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INTRODUCTION

7KH�%DONDQ�3HQLQVXOD�LV�IORULVWLFDOO\�RQH�RI�WKH�PRVW�GL#
YHUVH�SDUWV�RI�(XURSH��7XUULOO��������3ROXQLQ��������6WHYDQRYLü��
�������$W�WKH�VDPH�WLPH��WKH�%DONDQ�3HQLQVXOD�LV�NQRZQ�DV�D�
PDMRU�JODFLDO�UHIXJLXP�IRU�WHPSHUDWH�SODQW�VSHFLHV��D�UHJLRQ�
ZKLFK�ZDV�D�VRXUFH�DUHD�IRU�SRVW�JODFLDO�QRUWKZDUG�UDQJH�H[#
SDQVLRQ��H�J���7DEHUOHW�	�DO���������,EUDKLP�	�DO���������&RPHV�
	�.DGHUHLW��������+HZLWW��������������+DPSH�	�DO���������
3HWLW�	�DO���������(DVWZRRG��������7]HGDNLV��������0pGDLO�
	�'LDGHPD��������6XULQD�	�DO����������1HYHUWKHOHVV��GHWDLOHG�
SK\ORJHRJUDSKLF�DQG�PROHFXODU�V\VWHPDWLF�VWXGLHV�LQ�WKH�%DO#
NDQV�DUH�VWLOO�UDUH�FRPSDUHG�WR�WKRVH�RI�FRPSDUDEOH�(XURSHDQ�
UHIXJLDO�UHJLRQV��DQG�WKH�VDPSOLQJ�LV�XVXDOO\�UHODWLYHO\�VSDUVH��
([FHSWLRQV�LQFOXGH�VWXGLHV�RQ�!"#$"%&'()/���%UDVVLFDFHDH��
3HUQê�	�DO���������/DNXãLü�	�DO��"������.XþHUD�	�DO���������
�������*(+&,-.(#%")�5FKE���5FKE���&DU\RSK\OODFHDH��)UDMPDQ�
	�2[HOPDQ���������LVRSK\OORXV�!"%."'/+")/��VSHFLHV��&DP#
SDQXODFHDH�� .RYDþLü�� ������ 3DUN� 	� DO��� ������� 0$#"&"'1
23/-)'&���&DPSDQXODFHDH��6WHIDQRYLü�	�DO���������/DNXãLü�

	� DO��� ������ 6XULQD�	� DO��� ������ �������4-5'(/%"�*ULVHE��
	�6FKHQN���&DPSDQXO�DFHDH��)UDMPDQ�	�6FKQHHZHLVV��������
6WHIDQRYLü�	�/DNXãLü���������4'$#,-"6()/��VHFW��4#(2&")�/���
:�'�-��.RFK� �3ULPXO�DFHDH�� 6FK|QVZHWWHU�	� 6FKQHHZHLVV��
�������7',-%"�/���%RUDJLQDFHDH��.RODUþLN�	�DO���������DQG�
8&%,'&/%�0LOO���3OXPEDJLQDFHDH��%RJGDQRYLü���������$V�HYL#
GHQW�IURP�WKHVH�VWXGLHV��PROHFXODU�GDWD��ZKHQ�DYDLODEOH��FRQ#
WULEXWH�VLJQLILFDQWO\�WR�D�EHWWHU�XQGHUVWDQGLQJ�RI�UHODWLRQVKLSV�
RI�WKH�%DONDQV�IORUD�DQG�WR�D�VRXQGHU�DVVHVVPHQW�RI�VSHFLHV�
GLYHUVLW\�LQ�JURXSV�ZLWK�SRRUO\�NQRZQ�WD[D�

6HYHUDO�RI�WKRVH�XQGHULQYHVWLJDWHG�JURXSV�RI�VSHFLHV�EH#
ORQJ�WR�!"%."'/+"�/���³EHOOIORZHUV´��OLQHDJHV�HQGHPLF�WR�
WKH�%DONDQV��:LWK�PRUH�WKDQ�����VSHFLHV�GLVWULEXWHG�PDLQO\�
LQ�H[WUD�WURSLFDO�DUHDV�RI�WKH�1RUWKHUQ�+HPLVSKHUH��WKLV�JHQXV�
LV�WKH�ODUJHVW�ZLWKLQ�&DPSDQXODFHDH��0HXVHO�	�-lJHU��������
6KXONLQD�	�DO����������7KH�0HGLWHUUDQHDQ�UHJLRQ��ZKHUH�FD��
����VSHFLHV�RFFXU��UHSUHVHQWV�D�PDMRU�FHQWHU�RI�GLYHUVLW\�RI�
!"%."'/+"��*HVORW���������DQG�WKHUH�DUH�DW�OHDVW����WD[D�GH#
VFULEHG�IURP�WKH�FLUFXP�$GULDWLF�DQG�ZHVW�%DONDQV�UHJLRQV�
�.RYDþLü��������
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Abstract 7KH�!"%."'/+").5#"%&$"+&-�FRPSOH[�LV�D�JURXS�RI�FORVHO\�UHODWHG�WD[D�ZLWK�D�GLVWULEXWLRQ�DFURVV�WKH�%DONDQV��IURP�
WKH�*XOI�RI�7ULHVWH�LQ�WKH�QRUWK�WR�WKH�3HORSRQQHVH�3HQLQVXOD�LQ�WKH�VRXWK��ZLWK�VPDOO�GLVMXQFW�SDUWV�RI�WKH�UDQJH�LQ�WKH�VRXWK�
$SHQQLQHV��$OWKRXJK����WD[D�ZHUH�GHVFULEHG�ZLWKLQ�WKLV�FRPSOH[��RQO\�WKUHH��&��S\UDPLGDOLV�)&��YHUVLFRORU�)DQG�&��VHFXQGL1
>+,#"�)KDYH�EHHQ�JHQHUDOO\�DFFHSWHG�LQ�UHFHQW�V\QRSWLFDO�WD[RQRPLF�WUHDWPHQWV��2XU�PROHFXODU�SK\ORJHQHWLF�DQDO\VHV�EDVHG�
RQ�VHTXHQFHV�RI�WKUHH�QRQ�FRGLQJ�FKORURSODVW�UHJLRQV��.-I412#'*�).-IJ12#'>K�)2#';12#'H��DV�ZHOO�DV�RI�QXFOHDU�ULERVRPDO�
LQWHUQDO�WUDQVFULEHG�VSDFHUV��QU,76���OHQG�VWURQJ�VXSSRUW�WR�WKH�UHFRJQLWLRQ�RI�VHYHUDO�OLQHDJHV�ZKLFK�RQO\�SDUWLDOO\�FRUUHVSRQG�
WR�JHQHUDOO\�DFFHSWHG�WD[RQRPLF�FRQFHSWV��0ROHFXODU�GDWD�SUHVHQWHG�LQ�WKLV�VWXG\�VKRZHG�WKDW�&��S\UDPLGDOLV�LV�D�SRO\SK\OHWLF�
DVVHPEODJH�WKDW�VHJUHJDWHV�LQWR�WKUHH�GLVWLQFW�OLQHDJHV��RQH�RI�ZKLFK�LV�GHVFULEHG�KHUH�DV�D�QHZ�VSHFLHV��&��DXVWURDGULDWLFD�VS��
QRY�)7KH�OHFWRW\SH�RI�&��S\UDPLGDOLV��UHGHILQHG�LQ�D�VWULFW�VHQVH��LV�GHVLJQDWHG��1HLWKHU�&��YHUVLFRORU�QRU�&��VHFXQGLIORUD�ZHUH�
IRXQG�WR�EH�VWULFWO\�PRQRSK\OHWLF��EXW�WKHLU�PRQRSK\O\�FRXOG�QRW�EH�UHMHFWHG��0RUSKRORJLFDO�DQG�ELRJHRJUDSKLFDO�LPSOLFDWLRQV�
DUH�GLVFXVVHG�
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Supplementary Material 7KH�(OHFWURQLF�6XSSOHPHQW��)LJV��6�±6���DQG�WKH�DOLJQPHQW�ILOHV�DUH�DYDLODEOH�LQ�WKH�6XSSOHPHQWDU\�
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5HFHLYHG����$XJ��������UHYLVLRQ�UHFHLYHG�����-DQ��������DFFHSWHG����0DU������
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'XULQJ�WKH�ODVW�WZR�FHQWXULHV��PDQ\�DXWKRUV�WULHG�WR�GHYHORS�
D�ZRUNDEOH�FODVVLILFDWLRQ�RI�WKLV�ODUJH�JHQXV��H�J���&DQGROOH��������
%RLVVLHU��������1\PDQ������±������ -DQFKHQ��������*DGHOOD��
����������D��E��&RQWDQGULRSRXORV��������.RODNRYVN\��������EXW�
QRQH�RI�WKHVH�V\VWHPV�VHHPHG�WR�EH�VXFFHVVIXOO\�SUHGLFWLYH�RI�
SK\ORJHQHWLF�UHODWLRQVKLSV��3DUN�	�DO����������6XFK�FODVVLILFD#
WLRQV�ZHUH�EDVHG�RQ�PRUSKRORJLFDO�FKDUDFWHUV�SDUWO\�UHILQHG�E\�
NDU\RORJLFDO�GDWD��+RZHYHU��WKH�HYROXWLRQ�RI�PRUSKRORJLFDO�DQG�
NDU\RORJLFDO�FKDUDFWHUV��DQG�SRVVLEOH�SUREOHPV�ZLWK�UDPSDQW�
KRPRSODV\�IRU�ERWK�GDWD�W\SHV��DUH�SRRUO\�XQGHUVWRRG�LQ�WKH�
&DPSDQXODFHDH�DV�D�ZKROH��$FURVV�WKH�IDPLO\��FKURPRVRPH�
QXPEHUV��'��UDQJH�IURP�'� ���WR�'� �����ZLWK�WKH�ODWWHU�EHLQJ�WKH�
PRVW�FRPPRQ��/DPPHUV���������&KURPRVRPH�FRXQWV�DUH�DYDLO#
DEOH�IRU�����RXW�RI�FD������VSHFLHV�RI�!"%."'/+"��DQG�'� ����KDV�
EHHQ�IRXQG�LQ�����RI�WKH�LQYHVWLJDWHG�FDVHV��/DPPHUV���������
)RU�WKH�VSHFLHV�IURP�WKH�%DONDQV�DQG�FLUFXP�$GULDWLF�UHJLRQV��
GDWD�DUH�DYDLODEOH�RQO\�IRU�LVRSK\OORXV��VHQVX�'DPEROGW��������
DQG�LVRSK\OORLG��VHQVX�(GGLH�	�DO���������3DUN�	�DO���������WD[D��
DQG�WKH\�KDYH�DOO�EHHQ�IRXQG�WR�EH�GLSORLGV��ZLWK��'� �����VHH�
.RYDþLü���������0RUH�GHWDLOHG�F\WRORJLFDO�H[DPLQDWLRQV�UHYHDOHG�
VLJQLILFDQW�VLPLODULWLHV�LQ�FKURPRVRPH�QXPEHU�DQG�PRUSKRORJ\�
EHWZHHQ�&HQWUDO�DQG�(DVW�(XURSHDQ�EHOOIORZHUV��%|FKHU��������
0HU[P�OOHU�	�'DPEROGW��������*DGHOOD��������3RGOHFK�	�'DP#
EROGW��������'DPEROGW��������������3KLWRV�	�.DPDUL���������7KH�
FKURPRVRPH�QXPEHU�IRU�!"%."'/+").5#"%&$"+&-�/����'� �����
ZDV�ILUVW�SURYLGHG�E\�0DUFKDO���������FRQILUPHG�ODWHU�E\�6XJLXUD�
�������DQG�*DGHOOD���������DQG�IRU�&��YHUVLFRORU�6LEWK��	�6P����'�
 �����E\�&RQWDQGULRSRXORV���������FRQILUPHG�E\�'DPEROGW�LQ�
'DPEROGW�	�3KLWRV���������1R�FKURPRVRPH�FRXQWV�DUH�FXUUHQWO\�
DYDLODEOH�IRU�&��VHFXQGLIORUD�9LV��	�3DQþLü�

(DUO\�PROHFXODU�SK\ORJHQHWLF�DSSURDFKHV�UHYHDOHG�WKDW�
DOWKRXJK�&DPSDQXODFHDH�DV�D�IDPLO\�DUH�PRQRSK\OHWLF��WKH�
JHQXV�!"%."'/+")LV�SRO\SK\OHWLF��&RVQHU�	�DO���������(GGLH�
	�DO����������6XEVHTXHQWO\��D�QXPEHU�RI�FRQWULEXWLRQV�IRFXVLQJ�
SULPDULO\�RQ�UHJLRQDO�RU�WD[RQRPLF�VXEJURXSV�DSSHDUHG��H�J���
&RVQHU�	�DO���������&HOOLQHVH�	�DO���������+DEHUOH�	�DO���������
5RTXHW�	�DO���������3UHEEOH�	�DO���������������2OHVHQ�	�DO���
������=KRX�	�DO����������6HYHUDO�PROHFXODU�VWXGLHV�IRFXVHG�RQ�
D�ODUJHU�VDPSOH�RI�!"%."'/+"�VSHFLHV��H�J���5RTXHW�	�DO���������
:HQGOLQJ�	�DO����������LQFOXGLQJ�LQYHVWLJDWLRQV�FRQGXFWHG�RQ�
WKH�%DONDQV�DQG�RQ�FLUFXP�$GULDWLF�HQGHPLF�LVRSK\OORXV�DQG�
LVRSK\OORLG�!"%."'/+"�VSHFLHV��.RYDþLü�	�DO���������/LEHU�
	�DO���������������������3DUN�	�DO���������)UDMPDQ�	�6FKQHH#
ZHLVV��������6WHIDQRYLü�	�/DNXãLü��������

'XH�WR�WKH�ODUJH�QXPEHU�DQG�ZLGH�JHRJUDSKLFDO�GLVWULEXWLRQ�
RI�WD[D��DQ�RYHUDOO�SK\ORJHQHWLF�IUDPHZRUN�IRU�!"%."'/+"�KDV�
QRW�\HW�EHHQ�FRPSOHWHG��(GGLH�	�.RYDþLü���������'HVSLWH�WKHVH�
JHQHUDO�SUREOHPV��VRPH�VPDOOHU�JURXSV�ZLWKLQ�!"%."'/+"�DUH�
ZHOO�GHILQHG�PROHFXODUO\��PRUSKRORJLFDOO\��NDU\RORJLFDOO\��DQG�
ELRJHRJUDSKLFDOO\��&DUOVWU|P��������.RYDQGD�	�$QþHY��������
)UL]]L�	�7DPPDUR��������5XQHPDUN�	�3KLWRV��������(GGLH�
	�,QJURXLOOH��������2JDQHVLDQ��������(GGLH�	�DO���������6iH]�
	�$OGDVRUR��������6KXONLQD�	�DO���������&RVQHU�	�DO���������
$NoLoHN�	�DO���������1LNRORY��������.RYDþLü�	�1LNROLü��������
$JKDEHLJL�	�$VVDGL��������&DQR�0DTXHGD�	�7DODYHUD��������
&XSLGR�	�DO����������VXJJHVWLQJ�WKDW�WKH\�PD\�EH�PRQRSK\OHWLF��
7KH�&��S\UDPLGDOLV�FRPSOH[�LV�RQH�VXFK�JURXS��,W�FRPSULVHV�

%DONDQV�VSHFLHV�FKDUDFWHUL]HG�E\�LVRSK\OO\��ORQJ�SHWLRODWH�EDVDO�
OHDYHV�ZLWK�NLGQH\�VKDSHG�WR�FRUGDWH�EODGHV��GLVWLQFWO\�SHWL#
RODWH�FDXOLQH�OHDYHV�ZLWK�FRUGDWH�WR�RYDWH�EODGHV��DVFHQGLQJ�
RU�HUHFW�VWHPV��XS�WR�����FP���FDO\FHV�ZLWKRXW�DSSHQGDJHV�EH#
WZHHQ�WKH�OREHV��ODQFHRODWH��WULDQJXODU�RU�REORQJ�WR�RYDWH�WHHWK��
HUHFW�WULORFXODU�FDSVXOHV�ZLWK�EDVDO�PHGLDQ�YDOYHV�RU�SRUHV��
DQG�RUELFXODU�WR�RYDWH�VHHGV�ZLWK�D�UHWLFXODWH�WHVWD��'DPEROGW��
������)HGRURY�	�.RYDQGD��������

7KH�&��S\UDPLGDOLV�FRPSOH[��DOVR�LQIRUPDOO\�UHIHUUHG�WR�
DV�WKH�³3\UDPLGDOLV´�DJJUHJDWH��*HVORW�LQ�*UHXWHU�	�DO���������
RU�VXEVHFWLRQ�3\UDPLGDOLV��.RODNRYVN\���������LV�D�JURXS�WKDW�
LQFOXGHV�WKUHH�FORVHO\�UHODWHG��PRUSKRORJLFDOO\�SRO\PRUSKLF��
DQG�JHQHUDOO\�DFFHSWHG�VSHFLHV��&��S\UDPLGDOLV��&��YHUVLFRORU��
DQG�&��VHFXQGLIORUD��)HGRURY�	�.RYDQGD��������*UHXWHU�	�DO���
�������5HFHQWO\��WKH�PRQRSK\O\�RI�WKH�&��S\UDPLGDOLV�FRPSOH[�
UHFHLYHG�VWURQJ�VXSSRUW�IURP�PROHFXODU�SK\ORJHQHWLF�DQG�SK\#
ORJHRJUDSKLF�VWXGLHV��3DUN�	�DO���������/LEHU�	�DO����������7KH�
GLVWULEXWLRQ�RI�WKLV�FRPSOH[�LV�FHQWHUHG�PRVWO\�LQ�WKH�%DONDQV��
IURP�WKH�*XOI�RI�7ULHVWH�LQ�WKH�QRUWK�WR�WKH�3HORSRQQHVH�3HQ#
LQVXOD�LQ�WKH�VRXWK��DQG�WR�0W��.RQMHYVND�SODQLQD�LQ�%XOJDULD�
LQ�WKH�HDVW��ZKLOH�VRPH�VPDOO�GLVMXQFW�SDUWV�RI�WKH�UDQJH�OLH�LQ�
WKH�VRXWKHUQ�$SHQQLQHV��)LJ������$FFRUGLQJ�WR�RXU�SUHYLRXV�
LQYHVWLJDWLRQV��DPRQJ�WKH�³LVRSK\OORLGV´��.RYDþLü�	�1LNROLü��
������3DUN�	�DO���������/LEHU�	�DO����������WKH�&��S\UDPLGDOLV�
FRPSOH[�LV�PRVW�FORVHO\�UHODWHG�WR�WKH�&��ZDOGVWHLQLDQD�DJ#
JUHJDWH��ZKLFK�FRQVLVWV�RI�RQO\�WZR�VSHFLHV��WKH�VXEHQGHPLF�
&��ZDOGVWHLQLDQD�5RHP��	�6FKXOW���0W��9HOHELW��&URDWLD�DQG�
DGMDFHQW�DUHDV��DQG�WKH�VWHQRHQGHPLF�&��WRPPDVLQLDQD�.RFK�
H[�)�:��6FKXOW]��,VWULD��&URDWLD��

,Q�RUGHU�WR�FDSWXUH�WKH�PRUSKRORJLFDO�GLYHUVLW\�REVHUYHG�LQ�
WKLV�JURXS��XS�WR����WD[D�DW�VSHFLILF�DQG�LQWUDVSHFLILF�OHYHOV�DV�
ZHOO�DV�IRXU�K\EULGV�ZHUH�GHVFULEHG�RYHU�WKH�\HDUV�LQ�WKH�EURDGO\�
FLUFXPVFULEHG�&��S\UDPLGDOLV�FRPSOH[��/DPPHUV���������+RZ#
HYHU��WKHLU�WD[RQRPLF�DQG�JHRJUDSKLFDO�GLVWLQFWLYHQHVV�ZDV�QHL#
WKHU�FOHDU�QRU�JHQHUDOO\�DFFHSWHG��WR�WKH�SRLQW�WKDW�WKH�PRGHUQ�
IORULVWLF�OLWHUDWXUH�GRHV�QRW�UHFRJQL]H�DQ\�RI�WKHVH�WD[D��,QVWHDG��
WKH\�DUH�HLWKHU�³OXPSHG �́�L�H���UHGXFHG�WR�V\QRQ\P\�ZLWK�RQH�RI�
WKUHH�DFFHSWHG�VSHFLHV��RU�DUH�VLPSO\�LJQRUHG�

7KH�PRVW�SURPLQHQW�DQG�PRUSKRORJLFDOO\�GLYHUVH�VSHFLHV�
RI�WKLV�FRPSOH[��&��S\UDPLGDOLV��LV�DOVR�RQH�RI�WKH�ROGHVW�GRFX#
PHQWHG�KRUWLFXOWXUDO�VSHFLHV�LQ�FXOWLYDWLRQ��PXFK�ROGHU�WKDQ�
UHQDLVVDQFH�JDUGHQV��3DUNLQVRQ��������3LJQDWWL���������7RGD\��
LW�LV�QDWXUDOL]HG�LQ�(QJODQG��³&KLPQH\�EHOOIORZHU´���WKH�&KDQ#
QHO�,VODQGV��*XHUQVH\���)UDQFH��DQG�QRUWKHUQ�,WDO\��/DPPHUV��
������3LJQDWWL��������*UHXWHU�	�DO����������DQG�LV�ZHOO�HVWDE#
OLVKHG�LQ�KRUWLFXOWXUH�ZRUOGZLGH��&URRN��������/HZLV�	�/\QFK��
�������'HVSLWH�WKLV��UHODWLRQVKLSV�RI�PXOWLSOH�LQWUDVSHFLILF�WD[D�
�L�H���VXEVSHFLHV��YDULHWLHV��IRUPV��SURSRVHG�ZLWKLQ�WKLV�EURDGO\�
GHILQHG�VSHFLHV�LQ�WKH�ZLOG�DUH�SRRUO\�NQRZQ��7KH�PRVW�FRP#
SUHKHQVLYH�UHVHDUFK�HYHU�SHUIRUPHG�RQ�&��S\UDPLGDOLV� LQ�D�
EURDG�VHQVH�ZDV�FDUULHG�RXW�E\�=LPPHU������D��E��F������D��E���
5HODWLRQVKLSV�DPRQJ�WKH�SRSXODWLRQV�DQG�³PDLQ�VSHFLHV´�RI�
WKH�&��S\UDPLGDOLV�FRPSOH[²&��S\UDPLGDOLV��&��YHUVLFRORU��
DQG�&��VHFXQGLIORUD²KDYH�QHYHU�EHHQ�LQYHVWLJDWHG�WKRURXJKO\�

7KH�PDLQ�JRDOV�RI�RXU�SUHVHQW�VWXG\�DUH������WR�LQIHU�D�PR#
OHFXODU�SK\ORJHQHWLF�K\SRWKHVLV�IRU�UHODWLRQVKLSV�DPRQJ�SRSX#
ODWLRQV�RI�&��S\UDPLGDOLV��&��YHUVLFRORU�DQG�&��VHFXQGLIORUD��
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DQG�����WR�ILQG�LI�WKHUH�LV�DQ\�VXSSRUW�IURP�PROHFXODU�GDWD�IRU�
WKH�FXUUHQWO\�UHFRJQL]HG�RU�SUHYLRXVO\�GHVFULEHG�WD[D�RI�WKLV�
FRPSOH[��7R�DGGUHVV�WKHVH�TXHVWLRQV��D�FRPSUHKHQVLYH�GDWDVHW�
ZDV�FRQVWUXFWHG�FRQWDLQLQJ�UHSUHVHQWDWLYHV�IURP�DFURVV�WKH�
HQWLUH�PRUSKRORJLFDO�DQG�JHRJUDSKLFDO�UDQJH�RI�WKHVH�VSHFLHV�
�)LJ������:H�KHUH�SUHVHQW�WKH�UHVXOWV�RI�PROHFXODU�SK\ORJHQHWLF�
DQDO\VHV�EDVHG�RQ�VHTXHQFHV�IURP�WKUHH�QRQ�FRGLQJ�FKORURSODVW�
UHJLRQV��.-I412#'*�).-IJ12#'>K�)2#';12#'H��DV�ZHOO�DV�IURP�
QXFOHDU�ULERVRPDO�LQWHUQDO�WUDQVFULEHG�VSDFHUV��QU,76��

MATERIALS AND METHODS

Taxon sampling. —�$�WRWDO�RI����VSHFLPHQV�UHSUHVHQW#
LQJ�WKH�LQJURXS�PHPEHUV�RI�WKH�&��S\UDPLGDOLV�VSHFLHV�FRP#
SOH[�ZHUH�VDPSOHG�LQ�WKLV�³WRS�GRZQ´�VWXG\��$�FRPSOHWH�OLVW��
DORQJ�ZLWK�YRXFKHU�LQIRUPDWLRQ��'1$�H[WUDFWLRQ�QXPEHUV��

DQG�DSSUR[LPDWH�ORFDOLW\�RI�VDPSOHG�SRSXODWLRQV�LV�SURYLGHG�LQ�
$SSHQGL[����7KHVH�DFFHVVLRQV�UHSUHVHQW�WKH�HQWLUH�JHRJUDSKLF�
UDQJH�RI�WKLV�JURXS��)LJ�����DQG�DOO�WKUHH�VSHFLHV�WKDW�KDYH�EHHQ�
JHQHUDOO\�DFFHSWHG�LQ�UHFHQW�WD[RQRPLF�WUHDWPHQWV��&��S\UDPL1
$"+&-��&��VHFXQGLIORUD��DQG�&��YHUVLFRORU��7KH�QDPHV�LQLWLDOO\�
DSSOLHG�WR�WKHVH�DFFHVVLRQV�IROORZ�=+,#")0/#,."(")�)HGRURY�
	�.RYDQGD��������DQG�K($1!3(6C+&-2)�*UHXWHU�	�DO����������
2XU�VDPSOH�LQFOXGHV�PDWHULDO�XQDPELJXRXVO\�FRUUHVSRQGLQJ�
WR���RI����DGGLWLRQDO�WD[D)SURSRVHG�LQ�WKH�SDVW�EXW�QRW�UHF#
RJQL]HG�E\�PRGHUQ�IORULVWLF�OLWHUDWXUH��7KHVH�DUH�&��NDSHODH�
7RSLü�	�,OLMDQLü��&��SODVRQLL�)RUPiQHN��&��WHQRULL�0RUHWWL��
&��PUNYLFNDQD�9HOHQ���&��YHUVLFRORU�YDU��WRPHQWHOOD�+DO���&��YHU1
-&6,+,#)YDU��WKHVVDOD�%RLVV���&��YHUVLFRORU�I��%"2C"()1LNRORY��
&��VHFXQGLIORUD�VXEVS�)+&%('-&-�5��/DNXãLü��DQG�&��VHFXQGLIORUD�
VXEVS�)%,'2('(?#&'"�5��/DNXãLü��7KHVH�WD[D�KDYH�HLWKHU�EHHQ�
FRPSOHWHO\�QHJOHFWHG�RU�UHGXFHG�WR�V\QRQ\PV�RI�RQH�RI�WKUHH�
EURDGO\�DFFHSWHG�VSHFLHV��$SSHQGL[����

Fig. .�'LVWULEXWLRQ�UDQJH�RI�WKH�
!"%."'/+").5#"%&$"+&-)VSH#
FLHV�FRPSOH[)�VKDGHG��DFURVV�LWV�
JHRJUDSKLF�UDQJH�LQ�WKH�%DONDQV�
DQG�SRUWLRQV�RI�WKH�$SHQQLQH�
SHQLQVXOD��$SSUR[LPDWH�SRVLWLRQV�
RI�VDPSOLQJ�VLWHV�XVHG�LQ�WKLV�
VWXG\�DUH�LQGLFDWHG��IRU�GHWDLOV��
VHH�$SSHQGL[����
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,Q�DGGLWLRQ��EDVHG�RQ�WKHLU�ZHOO�VXSSRUWHG�VLVWHU�JURXS�
UHODWLRQVKLS�WR�WKH�&��S\UDPLGDOLV�FRPSOH[��WZR�VSHFLHV�EH#
ORQJLQJ�WR�WKH�³5DSXQFXOXV´�FODGH�RI�LVRSK\OORXV�!"%."'/+"��
&��WRPPDVLQLDQD�DQG�&��ZDOGVWHLQLDQD��ZHUH�FKRVHQ�DV�RXW#
JURXSV��(GGLH�	�DO���������3DUN�	�DO���������

DNA extraction, amplification, and sequencing. —�7RWDO�
JHQRPLF�'1$�ZDV�H[WUDFWHG�IURP�VLOLFD�GULHG�RU�KHUEDULXP�
PDWHULDO�XVLQJ�WKH�*HQ(OXWH�3ODQW�*HQRPLF�'1$�0LQLSUHS�
.LW��6LJPD�$OGULFK��6W��/RXLV��0LVVRXUL��8�6�$���RU�D�PRGL#
ILHG�KH[DGHF\OWULPHWK\ODPPRQLXP�EURPLGH� �&7$%�� WHFK#
QLTXH� �'R\OH�	�'R\OH�� ������� DQG� SXULILHG� XVLQJ�:L]DUG�
PLQLFROXPQV��3URPHJD��0DGLVRQ��:LVFRQVLQ��8�6�$����7KH�
SRO\PHUDVH�FKDLQ�UHDFWLRQ��3&5��ZDV�XVHG�WR�REWDLQ�GRXEOH�
VWUDQGHG�'1$�IUDJPHQWV�RI�LQWHUHVW��7KUHH�SODVWLG�LQWHUJHQLF�
VSDFHU�UHJLRQV�ZHUH�DPSOLILHG�XVLQJ�SXEOLVKHG�SULPHUV��SVE$��
WUQ+௘GUG��6DQJ�	�DO����������SVE=�WUQI0࣠CAU��'HPHVXUH�	�DO���
�������DQG�WUQ*UCC�WUQ6 GCU��+DPLOWRQ���������7KH�QXFOHDU�
ULERVRPDO�UHJLRQ�HQFRPSDVVLQJ�,76�������6�U'1$��DQG�,76���
�QU,76��ZDV�DPSOLILHG�XVLQJ�SULPHUV�,76��DQG�,76���:KLWH�
	�DO����������)RU�DOO�UHJLRQV��3&5�UHDFWLRQV�ZHUH�FDUULHG�RXW�
LQ�����/�YROXPHV�ZLWK�DQQHDOLQJ�WHPSHUDWXUH�UDQJLQJ�IURP�
���&�WR����&��IROORZLQJ�SURWRFROV�GHWDLOHG�LQ�/R�	�DO����������
$PSOLILHG�SURGXFWV�ZHUH�FOHDQHG�E\�SRO\HWK\OHQH�JO\FRO�1D&O�
SUHFLSLWDWLRQV��7R�HQVXUH�DFFXUDF\��ZH�VHTXHQFHG�ERWK�VWUDQGV�
RI�3&5�SURGXFWV��&OHDQHG�IUDJPHQWV�ZHUH�VHTXHQFHG�XVLQJ�
WKH�'<(QDPLF�(7�G\H�WHUPLQDWRU�VHTXHQFLQJ�NLW��*(�+HDOWK#
FDUH��%DLH�G¶8UIH��4XHEHF��&DQDGD��RQ�DQ�$SSOLHG�%LRV\V#
WHPV�PRGHO�����DXWRPDWHG�'1$�VHTXHQFHU��3(�%LRV\VWHPV��
)RVWHU�&LW\��&DOLIRUQLD��8�6�$����,QLWLDO�VHTXHQFLQJ�RI�SODVWLG�
DQG�QXFOHDU�DPSOLFRQV�ZDV�GRQH�GLUHFWO\��1R�VLJQ�RI�DGGLWLYH�
SRO\PRUSKLF�VLWHV��$36��RU�HOHFWURSKHURJUDP�GLVSODFHPHQWV�
�LQGLFDWLQJ�WKH�SUHVHQFH�RI�LQGHOV�LQ�WKH�DPSOLFRQ��ZDV�GHWHFWHG�
LQ�WKH�SODVWLG�VHTXHQFHV��+RZHYHU��YDULDWLRQ�LQ�ERWK�VHTXHQFH�
OHQJWK�DQG�$36�ZDV�GHWHFWHG�LQ�VRPH�QU,76�DPSOLFRQV��,Q�FDVHV�
ZKHUH�PRUH�WKDQ�WZR�SRO\PRUSKLF�VLWHV�RU�HOHFWURSKHURJUDP�
GLVSODFHPHQWV�ZHUH�GHWHFWHG��3&5�SURGXFWV�ZHUH�FORQHG�LQWR�
WKH�S67%OXH���$FFHSWRU�YHFWRU��(0'�%LRVFLHQFHV��6DQ�'LHJR��
&DOLIRUQLD��8�6�$���DQG�WZR�WR�ILYH�FORQHV�ZHUH�VHTXHQFHG��
6HTXHQFH�FKURPDWRJUDPV�ZHUH�SURRIHG�DQG�HGLWHG��DQG�FRQWLJV�
DVVHPEOHG�XVLQJ�6HTXHQFKHU�Y�������*HQH�&RGHV�&RUS���$QQ�
$UERU��0LFKLJDQ��8�6�$����$OO�VHTXHQFHV�JHQHUDWHG�LQ�WKLV�VWXG\�
KDYH�EHHQ�GHSRVLWHG�LQ�*HQ%DQN��$SSHQGL[����

Phylogenetic analyses. —�6HTXHQFHV�ZHUH�DOLJQHG�PDQX#
DOO\�ZLWK�6H�$O�Y����D����5DPEDXW���������$OEHLW�VHTXHQFHV�
RI�DOO�DFFHVVLRQV�ZHUH�UHDGLO\�DOLJQDEOH�LQ�ERWK�WKH�SODVWLG�DQG�
QXFOHDU�PDWULFHV��D�QXPEHU�RI�JDSV�KDG�WR�EH�LQWURGXFHG�LQ�WKH�
DOLJQPHQWV��3UHOLPLQDU\�SK\ORJHQHWLF�DQDO\VHV�ZHUH�FRQGXFWHG�
WR�H[SORUH�WKH�GLVWULEXWLRQ�RI�SK\ORJHQHWLF�VLJQDO�LQ�WKH�LQGL#
YLGXDO�PDWULFHV�ZLWK�DQG�ZLWKRXW�FRGHG�JDSV��1HLWKHU�UHVROXWLRQ�
QRU�VXSSRUW�ZDV�DIIHFWHG�LQ�D�VXEVWDQWLDO�ZD\�E\�LQFOXVLRQ�RI�
JDSV��UHVXOWV�QRW�VKRZQ���DQG�WKHUHIRUH�JDSV�LQ�WKH�DOLJQPHQWV�
ZHUH�WUHDWHG�DV�PLVVLQJ�GDWD�LQ�VXEVHTXHQW�DQDO\VHV��3K\ORJH#
QHWLF�DQDO\VHV�ZHUH�FRQGXFWHG�XQGHU�D�YDULHW\�RI�GLVWDQFH��DQG�
FKDUDFWHU�EDVHG�PHWKRGV�

7R�VWDUW�H[SORULQJ�UHODWLRQVKLSV�DPRQJ�DQG�ZLWKLQ�VSH#
FLHV�DQG�SRSXODWLRQV�RI�WKH�&��S\UDPLGDOLV�FRPSOH[��ZH�LQL#
WLDOO\�FRQVWUXFWHG�SK\ORJHQHWLF�QHWZRUNV�IRU�HDFK�LQGLYLGXDO�

GDWDVHW��7KH�QHWZRUNV�ZHUH�FRQVWUXFWHG�XVLQJ�D�QHLJKERU�QHW�
�11��DOJRULWKP��%U\DQW�	�0RXOWRQ��������DV�LPSOHPHQWHG�LQ�
6SOLWV7UHH�Y���������+XVRQ�	�%U\DQW���������3ULRU�WR�QHWZRUN�
DQDO\VHV��VHTXHQFHV�ZHUH�FRUUHFWHG�E\�LPSRVLQJ�FRUUHVSRQG#
LQJ�PRGHOV�RI�'1$�HYROXWLRQ��7KH�SURJUDP�0RGHO7HVW�Y�����
�3RVDGD�	�&UDQGDOO��������ZDV�XVHG�WR�GHWHUPLQH�WKH�PRGHO�
RI�VHTXHQFH�HYROXWLRQ�WKDW�ILWV�EHVW�HDFK�RI�WKH�IRXU�LQGLYLGXDO�
GDWDVHWV�DV�ZHOO�DV�WKH�FRPELQHG�FKORURSODVW�GDWD��7DEOH����

3DUVLPRQ\�VHDUFKHV��DORQJ�ZLWK�FODGH�VXSSRUW�HVWLPDWHV��
ZHUH�FRQGXFWHG�IRU�HDFK�FKORURSODVW�PDWUL[�VHSDUDWHO\�DV�ZHOO�
DV�IRU�WKH�FS'1$��QU,76��DQG�FRPELQHG�GDWDVHWV��1XFOHRWLGH�
FKDUDFWHUV�ZHUH�WUHDWHG�DV�XQRUGHUHG�DQG�DOO�FKDQJHV�ZHUH�
HTXDOO\�ZHLJKWHG��,Q�DOO�RI�WKHVH�DQDO\VHV��KHXULVWLF�VHDUFKHV�IRU�
PRVW�SDUVLPRQLRXV�WUHHV�ZHUH�SHUIRUPHG�ZLWK�3$83
�Y����E���
�6ZRIIRUG���������XVLQJ�D�WZR�VWDJH�VWUDWHJ\��)LUVW��WKH�DQDO\#
VHV�LQYROYHG��������UHSOLFDWHV�ZLWK�VWHSZLVH�UDQGRP�WD[RQ�
DGGLWLRQ��WUHH�ELVHFWLRQ�UHFRQQHFWLRQ��7%5��EUDQFK�VZDSSLQJ�
VDYLQJ�QR�PRUH�WKDQ�WHQ�WUHHV�SHU�UHSOLFDWH��DQG�08/75((6�
RII��7KH�VHFRQG�URXQG�RI�DQDO\VHV�ZDV�SHUIRUPHG�RQ�DOO�WUHHV�
LQ�PHPRU\�ZLWK�WKH�VDPH�VHWWLQJV�H[FHSW�ZLWK�08/75((6�
RQ��%RWK�VWDJHV�ZHUH�FRQGXFWHG�WR�FRPSOHWLRQ�RU�XQWLO�RQH�PLO#
OLRQ�WUHHV�ZHUH�IRXQG��6XSSRUW�IRU�UHODWLRQVKLSV�ZDV�LQIHUUHG�
IURP�QRQSDUDPHWULF�ERRWVWUDSSLQJ��)HOVHQVWHLQ��������LPSOH#
PHQWHG�LQ�3$83
�E\�XVLQJ�����SVHXGRUHSOLFDWHV��HDFK�ZLWK�
���UDQGRP�VHTXHQFH�DGGLWLRQ�F\FOHV��7%5�EUDQFK�VZDSSLQJ��
DQG�08/75((6�RII��'H%U\�	�2OPVWHDG���������&RQIOLFW�
EHWZHHQ�GDWDVHWV�ZDV�HYDOXDWHG�E\�YLVXDO�LQVSHFWLRQ��ORRNLQJ�
IRU�VWURQJO\�VXSSRUWHG�\HW�FRQIOLFWLQJ�WUHH�WRSRORJLHV�UHVXOWLQJ�
IURP�LQGLYLGXDO�GDWD�PDWULFHV�

%D\HVLDQ�SK\ORJHQHWLF� LQIHUHQFH�ZDV�SHUIRUPHG�XVLQJ�
0U%D\HV� Y������� �5RQTXLVW� 	� +XHOVHQEHFN�� ������ RQ� WKH�
FS'1$��QU,76��DQG�FRPELQHG�GDWDVHWV��7KLV�FRPELQHG�GDWD#
VHW�ZDV�VSOLW�LQWR�WZR�SDUWLWLRQV�SULRU�WR�DQDO\VLV��7KH�PRGHOV�
RI�VHTXHQFH�HYROXWLRQ�DV�GHWHUPLQHG�EHIRUH��7DEOH����ZHUH�
XVHG�IRU�HDFK�VHTXHQFH�SDUWLWLRQ��)RU�HDFK�VHDUFK��WZR�UXQV�
VWDUWLQJ�IURP�UDQGRP�WUHHV�ZHUH�FDUULHG�RXW��7KH�0HWURSROLV�
FRXSOHG�0DUNRY�FKDLQ�0RQWH�&DUOR�DOJRULWKP�ZDV�XVHG�ZLWK�
IRXU�VLPXOWDQHRXV�FKDLQV�VHW�LQLWLDOO\�WR�ILYH�PLOOLRQ�JHQHUD#
WLRQV�DQG�VDPSOHG�HYHU\�����JHQHUDWLRQV��7KH�OLNHOLKRRGV�RI�WKH�
LQGHSHQGHQW�UXQV�ZHUH�FRQVLGHUHG�LQGLVWLQJXLVKDEOH�ZKHQ�WKH�
DYHUDJH�VWDQGDUG�GHYLDWLRQ�RI�VSOLW�IUHTXHQFLHV�ZDV�OHVV�WKDQ�
�������DV�VXJJHVWHG�E\�5RQTXLVW�	�+XHOVHQEHFN���������7R�GH#
WHUPLQH�WKH�EXUQ�LQ�FXW�RII�SRLQW��ZH�SORWWHG�WKH�íOQ�OLNHOLKRRG�
YDOXHV�DJDLQVW�JHQHUDWLRQ�WLPH�DQG�GLVFDUGHG�SUH�DV\PSWRWLF�
VDPSOHV��7KH�UHPDLQLQJ�GDWD�ZHUH�DQDO\]HG�LQ�3$83
�ZKHUH�
WKH�����PDMRULW\�UXOH�FRQVHQVXV�WUHH�ZDV�FRQVWUXFWHG��:LWK�QR�
VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�WKH�WZR�UXQV�REVHUYHG��ZH�RQO\�
UHSRUW�WRSRORJLHV�DQG�SRVWHULRU�SUREDELOLWLHV�EDVHG�RQ�SRROHG�
WUHHV�IURP�WKH�VHSDUDWH�%D\HVLDQ�DQDO\VHV�

Topological incongruence and alternative hypothesis 
testing. —�7ZR�VHWV�RI�DOWHUQDWLYH�WRSRORJLHV�ZHUH�FRQVWUXFWHG�
XVLQJ�3$83
��6ZRIIRUG���������2QH�VHW�ZDV�GHVLJQHG�WR�HYDOX#
DWH�WKH�FRQIOLFW�EHWZHHQ�WKH�FKORURSODVW�DQG�QXFOHDU�GDWDVHWV��
E\�FRQVWUDLQLQJ�UHFLSURFDO�WRSRORJLHV��)RU�HDFK�REVHUYHG�LQFRQ#
JUXHQFH�EHWZHHQ�WKH�WZR�GDWDVHWV��RQH�UDQGRPO\�FKRVHQ�PRVW�
SDUVLPRQLXV�WUHH�UHSUHVHQWLQJ�WKH�UHVXOWV�REWDLQHG�IURP�WKH�
FKORURSODVW�GDWD�ZDV�LPSRVHG�RQ�WKH�QXFOHDU�GDWD�DQG�YLFH�YHUVD��
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7KH�RWKHU�VHW�ZDV�FRQVWUDLQHG�WR�LQYHVWLJDWH�WKH�PRQRSK\O\�RI�
WKH�WKUHH�VSHFLHV�RI�WKH�FRPSOH[�DV�WUDGLWLRQDOO\�FLUFXPVFULEHG��
7R�HYDOXDWH�WKH�VLJQLILFDQFH�EHWZHHQ�DOWHUQDWLYH�SK\ORJHQHWLF�
K\SRWKHVHV��ZH�FRQGXFWHG�WKH�$SSUR[LPDWHO\�8QELDVHG�WHVW�
�$8�WHVW��6KLPRGDLUD���������7KLV�WHVW�LV�UHFRPPHQGHG�IRU�JHQ#
HUDO�WUHH�FRPSDULVRQ�EHFDXVH�LW�LV�FRQVLGHUHG�OHVV�ELDVHG�WKDQ�
RWKHU�PHWKRGV�HPSOR\HG�IRU�WKHVH�SXUSRVHV��DQG�LV�OHVV�FRQ#
VHUYDWLYH�WKDQ�WKH�IUHTXHQWO\�HPSOR\HG�6KLPRGDLUD�+DVHJDZD�
WHVW��6KLPRGDLUD���������7KH�3�YDOXHV�IRU�WKH�$8�WHVW�ZHUH�
FDOFXODWHG�LQ�&216(/�Y����M��6KLPRGDLUD�	�+DVHJDZD���������
XVLQJ�WHQ�UHSHWLWLRQV�RI�PXOWLVFDOH�ERRWVWUDSSLQJ��HDFK�FRQVLVW#
LQJ�RI�WHQ�VHWV�ZLWK��������ERRWVWUDS�UHSOLFDWHV�

RESULTS

DNA regions and alignments. —�7KH�FKDUDFWHULVWLFV�RI�
WKH�VHTXHQFHG�UHJLRQV�DV�ZHOO�DV�WKH�VWDWLVWLFV�RI�WKH�WUHHV�GH#
ULYHG�IURP�WKH�VHSDUDWH�DQG�FRPELQHG�DQDO\VHV�DUH�GHVFULEHG�
LQ�7DEOH���

6HTXHQFHV�IRU�WKH�WKUHH�FKORURSODVW�UHJLRQV�ZHUH�REWDLQHG�
IURP�DOO����DFFHVVLRQV�RI�WKH�&��S\UDPLGDOLV�FRPSOH[�DV�ZHOO�DV�
IURP�WKH�WZR�RXWJURXSV�XVHG�LQ�WKLV�VWXG\��/HYHOV�RI�YDULDWLRQ��
PHDVXUHG�DV�HLWKHU�SHUFHQWDJH�RI�SDUVLPRQ\�LQIRUPDWLYH�VLWHV�
RU�SHUFHQWDJH�RI�YDULDEOH�VLWHV��ZHUH�RYHUDOO�YHU\�ORZ��7DEOH�����
7KH�VHTXHQFHV�ZHUH�VWUDLJKWIRUZDUG�WR�DOLJQ�ZLWKLQ�WKH�LQJURXS�
DV�ZHOO�DV�EHWZHHQ�WKH�LQJURXS�DQG�RXWJURXS�WD[D��7KH�.-I41
2#'*�VSDFHU��D�PDUNHU�VXJJHVWHG�DV�XQLYHUVDO�IRU�SODQW�'1$�
EDUFRGLQJ�SXUSRVHV��+ROOLQJVZRUWK�	�DO����������VKRZHG�WKH�
KLJKHVW�OHYHOV�RI�YDULDWLRQ�DPRQJ�WKH�WKUHH�DVVD\HG�UHJLRQV�

7KH�FORQHG�VHTXHQFHV�FRQILUPHG�WKH�SUHVHQFH�RI�DGGL#
WLYH�SRO\PRUSKLF�VLWHV�WKDW�ZHUH�HYLGHQW�LQ�WKH�HOHFWURSKHUR#
JUDPV�REWDLQHG�YLD�GLUHFW�VHTXHQFLQJ�RI�FHUWDLQ�LQGLYLGXDOV��
SDUWLFXODUO\� WKRVH�EHORQJLQJ�WR�&��YHUVLFRORU��%DVHG�RQ�WKH�
SUHOLPLQDU\�HYLGHQFH� IRU�QU,76� ORFXV�SRO\PRUSKLVP��RXU�
VDPSOLQJ�VWUDWHJ\�IRU�QU,76�ZDV�DGMXVWHG��%\�FORQLQJ�DQG�
VHTXHQFLQJ�PXOWLSOH�FORQHV���±���RI�WKRVH�LQGLYLGXDOV�ZKHUH�
PRUH�WKDQ�WZR�SRO\PRUSKLVPV�ZHUH�HYLGHQW�EDVHG�RQ�LQLWLDO�
GLUHFW�VHTXHQFLQJ��ZH�VRXJKW�WR�FDSWXUH�DV�PXFK�DV�SRVVLEOH�
RI�WKH�DOOHOLF�YDULDWLRQ��)ROORZLQJ�WKLV�DSSURDFK��ZH�REWDLQHG�
VHTXHQFHV�IRU����LQGLYLGXDOV��RXW�RI����VDPSOHG��IURP�DOO�WKUHH�
WUDGLWLRQDOO\�UHFRJQL]HG�VSHFLHV��EXW�ZLWK�PXOWLSOH�FORQHV�SHU�
LQGLYLGXDO�LQFOXGHG�ZKHUH�QHHGHG��,Q�DGGLWLRQ��ZH�LQFOXGHG�
QU,76�VHTXHQFHV�IRU�WKUHH�LQGLYLGXDOV�IURP�WKLV�FRPSOH[�DV�
ZHOO�DV�IRU�ERWK�RXWJURXS�VSHFLHV�REWDLQHG�LQ�D�SUHYLRXV�VWXG\�
�3DUN�	�DO���������DQG�GHSRVLWHG�LQ�*HQEDQN��DV� LQGLFDWHG�
LQ�$SSHQGL[�����$OEHLW�WKH�YDULDWLRQ�LQ�,76�ZDV�FRPSDUDEOH�
WR�WKDW�RI�WKH�FRPELQHG�FKORURSODVW�VHTXHQFHV��7DEOH�����WKH�
SULPDU\�KRPRORJ\�ZDV�HDV\�WR�DVVHVV�DQG�DOLJQPHQW�ZDV�
VWUDLJKWIRUZDUG�DV�ZHOO�

Chloroplast genealogies. —�7R�H[SORUH�WKH�FKORURSODVW�
GDWD��D�QXPEHU�RI�SK\ORJHQHWLF�DQDO\VHV�ZHUH�LQLWLDOO\�FRQ#
GXFWHG�RQ�LQGLYLGXDO�PDWULFHV�XVLQJ�GLVWDQFH�DQG�SDUVLPRQ\�
DSSURDFKHV��7KH�SK\ORJHQHWLF�QHWZRUNV�EDVHG�RQ�VHTXHQFHV�
IURP�WKH�WKUHH�UHJLRQV�VKRZHG�VXEVWDQWLDO�WRSRORJLFDO�DJUHH#
PHQW�DPRQJ�HDFK�RWKHU�DQG�UHYHDOHG�WKUHH�FOXVWHUV�ZLWK�PRG#
HUDWH�WR�VWURQJ�VXSSRUW��(OHFWU��6XSSO���)LJ��6����7KH�JURXS�
LQIRUPDOO\�ODEHOHG�3���FRQWDLQV�DOO�DFFHVVLRQV�RI�&��S\UDPL1
$"+&-� IRXQG�DORQJ� WKH�QRUWKHUQ�DQG�FHQWUDO�$GULDWLF�FRDVW��
IURP�WKH�*XOI�RI�7ULHVWH��DFURVV�WKH�6ORYHQLDQ�DQG�&URDWLDQ�

Table .�6XPPDU\�GHVFULSWLRQV�IRU�VHTXHQFHV�LQFOXGHG�LQ�DQG�WUHHV�GHULYHG�IURP�LQGLYLGXDO�DQG�FRPELQHG�GDWDVHWV�RI�WKH�!"%."'/+").5#"%&$"+&-�
FRPSOH[�

.-I412#'* .-IJ12#'>K 2#';12#'H FS'1$ QU,76 &RPELQHG
1XPEHU�RI�278V�LQFOXGHG �� �� �� �� ��a ��b

6HTXHQFH�FKDUDFWHULVWLFV
$OLJQHG�OHQJWK ��� ��� ���� ���� ��� ����
9DULDEOH�VLWHV���� �������� �������� �������� �������� ���������� ���������
3DUVLPRQ\�LQIRUPDWLYH�VLWHV���� �������� ������� �������� �������� �������� ���������
0HDQ�$7�FRQWHQW�>�@ �� $" �� $! �� ��
%DVH�IUHTXHQF\�KRPRJHQHLW\��Ȥð௘�௘GI௘�௘3� ���௘�௘���௘�௘��� ���௘�௘���௘�௘��� ����௘�௘���௘�௘��� ����௘�௘���௘�௘��� ����௘�௘���௘�௘��� ����௘�௘���௘�௘���௘c

03�WUHH�FKDUDFWHULVWLFV
/HQJWK �� �� �� �� ��� ���
&,௘�௘5, ����௘�௘���� ���௘�௘��� ����௘�௘���� ����௘�௘���� ����௘�௘���� ����௘�௘����
0RGHO�RI�'1$�HYROXWLRQ )�� )��௘�௘, )�� )��௘�௘* 6<0௘�௘* &RPELQHG
0HDQ�OQ8 = = = í�������� í�������� í��������

a�,QFOXGLQJ�PXOWLSOH�FORQHV�IRU�FHUWDLQ�LQGLYLGXDOV�
b�,QFOXGLQJ�WZR�RXWJURXS�VSHFLHV�
c�,QFOXGLQJ�RQO\�278V�IRU�ZKLFK�ERWK�FKORURSODVW�DQG�QXFOHDU�VHTXHQFHV�DUH�DYDLODEOH�
&,� �FRQVLVWHQF\�LQGH[��H[FOXGLQJ�SDUVLPRQ\�XQLQIRUPDWLYH�FKDUDFWHUV���GI� �GHJUHHV�RI�IUHHGRP��)��� �)HOVHQVWHLQ��������PRGHO�RI�'1$�
HYROXWLRQ��*� �UDWH�YDULDWLRQ�DPRQJ�QXFOHRWLGHV�IROORZLQJ�D�GLVFUHWH�JDPPD�GLVWULEXWLRQ��,� �SURSRUWLRQ�RI�LQYDULDEOH�VLWHV��278� �RSHUDWLRQDO�
WD[RQRPLF�XQLW��5,� �UHWHQWLRQ�LQGH[��6<0� �V\PPHWULFDO�PRGHO�RI�'1$�HYROXWLRQ��=KDUNLNK��������
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FRDVWDO�UDQJH��VRXWK�WR�WKH�1HUHWYD�FDQ\RQ��DQG�LV�UHIHUUHG�WR�
KHUH�DV�&��S\UDPLGDOLV�LQ�D�VWULFW�VHQVH��&OXVWHU�3����GHVFULEHG�
KHUH�DV�D�QHZ�VSHFLHV��&��DXVWURDGULDWLFD��FRQWDLQV�VDPSOHV�RI�
&��S\UDPLGDOLV�IURP�WKH�VRXWKHUQ�$GULDWLF�FRDVW��GLVWULEXWHG�
IURP�WKH�1HUHWYD�FDQ\RQ��DORQJ�WKH�FRDVWV�RI�VRXWKHUQ�&URDWLD�
DQG�0RQWHQHJUR�WR�QRUWKHUQ�$OEDQLD��$FFHVVLRQV�RI�&��S\UDP1
&$"+&-�IURP�FRQWLQHQWDO�0RQWHQHJUR��ODEHOHG�DV�3����GLVSOD\HG�
VWURQJ�VLPLODULW\�ZLWK�WKH�VDPSOHV�RI�&��VHFXQGLIORUD��6���WR#
JHWKHU�IRUPLQJ�D�GLVWLQFW�DQG�ZHOO�VXSSRUWHG�FOXVWHU��&��VHFXQ1
$&>+,#"�LQ�D�EURDG�VHQVH��(OHFWU��6XSSO���)LJ��6����,QGLYLGXDOV�
EHORQJLQJ�WR�&��YHUVLFRORU��9��IDLOHG�WR�FOXVWHU�WRJHWKHU�DQG�
VKRZHG�YHU\�OLWWOH�UHVROXWLRQ�ZLWKLQ�WKLV�VSHFLHV��7KH�03�WUHH�
FKDUDFWHULVWLFV�IRU�LQGLYLGXDO�SDUVLPRQ\�VHDUFKHV�DUH�LQGLFDWHG�
LQ�7DEOH����7RSRORJLFDO�DJUHHPHQWV�ZHUH�IRXQG�DPRQJ�WKH�WKUHH�
VHSDUDWH�DQDO\VHV��WUHHV�QRW�VKRZQ���3DUVLPRQ\�DQDO\VHV�RI�WKH�
LQGLYLGXDO�FKORURSODVW�GDWDVHWV�SURGXFHG�FODGHV�LGHQWLFDO��WUHHV�
QRW�VKRZQ��WR�WKHLU�UHVSHFWLYH�SK\ORJHQHWLF�QHWZRUN��(OHFWU��
6XSSO���)LJ��6���

7DNLQJ�WKH�UHVXOWV�IURP�DOO�WKHVH�VHSDUDWH�DQDO\VHV�LQWR�
DFFRXQW��ZH�FRQFOXGHG�WKDW�WKH�WKUHH�PDWULFHV�VKRZ�QR�VLJQLIL#
FDQW�WRSRORJLFDO�LQFRQJUXHQFH��DQG�WKXV�FRPELQHG�WKHP�LQWR�
RQH�FS'1$�GDWDVHW��7KH�PDMRULW\�UXOH�FRQVHQVXV�WUHH�UHVXOW#
LQJ�IURP�WKH�%D\HVLDQ�DQDO\VLV�LV�GHSLFWHG�LQ�)LJ�����ZKLOH�WKH�
QHLJKERU�QHW��11��VSOLWV�JUDSK�EDVHG�RQ�WKLV�FS'1$�PDWUL[�LV�
VKRZQ�LQ�)LJ��6�$��(OHFWU��6XSSO����3DUVLPRQ\�DQDO\VLV�RI�WKH�
FRPELQHG�FKORURSODVW�GDWD��7DEOH����UHVXOWHG�LQ�HVVHQWLDOO\�WKH�
VDPH�WRSRORJ\��WUHH�QRW�VKRZQ���7KH�RYHUDOO�UHODWLRQVKLSV�DUH�
FRQVLVWHQW�ZLWK�WKH�UHVXOWV�IURP�WKH�VHSDUDWH�GDWDVHWV��&ODGHV�
LGHQWLFDO�WR�WKRVH�GHVFULEHG�DERYH�ZHUH�UHFRYHUHG�IURP�WKH�
FRPELQHG�DQDO\VHV��(OHFWU��6XSSO���)LJ��6�$���DOO�ZLWK�JUHDWHU�
WKDQ�RU�HTXDO�WR�����ERRWVWUDS�VXSSRUW��%6��LQ�SDUVLPRQ\�DQG�
ZLWK�����SRVWHULRU�SUREDELOLW\��33��LQ�WKH�%D\HVLDQ�DQDO\VLV�
�)LJ������,Q�DGGLWLRQ��D�VHJUHJDWLRQ�RI�WZR�GLVWLQFW�KDSORW\SHV�
ZLWKLQ�FODGH�3���RI�&��S\UDPLGDOLV�EHFDPH�PRUH�SURQRXQFHG��
RQH�JURXSLQJ�SRSXODWLRQV�IURP�QRUWKHUQ�,WDO\�WR�WKH�QRUWKHUQ�
&URDWLDQ�FRDVW��DQG�WKH�RWKHU�UHVWULFWHG�WR�WKH�FHQWUDO�&URDWLDQ�
FRDVW��ZLWK�WKH�.UND�ULYHU�DV�ERXQGDU\�EHWZHHQ�WKH�WZR��,Q�
FRQWUDVW�WR�WKH�PDUNHG�LQFUHDVH�LQ�VXSSRUW�IRU�WKH�WKUHH�PD#
MRU�JURXSV��WKH�EDFNERQH�UHODWLRQVKLSV�DPRQJ�WKHP�UHPDLQHG�
UHODWLYHO\�ZHHNO\�VXSSRUWHG��$OVR��WKH�UHODWLRQVKLSV�RI�LQGL#
YLGXDOV�DQG�SRSXODWLRQV�RI�&��YHUVLFRORU�ZLWK�WKH�UHVW�RI�WKH�
&��S\UDPLGDOLV�VSHFLHV�FRPSOH[�UHPDLQHG�ODUJHO\�XQUHVROYHG��
+RZHYHU��ZLWKLQ�&��YHUVLFRORU�IRXU�OLQHDJHV�HPHUJHG�ZLWK�PRG#
HUDWH�WR�VWURQJ�VXSSRUW��7KH�PDLQ�VSOLW�RFFXUUHG�EHWZHHQ�WKH�
QRUWKHUQ��%XOJDULD��VRXWKHUQ�6HUELD��0DFHGRQLD��DQG�VRXWKHUQ�
�*UHHFH��VRXWKHUQ�,WDO\��SRSXODWLRQV��7KHVH�DOORSDWULF�OLQHDJHV�
ZHUH�VXSSRUWHG�DV�GLVWLQFW��ZLWK�%6�����DQG������UHVSHFWLYHO\��
DQG�ERWK�UHFHLYLQJ�����33��)LJ������$�PRUSKRORJLFDOO\�SHFXOLDU�
SRSXODWLRQ�RI�&��YHUVLFRORU�IURP�.RVRYR��3UL]UHQ��DV�ZHOO�DV�
DFFHVVLRQV�IURP�'HPLU�.DSLMD�LQ�0DFHGRQLD�IRUP�PRGHUDWHO\�
VXSSRUWHG�LQGHSHQGHQW�OLQHDJHV�

Nuclear genealogy. —�7KH�PDMRULW\�UXOH�FRQVHQVXV�WUHH�
UHVXOWLQJ�IURP�WKH�%D\HVLDQ�DQDO\VLV�LV�GHSLFWHG�LQ�)LJ�����WKH�
SDUVLPRQ\�FRQVHQVXV�WUHH��UHVXOWLQJ�LQ�D�VLPLODU�WRSRORJ\��LV�
QRW�VKRZQ���7KH�SK\ORJHQHWLF�QHWZRUN�EDVHG�RQ�QXFOHDU�GDWD�LV�
VKRZQ�LQ�)LJ��6�%��(OHFWU��6XSSO����7KH�UHODWLRQVKLSV�LQIHUUHG�
IURP�QU,76�ZHUH�JHQHUDOO\�OHVV�UHVROYHG�DQG�OHVV�VXSSRUWHG�

WKDQ�WKRVH�RI�WKH�FRPELQHG�FS'1$�GDWD�GHVSLWH�RYHUDOO�VLPLODU�
OHYHOV�RI�YDULDWLRQ�REVHUYHG�LQ�WKHVH�WZR�PDWULFHV��7DEOH�����
1HYHUWKHOHVV��WZR�RI�WKUHH�PDMRU�FODGHV�IRXQG�ZLWK�SODVWLG�GDWD�
ZHUH�UHFRYHUHG�KHUH�DV�ZHOO��ZLWK�PRGHUDWH�WR�VWURQJ�VXSSRUW��
7KH�ILUVW�LQFOXGHV�&��S\UDPLGDOLV�V�VWU��IURP�WKH�QRUWKHUQ�DQG�
FHQWUDO�$GULDWLF�FRDVW��3����DQG�IXOO\�FRUUHVSRQGV�WR�WKDW�IRXQG�
LQ�WKH�FS'1$�GDWD��+RZHYHU��WKH�VXEGLYLVLRQ�RI�WKLV�JURXS�
LQWR�WZR��QRUWK�DQG�VRXWK�RI�WKH�.UND�ULYHU�DV�GHWHFWHG�ZLWK�
SODVWLG�GDWD��LV�QRW�REVHUYHG�KHUH��7KH�VHFRQG�PDLQ�FOXVWHU�
LQFOXGHV�SRSXODWLRQV�RI�&��S\UDPLGDOLV�IURP�VRXWKHUQ�'DO#
PDWLD�DQG�0RQWHQHJUR��FRUUHVSRQGLQJ�HQWLUHO\�WR�JURXS�3���
�&��DXVWURDGULDWLFD���$OVR��DV�ZLWK�WKH�FS'1$�GDWD��WKH�SRSX#
ODWLRQV�RI�&��YHUVLFRORU��9��IDLOHG�WR�FOXVWHU�WRJHWKHU��DQG�WKHLU�
UHODWLRQVKLSV�DPRQJ�HDFK�RWKHU�DQG�ZLWK�RWKHU�VSHFLHV�RI�WKLV�
FRPSOH[�DUH�JHQHUDOO\�XQVXSSRUWHG��7KH�QRUWK±VRXWK�VXEGLYL#
VLRQ�ZLWKLQ�&��YHUVLFRORU�VHHQ�LQ�WKH�FKORURSODVW�PDWUL[�LV�QRW�
UHFRYHUHG�ZLWK�QU,76�GDWD��,QVWHDG��D�YHU\�ZHDNO\�VXSSRUWHG�
ZHVW±HDVW�VXEGLYLVLRQ�LV�REVHUYHG��DQG�FLUFXP�,RQLDQ�SRSXOD#
WLRQV��2WUDQWR��,RQLDQ�,VODQGV��ZHVWHUQ�*UHHFH��RI�&��YHUVLFRORU�
DUH�PRUH�FORVHO\�UHODWHG�WR�SRSXODWLRQV�RI�&��VHFXQGLIORUD�DQG�
VRPH�SRSXODWLRQV�RI�&��S\UDPLGDOLV��3����3����WKDQ�WR�WKH�UH#
PDLQGHU�RI�&��YHUVLFRORU�IURP�HDVWHUQ�*UHHFH��0DFHGRQLD��
6HUELD��DQG�%XOJDULD��$OVR�LQ�FRQWUDVW�WR�SODVWLG�GHULYHG�SK\#
ORJHQLHV��FRQWLQHQWDO�0RQWHQHJULQ�SRSXODWLRQV�RI�&��S\UDPL1
$"+&-��3����DQG�SRSXODWLRQV�RI�&��VHFXQGLIORUD��6��GR�QRW�IRUP�
D�FODGH��L�H���&��VHFXQGLIORUD�V�O����DOEHLW�WKHLU�FORVH�SUR[LPLW\�
LQ�QU,76�LV�HYLGHQW��)LJ�����(OHFWU��6XSSO���)LJ��6�%��

7KH�PRVW�VWULNLQJ�WRSRORJLFDO�FRQIOLFW�EHWZHHQ�WKH�FKORUR#
SODVW�DQG�QXFOHDU�GDWD�DSSHDUV�WR�LQYROYH�WKH�UHODWLYH�SRVLWLRQ�
RI�&��DXVWURDGULDWLFD��3����ZLWK�UHVSHFW�WR�&��S\UDPLGDOLV�V�VWU��
�3����DQG�&��VHFXQGLIORUD�V�O���6௘�௘3�����&KORURSODVW�GDWD�SODFH�
&��DXVWURDGULDWLFD�DQG�&��S\UDPLGDOLV�V�VWU�� WRJHWKHU�ZKLOH�
QXFOHDU�GDWD�SODFH�&��DXVWURDGULDWLFD�ZLWK�&��VHFXQGLIORUD�
V�O���FRPSDUH�XQURRWHG�SK\ORJUDPV�LQ�)LJV����DQG���DV�ZHOO�
DV�QHWZRUNV�LQ�)LJ��6���(OHFWU��6XSSO����+RZHYHU��VXSSRUW�IRU�
WKHVH�UHODWLRQVKLSV��DV�ZHOO�DV�IRU�RWKHU�LQWHUYHQLQJ�EDFNERQH�
UHODWLRQVKLSV��LV�RQO\�ZHDN�WR�PRGHUDWH��H�J�������YV������
%6��(OHFWU��6XSSO���)LJ��6����'HVSLWH�WKH�ODFN�RI�VWURQJ�VXSSRUW�
IRU�WKHVH�LQFRQJUXHQFHV��ZH�WHVWHG�DOWHUQDWLYH�K\SRWKHVHV�LQ�D�
UHFLSURFDO�IDVKLRQ��7DEOH�����8VLQJ�FKORURSODVW�GDWD�\HW�HQIRUF#
LQJ�WKH�QU,76�WRSRORJ\�UHVXOWHG�LQ�D�GLIIHUHQFH�WKDW�IDLOHG�WR�
EH�UHMHFWHG�E\�WKH�$8�WHVW��6LPLODUO\��FRQVWUDLQLQJ�WKH�FS'1$�
WRSRORJ\�RQ�D�QXFOHDU�GDWDVHW�GLG�QRW�UHVXOW�LQ�D�VLJQLILFDQW�
GLIIHUHQFH��7DEOH�����7DNLQJ�WKLV�LQWR�DFFRXQW��ZH�FRQVLGHUHG�
WKH�WZR�GDWDVHWV�FRQJUXHQW�DQG�FRPELQHG�WKHP�

Phylogenetic analyses of combined data. —�*LYHQ�WKH�GLV#
FUHSDQF\�EHWZHHQ�VDPSOLQJ�VWUDWHJLHV�HPSOR\HG�IRU�FKORURSODVW�
DQG�QXFOHDU�VHTXHQFLQJ�HIIRUWV��WZR�DSSURDFKHV�WR�FRQFDWHQDW#
LQJ�GDWDVHWV�ZHUH�LQLWLDOO\�HPSOR\HG��GLIIHULQJ�LQ�WKH�DPRXQW�
RI�PLVVLQJ�GDWD��,Q�WKH�³EURDG´�GDWDVHW��ZH�XVHG�DOO�LQGLYLGXDOV�
VDPSOHG�IRU�FS'1$�����WHUPLQDO�XQLWV�LQFOXGLQJ�RXWJURXSV��
DORQJ�ZLWK�QU,76�GDWD�IRU�DOO�VHTXHQFHG�LQGLYLGXDOV�����WHUPL#
QDOV��a������,Q�WKH�RWKHU�GDWDVHW��ZH�SHUIRUPHG�DQDO\VHV�XVLQJ�
RQO\����LQJURXS�SOXV�WZR�RXWJURXS�LQGLYLGXDOV�IRU�ZKLFK�DOO�
GDWD��FKORURSODVW�DQG�QXFOHDU��ZHUH�DYDLODEOH��:KHUH�PXOWLSOH�
FORQHV�ZHUH�DYDLODEOH�SHU�LQGLYLGXDO��ZH�XVHG�RQH�UDQGRPO\�
FKRVHQ�VHTXHQFH�IRU�ERWK�RI�WKHVH�DSSURDFKHV��3UHOLPLQDU\�
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Fig. .�0DMRULW\�UXOH�FRQVHQVXV�WUHH�ZLWK�PHDQ�EUDQFK�OHQJWKV�UHVXOWLQJ�IURP�WKH�%D\HVLDQ�DQDO\VLV�RI�WKH�FRPELQHG�SODVWLG��.-I412#'*��.-IJ1
2#'>K��2#';12#'H��VHTXHQFH�GDWD��7KH�WUHH�ZDV�URRWHG�XVLQJ�LQGLYLGXDOV�RI�&��S\UDPLGDOLV�FODGH�3���� �&��S\UDPLGDOLV�V�VWU���DV�IXQFWLRQDO�RXW#
JURXS��7KH�03�VHDUFK�UHVXOWHG�LQ�D�VWULFW�FRQVHQVXV�WUHH�ZLWK�DOPRVW�LGHQWLFDO�WRSRORJ\�����VWHSV�LQ�OHQJWK���%D\HVLDQ�SRVWHULRU�SUREDELOLWLHV�
��௘������DUH�LQGLFDWHG�DERYH�EUDQFKHV��SDUVLPRQ\�ERRWVWUDS�YDOXHV���௘�����DUH�LQGLFDWHG�EHORZ�EUDQFKHV��0DMRU�FODGHV�GLVFXVVHG�DUH�ODEHOHG��
1XPEHUV�IROORZLQJ�VSHFLHV�QDPHV�FRUUHVSRQG�WR�'1$�DFFHVVLRQV��VHH�$SSHQGL[����
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Fig. .�0DMRULW\�UXOH�FRQVHQVXV�WUHH�ZLWK�PHDQ�EUDQFK�OHQJWKV�UHVXOWLQJ�IURP�WKH�%D\HVLDQ�DQDO\VLV�RI�WKH�QXFOHDU�ULERVRPDO�,76�VHTXHQFH�GDWD��
7KH�WUHH�ZDV�URRWHG�XVLQJ�LQGLYLGXDOV�RI�&��S\UDPLGDOLV�FODGH�3���� �&��S\UDPLGDOLV�V�VWU���DV�IXQFWLRQDO�RXWJURXS��7KH�03�VHDUFK�UHVXOWHG�LQ�D�
VWULFW�FRQVHQVXV�WUHH�ZLWK�DOPRVW�LGHQWLFDO�WRSRORJ\������VWHSV�LQ�OHQJWK���%D\HVLDQ�SRVWHULRU�SUREDELOLWLHV���௘������DUH�LQGLFDWHG�DERYH�EUDQFKHV��
SDUVLPRQ\�ERRWVWUDS�YDOXHV���௘�����DUH�LQGLFDWHG�EHORZ�EUDQFKHV��0DMRU�FODGHV�GLVFXVVHG�DUH�ODEHOHG��1XPEHUV�IROORZLQJ�VSHFLHV�QDPHV�FRU#
UHVSRQG�WR�'1$�DFFHVVLRQV��VHH�$SSHQGL[����
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SDUVLPRQ\�VHDUFKHV�FRQGXFWHG�XVLQJ�WKHVH�WZR�DOWHUQDWLYHV�
UHVXOWHG�LQ�WUHHV�RI�FRPSDWLEOH�WRSRORJ\�DQG�VLPLODU�OHYHOV�RI�
VXSSRUW��+HQFH��IRU�IXUWKHU�LQ�GHSWK�DQDO\VHV�ZH�KDYH�FKRVHQ�
WR�XVH�WKH�³EURDG´�GDWDVHW�DQG�ZH�UHSRUW�RQO\�UHVXOWV�EDVHG�RQ�
WKLV�FRQFDWHQDWHG�PDWUL[�

7UHHV�SURGXFHG�E\�WKH�WRWDO�HYLGHQFH�DSSURDFK�KDG�EHWWHU�
UHVROXWLRQ�DQG�RYHUDOO�VXSSRUW�FRPSDUHG�WR�WKRVH�SURGXFHG�IURP�
LQGLYLGXDO�DQDO\VHV��7KHUHIRUH��ZH�KDYH�EDVHG�RXU�GLVFXVVLRQ�
RQ�WKH�DQDO\VHV�RI�WKH�FRPELQHG�GDWDVHW��7KH�%D\HVLDQ�DQDO\VHV�
IURP�HDFK�RI�WKH�WZR�UXQV�VWDUWLQJ�IURP�D�UDQGRP�WUHH�UHDFKHG�
DQ�DV\PSWRWLF�SODWHDX�QR�ODWHU�WKDQ�RQH�PLOOLRQ�JHQHUDWLRQV��DQG�
DOO�WUHHV�REWDLQHG�SULRU�WR�WKH�SODWHDX�ZHUH�H[FOXGHG�IURP�WKH�
DVVHPEODJH�RI�D�FRQVHQVXV�WUHH��)LJXUH���VKRZV�WKH�PDMRULW\�UXOH�
FRQVHQVXV�SK\ORJUDP�UHVXOWLQJ�IURP�WKH�%D\HVLDQ�DQDO\VLV��7KH�
WRSRORJ\�LV�FRQVLVWHQW�ZLWK�WKH�UHVXOWV�IURP�WKH�VHSDUDWH�GDWD#
VHW�DQDO\VHV�XVLQJ�%D\HVLDQ�LQIHUHQFH��)LJV��������DQG�GLVWDQFH�
�(OHFWU��6XSSO���)LJ��6����$OO�DQDO\VHV�FRQILUP�WKH�&��S\UDPLGDOLV�
VSHFLHV�FRPSOH[�WR�EH�D�VWURQJO\�VXSSRUWHG�PRQRSK\OHWLF�JURXS�
������%6�������33���:LWKLQ�WKLV�FRPSOH[��WKUHH�PDMRU�FODGHV�
LGHQWLFDO�WR�WKRVH�SUHYLRXVO\�GHVFULEHG�FDQ�EH�GHOLPLWHG�EDVHG�
RQ�D�FRPELQDWLRQ�RI�WKHLU�VWURQJ�LQGLYLGXDO�VXSSRUW���௘����%6��
�����33��DQG�PROHFXODU�GLVWLQFWLYHQHVV��DV�HYLGHQFHG�E\�WKH�ORQJ�
EUDQFKHV�VXEWHQGLQJ�WKHP��)LJ������&��S\UDPLGDOLV�V�VWU���3�����
&��DXVWURDGULDWLFD��3�����DQG�&��VHFXQGLIORUD�V�O���3��௘�௘6���7KH�
FRPELQHG�UHVXOWV�DOVR�FRQILUPHG�WKDW�PRQRSK\O\�RI�&��YHU1
-&6,+,#�KDV�QRW�\HW�EHHQ�DFKLHYHG��ZLWK�D�FODGH�FRQVLVWLQJ�RI�
UHSUHVHQWDWLYHV�RI�&��DXVWURDGULDWLFD�DQG�&��VHFXQGLIORUD�V�O��
QHVWHG�DPRQJ�LQGLYLGXDOV�RI�&��YHUVLFRORU�LQ�D�SK\ORJHQ\�URRWHG�
XVLQJ�RXWJURXSV��)LJ�����

$V�RQH�RI�WKH�PRVW�VXUSULVLQJ�UHVXOWV�RI�WKLV�VWXG\��!"%1
."'/+").5#"%&$"+&-�ZDV�QRW�IRXQG�WR�EH�PRQRSK\OHWLF�RQ�WKH�
RSWLPDO��XQFRQVWUDLQHG��WUHHV�LQ�DQ\�RI�WKH�LQGLYLGXDO�RU�FRP#
ELQHG�GDWDVHWV��:KHQ�WKH�WRSRORJ\�ZDV�FRQVWUDLQHG�VR�WKDW�
&��S\UDPLGDOLV�ZDV�PRQRSK\OHWLF��WKLV�SURGXFHG�VXERSWLPDO�
WRSRORJLHV�ZLWK�ERWK�WKH�FS'1$�DQG�FRPELQHG�FKORURSODVW�
QXFOHDU�GDWDVHWV�WKDW�ZHUH�UHMHFWHG�DV�VLJQLILFDQWO\�ZRUVH�VROX#
WLRQV�E\�WKH�$8�WHVWV��7DEOH�����7KLV�ZDV�QRW�WKH�FDVH�ZLWK�WKH�
QU,76�RQO\�PDWUL[��ZKHUH�LPSRVLQJ�PRQRSK\O\�RI�&��S\UDPL1
$"+&-�V�O��FRXOG�QRW�EH�UHMHFWHG�DV�VXERSWLPDO��7DEOH�����7KLV�
PDUJLQDOO\�QRQ�VLJQLILFDQW�UHVXOW��3� ��������LV�PRVW�OLNHO\�
GXH�WR�ORZHU�UHVROXWLRQ�DQG�RYHUDOO�VXSSRUW�IRU�WKH�EDFNERQH�
UHODWLRQVKLSV� IRXQG�ZLWK� WKH� QXFOHDU� GDWD�� )LQDOO\�� QHLWKHU�
&��YHUVLFRORU�QRU�&��VHFXQGLIORUD�ZHUH�IRXQG�WR�EH�VWULFWO\�
PRQRSK\OHWLF��EXW�WKHLU�PRQRSK\O\�FRXOG�QRW�EH�UHMHFWHG�ZLWK�
FRQILGHQFH�LQ�DQ\�RI�WKH�WKUHH�GDWD�SDUWLWLRQV�WHVWHG��7DEOH����

DISCUSSION

7KLV�ZRUN�UHSUHVHQWV�WKH�ILUVW�ILQH�VFDOH�PROHFXODU�SK\#
ORJHQHWLF�VWXG\�RI�WKH�&��S\UDPLGDOLV�VSHFLHV�FRPSOH[��,W� LV�
EDVHG�RQ�D�FRPELQDWLRQ�RI�SODVWLG�DQG�QXFOHDU�'1$�VHTXHQFHV�
REWDLQHG�IURP�LQGLYLGXDOV�VDPSOHG�DFURVV�WKH�HQWLUH�JHRJUDSKLF�
UDQJH�RI�WKH�WKUHH�FXUUHQWO\�UHFRJQL]HG�VSHFLHV��7KH�UHVXOWLQJ�
SK\ORJHQHWLF�LQIHUHQFHV�DUH�UREXVW�DQG�VKRZ�VLJQLILFDQW�VXSSRUW�
IRU�WKH�FRPSRVLWLRQ�DQG�UHODWLRQVKLSV�EHWZHHQ�PDMRU�FODGHV�LQ�
WKH�WUHH��)LJXUH���VXPPDUL]HV�RXU�FXUUHQW�EHVW�XQGHUVWDQG#
LQJ�RI�SK\ORJHQHWLF�UHODWLRQVKLSV�DPRQJ�SRSXODWLRQV�RI�WKH�
&��S\UDPLGDOLV�FRPSOH[��DQG�RI�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�
WUDGLWLRQDO�WD[RQRP\�DQG�D�SXWDWLYH�SK\ORJHQHWLF�FODVVLILFD#
WLRQ�VXJJHVWHG�KHUH��2XU�UHVXOWV�DOVR�IXUWKHU�FRQILUP�D�QHZO\�
HPHUJLQJ�ELRJHRJUDSKLF�SDWWHUQ��UHFHQWO\�GHWHFWHG�EDVHG�RQ�D�
OLPLWHG�QXPEHU�RI�SODQW�DQG�DQLPDO�WD[D�

8S�WR����WD[D�ZHUH�GHVFULEHG�ZLWKLQ�WKH�&��S\UDPLGDOLV�
FRPSOH[�IURP�WKH�%DONDQV�DQG�$SHQQLQH�3HQLQVXODV��+RZ#
HYHU�� DFFRUGLQJ� WR�=+,#") 0/#,."("� �)HGRURY�	�.RYDQGD��
�������K($1!3(6C+&-2��*UHXWHU�	�DO����������L,#+$)!3(6C+&-2)
"'$)9&I+&,?#".35),>)!"%."'/+"6("(��/DPPHUV���������DQG�
PRUH�UHFHQW�QDWLRQDO�)ORUDV�DQG�IORULVWLF�SDSHUV�FRYHULQJ�WKHVH�
DUHDV��+DUWYLJ��������/RYDãHQ�(EHUKDUGW�������".RYDþLü��������
1LNRORY��������1LNROLü���������RQO\�&��S\UDPLGDOLV�)&��YHU1
-&6,+,#)DQG�&��VHFXQGLIORUD�ZHUH�UHFRJQLVHG��DQG�DOO�RWKHU�
QDPHV�ZHUH�FRQVLGHUHG�WR�EH�V\QRQ\PV��2XU�UHVXOWV�OHQG�VWURQJ�
VXSSRUW�WR�WKH�UHFRJQLWLRQ�RI�VHYHUDO�WD[D��FRUUHVSRQGLQJ�RQO\�
SDUWLDOO\�WR�WKLV�JHQHUDOO\�DFFHSWHG�WD[RQRPLF�FRQFHSW�

7DEOH���FRPSDUHV�DQG�FRQWUDVWV�WKH�PDLQ�GLDJQRVWLF�IHD#
WXUHV��DOORZLQJ�IRU�GLVWLQFWLRQ�DPRQJ�IRXU�GLIIHUHQW�WD[D�QHZO\�
FLUFXPVFULEHG�KHUH��0RUSKRORJLFDO�GLIIHUHQFHV�DUH�VHHQ�LQ�WKH�
JHQHUDO�KDELW��OLIH�VSDQ��DQG�RYHUDOO�GLPHQVLRQ�RI�SODQWV��LQ�OHDI�
SHWLRODWLRQ��LQIORUHVFHQFH�IHDWXUHV��FRUROOD�FRORU��DV�ZHOO�DV�LQ�
WKH�VKDSH�RI�VHHGV��FDO\[�WHHWK��DQG�RYDULHV��*LYHQ�WKH�PRUSKR#
ORJLFDO�YDULDWLRQ�NQRZQ�WR�RFFXU�ZLWKLQ�WKLV�VSHFLHV�FRPSOH[��
ZH�XVH�WKH�SK\ORJHQHWLF�VSHFLHV�FRQFHSW��36&��DSSURDFK��8Q#
OLNH�PRUSKRORJLFDO�RU�YDULRXV�VSHFLHV�FRQFHSWV�HPSKDVL]LQJ�
PHFKDQLVPV�RI�UHSURGXFWLYH�LVRODWLRQ��WKH�36&�LV�KLVWRULFDOO\�
EDVHG��%DXP�	�'RQRJKXH��������DQG�XVHV�WKH�FULWHULD�RI�PRQR#
SK\O\�DQG�H[FOXVLYLW\�WR�GHILQH�VSHFLHV��4XHLUR]�	�'RQRJKXH��
������%DXP��������%DXP�	�6KDZ��������

Species delimitation within C. pyramidalis. —�!"%."'/+")
.5#"%&$"+&-� LQ�WKH�EURDG�VHQVH��DV�GHILQHG�E\�FXUUHQWO\�DF#
FHSWHG�IORULVWLF�WUHDWPHQWV��LV�GLVWULEXWHG�DORQJ�WKH�$GULDWLF�
FRDVW�� LQFOXGLQJ�WKH�LVODQGV�DQG�D�QDUURZ�LQODQG�VWULS��IURP�

Table .�5HVXOWV�RI�WKH�$SSUR[LPDWHO\�8QELDVHG��$8��WHVWV�IRU�DOWHUQDWLYH�K\SRWKHVLV�WHVWLQJ�LQ�WKH�!"%."'/+").5#"%&$"+&-�VSHFLHV�FRPSOH[���

'DWDVHW 5HFLSURFDO�FRQVWUDLQW
&RQVWUDLQHG�PRQRSK\O\�RI

&��S\UDPLGDOLV��3��௘�௘3��௘�௘3��� &��YHUVLFRORU��9� &��VHFXQGLIORUD��6�
FS'1$��)LJ�����(OHFWU��6XSSO���)LJ��6�$� ����� QU,76���3��௘�௘3��௘�௘6� >?>>@
 ����� �����
QU,76��)LJ�����(OHFWU��6XSSO���)LJ��6�%� ����� FS'1$���3��௘�௘3��� ����� ����� �����
&RPELQHG��)LJ���� Q�D ± >?>AB
 ����� �����
$VWHULVNV�LQGLFDWH�SUREDELOLWLHV�EHORZ�������L�H���WUHH�WRSRORJ\�UHMHFWHG�DV�VLJQLILFDQWO\�ZRUVH�FRPSDUHG�WR�WKH�RSWLPDO�WRSRORJ\�IRU�WKH�JLYHQ�GDWD#
VHW���³3´�UHSUHVHQWV�LQGLYLGXDOV�WUDGLWLRQDOO\�LGHQWLILHG�DV�&��S\UDPLGDOLV��VRUWLQJ�RXW�LQWR�WKUHH�OLQHDJHV��3����3����DQG�3�����³9´�UHSUHVHQWV�WKRVH�RI�
&��YHUVLFRORU��DQG�³6´�WKRVH�RI�&��VHFXQGLIORUD�
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Fig. ."0DMRULW\�UXOH�FRQVHQVXV�WUHH�ZLWK�PHDQ�EUDQFK�OHQJWKV�UHVXOWLQJ�IURP�WKH�SDUWLWLRQHG�%D\HVLDQ�DQDO\VLV�RI�WKH�FRPELQHG�SODVWLG��.-I41
2#'*��.-IJ12#'>K��2#';12#'H��DQG�QXFOHDU��U,76��QRQ�FRGLQJ�VHTXHQFH�GDWD��7KH�WUHH�ZDV�URRWHG�XVLQJ�WZR�VLVWHU�VSHFLHV�IURP�LVRSK\OORXV�!"%1
."'/+"�DV�RXWJURXSV��7KH�03�VHDUFK�UHVXOWHG�LQ�D�VWULFW�FRQVHQVXV�WUHH�ZLWK�DOPRVW�LGHQWLFDO�WRSRORJ\������VWHSV�LQ�OHQJWK���%D\HVLDQ�SRVWHULRU�
SUREDELOLWLHV���௘������DUH�LQGLFDWHG�DERYH�EUDQFKHV��SDUVLPRQ\�ERRWVWUDS�YDOXHV���௘�����DUH�LQGLFDWHG�EHORZ�EUDQFKHV��0DMRU�FODGHV�GLVFXVVHG�DUH�
ODEHOHG��1XPEHUV�IROORZLQJ�VSHFLHV�QDPHV�FRUUHVSRQG�WR�'1$�DFFHVVLRQV��VHH�$SSHQGL[����
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WKH�*XOI�RI�7ULHVWH��QRUWKHDVWHUQ�,WDO\��VRXWKZDUGV�WR�QRUWKHUQ�
$OEDQLD��)LJ������$FFRUGLQJ�WR�RXU�UHVXOWV��WKLV�VSHFLHV�FRQWDLQV�
WKUHH�TXLWH�GLVWLQFW�HQWLWLHV�HYLGHQW�DV�WKUHH�ZHOO�VXSSRUWHG�
FODGHV�LQ�WKH�SK\ORJHQHWLF�QHWZRUNV�DQG�WUHHV��)LJV���±���(OHFWU��
6XSSO���)LJV��6���6���FODGHV�ODEHOHG�3��±3�����:H�UHJDUG�WKHVH�
ILQGLQJV�DV�VRXQG�DUJXPHQWV�LQ�IDYRXU�RI�UHFRJQL]LQJ�WKUHH�
VHSDUDWH�WD[D��&��S\UDPLGDOLV�V�VWU���3�����&��DXVWURDGULDWLFD�VS��
QRY���3�����DQG)RQH�DGGLWLRQDO�JURXS�RI�SRSXODWLRQV��3����FORVHO\�
UHODWHG�WR�&��VHFXQGLIORUD�EXW�QRW�\HW�WD[RQRPLFDOO\�GHILQHG�

7KH�VSOLW�EHWZHHQ�DOORSDWULF�QRUWKZHVWHUQ�$GULDWLF��!"%1
."'/+").5#"%&$"+&-�V�VWU���3����DQG�VRXWKHDVWHUQ�$GULDWLF��!"%1
."'/+")"/-2#,"$#&"2&6"�VS��QRY���3����JURXSV�RI�SRSXODWLRQV�RI�
WKH�&��S\UDPLGDOLV�VSHFLHV�FRPSOH[�DORQJ�WKH�ORZHU�1HUHWYD�
YDOOH\�LQ�FHQWUDO�'DOPDWLD��&URDWLD��LV�UHPDUNDEO\�FRQJUXHQW�
ZLWK�SK\ORJHRJUDSKLF�SDWWHUQV�GHWHFWHG�LQ�D�QXPEHU�RI�SODQW�
�H�J���.XþHUD�	�DO���������������6XULQD�	�DO���������DQG�DQLPDO�
�H�J���3RGQDU�	�DO���������.U\ãWXIHN�	�DO���������6RWLURSRXORV�
	�DO���������WD[D��)RU�H[DPSOH��.XþHUD�	�DO���������LGHQWL#
ILHG�D�PDMRU�SK\ORJHRJUDSKLF�DQG�WD[RQRPLF�VSOLW�ZLWKLQ�WKH�
!"#$"%&'()%"#&2&%"�3RUW��H[�'&��VSHFLHV�DJJUHJDWH��%UDVVLF�
DFHDH��LQ�WKH�DUHD�RI�1HUHWYD�YDOOH\��D�JHQHWLF�SDWWHUQ�RQ�ZKLFK�
WKH\�EDVHG��DORQJ�ZLWK�PRUSKRORJLFDO�GDWD��WKH�VHJUHJDWLRQ�RI�
!"#$"%&'()%"#&2&%"�DQG�&��ILDODH�)ULWVFK��6LPLODUO\��LQ�0$#"&1
"'23/-)2('/&>,+&/-�$��'&���&DPSDQXODFHDH��ERWK�SODVWLG�DQG�
ILQJHUSULQWLQJ��$)/3��PDUNHUV�FRQJUXHQWO\�LGHQWLILHG�D�FOHDU�
SK\ORJHRJUDSKLF��EXW�QRW�WD[RQRPLF��VSOLW�DORQJ�WKH�ORZHU�1H#
UHWYD�YDOOH\�GHVSLWH�WKH�ODFN�RI�REYLRXV�GLVSHUVDO�EDUULHUV�DORQJ�
WKH�$GULDWLF�FRDVW��6XULQD�	�DO����������)RU�WKH�OL]DUG�3RGDUFLV�
%(+&-(++('-&-��3RGQDU�	�DO����������WKLV�UHJLRQ�KDV�EHHQ�VXJ#
JHVWHG�WR�EH�D�VHFRQGDU\�FRQWDFW�]RQH�RI�OLQHDJHV�GLYHUVLILHG�
LQ�SKDVHV�RI�JHRJUDSKLF�LVRODWLRQ��VHH�DOVR�.XþHUD�	�DO����������
,Q�FRQWUDVW�WR�WKHVH�VWXGLHV��WKH�ORZHU�1HUHWYD�YDOOH\�GRHV�QRW�
VHHP�WR�FRLQFLGH�ZLWK�HLWKHU�SK\ORJHRJUDSKLF�RU�WD[RQRPLF�
VSOLWV�LQ�0$#"&"'23/-)-(#.5++&>,+&/-�$��'&���6XULQD�	�DO���������

RU�LQ�WKH�QRVH�KRUQHG�YLSHU��M&.(#")"%%,$52(-)�8UVHQEDFKHU�
	�DO����������7KLV�VXJJHVWV�WKDW�JHQH�IORZ�KDV�RFFXUUHG�DFURVV�
WKLV�QDUURZ�EXW�GHHS�YDOOH\��DQG�WKDW�WKH�1HUHWYD�YDOOH\�VKRXOG�
SHUKDSV�EH�UHJDUGHG�DV�DQ�LPSRUWDQW�EXW�QRW�XQLYHUVDO�JHR#
JUDSKLFDO�EDUULHU�

*HRORJLFDO�HYLGHQFH�VXJJHVWV�JUHDWHU�RYHUDOO�DULGLW\�GXULQJ�
FROG�LQWHUYDOV��H�J���&RPERXULHUX�1HERXW�	�DO���������DQG�LQ#
FUHDVHG�VHDVRQDOLW\��&ROOLHU�	�DO����������$W�WKH�HQG�RI�WKH�/DVW�
*ODFLDO�0D[LPXP��/*0��FD���������\HDUV�EHIRUH�SUHVHQW���WKH�
$GULDWLF�6HD�OHYHO�DW�LWV�QRUWKHUQ�SDUW�UHDFKHG�LWV�ORZHVW�SRVLWLRQ�
DW�DSSUR[LPDWHO\���WK�SDUDOOHO�1��7KLV�UHVXOWHG�LQ�D�YHU\�VPDOO��
QDUURZ����±���NP���VKDOORZ��DQG�VHPL�HQFORVHG�EDVLQ�FDOOHG�
0HVR�$GULDWLF�'HSUHVVLRQ��&RUUHJJLDUL�	�DO���������$VLROL�
	�DO����������7KLV�UHPDLQHG�FRQQHFWHG�WR�WKH�ODUJHU�2WUDQWR�
EDVLQ�LQ�WKH�VRXWKHUQ�$GULDWLF��VLWXDWHG�EHWZHHQ�WKH�3HOMHãDF�
DQG�*DUJDQR�3HQLQVXODV�DW�WKH�HDVWHUQ�DQG�ZHVWHUQ�$GULDWLF�
FRDVW��UHVSHFWLYHO\��7KH�VSOLW�EHWZHHQ�QRUWKZHVWHUQ�$GULDWLF�
&��S\UDPLGDOLV�V�VWU���3����DQG�VRXWKHDVWHUQ�$GULDWLF�&��DXV1
2#,"$#&"2&6"� �3����FRLQFLGHV�YHU\�ZHOO�ZLWK� WKH�JHRJUDSKLF�
SRVLWLRQ�RI�WKH�$GULDWLF�6HD�GXULQJ�WKH�/*0��7KHUHIRUH��ZH�
SRVLW�WKDW�WKLV�VSOLW��ZKLFK�JHRJUDSKLFDOO\�FRLQFLGHV�ZLWK�WKH�
ORZHU�1HUHWYD�YDOOH\��PD\�QRW�EH�FDXVHG�E\�WKH�YDOOH\�LWVHOI�
EXW�UDWKHU�PD\�PDUN�D�ERUGHU�EHWZHHQ�VWURQJO\�GLIIHUHQW�HFR#
ORJLFDO�FRQGLWLRQV�WR�WKH�QRUWK�DQG�VRXWK�DW�WKH�WLPH�RI�WKH�
/*0��UHVXOWLQJ�LQ�GLYHUJHQW�HYROXWLRQ�RI�SRSXODWLRQV�RI�WKH�
&��S\UDPLGDOLV�DJJUHJDWH�LQ�WKH�WZR�DUHDV��$Q�DEUXSW�FKDQJH�
LQ�YHJHWDWLRQ�FRYHU�IURP�FRDVWDO�DUHDV�WRZDUGV�WKH�LQODQG�LV�
HYLGHQW�QRZDGD\V��H�J���+RUYDWLü��������������DQG�UHIOHFWV�ZHOO�
WKH�LPSRUWDQFH�RI�WKH�SUR[LPLW\�RI�WKH�0HGLWHUUDQHDQ�6HD�IRU�
WKH�YHJHWDWLRQ�FRYHU�DQG�JHQHUDO�HFRORJLFDO�FRQGLWLRQV�HYHQ�RQ�
D�VPDOO�VSDWLDO�VFDOH�

Campanula pyramidalis s.str. (P.). —�$FFRUGLQJ�WR�RXU�H[#
DPLQDWLRQ�RI�WKH�RULJLQDO�/LQQHDQ�PDWHULDO��WKH�QDPH�&��S\UDP1
&$"+&-�/��PXVW�EH�DSSOLHG�WR�WKH�SRSXODWLRQV�IURP�WKH�QRUWKHUQ�

Table .�0DLQ�GLDJQRVWLF�IHDWXUHV�WR�GLVWLQJXLVK�WKH�QHZO\�FLUFXPVFULEHG�VSHFLHV�ZLWKLQ�WKH�!"%."'/+").5#"%&$"+&-�FRPSOH[�
&��S\UDPLGDOLV�V�VWU���
�3���

&��DXVWURDGULDWLFD�VS��QRY��
�3���

&��VHFXQGLIORUD�V�O���
�6௘�௘3���

&��YHUVLFRORU�V�O���
�9�

+DELW %LHQQLDO�ZLWK�VWURQJ��YHUWL#
FDO��VHPL�ZRRG\�UKL]RPH

3HUHQQLDO�ZLWK�VWRXW��EULWWOH�
ZRRG\�VWRFN�

3HUHQQLDO�ZLWK�VWRXW��EULWWOH�
ZRRG\�VWRFN

3HUHQQLDO�ZLWK�VWRXW��EULWWOH�
ZRRG\�VWRFN

6WHP ���±����FP�WDOO��HUHFW ��±����FP�WDOO��HUHFW�WR�
DVFHQGLQJ

��±���FP�WDOO��SHQGHQW�WR�
DVFHQGLQJ��UDUHO\�HUHFW

��±���FP�WDOO��HUHFW�WR�
DVFHQGLQJ

8SSHUPRVW�OHDYHV 6KRUW�SHWLRODWH 6KRUW�SHWLRODWH 6HVVLOH 6HVVLOH
,QIORUHVFHQFH 1DUURZO\�SDQLFXODWH��HORQ#

JDWH����±����±�����FP�ORQJ
1DUURZO\�SDQLFXODWH��HORQ#
JDWH����±����±�����FP�ORQJ

%UDQFKHG���±���FP�ORQJ 1DUURZO\�SDQLFXODWH��UDUHO\�
VXEFDSLWDWH���±���±����FP�
ORQJ

2YDU\ 6KDOORZO\�VXOFDWH 6KDOORZO\�VXOFDWH 'HHSO\�VXOFDWH 'HHSO\�VXOFDWH
&DO\[�WHHWK 6KRUWO\�WULDQJXODU��XVXDOO\�

EDFNZDUG�EHQW��HTXDO�RU�
VKRUWHU�WKDQ�RYDU\

/LQHDU�WR�QDUURZO\�WULDQJXODU�
RU�VXEXODWH��HUHFW�WR�UHIOH[HG��
�±��WLPHV�DV�ORQJ�DV�WKH�
RYDU\

1DUURZO\�WULDQJXODU�WR�VXEX#
ODWH��HUHFW�WR�UHIOH[HG�����±��
WLPHV�DV�ORQJ�DV�WKH�RYDU\

1DUURZO\�WULDQJXODU�WR�VXEX#
ODWH��HUHFW�WR�UHIOH[HG�����±��
WLPHV�DV�ORQJ�DV�WKH�RYDU\

&RUROOD� 9LROHW�WR�SDOH�EOXLVK�YLROHW�
XVXDOO\�ZLWKRXW�GDUN�EOXH�
FHQWHU

9LROHW�WR�SDOH�EOXLVK�YLROHW�
XVXDOO\�ZLWK�GDUN�EOXH�FHQWHU

9LROHW�WR�SDOH�EOXLVK�YLROHW�
ZLWK�D�GDUN�EOXH�FHQWHU

3DOH�EOXLVK�YLROHW�ZLWK�D�
GDUN�EOXH�FHQWHU

6HHGV ���±����î����±����PP ���±����î����±����PP� ���±����î����±����PP ����î�����PP
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DQG�FHQWUDO�$GULDWLF�FRDVW��OHFWRW\SH�LV�GHVLJQDWHG�KHUH��VHH�
7D[RQRPLF�7UHDWPHQW���7KLV�VSHFLHV�LQKDELWV�SULPDULO\�LVODQGV�
DQG�D�QDUURZ�VWULS�DORQJ�WKH�FRDVW��WKH�0HGLWHUUDQHDQ�]RQH���
DQG�FDQ�UDUHO\�EH�IRXQG�LQ�WKH�KLQWHUODQG�RI�WKLV�UHJLRQ��WKH�

6XEPHGLWHUUDQHDQ�]RQH���7KH�VSHFLHV�KDV�D�VWURQJ��YHUWLFDO��
VHPL�ZRRG\�UKL]RPH��RQ�WRS�RI�ZKLFK�D�YHU\�FKDUDFWHULVWLF�
URVHWWH�RI�OHDYHV�GHYHORSV��)URP�LWV�FHQWHU��XVXDOO\�RQO\�RQH�
IORZHULQJ�VWHP�JURZV��ZKLFK�LV�XQEUDQFKHG�DQG�OHDI\��DQG�
FDQ�UHDFK�RYHU�����FP�LQ�KHLJKW��0XOWLSOH�VWHPV�IURP�RQH�
UKL]RPH�VHHP�WR�EH�WKH�FRQVHTXHQFH�RI�PHFKDQLFDO�LQMXULHV�
�FDXVHG�PRVWO\�E\�JUD]LQJ�RU�E\�IDOOLQJ�VWRQHV�RQ�VFUHHV�DQG�
URFN\�EDQNV���WKH�GDPDJH�FDXVHG�E\�LQVHFWV��RU�E\�SK\WRSODVPD�
LQIHFWLRQV��!"%."'/+").5#"%&$"+&-�V�VWU�� LV�HDVLO\�UHFRJQL]#
DEOH�LQ�QDWXUH��HYHQ�IURP�WKH�GLVWDQFH��GXH�WR�LWV�YHU\�VSHFLILF�
KDELW��FKDUDFWHULVHG�E\�LQGLYLGXDO�URG�OLNH��QDUURZ��DQG�YHU\�
WDOO�VLPSOH�RU�S\UDPLGDO�VWHPV��%DVHG�RQ�RXU�REVHUYDWLRQ�RI�
SODQWV�LQ�QDWXUH�DV�ZHOO�DV�SODQWV�FXOWLYDWHG�LQ�D�FRPPRQ�JDU#
GHQ��WKHVH�SODQWV�GR�QRW�WHQG�WR�OLYH�ORQJHU�WKDQ�WZR��UDUHO\�
WKUHH�\HDUV��0RVW�SODQWV�GLH�DIWHU�IORZHULQJ��DOWKRXJK�LQ�VRPH�
FDVHV�VDPH�LQGLYLGXDOV�PD\�IRUP�IORZHULQJ�VWHPV�WKH�QH[W�
\HDU��)RU�H[DPSOH��DOPRVW�DOO�LQGLYLGXDOV�FXOWLYDWHG�LQ�WKH�%R#
WDQLFDO�*DUGHQ�³-HYUHPRYDF´�LQ�%HOJUDGH��6HUELD��GLHG�ULJKW�
DIWHU�IORZHULQJ��2QO\�RQH�IRUPHG�D�QHZ�URVHWWH�RI�OHDYHV�WKH�
IROORZLQJ�\HDU��EXW�GLG�QRW�IORZHU�DQG�GLHG�DW�WKH�HQG�RI�WKH�
YHJHWDWLRQ�SHULRG��!"%."'/+").5#"%&$"+&-��DV�GHILQHG�KHUH�LQ�
LWV�QDUURZ�VHQVH��3�����GLIIHUV�IURP�WKH�VRXWKHUQ�$GULDWLF�DQG�
FRQWLQHQWDO�0RQWHQHJULQ�SRSXODWLRQV��3����3����QRW�RQO\�LQ�LWV�
JHQHUDO�KDELW�EXW�DOVR�LQ�LWV�PRVWO\�VKRUW��WULDQJXODU��XVXDOO\�
EDFNZDUG�EHQW�FDO\[�WHHWK��)LJ�����7DEOH����

Campanula austroadriatica sp. nov. (P.). —�3RSXODWLRQV�RI�
WKLV�QHZ�VSHFLHV�KDYH�WUDGLWLRQDOO\�EHHQ�UHFRJQLVHG�DV�PHPEHUV�
RI�&��S\UDPLGDOLV�/��E\�DOPRVW�DOO�FODVVLFDO�ERWDQLFDO�DXWKRUL#
WLHV�DQG�UHVHDUFKHUV�RI�WKH�%DONDQ�IORUD��ZLWK�WKH�H[FHSWLRQ�RI�
ýHUQMDYVNL�	�DO����������,Q�LWV�FRORU�DQG�JHQHUDO�DSSHDUDQFH�RI�
WKH�IORZHUV��DQG�HVSHFLDOO\�LQ�LWV�ODUJH�GLPHQVLRQV��WKLV�SODQW�
UHVHPEOHV�&��S\UDPLGDOLV�V�VWU��+RZHYHU��D�QXPEHU�RI�JHQHUDO�
KDELW�FKDUDFWHULVWLFV�DUH�VKDUHG�ZLWK�&��YHUVLFRORU��D�VRXWK#
HUQ�%DONDQ�VSHFLHV��)LJ������)RU�H[DPSOH��WKHVH�SODQWV�KDYH�D�
VWRXW��ZRRG\��EUDQFKLQJ�UKL]RPH�RQ�ZKLFK�D�ODUJHU�QXPEHU�
RI�URVHWWHV�GHYHORS��DORQJ�ZLWK�PDQ\�WDOO�IORZHULQJ�VWHPV��XS�
WR�����FP��ZLWK�PDQ\�ODUJH�DQG�VSLUDOO\�DUUDQJHG�OHDYHV��UH#
VXOWLQJ�LQ�D�FOXVWHUHG�FDHVSLWRVH�KDELW��8QOLNH�&��S\UDGPLGDOLV�
V�VWU���&��DXVWURDGULDWLFD�LV�D�ORQJ�OLYHG�SODQW��D�WUXH�SHUHQQLDO��
'HQVH�VWHP�WXIWV�RI�VRPH�LQGLYLGXDOV�FDQ�UHDFK�RYHU����FP�LQ�
GLDPHWHU��ZKLFK�LQGLFDWHV�WKDW�WKH�OLIH�VSDQ�RI�WKHVH�SODQWV�LQ�
QDWXUH�LV�ORQJ��SRVVLEO\�D�IHZ�GHFDGHV��7KH�SODQWV�FXOWLYDWHG�LQ�
WKH�%RWDQLFDO�*DUGHQ�³-HYUHPRYDF´�LQ�%HOJUDGH��6HUELD��DUH�
QRZ�VL[�\HDUV�ROG�DQG�IORZHU�UHJXODUO\�DQG�DEXQGDQWO\�HYHU\�
\HDU��$�IHZ�RI�WKHVH�SODQWV�KDYH�EHHQ�FXOWLYDWHG�LQ�WKH�%RWDQL#
FDO�*DUGHQ�RI�WKH�)DFXOW\�RI�6FLHQFH�LQ�=DJUHE��&URDWLD��VLQFH�
������ZKHUH�RQH�LQGLYLGXDO�ZDV�SODQWHG�LQ�������5HVXOWV�RI�
SUHOLPLQDU\�PRUSKRPHWULF�DQDO\VHV��,��-DQNRYLü��SHUV��FRPP���
DOVR�VXJJHVW�WKDW�LQGLYLGXDOV�RI�WKLV�QHZO\�GHVFULEHG�VSHFLHV�
IRUP�D�GLVWLQFW�HQWLW\��DQG�RQO\�SDUWO\�RYHUODS�ZLWK�LQGLYLGX#
DOV�IURP�QRUWKHUQ�$GULDWLF��3����DQG�FRQWLQHQWDO�0RQWHQHJULQ�
�3����UHSUHVHQWDWLYHV�RI�D�EURDGO\�FLUFXPVFULEHG�&��S\UDPLGDOLV�
�-DQNRYLü�	�/DNXãLü���������$SDUW�IRU�JHQHUDO�KDELW��FDHVSLWRVH�
YV��VFDSRVH��DQG�OLIH�VSDQ��SHUHQQLDO�YV��ELHQQLDO���&��DXVWURDG1
#&"2&6")LV�HDVLO\�GLIIHUHQWLDWHG�IURP�&��S\UDGPLGDOLV�V�VWU��DOVR�
E\�LWV�ORQJ��EDFNZDUGV�EHQW�FDO\["WHHWK�DQG�XVXDOO\�YHU\�ORQJ�
IORZHU�SHGLFOHV��$OVR��WKHVH�GLVWLQFWLYH�FDO\[�FKDUDFWHULVWLFV�

Fig. ."&RPSDULVRQ� RI� IORZHUV� DQG� FDOLFHV� DPRQJ� WKH� WKUHH� GLVWLQFW�
OLQHDJHV�LQ�!"%."'/+").5#"%&$"+&-�V�O��A,�3���� �&��S\UDPLGDOLV�V�VWU����
&URDWLD��9HOHELW��9UDWQLN��B,�3��)� �&��DXVWURDGULDWLFD�VS��QRY����0RQ#
WHQHJUR��5XPLMD��0XULüL��C,�3����0RQWHQHJUR��FDQ\RQ�RI�ULYHU�0RUDþD��
3ODWLMH��²�3KRWRV��'��/DNXãLü�
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DOORZ�IRU�HDV\�GLIIHUHQWLDWLRQ�RI�&��DXVWURDGULDWLFD�IURP�WKH�
FRQWLQHQWDO�SRSXODWLRQV�RI�&��S\UDGPLGDOLV�V�O���3����IRXQG�LQ�
0RQWHQHJUR��)LJV��������7DEOH����

2XU�GLVFRYHU\�RI�&��DXVWURDGULDWLFD�FRQILUPV�WKH�RSLQLRQ�
WKDW�WKH�UHFRJQLWLRQ�RI�FU\SWLF�VSHFLHV��WKH�SUHVHQFH�RI�WZR�RU�
PRUH�GLVWLQFW�VSHFLHV�WKDW�ZHUH�SUHYLRXVO\�FODVVLILHG�DV�D�VLQJOH�
VSHFLHV�GXH�WR�PRUSKRORJLFDO�VLPLODULW\��%LFNIRUG�	�DO����������
LV�DQ�LPSRUWDQW�IDFWRU�ZKHQ�DVVHVVLQJ�VSHFLHV�GLYHUVLW\�DQG�
FRQVHUYDWLRQ�LQ�WKLV�SDUW�RI�WKH�%DONDQV��7KH�H[DPSOH�SUR#
YLGHG�KHUH�DGGV�WR�D�JURZLQJ�OLVW�RI�FU\SWLF�VSHFLHV�WKDW�KDYH�
UHFHQWO\�EHHQ�GHVFULEHG�LQ�SODQWV��6XULQD�	�DO���������.XþHUD�
	�DO���������0HUHGD�	�DO���������DQG�DQLPDOV��/MXELVDYOMHYLü�
	�DO���������

Campanula pyramidalis s.l. (P.). —�7KLV�OLQHDJH�UHSUHVHQWV�
PRUSKRORJLFDOO\�DQG�JHRJUDSKLFDOO\�SRSXODWLRQV�IURP�FRQWL#
QHQWDO�DUHDV�RI�0RQWHQHJUR��0RUDþD�FDQ\RQ��0W��0RUDþNH�SOD#
QLQH��0W��6LQMDYLQD��0W��.XþNH�3URNOHWLMH��)LJ������$OEHLW�PRVW�
ERWDQLFDO�DXWKRULWLHV�LQFOXGHG�WKHVH�SRSXODWLRQV�LQ�&��S\UDPL1
$"+&-�� WKHVH�SODQWV�DUH�FORVHU�WR�&��YHUVLFRORU�DQG�HVSHFLDOO\�
&��VHFXQGLIORUD�E\�WKHLU�JHQHUDO�KDELW��2XU�SODVWLG��DQG�QXFOHDU�
GHULYHG�SK\ORJHQLHV�ERWK�OLQN�WKHVH�SRSXODWLRQV�XQHTXLYRFDOO\�
DQG�VWURQJO\�ZLWK�&��VHFXQGLIORUD�V�VWU���IRXQG�IXUWKHU�LQODQG�LQ�
6HUELD��)LJ������7KHVH�PROHFXODU�GDWD�SURYLGH�WKH�ILUVW�HYLGHQFH�
LQ�VXSSRUW�RI�WKH�H[LVWHQFH�RI�ILQH�JHRJUDSKLFDO�VWUXFWXUH�DORQJ�
WKH�0RUDþD�FDQ\RQ±/LP�FDQ\RQ±3DQMLFD�*RUJH�WUDQVHFW��7KLV�
FRQFHSW�ZDV�SXW�IRUWK�RULJLQDOO\�E\�5��/DNXãLü��XQSXE��GDWD���
ZKR�LQIRUPDOO\�UHFRJQL]HG�WKUHH�VXEVSHFLHV�RI�&��VHFXQGL1
>+,#")LQ�WKLV�DUHD������WKH�W\SH�VXEVSHFLHV��FRQILQHG�WR�3DQMLFD�
*RUJH������VXEVS��OLPHQVLV�IRXQG�LQ�WKH�FDQ\RQ�RI�/LP�ULYHU��
DQG�����VXEVS��PRQHWHQHJULQD�LQ�6LQMDYLQD�DQG�WKH�FDQ\RQ�RI�
0RUDþD�ULYHU��+RZHYHU��WR�IXOO\�XQWDQJOH�WKH�SK\ORJHRJUDSKLF�
DQG�WD[RQRPLF�UHODWLRQVKLSV�RI�SRSXODWLRQV�DORQJ�WKLV�QDUURZ�
WUDQVHFW�DQG�WR�GHFLGH�ZKHWKHU�WKHLU�IRUPDO�LQFOXVLRQ�ZLWKLQ�
&��VHFXQGLIORUD�V�O��LV�ZDUUDQWHG��PXFK�PRUH�GHWDLOHG�VDPSOLQJ�
LV�QHFHVVDU\�WKDQ�FXUUHQWO\�DYDLODEOH��8QWLO�ILQH�VFDOH�PROHFXODU�
DQG�PRUSKRORJLFDO�GDWD�EHFRPH�DYDLODEOH��WKH�TXHVWLRQ�RI�WKH�
H[DFW�WD[RQRPLF�VWDWXV�RI�WKLV�OLQHDJH�DQG�LWV�LQWUDVSHFLILF�GLI#
IHUHQWLDWLRQ��UHPDLQV�RSHQ�

Campanula versicolor. —�$FFRUGLQJ�WR�PRVW�UHFHQW�QD#
WLRQDO�)ORUDV��&��YHUVLFRORU�LV�GLVWULEXWHG�DFURVV�VRXWKHUQ�SDUWV�
RI�WKH�%DONDQ�SHQLQVXOD��*UHHFH��$OEDQLD�DQG�0DFHGRQLD��ZLWK�
LWV�QRUWKHUQ�ERXQGDU\�LQ�.RVRYR�DQG�LWV�QRUWKZHVWHUQ�ERXQGDU\�
LQ�%XOJDULD��6PDOO�GLVMXQFW�SDUWV�RI�WKH�UDQJH�DUH�DOVR�NQRZQ�
IURP�WKH�VRXWKHUQ�$SHQQLQHV��)LJ������6HYHUDO�LQVXIILFLHQWO\�
GLIIHUHQWLDWHG�OLQHDJHV��ZLWK�ORZ�VXSSRUW�DQG�VRPHZKDW�GLIIHU#
HQW�SRVLWLRQV�LQ�FS'1$�DQG�QU,76�WUHHV�ZHUH�IRXQG!LQ�RXU�VWXG\�
�)LJV��������(OHFWU��6XSSO���)LJ��6����7KH�FS'1$�WUHH�VXJJHVWHG�D�
JHRJUDSKLF�VWUXFWXUH�LQ�QRUWK±VRXWK�GLUHFWLRQ��L�H���GLIIHUHQWLD#
WLRQ�EHWZHHQ�QRUWKHUQ��%XOJDULD��VRXWKHUQ�6HUELD��0DFHGRQLD��
DQG�VRXWKHUQ�SRSXODWLRQV��*UHHFH��VRXWKHUQ�,WDO\���2Q�WKH�RWKHU�
KDQG��WKH�QU,76�GDWD�YHU\�ZHDNO\�VXSSRUWHG�D�ZHVW±HDVW�VXEGL#
YLVLRQ��L�H���EHWZHHQ�FLUFXP�,RQLDQ�SRSXODWLRQV�IURP�2WUDQWR��
WKH�,RQLDQ�,VODQGV��DQG�ZHVWHUQ�*UHHFH�DQG�WKH�UHPDLQGHU�RI�
WKH�SRSXODWLRQV�IURP�HDVWHUQ�*UHHFH��0DFHGRQLD��6HUELD��DQG�
%XOJDULD��,Q�DGGLWLRQ��WKH�PRUSKRORJLFDOO\�SHFXOLDU�SRSXODWLRQV�
IURP�.RVRYR��3UL]UHQ��DV�ZHOO�DV�DFFHVVLRQV�IURP�'HPLU�.DSLMD�
�0DFHGRQLD��IRUP�PRGHUDWHO\�WR�VWURQJO\�VXSSRUWHG�OLQHDJHV��

,Q�FRQWUDVW�WR�&��S\UDPLGDOLV�V�O���RXU�FXUUHQW�PROHFXODU�ILQG#
LQJV��)LJ�����7DEOH����FDQ�QRW�EH�WDNHQ�DV�DUJXPHQWV�LQ�IDYRU�RI�
IXUWKHU�WD[RQ�VHJUHJDWLRQ�ZLWKLQ�&��YHUVLFRORU�

Taxa not accepted within the C. pyramidalis complex. —�
2XU�WD[RQ�VDPSOLQJ�LQFOXGHG�PDWHULDO�FRUUHVSRQGLQJ�XQDP#
ELJXRXVO\�WR�WKH�IROORZLQJ��SUHYLRXVO\�SURSRVHG�EXW�JHQHUDOO\�
QRW�DFFHSWHG�WD[D��&��NDSHODH��&��PUNYLFNDQD��&��SODVRQLL��
&��WHQRULL��&��YHUVLFRORU�YDU��WRPHQWHOOD��&��YHUVLFRORU�YDU��WKHV1
-"+"�DQG�&��YHUVLFRORU�I��%"2C"(��FRPSDUH�ZLWK�$SSHQGL[�����
([FHSW� IRU� LQGLYLGXDOV�SRSXODWLRQV� SXWDWLYHO\� EHORQJLQJ� WR�
&��SODVRQLL�IURP�'HPLU�.DSLMD��0DFHGRQLD���ZKLFK�IRUPHG�
RQH�RI�WKH�ZHOO�VXSSRUWHG�OLQHDJHV�ZLWKLQ�WKH�&��YHUVLFRORU�
JURXS�������%6������33��)LJ������QRQH�RI�WKH�RWKHU�VDPSOHG�
DQG�DQDO\]HG�WD[D)ZHUH�VXSSRUWHG�E\�RXU�PROHFXODU�UHVXOWV�

8QIRUWXQDWHO\�� RXU� VDPSOLQJ� GLG� QRW� LQFOXGH� PDWHULDO�
FRUUHVSRQGLQJ�WR�WKH�IROORZLQJ�WD[D��&��S\UDPLGDOLV�YDU��6"+51
6&'"�$��'&���&��S\UDPLGDOLV�YDU��6,%."62"�DXFW���&��S\UD1
%&$"+&-� I�� "+I"� 9RVV��&�� VWDXELL� 8HFKWU���&�� XPEHOOXOLIHUD�
9XN���&��î�S\UDYHUVL�&D\HX[��&��î�25%,'-&&�KRUW���&��î�IHUJX1
-,'&&)KRUW��DQG�&��î�KHQGHUVRQLL�KRUW��+HQFH��WKHLU�WD[RQRPLF�
VWDWXV�FRXOG�QRW�EH�H[SOLFLWO\�WHVWHG�E\�PROHFXODU�WRROV��2XU�
RQJRLQJ�UHVHDUFK�IRFXVHV�RQ�H[SDQGLQJ�WKH�VDPSOLQJ�WR�LQF#
OXGH�WKHVH�SRSXODWLRQV�DV�ZHOO�DV�RQ�GHYHORSLQJ�IDVWHU�HYROYLQJ�
PDUNHUV��$)/3��665��FDSDEOH�RI�GLIIHUHQWLDWLQJ�DPRQJ�FORVHO\�
UHODWHG�DQG�UHFHQWO\�GLYHUJHG�WD[D��7KLV�DSSURDFK�ZLOO�DOORZ�
XV�WR�IXUWKHU�DGGUHVV�XQVROYHG�WD[RQRPLF�DQG�ELRJHRJUDSKLF�
TXHVWLRQV�LQ�WKLV�VSHFLHV�FRPSOH[�

TAXONOMIC TREATMENT

!"#$"%&'"($)*"#+,"'+-�/���6S��3O��� ����� ������ FXOWLYDWHG��
8SSVDOD�%RWDQLFDO�*DUGHQ�±"C'+&,&$/'��:'%*56)&':".'4'�
E\�'��/DNXãLü�	�6��%RJGDQRYLü���+HUE��/LQQDHXV� QR��
��������/,11���
1RWH��±�:H�IRXQG�WKH�RULJLQDO�/LQQDHDQ�VSHFLPHQ�LQ�WKH�

+HUEDULXP�RI�WKH�/LQQHDQ�6RFLHW\�RI�/RQGRQ��/,11��ZKLFK�
FRUUHVSRQGV�WR�WKH�RULJLQDO�SURWRORJXH�DQG�LV�D�W\SH�RI�WKH�QDPH�
!"%."'/+").5#"%&$"+&-��/,11�VSHFLPHQ�QR����������LPDJH�
DYDLODEOH�DW�KWWS���ZZZ�OLQQHDQ�RQOLQH�RUJ�������FOHDUO\�EH#
ORQJV�WR�WKH�RULJLQDO�PDWHULDO�DV�LW�EHDUV�QRW�RQO\�WKH�LQVFULS#
WLRQ�³.5#"%&$"+&-´�ZULWWHQ�E\�/LQQDHXV¶V�KDQG��EXW�DOVR�WKH�
QXPEHU�³�´�UHIHUULQJ�WR�WKH�VSHFLHV�QXPEHU�LQ�6SHFLHV�3ODQ1
2"#/%)�/LQQDHXV��������������7KLV�LV�VWURQJ�HYLGHQFH�WKDW�WKH�
VSHFLPHQ�ZDV�LQ�/LQQDHXV¶V�SRVVHVVLRQ�EHIRUH������DQG�WKXV�
EHORQJV�WR�WKH�RULJLQDO�PDWHULDO��VHH�-DUYLV���������$OVR��WKH�
ODEHO�+8�LQGLFDWHV�WKDW�WKH�SODQW�ZDV�FXOWLYDWHG�LQ�WKH�8SSVDOD�
%RWDQLFDO�*DUGHQ��,Q�WKH�RULJLQDO�SURWRORJXH�WKHUH�LV�QR�LQGLFD#
WLRQ�RI�WKH�QDWXUDO�GLVWULEXWLRQ�RI�WKH�VSHFLHV��DQG�WKHUHIRUH�WKH�
W\SH�ORFDOLW\)RI�&��S\UDPLGDOLV�FDQQRW�EH�GHWHUPLQHG��7KHUH�
LV�DQRWKHU�VSHFLPHQ�RI�&��S\UDPLGDOLV�LQ�836��+HUE��%XUVHU�
,9������836��VHH�-DUYLV�������������WKDW�EHORQJV�WR�WKH�RULJLQDO�
PDWHULDO��7KLV�LV�IURP�WKH�%XUVHU�+HUEDULXP��GLUHFWO\�UHODWHG�
WR�WKH�HQWU\�LQ�%DXKLQ¶V�3LQD[��%DXKLQ���������DQG�UHIHUUHG�WR�
LQ�WKH�SURWRORJXH��7KHUHIRUH��$UW������RI�WKH�K(+I,/#'()!,$()
�0F1HLOO�	�DO���������SHUPLWV�XV�WR�VHOHFW�WKH�/LQQHDQ�VSHFLPHQ�
/,11�QR���������DV�D�OHFWRW\SH�IRU�!"%."'/+").5#"%&$"+&-�
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%DXP��'�$��	�'RQRJKXH��0�-��������&KRRVLQJ�DPRQJ�DOWHUQDWLYH�

³SK\ORJHQHWLF´�VSHFLHV�FRQFHSWV��6\VW��%RW���������±����
� KWWS���G[�GRL�RUJ����������������
%DXP��'�$��	�6KDZ��.�/��������*HQHDORJLFDO�SHUVSHFWLYHV�RQ�WKH�VSH#

FLHV�SUREOHP��3S�����±����LQ��+RFK��3�&��	�6WHSKHQVRQ��$�*���HGV����
([SHULPHQWDO�DQG�PROHFXODU�DSSURDFKHV�WR�SODQW�ELRV\VWHPDWLFV��
6W��/RXLV��0LVVRXUL�%RWDQLFDO�*DUGHQ�

%LFNIRUG��'���/RKPDQ��'�-���6RKGL��1�6���1J��3�.�/���0HLHU��5���
:LQNHU��.���,QJUDP��.�.��	�'DV��,��������&U\SWLF�VSHFLHV�DV�D�
ZLQGRZ�RQ�GLYHUVLW\�DQG�FRQVHUYDWLRQ��7UHQGV�(FRO��(YRO������
���±�����KWWS���G[�GRL�RUJ���������M�WUHH������������

!"#$"%&'"("&-.*/",*+".+0"�'��/DNXãLü�	�.RYDþLü��%/?"6,D?�
±� +RORW\SH�� 0217(1(*52�� %RND� .RWRUVND�� 5L#
VDQ�� 6RSRW�� URFN� FUHYLFHV�� OLPHVWRQH�� ���������ƍ�1��
���������ƍ�(�����P�����6HS�������/DNXãLü��'���7RPRYLü��*���
9XNRMLþLü��6��	�.X]PDQRYLü��1�������)�%(28���LVRW\SH��
=$����²�)LJXUH����(OHFWU��6XSSO���)LJ��6��
'LDJQRVLV��±�$IILQLV�&��S\UDPLGDOLV�VHG�SODQWD�SHUHQQLV�

PXOWLFDXOLV��QRQ�ELHQQLV�HW�VROHW�XQLFDXOLV���FDXOLV���±����FP�
DOWXV��QRQ���±����FP���GHQWLEXV�FDO\FLV�ORQJLRULEXV�����±��±
��±����PP��QRQ�����±��±��±���PP���UHFHGLW�

'HVFULSWLRQ��±"&DHVSLWRVH�SHUHQQLDO�ZLWK�VWRXW��EULWWOH�
ZRRG\�VWRFN�IURP�ZKLFK�QXPHURXV�JODEURXV�KHUEDFHRXV�VWRXW�
VWHPV�DULVH��#&'(%�VLPSOH����±����FP��HUHFW� WR�DVFHQGLQJ��
OHDI\��VRPHWLPHV�ZLWK�VKRUW�EUDQFKHV�DERYH��C')D'%"H[WUHPHO\�
YDULDEOH��EURDGO\�RYDWH�FRUGDWH�WR�RYDWH�ODQFHRODWH��FUHQDWH�WR�
GHHSO\�JODQGXODU�GHQWDWH��VRPHZKDW�IOHVK\��EDVDO�DQG�ORZHU�
FDXOLQH� OHDYHV� ORQJ�SHWLRODWH�� EODGH� �±���±���� î� ���±��±
����FP��XSSHUPRVW�OHDYHV�ODQFHRODWH��VKRUW�SHWLRODWH��,QIORUHV;
+'6+'�QDUURZO\�SDQLFXODWH��HORQJDWH����±����±�����FP�ORQJ��
ZLWK�FOXVWHUV�RI���±��±���±����IORZHUV��3HGLFHOV�RI�IORZHUV�
��±��±���±����PP�ORQJ��8)0$1�JODEURXV��VKLQ\�JUHHQ������±��
���±����±�����PP�LQ�GLDPHWHU��FDO\[�WHHWK�����±��±��±����PP��
QDUURZO\�WULDQJXODU�WR�VXEXODWH��HUHFW�WR�UHIOH[HG���±��WLPHV�
DV�ORQJ�DV�WKH�RYDU\��FDO\[�WHHWK�EDVH�����±��±����±���PP�
ZLGH��8,4,00)�FDPSDQXODWH��YLROHW�WR�SDOH�EOXLVK�YLROHW��XVX#
DOO\�ZLWK� GDUN� EOXH� FHQWHU�� ���±���±���±����PP�� GLYLGHG�
WR�����WR������UDUHO\�WR������FRUROOD�OREHV����±���±���±����î�
��±��±���±����PP��#&$0'�����±�����±����PP�ORQJ��XVXDOO\�
FXUYHG�XSZDUGV��ED)4$� WULORFXODU�� JODEURXV�� VKLQ\�JUHHQ�"
#&)('6%����DQWKHUV�����±����±��±������PP�ORQJ��ILODPHQWV�
����±����±����±�����PP�ORQJ��EDVDO�SDUW�RI�ILODPHQWV�KDV�GHO#
WRLG�VKDSH���±��PP�ORQJ��8)/%30'�SDOH�EURZQLVK��EURDGO\�
RERYRLG��VKDOORZO\�VXOFDWH�ZLWK�VL[�SURPLQHQW�ULEV��GHKLVF#
LQJ�E\�EDVDO�SRUHV�RU�LUUHJXODUO\�UXSWXULQJ�ODWHUDOO\�DQG�DSL#
FDOO\������±����±����±�����î�����±����±����±�����PP�"#'':%�
QXPHURXV��UHWLFXODWH��HOOLSWLF�RYDWH�� OLJKW�EURZQ�����±����î�
���±����PP�

(SRQ\P\��±�7KH�VSHFLILF�HSLWKHW�LV�GHULYHG�IURP�WKH�GLV#
WULEXWLRQ�UDQJH�RI�WKH�QHZ�VSHFLHV��WKH�VRXWKHUQ�$GULDWLF�FRDVW�

'LVWULEXWLRQ�DQG�HFRORJ\��±�$FFRUGLQJ�WR�DYDLODEOH�PR#
OHFXODU�DQG�PRUSKRORJLFDO�GDWD��LW�DSSHDUV�WKDW�WKH�GHOWD�DQG�
YDOOH\�RI�WKH�1HUHWYD�ULYHU��)LJ�����UHSUHVHQWV�WKH�JHRJUDSKL#
FDO�ERXQGDU\�EHWZHHQ�WKH�QHZO\�GHVFULEHG�&��DXVWURDGULDWLFD�
�3����DQG�&��S\UDPLGDOLV�V�VWU���3�����6XUSULVLQJO\��KRZHYHU��WKH�
JHRJUDSKLFDO�ERUGHUV�EHWZHHQ�WKH�0HGLWHUUDQHDQ�6XEPHG#
LWHUUDQHDQ��&��DXVWURDGULDWLFD��� WKH�FRQWLQHQWDO�SRSXODWLRQV�
DWWULEXWHG�WR�WKH�WKLUG�OLQHDJH�RI�&��S\UDPLGDOLV��3����LQ�0RQ#
WHQHJUR�DQG�&��VHFXQGLIORUD�V�VWU���6��IRXQG�IXUWKHU�DORQJ�LQ�
6HUELD��DUH�QRW�FOHDU��%DVHG�RQ�WKH�FXUUHQWO\�NQRZQ�GLVWULEX#
WLRQ�RI�WKH�0RQWHQHJULQ�SRSXODWLRQV��LW�VHHPV�WKDW�WKH�FRQWL#
QHQWDO�ERUGHU�RI�&��DXVWURDGULDWLFD� LQ�0RQWHQHJUR�VWUHWFKHV�
DORQJ�WKH�3OXåLQH�âDYQLN�1LNãLü�3RGJRULFD�8OFLQM�OLQH��$OVR��
LW�VHHPV�WKDW�WKH�UDQJHV�RI�&��DXVWURDGULDWLFD�DQG�WKH�FRQWLQHQ#
WDO�SRSXODWLRQV��3����FRQYHUJH�VRPHZKHUH�WRZDUGV�WKH�HQG�RI�
WKH�0RUDþD�FDQ\RQ��QHDU�3RGJRULFD��3ODQWV�ZLWK�LQWHUPHGLDWH�
PRUSKRORJLFDO�FKDUDFWHULVWLFV�RFFXU�LQ�WKLV�DUHD��LQGLFDWLQJ�D�
SRVVLEOH�K\EULG�VZDUP�

,Q�XUEDQ�DUHDV��LQGLYLGXDOV�RI�&��DXVWURDGULDWLFD�ULFKO\�
RYHUJURZ�IRUWUHVVHV�DQG�ROG�ZDOOV��EXW�LQ�OHVV�GLVWXUEHG�DUHDV�
LWV�SRSXODWLRQV�RFFXU�H[FOXVLYHO\�LQ�WKH�YHJHWDWLRQ�RI�URFN\�
FUHYLFHV��$VSOHQLHWHD�UXSHVWULV���DQG�UDUHO\�LQ�VFUHHV��'U\SHWHD�
VSLQRVDH��RQ�OLPHVWRQH��DW�DOWLWXGHV�EHWZHHQ���DQG�FD�������P�
D�V�O��(YHQ�WKRXJK�ZH�KDYH�REVHUYHG�PDQ\�SRSXODWLRQV�RI�WKLV�
VSHFLHV�DFURVV�LWV�HQWLUH�UDQJH��ZH�GLG�QRW�QRWLFH�LW� WR�HQWHU�
WKH�0HGLWHUUDQHDQ�DQG�6XEPHGLWHUUDQHDQ�YHJHWDWLRQ�RI�URFN\�
JURXQGV��&\PERSRJRQR�%UDFK\SRGLHWHD��DQG�JDUULJXH��&LVWR�
(ULFHWHD���WKH�KDELWDWV�ZKHUH�W\SLFDO�&��S\UDGPLGDOLV�V�VWU��LV�
XVXDOO\�IRXQG�QRUWK�RI�WKH�1HUHWYD�ULYHU�
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�HGV����%DONDQ�ELRGLYHUVLW\��3DWWHUQ�DQG�SURFHVV�LQ�WKH�(XURSHDQ�
3,2-.,2��'RUGUHFKW��.OXZHU��

" KWWS���G[�GRL�RUJ��������������������������B�
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(GGLH��:�0�0��	�.RYDþLü��6��������7RZDUGV�D�UHVROXWLRQ�RI�WKH�³!"%1

."'/+"�SUREOHP �́�3�����LQ��-DVSULFD��1���3DQGåD��0��	�0LORYLü��0��
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5�.��������3K\ORJHQ\�RI�&DPSDQXODFHDH�V�VWU��LQIHUUHG�IURP�,76�
VHTXHQFHV�RI�QXFOHDU�ULERVRPDO�'1$��$QQ��0LVVRXUL�%RW��*DUG��
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���±����

*DGHOOD��7�:�-������E��6RPH�QRWHV�RQ�WKH�GHOLPLWDWLRQ�RI�JHQHUD�LQ�
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