
New decapod crustacean assemblage from the Upper Cretaceous 

(Cenomanian) of Chiapas, Mexico

Alessandro Garassino, Francisco J. Vega, Laura Calvillo-Canadell, Sergio R.S. Cevallos-Ferriz, 

and Marco A. Coutiño
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$EVWUDFW��$�ULFK�GHFDSRG�FUXVWDFHDQ�DVVHPEODJH�IURP�WKH�8SSHU�&UHWDFHRXV��&HQRPDQLDQ��6LHUUD�
0DGUH� )RUPDWLRQ�� RI� (O�&KDQJR� TXDUU\� �&KLDSDV��0H[LFR�� LV� UHSRUWHG� KHUH�� )RXU� QHZ� JHQHUD� RI�
VKULPSV��=RTXHSHQDHXV�QRY���7]HOWDOSHQDHXV�QRY���3HQDHLGDH�5$),1(648(�6&+0$/7=���������0H[LFD�
QLD�QRY���6LF\RQLLGDH�2570$11���������DQG�0RND\D�QRY���6HUJHVWLGDH�'$1$��������DUH�KHUH�GHVFULEHG��
UHSUHVHQWLQJ�WKH�ULFKHVW�IRVVLO�VKULPS�FRPPXQLW\�IURP�WKH�0HVR]RLF�RI�WKH�$PHULFDV��0RUHRYHU��WKH�
ULFKQHVV�RI�(O�&KDQJR�DVVHPEODJH�LV�WHVWLÀHG�E\�WKH�GLVFRYHU\�RI�FDULGHDQV��SDOLQXULGV��DQG�EUDFK\�
XUDQV�LQ�WKH�VWXG\�VDPSOH��)LQDOO\��0H[LFDQLD�QRY��UHSUHVHQWV�WKH�ÀUVW�XQHTXLYRFDO�UHSRUW�RI�6LF\R�
QLLGDH�LQ�WKH�IRVVLO�UHFRUG��H[WHQGLQJ�WKH�VWUDWLJUDSKLF�UDQJH�RI�WKLV�IDPLO\�EDFN�WR�WKH�&HQRPDQLDQ��
7KH�V\VWHPDWLF�SRVLWLRQ�RI�6LF\RQLD�URHPHUL��921�'(5�0$5&.���������WKH�RQO\�VSHFLHV�SUHYLRXVO\�LQ�
WHUSUHWHG�DV�EHORQJLQJ�WR�6LF\RQLLGDH�LV�KHUH�GLVFXVVHG��SRLQWLQJ�RXW�VRPH�PRUSKRORJLFDO�FKDUDFWHUV�
GLDJQRVWLF�RI�WKH�3HQDHLGDH�

.H\�ZRUGV��&UXVWDFHD��'HFDSRGD��3HQDHRLGHD��&DULGHD��$FKHODWD��%UDFK\XUD��&HQRPDQLDQ��8SSHU�
&UHWDFHRXV��0H[LFR�

1. Introduction and geological setting

7KH�(O�&KDQJR�TXDUU\�LV�ORFDWHG�LQ�&KLDSDV��0H[LFR��
DERXW����NP�6:�RI�7X[WOD�*XWLpUUH]��)LJ������7KH�OR�
FDOLW\�LV�EHFRPLQJ�IDPRXV�EHFDXVH�RI�WKH�SUHVHQFH�RI�
ZHOO�SUHVHUYHG�UHPDLQV�RI�SODQWV��*21=É/(=�5$0Ì5(=�
HW�DO��������������&(9$//26�)(55,=�HW�DO��������+8(57$�
9(5*$5$� HW�DO���������FUXVWDFHDQV� �9(*$� HW�DO��������
������ DQG� ÀVKHV� �29$//(6�'$0,É1� HW� DO�� ������$/�
9$5$'2�257(*$� HW� DO�� ������ $/9$5$'2�257(*$� 	�
7+$1�0$5&+(6(� ������ ������� 0ROOXVNV� �DPPRQLWHV��
DUH�QRW�ZHOO�SUHVHUYHG��KRZHYHU�� WKH\�DSSHDU�WR�LQGL�
FDWH�D�&HQRPDQLDQ�DJH��-��025(12��SHUV��FRPP���IRU�
WKH�SODW\�OLPHVWRQHV�RI�WKH�6LHUUD�0DGUH�)RUPDWLRQ�DW�
WKLV�ORFDOLW\��)LJ������%DVHG�XSRQ�WKH�ELRVWUDWLJUDSKLF�
UDQJH� IRU� VRPH� ÀVKHV�� $/9$5$'2�257(*$� 	� 7+$1�

0$5&+(6(��������������FRQÀUPHG�D�&HQRPDQLDQ�DJH�
IRU�WKH�&LQWDODSD�0HPEHU�RI�WKH�6LHUUD�0DGUH�)RUPD�
WLRQ��7KH�UHJLRQDO�JHRORJ\�ZDV�GLVFXVVHG�LQ�$/9$5$'2�
	�7+$1�0$5&+(6(�������������

2. Previous reports of penaeids and 
astacideans from the Cretaceous of 
Mexico

7KH� GHFDSRG�PDFUXUDQV� IURP� WKH�/RZHU� DQG�8SSHU�
&UHWDFHRXV� RI�0H[LFR� DUH� YHU\� UDUH� LQ� WKH� IRVVLO� UH�
FRUG�ZLWK�RQO\�ÀYH� UHSRUWV�GRFXPHQWHG� WR�GDWH��7KH�
ÀUVW�UHSRUW�ZDV�E\�$/(1&$67(5���������ZKR�GHVFULEHG�
$VWDFRGHV�VS��FI��$��PD[ZHOOL�67(1=(/��������IURP�WKH�
/RZHU� &UHWDFHRXV� �+DXWHULYLDQ�$SWLDQ�� RI� *XHUUHUR�
6WDWH�� /DWHU��)(/'0$11� HW� DO�� ������� UHSRUWHG�0H\H�
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262 A. Garassino et al.

ULD� SXHEODHQVLV� )(/'0$11� 	� 9(*$�� ������ IURP� WKH�
/RZHU� &UHWDFHRXV� �$SWLDQ�� RI� 3XHEOD� 6WDWH�� 6XEVH�
TXHQWO\��9(*$� HW� DO�� �������GHVFULEHG�3DOLQXUXV�SDO�

DFLRVL� 9(*$�� *$5&Ì$�%$55(5$�� 3(55,//,$7�� &287,f2�
	�0$5,f2�3e5(=�� ������ IURP� WKH�/RZHU�&UHWDFHRXV�
�$OELDQ�� RI� (O� (VSLQDO� TXDUU\�� )LQDOO\��)(/'0$11� HW�

)LJ�����*HRJUDSKLF�DQG�JHRORJLF�PDS�RI�WKH�VWXG\�DUHD�VKRZLQJ�WKH�ORFDWLRQ�RI�WKH�(O�&KDQJR�TXDUU\��0RGLÀHG�IURP�6HUYL�
FLR�*HROyJLFR�0H[LFDQR��&DUWD�7X[WOD�*XWLpUUH]�(�������
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DO���������UHYLHZHG�0��SXHEODHQVLV�EDVHG�XSRQ�VRPH�
VSHFLPHQV�GLVFRYHUHG�IURP�WKH�0XKL�TXDUU\��$OELDQ�
&HQRPDQLDQ�� LQ�+LGDOJR�6WDWH��0RUHRYHU��)(/'0$11�
HW� DO�� ������� GHVFULEHG� IURP� WKH� VDPH� TXDUU\�$HJHU�
KLGDOJXHQVLV� )(/'0$11�� 9(*$�� 0$57,1(=�/23(=��
*21=É/(=�52'5Ì*8(=��*21=É/(=�/(Ð1�	�)(51É1'(=�
%$5$-$6�� ������ UHSUHVHQWLQJ� WKH� RQO\� IRVVLO� SHQDHLG�
IURP�0H[LFR�NQRZQ�WR�GDWH��DQG�3DOLQXUXV�VS�

3. Material

7KH� VWXGLHG� VDPSOH� LQFOXGHV� ��� VSHFLPHQV� FROOHFWHG� LQ�
(O�&KDQJR� TXDUU\��7KH� VSHFLPHQV� DUH� SUHVHUYHG� LQ� ODPL�
QDWHG�GRORPLWLF�OLPHVWRQHV��7KH�VSHFLPHQV�DUH�UHIHUUHG�WR�
=RTXHSHQDHXV�QRY���ZLWK�=��VSLQLURVWUDWXV�Q��VS�� ���VSHFL�
PHQV��DQG�7]HOWDOSHQDHXV�QRY���ZLWK�7��H[LOLFKHODWXV�Q��VS��
��� VSHFLPHQV�� �3HQDHLGDH� 5$),1(648(�6&+0$/7=�� �������
WR�0H[LFDQLD� QRY��� ZLWK�0�� JULMDOYDHQVLV� Q�� VS�� ��� VSHFL�
PHQ�� �6LF\RQLLGDH�2570$11�� ������� WR�0RND\D� QRY���ZLWK�
0RND\D� FKDQJRHQVLV� Q�� VS�� ���� VSHFLPHQV�� �6HUJHVWLGDH�
'$1$���������0RUHRYHU��RQH�FDULGHDQ�� WZR�SDOLQXULGV��DQG�
RQH�EUDFK\XUDQ� �IDPLO\��JHQXV�DQG�VSHFLHV�XQGHWHUPLQHG��
DUH�LQFOXGHG�LQ�WKH�VWXG\�VDPSOH��)RU�WKH�KLJKHU�OHYHO�FODV�
VLÀFDWLRQ�� ZH� IROORZ� WKH� DUUDQJHPHQW� SURSRVHG� E\�3e5(=�
)$5)$17(�	�.(16/(<��������DQG�'(�*5$9(�HW�DO���������

7KH�VSHFLPHQV�DUH�GHSRVLWHG�LQ�WKH�SDODHRQWRORJLFDO�FR�
OOHFWLRQ�RI�WKH�0XVHR�(OLVHR�3DODFLRV�$JXLOHUD��6(0$+1��
&DO]DGD�GH�ORV�+RPEUHV�,OXVWUHV�6�1��&RORQLD�&HQWUR��7X[W�
OD�*XWLpUUH]��&KLDSDV��0p[LFR��,+1)*��
$EEUHYLDWLRQV�� D��� DQWHQQXODH�� D��� DQWHQQDH�� OF[S��

FDUDSDFH�OHQJWK��H[FOXGLQJ�URVWUXP���OU��URVWUXP�OHQJWK��3��
3���SHUHLRSRGV��� WR���� OW��ERG\� WRWDO� OHQJWK��V��V���SOHRQDO�
VRPLWHV���WR����ZF[S��FDUDSDFH�ZLGWK�

4. Systematic palaeontology

2UGHU�'HFDSRGD�/$75(,//(������
6XERUGHU�'HQGUREUDQFKLDWD�%$7(������

6XSHUIDPLO\�3HQDHRLGHD�5$),1(648(�6&+0$/7=������
)DPLO\�3HQDHLGDH�5$),1(648(�6&+0$/7=������

*HQXV�=RTXHSHQDHXV�QRY�

(W\PRORJ\��)URP�WKH�=RTXH�SHRSOH��ZKR�OLYH�PDLQO\�LQ�WKH�
QRUWKHUQ�VHFWRU�RI�&KLDSDV�6WDWH�

7\SH�VSHFLHV��=RTXHSHQDHXV�VSLQLURVWUDWXV�Q��VS�

'LDJQRVLV��&DUDSDFH�ZLWK�KHSDWLF� VSLQH�� HORQJDWH�SRLQWHG�
URVWUXP��ZLWK�VL[�GRUVDO�WHHWK��FHUYLFDO�JURRYH�DEVHQW��3��
3��FKHODWH��XURSRGDO�H[RSRG�ZLWKRXW�GLDHUHVLV�

=RTXHSHQDHXV�VSLQLURVWUDWXV�Q��VS�
)LJ���$�&

(W\PRORJ\�� 7KH� WULYLDO� QDPH� DOOXGHV� WR� WKH� VSLQ\� GRUVDO�
PDUJLQ�RI�WKH�URVWUXP�

7\SHV��+RORW\SH��,+1)*�������3DUDW\SH��,+1)*������

0DWHULDO� DQG� PHDVXUHPHQWV�� 7ZR� VSHFLPHQV� LQ� ODWHUDO�
YLHZ��,+1)*������²�OF[S�������PP��ZF[S�������PP��,+�
1)*�������OF[S�����PP��ZF[S�������PP��

'LDJQRVLV��$V�IRU�WKH�JHQXV�

)LJ�����6WUDWLJUDSKLF�VHFWLRQ�RI�WKH�6LHUUD�0DGUH�)RUPDWLRQ��
ZLWK�DSSUR[LPDWH�SRVLWLRQ�RI�(O�&KDQJR�TXDUU\�VHGLPHQWV�
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264 A. Garassino et al.

)LJ�����$�&�²�=RTXHSHQDHXV�VSLQLURVWUDWXV�Q��VS���$��KRORW\SH��,+1)*�������%��UHFRQVWUXFWLRQ��OLQH�GUDZLQJ��&��SDUDW\SH��
,+1)*�������'�)�²�7]HOWDOSHQDHXV�H[LOLFKHODWXV�Q�� VS���'��KRORW\SH�� ,+1)*�������(�� UHFRQVWUXFWLRQ�� OLQH�GUDZLQJ��)��
SDUDW\SH��,+1)*�������*�+�²�0H[LFDQLD�JULMDOYDHQVLV�Q��VS���*��KRORW\SH��,+1)*�������+��UHFRQVWUXFWLRQ��OLQH�GUDZLQJ��
6FDOH�EDUV�HTXDO����PP�
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'HVFULSWLRQ��&DUDSDFH��6XEUHFWDQJXODU��HORQJDWH�FDUDSDFH��
HORQJDWH� SRLQWHG� URVWUXP��ZLWK� VL[� GRUVDO� WHHWK�� SRVWHULRU�
PDUJLQ�ZLWK�D�WKLQ�PDUJLQDO�FDULQD��QDUURZ�RFXODU�LQFLVLRQ��
ZHDN� DQWHQQDO� DQG�SWHULJRVWRPLDO� DQJOHV�� FHUYLFDO� JURRYH�
DEVHQW��ZHDN�KHSDWLF�VSLQH��SRVWRUELWDO�VSLQH�DEVHQW�

3OHRQ�� 6XEUHFWDQJXODU� SOHRQDO� V��V�� GRUVDOO\� URXQGHG��
HTXDO� LQ� VL]H�� SOHRQDO� V�� ORQJHU� WKDQ� WKH� SUHYLRXV� RQHV��
VPRRWK� V��V�� WHUJD� DQG�SOHXUDH�� VPRRWK� WULDQJXODU� WHOVRQ��
ZLWK�SRLQWHG�WLS��ODFNLQJ�ODWHUDO�PRYDEOH�DQG�À[HG�VSLQHV�

&HSKDOLF� DSSHQGDJHV�� /DUJH� H\H� ZLWK� VKRUW� H\HVWDON��
HORQJDWH�D��SHGXQFOH��HORQJDWH�VOHQGHU�VFDSKRFHULWH��ZLWK�D�
SRLQWHG�WLS�

7KRUDFLF�DSSHQGDJHV��3��3��FKHODWH��LQFUHDVLQJ�LQ�VL]H��
VOHQGHU� 3��3�� DUWLFOHV�� EHDULQJ� WKLQ�PLQXWH� FKHODH�� 3��3��
SDUWLDOO\�SUHVHUYHG�

3OHRQDO� DSSHQGDJHV��:HOO�GHYHORSHG� EDVDO� VHJPHQW� RI�
SOHRSRGV�ZLWK�ÁDJHOOD�SDUWLDOO\�SUHVHUYHG��XURSRGDO�HQGR�
SRG�DQG�H[RSRG�VOLJKWO\�ORQJHU�WKDQ�WKH�WHOVRQ��ERWK�ZLWK�
RXW�PHGLDQ� ORQJLWXGLQDO� FDULQD�� XURSRGDO� H[RSRG�ZLWKRXW�
GLDHUHVLV�

'LVFXVVLRQ��7KH�VSHFLPHQV�SUHVHUYH�GLDJQRVWLF�FKDUDFWHUV�
VXFK�DV��FRPSUHVVHG�VOHQGHU�ERG\��ZHOO�GHYHORSHG�URVWUXP��
DUPHG�ZLWK�GRUVDO�WHHWK��FDUDSDFH�ZLWKRXW�SRVWRUELWDO�VSLQH��
KHSDWLF�VSLQH�SUHVHQW��SRVWHULRU�SOHRQDO�VRPLWHV�FDULQDWH��DQG�
WHOVRQ�VKDUSO\�SRLQWHG��ZLWKRXW�ODWHUDO�DQG�À[HG�VSLQHV��$OO�
FKDUDFWHUV�W\SLFDO�RI�WKH�3HQDHLGDH�5$),1(648(�6&+0$/7=��
������WR�ZKLFK�WKH\�DUH�DVVLJQHG��3e5(=�)$5)$17(�	�.(1�
6/(<� �������$V� UHSRUWHG� E\�6&+:(,7=(5� HW� DO�� �������� WKLV�
IDPLO\� LQFOXGHV� WR�GDWH���� IRVVLO�JHQHUD� IURP� WKH�7ULDVVLF�
WR� WKH�&UHWDFHRXV��PRVWO\� UHSRUWHG� IURP�(XURSH� �$XVWULD��
%HOJLXP��'HQPDUN��)UDQFH��*HUPDQ\��*UHDW�%ULWDLQ��,WDO\��
6ZLW]HUODQG���UDUHO\�IURP�WKH�0LGGOH�(DVW��/HEDQRQ���$IULFD�
�0RURFFR��0DGDJDVFDU��DQG�,QGLD��%DVHG�XSRQ�WKH�DERYH�
PHQWLRQHG� IRVVLO� UHFRUG�� WKLV� IDPLO\� KDV� SUHYLRXVO\� QHYHU�
EHHQ�UHSRUWHG�IURP�WKH�$PHULFDV��H[FHSW�IRU�WKH�UHFRUG�RI�
3HQDHXV�PDGGHQL�)(/'0$11�HW�DO���������IURP�WKH�0LRFHQH�
/R\ROD�)RUPDWLRQ�LQ�(FXDGRU��)(/'0$11�HW�DO��������

*HQXV�7]HOWDOSHQDHXV�QRY�

(W\PRORJ\��)URP�WKH�7]HOWDO�SHRSOH��ZKR�OLYH�LQ�WKH�KLJK�
ODQGV�RI�&KLDSDV�6WDWH�

7\SH�VSHFLHV��7]HOWDOSHQDHXV�H[LOLFKHODWXV�Q��VS�

'LDJQRVLV��&DUDSDFH�ZLWK�KHSDWLF�VSLQH��HORQJDWH�URVWUXP��
ZLWK�ÀYH�WR�VL[�GRUVDO�WHHWK��LQFOXGLQJ�HSLJDVWULF�WRRWK��FHU�
YLFDO� JURRYH� DEVHQW�� 3��3�� FKHODWH�� VOHQGHU� DQG� HORQJDWH��
3��3��DFKHODWH��VOHQGHU�DQG�HORQJDWH��ORQJHU�WKDQ�WKH�SUHYL�
RXV�RQHV�

7]HOWDOSHQDHXV�H[LOLFKHODWXV�Q��VS�
)LJ���'�)

(W\PRORJ\�� 7KH� WULYLDO� QDPH� DOOXGHV� WR� WKH� YHU\� VOHQGHU�
3��3��VHJPHQWV�

7\SHV��+RORW\SH�� ,+1)*������� 3DUDW\SHV�� ,+1)*�������
,+1)*�������

0DWHULDO�DQG�PHDVXUHPHQWV��7KUHH�VSHFLPHQV�LQ�ODWHUDO�
YLHZ� �,+1)*������������ ,+1)*������ ²� OF[S�� �����PP��
ZF[S�� ����� PP�� ,+1)*������� OF[S�� ����� PP�� ZF[S�� ���
PP��

'LDJQRVLV��$V�IRU�WKH�JHQXV�

'HVFULSWLRQ��&DUDSDFH��6XEUHFWDQJXODU��HORQJDWH�FDUDSDFH��
HORQJDWH� URVWUXP�� ZLWK� ÀYH� WR� VL[� GRUVDO� WHHWK�� LQFOXGLQJ�
HSLJDVWULF�WRRWK��SRVWHULRU�PDUJLQ�ZLWK�D�WKLQ�PDUJLQDO�FD�
ULQD��QDUURZ�RFXODU�LQFLVLRQ��ZHDN�DQWHQQDO�DQG�SWHU\JRVWR�
PLDO�DQJOHV��FHUYLFDO�JURRYH�DEVHQW��ZHOO�GHYHORSHG�KHSDWLF�
VSLQH��SRVWRUELWDO�VSLQH�DEVHQW�

3OHRQ�� 6XEUHFWDQJXODU� SOHRQDO� V��V�� GRUVDOO\� URXQGHG��
HTXDO�LQ�VL]H��VXEVTXDUH�SOHRQDO�V��ZLWK�GHHS�ORQJLWXGLQDO�
FLFDWUL[��SOHRQDO�V��ORQJHU�WKDQ�WKH�SUHYLRXV�RQHV��VPRRWK�
V��V�� WHUJD� DQG� SOHXUDH�� VPRRWK� WULDQJXODU� WHOVRQ�� ZLWK�
SRLQWHG�WLS��ODFNLQJ�ODWHUDO�PRYDEOH�DQG�À[HG�VSLQHV�

&HSKDOLF�DSSHQGDJHV��/DUJH�H\H�ZLWK�VKRUW�H\HVWDON��D���
D��QRW�SUHVHUYHG�

7KRUDFLF�DSSHQGDJHV��3��3��FKHODWH��LQFUHDVLQJ�LQ�VL]H��
YHU\� HORQJDWH� VOHQGHU� 3��3�� DUWLFOHV�� EHDULQJ� WKLQ�PLQXWH�
FKHODH��3��3��DFKHODWH��ZLWK�YHU\�HORQJDWH�VOHQGHU�DUWLFOHV��
3��3��ORQJHU�WKDQ�WKH�SUHYLRXV�RQHV�

3OHRQDO� DSSHQGDJHV��:HOO�GHYHORSHG� EDVDO� VHJPHQW� RI�
SOHRSRGV�ZLWK�ÁDJHOOD�SDUWLDOO\�SUHVHUYHG��XURSRGDO�HQGR�
SRG� DQG� H[RSRG� VOLJKWO\� ORQJHU� WKDQ� WKH� WHOVRQ�� XURSRGDO�
HQGRSRG�ZLWKRXW�ORQJLWXGLQDO�FDULQD��XURSRGDO�H[RSRG�SDU�
WLDOO\�SUHVHUYHG�

'LVFXVVLRQ��7KH�VSHFLPHQV�SUHVHUYH�GLDJQRVWLF�FKDUDFWHUV�
VXFK�DV��FRPSUHVVHG�VOHQGHU�ERG\��ZHOO�GHYHORSHG�URVWUXP��
DUPHG�ZLWK�GRUVDO�WHHWK��FDUDSDFH�ZLWKRXW�SRVWRUELWDO�VSLQH��
KHSDWLF� VSLQH� SUHVHQW�� FHUYLFDO� JURRYH� DEVHQW�� SRVWHULRU�
SOHRQDO�VRPLWHV�FDULQDWH��DQG�WHOVRQ�VKDUSO\�SRLQWHG��ZLWK�
RXW� ODWHUDO� VSLQHV��$OO� FKDUDFWHUV� W\SLFDO� RI� WKH�3HQDHLGDH�
5$),1(648(�6&+0$/7=�� ������ WR� ZKLFK� WKH\� DUH� DVVLJQHG�
�3e5(=�)$5)$17(� 	� .(16/(<� ������� 7]HOWDOSHQDHXV� H[LOL�
FKHODWXV� Q�� VS�� GLIIHUV� IURP�=RTXHSHQDHXV� VSLQLURVWUDWXV�
Q��VS��LQ�KDYLQJ�D�URVWUXP�ZLWK�ÀYH�WR�VL[�GRUVDO�WHHWK��LQ�
FOXGLQJ� WKH� HSLJDVWULF� WRRWK�� YHU\� HORQJDWH�� VOHQGHU� 3��3��
DUWLFOHV�� DQG� WHOVRQ�ZLWK�GHHS� ORQJLWXGLQDO�FLFDWUL[��%DVHG�
XSRQ�WKH�DERYH�PHQWLRQHG�REVHUYDWLRQV��ZH�FDQ�DWWHVW�WKDW�
=RTXHSHQDHXV�VSLQLURVWUDWXV�Q��VS��DQG�7]HOWDOSHQDHXV�H[�
LOLFKHODWXV�Q��VS��DUH�WKH�ÀUVW�UHSRUW�RI�3HQDHLGDH�IURP�WKH�
&UHWDFHRXV�RI�WKH�$PHULFDV��UHSUHVHQWLQJ�WKH�ÀUVW�0HVR]RLF�
UHFRUG�RI�WKLV�IDPLO\�RXW�RI�(XURSH�

)DPLO\�6LF\RQLLGDH�2570$11������

*HQXV�0H[LFDQLD�QRY�

(W\PRORJ\��)URP�0H[LFD�WKDW��LQ�1DKXDWO�ODQJXDJH��GHVLJ�
QDWHG�D�QDWLYH�SHRSOH�ZKR�OLYHG�LQ�&HQWUDO�0H[LFR�

7\SH�VSHFLHV��0H[LFDQLD�JULMDOYDHQVLV�Q��VS�
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'LDJQRVLV��5REXVW� FDUDSDFH� ZLWK� SRVWURVWUDO� FDULQD� ZLWK�
DW� OHDVW� WZR� WHHWK�� ZHOO�GHYHORSHG� KHSDWLF� VSLQH�� FHUYLFDO�
JURRYH� LQGLVWLQFW�� SOHRQDO� VRPLWHV� PDUNHG� E\� WUDQVYHUVH�
VXOFL��3��3��FKHODWH��3��3��DFKHODWH�

0H[LFDQLD�JULMDOYDHQVLV�Q��VS�
)LJ���*�+

(W\PRORJ\��7KH�WULYLDO�QDPH�DOOXGHV�WR�WKH�*ULMDOYD��RQH�RI�
WKH�WKUHH�PRVW�LPSRUWDQW�ULYHUV�LQ�&KLDSDV�6WDWH�

+RORW\SH��,+1)*������

0DWHULDO� DQG� PHDVXUHPHQWV�� 2QH� VSHFLPHQ� LQ� ODWHUDO�
YLHZ��,+1)*������²�OF[S�������PP��ZF[S�������PP��

'LDJQRVLV��$V�IRU�WKH�JHQXV�

'HVFULSWLRQ�� &DUDSDFH�� 6XEUHFWDQJXODU�� VWRXW� FDUDSDFH��
FDUDSDFH�ZLWK� SRVWURVWUDO� FDULQD�ZLWK� DW� OHDVW� WZR�PLGGOH�
WHHWK�� FHUYLFDO� JURRYH� LQGLVWLQFW�� ZHOO�GHYHORSHG� KHSDWLF�
VSLQH��SRVWHULRU�PDUJLQ�ZLWK�D�WKLQ�PDUJLQDO�FDULQD�

3OHRQ�� 6XEUHFWDQJXODU� SOHRQDO� V��V�� GRUVDOO\� URXQGHG��
GHFUHDVLQJ� LQ� VL]H� SRVWHULRUO\�� VXEUHFWDQJXODU� SOHRQDO� V��
ORQJHU�WKDQ�WKH�SUHYLRXV�RQHV��VPRRWK�V��V��WHUJD�DQG�SOHX�
UDH��SOHRQDO�V��V��ZLWK�DQWHULRU�DQG�SRVWHULRU�WHUJDO�VXOFL��GH�
OLPLWLQJ�PHGLDQ�VKDOORZ�GHSUHVVLRQV��WHOVRQ�QRW�SUHVHUYHG�

&HSKDOLF�DSSHQGDJHV��3RRUO\�SUHVHUYHG��RQO\�D��UG�VHJ�
PHQW�ZLWK�ÁDJHOOD�SUHVHUYHG�

7KRUDFLF�DSSHQGDJHV��3��3��FKHODWH��LQFUHDVLQJ�LQ�VL]H��
3��VWRXW�FKHOD��3��PLQXWH�FKHOD��3��3��DFKHODWH��ORQJHU�WKDQ�
WKH�SUHYLRXV�RQHV�

3OHRQDO� DSSHQGDJHV��:HOO�GHYHORSHG� EDVDO� VHJPHQW� RI�
SOHRSRGV��XURSRGDO�HQGRSRG�DQG�H[RSRG�QRW�SUHVHUYHG�

'LVFXVVLRQ��7KH�VSHFLPHQ�SUHVHUYHV�GLDJQRVWLF�FKDUDFWHUV�
VXFK�DV��FDUDSDFH�ZLWK�SRVWURVWUDO�FDULQD�EHDULQJ�VRPH�PH�
GLDQ�WHHWK��ZHOO�GHYHORSHG�KHSDWLF�VSLQH��DQG�SOHRQDO�V��V��
ZLWK�DQWHULRU�DQG�SRVWHULRU�WHUJDO�VXOFL��GHOLPLWLQJ�PHGLDQ�
VKDOORZ� GHSUHVVLRQV�� $OO� FKDUDFWHUV� W\SLFDO� RI� WKH� 6LF\R�
QLLGDH�2570$11��������WR�ZKLFK�WKH\�DUH�DVVLJQHG��3e5(=�
)$5)$17(� 	� .(16/(<� ������� $V� UHSRUWHG� E\� 6&+:(,7=(5�
HW�DO����������WKLV�IDPLO\�LV�UHSUHVHQWHG�LQ�WKH�IRVVLO�UHFRUG�
RQO\�E\�6LF\RQLD�URHPHUL��921�'(5�0$5&.��������IURP�WKH�
8SSHU�&UHWDFHRXV��6HQRQLDQ��RI�*HUPDQ\��921�'(5�0$5&.�
�������+RZHYHU��ZH�TXHVWLRQ�WKH�DVVLJQPHQW�RI�WKLV�VSHFLHV�
WR�6LF\RQLLGDH��EDVHG�XSRQ�WKH�GLDJQRVWLF�FKDUDFWHUV�RI�WKH�
W\SH� JHQXV�6LF\RQLD�+��0,/1(� (':$5'6�� ������ DFFRUGLQJ�
WR�3e5(=�)$5)$17(�	�.(16/(<� �������� ,QGHHG�� WKUHH�FKDU�
DFWHUV�RI� WKH� IRVVLO� VSHFLHV�� WKH� URVWUXP�ZLWK�YHQWUDO� WHHWK�
�YHUVXV� URVWUXP�ZLWK� RQO\� GRUVDO� WHHWK� LQ� 6LF\RQLD��� SRV�
WURVWUDO� FDULQD� DEVHQW� �YHUVXV� SRVWURVWUDO� FDULQD�SUHVHQW� LQ�
6LF\RQLD���DQG�SOHRQDO�V��V��ZLWK�VPRRWK�WHUJD�DQG�SOHXUDH�
�YHUVXV�SOHRQDO�V��V��ZLWK�DQWHULRU�DQG�SRVWHULRU�WHUJDO�VXOFL��
GHOLPLWLQJ�PHGLDQ�VKDOORZ�GHSUHVVLRQV�LQ�6LF\RQLD��H[FOXGH�
LWV�EHORQJLQJ�WR�WKLV�JHQXV��%DVHG�RQ�WKHVH�REVHUYDWLRQV��D�
UHYLHZ�RI�6��URHPHUL�LV�ZDUUDQWHG�WR�HVWDEOLVK�LWV�WUXH�V\V�
WHPDWLF�DVVLJQPHQW��,QGHHG�WKH�OLQH�GUDZLQJ�RI�WKLV�VSHFLHV�

E\�921�'(5�0$5&.��������SO�����ÀJ�����SRLQWV�RXW�VRPH�FKDU�
DFWHUV�� VXFK� DV� WKH� URVWUXP�ZLWK� GRUVDO� DQG� YHQWUDO� WHHWK��
SOHRQDO�V��V��ZLWK�VPRRWK�WHUJD�DQG�SOHXUDH��SRLQWHG�WHOVRQ�
ZLWKRXW� ODWHUDO�PRYDEOH� VSLQHV� WKDW� DUH� DOO� W\SLFDO� RI� 3H�
QDHLGDH��0H[LFDQLD�JULMDOYDHQVLV�Q��VS��UHSUHVHQWV�WKH�ÀUVW�
XQHTXLYRFDO�UHSRUW�RI� WKH�6LF\RQLLGDH� LQ� WKH�IRVVLO� UHFRUG��
H[WHQGLQJ�WKH�VWUDWLJUDSKLF�UDQJH�RI�WKLV�IDPLO\�EDFN�WR�WKH�
&HQRPDQLDQ��2Q�WKH�RWKHU�KDQG��WKH�SUHVHQFH�RI�VLF\RQLLGV�
LQ�WKH�IRVVLO�UHFRUG�IURP�0H[LFR�LV�QRW�VR�XQXVXDO��WKXV�UH�
ÁHFWLQJ�WKH�H[WDQW�ULFK�VLF\RQLLG�FRPPXQLW\��ZLGHVSUHDG�LQ�
WKH�*XOI�RI�0H[LFR��3e5(=�)$5)$17(�������3e5(=�)$5)$17(�
	�.(16/(<�������

6XSHUIDPLO\�6HUJHVWRLGHD�'$1$������
)DPLO\�6HUJHVWLGDH�'$1$������

*HQXV�0RND\D�QRY�

(W\PRORJ\��)URP�0RND\D��SUH�2OPHF�FXOWXUHV�RI�WKH�6R�
FRQXVFR�UHJLRQ�LQ�&KLDSDV�6WDWH�

7\SH�VSHFLHV��0RND\D�FKDQJRHQVLV�Q��VS�

'LDJQRVLV��&DUDSDFH�ZLWKRXW�KHSDWLF�VSLQH��VKRUW�URXQGHG�
WRRWKOHVV� URVWUXP��ZHDN�FHUYLFDO�JURRYH�� VXSUDRUELWDO� DQG�
KHSDWLF�VSLQHV�DEVHQW��ZHOO�PDUNHG�EUDQFKLRFDUGLDF�FDULQD��
SOHRQDO� VRPLWHV� GRUVDOO\� URXQGHG�� WHOVRQ� ODFNLQJ� ODWHUDO�
PRYDEOH� DQG� À[HG� VSLQHV�� 3��3�� DFKHODWH�� UHGXFHG� 3��3��
VKRUWHU�WKDQ�3��3��

0RND\D�FKDQJRHQVLV�Q��VS�
)LJ���$�'

(W\PRORJ\��)URP�(O�&KDQJR�TXDUU\��ZKHUH�WKH�VSHFLPHQV�
ZHUH�FROOHFWHG�

7\SHV��+RORW\SH�� ,+1)*�������3DUDW\SHV�� ,+1)*�������
,+1)*�������

0DWHULDO�DQG�PHDVXUHPHQWV�����VSHFLPHQV�LQ�ODWHUDO�YLHZ�
�,+1)*������������,+1)*������²�OF[S�������PP��ZF[S��
����PP��,+1)*�������OF[S�����PP��ZF[S������PP��,+1)*�
������ OF[S�� �����PP��ZF[S�� ����PP�� ,+1)*������� OF[S��
�����PP��ZF[S������PP��

'LDJQRVLV��$V�IRU�WKH�JHQXV�

'HVFULSWLRQ��&DUDSDFH��6XEUHFWDQJXODU��HORQJDWH�FDUDSDFH��
VKRUW� URXQGHG� WRRWKOHVV� URVWUXP�� SRVWHULRU�PDUJLQ�ZLWK� D�
WKLQ�PDUJLQDO�FDULQD��QDUURZ�RFXODU�LQFLVLRQ��ZHDN�DQWHQQDO�
DQG�SWHULJRVWRPLDO�DQJOHV��ZHDN�FHUYLFDO�JURRYH�� VXSUDRU�
ELWDO� DQG�KHSDWLF� VSLQHV� DEVHQW��ZHOO�PDUNHG�EUDQFKLRFDU�
GLDF�FDULQD�

3OHRQ�� 6XEUHFWDQJXODU� SOHRQDO� V��V�� GRUVDOO\� URXQGHG��
HTXDO� LQ� VL]H�� SOHRQDO� V�� ORQJHU� WKDQ� WKH� SUHYLRXV� RQHV��
VPRRWK� V��V�� WHUJD� DQG�SOHXUDH�� VPRRWK� WULDQJXODU� WHOVRQ��
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ZLWK�SRLQWHG�WLS��ODFNLQJ�ODWHUDO�PRYDEOH�DQG�À[HG�VSLQHV�
&HSKDOLF�DSSHQGDJHV��/DUJH�FRUQHD��ZLWK�YHU\�HORQJDWH�

H\HVWDON��D��DQG�D��SRRUO\�SUHVHUYHG�
7KRUDFLF� DSSHQGDJHV�� 3��3�� DFKHODWH�� 3��3�� HTXDO� LQ�

VL]H��HORQJDWH�VOHQGHU�3��3��DUWLFOHV��EHDULQJ�VWLII�VHWDH��UH�
GXFHG� 3��3��� HTXDO� LQ� VL]H� DQG� VKRUWHU� WKDQ� WKH� SUHYLRXV�
RQHV�

3OHRQDO� DSSHQGDJHV��:HOO�GHYHORSHG� EDVDO� VHJPHQW� RI�
SOHRSRGV��EHDULQJ�HORQJDWH�ÁDJHOOD��XURSRGDO�HQGRSRG�DQG�
H[RSRG�ORQJHU�WKDQ�WKH�WHOVRQ��ERWK�ZLWKRXW�PHGLDQ�ORQJLWX�
GLQDO�FDULQD��XURSRGDO�H[RSRG�ZLWKRXW�GLDHUHVLV�

'LVFXVVLRQ��7KH�VSHFLPHQV�SUHVHUYH�GLDJQRVWLF�FKDUDFWHUV�
VXFK�DV��FDUDSDFH�PRGHUDWHO\�FRPSUHVVHG��URVWUXP�VKRUWHU�
WKDQ�WKH�H\HVWDON��ZHOO�PDUNHG�EUDQFKLRFDUGLDF�FDULQD��DQG�
UHGXFHG�3��3���$OO�FKDUDFWHUV�W\SLFDO�RI�6HUJHVWLGDH�'$1$��
������WR�ZKLFK�WKH\�DUH�DVVLJQHG��3e5(=�)$5)$17(�	�.(16�
/(<��������+RZHYHU��WKH�FRPELQDWLRQ�RI�WKH�VKRUW��URXQGHG��
WRRWKOHVV� URVWUXP�� WKH�DEVHQFH�RI�VXSUDRUELWDO�DQG�KHSDWLF�
VSLQHV��DQG�WKH�3��3��DFKHODWH�LV�XQLTXH�DQG�DUH�WKH�HQRXJK�
WR�MXVWLI\�WKH�LQWURGXFWLRQ�RI�D�QHZ�JHQXV�0RND\D��GLVWLQFW�
IURP�DOO�RWKHU� IRVVLO�DQG�H[WDQW�JHQHUD�ZLWKLQ� WKLV� IDPLO\��
7KH�UHSUHVHQWDWLYHV�RI�6HUJHVWLGDH�DUH�YHU\�UDUH�LQ�WKH�IRV�
VLO�UHFRUG��,QGHHG��DV�OLVWHG�E\�6&+:(,7=(5�HW�DO����������WR�
GDWH�RQO\�WZR�VSHFLHV�DUH�NQRZQ�IURP�WKH�&UHWDFHRXV��3D�
OHRPDWWHD� GHOLFLRVD�0$,6(<� 	�'(� &$59$/+2�� ������ IURP�
WKH�/RZHU�&UHWDFHRXV� �$SWLDQ�$OELDQ��6DQWDQD�)RUPDWLRQ�
RI�%UD]LO��DQG�&UHWDVHUJHVWHV�VDKHODOPDHQVLV�*$5$66,12�	�
6&+:(,*(57��������IURP�WKH�8SSHU�&UHWDFHRXV��&HQRPDQL�
DQ��RI�/HEDQRQ��0$,6(<�	�'(�&$59$/+2�������*$5$66,12�	�
6&+:(,*(57��������0RND\D�FKDQJRHQVLV�Q��VS��GLIIHUV�IURP�
ERWK�VSHFLHV�LQ�KDYLQJ�D�VKRUW��URXQGHG��WRRWKOHVV�URVWUXP�
�YHUVXV�VKRUW��SRLQWHG�URVWUXP��ZLWK�WKUHH�GRUVDO�VSLQHV�LQ�
3��GHOLFLRVD��YHUVXV�VKRUW��SRLQWHG��WRRWKOHVV�URVWUXP�LQ�&��
VDKHODOPDHQVLV�� DQG�3��3��DFKHODWH� �YHUVXV�3��3��FKHODWH�
LQ�3��GHOLFLRVD�DQG�&��VDKHODOPDHQVLV���0RND\D�FKDQJRHQ�
VLV�Q��VS��LV�WKH�ÀUVW�UHSUHVHQWDWLYH�RI�6HUJHVWLGDH�LQ�1RUWK�
$PHULFD�DQG� WKH�\RXQJHVW� UHSUHVHQWDWLYH�RI� WKLV� IDPLO\� LQ�
WKH�$PHULFDV�

,QIUDRUGHU�&DULGHD�'$1$������

)DPLO\��JHQXV�DQG�VSHFLHV�LQGHW�
)LJ���(�)

0DWHULDO� DQG� PHDVXUHPHQWV�� 2QH� VSHFLPHQ� LQ� GRUVDO�
YLHZ��,+1)*������²OW�����PP��ZF[S������PP��

'HVFULSWLRQ��&DUDSDFH��$Q\�PRUSKRORJLFDO�FKDUDFWHUV�FDQ�
EH�REVHUYHG�

3OHRQ��6XEUHFWDQJXODU�SOHRQDO�V��V��GHFUHDVLQJ�LQ�VL]H�
GLVWDOO\��SOHRQDO�V��VPDOOHU�WKDQ�WKH�SUHYLRXV�RQHV��VPRRWK�
V��V��WHUJD�DQG�SOHXUDH��VPRRWK�WULDQJXODU�WHOVRQ��ZLWK�WZR�
ORQJLWXGLQDO� PDUJLQDO� FDULQDH�� ODWHUDO� PDUJLQV� ZLWK� WKUHH�
À[HG� VSLQHV�� DQG� UHVWULFWHG� GLVWDO� H[WUHPLW\�� EHDULQJ� WZR�
HORQJDWH�ÁDJHOOD�

&HSKDOLF� DSSHQGDJHV�� D�� QRW� SUHVHUYHG�� D�� VKRUW� VHJ�
PHQWV��D��HORQJDWH�PXOWLDUWLFRODWH�ÁDJHOOXP�

7KRUDFLF�DSSHQGDJHV��1RW�SUHVHUYHG�

3OHRQDO� DSSHQGDJHV�� 3OHRSRGV� QRW� YLVLEOH�� XURSRGDO�
HQGRSRG� DQG� H[RSRG� ORQJHU� WKDQ� WKH� WHOVRQ�� ERWK�ZLWKRXW�
PHGLDQ�ORQJLWXGLQDO�FDULQD��XURSRGDO�H[RSRG�ZLWKRXW�GLDHU�
HVLV�

'LVFXVVLRQ�� 7KH� GRUVDO� YLHZ� SUHVHUYDWLRQ� RI� WKH� VWXG\�
VSHFLPHQ�PDNHV�GLIÀFXOW�WR�REVHUYH�WKH�PDLQ�PRUSKRORJL�
FDO�FKDUDFWHUV��HYHQ� WKRXJK�WKH�SUREDEOH�URXQGHG�V��SOHX�
UD� FRXOG� VXJJHVW� LWV� DVVLJQPHQW� WR� WKH� LQIUDRUGHU�&DULGHD�
'$1$��������$V�UHSRUWHG�LQ�WKH�GHVFULSWLRQ��WKH�PRVW�SHFX�
OLDU�FKDUDFWHU�LV�WKH�ZHOO�SUHVHUYHG�WHOVRQ��QHYHU�IRXQG�ERWK�
LQ�WKH�IRVVLO�SHQDHLGV�DQG�LQ�WKH�IRVVLO�FDULGHDQV��2QO\�WKH�
GLVFRYHU\�RI�PRVW�FRPSOHWH�VSHFLPHQV�ZLOO�PDNH�SRVVLEOH�
WR�FODULI\�WKH�V\VWHPDWLF�SRVLWLRQ�RI�WKLV�VSHFLPHQ�

,QIUDRUGHU�$FKHODWD�6&+2/7=�	�5,&+7(5������
)DPLO\�3DOLQXULGDH�/$75(,//(������

*HQXV�DQG�VSHFLHV�LQGHW�
)LJ���*

0DWHULDO� DQG� PHDVXUHPHQWV�� 7ZR� VSHFLPHQV� LQ� ODWHUDO�
DQG�YHQWUDO� YLHZ� �,+1)*������²� OW�� �����PP��ZF[S�� ����
PP��,+1)*������²�OW�����PP��ZF[S������PP��

'HVFULSWLRQ��&DUDSDFH��$Q\�PRUSKRORJLFDO�FKDUDFWHUV�FDQ�
EH�REVHUYHG�

3OHRQ��6XEUHFWDQJXODU�SOHRQDO�V��V��GHFUHDVLQJ�LQ�VL]H�
GLVWDOO\��SOHRQDO�V��VPDOOHU�WKDQ�WKH�SUHYLRXV�RQHV��VPRRWK�
V��V��WHUJD�DQG�SOHXUDH��VPRRWK�VXEUHFWDQJXODU�WHOVRQ�

&HSKDOLF�DSSHQGDJHV��D��D��QRW�SUHVHUYHG��D��HORQJDWH�
PXOWLDUWLFRODWH�ÁDJHOOXP�

7KRUDFLF�DSSHQGDJHV��3��3��DFKHODWH��3��SUREDEO\�ORQJ�
HU�WKDW�WKH�3��3��DQG�3��

3OHRQDO�DSSHQGDJHV��3OHRSRGV�QRW�YLVLEOH��XURSRGDO�HQ�
GRSRG�DQG�H[RSRG�ORQJHU�WKDQ�WKH�WHOVRQ��ERWK�ZLWKRXW�PH�
GLDQ�ORQJLWXGLQDO�FDULQD��XURSRGDO�H[RSRG�ZLWK�GLDHUHVLV�

'LVFXVVLRQ��7KH� VPDOO� SDOLQXULGV� DUH� SUHVHUYHG� LQ� ODWHUDO�
DQG�YHQWUDO�YLHZV� UHVSHFWLYHO\�DQG� WKH�SRRU� VWDWH�RI�SUHV�
HUYDWLRQ�GRHV�QRW�DOORZ�FORVHU�FRPSDULVRQ�ZLWK�3DOLQXUXV�
SDODFLRVL�9(*$� HW� DO��� ������ DQG� 3DOLQXUXV� VS��� UHSRUWHG�
IURP�(O�(VSLQDO�DQG�0XKL�TXDUULHV�UHVSHFWLYHO\��9(*$�HW�DO��
������)(/'0$11�HW�DO��������

,QIUDRUGHU�%UDFK\XUD�/,11$(86������
6HFWLRQ�(XEUDFK\XUD�'(�6$,17�/$85(17������

)DPLO\��JHQXV�DQG�VSHFLHV�LQGHW�
)LJ���+�,

0DWHULDO� DQG� PHDVXUHPHQWV�� 2QH� VSHFLPHQ� LQ� GRUVDO�
YLHZ��,+1)*������²�OF[S�������PP��ZF[S�������PP��

'HVFULSWLRQ�� &DUDSDFH� VXEKH[DJRQDO�� ZLGHVW� DW� DQWHULRU�
WKLUG��SRVWHURODWHUDO�PDUJLQ�LQFOLQHG��WZR�WKLUGV�WKH�PD[L�
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)LJ�����$�'�²�0RND\D�FKDQJRHQVLV�Q��VS���$��KRORW\SH��,+1)*�������%��UHFRQVWUXFWLRQ��OLQH�GUDZLQJ��&��SDUDW\SH��,+1�
)*�������'��SDUDW\SH��,+1)*�������(�)�²�8QGHWHUPLQHG�"FDULGHDQ��(��VSHFLPHQ�,+1)*�������)��GHWDLO�RI�WDLO�IDQ��VDPH�
VSHFLPHQ��*�²�8QGHWHUPLQHG�SDOLQXULG��VSHFLPHQ�,+1)*�������+�,�²�8QGHWHUPLQHG�FUDE��SDUW�DQG�FRXQWHUSDUW��VSHFLPHQ�
,+1)*�������6FDOH�EDUV�HTXDO����PP�

eschweizerbart_xxx



 New decapod crustacean assemblage 269

PXP�FDUDSDFH�OHQJWK��SRVWHULRU�PDUJLQ�VWUDLJKW��WZR�WKLUGV�
WKH�PD[LPXP�FDUDSDFH�ZLGWK��FKHODH�VXEHTXDO��UREXVW��3��
WR�3��HORQJDWH��ZLWK�VOHQGHU�PHUXV��3��HORQJDWH�VXEUHFWDQ�
JXODU�PHUXV��ZLWK� URXQGHG� ORZHU�PDUJLQ�� FDUSXV� LQYHUWHG�
VXEWUDSH]RLGDO�� RQH�WKLUG� WKH� OHQJWK� RI� PHUXV�� VXEUHFWDQ�
JXODU�SURSRGXV��KDOI� WKH�PHUXV�OHQJWK��XQFLIRUP�GDFW\OXV��
3�� VOLJKWO\� UHGXFHG�� VXETXDGUDWH� LVFKLXP�� VXEUHFWDQJXODU�
PHUXV�� ZLWK� URXQGHG� ORZHU�PDUJLQ�� LQYHUWHG� VXEWUDSH]RL�
GDO� FDUSXV�� URXQGHG� ORZHU�PDUJLQ�� KDOI� WKH�PHUXV� OHQJWK��
VXERYDWH�SURSRGXV��VOLJKWO\�ORQJHU�WKDQ�FDUSXV�EXW�WZLFH�LWV�
KHLJKW��ODQFHRODWH�GDFW\OXV��VKRUW�UHFWDQJXODU�SOHRQDO�V��

'LVFXVVLRQ��7KH� SUHVHUYDWLRQ� RI� WKH� VSHFLPHQ� SUHYHQWV� D�
PRUH� GHWDLOHG� WD[RQRPLF� SODFHPHQW�� ,W� EHDUV� VLPLODULWLHV�
WR�RQH�VSHFLPHQ�IURP�WKH�$OELDQ�RI�&RORPELD��9(*$�HW�DO��
������ÀJ������������UHSRUWHG�DV�&HQRPDQRFDUFLQXV�UHQIURDH�
�67(1=(/���������7KH�HORQJDWH��VOHQGHU�SHUHLRSRGV�UHVHPEOH�
DOVR�WKRVH�RI�&RUD]]DWRFDUFLQXV�KDGMRXODH��52*(5���������
IURP�WKH�&HQRPDQLDQ�RI�/HEDQRQ��7KH�PDLQ�SUREOHP�LV�WKDW�
WKH�&KLDSDV�VSHFLPHQ�KDV�D�VOLJKWO\�UHGXFHG�3���ZKHUHDV�LQ�
WKH�&RORPELD�DQG�/HEDQRQ�VSHFLPHQV� LW� LV�PRUH� UHGXFHG��
%HWWHU�SUHVHUYHG�VSHFLPHQV�DUH�QHHGHG�EHIRUH�D�PRUH�GH�
WDLOHG�V\VWHPDWLF�SRVLWLRQ�
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