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Transoceanic Transport Mechanisms: Introduction of the Chinese Mitten 
Crab, Eriocheir sinensis, to California1

A n d r e w  N. C o h e n 2 a n d  J a m e s  T. C a r l t o n 3

A BSTR A C T: Live im portation o f  the C h inese  m itten crab, (E rio ch e ir  s in en sis  II. 
M ilne-E dw ards, 1854) was banned  by both C alifo rn ia  and the U nited  S ta tes in the 
late 1980s because o f concerns about po ten tia l d am age to levees, rice crops, and 
natural ecosystem s, and because it harbors a  hum an  parasite . N everthe less , m itten  
crabs w ere present in San F rancisco  B ay  by 1992 and well e stab lished  by 1994, 
p roviding the most recent exam ple in a la te-tw en tie th -cen tu ry  pu lse  o f  hum an- 
m ediated transoceanic and in teroceanic  c rab  d ispersals. O f 10 m ech an ism s availab le  
for the long-distance transport o f  crabs, ev idence from  the h is to ry  o f  the m itten  
c rab ’s global spread, data on ship traffic, the sam pling  o f ba llast w ate r fauna, and 
recent patterns o f introductions support the hypothesis o f  in troduction  via ba llast 
water. A lternatively, the pattern o f  governm en ta l in tercep tion  o f  m itten  crabs , their 
high m arket value, and continu ing  p ressu re  to lift the im port ban suggest that 
introduction m ay have been ach ieved  v ia  an  in ten tional, p riva te -party  inocu la tion  
to establish  a food resource. For e ith e r m echan ism , the im m ed iate  source  is m ore 
likely A sia than Europe. A m id a g lobal bu rgeon ing  o f  po ten tia l tran sp o rt m ech an ism s 
for estuarine and neritic o rganism s, kn o w led g e  o f  w hich m ech an ism s are  in fact 
acting is essential for directing efforts to m odera te  the pace o f su ch  in troductions.

In THE l a s t  t h i r d  o f the tw entieth century, there 
have been num erous reports o f the transport and 
in troduction  o f  brachyuran crabs to various parts 
o f  the globe. The northw estern A tlantic b rack- 
ish-w ater m udcrab, Rhithropanopeus harrisii 
(G ould) (X anthidae), and the Indo-Pacific crab 
E lam enopsis kem pi (C hopra & Das) (H ym enop- 
som atidae) w ere collected from  the P anam a 
C anal in 1969 (A bele 1972, C arlton 1979). T he 
eastern Pacific  sp ider crab, Pyrom aia tu b ercu ­
lata  (L ockington) (Inachidae), appeared in Japan  
in 1970 (Sakai 1976a) and near A uckland, N ew  
Z ealand, in 1978 (W ebber and W ear 1981). T he 
w estern A tlantic b lue crab, C allinectes sap idus  
R athbun (Portunidae), has been reported  from  
Japan since 1975 and in  H aw ai‘i since 1985 
(E ldredge 1995). A specim en o f the no rtheaste rn  
Pacific D ungeness crab, C ancer m agister  D ana  
(C ancridae), w as collected in Japan in 1979 (A be 
1981). The E uropean green crab, Carcinus m ae-
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nas (L.) (P ortun idae), in tro d u ced  to northw est­
ern  A tlan tic  and sou thern  A u stra lian  w a te rs  in 
the n ineteen th  century , w as first co llec ted  in 
Sou th  A frica  in 1983 an d  in C a lifo rn ia  in 1989— 
1990, and  is now  estab lished  in bo th  reg ions (Le 
R oux  et al. 1990, C ohen  et al. 1995). T he Indo- 
P acific  crab  C harybd is  he lle r i (A . M ilne- 
E dw ards) (P ortun idae) w as co llec ted  in  bo th  the 
sou thern  and  northern  C arib b ean  in  1987—1988 
and in F lo rida  in  1995 (C am pos and  Türkay 
1989, G óm ez  and  M artín ez -Ig les ia s  1990, Le- 
m aitre  1996). T h e  Jap an ese  sh o recrab  H em i­
grapsus sangu ineus  (de  H aan ) (G rapsidae) 
becam e estab lished  in the  eas te rn  U n ited  States 
by  1988 (M cD erm o tt 1991).

.B rachyuran  crabs freq u en tly  are  h ab ita t gen­
era lists , and  w ith the rap id ly  ex p an d in g  volum e 
and v arie ty  o f  in te rn a tio n a l trade , trav e l, and 
m aritim e activ ities, m u ltip le  p o ss ib le  m echa­
n ism s o f  transocean ic  and  in te ro cean ic  transport 
have  b ecom e availab le  to  them . U n derstand ing  
w hich  m echan ism s a re  ac tu a lly  o p e ra tin g  to 
transport these  o rg an ism s is e ssen tia l to  deve l­
op ing  effec tive  con tro l s tra teg ies .

W e rep o rt here  on th e  e s tab lish m en t o f  the
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C h in ese  m itten  crab , E rioche ir  sinensis  H. 
M ilne-E dw ards, 1854, in San  Francisco Bay, 
C alifo rn ia , and  analyze the suite o f possible 
m echanism s that could  have transported it to 
C alifornia.

M ATERIALS AND METHODS

To determ ine the status o f  E. sinensis  in the 
eastern  Pacific, w e c ircu la ted  a  M itten Crab 
W anted poster to and  in terv iew ed  regional biolo­
gis ts , com m ercial sh rim pers  and bait trappers, 
and personnel at b a it stores an d  m arinas for pos­
sib le  records and  specim ens. A ll specim ens were 
exam ined  for ep izo ics and th e ir carapace length 
m easured . W e com pared  S an  Francisco  Bay 
specim ens w ith  E. s in en sis  specim ens obtained 
from  G erm any and w ith Japanese  specim ens at 
the  C alifo rn ia  A cadem y  o f  Sciences.

W e searched  the g lobal invasion  literature for 
m echanism s o f  long -d is tance  transport applica­
b le  to  b rachyuran  crabs, w h ich  w e com pared 
w ith  th e  circum stances perta in in g  to the arrival 
o f  E. sinensis' in C alifo rn ia , includ ing  relevant 
aspects o f its b io logy  and life history. Based on 
th is in itial review , the like liest m echanism s w ere 
fu rth e r investigated  by  (1) rev iew ing  shipping 
and  ballast w a te r reco rds, and  (2) interview ing 
w ild life  inspectors.

RESULTS

E stab lishm en t in the N o rth ea stern  Pacific

In N ovem ber 1994 E. sinensis was identified 
from  San Francisco B ay by R obert Van Syoc o f 
the California A cadem y o f  Sciences. Commercial 
shrim p trawlers (listed in the Acknowledgments) 
reported  catching such crabs occasionally, many 
w ith eggs, since 1992 in southern San Francisco 
B ay and since the sum m er o f 1994 in northern San 
F rancisco  Bay (San Pablo  B ay) (Figure 1). O f 75 
m itten  crabs exam ined that w ere collected in San 
Francisco  B ay betw een w inter 1993 and spring 
1 9 9 5 ,5 2  were m ale, 3 2 -7 6  m m  in carapace length; 
18 w ere ovigerous fem ales, 3 5 -7 0  m m  in length; 
and five were nonovigerous fem ales, 43-55 m m  
in length. M ost o f these w ere taken in shrimp nets 
traw led along channel bottom s at 6 -15  m  depth.

Crabs entangled in fishing line or collected by park 
personnel were taken at the mouth of the Petalum a 
River in northwestern San Pablo Bay, at the D um ­
barton Pier in the South Bay, and on the H ayward 
shore. In Septem ber 1995 we found sm aller crabs 
in the drying bed o f the A lam eda Flood Control 
Channel at 9 and 12 km upstream from the bay, 
concentrated in small pools and in shallow burrows 
in damp m ud under rocks, where we collected 54 
crabs, 12-36 mm in length, in a l()-min search, 
along with the introduced crayfish Procam barus 
clarkii (Girard) (two specimens) and Pacifastacus 
latiusculus (Dana) (one specimen); in July 1996 
the remains o f several crabs were found in the 
channel 15 km  from the bay. Thousands o f  young 
crabs and burrows have now been observed ( 1995- 
1996) in tided creeks at the southern end o f San 
Francisco Bay (K. Halat, pers. comm ., 1996); two 
crabs, ca. 35 and 60 mm in carapace width, were 
collected in Suisun Marsh sloughs in February and 
M ay 1996 (S. M atern, pers. comm ., 1996); and in 
May 1996 w e observed a few  crabs, 4 -5  mm in 
length, am ong tubes o f the introduced serpulid 
worm Ficopomatus enigmaticus (Fauvel) fouling 
docks in the Petaluma R iver in Petaluma, 20 km 
northwest o f  San Pablo Bay. In Septem ber 1996, 
adult mitten crabs were collected at several sites 
in the fresh waters o f the Sacram ento-San Joaquin 
Delta, upstream o f  the Bay in C alifornia’s C en­
tral Valley.

Several fem ale E. sinensis collected from  south­
ern San Francisco Bay in the w inter o f 1994—1995 
were maintained in aquaria by the M arine Science 
Institute o f R edw ood City, California, and hatched 
active zoeae by the first w eek of February 1995. 
Tire num ber o f crabs present, their persistence over 
several years, then  broad distribution w ithin the 
bay and its tributaries, and the presence o f a range 
of size classes and of fem ales carrying eggs and 
hatching larvae all indicate that the m itten crab is 
well established in San Francisco Bay; the lack of 
any prior records o f  this distinctive crab strongly 
suggests that it could not have been inrtoduced 
much earlier than about 1990.

The crabs examined w ere generally free o f  epi­
zoics; those found were tire barnacle B alanus  
improvisus Darwin, the seaw eed Ulva sp., egg cases 
of the snail Ilyanassa obsoleta  (Say), and sm all 
stalks of a hydroid, cf. G aiyeia franciscana  (Tor- 
rey), with an epizoic entoproct Barentsia benedeni 
(Foettinger) and ciliate Zootham nium  sp. All o f
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F i g u r e  1. E rioche ir  s in en s is  in San Francisco Bay, California. S ites at w hich E. s in en s is  were collected  are marked 
by an “X .”



4 P A C IF I C  S C I E N C E ,  V o lu m e  5 1 ,  J a n u a r y  1997

these taxa are know n or probable introductions as 
well (Cohen and Carlton 1995). Twenty-five crabs 
w ere dissected and examined for parasites, and 
none were found (A. Kuris and M. Torchin, pers. 
comm ., 1995).

W orkers have generally recognized lour species 
o f Eriocheir, although recent w ork may modify 
this arrangement. Dai ( 1993) created a subspecies 
under E. japonica, Li et al. (1993) synonymized 
E. sinensis under E. japonica, and Chan et al. 
(1995) synonym ized E. recta under E. japonica  
and erected a new  species, E. form osa, for crabs 
from Taiwan that were called E. recta. The first 
two papers, although concerning material from the 
same area in southern China, m ake no reference 
to each other, w hereas the third describes the con­
clusions o f  the earlier tw o as “prem ature.” Speci­
m ens o f E. sinensis  (from G erm any) and E. 
japonica  (from Japan) that we have exam ined are 
distinguished by clear and consistent morphologi­
cal differences as described by Sakai (1939, 1976«) 
and Dai mid Yang (1991). Li et a l.’s (1993) pro­
posed synonym y is based on their finding small 
genetic distance between these two forms, although 
they confirmed the existence o f morphological dis­
tinctions. In light o f the unstable taxonom y of this 
genus, w e continue to treat E. sinensis  as a species 
distinct from  E. japonica.

Transport M echan ism s

E riocheir s in en sis  could h ave  been trans­
po rted  to C alifo rn ia  e ither from  its native range 
in  the rivers and estuaries be tw een  w estern 
K orea  and F u jian  P rovince, C h in a  (Sakai 1939), 
o r  from  E urope, w here it becam e established in 
the tw entieth  century. It w as firs t collected in 
E urope in G erm any in  1912 and w as thought 
to  have  been  tran sp o rted  there in  b a llast water 
(Peters 1933). I t spread across no rthern  Europe 
to  F rance  by 1930, becam e phenom ena lly  abun­
dan t in  the rivers o f  G erm any  in  the m id-1930s 
(P ann ing  1939, H oestland  1948), reached the 
F rench  M editerranean  v ia  cana ls by 1959 
(H oestland  1959, P e tit 1960), and  again  becam e 
abundan t in  G erm any  and the N etherlands in the 
1980s (Ing le  1986; M . T ürkay, pers. com m ., 
1995).

In  England one adult E. sinensis  and one of 
unreported size w ere collected in  1935 and 1949 
and hundreds, including a few  ovigerous females,

have been collected since 1976 (Ingle 1986) and 
are apparently now established in the Tham es River 
(P. Clark, pers. comm., 1996). Hundreds o f adults 
have been collected in the Baltic Sea, although 
salinities there are below the 25 ppt reported as 
necessary for successful egg developm ent (Panning 
1939). Sixty-six adults but no eggs, larvae, or ju v e ­
niles have been reported from Finland (Haahtela 
1963), mid although three out o f 33 females 
recorded from Denmark carried eggs, "none o f the 
eggs were healthy or able to develop” (Rasm ussen
1987). One adult was taken from the North A m eri­
can Great Lakes in 1965 and nine or 10 adults 
were collected between 1973 and 1994, most from 
western Lake Erie (Nepszy and Leach 1973; J. 
Leach, pers. comm ., 1994). As in the Baltic, the 
Great Lakes are too fresh for successful egg devel­
opment. A single adult was collected from the 
Mississippi R iver delta in Louisiana in 1987 (Hor- 
watli 1989; D. Felder, pers. com m ., 1995).

Ten mechanisms for long-distance transport, 
two involving natural means and eight based on 
human activities, are theoretically available to 
brachyurous, though most are unlikely to have 
operated in bringing E. sinensis to California. These 
mechanisms are as follows:

( 1 )  DISPERSAL OF LARVAE BY CURRENTS. 
Thorson (1961) calcu lated  that it w ould  take 
m ore than 12 m onths to drift passively  in ocean  
currents from Japan to C alifornia, includ ing  a 
m inim um  crossing  tim e betw een “stepp ing  
stones” (islands o r shallow  banks) o f abou t 10 
months. T hat is too long a tim e fo r E. sinensis, 
w hose larval developm ent lasts at m ost 3 -4  
m onths (Panning 1939, A nger 1991). L arval 
drift from  E urope is no t tenable. E rio ch e ir  
sinensis larval behavior also p rom otes re ten tion  
o f the larvae w ith in  an estuary  (A nger 1991).

(2) DISPERSAL OF ADULTS OR JUVENILES ON

f l o a t i n g  m a t e r i a l .  C ertain  pelagic, neuston ic  
crabs typically  are found on floating  seaw eeds 
(such as Sargassum ) and o ther floating  m ateria ls  
on slope and deep ocean w aters, includ ing  sp e ­
cies in the genera P lanes  and P ortunus  (W illiam s 
1984). R egarding benthic crabs, A lcock (1900) 
noted that P lagusia  and Varuna  had been  found  
on drift tim ber in the open sea, specifically  re fe r­
encing som e specim ens o f  P lagusia  depressa  
tuberculata  L am arck  ( =  P, cl. squam osa  A lcock) 
collected in  the B ay o f  B engal and A rabian  Sea 
(though how  far offshore w as no t stated). H ow ­
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ever, even ¡Í it were to be carried  to .sea on 
floating debris, E. sinensis  w ould  be unlikely  to 
survive transit times o f over a y ear from source 
areas to C alifornia.

(3) T R A N S P O R T  O F  A D U L T S  O R  J U V E N I L E S  IN  

.s h i p  f o u l i n g . N um erous exam ples exist o f 
crabs transported across or betw een oceans on 
the hulls o f  ships, prim arily in earlie r times (e.g., 
B uitendijk and H olthuis 1949, Carlton and 
Cohen 1996), including observations o f crabs 
on the hulls o f ships on the high seas or on 
arrival in a foreign (to the crab) port (S tebbing 
1893, A lcock 1900). O pportunities for the trans­
port o f crabs on sh ips’ hulls have decreased 
dram atically  because o f  (1) the decline o f 
w ooden ships, w hose hulls w ere often infested 
w ith shipw orm s and gribbles, producing deep, 
bored cavities capable o f  hosting errant o rgan­
isms such as crabs (Chilton 1910), and (2) m ore 
effective antifouling coatings, increased vessel 
speed, and shorter tim e in port, w hich have 
tended to reduce the developm ent o f extensive 
hull-fouling  com m unities. We know  o f no recent 
observations o f crabs on the hulls o f sh ips in 
norm al transoceanic operation.

(4) t r a n s p o r t  o f  a d u l t s  o r  j u v e n i l e s  in  

c a r g o .  M archand (1946) reported  the transport 
o f saber crabs, Platychirograpsus spectabilis  ( =  
P. typicus  R athbun), in a sh ip ’s cargo o f cedar 
logs from  the state o f Tabasco, M exico, to the 
H illsborough River, Florida, w here they becam e 
established. In M exico  the logs were floated 
dow nriver to the coast before being loaded on 
board  ship and routinely w ere found to harbor 
crabs, snakes, and turtles on arrival in Florida. 
W e know  o f  no cargoes o f logs o r o ther m aterials 
arriving in  San F rancisco Bay in  recent decades 
that w ould likely have carried live crabs.

(5) t r a n s p o r t  o f  a d u l t s  o r  j u v e n i l e s  o n

SEMISUBM ERSIBLE DRILLING PLATFORMS AN D  

OTHER LONG-DISTANCE, SLOW -MOVING VESSELS. 

D rilling platform s, ships serving as light stations 
(or in the past, as coaling stations), and the like 
m ay on occasion take slow, long-distance v o y ­
ages, often under tow, after being anchored in 
one site fo r a lengthy period. S uch  vessels m ay 
develop and successfully  transport an exuberan t 
fouling grow th, including crabs (e.g., B ertelsen 
and  U ssing 1936, B enech 1978, Foster and W il- 
lan 1979). W e found no records o f  drilling p la t­

forms o r o ther such vessels arriv ing  in the San 
F rancisco  Bay area in the 1980s or 1990s.

( 6 )  T R A N S P O R T  O F  L A R V A L : O R  J U V E N I L E S  IN  

b a l l a s t  w a t e r . B allast w a te r— w ater pum ped  
in large quan tities in to  cargo  holds o r ded ica ted  
ballast tanks at the s ta rt o f  a  voyage to achieve 
proper trim  and  buoyancy , and  later d ischarged  
on arrival at a  port befo re  tak in g  on carg o — has 
been im plica ted  in the  tran sp o rt and in troduction  
o f num erous freshw ater, estriarm e, and  m arine 
species in the last several decad es (C arlton  1985, 
C arlton and G elle r 1993). O rgan ism s in troduced  
into San F rancisco  B ay  v ia  ba llast w ate r in the 
past tw o decades inc lude  tw o  clam s and  num er­
ous sm all c ru s taceans from  A sia and probably  
many o ther o rgan ism s from  both A sia  and 
Europe (C ohen  and C arlton  1995).

B rachyuran larvae  have  been co llected  from  
the ballast tanks o f  vesse ls arriv ing  at the 
entrance to the St. L aw ren ce  Seaw ay (L ocke et 
al. 1991); at A u stra lian  po rts  (W illiam s e t al.
1988) and  C oos Bay, O reg o n  (C arlton  and G eller 
1993; J.T .C ., unpub l. reco rd s), from  Japan; and 
at C hesapeake B ay from  E u ro p e  and the M ed i­
terranean (D. Sm ith , M , W onham , and G . R uiz, 
pers. com m ., 1995). A  m itten  crab w as co llec ted  
from the  ballast tan k  o f  a sh ip  arriv ing  a t P ort 
Said, E gypt, from  the Far E ast (H oestland  1948), 
at least seven crab species w ere co llec ted  from  
sedim ents in the ba lla s t tanks o f  ships arriv ing  
in A ustralia  fro m  Ja p a n  (W illiam s et al. 1988), 
and portun id  crabs o v e r 3 cm  in ca rapace  w idth  
w ere tak en  from  the ballast tank  o f  a E uropean  
ship en tering  C h esap eak e  B ay  (D. S m ith , M . 
W onham , and G. R uiz , p e rs . com m ., 1995). 
A lthough larger c rab s  are less likely to b e  taken  
into or d ischarged  fro m  b a lla s t tanks than  larvae 
or sm all ju v en ile s  b ecau se  o f  the sm all size o f 
intake screens and th e  d am ag e  incurred  by  larger 
organism s in p ass in g  th rough  pum ps, ships 
som etim es g rav ita te  w ate r in  o r ou t o f  th e ir  b a l­
last tanks, p erm ittin g  the occasiona l tran sfe r o f 
m ature and  even  ov igerous crabs. B ecause  cargo 
vessels cross from  Jap an  to no rtheaste rn  Pacific  
ports in  13 -1 6  days (C arlton  and  G elle r 1993), 
both la rv ae  and  ad u lts  shou ld  be capab le  o f su r­
viving the passage.

E stim ates based  o n  1991 sh ipp ing  da ta  ind i­
cate th a t no large  co m m erc ia l vessels en tered  
San F rancisco  B ay  w hose  las t p o rt o f  call w as 
E urope and th ere  w e re  ab o u t 75 w hose last port
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o f call w as w ith in  the w estern  Pacific  range of 
E. sinensis, these la tter carry ing a to tal o f about 
400 ,000  m etric tons o f  ballast w ater (Table 1). 
T here are, how ever, no data availab le  regarding 
w hat portion o f  this ballast w ater m ight have 
com e from  ports o ther than the last port o f  call 
and w hat portion o f it w as d ischarged  into San 
Francisco  Bay.

(7 )  TRANSPORT OF ADULTS OR JUVENILES IN

f i s h e r i e s  p r o d u c t s . As m any as 47 A tlantic 
and 15 Asian species o f m arine invertebrates 
may have been introduced into San F rancisco  
Bay with shipm ents o f oysters from  the w estern 
A tlantic [Crassostrea virginica  (G m elin ii and 
Japan [C. gigas  (Thunberg)! (C ohen and C arlton  
1995). Ryan (1956) suggested  that R hith m p a n o -

TABLE I

C a l c u l a t i o n  o f  A m o u n t  o f  S h i p p i n g  a n d  V o i .u m f  o f  B a l l a s t  W a t e r  E n t e r i n g  S a n  F r a n c i s c o  B a y  i r o m

E rioche ir  sinensis  S o u r c e  A r e a s  i n  1 9 9 1

PA R A M E T E R S 1 9 9 1  DATA

E N T E R IN G  SA N  F R A N C ISC O  HAY

Large vessels other than naval vessels or oil tankers . . .

Large vessels calling at , . .
Fraction whose last port o f call wns within the Northeast 

Atlantic or Mediterranean FAO R egion, o f a sample 
o f large vessels calling al . . .

Fraction whose last port o f  call was within the Northwest 
Pacific FAO Region and that arrived in ballast, o f a 
sample o f  large vessels calling at . . .

Fraction whose last port o f call was within the Northwest 
Pacific FAO Region and that arrived in cargo, o f  a 
sample o f  large vessels calling at . .  .

Fraction whose last port o f  call was within the range o f  
E riocheir  sinensis, o f a sample o f large vessels in 
ballast whose last port o f  call was within the Northwest 
Pacific FAO Region and calling at . . . (fraction 
assumed to apply also to vessels In cargo)

Estimated average ballast water (in metric tons) carried by 
large vessels in ballast calling at . . .

Estimated average ballast water (in metric tons) carried by 
large vessels arriving from foreign ports in cargo and 
calling at . . .

2 , 6 6 5 “

. . . T H E  FO RT 

O F  O A K L A N D

1 , 2 8 3

0
(n =  288)

0.0139  
Ui = 288)

0.0868  
(n =  288)

0.4 
(n  =  10) 

5,324  
(«  =  12)

5,394''
(n =  205)

. T H E  PO R T  O F 

SA N  F R A N C IS C O

734

0
Ui 288)

0.0174  
(n =  288)

0.0451 
Ui =  288)

0.1 I
Ui = 9 )  

6,764  
(n =  10)

4,534* 
Ui =  48)

C A L C U L A T IO N S

Number o f  large vessels other than naval vessels or oil tankers entering San Francisco Bay in 1991 whose last port o f 
call was within the range o f  E riocheir sinensis =

2,665
1 ,2 8 3 + 7 3 4

X ¡1 ,283(0  +  0 .4 (0 .0139  +  0.0868)J +  734(0 +  0.11(0.0174 +  0.0451)]) =  74.9

Amount o f  ballast water carried by these vessels =  

2,665
1,283 +  734

X {(1,283 X 0.4)[(0 .0139 x  5 ,324) +  (O.i X 5,394)] +  (734 X 0.1 !)[(0 .0174 X 6,764)

+  (0.0451 X 4 ,534)]] =  402,024 metric tons

N o t e : D ata  from  C arlton  e t al. (1995) u n les s  o th erw ise  indicated. Large vessels are  defined  as those o v e r  250 net reg is te red  to n s  or 
5 0 0  g ro ss  reg is te red  tons. FA O  is the U n ited  N a tio n s  F o o d  and  A griculture O rganization. V essels reported  in cargo  carry  cargo  and  those  
rep o rted  in ba llas t d o  not; e ith e r  type m ay  c a rry  v a ry in g  am oun ts o f ballast,

“ D ata  from  C h am b ers  G ro u p  (1994). 1 ,006 o il tan k ers  en tered  the bay in 1991, m o st o f  these arriv ing  from  do m estic  p orts  and  very  
few  if  any  from  po rts  w ith in  th e  range  o f  E r io ch e ir  s in e n s is  (J. M es, pers. com m ., 1996).

'' C a lcu la ted  from  da ta  on  types o f  v esse ls  a rr iv in g  in cargo  at each  port from  foreign ports  and data on av erage b allast w a te r  p e r type 
o f  v esse l in cargo  e s tim a ted  fro m  a n a tiona l su rv ey  o f  96  large vessels.
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pens harrisii and other xanthid mud crabs m ay 
have been transported along the A tlantic coast 
w ith com m ercial oyster shipm ents, and C arlton  
(1979) d iscussed the possibility that R. harr is ii 
had been introduced into San Francisco Bay in 
a late (1930s) shipm ent o f A tlantic oysters. 
C om m ercial shipm ents o f Japanese oysters w ere 
planted in San Francisco Bay from 1932 to 1939, 
with occasional experim ental plantings th e rea f­
ter. In 1962 the European flat oyster, O strea  
edulis L., was planted experim entally  in San 
Francisco Bay front populations in F rance  and 
C onnecticut (Carlton 1979). We know  o f  no 
plantings o f  A sian or European oysters or o th er 
shellfish in San Francisco Bay in the past 20 yr, 
nor has E. sinensis  been reported in associa tion  
w ith oyster or shellfish beds.

Cohen et al. (1995) suggested that the g reen 
crab C arcinus m aenas could have been tran s­
ported to San Francisco Bay as juven iles in the 
seaw eed [m ainly A scophyllum  nodosum  (L .) Le 
Jolis] used  as packing for shipm ents o f live 
m arine bait w orm s (N ereis virens Sars and G ly­
cera d ibranchiata  Ehlers) to bait shops and o f  
live lobsters (H om arus am ericanus  M ilne- 
Edw ards) to restaurants and food m arkets. H ow ­
ever, those shipm ents all originate in N ew  
England or New York, and we know o f  no s im i­
lar sh ipm ents from China, Japan, or E urope.

( 8 )  TRANSPORT OF LARVAE IN WATER WITH  

s h i p m e n t s  o f  l i v e  f i s h .  Snovsky and G alil 
( 1990) suggested  that blue crabs C allinectes sa p ­
idus w ere introduced as planktonic larvae into 
the Sea o f  G alilee in w ater carrying fish im ported  
from the M editerranean for stocking, and  the 
sam e m ethod  o f  accidental transport has been 
proposed fo r o ther invertebrate species (e.g ., 
H azel 1966 [but see C ohen and C arlton  1995], 
H oldich and Tolba 1985). No fish h ave  been  
im ported and stocked in to  the San F rancisco  B ay 
w atershed from  A sia since 1959 or from  E urope 
since 1872 (Cohen and C arlton 1995).

(9) ESCAPE OR RELEASE FROM RESEARCH,

p u b l i c ,  o r  p r i v a t e  a q u a r i a .  C ohen  e t al. 
(1995), noting  that nonindigenous lobsters had  
escaped or been released from  U n iversity  
research laboratories on both coasts o f  the 
U nited States, suggested that the green crab  C a r­
cinus m aenas  could have been in troduced  
thereby to  San F rancisco Bay. M any species o f  
living crabs from  other regions are read ily  a v a il­

able to researchers: the 1994 catalog o f the 
Woods H ole M arine  B io log ica l Laboratory  
listed 10 species o f  b rach y u ran  crabs available 
for shipm ent by nex t-day  a ir  delivery service. 
Eriocheir species, how ever, are not available 
from any b io log ica l supp ly  house in the U nited 
States, and, as d iscu ssed  below , it has been ille ­
gal to im port m itten  crabs in to  C alifornia or the 
United States since the la te  1980s. B efore the 
discovery o f  th e ir e stab lishm en t in late 1994, 
we know o f no E rio ch e ir  species m aintained in 
aquaria at research  o r  o th e r institutions in the 
San F rancisco Bay area.

( 1 0 )  i n t e n t i o n a l  p l a n t i n g  t o  e s t a b l i s h  a  

f o o d  r e s o u r c e .  M any  crabs are highly valued 
as food item s, and there h ave  been num erous 
attempts, successfu l and unsuccessful, by go v ­
ernm ent agencies and  by p riv a te  parties, to estab ­
lish crabs as food resou rces in areas ou tside o f 
their native ranges. In the San Francisco Bay 
w atershed tw o nonna tive  aqua tic  organism s, the 
freshw ater c lam  C orb icu la  flum inea  (M iiller) 
and the fresh w ate r snail C ipangopalud ina  c h i­
nensis m a llea ta  (R eeve), a re  thought to have 
been in troduced in to  the w estern  U nited States 
from C hina o r Jap an  in the late nineteenth cen ­
tury as in ten tional, p riva te -party  p lantings to 
establish new  food re so u rces  (Cohen and C arlton 
1995). A tlan tic  b lue  crabs , C allinectes sapidus, 
occasionally are  co llec ted  in  San Francisco B ay 
and elsew here along  the cen tra l C alifornia coast, 
released by p riva te  in d iv id u a ls  (Cohen and C arl­
ton 1995; a lthough  listed  in  Jensen [1995], b lue 
crabs are not b e liev ed  to be  established in San 
Francisco B ay).

In 1978 the late D ustin  C h ivers o f the C alifo r­
nia A cadem y o f  S ciences no ted  live m itten crabs 
available fo r im p o rt in to  C alifornia through 
firms in H ong K ong  and M acao . In early  1986 
the C alifo rn ia  D ep artm en t o f  Fish and G am e 
found live m itten  c rab s  o ffe red  for sale in A sian  
food m arkets in  S an  F ran c isco  and Los A ngeles 
at U S $27 .5 0 -3 2 .0 0  p e r k ilog ram . C oncerns over 
the poten tia l im p ac ts  o f th e se  crabs led to the 
banning o f  live  im ports  by  C alifornia in 1987 
and by the U n ited  S ta tes in 1989 (H orw ath
1989), bu t effo rts  to  im port them  continued. An 
aquaculturist recen tly  lobb ied  the C alifo rn ia  
state leg isla tu re  fo r p erm iss io n  to im port and 
raise m itten crabs in  C alifo rn ia  (T. Goslinei', 
pers. com m ., 1994; W ein traub  and L ifsher
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1995). U.S. governm ent inspectors have co n tin ­
ued to intercept m itten crabs at San F rancisco  
(hand-carried by d isem barking a irp lane p assen ­
gers [Table 2]), Los A ngeles (in sh ipm ents o f  
aquarium  anim als), and Seattle (packed  in ' ‘so il” 
intercepted by the U.S. D epartm ent o f  A g ricu l­
ture) (H. Roche, M . O sborne, and M. W illiam s, 
pers. com m ., 1995). The in tercep tions at th e  San 
Francisco A irport all occurred in the fall o r w in ­
ter, w hen the crabs appear in m arkets in C h ina  
after being harvested during the ad u lts’ d o w n ­
stream  m igration (G. L i, pers. com m ., 1995). 
The governm ent inspectors w e in terv iew ed  
doubted that all m itten crab im ports are 
intercepted.

D I S C U S S I O N

E riocheir sinensis  is a ca tadrom ous o rg an ­
ism, w ith juven iles m igrating  upstream  to u p p er 
estuaries o r into rivers, and som e crabs repo rted  
from  the C hangjiang (Yangtze) R iver over 1,250 
km  from  the sea. In the la te  fa ll and w in te r 
m aturing adults (1 -2  yr old in C hina [G. L i, pers. 
com m ., 1995]; 3 -5  y ro ld  in G erm any [P anning

TABLE 2

M i t t e n  C r a b s , E riocheir  sinensis, H a n d -c a r r i e d  b y  

D i s e m b a r k i n g  P a s s e n g e r s  o n  F l i g h t s  

O r i g i n a t i n g  f r o m  A s i a n  o r  P a c i f i c  A i r p o r t s  a n d  

I n t e r c e p t e d  b y  U .S. G o v e r n m e n t  I n s p e c t o r s  a t  

S a n  F r a n c i s c o  I n t e r n a t i o n a l  A i r p o r t

S E A SO N d a t e N O . O F  C R A B S

Winter 1989-1990 4 Oct. 1989 10
6 Dec. 1989 24

Winter 1990-1991 22 Nov. 1990 10
26 Nov. 1990 24
31 Nov. 1990 14
26 Dec. 1990 12

Winter 1991-1992 20 Nov. 1991 10
21 Dec. 1991 10
3 Jan. 1992 12

Winter 1992-1993 28 Oct. 1992 34
30 Oct. 1992 50
23 Nov. 1992 10
30 Dec. 1992 28

Winter 1993-1994 18 Nov. 1993 12
Winter 1994-1995 13 Jan. 1995 10
Winter 1995-1996 8 Dec. 1995 12

N o t e : D a la  from  the p ort log b o o k  p ro v id ed  by H. R o ch e , U .S . 
Fish and W ild life  Serv ice .

1939]) move dow n to coastal w aters w here they 
mate, spawn, and die. Each fem ale p roduces 
from 250,000 to 1 m illion eggs, w hich hatch in 
late spring or early  sum m er. The larvae develop  
through five increasingly  stenohaline and euhu- 
line zoeae and a m ore euryhaline and m esohaline 
m egalopa. A fter the final larval m olt in the sum ­
mer or fall, the ju v en ile  crab sett les to the bottom  
and begins its m igration upstream  (P anning  
1939, Ingle 1986, A nger 1991).

Eriocheir sinensis  is thus a poor cand ida te  
for crossing oceans by natural m eans, e ither as 
planktonic larvae or as crabs rafting  on floating  
material carried by ocean currents. C rabs are 
rare or absent from  hull fouling on m odern sh ips, 
and som e vectors that m ay have translocated  
other crabs— such as transport on drilling  p la t­
form s, shipm ent w ith fishery products o r live 
fish, or transport fo r research and o ther aquarium  
use— have not been  available for transporting  
E. sinensis  betw een  its source areas and San 
Francisco Bay, at least in recent decades. E rio ­
cheir sinensis  w as probably introduced in to  San 
Francisco Bay e ither in ballast w ater o r as an 
intentional p lanting  to establish a food resource.

Based upon sh ip  traffic (northw estern  Pacific  
ports are regularly  and European ports are rare ly  
the last port o f call fo r foreign ships en tering  
San Francisco B ay) and consum ption  patterns 
(m itten crabs are seasonally  availab le  in m arkets 
and com m only eaten  in A sia, and no t in E urope), 
Europe seems an unlikely  im m ediate  source for 
the m itten crabs that colonized  San F rancisco  
Bay. Should studies o f  m olecular genetics, m or­
phology, and behav io r reveal charac teristics 
capable o f d istingu ish ing  the m itten crabs o f  
Europe from  those o f  A sia, w e p red ict that San 
Francisco Bay crabs w ill m ore closely  resem b le  
populations in A sia.

hi Germany in the 1930s, m assive efforts to 
control mitten crabs stemmed from  its interference 
with net and trap fisheries and the dam age to riv- 
erbanks caused by  its burrowing. Eriocheir sinensis 
is also tlie second intermediate host o f a hum an 
parasite, the oriental lung fluke, Paragonim us west- 
ennanii. A lthough no lung flukes have been found 
in San Francisco B ay mitten crabs (A. Kuris, pers. 
comm., 1995), suitable first interm ediate snail hosts 
are present in California or adjacent states (T. G os­
linei; pers. comm., 1994), and establishm ent o f  the 
fluke is possible, w hich could conceivably lead to
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infections of humans (through ingestion of 
uncooked crab meat) or, more likely, of other m am ­
mals. The ecosystem impacts o f potentially large 
numbers o f river crabs, where none now exist, 
are unknown.

Eriocheir sinensis opened the twentieth century 
with a dispersal episode that carried it to a river 
in Germany, from which it spread in a few decades 
across northern Europe and into the Mediterranean. 
With its establishment on the western shore o f 
North America, E. sinensis now awaits the new 
century with three global population centers from 
which to colonize suitable river systems in the 
Americas and elsewhere. Improved knowledge of 
transoceanic transport vectors can focus efforts to 
control such translocations. For now the potential 
emigration o f E. sinensis to new areas both adds 
force to arguments for the regulation o f ballast 
water discharges and suggests that airport wildlife 
inspectors in susceptible regions should be alert for 
E. sinensis carried by travelers arriving from source 
regions during the northern fall and winter.
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