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San Francisco Bay in the San Pablo Channel by 1954 and from the Delta-Mendota
Canal, in fresh water, in 1973  Light, 1977; Carlton, 1979a, p. 30S!. It was also collected
from freshwater in the New River and the Alamo River in Imperial County in
southeastern California in 1979, and from a canal in Mar Chiquita, Argentina with
the Australian serpulid worm Ficopomatus ertigmaticus  Kudenov, 1983!.

Boccardiella ligerica may have been introduced with ships' ballast water,
perhaps during World War II or the Korean War. Spionid larvae are among the
most abundant and frequently encountered groups of organisms in ballast water
 Carlton k Geller, 1993!.

B. tigerica was one of the most common benthic organisms collected by CDFG
near Martinez in 1975-1981, and was found upstream as far as Collinsville in the
western Delta  Markman, 1986!. In 1976, a dry year, Siegfried et al. �980! found B.
ligerica to be a dominant species at their upstream stations near Collinsville in the
late summer and fall, with peak densities of around 20,000 individuals/m2, and
Markman �986! similarly reported an increase in B. ligerica upstream in the dry
year of 1981. Light �978, p. 201! summarizing recent studies showed 8. 1igerica
collected only from the ends of the Bay: at the southern end of the South Bay and
from Martinez to the Antioch bridge in the northern Bay.

Ficopomatus enigmaticus  Fauvel, 1923! [SERPULTDAE]

AUSTRALIAN TUBEWORM

SYNONYMS: MercieretIa enigrnatica

Ficopomatus enigmaticus is an Australian worm that builds and lives in a
white, calcareous tube, the tubes forming large agglomerate masses when the worm
is abundant. Reported from ships' hulls  WHOI, 1952! and probably transported as
hull fouling, it has become established in many parts of the world including the
Black, Caspian and Mediterranean seas, northern Europe, Uruguay, Argentina,
Hawaii, Japan and the Gulf of Mexico. It was first reported in San Francisco Bay from
Lake Merritt, a tidal lagoon on the East Bay shore, in a 1921 article in the Oakland
Tribune headlined "Coral Reefs Spreading in Lake Merritt." The "reefs" had been
first noticed by park officials about a year earlier.

It was also in 1921 that F. enigmaticus was discovered and described in France,
and discovered at the London docks  Carlton, 1979a!. F. enigmaticus apparently
requires water temperatures of at least 18'C to breed  Obenat k Pezzani, 1994!, and in
Europe it frequently lives in water heated by the cooling water effluent from power
plants  Vaas; 1978!. In the Netherlands its colonies have interfered with lock
operations  Vaas; 1978!.

F. enigmaticus has been collected from many sites in the South, Central and
San Pablo bays, sometimes in dense masses, especially from enclosed lagoons or
protected waters. These sites include Aquatic Park Lagoon in Berkeley  first appeared
between 1942 and 1946, and still abundant!, Alameda Lagoons  abundant in 1971,
scarce in the 1990s!, Berkeley Yacht Harbor �969!, San Rafael and Corte Madera
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Creek �970!, Palo Alto Yacht Harbor and China Camp �974!, Foste Ci y L goons
and Belvedere I.agoons  before 1979!, and the Petaluma River Turning Bsin
abundant in 1993' see Carlton, 1979a, p, 331., for references on the other records!. It is
less abundant now in Lake Merritt than it was in the 1920s and the 1960s-70s.

Newman's �963! report of a serpulid worm "comparable to Merciere/ta
enigmatica" in the seawater system of a naval vessel docked in San Francisco Bay
suggests that it may have been introduced more than once.

Heteromastus filifonnis  Claparede, 1864! [CAPITELUDAE]

Manayunkr'a speciosa Leidy, 1858 [SABBLLIDAEJ

SYNONYMS; Manayunkia eriensis  Krecker, 1939!

Manayunkia speciosa is a freshwater polychaete native to eastern North
America from the westernmost Great Lakes, New York and Lake Champlain in
Vermont south to the Savannah River in South Carolina  Klemm, 1985!. It was
collected from two small, shallow lakes in northern Alaska in 1961 and 1964, and
from Sevenmile Canal in Klarnath County, Oregon in 1964  Hazel, 1966; Holmquist,
1967; Croskery, 1978!. It was first collected in California from the Mokelumne River
near New Hope Landing in the eastern Delta in 1963  Hazel, 1966! Hartrnan's �969!

Heteromastus filiforrnis is native to the Atlantic coast of the United States
from New England to the Gulf of Mexico, and has also been reported from
Greenland, Sweden, the Mediterranean, Morocco, South Africa, the Persian Gulf,
New Zealand, Japan, and the Bering and Chukchi Seas. The wide temperature range
covered by these locations suggests that more than one species may be involved. In
California Heterornasfus was collected from San Francisco Bay in 1936, from Morro
Bay in 1960, possibly from southern California by 1961, and from Bolinas Lagoon by
1969. It was collected from Vancouver Island in 1962, from Coos Bay, Oregon in 1970
 pers. obs.!, and from Grays Harbor, Washington by 1977  Carlton, 1979a, p. 322!.

As with other polychaetes first collected on the Padfic Coast in the 1930s by
Qlga Hartman  including Polydora ligni and Sfrebfospio benedicti in San Francisco
Bay!, Heterornastus fitiformis may have been. present but undetected for many
decades due to the lack of earlier investigations of intertidal polychaetes on this
coast. Thus this mud-dwelling capitellid worm may have been introduced to San
Francisco Bay in the late nineteenth or early twentieth century with Atlantic oysters,
 with which it occurs; Wells, 1961!, or may have been an early ballast water
introduction.Heteromastus filiformis is commonly collected from the far South Bay to the
western half of Suisun Bay at concentrations of 10 to 4000 per square meter, and has
been collected upstream to Pittsburg  Hopkins, 1986; Markmann, 1986!. It is one of
the most common benthic organisms in the shallows of San Pablo Bay and the
channels of the South Bay  Nichols & Thompson, 1985a!.
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report of this species from San Pablo and Suisun bays appears to be based on a
misreading of earlier reports.

This tube-dwelling, colonial worm has neither a resting stage nor a
planktonic or swimming stage that might aid dispersal or transport in water�
young worms mature within the parental tube and emerge as small, crawling adults
to build tubes nearby  Holmquist, 1967; Croskery, 1978!. However, transport in
detritus carried in water may be possible. Hazel �966! suggested that M. speciosa
arrived in the Delta in the water in which freshwater gamefish from the eastern
United States were transported. Hazel �966!, citing Smith �896!, noted as pertinent
the fact that white catfish Ictalurtts  now Ameittrus! catus introduced to the Delta in
1874 were taken from the Schuylkill River, Pennsylvania, the type locality for M.
speciosa. However, although Smith �896! describes these as "white catfish or
Schuylkill catfish," he clearly states that the fish transported to California were taken
from the Raritan River, New Jersey. Thus "Schuylkill" appears to be part of a
common name for these fish, rather than the site from which they were collected

Although most or all of the freshwater fish introduced to California from the
northeastern United States appear to have been planted in the late nineteenth or
early twentieth century  Table 1! and Manayunkia was not discovered in California
until 1963, it is possible that this small polychaete was present and overlooked for a
long time  Holmquist, 1967; Mackie k Qadri, 1971!. Alternatively, it may have been
transported in detritus floating in freshwater ballast.

Martayttnkiu is the fourth most numerous benthic invertebrate collected by
the California Department of Water Resources in the Delta, with densities in the
interior of the Delta of 2,000 to 50,000 individuals/m2. It apparently requires fresh
water and silty substrates, and is found in the eastern portions of the Delta
downstream to Frank's Tract and Rio Vista, with questionable records from * few
stations further downstream  Markmann, 1986; Herbold k Moyle, 1989; Hymanson
et al., 1994!.

Marenzelleria viridis  Verrill, 1873! tSPIONIDAE]

SYNONYMS: Scolecolepis viridis
Scolecolepis ten@is
Scolecolep ides vi ri dis

Marenzelleria viridis is native to the northwestern Atlantic and was collected
in Germany in 1983, probably having been introduced via ballast water  Essink 8c
Kleef, 1993!. It spread though western and northern Europe and into the Baltic Sea,
where it is now extremely abundant. It was first collected on the Pacific coast in Nov.
1991 at Collinsville on the Sacramento River, at which station it has been found
most consistently and abundantly at up to 1700 worms/m2. It has since been
collected from Frank's Tract and the Old River in the Delta downstream to Grizzly
Bay in 1992, in San Fablo Bay in 1995, and in the far South Bay  M. Kellogg, pers.
comm, 1995; W. Fields, pers. comm., 1995; DWR, 1995!. It probably arrived in ballast
water.
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Marphysa sanguinea  Montagu, 1815! tEUNICIDAE]

Nereis sttccirtea  Frey & Leuckart, 1847! [NEREIDAEj

PILE WORM

SYNONYMS: Nean thes sttccirtea
Nereis saltorti Hartman, 1936
Nereis limbata Webster, 1879

This euryhaline "pile worm" lives in a variety of habitats; under rocks, in
mud and sand, in oyster beds and in fouling communities. It is reported from
locations around the world, including the eastern Atlantic and the Mediterranean;
the western Atlantic from the Gulf of St. Lawrence to the West Indies, Gulf of
Mexico and South America; West Africa and South Africa; and the tropical eastern
Pacific from the Gulf of California to Colombia  Carlton, 1979a, p. 295!. These reports
may involve a single species transported synanthropically about the globe, or
multiple, closely-related species.

In California it has been collected from San Francisco Bay  earliest records
from 1896!, the Salton Sea  from 1935!, Tomales Bay �941!, several southern
California bays  from 1952!, and in Oregon from Netarts Bay �976!  Carlton, 1979a!
and Coos Bay �986; pers. obs.!. The San Francisco Bay population probably
originated in the western North Atlantic and arrived in shipments of Atlantic
oysters  with which it occurs on the Atlantic coast; Wells, 1961; Maurer k Watling,
1973! or in ship fouling. It may have been independently introduced to southern
California bays in baUast water or as fouling, or secondarily introduced from San
Francisco Bay by coastal shipping.

Nereis sttccinea is common in San Francisco Bay in waters of less than two
meters depth, generally at concentrations of 10-400 individuals/m>. It has mainly
been collected in the northern Bay from San Pablo Bay to Antioch, and in the far
South Bay below the Durnbarton Bridge  Hopkins, 1986!. It is one of the dominant

Marphysa sattgttinea is regarded as a single cosmopolitan species, but likely
consists of several difficult-to-distinguish but distinct taxa. It is reported from
Europe  from Great Britain to the Mediterranean!, the western Atlantic
 Massachusetts to the West Indies, the Gulf of Mexico, Bermuda and the Bahamas!,
Japan, China, and from Australasia to the Red Sea and Africa, In the eastern Pacific
it has been known from San Francisco Bay since 1969, and from various sites
between Los Angeles and Panazna  Carlton, 1979a, p. 302!. The San Francisco Bay
population may have been introduced from the Atlantic with shipments of oysters,
with which it occurs on the Atlantic coast  Wells, 1961!, or it may have been
introduced in ballast water.Hopkins �969! reported M. sattgttinea as common at concentrations of 10-200
per square meter, but found only in the South Bay south of Hunters Point, and most
commonly in the channels.
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Polydora ligrti Webster, 1879 [SPIONIDAE]

MUD WORM

SYNONYMS: Polydora amarincola Hartman, 1936

Polydora ligrti is native to the northern Atlantic where it is found in
mudflats, fouling  including ship fouling; Hartman, 1961! and oyster beds,
sometimes forming thick mud beds that cause extensive oyster mortalities. In the
Pacific it was first collected in Ladysmith Harbor, British Columbia in 1932  " on
[oyster] cultch sacks"!, in San Francisco Bay in 1933  redescribed as Polydora
amarincola!, and in False Bay on San Juan Island, Washington in 1937. It has since
been reported from other bays and harbors in British Columbia, Washington and
Oregon, and from Drakes Estero, Bolinas Lagoon, Elkhorn Slough, Morro Bay,
Mugu Lagoon, Santa Monica Bay, Los Angeles/Long Beach Harbors, Alamitos Bay,
Anaheim Bay, Santa Catalina Island, Mission Bay and the Salton Sea in California
 see Carlton, 1979a, p. 306, for references!. There are a few records, questioned by
Carlton �979a!, from Mexico,

As with Heteromasttts filiformis, Polydora ligrti could have been transported
to the Pacific coast with Atlantic oysters decades earlier and overlooked, or
transported in ballast water  larvae of Polydora species have been found to survive
transport in ballast tanks; Carlton, 1985, p. 345!, or possibly in ship fouling.
Considerable movement between embayments along the coast may have occurred
with shellfish transplants or coastal shipping. In San Francisco Bay it has been
collected from the far South Bay to Carquinez Strait  Light, 1977, 1978!, and is one of
the more common benthic organisms in the shallows of San Pablo Bay and the
channels of the South Bay {Nichols & Thompson, 1985a!.

Potamilla sp. [SABELLIDAE]
This worm was first collected in June 1989 at Sherman Lake in the western

Delta by the California Department of Water Resources. It has been found from
Frank's Tract and the Old River in the Delta downstream to Grizzly Bay, and is most
common at or just upstream of the confluence of the Sacramento and San Joaquin

benthic organisms in Suisun Bay  Nichols k Thompson, 1985a!. As discussed by
Oglesby �965!, the native worm Nereis vexillasa occupies more marine waters in
the Central Bay and the native Nereis limnicola occupies fresher waters in the Delta.
Nereis succirtea may thus have squeezed in between two existing pile worm
populations, with each population restricted by a combination of physiological
limitations and competition with its neighbors.

Recher �966! noted Nereis succirtea in the diet of shorebirds in the South
Bay, and Oglesby �965b! reported on infection by the trematode parasite Parvatrerrta
borealis along the East Bay shore. Carlton �979a! summarizes other research on the
worm's physiology and ecology.
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Rivers, where it has reached densities of over 16,000/m2  W. Fields, pers. comm.,
1995; DWR, 1995!. Its absence from Delta samplings in previous decades suggest a
relatively recent introduction. It was probably introduced in ballast water.

Pseudopolydora kempi  Southern, 1921! [SPIONIDAE]

SYNONYMS: Neopygospio laminifera Berkeley & Berkeley, 1954
Pseudopolydora kempi californica Light, 1969
PseudopoIydora kempi japonica Imajima & Hartman, 1964

This spionid worm has been reported from Mozambique, India, Japan and the
Kurile Islands, in waters ranging from marine salinities down to 6 ppt  Light, 1969!.
It was first collected in the eastern Pacific in 1951 at Nanaimo, British Columbia, and
later from False Bay, San Juan Island �968! in Washington and Yaquina Bay �974!,
Netarts Bay �976! and Coos Bay �977; JTC, pers. obs.! in Oregon. In California it
appeared in Morro Bay �960!, Bolinas Lagoon �967!, San Francisco Bay �972!, and
Bodega Harbor, Tomales Bay and Anaheim Bay �975!  references in Carlton, 1979a,
p. 310!. Many of these sites have received shipments of the oyster Crassosfrea gigas
from Japan, possibly containing this worm. Alternatively it couM have been
transported in ballast water or ship fouling.

Light �969! found that the California specimens more closely resembled
Indian than japanese P. kempi. In California P. kempi occurs intertidally and
subtidally on mud and sand. It has been collected in San Francisco Bay from the far
South Bay to the western end of Carquinez Strait  Light, 1977, 1978!.

Pseudopolydora paucibranchia$a  Okuda, 1937! [SPIONIDAE]

SYNONYMS: Polydora paucibranchiata

P, paucibranchiata was described from Japan. It was first reported from
Australia in 1973  Carlton, 1985! may also be present in New Zealand. It was
reported from Los Angeles Harbor in 1950 and thereafter from other southern
California sites: Newport Bay in 1951, San Diego Bay in 1952, Alamitos Bay in 1958,
Anaheim Bay and Santa Barbara in 1975, and Mission Bay  in densities up to 60,000
individuals/m2! by 1981  Carlton, 1979a; Levin, 1981!. It was collected in South San
Francisco Bay  Hunters Point and Oakland Inner Harbor! in 1973, Elkhorn Slough,
Bodega Harbor and Tomales Bay in 1975  where it "may be the dominant spionid
polychaete on many sand flats," Blake, 1975!, and Netarts Bay, Oregon in 1976  Light,
1977; Carlton, 1979a, p. 312!.

Summarizing recent studies, Light �978, p. 200! showed P. paucibranchiata
collected from the South Bay to the western end of Carquinez Strait. It may have
been introduced to the northeastern Pacific in ballast water or in fouling on ships,
possibly related to increased ship traffic during or after the Korean War, or with
japanese oysters,
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Sabaco elongatus  Verrill, 1873! [MAI.DANIDAEj

BAMBOO WORM

SYNONYMS: Asychis elongata
Asychis arnphiglypta  Ehlers!
Maldane elongata
Maldanopsis elongata
Brachioasychis col mani
Brachioasychis americana

This common "bamboo worm" is native to the western Atlantic from Maine
to Florida, the Gulf of Mexico and British Honduras  Light, 1974!. It was first
reported from south San Francisco Bay in 1960  Berkeley & Berkeley, 1960! and
probably collected in the 1950s  Carlton, 1979a, p. 324!. It is now extremely common,
typically found in concentrations of 10-1,000 individuals/m~ at most stations from
the far South Bay to mid-San Pablo Bay, and in concentrations of 1,000-5,000
individuals/m2 along the eastern shore of the Central Bay. It is not found upstream
of San Pablo Bay  Hopkins, 1986!.

Light �974! suggested that Sabaco was introduced with Atlantic oysters. As
there had been no systematic subtidal benthic sampling in San Francisco Bay since
the 1912-13 Albatross survey, it is conceivable that it was a late introduction with
oysters in the 1920s or 1930s and overlooked for 30 years. Alternatively, it may have
been introduced with ballast water.

Streblospio benedicti Webster, 1879 [SPIONIDAEj

SYNONYMS: Streblospio lutincola Hartman, 1936

Sfreblospio benedicti is common in the western Atlantic, ranging from the
Gulf of St. Lawrence to the Gulf of Mexico and Venezuela, and is also found in
northern Europe and the Mediterranean and Black seas. It was collected at Berkeley
in San Francisco Bay in 1932, in Tomales Bay and Bodega Harbor by 1936, and in
subsequent years in several other estuaries south to Newport Bay and north to Grays
Harbor, Washington  records in Carlton, 1979a, p. 314!. As with Polydora ligni, the
other spionid discovered in San Francisco Bay in the 1930s, Streblospio could have
been introduced with Atlantic oysters  with which it occurs on the Atlantic coast;
Wells, 1961; Maurer & Watling, 1973!, in ballast water, or possibly in ship fouling,
and moved along the Pacific coast with shellfish transplants or coastal shipping.

In San Francisco Bay Streblospio benedicti has been collected from the far
South Bay to Antioch, commonly at densities of 1-10,000 individuals/m in the
channels and up to 50,000 or more individuals/m2 in near shore areas, especially in
constricted cmbayments  Light, 1978; Hopkins, 1986!. It is one of the most common



benthic organisms in the shallows of San Pablo Bay and the channels of the South
Bay  Nichols & Thompson, 1985a!.
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Busycotypus canaliculatus  Linnaeus, 1758! [MELONGENIDAE]

CHANNELED WHELK

SYNONYMS: Busycon canalicutatum
Busycon pyrum

The channeled whelk, a native of the western Atlantic from Massachusetts to
Florida, is now by far the largest snail in San Francisco Bay. As discussed by Carlton
�979a!, Stohler �962! stated that the whelk was first collected in the Bay at Alameda
in 1948, but specimens from Berkeley at the California Academy of Sciences may
have been collected as early as 1938. There are records and frequent observations of
the whelk on the eastern shore of the Bay from Alameda and Bay Farm Island to
Berkeley, and on the western shore from Belmont Slough to Candlestick Point. One
specimen was collected in 1953 from the Tiburon Peninsula in Marin County
 Stoh]er, 1962, Carlton, 1979a, p. 397!.

The channeled whelk feeds on bivalves, It produces distinctive strings of egg
cases that release crawling  nonplanktonic! snails. Natural dispersal may be
achieved by floating egg cases, one string of which was collected at Bolinas Lagoon.
The whelk may have been introduced to San Francisco Bay with some of the later
and smaller shipments of Atlantic oysters  with which it occurs on the Atlantic
coast; Wells, 1961; Maurer & Watling 1973!, but could also have been released from a
private or school aquarium.

Cipangopatudina chinensis matteata  Reeve, 1863! [VIVIPARIDAE]

CHINESE MYSTERY SNAIL

SYNONYMS; Vivi parus malleatus
Cipangopaludina mat teafa
V ivi par us stel map hor us Bourg ui gna t

A long history of revisions and disagreements over identification, reviewed
here with regard to Bay and Delta area specimens, leaves it unclear whether one or
two  or possibly more! species of Japanese or Chinese viviparids have been
introduced into California.

In 1S92 Wood reported buying live snails from Japan at a Chinese market in
San Francisco, at a price of ten cents per dozen, and found "that each specimen
contained inside, from twelve to eighteen young shells." The snails were identified
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by W. J. Raymond as Palttdina japonica Martens. Wood's specimens were later
separated by Tien-Chien Yen at the California Academy of Sciences into three lots
identified as Vivipttrus japonictts, Viviparus japorticus inakarva and Viviparus
stelrrtaphorus. The last of these is accomparued by Wood's business card with the
notation: "Bought alive for 10 cents a dozen at a Chinese vegetable store on Wed.
morning, Nov 18/91- Came from China." Stearns �901! described Wood's snails as
"being part of the first lot brought alive from Japan, where they are collected in the
rice-fields near Yokohama, and are sold for a few cents a quart."

Sorenson �950! recalled purchasing Viviparus tnalleaftts in Fresno's
Chinatown in 1895 which "had been imported from Chinese rice fields to Fresno for
the thousands of Chinese vineyard workers there." In 1901 Stearns reported
receiving a few snails from the San Jose or Mt. Hamilton area "a year or more ago."
One living specimen was examined and identified by Pilsbry as "Vivipara
steltrtaphora Bgt.  =V. malleata Rve.!." Later Hannibal �908! found no viviparids in
the Mt. Hamilton area, but between San Jose and San Francisco Bay collected snails
identified by Dali as Vivipara lecythoides Bensen. He reported these as "introduced
by the Chinese fifteen or twenty years ago" and "cornrnon where planted, but
spreads slowly." A few years later, Hannibal �911! reported that on re-examination
both these snails and Wood's snails in Raymond's collection were Viviparrts
rnalleatus Reeve, which he said were "brought from Yokohama and originally
planted between Alameda and Centerville ta small town 18 miles east of Fresno] to
supply the markets of San Francisco Bay...whence colonies have been distributed to
a number of points in the Sacramento-San Joaquin Valley as well. This is verified by
specimens from an irrigating ditch near Fresno." However, Hannibal reported that
he also found Vivipara japonica, "readily distinguished from malleafus," in an
irrigation ditch at Hanford, about 30 miles southeast of Fresno.

The first record of introduced viviparids within the study zone consists of
five shells at the California Academy of Sciences, labeled as malleata, collected from
a slough near Holt in the Delta in 1938. Other specimens from within or near the
Delta include eight snails collected from a canal north of Stockton in 1933, three
snails from Victoria Island in 1941, eight snails from Sycamore Slough in 1946, and
two undated snails from a slough near Stockton, all labeled as rnalleata. Greg �948!
reported finding a few live and many broken shells of Vivipara malleata in
irrigation ditches near Stockton, speculating that muskrat may have been eating the
snails. Sorenson �9SO! reported collecting Viviparus rttalleatus from an irrigation
canal 60 miles northwest of Fresno in 1948. Also, the wet collections at the
California Academy of Sciences include two viviparid snails labeled Bellamya
japo»ica that were collected at Stockton in 1968.

Hanna �966!, referred all existing western North America records to
Viviparus stelmaphorus, based on finding enough variation in shell morphology in
specimens from a single locality to encompass records that had been reported as
rnaileata, japonica, irvakawa or lecythoides. He reported that the snails were still for
sale in San Francisco markets and very abundant throughout the Delta and in
irrigation canals, and in Mountain Lake and Stow Lake in San Francisco.

Taylor �981! assigned these various California records to two species,
Bellamya japonica  including Wood's 1891 market specimens, Hannibal's 1911
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Hanford record, and records from Mountain Lake! and Cipangopaludina chinensis
rnalleata  apparently including all other California records known to him!, which
he listed as occurring in irrigation ditches, sloughs and ponds from the Central
Valley and San Francisco Bay area to southern California. He reported both species
present in California since 1891.

Based upon these records, we conclude that the Chinese mystery snail is
established in the study region. The current distribution and status of the Japanese
mystery snail  placed in Bellamya by Taylor �981! and in Cipangopaludina by
Turgeon et al, �988!! remains to be determined in the Bay area.

Viviparid snails from these one or more species have been reported from
many other North American locations, including: the Chinese market at Victoria,
British Columbia  Pilsbry k Johnson, 1894!; Muddy River in Boston's Fenway  from
1914 to at least 1942!; Worcester, Massachusetts �917!; Philadelphia �925!, at St.
Petersburg, Florida and near Niagara Falls �942!; Ottawa, Sioux City, Iowa and
Seattle �943!; near Agassiz, British Columbia  collected by 1948, but reportedly
planted in 1908!; Lake Erie �940s!; Jefferson County, Washington �964!; and Hawaii
 by 1976!  La Rocque, 1948; Abbott, 1950; Mills et al., 1993; and specimens at the
California Academy of Sciences!. These snails are both used as food items and
commonly sold by dealers of aquarium fish, which has Undoubtedly helped to
spread them  La Rocque, 1948; Abbott, 1950!. They were reportedly introduced to
Sandusky Bay, Lake Erie to feed channel catfish in the 1940s, and became so
abundant by the 1960s that they were a nuisance to commercial seine fisherman,
who reported sometimes catching two tons in a single seine haul  Wolfert &
Hiltunen, 1968!.

Crepidttla convexa Say, 1822 [CALYPTRAEIDAE]

CONVEX SLIPPER SHELL

SYNONYM[: Crepidula glauca Say, 1822

This slipper shell is native to the western Atlantic, where it is found from
Nova Scotia to Florida and Puerto Rico. It was first collected in San Francisco in
1898, from oyster beds, and was almost certainly introduced in shipments of Atlantic
oysters  with which it occurs on the Atlantic coast; Wells, 1961!. In San Francisco Bay
Hopkins �986! reported Crepidula spp. mainly from the South Bay, where C.
canvexa is commonly found on shells of the native oyster Ostrea Iurida and the
Atlantic mudsnail Ilyanassa obsaleta. It is not known from any other Pacific coast
site  Carlton, 1979a, p. 370!.

Crepidula plana Say, 1822 [CAI.YPTRAEIDAE]

EASTERN WHITE SLIPPER SHELL
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Ilyartassa obsoleta  Say, 1822! [NASSARIIDAE]

EASTERN MUDSNAIL

SYNONYMS: Rassarius obsolefus

This mudsnail is native to the western Atlantic from the Gulf of St. Lawrence
to Florida, It was introduced to the Pacific Coast with shipments of Atlantic oysters
 it is reported from oyster beds on the Atlantic coast; Wells, 1961!, and was first
collected in San Francisco Bay in 1907 from beds of Atlantic oysters at Alameda.
Carlton �979a! suggests that it was probably introduced between 1901 and 1907, as its
presence in the Bay was unlikely to have been missed for very long due to the
intensive activities of shell collectors in the area beginning in the 1890s.

Ilyartassa has also established breeding populations in Willapa Bay,
Washington and Boundary Bay, British Columbia, first reported in 1945 and '1952
respectively but possibly present for a considerable time earlier, It has also been
reported from but apparently not established populations in five additional Pacific
Coast sites, as discussed by Carlton �979a, p. 404!: Tomales Bay �920s-1930s?!,
"Bolinas Bay" �920s or earlier!, Humboldt Bay �930!, Birch Bay, British Columbia
�950s!, and one specimen from Bodega Bay �968!.

Ilyanassa is today the dominant mudflat gastropod in San Francisco Bay
 Nichols & Thompson, 1985b!, and is also sometimes abundant m salt marshes and
marsh sloughs and on pilings. Hopkins �986! reported it mainly from the southern
part of the South Bay and from San Pablo Bay, and we have also seen it abundant at
Alameda. Although intensively studied in the Atlantic  with, for example, studies
demonstrating significant effects on mudflat community structure and sediment
composition  Grant, 1965; Sibert, 1968!!, there has been relatively little work on the
Pacific Coast. Ilyanassa is listed or mentioned in many faunal surveys and checklists
and bird diet studies  e. g. Painter �966! lists it an important food of diving ducks,
but Williams �929! and Moffitt �941! found it to be a minor or negligible food for
California clapper rail!, and a few studies contain brief notes on its ecology
 Carpelan, 1957; Filice, 1959a; Quayle, 1964a; Vassallo, 1969!. Its distributional ecology

Crepidula plana is native to the western Atlantic with a recorded range from
Prince Edward Island to South America. It was first reported on the Pacific Coast
from the eastern shore of San Francisco Bay in 1901, where it was probably
introduced with shipments of Atlantic oysters  with which it occurs on the Atlantic
coast; Wells, 1961!, and was found in Willapa Bay and Puget Sound in the 1930s and
1940s  Carlton, 1979a, p. 376!. C. plana is similar to and may be mistaken for the
native flat slipper shells C. perforans and C. nummaria, and in fact went unreported
in the Bay, though occasionally collected and misidentified or unnoticed, for many
decades after its initial sighting. It is found considerably further into the estuary than
the native slipper shells which are restricted to the outer, more marine portions of
the Central Bay. On both the Atlantic coast and in San Francisco Bay, C. plana is
common on the inside of hermit crab-occupied snail shells,
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in Lake Merritt is the subject of an unpublished master s thesis  Gilmore, 1935!.
Grodhaus and Keh �959! found it to harbor five species of trematode flatworms,
including the schistosome Austrobilharria variglandis which is responsible for
"swimmers' itch." Race �979, 1982! demonstrated competitive displacernent and
predation of the native hornsnail Cerithidea califorrtica, as discussed in Chapter 6.

Li t farina saxati lis  Olivi, 1792! [LITTQRINIDAE]

ROUGH PERIWINKLE

This common north Atlantic snail was first collected in San Francisco Bay by
J. Carlton in May of 1993 on the shore of the Emeryville Marina. This site is adjacent
to a public boat ramp and dock, and L. saxatiIt's was likely introduced in the seaweed
used to pack live marine baitworms shipped from Maine and discarded by anglers.
We have repeatedly found live L. saxatitis in the seaweed  Ascophyllum rtodosum
and occasionally other fucoid seaweeds! packing baitworms shipped to Newport Bay
and San Francisco Bay  Carlton, 1979a; Lau, 1995; ANC, pers. obs.!. As many as over a
million Maine baitworms are shipped to the Bay Area each year  Lau, 1995! packed
in seaweed containing many millions of living invertebrates from many phyla, so
that this may be a transport vector of some significance  also see Miller, 1969!.

We have irregularly visited and collected a total of about 100 live Littorina
saxatifis from the shore of the Emeryville Marina, where the snails were abundant
intertidally in 1993 and 1994, and scarce in 1995, in the crevices of rocky debris along
about 10 meters of shoreline. They have not been observed. elsewhere in the Marina
or the Bay. They produce "crawl away" larvae, and could spread as eggs or snails on
rafting seaweed.

Melanoides tuberculata  Miiller, 1774! [THIARIDAE]

RED-RIM MELANIA

SYNONYMS: Thiara tuberculata

Melanoides tuberculata is a freshwater snail native to the region from Africa
to the East Indies. It was introduced to the United States through the aquarium trade
and was first reported from California in 1972 from a drainage ditch in Riverside
County  Taylor, 1981!, The California Department of Water Resources has collected
it from several sites in the Delta since December 1988, at densities of up to 754
snails/m2  DWR, 1995!.

Urosalpinx cinerea  Say, 1822! [MURICIDAE!

ATLANTIC OYSTER DRILL
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Urosalpinx cirterea is native to the northwestern Atlantic from the  ;ul f of St.
Lawrence to Florida. It was introduced in shipments of Atlantic oysters to San
Francisco Bay, where it was first collected from oyster beds at Belmont m 189p
 Steams, 1894!. It has been collected from many other bays in the northeastern
Pacific, and is currently established in Boundary Bay, British Columbia  first record
1931!, southern Puget Sound �929!, Willapa Bay �948!, Tamales Bay �935! and
Newport Bay  pre-1940s?!  Carlton, 1979a, p. 384!. As Urosa/pirtx 's larvae are not
pelagic, most of these sites represent either independent introductions from the
Atlantic or intracoastal, human-aided transfers from other bays, including
commercial shipments of oysters and other bivalves along the coast. Within San
Francisco Bay, Hopkins �986! reported Urosalpinx only from the South Bay.

Urosalpirtx eats barnacles, mussels and bryozoans as well as oysters. Although
in some studies the drill has apparently preferred barnacles or mussels to oysters
 Haydock, 1964; Carlton, 1979a!, its impacts on oysters, especially on oyster spat, can
be substantial  Haydock, 1964!.

Boonea bisufuralis  Say, 1821! [PYRAM!DElLIDA]

TWO-GROOVE ODOSTOME

SYNONYMS: Merjesfho bisufuralis
Odostomia bisufuralis
Odostomia fetella

Boo@ca bisufuralis is native to the western Atlantic from the Gulf of St.
La~ rence to Delaware, where it is an ectoparasite both of the Atlantic oyster
Crassosfrea virginica and of a number of bivalves and gastropods that were
transported to San Francisco Bay with shipments of Atlantic oysters. It was reported
in San Francisco Bay in 1977 associated with the Atlantic rnudsnail Ilyanassa
obsoleta and the native hornsnail Cerithidea californica on the Fremont shore
 Race, pers. comm.!, and reported as common on a far South Bay mudflat  Nichols
& Thompson, 1985b!. Odosfomia fetella reported from San Pablo Bay  Filice, 1959!
and Suisun Bay  Markman, 1986! may also be this species, Carlton �979a, p. 435!
argues that Boottea bisuturalis was probably introduced with oyster shipments in
the 19th or early 20th century, and remained unreported because of incomplete
systematic work on the Odosfomia complex in the northeastern Pacific. He predicts
that early collections of Boottea bisuturalis and possibly other species of Atlantic
odostomids will be found when unsorted, unidentified or misidentified material in
museum collections is systematically worked up by specialists.

Although, based on its associations, Boonea was probably an introduction
with oyster shipments that remained unrecognized for many year' s, it might possibly
have been a later introduction in ballast water.
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Catriorta rickettsi Behrens, 19S4 [TERGIPEDIDAE]

SYNONYMS: Trinchesia sp. Behrens h Tuel, 1977

Catriona rickettsi was first collected in San Francisco Bay from Pete's Harbor,
San Mateo County in 1974, where it is associated with and presumably feeds on the
hydroid Tubularia crocea  Behrens ice Tuel, 1977; Behrens, 1984!, and was
subsequently collected from La Jolla  Behrens, 1980!. In 1995 it was collected on
Tubularia marina on the ocean side of the UmpcIua River jetty in Oregon 0.
Goddard, pers, comm., 1995!, The most likely means introduction is in ballast water
or transported as eggs on ship fouling. Its origin is unknown.

Cuthona perca  Marcus, 1958! [TERGIPEDIDAE]

LAKE MERRITT CUTHONA

In California, Cuthona perca is known only from Lake Merritt, where it feeds
on the introduced Japanese anemone Hatiptarteita lineata  Carlton, 1979a, p. 431, as
Trinches~'a sp.! It is reported from Brazil, Jamaica, Miami, Barbados, New Zealand
and Hawaii  Behrens, 1991!, The most likely mechanisms of transport are either in
ballast water or as eggs on ship fouling,

Eubra<1chus misakiensis Baba, 1960 [EUBRANCHIDAE]

MISAKI BALLON AEOLIS

Okenia pla~ia Baba, 1960 [GONIODORIDIDAE]

FLAT OKEIVIA

Eubra>fichus misakensis was described from Japan in 1960 and collected at the
San Francisco Municipal Marina in !962  Behrens, !97!; Gosliner, 1985!. It occurs on
boat floats and docks and silty-clay bottoms throughout the Bay, where it is found
with and apparently feeds on the hydroid Obelia,  Carlton, !979a, p. 433; Behrens,
1971, 1991!. It tnay have been introduced in ballast water or as eggs on ship fouling,
or possibly with shipments of Japanese oysters and overlooked for a few decades.
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Okenia was f'rst ~eported from San Francisco Bay by Jom Steinberg in 1960
 the s me ye r it was described from Japan!, based on coi}ectior in the 195ps. It has
aho been rePorted from San Qnofre, Qrange County  Goslmer, 1995!. It occurs on
floats and pilings among fouling and with egg cases on a membraniporid bryozoan
 tentatively ide tified as Conopeum terruissimum!, on rock on mudflats, an
ubtidally in San Francisco Bay, where it has been reported f om the South Bay  palo
Alto Ya&t Harbor, Crown Beach in Alameda!, Central Bay  Berkeley pier anc} Yacht
Harbor, San Francisco Yacht Harbor! and San pablo Bay  Pont Richmond and China
Camp!  Carlton, 1979a, p. 425' ANC, pers. obs.!. Carlton �979a! suggests that it was
Probab}y mtro«~ with shiPPing from Japan, either in ballast water or as eggs on
fouling, Pe haPs related to increased trans-Pacific ship traffic during and after the
Korean War. Alternatively it coulci have been introduced with shipments o
japanese oysters and overlooked for a couple of decades

Philirte auriformis Suter, 1909 [PHII INIDAE]

TORTELLINI SNAIL

Philirte auriformis is native to New Zealand and possibly southern Australia,
and was first identified from San Francisco Bay in july, 1993. It had been collected
from the South Bay for about a year prior to its recognition as an introduced species
 i.e. since about the summer of 1992! in trawls by the Marine Science Institute of
Redwood City, USGS and CDFG  K. Grimmer, J. Thompson and K. Hieb, pers.
comm,!, By 1994 it was regularly collected in otter trawls and benthic samples from
the Central Bay  P, Donald, pers comm.; ANC, pers. obs.!, and snails and. egg masses
 which successfully hatched in the laboratory! were collected from intertidal
mudflats in Bodega Harbor, 120 km north of the entrance to San Francisco Bay, in
April, 1994. As it is not known from fouling, Philine was probably introduced to
California via ballast water  Gosliner, 1995!.

All specir.;ens were taken from fine, silty mud, Stomachs contained
fragments of bivalve shells, Nutricula  =Transennella !tarttilla artd N. confuse in
Bodega Harbor and possibly the introduced bivalve Gemma gemma in San
Francisco Bay  Gosliner, 1995!.

Sakuraeolis enosimertsis  Baba, 1930! [FACELINIDAE]

WHITE-TENTACLED JAPANESE AEOLIS

SYNONYMS: Coryphella sp. Behrens, 1980

Sakuraeolis ertosimertsis is native to japan and was first collected in
Francisco Bay in 1972, It is common and widespread in the southern portions of San
Francisco Bay  Gosliner, 1995!, where it feeds on the hydroid Tubularia crocea
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growing on boat docks  Behrens, 1991!. It couM have been introduced in ballast
water or as eggs on fouling.

Tenellia adspersa  Nordmann, 1845! ]TERGIPEDIDAE]

MINIATURE AEOLIS

SYNONYMS: Tenellia pallida  Alder & Hancock, 1854!
Fmbletonia sp. Alder & Hancock, 1851

Tenellia adspersa is widespread in European and Mediterranean waters and
recently reported from Chesapeake Bay and Brazil, with a single 2 mm specimen
reported from Japan  Carlton, 1979a!. It was first collected from the Pacific Coast of
North America at Point Richmond in San Francisco Bay in 1953, and later from the
Richmond and Berkeley Yacht Harbors, Lake Merritt, San Leandro Bay, Sausalito
and South Beach Harbor, San Francisco  Carlton, 1979a, p. 428; Jaeckle, 1983; ANC,
pers. obs.!. It is now known from Coos Bay to Long Beach  Gosliner, 1995!.

In Europe it is reported to range from waters of ocean salinity to "quite fresh
water" and feeds voraciously on a variety of hydroids including the freshwater
hydroid Cordylophora caspia  Roginskaya, 1970!, which is introduced to and
common in the Delta. In San Francisco Bay Tenellia adspersa apparently feeds on
the introduced hydroids Tubularia crocea  Carlton, 1979a; Behrens, 1991! and Obelia
dichotoma  Jaeckle, 1983!. Carlton �979b! suggested that it was probably introduced
from Europe by shipping, either in ballast water or as eggs on fouling.

~ulmonata

Ovatella myosatis  Draparnaud, 1801! [MELAMPIDAE]

SYNONYMS: Alexia sefifer Cooper, 1872
Alexia setrfer var. tenuis Cooper, 1872
Phytia myosotis

Ovatella myosotis occurs on both coasts of the north Atlantic, but may have
been introduced to the western Atlantic in the late 18th or early 19th century
 Berrnan & Carlton, 1991!. It was first collected from San Francisco Bay in 1871,
probably introduced with Atlantic oysters, although possibly carried in wet ballast or
wedged into holes or cracks in the wooden hulls of sailing vessels. Failure to find it
earlier in San Francisco Bay despite intensive prior sheU collecting in the area, plus
the initiation of Atlantic oyster shipments with the completion of the
transcontinental railway in 1869, suggests that Q. myosotis was introduced not long
before its discovery, probably in 1869-1871.

0, myosotis was collected in HumboMt Bay in 1876, in San Pedro Harbor in
southern California in 1915, and in Washington state in 1927. It has now been
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recorded from numerous Pacific coast bays and estuaries horn Boundary Bay, Britis
Columbia to Scammons Lagoon, Baja California  Carlton, 1979a, p. 414!- Since 0

osotis lac s planktoruc larvae. these additional sites resulted from transport
either on coastal shipping or in replantings of oysters, or from separate
introductions from the Atlantic.

0 myosotis is absent from Pacific coast Pleistocene deposits but there is one
anomalo us report by Gifford �916! of this snail in an aboriginal shellmound on the
shore of San Francisco Bay. Carlton �979a! doubts this is pvatella, and Gifford's
material has been lost.

0, myosotis is euryhaline and lives under boards and debris near the high-
tide line of salt marshes and protected beaches in lagoons and bays. The snail has
been studied in Europe but largely ignored in North America. On the Pacific coast it
has been reported from the stomachs of willets  Catoptrophorus semjpalmatus!
 Stenzel et al., 1976!. Carlton �979a! noted that its co-occurrence in various Pacific
coast sites with several species of native and introduced snails provided suitable
systems for the study of competitive interactions between native and introduced
species. Herman and Carlton �991! found dietary overlap with the native snails
Assimirtea californica and Littorina subrotundata in Coos Bay, Oregon, but no
evidence of competitive superiority by O. myosotis, and concluded that its
establishment was not at the expense of the native snails,

MOLLUSCA: BIVALVIA

Arcuafula demissa  Dillwyn, 1817! [MYTILIDAEf

RIBBED MUSSEL, RIBBED HORSE MUSSEL

SYNONYMS: lschadium demissum
Modiolus demissus

Geukensia demissa

Volsella demiss us
Brachidontes dernissus
Modiolus plicatulus Lamarck, 1819

Arcuatula demissa  more commonly known as Ischadjum demjssum on the
Pacific coast and as Geukensia demissa on the Atlantic coast! is native to the
northwest Atlantic, commonly found in salt marshes from the Gulf of St. Lawrence
to North Carolina, Southward it is replaced by a subspecies, Arcuatula demissa
granossisjmum. It was first collected in the Pacific from south San Francisco Bay in
1894  Stearns, 1899!, probably introduced with Atlantic oysters  small Arcuatula are
commonly found on oysters m the Atlantic; Wells, 1961; Maurer 8z Watling, 1973!. It
has since been collected from four other sites: Newport Bay  first collected in 1949!,
Alamitos Bay �957! and Anaheim Bay �972!  Reish, 1968, 1972; Carlton, 1.979a, p.
440!. Questionable or probably adventitious specimens from other Pacific coast bays
are discussed by Carlton �979a!-
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Arcuatula has become one of the most abundant bivalves in San Francisco
Bay. De t root �927! reported that "countless millions of these small mussels cover
the edges and sometimes the entire bottoms of the gutters and creeks of the west Bay
marshes." Pestrong �965! found in the Palo Alto area that they "effectively rip-rap
channel banks when they form in large colonies, as is often the case." Carlton
�979a,b! found Arcuatula lining the base of concrete retairung walls at Lake Merritt,
a brackish lagoon in Oakland. Arcuatmla is common and often abundant in salt
marshes from the South Bay to San Pablo Bay, where it frequently lies embedded
with its posterior margin protruding above the mud.

This "endobyssate" habit has resulted in a curious reported effect on the
endangered California clapper rail  Rallies longirostris obsoletus!. Ue Groot �927!
reported that the toes or probing beaks of rails are caught and clamped between the
exposed, slightly gaping valves of the mussel. He reported that almost every rail
examined over the preceding twenty years was missing one or more toes,
presumably from this cause, that others had had their beaks clamped shut and died
of starvation, and estimated that an average of one or two chicks per brood were
caught by mussels and drowned by the incoming tide. More recent observers note
that clapper rails in San Francisco Bay are frequently missing one or more toes
 Moffitt, 1941; Josselyn, 1983; Takekawa, 1993!, and Takekawa �993! reported that a
rail captured in the Palo Alto marshes with a mussel clamped onto its bill
subsequently lost part of its bill, On the other hand, Moffitt �941! found that
Arcuaf ala formed 57 percent by volume of the total food in 18 clapper rail stomachs
that he examined in 1939, and Recher �966! and Anderson �970! recorded
Arcr~afula from the stomachs of willet and dunlin in the South Bay.

Corbicnla fluminea  Muller, 1774! [CQRBICULIDAE]

ASIAN CLAM, ASIATIC CLAM

SYNONYMS: Carbicula fluviafalis  Muller, 1774!
Corbicula rnanilensis  Philippi, 1841!, Corbicula leana  Prima, 1864! and
Corbicula sinensis as reported in North America, and many other
names in Asia; see Prashad �929!, Morton �979!, Britton & Morton
�979!, and Woodruff et al. �993! for extensive synonymies

This freshwater clam is native to China, Korea and the Ussuri Basin in
southeastern Siberia  Ingram, 1948!, with closely related and possibly conspecific
populations in Japan  Britton & Morton, 1979!. The earliest North American record
consists of three shells collected on the beach at Nanaimo, British Columbia in 1924,
though no further specimens have been reported from Canada  Counts, 1981!.
Corbicula was next collected from the mouth of the Columbia River in 1938
 McMahon, 1982!. It was reported from the Delta in 1945  Hanna, 1966! and
v idespread there by 1948  Ingram, 1948!, and reached the Imperial Valley in
southeastern California by 1952  McMahon, 1982!.
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From southern California Corbicula spread eastward to Arizona by 1954
 Ingram, 1959!, and to near El Paso in west Texas by 1964  McMahon, 1982!,
Meanwhile, Corbicrtla was collected from the Ohio River near Paducah, Kentucky in
1957, which McMahon �982! suggests initiated a second zone of dispersal irt North
America. By the end of the 1960s Corbicula had spread through the lower
Mississippi and Ohio river valleys, into southeast Texas and Oklahoma, and along
the Gulf coast from Louisiana to southern Florida, and by the mid-1970s had spread
up the Mississippi Valley to northern Iowa and along the Atlantic coast from
Florida to New Jersey. By the early 1980s, Corbtcula was found in 35 of the United
States and in northern Mexico  McMahon, 1982!. Corbicrtla was reported from South
America, France and Portugal in 1981, and a specimen was collected from a stream
in Oahu, Hawaii in 1992  Araujo et al., 1993; Burch, 1994!.

Although for many years the Corbicttla in North America were described as
belonging to at least three different species, in 1979 Britton 6 Morton argued that
only one species is involved, the highly variable Corbicttla flutrtirtea, a view that
has generally been accepted since. Corbicuia from California, Texas, Arkansas,
Tennessee and South Carolina showed no genetic variation between populations at
18 loci, 14 of which were polymorphic in some Asian Corbicttla  Smith et al., 1979!.

Since Corbicrtla are cultivated and sold as food in many Asian countries,
many researchers have suggested that it was deliberately introduced to establish a
food resource  e. g. Ingram, 1948; Hanna, 1966; Britton k Morton, 1979; McMahon,
1982!, or possibly introduced through the aquarium trade  Ingram et al., 1964!. Some
researchers have suggested that it was introduced with Japanese oysters  Burch, 1944;
Hill, 1951; Filice, 1959!, but since Corbicrtla is mainly a freshwater organism, this
seems unlikely.

Corbicrtla's spectacular spread within and between watersheds in North
America may have resulted from transport for use as bait, food or aquarium pets, or
in river gravels dredged for use as aggregate  Ingram et al., 1964!, although
McMahon �982! argues that natural means of dispersal were paramount, including
passive downstream transport of juveniles in currents, upstream transport in fish
stomachs, and upstream or between-watershed transport on birds. Corbicula are
fairly hardy, tolerating several months without food  Hanna, 1966! and 7-27 days out
of water  McMahon, 1979!. One specimen was mailed, dry, in an envelope from
Pennsylvania to Washington state for identification and mailed back without ill
effect  McBane, pers. comm., 1995!.

The use of Corbicula in aquaculture or for wastewater clarification, in either
commercial or experimental applications as on St, Croix, Virgin Islands  Haines,
1979!, may serve to introduce the clam to new locations in the future.

Corbicula is today the most widespread and abundant freshwater clam in
California, found throughout lower elevation waters, the dominant mollusk and
the third most abundant benthic organism in the Delta, and one of the most
commonly identified benthic organisms in fish stomachs  Gleason, 1984; Herbold &
Moyle, 1989!. Densities of 2,000 young clams/m2 are common, and range up to
20,000/m-'. Spring flows carry young Corbicrtla down to Suisun Bay where they are
sometimes collected as far west as Martinez, but high fall salinities appear to prevent
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Gemma gemma  Totten, 1834! [VENERIDAEj

AMETHYST GEM CLAM

SYNONYMS: Gemma purpttrea  Lea, 1842!

the establishment of large adult populations even in the western Delta  Hazel &
Keliey, 1966; Evans et al., 1979; Markmann, 1986!.Populations of Corbicttla with typical densities of 10,000 to 20,000 clams/m2
 with a maximum of 131,200/m ! trapped sediment and formed extensive bars in
the Central Valley Project's Delta-Mendota Canal, reducing delivery capacity and.requiring expensive dewatering and the dredging of over 50,000 cubic yards of clam-bearing material. One bar was described as filling the bottom of the canal from 0.3-1.0
meter deep for 3 kilometers  Hanna, 1966; Eng, 1979!. Ingram �959! reported the
clam as an economic pest of water delivery systems in California, infesting and
impairing operation of underground pipes, turnout valves, laterals and agricultural
sprinkler systems in the Coachella and Imperial valleys, and plugging the tubes of
condenser-cooler units at the federal government's Tracy Pumping Plant in the
Delta. Corbicula is frequently cited as a significant problem in fouling irrigation
systems, municipal water systems, power plant steam condensers, emergency reactor
cooling systems and service water systems elsewhere in the country  e. g. Ingram et
al., 1964; Sinclair, 1964; Hanna, 1966; Goss k Cain, 1977; McMahon, 1977, 1982;
Mattice, 1979; Goss et al., 1979; Parsons, 1980!.

Corbicula is also reported to render river sand and gravel unfit for use as
aggregate, and to outcompete native unionid and sphaeriid clams  McMahon, 1982!.
Blue catfish, Jctalurtts furcttttts, were introduced to some California waters in part to
control Corbicu!a, but without success  Gleason, 1984!.Upper salinity tolerances for Corbicttla flumittea have been reported at 14 ppt
 Gainey, 1978!, 13-17 ppt  Morton h Tong, 1985!, and about 10 ppt without
acclimation and 22-24 ppt with acclimation  Evans et al,, 1979!. Sparse populations of
Corbictila have been observed in the San Francisco Estuary near Martinez at 17 ppt,
and abundant populations in areas subjected to daily salinities of 10 to 12 ppt  Evans
et a l�1979!.Corbicula flttmitrea are viviparous, releasing benthic pediveliger larvae or
planktonic veligers that become benthic within 48 hours  Eng, 1979!. There are
typically tw;o spawning periods per year, with one study reporting peak production
of over 300 larvae/clam/day and an average of 1,140,820 larvae/m>/year. Biomass
productivity rates were the highest ever recorded for a freshwater bivalve, and
higher than most marine bivalves  Aldridge & McMahon, 1978!,

In California there are modest market sales of Corbicula both for bait and for
food  Gleason, 1984; commercial harvesting for food is allowed only in Lake Isabella
in Kern County!. It was noncommercially harvested from the Delta for food at least
as early as 1946  Hanna, 1966!,
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This small, viviparous clam, native to the northwestern Atlantic from Nova
Scotia to Florida and Texas, was first reported from the Pacific coast as 42 specimens
recovered from the crop of a duck bought in a San Francisco market in 1893. It was
collected directly from the Bay in the late 1890s, from Solinas Lagoon in 1918 and
from three other nearby embayments � Bodega Harbor, Tomales Bay and Elkhorn
Slough � in the 1960s and 1970s  Carlton, 1979a, p. 490!.

Earlier observations of Gemma gemma in these embayments could have
gone unremarked because of confusion with the small native venerid Transenttella
tantilla. The early records from San Francisco Bay noted above were originally
identified as Trartsertrtella, and many later reports of Gemma gemma from various
Pacific coast embayrnents and offshore sites were based on material that on re-
examination turn out to be Transettrtella or one of two other native clams  Carlton,
1979a!.Gemma gemma was probably introduced with Atlantic oysters, which it
commonly occurs on the Atlantic coast  Wells, 1961; Maurer & Watling, 1973!. It is
abundant on the intertidal mudflats from the far South Bay through San Pablo Bay
where it is one of the most common benthic species, in places reaching rnidsumrner
densities of over 400,000 individuals/m2  Nichols & Thompson, 1985a, 1985b! and is
occasionally found up through Suisun Bay  Hopkins, 1986!. It has been found in the
stomachs of ten species of shorebird in San Francisco Bay  Recher, 1966!, of white
sturgeon  McKechnie 8z Fenner, 1971!, and possibly of the introduced nudibranch
Philitte ouriformis  Gosliner, 1995!, is reported as an important food of diving ducks
 Painter, 1966!, and is undoubtedly eaten by many other organisms. Oglesby �965!
suggested that Gemma gemma may be the first intermediate host of the trematode
Parvatrema borealis. The trematode makes characteristic pits in the shell of Gemma
gemma, and such pits have been found in shells from San Francisco Bay, Bolinas
Lagoon and Tomales Bay  Carlton, 1979a!.

Lyrodtts pedicella.'its  Quatrefages, 1849! tTEREDINIDAEj

BLACKTIP SHIPWORM

SYNONYMS: Teredo diegensis Bartsch, 1916 from San Diego
Teredo torortsertdi Bartsch, 1922 from San Francisco Bay
many other synonyms from other parts of the world  Turner, 1966!

Lyrodus pedicellatus is a warm-temperate and subtropical wood-boring
shipworm that requires temperatures of 14 to 24'C and salinities of at least 29 ppt to
breed  Eckelbarger & Reish, 1972!. It has been reported from many parts of the
world � the eastern and western Atlantic, the Indo-Pacific region, Australasia, South
Africa, Japan and Hawaii � and its origin is unknown, having been early and widely
distributed either by drifting wood or in the hulls of ships. It has repeatedly been
"discovered" and described as a new species: 12 times in the Atlantic, and 21 times in
the Pacific  Turner, 1966; Carlton, 1979a, p, 551!.
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A shipworm, apparently Lyrodus, w~ reported from Wil ington Harbor
 now part of the Los Angeles-Long Beach Harbor system! in 1871 and following
years, and Lyrodus was collected from San Diego Harbor by 1876. It was subsequently
very abundant in these harbors  Miller, 1926!. It was collected from San Bruno
Slough in south San Francisco Bay in 1920, from Klkhom Slough in 1935, and from
several southern California bays and ports beginning in the 1940s  Carlton, 1979a!.

Macoma petafum  Valenciennes, in Humbold & Bonpland, 1821! [TELLINIDAE]

BALTIC CLAM

SYNONYMS: Macoma balthica of San Francisco Bay authors
Macoma incartspicua of San Francisco Bay authors

This Macoma species in San Francisco Bay has heretofore been known as
Macoma batthica. In recent decades, M balthica has generally been regarded as a
single species with a circumboreal/arctic distribution, with records from central
California north to Alaska and the Bering Sea, the Okhotsk and Japan seas, the
Beaufort and Siberian seas, the Barents and White seas, northern Europe, the mid-
Atlantic states north to western Greenland, Hudson Strait, Hudson Bay, and
Bathurst Inlet in the Canadian Archipelago. However, the analysis of shell
characteristics and growth rates  Beukema & Meehan, 1985! and allozymes  Meehan,
1985; Meehan et al., 1989! clearly indicates the existence of two species, one native to
the northv estern Atlantic  here called Macoma petalum!, the other native to the
northeastern Atlantic and northern Pacific  Macoma balthica!.

Based on recent studies, the small pink Macoma of San Francisco Bay, long
thought to be native Macoma balthica, appears rather to be M. petalum introduced
from the northwestern Atlantic. Tested at eleven loci, the allele frequencies of San
Francisco Bay specimens closely resembled those of northwestern Atlantic M.
petalum  Nei's �978! unbiased genetic identity of 0.943!, and differed sharply from
those of M. balthica from Alsea Bay and Coos Bay, Oregon  genetic identity of 0.394-
0,461!  Meehan et al., 1989!. Genetic identities >0.9 are generally thought to occur
among conspecific populations, of 0.5-0,8 among sibling species, and of <0.5 among
non-sibling species  Meehan et al., 1989!.

The early history of Macoma battbica and petalum in San Francisco Bay
remains to be worked out. Shells identified as M. balthica have been recovered from
2,000-6,000 year old sediments under San Francisco Bay. It may be that Macoma
balthica then died out in the Bay, as Meehan et al. �989} argued based on the lack of
records from later sediments and aboriginal shell middens in the region. Clams,
apparently referable to M, balthica or petalttm, were collected in the Bay by the
United States Exploring Expedition in 1841 and by various parties in the 1860s
 Carpenter, 1857, 1864; E. Coan, pers. comm., 1995!. They were found to be common
in all parts of the Bay in the Albatross survey of 1912-13  Packard, 1918}.

Clams collected prior to 1850 could represent Macoma balthica native to the
Bay, if an aboriginal population persisted despite Meehan et al.'s arguments; or
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could represent M, balthica from further north an the Pacific coast or M. pefalutrtfrom the northwestern Atlantic introduced in solid ballast. Clams collected after1850 could in addition represent M balthica from northern bays introduced withtransplants of the native oyster Ostrea cortchaphila  =lttrida!. Clams collected after1869 could in addition represent M. petatttm introduced with shipments af theAtlantic oyster Crassostrea virginica. Morphologic  Beukma k Meehan, 1985! orgenetic analysis of museum specimens might sort some of these possibilities out.The current distributional pattern of Macorrta balthica and Macorrta petalttrn
in the northwestern Pacific, particularly between San Francisco Bay and Coos Bay,also remains to be determined. South of San Francisco Bay, there are records ofshells and possibly live specimens of "Macama batfhica" as far south as San Diego,but these appear to be sporadic occurrences, probably related to anthropogenic
transport, rather than established populations.Macoma petatum or batthica has been collected throughout San Francisco Bayupstream to Collinsville, especially in the shallows where densities have reached
over '1,000 individuals/m~  Siegfried et al., 1980; Hopkins, 1986; Markmann, 1986!,and has been a dominant benthic organism in South Bay and Suisun Bay shallows Nichols & Thompson, 1985a!. It can be an important food of fish, diving ducks andclapper rail  Williams, 1929; Painter, 1966!, and formed 8 percent of the volume offood in 18 clapper rail stomachs  Moffitt, 1941!. In San Francisco Bay Macorrta feedson both planktonic and benthic rnicroalgae, and Thompson & Nichols �988! foundthat the timing and rate of growth of intertidal populations was controlled by foodsupply and high mud-flat  air! temperatures, and independent of salinity aver a 0-31
ppt range,It was recently determined that Macotna balthica from both Vancouver Island
and the Baltic Sea host the same three species of digenean flatworms  Pekkarinen kChing, 1994!, It would be of interest to determine whether Macortta pefatum from
San Francisco Bay and the northwestern Atlantic host the same or different
parasites.

Musctdista senhousia  Benson, 1842! [MYTIUDAE!

SYNONYMS: Muscutus senhottsia
Modiolus demisstts of Filice �959!

Native to Japan and China, this small mussel was introduced to Washington
and central California with Japanese oysters  Crassostrea gigas!, with which it has
been found in incoming seed  Kincaid, 1949!. It was collected in Samish Bay,Washington, on beds of Japanese oysters in 1924, and at Olympia in 1959. In central
California it was collected from Tomales Bay in 1941, Bolinas I.agoon in 1944, San
Francisco Bay in 1946, Elkhorn Slough in 1965 and Bodega Harbor in 1971. It was
collected from Mission, San Diego and Newport bays in southern California, andPapilote Bay  near Ensenada! m Baja California in the 1960s and 1970s  Carlton,1979a, p. 449!, probably transported in ballast water or on ship or boat fouling. In the
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1970s it appeared in New Zealand and Australia and in the 1980s m the
Mediterranean,In the western paclfrc Mrrscrrtrsfa I s been reported at densrtres of Up to 28,650
juveniles/m~ settled on eelgrass or 2,500-2,800 adults/m just buried in the mud of
the tidal flats, where the clams build nest about them of byssal th ead, mucus and
sediment. Musculista is used as food in China and as fish bait and as feed for
cultivating shrimp and crab in Japan  Morton, 1974; Carlton, 1979a!.

On the bottom of Lake Merritt, a shallow, brackish Lagoon on San Francisco
Bay, Musculista occurs in dense byssal mats that can be pulled from the bottom in
sheets, and as individuals among the fouling on pilings and floats. At Alameda
individuals are found nesting in the sediment or attached to the base of eelgrass
plants. Mrrsculista has been collected at densities of up to 1,000-2,000 clams/m~ from
the South Bay to San Pablo Bay, where it has frequently been one of the most
common benthic organisms, and occasionally collected upstream to Honker Bay
 Nichols & Thompson, 1985a, Hopkins, 1986; Markrnann, 1986!. Crooks �996! has
investigated its ecology and biology in Mission Bay in southern California.

Mya arenaria Linnaeus, 1758 [MYIDAE]

SOFT-SHELL CLAM

SYNONYMS: Mya hemph ill ii Newcomb, 1874

Mya arenaria is native to the American Atlantic coast and from Alaska north
of the Aleutian Peninsula, although its distribution north of British Columbia is not
well known. It has been introduced into western and northern Europe. Although
recorded from Miocene and Pliocene deposits on the Pacific coast, it has not been
found in Pleistocene deposits or in aboriginal shell middens south of the Bering Sea,
and had not been encountered by numerous collectors on the Pacific coast prior to
1874  Stearns, 1881!. In that year it was collected in San Francisco Bay  Newcomb,
1874!, almost certainly transported there in the transcontinental shipments of
Atlantic oysters that began in 1869.

This large, edible clam was soon transplanted to other Pacific Coast sites  e. g.
Coos Bay, Oregon by 1880, Santa Cruz, California by 1881, Willapa Bay and Puget
Sound in Washington by 1884 and 1888-89; also note Stearns' �881! exhortation that
"it would be a wise, public spirited act if the captains of our coasting vessels would
take the trouble and incur the slight expense attending the planting of this clam at
such points as their vessels touch at in the ordinary course of business"!, and may
have been distributed to others with transplantings of oysters from these sites or
with fresh introductions of oysters from the Atlantic. It is less likely, though
possible, that Mya arenaria's appearance in some locations resulted from deliberate
introductions from the Atlantic  which Rathbun �892!, Heath �916! and Coe �956!
claim was attempted or occurred!, or from the transport of small clams in ship
fouling. Although some workers have suggested that some or all of Mya arenaria's
northward movement was due to natural dispersal  e. g. Quayle, 1960!, Carlton
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�979a! concludes that "there is little hard data that Mya has ever spread naturally
anywhere along the Pacific coast." Mya arenaria does not appear to have become
established south of Monterey, despite a planting of about 2,000 clams in Morro Bay
in 19IS and occasional, probably erroneous reports of Mya arenaria from southern
California  reviewed in Carlton, 1979a!.

By the 1880s Mya arenaria was reported as the most common clam sold in San
Francisco Bay area markets  Stearns, 1881! But the commercial harvest declined
from 500-900 tons per year in 1889-1899, to generally above 100 tons per year in 1916-
1926, to nothing after 1948, possibly due to overharvesting, habitat loss, pollution or
a decline in the market due to an increasing harvest of Verterupis phillipinarum
 Skinner, 1962; Herbold et al,, 1992!. Today, noncommercial harvest of Mya
continues for food and bait  Sutton, 1981; Herbold et al., 1992!. It has been collected
throughout the Bay as far upstream as Collinsville and Sherman Lake, frequently at
densities over 100 and sometimes over 1,000 clams/m2, and has been one of the
dominant benthic organisms in the shallows of the South Bay and Suisun Bay
 Nichols k Thompson, 1985a; Hopkins, 1986, Markrnann, 1986!.

Several workers reported that Mya arenaria replaced populations of the
native clam Macoma rtasuta in San Francisco Bay, at least in regularly harvested
clam beds  e. g. Fisher, 1916!. Clam beds encompassing from a few to hundreds of
acres were established from the South Bay to the Napa River and Martinez, some of
them public and some privately owned, with some fenced to keep out bat rays and
fiounder  Bonnot, 1932!, Predators of Mya arertaria on the Pacific coast include rays,
sharks, flounder, ducks and shorebirds. Five species of native pinnotherid crabs are
recorded as living in Mya arenaria's mantle cavity  references in Carlton, 1979a!.

Mytilus galloprovirtcialis Lamarck 1819 [MYTILIDAE]

MEDITERRANEAN MUSSEL

SYYONYMS; the taxonomy of the Mytilus "edulis" complex is reviewed by Koehn
�991! and Seed �992!

The cosmopolitan Mytilus "edulis" species complex was variously grouped
into one or several species by different authors until electrophoretic evidence
published in the late 1980s and 1990s led to the general recognition of three species:
M. edulis from northern Europe and eastern North America; M. galloprovirtcialis
from the Mediterranean Sea, various sites on the Atlantic coast of Europe, South
Africa, California, Japan, Hong Kong and eastern China, Australia, Tasmania and
New Zealand; and M. trossulus from the northwestern Pacific, Siberia, eastern
Canada and the Baltic Sea  McDonald et al., 1991; Koehn, 1991; Seed, 1992!, although
frequent hybridization between these forms may raise doubts about their specific
status  Seed, 1992!. Mussels from Chile, Argentina, and the Falkland and Kerguelen
islands contain alleles characteristic of all three genotypes but have been tentatively
assigned to M. edulis  McDonald et al., 1991!,
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The two species present in the northwest Pacific have been differentiated on
the basis pf rnorphornetric analysis  Sarver & Foltz, 1993; mussels from San
Francisco Bay collected in 1990!, starched gel electrophoresis at 8-1S allozyme loci
 McDonald 0 Koehn, 1988, using mussels collected in 1985-87; Sarver k Foltz, 1993!,
and the sequencing of mitochondrial 16S ribosomal DNA  Geller et al., 1993. 1994!.
All methods agree in finding predominantly or purely M trossulus type from
Eureka, California north to Alaska; a hybridization zone including Westport,
Tomales Bay, San Francisco Bay and Monterey Bay where sites contained various
mixtures of M. frossulus, M. galloprovinciafis and their hybrids; and high
proportions of M. galloprovitrciafis at sites south of Monterey to San Diego.

However, these methods differed in their conclusions about how dominant
M. galfoprovincialis is south of Monterey, with allozyme analyses showing almost
pure M. gafloprovitrciaiis genotype and DNA analysis showing a roughly equal mix
of M. galloprovincialis-M. trossulus genotypes. Geller et al. �994! suggest that this
could result fram the introgression of the M. trossulus mitochondrial genome into
individuals with M. gaOoprovincialis nucleic genome. Since mitochondrial DNA is
mainly transmitted maternally in Mytilus species, such introgression could be
produced by repeated crossings with M galloprovitrcilis males with a fernale M.
trossulus and her female descendants.

The pattern of occurrence of these species suggests that M. Irossulus is a cold-
ternperate species native to the northern Pacific, and that M. galfopravirtciahs is a
warm-temperate species native to the Mediterranean and introduced to California,
Japan, China and South Africa  Koehn, 1991; Seed, 1992!, as well as Australia,
Tasmania and New Zealand. DNA analysis of rnuseurn specimens indicates that M.
galloprovincialis arrived in southern California between 1900 and 1947, probably as
ship fouling or as larvae in ballast water, displacing M. trossulus g. Geller in
Culotta, 1995!. DNA analysis also shows that viable M. galloprovincialis larvae are
continually discharged in large numbers into Coos Bay, Oregon in the ballast water
from Japanese ships, though no adult M. galloprovincialis or hybrids were found in
the bay  Geller et al., 1994!.

ln San Francisco Bay, bay mussels are found mainly from the northern South
Bay to southern San Pablo Bay, and occasionally as far upstream as Martinez
 Hopkins, 1986!. Distribution af M, trossulus and galloprovincialis at four sites as
indicated by allozyme frequencies show a heterogeneous mix of species and hybrids
that follows no obvious environmental cline, with M. frossulus strongly
dominating at both the most upstream and most seaward site, and M.
galioprovi~ciafis less strongly dominating at sites between  Sarver 5 Foltz, 1993!.

On the Pacific coast these two difficult-tp-distinguish species have long been
considered one species and have been frequently used for the biomonitoring of
pollutants in the California Mussel Watch program and other studies. Recent
indications that separate species in the Mytilus "edulis" complex exhibit different
growth rates and different concentrations of various elements when grown in the
same habitat  Label et al., 1990! suggest that conclusions about the relative
contamination of various sites based on comparative bioassays of bay mussel
specimens incorrectly assumed to belong to a single species may be invalid. Other
studies ha> e found different species within the complex to have different levels of
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ection by parasit~, spawning periods, fecundity and strength of byssal attachment
 Seed, 1992!.

Petrrcolar<a pholadsformts  Larnarck, 1818! [PETRJCOLIDAE]

FALSE ANGELWING

SYNONYMS: Petricola pholadtformfs

The false angelwing is native to the northwestern Atlantic, ranging from the
Gulf of St. Lawrence to the Gulf of Mexico and possibly to Uruguay, and has been
introduced to Europe  Carlton, 1979a, p. 515!. It was collected in south San Francisco
Bay in or before 1927  Grant 8z Gale, 1931!, from Willapa Bay in 1943  Kincaid, 1947!
and from Newport Bay in 1972, Reports of P. pholadtIormis Rom "near Monterey"
and from Scammons Lagoon, Baja California are probably erroneous  Carlton,
1979a!. It is a borer into clay, peat, mud, sand and other soft sediments, and has been
recorded from oyster beds on the Atlantic coast  Wells, 1961!. Though it was most
likely introduced to the Pacific in shipments of Atlantic oysters, it is puzzling that it
was reported from the Pacific relatively late. It is a striking shell that would not
likely have been overlooked by collectors. It is possibly an early ballast water
introduction.

In Willapa Bay a spionid polychaete, a Corophium amphipod and a nereid
polychaete are often associated with P. pholadiformis. In San Francisco Bay, Bush
�937! reported that about 90 percent of these clams collected from sandy beaches
near the Oakland Airport host the ciliate Ancistrumina kofoidi. This protozoan is
known only from P. pholadiform'rs from San Francisco Bay, and is presumed to be
native to the Atlantic and introduced along with the clam.

Potamocorbiila amierensis  Schrenck, 1867! [CORBULIDAE]

AMUR RIVER CORBULA, ASIAN CLAM

In October 1986, a college biology class dredged three email and unfamiliar
clams from the bottom of Suisun Bay, These were subsequently identified as
Potamocorbula amurensis, a native of estuaries from southern China �2
latitude! to southern Siberia �3' N! and Japan, which was likely transported to
California as larvae in ballast water. By the summer of 1987 Potarnocorbula had
become the most abundant benthic organism in the northern part pf the Bay,
carpeting the bottom at densities of over 16,000 juvenile clams  mean shell length of
1,7 mm! per square meter  Carlton e't al., 1990; Nichols et al-, 1990! It seems likely
that Potamocorbula arrived in the Bay very shortly before its discovery, because it
v as not collected earlier despite regular benthic sampling, encl because all
specimens collected through March 1987 were less than 11 ~rn long, and therefore
probably less than a year old  Carlton et al,, 1990!.
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An intensive benthic survey of the northern Bay in 1990 found
Potamocctrbrrla very common from San Pablo Bay through Suisun Bay, and most
abundant in the Suisun Marsh region with mean concentrations of up to 19/00
clams/m2 and a median size of 2-3 mm. Median size was 10-11 mrn in San Pablo
Bay, and S-6 mrn and 8-9 rnm in the shoals and channel of Suisun Bay  Hymanson,
1991!. Potamocorbtela is now abundant in parts of the South and Central Bay, and
has occasionally been collected in the western Delta as far upstream as Rio Vista,
over a range of salinities from 33 ppt to less than 1 ppt. At these sites it would be
exposed to temperatures ranging from 8' C on subtidal bottoms in the winter to 23'
C on intertidal flats in the summer, within the temperature range of 0-28 C
suggested by its latitudinal range in Asia. It lives both subtidally and intertidally on
all soft-bottom substrates, where it typically sits with one-third to one-half of its
length exposed above the sediment surface  Carlton et al., 1990!.

Prior to 1986, the benthic species composition and abundance in the northern
Bay changed markedly from year to year, with freshwater species declining during
dry periods and more numerous, higher-salinity species � dominated by the clam
Mytr arertaria, the amphipods Corophittm acherusicum and Ampelisca abdita, and
the polychaete Streblospio benedictt, all introduced organisms � invading the area
 Nichols, 1985!. Pofarrtocorbuta's arrival in the Bay followed a major flood in the
spring of 1986, and its increase and spread coincided with a multi-year dry period
that began in mid-1986, The 1986 flood left the benthic community nearly
depauperate in the Suisun Bay area, probably facilitating Potatrtocorbula's
establishment. This cornrnunity failed to return during the subsequent dry period,
presumably due to Potamocarbttla's presence. The mechanisms by which
Potamocorbtela excluded these organisms are not known, but could include the
depletion of food resources  see below! or feeding by Potamocorbula on the larvae of
these organisms  Nichols et al., 1990!. Patamocorbula has maintained substantial
populations in the northern Bay even after the end of the drought and the return of
normal fiows 0, Thompson, pers. cornrn., 1994!, and thus appears to have
permanently changed benthic community dynamics in this part of the Bay  Nichols
et al., 1990!.

Examination of feces from specimens collected in the Bay show
Potamocorbrela ingesting both planktonic  Coscirtodiscrts spp. and Skeletortema
cosfatum! and benthic  Navicula spp.! diatoms  Carlton et al, 1990!. Werner k,
Hollibaugh �993! found that Potamocorbuta filters bacterioplankton as well as
phytoplankton, though at lower efficiency, and assimilates both with high efficiency.
They calculate that at present densities in the northern Bay  >2,000 clams/rn2!
Potttmocarbtela could filter the entire water column over the channels more than
once per day and over the shallows almost 13 times per day, a rate of filtration
which exceeds the phytoplankton's specific growth rate and approaches or exceeds
the bacterioplankton's specific growth rate, Thus Potamocorbrtla may permanently
reduce the phytoplankton standing stock in the northern reach of the Bay. Alpine &
Cloern �992! described the pre-Potamocorbuta regime as one in which
phytoplankton biomass and production were regulated by river-driven transport
when benthic grazers were few, but limited by grazing pressure when grazers were
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Teredo navafis Linnaeus, 1758 [TEREDINIDAEJ

NAVAL SHIPWORM

SYNONYMS: Teredo beacbi Bartsch, 1921
Teredo diegensis  in part!
Teredo japonica Clessin, 1893
other synonyms are reviewed by Turner �966!, and the history pf
taxonomic debate regarding San Francisco Bay shipworrns is reviewed
by Carlton �979a, pp. 558-S60!

The earliest northwest Pacific record of this globally-distributed, temperate
water shipworm is from San Francisco Bay in 1913, and it has also estab]ished
populations in Willapa Bay, Washington  first reported in 1957!, in pendre]] So�nd
British Columbia �963!, and possibly in Los Ange]es Harbor �927! and other
southern California bays  Barrows, 1917; Kofoid k Miller, 1927; Reish, 1972; Carlton,
1979a, p, 556!. It undoubtedly arrived in the hu]ls of ships.

When Commodore John Sloat arrived on the Pacific coast in 1852 in search of
a suitable location for the Navy Department's western shipyard, his orders directed
him to pick a site that was "safe from attack by wind, wave, enemies, and marine
worms"  Lott, 19S4!. He chose the eastern shore of Mare Island in the northern
upstream reach of San Francisco Bay, where low salinities kept the regipn free pf
marine wood-boring organisms and where marine facilities such as wharves and

ab~~dant. With Potamocorbula in the Bay, grazing pressure may be permanently
h'gh, and phytop]ankton biomass and pmductlvie permanently low

I" laboratory experiments Kirnmerer �991! found that potamocorbufa readily
consumed nauplii of the copepod Euryfemora afjinis, but not the introduced
copepod Pseudodiaptomus sp. Kimrnerer et a]. �994! argued that an observed
decline in the abundance of three dominant copepod taxa � p. affinis, Sinoca]anus
doer"'i, and Acartia spp.� that coincided with the spread of pofarrtocorbu]a in the
northern reach of the Bay resulted from direct predation on cppepods by
Potamocorbula rather than from food limitation due to the decline in
phytoplankton.

Further trophic changes may be expected to result from the reduction in
zooplankton and the build-up of potamocorbu]a, including declines in the
organisms that feed on zooplankton, and increases in organisms capable of feeding
on Potamocorbula  Carlton et al., 1990!. Potamocorbula has been found in the
stomachs of diving ducks and sturgeon in the Bay  Nichols et al., 1990!, and in
aquaria is readily consumed by the introduced green crab Carcinus maenas  Cohen
et al., 1995!.

Investigating a]]e]e frequencies at eight ]oci, Duda �994! found high genetic
diversity in the San Francisco Bay population  polymorphic at 75 percent of sites
with a mean direct-count heterozygosity of 0.295!, with little genetic differentiation
between sites within the Bay.
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ferry slips could consequently be built on untreated wooden pilings, It w» in
wooden structures at Mare Island that Teredo rtavalis, which readily tolerated much
fresher water than did the existing marine borers in the Bay  thriving down to 9 ppt
and surviving indefinitely down to 5 ppt; Miller, 1926!, was first noticed in 1913. By
1919-1920, possibly aided by a dry spell that brought higher than average salinities,
Teredo navahos was found from the South Bay to Suisun Bay and had grown so
abundant as to destroy virtually all the wooden structures in the northern part of
the Hay, with damage estimated at over half a billion dollars in current dollars
 McNeily, 1927; this paper, Chapter 6!.

This destruction led to the formation of the San Francisco Bay Marine Filing
Committee which produced a series of reports  annual reports in 1921, 1922 and
1923, and the Final Report in 1927! covering the activities and management of a
variety of marine wood-borers in San Francisco Bay and elsewhere in the Pacific.
The participants in the Committee's investigations later published several
additional papers on. the biology and morphology of Teredo navalis  references in
Carlton, 1979a!.

The evidence that Teredo rravafis is not native to San Francisco Bay is
reviewed by Harrows �917, p. 29!, Kofoid �921, pp. 43-44!, Kofoid & Miller �922, pp.
81-82; 1927, pp. 206-207, 246-247! and Carlton �979a, pp. 560-563!. This evidence
includes the absence of any known damage from marine borers in the northern part
of the Bay prior to 1913, the lack of any prior record of Teredo navalis on the Pacific
coast despite extensive collecting by nineteenth century conchologists, and the
failure to find Teredo navalis in an investigation of shipworms conducted for the
United States Forest Service in 1910-1911.

Although the specific source of the shipworms introduced to San Francisco
Bay is unknown, Carlton �979a! suggests that Teredo navalis is native to the
Atlantic. A shipworm, probably Teredo navafis but possibly Notateredo rtrjrvegica
 Turner, 1966!, was known. from Europe since at least the start of the 17th century
and was apparently mentioned by Pliny, Cicero, Theophrastus and others in ancient
times  Moll, 1914!. Teredo rtavalis was reported from Europe in 1731 by a Dutch
commission describing a "horrible plague" of shipworms threatening to destroy the
dikes that protected the lowlands of Holland, and by Sellius in 1733 Teredo navalis
was also present in Japan at least since the 1890s, though it appears to have been
absent from Australia at that time  Carlton, 1979a!.

Although there has been little notice taken of shipworms in San Francisco
Bay in recent years, New York City has apparently experience a resurgence of
shipworm activity reportedly resulting from a cleaner harbor  or, less likely, from
shipworrns developing a tolerance to creosote!. When city officials visited the
Brooklyn Army Terminal in the spring of 1993 to inspect shipworm damage they
found that one of the piers had collapsed the previous night. The city spent $100
million to protect its piers against woodborer damage  Gruson, 1993!.

Theora fragilis A. Adams, lSSS [SEMELIDAE]

ASIAN SEMELE
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SYNONYMS: Theora lubrica Gould, 1861

Theora fragilis is a small, mud-dwelling clam native to Japan, China, the
Indo-West Pacific and New Zealand. It first appeared in the northeastern Pacific in
southern California, where it was collected from Anaheim Bay in 1968-69, from
Newport Bay in 1971-73, and in large numbers from Los Angeles Harbor in 1973
 Seapy, 1974, Carlton, 1979a, p. 517!. It was probably introduced in ballast water,
possibly from ships returning from Southeast Asia during the Vietnam War.
Theora fragilis larvae have been collected from the ballast water of Japanese cargo
ships arriving at Coos Bay, Oregon and reared to juverule stages  Carlton et al., 1990,
p 85!.

Theora was first collected in San Francisco Bay in 1982 at Islais Creek, San
Francisco  Carlton et al., 1990!. It occurs in small numbers through much of the Bay,
the California Department of Water Resources has collected it at Point Pinole at
densities of up to 127/m2 since sampling began in 1991  DWR, 1995!, and it was one
of the most common benthic organisms collected at the Alameda Naval Air Station
in 1993  G. Gillingham, pers, comm.!. It is absent from Suisun Bay according to U. S.
Geological Survey sampling records  Carlton et al., 1990!.

Venerupis philippinarum  Adams & Reeve, 1850! [VENERIDAE]

JAPANESE LITTLENECK CLAM, MANILA CLAM

SYNONYMS: Tapes japonica  Deshayes, 1853!
Tapes semidecussafa Reeve, 1864
Tapes philippi naram
Ruditapes philippinarum
Paphia bifurcata Quayie, 1938

Ve»erripis philippinarum, known until recently as Tapes japonica, is an
Asian clam that was introduced with shipments of Japanese oysters to the
northeastern Pacific, where it has become established in numerous bays from British
Columbia to central California and is the numerically dominant clam in many of
them. It was first noticed in planted oyster beds in Samish Bay, Washington in 1924
 Kincaid, 1947!, and in a shipment of Japanese oysters arriving at Elkhorn Slough in
1930  Bonnot, 19351!, However, the first record of an established population on the
North American coast is from Ladysmith Harbor on the eastern shore of Vancouver
Island, British Columbia in 1936  Quayle, 1938!. Northward spread from that site,
and later northward spread from Barkley Sound on the west side of Vancouver
Island to Venerupis' northernmost record in Hecate Strait, appear to have been due
to the transport of larvae by currents, but the clam's spread southward to California
is probably due in large part to new introductions in oyster shipments from Japan, to
the transplanting of oysters along the coast, and to intentional transplants  some
probably not recorded! of Venerupis,
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Verterupis was found in Puget Sound in 1943, in Willapa Bay and San
Francisco Bay in 1946, in Bodega Harbor and Elkhorn Slough in 1949, in Tomales
Bay in 1955, in Humboldt Bay and Grays Harbor in 1964, and in Bolinas Lagoon in
1966. It had entered the commercial market by 1941, which encouraged laboratory
aquaculture efforts and reseeding and replanting programs in the Pacific northwest,
some of which continue, Efforts were made to establish Venerupis in Morro Bay,
Newport Harbor and the Salton Sea in 1953, in the Queen Charlotte Islands in 1962,
and in Yaquina and Tillamook bays in 1965, all of which failed. However, it was
successfully established in Netarts Bay, Oregon in the 1970s  Carlton, 1979a, p. 502!.

In San Francisco Bay, Verterupis is commonly found at concentrations up to
2,000 clams/m2 from the South Bay through San Pablo Bay, where it is one of the
most common benthic organisms, and has on occasion been found as far upstream
as Chipps Island  Nichols k Thompson, 1985a; Hopkins, 1986!. In the Bay it is
collected noncommercially both for food and bait  Sutton, 1981; ANC, pers. obs.!.

In San Francisco Bay and elsewhere, Venerupis co-occurs with various native
clams, including the similar native littleneck clam Protothaca starninea. Although a
few authors have stated that Verterupis displaces the native littleneck, others have
seen little evidence of competition between them, with Venerupis living higher in
the intertidal zone or closer to the surface than Protothaca  see Carlton, 1979a!.
However, the question has not been effectively studied.

A variety of organisms feed on Venerupis on the Pacific coast, including the
rnoonsnail Polinices tewisii, sturgeon, willet, gulls, ducks and raccoons  Glude, 1964;
Painter, 1966; McKechnie & Fenner, 1971; Stenzel et al,, 1976; Carlton, 1979a!, and
undoubtedly many others.

ARTH ROPODA: CRUSTACEA

Erisarsietla zostericola  Cushman, 1906!

SYt ONYttS: Sarsiella zostericola
Sarsiefla fricosiata Jones, 1958

This western Atlantic ostracod occurs from Maine to Florida and in the Gulf
of Mexico. It is known on the Pacific coast only from San Francisco Bay, where it was
first collected in 1953 at Point Richmond  Carlton, 1979a, p. 573!, It is widely
distributed in the Bay on soft substrates in shallow water. It has also been introduced
to England, where it occurs only in regions where Atlantic oysters were planted.
Though not recorded from San Francisco Bay until the 1950s, this minute, ben.thic
crustacean could have been long present but gone unnoticed or unrecognized, and
thus may have been introduced with Atlantic oyster shipments. Since ostracods
 other than holoplanktonic ostracods! have rarely been collected from ballast water
samples  e. g. Carlto~ k Geller, 1993!, ballast water seems a less likely transport
mechanism,
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~Co i~eisa
Acarfiella sinensis

This copepod, native to the subtropical to tropical waters of the China coast,
was collected in Suisun Bay in 1993, 1994 and 1995. It is found in the vicinity of the
entrapment zone and does not extend upstream as far as the eastern Delta  Orsi,
1994, 1995; J. Orsi, pers. comm., 1995!. It was probably introduced in ballast w-ter.

Limnoifhona sinensis  Burkhardt, 1912!

SYNONYMS: Oithona sinensis

Li m noithc na f et raspi na

This copepod, native to the Yangtze River, was first found in the Estuary in
1993 at Chipps Island in Suisun Bay and at Collinsville and Hood on the
Sacramento River. By 1994 it had replaced Limnoithona sinensis and, reaching
densities greater than 40,000/m3, had become the most abundant copepod ever seen
in the Estuary  Orsi, 1995; J. Orsi, pers, comm., 1995!. It was probably introduced in
ballast water.

This copepod has been collected from the brackish and fresh waters of the
Yangtze River  Changjiang! inland to at least 300 km and from nearby lakes and
canals in 1898, in 1906 and prior to 1962. It was collected from the San Francisco
Estuary for first time in 1979, by CDFG from the San Joaquin River near Stockton
 Ferrari & Orsi, 1984!. Herbold & Moyle �989! suggest that a decline in zooplankton
abundance in the Delta prior to 1979 may have facilitated L. sinensis' establishment.
It has been collected throughout the Delta  where it is more abundant in the San-
Joaquin than in the Sacramento River! and downstream to Suisun Bay, though
apparently restricted to waters of less than 1.2 ppt  Herbold & Moyle, 1989!. It has
been most abundant in Oct./Nov. and scarcest in Mar./Apr., with a maximum
recorded abundance of 71,176 individuals/m2 in Aug., 1981 near Stockton  Ferrari &
Orsi, 1984!. In 1993-94 it was replaced over its entire range by Limnoifhona fefraspina
 J, Orsi, pers. comm., 1995!

The lack of any record of this copepod in the eastern Pacific prior to 1979, and
early records of it from the Yangtze River area, suggest that L. sinensis is a recent
introduction to the San Francisco Estuary  Ferrari & Orsi, 1984!. It was most likely
transported across the Pacific in ballast water  oithonid copepods have been found to
survive transport in ballast tanks; Carlton, 1985, p. 346!.
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Mytilicola orientalis Mori, 1935

PARASITIC COPEPOD

SYNoNYMs: Mytilicola ostreae Wilson, 1938
This small red copepod lives in the intestine or rectum, or rarely in the

digestive d,iverticulae, of oysters and other mollusks. It is native to the western
Pacific and was introduced to the northeastern Pacific with shipments of the
Japanese oyster Crassostrea gigas, lt was first collected from Willapa Bay,
Washington in 1938, and subsequently from many bays and estuaries from
Vancouver Island, British Columbia to Morro Bay, California, including San
Francisco Bay in 1974  where it was discovered in three out of 30 native oysters
Ostrea cortchaphi7a from the Berkeley Marina, Bradley k Siebert, 1978; Carlton,
1979a, p. 577!. These various sites could have received Mytilicola directly with
shipments of oysters from Japan, with oysters transplanted from other eastern
Pacific bays, or with rnussels fouling coastal ships.On the Pacific coast Mytilicola has been found in  in addition to Japanese
oysters! the introduced slipper shell Crepidula fornicata  one record from Puget
Sound!, and several native bivalves, including the oyster Ostrea conchaphila, the
mussel Mytilus californiartus, and the clams Protothaca staminea  one record fromPuget Sound!, Saxidomus giganteus and Cfirtocardircm rtuttallii  one record each
from British Columbia!. It has also been found in the native mussel Mytifus
trossulus  northern records reported as M edttlis! and possibly the introduced
mussel M. gal1aprovirtcialis or in hybrids  San Francisco Bay record reported as M.
edulis; see Sarver k Folz, 1993!  Carlton, 1979a!.Carlton �979a! notes that the data for sites and for hosts may be selective as
"all bays that have been searched, and most if not all mollusks that have been
examined, have been found to have Mytilicola." He also notes that due to the
copepod's endoparasitic habit and a lack of exploration and early collecting,
Mytilicola could have been in these bays long before it was first observed.Katansky et al. �967! and Bradley 6 Siebert �978! summarize the biological
research on Mytilicala in the eastern Pacific.

Oithona davisae Ferrari & Orsi, 1984

This copepod was first collected in eastern Suisun Bay in 1979, and described
by Ferrari & Orsi �984!. It has been collected from the South Bay to San Pablo Bay,
and upstream to Chipps Island in waters of 12 ppt. Copepods that were collected
from San Pablo Bay in the winter, spring and fall of 1963 and identified as Oithorta
sp. may also have been Oitharta davisae  Ferrari k Orsi, 1984!.

Ambler et al. �985! found Oithorta davisae to be one of the most common
copepods in the Bay in 1980, In June to December of that year, at sites from the South
Bay to Carquinez Strait it was found in 25-48 percent of the samples collected, and
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reached peak abundances of 22,ppp-44,ppp individuals! m2 in the South Bay in
October and November.

Ferrari k Orsi �984! argued that the lack of any record of this copepod in the
Bay prior to 1979, and the fact that some distinctive morphological characters are
shared exclus'vely with Indo-West Pacific oithonid copepods, suggests that Oitporta
davisae was a recent introduction to the San Francisco Estuaqr from the western
Pacific. It was subsequently found in Japanese waters, where it is frequently
abundant in eutrophic embayments  Uye > Sano, 1995!, and considered to be of
Asian origin  Flerninger & Kramer, 1988!. It has also been reported from southern
Chile  Carlton, 1987!. Oithona species have been found to survive transport in
ballast tanks  Carlton, 1985, p. 346!, and this one was most likely transported across
the Pacific in ballast water.

Pseudodiaptomus forbesi  Poppe & Richard, 1890!

Pseudodiaptomus forbesi is native to the fresh and brackish waters of the
Yangtze River  Changjiang!, China, usually restricted to waters of less than 8 ppt. It
was first collected outside of China in 1987 in fresh water in the eastern and
southern Delta. By the following year it was found throughout the Delta and
downstream into Suisun Bay up to a salinity of 16 ppt, in which areas it was the
most abundant calanoid copepod in the fall of 1988 and in 1989. The maximum
abundance recorded was 22,408 individuals/m~ in fresh water in the San Joaquin
River near Stockton in early June, 1988  Orsi, 1989; Orsi & Walter, 1991!.

Various hypotheses have been proposed to explain the recent dramatic shifts
in the absolute and relative abundance of Pseudodiaptomus forbesi and other
copepods in the northern reach of the Estuary, including competition between
native and introduced copepods, differential predation by introduced fish and clams
on different copepods, and predation by copepods on other copepods. Herbold et al.
�992!, implying competition as the relevant mechanism, reported that the
"invasions of the western Delta and Suisun Bay by Sinocalanus doerrii in 1978 and
by Pseudodiaptomus forbesi in 1987 were followed by declines in abundance of
Eurytemora affinis and the almost complete elimination of Diaptomus spp." On the
other hand, Kimmerer �991! reported that the cryptogenic copepod Eurytemora
affinis was not food-limited irt the Estuary so that competition with recently
introduced copepods could not account for its decline.

Orsi �989! noted that striped bass appeared to be more effective predators on
Eurytemora than on P. forbesi, and Meng & Orsi �991! found that striped bass larvae
in laboratory feeding experiments selected native copepods Cyclops sp, and
cryptogenic Eurytemora  present in the Estuary since at least the 1912-13 Albatross
survey; Esterly, 1924! over the recently introduced copepods P. forbesi and
Sirtocalanus doerri, and suggested that differences in copepod swimming and escape
behaviors could account for the differential predation. Kimrnerer �991! reported
that in laboratory experiments the introduced Asian clam Potamocorbula artturensis
consumed Eurytemora but not Pseudodiaptomus species, and Kirnmerer et al.  ]994!
argued that the decline in Ererptemora was caused by Potamocorbula preying on its
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nauplii. Orsi �995! suggested that, in addition to predation by Potamocorbula, the
decline may have been partly due to competition with P. forbesi, noting that
Kurytemora continues to be seasonally present in winter and spring when P. forbesi
is scarce, both within and upstream of Potamocorbula's range. Orsi �995! also
suggested that predation by the introduced copepod Tortanus sp. may account for a
decline in Pseudodiaptomus in western Suisun Bay in 1994.

Pseudodiaptomus marinus  Sato, 1913!

Siuocalauus doerrii  Brehm, 1909!

SYNDNYMS: Sinocalartus mystrophorus Burckhardt, 1913

This calanoid copepod is native to the rivers of mainland China, and like the
other pelagic copepods described here was probably introduced in ballast water. It
was first collected from the Estuary near Pittsburg in 1978 and soon became  from
1979 to the early 1980s! the most abundant copepod in the Delta, with maximum
densities of over 10,000 individuals/m2 and greatest densities from June to
September. It has been collected from throughout the Delta upstream to Hood on
the Sacramento River and Stockton on the San Joaquin River, and downstream to
San Pablo Bay, generally at salinities below 5 or 6 ppt but on occasion up to nearly 15
ppt. Its downstream limit xnay be regulated by both salinity and the location of the
entrapment zone  Orsi et al., 1983; Ambler et al., 1985; Herbold & Moyle, 1989; Orsi,
1995}. It was not collected in 1994, but reappeared in 1995 Q. Orsi, pers- comm, 199'!-

Five species are recognized in the genus Sittocalarrus, all from the
northwestern Pacific. As 5. doerrii had not been collected in regular plankton
surveys in the Estuary in 1963 and from 1972-78, it was probably introduced shortly
before 1978 via ballast water  Orsi et al,, 1983!. Orsi et al. suggest, based on the

Pseudodiaptomus marinus is native to China, Japan and Pacific Russia, and
has been introduced to Hawaii and Mauritius O'ones, 1966; Grindley k Grice, 1969;
Orsi et al., 1983!. It was collected north of San Diego in Mission Bay in 1986 and in
Aqua Hedionda Lagoon in May 1987  Fleminger k Kramer, 1988!. It was first
collected in the San Francisco Estuary from western Suisun Bay in 1986, and has
been collected from there upstream to Collinsville on the Sacramento River, in
waters with surface salinities ranging from about 2 to 18 ppt. It has also been
collected from Tomales Bay  Orsi 8e Walter, 1991!.

Pseudodiaptomus marirtus may have been introduced to San Francisco Bay
in ballast water, to the southern California bays or Tomales Bay in oyster shipments,
and moved between bays by coastal currents  Fleminger 8z Kramer, 1988; Orsi k
Walter, 1991!, Heminger & Krarner {19SS! suggested that the native copepod P.
euryhalirtus may have been displaced by P. marirtus in southern California
embayments, and called for more sampling to determine whether P. euryhalinus
was in fact absent or confined to sites where P. marinus had not become established.
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apparent pattern of spread in 1978-79, that the site of introduction was in the
Pittsburg-Antioch area near where S. doerrii was first collected. They further suggest
that water pumped out of the Delta into the California Aqueduct will carry S. doerrii
to water project reservoirs near Los Angeles, and that the Columbia River and Puget
Sound are likely sites for secondary introductions via the ballast water carried by
coastal ships.

Several researchers have considered interactions between Sinocalanus doerrii
and other copepods in the northern estuary  some of which are discussed above
under Pseudodiaptomus Iorbesi!. Orsi et al. �983! noted that competition between
Sinocalanus and the cryptogenic copepod Eurytemora afPnis was unlikely because
their preferred salinity ranges differed, and suggested that competition and/or
predation between Sinocalanus and the freshwater copepods Cyclops and
Diaptomus was a stronger possibility and should be investigated. Ambler et al. �985!
questioned whether there is competition for food, at least in years with average
river discharge and diatom blooms in Suisun Bay. Meng & Orsi �991! found that
striped bass larvae in laboratory feeding experiments selected Cyclops sp. and
Euryfemora over Sirtocalartus.

Herbold et al, �992! reported that the introduction of Sinocalanus and of
Pseudodiaptomus forbesi in 1987 was followed by declines in Euryfemora and the
almost complete elimination of Diaptomus spp., although Herbold & Moyle �989!
had earlier suggested that declines in Delta zooplankton prior to 1979 may have
facilitated Sinocalartus' establishment. Kimmerer �991! reported laboratory studies
indicating that although Sinocalartus may be food limited in the estuary in some
years, Eurytemora is not and so competition with recently introduced copepods
could not account for Eurytemora's decline. Orsi �995! suggested that Sirtocalanus
had "apparently slipped into an unoccupied niche" between Euryfemora
downstream and Diaptomus species upstream in the San Joaquin River, but noted
that Diaptomus abundance fell when Sirtocalanus spread upstream. Herbold k
Moyle �989! had noted that the invasion of the Sacramento River by Sirtocalanus
coincided with a reduction in the relative abundance of chlorophyll in the north
Delta.

Tor tan us sp.

This large calanoid copepod of unknown origin was collected in Suisun Bay
in the fall of 1993 and in 1994  Orsi, 1994, 1995; J. Orsi, pers. comm., 1995!. It preys on
other copepods and Orsi �995! suggests that it may have caused a decline in
Pseudodiaptomus in western Suisun Bay in 1994. Its prior absence in this well-
studied region of the Bay suggests that it was introduced in ballast water.


