H�VRFOH�
� 3\JLGLXP� VXEWULDQJXODU�� VSDWXODWH��ZLWK�
ZLGHVW� �WU��� SRLQW� YDU\LQJ� EXW� W\SLFDOO\�ZLWK�
WHUPLQDO�SLHFH��S\JLGLDO�ZLGWK� �WU������±�����
RI�S\JLGLDO�OHQJWK��VDJ����PDUJLQ�PRVW�VWURQJO\�
FXUYHG�DW�ZLGHVW�SRLQW�DQG�PHGLRSRVWHULRU�SRLQW��
Axial�width� (tr.)� at� ¿rst� ring�~25%�pygidial�
ZLGWK�DW�ZLGHVW��WU���SRLQW��D[LDO�OHQJWK���±����
S\JLGLDO�OHQJWK��VDJ������D[LDO�ULQJV��WUDQVYHUVH�
D[LDO� IXUURZV� VWUDLJKW� WR� VOLJKWO\�ZDY\�� D[LDO�
IXUURZV�VKDUS��VWUDLJKW��DQG�VOLJKWO\�SRVWHULRUO\�
FRQYHUJHQW��WHUPLQDO�SLHFH�VKRUW��SRVW�D[LDO�ULGJH�
GLVWLQFW�DQWHULRUO\�EXW�REVROHWH�DW�a����GLVWDQFH�
IURP�WHUPLQDO�SLHFH�DQG�SRVWHULRU�PDUJLQ��3OHX�
ral�furrows�proximally�well-de¿ned�but�distally�
HIIDFHG��LQWHUSOHXUDO�IXUURZV�VKDOORZ�DQG�VKRUW�
�WU���� DED[LDOO\�RU�FRPSOHWHO\�HIIDFHG�� DQWHULRU�
SOHXUDO�EDQG�VKRUW��H[VDJ���DQG�FUHVFHQW�VKDSHG��
SLQFKLQJ�RXW�RQ�SOHXUDO�VORSH��SRVWHULRU�SOHXUDO�
band�distally�broadens.�Broad,�poorly�de¿ned�
border�Àat� to� concave�with�posterior� curving�
XSZDUGV�� �0DWHULDOV�²7KH�QHZ�FROOHFWLRQV�RI�
7KDLODQGLXP�VROXP�LQFOXGH����FUDQLGLD�����IURP�
$R�0R� /DH� �$0/�� �����P� �'*6&� )������
)������������P��'*6&�)������)������������P�
�'*6&�)������������P��'*6&�)������)������
)������)������)������ )������ )������)������
)������)������DQG�&0&�,3������� ,3��������
$0/�K���'*6&�)������)�������DQG�$0/�K��
�'*6&�)������)�������VL[�IURP�$R�7DOR�7RSR�
ZHVW� �$77Z�� �'*6&�)������)������ )������
)������ )������ )������� 1LQH� OLEULJHQDH��
HLJKW�IURP�$0/������P��'*6&�)������)������
)�����DQG�&0&�,3�������,3�������,3��������
$0/�K���'*6&�)������� DQG�$0/�K�� �&0&�
,3��������RQH�IURP�$77Z��'*6&�)����������
S\JLGLD��HLJKW�IURP�$0/�����P��'*6&�)�������
�����P��'*6&�)������)������)������)������
)�����DQG�&0&�,3��������DQG�$0/�K���'*6&�
)���������IURP�$77Z��'*6&�)������)�������
5HPDUNV�²7KH� ODUJHU� VDPSOH� VL]H� DYDLODEOH�
LQ� WKLV� VWXG\� DOORZV� IRU� QHZ� XQGHUVWDQGLQJ�
RI� WKH� RQWRJHQ\� RI�7KDLODQGLXP� VROXP��7KH�
UHJUHVVLRQ� RI� SDUWLDO� 3URFUXVWHV� GLVWDQFHV�
FRPSDUHG�WR�WKH�PHDQ�RI�WKH�VPDOOHVW�VSHFLPHQV�
GHWHUPLQHV� WKH�H[WHQW� WR�ZKLFK� VKDSH�FKDQJH�
LV�UHODWHG�WR�VL]H� �:HEVWHU�DQG�6KHHWV���������
The� same� landmark� con¿gurations� of� 15�
VSHFLPHQV� RI�7�� VROXP� XVHG� LQ� WKH� VKDSH�
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DQDO\VLV� ZHUH� UHJUHVVHG� DJDLQVW� WKH�PHDQ�
VKDSH� RI� WKH� VPDOOHVW� �� VSHFLPHQV� LQ� WKH�
VDPSOH� �H�J�� '*6&� )������ )LJ�� ������ DQG�
WKH�SDUWLDO�3URFUXVWHV�GLVWDQFH�IURP�WKH�PHDQ�
FDOFXODWHG�� :KLOH� WKHUH� LV� FRQVLGHUDEOH�
VFDWWHU�RI�WKLV�SDUWLDO�3URFUXVWHV�GLVWDQFH�SORWWHG�
DJDLQVW� ORJ� RI� WKH� FHQWURLG� VL]H�� RQWRJHQHWLF�
FKDQJH�DFFRXQWV�IRU��������RI�PRUSKRORJLFDO�
YDULDQFH��)LJ������S� ��������ERRWVWUDSSHG�E\�
����� UHSHWLWLRQV�� 7KH� PRVW� SURPLQHQW�
RQWRJHQHWLF�FKDQJH�LV�WKH�ZLGHQLQJ��WU���RI�WKH�
IURQWDO� DUHD��$GGLWLRQDOO\�� WKH� SDOSHEUDO� OREH�
VKRUWHQV��H[VDJ���E\�ERWK�DQWHULRU�DQG�SRVWHULRU�
PLJUDWLRQ� RI� WKH� SRVWHULRU� DQG� DQWHULRU� HQGV�
UHVSHFWLYHO\��$QRWKHU� FKDQJH�ZLWK� LQFUHDVLQJ�
VL]H�LV�WKDW�WKH�UHODWLYH�JODEHOODU�OHQJWK�DQWHULRU�
WR�6�� LQFUHDVHV�� DQG� WKH� 6�� IXUURZ� EHFRPHV�
PRUH� VWURQJO\� SRVWHULRUO\� ERZHG�� ,Q� WHUPV�
RI� SDUWLDO�3URFUXVWHV� GLVWDQFH� IURP� WKH�PHDQ�
IRUP�� VKDSH�YDULDQFH� IRU� DOO����VSHFLPHQV� RI�
7�� VROXP�ZDV�������� �ERRWVWUDSSHG� E\������
repetitions�with� a� 95%� con¿dence� interval�
RI�������±���������)RU�FRPSDULVRQ�� D� VLQJOH�
VSHFLPHQ� �)LJ�� ����� '*6&� )������ ZDV�
UHPRXQWHG�� SKRWRJUDSKHG�� DQG�PDUNHG� IRU�
ODQGPDUNV� WHQ� WLPHV�� WKH� YDULDQFH� IRU� WKHVH�
WHQ� LPDJHV�RI�D� VLQJOH� VSHFLPHQ�ZDV� �������
RYHU������ERRWVWUDSV�
� $FFRUGLQJO\�� PRUSKRORJLFDO� YDULDWLRQ�
DPRQJ� FUDQLGLD� RI�7�� VROXP� JUHDWO\� H[FHHGV�
PHDVXUHPHQW�HUURU��7KH� VKDSH�YDULDQFH�YDOXH�
IRU� WKH� VDPSOH� LV� EURDGO\�FRPSDUDEOH� WR� WKDW�
VHHQ�DPRQJ�FUDQLGLDO�PHUDVSLG� LQVWDUV� LQ� WKH�
6LOXULDQ�DXODFRSOHXULG��$XODFRSOHXUD�NRQLQFNLL�
�VHH�+RQJ�HW� DO��������� VXSSOHPHQWDO�GDWD�����
DOWKRXJK�WKH�VHW�RI�FUDQLGLDO�ODQGPDUNV�DVVHVVHG�
LQ�WKH�WZR�VWXGLHV�ZHUH�GLIIHUHQW�LQ�ERWK�ODQG�
PDUN�QXPEHU�DQG�ORFDWLRQ��$W�SUHVHQW�VWXGLHV�
RI�FRPSDUDWLYH�PRUSKRORJLFDO�YDULDQFH�DPRQJ�
WULORELWH�WD[D�LQ�ODQGPDUN�VHOHFWLRQ�DUH�WRR�IHZ�WR�
DOORZ�DVVHVVPHQW� RI� WKH� HIIHFWV� RI� ODQGPDUN�
VFKHPH�VHOHFWLRQ�DQG�WDSKRQRPLF�IDFWRUV�VXFK�DV�
Àattening�in�shales�on�variance,�but�the�consistent�
GLVWLQFWLRQ�EHWZHHQ�VDPSOH�YDULDQFH�DQG�PHD�
VXUHPHQW�HUURU�VHHQ�LQ�WKHVH�VWXGLHV�GRHV�VXJJHVW�
WKDW�IXWXUH�FRPSDUDWLYH�VWXGLHV�RI�WKLV�NLQG�PD\�
EH�ZRUWKZKLOH�
� When�de¿ning�7KDLODQGLXP�VROXP�.RED\DVKL�
������� WHQWDWLYHO\�DVVLJQHG� D� UHODWLYHO\� VKRUW�
DQG�EURDG�S\JLGLXP�WR�WKH�VSHFLHV��7KDW�S\JLGLXP�
LQVWHDG�EHORQJV�WR�4XDGUDWLFHSKDOXV�SODQXODWXV�
�.RED\DVKL�� ������� 6KHUJROG� HW� DO�� �������

UHDVVLJQHG� WKLV� S\JLGLXP� WR� /LFKHQJLD"�
WDUXWDRHQVLV��.RED\DVKL���������UHFRJQL]LQJ�LW�
DV� ³VDXNLLG´� LQ� IRUP� DQG� ZLWK� D� VRPHZKDW�
VLPLODU� VKDSH� WR� WKH� /LFKHQJLD"� WDUXWDRHQVLV�
pygidium�(Shergold�et�al.,�1988,�¿g.�5W).�However,�
WKH�S\JLGLXP�KHUHLQ�DVVLJQHG�WR�7��VROXP�KDV�D�
QRWDEO\�EURDGHU�SOHXUDO�DQG�SRVWD[LDO�UHJLRQ�DQG�
LV�QRW�HDVLO\�FRQIXVHG�ZLWK�WKDW�RI��/�"�WDUXWDRHQVLV��
6KHUJROG�HW�DO�¶V��������DVVXPSWLRQ�WKDW�WKHLU�
FROOHFWLRQV� FDPH� IURP� WKH� VDPH� VWUDWLJUDSKLF�
KRUL]RQV�DV�WKRVH�RI�.RED\DVKL��������ZDV�WKH�
EDVLV� IRU� VRPH� RI� WKHLU� WD[RQRPLF� GHFLVLRQV�
�H�J�� 3DJRGLD� WKDLHQVLV� DV�3DUDNROGLQLRLGLD�
WKDLHQVLV� DQG� 6DXNLHOOD� WDUXWDRHQVLV� DV�
/LFKHQJLD"�WDUXWDRHQVLV��6��WDUXWDRHQVLV�LQVWHDG�
LV�KHUHLQ�UHFRJQL]HG�DV�D�VSHFLHV�RI��3URVDXNLD���
,W�LV�QRZ�FOHDU�WKDW�.RED\DVKL¶V��������FROOHFWLRQ�
UHSUHVHQWV�DQ�LQWHUYDO�GLVWLQFW�IURP�6KHUJROG�HW�
DO�¶V��������DQG�WKH�RQO\�FRRFFXUULQJ�WD[D�DUH�
WKRVH�WKDW�DUH�UHODWLYHO\�ORQJ�OLYHG�LQ�WKH�$R�0R�
/DH�)RUPDWLRQ�� LQFOXGLQJ�(RVDXNLD� EXUDYDVL�
.RED\DVKL� ������� DQG�4XDGUDWLFHSKDOXV�

SODQXODWXV� �.RED\DVKL���������7KH� S\JLGLXP�
LQLWLDOO\�DVVLJQHG� WR�&��SODQXODWXV�.RED\DVKL�
�������DQG�LQFRUUHFWO\�DVVLJQHG�WR�/LFKHQJLD"�
WDUXWDRHQVLV�E\�6KHUJROG�HW�DO����������EHORQJV�
WR� LQ� IDFW� WR�7KDLODQGLXP��ZKLFK� LWVHOI�ZDV�
DEVHQW�IURP�DOO�WKH�FROOHFWLRQV�WKDW�6KHUJROG�HW�
DO�� ������� REVHUYHG��7KH� ODUJH� S\JLGLXP� LV�
LQFRQVLVWHQW�ZLWK�HYHQ� WKH� ODUJHVW� FUDQLGLD�RI�
DQ\�RWKHU�VSHFLHV�LQ�HLWKHU�.RED\DVKL¶V��������
FROOHFWLRQ� RU� WKH� FROOHFWLRQ� SUHVHQWHG� KHUHLQ�
H[FHSWLQJ�SHUKDSV�4XDGUDWLFHSKDOXV�SODQXODWXV�
DQG�(RVDXNLD�EXUDYDVL��WKH�VKDSH�DQG�SOHXUDO�
GLYLVLRQV�DUH�QRWDEO\�³VDXNLLG´�OLNH��UXOLQJ�RXW�
DVVLJQDWLRQ�WR�4XDGUDWLFHSKDOXV��DQG�WKH�EURDG�
pleural�¿eld�is�inconsistent�with�the�lenticular�
VKDSH� RI� DQ�(RVDXNLD� S\JLGLXP�ZKLFK� LV�
RWKHUZLVH� ZHOO�GRFXPHQWHG� LQ� WKH�7DUXWDR�
FROOHFWLRQV�
� 7KH� FUDQLGLXP�RI� 7KDLODQGLXP� LV� VLPLODU�
WR�WKDW�RI�3URVDXNLD�8OULFK�DQG�5HVVHU��������
VDYH�IRU�WKH�DQJOH�RI�WKH�DQWHULRU�VXWXUH�EUDQFKHV�
DQG�OHQJWK�RI�WKH�SDOSHEUDO�OREH��)LJ������/LNHZLVH��
WKH�S\JLGLXP�RI�7KDLODQGLXP�GLIIHUV�IURP�WKDW�
RI�3URVDXNLD��DW�OHDVW�WKH�W\SH�VSHFLHV��PDLQO\�
E\� GHJUHH� RI� D[LDO� OHQJWK�� SRVW�D[LDO� OHQJWK��
and�effacement�of� the�pleural�¿eld� (Fig.� 10).�
7KDLODQGLXP¶V� FUDQLGLXP�DOVR�DSSURDFKHV� WKH�
FRQGLWLRQ�VHHP�LQ�VRPH�GLNHORFHSKDOLQLGV��VXFK�
DV�2VFHROLD�DQG�VRPH�%ULVFRLD�LQ�IRUP�RI�WKH�
preglabellar�¿eld�(Ulrich�and�Resser,�1930),�but�
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WKH�IRUP�RI�WKH�JODEHOOD��DQWHULRU�SRVLWLRQ�RI�WKH�
H\HV�� DQG� WKH� FRQYHUJHQW�DQWHULRU� VXWXUHV� DUH�
GLVWLQFWLYH�LQ�7KDLODQGLXP�
� 7KH�OLEULJHQD�RI�7KDLODQGLXP�VROXP�LV�GLVWLQFW�
IURP�WKH�OLEULJHQD�RI�VLPLODU�JHQHUD��LQFOXGLQJ�
3URVDXNLD� DQG�7HOOHULQD�8OULFK� DQG� 5HVVHU�
��������LQ�WKDW�WKH�SRVWHULRU�DQG�ODWHUDO�ERUGHU�
furrows�are�¿rmly-incised�and�truly�conÀuent�
�H�J��'*6&�)������)LJ���������,Q�ERWK�7HOOHULQD�DQG�
3URVDXNLD�WKH�MRLQLQJ�RI�WKH�IXUURZV�LV�PDUNHG�
E\�D�FRQWLQXRXV�FXUYH�IRU�WKH�SRVWHULRU�ERUGHU�
IXUURZ�DQG�D�EHQG��RIWHQ�VKDUSO\�GRJ�OHJJHG��LQ�WKH�
ODWHUDO�ERUGHU�IXUURZ��,Q�3URVDXNLD� WKH� ODWHUDO�
furrow�may�become� effaced�with� an� inÀated�
extension�of�the�pleural�¿eld�separating�it�from�the�
SRVWHULRU�ERUGHU�IXUURZ��WKLV�VWDWH�LV�SDUWLFXODUO\�
ZHOO�GHYHORSHG�RQ�3URVDXNLD�PLVD��+DOO��������
DQG�WR�D�OHVVHU�H[WHQW�RQ�3URVDXNLD�RFXODWD�Q��VS�
� 7KRXJK�FHSKDOLFDOO\�GLVWLQFW��SDUWLFXODUO\�LQ�
WKH� IURQWDO� DUHD��7KDLODQGLXP� KDV� D� VLPLODU�
RYHUDOO�S\JLGLDO� VWUXFWXUH� WR� WKDW�RI�7HOOHULQD�
8OULFK� DQG� 5HVVHU� ������� DQG� &DOYLQHOOD
:DOFRWW��������6LPLODULWLHV�LQFOXGH�D�VKRUW�D[LV��
long�postaxis,�broad�and�poorly-de¿ned�Àat�to�
FRQFDYH�ERUGHU�ZLWKRXW�D�ERUGHU�IXUURZ��6RPH�
VSHFLHV� RI�&DOYLQHOOD� �H�J�� WKH� W\SH� VSHFLHV��

&��VSLQLJHU)�have�well-de¿ned�postaxial�ridges;�
WKHVH� DUH� UDUH� LQ�7HOOHULQD�� ,Q�&�� VSLQLJHU� WKH�
S\JLGLXP� LV�PRUH� FLUFXODU� RU� VXEHOOLSVRLGDO�
WKDQ� LQ�7KDLODQGLXP�� EXW�7HOOHULQD�� DW� OHDVW�
IRU�WKH�W\SH�VSHFLHV�7HOOHULQD�FUDVVLPDUJQLDWD
(Whit¿eld,�1882),�has�a�subtriangular�to�spatu�
ODWH�S\JLGLXP��OLNH�WKDW�RI�7KDLODQGLXP��2I�WKH�
WKUHH�JHQHUD��7KDLODQGLXP�KDV�WKH�PRVW�HIIDFHG�
LQWHUSOHXUDO� IXUURZV� DQG�VKRUWHVW� �WU��� SOHXUDO�
IXUURZV��)LJ�������$OO�WKUHH�JHQHUD�JURZ�WR�VL]HV�
ODUJHU�WKDQ�LV�W\SLFDO�IRU�³VDXNLLGV´�WKRXJK�QRW�
DV�ODUJH�DV�VRPH�VSHFLHV�RI�'LNHORFHSKDOXV��H�J��
'LNHORFHSKDOXV�PLQQHVRWHQVLV�2ZHQ��������VHH�
+XJKHV���������'LNHORFHSKDOXV�PLQQHVRWHQVLV�
has�a�similarly�broad,�poorly�de¿ned�and�Àat�
ERUGHU�ZLWK�D� ORQJ�SRVWD[LDO� DUHD��7KH�EURDG��
Àat,�effaced�border�may�reÀect�a�convergence�
RI�DOO�GLNHORFHSKDOLG�WULORELWHV�WKDW�JURZ�WR�EH�
PRUH�WKDQ�D�IHZ�FHQWLPHWHUV�LQ�WRWDO�OHQJWK�

� *HQXV�3URVDXNLD�8OULFK�DQG�5HVVHU�������
7\SH�VSHFLHV�²'LNHORFHSKDOXV�PLVD�+DOO�������
5HPDUNV�²7KH�JHQHULF�GLDJQRVLV�RI�3URVDXNLD�
KDV�EHHQ�GLVFXVVHG�WKRURXJKO\�LQ�SUHYLRXV�ZRUN�
�8OULFK� DQG� 5HVVHU�� ������ /XGYLJVHQ� DQG�
:HVWURS���������EXW�WKH�GLYHUJHQW�DQWHULRU�VXWXUH�

)LJXUH������3URVDXNLD�WDUXWDRHQVLV�Q��VS��FUDQLGLD���±���DQG�S\JLGLXP��������D±F��GRUVDO��OHIW�ODWHUDO��DQG�DQWHULRU�YLHZV�

UHVSHFWLYHO\��'*6&�)������$0/�����P������'*6&�)������$R�0R�/DH��$0/������P������'*6&�)������$R�7DOR�7RSR�

ZHVW� �$77Z�������'*6&�)������$0/�K��� ����&0&�,3�������YLQ\O�SRO\VLOR[DQH�FDVW��KRORW\SH��RULJLQDO�RI�8087�

PA02298c,�Kobayashi,�1957,�pl.�5,�¿g.�12;�(6)�DGSC�F0453,�ATTw.�All�internal�molds.�Scale�bars�=�2�mm.
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EUDQFKHV� KDV�QRW� EHHQ� QRWHG� SUHYLRXVO\� DV� D�
GLDJQRVWLF�IHDWXUH��7KLV�FKDUDFWHU�LV�KHOSIXO�LQ�
GLIIHUHQWLDWLQJ�3URVDXNLD� IURP�7KDLODQGLXP�
.RED\DVKL� ������� DQG� DOVR� IURP�+R\WDVSLV�
/XGYLJVHQ�DQG�:HVWURS��������

3URVDXNLD�WDUXWDRHQVLV��.RED\DVKL�������
)LJ����

�����6DXNLHOOD�WDUXWDRHQVLV�.RED\DVKL��S�������
pl.�5,�¿g.�12.
QRQ������/LFKHQJLD"�WDUXWDRHQVLV��.RED\DVKL��
Shergold�et�al.,�p.�309,�¿gs�5S–W.

(PHQGHG� GLDJQRVLV�²6SHFLHV� RI�3URVDXNLD�
with�short�(sag.)�preglabellar�¿eld,�long�(sag.)�
DQG�ZHDNO\�ERZHG�DQWHULRU�ERUGHU��VWURQJO\�DQWH�
riorly�tapering�glabella,�¿ne�granulation,�wide�
�WU���/2��DQG�QDUURZ��WU���S\JLGLDO�D[LV�

2FFXUUHQFH�²$R�0R�/DH��$0/�����±����P��
$0/�K���DQG�$R�7DOR�7RSR�ZHVW��$R�0R�/DH�
)RUPDWLRQ� RI� WKH�7DUXWDR�*URXS��7KDLODQG��
)XURQJLDQ�

(PHQGHG�GHVFULSWLRQ�²&UDQLGLXP�VXEWUDSH]RL�
GDO��ZLGWK�DFURVV�SDOSHEUDO�DUHDV�����RI�FUDQ�
LGLDO� OHQJWK� LQ� VPDOOHVW� KRODVSLGV� WR������RI�
FUDQLGLDO�OHQJWK�LQ� ODUJHVW�KRODVSLGV��2FFLSLWDO�
JODEHOODU� OHQJWK� �VDJ��� XS� WR����FP��JODEHOODU�
ZLGWK� DFURVV�/�� ����ZLGWK� DFURVV�SDOSHEUDO�
DUHDV� LQ� VPDOOHU�KRODVSLGV�DQG�����LQ� ODUJHU��
OHQJWK�RI�JODEHOOD�DQG�/2���±����RI�FUDQLGLDO�
OHQJWK��JODEHOOD� WUXQFR�FRQLFDO�ZLWK� ORZ�GRVR��
YHQWUDO�UHOLHI��D[LDO�IXUURZV�VWUDLJKW�RU�VOLJKWO\�
SLQFKHG�DW�6���ZHDNO\�LQFLVHG��DQWHULRU�JODEHOODU�
PDUJLQ�WUDQVYHUVH�WR�JHQWO\�FXUYHG��/2���±����
ZLGHU�WKDQ�/���62�JHQWO\�SRVWHURPHGLDOO\�ERZHG��
VKDOORZLQJ�PHGLDOO\��6��PRGHUDWHO\�WR�VWURQJO\�
SRVWHURPHGLDOO\�ERZHG��VKDOORZLQJ�PHGLDOO\��6��
short�(tr.)�and�well-de¿ned,�less�posteromedially�
DQJOHG� WKDQ� 6��� DQWHURPHGLDOO\� DQJOHG� 6��
poorly-de¿ned�to�effaced.�Palpebral�lobe�mod�
HUDWHO\�DUFKHG�ZLWK�JUHDWHVW�FXUYDWXUH�LQ�SRVWHULRU�
SDUW��ZLGHVW�SDOSHEUDO�SRLQW�VOLJKWO\�DQWHULRU�WR�
6��LQ�VPDOOHU�KRODVSLGV�DQG�VOLJKWO\�SRVWHULRU�LQ�
ODUJHU�� SDOSHEUDO� OREH� OHQJWK� �H[VDJ��� ����
FUDQLGLDO� OHQJWK� �VDJ��� LQ� VPDOOHU�KRODVSLGV� WR�
����LQ�ODUJHU��ZLGWK��WU���DFURVV�DQWHULRU�SDOSHEUDO�
FRUQHUV���±����ZLGWK�DFURVV�SRVWHULRU�FRUQHUV��
)L[LJHQD� QDUURZ� �WU���ZLWK�PRGHUDWHO\� ZLGH�
SUHRFXODU� DUHDV�� DQWHULRU� VXWXUH� EUDQFKHV�
DQWHULRUO\� GLYHUJHQW� IURP� DQWHULRU� SDOSHEUDO�

FRUQHUV�� FXUYLQJ�JHQWO\� DGD[LDOO\� IRU� URXQGHG�
ODWHUDO�PDUJLQV� RI� IURQWDO� DUHD�� IURQWDO� DUHD�
ZLGHVW� �WU���SRLQW� VOLJKWO\�SRVWHULRU� WR�DQWHULRU�
border.� Preglabellar� ¿eld� short,� depressed;�
DQWHULRU� ERUGHU� IXUURZ�JHQWO\�DQWHURPHGLDOO\�
ERZHG��DQWHULRU� ERUGHU� ����FUDQLGLDO� OHQJWK��
weakly� inÀated,� horizontally� oriented.�All�
VXUIDFHV�GHQVHO\�JUDQXODWHG�
� 3\JLGLXP�VXEHOOLSVRLG�WR�OHQWLFXODU��ZLGWK�
�WU��� WZLFH� OHQJWK� �VDJ���� D[LDO�ZLGWK� �WU��� DW�
DQWHULRU�PRVW�ULQJ�����S\JLGLDO�ZLGWK�DW�ZLGHVW�
SRLQW��D[LDO�OHQJWK� �VDJ�������S\JLGLDO�OHQJWK�
(sag.);�four�axial�rings,�only�¿rst�three�clearly�
de¿ned;�axial�furrows�converging�at�15°�from�
VDJLWWDO�D[LV�� WHUPLQDO�SLHFH�QDUURZ�DQG� ORQJ��
SRVWD[LDO�ULGJH�VKRUW��QRW�H[WHQGLQJ�WR�S\JLGLDO�
margin.� Pleural� furrows� poorly-de¿ned� and�
pleural�¿eld�effaced.

0DWHULDO�²)LYH� FUDQLGLD� IURP�$R�0R� /DH�
�$0/�� �����P� �'*6&�)�������$0/�����P�
�'*6&�)�������$0/�K���'*6&�)������)�������
DQG�$R�7DOR�7RSR�ZHVW��$77Z���'*6&�)�������
RQH�S\JLGLXP�IURP�$77Z��'*6&�)�������DOO�
LQWHUQDO�PROGV�

5HPDUNV�²3URVDXNLD�WDUXWDRHQVLV�UHSUHVHQWV�D�
W\SLFDO�VSHFLHV�RI�3URVDXNLD�LQ�PDQ\�ZD\V��LQ�
WKH�GLPHQVLRQV�DQG�VKDSH�RI�WKH�JODEHOOD��OHQJWK�
of� the� palpebral� lobes,�width�of� the�¿xigena,�
OHQJWK�RI� WKH� DQWHULRU� ERUGHU�� VXUIDFH� WH[WXUH��
DQG�H[SUHVVLRQ�RI�IXUURZV�LW�FOHDUO\�UHVHPEOHV�
WKH�W\SH�VSHFLHV��3URVDXNLD�PLVD��+DOO���������
3URVDXNLD�WDUXWDRHQVLV�GLIIHUV�FUDQLGLDOO\�IURP�
PDQ\�RWKHU�NQRZQ�VSHFLHV�RI�3URVDXNLD�SULPDULO\�
in� the� notably� short� (sag.)� preglabellar� ¿eld�
DQG�ZLGH��WU���RFFLSLWDO�OREH��H�J��'*6&�)������
)LJ�� ����D��� ,Q�3URVDXNLD�PLVD� �+DOO�� ������
DQG� PRVW� RWKHU� VSHFLHV� RI�3URVDXNLD� WKH�
RFFLSLWDO� OREH� LV� HLWKHU� VOLJKWO\� QDUURZHU� WKDQ�
/��DV� LQ�3URVDXNLD� RFXODWD� Q�� VS��RU� HOVH� WKH�
axial� furrows� Àank� the� occipital� lobe� along�
WKH� VDPH� SDWK�DV� WKH� SUHRFFLSLWDO�JODEHOOD�� ,Q�
3��WDUXWDRHQVLV�WKH�D[LDO�IXUURZV�FXUYH�VKDUSO\�
DURXQG�WKH�RFFLSLWDO�OREH��)LJ�������7KH�S\JLGLXP�
RI�3�� WDUXWDRHQVLV � LV� GLVWLQFW� DV� LW� LV� WKH�
RQO\� NQRZQ� VSHFLHV� RI�3URVDXNLD�ZLWK� D�
OHQWLFXODU�S\JLGLXP�
� 6KHUJROG�HW�DO���������FRQVLGHUHG�WKH�VLQJOH�
VSHFLPHQ�RI�3URVDXNLD�WDUXWDRHQVLV�NQRZQ�DW�
that�time�(Kobayashi,�1957;�pl.�5�¿g.�12;�Fig.�
������WR�EH�V\QRQ\PRXV�ZLWK�QHZ�PDWHULDO�WKDW�
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WDUXWDRHQVLV�LV�H[FOXGHG�IURP�.RED\VKL��������
FRQFHSW�RI�WKH�VSHFLHV��$GGLWLRQDO�VSHFLPHQV�RI�
/LFKHQJLD�WDUXWDRHQVLV��VHQVX�6KHUJROG�HW�DO���
������KDYH�EHHQ�UHFRYHUHG�IURP�WKH�$R�0R�/DH�
)RUPDWLRQ�� DQG� UHYLVLRQ� RI� WKLV� VSHFLHV�ZLOO�
DSSHDU�LQ�IXWXUH�ZRUN�

WKH\�FDOOHG�/LFKHQJLD"�WDUXWDRHQVLV�RQ�DFFRXQW�
RI� WKH� IURQWDO� DUHD� DQG� SDOSHEUDO� OHQJWKV�DQG�
SRVLWLRQV��,W�LV�FOHDU�IURP�WKH�VWURQJ�DQWHULRUO\�
QDUURZLQJ�JODEHOOD�DQG�PHGLDO�GLVFRQWLQXLW\�RI�
WKH�ODWHUDO�JODEHOODU�IXUURZV�LQ�WKH�ODWWHU�PDWHULDO�
WKDW�WKHVH�VSHFLPHQV�DUH�QRW�V\QRQ\PRXV�ZLWK�
3URVDXNLD�WDUXWDRHQVLV��7KHUHIRUH�/LFKHQJLD"�

)LJXUH����� �3URVDXNLD�RFXODWD�Q�� VS��FUDQLGLD� ��±����S\JLGLD� ��±�����DQG� OLEULJHQD���������� ��D±E��GRUVDO� DQG�OHIW�

DQWHURODWHUDO�YLHZV�UHVSHFWLYHO\��'*6&�)����������'*6&�)����������'*6&�)����������'*6&�)����������'*6&�)������

����'*6&�)����������'*6&�)������$R�7DOR�7RSR��$77��������P����D±F��LQWHUQDO�GRUVDO�� LQWHUQDO�ULJKW�SRVWHURODWHUDO�

REOLTXH��DQG�H[WHUQDO�GRUVDO�YLHZV�UHVSHFWLYHO\��'*6&�)����������'*6&�)������H[WHUQDO�PROG�������'*6&�)������

�����'*6&�)�����������'*6&�)������$OO�IURP�$77�������P�H[FHSW����DOO�LQWHUQDO�PROGV�XQOHVV�RWKHUZLVH�LQGLFDWHG��6FDOH�

EDUV� ���PP�
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3URVDXNLD�RFXODWD�Q��VS�
)LJ����

� "�����/LFKHQJLD"�WDUXWDRHQVLV��.RED\DVKL���
� Shergold� et� al.,� p.� 309–310,� ¿g.� 5W�
RQO\��QRW�¿gs� 5S–V� =� /LFKHQJLD� VLPSOH[

6KHUJROG�������
7\SH� PDWHULDO�²+RORW\SH�� '*6&� )�����
�)LJ�� ����D±E�� IURP�$R�7DOR�7RSR�������P��
SDUDW\SHV�'*6&�)������)������)������)������
)������)������)������$R�0R�/DH�)RUPDWLRQ��
7DUXWDR�*URXS��.R�7DUXWDR��7KDLODQG��)XURQJLDQ�

2FFXUUHQFH�²$R�7DOR�7RSR������±������P�DQG�
KRUL]RQ����)LJV��������$R�0R�/DH�)RUPDWLRQ�RI�
WKH�7DUXWDR�*URXS��7KDLODQG��)XURQJLDQ�

'LDJQRVLV�²6SHFLHV�RI�3URVDXNLD�ZLWK�ZLGH��
Àat�¿xigena,� including� palpebral� areas,� short�
(sag.)� preglabellar� ¿eld,� and� subcircular�
pygidium�with� strongly� inÀated� posterior�
pleural� bands� and� reduced� but�well-de¿ned�
DQWHULRU�SOHXUDO�EDQGV�

'HVFULSWLRQ�²&UDQLGLXP�VXEUHFWDQJXODU��ZLGWK�
DFURVV� SDOSHEUDO� DUHDV�����±����� FUDQLGLDO�
OHQJWK��VDJ����2FFLSLWDO�JODEHOODU�OHQJWK��VDJ���
XS�WR����FP��JODEHOODU�ZLGWK��WU���DFURVV�/������
ZLGWK�DFURVV�SDOSHEUDO�DUHDV��OHQJWK�RI�JODEHOOD�
DQG�/2����� FUDQLGLDO� OHQJWK� �VDJ����JODEHOOD�
EXOOHW�VKDSHG�ZLWK� PRGHUDWH� GRUVR�YHQWUDO�
UHOLHI�� D[LDO� IXUURZV� VPRRWKO\� FXUYHG� DURXQG�
glabella�or�slightly�bowed�at�L1,�well-de¿ned;�
DQWHULRU�JODEHOODU�PDUJLQ� WUDQVYHUVH� WR�JHQWO\�
FXUYHG�� /�� VOLJKWO\� ZLGHU� WKDQ� /2�� 62�
WUDQVYHUVH� RU� JHQWO\� SRVWHURPHGLDOO\� ERZHG��
VKDOORZLQJ�PHGLDOO\��6��VOLJKWO\�PRUH�VWURQJO\�
SRVWHURPHGLDOO\� ERZHG� WKDQ�62�� VKDOORZLQJ�
PHGLDOO\�� 6�� PHGLDOO\� GLVFRQWLQXRXV� DQG�
weakly� to�moderately�well� de¿ned,� less� pos�
teromedially�angled�than�S1;�S3�poorly-de¿ned�
WR�HIIDFHG��RULHQWHG�VOLJKWO\�SRVWHUPHGLDOO\�WR�
WUDQVYHUVH�� 3DOSHEUDO� OREH� VWURQJO\� FXUYHG��
QHDUO\�V\PPHWULF�DERXW�WKH�PLGSRLQW��SDOSHEUDO�
PLGSRLQW� RSSRVLWH� 6��� SDOSHEUDO� OREH� OHQJWK�
�H[VDJ������±����FUDQLGLDO�OHQJWK��VDJ����ZLGWK�
�WU���DFURVV�DQWHULRU�SDOSHEUDO�FRUQHUV�HTXDO�RU�
VOLJKWO\�OHVV�WKDQ�ZLGWK�DFURVV�SRVWHULRU�FRUQHUV��
)L[LJHQD�EURDG��WU���ZLWK�ZLGH�SUHRFXODU�DUHDV�
RQO\� VOLJKWO\� QDUURZHU� WKDQ� SDOSHEUDO� DUHDV��
DQWHULRU� VXWXUH�EUDQFKHV� DQWHULRUO\�GLYHUJHQW�
�������IURP�VDJLWWDO��FXUYLQJ�VWURQJO\�DGD[LDOO\�
at�anterior�border�furrow.�Preglabellar�¿eld�very�

VKRUW�WR�IXUURZ�OLNH��GHSUHVVHG��DQWHULRU�ERUGHU�
IXUURZ�JHQWO\�DQWHURPHGLDOO\�ERZHG�� DQWHULRU�
border� 15%�cranidial� length,� strongly� inÀated,�
KRUL]RQWDOO\�RULHQWHG��:HDNO\�JUDQXODWHG�VXUIDFH�
VRPHWLPHV�HIIDFHG��
� /LEULJHQD�ZLWK�QDUURZ��JHQWO\�FRQYH[�JHQDO�
¿eld;� lateral� and� posterior� border� furrows�
well-de¿ned;�lateral�border�furrow�shallowing�
QHDU� MXQFWLRQ� ZLWK� SRVWHULRU� ERUGHU� IXUURZ��
lateral� border� broad,� nearly� 75%�genal� ¿eld�
ZLGWK�PHDVXUHG� RUWKRJRQDOO\� IURP� FHSKDOLF�
PDUJLQ�WR�RFXODU�VXWXUH�
� 3\JLGLXP�VXEFLUFXODU�ZLWK�VOLJKW�SRVWHULRU�
PDUJLQDO�HPED\PHQW��OHQJWK��VDJ�������6KHOO\�
-��:HUQHWWH�HW�DO����7KDL�*HRVFLHQFH�-RXUQDO���
��������S��������ZLGWK��H[VDJ����ZLGHVW��WU���SRLQW�
RI�S\JLGLXP�QHDU�S\JLGLDO�PLG�OHQJWK��H[VDJ����
D[LDO�ZLGWK��WU���DW�DQWHULRU�PRVW�ULQJ����±����
S\JLGLDO�ZLGWK� DW� ZLGHVW� SRLQW�� D[LDO� OHQJWK�
�VDJ������±����S\JLGLDO� OHQJWK� �VDJ������D[LDO�
rings,�only�¿rst�2�clearly�de¿ned;�axial�furrows�
FRQYHUJLQJ�DW����±����IURP�VDJLWWDO�D[LV��WHUPLQDO�
SLHFH� SRVWHULRUO\� DQJXODU�� SRVWD[LDO� ULGJH�
GLVWLQFW� DQG� H[WHQGLQJ� WR� S\JLGLDO� PDUJLQ��
3OHXUDO�IXUURZV�DQG�LQWHUSOHXUDO�IXUURZV�ZHOO��
de¿ned;�anterior�pleural�bands�narrow;�posteri�
or� pleural� bands� strongly� inÀated;� pleural�
IXUURZV� EURDGHU� WKDQ� LQWHUSOHXUDO� IXUURZV��
DOO� SOHXUDH�ZHOO�DOLJQHG�ZLWK� D[LDO� ULQJV�� DOO�
pleurae�maintain�width�to�edge�of�pleural�¿eld�
and�become�effaced�where�pleural�¿eld�slopes�
into�border;�border�Àat�without�de¿ned�furrow;�
GRXEOXUH�VKRUW��QRW�UHDFKLQJ�WHUPLQDO�D[LD�SLHFH�

(W\PRORJ\�²$�IXVLRQ�RI�RFXOD��DQG��ODWD��/DWLQ�
IRU�H\H�DQG�ZLGH�UHVSHFWLYHO\�

0DWHULDO�²6HYHQ�FUDQLGLD��'*6&�)������)������
)������)������)������)�����±�LQWHUQDO�PROGV��
'*6&� )�����±� H[WHUQDO�PROG��� �� OLEULJHQD�
�'*6&� )������ )����� ±� LQWHUQDO� PROGV���
DQG� �� S\JLGLD� �'*6&�)����� ±� LQWHUQDO� DQG�
H[WHUQDO�PROG��)�����±�H[WHUQDO�PROG��)�����
±� H[WHUQDO�PROG�� )����� ±� LQWHUQDO�PROG�� DOO�
IURP�$R�7DOR�7RSR�������P�� RQH� FUDQLGLXP�
LQWHUQDO� PROG� IURP�$R�7DOR�7RSR� �����P�
�'*6&�)�������DQG�RQH�FUDQLGLXP�IURP�$77�
K���'*6&�)������

5HPDUNV�²3URVDXNLD� RFXODWD�� DV� LWV� QDPH�
VXJJHVWV��KDV�PRUH�ZLGHO\� VHW�DSDUW�SDOSHEUDO�
OREHV�WKDQ�LV�W\SLFDO�IRU�WKH�JHQXV��H�J��'*6&�



��

)������)LJ���������7KH�JUHDWHU�GLVWDQFH�EHWZHHQ�
the�eyes�results�from�broader�¿xigena�rather�than�
D�ZLGHU� JODEHOOD��3URVDXNLD� GHOFRVWDWD�8OULFK�
and�Resser�(1933)�also�has�relatively�broad�¿x�
LJHQD��EXW�LW�GLIIHUV�IURP�3��RFXODWD�E\�WKH�IRU�
mer’s� longer� preglabellar � ¿eld,� broader�
ODWHUDO� FHSKDOLF� ERUGHU�� PRUH� UHFWDQJXODU�
DQWHULRU� JODEHOODU�PDUJLQ�� DQG� OHVV� FLUFXODU�
S\JLGLXP�
� The�preglabellar�¿eld�of�3��RFXODWD�LV�YHU\�
VKRUW�� QHDUO\� DEVHQW� FRPSDUHG� ZLWK�PRVW�
3URVDXNLD�� EXW� LW� LV� VWLOO� FOHDUO\� UHFRJQL]DEO�
RQ�VRPH�VSHFLPHQV��H�J��'*6�)������)LJ���������
and� this� intraspeci¿c� variation� proves� the�
presence� of� the� preglabellar� ¿eld�within� the�
WD[RQ�

$FNQRZOHGJHPHQWV
� 2XU� WKDQNV� WR� 7KDLODQG¶V� 'HSDUWPHQW�
RI�0LQHUDO�5HVRXUFHV�� SDUWLFXODUO\�'LUHFWRU��
*HQHUDO�6RPPDL�7HFKZDQ�DQG� IRUPHU�'LUHFWRU��
*HQHUDO�'U��7DZVDSRUQ�1XFKDQRQJ� IRU� WKHLU�
support�of�our�¿eld�program.�We�also�thank�Drs.�
7KDQLV�:RQJZDQLFK��6XYDSDN�,PVDPXW��-LUDVDN�
&KDURHQPLW�DORQJ�ZLWK�PDQ\�RWKHUV�IURP�WKDW�
institution�for�all�their�particular�help�in�the�¿eld,�
and�the�of¿cers�of�the�Satun�Global�Geopark�for�
SHUPLVVLRQ�WR�FRQGXFW� WKLV�UHVHDUFK��&�3��/HH��
6KDQFKL� 3HQJ�� ;XHMLDQ�=KX�� &RG\� &ROOHSV��
DQG� WKH� SDUWLFLSDQWV� RI� ,*&3� ���¶V� LQDXJXUDO�
PHHWLQJ�DQG�H[FXUVLRQ��DOVR�FROOHFWHG�HQWKXVL�
astically� in� the�¿eld.�We� thank�Dr.�Seung-bae�
/HH� IRU� LQLWLDO� SKRWRJUDSKV� RI� VRPH� RI�.R\�
DEDVKL¶V�W\SH�PDWHULDO��7KDQN�\RX�WR�'U��7DNHQRUL�
6DVDNL� DW� WKH�8QLYHUVLW\� RI�7RN\R�8QLYHUVLW\�
0XVHXP�IRU�KHOSLQJ�XV�DFFHVV�DQG�PDNH�FDVWV�
RI�WKH�.RED\DVKL��������W\SH�PDWHULDO��DQG�WR�
'U��<XWDUR�6XVXNL� DQG�0V�� 6HWVX�0DNLQR� IRU�
WKHLU�KHOS�ZLWK�DUUDQJHPHQWV�WKHUH��7KLV�VWXG\�
ZDV�IXQGHG�E\�VWXGHQW�JUDQWV�IURP�WKH�*HRORJLFDO�
6RFLHW\�RI�$PHULFD��WKH�$PHULFDQ�0XVHXP�RI�
1DWXUDO�+LVWRU\��/HUQHU�*UD\�0HPRULDO�)XQG���
WKH� (YROYLQJ�(DUWK�)RXQGDWLRQ�� WKH�$PHULFDQ�
$VVRFLDWLRQ� RI� 3HWUROHXP�*HRORJLVWV� �'DYLG�
:RUWKLQJWRQ�1DPHG�*UDQW���DQG�WKH�3DOHRQWR�
ORJLFDO�6RFLHW\��$OOLVRQ�5��³3HWH´�3DOPHU�*UDQW���
$GGLWLRQDO�IXQGV�DUH�IURP�WKH�1DWLRQDO�6FLHQFH�
)RXQGDWLRQ� JUDQWV� ($5���������� ($5�
��������� DQG� ($5�������� WR�+XJKHV� DQG�
($5���������DQG�($5��������� WR�0\URZ��
+XJKHV� DFNQRZOHGJHV� UHFHLSW� RI� )XOEULJKW�
$FDGHPLF� DQG�3URIHVVLRQDO� ([FHOOHQFH�$ZDUG�
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�����$3(�5����� DQG� WKDQNV� WKH�*HRORJLFDO�
6WXGLHV�8QLW��,QGLDQ�6WDWLVWLFDO�,QVWLWXWH��.RONDWD�
IRU�NLQGO\�KRVWLQJ�KLP��7KLV�VWXG\�LV�D�FRQWULEX�
WLRQ�WRZDUGV�,*&3������(TXDWRULDO�*RQGZDQDQ�
+LVWRU\� DQG�(DUO\� 3DODHR]RLF� (YROXWLRQDU\�
'\QDPLFV�

5HIHUHQFHV

$GUDLQ�� -�0�� ��������&ODVV�7ULORELWD�:DOFK�������

� =RRWD[D�����������±����

%RRNVWHLQ�� )�� /�� ��������0RUSKRPHWULF� WRROV� IRU�

� ODQGPDUN�GDWD� �S�������1HZ�<RUN��&DPEULGJH��

� 8QLYHUVLW\�3UHVV�

%XQRSDV��6���0XHQOHN��6���	�7DQVXZDQ��9�� ���������

� *HRORJ\� RI� 7DUXWDR� ,VODQG�� -RXUQDO� RI� WKH�

� *HRORJLFDO�6RFLHW\�RI�7KDLODQG��������±����

%XUUHWW��&���=DZ��.���0HIIUH��6���/DL��&��.���.KRVLWDQRW���

� 6���&KDRGXPURQJ��3���«�+DOSLQ��-�� ��������7KH��

� con¿guration�of�Greater�Gondwana—Evidence��
� IURP�/$�,&306��8±3E�JHRFKURQRORJ\�RI�GHWULWDO��

� ]LUFRQV� IURP� WKH�3DODHR]RLF�DQG�0HVR]RLF�RI��

� 6RXWKHDVW�$VLD�DQG�&KLQD��*RQGZDQD�5HVHDUFK��

� ������±����

&DZRRG��3�$���-RKQVRQ��0�5�:���	�1HPFKLQ��$�$���

� ��������(DUO\�3DODHR]RLF�RURJHQHVLV�DORQJ� WKH�

� ,QGLDQ�PDUJLQ�RI�*RQGZDQD��7HFWRQLF�UHVSRQVH�WR��

� *RQGZDQD�DVVHPEO\��(DUWK�DQG�3ODQHWDU\�6FLHQFH��

� /HWWHUV���������±���

&RFNV��/�5�0���	�7RUVYLN��7�+����������7KH�G\QDPLF��

� HYROXWLRQ�RI�WKH�3DODHR]RLF�JHRJUDSK\�RI�HDVWHUQ��

� $VLD��(DUWK�6FLHQFH�5HYLHZV���������±���

+DOO��-����������3UHOLPLQDU\�QRWLFH�RI�WKH�IDXQD�RI�WKH��

� 3RWVGDP� VDQGVWRQH��ZLWK� UHPDUNV� XSRQ� WKH�

� SUHYLRXVO\�NQRZQ�VSHFLHV�RI�IRVVLOV��DQG�GHVFULSWLRQ��

� RI�VRPH�QHZ�RQHV�IURP�WKH�VDQGVWRQHV�RI�WKH�8SSHU��

� 0LVVLVVLSSL�9DOOH\��5HSRUW�RI�WKH�1HZ�<RUN�6WDWH��

� &DELQHW�RI�1DWXUDO�+LVWRU\���������±����

+RQJ��3�6���+XJKHV��1�&���	�6KHHWV��+�'�6����������6L]H���

� VKDSH�DQG�V\VWHPDWLFV�RI� WKH�6LOXULDQ� WULORELWH�

� $XODFRSOHXUD�NRQLQFNLL��-RXUQDO�RI�3DOHRQWRORJ\���

� �����������±�����

Hughes,�N.C.�(1994).�Ontogeny,�intraspeci¿c�variation,��
� DQG�V\VWHPDWLFV�RI� WKH�/DWH�&DPEULDQ� WULORELWH��

� 'LNHORFHSKDOXV�� 6PLWKVRQLDQ�&RQWULEXWLRQV� WR��

� 3DOHRELRORJ\�����������

+XJKHV��1�&����������7KH�&DPEULDQ�SDODHRQWRORJLFDO��

� UHFRUG�RI�WKH�,QGLDQ�VXEFRQWLQHQW��(DUWK�6FLHQFH��

� 5HYLHZV����������±�����

Hupé,�P.�(1955).�Classi¿cation�des�trilobites.�$QQDOHV�GH��
� 3DOHRQWRORJLH��������±����

,PVDPXW��6���	�<DWKDNDP��:�� ��������6WUDWLJUDSKLF��

� FRUUHODWLRQ� RI� WKH�7DUXWDR�/DQJNDZL�� DUHD��
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� �7KDL�VLGH���5HSRUW�%XUHDX�RI�*HRORJLFDO�6XUYH\��

� �SS���±�����%DQJNRN��'05�

-HOO��3�$���	�$GUDLQ��-�0�� ��������$YDLODEOH�JHQHULF�

� QDPHV�IRU�WULORELWHV��0HPRLUV�RI�WKH�4XHHQVODQG��

� 0XVHXP������������±����

.RED\DVKL��7�� ��������8SSHU�&DPEULDQ�IRVVLOV�IURP��

� SHQLQVXODU�7KDLODQG��-RXUQDO�RI� WKH�)DFXOW\�RI��

� 6FLHQFHV�RI�WKH�8QLYHUVLW\�RI�7RN\R��������±����

.RED\DVKL��7����������&DPEUR�2UGRYLFLDQ�IRUPDWLRQV��
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