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Abstract

There have been few surveys of intertidal invertebrates in San Francisco Bay,
California, USA. Most prior intertidal surveys were limited spatially or taxonomically.
This survey of the intertidal invertebrates of San Francisco Bay was conducted over
13 months between 1970 and 1971, generating what is now a legacy data set of
invertebrate diversity. Specimens were hand collected at land access points at 34
sites around the Bay. In all 139 living species in 9 phyla were collected; 28.8%
were introduced species, primarily from the Atlantic Ocean (62.5%) and the
Northwest Pacific and Indo-West Pacific Oceans (30%).
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Introduction

Unpublished historical biodiversity data are frequently lost over time. Such
data from earlier periods can serve as critical baseline information by which
to assess long-term biodiversity shifts and environmental changes. Here we
present a data set collected 50 years ago of intertidal macroinvertebrate
biodiversity in San Francisco Bay, California.

Published historical data on intertidal macrofauna for most of the
shoreline of San Francisco Bay (and its component smaller bays) are scarce.
The well-known San Francisco Bay Albatross survey of 1912-1913 conducted
limited sampling at only a few shore stations (Packard 1918; Schmitt 1921;
Anonymous 1921). Filice (1954) sampled intertidal invertebrates in 1951
near a small creek in San Pablo Bay. Painter (1966) reported on intertidal
invertebrate samples taken in 1963 at several stations in San Pablo and
Suisun Bays. Vassallo (1969) sampled a mudflat north of the San Mateo Bridge
in 1967. Wooster (1968) surveyed intertidal shellfish (bivalve) populations,
relative to their commercial and recreational value, around the Bay.

In the decades after the work reported here, surveys of intertidal
invertebrates continued to be limited. Shimm and Tunzi (1974) re-surveyed
some of Wooster’s 1967 stations in 1972, and Sutton (1978, 1981) continued
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assessments of larger intertidal bivalves of sport shell fishing interest. Chan
(1977) studied the recovery of intertidal species at Sausalito, in the central Bay,
following a 1971 oil spill. Lindberg (1981) surveyed limpets (acmaeid and
lottiid gastropods) at 22 intertidal stations between 1974 and 1981 in the
north, central, and south Bay. Thompson and Nichols (1984) and Nichols
and Thompson (1985) reported on the invertebrates collected from 1974 to
1983 on a single mudflat in the southwest Bay. Hopkins (1987) studied four
intertidal transects in 1983-1985 at two sites (Southampton Bay and northern
San Pablo Bay) in the northern Bay and two South Bay sites (Hayward and
Palo Alto). Nichols and Pamatmat (1988) provided summaries of aspects of
these 1950s-1980s intertidal studies. Remarkably, these studies are the majority
of attempts to assess general intertidal invertebrate diversity in San Francisco
Bay. No such study as that reported here—a bay-wide survey of intertidal
invertebrates—is known to us to have been undertaken before or since.

San Francisco Bay has been a globally important port since the mid-
nineteenth century. Estuaries and bays that over the centuries have been
converted in part to ports and harbors have become epicenters for the
introduction of species transported by ships, both as fouling organisms
attached to vessel hulls and other niche areas and as planktonic, nektonic,
and other entrained species in ballast water (Cohen and Carlton 1995). The
fact that many species were transported long before marine biological
studies commenced means that it is at times difficult to distinguish between
native and introduced species, resulting in the recognition of cryptogenic
species whose historical biogeography and origin remain uncertain or
unknown (Carlton 1996). As a result of intensive shipping activity, as well
as to the importation of biofouled commercial oysters from both the
Western Atlantic Ocean and the Western Pacific Ocean, San Francisco Bay
is recognized as one of the most highly invaded estuaries in the world
(Carlton 1979; Cohen and Carlton 1995, 1998; Ruiz et al. 2011)

The survey reported here was conducted between 1970 and 1971 when
the first author was a student at John F. Kennedy High School in Richmond,
California. Samples were brought to the second author, then at the California
Academy of Sciences (CAS), San Francisco, to assist with identifications.

Materials and methods

Observations and collections were made at 34 sites (Table 1; missing
numbers reflect stations that did not produce fruitful collections) around
San Francisco Bay from the Vallejo region on the north shore of San Pablo
Bay to the Golden Gate Bridge at the mouth of the Bay and south to East
Palo Alto and Newark in the southernmost part of the Bay (Figure 1). Sites
were chosen based upon public, land-based access. Access by land to much
of the Bay shoreline was at the time, and still is, highly limited due to
housing developments, industrial complexes, salt ponds, military reserves,
and other barriers. Collections were made over a 13-month period from
April 1970 to May 1971.
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Table 1. List of collecting stations in San Francisco Bay.

Site 1.
Site 4.
Site 5.
Site 7.
Site 8.
Site 9.
Site 11.
Site 13.

Site 15a.
Site 15b.
Site 16a.
Site 16b.

Site 18.
Site 19.
Site 20.

Site 23a.
Site 23b.

Site 24.
Site 25.
Site 26.
Site 28.
Site 29.
Site 32.
Site 33.
Site 35.
Site 37.
Site 44.
Site 45.
Site 46.
Site 47.
Site 50.
Site 51.
Site 52.
Site 53.

Contra Costa Co., Pinole, west side of Tennet Road.

Contra Costa Co., Richmond, Point San Pablo, former whaling station.
Contra Costa Co., Richmond, beach in front of Point Molate Naval Station.
Contra Costa Co., Richmond, shore beneath Richmond-San Rafael Bridge.
Contra Costa Co., Richmond, Point Richmond, Keller’s Beach.

Contra Costa Co., Point Richmond, between Keller's Beach and Santa Fe pier.
Contra Costa Co., northeast side of Brooks Island.

Contra Costa Co., Richmond, half way between Point Isabel and the Albany racetrack (Golden Gate Fields),

Hoffman Boulevard

Alameda Co., Berkeley, beneath Berkeley fishing pier off Berkeley Marina.

Alameda Co., Berkeley, east shoreline of southernmost point of Berkeley Marina.

Alameda Co., Berkeley, Frontage Road, just off south side of Berkeley Marina.

Alameda Co., Berkeley, half way between Berkeley and Emeryville marinas.

Alameda Co., Alameda, Crown Beach Regional Park.

Alameda Co., Alameda, Hester Drive, San Leandro Bay.

Alameda Co., Alameda, Fillmore Street, San Leandro Bay.

Alameda Co., San Leandro, San Leandro Marina, south side below fishing pier.

Alameda Co., San Leandro, San Leandro Marina, north side of fishing pier to right of boat ramp.
Alameda Co., Coyote Hills, Newark, 3.2 km north of Dumbarton Bridge

Alameda Co., Coyote Hills Regional Park, near Newark, shoreline 3.2 km across salt ponds.
San Mateo Co., East Palo Alto, Bay Road

San Mateo Co., San Mateo, Coyote Point State Park, north side shoreline.

San Mateo Co., 3.2 km south of the former Candlestick Park, Bayshore Freeway, South San Francisco.

San Francisco Co. San Francisco, below seawall at Fort Point.

Marin Co., Lime Point to south Fort Baker (Figure 2).

Marin Co., Sausalito, Harbor Road, Yacht Harbor between Sausalito and Marin City.

Marin Co., Great Circle Road, 0.4 km north of Strawberry Point, Richardson’s Bay

Marin Co., shoreline adjacent to San Quentin Pistol Range, Sir Francis Drake East Boulevard.
Marin Co., Rod and Gun Club, right side of north end of Richmond San Rafael Bridge.

Marin Co., San Pedro Road, 4.8 km south of the San Rafael boundary.

Marin Co., San Rafael, San Pedro Road, 8 km south of the freeway.

Solano Co., 9.7 km west of Guadalcanal Village, Highway 37.

San Francisco Co., South San Francisco, East Grand Avenue, on new fill south of the Fuller Paint Factory.

San Francisco Co., South San Francisco, Oyster Point Road, South San Francisco Marina.
Contra Costa Co., Richmond, 0.4 km north of Stauffer Chemical Company plant.

At each site, approximately 800 meters of shoreline were surveyed.

Search time per site was typically between 60 and 120 minutes. Samples of
all common invertebrate species larger than 1 mm were collected by hand
from the surface of mudflats, rocks, or pilings, and from under rocks, tires,
and boards (with the underside of the object and substrate below examined
for invertebrates). Limited digging was done when a burrow was visible.
Each site was sampled during low tides below a height of +0.91 meters
MLLW. A broad range of habitat types was sampled, including mudflats,
pier pilings, rock rip-rap and shore rocks, seawalls, and salt marshes.
Although observed on occasion, no insects or arachnids were collected as
part of this study. Collected specimens were preserved in 3% formalin
(soft-bodied specimens) or 70% methanol. Selected specimens were deposited
in the CAS Department of Invertebrate Zoology.

Taxa were identified to species level as much as possible. Publications
available at the time for species identification included Johnson and Snook
(1927), Fitch (1953), Smith et al. (1954), Hedgpeth (1962), Ricketts et al.
(1962), Morris (1966) and Hanna (1966). Specimens brought to CAS were
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Figure 1. Location of collecting sites (Table 1) in six regions of San Francisco Bay and geographic
origins of intertidal invertebrates in San Francisco Bay (NEP = Northeast Pacific Ocean (Pacific
coast of North America), NWP = Northwest Pacific Ocean (Japan, Korea, and China), NEA =
Northeast Atlantic Ocean (Western Europe and Mediterranean), including amphi-Atlantic; see
text), NWA = Northwest Atlantic Ocean (Atlantic coast of North America), IWP = Indo-West
Pacific Ocean). Unknown = cryptogenic and undeterminable species. Species numbers for each
geographic origin in each region are shown in Table 3.

identified or verified by the second author. Additional identifications were
made by Allyn G. Smith (chitons and some additional mollusks), Dustin D.
Chivers (crabs), Victor A. Zullo (barnacles), Penny Pinter (Penny Morris-
Smith) (bryozoans) and Ernest W. Iverson (isopods).

Based on Cohen and Carlton (1995) and Ruiz et al. (2000), the biogeographic
origins of species were assigned to five major regions:

1) Northeast Pacific Ocean (NEP) from Alaska to Mexico, including
species that are presumably naturally circumboreal;

2) Northwest Pacific (NWP), including Japan, Korea, and China;

3) Northwest Atlantic Ocean (NWA), from Canada to the Gulf of Mexico;
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4) Northeast Atlantic Ocean (NEA), including Europe and the
Mediterranean; we include here several species that are considered
amphi-Atlantic, but whether native to Europe, North America, or both
is uncertain; and,

5) Indo-West Pacific Ocean (IWP), including Australia and New Zealand.

Species from region 1 are considered native, while those from regions
2-5 are introduced. Additional taxa were considered cryptogenic, or were
undeterminable relative to their biogeographic status due to the lack of
taxonomic resolution.

Nomenclature was updated following Carlton (2007). Post-2007 name
changes follow WoRMS (World Register of Marine Species 2020), with a
few exceptions, such as the retention of the oyster genus name Crassostrea
as opposed to Magallana (Bayne et al. 2017). In the intervening 50 years,
some taxa regarded formerly as one species have been split into two or
more. We indicate how we treat these revisions in Supplementary material
Table S1.

Results and discussion
Distribution of study sites and species observed

For the purposes of this study, the Bay was divided into six major regions
(Figure 1): (A) San Pablo Bay, (B) Central Bay northwest shore, (C) Central-
South Bay east shore, (D) the Golden Gate-Richardson Bay region,
(E) South Bay southwest shore and (F) South Bay. Station locations are
shown in Figure 1 and summarized in Table 1. As noted above, access
often dictated collection sites. The most accessible shorelines were along
the (C) Central-South Bay east shore, from Richmond to San Leandro,
with 17 sites, or 50% of the stations, and (B) the Central Bay west shore,
near the Golden Gate (Figure 2) and into Richardson Bay. The remaining
regions were represented by three to four stations each. In all, 139 living
and five dead taxa were collected (Tables S1, S2, and S3) in nine phyla:
Porifera (sponges), Nemertea (ribbon worms), Annelida (polychaete worms),
Cnidaria (sea anemones and hydroids), Arthropoda (crustaceans including
amphipods, isopods, barnacles, crabs, shrimp, and hermit crabs), Mollusca
(bivalves, gastropods, and chitons), Bryozoa (bryozoans), Echinodermata
(asteroid sea stars), and Chordata (ascidians, or sea squirts). Polychaetes
(19 species), crustaceans (43 species) and mollusks (49) species comprised
80% of the taxa found.

Species frequency

Two near-ocean stations (32 and 33) at the mouth of the Bay account for
slightly more than one-third (38.4%) of all native species records - that is,
33 of the 86 native species were found only at these stations. Fifteen
(37.5%) of the 40 introduced species were collected at only one station each.
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Figure 2. Collecting site No. 33 (Lime Point to south Fort Baker), located near the north base
of the Golden Gate Bridge, showing rocky intertidal with riprap deposits. Photograph taken in
1970 by Lynn Siri Kimsey.

Overall, 62 (44.6%) of all 139 species were also found at only one survey
station each. Given the frequency of unique occurrences, additional
stations would doubtless have added to the overall diversity reported here.

Biogeographic status and origins

We assigned all species to either a native (Northeast Pacific origin),
introduced, cryptogenic, or undetermined biogeographic status (Table 2).
Eighty-six (61.9%) were considered native, 40 (28.8%) introduced, and two
(1.4%) cryptogenic. An additional 11 species (7.9%) were undeterminable
as to their origin due to insufficient taxonomic resolution. Of the introduced
species, 25 (62.5%) originate from the North Atlantic Ocean, 12 (30%)
from the Northwest or Indo-West Pacific. The origins of the three
remaining introduced species and of the two cryptogenic species, while
likely from either the Atlantic or the Pacific, remain uncertain.

Most prominently represented among introductions were bivalve and
gastropod mollusks, with 14 species, comprising 35% of all non-native
taxa. Introduced bivalves from the Atlantic coast included the soft-shell
clam Mya arenaria Linnaeus, 1758, the ribbed marsh mussel Geukensia
demissa (Dillwyn, 1817), the clam Limecola petalum (Valenciennes in
Humboldt & Bonpland, 1821) and the gem clam Gemma gemma (Totten,
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Table 2. Biogeographic status and probable origins of living intertidal invertebrates in San Francisco Bay collected between 1970

and 1971.
Biogeographic Status
Taxon Native Introduced . K .. Total
NEP NWA NEA NWP IWP  Unknown Ptogenic  Unknown Origin

Porifera 2 2
Nemertea 1 1
Annelida 12 2 1 4 19
Cnidaria

Anthozoa 2 1 1 1 5

Hydrozoa 3 1 2 6
Arthropoda

Amphipoda 3 3 12

Isopoda 8 1 5 13

Cirripedia 4 1 5 5

Decapoda 13 13
Mollusca

Bivalvia 12 4 19

Gastropoda 20 6 1 2 1 27

Polyplacophora 3 3
Bryozoa 2 3 1 2 1 9
Echinodermata 2 2
Chordata 1 1 1 3
Total 86 23 2 5 7 3 2 11 139

1834). All of these species were probably introduced when Atlantic oysters
(Crassostrea virginica (Gmelin, 1791)) were planted in the Bay in the 19"
and early 20" centuries (Cohen and Carlton 1995). Two bivalves, the Manila
clam Ruditapes philippinarum (Adams & Reeve, 1850) and the mussel
Arcuatula senhousia (Benson, 1842) were from Japan, introduced when
Japanese oysters, Crassostrea gigas (Thunberg, 1793), were planted in the
first half of the 20™ century (Cohen and Carlton 1995). The shipworm
Teredo navalis Linnaeus, 1758, introduced by wooden ships, may have
originated in the Indo-West Pacific (Carlton 2009).

Among the introduced gastropods, one was native to Europe (the marsh
and riprap snail Myosotella myosotis (Draparnaud, 1801)), although it may
have been transported to the Bay from the U.S. Atlantic coast). The remaining
were all native to the Atlantic seaboard, including the whelk Busycotypus
canaliculatus (Linnaeus, 1758), the slipper limpets Crepidula convexa Say,
1822 and C. plana Say, 1822, the oyster drill Urosalpinx cinerea (Say, 1822),
the mudsnail Tritia obsoleta (Say, 1822), and the parasitic pyramidellid
Boonea bisuturalis (Say, 1822). As with the Atlantic bivalves, all of these
may have been introduced during the days of the Atlantic oyster industry
(Cohen and Carlton 1995). While ship-mediated invasions are common,
San Francisco Bay demonstrates the importance of understanding the role
of historical vectors (such as the former importation of commercial
oysters) in the transport and introduction of non-native species.

Site physiography and regional frequency of native and introduced species

Native and introduced species were differentially distributed along the
Bay’s margins, and the proportions of species originating from the Western
Pacific or from the Western Atlantic differed as well (Table 3, Figure 1).
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Table 3. Number of species by biogeographic origins. Region codes as in text and Figure 1.

San Francisco Bay Biogeographic Origin Collection Sites

Region NEP (native) NWP  NEA  NWA IWP Unknown

(A) San Pablo Bay 8 0 0 6 1 3 1,47,50

(B) NW Shore 13 2 1 6 3 1 44-46

(C) East Shore 41 4 1 17 5 12 4-5,7-9, 11, 13,15-16, 18-20, 23, 53
(D) Golden Gate 68 1 0 6 4 5 32-33, 35, 37

(E) SW Shore 14 4 0 7 2 1 29, 51-52

(F) South Bay 17 3 0 16 2 5 24-26,28

San Pablo Bay (Region A) has, in general, the highest levels of freshwater
influx and silt coming down from the Sacramento-San Joaquin Rivers. It
has extensive fine sediment mud flats and limited rocky shoreline. Most of
the shoreline was inaccessible. The majority of the species collected here
were either native or originated from the Atlantic coast. The Central Bay
northwestern shore (Region B) is rocky, interspersed with sandy mud flats,
piers and concrete rubble/landfill. The majority of species collected here
were also native or from the Atlantic. The Central and South Bay east shore
(Region C) has the most diverse habitats, including sandy beaches, rock
shorelines, mudflats and riprap deposits. Slightly more than half of the
species found here were native, followed by species from the Atlantic coast.

The Golden Gate region (Region D) shoreline has rocky shores, as well
as sand/gravel beaches and piers. This region has the strongest daily
currents, influenced by the proximity of the Pacific Ocean. The largest
number of native species were found here. Indeed, at the two most exposed
stations (32, 33) at the Golden Gate, only one introduced species, the
wood-boring isopod Limnoria tripunctata Menzies, 1951, was found.
South of the Golden Gate, the southwestern shoreline (Region E) consists
of a combination of rubble fill, piers and mud flats. Again, half of the
collected species were native. Atlantic coast species were significant, and
the largest number of species from the northwestern Pacific were found
here. The South Bay (Region F) supported salt evaporation ponds and
extensive fine sediment mudflats. The majority of species found here were
from the Atlantic coast, with a significant number of native species as well.

The clear attenuation of native species as one proceeds into San
Francisco Bay away from the Golden Gate may be related to a number of
phenomena, including increasingly lower salinities and higher temperatures
potentially more conducive to more euryhaline and eurythermal non-native
species, to changes in substrate, and to increasingly fewer native estuarine
species that might offer competitive resistance. Silva (1979) observed a
similar concentration of fully marine native species around the Golden
Gate as well, which he suggested was due “in large part” to a salinity
gradient. However, the relative roles of physical, chemical, biological, and
ecological drivers that may regulate the relative proportions of native and
introduced species in the Bay system largely remain to be investigated.

While other introduced species not encountered in this survey were
known from San Francisco Bay by 1971 (Cohen and Carlton 1995), clear
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patterns in those detected here nevertheless emerge, and the present data
may thus serve as a partial baseline for future intertidal surveys in San
Francisco Bay. In 1970-1971, introduced species represented increasingly
larger fractions of diversity to the north, east, and south of the Golden Gate.
Species originating from the Northwest Pacific and the Northwest Atlantic
were the primary contributors to the non-native fraction of the biota.

The dearth of long-term, systematic surveys of intertidal invertebrates of
San Francisco Bay stands in striking contrast to the critical role of the Bay
in the function of California’s aquatic ecosystems (Conomos 1979; Cloern
and Nichols 1985; Hollibaugh 1996). However, it may be that other
historical data sets exist that, if published, could further contribute to our
understanding of the Bay’s biological and ecological history.

Acknowledgements

This study was made possible by the assistance of the late Jean B. Siri, who accompanied LSK
on all of the collecting trips. LSK further thanks Edwin Springer, Ralph Barbour, and
Christopher Rogers for their encouragement and advice. We are grateful to the late Allyn G.
Smith, the late Dustin Chivers, the late Victor Zullo, Penny Pinter (Penny Morris-Smith) and
Ernest W. Iverson for assistance with identifications. We thank Andrew N. Cohen for insightful
comments on an earlier version of this paper, and three anonymous reviewers for helpful
suggestions and observations.

References

Anonymous (1921) Bureau of Fisheries, United States Department of Commerce. Dredging and
hydrographic records of the U. S. Fisheries Steamer “Albatross” 1911-1920. Bureau of Fisheries
Document No. 897, 190 pp

Bayne BL, Ahrens M, Allen SK, D'Auriac MA, Backeljau T, Beninger P, Bohn R, Boudry P, Davis J,
Green T, Guo X, Hedgecock D, Ibarra A, Kingsley-Smith P, Krause M, Langdon C, Lapegue S, Li
C, Manahan D, Mann R, Perez-Paralle L, Powell EN, Rawson PD, Speiser D, Sanchez JL,
Shumway S, Wang H (2017) The proposed dropping of the genus Crassostrea for all Pacific
cupped oysters and its replacement by a new genus Magallana: a dissenting view. Journal of
Shellfish Research 36: 545-547, https://doi.org/10.2983/035.036.0301

Carlton JT (1979) Introduced invertebrates of San Francisco Bay. In: Conomos TJ (ed), San
Francisco Bay: The Urbanized Estuary. American Association for the Advancement of Science,
Pacific Division, San Francisco, pp 427444

Carlton JT (1996) Biological invasions and cryptogenic species. Ecology 77: 1653—-1655,
https://doi.org/10.2307/2265767

Carlton JT (ed) (2007) The Light and Smith Manual: Intertidal Invertebrates from Central California
to Oregon. Fourth Edition, Completely Revised and Expanded. University of California Press,
Berkeley, 1001 pp, https://doi.org/10.1525/9780520930438

Carlton JT (2009) Deep invasion ecology and the assembly of communities in historical time. In:
Rilov G, Crooks JA (eds), Biological Invasions in Marine Ecosystems. Springer-Verlag, Berlin,
pp 13-56, https://doi.org/10.1007/978-3-540-79236-9 2

Chan GL (1977) The five-year recruitment of marine life after the 1971 San Francisco oil spill.
International Oil Spill Conference Proceedings 1977: 543—545, https://doi.org/10.7901/2169-3358-
1977-1-543

Cloern JE, Nichols FH (eds) (1985) Temporal dynamics of an estuary: San Francisco Bay.
Developments in Hydrobiology 30: 1-237, https://doi.org/10.1007/978-94-009-5528-8

Cohen AN, Carlton JT (1995) Biological Study. Nonindigenous aquatic species in a United States
Estuary: A case study of the biological invasions of the San Francisco Bay and Delta. A Report
for the United States Fish and Wildlife Service, Washington, D.C., and The National Sea Grant
College Program, Connecticut Sea Grant, NTIS Report Number PB96-166525, 246 pp +
appendices

Cohen AN, Carlton JT (1998) Accelerating invasion rate in a highly invaded estuary. Science 279:
555-558, https://doi.org/10.1126/science.279.5350.555

Conomos TJ (ed) (1979) San Francisco Bay: The Urbanized Estuary. American Association for the
Advancement of Science, Pacific Division, San Francisco, 483 pp

Fitch JE (1953) Common marine bivalves of California. California Department of Fish and Game
Fish Bulletin 90: 1-106

Filice FP (1954) An ecological survey of the Castro Creek area in San Pablo Bay. The Wasmann
Journal of Biology 12: 1-24

Kimsey and Carlton (2021), Biolnvasions Records 10(1): 109—118, https://doi.org/10.3391/bir.2021.10.1.13 117


https://www.invasivesnet.org

2

N wivsher

Historical survey of San Francisco Bay

Supplementary material

Hanna GD (1966) Introduced mollusks of Western North America. Occasional Papers of the
California Academy of Sciences 48: 1-108

Hedgpeth JW (1962) Introduction to seashore life of the San Francisco Bay region and the coast of
Northern California. University of California Press, Berkeley, 136 pp

Hollibaugh JT (ed) (1996) San Francisco Bay: The ecosystem. American Association for the
Advancement of Science, Pacific Division, San Francisco, 542 pp

Hopkins D (1987) Temporal variations in the benthic communities at four intertidal sites in San
Francisco Bay, California, 1983-85. United States Geological Survey, Open-File Report 87-387,
89 pp, https://doi.org/10.3133/01r87387

Johnson ME, Snook HJ (1927) Seashore Animals of the Pacific Coast. MacMillan Co. New York,
659 pp

Lindberg DR (1981) Acmaeidae Gastropoda Mollusca. Invertebrates of the San Francisco Bay Estuary
System. The Boxwood Press, Pacific Grove, California, 122 pp

Morris PA (1966) A Field Guide to the Shells of the Pacific Coast and Hawaii. Houghton Mifflin
Co., Boston, 297 pp

Nichols FH, Pamatmat MM (1988) The ecology of the soft-bottom benthos of San Francisco Bay: A
community profile. United States Fish and Wildlife Service Biological Report 85 (7.19), 73 pp

Nichols FH, Thompson JK (1985) Persistence of an introduced mudflat community in South San
Francisco Bay, California. Marine Ecology Progress Series 24: 83-97, https://doi.org/10.3354/
meps024083

Packard EL (1918) Molluscan fauna from San Francisco Bay. University of California Publications in
Zoology 14: 199452, https://doi.org/10.5962/bhl.title.46674

Painter RE (1966) Zoobenthos of San Pablo and Suisun Bays. In: Kelley DW (ed), Ecological Studies
of the Sacramento-San Joaquin Estuary. Part I. Zooplankton, Zoobenthos, and Fishes of San Pablo
and Suisun Bays, Zooplankton and Zoobenthos of the Delta. California Department of Fish and
Game Fish Bulletin 133: 40-56

Ricketts EF, Calvin J, Hedgpeth JW (1962) Between Pacific Tides. Third Edition, Revised. Stanford
University Press, Stanford, 516 pp

Ruiz GM, Fofonoff PW, Carlton JT, Wonham MJ, Hines AH (2000) Invasion of coastal marine
communities in North America: apparent patterns, processes, and biases. Annual Review of
Ecology and Systematics 31: 481-531, https://doi.org/10.1146/annurev.ecolsys.31.1.481

Ruiz GM, Fofonoff PW, Steves B, Foss SF, Shiba SN (2011) Marine invasion history and vector
analysis of California: a hotspot for western North America. Diversity and Distributions 17: 362—
373, https://doi.org/10.1111/j.1472-4642.2011.00742.x

Schmitt WL (1921) The Marine Decapod Crustacea of California. University of California
Publications in Zoology 23: 1-470

Shimm KG, Tunzi MG (1974) Shellfish study of San Francisco Bay April-June 1972. EPA - 909/9-
73-003.U. S. Environmental Protection Agency, Region IX, Surveillance and Analysis Division,
San Francisco, California, 65 pp

Silva PC (1979) The benthic alga flora of central San Francisco Bay. In: Conomos TJ (ed), San
Francisco Bay: The Urbanized Estuary. American Association for the Advancement of Science,
Pacific Division, San Francisco, pp 287-345

Smith RI, Pitelka FA, Abbott DP, Weesner FM (1954) Intertidal invertebrates of the central
California coast. University of California Press, Berkeley and Los Angeles, 446 pp

Sutton JE (1978) Survey of sport shellfishing potential in San Francisco Bay, in southern San
Francisco and northern San Mateo counties. Final Report. Prepared for the City and County of
San Francisco Wastewater Program under EPA Grant Number C-06-1399-010 and DPW order
number 111979, 77 pp

Sutton JE (1981) Shellfish resources of eastern San Francisco Bay. Distribution, abundance, public
access and use. East Bay Municipal Utility District. Special District No. 1, Oakland, California,
169 pp

Thompson JK, Nichols FH (1984) Benthic macrofauna of a South San Francisco Bay, California,
mudflat, 1974 to 1983. United States Geological Survey Open File Report 84-759, 200 pp,
https://doi.org/10.3133/0fr84759

Vassallo MT (1969) The ecology of Macoma inconspicua (Broderip & Sowerby, 1829) in Central
San Francisco Bay. Part I. The vertical distribution of the Macoma community. The Veliger 11:
223-284

Wooster TWW (1968) Existing and potential recreational and commercial shellfish production and
use in the San Francisco, San Leandro, Richardson, San Rafael and San Pablo Bay’s complex.
California Department of Fish and Game, Sacramento, California, 89 pp

World Register of Marine Species (2020) World Register of Marine Species. hitp://www.marinespecies.org
(accessed 24 February 2020)

The following supplementary material is available for this article:

Table S1. Intertidal invertebrates of San Francisco Bay collected between 1970 and 1971.

Table S2. Living species collected in Regions A-F in San Francisco Bay between 1970 and 1971.

Table S3. Intertidal invertebrate species collected at each survey station in San Francisco Bay between 1970 and 1971.

This material is available as part of online article from:
http://www.reabic.net/journals/bir/2021/Supplements/BIR 2021 Kimsey Carlton SupplementaryMaterial.xlsx

Kimsey and Carlton (2021), Biolnvasions Records 10(1): 109—118, https://doi.org/10.3391/bir.2021.10.1.13 118


https://doi.org/10.3354/meps024083
https://www.invasivesnet.org


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /RUS <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


