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*UDQW�,QIRUPDWLRQ��
7KLV� ZRUN� ZDV� VXSSRUWHG� E\� WKH� 0LQLVWHULR� GH� &LHQFLD� H� ,QQRYDFLyQ��
6\QWKHV\V�6L[WK�)UDPHZRUN�3URJUDPPH�DQG�WKH�8QLYHUVLW\�RI�5RHKDPSWRQ��
�
5HJXODU�3RVWHU�6HVVLRQ�,9��6DWXUGD\��2FWREHU�����������������������30��

5(62/9,1*� 7+(� 7$;2120,&� 9$/,',7<� 2)� 7+(� *,$17�

(;7,1&7� 0$5683,$/� NOTOTHERIUM� �',35272'217,'$(��

$1'�,76�5(/$7,216+,3�72�ZYGOMATURUS�

�
9$1� =2(/(1�� -DFRE� '��� )OLQGHUV� 8QLYHUVLW\�� $GHODLGH�� $XVWUDOLD��
&$0(16��$DURQ�%���)OLQGHUV�8QLYHUVLW\��$GHODLGH��$XVWUDOLD��35,'($8;��
*DYLQ�-���)OLQGHUV�8QLYHUVLW\��$GHODLGH��$XVWUDOLD�
�
7KH� PHJDIDXQDO� KHUELYRUHV� RI� WKH� IDPLO\� 'LSURWRGRQWLGDH� ZHUH� LQWHJUDO�
PHPEHUV�RI�WHUUHVWULDO�HFRV\VWHPV�LQ�$XVWUDOLD�DQG�1HZ�*XLQHD�XQWLO�WKH�ODVW�
VXUYLYLQJ� DQG� ODUJHVW�HYHU� GLSURWRGRQWLG�� Diprotodon optatum�� EHFDPH�
H[WLQFW� F�� ������� \HDUV� DJR�� 'HVSLWH� WKHLU� LFRQLF� VWDWXV� DV� WKH� ODUJHVW�HYHU�
PDUVXSLDOV�DQG�WKH�IUHTXHQF\�ZLWK�ZKLFK�WKHLU�UHPDLQV�DUH�HQFRXQWHUHG��NH\�
DVSHFWV�RI�WKHLU�V\VWHPDWLFV�DQG�HYROXWLRQDU\�KLVWRU\�UHPDLQ�SRRUO\�UHVROYHG��
7KHUH�LV�QR�FOHDUHU�H[DPSOH�RI�WKLV�WKDQ�WKH�WD[RQRPLF�FRQIXVLRQ�VXUURXQGLQJ�
WKH� ODWH� &HQR]RLF� JHQHUD� Nototherium� 2ZHQ�� ����� DQG� Zygomaturus 

0DFOHD\�� ������ ZKLFK� KDV� SHUVLVWHG� IRU� PRUH� WKDQ� ���� \HDUV�� 7KLV� LV�
DWWULEXWDEOH� WR�� ��� WKH� KLJKO\� IUDJPHQWDU\� IRVVLO� PDWHULDO� XSRQ� ZKLFK� WKH�
RULJLQDO�WZR�VSHFLHV�RI�Nototherium�ZHUH�IRXQGHG�����WKH�GHVWUXFWLRQ�RI�WKH�
OHFWRW\SH�RI�N. inerme�GXULQJ�:RUOG�:DU�,,��DQG����PDUNHG�VLPLODULWLHV�LQ�WKH�
VL]H�DQG�VKDSH�RI�WKH�MDZV�DQG�WHHWK�RI�VSHFLHV�UHIHUUHG�WR�Nototherium�DQG�
Zygomaturus��0RVW�UHFHQWO\��WKLV�KDV�OHG�WR�Nototherium�DQG�LWV�RULJLQDO�WZR�
VSHFLHV�� N. inerme� DQG� N. mitchelli�� EHLQJ� UHOHJDWHG� WR� nomina dubia��
+RZHYHU�� UH�DSSUDLVDO� RI� WKH� W\SH� PDWHULDO� SOXV� QHZ� PDWHULDO� UHFHQWO\�
XQFRYHUHG�� LQFOXGLQJ� WZR� FUDQLD�� KDV� VKHG� OLJKW� RQ� WKH� WD[RQRP\� DQG�
GLVWLQFWLYHQHVV�RI�Nototherium�DQG�SURYLGHG�HYLGHQFH�IRU�LWV�YDOLGLW\��+HUH�,�
UHDVVHVV�WKH�V\VWHPDWLFV�DQG�GLVWULEXWLRQ�RI�Nototherium�DQG�Zygomaturus�DQG�
SURYLGH�D�SUHOLPLQDU\�GLDJQRVLV�RI�WKH�WZR�PRVW�FRQYHUJHQW�DQG�RIW�FRQIXVHG�
VSHFLHV��Nototherium inerme/mitchelli DQG�Zygomaturus trilobus��
�
*UDQW�,QIRUPDWLRQ��
5R\DO�6RFLHW\�RI�6RXWK�$XVWUDOLD�
&ROOHJH�RI�6FLHQFH�DQG�(QJLQHHULQJ�)OLQGHUV�8QLYHUVLW\�
8QLYHUVLW\�RI�&DOLIRUQLD�0XVHXP�RI�3DOHRQWRORJ\�
�
5HJXODU�3RVWHU�6HVVLRQ�,9��6DWXUGD\��2FWREHU�����������������������30��

7+(�5,&+� ,&+12/2*,&�5(&25'�2)�(**�02817$,1� )520�

7+(�7:2�0(',&,1(� )250$7,21� �833(5�&5(7$&(286��2)�

0217$1$�� 8�6�$��� 3529,'(6� ,16,*+7� ,172� 7+(�

(19,5210(17�� 6(',0(172/2*<� $1'� (&2/2*<� 2)� $�

',126$85�1(67,1*�6,7(�

�
9$55,&&+,2��'DYLG�-���0RQWDQD�6WDWH�8QLY��%R]HPDQ��07��8QLWHG�6WDWHV�
RI�$PHULFD��)5(,087+��:LOOLDP�-���0RQWDQD�6WDWH�8QLYHUVLW\��%R]HPDQ��
07��8QLWHG�6WDWHV�RI�$PHULFD��3$1$6&Ë��*LXOLR��0RQWDQD�6WDWH�8QLYHUVLW\��
%R]HPDQ��07��8QLWHG�6WDWHV�RI�$PHULFD�
�
7KH�8SSHU�&UHWDFHRXV�(JJ�0RXQWDLQ�ORFDOLW\�LV�D�ULFK�GLQRVDXU�QHVWLQJ�VLWH�
WKDW� IDPRXVO\� SURGXFHG� WKH� ILUVW� GLQRVDXU� HJJV� IURP� 1RUWK� $PHULFD� DQG�
PXOWLSOH�FOXWFKHV�IRU� WKH� WKHURSRG�Troodon formosus��5HFHQWO\�� WKH�VLWH�KDV�
SURGXFHG� VHYHUDO� ZHOO�SUHVHUYHG� PDPPDOV� DQG� OL]DUGV�� ,Q� DGGLWLRQ� WR�
DEXQGDQW� VNHOHWDO� DQG� HJJ� UHPDLQV�� VHYHUDO� NLQGV� RI� WUDFH� IRVVLOV� LQGLFDWH�
DEXQGDQW� ELRORJLFDO� DFWLYLW\�� UHSUHVHQWLQJ� QHVWLQJ�� GZHOOLQJ�� DQG� IHHGLQJ�
EHKDYLRUV��:H�UHSRUW�WKH�ILUVW�FRPSUHKHQVLYH�RYHUYLHZ�RI�WUDFH�IRVVLOV�IURP�
WKH� VLWH�� 5HSURGXFWLYH� WUDFHV� RI� ERWK� YHUWHEUDWHV� DQG� LQYHUWHEUDWHV� DUH�
SHUYDVLYH��(JJV� DQG� HJJVKHOO� UHSUHVHQW� ILYH� GLIIHUHQW� RYLSDURXV� YHUWHEUDWHV�
WKDW�EXU\�RU�SDUWLDOO\�EXU\�WKHLU�HJJV�ZLWKLQ�WKH�VXEVWUDWH��7KHVH�LQFOXGH�HJJV�
IRU� WKH�GLQRVDXUV�Troodon, Maiasaura�� DQG� WKH�RRWD[RQ�Continuoolithus, DV�
ZHOO� WZR� WKLQ��XQ�RUQDPHQWHG�YDULHWLHV�RI�HJJV�RI�XQNQRZQ� LGHQWLW\�� ,QVHFW�
SXSDWLRQ� VWUXFWXUHV� DUH� DEXQGDQW� WKURXJKRXW� WKH� OHVV� WKDQ� ��P� VHFWLRQ� DQG�
VXJJHVW�ZRUNDEOH��ZHOO�GUDLQHG�VRLO�FRQGLWLRQV�SHUVLVWHG�ZLWK�UHODWLYHO\�ORZ�
VHGLPHQWDWLRQ� UDWHV� WKURXJKRXW� WKH� WLPH� RI� GHSRVLWLRQ�� 7KHLU� DEXQGDQFH�
FRUURERUDWHV� VHPL�DULG�� VHDVRQDOO\� GU\� FRQGLWLRQV� RI� WKH� 7ZR� 0HGLFLQH�
)RUPDWLRQ� DQG� PD\� LQGLFDWH� UHODWLYHO\� VSDUVH� YHJHWDWLRQ�� )XUWKHUPRUH��
HQLJPDWLF�KHPLVSKHULFDO�VWUXFWXUHV�PD\�UHSUHVHQW� LQYHUWHEUDWH�GZHOOLQJ�DQG�
IHHGLQJ� WUDFHV� DQG� DGG� WR� WKH� GLYHUVLW\� RI� EXUURZLQJ� VRLO� RUJDQLVPV� DW� WKH�
ORFDOLW\��9HUWHEUDWH�IHHGLQJ�WUDFHV�DUH�UHSUHVHQWHG�E\�WKUHH�PRUSKRORJLHV�RI�
FRSUROLWHV� DQG� PXOWL�LQGLYLGXDO�� FUDQLD�VNHZHG� DVVHPEODJHV� RI� VPDOO�
YHUWHEUDWHV� �PDPPDOV� DQG� OL]DUGV�� WKDW� PD\� UHSUHVHQW� UHJXUJLWDWHG� JDVWULF�
SHOOHWV�DQG�RU�SUH\�SURFHVVLQJ�ORFDOHV��7KRXJK�WKH�VSHFLILF�SURGXFHUV�RI�WKHVH�
IHHGLQJ�WUDFHV�DUH�GLIILFXOW�WR�GHWHUPLQH��WKH\�RIIHU�XQLTXH�LQVLJKW�LQWR�WURSKLF�
LQWHUDFWLRQV� DW� WKH� ORFDOLW\��2YHUDOO�� WKH� VWULNLQJ� DEXQGDQFH� RI� WUDFH� IRVVLOV�
VXJJHVWV�D�VXLWDEOH�HQYLURQPHQW�IRU�ERWK�VRLO�GZHOOLQJ�RUJDQLVPV�DQG�QHVWLQJ�
YHUWHEUDWHV��/DUJH��ZHOO�SUHVHUYHG�ERQHV�DUH�QRWDEO\�DEVHQW�IURP�WKH�VLWH��7KH�

WUDFH� IRVVLO� DVVHPEODJH� LV� GRPLQDWHG� E\�in situWHUUHVWULDO� DFWLYLW\� ZLWK� WKH�
PDMRULW\�RI�WKH�LQYHUWHEUDWH��LQVHFW�SXSDWLRQ��DQG�YHUWHEUDWH��QHVWLQJ�DFWLYLW\��
WUDFHV� UHSUHVHQWLQJ� VXEVXUIDFH� DFWLYLW\�� 7KH� UHFRUG� RI� ELRWLF� DFWLYLW\� LV� D�
XQLTXH�ZLQGRZ�LQWR� WKH�HFRORJ\�DQG�HQYLURQPHQW�RI�D�&UHWDFHRXV�GLQRVDXU�
QHVWLQJ�ORFDOLW\��
�
*UDQW�,QIRUPDWLRQ��
:RUN� ZDV� IXQGHG� E\� WKH� 1DWLRQDO�6FLHQFH� )RXQGDWLRQ� �($5�� JUDQW� QRV��
��������DQG���������WR�'-9��
�
7HFKQLFDO�6HVVLRQ�,��:HGQHVGD\��2FWREHU����������������$0��

1(:�'$7$�21�7+(�1(2*(1(�0$5,1(�0$00$/�)$81$6�2)�

7+(��($67(51�1257+�3$&,),&�

�
9(/(=�-8$5%(��-RUJH��1DWXUDO�+LVWRU\�0XVHXP�RI�/RV�$QJHOHV�&RXQW\��
/RV�$QJHOHV��&$��8QLWHG�6WDWHV�RI�$PHULFD��3$5+$0��-DPHV��&DOLIRUQLD�
6WDWH�8QLYHUVLW\��)XOOHUWRQ��&$��8QLWHG�6WDWHV�RI�$PHULFD�
�
0DULQH�VHGLPHQWDU\�GHSRVLWV�IURP�WKH�HDVWHUQ�1RUWK�3DFLILF�UHJLRQ�SURYLGH�XV�
ZLWK�D�QHDUO\�FRQWLQXRXV�UHFRUG�VSDQQLQJ�WKH�ODVW�����PLOOLRQ�\HDUV��6RPH�RI�
WKH� PDMRU� WUDQVLWLRQ� LQ� WKH� HYROXWLRQDU\� KLVWRU\� RI� PDULQH� PDPPDOV� DUH�
UHFRUGHG�ZLWKLQ� WKHVH� GHSRVLWV� DQG� DOORZ� XV� WR� ORRN� DW� WKH� WLPLQJ�RI� WKHVH�
HYHQWV�DW�GLIIHUHQW�VFDOHV��+HUHLQ�ZH�UHYLHZHG�SXEOLVKHG�REVHUYDWLRQV�DQG�DGG�
QHZ� GDWD� RI� 0LRFHQH�3OLRFHQH� PDULQH� PDPPDOV� EDVHG� PDLQO\� RQ� WKH�
1+0/$� DQG� 2&3&� FROOHFWLRQV�� 2XU� GDWD� LQFOXGHV� VSHFLPHQV� IURP�
IRUPDWLRQV� VSDQQLQJ� IURP�:DVKLQJWRQ� WR�%DMD�&DOLIRUQLD�6XU��2FFXUUHQFHV�
DUH� YHWWHG� RQ� D� VLWH�E\�VLWH� EDVLV�� ZLWK� XSGDWHG� FKURQRVWUDWLJUDSKLF� DQG�
WD[RQRPLF� LQIRUPDWLRQ�� DOORZLQJ� IRU�PRUH�SUHFLVH� ILUVW� DQG� ODVW� DSSHDUDQFH�
GDWHV��
3UHOLPLQDULO\��VRPH�RI�WKH�SDWWHUQV�REVHUYHG�KLQW�DW�PDMRU�FKDQJHV�DURXQG�WKH�
PLG�7RUWRQLDQ��a����0D��DV�IROORZV��3ODWDQLVWRLGV��SUHVHQW�LQ�WKH�UHJLRQ�VLQFH�
WKH� 2OLJRFHQH�� GLVDSSHDUHG� a�� 0D�� URXJKO\� FRLQFLGLQJ� ZLWK� WKH� ILUVW�
DSSHDUDQFH� RI� OLSRWLGV� LQ� WKH� ODWH� 7RUWRQLDQ� �a�� 0D��� .HQWULRGRQWLGV� DUH�
UHVWULFWHG�WR�$TXLWDQLDQ�WR�HDUO\�7RUWRQLDQ�GHSRVLWV��FRQWUDVWLQJ�ZLWK�:HVWHUQ�
$WODQWLF� IDXQDV� ZKHUH� WKH\� SHUVLVW� XQWLO� WKH� 3OLRFHQH�� &URZQ� JURXS�
GHOSKLQRLGV�DSSHDU�E\�WKH�ODWH�7RUWRQLDQ�DQG�DUH�VWLOO�SUHVHQW��ZLWK�VRPH��H�J���
PRQRGRQWLGV��QRZ�UHVWULFWHG�WR�WKH�$UFWLF��3LQQLSHG�DVVHPEODJHV�VKLIW�IURP�
WKRVH�FRPSULVHG�RI�GHVPDWRSKRFLGV��VWHP�RWDULLGV��DQG�EDVDO�RGREHQLGV�GXULQJ�
WKH�%XUGLJDOLDQ� WKURXJK� /DQJKLDQ� WR� WKRVH� GRPLQDWHG� E\� ODUJH� RGREHQLGV��
LQFOXGLQJ�WKH�DSSHDUDQFH�RI�QHRGREHQLDQV��+HUELYRURXV�PDULQH�PDPPDOV�DUH�
SUHVHQW� LQ� %XUGLJDOLDQ�/DQJKLDQ� GHSRVLWV�� LQFOXGLQJ� PXOWL�VSHFLHV�
FRPPXQLWLHV� RI� GHVPRVW\OLDQV� DQG� GXJRQJLGV�� +RZHYHU�� E\� WKH� ODWH�
6HUUDYDOLDQ� WKURXJK� HDUO\� 7RUWRQLDQ�� KHUELYRUH� GLYHUVLW\� GHFOLQHV� ZLWK� WKH�
ORFDO� H[WLQFWLRQ� RI� GXJRQJLQHV� DQG� GHVPRVW\OLDQV�� DIWHU� ZKLFK� RQO\�
K\GURGDPDOLQHV��UHPDLQ��
2XU�GDWD�KLQWV�DW�PDMRU�IDXQDO�FKDQJHV�DURXQG�WKH�PLG�ODWH�7RUWRQLDQ��a����
0D���LQFOXGLQJ�WKH�ORFDO�H[WLQFWLRQ�RI�VRPH�RGRQWRFHWHV��GHVPDWRSKRFLGV��DQG�
GHVPRVW\OLDQV��DQG�WKH�HYROXWLRQ�DQG�GLYHUVLILFDWLRQ�RI�VHYHUDO�PRGHUQ�JURXSV�
VXFK�DV�GHOSKLQRLGV�DQG�QHRGREHQLDQV��7KH�DSSHDUDQFH�DQG�SUHGRPLQDQFH�RI�
EHQWKLF�IHHGLQJ� WD[D�� DQG� NHOS�HDWLQJ� VLUHQLDQV� E\� WKH� ODWH�0LRFHQH� FDQ� EH�
FRUUHODWHG�ZLWK� LQFUHDVLQJ�XSZHOOLQJ�DORQJ� WKH�HDVWHUQ�1RUWK�3DFLILF�ZKLFK�
OHG�WR�FKDQJHV�LQ�EHQWKLF�SURGXFWLYLW\�DQG�WKH�HYROXWLRQ�RI�ODUJH��IDVW�JURZLQJ�
DOJDH�� 2QJRLQJ� ZRUN� DLPHG� DW� QDUURZLQJ� WKH� FKURQRVWUDWLJUDSKLF� UDQJH� RI�
SRRUO\� FRQVWUDLQHG� IRUPDWLRQV� LQ� &DOLIRUQLD� DQG� 0H[LFR� ZLOO� DOORZ� XV� WR�
LPSURYH�XSRQ�WKHVH�REVHUYDWLRQV��
��
5HJXODU�3RVWHU�6HVVLRQ�,,,��)ULGD\��2FWREHU�����������������������30��

(92/87,21$5<� 75(1'6� 2)� PROTYPOTHERIUM� /,1($*(�

7+528*+287�7+(�0,2&(1(�3/,2&(1(�2)�6287+�$0(5,&$�

�
9(5$�� %iUEDUD�� &HQWUR� GH� ,QYHVWLJDFLyQ� (VTXHO� GH� 0RQWDxD� \� (VWHSD�
3DWDJyQLFD� �&,(0(3��� &21,&(7�8136-%�� (VTXHO�� &KXEXW�� $UJHQWLQD��
6&$5$12��$OHMR�&���0XVHR�GH�/D�3ODWD��/D�3ODWD��$UJHQWLQD�
�
Protypotherium��,QWHUDWKHULLQDH��1RWRXQJXODWD��0DPPDOLD��LV�D�ZHOO�NQRZQ�
DQG�YHU\�GLYHUVH�JHQXV�RI�H[WLQFW�QDWLYH�XQJXODWHV�RI�6RXWK�$PHULFD��ZLGHO\�
GLVWULEXWHG�IURP�VRXWKHUQ�WR�PLGGOH�ODWLWXGHV�RI�$UJHQWLQD��&KLOH��DQG�%ROLYLD��
7KLV�JHQXV�H[KLELWV�GLVWLQFWLYH�VSHFLHV�WKURXJKRXW�WKH�GLIIHUHQW�ELR]RQHV�IURP�
WKH�0LRFHQH�WR�3OLRFHQH�WKDW�GLVSOD\�DQ�LQWHUHVWLQJ�VL]H�SDWWHUQ��7KUHH�VSHFLHV�
IURP�WKH�ODWH�(DUO\�0LRFHQH��P��attenuatum��VPDOO���P��praerutilum��PHGLXP���
DQG�P��australe��ODUJH���WZR�VSHFLHV�IURP�WKH�0LGGOH�WR�HDUO\�/DWH�0LRFHQH��
P��endiadys��VPDOO��DQG�P��colloncurensis �ODUJH���WZR�VSHFLHV�IURP�WKH�/DWH�
0LRFHQH��P��minutum��VPDOO��DQG�P��distinctum��ODUJH���DQG�RQO\�RQH�VSHFLHV�
IURP� /DWH� 0LRFHQH�3OLRFHQH�� P�� antiquum� �ODUJH��� 7KH� ODUJH� VDPSOH� RI�
VSHFLPHQV�VWXGLHG�GXULQJ�VHYHUDO�\HDUV�RI�UHVHDUFK�DOORZ�WR�XV�WR�DQDO\]H�WKH�
VKDSH� DQG� VL]H� RI� XSSHU� DQG� ORZHU� PRODUV� IRU� DOO� WKH� VSHFLHV� RI�
Protypotherium�� LQ� RUGHU� WR� WHVW� WKH� K\SRWKHVLV� RI� UHGXFWLRQ� RI� VL]H� UDQJHV�
SUHVHUYLQJ�D�JHQHUDO�WRRWK�PRUSKRORJ\�DV�D�UHVSRQVH�WR�FOLPDWH�GHWHULRUDWLRQ��
(OOLSWLF�)RXULHU�DQDO\VHV��()$��ZHUH�XVHG�WR�FDSWXUH�WKH�VKDSH�RI�WKH�RFFOXVDO�
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PRUSKRORJ\� DQG� WKH� FHQWURLG� VL]H� �&6�� ZDV� DOVR� UHWDLQHG� IRU� VXEVHTXHQW�
DQDO\VHV��2XU�UHVXOWV�GHPRQVWUDWH�WKDW�����LQ�JHQHUDO��D�VLPLODU�PRUSKRORJLFDO�
WRRWK�SDWWHUQ�LV�REVHUYHG�DPRQJ�DOO�VSHFLHV�IURP�0LRFHQH�WR�3OLRFHQH�����WKHUH�
LV�D�WHQGHQF\�WR�LQFUHDVH�WKH�VL]H�IURP�WKH�VPDOOHVW�VSHFLHV�RI�WKH�ODWH�(DUO\�
0LRFHQH��H�J���P��australe��WR�WKH�ODUJHVW�RQH�LQ�WKH�/DWH�0LRFHQH�3OLRFHQH��P��
antiquum������ WRRWK� VKDSH�YDULDWLRQ� LV�QRW�DVVRFLDWHG�ZLWK�D�FKDQJH� LQ� VL]H�
�&6���ERWK�LQ�XSSHU�DQG�ORZHU�PRODUV�DQG�EHWZHHQ�VPDOO�DQG�ODUJH�VSHFLHV�����
D� GHFUHDVH� LQ� WKH� QXPEHU� RI� VSHFLHV� LV� UHFRUGHG� IURP� WKUHH� LQ� WKH� HDUO\�
0LRFHQH�WR�RQH�LQ�WKH�/DWH�0LRFHQH�3OLRFHQH��7KLV�VWULNLQJ�SDWWHUQ�FRXOG�EH�
FRUUHODWHG� ZLWK� D� JOREDO� WUHQG� WR� ORZHU� WHPSHUDWXUHV�� ZKLFK� LQGLFDWHV� D�
GHWHULRUDWLRQ� RI� SDOHRHQYLURQPHQWDO� FRQGLWLRQV�� ,Q� 6RXWK� $PHULFD�� D�
PDUNHGO\�GHVFHQG�RI�WHPSHUDWXUH�RFFXUUHG�GXULQJ�0LRFHQH�WLPHV�WKDW�LV�DOVR�
WHVWLILHG� E\� SDOHRIORUD� DQG� WKH� PDULQH� HQYLURQPHQWDO�� *LYHQ� WKLV�
SDOHRHQYLURQPHQWDO�FRQWH[W��D�VXFFHVVIXO�FRQVHUYDWLYH�WRRWK�SDWWHUQ��WRJHWKHU�
ZLWK�DQ�LQFUHDVH�RI�VL]H�DQG�D�UHGXFWLRQ�LQ�QXPEHU�RI�VSHFLHV�ZHUH�WKH�PDLQ�
HYROXWLRQDU\�DQG�HFRORJLFDO�WHQGHQFLHV�DFFRXQWHG�LQ�Protypotherium�IURP�WKH�
0LRFHQH�WR�3OLRFHQH��
�
7HFKQLFDO�6HVVLRQ�;,,,��)ULGD\��2FWREHU����������������30��

3$77(516�2)�266,),&$7,21�,1�7+(�9(57(%5$/�&2/801�2)�

$01,27(6�$1'�7+(,5�$1&(675$/�&21',7,21�

�
9(55,Ê5(�� $QWRLQH�� 0XVHXP� I�U� 1DWXUNXQGH�� %HUOLQ�� *HUPDQ\��
)5g%,6&+��-|UJ��0XVHXP�I�U�1DWXUNXQGH��%HUOLQ��*HUPDQ\��)5g%,6&+��
1DGLD��0XVHXP�I�U�1DWXUNXQGH��%HUOLQ��*HUPDQ\�
�
2VVLILFDWLRQ�LQ�WKH�D[LDO�VNHOHWRQ�RI�DPQLRWHV�GLVSOD\V�D�JUHDW�GLYHUVLW\�ZLWK�
UHJDUGV� WR� UHODWLYH� WLPLQJ� DQG� RYHUDOO� SDWWHUQV�� 8QIRUWXQDWHO\�� GXH� WR� WKH�
LQIUHTXHQW� SUHVHUYDWLRQ� RI� RQWRJHQHWLF� VHTXHQFHV� LQ� WKH� IRVVLO� UHFRUG� DQG�
OLPLWHG� UHVHDUFK� LQWHUHVW�� WKH�HYROXWLRQDU\� KLVWRU\�RI� WKHVH�SDWWHUQV� UHPDLQV�
SRRUO\�XQGHUVWRRG��7KDQNV�WR�VHYHUDO�H[FHSWLRQDOO\�ZHOO�SUHVHUYHG�VSHFLPHQV�
RI�WKH�HDUO\�3HUPLDQ�PHVRVDXULG�VDXURSVLG�Stereosternum tumidum,�ZH�ZHUH�
DEOH� WR� REVHUYH� PLQHUDOL]DWLRQ� JUDGLHQWV� DORQJ� WKH� VSLQH� DQG� UHWUDFH� WKH�
RVVLILFDWLRQ�VHTXHQFHV�RI�VHYHUDO�YHUWHEUDO�HOHPHQWV��,Q�WKLV�VWXG\��ZH�IRFXVHG�
RXU� DWWHQWLRQ� RQ� IRXU� PDMRU� WUDLWV� IRU� ZKLFK� ZH� UHYLHZHG� WKH� VWDWH� RI�
NQRZOHGJH�LQ�DPQLRWHV�DQG�SHUIRUPHG�DQFHVWUDO�VWDWH�UHFRQVWUXFWLRQV������WKH�
QXPEHU�RI�ORFL�IURP�ZKLFK�QHXUDO�DUFKHV�RVVLI\������WKH�QXPEHU�RI�ORFL�IURP�
ZKLFK�FHQWUD�RVVLI\������WKH�QXPEHU�RI�ORFL�DQG�GLUHFWLRQ�RI�QHXUDO�DUFK�IXVLRQ��
DQG�����WKH�VSUHDGLQJ�GLUHFWLRQ�RI�QHXURFHQWUDO�VXWXUH�IXVLRQ��)RU�DOO�H[DPLQHG�
WUDLWV�� LW� DSSHDUV� WKDW� WKH� FRQGLWLRQ� LQ� Stereosternum UHSUHVHQWV� WKH�
SOHVLRPRUSKLF�VWDWH�QRW�RQO\�IRU�VDXURSVLGV�EXW�IRU�DPQLRWHV�LQ�JHQHUDO��1HXUDO�
DUFK�DQG�FHQWUD�RVVLILFDWLRQ� ILUVW�RFFXU� LQ�RQH� ORFXV� LQ� WKH�DQWHULRU�FHUYLFDO�
UHJLRQ�DQG�SURJUHVV�SRVWHULRUO\�DORQJ�WKH�VSLQH��6LPLODUO\��IXVLRQ�RI�LQLWLDOO\�
SDLUHG�QHXUDO�DUFK�HOHPHQWV�ILUVW�RFFXUV�LQ�WKH�DQWHULRUPRVW�FHUYLFDOV�DQG�WKHQ�
IROORZV� D� ³]LSSHU�OLNH´� FUDQLR�FDXGDO� JUDGLHQW�� &RQYHUVHO\�� FORVXUH� RI� WKH�
QHXURFHQWUDO� VXWXUHV� EHJLQV� LQ� WKH� ODVW� FDXGDO� YHUWHEUDH� DQG� WKHQ� SURFHHGV�
DQWHULRUO\�IURP�WKDW�SRLQW��7KHVH�SDWWHUQV�VHHP�WR�FRQVWLWXWH�D�PDMRU�GLIIHUHQFH�
EHWZHHQ�WKH�VDXURSVLG�DQG�WKH�V\QDSVLG�OLQHDJHV��WKH�ODWWHU�EHLQJ�PRUH�GLYHUVH�
ZLWK�UHJDUGV� WR� WKH�QXPEHU�RI� ORFL�DQG�GLUHFWLRQ�RI�RVVLILFDWLRQV��0RGHV�RI�
QHXURFHQWUDO�VXWXUH�FORVXUH�DSSHDU�WR�YDU\�VXEVWDQWLDOO\�ZLWKLQ�WKH�VDXURSVLG�
OLQHDJH��ZLWK�PDUNHG�GLIIHUHQFHV�EHWZHHQ�PDMRU�FODGHV��VXJJHVWLQJ�WKDW�WKHVH�
FKDUDFWHUV� PD\� EHDU� PRUH� SK\ORJHQHWLF� VLJQDO� WKDQ� SUHYLRXVO\� UHDOLVHG��
+RZHYHU��IXUWKHU�UHVHDUFK�LV�QHFHVVDU\�WR�UHILQH�RXU�PRUH�GHWDLOHG�DQG�GHHS�
WLPH�XQGHUVWDQGLQJ�RI�WKH�HYROXWLRQDU\�KLVWRU\�RI�WKHVH�WUDLWV��
�
*UDQW�,QIRUPDWLRQ��
*HUPDQ�5HVHDUFK�)RXQGDWLRQ�')*��3URMHFW������������
7HFKQLFDO�6HVVLRQ�9,,,��7KXUVGD\��2FWREHU����������������30��

$� �'� *(20(75,&� 0253+20(75,&� $66(660(17� 2)�

,17(53238/$7,21$/� &5$1,$/� ',9(56,7<� 2)� 7+(�

0$5683,$/�'$6<8586�+$//8&$786�

�
9,$&$9$�� 3LHWUR� )��� 7KH� 8QLYHUVLW\� RI� 4XHHQVODQG�� 6W� /XFLD�� $XVWUDOLD��
%/20%(5*��6LPRQH��3���7KH�8QLYHUVLW\�RI�4XHHQVODQG��6W�/XFLD��$XVWUDOLD��
3+,//,36�� 0DWWKHZ�� 4XHHQVODQG� 8QLYHUVLW\� RI� 7HFKQRORJ\�� %ULVEDQH��
$XVWUDOLD��:(,6%(&.(5��9HUD�� 7KH�8QLYHUVLW\� RI�4XHHQVODQG�� 6W� /XFLD��
$XVWUDOLD�
�
7KH�PRUSKRORJLFDO� LGHQWLILFDWLRQ�RI�PDPPDOLDQ�VSHFLHV�FDQ�EH�FKDOOHQJLQJ�
ZKHQ�WKHUH�LV�VXEVWDQWLDO�LQWUDVSHFLILF�GLYHUVLW\�LQ�WKH�SDOHRQWRORJLFDO�UHFRUG��
)LQGLQJ� WKH�PRUSKRORJLFDO� SDWWHUQV� WKDW� OHDG� WR� LQWUDVSHFLILF� GLIIHUHQWLDWLRQ�
FDQ�EH�D�XVHIXO� WRRO� WR�DGGUHVV� WKLV� LVVXH��+HUH��ZH�XVH� WKH�H[WDQW�1RUWKHUQ�
TXROO� DV� DQ� LGHDO� VSHFLHV� IRU� WHVWLQJ� LI�� DQG� KRZ�� ORFDO� DGDSWDWLRQ� WR�
HFRORJLFDOO\� GLVWLQFW� HQYLURQPHQWV� FDQ� OHDG� WR� GLYHUJHQFH� LQ� FUDQLDO� VKDSH�
EHWZHHQ�JHQHWLFDOO\�FORVH�UHODWLYHV��7KH�1RUWKHUQ�TXROO�XVHG�WR�EH�GLVWULEXWHG�
WKURXJKRXW�D�ODUJH�SDUW�RI�QRUWKHUQ�$XVWUDOLD��+RZHYHU��LWV�GLVWULEXWLRQ�LV�QRZ�
IUDJPHQWHG�LQWR�JHQHWLFDOO\�GLVWLQFW��LVRODWHG�SRSXODWLRQV�VHSDUDWHG�E\�PDMRU�
ELRJHRJUDSKLF� EUHDNV��ZKLFK�PD\� KDYH� EHJXQ� WR� SDUWLWLRQ� WKHLU� UDQJH�ZHOO�
EHIRUH�WKH�ILUVW�UHFRUGV�IURP�WKH�(XURSHDQ�VHWWOHPHQW��'HVSLWH�WKLV�UHODWLYHO\�

VKRUW�WLPH�RI�LVRODWLRQ��IDVW�SKHQRW\SLF�DGDSWDWLRQ�LV�H[SHFWHG�GXH�WR�WKH�VKRUW�
OLIH� VSDQ� RI� WKLV� VSHFLHV�� +HUH�� ZH� XVH� �'� JHRPHWULF� PRUSKRPHWULFV� WR�
TXDQWLI\�WKH�IXOO��'�FUDQLDO�VKDSH�YDULDWLRQ�RI�����1RUWKHUQ�TXROO�LQGLYLGXDOV�
EHORQJLQJ�WR�IRXU�PDLQODQG�SRSXODWLRQV�DQG�VHYHUDO� LVODQG�SRSXODWLRQV������
ODQGPDUNV�ZHUH�XVHG�LQ�WKLV�VWXG\��LQFOXGLQJ�����IL[HG�ODQGPDUNV�����FXUYHV�
DQG� ��� SDWFKHV�� 3URFUXVWHV� $129$� VXJJHVWV� VLJQLILFDQW� LQWHUSRSXODWLRQDO�
VKDSH� GLIIHUHQFHV�� &OXVWHU� DQDO\VLV� DOVR� UHYHDOV� WKDW� WKHVH� FRUUHVSRQG� WR�
JHQHWLFV�EDVHG�SK\ORJHQLHV��3DLUZLVH�FRPSDULVRQV�EHWZHHQ�WKH�PHDQ�VKDSHV�
RI�HDFK�SRSXODWLRQ�VKRZHG�ORQJHU�VNXOOV�ZLWK�VKRUWHU�PX]]OHV�IRU�4XHHQVODQG�
DQG�1RUWKHUQ�7HUULWRU\�SRSXODWLRQV�� D�PRUH�SURPLQHQW�EUDLQFDVH�DQG�ZLGHU�
PX]]OHV�IRU�.LPEHUOH\�DQG�3LOEDUD�SRSXODWLRQV��DQG�VPDOOHU�VNXOOV�DQG�VKRUWHU�
PX]]OHV� IRU� LVODQG� SRSXODWLRQV�� +RZHYHU�� SRWHQWLDO� FRQIRXQGLQJ� IDFWRUV�
LQFOXGH� DOORPHWU\�� VH[XDO� GLPRUSKLVP�� D� JHRJUDSKLFDO� FRQWLQXXP� DQG�
SUHFLSLWDWLRQ�UDQJHV��:H�GHPRQVWUDWHG�D�SRVVLEOH�OLQN�WR�SUHFLSLWDWLRQ�GDWD�DQG�
D�ORQJLWXGLQDO�FRQWLQXXP��3LOEDUD�GHVHUW�LQGLYLGXDOV�SUHVHQW�DFRXVWLF�DGDSWHG�
EDVLFUDQLXP�VKDSH�UHODWLYH�WR�UDLQIRUHVW�LQGLYLGXDOV�ZLWK�ODUJHU�VNXOOV�SRVVLEO\�
DGDSWHG� WR� LQWHUVSHFLILF� FRPSHWLWLRQ� DQG� D� KLJK�UHVRXUFH� GLHW�� )RU�
SDOHRQWRORJLFDO� VWXGLHV� FRQFHUQHG� ZLWK� FORVHO\� UHODWHG� VSHFLHV�� RXU� UHVXOWV�
LQGLFDWH�WKDW�LQWHUSRSXODWLRQDO�YDULDWLRQ�LV�FRQIRXQGHG�E\�HFRORJLFDO�GULYHUV�
DQG� FDQ� EH� PDVNHG� DW� WKH� VSHFLHV� GLIIHUHQWLDWLRQ� OHYHO�� )XUWKHUPRUH�� WKH�
WHPSODWH� XVHG� LQ� WKLV� VWXG\� KDV� WKH� SRWHQWLDO� WR� EH� DSSOLHG� WR� VHYHUDO�
PDPPDOLDQ�WD[D��DOORZLQJ�LQYHVWLJDWLRQV�RI�KRZ�WKHVH�SURFHVVHV�RFFXU�DFURVV�
WKH�PLFUR�DQG�PDFURHYROXWLRQDU\�OHYHO�GLYLGH��
�
*UDQW�,QIRUPDWLRQ��
7KLV� VWXG\� ZRXOG� KDYH� QRW� EHHQ� SRVVLEOH� ZLWKRXW� 7KH� 84� ,QWHUQDWLRQDO�
5HVHDUFK� 6FKRODUVKLS� JUDQWHG� WR� 39� DQG� WKH� $5&� 'LVFRYHU\� *UDQW�
'3����������DZDUGHG�WR�9:��
�
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�
9,7(5,��0DULD��6WDQIRUG�8QLYHUVLW\��6WDQIRUG��&$��8QLWHG�6WDWHV�RI�$PHULFD��
67(*1(5��0DU\�$OOLVRQ��6WDQIRUG�8QLYHUVLW\��6WDQIRUG��&$��8QLWHG�6WDWHV�
RI� $PHULFD�� +$'/<�� (OL]DEHWK� $��� 6WDQIRUG� 8QLYHUVLW\�� 6WDQIRUG�� &$��
8QLWHG�6WDWHV�RI�$PHULFD�
�
6NHOHWDO�UHPDLQV�IURP�UDSWRU�SHOOHWV�KDYH�ORQJ�EHHQ�XVHG�WR�UHFRQVWUXFW�VPDOO�
PDPPDO� FRPPXQLWLHV�� \HW� SHOOHWV� DUH� DOVR� FRPPRQO\� FLWHG� DV� SUR[LHV� IRU�
UDSWRU�GLHWDU\�SUHIHUHQFHV��:KLOH�SDVW�UHVHDUFK�KDV�VKRZQ�WKDW�FHUWDLQ�VSHFLHV�
RI� UDSWRUV�� VXFK� DV� EDUQ� RZOV�� VDPSOH� ORFDO� VPDOO�PDPPDO� FRPPXQLWLHV� LQ�
SURSRUWLRQ� WR� WKHLU� WUXH� ORFDO�DEXQGDQFHV�� IHZ�VWXGLHV�KDYH�EHHQ�FRQGXFWHG�
DFURVV� PXOWLSOH� UDSWRU� VSHFLHV�� 7KLV� LV� LPSRUWDQW� IRU� XQGHUVWDQGLQJ�
WDSKRQRPLF� ELDVHV� ERWK� LQ� PRGHUQ� SHOOHW� DVVHPEODJHV� DQG� LQ� GHHSHU�WLPH�
DFFXPXODWLRQV� RI� ERQH� ZKHUH� UDSWRUV� VHUYHG� DV� WKH� VDPSOLQJ� YHFWRU�� DV� LQ�
PDQ\�FDYH�GHSRVLWV��
:H� H[DPLQHG� QHDUO\� ����� SHOOHWV� IURP� VHYHQ� VSHFLHV� RI� DYLDQ� SUHGDWRUV�
LQFOXGLQJ�UDYHQV�DQG�ERWK�QRFWXUQDO�DQG�GLXUQDO�UDSWRUV�WKDW�ZHUH�FROOHFWHG�LQ�
WKH�ODWH�����V�IURP�IRXU�ORFDOLWLHV�LQ�<HOORZVWRQH�1DWLRQDO�3DUN��:\RPLQJ��
8�6�$��7KH�ORFDOLWLHV�GLIIHU�LQ�KDELWDW�W\SH��YHJHWDWLRQ�VWUXFWXUH��DQG�FOLPDWH��
DQG�WKHUHIRUH�H[KLELW�GLIIHUHQFHV�LQ�WKHLU�VPDOO�PDPPDO�FRPPXQLWLHV��:H�DVN��
$FURVV�WKHVH�VLWHV��GR�UDSWRUV�GLIIHU�IURP�RQH�DQRWKHU�LQ�WKHLU�SUH\�SUHIHUHQFH��
RU�GR�WKH\�HDW�ZKDW�LV�ORFDOO\�DEXQGDQW"�,I�UDSWRU�VSHFLHV�KDYH�VWURQJ�GLHWDU\�
SUHIHUHQFHV��ZH�H[SHFW�WR�ILQG�VLPLODU�GLHWV�ZLWKLQ�VSHFLHV��DFURVV�ORFDOLWLHV��,I�
LQVWHDG� WKH\� HDW� ZKDW� LV� ORFDOO\� DEXQGDQW�� ZH� H[SHFW� WKDW� GLIIHUHQW� UDSWRU�
VSHFLHV�DW�WKH�VDPH�VLWH�ZLOO�KDYH�PRUH�VLPLODU�GLHWV��EXW�WKHLU�GLHWV�ZLOO�GLIIHU�
VLJQLILFDQWO\�EHWZHHQ�VLWHV��
:H� PRUSKRORJLFDOO\� LGHQWLILHG� FUDQLRGHQWDO� PDWHULDO� IURP� SHOOHWV� DQG�
TXDQWLILHG�UHODWLYH�DEXQGDQFH�IURP�WKH�QXPEHU�RI�LQGLYLGXDO�VSHFLPHQV��:H�
YLVXDOL]HG�GLIIHUHQFHV�LQ�VPDOO�PDPPDO�SUH\�DPRQJ�VLWHV�DQG�DPRQJ�SUHGDWRU�
VSHFLHV� XVLQJ� SULQFLSDO� FRPSRQHQWV� DQDO\VLV� DQG� WHVWHG� IRU� GLIIHUHQFHV��
3UHOLPLQDU\� DQDO\VHV� VKRZ� WKDW�ZKLOH� HDFK� UDSWRU� VSHFLHV� GRHV� WHQG� WR� HDW�
VLPLODU�VXEVDPSOHV�RI�WKH�VPDOO�PDPPDO�FRPPXQLW\��PRVW�YDULDWLRQ�LQ�UDSWRU�
GLHW� LV� H[SODLQHG� E\� locality�� 7KHVH� UHVXOWV� VXJJHVW� WKDW� UDSWRUV� IDLWKIXOO\�
VDPSOH�WKHLU�ORFDO�VPDOO�PDPPDO�FRPPXQLWLHV�DQG�H[KLELW�RSWLPDO�IRUDJLQJ�
LQVWHDG� RI� GLHWDU\� VSHFLDOL]DWLRQ�� $QDO\VLV� RI� UDSWRU� SHOOHWV� UHPDLQV� D�
SURPLVLQJ� PHWKRG� IRU� DFFXUDWHO\� DQG� QRQ�LQYDVLYHO\� VDPSOLQJ� SDVW� DQG�
PRGHUQ�VPDOO�PDPPDO�FRPPXQLWLHV��
�
*UDQW�,QIRUPDWLRQ��
16)�*5)3�
�
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