Protect-iﬁg endangered species and wild places through
science, policy, education, and environmental law

303 (d) Deadline:

January 30, 2006 1/31/06

- Board Members

State Water Resources Control Board
1001 I Street, 24th Floor
Sacramento, CA 95814

Re: Revision to the Federal Clean Water Act § 303(d) List of Water Quality Limited
Segments for California — Supporting Evidence for Comments

Dear Board Members,

Please include the enclosed information as part of the administrative record for the review and
update of the § 303(d) list of water quality limited segments for California. These documents

_pertain to those segments located in Northern California, and specifically, Humboldt Bay and the
South Fork San Joaquin and Middle Fork Kings River watersheds. Our comments will be
submitted separately by email.

Thank you for your time and consideration of this information.

For Clean Water,

celkins@biologicaldiversity.org

Because Life Is Good

Tucson = Phoenix « Joshaa Tree « San ljiego = San Francisco » Los Angeles » Washington D.C. « Portland » Silver City » Shelter Cove

Post Office Box 220 « Shefter Cove, CA 95589 « PHONE 707.986.7805 » FAX 707.986.7506




APPENDIX 1

Humboldt Bay | l




NON-INDIGENOUS MARINE SPECIES OF HUMBOLDT BAY,
CALIFORNIA

A Report to the California Department of Fish and Game

February 28, 2002

Principal Investigators:

Milton J. Boyd

Department of Biological Sciences
Humboldt State University
Arcata, CA 95521

Tim J. Mulligan
Department of Fisheries
Humboldt State University
Arcata, CA 95521

Frank J. Shaughnessy

' Department of Biological Sciences
Humboldt State University
Arcata, CA 95521




EXECUTIVE SUMMARY

During this survey, we collected and identified 95 species that are possibly non-
indigenous marine species (NIS) in Humboldt Bay. There were representatives from
most major groups of organisms, ranging from vascular plants to fish. The largest
number of non-indigenous species is found in various invertebrate groups,
including polychaetes (24 species), amphipods (20 species), and bryozoa (8 species).
Previous studies in Humboldt Bay (Barnhart et al. 1992) were not focused on
identification and enumeration of introduced species, but many of the non-
indigenous species found in this study have been reported in that earlier work.

A number of introduced species have been in Humboldt Bay for a long time, in
some cases going back to the first settlement of the region by Europeans in the mid
1800’s. Almost immediately following initial settlement, maritime trade began, with
shipping of lumber and lumber products to all parts of the world. It appears that
sometime in the 1860's, the most abundant plant of Humboldt Bay salt marshes,
Spartina densiflora, was brought into the bay from South America, probably as
shingle or dry ballast (Barnhart et al. 1992).

Intentional introductions have also accounted for a number of species that are
numerous in the bay. All along the California coast, efforts to introduce and grow
oysters were pursued beginning in the 1890’s (Bonnot 1935). Following attempts to
grow eastern oysters and European oysters that failed, Japanese oysters were
successfully introduced into Humboldt Bay. A significant commercial aquaculture
activity continues around the planting, growth, and harvesting of Japanese oysters
in the bay. The cultch {seed oysters) for this species is now produced in Puget
Sound and shipped in bags to Humboldt Bay. These shipments provide continuing
opportunities for introductions from Puget Sound. We identified one species of
algae, previously unreported from Humboldt Bay, which has probably arrived from
Puget Sound in this manner. Other examples of species that were introduced
intentionally include the Eastern soft shell clam (Mya arenaria) and the Japanese
cockle (Venerupis phillippinarium).

As intentional introductions took place, unintentional introductions also occurred.
Early methods of transporting marine organisms from one area to another might
take several days and packing in wet algae was a common way to retard dessication.
Numerous small juveniles of other species or species inconspicuous by their size
might be concealed among the algae or attached to blades. In this manner, small
polychaetes, species attached to algae blades, and small crustaceans were




madx}ertenﬂy introduced into the bay as the packing material was disposed of by
tossing it into bay waters.

We included in this study species that are clearly the result of introductions and

those that have been characterized as cryptogenic (Cohen and Carlton 1995; Carlton -

1996). Cryptogenic species are organisms that appear to be widespread in bays,
ports, and estuaries of the world and carnot be identified as definitely native or
exotic to a particular region. Carlton (1996) has proposed that many of these species
are the result of maritime trade and other human activity that go back hundreds of
years. Some cryptogenic species occurrences are the result of intentional or
unintentional introductions that are lost in time and history. Others are of uncertain
relationship to species that have a wide range of occurrence but may be genetically
distinct in parts of their range. In yet others, their present day occurrence is merely
an indication of their capacity to adapt to a wide range of environmental conditions.
Of the 95 species that we identified as possible introductions to Humboldt Bay, 23
have been classified as cryptogenic.

We compared the occurrence of introduced species in Humboldt Bay to their
occurrence mentioned in previous studies done along the Pacific coast of North
America (Cohen and Carlton 1995; Ruiz et al. 2000). In particular, we compared the
reported occurrence of species in San Francisco Bay to the south and in Coos Bay,
Oregon to the north. Of the 95 species in Humboldt Bay, 31 have been reported
from all three bays. There are 23 species that are found in San Francisco Bay and
Humboldt Bay. There were no species that were found to co-occur only in Coos Bay
and in Humboldt Bay. Twenty-seven of the introduced species we report are found
only in Humboldt Bay. These data on co-occurrence suggest that San Francisco Bay
could be an important source area for introductions to Humboldt Bay, a finding
consistent with ship and small boat traffic moving between these two locations. The
number of species that appear to be found only in Humboldt Bay (27) suggests that
there may be factors in the nature of shipping or other human influences that are
unique to the bay.
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INTRODUCTION

There has long been an interest among biologists in the introduction of species from
one part of the globe to another (Elton 1958). Early investigations were focused on
terrestrial species, with minimal attention to marine and estuarine species.

Increased global maritime trade during the past 25 years has resulted in greater
attention to inadvertent introductions of marine species, particularly to the
possibility of transport and introduction of species from ballast water (Carlton 1985).
A number of studies have been completed of introductions to bays and estuaries
along the coast of California, with particular emphasis on San Francisco Bay (Cohen
- and Carlton 1995). A recent review article (Ruiz et al. 2000) summarized the N
occurrence of introduced species in marine and estuarine habitats of North America, ‘
including the Pacific coast. Noticeably absent in that publication was any listing of
introduced species from Humboldt Bay.

Previous work on marine organisms found in and around Humboldt Bay did not
specifically identify species that had been intentionally or inadvertently introduced
into Humboldt Bay (Barnhart et al. 1992). In addition to maritime commerce,
mariculture activities in Humboldt Bay go back at least 100 years (Bonnot 1935). A
number of species of oysters and other shellfish have been brought to the bay, with
varying degrees of success in establishing breeding populations of non-native
bivalves. Similar activities have taken place at other bays and estuaries along the
coast of California (Ruiz et al. 2000).

There is clearly a long history of maritime commerce in Humboldt Bay. The first
shipments of lumber from the bay occurred in the 185('s, shortly after the arrival of
European and American settlers. In recent times, the maritime trade has been
focused on timber and paper products that are shipped to other coastal ports and to
overseas destinations (Barnhart et al. 1992). In the period of maritime commerce
under sail, ships were frequently ballasted with dry or “shingle” ballast. In
Humboldt Bay, one of the most prominent examples of an introduced species
(Spartina densiflora from South America) apparently dates from the early period of
timber commerce (Kittlelson and Boyd 1997).

The purpose of this survey was to specifically examine locations throughout
Humboldt Bay for the occurrence of introduced species. Such species have recently
been recognized under the term “non-indigenous species,” or NIS (Ruiz et al. 2000,
and many other recent authors). In this study, use of the term NIS is essentially
equivalent to terms such as “introduced,” “non-native,” and “exotic.” This
investigation is not focused on the historical aspects of NIS in Humboldt Bay, but it




is clear that the present occurrence of NIS in the bay is the result of maritime
activities (shipping and mariculture) that go back to the 1850's.

A significant objective of this survey is to provide a reliable baseline of information
for further studies and monitoring of NIS that may arrive in the bay as a result of
increased maritime trade and other activities. Although many ships enter
Humboldt Bay after a direct transit of the Pacific Ocean, others may visit ports along
the entire west coast before entering the bay. Fishing vessels in the bay also
regularly visit ports along the coast, including ports in Oregon, Washington, and
Alaska. A number of fouling organisms are known to settle and grow on boat hulls

below the water line or other submerged surfaces of these vessels as they move from

one port to another along the coast. Fishing vessels and pleasure craft capable of
ocean voyages consequently may act as vehicles for the transport of NIS from one
location to another, contributing to the spread of NIS that may initially be restricted
in occurrence. For Humboldt Bay, San Francisco Bay is the most likely source of NIS
that may arrive secondary to an initial introduction there. We were fortunate thata
relatively recent and thorough survey of NIS in San Francisco Bay (Cohen and
Carlton 1995) was available for comparison to NIS found in Humboldt Bay.




METHODS AND MATERIALS

This study is the most thorough survey of algae, invertebrates, and fish recently
undertaken in Humboldt Bay. Beginning in July 2000, 58 sites were visited to collect
marine algae (Fig. 3), invertebrates were collected at 21 intertidal sites, 5 marina
locations, and benthic samples were obtained at 87 stations (Figs. 1,2). Fish were
surveyed using a variety of collection methods, including seines, traps, and trawls at
over 300 locations throughout the bay (Fig. 4). In total, 471 collections were
examined for exotic species in Humboldt Bay. '

Intertidal sites were visited at low tides and a variety of collection methods were
used to obtain organisms. Hand tools were used to remove animals and plants from
solid surfaces. Sediment samples (when collected) were passed through a 1.00 mm
stainless steel screen and all organisms retained on the screens were transferred to
jars or plastic bags. All organisms were preserved in the field with 10% buffered
formalin in sea water. Samples of algae were collected and preserved both to
identify the algal species and as substrates for small motile organisms such as
crustaceans and polychaetes.

Benthic samples were obtained used a Smith-McIntyre grab deployed initially from
the Humboldt State University research vessel “Coral Sea”. As the Smith-McIntyre
grab reached the bottom, the depth and exact location (as determined from the GPS
receiver on board RV Coral Sea) was recorded. As the grab was brought back on
board, it was examined to insure a minimum sample volume of 6 liters. If the
sample was of acceptable volume, the top screens were removed, and a sediment
sample taken for later determination of sediment grain size. The remaining
sediment was then passed though a 1.00 mm screen and all organisms or larger
sediment particles retained on the screen were transferred to a container. Ten
percent buffered formalin was then added to the container and the container
thoroughly agitated to insure adequate mixing of the preservative solution with
contents of the container.

The “Coral Sea” has too much draft to maneuver easily into the shallow channels of
Arcata Bay and South Bay, so a shallow draft vessel, the MV “Ironic” was chartered
to deploy the Smith-McIntyre grab in those locations (Fig. 2). As benthic samples
were acquired from this vessel, depth was recorded from the on-board fathometer
and GPS coordinates (latitude and longitude) were taken with a hand held (Garmin
12) unit. Sediment samples were taken and collections preserved in a manner
identical to procedures used on the “Coral Sea.”
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At four marina locations in Humboldt Bay (Fig. 1), fouling organisms were collected
using hand tools to remove materials from bumper tires, docks, and marina floats.
Divers using SCUBA went into the water at the Woodley Island Marina to remove
materials from the undersides of floating docks. All materials collected were
preserved in 10% buffered formalin in seawater.

Upon return to the laboratory, samples taken in the field were transferred as
necessary to permanent containers. 'All samples were examined on each day they
were taken to insure that adequate Iabel information had been completed. Each
collection was assigned a unique identifying number.

Trained assistants then undertook sorting of the samples into major taxonomic
categories. “Sort” records contained information about the sorting process and
unusual species or groups that were encountered. Sorting was accomplished with
compound microscopes and sorting trays, maximum magnification 30X.

Sorted samples were then examined by specialized taxonomic specialists (Lorrie
Bott, Bonnie Lesley, Susan Tharratt). These individuals all had extensive experience
in the identification and enumeration of marine invertebrate species of Humboldt
Bay and adjacent outer coast benthic and pelagic invertebrate species. As species
were identified and enumerated, data sheets reflecting that information were
completed. The tables accompanying this report reflect the occurrence of introduced
species encountered during this survey.

11
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Figure 1. Intertidal and marina (fouling) collection sites for marine and estuarine
invertebrates in 2000, 2001. Collections were done at 21 intertidal sites and 5 marina
locations.
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Figure 2. Benthic collection sites for marine invertebrates in 2000, 2001. Collections

were done at 87 benthic locations using a Smith-McIntyre grab.
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Methods for Sampling Exotic Algae

The sampling protocol for identifying the NIS algae in Humboldt Bay is based on
the directive not to sample the plankton and not to quantify the abundance of exotic
species. Locations in Humboldt Bay were therefore selected for sampling NIS algae
only if they had hard substrata where attached green, red, and brown algae could
grow. Soft bottom sites where the flowering plant Zostera japonica might grow were
also selected. Site selection was not random. Sites were deliberately chosen to
represent as many habitats as possible in Humboldt Bay, and in particular to capture
locations where ballast water and mariculture operations could be introducing
exotic organisms (Fig. 3). About half of the sites were visited at least twice, with the
second visit occurring during a different season. People on foot walked through
each site during low tides and removed any algal species that could not be named
immediately. Collected algae were brought back to the laboratory in a cooler and
then preserved in 4% formaldehyde in seawater. A compound microscope was used
to identify all of the species in these collections. Prior to any of the field sampling, a
potential list of exotic algae (Table 1) was compiled based upon Cohen and Carlton
(1995) and communications with other phycologists. This was particularly valuable
as some of these exotic algae have not been reported in the literature and are quite
diminutive. Representative voucher specimens were made only for those exotic -
algae found and the reproductive condition of these taxa was recorded. The
identification of the one exotic red alga found, Lomentaria hakodatensis Yendo, was
confirmed by Dr. Paul Silva at the UC Berkley herbarium.

14
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Figure 3. The distribution of the 58 sites that were sampled for exotic algae during i
2000 and 2001. The red alga Lomentaria hakodatensis and the brown alga Sargassum ]
muticum were the only two exotics found, and the map indicates only those sites '
where these taxa were attached and growing. See Table 2 for more information :
about each site. i
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Table 1. A list of exotic algal species from the northeast Pacific Ocean that could
potentially occur in Humboldt Bay, CA.

Phylum Species name & authority Comments
Chlorophyta (green Caulerpa microphysa Currently being sold
algae) (Weber-van Bosse) from aquarium stores in

Feldmarm California!
Caulerpa racemosa Currently being sold
(Forsskal) J. Agardh from aquarium stores in
California.* :
Caulerpa serrulata Currently being sold
(Forsskal) J. Agardh from aquarium stores in
California.’
Caulerpa taxifolia (M Vahl) | Currently being sold
C. Agardh from aquarium stores in
California' and is
growing in southern CA
harbors. Physiologically,
this aquarium variety
could establish up to
: British Columbia.?
Codium fragile subsp. This taxon does occur
tomentosoides (van Goor) | episodically on the outer
P.C. Silva coast of Trinidad in tide
pools.
Heterokontophyta, Acinetospora Bornet An ectocarpoid brown
Phaeophyceae (brown filament seen by Dr. Erik
algae) Henry in Vancouver, B.C.
(pers. comm.)
Ascophyllum nodosum (L.) | Large rockweed
Le Jolis '
Sargassum muticum Large rockweed
(Yendo) Fensholt
Scytothamnus J.D. Hooler | An ectocarpoid brown
& Harvey ' filament seen by Dr. Erik
Henry in Vancouver, B.C.
(pers. comm.)
Undaria pinnatifida Akelp
(Harvey) Suringar
16




Table 1. (continued)

Waerniella Kylin An ectocarpoid brown
- | filament seen by Dr. Erik
Henry in Vancouver, B.C.
‘ (pers. comm.)
Rhodophyta (red algae) | Callithamnion byssoides A threadlike, branched
Arnot ex Harvey | filament
Caulacanthus ustulatus A tough, corticated,
(Turner) Kiitzing branched alga; forms a
turf
Gelidium vagum Okamura | A tough, corticated,
branched alga; forms a
_ furf
Lomentaria hakodatensis | A soft, corticated,
Yendo branched alga
Polysiphonia denudata A threadlike, branched
(Dillwyn) Greville ex filament
Harvey
Anthophyta (flowering | Zostera japonica
_plants) Ascherson & Graebner

! Frisch SM., S.N. Murray. 2001. The availability of species of Caulerpa and “live
rock” in retail aquarium outlets in southern California. Abstracts, 82~ Annual
Meeting of the Western Society of Naturalists, Ventura, CA. p. 30.

2 Woodfield R.A, K.W. Merkel. 2001. Invasive marine chlorophyte, Caulerpa taxifolia,
discovered at two southern California sites. Abstracts, 82~ Annual Meetmg of the
Western Society of Naturalists, Ventura, CA. p. 51.

17




Collectiont methods: fish
Sampling Gears

Field sampling of Humboldt Bay took place between August 2000 to December 2001.
Locations along the periphery of the bay were chosen by reviewing a NOAA
navigational chart. The goal was to collect data along the entire margin of the bay.
Sloughs and channels that branch off of the bay were similarly chosen. Interior
sections of the bay, including channels, beach areas, rubble areas, mudflats and
eelgrass beds were also sampled. Gears used to sample fishes included: a 32 ft. head
rope bottom trawl with 2 in. stretch mesh in body and 1 in. stretch mesh in cod end,
an epibenthic otter trawl net measuring 16ft with 3mm stretch mesh in the body, a
150 ft. by 8 ft. beach seine with 10 mm. mesh, a gill net measuring 150 ft. by 8 ft. with
3in. mesh, a variety of pole seines measuring 15 ft. by 5 ft. with 3mm. mesh, 20 ft. by
6 ft. with 6 mm. mesh, and 50 ft. by 6 ft. with 6 mm. mesh. Standard minnow tfraps
were also used.

Coordinates

Geographical coordinates were collected at each site. These coordinates were
obtained in latitude/longitude in degrees, minutes and seconds, using a Trimble
hand held GPS unit, GeoExplorer II. When collecting geographic position on board
the Coral Sea, the GPS unit on board the vessel was used.

Fishes

The focus of fish sampling was in areas that have not ever been thoroughly sampled
in the past, including small channels, sloughs, riprap areas, areas in the vicinity of
the jetties and flocculent mud flats. Much of the sampling was done from shore,
using the pole seines of various sizes (Fig. 4). The beach seine was deployed from a
small aluminum skiff. Sampling of the major channels required trawling from R/V
Coral Sea using the 32 ft. head rope trawlnet. The smaller trawl net was used
mostly in eel grass beds, and was deployed from Humboldt State University’s 27 ft.
by 12 ft. aluminum pontoon boat. Minnow traps were used to sample around riprap
and at the north and south jetties.

18
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Figure 4, Collection sites for marine and estuarine fish in Humboldt Bay, 2000, 2001.
Collections were done at 360 locations in and bordering Humboldt Bay.
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Sediment samples

The sediment cores taken from each benthic sample were examined using standard
methods (Shepard 1963). A variety of descriptive parameters were recorded for
each of the sediment samples. A partial reporting of the parameters recorded is
sontained in Table 6.

T A A e A R e
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SPECIES ACCOUNTS
ALGAE
Sargassum muticum (Yendo) Fensholt ‘ Phaeophyta

This species is a native of Japan that first appeared during 1945 in Puget Sound
where it was probably introduced on the shells of oyster spat (Abbott and
Hollenberg 1976, Critchley et al. 1990). Sexual thalli of S. muticum were already
present in Humboldt Bay by 1965 (Dawson 1965). The present survey found this
species on low intertidal and shallow subtidal riprap near the entrance to Humboldt
Bay, as a brackish water site in the Elk River, and at several shallow subtidal sites in
Arcata Bay (Fig. 3, Table 2). Thalli of S. muticum in the latter area were frequently
attached to very large abandoned oysters that have subsequently been surrounded
by eelgrass beds. Drift 5. muticum is common in Humboldt Bay and thalli frequently
have receptacles in which gametes are presumably produced. S. muticum is absent
from the entrance channel itself, as well as local rocky intertidal sites on the outer
coast (pers. obs.).

Chondracanthus teedii , Rhodophyta

This red alga (as Gigartina tepida) has been recorded from Puget Sound, Washington
to Baja California and the Gulf of California (Abbott and Hollenherg 1976). It has
not been reported previously from Humboldt Bay, despite being in the range of
occurrence for this species. Dawson (1965) did not report it, nor did later authors
(DeCew et al., in prep).

This survey: Found on oyster shell in Arcata Bay (common), pilings of the Samoa
bridge, Eureka Boat basin, Woodley Island Marina. Thereis a strong possibility that
this alga has appeared recently in the bay as a result of transport from Puget Sound
on oyster cultch transplanted into Arcata Bay.

~ Lomentaria hakodatensis Yendo . Rhodophyta
A red alga that is native to Japan (Abbott and Hollenberg 1976, Liining K. 1990). It

was reported at Isla Guadalupe, Mexico in 1925 and British Columbia in the 1950’s.
It is now located at several other west coast locations in between Mexico and British
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Columbia (DeCew et al., in prep; Hawkes and Scagel 1986). In 1965, Dawson did
not report L. hakodatensis as occurring between Cape Mendocino and Crescent City;
this stretch of shoreline includes Humboldt Bay (Dawson 1965). In 1990 DeCew
found sterile drift material of L. hakodatensis in the King Salmon area of Humboldt
Bay, and “rare” attached sterile specimens occurred on Eureka boat docks (DeCew
et al, in prep). In the present survey, attached L. hakodatensis was very common in
every oyster lease site sampled where it grew on old oyster shells lying on top of
mudflats located in the low intertidal to shallow subtidal zones (Fig. 3, Table 2). Its
distribution was patchier on the Eureka boat dock and in Klopp Lake. Its arrival into
Humboldt Bay could have occurred with the importation of Japanese oyster spat
reared in Puget Sound, where L. hakodatensis also occurs, or this exotic alga could
have established itself via fragments or spores dispersed from Coos Bay, Oregon to
the north, or Point Arena, California to the south; these are the two closest known
locations for this exotic alga. L. hakodatensis appears to be spreading in Humboldt
Bay by fragmentation, which it is known to do at other locations (DeCew et al., in
prep), and by spores. In contrast to DeCew’s 1990 report of sterile thalli in Humboldt
Bay, in this survey we found tetrasporangial material of L. hakodatensis. It is not
known if these tetrasporangia were releasing sexual or asexual spores.

VASCULAR PLANTS
Spartina densiflora Brongn.

This is the dominant salt marsh plant at Humboldt Bay. It occupies an approximate
elevation range from 6 to 8 ft. above MLLW. Spartina densiflora was probably
introduced from the west coast of South America sometime in the later half of the
19* century. During that period, a flourishing trade in redwood lumber existed
between Humboldt Bay and ports in Chile and Peru. It is probable that Spartina
densiflora seeds were transported in dry ballast commonly used to stabilize sailing
vessels in the latter 19* century.

This survey: Widespread in salt marshes around Humboldt Bay.
Cotula coronopifolia Linnaeus, 1758

This plant occurs in salt marshes and freshwater marshes around the bay. Itis
found in marsh habitats along the California coastline and is native to South Africa
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(Cohen and Carlton 1995, Hickman 1993). The introduction of this plant in San
Francisco Bay is estimated to have been 1878 by Cohen and Carlton (1995).

This survey: Widespread in the salt mashes and adjacent.freshwater marshes of
Humboldt Bay.

Zostera japonica
During the course of this survey, individuals familiar with introduced species in
Humboldt Bay encouraged us to look carefully for Zostera japonica, which has been

found in other bays on the Pacific coast. It is conspicuously absent in Humboldt
Bay. Coos Bay, Oregon contains the closest known population of this plant.

INTRODUCED ANIMALS

PORIFERA

Cliona sp. (possibly C. celata)

There is an uncertain complex of species found in the genus Cliona. In Humboldt
Bay, these sponges are widely distributed in benthic habitats, oyster growing areas,
and at marinas. It seems probable that this sponge has been present for most of the
20# century in Humboldt Bay.

This survey: Common at marinas, Mad River slough, Arcata Bay oyster growing
areas. '

Halichondria bowerbanchia Burton, 1930

This sponge is widely distributed in Humboldt Bay, it occurs in benthic habitats, at
marinas, and on solid substrates in intertidal sites. Native to the Atlantic, it
probably was introduced during attempts in the first half of the 20% century to grow

Crassostrea virginica in the bay.

This survey: Mad River slough, marinas.
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Microciona prolifera (Ellis and Solander, 1786)

This sponge is native to the Atlantic and also has been described from San Francisco
Bay. It is widely distributed in benthic habitats, as a fouling organism at marinas,
and at low intertidal elevations. Although not previously listed (Barnhart et al.
1992) it probably has been in the bay since at least 1950, based on its widespread
occurrence.

This survey: Marinas, Mad River Slough Channel benthic stations.

Aurelia aurita (Linnaeus, 1758)

These jellyfish are seen occasionally in deeper waters of the bay. They do not occur
in the dense swarms that have been seen at Tomales Bay and in southern parts of
San Francisco Bay. The taxonomy of this species in currently uncertain, but it seems
clear that Aurelia aurita as described for the central California coastline is not the
same as the Atlantic species. '

This survey: Medusae occasionally onserved in channels of Humboldt Bay,

especially near the bay entrance. Strobilus form in the life cycle has not been
collected in the bay.

Diadumene leucolena (Verrill, 1866)

This anemone is native to the Atlantic coast of the U. S. and is widely distributed in
Humboldt Bay. It occurs at marinas and in low rocky intertidal sites. It is uncertain
when this species was introduced to the bay but it probably was introduced with
ship fouling. It is known to occur widely in San Francisco Bay (Cohen and Carlton
1995} and in Coos Bay, Oregon (Carlton 1979).

This survey: Widespread on low intertidal rocks, marinas of the bay.

Diadumene lineata

This Asian species is widely distributed in Humboldt Bay and was identified as
Halliplanella luciae in previous studies (Barnhart et al. 1992). Tt seems likely that this
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species was introduced with Japanese oysters, Crassostrea gigas. The speciesis
widely distributed on the west coast of the North America from Newport Bay in
southern California to British Columbia {(Cohen and Carlton 1995).

This survey: Abundant on oystefs grown in the bay, in fouling at marinas, and in i
low intertidal rocky locations. i

Nematostella vectensis Stephenson, 1935

This small anemone is typically found in shallow pools in salt marshes around the
bay and is occasionally abundant. Cohen and Carlton (1995) listed this species as
cryptogenic in San Francisco Bay, but Hand and Uhrlinger (1994) believed that N.
vectensis is native to estuarine areas in the Balthic Sea of northern Europe. It has
been reported from Humboldt Bay (Barnhart et al. 1992) and other estuarine salt
marsh locations from central California to Puget Sound.

This survey: Abundant in pools of salt marshes surrounding the béy.

Obelia dichotoma (Linnaeus, 1758)

This species has a confused history of certain identifcation in California bays and
estuaries. The origin of the species is also uncertain (Cohen and Carlton 1995)
because of a long history of introductions in many parts of the world.

This survey: Abundant at marinas in Humboldt Bay. Growth in the spring is lush,
identification is more certain with key features easily visible. By late summer many
colonies have been grazed extensively by nudibranchs.
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ANNELIDA: Polychaetes

Autolytus cornutus (Agassiz, 1862). | SYLLIDAE
Type locality: New England; intertidal (Hartman 1968)

Distribution: New England coast; CA; intertidal in holdfasts of kelp; pelagic
(Hartman 1968). Pettibone (1963) lists distribution as Arctic, Labrador to Chesapeake
Bay, in low water to 75 fathoms. This species in found at low water under rocks, on
pilings, in muddy sands, with algae, sponges, hydroids, barnacles, mussels.
Specimens have been dredged from 25 m (Pettibone 1963).

This survey: Species was found among mussel/algae on pilings (Woodley Island)
and subtidally among shell fragments and mixed sediments in North Bay Channel.
It was occasionally common in piling samples among mussels/algae at Woodley
Island. Previously recorded as Autolytus sp. in Humboldt Bay from subtidal samples
containing mixed sediments and shell fragments (Barnhart et al. 1992). Also found in
samples from the shallow continental shelf off Humboldt Bay (COE study). Bay
populations are cryptogenic.

* Boccardiella hamata (Webster, 1879 : original description) SPIONIDAE

Type locality: by Webster, from Virginia (1879a) and New Jersey (1879b); inhabiting
bivalve shells. Blake and Kudenov (1978) established new genus, Boccardiella,
replacing Boccardia. ‘ '

Distribution: Boccardia hamata is known on the Pacific coast (as B. uncata) from
British Columbia to Baja California (Berkeley and Berkeley 1952). It has been
reported from oyster beds, estuarine mud, Dodecaceria sp. masses, and other littoral
conditions. In Japan, on mud flats; East coast and gulf coasts of North America,
penetrating oyster shells and gastropod shells (Hartman 1951). Uraguay (as Polydora
uncatiformis) in brackish water (Munro 1938).

Habitat: In central California, B. hamata inhabits algal holdfasts, hermit crab shells,
and estuarine muds. It constructs tubes in sand in algal holdfasts of Egregia sp. and
was found in Tegula brunnea shells inhabited by Pagurus granosimanus at Cayucos
and within Macrocystis pyrifera holdfasts at Monterey. Vancouver Island, Boccardiella
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hamata was found inhabiting mud in the crevices of sandstone rocks in Scott Bay,
Barkley Sound; in silty muds of Morro Bay, CA; and on the east coast, in shells of
hermit crabs Eupagarus pollicaris and in bottom samples of fine sand-shell mix at 5-6
m depth from the Mystic River. {(Sato-Okoshi and Okoshi 1997).

This survey: Boccardia hamata was found in estuarine mud at Southport Landing,
Klopp Lake, and Mad River Slough #1.

Dipolydora socialis (Schmarda, 1861) - SPIONIDAE -
Type locality: Chile

Distribution: East and west coasts of N. America; Gulf of Mexico; Chile; Falkland
Islands; west Pacific; Sea of Japan; Australia; intertidal to about 400 m (Blake, Hilbig
and Scott 1996). Originally described from the eastern Pacific (Chile) and appears to
be widely distributed in boreal and temperate seas. Polydora socialis plena (Berkeley
and Berkeley 1936), Polydora caeca var. magna (Berkeley 1927) and Polydora neocardalia
{Hartman 1961) are all considered synonyms for Dipolydora socialis. Thought to be
able to bore and inhabit soft sediments (Blake 1971; Blake and Evans 1973).

P. socialis is a well-adapted species occurring in soft sediments and sometimes as a
borer in calcareous substrates (Blake 1971). This species has been recorded among
the dominants in benthic infaunal communities (Blake 1971; unpublished)

This survey: appears to be a widely distributed species in a variety of habitats in
Humboldt Bay. Specimens were obtained intertidally from South of Eureka Marina,
EBureka Boat Basin, Woodley Island, and Mad River Slough #2, and subtidally in
channels. Previously recorded from Humboldt Bay, as Polydora socialis, by Barnhart
et al. in 1992.

Dodecaceria concharum (Oersted, 1843) - CIRRATULIDAE
Type locality: Denmark
Distribution: Cosmopolitan species, found on the west coast from Western Canada

to Southern CA (Hartman 1969). Other records from the English Channel,
Mediterranean, Black Sea, and the eastern US (N. Carolina) (Knox 1971).
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Habitat: This species is found in burrows in shells and calcareous algae. In
Humboldt Bay, it is found subtidally in burrows in large, empty bivalve shells in
North Bay Channel along with Polydora websteri, Dipolydora socialis, and an
unidentified phoronid (Sta. 28). D. concharum has been previously collected in
Humboldt Bay in similar habitats (Barnhart et al. 1992).

This survey: North Bay Channel in shell debris.

Euchone limnicola (Reish, 1959) SABELLIDAE

Type locality: Long Beach Outer Harbor (Hartman 1969)

Distribution: Southern CA, estuarine, in sandy muds (Hartman 1969). Two other
Euchone species, E. analis and E. incolor described from benthic in British Columbia
and Washington (Orensanz, on li_ne), but E. limnicola not found.

This survey: E. limnicola was found subtidally in Eureka Channel, Samoa Channel,
and East Bay Channel. Common. '

Exogone lourei (Berkeley and Befkeley 1938) SYLLIDAE

Distribution: British Columbia; Washington; Oregonﬁ California; ?Mexico; Gulf of

Mexico; Texas, Louisiana, Mississippi, Alabama, Florida; Cuba; Spain (Blake, Hilbig
and Scott 1995). Other records: Canary Islands (Nunez et al 1992), in Madeira, found

in Porifera: Demospongiaria: Erylus discophorus, Penares candidata, Aaptos aaptos,
Cliona viridis, and Petrosia ficiformis.

Previously reported habitat: Intertidal to shallow depth; algal flats dominated by
Caulpera verticillata and Halimeda opuntia {. triloba, Thalassia testudinum seagrass
meadow (Russell 1991); calcareous crusts on Spondylus senegalensis (Nunez et al.

1992). Exogone lourei specimens have been found with spicules or spicule fragments

in their guts — those of the sponges in which they were found may suggest _
relationship with sponge is “occasionally parasitic” (Pascual et al. 1996).

This survey: found intertidally from Hookton Slough, South of Eureka Marina,

Southport Landing, Klopp Lake, Woodley Island Marina, Mad River Slough #2, Mad

River Slough #1, Hilfiker Road, Bracut. Common in subtidal samples, as well.
Barnhart et al. (1992) described as abundant in sand and mud in Humboldt Bay.
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Fabricia sabella (Ehrenberg 1937) . SABELLIDAE
Type locality: Heligoland, North Sea (Hartman 1969) -

Distribution: Cosmopolitan in enclosed bays, in mud, Central CA, in estuarine mud.
- Banse (1979) reports Fabricia sabella sabella from Newcastle Island, British Columbia;
and elevates F. sabella oregonica to (sub)specific rank. Constructs mucoid tubes
externally covered with silt, in protected bays and estuaries, over surface of mud.

A tiny worm and that may be easily overlooked; therefore, may be more widely
distributed in Humboldt Bay, or alternatively, may be restricted in Humboldt Bay to
intertidal and estuarine sites with firmer sandy or clay mud sediments, such as
Jacoby Creek (clay/mud) or Samoa Boat Ramp (muddy sand) This is the first record
of this species from Humboldt Bay.

This survey: Intertidal mud near the mouth of Jacoby Creek.

Glycera americana (Leidy, 1855) GLYCERIDAE

Type locality: Rhode Island (Hartman 1969)

Distribution: Cosmopolitan; Atlantic and Padfic coasts of N. and S. America; Gulf of
Mexico; Straits of Magellan; New Zealand; Southern Australia, intertidal to 530 m
(Blake et al. 1994). Recorded from Humboldt Bay by Barnhart et al. 1992

This survey: Fields Landing Channel

Harmothoe imbricata (Linnaeus, 1767) POLYNOIDAE

Type locality: Iceland (Linnaéus 1767) — uncertain if based from actual specimen or
just a drawing according to Chambers and Heppell (1989). ‘ :

Distribution: Cosmopolitan species found throughout the arctic and boreal seas.
Widespread throughout the northern hemisphere, extending down to the
Mediterranean and to New Jersey in the Atlantic, and from the Yellow Sea around
the Pacific Rim to southem California. Ruiz et al. (2000) states cryptogenic. -

29




Habitat: It is abundant in the intertidal and shallow subtidal, but is also found out to
abyssal depths. This species utilizes a wide variety of habitats including under rock,
subtidal on rock, mud or sand substrates, eelgrass beds, kelp holdfasts, mussel beds
and old Sabellaria reefs. One of the most widely distributed species of polynoids,
free-living as well as commensal with echinoderms and other polychaetes.

Recorded from Humboldt Bay by Barnhart et al. (1992) as abundant, on rock and
piling habitats.

This survey: Specimens from intertidal sites include South of Eureka Marina,
Southport Landing, Woodley Island Marina, Mad River Slough #1, Samoa Boat
Ramp. Not taken subtidally in this survey.

Heteromastus filiformis (Claparede, 1864) CAPITELLIDAE
Type locality: Mediterranean Sea (Hartman 1969)
Native: Atlantic coast of US (New England to Gulf of Mexico)

Distribution: Atlantic coast of US; Greenland, Sweden, Mediterranean; Morocco,
South Africa; Peruvian Gulf; New Zealand; Japan; Bering and Chukchi Seas;
California: San Francisco Bay, Morro Bay, southern CA?, Bolinas Lagoon; Vancouver
Island; Coos Bay; Grays Harbor, WA. (Cohen and Carlton 1995). Blake et al. (2000)
lists as widespread in Atlantic and Pacific; Australia, Victoria to Queensland; and
Mediterranean.

Habitat: Intertidal in silty and mixed sediments. A dominant species in intertidal
muds subject to low oxygen conditions (Blake et al. 2000). Barnhart et al. 1992 failed
to include H. filformis in species list from sampling of channels; suggests more
strictly intertidal. H. filiformis may have been introduced to San Francisco Bay in the
late nineteenth or early twentieth century with Atlantic oysters or as early ballast
water introduction (Cohen and Carlton 1995)

This survey: H. filiformis was collected from Mad River Slough #1 and #2, Bracut.

Other sites may exist due to the fact that several immature, unidentified capitellid
specimens of probable genus Heteromastus were found.
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Heteropodarke heteromorpha (Hartmann-Schroder 1962) HESIONIDAE

Type locality: Peru, Callao; in sands with shell fragments and some pebbles.
Distribution: New Caledonia; Peruto CA; 3t0 98 m
Habitat: Found in sandy sediments, shallow subtidal.

This survey: only one specimen taken subtidally from North Bay Channel; ?rare.

Marphysa sanguinea (Montagu, 1815) EUNICIDAE
Type locality: England (Hartman 1968)

Distribution: Europe (Great Britain to the Mediterranean); western Atlantic
{Massachusetts to the West Indies, Gulf of Mexico, Bermuda and the Bahamas);
Japan; China; Australasia to the Red Sea and Africa; eastern Pacific (SF Bay; Los
Angeles to Panama). Linero-Arana (1991) reports it from NE Venezuela, as well.
Hartman (1969) lists distribution as southern California. '
Habitat: In intertidal mud and algal covered estuaries; cosmopolitan in warm or
temperate seas.

Listed in Ruiz et al. 2000 (appendix) as Marphysa “sanguinea” as:

introduced/cryptogenic, established, 1969 1+ record in SF Bay, multiple vectors

include shipping and fisheries, native to the amphi-Atlantic, probable source region
is west Atlantic.

M. sanguinea is reported as a single, cosmopolitan species, though it is likely to be a
composite of several difficult to distinguish but distinct taxa. Cohen and Carlton
1995 report it as known to San Francisco Bay since 1969; it is thought to have been
introduced via Atlantic oysters or in ballast water. Reported by Hopkins (1969)
(listed in Cohen and Carlton 1995 literature as 1986, not “69) as common at
concentrations of 10-200 per square meter, but found only in South San Francisco-
Bay south of Hunter’s Point and most commonly in the channels.

Five species reported from California: M. belli oculata, M. conferta, M. disjuncta, M.

mortenseni, M. sanguinea, and M. stylobranchiata. Santa Maria Basin atlas reports only
M. conferta present in their collections.
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This survey: Found at Mad River Slough #1, sparse.

Myxicola infundibulum (Reiner, 1804) SABELLIDAE
Type locality: Mediterranean Sea (Hartman 1969)

Distribution: Central to southern CA, in shelf depths in mixed sediments;
Mediterranean and western Europe; cosmopolitan (Hartman 1969) Berkeley and
Berkeley (1952) lists western Canada, Alaska, Atlantic, Mediterranean, and Arctic.
Introduced to Port Philip Bay, Australia according to Ruiz et al. 2000.

New this survey: Woodley Island Marina, very common at this site. Also collected
from floating dock at Hookton Slough.

Nereis pelagica (Linne or ?Linnaeus, 1758) | NEREIDAE
Type locality: Western Europe

Distribution: Cosmopolitan; NW Europe (Norway to Mediterranean Sea); West
Africa; New England to Florida; Bermg Sea to Panama; Japan: South Pacific;
intertidal to 1200 m.

Habitat: Found in a wide variety of habitats — soft sandy sediments (rarely mud), to

rocks, encrusting animals, and algal holdfasts. According to Pettibone (1963), it
prefers clean, circulating water. - Epitokous specimens found in surface waters year-

round, most often in spring and summer. Confusion in literature as to specific rank;

Hartman (1940) describes ?Nereis pelagica based on specimen with a reduction of
dorsal ligules in posterior segments, which was later assigned to be a juvenile
character (Blake and Hilbig 1994). Hartman (1969) describes Nereis pelagica
neonigripes (Hartman 1936) from “northern and southern California, intertidal, in
rocky habitats” but this subspecies has since been included into stem species by
Pettibone 1963.

This survey — found at South of Eureka Marina, and Woodley Island, new record for
Humboldt Bay.
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Pholoe minuta (Fabricius, 1780) , PHOLOIDAE

Distribution: Circumpolar. Widespread in Arctic to northeastern Atlantic to France
(Fauvel 1923); northwestern Atlantic off New England (Verrill 1881; Webster and
Benedict 1884,1885); northwestern Pacific — northern Sea of Japan (Annenkova 1937);
northeastern Pacific to southern Oregon (Hartman and Reish 1950); off South Africa
(Ehlers 1913; Fauvel 1914). Intertidal to 1254 fathoms (Pettibone 1953). However,
this species may have been identified previously as either P. tuberculata or P. glabra
(see Barnhart et al. 1992). : '

Pholoe glabra appears to be the most common species in California. Pholoe minuta is a
widespread species and may be present in California estuaries and other nearshore
habitats... Several species appear to have been confirmed with P. minuta in the
North American literature and a review of these records is needed. Pettibone’s
(1953) description of P. minuta from the Puget Sound appears to be of P. glabra
(Blake et al. 1995). Blake et al. (1995) list distribution of P. glabra as California to
Mexico; CA intertidal; subtidal on shelf and upper slope to 300 m.

This survey: Benthic stations in Arcata Bay.

Polydora cornuta (Bosc, 1802) SPIONIDAE

Type locality: Charleston, South Carolina (as redescribed and new neotype
designation by Blake and Maciolek 1987)

Distribution: northern Atlantic; eastern Pacific from British Columbia to Southern
CA; Salton Sea; ?Mexico; Europe; Australia. Widely reported as Polydora ligni
Webster, including in Cohen and Carlton (1995). Polydora amarincola (Hartman 1936)
also synonmy. Common fouling organism in bays of the Pacific coast. Found in
mud and sand flats of estuaries; soft sediments. This species has been subject to
numerous investigations as reviewed by Blake, Hilbig and Scott (1996) in
introduction to Spionidae. .

Reported in Humboldt Bay by Barnhart et al. (1992) under both Polydora ligni and
Polydora socialis names. P. socialis was described as abundant, from sand and mud in

that report.

This survey: Collected at Southport Landing and Klopp Lake.
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Polydora limicola (Annekova, 1934) SPIONIDAE

Type locality: in western Pacific at Bering Island, near Kamchatka (Annenkova 1934)
Distribution: Los Angeles vicinity, intertidal, along breakwaters, in Mytilus colonies,
massed in crevices and forming muddy sheaths over rocks and other hard substrata.
(Hartman 1969). Eastern and western North Pacific, ?Europe (Blake, Hilibig and
Scott 1996).

Material was examined from Washington, Puget Sound, near Tacoma by Blake,
Hilbig and Scott (1996) and compared to southern California specimens.

Habitat: Surfaces of rocks on tidal flats, forming dense aggregations in southern CA
harbors. Manchenko and Radashevsky (1993) report P. limicola as a “fouling
organism on the bottoms of ships in the Sea of Japan.”

A ’sibling species’ to Polydora ciliata, according to Manchecnko and Radashevsky
(1993), which previously was distinguished from P. limicola on strict habitat
differences. It is highly likely that some reports of P. ciliata from soft sediments may
. actually refer to P. limicola or another species such as P. aggregata. (Blake, Hilbig and
Scott 1996). |

This survey: Mud of Eureka Channel, Field’s Landing Channel

Pseudopolydora kempi (Southern, 1921) SPIONIDAE
Type locality: Chilka Lake, India

Distribution: Mozambique; India; ]apan;\Kurile Islands, with salinities from marine
to 6 ppt (Light 1969). Nanaimo, British Columbia (1951) — 1t collection from eastern
Pacific; later found at False Bay, San Juan Island (1968); WA and Yaquina Bay (1974);
Netarts Bay (1976); Coos Bay (1977). India, Chilka Lake; South Africa; Japan; Korean
Archipelago; British Columbia and Puget Sound; California. In mud, sand or sand '
and mud; intertidal to shallow subtidal {Light 1978); Port Philip Bay, Australia (Ruiz
et al. 2000).

California: Morro Bay (1960), Bolinas Lagoon (1967), San Francisco Bay (1972),

Bodega Harbor, Tomales Bay, and Anaheim Bay (1975), {references in Cariton 1979,
p- 310, Cohen and Carlton 1995), Humboldt Bay (Barnhart et al. 1992). Cohen and
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Carlton (1995) speculate that P. kempi may have arrived with shipments of
Crassostrea gigas from Japan, from ballast water, or from ship fouling,

This survey: Widespread in mud at low intertidal and subtidal benthic stations.

Pseudopolydora paucibranchiata (Okuda 1937) SPIONIDAE
Type locality: Japan

Distribution: Japan; California: Los Angeles—Long Beach Harbor, Newport Bay,
Alamitos Bay, Elkhorn Slough, SF Bay, Tomales Bay; New Zealand, Wellington
Harbor. In sand, lower littoral to shallow subtidal (Light 1978). “Like P. kempi, this
species appears to have been introduced into North America from Japan.” (Light
1978). Cohen and Carlton (1995) state that P. paucibranchiata may have been
introduced to northeastern Pacific in ballast water or from ship fouling (possibly due
to increased ship traffic associated with the Korean War), or with Japanese oysters.

Distribution: Japan; Australia (1973) (see Carlton 1985); New Zealand (?); CA: LA
Harbor (1950), Newport Bay (1951), San Diego Bay (1952), Alamitos Bay (1958),
Anaheim Bay and Santa Barbara (1975), Mission Bay (1981) (see Carlton 1979a; Blake
1975); Netarts Bay, OR (1976) (see Light 1977; Carlton 1979, p. 312) (All references -
in Cohen and Carlton 1995).

This survey: Humboldt Bay, new to this survey, Mad River Slough, low intertidal
mud under Samoa Bridge and near mouth of Elk River, benthic stations in Mad
River Slough Channel.

Pygospio elegans (Claparede, 1863) ‘ SPIONIDAE
Distribution: North Atlantic; Nova Scotia to Massachusetts; Norway to
Mediterranean Sea; Baltic Sea; South Africa; North Pacific: western Canada to CA;
Sea of Okhotsk; Prudhoe Bay, Alaska (Light 1978). P. elegans is common inhigh
intertidal habitats in California (Blake et al. 1996)

This survey: Intertidal mud near mouth of Jacoby Creek and at Southport Landing.
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Sabellaria gracilis (Hartman 1944) - SABELLARIDAE
Type locality: Port Fermin, CA; shore

Distribution: southern CA, littoral regions, rocky habitats in protected niches
(Hartman 1969). Previously described in Humboldt Bay (Barnhart et al. 1992).

This survey: S. gracilis found largely attached to shell debris from Samoa Channel,
North Bay Channel and Woodley Island Marma (on live mussels). Possibly
cryptogenic in Humboldt Bay.

Serpula vermicularis (Linnaeus, 1767) SERPULIDAE

Type locality: western Europe (Hartman 1969)

Distribution: California, intertidal and subtidal depths on hard surfaces; northern
Alaska; Cosmopolitan (Hartman 1969). Humboldt Bay, Barnhart et al. 1992

This survey: one specimen collected in North Bay Channel (Sta. 33, BL). Cryptogenic
in Humboldt Bay.

Spiophanes bombyx (Claparede, 1870) SPIONIDAE
Type locality: France (Hartman 1969)

Distribution: southern CA: shelf, slope and canyon depths in silty mud;
Cosmopolitan (Hartman 1969). New England, Virginia, North Carolina, Florida;
Gulf of Mexico; WA to CA; Bering Sea; Netherlands; Bay of Biscay; Argentine Basin;
low intertidal to 1,336 m (Blake et al. 1996). “Spiophanes bombyx is common in
shallow-water benthic communities in sandy sediments. This species may be the
dominant organism in such habitats.” (Blake et al. 1996).

Distribution: Cosmopolitan, in intertidal sand flats to 119 m (Light 1978). Previously
recorded in Humboldt Bay by Barnhart et al. 1992

This survey: Samoa Channel, North Bay Channel East Bay Channel and Flelds
Landing Channel.
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Spiophanes wigleyi (Pettibone, 1962) | SPIONIDAE

Distribution: Western North Atlantic; northeastern North America, North Carolina;
Gulf of Mexico; Australia; southwest Africa; eastern Atlantic; Bay of Biscay;
Farallones; Santa Maria Basin, off Purisima Point (Blake et al. 1996).

This survey: North Bay Channel, single individual.

Steblospio benedicti (Webster, 1879) SPIONIDAE
Type locality: Gulf of Maine (Light 1978)

Distribution: Gulf of St. Lawrence, Gulf of Maine, Atlantic coast of North America to
Florida and Texas; Gulf of Mexico; South America {Maracaibo estuary); central to
southern California: San Francisco Bay in huge numbers in mud flats in east bay and
Lake Merritt (Hartman, 1936:46); Point Richmond (Jones 1961); Carquinez & Mare
Island straits (Lui et al. 1975); Oakland Inner Harbor, Redwood City Harbor, and
South Bay (Light 1978); North Sea, Denmark, Holland, France. [ All references in
Light 1978]. “Streblospio benedicti appears to have been introduced from the Atlantic
coast of North America into California estuaries in association with the Virginia
oyster, Crassostrea virginica (Gremlin) (see Carlton, 1975:19)” (Light 1978). “As with
Polydora ligni, the other spionid discovered in SF Bay in the 1930's, Streblospio could -
have been introduced with Atlantic oysters..., in ballast water, or possibly in ship
fouling, and moved along the Pacific coast with shellfish transplants or coastal
shipping.” (Cohen and Carlton 1995)

Western Atlantic from the Gulf of St. Lawrence to Gulf of Mexico and Venezuela;
northern Europe; Mediterranean Sea; Black Sea; SF Bay in 1932; Tomales Bay and
Bodega Harbor in 1936; subsequently in other estuaries south to Newport Bay and
north to Grays Harbor, Wa. (records in Carlton 1979a, p. 314) (Cohen and Carlton
1995). Ruiz et al. 2000 states “established” in San Francisco Bay, Coos Bay, and
Puget Sound.

Recorded from Humboldt Bay in Barnhart et al. 1992

This survey: Streblospio benedicti collected in intertidal muds from Bracut, near

mouth of Elk River, Mad River Slotgh, Southport Landing, Klopp Lake and
subtidally from Eureka Channel. '
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Typosyllis hyalina (Grube, 1863) | SYLLIDAE

Distribution: Widespread from both north Pacific and Atlantic basins;
Mediterranean Sea; Panama; CA north to British Columbia; Japan (Blake 1995).
Associated with algae, sponges and mussel beds in intertidal zones; with hard
substrata at 69-90 m (Blake 1995). Recorded previously in Humboldt Bay (Barnhart
et al. 1992)

This survey: South of Eureka Marina, Eureka Boat Basin, Klopp Lake, Woodley
Island Marina, and subtidally in North Bay Channel. It was found among mussels
on pilings, in eelgrass beds, and among algae on rocks.

GASTROPODS
Crepidula sp.

There are both native and introduced slipper shells along the coast of Humboldt
County. The native species are found along the outer coast, with this introduced
species found in the bay. It is typically sparse, only a few were taken in this survey.
The slipper shells in San Francisco Bay are C. glauca and C. plana, the species in
Humboldt Bay may be one of these two. Both species are from the western North
Atlantic and were probably introduced into San Francisco Bay with Crassostrea
virginica and the same probably occurred in Humboldt Bay incidental to attempts
culture Atlantic oysters. Early attempts to culture Atlantic oysters in Humboldt Bay
were not successful. -

This survey: Crepidula sp. Was collected at Klopp Lake and in oyster beds of Arcata
Bay.

. 38




Owatella myosotis

Synonyms: Alexia setifer
Alexia setifer var. tenuis
Phytia myosotis

- First record in Humboldt Bay: 1876 (Cohen and Carlton 1995)

Distribution: Both coasts.of North Atlantic — may have been introduced to western
Atlantic in late 18% or early 19* century (Berman and Carlton 1991). First collected
from San Francisco Bay in 1871; probably introduced with Atlantic oyster. Other
records of 1+ collection: 1915 in San Pedro Harbor, CA and 1927 in Washington
State. Now found on Pacific coast from Boundary Bay, British Columbia to
Scammons Lagoon in Baja Mexico (Carlton 1979, p. 414, Cohen and Carlton 1995).

~ Habitat: Euryhéline; lives under debris near high tide line of salt marshes and
protected beaches in lagoons and bays.

Berman and Carlton (1991) studied dietary competition with native snails (Assiminea
californica and Littorina subrotundata) in Coos Bay, OR; did not find competitive
superiority by O. myosotis (Cohen and Carlton 1995).

This survey: common and abundant in salt marshes around Humboldt Bay.

Urosalpinx cinerea

Common name: Atlantic oyster drill

Distribution: Native to northwestern Atlantic from Gulf of St. Lawrence to Florida
(Cohen and Carlton 1995). The oyster drill is native to the east coast of North

America where it can be an important predator of young oysters (Cohen and Carlton

1995). The distribution of this species in bays along the coast of western North
America suggests that it has been introduced with attempts to culture the eastern
oyster Crassostrea virginica.

Introduction: Introduced to San Francisco Bay with shipments of Atlantic oysters; 1+
collected from oyster beds at Belmont in 1890 (Stearns 1894). Other 1* records: 1931-
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" Boundary Bay, B.C., 1929 — southern Puget Sound; 1948 — Willapa Bay; 1935 -
Tomales Bay; pre 1940’s — Newport Bay (Cohen and Carlton 1995).

This survey: Sparse, Klopp Lake (1 individual) and Bracut (1 individual).

OPISTHOBRANCHIA

Alderia modesta Sacoglossa

Distribution: Vancouver Island, British Columbia (Miller 1980) to Newport Bay, Ca
(Cadien 1980); New England; British Isles; Norway to France (Behrens 1991).

Habitat: salt marsh

This survey: Mad River Slough #1

Dendronotus frondosus (Ascanius, 1774)

Distribution: Cosmopolitan in northern hemisphere (Robilliard 1970; Thompson and
Brown 1976).

Habitat: common in bays and at boat docks (Behrens 1991).

~ This survey: Woodley Island Marina, Eureka Boat Basin, and Hookton Slough.

BIVALVIA

Crassostrea gigas

Common name: Japanese or Pacific oyster

Distribution: Native to northwestern Pacific from Sakhalin Islands to Pakistan.
Introduced from Japan to Europe, Australia, and Pacific Coast of North America.
“Introduced” {Smith and Carlton 1975).

Successfully cultured from Prince William Sound, Alaska to Newport Bay,
California. “Established, reproducing populations are limited to a few high-
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temperatﬁre areas from southern British Columbia to Oregon...” (Cban, Scott, and
Bernard 2000) '

There is a long history of attempts to grow oysters in bays and estuaries along the N
California coast. The native oyster (Ostrea lurida) is too small and slow growing to 3N
support culture and marketing, thus the many attempts to establish a viable oyster L
growing industry over the last 100 years (Bonnot 1935). Oyster cultch is brought to e
Humboldt Bay from Puget Sound and is now placed on “long lines” that keep the e
oysters suspended above the bottom of low intertidal mudflats in Arcata Bay. Grow il
out takes 2-3 years before the oysters are of marketable size. In previous years -
“ground culture” took place by scattering the cultch over the surface of the low i
mudflats that were built up by depositing waste oyster shell. TR

There is no question that the transport of oysters from native regions in the western il
Pacific and from bay to bay along the coast has been a significant source of _ T
introductions, going beyond Crassostrea gigas itself. Sponges, bryozoans, algae, il
hydroids, and polychaetes are only a few of the major taxa that have been E
introduced to Humboldt Bay and other bays and estuaries along the western coast of
North America incidental to oyster culture.

First reported for Humboldt Bay by Barnhart et al. 1992.

This survey: Mad River Slough #1 and throughout oyster growing areas in Arcata
Bay. _

Gemma gemma

Synonyms: Venus gemma Totten, 1834
Cyrena purpurea Lea, 1842
Venus manhattensis Jay, 1852
Gemma totteni Simpson, 1860
Parastarte concentica Dall, 1889
Gemma fretensis Rehder, 1939

Common name: Amethyst gem clam

Native to: northwestern Atlantic, from Nova Scotia to Florida and Texas.
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First Pacific coast report: 1893 — from the crop of a duck bought in San Francisco;
1890's collected in San Francisco Bay; 1918 - collected in Bolinas Lagoon; 1960's and
70’s collected in Bodega Harbor, Tomales Bay, and Elkhorn Slough (Carlton 19792,
p-490) (in Cohen and Carlton 1995).

First reported for Humboldt Bay by Barnhart et al. 1992.

Introduced probably with Atlantic oysters, Gemma gemma is one of the most
common benthic species in San Pablo Bay (Cohen and Carlton 1995).

Now established in several locations from Humboldt Bay to Elkhorn Slough,
California; intertidal to 100 m on mud or sand in estuaries (Coan, Scott, and Barnard
2000 ~ this information came from JT Carlton in a personal communication and a
letter). '

This survey: Found during this survey at Klopp Lake and Mad River Slough #1.
Gemma gemma is widely distributed in low intertidal and subtidal mud sediments of
Humboldt Bay. It is sometimes confused with the native clam Transella tantilla, with
which it can co-occur. It is not known when this clam first appeared in Humboldt
Bay, but its widespread occurrence suggests that it has been present for a number of
years.

Laternula (Exolatemula)kmarilina (Reeve, 1860)

Synonyms: Anating marilina Reeve, 1860
A. cristella Reeve, 1863
A. navicula Reeve, 1863
A. limicola Reeve, 1863
A. kamkurama Pilsbry, 1895
A. peichiliensis Grabau & King, 1928

Distribution: Northwestern Pacific from Sakhalin Island to southern Japan & China.
First introduced and temporarily established from 1963-1966 at Coos Bay (pers
comm JT Carlton, 1966 in Coan, Scott and Bernard 2000). Established in Willapa
Bay, WA (Chapman, 1998 email) and Humboldt Bay, CA in mud (Coan, Scott and
Bernard 2000).

This survey: First report in Humboldt Bay is this survey. Found in Southport
Landing, Klopp Lake, and Mad River Slough #1. Restricted to high intertidal mud
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flats in Humboldt Bay. “All live specimens but one.... were recovered from
northeast Humboldt Bay.” (Miller, Coan and Chapman, 1999). This small clam is
apparently a recent arrival in Humboldt Bay (Coan et al. 2000). The Miller, Coan
and Chapman (1999) report L. mariling found in low densities and with a patchy
distribution.

Modes of introduction (as reported from Miller, Coan and Chapman 1999);

1. previously introduced but undiscovered northeast Pacific
populations

2. transplanted to Humboldt Bay with domestic oyster
transplants (Monroe et al. 1973; Barnhart et al. 1992)

3. with internationally transplanted Japanese oyster spat (Woelke,
1955) | |

4. international ballast water traffic (Carlton & Geller 1995).

Macoma balthica (or M. petalum)
This species has been thought to be native to the eastern North Atlantic Basin (Coan
et al. 2000). It was probably introduced to bays and estuaries of the Pacific coast
along with oysters (C. virginica) for culture (Cohen and Carlson 1995). Recent
investigations of molecular markers suggest that Macoma balthica of previous
investigators in San Francisco Bay may be Macoma petalum. There has been no

- comparable work on this species from Humboldt Bay, so we retain the previous
species name. '

Distribution: Circumboreal, arctic to central California (Coan et al. 2000)

This survey: Found in mud and silt in Humboldt Bay, common.

Muya arenaria (Linnaeus, 1758)
Synonyms: (see Coan et al. 2000, p. 470 for extensive list)
. Common name: Soft-shell clam

Native region: Occurred in eastern Pacific in Miocene and Pleistocene, then became
extinct. Persisted in Japan and in the North Atlantic
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Distribution: Circumboreal; Icy Cape, Alaska, southern Bering Sea to Yukon Delta,
south to Elkhorn Slough, CA, juveniles off San Diego; east to Korea, the Kurile
Islands, northern Japan; North Atlantic from Iceland to Spain; Black Sea; east coast
of North America from Newfoundland to Virginia; intertidal, in mud and sand.

Introductions: 1874 - to California with Atlantic oysters, eventually establishing a-
continuous distribution to northern Alaska. {Coan et al. 2000)

First record in recent CA: 1874- collected in San Francisco Bay (Newcomb 1874);
probably transported with shipments of Atlantic oysters that began in 1869 (Cohen
and Carlton 1995). 1t is not clear whether introductions were deliberate for this
species or whether introductions were incidental to attempts to cultivate oysters
from the Atlantic coast of North America.

Apparently Mya arenaria is not established south of Monterey, CA - although ~2000
were planted in Morro Bay in 1915 (Cohen and Carlton 1995).

First record of M. arenaria in Humboldt Bay by Barnhart et al. 1992

This survey: Found at Southport Landing, Mad River Slough #1, Bracut, and Hilfiker
and subtidally at Samoa Channel (Sta. 13). It is common and abundant in low
intertidal mudflats of Humboldt Bay in areas that are influenced by reduced
salinities following winter rainfall. It is taken for bait and food by sport clammers.

Venerupis (Rudit;zpes) phillippinarum (Adams & Reeve, 1850)
Synonyms: (See'Coan, Scott and Bernard 2000, p. 387)
Common name: Japanese Littleneck clam or Manila dam

Distribution: Natural range: from Kurile Islands, northern Iépan, and Korea to China
(Coan et al. 2000).

Introductions: with oyster seed from Japan — to southern British Columbia &
Washington. Now has almost continuous distribution from Queen Charlotte
Islands, British Columbia to Willapa Bay, WA, and from Humboldt Bay (JT Carlton
letter 1992) to Elkhorn Slough, CA (JT Carlton letter 1992); intertidal in bays and
estuaries. Also introduced to Hawaii and the Mediterranean (Coan et al. 2000).




“Venerupis philippinarum.... 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” (Cohen and Carlton 1995).

Introductions: (All references in Cohen & Carlton 1995)

1924 - planted in oyster beds in Samish Bay, WA (Kincaid, 1947)

1930 - Elkhorn Slough in shipments of Japanese oysters (Bonnot 1935b)
1936 - First record of an established population on Northern American coast:
Ladysmith Harbor, Vancouver Island, British Columbia (Quayle, 1938)
1943 - Puget Sound

1946 - Willapa Bay and SF Bay

1949 - Bodega Harbor and Elkhorn Slough

1955 - Tomales Bay

1964 — Humboldt Bay and Gray’s Harbor

1966 — Bolinas Lagoon

Many efforts were made to establish V. phillipinamm at different areas along the
Pacific coast of North America in the 1950’s and 1960's. All failed. However, it was
established in Netart’s Bay, OR in the 1970’s (Carlton 1979a, p- 502).

Very common benthic organism in parts of San Francisco Bay (Cohen and Carlton
1995).

This survey: Mad River Slough #1 and Klopp Lake. Although it was recorded from
Humboldt Bay in 1964 (Cohen and Carlton 1995), it was not found in abundance
until 1996, when the bottom of Klopp Lake on the north end of Arcata Bay became
covered with these clams. It is uncertain whether this species competes with the
native littleneck, Protothaca staminea. Tn Klopp Lake, it displaced a large part of the
population of Mya arenaria that had become established there. In other parts of the
bay V. philippinarum is absent or rare. ‘

CRUSTACEA
Muytilicola orientalis (Mori, 1938) _ COPEPODA

Distribution: western Pacific; eastern Pacific, from Vancouver Isiand, British
Columbia to Morro Bay, California.
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M. orientalis is an endoparasite in introduced and native bivalves and gastropods,
including the slipper shell Crepidula fornicata, mussels Mytilus califorianus and M.
trossulus, clams Protothaca staminea, Saxidomus giganteus, Clinocardium nuttalli, oysters
Ostrea conchaphila.

Carlton (1979a) notes “[for] all the bays that have been searched, and most if not all ; |
mollusks that have been examined, have been found to have Mytilicola. '

1t is purported to be introduced to eastern Pacific via shipments of the Japanese
oyster, Crassostrea gigas. (Cohen & Carlton 1995).

This survey: encountered frequently in Mytilus trossulus and Crassostrea gigas.

Iais californica (Richardson, 1904) - ISOPODA

Type locality: Sausalito, CA collected by Dr. Ritter and party (Richardson 1905,
p-455)

Distribution: Cryptogenic; New Zealand, Tasmania, Australia; Singapore; eastern
Pacific, from Coos Bay to Baja Mexico; in estuaries.

Iais californica is a small commensal isopod living on Sphaeroma quoyanum, an
introduced isopod from New Zealand. Presumably introduced along with its host,
Sphaeroma, on this coast in ship fouling by 1893. Known to San Francisco Bay since
1904. Has been collected in most bays and harbors where Sphaeroma is found, and
not from where Sphaeroma is absent. Considered “native elements of estuarine fauna
of California” since their descriptions as Janiropsis californica and Sphaeroma pentadon
(Rotramel 1971). Occasionally found on the native isopod, Grorimosphaeroma
oregonensis, but this isopod actively removes it, unlike S, quoyanum.

Not recorded by Bamnhart et al. 1992 for Humboldt Bay that might suggest a
relatively new introduction, since Sphaeroma quoyanum (= 5. pentadon) was also not
recorded in 1992. '

This survey: Hookton Slough; Klopp Lake; Mad River Sloughs #1 and #2; Bracut;
Jacoby Creek.




Limnoria lignorum (Rathke 1799) ISOPODA
Distribution: Cryptogenic; east and west coasts of North America as far south as
40°N; Europe from Norway to southern Britain. Fairly worldwide dlstrlbuhon in

temperate-tropical waters. (Naylor 1992).

Cohen and Carlton (1995) suggest that L. lignorum is a species that is “possibly
native from Alaska to Humboldt County.”

A boreal wood-boring species, on the bases of exposed piling and sublittoral. It
occupies the upper level of Limnoria attack when two or more species occur together
(Jones 1963 as stated in Naylor 1992).

Native region unknown.

Collected in Samoa, California in 1949, aldng with Limnoria guadripunctata (Menzies
1957). In those records, and from our 2000 collections, L. lignorum was taken in far
fewer numbers that L. quadripunctata.

This survey: We consider this species as cryptogenic to this area, especially in
consideration of the fur trade routes in the later part of the 1800’s, which could have
brought this species further south from Alaska.

Limnoria quadripunctata (Holthuis, 1949) | ISOPODA

Type locality: Holland.

Distribution: temperate species occurring on south and western coasts of Britain
from Kent to the Isle of Man; Holland; New Zealand; South Africa and the
Californian coast of N. America (Naylor 1972).

Native region unknown.

Wood boring, occurring in the middle zones of piles infested with Limnoria.

This survey: South of Eureka Marina, Hilfiker Road, and Bracut.
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Sphaerdma quoyanum (H. Milne Edwards, 1840) ISOPODA

Distribution: Atlantic coast of N. America to Key West and western Florida (Menzies
and Krruezynski 1983); Pacific coast from Coos Bay to Baja Mexico; New Zealand,
Australia, Tasmania. : :

Reported from Humboldt Bay in the 1920’ s and 30’s and from Coos Bay in the
19507s. '

Burrows into all types of soft substrate, including clay, peat, mud, sandstone, and
soft or decaying wood, and wood that has been bored by shipworms and gribbles.
(Cohen and Carlton 1995). '

This survey: Common borers in mud banks in Klopp Lake. Also found in Hookton
Slough, Mad River Sloughs #1 and #2, Jacoby Creek and Bracut. Most likely
introduced via ship fouling.

Leptochelia savignyi (Kroyer, 1842) TANAIDACEA

Distribution:; Cosmopolitan; Mediterranean, on the Dutch coast, along Atlantic
shores from Britanny to Senegal; British Isles, limited to south-west coast of
England, the Channel Islands, west and south-west Ireland; east and west coast of
North America; Brazil; Indo-West Pacific; South Africa; Hawaii; Tuamotu
Archipelago (Holdich and Jones 1983). Other records: Bermuda and Puerto Rico.

Distribution: L. dubia occurs in tropical and subtropical shallow waters throughout
the world; it is known from Santa Maria Basin, California south to La Jolla, San
Diego County, CA. (Blake and Scott 1997). In Tomales Bay, Leptochelia is one of the
most abundant crustaceans inhabiting the soft bottom and may attain densities of
30,000 per square meter (Mendoza 1982).

Inhabits a wide range of substrates, from rocks and sand to mud and silt (Blake and
Scott 1997). Found intertidally in self-constructed tubes among Zostera toots and
weeds on rocks. Also noted to be a common inhabitant of the shallow sublittoral (.
Kitching, pers comm., in Holdrich and Jones 1983, p.48).

Reported for Humboldt Bay by Barnhart et al. (1992) as L. dubia.
‘This survey: found at Mad River Sloughs, #1 and #2; South of Eureka Marina;

Southport Landing; Woodley Island Marina. Also collected subtidally from North
Bay Channel.
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Sinelobus standfordi (Richardson, 1901) ' TANAIDACEA

Distribution: Galapagos Islands; Brazil; West Indies; Mediterranean; Senegal; South
Africa; Tuamotu Archipelago; Hawaii; Kurile Islands; England; eastern Pacific.

. Has been reported from “Arctic cold, north Pacific temperate, southern femperate
waters, tropical warm Atlantic” waters” (Cohen and Carlton 1995). Given this broad
distribution, it is likely that a species complex is involved, and thus Carlton is hesitant
to apply the name of a warm tropical tanaid from the Galapagos Islands to the San
Francisco Bay population,

Widespread throughout the estuarine margin of San Francisco Bay, including Lake:
Merritt in Oakland, Corte Madera Creek in Marin, and in San Pablo Bay. The only
other record appears to be from Humboldt Bay as Tanais sp., from S. Larned,
personal communication (1989) “ Levings and Rafi (1978) noted that there were no
previous records of T. standfordi from the west coast of North America.” (Cohen and
Carlton 1995).

This species is cosmopolitan and occurs in shallow intertidal and estuarine areas,.
including some records from freshwater (Sieg and Winn 1981).

This survey: Collected from Humboldt Bay locations: Mad River Slough #1 and #2,
and at Klopp Lake.

Nebalia pugettensis (Clark, 1932) LEPTOSTRACA

Distribution: Cohen and Carlton (1995) suggest that Nebalia pugettensis is a native, at
least to San Francisco Bay. Kozloff (1987) lists it as one of two species (the other
being undescribed) for the Pacific Northwest region. Abundant in the lower
intertidal, and also subtidally. It prefers situations where algae and other organic
detritus are decomposing (Kozloff 1987).

This survey: On algal and other plant debris at low intertidal locations.

Ampithoe valida (Smith, 1873) AMPHIPODA

Distribution: North American Pacific coast; and N. American Atlantic coast, from
Chesapeake Bay to Cape Cod, Cape Ann and New Hampshire; in estuaries and
brackish-water habitats, nestling among Ulvacea, from lower intertidal to depths a
few meters.
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Distribution: Pacific Ocean: British Columbia and Vancouver Island at 51° latitude
south to Newport Bay, California (45°N); ? Japan at Shizuoka Prefecture (35°N).
Atlantic Ocean: Piscataqua estuary (43°N), New Hampshire south to Chesapeake
Bay, Virginia (37°N) (Conlan and Bousfield 1982). “Warm temperate species
occurring mainly along sheltered coasts and estuaries, mainly in mesohaline to
brackish waters. It builds tubes on algae and eelgrass on muddy, gravelly beaches in
saltmarshes, tidepools and log fouling communities, at low water level to 30 m
depth”. (Conlan and Bousfield 1982). :

This survey: Klopp Lake, Bracut, Elk River Slough (High), Jacoby Creek; Hookton
Slough; South of Eureka Marina, Hilfiker Road.

Caprella equilibra (Say, 1818) o AMPHIPODA
Type locality: South Carolina; common in bays and on Gorgonia in saltwater creeks

Distribution: South Carolina; records for Sweden and Norway to the Mediterranean
Sea, including the British Isles; Black Sea [?}; Azores; tropical West Africa; St. Helena
Island: South Africa; Madagascar; Mid-North Atlantic and Sargasso Sea; Bermuda;
east coast of United States from Connecticut to Georgia; Port Aransas, Texas; Puerto
Cabello, Venezuela; Cabo Frio and Rio de Jainero, Brazil; Mid-South Atlantic off
Brazil; Mar del Plata, Argentina; Valparaiso, Chile; Taboga Island, Panama; between
Panama and the Galapagos Islands; California; Hawaii; Nagasaki, Mukaijima, and
Saganoseki, Japan; Philippine Islands; Cook Strait; New South Wales, Victoria,
Fremantle, Australia; New Zealand; Tazmania; Hong Kong; Singapore, Malaysia
(McCain1968).

New records for Fernandina, entrance to St. Johns River, St. Augustine, Daytona,
Cape Kennedy, off Fort Lauderdale, Biscayne Bay, and Panama City, Florida; Grand
Isle, La; Galveston and Port Isabel, Texas; Trinidad; Sacco Sao Francisco and
Nictherey, Brazil; Estera de la Luna, Sonora, Mexico; Vancouver Island, British
Columbia (McCain1968). Collected from various habitats including sea grass, red
and green algae, sponges, hydroids, stylasterines, alcyonarians, bryzoans, and
colonial ascidians. C. equilibra has been observed to catch small gammaridan
amphipods, such as Ampithoe and Jassa, and also several small polychaetes
(McCain1968). _

Reported by Barnhart et al. 1992 for Humboldt Bay.

This survey: documented specifically for Woodley Island Marina, but is likely to
occur more widely throughout Humboldt Bay.
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Caprella mutica (Schurin, 1935) 7 AMPHIPODA
Junior synonym: Caprelln acanthogaster humboldtiensis {Martin 1977)

Distribution: Sea of Japan; Humboldt Bay, San Francisco Bay, and Elkhorn Slough
(Monterey Bay), California (Marelli 1981).

Martin (1977) has reported the introduction of this species (as C. acanthogaster
humboldtiensis) into California, probably from Japan (Marelli 1981).

Chelura terebrans (Philippi, 1839) ~ AMPHIPODA

Distribution: Records for Los Angeles and San Francisco Harbors (Barnard 1950)
Associated with the wood-boring isopods of the genus Limnoria. Present in
California, unconfirmed to the north of CA. Barnard (1950), bores wood, associated
with Limnoria, introduced (Smith and Carlton 1975).

This survey: found in woody debris on mudflats of South of Eureka Marina, -
Previous records of being found with Limnoria in wood at Field’s Landing
(unpublished data).

Chaetocorophivm lucasi (Hurley, 1954; Karaman 1979) AMPHIPODA

(formerly Paracorophium lucasi) '
Type locality: Lake Rotoiti, freshwater in Rotorua District, NZ

Distribution: Lake Rotoiti, North Islénd; New Zealand; ? Lake Waikare, N.Z.;
endemic freshwater species derived from the somewhat more cosmopolitan brackish
P. excavatum (Hurley 1954) in New Zealand; Humboldt Bay, California.

Chaetocorophium lucasi, a small amphipod from estuarine and freshwater habitats in
. New Zealand, appears to be a relatively recent introduction to Humboldt Bay.
Surveys of local salt marsh habitats in the 1980’s failed to detect this species
(unpublished data) while samples from the same sites in 2000 often contained
hundreds of individuals.

In New Zealand, C. lucasi is found in estuarine habitats, associated with slow-
flowing rivers while its closely related species, Paracorophium excavatum Thomson
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1884 (from brackish water in Brighton Creek, near Dunedin, NZ), is found in

- estuarine harbor flats (Schnabel, Hogg, and Chapman 2000). Humboldt Bay
specimens closely agreed with descriptions of C. excavatum in Hurley 1954 although
males with mature gnathopod 2 morphology figured were not found. Schnabel,
Hogg, and Chapman (2000) studied population genetic structure of C, lucasi in New
Zealand and suggested that C. lucasi may represent at least three morphologically
cryptic species. Beginning in the late 1970's, logs from New Zealand have been
imported into Humboldt Bay and the most likely mode of introduction of this
species is with this shipping traffic. :

This survey: C. lucasi was collected from muddy intertidal habitats around the
eastern margin of Humboldt Bay from the northernmost (Mad River Slough) to
southernmost (Southport Landing) collection sites, in 2000. However, it was most
abundant at sites in North Bay with fresh water input, often in shallow channels or
pools in salt marshes (for example, Mad River Slough #1 and #2, Klopp Lake, Bracut
and Jacoby Creek).

Corophium acherusicum (Costa, 1857) AMPHIPODA
Locality: Lyttelton Harbor, New Zealand (Chilton Collection)

Distribution: Cosmopolitan; Lyttelton Harbor (type locality), New Zealand;
Southern England; coasts of France and Holland; Mediterranean; northern coast of
Africa from the Suez Canal to Senegal; Durban Bay; Dar Es Salaam; Baffin’s Bay to
Brazil on the east coast of America; Alaska, Vancouver and California on west coast;
Oahu, Hawaiian Islands; ship’s bottoms at Hong Kong (Hurley 1954).

Corophium acherusicum, one of the most widely distributed Corophium species, is
virtually cosmopolitan in warm temperate bays and harbors. Itis found in protected
and estuarine situations and tolerates somewhat reduced salinities. It is often
abundant as a fouling organism on harbor pilings. In North America, this species
has been collected from along the American Atlantic coast north to central Maine
and on the west coast from British Columbia to Baja California (Cohen and Carlton
1995; Bousfield 1973).

In Humboldt Bay, C. acherusicum was found around the margins of the bay on oyster
reefs (Mad River Slough #1), soft sediments (MRSL #2), rocks (Klopp Lake), and on
floating docks (Woodley Island; Hookton Slough). In 1992, C. acherusicum was
collected subtidally from shipping channels in HB (Barnhart et al. 1992). It was not
identified during this survey from subtidal samples. This species appears to be an
early introduction to west coast bays, with records from 1905 for Yaquina Bay, OR;
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1912-13 from San Francisco Bay; and 1915 from Puget Sound (Cohen and Carlton
1995). Although this species was not recorded from Humboldt Bay prior to 1992,
this probably reflects lack of sampling effort considering the history of shipping
traffic between San Francisco Bay and Humboldt Bay. C. acherisicum was probably
introduced as a fouling organism on ships, or in ballast water (see Carlton 1979a).

“It is noteworthy that its present known distribution traces out some of the major
shipping routes, particularly that from England, through the Mediterranean and
Suez Canal, to South Africa.” (Hurley 1954, p. 445).

This survey: Six species of Corophium were collected in 2000 in Humboldt Bay. Of
these, three species are currently considered to be introduced: C. acherisicum, C.
insidiostum, and C. uenoi. Three species are native: C. brevis, C. salmonis (1 individual;
Hilfiker Rd) and C. spinicorne. C. acherisicum was the most abundant Corophium
species in a variety of habitats, except at sites with significant freshwater input. In
contrast, C. spinicorne was restricted to a few sites with significant freshwater input.

Corophium insidiosum (Crawford 1937) AMPHIPODA

Corophium insidiosum is believed to be native to the North Atlantic. Tt has been

_collected from western Europe, Nova Scotia, and the American Atlantic from New
Hampshire to Long Island Sound (Bousfield 1973). It has been introduced to the
west coast of North America from British Columbia to southern California, to Chile,
and to Hawaii (Cohen and Carlton 1995), Although the earliest record of C.
instdiosum on the Pacific coast of North America dates from 1915, most west coast
records are from post - 1931, when this species was first collected from Lake Merritt
in San Francisco Bay (Cohen and Carlton 1995).

Corophium insidiosum is believed to have been transported to the northwestern
Pacific with shipments of Atlantic oysters or as a fouling organism on ships (Cohen
and Carlton 1995).

This survey: In Humboldt Bay, C. insidiosum was found intertidally on oyster reefs
(Mad River Slough #1), soft sediments (MDSL #2; South of Eureka Marina;
Southport Landing), and as a fouling organism at docks and marinas (Hookton
Slough; Woodley Island). In samples from Humboldt Bay, C. insidiosum was usually
collected with other larger Corophium species: C. acherusicum, C. spinicorne, and C.
brevis.
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Corophium uenoi (Stephensen, 1932y - AMPHIPODA

Distribution: Described from Japan, this species was collected in Morro Bay in 1949
(Barnard 1952). Barnard (1952) suggested that this species may have been
introduced into the eastern Pacific with oyster spat imported from Japan.

Corophium uenoi was collected from one site in Humboldt Bay - at Southport
Landing in the upper-mid intertidal, in an area of freshwater drainage. Corophium
uenoi was collected with C. spinicorne, Allorchestes angusta, Hyale plumulosa, and
Grandidierella japonica. Corophium uenoi shares many characters with C. insidiosum;
however, C. uenoi individuals are much larger at maturity.

Grandidierella japonica (Stephensen, 1938) AMPHIPODA

Grandidierella is a genus of tube building amphipods widely distributed in tropical
and neo-tropical brackish environments (Myers 1970). However, Grandidierella
japonica, described from muddy brackish habitats in Japan, is a temperate seas
species. Previously restricted to bays, river mouths, and brackish lakes in Japan, G.
japonica was collected in three central California embayments (Tomales Bay, Bolinas
Lagoon, and San Francisco Bay) in 1966-1971 (Chapman and Dorman 1975). It was
collected in Coos Bay, OR in 1977 and in southern California bays beginning in the
early 1980's {Cohen and Carlton 1995),

This survey: In Humboldt Bay, G. japonica was first collected in Klopp Lake, a smalt
man-made marine/brackish pond in North Bay. In 2000, G. japonica was found
throughout the bay, although not particularly abundant in any location, Intertidally,
G. japortica was found associated with muddy oyster reefs (Mad River Slough #1),
soft sediments (Mad River Slough #2, Jacoby Creek, Hilfiker Road, Bracut,
Southport Landing) and rocks (Klopp Lake). It was also found in samples from
shipping channels and on docks at Woodley Island Marina. It has been suggested
that Grandidierella japonica was introduced to the West coast with commercial oyster
(Crassostrea gigas) spat transplants from Japan and that its date of introduction may
have been well before 1966 (Chapman and Dorman 1975).
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Hyale plumulosa (Stimpson 1853) | AMPHIPODA
Humboldt Bay populations are possibly cryptogenic.

Distribution: Eastern Pacific, from southern Alaska to Southern California; western
Atlantic from southern Maine (Casco Bay) to North Carolina (Bousfield 1973;
Barnard 1979).

Intertidal on protected rocky and stony shores and in salt marshes at base of Spartina
roots; under fucoids; under small stones and in Crevices; occasionally in upper
tidepools; mainly in the lower midlittoral, but occasionally up to the drift line
(Bousfield 1973).

This survey: Bracut, South of Eureka Marina; subtidally from Eureka Channel (5ta.
23, directly next to Eureka Maring; sediments are black mud, and worm tubes). -

Incisocalliope nipponensis (Bousfield and Hendrycks 1995) AMPHIPODA

Synonym: Parapleustes derzhavini Ishimaru 1984, in part

In a recent revision of the Pleustidae, Parapleustes derzhavini was split into three
species: Incisocalliope derzhavini and 1. nipponensis from Japan and I, makiki from the
Hawaiian Islands (Bousfield and Hendrycks 1995).

Humboldt Bay specimens, although in good agreement with the description of I,
nipponensis, also exhibited characteristics of the other two species formerly included
in P. derzhavini. However, none of the Humboldt Bay specimens were “mature”, ie,
no brooding females, and the examination of mature individuals may be necessary
to separate these closely related species.

Outside of Japan, Parapleustes derzhavini has been collected from Yaquina Bay and
Coos Bay, Oregon, and from San Francisco Bay, CA (Chapman 1988). Carlton (1985)
suggests that P. derzhavini was transported with the fouling fauna on the hulls of
ships and with discharged ballast water.

This survey: I. nipponensis was collected at only one site in Humboldt Bay in the 2000

survey - at Hookton Slough in South Bay where it was present in moderate numbers

collected with bryozoans (Conopeum sp. and Bowerbankia gracilis), and sponges

(Halichondria bowerbanki) on a floating dock. Other amphipods collected with I,

- nipponensis were Ampithoe valida, Melita nitida, Corophium spinicorne, C. acherusicum
and C. insidiosum. :
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Ischyrocerus anguipes (Kroyer, 1838) AMPHIPODA

Distribution: Ischyrocerus anguipes is a common European species with a generally
subarctic and boreal distribution in the Atlantic ocean. On the American Atlantic
coast, I. anguipes occurs from the Hudson Strait south to New England and in deeper
waters to Cape Hatteras (Bousfield 1973). On the Pacific coast, I. anguipes has been
collected in samples from Oregon, Dillon Beach, CA (as I. parvus), and southern
California (also as I. parvus) (Barnard 1954,1962). On the east coast I. anguipes is a
common fouling organism in harbors and bays and is also found in rocky areas from
low tide levels to depths of over 50 meters.

This survey: First reported for Humboldt Bay by Barnhardt et al. (1992)." In 2000, .
anguipes was collected subtidally in shipping channels of Humboldt Bay, in mixed
sediments containing large shell fragments,

Jassa slatteryi (Conlan, 1989) ~ AMPHIPODA
May be cryptogenic in Humboldt Bay.

The 1989 revision of the Ischyrocerid amphipod genus Jassa established fourteen new
species, resulting in the assignments of individuals formally assigned to the-
cosmopolitan species Jassa fulcata among several new species (Conlan 1989). Conlan
(1989) also re-established Jassa marmorata, which had been synonymized with Jassa
falcate by Sexton and Reid (1951). Three species of Jassa were collected in 2000 in
Humboldt Bay: J. slatteryi, . borowskae, and J. staudei.

When describing ].‘ slatteryi, Conlan (1989) designated Moss Landing Harbor, in
Monterey County, California, as the type locality for specimens collected from a
floating dock. '

Jassa slatteryi has been collected from numerous sites along the west coast of North
America from British Columbia, Canada, to Bahia de Los Angeles, Mexico.
However, nearly all the records of this species south of British Columbia are from
harbors or bays suggesting a possible spread of ]. slatteryi from its northern
population via shipping. ]. slatteryi has also been collected from bays and harbors in
Japan, South Korea, the Galapagos Islands, Chile, Brazil, South Africa, Australia,
and New Zealand (Conlan 1990).

California records of |, slatferyi (from Conlan 1990) include; Moss Landing Harbor,
Morro Bay, Santa Ynez, Newport Harbor, San Diego Harbor, Palos Verdes Point,
Carmel Bay, Eureka Harbor, Cayucos, Bodega Bay, Monterey Bay.
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This survey: In Humboldt Bay, Jassa slatteryi was very abundant in fouling
assemblages at large marinas (Woodley Island, Eureka Boat Basin). It was also
found in Klopp Lake, on a small dock in Hookton Slough, and subtidally in mixed
sediment/shell fragment samples from shipping channels (North Bay Channel and
Eureka Channel).

Melita nitida (Smith, 1873) ' AMPHIPODA

Distribution: Northwestern Atlantic, from Gulf of St. Lawrence to the Yucatan
Peninsula, Mexico (Bousfield 1973). Known range on west coast: Straits of Georgia,
British Columbia to Elkhorn Slough, California (Chapman 1988).

Widespread in east coast estuaries as a common fouling organism found under
intertidal rocks and debris, in Enteromorpha or diatom mats, on mudflats, and in
mesohaline conditions of 0-25 ppt (Chapman 1988; Cohen and Carlton 1995).
Common in west coast estuaries under wood and rock debris in intertidal areas, and
on mudflats in thick mats of Enteromorpha or diatoms (Chapman 1988).

Reported from oyster beds on Atlantic and therefore is thought to be transported
with transcontinental shipments of Atlantic oysters, or possibly in solid ballast or
ballast water (Cohen and Carlton 1995).

First reported for Humboldt Bay in this survey. A closely related species, Melita
dentata, was recorded for Humboldt Bay by Barnhardt et al. (1992). M. dentata bay
populations are cryptogenic as well, as individuals were found in subtidal channels
including Samoa Channel, North Bay Channel.

“The disjunct records of M. nitida amongst estuaries north of San Francisco are
probably due in part to incomplete collecting” (Chapman 1988).

This survey: Melita nitida was found in Humboldt Bay intertidally at Klopp Lake (in
the ~50’s numerically) and Bracut (in the ~10’s).

Microdeutopus gryllotalpa (Costa, 1853) AMPHIPODA
Distribution: Coasts of northwestern Europe; Norway south to the Mediterranean

and Black Sea; western Atlantic from Cape Cod and southern Massachusetts,
- Connecticut, Long Island Sound to Chesapeake Bay (Bousfield 1973).
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Microdeutopus gryllotalpa has been collected from intertidal and subtidal sites around
docks and piers, on oyster flats, in salt marshes, among Zostera, and among
Chaetomorpha and other algae. It is tolerant of somewhat brackish water (Bousfield

. 1970), '

This appears to be the first record of this species on the west coast of north America.
However, it may be present in earlier west coast collections, as Microdeutopus sp., or
M. schmitti (found among algae from Monterey Bay, CA to Cape San Lucas, Baja
California (Barnard 1969). Males of Microdeutopus gryllotalpa can be distinguished
from M. schmitti and from other east coast species of this genus by the anteriorly
expanded basis of the second gnathopod, as well as by other characters.

This survey: In Humboldt Bay, Microdeutopus gryllotalpa was collected in North Bay,
from muddy oyster reefs in at Mad River Slough #1, mud with rocks at Bracut, mud
with Zostera and algae at Hilfiker Road, rock and shell in Klopp Lake, and among
muddy rocks at Southport Landing in South Bay. Previously this species, as
Microdeutopus sp., has been collected in the 1980's from shallow pools in a salt marsh
adjacent to Mad River Slough (unpublished data).

Microjassa litotes (Barnard, 1954) AMPHIPODA
May be cryptogenic in Humboldt Bay.

Distribution: Confirmed in Humboldt Bay by presence of large (presumably adult)
males: Torch Bay, Alaska to Los Angeles Harbor, California. High salinities exposed
or semi-exposed coasts subtidally to 17 m. amongst small algae on algal holdfasts
(Conlan 1995). Carmel, CA to Bahia de San Cristobal, Baja Catifornia (Barnard 1969)
though unconfirmed due to lack of adult males (Conlan 1995). Also unconfirmed:
Ocean Falls, British Columbia to Pinos Point, California (Conlan 1995).

Microjassa litotes has undergone re-classification at the generic level (Conlan 1995),
Barnard and Karaman (1991) have transferred it to Ischyrocerus, while Barnard has
flip-flopped his assignment between both Ischyrocerus and Microjassa several times
(see Conlan 1995).

This survey: In 2000, Microjassa litotes (including adult males) was collected among
algae on rocks at the Coast Guard Cove, in central Humboldt Bay.

Paracorophium sp. ' AMPHIPODA
This amphipod species most clearly resembles one described from New Zealand
(Watling and Thomas 1995). Not previously described from Humboldt Bay.
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This survey: Collected from mud at the Mad River Slough, Bracut, Klopp Lake,
Southport Landing, Eureka Channel. Sparse at all locations, may be widespread in
low intertidal mud. :

Podocerus cristatus (Thomson, 1879) ' AMPHIPODA
Type locality: Dunedin Harbor

Originally described from New Zealand in 1879, and has since been recorded from
Australia, South Africa, and West Africa. Recorded for the first time on the west
coast of N. America during the 1938 Presidential Cruise (Shoemaker 1942, p. 48-49).

Status: Cryptogenic? in Humboldt Bay.

On the west coast of North America, Podocerus cristatus has been previously
collected from Cayucos, California to Magdalena Bay, Baja California among
hydroids, ascidians, and seaweeds to depths of 100 m on the southern California
shelf (Barnard 1969; Watling and Thomas 1995). Barnard (1969) describes this
species as “probably ubiquitous in tropical and warm temperate seas of the Indo-
Pacific region”. Watling and Thomas (1995) describe the distribution of P. cristatus
as “probably circumpolar and circum-warm temperate.”

Podocerus cristatus is distinguished from P, brasiliensis (southern California open
coast and embayments) by the dorsal carinae and from P. filanus (Newport Bay
estuaries) by the heavy setation of the palm of gnathopod 2 (Barnard 1962¢).

This survey: In Humboldt Bay, Podocerus cristatus was very abundant among algae
in rocky habitats at the Coast Guard Cove and Samoa Boat Ramp in the central bay.
It was also collected from docks at Woodley Island Marina and Eureka Marina and
from mixed sediments/shell fragments in shipping channels.

Photis pachydactyla (Conlan, 1983) AMPHIPODA

Status: Possible introduction, or range expansion - additional research needed.

Distribution: Puffin Bay, Alaska south to Edward King Island, Barkley Sound,
Vancouver Island, British Columbia (Conlan 1983).

Occurs on exposed and senﬁ-proteéted coasts on rocky substrates at low water level
to 90m depth (Conlan 1983).
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This survey: Intertidal near mouth of Jacoby Creek, South Bay in Hookton Slough,
benthic mud from Eureka Channel.

Stenothoe valida (Dana, 1853) AMPHIPODA

Distribution: see Cohen énd Carlton (1995). Stenothoe valida has also been repoi‘ted
from the Hawaiian Islands (Barnard 1971) and possibly from harbors in New
Zealand (Barnard 1972). :

In Los Angeles Harbor, this species was found associated with Tubularia crocea and
other hydroids (Barnard 1959). This species was found abundantly from the Eureka
Boat Basin and from Woodley Island.

Stenothoe valida has not been previously reported from Humboldt Bay. It has been
collected from sites around central San Francisco Bay and probably arrived via ship
traffic from San Francisco.

This survey: In Humboldt Bay, Stenothoe valide was common among fouling
organisms (Mytilus trossulus, tunicates) at the two major marinas (W oodley Island;
Eureka Boat Basin). Collections made in the fall of 2000 contained exceptionally

large, well-chitinized members of this species, and generally included mature males.

Woodley Island was constructed in 1978 and the Eureka Boat Basin was completely
rebuilt in 1998-99. The restricted distribution of S. valida to these two sites suggests a
relatively recent introduction. !

Carcinus meanas (Linnaeus, 1758) DECAPODA

The European green crab appeared recently (1995) in Humboldt Bay (Miller 1996). It
was first collected at Bracut and has since spread to several locations around the bay
(McBride, personal communication). It is sparse, trapping usually results in only
one or two individuals per trap at a given location. It is known from San Francisco
Bay and Bodega Bay to the south and from Coos Bay, Oregon to the north. Cohen
and Carlton (1995) provide a good account of its occurrence in San Francisco Bay
and a short account of attempts to control this species in eastern North America.
Recent experiments in south Humboldt Bay (Meyer 2001) suggest that this species
could be a significant predator of small bivalves if it becomes widespread.

This survey: Trapped at several locations around the bay, including Mad River
Slough, near Klopp Lake, Bracut, Eureka Slough. Molts (exuviae) were seen at
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Southport Landing. The distance to established populations to the north and south
Suggests transport of larvae to Humboldt Bay in ballast water.

BRYOZOA
Alcyonidium polyoum (Hassall, 1841)
Synonyms: Alcyonidium mytili (O’'Donoghue, 1923)

Distribution: Atlantic: northern Labrador and Nova Scotia to Chesapeake Bay; Brazil
(Osburn 1944); on Tiyanassa shells in Deleware Bay oyster beds (Maurer & Watling
1973); North Carolina oyster beds (Wells 1961). Pacific: Point Barrow, Alaska; Puget
Sound - these may be another species according to Cohen & Carlton 1995); while
estuarine records in San Francisco and Tomales bays, these they consider to be the
Atlantic Aleyonidium. Could be ballast water introduction, oyster culture related
introduction or ship fouling introduction (Cohen and Carlton 1995).

First report from Humboldt Bay, this survey. Found encrusting on bivalve shell
fragment and wood in Samoa Channel (Sta. 13, 18) and encrusting on bivalve shell
in North Bay Channel (Sta. 33). This bryozoan is a common element of the fouling
fauna at marinas in Humboldt Bay. It also occurs on the undersurfaces of rocks in
the protected low intertidal locations around the bay.

Bowerbankia gracilis (Leidy, 1855)

Distribution: Western Atlantic; Greenland to South America (Osburn & Soule 1953);
Hawaii; India; England; Saudi Arabia (Soule & Soule 1977, 1985). See taxonomic
discussion in Cohen & Carlton (1995). Puget Sound, WA; Coos Bay, OR; Tomales
Bay, Los Angeles Harbor, Monterey Harbor, CA.

“...we found Bowerbankia on the shell of a live crab in Humboldt Bay....” (Cohen &

- Carlton 1995). B. gracilis commonly found in oyster beds in western Atlantic (Wells
1961; Maurer & Watling 1973); on ships huils (WHOI 1952); Bowerbankia Sp. found on
seaweed shipped with lobsters to SF (Milier 1969).

A cosmopolitan, fouling organism. The introduced status of this species is still

uncertain, although it appears to be native to the western Atlantic (Cohen and
Carlton 1995). It is common as a fouling organism in marinas at Humboldt Bay. It
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also occurs on eelgrass blades, on pilings in the low intertidal, and on the undersides
of rocks in protected low intertidal locations. Barnhart et al. (1992) recorded this
species and it appears to have been in Humboldt Bay for many years.

This survey: Found in North Bay Channel, Woodley Island Marina, and Eureka Boat
Basin.

Bugula neriting (Linnaeus, 1758)
Synonyms: Sertularia neritina (Linnaeus, 1758)
Type locality: unknown

Distribution: Cosmopolitan. Eastern Pacific; Monterey, CA (Robertson 1905).
Channel Islands south to Galapagos Islands and Panama, and to Angel de Ia
Guardia in Gulf of California (Osburn 1950); off Morro Bay, California; Atlantic;
Mediterranean; Hawaiian Islands; Japan (Soule, Soule & Chaney 1995). Broad
distribution in temperate, subtropical and tropical waters: Japan; Hawaii; Australia;
New Zealand; both coasts of Panama; Florida, North Carolina; Mediterranean; in
heated effluent from power plants in southern England. Abundant in southern
California north to Monterey and San Francisco Bays. Recorded at Bodega Harbor
(Boyd 1972), on the hull of a wooden ship in Humboldt Bay (Carlton & Hodder
1995); Coos Bay, OR (Hewitt 1993); Friday Harbor, WA. Most likely method of
introduction is via hull fouling. (Cohen and Carlton 1995). This species is widely
distributed in temperate, subtropical, and tropical waters. It was thought until
recently that this species was retricted to warm waters of the world, but has been

expanding in recent years northward along the Pacific coast of North America. The

distinctive red-purple color of this bryozan results in rapid and reliable
identification.

This survey: Bugula neritina is sparse in Humboldt Bay but is found at marinas and
other fouling fauna situations.

Celleporella hyalina (Linne, 1767)
Synonyms: Schizoporella hyaling Hincks, 1883

Hippothoa hyalina Canu & Bassler 1923
Hippothoa hyalina var. rugosa Canu & Bassler, 1923
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Celleporella hyalina Hayward & Ryland, 1979

Distribution: Alaska south to California and pdssibly to the Galapagos Islands — but
has been confused with other species. C. hyalina is found in western Atlantic from
Arctic to Bay of Biscay (Stayward & Ryland 1979). (from Soule, Soule & Chaney
1995).

Encrusting form on algae, rock and shell from intertidal to 90-130.5 m (Soule, Soule,
and Chaney, 1995).

First report from Humboldt Bay, this survey.

Found subtidally in Samoa Channel, North Bay Channel, East Bay Channel, and
Field’s Landing Channel; intertidally, found at Bracut, Fureka Boat Basin, South of
Eureka Marina, and Southport Landing. Among the encrusting substrates it was
found on in this survey:

~encrusting on oyster shell fragment ( Samoa Channel, Sta. 13)

~encrusting on bivalve shell fragment

~encrusting on polychaete worm tube

~encrusting on eelgrass and bivalve shell fragments (Samoa Channel, Sta. 18)
~encrusting on eelgrass and oyster shell fragments (East Bay Channel, Sta. 61)
~encrusting on eelgrass (Field’s Landing Channel, Sta. 38)

Conopeum sp.

This species is possibly Conopeum tenuissimum, the same species recorded from San
Francisco Bay by Cohen and Carlton (1995). It appears to be native to the western
North Atlantic, but has been widely reported from West Africa and Australia
(Cohen and Carlton 1995).

This survey: This bryozoa is sparse at Humboldt Bay but was collected from

marinas around the bay. It has not been recorded previously from Humboldt Bay
and thus may indicate that it is a recent arrival.
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Cryptosula pallasiana (Moll, 1803)

Synonyms: Eschara pallasiana Moll 1803
Lepralia pallasiana O’Donoghue & O’Donoghue 1925
Cryptosuls pallasiana Osburn 1952

Distribution: Alaska to OQaxaca, Mexico and Chile; western Atlantic from Nova
Scotia to Florida; Europe from Norway to Black and Red Seas (Soule, Soule &
Chaney 1995). An Atlantic bryozoan (Cohen & Carlton 1995). Eastern Atlantic from
Norway and Great Britain to Morocco; Mediterranean and Black Seas (Osburn 1952;
Ryland, 1971, 1974); western Atlantic from Nova Scotia to North Carolina (Osburn
1952) and Florida (Winston 1982). Introduced to: Japan (Mawatari 1963); New
Zealand (Gordon 1967) and Australia (Ryland 1971; Vail & Wass 1981). Between
1943 & 1972 found in southern California bays and from offshore to 35m off

- southern California; Mexico; 1952 — Monterey Bay; 1970 — Vancouver Island and
British Columbia; 1975 — Bodega Harbor (Boyd 1972; Carlton 1979a, p. 720); 1988 —
Coos Bay, OR (Hewitt 1993); 1944-47 - San Francisco Bay (Cryptosula sp. — US Navy
1951); 1963 — Berkeley Yacht Harbor (Banta 1963); San Francisco Bay 1994-95 (all
from Cohen and Carlton 1995).

Encrusting a wide variety of substrates, from intertidal to 60 m depth. “This species
is one of the most competitive fouling organisms in ports and harbors, where it can
cover several centimeters in a few days. It is also able to colonize kelp holdfasts,
shell and rock in deeper water...” (Soule, Soule, and Chaney 1995).

First report for Humboldt Bay, this survey. Found from North Bay Channel (Sta.
33), encrusting on bivalve shell fragment. Probably also found in Samoa Channel,
as “unknown encrusting ascophoran” on oyster & bivalve shell fragments (Sta. 13).
C. palliasiana is common and abundant at marinas in Humboldt Bay. Itis also found
on oyster shells in Arcata Bay, and growing on the undersurfaces of rocks in
protected low rocky intertidal locations. This is the first recording of this species in
Humboldt Bay, but may have been overlooked by previous work (Barnhart et al
1992). The widespread occurrence of this species in the bay suggests that it has been
in the bay for several years.

Method of introduction likely by hull fouling or with Atlantic oysters (Cohen and
Carlton 1995).




Schizoporella unicornis (Johnson, in Wood, 1844)

Synonyms: Lepralia unicornis Johnson, in Wood, 1844
Lepralia unicornis Johnson, 1847
Schizoporella unicornis Lagaaiji, 1952

Type locality: Britain (Soule, Soule and Chaney 1995).

Distribution: First reports in eastern Pacific; 1927 - WA; 1938 - CA; 1966 — British
Columbia (Carlton, 19794, p. 723). 1986 — Coos Bay, OR. Also reported from Baja
California and Galapagos. San Francisco Bay: 1963, 1970, 1993-95 (Cohen and
Carlton 1995), in Bodega Harbor (Boyd 1972). Distribution: Atlantic (Hayward &
Ryland 1979); Indian Qcean; western Padific; Hawaii; CA: Monterey Bay south to
Channel Islands and off Point Arguello (Soule, Soule and Chaney 1995). Hayward &
Ryland (1979) state from Faroe Islands and western N. orway south to northwest
Africa; western Mediterranean; north of Cape Cod in western Atlantic. (all in Soule,
Soule and Chaney 1995).

A conspicuous, orange western Pacific encrusting bryozoan. Yellowish colonies
encrusting shells, rocks and ships” hulls; depths from shallow intertidal to > 60 m.
(Soule, Soule and Chaney 1995).

This survey: S. unicornis is a common species at marinas, on oysters shells in Arcata

Bay, and occasionally on eelgrass blades in South Bay. It was recorded previously in
the bay (Barnhart et al. 1992) :

Probable method of introduction: hull fouling or with Japanese oysters (Crassostreq
gigas) (Cohen and Carlton 1995).
Watersipora “subtorquata (d’Orbigny, 1852)” (=W. cucullata)

Native region of W. “subtorquata” is unknown, but northwest Pacific is likeliest
(Cohen and Carlton 1995). '

Distribution: Widespread introductions: American Samoa, Hawaii, Galapagos,

western Mexico, Australia, New Zealand, the Caribbean, Brazil, the Mediterranean,
Red and Arabian Seas, Atlantic coast of France (Cohen and Carlton 1995).
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Introduced to California in 1960’s (Cohen and Carlton 1995);
~1963 ? : 1t report in southern CA
~1990: Coos Bay, OR (though not found in 1995)
~1992: SF Bay
~1993-95: Bodega Harbor, Tomales Bay, Half Moon Bay, and Moss Landing
Harbor and Monterey Harbor.

Note: taxonomic problem discussion in Cohen and Carlton 1995.

First report for Humboldt Bay, this survey. This bryozoan appears to be a recent
arrival (since the 1980's) in California bays (Cohen and Carlton 1995). This species is
abundant at marinas, where it forms thick growths of encrusting colonies with edges
that are raised off the underlying substrate. Users of the docks refer to it as
“Humboldt Bay coral” and call its abundant growth “reefs.” Despite its abundance,
it has not been previously recorded from Humboldt Bay (Barnhart et al. 1992). The
distinctive appearance would have been noticed by previous investigators, so it
appears that the arrival of Watersipora is recent, followed by rapid spread in marina
locations. As is true for a number of bryozoans, the larval dispersal stage is short
(less than a day), so transport with ballast water is unlikely. Ship hull fouling
appears more probable as the means of entry to Humboldt Bay. '

ENTOPROCTA

Barentsia benedeni (Foettinger, 1887)

This poorly known species may be confused with the native B. gracilis. The species
is known from San Francisco Bay and other bays along the California coast (Cohen

and Carlton 1995).

This survey: Found on shell fragments from the North Bay Channel, sparse.




CHORDATA: TUNICATA

Botrylloides sp.
Botrylius sp.
Botryllus tuberatus

These possibly separate taxa are grouped for convenience similar to Cohen and
Carlton (1995). The taxonomy of these encrusting ascidians is uncertain, as is also
true for their origin. The members of the genus Botryllus have zooids in well
organized clusters around a common exhalant opening. The Botrylloides sp. has
larger zooids that are not as well as well organized around the exhalant opening,
sometimes appearing as long chains with exhalant openings scattered over the
surface of the large colonies.

Despite the common occurrence of these colonial ascidians in bays along the Pacific
coast of North America, their appearance is apparently recent. Cohen and Carlton
(1995) mention that these species were not recorded in California bays until the mid
to late 1940’s. The three different types have been recorded from Monterey to
British Columbia. '

The two Botryllus species are probably of Atlantic origin. They have been recorded
frequently on the Atlantic coast of North America, typically as members of bay
fouling communities (ref). The Botrylloides sp. is probably of western Pacific origin
(Cohen and Carlton 1995). It is surprising that such widespread and common forms
are of relatively recent origin on the Pacific coast.

This survey: Botrylloides sp- is the most common and abundant of the three colonial
ascidians in Humboldt Bay. It can form mats several cm. in size in fouling
communities, on the undersides of rocks in protected rocky low intertidal areas, and
on eelgrass blades. Tt is found in all parts of the bay. The two Botryilus forms are
common at marinas, on pilings in the low intertidal, and in other fouling situations.
None of these species are abundant in areas where salinity drops significantly after
rainfall, suggesting that they grow well under stenohaline conditions,

Ciona intestinalis (Linnaeus, 1767)

Although this solitary ascidian is widely distributed in bays and ports of the world,
ithas appeared only recently in Humboldt Bay. It is often involved in ship fouling
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and has a history of occurrence in California ports going back to 1897 (Cohen and
Carlton 1995). It appeared at the Woodley Island marina in Humboldt Bay about 5
. years ago and is now also found at other marina locations.

This survey: Ciona intestinalis is common, but not abundant, at the Woodley Tsland
marina and at ???. The initial appearance of this species at the Woodley Island
marina within the past 5 to 10 years suggests that it arrived on ship hull fouling
from San Francisco Bay. Cohen and Carlton (1995) refer to the absence of this
species in bays along the Oregon coastline, although it apparently occurs at
Vancouver Island.

Mogula manhattensis (DeKay, 1843)

This solitary, small ascidian is apparently native to the North Atlantic, occurring on
both the eastern and western shores. Itis a very common element of ship fouling
and is abundant on docks, pilings, and on rock or shell bottoms (Cohen and Carlton
1995). It is reported as widespread in San Francisco Bay, Tomales Bay, Bodega Bay,
and Coos Bay, Oregon (Cohen and Carlton 1995). It was not recorded as an element
of the fouling fauna on settlement plates in Bodega Harbor in the early 1970’s (Boyd
1972).

This survey: Common at the Woodley Island marina and other marinas in the bay.
It has not been listed in earlier studies (Barnhart et al. 1992), and was collected at
Woodley Island for the first time in 1996. The first appearance of this species at the
Woodley Island marina suggests arrival as ship hull fouling. Although common at
marinas, it is not yet widespread in the bay.

Styela clava Herdman, 1881

This species is another solitary ascidian that is a recent arrival in Humboldt Bay.
The species is native to the western Pacific and has been found growing on Japanese
oysters (Crassostrea gigas), so could have been transported into Humboldt Bay from
cultch growing areas in Puget Sound. Cohen and Carlton (1995) report that this
species is a common element in ship fouling. It has been reported in other coastal
locations from southern California to British Columbia (Cohen and Carlton 1995),
with an irregular distribution pattern. It has not been reported previously in
Humboldt Bay (Barnhart et al. 1992).
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This survey: Styela clava was collected at the Wocodley Island Marina. It is found
among other fouling organisms, but is not abundant. The restricted locat
distribution of the species to marinas in Humboldt Bay suggests it was brought into
the bay on ship fouling.

VERTEBRATES
Gambusia affinis

Mosquitofish were widely planted in California to control populations of mosquitos
in estuarine and freshwater environments. The native stocks were taken either from
the southeastern U. S. or from the midwestern U. S. (Carlton and Cohen 1995), with
introductions to California locations beginning in the 1920’s. Tt is unknown when
this species appeared in streams and rivers of Humboldt Bay. It is not tolerant of
marine conditions and is found in the upper reaches of Mad River Slough and in
essentially freshwater conditions in sloughs bordering Humboldt Bay.

69




0L

sjue|d ysiell JEgpnw g BEY'0L oFCl M | GZO'GF oOF N | ZG1 861U 1SOAA PUES] UEipU)
sjueid ysiew Jeppniu 86401 oFZ) M | GOEBY JOF N | 981 JON pUES] UEIpu]
deidl sue(d Gstew 1eypnu 9660 oFZL M | FB9BF oOF N | GBI 1583 PUE| Ueipu|
spide.epp SBuljid uess 0120l FZL M | .0IE8F 0P N | 781 Buyd jeuiueyo 5em "oPpLg BOWIGS
spides epy sBufjid Jusuieo 88560 FZI M | .L28'8F OV N|€8L|  Buijid eulieyo il ‘ebplig BoUiog
spidel jepy "sBujjid jUewias SLT60YCLM | 8PS'8Y 0P N |281|  Bujid jeuusyo 1566 ‘aBpyg Bo0iog
_spides fepy 'sBulid juslieo G200l FZLM | 8126V 0P N | 18} ~ Bud Weysee "eBpiig eouiog
deidd ) 996'60 o¥ZL M\ | .BLP'BY 07 N | 08 S80S PSS AS|GOoNA
spueld ysJew Jefpriuu desdu S +(P) 1] BYS'60 obZ L M | 08V 87 0OV N | 821 1SE8U}IoU PUEIS] K6|pOOAN
¥00p ‘sBujjid uepoom deidli Jegpniu S+7 [.55C60TILM | POSSF OV N | BZ1 %00p pue dwel jeoq eyeins
deidy Jeypniu ‘sseibjes . 029'80 +Z) M | 018V OF N | 22} "4Bnojg eeing Jo Aoy
gued Usield Jegpnia BEY'00 FZLM | L1’ 00 N | 021 se.q e)is yBnojs exeiny
syue|d (Sien) Jeypnuu BES'90 FZLM | ZZF'SF 0P N | G4 oy &jis yBnojs Bjaing
sjueld ysew JEgpnL £55°90 FZI M | EOSBF OF N | 77} ouo ays YbFojs exeing
sseibjee ‘S[ieUS "a)iE aIriinG punoiB J61so pIo T E1480 F2L M | GPO6F .0F N |71 Aeq Besly [0 eps 18eg
silels 1a1sko pio 'sserdjes S+  |.08P'80 4L M | OFEBY OF N | 22} INos pUeis| Jeung
slloys Jejsio pio ‘sseibee S+ |.ES6'80 FZLM [,1616F 07 N | LLL YLoU puejs] Jaipung
sseuBjes sjjeus exe euminG punoB JaiEA0 plo T+D [ S2E'80.PZL M | 8PV 6Y LOF N |OZ) Aegl BJEQNY DIl 68Ee| J8JSAQ
deidy Jegpno STT'S0 b2V M | LB9'BY JOF N | 69} desdii prekinn
Aucod Bugsal JUEIoULIOS "SBUIId USPooM Jegpnl Wp) s 1,087'90 ¥2i M | .16V 05 .07 N | 891 ~ sBund 350p eyEsly pio
exeT adopy oy juecelpe ' deid|i "Aes piey Jegpniu 98GO oFZL M [ BLE IS oOF N | 201 sjejpniu + de.dy - (SIejy ejedny
solpuag Apues “oye| Uspioesq 1 1+88'80 o¥CL M | SBE'ES OF N | 951 eye? ddopy - ysiel gedly
dulel 1e0q Juswisd ‘K[ piey Jegpnul 81180 oFZ) M | GBB'ES OV N | S0} dweijeoq ysigy ejealy
sseibjes 's|I8ys "y eImNG punolB J61EA0 plo S0 |E98'80FZIM | 8105 .00 N |G| Winos UBroig Jeny pe Aq o5es) I
s52,053/68 "s{j8Us 'oj1s airnS punaub J83sA0 pio T 89980 FCL M | 86405 .0V N |91 | UHiou 'UBNOIS J6ATY Pej AQ eSEs| 188AG
deidl 'gueid yssew Kep pieq jeyphu WP [.e9e'80 .¥2L M | .£82°06 .0F N | 291 ~ 4BRojs JeAl Pe JeAc eBpig
PH BOWIOG JO apIis Lpnog
syuefd ysiew 'Aejd piey Jegpn 85980 FTI M | 86205 .07 N | 19} UYBNoIS 1eATY Pely Jeo eBpiq
‘PY EOWOS JO &pis YLON
sueid ysiew desdl Jegpnid SL6'80FTI M | ¥69'8F 0P N [ 091 | 8Bpig Py s1eudue] - UBNOIS 16AY PEN
[EPRIZIUL YBJY 0) Mo] WO SejeSqNS 38 %_w%hw apnyBuc opmpe1  |ang aeBje apjoxa Joj pajdwes sayg

PSJEQIPUL SSIMISIRO SS3[UN WINIEIISGNS PIEY € U0 SUIMOIS Siom 963
PUBUAUIOT =T ‘U

Te IV "wnoynu wnssvsiog = § ‘sisusppoysy
P23y SmgupOBApUOY Dy = 3 10T PUR 000 SuLmp ael[e snoxa 10 pardures says ayj Jo suonduosa(] g a[qe],




deadu ‘Jegpnul LIEEL oFCLM | (LPIOF OF N | 21T phos UBNo[S Uop{ooH
deadu JegpnUl OST'EL oFCL M | V8O ¥ o0V N | 912 pi yBho|S Uop| 00K
deadu 'sueid ysiew ‘pues GBBELoPZI M | LIE'LF 0P N | GLE ol yBnojg uopjooH
sBupid uepoom Aep piey Te|pnu Z96F) FZL M | BDL LY OF N | ¥12 Bupue podynog
dues juewed 'sbulid UepooMm 'e|qGooAepN ‘seeibjes BLGE0VCI M | 1896V OV N | €12 | (sBulfid 'deidy 'duierjeoq) BUipUET S,pield
peq sseibjee pnii B8LPLoPCE M | ZOE EF oOF N [ 212 _OA\} 8}I8 "Paq BuLlell 1e1so7
peq sseibjes Apues £9CEL VLM 1 .0I6C€P 0PN | 112 8UO BYjs 'peq euLiEL 18}S07
peeoid AieA ‘deidy ‘sseibjee pnilfpues BOZ'EL ¥ZL M | 981 FF OF N [DLEZ deudll jo epis Jaqiey o eulng
deudy ‘pues ZPTEL PZL M | 0B b OF N | 602 deudu 6 epis useas Wiod euyng
ABieus erem yByy "deidy “pues EGOTL obZTL M |, 185 VP 0P N | 80C jugjd Jeamod jo jucl) "uolujes Bury
deidii sBuld uepoom 'e|qgo%/pues ‘sseibjee g LI9EL oPZL M [ 00LPF oOF N | 20Z]  Bpis ABg Isulod 3sBeinos ‘Aper yinog
ABleue eAem By “deudy BB €L FZL M | OPZ'SP OF N | 902 J8UI) euUBLO Jeuul fer yinog
AB1eue eAeMm LBy ded) ZIEF L oPTL M | 029Gl oOF N | SOZ jBUUBYD PIL ARep Lanog
ABieue eAem UBIY KieA ‘desd OEEVE oPCL M | FOL'OF oOF N | POZ Aner (ioN dij uisjsem
ABietie eAem (Bl ‘deidy 90V EL 2} M | 095Gl oOF N | €02 Aner ypoN Jewod episuj
deidh "pues S E8LEL o¥Z) M | 88LGF 0¥ N | 202 8pIS LINOS '8A07) pIENE) 1SECT
dexdu "pues O0CEL oFTL M | 818°SF 0P N | 1OZ apis YHoU '8A0) puens 15800
deidu 5 ZEOEF obZL M | 200'9Y OF N | 00T Uohess preng 1seo) jo wioy uf deidiy
dedys “pues ) AEBTL oPZL M | 61O OF N | 681 UOBEIS PiENg JSe0J jO LoU Ui 0O deudiy
deidu “sdwes jeoq juswad 'pues 3 GELZL LA | SIEOP 0P N |86} | dwerjeocq meu pue pio 30| Bued gouiog
deidu “ejqqoo/pues ‘seeibles LZLTL oFEL M | ZLEOF oOF N | 261 epis Ypou jo Bupied eowiog
deldy Jéjiphu ‘ssesBles D0G L1 o¥2L M | B¥0'SF cOF N | 961 deid)s oyiory eOWIOS
desdu "sBujid Uspoom Jejjpnil 'sseiblee JOVEL V2L M | BYZ'8F cOF N [ GBI deid) pu sBujiid oyioeg eowiog
spoddns efsal Jepnu S B9} o¥CL M | GBETE oDF N | Y61 epseq peodjiel 'ybnojs JeAly 33
001 "Ip Aq JeAi: Wol} pejeledes Jejpnil/pues B8 1L FZL M | .BL0°9F oOF N | E6L ueid isem ejsem YBNoIS J8AR 13
$4001 "@)ip Aq 16Al WO} paje edas JB)|pnil/pues BLL L1 obTh M | BIT°8Y OF N | 261 nos 'yBnolg JeAny N3
4001 "o|P Aq 18AU Lol pajeledes Jejiphilpues 28111 oPCL M | bPESP OF N | 161 ypou "yBnols JeARd i
plel ejggos ‘deidu GLL0V oPZL M | OFL'8Y oOF N [ 06L deid) @00 ioqieH
deidu Jegpnuu ‘sseibiea L8660 oPCL M | 9EZBY oOF N | 631 BUD 188p) puBjs| UBIpU|
JEidii yeppnul 'sseibjes LIE 0L oPel M | €01'6F OF N | 881 oM 158/, PUEIS| UEBIPL|
eppaagu yhiy o3 mo| wioy sajensans s aeBye apny|fivo apmpe  a8)S aeb|e oyoxa o) pajduwmes saylg

2poxXA




(43

B80C°El P2l WLPO'OF oOF ¥4 ybnois UOPOOH
COBPLoPZL|  BOL LY oOF 07 Buipue yodignog
BLZ'EL oFTL 0SS Er oOF 6l “BUIpUET epjelg
GBE'LL oPZ) FPE G o0 gi JaAly 3|3 Jeddn
£L9'LL F21 E£6E'SY oOF| ll B8N OLIRIIA JBAIY (0T
LBLEL oFC) GBL'SY oOF 13 _ 8A07) PIBNE) 15807
BGL L) oFTh BB oOF Gl peOY JeyylIiH
WPETL oPZL BZE'9¥ oOF -l dwey yeog eolueg
GLZ' L oPEL ¥ Lk O €l J90.43 SHON jeq]
ZP8'Cl o¥Ti £0L°8F o0p Zl BULB) B8N Ynog
ZEG'B0HPZL  ZLeF oOF b 18ddn YBno|s ejeing
02980 6b2L  OLP'SY oOF oL JaMoT UBnolS exeang
8L2'60 oZlL BYS'8F o0p 6 3se] ‘ebpug eoweg|
BSG'60 ¥  .LZ9'8F oOF g 9|PPIN ebpLg eolres
01T0L o¥T) WO LESY o0 Z 18ep), ‘eBplig eoweg)
<5 L0 obZL 1L BE'6Y oOb] ] speg JejsAp Keg yuoN
0L0°80 oFZ) 8486t oOP g noelg
0E0°G0 oL 012G o0P] 4 NaarD) Aqoder
1SS0 oFZ ) 6 1E'LS oOF € @je ddopy
ZED'60 o¥Z)|  £1ELG o0 F ebplig "PAIG EOWES - UBNOIS JeAN PER
£ELB0 FZI| GIBEG oOF I aBplig S8UNQ USSUBRSHLD eleydus] - yBnos JeAy Pey
spm)Buo opmpeT paubBjssy # UopesG|
SOHS epiiau]

"Aeg JpjoquinH Ul s8jeIqRLIEAUI BULIBW SNOUSBIPUI-UOU ‘SB)IS UOD8||0D JO SuoO)Eo0T "¢ ejqeL




Z6E 0L o¥2h ZIi6v 07 OL €1 IS 'GH eute) eowes
60980 ovel Ve8P 0| 69 19 38 'jeuueyg kegiseq
OLi 0L o¥v2h ZLEBY 0F] 69 Z1 1§ "gH 19UUBYS Heady,
¥88'80 ovT} SEEEY 0¥ 20 § IS 'GH leuuey) geoly
80560 ¥z} BYE6Y 00 0 215 "gH 1euueqg geoly
£1Z 80 o¥T1 EBE6Y 0¥ S0 06 75 'PUUEL) Aeg 1seg
26160 obCL PEEBY 0¥ 79 9 1S 'GH [eUUBLD Eedly|
87280 oFel GLGBY o0p €9 S 1S 'GH [eUUByD Geoly
296 20 o¥C} £ZOBF 07| 29 6S 1S eUuey) Aegiseq
Z68°60 oFC} SEOBY 0¥ 19 L1738 18UUBYD GBROIS J6ATY ey
ZYS'80 o} 850BY 0| 00 715 'GH [eUUBy) Geoly
585 20 o¥vel 8816V 00| 65 8G 715 |eUUEYD Aeg jse
8LT°80 o¥Ci E6L6v 0F 85 € 1S 'gH [eUUEyg Beoly
VZLB0 o¥Tl 8586V 0| 1S 01 1§ [8uuey) yBnois 18y pel
59620 o¥ T} V6BV 0F  9S Z 1S 'dH PuuBy) BEdly,
96501 o2l L V1 1S ‘8H [eUlByD eolreg
2910 ¥2h £6005 00| ¥8 I 7S 'gH [euuBy3 gealy]
L7 60 o¥Z} £80°0G 00 €S 6 1S [oUUBYS UBNOIS JoAY PEN
{862 60 oV | 55106 o07] 26 €S 1S [eUUBLD yBrofs JeAly pe
£88770 cveh 610G 0P| 15 1515 'GH [eUUEy] geoiy|
56160 o¥C i Y8205 0F 05 26 18 'sUURUD UBNOIS JeAd PEN
Y610 VTl BOEDS oOF]  6F 95 15 'GH 1eUUBD BEoly
50680 o¥Z 1 00508 0| 8 1S 15 TeUVBYS YBTOIS AT PE
€680 oFT 1 62905 OF] b S5 15 '9H (eUUEYD &edly)]
09790 o¥e | G690 0¥ OF G 15 'GH [PUUBLs Beoly
08880 oFC| SEL0S 00| & 05 15 [eUNEY) UBNO[S JeAr] PEN
BL8'80 Fe) 16608 0¥ ¥F 6k 1S 1eULELY UBrojg JeAly peyy|
2280 b2} VET 1508  EF 8F 35 '[OUUEUD UBNOS JOATY PE
1IG80 oF2) EVIG OV ¥ b 1S "leUUBYY UBRois J8AY PEN
LS80 0Pzl PIZIS0p i 9% 1S 'IBUUEYD YBRolS JOATY PE
£06°80 o¥Zi 0I815.00  Ov S¥ 35 IBUUBD UBNOS JeATd PEly
spnyyBuc opmfE] paubissy # UOREss|

~Buiidiies ojigueg




vL

YPSEL ovCh L T 0L 18 "TeUUByD Yodgnog
095 €L FTF OLO'%F 0¥ O} £8 15 'esINI) SSBI) 8,pjebliog/eeg [eio) AV
LTEL oFC ) £SLVr 0¥ 0% EV 1S GH [8UUBLD Buipue s pieig
EVEEL obih S90°SP 0p] 20} ¥ 35 'BH IeUUBU) AEQ BoUBRUT
BZVEL oPZ) YOZ Sy o0W  10) 52 5 '6H |8uUuBlD Aeg souenuz
OLZE} ob2h OEV'Sh 0% 0O) ¥Z 1S 'GH [eUUEYQ Aeg yroN
ZOVEL ¥2h 805°Sr 00| 68 ¥8 1S ‘88D SB35 s,plebiog/eeg 8100 Ay
YSLEL oFC) OFLGr 0b] 68 9C 1§ 'GH [euuB) Aeg GHON
898°C oFCl 916Gy .0F 26 1Z 18 '6H euueyS Aeg Yoy
8L Tl ov2h Y6 OF 07| 98 82 1S 'GH [SUUByD Aeg LHoN
YOET! ovel Z6CSr Ob| 56 6Z 1S '9H [eUUELD ABg ULoN
16E L oVt £629% 07| +6 S8 18 'esinI) SSE|] S PjebIog/eeg (8100 AL
SEL ) oPel OE59r 00 €6 OE 1S ‘@M [euleqs Aeg GroN
ZE611 obTh SYSoF 0¥ 26 98 38 'esinuQ 8B ,peBiog/ees (810 /Y
FICRTE=1) 08997 06| . 16 \€ 7S '8H [eUUBUD ABg YuoN
16611 oF2) ¥ZEOV 0| 06 18718 'esiNI) SSEID S plebiogess (8105 VY
298 L1 ovZl LvOLy 0% 68 Z€ 18 'BH jeUUBYS Keg yHoN
PG 1L ohzh SEZTIv0r] 88 €€ 1S ‘GH [euueyS Aeg GiioN
0L5 1T b2t SvSiv.or| 28 V€ 1S 'GH eUUBYg Aeg GroN
YIT 1L VeV L9V 0V 98 SE I8 'BH [8UUELD Keg HioN
.00F L1 oFCL £68'LFo0F o8 o€ 15 'GH IeUueyD Aeg Gron
Z8L L1 b2l L 81 1S 'GH jouuBy) eoLreg
6501 oFZh YEC By 0¥ €8 €2 1S 'GH [SuUByD eyeing
BBEOL 2L SIEBY OF] 28 ZZ 35 '8H [eUUey] exeing
EF AN 4] OIE8Y 07| 18 i 1S 'GH [euuey) eouieg
56660 ovZL OBEQF (00 08 12 38 'gH [ouliey) eyeing
LT9B0 o¥Th 9BEBY oOF| 6L 0Z ¥S 'dH [UUEYQ BYeing
202 01 obTh Soveyoon] 8z GZ 1S 'feuueys Aeq jseg
9ZE B0 oFE | 1058k 0¥ 2 61 1S 'gH [euUB]D) exeing
BE60L obZ ! 2558y 0¥ | oL 9l 18 'GH [SUUEUD eolueg
G001 ovel 0l98F 0| &2 9. 15 euUBy) Req 1seg
V2960 ¥z} 20887 0| b2 275 euuel3 Aeg yses
Z00Fb ob2) QZE'8Y 0¥ €L Sl 1S 'GH [eUUBYD eowieg
L9160 ovZh 2668V 07 ZJ BZ 1S 'IeULEYD Reg seg
0S1'60 b2} BE06Y 0¥ 1L Z9 18 Jeuusy) Aeg e

Bujdwies ajlpueg




SL

LZ0CL obZL SCO'BY oOF ¥5L 1960 Apesy,, pIeng) 1580y

00L'0k oP2 1 00Z°8Y OF €61 BULEBW A Being

2000} oVl ZZr 8P O Z6t PU3 336AA "PUEIS| ASIPOOA

FO960 obZ1 £7¥ '8P o0¥| iS1 pUT 1583 "pue(S| Aeipoopy

WLLE L obZL LEV 6P o0 oSt BULE uolijes Buny|

apnyjBucT spmpet pauBissy # uopeao]
S9}iS euley
LBGEL ) 986°LF 0¥  OCh L. 38 "[eUUBYD UG oOF]
OL9EL ob2i L6617 OF]  GZ1 2. 18 "[euveyd Uop{ooH
LISEL ¥T) BETZV OF|  ¥ZI £/ 18 "euuBy) UCH|CoH
LSEL oPZL 00SZr o0F] €21 ¥2 18 ‘Jeutieyd yopjoon
ZGLE} obT) ¥8LZY 0¥ Z2b B/ 1S 'esIni) sse[) s,pieliodress eio) Ay
EEV VL o¥T) B86ZF OF]  IZH , €9 18 '1euuey) podignog
Z89°EL oP2l LOVEY 0¥ O2) 08 IS "esInIg sselD s,pieBlogreas 210D Ay
OEVFL o¥Tt BOLEY 0¥  BLF 9 15 18Uuryd Hodinog
SYT YL obZ) GETEY 0¥ 8LI 9 18 'leuueyd podyinog
LSPEL oV ZIEEr 0¥ LI} Z8 1§ 'e8InID sse)) spiebiogreag [e100 Ay
SYSEL obZ BLEEF 0P|  SLL €18 "gH 1eulieyd BUpUET s preiy
BZFEL o¥TL EBEEV 0¥  SLb 18 15 "esinI) sse|g s,pjebiogress (e1o0 vy
EZ6E| oV FTVEY 0P|  PLL 99 18 "|euuey) LGdINGS
ABEEL ¥ MSEr 0P|  ELL 8€ 15 'gH [euuey) BuipueT s pjeig
BELEL oPZL LBSEV O¥  ZiL £9 18 "leuueyd yodighog
0ETEL oV BBLEY OF] 1L} 8€ 18 '8H [euuey) BUpuET s plery
DB Vi SIBEF 0P|  OL) 8918 "1eUUBYYD Lodypnog
SIZEL Pl 80y OF] &0l 0% 18 "6H 1eUUBYD BulpUeT s pisid
OPEEL oV} YET PP 08 0L I 35 "BH |suuey) BuipueT s,pelj
ELLEL VL LVZYY o0 20V 69 1S "|euuey) Hodynog
BYSEL VL 88¥¥P 0F| 904 Z¥ 15 'GH 1euue s Bujpue s prefg
“Bujjdwes sjpueg




9L

pSL'esl g8 | oueBadiiyg T661 SMNUICS SMA[OIRY
ejeeyoijod
14-13 peanponu) ABAINS SIYL BUlol0U0Ip BlleGO
ER paonponu) 2661 * SISUSIOBA B||8)SOjBIION
[FAN TR peonpou] (G EjeaU] eusLunpeiq)
ej)eue|difeH se) Zg5 )

251 '1SL '0SL 'BLEL 0L S 2 peonpotu; Aendns iy BUejoane| auaLunpeiq
padnposLy 2661 Bune ejeiny
Bpeplud
(4 peanpogu) 0s6 L~ EI8JIj0Jd BUOIDOI|N
ot peonpoau| 0S8~ ERjuediemog eLipuoyo)eH
v2.'0'69 .G peonpogu) 0061~ EjE|80 euoi)
esdjliod
$31vHa31H3ANI
saysJel jes Aeg pesnpoiu) 081~ eloyisuep eupeds

proquink'/g1'981'641'02L'S2L v 4L 'ZgL! _.m.om_\.._._m_.. L'oL's've
seysiew jes Aeg paonpoiju| 0061~ 2||0JIKiou0IoD emon

PICAWNH'/81'9BL'6LL'OLL'SLL Y LL'ZOL LZ0Z LL'GL' LLOLS YT
SLNVId WYIROSYA
BL18L1°€2VTIV 121017991 P9I EOL Ol Aeg GEIIY 'Speq Jejsho Feonpo.gu| Aealns siy Slsuejopey ey eugusuI’|
. 081°0/1L'poL uoisueIxe eBUE] o|q|ssod ‘Aeq Hedly ‘spaq JejsAo peonposu| Renins si]. lIpea] shyjueorIpuoy)
gjAydopoyy
202'Z0Z'002'661 861 761 281621 BLLCLI VLL'89} 7o) ‘pealdsepii peonponu} Go6 | wnophuy wnssébieg
BAydoseyd
VoY
Suopecon smes Aeg jpioquiny NOXVL

30UBSBI JO Jedp

1002 Joquiaydag ~ 000z A[nf “Aeg Ipjoquny U1 P3}03[]09 $910ads SNOUSSIPUI-uou Jo SUOTRI0OT § IqeL




LL

) peonponu} ABAINS §iiG | esJalie Xuidresoin
SeysJel Jjes ul peonpogu) 2681 SROSOAW B|[8BAQ
peeidsepm: 8L 0BL'BLL'BLL'SLL YLL'ZOL IZ'0Z LS ) LVoL'syg
F ) paonpo| ReAIns sy ds enpideld
spodogses
Y51 '€S1L 251 '96 0L € pesnponu( 2661 euiieAy sijjAsodf |
2808 I90r 2l S FET pednpoRu| 661 BIpeueq oidsolqens
] g8 oueBaoidA1g Asmins siy Aeibim seueydolds
€11 ‘601 '96 '98 S8 'v8 18§ 8L 9Z €L 199G €C peanpogu} 66l xAqiucy seueydsids
88 'Gl ‘vl oueBadiip Z661 suenojulion endieg
601 '968 'S8 ¥8 L8 0L 'S peonponu| Zesl BT ELE
0z v oleBadAIs Aamins siy | suebeje ojdech/g |
. £S5 'ZF OF SL 2 PeoRpoIL] Renins sy ejelyouzsigioned eiopAlodopnesg
£8°09 'LL'69'29 L0 '€ P OF Gb T1 & paoanpou| Zegl idwey elopAodopnssyg
801 ‘6L Psahpoau) AsAns siy | B|ooliui} elapAjod
0z 'eL’s psonpoqy| z661 BINLIOS BUOPAjOg
88 '6d olueBadiln AsAINs SIy] EInUW 8o0joyd
val SjusBoydhisy Aanans sy eoibejed sieioN
¥4 pasnpoqu| Aonns s wningipuniul ejoaxip)
1 peonponu} Aonns sig] eaunBues esfiydepy
ag siueBadiin Kamins siy | eydictuciaiay exiepodeiaieny
0BGLSVYET peanponu| AsAins sy . Slllojil smseluolaye
¥Gl €5l 'ZGl oueBaydiiy 266l EjeoLqwi soljoLuieH
201 ‘€0l siuebodiin 2661 eueolelue Biedi|g
P oieBoidiis LEYNY elleqes Eiouge]
€51 601 '96 'S8 'v8 28 'L8 0B ‘0L 68 '19 G OF +2 02 § ¥ CT| oweBodiy 2661 181n0] 8lioBoxX3
{1u09) ejaeysijog
601 'v8 'S8 79 '08 'Ll "€ 69 2919 LG ST '€C 2v OF peonpoju| AsAns siy Bl BUOyonT
S6 peonpou; 2661 WNt8Yauroo BUeSBI6po(
¥Sl ‘601 96 '8 V8 'Z8 18 'OL 69 18 S G €6 ¢F Ov |  olueBojdkin Z661 sijejoos eiopAjodig
02t oIBBodRTD RannsSiUT EjellRl E|jé{pesnog
suopedo] smels Aeg jpjoquiny NOXYL
A0UISU JO Jea )




8.

epodjydiuy
IZBLYLELOLS 2 peanposnu| ReAins sy | sisushabnd Ell2qeN
esensojde
See Pesnpogu| 6861 PIGIPUES snqo|eufg
¥5L'02 2L T Pedonpoqu| (e1gnp 7 s6f gog ) IKUBIAES Bllaljooide
CEETTTTENT
iew’s v peonpoau} 8,026}~ {uopelued "§=) Wnuekonb Buioleeyds
c ousBaidiin Aanns siy ] Ejegoundupenb elouLIwA
¥l olueBndiin 6Y61 WinJouB)| efioumur
12 pesnponuy| Aenins sy BOIUIO)|e0 SiB|
. epodos)
s|@ssnul 'sig)sho paonposu) 2681 SHEjualo eloolRAlY
Ul peeidsepm I LZ'02'61'L FoL'sl'vL'eLE L'oLe'e'L'e's'reET')
. epodadogn
YIovisnuo
[n4ssedans jou suogonpontl Azes g pPaanpoqu} 2661 (eoniode]
sedej =) wnueuddiyd sidntsuap
0.°'19°02 'S ™F Psonpogu) 2661 EllBUGIE BAJ
FANK peonpoqu} AsAins siy | (wnyejed iy 10} e0iy)eq BLIDJER
'y Peonpogu| 2661 BUllBW BINWaYE
pealdsepinigz | pesnpesu] 2661 BLILLEE el
Aeg ejeaiy psonponu) S,0661 seBiB eensosseig
Blajealg
€51 TGL ISV IZ [ oweBadAin Aeains sjy] shsoploy shjouoipueg
. seys.elll Jjes Ul peonponu]| Aans S E}SSPOW euep|y
peaidsepim/g1'08)'e2L'0, V'SLL'PZLZOL12'02° 2161 ) l'ors've :
epysuriqoysido
suopeso smeg Aeg 1pjoquiny NOXV1
B0UBSDI JO Jea )




6L

€51 TG 151 ‘0Sl psanpogu| 2661 SILIDOIN BfjelodoZIog
601 '88 /S peonpoqu) Aeaine siy) BueisEled Ensodhin
601 '0L L2 '8l pednponu| AeAlng sig] ‘ds wiedouos
vSL 'eS)L ‘€11 ‘601 ‘96 P8 18 ‘0. B9 ZS €5 02 G oebadiig Aenins sIgL £ BuUleAy e|jaiodsjje]
¥S1 €51 C51 L] 801 pedohponu) G661 BURiIeU BhBAg
Sl ‘801 '96 ‘Bl peanpoqu) Z661 S||108IF epjueEgiomog
251 ‘0%t ‘88 've ‘0L peonponuy Aoains sy wnoAjod WnpUGA)y
eozoAig
¥ peonposy| GEBlL seueell shupJer
epodeseq
€51 26l peonponu) Ao SIU | EpljeA eoujous]g
€51 251 96 ¥B oueBadian AeAIns Siy ] 8NJEISLIO SNIEO0P0Y
[ A awebadin AeAiRs siy | gejAoepiyoed sioyg
zB'oz'slge g pechpogu Aenins si| “ds wnjydoicoere
o opeboydiin [CYNGEY-TVR) saj0)i| essEloR
0ZGLGE 2 peoRpeRU; AsAINs SI | ediejoiB sndejnepoony
[FA AN peonpoau| Aenins sy ELTEET
¥SL 'S TGl 98 2812 E | oleBqdiin AeAins siy | ‘ 1Kienes esser
¥Sl '96 paonpanu| Za6i sedinbUE snisoaiAtos] |
YA " peonposu) AoAins Siy | sisusuoadiu edojjesteiou)
€8'02 21 6 pesnpoLu| AoAINs SIY | eso|nun|d ejedy
Z8'69'C9I90C SL ST €2 paonponu| $,0861 Ales~ edjuodel ejjeleipipueis
{(Jucd) epodjydury
wZZle peonponuy Asnns sij| louen Whnydoias
Z5LIE0TSL ST Peonpousu| AenRs sy Wwnsolpisul wnidoliod
Zsl 19 'es'ov Cie peonposuy Ze61 UindIsnJeyde Wnydoion
Zol'svYeE peonpony) AsAINg siy ) iseoN| wn|ydoicsoyaeysn
ZL peonponu) LEYNY-TiT suelgele) Binjel)
TEIRNAT paanposu) £28) VTG ERE
ZslL'or st | SiueBoidiin Z661 eiqiinbs gjjeide)
[F A A TR TS Peanpoquy Aehins sy BpljeA eojiyduwiy
suogeao smeg Aeg Jpjoquiny NOXVL

20Uasald JO Juo )




08

~(UBNOIS JeremUsel Jo (pholl IEEN T Pednpoil] Reains siy SIULJe ejshgLIes)
. H&id
Z5LTIST | Peonpony] FSNINSSINL BAB[S EIoRIS
¥l ES1 8L PSonpoLu] 9661~ sISUspeluell enBopy
25116} | peonponuy] GBI~ SleuRsell] BUoID
€51 peanpou) Aenins sy smesagm shjjAgog
Y5l peanpogu| 661 ‘ds sn)i{gog
¥SlL 'EGL ZGL 'IGI ‘02 | PeonpoRy] 266} "5 sepiojkiog
BJEduUN] lejeployD
o8 PEONRORY| Ranire S|y iUopslaq Efslisieg
oudojogy
(exe|nono "pq =)
€51 '60) |  PeonpoRy) RoAINE S "d% ([Ejenbioiqne,) eiodiiejep,
suogeso snjelg Aeg 1pjoquing NOXVYL

20UBSald JO JBa s




8

PEINGLISIP Al8PiM 294i0Bd UGN SRUERY GHON [E8I0qInals

2ltpueq ‘Tepial Mo

siewos eiopiiodin

Aesier meN "eUIBIA "G N

[EPI&IT M| PRy

FlBuIEY elleipieadog

puelbul meN "g R

OILIISY "epRIaqul o]

SMRUI00 SMAjoIN

wReyafjog

ohveRy yhopN ‘adoing

IERILIE| Mmo| "SeulIell ‘BujnG

BLIOOUIP Bll8qO

&doinz weljloN ‘eeg aeg

seysiew jes ‘sjoad moje(g

SISUeloeA ejfeiscieluep

uedep

Buline; oitiueq epiei;

ejeedy| alstunpe|g

S N 15800 ORUBRY]

Buijno} "onyuag Tepmsiu|

BuB|ooNa} ausIINpeIg

SRUERY YrioN gueder|

Sibsjed eauedg

ELNE Bljainy

BlepluY

OfUElRY|

ollpued ‘sedlew "Bulno

eiefjoid EUoRoLN

Bolieliy YON "edoing DRUERY UpoN

Seuuedd 'Bujjno4

EUBGIAMGY BNpUSLONEL

BOMaLUY YLUON 15807 SUehy| oj\jueq ‘seuLieu Buinoy €280 BUGID
elajliog|

SALVHEILYNIAN]

ES|eWY (Rrog “ejiyD,

pessdsapim ‘ggs | al0jeq edf)o00
£501j0/ g SE paqLosep ‘0pG| eld

elojjisusp eupedy

B GiHog

Saysue]
feg jpjoquinyy ‘pesrdsepipg

B))0}1doL0I00 oy

SINYId ¥VINOSYA

SiSey WeSapn "uedep

PBUSEE "|epieju] Mo

SISUejopEy By ELBjLewIo

UGIBLIYSE "UoBBI0 EILIO)ED

Aeg ipjoquiAf
0} Uoisuexe abuel ‘epieyu|

fipae} ShUEseIPLIOYY)

Bkudopouy

oloed WaISepA "uBder

pEdideapi Tepmsiy]

wnagmu E:mwmm.u_mw

BjAydoseyq

AVOTY

abuey Eﬁw.z

Aeg Jploquinif - sa30h

NOXY

1002 1935-000¢ ATn{ poriad sy JuLmp Keg jploquanyy ut pay

93[[0d sapads snousBrpur-uot jo saguer SALEN ‘G 3[qe]




ejAJeAld;

eieydsitusy uleypoN "UE)jodolison SNsopuoy smouclpueq

SRUERY YUON 'edLielly UioN JsE0) dijioed EJsepoLu euap|y
’ elyoaueiqoysIdo

15807 O[UERY UISISEpA YHON paLoele "[epriall MO Baeuo xudjesoin

f JQUBRY YUON peeidsepim ‘seysiew &g Si0sokW EjjelBAn

ORUERY LiSisapp| peloENE |[epiJelil Ao “ds einpideln

) spodogses

S4I0Bd UGHON "OAUERY YHON |EeIoquino)

Buyn
‘olypiag ‘|epueju) Mo} _usmﬁ

Bu[|BAY sl|ifscdf ||

UISE] SjUe]Y| Sllpueq jepglejul Moj ..u_._s__ hoipeueq ojdsojqeng
opuely YuoN {ouueyD Asg YHON olgueg IReifw seueijdoidg|
Zueyjodoluso) ‘oquely YUON Jpueg xAquioq seueydods

oluepy Lo ‘adang

jsuuey) Aeg yuoN ‘silgueg

SuenollleA gndieg)

EIWGH[ED Uleinog

Queq ‘seulew _w:_So.n_

S||I0EIB elE|jeqeg

SRUENY YUON [epRIaIUl MO] PRI suBBeje odsobiig
uedep ORJUaq ‘[BpIeILI Mo} PRy gjejysuriqionid eiopAiodopnesd

ueder "eipu| 'Sjjioed uiejsspy|

SIHUSY TepRIaju] Mo

ey elopAjodopniesy

2 BILIGI[BD "O5oES Welsep,

B|ooLl| eJOPA|O

Qhuely WioN

[EPISIIT o] ‘PRI

BJNUIGS BICEAO

oHided LoN ‘opueRy YUoN Jejedunony)|

Keg Eeany Sigueg|

ENUIL] 80jolg

SEJ YHON SRUERY UHON 'eeJoqunoiiy

PUES [EBieju] MO SEULER

BobEed Siee)

ueyiodolisod ‘;edoing Ulelsepn "LUesuLEIslIpepy

sellewW ‘Bunog

WUNNQIPLINJUT Ejoox A

- OfuUB]y WaseAs ‘edoing

JepiTieI] Mo] Py

eounBues esAydiepy

e.gldsiwey welpnog

olykeg

eydiowicleley sy epodolaiop

18200 usedong "5 JSECT SRUBHY

PRUI TEpRIEIUT MO

SILLIOY| [} snSELI0IS)S

OYBES YHON "ORUERY YUON JEeIoquinaiy)

PAUOERE TepIieI] Mo]

BJEOLIGLU eoLolLIBH]

UMOL UL

QIUS] TePRISIUI MG] PRy

BUBO[/BLUE E180f|S)

adoing "es§ GoN [EPRIOYI 0] PRy Ell6qes BjoLgeS
'S 35800 JIND "ST 15800 190M [BPRIeYu; MO I5ino] SUoBoXg
E[LIO))e] Uiepnog olLgueg BjoSIULL) BuoYoNT,

edoing weluoN

SIUIUBq ‘'SEAIBAIG U| LEom_

Lnieyouod elisaeospo(]

afiuey aAfeEN

Aeg jpjoquiny - §ajoN “

NOXVYL




£8

edoing “edlielly ULION ‘onuBRy [HON

diplieq Bujincy [epmsit PN

wnsorpisul wnydeoson

peadsepii ' pueieez men

oiusqids ‘peaudsep

winasrueLoe wydoio)

PUEIESZ Moy [EBIIaRI] o] ‘PR jseon| wWnjjdolosojeey s

Eillioj|e) [EQUeT) 'BlUG))E]) LSRN0 [ePIHa)U] ‘Suqep ApooM U] suBigels) eney )|
. Zuedef oljueqide ‘peaidsepia BORAL ejjedeq
SORUERY UGN alipuedide ‘peaIdsepiA eiqijinbe Ejje.deg)

OUREJ YHON 'OFUERY UHON 'JE@I0qInoII) TEPIEI PIN EPJjEA ecyyaiLY]
epodjydiuy
oAlEU B|gIsSog "SLqep sisuelebnd ejEqeN

wed ‘esfie uo ‘[epeiul moT

BoRNS$0)da)

2ljoed UHON "ORuBRy LHON ‘feeicqunddll) fepRJeiu; mo IplojpuEs snqojeulg
ulseg ojuey|  oljpued ‘fepligul ‘pesidsepi (eqnp 7 se} KubiAes eljeydcideT

easkpleury

Bliegsny ‘ejuewse | 'pue|eey mep

SUEY
Phw Ul selog ‘[epiejul ybiy

{uepBjued "g=) wnuekonb Bliclesydg

B¥E| Ul §H Ul Pee)jo0 ‘UmowU

[epiiequ; mo| ‘sBuid 1éiog poopp|

ejeroundupend euouLIE

SYSec GHON DRUERY YHON '[66.0gUunoils)

JEPRISILT Moj 'SBUIId 18100 POOMA

WnJouBif eLouwr

ipueeez MeN ‘Brensny

winuelonh|

Biosspyds (M [eSUSWIWLON|

EOIUIO}|BD S1e]

epodos|

BiSY ‘OliDEd LISSEM]

sijEgueuc eloo|RAl

slejsho pue snipdpy Lo oyiselsd

epodadoy

LERLA e

BUl) "esi0y ‘uedep

fepRlajul Mo Py

{espodel sede] =) Wnrellddiiyd sidnieus

ueder opuepy UHoN

TEpIaI plul P

BUEUSIE BAp

edoin3 "esg onjeg

SILpUSq “eppIeIM Py

{wrered 1y Jo} esiyyeq eliooep

BUIYD ‘ueder oljjoed LI8)SaAA UKON

fepnIslul piu ‘P

BUILELT EjNUIET

$tXe | 'eplUo|d 0} Bjoog EAON ‘OJUEPY USSR UHON

pesdsopim
‘Djuaq ‘|epaueil; moy

BlwiUSh BluLBE)

uedep,

PaINYRS "[ERiIeIl Mo ]

sebib 2ojsteselg

abuey aapeN

Aeg Jptoquiny - s3joN

NOXVL




P8

. 3 Bliino 4 ‘dssnjigoq
JUedep “ISRUBRY UoN Y501 {epelll) mo| ‘Sebfe ‘Blyno "ds sapio|{fog
Bjeofun), iejepioyo)|
~ Bujnog luapauaq ensleseg
jooudoyag
(BIB}iNONS “AA =)

LAUI0Bd JSOMLRION buno 4 ‘ds (eenbioigns;} elodisiejepp!
pesidsepw SUOES UlBlSep| ~ Bujjnog sluoolun ejjescdoziyog
PeaIdsepm ToguB[Y| Buno 4 euerse|ed ginsaydfin
£ORUBRY ULON Uiapsapp ~Bujnog “ds wnedolio]
¢[BRlogUINSIT ~Bujncy ¢ eulefy ejjeiodejje)
peaidsepim "UejjjodoLusor) ~Bughog eunlied enbng|
opueny Uisjsery Buinog sijseiB epjueqismog|

INUBRY LIeiSeA s[lays us Bujno wnoAfod WRH|UGAo)

eozolig]

adoing weyloN

esieds TepRIguI O] O} PIA

seueeiu shuKlen)

epodeoag

¢ABg 008i0URl I Ueg "JoURE, \ISSEEUHON Blno4 EpijeA Gogjola)g
f c ) L S

BOLYY YNog ‘elesnsny ‘puejsez meN — _uu_tow,_h,_a;m MISISLD 8ntecopog

EIqUINIOD USHIG O o458 GHON SIISq "TepiisIu] o] Py BekiBEpALoed s3oug

‘ds winyydoioorieg

LOANEU|

Olylusq "SYoO jepeiul Mo

Sejo}j esseloio)

edoin3 ule)semupony

[EpRiayU} Joddn of pipy

edrejo)ifia s O3NBPODIA

QQuERY WsisemypoN Qlyiuegide 'repiuaur pIy EPIIU B8y
&OlI0Bd Uleiseq| Pesidsepm .o_scon_aotdcd_:on_ . 1AJenEfs esser
odoin3 DRUERY LLoN sedinBUE snie3oAyos|
Juedep) sueozoluq uo ojiusqidy _SIsusuoddiu ado(j2adstoy]
SUIOBd YHON "SRueny YynoN “[Beloquinaii Sllueq 'fepgispu pijy esoinund ejef}y
ueder dlueqide "peaidsepiny eofuodel ejjele|pipUE.s
uedep fepa pij] iousn wnydoion
~ oBuey sApeN Aeg 1pioquiny - ssjon NOXV




Jelem ysey) 0 ysoEIG . $iulye BIshqLues)

Hsld

oJioB4 UISISe)N Bujno BAE]D B[OAIS)

adoinz "eously LRION "ONUERY UHON Buijno 4 sisusjeyuell enbop
edoinz "eslisiy GHON ORUENY UHoN ~ Bupiog sjelipseiu) euo

¢ Buijnog smelaqny snjikgog

abiiey sApeN KegIploquiny - s3joN NOXVL]




98

8'L

80 gl <l g0 0ss 9'0¢ L2891  00/62/60 |0'6 LLB'LL [o[PZ) 0899 |o|0F| LE-PAog
£l Sl L0 L0 00 06 06 B9l [00/62/60 ¢} SELTL |o|VTL |9ES'9F LolOK| 0E-phog
Ll <l 80 Lo 00 0’68 00l 809l  |00/62/60 21 P9E'ZL 1o[¥CL [Z62'9F Ljor| 62-PAog
gl Q¢ (44 Ll c'l £'98 98 LP'Sl  00/62/60 [S'6 B2LTL oL 61O Ljow| 82-pfog
bl gl £l g0 L0 8'l8 c 9l PESL  100/62/60 [OLL 988CL [Tl [9L6'SY |o|o] Z2-pAog
20| 2l Ll S0 0 £19 6'EE LESL  100/62/60 [C) PSL'EL lo[FEL OVLSY [o|0F; 92-pAog
9l L'l 60 L0 0D 856 € LO:SlL  |00/62/60 |Gl BZV'EL |oPCL [FOZGP |0V | SZ-pAog
(A7 x4 LL L0 4 586 o0 Prrl  |00/68€/60 |G'2 CLZEL lo|PEL 0P 'SV |o|OF| PZ-PACE
S9 | 6% A4 24 6l e 00 SL:0¢  |00/8Z/60 [8 64804 |.|PCL FECBY |,jOF| £2-PAog
68 | LS §'6e Fye 681 (A4 00 20:0Z  |00/8Z/80 |8 B8E 0L |opZL |BLEBY [o|OF| 22-PAog
¢l | 86 g9z SOy '8l orl 00 956l  100/82/60 |9 G666 o[PC) |08BEBY ||| LZ-PAog
69 | 8% 8'GC 9'9e ovL L'ee 00 OF:6l  00/82/60 [/- LZ96  |oPC) |LOSBY 1|0 0Z-PAog
08 69 LiE R4 4 Z0L 64 00 pe6l  00/82/60 |9 _|9CE6  |o|PC) |LOSBY |o[OF| Bl-PACH
LL gL a2k 0L S0 981 08L 906l [00/82/60 [0TL 28l 'L |PZl j080°8F |.JOF| 81-PAOg
0| 90 (4> zE Z'l (A4S L '§S 05:8L  00/8Z/60 i5'9 BLZ'Li ||PTi j0L€°8P Ljov| Li-pAog
0Z 0¢ (44 80 o 656 60 8E:8l  00/8Z/60 |58 9E6°0} |[PCL |CES 'S 0[O | 9L-PAog
Zy 0e v'e g8l 16 189 00 £C8l  |00/82/60 |8 C00'LE [o[F2) [9Z8'8Y [o|0F| SL-pAog
Er | 0¢ 4 Sge 09 €04 00 94 100/BZ/B0 |S5'6 9S50l |o|PZ) |4F6°8Y ,|OF| PL-pAoH
60 Sl gl 40 £0 6'8L £8L vlil  |00/BZ/60 [E] L6E0L oPCL 2LL6F |oJor| £L-pAog
vl L'l ol 80 €0 498 S50l gl [00/82/60 (DY [04L°0) [o[FZL ELE'6F |ojOr| ZL-PAog
gl X4 9ct L€ L 8'v8 g9 €E9L  [00/82/60 |09 CEB'6 |oPTi |SEQ'BY |o|OF| LL-PAog
(4] 6l Ly 99 €7 899 L6l EZ:9L  00/8Z/60 |S'G LZL'6 1o|PT) [658'6F [.[OF| OL-PAOE
£¢ (A4 £G o 47 6'v8 Zl 919l  00/82/60 |S BLF'6  |[VCL |E80°0S |[OF 6-PAog
e Bl L'e 8'0L X4 Ll 66 009} 100/82/60 |56 888 |oPel |SECBY [.j0F| 8-PAcH
oy | €2 LE L6l oG 9'1s 00 0SSl |00/8Z/60 J06 BOS8 L[FZ) BFEBY [o0F| Z-phog
14 [ £Zl 88l §s £€9 00 “[BfU 00/82/60 |6/ CBL'6 |.|bCl [F6E'6F LhjOor| g-Phog
¥o-| 90 44 A4 (A} 6Ly | X44 e/J 00/82/60 159 BY8'8 [Tl |SLG'6F |0y S-pAog
S¢ 0c L&) L€l 04 (A L€ e/u 00/8¢/60 |9 CVS'8 L|PC) 18596V |[OF( t-PpAog
gl 81 9s 29 L'e 149 8l E/u 00/82/60 e/ 8428 |¥2L [£64'6Y |L[orr| €-phog
i¥ | O¢ Lel 8'ce £/ [ §c B/ 00/82/60 |B/U SS6°'L  LlPEL [LPE'BY [oJoF| Z-pAog
88 | 09 9'0¢e [A%> 26 04g . 00 E/U 00/8¢/60 B/ CCY'L  |o[PZL [EG00G jo|OF| 1-PAOE
UESN LBIDBN ABID % IS I8N % WSOA % Pues % [enelD (lwo) srq (wjyiddg ephybuoT spnuleT  odueg
BPUEBS D%  BUWIL

. 'sHun 1yd eJe uesyy pue ueipely “jiis UIEJB suy pue wnipaw
9sJeod = pues 'O Aeg IPloquinH e 000 100~

= IS BN NS 981800 AIOA = JiS "D/ ‘PuBS

1dag psjoej|oo sa|dwes JusWipss DiLUS] JO SORSUEIDBIELD ‘9 BjqeL




Zv | tE ¥'9 662 '8 LGS 00 grel boriziol |16 YT ¥l |obCL [G6TER LLIOV] G9-PAog
6% | 2% L'EL e oGl Vb 00 rZ:oL  [00/2Z/01 €7 0¥yl [Pl [691 €F [0V | #S-phog
it | 2t 8'L Zel €L g'/9 Zol B/u 00/22/0\ €4 EEV P [o|P2L [866CF |.|oF! €o-PAog
9c | €2 Ll 99l £l 98/ 8l 9£:¢Z  |00/9Z/0L 99 0SL'6  |.jrel 606 |.joF| ¢9-phog
Sy .Z | 60l e €9 Z'6S €0 G2z  [00/0Z/0L 1L 6098 i.[PTi WZZ6F [s|ov[ Lo-pAog
1| Z¢ | vee 8'€e Z'ol 192 00 GLZZ 00/9Z/0L |6 €428 [.F2L [€8E'6F |o[or] 0g-pRog
VS| ¥¥ [ vel 8’62 6/ 9'9p ¥0 /0TE  [00/9ZI0L 09 C96°L |o|vCl [€29'6Y |.jor| 66-pAog
6% | 1S e/ £GP L'l L '6E 90 ZS:Le  [00/92/0L |1y 5862 b2l (882 '6F lo|OF | 8G-PRog
96 | /¢ | oce 8ZE 18 Z'sz £0 0Z:1Z  [00/92/01 [0S 8L ||t [6610S |.Jor! Z5-PRog
€l | 99 | 99 Z'6Y L9 5/ 00 S0'LZ  |00/9Z/0L P9 y6L°L [Tl [69€°0G |.[ov| o5-phog
ge | Z¢ L'y p6L Z2T 0l x4 v 0z  [00/9Z10L 1672 LEB'Q lo|PZ) (62908 |o|or| 55-PAog
66 | /g | 96z 0’6 v'6 9'87 'l G20z |00/ez/oL (96 09F'9 |o|pZ) [G69°0G Liov| ¥S-pAog
6% | £¢ LGl 602 L'g 9'6S Z0 LE8L  00/9Z/0L 7S BBC6  |o|Cl [SGL 0% [.|oF| £5-phog
Sy | 22 9'9 G'GC o). 1’99 Z0 8Z'8L |00/92/0L |2 GSL'6  |o|vZL [b820S |.jov| 2g-phog
Zo | 9l &'t 8. 9l 106 G'8¢ G0:8L  [00/9Z/0L B9 G068 |zl 100505 [.jov] Ls-phog
29| 02 | ave c0or 6F L'0Z 00 8€:.L  [00/9Z/01 19°S 088'8 [o|P2L [8EL0G [.[OF| 05-PAog
v | vz 0g Z2E Ll G'09 A 2Ll |oo/mzioL [Fe 6/8'8 |./PZL [L660S |jov| 6p-pAog
yZ | €2 £Z g6 3] L'/8 L0 0S9L  00/9Z/0L T4y €428 |o|pZl [LETLS [jov]| a-pAog
€V | L2 6l L6l 00 9'¢/ LT GE:9L [00/92Z/01L |L°S 1188 |[P2) |/EF'LS [ojOV[ Z-PRog
8L | Sl 6'G 6'G 80 L€8 9¢ 129l [00/9Z/0L € LGB |of¥ZL [PEL'LS |o|OF| St-PAOg
09| 9¢ | ¢gle 1’61 8 0'%S €0 v0:9L [00/92/01 [€G E06'8 - [o{rCl [0.8'LG L.Iob| sp-phog
ZT | ¢ Ll 6l z0 1’96 z0 vi6L  [00/6Z/60 |58 EFEEL o[l (S90S [o|OF| vi-pAog
Ve | L2 Z2T gl 00 Z'56 Ll €c6l  100/62/60 |00 LZF'EL |o|PTL [€81 ¥t [o[OF] £i-Pfog
0Z | 0¢C L} 60 00 996 20 €26l  [00/6Z/60 [0FL BYS'EL |o|¥CL l88k v |.jOF| 2p-PRog
6C | ST L'y ¥'8 £l 6'68 Z'0 G06L  [00/62/60 2L OVEEL |oTL [FPET 7Y [o[OF]| Li~-phog
Le | 92 0¢ 602 L€ 62 90 /68l |00/62/60 |SEl SLZEL jo|PTL [180'PY [ojOF| Op-PROg
e | 2z 82 N g'g Sl 10 By:8L [00/62/60 SO 0EZ'EL |o|PCt [68L°EY LJOv] 65-PAog
2] 1e 4 Z'l L0 966 v0 BE'8L  100/62/60 |11 LOEEL L[¥2L LIG°Er [Jor| Be-phog
6| 9T L€ 5’02 '8 0'89 00 9Z'8L [00/627/60 56 SYSEL [obCl BLEEY [o|or| ZE-pAog
Z0-| 90 9l vt 0 £'6Y el 0€:2L  100/62/60 [5CL 00k LL |o|[PZ) 668 2+ |.Jor| 9c-phog
Ls | €+ L'OL 60 BEL Z'Sy 00 rLiiL  [00/62/60 J0'LL LT LL oL [229°2Y ol | Se-PAog
0| Lz Lk J) z'0 L' 6'69 vQ:LL  [00/62/60 (2L 04S'LL L|vel [SPS 2t |oJor] pe-phog
10| 51 Ll 90 Z0 029 L 9¢ Ly'9L  [00/6Z/60 (001 We'LL |2l lGe2 27 ojov]| ec-pAog
gl | 12 Gl 50 Z0 8'€8 0Pl 6€:9L [00/62/60 |52 2S8'LL [o|PCl [P0 2Y [ojOF] ZE-PRog
Uesiy ueipsiN ABID % WIS 4BIN % MNIS DA % Ppues % jorelD (W) &g (wyyded epnyibuc  epryje ]  odwes
®PUBS D Y% oWl




88

St gl L0 00 00 68 00 8SBlL  00/FLAOL [58 €66' L) |vZL [WZ8'9Y .Jor] Z8-phog
0 | 22 8¢ L'l 80 6'98 Ld 6l 0oLl (L1 CE6' L1 |t2l (055 9F J.jov | 98-phog
B0 | €1 20 Lo Lo 208 g8l 026} 00101 |0°EL L8E'C) L2l [E6Z9F |.|0F | G8-pAog
6l 6l 80 L0 00 I 88 00 LCBL  0OALIOL 0711 LOL €L |o[PC) [809'SY |ojoF| P8-PAog
a3 Ll A 4 0 586 G0 Ob:LL 000l o8 9SS €L [W[VZ) [PLObY |.|0| £8-phog
X4 iz vl LAY £0 6.6 00 OELL  00&LIOL |57 OSY'El ||vZl [SLE VY [o[oF | zg-phog
8c | st e 0e L 6'¢6 00 959l 0oLl 56 95y EL [o|PCL [SEF'EY |.j0F | Le-pAog
i¢ | Te o¥ bl ge L¥8 00 Zp'9L  100/vLI0L JoDL C89°E) |o¥2L [Z01 €% [o|ow 0g-phog
9¢ | S¥ B'LL 182 €l 6Ly 00 SESL  00/rLIOL (o8 ZSLEL [oPZL (P82 |o|op 64-phog
6l gl Gl ¥'0 L0 0’86 00 ve'le  100/22/01 (577 L9L'6  |o[bZ) {166°8F |oj0F ] B-pAOH
Pl Ll 6l 60 L0 |98 0L €Ll 00/2Z/01 (98 P26 ||vZl 1088V .Jov| Z-Phog
6l 0¢ Ll 40 00 P'¥6 (4 S50 10012201 |69 00°0L P2l 0L9'BY |.Jov| 9/-phog
Ly | 2z 98 gLl 80 6¥. 6'S Sv:0Z _[00//2/0L fo C0Z 0L ov2L [Sor'sy L.loy S/-phog
b9 | ¥g 0le i 0'ZL g4l 00 L2BL  100/4ZI0L 277 LIS'EL LI¥2) (0052 |ojoF v.-phog
£9 L9 g2 8ek 4'GL BEL 00 C06L  100/22/10) |12 LLSEL |o[FCL [68Z2F |.I0F| £2-PAog
¢ | ¥¢ £Gi 6 ey L' gol vie Sh8lL  100/22/01 g°Z1 OLY'EL k2L [/66°LY |.JoF Zi-phog
L9 | §¢ y'se L'LE Pl L8l Gl Va8l  00/LZI0L € LBS €L VTl [9B6 LF [ojOF| 1Z-PAog
8¢ v'e g 6k 8¢ A 00 By-LL  100/22/0L |1°EL PbS €L ot2Z) [F09'vY |.[0r] 0Z-PAog
1Z L2 ¢ £l 80 ¥ 16 i vE-LL 100/4Z/0L |8 ELLEL LWolb2 [LF2 Y [oloF 69-pAog
e i ve £Z 80 ¥0 v'96 00 \Zhe 00/4Z/0L {88 969°€L |o¥2) [SLE'EY |.JOv| 8o-pAog
0z iz gl 2l L0 156 Z'l OL-ZL 0012201 1B BELEL |[v2) |18 €Y |.|0F | /o-PAog
vZ | ¥2 92 £l e0 £'66 - 80 YS9l 00122101 [P OL ECEEL o[PC) VP EV |oJOF| 99-pAog
YB3 ueipaiy Aei5’% IS 39 9% MSOA % pueg o, ISABIS) (wo) sea — w) Yideq ~ spnyiBuo SpnigeT  sjdureg
BPUBS'D %  awiy :




DISCUSSION

We found 73 NIS that have possibly been introduced to Humboldt Bay from distant
locations. In addition to these introductions, there are some species uncertain as to
their origin and status as non-indigenous species. Various lines of evidence suggest
that these species of uncertain status may simply be widespread, cosmopolitan
species (Carlton 1995). Other evidence suggests that these species are “cryptogenic,”
meaning that they may be easily transported from one area to another, that they are
of uncertain relationship to distant populations recognized as the same species, or
that cryptogenic species may be symbiotic with species known to be introduced. We
designated 17 species that are probable introductions in Table 7. We found 13
species that are uncertain as to status, they may be introductions or cryptogenic and
are still under investigation. '

Table 7: Species designations for different categbries of organisms found in
Humboldt Bay and adjacent estuarine areas 2000-2001.

Non-indigenous Probable Introductions Status Uncertain Total

! 65 | 17 | 13 | 95

There are 65 species in Humboldt Bay that are clearly NIS (Table 7). A number of
these species have been in the bay for over 100 years, exemplified by South
American cordgrass, Spartina densiflora, arguably the dominant plant now found in
Humboldt Bay salt marshes. Others are of very recent origin, exemplified by some
ascidians and bryozoans. Yet other species have been introduced intentionally and
are the basis of on-going mariculture (e.g., Crassostrea gigas, the Japanese oyster).
We were able to recognize 60 species of marine or estuarine invertebrates, 3 species
of marine algae, and one fish species that are clearly non-indigenous species now
found in Humboldt Bay.

Although Humboldt Bay has far fewer species of NIS than San Francisco Bay, there
are still enough to cause concern. Maritime trade is expected to continue, with
trends toward ever more rapid transit of even major ocean basins like the North
Pacific. These rapid transit times could result in more arrivals from the western
Pacific basin via ballast water. In this survey we found two amphipod species that
are prime candidates for recent arrival via ballast water, Incisocalliope nipponensis
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(from Japan) and a species of Paracorophium that appears to be native to New
Zealand.

Perhaps of even greater concern, the transit time from San Francisco Bay to
Humboldt Bay is now measured in hours or a few days. Ships routinely enter
Humboldt Bay after taking on a hold cargo at port facilities of San Francisco Bay and
then visiting Humboldt Bay to take on a deck cargo of logs or lumber. These vessels
usually take in ballast water while in San Francisco Bay and discharge some ballast
water when the deck cargo has been loaded in Humboldt Bay. Such ballast water
transport in intracoastal trade can rapidly spread NIS along an entire continental
coastline (Carlton 2000). In this survey we identified 23 species that are shared in
occurrence with San Francisco Bay and 31 species that occur at other locations along
the coast of Pacific Coast of North America (Cohen and Cariton 1995, Ruiz et al.
2000)

Advances in navigational technology and ship building in the last 25 years have
resuited in more frequent intracoastal traffic by fishing vessels and ocean-going
pleasure boats. Many vessels that enter Humboldt Bay are returning to the bay after
weeks or months in other locations, frequently San Francisco Bay. Fishing vessels
and pleasure craft are generally not as rigorously maintained as commercial
shipping vessels, with the result that a variety of fouling organisms may settle and
grow on submerged surfaces, such as the hull. Once in a new location, fouling
organisms may successfully produce motile larvae that spread, first to submerged
surfaces at marinas, and later may become widespread. In this survey, the solitary
ascidian Mogula manhattensis is now restricted to marinas and seems.to have arrived
in Humboldt Bay during the past ten years. This contrasts with the colonial ascidian
Botryllus (possibly B. schlosseri), which appears to have been present in the bay for at
least the past 30 years. Both these ascidian species are frequently involved in fouling
boat hull surfaces in ports along the east and west coasts of North America (Ruiz et
al. 2000). With continued increases in intracoastal traffic it can be expected that such
introductions will occur more frequently.

In some instances, the occurrence of NIS in Humboldt Bay indicates that
introductions are recent and that populations are sparse. A good example is
provided by the European green crab, Carcinus meanas. This easily recognized crab
was first seen at Humboldt Bay in 1995 (Miller 1996). Since that time it has spread to
locations throughout the bay, but remains sparse. A continuing program of
censusing populations of these crabs by trapping suggests that they have a high
potential to increase in abundance at any time. These crabs first appeared in
Catifornia in 1983, at Estero Americano on the Solano County coast and in San
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Francisco Bay in 1989 or 1990 (Cohen and Carlton 1995). The arrival of these crabs at
Humboldt Bay by transport in ballast water is likely.

There are other examples of NIS that we found in this survey that appear to be
sparse in their occurrence as a result of recent introduction. The Paracorophium sp.
amphipod could have been associated with ships bringing in logs from New
Zealand. Recent restrictions on logging in forests of northwestern California caused
lumber companies to explore alternate sources of logs, one of which was to ship

Monterey pine logs from forestry plantations in New Zealand. Economic pressures

of this kind in the years ahead will almost certainly result in increased potential for
NIS to appear in Humboldt Bay. |

Virtually all the ports and bays of North America have at least some non-indigenous
marine species that have arrived from other parts of the globe (Ruiz et al. 2000).
Humboldt Bay, with a 150 year history of maritime commerce, has received non-
native species ever since the earliest period of American and European settlement in
the 1850’s. There is no doubt that the pace of introductions has increased in the past
20 years. Although Humboldt Bay does not the the number of non-native species
found in San Francisco Bay, it is clear that global maritime commerce will continue
to be an important source of introductions, Additionally for Humboldt Bay, it will
be important to more carefully assess the impact of secondary introductions from
initial introductions to other California locations, particularly San Francisco Bay.
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