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 Introduction
6LSKRQDSWHUD�� RWKHUZLVH� NQRZQ� DV� ÀHDV�� DUH� DQ� RUGHU� RI� VPDOO� H[WHU-
QDO� SDUDVLWHV� WKDW� REWDLQ� QXWULHQWV� E\� FRQVXPLQJ� EORRG� IURP� WKHLU� KRVW��
:LWK� DSSUR[LPDWHO\� ������ VSHFLHV�� ÀHD� GLVWULEXWLRQ� H[WHQGV� WR� HYHU\�
FRQWLQHQW�� LQFOXGLQJ�$QWDUFWLFD�� DQG� WKH\� FDQ� EH� IRXQG� LQ� KDELWDWV� UDQJ-
LQJ� IURP� WURSLFDO� UDLQIRUHVW� WR� DUFWLF� WXQGUD� �:KLWLQJ� ������� 7KLV� H[-
SDQVLYH� UDQJH� UHVXOWV� IURP� HDFK� VSHFLHV� HYROYLQJ� D� QDUURZ� UDQJH� RI�
WROHUDQFH� IRU� WHPSHUDWXUH� DQG� KXPLGLW\�� +RZHYHU�� GHVSLWH� D� QDUURZ�
WROHUDQFH� UDQJH�� PRVW� DGXOW� ÀHDV� DUH� QRW� OLPLWHG� E\� PLFURFOLPDWHV��
7KH� VHDVRQDO� DQG� JHRJUDSKLF� GLVWULEXWLRQ� RI� ÀHDV� LV� SULPDULO\� GHWHU-
PLQHG� E\� ODUYDH� GHYHORSPHQW¶V� VSHFL¿F� UHTXLUHPHQWV� �+DVWULWHU� �������
7KH�VHFRQG�VWDJH�RI� WKH�ÀHD� OLIH�F\FOH�� ODUYDH��DUH�W\SLFDOO\�QRW�SDUDVLWLF�
DQG�PRVW�RIWHQ�GHYHORS�RII�KRVW��.UDVQRY��������'XULQJ�WKLV�VWDJH��WKH�ODU-
YDH��ZKLFK�DUH�ZRUP�OLNH��EOLQG��DQG�OHJOHVV��DUH�H[FHHGLQJO\�VXVFHSWLEOH�WR�
OLIH�HQGLQJ�FRQGLWLRQV��$IWHU�WKUHH�PROWV��WKH�ODUYDH�EHFRPH�SXSDH�DQG�VSLQ�
LQWR� FRFRRQV��ZKHUH� WKHLU� DSSHQGDJHV�ZLOO� EHJLQ� WR�GHYHORS��7KH�HPHU-
JHQFH�RI�DGXOWV�IURP�WKHVH�FRFRRQV�UHTXLUHV�VSHFL¿F�VWLPXOL�GHSHQGHQW�RQ�
WKH�VSHFLHV��VXFK�DV�WHPSHUDWXUH��YLEUDWLRQ��RU�SUHVVXUH��+DVWULWHU��������$V�
DGXOWV��ÀHDV�EHFRPH�SHUPHDQW�VDWHOOLWHV�RI�WKHLU�KRVWV��DOWHUQDWLQJ�WKHLU�WLPH�
EHWZHHQ�SHULRGV�RQ�WKH�KRVW�DQG�SHULRGV�LQ�WKH�KRVW¶V�EXUURZ�QHVW��.UDVQ-
RY��������$V�DGXOWV��D�VHULHV�RI�PRUSKRORJLFDO�DGDSWLRQV�DOORZV�ÀHDV�WR�DW-
WDFK�DQG�UHPDLQ�RQ�WKHLU�KRVWV��/DWHUDOO\�FRPSUHVVHG�ERGLHV�HQDEOH�WKHP�
WR�PRYH�WKURXJK�WKHLU�KRVW¶V�IXU�RU�IHDWKHUV��6WURQJ�FODZV�DQG�VHWDH�HQDEOH�
WKHP�WR�DQFKRU�WKHPVHOYHV�WR�WKHLU�KRVW¶V�VNLQ�DQG�SUHYHQW�EHLQJ�GLVORGJHG��
7KHLU�PRXWKSDUWV�KDYH�EHHQ�PRGL¿HG�IRU�SLHUFLQJ�VNLQ�DQG�VXFNLQJ��$QG�
GHVSLWH�QRW�SRVVHVVLQJ�ZLQJV��ÀHDV�KDYH�H[WUHPHO\�VWURQJ�KLQG�OHJV�DGDSW-
HG�IRU�MXPSLQJ��+DVWULWHU��������7KHVH�VWURQJ�OHJV�DOORZ�LQGLYLGXDOV�WR�MXPS�
IURP�KRVW�WR�KRVW�RU�UHWXUQ�WR�WKHLU�RULJLQDO�KRVW�DIWHU�D�SHULRG�LQ�WKH�QHVW��
0XFK�RI�ÀHDV¶�GLVWULEXWLRQ�DQG�GLVSHUVDO�RSSRUWXQLWLHV�GHSHQG�RQ�ZKDW�KRVW�
VSHFLHV�WKH\�UHVLGH�RQ��'HVSLWH�WKHLU�VWURQJ�KLQG�OHJV��D�ÀHD¶V�VPDOO�VL]H�
PDNHV�WUDYHOLQJ�JUHDW�GLVWDQFHV�GLI¿FXOW��LI�QRW�LPSRVVLEOH��XQGHU�WKHLU�RZQ�
SRZHU��7KXV�� LQ� RUGHU� IRU� ÀHDV� WR� FRORQL]H� QHZ� ORFDWLRQV� RU� QHZ� KRVWV��
WKH\�PXVW�EH�FDUULHG� WKHUH�E\�DQRWKHU�VSHFLHV��$V�VXFK��D�ÀHD¶V�KDELWDW�
patch is their host, rather than their geographic location, with parasitic in-
GLYLGXDOV�GLVWULEXWHG�DFURVV�KRVW�LQGLYLGXDOV�ZKR�SURYLGH�D�SODFH�IRU�OLYLQJ��
IRUDJLQJ�� DQG�PDWLQJ� �.UDVQRY� ������� 7KXV�� D� ÀHD¶V� GLVWULEXWLRQ� FDQ� EH�
H[SHFWHG�WR�EH�LQÀXHQFHG�E\�WKH�KRVW¶V�KDELWDW�DQG�PRGH�RI�WUDQVSRUWDWLRQ��
%DVHG�RQ�WKLV�LQIRUPDWLRQ��WZR�K\SRWKHVHV�ZHUH�LQYHVWLJDWHG��7KH�¿UVW�K\-
SRWKHVLV�LV�WKDW�ÀHDV�IRXQG�RQ�À\LQJ�KRVWV�ZLOO�KDYH�D�JUHDWHU�GLVWULEXWLRQ�
WKDQ�ÀHDV�IRXQG�RQ�QRQ�À\LQJ�KRVWV��0DQ\�ELUG�DQG�EDW�VSHFLHV�KDYH�\HDU-
O\�PLJUDWRU\�SDWWHUQV�WKDW�UHVXOW�LQ�WKHP�WUDYHOLQJ�JUHDW�GLVWDQFHV�EHWZHHQ�
WKHLU�VXPPHU�DQG�ZLQWHU�ORFDWLRQV��0HDQZKLOH��QRQ�À\LQJ�RUJDQLVPV��OLNH�
URGHQWV� DQG� GHHU�� GR� QRW�PLJUDWH� JUHDW� GLVWDQFHV� DQG� WKHUHIRUH� RFFXS\�
VPDOOHU� UDQJHV� WKDQ� WKHLU� À\LQJ� FRXQWHUSDUWV��7KH� VHFRQG� K\SRWKHVLV� LV�
that the genus Rhinolophopsylla ZLOO�KDYH�JUHDWHU�RYHUDOO�GLVWULEXWLRQ�WKDQ�
the genera Rhopalopsyllus�DQG�Rhynchopsyllus because Rhinolophopsyl-
la� FRQWDLQV� PRUH� VSHFLHV� ZLWKLQ� LWV� JHQXV�� %HFDXVH� ÀHDV� KDYH� QDUURZ�
WROHUDQFH� UDQJHV�ZKHUH� WKHLU� ODUYDH� FDQ� VXUYLYH�� WKH� LQFUHDVHG� QXPEHU�
RI�VSHFLHV�ZLWKLQ Rhinolophopsylla�ZLOO�DOORZ�WKH�JHQXV�WR�FRYHU�D� ODUJHU�
UDQJH�RI�WHPSHUDWXUH�DQG�KXPLGLW\�WKDQ�WKH�WZR�JHQHUD�ZLWK�IHZHU�VSHFLHV�

Methods
7KH� VDPSOH� GDWD� RI� ÀHDV� ZDV� SURYLGHG� E\� WKH� &KLFDJR� )LHOG� 0XVH-
XP� LQ� WKH� IRUP�RI� VSHFLPHQ� LPDJHV� WKDW�KDG�EHHQ�GRQDWHG� WR� WKH� LQVWL-
WXWLRQ� IRU� UHVHDUFK� SXUSRVHV�� )RU� HDFK� LPDJH�� WKH� FROOHFWLRQ� ORFDWLRQ�
ZDV� LPSXWHG� LQWR� D� SUH�IRUPDWWHG� H[FHO� GRFXPHQW� DOVR� SURYLGHG� E\�
WKH� )LHOG� 0XVHXP��$IWHU� UHFRUGLQJ� WKH� FROOHFWLRQ� VSRWV� IRU� HYHU\� VSHF-
LPHQ�� HDFK� ORFDWLRQ� ZDV� UXQ� WKURXJK� *(2/RFDWH� WR� GHWHUPLQH� WKH�
ODWLWXGH� DQG� ORQJLWXGH�� 1H[W�� DOO� WKH� ODWLWXGH� DQG� ORQJLWXGH� VHWV� ZHUH�
PDSSHG� RQWR� WKH� JOREH� XVLQJ�$UF*,6�PDSSLQJ� VRIWZDUH� �)LJ�� ���� )LQDO-
O\�� GLVWULEXWLRQ� PRGHOV� ZHUH� FUHDWHG� XVLQJ� 0D[(QW� DQDO\VLV� VRIWZDUH�

WR� GHWHUPLQH�ZKHUH� FRQGLWLRQV�ZRXOG� EH� VXLWDEOH� IRU� VSHFLHV� �)LJ�� ������
7KH� RULJLQDO� VDPSOH� VL]H� FRQVLVWHG� RI� ���� WRWDO� VSHFLPHQ� LPDJHV�� KRZ-
HYHU�� �� LPDJHV� ZHUH� H[FOXGHG� EHFDXVH� WKH\� GLG� QRW� KDYH� D� FROOHFWLRQ�
ORFDWLRQ�DQG�WKHUHIRUH�FRXOG�QRW�EH�PDSSHG��7KH�IXQFWLRQDO�VDPSOH�VL]H�
FRQVLVWHG� RI� ���� VSHFLPHQ� LPDJHV� ZKLFK� ZHUH� WKHQ� EURNHQ� GRZQ� HL-
WKHU� E\� KRVW� W\SH� �À\LQJ� RU� QRQ�À\LQJ�� RU� E\� JHQXV� �5KLQRORSKRSV\OOD��
5KRSDORSV\OOXV�� DQG� 5K\QFKRSV\OOXV�� WR� EH� PDSSHG� LQ� 0D[(QW�� :KHQ�
EURNHQ� GRZQ� E\� YDULDEOH� ��� KRVW� W\SH�� WKH� VDPSOH� VL]H� FRQVLVWHG� RI� ���
À\LQJ� KRVWV� DQG� ��� QRQ�À\LQJ� KRVWV��:KHQ� EURNHQ� GRZQ� E\� YDULDEOH� ���
JHQXV�� WKH� VDPSOH� VL]H� FRQVLVWHG� RI� ��� 5KLQRORSKRSV\OOD�� ��� 5KR-
SDORSV\OOXV��DQG���5K\QFKRSV\OOXV��7KHVH�VDPSOH�VL]HV�ZHUH�IXUWKHU�FXW�
GRZQ�E\� WKH�0D[(QW�VRIWZDUH�DV�VSHFLPHQV�ZLWK� WKH�VDPH� ODWLWXGH�DQG�
ORQJLWXGH�ZHUH� RQO\� FRXQWHG�RQFH�ZLWKLQ� HDFK� YDULDEOH�PDS��$GGLWLRQDO-
O\�� ZKHQ� FUHDWLQJ� WKH� 0D[(QW� PRGHOV�� WKH� HQYLURQPHQWDO� YDULDEOHV� RI�
ELRB��� �E�� ��� ��� ��� ���� DQG����KDG� WR�EH�RPLWWHG� LQ�HDFK�RI� WKH�PRGHOV�
EHFDXVH�FRQ¿JXUDWLRQ�HUURUV�SUHYHQWHG�WKH�SURGXFWLRQ�RI�XVHDEOH�PDSV�

Results

)LJXUH����$UF*,6�PDS�GLVSOD\LQJ�VSHFLPHQ�FROOHFWLRQ�ODWLWXGHV�DQG�ORQJL-
WXGHV�RI�Rhinolophopsylla, Rhopalopsyllus��DQG�Rhynchopsyllus�ÀHDV�

2Q�WKH�$UF*,6�PDS�VKRZQ�LQ�)LJXUH����HDFK�SRLQW�UHSUHVHQWV�WKH�ODWLWXGH�
DQG�ORQJLWXGH�RI�DW�OHDVW�RQH�ÀHD�VSHFLPHQ��/RFDWLRQV�ZLWK�PXOWLSOH�VSHF-
LPHQV�FROOHFWHG�DW� WKH�VDPH� ODWLWXGH�DQG� ORQJLWXGH�VKRZ�XS�DV�D�VLQJOH�
SRLQW��7KLV�PDS¶V�ERXQGDULHV�DUH�VHSDUDWHG�E\�SURYLQFH��DQG�WKH�PDMRULW\�
RI�WKH�GDWD�SRLQWV�RFFXU�ZLWKLQ�&HQWUDO�6RXWK�$PHULFD�DQG�WKH�0LGGOH�(DVW��
7KH�0D[(QW�PRGHOV�GLVSOD\HG�LQ�)LJXUHV�������������DQG���SUHGLFW�WKH�SURE-
DELOLW\�WKDW�ÀHDV�RI�D�JLYHQ�YDULDEOH�PD\�VXUYLYH�DURXQG�WKH�JOREH��$UHDV�RI�
ZDUPHU�FRORU�KDYH�D�KLJKHU�SUHGLFWHG�SUREDELOLW\�EHFDXVH�WKHLU�FRQGLWLRQV�
DUH�PRUH�VXLWDEOH��0HDQZKLOH��DUHDV�RI�FRROHU�FRORU�KDYH�D�ORZHU�SUHGLFWHG�
SUREDELOLW\�WKDW�FRQGLWLRQV�DUH�VXLWDEOH��7KH�VFDOH�WR�WKH�ULJKW�RI�HDFK�PDS�
DVVRFLDWHV�HDFK�SRVVLEOH�FRORU�ZLWK�D�JLYHQ�SUREDELOLW\��DUHDV�RI�UHG�KDYH�
D�SUREDELOLW\�RI����DQG�DUHDV�RI�GDUN�EOXH�UHJLRQV�KDYH�D�SUREDELOLW\�RI���

)LJXUH����0D[(QW�GLVWULEXWLRQ�PRGHO�SUHGLFWLQJ�VXLWDEOH�FRQGLWLRQ�IRU�5KL-
QRORSKRSV\OOD��5KRSDORSV\OOXV��DQG�5K\QFKRSV\OOXV�ÀHDV�ZLWK�À\LQJ�KRVWV�

)LJXUH����0D[(QW�GLVWULEXWLRQ�PRGHO�SUHGLFWLQJ�VXLWDEOH�FRQGLWLRQ�IRU�5KLQRO-
RSKRSV\OOD��5KRSDORSV\OOXV��DQG�5K\QFKRSV\OOXV�ÀHDV�ZLWK�QRQ�À\LQJ�KRVWV�

'LVWULEXWLRQ�RI�Rhinolophopsylla, Rho-
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$V� VKRZQ� DERYH�� LQ� )LJXUH� ��� Rhinolophopsylla, Rhopalopsyllus�� DQG�
Rhynchopsyllus�ÀHDV�ZLWK�À\LQJ�KRVWV�KDYH�WKH�SRVVLELOLW\�RI�HQFRXQWHULQJ�
VXLWDEOH�FRQGLWLRQV�DFURVV�PXFK�RI�WKH�ZRUOG��0RVW�RI�1RUWK�6RXWK�$PHUL-
FD��$XVWUDOLD��DQG�$VLD�DUH�FRORUHG�OLPH�JUHHQ��LQGLFDWLQJ�DSSUR[LPDWHO\�D�
����SUREDELOLW\�WKDW�WKRVH�ORFDWLRQV�ZRXOG�KDYH�FRQGLWLRQV�VXLWDEOH�IRU�ÀHDV�
EDVHG�RQ�WKH�VDPSOH�GDWD��0HDQZKLOH��LQ�)LJXUH����D�PXFK�VPDOOHU�DPRXQW�RI�
WKH�JOREH�LV�FRORUHG�OLPH�JUHHQ��ZLWK�RQO\�D�SRUWLRQ�RI�6RXWK�$PHULFD��$IULFD��
DQG�6RXWKHDVW�$VLD�KDYLQJ�D�����SUREDELOLW\�RI�VXLWDEOH�FRQGLWLRQV�IRU�Rhi-
nolophopsylla, Rhopalopsyllus��DQG�Rhynchopsyllus�ZLWK�QRQ�À\LQJ�KRVWV�

)LJXUH����0D[(QW�GLVWULEXWLRQ�PRGHO�SUHGLFWLQJ�VXLWDEOH�FRQGLWLRQ�IRU�Rhi-
nolophopsylla�ÀHDV�

)LJXUH����0D[(QW�GLVWULEXWLRQ�PRGHO�SUHGLFWLQJ�VXLWDEOH�FRQGLWLRQ�IRU�Rho-
palopsyllus�ÀHDV�

)LJXUH����0D[(QW�GLVWULEXWLRQ�PRGHO�SUHGLFWLQJ�VXLWDEOH�FRQGLWLRQ�IRU�5K\Q-
FKRSV\OOXV�ÀHDV�

)LJXUH���H[KLELWV�WKDW�WKH�Rhinolophopsylla�JHQXV��ZKLFK�FRQWDLQHG���VSH-
FLHV��KDV� WKH�SRVVLELOLW\� WR�RFFXS\�YDVW�DPRXQWV�RI�$IULFD��$XVWUDOLD��DQG�
WKH�0LGGOH�(DVW��DV�ZHOO�DV�VRPH�VWUHWFKHV�RI�ODQG�LQ�1RUWK�6RXWK�$PHULFD�
DQG�$VLD��0HDQZKLOH��LQ�)LJXUH����WKH�JHQXV�Rhopalopsyllus��ZLWK���VSH-
FLHV��ZDV�RQO\�VKRZQ� WR�KDYH�D�VPDOOHU�SRVVLEOH� UDQJH� WKDQ�Rhinoloph-
opsylla but a larger possible range than Rhynchopsyllus�� 7KLV� JHQHUD¶V�
SRVVLEOH�UDQJH�LV�UHVWULFWHG�WR�WURSLFDO�UDLQIRUHVW�DUHDV�RI�6RXWK�$PHULFD��
$IULFD��DQG�6RXWKHDVW�$VLD��)LQDOO\��LQ�)LJXUH����WKH�JHQXV�Rhynchopsyllus, 
ZKLFK� KDV� �� VSHFLHV�� LV� VKRZQ� WR� SRVVHVV� WKH� VPDOOHVW� SRWHQWLDO� UDQJH�
RI�JHQHUD��RFFXS\LQJ�VPDOOHU�DPRXQWV�RI� WKH� WURSLFDO� UDLQIRUHVW� IRXQG� LQ�
6RXWK� $PHULFD�� $IULFD�� DQG� 6RXWKHDVW� $VLD� WKDQ� Rhopalopsyllus� GRHV�

Discussion
7KH�JUHDWHVW� QXPEHU� RI� HQGHPLF� ÀHD�JHQHUD� DUH� IRXQG� LQ� WKH�1HRWURS-
LFDO�� $IUR�7URSLFDO�� DQG� $XVWUDOLDQ� UHJLRQV�� ZLWK� HDFK� UHJLRQ� KDYLQJ�
JUHDWHU� WKDQ����SHUFHQW�RI�ÀHD�JHQHUD�HQGHPLF��+RZHYHU��ZKHQ� ORRNLQJ�
DW� WKH�3DOHDUFWLF� DQG�1HDUFWLF� UHJLRQV�� WKH� SHUFHQWDJH� RI� HQGHPLF� VSH-
FLHV� GURSV� WR� EHORZ� ��� SHUFHQW� HQGHPLF� �0HGYHGHY� ������� 7KLV� GLVWUL-
EXWLRQ�RI�HQGHPLF�ÀHD�SRSXODWLRQV�GLVSOD\V�D�VLPLODU�SDWWHUQ� WR� WKH�SUH-
GLFWLRQV� JLYHQ� E\�0D[(QW� LQ�)LJXUH� �����7KURXJKRXW� DOO� WKH�)LJXUHV�� WKH�
WZR� FRQVLVWHQFLHV� DUH� WKDW�1HRWURSLFDO��$IUR�7URSLFDO�� DQG�$XVWUDOLDQ� UH-
JLRQV�DUH� W\SLFDOO\�VKDGHG� OLPH�JUHHQ��ZKLOH� WKH�3DOHDUFWLF�DQG�1HDUFWLF�
UHJLRQV� DUH� PRVWO\� VKDGHG� GDUN� EOXH�� ZKLFK� PHDQV� WKDW� WKH� 1HRWURSL-

FDO��$IUR�7URSLFDO��DQG�$XVWUDOLDQ� UHJLRQV�KDYH�D�JRRG�FKDQFH�RI�KDYLQJ�
VXLWDEOH�FRQGLWLRQV� WR�VXSSRUW� ÀHD� OLIH��ZKLOH� WKH�3DOHDUFWLF�DQG�1HDUFWLF�
UHJLRQV�KDYH�DOPRVW�QR�FKDQFH�RI�KDYLQJ�VXLWDEOH�FRQGLWLRQV� WR�VXSSRUW�
ÀHD� OLIH�� ,Q� JHQHUDO�� LW� KDV� EHHQ� IRXQG� WKDW� ÀHDV� VXUYLYH� EHWWHU� DQG� GH-
YHORS�IDVWHU�XQGHU�KLJK�DPELHQW�WHPSHUDWXUHV��7KLV�WUHQG�FDQ�H[SODLQ�WKH�
LQFUHDVHG�VSHFLHV� ULFKQHVV�DQG�DEXQGDQFH�RI�ÀHDV� LQ� ORFDWLRQV�FKDUDF-
WHUL]HG�E\�KLJKHU� WHPSHUDWXUHV�DQG� ORZHU�DOWLWXGHV��VXFK�DV� WKRVH�IRXQG�
LQ� WKH� 1HRWURSLFDO��$IUR�7URSLFDO�� DQG�$XVWUDOLDQ� UHJLRQV� �/LQDUGL� ������
2YHUDOO�� ÀHDV� GHSHQG� RQ� WKHLU� KRVWV� IRU� DOPRVW� HYHU\WKLQJ�� 7KHLU� KRVWV¶�
ERGLHV�SURYLGH�IRRG��VKHOWHU��DQG�D�SODFH�WR�UHSURGXFH��ZKLOH�WKHLU�KRVWV¶�
QHVWV�SURYLGH�KRXVLQJ�IRU�WKHLU�HJJV��'XH�WR�WKLV��JHQHUDOO\��PDPPDOV�ZLWK�
YDVW� KRPH� UDQJHV� WKDW� GR� QRW� LQKDELW� GHQV� DOPRVW� DOZD\V� ODFN� ÀHDV� RI�
WKHLU�RZQ��:KHUHDV�KRVWV�ZLWK�QHVWV�H[KLELW�PRUH�VSHFL¿F�ÀHD�IDXQD�WKDQ�
WKHLU�QRQ�QHVWLQJ�FRXQWHUSDUWV� �:KLWLQJ��������0DQ\�QRQ�À\LQJ�KRVWV� IRU�
Rhinolophopsylla, Rhopalopsyllus�� DQG�Rhynchopsyllus ÀHDV� DUH� PDP-
PDOV�WKDW�GR�QRW�H[KLELW�VWURQJ�QHVWLQJ�EHKDYLRUV��$V�VXFK�� LW�FDQ�EH�H[-
SHFWHG� WKDW� ÀHDV� IRXQG� RQ� WKHVH� QRQ�QHVWLQJ�� QRQ�À\LQJ� PDPPDOV� ZLOO�
KDYH�D�VPDOOHU�GLVWULEXWLRQ�WKDQ�WKHLU�À\LQJ��QHVWLQJ�FRXQWHUSDUWV�EHFDXVH�
WKH\� ODFN� D� FRQVLVWHQWO\� SURWHFWHG� SODFH� WR� OD\� HJJV�� 7KLV� DOVR� FRQWULE-
XWHV�WR�ÀHDV�ZLWK�À\LQJ�KRVWV�KDYLQJ�D�JUHDWHU�GLVWULEXWLRQ�EHFDXVH�WKHLU�
hosts will nest in not one but two locations as they migrate with seasonal 
FKDQJHV� ��)LJXUHV���DQG���GLVSOD\�SRVVLEOH� ÀHD�GLVWULEXWLRQ� WKDW�PDWFK-
HV�WKHVH�UHVWULFWLRQV��ZLWK�ÀHDV�ZLWK�À\LQJ�KRVWV�GLVSOD\LQJ�D�PXFK�ODUJHU�
GLVWULEXWLRQ� LQ�)LJXUH���WKDQ�ÀHDV�ZLWK�QRQ�À\LQJ�KRVWV�GRHV� LQ�)LJXUH����
,QFUHDVLQJ�VSHFLDOL]DWLRQ�FDQ�EH�LQWHUSUHWHG�DV�DQ�LQFUHDVH�LQ�WKH�QXPEHU�
RI�UHFRJQL]HG�KDELWDWV�UDWKHU�WKDQ�UHGXFHG�QLFKH�EUHDGWK�ZLWKLQ�D�KDELWDW��
WKXV�GH¿QLQJ�KDELWDWV�E\�KRZ�VSHFLHV�XVH�WKHP��.UDVQRY��������7KHUHIRUH��
D�ÀHD�JHQXV�FRXOG�EH�FRQVLGHUHG�PRUH�VSHFLDOL]HG�WKDQ�DQRWKHU�LI�LW�FRQ-
WDLQV�PRUH�VSHFLHV�WKDW�XWLOL]H�D�JUHDWHU�QXPEHU�RI�KRVW�VSHFLHV��1RUPDOO\��
ZKHQ�FRQVLGHULQJ�KLJKO\�VSHFLDOL]HG�VSHFLHV��RQH�ZRXOG�DVVXPH�WKDW�WKH\�
KDYH� VPDOOHU� UDQJHV� WKDQ� WKHLU� JHQHUDOLVW� FRXQWHUSDUWV�� +RZHYHU�� ÀHDV�
DUH�SDUDVLWHV�DQG�DV�VXFK�PXFK�H[LVWV�RQ�DQRWKHU�RUJDQLVP� WR�VXUYLYH��
7KXV��ÀHDV�FDQ�HLWKHU� OLYH�RQ�D�VSHFLDOL]HG�KRVW�ZLWK�D�VPDOO� UDQJH�RU�D�
JHQHUDOLVW� KRVW�ZLWK�D�ZLGH� UDQJH��:LWK� WKLV� LQ�PLQG�� ÀHD�JHQHUD�ZLWK�D�
JUHDWHU�QXPEHU�RI�VSHFLHV�ZRXOG�KDYH�D�EHWWHU�FKDQFH�RI�EHLQJ�GLVWULEXWHG�
IDUWKHU� WKDQ� ÀHD� JHQHUD�ZLWK� D� VPDOOHU� QXPEHU� RI� VSHFLHV�� ,Q� )LJXUH� ���
the Rhinolophopsylla�JHQXV��ZKLFK�FRQWDLQV���VSHFLHV��KDV� WKH�JUHDWHVW�
SRVVLEOH�GLVWULEXWLRQ�RI�WKH�WKUHH�JHQHUD�HYDOXDWHG�FRYHULQJ�YDVW�DPRXQWV�
RI�ODQG�RQ�HYHU\�FRQWLQHQW�H[FHSW�$QWDUFWLFD��0HDQZKLOH��LQ�)LJXUH����WKH�
Rhynchopsyllus�JHQXV��ZKLFK�FRQWDLQHG�RQO\���VSHFLHV��KDG�WKH�VPDOOHVW�
GLVWULEXWLRQ�RI�WKH�WKUHH�JHQHUD��2YHUDOO��WKHUH�ZDV�QRW�PXFK�SUHYLRXV�UH-
search about Rhinolophopsylla, Rhopalopsyllus��DQG�Rhynchopsyllus�ÀHDV�
DV�PXFK�RI�WKH�OLWHUDWXUH�IRFXVHG�RQ�KXPDQ�ÀHDV��RWKHUZLVH�NQRZQ�DV�3X-
OH[�ÀHDV��$GGLWLRQDOO\��PRUH�GDWD�PDSSLQJ�DQG�VSHFLPHQ�FROOHFWLQJ�VKRXOG�
EH�GRQH�WR�LQFUHDVH�RXU�NQRZOHGJH�DERXW�RWKHU�QRQ�KXPDQ�ÀHDV��7KLV�LV�
LPSRUWDQW�DV�ÀHDV�DUH�RIWHQ�YHFWRUV�RI�GLVHDVH�DQG�FRPPRQ�KRXVHKROG�
SHVWV��VR�H[SDQGLQJ�RXU�NQRZOHGJH�RQ�ZKHUH�WKHVH�VSHFLHV�DQG�JHQHUD�
DUH� ORFDWHG� FRXOG� KHOS� SUHYHQW� LQIHFWLRQV� DQG� LQIHVWDWLRQV� LQ� WKH� IXWXUH�


