Proceedings ofthe Symposium:

.m m“‘ﬁn%_—t"ﬁ“'__ =

e o mth-_zszom S

-

-,--.'-'- e T %a f&lifornﬂ%:ﬁu "\{ s




Sea G

California

UNIVERSITY

—_— 0‘_

CALIFORNIA

Sponsors:

Redwood Region Audubon Society, Humboldt State University,
Environmental Protection Information Center,
U.S.Army Corps of Engineers,

California Sea Grant Extension Program,

Members of the Humboldt Bay Stewards,

Members of Scientific Advisory Committee for Estuarine Research,
Friends of the Arcata Marsh, Coast Seafoods, Inc., County of Humboldt,
Thomas B. Dunklin-Videos and Multimedia Productions,
California Coastal Commission,

California Department of Fish and Game.

This publication was supported by the National Sea Grant College Program of the
U.S. Department of Commerce’s National Oceanic and Atmospheric Administration under
NOAA Grant number NA04OAR4170038, project number C/P-1,
through the
California Sea Grant College Program.

The views expressed herein do not necessarily reflect the views of any of those organizations.
Publication No. T-063
2007
978-1-888691-19-1



Proceedings ofthe Symposium:

Current Perspectives onthe
Physical and Biological
Processes
of Humboldt Bay

March 15,2004
Eureka, California

Edited by:
S.C.Schlosser
R. Rasmussen



Photo Credits
(Cover) Rebecca Studebaker; (p. 1) Susan Schlosser;
(p. 5) Pacific Earthquake Engineering Research, UC Berkeley.



able of Contents

Meeting Overview 1

Symposium Agenda 3

History of Major Developments on Humboldt Bay
—Donald C. Tuttle 7

Modeling Wave-Current Interaction at the Entrance to Humboldt Bay, California
—Greg Crawford and Nathan Claasen....... 3

Sediment Inputs to Humboldt Bay
—Jeffrey Barrett.. 35

Humboldt Bay, California: Surface Sediments 2000-2001
—Jeffry C. Borgeld and Andrew W. Stevens 51

Known and Unknown Aspects of Bottom-Up and Top-Down Regulation of Eelgrass in
Humboldt Bay, California
—Frank J. Shaughnessy, Cara L. McGary, Adam J. Frimodig, Cara Witte, Greg B. Roberts......65

Fish Distribution in Humboldt Bay, California: A GIS Perspective by Habitat Type
—Erin Gleason, Tim Mulligan and Rebecca Studebaker..... 105

How They Came, Why They Will Stay: Introduced Species in Humboldt Bay
—Milton Boyd.. 209

Succession in a Humboldt Bay Marine Fouling Community: The Role of Exotic Species,
Larval Settlement and Winter Storms
—Michael Boyle, Dean Janiak and Sean Craig.t...... 215

Enhancing Seasonal Wetlands in the Coastal Zone: A Regulatory Constraint Analysis of
the California Coastal Act

—Aldaron Laird 235
An Overview of the Humboldt Bay Management Plan

—David Hull and Jeff Robinson .. 251
Panel Discussion Summary

—Susan Schlosser 265
Appendix I 269
Appendix II

—Milton J. Boyd, Tim J. Mulligan and Frank J. Shaughnessy 325

i



eeting Overview

The Humboldt Bay Stewards hosted a one-day
public symposium titled, “Current Perspec-
tives on the Physical and Biological Processes
of Humboldt Bay,” on March 15, 2004. The
meeting was held in the Wharfinger Building
on the Eureka waterfront.

The purpose of the symposium was to ex-
amine biological and physical processes to gain
a better understanding of Humboldt Bay. The
need for the symposium was clear, as there were
many plans, projects and studies ongoing at the
time.

The symposium included 19 presentations
and a panel discussion. Ten of the presentations
are included here as papers or in the appendices
as a report or plan. A major topic addressed in
several papers was sediment sources and trans-
port. Sediment was addressed historically
(Tuttle), oceanographically (Crawford and
Claasen), in the watershed (Barrett), relative to
eelgrass (Shaughnessy et al.), fouling communi-
ties (Boyle et al.), and management (Davenport).
Though Davenport did not submit a paper on
the California Sediment Management Plan, Ap-
pendix A includes a copy of this important and
innovative plan that was completed in 2006.

Other management topics included an over-
view of the Humboldt Bay Management Plan.
Since the symposium, this plan has also been
completed and can be found at htep://www.
humboldtbay.org/.

From the biological perspective, papers are
included on marine invasive species, eelgrass,
fish and fouling communities. Worldwide,
increasing attention is directed towards aquatic
invasive species and their impacts on biodiver-
sity and ecosystems.

The presentation on invasive species at this
symposium showed their occurrence around
Humboldt Bay. The purpose of the study was to
provide reliable baseline information for further
studies and monitoring. The “Non-indigenous
Marine Species of Humboldt Bay, California”
is included in Appendix II. This study was part
of a program funded by the California Depart-
ment of Fish and Game that included most of
the bays and estuaries in California. The full
report and list of all species found during the
statewide study is at htep://www.dfg.ca.gov/
ospr/about/science/misp.html. The innova-
tive fish habitat paper, (Gleason et al.) uses a
novel GIS approach to the study of Humboldt
Bay fishes. Eelgrass provides a major habitat in
Humboldt Bay. Summarizing what we know,
don’t know and need to know about Humboldt
Bay eelgrass provides a fruitful source of many
possible studies. Fouling communities have not
been previously studied in Humboldt Bay. The
study presented here is the beginning of a long-
term project that we can expect to hear more
about at future symposia.

—continued on p. 2
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—continued from p. 1

We would like to thank the presenters,
authors and participants who made this sym-
posium a success. The Humboldt Bay Stewards
worked hard with their collaborators to provide

2 ... Schlosser, Rasmussen

this informative Humboldt Bay Symposium.
We hope there will be many more Humboldt
Bay Symposia in the future and look forward to
seeing all of you there!

—Susan C. Schlosser and Robert Rasmussen
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ymposium Agenda

Current Perspectives on the Physical and Biological
Processes of Humboldt Bay
“What we know, don’t know, and should know for future planning.”
March 15, 2004

Wharfinger Building, Eureka, California
Moderator: Sharon Kramer, Ph.D., Stillwater Sciences

HISTORY of HUMAN INFLUENCES

8:00 Traditional Cultural Uses of Wigi by the Wiyot People
Marnie Atkins, Wiyot Tribe
Mike Wilson, Humboldt Water Resources

8:20  History of Major Developments on Humboldt Bay
Donald C. Tuttle, Consultant

8:40  Brief History of Corps Activity and Summary of a Shoreline Monitoring Program in Humboldt Bay
Craig Conner and Stephan Chesser, U.S. Army Corps of Engineers

CIRCULATION MODELING USING LIDAR DATA

9:00  Numerical Simulation of Tidal Circulation in Humboldt Bay Based on a Recent LIDAR Survey
Nicholas Kraus, Ph.D., U.S. Army Corps of Engineers
Adele Militello, Ph.D., Coastal Analysis

PHYSICAL PROCESSES and FUNCTIONS
9:20  Overview of Circulation, Transport, and Mixing Processes in Humboldt Bay
Steven L. Costa, Ph.D., CH2MHILL
9:40  Waves and Tides Near the Entrance to Humboldt Bay
Greg Crawford, Ph.D., and Nathan Claasen, Humboldt State University
10:00 BREAK
10:10 Earthquake and Tsunami Hazards in the Humboldt Bay Area
Mark Hemphill-Haley, Ph.D., Humboldt State University

10:30 Freshwater Sediment Inputs to Humboldt Bay
Jeft Barrett, Ph.D., Pacific Lumber Company

10:50 Surface Sedimentation in Humboldt Bay: Processes and Patterns
Jeftry Borgeld, Ph.D., Humboldt State University

HABITAT RELATIONSHIPS to PHYSICAL FUNCTIONS

11:10 Understanding the Eelgrass Beds of Humboldt Bay: Positive Steps, and Embracing
Bottom-up and Top-down Perspectives of Community Regulation
Frank Shaughnessy, Ph.D., Humboldt State University

—continued on p.4
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—continued from p.3
HABITAT RELATTIONSHIPS to PHYSICAL FUNCTIONS—

11:30 Fish Distribution in Humboldt Bay: A GIS Perspective by Habitat Type
Erin Gleason, Tim Mulligan, Ph.D., and Rebecca Studebaker, Humboldt State University

11:50 The Importance of Birds to Humboldt Bay: Conservation and Management Implications
Mark Colwell, Ph.D., and Jeff Black, Ph.D., Humboldt State University

12:10 How They Came, Why They Will Stay: Introduced Species in Humboldt Bay
Milton Boyd, Ph.D., Humboldt State University

12:30 Fouling Community Structure: Influences of Periodic Winter Storms
Sean Craig, Ph.D., Humboldt State University

LUNCH 12:50

FUTURE PLANNING CONSIDERATIONS
1:20  Applying the Public Trust Doctrine to Humboldt Bay
Aldaron Laird, Trinity Associates

1:40  Coordinated Planning
Ruth Blyther, Redwood Community Action Agency

2:00 The Humboldt Bay Management Plan
David Hull and Jeff Robinson, Humboldt Bay Harbor Recreation and Conservation District

2:20  California Coastal Sediment Management Master Plan
Clifton W. Davenport, Coastal Sediment Management Workgroup

2:40  KRIS for the Bay

Patrick Higgins, Institute for Fisheries Resources

3:00 BREAK

3:15-4:30 PANEL DISCUSSION
A diverse group of scientists, businesses, environmental groups, and agency representatives will pro-

vide fresh perspectives on bay management and protection, as well as identify information gaps.

* NOTES from Discussion are included in PROCEEDINGS **

U.S. Army Corps of Engineers Perspective Nicholas Kraus, Ph.D.
Resource Agency Perspective Vicki Frey

Harbor District Perspective David Hull

Physical Science Perspective Steve Costa, Ph.D.

Physical Science Perspective Adele Militello, Ph.D.
Biological Perspective Milton Boyd, Ph.D.
Environmental Perspective Tim McKay

Commercial Fisheries Perspective Aaron Newman/Troy Nicolini
Aquaculture Perspective Greg Dale

Coastal Commission Perspective Lesley Ewing

4 ... Schlosser, Rasmussen
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istory of Major Developments
on Humboldt Bay

Donald C. Tuttle

Special Projects Manager
Humboldt County Department of Public Works

Image Credits
(Above) Early map of Humboldt Bay entrance, circa 1858: courtesy Don Tuttle;
(p- 8) Navigating Humboldt Bay: NOAA historical photo gallery;
(pp. 10, 11) Merle Shuster, Humboldt State University Library Special Collections.
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Introduction

Major developments to Humboldt Bay over the last 125 years have
resulted in a change in erosion rates of various shorelines,
deepening of the bay’s main channels, decrease of the tidal prism,
and variations in the velocity and direction of tidal currents.

Diking Off Salt Marshes

The first diking in Humboldt Bay began in
early 1892 when Thomas Bair started reclama-
tion work on 320 acres located 2 miles west

of Arcata. The Harpst and Spring Dike was
built in 1892 from Butcher Slough (lower Jolly
Giant Creek) to Jacoby Creek and upstream

to the extent of the highest tides. In the fall of
that year, J. Harpst, O.H. Spring, M.P. Roberts,
Flanigan, Brosnan & Company, M.B. Morton,
and E. Mason petitioned the Humboldt
County Board of Supervisors to organize a
reclamation district.

The Arcata Land Improvement Company
was incorporated in 1893 and began ditching
and dredging the marshland from the Arcata
railroad westward to McDaniel Slough. The
diking activities continued for two years and in
1895, the Arcata Land Improvement Company

8 ... Tuttle

sold the dredger to Dr. Gross who used it to
reclaim land on Freshwater Creek.

In 1904, E.G. Jackson, R.W. Bull,
L. Pacheco, J.C. Bull, A.C. Noe, M.P. Hansen,
L. Peterson, and P]J. Peterson, owners of re-
claimed land on the Arcata Bottom, petitioned
the Board of Supervisors to create a reclamation
district for the purpose of operating and main-
taining the dike. That reclamation district con-
tinues today as District 768. The dike extended
mostly along the northern edge of Humboldt
Bay. Before the dike was constructed, Hum-
boldt Bay extended up to the corner of Fourth
and D Streets in Arcata.

Mad River Canal
The history of the Mad River Canal and as-

sociated booms are important because of the

significant impacts they had on Humboldt Bay.



The first efforts at connecting the waters of the
Mad River with Humboldt Bay were initiated
by the incorporation of the Humboldt Bay and
Mad River Canal Company. The intent was to
divert the Mad River through the Mad River
Slough to transport logs into Humboldt Bay. In
1854 a small canal, one-half mile long, was dug
from the Mad River to the upper end of Mad
River Slough; and, in May 1858, the canal was
used for the first time to float logs to the head
of Humboldt Bay. The timber was most likely
spruce logs from the Arcata Bottoms headed for
Humboldt Bay mills.

The canal was 8-feet wide by 10-feet deep.
Due to its small size, the canal was not very
effective for floating logs from Mad River to
Humboldt Bay as they could only be floated
during high winter flows. The small dimensions
of the canal required a catching point and hold-
ing area so that a few logs at a time could be
moved through the canal. In November 1872,
a boom on Mad River holding 100,000 board
feet of logs broke during high-water flows.

In 1873 the canal was enlarged and in 1874
another boom 600-feet long was constructed to
catch and hold 1-2 million board feet of logs
at low water; the plan was to float logs through
the canal to the head of the bay during high
flows. This boom broke and was carried away
within a month of its construction.

The Mad River Boom Bill was introduced
in the state legislature in 1876; and, despite
strong arguments against the booms on Mad
River, the “boom to end all booms” was built in
the fall of 1877.

Within a few years, Arcata Bottoms farm-
ers were complaining to the Harbor Commis-
sioners about the damage to their lands from
sediment and debris deposited from the canal.
During a flood event in December 1881, the
boom broke, ending efforts to drive logs on the
Mad River. In 1886, the Arcata Union declared

the canal a “nuisance” and wrote that as a
“commercial enterprise it has been a failure.”
The Harbor Commission ordered the canal
closed in 1888, but the Mad River continued to
break through during winter high water; and it
was not until 1890 that efforts were successful in
shutting off the river’s flow into Humboldt Bay.

The impacts of this canal on Humboldt
Bay are demonstrated somewhat in the history
of the Arcata Wharf, completed at a length of
11,000 feet into the bay in 1855. With the
construction of Jolly Giant Mill in 1875, the
owners reached an agreement with the Union
Wharf Company to extend the wharf another
600 feet, as 20 years of running the Mad River
into the bay had silted up deep water. In 1881,
when a gale toppled the old warehouse on the
wharf into the bay, the editor of the Arcara
Leader observed, “where the old depot stood
admonished us how rapidly the channels in the
bay are filling up.” He recalled seeing steamers
discharging freight at that old depot, but now
“the channel is so filled as to be useless for all
boating purposes.”

By 1883, logging and milling were boom-
ing on the Mad River at Blue Lake and North
Fork. The Arcata Wharf was handling the
export of these products, now moved by rail;
and with increase in business, the wharf was
extended another 600 feet to “enhance ship-
ping.” Lumber continued to be shipped from
the wharf into the 1920s; but rail connections to
San Francisco, completed in 1914, and sediment
accretion in the channel significantly reduced the
wharf’s commerce. In time, the channels were
too shallow to accommodate ocean-going vessels

and the wharf was abandoned.

Early Dredging

Humboldt Bay has been maintained for com-
mercial shipping since 1881. One of the earliest
dredging projects by the U.S. Army Corps

Proceedings of the 2004 Humboldt Bay Symposium ... 9



of Engineers (USACE) was along the Eureka
waterfront where the water was only 8-9-feet
deep at low tide. During the period September
1881 through May 1882, 80,000 cubic yards
were dredged to create a channel 10-feet deep,
4,100-feet long and 240-feet wide. In the fol-
lowing years, the channel leading to the south
end of the Arcata wharf was initially dredged
to a depth of 10 feet, then to a depth of 13 feet
and a width of 150 feet. Dredging of the chan-
nel to the Arcata Wharf by the USACE ended
in the 1930s.

In the USACE dredging plans for 1930
and 1938, the spit at King Salmon was desig-
nated as a dumping ground for dredge spoils.
Other dredging plans designated the south end
of Indian Island as a spoils dumping ground.
These relatively small dredging projects may
have had a minor effect on bank sloughing at
the edge of the newly created channels.

Humboldt Bay jetties in 1954.

Jetties at the Entrance to
Humboldt Bay

Prior to the construction of the jetties, the
depth over the bar at the entrance to Humboldt
Bay changed drastically from year to year. On
September 25, 1850, measurements showed the
entrance to be one-half-mile wide with a depth

10 ... Tuttle

of only 18 feet at low tide. In 1851 the depth
was only 20 feet. In 1853-1854 it was only 16
feet at high tide, and in 1857 it was only 13
feet at high tide. This caused great delays in ex-
porting products and importing supplies. There-
fore, after several years of studies by the USACE,
it was concluded that several jetties 7,000-8,000
feet in length should be built roughly one-half
mile apart in a northwesterly direction.

Construction began in May 1889 and was
completed in 1899. By 1904, the jetties were in
dire need of repair and were rebuilt from 1911
to 1917, again from 1925 to 1927, and repairs
made in the 1930s, 1963, 1972 and 1985.

Following construction of the jetties,
impacts on the bay just inside its entrance were
fairly dramatic. Because of erosion, currents
associated with the jetties removed what was
known as breaker flats just west of the north
end of the South Spit, which had absorbed
much of the wave energy. Once these breaker
flats disappeared and the harbor entrance
deepened, wave energy came into the bay and
eroded what was known as the Middle Ground,
which had protected the shoreline from King
Salmon-Buhne Point north to Elk River.

‘The Buhne Point Ranch lost 188 acres in
101 years. The shoreline retreated one-quarter
mile. From 1891 to 1929 the beach along the
Northwestern-Pacific Railroad eroded land-
ward 600 feet, requiring the company to install
3,000 linear feet of rock revetment in 1930.

In 1952 Pacific Gas & Electric (PG&E)
bought the Buhne Point Ranch and immedi-
ately lost 50 acres, thereby requiring them to
install 3,000 linear feet of revetment. From
1952 to 1954 the railroad, just north of PG&E
property, had to place 4,500 linear feet of revet-
ment. These revetments reflect waves that travel
northwesterly across the bay and erode the eastern
shoreline of the southerly end of the North Spit.

Additionally as Buhne Point eroded, it
created a sizable sand deposit south of Buhne



Point and a new spit at the mouth of Elk River.
The Elk River spit grew in length by 6,000 feet
from 1897 to 1954 and in width by 700-800
feet from 1931 to 1954.

The spit deposited at King Salmon at-
tracted the eye of developers; and in 1947 it
was acquired, canals were dredged, and 25-foot
lots were sold for recreational fishing. Over
time, houses were built on those lots. Because
of continuing wave action entering through the
entrance to Humboldt Bay and the removal of
the source of sand following placement of the
revetment, the sand spit protecting the com-
munity slowly disappeared and by 1982 was
completely gone.

Groins were installed by the USACE
after 600,000 cubic yards of sand and silt were
dredged from the entrance of Humboldt Bay
and pumped over to King Salmon to replace
the sand spit that had been lost due to erosion.
The results of the reflected wave generated by
these new groins, along with the revetment
placed along PG&E’s property and the rail-
road, accelerated erosion along the east side of
the North Spit. The eroded areas immediately
north of the Samoa Boat ramp and the Coast
Guard groins are good examples, and this ero-
sion continues to this day.

The jetties were rehabilitated in 1972
with the placement of dolosse on their westerly
heads. Following the construction of the jet-
ties in 1899, the width of the south end of the
North Spit grew in a westerly direction 3,400
feet. The width of the north end of the South
Spit grew 2,600 feet.

Construction of the Samoa
Bridge 1970-1972

The bridge approach required some filling that
narrowed the width of two of the bay’s three

main channels. The west channel width at high
tide was reduced from 3,000 to 2,000 feet. The

middle channel was narrowed from 1,450 to
900 feet; however, the width of the east chan-
nel remained unchanged. The velocity of water
in the west channel was increased significantly,
especially at extreme high tides, because 3,000
linear feet of fill was required for the road across
Indian Island and the bridge approach.

1999 Harbor Deepening Project

In 1999 the Humboldt Bay Harbor District
undertook a $15-million dredging project to
deepen the bay’s main navigation channels by
8 or 10 feet. Since that time, local commercial
fishermen have noted erosion of various parts
of the bay’s shoreline or signs of lowering.
Continuous monitoring will need to be done
to check on the severity of this effect. In 1997
the USACE began to monitor sand erosion and
accretion on the west (ocean) side of the North
and South Spits.

The beach south of Elk River spit along
the rock revetment that protects the railroad
has dropped significantly in the last few years.
Appropriate maintenance will be required to

retain the integrity of the railroad bed.

Impacts of Developments in the
Watersheds Around Humboldt Bay

This paper concentrated mostly on effects of
developments that have occurred on and in
Humboldt Bay. Tributaries to Humboldt Bay

Proceedings of the 2004 Humboldt Bay Symposium ... 11



were the site of the region’s first logging activi-
ties. The initial removal of old-growth forests
in the watershed included using the tributaries
to move logs to Humboldt Bay for milling and
export. Historic human impacts on Humboldt
Bay watersheds can be found in the Humboldt
Bay Watershed Salmon and Steelhead Conser-
vation Plan prepared by the Redwood Com-
munity Action Agency and the Humboldt Bay
Watershed Advisory Committee.

12 ... Tuttle

Sources of Information

While working for the Humboldt County
Department of Public Works for 31 years, the
author collected many manuscripts, reports and
documents from several state and federal agency
archives. He placed them in special files in the
Natural Resources Division of the Department
of Public Works called the environmental data
bank. The author also used many books cover-
ing the history of the county contained in his
personal library. Information presented in this
paper comes from these sources. Additional
information was provided through peer review

comments.



M odeling Wave-Current Interaction at the
Entrance to Humboldt Bay, California

G.B. Crawford and
NJ. Claasen
Humboldt State University

Photo Credit
U.S. Army Corps of Engineers—Research & Development Center
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Abstract

Numerical models of surface waves and tidal circulation have been adapted to the Humboldt
Bay region of Northern California for future sediment transport studies. A general set of
guidelines for coupled model applications is presented based on this study. For modest waves
and tidal currents (significant wave height, H, < 1.8 m; dominant period, T , < 9 s; tidal
currents, U < 1.0 m/s) and a dominant wave direction roughly aligned with the jetties, the
one-way coupled runs reproduced the two-way coupled runs satisfactorily. For large waves
(HS >2.4m, T ,>115s), large tidal flows (U > 1.5 m/s), or more oblique wave directions

(> 20° from the jetty orientation), two-way coupling is required.

14 ... Crawford



Introduction

Coastal inlets are by nature dynamic, continu-
ally shaped and reshaped by hydrodynamic
forces. Waves and tidal currents may cause
erosion, picking up sediment for deposition
elsewhere. Channels may fill and sandbars may
develop, increasing local wave steepness and
refocusing wave energy that, in turn, increases
risk to ships using the inlet. Expensive engi-
neering projects, such as jetty construction or
dredging, are often undertaken to maintain

or increase both the safety and the accessibil-
ity of an inlet. A detailed understanding of the
physical processes provides the basis for design
and construction of stable navigation channels,
which increases the usefulness of the adjacent
harbors.

Waves and currents at coastal inlets inter-
act. Inlets concentrate tidal currents, resulting
in strong currents and strong interactions with
waves. In the presence of a current, waves can
refract, steepen, or even break (e.g., Thompson
1949; Wright et al. 1999) and if the current is
strong enough, it may even lead to wave block-
ing. A detailed review of the subject is provided
by Jonsson (1990). Currents are also modified
by the presence of waves. Waves can generate
mean horizontal stress, referred to as radiation
stress; gradients of the radiation stress generate
mean currents and modify background flows
(Longuet-Higgins and Stewart 1964).

Much of our understanding of these
processes is based on straightforward, ideal-
ized models, but the relative importance and
consequences in real-world environments are
not always obvious. In practice, most efforts to
understand the dynamics of a particular coastal
inlet revolve around numerical models of waves
and tides. Such models, in principle, adequately
describe the specific geography and bathymetry
of a region, as well as forces and dynamics.

Historically, model applications have been

limited by computational speed, which in turn

limited spatial and temporal resolution and
required parameterization of the dynamical
terms. In the last decade, advances in comput-
ing power and model formulation have allowed
numerical simulation of complex wave-current
interactions on the scale of coastal inlets (Zhang
and Wu 1999; Li and Davies 1996). Such mod-
els are still computationally expensive and, in
many practical engineering applications, wave
and current models are run either independent-
ly or with limited interaction (Kraus 2000).

The present study is based on the ap-
plication of specific wave and tide models
(STWAVE and ADCIRC) at Humboldt Bay,
California. The energetics are relatively strong
in this region: tidal currents through the inlet
average 2.1 m/s for peak ebb near the entrance
(Costa and Glatzel 2002); monthly-averaged
significant wave heights, HS, vary between 1.7
and 3.1 m throughout the year (Harris 1999),
and large wave events with H >7 mare ob-
served during most years. In such a location,
wave and current interactions might be ex-
pected to be substantial. The goal of the present
study is two-fold: using these models to exam-
ine predicted wave and current patterns in and
around the bay entrance; determining how well
the simpler model coupling options (uncoupled
and one-way coupled) reproduce the full two-
way coupled model runs under various condi-
tions. We define one-way coupling to refer
specifically to the case of wave radiation stress
fields applied to the circulation model.

The two-way coupled models were con-
sidered to represent “reality,” since they have
the most complete modeled physics; uncoupled
and one-way coupled models represent simpli-
fied (less complete) models. All three modeling
approaches were tested under a variety of cli-
matological wave- and tidal-forcing conditions;
key fields of interest were currents and signifi-
cant wave height. Results from the uncoupled

and one-way coupled runs were contrasted
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against the two-way coupled runs to determine

how well these simpler models performed.

Study Area

Humboldt Bay is the only naturally enclosed,
deep-draft harbor between Coos Bay, Oregon,
and San Francisco, California. The section of
coastline that contains the bay runs in a rela-
tively straight northeast/southwest line from
Cape Mendocino in the south to Trinidad
Head in the north (Figure 1). Key geological
features around the bay entrance are identified
in Figure 2.

Extensive and rapid shoaling occurs at the
Humboldt Bay Bar, Entrance Bay, and Arcata
and South Bay Channels as a consequence of
natural sediment transport processes. Shoaling
is an ongoing problem, restricting safe naviga-
tion of deep-draft commercial vessels. To miti-
gate these influences, the United States Army
Corps of Engineers (USACE) has conducted
annual (and occasionally semi-annual) main-
tenance dredging of the bar and entrance and
several navigational channels within Humboldt
Bay. In June 2000, the USACE completed a
project in Humboldt Bay to deepen the navi-
gational channels from an initial 12 to 15 m
to improve deep-draft navigation safety and to
maximize the efficient use of the bay and har-
bor by commercial deep-draft vessels.

The bay watershed encompasses about
570 km?, with no major rivers in the area emp-
tying directly into the bay. The annual freshwa-
ter input to the bay is estimated to be on the
order of the tidal prism, 7.4 x 10" m® (Costa
1982). Humboldt Bay is made up of three sub-
bays, Arcata Bay (or North Bay), Entrance Bay,
and South Bay. Both Arcata Bay and South Bay
consist of a series of channels and large areas
of intertidal flats. The long thalweg between
Arcata Bay and Entrance Bay contributes ad-
ditional complexity to tidal circulation near the

16 ... Crawford

entrance. At mean lower low tide, the total area
of the bay is 21 km? while at mean high tide,
the bay area averages 67 km? (Costa and Glarzel
2002).

Circulation in Humboldt Bay is tidally
dominated, which makes for generally well-
mixed marine water within the bay. Tides are
mixed semi-diurnal, with a mean range of
1.51 m and a diurnal range of 2.11 m at the
entrance. About 50% of the tidal prism volume
flows to North Bay and 30% to South Bay
(Costa and Glatzel 2002). Peak currents at the
Humboldt Bay entrance exceed 2.1 m/s, with
average peak velocity on ebb tide of 1.0 m/s
and 0.82 m/s on flood.

The wave climate at Humboldt Bay is
extreme in comparison to most U.S. inlets,
with waves from the northwest being com-
monest and waves out of the southwest having
the greatest energy (Costa 1982). Significant
wave heights up to 7 m can occur annually and
swell wavelengths as long as 1,000 m have been
observed. The highest energy waves acting in
the inlet are thought to significantly influence
currents in the bay itself. The convex nature
of the bar, the incident wave direction, and
the alignment of the jetties tend to focus wave
energy into Entrance Bay, causing erosion and
influencing sedimentation, mixing, flushing
and circulation within Entrance Bay (Costa and
Glatzel 2002).

Sources of sediment to the entrance are
the Eel River, 14 km to the south, and the Mad
River, about 24 km to the north. Sediment
coming from the Eel during winter months is
thought to travel northward, providing mate-
rial for the ebb shoal as well as depositing in
the bay (Costa 1982). In summer, longshore
transport may rework some coastal sediments,
but the bay sediments remain.

Maintenance of the navigational channels
continues to be an expensive and time-con-

suming process. As a preliminary step towards



assessment of sedimentation processes at the
entrance and within the bay, and to examine
alternative approaches to channel maintenance,
we have applied wave and tidal circulation
models to the Humboldt Bay region. Ultimate-
ly these models will be coupled with a sediment
transport model to examine erosion and deposi-

tion at the bay.

Methods
STWAVE is a steady-state, finite-difference,

spectral wave transformation model developed
by the USACE (Resio 1988a,b; Smith et al.
2001). This model is used to quantify changes
in wave parameters as waves propagate from
deep or intermediate water to the nearshore.
STWAVE simulates depth-induced wave
refraction and shoaling, depth- and steepness-
induced wave breaking, simplified diffraction,
wind-wave growth, and wave-wave interactions
and whitecapping that redistribute and dissi-
pate energy in a growing wave field. Influences
of depth-averaged currents are also incorpo-
rated.

The STWAVE model is driven with a
two-dimensional wave spectrum at the offshore
boundary of the model grid. For the studies de-
scribed here, offshore wave conditions are based
on climatological observations of significant
wave height, H,, dominant period, T}, and an
assumed dominant wave direction. These quan-
tities were used to generate two-dimensional
wave spectra for the outer boundary using the
TMA one-dimensional shallow-water spectral
shape, a spectral “peakedness” coefficient, a
directional distribution function, and a direc-
tional spreading coefhicient (Smith 2001; Smith
et al. 2001). Choices for coefficients were based
on the recommendations of Thompson et al.
(1996); details are provided in Claasen (2003).

The tidal circulation model used, AD-
CIRC (Luettich et al. 1992), is a finite element,
depth-integrated, ocean circulation model. The

model included Coriolis force, advection, mix-
ing, and wetting and drying parameterizations;
wind forcing is also an option but was not in-
cluded in the work discussed below. Quadratic
bottom stress was used, with a default friction
coeflicient of 0.025. Forcing data were provided
at the outer edge of the model domain using
tidal constituents (K1, O1, M2, N2, S2, K2,
P1 and Q1) derived from a global tidal model
(LeProvost et al. 1994). Bathymetric infor-
mation represented a blend of data from the
STRATAFORM project (Nittrouer and Kravitz
1996), a local high-resolution survey done by
R. Flood' (pers. comm.) and supplementary
data from the GEOphysical DAta System
(GEODAS) compiled by the National Geo-
physical Data Center, National Oceanic and
Atmospheric Administration (NOAA). Devel-
opment of bathymetric grids for ADCIRC and
STWAVE was undertaken using the Surface
Modeling System, SMS (Zundel et al. 2002).
For ADCIRC, the domain ranges from Baja
California to the Alaskan border and extends
as far as 400 km offshore. The grid comprises
30,165 elements, 16,174 nodes, with resolu-
tion in the surf-zone and the entrance channel
on the order of 35 m. The STWAVE domain
extended from just south of Trinidad Head to
the Eel River mouth and out to roughly 4 km
offshore, at water depths of approximately

40 m. The grid for the wave model comprises
218 x 806 points, with a horizontal resolution
of 40 m (Claasen 2003).

The models were run and most of the
postprocessing and data visualization were
conducted using SMS (Surface Modeling
System, developed by Environmental Model-
ing Systems, Inc.); additional analyses were
developed using Matlab (The Mathworks, Inc.).
Recent advances to the SMS software allow the

'R. Flood, Marine Sciences Research Center, State
University of New York, 2000.
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user to control the extent of coupling between
the wave and circulation models (Zundel et al.
2002). Water level variations were included in
some coupling options by changing the ba-
thymetry of the STWAVE grid according to
calculated tidal heights from ADCIRC. The
ADCIRC time step was 1.5 s, while the ST-
WAVE model was updated every hour.

The ADCIRC tidal model was validated
against tidal height observations made at the
NOAA tide gauge located on the north spit of

Humboldt Bay (40° 46.0'N, 126° 13.0' W) dur-
i jetties and entrance to the bay; hereafter re-

ing August 2001. Wave conditions were gener-
ally low, with mean H = 1.5 m (maximum
3.5 m) and mean T}, = 9 s (maximum 20 s).
Performance was very good, with all model
values within 6% of observations and a major-
ity of the model values within 4% of observed
water level. Mean difference between modeled
values and measurements at the tide station for
the month was 0.04 m with a standard devia-
tion of 0.017 m. A 36-hour segment of this
comparison is shown in Figure 3.

As mentioned previously, we considered
three types of model coupling: uncoupled,
in which STWAVE and ADCIRC were run
independently of each other; one-way coupling,
in which STWAVE radiation stress gradients
were input into ADCIRC; and two-way (or
full) coupling, in which ADCIRC currents were
input to STWAVE and radiation stresses from
STWAVE were input to ADCIRC.

We have conducted wave and tide model
runs corresponding to 36 combinations of
offshore wave forcing and model-coupling con-
ditions. Tidal conditions for all of these cases
corresponded to the spring tides sequence from
January 1 to 3, 2002, which allowed us to look
at a wide range of tidal currents. Results are dis-
cussed extensively in Claasen (2003). Here we
present a few examples to illustrate some of the
circulation and wave-field patterns predicted by

the models, as well as some of the differences in
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i results based on the choice of model coupling.

¢ In particular, we will focus on some results for

“large” and “small” offshore waves, defined by

climatological conditions for January (H_ =
3.1 m, T; = 13.2 s; hereafter referred to as large
wave conditions) and August (HS =1.7m, T, =

8.9 s; hereafter referred to as small wave condi-

i tions, although we note that such waves may be
i considered moderate or large in some areas of
i the world). We consider two dominant offshore

wave directions: 308° (waves roughly from the

northwest, and approximately parallel with the

ferred to as down-jetty waves) and 253° (waves
i roughly from the west-southwest, at an angle
of about 55° to the jetty orientation; hereafter
referred to as cross-jetty waves). We also focus
primarily on conditions during peak ebb. Claa-
sen (2003) discusses a variety of other model
runs, spanning different climatological condi-

i tions, wave directions and coupling conditions.

For each model run, forcing in the AD-

CIRC model was ramped over a two-day time
interval (Zundel et al. 2002). Both tidal and
wave forcing were scaled from zero to full
strength using a hyperbolic tangent function

: over the first model run day, with the second
day included to allow for any additional model
adjustment. Results for the third day were
archived at half-hour intervals for subsequent

i analysis. The ramping period was necessary for
the ADCIRC model as sudden, strong forcing
can shock the system, producing instability in
the solutions (Zundel et al. 2002). A few ad-
ditional model runs were extended to a fourth
day to confirm model behavior. The third and
fourth model days were generally nearly identi-
cal (except for the phase shift in times of high

i and low tides due to the lunar day), which
helped to validate the use of model calculations
from the third day. In other words, differences
among model runs on day 3 were not merely

due to model spin-up.



Because the ADCIRC output was ar-
chived at half-hour intervals, estimates of the
timing for maximum ebb and maximum flood
were considered to be + 15 minutes. We note,
however, that both wave-generated currents and
the particular choice for coupling mode could
modify the circulation patterns. Thus a “true”
definition of higher high water (HHW) and
peak current times depended on the particular
model run and coupling conditions. Given
these issues, it was considered most useful to
compare different model results at the same
time step and to base the definition of maxi-

mum ebb and maximum flood on the uncou-

pled ADCIRC model run.

Results

1. Circulation Patterns at Peak Ebb

Figure 4a, b and ¢ displays the circulation
pattern near the bay entrance for small waves
oriented down-jetty at peak ebb for the uncou-
pled, one-way coupled, and two-way coupled
model runs, respectively. (We note that Figure
4a corresponds to the predicted flow at peak
ebb for all uncoupled model runs.) Without
coupling, the ebb jet at Humboldt Bay fills
much of the space between the jetties, nar-
rowing as it approaches the jetty tips (Figure
4a). Offshore, the model predicts the ebb jet
to remain relatively narrow and to sweep from
south to north over the course of the ebb cycle.
A large, low-velocity circulation cell appears

in the middle of the ebb cycle and spins off to
the northwest as slack tide approaches. Current
velocities reach 1.8 m/s over most of the width
of the entrance. Peak velocities of 2.3 m/s were
obtained.

For the small, down-jetty wave conditions,
the current fields are deformed significantly
near peak ebb in both the one-way and two-
way coupling cases (Fig. 4b and ¢). Both of
these coupled cases show a slight, southward
deflection of the ebb jet over the Humboldt

Bar, a narrowing of the current stream in the
entrance channel, and a net current into the
channel along the north jetty. The one-way
coupled case (Figure 4b) produces a maximum
current speed of 2.2 m/s in the entrance chan-
nel with mean current rate over the navigation
channel 1.5 m/s. The two-way coupled case
(Figure 4c) shows a maximum current rate of
2.1 m/s in the entrance with a 1.5 m/s mean
current speed in the navigation channel. Al-
though the one-way and two-way coupled cases
are similar, the one-way case deflects the current
stream southward just offshore of the entrance
as compared to the two-way coupled case. In
addition, the one-way coupled case generates
stronger currents (by as much as 0.3 m/s) than
the two-way coupled case along the north jetty
and over the channel shoal.

For the larger, longer waves typical of
winter conditions, the effect of coupling on
the current field becomes much more evident.
For the one-way coupled, large wave, down-
jetty model run (Figure 5a), the basic shape of
the current fields remains the same as for the
similar small wave case (Figure 4b), but the
maximum currents in the navigation channel
exceeds 4.1 m/s. Mean speed in the naviga-
tion channel are 2.1 m/s and currents into the
bay along the north jetty are as high as 2.4 m/s.
Compared with the uncoupled model out-
put (Figure 4a), offshore currents in this case
reach higher speeds, and are confined to a
300-m-wide channel along the south jetty; the
ebb jet is also deflected southwards relative to
the uncoupled case. In the two-way coupled,
large wave, down-jetty case (Figure 5b), cur-
rents differ significantly from the one-way
model output over the entire entrance area. In
the navigation channel the two-way coupled
model predicts peak currents of 2.2 m/s, with
a spatially averaged current of 1.6 m/s and the
main portion of the ebb jet is diverted north

170 m compared to the one-way case. In the
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one-way coupled case, extremely high currents
are predicted at the inside tip of the south jetty,
whereas in the two-way case these currents

are not apparent. From the difference in cur-
rent magnitude between two-way and one-way
models (Figure 5¢), the one-way solution pre-
dicts up to 50 cm/s lower currents within the
navigational channel than the two-way coupled
solution does, and up to 50 cm/s higher cur-
rents to the north of the channel. Both of these
models predict a flow into the entrance towards
the north jetty during this strongly ebbing flow,
presumably driven by radiation stresses.

Figure 6a and b shows the current fields
at peak ebb for the “cross-jetty” (253°) case of
large waves (H = 3.1 m, Tp =13 s) arriving
at an angle to the jetties, corresponding to the
one-way and two-way coupled runs respective-
ly. For the one-way coupled case (Figure 6a),
ebbing currents are concentrated in the naviga-
tion channel and peak there at 2.1 m/s. Mean
ebb current in the navigation channel is
1.8 m/s in this case. Along the inside of the
north jetty, currents are directed into the en-
trance and reach 1.9 m/s. Offshore the ebb jet
is deflected northward by the radiation stress
gradients over the Humboldt Bar (compare
to Figure 4a). For the two-way coupled case
(Figure 6b), current patterns are much the same
within the entrance, although slightly higher in
the navigation channel (2.3 m/s peak and
1.9 m/s mean). Onshore currents along the
inside of the north jetty in the two-way coupled
case are typically 0.1 m/s less than in the one-
way case. Currents over the channel shoal in the
two-way case are also less than in the one-way
case. The largest differences between the one-
way and two-way cases are seen outside the en-
trance, over the Humboldt Bar (Figure 6¢). In
the two-way coupled case, the ebb jet is turned
sharply northward at the western edge of the
bar, while in the one-way coupled case, the

deflection is much less significant. In addition,
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just south of the south jetty, a very well-defined
clockwise eddy with currents on the order of

1 m/s is present in the one-way solution. In the
two-way solution, the flow is more erratic and
generally slower, although a distinct eddy can
be seen in roughly the same location.

2. Wave-Height Patterns at Peak Ebb

Figure 7 displays the significant wave-height
fields for small, down-jetty waves at peak ebb
for both one-way and two-way coupled runs
(by our definition of one-way coupling, the
wave fields for uncoupled and one-way coupled
runs are the same). Within the navigational
channel, the mean difference between the two
runs was 0.5 m. Over the channel shoal, the
two-way coupled case predicts waves up to

1.1 m higher than the one-way coupled case.
Over the whole Entrance Bay, the two-way
coupled solutions are at least 0.25 m larger
than the one-way coupled solutions. Over the
Humboldt Bar, the two-way case is up to 0.9 m
times higher than the one-way case.

For the large wave, down-jetty runs, the
difference in wave-height fields near peak ebb
tide is even more dramatic. Figure 8 shows
differences of up to 2.8 m in significant wave
height between two-way and one-way coupling
cases. On average, over the navigation chan-
nel the two-way coupled case predicts waves
that averaged 2.1 m higher than the one-way
coupled case. The two-way case also shows
increased wave heights over the Humboldt Bar
relative to the uncoupled case. Waves in the En-
trance Bay average 1.0 m higher in the two-way
solution over the one-way solution.

Wave-height fields for large, cross-jetty
waves near ebb tide (Figure 9) show similar
results as those from large, down-jetty waves.
The two-way coupled model predicts signifi-
cantly higher waves in the navigation channel,
over the channel shoal, and in the Entrance Bay

than did the one-way model. The peak differ-



ence in wave height in the navigation channel
is 1.7 m; and over the channel shoal, the peak

difference in wave height is 1.9 m.

3. Circulation and Wave-Height Patterns at
Peak Flood

Here we consider a few cases of circulation and
wave heights at peak flood for comparison.
Figure 10a, b and ¢ shows the current pat-
terns at peak flood for large, down-jetty waves
(uncoupled, one-way coupled and two-way
coupled, respectively). For the uncoupled case,
currents average 1.1 to 1.3 m/s across the width
of the entrance. For the one-way coupled run,
currents are spread over 80% of the width of
the entrance and averaged 2.2 m/s. Large cir-
culating current fields both to the north and to
the south of the entrance are predicted in both
one- and two-way coupled model runs but not
in the uncoupled case, indicating these flows
are all wave-driven. In the two-way case, higher
currents funnel into the navigation channel
near the channel shoal (Figure 10c). Overall,
the average current speed within the entrance is
2.1 m/s, about 0.1 m/s less than in the one-way
case. The uncoupled case shows higher currents
over the shallower north side of the entrance
channel than the one-way case, while the one-
way case showed higher currents in the navi-
gation channel. In general, the two-way case
shows higher currents in the navigation channel
than the one-way case, particularly near the
channel shoal and into the turning basin, while
the one-way case predicts higher currents along
the shallower north side of the entrance and
over the channel shoal (Figure 10d). Differ-
ences in current magnitude between one-way
and two-way coupled cases in the navigation
channel at this time average 0.54 m/s and are as
large as 0.78 m/s.

Associated wave heights at peak flood are
shown in Figure 11. The wave heights for these

one-way and two-way cases are similar up to

the channel shoal, at which point the two-way
coupled solution predicts significantly larger
waves than the one-way coupled case for the
whole Entrance Bay. These larger waves pre-
sumably break, because within the bay we see
larger waves in the one-way case. The mean
difference in wave height for the Entrance Bay
is 0.54 m.

4. Time Series Along Transects
Given the potential complexity associated with
the nonlinear interaction between waves and
tides, we compare time series from one- and
two-way interactions at fixed locations. In
particular, time series data are examined at
specific nodes along three distinct cross-channel
transects (Figure 12). Wave height and current
velocities are extracted at these points for each
of the cases presented above. One and two-way
coupled model solutions and differences are
plotted as time series for the five nodes nearest
the navigation channel for each transect.
Under the highest energy wave spectra,
differences in wave heights and currents are
observed at transect nodes for all tide stages.
Further differences are brought to light with the
time series plots. Figure 13 shows time series
of vector velocities along Transect 2 for one-
way and two-way coupled models under large,
down-jetty wave conditions (additional infor-
mation on Transect 1 and 3 can be found in
Claasen 2003). Current differences are greater
between coupling cases for the first 12 hours
of observation and lesser beyond that time. In
addition, there is a substantial phase difference
in the first part of the day that disappears in
the second half. To determine whether or not
these results are a consequence of the coupled
models still approaching a stable solution, these
model runs are extended out an additional day.
The same results are observed: larger model
differences earlier in the day and smaller differ-

ences later in the day. At this transect location,
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the peak difference is 2.11 m/s and the mean
rms* difference is 0.63 m/s. Over the second
half of the observation day, the peak difference
between velocities along transect 2 is reduced

to 0.24 m/s. Mean rms* differences for the last
twelve hours are also reduced to 0.09 m/s and
0.11 m/s for Transect 1 and Transect 2, respec-
tively. Further back in the entrance, at Transect
3 (Figure 13), the peak velocity difference is
0.09 m/s with the mean rms* difference of
0.04 m/s. Phase shifts among the two model
runs are much less obvious. Our interpretation
is that the flow patterns within the entrance can
be very complex in space and time under strong
wave and tidal low conditions, but the effects

are much less as one moves further into the bay.

Summary

The entrance to Humboldt Bay is, as expected,
a place where waves and flows can interact with
each other to a significant extent. Examination
of the above climatological cases showed that
differences in current fields between model
coupling cases increased as the wave energy
increased. For the lowest wave conditions, one-
way and two-way coupled current magnitude
fields shared the same basic features. For the
1.7-m waves, the maximum difference in cur-
rent velocity for all cases was 0.31 m/s. Mean
differences in current speeds were 0.08 m/s near
slack tide, with the greatest disparities con-
centrated around bathymetric features such as
the channel shoal. For both of the larger input
wave cases the basic shape of the current field
changed between coupling modes.

The wave-height fields were most af-
fected by bathymetry, current velocity (for the
two-way coupled model), and offshore wave

*root mean square
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direction. Both wave height and current fields
showed significant differences in solutions be-
tween model coupling modes near bathymetric
features, such as the entrance to the navigation
channel and the channel shoal for the larger
input wave energies.

Applying the above information to the
Humboldt inlet, it was clear that the two-way
coupled model was required for greater accu-
racy under most wave conditions. The largest
wave climatology cases discussed in this pa-
per were less than one-quarter as energetic as
some of the waves observed regularly near the
Humboldt Bay entrance (although some of
this energy may dissipate due to wave breaking
before the waves reach the entrance). The large
tidal prism and narrow entrance at Humboldt
Bay combine to produce high-velocity currents
in and out of the bay’s mouth.

Based on the results of this study and the
more detailed analysis of Claasen (2002), we
recommend that the two-way coupled model
be used at Humboldt Bay when the wave
conditions are comparable to spring or winter
climatology (HS > 2.4 m; Tp > 11 s), or when
moderately large waves (HS~ 1.8 m) arrive at
significant angles to the entrance (> 20° away
from channel alignment), or in the presence of

moderate tidal currents (> 1.5 m/s).
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Figure 1. Northern California coastline, including Humboldt Bay. Dashed lines represent isobaths at 20, 50,
100, 200, and 500 m (derived from a subset of the GTOPO30 [Smith and Sandwell 1997] topographic data
set).
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Figure 2. Bathymetry and coastline within the vicinity of the Humboldt Entrance Bay. Several key features

are identified.

FPiol of Observed Tidal Helghts vs. ADCIRC
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Water level (m)

Figure 3. Typical ADCIRC model output compared to observations at the NOAA tide gauge 9418767
(40° 46.0' N, 126° 13.0' W) on the north spit of Humboldt Bay.

26 ... Crawford



T s T o o, g M e B
a- An Ay b
Ftadanaana
F e g e
A 0
R R
B
P B B, B
4 3 i

£ =
L Ammnw :
T AR e e 1
' R e 1
- TAARRL L AR P A M
- CEAR R AR %
# (RS R N S i)
- FEETE TR AT RN AN s i
- R R R, ik
- FrE e RPN A Ay P
- PR R R R R el
- IR SR R R 'y
= R R i
- P I AR R 5
- PR R R R SRR R o
= R N AT ]
- SRR E A A o
& PO R TR R R A g
I A BN AN e S
- R R

[ [

.

. -

AR B A B w e e b E RS i e

Latiteanea La iy AL i =i

.

o T T L LW T M I il
5 R N R S e e
L A
A Rl

i
-

il
.
£

By T m
Bk ey

. 3 nm L
AL
VAR LI AR R 3
e S e 5
L R ¥
TTRAE NS LAy, waw §we \
PEFEEA LA A d T das )
LR R R S H
FREAT IR AR RN N b
FEFPFRNEI BB AN P ¥
EREE PR AN ¥
PR AR i
FEF AR AP PR E R 3
e e d B EPRE AR ER R . %
wppa g E PR 5
T e ] .
Fre s R EEEERET .
P R ] 4
Fredm e e pAAF =
P o
I RN

LIS

L R A A

]
1l
+
.

Bt v b

: - i
- A b et E
# SEL SN i
B R R 5
L o R, ]
BERE P i
BTy H
B BEE R F e sk mmmy ¥
B R B R ‘,
L P O T ¥
. L T 2
5 per s g 5
N FEEE R N =
- (T L e 2
B F L =
. A -
L R e -
L (I ) =

Figure 4. Velocity field at peak ebb tide for: (a) all uncoupled model runs; (b) small waves, down-jetty, one-
way; (c) small waves, down-jetty, two-way. Color scale describes current magnitude; arrows identify current
direction.
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Figure 7. Comparison of wave-height fields for small, down-jetty waves at peak ebb. Two-way coupled
solutions were more than 1.1 m higher over the channel shoal and more than 0.9 m higher in the navi-
gation channel than one-way coupled solutions.
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Figure 8. Comparison of wave-height fields for large, down-jetty waves at peak ebb. Two-way coupled
solutions were more than 1.9 m higher over the channel shoal and more than 1.7 m higher in the navi-
gation channel than one-way coupled solutions.
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Figure 9. Comparison of wave-height fields for large, cross-jetty waves at peak ebb. Two-way coupled solu-

tions were more than 1.9 m higher over the channel shoal and more than 1.7 m higher in the navigation
channel than one-way coupled solutions.

Figure 10. Velocity field at peak ebb tide for large waves, down-jetty: (a) uncoupled; (b) one-way;
(c) two-way; (d) difference in current magnitude (two-way minus one-way; blue indicates higher
speeds in the two-way model; red indicates higher speeds in the one-way model).
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Figure 11. Comparison of wave-height fields for large, down-jetty waves at peak flood. Two-way coupled
solutions average 0.61 m higher than one-way solutions over the Entrance Bay.

Figure 12. Transect nodes along with associated ADCIRC node numbers.

32 ... Crawford



= Comparison of One-Way and Two-Way Coupled Velocities at Transect Nodes (mis)
5 2Ir
§ﬁ“_.‘-.'-"".1‘-."."-‘-._'-\.:.'u.”_.. -""',L'\'\‘;"'x‘,l\\...\ Ay
N ARRRLALY ALLLLL L UL A LA LR 0 L L UL S AP L 1.
E W L]
Z.2 i L i i i . . i i ;
2':! 5 10 15 20 25 30 38 40 45 50
gu‘_‘-"f‘i‘f‘f{%? WAL UV LA LALA LA LR SRR, . Y
TRRARRRTREANSE R
-2 1 'l 1 L L 1 1 L 1 J
zﬂ 3 10 15 20 235 30 35 40 45 50
WL . a y
i | L 'l J
.: 30 35 40 &5 50
g oF LI . "5'\‘;&1{'\{-\'-{-\'-1 -
Z.32 . N . ] ] . . 5 . j
1U 5 10 15 20 25 20 a5 40 45 50
g.,_‘v'uuw.‘m AN UTTY I .
i AT TR L1 L A Iy 1AL
21 i '11...I I.'I.I‘l'.i'L.I'IH"||.'Ll.1|. i i I|.|Il...I.ilﬁ.llllil"ll‘l"n '. i
‘U 5 10 15 20 25 30 35 40 45 50
(a)
> Comparison of One-Way and Two-Way Coupled Velocities at Transect Nodes (mifs)
< ok _ ! —
ﬁ Lh SRR
Z.4 . N . ; ; . . ; . ;
1':! 5 10 15 20 25 30 35 40 45 50
§ LYY .
= o} - LAAAG \
g I."-l'l"-"I L'|"|.l.'
4 i i i i i i i j
1|:| 3 10 13 20 -1 30 35 40 45 50
E . ‘1."1_151‘.11\L. LY
= gk LR | Al
gq i Illul“ i i i i i ~"II;I 1 I
'1|:|_ 5 10 15 2 3 30 35 40 45 50
g ) "_T._"',"‘-.'-_I.,"_‘ Yy Y
= ol - . Ly . ™ i b hh
8 VLRV Y
A . L A 5 5 . . 5 . j
1':! 5 10 15 20 25 30 5 40 45 50
% . 17.1‘._“_1"-1-. LI RELY
gi i Il‘lll ) i i I i i Ill..l: i i
(b) ‘I:I - 10 15 20 25 30 35 40 45 50

Figure 13. Comparison of half-hourly vector velocities along transect nodes for one-way (blue) and two-way

(red) coupled model runs for large, down-jetty waves: (a) Transect 2; (b) Transect 3. Numbers along the x-axis

denote semi-hourly time steps. The y-axis scale is in m/s.
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Abstract

Sediment budget estimates for the two largest watersheds draining into Humboldt Bay, Fresh-
water Creek and Elk River, are reviewed to derive sediment inputs to the bay from upslope
areas. These data sets indicate that geologic formation is a strong determinant both of total
sediment loading rates, and of the grain-size distribution of those sediments. Wildcat forma-
tion sediments, which dominate the Elk River, are highly erodible siltstones and mudstones
that yield sediments composed almost entirely of silts and clays with relatively high transport
rates. By contrast, Franciscan and Yager formation sediments, although containing silts and
clays, and which are common in Freshwater Creek, also produce gravel and cobble-sized ma-

terials with much slower transport rates.

Estimates of sediment yield for Elk and Freshwater are on the order of 140-350 metric
tons/km?/year (400-1,000 tons/mi*/yr), with higher rates in the Wildcat-dominated Elk Riv-
er system than in Freshwater Creek. Several sources suggest that current sediment yield from
these watersheds is at least double natural levels. Extrapolation of an average sediment yield of
193 metric tons/km?*/yr (550 tons/mi*/yr) and to the entire drainage area of Humboldt Bay
(approximately 324 km? or 125 mi?) yields an estimate of total sediment delivery to Hum-
boldt Bay of 62,532 metric tons/yr (68,750 tons/yr). Of this, approximately 75% consists
of silt, much of which is likely transported through the bay into the ocean. Data from the
United States Army Corps of Engineers (USACE 2006*) can be used to derive an estimate
of annual dredging in Humboldt Bay of 1.2-2.4 million metric tons (1.3-2.6 million tons).
Given these data, it is apparent that much of the sediment being removed from Humboldt
Bay has origins from areas other than the upslope lands draining directly to the bay.

*Paper was reviewed and updated since presentation to include relevant citations.
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Introduction compare to sediment amounts being

The Humboldt Bay Symposium was organized, removed from the bay by annual dredging?

in part, to develop a better understanding of i
how the bay is being managed, and to identify Study Area
potential new directions for that manage- :
ment. A key issue in the bay’s management is
the annual dredging conducted by the United
States Army Corps of Engineers (USACE) to
maintain the system of navigational channels.
Several companion studies within this sympo-
sium examined the effects of in-bay currents

on sediment movement and accumulation, the
potential effects of the Eel and Mad Rivers,
located south and north of Humboldt Bay re-
spectively, on sediment delivery to the bay, and
evaluations of the biological effects of sediment
accumulation and dredging. This study reviews
information collected during watershed analysis
studies of the Freshwater Creek and Elk River
basins to derive some understanding of the
quantity and types of sediment being delivered
to Humboldt Bay from upland areas.

Specific questions examined in this study

include:

Pseudotsuga menziesii

The Pacific Lumber Company (PALCO) owns
approximately 91,000 hectares (225,000 acres)

(1) What natural and anthropogenic factors
are most important in determining
sediment delivery rates to Humboldt Bay?

of coastal redwood (Sequoia sempervirens) and

(2) What are the total rates of sediment Douglas fir (Pseudotsuga menziesii) forests in

delivery from these basins to Humboldt northwestern California approximately 160 km

Bay? (100 mi) south of the Oregon border (Figure
(3) What size sediment is being delivered to 1). Company lands are zoned for commercial

the bay, and what is the relative mobility timber production as their sole use. Although

of those sediment fractions? water quality research and monitoring are be-
(4) How does yield in Freshwater and Elk ing conducted across the ownership, this paper

compate to other watersheds on the : focuses on efforts in the two largest basins that
North Coast of California? i drain directly to Humboldt Bay, Freshwater
i Creek and the Elk River, which represent roughly
25% and 42% of the 324 km? (125 mi?) drain-
age area of the bay, respectively.
The Freshwater Creek watershed is a 81 km?

(31 mi?) drainage basin located approximately 5

(5) If the sediment yield from Freshwater
and Elk is extrapolated to the entire
watershed area of Humboldt Bay, what
is the total estimate of sediment delivery

from upland areas and how does this
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miles east of Eureka, California, in Humboldt
County. Major tributaries of Freshwater Creek
include Cloney Gulch, South Fork Freshwa-
ter Creek, Little Freshwater Creek, McCready
Gulch and Graham Gulch. Approximately
77% of the watershed is owned and managed
for timber by PALCO. Private residences and
several ranches comprise most of the remainder
of the land ownership in the basin.

The Elk River watershed is a 137 km?
(53 mi?) watershed located approximately
7 miles southeast of Eureka in Humboldt
County. Elk River drains into Humboldt Bay
at the southern end of Eureka. Major tributar-
ies include the North Fork, South Fork, Bridge
Creek, and North Branch North Fork. The Elk
River is managed for timber largely by PALCO,
which owns approximately 66% of the wa-
tershed. Remaining portions of the watershed
are parklands owned by the Bureau of Land
Management, commercial timberlands owned
by Green Diamond Timber Company, and a
number of small residences and large cattle and

dairy operations.

Methods
The Elk River and Freshwater Creek watershed

analyses were prepared in conjunction with
PALCQ’s Habitat Conservation Plan (HCP).
Under the terms of the HCP, a team of state,
federal, and company scientists evaluated wa-
tershed conditions in Freshwater and Elk from
1999 to 2003 and 2003 to 2004, respectively,
following methods in PALCO’s HCP (2000).
These, in turn, follow the general approaches
contained in the Washington Department of
Natural Resources Methodology (WDNR
1997), but with modifications more appropri-

ate for locations within the redwood zone.

With respect to sediment budgets, these
watershed analyses included landslide invento-

ries, modeling of surface erosion from roads us-
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ing SEDMODL (WDNR 1997), modeling of
surface erosion from hill slopes using the Water
Erosion Prediction Project (Elliot et al. 2000),
and in Freshwater, estimates of bed load and
suspended sediment transport rates. The results
of these watershed studies have been published
and distributed to the public (PALCO 2003,
2004b).

Estimates of sediment production used
here are from the period 1987 to 1998 (Fresh-
water) and 1987 to 2000 (Elk). These dates
correspond to aerial photographic surveys, and
are generally coincident with the use of con-
temporary state forest practice rules, although
the periods almost entirely precede implemen-
tation of more protective practices associated
with PALCO’s HCP.

Each sediment budget allocated sedi-
ment sources to natural or management-related
sources, thereby allowing some estimate of the
degree to which management has increased
sediment inputs in these basins. Similarly, soil
surveys for Humboldt County (McLaughlin
and Harradine 1965), and site investigations
in the Elk and Freshwater analyses were used
to estimate the grain sizes of sediments be-
ing delivered from the watersheds. Sediment
transport studies were conducted as part of the
Freshwater analysis, extrapolated to Elk River,
and used in both basins to make estimates of
the mobility of sediments entering watercourses
and, qualitatively, of sediment mobility within

Humboldt Bay.
Sediment yield in Freshwater and Elk

River were subject to two comparisons to other
data sets. First, sediment yields for these basins
were compared to sediment yields for other
watersheds on the North Coast using work
from the California Geological Survey (CGS;
CGS 2002) that, in turn, contains summary
data from the U.S. Environmental Protection
Agency (EPA) prepared as part of its Total



Maximum Daily Load (TMDL) studies in the
region.

Second, yields from Elk and Freshwa-
ter were averaged, and this average yield rate
was then applied to the total area draining to
Humboldt Bay. Due to changes in the domi-
nant geologic formations, this likely results
in an overestimate of sediment yield rates for
areas in the northern portion of the drainage
basin of the bay (e.g., Jacoby Creek) and an
underestimate for lands located in the south
portion (e.g., Salmon Creek). Thus, the analy-
ses of sediment yield presented for the entire
bay are illustrative, but should be viewed with
an appropriate level of caution. The result-
ing estimate of total sediment yield was then
compared to the total amount of sediment
being dredged from the bay each year, and the
amounts being removed from just the interior
channels of the bay. These dredging figures were
derived using data presented at the symposium
by the USACE on the volume of sediment that
has been dredged annually from Humboldt
Bay (Connor 2004). After deleting the outly-
ing years of 1999 and 2003, figures for the
period were used to estimate an approximate
range of total sediment removal for the period
1993-2003. Due to high variance among years,
a range was selected. For interior channels the
average volume dredged was estimated for the
period 1991-2003. All volumetric estimates
were converted into estimates of mass using

a conversion of 2,600 kilograms/cubic meter

(4,382 pounds/yard?).

Results
Natural Factors Affecting Sediment Yield

The watershed analyses found large differences
in sediment yield, sediment transport rates, and
sediment grain sizes associated with the major

geologies in the upslope area.

In particular, the Wildcat formation,
which is composed predominantly of poorly
consolidated mudstones and siltstones, had
high surface erosion rates, numerous mass
wasting-related sediment sources, and delivered
primarily silts and clays to streams. Wildcat-
derived soils can be thought of as consisting
almost entirely of silts and clays with relatively
low amounts of sand and almost no gravel or
cobble (Figure 2). Wildcat-derived streams are
generally low gradient and have bottoms com-
posed of sands, silts and clays. Because the ma-
jority of the sediment yield to streams is composed
of very small particles, it is likely that most sedi-
ment is transported predominantly as suspended
sediment or “wash load” during high flows from
the watersheds and into Humboldt Bay.

By contrast, the Franciscan sandstone and
Yager formations in Elk and Freshwater had
lower rates of surface erosion. Franciscan- and
Yager-derived soils also contain a high propor-
tion of silt and clay, but have much higher
levels of sand, gravel, and cobble-sized material
(Figure 2). Accordingly, stream reaches under-
laid by these formations often contain gravels,
cobbles and boulders, and have higher gradi-
ents. Although a majority of the sediment from
these formations is fine grained, and therefore
has high transport rates, the larger clast sizes
(i.e., gravel and larger) have much lower sedi-
ment transport rates and may require decades

to be transported to Humboldt Bay.

Freshwater Creek aptly demonstrates the
effects of geology on sediment yield. The Fresh-
water fault approximately bisects the basin,
with Wildcat formation geologies and soils to
the west of the fault, and Franciscan and Yager
geologies and soils to the east of the fault (Fig-
ure 3). Given its more poorly consolidated and
fine-grained nature, areas underlaid by Wildcat
geology were estimated to have much higher

rates of potential surface erosion than areas
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underlaid by Franciscan and Yager formation
(Figure 4). By contrast, hill slope landslide rates
were often similar (e.g., 5.19 landslides/km2

in Freshwater) on both Wildcat and Franciscan
sediments. However, areas underlaid by Wild-
cat formation generally consist of low relief,
rolling terrain, while the Franciscan and Yager
formations are associated with much steeper
and higher elevation typography with stream
channels frequently having higher gradients and
“v-notch” shaped drainages. Therefore, based on
typography, one would expect higher hill slope
landslide incidences in areas underlaid by Fran-
ciscan and Yager formation geologies. Thus,

the relative parity of landslide rates among the
geologic formations demonstrates the relative
susceptibility of Wildcat formation geologies to

mass wasting processes.

Anthropogenic Influences

The Freshwater Creek and Elk River watershed
analyses both found that the anthropogenic
activities associated with timber harvesting had
increased sediment yields over naturally occur-
ring levels. Anthropogenic sources of sediment
represented approximately 70% of total sedi-
ment yield in Freshwater, and approximately
55% of sediment yield in Elk River. Thus, in
both basins management activities have ap-
proximately doubled to tripled total sediment
delivery to Humboldt Bay.

The particular sources of sediment differ
by basin, however. In Freshwater Creek road-
surface erosion was, by far, the most important
source of management-related sediment (Figure
5). The second most important management
source was landslides associated with roads.
Together, roads represented more than 88%
of all management-related sediment delivery
in Freshwater. All other management-related

sediment sources, including hill slope landslides
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and erosion from harvested areas, were rela-

tively unimportant.

In Elk River, by contrast, landslides were
the most important source of management-
related sediment (Figure 6). Landslides from
harvested areas and from roads and manage-
ment features alongside streamside areas were
all approximately of equal importance as man-
agement-sediment sources in Elk. Road surface
erosion, however, was a relatively unimportant
sediment source. As in Freshwater, surface
erosion in harvested areas and other sediment

sources were relatively unimportant.

In evaluating anthropogenic influences
then, it is clear that roads are a significant sedi-
ment source, even if the particular mechanism
of sediment generation and delivery differs by
area. Given that timber harvesting has occurred
in the Elk and Freshwater basins for over 100
years and that, consequently, many of the roads
were constructed with little or no environmen-
tal consideration, this finding is not surprising.
Somewhat differently, landslides from hill slope
and streamside areas do not appear to be im-
portant within Freshwater Creek, nor from cer-
tain portions of the Elk River basin dominated
by more stable geologic types. Thus, although
the sediment yield from hill slope and stream-
side landslides is important in Elk River, and by
extension is likely to be important within other
upland areas of Humboldt Bay, the watershed
analyses indicate that its importance may be
relatively localized to particular geologic or

topographic conditions.

Estimates of Sediment Yield

Estimates of total sediment yield (i.e., natu-
ral and anthropogenic sources combined) for
Freshwater Creek and Elk River are available
from a variety of sources including suspended-

sediment studies from Salmon Forever and



PALCO, and from the sediment budgets in the
Elk River and Freshwater watershed analyses.
In common with many estimates of sediment
yield, these values differ significantly from

year to year, and from one another (Table 1).

In part this is to be expected given differences
in storm frequency and intensity from year to
year, and due to differences in the natural and
anthropogenic conditions already discussed.
Still, the majority of estimates of sediment yield
are in the range of 131-295 metric tons/km*/yr
(375-843 tons/mi*/yr) (Table 1). A simple av-
eraging of all the estimates produces a value for
sediment yield of about 192 metric tons/km?/
yr (550 tons/mi*/yr) for the Elk and Freshwater

basins.

The entire upland area draining to Hum-
boldt Bay is approximately 324 km?. The
product of this area and the average sedi-
ment yield given above provides an estimate
of total sediment delivery from upslope areas
draining to the bay of 62,532 metric tons/yr
(68,750 tons/yr).

Comparison to Other Sediment Yields

The EPA has estimated natural sediment yields
of 40-137 metric tons/km?/yr (115-390 tons/
mi?/yr) for a variety of North Coast watersheds
as part of its ongoing program of developing
TMDLs. The CGS reanalyzed these data (CGS
2003) and concluded that the estimated natu-
ral sediment yield for the watersheds covered
by EPA was more likely to be within the range
of 105-1,051 metric tons/km?/yr (300-3,000

tons/mi?/yr).

The Freshwater and Elk estimates of total
sediment yield exceed most of the EPAs esti-
mates of natural sediment yield, which could be
expected, given that the comparison is of total
yields versus only natural yields. By contrast,
the higher values of natural sediment yield
calculated by CGS exceed all estimates of total
yield for Elk and Freshwater.

A different estimate of sediment yield
comes from records of the annual amount of
sediment dredged out of Humboldt Bay by the
USACE. Because this dredging is designed to
restore the depths of navigation channels to
fixed levels, this dredging is a de facto estimate
of the amount of sediment entering Humboldt
Bay on a yearly basis. When volumes are con-
verted to mass, these records (Connor 2004)
indicate that annual dredging in Humboldt
Bay ranges from 1.2 to 2.4 million metric tons
(1.3— 2.6 million tons). Some caution must be
accorded the higher values, as they are affected
by efforts in the past few years to increase the
depth of several navigation channels. However,
only twice in the past 13 years has dredging

removed less than 1.2 million metric tons.

The USACE records separately list the
subset of sediments removed from interior
channels of Humboldt Bay (USACE 2006*).
These estimates are affected to a far lesser degree
by efforts to increase the depth of navigation
channels because the majority of this effort was
focused on the bar and entrance to Humboldt
Bay. For the period of 1991-2003 dredging
of interior channels has removed as little as
60,000 metric tons (66,100 tons) and as much
as 695,800 metric tons (767,000 tons). An
approximate average over the period is 348,053
metric tons (383,664 tons).

Discussion

The Humboldt Bay Symposium included a
variety of speakers addressing sediment man-
agement within the bay, and the effects of sedi-
mentation and sediment management on vari-
ous biologic and ecological components of the
bay. These presentations made it clear that there

is a great deal of interest in sediment inputs to

*Paper was reviewed and updated since presentation to
include relevant citations.
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Humboldt Bay, and how those sediment inputs
might be better managed to support the various
natural resource and commercial qualities of
the bay.

The work presented here documents sev-
eral general patterns of sediment input from the
Freshwater and Elk watersheds, many of which
are likely applicable to most or all of the upland
areas draining to Humboldt Bay. First, “geol-
ogy is destiny;” sediment yields and the relative
importance of specific sediment-generating pro-
cesses are affected by the types of soils and geol-
ogy that are present. The relative proportions of
the dominant geologic types varies by location,
with more northern areas such as Jacoby Creek
underlaid primarily by Franciscan and Yager
formation sediments, and more southern areas
such as Salmon Creek dominated by Wildcat
formation. Thus, a corollary is that one should
expect heterogeneity in total sediment yield,
grain sizes of delivered sediment, and sediment
transport rates to and through Humboldt Bay

from the different watershed areas.

The second general pattern is that manage-
ment activities have increased sediment yields.
This is an intuitively obvious result, but the
work here does offer the advantage of estimat-
ing the magnitude of this increase; manage-
ment activities have roughly doubled to tripled

sediment delivery rates over natural levels.

The third general pattern, like the first,
relates to watershed heterogeneity, in this case
to the relative importance of different manage-
ment effects on sediment yield. In Freshwater,
road surface erosion was by far the most im-
portant management-related sediment source.
Yet in Elk, which lies immediately adjacent to
Freshwater, road-surface erosion was unimport-
ant as a sediment source. Instead, three types of
mass failure, only one of which had any impor-
tance in Freshwater, dominated management-

related sediment yields. This pattern, in turn,
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has broad implications on the adequacy of any
regulatory or management approach that as-
sumes uniformity across the landscape. It also

supports the value of watershed specific studies.

A final thought relative to watershed
patterns of sediment yield can be posed as a
rhetorical question: “Is this a lot of sediment?”
Certainly on a more global perspective the
answer would be yes, as the North Coast of
California is widely recognized as having some
of the highest natural rates of erosion in North
America. When anthropogenic sediment is
added to these naturally high rates, the result-
ing values would be large compared to most

landscapes.

However, relative to the North Coast, the
estimated yields do not seem especially high. A
yield rate of 193 metric tons/km?*/yr (550 tons/
ml?/yr) falls well within the range of natural
sediment yield for North Coast watersheds cal-
culated by CGS, and is only 40% greater than
the upper estimate of natural sediment yields
from the EPA. And other watershed studies
conducted by PALCO but not discussed here
(PALCO 2002, 2004a) have estimated sedi-
ment yields many times larger than those for
Elk and Freshwater. Thus, although the wa-
tershed analysis studies in Elk and Freshwater
both suggest that total sediment yield has been
doubled or tripled by management activities,
those total yields are still relatively low com-

pared to the yields of some of the other water-
sheds on the North Coast.

Moving on to Humboldt Bay, the focus of
the symposium in which this paper was pre-
sented, at least two major conclusions can be
made. The first, stated above, is that sediment
delivery to the bay has been increased over
historic levels, with all of its attendant potential
effects. The second, which counters the first, is
that this increase may have few physical effects

on the bay. Two lines of evidence support this.



One is the size of sediments being delivered
from upslope areas; all of the major geologic
types draining to Humboldt Bay produce soils
that are dominated by silt and clay-sized par-
ticles. In addition, many management-related
sediment inputs, for example road surface
erosion, consist almost entirely of silt and clay-
sized particles. Silts and clays being small and
light are generally carried as so-called “wash
load” during high-flow events, and have a
strong tendency to remain in suspension upon
entry into Humboldt Bay. In other words, a
very large proportion of the material entering
Humboldt Bay from upslope sources is prob-
ably transported by floodwaters as suspended
sediment out of the watershed and into the bay.
And, recalling that Humboldt Bay has one of
the highest tidal volumes of any estuary on the
West Coast, nearly 40% per tidal cycle (Costa
presentation, this symposium), silts and clays
transported into the bay are likely to be rapidly
flushed to offshore areas during normal tidal
exchange. Indeed, the talk by Don Tuttle at
the symposium contained an aerial photograph
demonstrating such flushing—in that case a

turbidity plume extending from the mouth of
the Elk River and out of the bay.

The second line of evidence comes
through comparison of total upslope sediment
inputs to the quantity of sediment that must
be dredged annually from the bay to maintain
navigation channels. Total sediment yield from
upslope areas to Humboldt Bay is estimated in
this paper as 62, 532 metric tons/yr (68,750
tons/yr). The analysis of dredging records by the
USACE demonstrates that a total of 1.2-2.4
million metric tons (1.3-2.6 million tons) are
removed from Humboldt Bay by dredging each
year. Within interior channels of Humboldt
Bay, dredging has averaged 348,053 metric tons
(383,664 tons) annually over the past 13 years.
Thus, even if all sediment from upslope areas

to the bay was retained within the bay, it would

constitute only 2.6-5.2% of the total sediment
removed by dredging, and an average of only
18% of the sediment dredged from interior
channels. Thus, it is clear that sediments enter-
ing from the oceanic environment overwhelm-
ingly dominate sediment inputs to Humboldt
Bay. By extension, increases or decreases in
sediment inputs from upslope areas are likely to
make little difference in the physical conditions
or morphology of the bay.

None of this is meant to support the
conclusion that management-related sediment
sources should not be controlled in upland
areas. One reason is that, even if upland sedi-
ments are unlikely to have physical effects on
Humboldt Bay, they may have important
biological effects, both by reducing light trans-
mission within the bay, and through effects
on the production and export of biota from
upland areas to the bay (e.g., salmon smolts).
Indeed, for PALCO’s lands the entire motiva-
tion for conducting the watershed analyses
covered by this paper was to determine signifi-
cant management-related sediment sources, and
to then develop specific prescriptions to reduce
those sediment sources. Subsequent studies
by PALCO indicate that management-related
sediment yields are declining as these mea-
sures are implemented (K Sullivan, PALCO,
pers. comm.). It appears that it is feasible to
reduce management-related sediment inputs
from upslope areas, which will benefit not just
Humboldt Bay but also the stream ecosystems
within these watersheds. Similarly, other upland
landowners, including Green Diamond Timber
Company, the City of Arcata, the Bureau of
Land Management, and the Jacoby Land Trust,
are conducting their own efforts to reduce
management-related sediment delivery into
Humboldt Bay. Collectively, there is reason to
believe these efforts will yield a more natural
sediment delivery rate to Humboldt Bay over

the years and decades to come.
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Figure 5. Freshwater Creek Sediment Budget.
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Figure 6. Elk River Sediment Budget.
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Table 1. Sediment Delivery Rates to Humboldt Bay.

Sediment Yield Sediment Yield

............ DaaType  :  Location/Period  : (metrictons/km’fyr) ©  (t/sq. milyr)
. Suspended Sediment Freshwater 1999" 165 ~470 .
Measurements : FPreshwater 2000' 131 375
:  Freshwater 2001 14 41
................................................... Blk2002*  f A5 1A
Sediment Budgets : Freshwater 1988-1997° : 144 410
e Pl 198820000 4 295 e BB
Overall Average 193 ~550

'Source: Salmon Forever

*Source: PALCO unpublished data
*Source: Freshwater Watershed Analysis
“Source: Elk River Watershed Analysis
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Abstract

The surface sediments in Humboldt Bay are generally distributed with mean grain sizes decreasing
with increasing elevation and distance landward from the ocean inlet. Comparison of grain-size data
collected during this study with those of a similar survey conducted about 30 years ago (Thompson
1971) suggests that the main tidal channels in 2000-2001 have larger average grain sizes and con-
tain less clay-sized material than in 1970. These changes in sediment size likely reflect an increased
propagation of silt- and sand-sized particles away from the ocean inlet into the bay. The suggestion is
that the sand-dominated marine sediments, characteristic of the channels in the lower reaches of the
bay, have propagated both northward and southward in the main tidal channels and away from the
inlet. The major process that drives the transport and sorting of sediments in most regions of the bay

is tidal currents. Waves entering the inlet from offshore are also important near the bay entrance.
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Introduction

This paper summarizes the results of a re-exam-
ination of the surface sediments of Humboldt
Bay, California at the start of the twenty-first
century. Humboldt Bay is a well-mixed estua-
rine system located on the North Coast of Cali-
fornia (40° 45" N, 124° 13" W) approximately
360 km north of San Francisco (Figure 1). The
bay morphology developed primarily in re-
sponse to the active tectonism in the area. The
bay is generally described consisting of three
sub-basins: North Bay (a.k.a. Arcata Bay), En-
trance Bay, and South Bay that are connected
by a long, narrow thalweg. About 70% of the
bay consists of intertidal flats that are exposed
at lowest tides (Costa 1982); only the Entrance
Bay section remains submerged at low tide.
Due to a large tidal prism and extensive tidal
mixing, a vertically homogenous water column
develops during most of the year (Gast and
Skeesick 1964). Tidal oscillations in Humboldt
Bay are mixed.

The bay is of vital importance to the
economy of the region and is the largest com-
mercially important harbor between San Fran-
cisco to the south and Coos Bay, Oregon, to
the north. To facilitate safe navigation of large
commercial vessels, the bay has been subject to
several modifications over the years, including
the construction of jetties, maintenance dredg-
ing, and the deepening and widening of por-
tions of the tidal channels through engineering
practices conducted by the U.S. Army Corps of
Engineers.

The surface sediment distribution in
the bay was previously studied by Thompson
(1971). He noted that the general pattern for
sediments in Humboldt Bay was for grain size
to decrease with increasing elevation and dis-
tance landward from the ocean inlet. Dredged
channel sediments were found to contain
greater percentages of gravels and muds than

their undredged counterparts. The focus of this

paper is to compare and contrast the sediment
size distribution seen in 2000—-2001 with the
sediments sampled by Thompson (1971) 30

years earlier.

Sample Collection and Analysis

A total of 315 surface sediment samples were
collected from Humboldt Bay during 2000
and 2001. Two hundred, twenty-three samples
were collected during June and July 2001 using
a Peterson grab sampler from aboard either

a small skiff or pontoon boat. These samples
were supplemented by 92 samples that had
been collected from the deeper sections of the
bay’s main channels during the prior fall. The
supplemented samples were collected using a
Smith-McIntyre grab sampler aboard the R/V
Coral Sea and M/V Ironic as a part of a survey
identifying nonindigenous species in Humboldt
Bay (Boyd et al. 2002).

The locations of all 315 samples are shown
in Figure 2. Samples were collected on transects
orthogonal to the primary tidal channels and
were nominally spaced at 0.5 nautical mile
intervals. Generally, each transect consisted
of five samples. Samples were collected from
the main tidal channel, the intertidal flats on
both channel flanks, and the high tidal flats on
either side. A hand-held acoustic depth sounder
was used to locate the center and the flanks of
the channel on each transect, at the time of
collection. Salt marsh environments were not
sampled during this study.

From each sediment sample collected, the
upper 5 cm was analyzed in bulk for sediment
grain size using standard sieve and pipette tech-
niques (Ingram 1971; Galehouse 1971). The
analytical techniques were chosen to match the
techniques that were used by Thompson (1971)
in a previous examination of the sediments
in the bay, in order to allow a direct compari-
son of the sediment grain-size distributions.
Samples were disaggregated and the organic
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material was oxidized using 30% hydrogen
peroxide. Particles of coarse silt size and larger
were separated from the fine silts and clays by
passing samples through a 5.25 (0.25 pm) wet
sieve. The portion that did not pass through the
wet sieve was dried and shaken for 30 minutes
through nested sieves at intervals of 0.25 ¢ (In-
gram 1971). The grain-size distribution of the
portion that passed through the wet sieve was
determined using a settling column and Stoke’s
Law (Galehouse 1971). Sodium hexametaphos-
phate was added to inhibit flocculation of the
particles in the settling column. The fine silts
were separated at intervals of 0.50 ¢ while the
clays were separated at intervals of 1.00 ¢. The
graphical technique of Inman (1952) was used

to determine sediment-size statistics.

Results

The mean grain-sizes of the surface sediments
(upper 5 cm of sediment) in Humboldt Bay are
shown in Figure 3. In general, the mean grain
size decreased with increasing elevation and dis-
tance landward from the ocean inlet, as Thomp-
son (1971) noted previously. The sample with
the largest mean diameter was obtained from the
bay inlet, between the two entrance jetties.

The trend of decreasing sediment size with
distance from the inlet was not followed in
areas where:

1) the main channel constricted and coarser-
grained sediments were encountered, or
2) dredging had widened the channel and
finer-grained sediments were sampled.
The break in trend can be easily seen in a graph
of mean sediment size of channel sediments
versus the distance to the bay inlet (Figure 4).
Other statistical parameters such as median,
dispersion and, to a lesser degree, kurtosis show
similar trends with variations occurring in the
up-channel direction and laterally from the

center of the channel up onto the tidal flats.
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Discussion

Primary Sediment Distribution

In estuaries similar to Humboldt Bay, the sedi-
ment distribution has been described as being
controlled primarily by tidally driven circula-
tion (Nichols 1979; Dyer 1994). During both
the ebbing and flooding tides, current speeds
in Humboldt Bay should be highest within

the inlet and in the channel thalweg that con-
nects the North Bay with the harbor entrance.
Greater speeds should occur in the North Bay
thalweg, as compared to the South Bay thalweg,
due primarily to the larger tidal prism in the
northern section of the bay. The highest speeds
should occur in areas of channel constriction.
These estimates are in good agreement with
measurements of current velocities made in the
field using various Lagrangian drifters in dif-
ferent parts of the bay (e.g., Gast and Skeesick
1964; Casebier and Toimil 1973).

The locations of highest expected current
speeds provide a qualitative match to the loca-
tions of largest mean sediment diameter (Figure
3). In the shallow areas near the bay entrance,
waves are also important. One result is that the
surface sediments near the harbor entrance are
better sorted than elsewhere in the bay.

The less vigorous circulation in South
Bay, as compared to North Bay, provides an
explanation for the differences in sediments
encountered. At a similar distance from the in-
let, South Bay sediments are finer grained than
North Bay sediments (Figure 4). In addition,
very coarse sand-sized and larger particles were
encountered in a number of locations in North
Bay, where almost none were found in South

Bay.

Have Bay Sediments Changed? 1970 vs.
2000-2001

The influence of harbor modification and main-
tenance on sedimentary processes has been the

subject of some prior research in Humboldt



Bay (Thompson 1971; Costa 1982; U.S. Army
Corps of Engineers 1994). Thompson (1971)
compared sediments from dredged and un-
dredged portions of the tidal channels in Hum-
boldt Bay and found that the dredged portions
contained greater percentages of gravel and silt-
and clay-sized particles than the undredged por-
tions of the bay. The increased gravel content
was thought to represent lag deposits that were
exposed by dredging. The increased percent-
age of silt and clay was attributed to decreased
current speeds where dredging had deepened
the channel below its equilibrium level and
had allowed for the deposition of fine-grained
material. In a study of the Upper James Estuary
in Virginia and the Thames River in England,
Nichols (1979) suggested two main reasons for
the increase in sedimentation that was observed
following channel deepening: 1) decreased tidal
currents caused by an increase in the channel’s
cross-sectional area, and 2) increased stratifi-
cation leading to trapping of sediment in the
lower layer by density-driven currents and an
increased chance for deposition.

In 1994, numerical modeling was used to
predict changes that might occur as a result of
dredging on the sedimentary processes operat-
ing in Humboldt Bay (U.S. Army Corps of
Engineers 1994). In essence, the model pre-
dicted that any deepening or widening of the
bay channel would cause decreased current
speeds in the increased cross-sectional areas and
increased sedimentation rates in the channels in
the vicinity of the inlet.

To examine any variations in sediment
size that may have occurred since 1970, the
sediments in this study were analyzed using the
same techniques used by Thompson (1971).
Thompson employed sediment textural triangle
diagrams (Shepard 1954) to display his results;
the data from this study have been similarly
displayed. Figure 5 shows the sediment sizes of
samples collected from the high tidal flats in

1970 and in 2000-2001; Figure 6 shows the
sediment sizes of samples collected from the
main tidal channels in 1970 and in 2000-2001.

Comparison of the sediments collected
from the high tidal flats (Figure 5) suggests that
the sediment size did not significantly change
between 1970 and in 2000-2001. The tex-
tural triangle diagrams are suggestive that the
sediments collected from the high tidal flats
in 2000-2001 may have had less clay-sized
fraction than the samples collected in 1970.
However, this suggestion may be misleading
due to some differences in sample collection
for the two studies. Thompson (1971) exten-
sively sampled the high tidal flats as well as the
fringes of salt marsh environments, where he
encountered the highest clay-sized fractions
of his collected samples. In this study, the salt
marsh environments were not sampled exten-
sively and the silty clays sampled by Thompson
(1971) may have been missed. The data suggest
that the processes controlling sedimentation
in the environments where the finest-grained
sediments accumulate in the bay may not have
significantly changed.

However, comparison of the sediments
collected from the main tidal channels (Figure
6) indicate that the 2000-2001 samples had
larger average grain sizes and contained less
clay-sized material than in 1970. This apparent
difference in sediment type cannot be explained
by a sampling bias; the main tidal channels
were sampled similarly during both studies
and the samples were analyzed using the same
techniques. The data suggest that the processes
controlling sedimentation in the main tidal
channels have changed.

These results are seemingly contrary to
what would have been predicted by earlier
numerical modeling (U.S. Army Corps of En-
gineers 1994). In a similar result, Costa (1982)
observed an apparent shift in the sediment type
in the central portion of Humboldt Bay after
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dredging had widened the North Bay channel
in 1977 and 1978. The channels that had con-
tained significant portions of silt- and clay-sized
particles prior to dredging became dominated
by sand after the channel had been widened.
Costa (1982) provided no explanation for these
observations.

These data suggest that the processes
controlling sedimentation in the bay may have
changed. Either the currents in the main tidal
channels have become more vigorous and can
better inhibit the accumulation of clay-sized
sediments, or the sediments supplied to the
channels are different. Prior modeling suggests
that an increase in tidal currents is unlikely fol-
lowing the channel deepening or widening that
occurred between 1970 and 2000 (U.S. Army
Corps of Engineers 1994). The implication is
that the sand-dominated marine sediments,
characteristic of the channels in the lower
reaches of the bay, have propagated both north-
ward and southward in the main tidal channels

and away from the inlet.
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Conclusions

In general, the distribution of surface sediments
in Humboldt Bay is similar to that observed by
previous investigators (Thompson 1971; Boyd
et al. 1975; Burdick 1976; Moore 1977; Costa
1982). The major process that drives the trans-
port and sorting of sediments in most regions
of the bay is tidal currents. Waves entering the
inlet from offshore are also an important pro-
cess in Entrance Bay.

Comparison of grain-size data collected
during this study with results of a similar sur-
vey conducted by Thompson (1971) suggests
that the main tidal channels have larger mean
sediment sizes today than they had previously.
These changes in sediment size may reflect an
increased propagation of silt- and sand-sized
particles away from Entrance Bay and into the
North and South Bay Channels.
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igures

Humboldt Bay, CA

1km

Figure 1. Humboldt Bay, California, study area showing North Bay, South Bay and Entrance Bay (after Costa
1982). The major tidal channels including Entrance, North Bay Channel, Samoa, Mad River Slough, Arcata,
Bracut, Eureka, Hookton and Southport Channels are indicated by dashed lines. Major sources of freshwater
to the bay, including Jacoby Creek, Freshwater Creek, Elk River and Salmon Creek, are shown.
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Figure 2. Locations of 315 surface sediment samples collected in 2000 and 2001. Two hundred, twenty-three
samples were collected in June and July 2001 using a Peterson grab sampler from aboard either a small skiff or
pontoon boat. Ninety-two samples were collected from the deeper sections of the main bay channels during
fall 2000 using a Smith-McIntyre grab sampler aboard the R/V Coral Sea and M/V Ironic (the majority of the
supplemented samples were collected as a part of a survey identifying nonindigenous species in Humboldt
Bay, Boyd et al. 2002).
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Figure 3. Mean sediment diameter of the upper 5 cm of the surface sediments in Humboldt Bay, 2000—
2001. The upper 5 cm of each sediment sample was analyzed in bulk using standard sieve and pipette

techniques (Ingram 1971; Galehouse 1971). Sediment size statistics were determined using the graphical
technique of Inman (1952). The color-coded map was constructed using a simple contouring algorithm.
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Mean Sediment Size in the Primary Tidal Channels of Humboldt Bay
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Figure 4. Graphs of the mean sediment diameter in the main tidal channels of Humboldt Bay versus the
distance upstream from the ocean inlet. Two graphs are presented: (A) for the channels in South Bay and (B)
for the channels in North Bay.
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Figure 5. Textural triangle diagrams of sediment samples collected from the high tidal flats of Hum-
boldt Bay based on sand, silt and clay weight percentages. The plots are (A) from 1970, after Thompson
(1971), and (B) from 2000 to 2001.
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Figure 6. Textural triangle diagrams of sediment samples collected from the main tidal channels of Humboldt
Bay based on sand, silt and clay weight percentages. The plots are (A) from 1970, after Thompson (1971), and
(B) from 2000 to 2001.
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nown and Unknown Aspects of Bottom-Up
and Top-Down Regulation of Eelgrass in
Humboldt Bay, California
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Abstract

Maintaining functions of seagrass systems requires adopting a perspective that encompasses the wide
variety of mechanisms affecting these communities. Objectives of this study were therefore to use a
combination of novel and existing data in the context of an environmental stress model of commu-
nity regulation in order to understand the roles of seedling recruitment, physical factors and biotic
interactions in regulating eelgrass in Humboldt Bay. Since the data necessary for the environmental
stress model are incomplete, the final objective was to suggest studies necessary to complete the
large perspective of this model. Water-quality and climate data were obtained from the Center for
Integrated Oceanic Observation, Research and Education (CICORE), the National Weather Service
(NWS) and California Sea Grant to examine possible “bottom-up” stressors of eelgrass. Aquaria
were used to test for “top-down” effects of the eelgrass epiphyte grazer, Phyllaplysia taylori, on epi-
phyte loads.

Seedling recruitment has never been examined in Humboldt Bay, although the perennial
nature of most eelgrass beds suggests that the majority of shoots grow from existing rhizomes. Low
light resulting from suspended sediments should be one of the largest stressors of eelgrass in Hum-
boldt Bay and ebbing tidal currents, watersheds and probably wind are sources of turbidity. Nitrate
levels appear limiting to eelgrass growth but plants may not be nitrogen limited if sediment ammo-
nium levels, which have not been measured in the bay, are able to saturate growth. Eelgrass-grazing
Black Brant (Branta bernicla nigricans) are numerous in the bay and P taylori grazing significantly
reduces diatom epiphytes. Further information about light attenuation, nutrients and grazers is
necessary to complete an environmental stress model of eelgrass regulation, but this analysis already
indicates that habitat requirements for eelgrass in Humboldt Bay should include top-down as well as

bottom-up variables.
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Introduction

Seagrass communities, such as the eelgrass beds
in Humboldt Bay, California, have multiple
functions within bays and estuaries including
trophic support, nursery and refuge functions
and the improvement of water clarity (Fonseca
et al. 1982; Williams and Heck 2001). Many
of the animals that rely on seagrasses are com-
mercially important and the habitat has high
recreational value. These communities and
their functions are vulnerable because many
beds are comprised of only one seagrass spe-
cies and so, if natural or anthropogenic stresses
reach a lethal threshold for that species, the
entire system can collapse. Resource managers
charged with preserving these seagrass func-
tions not only need to know the spatial and
temporal distribution and abundance of the
seagrasses and their animal occupants, but also
understand the ecological forces that cause
members of the seagrass community to fluctu-
ate in distribution and abundance.

There is a reasonable understanding of
the location and abundance of eelgrass in
Humboldt Bay due to a variety of studies.
Most of these have focused on the geographical
and temporal variation of eelgrass abundance
(Waddell 1964; Harding 1973; Harding and
Butler 1979; Shapiro and Associates Inc. 1980;
Moore 2002; Moore et al. 2004; Keiser 2004;
Rumrill and Poulton 2004; Schlosser, unpub.
data). Others have described vertical and/
or geographical eelgrass distributions (Keller
1963; Keller and Harris 1966; Western Eco-
logical Services Company 1990; Miner 1993)
and there has been one study of eelgrass pri-
mary productivity (Bixler 1982). However, as is
the case for many other regions, there is less of
an understanding of the mechanisms causing
variation in the abundance of eelgrass com-
munity members. Research groups and agen-
cies often focus on a subset of mechanisms,

in particular the effects of light and nutrients

on eelgrass abundance and the oceanographic
and land-use practices that affect the light and
nutrient environment. This perspective is es-
sential and has improved our understanding of
the mechanisms affecting seagrass communi-
ties (Hemminga and Duarte 2000), but this
focus is also incomplete (Valentine and Heck
1999; Heck et al. 2000). Seagrass productivity,
habitat complexity and consequently habitat
function could respond positively or negatively
to grazing as is the case for terrestrial systems
(McNaughton 1985; Belsky 1986; McNaugh-
ton et al. 1989, 1991) and seagrass systems
also benefit from epiphyte grazers (Jernakoft
et al. 1996). Many of the people living around
Humboldt Bay are engaged in trying to ensure
that eelgrass bed functions are maintained. In
order to achieve this goal, it will be necessary to
keep both perspectives in mind and thus, the
overall goal of this study is to bring together

in one conceptual model what is known about
how these different groups of mechanisms affect
eelgrass in Humboldt Bay and to identify what
types of information are still lacking.

There are a variety of simple to more com-
plex conceptual models of how the abundance
of terrestrial or aquatic community members
is regulated. When applied to Humboldt Bay,
these models provide a less myopic frame-
work for helping us link mechanisms affect-
ing eelgrass distribution and abundance and
the same models could be applied to mudflat
or high marsh communities. The purpose of
these models is to predict the relative number
of trophic levels and biomass within each of
those levels, as well as the relative importance
of mechanisms (i.e., physical processes, biotic
interactions) regulating the community. Collec-
tively, they are known as “top-down, bottom-
up” models (Power 1992) and have undergone
a series of changes (e.g., Hairston et al. 1960;
Oksanen et al. 1981) in order to make them
more general. Menge and Sutherland’s (1987)
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environmental stress model (ESM), which is
another version of these models, has been use-
ful in understanding community regulation in
marine systems and is what we apply to the eel-
grass in Humboldt Bay in the present analysis.
In the ESM the x-axis is environmental
stress instead of productivity, as is the case for
earlier bottom-up and top-down models (e.g.,
Hairston et al. 1960; Oksanen et al. 1981). The
y-axis is the relative importance of physical
factors and biotic interactions in regulating
the community and the z-axis is recruitment
(Menge and Sutherland 1987). Stress in the
ESM model refers to those physical factors that
weaken organisms (Menge and Branch 2001).
At their highest levels, these physical factors
(e.g., wind-induced breakage of eelgrass shoots,
dredging, desiccation) will be the most impor-
tant in regulating the trophic structure of the
community because they cause the rapid loss of
biomass or disturbance. At slightly lower levels
some of these same physical factors and oth-
ers (e.g., light, nutrients) result in a bottom-up
physiological limitation of productivity. In the
absence of disturbance and bottom-up limita-
tion, stress is very low and top-down biotic
interactions (e.g., competition, predation)
become relatively more important. Neither
physical factors nor top-down interactions
are important if recruitment of new individu-
als is very low. Recruitment is considered by
this model to be a process independent of the
factors that affect environmental stress (Menge
and Branch 2001), although this assumption
is more valid for animals with well-developed
dispersal phases than it is for seagrass seeds.
Seagrass communities are generally considered
to be on the low end of the environmental
stress continuum relative to other terrestrial and
aquatic systems, but they still experience physi-
cal factors that can be intense enough to result
in high stress. Recruitment of seagrasses and

especially the animals in these communities can
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be highly variable (Orth et al. 2000; Williams
and Heck 2001).

The objectives of this review are: (1) to
assess what is known about eelgrass recruitment
in the bay, (2) to use a combination of existing
and new data presented herein to assess the im-
portance of light, nutrients and other physical
factors in affecting the amount of stress experi-
enced by eelgrass in the bay and (3), to empha-
size the potential importance of eelgrass grazing
by Black Brant (Branta bernicla nigricans) and
eelgrass epiphyte grazing by the opisthobranch
Phyllaplysia taylori. Since even with the new
data presented herein there are still large gaps
in our understanding of eelgrass regulation
in Humboldt Bay, our last objective is to (4)
suggest studies that would make it possible to
make the ESM model more complete and thus
useful for developing management policies.

Materials and Methods
Site description
Humboldt Bay is located in Northern Califor-
nia (40° 45' N, 124° 13/ W) approximately
482 km miles north of San Francisco and 161
km south of the Oregon border. It is subdivided
into North Bay (also called Arcata Bay) that has
eelgrass beds, mudflats and oyster leases; the
central part of the bay (Entrance Channel, En-
trance Bay, North Bay Channel, Samoa Chan-
nel, channels to the west and east of Woodley
Island) that include some narrow eelgrass beds,
the Eureka waterfront, as well as the primary
shipping lanes (Figure 1); and South Bay, which
is dominated by eelgrass beds and mudflats
(Figure 2). Geological activity is causing both
North Bay and South Bay to subduct. Hum-
boldt Bay is considered more of an embayment
than an estuary because of the lack of a ma-
jor river draining directly into it and because
salinities only drop during the winter when
the creeks and relatively small rivers discharge

the precipitation landing in the watersheds



(Barnhart et al. 1992). The tidal flushing rate
of Humboldt Bay is fast relative to other bays
and the flushing rate is faster in South Bay than
North Bay (Barnhart et al. 1992). The bay is
dominated by soft substratum; hard substratum
occurs on docks, pilings, bridge abutments,
oyster shells and the gear from mariculture

companies and vessels.

Activities in and around Humboldt Bay
potentially impact its marine communities.
About 70,000 people live in the Humboldt Bay
watershed with the two biggest concentrations
in the City of Arcata (- 16,600) and the City
of Eureka (-26,000). Watersheds draining into
North Bay contain logging, commercial green-
houses, dairy farms, sewage effluent from Ar-
cata (that receives secondary treatment followed
by a passage through marshes before release),

a pulp mill and a sawmill by the Mad River
Slough, where fungicides have historically been
used. The central part of Humboldt Bay re-
ceives wastewater treated to secondary standards
and then is dechlorinated and discharged to

the bay on ebb tides. Eureka storm drains also
empty directly into the bay. The upper reaches
of the Elk River, which drain into the same part
of the bay, are logged. Watersheds draining into
South Bay are from dairy farms and logging
operations; and the bay itself is a popular site
for sport fisheries and waterfowl hunting. The
Eel River discharges into the ocean 16.0 km
south of the Humboldt Bay Entrance Channel;
and activities in this watershed also potentially
impact the bay since its water and sediment are
presumably carried into the bay on flood tides
(Barnhart et al. 1992). Some degree of dredg-
ing, whether in the entrance channel or inner
shipping lanes, occurs almost every year. At
least one oil spill (MV Kure, 11/1997, ~5,000
gallons) has occurred within the bay.

Water Quality and Climate
Description

At this time only turbidity data are available for
understanding the aquatic light environment to
which the eelgrass in Humboldt Bay is exposed;
these data are from the Humboldt State Uni-
versity (HSU) group within CICORE. The
particular data logger—or sonde—in use is
made by Yellow Springs Instruments (YSI; mo.
6600 with automatic wiping of optical probes)
and contains probes for a variety of parameters.
This is the same sonde used by the National
Estuarine Research Reserve System (NERR).
The YSI turbidity probe (mo. 6136, range
0-1000 Nephelometric Turbidity Units; NTU)
is standardized with YSI styrenedivinylbenzene
copolymer at 0.0 NTU and 123.0 NTU.

The sonde is located just south of the
Eureka waterfront (Figure 1), where it hangs
within an ABS plastic pipe that is attached
to a piling underneath Dock B; this piling is
about 2.0 m back from the front edge of the
dock. Following the design developed by the
NERR in Coos Bay, Oregon, the bottom of
the ABS pipe is slotted to allow water to cir-
culate around the turbidity and other probes.
All probes remain - 1.5 m above the bottom
and they are always underwater. Although the
sonde can be deployed for three months, the
chain it is hanging from inside the pipe was
pulled up every three to four weeks. The data
were uploaded and the sonde and probes were
brought back to an HSU laboratory for clean-
ing and calibration and then redeployed. All of
the probes on the HSU CICORE sonde took a
reading every 15 minutes. The sonde was first
deployed during June 2003, and data into June
2004 were included in this study. Values from
the YSI turbidity probe greater than 500 NTU
were removed because they were sporadic, and
the NERR in Coos Bay also uses this cutoff

value.

Proceedings of the 2004 Humboldt Bay Symposium ... 69



Other water-quality and climate variables
were used in order to understand why turbidity
values measured in this study varied with time.
Salinity and tidal changes in water depth were
measured by the HSU CICORE sonde. Hourly
precipitation readings were taken by S. Schloss-
er’s Davis Vantage Pro weather recorder coast-
ally located ~ 15 km north of the sonde. The
Eureka Buoy operated by NOAA (#46022),
which is located 31 km west-southwest of Eu-
reka (40° 43/ 12" N, 124° 31’ 12" W), was used
as a source of data for hourly wind direction
and speed. Buoy data used in this study had not
received a final editing by NOAA, and so data
were graphically inspected for anomalies.

Comparisons of wind direction and speed
against turbidity were made by assigning wind
directions to one of four possible unequal
compass degree groups. These groups were
constructed on the assumption that if wind
is generating turbidity events, then mudflats
around the north, east and southeast edges
of North Bay are more likely to be sources of
turbidity recorded by the Dock B sonde than
sediments arising from the mudflats on the west
side of the bay. Winds approximately out of the
northeast (1°~60°) should be relatively rare but
would generate waves that would break on the
southeast mudflats, and these winds would be
moving in the same direction as the ebb tide.
Winds out of the east and south (61°-220°)
should suspend sediments on the western mud-
flats and the northern mudflats on the western
half of North Bay. Westerly and southwesterly
winds (221°-280°) will have a long fetch within
the bay and impact north and northeastern
mudflats, whereas winds mostly out of the
northwest (281°-360°) will also have a long
fetch but potentially generate turbidity over the
eastern and southeastern mudflats, which are
closest to the Dock B sonde.

Turbidity events less than 200.0 NTU
range are the most common at Dock B and
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therefore should be the most relevant for under-
standing what affects water clarity in this part of
Humboldt Bay. Values greater than 500.0 NTU
had already been removed by CICORE because
their appearance for only one reading amid a series
of very low readings (i.e., < 30.0 NTU) suggests
that these high values were not representative.
We found that values between 300.0 NTU-
500.0 NTU had a similar pattern of appearance
but were retained so that this analysis can be
compared against future turbidity events that
might persist in this range, such as during El
Nino events.

Only short-term measures of the aquatic
nutrient environment at multiple stations have
been made in Humboldt Bay for the purpose
of characterizing upwelling and nonupwelling
periods in and just outside the bay (Pequegnat
and Butler 1981; Barnhart et al. 1992; Althaus
etal. 1997). Water temperatures from 1995
to 2004 were therefore inspected to determine
if the bay experiences ENSO temperature
changes, which could also mean changes in the
concentration of oceanic nitrate. Water temper-
atures came from several sources. The NOAA
Eureka Buoy hourly water temperatures were
used to represent coastal waters just outside of
the bay, whereas bi-hourly readings from the
Sea Grant Extension office in Eureka (Figure
1) and 15-minute readings from the HSU
CICORE sonde were used to represent water
temperatures in the bay.

NOAA water temperature data from the
North Spit in Humboldt Bay were not used
because of the high number of anomalous read-
ings. Since, in order to detect ENSO tempera-
ture changes, it is necessary to ensure that the
temperatures used in this analysis were those of
the flooding oceanic water, only the minimum
daily temperatures occurring during the sum-
mer months were used. Data were smoothed by
obtaining the minimum temperature for each

day within a month and then the mean of these



minimum values was used to represent the
month. Means of minima were also used on the
offshore buoy data, but fall and winter months
were not omitted because of the assumption
that this buoy is usually monitoring oceanic
water. Chlorophyll fluorescence levels measured
by the HSU CICORE sonde (YSI Fluorescence
Chlorophyll Probe, Mo. 6025, range 0-200 ug/L)
were also assessed to determine if seasonally up-
welled nutrients, as reflected in phytoplankton
blooms, are potentially entering the bay.

The eelgrass mesograzer, Phyllaplysia taylori.

Grazer Experiment

One hundred eelgrass shoots were haphaz-
ardly collected during March 2004 from the
bed by the western end of the Samoa Bridge
(40° 49' 31" N, 124° 10’ 20" W) in Hum-
boldt Bay. Shoots were immediately brought

to HSU’s Telonicher Marine Laboratory, where
they were placed in running seawater. All indi-
viduals of the opisthobranch grazer, Phyllaplysia
taylori, were carefully removed and put back
into seawater. In order to keep leaf age relatively

constant, the third leaf (starting from inside

the leaf bundle) was removed from each shoot.
Sixty of these were randomly sampled by cut-
ting them from where they emerged from the
sheath, and then once again 30.0 cm above the
first cut. If the leaf was shorter than 30.0 cm,
it was abandoned and a new leaf was sampled
from the larger pool. The 60 leaves were equally
divided into ten one-gallon glass aquariums.
One Plexiglass clamp (each with two pieces,
each piece 24.0 cm * 4.0 cm * 0.4 cm, bolted
together) holding six sandwiched leaves was
placed in each aquarium, and the clamp itself
was in a stand so that the leaves could be held
in an upright, natural position.

The ten aquaria, which were set up outside
for ambient light, received circulated seawater.
They were placed on a seawater table in two
rows of five aquaria with a south aspect. The
most southern row was raised enough so that
the tank would not be shaded by the front edge
of the table and the second row was raised even
more so that it would not be shaded by the
first row of aquaria. Water flowed into the top
of the aquaria via tubing and exited through
a J-shaped piece of 12" PVC pipe. The intake
of the pipe was covered with a 0.2-cm mesh
and was located about 5.0 cm below the top
of each aquarium. This arrangement prevented
P taylori from getting into the pipe and from
crawling or floating out of the aquarium. Phyl-
laplysia taylori individuals were added to the five
odd-numbered aquaria so that aquaria with and
without P mylori alternated in their position
on the water table. One animal was attached
to each leaf within a tank, and so each tank
contained six individuals, which when moving
underwater ranged from 1.0 to 2.0 cm in length.
Each experiment, after commencing within 12
hours of the shoots and animals being collected,
proceeded for seven days. The first experiment
began on March 3, 2004 using a flow rate of
3.0 L /min. A second experiment using only
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1.0 L / min. was initiated on March 27, 2004
because the first experiment showed that the
higher flow seemed to cause mortality when
animals were shaken loose and could not reat-
tach or they moved down to the clamp.

At the termination of the each experiment
all the leaves were removed and the P zaylori in-
dividuals were added to the eelgrass educational
display tank in the Telonicher Marine Labora-
tory. The response variable, diatom epiphyte
abundance, was enumerated by scraping both
sides of each leaf with a razor blade as has been
done in similar studies (Drake et al. 2003).
Within an aquarium, diatoms from different
leaves were combined. Diatoms were placed
in 23.0-ml vials and preserved in 10% formal-
dehyde in seawater. Sub-sampling of frustules

occurred at two levels. Frustules within a vial
were first homogenized by shaking and a 1.0 ml
of sample was quickly removed and deposited
into a gridded Sedgwick Rafter counting cell,
where each grid is 1.0 mm?. Secondly, all of
the frustules in five randomly picked 1.0 mm?
grids were counted and then frustule numbers
were extrapolated to represent all of the diatoms
scraped from the leaves within an aquarium.
Diatom epiphyte abundance was expressed

as frustule density by dividing the total num-
ber of diatoms by the leaf area (leaf length *
leat width) of all the leaves in an aquarium. A
two-sample t-test assuming unequal variances

was used to determine if diatom densities were

significantly different between treatments.
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Results
Water Clarity: Turbidity Versus Tides,
Precipitation and Wind
Turbidity values greater than 50 NTU occurred
throughout the year but were more common
during the fall and winter months (Figure 3A).
Changes in turbidity less than 50 NTU corre-
spond to the rise and fall of the tide, with peak
values (usually from 10.0 to 20.0 NTU) occur-
ring at the lowest point of the ebb tide (Figure
3b). Each day, the lower of the two low tides
is when the greatest turbidity value occurred.
Turbidity values from 50.0 to 200.0 NTU oc-
curred at multiple times throughout the tidal
curve (Figure 3c¢).

Salinities dropped to almost 15 ppt dur-
ing the late fall and winter when precipitation,
mostly in the form of rain, occurred (Figure
4). Salinities always decreased on the ebb tide
and increased on the flood tide (Figure 5a).
From 24 to 48 hrs following a precipitation
event, such as those that occurred on Febru-
ary 6, 16, 18 and 24, 2004, there was a larger
drop in salinity than occurred during times of
no precipitation (Figure 5a). Turbidity events
from 50.0 NTU to 200.0 NTU occurred during
or just after precipitation events. Following periods
of precipitation, it took more days for turbidity
values to diminish to less than 50.0 NTUs when
total precipitation was greater (e.g., February
17, 2004—February 21, 2004) than when total
precipitation was lower (e.g., late February 24,
2004—early February 27, 2004; Figure 4a,b). Spe-
cific turbidity spikes during these same periods
of precipitation occurred during ebb tidal stages
(Figure 5a,b). Peaks of monthly precipitation
during 2004 when this comparison to turbid-
ity was made were about half of those recorded
for 1997 and 2003 and about 2.5 times greater
than 2001 values (Figure 6).

Wind velocities recorded by the offshore
Eureka NOAA Buoy did not show a relation-
ship with turbidity events in the bay, especially

those events greater than 50.0 NTU. The
largest cluster of high turbidity values occurred
during September and October 1993, which

: was one of the calmest periods for wind speeds

(Figure 7). Wind velocities during representa-
tive summer and early fall periods were lower
than during the winter, and wind directions
during the summer were primarily out of the
northwest. During the fall, winds were from

all directions except the west and southwest
and the winter was dominated by east and
southeasterly winds (Figure 8 a—c). Increases

in turbidity values during these same three
periods, especially those greater than 50 NTU
or 200 NTU, occurred across the full range

of wind speeds and directions. Turbidity val-
ues greater than 200 NTU during the early

fall corresponded to low-wind velocities (i.e.,
2.0-3.0 mph) out of the southeast and east; and
although high-wind velocities (i.e., 15.0-20.0
mph) during mid-February 2004 are followed by
increases in turbidity, prolonged high-wind ve-
locities out of the same direction at the begin-
ning and end of the same month do not show

this relationship (Figure 8 b—c).

Water Temperature and Chlorophyll as

Indicators of Nutrient Availability

i Water temperatures and tidal curves from the

summer and winter were compared in order to
determine if the mean of the daily minimum
temperatures during a month could be used as

the measure of the temperature of the oceanic

water entering Humboldt Bay. During the sum-

mer, the minimum water temperatures for the
day always corresponded to flood tide peaks
(Figure 9a), whereas flood tide peaks during the

i winter were associated with either the warm-

est or coolest water temperatures for the day
(Figure 9b). Only minimum daily summer

(June through September) water temperatures

i were therefore used to indicate the temperature

of the oceanic water flooding into Humboldt
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Bay (Figure 9¢). Waters outside Humboldt
Bay, as indicated by the Eureka Buoy, showed
the highest temperatures (mean of all tem-
perature values) during the summer of 1997,
with smaller peaks during 1995 and 2003. The
mean of the daily minimum temperature for a
month within Humboldt Bay, as indicated by
the Eureka Sea Grant logger, followed the same
interannual temperature pattern as the outer
coast water, except that the mean of the daily
minimum water temperatures for a month was
always about a degree warmer in the bay; pre-
liminary data from the CICORE logger appears
similar to the Sea Grant logger, which is in the
same part of Humboldt Bay (Figure 1, Figure
9¢). The 1998 and 2003 water temperatures in
the bay were about 1° C warmer than the 2000
and 2001 temperatures.

Although chlorophyll fluorescence less
than 30.0 pg/L briefly spiked during winter
months, fluorescence values were generally
higher during September and October as well
as April and May; summer data were absent
(Figure 10a). Fluorescence peaks lasting several
days occurred during spring or neap tides and
maximum chlorophyll values within a tidal
cycle always occurred at the peak of each flood
tide (Figure 10 b,c).

Grazer Exclusion Experiment

Eelgrass leaves in aquaria with the grazing opis-
thobranch Phyllaplysia taylori always had sig-
nificantly fewer diatom frustules per cm? of leaf
surface than leaves in aquaria without 2 raylori
(Figure 11). There were greater numbers of
diatoms in each treatment during the first ex-
periment in early March 2004 when each tank
received 3.0 L of seawater / minute, but there
was some mortality of P taylori individuals that
could not stay attached to the leaves. Therefore,
the experiment was repeated in late March 2004
at the reduced flow rate of 1.0 L / minute. In this
case there was less 2 zaylori mortality (Figure 11).
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Discussion

The ESM model uses environmental stress
and recruitment to determine whether or
not physical factors or biotic interactions are
relatively more important in regulating biomass
and trophic structure of marine communi-
ties (Menge and Sutherland 1987, Menge
and Branch 2001). This study has analyzed
some novel data and combined it with existing
information in order to determine how physi-
cal factors could be changing levels of stress
(sensu Menge and Branch 2001) experienced by
eelgrass within Humboldt Bay and how, under
conditions of low stress, grazers could be affect-
ing eelgrass primary productivity. This effort
also highlights how much is unknown or needs
to be more rigorously tested and so our final
objective is to suggest studies that would make
the ESM model in Humboldt Bay more com-
plete and thus useful to managers.

Physical factors and biotic interactions
are both relatively unimportant to community
regulation according to the ESM if recruitment
is minimal. Although rhizome-shoot frag-
ments are capable of establishing new patches
(Ewanchuk and Williams 1996), they are posi-
tively buoyant and not considered as important
as the negatively buoyant seeds in establish-
ing new patches (Orth et al. 2000; Bintz and
Nixon 2001). There are no studies of flowering,
seed bank or seedling dynamics of eelgrass in
Humboldt Bay, so it is not possible to evaluate
the importance of recruitment to the spatial
and temporal variation in eelgrass abundance
that have been described. Flowering for Pacific
Northwest eelgrass is from March through July.
Seeds are released from late July to October; the
seed bank can last up to 12 months and most
seedlings appear in the spring (Phillips 1984;
Orth et al. 2000). Except for some patches in
North Bay, it is currently assumed that eelgrass

occupies most of its potential niche in Hum-



boldt Bay, which suggests that the vast majority
of new shoots are likely to be asexually pro-
duced and not recruits.

Since the repeated sampling of eelgrass
in Humboldt Bay (Schlosser, unpub. data)
indicates that most beds are perennial, an as-
sessment of the relative importance of physical

factors and biotic interactions is the most rel-

evant for understanding the variation of eelgrass i

distribution and abundance in the bay. The
seagrass literature indicates that, of the physi-
cal factors that increase levels of environmen-
tal stress (sensu Menge and Branch 2001) for
eelgrass, light limitation is preeminent followed
by nutrients and other physical factors. Despite
the large number of adaptations to an aquatic
existence, eelgrass and seagrasses in general are
particularly vulnerable to light limitation. The
minimum light requirement for seagrasses is
high (i.e., 10%—-22% of surface light; Gallegos
2001; Duarte 1991) relative to microalgae

(i.e., 1% of surface light) because seagrasses are
comprised of so many nonphotosynthetic cells
that can only respire. Capturing the light neces-
sary is also problematic because their aquatic
environments are dominated by green light

and they don't have the accessory pigments to
capture these wavelengths; and, while they can
photoacclimate to low light by increasing levels
of chlorophyll pigments, there is an upper limit
to this response because these pigments even-
tually shade each other within the chloroplast
(i.e., the packaging effect; Cummings and Zim-
merman 2003). Even if seagrasses are not light
limited, that is, when the amount of light for
saturating photosynthesis (E, = 100 pE m™s™)

occurs for a minimum of six hours during a day

(Hsat; Dennison and Alberte 1985; Dennison
1987), seagrasses are restricted to even shal-
lower depths by low amounts of dissolved CO,
and inefhicient carbon uptake (Beer and Rehn-
berg 1997; Zimmerman et al. 1997). The form

of inorganic carbon required by photosynthesis,
COZ, is 150 times less available in seawater
than bicarbonate (HCOS‘); and the plant’s
enzyme (carbonic anhydrase) for converting
bicarbonate to CO, is not abundant. Thus if
the level of CO, in the water is experimentally
increased, then seagrasses can potentially grow
in deeper water, since, being able to fix carbon
at a faster rate by direct uptake of COZ, it will
take them a shorter period of time to surpass
the amount of carbon used during 24 hours of
respiration (Zimmerman et al. 1997).

This light and carbon physiological
Achilles heel of seagrasses is why management
strategies are generally so focused on preventing
degradation of the aquatic light environment.
If seagrasses die, the entire community will col-
lapse since there are no other similarly produc-
tive, large, soft-bottom macrophytes to replace
them. How could stress from light limitation be
affecting eelgrass distribution and abundance
in Humboldt Bay? Typical fall-winter declines
in light availability are not a proximate driver
of biomass declines at this time of year since
eelgrass has already adapted to the seasonal
availability of this resource. However, large in-
terannual and spatial differences in the aquatic
light environment, especially when they occur
during the spring and early summer when net
primary productivity is highest, will affect the
abundance of seagrasses (Bulthius 1987; Den-
nison 1987; Thom and Albright 1990; Duarte
1991; Vermaat and Verhagen 1996; Moore et
al. 1997; Hemminga and Duarte 2000; Haux-
well et al. 2006*). There is no spatially com-
plete sampling of water quality or the aquatic
light environment in Humboldt Bay so, for
now, inferences must be made from CICORE’s
time series turbidity data from Dock B.

The turbidity readings from Dock B pro-

vide a description of water clarity and hence an

*Paper was reviewed and updated since presentation to
include relevant citations.
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indirect measure of the relative availability of
light for eelgrass growth. Turbidometers opti-
cally measure the relative amounts of suspended
solids in the water by recording the amount
of incident light that is scattered when en-
countering suspended solids such as silt, clay,
detritus, algal cells and large molecules such as
tannins (Sadar 2002). Direct measurements of
the downward attenuation coefficient (K ) for
photosynthetically active radiation (PAR) are
preferred for describing the light environment
of aquatic photoautotrophs (Kirk 1994). Since
the relationship between K and turbidity in
Humboldt Bay has not been established, this
part of our study can: (1) indicate the times
when turbidity is attenuating light and poten-
tially limiting eelgrass growth; and, (2) compare
turbidity patterns to mechanisms that cause it
to vary in order to understand how turbidity
could temporally and spatially vary in the bay.
Patterns of turbidity increase at Dock
B fall within three groups: those that remain
below 50.0 NTU with most peaks in the
10.0 NTU-20.0 NTU range, those from
50.0 NTU to 200.0 NTU and an anomalous
group with dry season values greater than
50.0 NTU and wet season values greater
than 200.0 NTU. The first group of values
is produced by ebbing tidal currents; and the
greater the tidal amplitude, the more turbid-
ity is generated. The ebbing tide had the same
effect on aquatic PAR at eelgrass and oyster
mariculture sites in North Bay (Rumrill and
Poulton 2004). The second group is produced
by increases in watershed discharge during and
following winter rain events. As the tide ebbs
during a winter storm, the freshwater from the
Freshwater watershed coming out through the
Eureka Slough causes salinities to drop and tur-
bidity levels to increase by the Dock B sonde.
This is interpreted to mean that in this part of
the bay, the primary source of the turbidity is
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i from the Freshwater watershed and not from

i flooding waters that could be carrying Eel River
or Elk River sediments. Since monthly pre-
cipitation is so different for Humboldt County
: watersheds during El Nifio and La Nina years,
the frequency and intensity of rain induced tur-
bidity events presented in this study are likely
to be intermediate between the extremes of the
. ENSO cycle.

The third group of turbidity values at
Dock B cannot presently be attributed to any

i mechanism(s) of sediment suspension. Despite
i the common observation that summer after-

i noon wind waves over the mudflats in North

Bay result in visibly turbid water, this study

found no consistent relationship between wind
i and turbidity as has been documented in other
bays (Nichols and Thompson 1985; Banas et
al. 2005 ). This was even the case for winds out
of the northwest that produce relatively long

: fetch waves that break on mudflats adjacent to
Eureka Slough, and water from this slough is
mixed into the water that moves by the Dock B
sonde on the ebb tide (Figure 1). However, dur-
: ing lower tides, the majority of wind-generated
turbid water may be blocked from entering Eu-
reka Slough and the channel along the Eureka
waterfront because the mudflats on the north-
ern edge of the slough, while still intertidal, are
high enough to be a partial dam to northwest
wind waves (Figure 12). The aquatic light envi-

ronment for North Bay eelgrass during summer

afternoon high tides probably is being degraded
by wind, but only a turbidometer located in
North Bay itself or between Indian Island and
Woodley Island would detect this type of event.

Based on the relationship of turbidity at
Dock B to tidal currents and precipitation; and,

i assuming that wind generated turbidity is oc-

! curring, then what other sections of Humboldt

Bay should have similar levels of high turbidity

that could be stressing eelgrass? Most of North



Bay should also have high levels of turbidity
because it receives water from the Freshwater
watershed (15,014 ha), the Jacoby watershed
(5,268 ha), the Elk River watershed (15,176 ha)
on flood tides and some from the Mad River
Slough, especially when the Mad River con-
nects to this slough during episodic flood
events. In contrast, most of South Bay should
have relatively less turbid water since it receives
water from the smallest watershed, Salmon
Creek (6,637 ha). Even though the Eel River
watershed (954,152 ha) does not empty directly
into Humboldt Bay, bottom transport of sand
into the bay from this river may be occurring
during the winter (Thompson 1971; Gera
1973; Costa 1982a; Komar et al. 2000). How-
ever, origins of the finer suspended sediments
that would degrade the light environment in
South Bay are unknown. The only data current-
ly available for developing a hypothesis on the
spatial distribution of water turbidity in the bay
come from Dock B and the positions of wa-
tersheds, despite some existing Secchi disk and
downward irradiance (Ed) data (Pequegnat and
Butler 1981; Barnhart et al.1992; Rumrill and
Poulton 2004). North Bay and the central part
of the bay should be more turbid than South
Bay, particularly during high rainfall events;
and environmental stress to eelgrass due to light
limitation should also be acute in North Bay
because eelgrass beds in this bay occur at lower
elevations than those in South Bay.
Temporally, turbidity conditions that oc-
cur during the spring and early summer should
have the greatest effect on eelgrass carbon bal-
ance (Bulthius 1987; Dennison 1987). Water-
sheds release their most turbid water during
the winter when the physiological impact on
eelgrass should be minimal because the plant
survives the winter by photoacclimating and
using carbon stored the previous summer
(Zimmerman et al. 1991, 1995; Olesen and

Sand-Jensen 1993; Burke et al. 1996). Howev-
er, the same watershed sediments could decrease
eelgrass growth and carbon storage during the
spring and summer if they are resuspended by
summer afternoon winds. Thus we hypothesize
that the spring and summer winds and tidal-
induced turbidity differences between the two
bays, along with the deeper depth of North
Bay, should be the best predictor of eelgrass
biomass and distribution.

How do these hypotheses of the spatial
and temporal distribution of turbidity in the
bay compare to the abundance and compensa-
tion depths (i.e., the depth where H_ occurs)
of eelgrass in Humboldt Bay? Eelgrass shoot
densities and above-ground biomass from
North Bay are in fact significantly lower than
for South Bay (Schlosser, unpub. data). Data
on eelgrass compensation depths in Hum-
boldt Bay are rare but consistent with patterns
of abundance between the two bays. Eelgrass
compensation depths at the northern end of the
Samoa Channel (just south of the southwest cor-
ner of North Bay; Figure 1) were - 1.5 m below
MLLW (Miner 1993), whereas an uninterrupted
lower bed margin at sites at the northern end of
South Bay occurred at ~ 3.0 m below MLLW
(Western Ecological Services Company 1990).
The latter study also reported discontinuous
eelgrass below 3.0 m MLLW at the northern
end of South Bay with some of it occurring
as “clumps” as deep as 10.3 m below MLLW.
However, this study did not follow up the
sonar mapping with SCUBA as in the case of
Miner (1993), and the deeper eelgrass may have
arrived there from shallower bed fragmenta-
tion and been in the process of dying. This first
examination of available turbidity and eelgrass
data suggests that eelgrass abundance and distri-
bution differences between the two bays are due
to the greater light stress in North Bay.

Studies of nitrogen and eelgrass indicate
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that while it can be a source of physiological
stress according to the ESM model because it
can be toxic at high levels or limiting to growth
at low levels (Williams and Ruckelshaus 1993;
van Lent et al. 1995; van Katwijk et al. 1997),
light is more frequently an important bottom-
up factor to eelgrass growth (Dennison et al.
1987; Zimmerman et al. 1987; Murray et al.
1992). This is despite the fact that eelgrass
demand for nitrogen would appear to be high
because so much growth is occurring during
the spring and early summer; and, even though
upwelling is occurring at this time, nitrate avail-
ability might be curtailed by competition from
planktonic and epiphytic algae that have more
efficient uptake kinetics (Pedersen and Borum
1993; Williams and Ruckelshaus 1993). Leaves
and the roots/rhizomes of eelgrass can take up
almost equal amounts of nitrogen; but ammo-
nium is preferred over nitrate and, in the case

of the root/rhizome, ammonium uptake is light
dependent (Zimmerman et al. 1987; Hemminga
et al. 1994). Nitrate dominates in the water col-
umn whereas ammonium is the dominant form
of nitrogen in the sediment, where it also leaches
out into the water (Short 1983).

There are a number of reasons why nitro-
gen may not limit eelgrass biomass very often.
Eelgrass requires approximately four times less
nitrogen and phosphorous per atom of carbon
than algae (Hemminga and Duarte 2000); and
models have demonstrated that water column
ammonium and nitrate levels that should be
required to saturate growth, as well as sedi-
ment ammonium levels for saturating growth,
should be less than ambient levels reported for
temperate estuaries. In addition, since nitrogen
uptake rates saturate at higher levels than for
growth rates, it is possible to store nitrogen
for times when ambient levels actually do fall
below growth requirements (Zimmerman et al.

1987). Furthermore, eelgrass is capable of inter-
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nally recycling nitrogen by moving it from older
senescing parts of the plant to meristematic areas
(Borum et al. 1989; Pedersen and Borum 1992,
1993); and lack of available water-column nitro-
gen can be partially offset by the large amount of
nitrogen that is released from decomposing plant
matter in the sediment (Kenworthy and Thayer
1984; Harrison 1989; Risgaard-Petersen et al.
1998). Nitrogen fixation, which occurs in the
rhizosphere microenvironment and is enhanced
by eelgrass photosynthesis (McGlathery et al.
1998), also supplements the nitrogen budget for
eelgrass, but only to a small degree (Risgaard-
Petersen et al. 1998).

In addition to the effects of light stress,
could the lower eelgrass shoot densities and
biomass in North Bay versus South Bay (Keller
1963; Harding 1973; Schlosser, unpub. data,)
be due to ammonium toxicity or nitrogen limi-
tation? There are no studies of sediment am-
monium in Humboldt Bay even though oyster
culture in North Bay, agricultural runoff into
Mad River Slough and then North Bay, and
sewage effluent from Arcata and Eureka could
all increase sediment ammonium. However, eel-
grass beds occur in sediment ammonium condi-
tions over 500 pM (Zimmerman et al. 1987),
so sediment ammonium must reach a high level
for it to be toxic. Measures of water-column
ammonium made throughout the bay and
in Freshwater and Jacoby Creeks (0.0—4.22
pM NH4+; Barnhart et al. 1992; Althaus et
al. 1997) are well below ammonium levels that
are toxic in the water column (- 25 pM NH_ %
van Katwijk et al. 1997), but all of these mea-
surements were made between May and August
after the watersheds would have flushed am-
monijum into the bay. Present data are therefore
inadequate for determining if water column or
sediment ammonium is toxic to eelgrass any-
where in Humboldt Bay.

Is eelgrass in Humboldt Bay being stressed



by a lack of nitrogen rather than nitrogen toxic-
ity? Although some of the ammonium uptake
in an eelgrass plant occurs via the leaves, most
of it occurs via the rhizomes and roots (Thursby
and Harlin 1982); and, since no sediment
ammonium data are available for the bay, this
analysis will continue by focusing on ambient
patterns of water-column nitrate. Patterns of
nitrate availability in Humboldt Bay can be
inferred from changes in water-column chloro-
phyll, and some direct measures of nitrate have
been made at a variety of sites. Chlorophyll
concentrations for the two bays are similar and
increase from April to June and again during
the early fall. During the spring bloom, both of
these bays have approximately half the chloro-
phyll found in offshore water (Pequegnat and
Butler 1982); chlorophyll fluorescence in the
central part of the bay also increased during the
spring and early fall of the present study. These
chlorophyll patterns suggest that similar but
reduced amounts of upwelled nitrate are spread
throughout Humboldt Bay on the flood tide
and that some of this nitrate is being intercept-
ed by the phytoplankton. However, in order for
nitrate limitation to be part of the reason for
the lower shoot densities in North Bay, both ni-
trate and ammonium would have to be limiting
in North Bay and not in South Bay.

Direct measures of nitrate indicate that
this form of nitrogen is either limiting or
close to limiting in both bays, except in South
Bay during upwelling events. During upwell-
ing events, nitrate is three to ten times more
concentrated just outside or inside Entrance
Channel relative to North Bay or South Bay;
and nitrate concentrations are in fact greater
in South Bay than North Bay (Table 1). This is
also the case during nonupwelling conditions
(Table 1), perhaps because the phytoplankton
in North Bay has more time to deplete nitrate.

When these varying levels of ambient nitrate

are compared to the nitrate levels at which
eelgrass growth and leaf uptake rates should
saturate (Table 2), they are all similar to or less
than saturation levels, which means that eel-
grass growth should be nitrate limited in both
bays except for some sites in South Bay during
upwelling. During May through August 1997,
which was the beginning of an El Nino episode,
Althaus et al. (1997) also assessed nitrate concen-
trations within Humboldt Bay and corroborated
the above pattern (Table 1) by finding that sites at
the southern end of North Bay or in this bay also
had values that were generally too low to saturate
eelgrass growth (0.0— - 4.2 pM NO{). Existing
data for nitrate indicates that it occurs at less than
saturation values across much of Humboldt Bay
and is therefore unlikely to explain the lower shoot
densities in North Bay. In addition, nitrogen
may not be limiting anywhere even if there is a
differential availability of nitrate within the bay
because the total nitrogen budget can be com-
pensated by saturating amounts of ammonium
in the sediment (Zimmerman et al. 1987).
Decreases in light and nutrient availabil-
ity during El Nifo may combine to produce
stressful conditions that produce interannual
patterns of eelgrass abundance. Eelgrass shoot
density and flowering usually increased in the
beds of Willapa Bay, Washington and Coos
Bay, Oregon, following the strong 1997-1998
El Nifio event (Thom et al. 2003); but subtidal
eelgrass close to Friday Harbor, Washington,
increased in biomass and productivity dur-
ing the 1992 El Nifo event, probably because
H_ actually increased and nitrate levels were
well above what is required to saturate growth
(Nelson 1997a). Multi-year data for eelgrass
abundance are not yet available for Humboldt
Bay; and, although the present study demon-
strates climatic effects on the bay, it is not clear
if they would cause significant stress to eelgrass.
Precipitation is much greater around the bay
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during El Nifo events (Figure 6), and there is
a positive relationship between winter precipi-
tation and turbidity (Figure 5). Nitrate levels,
which should already be low because Humboldt
Bay is distant from the more actively upwell-
ing headlands of Cape Mendocino, California
and Cape Blanco, Oregon (Strub et al. 1991),
should drop by 5.0~7.0 pM NO,~ during an
El Nifio event because oceanic water entering
Humboldt Bay is at least a degree warmer dur-
ing the El Nifio versus the La Nifa portion of
the ENSO cycle (Figure 9¢). Nitrate decreases
during El Nifio events because, below 15° C,
nitrate decreases by ~5.0 pM NO, for each
degree of water temperature rise in the north-
east Pacific Ocean (Dayton et al. 1999; Nielson
2003). However, the higher levels of suspended
sediments produced by El Nifo precipitation
would only stress eelgrass if the same sediments
were resuspended by summer winds and tides
and sediment ammonium levels could be suf-
ficient for eelgrass growth.

Although the literature indicates that,
from the bottom-up perspective, light followed
by nutrients should be given the most attention
when trying to understand the factors affect-
ing eelgrass distribution and biomass in Hum-
boldt Bay, other physical factors can result in
high environmental stress (Koch 2001; Thom
et al. 2003; Greve and Krause-Jensen 2005%).
Large hydrodynamic forces resulting from tidal
currents or wind waves can directly reduce the
biomass, shoot density and shoot length of
Zostera noltii as well as the ability of leaf epi-
fauna to graze off algal epiphytes (Schanz and
Asmus 2002, 2003); and, although the season-
ality of wind direction within the bay has been
described (Costa 1982b), no empirical studies
of wind waves within North Bay and South
Bay have been made. Tidal velocities within the
bays are also poorly known. Similarly, desicca-
tion and photodamage due to high irradiance,

which are environmental stresses that set upper
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intertidal limits to eelgrass (Hemminga and
Duarte 2000; Boese et al. 2003, 2005*), have
not been described in the bay; and upper limits
of eelgrass distribution are only known from
one location (Keller and Harris 1966). Salinity
regimes ultimately set the inland distribution of
seagrasses; and eelgrass, like other seagrasses, is
euyhaline, tolerating salinities from 5.0 ppt to
42 ppt, although salinity requirements for eel-
grass seed germination (down to 4.5 ppt) and
seedling survival (- 32 ppt) are more specific.
In some estuaries, what appears as physiological
plasticity may instead be ecotypic differentia-
tion to low- and high-salinity regimes (Giesen
et al. 1990; Kamermans et al. 1999; Hem-
minga and Duarte 2000). Ranges of short-term
summer measures of salinity in North Bay and
South Bay were 33.2 ppt —34.4 ppt and

33.5 ppt—33.8 ppt, respectively (Pequegnat and
Butler 1981; Barnhart et al. 1992); and contin-
uous readings from the central part of the bay
in the present study ranged from winter lows of
almost 15 ppt to summer highs of 34 ppt. All
of these values are within the range of eelgrass
toleration.

Physical factors resulting in environmental
stress for eelgrass have been particularly acute
for eelgrass in Humboldt Bay since the mid
1800s. Anthropogenic activities in the water-
shed and bay have either directly displaced
eelgrass or stressed it by affecting the delivery
and dispersal of suspended sediments into the
bay. European development of the Humboldt
Bay watershed began in earnest during the
1850s when lowland forests were cleared for
residences and agriculture, most of which was
dairy farming (Glatzel 1982). Enough logging
was occurring during this time for the Mad
River Slough Canal connecting the Mad River
to Humboldt Bay to be built and rebuilt several

*Paper was reviewed and updated since presentation to
include relevant citations.



times between 1854 and 1881 in order to move
logs into the bay, but the canal could not be
maintained because it kept filling up with silt
that also came into North Bay (Haynes 1986).
Timber harvesting in the Jacoby and Elk River
watersheds was also occurring by 1870 and
1880, respectively (Humboldt Bay Watershed
Advisory Committee and Redwood Com-
munity Action Agency 2005%). Thus, the first
substantial degradation to the aquatic light
environment in the bay since the 1850s may
have occurred when logging first peaked in the
Humboldt Bay watershed between 1880 and
1910. After this time, logging activities de-
clined for awhile but other activities affecting
sediment dispersal and eelgrass habitat—like
dock building, diking, shoreline armoring and
dredging—did not abate (Costa and Glatzel
2002; Humboldt Bay Watershed Advisory
Committee and Redwood Community Action
Agency 2005%). Eelgrass beds in North Bay
were further disturbed starting in the 1890s by
several attempts at farming native and nonna-
tive oysters, but farming activity became more
established in the 1930s when nonnative oyster
farming became successful (Waddell 1964;
Shaw 1997; Dale, pers. comm.). The light
environment in the entire bay may have been
degraded again when, during the 1950s, bay
headwaters and second growth lower basins
were cut and extensive forest road building
occurred. In addition to this light stress, some
of the eelgrass beds in North Bay would have
been physically disturbed by oyster dredges
that were used from 1956 to 2000 (Dale, pers.
comm.). Although oyster farming must reduce
eelgrass abundance, present day long-line and
hand-picking practices in North Bay can be less
damaging to the beds (Rumrill and Poulton
2004). The majority of armoring in Hum-
boldt Bay, especially in Entrance Channel, was

completed by the early 1970s; but the third
and most recent peak in watershed logging
started in 1990 and dredging also continues
today (Costa and Glatzel 2002; Humboldt Bay
Watershed Advisory Committee and Redwood
Community Action Agency 2005%). It is not
possible to determine if present day dredg-

ing activities are affecting eelgrass distribution
and productivity because eelgrass surveys have
only been made prior to but not after dredging
events (e.g., Western Ecological Services Com-
pany 1990; Miner 1993). Eelgrass habitat in
Humboldt Bay has therefore been subject to a
variety of anthropogenic disturbances since the
mid-1800s, and many of these are still occur-
ring in Humboldt Bay and the surrounding
watersheds.

The ESM model predicts that when all
the physical factors and disturbances described
above for Humboldt Bay are minimal, then
environmental stress will be low and biotic in-
teractions (i.e., competition, predation) will be
relatively more important in regulating biomass
and the number of trophic levels in the eelgrass
community. This is the top-down perspective,
and its importance to understanding seagrass
systems around the world has been neglected
(Valentine and Heck 1999; Valentine et al.
2000; Williams and Heck 2001). The domi-
nant paradigm as applied to Humboldt Bay is
that all the carbon fixed by eelgrass is passed on
to other trophic levels by a detritus-based path-
way. Adopting this paradigm means that man-
agement decisions about eelgrass could be very
bottom-up centric and not consider the top-
down effects of grazing by Black Brant (Branta
bernicla nigricans) and Widgeon on eelgrass in
the bay (Moore et al. 2004) or the lethal effects
of the eelgrass grazing limpet, Tectura depicra,
which may be migrating north from Monterey

Bay, California, as sea temperatures rise (Zim-
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merman et al. 1996). Another shortcoming of
the detritus paradigm is that it is accompanied
by the misperception that most of the carbon
in an eelgrass community is fixed by the eel-
grass and not other photoautotrophs. In fact,
about 50% of the net primary production in an
eelgrass community can be fixed by the algae
epiphytic on eelgrass leaves; and these algae can
make substantial contributions in other seagrass
systems as well (Nelson and Waaland 1997;
Hemminga and Duarte 2000; Kaldy et al. 2002;
Valentine et al. 2002). The inertia behind the
seagrass-to-detritus paradigm of carbon flow af-
fects decisions about what variables to include in
monitoring and restoration plans for submerged
aquatic vegetation (SAV). Plans dominated by
variables causing physiological stress to eelgrass
are appropriate for many estuaries, but the same
plan may be less effective in another estuary
where seagrass and epiphyte grazers have a larger
role in affecting the productivity of the system.
What effects could grazers of eelgrass and
epiphyte mesograzers have on the productiv-
ity and biomass of eelgrass in Humboldt Bay?
Black Brant geese and some other migratory
waterfowl graze on eelgrass beds in each of the
bays between Baja California, Mexico, and
Alaska (Wilson and Atkinson 1995; Reed et al.
1998; Ganter 2000; Moore et al. 2004; Ward et
al. 2005%). Black Brant arrive in Humboldt Bay
on their northward migration around Decem-
ber of each year. They are presently peaking
in abundance at about 17,000 individuals by
mid-March and most birds have flown north
by May (Lee et al. 2007*). Terrestrial systems
demonstrate a strong positive relationship
between moderate levels of grazing and primary
productivity (McNaughton 1985; Jeffries 1988;
McNaughton et al. 1989, 1991; Rowcliffe et al.
1995; Bakker and Loonen 1998), and some of
the warm-water seagrass grazers have also had

*Paper was reviewed and updated since presentation to
include relevant citations.
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positive effects on seagrass growth (Ziemen et
al. 1984; Cebrian and Duarte 1998; Valentine
and Heck 1999). The capacity of grazed plants
to be more productive than nongrazed indi-
viduals of the same species is termed overcom-
pensation or compensatory growth (Belsky
1986; Belsky et al. 1993). Overcompensation
in seagrasses can occur either by increasing leaf
growth rates or the rate of shoot production
(Clausen 1994; Valentine et al. 1997). Black
Brant often eat the youngest eelgrass leaves
with the highest nitrogen content and avoid the
shoot apical meristem, leading to the hypoth-
esis that they “garden,” or enhance the propor-
tion of leaves with a high nitrogen content by
regrazing and adding fecal matter to the same
eelgrass patches (Moore and Black 2006).
Southern Humboldt Bay, with its greater eel-
grass shoot densities and biomass than North
Bay, is also the bay where the majority of Black
Brant feed and roost (Moore et al. 2004); and,
since even the youngest eelgrass leaves are poor
fodder relative to terrestrial grasses, the geese
have to optimize their foraging time (Moore
and Black 2006). Far fewer birds graze on
North Bay eelgrass, which could be because of
the greater amount of human activity on and
around this bay, the lower shoot densities do
not attract them, or the eelgrass may not be

as accessible to the birds since the eelgrass in
North Bay is deeper than South Bay and Black
Brant only feed while floating over the eelgrass
(Moore et al. 2004).

Seagrass mesograzers are capable of regu-
lating epiphyte biomass (Williams and Ruck-
elshaus 1993; Jernakoff et al. 1996) and thus
potentially also increasing seagrass productivity
by removing epiphytes that intercept PAR,
particularly in the blue and red wavelengths
(van Montfrans et al. 1984; Drake et al. 2003).
Caprellid and gammarid amphipods, the
isopod Idotea resecata, the gastropod Lacuna
variegata and the opisthobranch Phyllaplysia



taylori all occur in Humboldt Bay; and eelgrass
epiphytes make up part or all of their diets
(Beeman 1968, 1969, 1970; Zimmerman et al.
1979; Williams and Ruckelshaus 1993; Nelson
1997b; Nelson and Waaland 1997; DeLo-
renzo 1999). Phyllaplysia taylori is cryptically
colored and spends its entire life on eelgrass
leaves (Bridges 1975); and, while its reproduc-
tive biology has received some attention (Bee-
man 1970; Dykhouse 1976; Jaeckle 1984), its
ecological function as an eelgrass mesograzer is
just beginning to be appreciated. The number
of adult P taylori in North Bay shows an inverse
relationship with eelgrass epiphyte loads (Keiser
2004). The present study therefore used aquaria
to test the hypothesis that P zylori can reduce
epiphyte loads, and this hypothesis was sup-
ported each time the experiment was run. We
also noticed that more P raylori became perma-
nently detached from the eelgrass leaves at the
higher flow rate of 3.0 L/min, similar to the
way snails are removed from shoots of Zostera
noltii that occur at sites in the North Sea with
more water movement. The loss of these snails
results in epiphyte release (Schanz and Asmus
2002). The consequences of grazers to plant
productivity in other systems, the dependence
of Black Brant on eelgrass and the correlative
and experimental data for P taylori all indicate
that Black Brant grazing could be increasing
leaf growth rates or shoot densities in Hum-
boldt Bay and that leaf cleaning by P taylori
and possibly other mesograzers allows eelgrass
to be more productive. Eelgrass productivity
and biomass in Humboldt Bay may not only be
the result of fluctuations in physical factors.
The ESM conceptual model of com-
munity regulation that we applied to eelgrass
in Humboldt Bay does not include parasit-
ism as one of its biotic interactions although
the pathogen Labyrinthula zosterae (Protista,
Heterokontophyta), which has severely reduced

eelgrass biomass in the northwestern Atlantic

(Muehlstein 1989; Muehlstein et al 1991),
could have a major effect on the eelgrass habi-
tat in the bay. Although there has never been a
large-scale die-off of eelgrass in Humboldt Bay,
the characteristic black leaf lesions of the wast-
ing disease and L. zosterae itself are present on
eelgrass in the bay (Leander, pers. comm.). The
conditions that trigger an outbreak of L. zosterae
are unclear.

The advantage of this model is that it has
a broad perspective, and its application to the
eelgrass in the Humboldt Bay environment in
this analysis leads us to hypothesize that low
light due to suspended sediments will be one of
the largest stressors to eelgrass. Mechanisms of
importance that could also impact eelgrass at a
bay-wide scale are nitrate levels that, if not com-
pensated by sediment ammonium, could limit
eelgrass growth and the intensity of epiphyte
grazing by Phyllaplysia taylori. Other factors
regulating eelgrass abundance and trophic
relationships—in particular wind waves, desic-
cation, Black Brant grazing and anthropogenic
activities like dredging and mariculture opera-
tions—will have more localized effects. In total,
South Bay should be less stressed and more
regulated by top-down trophic interactions than
North Bay, and future information should show
relatively finer-scale differences in stress within

the bays.

Management Tools and Supporting Research
One approach to the conservation of the
eelgrass ecosystem in Humboldt Bay is to use
the environmental stress model of Menge and
Sutherland (1987), or a similar model, in order
to derive a set of eelgrass habitat requirements.
While several endeavors of this kind are under-
way around the world, requirements developed
for submerged aquatic vegetation (SAV) in

the Chesapeake Bay are a particularly strong
example (Kenworthy et al. 2006). Because of
the susceptibility of SAV to low light and the
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multiple anthropogenic activities that degrade
aquatic light, the Chesapeake Bay Program

has focused on light attenuation either just
through the water (based on Secchi depth or
direct measures of light attenuation) or the
more accurate but data-intensive approach of
accounting for light attenuation by epiphytes
as well as the water column (based on water
column and epiphyte extinction coeflicients,
epiphyte biomass, total suspended solids,
nutrients; Dennison et al. 1993; Batiuk et al.
2000). In both approaches, there is an attempt
to manage the light environment to meet SAV
requirements, which are stratified according to
salinity regime. Batiuk et al. (2000) also recog-
nize that other physical factors (e.g., tidal range,
tidal velocities, wind waves, sediment grain
sizes, porewater sulfide) have to be incorporated
into habitat requirements in the future. This
approach could be adapted for Humboldt Bay;
but we suggest that, in addition to these physi-
cal factors, since eelgrass growth and the health
of this critical fish habitat may be positively
affected by Black Brant grazing and mesograzers
like Phyllaplysia taylori, these organisms need to
be part of the habitat requirements for eelgrass
in Humboldt Bay.

Even when the original data presented in
this analysis is combined with existing studies,
it is clear that several types of studies are neces-
sary for both a more complete perspective of
eelgrass regulation in Humboldt Bay as well as
the development of relevant and accurate habi-
tat requirements for eelgrass in the bay. The first
group of studies needs to expand upon what is
known about the spatial and temporal patterns
of eelgrass in Humboldt Bay. More complete
maps of eelgrass and green algal distribution,
with the upper and subtidal lower elevations of
the eelgrass beds clearly demarcated, are neces-
sary in conjunction with long-term monitoring
of eelgrass metrics at select locations to identify

watershed and climate effects.
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The second group of studies needs to more
completely enumerate the spatial and tempo-
ral variability of water-column and eventually
epiphyte attenuation of light (e.g., Batiuk et
al. 2000). Water column K | values and cor-
responding compensation depths from San
Francisco Bay should be similar to those in
Humboldt Bay and therefore give a range of
K, values to expect and a possible target for
management. These are K 4=1.5,1.6(=2.0
m MLLW), K, = 1.9 (-1.5 m MLLW), K, -
2.2 (<1.0 m MLLW) and K,=3.1(0.5m
MLLW) (Zimmerman et al. 1991; Wyllie-Ech-
everria and Fonseca 2003). The present study
indicates that water-column attenuation of light
due to suspended sediments needs to be better
understood in Humboldt Bay, and it will not be
possible to manage for K if the origins of sedi-
ments in the bay remain relatively unknown.
The efficacy of managing the light environment
could be evaluated by both remote sensing (Ba-
tiuk et al. 2000) as well as Zimmerman’s (2003)
biooptical model for predicting eelgrass produc-
tivity in which K is one of the parameters.

A third group of studies needs to further
describe the spatial and temporal pattern of
nitrate, ammonium and phosphate in the water
column and sediments of the bay and deter-
mine if any of these nutrients are contributing
to light attenuation by promoting phytoplank-
ton or epiphyte growth or if they are having di-
rectly toxic effects. As is the case for sediments,
management of nutrients will only be possible
if nutrient origins are known; and, since nitrate
is primarily oceanic in origin, ammonium and
phosphate need specific attention. A fourth
set of studies should examine many of the less
understood physical factors that affect eelgrass
distribution and productivity, particularly the
role of wind-wave disturbance and sediment

grain size in setting upper limits for eelgrass in
Humboldt Bay.



A final group of studies needs to exam-
ine the importance of top-down interactions
from Black Brant and mesograzers on eelgrass
productivity. Black Brant are known to occur
in large numbers in Humboldt Bay and con-
sume the eelgrass (Moore et al. 2004; Moore
and Black 2006); but their effects on eelgrass
productivity, potentially positive or negative
depending upon feeding behavior and popula-
tion size, are unknown. Since grazing changes
the vegetation structure of the eelgrass bed, it
is also possible that Black Brant affect the type,
number and size of crabs, fish and shrimp using
the bed. A more complete temporal and spatial
description of the eelgrass mesograzer guild in
the bay is also necessary, particularly for Phylla-
plysia taylori. In addition, sources of mortality of
P taylori, likely suspended sediments and eutro-

phication (Clark 1995), need to be identified.
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ables and Figures

Table 1. A comparison of the minimum and maximum ambient water column nitrate and ammonium
levels (M) in North Bay and South Bay during periods of upwelling and nonupwelling. Data are from
Pequegnat and Butler (1981) and Barnhart et al. (1992). Data in these publications appear as

ug atoms/L and are presented here as pM, and water-column ammonia (NH3) values from these publi-
cations are presented as ammonium (NH,"). Samples from Pequegnat and Butler (1981) and Barnhart
et al. (1992) were taken during high-salinity months (June and September 1980; July 1986) and, in
order to represent the nitrogen environment for eelgrass in the two bays, the data presented are the
minimum and maximum values from only those sites occurring well within the two bays.

Location NO- NO, NH,* NH,
upwelling nonupwelling  upwelling nonupwelling
Just outside or
. inside Entrance

. Channel 9.9-16.9 0.23-4.03  1.90-2.41 0.0-2.98
North Bay 0.40-2.70 0.34-122  1.80-3.80 1.27-2.71
- South Bay 0.79-5.23 0.00-2.40  1.96-2.98 0.46-2.98

NO," water 4.0 Zimmerman et al. (1987)
8.0 Thom and Albright (1990)
NH,* sediment 10.0-30.0 Zimmerman et al. (1987)
100.0 Dennison et al. (1987) 5
: 100.0 Williams and Ruckelshaus (1993)
- Uptake Rate 5
5 NO;" leaves >23.0 lizumi and Hattori (1982)
NH," leaves 20.5 Thursby and Harlin (1982)
NH," roots 211.0 Thursby and Harlin (1982)
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Figure 2. The South Bay end of Humboldt Bay and part of central Humboldt Bay. Modified from the color
aerial photograph (originally 1.6-m resolution) taken by The Humboldt Bay Harbor, Recreation and
Conservation District during January 2000.
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Figure 3. Turbidity values during 2003 and 2004: (A) during representative tidal cycles from July 2003, (B)
an example of high-turbidity values during the fall of 2003 and (C) turbidity and water-depth data from the
CICORE Dock B Sonde (Figure 1). Gaps in the turbidity curve (A) are due to missing data, and all values
greater than 500 NTU were removed.
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Figure 4. The relationship between salinity as measured by the CICORE Dock B Sonde and precipitation as
recorded by Schlosser’s Davis Pro weather station. Salinity gaps are missing data.
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Figure 5. The relationship between precipitation, salinity, the water depth (A) and turbidity (B). Turbidity
values greater than 500 NTU were removed. Precipitation data are from Schlosser’s Davis Pro weather station;

all other variables are from the CICORE Dock B Sonde.
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Figure 7. Turbidity (CICORE Sonde Dock B) compared to the wind speed readings from the NOAA Eureka
Buoy (#46022), which is located 31 km west-southwest of Eureka (40° 43’ 12" N, 124° 31’ 12" W). Gaps in

both curves are missing data.
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Figure 8. Comparisons of turbidity (CICORE Sonde Dock B) and wind speeds from specific directions dur-
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ware connect curves from different directions.
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Figure 9. The relationship between water temperatures and tidal cycles in Humboldt Bay as recorded by
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interannual variation of seawater temperatures occurring outside and inside of Humboldt Bay (C). The latter
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the NOAA Eureka Buoy (#46022), whereas the Humboldt Bay temperatures are from the Eureka Sea Grant
Temperature Logger (Figure 1) and the CICORE Dock B Sonde. Gaps in the offshore curve are due to miss-
ing data but gaps in the Humboldt Bay curves are due to the decision to use only summer temperatures (see

RESULTS).
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Abstract

In recent years, analysis using geographic information systems (GIS) technology has become very
important to the natural and physical sciences. Fisheries biologists have been employing GIS in
many aspects of fish management. Analyses in estuarine systems that contain commercially and
recreationally important fish species are increasing in scope and value.

Fish abundance and diversity in Humboldt Bay, Humboldt County, California, were examined
from September 15, 2000 to November 30, 2001. Sixty-seven fish species from 25 families were
documented. Water quality parameters were also collected throughout the bay. These data were used
to create several GIS coverages that can be used to analyze fish distribution with respect to habitat
type within Humboldt Bay.
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Introduction

Humboldt Bay is the second largest coastal
estuary in California. In terms of its diversity
and abundance of estuarine fauna, it is second
only to San Francisco Bay (U.S. Department of
the Army 1977). Its importance as a spawning,
nursery and feeding ground for both estuarine
and oceanic fishes has been established (Barn-
hart et al. 1992). It supports both commercial
and sport fisheries for Pacific herring, Northern
anchovy, and California halibut, as well as shark
and surfperch (Warner 1982). Because of its
ecological importance, studies of fish, bird and
plant species inhabiting the bay are numerous.
Most fish studies involving Humboldt
Bay have concentrated on commercially or
recreationally important species. For example,
Misitano (1970, 1976) studied the early life
history stages of English sole, Parophrys vetu-
lus. Misitano found that English sole enter
Humboldt Bay at approximately the same
time that they begin settling to the bottom.
Anderson and Bryan (1970) described growth
of surfperches in Humboldt Bay. They detailed
length-weight relationships between males and
females by studying scales from three species of
surfperch collected in the bay. Rabin and Barn-
hart (1977, 1986) studied the fecundity and
population characteristics of Pacific herring,
Clupea pallasi, in Humboldt Bay. Through their
research, eelgrass beds near freshwater creeks
were determined to be the primary spawning
areas. In 1978 Collins described feeding behav-
ior of both English sole and speckled sanddab,
Citharichthys stigmaeus. Collins discussed and
modeled feeding strategies and food selection
of the two species. Toole (1980) expanded on
earlier English sole studies by describing the re-
lationship between life stage and feeding behav-
ior as it pertained to specific locations within
Humboldt Bay. Bloeser (2000) described the
biology of adult California halibut, Paralichthys

californicus, in Humboldt Bay. Hers was the

i first study to research this species’ use of Hum-
boldt Bay and the effect of an El Nino event on
i the population’s presence in the bay.

Much of the current knowledge of fish

species known to use Humboldt Bay comes

{ from Master’s theses conducted at Humboldt
State University. Eldridge (1970) found that
the abundance of larval fishes increased with
increasing distance from the mouth of Hum-

: boldt Bay. His study found a total of 37 species
of larval fish. DeGeorges (1972) also collected
a number of fish species in Humboldt Bay

that had not yet been documented during his

: study of artificial reefs in South Bay. Samuelson
(1973) and Sopher (1974) each conducted trawl
surveys in South and North Bay, respectively, to
determine species composition. These two stud-
ies are commonly cited in other publications

i describing the fish composition in Humboldt
Bay. Waldvogel (1977) studied the distribution
and age structure of Northern anchovy, Engrau-
lis mordax, in Humboldt Bay. In the process, he
documented 16 incidentally collected species.
Other studies that provide information regard-
ing species composition can be found in Prince
and Gotshall (1976), Hill and Hendrickson
(1991) and Chamberlain and Barnhart (1993),
among others. Each of these has documented
the presence of specific fish and added to the

© current information of species composition in

Humboldt Bay.

Further information on the fish species in-

habiting Humboldt Bay is often based on sum-
mary reports, both published and unpublished

i (Gotshall 1966; Monroe 1973; Shapiro and As-
sociates 1980; Gotshall et al. 1980; Barnhart et
al. 1992; Fritzsche and Cavanagh 1995). These
papers reference the research of Humboldt State
i University, Master’s theses, historical records and
personal communications. Because of this, de-
termination of dates and locations of fish species
collected in Humboldt Bay are often difficult

to ascertain. A majority of the data presented in
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these papers was collected in the 1970s.

These studies are also limited in applica-
tion because only certain habitats within Hum-
boldt Bay were sampled. Examination of many
habitats would allow for a new understand-
ing of fish distribution as it relates to habitat
type, and provide detailed information for
GIS analyses regarding ecological relationships
within Humboldt Bay. It would also produce a
database of current information regarding fish
species and their distribution in Humboldt Bay.

Geographic information systems technol-
ogy allows for complex spatial analyses to be
conducted. Its capabilities allow scientists to
examine ecological relationships to improve
fisheries management decisions. For example,
established characteristics for suitable salmon
spawning habitat were entered into GIS in
order to determine possible locations that met
these criteria (Dauble et al. 1999). The health
of fish habitat can also be determined using
GIS. Hawks et al. (2000) used GIS as an aid in
the development of watershed interactions, and
determined appropriate acquisition areas based
on human impacts, percentage of public land,
species richness and habitat characteristics.

Geographic information systems can also
be very useful for predictive analyses. Keleher
and Rahel (1996) were able to model potential
fish habitat loss based on gradual increases in
temperature over time. Many variables affect
the distribution of fish and habitat utilization.
Geographic information systems allow a num-
ber of environmental factors to be analyzed.
Zheng et al. (2002) found that statistical analy-
ses used to describe spatial patterns of whit-
ing, Merlangius merlangus, were limited and
potentially incorrect. Subsequently, in order
to accurately model the relationship between
environmental conditions and abundance of
whiting, GIS was used.

The ability of GIS to query spatial data

and produce maps of species distribution makes
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it highly practical for analyzing fish habitat
data. Fortunati et al. (2002) recognized the im-
portance of analyzing and depicting trawl data
using GIS, and therefore described the Trawl
Survey Data Viewer (TSDV), a new GIS tool.
This tool allows researchers to apply the graphic
capabilities of GIS to the large amounts of

data collected during trawl surveys. Singh et al.
(2000) used maps created in GIS to support a
proposal to include Musquash Estuary in New
Brunswick, Canada, as a Marine Protected Area
(MPA). The capabilities of GIS allowed clear
representation of fish habitat and distribution.

Several physical and biological features
of Humboldt Bay are currently being mapped
using GIS. Many of these are available from the
Humboldt Bay Harbor, Recreation and Conser-
vation District at http://www.humboldtbay.org.
Several of the maps describe the infrastructure
surrounding the bay, including property lines
and roads. There are also maps depicting bird
habitat, oyster culture beds, and historic and
current eelgrass bed locations. The capabilities
of GIS are useful to the Humboldt Bay Harbor,
Recreation and Conservation District because
it is responsible for the management of the Port
of Humboldt Bay. Consequently, it maintains
the many GIS coverages of the bay. However,
there is no coverage available that describes the
location of finfish in Humboldt Bay.

This study is important because fish dis-
tribution data have never been collected over
such a large scope of locations within Hum-
boldt Bay. Physical-chemical parameters have
also been recorded at many sampling locations.
These data can easily be combined with habi-
tat type data in GIS, allowing specific queries
of the data. For this study, GIS will be used
to determine habitat utilization by fishes of
Humboldt Bay, and primarily for its ability to
graphically depict fish distribution within the
bay.



Site Description

Humboldt Bay is located 372 kilometers north
of San Francisco Bay at latitude 40° 46'N and
longitude 124° 14 W (Figure 1). The bay is
composed of three subbays: North Bay, Entrance
Bay and South Bay. Collectively, the bay mea-
sures 22.5 km in length, with an area of 62.4
km? at mean high water (MHW), and 28.0 km*
at mean low water (MLW) (Proctor et al. 1980).
Humboldt Bay is primarily exposed at low tide,
with 65-70% of the entire bay made up of mud-
flats, the dominant habitat in both North and
South Bays (Barnhart et al. 1992).

The bay is considered an atypical estuary
because true estuarine conditions rarely occur
due to limited freshwater input. There is also
little mixing in the bay. At low tide, water that
was covering the mudflats and present in the
channels at high tide moves into the deeper
channels and nearshore waters, respectively
(Pequegnat and Butler 1982). A descriptive
classification of Humboldt Bay was given by
Costa (1982) when he described it as a tide-
driven, multibasin coastal lagoon.

North Bay, also called Arcata Bay, is the
largest of the three subbays, with a surface area
of 8,000 acres (Monroe 1973). Jacoby Creek
in the northeast, and Freshwater Creek and Elk
River in the southeast provide freshwater to
North Bay. Seventy-seven percent of the MHW

area of North Bay is made up of intertidal mud-

flats, which are segmented by channels (Figure
2). North Bay Channel, Samoa Channel, and
Eureka Channel are deepwater channels that
extend from Entrance Channel, at the entrance
of the bay, into North Bay. Mad River Slough
Channel and Arcata Channel are shallower tidal
channels that branch from deeper channels and
segment into several tidal gullies.

South Bay is approximately 4,600 acres
in area (Monroe 1973). Mudflats are the major
habitat type, making up 81% of the MHW

area in this subbasin. Freshwater input comes
from Salmon Creek, which flows into the
southeastern portion of South Bay. Two chan-
nels, Hookton Channel and Southport Chan-
nel, extend from Entrance Channel into South
Bay. Because the tidal prism, MHW to MLW,
of South Bay is 68% (higher than the 44%
tidal prism of North Bay), the water in this bay
is much closer in character to nearshore water
(Pequegnat and Butler 1982).

Eelgrass, Zostera marina, is commonly
found on the low mud flats near tidal gullies
of both North and South Bays. Harding and
Butler (1979) estimated the combined area of
eelgrass cover in both North and South Bays
to be 1,221 hectares, with a higher biomass in
South Bay. Current mapping of eelgrass beds in
Humboldt Bay is being carried out (McBride
2003, pers. comm.). Based on digital images
taken in October 2000 by the California Depart-
ment of Fish and Game, the area of eelgrass in all
of Humboldt Bay was determined to be 1,951
hectares, with North Bay possessing a larger area
of eelgrass than South Bay (McBride 2003, pers.
comm.).

Entrance Bay connects North and South
Bays and is essentially a deep channel that
includes the mouth of Humboldt Bay. The area
covered by water remains relatively constant
throughout the tidal cycle, with only 10% of its
area considered tidal flat (Barnhart et al. 1992).
Two jetties, approximately 2 km in length, were
constructed at the entrance of the bay from
1889 to 1899. The entrance to Humboldt Bay
increased in depth from 12 to 27 feet due to this
construction (Tuttle 1982). The addition of the
jetties caused an increase in wave energy entering
the bay (Costa 1982), and led to the complete
rebuilding of the jetties from 1911 to 1925 (Tuttle
1982). Much of the shore of Entrance Bay is
lined with rip-rap due to this increased wave ac-

tion (Figure 3).
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Figure 1. Humboldt Bay, Humboldt County, California. Map modified from National Wetlands Inventory
(NWI) Data, U.S. Fish and Wildlife Service, 1987.
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Figure 2. Intertidal mudflats in North Bay of Humboldt Bay, Humboldt County, California. These flats,
located near the Arcata Marsh of northern North Bay, are segmented by tidal gullies.

Figure 3. The shore of Entrance Bay of Humboldt Bay, Humboldt County, California, is lined with rip-rap
due to increased wave action. This photo was taken near the town of King Salmon, along the eastern shore of
Entrance Bay.
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In order to maintain channel depths, the
U.S. Army Corps of Engineers (USACE) is
required to dredge Humboldt Bay channels an-
nually. Entrance Channel, North Bay Channel,
Samoa Channel, Eureka Channel and Hookton
Channel are dredged to depths of 7.9-10.7
meters (Barnhart et al. 1992). Major modifica-
tions of channels require sponsorship from the
local Humboldt Bay Harbor District, which
sponsored USACE projects to deepen Entrance
Channel, North Bay Channel and Samoa
Channel in April 2000 to improve navigation
(Humboldt Bay Harbor District; htep://www.
humboldtbay.org). In addition to dredging,
other modifications such as diking, draining
and filling have changed the morphology of
Humboldt Bay remarkably (Glatzel 1982).

The National Wetlands Inventory (N'WI)
of the U.S. Fish and Wildlife Service (USFWY)
is responsible, under the 1986 Emergency
Wetlands Resource Act, for characterizing and
sizing the country’s wetlands and deepwater
habitats. The agency has mapped approximately
90% of the wetlands in the continental United
States, 44% of the maps are available in digital
format (http://wetlands.fws.gov). They have dis-
tributed over one million digital wetland files;
all are available for use by the private sector.

The NWTI uses Cowardin et al. (1979) for
classification of wetlands and deepwater habi-
tats (Appendix A). This scheme is widely used,
and serves as a consistent system for describing
wetland habitat. The hierarchical system be-
gins with five major categories: Estuarine (E),
Lacustrine (L), Marine (M), Palustrine (M),
and Riverine (R). The digital map of Humboldt
Bay, available through the NWI, is used as the
base habitat map in this GIS study.

Materials and Methods

Field sampling of fishes in Humboldt Bay
began on September 15, 2000, with surveys
continuing until November 30, 2001. A major
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objective of the field sampling was to increase
effort in areas that had not been typically in-
vestigated in past studies. Many locations along
the periphery of the bay, as well as sloughs,
channels, beach and rubble areas, mud flats and
eelgrass beds were selected by reviewing a Na-
tional Oceanic and Atmospheric Administration
(NOAA) navigational chart. Some sampled areas
not evident on the chart were detected through

examination in the field.

Coordinates

Geographic coordinates were collected at each
site in order to accurately record the location.
Points for many intertidal and subtidal loca-
tions were collected on the shore adjacent to the
wetted area sampled. Locations were recorded as
geographic coordinates in degrees, minutes and
seconds, using a Trimble GeoExplorer II hand
held Global Positioning System (GPS) unit. The
GPS points were collected instantaneously, and
not averaged or corrected. A total of 280 points
were collected using this GPS unit. Forty-nine
trawling locations, sampled using the R/V 7he
Coral Sea, were collected via a Furuno GPS

80 unit. Because the base layer map of Hum-
boldt Bay was projected in Universal Transverse
Mercator (UTM), these coordinates were then
converted using Corpscon for Windows Version

5.11.08.

Fishes

The focus of fish sampling was in areas that

had not been thoroughly sampled in the past,
including small channels, sloughs, rip-rap areas
in the vicinity of the jetties and flocculent mud
flats. Sampling techniques varied with habitat
type. Much of the sampling was completed from
the shore using pole seines, which varied in size
from 8-50 feet long by 4-6 feet deep with a
mesh size of 0.25 inch. Two to four crewmem-
bers pulled the pole seine either parallel to shore
or at a slight angle towards the shore. Beach

seines were also used, and ranged in size from



120 to 150 feet long by 6 to 8 feet deep with
a mesh size of 0.25 inch. One end of a beach
seine was stacked on the shore while the free
end was attached to a small aluminum skiff.
The skiff was then used to deploy the seine in
order to make a half circle from the shore. Once
the skiff had completed the set, crewmembers
would pull the net onto the shore.

Sampling of the major channels in the bay
was conducted from the R/V Coral Sea using
a 32-foot epibenthic otter trawl with a 2-inch
stretch mesh in the body and 1-inch stretch
mesh in the cod end. Seventeen trawls were
completed using this trawl net. Trawling over
eelgrass beds was done using a 16-foot epiben-
thic otter trawl with a 1-inch stretch mesh in
the body and 0.25-inch stretch mesh in the
cod end. Sixteen trawls were done with this
net from Humboldt State University’s 27—foot
aluminum pontoon boat. The tow speed and
length of each trawl was dependent upon
location, and was recorded to the nearest min-
ute. On most occasions, geographical coor-
dinates were taken once the trawl entered the
water and again when the net was pulled out of
the water.

The pontoon boat was also used to deploy
a 6-foot modified beam trawl with 3-mm mesh
to collect juvenile fishes a total of eight times.
Standard minnow traps were also used in areas
where nets could not be easily deployed. For
example, minnow traps were attached to rip-rap
at the entrance to the bay, which is a deep chan-
nel with very steep sides. A total of 30 traps
were set in Humboldt Bay. The type of gear
used reflected the habitat type being sampled,
and there was no attempt to complete repetitive
sampling. Due to this, the resulting data do not
allow for any advanced statistical analyses.

All fishes were identified, enumer-

ated, measured to the nearest millimeter (total
length, TL), and released at the site of capture.
Fish that could not be identified in the field

were fixed in either 5-10% formalin, depend-

ing on life history stage. These specimens were
brought back to the laboratory where they were
subsequently transferred to 40% isopropyl
alcohol and identified. An approved protocol

i was obtained under the Institutional Animal

Care and Use Protocol #00/01.FE104.A. Fishes

were primarily identified using Miller and Lea

(1972). Other keys used were Tarp (1952), Hitz
(1965), and Materese et al. (1989).

Water Quality
Temperature, salinity and dissolved oxygen
were measured concurrently with fish sampling

with either a Yellow Springs Instrument (YSI)

model 85 or model 33. Location and number
of readings were contingent upon the nature of
the sample site. For example, a slough would
require readings to be taken at the mouth where
salinities might be higher, and also at the termi-
nus, where salinities might be lower. In order

to accurately represent changes in water quality
over area, readings were taken as frequently as

possible.

GIS Analysis

A digital habitat map of Humboldt Bay was

obtained from the NWI Web site (http://

www.nwi.fws.gov). Seven separate ARC/INFO

export files corresponding with the U.S. Geo-
logical Survey (USGS) 7.5-minute topographic
quadrangles, were downloaded to obtain a
complete coverage of Humboldt Bay (Envi-
ronmental Systems Research Institute 1999a).

i These were joined into one contiguous coverage

and then the dissolve command was used to
combine the attribute tables into one database
table.

The polygons of the resulting coverage
included habitat types as well as their area.

¢ The habitat types included estuarine, marine,

palustrine and riverine. For each of these high-

level categories, many subsystems were defined.

i A new column was added into the attribute

table to condense the habitat code for all but
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the estuarine type into one code for each. For
example, instead of including all three marine
habitats: M1UBL, M2US2N and M2US2P,
polygons were merged to include all subcatego-
ries under the single heading “Marine.” This
coverage was used as the base layer for fish and
water-quality data.

Two separate tables were created in Mi-
crosoft” Excel to include spatial information
for each sample location. Most sites were rep-
resented by points. Most trawl sites were repre-
sented by a pair of points representing the start
and end of the trawl. Each point in both tables
was given a unique number based on sampling
order. These tables were saved as dBASE IV
files, and imported as shapefiles using ArcView”
3.2 (Environmental Systems Research Institute
1999b). These shapefiles were then converted to
coverages.

The point shapefile depicting trawl loca-
tions was edited in ArcMap to create lines (En-
vironmental Systems Research Institute 2000).
For trawls with a start and end point, lines were
digitized connecting the two. Trawl lines that
crossed an upland polygon when a straight line
was digitized were given a central vertex outside
of the upland polygon. For trawls with only a
start point, trawl length was determined using

the equation: d = vt, where d = distance, v = ve-

locity and t = time, as both the speed of the boat

as well as the length of time for each trawl were
known. Once the distance was obtained, lines
were digitized to the specific length. The appro-
priate azimuth was retained for all lines. These

trawls were saved as a line shapefile. A column

was added to the attribute table to give each line

a new, unique identification number.
With the creation of the line shapefile, a
completely new set of unique identifying num-

bers was created for the point shapefile. This was

necessary, as the original point shapefile includ-
ed all sampling events in one series of numbers.

Because there were two separate shapefiles,
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new numbers were needed. The attribute table
reflects the addition of new numbers with the
original number identified as “Sample_#,” and
the new number identified as “ID.” The sample
number was retained in the attribute table to
allow easy cross-referencing with originally col-
lected tabular data.

Two tables were created in Excel to in-
clude fish data collected at each site: one for
point locations and one for line locations. The
tables included, for each feature, the common
name of the fish species collected, the maxi-
mum, minimum and average length and abun-
dance for each species. The table also included
the respective identification number (ID) for
each sampling site. Similarly, two water-quality
data tables were created. These tables were saved
as dBASE 1V files.

Upon viewing the point shapefile with
the habitat map shapefile in ArcMap, it was
apparent that many points did not fall within
the correct known habitat polygon. This was
primarily due to established, inherent error in
both the GPS units and the map data, but also
the nature of GPS point collection. Therefore,
many points appeared to fall on land. Other
inaccuracies were noticeable when points fell
just outside the respective channel sampled
(Figure 4).

Point-in-polygon and line-in-polygon in-
tersections were performed between the sample
location files to allow easy examination of what
habitat type contained points and transects by
searching only the attribute table. A consider-
able number of locations that were, in actuality,
sampled in estuarine habitat appeared to fall
within upland or palustrine habitat polygons.
These points were selected from the attribute
table. An export file was created that contained
only these points.

In order to move these points into the
correct habitat polygons, the editing function
in ArcMap was used. The original point shape-
file was used as the editing layer. Each point
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Figure 4. The habitat coverage of Humboldt Bay, Humboldt County, California, with associated sample

points coverage. The red point layer entitled “pt_coverage” represents the sampling locations from September

2000 to November 2001 before editing occurred. Notice that many of the points fall just outside narrow

channels, and also on land.

from the export file was examined individually
while reviewing raw data sheets for accuracy of
location. Points that fell outside the actual areas
sampled were mapped to an appropriate nearby
location. These included points in both estua-
rine and palustrine habitat polygons. Points
that fell in the sloughs and channels that were
not evident on the map were not edited. The
newly edited points were saved as a separate
shapefile (Figure 5).

The edited point coverage was intersected
in ARC/INFO. After this intersection, the only
points that fell within upland polygons were
the unedited points from sloughs and channels
not detectable on the map. The original inter-
sected line shapefile was free of discrepancies.
Any further editing of points was made directly
to the new intersected coverage.

The fish and water-quality data tables were

related to the intersected point and line cover-

ages on the common ID field in the attribute
tables in ArcMap. Because dBASE 1V files cre-
ated in Excel do not maintain cell formatting,
columns containing text were not recognized
in ArcMap. A new text column was added to
the fish data tables in ArcMap, and the field
calculator was used to copy the original species
column, “Fish_Sp,” to the new column, “Spe-
cies.”

After the finished tables were related to
the spatial data, specific data were queried for
all habitat analyses. Specific habitat types were
selected from the intersected coverages. Because
the fish data tables were related, statistics for
all species collected in a selected habitat were
easily queried. For example, searches for specific
fish species were easily conducted to determine
locations within the bay where these species
were captured. (Figure 6). Likewise, the aver-

age length for a particular species was obtained
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116 ... Gleason



by averaging the average length column; over-
all maximum lengths were obtained from the
maximum-length column. In the same way,

species were also queried by subbay.

Results

Point and line coverages were created to depict
sampling locations in Humboldt Bay (Figure
7). Before the marine, palustrine and riverine
habitat types were condensed into one, the
Humboldt Bay coverage contained a total of 89
habitat types, under the five major headings:
estuarine, marine, palustrine, riverine and up-
lands (Table 1). For a complete description of
habitat types, see Gleason, Appendix A. For a
specific example, the first habitat type in Figure
7, E1AB3L, describes a habitat type where E =
Estuarine, 1= Subtidal, AB = Aquatic Bed, 3 =
Rooted Vascular, L = Subtidal. Upland habitat
made up most of the area of the coverage, fol-
lowed by the three marine habitat types. There
were 1,022 palustrine habitat polygons making
up 60 different habitat types. The entire cover-
age was made up of 19 estuarine habitat types.
Within the coverage, Humboldt Bay and im-
mediately surrounding wetted areas contained
16 estuarine habitat types (Table 2). Of these
estuarine habitats, 12 were sampled during the
study.

A total of 67 identified fish species from
25 families were collected in Humboldt Bay
using all methods between September 15, 2000
and November 30, 2001 (Table 3). The ten
most abundant species accounted for 94.75%
of the total catch; the three most abundant
made up over 55%. The threespine stickleback,
Gasterosteus aculeatus, was the most abundant
species collected, with 15,655 individuals
captured at 108 separate sites. Shiner surfperch,
Cymatogaster aggregata, and topsmelt, Atherin-
ops affinis, were the second and third most
abundant, respectively.

The seventh most abundant species, the

Pacific staghorn sculpin, Leptocottus armatus,

was collected at 60.44% of the sites, the most

of all species. Similarly, the fifth most abundant
species, surf smelt, Hypomesus pretiosus, was col-
lected at 38.32% of all sites. Topsmelt, the third
most abundant species, was also the third most
commonly collected species, closely following
surf smelt with 38.01%. Juveniles of the family
Osmeridae were not identified to species. In the
results, these are counted as a separate species.
One green sturgeon was collected in Samoa
Channel outside these survey dates.

Eight of the survey points fell within the
upland polygons, and 12 fell in palustrine. All but
two of these points were actually in a narrow drain-
age ditch that runs alongside a diked area of North
Bay. Based on personal observation, the habitat
type of this channel is most likely E2US3N, as
it is: estuarine (E), intertidal (2), with an uncon-
solidated shore (US), made up of predominately
muddy sediment (3), and is regularly flooded
(N). Therefore, the 18 sample points within this
channel were assigned habitat type E2US3N. The
other two points were assigned to habitat type
E2EMIN, where E = estuarine, 2 = intertidal,

EM = emergent, 1 = persistent, meaning emergent

i vegetation that remains, rather than falls to the

surface at the end of the growing season, and N =
regularly flooded.

All trawls were focused within the deeper

portions of the bay. Therefore, the majority of

lines fall within the habitat EIUB2L, where E
= estuarine, 1 = subtidal, UB = unconsolidated
bottom, 2 = sand, and L = subtidal. However,

two trawls entered more than one habitat type

¢ while sampling. It is impractical to separate the

catch of these trawls by habitat type because
the particular habitat where the species were
collected is unknown. These two trawls and re-
sulting fish collected are listed at the end of this
section. The following results are listed sepa-
rately by habitat type in order of area, largest to
smallest. A short description of species collected
by subbay, specifically North Bay, Entrance Bay,
and South Bay, is also presented.

Proceedings of the 2004 Humboldt Bay Symposium ... 117



E1ABIL

T Ewea
e
[ e
T Eowsan
) E»miN
W casmausan
W coov
[0 exmivean
B ewin
I e
[ emean
B cosre
I caosam
I s
. s

I EvsapIN

—

Figure 7. Sample locations within Humboldt Bay, Humboldt County, California, from September 2000 to
November 2001. Habitat map digitized by NWI.
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Table 2. Estuarine habitats of Humboldt Bay, Humboldt County, California, and the
surrounding wetted areas. The codes are listed in order of area, which is given in meters
squared. The number of habitat polygons of the coverage is given, as well as the number of
sampling locations in the form of points and lines. Four estuarine habitat types in
Humboldt Bay were not sampled.

Percent No. of No. of No. of
Code Area Area Polygons Points Lines
E2ABIN 23855 <0.1 2 0 0
E2US2M 31773 <0.1 1 0 0
E2US2P 36177 <0.1 1 0 1
E2EM1/US3N 52021 <0.1 1 2 0
E2US3M 101458 0.1 3 0 0
E2US2N 175368 0.2 6 4 0
E2EM1P 324165 0.5 14 5 0
E1UBL 966043 1.4 5 8 0
E1AB3L 1068204 1.5 3 0 0
E2US3/ABIN 2702989 3.8 10 6 0
E2EMIN 3547248 5.0 80 26 0
E1UB3L 3830974 5.4 12 17 0
E2AB1/US3N 3996251 5.6 24 22 0
E2AB3M 12019885 16.8 28 10 1
E1UB2L 19082203 26.7 3 89 47
E2US3N 23423963 32.8 26 70 0
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Table 3. Sixty-seven identified species were collected in Humboldt Bay, Humboldt County, California, from
September 15, 2000 to November 30, 2001. Species are ordered by number of sites where collection
occurred. Rank of abundance is given for the 25 most abundant species.

No. of Abundance Rank

Fish Sp. Sites  Abundance for top 25 species % Abundance % of Sites
boneyhead sculpin 1 2 <0.01 <1
brown smoothhound 1 1 <0.01 <1
calico surfperch 1 1 <0.01 <1
copper rockfish 1 1 <0.01 <1
curlfin turbot 1 1 <0.01 <1
cutthroat trout 1 2 <0.01 <1
gopher rockfish 1 1 <0.01 <1
lingcod 1 1 <0.01 <1
longjaw mudsucker 1 1 <0.01 <1
medusa fish 1 1 <0.01 <1
red Irish lord 1 2 <0.01 <1
ringtail snailfish 1 1 <0.01 <1
rock greenling 1 2 <0.01 <1
steelhead 1 1 <0.01 <1
fluffy sculpin 2 2 <0.01 <1
mosquito fish 2 10 <0.1 <1
petrale sole 2 2 <0.01 <1
showy snailfish 2 5 <0.1 <1
spiny dogfish 2 5 <0.1 <1
brown Irish lord 3 7 <0.1 <1
California halibut 3 3 <0.1 <1
whitebait smelt 3 5 <0.1 <1
buffalo sculpin 4 5 <0.1 1.2
coho salmon 4 5 <0.1 1.2
leopard shark 4 88 22 <1 1.2
longfin smelt 4 11 <0.1 1.2
Pacific tomcod 4 9 <0.1 1.2
sharpnose sculpin 4 4 <0.1 1.2
Pacific sanddab 5 15 <0.1 1.6
striped surfperch 5 10 <0.1 1.6
juvenile rockfish 6 14 <0.1 1.9
kelp greenling 6 15 <0.1 1.9
Pacific sardine 6 46 25 <0.1 1.9
penpoint gunnel 6 7 <0.1 1.9
pile surfperch 6 14 <0.1 1.9
spotfin surfperch 6 24 <0.1 1.9
silver surfperch 7 121 17 <1 2.2
juvenile flatfish 8 25 <0.1 2.5
night smelt 8 11 <0.1 2.5
plainfin midshipman 8 68 23 <1 2.5
tidewater goby 8 26 <0.1 2.5
bat ray 9 33 <0.1 2.8
butter sole 10 98 20 <1 3.1
sandsole 10 15 <0.1 3.1

—continued p. 122
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Table 3. (continued) Sixty-seven identified species were collected in Humboldt Bay, Humboldt County,
California, from September 15, 2000 to November 30, 2001. Species are ordered by number of sites where
collection occurred. Rank of abundance is given for the 25 most abundant species.

No. of Abundance Rank
Fish Sp. Sites  Abundance for top 25 species % Abundance % of Sites
Pacific sandlance 11 234 15 <1 3.4
bay goby 12 34 <0.1 3.7
white surfperch 12 35 <0.1 3.7
cabezon 13 23 <0.1 4
prickly sculpin 13 34 <0.1 4
redtail surfperch 13 101 19 <1 4
chinook salmon 14 89 21 <1 4.4
black rockfish 17 139 16 <1 5.3
walleye surfperch 17 62 24 <1 5.3
tubesnout 20 312 12 <1 6.2
jacksmelt 21 287 13 <1 6.5
saddleback gunnel 21 44 <0.1 6.5
Pacific herring 24 444 10 <1 7.5
Northern anchovy 33 4499 6 8.2 10.3
speckled sanddab 39 270 14 <1 12.1
starry flounder 39 104 18 <1 12.1
English sole 61 1616 8 2.9 19
arrow goby 72 474 9 <1 22.4
bay pipefish 72 392 11 <1 22.4
Osmerid sp 86 5201 4 9.5 26.8
shiner surfperch 103 8152 2 14.9 32.1
threespine stickleback 108 15655 1 28.5 33.6
topsmelt 122 6805 3 12.4 38
surf smelt 123 5009 5 9.1 38.3
staghorn sculpin 194 4152 7 7.6 60.4
total no. of sites 321 54888
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Estuarine, Intertidal, Unconsolidated Shore,
Mud, Regularly Flooded (E2US3N)

This habitat type has the largest area of es-
tuarine habitat in Humboldt Bay at 32.81%.
Twenty-five percent of the sampling points fell
in this habitat type (Table 4). A total of 19,425
individuals from identified species includ-

ing juveniles from the family Osmeridae were
collected; nearly half of these were threespine
stickleback (48.93%). Northern anchovy and
Pacific staghorn sculpin followed in abundance.
Forty plainfin midshipman, Porichthys notatus,
averaging 36.60 mm in size were also collected
at three points. Eighty-six leopard sharks,
Triakis semifasciata, were also collected at two
points in this habitat type. The largest was ap-
proximately 1,219 mm. Seven tidewater gobies,
Eucyclogobius newberyi, and three unidentified
juvenile rockfish were also collected in habitat
type E2US3N.

Eighteen points that fell in both upland
and palustrine habitat polygons on the map
were assigned this habitat type for purpose of
analysis. These fish were collected in a narrow
channel that parallels the contour of the bay
along both the northern and western border.
The map depicts this slough as a line, and
therefore has no associated habitat data. A total
of 3,532 fish were collected (Table 5). Three-
spine stickleback were collected at 12 points,
Pacific staghorn sculpin were collected at 11
of the points. However, threespine stickleback
made up 86.66% of the total catch. Pacific
staghorn sculpin and topsmelt each made up
less than 5% of the total catch. The remaining
3.74% included 14 other species, including
juveniles of the family Osmeridae.

Estuarine, Subtidal, Unconsolidated Bottom,
Sand, Subtidal (E1UB2L)

This habitat type constituted 26.73% of all es-
tuarine habitat within the bay. Thirty-two per-
cent of all points fell in this habitat. The

identified species, including juveniles of the
family Osmeridae, were collected by methods
other than trawl in habitat type E1UB2L (Table
6). The most abundant species was topsmelt,

followed by surf smelt and Pacific staghorn

sculpin, respectively. One medusa fish, Icichthys

lockingtoni, was collected in this habitat type, as

well as two coho salmon, Oncorhynchus kisutch.

A single gopher rockfish, Sebastes carnatus, was

also found in this habitat type in South Bay.
The identified species, including

juveniles of the family Osmeridae, were col-

i lected during the 39 trawls that were concen-

trated within this habitat (Table 7). Juveniles of

the family Osmeridae were the most abundant

group collected by trawl. Shiner surfperch and

English sole were the second and third most
abundant. Plainfin midshipmen were represent-
ed in both the point and line coverages. In all,
17,080 individuals from 60 identified species,

including juveniles of the family Osmeridae,

were collected in habitat type ETUB2L.

Estuarine, Intertidal, Aquatic Bed, Rooted
i Vascular, Irregularly Exposed (E2AB3M)

Four percent of points fell within this habitat
type, which makes up 16.84% of estuarine

habitat in Humboldt Bay. The identified

species, including juveniles of the family Os-

meridae, were collected (Table 8). Of these, the
most abundant was shiner surfperch at 46.66%
of the entire catch. The second and third most
abundant species were surf smelt and threespine

stickleback making up 30.41%, combined. One

leopard shark measuring 281 mm was collected

in this habitat type near Daby Island, which is

just northeast of Woodley Island in North Bay.

Estuarine, Intertidal, Aquatic Bed, Algal/Un-

consolidated Shore, Mud, Regularly Flooded
(E2AB1/US3N)

Two percent of all points fell in this habitat

type, which makes up 5.60% of estuarine habitat
in Humboldt Bay. Of the 20 identified spe-
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Table 4. Fish species collected in habitat type E2US3N, where E = estuarine, 2 = intertidal,

US = unconsolidated shore, 3 = mud, N = regularly flooded, of Humboldt Bay, Humboldt County,
California, from September 2000 to November 2001. Average, maximum and minimum lengths were
obtained using table queries in ArcMap and are given here under columns Average AVG,

Maximum MAX and Minimum MIN. All measurements are total length in millimeters.

No. of Average Maximum Minimum

SPECIES Points Abundance AVG MAX MIN
pile surfperch 1 1 324 324 324
sharpnose sculpin 1 1 57 57 57
redtail surfperch 1 2 92 92 91
speckled sanddab 1 2 55 65 45
white surfperch 1 2 76 79 72
bat ray 1 3 759 900 620
black rockfish 2 3 55 68 43
saddleback gunnel 4 7 84 141 71
tidewater goby 1 7 46 64 37
bay goby 2 9 51 96 25
prickly sculpin 6 10 70 103 44
starry flounder 8 13 105 246 33
tubesnout 1 20 138 149 124
jacksmelt 5 27 232 346 39
walleye surfperch 5 28 67 211 23
English sole 10 29 65 108 35
plainfin midshipman 3 40 37 60 28
butter sole 1 60 23 32 8
bay pipefish 14 71 172 265 40
leopard shark 2 86 683 1219 300
arrow goby 24 142 51 66 20
Pacific herring 5 173 62 92 25
surf smelt 38 912 76 167 47
shiner surfperch 23 994 75 155 40
Osmerid sp. 26 1274 50 67 12
Topsmelt 38 1455 89 262 20
staghorn sculpin 54 1507 53 130 12
Northern anchovy 7 3042 69 111 32
threespine stickleback 27 9505 53 86 11
total 19425
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Table 5. Fish species collected in the habitat type E2US3N, where E = estuarine, 2 = intertidal,

US = unconsolidated shore, 3 = mud, N = regularly flooded, of the narrow channels of Humboldt Bay,
Humboldt County, California, from September 2000 to November 2001. Average, maximum and minimum
lengths were obtained using table queries in ArcMap and are given here under columns Average AVG,
Maximum MAX and Minimum MIN. All measurements are total length in millimeters.

No. of Average Maximum  Minimum

SPECIES Points Abundance AVG MAX MIN
coho salmon 1 1 127 127 127
starry flounder 1 1 24 24 24
bay pipefish 2 2 174 211 136
cutthroat trout 1 2 276 370 182
surf smelt 2 2 58 62 54
shiner surfperch 1 3 123 137 101
jacksmelt 3 6 19 22 17
prickly sculpin 2 6 84 130 57
Pacific herring 3 7 33 38 27
tidewater goby 2 8 30 48 20
Northern anchovy 4 9 53 96 44
mosquito fish 2 10 27 41 13
Osmerid sp. 6 24 51 58 46
arrow goby 9 51 49 62 36
topsmelt 4 165 119 140 62
staghorn sculpin 11 174 66 150 24
threespine stickleback 12 3061 39 65 12
total 3532

Proceedings of the 2004 Humboldt Bay Symposium ... 125



Table 6. Fish species collected by methods other than trawl in habitat type EITUB2L, where

E = estuarine, 1 = subtidal, UB = unconsolidated bottom, 2 = sand, L = subtidal, of Humboldt Bay,
Humboldt County, California, from September 2000 to November 2001. Average, maximum and
minimum lengths were obtained using table queries in ArcMap and are given here under columns
Average AVG, Maximum MAX and Minimum MIN. All measurements are total length in

millimeters.
No. of Average Maximum  Minimum

SPECIES Points  Abundance AVG MAX MIN
Pacific sanddab 1 1 20 20 20
buffalo sculpin 1 1 151 151 151
calico surfperch 1 1 179 179 179
copper rockfish 1 1 36 36 36
gopher rockfish 1 1 76 76 76
medusa fish 1 1 79 79 79
steelhead 1 1 126 126 126
Pacific sandlance 2 2 88 99 76
coho salmon 1 2 102 105 98
flufty sculpin 2 2 44 53 34
juvenile rockfish 1 2 32 34 30
petrale sole 2 2 35 36 34
pile surfperch 2 2 265 330 200
red Irish lord 1 2 62 64 60
rock greenling 1 2 76 84 67
sharpnose sculpin 2 2 51 61 40
white surfperch 2 2 144 196 91
brown Irish lord 1 5 62 79 48
penpoint gunnel 4 5 129 162 105
walleye surfperch 4 5 70 78 61
plainfin midshipman 2 6 44 54 33
arrow goby 3 8 53 58 46
cabezon 5 8 126 214 80
sandsole 7 9 73 95 32
saddleback gunnel 6 10 98 147 70.5
striped surfperch 5 10 101 200 51
Northern anchovy 6 11 50 55 44
bay goby 5 13 59 94 17
butter sole 2 14 41 50 20
kelp greenling 5 14 108 183 79
spotfin surfperch 6 24 151 189 54
jacksmelt 5 30 251 372 143
Pacific sardine 2 38 102 132 95

—continued p. 127
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Table 6. (continued) Fish species collected by methods other than trawl in habitat type EITUB2L,
where E = estuarine, 1 = subtidal, UB = unconsolidated bottom, 2 = sand, L = subtidal, of Humboldt
Bay, Humboldt County, California, from September 2000 to November 2001. Average, maximum
and minimum lengths were obtained using table queries in ArcMap and are given here under
columns Average AVG, Maximum MAX and Minimum MIN. All measurements are total length in
millimeters.

No. of Average Maximum Minimum

SPECIES Points  Abundance AVG MAX MIN
starry flounder 13 44 116 212 36
speckled sanddab 11 55 63 104 35
chinook salmon 13 87 96 119 70
redtail surfperch 11 96 131 212 56
silver surfperch 7 121 61 82 52
black rockfish 11 132 57 74 44
bay pipefish 19 134 174 324 67
Pacific herring 9 198 46 81 28
English sole 20 221 68 117 32
tubesnout 10 254 127 219 93
shiner surfperch 18 423 76 141 37
threespine stickleback 22 492 53 84 15
Osmerid sp. 14 635 50 62 32
staghorn sculpin 35 1279 80 242 14
surf smelt 43 3106 77 428 25
topsmelt 32 3592 103 337 24
total 11106
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Table 7. Fish species collected by trawl in habitat type ETUB2L, where E = estuarine,

1 = subtidal, UB = unconsolidated bottom, 2 = sand, L = subtidal, of Humboldt Bay, Humboldt
County, California, from September 2000 to November 2001. Average, maximum and minimum
lengths were obtained using table queries in ArcMap and are given here under columns Average
AVG, Maximum MAX and Minimum MIN. All measurements are total length in millimeters.

No. of Average Maximum  Minimum

SPECIES trawls Abundance AVG MAX MIN
Pacific herring 1 1 213 213 213
brown Irish lord 1 1 125 125 125
brown smoothhound 1 1 600 600 600
curlfin turbot 1 1 101 101 101
plainfin midshipman 1 1 50 50 50
ringtail snailfish 1 1 42 42 42
sharpnose sculpin 1 1 54 54 54
Pacific sardine 2 2 132 148 116
California halibut 3 3 591 760 473
buffalo sculpin 2 3 79 117 65
redtail surfperch 1 3 241 281 180
butter sole 1 4 96 109 82
juvenile rockfish 3 4 83 105 67
starry flounder 3 4 229 372 112
Northern anchovy 2 5 113 142 97
saddleback gunnel 4 5 99 115 85
showy snailfish 2 5 98 165 70
spiny dogfish 2 5 419 462 395
whitebait smelt 3 5 109 143 90
sandsole 3 6 75 100 30
threespine stickleback 5 6 67 75 45
cabezon 5 7 120 282 41
surf smelt 2 8 40 125 65
Pacific tomcod 4 9 155 215 96
longfin smelt 4 11 126 131 120
night smelt 8 11 121 136 102
Pacific sanddab 4 14 81 114 42
tubesnout 6 18 125 165 103
walleye surfperch 3 19 128 191 101
white surfperch 5 19 145 160 133
bat ray 3 22 294 463 265
topsmelt 4 23 82 99 47
juvenile flatfish 7 24 29 39 12
bay pipefish 14 67 158 298 69
speckled sanddab 20 83 76 117 27
staghorn sculpin 17 195 104 207 21
Pacific sandlance 8 231 84 99 76
English sole 16 1182 92 230 18
shiner surfperch 16 1474 99 147 75
Osmerid sp. 15 2490 42 69 10
total 5974
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Table 8. Fish species collected in habitat type E2ZAB3M, where E = estuarine, 2 = intertidal,

AB = aquatic bed, 3 = rooted vascular, M = irregularly exposed, of Humboldt Bay, Humboldt

County, California, from September 2000 to November 2001. Average, maximum and minimum

lengths were obtained using table queries in ArcMap and are given here under columns Average

AVG, Maximum MAX and Minimum MIN. All measurements are total length in millimeters.

No. of Average Maximum Minimum

SPECIES Points ~ Abundance AVG MAX MIN
arrow goby 1 1 62 62 62
bat ray 1 1 352 352 352
black rockfish 1 1 64 64 64
leopard shark 1 1 281 281 281
walleye surfperch 1 2 120 148 91
starry flounder 2 3 79 86 76
Northern anchovy 1 4 97 113 80
Osmerid sp. 1 12 53 65 47
bay pipefish 3 18 164 281 62
topsmelt 3 19 90 204 48
jacksmelt 1 39 265 322 178
staghorn sculpin 8 43 73 142 33
threespine stickleback 5 60 63 79 31
surf smelt 6 131 73 111 54
shiner surfperch 7 293 74 138 43
total 628

cies collected, including juveniles of the family
Osmeridae, the most abundant was threespine
stickleback at 54.52% of the entire catch (Table
9). Shiner surfperch was the second most abun-
dant species at 19.73%, followed by staghorn
sculpin at 5.37%. Pacific sardine, Sardinops
sagax, and one longjaw mudsucker, Gillichthys

mirabilis, were also collected here.

Estuarine, Subtidal, Unconsolidated Bottom,
Mud, Subtidal (E1UB3L)

Habitat type EITUB3L makes up 5.37% of
estuarine habitat in the bay; 6% of all points
were in this habitat type. A total of 4,567

fish were collected, representing identified
species, including juveniles of the Osmeridae
family (Table 10). Shiner surfperch made up
56.8% of entire catch. Northern anchovy was
the second most abundant species comprising
just over a quarter of the remaining individuals.
Topsmelt was the third most abundant species.
Other species collected in this habitat type were
tidewater goby and plainfin midshipmen. One
juvenile flatfish was not identified to species.

(Left) The threespine stickleback, Gasterosteus aculeatus.
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Table 9. Fish species collected in habitat type E2AB1/US3N, where E = estuarine, 2 = intertidal, AB
= aquatic bed, 1 = algal / US = unconsolidated shore, 3 = mud, N = regularly flooded, of Humboldt
Bay, Humboldt County, California, from September 2000 to November 2001. Average, maximum
and minimum lengths were obtained using table queries in ArcMap and are given here under

columns Average AVG, Maximum MAX and Minimum MIN. All measurements are total length in

millimeters.

No. of Average Maximum Minimum
SPECIES Points Abundance AVG MAX MIN
bay goby 1 1 0 0 0
black rockfish 1 1 51 51 51
longjaw mudsucker 1 1 93 93 93
speckled sanddab 1 1 49 49 49
tidewater goby 1 1 43 43 43
chinook salmon 1 2 103 104 102
walleye surfperch 2 2 60 67 53
Pacific sardine 1 4 105 112 96
prickly sculpin 2 4 85 126 35
saddleback gunnel 2 16 90 133 49
jacksmelt 3 20 53 107 25
bay pipefish 6 29 139 265 40
surf smelt 4 62 70 88 51
Northern anchovy 4 156 75 116 41
arrow goby 15 184 51 69 21
Osmerid sp. 4 201 49 60 32
topsmelt 15 208 79 237 21
staghorn sculpin 19 235 63 166 16
shiner surfperch 12 864 56 150 36
threespine stickleback 15 2388 41 76 21
total 4380
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Table 10. Fish species collected in habitat type EITUB3L, where E = estuarine, 1 = subtidal,

UB = unconsolidated bottom, 3 = mud, L = subtidal, of Humboldt Bay, Humboldt County,
California, from September 2000 to November 2001. Average, maximum and minimum lengths were
obtained using table queries in ArcMap and are given here under columns Average AVG, Maximum
MAX and Minimum MIN. All measurements are total length in millimeters.

No. of Average Maximum Minimum
SPECIES Points  Abundance AVG MAX MIN
unidentified juvenile 1 1 40 40 40
flatfish
pile surfperch 1 1 378 378 378
Pacific sardine 1 2 82 82 81
black rockfish 2 2 56 56 55
tidewater goby 1 2 21 23 18
Osmerid sp. 1 3 38 40 35
saddleback gunnel 3 3 67 81 45
bat ray 2 4 252 386 150
bay goby 3 5 72 84 51
white surfperch 3 5 75 91 61
walleye surfperch 2 6 150 213 82
threespine stickleback 3 9 34 50 21
Pacific herring 3 10 74 92 49
speckled sanddab 2 10 55 89 45
starry flounder 5 13 156 291 59
plainfin midshipman 2 21 37 101 31
bay pipefish 5 29 146 268 37
surf smelt 3 30 83 103 71
arrow goby 9 53 50 66 24
English sole 4 61 81 153 38
staghorn sculpin 11 117 81 162 28
jacksmelt 4 165 131 340 60
topsmelt 10 254 71 178 37
Northern anchovy 2 1167 102 127 81
shiner surfperch 14 2594 65 144 40
total 4567
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Estuarine, Intertidal, Emergent, Persistent
(Emergent Vegetation that Remains into the
Next Growing Season), Regularly Flooded
(E2EM1N)

Nine percent of points fell within this habitat
type, which is 4.97% of the bay. A total of
2,395 individuals from 15 species, including

juveniles of the family Osmeridae, were col-

lected (Table 11). The most abundant species
was shiner surfperch at 35.99 %. Topsmelt

: comprised 23.13% of the catch; surf smelt
comprised 12.61%. Two coho salmon were col-
lected in habitat type E2ZEM1N in small chan-
nels segmenting the mudflats in the northeast

corner of North Bay.

Table 11. Fish species collected in habitat type E2EM 1N, where E = estuarine, 2 = intertidal,
EM = emergent, 1 = persistent, N = regularly flooded, of Humboldt Bay, Humboldt County,

California, from September 2000 to November 2001. Average, maximum and minimum lengths

were obtained using table queries in ArcMap and are given here under columns Average AVG,

Maximum MAX and Minimum MIN. All measurements are total length in millimeters.

No. of Average Maximum Minimum

SPECIES Points  Abundance AVG MAX MIN
coho salmon 2 2 96 99 93
starry flounder 1 2 66 67 65
butter sole 2 3 35 45 22
tidewater goby 1 6 31 43 21
arrow goby 5 9 51 59 42
speckled sanddab 1 10 35 50 22
bay pipefish 2 11 192 240 162
English sole 2 77 37 63 21
threespine stickleback 8 88 42 70 14
Osmerid sp. 10 91 55 65 44
Northern anchovy 5 99 50 69 42
staghorn sculpin 19 279 45 102 14
surf smelt 12 302 67 141 48
topsmelt 4 554 86 170 29
shiner surfperch 4 862 73 97 46
total 2395

One point that fell in the uplands
habitat type and another that fell in palustrine
were assigned this habitat type for purposes of
analysis. These points are located in western
North Bay near the town of Manila. Only six
individuals from two species were collected at
these two points: shiner surfperch and topsmelt
(Table 12). These two species are representative
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Table 12. Fish species collected in western North Bay, habitat type E2ZEM1N, where E = estuarine,
2 = intertidal, EM = emergent, 1 = persistent, N = regularly flooded, of Humboldt Bay, Humboldt
County, California, from September 2000 to November 2001. Average, maximum and minimum
lengths were obtained using table queries in ArcMap and are given here under columns Average
AVG, Maximum MAX and Minimum MIN. All measurements are total length in millimeters.

No. of Average Maximum Minimum
SPECIES Points Abundance AVG MAX MIN
shiner surfperch 1 1 85 85 85
topsmelt 2 5 91 100 81
total 6

Estuarine, Intertidal, Unconsolidated Shore,
Mud/Aquatic Bed, Algal, Regularly Flooded
(E2US3/ABIN)

This habitat type makes up 3.79% of all estua-
rine habitat in the bay. Two percent of sample
points fell within this type. From these points,
a total of 1,208 individuals from identified spe-
cies, including juveniles of the family Osmeri-
dae, were collected (Table 13). The three most
abundant species made up nearly three quarters
of the entire catch. These were juveniles of the
Osmeridae family with 339 individuals, top-
smelt with 323 individuals and surf smelt with
235 individuals. One 850 mm leopard shark
was collected in this habitat type in Hookton
Slough in South Bay. An unidentified juve-
nile rockfish was also collected in habitat type
E2US3/ABIN.

Estuarine, Subtidal, Unconsolidated Bottom,
Subtidal (E1UBL)

Three percent of points fell in this habitat type,
which made up 1.35% of estuarine habitat
within Humboldt Bay. From these points, 16
species, including juveniles of the family Os-
meridae, were collected (Table 14). Of the 803
individuals collected, shiner surfperch was the
most abundant making up just over half the en-
tire catch at 57.91%. Topsmelt was the second
most abundant species at 13.08%, followed by
surfsmelt at 12.08%. One tidewater goby was
also found in habitat type EITUBL.
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Table 13. Fish species collected in habitat type E2US3/AB1N, where E = estuarine, 2 = intertidal,

US = unconsolidated shore, 3 = mud / AB = aquatic bed, 1 = algal, N = regularly flooded, of Humboldt
Bay, Humboldt County, California, from September 2000 to November 2001. Average, maximum and
minimum lengths were obtained using table queries in ArcMap and are given here under columns Average
AVG, Maximum MAX and Minimum MIN. All measurements are total length in millimeters.

No. of Average Maximum Minimum

SPECIES Points ~ Abundance AVG MAX MIN
Pacific herring 1 1 47 47 47
bat ray 1 1 335 335 335
juvenile rockfish 1 1 28 28 28
kelp greenling 1 1 64 64 64
leopard shark 1 1 850 850 850
saddleback gunnel 1 1 69 69 69
English sole 2 2 58 71 45
threespine stickleback 3 7 55 77 50
white surfperch 1 7 69 77 62
arrow goby 2 8 56 59 52
pile surfperch 1 9 83 88 60
starry flounder 3 10 109 227 36
bay pipefish 3 12 147 227 58
staghorn sculpin 5 90 64 107 23
shiner surfperch 4 160 58 122 41
surf smelt 3 235 69 120 52
topsmelt 6 323 59 161 17
Osmerid sp. 1 339 54 100 42
total 1208
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Table 14. Fish species collected in habitat type EIUBL, where E = estuarine, 1 = subtidal,
UB = unconsolidated bottom, L = subtidal, of Humboldt Bay, Humboldt County, California, from
September 2000 to November 2001. Average, maximum and minimum lengths were obtained

using table queries in ArcMap and are given here under columns Average AVG, Maximum MAX

and Minimum MIN. All measurements are total length in millimeters.

No. Average Maximum Minimum
SPECIES of  Abundance AVG MAX MIN
Points

starry flounder 1 1 85 85 85
tidewater goby 1 1 30 30 30
English sole 2 2 113 131 95
bat ray 1 2 343 427 258
bay pipefish 1 2 102 116 88
saddleback gunnel 1 2 85 88 81
arrow goby 1 3 34 39 29
threespine stickleback 3 4 41 43 39
Northern anchovy 1 5 83 85 79
bay goby 1 6 74 86 58
butter sole 3 9 26 32 18
Osmerid sp. 4 37 57 82 48
staghorn sculpin 6 62 47 112 11
surf smelt 4 97 68 128 58
topsmelt 2 105 75 137 59
shiner surfperch 1 465 75 119 53
total 803

Estuarine, Intertidal, Emergent, Persistent
(Emergent Vegetation that Remains into the
Next Growing Season), Irregularly Flooded
(E2EM1P)

This habitat type makes up 0.45% of the
entire estuarine habitat of the bay. Two percent
of the sample points fell within this habitat
type. Seventeen species, including juveniles
of the family Osmeridae, representing a total
of 287 individuals were collected (Table 15).
Over half of the total catch was made up of
Pacific staghorn sculpin, and speckled sand-
dab, each totaling approximately 30% of the
entire catch. A total of 99 sculpins of four
different species were collected in this habi-
tat type, 86 of which were Pacific staghorn
sculpin. Ten prickly sculpin, Cottus asper, two
bonehead sculpin, Arzedius notospilotus, and
one buffalo sculpin, Enophrys bison, were also

collected.

Estuarine, Intertidal, Unconsolidated Shore,
Sand, Regularly Flooded (E2US2N)

A total of 19 species, including juveniles of the
family Osmeridae, were collected in habitat
type E2US2N (Table 16). Of the 461 individu-
als, the three most abundant each comprised
approximately 20% of the total catch. Surf
smelt were the most abundant at 22.99%,
followed by topsmelt at 22.13% and juveniles
from the Osmeridae family at 19.52%. One
percent of all sample points were within this
habitat, which makes up 0.25% of estuarine
habitat in the bay. One tidewater goby was
found in this habitat type in Hookton Slough
in South Bay. Seven juvenile rockfish were not
identified to species.
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Table 15. Fish species collected in habitat type E2EM 1P, where E = estuarine, 2 = intertidal,

EM = emergent, 1 = persistent, P = irregularly flooded, of Humboldt Bay, Humboldt County,
California, from September 2000 to November 2001. Average, maximum and minimum lengths
were obtained using table queries in ArcMap and are given here under columns Average AVG,
Maximum MAX and Minimum MIN. All measurements are total length in millimeters.

No. of Average Maximum Minimum

SPECIES Points ~ Abundance AVG MAX MIN
Osmerid sp. 1 1 58 58 58
bay pipefish 1 1 192 192 192
buffalo sculpin 1 1 55 55 55
penpoint gunnel 1 1 105 105 105
pile surfperch 1 1 285 285 285
bonehead sculpin 1 2 82 88 75
tubesnout 1 2 130 145 114
cabezon 1 6 81 163 45
butter sole 1 8 34 47 27
threespine stickleback 1 9 42 66 21
prickly sculpin 2 10 65 89 47
starry flounder 1 10 129 156 112
arrow goby 2 12 35 54 30
surf smelt 2 18 80 142 61
English sole 3 34 63 128 44
speckled sanddab 1 85 66 110 22
staghorn sculpin 4 86 67 240 23
total 287
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Table 16. Fish species collected in habitat type E2US2N, where E = estuarine, 2 = intertidal,

US = unconsolidated shore, 2 = sand, N = regularly flooded, of Humboldt Bay, Humboldt
County, California, from September 2000 to November 2001. Average, maximum and minimum
lengths were obtained using table queries in ArcMap and are given here under columns Average
AVG, Maximum MAX and Minimum MIN. All measurements are total length in millimeters.

No. of Average Maximum Minimum

SPECIES Points  Abundance AVG MAX MIN
Northern anchovy 1 1 121 121 121
Pacific sandlance 1 1 131 131 131
cabezon 1 1 126 126 126
lingcod 1 1 78 78 78
penpoint gunnel 1 1 118 118 118
tidewater goby 1 1 49 49 49
arrow goby 1 3 45 55 38
bay pipefish 1 3 214 280 161
starry flounder 1 3 160 285 90
prickly sculpin 1 4 50 54 47
English sole 1 7 104 150 78
juvenile rockfish 1 7 79 86 67
threespine stickleback 2 15 61 137 28
speckled sanddab 1 16 87 105 50
shiner surfperch 2 19 57 142 39
staghorn sculpin 3 26 88 129 51
Pacific herring 2 54 55 66 45
Osmerid sp. 1 90 55 64 50
topsmelt 2 102 102 176 26
surf smelt 4 106 102 148 60
total 461

Proceedings of the 2004 Humboldt Bay Symposium ... 137



Estuarine, Intertidal, Emergent, Persistent
(Emergent Vegetation that Remains into the Next
Growing Season)/Unconsolidated Shore, Mud,
Regularly Flooded (E2EM1/US3N)

This habitat type makes up 0.07 % of the entire
estuarine area of Humboldt Bay. Only two
species, comprising 64 individuals, were col-
lected from 1% of all points (Table 17). Pacific
staghorn sculpins made up 92.19% of the
entire catch, with the remaining percentage rep-

resented by threespine sticklebacks.

E1UB2L-Estuarine, Intertidal, Unconsolidat-
ed Shore, Sand, Irregularly Flooded (E2US2P)
A 36.80-meter section of one juvenile sam-
pling trawl entered the habitat type E2US2P.
The remainder of the trawl, 302.32 meters,

fell in the ETUB2L habitat type. Habitat type
E2US2P makes up 0.05% of estuarine habitat
in Humboldt Bay. A total of 23 individuals
from six species, including juveniles of the fam-
ily Osmeridae, were collected (Table 18). The

most abundant was the tubesnout, Aulorhyn-

chus flavidus, followed by speckled sanddabs.

E1UB2L-E2AB3M
A 16-foot trawl was used to sample from two

habitat types (E1TUB2L and E2AB3M). Most

of this trawl sampled habitat type E2AB3M,
249.68 meters of the 309.03 total meters.
Twenty-nine individuals from 4 species, includ-
ing juveniles of the family Osmeridae, were
collected (Table 19). Bay pipefish, Syngnathus
leptorhynchus, was the most abundant with 13
individuals, followed by tubesnout with nine

individuals.

North Bay

Species composition by subbay was also
analyzed. A total of 50 species were collected

in North Bay using all sampling methods.
Thirty-six species were collected at 141 points
by methods other than trawl (Appendix C).
Thirty-four species were collected during 21
trawls (Appendix D). The most abundant
species collected in North Bay was threespine
stickleback—11,623 individuals. No threespine
stickleback were collected by trawl. Shiner surf-
perch, the second most abundant species, were
collected more frequently than any other spe-
cies. The majority of tidewater gobies collected
during the entire survey was found in North
Bay. Three coho salmon, two chinook salmon,

and two cutthroat trout were also collected in

North Bay.

Table 17. Fish species collected in habitat type E2EM1/US3N, where E = estuarine, 2 = intertidal,
EM = emergent, 1 = persistent / US = unconsolidated shore, 3 = mud, N = regularly flooded of
Humboldt Bay, Humboldt County, California, from September 2000 to November 2001. Average,

maximum and minimum lengths were obtained using table queries in ArcMap and are given here

under columns Average AVG, Maximum MAX and Minimum MIN. All measurements are total

length in millimeters.

No. of Average Maximum Minimum
SPECIES Points  Abundance AVG MAX MIN
threespine stickleback 1 5 28 51 16
staghorn sculpin 2 59 34 65 15
total 64
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Table 18. Fish species collected by trawl entering habitat types E2US2P, where E = estuarine,

2 = intertidal, US = unconsolidated shore, 2 = sand, P = irregularly flooded, and E1UB2L, where
E = estuarine, 1 = subtidal, UB = unconsolidated bottom, 2 = sand, L = subtidal, of Humboldt
Bay, Humboldt County, California, from September 2000 to November 2001. Average, maximum

and minimum lengths were obtained using table queries in ArcMap and are given here under
columns Average AVG, Maximum MAX and Minimum MIN. All measurements are total length in

millimeters.

No. of Average Maximum Minimum
SPECIES Trawls Abundance AVG MAX MIN
English sole 1 1 19 19 19
brown Irish lord 1 1 96 96 96
cabezon 1 1 51 51 51
Osmerid sp. 1 3 36 39 32
speckled sanddab 1 8 42 61 35
tubesnout 1 9 128 152 102
total 23

Table 19. Fish species collected by trawl entering habitat types E2AB3M, where E = estuarine, 2 =
intertidal, AB = aquatic bottom, 3 = rooted vascular, M = irregularly exposed, and E1IUB2L, where
E = estuarine, 1 = subtidal, UB = unconsolidated bottom, 2 = sand, L = subtidal, of Humboldt

Bay, Humboldt County, California, from September 2000 to November 2001. Average, maximum

and minimum lengths were obtained using table queries in ArcMap and are given here under
columns Average AVG, Maximum MAX and Minimum MIN. All measurements are total length in

millimeters.
No. of Average Maximum Minimum

SPECIES Trawls  Abundance AVG MAX MIN
Osmerid sp. 1 1 38 38 38
threespine stickleback 1 6 54 81 45
tubesnout 1 9 126 139 97
bay pipefish 1 13 155 210 83
total 29

Entrance Bay South Bay

A total of 45 species were collected in Entrance
Bay using all sampling methods. Thirty-six spe-
cies were collected at 70 points using methods
other than trawl (Appendix E). Eighteen trawls
were conducted in Entrance Bay resulting in

a total of 27 species (Appendix F). Topsmelt
were the most abundant species making up
nearly half of the entire catch taken by methods
other than trawl. Four species from the fam-
ily Osmeridae were collected in Entrance Bay.
Two coho salmon and 86 chinook were also

collected.

A total of 47 species were collected in South
Bay using all methods. Forty-five species were
collected at 68 points using methods other than
trawl (Appendix G). Eleven species were col-
lected during 2 trawls (Appendix H). The most
abundant species collected in South Bay was
threespine stickleback, followed by surf smelt
and staghorn sculpin. Eight tidewater gobies,
one chinook salmon and one steelhead were

also collected in South Bay.
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Discussion
Of the 67 species collected during this study,
all but five have been previously documented in
Humboldt Bay. Locations of the 15 most abun-
dant species can be viewed in Figures 8-22.
The most abundant species collected over the
course of this study was threespine stickleback
(Gasterosteus aculeatus). This species was collect-
ed at 108 points, or approximately one-third
of all sampling locations. It is regularly found
in freshwater as well as coastal marine environ-
ments—bays, backwaters, river tributaries and
other areas with low flows (Wootton 1976).
Salinities where threespine sticklebacks were
collected ranged from 16 parts per thousand to
36 parts per thousand (Appendix I). Gotshall
et al. (1980) and Shapiro and Associates (1980)
noted year-round presence of G. aculeatus in
Humboldt Bay.

While threespine stickleback was the most
abundant species, the Pacific staghorn sculpin
was the most commonly captured species.
Previous studies of Humboldt Bay support
this extensive distribution of staghorn sculpin.
Shapiro and Associates (1980) claimed stag-
horn sculpin was one of the most abundant
and widely distributed fish in Humboldt Bay.
Barnhart et al. (1992) listed staghorn sculpins
as abundant, and strongly euryhaline, allowing
the species to live in both fresh and saltwater
habitats.

Staghorn sculpins were found at just over
60% of all locations and collected in all but one
habitat type sampled in the bay. Water qual-
ity readings taken both during trawls and other
sampling methods ranged from 0.6 parts per
thousand to 37 parts per thousand (Appendix J).
Lengths of staghorn sculpins ranged from 11
mm TL in habitat type EIUBL to 242 mm TL
in habitat type EITUB2L.

Shiner surfperch was the most abundant
species collected in both Samuelson’s (1973)
South Bay study and Sopher’s (1974) study of
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North Bay. Because Sopher found no females
carrying young after May and no individuals
less than 85 mm TL between January and May,
he determined that spawning in Humboldt Bay
must occur between May and June. The high-
est numbers of smaller individuals occurred
between the months of June and July. Similarly,
Samuelson found that between the months

of February and April, C. aggregata ranged in
total length from 73 mm-225 mm. However,
between the months of June and October, total
lengths ranged from 50 mm—132 mm.

In this study of Humboldt Bay, shiner
surfperch, collected from September 25, 2000
to November 30, 2001, was the second most
abundant species. The highest numbers were
collected during the summer months of June
through September (Appendix K). Shiner surt-
perch were primarily collected by seine during
these months. No trawl samples were collected.
The smallest individual measured 36 mm TL,
and was collected in July. Most of the smaller
individuals were collected in July with the
average TL being lowest between the months
of June through August. The higher number
of individuals collected in the month of Sep-
tember is a reflection of the over 1,000 shiner
surfperch caught by trawl in Eureka Channel.

Collected at only 33 sites, Northern
anchovy was the sixth most abundant species
collected. Waldvogel (1977) found that North-
ern anchovy entered Humboldt Bay in April,
and remained until the first week of November.
Samuelson (1973) and Sopher (1974) found

Northern anchovies in Humboldt Bay from

April to October, and March to September, re-

spectively. Eldridge and Bryan (1972) found E.
mordax larvae in the months of March, August,
September, and December.

These results are consistent with the present
study, as anchovies were found in the bay from
March to October. Anchovies were most abun-

dant from June to August. Northern anchovy
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Figure 8. Locations within Humboldt Bay, Humboldt County, California, where threespine stickleback were
collected from September 2000 to November 2001. Threespine stickleback ranged in length from
11 mm to 137 mm. The overall average length was 49.17 mm. Habitat map digitized by NWI.
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Figure 9. Locations within Humboldt Bay, Humboldt County, California, where shiner surfperch were col-
lected from September 2000 to November 2001. Shiner surfperch ranged in length from 36 mm to 155 mm.
The overall average length was 75 mm. Habitat map digitized by NWI.
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Figure 10. Locations within Humboldt Bay, Humboldt County, California, where topsmelt were collected
from September 2000 to November 2001. Topsmelt ranged in length from 17 mm to 337 mm. The overall
average length was 89.43 mm. Habitat map digitized by NW1I.
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Figure 11. Locations within Humboldt Bay, Humboldt County, California, where juveniles of the family
Osmeridae were collected from September 2000 to November 2001. Juveniles of the family Osmeridae
ranged in length from 10 mm to 100 mm. The overall average length was 49.59 mm. Habitat map digitized
by NWTI.
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Figure 12. Locations within Humboldt Bay, Humboldt County, California, where surfsmelt were collected
from September 2000 to November 2001. Surfsmelt ranged in length from 25 mm to 428 mm. The overall
average length was 75.24 mm. Habitat map digitized by NW1I.
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Figure 13. Locations within Humboldt Bay, Humboldt County, California, where Northern anchovy were
collected from September 2000 to November 2001. Northern anchovy ranged in length from 31 mm to
142 mm. The overall average length was 69.51 mm. Habitat map digitized by NW1I.
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Figure 14. Locations within Humboldt Bay, Humboldt County, California, where staghorn sculpin were
collected from September 2000 to November 2001. Staghorn sculpin ranged in length from 11 mm to
242 mm. The overall average length was 66.27 mm. Habitat map digitized by NWI.
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Figure 15. Locations within Humboldt Bay, Humboldt County, California, where English sole were col-
lected from September 2000 to November 2001. English sole ranged in length from 18 mm to 230 mm. The
overall average length was 74.34 mm. Habitat map digitized by NWI.
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Figure 16. Locations within Humboldt Bay, Humboldt County, California, where arrow goby were collected
from September 2000 to November 2001. Arrow goby ranged in length from 20 mm to 69 mm. The overall
average length was 50.26 mm. Habitat map digitized by NWI.
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Figure 17. Locations within Humboldt Bay, Humboldt County, California, where Pacific herring were col-
lected from September 2000 to November 2001. Pacific herring ranged in length from 25 mm to 213 mm.
The overall average length was 58.91 mm. Habitat map digitized by NWI.
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Figure 18. Locations within Humboldt Bay, Humboldt County, California, where bay pipefish were
collected from September 2000 to November 2001. Bay pipefish ranged in length from 37mm to 324 mm.
The overall average length was 164.08 mm. Habitat map digitized by NW1I.
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Figure 19. Locations within Humboldt Bay, Humboldt County, California, where tubesnout were collected
from September 2000 to November 2001. Tubesnout ranged in length from 93 mm to 219 mm. The overall
average length was 127.32 mm. Habitat map digitized by NW1I.
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Figure 20. Locations within Humboldt Bay, Humboldt County, California, where jacksmelt were collected
from September 2000 to November 2001. Jacksmelt ranged in length from 17 mm to 372 mm. The overall
average length was 162.70 mm. Habitat map digitized by NWI.
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Figure 21. Locations within Humboldt Bay, Humboldt County, California, where speckled sanddab were
collected from September 2000 to November 2001. Speckled sanddab ranged in length from 22 mm to
117 mm. The overall average length was 68.16 mm. Habitat map digitized by NW1.
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Figure 22. Locations within Humboldt Bay, Humboldt County, California, where Pacific sandlance were
collected from September 2000 to November 2001. Pacific sandlance ranged in length from 76 mm to
131 mm. The overall average length was 88.73 mm. Habitat map digitized by N'W1I.
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are abundant in other California coastal estu-
aries, and was the most abundant species in
August and September. They were also the most
abundant species overall in a study of Colorado
Lagoon (Allen and Horn 1975). Northern
anchovy are thought to bring coho salmon,
Oncorhynchus kisutch. and chinook salmon, O.
tshawytscha, into Humboldt Bay, as they are a
major food source for both species.

English sole were the eighth most abun-
dant species for this study. This is consistent

with results from other published studies of

Humboldt Bay (Samuelson 1973; Sopher 1974;

Shapiro and Associates 1980; Chamberlain and

Barnhart 1993), where English sole were among

the most commonly collected species. Misi-
tano (1970, 1976) found that English sole use
Humboldt Bay as a nursery area, and that entry
into the bay occurs when they are between 19

mm-26 mm TL. Young-of-the-year English sole

were determined to be present in Humboldt
Bay between the months of February and April,
when they became abundant until the emigra-
tion of yearlings from the bay (Toole 1980).

The smallest examples of English sole collect-
ed in this study were found on March 13, 2001.
For this one sampling date, mean lengths of each
trawl ranged from 19 mm to 34 mm TL, with
the smallest individual being 18 mm TL. These
sole were collected in North Bay channel and the
channel between Indian and Woodley Islands
while sampling for juvenile fishes with the 16-foot
modified beam trawl.

Opver the entire study, the mean lengths of
English sole ranged from 37.39 mm to 104.29

mm TL at each collection site. The largest speci- :

men collected in this study was 230 mm TL.
This individual was taken in North Bay Chan-

nel, northwest of the mouth of Elk River slough

on November 30, 2001. Based on Ketchen
(1956), this individual would be considered
near sexual maturity, and was collected during
the English sole spawning season between Oc-
tober and May (Matarese et al. 1989). Because
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no sexually mature English sole have been col-
lected in Humboldt Bay, spawning is believed
to occur in ocean waters.

The presence of leopard sharks in Hum-
boldt Bay has been noted by several researchers
(Samuelson 1973; Sopher 1974; Gotshall et al.
1980; Shapiro and Associates 1980; Fritzsche
and Cavanagh 1995). A 1975 study of food
habits of leopard sharks in San Francisco and
Tomales Bays noted that Callianassa shrimp,
crabs of the genus Cancer, and an echiuran
worm, Urechis caupo, were the most frequent
choices (Russo 1975). Each of these is a demer-
sal invertebrate, which supports the claim that
leopard sharks are benthic feeders on mud flats.

Although leopard sharks were found in
North Bay and Hookton Slough, they were
collected in abundance in the southwestern
portion of South Bay on May 8, 2001 (Figure
23). On this day, a total of 86 individuals were
collected on an incoming tide. The habitat at
this location is E2US3N, and is best described
as mudflat segmented by narrow channels.
Miklos et al. (2003) studied leopard sharks in
Tomales Bay and found that summer location
is greatly affected by tidal stage, with movement
into the littoral zones to feed occurring at high
tide. The temperatures in the intertidal areas
of Tomales Bay during the study often reached
25° C. Water temperatures recorded on May 8,
2001 in Humboldt Bay reached 21° C, with a
salinity of 34 parts per thousand.

One medusafish, Icichthys lockingtoni, fam-
ily Centrolophidae, was collected in eelgrass
beds near Southport Channel in South Bay.
Gotshall et al. (1980) stated that a medusafish
had been collected in Humboldt Bay by trawl
in September 1968. Fritzsche and Cavanagh
(1995) reiterated that this was the only me-
dusafish recorded from Humboldt Bay, and
that they are rarely found in shallow water. The
individual found in this study measured 79 mm
TL. It was collected on July 12, 2001 on an
outgoing tide.
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Figure 23. Locations within Humboldt Bay, Humboldt County, California where leopard sharks were col-
lected from September 2000 to November 2001, ranging in length from 281 mm to 1,219 mm. The overall
average length was 624.31 mm. Habitat map digitized by NWI.

Twenty-six tidewater gobies were collected
in six habitat types in Humboldt Bay, includ-
ing the assigned habitat type of E2US3N for
the drainage ditch in North Bay (Figures 24
and 25). Gobies were collected on both sides of
the tide gate between the drainage ditch (nine

gobies) and Eureka Slough (one goby). Tidewa-
ter gobies were also collected near and in Mad
River Slough in the northwest corner of North
Bay, and Hookton and White Sloughs in the
southeast corner of South Bay.
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Figure 24. Tide gate separating Eureka Slough, Humboldt Bay, Humboldt County, California, and the
drainage ditch that parallels California State Highway 101. The drainage ditch is in the foreground.

Figure 25. Tide gate separating Eureka Slough, Humboldt Bay, Humboldt County, California, and the
drainage ditch that parallels California State Highway 101. Eureka Slough is in the background.
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During the course of this study, five species not
previously documented in Humboldt Bay were
collected. These were gopher rockfish, Sebastes
carnatus, Pacific sardine, Sardinops sagax,
mosquitofish, Gambusia affinis, longjaw mud-
sucker, Gillichthys mirabilis, and petrale sole,
Eopsetta jordani. These species are not uncom-
mon to the northeast Pacific Ocean, however,
no prior studies have noted their presence in
Humboldt Bay.

Because of our sampling techniques, only
juvenile rockfish were collected in this study.
Most of the 155 individuals were black rock-
fish, a species known to reside in Humboldt
Bay (Gotshall et al. 1980). Juvenile rockfish
have been shown to reside in other California
bays and estuaries (Moring 1972; Yoklavich
etal. 1991, 1996). The single copper rockfish
collected on August 14, 2001 at the mouth of
Hookton Slough in South Bay is also consid-
ered to be resident in Humboldt Bay (Gotshall
et al. 1980). One gopher rockfish was collected
in the southern end of Southport Channel in
South Bay on July 11, 2001. While copper
rockfish are considered residents of Humboldt
Bay (Gotshall et al. 1980), gopher rockfish
have never been noted in Humboldt Bay. Their
range is described as San Roque, Baja California
to Eureka, California (Miller and Lea 1972).
However, rockfish of the subgenus Preropodus,
the “copper complex,” which include the gopher
rockfish, were thought to be common near
Monterey Bay (Yocklavich et al. 1996).

The geographic range of Pacific sardines is
from Guaymas, Mexico, to Kamchatka, Russia
(Miller and Lea 1972). While common within
this range, this species has never previously
been documented in Humboldt Bay. Pacific
sardines may be identified by the striations on
the operculum and black spots on their sides.
These two characteristics differentiate them
from other common Clupeioid fishes such as
the Pacific herring. The Pacific sardine spawns
from January to June, with northward migra-

tions beginning in early summer (Hart 1973).
In the present study, 46 sardines were collected
at six separate sites on four different dates. Col-
lection occurred between July 12 and Novem-
ber 30, 2001, with 37 individuals being col-
lected on August 14, 2001. The smallest sardine
collected was 81 mm TL; the largest 148 mm
TL. Based on the age description of sardines
off Central California given by Hart (1973),
the individuals collected over the course of this
study were approximately one year old.

Mosquitofish were collected in the drain-
age ditch near the Eureka airport. There is a
tide gate located at this location on Eureka
Slough, as noted on the USGS topoquad. This
gate separates the slough from the drainage
ditch that follows the outline of the bay (Figures
24 and 25). The mosquitofish were found on
only one side of this disconnect, in the direction
of the drainage ditch. Ten mosquitofish varying
in size from 13 mm to 41 mm TL were col-
lected. This species is considered a freshwater or
brackish fish and is not native to Humboldt Bay.

The California Department of Fish and
Game has no historical record of when mos-
quitofish may have been planted into Eureka
Slough or the drainage ditch, however, a 2001
USFWS study of the ditch found mosqui-
tofish and threespine stickleback (Goldsmith
2003, pers. comm.). Mosquitofish are found
in other California bays and estuaries. In San
Francisco Bay it is considered an introduced
species, where it was found in less than 1%
of both otter trawls and beach seines during a
20-year study of Suisun Marsh (Matern et al.
2002). However, mosquitofish were abundant
in a study of a more southern estuary, Mugu
Lagoon, the largest estuarine lagoon in south-
ern California, located at Point Mugu, Ventura
County (Saiki 1997).

One longjaw mudsucker, Gillichthys
mirabilis, was collected in a small channel that
dead-ends just west of the mouth of Mad River
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Slough. Salinities on the day of capture ranged
from 33 to 34 parts per thousand. This is con-
sistent with what is considered typical habitat
of the longjaw mudsucker: shallow backwater
with soft, muddy substrate and moderate to
high salinities (Barlow 1961). Its geographical
range is Tomales Bay just north of Point Reyes
to the Gulf of California (Miller and Lea 1972).
Although Barlow (1961) gives the same northern
limit, he notes that the northernmost “perma-
nent” population may be in San Francisco Bay,
due to the abundance of the species there.

Longjaw mudsuckers were present and
found to be tolerant to the fluctuating condi-
tions of tidal marshes in San Francisco Bay
estuary (Josselyn 1983). A study in the Sweetwa-
ter Marsh National Wildlife Refuge in San Diego,
California, found juvenile Gillichthys mirabilis to
be abundant in spring and summer, with adults
present in most samples throughout the study
(West and Zedler 2000). In the study, juveniles
were determined to be those individuals less than
100 mm. The individual collected in Humboldt
Bay would, therefore, be considered a juvenile at
93 mm TL.

Two juvenile petrale sole were collected
near the eastern shore in Entrance Bay. This
area is characterized by high wave action, and
sandy beaches. None of the identified speci-
mens in the larval fish studies of Humboldt
Bay by Eldridge (1970) or Eldridge and Bryan
(1972) was petrale sole. There are no publica-
tions that have documented petrale sole in
Humboldt Bay. Miller and Lea (1972) define
the range of petrale sole from Islas Los Coro-
nados, Baja California, to the northern Gulf
of Alaska. Petrale sole are found in nearshore
waters near Humboldt Bay.

Juvenile fishes use Humboldt Bay as a
refuge from predators and as a nursery area.
Mature fishes use its many habitats for both
feeding and spawning. A study in the Kar-
iega Estuary in South Africa (Paterson and
Whitfield 2000) supports the supposition that
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juvenile fishes seek out the shallower habitats
of estuaries to avoid predation. Similarly, many
of the same species found in Humboldt Bay
were also found during an ecological profile of
San Francisco Bay (Josselyn 1983). These fishes
were abundant in shallow tidal sloughs. Spatial
analyses of fish distribution within Humboldt
Bay using GIS have shown that fish utilize
many habitats in the bay, and that juvenile
fishes are abundant in shallow areas.

In the field of fisheries, GIS allows for
comprehensive spatial analyses and generates
descriptive graphical output. It is this output
that provided an updated display of finfish
distribution in Humboldt Bay for this study.
However, by entering the fish data into GIS,
additional advantages were provided. For ex-
ample, simple analyses of fish species by habitat
type were easy to perform and meaningful to
obtain. Likewise, water-quality data were easily
added to the spatial database.

Collected data like these may be used in
many ways because they are displayed visually.
Other studies have used GIS to present data for
both conservation and management. Lunetta
etal. (1997) used GIS to combine aspects of
salmon-spawning habitat such as stream bank
vegetation and gradient to identify particu-
lar areas in a stream. By using GIS and other
remotely sensed data, suitable habitat locations
were predicted before attempting to find them
in the field. Fish abundance and habitat usage
are not often described using GIS. This was the
reason for the study of whitefish in a boreal lake
in Ontario, Canada (Bégout Anras et al. 1999).
Location of the whitefish was tracked over two
spawning seasons. These data were combined
with detailed habitat data to determine patterns
of whitefish-spawning behavior.

The habitat-type data layer used here was
digitized from USGS topographic maps, which
were photorevised in the 1970s. Because not all
of the small sloughs were apparent on the habi-

tat map, sample points appeared to fall on land.



Similarly, points that landed in palustrine habi-
tats were inaccurate as none of the sites sampled
during this study were nontidal. Clearly there is
a need for new cartographic media to describe
wetland habitats of North America.

The Humboldt Bay Harbor, Recreation
and Conservation District maintains a current
Humboldt Bay atlas of GIS coverages. Of these,
several map biological characters. These cover-
ages can be intersected with our new fish dis-
tribution coverage to perform analyses similar
to the fish by habitat analysis in this study. One
of the available coverages of Humboldt Bay is a
1980 sediment layer. This layer was hand- digi-
tized in 2000 from two paper maps (Shapiro

and Associates 1980). The coverage gives a
description of sediments from clay to sand and
silt, as well as a coarseness category (Figure 26).
When this coverage is intersected with our fish
distribution layer, a list of the detected species
can be queried by sediment type. For example,
at least 18 species, including juveniles of the
family Osmeridae, were collected by methods
other than trawl over the sediment type de-
scribed as marsh (Table 20). Topsmelt account-
ed for over one-half of the total number of fishes
collected in marshy sediment type. A total of 42
species collected by methods other than trawls
were associated with the sandy sediment type
when the coverages were intersected (Table 21).
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Figure 26. Sediment types of Humboldt Bay, Humboldt County, California, and the locations sampled from
September 2000 to November 2001. Sediment coverage is available from the Humboldt Bay Harbor, Recre-
ation and Conservation District at http://www.humboldtbay.org.
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Table 20. Fish species collected by methods other than trawl
over the marshy sediment of Humboldt Bay, California, from
September 2000 to November 2001.

No. of

SPECIES Points Abundance
Pacific herring 1 1
juvenile rockfish 1 1
kelp greenling 1 1
leopard shark 1 1
saddleback gunnel 1 1
English sole 2 2
bay pipefish 2 2
coho salmon 2 2
prickly sculpin 1 2
starry flounder 2 8
threespine stickleback 5 16
arrow goby 4 19
shiner surfperch 4 43
Osmerid sp. 5 58
staghorn sculpin 12 81
Northern anchovy 4 98
surf smelt 5 198
topsmelt 5 718
total 1252
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Table 21. Fish species collected by methods other than
trawl over sandy sediment in Humboldt Bay, California,
from September 2000 to November 2001.

No. of
SPECIES Points Abundance

—_

Pacific sardine
buffalo sculpin
calico surfperch
gopher rockfish
medusa fish
sharpnose sculpin
white surfperch
Pacific herring
bat ray

cabezon

coho salmon

kelp greenling
petrale sole

red Irish lord
rock greenling
penpoint gunnel
walleye surfperch
Northern anchovy
bay goby

juvenile rockfish
saddleback gunnel
sandsole

arrow goby

striped surfperch

[SSERN-REN-INe N XN ) UV, BN (SR S T NS R (S R S R S R S S

—_

starry flounder

speckled sanddab

[S — [ —
O N e I S = N [ N - N N R N L T S T S N e
[\
\S]

spotfin surfperch 24
jacksmelt 25
bay pipefish 28
English sole 33
butter sole 60
chinook salmon 87
redtail surfperch 96
black rockfish 107
silver surfperch 121
tubesnout 132
threespine stickleback 15 143
staghorn sculpin 29 612
Osmerid sp. 12 658
shiner surfperch 13 882
topsmelt 23 890
surf smelt 34 2563
total 6580
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There is also a coverage depicting eelgrass beds
in Humboldt Bay from 1997. Because eelgrass
beds are known to be very productive areas in
the bay, and provide habitat for shelter, feed-
ing and spawning, the results from intersecting
this coverage with the fish distribution layer are
worthy of note (Figure 27). A total of 22 spe-
cies were collected in eelgrass beds throughout
the entire study (Table 22). Shiner surfperch
was the most abundant species; two other
surfperch species were also collected. Just as a
substantial amount of editing was required for
this study to assure that sampling locations fell
within the correct habitat type, further edit-
ing would be required for this analysis. Bay
pipefish, which are known to reside in eelgrass
beds, are clearly underrepresented as the major-
ity of the bay pipefish collected in this study
were in fact collected over eelgrass beds. Most
likely points from fish sampling areas either fell
among the fringe of the defined eelgrass beds
or the current eelgrass coverage needs further

updating.
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The Humboldt Bay Harbor, Recreation
and Conservation District updates coverages as
they are created. Both the sediment coverage
and eelgrass coverage are several years old, as
was the habitat map used for this study. Because
of this, slight discrepancies, like changes in tidal
sloughs, are apparent when the coverages are
used as a base layer for current fish data.

This study of Humboldt Bay fishes has ac-
complished several goals. The need for current
fish species data was apparent, as most of the
published data are vague in terms of location
and comes from the 1970s. A new GIS cover-
age for Humboldt Bay has been created that
can be layered with other available GIS cover-
ages. For this study, the creation of this fish spe-
cies coverage has offered a new understanding
of fish distribution by Humboldt Bay habitat
type. The addition of this new coverage will
also allow for future analyses to be performed as
more GIS coverages of the natural resources of

Humboldt Bay are created.
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Figure 27. Eelgrass beds of Humboldt Bay, Humboldt County, California, and the locations sampled from

September 2000 to November 2001. Eelgrass coverage is available from the Humboldt Bay Harbor, Recre-

ation and Conservation District at http://www.humboldtbay.org.
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Table 22. Fish species collected by all methods in eelgrass
beds of Humboldt Bay, California, from September 2000

to November 2001.

No. of
SPECIES Points Abundance
arrow goby 1 1
black rockfish 1 1
brown smoothhound 1 1
saddleback gunnel 1 1
tubesnout 1 1
Northern anchovy 1 2
juvenile rockfish 1 2
starry flounder 2 2
spiny dogfish 1 4
bat ray 2 5
night smelt 2 5
speckled sanddab 3 5
bay pipefish 1 6
white surfperch 2 6
walleye surfperch 3 19
staghorn sculpin 7 26
threespine stickleback 3 35
jacksmelt 1 39
English sole 2 40
topsmelt 2 41
surf smelt 3 109
shiner surfperch 6 143
total 494
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Appendix A. Habitat classification from the NWI Wetland and Deepwater Habitat mapping code.
Estuarine habitats have a tidal flooding classification beyond subclass, where: L = Subtidal, M =
Irregularly Exposed, N = Regularly Flooded and P = Irregularly Flooded. (Classification definitions
derived from Cowardin et al. 1979).

U=Uplands
System Subsystem Class Subclass
RB=Rock Bottom 1=Bedrock
2=Rubble
UB=Unconsolidated Bottom 1=Cobble-Gravel
2=Sand
3=Mud
4=Organic
1=Subtidal AB=Aquatic Bottom 1=Algal
3=Rooted Vascular
5=Unknown Submergent
RF=Reef 1=Coral
3=Worm
OW=0Open Water Unknown Bottom
M=Marine
AB= Aquatic Bed 1=Algal

3=Rooted Vascular

5=Unknown Submergent

RF=Reef 1=Coral

2=Intertidal 3=Worm

RS=Rocky Shore 1=Bedrock

2=Rubble

US=Unconsolidated Shore 1=Cobble-Gravel

2=Sand

3=Mud

4=0Organic

—continued p. 173
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Appendix A. (continued) Habitat classification from the NWI Wetland and Deepwater Habitat mapping
code. Estuarine habitats have a tidal flooding classification beyond subclass, where: L = Subtidal,
M = Irregularly Exposed, N = Regularly Flooded and P = Irregularly Flooded. (Classification definitions

derived from Cowardin et al. 1979).

System Subsystem Class Subclass
RB=Rock Bottom 1=Bedrock
2=Rubble
UB=Unconsolidated Bottom 1=Cobble-Gravel
2=Sand
3=Mud
4=0Organic
1=Subtidal AB=Aquatic Bed 1=Algal

E=Estuarine

3=Rooted Vascular

4=Floating Vascular

5=Unknown

Submergent

6=Unknown Surface

RF=Reef

2=Mollusc

3=Worm

OW=0Open Water

Unknown Bottom

2=Intertidal

AB=Aquatic Bed

1=Algal

3=Rooted Vascular

4=Floating Vascular

5=Unknown

Submergent

6=Unknown Surface

RF=Reef

2=Mollusc

3=Worm

SB=Streambed

3=Cobble-Gravel

4=Sand

5=Mud

6=0Organic

RS=Rocky Shore

1=Bedrock

2=Rubble

US=Unconsolidated Shore

1=Cobble-Gravel

2=Sand

3=Mud

4=0Organic

EM=Emergent

1=Persistent

2=Nonpersistent

—continued p. 174
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Appendix A. (continued) Habitat classification from the NWI Wetland and Deepwater Habitat
mapping code. Estuarine habitats have a tidal flooding classification beyond subclass, where: L =
Subtidal, M = Irregularly Exposed, N = Regularly Flooded and P = Irregularly Flooded.
(Classification definitions derived from Cowardin etal. 1979).

System Subsystem Class Subclass
SS=Scrub, shrub 1=Broad Leaf
Deciduous

2=Needle Deciduous
3=Broad Leaf

Evergreen

4=Needle Evergreen
5=Dead

6=Indeterminate

Deciduous

E=Estuarine 2=Intertidal 7=Indeterminate
Evergreen
FO-=Forested 1=Broad Leaf
Deciduous

2=Needle Deciduous
3=Broad Leaf

Evergreen

4=Needle Evergreen
5=Dead

6=Indeterminate

Deciduous

7=Indeterminate

Evergreen

—continued p. 175
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Appendix A. (continued) Habitat classification from the NWI Wetland and Deepwater Habitat
mapping code. Estuarine habitats have a tidal flooding classification beyond subclass, where: L =
Subtidal, M = Irregularly Exposed, N = Regularly Flooded and P = Irregularly Flooded.

(Classification definitions derived from Cowardin et al. 1979).

System

Subsystem

Class

Subclass

R=Riverine

1=Tidal

2=Lower
Perennial

3=Upper

Perennial

4=Intermittent

5=Unknown
Perennial

RB=Rock Bottom

1=Bedrock

2=Rubble

UB=Unconsolidated Bottom

1=Cobble-Gravel

2=Sand

3=Mud

4=Organic

SB=Streambed

1=Bedrock

2=Rubble

3=Cobble-Gravel

4=Sand

5=Mud

6=Organic

7=Vegetated

AB=Aquatic Bed

1=Algal

2=Aquatic Moss

3=Rooted Vascular

4=Floating Vascular

5=Unknown Submergent

6=Unknown Surface

RS=Rocky Shore

1=Bedrock

2=Rubble

US=Unconsolidated Shore

1=Cobble-Gravel

2=Sand

3=Mud

4=Organic

5=Vegetated

EM=Emergent

2=Nonpersistent
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Appendix A. (continued) Habitat classification from the NWI Wetland and Deepwater Habitat mapping
code. Estuarine habitats have a tidal flooding classification beyond subclass, where: L = Subtidal,

M = Irregularly Exposed, N = Regularly Flooded and P = Irregularly Flooded. (Classification definitions
derived from Cowardin et al. 1979).

System

Subsystem

Class

Subclass

L=Lacustrine

1=Limnetic

RB=Rock Bottom

1=Bedrock

2=Rubble

UB=Unconsolidated Bottom

1=Cobble-Gravel

2=Sand

3=Mud

4=Organic

AB=Aquatic Bed

1=Algal

2=Aquatic Moss

3=Rooted Vascular

4=Floating Vascular

5=Unknown Submergent

6=Unknown Surface

OW=0Open Water

Unknown Bottom

2=Littoral

RB=Rock Bottom

1=Bedrock

2=Rubble

UB=Unconsolidated Bottom

1=Cobble-Gravel

2=Sand

3=Mud

4=Organic

AB=Aquatic Bed

1=Algal

2=Aquatic Moss

3=Rooted Vascular

4=Floating Vascular

5=Unknown Submergent

6=Unknown Surface

RS=Rocky Shore

1=Bedrock

2=Rubble

US=Unconsolidated Shore

1=Cobble-Gravel

2=Sand

3=Mud

4=Organic

5=Vegetated

EM=Emergent

2=Nonpersistent

OW=0Open Water

Unknown Bottom
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Appendix A. (continued) Habitat classification from the NWI Wetland and Deepwater Habitat

mapping code. Estuarine habitats have a tidal flooding classification beyond subclass, where: L =
Subtidal, M = Irregularly Exposed, N = Regularly Flooded and P = Irregularly Flooded.
(Classification definitions derived from Cowardin et al. 1979).

System Subsystem Class Subclass
RB=Rock Bottom 1=Bedrock
2=Rubble
UB=Unconsolidated Bottom 1=Cobble-Gravel
2=Sand
3=Mud
4=0Organic
AB=Aquatic Bed 1=Algal

P=Palustrine

2=Aquatic Moss

3=Rooted Vascular

4=Floating Vascular

5=Unknown Submergent

6=Unknown Surface

US=Unconsolidated Shore

1=Cobble-Gravel

2=Sand

3=Mud

4=0rganic

5=Vegetated

ML=Moss/Lichen

1=Moss

2=Lichen

EM=Emergent

1=Persistent

2=Nonpersistent

SS=Scrub/Shrub

1=Broad Leaf Deciduous

2=Needle Deciduous

3=Broad Leaf Evergreen

4=Needle Evergreen

5=Dead

6=Indeterminate Deciduous

7=Indeterminate Evergreen

FO=Forested

1=Broad Leaf Deciduous

2=Needle Deciduous

3=Broad Leaf Evergreen

4=Needle Evergreen

5=Dead

6=Indeterminate Deciduous

7=Indeterminate Evergreen

OW=0Open Water

Unknown Bottom
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Appendix C. Fish species collected by methods other than trawl in the North Bay of Humboldt
Bay, Humboldt County, California, from September 2000 to November 2001. Average,
maximum and minimum lengths were obtained using table queries in ArcMap and are given here
under columns Average AVG, Maximum MAX and Minimum MIN. All measurements are total

length in millimeters.

No. of Average Maximum  Minimum
SPECIES Points Abundance AVG MAX MIN
juvenile flatfish 1 1 40.00 40 40
leopard shark 1 1 281.00 281 281
longjaw mudsucker 1 1 93.00 93 93
chinook salmon 1 2 103.00 104 102
cutthroat trout 1 2 276.00 370 182
juvenile rockfish 1 2 32.00 34 30
penpoint gunnel 2 2 108.50 112 105
pile surfperch 2 2 351.00 378 324
coho salmon 3 3 106.33 127 93
Pacific sardine 1 4 104.75 112 96
bat ray 3 6 282.39 427 150
black rockfish 6 6 53.17 64 43
white surfperch 4 7 75.00 91 61
mosquito fish 2 10 27.00 41 13
tidewater goby 6 18 30.94 48 18
butter sole 7 22 32.75 50 18
bay goby 9 23 63.72 96 0
tubesnout 3 23 109.00 139 93
starry flounder 14 27 99.33 291 24
walleye surfperch 7 27 83.82 213 23
prickly sculpin 10 28 76.28 130 35
speckled sanddab 6 28 48.50 89 22
Pacific herring 8 31 55.98 92 27
saddleback gunnel 12 31 66.97 147 0
plainfin midshipman 7 67 38.86 101 28
English sole 20 177 73.45 153 21
bay pipefish 36 184 157.05 281 37
jacksmelt 10 190 75.03 340 17
arrow goby 56 433 49.57 69 20
Osmerid sp. 37 542 51.78 82 12
surf smelt 41 711 67.71 151 0
staghorn sculpin 104 1589 61.26 166 11
topsmelt 65 2648 76.91 237 20
Northern anchovy 21 4476 69.92 127 32
shiner surfperch 55 5491 64.82 150 36
threespine stickleback 53 11623 38.78 76 0
total 28438
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Appendix D. Fish species collected by trawl in the North Bay of Humboldt Bay, Humboldt County,
California, from September 2000 to November 2001. Average, maximum and minimum lengths were
obtained using table queries in ArcMap and are given here under columns Average AVG, Maximum MAX
and Minimum MIN. All measurements are total length in millimeters.

No. of Average Maximum Minimum

SPECIES Trawls  Abundance AVG MAX MIN
Pacific herring 1 1 213.00 213 213
brown Irish lord 1 1 125.00 125 125
juvenile rockfish 1 1 0.00 0 0
plainfin midshipman 1 1 50.00 50 50
ringtail snailfish 1 1 42.00 42 42
threespine stickleback 1 1 45.00 45 45
tubesnout 1 1 0.00 0 0
whitebait smelt 1 1 90.00 90 90
California halibut 2 2 506.50 540 473
Pacific sandlance 1 2 84.50 86 83
buffalo sculpin 1 2 93.00 117 69
walleye surfperch 1 2 111.00 116 105
Northern anchovy 1 3 98.67 100 97
night smelt 3 3 81.67 132 0
sandsole 2 3 90.25 100 80
starry flounder 2 3 157.00 280 112
surf smelt 1 3 68.33 71 65
cabezon 2 4 96.00 125 46
longfin smelt 2 4 125.50 128 122
spiny dogfish 1 4 442.00 462 400
saddleback gunnel 4 5 99.00 115 85
showy snailfish 2 5 97.50 165 70
Pacific tomcod 2 7 137.25 164 96
Pacific sanddab 3 12 73.06 114 42
white surfperch 4 17 146.85 160 133
bat ray 3 22 294.37 463 265
topsmelt 4 23 81.66 99 47
juvenile flatfish 7 24 28.53 39 12
speckled sanddab 9 51 90.85 117 51
bay pipefish 8 56 163.07 298 69
staghorn sculpin 11 163 92.59 176 21
English sole 9 1078 93.42 144 34
shiner surfperch 8 1302 96.08 147 75
Osmerid sp. 11 2464 42.83 69 10
total 5272
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Appendix E. Fish species collected by methods other than trawl in the Entrance Bay of Humboldt Bay,
Humboldt County, California, from September 2000 to November 2001. Average, maximum and
minimum lengths were obtained using table queries in ArcMap and are given here under columns Average
AVG, Maximum MAX and Minimum MIN. All measurements are total length in millimeters.

No. of Average Maximum Minimum

SPECIES Points Abundance AVG MAX MIN
Pacific herring 1 1 63.00 63 63
Pacific sanddab 1 1 20.00 20 20
jacksmelt 1 1 361.00 361 361
kelp greenling 1 1 183.00 183 183
Pacific sandlance 2 2 87.50 99 76
boneyhead sculpin 1 2 81.50 88 75
buffalo sculpin 2 2 103.00 151 55
coho salmon 1 2 101.50 105 98
petrale sole 2 2 35.00 36 34
pile surfperch 2 2 242.50 285 200
rock greenling 1 2 75.50 84 67
sharpnose sculpin 2 2 50.50 61 40
penpoint gunnel 3 3 128.33 162 105
tubesnout 2 5 143.42 197 114
walleye surfperch 4 5 69.63 78 61
bay goby 1 7 31.57 39 17
cabezon 2 7 103.25 163 45
striped surfperch 4 7 105.08 200 51
juvenile rockfish 2 9 55.29 86 30
sandsole 7 9 73.38 95 32
butter sole 1 12 31.58 44 20
shiner surfperch 4 13 112.58 141 85
threespine stickleback 6 19 47.82 68 16
spotfin surfperch 6 24 150.59 189 54
starry flounder 11 43 134.27 285 52
bay pipefish 11 58 175.70 324 127
English sole 9 73 77.97 150 35
chinook salmon 12 86 96.01 119 70
redtail surfperch 11 96 130.86 212 56
black rockfish 5 99 54.73 63 44
silver surfperch 7 121 60.75 82 52
speckled sanddab 6 134 70.52 110 22
staghorn sculpin 25 498 79.10 242 14
Osmerid sp. 14 728 50.21 65 32
surf smelt 28 1817 80.23 153 48
topsmelt 18 3206 94.93 231 37
total 7099
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Appendix F. Fish species collected by trawl in the Entrance Bay of Humboldt Bay, Humboldt County,
California, from September 2000 to November 2001. Average, maximum and minimum lengths were
obtained using table queries in ArcMap and are given here under columns Average AVG, Maximum
MAX and Minimum MIN. All measurements are total length in millimeters.

No. of Average Maximum Minimum

SPECIES Trawls Abundance AVG MAX MIN
California halibut 1 1 760.00 760 760
brown Irish lord 1 1 96.00 96 96
buffalo sculpin 1 1 65.00 65 65
curlfin turbot 1 1 101.00 101 101
juvenile rockfish 1 1 67.00 67 67
sharpnose sculpin 1 1 54.00 54 54
spiny dogfish 1 1 395.00 395 395
Pacific sanddab 1 2 103.50 111 96
Pacific sardine 2 2 132.00 148 116
Pacific tomcod 2 2 172.00 215 129
night smelt 3 3 120.67 128 110
redtail surfperch 1 3 241.33 281 180
sandsole 1 3 45.00 65 30
butter sole 1 4 96.00 109 82
cabezon 4 4 114.75 282 41
whitebait smelt 2 4 117.84 143 109
surf smelt 1 5 11.80 125 93
longfin smelt 2 7 126.75 131 120
threespine stickleback 5 11 68.83 81 45
staghorn sculpin 4 18 115.84 207 36
bay pipefish 7 24 151.29 211 80
Osmerid sp. 6 30 31.67 60 0
tubesnout 7 35 125.47 165 97
speckled sanddab 10 37 56.07 116 27
English sole 6 65 76.33 230 18
shiner surfperch 6 122 100.10 135 75
Pacific sandlance 7 229 83.64 99 76
total 617
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Appendix G. Fish species collected by methods other than trawl in the South Bay of Humboldt Bay,
Humboldt County, California, from September 2000 to November 2001. Average, maximum and
minimum lengths were obtained using table queries in ArcMap and are given here under columns Average
AVG, Maximum MAX and Minimum MIN. All measurements are total length in millimeters.

No. of Average Maximum Minimum
SPECIES Points Abundance AVG MAX MIN
Pacific sandlance 1 1 131.00 131 131

calico surfperch 1 1 179.00 179 179
chinook salmon 1 1 98.00 98 98
copper rockfish 1 1 36.00 36 36
gopher rockfish 1 1 76.00 76 76
juvenile rockfish 1 1 28.00 28 28
lingcod 1 1 78.00 78 78
medusa fish 1 1 79.00 79 79
sharpnose sculpin 1 1 57.00 57 57
steelhead 1 1 126.00 126 126
fluffy sculpin 2 2 43.50 53 34
penpoint gunnel 1 2 135.00 137 133
red Irish lord 1 2 62.00 64 60
redtail surfperch 1 2 91.50 92 91
striped surfperch 1 3 85.33 97 78
bay goby 2 t 41.00 44 39
bat ray 3 5 482.11 900 335
brown Irish lord 1 5 62.40 79 48
prickly sculpin 3 6 57.33 76 46
cabezon 5 8 125.70 214 80
saddleback gunnel 5 8 94.30 141 69
tidewater goby 2 8 47.50 64 37
white surfperch 3 9 118.71 196 62
pile surfperch 2 10 2006.28 330 60
walleye surfperch 3 11 95.61 148 76
kelp greenling 5 14 84.56 115 64
speckled sanddab 6 17 63.36 81 35
Northern anchovy 10 18 53.03 121 0
starry flounder 12 32 109.92 278 36
black rockfish 6 34 62.45 74 49
Pacific sardine 3 40 94.95 132 81
arrow goby 16 41 52.68 63 38
butter sole 1 60 23.03 32 8
bay pipefish 11 71 186.72 295 58
leopard shark 3 87 738.74 1219 300
jacksmelt 9 95 251.82 372 79
English sole 16 185 60.41 117 32
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Appendix G. (continued) Fish species collected by methods other than trawl in the South Bay of Humboldt
Bay, Humboldt County, California, from September 2000 to November 2001. Average, maximum and
minimum lengths were obtained using table queries in ArcMap and are given here under columns Average
AVG, Maximum MAX and Minimum MIN. All measurements are total length in millimeters.

No. of Average Maximum Minimum

SPECIES Points Abundance AVG MAX MIN
tubesnout 7 248 132.44 219 96
Pacific herring 14 411 49.28 86 25
topsmelt 36 978 110.57 337 17
shiner surfperch 27 1173 74.25 155 37
Osmerid sp. 18 1437 51.98 100 30
staghorn sculpin 48 1870 57.48 154 20
surf smelt 53 2474 78.94 428 25
threespine stickleback 43 4001 58.82 137 17
total 13381

Appendix H. Fish species collected by trawl in the South Bay of Humboldt Bay, Humboldt County,
California, from September 2000 to November 2001. Average, maximum and minimum lengths were
obtained using table queries in ArcMap and are given here under columns Average AVG, Maximum MAX
and Minimum MIN. All measurements are total length in millimeters.

No. of Average Maximum Minimum

SPECIES Trawls Abundance AVG MAX MIN
brown smoothhound 1 1 600.00 600 600
starry flounder 1 372.00 372 372
Northern anchovy 1 2 127.00 142 112
juvenile rockfish 1 2 99.50 105 94
white surfperch 1 2 138.50 142 135
speckled sanddab 2 3 92.75 97 90
night smelt 2 5 119.50 136 102
staghorn sculpin 2 14 139.68 161 110
walleye surfperch 2 17 137.15 191 101
English sole 2 40 97.94 133 77
shiner surfperch 2 50 110.80 140 89
total 137
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Appendix I. Dates, locations, and water quality measurements for

threespine sticklebacks collected within Humboldt Bay, Humboldt

County, California, from September 2000 to November 2001. Sample

No. refers to the location (see Gleason, Appendix B). Dissolved oxygen (DO
readings are in milligrams per liter (mg/L), salinity readings are in parts

per thousand (ppt), and temperature is in C°.

Date Sample No. DO SALINITY TEMPERATURE
15 Sept 1 28 22
15 Sept 2 28 25
4 Oct 20 11.50 16 18
11 Oct 21 7.80 34 16
13 Oct 23 10.04 35 17
19 Oct 26 9.01 35 13
26 Oct 40 9.45 35 13
27 Oct 43 8.23 34 15
29 Oct 44 6.22 29 15
13 Nov 51 7.78 34 10
1 Feb 79 8.82 31 11
15 Feb 89 8.92 31 10
16 Feb 91 8.02 25 10
20 Feb 94 8.23 24 11
9 March 109 7.89 21 15
27 March 143 7.40 27 16
10 April 160 9.53 31 17
12 April 162 7.10 26 15
17 April 166 8.46 24 15
24 April 167 7.08 31 16
24 April 169 7.08 30 17
26 April 177 7.04 31 18
1 May 184 7.07 32 13
1 May 185 8.04 32 12
1 May 186 9.45 21 18
1 May 187 10.92 22 20
1 May 189 10.30 21 18
3 May 192 10.94 21 20
8 May 197 7.32 31 17
8 May 198 6.85 35 19
8 May 201 7.11 36 22
29 May 218 6.38 35 25
29 May 219 6.26 31 15
13 June 228 5.57 34 16
19 June 237 7.97 33 18
19 June 239 6.65 34 17

—continued p. 199
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Appendix I. (continued) Dates, locations, and water quality measurements
for threespine sticklebacks collected within Humboldt Bay, Humboldt
County, California, from September 2000 to November 2001. Sample

No. refers to the location (see Gleason, Appendix B). Dissolved oxygen (DO)
readings are in milligrams per liter (mg/L), salinity readings are in parts

per thousand (ppt), and temperature is in C°.

Date Sample No. DO SALINITY TEMPERATURE
19 June 240 6.60 34 17
27 June 254 6.70 32 182
27 June 256 6.45 32 18
2 July 257 7.12 33 20
2 July 261 6.13 34 23
3 July 262 6.13 34 23
3 July 265 13.36 33 24
11 July 267 5.96 33 15
11 July 268 12.43 33 16
12 July 270 3.19 33 15
12 July 271 7.21 33 15
16 July 284 6.69 34 20
23 July 297 9.66 36 27
30 July 299 9.11 33 19
30 July 301 8.67 33 17
14 August 320 6.36 34 21
22 August 333 5.21 34 19
30 Nov 342 6.00 33 19
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Appendix J. Dates, locations, and water quality measurements for staghorn

sculpin collected within Humboldt Bay, Humboldt County, California, from
September 2000 to November 2001. Sample No. refers to location of

collection (see Gleaon, Appendix B). Dissolved oxygen (DO) readings are given in
milligrams per Liter (mg/L), salinity readings are given in parts per

thousand (ppt), and temperature readings are given in C°.

Date Sample No. DO SALINITY TEMPERATURE
25 Sept 13 7.00 35 16
1 Oct 15 6.00 34 15
11 Oct 22 8.02 34 16
13 Oct 23 10.04 35 17
19 Oct 26 9.01 35 13
23 Oct 28 17.92 34 19
23 Oct 36 9.00 32 15
26 Oct 39 9.5 35 13
27 Oct 43 8.23 34 15
29 Oct 44 6.22 29 15
3 Nov 49 8.43 33 14
5 Nov 50 9.45 34 14
13 Nov 51 7.78 34 10
17 Jan 68 10.24 31 11
23 Jan 73 8.75 31 11
28 Jan 76 8.39 33 10
30 Jan 77 9.11 32 12
30 Jan 78 8.87 31 10
1 Feb 79 8.82 31 11
10 Feb 83 8.84 32 11
11 Feb 85 8.34 32 11
13 Feb 86 8.36 32 12
15 Feb 89 8.92 31 10
16 Feb 91 8.02 25 10
22 Feb 97 8.89 27 11
27 Feb 101 8.54 29 11
27 Feb 103 9.49 28 15
5 March 104 9.55 31 13
8 March 107 8.79 21 12
9 March 109 7.89 21 15
15 March 128 9.00 8 12
15 March 130 9.58 9 13
19 March 131 7.58 15 17
20 March 133 6.97 26 14
20 March 137 5.40 32 16

—continued p. 201
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Appendix ]. (continued) Dates, locations, and water quality measurements

for staghorn sculpin collected within Humboldt Bay, Humboldt County,

California, from September 2000 to November 2001. Sample No. refers to

location of collection (see Gleason, Appendix B). Dissolved oxygen (DO) readings are
given in milligrams per Liter (mg/L), salinity readings are given in parts per
thousand (ppt), and temperature readings are given in C°.

Date Sample No. DO SALINITY TEMPERATURE
21 March 142 6.31 28 13
27 March 143 7.40 27 16
27 March 144 7.92 28 17
27 March 143 7.32 25 16
4 April 148 6.05 30 11
4 April 151 5.37 30 12
5 April 152 8.80 32 14
10 April 159 7.75 31 13
10 April 160 9.53 31 17
12 April 162 7.10 26 15
17 April 166 8.46 24 15
24 April 167 7.08 31 16
24 April 172 5.62 21 17
26 April 174 9.55 0.6 13
26 April 177 7.04 31 18
1 May 184 7.07 32 13
1 May 187 10.92 22 20
1 May 189 10.3 21 18
3 May 192 10.94 21 20
10 May 205 6.90 35 20
10 May 211 5.87 35 25
29 May 219 6.26 31 15
30 May 220 6.67 33 15
30 May 221 6.77 33 15
5 June 222 6.33 35 16
5 June 223 6.16 36 16
13 June 228 5.57 34 16
13 June 230 5.72 33 15
18 June 232 6.74 37 17
19 June 237 7.97 33 18
19 June 239 6.65 34 17
19 June 240 6.60 34 17
25 June 250 6.70 33 15
26 June 253 5.27 33 18
27 June 254 6.70 32 182

—continued p. 202
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Appendix J. (continued) Dates, locations, and water quality measurements for
staghorn sculpin collected within Humboldt Bay, Humboldt County,

California, from September 2000 to November 2001. Sample No. refers to

location of collection (see Gleason, Appendix B). Dissolved oxygen (DO) readings are
given in milligrams per Liter (mg/L), salinity readings are given in parts per
thousand (ppt), and temperature readings are given in C°.

Date Sample No. DO SALINITY TEMPERATURE
27 June 256 6.45 32 18
2 July 257 7.12 33 20
2 July 261 6.13 34 23
3 July 262 6.13 34 23
3 July 265 13.36 33 24
11 July 268 12.43 33 16
16 July 278 7.42 33 15
16 July 280 5.86 34 20
23 July 297 9.66 36 27
30 July 299 9.11 33 19
30 July 301 8.67 33 17
6 August 310 3.89 35 19
6 August 313 5.48 34 21
6 August 315 5.06 34 22
7 August 317 4.13 34 20
14 August 320 6.36 34 21
16 August 326 6.51 34 17
21 August 328 6.13 34 17
22 August 333 5.21 34 19
22 August 334 6.79 33 19
30 Nov 342 6.00 33 19
30 Nov 346 8.00 28 12
—end Appendix J
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Appendix K. Dates, locations, and lengths of shiner surfperch collected within
Humboldt Bay, Humboldt County, California, from September 2000 to
November 2001. Sample No. refers to location of collection (see Gleason, Appendix B)

Average lengths were obtained using table queries in ArcMap and are given

here under column Average AVG. All measurements are total length in

millimeters.
Average Abundance by
Date Sample No. Abundance AVG Month
25 Sept 5 1025 105.44
25 Sept 9 16 108.31
25 Sept 11 11 91.45
25 Sept 13 11 110.00 1063
1 Oct 15 25 111.64
1 Oct 17 25 109.96
11 Oct 21 1 80.00
12 Oct 24 1 85.00
23 Oct 30 8 91.25
23 Oct 32 38 99.22
23 Oct 34 8 98.88
23 Oct 36 17 95.18
23 Oct 38 48 96.32
27 Oct 43 3 91.67 174
17 Jan 69 1 85.00 1
13 March 113 1 99.00 1
17 April 164 1 132.00 1
8 May 200 34 132.92
8 May 202 3 103.33
10 May 209 3 123.33
29 May 219 6 40.67
30 May 221 1 44.00 47
13 June 228 12 68.42
14 June 229 4 51.50
15 June 230 1 53.00
18 June 232 80 62.12
18 June 233 107 53.62
18 June 234 72 51.28
18 June 235 59 49.64
18 June 236 45 50.68
19 June 237 6 86.00
19 June 238 1 122.00
19 June 239 1 57.00
19 June 240 821 56.20
19 June 241 13 115.62

—continued p. 204
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Appendix K. (continued) Dates, locations, and lengths of shiner surfperch
collected within Humboldt Bay, Humboldt County, California, from
September 2000 to November 2001. Sample No. refers to location of

collection (see Gleason, Appendix B). Average lengths were obtained using table

queries in ArcMap and are given here under column Average AVG. All

measurements are total length in millimeters.

204 ... Gleason

Average Abundance by

Date Sample No. Abundance AVG Month
25 June 246 7 126.57
25 June 250 1 122.00
26 June 251 207 50.79
26 June 252 780 59.12
26 June 253 1188 70.16
27 June 254 33 52.88
27 June 255 3 74.00
27 June 256 18 70.50 3463
2 July 257 156 52.85
2 July 258 153 56.63
2 July 259 172 54.12
2 July 260 30 57.28
2 July 261 16 54.00
3 July 262 84 48.28
3 July 263 11 48.73
3 July 264 1 100.00
3 July 265 6 84.00
11 July 266 1 53.00
11 July 267 49 54.92
11 July 268 1 46.00
12 July 270 1 45.00
12 July 272 1 113.00
16 July 278 63 57.93
16 July 279 39 57.88
16 July 280 73 67.92
16 July 281 41 69.24
16 July 282 111 64.52
16 July 283 69 67.44
16 July 284 40 58.68
16 July 285 49 66.64
16 July 286 143 53.85
23 July 295 1 114.00
23 July 296 1 97.00
23 July 297 23 68.22
30 July 299 35 64.42
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Appendix K. (continued) Dates, locations, and lengths of shiner surfperch
collected within Humboldt Bay, Humboldt County, California, from
September 2000 to November 2001. Sample No. refers to location of collection
(see Gleason, Appendix B). Average lengths were obtained using table queries in
ArcMap and are given here under column Average AVG. All measurements

are total length in millimeters.

Average Abundance by

Date Sample No. Abundance AVG Month
30 July 300 4 52.50 1374
6 August 310 18 78.00

6 August 311 22 54.05

6 August 312 79 55.68

6 August 313 218 73.20

6 August 314 465 74.56

6 August 315 144 75.52

7 August 316 56 58.72

7 August 317 211 63.36

7 August 318 239 59.16

14 August 319 5 61.00

14 August 320 6 82.33

14 August 321 27 64.44

16 August 323 36 67.88

16 August 324 25 76.36

16 August 326 30 69.40

21 August 327 48 55.94

21 August 328 6 58.50

21 August 329 15 60.73

21 August 330 4 62.00

21 August 331 41 61.84

22 August 332 56 75.00

22 August 333 11 71.91

22 August 334 8 59.63

22 August 335 7 59.29

23 August 336 3 65.67

23 August 337 1 56.00

23 August 338 6 68.33 1787
30 Nov 340 29 96.76

30 Nov 342 54 95.07

30 Nov 344 48 92.78

30 Nov 346 110 89.56 241

—end Appendix K
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Appendix L. Family, specific and common names for all species collected within Humboldt
Bay, Humboldt County, California, from September 2000 to November 2001.

Family Species Common Name
Squalidae Squalus acanthias Spiny dogfish
Carcharhinidae Triakis semifasciata Leopard shark
Moustelus henlei Brown smoothound
Myliobatididae Myliobatis californica Bat Ray
Clupeidae Clupea harengus pallasi Pacific herring
Sardinops sagax Pacific sardine
Engraulidae Engraulis mordax Northern anchovy
Salmonidae Oncorhynchus clarkii Cutthroat trout
Oncorhynchus mykiss Steelhead
Oncorhynchus tshawytscha Chinook salmon
Oncorhynchus kisutch Coho salmon
Osmeridae Hypomesus pretiosus Surf smelt
Allosmerus elongatus Whitebait smelt
Spirinchus starksi Night smelt
Spirinchus thaleichthys Longfin smelt
unidentified juveniles
Batrachoididae Porichthys notatus Plainfin midshipman
Gaddidae Microgadus proximus Pacific tomcod
Atherinidae Atherinapsis californiensis Jacksmelt
Atherinops affinis Topsmelt
Poeciliidae Gambusia affinis Mosquitofish
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Appendix L. (continued) Family, specific and common names for all species collected within
Humboldt Bay, Humboldt County, California, from September 2000 to November 2001.

Family Species Common Name
Gasterosteidae Aulorhynchus flavidus Tubesnout
Gasterosteus aculeatus Threespine stickleback
Syngnathidae Syngnathus leprorhynchus Bay pipefish
Scorpaenidae Sebastes caurinus Copper rockfish
Sebastes melanops Black rockfish
Sebastes carnatus Gopher rockfish
Sebastes sp. unidentified juveniles
Hexagrammidae Ophiodon elongatus Lingcod
Hexagrammos decagrammus Kelp greenling
Hexagrammos superciliosus Rock greenling
Cottidae Scorpaenichthys marmoratus Cabezon
Hemilepidotus spinosus Brown Irish lord
Hemilepidotus hemilepidotus Red Irish lord
Leprocottus armatus Pacific staghorn sculpin
Enophrys bison Buffalo sculpin
Artedius notospilotus Bonehead sculpin
Oligocottus snyderi Fluffy sculpin
Clinocottus acuticeps Sharpnose sculpin
Cottus asper Prickly sculpin
Liparididae Liparis pulchellus Showy snailfish
Liparis rutteri Ringtail snailfish
Embiotocidae Ampbhistichus koelzi Calico surfperch
Ampbhistichus rhodoterus Redtail surfperch
Hyperprosopon anale Spotfin surfperch
Hyperprosopon argenteum Walleye surfperch

—continued p. 208
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Appendix L. (continued) Family, specific and common names for all species collected within
Humboldt Bay, Humboldt County, California, from September 2000 to November 2001.

Family Species Common Name
Embiotocidae Hyperprosopon ellipticum Silver surfperch
Cymatogaster aggregata Shiner surfperch
Embiotoca lateralis Striped surfperch
Damalichthys vacca Pile surfperch
Phanerodon furcatus White surfperch
Pholidae Apodichthys flavidus Penpoint gunnel
Pholis ornata Saddleback gunnel
Ammodytidae Ammodytes hexapterus Pacific sandlance
Gobiidae Eucyclogobius newberryi Tidewater goby
Gillichthys mirabilis Longjaw mudsucker
Lepidogobius lepidus Bay goby
Clevelandia ios Arrow goby
Centrolophidae Icichthys lockingtoni Medusafish
Bothidae Paralichthys californicus California halibut
Citharichthys sordidus Pacific sanddab
Citharichthys stigmaeus Speckled sanddab
Pleuronectidae Pleuronichthys decurrens Curlfin turbot

Psettichthys melanostictus
Parophrys vetulus
Lsopsetta isolepis
Platichthys stellatus
Eopsetta jordani

Sand sole
English sole
Butter sole
Starry flounder
Petrale sole

unidentified juveniles
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During this survey, we collected and identi-
fied 97 species that are possibly nonindigenous
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 species is found in
various invertebrate groups, including poly-
chaetes (24), amphipods (20), and bryozoa (8).
Previous studies in Humboldt Bay (Barnhart
et al. 1992) were not focused on identification
and enumeration of introduced species, but
many of the NIS 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, some cases
going back to the first settlement of the region
by Europeans in the mid-1800s. Almost im-
mediately following initial settlement, maritime
trade began, with shipping of lumber and lum-
ber products to all parts of the world. Some-
time in the 1860s, 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).

Spartina densiflora.

Intentional introductions have also ac-
counted for a number of species that are nu-
merous in the bay. Beginning in the 1890s,
efforts to introduce and grow oysters were
pursued all along the California coast (Bonnot
1935). Attempts to grow Eastern and European
oysters failed, but Japanese oysters were success-
fully introduced into Humboldt Bay. A signifi-
cant commercial aquaculture activity continues
around the planting, growth and harvesting of
Japanese oysters. The seed oysters for this spe-
cies are produced in Puget Sound and shipped
in bags to Humboldt Bay. 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). However,
unintentional introductions also occurred. Ear-
ly methods of transporting marine organisms
from one area to another might take several
days and packing in wet algae was commonly
used to retard dessication. Numerous small,
inconspicuous juveniles of other species might
be concealed among the algae or attached to
its blades. In this manner, small polychaetes or
crustaceans were inadvertently introduced when
the algal material was tossed into the bay.

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 1996a).
Cryptogenic species are organisms that appear
to be widespread in bays, ports, and estuaries of
the world and cannot be identified as definitely
native or exotic to a particular region. Carl-
ton (1996b) 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
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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 97 species that we identified as possible
introductions to Humboldt Bay, 11 are prob-
ably cryptogenic, while an additional 13 species
may fall into that category.

We compared the occurrence of intro-
duced species in Humboldt Bay to their occur-
rence 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
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in San Francisco Bay to the south and in Coos
Bay, Oregon to the north. Of the 97 species in
Humboldt Bay, 31 have been reported from

all three bays, 23 species in San Francisco and
Humboldt Bays, but no species that were found
only in Coos and Humboldt Bays. 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 introduc-
tions to Humboldt Bay, a finding consistent
with ship and small boat traffic moving be-
tween these two locations. The 27 species that
appear to be found only in Humboldt Bay sug-
gests that there may be factors such as shipping
or other human influences that are unique to
the bay.
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Abstract

The initiation and pattern of succession in a marine “fouling” community was observed on a set of
20 black plastic panels suspended horizontally underneath the docks at Woodley Island Marina,
Humboldt Bay, California, from August 2001 to May 2003. The role of recruitment in the develop-
ment of this community was examined using a second set of 20 panels, which were scraped clean
each month to allow new larvae to settle. Each month, both “undisturbed” and “settlement” panels
were digitally photographed, and the percent cover of all species occupying at least 2% cover on each
photo was recorded. Approximately 54 species of motile and sessile organisms were identified from
these photos, of which roughly 35% were exotic species.

The “undisturbed” fouling community was characterized by seasonal pulses of fast-growing,
short-lived species (e.g., colonial tunicates) combined with the persistent accumulation of longer-
lived, slower-growing species (e.g., mussels, sponges and tubiculous amphipods). The initial phases
of development were dominated by colonial and solitary ascidians, bryozoans and hydroids, almost
all of which were introduced to Humboldt Bay. Rainstorms, which brought fresh water and heavy
sediment loads into the bay each winter, appeared to lead to the sudden disappearance of many of
these suspension feeders. Over time, mussels, sponges and tubiculous amphipods gradually increased
in their abundance, perhaps due to their tolerance to heavy sediment loads.

In conclusion, the “fouling” community in Humboldt Bay is heavily influenced by non-native
taxa, many of which disappear following repeated winter storms, leading to sudden increases in free
space. Concurrent increases in sedimentation after winter storms appear to select for slow-growing,

tolerant species (e.g., mussels) that may form a “climax” community over a longer temporal scale.

Myxicola infundibulum
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Introduction

The intentional or accidental introduction of
“exotic” species by humans is one of the lead-
ing causes of the biodiversity crisis (Wilcove et
al. 1998). The release of larvae from the hulls
and ballast tanks of ships from distant ports,
the dumping of algal “packing material” (with
associated species) when shipping live organ-
isms for human consumption, and the deliber-
ate introduction of non-native shellfish species
for aquaculture have all contributed to an ac-
celerated homogenization of species in coastal
marine habitats. As a result, estuarine habitats
such as San Francisco Bay (Carlton 1979) are
among the most threatened ecosystems in the
world (Carlton and Geller 1993). Further
knowledge of the mechanisms used by exotic
species to invade new locales, and whether par-
ticular types of communities repel or facilitate
their arrival, is clearly needed.

The functional role that successful in-
vaders have on future ecosystem function in
marine habitats has been largely unexplored.
Invasive species can potentially out-compete
native populations and drive them to local ex-
tinction. This may in turn affect higher trophic
levels (e.g., commercial or sport fisheries), as
witnessed by the collapse of the anchovy fishery
in the Black Sea from the introduction of an
exotic comb jelly (Kideys 2002). Likewise,
sessile marine invertebrates attached to ship
hulls, docks and other man-made structures
often feed on suspended plankton during both
their larval and adult phases, and therefore
their growth and/or survivorship may reflect
changes in planktonic communities within a
bay. Benthic-pelagic coupling of communities
could have implications for commercial opera-
tions, such as the rearing of oysters for human
consumption. A baseline study of marine “foul-
ing” communities, for example, might establish
important biological indicators of early changes

in the “health” of a bay or estuary.

In this study we report on preliminary
data from an ongoing effort to monitor the
settlement, growth and subsequent establish-
ment of “fouling” communities under the
Woodley Island Marina in Humboldt Bay,
California. Because of Humboldt Bay’s loca-
tion between San Francisco Bay and Coos Bay,
Oregon, it receives substantial shipping traffic
from fishing vessels traveling up and down the
U.S. West Coast, as well as larger, ocean-going
vessels traveling from ports as far away as Japan.
A study by Boyd et al. (2002) has shown that
a substantial number (97) of exotic species
currently reside within Humboldt Bay. These
exotics represent several major phyla ranging
from vascular plants to fish. The largest num-
bers of invasive species, however, are from vari-
ous invertebrate taxa including polychaetes (24
species), amphipods (20 species) and bryozoans
(8 species). Some of the invasive species identi-
fied by Boyd et al. (2002) were likely to have
been introduced long ago, from dry ballast or
“shingle” on wooden ships in the mid-1800s.
The most abundant salt marsh cordgrass,
Spartina densiflora, was probably introduced in
this way to Humboldt Bay from South America
sometime in the 1860s. Since its introduction,
S. densiflora has become the dominant cordgrass
species within Humboldt Bay.

For the majority of introduced marine
species living in Humboldt Bay, little is known
about their natural role within the bay eco-
system. Our work represents one of the first
attempts to record the presence of native and
exotic species under docks in Humboldt Bay,
and to investigate their relative ecological role
within fouling communities on man-made
structures within the bay.

Man-made structures are increasingly
common elements along the shoreline of bays
and estuaries and may even represent novel
habitats for marine invertebrates (Connell

2000). Many of them, including pier pilings
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and floating docks, have a luxuriant growth of
marine invertebrates on them. These systems
are relatively easy to study because of their

ease of access, and deployment of experiments
and data-gathering methods do not require
SCUBA gear. Field experiments can address the
ongoing debate concerning factors governing
time-dependent patterns of succession, such as
whether succession leads to alternative stable
states or “climax” communities (Sutherland
1974; Petraitis and Dudgeon 2004). More
applied concerns, including whether exotic spe-
cies affect local fisheries and other commercial
activities, can be examined.

Specifically, the goals of this study are to:
(1) describe the pattern of settlement and suc-
cession in invertebrate “fouling” communities
within Humboldt Bay, (2) evaluate the relative
importance of native and exotic species as space
occupiers within this system, and (3) determine
the variability in community structure through
time.

Long-term goals include (1) identification
of water-column factors that might influence
community structure and perhaps reflect the
“health” of the bay, (2) establish methods for
the early detection of exotic species introduc-
tions, and (3) field test recently developed
theory on the mechanisms of succession in

epifaunal marine communities.

Methods
Site
Recruitment and community development of
fouling invertebrates were observed on artifi-
cial plastic panels suspended below the south
breakwater dock at Woodley Island Marina,
Humboldt Bay, California. Because this marina
receives heavy traffic from commercial fishing
boats and pleasure craft, it is a likely site for
exotic species to first appear within the bay.
Woodley Island Marina is the largest marina
within Humboldt Bay, comprising a series of

218 ... Boyle et al.

nine (30-70 ft) floating docks oriented per-
pendicular to the shoreline. These large docks
extend into North Bay channel, one of two
channels connecting North Bay and Eureka
Slough with the entrance channel into Hum-

boldt Bay.

Site Characteristics

Precipitation patterns within Humboldt Bay
are highly seasonal and rainfall amounts vary
from year to year (Figure 1). Water temperature
within the bay varies daily with tidal flow and
cloud cover, and both seasonal and annual pat-
terns are detectable with mean low values

~ 9.0 °C and mean highs ~ 18.0 °C. Intermit-
tent salinity measurements taken at panel depth
along the dock ranged from a low of 19 %o
during periods of high rainfall, to a high of

~ 34 %o during high tides (data not shown).
North Bay water surrounding Woodley Is-

land was visibly turbid from sediment loading
following periods of high rainfall, and often
remained turbid for days at a time, despite tidal

flushing.

Fouling panels

Two sets of artificial fouling panels were de-
ployed on rectangular frames constructed of
1-in.-diameter polyvinyl chloride pipe (PVC).
Each frame measured 150 x 50 cm, and held
20 (15 x 10 x 0.65 cm) ABS black plastic sheets
(panels), individually engraved for identifica-
tion and attached with stainless steel bolts and
wing nuts. The panel replicates were evenly
spaced on each frame and randomly reattached
to the alternate frame after each sampling.

A vertical section of the frame was affixed to
the dock side with galvanized pipe brackets
and screws; panels were oriented horizontally,
face-down, and submerged directly beneath the
“shade” of the dock at a depth of 1 m. Position
effects along the dock were avoided by alter-
nating among designated frame-attachment

locations.



Settlement

The first frame with 20 panels, deployed Febru-
ary 2001, was designed to record newly ar-
rived recruits of various marine invertebrates.
These “settlement” panels were monitored for
monthly and seasonal larval settlement and
used to detect species introductions as well as
reproductive periods of sessile invertebrates in
Humboldt Bay. All “settlement” panels were
scraped clean and soaked in fresh water after
each census to ensure free substrate was contin-
uously available for settlement of marine larvae

each month.

Community Development

The second set of 20 panels, deployed July
2001, was designed to follow the development
of “undisturbed” sessile marine communi-

ties. Panels in this set were sampled in a non-
destructive manner by taking photographs to
record the settlement, growth and mortality of
sessile species through time. Monthly census
of this “undisturbed” set coincided with the
settlement set. Sampling the two sets simul-
taneously allowed insights from seasonal time
comparisons of recruitment and growth within

the developing “undisturbed” community.

Panel Census Methods

Data were recorded at Telonicher Marine Labo-
ratory (TML), Trinidad, California. At 4-6
week intervals, both panel sets were retrieved
from the dock and suspended within plastic
containers of fresh seawater. These contain-

ers were brought to TML where the panels
were maintained face-up in circulating filtered
seawater (FSW) tables. Care was taken during
the retrieval and handling process to avoid long
periods out of water or physical loss of sessile
species. Each panel was digitally photographed
using Nikon® Coolpix 990 or 995 cameras.

Corresponding panel and image num-

bers were recorded along with notes describing

important trends. Photographs captured the
whole panel so that species-specific coverage

of occupied space could be accounted for in a
systematic manner. In addition to whole panel
images, “close-up” pictures were taken through
an Olympus® SZ9 Microscope by a stem-
mounted DP11 2.5 mega-pixel digital camera.
This helped to identify adults and newly settled
individuals and provided a closer look at species
interactions during community development.
Panels were typically returned to Humboldt
Bay within 24 hours of their removal.

Analysis of Digital Photographs

Photographs of “undisturbed” panels were
analyzed by computer. Each digital photo was
overlaid with a 5x5 rectangular grid created in
Adobe® Photoshop 6.0. Percent cover data was
recorded for all species occupying at least 2% of
observable space. Coverage estimates frequently
exceeded 100% due to multi-level growth.
Summary statistics and graphs of percent cover
data were produced in SigmaPlot” 8.0. It should
be noted that because some species were cryp-
tically hidden underneath a thick canopy of
hydroids, bryozoans and other fouling inverte-

brates, it is likely that some species were missed.

Results
Organisms

More than 54 species of marine invertebrates
from seven different phyla were identified from
photographs taken during the sampling period.
Exotic species accounted for ~ 34% of all spe-
cies (both motile and sessile) identified from
these photos (see Table 1 for a list of sessile
species). Motile invertebrates were identified
only if they were clearly visible in digital pho-
tos; caprellids, chitons and nudibranchs were
regularly observed feeding on sessile organisms
attached to the panels, but were often found
hidden beneath a canopy of hydroids, bryozo-
ans and feather duster worms. Because photo-
graphs only captured the overstory or canopy
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layer of fouling communities that developed
on our panels, total species richness is under-
estimated. Destructive sampling of several foul-
ing panels each month is needed to produce a
more complete species list. This would require
a much larger number of fouling panels in the

“undisturbed” treatment.

Settlement

Several of the most conspicuous species dis-
played seasonal pulses of settlement varying
dramatically within and between years (Figure
2a—c). Recruitment levels were higher during
summer and fall; little or no settlement was

observed during winter months.

'The hydroid Obelia dichotoma and bryo-
zoan Celleporella hyalina, both exotic species,
were present most months of the study. Obelia
peaked in abundance in May 2001 and again in
March 2003. Celleporella settled in 2001 during
the months of May, August and November, and
peaked in abundance on settlement panels in
October 2002. Colonial tunicates demonstrated

Caption: (Left) Successive images of a single fouling
panel, deployed under the Woodley Island Marina
in Humboldt Bay, California, over a period of three
years. (Top) In September 2001, this panel was
covered by colonial bryozoans (primarily Bugula
californica) and solitary barnacles (Balanus crenatus),
with a few encrusting ascidians (Botrylloides sp. and
Botryllus tuberatus) present. (Second) Following win-
ter storms in January 2002, most of the “overstory”
in this community (especially colonies of Bugula)
disappeared and many of the barnacles died. How-
ever, two colonies of the bright red invasive bryo-
zoan Watersipora subtorquata appear. (Third) Eight
months later in September 2002, one of the two
colonies of Watersipora was completely overgrown,
while the second was surrounded by colonial ascid-
ians (Diplosoma macdonaldi and Distaplia occidenta-
lis). At this point, a large percentage of the panel was
occupied by sponges and the fine, muddy tubes of
Corphium. (Bottom) Another eight months later, in
May 2003, these colonial ascidians have disappeared,
leaving the panel primarily covered with sponges
(through which some of the original barnacles can be
seen) and a few large mussels.



comparatively strong settlement during summer
and early fall months (Figure 2a—c). Botrylloides
settled heaviest from June through August 2001
and again from July through September 2002.
Botryllus settled in the early fall months of
October 2001 and September 2002, although
it did not comprise more than 10% cover on
any occasion. In 2001, both Distaplia occiden-
talis (July) and Diplosoma macdonaldi (Octo-
ber) recruited heavily, dominating nearly half
the space on settlement panels. Nevertheless,
recruitment levels for these two species resulted
in less than 20% cover during the same months
in 2002. In contrast, settlement numbers were
low for the solitary tunicate Ciona intestinalis

during fall 2001 and 2002.

Two large pulses of recruitment from the
barnacle Balanus crenatus occurred during Oc-
tober 2002 and May 2003 (Figure 2c). These
peaks, representing close to 40% cover, are
remarkable given that a newly metamorphosed

barnacle comprises less than 0.5% cover. Prior

to these peaks, settlement of B. crenatus was

The barnacle, Balanus crenatus.

extremely low, even during the same months in
2001.

Community Development

The initial composition of the “undisturbed”
panel set, deployed in July 2001, was character-
ized by a steady accumulation of competitive,
fast growing colonial tunicates (Figure 3a,b).
Diplosoma macdonaldi and Botrylloides sp.
dominated most of the space after two months
of development. Diplosoma peaked in abun-
dance at 30% cover in September and then
rapidly declined in October, failing to reach
that level in any of the remaining months of
the study. As Diplosoma growth subsided there
was a rise in the abundance of Bosrylloides (in
October) that lasted until December. Ciona
intestinalis, originally from the East Coast of
the United States, followed on the heels of
these two species, peaking at almost 25% cover
in November. This peak in Ciona coverage
resulted from dramatic growth of a few indi-
viduals, with some reaching 5 in. or more in
length and covering a substantial portion of the
fouling panels.

The encrusting bryozoan Watersipora
subtorquata, a recently observed introduction
to Humboldt Bay, settled and expanded on the
panels from October through November 2001.
Watersipora maintained up to 10% coverage
through March 2002. We have observed this
species forming large (6-8 in.-diameter) let-
tuce-like “heads” on the new Eureka municipal
docks located across the channel from Woodley
Island Marina. Watersipora declined rapidly in
abundance after April 2002 at the study site.

Winter months were characterized by
heavy rain, sedimentation and turbid waters
with decreased settlement and growth of any
new individuals in the fouling community.
There was a noticeable increase in free space
on the panels following large storm events
(Figure 1), resulting from the disappearance
of Botrylloides, Ciona and other tunicates. The
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hydroid Obelia dichotoma appeared soon after
these storms and colonized any available space.
Obelia maintained ~18% coverage from Janu-
ary through July 2002.

During spring months, Balanus crenatus
recruitment to the undisturbed panels was low
and never occupied more then 5% cover. Tube-
dwelling amphipods, Corophium sp., formed
clusters of tubes from fine sediment grains
accumulating on panel surfaces after winter
storms. These crustaceans increased on the pan-
els from January to April 2002 and remained
throughout the study. Botrylloides reappeared in
the spring to occupy 35% of the undisturbed
fouling panels. Their rapid peak in abundance
was followed by a steady decline through spring
2003.

'The sponge Halichondria bowerbanki, an
exotic species, first appeared in April 2002 on
the “undisturbed” panels. Its coverage increased
through December 2002, dropped off in Janu-
ary, and recovered in spring of 2003.

There were strong pulses of recruitment
and growth from Ciona intestinalis, Watersipora
subtorquata and a new colonial tunicate, Dista-
plia occidentalis, during the fall of 2002.

Throughout the study, dominant organ-
isms in the community were observed arriving
in short pulses of recruitment that typically
occurred within a single month. These species
were very competitive and overgrew any previ-
ous occupants. Beneath these ephemeral spe-
cies, several disturbance-resistant taxa, includ-
ing the sponge Halichondria bowerbanki, the
tube-forming amphipod Corophium sp. and
the mussel Mytilus trossulus (data not shown)
gradually increased their substrate occupancy
over time (Figure 3b). In contrast to repeated
seasonal dominance by fast growing, short-lived
species, these durable slow-growing forms were
persistent. Recent observations of these same

“undisturbed” panels (July, 2004) show contin-
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ued dominance by the mussel M. #rossulus and
the sponge H. bowerbanki (Janiak, pers. obs.),
demonstrating they are capable of persisting for

at least several years on these panels.

Discussion
Roughly 35% of the species identified from this
study were introduced from various areas of the
worlds” oceans. These introduced species play
a critical role in the development of the foul-
ing communities in Humboldt Bay. The initial
phases of community development on “undis-
turbed” panels, for example, were dominated by
colonial and solitary ascidians, bryozoans and
hydroids, almost all of which were introduced
to Humboldt Bay. In addition, some of the late
successional species, including Watersipora sub-
torquata and Halichondria bowerbanki, are also
introduced. It is therefore impossible to know
what the “native” communities within Hum-
boldt Bay should look like.

It is notable that other fouling studies
have shown very similar patterns of succes-
sion, often with the very same species, in other
localities (e.g., Dean 1981; Mook 1981). Most
of the hard-substrates available for settlement
by sessile marine invertebrates and algae within
Humboldt Bay are man-made structures, like
those that stabilize the shores within the bay
(e.g., rip-rap that lines the entrance channel
and other areas within the bay) or those that
have been introduced for aquaculture (e.g., the
Japanese oyster Crassostrea gigas). Studies by
Connell (2000, 2001) have shown that within
Sydney Harbor, Australia, new urban structures
may facilitate the invasion of new taxa. Our
own observations on the newly constructed
municipal floating docks in Humboldt Bay also
suggest this may occur. We have seen greater
abundances and much larger colonies of the
newly discovered bryozoan Watersipora sub-

torquata at these docks relative to those seen at



the Woodley Island Marina. This pattern may
represent a temporal correlation between the
deployment of these new floating docks and the
arrival of Watersipora.

Introduced species contributed dispro-
portionately to the development of the foul-
ing community on docks at Woodley Island
Marina. This community is characterized by
seasonal pulses of fast-growing, short-lived spe-
cies (e.g., colonial tunicates), combined with
the persistent accumulation of longer-lived,
slower growing species (e.g., mussels, sponges
and tubiculous amphipods). Ephemeral spe-
cies frequently grew over and on mussels and
other longer-lived species, forming a “canopy”
layer that showed dramatic changes in percent
cover from month to month. Winter storms,
which transported both fresh water and heavy
sediment loads through the channel adjacent to
the Woodley Island Marina, appeared to lead
to the sudden disappearance of weedy suspen-
sion feeders, including colonial tunicates and
bryozoans. Most of these species are exotic and
can be found in bays and estuaries on both the
Pacific and Atlantic Coasts of the United States,
where they inhabit docks and pier pilings in
a wide range of salinities. This tolerance of
fluctuating salinity makes it more likely that the
sudden declines in abundance, following winter
storms, may be due to mortality from heavy
sedimentation on the “undisturbed” panels.
These conditions can effectively clog the sus-
pension feeding organs of many sessile inverte-
brates (Maughan 2001).

Although both the “undisturbed” and
“settlement” panels initially reflected a pulse
in settlement by tunicates, later changes in the
dominance of species on “undisturbed” panels
did not necessarily reflect pulses in recruitment.
Initial settlement by the colonial sea squirts
Diplosoma and Botrylloides onto the “undis-
turbed panels” lead to brief dominance by these

species in September and October, whereas

fairly low (<5% cover) recruitment by the
solitary tunicate Ciona was followed by rapid
growth, and subsequent dominance by a small
number of individuals (25% cover on panels)
in November, 2001. A peak in recruitment of
the barnacle Balanus crenatus seen on “settle-
ment” panels in October 2002 did not result

in an increase in percent cover of this species

in subsequent months. Osman and Whitlatch
(1995) found that the major affect that resident
adults have on the recruitment of settling larvae
in a developing benthic community is to pre-
vent them from taking over space. In addition,
increases in percent cover are not always driven
by prior settlement. An increase in the estab-
lishment of Botrylloides on “undisturbed” panels
in May 2002 did not appear to be caused by
heavy settlement of this species. Thus, increases
in percent cover can be due to apparently “sud-
den” increases in growth by colonies, which
may be present yet hidden below an upper
“canopy.” In conclusion, dominance on “undis-
turbed” panels was not always driven by settle-
ment processes, which changed in importance
over the course of succession.

Similar studies of marine fouling com-
munities have also shown the importance of
settlement changes during the successional
process. Field (1982) found that the species
that initially settled on panels suspended in the
Damariscotta River in Maine were different
from those that settled in older, more mature
communities. He concluded that species that
settled first altered the community, facilitating
the recruitment of later species which otherwise
may not have invaded.

Chalmer (1982) also found that species
selectively settled into different aged fouling
communities on asbestos panels immersed near
Garden Island, Western Australia. Most species
in his study settled on young panels because
they had little structure and considerable free

space. In contrast, the mussel Myrilus edulis
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was able to settle freely on both young and old
panels, and Chalmer (1982) suggested that the
ability of Mytilus to settle in established com-
munities was the reason for its ultimate domi-
nance as a “climax species.”

Dean (1981) found that mimicking the
physical structure supplied by sessile organisms,
such as colonial tunicates, hydroids and bar-
nacles, facilitated the settlement of the mussel
Mytilus edulis, which in turn pre-empted settle-
ment by other species. Observations made in
July 2004 of our “undisturbed” panels indicate
that the mussel Mytilus trossulus is steadily in-
creasing its percent cover over time, along with
increases in the sponge Halichondria bowerban-
ki and tubiculous amphipods. Gradual increase
in M. trossulus abundance, despite any sign of
recruitment of this species onto “settlement”
panels, may stem from preferential settlement
into established communities with pre-existing
structure. Alternatively, the relative absence of
mussel predators, such as motile crabs and sea
stars, may enable mussels to outcompete other
species (Enderlein and Wahl 2004). Although
mussels may not settle in high numbers, their
persistence could be due to their ability to
tolerate heavy sedimentation following win-
ter storms, as well as their ability to settle in
established communities. We hypothesize that
mussels, sponges and tubiculous amphipods
will form the eventual “climax community” on
our panels if given enough time. These species
appear to dominate the floating docks at Wood-
ley Island Marina.

Seasonal declines in abundance, seen
in some of the dominant occupiers of space
(including Bozrylloides sp., Botryllus sp., Ciona
intestinalis, Watersipora subtorquata, and Obe-
lia dichotoma), could be due to either natural
history variation or variation in water condi-
tions in the bay. Short life spans, for example,
could lead to synchronized senescence amongst

a “cohort” of individuals that recruited simul-
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taneously. Such a phenomenon could lead to
sudden apparent “mortality” at different times
of the year. While we cannot rule out natural
senescence as an explanation for the sudden
decline in percent cover of Botrylloides, Ciona
and Halichondria in January 2002 and 2003,
these declines are correlated with high rainfall
levels (Figures 1 and 3). It is unclear whether
low salinity or increased sedimentation levels
from rainstorms is responsible for these sud-
den disappearances. However, Dybern (1967)
showed that Ciona is tolerant of a wide range
of salinities, and many exotic species have a
euryhaline distribution. Therefore, we suggest
that deposition of fine sediments, along with
reduced salinity from freshwater runoff, are the
primary agents of disturbance responsible for
the decline of many species in this fouling com-
munity. Repeated disturbances may ultimately
influence the composition of fouling commu-
nities at Woodley Island Marina by favoring
“disturbance tolerant” taxa.

In conclusion, this study shows that the
diverse community of sessile marine inver-
tebrates that “foul” docks within Humboldt
Bay is a highly dynamic system that changes
markedly from month to month. Pulses of
recruitment, rapid growth and sudden mortal-
ity characterize this system. Nevertheless, this
community may be gradually approaching a
less diverse state dominated by a few species, in-
cluding the mussel Myzilus trossulus, the sponge
Halichondria bowerbanki and the tubiculous
amphipod Corophium sp. Persistent cover by a
few dominant taxa may provide secondary sub-
strate for more opportunistic species to settle
on during high-recruitment months, masking a
stable set of species in the understory.

Because many of the species identified on
our panels (-35%) are non-native, it is clear
that Humboldt Bay is not immune to invasion
by exotic species. In fact, it is likely that this

process has been occurring since the mid-



1800s, although it is unclear if the number of
exotic species has increased exponentially, as has
been seen in San Francisco Bay (Carleton and
Geller 1993). Clearly, further study over a lon-
ger time span is necessary to determine whether
a “climax” community is attained, and whether
this community can repel further invasion by
exotic species. In addition, the role of sediment
deposition in these communities appears to be
an important source of disturbance that may

drive this system.
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Figure 1. Plot of the average % free space (+ 1 S.E.) on “undisturbed” fouling panels at Woodley Island
Marina, Humboldt Bay, California. Rainfall data plotted represent the sum of monthly rainfall amounts (in
inches) August 2001-May 2003, obtained from the National Weather Service.
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Figure 2a. Mean percent cover (+ 1 S.E.) of subtidal invertebrates on settlement panels over time at Woodley

Island Marina, Humboldt Bay, California. Graphs present settlement data for frequently recorded species dur-
ing the sampling period (March 2001-May 2003).
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Figure 2b. Mean percent cover (+ 1 S.E.) of subtidal invertebrates on settlement panels over time at Woodley
Island Marina, Humboldt Bay, California. Graphs present settlement data for frequently recorded species dur-

ing the sampling period (March 2001-May 2003).
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Figure 2c. Mean percent cover (+ 1 S.E.) of subtidal invertebrates on settlement panels over time at Woodley
Island Marina, Humboldt Bay, California. Graphs present settlement data for frequently recorded species dur-
ing the sampling period (March 2001-May 2003).
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Figure 3b. Mean percent cover (+ 1 S.E.) of subtidal invertebrates on undisturbed fouling panels over time
at Woodley Island Marina, Humboldt Bay, California. Graphs present the more common species occupying
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Table 1. Sessile invertebrate fouling species identified from photographs of panels deployed under the
Woodley Island Marina, Humboldt Bay, California. E = Exotic; N = Native. (Note: understory species
were not sampled, so this list is not exhaustive)

Porifera Bryozoa
Halichondria bowerbanki E Alcyonidium polyoum E
Haliclona sp. N Celleporella hyalina E
Cnidaria Bugula californica N
Obelia dichotoma E Bugula stolonifera N
Tubularia crocea N Bugula neritina E
Plumularia seracea N Bowerbankia gracilis E
Diadumene leucolena E Watersipora subtorquata E
Merridium senile N Schizoporella unicornis E
Polychaeta Scrupocellaria diagenesis N
Schizobranchia insignis N Urochordata
Eudistylia vancouveri N Botrylloides sp. E
Myxicola infundibulum E Botryllus sp. E
Bivalvia Botryllus tuberatus E
Mytilus trossulus N Ciona intestinalis E
Pododesmus cepio N Mogula manhattensis E
Crustacea Styela clava E
Balanus crenatus N Diplosoma macdonaldi N
Balanus nubilus N Distaplia occidentalis N
Pyura haustor N
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1. Introduction

Some members of California’s “restoration
community” believe that the efforts and costs
required to secure authorization from the
California Coastal Commission (Commission)
to enhance seasonal coastal wetlands are so
onerous and the process so obscure that many
people do not pursue grant funding to enhance
seasonal coastal wetlands in the Coastal Zone.
The restoration community has identi-
fied four factors that contribute to this dilem-
ma. (1) The California Coastal Act (Act) places
priority on “recovering” tidelands that were
diked, drained and filled more than a century
ago (whenever feasible and when it is the least
environmentally damaging option) rather than
on improving existing freshwater wetlands on
land created by dikes. (2) The Act places prior-
ity on re-establishing former wetlands rather
than on improving the quality of existing
wetlands. (3) The Commission requires com-
pensatory mitigation for wetland-enhancement
projects that are proposed solely to increase the
quality and/or quantity of wetlands. Such proj-
ects are “self mitigating” and should not require
compensatory mitigation. And, (4) the Com-
mission narrowly interprets the state and federal
“no-net-loss” of wetland areas policies, which
severely limits opportunities to enhance the
functions and values of existing wetlands. The
requirement to reduce wetland habitat area by
placing fill, when the sole purpose of the project
is to enhance wetlands, should be balanced
against improving habitat functions and values.
A primary goal of this paper is to help
project proponents of seasonal freshwater
wetland-enhancement projects understand the
Act’s regulatory and the Commission’s adminis-
trative priorities and constraints that may affect
approval of applications for Coastal Develop-
ment Permits (CDP). Members of the North-
ern California Component of the Pacific Coast
Joint Venture (PCJV 2004) hope that if project

236 ... Laird

proponents have such knowledge when apply-
ing for wetland-enhancement projects, it will as-
sist Commission staff in their evaluation of and
recommendations for Commission approval of

such projects.

2. Framing the Problem
California’s Coastal Act of 1976 (Act) protects

existing coastal wetlands (Public Resource Code
[PRC] § 30000 et seq.; see Appendix 6.1).

The PCJV, as does the Act, aspires to improve
the overall quality of natural and artificial
coastal wetlands (PRC § 30001.5), a goal that
if achieved would benefit us all. Improving the
quality of a wetland can be achieved by increas-
ing its functions (what it does), the processes
(physical, chemical, biological aspects of how it
performs) or values (those characteristics result-
ing directly or indirectly from its function that
are perceived by society as desirable and wor-
thy of protection, or those characteristics that
contribute to the habitat quality of the resident
biota). The methods accepted in restoration
ecology to improve wetland habitat are:

1. restore: re-establish historic functions and
values of a former wetland;

2. enhance: increase the size and/or improve
functions and values of an existing
wetland;

3. create: establish a new, self-sustaining

wetland in an upland area.

The Commission staff face an administra-
tive “albatross” when evaluating wetland restora-
tion or enhancement projects for compliance.
The Act interprets any immediate construction
action (e.g., diking, filling, excavating), regard-
less of its purpose, as “development” (PRC §
30106) that will require a CDP (PRC § 30600),
even if that action is necessary to complete a
wetland restoration or enhancement design.

To secure a CDP, any action that might cause

adverse environmental effects must, if feasible,



be mitigated (PRC § 30233 [a]). The wetland-
enhancement proponent/permit seeker is thus
faced with the curious dilemma of having to
mitigate for restoring or enhancing a wetland.
Unfortunately, many enhancement projects
cannot overcome the compensatory mitigation
hurdle, or the paradox, and are abandoned.

Fortunately, the Act provides guidance
to resolve this paradox and to achieve its basic
goals, which are to “protect, maintain, and,
where feasible, enhance and restore the overall
quality of the coastal zone environment and its
natural and artificial resources” (PRC § 30001.5
[a]). The Act also can resolve conflicting
policies by seeking a balance that is the most
protective of significant coastal resources (PRC
§ 30007.5). When assessing a project whose
sole purpose is restoration or enhancement,
Commission staff should weigh the net benefit
derived from such activities and conclude that
these activities, when balanced, are beneficial
and therefore are “self-mitigating” and do not
warrant compensatory mitigation.

In California, PCJV partners face sig-
nificant challenges in complying with the Act
when proposing to enhance coastal freshwater
wetlands. For former tidelands that are diked,
the Act favors restoring freshwater wetlands
back to tidelands rather than allowing fresh-
water wetland enhancement. Freshwater coastal
wetlands created on diked former tidelands
shall, according to the Act, be restored to tidal
influences where feasible (PRC § 30230), i.e.,
if there are no physical, economic or political
impediments. However, these impediments
do exist at many sites or on surrounding lands
making restoration infeasible, or risking greater
adverse environmental effects than enhancing
existing seasonal freshwater wetlands. Conse-
quently, such sites are better suited to enhanc-
ing existing freshwater wetlands.

Another significant challenge the PCJV

faces in enhancing existing freshwater wetlands

is the Commission’s interpretation of Califor-
nia’s Wetlands Conservation Policy (Executive
Order W59-93), commonly referred to as the
“no-net-loss” of wetlands policy. One goal of
this policy is to “Ensure no overall net loss and
achieve a long-term net gain in the quantity,
quality, and permanence of wetlands acreage and
values in California ...” Although “overall” was
meant to qualify “no net loss,” this policy is
generally applied as a strict prohibition against
net loss of area for every wetland. Rather,
“overall” implies some latitude or balancing is
permissible in order to achieve a long-term net
gain of wetland quality in California, which is
the goal of enhancement. Likewise, the federal
“no-net-loss” policy (Executive Order 11990;
see Appendix 6.2) is often cited in support

of an outright prohibition on any net loss of
wetland acreage. But it also allows for bal-
ance by stating “in order to avoid to the extent
possible the long and short term adverse impacts
associated with the destruction or modification
of wetlands ... wherever there is a practicable
alternative ... "

When the sole purpose of a project is
enhancement of wetland functions and val-
ues, there is likely no practicable alternative
to achieving the project’s purpose. The fed-
eral policy goes on to encourage enhancing
the natural and beneficial values of wetlands.
Ironically, the federal policy states that it does
not apply to issuance of federal agency permits
or allocations to private parties for activities
involving wetlands on nonfederal property (see
Appendix 6.2), yet it is routinely applied to pri-
vate parties who propose to enhance wetlands.
Lastly, in support of a more balanced approach
to apply these orders, neither the Act nor the
federal Coastal Zone Management Act of 1972
(16 U.S.C. 1451 et seq.) has been amended to
incorporate a “no-net-loss” policy.

Enhancement of an existing wetland can

often result in some loss of wetland acreage,
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while restoration of a former wetland or cre-
ation of a new wetland generally does not. The
Commission’s application of the “no-net-loss”
policy fails to value the benefits of enhancing
function or value over a net loss in acreage. It
is important to note that function may not be
directly related to acreage (Commission 1995).
Thus the opportunity to improve an existing,
degraded wetland is often discouraged by the
Commission’s application of the “no-net-loss”
policy. Therefore, the wisdom of strictly adher-
ing to a narrow interpretation of this policy
must be questioned. This is particularly im-
portant as current expectations of successfully
improving wetland quality by increasing its
functions and values may be greater, or realized
sooner, when enhancing an existing wetland as
opposed to either attempting to restore a his-
toric wetland or creating an entirely new one.

In support of enhancement, the Commis-
sion’s procedures (p. 1-8, Commission 1994)
encourages staff to work with what exists,
because wetlands are hard to restore and even
harder to create, and recommends that com-
pensatory mitigation not be required (p. 9-1,
Commission 1995).

Determining which diked former tide-
lands are feasible for restoration to tidal func-
tions would identify those freshwater wetlands
that are best suited for enhancement. In most
instances completely removing or breaching a
dike is not feasible if adjacent lands, roads or
infrastructure would become inundated with
salt water; therefore, in those situations it is
often necessary to relocate the dike or build a
new one. Naturally, on those lands where it is
not feasible to restore tidal functions, PRC §
30230 would not apply and enhancing existing
freshwater wetlands would be the appropriate

option.
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3. Coastal Act Regulations that can
Constrain Enhancement of Coastal
Wetlands

The PCJV’s promotion of coastal wetland-
enhancement projects is primarily affected by
the application of the following: PRC § 30106,
30519, 30121, 30230, 30231, 30233 (a)(c),
30600 (a)(e), and 30607.1. How the applica-
tion of these sections may constrain enhance-

ment of coastal wetlands is discussed below.

3.1. Coastal Development Permit
Jurisdiction—PRC § 30106, 30519, and
30600 (a)(e)

For purposes of habitat enhancement or res-
toration projects, development can be defined
simply as any proposed action that will involve
physical disturbances or a change in the intensi-
ty of land or water use within the Coastal Zone
(PRC § 301006).

Nearly all proposed enhancement or
restoration projects in the Coastal Zone, with
few exceptions, will need to secure a CDP
(PRC § 30600 [a], [e]). A CDP is issued by one
of two entities: the Commission who retains
jurisdiction on all submerged lands, tidelands,
and public trust lands such as diked former
tidelands (PRC § 30519 [b]), or local land-use
authorities such as a county or city who have
jurisdiction pursuant to their certified Local
Coastal Program on all other lands within the
Coastal Zone (PRC § 30519 [a]). Those non-
federal or nonstate projects residing on lands
under local land-use authority will have to ap-
ply for a CDP to these authorities, and not the
Commission.

Local authorities, in addition to issuing a
CDP, also control use on all lands except those
that are federal or state-owned. Most local land-
use authorities have identified land uses that are
permitted, i.e., do not need a use permit, uses

that must be conditionally approved—usually



via a planning commission—while all other
uses not identified are prohibited.

Typically, habitat enhancement and resto-
ration projects are required to secure a Condi-
tional Use Permit (CUP), but before a permit
can be issued, the local land-use authority must
first comply with the California Environmental
Quality Act (CEQA) (PRC §21000 et seq., and
CEQA Guidelines California Code of Regula-
tion [CCR] §15000 et seq.). Unless CEQA has
been complied with by some other permitting
agency, the local land-use authority becomes
the lead agency for compliance.

Preparing appropriate environmental
documents and processing a use-permit applica-
tion can often take many months. During the
process of securing a CUP and CDP from the
lead agency, the CEQA document is circulated
among other regulatory agencies for review and
comment. Often, in the course of this circula-
tion, the lead agency or project proponent will
receive notices that additional permits or con-
sultations are required. For projects located on
lands where the Commission has not retained
jurisdiction to issue a CDD, the project propo-
nent can expect their permit efforts to increase
in complexity, time and cost.

3.2. Coastal Wetland Definition, PRC § 30121
In California’s coastal zone, wetlands are
broadly defined as lands that may be covered
periodically or permanently with shallow water.
The Commission relies on consultation with
the California Department of Fish and Game
(CDEFQG) to delineate wetlands, but requires
that only one of three criteria used by federal
agencies (e.g., hydrology, hydric soils or hydro-
phytic vegetation) need be present to delineate
a wetland (Environmental Services Division
1987, in CCC, 1994).

On the coast, diked former tidelands

are often inundated during winter and spring

months with fresh water from either overland
flows or from a high groundwater table that
form seasonal wetlands. Livestock grazing can
often limit seasonal wetland functions and
values by reducing or altering native plant cover
and associated species diversity, in favor of
exotic species with less habitat value. Enhanc-
ing grazed seasonal wetlands often requires
some fill and/or grading to increase topographic
diversity and the duration of more vegetation,
thereby improving a seasonal wetland’s func-
tional capacity and values. But excavation and
placing fill during restoration or enhancement
in a seasonal wetland is considered a develop-
ment, causing an adverse impact that requires

compensatory mitigation.

Because of the Commission’s broad defini-

tion of what constitutes a wetland on diked
former tidelands, it is often difficult, if not
impossible, to locate an area that is not a sea-
sonal wetland in order to provide compensatory
mitigation (i.e., replace the wetland area being
filled).
Wetland shall be defined as land where the
water table is at, near, or above the land sur-
Jace long enough to promote the formation of
hydric soils or to support the growth of hy-
drophytes, and shall also include those types
of wetlands where vegetation is lacking and
soil is poorly developed or absent as a result
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of frequent and drastic fluctuations of surface
water levels, wave action, water flow, turbid-
ity or high concentrations of salts or other sub-
stances in the substrate. Such wetlands can be
recognized by the presence of surface water or
saturated substrate at some time during each
year and their location within, or adjacent
to, vegetated wetlands or deep-water habitats.
(California Code of Regulations Title 14,
Division 5.5 Chapter 8, § 13577)

Yet, forgoing the enhancement of a grazed
seasonal wetland would appear to be contrary
to meeting a major goal of the Act, which is to
enhance the overall quality of the coastal zone

environment (PRC § 30001.5).

3.3. Marine Resources, PRC § 30230

Marine resources, such as submerged areas

and tidelands, shall be maintained, enhanced
and, where feasible, restored. Consequently, on
diked former tidelands the Act prioritizes their
restoration over enhancing existing freshwater

wetlands. Whether it is feasible to restore a for-

mer tideland can be determined by the presence

of physical, economic or political impediments
to restoring tidal waters to these lands.

A commonly encountered constraint
to restoring tidewater to former tidelands is
an inability to prevent salt water from flood-
ing adjacent agricultural or residential lands,
inundating utility easements, public roads or
rail corridors. Another policy of the Act, PRC
§ 30607.1, supports restoring marine resources
such as former tidelands, while PRC § 30607.1
requires that a condition of approving fill in
wetlands, if feasible, be mitigated at a mini-
mum by opening up equivalent areas to tidal
action. On former tidelands that are deemed
infeasible to restore, then enhancement of sea-
sonal freshwater wetlands would be the means

to improve the quality of coastal wetlands.
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Restoring former tidelands is not a simple
activity and merely opening an area to tidal
action is no assurance that historic tideland
habitats will be restored. Many former tidelands
were diked and drained over a century ago.
Since then these tidelands have been cut off
from tidal ebb-and-flow and may have sub-
sided, so some areas are several feet lower than
the submerged lands in adjacent tidal waters.
Also during the intervening time, sea levels
have risen—Tlately the increase in peak high-tide
elevations has become particularly noticeable.
In many situations simply restoring tidal flows
to subsided diked former tidelands may create
mudflat habitat rather than salt marsh because
of the increased saltwater inundation on these
lower surfaces. Therefore, the benefit of restor-
ing tidal influences to former tidelands should
be balanced against the loss of functions and
values if these lands currently support seasonal
freshwater wetlands, i.e., the cumulative loss
of seasonal freshwater areas used by waterfowl

such as Cackling Geese here on the North

Coast.

3.4.Biological Productivity, PRC § 30231
PRC § 30231 of the Act requires that biological
productivity (a function of both growth rate and
biomass of an organism) and quality of coastal
wetlands be maintained and, where feasible,

restored. Where dike and fill development in



wetlands is permitted, PRC § 30607.1 requires
that the affected areas be mitigated by acquiring
other areas of equal or greater biological pro-
ductivity.

Depending on the expected gain in func-
tions or values from enhancing a freshwater
wetland versus restoring tidelands, this biologi-
cal productivity policy may conflict with the
apparent mandate to restore marine resources,
where feasible, contained in PRC Sections
30230 and 30607.1. Further, this policy’s em-
phasis on improving biological productivity and
quality of coastal wetlands supports this paper’s
position that increasing function and value, i.e.,
quality, should be allowed even if there is a loss
of wetland area as a consequence of enhance-

ment activities.

3.5. Diking, Filling, or Dredging, PRC §
30233(a)
This section regulates the alteration of coastal
wetlands from diking, filling, or dredging (ex-
cavating), and stipulates several criteria under
which these developments are permitted:
¢ they shall be limited to certain allowable
uses such as for “restoration” purposes, and
e where there is no feasible less environmen-
tally damaging alternative, and
* where feasible mitigation measures have
been provided to minimize adverse

environmental effects.

Allowable Uses: The Act allows diking, fill-
ing, dredging or excavating a wetland when
restoration is the main purpose of the project
or similar resource-dependent activities such as
enhancement. The Act does specifically ad-
dress enhancement as one of the state’s basic
goals in the coastal zone (PRC § 30001.5 [a]),
and the Commission has found in previous
project approvals that a wetland-enhancement
project, where the primary purpose of a project

is to improve wetland habitat values, shall be

considered for purposes of complying with this
section “restoration,” which is an allowable use
(Commission—Fay Slough 2001).

The Commission, in previous projects,
found that a project involving fill associated
with dikes, which by itself is not an allowable
use, was allowable because the project was
designed to enhance the diversity of freshwater
wetland types and enhance habitat values for
water-associated wildlife (Commission—Fay
Slough 2001). Similarly, restoring former tide-
lands around the bay that have been diked may
require the relocation of a dike or construction
of a new dike, often on a seasonal freshwater
wetland, to contain tide waters from inundat-
ing adjacent land.

While placing fill in a wetland to re-locate
or construct a dike is not an allowable use by
itself, if restoration of an equivalent area of tide-
lands is integrated into the project, it may be
allowed. However, not all property located on
diked former tidelands borders a tidal channel
or a dike, and without access to tidewaters it is
not feasible to restore marine resources. In such
instances enhancement of existing seasonal fresh-
water wetlands may be the only option available
to increase the quality of coastal wetlands.

A key assumption in the Commission’s ap-
proval of a wetland restoration or enhancement
project is that it will be successful and provide a
net gain in wetland acreage, functions and val-
ues and become a self-sustaining environment.
The Commission’s evaluation of proposed res-
toration or enhancement projects could require
the preparation of a comprehensive environ-
mental assessment describing baseline habitat
functions and their desirable values.

Restoration versus enhancement projects
may have an additional burden of providing
an environmental assessment of a reference
area to be used to ascertain the success of the
restoration activities. Restoration and enhance-

ment projects will also be required to provide
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a monitoring plan that should describe meth-
ods to measure improvements in habitat value
and diversity at the site, including species and
abundance, over the course of five years follow-
ing project completion. A monitoring plan or,
more appropriately, an adaptive management
plan, should include provisions for remediation
to ensure that the goals and objectives of the

wetland-enhancement project are met.

Least Environmentally Damaging Feasible
Alternative: An alternative analysis is required
of all developments, even for restoration and
enhancement projects. The proposed project
is compared to other feasible alternatives that
the applicant provides to determine which is
the least environmentally damaging (including
the proposed project). This alternative analysis
assesses and compares only two impacts: loss of
wetland acreage and loss of functional capacizy,
which means the level and number of species,
level of biological productivity, and relative size
and number of habitats. The alternative with
least overall impact is the least environmentally
damaging alternative. Alternatives to the pro-
posed project could be:
1. “no project” or relocate project to have no
impact to wetlands, and
2. modified project design (size, fill footprint,
grading, hydrologic modifications,
planting, etc.).

As the alternative analysis is applied, there
are several difficult hurdles for any enhance-
ment project to overcome. Foremost is that any
alternative, including the project that would
result in a net loss of wetland acreage, can be
denied, because a “no project” alternative would
maintain existing wetland acreage, i.e., “no net
loss.” Therefore, if any alternative may cause
a net loss of wetland acreage, then proposing
compensatory mitigation will be necessary to

achieve “no net loss” of wetland acreage. In-
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creasing wetland acreage can only occur on land
that is not already a wetland.

In the case of diked former tidelands
around the bay, almost all of those lands qualify
as a seasonal wetland in the winter. To com-
pensate for filling these seasonal wetlands, it
may be necessary to go off-site and increase the
size of an existing wetland or to create a new
one. Given the unique nature of these seasonal
wetlands and their proximity to tidal waters,
compensatory mitigation may be achieved by
opening up an equivalent area to tidal waters as
it is being filled. Lastly, using the “no-net-loss”
policy in this alternative analysis would conflict
with the Commission’s procedural guidance of
not requiring compensatory mitigation, habitat
compensation, for projects where the sole pur-
pose of the project is restoration enhancement
of a wetland, which is considered a beneficial
activity (pp. 8-2, 9-1, Commission 1995).

If the proposed project or an alterna-
tive passes this first threshold, then the second
criterion to evaluate is whether the functional
capacity of an existing wetland is maintained or
increased. An ecological assessment can assist
in evaluating whether the proposed project will
maintain or increase functional capacity by
describing and quantifying baseline attributes
of a specific function, which necessitates an
understanding of the relationship between the
attributes and the function.

When evaluating the functional capac-
ity of alternatives such as enhancing a seasonal
freshwater wetland, it is worth noting that
just extending the seasonality or duration of
inundation does not guarantee that existing
functions or values will be increased. While the
ephemeral nature of a seasonal wetland may re-
duce the time period of a function, the perfor-
mance of that function and its overall value are
not necessarily diminished relative to perennial
wetlands or wetlands that are wet for longer du-

rations. In fact, many of the same functions and



values are present in both types of wetlands.
Additionally, seasonally wet wetlands can,
during certain times of year, provide greater
value for certain functions (e.g., ground water
recharge, floodwater storage, habitat for endan-
gered species or feeding and resting spots for
migratory birds), relative to nearby perennially
wet wetlands (Commission 1994). The alterna-

tive analysis, as administered, seems to place

. . . <« b2l
greater weight on achieving “no net loss” of area

rather than balancing gains in functional capac-
ity to determine the most beneficial project.
The “no project” alternative in a degraded wet-
land should not be an acceptable alternative if
enhancement could increase desirable wetland

values.

Feasible Mitigation Measures: The Act, while
allowing filling, diking and excavating of
wetlands during restoration activities, requires
feasible mitigation measures to minimize ad-
verse environmental effects (PRC § 30230 [a]).
Generally, environmental regulations do not
treat all mitigation measures equally; there is a
hierarchy of mitigation, which in descending
order of preference is: avoid, minimize, rectify,
reduce and compensate. The Commission’s
procedural guidance documents emphasize
avoidance, where feasible, as opposed to mini-
mization (Commission 1994, 1995). However,
the Commission’s administration of the Act has
imposed an additional requirement that can
affect enhancement projects—that of achieving
“no net loss” of wetland acreage. The effect of
applying this “no net loss” standard is requiring
habitat compensation even for projects where
the main purpose of the project is restoration
or enhancement of wetlands, contrary to the
Commission’s own guidance document (p. 9-1
Commission 1995).

In coastal wetlands, adverse impacts to
existing wetlands such as seasonal freshwater

pastures, i.e., “farmed wetlands,” often associ-

ated with filling, diking or excavating during
restoration and enhancement projects include:

« covering (fill) or altering (excavating/
grading) wetland topography;

« removing or damaging wetland vegetation;

o discharging stormwater runoff causing an
increase in turbidity or sediment delivery
to coastal waters;

« changing hydrological conditions that
affect the duration or frequency of
inundation resulting in the conversion of a
seasonal wetland (or riparian region) to
another type, such as open water or salt

marsh with different functions or values.

Even projects whose main purpose is
the beneficial improvement of a wetland via
restoration or enhancement will, of necessity,
involve one or more changes to existing condi-
tions: topography, hydrology or vegetation. Any
change to existing wetland conditions, certainly
in the short term, may adversely affect wetland
functions or values.

The Commission has found that allowing
fill of a freshwater wetland from dike rehabilita-
tion and construction as part of a restoration
project would require compensatory mitigation
to prevent “no net loss” of wetland acreage pur-
suant to their interpretation of Executive Order
W-5993 (Commission—Fay Slough 2001).

Compensatory mitigation is either
achieved by restoration, enhancement or
creation and is the most common mitigation
proposed by the Commission to replace lost
or adversely impacted habitat by development
projects (Commission 1994). There are two
types of compensatory mitigation: in-kind,
which involves the same type of habitat as that
impacted by the development activity, or ouz-of-
kind, which involves different types of habitat.

Common to all mitigation plans is the
need for an environmental assessment of the

existing wetland habitat and functions that will
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be adversely impacted by the proposed project.
Assessing function is achieved by describing
associated biological (which species and their
distribution and abundance), chemical (such as
water-quality conditions—salinity, tempera-
ture, and dissolved oxygen) and physical (habi-
tat structure) attributes. Assessing values (the
importance society places on that characteristic
derived from each function) helps to prioritize
the importance of the functions.

PRC § 30607.1 utilizes a compensatory
mitigation ratio of 1:1 as a minimum for dike,
fill or excavation actions permitted in wetlands
in conformity with PRC § 30233, when the
proposed mitigation is either acquisition of
equivalent areas of equal or greater biological
productivity, or opening up equivalent areas to
tidal action. The Commission may also require
compensatory mitigation ratios greater than
1:1; normally the ratio required is determined
on a project-by-project basis to establish the
mitigation area. The ratio required is often
linked to whether in-kind or out-of-kind miti-
gation is being proposed. The determination
of what is an appropriate ratio will depend on
many factors such as:

« habitat function and values of the area to
be affected by filling, diking or excavating;

o level of confidence in success of proposed
mitigation plan;

« time lag between when impacts to existing
habitat are sustained and when habitat val-
ues have been fully realized at mitigation

sites.

Higher mitigation ratios may be required
as a balance against the uncertainty of creating
wetland habitat, and to offset adverse wetland
impacts that result from a lengthy time lag
between project impact and implementation of
mitigation (Commission 1995). Any mitigation
plan must have measurable goals, objectives and

appropriate financial commitment for its suc-
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cessful implementation. A mitigation plan must
also have a monitoring program to measure
performance, determine compliance (“as-built”
assessment) and evaluate whether desired habi-
tat functions and values have been achieved. A
mitigation-monitoring plan should include an
adaptive management clause in case mitigation
goals have not been achieved and further reme-

dial measures are required.

3.6. Functional Capacity, PRC § 30233(c)
This section of the Act states that diking, fill or
dredging (excavation) in existing wetlands shall
maintain or enhance the functional capacity
of the wetland. As mentioned earlier, function
refers to what a wetland does and the processes
it performs.

Evaluating a wetland’s function is best
achieved by describing and quantifying the
physical, chemical and biological attributes
that are at work in a particular wetland (Com-
mission 1995). The section would appear to
preclude changing what an existing wetland
does and the processes it performs, as may be
the case when enhancing a seasonal wetland
or converting one to a brackish-water environ-
ment. Applying this section may also conflict
with two other sections of the Act pertaining
to restoring marine resources (PRC § 30230)
or restoring tidal influences by filling, diking or
excavating wetlands (PRC § 30607.1) when an
existing freshwater wetland’s function is altered
by converting it to tidelands. This section does
implement that portion of the state’s “no net
loss” of wetland policy concerned with protect-

ing wetland quality and value (Executive Order

W-59-93).

3.7. Minimum Mitigation Measures, PRC §
30607.1

When a project is involved with filling, diking
or excavating a wetland, pursuant to PRC §

30233, its compensatory mitigation measures



shall include at a minimum, either acquisition
of equivalent areas of equal or greater biologi-
cal productivity, or opening up equivalent areas
to tidal action. This policy’s emphasis on an
equivalent area would reinforce a minimum
compensatory mitigation ratio of 1:1 even

if the loss of wetland area is a consequence

of wetland-enhancement activities that may
increase biological productivity. This section, in
conjunction with PRC § 30230, also constrains
enhancement of coastal wetlands by prioritiz-
ing restoration of tidal influences and marine
resources. One benefit derived from this section
is that it allows temporary or short-term filling
or diking of a wetland, with requiring mitiga-

tion, if restoration is assured in the shortest

feasible time.

4. Recommendations

Sometimes it is necessary to strive for a balance
between conflicting policies in order to achieve
the laudable goal of improving the quality of
coastal wetlands. The following recommenda-
tions are offered for consideration to assist in
the enhancement and restoration of coastal
wetlands.

1. The effort and cost to secure authoriza-
tion from the Commission for enhancement
projects would be reduced if project propo-
nents incorporate a regulatory compliance
review in their project development efforts.
Knowledge of regulatory constraints presented
in this paper that may affect a proposed project
should enable the proponent to redesign their

project to avoid conflicts, or to develop suitable

mitigation measures. For instance, describing
the functions and values as well as the function-
al capacity of a seasonal wetland to be impact-
ed, versus the wetland habitats being proposed,
will greatly assist in development of the project
and later when the Commission evaluates it.
Presenting a project to the Commission that
has successfully completed a regulatory compli-
ance review will greatly improve and hasten the
ability of staff to recommend that the project be
approved.

2. There is extensive acreage of diked
former tidelands that now support grazing
of seasonal freshwater wetlands. The often-
insurmountable problem encountered when
enhancing seasonal wetlands is what to do with
the material generated from grading or excava-
tion. One means to overcome the conundrum
of compensating for fill placement in a wetland,
while implementing an enhancement project,
is to focus on projects in areas where there is an
opportunity to access tidal waters. The Act has
prioritized: restoring former tidelands, a marine
resource, wherever feasible (PRC § 30230), and
when mitigating impacts to coastal wetlands by
opening an equal area to tidewater inundation
(PRC § 30607.1).

Combining the restoration of former
tidelands with the enhancement of seasonal
freshwater wetlands can increase the number of
habitats, their ecological functions and societal
values. Many of the century-old dikes are now
severely eroded and their failure could threaten
existing freshwater wetlands, agricultural uses,
buildings, infrastructure, livestock and people,
with breaches and perhaps catastrophic flooding.

In some situations, the most feasible
way to restore diked former tidelands and to
enhance freshwater wetlands is to relocate an
existing dike. By moving a dike away from the
shore, slough or tidelands, the area subject to
tidal ebb-and-flow can be expanded. In many
cases, building a dike to present-day standards
will require increasing the former dike footprint
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and will reduce net wetland acreage. However,
the loss of freshwater acreage to an increased
dike footprint creates an opportunity to restore
former tidelands. This strategy for restoring
tidelands also creates an opportunity to en-
hance adjoining seasonal freshwater wetlands;
when building a dike there is new upland area,
and the relocated dike can be filled with any
excavated material generated by enhancing the
topographic and aquatic diversity of the wet-
land behind the dike. These types of projects
can successfully integrate three interdependent
needs: dike rehabilitation, salt marsh restoration
and freshwater wetland enhancement.

3. There are several possible administra-
tive remedies to streamline review and permit-
ting of publicly funded projects where the
main purpose of the project is restoration or
enhancement of coastal wetlands. Publicly
funded resource agency (e.g., CDFG, National
Marine Fisheries Service, U.S. Fish and Wild-
life Service, or Natural Resource Conservation
Service) projects have already been developed
and reviewed to assure protection of wetland re-
sources. The Commission could utilize the Act’s
conflict-resolution policy contained in PRC §
30007.5 to weigh the net benefit derived from
a project whose sole purpose is enhancement
or restoration, and conclude on balance that
these activities are beneficial and therefore “self-
mitigating” and do not warrant compensatory
mitigation measures. If the Commission did
not treat these types of projects as a develop-
ment pursuant to PRC § 301006, they could be
exempted from needing a CDP. Again, if these
projects were considered self-mitigating, they
could also be exempted from needing a CDP
pursuant to PRC § 30600(e). When assessing
alternatives (PRC § 30233 [a]) to enhancement
projects, determining the least environmen-
tally damaging alternative should also achieve
the proposed and preferred project’s goals and

objectives.
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6. Appendix

6.1. California Coastal Act of 1976, Public Re-
sources Code 30000 et seq.

30001.5: The Legislature further finds and
declares that the basic goals of the state for the
coastal zone are to: (a) Protect, maintain, and,
where feasible, enhance and restore the overall
quality of the coastal zone environment and its

natural and artificial resources.

30007.5: The Legislature further finds and
recognizes that conflicts may occur between one
or more policies of the division. The Legislature
therefore declares that in carrying out the provi-
sions of this division such conflicts be resolved in a
manner, which on balance is the most protective

of significant coastal resources.

30106: “Development” means, on land, in or un-
der water, the placement or erection of any solid
material or structure; discharge or disposal of any
dredged material or of any gaseous, liquid, solid,
or thermal waste; grading, removing, dredging,
mining, or extraction of any materials; change in
the density or intensity of use of land, including,
but not limited to, subdivision pursuant ro the
Subdivision Map Act (commencing with Section
66410 of the Government Code), and any other
division of land, including lot splits, excepr where
the land division is brought about in connection
with the purchase of such land by a public agency
for public recreational use; change in the intensity
of use of water, or of access thereto; construction,
reconstruction, demolition, or alteration of the
size of any structure, including any facility of
any private, public, or municipal utility; and the
removal or harvesting of major vegetation other
than for agricultural purposes, kelp harvesting,
and timber operations which are in accordance
with a timber harvesting plan submitted pursu-
ant to the provisions of the Z berg-Nejedly Forest
Practice Act of 1973 (commencing with Section
4511).

30230: Marine resources shall be maintained,
enhanced, and, where feasible, restored. Special
protection shall be given to areas and species of
special biological or economic significance. Uses of
the marine environment shall be carried out in a
manner that will sustain the biological productivi-
ty of coastal waters and that will maintain healthy
populations of all species of marine organisms
adequate for long-term commercial, recreational,

scientific, and educational purposes.

30231: The biological productivity and the qual-
ity of coastal waters, streams, wetlands, estuar-

ies, and lakes appropriate to maintain optimum
populations of marine organisms and for the
protection of human health shall be maintained
and, where feasible, restored through, among other
means, minimizing adverse effects of waste water
discharges and entrainment, controlling runoff,
preventing depletion of ground water supplies and
substantial interference with surface water flow,
encouraging waste water reclamation, maintain-
ing natural vegetation buffer areas that protect
riparian habitats, and minimizing alteration of
natural streams.

30233. (a): The diking, filling, or dredging of
open coastal waters, wetlands, estuaries, and lakes
shall be permitted in accordance with other ap-
plicable provisions of this division, where there is
no feasible less environmentally damaging alterna-
tive, and where feasible mitigation measures have

been provided to minimize adverse environmental

effects, and shall be limited to the following:

(7) Restoration purposes

30233. (c): In addition to the other provisions of
this section, diking, filling, or dredging in existing
estuaries and wetlands shall maintain or enhance
the functional capacity of the wetland or estuary.

30240. (a): Environmentally sensitive habitat
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areas shall be protected against any significant
disruption of habitat values, and only uses depen-
dent on those resources shall be allowed within

those areas.

30519. (a): Except for appeals to the commis-
sion, as provided in Section 30603, after a local
coastal program, or any portion thereof, has been
certified and all implementing actions within the
area affected have become effective, the develop-
ment review authority provided for in Chapter 7
(commencing with Section 30600) shall no longer
be exercised by the commission over any new
development proposed within the area to which
the certified local coastal program, or any portion
thereof, applies and shall at that time be delegated
to the local government that is implementing the
local coastal program or any portion thereof.

(b) Subdivision (a) shall not apply to any develop-

ment proposed or undertaken on any tidelands,

submerged lands, or on public trust lands, whether

[filled or unfilled, lying within the coastal zone,
nor shall it apply to any development proposed or
undertaken within ports covered by Chapter 8
(commencing with Section 30700) or within any
state university or college within the coastal zone;
however, this section shall apply to any develop-
ment proposed or undertaken by a port or harbor
district or authority on lands or waters granted by

the Legislature to a local government whose certified

local coastal program includes the specific develop-
ment plans for such district or authority.

30600. (a): Except as provided in subdivision (e),
and in addition to obtaining any other permit re-
quired by law from any local government or from
any state, regional, or local agency, any person, as
defined in Section 21066, wishing to perform or
undertake any development in the coastal zone,
other than a facility subject to Section 25500,
shall obtain a coastal development permit.
30600. (e): This section does not apply to any of
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the following projects, except that notification by
the agency or public utility performing any of the
Jollowing projects shall be made to the Commis-
sion within 14 days from the date of the com-
mencement of the project:

30607.1: Where any dike and fill development is
permitted in wetlands in conformity with Section
30233 or other applicable policies set forth in this
division, mitigation measures shall include, at a
minimum, either acquisition of equivalent areas
of equal or greater biological productivity or open-
ing up equivalent areas to tidal action; provided,
however, that if no appropriate restoration site

is available, an in-lieu fee sufficient to provide

an area of equivalent productive value or surface
areas shall be dedicated to an appropriate public
agency, or the replacement site shall be purchased
before the dike or fill development may proceed.
The mitigation measures shall not be required for
temporary or short-term fill or diking if a bond or
other evidence of financial responsibility is provid-
ed to assure that restoration will be accomplished
in the shortest feasible time....

6.2 'No-Net-Loss” Wetland Policies
California

On August 23, 1993, Governor Pete Wilson
signed Executive Order W-59-93, establishing
a State Wetland Conservation Policy (SWCP),
and providing comprehensive direction for the
coordination of state-wide activities for the
preservation and protection of wetland habitats.
The SWCP was the first state-wide conserva-
tion policy of its type in the United States. The
Resources Agency and the California Environ-
mental Protection Agency (Cal EPA) are desig-
nated as co-leads to implement the goals of the

SWCP. The SWCP has three central goals:

e Ensure no overall net loss and achieve a
long-term net gain in the quantity,

quality, and permanence of wetlands



acreage and values in California in a
manner that fosters creativity, stewardship

and respect for private property;

* Reduce procedural complexity in the
administration of State and Federal wet-

lands conservation programs; and

* Encourage partnerships to make landowner
incentive programs and cooperative plan-
ning efforts the primary focus of wetlands

conservation and restoration.

Federal Government

EXECUTIVE ORDER No. 11990 (1977):
May 24,1977, 42 ER. 26961

By virtue of the authority vested in me (Jimmy
Carter) by the Constitution and statutes of the
United States of America, and as President of
the United States of America, in furtherance
of the National Environmental Policy Act of
1969, as amended (42 U.S.C. 4321 et seq.), in
order to avoid to the extent possible the long

and short term adverse impacts associated with

the destruction or modification of wetlands
and to avoid direct or indirect support of new
construction in wetlands wherever there is a
practicable alternative, it is hereby ordered as

follows:

Section 1. {a} Each agency shall provide lead-
ership and shall take action to minimize the
destruction, loss or degradation of wetlands,
and to preserve and enhance the natural and
beneficial values of wetlands in carrying out
the agency’s responsibilities for (1) acquiring,
managing, and disposing of Federal lands and
facilities; and (2) providing Federally under-
taken, financed, or assisted construction and
improvements; and (3) conducting Federal
activities and programs affecting land use, in-
cluding but not limited to water and related
land resources planning, regulating, and li-

censing activities.

(b) This Order does not apply to the issuance
by Federal agencies of permits, licenses, or allo-

cations to private parties for activities involving

wetlands on non-Federal property.
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n Overview ofthe Humboldt Bay
Management Plan

David Hull and
Jeff Robinson
Humboldt Bay Harbor,
Recreation and Conservation District!
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Abstract

Because of the need to balance port usage by commerce, industry and expanding recreational activi-
ties with environmental protections, a planning tool was deemed necessary by the Humboldt Bay
Harbor, Recreation and Conservation District (Harbor District). This tool would need to envision
population growth, include the best possible natural resource and physical information available and
involve all agency land managers and bay stakeholders. The effort was entitled the Humboldt Bay
Management Plan (Plan).

With oversight by a Harbor District Board of Commissioners Committee, staff and environ-
mental consultants, Plan recommendations were reviewed by an 18-member Task Force comprised of
agency land managers and bay stakeholder representatives. This Task Force conducted seven stake-
holder meetings attended by over 120 interested citizens; these meetings netted more than 350 com-
ments and ideas to be considered for inclusion in the Plan. As the Humboldt Bay Management Plan
was not finalized as of the date of this writing,* this paper examines the process and development of
the Plan to date.

*The Humboldt Bay Management Plan was adopted by the Harbor District Board in August 2006.
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Introduction

As California’s second largest natural bay,
Humboldt Bay is a valuable resource to both
California and the nation because it offers
natural resources, aesthetic appeal, commer-
cial and recreational opportunities, as well as
transportation links. Visitors and Humboldt
County residents alike value Humboldt Bay
for the various attributes that we, as human
beings, cannot replicate or replace. The grow-
ing number of users and uses, as well as the
intended and unintended impacts on the bay’s
ecosystem, potentially strains its ability to meet

ever-changing needs.

Native dunegrass, Leymus mollis.

The Humboldt Bay Harbor,
Recreation and Conservation
District

In order to more efficiently balance the variety
of uses in Humboldt Bay, the State of Cali-
fornia established the Humboldt Bay Harbor,
Recreation and Conservation District (Harbor
District) in 1970. The enabling legislation may
be found in the California Harbors and Naviga-
tion Code, Appendix II.

The statutory purpose of the Harbor
District is to manage Humboldt Bay for the
promotion of commerce, navigation, fisheries,

recreation, protection of natural resources, and

to acquire, construct, maintain, operate, de-
velop and regulate harbor works. The important
point to stress here is balance amongst all uses
of Humboldt Bay, which the Harbor District
continually strives to achieve and which the
Plan is intended to facilitate.

Territory and Jurisdiction

The Harbor District is a county-wide public
agency with a regulatory jurisdiction in Hum-
boldt Bay shoreward to mean higher high water
(MHHW) elevation.

Organizational Structure

The Harbor District is governed by five
elected commissioners, representing the
same jurisdictional boundaries as the
Humboldt County Supervisors. The
staff of 12 is comprised of management,
maintenance and clerical personnel. The
Harbor District is divided internally into
three main functional divisions, namely
the Port of Humboldt Bay, Woodley Is-
land Marina, and Resource Conservation.
Within these three divisions, a variety of
projects and activities occur to fulfill the
Harbor District’s mission.

Examples of Projects and Activities
Harbor: The Harbor District oversees channel
maintenance, channel improvement, dredging
projects, port marketing and shipping facility
improvements, oil spill response, navigation
safety education and oceanographic research. In
April 2000, the Harbor Deepening Project was
completed; the harbor entrance was deepened
to minus 48 feet (MLLW) and the North Bay
and Samoa shipping channels to minus 38 feet
(MLLW). This project was needed to improve
navigation safety and to accommodate the
needs of the current shipping fleet.
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Other harbor-related projects of the Har-

bor District include participation in the Harbor
Revitalization Plan effort, a commercial indus-
trial siting study, cruise ship planning, qualify-
ing and licensing of bar pilots, assisting in the
research of navigation and safety improvements
for Humboldt Bay, coordinating the Humboldt
Bay Oil Spill Cooperative, operating a marina
and a boat yard, supporting commercial fishing
and mariculture and numerous other activities.
Except for mariculture located in Arcata Bay,
commercial and industrial harbor uses are lim-
ited to mid-Humboldt Bay (or Entrance Bay)
in an area extending from the Samoa Bridge
south to the southern end of the Fields Landing
Channel.

Recreation: The Harbor District owns and
operates Woodley Island Marina, serving com-
mercial and recreational vessels since 1981, and
Fields Landing Boat Yard, a self-service facility
equipped with a 150-ton boat hoist. Woodley
Island Marina with 237 berths is the largest
recreational marina in Humboldt County.
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Other recreational projects that the
Harbor District is involved in include the
Humboldt Bay water trail, the Shelter Cove
boat-launching facility serving southern Hum-
boldt, assistance and support for other agencies,
design and improvement of boat launching
facilities (e.g., Eureka Public Marina, Fields
Landing, Hookton Slough), assistance in the
promotion and funding of the bay-wide inter-
pretive signing program, as well as supporting a

variety of other activities in and around Hum-

boldt Bay.

Conservation: Humboldt Bay Harbor, Rec-

reation and Conservation District as the

name implies, has ongoing involvement in a
multitude of conservation activities around
Humboldt Bay. These include: managing three
wildlife areas (Gerald O. Hansen Wildlife Area,
King Salmon and Park Street); educational
outreach including an “Adopt-the-Bay” pro-
gram; assisting in the planning and funding of
biological research projects around the bay, in-
cluding annual eelgrass Zostera marina surveys;
and monitoring and removal of the nonindig-
enous species, Z. japonica.

In addition, the Harbor District was the
first on the West Coast to develop and imple-
ment a ballast water exchange program in an
attempt to limit the introduction of invasive
species from other ports (now overseen by the
State of California). It also organizes ongoing



removal of nonindigenous species in wildlife
areas, as well as supporting and participating in
other agencies’ conservation programs.

Lastly, the Harbor District has regulatory
jurisdiction over all the tide and submerged
lands of Humboldt Bay. Therefore, its Board of
Commissioners exercises authority over every
development project proposed in Humboldt
Bay and in many cases is also the lead agency
for compliance with the requirements of the
California Environmental Quality Act (CEQA).

More information on the Humboldt Bay
Harbor, Recreation and Conservation District’s
programs and activities may be found on the

Harbor District’s Web site: www.humboldtbay.org.

Humboldt Bay Management Plan

The concept of a Humboldt Bay Management
Plan originated in 1997 with the need to up-
date and develop a common database for use by
bay landowners and agency land managers to
guide planning and research around Humboldt
Bay. The Harbor District had previously created
an ad-hoc agency/citizens committee labeled
the Interagency Coordination Committee
(ICC). The ICC's original intent was to create
a regular forum whereby agencies could report
ongoing or forthcoming bay-related projects or
issues.

Early in the history of the ICC, it became
evident that there was a lack of common base
maps, resource databases and coordinated bay
management amongst agencies. In order to
improve bay management in the future, the ICC
recommended that an overall bay management
plan be developed by the Harbor District in co-
ordination with other agency land managers and
with input from bay stakeholders representing a
vast array of recreational, commercial and con-
servation uses. This coordinated effort was titled
the Humboldt Bay Management Plan (Plan).

With the assistance of staff from Region

1 of the California Department of Fish and
Game, the Harbor District was successful in
obtaining a $17,000 grant from the U.S. Fish
and Wildlife Service (FWS) to develop a bay-
wide parcel and ownership map (Figure 1); and
a $202,304 grant from the U.S. Environmental
Protection Agency (EPA) to assist in developing
22 GIS maps, representing all of the existing
biological and physical characteristics of Hum-
boldt Bay. Although some of the data sets were
several years old, they still represented the best
existing information.

A conscious effort was made to focus on
building this baseline database with the best
existing information rather than embarking on
new bay-wide data-collecting efforts. The prem-
ise was that this baseline database would expose
the needs for updating certain data sets, which
then would be recommended as implementa-
tion measures in the Plan.

The only data set deemed vital enough to
deviate from this approach was spatial distri-
bution of bay-wide eelgrass (Zostera marina).
As eelgrass is an important species throughout
Humboldt Bay, updated eelgrass distribution
information was necessary. Therefore, a new set
of aerial photographs of the entire bay was tak-
en in September 2000 and subjected to a multi-
spectral analysis. The entire baseline database
was completed in 2002. The GIS information
database is currently accessible on the Harbor
District’s Web site: www.humboldtbay.org.

The Plan process was formalized with
the appointment of the Plan Task Force (Task
Force) by the Harbor District. This Task Force
was made up of agency land managers and
representatives of various bay-user stakeholder
groups, many of whom were regular partici-
pants in the ICC. These representatives are de-
tailed in Figure 2. As the planning process be-
gan to take shape, the depth and importance of
this effort became evident. Therefore, in order
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to assure proper stewardship over the planning
process, the Harbor District appointed two of
its own Board members, created the Conserva-
tion Specialist position and retained Dr. Chad
Roberts, an environmental consultant, to assist
with Plan preparation and oversee the Plan’s
compliance with the CEQA.

It also became evident that additional
funding would be required to complete the
Plan. A $100,000 grant was awarded to the Har-
bor District in 2000 from the California Coastal
Conservancy to augment the planning effort and
existing funding from the EPA and the FWS.

Planning Process

One of the Task Force’s first tasks was to devel-
op project boundaries and a mission statement
to guide the production of the Humboldt Bay

Management Plan.

Planning Boundary: This area of the Plan
consists of two components, namely, the Plan
Boundary and the Sphere of Interest (Figure 3).
The Plan Boundary is defined as all of
the tide and submerged lands of Humboldt
Bay shoreward to a tidal elevation of MHHW,
covering approximately 27 square miles. The
planning boundary was chosen because it repre-
sents that portion of Humboldt Bay under the
regulatory jurisdiction of the Harbor District.
The Sphere of Interest (SOI) is defined as
those lands surrounding Humboldt Bay from
MHHW inland to the established California
Coastal Commission Coastal Zone bound-
ary. Although the Task Force realized that the
Humboldt Bay Management Plan could not
dictate land use within the SOI, it was thought
that the Plan should take into consideration the
existing and planned land uses adjacent to the
bay. This was to avoid land-use conflicts and to
provide the basis for commenting on adjacent
land uses that actually or potentially affect bay
resources and activities. Therefore, the intent of
the SOI is to identify existing and future uses
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compatible with the Plan recommendations

within its boundary.

Mission Statement: Based on the aforemen-
tioned needs and purpose, the Mission State-
ment developed for the Humboldt Bay Man-
agement Plan is to:

“Provide a comprehensive framework for
balancing and integrating conservation goals
and economic opportunities in a cooperative
manner for the management of Humbold
Bays resources.”

Plan Development as of March 2004

As the database was nearing completion, Har-
bor District staff and consultants were in place
and the planning boundary and mission state-
ment had been defined. The Task Force then
moved ahead with Plan development.

The Harbor District’s Board of Com-
missioners wanted to involve bay stakeholders
in the planning process at an early stage so
that the public was given the opportunity to
provide input into the Plan. In addition, the
Task Force could develop management actions
based on this input rather than merely receiv-
ing comments on the final document (as in a
“top-down” approach). Using this “bottom up”
approach, the Task Force identified a number
of bay user stakeholder groups and scheduled a
series of workshops to obtain stakeholder input
for the Plan. Stakeholder workshops were held
in 2001-2002 to address the following topics:

* Commercial and industrial waterfront
development

e Agriculture

* Environment

¢ Recreation

* Education

* Commercial Fishing

e Mariculture

Citizen participation at these workshops
is detailed in Table 1 and led to over 350
ideas, which the Task Force boiled down into



the following issue categories for the Plan to
address:
* Habitat and Living Resources
* Human Activities and Competing Uses
* Water Quality and Sediment Quality
* Public Participation and Education
* Research and Monitoring

Following the conclusion of the stakehold-
er meetings, in May 2002 the Harbor District
staff began assimilating the comments and re-
viewing preliminary summaries of the informa-
tion with each of the Task Force’s stakeholder
representatives. Based on stakeholder and Task
Force input, the first internal draft of the Hum-
boldt Bay Management Plan was produced in
January 2004.

Document Format
Early drafts of the Plan were organized to con-

tain the following components:

1. Executive Summary

2. Volume I: Introduction

3.Volume II: State of the Bay

4. Volume III: Management Strategies
5. Appendix

Volume I—Introduction contained the back-
ground and history for the need and origin of
the Plan. In addition, Volume I described the
role and make-up of the Plan Task Force and
Plan development process, and introduced its
structure by briefly describing the contents of
each volume. Generally, both the State of the
Bay and the Management Strategies were divid-
ed into the Harbor District’s three main areas of
focus, namely Harbor, Recreation and Conser-
vation. These three foci were further subdivided
into geographic regions of Humboldt Bay:
North Bay, Middle Bay (or Entrance Bay) and
South Bay.

Volume II—State of the Bay consisted of three
parts:

1. Part A—Summary of Physical and
Biological Characteristics of the
Humboldt Bay Region

2. Part B—Land Use, Planning, and
Environmental Policies Affecting
Humboldt Bay

3. Part C—Focused Considerations for
Humboldt Bay Management Plan
Elements

Volume II, Part A presented a general summary
of the physical and biological conditions in
Humboldt Bay based on previously published
documents and the database developed early in
this planning process. It also reflected general
changes in understanding that arose in recent
years about the relative significance of informa-
tion either previously unknown or considered
insignificant. New information was incorpo-
rated, based on recent publications and ongo-
ing studies and research. This discussion did
not attempt to be encyclopedic, but provided

a synthetic portrait of what is now generally
known about Humboldt Bay, its watershed, and
adjacent Pacific Ocean.

The Plan required a basic portrayal of the
policy framework in which it was embedded.
The Harbor District operated within its own
legislatively established mandates, in a larger
context that included other, independent local
agencies (following their own planning policy
framework), state agencies carrying out estab-
lished state programs and federal agencies car-
rying out the provisions of federal programs.

Part B summarized the relative roles and
requirements of the range of programs affect-
ing the Plan’s implementation. The information
addressed in Part B was abstracted from exist-
ing adopted planning documents, as well as
through consultations with staff from relevant

agencies.
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Part C addressed specific setting condi-
tions that were important for the policy frame-
work laid out in Volume III and were divided
into the Harbor District’s three focus areas of
Harbor, Recreation and Conservation. Much of
the information required in the Harbor section
was abstracted from the Humboldt Bay Harbor
Revitalization Plan and other planning docu-
ments.

The Recreational summary of Part C iden-
tified those uses and opportunities throughout
the Humboldt Bay watershed. The content of
this section was based on adopted plans and
addressed the requirements of local, state and
federal laws with respect to recreational oppor-
tunities.

The discussion in the Conservation section
was focused on specific environmental condi-
tions and “resources” that were the subject of
policy considerations in Volume III. That is, the
topics in this section were “key issues” for the
policy document (Volume III). As in the gen-
eral discussion, this section was not intended
to be encyclopedic in coverage, but to present
instead the current understanding of basic and
applied scientists, agency staff and informed
members of the public regarding ecological
processes, and the biological and physical con-
ditions in Humboldt Bay that were needed to
carry out informed consideration of the policy

framework in Volume III.

Volume III—Policy Document consisted of
three parts:

1. Part A—OQverview; Harbor District
Relationships With Other Planning
Efforts

2. Part B—Management Plan Policies

3. Part C—Implementation

Volume III, Part A established the overall Plan
framework. The “three-bay” focus provided a

unifying thread or theme to help readers grasp
the underlying Plan structure and the focus of
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its efforts to identify a policy focus for the vari-
ous “resources” in Humboldt Bay. The “three
bays” were defined as:
1. North Bay and a focus on Environmental
Resources and Mariculture
2. Entrance Bay and a focus on Port Uses
and Environmental Resources
3. South Bay and a focus on Environmental

Resources and Port Uses

In general, Parts B and C of Volume III identi-
fied the responsibilities and interrelationships of
the Harbor District and other jurisdictions in
managing Humboldt Bay.

Part B identified a policy focus for the
Harbor District’s management actions in Hum-
boldt Bay. The Harbor District’s responsibilities
and implementation tasks in the three primary
areas (Harbor, Recreation and Conservation),
as identified by the Task Force, were the focus.
As requested by the Task Force, each section of
the policy document cross-referenced relevant
policies in other sections.

The Recreational portion of Part B ad-
dressed the interrelationships of the Harbor
District’s jurisdiction with those of other local
agencies, including access “across” the shoreline.
The requirements of various state and federal
acts were considered. To the extent possible,
long-range plans for recreational improvements
were incorporated.

The growing attention to the ecological or
conservation importance of Humboldt Bay—
regionally, nationally and internationally—
required a policy framework that embedded the
Bay’s management in the larger context. The
policy framework in the Conservation section
of Part B, nonetheless, addressed the Harbor
District’s responsibilities and powers, while
attending to the statewide and national policy
framework that was of interest to many Hum-
boldt Bay stakeholders.

Part C included specific implementation

actions recommended for action by the Harbor



District’s Board of Commissioners in order to
enact and enable the Plan’s recommendations.
In March 2004, these implementation recom-
mendations were underway.* However, the
Task Force discussed the following generalized
implementation sequence:

1. Draft Plan reviewed by the Task Force.
Policy issues were amended to reflect Task
Force views.

2. The Harbor District Board of Commis-
sioners reviewed the Amended Plan.
Policy issues were amended to reflect
Board views.

3. Harbor District staff prepared an envi-
ronmental review document pursuant to
the CEQA. This document outlined miti-
gation measures for any potentially
significant effects of the Plan’s policy
proposals.

4. Harbor District Board of Commission
ers reviewed final CEQA document and
Plan, approved the CEQA document, and
adopted the Plan.

5. Harbor District staff carried out the

Implementation Program identified in the

Plan.

Appendix: This was divided into two major
components. The first component contained

text references of relevant bay management
laws, and rules and regulations from the Harbor
District, as well as all other relevant agencies.
This portion of the Appendix contained a list of
all appropriate agency and stakeholder contact
information.

The second component of the Appendix
contained a variety of species guides. These
guides were intended for reference and educa-
tional purposes and contained relevant pictures
and life history information of all invertebrates,
fishes, birds and plants that inhabit Humboldt
Bay.

Conclusion
The Plan seeks not only to provide informa-
tion to resource managers on the current state
of Humboldt Bay’s biological and physical
resources, but also to provide a guideline for
future resource management strategies that will
ensure compatibility with Humboldt County’s
search for economic stability.

When the various management strate-
gies for the Plan are implemented,* the results
monitored, and additional scientific informa-
tion gathered, this Plan will evolve and, like
Humboldt Bay, will be a living and changing

entity.

*The Humboldt Bay Management Plan was adopted by the Harbor District Board in August 2006.
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Figure 1. Humboldt Bay Parcel Boundaries.
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Humboldt Bay Harbor District
Board of Commissioners

Harbor District Administrative Core Team

Board Advisory Committee:
Commissioners Ron Fritzsche/Ronnie Pellegrini/
Dennis Hunter
Chief Executive Officer: David Hull

Conservation Specialist: Jeff Robinson

Environmental Consultants:

Chad Roberts/Bruce Kemp

Task Force Representatives
City of Eureka: Gary Bird
City of Arcata: Juli Neander
County of Humboldt:
Supervisor: Jimmy Smith
Community Development: Kirk Girard
Bureau of Land Management: Bruce Cann
Humboldt Bay National Wildlife Refuge: Shannon Smith
California Department of Fish and Game:
Region 1: Mark Wheetley
Marine Region: Vicki Frey
Humboldt County Resource Conservation District: Otis Skaggs
Consumptive Recreational User Group Representative: Pat McNeil
Non-consumptive Recreational User Group Representative: Pete Oringer
Environmental Representative: Jim Clark
Commercial/Industrial Representative: Andy Westfall
Mariculture Industry Representative: Greg Dale
Commercial Fishing Industry Representative: Ken Bay
Education Representative: Bill Schaser

California Coastal Conservancy: Sheila Semans, Jim King

U.S. Environmental Protection Agency: Gail Louis

Figure 2. Humboldt Bay Management Plan Project Organization.
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Figure 3. Humboldt Bay Management Plan Boundary and Sphere of Interest.
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Table 1. Stakeholder Group Information.

Stakeholder Workshop Comments/Actions
Group Date Attendees Suggested
Commercial/Industrial 12.11.01 16 44
Agriculture 1.8.02 31 41
Environmental 1.22.02 24 79
Recreation 2.12.02 26 61
Education 2.26.02 5 44
Commercial Fishing 3.12.02 13 38
Mariculture 4.9.02 9 51
Total Attendees 124

Total Comments/Actions Suggested 358
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California Coastal Commission Perspective........coeeveererreieinenieineneieinieseeereseeneee Lesley Ewing
Resources Agency Perspective ........cccuoviiiiiiiiiiiiiiiiiiiiiii Vicki Frey
Harbor District PErspective ......ccevevuerieriiririninieieicicietesteseeteee sttt David Hull
U.S. Army Corps of Engineers Perspective .........cceeevveveinenieinieneinencnenens Nicholas Kraus, Ph.D.
Environmental Perspective .......c..coeviririiiiiiieiieneneseseeie ettt Tim McKay
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12 Commercial Street, Suite 4, Eureka, California 95501
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Each panel member gave comments on the symposium presentations and identified those
data gaps that were important to address from their perspective.

David Hull, Executive Director of the Hum-
boldt Bay Harbor Recreation and Conservation
District, noted current high interest in the Bay.
He thought there had been a gap in community
interest in the Bay from about 1980 to 1996.
Data gaps important to the Harbor District

are being addressed by the U.S. Army Corps

of Engineers (USACE)/Humboldt Bay Shore-
line Monitoring Project, but it will be a few
years before sufficient data are collected for
analysis. NOAA and the Center for Integrated
Coastal and Ocean Research and Education

at Humboldt State University (HSU) will add
directional capabilities to buoy data that are
important for navigational safety. Hull said it

is important for contemporary studies to use
methodology comparable to historic studies
whenever possible. Light Detection and Rang-
ing (LIDAR) data are now in a usable format
and provide topographical bathymetric data for
Humboldt Bay. He noted other useful studies
currently in process such as the Humboldt Bay
Cooperative Eelgrass Project that conducts eel-
grass surveys twice a year. Hull would like to see
statewide requirements for shipboard treatment
of ballast water exchange to reduce invasive spe-

cies introductions.

Troy Nicolini of the Humboldt Fisherman’s
Association (and National Weather Service hy-
drologist) fishes part-time for anchovy, herring
and sardine in Humboldt Bay. He recommend-
ed fisheries biologists work with local fisher-
men to develop methodology for targeted fish

studies. This is especially useful as fishermen
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can provide knowledge on timing of species

occurrence.

Greg Dale thought the Indian Island restora-
tion project deserves support and it would be
useful to compile or archive resources such as
Don Tuttle’s photographs. He would like to

see bathymetric LIDAR data used to develop
an electronic chart. Dale also noted the lapse
in Humboldt Bay studies and suggested strong
support for HSU research and generally us-

ing more local expertise. The symposium was
important, but action is needed on information
presented and integration of bay and watershed

studies and activities.

Lesley Ewing said the California Coastal
Commission (CCC) will apply scientific infor-
mation on Humboldt Bay to their day-to-day
permitting of development and restoration
projects. The kinds of questions they ask about
projects are: Is something being done to the
bay going to be safe? Are there any geological
hazards such as erosion or landslides? Regard-
ing shoreline armoring, would natural levees
or beaches be useful instead? Are there ways

to maintain the shoreline and avoid nonindig-
enous species invasions? Is sediment and beach
nourishment a way to get a more natural bay
shoreline? Is dredging being conducted by the
USACE enhancing or degrading the bay? We
need a bay sediment budget. What is sea-level
rise doing to the tidal elevations, subsidence
and accretion around the bay? What are the



natural dynamics of Humboldt Bay evolution?
The more information Ewing has, the easier her

work will be.

Steve Costa said there is a dearth of studies on
Humboldt Bay. Regarding physical processes,
Nick Krause’s model could be used to predict
the time and speed of currents. This should be
integrated with a water quality transport model.
For example, if something gets dumped in the
bay, what happens? The advantage of models is
their ability to answer the “what if” questions.
There is a general lack of water-quality and
sediment monitoring. Jeff Borgeld’s research is
great for the sediments that are present now,
but we also need to examine toxics that may be
in the sediments. Costa also stated the need for
a sediment budget to include ocean and water-

shed sources.

Adele Militello pointed out that the lack of
directional wave data for shoreline erosion and
accretion models is a huge data gap. Direc-
tional data are needed to make effective current
models for different seasons, tides and wind
direction. Important questions to answer are:
How is the shoreline changing? What change in
sediment size is occurring? If a new model that
included sediment transport were developed,
we could calculate bed elevation changes and
how components of the system are related. All
of this could be applied to dredging practices

and management.

Nick Krause recommended a siren for tsunami
warnings, as the area is vulnerable to this natu-
ral hazard. He endorsed the idea of a directional
wave buoy and said in Grays Harbor, Washing-
ton, their directional wave buoy costs $45,000

annually to maintain. It would take about

$25,000 to upgrade the existing buoy, and he
encouraged the CCC and USACE to collabo-
rate and get a directional wave buoy. Krause
stressed the importance of regional sediment
management. He considered dredge spoils a
resource and asked how can we get projects

to talk with each other? Beaches are eroding
around Humboldt Bay yet we are remov-

ing sediment from the bay. Beneficial uses of
dredge spoils elsewhere include shoreline resto-
ration of beaches, seagrass habitat creation and
shoreline protection. Mounds of dredge spoils
can protect nearby levees, form bird islands, or
provide a substrate for saltmarsh plants. The
new data on currents in Humboldt Bay will be
on their Web site. He will request NOAA make
new bathymetric projections for an updated
chart of Humboldt Bay. He pointed out that
the USACE LIDAR data could be used, for
example, to determine where to plant eelgrass

but could not be used for navigation.

Vicki Frey noted gaps in shoreline monitoring
in the bay to prevent erosion without armoring,
as erosion occurs at the ends of most armored
sections of shoreline. Coordination of LIDAR
data between HSU, USACE and the Harbor
District for circulation and transport of sedi-
ment at the Humboldt Open Ocean Disposal
Site (HOODS) site is important. As more
dredge spoils are taken to HOODS, what is the
site’s expected life span? If the harbor is increas-
ingly deepened, what effects and impacts will
be seen around the bay? Biological monitoring
of the edge of the shipping channel is needed.
How are salmonid populations existing in the
bay? Do they leave via the eelgrass beds or main
channels? How does oyster filtration affect eel-

grass? What is the role of oysters on bay ecology?

Tim McKay asked how far do fish go that
started out in Humboldt Bay tributaries? He
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noted the general increase in eelgrass, Brant and |

Aleutian geese populations recently and the lack

of political topics today. A future symposium
could address politics and science, especially
trying to determine what residents think about
Humboldt Bay. How is public access? How is
monitoring paid for? McKay thought there is
a need to strengthen the public trust in order
to use but not abuse natural resources, and
encouraged everyone to get involved in the
Humboldt Bay Management Plan and CEQA
process and express their expertise on Hum-
boldt Bay.

268 ... Panel Discussion Summary

Milt Boyd said South Bay has relatively little
human impact and should be protected. We
need better ecological service information about
the bay, such as how many oysters, fish, birds
and salt marshes, etc., are sustained by the bay?
This is largely unknown. He encouraged people
to get involved with the Humboldt Bay Stew-

ards.

Final note: There was a question raised about
establishing a reference condition for Hum-
boldt Bay. It was generally decided that identi-
fication of a desirable condition may be more
realistic given all that has changed in Humboldt
Bay. NOAA Essential Fish Habitat guidelines

provide reference conditions for fish.
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Photo Credit
http://www.humboldtbay.org/galleries/plantguide/m-grass/ley_van_2.html

Proceedings of the 2004 Humboldt Bay Symposium ... 269



Page intentionally left blank

Appendix I ... 270



Page intentionally left blank

Appendix A ... 270



CALIFORNIA COASTAL SEDIMENT MASTER PLAN
STATUS REPORT

DRAFT FOR PUBLIC REVIEW AND COMMENT

PREPARED BY
California Coastal Sediment Management Workgroup
September 2006
http://dbw.ca.gov/csmw/csmwhome.htm


http://dbw.ca.gov/csmw/csmwhome.htm

DRAFT FOR REVIEW




IMPORTANT NOTE

This status report documents the completed, on-going, and future activities of the California
Coastal Sediment Management Workgroup in their efforts to compile the California Coastal
Sediment Master Plan. Funding for this program was initiated by a $1,200,000 grant from the
National Oceanic and Atmospheric Administration Coastal Impact Assistance Program
administered by the Resources Agency of California. Subsequent funding has been provided by
the U.S. Army Corps of Engineers ($795,000) California Department of Boating and Waterways
($580,000), and the California State Coastal Conservancy ($20,000).

The Coastal Sediment Management Workgroup is soliciting comments on this status report to
help us as we move from the development of tools for regional sediment management, to the
completion of a Master Plan for implementation.

Please submit your comments to Clifton Davenport, the CSMW project manager, by November
30, 2006. Comments can be received by U.S. mail or at the e-mail address provided below:

Mailing address:

Clifton Davenport

Senior Engineering Geologist
California Geological Survey
135 Ridgway

Santa Rosa, CA 95401

E-mail address:
Clif.Davenport@conservation.ca.gov
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EXECUTIVE SUMMARY

DRAFT STATUS REPORT FOR COMMENT AND PUBLIC REVIEW

Problem Statement: Coastal Sediment

Human activities over the last 150 years have altered the natural supplies of sediment (e.g.,
gravel, sand, silt, clay/mud) to the coast, as well as the transport of sediments along the coast.
Dams block the transport of sediment through coastal steams and rivers and reduce peak
stream flows, both of which reduce downstream transport of sediment. Timber harvesting and
land development release volumes of sediment much larger than that produced from unaltered
land. If the cleared land is subsequently covered by roads, buildings or other impermeable
surfaces, the volume of sediment available for beaches drop far below the unaltered condition.
Coastal structures, like groins and breakwaters, alter the transport of sediment along the coast;
and harbors and harbor maintenance activities trap sediment and modify the transport patterns
through dredging and disposal practices. Figure 1 illustrates the ways in which human actions
impact the supply of sediment to the coast.

The activities described above are not intended to adversely affect California’s coastline, but
often they do. Beach erosion is a natural process, but many of California’s coastal beaches are
eroding at an accelerated rate due to the lack of a regular natural supply of sediment. This is a
significant problem because California’s coastal beaches are a highly valued resource, providing
access to the open ocean, areas for recreation, and habitat for numerous coastal species. In
addition, coastal beaches provide a natural buffer or transition zone between the ocean and the
land. This buffer is extremely important because it provides coastal protection during storm
events when public infrastructure or private homes are threatened and this natural buffer also
reduces the need to armor the shoreline.

In other areas sediment is too abundant or is a construction by-product such as flood control
maintenance projects, port/harbor expansion/maintenance projects, and coastal wetland
restorations. Unfortunately a common misperception of developers and regulatory agencies is
that this excess coastal sediment is a waste product requiring disposal, rather than a beneficial
resource. The CSMW views sediments as a resource, that if wisely managed can benefit public
infrastructure and recreational resources.

The historical approach by federal, state, and local agencies towards these sediment imbalance
and deficit/supply problems has been a project by project approach which focuses solely on
solving site specific problems. Consequently, federal, state, and local agencies have historically
implemented many projects to optimize cost benefit per individual project, rather than
attempting to resolve the regional sediment imbalances. This inability to consider excess
sediment at one location as beneficial use at another has contributed significantly to the
perception that sediment is a waste.
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Regional Sediment Management

Over the last seven years a new paradigm for addressing coastal sediment supply related
problems and imbalances has emerged in coastal areas of the nation, including California. This
approach, known as Regional Sediment Management, or simply “RSM”, systematically
addresses sediment supply and imbalances on a regional basis rather than attempting to
resolve sediment problems on a site-specific location/project. RSM also optimizes the beneficial
reuse of sediment by recognizing that coastal sediment is a valuable resource rather than a
waste product.

As an example, a dredging project to deepen a navigational channel at a port can provide the
sediment (i.e., sand) needed to replenish an eroded coastal beach or restore a coastal wetland.
Scientists and resource managers will evaluate the costs and benefits of moving sediment from
the channel to the beach site and wetland site. This evaluation may lead to a determination that
one site is a more feasible and appropriate location to receive sediment due to economic,
environmental, and engineering factors and concerns. Scientists and resource managers have
determined that RSM could best be utilized to balance coastal sediment and sand movement
within self-contained regional areas known as littoral cells.

Regional sediment management is based on the concept of a littoral cell. A littoral cell is a
portion of the coastline where sand enters the cell (e.g., a river mouth), moves along the
shore residing temporarily on the beaches, and then out of the coastal region (e.g., a
submarine canyon). Littoral cells have distinct geographical boundaries. Figures 5-10 (in
Section 3) show the locations of the 25 littoral cells along the California coast.

Coastal Sediment Management Workgroup

The Coastal Sediment Management Workgroup (CSMW) is a collaborative of federal, state, and
local agencies and non-governmental organizations working together to find solutions to
California’s coastal sediment management needs on a regional, system-wide basis. These
needs include, but are not limited to:

++ Reducing shoreline erosion and coastal storm damages,

% Providing sediment for environmental restoration and protection,
+ Increasing and restoring natural sediment supply to the coast,
% Restoring and preserving coastal beaches,

% Improving coastal beach water quality, and

+« Providing for adequate receiver sites for port and harbor dredge materials.
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Mission

Conserve, restore, and protect California’s coastal resonrces by developing and facilitating
regional approaches to managing sediment.

Goals

To reduce shoreline erosion and coastal storm damages; restore and protect beaches and
other coastal environments by restoring natural sediment supply from rivers,
impoundments and other sources to the coast; and optimize the use of sediment from
ports, harbors, and other opportunistic sources.

California Coastal Sediment Master Plan

In order to facilitate the implementation of “Regional Sediment Management”, or RSM,
throughout the entire California Coast, the CSMW has embarked on a multi-year effort to
compile a California Coastal Sediment Master Plan. This status report documents the

completed, on-going, and future activities of the CSMW in compiling the Sediment Master Plan.

It also provides overviews of the CSMW and RSM, maps of critical coastal erosion areas in
California, timeline for Master Plan development, and case studies of successful RSM
implementation in California.

The objectives of the Sediment Master Plan (SMP) are:

+ Promote the use of Regional Sediment Management (RSM) strategies to address
problems caused by sediment imbalance.

+«» Support the California Ocean Protection Council (COPC) in the implementation of their

Strategic Plan

+ Develop an adaptive plan to meet current and future needs of coastal sediment
managers.

+« ldentify and prioritize critical coastal erosion and accretion areas.

+«+ Provide resource managers informational tools and techniques to assist their decision

making.

% Facilitate and coordinate beach and coastal watershed efforts with federal, state, local

and public stakeholders.

+ Collaborate with regulatory agencies to provide a consistent permit framework for
coastal sediment projects.

«» Demonstrate the value of sediment as a coastal resource for habitat, recreation,
shoreline protection, and economics.

«» Support requests for funding from local/regional authorities and eliminate inefficient use

of public funds.
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Foster the beneficial use of sediment dredged from ports, harbors, wetlands, and other
sources.

When completed, the Sediment Master Plan will be a compilation of tools and products
designed to assist sediment managers and others in implementing RSM throughout the
California Coast. These products and tools fall under the four general headings:

Reports and data,
Computer based tools,
Educational and informational materials, and

Regional-based RSM Programs or Plans.

The following Sediment Master Plan tools are available for public use and can be found on the
CSMW website www.dbw.ca.gov/csmw/csmwhome.htm. (Note: A more expansive
summary of these tools can be found in Appendix A)

R/
0.0

Reports and Data

++ Coastal References Database: Literature review and compilation of bibliographies of
documents related to coastal sediment and beach nourishment.

+» Cumulative Loss of Sand Due to Dams: Report identifies volumes of sediment
potentially available for RSM activities.

% The Economics of Regional Sediment Management in Ventura and Santa Barbara
Counties: Examines incremental costs of RSM resulting from transport of sediment
from harbors to various receiver sites.

+» Sand Compatibility and Opportunistic Use Program (SCOUP): Develops guidance for
regional reuse programs using upland materials, including standards for
characterizing receiver sites and compatibility of sediment from various sources.

+»+ SCOUP Pilot Project Mitigated Negative Declaration: lllustrates preparation of
environmental documents for RSM activities.

Computer Based Tools

K/

« CSMW Website: Provides access to relevant documents, tools developed to assist
sediment managers, agency links, general information on CSMW activities and SMP
status.

Educational and Informational Materials

« California Sediment Master Plan Brochure: Provides an overview of the sediment
imbalance and need for regional solutions.

+« California Sediment Master Plan Progress Report to Ocean Protection Council: Lays
out how CSMW and member agencies plan to stimulate the utilization of sediment
from ports/harbors and other sources to address regional sediment deficits.

The following Sediment Master Plans tools are still under development. When completed, they
will be posted to the CSMW website.
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Reports and data

+« Analysis of Impacts and Recommended Mitigation for Critical Species and Habitats:
Provides standardized references for environmental documentation, and assists
sediment managers in pre- project planning by science-based identification of impact
to critical species and appropriate mitigation measures.

% Beach Nourishment Reference Guide: Guidance for local coastal stakeholders: Clarify
the regulatory process and requirements for sediment managers.

+« California Beach Restoration Strategy: preliminarily identifies critical coastal erosion
locations that would benefit from receiving excess sediment at ports, harbors
wetlands, flood control projects, etc.

« Development of Sand Budgets for California’s Major Littoral Cells: Comprehensive
review and compilation of dredging records and other relevant sediment source/sink
information on a littoral cell basis; calculates regional sand budgets based on
port/harbor dredging records.

+ Mud Budget Final Report- Fine Grained Sediment Sources, Transport and Sinks:
Examines the natural fate and transport of fine-grained materials for comparison
against sediment management projects; provides a mega-regional analysis of this
potentially major impediment to RSM.

+« Policies, Procedures and Regulations Analysis: Comprehensive review of legislative
and procedural requirements that affect sediment management; recommendations
on how to reduce impediments to effective, resource-protective RSM.

Computer based tools

+» Prototype Coastal Sediments Analysis Tool: Allows the sediment manager to examine
issues, costs and benefits associated with different regional alternatives for sediment
procurement, transport, and placement

% Web-based Mapping Tool, 2006: User-friendly tool to access visual information,
compiled in the GIS database, needed to evaluate sediment management projects

«» Educational and Informational materials

« Beaches, Littoral Drift and Littoral Cells: Understanding California’s Shoreline and
Beach Nourishment: Layman'’s explanation of the physical processes and
issues/considerations involved with building beaches.

« Offshore Canyon Sand Capture: This paper identifies canyons within the
state where artificial measures to reduce or eliminate the canyon capture
rate might prove cost-effective and environmentally benign, and offers
suggestions about how that might be accomplished.

Regional RSM Programs

0

+ The development of regionally based RSM Programs will utilize all the reports, data,
educational and informational tools developed and compiled by the Statewide Master
Plan. These programs will rely upon region-specific geographic, economic,
environmental and societal data and input. Local and regional governments and all
stakeholders will be invited to participate in this effort to find consensus on a
regional plan for beneficial reuse of opportunistic sediment as well as planned
shoreline restoration projects.
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Sediment Master Plan Status Report 2006
1.0 BACKGROUND
1.1  Problem Statement

Portions of California’s coastline are actively eroding often leading to economic losses, reduced
recreational opportunities, and habitat destruction. California’s coastal beaches are a highly
valued resource, providing access to the open ocean, areas for recreation, and habitat for
numerous coastal species. In addition, beaches provide a buffer or transition zone between the
ocean and the land, expanding and contracting over the seasons in response to waves and sand

supply.

Over millennia natural forces (e.g., wind, rain, and stream flows) have mobilized and
transported sediments (e.g., gravel, sand, silt, clay/mud). Coastal beaches have benefited from
much of this natural transport, receiving sand from coastal streams and rivers, sea cliff or bluff
erosion, gullies incised by rainfall runoff and dunes built and deflated by wind. Human activities
over the last 150 years have significantly altered these natural supplies of sediment to the
coast, as well as the transport of materials along the coast. Dams block the transport of
sediment through coastal streams and rivers and reduce the peak stream flows, which in turn
reduces the downstream transport of beach materials. Major land clearing projects, through
timber harvesting or for development, mobilize volumes of sediment much larger than that
produced from the unaltered land. If the cleared land is subsequently covered by roads,
buildings or other impermeable surfaces, the volume of sediment available for mobilization will
drop far below the unaltered condition. Coastal structures, like groins and breakwaters, alter
the alongshore transport of sediment. Harbors can trap sediment and maintenance operations
modify the transport patterns through dredging and disposal practices. While many of these
activities are not intended to alter beaches, the net effect often is an alteration of the coastline.
Figure 1 below illustrates the ways in which human actions impact the supply of sediment to
the coast.

Most sediment supply-related problems can be associated with societal failure to recognize,
communicate and implement regional (i.e., littoral cell) solutions to sediment-related projects.
For instance, before RSM the approach to addressing sediment imbalances by state and federal
agencies was project by project with a narrow focus on solving a very local problem. Further,
state and federal agencies would implement sediment projects in order to optimize cost benefit
per individual project, rather than attempting to resolve the regional imbalance that was
producing either the sediment excess or deficit. This approach has also led to the unfortunate
perception that coastal sediment is a waste product requiring disposal, rather than a potential
beneficial resource.

Regional sediment management is based on the concept of a littoral cell. Basically, a
littoral cell is a portion of the coastline where sand flows in (e.g., a river mouth), along,
and then out of an area (e.g., a submarine canyon). Littoral cells have distinct boundaries
and individual sources and losses of sand. Figures 5-10 (in Section 3) show the exact
locations of the 25 littoral cells along the California coast.
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The Problem - Human Modifications Have Altered Processes and Impacted Uses

Humans have substantially altered natural sediment fransport processes within California’s coastal
watersheds, reducing storm protection, habitat and recreation. Dams, built to control floods and store
Sand and gravel are mined from sfream systems for use in
construction. Timbering, grading, and earth moving strip off vegetation and expose the watersheds fo
Conversely, construction of channels, roads, and buildings hardens the watershed,
which reduces erosion and leads to decreases in the amount of coarse sediment available for delivery via
Some coastal structures such as harbors, jetties, groins, and breakwaters alter movement of
sediment along the shoreline while other coastal structures such as riprap and seawalls reduce the
amount of sediment supplied directly to the shoreline through the reduction of bluff and cliff erosion.
Human modifications to the coastal watersheds and shorelines of California have resulted in the following
sediment-related problems:

Beaches are undergoing accelerated erosion, reducing recreational opportunities, contributing to
loss of habitat, and increasing the probability of storm damage along the coast.

Coastal stream water quality has become impaired.

Coastal wetlands and lagoons are
experiencing either accelerated
erosion or sedimentation.

Sediment is being removed,

trapped, redirected, modified,

and polluted as it moves from

the coastal watersheds to the

shoreline and along the
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FIGURE 1: The Problem; Existing California Coastal Sediment Management
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1.2  Opportunity Statement: The New Regional Approach

RSM aims to increase efficiency by managing sediment demand and excess on a regional basis.
RSM also optimizes the beneficial reuse of sand by considering coastal sediments to be a
valuable resource instead of waste. Previously independent projects are considered in
conjunction with each other to maximize sediment reuse.

For example, the cost of dredging navigation channels can be combined with obtaining sand for
where it is most needed to remediate beach erosion. This approach is successful because it
considers costs and benefits not previously counted. Benefits arise from an array of potential
sources valued on their contribution to the region rather than just for an individual project. The
most technically appropriate “region” for such management of sediment is the littoral cell. The
RSM approach is illustrated in Figure 2 on the following page.

Some of the main principles associated with implementing RSM include:

+« Establishing the regional framework (i.e., littoral cell boundaries, sediment budgets, and
regional regulatory jurisdiction),

« Examining the human activities that have altered coastal sediment supply and transport,
+ Developing priority areas within each region for implementation activities,

+ ldentifying opportunities to restore sediment balance throughout the affected region
through modifications to the sediment transport processes,

+ Determining issues that may inhibit implementation of these opportunities and develop
tools to address these issues in an environmentally responsible manner,

+«» Obtaining funds to pay for the incremental costs associated with implementing RSM,

+ Recognizing the need to use non-traditional sources of sediment to help re-establish
wide beach areas,

¢ Educating concerned stakeholders on the value of sediment and need for RSM solutions,
and

+«+ Promoting cooperative and coordinated efforts by agencies involved in protection of
California’s priceless coastal resources.
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The Road to Solutions — The California Coastal Sediment Master Plan

Many watershed and shoreline problems caused by human modifications to the coast can be solved
and/or addressed through the development of a new approach known as Regional Sediment
Management (RSM). The California Coastal Sediment Management Workgroup (CSMW), a partnership
of several federal and state agencies, is currently developing the California Coastal Sediment Master Plan
(SMP) study, to foster a regional sediment management approach for the entire state. The SMP will
provide a framework for finding solutions through RSM by:

¢ |dentifying sediment-related problems along the California coast, such as beach erosion, wetland
erosion/sedimentation, habitat loss, and water quality impairment.

¢ Defining the causes of sediment-related problems such as dams; debris basins; dredging; sand and
gravel in-stream mining; coastal structures; lack of project coordination; and inconsistent policies,
procedures, and regulations.

e Providing a solid scientific framework and database regarding technical issues within the coastal
environment to support sediment management decisions.

e Developing a framework, through collaboration
with federal, state, regional, and local
governments, to address the sediment-

related problems on a regional scale, ”
such as littoral cells and/or ©)
watersheds.

¢ Developing and exporting new
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FIGURE 2: The Opportunity; New Approach to California Coastal Sediment Management.
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1.3  California Coastal Sediment Management Workgroup

The Coastal Sediment Management Workgroup (CSMW) is a collaborative effort by federal,
state, and local agencies and non-governmental organizations committed to evaluating and
addressing California's coastal sediment management needs on a regional, system-wide basis.
The CSMW was formed in response to concerns raised by the state of California, U.S. Army
Corps of Engineers (USACE), and local governments during meetings in 1999 regarding shore
protection needs in California. In addition, state agencies and the USACE hosted public
workshops between February and June 2004 to gather input on coastal sediment management
issues in California. At these workshops and meeting, there was consensus that integrated
coastal sediment management is a key factor in the development of strategies to conserve and
restore California’s coastal beaches and watersheds.

CSMW’s Mission

Conserve, restore, and protect California’s coastal resources by developing and facilitating
regional approaches to managing sediment.

Goals

Reduce shoreline erosion and coastal storm damages, restore and protect beaches and other
coastal environments by restoring natural sediment supply from rivers, impoundments and
other sources to the coast, and optimizing the use of sediment from ports, harbors, and
other opportunistic sources.

The California Resources Agency and the USACE co-chair the CSMW. The Resources Agency is
composed of multiple departments, boards, commissions, conservancies and programs
including, but not limited to, the Ocean Resources Management Program, Department of
Boating and Waterways (DBW), California Coastal Commission (CCC), State Lands Commission
(SLC), State Coastal Conservancy (SCC), Department of Parks and Recreation (DPR), and the
California Geological Survey (CGS). The Resources Agency and its departments have
responsibilities related to conserving, enhancing and managing California's natural and cultural
resources, including coastal beaches and watersheds, and the ocean ecosystem.

The USACE participates as the lead federal agency and has the federal responsibilities related to
managing and restoring coastal shorelines, wetlands, and watersheds. In addition, the USACE
has lead federal authority for flood control, ecosystem restoration, and navigation activities.

The CSMW is assisted by the California Coastal Coalition (CalCoast), a non-profit organization
comprised of cities, counties and regional government agencies along the coast. CalCoast
provides the CSMW with local feedback and updates regarding projects and studies underway in
coastal communities. Figure 3 below illustrates the CSMW structure.

10
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FIGURE 3: CSMW Structure

In addition to the federal, state, regional and local coordination, each participant in the CSMW
can use group discussions to strengthen their own programs within the context of statewide
and regional RSM implementation. State agencies have used the CSMW to coordinate the
development and review of projects undertaken through recent state funding and bond issue
programs. The CSMW provides a forum to enhance these individual efforts, minimize redundant
studies and ensure that various studies are being conducted in a complementary way.

In the coming year, the CSMW will be adding representatives from ports, harbors, wetland
groups, flood control agencies, NGOs and other groups in an effort to better address the needs
of various coastal stakeholder groups outside of state and federal government.

2.0 California Coastal Sediment Master Plan

In order to facilitate the implementation of RSM throughout the entire California Coast, the
CSMW has embarked on a multi-year effort to compile a California Coastal Sediment Master
Plan. This status report documents the completed, on-going, and future activities of the CSMW
in compiling the Sediment Master Plan.
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2.1

Why a Sediment Master Plan is Needed

After holding numerous public workshops and meetings, the Coastal Sediment Management
Workgroup determined that a Sediment Master Plan was needed in order to accomplish the
following throughout coastal California:

22

Reduce shoreline erosion and coastal storm damages;

Provide sediment for environmental restoration and protection;
Increase and restore natural sediment supply to the coast;
Restore and preserve coastal beaches;

Improve water quality along coastal beaches;

Foster the beneficial use of sediment dredged from ports, harbors, wetlands, and other
sources;

Provide for sufficient receiver sites for port and harbor dredge materials; and

When completed, the Sediment Master Plan (SMP) will be a comprehensive plan for the
regional management of sediment in coastal California over the next 20 years.

Sediment Master Plan Objectives

The objectives of the Sediment Master Plan (SMP) are:

Promote the use of RSM strategies to address areas of sediment imbalance in order to
restore coastal habitats and beaches.

Support the California Ocean Protection Council (COPC) in the implementation of their
Strategic Plan.

Develop an adaptive plan to meet current and future needs of coastal sediment
managers.

Identify and prioritize critical coastal erosion and accretion areas.

Provide those who manage sediment with informational tools and techniques to assist
their decision-making.

Facilitate and coordinate beach and coastal watershed efforts with federal, state, local
and public stakeholders.

Collaborate with regulatory agencies to provide a consistent permit framework for
coastal sediment projects.

Add to the scientific database regarding technical issues within the oceanic environment.

Demonstrate the value of sediment (mud, silt, sand, gravel and cobble) as a coastal
resource for habitat, recreation, shoreline protection, and economics.

Support requests for funding from local/regional authorities and eliminate inefficient use
of public funds.
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Development of the Sediment Master Plan (SMP) is organized under the following five activities:
1) Planning, 2) Public Outreach, 3) Technical Research/Data Collection, 4) Interagency
Coordination and 5) Demonstration Projects. Components of each activity are shown in Figure

4 below.
Coastal Sediment Management Master Plan Subgroups
\ 4 \ 4 _ \ 4
Plannin Public Technical Research & Demonstration
9 Outreach Data Collection Projects
Economic [T Sediment [
PMP Comm. Plan CSMW < Budgets
g > il Analyses 9 Interagency
PN Priority | Coordination
: Sand Source Hotspots
Marketing N End User N Marketing
Plan Templates Materials Biological <> Transport
Impacts Infrastructure
Implerr;tla\n— Regional > b Eitab“;h Policies, | |} Real
T [Pl RSM Plans artnerships Proc.& Regs. Estate
Public Decision _
H»{ Involvement Support [&® Tourism
Tools
SUD LY Programmatic
END P
Base.d ™ USER Regional EIS
Mapping
\ 4

SEDIMENT MASTER PLAN

FIGURE 4: Sediment Master Plan Development Structure

Initial SMP efforts have focused on compiling and developing informational products or tools of
state-wide utility that cover the major concerns related to coastal regional sediment
management. The main issues addressed by these initial efforts are the identification of the
critical coastal erosion areas and potential sources of sediment to replace or restore lost
sediment, examination of the governmental frameworks (policies, procedures and regulations)
concerning sediment management, and examination of the natural and biological systems
involved with or affected by sediment management. In addition to completing these tools and
information systems, the SMP will foster team building between agencies with disparate
missions and objectives and add to the scientific database regarding sediment management.
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The SMP will continue to support these initial state-wide efforts and add new information to
that already gathered. After developing the state-wide foundation, SMP efforts will focus on
more regionally specific studies and tools, since most sediment management implementation
occurs at the local or regional scale. Regional Sediment Management and SMP efforts with
respect to regional efforts are described in more detail in Section 3.

The SMP will maximize the use of public funds to support implementation of regional sediment
management by:

% Coordinating dredging activities to avoid delays and added costs with other RSM
activities;

% Guiding placement of dredged material where economic benefit is maximized through
recreational use, environmental restoration, shoreline protection, and tourism; and

+ Developing a strategic plan for funding beach restoration.

The SMP When completed the SMP will do the following:
% ldentify and prioritize critical coastal erosion areas;
+ Locate potential sources of sediment to replace and/or restore lost sediment;

% Develop plans by which sediment can be managed regionally to remediate the eroding
areas,;

+« ldentify species and habitats of concern that could be impacted by regional sediment
management activities ;

¢ Incorporate regulatory-appropriate procedures designed to streamline CSM activities
while protecting natural and recreational coastal resources;

% Foster team-building between agencies with disparate missions and objectives;

+« Increase scientific understanding of technical issues that arise within the coastal and
oceanic environment as a result of RSM activities; and

+«+ Provide for public input to meet stakeholder concerns.

2.4 Sediment Master Plan Tools and Products

California Coastal Sediment Master Plan

In order to facilitate the implementation of RSM throughout the entire California coast, the
CSMW has embarked on a multi-year effort to compile a California Coastal Sediment Master
Plan. This status report documents the completed, on-going and future activities of the CSMW
in compiling the Sediment Master Plan. It also provides overviews of the CSMW and RSM, maps
of critical coastal erosion areas in California, and case studies of successful RSM implementation
in California.
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When completed, the Sediment Master Plan will be a compilation of tools and products
designed to assist sediment managers and others in implementing RSM throughout the
California coast. These products and tools fall under the three general headings:

+ Reports and data,
+« Computer based tools, and
«» Educational and informational materials,

+ Regional-based RSM Programs or Plans

The following Sediment Master Plan tools are available for public use and can be

found on the CSMW website http://www.dbw.ca.gov/csmw/csmwhome.htm.

(Note: A more expansive summary of these tools can be found in Appendix A)

% Reports and data

+ Coastal References Database: Literature review and compilation of bibliographies of
documents related to coastal sediment and beach nourishment.

+« Cumulative Loss of Sand Due to Dams: Report identifies volumes of sediment
potentially available for RSM activities.

+« The Economics of Regional Sediment Management in Ventura and Santa Barbara
Counties: Examines incremental costs of RSM resulting from transport of sediment
from harbors to various receiver sites.

+ Sand Compatibility and Opportunistic Use Program (SCOUP) - Develops guidance for
regional sand reuse programs using upland materials, including standards for
characterizing receiver sites and compatibility of sediment from various sources.

+«+ SCOUP Pilot Project Mitigated Negative Declaration: lllustrates preparation of
environmental documents for RSM activities.

+» Computer based tools
« CSMW Website- Provides access to relevant documents, tools developed to assist
sediment managers, agency links, general information on CSMW activities and SMP
project status.

++ Educational and informational materials

«+ California Sediment Master Plan Brochure: Provides an overview of the sediment
imbalance and need for regional solutions.

% California Sediment Master Plan Progress Report to Ocean Protection Council: Lays
out how CSMW and member agencies plan to stimulate the utilization of sediment
from ports/harbors and other sources to address regional sediment deficits.

The following Sediment Master Plans tools are still under development. When completed, they
will be posted to the CSMW website.
+ Reports and data

% Analysis of Impacts and Recommended Mitigation for Critical Species and Habitats:
Provides standardized references for environmental documentation, and assists
sediment managers in pre- project planning by science-based identification of impact
to critical biota and appropriate mitigation measures.

«» Beach Nourishment Regulatory Guide: Guidance for local coastal stakeholders:
Clarify the regulatory process and requirements for sediment managers.
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California Beach Restoration Strategy: preliminarily identifies critical coastal erosion
locations that would benefit from excess sediment at ports, harbors wetlands, flood
control projects, etc.

Development of Sand Budgets for California’s Major Littoral Cells: Comprehensive
review and compilation of dredging records and other relevant sediment source/sink
information on a littoral cell basis; calculates regional sand budgets based on
port/harbor dredging records.

Mud Budget Final Report- Fine Grained Sediment Sources, Transport and Sinks:
Examines the natural fate and transport of fine-grained materials for comparison
against sediment management projects; provides a mega-regional analysis of this
potentially major impediment to RSM.

Policies, Procedures and Regulations Analysis: Comprehensive review of legislative
and procedural requirements that affect sediment management; recommendations
on how to reduce impediments to effective, resource-protective RSM.

Computer based tools

Prototype Coastal Sediments Analysis Tool: Allows the sediment manager to examine
issues, costs and benefits associated with different regional alternatives for sediment
procurement, transport, and placement.

Web-based Mapping Tool: User-friendly tool to access visual information, compiled in
the GIS database, needed to evaluate sediment management projects.

Educational and informational materials

Beaches, Littoral Drift and Littoral Cells: Understanding California’s Shoreline and
Beach Nourishment: Layman’s explanation of the physical processes involved in
building beaches and the issues/considerations involved when artificially renourishing
them.

Offshore Canyon Sand Capture: This paper identifies canyons within the state where
artificial measures to reduce or eliminate the canyon capture rate might prove cost-

effective and environmentally benign, and offers suggestions about how that might

be accomplished.

Regional RSM Programs

0,
0‘0

The development of regionally based RSM Programs will utilize all the reports, data,
educational and informational tools developed and compiled by the Statewide Master
Plan. These programs will rely upon region-specific geographic, economic,
environmental and societal data and input. Local and regional governments and all
stakeholders will be invited to participate in this effort to find consensus on a
regional plan for beneficial reuse of opportunistic sediment as well as planned
shoreline restoration projects.
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3.0 Regional Sediment Management in California

The SMP is a long-term project with an anticipated lifespan of approximately ten years. The
Sediment Master Plan will develop a series of tools and products designed to assist in
addressing issues expected to arise during implementation of RSM. These products include but
are not limited to a) regional sediment plans that identify regional linkages between areas with
sediment deficits and excesses and provide various tools to promote effective regional sediment
decisions, b) functional geospatial databases to assist in determining potential project sites as
well as the possible impacts; ¢) sampling and analysis standards for non-traditional sources of
sediment, d) biological recommendations for use in environmental documents and project
planning, and e) regional permits. Products will be made available through CSMW’s website
(www.dbw.ca.gov/csmw/csmwhome.htm) and other venues. Annual status reports will be
prepared before the end of the federal fiscal year, describing accomplishments to date.

3.1  SMP Efforts and Tasks Necessary for Effective RSM Implementation in
California

Figures 5-10 illustrate some of the information compiled to date by the CSMW as part of its SMP
development effort. Technical and political boundaries (e.g., littoral cells and counties) provide
a basis for the regional framework. Critical coastal erosion areas and some potential larger
sources of sediment (e.g., ports) begin the establishment of regional supply and demand along
the California coast. Additional potential sources of sediment (e.g., wetlands, debris basins,
dams and offshore locations) will be included in the regional-based RSM plans to be developed
during SMP implementation.

Implementation efforts needed to accomplish the objectives, goals and mission of the CSMW
and the Sediment Master Plan were discussed in Section 2. These “next steps” were developed
based on roundtable discussions with staff from regulatory, resource and flood control agencies,
planners, managers, scientists and the general public. These efforts include but are not limited
to:

% Collecting data needed to characterize the coastal environment.
% Performing economic studies to determine cost-effectiveness of potential projects.

+» Developing tools to inform, educate, and promote littoral cell based (regional) sediment
management.

+«+ Disseminating new and existing tools to assist resource managers.

+» Collaborating among agencies with shared and disparate missions including the
California Ocean Protection Council.

+ Developing process-related guidance to help eliminate confusion with the regulatory
process and streamline project permitting.

+ Developing Regional General Permits and Programmatic Environmental Impact
Statement/Environmental Impact Report for beach restoration.

« Expanding available knowledge on species and habitats of concern that could be
impacted by RSM activities and best protective measures.
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+ Encouraging use of the SMP by California's coastal sediment managers.

+« Implementing a public outreach program to identify and promote two-way
communication with coastal stakeholders.

+ Developing educational materials that will support sediment-based solutions and
consideration of sediment as a resource rather than a waste.

+«» Assisting ports, harbors, wetlands restoration groups and flood control agencies in
resolving their sediment-related issues.

Numerous tasks have been identified as needed over the next several years to meet the
implementation efforts of the SMP. For planning purposes, Appendix C lists these “next steps”,
grouped by task type (coordination, outreach, process, technical, and funding). These steps
have been preliminarily assigned relative priorities (high, medium, and low) and schedule
(short-, medium-, long-term, and ongoing). Descriptions indicate RSM and COPC issues that
the individual effort supports. Individual steps or activities associated with implementation of
the Task have been identified. The section of the SMP’s Project Management Plan (PMP)
encompassing the individual task is identified.
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FIGURE 5 - California Critical Coastal Erosion Areas, Potential Sediment Sources, and
Littoral Cells — Northern California
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FIGURE 7 - California Critical Coastal Erosion Areas, Potential Sediment Sources, and
Littoral Cells — Central California
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FIGURE 8 - California Critical Coastal Erosion Areas, Potential Sediment Sources, and
Littoral Cells — Southern California — Santa Barbara and Ventura Counties
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FIGURE 9 - California Critical Coastal Erosion Areas, Potential Sediment Sources, and
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FIGURE 10 - California Critical Coastal Erosion Areas, Potential Sediment Sources,
and Littoral Cells — Southern California — Southern Orange and San Diego Counties
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3.2 Case Studies of Successful RSM Implementation in California

While the concept of sediment management has been around for many years, it has
not been until recently that sediment management has been implemented in a truly
regional context. The following sections are case studies and examples of coastal
projects throughout California that have achieved the objectives of regional
sediment management. These studies illustrate how project design,
implementation and needed environmental protections associated with RSM can be
achieved. Examples showing how restoration of natural processes can be combined
with local values and how habitat restoration can also preserve natural processes
are also presented. Each of these examples works with the regional conditions so it
is unlikely that these efforts can be duplicated exactly in other regions. However,
these examples provide an array of RSM options that may have applicability to
other regions with similar coastal situations.

3.2.1 Orange County Beach Erosion Control Project (Surfside — Sunset Project)

Background:

The Surfside-Sunset Nourishment Program was initiated in 1964 as a component of
the Orange County Beach Erosion Control Project. The goals of the RSM program
are to mitigate erosion of Surfside-Sunset Beach, and nourish the downcoast
Orange County shoreline north of Newport Harbor. To accomplish these objectives,
periodic beach nourishment is performed at Surfside-Sunset Beach, functioning as a
“feeder beach” restoring beach width. The project is funded jointly by USACE,
County of Orange and the State of California through the Department of Boating
and Waterways. In addition, the Department of Parks and Recreations is involved
historically through both the Bolsa Chica State Beach and Huntington State Beach.
This is California’s only federally authorized shore protection project that involves
state and local participation.

3 i

25



DRAFT FOR REVIEW

Major alterations to the natural condition of the San Pedro littoral cell began in
1889 with construction of the Los Angeles/Long Beach Harbor Complex.
Additionally, inland development, particularly flood control projects, significantly
reduced the San Gabriel and Los Angeles River contributions of beach sand. This
loss, combined with navigational development at the San Gabriel River mouth and
Anaheim Bay effectively caused erosion at Surfside-Sunset Beach by the mid-
1940s. With development removing 67 percent of the natural sand supply from the
coastal sediment system, beach erosion became a serious problem. The first areas
in the region to realize damages due to erosion were the Surfside—Sunset Beaches
in the north and West Newport Beach to the south.

The initial nourishment effort conducted under the Surfside-Sunset Project was
completed in June 1964 and provided 4 million cubic yards of beach sand.
Subsequently, between 1971 and 2002, over 12 million cubic yards of additional
sand were placed on the Surfside-Sunset feeder beach. Although the initial
replenishment utilized material from within the Naval Weapons Station, the
majority of sand placed since 1979 originated from nearshore borrow sites.

Implementation of RSM:

The feeder beach concept was a fore-runner of and an integral part of today’s RSM
strategy. By migrating downcoast, sediment placed at Surfside Colony provides a

source of sediment for 17 miles of beaches from Surfside Beach to the north jetty

of Newport Bay. Prior to the start of this project the beaches in the San Pedro Cell
were eroding.

A primary component of the Orange County Coast of California Study (Orange
County CCSTWS) was an evaluation of the Surfside-Sunset nourishment project. A
detailed analysis of beach widths and sediment volumes between 1963 and 1997
indicated that the vast majority of nourishment material placed on the beach has
remained in the littoral system (USACE, 1999). Furthermore, beach widths
throughout the region were found to have increased at an average rate exceeding 4
feet per year. Substantial social, recreational, economic, environmental, and health
and safety benefits are realized through this restoration project. The Surfside—
Sunset Project serves as shining example of how RSM can work in other sediment
starved littoral cells in California, and how beneficial reuse of dredged material from
an offshore borrow site can provide multi-faceted benefits to a region.

3.2.2 Agua Hedionda Lagoon

Background.

The Agua Hedionda Lagoon, in Carlsbad, is in the Oceanside Littoral Cell, and was
originally dredged in 1954 to provide cooling water for the Encina Electric Power
Plant. Since that time two new generating units have been added to the plant,
adding to the cooling water demand. Waves carry littoral sediment into the lagoon.
To maintain the necessary volume of cooling water, the lagoon requires periodic
dredging. Approximately 120,000 to 140,000 cubic yards are annually removed
from the outer basin. Historically, this sand was placed on the beaches south of
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Agua Hedionda Lagoon. With dominant littoral drift to the south, it was expected
that the material would be carried away from the lagoon and lagoon managers
would therefore not be in the position of dredging the same sand numerous times.

© 2006 Europa Technologies
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Agua Hedionda Lagoon

The volume removed each year represents approximately 40 percent of the annual
littoral drift in for the Oceanside Littoral Cell. Due to the regular dredging and
placement of sediment onto the adjacent beaches, the outer basin of Agua
Hedionda Lagoon is considered a temporary sediment sink. Some sand moves from
the outer lagoon to the middle or inner lagoon; these areas are dredged less
regularly than the outer lagoon.

The majority of sand placement from Agua Hedionda Lagoon was at the Middle or
South Beaches; however the inlet continued to intercept sand. Although the
dominant littoral drift direction is to the south, northerly transport is a regular
occurrence as well. Sand trapped in the outer basin could have been naturally
destined for some of the beaches north of the inlet.

Implementation of RSM

In the late 1990’s, San Diego Gas & Electric, at the request of the California Coastal
Commission, studied the nearshore conditions at Aqua Hedionda Lagoon with the
intent of determining an equitable distribution of dredge sand. The study discovered
that natural transport of sand is both to the north and south, and that the northern
beach areas should receive some of the dredged sand. Analysis of local currents
indicated that 20 percent of the gross littoral transport past Agua Hedionda was to
the north and 80 percent of the gross transport was to the south. The beaches
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north of the inlet had higher recreational demand and public access than Middle
Beach and other beaches immediately south of the lagoon jetties. This factor was
also considered in the examination of equitable sand distribution. Based on the
analysis of sediment transport and recreational demand a new disposal pattern was
developed with at least 30 percent of all dredged sand placed on the beaches north
of the inlet jetties and no more than 70 percent of the dredged sand placed on
Middle Beach or South Beach.

The new distribution of sediment placement is being used for each dredging
episode. It reflects an appreciation for both natural sediment transport conditions
and for the community values that develop from recreational beach areas.

3.2.3. Bolsa Chica Wetland Restoration Project

Background:

The Bolsa Chica Wetland Restoration Project is located in Orange County, adjacent
to the City of Huntington Beach. The purpose of the project is to restore portions of
the wetland ecosystem of the Bolsa Chica lowlands. Restoration objectives are to
protect and enhance:

% Migratory shorebird, seabird, waterfowl over wintering habitat value,
+ Nesting habitat for shorebirds and seabirds,
% Estuarine fish habitat, and

% Nesting and foraging conditions for threatened or endangered species
(California least tern and western snowy plover).

The project area covers about 1,247 acres and will restore tidal influence from the
Pacific Ocean to about half of this area to reinvigorate the wetland ecosystem. To
achieve the biological benefits of tidal restoration, a direct connection to the Pacific
Ocean had to be reestablished through the creation of a new tidal inlet through
Bolsa Chica State Beach and across the Pacific Coast Highway near the Huntington
Mesa. The ocean connection consisted of three separate project elements, the
inlet, the inlet jetties and the ebb tidal shoal.
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Bolsa Chic Ocean Inlet Photo Credit: Jack Fancher

An ocean inlet has been constructed to the full tidal basin that is 360 feet in width
between the levy crests and encompasses an area of approximately 3.7 acres. As
the inlet was excavated, approximately 190,000 CY of sand were placed on the
adjacent state beach for beach nourishment purposes. Bolsa Chica Ocean Inlet just
opened on 24 August 2006.

To stabilize the inlet, two jetties were constructed to prevent the entrance channel
from closing. Each jetty is approximately 450 feet in length from Pacific Coast
Highway to the jetty tips and about 100 feet at their base. Approximately 5 acres of
beach were excavated to construct both the jetties and the inlet totals.

To stabilize the down-coast region near Huntington Cliffs from the loss of the
existing beach, assure sand movement along the beach and maintain beach
stability, an ebb shoal was constructed just outside the inlet mouth. The equilibrium
volume of the ebb shoal was calculated to be approximately 620,000 CY of sandy
material. To provide additional safety, as much as 1,300,000 CY of sandy material
(> 80 percent sand) was dredged from the restored fully tidal and muted tidal
basins and pumped in the proposed ebb shoal location over approximately 45 acres
of soft bottom substrate.

Ebb and flood tidal shoals are normal features that develop at a tidal inlet. For a
new inlet project, the ebb and flood shoals would build naturally, trapping littoral
drift and capturing it on the tidal shoals. Once the shoals grow to equilibrium with
the tidal flows, littoral sediment would be carried around the inlet and shoal,
continuing its longshore transport. This project, by establishing the ebb shoal as
part of the inlet project, is expected to minimize interruption of littoral transport.
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Implementation of RSM:

Inlet maintenance will require regular dredging of the inlet and flood tidal shoal for
the life of the project. The full tidally-dependant wetland condition and associated
habitat restoration values cannot be maintained without regular and ongoing inlet
dredging. Beach widths adjacent to the inlet will be monitored regularly to
determine whether any unanticipated beach changes are developing adjacent to the
inlet jetties. All dredged material will be placed on adjacent beaches and if the
beach monitoring identified any areas of beach erosion, the dredged material will be
placed in those locations or where they can best otherwise reduce or prevent loss
of beach width.

3.3 Potential Candidate for RSM Implementation
Ventura Harbor

Background:

Ventura Harbor is a man-made commercial and recreational harbor located within
the City of San Buenaventura in Southern California, about 65 miles northwest of
Los Angeles and 7 miles northwest of Port Hueneme Harbor. The harbor also
serves as the entrance to the Ventura Keys, a private development with channels
that have dock facilities for residents. The harbor entrance, located 1 mile north of
the Santa Clara River, consists of a 1,550-foot long north jetty, a 1,070-foot long
south jetty and a 1,798-foot long detached breakwater.

Ventura Harbor

The entrance stabilization jetties of the harbor effectively intercept and block the
alongshore sediment transport. As a consequence, periodic maintenance dredging
is required to maintain navigation channels and prevent erosion of adjacent
downdrift beaches. Between 1969 and 2003, the average volume of sediment
dredged from Ventura Harbor was approximately 459,000 cubic meters (600,000
cubic yards) per year. Of this volume, it is estimated that about 76,460 cubic
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meters (100,000 cubic yards) per year may be attributable to sand that
accumulates upcoast during times of alongshore transport reversal.

The littoral material that accumulates each year at Ventura Harbor represents a
significant sediment resource. Normally, this material is placed downcoast on
McGrath State Beach, or occasionally on South Beach, and even less frequently
upcoast on Pierpont Beach.

Potential Implementation of RSM.

RSM applications include the following: 1) determining where sediment is needed
within the region (Santa Barbara Littoral Cell); 2) assessing how much could be
diverted from McGrath or South Beach without detrimental effects to either the
beach or other sites downcoast; and 3) determining what is the most economical
and environmentally acceptable way to transport the sediment.

Alternatives for beneficial reuse of proportional volumes of sand currently
discharged from the Ventura Harbor Sand Bypass System have been formulated.
South Beach is the recommended location to use as a source and/or stockpile site
because of its short distance from the harbor sand trap and the truck accessibility.
Use of waterborne modes of transportation to move bypassed sand from the harbor
to other regional beach sites presents more operational challenges.

Candidate receiver sites that were analyzed include sites previously identified and
screened by the Beach Erosion Authority for Clean Oceans and Nourishment’s
(BEACON) South Central Coast Beach Erosion Program. BEACON is a California
Joint Powers agency established to deal with coastal erosion and beach problems on
the Central Coast of California. The agencies making up BEACON are Santa Barbara
and Ventura Counties and the cities of Port Hueneme, Oxnard, San Buenaventura,
Carpinteria and Santa Barbara.

These beaches include Carpinteria, Oil Piers, Surfers Point, and Hueneme Beach.
BEACON currently has opportunistic beach nourishment permits from the California
Coastal Commission and the USACE to allow annual placement of sand on each
beach. Additional sites that were analyzed include the Rincon Parkway (which
includes Oil Piers), San Buenaventura State Beach, Pierpont Beach, Marina Park,
Oxnard Shores, and the Naval Base Ventura County.

The regional beneficial reuse of Ventura Harbor bypassed sand would be limited to
small volume applications. Diversion of more than about ten percent of the
shoreline’s net alongshore transport rate to beaches other than the immediate
downcoast receiver sites may adversely impact the shoreline reach between the
Santa Clara River and Channel Islands Harbor.

The protocol for RSM may be based upon preservation of minimum beach widths
concurrent with conditions and surplus sediment within the reach. When surplus
conditions exist the potential sand volume is estimated to be no greater than about
47,000 cubic meters (61,000 cubic yards) if excavated from the harbor traps.
Although greater sand volumes will be available at times within the harbor sand
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traps and at South Beach, it is recommend that the RSM program start slowly so
that impacts and benefits can be carefully evaluated.

In conclusion, for practical reasons, the RSM plan for beneficial reuse of sand from
Ventura Harbor should consider modest amounts of sand delivered by truck over
short haul distances. Pipeline dredge may be considered for beaches at the lower
end of Pierpont Bay.
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Appendix A
Summary SMP of Completed Sediment Master Plan Tools

The CSMW has been actively developing various tools and documents to facilitate the
development of RSM in California. The need for these tools, how they can help address RSM
issues and their status (as of September 2006) are described below. This section will be
updated in each successive annual SMP Status Report.

CSMW Website

Background:

The CSMW needed a website to contain information and tools developed as the Sediment
Master Plan proceeds, and to make such information and tools widely available. CSMW'’s
website is currently hosted by DBW. Information on the various coastal sediment-related
programs and projects of CSMW member agencies are available as well as meeting records and
access to documents, tools and reports developed by CSMW as part of their SMP efforts.

Importance for RSM efforts in California:

Part of the SMP Public Outreach effort, the website is currently the primary source of
information on the SMP, and provides access to a library of tools and information on SMP
Projects. This information will help coastal planners and managers assess regional conditions as
they develop RSM Plans. The website also supports the California Ocean Protection Council’s
goal of a comprehensive website for the ocean.

Status:
This educational document is available at the following URL:
http://www.dbw.ca.gov/cswim/csmwhome.htm

California Beach Restoration Survey (CBReS)

Background.

DBW conducted an initial survey to identify critically eroding areas along the California
coastline; these locations were filtered, based on State of California technical and funding
requirements. The list was further condensed to reflect locations where sediment management
(primarily beach restoration and groin repair) was considered an appropriate solution. These
critically eroding areas and additional shoreline segments currently under study by the US Army
Corps of Engineers (USACE) collectively define locations of interest for purposes of the survey.
These CBReS sites have been preliminarily assigned high, medium or low priority. This priority
is dependant primarily on the level of interest expressed by local government, as well as
availability of State and federal funds to investigate and remediate the erosion. Criteria for
additional prioritization, especially at regional levels are also presented. The projects currently
being assessed by the CBReS are shown in Figures 5-10.
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Importance for RSM efforts in California:

This report presents and preliminarily prioritizes coastal erosion locations along the California
coastline currently under consideration for sediment management activities by local, state
and/or federal governments. The CBReS sites represent specific locations that can be assessed
for mitigation utilizing regional (littoral cell) approaches to the management of potential
sediment sources.

Status:

This prioritization and planning tool has been reviewed by CSMW and local governmental
stakeholders. The report is now being revised for general public review. The report will be
finalized after the close of the public review period for release as a DBW report.

Sand Compatibility and Opportunistic Use Program (SCOUP)

Background:

CSMW and San Diego Association of Governments (SANDAG) crafted a process designed to
streamline regulatory approval of small (less than 150,000 cubic yards) beach nourishment
projects at identified receiver sites using opportunistic materials from throughout the region.
SCOUP was developed with significant input from appropriate staff at permitting and resource
agencies. Identifying technical and regulatory concerns associated with beach nourishment
using regionally-available sources, and addressing those concerns in a systematic and
consistent manner is part of CSMW's thrust to coordinate and streamline RSM across California.
A pilot project in the Oceanside littoral cell (northern San Diego County) provides an example of
how to implement the SCOUP process and guidance for developing regional programs
elsewhere in coastal California.

Importance for RSM efforts in California:
By encapsulating regulatory and process needs, regional-based reuse of upland materials for
beach restoration can be stimulated. This process can be exported to other regions, providing
for consistency across coastal California.

Status:

This procedural guidance tool has been finalized, and is available at the CSMW website library.
A hard copy of the report can be obtained from SANDAG if requested. Currently, four additional
cities in San Diego County are jointly developing a SCOUP program for their beaches.

Policies, Procedures and Regulations (PPR) Analyses:

Background.

An analysis of federal, state, and local policies, procedures, and regulations (PPRs) affecting
beach nourishment and related sediment management activities in California is being conducted
as part of the SMP. These related activities include the dredging/excavation, transportation,
and placement of sediment in littoral cells throughout California.
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Importance for RSM efforts in California:

Federal, state and local PPRs relevant to regional sediment management are being analyzed to
identify problems and develop suggested recommendations for such management activities
throughout coastal California. Specific recommendations on how best to resolve those problems
in order to streamline the project development process, and steps needed to implement the
recommended changes, will facilitate effective RSM by minimizing project delays.

Status:
The planning and governance tool is under development.

Beach Restoration Reference Guide (BRRG)

Background:

Implementing a beach restoration project requires compliance with various regulations at the
federal, state, and local levels of government. The numerous and sometimes overlapping
regulations may confuse many coastal planners, managers or other interested stakeholders. As
a result, projects may be delayed significantly due to incomplete or insufficient compliance with
these regulations.

Importance for RSM efforts in California:

The BRRG summarizes the federal and state regulatory process involved in planning and
implementing beach restoration projects within California. Information is provided on applicable
regulations, the regulatory compliance process required by each jurisdictional agency, and flow
charts recommending how to proceed through environmental review and regulatory
compliance. Clarifying the process and expectations is expected to streamline the permitting
process, providing for better planned and executed projects. This in turn facilitates regional use
of sediment by helping the coastal manager identify regional issues during development of RSM
plans.

Status:
This regulatory guidance tool is very near completion.

Regional Sand Budgets

Background:

When reviewing or considering sediment management activities such as beach restoration
projects, regulatory and resource agency personnel often request regional sediment budget
information. This allows comparison of the expected input from the proposed sediment
management activity to that of the natural system, in order to assess whether such a project
would "overload" the regional system. Project proponents and others believe that the "natural”
(i.e., before dams, debris basin, armored bluffs/rivers, etc) budget should also be contrasted
against that currently in operation. CSMW and the University of California at Santa Cruz have
developed natural and altered (primarily source reduction) sand budget information by littoral
cell.

Three informational tools are part of this effort:
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a. Development of Sand Budgets for California’s Major Littoral Cells- A quantitative
description of available information on sand transport and sediment management activities
within those littoral cells.

b. Beaches, Littoral Drift and Littoral Cells- A non-technical explanation of sediment
transport and natural and human-induced beach building processes within littoral cells.
C. Cumulative Losses of Sand to the California Coast from Dams- A temporal and spatial

analysis of the volume of sand trapped behind dams on coastal streams.

Importance for RSM efforts in California:

A regional understanding of littoral cell boundaries, sand budgets and disruptions to the natural
movement of sand to and along the coast is an important tool in coastal land use management
and an essential step in understanding sand routing along the coast. Understanding causes of
sand deficit is necessary to implement regional solutions to such deficit.

Status:

The Development of Sand Budgets for California’s Major Littoral Cells is being revised to reflect
reviewer’'s comments. The educational tool "Beaches, Littoral Drift and Littoral Cells" is very
near completion, while the report, “Cumulative Losses of Sand to the California Coast from
Dams” is currently available on the CSMW website.

Mud Budgets

Background:

Currently, sediment budget knowledge relates primarily to “sand” budgets. However, much of
the regulatory concern over impacts on natural resources associated with sediment
management activities relates to fine-grained sediment transport and deposition. To understand
the magnitude of such potential impacts, the fate and transport of fine-grained materials under
natural conditions needs to be understood. Therefore, the CSMW and U.S. Geological Survey
undertook development of a fine-grained sediment budget (“mud budget”), looking first to
guantify the amount of fine grained materials being supplied to the coastal ocean, and secondly
where and how such material is deposited.

Importance for RSM efforts in California:

Determining land-based sources and oceanic sinks for silts and clays will help understand their
potential impacts on coastal and oceanic environments. This in turn helps establish appropriate
volumes and/or percentages of fine-grained sediment in beach restoration materials that can be
used without adverse impact, addresses regulatory and resource agency concerns and
streamlines the regional use of potential sources of sediment.

Status:
The first phase of work has been completed. The second phase and final report are due in fall
2006.
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Biological Impacts Assessment (BIA)

Background:

Parties involved in sediment management activities have an urgent need to better understand
the actual effects that management activities have on coastal biota. Stakeholders felt that a
better understanding of physical processes and scientific data was needed for policy-makers,
regulatory community and project proponents to make informed decisions and
recommendations. The BIA has reviewed literature sources, compiled available information on
biota and habitats of concern, and is developing science-based recommendations protective of
sensitive biota, habitats or ecosystems.

Importance for RSM efforts in California:

Identifying critical coastal biota and/or habitats and relatively standard protection protocols
during sediment management projects will help streamline projects by reducing the pre-project
permitting time required for environmental assessments and documents. Understanding natural
resource protection requirements up front supports RSM by providing needed information to the
coastal planner or manager during their assessments of regional conditions.

Status:
The informational and procedural tool is under development.

Economics of RSM

Background:

This preliminary assessment report examines the costs and benefits of using opportunistic
sediment to nourish sediment depleted beaches as an alternative to the traditional policy of
disposing of this material in the least expensive manner. Dredged material is usually placed on
an adjacent or nearby beach while upland materials are typically taken to landfills. The study
examines the benefits of widening three receiver sites in Santa Barbara and Ventura Counties,
and incremental costs associated with transport of sediment from various potential sources to
those receiver sites.

Importance for RSM efforts in California:

The report provides a preliminary methodology for determining recreational values of increased
beach width and transport costs of opportunistic materials in the Ventura/Santa Barbara region
that could be exported to other regions. Identifying incremental costs and viable placement
methods, when combined with a funding source, should result in more sediment placed where
it will be regionally beneficial.

Status:

The preliminary educational and procedural tool has been completed and is available on the
CSMW website. A beta version of the tool is under construction as part of the Coastal Sediment
Benefits Analysis Tool (see discussion below).
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Coastal References Compilation

Background:

Studies and reports related to coastal activities have historically been done largely from a local,
project-by-project approach. There is abundant information and documentation, but much of it
has been accomplished and presented in piecemeal, isolated (rather than integrated) fashion.
CSMW was requested to develop a manageable format for this diverse information. Brief
summaries and extensive reference listings related to seven initial categories were developed to
collate physical properties and geographic locations of sediment management along the coast of
California. Additional categories and references will be incorporated as time and resources
allow.

Importance for RSM efforts in California:

The extensive list of relevant technical, regulatory and process-related references should assist
coastal planners and managers in their review of regional issues as they develop their plans for
RSM. The information should also help streamline project planning by early identification of
available literature resources.

Status:

The informational tool has been completed and is available at the CSMW website. CSMW is
investigating methods to update the compilation with a spatial component to further assist in
regional assessments.

GIS Database

Background.

A comprehensive GIS database is being compiled for the entire coastal region of

California. The GIS database will serve as the central depository of geo-referenced sediment
management data, providing a basis for analytical tasks conducted during master plan
development and implementation of priority projects.

Importance for RSM efforts in California:

This database will assist coastal managers, planners and engineers in developing best
management practices and optimizing strategies to realize environmental and economic benefits
for California and the Nation. The user-friendly display of GIS information will assist visualization
and assessment of essential linkages, not only along the coast, but also with upland
(watersheds) and oceanic conditions, thereby facilitating a more robust regional issue resolution
and coordinating with the COPC’s GIS programs.

Status:
A Work plan governing how the GIS database will be constructed, developed, maintained and
made available to the widest number of users has been completed.
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Web-Based Mapping

Background:

To make spatial information gathered into CSMW'’s GIS database as widely available as possible,
the data will be disseminated through our Web-based Mapping (Internet Map Server or IMS)
informational tool. Users will be able to view the CRSMIS information using the website’s GIS
system, and/or download information to their desktop computer for further analyses.

Importance for RSM efforts in California:

The Web-based Mapping is intended to provide easy access to GIS-based tools and assist
analyses by agency staff, the general public and other stakeholders. This should help
stakeholders more fully assess regional conditions and issues as they develop their regional
RSM plans.

Status:
The informational tool is under development.

Coastal Sediment Benefits Analyst Tool (CSBAT)

Background:

A prototype Decision Support Tool (DST) was developed to assess options for sediment dredged
from Ventura Harbor and three potential beach fill sites. The prototype describes, in a
gualitative or semi-quantitative manner, the complex, spatially-dependent relationships between
sediment transport costs and the associated benefits that relocation to other receiver sites will
generate.

Importance for RSM efforts in California:

Determining incremental costs associated with alternate placement of harbor dredging, when
combined with a funding source, will help optimize regional reuse of sediment. The beta version
of the tool will help to assess dredging and placement options at other potential source and
receiver sites along the California shoreline.

Status:

The prototype of this procedural and technical tool has been completed. The DST is currently
being expanded to analyze receiver sites, sources and economics of RSM in the San Diego
region.
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Appendix B

List of Sediment Management Questions and Recommended SMP Tools
for Answering Questions

This table contains a list of questions and/or concerns that commonly arise when assessing
sediment supply or demand projects. These issues were compiled from harbormasters, local
beach managers, wetland restoration staff, and ports. The compiled information is presented in
order of project type, issue of concern and, when available, the SMP tool currently available,
under construction, or planned.

SEDIMENT MANAGEMENT QUESTIONS AND RECOMMENDED SMP TOOLS

SEDIMENT QUESTIONS SMP
MANAGERS PRODUCT/TOOL
Ports and Is sediment accumulation blocking critical navigation? RSB, GIS
Harbors Do we need and emergency or accelerated permit? CSMO,
What are the physical, chemical properties of the dredge I™
materials?

Is there a current permit that recognizes historic characteristics
or do you have to test?

Is the sediment suitable for beach nourishment, beneficial SCOUP
reuse, offshore disposal or do the materials have to be
hauled upland?

Is the grain size distribution, color, chemistry compatible with SCOUP, GIS
the potential receiver site(s)?
What is needed for the Sampling and Analysis Plan? SCOUP

Who will design it?
Which labs will be used?

Chain of Custody assurance

What agencies need to review and approve the SAP? SCOUP, ITM

What rewrites are needed to meet all regulatory needs?
Lead time on this can be 4-6 weeks.
How will the actual sampling be conducted? SCOUP, BIA
Who will conduct the coring, vibracore, or grab sample

services?
Who will conduct the oversight of physical sampling (probably

the SAP designer)?
Labs perform tests, environmental firm evaluates the results
Based on sediment character, what is needed for the dredging CSBAT

plan and disposal plan?

Prior to designing dredging contract, all permit conditions must
be known. Is permit acquisition running ahead of or parallel to
the sampling and analysis?
Permit acquisition:
Which agencies need to be involved in project oversight and BRRG
what permits are required?
Do you have existing permission (i.e. permit)?
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SEDIMENT MANAGEMENT QUESTIONS AND RECOMMENDED SMP TOOLS (Continued)

SEDIMENT
MANAGERS

Ports and

Harbors
(continued)

Wetlands

Receiver
beach

Local
concerns

QUESTIONS

Notification Requirements?

Is a modification to existing permit needed?

Do | need a new permit?

Is an environmental review required?

Initial study, EIS, EIR, or categorical exemption?

What is the lead time required for permits/ public review?

What is the timing of the dredging and disposal?

Work with engineer to design, advertise, award, mobilize for,
commence and complete contract.

How much is being charged for the material to be placed on
the beach (or elsewhere)?

Post-construction: What are the reporting requirements from
the monitoring program?

What is the timing of the dredging and disposal?

Can we save money by putting it on the beach or in the near
shore?

Can we save money by finding someone to sort and resell the
material?

Can we save money by finding a nearby quarry to reclaim
thereby avoiding landfill fees?

Where are the landfills and what are their fees?

What equipment innovations might allow us to cost effectively
excavate and transport material?

What characterization is necessary at the donor site and
receiver site?

How do we fund the initial excavation/disposal and repeated
maintenance excavation/disposal?

Can we do a coast wide sampling project to characterize the
undesired sediment in coastal wetlands and their
protective sediment basins?

Can we do a coast-wide sampling project to characterize the
near shore and beaches?

What are the procedural requirements for the selected
receiver beach?

Can the busy summer tourist season be avoided?

Do ocean processes indicate summer placement is optimal?

What are the available haul routes or other transport methods
(barge, pump line, etc.)?

What is the acceptable placement method/location: e.g., back
beach, nearshore, etc.?

Has the local government reviewed and approved the project?

Do local residents support the project?

SMP
PRODUCT/TOOL

BRRG
BRRG
BRRG

SCOUP, BIA

RSM Plans, CSBAT

CSMO

SCOUP
RSM Plans, CSMO

SCOUP, BIA

RSM Plans, CSMO

SCOUP

RSM Plans
SCOUP

Public Outreach,
CSMO
Communications
Plan
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Appendix C

Sediment Master Plan Next Steps:
Tasks and Schedule



ID NO.

c-4

C-5

C-6

0-2

0-3

0-4
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P-4

P-5

P-6

P-7

P-10

SEDIMENT MASTER PLAN STATUS REPORT
Next Steps: Tasks and Schedule

2006 2007 2008 2009 2010 2011
> o
£\ 2
o
TASK n:. E 112|3|4|11(2(3[4]1]|2|3|4(1(2[3|4]|1|2|3|4 213 INITIAL EFFORTS PMP TASK
COORDINATION
Ensure that the Sediment Master Plan efforts align with the goals and objectives of Coordinate/advise on Restoration/Protecton of Coastal Habitats, making recreational use of coast a |Interagency Coordination
the Ocean Protection Councils 5-year Strategic Plan priority, increased public awareness of coastal issues
H |O
Expand CSMW membership to obtain expertize and organizational support in order Reorganization Plan to be unveiled at CWO 06? Public Education/Forum
to develop partnerships that will facilitate priority project and regional RSM Plan
implementations H |Is
Coordinate with wetlands, port/harbors and flood control agencies to better address Identify additional inland watershed groups, flood control agencies, and wetland groups; coordinate |Interagency Coordination; GIS
sediment supply issues and transfer information into GIS; Enter AB 64 report watershed and sediment supply information
M s into the GIS.
Coordinate with watershed groups/agencies to develop common interests and Coordinate with California Watershed council. Identify local watershed groups for involvement in Interagency Coordination
objectives regional RSM Plans
M M
Coordinate with agencies involved with sediment contamination and related Coordinate with CSTF/SWRCB/RWQCBs. Determine how best to incorporate contaminated Interagency Coordination
environmental/public health impacts v lo sediment issues into the SMP.
Coordinate NPDES Program/TMDL standards and the delivery of beach-compatible High level SWRCB/RWQCBSs/USEPA input needed. Assess PPR recommendations. Interagency Coordination
sediment to the coast
H |O
OUTREACH
Continue educational efforts towards littoral cell management (RSM) in accordance Increase public awareness of coastal issues through educational workshops, website, develop and |Public Education/Forum
with OPC objectives issuance of Brochure and Fact Sheets, presentations at conventions and trade group meetings.
H |O
Inform stakeholders on availablity and use of educational tools developed to assist Develo Facts Sheets for each Tool as it becomes available: Beach Restoration Guide; Littoral Public Education/Forum
in restoration/protection of coastal resources cells/beach nourishment white paper; Loss of sediment by Dam impoundment; Biological Impact
H |o Analysis; Regional Sand and Mud Budgets.
Develop and implement Communications Plan Incorporate a public outreach component that differentiates between public involvement and Project/Study Management
local/regional agency involvement, since public concerns may be different than local government.
M |S
Expand CSMWs website and support the comprehensive website to be developed Continue development of Library. Develop searchable database for coastal references compiled to |Information Collection and Dissemination;
for OPC H lo date, and update the database with results from ongoing studies. Webpage
Expand the Public Outreach Contact List to include additional government and H |s Wetlands, watershed groups, ports/harbors, NGOs Interagency Coordination
Hold additional public outreach workshops once the SMPPR has been developed Workshops one way to get additional input. Includes Informational workshops developed as part of |Public Education/Forum
M M the BIA
PROCESS
Develop time frames for and periodic assessment of sediment management 3-Year Planning Windows: 1st Window: High/Medium priority efforts- Coordination, Outreach, Beach|Project/Study Management, Regional Sediment
planning issues, including the long-term future Nourishment Issues, Statewide GIS development, regional RSM Plans and Tool Development; 2nd |Management Plans
(and additional) Window Long Term Timing- contamination, watersheds, sediment behind dams,
H s etc.
Pursue regulatory adjustments to streamline project approaches Implement relevant PPR Recommendations. Develop a Programmatic EIS/EIR for Beach Existing State Federal Policies and Permitting,
M M Nourishment. Programmatic EIS
Assist local/regional entities establish priorities, and coordinate regional strategies Define and sequence Regions; establish priorities for RSM Plan development. Prioritization
for each of the state's coastal regions and littoral cells a v
Develop regional RSM plans that emphasize and reflect regional differences across Develop prototype plan (Ventura/Santa Barbara) to establish approach for assisting Ports. Followup |Regional Sediment Management Plans
CA study to address Wetlands (?). Utilize tools (SCOUP, CBReS) to assess potential sources, locations
H |s of need, transport/stockpile development. Funding analysis and procural.
Assist resource managers in the regional utilization of sediment resources Educate them on how tools such as SCOUP, Regional Sediment Budgets, Littoral cell/beach GIS, Public Education/Forum
nourishment white paper, Beach Restoration Reference Guide, CSBAT, CRSMIS, others can help
M M anticipate and address potential issues.
Assist resource managers in ensuring that management activities are protective of Educate them as to how Biological Impacts Analyses, Economics of RSM can assist them in Habitat and Biological Impacts
natural resources and OPC objectives resource protection and recreational enhancement through workshops, fact sheets, CDs, website,
M M etc.

Assess whether a Coastal Sediment Management Office (CSMO) can/should be set

Project/ Study Managment

up similar to DMMO H |m
Develop clearinghousesdesigned to connect entities with excess sediment to Is this a CSMO Function? Develop Pilot Scale approach? Coordination with CMANC? Help develop|Project/ Study Management, Interagency
groups with sediment need, including scheduled dredge operations and information a CMANC-like organization for small harbors? CSMW's website include a Bulletin Board? Coordination
on problems/solutions for dredge availability. H L
Encourage the California Coastal Commision to use a consolidated permitting form Need details. Policies, Procedures, and Regulations
similar to that used by the DMMO and RWQCB L lo
Explore the legal concept of "sand rights" as a mechanism to facilitate sediment Sand Rights
management
L |[L
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SEDIMENT MASTER PLAN STATUS REPORT
Next Steps: Tasks and Schedule

2006 2007 2008 2009 2010 2011

2 ©11(2|3|4|1(2(3|4|1|2(3[4|1|2|3|4|1|2|3|4(1|2|3|4

S|
TASK 'CCL E INITIAL EFFORTS PMP TASK
TECHNICAL
Develop list of critically eroding areas to establish project prioriteis for the next 5-10 CBRes Report. Refine priorities at the regional level based on economic, environmental and cultural |Prioritization, Hot Spots
years H s benefits and costs
Establish a number of nearshore disposal sites, near critical erosional areas, for Ocean Beach prototype, need to monitor onshore movement of material. Identify other plausible Nearshore Sediment Compatibility
placement of beach fill materials H Im locations (Ventura/Santa Barbara?) Work with EPA on permitting.
Develop statewide repository of spatial information (GIS) for use by resource Two levels of information needed- Statewide general data for liason between watersheds and GIS/Web-base mapping
managers H IS oceans, and detailed regional information to support regional RSM plans
Continue studies to determine coastal processes in coastal California Catalogue and georeference physical processes causing and physical barriers to sediment transport|GIS/Regional Sediment Management Plans

along the coast. Coast of California information needed along Humboldt/Del Norte and central

M o California coastlines.
Continue refinement of GIS-based Decision Support Tools that utilize the spatial Populate the Coastal Sediment Analyst Tool and the Spatial Data Library to help identify/resolve GIS; Regional Economics
data to help decision makers optimize sediment management. issues for regional RSM Plan development and other sediment management activities.

H M
Identify onshore source materials physicaly compatible with and economically Obtain, compile and georefence information from wetlands, port/harbors, debris basins, retention Sand Sources/ Natural Composition of Beaches
viable for beach nourishment. H M structures, drop structures, dams, construction projects for each regional RSM plan
Identify and define offshore deposits that may be physicaly compatible and Incorporate Scripps research on pull-apart zones offshore of San Diego County, OPC's and Sand Sources, Offshore
economically viable for beach nourishment. M M CalTrans/CGS's Seafloor Mapping Projects, usSEABEDmM MMS data
Sponsor workshops to develop science-based approaches to minimizing impacts to Will be conducted to communicate findings of the Biological Impacts Study Habitat and Biological Impacts, Public
Biological Resources H [M Education/Forum
Coordinate with sea-floor mapping projects to ensure products address regional Ensure that the USGS, SCC, CGS/CalTrans, and others findings are depicted in a consistent maner |Habitat Mapping
sediment needs to the extent practible M |O to facilitate sediment management decision-making
Help facilitate long term solutions to Sediment Management such as bypassing Develop guidelines? Coordinate on case-by-case basis? Rather than recommend specific Sand Sources, Dams and Debris Basins and
around dams, removal of developments/setback policies for floodplains, and programs, provide information on a full range of sediment concerns to that specific approaches can |Opportunistic Sources/Projects
restoration of natural creek environment Lol be undertaken in regional programs?
Research the impact of Sand and gravel operations on the availability of beach Sand Sources, Manufactured (sand & gravel
sand M L mines)
Develop studies to determine how large wood debris affects sand retention in Physical Processes
streams, coastlines and estuaries L L
Identify areas for improved data collection from permits Regional Sediment Management Plans,

M M Opportunistic Sand Sources/Projects
Develop final Littoral cell budgets, mud budgets and impact of physical barriers and Regional Sediment Management Plans,
sea level change M |L Physical Processes
Support modifications to CEQA defining changes in coastal sediment delivery to the Policies, Procedures, and Regulations
littoral zone by an upstream project as a significant impact H lo
Investigate how to move sediment across a watershed to the coast without it LI Physical Processes
Develop Water Quality Issues, Parks, Day Use, Tourism, Attendance Record, M |m Recreation
Categorize coastal watershed property ownership according to five ownership L L Real Estate
Identify non-fluvial transportation alternatives (barges,trucks,pipelines,etc.); develop Transportation
criteria for selecting sediment transportation mode(s) for a specific project. Lol
Conduct a pilot-scale project that applies regional use of beach compatible Regional Demonstration Project
sediments in a beneficial manner. H M
Review of documents and preparation of comments by members of USACE's Technical Review
Technical Review Team as required by various study milestones. L lo
Funding
Investigate funding mechanisms to facilitate coastal sediment management, Dedicated source of funds for beach restoration and incremental costs associated with regional use |Funds
including data, planning, implementation, and monitoring M |O of sediment is needed
Investigate continued funding from member agencies for coordination activities, CSMO Function? Funds
periodic SMP updates and carrying the SMP program into the future M |O
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AB-64
BEACON
BIA
BRRG
CalCoast
CBReS
CCcC
CDIP
CEQA
CGS
CMANC
COPC
CRA
CRSMIS
CSBAT
CSM
CSMO
CSMW
CWO
DBW
DFG
DMMO
DPR
DST
GIS
IMS
I™
MMS
NGO
NOAA
NPDES
PMP
PPR
RSB
RSM
RWQCB
SANDAG
SCC
SCOUP
SLC
SMP
TMDL

Appendix D
List of Acronyms

Assembly Bill 64 (Public Beach Restoration Act)
Beach Erosion Authority for Clean Oceans and Nourishment
Biological Impacts Assessment

Beach Restoration Reference Guide

California Coastal Coalition

California Beach Restoration Survey

California Coastal Commission

California Data Information Program

California Environmental Quality Act

California Geological Survey

California Marine and Navigation Council
California Ocean Protection Council

California Resources Agency

California Regional Sediment Management Information System
Coastal Sediment Benefits Analyst Tool

Coastal Sediment Management

Coastal Sediment Management Office

Coastal Sediment Management Workgroup
California and the World Ocean Conference
Department of Boating and Waterways
Department of Fish and Game

Dredge Materials Management Office

California Department of Parks and Recreation
Decision Support Tool

Geographic Information System

Internet Mapping System

Inland Testing Manual

U.S. Mineral Management Service
Non-Governmental Organization

National Oceanic and Atmospheric Administration
National Pollutant Discharge Elimination System
Project Management Plan

Policies, Procedures and Regulations

Regional Sediment Budget

Regional Sediment Management

Regional Water Quality Control Board

San Diego Association of Governments

State Coastal Conservancy

Sand Compatibility and Opportunistic Use Program
California State Lands Commission

Sediment Master Plan

Total Maximum Daily Load
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ucC University of California
USACE U.S. Army Corps of Engineers
USEPA U.S. Environmental Protection Agency

USGS U.S. Geological Survey
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Appendix E

Glossary

Acre-foot — The quantity of water required to cover 1 acre to a depth of 1 foot, equivalent to
43,560 cubic feet or about 326,000 gallons or 1,233 cubic meters.

Backshore — The upper part of the active beach above the normal reach of the tides and wave
run-up (high water), but episodically affected by high waves occurring during a spring high tide.

Beach — That portion of land and seabed above Mean Lower Low Water (MLLW). Includes the
foreshore and backshore areas.

Bedload — The material moving on or near the streambed by rolling, sliding, or briefly moving
into the flow of water just above the streambed.

Bed material — The sediment composing the streambed.
Bedrock — Rock underlying other, unconsolidated material.

Closure depth — The maximum depth of average seasonal cross-shore sand movement. This
depth represents the seaward end of the receiver site profile, and essentially remains
unchanged on average over the long term. Sand that moves beyond the depth of closure in a
seaward direction is typically lost to the littoral cell and not available for natural seasonal beach
recovery. The actual closure depth is typically approximately -30 feet MLLW in Southern
California and -40 feet MLLW or deeper in Northern California.

Compatibility (physical) of source and receiver site — When the range of grain sizes of a
potential sand material source lies within the range (envelope) of natural grain sizes existing at
the receiver site, with certain allowances for exceedances of coarse and fine-grained sediments.

Compatibility (chemical) — The potential source has been determined to not contain pollutants
at levels considered unsafe.

Discharge — The volume of water or total fluid plus suspended sediment that passes a given
point within a given period of time.

Downdrift (or downcoast) — In California, typically refers to southward direction of littoral drift.

Drainage area — The area, measured in a horizontal plane, enclosed by a topographic divide
from which direct surface runoff from precipitation normally drains by gravity into the stream
above the specified point.

Drainage basin — The area that is occupied by a drainage system, which consists of a surface
stream or body of impounded surface water, together with all tributary surface streams and
bodies of impounded surface water.
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El Nifio/Southern Oscillation (ENSQ) - A pattern of large-scale oscillations of a number of
oceanic and atmospheric variables (sea surface temperature, sea level pressure, etc.) in the
Tropical Pacific. The oscillation switches phase in a 3-5 year cycle. El Nifio and La Nifia refer to
extreme phases of this oscillation.

Fine-grained materials (or fines) - Clays and silts that pass through the #200 soil grain size
sieve, or are less than 0.074 millimeters in diameter.

Foreshore — The beach area between approximately Mean Higher High Water and Mean Lower
Low Water.

Instantaneous discharge — The discharge at a particular instant in time.

Less-than-Optimum beach fill material — Material that is not compatible in grain size with sand
at the dry beach, but is compatible with material within the nearshore portion of the receiver
site. The fines fraction should be within 10% of that of the existing nearshore sediments that
exist along a profile.

Littoral cell — A portion of the coastline where sand flows in (e.g., a river mouth), along, and
then out of an area (e.g., a submarine canyon). Littoral cells have distinct boundaries and their
own sources of sand and removal areas.

Littoral drift — Entrained sand grains moving in the direction of the longshore current. Can be
thought of as a river of sand moving parallel to the shore, moving the sand from one coastal
location to the next until the sand is eventually lost to the littoral system.

Longshore current — The zigzag movement of sand entrained in upwash and backwash that
effectively creates a current parallel to the coastline.

Mean discharge — The arithmetic mean of individual daily mean discharges during a specific
period.

Mud — Sediment less than 0.0625 mm in diameter. This includes both Silt and Clay fractions
(Wentworth Grainsize Scale).

Nearshore — That portion of the seafloor between the closure depth and Mean Lower Low
Water.

Offshore — That part of the seafloor beyond the depth of closure.

Opportunistic sand — Surplus sand from various source materials, including inland construction,
development projects, flood control projects, dredging of harbors/ wetlands, etc.

Optimum beach fill material: Material compatible with the dry beach portion of the beach
profile. The fines fraction of the grainsize of this material can be within 10% of that of the
existing dry beach sediments.

Pacific decadal oscillation (PDO) - A pattern of atmospheric and oceanic conditions of the north
Pacific Ocean. It is characterized by sea surface temperature (SST) anomalies of one sign in
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the north-central Pacific and SST anomalies of the opposite sign to the north-eastern Pacific
(Aleutians and Gulf of Alaska). The cycle is a multi-decadal, with each phase (warm or cool)
lasting 20-30 years.

Profile - A cross-section through the beach and nearshore perpendicular to the beach slope; it
may include a dune face or sea wall, extends across the beach and seaward into the nearshore
zone to the closure depth.

Receiver site — The entire related system of coastal environments that would receive
opportunistic materials, including the dry beach, nearshore and offshore regions.

Sand — Sediment between 0.0625 and 2 mm in diameter (Wentworth Grainsize Scale).

Sand budgets — A concept used by scientists to identify and quantify, to the degree possible,
additions and losses of sand that influence beach width.

Sediment — Particles of inorganic and organic material of various sizes that have been
transported by air, water, or ice and have accumulated in loose form behind dams, in bays, in
streams, on beaches, in marine canyons, and in other areas. Examples of sediment are gravel,
sand, silt, clay/mud.

Sediment discharge — The rate at which the dry mass of sediment passes a section of a stream.

Sediment load — The total sediment being transported as bedload and suspended load,
expressed in terms of mass or volume (tons, m®, etc.)

Sediment yield — The quantity of sediment that is produced per unit area and time

Suspended load — Sediment that is moved and maintained in suspension in water by the
upward components of turbulent currents or by colloidal suspension.

Updrift (or upcoast) — In California, typically refers to northward direction of littoral drift.

Water year — The 12-month surface water record that starts October 1 and ends September 30
of each year; designated by the calendar year in which it ends.
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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



inadvertently 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 cannot 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
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 1850’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 densitlora 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 that a
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 label 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-MclIntyre 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
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.
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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

Feldmann 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 A kelp
(Harvey) Suringar
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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

turf
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 S.M., 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 Meeting of the
Western Society of Naturalists, Ventura, CA. p. 51.
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Collection 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
3 in. 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 traps
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 trawl net. 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.
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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
contained in Table 6.
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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 S. 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. There is 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 19t 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

20t 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. Itis 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 Iuciae in previous studies (Barnhart et al. 1992). It seems likely that this
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species was introduced with Japanese oysters, Crassostrea gigas. The species is
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 oysters grown in the bay, in fouling at marinas, and in
low intertidal rocky locations.

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 1s 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 bay.

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,
Eureka 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 line), 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 Berkeley 1938) SYLLIDAE

Distribution: British Columbia; Washington; Oregon; 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 opuntiaf. 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 Pacific 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 (Linnaeus 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 southern California. Ruiz et al. (2000) states cryptogenic.
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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; Peru to CA; 3 to 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%t 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; Bering 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 minutais 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; 7Mexico; 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, 7Europe (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; Japan; Kurile Islands, with salinities from marine
to 6 ppt (Light 1969). Nanaimo, British Columbia (1951) — 1%t 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 Carlton 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 1979a, 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 in high

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 Marina (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 Fields
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 Slough, 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. Itis 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.
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Ovatella 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%t 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: Euryhaline; 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 15 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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temperature areas from southern British Columbia to Oregon...”” (Coan, Scott, and
Bernard 2000)

There is a long history of attempts to grow oysters in bays and estuaries along the
California coast. The native oyster (Ostrea lurida) is too small and slow growing to
support culture and marketing, thus the many attempts to establish a viable oyster
growing industry over the last 100 years (Bonnot 1935). Oyster cultch is brought to
Humboldt Bay from Puget Sound and is now placed on ‘“long lines” that keep the
oysters suspended above the bottom of low intertidal mudflats in Arcata Bay. Grow
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
mudflats that were built up by depositing waste oyster shell.

There is no question that the transport of oysters from native regions in the western
Pacific and from bay to bay along the coast has been a significant source of
introductions, going beyond Crassostrea gigas itself. Sponges, bryozoans, algae,
hydroids, and polychaetes are only a few of the major taxa that have been
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 1979a,
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 (Exolaternula) marilina (Reeve, 1860)

Synonyms: Anatina 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. marilina 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.

Mya 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). It 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. arenariain 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 (Ruditapes) phillippinarum (Adams & Reeve, 1850)

Synonyms: (See Coan, Scott and Bernard 2000, p. 387)

Common name: Japanese Littleneck clam or Manila clam

Distribution: Natural range: from Kurile Islands, northern Japan, 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).
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“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. phillipinarum 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. In 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 Island, 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.

It 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.

lais 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, Gnorimosphaeroma
oregonensis, but this isopod actively removes it, unlike S. quoyanum.

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

recorded in 1992.

This survey: Hookton Slough; Klopp Lake; Mad River Sloughs #1 and #2; Bracut;
Jacoby Creek.
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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 distribution 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, along with Limnoria quadripunctata (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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Sphaeroma 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
1950’s.

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 roots and
weeds on rocks. Also noted to be a common inhabitant of the shallow sublittoral (J.
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 temperate
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) 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) AMPHIPODA
Junior synonym: Caprella 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).

Chaetocorophium lucasi (Hurley, 1954; Karaman 1979) AMPHIPODA

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

Distribution: Lake Rotoiti, North Island, 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. It is 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.
insidiosum, 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. It 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.
insidiosum 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, 1932) 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 small
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. japonica 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 (Sta.
23, directly next to Eureka Marina; 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 I. nipponensis from Japan and 1. makiki from the
Hawaiian Islands (Bousfield and Hendrycks 1995).

Humboldt Bay specimens, although in good agreement with the description of 1.
nipponensis, also exhibited characteristics of the other two species formerly included
in P. derzhavini. However, none of the Humboldt Bay specimens were “mature”, i.e.
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, L.
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 falcata 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: |. slatteryi, ]. borowskae, and |. staudei.

When describing J. 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 J. slatteryi from its northern
population via shipping. J. 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 |. slatteryi (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 ~10s).

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).

57



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 California (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. fulanus (Newport Bay
estuaries) by the heavy setation of the palm of gnathopod 2 (Barnard 1962c).

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 semi-protected 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 and Carlton (1995). Stenothoe valida has also been reported
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 valida was common among fouling
organisms (Muytilus trossulus, tunicates) at the two major marinas (Woodley 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 Ilyanassa 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 Alcyonidium. 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 hulls (WHOI 1952); Bowerbankia sp. found on
seaweed shipped with lobsters to SF (Miller 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 neritina (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 la
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 hyalina 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 possibly to the Galapagos Islands — but
has been confused with other species. C. hyalinais 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, Eureka 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 Oaxaca, 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. Itis 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. It is 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).
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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, 1979a, 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 Ocean; western Pacific; 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 Norway 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 (Crassostrea
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 7 : 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
(Iess 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.
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CHORDATA: TUNICATA

Botrylloides sp.

Botryllus 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. It is found in all parts of the bay. The two Botryllus 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,
it has 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 Island
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. It is a very common element of ship fouling
and is abundant on docks, pilings, and on rock or shell bottoms (Cohen and Carlton
1995). Itis 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 Woodley Island Marina. It is found
among other fouling organisms, but is not abundant. The restricted local
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. It 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.
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Table 2. Descriptions of the sites sampled for exotic algae during 2000 and 2001. C = Chondracanthus teedii, L = Lomentaria

hakodatensis, S = Sargassum muticum. All algae were growing on a hard substratum unless otherwise indicated

Sites sampled for exotic algae Site Latitude Longitude IZ)I(:;:: Site substrates from low to high intertidal
Mad River Slough - Lanphere Rd. Bridge 160 | N 40° 48.694' | W 124° 09.975' mudflat, riprap, marsh plants
North side of Somoa Rd.
bridge over Mad River Slough 161 | N 40° 50.798' | W 124° 08.659' mudflat, hard clay, marsh plants
South side of Somoa Rd.
bridge over Mad River Slough 162 | N 40° 50.783' | W 124° 08.363' | L (drift) mudflat, hard clay, marsh plants, riprap
Oyster lease by Mad River Slough, north 163 | N 40° 50.798' | W 124° 08.659' L old oyster ground culture site; shells, eelgrass
Oyster lease by Mad River Slough, south 164 | N 40°50.783' | W124°08.363'| C,L,S old oyster ground culture site; shells, eelgrass
Arcata Marsh boat ramp 165 | N 40°53.885' | W 124°08.118' mudflat, hard clay, cement boat ramp
Arcata Marsh - Klopp Lake 166 | N 40° 53.885' | W 124° 08.881" L brackish lake, sandy benthos
Arcata Marsh - riprap + mudflats 167 | N 40°51.318' | W 124° 05.876' mudflat, hard clay, riprap; adjacent to Klopp Lake
Old Arcata dock pilings 168 | N 40° 50.491' | W 124° 06.480' | S (drift) mudflat, wooden pilings; Cormorant nesting colony
Millyard riprap 169 | N 40°49.681' | W 124° 05.225' mudflat, riprap
Oyster lease mid Arcata Bay 170 | N 40° 49.448' | W 124° 08.325' C+L old oyster ground culture site; shells, eelgrass
Gunther Island north 171 | N 40° 49.191' | W 124° 08.953' L+S eelgrass, old oyster shells
Gunther Island south 172 | N 40° 49.340' | W 124° 08.480' L+S eelgrass, old oyster shells
East side of Arcata Bay 173 | N 40°49.040' | W 124° 08.713' L old oyster ground culture site; shells, eelgrass
Eureka Slough site one 174 | N 40° 48.503' | W 124° 06.553' mudflat, marsh plants
Eureka Slough site two 175 | N 40° 48.422' | W 124° 06.539' mudflat, marsh plants
Eureka Slough site three 176 | N 40° 48.411' | W 124° 06.458' mudflat, marsh plants
Mouth of Eureka Slough 177 | N 40° 48.410' | W 124° 08.620’ eelgrass, mudflat, riprap
Eureka boat ramp and dock 178 | N 40°48.504' | W 124° 09.255' L+S mudflat, riprap, wooden pilings, dock
Woodley Island northeast 179 | N 40°48.486' | W 124° 09.546' |L (drift) + S riprap, mudflat, marsh plants
Woodley Island southeast 180 | N 40°48.478' | W 124° (09.966' C riprap
Somoa Bridge, eastern piling 181 | N 40° 49.218' | W 124° 10.075' cement pilings, tidal rapids
Somoa Bridge, east channel piling 182 | N 40° 48.548' | W 124° 09.275' cement pilings, tidal rapids
Somoa Bridge, mid channel piling 183 | N 40° 48.827' | W 124° 09.588' cement pilings, tidal rapids
Somoa Bridge, west channel piling 184 | N 40° 49.310' | W 124° 10.210' cement pilings, tidal rapids
Indian Island East 185 | N 40°48.694' | W 124° 09.976' mudflat, marsh plants, riprap
Indian Island North 186 | N 40°48.365' | W 124° 10.798' mudflat, marsh plants
Indian Island West three 187 | N 40°49.025' | W 124° 10.436' S mudflat, marsh plants
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Sites sampled for exotic algae

Site

Latitude

Longitude

Exotic

Site substrates from low to high intertidal

algae
Indian Island West two 188 | N 40°49.109' | W 124°10.317" eelgrass, mudflat, riprap
Indian Island West one 189 | N 40°49.236' | W 124° 09.987" eelgrass, mudflat, riprap
Harbor Office riprap 190 | N 40°48.140' | W 124°10.775' riprap, cobble field
Elk River Slough, north 191 | N 40°46.341' | W 124° 11.757" sand/mudlfat separated from river by dike, rocks
Elk River Slough, south 192 | N 40°46.218' | W 124° 11.776' sand/mudlfat separated from river by dike, rocks
Elk River Slough, waste water plant 193 | N 40°46.079' | W 124° 11.818' sand/mudlfat separated from river by dike, rocks
Elk River Slough, railroad trestle 194 | N 40°45.385' | W 124° 11.679' S mudflat, trestle supports
Somoa Pacific pilings and riprap 195 | N 40°48.246' | W 124° 11.407" eelgrass, mudlfat, wooden pilings, riprap
Somoa Pacific riprap 196 | N 40°48.046' | W 124° 11.500' eelgrass, mudlfat, riprap
Somoa parking lot, north side 197 | N40°46.372' | W 124° 12.727' eelgrass, sand/cobble, riprap
Somoa parking lot, old and new boat ramp | 198 | N 40° 46.315' | W 124° 12.739' S sand, cement boat ramps, riprap
Riprap 500 m north of Coast Guard Station | 199 | N 40°46.193' | W 124° 12.931' S sand, riprap
Riprap in front of Coast Guard station 200 | N 40°46.002' | W 124°13.032' S riprap
Coast Guard Cove, north side 201 | N40°45.918' | W 124° 13.206' sand, riprap
Coast Guard Cove, south side 202 | N40°45.788' | W 124° 13.183' S sand, riprap
Inside corner North Jetty 203 | N 40°45.560' | W 124° 13.406' riprap, high wave energy
Western tip North Jetty 204 | N 40°46.104' | W 124° 14.330' riprap, very high wave energy
South Jetty mid channel 205 | N 40°45.670"' | W 124° 14.372' riprap, high wave energy
South Jetty inner channel corner 206 | N 40°45.246' | W 124° 13.967" riprap, high wave energy
South Jetty, southeast corner, bay side 207 | N 40°44.700' | W 124° 13.617" S eelgrass, sand/cobble, wooden pilings, riprap
King Salmon, front of power plant 208 | N 40°44.561' | W 124° 12.653' sand, riprap, high wave energy
Buhne Point, ocean side of riprap 209 | N 40°44.190' | W 124° 13.242' sand, riprap
Buhne Point, harbor side of riprap 210 | N 40°44.186' | W 124° 13.209' sand/mud, eelgrass, riprap; very protected
Zoster marina bed, site one 211 | N 40°43.970' | W 124° 13.263' sandy eelgrass bed
Zoster marina bed, site two 212 | N40°43.362' | W 124° 14.189' mud eelgrass bed
Field's Landing (boat ramp, riprap, pilings) [213 | N 40°49.681' | W 124° 08.519' eelgrass, mudflat/cobble, wooden pilings, cement ramp
Southport Landing 214 | N 40°41.709°' | W 124° 14.962' mudflat, hard clay, wooden pilings
Hookton Slough north 215 | N 40°41.377' | W 124° 13.895' sand, marsh plants, riprap
Hookton Slough mid 216 | N 40°41.064' | W 124° 13.456' mudflat, riprap
Hookton Slough south 217 | N 40°40.641' | W 124° 13.317' mudflat, riprap
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Table 3. Locations of collection sites, non-indigenous marine invertebrates in Humboldt Bay.

Intertidal Sites

Location # Assigned Latitude Longitude
Mad River Slough - Lanphere Christianson Dunes Bridge 1 40° 53.875' 124°08.133'
Mad River Slough - Samoa Blvd. Bridge 2 40° 51.913"' 124° 09.032'
Klopp Lake 3 40° 51.319' 124° 05.512'
Jacoby Creek 4 40° 50.610' 124° 05.030'
Bracut 5 40° 49.878' 124° 05.070'
North Bay Oyster Beds 6 40° 49.381" 124° 07.542'
Samoa Bridge, West 7 40° 49.310' 124° 10.210'
Samoa Bridge, Middle 8 40° 48.827" 124° 09.558'
Samoa Bridge, East 9 40° 48.548' 124° 09.275'
Eureka Slough, Lower 10 40° 48.410' 124° 08.620'
Eureka Slough, Upper 11 40° 48.121' 124° 06.932'
South Eureka Marina 12 40° 48.103' 124° 10.842'
Del Norte Street 13 40° 47.444' 124° 11.275'
Samoa Boat Ramp 14 40° 46.329' 124° 12.741'
Hilfiker Road 15 40° 46.319' 124° 11.758'
Coast Guard Cove 16 40° 45.785' 124° 13.197'
Eel River Wildlife Area 17 40° 45.393' 124° 11.673'
Upper EIk River 18 40° 45.344' 124° 11.285'
Fields Landing 19 40° 43.550' 124° 13.279'
Southport Landing 20 40° 41.709' 124° 14.962'
Hookton Slough 21 40° 40.647" 124° 13.309'
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Benthic Sampling

Location # Assigned Latitude Longitude
Mad River Slough Channel, St. 45 40 40° 51.870’ 124° 08.903
Mad River Slough Channel, St. 46 41 40° 51.714 124° 08.571
Mad River Slough Channel, St. 47 42 40° 51.437 124° 08.571
Mad River Slough Channel, St. 48 43 40° 51.2371’ 124°08.773
Mad River Slough Channel, St. 49 44 40° 50.9971° 124° 08.879
Mad River Slough Channel, St. 50 45 40° 50.738’ 124° 08.880°
Arcata Channel HB, St. 54 46 40° 50.695’ 124° 06.460’
Arcata Channel HB, St. 55 47 40° 50.629’ 124° 06.931°
Mad River Slough Channel, St. 51 48 40° 50.500’ 124° 08.905’
Arcata Channel HB, St. 56 49 40° 50.369’ 124° 07.194’
Mad River Slough Channel, St. 52 50 40° 50.284" 124° 09.155°
Arcata Channel HB, St. 57 51 40° 50.199’ 124° 07.38%3
Mad River Slough Channel, St. 53 52 40° 50.155’ 124° 09.298’
Mad River Slough Channel St. 9 53 40° 50.083’ 124° 09.479
Arcata Channel HB, St. 1 54 40° 50.053’ 124° 07.622'
Samoa Channel HB, St. 14 55 40° 49.947 124° 10.556’
Arcata Channel HB, St. 2 56 40° 49.9471° 124° 07.955'
Mad River Slough Channel St. 10 57 40° 49.859’ 124°09.7271°
Arcata Channel HB, St. 3 58 40° 49.793’ 124° 08.278'
East Bay Channel, St. 58 59 40° 49.788’ 124° 07.585’
Arcata Channel HB, St. 4 60 40° 49.658’ 124° 08.542'
Mad River Slough Channel St. 11 61 40° 49.635’ 124° 09.892’
East Bay Channel, St. 59 62 40° 49.623’ 124° 07.962'
Arcata Channel HB, St. 5 63 40° 49.515’ 124° 08.848’
Arcata Channel HB, St. 6 64 40° 49.394’ 124° 09.192’
East Bay Channel, St. 60 65 40° 49.383’ 124° 08.273
Arcata Channel HB, St. 7 66 40° 49.348’ 124° 09.508'
Arcata Channel HB, St. 8 67 40° 49.335’ 124° 08.884’
Arcata Channel HB, St. 12 68 40° 49.312’ 124°10.170°
East Bay Channel, St. 61 69 40° 49.224’ 124° 08.609’
Samoa Channel HB, St. 13 70 40°49.172 124°10.397
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Benthic Sampling

East Bay Channel, St. 62 71 40° 49.039 124° 09.150’
East Bay Channel, St. 78 72 40° 48.997° 124° 09.167
Samoa Channel HB, St. 15 73 40° 48.826’ 124°11.002’
East Bay Channel, St. 77 74 40° 48.807’ 124° 09.624’
East Bay Channel, St. 76 75 40° 48.610° 124° 10.005’
Samoa Channel HB, St. 16 76 40° 48.532 124°10.936’
Eureka Channel HB, St. 19 77 40° 48.501° 124° 09.326’
East Bay Channel, St. 75 78 40° 48.465’ 124°10.202’
Eureka Channel HB, St. 20 79 40° 48.396’ 124° 09.627
Eureka Channel HB, St. 21 80 40° 48.380’ 124° 09.995
Samoa Channel HB, St. 17 81 40° 48.370’ 124°11.218’
Eureka Channel HB, St. 22 82 40° 48.318’ 124° 10.389’
Eureka Channel HB, St. 23 83 40° 48.234’ 124°10.679’
Samoa Channel HB, St. 18 84 40° 48.080° 124°11.182’
North Bay Channel HB, St. 36 85 40° 47.899’ 124° 11.400’
North Bay Channel HB, St. 35 86 40° 47.677’ 124°11.274’
North Bay Channel HB, St. 34 87 40° 47.545’ 124°11.570’
North Bay Channel HB, St. 33 88 40° 47.235’ 124° 11.5471
North Bay Channel HB, St. 32 89 40° 47.047 124°11.852’
R/V Coral Sea/Borgeld’s Class Cruise, St. 87 90 40° 46.824° 124° 11.997°
North Bay Channel HB, St. 31 9 40° 46.680° 124°11.817
R/V Coral Sea/Borgeld’s Class Cruise, St. 86 92 40° 46.546’ 124° 11.937’
North Bay Channel HB, St. 30 93 40° 46.536’ 124°12.135’
R/V Coral Sea/Borgeld’s Class Cruise, St. 85 94 40° 46.293’ 124° 12.387°
North Bay Channel HB, St. 29 95 40° 46.292 124°12.364’
North Bay Channel HB, St. 28 96 40° 46.194° 124°12.728
North Bay Channel HB, St. 27 97 40° 45.916’ 124° 12.866’
North Bay Channel HB, St. 26 98 40° 45.740’ 124°13.154’
R/V Coral Sea/Borgeld’s Class Cruise, St. 84 99 40° 45.608’ 124° 13.107’
North Bay Channel HB, St. 24 100 40° 45.430’ 124°13.210’
Entrance Bay Channel HB, St. 25 101 40° 45.204’ 124° 13.428’
Entrance Bay Channel HB, St. 44 102 40° 45.065’ 124° 13.343’
Field’s Landing Channel HB, St. 43 103 40° 44.753’ 124° 13.427
R/V Coral Sea/Borgeld’s Class Cruise, St. 83 104 40° 44.670° 124° 13.560’
Southport Channel, St. 70 105 40° 44.604° 124° 13.544’
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Benthic Sampling

Field’s Landing Channel HB, St. 42 106 40° 44.488’ 124° 13.549’
Southport Channel, St. 69 107 40° 44.247 124°13.713’
Field’s Landing Channel HB, St. 41 108 40° 44.234’ 124° 13.340°
Field’s Landing Channel HB, St. 40 109 40° 44.087° 124° 13.215’
Southport Channel, St. 68 110 40° 43.915’ 124° 13.696’
Field’s Landing Channel HB, St. 39 111 40° 43.789’ 124° 13.230°
Southport Channel, St. 67 112 40° 43.587° 124° 13.739’
Field’s Landing Channel HB, St. 38 113 40° 43.571 124° 13.361
Southport Channel, St. 66 114 40° 43.424’ 124°13.923’
R/V Coral Sea/Borgeld’s Class Cruise, St. 81 115 40° 43.393’ 124° 13.429’
Field’s Landing Channel HB, St. 37 116 40°43.319’ 124° 13.545’
R/V Coral Sea/Borgeld’s Class Cruise, St. 82 117 40°43.312 124° 13.457
Southport Channel, St. 65 118 40° 43.295’ 124° 14.245’
Southport Channel, St. 64 119 40° 43.169’ 124° 14.430°
R/V Coral Sea/Borgeld’s Class Cruise, St. 80 120 40° 43.107 124° 13.682’
Southport Channel, St. 63 121 40° 42.988’ 124° 14.43%3
R/V Coral Sea/Borgeld’s Class Cruise, St. 79 122 40° 42.784° 124° 13.752’
Hookton Channel, St. 74 123 40° 42.500° 124°13.571
Hookton Channel, St. 73 124 40° 42.289’ 124°13.577
Hookton Channel, St. 72 125 40° 41.997 124°13.610°
Hookton Channel, St. 71 126 40° 41.986’ 124°13.597
Marina Sites
Location # Assigned Latitude Longitude

King Salmon Marina 150 40° 49.431' 124°13.111'

Woodley Island, East End 151 40° 48.443' 124° 09.604'

Woodley Island, West End 152 40° 48.422' 124° 10.002'

Eureka Public Marina 153 40° 48.200' 124°10.700'

Coast Guard "Ready Dock" 154 40° 46.025' 124° 13.027'
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Table 4 Locations of non-indigenous species collected in Humboldt Bay, July 2000 — September 2001

Year of Presence

TAXON Humboldt Bay Status Locations
ALGAE
Phaeophyta
Sargassum muticum 1965 Introduced widespread:164,168,171,172,178,179,187,194,198,199,200,202,207
Rhodophyta
Chondracanthus teedii This survey Introduced oyster beds, Arcata Bay, possible range extension:164,170,180
Lomentaria hakadotensis This survey Introduced oyster beds, Arcata Bay:162,163,164,166,170,171,172,173,178,179
VASCULAR PLANTS
2,4,5,10,11,15,17,20,21,162,174,175,176,179,186,187,Humboldt
Cotula coronopifolia ~1900 Introduced Bay salt marshes
2,4,5,10,11,15,17,20,21,162,174,175,176,179,186,187 ,Humboldt
Spartina densiflora ~1870 Introduced Bay salt marshes
INVERTEBRATES
Porifera
Cliona celata ~1900 Introduced 57,69, 70, 74
Halichondria bowerbankia ~1950 Introduced 40
Microciona prolifera ~1950 Introduced 40
Cnidaria
Aurelia aurita 1992 Introduced
Diadumene leucolena This survey Introduced 2,5,10, 13,19, 150, 151, 152
1992 (as Haliplanella
Diadumene lineata luciae) Introduced 5,20, 21
Nematostella vectensis 1992 Introduced 4,5
Obelia dichotoma This survey Introduced 154
Polychaeta
Autolytus cornutus 1992 Cryptogenic 96, 153, 154

76




Year of Presence

TAXON Humboldt Bay Status Locations

Boccardiella hamata This survey Cryptogenic 3,20

Dipolydora socialis 1992 Cryptogenic 40, 42, 53, 55, 57, 61, 69, 70, 81, 82, 84, 88, 96, 109, 154

Dodecaceria concharum 1992 Introduced 96

Euchone limnicola This survey Introduced 40, 42, 53, 55, 57, 61, 62, 69, 73, 77, 80, 82, 83, 84, 109

Polychaeta (cont.)

Exogone lourei 1992 Cryptogenic 2,3,4,5, 20, 21, 40, 57, 61, 69, 70, 80, 81, 82, 84, 88, 96, 109, 153

Fabricia sabella This survey Cryptogenic 4

Glycera americana 1992 Cryptogenic 103, 106

Harmothoe imbricata 1992 Cryptogenic 152, 153. 154

Heteromastus filiformis This survey Introduced 2,3,4,5,15, 80

Heteropodarke heteromorpha This survey Cryptogenic 88

Marphysa sanguinea This survey Introduced 1

Myxicola infundibulum This survey Introduced 21

Nereis pelagica This survey Cryptogenic 154

Pholoe minuta This survey Cryptogenic 69, 88

Polydora cornuta 1992 Introduced 3,18, 20

Polydora limicola This survey Introduced 79, 109

Pseudopolydora kempi 1992 Introduced 5,12, 15, 40, 42, 53, 61, 62, 69, 77, 80, 83

Pseudopolydora paucibranchiata This survey Introduced 2,15,40,42,53

Pygospio elegans This survey Cryptogenic 4,20

Sabellaria gracilis 1992 Introduced 57,70, 81, 84, 85, 96, 109

Serpula vermicularis 1992 Cryptogenic 14, 15, 88

Spiophanes bombyx 1992 Introduced 53, 55, 61, 73, 76, 78, 81, 84, 85, 88, 96, 109, 113

Spiophanes wigleyi This survey Cryptogenic 88

Streblospio benedicti 1992 Introduced 2,3,4,5,15, 20, 40, 61, 77, 80, 82

Typosyllis hyalina 1992 Introduced 3,70, 96, 152, 153, 154

Gastropods

Crepidula sp. This survey Introduced 42
2,4,5,10,11,15,17,20,21,162,174,175,176,179,186,187;widespread

Ovatella myosotis 1992 Introduced in salt marshes

Urosalpinx cinerea This survey Introduced 5
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Year of Presence

TAXON Humboldt Bay Status Locations
Opisthobranchia
2,4,5,10,11,15,17,20,21,162,174,175,176,179,186,187;widespread
Alderia modesta This survey Introduced in salt marshes
Dendronotus frondosus This survey Cryptogenic 21,151, 152, 153
Bivalvia
Crassostrea gigas 1950's Introduced Arcata Bay
Gemma gemma 1992 Introduced 1,2,3;widespread
Laternula marilina 1992 Introduced 4, 20
Macoma balthica (or M. petalum) This survey Introduced 4,12
Mya arenaria 1992 Introduced 4,5, 20,61, 70
Venerupis phillippinarum (=Tapes
japonica) 1992 Introduced 3, early introductions not successful
CRUSTACEA
Copepoda
1,2,3,4,5,6,7,8,9.10,12,13,14,15,16,17,19,20,21; widespread in
Muytilicola orientalis 1992 Introduced oysters, mussels
Isopoda
lais californica This survey Introduced 4, 21
Limnoria lignorum 1949 Cryptogenic 14
Limmnoria quadripunctata This survey Cryptogenic 5
Sphaeroma quoyanum (=S. pentadon) ~1920's Introduced 4,5, 20,21
Tanaidacea
Leptochelia savignyi 1992 (as L. dubia) Introduced 2,12, 20, 154
Sinelobus standfordi 1989 Introduced 2,3,5
Leptostraca
Nebalia pugettensis This survey Introduced 2,5,10,13, 14,19, 21

Amphipoda
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Year of Presence

TAXON Humboldt Bay Status Locations
Amphitoe valida This survey Introduced 3,4,5,15,18, 20, 21
Caprella equilibra 1992 Cryptogenic 15, 40, 152

Caprella mutica 1977 Introduced 152, 154

Chelura terebrans This survey Introduced 12

Chaetocorophium lucasi This survey Introduced 1,2,3,4,5,10, 20
Corophium acherusicum 1992 Introduced 21, 40, 53, 61, 152
Corophium insidiosum This survey Introduced 2,3,5,15, 20, 21, 152
Corophium uenoi This survey Introduced 3,12, 20

Amphipoda (cont.)

Grandidierella japonica ~early 1980's Introduced 2,3,4,5,15, 20, 61, 62, 69, 82
Hyale plumulosa This survey Introduced 5,12, 20, 83

Incisocalliope nipponensis This survey Introduced 21

Ischyrocerus anguipes 1992 Introduced 96, 154

Jassa slatteryi This survey Cryptogenic 3,21, 82,96, 152, 153, 154
Melita nitida This survey Introduced 3, 5, 20, 21

Microdeutopus gryllotalpa This survey Introduced 2,3,5,15,20

Microjassa litotes This survey Cryptogenic 16

Paracorophium sp. This survey Introduced 2,3,5,15, 20, 82

Photis pachydactylata This survey Cryptogenic 4,21,83

Podocerus cristatus This survey Cryptogenic 84, 96, 152, 153

Stenothoe valida This survey Introduced 152, 153

Decapoda

Carcinus meanas 1995 Introduced 4

Bryozoa

Alcyonidium polyoum This survey Introduced 70, 84, 88, 150, 152
Bowerbankia gracilis 1992 Introduced 18, 96, 109, 154

Bugula neritina 1995 Introduced 109, 113, 152, 153, 154
Celleporella hyalina ? This survey Cryptogenic 5, 20, 53, 57, 69, 70, 81, 84, 96, 109, 113, 153, 154
Conopeum sp. This survey Introduced 18, 21, 70, 109

Cryptosula pallasiana This survey Introduced 57, 88, 109

Schizoporella unicornis 1992 Introduced 150, 151, 152, 153
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Year of Presence

TAXON Humboldt Bay Status Locations
Watersipora ('subtorquata') sp. This survey Introduced 109, 153
(= W. cucullata)
Ectoproct
Barenstia benedeni This survey Introduced 86
Chordata: Tunicata
Botrylloides sp. 1992 Introduced 20, 151, 152, 153, 154
Botryllus sp. 1992 Introduced 154
Botryllus tuberatus This survey Introduced 153
Ciona intestinalis ~1995 Introduced 151, 152
Mogula manhattensis ~1996 Introduced 18, 153, 154
Styela clava This survey Introduced 151, 152
FISH
Gambusia affinis This survey Introduced 11 (near mouth of Freshwater Slough)
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Table 5. Native ranges of non-indigenous species collected in Humboldt Bay during the period July 2000-Sept 2001.

TAXON

Notes - Humboldt Bay

Native Range

ALGAE

Phaeophyta

Sargassum muticum

Intertidal, widespread

Japan, Western Pacific

Rhodophyta

Chondracanthus teedii

Intertidal, range extension to
Humboldt Bay

California, Oregon, Washington

Lomentaria hakadotensis

Low intertidal, attached

Japan, Western Pacific

VASCULAR PLANTS

Cotula coronopifolia

Widespread, Humboldt Bay
marshes

South Africa

Spartina densiflora

Pre 1900, described as S. foliosa
ecotype before 1985, widespread

Chile, South America

INVERTEBRATES

Porifera

Cliona celata

Fouling, marinas, benthic

Atlantic Coast, North America

Halichondria bowerbankia

Fouling, marinas

North Atlantic, Europe, North America

Microciona prolifera

Fouling, marinas, benthic

Atlantic

Cnidaria

Aurelia aurita

Sparse, pelagic

Japan?, North Atlantic

Diadumene leucolena

Intertidal, benthic, fouling

Atlantic Coast, U.S.

Diadumene lineata

Intertidal, benthic, fouling

Japan

Nematostella vectensis

Shallow pools, salt marshes

Baltic Sea, Northern Europe

Obelia dichotoma

Fouling, marinas, low intertidal

Europe, North Atlantic

Polychaeta

Autolytus cornutus

Low intertidal, benthic

U.S., New England

Boccardiella hamata

Mud, low intertidal

U.S., Virginia, New Jersey

Dipolydora socialis

Low intertidal, benthic

Circumboreal, North Atlantic, North Pacific?, widely distributed

81




TAXON

Notes - Humboldt Bay

Native Range

Dodecaceria concharum

Borer in bivalves, benthic

Northern Europe

Euchone limnicola

Benthic

Southern California

Exogone lourei

Low intertidal

West Coast, U.S., Gulf Coast, U.S.

Fabricia sabella

Mud, low intertidal

North Sea, Europe

Glycera americana

Mud, low intertidal, benthic

Unknown

Harmothoe imbricata

Low intertidal, attached

Circumboreal, North Atlantic, North Pacific

Heteromastus filiformis

Low intertidal, mud

Atlantic Coast, U.S., European Coast

Heteropodarke heteromorpha

Benthic

Southern hemisphere

Marphysa sanguinea

Mud, low intertidal

Europe, Western Atlantic

Myxicola infundibulum

Fouling, marinas

Mediterannean, Western Europe?, Cosmopolitan

Nereis pelagica

Marinas, low intertidal sand

Circumboreal, North Atlantic, North Pacific

Pholoe minuta

Benthic, Arcata Bay

Circumpolar, North Atlantic, North Pacific

Polydora cornuta

Mud, low intertidal

North Atlantic

Polydora limicola

Western Pacific, California?

Pseudopolydora kempi

Low intertidal, benthic

Western Pacific, India, Japan

Pseudopolydora paucibranchiata

Mud, low intertidal, benthic

Japan

Pygospio elegans

Mud, low intertidal

North Atlantic

Sabellaria gracilis

Fouling, marinas, benthic

Southern California

Serpula vermicularis

Benthic, North Bay Channel

Europe, North Atlantic

Spiophanes bombyx

Benthic

North Atlantic, Cosmopolitan?

Spiophanes wigleyi

Benthic, North Bay Channel

North Atlantic

Streblospio benedicti

Mud, low intertidal, benthic

Atlantic basin

Typosyllis hyalina

Mud, low intertidal, benthic,
fouling

Circumboreal, North Atlantic, North Pacific

Gastropods

Crepidula sp.

Low intertidal, attached

Western Atlantic

Ovatella myosotis

Salt marshes, widespread

North Atlantic

Urosalpinx cinerea

Low intertidal, attached

North Western Atlantic Coast

Opisthobranchia

Alderia modesta

Pacific Coast, North America?, North Atlantic

Dendronotus frondosus

Cosmopolitan, Northern hemisphere

Bivalvia
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TAXON

Notes - Humboldt Bay

Native Range

Crassostrea gigas

Low intertidal, cultured

Japan

Gemma gemma

Low intertidal, benthic,
widespread

North Western Atlantic, Nova Scotia to Florida, Texas

Laternula marilina

Mud, mid intertidal

North Western Pacific, Japan, China

Macoma balthica (or M. petalum)

Mud, intertidal, benthic

Baltic Sea, Europe

Mya arenaria

Mud, mid intertidal

North Atlantic, Japan

\Venerupis phillippinarum (=Tapes japonica)

Mud, low intertidal

Japan, Korea, China

CRUSTACEA

Copepoda

Mytilicola orientalis

parasitic on Mytilus and oysters

Western Pacific, Asia

Isopoda

lais californica

Commensal w/ Sphaeroma
guoyanum

Australia, New Zealand?

Limnoria lignorum

Wood borer, pilings, low intertidal

Circumboreal, North Atlantic, North Pacific

Limmnoria quadripunctata

Wood borer, pilings, low intertidal

Unknown, collected in HB in 1949

Sphaeroma quoyanum (=S. pentadon)

High intertidal, bores in mud
banks

New Zealand, Tasmania, Australia

Tanaidacea

Leptochelia savignyi (as L. dubia)

Widespread, intertidal, benthic

Atlantic Basin

Sinelobus standfordi

Low intertidal

Circumboreal, North Atlantic, North Pacific

Leptostraca

Nebalia pugettensis

Low intertidal, on algae, plant
debris

Possible native

Amphipoda

Amphitoe valida

Mid intertidal

Circumboreal, North Atlantic, North Pacific

Caprella equilibra

Widespread, epibenthic

North Atlantic?

Caprella mutica

Widespread, epibenthic

Japan?

Chelura terebrans

In woody debris, intertidal

Southern California, Central California

Chaetocorophium lucasi

Mud, low intertidal

New Zealand

Corophium acherusicum

Widespread, epibenthic

New Zealand?, widespread

Corophium insidiosum

Mid intertidal, fouling, benthic

North Atlantic, North America, Europe
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TAXON

Notes - Humboldt Bay

Native Range

Corophium uenoi Mid intertidal Japan

Grandidierella japonica Widespread, epibenthic Japan

Hyale plumulosa Mid intertidal, benthic Circumboreal, North Atlantic, North Pacific
Incisocalliope nipponensis Epibenthic on bryozoans Japan?

Ischyrocerus anguipes

North Atlantic, Europe

Jassa slatteryi

Fouling, epibenthic, widespread

Eastern Pacific?

Melita nitida

Mid intertidal, epibenthic

Northwestern Atlantic

Microdeutopus gryllotalpa

Mid to upper intertidal

Northwestern Europe

Microjassa litotes

Low intertidal rocks, benthic

native?

Paracorophium sp.

Photis pachydactylata

Mud low intertidal, benthic

North Pacific to British Columbia

Podocerus cristatus

Low intertidal rocks, algae,
benthic

New Zealand, Australia, South Africa

Stenothoe valida

Fouling

Northeastern Pacific?, San Francisco Bay?

Decapoda

Carcinus meanas

Mid to low intertidal, sparse

Northern Europe

Bryozoa

Alcyonidium polyoum

Fouling, on shells

Western Atlantic

Bowerbankia gracilis Fouling Western Atlantic
Bugula neritina Fouling Cosmopolitan, widespread
Celleporella hyalina ? Fouling Circumboreal?
Conopeum sp. Fouling Western North Atlantic?
Cryptosula pallasiana Fouling Atlantic, widespread
Schizoporella unicornis Fouling Western Pacific, widespread
\Watersipora (‘subtorquata’) sp. Fouling Northwest Pacific?

(= W. cucullata)
Ectoproct
Barenstia benedeni Fouling

Chordata: Tunicata

Botrylloides sp.

Fouling, algae, low intertidal rocks

North Atlantic?, Japan?

Botryllus sp.

Fouling

?
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TAXON

Notes - Humboldt Bay

Native Range

Botryllus tuberatus

Fouling

?

North Atlantic, North America, Europe

Ciona intestinalis Fouling

Mogula manhattensis Fouling North Atlantic, North America, Europe
Styela clava Fouling Western Pacific

FISH

Gambusia affinis

Brackish to fresh water
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Table 6. Characteristics of benthic sediment samples collected Sept.-Oct. 2000 at Humboldt Bay. C. Sand = coarse
sand, VC. Silt = very coarse silt, M&F Silt = medium and fine grain silt. Median and Mean are phi units.

Time % C.Sand &
Sample  Latitude Longitude Depth (m) Date  (GMT) Gravel % Sand % VC.Silt % M&F Silt % Clay Median Mean

Boyd-1 ]40[°| 50.053|124|°| 7.622 n/a| 09/28/00 n/a 0.0 27.0 9.2 33.2 30.6 6.0 6.6
Boyd-2 |40|°| 49.941|124|°| 7.955 n/a| 09/28/00 n/a 25 54.2 7.3 22.8 13.1 3.0 4.7
Boyd-3 |40|°| 49.793|124|°| 8.278 n/a| 09/28/00 n/a 18.4 67.7 2.1 6.2 5.6 1.5 1.5
Boyd-4 |40/°| 49.658) 124/|°| 8.542 6| 09/28/00 n/a 3.7 70.2 4.0 13.7 8.4 2.0 3.5
Boyd-5 [40/°| 49.515/124/°| 8.848 6.5] 09/28/00 n/a 42.4 47.9 1.2 4.4 4.2 0.6 -0.4
Boyd-6 |40[°| 49.394| 124|°| 9.192 7.5 09/28/00 n/a 0.0 63.3 5.5 18.8 12.3 2.2 4.3
Boyd-7 40[°| 49.348|124/°| 9.508 9.0] 09/28/00] 15:50 0.0 71.6 5.0 19.7 3.7 2.3 4.0
Boyd-8 [40[°| 49.335/124/°| 8.884 9.5] 09/28/00] 16:00 9.9 74.7 2.6 10.6 2.1 1.8 2.2
Boyd-9 |40/°| 50.083| 124|°| 9.479 5| 09/28/00, 16:16 1.2 84.9 2.2 6.4 53 2.2 23
Boyd-10 |40|°| 49.859|124|°| 9.721 5.5 09/28/00] 16:23 19.7 66.8 23 6.6 4.7 1.9 1.2
Boyd-11 |40/°| 49.635|124/|°| 9.892 6.0] 09/28/00] 16:33 6.5 84.8 1.4 3.7 3.6 21 1.9
Boyd-12 |40/°| 49.312 124/°| 10.170 14.0| 09/28/00] 16:42 10.5 86.7 0.3 0.8 1.6 1.7 1.4
Boyd-13 |40|°| 49.172| 124/°| 10.397 13| 09/28/00] 17:14 18.3 78.9 0.3 0.7 1.8 1.5 0.9
Boyd-14 |40|°| 48.947| 124/°| 10.556 9.5] 09/28/00] 17:26 0.0 70.3 6.0 20.5 3.2 3.0 4.3
Boyd-15 |40[°| 48.826| 124/°| 11.002 8| 09/28/00] 18:23 0.0 68.7 9.1 18.8 3.4 3.0 4.2
Boyd-16 |40|°| 48.532| 124/°| 10.936 8.5] 09/28/00] 18:38 0.9 95.9 0.2 0.8 2.2 2.0 2.0
Boyd-17 |40|°| 48.370) 124|°| 11.218 6.5 09/28/00] 18:50 55.1 37.2 1.2 3.2 3.2 -06 | -0.1
Boyd-18 |40/°| 48.080) 124/°| 11.182 12.0| 09/28/00] 19:06 18.0 78.6 0.5 1.0 1.8 1.8 1.1
Boyd-19 |40/|°| 48.501| 124|°| 9.326 6| 09/28/00, 19:34 0.0 7.9 10.2 44.8 37.1 6.9 8.0
Boyd-20 |40|°| 48.501| 124|°| 9.627 7] 09/28/00] 19:46 0.0 22.7 14.0 36.6 26.8 5.8 6.9
Boyd-21 [40|°| 48.380]124/°| 9.995 6| 09/28/00] 19:56 0.0 14.6 18.2 40.5 26.6 5.9 7.2
Boyd-22 40|°| 48.318| 124/°| 10.389 8| 09/28/00| 20:06 0.0 21.2 18.9 34.4 255 5.7 6.9
Boyd-23 |40|°| 48.234| 124/°| 10.679 8| 09/28/00] 20:15 0.0 31.2 19.2 28.1 214 4.9 6.5
Boyd-24 40|°| 45.430]124/°| 13.210 7.5] 09/29/00] 14:44 0.0 98.5 0.2 0.1 1.1 2.2 2.2
Boyd-25 |40|°| 45.204| 124|°| 13.428 14.5| 09/29/00/ 15:01 3.1 95.9 0.0 0.1 0.9 1.7 1.6
Boyd-26 |40|°| 45.740) 124|°| 13.154 12| 09/29/00] 15:21 33.9 64.3 0.2 0.5 1.1 1.2 -0.2
Boyd-27 |40|°| 45.916| 124|°| 12.886 11.0] 09/29/00] 15:34 16.2 81.8 0.1 0.6 1.3 1.5 1.1
Boyd-28 |40|°| 46.194| 124|°| 12.728 9.5 09/29/00] 15:47 8.6 86.3 1.2 1.7 2.2 2.0 1.9
Boyd-29 40|°| 46.292| 124/°| 12.364 12| 09/29/00] 16:08 10.0 89.0 0.0 0.1 0.8 1.2 1.1
Boyd-30 |40|°| 46.536| 124/°| 12.135 12| 09/29/00] 16:18 9.0 90.2 0.0 0.1 0.7 1.5 1.3
Boyd-31 |40|°| 46.680| 124/°| 11.817 9.0] 09/29/00] 16:27 20.6 76.0 0.6 1.2 1.6 1.8 0.8
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Time % C.Sand &
Sample  Latitude Longitude Depth (m) Date  (GMT) Gravel % Sand % VC.Silt % M&F Silt % Clay Median Mean

Boyd-32 |40|°| 47.047| 124/°| 11.852 7.5] 09/29/00] 16:39 14.0 83.8 0.2 0.5 1.5 21 1.8
Boyd-33 |40|°| 47.235|124/°| 11.541 10.0] 09/29/00| 16:47 36.1 62.0 0.2 0.6 1.1 1.5 0.1
Boyd-34 |40|°| 47.545|124/°| 11.570 12| 09/29/00] 17:04 65.9 32.1 0.2 0.7 1.1 -2.1 -0.7
Boyd-35 |40[°| 47.677|124/°| 11.274 11.0] 09/29/00 17:14 0.0 45.2 13.9 30.9 10.1 4.3 5.1
Boyd-36 |40|°| 47.899| 124|°| 11.400 12.5| 09/29/00] 17:30 47.3 49.3 0.4 1.4 1.6 0.6 -0.2
Boyd-37 |40|°| 43.319] 124|°| 13.545 9.5| 09/29/00] 18:26 0.0 68.0 8.4 20.5 3.1 2.6 3.9
Boyd-38 |40|°| 43.571| 124/°| 13.361 11| 09/29/00] 18:38 0.4 95.6 0.7 1.2 2.1 21 2.1
Boyd-39 |40/|°| 43.789| 124|°| 13.230 10.5| 09/29/00] 18:48 0.1 71.5 8.5 17.1 29 2.7 3.7
Boyd-40 |40|°| 44.087|124/°| 13.215 13.5] 09/29/00| 18:57 0.6 72.9 3.7 20.9 2.0 2.6 3.7
Boyd-41 40|°| 44.234| 124/°| 13.340 12| 09/29/00, 19:05 0.2 85.9 1.3 8.4 4.1 2.5 2.9
Boyd-42 |40|°| 44.488| 124/°| 13.549 14.0] 09/29/00] 19:23 0.7 96.6 0.0 0.9 1.7 2.0 2.0
Boyd-43 |40|°| 44.753|124/°| 13.427 0.0] 09/29/00] 19:33 1.1 95.2 0.0 1.6 2.2 21 21
Boyd-44 |40|°| 45.065| 124|°| 13.343 8.5 09/29/00] 19:44 0.2 96.7 0.2 1.9 1.1 2.2 2.2
Boyd-45 |40/°| 51.870] 124|°| 8.903 5.3| 10/26/00] 16:04 0.3 54.0 4.8 19.7 21.3 3.6 6.0
Boyd-46 |40|°| 51.714|124|°| 8.571 4.3| 10/26/00] 16:21 3.6 83.7 0.9 5.9 5.9 1.5 1.8
Boyd-47 |40|°| 51.437|124|°| 8.571 5.7| 10/26/00] 16:35 2.7 75.6 0.0 19.7 1.9 21 4.3
Boyd-48 |40|°| 51.231|124/°| 8.773 4.7 10/26/00] 16:50 0.1 87.7 0.1 9.8 23 23 24
Boyd-49 40/°| 50.991|124/°| 8.879 8.4/ 10/26/00] 17:18 1.2 60.5 1.1 32.2 5.0 24 4.4
Boyd-50 |40|°| 50.738|124/°| 8.880 5.6| 10/26/00] 17:38 0.0 20.1 4.9 40.3 34.6 7.0 6.7
Boyd-51 [40/°| 50.500] 124/°| 8.905 6.9 10/26/00 18:05 38.5 50.1 1.6 7.9 1.9 1.6 0.2
Boyd-52 |40|°| 50.284| 124|°| 9.155 7] 10/26/00, 18:28 0.2 66.7 1.0 255 6.6 2.7 4.5
Boyd-53 |40|°| 50.155|124|°| 9.298 8.4| 10/26/00] 18:37 0.2 55.6 8.1 20.9 15.1 3.3 4.9
Boyd-54 |40|°| 50.695| 124|°| 6.460 5.6| 10/26/00] 20:25 1.4 28.6 9.4 35.0 25.6 5.7 5.5
Boyd-55 |40/°| 50.629| 124|°| 6.931 7.9 10/26/00] 20:46 2.9 70.7 2.2 19.4 4.7 2.2 3.8
Boyd-56 |40|°| 50.369| 124°| 7.194 6.4| 10/26/00 21:05 0.0 7.5 6.7 49.2 36.6 6.6 7.3
Boyd-57 |40/°| 50.199|124/°| 7.383 5.0] 10/26/00] 21:20 0.3 252 8.1 32.8 33.6 5.7 5.6
Boyd-58 |40|°| 49.788|124/°| 7.585 4.7 10/26/00] 21:52 0.6 39.1 7.7 45.3 7.3 5.1 4.9
Boyd-59 |40|°| 49.623|124|°| 7.962 6.0 10/26/00] 22:07 0.4 46.6 7.9 25.8 19.4 4.4 5.1
Boyd-60 |40|°| 49.383| 124|°| 8.273 5.9 10/26/00] 22:15 0.0 26.7 16.2 33.8 23.4 5.2 5.7
Boyd-61 |40|°| 49.224| 124|°| 8.609 7.5 10/26/00] 22:25 0.3 59.2 6.3 23.2 10.9 2.7 4.5
Boyd-62 |40|°| 49.039124|°| 9.150 6.6| 10/26/00] 22:36 1.8 78.6 1.3 16.6 1.7 2.3 3.6
Boyd-63 |40|°| 42.998| 124|°| 14.433 7.3| 10/27/00 n/a 10.2 67.5 7.3 13.2 1.8 2.2 3.1
Boyd-64 |40|°| 43.169| 124/°| 14.430 7.3] 10/27/00] 16:24 0.0 471 15.6 242 13.1 4.2 4.9
Boyd-65 |40|°| 43.295| 124/°| 14.245 9.1] 10/27/00] 16:42 0.0 55.1 8.7 29.9 6.4 3.4 4.2
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Time % C.Sand &
Sample  Latitude Longitude Depth (m) Date  (GMT) Gravel % Sand % VC.Silt % M&F Silt % Clay Median Mean

Boyd-66 |40|°| 43.424| 124/°| 13.923 10.4| 10/27/00| 16:54 0.5 95.3 0.3 1.3 2.6 24 24
Boyd-67 |40|°| 43.587|124/°| 13.739 9.1| 10/27/00] 17:10 1.2 95.7 0.1 1.2 1.8 21 2.0
Boyd-68 |40|°| 43.915|124/°| 13.696 8.8| 10/27/00 n/a 0.0 96.4 04 0.8 23 24 24
Boyd-69 |40|°| 44.247|124/°| 13.713 8.5 10/27/00] 17:34 1.4 94.4 0.9 1.3 2.0 21 21
Boyd-70 |40|°| 44.604| 124|°| 13.544 13.7| 10/27/00] 17:49 0.0 741 5.8 11.9 8.2 24 3.9
Boyd-71 |40|°| 41.986| 124|°| 13.597 4.3| 10/27/00] 18:24 1.5 18.1 17.4 37.7 254 5.5 6.7
Boyd-72 |40|°| 41.997|124/°| 13.610 12.3| 10/27/00] 18:45 274 10.3 3.1 43.9 15.3 54 2.7
Boyd-73 |40|°| 42.289| 124|°| 13.577 7.7| 10/27/00] 19:02 0.0 13.8 15.7 42.8 27.6 6.1 6.3
Boyd-74 |40|°| 42.500| 124/°| 13.571 7.2] 10/27/00] 19:21 0.0 17.3 17.0 44.6 21.0 54 6.1
Boyd-75 |40|°| 48.465| 124/°| 10.202 7.6| 10/27/00] 20:46 5.9 74.9 0.8 11.9 6.6 2.2 4.7
Boyd-76 |40|°| 48.610] 124/°| 10.005 6.9 10/27/00] 20:55 3.2 94.4 0.0 0.7 1.7 2.0 1.9
Boyd-77 |40[°| 48.807|124/°| 9.624 8.8] 10/27/00] 21:12 11.0 86.1 0.1 0.9 1.9 1.7 1.4
Boyd-78 |40|°| 48.997| 124|°| 9.167 7.5 10/27/00] 21:24 0.0 98.0 0.1 0.4 1.5 1.9 1.9
Boyd-79 |40|°| 42.784| 124/°| 13.752 8.5| 10/14/00] 16:35 0.0 41.9 13.5 26.7 17.8 4.5 5.6
Boyd-80 |40/°| 43.107| 124/°| 13.682 10.0| 10/14/00] 16:47 0.0 84.7 3.6 7.1 4.6 2.2 2.7
Boyd-81 |40|°| 43.435| 124|°| 13.456 9.5 10/14/00] 16:56 0.0 92.9 2.7 2.0 24 2.5 2.6
Boyd-82 |40|°| 44.315|124/°| 13.450 7.5/ 10/14/00] 17:30 0.0 97.9 0.3 0.4 1.4 21 21
Boyd-83 |40|°| 44.674| 124/°| 13.556 8.5 10/14/00] 17:40 0.0 98.5 0.1 0.2 1.2 1.7 1.7
Boyd-84 |40|°| 45.608| 124/°| 13.107 11.0] 10/14/00| 18:27 0.0 99.1 0.0 0.1 0.8 1.9 1.9
Boyd-85 |40|°| 46.293| 124/°| 12.387 13.0] 10/14/00] 19:20 18.5 80.6 0.1 0.1 0.7 1.3 0.8
Boyd-86 |40|°| 46.550| 124|°| 11.933 11| 10/14/00] 19:42 7.7 86.9 0.9 1.7 2.8 2.2 2.0
Boyd-87 |40|°| 46.824| 124|°| 11.993 8.5| 10/14/00] 19:58 0.0 99.2 0.0 0.0 0.7 1.5 1.5
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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 categories 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 Carlton 1995, Ruiz et al.
2000)

Advances in navigational technology and ship building in the last 25 years have
resulted 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
California 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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