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Abstract 

Invasive alien species present a global threat to biodiversity, particularly where pathogens and symbionts are involved. 
Branchiobdellidans are clitellate annelids with an obligate ectosymbiotic association primarily on astacoidean 
FUD\¿VK�� 7KHUH� DUH� VHYHUDO� H[DPSOHV� RI� EUDQFKLREGHOOLGDQ� VSHFLHV� DGRSWLQJ� D� JHRJUDSKLFDOO\� H[RWLF� KRVW� ZKHUH�
HQGHPLF� DQG� H[RWLF� FUD\¿VKHV� FRKDELW� WKH� VDPH� ZDWHU� ERG\�� 7KH� ¿UVW� UHFRUGV� RI� D� ZHVWHUQ� 1RUWK� $PHULFDQ�  
branchiobdellidan, Xironogiton victoriensis��DGRSWLQJ�WKH�HDVWHUQ�1RUWK�$PHULFDQ�FUD\¿VK��Procambarus clarkii, 
LQ���ULYHU�EDVLQV�LQ�6SDLQ�SURYLGH�IXUWKHU�HYLGHQFH�RI�WKH�HFWRV\PELRQWV¶�WROHUDQFH�WR�DGRSW�DQ�H[RWLF�KRVW��*LYHQ�
ZRUOGZLGH�WUDQVORFDWLRQV�RI�WKHVH�DQG�RWKHU�FRPPHUFLDO�FUD\¿VK�VSHFLHV��OLPQRORJLVWV�DQG�DJHQF\�PDQDJHUV�QHHG�WR�
be alert for further introductions of X. victoriensis� DQG� RWKHU� EUDQFKLREGHOOLGDQV�� ,PSDFWV� RI� WKHVH� H[RWLF�  
ectosymbionts on habitat and biota at a new location are unknown, as are their consequences on native biodiversity.

.H\� ZRUGV�� biological conservation, dispersal, freshwater, invasive species, invertebrates, Xironogiton 
victoriensis

Introduction

Biological invasions are serious global phenomena that 
WKUHDWHQ� ELRGLYHUVLW\� RI� IUHVKZDWHU� IDXQD� DQG� ÀRUD� LQ�
particular (Dudgeon et al. 2006). Invasive alien species 
are leading to increasing global biogeographical 
homogeneity, with widespread ecological and evolution-
ary implications (Olden et al. 2004). Pathogens of these 
alien host species are adding a further concern to the 
increasing number of biological invasives, particularly 
symbionts associated with translocated hosts that in turn 
infect native hosts (Prenter et al. 2004).

1RUWK�$PHULFDQ�FUD\¿VKHV�� VLJQDO� FUD\¿VK�Pacifasta-

cus leniusculus� �'DQD�� ������ DQG� UHG� VZDPS� FUD\¿VK�
Procambarus clarkii (Girard, 1852), are considered a 
major threat to stream ecosystems in Europe, where these 
VSHFLHV� KDYH� EHHQ� VXFFHVVIXOO\� LQWURGXFHG�� 1DWLYH�

(XURSHDQ�FUD\¿VKHV�KDYH�EHHQ�GULYHQ� WR� ORFDO�H[WLQFWLRQ�
DV� D� UHVXOW� RI� FUD\¿VK� SODJXH�� Aphanomyces astaci 
�6FKLNRUD�� ������� LQWURGXFHG� IURP� WKH� 1RUWK� $PHULFDQ�
FUD\¿VKHV��9HGLD�DQG�0LUDQGD��������7KHVH�FUD\¿VKHV�DUH�
KRVWV�WR�RWKHU�H[RWLF�SDWKRJHQV�DQG�V\PELRQWV��VXFK�DV�WKH�
branchiobdellidans.

%UDQFKLREGHOOLGDQV�� RU� FUD\¿VK� ZRUPV�� DUH� FOLWHOODWH�
annelids with an obligate ectosymbiotic association 
SULPDULO\� RQ� DVWDFRLGHDQ� FUD\¿VK� �*HOGHU� DQG�:LOOLDPV�
�������7KH�ZRUPV�IRUP�D�PRQRSK\OHWLF�RUGHU��%UDQFKLRE-
GHOOLGD� �$QQHOLGD�� &OLWHOODWD��� ZLWK� D� GLVFRQWLQXRXV�
Holarctic distribution (Gelder 1999). Of the 22 genera, 6 
DUH� HQGHPLF� WR� WKH� 3DODHDUFWLF� DQG� ��� WR� WKH� 1HDUFWLF�
UHDOPV��7KHVH���UHDOPV�HDFK�FRQWDLQ���GLVWLQFW�UHJLRQV��WKH�
(XUR�0HGLWHUUDQHDQ� DQG� (DVW� $VLD�� DQG� (DVWHUQ� DQG�
:HVWHUQ� 1RUWK� $PHULFD� �VHSDUDWHG� E\� WKH� &RQWLQHQWDO�
'LYLGH�� %ăQăUHVFX� ������� *HQHUD� LQ� 1RUWK�$PHULFD� DUH�
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endemic to either eastern or western regions, and 3 genera 
have species in both regions, although these species are 
VLPLODUO\� UHVWULFWHG� WR� RQO\� RQH� UHJLRQ� RU� WKH� RWKHU�� 7KH� 
HFWRV\PELRQW¶V� FUD\¿VK� KRVWV� DUH� DOVR� HQGHPLF� WR� WKHVH�
respective regions.

$OWKRXJK�PRVW� EUDQFKLREGHOOLGDQV� OLYH� RQ� IUHVKZDWHU�
FUD\¿VK�� VRPH� VSHFLHV� KDYH� DGRSWHG� RWKHU� FUXVWDFHDQV�
such as isopods, crabs, and shrimps (Holt 1973a, 1973b, 
Gelder et al. 2002), and some of these, such as Cambarin-

cola mesochoreus (Hoffman, 1963), occur on both 
FUD\¿VK� DQG� HVWXDULQH� FUDEV� �*HOGHU� DQG�0HVVLFN 2006). 
Locations where a branchiobdellidan seem to be host  
VSHFLHV�VSHFL¿F�DUH�PRUH� OLNHO\� WKH�UHVXOW�RI� OLPLWHG�KRVW�
DYDLODELOLW\� LQ� WKH� DUHD�� IRU� H[DPSOH� Uglukodrilus 

hemophagus (Holt, 1977) and Sathodrilus spp. (Holt, 
1981).

Branchiobdellidans adaptability and acceptability of 
QHZ� KRVWV� FDQ� EH� H[SORUHG� ZKHUH� HQGHPLF� DQG� H[RWLF�
FUD\¿VKHV� FRKDELW� WKH� VDPH� ZDWHU� ERG\�� 7KH� 1RUWK�
$PHULFDQ� VSLQ\FKHHN� FUD\¿VK�� Orconectes limosus 

�5D¿QHVTXH�� ������� ZDV� ¿UVW� WUDQVORFDWHG� WR� 3RODQG� LQ�
1890 and has successfully spread in Europe to Italy, 
England, and the Pyrenees Mountains (Souty-Grosset et 
al. 2006). Vogt (1999) observed sympatric populations of 
VWRQH� FUD\¿VK�� Austropotamobius torrentium (Schrank, 
1803), and O. limosus LQ� D� WULEXWDU\� WR� 6WHLQEHFN�&UHHN�
(Hess, Germany), where both hosts carried European 
Branchiobdella parasita (Henle, 1805) and B. pentodonta 

(Whitman, 1892). $� VLPLODU� DGRSWLRQ� RI� O. limosus by 
these 2 Branchiobdella species plus B. balcanica 

(Moszynski, 1938) and B. hexadonta (Gruber, 1883) was 
IRXQG�LQ�WKH�&]HFK�5HSXEOLF��ĆXULã�HW�DO���������$OWKRXJK�
no endemic branchiobdellidans have been introduced on 
O. limosus�� �� RWKHU� H[RWLF� 1RUWK� $PHULFDQ� FUD\¿VKHV��
VLJQDO�FUD\¿VK�DQG�UHG�VZDPS�FUD\¿VK��GLG�EULQJ�VRPH�RI�
their endemic branchiobdellidans into Europe (Gelder et 
DO���������$�OLVW�RI�EUDQFKLREGHOOLGDQ�VSHFLHV�UHSRUWHG�RQ�
WKHVH���FRPPHUFLDOO\�LPSRUWDQW�FUD\¿VK�LQ�1RUWK�$PHULFD�
is given in Gelder (2004); therefore, any branchiobdelli-
GDQ�IRXQG�ZKHUH�WKHVH�FUD\¿VKHV�KDYH�EHHQ�LQWURGXFHG�LV�
likely on this list. 

7R� GDWH�� RQO\�C. mesochoreus has been reported on 
H[RWLF�P. clarkii in northern Italy (Gelder et al. 1994). 
Subsequently, P. clarkii specimens were reported in the 
VDPH� DUHD� ZKHUH� ZKLWH�FODZHG� FUD\¿VK��Austropotamo-

bius pallipes (Lereboullet, 1858), were found to carry  
B. parasita and B. italica� �&DQHJDOOR�� ������� 7KLV�
V\PSDWULF� DVVRFLDWLRQ� RI� FUD\¿VKHV� UHVXOWHG� LQ� VRPH� 
P. clarkii being adopted by B. parasita and B. italica, but 
no A. pallipes were found with C. mesochoreus (Gelder 
HW� DO�� ������� $� QHZ� GLPHQVLRQ� WR� EUDQFKLREGHOOLGDQ�
DGRSWLRQV� LQ� WKH�(XUR�0HGLWHUDQHDQ�UHJLRQ�ZDV� WKH�¿UVW�
UHSRUW� RI� EUDQFKLREGHOOLGDQ� FRFRRQV� RQ� &KLQHVH� PLWWHQ�

crabs, Eriocheir sinensis (Edwards, 1853), in Lake 
'ąELH�� QRUWKZHVW� 3RODQG� �6REHFND� HW� DO�� ������� 7KLV� LV�
WKH� RQO\� QRQ�FUD\¿VK� KRVW� RI� EUDQFKLREGHOOLGDQV� LQ� WKH�
region and indicates that Branchiobdella species are 
more adaptable to adopting additional crustacean hosts 
than previously thought.

$OWKRXJK�P. clarkii were introduced into Japan in 1927 
(Kawai et al. 2003) and soon spread across the country, no 
H[RWLF� EUDQFKLREGHOOLGDQV� KDYH� EHHQ� IRXQG� RQ� WKHP�� ,Q�
contrast, P. leniusculus were also introduced into Japan 
during the late 1920s (Kamita 1970), and they were subse-
quently found to have carried 3 branchiobdellidan species 
�2KWDND�HW�DO���������1RQH�RI�WKHVH�H[RWLF�EUDQFKLREGHOOL-
dans have been recorded on endemic Cambaroides 

japonicus �'H�+DDQ��������RU�H[RWLF�P. clarkia, however.  
6LJQDO� FUD\¿VK� LQ� (XURSH� ZLWK� Xironogiton victoriensis 

(Gelder and Hall, 1990) are widely distributed from 
southern Scandinavia to Italy and westward to northern 
Spain (Gelder and Williams 2015).

Procambarus clarkii and P. leniusculus are quite 
common in the Iberian Peninsula (Vedia and Miranda 
2013) and cohabit in several waterbodies (Oscoz et al. 
2010); however, only studies in northern Spain have 
found X. victoriensis on P. leniusculus (Gelder 1999, 
Oscoz et al. 2010). Yet, while the Iberian Peninsula has 
only the endemic Austropotamobius italicus� �)D[RQ��
1914), no branchiobdellidans are known to be associated 
ZLWK� WKHP� �*HOGHU� �������$�PHHWLQJ� RI�A. italicus with 
HLWKHU� VLJQDO� RU� UHG� VZDPS� FUD\¿VKHV� ZRXOG� DOPRVW�
certainly result in the death of A. italicus; therefore, 
H[RWLF�X. victoriensis�RU�DQ\�RWKHU�1RUWK�$PHULFDQ�EUDQ-
chiobdellidan would not present a problem to endemic 
,EHULDQ�FUD\¿VK�

)URP�ULFH�¿HOGV�LQ�WKH�-~FDU�%DVLQ�DW�6XHFD��9DOHQFLD�
(39°��ƍ��Ǝ1���°��ƍ��Ǝ:����� VSHFLPHQV�RI�X. victorien-

sis were found on P. clarkii (7 Dec 2012). Moreover, 
during the annual ecological sampling of selected 
waterbody sites in the Ebro Basin, Spain (16 July 2013), 
P. clarkii and P. leniusculus were collected in the Piedra 
5LYHU� DW� &LPEDOOD�� =DUDJR]D� ���°�ƍ�Ǝ1�� �°��ƍ��Ǝ:���
and both carried X. victoriensis�� $OVR�� GXULQJ� WKH�
samplings of 2014 in the Ebro Basin, 12 specimens of  
X. victoriensis were found on P. clarkii (7 $XJ� ������ 
LQ� WKH� =DGRUUD� ULYHU� DW� 9LOORGDV�� Álava (42°��ƍ�Ǝ1��
2°��ƍ��Ǝ:�� 7KHVH� DUH� WKH� ¿UVW� UHFRUGV� RI� D� ZHVWHUQ�
1RUWK�$PHULFDQ� EUDQFKLREGHOOLGDQ� RQ� DQ� HDVWHUQ�1RUWK�
$PHULFDQ�FUD\¿VK��6LJQDO�FUD\¿VK�LV�FRQVLGHUHG�D�³FROG�
water” species, which tend to keep their distribution 
VHSDUDWH�IURP�³ZDUP�ZDWHU´�UHG�VZDPS�FUD\¿VK��:KLOH�
true in general, environmental conditions at some 
ORFDWLRQV�HQDEOH�ERWK�FUD\¿VKHV�WR�FRKDELW��2VFR]�HW�DO��
2010). Such a situation has also been reported in 
+RNNDLGR��-DSDQ��1DNDWD�HW�DO��������



DOI: 10.5268/IW-5.1.799

91$Q�DOLHQ�HFWRV\PELRWLF�EUDQFKLREGHOOLGDQ��$QQHOLGD��&OLWHOODWD��DGRSWLQJ�H[RWLF�FUD\¿VK

Inland Waters (2014) 5, pp. 89-92

Because X. victoriensis on P. clarkii LQ�WKH�-~FDU�%DVLQ�
(Sueca) is 450 km from the reported Ebro Basin location 
(Villodas), such adoptions are likely more widespread 
WKDQ�FXUUHQWO\�UHFRJQL]HG��DQG�PRUH�VKRXOG�EH�H[SHFWHG�WR�
DULVH��$OWKRXJK�P. clarkii ZHUH�LQWURGXFHG�LQWR�&DOLIRUQLD�
(Riegel 1959) and recently found in eastern Washington 
6WDWH�� 86$� �/DUVRQ� DQG� 2OGHQ� ������� DQ� H[FKDQJH� RI�
endemic branchiobdellidans between the 2 host species 
KDV� QRW� EHHQ� UHSRUWHG� LQ� WKHVH� 3DFL¿F� VWDWHV�� 86$��
)ROORZLQJ�WKH�H[WHQVLYH�ZRUOGZLGH�WUDQVORFDWLRQV�RI�WKHVH�
FUD\¿VKHV��KRZHYHU�� LW� LV�QRWHZRUWK\� WKDW� WKH�¿UVW� UHFRUG�
RI� D� ZHVWHUQ� EUDQFKLREGHOOLGDQ� RQWR� DQ� HDVWHUQ� FUD\¿VK�
was observed in Spain.

Most branchiobdellidans, particularly X. victoriensis, 
have a nutritional relationship with their host, which, 
XVLQJ�HFRORJLFDO�GH¿QLWLRQV�RI�%RXFKHU�HW�DO����������FDQ�
be commensal, parasitic, or mutualistic (reviewed in 
Skelton et al. 2013) as prevailing conditions such as 
abundance, microhabitat, and water quality, dictate. How 
DQG� WR� ZKDW� H[WHQW� EUDQFKLREGHOOLGDQV� DIIHFW� FUD\¿VK�
EHKDYLRXU� ZLWK� UHVSHFW� WR� WKH� ORFDO� IDXQD�� ÀRUD�� DQG�
physical environment remain to be investigated, although 
HIIRUWV� DUH� EHLQJ� PDGH� �%URZQ� DQG� /DZVRQ� ������� 7R�
date, X. victoriensis VHHP� WR� EH� KRVW�VSHFL¿F� WR� VLJQDO�
FUD\¿VK�� WKHUHIRUH�� OLPQRORJLVWV� DQG� DJHQF\� PDQDJHUV�
KDYH�D�IXUWKHU�H[DPSOH�RI�DQ�H[RWLF�EUDQFKLREGHOOLGDQ�RQ�
DQ�XQH[SHFWHG�FUD\¿VK�VSHFLHV��7KH�HIIHFWV�RI�EUDQFKLRE-
GHOOLGDQV� RQ� ZLOG� FUD\¿VK� VSHFLHV� DUH� XQNQRZQ�� ZKLFK�
complicates any meaningful conservation measures. Both 
VLJQDO� DQG� UHG� VZDPS� FUD\¿VK� KDYH� D� VLJQL¿FDQW� LPSDFW�
on the introduced habitat’s ecology, however, and, for the 
moment, authorities must focus on them (Usio and 
7RZQVHQG��������

Efforts by the European Union to identify and track 
H[SDQVLRQV�RI�H[RWLF�KRVW�DQG�V\PELRQW�VSHFLHV�ZLOO�KHOS�
develop strategies to maintain endemic diversity. Such 
monitoring also enables early detection of pathogens. 
7KHVH�FLUFXPVWDQFHV�DQG�RXU�¿UVW�UHSRUW�RI�DQ�H[RWLF�EUDQ-
FKLREGHOOLGDQ�DQG�FUD\¿VK�DVVRFLDWLRQ�HPSKDVL]H�WKH�QHHG�
IRU�IUHVKZDWHU�ERG\�PRQLWRULQJ�DQG�DFFXUDWH�LGHQWL¿FDWLRQ�
of collected invertebrates worldwide. Monitors sorting 
VDPSOHV�FDQ�QR�ORQJHU�UHO\�HQWLUHO\�RQ�H[LVWLQJ�WD[RQRPLF�
keys for a region, but must also be capable tracking and 
LGHQWLI\LQJ�QHZ�H[RWLF�VSHFLHV�

Acknowledgements

$XWKRUV� DUH� JUDWHIXO� WR� WKH� $VRFLDFLyQ� GH� $PLJRV�
�8QLYHUVLW\� RI� 1DYDUUD��� ZKLFK� DZDUGHG� ,YiQ� 9HGLD� D�
GRFWRUDO�JUDQW��������������7KLV�UHVHDUFK�ZDV�IXQGHG�E\�
WKH� 5HVHDUFK� 3URJUDP� RI� WKH� 8QLYHUVLW\� RI� 1DYDUUD�
�3,81$� ���������� 2XU� WKDQNV� DOVR� JR� WR� �� DQRQ\PRXV�
reviewers for their constructive comments.

References

%ăQăUHVFX�3��������=RRJHRJUDSK\�RI�IUHVK�ZDWHUV��JHQHUDO�GLVWULEXWLRQ�
DQG�GLVSHUVDO�RI� IUHVKZDWHU� DQLPDOV��:LHVEDGHQ� �*HUPDQ\���$XOD�
Verlag.

%RXFKHU�'+��-DPHV�6��.HHOHU�.+��������7KH�HFRORJ\�RI�PXWXDOLVP��
$QQX�5HY�(FRO�6\VW��������±����

Brown BL, Lawson RL. 2010. Habitat heterogeneity and activity of an 
omnivorous ecosystem engineer control stream community 
G\QDPLFV��(FRORJ\���������±�����

'XGJHRQ�'��$UWKLQJWRQ�$+��*HVVQHU�02��.DZDEDWD�=�,��.QRZOHU�'-��
/pYrTXH�&��1DLPDQ�5-��3ULHXU�5LFKDUG�$�+��6RWR�'��6WLDVVQ\�0/-��
6XOOLYDQ� &$�� ������ )UHVKZDWHU� ELRGLYHUVLW\�� LPSRUWDQFH�� WKUHDWV��
VWDWXV�DQG�FRQVHUYDWLRQ�FKDOOHQJHV��%LRO�5HY��������±�����

ĆXULã�=��+RUND�,��.ULVWLDQ�-��.R]DN�3��������6RPH�FDVHV�RI�PDFUR�HSL-
ELRVLV� RQ� WKH� LQYDVLYH� FUD\¿VK�Orconectes limosus� LQ� WKH� &]HFK�
5HSXEOLF��%�)U�3HFKH�3LVFLF�����±��������±�����

*HOGHU�65��������=RRJHRJUDSK\�RI�EUDQFKLREGHOOLGDQV��$QQHOLGD��DQG�
temnocephalidans (Platyhelminthes) ectosymbiotic on freshwater 
crustaceans, and their reactions to one another in vitro. Hydrobio-
ORJLD��������±���

Gelder SR. 2004. Endemic ectosymbiotic branchiobdellidans 
�$QQHOLGD�� &OLWHOODWD�� UHSRUWHG� RQ� WKUHH� ³H[SRUW �́ VSHFLHV� RI�1RUWK�
$PHULFDQ� FUD\¿VK� �&UXVWDFHD�� $VWDFRLGHD��� )UHVKZDWHU� &UD\¿VK��
������±����

*HOGHU�65��'HOPDVWUR�*%��)HUUDJXWL�0��������$�UHSRUW�RQ�EUDQFKLRE-
GHOOLGDQV��$QQHOLGD��&OLWHOODWD��DQG�D�WD[RQRPLF�NH\�WR�WKH�VSHFLHV�LQ�
QRUWKHUQ� ,WDO\�� LQFOXGLQJ� WKH� ¿UVW� UHFRUG� RI� Cambarincola 

mesochoreus� RQ� WKH� LQWURGXFHG�$PHULFDQ� UHG� VZDPS� FUD\¿VK�� %�
=RRO��������±183.

*HOGHU�65��'HOPDVWUR�*%��5D\EXUQ�-1��������'LVWULEXWLRQ�RI�QDWLYH�
DQG� H[RWLF� EUDQFKLREGHOOLGDQV� �$QQHOLGD�� &OLWHOODWD�� RQ� WKHLU�
UHVSHFWLYH� FUD\¿VK� KRVWV� LQ� QRUWKHUQ� ,WDO\��ZLWK� WKH� ¿UVW� UHFRUG� RI�
native Branchiobdellida� VSHFLHV� RQ� DQ� H[RWLF� 1RUWK� $PHULFDQ�
FUD\¿VK��-�/LPQRO�������±���

*HOGHU�65��*DJQRQ�1/��1HOVRQ�.��������7D[RQRPLF�FRQVLGHUDWLRQV�
and distribution of the Branchiobdellida��$QQHOLGD��&OLWHOODWD��RQ�WKH�
1RUWK�$PHULFDQ�FRQWLQHQW��1RUWKHDVW�1DW�������±����

Gelder SR, Messick G. 2006. First report of the aberrant association of 
EUDQFKLREGHOOLGDQV� �$QQHOLGD��&OLWHOODWD��RQ�EOXH�FUDEV� �&UXVWDFHD��
'HFDSRGD�� LQ� &KHVDSHDNH� %D\�� 0DU\ODQG�� 86$�� ,QYHUWHEU� %LRO��
������±���

*HOGHU�65��:LOOLDPV�%:��������&OLWHOODWD��%UDQFKLREGHOOLGD��,Q��7KRUS�
-�� 5RJHUV� '&�� HGLWRUV�� (FRORJ\� DQG� JHQHUDO� ELRORJ\�� 7KRUS� DQG�
&RYLFK¶V�IUHVKZDWHU�LQYHUWHEUDWHV��1HZ�<RUN��86$��$FDGHPLF�3UHVV��
S�����±����

+ROW�3&������D��$�IUHH�OLYLQJ�EUDQFKLREGHOOLG��$QQHOLGD��&OLWHOODWD�"�7�
$P�0LFURVF�6RF��������±����

+ROW� 3&�� ����E�� $� VXPPDU\� RI� WKH� EUDQFKLREGHOOLGD� �$QQHOLGD��
&OLWHOODWD��IDXQD�RI�0HVRDPHULFD��6PLWK�&RQWULE�=RRO�������±���

.DPLWD� 7�� ������ 6WXGLHV� RQ� WKH� IUHVKZDWHU� VKULPSV�� SUDZQV� DQG�
FUD\¿VKHV�RI�-DSDQ��(QODUJHG�DQG�UHYLVHG�HGLWLRQ��0DWVXH��-DSDQ���
Sonoyama-Shoten Publishing.



92

DOI: 10.5268/IW-5.1.799

Iván Vedia et al.

© International Society of Limnology 2014

.DZDL�7��&KRNNL�+��1DNDWD�.��.RED\DVKL�<��$UDL�.��������,QWURGXF-
tion and distribution of Procambarus clarkii� LQ� -DSDQ�� -�1DW�+LVW�
$RPRUL�����±��

/DUVRQ�(5��2OGHQ� -'�� ������&UD\¿VK� RFFXSDQF\� DQG� DEXQGDQFH� LQ�
ODNHV�RI�WKH�3DFL¿F�1RUWKZHVW��8�6�$��)UHVKZDWHU�6FL�������±����

1DNDWD�.��7VWXWVXPL�.��.DZDL�7��*RVKLPD�6��������&RH[LVWHQFH�RI�WZR�
1RUWK�$PHULFDQ�LQYDVLYH�FUD\¿VK�VSHFLHV��Pacifastacus leniusculus 
(Dana 1852) and Procambarus clarkii (Girard, 1852) in Japan. 
&UXVWDFHDQD���������±�����

2KWDND�$��*HOGHU�65��.DZDL�7��6DLWR�.��1DNDWD�.��1LVKLQR�0��������
1HZ�UHFRUGV�DQG�GLVWULEXWLRQV�RI�WZR�1RUWK�$PHULFDQ�EUDQFKLREGHO-
OLGDQ� VSHFLHV� �$QQHOLGD�� &OLWHOODWD�� IRUP� WKH� LQWURGXFHG� VLJQDO�
FUD\¿VK�� Pacifastacus leniusculus, in Japan. Biol Invasions. 
�����±����

2OGHQ� -'��3RII�/1��'RXJODV�05��'RXJODV�0(��)DXVFK�.'�� ������
Ecological and evolutionary consequences of biotic homogenization. 
7UHQGV�(FRO�(YRO�������±���

2VFR]�-��7RPiV�3��'XUiQ�&��������5HYLHZ�DQG�QHZ�UHFRUGV�RI�QRQ�LQ-
GLJHQRXV�IUHVKZDWHU�LQYHUWHEUDWHV�LQ�WKH�(EUR�5LYHU�EDVLQ��1RUWKHDVW�
6SDLQ���$TXDW�,QYDVLRQV� �����±����

3UHQWHU�-��0DF1HLO�&��'LFN�-7��'XQQ�$0��������5ROHV�RI�SDUDVLWHV�LQ�
DQLPDO�LQYDVLRQV��7UHQGV�(FRO�(YRO��������±����

5LHJHO� -$�� ������ 7KH� V\VWHPDWLFV� DQG� GLVWULEXWLRQ� RI� FUD\¿VKHV� LQ�
&DOLIRUQLD��&DOLI�)LVK�*DPH�������±���

6NHOWRQ�-��)DUUHOO�.-��&UHHG�53��:LOOLDPV�%:��$PHV�&��+HOPV�%6��
Stoekel J, Brown BL. 2013. Servants, scoundrels, and hitchhikers: 
FXUUHQW�XQGHUVWDQGLQJ�RI�WKH�FRPSOH[�LQWHUDFWLRQV�EHWZHHQ�FUD\¿VK�
and their ectosymbiotic worms (Branchiobdellida). Freshwater Sci. 
�������±�����

6REHFND� (�� +DMHN� *-�� 6NRUXSLĔVNL� /�� ������ )RXU� SDWKRJHQV� IRXQG�
associated with Eriocheir sinensis� (GZDUGV�� ����� �&UXVWDFHD��
%UDFK\XUD�� *UDSVLGDH�� IURP� /DNH� 'ąELH� �3RODQG��� ,QW� -� 2FHDQ�
+\GURELRO�������±���

6RXW\�*URVVHW�&��+ROGLFK�'0��1RsO�3<��5H\QROGV�-'��+DIIQHU�3��������
$WODV� RI� FUD\¿VK� LQ� (XURSH�� 3DULV� �)UDQFH��� 0XVpXP� QDWLRQDO�
d’Histoire naturelle, Patrimoines naturels.

8VLR� 1�� 7RZQVHQG� &5�� ������ 5ROHV� RI� FUD\¿VK�� FRQVHTXHQFHV� RI�
predation and bioturbation for stream macroinvertebrates. Ecology. 
������±����

9HGLD�,��0LUDQGD�5��������5HYLHZ�RI�WKH�VWDWH�RI�NQRZOHGJH�RI�FUD\¿VK�
VSHFLHV�LQ�WKH�,EHULDQ�3HQLQVXOD��/LPQHWLFD��������±����

9RJW�*��������'LVHDVHV�RI�(XURSHDQ�IUHVKZDWHU�FUD\¿VK��ZLWK�SDUWLFXODU�
HPSKDVLV�RQ�LQWHUVSHFL¿F�WUDQVPLVVLRQ�RI�SDWKRJHQV��,Q��*KHUDUGL�)��
+ROGLFK�'0��HGLWRUV��&UD\¿VK� LQ�(XURSH�DV�DOLHQ�VSHFLHV��KRZ� WR�
PDNH� WKH� EHVW� RI� D� EDG� VLWXDWLRQ"� 5RWWHUGDP� �1HWKHUODQGV��� $$�
%DONHPD��S����±�����


