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633&�3DSHUV�
7KH�UDWKHU�QDLYH�LGHD�RI�IRUPLQJ�D�PXVHXP�RQ�WKH�-XUDVVLF�&RDVW�

6WHYH�(WFKHV�
7KH� SUREOHPV� LQYROYHG� LQ� VHWWLQJ� XS� D� FKDULWDEOH� WUXVW�� REWDLQLQJ� IXQGLQJ� DQG� ILQGLQJ� D�VXLWDEOH�VLWH�WR�WU\�DQG�HQVXUH�WKH�ORQJ�WHUP�VHFXULW\�RI�D�VSHFLDOLVHG�FROOHFWLRQ���

)DNH�5RFN��5HDO�6DQG��7KH�PDNLQJ�RI�WKH�H[KLELWLRQ�¶6DKDUD���OLYLQJ�GHVHUW·�
0LFKDHOD�)RUWKXEHU�

6WDDWOLFKHV�1DWXUKLVWRULVFKHV�0XVHXP��%UDXQVFKZHLJ��*HUPDQ\�
�PLFKDHOD�IRUWKXEHU#VQKP�QLHGHUVDFKVHQ�GH���,Q�������WKH�6WDWH�0XVHXP�RI�1DWXUDO�+LVWRU\�LQ�%UDXQVFKZHLJ��*HUPDQ\��KRVWHG�D�VSHFLDO�H[KLELWLRQ�RQ�WKH�6DKDUD�GHVHUW�� IRFXVVHG�RQ�WKH�DQLPDOV�DQG�SODQWV�DQG�WKHLU�DGDSWDWLRQV�WR�WKH�HQYLURQPHQWDO�FKDOOHQJHV�RI�WKH�GHVHUW�FOLPDWH��WKH�FKDQJH�IURP�D�JUHHQ�GHVHUW�LQ�IRUPHU�WLPHV�WR�WRGD\·V�RFHDQ�RI�VDQG��SOXV�DQ�DGGLWLRQDO�FRPSRQHQW�RQ�KRZ�KXPDQ�EHLQJV�DUH�DEOH�WR�OLYH�WKHUH��7KH�ZD\�WKDW�WKH�LPSUHVVLRQ�RI�D�GHVHUW�ZDV�DFKLHYHG�E\�XVLQJ�VW\URIRDP��WLOH�PRUWDU�DQG�UHDO�6DKDUD�VDQG�WR�EXLOG�DQ�DUWLILFLDO�URFN�IDFH�DQG�D�VDQG�GXQH�DUHD�LV�GHVFULEHG��,PDJHV�RI�WKH�ILQLVKHG�H[KLELWLRQ�DUH�DOVR�VKRZQ���

7KH�*RRG��7KH�%DG�DQG�7KH�8JO\��3UHSDUDWLRQ�IURP�WKH�:LOG�:HVW�
&LQG\�+RZHOOV�

1DWLRQDO�0XVHXP�RI�:DOHV��)RVVLOV� RQ� VDOH� DW� WUDGH� VKRZV� RIIHU� D� XQLTXH� RSSRUWXQLW\� WR� YLHZ� GLIIHULQJ� VW\OHV� DQG�VWDQGDUGV� RI� SUHSDUDWLRQ��7KH�7XFVRQ�6KRZ� LQ�$UL]RQD� LV� FRQVLGHUHG� WR� EH� WKH� ODUJHVW� VXFK�CJHP
�VKRZ�LQ�WKH�ZRUOG��DQG�WKH�YDULHW\�DQG�TXDOLW\�RI�VSHFLPHQV�LV�XQVXUSDVVHG��(TXDOO\��LW�LV�D�PDUNHW� IRU�UHSOLFDV��DQG�LQ�VRPH�FDVHV��IDNHV��7KH�WDON�ZLOO�LOOXVWUDWH�D�VPDOO�VHOHFWLRQ�RI�WKH�EHVW�DQG�ZRUVW�WKDW�FDQ�EH�VHHQ�E\�D�YLVLWRU�WR�WKLV�VKRZ���

7KH�YLUWXDO�DQG�SK\VLFDO�SUHSDUDWLRQ�RI�WKH�&ROODUG�3OHVLRVDXU�
1LJHO�5��/DUNLQ�

1RUZLFK�&DVWOH�0XVHXP��DQG��1DWXUDO�+LVWRU\�&RQVHUYDWLRQ�&RP��7KH�¶&ROODUG�3OHVLRVDXU·��IRXQG�LQ������LQ�%ULGJZDWHU�%D\�RQ�WKH�6RPHUVHW�FRDVW��KDV�EHHQ�GHVFULEHG� DV� ¶SUREDEO\� WKH� EHVW� SUHVHUYHG� DQG�PRVW� VFLHQWLILFDOO\� YDOXDEOH� IRVVLO� SOHVLRVDXU� WR�
KDYH�EHHQ�IRXQG�LQ�WKH�8.�IRU�DW�OHDVW�����\HDUV��SRVVLEO\�HYHU·��5LFKDUG�)RUUHVW��633&�693&$��������7KH�VNHOHWRQ�LV�DOPRVW�FRPSOHWH�DQG�YDULDEO\�PLQHUDOLVHG��7KH� VNHOHWRQ� �SRVVLEO\� D� MXYHQLOH� 5KRPDOHRVDXU�� ZDV� SUHVHUYHG� LQ� /RZHU� /LDVVLF� .LOYH�6KDOHV���D�ILQH�JUDLQHG��WKLQO\�ODPLQDWHG�URFN�FRQWDLQLQJ�OLWWOH�RU�QR�FHPHQW��+HOG�WRJHWKHU�E\�FRPSUHVVLRQ�� WKLV� OLWKRORJ\� LV� QRWRULRXVO\� VXVFHSWLEOH� WR� IOXFWXDWLRQV� LQ� KXPLGLW\�� VHYHUHO\�FRPSURPLVLQJ�WKH�LQWHJULW\�RI�VSHFLPHQV�RQFH�GU\��7KH�SULRULWLHV� IRU� WKH�SURMHFW�ZHUH� WR� DUUHVW� VKDOH�GHODPLQDWLRQ� FDXVHG�E\� HQYLURQPHQWDO�IOXFWXDWLRQV� DQG� WR� SUHSDUH� WKH� VSHFLPHQ� IRU� UHVHDUFK�� 7KH� VSHFLPHQ� DSSHDUHG� WR� EH� ZHOO�IRVVLOLVHG� LQ� D� KRPRJHQHRXV�� XQ�FHPHQWHG� PDWUL[�� RIIHULQJ� H[FHOOHQW� SRWHQWLDO� IRU� ;�UDGLRJUDSK\�� 7KHUHIRUH� EHIRUH� SUHSDUDWLRQ� FRPPHQFHG� WKH� VSHFLPHQ� ZDV� ;�UD\HG� DQG� &7�VFDQQHG�ZLWK� VWXQQLQJ� UHVXOWV�� GHVSLWH� VRPH� RI� WKH� OLPE� ERQHV� QRW� EHLQJ�ZHOO�PLQHUDOLVHG��7KLV�YLUWXDO�SUHSDUDWLRQ�KHOSHG�WR�LQIRUP�WKH�VXEVHTXHQW�SK\VLFDO�SUHSDUDWLRQ�RI�WKH�PDWHULDO��
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(PHUJHQF\�UHPHGLDO�FRQVHUYDWLRQ�RI�KRPHOHVV�PDPPRWK�PDWHULDO�
(PPD�/RXLVH�1LFKROOV�
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7KH�VSHFLDOL]HG�GHQWLWLRQ�RI�GHULYHG�QRWRVXFKLDQV��&UXURWDUVL��0HVRHXFURFRG\OLD��
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�D�QHZHOO#EJV�DF�XN��¾ �,QVWLWXWH�RI�1DWXUH�6FLHQFHV�RI�6DUDWRY�6WDWH�8QLYHUVLW\��$VWUDNKDQVND\D������������
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7LNWDDOLN� DSSHDUV� DXWDSRPRUSKLF�ZLWK� UHVSHFW� WR� WKH� H[WHQGHG� D[LV�� 7KH� VKRUWHU� VNHOHWRQ� RI�
3DQGHULFKWK\V��LQ�ZKLFK�WKH�XOQDUH�LV�WKH�ODVW�D[LDO�HOHPHQW��PD\�EH�D�EHWWHU�UHSUHVHQWDWLYH�RI�WKH�DQFHVWUDO�FRQGLWLRQ�IRU�OLPEV���

*URZLQJ�XS�LQ�WKH�0LGGOH�-XUDVVLF��LFKQRORJLFDO�HYLGHQFH�IRU�IDPLO\�JURXSV�RI�
WKHURSRGV�LQ�:\RPLQJ��FRPSDULVRQ�RI�IRRWSULQWV�DQG�JURZWK�UDWHV�RI�HPXV�DQG�
GLQRVDXUV�

%UHQW�+��%UHLWKDXSW K ��1HIIUD�$��0DWWKHZV L �DQG�7RGG�/��*UHHQ K �M *HRORJLFDO�0XVHXP��8QLY��RI�:\RPLQJ��/DUDPLH��:<��������XZJHRPV#XZ\R�HGX��N 86'2,�%XUHDX�RI�/DQG�0DQDJHPHQW��1DWLRQDO�6FLHQFH�DQG�7HFKQRORJ\�&HQWHU��'HQYHU��&2�
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5HGHVFULSWLRQ�RI�1HRYHQDWRU�VDOHULL��'LQRVDXULD��7KHURSRGD��DQG�LWV�LPSOLFDWLRQV�
IRU�WKHURSRG�HYROXWLRQ�DQG�SK\ORJHQ\�

6WHSKHQ�/��%UXVDWWH K ��5RJHU�%��-��%HQVRQ L � ± �DQG�6WHSKHQ�+XWW ½ �
�VXSSRUWHG�E\�-RQHV�)HQOHLJK�0HPRULDO�)XQG��M 'HSDUWPHQW�RI�(DUWK�6FLHQFHV��8QLYHUVLW\�RI�%ULVWRO��:LOOV�0HPRULDO�%XLOGLQJ��4XHHQV�5RDG��

%ULVWRO�%6���5-��8.��EUXVDWWH#XFKLFDJR�HGX��N 'HSDUWPHQW�RI�(DUWK�6FLHQFHV��8QLYHUVLW\�RI�&DPEULGJH��'RZQLQJ�6WUHHW��&DPEULGJH�&%��
�(4��8.��UEE��#FDP�DF�XN��² 1DWXUDO�+LVWRU\�0XVHXP��&URPZHOO�5RDG��/RQGRQ�6:���%'��8.�¾ 'LQRVDXU�,VOH�0XVHXP��&XOYHU�3DUDGH��6DQGRZQ�32����4$��8.�
�6WHSKHQ�+XWW#LRZ�JRY�XN���

1HRYHQDWRU� VDOHULL� �'LQRVDXULD�� 7KHURSRGD�� LV� WKH� PRVW� FRPSOHWH� ODUJH� WKHURSRG� NQRZQ�IURP�(XURSH�EXW�KDV�RQO\�EULHIO\�EHHQ�GHVFULEHG�LQ�WKH�OLWHUDWXUH��+XWW�HW�DO���������1DLVK�HW�
DO��� �������+HUH�ZH�SUHVHQW� D� UHGHVFULSWLRQ�RI� WKH�KRORW\SH�DQG� UHIHUUHG�VSHFLPHQV� IURP�WKH�(DUO\� &UHWDFHRXV�:HVVH[� )RUPDWLRQ� �:HDOGHQ� *URXS�� RI� WKH� ,VOH� RI� :LJKW�� ZKLFK� WRJHWKHU�FRPSULVH� DSSUR[LPDWHO\� ���� RI� WKH� VNHOHWRQ�� 1HRYHQDWRU� LV� VKRZQ� WR� SRVVHVV� QXPHURXV�DXWDSRPRUSKLHV�� LQFOXGLQJ� DQ� HQODUJHG� PD[LOODU\� IHQHVWUD�� D� SHJ�DQG�VRFNHW� DFFHVVRU\�DUWLFXODWLRQ� EHWZHHQ� WKH� SUHPD[LOOD� DQG� PD[LOOD�� DQG� FXUYHG� IODQJHV� HPHUJLQJ� IURP� WKH�]\JDSRSK\VHV� RI� SRVWHULRU� GRUVDO� YHUWHEUDH��1HRYHQDWRU� FOHDUO\� EHORQJV� WR� $OORVDXURLGHD�� D�FODGH� RI� EDVDO� WHWDQXUDQ� WKHURSRGV� WKDW� LQFOXGHV� $OORVDXUXV�� 6LQUDSWRU�� DQG� WKH�&DUFKDURGRQWRVDXULGDH�� D� VXEJURXS� WKDW� FRQWDLQV� VRPH� RI� WKH� ODUJHVW� NQRZQ� WKHURSRGV��3K\ORJHQHWLF�DQDO\VLV� ILQGV�1HRYHQDWRU�DV� WKH�EDVDO�PRVW�PHPEHU�RI�&DUFKDURGRQWRVDXULGDH��D� SRVLWLRQ� VXSSRUWHG� E\� QXPHURXV� V\QDSRPRUSKLHV�� LQFOXGLQJ� FDPHOODWH� FHUYLFDO� YHUWHEUDH��GHWDLOV� RI� WKH� SOHXURFRHOV� LQ� FHUYLFDO� DQG� GRUVDO� YHUWHEUDH�� D� K\SHUWURSKLHG� SXELF� ERRW�� DQ�DQWHULRUO\�H[SDQGHG� LVFKLDO� ERRW�� D� GRUVDOO\�LQFOLQHG� IHPRUDO� KHDG�� DQG� D� K\SHUWURSKLHG�PHGLDO�PDOOHROXV�RI� WKH� WLELD��7KLV�SODFHPHQW�VXJJHVWV� WKDW�EDVDO�FDUFKDURGRQWRVDXULGV�ZHUH�FRPSRQHQWV� RI� (XURSHDQ� IDXQDV� EHIRUH� EHFRPLQJ� UHVWULFWHG� WR� *RQGZDQD� ODWHU� LQ� WKHLU�HYROXWLRQ��$GGLWLRQDOO\�� FKDUDFWHU� DFTXLVLWLRQ� SDWWHUQV� LQGLFDWH� WKDW� ODUJH� ERG\� VL]H� DQG� WKH�KLJKO\� DSRPRUSKLF� VNXOO� RI� GHULYHG� FDUFKDURGRQWRVDXULGV� HYROYHG� DIWHU� FKDQJHV� WR� WKH�D[LDO�DQG� DSSHQGLFXODU� VNHOHWRQ�� 7KHVH� FKDQJHV� LQFOXGH� DQ� LQFUHDVH� LQ� D[LDO� SQHXPDWLFLW\� DQG�DOWHUDWLRQV�LQ�OLPE�DUWLFXODWLRQ��ZKLFK�FOHDUO\�ZHUH�QRW�D�GLUHFW�UHVSRQVH�WR�WKH�ODUJH�ERG\�VL]H�RI� GHULYHG� FDUFKDURGRQWRVDXULGV� DV� GHPRQVWUDWHG� E\� WKHLU� SUHVHQFH� LQ� WKH� PXFK� VPDOOHU�
1HRYHQDWRU���
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7KH�FHUDWRSVLDQ�GLQRVDXU�3VLWWDFRVDXUXV�LQ�6RXWKHDVW�$VLD���D�UHYLHZ�RI�ROG�DQG�
QHZ�ILQGV�

(ULF�%XIIHWDXW K ��9DUDYXGK�6XWHHWKRUQ L �DQG�6DVLGKRUQ�.KDQVXEKD L �M &156��805�������/DERUDWRLUH�GH�*pRORJLH�GH�O·(FROH�1RUPDOH�6XSpULHXUH������FRXU�GX�
/LpJDW��������3DULV��)UDQFH��HULF�EXIIHWDXW#ZDQDGRR�IU��N )RVVLO�5HVHDUFK�DQG�0XVHXP�'LYLVLRQ��%XUHDX�RI�*HRORJLFDO�6XUYH\��'HSDUWPHQW�RI�0LQHUDO�
5HVRXUFHV��5DPD�9,�5RDG��%DQJNRN��������7KDLODQG���7KH� HDUO\� FHUDWRSVLDQ� GLQRVDXU� 3VLWWDFRVDXUXV� LV� ZLGHVSUHDG� LQ� WKH� (DUO\� &UHWDFHRXV� RI�FHQWUDO� DQG� QRUWKHUQ�$VLD�� IURP�6LEHULD� WR�0RQJROLD� DQG� QRUWKHUQ� &KLQD�� ,WV� RFFXUUHQFH� LQ�6RXWKHDVW�$VLD�ZDV�ILUVW�UHSRUWHG�LQ�������ZKHQ�WKH�GLVFRYHU\�RI�DQ�XSSHU�DQG�D�ORZHU�MDZ�LQ�WKH�.KRN�.UXDW� )RUPDWLRQ� �$SWLDQ��RI�QRUWKHDVWHUQ�7KDLODQG�ZDV�DQQRXQFHG��7KDW�PDWHULDO�ZDV� GHVFULEHG� DV� D� QHZ� VSHFLHV� RI�3VLWWDFRVDXUXV��3�� VDWWD\DUDNL�� LQ� ������ $OWKRXJK� GRXEWV�
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DERXW� WKLV� JHQHULF� LGHQWLILFDWLRQ� KDYH� EHHQ� H[SUHVVHG�� WKH� 7KDL� VSHFLPHQV� VKRZ�GLVWLQFWLYH�FKDUDFWHUV�RI�3VLWWDFRVDXUXV� �%XIIHWDXW� DQG�6XWHHWKRUQ���������0RUH�PDWHULDO��FRQILUPLQJ�WKH�RFFXUUHQFH� RI� 3VLWWDFRVDXUXV� LQ� WKH� .KRN� .UXDW� )RUPDWLRQ�� KDV� UHFHQWO\� EHHQ� IRXQG� LQ�7KDLODQG��DQG�WKH�JHQXV�LV�DOVR�SUHVHQW�LQ�D�IRUPDWLRQ�RI�HTXLYDOHQW�DJH�LQ�/DRV��,Q�QRUWKHUQ�DQG� FHQWUDO� $VLD�� 3VLWWDFRVDXUXV� LV� RIWHQ� YHU\� DEXQGDQW� LQ� IRUPDWLRQV� UDQJLQJ� LQ� DJH� IURP�+DXWHULYLDQ� WR�$OELDQ� �/XFDV�� ������$YHULDQRY� HW� DO��� ������� ,W� VHHPV� WR� EH� OHVV� IUHTXHQW� LQ�6RXWKHDVW� $VLD�� DQG� QRW� WR� EH� SUHVHQW� WKHUH� EHIRUH� WKH� $SWLDQ�� 7KLV� GLIIHUHQW� SDWWHUQ� RI�VWUDWLJUDSKLF�GLVWULEXWLRQ�PD\�EH�WKH�UHVXOW�RI�D�SHULRG�RI�UHODWLYH�LVRODWLRQ�RI�6RXWKHDVW�$VLDQ�WHUUHVWULDO�YHUWHEUDWH�IDXQDV�GXULQJ�SDUW�RI�WKH�(DUO\�&UHWDFHRXV��ZKLFK�LV�VXJJHVWHG�E\�YDULRXV�OLQHV� RI� IDXQDO� HYLGHQFH� �LQFOXGLQJ� WKH� DSSDUHQW� ODFN� RI� RUQLWKLVFKLDQV� LQ� WKH� "+DXWHULYLDQ�%DUUHPLDQ� 6DR� .KXD� )RUPDWLRQ���3VLWWDFRVDXUXV�PD\� KDYH� UHDFKHG� 6RXWKHDVW� $VLD�� WRJHWKHU�ZLWK� RWKHU� RUQLWKLVFKLDQV� �LQFOXGLQJ� HDUO\� KDGURVDXURLGV��� RQO\� DW� WKH� HQG� RI� WKLV� SHULRG� RI�LVRODWLRQ��WKH�FDXVHV�RI�ZKLFK�UHPDLQ�XQFHUWDLQ���
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3DODHRHQYLURQPHQWDO�FRQWUROV�RQ�WKH�GLVWULEXWLRQ�RI�&UHWDFHRXV�KHUELYRURXV�
GLQRVDXUV�

5LFKDUG�-��%XWOHU K ��3DXO�0��%DUUHWW K ��3DXO�.HQULFN K �DQG�0DOFROP�*��3HQQ L �M 'HSDUWPHQW�RI�3DODHRQWRORJ\��7KH�1DWXUDO�+LVWRU\�0XVHXP��&URPZHOO�5RDG��/RQGRQ�6:��
�%'��8.��5�%XWOHU#QKP�DF�XN��N 'HSDUWPHQW�RI�%RWDQ\��7KH�1DWXUDO�+LVWRU\�0XVHXP��&URPZHOO�5RDG��/RQGRQ�6:���%'��8.��0RVW� DWWHPSWV� WR� DVVHVV� SDODHRHQYLURQPHQWDO� SUHIHUHQFHV� IRU� GLQRVDXUV� KDYH� DVVHVVHG�GLVWULEXWLRQ�ZLWKLQ�D�VLQJOH�IRUPDWLRQ��+HUH�ZH�XVH�D�JOREDO�UHODWLRQDO�GDWDEDVH�RI�&UHWDFHRXV�KHUELYRURXV� GLQRVDXU� RFFXUUHQFHV� WR� WHVW� K\SRWKHVHV� RI� EURDG� HQYLURQPHQWDO� SUHIHUHQFHV� DW�WKH� OHYHO� RI� VXSUDVSHFLILF� FODGHV�� 7KLV� GDWDEDVH� LV� SDUW� RI� D� EURDGHU� SURMHFW� RQ� &UHWDFHRXV�GLQRVDXU� DQG�SODQW� GLVWULEXWLRQ�� FXUUHQWO\� LW� FRQWDLQV�JHRJUDSKLF�� WD[RQRPLF�� JHRORJLFDO� DQG�SDODHRHQYLURQPHQWDO� GDWD� IRU� F������GLQRVDXU� DQG�SODQW� RFFXUUHQFHV� DW� ����� ORFDOLWLHV��7KH�FXUUHQW� DQDO\VHV�XWLOLVHG�D�TXHU\�FRQWDLQLQJ� WKH�GLQRVDXU�RFFXUUHQFHV� ������� DQG�DVVRFLDWHG�HQYLURQPHQW� DQG� WD[RQRPLF� LQIRUPDWLRQ�� 7KH� GHWDLOHG� HQYLURQPHQWDO� GDWD� ZDV� VLPSOLILHG�LQWR�EURDG�GHSRVLWLRQDO�FDWHJRULHV�RI�PDULQH�����RI�ORFDOLWLHV���FRDVWDO��������WHUUHVWULDO�������DQG� XQNQRZQ�DPELJXRXV� ������ &KL�VTXDUHG� WHVWV� ZHUH� XVHG� WR� WHVW� VSHFLILF� K\SRWKHVHV� RI�DVVRFLDWLRQV��$� VLJQLILFDQW� SRVLWLYH� DVVRFLDWLRQ� ZDV� IRXQG� EHWZHHQ� 1RGRVDXULGDH� DQG� PDULQH�GHSRVLWLRQDO� HQYLURQPHQWV� �S �������� E\� FRQWUDVW�� WKHLU� VLVWHU�FODGH� $QN\ORVDXULGDH� DUH�SRVLWLYHO\� DVVRFLDWHG� ZLWK� WHUUHVWULDO� HQYLURQPHQWV� �S ������� 7KH� RYHUUHSUHVHQWDWLRQ� RI�QRGRVDXULG� VSHFLPHQV� LQ� PDULQH� HQYLURQPHQWV� VXJJHVWV� WKDW� WKH\� RFFXSLHG� D� EURDGHU�HQYLURQPHQWDO� UDQJH�� LQFOXGLQJ� FRDVWDO� DUHDV�� WKDQ�GLG� DQN\ORVDXULGV� �&RRPEV� DQG�'HPpUp���������+DGURVDXULGV�DUH�RYHUUHSUHVHQWHG�UHODWLYH�WR�RWKHU�KHUELYRUHV�LQ�PDULQH�HQYLURQPHQWV��S �������� FRQVLVWHQW� ZLWK� VXJJHVWLRQV� WKDW� WKH\� SUHIHUUHG� FRDVWDO� SODLQ� HQYLURQPHQWV��+RZHYHU�� H[LVWLQJ� HYLGHQFH� GRHV� QRW� VXSSRUW� WKH� K\SRWKHVLV� WKDW� KDGURVDXULQH� KDGURVDXUV�ZHUH� PRUH� DEXQGDQW� LQ� PDULQH� VHGLPHQWV� WKDQ� ODPEHRVDXULQHV� �+RUQHU�� ������� %RWK�FHUDWRSVLDQV� DQG� SDFK\FHSKDORVDXUV� VKRZ� SRVLWLYH� DVVRFLDWLRQV� �S ������� ZLWK� WHUUHVWULDO�HQYLURQPHQWV�� VXSSRUWLQJ� LQWHUSUHWDWLRQV� RI� LQODQG� HQYLURQPHQWDO� SUHIHUHQFHV�� 2XU� UHVXOWV�SURYLGH� TXDQWLWDWLYH� VXSSRUW� IRU� SUHYLRXV� TXDOLWDWLYH� K\SRWKHVHV� RI� SDODHRHQYLURQPHQWDO�SUHIHUHQFHV��HPSKDVLVLQJ�WKH�SRWHQWLDO�RI�ODUJH�GDWDEDVHV�LQ�EURDG�SDODHRHFRORJLFDO�DQDO\VHV���
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7KH�FRQWULEXWLRQ�RI�SODFRGHUPV�WR�RXU�XQGHUVWDQGLQJ�RI�WKH�RQWRJHQ\�DQG�
HYROXWLRQ�RI�HDUO\�JQDWKRVWRPHV�

5REHUW�.��&DUU K ��=HULQD�-RKDQVRQ L ��$OH[�5LWFKLH ± ��+HUYp�/HOLqYUH ½ �DQG�'DQLHO�*RXMHW È �M 'HSDUWPHQW�RI�%LRORJLFDO�6FLHQFHV��,UYLQH�+DOO��2KLR�8QLYHUVLW\��$WKHQV��2+��������86$�
�FDUUU�#RKLR�HGX��N �'HSDUWPHQW�RI�3DODHRQWRORJ\��7KH�1DWXUDO�+LVWRU\�0XVHXP��&URPZHOO�5RDG��/RQGRQ�6:��
�%'��8.��]�MRKDQVRQ#QKP�DF�XN��² $XVWUDOLDQ�0XVHXP����&ROOHJH�6WUHHW��6\GQH\��16:�������$XVWUDOLD�
�DOH[�ULWFKLH#DXVWPXV�JRY�DX��¾ 3DOpRELRGLYHUVLWp��805�������'pSDUWHPHQW�+LVWRLUH�GH�OD�7HUUH��0XVpXP�1DWLRQDO�
G
+LVWRLUH�1DWXUHOOH�����UXH�%XIIRQ��������3DULV��)UDQFH��OHOLHYUH#PQKQ�IU�

��3DOpRELRGLYHUVLWp��805�������'pSDUWHPHQW�+LVWRLUH�GH�OD�7HUUH��0XVpXP�1DWLRQDO�
G
+LVWRLUH�1DWXUHOOH�����UXH�%XIIRQ��������3DULV��)UDQFH��JRXMHW#PQKQ�IU���3ODFRGHUPV��DV�WKH�RXWJURXS�WR�UHPDLQLQJ�JQDWKRVWRPHV��DUH�FULWLFDO�WR�RXU�XQGHUVWDQGLQJ�RI�WKH�SRODULW\�RI�FKDUDFWHU�VWDWH�WUDQVLWLRQV�ZLWKLQ�EDVDO�FKRQGULFKWK\DQV�DQG�RVWHLFKWK\DQV��)RU� H[DPSOH�� WKH\� GRFXPHQW� WKH� SRODULW\� RI� SHFWRUDO� ILQ� FKDUDFWHUV�� WKXV� WKH� SOHVLRPRUSKLF�VWDWH� FRQVLVWV� RI� D� VLQJOH� SUR[LPDO� HOHPHQW� ZLWK� D� QDUURZ� DWWDFKPHQW� WR� WKH� JLUGOH�� 7KH�HYROXWLRQ� RI� H[WDQW� FRQGLWLRQV� UHSUHVHQWV� WKH� EUHDNXS� DQG�RU� YDULDEOH� ORVV� ZLWKLQ� WKLV�SUR[LPDO�HOHPHQW��'HYHORSPHQW� RI� WKH� JQDWKRVWRPH� QHXURFUDQLXP� LQFOXGHV� WKH� RULJLQ� DQG� IXVLRQ� RI� WKH�RFFLSXW�DQG�WUDEHFXODH�WR�WKH�SULPLWLYH�YHUWHEUDWH�EUDLQFDVH��HYLGHQFHG�E\�WKH�DQWHULRU�ILVVXUH�DPRQJ� SODFRGHUPV� DQG� WKH� RWLF�RFFLSLWDO� ILVVXUH� LQ� FKRQGULFKWK\DQV� DQG� WHOHRVWRPHV��3ODFRGHUPV� UHWDLQ� SOHVLRPRUSKLF� VKRUW� WUDEHFXODH�ZLWK� WKH� SDODWRTXDGUDWH� DUWLFXODWLQJ�ZLWK�WKH�SDUDFKRUGDOV��)XVLRQ�DPRQJ�DQWHULRU�YHUWHEUDH�WR�IRUP�D�V\QDUFXDO�LQ�SODFRGHUPV�PLPLFV�WKH�DQDWRPLFDO�WUDQVIRUPDWLRQV�DVVRFLDWHG�ZLWK�PLVH[SUHVVLRQ�RI�VHJPHQW�UHODWHG�JHQHV�LQ�PLFH�DQG�KXPDQV��7KXV�� RQH� JURXS·V� PDODGDSWLYH� PLVH[SUHVVLRQ�PD\� EH� WKH� VRXUFH� RI� DQ� DGDSWLYH� FKDQJH� LQ�RWKHU�WD[D�ZKHUH�D�V\QDUFXDO�LV�IRXQG��*RRGULFK� VXJJHVWHG� D� SDLUHG� DQG� QHXUDO� FUHVW� RULJLQ� IRU� EDVLEUDQFKLDO� HOHPHQWV� RI� WKH�YLVFHUDO� VNHOHWRQ�� 7KLV� LV� FRQILUPHG� LQ� &RZUDOHSLV� PFODFKODQL� �3K\OOROHSLGD�� 3ODFRGHUPL��ZKHUH�WKHVH�HOHPHQWV�DUH�SDLUHG�WKURXJKRXW�RQWRJHQ\�DQG�SRVVHVV�VLJQLILFDQW�DWWDFKPHQW�VLWHV�IRU�K\SREUDQFKLDO�PXVFXODWXUH��GRFXPHQWLQJ�WKHLU�QHXUDO�FUHVW�RULJLQ���5HQHZHG� LQWHUHVW� LQ� SODFRGHUPV� LV� SURYLGLQJ� LPSRUWDQW� HYLGHQFH� WR� HVWDEOLVK� FKDUDFWHU�SRODULW\� IRU� D� QXPEHU� RI� DQDWRPLFDO� V\VWHPV�� ,W� DOVR� GRFXPHQWV� WKH� SUHVHQFH� LQ� DGXOWV� RI�FKDUDFWHUV� WKDW�DUH�QRZ�RQO\�JOLPSVHG�DV�WUDQVLWRU\�IHDWXUHV�LQ�RQWRJHQ\�WKXV�D�SHUDPRUSKLF�VKLIW�DPRQJ�H[WDQW�WD[D�UHODWLYH�WR�WKH�JQDWKRVWRPH�SULPLWLYH�FRQGLWLRQ���

1HZ�GLVFRYHULHV�IURP�%HDUVGHQ��UHDVVHVVLQJ�WKH�HDUO\�UHFRUG�RI�SRVW�'HYRQLDQ�
ILVKHV�

0LFKDHO�,��&RDWHV K ��3DWULFN�*DYLQ L �DQG�1HLO�'��/��&ODUN ± �M 2UJDQLVPDO�%LRORJ\�DQG�$QDWRP\��8QLYHUVLW\�RI�&KLFDJR��&KLFDJR��,/��������86$�
�PFRDWHV#XFKLFDJR�HGX��N ��$XFKQDFUDLJ�5RDG�)DLIOH\�&O\GHEDQN�*����$(��6FRWODQG��S�JDYLQ�#QWOZRUOG�FRP��² +XQWHULDQ�0XVHXP��8QLYHUVLW\�RI�*ODVJRZ��*����44��6FRWODQG�
�Q�FODUN#PXVHXP�JOD�DF�XN���7KH�0LVVLVVLSSLDQ� �6HUSXNKRYLDQ�� %HDUVGHQ� IDXQD� �*ODVJRZ�� 6FRWODQG�� LV� NQRZQ� IRU� WKH�H[FHSWLRQDO�SUHVHUYDWLRQ�RI�LWV�IRVVLO�VKDUNV��7KH�HTXLYDOHQW�KRUL]RQ�ZDV�NQRZQ�IURP�VLWHV�LQ�
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$\UVKLUH� DQG� /DQDUNVKLUH� LQ� WKH� ODWH� ����
V�� EXW� LW� ZDV� QRW� XQWLO� 6WDQ� :RRG
V� GLVFRYHULHV��:RRG�������� WKDW� UHSRUWV�KLJKOLJKWHG� WKH� TXDOLW\� RI� FKRQGULFKWK\DQV� IURP� WKH�0DQVH�%XUQ�)RUPDWLRQ��DV�ZHOO�DV�WKH�GLYHUVLW\�RI�DFWLQRSWHU\JLDQ�ILVKHV�DQG�IRVVLO�FUXVWDFHDQV��,Q�JHQHUDO�WHUPV��WKH�%HDUVGHQ�ELRWD�UHVHPEOHV�WKDW�RI�WKH�VOLJKWO\�\RXQJHU�%HDU�*XOFK�IDXQD�RI�0RQWDQD��86$� �/XQG�DQG�3RSOLQ���������+RZHYHU��ZKLOH�%HDU�*XOFK� IRVVLO� ILVKHV� WHQG� WR�EH� OHVV�ZHOO�SUHVHUYHG� WKDQ� WKHLU� 6FRWWLVK� FRXQWHUSDUWV�� LQ� WHUPV� RI� WD[RQRPLF� DQG� PRUSKRORJLFDO�GLYHUVLW\��WKH\�IDU�H[FHHG�WKHLU�%HDUVGHQ�HTXLYDOHQWV��7KH� IRVVLO� UHFRUG� RI� PDULQH� ILVKHV� IURP� WKH� 8SSHU� &DUERQLIHURXV� DQG� 3HUPLDQ� LV� SRRU��6HSNRVNL�� ������� DQG� WKH� %HDU� *XOFK� IDXQD� KDV� JDLQHG� VLJQLILFDQFH� DV� D� PDUNHU� IRU� HDUO\�UHSUHVHQWDWLYHV� RI� FODGHV�NQRZQ�RWKHUZLVH� RQO\� IURP�PXFK�PRUH� UHFHQW�GHSRVLWV� �+XUOH\�HW�DO����������7KLV�UDLVHV�TXHVWLRQV�DERXW�VDPSOLQJ�HUURU��ZKHWKHU�ILVK�GLYHUVLW\�DW�RWKHU�UHOHYDQW�ORFDOLWLHV� KDV� EHHQ�PLVLQWHUSUHWHG� RU� RYHUORRNHG�� +HUH�� ZH� UHSRUW� QHZ� GLVFRYHULHV� RI� ILVKHV�IURP�ODWHUDO�HTXLYDOHQWV�RI� WKH�%HDUVGHQ� ORFDOLW\��'LVFRYHUHG�DQG�SUHSDUHG�E\�3DWULFN�*DYLQ��WKHVH�IRVVLOV�VKRZ�WKDW� WKH�UDQJH�RI�%HDUVGHQ�ILVKHV�RYHUODSV�WKDW�RI�WKH�%HDU�*XOFK�IDXQD�WR�DQ� H[WHQW�PXFK� JUHDWHU� WKDQ� SUHYLRXVO\� VXVSHFWHG�� LQFOXGLQJ� JURXSV�XQWLO� QRZ�NQRZQ�RQO\�IURP�1RUWK�$PHULFD�� 7KHVH� QHZ� GLVFRYHULHV� VXSSRUW� WKH� VXJJHVWLRQ� WKDW� &DUERQLIHURXV� ILVK�GLYHUVLW\�LV�VLJQLILFDQWO\�XQGHU�GHWHUPLQHG���
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0DUN�(YDQV�
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7KDODVVLRGUDFRQ� KDZNLQVLL�� 5KRPDOHRVDXUXV� PHJDFHSKDOXV� DQG� 2FFLWDQRVDXUXV�
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9LQFHQW�)HUQDQGH] K �3DXO�7DIIRUHDX K6� L �DQG�(ULF�%XIIHWDXW ± �M (XURSHDQ�6\QFKURWURQ�5DGLDWLRQ�)DFLOLW\����UXH�+RURZLW]�%3������������*UHQREOH�&HGH[��
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1HZ�LQVLJKWV�RQ�WKH�8SSHU�&UHWDFHRXV�SDFK\FRUPLG�¶3URWRVSK\UDHQD·�JODGLXV�
�$FWLQRSWHU\JLL��7HOHRVWHL��IURP�1RUWK�$PHULFD�

0DWW�)ULHGPDQ K ��.HQVKX�6KLPDGD L �DQG�$QWKRQ\�0DOWHVH ± �M 8QLYHUVLW\�RI�&KLFDJR��&RPPLWWHH�RQ�(YROXWLRQDU\�%LRORJ\�������(��� Ì Í �6W���&KLFDJR��,/�
�������86$�N 'H3DXO�8QLYHUVLW\��(QYLURQPHQWDO�6FLHQFH�3URJUDP�DQG�'HSDUWPHQW�RI�%LRORJLFDO�6FLHQFHV��
�����1RUWK�&OLIWRQ�$YHQXH��&KLFDJR��,OOLQRLV��������86$�² 5RFN\�0RXQWDLQ�'LQRVDXU�5HVRXUFH�&HQWHU���������������:RRGODQG�3DUN��&2��86$��


3URWRVSK\UDHQD·� JODGLXV� LV� DQ� HQLJPDWLF� SDFK\FRUPLG� IURP� WKH�/DWH�&UHWDFHRXV� RI�1RUWK�$PHULFD�� ZKHUH� LW� LV� NQRZQ� IURP� WKH� &RQLDFLDQ�&DPSDQLDQ� 1LREUDUD� FKDONV� DQG� WKH�&DPSDQLDQ� 3LHUUH� 6KDOH� DQG� 6HOPD� )RUPDWLRQV�� 'HVFULEHG� UHPDLQV� RI� WKLV� VSHFLHV� FRQVLVW�H[FOXVLYHO\�RI�SHFWRUDO�ILQV��ZKLFK�FDQ�H[FHHG�RQH�PHWUH�LQ�OHQJWK��)HDWXUHV�RI�WKHVH�ILQV�OLQN�¶3�·� JODGLXV� WR� SDFK\FRUPLGV� �/DPEHUV�� ������� EXW� SURYLGH� QR� HYLGHQFH� OLQNLQJ� LW� WR� RWKHU�VSHFLHV�RI�
3URWRVSK\UDHQD
��1HZO\�SUHSDUHG�PDWHULDO�RI�¶3�·�JODGLXV�UHYHDOV�GHWDLOV�RI�WKH�VNXOO�URRI�� QHXURFUDQLXP�� MDZV�� K\RLG� DQG� EUDQFKLDO� DUFKHV�� RSHUFXORJXODU� VHULHV�� DQG� VKRXOGHU�JLUGOH�� 7KHVH� UHPDLQV� LQGLFDWH� WKDW� ¶3�·� JODGLXV� FDQQRW� EH� SODFHG� ZLWKLQ� 
3URWRVSK\UDHQD
��8QOLNH� WKDW� JHQXV�� ¶3�·� JODGLXV� LV� HGHQWXORXV� DQG� ODFNV� DQWHULRU� H[WHQVLRQ� RI� WKH�URVWURGHUPHWKPRLG� LQWR� D� SURPLQHQW� URVWUXP�� :KLOH� ¶3�� JODGLXV� LV� QRW� FORVHO\� UHODWHG� WR�
3URWRVSK\UDHQD
�� LW� LV� YHU\� VLPLODU� WR� WZR� -XUDVVLF� SDFK\FRUPLGV�� $VWKHQRFRUPXV� DQG�
/HHGVLFKWK\V��/DPEHUV���������7KHVH�WZR�WD[D�DSSHDU�WR�KDYH�EHHQ�UDP�ILOWHU�IHHGHUV��DQG�RQH�RI� WKHP²/HHGVLFKWK\V²UHDFKHG�HQRUPRXV�VL]HV� �/LVWRQ�	�1Rq��������� ¶3�� JODGLXV�DOVR�GLVSOD\V�IHDWXUHV�FRQVLVWHQW�ZLWK�ILOWHU�IHHGLQJ��DQG�H[WHQGV�WKH�UDQJH�RI�WKLV�ODUJH�ERGLHG�SDFK\FRUPLG�FODGH� IURP� WKH� /DWH� -XUDVVLF� WR� WKH� /DWH� &UHWDFHRXV�� 7KLV� UDQJH� H[WHQVLRQ� DOVR� ILOOV� D�FRQVSLFXRXV� HFRORJLFDO� JDS�� QR� ODUJH�ERGLHG� ILOWHU� IHHGHUV� ZHUH� NQRZQ� SUHYLRXVO\� IURP� WKH�&UHWDFHRXV��7KH�DSSDUHQW�H[WLQFWLRQ�RI� WKLV�JURXS�RI�SDFK\FRUPLGV�DW�RU�QHDU�WKH�HQG�RI� WKH�&UHWDFHRXV� LV� DOVR� LQWULJXLQJ�� EHFDXVH� LW� RFFXUV� VKRUWO\� EHIRUH� WKH� HDUOLHVW� UHFRUGV� RI� ODUJH�ERGLHG�� UDP� ILOWHU�IHHGLQJ� FKRQGULFKWK\DQV� �UKLQFRGRQWLGV�� FHWRUKLQLGV�� PREXOLGV�� LQ� WKH�HDUOLHVW�3DOHRJHQH��6KLPDGD����������
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$GDSLV� XOPHQVLV� ZDV� GHVFULEHG� E\� 6FKPLGW�.LWWOHU� ������� IURP� WKH� *HUPDQ� /DWH� (RFHQH�ILVVXUH� ILOOLQJ�RI�(KUHQVWHLQ����EDVHG�RQ�WZR�FKHHN�WHHWK��6XEVHTXHQWO\�� LW�ZDV�WUDQVIHUUHG� WR�WKH�JHQXV�3URWRDGDSLV�ZKHQ�DGGLWLRQDO� LVRODWHG�FKHHN�WHHWK�ZHUH�IRXQG�DW�QHDUE\�ILVVXUH�ILOO�VLWHV��$GDSLV�DQG�3URWRDGDSLV� DUH�PHPEHUV�RI� WKH�H[WLQFW�SULPDWH�IDPLO\�$GDSLGDH��ZKLFK�LV�FKDUDFWHULVHG� E\� D� QHDUO\� FRPSOHWH� SODFHQWDO� GHQWDO� IRUPXOD�� ZLWK� ODUJH� FDQLQHV� DQG� VPDOO�LQFLVRUV�� 1HZ� GHQWDOO\� FRPSUHKHQVLYH�PDWHULDO� RI� 3�� XOPHQVLV� IURP� WKH� /DWH� (RFHQH� 6ROHQW�*URXS�RI� WKH�,VOH�RI�:LJKW�VKRZV�WKH�SUHVHQFH�RI�HQODUJHG�ILUVW�LQFLVRUV�DQG�UHGXFWLRQ�RI�WKH�DQWHULRU�SUHPRODUV��7KHVH�GHQWDO�FKDUDFWHULVWLFV�LQGLFDWH�WKDW�¶3�·�XOPHQVLV�LV�D�PHPEHU�RI�WKH�H[WLQFW� SULPDWH� IDPLO\�2PRP\LGDH� �VXEIDPLO\�0LFURFKRHULQDH��� QRW�$GDSLGDH�� ¶3�·�XOPHQVLV�FORVHO\�UHVHPEOHV�ODWH�0LGGOH�(RFHQH�1DQQRSLWKH[�TXD\OHL��D�PLFURFKRHULQH�IURP�WKH�(QJOLVK�VLWH� RI� &UHHFKEDUURZ�� $� VOLJKWO\�PRUH� GLVWDQW� UHODWLRQVKLS� H[LVWV�ZLWK� HDUO\�0LGGOH� (RFHQH�
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8SSVDOD�6(���������6ZHGHQ��PDUWLQ�EUD]HDX#HEF�XX�VH���,Q� GLJLWHG� VWHP�WHWUDSRGV�� WKH� K\RPDQGLEXODU� �ZKLFK� SOD\V� D� FHQWUDO� UROH� LQ� IHHGLQJ� DQG�UHVSLUDWLRQ�� XQGHUZHQW� D�PDMRU�PRUSKRORJLFDO� DQG� IXQFWLRQDO� WUDQVIRUPDWLRQ� WR�EHFRPH� WKH�VWDSHV�RI�WKH�PLGGOH�HDU��7KH�K\RPDQGLEXODH�RI�EDVDO��ILVK�OLNH��VWHP�WHWUDSRGV�FDQ�WKHUHIRUH�SURYLGH� GDWD� RQ� WKH� SULPLWLYH� FRQGLWLRQV� SUHFHGLQJ� WKLV� LPSRUWDQW� FKDQJH�� 8QIRUWXQDWHO\��RQO\�D�IHZ�ZHOO�SUHVHUYHG�H[DPSOHV�DUH�NQRZQ��KDPSHULQJ�ZLGH�UDQJLQJ�FRPSDULVRQV�²�HYHQ�WKRXJK�WKH�EHVW�NQRZQ�H[DPSOH��WKDW�RI�WKH�WULVWLFKRSWHULG�(XVWKHQRSWHURQ��-DUYLN��������KDV�EHHQ� XVHG� DV� DQ� H[HPSODU� RI� ILVK�OLNH� VWHP�WHWUDSRG� K\RPDQGLEXOD� PRUSKRORJ\�� WKH�FRQGLWLRQV� DW� WKH� EDVH� RI� WKH� WHWUDSRG� UDGLDWLRQ� UHPDLQ� REVFXUH�� :H� UHSRUW� KHUH� IRXU�K\RPDQGLEXODH�� IURP� WKUHH� VHSDUDWH� ORFDOLWLHV��ZKLFK� DUH� UHIHUDEOH� WR� WKH�5KL]RGRQWLGD�� WKH�PRVW� EDVDO� FODGH� RI� VWHP�WHWUDSRGV��7KHVH� VSHFLPHQV� VKDUH� D�QXPEHU� RI� FKDUDFWHULVWLFV�� DQG�DUH�DSSUHFLDEO\�GLIIHUHQW�IURP�WKH�VPDOO�QXPEHU�RI�K\RPDQGLEXODH�UHSRUWHG�IRU�RWKHU�ILVK�OLNH�VWHP�WHWUDSRGV�� :KLOH� LW� LV� XQFOHDU� LI� WKHVH� FKDUDFWHULVWLFV� UHSUHVHQW� V\QDSRPRUSKLHV� RU�V\PSOHVLRPRUSKLHV�� WKH\�KLJKOLJKW�WKH�PRUSKRORJLFDO�GLYHUVLW\�RI�K\RPDQGLEXODH�ZLWKLQ�WKH�HDUO\�HYROXWLRQ�RI� WKH�WHWUDSRG�WRWDO�JURXS��:HOO�SUHVHUYHG�PXVFOH�VFDUULQJ�RQ�VRPH�RI� WKHVH�K\RPDQGLEXODH�SHUPLW�LQIHUHQFHV�RI�K\RLG�DUFK�PXVFXODWXUH�LQ�VWHP�WHWUDSRGV��
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�%'��]�MRKDQVRQ#QKP�DF�XN��N 'HSDUWPHQW�RI�%LRORJLFDO�6FLHQFHV��,UYLQH�+DOO��2KLR�8QLYHUVLW\��$WKHQV��2+��������86$�² $XVWUDOLDQ�0XVHXP����&ROOHJH�6WUHHW��6\GQH\��16:��������$XVWUDOLD��7KH�LGHQWLW\�RI� LQGLYLGXDO�VHJPHQWV�ZLWKLQ�WKH�YHUWHEUDWH�D[LDO�VNHOHWRQ�LV�GHWHUPLQHG��LQ�SDUW�� E\� WKH� H[SUHVVLRQ� ERXQGDULHV� RI� KRPHRWLF� JHQHV�� $OWHUDWLRQV� RI� WKHVH� JHQHV� �H�J���PLVH[SUHVVLRQ�RU�GHOHWLRQ��FDQ�DOWHU� WKH�LGHQWLW\�RI�DQ�D[LDO�VHJPHQW��PLPLFNLQJ�HLWKHU�PRUH�DQWHULRU� RU� SRVWHULRU� VHJPHQWV� �DQWHULRUL]DWLRQ� RU� SRVWHULRUL]DWLRQ�� UHVSHFWLYHO\��� 7KH�H[SUHVVLRQ� RI�+R[� JHQHV� KDV� EHHQ� VKRZQ� WR� EH� D� FULWLFDO� IDFWRU� LQ� HVWDEOLVKLQJ� WKH� DQWHULRU�SRVWHULRU� D[LV�� 0LVH[SUHVVLRQ� DQG�RU� GHOHWLRQ� RI� WKHVH� JHQHV� LQ� WKH� FHUYLFDO� UHJLRQ� RI� PLFH�UHVXOW� LQ� D� YDULHW\� RI� DQDWRPLFDO� PDOIRUPDWLRQV� �LQFOXGLQJ� DQWHULRUL]DWLRQ�� SRVWHULRUL]DWLRQ��IXVLRQ��RU�GHOHWLRQ�²�DQDWRPLFDO�FRUUHODWHV�WR�WKH�XQGHUO\LQJ�FKDQJHV�LQ�JHQH�H[SUHVVLRQ���)RU�H[DPSOH�� H[SHULPHQWDO� DQWHULRU� PLVH[SUHVVLRQ� RI� +R[G�� LQ� WKH� PRXVH� YHUWHEUDO� FROXPQ�UHVXOWV�LQ�WKH�RFFLSLWDO�UHJLRQ�RI�WKH�VNXOO�UHVHPEOLQJ�WKH�DQWHULRU�FHUYLFDO�YHUWHEUDH��/XINLQ�HW�
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6NXOO�MRLQWV�LQ�6SKHQRGRQ�DQG�RWKHU�5K\QFKRFHSKDOLD��'LDSVLGD��/HSLGRVDXULD��
0DUF�(��+��-RQHV�

'HSDUWPHQW�RI�$QDWRP\�DQG�'HYHORSPHQWDO�%LRORJ\��8&/��8QLYHUVLW\�&ROOHJH�/RQGRQ��*RZHU�
6WUHHW��/RQGRQ��:&�(��%7��8.��PDUF�MRQHV#XFO�DF�XN���7KH� 7XDWDUD� �6SKHQRGRQ�� RI� 1HZ� =HDODQG� LV� WKH� RQO\� VXUYLYLQJ� PHPEHU� RI� WKH�5K\QFKRFHSKDOLD��D�JURXS�RI�UHSWLOHV�WKDW�ZHUH�ZLGHVSUHDG�DQG�GLYHUVH�GXULQJ�WKH�0HVR]RLF��'LIIHUHQFHV� LQ� VNXOO� VKDSH�� MDZ� SURSRUWLRQV�� WRRWK� VWUXFWXUH� DQG� WRRWK� DUUDQJHPHQW� VXJJHVW�WKDW� WKLV� VXFFHVV�ZDV� DVVRFLDWHG�ZLWK� D� GLYHUVLILFDWLRQ� RI� IHHGLQJ� VWUDWHJLHV� �-RQHV�� ����DE���2QH� DVSHFW�RI� UK\QFKRFHSKDOLDQ�PRUSKRORJ\� WKDW�KDV�QRW�SUHYLRXVO\�EHHQ�H[DPLQHG� IURP�D�IXQFWLRQDO� SHUVSHFWLYH� LV� WKH� VWUXFWXUH� RI� WKH� VNXOO� MRLQWV� �VXWXUHV��� ,Q� OLIH� WKHVH� LQYROYH� VRIW�
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6SKHQRGRQ� VNXOO�PDWHULDO� UHYHDOV� WKDW� LQGLYLGXDO� MRLQWV� VKRZ� D� FRQVLVWHQW�PRUSKRORJ\�� EXW�VXWXUH� VWUXFWXUH� FDQ� GLIIHU� GUDPDWLFDOO\� EHWZHHQ� RQH� MRLQW� DQG� DQRWKHU�� 7KH� RYHUDOO� SDWWHUQ�FRUUHVSRQGV�� DW� OHDVW� LQ� SDUW�� WR� WKH� H[SHFWHG� GLVWULEXWLRQ� RI� VWUHVVHV� GXULQJ� IHHGLQJ�� )RVVLO�WD[D� GHPRQVWUDWH� FUDQLDO� MRLQW� PRUSKRORJLHV� QRW� SUHVHQW� LQ� 6SKHQRGRQ�� DQG� WKLV� FRUUHODWHV�ZLWK�GLIIHUHQFHV�LQ�WKH�DQDWRP\�RI�WKH�IHHGLQJ�DSSDUDWXV���
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7KH�&KLPDHUDVXFKXV�SDUDGR[��D�FULWLFDO�UHYLHZ�RI�D�SRRUO\�NQRZQ�IRVVLO�
FURFRGLOH�

0DUFR�%UDQGDOLVH�GH�$QGUDGH K6� L �DQG�5HLQDOGR�-��%HUWLQL L �M 'HSDUWPHQW�RI�(DUWK�6FLHQFHV��)DFXOW\�RI�6FLHQFHV��8QLYHUVLW\�RI�%ULVWRO��%6���5-��%ULVWRO��
(QJODQG��8.��PDUFR�E�DQGUDGH#EULV�DF�XN��PDUFREUDQGD#\DKRR�FRP�EU��N ,QVWLWXWR�GH�*HRFLrQFLDV�H�&LrQFLDV�([DWDV��8QLYHUVLGDGH�(VWDGXDO�3DXOLVWD��&DPSXV�5LR�
&ODUR��&3�����������²�����5LR�&ODUR�63��%UD]LO��UEHUWLQL#UF�XQHVS�EU���

&KLPDHUDVXFKXV� SDUDGR[XV� LV� DQ� DPD]LQJ� IRVVLO� PHVRHXFURFRGLOH�� FRQVLGHUHG� WHUUHVWULDO�DQG�KHUELYRURXV��ZLWK�PXOWLFXVSHG�PRODULIRUPV�DQG�DQ�HORQJDWHG�MDZ�MRLQW�WKDW�DOORZHG�SURDO�PDVWLFDWRU\�PRYHPHQWV�� 7KLV� FRQVWLWXWHV� D� VHW� RI� FKDUDFWHUV� XQH[SHFWHG� IRU� FURFRGLOHV�� 7KH�VROH� VSHFLPHQ� �,933�9������ FRPHV� IURP� WKH� :XORQJ� )RUPDWLRQ� �+XEHL� 3URYLQFH�� &HQWUDO�&KLQD���UHIHUUHG�WR�WKH�$OELDQ��:X�HW�DO���������:X�	�6XHV���������3K\ORJHQHWLF�ZRUNV�VKRZV�
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2YHUYLHZ�RI�WKH�/HHGV�IRVVLO�YHUWHEUDWH�FROOHFWLRQ�LQ�WKH�1DWLRQDO�0XVHXP�RI�
,UHODQG�

5LFDUGR�$UD~MR K �DQG�$GDP�6WXDUW�6PLWK L �M 0XVHX�GD�/RXULQKm��&HQWUR�GH�(VWXGRV�GR�-XUiVVLFR��5��-RmR�GH�/XtV�GH�0RXUD��/RXULQKm��
3RUWXJDO��SDUDGR[LGHV#JPDLO�FRP��N �6FKRRO�RI�%LRORJ\�DQG�(QYLURQPHQWDO�6FLHQFH��8QLYHUVLW\�&ROOHJH�'XEOLQ��%HOILHOG��'XEOLQ����
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7KH�V\VWHPDWLF�SRVLWLRQ�RI�6HPOLNLLFKWK\V��WKH�FDUDQJRLG�K\SRWKHVLV�
%UXQR�&KDQHW� K �DQG�2OJD�2WHUR� L �M F�R�&��*XLQWDUG��(FROH�1DWLRQDOH�9pWpULQDLUH�GH�1DQWHV��8QLWp�G·$QDWRPLH�FRPSDUpH��URXWH�

GH�*DFKHW��%3��������������1$17(6�FHGH[�����)UDQFH��%UXQR�&KDQHW#DF�UHQQHV�IU��N /DERUDWRLUH�GH�*pRELRORJLH��%LRFKURQRORJLH�HW�3DOpRQWRORJLH�KXPDLQH��&156�805�������
)DFXOWp�GHV�6FLHQFHV�IRQGDPHQWDOHV�HW�DSSOLTXpHV��8QLYHUVLWp�3RLWLHUV�����DY��GX�5HFWHXU�
3LQHDX��)���������3RLWLHUV�FHGH[��)UDQFH��ROJD�RWHUR#XQLY�SRLWLHUV�IU���

6HPOLNLLFKWK\V�LV�D�IRVVLO�JHQXV�RI�SHUFLIRUP�ILVK�IURP�WKH�1HRJHQH�FRQWLQHQWDO�GHSRVLWV�RI�$IULFD��NQRZQ�LQ�VHYHUDO�0LR�3OLRFHQH�VLWHV�RI� WKH�*UHDW�/DNH�5HJLRQ��DQG�LQ�WKH�3OLRFHQH�RI�WKH�5LYHU�1LOH��*UHHQZRRG�	�+RZHV��������2WHUR�	�*D\HW��������DQG�LQ�WKH�8SSHU�0LRFHQH�RI�7RURV�0HQDOOD� LQ� &KDG� �2WHUR� HW� DO��� VXEPLWWHG��� ,QLWLDOO\� UHODWHG� WR� JHQXV�/DWHV�� LW�ZDV� OHIW�
LQFHUWDH�VHGLV�DIWHU�WKH�SK\ORJHQHWLF�VWXG\�RI�WKH�IDPLO\�/DWLGDH��2WHUR���������$W�ILUVW�JODQFH��RQH� RI� XV� �%&�� QRWLFHG� D� VWULNLQJ� VLPLODULW\� EHWZHHQ� 6HPOLNLLFKWK\V� DQG� FHUWDLQ� FDUDQJRLG�ILVKHV��DQG�SURSRVHG�WR�FRPSDUH�LWV�ERQ\�DQDWRP\�ZLWK�UHSUHVHQWDWLYHV�RI�HDFK�IDPLO\�RI�WKLV�KLJKO\� GHULYHG� PDULQH� ILVK� JURXS�� LQFOXGLQJ� &DUDQJLGDH� �MDFNV� DQG� SRPSDQRV���&RU\SKDHQLGDH� �GROSKLQILVKHV� RU�PDKL�PDKLV�� DQG�(FKHLQLGDH� �UHPRUDV��� DQG� UHODWLYHV��+HUH�ZH� SUHVHQW� WKH� UHVXOWV� RI� WKHVH� FRPSDULVRQV�� :H� IRFXVHG� RQ� QHXURFUDQLDO� FKDUDFWHUV��HVSHFLDOO\� WKH�VKDSH�RI� WKH�YRPHU�DQG�WKH�VXSUDRFFLSLWDO�DQG�LWV�PHGLDQ�FUHVW��7KH�REVHUYHG�FKDUDFWHUV� DUH� SODFHG� RQ� D� SK\ORJHQHWLF� WUHH� EDVHG� RQ� PRUSKRORJLFDO� GDWD� �/HLV�� ������2·7RROH��������DQG�PROHFXODU�GDWD��'HWWDw�	�/HFRLQWUH���������:H�GLVFXVV�WKHLU�KRPRORJ\�DQG�WKHQ� WKH�SRVVLEOH� SRVLWLRQ� RI�6HPOLNLLFKWK\V�ZLWKLQ� WKHVH� JURXSV��:H� DOVR�SURSRVH� D� IXUWKHU�
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1HZ�GLVFRYHULHV�RI�ODPEHRVDXULQH�KDGURVDXULGV�IURP�WKH�7UHPS�%DVLQ�
�0DDVWULFKWLDQ��6RXWKHUQ�3\UHQHHV���GHVFULSWLRQ�DQG�VWUDWLJUDSKLF�VHWWLQJ�

5RGULJR�*DHWH K ��$OEHUW�3ULHWR�0iUTXH] L ��9LROHWD�5LHUDY ± ��2ULRO�2PV ± DQG�­QJHO�*DOREDUW ½ �M 0XVHX�GH�OD�&RQFD�'HOOj��&��GHO�0XVHX�����(�������,VRQD��/OHLGD��6SDLQ��UJDHWH#SDUF�
FUHWDFL�FRP��N 'HSDUWPHQW�RI�%LRORJLFDO�6FLHQFH��&RQUDGL�%XLOGLQJ��)ORULGD�6WDWH�8QLYHUVLW\��7DOODKDVVHH��
)/�������������86$��DPDUTXH]#ELR�IVX�HGX��² 8QLYHUVLWDW�$XWzQRPD�GH�%DUFHORQD��)DFXOWDW�GH�&LqQFLHV��*HRORJLD���(�������%HOODWHUUD��
%DUFHORQD��6SDLQ��9LROHWD/HLOD�5LHUD#XDE�FDW��-RVHS2ULRO�2PV#XDE�FDW��¾ ,QVWLWXW�&DWDOj�GH�3DOHRQWRORJLD��&��(VFROD�,QGXVWULDO������(�������6DEDGHOO��%DUFHORQD��
6SDLQ��$QJHO�*DOREDUW#LFS�FDW���:H� GRFXPHQW� GLVFRYHUHG� KDGURVDXULG� UHPDLQV� WKDW� GHPRQVWUDWH� WKH� SUHVHQFH� RI� WKH�/DPEHRVDXULQDH� FODGH� LQ� WKH�0DDVWULFKWLDQ� RI� WKH� VRXWKHUQ� 3\UHQHHV�� 7KHVH� UHPDLQV� FRPH�IURP�WKUHH�VLWHV�ORFDWHG�LQ�GLIIHUHQW�VWUDWLJUDSKLF�KRUL]RQV�DFURVV����P�RI�VXFFHVVLRQ�WKDW�DUH�SDUW� RI� D� ODUJHU� ����P� VHTXHQFH� RI�0DDVWULFKWLDQ� VWUDWD�� /DWHUDOO\�� WKHVH� VLWHV� DUH� VFDWWHUHG�WKURXJKRXW������P��EXW�FDQ�EH�GLUHFWO\�FRUUHODWHG� LQ� WKH�EDGODQGV�RI� WKH�DUHD��7KXV��DOO� WKH�VLWHV�FRUUHVSRQG�WR�DSSUR[LPDWHO\�WKH�VDPH�WLPH�VSDQ��7KH�PDMRULW\�RI�WKH�VNHOHWDO�PDWHULDO�LV�IRXQG�VFDWWHUHG�LQ�IOXYLDO�VDQGVWRQHV��7KH� 6HUUDW� GHO� &RUE� VLWH� KDV� SURYLGHG� D� QHDUO\� FRPSOHWH� SHOYLV�� 7KH� LVFKLD� KDYH�ODPEHRVDXULQH�V\QDSRPRUSKLHV�VXFK�DV�D�´ERRWHGµ�GLVWDO�VKDIW�DQG�D�FDXGRGRUVDOO\�UHFXUYHG�LOLDF� SHGXQFOH�� 7KH� 0ROt� GHO� %DUy��� VLWH� KDV� \LHOGHG� DQ� LVFKLXP� WKDW� DOVR� VKRZV� D�FDXGRGRUVDOO\� UHFXUYHG� LOLDF�SHGXQFOH�� ,Q� WKH�(XURGD�1RUG�VLWH��DQ� LQFRPSOHWH�ULJKW�PD[LOOD�ZDV� UHFRYHUHG� VKRZLQJ� D� ZLGH� DQG� ORQJ� URVWURGRUVDO� SUHPD[LOODU\� VKHOI�� FKDUDFWHULVWLF� RI�/DPEHRVDXULQDH��7KH�DQDWRPLFDO�LQIRUPDWLRQ�GHULYHG�IURP�WKHVH�QHZ�PDWHULDOV�ZLOO�DOORZ�FRPSDULVRQV�ZLWK�WD[D� IURP�$VLD� DQG�1RUWK�$PHULFD�� 7KHVH� FRPSDULVRQV� DUH� FUXFLDO� LI� RQH� LV� WR� JDLQ� D�PRUH�FRPSOHWH� XQGHUVWDQGLQJ� RI� KDGURVDXULG� RULJLQV�� HYROXWLRQDU\� UHODWLRQVKLSV�� DQG� KLVWRULFDO�ELRJHRJUDSK\���

7KH�SDODHRELRJHRJUDSKLF�GLVWULEXWLRQ�RI�/LDVVLF�SOHVLRVDXUV�
)UDQ]LVND�*UR�PDQQ�

,QVWLWXW�IXHU�*HRZLVVHQVFKDIWHQ��6LJZDUWVWU������������7XHELQJHQ��*HUPDQ\�
�JURVVPDQQ�I#ZHE�GH���$OWKRXJK�WKHLU�UHPDLQV�GDWH�IURP�WKH�HDUO\�+HWWDQJLDQ�RU�5KDHWLDQ��6WRUUV�	��7D\ORU���������WKH� SOHVLRVDXUV� ZHUH� VRRQ� GLVSHUVHG� RYHU� WKH� HQWLUH� ZRUOG�� DV� $XVWUDOLDQ� SOHVLRVDXUV� RI�7RDUFLDQ� DJH� LQGLFDWH� �7KXOERUQ� 	� :DUUHQ�� ������� +RZHYHU�� WKH\� DUH� PRVW� DEXQGDQW� LQ�(XURSH��ZKLFK�ZDV�FRYHUHG�E\�D�VKDOORZ�HSLFRQWLQHQWDO�VHD�GXULQJ�WKH�/RZHU�-XUDVVLF��OHDYLQJ�RQO\�VRPH�VPDOO�LVODQGV��7KUHH�PDLQ�]RQHV�FDQ�EH�GLVWLQJXLVKHG�LQ�WKLV�DUHD��DQ�(QJOLVK�]RQH��D�1RUPDQ�%HQHOX[�DQG�D�*HUPDQ�]RQH��7KH�EHVW�DQG�PRVW�DEXQGDQW�GLVFRYHULHV�DUH�IURP�WKH�(QJOLVK� ]RQH�� IROORZHG� E\� WKH� 7RDUFLDQ� SOHVLRVDXUV� IURP� *HUPDQ\�� ,W� LV� UHPDUNDEOH� WKDW��DOWKRXJK� WKH� GLVWDQFH� EHWZHHQ� WKHVH� ]RQHV� LV� QRW� JUHDW�� DQG� WKHUH� DUH� QR� REYLRXV� EDUULHUV��VSHFLHV� VSHFLILFDWLRQ�� DQG� WR� D� VOLJKWO\� OHVVHU� H[WHQW� DOVR� JHQHULF� VSHFLILFDWLRQ�� LV� KLJK�� 1R�VSHFLHV�LV�IRXQG�LQ�PRUH�WKDQ�RQH�]RQH��DQG�RQO\�WKH�JHQXV�5KRPDOHRVDXUXV�LV�IRXQG�LQ�ERWK�WKH�(QJOLVK�DQG�WKH�*HUPDQ�]RQHV��+RZHYHU��WKH�IDXQDO�FRPSRVLWLRQ�LV�YHU\�VLPLODU�DW�IDPLO\�OHYHO��7KURXJKRXW�WKH�/LDVVLF��HODVPRVDXURLGV�DUH�IRXQG�LQ�DOO�]RQHV��ZKHUHDV�SOHVLRVDXURLGV�DUH� OHVV�DEXQGDQW� LQ�WKH�7RDUFLDQ� WKDQ� LQ�WKH�+HWWDQJLDQ�DQG�6LQHPXULDQ��DQG�FU\SWRFOLGLGV�KDYH�QRW�\HW�DSSHDUHG��$QG�DOWKRXJK�WKH�SOLRVDXURLG�VSHFLHV�LQ�WKH�(QJOLVK�DQG�*HUPDQ�]RQH�
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5HDVVHVVPHQW�RI�WKH�(QJOLVK�&UHWDFHRXV�LFKWK\RVDXU�3ODW\SWHU\JLXV�FDPS\ORGRQ�
%HQMDPLQ�3��.HDU K �DQG�3DXO�%DUUHWW L �M 6FKRRO�RI�(DUWK�DQG�(QYLURQPHQWDO�6FLHQFHV��8QLYHUVLW\�RI�$GHODLGH��$GHODLGH��6RXWK�

$XVWUDOLD������DQG�6RXWK�$XVWUDOLDQ�0XVHXP��1RUWK�7HUUDFH��$GHODLGH��6RXWK�$XVWUDOLD�
������NHDU�EHQ#VDXJRY�VD�JRY�DX��N 'HSDUWPHQW�RI�3DODHRQWRORJ\��1DWXUDO�+LVWRU\�0XVHXP��&URPZHOO�5RDG��/RQGRQ�6:���%'��
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'LQRVDXU�IRVVLOV�LQ�PDULQH�IDFLHV�IURP�$1$�ORFDOLW\��$UFLOODV�GH�0RUHOOD�
)RUPDWLRQ��$SWLDQ��/RZHU�&UHWDFHRXV��&LQFWRUUHV��6SDLQ��

0DLWH�6XxHU K ��&DUORV�6DQWLVWHEDQ K ��$QGUpV�6DQWRV�&XEHGR L � ± �DQG�$QJHO�*DOREDUW ± �M 'HSDUWDPHQW�GH�*HRORJLD��8QLYHUVLWDW�GH�9DOqQFLD��'U��0ROLQHU�����������%XUMDVVRW��
9DOqQFLD��6SDLQ��PDLWH�VXQ\HU#XY�HV��FDUORV�VDQWLVWHEDQ#XY�HV��N *UXS�*XL[��6DQWD�/XFtD�����������9LOD�UHDO��6SDLQ��7KH�$1$� VLWH�ZDV� GLVFRYHUHG� LQ� ������ EXW� LW� UHPDLQHG� XQH[FDYDWHG� XQWLO� ������ZKHQ� D�WHDP� RI� SDODHRQWRORJLVWV� IRUPHG� E\� PHPEHUV� RI� WKH� ,QVWLWXW� 3DOHRQWRORJtD� &UXVDIRQW� IURP�6DEDGHOO�DQG�WKH�*UXS�*XL[�IURP�9LOD�UHDO�XQHDUWKHG�WKH�ILUVW�IRVVLO�IURP�WKH�ORFDOLW\��1RZDGD\V� WKHUH� DUH� ���� IRVVLOV� FROOHFWHG�� LQFOXGLQJ� YHUWHEUDWH� DQG� LQYHUWHEUDWH� VSHFLHV��'LQRVDXU� ERQHV� �7KHURSRGD� DQG�2UQLWKRSRGD�� DUH� DEXQGDQW� LQ� WKLV� DVVHPEODJH�� 7KH� VLWH� LV�ORFDWHG�ZLWKLQ� WKH�$UFLOODV�GH�0RUHOOD�)RUPDWLRQ� �$SWLDQ��(DUO\�&UHWDFHRXV���7KLV�IRUPDWLRQ�FURSV�RXW� LQ�WKH�0DHVWUDW�%DVLQ��ORFDWHG�LQ�WKH�HDVWHUQ�SDUW�RI�WKH�,EHULDQ�ULIW�V\VWHP��,EHULDQ�
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2VWHRORJ\�DQG�SK\ORJHQHWLF�SRVLWLRQ�RI�$QRPRLRGRQ�OLOLHQVWHUQL��D�SURFRORSKRQLG�
UHSWLOH�IURP�WKH�0LGGOH�7ULDVVLF�%XQGVDQGVWHLQ�RI�*HUPDQ\�

/DXUD�.��6lLOl�
'HSDUWPHQW�RI�(DUWK�6FLHQFHV��8QLYHUVLW\�RI�%ULVWRO��:LOOV�0HPRULDO�%XLOGLQJ��4XHHQ·V�5RDG��
%ULVWRO��%6���-8��8.��/DXUD�6DLOD#EULVWRO�DF�XN���3URFRORSKRQRLGV�DUH�VPDOO� WR�PHGLXP�VL]HG�3HUPR�7ULDVVLF�SDUDUHSWLOHV��DQG�VHYHUDO� WD[D�KDYH�ELRVWUDWLJUDSKLF�SRWHQWLDO��7KH�SURFRORSKRQLG� UHSWLOH�$QRPRLRGRQ� OLOLHQVWHUQL�� IURP� WKH�0LGGOH�7ULDVVLF�RI�*HUPDQ\�� LV� UHSUHVHQWHG�E\� WZR�FORVHO\�DVVRFLDWHG�VNHOHWRQV�SUHVHUYHG�DV�QDWXUDO�PRXOGV� LQ� VDQGVWRQH�� 7KHVH� VNHOHWRQV� ZHUH� GHVFULEHG� IURP� SODVWHU� FDVWV�ZLWK� OLWWOH�GHWDLO� �+XHQH�� ������ DQG� VXEVHTXHQWO\� WKH� PRXOGV� ZHUH� PLVSODFHG�� 7KLV� ZDV� XQIRUWXQDWH�EHFDXVH�LQWHUHVW� LQ�$QRPRLRGRQ�ZDV� UHQHZHG�DIWHU�VXJJHVWLRQV�WKDW� LW� LV� WKH�VHQLRU�V\QRQ\P�RI�.DSHV��6SHQFHU�	�6WRUUV���������.DSHV�LV�NQRZQ�IURP�WKH�7ULDVVLF�RI�5XVVLD�DQG�WKH�8QLWHG�.LQJGRP��ZKHUH�LW�KDV�EHHQ�XVHG�DV�DQ�LQIRUPDO�LQGH[�WD[RQ��1RYLNRY�	�6XHV��������6SHQFHU�	�6WRUUV���������)RUWXQDWHO\��WKH�RULJLQDO�VSHFLPHQV�RI�$QRPRLRGRQ�UHVXUIDFHG�UHFHQWO\��1HZ�VLOLFRQH� UXEEHU� FDVWV� UHYHDO� WKH� DQDWRP\� RI� $QRPRLRGRQ� LQ� PRUH� GHWDLO� DQG� DOORZ� D�FRPSUHKHQVLYH�FRPSDULVRQ�ZLWK�.DSHV��7KH� WZR� VSHFLPHQV� RI� $QRPRLRGRQ� PHDVXUH� DERXW� ���� PP� IURP� VQRXW� WR� WDLO�� 6HYHUDO�FUDQLDO�VXWXUHV��WRJHWKHU�ZLWK�GHWDLOV�RI�WKH�GHQWLWLRQ�DQG�WKH�SRVWFUDQLDO�VNHOHWRQ�FDQ�EH�VHHQ��

$QRPRLRGRQ� VKDUHV�QXPHURXV� IHDWXUHV�ZLWK�.DSHV�� LQFOXGLQJ� WKH�JHQHUDO�VKDSH�RI� WKH�VNXOO��SRVWHULRUO\� LQFUHDVLQJ� VL]H� DQG� KHLJKW� RI� WKH� PDUJLQDO� GHQWLWLRQ� DQG� WKH� VKDSHV� RI� WKH�SUHIURQWDO�ERQH�� WKH� LQWHUSWHU\JRLG�YDFXLW\�DQG� WKH�GRUVDO�YHUWHEUDH��$QRPRLRGRQ� DQG�.DSHV�IRUP�D�VLVWHU�JURXS�UHODWLRQVKLS�LQ�P\�SK\ORJHQHWLF�DQDO\VLV�RI�WKH�3URFRORSKRQRLGHD��7KXV�D�FORVH�UHODWLRQVKLS��RU�LQGHHG�V\QRQ\P\��LV�D�UHDO�FRQVLGHUDWLRQ��,Q�DGGLWLRQ��UH�H[DPLQDWLRQ�RI�DOO�VXJJHVWHG�VSHFLHV�RI�.DSHV�LV�XQGHUWDNHQ�WR�YHULI\�LWV�DEXQGDQFH�LQ�5XVVLD�DQG�UHODWLRQVKLS�ZLWK�$QRPRLRGRQ���
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3DODUFK��1HWKHUODQGV�VFLHQWLILF�MRXUQDO�
$QGUH�9HOGPHLMHU�DQG�+DQQHNH�0HLMHU��SUHVHQWHG�E\�1DWDVMD�GHQ�2XGHQ��
0DQ\�ZHOO�NQRZQ�PDLQ�VWUHDP�MRXUQDOV�DUH�RIWHQ�RQO\�LQWHUHVWHG�LQ�SXEOLVKLQJ�SLRQHHULQJ�UHVHDUFK�� ,W� RIWHQ� SURYHV� GLIILFXOW� WR� SXEOLVK� RQJRLQJ� UHVHDUFK� RI� OHVV� SLRQHHULQJ�� EXW�QHYHUWKHOHVV�� LPSRUWDQW� ZRUN� LQ� D� MRXUQDO� WKDW� LV� ZLGHO\� DFFHVVLEOH�� )XUWKHUPRUH�� WKHUH� DUH�OLPLWV� WR� FRQYHQWLRQDO� SXEOLVKLQJ�� VXFK� DV� WKH� QXPEHU� RI� ZRUGV�� LOOXVWUDWLRQV�� DQG� FRORXU�SKRWRJUDSKV��$OVR��RIWHQ�WKH�SXEOLFDWLRQ�WLPHVFDOH�LV�H[WUHPHO\�ORQJ��7KH�3DO$UFK�)RXQGDWLRQ�DLPV�WR�RIIHU�DQ�DOWHUQDWLYH�WR�VXFK�WUDGLWLRQDO�RXWOHWV��:RUN� LQ� WKH� ILHOG� RI� YHUWHEUDWH� SDODHRQWRORJ\� LV� DFFHSWHG� IURP� �VHPL�SURIHVVLRQDOV� RI� DOO�QDWLRQDOLWLHV�� $� KLJK� VFLHQWLILF� VWDQGDUG� LV� JXDUDQWHHG� E\� SHHU� UHYLHZ� E\� WKH� LQWHUQDWLRQDO�HGLWRULDO�ERDUG��3DSHUV�DV�ZHOO�DV�ERRN�UHYLHZV�DUH�IUHH�WR�GRZQORDG�DV�3')�ILOHV��WKHUH�LV�QR�VXEVFULSWLRQ�IHH��$IWHU�WKUHH�PRQWKV�\RX�FDQ�RUGHU�WKH�SXEOLFDWLRQV�ZKLFK�ZLOO�EH�VHQW�IUHH�DV�HPDLO�DWWDFKPHQWV��3DO$UFK·V� -RXUQDO� RI� 9HUWHEUDWH� 3DODHRQWRORJ\� RIIHUV� D� IDVW� WXUQDURXQG� RI� SXEOLFDWLRQ��W\SLFDOO\� ZLWKLQ� ���� PRQWKV�� ZLWKRXW� OLPLWV� WR� VL]H� RU� QXPEHU� RI� LOOXVWUDWLRQV�� :H� RIIHU� D�SODWIRUP� IRU� WKH� SXEOLFDWLRQ� RI� SDSHUV�� VXSSOHPHQWV� HWF�� DQG� DUH� HVSHFLDOO\� VXLWHG� WR�VXEPLVVLRQV�ZLWK�YDVW�QXPEHUV�RI�GDWD�DQG�FDWDORJXHV�ZKLFK�FDQ�EH�SXEOLVKHG�RQ�RXU�,PDJH�&'��<RX�FDQ�ILQG�LQIRUPDWLRQ�RQ�SXEOLVKLQJ�LQ�3DO$UFK·V�-RXUQDO�RI�9HUWHEUDWH�3DODHRQWRORJ\��ZKLFK� LV� RQO\� RQH� RI� RXU� MRXUQDOV�� RQ� RXU�ZHEVLWH�ZZZ�SDODUFK�QO��2XU�)RXQGDWLRQ� LV�QRQ�FRPPHUFLDO�ZLWK� WKH�SULPDU\�JRDO� WR�VWLPXODWH�VFLHQWLILF� UHVHDUFK��SURYRNLQJ�DQG�HQKDQFLQJ�LQWHUDFWLRQ� DQG� VFLHQWLILF� GLVFXVVLRQ�� 'R� QRW� KHVLWDWH� WR� FRQWDFW� XV� ZLWK� LGHDV�� UHPDUNV��TXHVWLRQV�RU�\RXU�VXEPLVVLRQ���

(YLGHQFH�IRU�ELJ�VDXURSRGV�DQG�GURPDHRVDXULG�WKHURSRGV�IURP�D�QHZ�
0DDVWULFKWLDQ�ORFDOLW\�LQ�WKH�VRXWKHUQ�3\UHQHHV�

%HUQDW�9LOD K6� L ��%HJRxD�3R]D L ��­QJHO�*DOREDUW K ��-RVHS�0DUPL L �DQG�-RVHS�)RUWXQ\ K �M ,QVWLWXW�&DWDOj�GH�3DOHRQWRORJLD��&��(VFROD�,QGXVWULDO������(�������6DEDGHOO��%DUFHORQD��
6SDLQ��$QJHO�*DOREDUW#LFS�FDW��%HUQDW�9LOD#LFS�FDW��-RVHS�IRUWXQ\#LFS�FDW��N &RQVRUFL�5XWD�0LQHUD��&DUUHWHUD�GH�5LEHV�������������&HUFV��%DUFHORQD��6SDLQ�
�MPDUPL#KRWPDLO�FRP���6DXURSRG�DQG�WKHURSRG�GLQRVDXUV�SUREDEO\�H[KLELW�RQH�RI�WKH�VFDUFHVW�IRVVLO�UHFRUGV�LQ�WKH�/DWH� &UHWDFHRXV� RI� WKH� 3\UHQHHV� LQ� FRQWUDVW� WR� WKH� JUHDW� DEXQGDQFH� RI� KDGURVDXU� IRVVLOV��5HFHQW� H[FDYDWLRQV� RI� D� QHZ� 0DDVWULFKWLDQ� YHUWHEUDWH� ORFDOLW\� DW� WKH� 7UHPS� )RUPDWLRQ�GHSRVLWV� IURP�9DOOFHEUH� V\QFOLQH� �&DWDORQLD�� VRXWKHUQ�3\UHQHHV�� EULQJ�QHZ�GDWD�DERXW� WKHVH�WD[D�� )RVVLOV� IURP� 3HJXHUD��� ORFDOLW\� LQFOXGH� GLVDUWLFXODWHG� IRUH� DQG� KLQG�OLPE� ERQHV� RI� D�VDXURSRG�� WKHURSRG� DQG� FURFRGLOH� WRRWK�� DQG� HJJVKHOO� IUDJPHQWV�� 7KH\� DUH� DVVRFLDWHG� ZLWK�IHUUXJLQRXV�FRQFUHWLRQV��DEXQGDQW�URRW�WUDFHV�DQG�VFDWWHUHG�ERQHV��6DXURSRG�KXPHUL�DQG�IHPRUD��ZKLFK�XVXDOO\�ODFN�HSLSK\VLV�HQGV��KDYH�DQ�HVWLPDWHG�WRWDO�OHQJWK� RI� ���� DQG� ���� FP�� UHVSHFWLYHO\�� 7KLV� FOHDUO\� LQGLFDWHV� D� ODUJH�VL]HG� VDXURSRG�� LQ�DJUHHPHQW� ZLWK� KLS� KHLJKW� HVWLPDWLRQV� ��������� FP�� IURP� WKH� QHDUE\� )XPDQ\D� WLWDQRVDXU�WUDFN�UHFRUG��7KH�DOPRVW�WKLUW\�VPDOO�DQG�VHUUDWHG�WKHURSRG�WHHWK�DVVRFLDWHG�ZLWK�VDXURSRG�ERQH�OLPEV�LQFOXGH�YDULRXV�PRUSKRW\SHV�ZLWK�OLNHO\�GURPDHRVDXULG�DIILQLWLHV��)LQDOO\��WKH�VFDUFH�HJJVKHOO�IUDJPHQWV�EHORQJ�WR�0HJDORROLWKXV�VLUXJXHL�RRVSHFLHV��6DXURSRGV�ERQHV�DQG�WUDFNV�IURP�3HJXHUD�DQG�)XPDQ\D�ORFDOLWLHV�SURYH�WKH�RFFXUUHQFH�RI�ELJ� WLWDQRVDXUV� LQ�/DWH�&UHWDFHRXV�HQYLURQPHQWV�RI�6RXWKHUQ�(XURSH�DQG�EULQJ�QHZ�GDWD�RQ�VDXURSRG� GLYHUVLW\� LQ� VRXWKHUQ� 3\UHQHHV� EDVLQV�ZKHUH� YDULRXV� VSHFLHV�PD\�KDYH� H[LVWHG�� ,Q�DGGLWLRQ�� WKHURSRG� �"GURPDHRVDXULG�� WHHWK� UHSUHVHQW� WKH� ILUVW� GDWD� RI� WKLV� JURXS� LQ� WKH� HDUO\�0DDVWULFKWLDQ�RI�WKH�9DOOFHEUH�V\QFOLQH��
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,VRODWLQJ�IXQFWLRQDO�GHJUHHV�RI�IUHHGRP�LQ�OLPEV�GXULQJ�ORFRPRWLRQ�
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Stephen Wroe University of New South Wales, Computational Biomechanics Research 
Group, School of Biological Sciences, New South Wales 2052, Australia   
(s.wroe@unsw.edu.au) 

Derek W Yalden University of Manchester, Department of Biological Sciences, 3 239 Stopford 
Bldg, Manchester M13 9PT, England   (d.w.yalden@manchester.ac.uk) 

Sally Young The Natural History Museum, Department of Palaeontology, Cromwell Road, 
London SW7 5BD, England   (s.young@nhm.ac.uk) 

Mark Young The Natural History Museum, Department of Palaeontology, Cromwell Road, 
London SW7 5BD, England   (mark_t_young@hotmail.com) 
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 633&�PRUQLQJ�VHVVLRQ�  

10:00-12:00 Tours of new Hunterian and Kelvingrove Museum vertebrate palaeontological displays 

 Creating the vertebrate palaeontological 
displays for the Kelvingrove Museum. 

John-Paul Sumner 

12:00-13:00 Practical demonstration of historical glue-
making, and implications for conservation. 

Leslie F. Noè 

 633&�7DONV�  

 Session 2 - Chair: Richard Forrest  

14:00-14:20 The Rather Naive Idea of Forming a Museum 
on the Jurassic Coast 

Steve Etches 

14:20-14:40 Fake Rock, Real Sand: The making of the 
exhibition ‘Sahara - living desert’ 

Michaela Forthuber 

14:40-15:00 The virtual and physical preparation of the 
Collard Plesiosaur 

Nigel R. Larkin 

15:00-15:30 Coffee  
 

Session 3 - Chair: Leslie Noè 
 

15:30-15:50 Palaeontological preservation with 21st 
century documentation: using photogrammetry 
to produce highly detailed 3D image models 

Neffra A. Matthews and Brent H. Breithaupt 

15:50-16:10 The Good, The Bad  and  The Ugly: 
Preparation from the Wild West 

Cindy Howells 

16:10-16:30 Emergency remedial conservation of 
homeless mammoth material 

Emma-Louise Nicholls 

Evening Icebreaker in Zoology Museum (including JFMF charity auction) 

 

693&$�6HVVLRQV�
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09:00-09:10 Welcome from Ewen Smith, Director of the Hunterian Museum 
 Session 1 - Chair: Jon Jeffery  

09:10-09:30 Segmental identity within the vertebral column: 
what can fossils tell us? 

Zerina Johanson, Robert Carr and Alex 
Ritchie 

09:30-09:50 Muscling in on Placoderms Kate Trinajstic, Carina Marshall, John Long 
and Kat Bifield 

09:50-10:10 The contribution of placoderms to our 
understanding of the ontogeny and evolution 
of early gnathostomes 

Robert K. Carr, Zerina Johanson, Alex 
Ritchie, Hervé Lelièvre and Daniel Goujet 

10:10-10:30 Using sharks as indicators of trophic structure 
within ‘mid’ Cretaceous watermasses 

Emma-Louise Nicholls 

10:30-11:00 Coffee  
�
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 Session 2 - Chair: Marcello Ruta  

11:00-11:20 New insights on the Upper Cretaceous 
pachycormid ‘Protosphyraena’ gladius 
(Actinopterygii: Teleostei) from North America 

Matt Friedman, Kenshu Shamida and 
Anthony Maltese 

11:20-11:40 Hyomandibulae of Rhizodontids 
(Sarcopterygii, Stem-Tetrapoda) 

Jonathan E. Jeffery and Martin D. Brazeau 

11:40-12:00 The pectoral fin of the near-tetrapod 
Panderichthys rhombolepis 

Catherine A. Boisvert and Per Erik Ahlberg 

12:00-12:20 Tales from the ‘Leeds Collection’ – a unique 
palaeontological and archival resource 

Leslie F. Noè and Jeff J. Liston 

12:20-14:00 Group photograph, then break for lunch 
 Session 3 - Chair: Matt Friedman  

14:00-14:20 Calibrated diversity, tree topology and the 
mother of mass extinctions: the lesson of 
temnospondyls 

Marcello Ruta and Michael J. Benton 

14:20-14:40 Isolated bones versus articulated skeletons: 
the problem of parataxonomy in fossil 
squamates 

Alexandra Houssaye and Jean-Claude Rage 

14:40-15:00 All at Sea: Late Jurassic Testudines from 
Europe 

Sarah Fielding 

15:00-15:20 Skull joints in Sphenodon and other 
Rhynchocephalia (Diapsida: Lepidosauria) 

Marc E. H. Jones 

15:20-15:40 New Discoveries from Bearsden: Reassessing 
the Early Record of Post-Devonian Fishes 

Michael I. Coates, Patrick Gavin and Neil D. 
L. Clark. 

15:40-16:00 Coffee  
 Session 4 - Chair: Mark Evans  

16:00-16:20 A Taxonomic Tale: What exactly are 
Metriorhynchus and Geosaurus? 

Mark Young 

16:20-16:40 The specialized dentition of derived 
notosuchians (Crurotarsi: Mesoeucrocodylia) 

Marco Brandalise de Andrade and Reinaldo 
J. Bertini 

16:40-17:00 Mass extinction of tetrapods at the Permo-
Triassic boundary in Russia 

Michael J. Benton, Richard J. Twitchett, Tim 
Kearsey, Andrew J. Newell, Marcello Ruta, 
Mikhail V.Surkov, Graeme Taylor and 
Valentin P. Tverdokhlebov 

17:00-17:20 A new global phylogeny of Plesiosauria 
(Reptilia: Sauropterygia) 

Hilary Ketchum 

Evening Lord Provost's Civic Reception  

7KXUVGD\���WK�$XJXVW�
 Session 1 - Chair: Richard Forrest  

08:30-08:50 A skeletal reconstruction of Rhomaleosaurus 
and the systematics of pliosaurs 

Adam Stuart Smith 

08:50-09:10 A nearly complete elasmosaur from the Late 
Cretaceous Bearpaw Formation of Alberta, 
Canada 

Donald M. Henderson 

09:10-09:30 Osteological redescription, and taxonomic and 
phylogenetic position of ‘Plesiosaurus’ 
macrocephalus, specimen NHM 49202, from 
the Lias of England 

Peggy Vincent 

09:30-09:50 Processes and flanges: the evolution of the 
plesiosaur braincase and posterior palate 

Mark Evans 

9:50-10:10 Coffee  
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 Session 2 - Chair: Mike Coates  

10:10-10:30 Further evidence for a broad forewing in 
pterosaurs 

David M. Unwin, Matthew Wilkinson, Lü 
Jungchang and Natalie Bakhurina 

10:30-10:50 Cope’s Rule in Mesozoic Archosaurs David W.E. Hone 
10:50-11:10 Mesozoic dinosaur diversity: taxic, 

phylogenetic and sampling approaches 
Paul M. Barrett, Victoria Page and Alistair 
McGowan 

11:10-11:30 Vertebrate Palaeontology of the Kem Kem 
Beds, Morocco  and  Palaeoecology of North 
Africa 

Nizar Ibrahim, Lahssen Baider, Gareth Dyke, 
Nour-Eddine Jalil, Fouad Ouanaimi, 
Remmert Schouten and Samir Zouhri 

11:30-11:50 3D imaging of enigmatic tiny eggs with 
embryos from the Lower Cretaceous of 
Thailand using phase contrast X-ray 
synchrotron microtomography 

Vincent Fernandez Paul Tafforeau and Eric 
Buffetaut 

11:50-13:30 Lunch  
 Session 3 - Chair: Brent Breithaupt  

13:30-13:50 Basal tyrannosauroids: a new theropod 
dinosaur from the Kimmeridge Clay (Late 
Jurassic: Tithonian) of Dorset, UK 
representing a large-bodied species of the 
North American genus Stokesosaurus 

Roger B. J. Benson 

13:50-14:10 The large theropods Becklespinax and 
Valdoraptor from the Lower Cretaceous of 
England 

Darren Naish 

14:10-14:30 Redescription of Neovenator salerii 
(Dinosauria: Theropoda) and its implications 
for theropod evolution and phylogeny 

Stephen L. Brusatte, Roger B. J. Benson and 
Stephen Hutt 

14:30-14:50 Scaling bite force in predatory tetrapods: bite 
force is proportional to body mass2/3 

Manabu Sakamoto 

14:50-15:10 Dryosaurus lettowvorbecki – First Results of a 
Paleobiological Study 

Tom Hübner 

15:10-15:40 Coffee  
15:40-16:30 Plenary on SVP 2009  
Evening Whisky-tasting with Dr. Jim Hansom at the Hunterian Museum, including a short introduction 

to William Hunter's fossil vertebrate collection. 

)ULGD\���VW�$XJXVW�
 Session 1 - Chair: Darren Naish  

09:10-09:30 Wading across the pond: a photogrammetric, 
spatial, and morphological comparison of 
Middle Jurassic dinosaur tracks from North 
America and the United Kingdom 

Neffra A. Matthews and Brent H. Breithaupt 

09:30-09:50 Growing up in the Middle Jurassic: 
ichnological evidence for family groups of 
theropods in Wyoming; comparison of 
footprints and growth rates of emus and 
dinosaurs 

Brent H. Breithaupt, Neffra A. Matthews and 
Todd L. Green 

09:50-10:10 Kinematic Constraints on the Reconstruction 
of Dinosaur Gaits 

Kent A. Stevens and Eric D. Wills, 

10:10-10:30 Euhelopus zdanksyi and its bearing on the 
evolution of East Asian sauropod dinosaurs 

Paul Upchurch and Jeffrey A. Wilson 

10:30-11:00 Coffee  
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 Session 2 - Chair: Jerry Hooker  

11:00-11:20 Palaeoenvironmental controls on the 
distribution of Cretaceous herbivorous 
dinosaurs 

Richard J. Butler, Paul M. Barrett, Paul 
Kenrick and Malcolm G. Penn 

11:20-11:40 The ceratopsian dinosaur Psittacosaurus in 
Southeast Asia : a review of old and new finds 

Eric Buffetaut, 9DUDYXGK�6XWHHWKRUQ ò �DQG�6DVLGKRUQ�.KDQVXEKD 
11:40-12:00 Wise as an owl – 147 million years of avian 

brain evolution 
Stig A. Walsh and Angela C. Milner 

12:00-12:20 And yet it does replace? Some new thoughts 
on the diversity and tooth replacement in the 
Mesozoic mammal Morganucodon watsoni 

Felix Marx and Pam Gil 
 
 

12:20-12:40 Developmental modularity and the marsupial-
placental dichotomy 

Anjali Goswami, Vera Weisbecker and 
Marcello R. Sánchez-Villagra 

12:40-14:00 Lunch  
 Session 3 - Chair: Anjali Goswami  

14:00-14:20 Computer simulation of feeding behaviour in 
marsupial and placental carnivores 

Stephen Wroe, Philip Clausen, Colin 
McHenry and Karen Moreno 

14:20-14:40 A new primate clade from the European 
Eocene 

J.J. Hooker and David L. Harrison 

14:40-15:00 Morphology and the Afrotheria Robert J. Asher 
15:00-15:20 Craniodental and postcranial morphology of a 

primitive hyracoid (Mammalia, Paenungulata) 
from the early Priabonian (late Eocene) of 
Egypt 

Eugenie C. Barrow, Erik R. Seiffert and 
Elwyn L. Simons 

   
 Session 4 - Chair: Tom Kemp  
15:40-16:00 Dietary change in a plant eating mammal 

across the Eocene/Oligocene transition 
Sarah C. Joomun, Jerry J. Hooker and 
Margaret E. Collinson 

16:00-16:20 Brain size and insular dwarfism: a case study 
of the extinct dwarf hippopotamuses from 
Madagascar 

Eleanor M. Weston and Adrian M. Lister 

16:20-16:40 Comparative Ontogenetic Analysis of Extant 
Rhinos and Teleoceras major, a North 
American Rhino 

Mark D. Hagge 

16:40-16:50 Ten minutes on Field Trip and Annual Dinner  
Evening Annual Symposium dinner (Arisaig)  

6DWXUGD\��VW�6HSWHPEHU�
 Field Trip  
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2006 - Paris (Ecole Nationale des Mines) 1979 - Oxford 
2005 - London (NHM) 1978 - Reading 
2004 - Leicester (Univ./New Walk Museum) 1977 - Newcastle upon Tyne 
2003 - Oxford (Univ. Mus. Natural History) 1976 - London (University College) 
2002 - Cambridge (Sedgwick Museum) 1975 - Edinburgh (Royal Scottish Museum) 
2001 - York (Yorkshire Museum) 1974 - Manchester 
2000 - Portsmouth 1973 - Leeds 
1999 - Edinburgh (Nat. Mus. of Scotland) 1972 - London (BMNH/Royal Holloway) 
1998 - Bournemouth 1971 - Bristol 
1997 - Derby 1970 - Cambridge 
1996 - London (University College) 1969 - Newcastle upon Tyne 
1995 - Newcastle upon Tyne (Dental School) 1968 - Reading 
1994 - Le Havre 1967 - London (Queen Elizabeth College) 
1993 - Cambridge (Univ. Mus. Zoology.) 1966 - Edinburgh (Royal Scottish Museum) 
1992 - Bristol 1965 - London (Royal Holloway) 
1991 - Oxford 1964 - Bristol 
1990 - Milton Keynes (Open University) 1963 - Cambridge 
1989 - Leicester 1962 - Newcastle upon Tyne 
1988 - Boulogne sur Mer 1961 - London (University College) 
1987 - London (BMNH) 1960 - Oxford 
1986 - Belfast (Queen’s) 1959 - London (Royal Holloway) 
1985 - Manchester 1958 - Bristol 
1984 - London (University College) 1957 - Cambridge 
1983 - Bristol 1956 - Newcastle upon Tyne 
1982 - Cambridge 1955 - Oxford 
1981 - Cardiff 1954 - London (University College) 
1980 - Kingston upon Thames 1953 - Cambridge 
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