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

ANDREW N. COHEN' AND JAMES T. CARL TON^ 

ABSTRACT: Live importation of the Chinese mitten crab, (Eriocheir sinensis H. 
Milne-Edwards, 1854) was banned by both California and the United States in the 
late 1980s because of concerns about potential damage to levees, rice crops, and 
natural ecosystems, and because it harbors a human parasite. Nevertheless, mitten 
crabs were present in San Francisco Bay by 1992 and well established by 1994, 
providing the most recent example in a late-twentieth-century pulse of human- 
mediated transoceanic and interoceanic crab dispersals. Of 10 mechanisms available 
for the long-distance transport of crabs, evidence from the history of the mitten 
crab's global spread, data on ship traffic, the sampling of ballast water fauna, and 
recent patterns of introductions support the hypothesis of introduction via ballast 
water. Alternatively, the pattern of governmental interception of mitten crabs, their 
high market value, and continuing pressure to lift the import ban suggest that 
introduction may, have been achieved via an intentional, private-party inoculation 
to establish a food resource. For either mechanism. the immediate source is more 
likely Asia than Europe. Amid a global burgeoning of potential transport mechanisms 
for estuarine and neritic organisms, knowledge of which mechanisms are in fact 
acting is essential for directing efforts to moderate the pace of such introductions. 

IN THE LAST THIRD of the twentieth century, there 
have been numerous reports of the transport and 
introduction of brachyuran crabs to various parts 
of the globe. The northwestern Atlantic brack- 
ish-water mudcrab, ~ h i t h r o ~ a n o ~ e u s  harrisii 
(Gould) (Xanthidae), and the Indo-Pacific crab 
Elnmenopsis kempi (Chopra & Das) (Hymenop- 
somatidae) were collected from the Panama 
Canal in 1969 (Abele 1972, Carlton 1979). The 
eastern Pacific spider crab, Pyromaia tubercu- 
lnta (Lockington) (Inachidae), appeared in Japan 
in 1970 (Sakai 1976a) and near Auckland, New 
Zealand, in 1978 (Webber and Wear 1981). The 
western Atlantic blue crab, Callinectes snpidus 
Rathbun (Portunidae), has been reported from 
Japan since 1975 and in Hawai'i since 1985 
(Eldredge 1995). A specimen of the northeastern 
Pacific Dungeness crab, Cancer magister Dana 
(Cancridae), was collected in Japan in 1979 (Abe 
1981). The European green crab, Carcirzus mae- 
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nns (L.) (Portunidae), introduced to northwest- 
ern Atlantic and southern Australian waters in 
the nineteenth century, was first collected in 
South Africa in 1983 and in California in 1989- 
1990, and is now established in both regions (Le 
Roux et al. 1990, Cohen et al. 1995). The Indo- 
Pacific crab Charybdis helleri (A. Milne- 
Edwards) (Portunidae) was collected in both the 
southern and northern Caribbean in 1987-1988 
and in Florida in 11995 (Campos and Tiirkay 
1989, Gdmez and Martinez-Iglesias 1990, Le- 
maitre 1996). The Japanese shorecrab Hemi- 
grapsus sa&uineus (de Haan) (Grapsidae) 
became established in the eastern United States 
by 1988 (McDermott 1991). 

Brachyuran crabs frequently are habitat gen- 
eralists, and with the rapidly expanding volume 
and variety of international trade, travel, and 
maritime activities, multiple possible mecha- 
nisms of transoceanic and interoceanic transport 
have become available to them. Understanding 
which mechanisms are actually operating to 
transport these organisms is essential to devel- 
oping effective control strategies. 

We report here on the establishment of the 
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Chinese mitten crab, Eriocheir sinerzsis H. 
Milne-Edwards, 1854, in San Francisco Bay, 
California, and analyze the suite of possible 
mechanisms that could have transported it to 
California. 

MATERIALS AND METHODS 

To determine the status of E. sinensis in the 
eastern Pacific, we circulated a Mitten Crab 
Wanted poster to and interviewed regional biolo- 
gists, commercial shrimpers and bait trappers, 
and personnel at bait stores and marinas for pos- 
sible records and specimens. All specimens were 
examined for epizoics and their carapace length 
measured. We compared San Francisco Bay 
specimens with E, sinensis specimens obtained 
from Germany and with Japanese specimens at 
the California Academy of Sciences. 

We searched the global invasion literature for 
mechanisms of long-distance transport applica- 
ble to brachyuran crabs, which we compared 
with the circumstances pertaining to the arrival 
of E. sinensis in California, including relevant 
aspects of its biology and life history. Based on 
this initial review, the likeliest mechanisms were 
further investigated by (1) reviewing shipping 
and ballast water records, and (2) interviewing 
wildlife inspectors. 

RESULTS 

Establishment in the Northeasterrz PnciJic 

In November 1994 E. sir~ensis was identified 
from San Francisco Bay by Robert Van Syoc of 
the California ,Academy of Sciences. Commercial 
shrimp trawlers (listed in the Acknowledgments) 
reported catching such crabs occasionally, ,many 
with eggs, since 1992 in southem San Francisco 
Bay and since the summer of 1994 in northern San 
Francisco Bay (San Pablo Bay) (Figure 1). Of 75 
mitten crabs examined that were collected in San 
Francisco Bay between winter 1993 and spring 
1995,52 were male, ,32-76 mm in carapace length; 
18 were ovigerous females, 35-70 mm in length; 
and five were nonovigerous females, 43-55 rnrn 
in length. Most of these were taken in shrimp nets 
trawled along channel bottoms at 6-15 m depth. 

Crabs entangled in fishing line or collected by park 
personnel were taken at the mouth of the Petaluma 
River in northwestern San Pablo Bay, at the Dum- 
baton Pier in the South Bay, and on the Hayward 
shore. In September 1995 we found smaller crabs 
in the drying bed of the Alameda Flood Control 
Channel at 9 and 12 krn upstream from the bay, 
concentrated in small pools and in shallow burrows 
in damp mud under rocks, where we collected 54 
crabs, 12-36 mm in length, in a 10-min search, 
along with the introduced crayfish Procambano 
clarkii (Girard) (two specimens) and Pacifastacus 
leniusculus (Dana) (one specimen); in July 1996 
the remains of several crabs were found in the 
channel 15 km from the bay. Thousands of young 
crabs and burrows have now been observed (1995- 
1996) in tidal creeks at the southern end of 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 
May 1996 (S. Matem, pers. comm., 1996); and in 
May 1996 we observed a few crabs, 4-5 mm in 
length, among tubes of the introduced serpulid 
worm Ficopomitus enigmaticus (Fauvel) fouling 
docks in the Petaluma River in Petaluma, 20 km 
northwest of San Pablo Bay. In September 1996, 
adult mitten crabs were collected at several sites 
in the fresh waters of the Sacramento-San Joaquin 
Delta, upstream of the Bay in California's Cen- 
tral Valley. 

Several female E. sineruis collected from south- 
ern San Francisco Bay in the winter of 1994-1995 
were maintained in aquaria by the Marine Science 
Institute of Redwood City, California, and hatched 
active zoeae by the first week of February 1995: 
The number of crabs present, their persistence over 
several years, their broad distribution within the 
bay and its tributaries, and the presence of a range 
of size classes and of females carrying eggs and 
hatching larvae all indicate that the mitten crab is 
well established in Sari Francisco Bay; the lack of 
any prior records of this distinctive crab strongly 
suggests that it could not have been introduced 
much earlier than about 1990. 

The crabs examined were generally free of epi- 
zoics; those found were the barnacle Bnlanus 
improvisus Darwin, the seaweed Ulva sp., egg cases 
of the snail Ilyoizassa obsoleta (Say), and small 
stalks of a hydroid, cf. Gnn7eia frclncisccina (Tor- 
rey), with an epizoic entoproct Barentsia benedeni 
(Foettinger) and ciliate Zoothainnium sp. All of 



FIGURE I .  Eriocheir sirter~sis in San Francisco Bay, California. Sites at which E. sirtertsis were collected are marked 
by an "X." 
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ever, even if it were to be carried to sea on 
floating debris, E. sirzensis would be unlikely to 
survive transit times of over a year from source 
areas to California. 

(3) TRANSPORT OF ADULTS OR JUVENILES IN 
SHIP FOULING. Numerous examples exist of 
crabs transported across or between oceans on 
the hulls of ships, primarily in earlier times (e.g., 
Buitendijk and Holthuis 1949, Carlton and 
Cohen 1996), including observations of crabs 
on the hulls of ships on the high seas or on 
arrival in a foreign (to the crab) port (Stebbing 
1893, Alcock 1900). Opportunities for the trans- 
port of crabs on ships' hulls have decreased 
dramatically because of (1) the decline of 
wooden ships, whosem hulls were often infested 
with shipworms and gribbles, producing deep, 
bored cavities capable of hosting errant organ- 
isms such as crabs (Chilton 1910), and (2) more 
effective antifouling coatings, increased vessel 
speed, and shorter time in port, which have 
tended to reduce the development of extensive 
hull-fouling communities. We know of no recent 
observations of crabs on the hulls of ships in 
normal transoceanic operation. 

(4) TRANSPORT OF ADULTS OR JUVENILES IN 
CARGO. Marchand (1946) reported the transport 
of saber crabs, Platychirograpsus spectabilis (= 
l? rypicus Rathbun), in a ship's cargo of cedar 
logs from the state of Tabasco, Mexico, to the 
Hillsborough River, Florida, where they became 
established. In Mexico the logs were floated 
downriver to the coast before being loaded on 
board ship and routinely were found to harbor 
crabs, snakes, and turtles on arrival in Florida. 
We know of no cargoes of logs or other materials 
arriving in San Francisco Bay in recent decades 
that would likely have carried live crabs. 

(5) TRANSPORT OF ADULTS OR JUVENILES ON 

SEMISUBMERSIBLE DRILLING PLATFORMS AND 
OTHER LONG-DISTANCE, SLOW-MOVING VESSELS. 

Drilling platforms, ships serving as light stations 
(or in the past, as coaling stations), and the like 
may on occasion take slow, long-distance voy- 
ages, often under tow, after being anchored in 
one site for a lengthy period. Such vessels may 
develop and successfully transport an exuberant 
fouling growth, including crabs (e.g., Bertelsen 
and Ussing 1936, Benech 1978, Foster and Wil- 
Ian 1979). We found no records of drilling plat- 

forms or other such vessels arriving in the San 
Francisco Bay area in the 1980s or 1990s. 

(6) TRANSPORT OF LARVAE OR JUVENILES IN 

BALLAST WATER. Ballast Water-water pumped 
in large quantities into cargo holds or dedicated 
ballast tanks at the start of a voyage to achieve 
proper trim and buoyancy, and later discharged 
on arrival at a port before taking on cargo-has 
been implicated in the transport and introduction 
of numerous freshwater, estuarine, and marine 
species in the last several decades (Carlton 1985, 
Carlton and Geller 1993). Organisms introduced 
into San Francisco Bay via ballast water in the 
past two decades include two clams and numer- 
ous small crustaceans from Asia and probably 
many other organisms from both Asia and 
Europe (Cohen and Carlton 1995). 

Brachyuran larvae have been collected from 
the ballast tanks of vessels arriving at the 
entrance to the St. Lawrence Seaway (Locke et 
al. 1991); at Australian ports (Williams et al. 
1988) and Coos Bay, Oregon (Carlton and Geller 
1993; J.T.C., unpubl. records), from Japan; and 
at Chesapeake Bay from Europe and the Medi- 
terranean (D. Smith, M. Wonham, and G. Ruiz, 
pers. comm., 1995). A mitten crab was collected 
from the ballast tank of a ship arriving at Port 
Said, Egypt, from the Far East (Hoestland 1948), 
at least seven crab species were collected from 
sediments in the ballast tanks of ships arriving 
in Australia from Japan (Williams et al. 1988), 
and portunid crabs over 3 cm in carapace width 
were taken from the ballast tank of a European 
ship entering Chesapeake Bay (D. Smith, M. 
Wonham, and G. Ruiz, pers. comm., 1995). 
Although larger crabs are less likely to be taken 
into or discharged from ballast tanks than larvae 
or small juveniles because of the small size of 
intake screens and the damage incurred by larger 
organisms in passing through pumps, ships 
sometimes gravitate water in or out of their bal- 
last tanks, permitting the occasional transfer of 
mature and even ovigerous crabs. Because cargo 
vessels cross from Japan to northeastern Pacific 
ports in 13-16 days (Carlton and Geller 1993), 
both larvae and adults should be capable of sur- 
viving the passage. 

Estimates based on 1991 shipping data indi- 
cate that no large commercial vessels entered 
San Francisco Bay whose last port of call was 
Europe and there were about 75 whose last port 
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of call was within the western Pacific range of 
E. sinensis, these latter carrying a total of about 
400,000 metric tons of ballast water (Table 1). 
There are, however, no data available regarding 
what portion of this ballast water might have 
come from ports other than the last port of call 
and what portion of i t  was discharged into San 
Francisco Bay. 

(7) TRANSPORT OF ADULTS OR JUVENILES IN 

FISHERIES PRODUCTS. AS many as 47 Atlantic 
and 15 Asian species of marine invertebrates 
may have been introduced into San Francisco 
Bay with shipments of oysters from the western 
Atlantic [Crnssosrrea virginicn (Gmelin)] and 
Japan [C. gigas (Thunberg)] (Cohen and Carlton 
1995). Ryan (1956) suggested that Rhithropnno- 

TABLE 1 

CALCULATION OF AMOUNT OF SHIPPING A N D  VOLUME OF BALLAST WATER ENTERING SAN FRANCISCO BAY FROM 
Eriocheir sirtensis SOURCE AREAS IN I99 l 

PARAMETERS 1991 DATA 

. . . ENTERING SAN FRANCISCO BAY 

Large vessels other than naval vessels or oil tankers . . . 2,665" 
. . . THE PORT . . . THE PORT OF 
OF OAKLAND SAN FRANCISCO 

Large vessels calling at . . . 1.283 734 
Fraction whose last port of call was within the Northeast 

Atlantic or Mediterranean FA0 Region, of a sample 0 0 
of large vessels calling at . . . (11 = 288) (17 = 288) 

Fraction whose last port of call was within the Northwest 
Pacific FA0 Region and that arrived in ballast, of a 0.0 139 0.0 174 
sample of large vessels calling at . . . ( n  = 288) (17 = 288) 

Fraction whose last port of call was within the Northwest 
Pacific FA0 Region and that arrived in cargo, of a 0.0868 0.045 1 
sample of large vessels calling at . . . ( n  = ,288) (17 = 288) 

Fraction whose last port of call was within the range of 
Erioclzeir sinensis, of a sample of large vessels in 
ballast whose last port of call was within the Northwest 
Pacific FA0 Region and calling at . . . (fraction 0.4 0.1 I 
assumed to apply also, to vessels in cargo) (n = 10) (n = 9) 

Estimated average ballast water (in metric tons) carried by 5,324 6,764 
large vessels in ballast calling at . . . (11 = 12) (n = 10) 

Estimated average ballast water (in metric tons) carried by 
large vessels arriving from foreign ports in cargo and 5,394h 4,534O 
calling at . . . (n = 205) (n = 48) 

CALCULATIONS 
Number of large vessels other than naval vessels or oil tankers entering San Francisco Bay in 1991 whose last port of 
call was within the range of Erioclteir sineruis = 

Amount of ballast water carried by these vessels = 

+ (0.045 1 X 4.534)j ) = 402,024 metric tons 

NOTE: Data from Carlton et al. (1995) unless otherwise indicated. Large vessels ;ire defined as those over 250 net registered tons or 
500 gross registered tons. FA0 is the United Nations Food and Agriculture Organization. Vessels reported in cargo carry cargo and those 
reported in ballast do not; either typc niay carry varying amounts of ballast. 

" Data from Chambers Group (1994). 1,006 oil tankers entered the bay in 1991. most ol' these al-riving from domestic ports and very 
few if any from ports within the range of Eriocheir sirre~~sir (J. Mes, pers. comm., 1996). 

Calculated rrom data on types of vessels arriving in cargo at each port from foreign ports and datn on average ballast water per type 
of vessel in cargo estimated from a national survey of 96 large vessels. 
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peus harrisii and other xanthid mud crabs may 
have been transported along the Atlantic coast 
with commercial oyster shipments, and Carlton 
(1979) discussed the possibility that R. harrisii 
had been introduced into San Francisco Bay in 
a late (1930s) shipment of Atlantic oysters. 
Commercial shipments of Japanese oysters were 
planted in Sat1 FranciscolBay from 1932 to 1939, 
with occasional experimental plantings thereaf- 
ter. In 1962 the European flat oyster, Ostrea 
edulis L., was planted experimentally in San 
Francisco Bay from populations in France and 
Connecticut (Carlton 1979). We know of no 
plantings of Asian or European oysters or other 
shellfish in San Francisco Bay in the past 20 yr, 
nor has E. sine~zsis been reported in association 
with oyster or shellfish beds. 

Cohen et al. (1995) suggested that the green 
crab Carcinus nzaenas could have been trans- 
ported to San Francisco Bay as juveniles in the 
seaweed [mainly Ascophyllum nodosum (L.) Le 
Jolis] used as packing for shipments of live 
marine bait worms (Nereis vire~zs Sars and Gly- 
cera dibranchiata Ehlers) to bait shops and of 
live lobsters (Homar~is americanus Milne- 
Edwards) to restaurants and food markets. How- 
ever, those shipments all originate in New 
England or New York, and we know of no simi- 
lar shipments from China, Japan, or Europe. 

(8) TRANSPORT O F  LARVAE IN WATER WITH 

SHIPMENTS OF LIVE FISH. Snovsky and Galil 
(1990) suggested that blue crabs Callinecres sap- 
idus were introduced as planktonic larvae into 
the Sea of Galilee in water carrying fish imported 
from the Mediterranean for stocking, and the 
same method of accidental transport has been 
proposed for other invertebrate species (e.g., 
Hazel 1966 [but see Cohen and Carlton 19951, 
Holdich and Tolba 1985). No fish have been 
imported and stocked into the San Francisco Bay 
watershed from Asia since 1959 or from Europe 
since 1872 (Cohen and Carlton 1995). 

(9) ESCAPE OR RELEASE FROM RESEARCH, 
PUBLIC, OR PRIVATE AQUARIA. Cohen et al. 
(1995), noting that nonindigenous lobsters had 
escaped or been released from University 
research laboratories on both coasts of the 
United States, suggested that the green crab Cnr- 
CLIZLLS maenas could have been introduced 
thereby to San Francisco Bay. Many species of 
living crabs from other regions are readily avail- 

able to researchers: the 1994 catalog of the 
Woods Hole Marine Biological Laboratory 
listed 10 species of brachyuran crabs available 
for shipment by next-day air delivery service. 
Eriocheir species, however, are not available 
from any biological supply house in the United 
States, and, as discussed below, it has been ille- 
gal to import mitten crabs into California or the 
United States since the late 1980s. Before the 
discovery of their establishment in late 1994, 
we know of no Eriocheir species maintained in 
aquaria at research or other institutions in the 
San Francisco Bay area. 

(10) INTENTIONAL PLANTING TO ESTABLISH A 

FOOD RESOURCE. Many crabs are highly valued 
as food items, and there have been numerous 
attempts, successful and unsuccessful, by gov- 
ernment agencies and by private parties, to estab- 
lish crabs as food resources in areas outside of 
their native ranges. In the San Francisco Bay 
watershed tw,o nonnative aquatic organisms, the 
freshwater clam Corbicula JZuminea (Miiller) 
and the freshwater snail Cipangopaludina chi- 
nensis nzalleata (Reeve), are thought to have 
been introduced into the western United States 
from China or Japan in the late nineteenth cen- 
tury as intentional, private-party plantings to 
establish new food resources (Cohen and Carlton 
1995). Atlantic blue crabs, Callinectes sapidus, 
occasionally are collected in San Francisco Bay 
and elsewhere along the central California coast, 
released by private individuals (Cohen and Carl- 
ton 1995; although listed in Jensen [1995], blue 
crabs are not believed to be established in San 
Francisco Bay). 

In 1978 the late Dustin Chivers of the Califor- 
nia Academy of Sciences noted live mitten crabs 
available for import into California through 
firms in Hong Kong and Macao. In early 1986 
the California Department of Fish and Game 
found live mitten crabs offered for sale in Asian 
food markets in San Francisco and Los Angeles 
at US$27.50-32.00 per kilogram. Concerns over 
the potential impacts of these crabs led to the 
banning of live imports by California in 1987 
and by the United States in 1989 (Horwath 
1989), but efforts to import them continued. An 
aquaculturist recently lobbied the California 
state legislature for permission to import and 
raise mitten crabs in California (T. Gosliner, 
pers. conim., 1994; Weintraub and Lifsher 
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1995). U.S. government inspectors have contin- 
ued to intercept mitten crabs at San Francisco 
(hand-carried by disembarking airplane passen- 
gers [Table 2]), Los Angeles (in shipments of 
aquarium animals), and Seattle (packed in "soil" 
intercepted by the U.S. Department of Agricul- 
ture) (H. Roche, M. Osborne, and M. Williams, 
pers. comm., 1995). The interceptions at the San 
Francisco Airport all occurred in the fall or win- 
ter, when the crabs appear in markets in China 
after being harvested during the adults' down- 
stream migration (G. Li, pers. comm., 1995). 
The government inspectors we interviewed 
doubted that all mitten crab imports are 
intercepted. 

DISCUSSION 

Eriocheir sinensis is a catadromous organ- 
ism, with juveniles migrating upstream to upper 
estuaries or into rivers, and some crabs reported 
from the Changjiang (Yangtze) River over 1,250 
km from the sea. In the late fall and winter 
maturing adults (1-2 yr old in China [G. Li, pers. 
comm., 19951; 3-5 yr old in Germany [Panning 

T A B L E  2 

MITEN CRABS, Eriocheir sinensis, HAND-CARRIED B Y  
DISEMBARKING PASSENGERS ON FLIGHTS 

ORIGINATING FROM ASIAN OR PACIFIC AIRPORTS AND 
INTERCEFTED B Y  U.S. GOVERNMENT INSPECTORS AT 

SAN FRANCISCO INTERNATIONAL AIRPORT 

SEASON DATE NO. OF CRABS 

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

Winter 1990-1991 22 Nov. 1990 
26 Nov. 1990 
3 1 Nov. 1990 
26 Dec. 1990 

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

Winter 1992-1993 28 Oct. 1992 
30 Oct. 1992 
23 Nov. 1992 
30 Dec. 1992 

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

NOTE: Data from the port log book provided by H. Roche. U.S. 
Fish and Wildlife Service. 

19391) move down to coastal waters where they 
mate, spawn, and die. Each female produces 
from 250,000 to 1 million eggs, which hatch in 
late spring or early summer. The larvae develop 
through five increasingly stenohaline and euha- 
line zoeae and a niore euryhaline and mesohaline 
megalopa. After the final larval molt in the sum- 
mer or fall, the juvenile crab settles to the bottom 
and begins its migration upstream (Panning 
1939, Ingle 1986, Anger 1991). 

Eriocheir sinensis is thus a Door candidate 
for crossing oceans by natural means, either as 
planktonic larvae or as crabs rafting on floating 
material camed bv ocean currents. Crabs are 
rare or absent from hull fouling on modem ships, 
and some vectors that may have translocated 
other crabs-such as transport on drilling plat- 
forms, shipment with fishery products or live 
fish, or transport for research and other aquarium 
use-have not been available for transporting 
E. sinensis between its source areas and San 
Francisco Bay, at least in recent decades. Erio- 
cheir sinensis was probably introduced into San 
Francisco Bay either in ballast water or as an 
intentional planting to establish a food resource. 

Based upon ship traffic (northwestern Pacific 
ports are regularly and European ports are rarely 
the last port of call for foreign ships entering 
San Francisco Bay) and consumption patterns 
(mitten crabs are seasonally available in markets 
and commonly eaten in Asia, and not in Europe), 
Europe seems an unlikely immediate source for 
the mitten crabs that colonized San Francisco 
Bay. Should studies of molecular genetics, mor- 
phology, and behavior reveal characteristics 
capable of distinguishing the mitten crabs of 
~ i ~ r o ~ e  from those of Asia, we predict that San 
Francisco Bay crabs will more closely resemble 
populations in Asia. 

In Germany in the 1930s, massive efforts to 
control mitten crabs stemmed from its interference 
with net and trap fisheries and the damage to riv- 
erbanks caused by its burrowing. Eriocheir sinensis 
is also the second intermediate host of a human 
parasite, the oriental lung fluke, Pnrngoninzus west- 
k m n i i .  Although no lung flukes have been found 
in San Francisco Bay mitten crabs (A. Kuris, pers. 
comm., 1995), suitable f ~ s t  intermediate snail hosts 
are present in California or adjacent states (T. Gos- 
liner, pers. comm., 1994), and establishment of the 
fluke is possible, which could conceivably lead to 
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infections of humans , (through ingestion of 
uncooked crab meat) or, more likely, of other mam- 
mals. The ecosystem impacts of potentially large 
numbers of river crabs, where none now exist, 
are unknown. 

Eriocheir sinerisis opened the twentieth century 
with a dispersal episode that canied 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 of 
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 of E. sinensis to new areas both adds 
force to arguments for the regulation of 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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Karen Grimmer, Jeffrey Rutherford, and Jim 
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bert Roche, Janet Hammer, Michael Osborne, 
and Michael Williams; and Steven Berrios, Paul 
Clark, Darryl Felder, Randy Gates, Terry Gos- 
liner, Katie Halat, Kathy Hieb, Jeffrey Horwath, 
Armand Kuris, Joseph Leach, Gang Li, Scott 
Matern, Jim Mes, Robert Nakadji, Jim Osborn, 
John Steiner, Mark Torchin, Greg Ruiz, David 
Smith, Robert Van Syoc, Eric Wigren, and Mar- 
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records, and information. 

LITERATURE CITED 

ABE, K. 1981. First record of the Dungeness 
crab, Cancer magister Dana from northern 
Japan. Res. Crustacea 11 : 13-1 6. 

ABELE, L. G. 1972. Introductions of two fresh- 
water decapod crustaceans (Hymenopsomat- 

idae and Atyidae) into Central and North 
America. Crustaceana (Leiden) 23:209-2 18. 

ALCOCK, A. 1900. XV1.-Materials for a carci- 
nological fauna of India. No. 6. The 
Brachyura Catometopa, or Grapsoidea. J. 
Asiat. Soc. Bengal 69(3): 437-438. 

ANGER, K. 1991. Effects of temperature and 
salinity on the larval development of the Chi- 
nese mitten crab Eriocheir sinetisis (Deca- 
poda: Grapsidae). Mar. Ecol. Prog. Ser. 
72:103-110. 

BENECH, S. V. 1978. Ocean transport of a com- 
munity of the grapsid crab Plngusio dentipes 
(de Haan, 1833). Crustaceana (Leiden) 
35(1): 104. 

BERTELSEN, E., and H. USSING. 1936. Marine 
tropical animals carried to the Copenhagen 
Sydhaven on a ship from the Bermudas. 
Vidensk. Medd. Dan. Naturhist. Foren. 
100:237-245. 

BUITENDIJK, A. M., and L. B. HOLTHUIS. 1949. 
Note on the Zuiderzee crab, Rhithropanopeus 
hnrrisii (Gould) subspecies rridentntus 
(Maitland). Zool. Meded. (Leiden) 
30:95-106. 

CAMPOS, N. H., and M. T~JRKAY. 1989. On a 
record of Charybdis helleri from the Carib- 
bean coast of Colombia (Crustacea: Deca- 
poda: Portunidae). Senckenb. Marit. 
20(3-4): 119-123. 

CARLTON, J. T. 1979. History, biogeography, and 
ecology of the introduced marine and estua- 
rine invertebrates of the Pacific coast of North 
America. Ph.D. diss., University of Califor- 
nia, Davis. 

. 1985. Transoceanic and interoceanic 
dispersal of coastal marine organisms: The 
biology of ballast water. Oceanogr. Mar. Biol. 
Annu. Rev. 23:313-371. 

CARLTON, J. T., and A. N. COHEN. 1996. Epi- 
sodic global dispersal in shallow water 
marine organisms: The case history of the 
European green crab Cnrcin~ts mnenns. J. 
Biogeogr. (in press). 

CARLTON, I. T., and J. T. GELLER. 1993. 
Ecological roulette: The global transport of 
nonindigenous marine organisms. Science 
(Washington, D.C.) 261:78-82. 

CARLTON, J. T., D. M. REID, and H. VAN LEEU- 
WEN. 1995. Shipping study. The role of ship- 
ping in the introduction of nonindigenous 



PACIFI'C SCIENCE, Volume 5 1 ,  January 1997 

aquatic organisms to the coastal waters of the 
United States (other than the Great Lakes) 
and an analysis of control options. The 
National Sea Grant College ProgramICon- 
necticut Sea Grant Project RJES-6. Depart- 
ment of Transportation, U.S. Coast Guard, 
Washington, D.C., and Groton, Connecticut. 
Report no. CG-D-11-95. Government Acces- 
sion no. AD-A294809. 

CHAMBERS GROUP. 1994. Draft environmental 
impact report for consideration of a new 
lease for the operation of a crude oil and 
petroleum product marine terminal on state 
tide and submerged lands at Unocal's San 
Francisco refinery, Oleum, Contra Costa 
County. California State Lands Commission, 
Sacramento, California. 

CHAN, T. Y., M. S. HUNG, and H. P. Yu. 1995. 
Identity of Eriocheir recta (Stimpson, 1858) 
(Decapoda: Brachyura), with description of 
a new mitten crab from Taiwan. J. Crustacean 
Biol. 15(2): 301-308. 

CHILTON, C. 1910. Notes on the dispersal of 
marine Crustacea by ships. Trans. N. Z. 
Inst. 43:131-133. 

COHEN, A. N., and J. T. CARLTON. 1995. Biolog- 
ical study. Nonindigenous aquatic species in 
a United States estuary: A case study of the 
biological invasions of the San Francisco Bay 
and Delta. U.S. Fish and Wildlife Service, 
Washington, D.C., and National Sea Grant 
College Program, Connecticut Sea Grant, 
NTIS report no. PB96-166525. 

COHEN, A. N., J. T. CARLTON, and M. C. FOUN- 
TAIN. 1995. Introduction, dispersal and poten- 
tial impacts of the green crab Carcin~is 
mnenas in San Francisco Bay, California. 
Mar. Biol. 122:225-237. 

DAI, A. 1993. Studies on the subspecies differen- 
tiation of the genus Eriocheir (Decapoda: 
Brachyura). Sci. Treatise Syst. Evol. Zool. 
1 :6 1-7 1. I 

DAI, A., and S. YANG. 199 1. Crabs of the China 
seas. China Ocean Press, Beijing. 

ELDREDGE, L. G. 1995. First record of the blue 
crab (Callinectes s~ipiclus) in Hawaii (Deca- 
poda: Brachyura). Bishop Mus. Occas. Pap. 
42:55-57. 

FOSTER, B. A., and R. C. WILLAN. 1979. Foreign 
barnacles transported to New Zealand on an 

oil platform. N. Z. J. Mar. Freshwater Res. 
13:143-149. 

G ~ M E Z ,  O., and J. C. MART~NEZ-IGLESIAS. 1990. 
Reciente hallazgo de la especie indopacifico 
Charybdis helleri (A. Milne-Edwards, 1867) 
(Crustacea: Decapoda: Portunidae) en aguas 
cubanas. Caribb. J. Sci. 26(1-2): 70-72. 

HAAHTELA, I. 1963. Some new observations and 
remarks on the occurrence of the mitten crab, 
Eriocheir 'sinensis Milne-Edwards (Crusta- 
cea, Decapoda), in Finland. Aquilo Ser. 
 ZOO^. 1:9-16. 

HAZEL, C. R. 1966. A note on the freshwater 
polychaete, Mnnay~irzkia speciosn Leidy, 
from California and Oregon. Ohio J. Sci. 
66(5): 533-535. 

HOESTLAND, H. 1948. Recherches sur la biolo- 
gie de I'Eriocheir sirzerzsis en France (Crus- 
tack brachyoure). Ann. Inst. Oceanogr. 
Monaco 24(1): 1-1 16. 

. 1959. RCpartition actuelle du crabe chi- 
nois (Eriocheir sinensis H. Milne Edwards). 
Bull. Fr. Piscic. 1945-14. 

HOLDICH, D. M., and M. R. TOLBA. 1985. On the 
occurrence of Sphaeroinn serrntunz (Isopoda, 
Sphaeromatidae) in an Egyptian inland salt 
lake. Crustaceana (Leiden) 49:2 11-214. 

HORWATH, J. L. 1989. Importation or shipment 
of injurious wildlife: Mitten crabs. U.S. Fed. 
Reg. 54(98): 22286-22289. 

INGLE, R. W. 1986. The Chinese mitten crab 
Eriocheir sinensis H. Milne Edwards-a con- 
tentious immigrant. Lond. Nat. 65:lOl-105. 

JENSEN, G. C. 1995. Pacific coast crabs and 
shrimps. Sea Challengers, Monterey, 
California. 

LEMAITRE, R. 1996. Charybdis helleri (Milne 
Edwards, 1867), a nonindigenous portunid 
crab (Crustacea: Decapoda: Brachyura) dis- 
covered in the Indian River lagoon system of 
Florida. Proc. Biol. Soc. Wash. (in press). 

LE ROUX, P. J., G. M. BRANCH, and M. A. P. 
JOSKA. 1990. On the distribution, diet and 
possible impact of the invasive European 
shore crab Cnrcinus rnnenns (L.) along the 
South African coast. S. Afr. J. Mar. Sci. 
9:85-92. 

Lr, G., Q. SHEN, and Z. Xu. 1993. Moi-phometric 
and biochemical genetic variation of the mit- 
ten crab, Eriocheic in southern China. Aqua- 
culture 1 1  1: 103-1 15. 



- Introduction of Chinese Mitten Crab-co~~N AND C 

LOCKE, A., D. M. REID, W. G. SPRULES, J. T. 
CARLTON, and H. C. VAN LEEUWEN. 1991. 
Effectiveness of mid-ocean exchange in con- 
trolling freshwater and coastal zooplankton 
in ballast water. Can. Tech. Rep. Fish. Aquat. 
Sci. 1822. 

MARCHAND, L. J. 1946. The saber crab, Plary- 
chirograpsus typicus Rathbun, in Florida: A 
case of accidental dispersal. Q. J.  Fla. Acad. 
Sci. 9:92-100. 

MCDERMOTT, J. J. 199 1. A breeding population 
of the western Pacific crab Henrigrapsus 
sanguineus (Crustacea: Decapoda: Grapsi- 
dae) established on the Atlantic coast of 
North America. Biol. Bull. (Woods Hole) 
181:195-198. 

NEPSZY, S. J., and J. H. LEACH. 1973. First 
records of the Chinese mitten crab, Eriocheir 
sinensis, (Crustacea: Brachyura) from North 
America. J. Fish. Res. Board Can. 30:1909- 
1910. 

PANNING, A. 1939. The Chinese mitten crab. 
Smithson. Inst. Annu. Rep. 1938:361-375. 

PETERS, N. 1933. Lebenskundlicher Teil. Pages 
59-156 in N. Peters, and A. Panning, eds. 
Die Chinesische Wollhandkrabbe (Eriocheir 
sinensis H. Milne-Edwards) in Deutschland. 
Akademische Verlagsgesellschaft M. B. H., 
Leipzig. 

PETIT, G. 1960. Le "crabe chinois" est parvenu 
en MtditerranCe. Vie Milieu 11 (1): 133-136. 

RASMUSSEN, E. 1987. Status over ~~ldhindskrab- 
bens (Eriocheir sinensis) udbredelse og fore- 
komst i Danmark. Flora Fauna 93(3): 51-58. 

RYAN, E. P. 1956. Observations on the life histo- 
ries and the distribution of the Xanthidae 
(mud crabs) of Chesapeake Bay. Am. Micll. 
Nat. 56: 138-16 1. 

SAKAI, T. 1939. Studies on the crabs of 
Japan. IV. Brachygnatha, Brachyrhyncha. 
Yokendo, Tokyo. 

. 1976a. Crabs of Japan and adjacent 
seas. Kodansha Ltd., Tokyo. 

. 1976b. Notes on the carcinological 
fauna of Japan (VI). Res. Crustacea 7:29-40. 

SNOVSKY, Z., and B. GALIL. 1990. The occur- 
rence of the American blue crab, Cnllinectes 
sopidus Rathbun, in the Sea of Galilee. Isr. 
J. Aquacult. 42(2): 62-63. 

STEBBING, T. R. R. 1893. A history of Crustacea. 
D. Appleton and Co., New York. 

TAKEDA, M. 1982. Keys to the Japanese and 
foreign crustaceans. Hokuryukan, Tokyo. 

THORSON, G. 1961. Length of pelagic larval life 
in marine bottom invertebrates as related to 
larval transport by ocean currents. Pages 455-, 
474 in M. Sears, ed. Oceanography. Publica- 
tion 67, American Association for the 
Advancement of Science, Washington, D.C. 

WEBBER, W. R., and R. G. WEAR. 1981. Life 
history studies on New Zealand Brachyura. 
5. Larvae of the family Majidae. N. Z. J. Mar. 
Freshwater Res. 15:33 1-383. 

WEINTRAUB, D. M., and M. LIFSHER. 1995. 
Allen's ties to lobbyist questioned. Orange 
County Register, Anaheim, California, 18 
June. 

WILLIAMS, A. B. 1984. Shrimps, lobsters and 
crabs of the Atlantic coast of the eastern 
United States, Maine to Florida. Smithsonian 
Institution Press, Washington, D.C. 

WILLIAMS, R. J., F. B. GRIFFITHS, E. J. VAN DER 

WAL, and J. KELLY. 1988. Cargo vessel ballast 
water as a vector for the transport of non- 
indigenous marine species. Estuarine Coastal 
Shelf Sci. 26:409-420. 


