: f'_':\ : - f_.._

- -— -
s " -

et
| m— ‘-::-.__,__ Sy

B e I —

‘.’.Gﬁi.f fﬁﬁ;}"-la_i‘% ;“' '__"F":'r'i“: R,-.F' A/ ._.‘ r

—California s Living:Marine Resources: —
~ “AStafus Réport” = = -

’x
3, |

—
- O

f

<~

)

TIRL Tt



California’s Living Marine Resources: CALIFORNIA DEPARTMENT OF FISH AND GAME

A Status Report December 2001




California’s Living Marine Resources:

A Status Report

The Resources Agency
The California Department of Fish and Game

California Governor Gray Davis
Resources Secretary Mary D. Nichols
Department of Fish and Game Director Robert C. Hight

Marine Region Manager Patricia Wolf

Editors

William S. Leet
Christopher M. Dewees
Richard Klingbeil

Eric J. Larson

EEEEEEEEEEEEEEE
CALIFORNIA
DEPARTMENT
U8 FISHE GANE
p Y
@
=

CALIFORNIA DEPARTMENT OF FISH AND GAME California’s Living Marine Resources:

December 2001 A Status Report




Acknowledgements

The editors wish to acknowledge important contributions from many colleagues. In DFG,
Joann Eres and her staff compiled a huge amount of landings data for the tables and graphs,
while Nancy Wright and Chad King created the maps. Chamois Andersen and the Conservation
Education staff assisted with the editing. Carrie Wilson and Paul Gregory searched out and
supplied many of the photographs. Bernice Hammer and Susan Ashcraft aided in organizing
and producing tables and graphs. Kristen Sortais from the California Sea Grant Program
compiled the glossary and organized the photographs in the document. The ever-enthusiastic
Tom Jurach of the UC Davis Repro Graphics Department was the lead person for publication
design and layout.

SJUIWASPI[MOUIIY

This publication fulfills the Marine Life Management Act of 1998 requirement for a status

of the fisheries report. Primary funding for this project was provided by the State of
California to the Marine Region of the California Department of Fish and Game. Additional
support was supplied by the California Marine Life Management Project with funding from

the David and Lucile Packard Foundation and the National Sea Grant College Program of

the Department of Commerce, National Oceanic and Atmospheric Administration, under grant
number NAO6RG0142, project AE/1 through the California Sea Grant College Program.

This publication contains a compilation of information from numerous individuals and
highly regarded sources. All efforts have been made to publish the best available data
and information.

This report is not copyrighted. If sections are reproduced elsewhere, the authors and
the California Department of Fish and Game would appreciate receiving appropriate
acknowledgment.

Library of Congress Control Number: 2001098707

ISBN 1-879906-57-0

’A‘l{] University of California

UNIVERSITY

— o ——

CALIFORNIA

Agriculture and Natural Resources
Publication SGO1-11

For information about ordering copies of this publication, call (800) 994-8849 or visit
www.anrcatalog.ucdavis.edu.

To view or download via the Internet, visit www.dfg.ca.gov/mrd

California’s Living Marine Resources: CALIFORNIA DEPARTMENT OF FISH AND GAME

A Status Report December 2001




Dedication
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California’s Living Marine Resources: A Status Report is dedicated to the
memory of Dr. Mia J. Tegner, a loved and respected colleague, who died
in a scuba diving accident in January 2001. As a researcher at the
University of California’s Scripps Institution of Oceanography, Dr. Tegner
was an expert in kelp forest ecology and was recognized as one of the
leading scientists in the world regarding California’s abalone and sea
urchin resources. She cared deeply about the marine environment and
became an effective spokesperson for science-based marine conserva-
tion. She firmly believed that a system of marine protected areas is
critical to restoration of fisheries and the protection of biodiversity and
worked with others to ensure the enactment of both the Marine Life
Management Act of 1998 and the Marine Life Protection Act of 1999, and
the appropriation of funds for their implementation.

Dr. Tegner’s presence as a scientist and concerned citizen will be
sadly missed.
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Purpose and Overview

he Marine Life Management Act (MLMA), which became law on

Jan. 1, 1999, opened a new era in the management and conserva-
tion of living marine resources in California. The MLMA’s overriding
goal is to ensure the conservation, sustainable use, and restoration
of California’s living marine resources, including the conservation of
healthy and diverse marine ecosystems and living marine resources.

0 pue asodang

To achieve this goal, the MLMA established an innovative program
for managing marine fisheries. Good fisheries managers periodically
take stock of the effectiveness of their programs. With this in

mind, the MLMA requires that the Department prepare an annual
report on the status of sport and commercial marine fisheries
managed by the state. The MLMA requires that these reports do
three things: 1) identify any marine fishery that does not meet the
MLMA’s sustainability policies; 2) review restricted access programs;
and 3) evaluate the management system and make recommendations
for modifications. This first report presents the best available informa-
tion for all marine and estuarine fisheries managed by the state.
Under the MLMA, later annual reports will cover one-quarter of all
marine and estuarine fisheries managed by the state.

MITAJIA

The first section of California’s Living Marine Resources: A Status
Report is meant to provide lay people and specialists alike with

the best available information on the oceanic, environmental, regula-
tory, and socioeconomic factors that affect the management affecting
California’s living marine resources. This discussion is divided into

five chapters: California’s Variable Ocean Environment, The Status of
Habitats and Water Quality in California’s Coastal and Marine Environ-
ment, The Human Ecosystem Dimension, The Status of Marine Fisher-
ies Law Enforcement and A Review of Restricted Access Programs.

The second section of the report includes chapters on the three major
ecosystems off California: nearshore, offshore, and bays and estuaries.
Each of these chapters includes a description of the ecosystem, the
major issues facing fisheries managers, and the management frame-
work. These chapters also include evaluations of individual fisheries
and species of marine wildlife, including a historical description of
each fishery, the status of biological knowledge, and the status of

the population. Management considerations submitted by authors for
approximately half the individual fisheries are found in Appendix A.

The report concludes with chapters on Aquaculture, Invasive Species,
and Marine Birds and Mammals.
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Introduction and
Historical Overview

California’s Living Marine Resources: A Status Report is
the fourth edition in a series of reports that address
the status of California’s marine and anadromous fisheries
and other marine life. Since the California Department

of Fish and Game published California Ocean Fisheries
Resources to the Year 1960 (1961) and California’s Living
Marine Resources and Their Utilization (1971), and the
California Sea Grant Program updated and expanded Cali-
fornia’s Living Marine Resources and Their Utilization in
1992, the state’s marine resources and their management
have continued to undergo constant change. For example,
by the early 1990s the sardine fishery, which was the
world’s largest during the first half of the 20th century
and practically has been non-existent since the 1960s,
reappeared under precautionary management. In 1998,
the sardine resource was declared fully recovered. Tropi-
cal tunas were an extremely valuable segment of Califor-
nia fish landings until the tuna canning industry moved
overseas during the mid-1980s. Changes in California’s
commercial fisheries between 1970 and 1990 included the
development of specialized and valuable fisheries for sea
urchins, hake, Pacific herring and widow rockfish.

Change has continued in many fisheries since the 1992 edi-
tion of this report. For example, increased international
demand for squid resulted in a 500 percent increase in
landings to over 300 million pounds annually during non-EL
Nifo years. This expansion attracted many new partici-
pants from salmon purse seine fisheries in the Pacific
Northwest. A squid management plan including restricted
access is currently being developed. In 1994, gillnets were
prohibited in most of the nearshore areas of the coast
and islands of southern and central California. This hap-
pened as a result of a voter approved California constitu-
tional amendment (Prop. 132). During the 1990s, a major
fishery developed for nearshore species including rock-
fishes, cabezon, and sheephead that were often marketed
live for significantly higher prices. Concerns about sustain-
ability of this new intense fishery provided much of the
impetus for the Marine Life Management Act (MLMA) of
1998 and a moratorium on permits in the nearshore fish-
ery. The southern California commercial lobster fishery
continued to demonstrate higher catches during the 1990s
resulting in record landings in 1997. California barracuda
increased as a component of the recreational fisheries to
the levels of the 1950s, and the white seabass population
is showing signs of a recovery at the end of the century.
The California halibut commercial fishery continued to
sustain landings comparable to the 1980s, despite the
gillnet closure.

Severe declines in abalone abundance resulted in total
closure of recreational and commercial abalone fishing
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south of San Francisco, and there are serious concerns
about the potential for extinction of the white abalone.
Some major groundfish stocks, especially long-lived rock-
fishes, continued to decline. Quota reductions, seasonal
and area closures, bag limit reductions and long-term
stock rebuilding plans are causing major disruption in the
commercial and recreational industries and communities
dependent on groundfish.

Since the last edition was published, five California salmon
populations have been listed under the federal Endan-
gered Species Act (ESA): Sacramento River winter chinook,
Central Valley spring chinook, California coastal chinook,
California coastal coho (south of the San Francisco Bay),
and steelhead (south of the Klamath-Trinity River system).
The principal problem faced by these runs is the habitat
degradation that has accrued from water uses that com-
pete with the requirements of salmon. Primary among
these is diversion of water for irrigation and domestic use.
In addition, alterations of rivers and watersheds to enable
navigation, provide power, control flooding, and otherwise
accommodate the needs of humans have taken their toll.

While California’s population continued to grow and diver-
sify during the 1990s, participation in marine recreational
fishing measured by license sales continued to be rela-
tively stable. The number of active commercial passenger
fishing vessels (partyboats) declined from 308 in 1989 to
300 in 1998. Other forms of marine recreation linked to
the health of marine living resources such as ecotourism
have grown significantly and have become an important
segment of California’s coastal dependent economy.

The public’s interest and involvement in the management
and conservation of marine living resources have
increased substantially since the 1992 edition of Califor-
nia’s Marine Living Resources and Their Utilization. Major
federal and state legislation is altering the way marine
resources are managed. The 1996 reauthorization of the
Magnuson-Stevens Act specified a precautionary approach
in federally managed fisheries. This resulted in establish-
ing much lower catch limits and designing long-term stock
rebuilding plans for many Pacific Coast groundfish species,
especially the rockfishes. The MLMA also required the
identification and protection of essential fish habitat.

This report was written during a period of extraordinary
change in our state. The MLMA of 1998 significantly altered
the way the state manages marine life. The MLMA pro-
vides the mechanisms whereby the management responsi-
bility for commercial fisheries can be moved from the
California State Legislature to the Fish and Game Com-
mission. The MLMA mandates the development of fishery
management plans incorporating peer-reviewed science,
increased constituent involvement in marine life manage-
ment, implementation of an ecosystem based research
and management approach, and regular analyses of the
status of California’s fisheries such as those found in

this publication. While the initial management plans man-
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dated are for white seabass, nearshore fisheries, and
emerging fisheries, it is anticipated that similar manage-
ment plans will be developed for many other California
marine fisheries.

Use of marine reserves and marine protected areas to
preserve marine wilderness and manage fisheries is inten-
sifying at both the state and national level. California’s
Marine Life Protection Act of 1999 requires development
of a master plan for a network of marine reserves. On the
federal level, intense discussions by panels of scientists
and constituents have occurred regarding plans for marine
reserves in large areas of the Santa Barbara Channel
Islands. Although no consensus was reached by mid-2001,
debate regarding MPAs was continuing at both the state
and federal levels.

During the 1990s, overcapitalization was widely recog-
nized as a major problem in some fisheries. The difficult
task of designing restricted access programs to improve
the balance between fleet fishing power and sustainable
harvest levels has become a major component of fishery
management plans seeking to sustain fisheries economi-
cally as well as biologically.

Earlier editions of this publication proved to be among
the most valuable general reference works available on
California’s economically important marine species. The
reports have been widely used by fisheries researchers
and managers, policymakers, interested citizens, journal-
ists, the fishing industry, enforcement officers, educators,
and others. Publication of this edition is mandated by

the MLMA of 1998. A primary purpose of the book is to
provide a baseline of information for all concerned with
managing living marine resources in California.

The editors of this edition have retained much of the style
and format of earlier editions. Many of the conventions of
scientific writing are foregone because it was felt that this
style better serves the broad interests of readers. Each
species article presented in this report contains a short
list of general references for further reading. Detailed fish
and shellfish landings statistics, which begin in 1916, have
been updated through 1999.

Readers of earlier editions will notice some significant
changes and new features. The publication is organized
by marine ecosystems (bays and estuaries, nearshore, and
offshore) rather than species-by-species. For species that
occur in more than one ecosystem, the discussion appears
in the ecosystem section where they spend most of their
life and/or their principal harvest location. Descriptions of
the three marine ecosystems used for this report are also
included. Added or expanded chapters include a detailed
description of the human dimensions of marine life man-
agement, California’s ocean environment, marine law
enforcement, water quality and pollution, and restricted
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access in fisheries. We have also taken advantage of new
technologies to increase the use and effectiveness of
maps, graphs and tables. For ease of use, historical land-
ings statistics have been moved to the end of each appro-
priate chapter rather than being placed in large appendi-
ces. A new glossary of technical terms and acronyms as
well as a fishing gear appendix have been addded.

Compiling a publication like this is a collaborative effort.
The editors were fortunate to be able to recruit top
experts from the California Department of Fish and Game,
other state and federal agencies, universities, and private
industry in the preparation of this report. Each section
has been peer reviewed for accuracy. The author’s name
and affiliation appear at the end of the section they
wrote. When significant portions of the text from the
1992 edition were left intact, the original author is cred-
ited. We want to thank the more that 200 authors and
reviewers who volunteered their time and expertise. We
also greatly appreciate the contributions of many photog-
raphers who allowed us to use their images to greatly
enhance this publication.

All editors participated in the development of the overall
design and layout of the report. Bill Leet served as

the lead editor as he did for the 1992 edition. Rick
Klingbeil served as project manager for the Department of
Fish and Game. Christopher Dewees led the University of
California’s participation. Eric Larson coordinated the
creation of the numerous statistical tables, graphics and
maps found in the report. Principal publication production
assistance was provided through a contract with the
University of California, Davis. Tom Jurach from Repro
Graphics Services and Marianne Post from Creative
Communications Services organized the layout, design,
and publication of the document.

Christopher M. Dewees, Marine Fisheries Specialist, Sea
Grant Extension Program, Wildlife, Fish and Conservation
Department, University of California, Davis

Richard Klingbeil, Program Manager, California Depart-
ment of Fish and Game, Los Alamitos

Eric J. Larson, Senior Marine Biologist, California Depart-
ment of Fish and Game, Belmont

William S. Leet, Senior Editor, Davis
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California’s Variable
Ocean Environment

he habitat of California’s living marine resources is

primarily the California Current system. This huge,
open system is constantly changing in response to weather
systems, seasonal heating and cooling processes, inter-
annual episodes such as El Nifio - La Nifia events, and
longer term or regime scale climatic changes.

Small organisms, and the young of most large ones, are
impacted by the full temporal range of physical processes.
Shorter time scale and local physical processes including
intense wind storms, extended periods of calms, infusions
of freshwater runoff, and shorter term variations in
currents heavily impact the growth, survival, and dis-
tribution of most of these organisms. Short-term varia-
tions in primary production (e.g., diatom blooms) coincide
with upwelling, but the scale of phytoplankton production
relates to the history of water masses and weather
conditions. Seasonal scale fluctuations are so important
to many organisms that their life-cycle is often largely
adapted to the seasonal cycle and their abundance is
often heavily influenced by variations from the seasonal
norm. Longer term events, El Nifilos and regime shifts,
appear to be primarily dependent upon physical processes
that are centered elsewhere in the Pacific and their
effects include alterations in the physical, nutrient, and
biological content of the waters entering the California
Current system. These events also result in alterations in
local physical processes such as currents and upwelling
that control local inputs of nutrients. El Nifio events and
regime shifts have extensive effects on kelp forests and
zooplankton populations.

The adults of larger fishes and other marine vertebrates
are somewhat buffered from the effects of weather

and other short-term physical fluctuations, and extremely
long-lived organisms, such as many of the deep benthic
fishes, may have populations that are nearly independent
of normal short-term environmental fluctuations. Many
of California’s marine fishes have life history adaptations
such as extended spawning seasons, multiple spawnings,
migrations, and extreme longevity that reduce the harm-
ful effects of short-term adverse environmental fluctua-
tions and even limit the effects of El Nifio events at the
population level. In contrast, organisms with shorter life
spans, such as the market squid, that may be only slightly
affected by environmental fluctuations at the shorter
time scales appear to have extreme population declines
during El Nifo events. Decadal or regime scale climatic
fluctuations that alter the basic productivity of the Cal-
ifornia Current system are common, repetitive events
readily observed in paleo-sediment analyses that extend
back several thousand years. They are also clearly evident
in time series analyses of physical factors (i.e., ocean
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temperatures) and indices of biological productivity (i.e.,
zooplankton densities). These longer term events have
been shown to greatly alter populations of the dominant
pelagic fishes of the California Current and it is probable
that they affect the populations of even long-lived benthic
fishes and marine mammals.

A species physiology determines its preferred temperature
range and its lethal temperature tolerances. The surface
and bottom temperatures on the continental shelf off
California make the northern portion of the state good
habitat for sub-arctic and cold-temperate species (salmon,
market crab, and petrale sole) and the southern portion
good habitat for warm temperate and sub-tropical species
(kelp bass, spiny lobster and California halibut). Many

of the most abundant species of the California Current
are transition-zone species that have the center of their
distribution in California (Pacific sardine, Pacific hake,
and northern anchovy). Temperature, like other physical
oceanic factors, is highly variable on seasonal, annual,
and longer time scales and it is the most easily studied.

In addition, temperature is highly dependent upon large-
scale ocean currents and local upwelling; it is therefore

a rough index of the productivity of the lower trophic
levels and an indicator of climatic processes that favor
the colder or the warmer water faunas that occur in
California. Temperature is thus the most commonly cor-
related climatic variable used to determine associations
with biological processes. However, nearly any environ-
mental factor that is associated with variations in the
major currents will also be correlated with biological pro-
cesses and temperature, and we do not know if altera-
tions in currents or the resultant changes in temperature
have the largest effect on biological processes in the
California Current.
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The living marine resources of California evolved in

a dynamic and changing ocean and most populations
undoubtedly fluctuated in response to environmental
alterations long before man exploited them. Many of these
resources are now heavily exploited and those in the near-
shore environment are also impacted by human induced
environmental changes. Some species, such as bocaccio
and lingcod, have been heavily overfished, and their cur-
rent populations are at very low levels. A few very highly
overfished stocks, such as Pacific mackerel and Pacific
sardine, have suffered nearly complete population col-
lapses from which they have recovered after one or more
decades of protection by harvest moratoriums. As dis-
cussed below, there is considerable evidence that regime
shifts exacerbated the effects of fishing and delayed the
effects of the moratoriums.

Fishery and marine resource management is presently in
the middle of a change in philosophy. In the past, our
management has been based on the view that the envi-
ronment can be considered to be constant with only minor
and temporary perturbations which introduce “random
noise” into our population assessments and management
policies. This has resulted in a management system

that has failed to protect exploited populations during
extended periods of adverse environmental conditions.
The information in the following sections indicates that
physical factors and biological productivity in the Califor-
nia Current system are not stationary. It is clear that
variations in these processes must be monitored by our
research programs and built into our management systems
if we expect to maintain healthy and diverse nearshore
and offshore ecosystems.

Climatic Processes, El Nino Events
and Regime Shifts

he California Current, one of the world’s major eastern

boundary currents, has its origin in the mid-latitude
west-wind-drift region of the North Pacific, and it could
be considered an equatorward flowing, surface extension
of the North Pacific Current. The core of the California
Current normally lies about 90 to 130 miles offshore of
the shelf break or continental margin. The fauna and
productivity of the California Current system are heavily
dependent upon the input of cool, low-salinity, high
nutrient and plankton-rich waters from the mid-latitude
North Pacific.

The system also has a sub-surface, poleward current (the
Davidson Current) that is often at a maximum just off-
shore of, and somewhat deeper than, the shelf break. In
the fall, poleward flow often extends to the surface in
the southern portion of the California Current and surface
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poleward flow is not uncommon in the nearshore region
over much of the system. The advection of warm, high
salinity, low-nutrient and plankton-poor water from the
sub-tropics is largely responsible for the warm water flora
and fauna and lower productivity characteristic of the
nearshore region south of Point Conception.

Like other eastern boundary currents, the California Cur-
rent has extensive coastal upwelling that is primarily
driven by spring and summer winds resulting from tem-
perature gradients between the relatively cool sea surface
and the warming continental land mass. Equatorward
winds, offshore Ekman transport, and coastal upwelling
occur nearly all year off of Baja California and the offshore
region of southern California; however, within the South-
ern California Bight wind velocities are lower and offshore
transport is much reduced. Wind velocities and upwelling
are variable but tend to be at a maximum in the spring

to early summer in the region between Point Conception
(34.5°N) and the Oregon border (42°N). The duration and
strength of upwelling-favorable winds diminishes north-
wards. Off the State of Washington (48°N) upwelling is
relatively minor and is largely restricted to the late
spring to early fall; winter storms there result in intense
downwelling events. Downwelling events diminish in both
magnitude and seasonal duration to the south, below
Point Conception they are uncommon and usually of
minor magnitude.

Climatic fluctuations ranging from strong storms to sea-
sonal cycles to El Niflo/La Nifa events to decadal changes
or regime shifts alter the physical, chemical, and biologi-
cal environment of California’s marine waters. Average
monthly sea surface temperatures (SST) in California
waters range from a minimum of about 52°F in February
off northern California to a maximum of about 68°F

in August off southern California. The pattern of sea sur-
face temperatures in the California Current varies from

a clearly latitude dependent situation in the late winter,
with isotherms being nearly east-west in orientation, to
the distinct upwelling pattern of cold water near shore
and warmer water offshore in the late summer. Most of
the area has mild winter SSTs, and cool summer SSTs
caused by the summer upwelling. This results in a very
small seasonal variation in SST, no more than 4to 7° F
during the year. In contrast, the inter-annual variation in
SSTs can be as large as the normal summer/winter differ-
ence; off San Francisco SST is colder during the summer in
cold years than it is during the winter in warm years.

El Nifio/La Nifia Processes

L Nifio is a term that describes large-scale changes in
the atmospheric pressure system, trade winds, and sea
surface temperatures of the entire tropical Pacific that
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occur at approximately three to four-year intervals. The
cold water portion of the cycle is now referred to as La
Nina. This cyclic process has traditionally been measured
by the southern oscillation index (SOI), which is the dif-
ference between the atmospheric pressure at Tahiti (an
approximation of the South Pacific High) and the atmo-
spheric pressure at Darwin, Australia (near the Tropical
Pacific Low). The SOI is therefore a measure of the vari-
ability of the atmospheric circulation in the South Pacific.

The effects of El Nifio events in California include reduced
input of cold, nutrient-rich waters from the north and
increased advection of warm, nutrient-poor water of sub-
tropical and tropical origin into the southern California
area. There may or may not be a reduction in upwelling
favorable winds; however, nutrient input to the surface
waters from upwelling is decreased due to reduced nutri-
ents in the subsurface waters and a depressed ther-
mocline. Thus, during El Ninos the California Current
becomes more sub-tropical, and warm-water organisms
enter the system in greater numbers. During La Nifas the
environment is more sub-arctic and cold water organisms
are favored.

Although California occupies a large geographical area,
surface temperature anomalies on scales greater than a
few weeks are common over the entire region. Time
series of SST from northern, central and southern Califor-
nia are characterized by strong El Nifio events such as
those occurring in 1940, 1958, 1983, 1992, and 1997. In
addition, there are decadal scale events where surface
temperatures are above or below average for extended
periods. Cold periods occurred prior to 1925, from about
1946 to 1956, and from 1962 to 1976. Warm periods
occurred from 1938 to 1945, 1957 to 1961, and from
1977 to 1998. Waters of the Central Pacific, however,
tend to vary in the opposite direction from the California
Current system.

Surface temperature is not necessarily a good indicator
of temperature below the upper mixed layer. In

1972, at the onset of a major El Nino, the surface tem-
perature at Point Conception was the lowest since 1951,
whereas the temperature at 330 feet was among the
warmest recorded.

The 50 year time series of the California Cooperative
Oceanic Fisheries Investigations (CalCOFI) is probably the
world’s best data set for determining the effects of inter-
annual physical variability on zooplankton populations,
the primary food for larger stages of larval and some
adult fishes. As with temperature, strong interannual sig-
nals occur over a very large spatial scale. Anomalies of
zooplankton abundance, 10m temperature, 10m salinity,
and southward transport are highly correlated in time
from southern Baja California to north of San Francisco.
On interannual time scales, zooplankton abundance is pri-
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marily influenced by large-scale variations in flow of the
California Current. Increases in southward transport are
associated with increases in zooplankton production, cold
temperatures, and low salinity (La Nifa events), whereas
decreases in this transport result in unusually low zoo-
plankton biomass, warm temperature, and high salinity (El
Nifo events).

In addition to substantial declines in zooplankton abun-
dance during El Nino events, analysis of the samples taken
during the years 1955 to 1959 showed a large rearrange-
ment of the dominance structure of functional groups

of macrozooplankton. The rank order of abundance for

18 groups, containing an estimated 546 species, changed
over this period. Plankton community structure was sim-
ilar in 1955 to 1957 but underwent an abrupt and
dramatic change coincident with strong El Nifio conditions
in 1958-1959. In addition to changes in zooplankton, other
characteristics of strong El Nifio events include deepening
of thermocline and nitricline by some 165 feet, and redis-
tribution of phytoplankton biomass from the upper layers
of the ocean to a deep chlorophyll maximum. Quarterly
patterns of environmental variables and zooplankton bio-
mass are now reported annually in the State of the Califor-
nia Current in CalCOFI Reports.

Decadal/Regime Scale Processes

During the last decade it has become increasing appar-
ent that longer term decadal to multi-decadal cli-
matic cycles are impacting populations of a wide variety
of marine organisms in the California region, and that

all trophic levels are affected. Analyses of fish scales in
anaerobic sediments have shown that these cycles have
been occurring for thousands of years (i.e., independent
of fishing), and that the most abundant fish stocks have
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fluctuations which occur over an average period of about
60 years. The implications from a number of these paleo-
sediment studies are that large-scale physical processes
are forcing the biological fluctuations. Recent results from
ocean/atmosphere models suggest that decadal climatic
cycles are forced by air/sea interactions in the higher
latitude North Pacific. Observed decadal to multi-decadal
fluctuations in the mid-latitude atmospheric circulation in
the Central Pacific have also been suggested to have phys-
ical and biological effects that appear to affect a large
proportion of the North Pacific basin. A major regime shift
occurred in 1976-1977 and the surface waters of the entire
eastern Pacific Ocean from Mexico to Alaska became
warmer. Since 1976, there has also been an increase in
the frequency, duration and intensity of El Nifio events in
California waters.

The 1976 climatic shift is clearly seen in time series of
California sea surface temperatures. Decadal and regime
shift processes both are evident in a newly proposed
index for the North Pacific, the northern oscillation index
(NOI). This index is analogous to the southern oscillation
index used to describe and predict El Nifios. However,

it is a better measure of the atmospheric circulation in
the North Pacific because it is based on the difference
between the average position of the North Pacific High
(35°N: 130°W) and the Tropical Low near Darwin. When
the three to four year scale El Nifio processes are filtered
out, using a 36-month moving average, the NOI exhibits
the decadal cycles that researchers have predicted and
the widely observed climatic shift that occurred in
1976-1977.

Zooplankton populations also exhibit strong interdecadal
variability. CalCOFI data showed a 70 percent decrease in
the biomass of macrozooplankton associated with warm-
ing of surface layers between 1951 and 1993. Averages
of zooplankton biomass over the initial and final seven-
year periods of this interval were computed for southern
California grid lines . The differences between the two
periods appeared to be uniform in space and at least
twice the standard deviation of the seven-year mean at
each station. Over this time period, lines 80 and 90 sur-
face temperatures warmed by an average 2.2 and 2.8°F,
respectively, but thermal changes at depth were small.
Therefore, the vertical stratification of the thermocline
substantially increased, resulting in a reduction in the
transfer of nutrients to the surface.

Long-term trends in temperature and salinity of the upper
100m, zooplankton biomass, and transport from north to
south through the present day CalCOFI grid indicate that
interdecadal changes apparently have different physical
forcing mechanisms than those associated with El Nino
events. Because the surface layer has become warmer and
fresher, the increase in stratification apparently results
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in reduced displacement of the thermocline and thus a
shoaling of the source of upwelled waters. The effect is

to decrease the fraction of the year when wind stress is
strong enough to lift nutrient-rich waters to the surface
near the coast. Because the increased stratification essen-
tially insulates nutrient-bearing waters from the surface,

a moderate degree of heating can greatly reduce the
surface nutrient supply. These trends appear to be related
to the strengthening of the North Pacific wintertime atmo-
spheric circulation associated with the regime shift that
began in 1976-1977.

Fish eggs and larvae are also sampled in CalCOFI zooplank-
ton collections. Although both total larval fish and zoo-
plankton abundance exhibit substantial interannual vari-
ability, there is no clear relation between the two time
series. There are weak time-lagged correlations when zoo-
plankton leads fish larvae by four to five months in three
of four regions of the California Current, which would

be expected if poor nutrition of adult fish has affected
their reproductive success. Although zooplankton is well
correlated with temperature, salinity, and transport, total
fish larvae are poorly related to these physical param-
eters. Nor are larval fish clearly related to anomalies in
longshore winds, the basis of coastal upwelling. Analyses
of both larval fish and zooplankton data suffer from the
obvious complications of lumping large numbers of taxa;
studies of individual species may offer better oppor-
tunities of relating oceanographic variability to recruit-
ment success. For example, there are inverse trends for
northern anchovy and Pacific sardine spawning biomass
and larval standing crop; the declines for anchovy and
increases for sardines took place during a period of declin-
ing zooplankton abundance and warming temperatures
associated with the regime shift. Clearly fishes are long-
lived organisms with complicated life histories; mortality
in poorly assessed stages such as juveniles may account
for the poor relationships between physical parameters,
larval abundance, and adult stocks.

Implications for Nearshore Ecosystems

he flora and fauna of California’s nearshore communi-
ties are strongly affected by interannual variability in
the physical environment including both El Nifo-Southern
Oscillation events and the regime shift that began in
1976-1977. Furthermore, large wave events in this region
are highly correlated with strong El Nifo events, so
these two forms of disturbance often co-occur. Thus,
in the southern and central regions of the state there
has been considerable interdecadal-scale wave variability,
with greatly increasing numbers of episodes with signifi-
cant wave heights greater than 12 feet in recent years.
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The most dramatic benthic effects of El Nifio events are
on kelp forests, ecosystems organized around the struc-
ture and productivity provided by giant kelp (Macrocystis)
and bull kelp (Nereocystis). The two-fold effects include
extreme winter storm waves, which may decimate kelp
populations along the entire exposed coast, and anom-
alously-warm, nutrient-depleted waters, whose effects
increase in severity with decreasing latitude. With their
high growth rate, southern California Macrocystis popula-
tions depend on nutrients supplied by upwelling or inter-
nal waves. When these sources are rendered ineffective
by depression of the thermocline, growth ceases, tissue
decay leads to the loss of the surface canopy, and consid-
erable mortality may follow. Kelp forests from the warm-
est regions of the state, Orange County south along the
mainland and the southeastern Channel Islands, suffer
massive losses. Further to the north, the addition of the
El Nifio temperature anomaly to normal summer-fall tem-
peratures apparently maintains the environment within
the range of suitability (i.e., nutrients did not become
limiting), although growth may be reduced.

Sea surface temperature is the best predictor of kelp
harvest and areal extent. The increase in mean SST since
the 1976-1977 regime shift has been associated with large
decreases in the size of Macrocystis plants as measured by
number of stipes per individual. Furthermore, this secular
increase in SSTs means that each El Nifio event is adding
to a higher temperature base; thus, successive events are
characterized by increasingly severe temperature anom-
alies. Poor conditions for Macrocystis growth are associ-
ated with enhanced understory algae and reduced drift
kelp production.

Aerial surveys illustrate huge variability in Macrocystis
surface canopies in the Southern California Bight. The
effects of the 1983 and 1998 El Nifio winter storms are
apparent in all areas, but the speed of kelp recovery
varies with location. Cooler areas such as San Miguel
Island recovered from the storms very quickly and had
minimal impacts from the warm, nutrient-depleted waters
that followed. In contrast, many of the Macrocystis popu-
lations on the coastline between Santa Barbara and Point
Conception, which were largely set in sand, were devas-
tated by the storms of the early 1980s and have not recov-
ered. The 1988-1989 La Nifa provided excellent growth
conditions after a severe storm largely removed existing
giant kelp populations in many areas; this combination led
to peaks in kelp canopy biomass in the southeastern part
of the bight in 1990.

While effects of El Nifio and regime shifts on the kelps
are relatively well known, the implications for higher tro-
phic levels and community structure are only beginning
to be understood. The effects of storms, warm, nutri-
ent-depleted waters, and anomalous current patterns all
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appear to be important. Drift kelp is the primary food for
sea urchins and abalones. With up to 60 percent of the
biomass of a healthy Macrocystis forest in its canopy, the
loss of the canopy and varying degrees of mortality of
adult plants have huge effects on drift availability. With
reduced food supplies, urchin gonad production is very
low, often to the point of making processing uneconomi-
cal; because the product is the gonads. Many processors
closed during the 1982-1984 El Nifio, for example. Abalone
reproduction and recruitment are also affected, leading
to large gaps in size-frequency distributions. The loss

of drift food may trigger destructive grazing by sea
urchins, transforming kelp forests to barren grounds with
cascading implications for other organisms in this com-
munity. Anomalously warm waters are also associated with
disease outbreaks, especially for sea urchins, sea stars,
and abalones.

Reductions in Macrocystis populations have critical impli-
cations for fishes dependent on giant kelp for foraging
habitat and refuge from predators. Recruitment of young-
of-the-year kelp bass is dependent on Macrocystis density.
The presence of giant kelp has a positive effect on the
recruitment of other rocky inshore fishes such as kelp
rockfish, giant kelpfish, kelp surfperch, pile surfperch, and
black surfperch. On the other hand, the striped surfperch,
which feeds in foliose red algae, is adversely affected by
the presence of Macrocystis because of the strong nega-
tive relationship between giant kelp and foliose algae.
Thus, the structure of a kelp forest has significant effects
on the species composition and local density of the fish
assemblage, and that structure is strongly affected by
ocean climate.

With greatly increased transport from the south, northern
range extensions of subtropical, migratory species and
larvae are very characteristic of El Nifio events. Most
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migratory species are pelagic, but pelagic red crabs are
conspicuous nearshore visitors. Spiny lobsters and sheep-
head, two important predators of sea urchins in the South-
ern California Bight, both have their centers of distribu-
tion off Baja California and recruit heavily to southern
California (and sheephead as far north as Monterey) during
strong El Nifio events. Conversely, La Nifa events with
enhanced transport from the north result in increased
recruitment of cool water fishes such as blue rockfish in
southern California.

Observations of shallow water reef fish assemblages in
the Southern California Bight from 1974 to 1993 indicate
substantial changes in species composition and productiv-
ity that appear to relate to the increased frequency of

El Nifio events and the regime shift. At two sites off Los
Angeles, species diversity fell 15 to 25 percent and the
composition shifted from dominance by northern to south-
ern species by 1990. By 1993, 95 percent of all species
had declined in abundance by an average of 69 percent.
Similar declines of surfperch populations off Santa Cruz
Island were linked to declines of their crustacean prey
and biomass of understory algae where the fish foraged.
Recruitment of young-of-the-year at the three sites fell

by over 90 percent, and the decline was highly correlated
with the decrease in macrozooplankton abundance in the
CalCOFI data. These changes in population abundances
and trophic structure were apparently caused by lower
productivity associated with the regime shift of 1976-1977.

Statistics from the commercial passenger fishing vessel
rockfish fishery of southern California for the period 1980
to 1996 illustrate a substantial decline in catch-per-unit
effort. Three species abundant in 1980 were absent by
1996. Catch of others such as bocaccio declined as much
as 98 percent. On average, mean length declined due to
the removal of larger size classes, and in the case of

the vermilion rockfish, the take changed from primarily
adults to almost entirely juveniles. On some trips, the
catch now mostly consists of dwarf or small species of
Sebastes. Such population declines probably result from
poor long-term juvenile recruitment caused by adverse
oceanographic conditions combined with overfishing of
adults and sub-adults. This combination results in recruit-
ment overfishing that reduces spawning stocks to levels
too low to ensure adequate production of young fish for
future fishing.

Dramatic effects on fish assemblages are reported in cen-
tral California as well, where El Nino events are asso-
ciated with improved recruitment of southern species,
recruitment failures of rockfishes, and poor growth and
condition of adult rockfishes. In addition to sheephead,
blacksmith and bluebanded goby are southern species that
were observed near Monterey. Reproductive success of
many species of central California rockfish appears to be
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sensitive to El Niflo conditions, because it was poor during
1983 and 1992. Poleward advection, downwelling, delayed
and reduced phytoplankton blooms, and low zooplankton
abundance appear to be important factors in reproductive
failure during these periods. Modeling has demonstrated
that fishery management practices can exacerbate El Nifio
effects if harvest is not decreased in response to the
environmentally induced decrease in biomass.

In northern California, where the red sea urchin fishery

is limited by poor recruitment, there has been strong
interest in understanding the role of oceanographic vari-
ability on the temporal and spatial patterns of settlement.
Recent studies have shown increased settlement in some
sites during both the 1992-1993 and 1997 El Ninos, but

the sampling periods were short and settlement was not
consistent among areas. Regional patterns of circulation
in northern California and the delivery of larvae to the
coast during upwelling relaxation are the best explanation
for the observed pattern of recent recruitment for several
invertebrate species. Understanding the role of larger
scale processes will require longer time series.

Implications for the Offshore Ecosystem

Caliform’a’s marine fauna and flora are principally com-
ponents of the subarctic, transition, and central (or
subtropical) zones. Subarctic species are more common
off northern California and subtropical species more abun-
dant off southern California. With the exception of marine
mammals, birds, and a very few fishes (tunas), marine
organisms are cold blooded. They are therefore highly
affected by temperature, making water temperature one
of the most significant physical factors that marine organ-
isms have to cope with. In fact, the most obvious effect
of climatic variation in the California offshore ecosystem
is the appearance of tropical species such as tunas and
pelagic red crabs in association with El Nifio events. As
mentioned earlier, variations in the major current pat-
terns greatly influence fluctuations in ocean temperatures.

Wind driven upwelling also alters temperature and trans-
port patterns. In the California current, the most obvious
consequence is the nearshore core of cold upwelled water
that is at a peak in the Cape Mendocino region in the
summer. Nearshore species that have pelagic eggs are
highly susceptible to the offshore loss of their early life
history stages by wind-driven surface transport. Many spe-
cies are therefore unable to reproduce successfully in

the region between Point Conception and Cape Blanco,
Oregon (about 35-43°N), where upwelling and offshore
transport are at a maximum. Many of the important spe-
cies that are permanent residents of this region have
reproductive adaptations that reduce the offshore disper-
sion of reproductive products. These include bearing live
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young (rockfishes and surfperches), demersal spawning
(herring, lingcod and many littoral species), anadromous
spawning (salmonids and true smelts), and late winter
spawning (Dover sole, sablefish and most rockfishes) to
avoid the intense upwelling season (late spring to early
summer). The most abundant California Current fishes
have pelagic eggs and larvae and these fishes have exten-
sive spawning and feeding migrations (Pacific hake, Pacific
sardine, Pacific mackerel, and jack mackerel). The adults
of these stocks feed in the more northern portions of the
region during the summer and fall, and then return to the
area near, or to the south of Point Conception to spawn in
the late winter and early spring.

El Nifio - La Nina Fluctuations

he most obvious biological effect of El Nifio Southern

Oscillation events is that environmental factors, espe-
cially temperature, affect the behavior and distribution of
larger marine organisms. These effects are most marked
in the adults of pelagic, migratory, or nomadic species
that are able to greatly expand or contract their ranges
by actively moving among regions with seasonal cycles or
other climatic fluctuations such as El Nifo events. South-
ern species that have the center of their distribution south
of California such as bonito, barracuda, white sea bass,
and swordfish normally move into southern and central
California during the late summer and fall. Both these
fishes and tropical fishes such as yellowtail, skipjack, and
yellowfin tuna move into southern California in larger
numbers during El Ninos. Major El Nifo events also cause
extended migrations of Pacific sardine, jack mackerel, and
Pacific mackerel to as far north as Alaska. This migratory
response to warmer surface temperatures is primarily
behavioral and it may or may not be associated with
increased population size of the individual species.

Sub-tropical species with limited swimming ability, such
as pelagic red crabs and smaller zooplankton species,
often occur in dense concentrations off of California, sug-
gesting that advection also plays a significant role in com-
munity structure during El Nifio events. El Nifios are known
to alter the population levels of zooplankton and other
animals with short life spans. The market squid, which
normally lives for no more than one year, appears to be
heavily impacted by El Nifos and the California fishery for
this species has suffered near total collapse in major El
Nifo years. Population effects on longer-lived animals are
likely, but population time series are lacking for most spe-
cies. El Nifios and other warm water events can result in
decreased growth rates and reproductive output in fishes,
and decreased size at maturity in market squid.
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With the exception of the salmons, the colder water fishes
are much less likely to make seasonal migrations. Most of
the California groundfish and nearshore fishes make very
limited geographical movements, other than the larval
drift that occurs during their planktonic early life history
stages. Once they settle in good habitat, individuals of
these species tend to remain in relatively small areas. La
Nifna events therefore are not remarkable in the appear-
ance of large numbers of the adults of cold water species
moving down from Alaska and Canada. However, they may
result in increased recruitment at the southern edges of
the range of colder water species.

Regime Scale Climatic Variations

onger-term climatic processes appear to be forced by

factors outside of the California Current region. Early
studies showed that sea surface temperatures are out
of phase off of California and Japan. The dominant
pelagic fishes of the California, Japan, and Peru/Chile
regions have been shown to have strikingly similar popula-
tion fluctuations, and paleo-sediment studies in both the
California Current and the Peru Current suggest that
regime scale climatic changes have been occurring for
thousands of years. Salmon production in the Pacific
Northwest (chinook and coho) has recently been related
to interdecadal climatic patterns in the North Pacific and
it is out of phase with production of pink and sockeye
salmon in Alaska.

In contrast with short term La Nina events, cold water
organisms are able to extend their populations into the
southern portion of the state during extended cold peri-
ods. Many rockfishes that have the center of their distribu-
tion in the subarctic zone exhibit this pattern. The reverse
pattern occurs in subtropical fishes. Some transition zone
pelagic species move as far north as southern Alaska
during very warm years but essentially abandon the area
north of California during extended cold periods.

The California Current has recently been in its longest
recorded period of warm water. During the last two
decades, there have been marked population declines in
a number of cold water species (salmon, lingcod, and
rockfishes) and several stocks are now threatened or
endangered. In contrast, several transition zone fishes
that spawn off southern California and migrate to feeding
grounds between northern California and Canada experi-
enced large population increases following the shift to
warm water conditions (Pacific sardine, Pacific mackerel
and Pacific hake). It is clear that physical climatic factors
may be as important as fishing in regulating the productiv-
ity of some exploited species.
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Conclusions

he organisms of the California Current are adapted to

an environment that varies on scales from local and
short term to very large scale and multidecadal. Growth,
reproduction, and larval survival may be depressed for
variable periods during short-term adverse environmental
conditions, but most adults of larger species survive. The
addition of decades of intense fishing pressure onto long
term climate disturbances such as those experienced since
the 1976-1977 regime shift, however, makes population
decline almost inevitable for species adversely affected
by the changed environment. The challenge facing fishery
managers is how to respond on time scales that will
protect spawning stocks during periods of poor reproduc-
tion. One approach is to significantly decrease fishing
effort on existing, heavily pressured stocks to create a
buffer for hard times. El Nifio events are being predicted
with increasing skill; if fishing effort on sensitive species
could be sharply curtailed in favor of species that thrive
under warm conditions, the negative effects of these
climatic events could be reduced. Another approach is to
establish marine protected areas large enough to ensure
surviving populations in every region. If some rockfish
stocks had been protected in southern California during
the present regime shift, for example, recovery during
cold water periods would be far faster than the present
situation that will largely depend on recruitment from
depressed central California populations.

Too much of our fisheries management has been based
on the assumption that environmental variability is not
important. With 20/20 hindsight and the increasing pros-
pects of human impacts on climate, we know that this
cannot continue. It is clear that over the next decade

a major research effort will have to be made to better
understand the climatic connection and that fishery man-
agement will have to consider policies to reduce exploi-
tation rates when species are impacted by adverse
climatic factors.

Richard R. Parrish
National Marine Fisheries Service

Mia J. Tegner
University of California Scripps Institution of Oceanography
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The Status of Habitats
and Water Quality in
California’s Coastal
and Marine
Environment

Importance of Healthy Waters and
Habitats to Marine Life

lean water is essential to a healthy coastal and marine

environment. Seventy-five percent of all commercial
fish in the United States depend on estuaries and associ-
ated coastal wetlands for some portion of their life-cycle.
Unfortunately, these are probably the most threatened of
all habitats in California today.

Because pollution impairs the breeding grounds for many
species of sea life, it is a substantial contributing factor
to declines in these species. Impacts to coastal-depen-
dent species include declines in the species’ populations,
reproductive problems, birth defects, behavioral changes,
and increased susceptibility to disease. For example, ill-
nesses and deaths of sea otters and other marine mam-
mals from viruses, many of which had had little effect

on the animals only a few years ago, are on the rise

in California. Studies indicate that coastal pollution may
be a significant factor in these increased illnesses and
deaths, possibly due to its negative impacts on immune
systems responses.

Pollution can come from direct discharges (“point
sources”) and runoff from land-based activities (“non-
point source pollution”). Plumes of contaminated runoff
can float on top of the heavier seawater and have been
shown to extend 25 or more miles offshore. Nutrient pol-
lution, such as from farms, can create toxic algal blooms,
or “red tides,” in marine waters. One 1998 toxic algal
bloom produced domoic acid, a harmful biotoxin that
affects the nervous system in animals and humans. This
algal bloom resulted in the death of more than 50 Cali-
fornia sea lions along California’s central coast. Inland,
nonpoint source pollution from logging and other activi-
ties impair critical habitats for marine life, including north
coast streams essential to threatened and endangered
species such as Pacific Coast coho salmon.

The health, safety, and welfare of California residents
who use marine resources similarly depends upon clean
coastal and ocean waters. Eighty percent of Californians
live within 30 miles of the coast. Industries such as
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fishing and tourism that depend on a healthy coast and
ocean contribute more than 17 billion dollars to the
state’s economy every year, and provide 370,000 jobs to
California’s citizens.

Health of Coastal and Marine Water
Quality and Habitats

Monitoring and Assessment Information

ood water quality and healthy aquatic habitats

depend upon the activities that occur nearby. Land
use practices, population densities, point and nonpoint
source discharges, agriculture, urbanization, industry, and
recreation all influence the water quality and habitat of
a specific locality or region. To determine the nature and
extent of impacts that these activities have on water
quality and habitat, monitoring and assessment programs
are conducted at the state, federal, and local levels.
The state’s Bay Protection and Toxic Cleanup Program
and Mussel Watch Program, the San Francisco Bay
Regional Monitoring Program, the Southern California
Bight Regional Study, and the National Oceanographic and
Atmospheric Administration’s Status, and Trends Program
are but a few examples of the many programs underway in
California. Monitoring and assessment information is used
to determine compliance with state and federal statutes
such as the federal Clean Water Act and the state’s Porter-
Cologne Water Quality Control Act, as well as with permit
regulations and water quality standards protecting marine
resources and their habitats.

Though monitoring efforts in the state are limited and
can be much improved, some conclusions can be drawn
about the health of certain state’s waters. For example,
existing data indicate that uses of 100 percent of the
state’s surveyed tidal wetlands, 71 percent of surveyed
bays and harbors, 91 percent of surveyed estuaries, 78
percent of surveyed freshwater wetlands, 71 percent

of surveyed lakes and reservoirs, and 81 percent of sur-
veyed rivers and streams are impaired or threatened in
some way by water pollution. Examples of uses that are
being impaired or threatened by pollution include drinking
water, fish consumption, aquatic life support, swimming,
and aquaculture. It should be noted that these figures are
only for those waters that are monitored, which may over-
represent the more contaminated waters in the state. On
the other hand, a recent federal report indicates that the
number of impaired waters is likely much higher than that
currently recorded.

The state’s latest report on water quality generally
describes the major water pollution concerns along the
California coast. In the north coast region, nonpoint
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source pollution from logging and agriculture pose the
most significant problems. In the San Francisco Bay area,
point source discharges from petroleum refineries and
cities along the bay, and nonpoint source runoff from
Marin County dairies and farms in the Central Valley and
Napa County, cause coastal pollution problems. Along the
central coast, agriculture creates the most significant pol-
lution problems. Along the densely populated southern
California coast, storm-water pollution is a major problem,
though agricultural runoff and sewage discharges also are
important pollution sources.

States are required to identify water bodies within the
state’s jurisdiction that do not meet water quality stan-
dards. To this end, the State Water Resources Control
Board, in conjunction with the state’s nine Regional
Water Quality Control Boards, has used monitoring data
to develop a list of impaired water bodies for the State

of California. A water body can be listed as impaired for
any number of chemical constituents or conditions such
as nutrients, heavy metals, petroleum products, sediment
toxicity, bacteria, pesticides, polynuclear aromatic hydro-
carbons (PAHs), polychlorinated biphenyls (PCBs), etc.
California has over 500 water bodies that are "impaired,”
that is, they are not meeting water quality standards
under current regulations; many of these are coastal.

Waters from the Oregon border to north of San Francisco
Bay are listed as “impaired” primarily because of sedi-
ments. There are, however, some northern embayments,
(e.g., Humboldt Bay and Tomales Bay) that have been
identified as impaired by other assorted constituents such
as heavy metals and nutrients. southern California, with
a substantially higher number of impaired coastal waters,
bays, and estuaries, faces problems from a much wider
variety of sources and contaminants, with urban runoff
playing a prominent role. A southern California example is
Santa Monica Bay, which has been listed as impaired for
several heavy metals, marine debris, sediment toxicity,
chlordane, DDT, PAHs, and PCBs. San Pablo Bay, located
in the northern San Francisco area, has been identified as
impaired for several heavy metals, exotic species, diazi-
non, PCBs, chlordane, DDT, dieldren, dioxin, and furan
compounds. In central California, Morro Bay is impaired
because of heavy metals, sedimentation/siltation, and
pathogens. San Diego Bay has been listed for copper, sedi-
ment toxicity, and benthic community effects; and Lower
Newport Bay for a variety of pesticides, metals, nutrients
and pathogens. In many of these areas, degraded subtidal
and intertidal habitat has also been identified.

The coastal waters of California have been utilized for
waste disposal for many years. Ocean outfalls for the
discharge of treated sewage, power plant cooling waters,
and various industrial discharges are common throughout
the state. Add to this the substantial volumes of nonpoint
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source discharges and it becomes readily apparent that
impacts to marine and estuarine resources are inevitable.

Some improvements, however, have been realized over
the years as a result of additional controls and require-
ments applied to point source discharges, and due to
phase out of particularly toxic chemicals. For example, a
recent study reports that concentrations of DDT and PCBs
in livers of bottom fish collected throughout the southern
California coastal shelf are at concentrations 95 percent
lower than 20 years ago, though health advisories still
exist for these constituents. The major challenge remain-
ing is the control of nonpoint source pollution.

Data Limitations/Gaps

Existing water quality and habitat data are not as com-
plete or comprehensive as needed to assess the overall
health of marine ecosystems. California does not yet have
a system to comprehensively monitor water quality in the
inland watershed, enclosed waters, or nearshore ocean
zones, and the vast majority of California’s waterways

and small estuarine systems are not monitored by the
state on a regular basis. For example, over 90 percent

of California’s rivers and streams and about half of the
state’s coastal shoreline are simply never monitored by
the state. Sediment and water quality assessment pro-
grams such as the statewide Mussel Watch Program, Bay
Protection and Toxics Cleanup Program and the San Fran-
cisco Bay Regional Monitoring Program, all need to be con-
tinued and expanded. These programs have, over recent
years, supplied critical data on the health of the coastal,
bay, and estuarine waters of the state. However, years of
funding cuts have left the health of much of California’s
waters unknown.

Programs that will collect data on contaminants and
marine life populations, as well as pollutant source identi-
fication, are necessary to ensure that adequate informa-
tion is available to make sound regulatory and man-
agement decisions regarding water quality issues. In addi-
tion, a statewide baseline inventory of various habitats
such as rocky intertidal, subtidal, kelp beds, rock reef,
beach areas, mudflats, and subtidal vegetation is critical
to make sound scientifically-based resource management
decisions. Additional information also needs to be gath-
ered on marine and estuarine habitat restoration and
enhancement opportunities.

In 1999, the Legislature passed a law that required the
State Board to prepare a comprehensive, statewide sur-
face water quality monitoring program by November 2000.
This will serve as the blueprint for much-needed improve-
ments in coastal water quality monitoring.
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Sources of Impairment of Water Quality
and Habitats

Point Source Discharges

oint source discharges are generally those that have a

discrete, identifiable source, such as a pipe carrying
treated waste from a pulp mill or a sewage treatment
plant. Point sources also include municipal, industrial,
and construction storm water discharges and offshore oil
well platforms.

Point source discharges into the marine environment con-
tain a variety of contaminants. They include suspended
and dissolved solids, heated water, petroleum hydro-
carbons, heavy metals, nutrients, pesticides, chlorine,
brines, fresh water, and oil and grease. All discharges into
the marine or estuarine environment are required to be in
compliance with provisions of the State Water Resources
Control Board’s California Ocean Plan or the respective
Basin Plans developed by the Regional Water Quality Con-
trol Boards. Conditions on permitted discharges are sup-
posed to be set so that discharge of pollutants will not be
deleterious to fish, wildlife and other resources.

Point source discharges to marine waters of the state

are substantial both in volume and pollutant load. Many
millions of gallons of treated effluent from sewage treat-
ment plants, cooling water discharges from power plants,
storm water, and other point sources flow into marine and
estuarine waters every day.

Historically, there have been many discharges of pollut-
ants that, although discontinued, continue to have adverse
impacts upon the environment. For example, in the 1960s
and 1970s, regional industrial facilities discharged DDT
and PCBs into what is now the County of Los Angeles Joint
Water Pollution Control Plant, which discharged these
toxins directly into the Pacific Ocean at the Palos Verdes
shelf. Today, the discharge area is identified as a U.S. EPA
superfund site and is undergoing extensive evaluation and
remediation planning.

One of today’s foremost issues with respect to ongoing
coastal water quality and habitat impacts is storm-water
discharge. Although storm water discharges are regulated
by National Pollution Discharge Elimination System
(NPDES) permits, the current contribution of pollutant
load by this source to waters of the state is staggering. In
the National Water Quality Inventory: 1998 Report to Con-
gress, U.S. EPA found that urban runoff and storm sewers
are the leading source of pollution in coastal waters.
Urban runoff and storm water discharges include pollut-
ants such as heavy metals, pesticides, salts, sediments,
trash, debris, nutrients, bacteria, petroleum products,
and sewage overflows. This problem is heightened in the
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City of San Francisco, which is one of the few major cities
left in the nation that has a combined storm water and
sewage system. This aging system frequently overloads
during heavy storm events and discharges raw sewage to
the Pacific Ocean.

Sewage treatment plants discharging into the marine envi-
ronment are another significant pollution source. The dis-
charges for those plants that provide secondary treatment
to the waste stream contain low levels of heavy metals,
pesticides, nutrients, and high volumes of fresh water.
Some heavy metals, though discharged at low levels, bio-
accumulate up the food chain. These have the potential
to alter body burdens in fish and other marine life feeding
in the vicinity of the discharge pipe. While levels at the
end of the pipe in the water column may be considered
relatively insignificant, over the reproductive life of the
affected marine organisms, effects may be significant.
This is particularly true in areas where discharges receive
only primary treatment to remove solids. For example,
San Diego uses only “advanced primary” treatment for the
city’s sewage, which it then deposits into the ocean.

Point source discharges lead to a variety of impacts. Beach
closures, degraded bay and estuarine habitats, increased
levels of contaminants in marine sediments, bioaccumula-
tion of pollutants in the tissues of marine organisms,
degraded benthic communities, loss of kelp beds, and
sediment toxicity are some of the more notable impacts
identified. Beaches are posted or closed for thousands

of beach days each year due to point source discharges
from combined sewer overflows and storm water. Non-
point source pollution, which is not confined to a discrete
and easily regulated source, plays an even greater role in
water pollution and habitat degradation in California.

Nonpoint Source Discharges

onpoint source pollution occurs when water from rain-

fall, snowmelt, floods, or irrigation runs over land
or through the ground, picks up pollutants, and deposits
them into rivers, lakes, bays, estuaries, nearshore coastal
waters or groundwater. In California, nonpoint source
discharges have been categorized into eight large group-
ings: agricultural, urban, silviculture, marinas and boat-
ing, grazing, mine drainage, on-site sewage treatment
systems, and hydromodification.

According to the U.S. EPA, agriculture is the leading con-
tributor nationwide to water quality impairments, degrad-
ing most of the impaired river miles and lake acreage
surveyed by states, territories, and tribes. By contrast,
runoff from urban areas is the largest source of

water quality impairments to surveyed estuaries. The
most common nonpoint source pollutants are sediments
and nutrients.
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Some examples of impacts from nonpoint source pollution
in central California include agricultural runoff releases
of DDT into the Salinas River Lagoon and Monterey Bay
National Marine Sanctuary at levels that have been dem-
onstrated to be deleterious to aquatic life; and severe
oxygen depletion and eutrophication, as well as shellfish
contamination, in Tomales and Bodega bays and their
tributaries due to nutrients from dairy runoff. Data from
the National Shellfish Register document that in 1995 (the
most recent year reported) shellfish harvesting was pro-
hibited for 9,000 out of 24,000 acres of harvesting areas in
California due to water quality concerns. Coastal nonpoint
source pollution, including both urban and agricultural
runoff, also contributes to the thousands of days of beach
closures and postings in the state each year.

Alteration of water flow (hydromodification) and channel
erosion are two nonpoint source pollution categories
that have been linked to the decline of anadromous fish-
eries (e.g., chinook salmon), especially in habitat areas
where spawning success is determined. The increased
sedimentation, siltation, and turbidity resulting from
these pollution sources lead to habitat loss and modifica-
tion. These impacts may then adversely affect species
population numbers.

Harbors and marinas provide their share of nonpoint
source pollutants including oily bilge water, detergents
from the washing of decks and hulls, runoff from shipyards
with paint flakes containing heavy metals and organotins,
and dish detergent and occasionally sewage material from
live-aboards. Marinas and harbors also can add a sig-
nificant sediment plume to local waters during dredging
activities for channel and basin depth maintenance, as
well as associated pollutant and sediment loads from the
dumping of these dredged materials into coastal waters.

Spills

Oil Spills

f all deleterious materials spilled into the marine

environment, crude oil and refined petroleum prod-
ucts are the most common. Oil enters state waters from
many sources, such as storm drains and runoff from road-
ways, as well as medium-to-large oil spills. Oil spills come
in many forms, from the discharge of oily bilge water by
tens of thousands of boats plying the waters of California,
to breakage in oil pipelines due to earthquakes or age.
From 1991 to 1998, “significant” oil spills released at least
18,650 barrels of oil into California’s coastal waters. Data
complied by U.S. EPA of significant California spills from
1971 to February 2000 record 627,415 barrels of oil spilled
that resulted in identified environmental damage. The
actual number of spills and amount of damage is likely
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much higher, but current resource limitations make full
detection impossible.

In nearly all cases, wildlife are injured or even killed by
contact with oil. Aquatic birds, shorebirds, and marine
mammals, particularly sea otters, are the sea life most
visibly affected. However, birds collected at an oil spill
site often may die with no external signs of oil contact
because they have ingested oil while cleaning it off their
feathers. Once ingested, the oil is almost always fatal to
the birds. Impacts to fish and other aquatic organisms are
not often observed because the affected organisms sink
out of sight.

The use of oil dispersants to prevent an oil slick from
coming ashore generally serves to break up the spill’s
integrity. However, they allow the oil to remain emulsified
in the water column, and add dangerous chemicals that
may adversely affect water column communities below
the surface. Oil spills that do come ashore impact coastal
and marine wildlife as well as valuable rocky intertidal,
sand beach, and coastal wetlands habitats.

In 1991, the California Department of Fish and Game cre-
ated the Office of Spill Prevention and Response (OSPR)
to implement legislation to address oil pollution issues in
the marine environment. In 1997 (last year for available
data), 767 marine oil spills were reported to OSPR. Again,
these are only reported spills; the actual amount of oil
discharged into coastal waters is likely far higher than
reported. For example, these figures do not include the
8.5 to 20 million gallons of diluent released over many
years at the Unocal/Guadalupe oil field near the City of
San Luis Obispo.

Other Spills

Sewage spills are the most common of non-oil related
spills. Effects can range from minimal losses to thou-
sands of fish and other marine animals killed or impaired.
A recent sewage spill into the Salinas River resulted in

a portion of the river becoming completely depleted of
oxygen and in the loss of hundreds of fishes, including
steelhead trout (a federally listed species). Sewage spills
also have the potential to release harmful chemicals into
the environment, as the sewage has not reached the treat-
ment plant where these chemicals normally are removed
or reduced to non-toxic levels prior to discharge. Sewage
spills are a significant source of beach closings and health
advisories each year.

Even some chemical compounds commonly thought to be
non-toxic can have an adverse effect on wildlife when
spilled into an aquatic environment. For example, the
release of 2,300 gallons of vegetable oil into Monterey Bay
in 1997 impacted a variety of birds species. Among other
things, birds were poisoned through ingestion of the oil,
and oil on feathers made the birds less buoyant and more
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susceptible to hypothermia. Several hundred birds died,
while hundreds more were rehabilitated and released.

Dredging and Disposal of
Dredged Material

Dredging is the deepening or enlargement of a naviga-
tional channel, harbor/marina basin, or berthing area.
Construction of new channels, basins, or berthing areas
involves the removal of previously undisturbed sediment,
while “maintenance dredging” removes accumulated sedi-
ment from previously dredged areas. Maintenance dredg-
ing also occurs at the mouths of coastal lagoons, creeks,
and rivers where accumulated sediment is removed to
keep the system open to the ocean.

At the ports of San Francisco, Oakland, Los Angeles, Long
Beach, and San Diego, increasing global economic pres-
sures have resulted in the need for larger, deeper draft
ships to transport cargo. This has led to a demand

for new construction dredging to widen and deepen
channels, turning basins, berths, and slips to accommo-
date the larger vessels. Maintenance dredging has simi-
larly increased. More often, dredging activities are permit-
ted for annual or multiannual maintenance of previously
dredged areas. Although infrequent, dredging activities
are increasingly being used for wetland restoration and
enhancement projects such as the dredging of Batiquitos
Lagoon in San Diego County, the Port of Los Angeles’
shallow water habitat, and the Port of Oakland’s middle
harbor enhancement area.

The selection of a disposal site for dredged sediments is
dependent upon the physical and chemical characteristics
of the material to be placed. Physically and chemically
suitable material (i.e., appropriate grain size and minimal
contamination) may be disposed of at unconfined, open-
water disposal sites authorized by the U.S. EPA and U.S.
Army Corps of Engineers, such as the deep-ocean disposal
site near the Farallon Islands off San Francisco.

In some instances, clean material may be beneficially
reused for structural fill, wetland construction and resto-
ration, habitat improvement and enhancement, capping
material for sites with contaminated sediments, or for
beach nourishment. Dredge material has been used in Los
Angeles Harbor to regain acreage of shallow water habitat
historically lost to past dredge and fill projects. In the Los
Angeles Harbor project, clean dredge material was used
to cap contaminated sediments. A recent Port of Oakland
channel deepening project resulted in the creation of the
Sonoma Baylands, a more than 300-acre tidal wetland res-
toration project located in Sonoma County. In San Diego
Bay, the Navy has proposed a 30-acre shallow water hab-
itat site to be built with dredge material from their
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homeporting project. Upland or aquatic disposal for ben-
eficial reuse is encouraged throughout the state to mini-
mize open-water unconfined disposal at authorized in-bay
(e.g., San Francisco Bay), nearshore (e.g., Moss Landing) or
ocean (e.g., Los Angeles, San Diego, Eureka, etc.) disposal
sites. Dredged material that is physically suitable, but

is chemically unsuitable for aquatic disposal because of
elevated levels of certain contaminants, may be used

as fill, or in certain wetland construction and habitat
improvement projects, provided the contaminated materi-
als are confined (e.g., parking lots, container piers, etc.).

Beach nourishment is one of the more common reuses

of clean dredge material from routine dredging projects.
Compatible material, which matches the receiving beach
in grain size and quality, is usually pumped directly onto
the beach and then spread by use of heavy equipment, or
directly placed in the nearshore environment where it will
be transported onshore through natural littoral processes.
Large-scale beach nourishment projects, using material
from offshore borrow areas, are currently being planned
for southern California, particularly in San Diego County.

Dredging activities can cause significant negative impacts
to marine life, including a direct loss of benthic habitat,
as well as potential loss or injury to slow moving or immo-
bile benthic species such as polychaete worms, crabs,
seastars, clams, and bottom-dwelling fishes. Studies have
shown that benthic invertebrate species can re-colonize in
the dredged area as early as six months after a dredging
project has been completed. However, this type of recov-
ery can be delayed indefinitely if there is repeated dredg-
ing activity. Depending on the scale of dredging, there
also could be a loss of marine plants such as eelgrass.

In addition to the direct loss of habitat and associated
infauna and epifauna, dredging operations displace mobile
fish and invertebrates, affect the foraging habits of marine
birds, and displace other water birds such as ducks, geese,
terns, loons, grebes, and cormorants. Newly dredged sub-
strate also is more susceptible for colonization by opportu-
nistic and invasive non-endemic organisms.

Dredging may also result in the resuspension and redistri-
bution of sediments, potentially increasing marine and
estuarine life to exposure to chemical contaminants,

as well as a temporary decrease in dissolved oxygen.
Increases in turbidity and suspended solids decrease light
penetration, resulting in reduced photosynthesis by phyto-
plankton, kelp, eelgrass, and surfgrass. Prolonged turbid-
ity can clog the apparatuses of filter-feeding invertebrates
and the gills of fishes. Turbidity also reduces the ability

of sight-foraging birds, such as the federal- and state-
endangered California least tern and brown pelican, to
successfully capture prey items.

For small dredging projects, many impacts are assumed
to be short term and temporary; however, the larger the
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dredging project, the longer the duration of the dredging
and the greater the impacts to marine organisms. The
method of dredging also affects turbidity and resuspension
of sediments. For example, a clamshell dredge results

in more turbidity at the dredging site than a hydraulic
dredge, but at the disposal site the opposite occurs.

There are a number of ways to minimize some of the
impacts associated with dredging. Mitigation measures
include the use of silt curtains to contain fine sediments,
water-tight clamshell buckets for minimizing the disper-
sion of contaminants, and seasonal restrictions (e.g., no
dredging during the nesting seasons of least terns and
snowy plovers, or during the migration of endangered
salmonid species).

Open-water disposal buries most immobile epibenthic and
infaunal organisms within the footprint of the disposal
site, and there are expectations that the site will be
degraded over time. Approved ocean disposal sites are
designed to minimize adverse impacts to living marine
resources outside of the site boundaries. Beach replenish-
ment can also have negative impacts on marine resources
and their habitats. Sensitive and valuable habitats includ-
ing kelp beds, rocky reefs, and surfgrass could be poten-
tially buried by nearshore disposal operations. Direct
placement of sand on the beach may also bury incubating
California grunion eggs, destroy nests of western snowy
plover and least tern, and preclude shorebird foraging.

Invasive Species

I nvasive species are the number two threat to endan-
gered and threatened species nationwide, second only
to habitat destruction. Specific environmental threats
include consumption of native species and their food
sources, dilution of native species through cross-breeding,
and poisoning of native species through bioaccumulation
of toxics that are passed up the food chain. Commercial
fishermen nationwide are seeing significant impacts to
fish and shellfish populations due to invasive marine life.
Moreover, unlike threats posed by most chemical or other
types of pollution, biological pollution by non-indigenous
species has permanent impacts, as aquatic invasive spe-
cies are virtually impossible to eradicate once established.

Though many areas along California’s coast have been
impacted, San Francisco Bay has seen some of the most
significant damage from invasive species. Extensive stud-
ies confirm that at least 234 alien plant and animal spe-
cies now live in San Francisco Bay, and that recently
introduced alien species are finding a viable niche in the
bay and delta at the rate of one new species every 14
weeks. Those invasive species that have been positively
identified as permanent residents of the bay include the
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Asian clam, the European green crab, the New Zealand sea
slug, the Chinese mitten crab, several species of sponges,
jellyfish, several species of fish, and numerous species of
anemone, snails, mussels, clams, and barnacles.

It is widely accepted that the discharge of ballast water is
the primary mechanism by which coastal invasive species
are spread. For example, from 53 percent to up to 88
percent of the aquatic non-indigenous species introduced
into San Francisco Bay in the last decade originated in bal-
last water discharges. Other sources include aquaculture
imports and deliberate introductions (the possible source
of the invasive Chinese mitten crab in the San Francisco
Bay Estuary).

This topic is addressed in more detail in the chapter on
invasive species.

Habitat Loss, Destruction and Alteration

earshore coastal and estuarine habitats are signif-
Ncantly impacted by fill, residential and commercial
development, and flood control projects. Fill, or the
placement of sediments, pilings, bulkheads, retaining
walls, piers, etc. in marine waters, has occurred in every
major port and many other developed coastal areas.
The man-made Ports of Los Angeles and Long Beach
were created by the dredging and filling of the former
3,450-acre Wilmington Lagoon. Large-scale fill projects
continue today as increasing economic pressures dictate a
need for additional container terminals. In fact, the Port
of Los Angeles just recently completed an over 580-acre
landfill project for its Pier 400 project. In the San Fran-
cisco Bay area, the San Francisco International Airport
is proposing a runway reconfiguration project that would
potentially fill up to 1,500 acres of San Francisco Bay.

The filling of marine waters with large volumes of sedi-
ment clearly has significant adverse impacts on the near-
shore marine and estuarine environment, permanently
eradicates benthic habitat, and likely kills most epibenthic
and infaunal organisms within the footprint of the fill.
Additionally, fill removes the surface-air interface, reduc-
ing foraging areas for surface feeding species, and
reduces water column habitat, adversely affecting plank-
ton, fishes, diving birds, and marine mammals.

Structures, such as wharves, piers, seawalls, groins, and
breakwaters, also impact and modify the marine and estu-
arine environment. There is often a permanent loss of
habitat from the fill used to install the structure, such as
pilings for piers. Some overlying structures (e.g., pier plat-
forms) cover a portion of the water column, resulting in
the loss of foraging habitat for sight-feeding marine birds
such as terns and pelicans. Additionally, the structure may
shade marine plants such as eelgrass, as well as algae
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and benthic invertebrates. Groins and breakwaters may
deflect wave or water current energy and influence water
currents, flushing, sedimentation, and normal sediment
transport. Materials used to construct structures exposed
to water may have negative impacts on water quality,
such as creosote-treated wood products. The operation of
the structure may also result in additional water quality
impacts, such as runoff from piers and platforms.

In addition to the structures themselves, construction
activities associated with projects also impact the marine
environment, and, although the impacts are not perma-
nent, they may have significant effects on resources. This
is particularly true for large-scale or long-term projects
or where there are multiple small project phases in the
same area. Surface turbidity caused by dredging is one

of the major impacts from in-water construction activities
affecting marine plants, birds, and fishes. Shock waves
from demolition and pile driving can further impact forag-
ing birds by making prey more difficult to capture. They
are also capable of breaking up concentrated schools of
fish, forcing schools to seek deeper waters or avoid an
area altogether. Noise associated with construction opera-
tions also displaces marine birds and mammals.

Groins and breakwaters convert one habitat type to
another resulting in a change in community structure.
For example, placement of riprap over subtidal/intertidal
habitat converts a soft bottom surface to a rocky habitat.
Habitat conversion becomes an issue when a majority of
the habitat in the area has already been altered. For
example, in San Diego Bay, only 26 percent of the bay’s
shoreline remains natural, whereas the remainder is cov-
ered with man-made structures.

Flood control projects can be another source of habitat
loss and alteration. The natural hydrology of bays

and estuaries has been greatly affected by human activi-
ties in an attempt to control flooding. Flood control meth-
ods such as channelization of rivers and streams have
impacted or destroyed riparian habitat and increased the
rate of sedimentation into bays and estuaries. Breaching
of sand bars on coastal rivers and streams for the purpose
of flood control has changed riverine habitat from fresh
water to brackish or tidal. One of the many functions of
wetland habitat is to provide flood control during high flow
years, but development on coastal wetlands has, among
other things, removed this natural benefit.

Coastal habitats such as wetlands and estuaries are vital
to the survival of numerous invertebrates, fishes, birds,
mammals, and plants. Already an essential component of
commercial and sport fishing industries worth hundreds
of millions of dollars, these habitats help fuel the

state’s economy and support California’s diverse marine
wildlife population. California’s coastal wetlands also are
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valued for their capacity to recharge groundwater and
cleanse runoff.

However, these habitats are an increasingly scarce
resource. For example, 90 percent of California’s coastal
wetlands have been diked, paved over, developed or oth-
erwise destroyed, and only five percent of the state’s
coastal wetlands remain intact. Development continues
to pose a significant threat to the few remaining natural
coastal wetlands. The vast majority of California’s popula-
tion lives within a short drive from the coast, and the
number of people settling in coastal counties continues

to grow.

Development not only can directly destroy coastal habi-
tats, but also can contaminate them through the urban
runoff and other discharges generated by the develop-
ment activities. Increased controls on urban runoff will be
implemented shortly through a new round of regulations
on smaller municipalities, helping to control this problem
somewhat, but it is unclear whether this effort will be
outweighed by the sheer rate of growth in these areas.

The California Coastal Act limits the filling of wetlands
and estuaries to certain types of projects including

port, energy, and coastal-dependent industrial facilities,
entrance channels for new or expanded boating facilities;
new boating facilities in a degraded wetland; and restora-
tion, nature study, and aquaculture. Despite these protec-
tions, coastal wetlands are still being developed today.
Development projects are currently anticipated at Bolsa
Chica, Ballona, and Los Cerritos wetlands, some of the few
remaining wetlands in southern California.

Water Flow

Freshwater Discharges

he two principal sources of freshwater discharges into

marine and estuarine habitats are sewage treatment
plants and power plant cooling water. Sewage treatment
plants discharge treated wastewater into coastal waters
and bays. There, the freshwater dilutes the salinity of
the receiving environment, impacting and changing that
habitat. This problem is particularly acute in south San
Francisco Bay, which has a low flushing rate.

With respect to power plant discharges, California has
more power plants discharging into salt and brackish
water than any other state. Although these plants use
once-through cooling systems, the water is heated to
several degrees above ambient during transit through the
plant. Impacts from heated water can vary depending
upon where the discharge structure is located. Discharges
into environments that normally experience wide tem-
perature ranges during tidal and annual cycles (e.g., estu-
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aries) are more resistant to changes from thermal effects
than those that do not normally experience such changes.
Power plant discharges can result in decreased diversity
and density of species at the community and ecosystem
levels. In addition to heat, power plant discharges can
contain high levels of suspended solids, which decrease
light penetration of the water column and affect adjacent
kelp bed production.

Power plants also cause problems related to water flow.
Electricity generating power plants take in billions of gal-
lons of water on a daily basis. Diablo Canyon Nuclear
Power Plant circulates 2.5 billion gallons of water per day,
which pulls in creatures in the seawater en route to pass-
ing the water through the plant in its once-through cooling
cycle. This water circulation causes temperature increases
in the area of discharge (thermal pollution), impingement
(marine animals caught on water intake screens), and
entrainment (destruction of marine animals pulled inside
the plant). Entrainment is generally limited to those
organisms not capable of swimming against the intake
current (e.g., larval forms). Most energy company-spon-
sored studies of power plant entrainment limit analysis

to effects on larval fish, arguing that plankton losses

are too difficult to enumerate and analyze for ecosystem
effects. It has been estimated, however, that plankton
losses can significantly increase the estimates of overall
wildlife losses due to entrainment. Larval entrainment
losses are often estimated at 100 percent due to a multi-
plicity of factors, including physical changes in pressure,
discharge velocity, turbulence, and temperature increase
effects. If the power plant has a mechanism to return
impinged organisms to the water (most do not), those
losses are lower, but do contribute to the cumulative
effects of power plants on the ecosystem.

Hydromodification

Dams in California range from large, permanent struc-
tures to small, temporary structures. Millions of gal-
lons of water, often diverted from rivers that empty into
the ocean or estuaries, are stored for agricultural use,
drinking water supplies, flood control, or groundwater
recharge. Dams change the landscape both at the con-
struction site and the downstream conveyance to the
ocean or estuary. Loss of upstream habitat due to water
diversion has the effect of reducing the production capa-
bility of anadromous species that depend on continuous
summer flows for rearing and transport of juveniles that
travel downstream to the ocean for growth prior to
returning to natal streams. Diversion of freshwater inflow
to estuarine systems also reduces the productivity of the
estuaries by reducing the nutrient input which diatom and
other bottom trophic level organisms require. Dams also
change stream morphology by altering sediment flow, by
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smothering gravels with silt during high flow releases, and
by emptying summer rearing pools. Dams also contribute
to poor water quality by releasing warm surface water
that has been mostly depleted of oxygen; or by releasing
water, through spillways, that may contain oxygen levels
too high for fish survival (supersaturation). The lakes that
are formed by large dams cover miles of former spawning
riffles, and many dams have been built without passage
facilities, blocking the upstream migration of anadromous
fish trying to find suitable spawning habitat.

Water conveyance structures (i.e., water canals) remove
essential water from rivers and streams that historically
produced the bulk of California’s salmon runs. These
structures not only remove water, they also alter existing
habitat. For example, canals that leak repeatedly create
riparian habitat entirely dependent on that leakage. When
these canals are repaired, the ecosystem that has devel-
oped over the years is lost. Water canals also have the
potential to transport fish between watersheds and intro-
duce species into unfamiliar habitats. Many newly created
reservoirs behind dams contain non-native fish that also
have the potential to escape from the lake into the outlet
stream, such as the in the case of the northern pike
introduced into Lake Davis.

Recreational and Commercial Activities

Boating

Cruise ships, yachts, and other large recreational ves-
sels discharge sewage, gray water, toxic chemicals, oil
and gas, and air pollutants into sensitive coastal waters.
Smaller vehicles also can do significant harm.

Jet Skis (Motorized Personal Watercraft)

or example, jet skis, more generically referred to as

“motorized personal watercraft” (MPWC) can do sig-
nificant nearshore harm. For example, their noise, which
is rated at 85-105 decibels, can disrupt wildlife communi-
ties through alteration of behavior and nest abandonment.
MPW(Cs also pollute more than other boats. From 25 to
33 percent of the oil and gasoline used by MPWCs is
discharged unburned, impacting local water quality. A
two-hour ride on an MPWC can discharge up to three
gallons of unburned gasoline and oil, or the same amount
of pollution as driving 139,000 miles in a 1998 passenger
car. The impact of accumulated oil pollution in the marine
environment is particularly significant in sensitive near-
shore environments such as estuaries and bays. This pol-
lution can have cumulative effects throughout the food
web as the hydrocarbons bioaccumulate, posing a threat
to larger marine life.
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For these reasons, MPWC regulations have been estab-
lished in sensitive areas such as the waters of the Mon-
terey Bay and Gulf of the Farallones National Marine
Sanctuaries. In justifying the regulation of MPWC, the
National Oceanic and Atmospheric Administration noted
that, “the small size, maneuverability and high-speed of
these craft is what causes these craft to pose a threat

to resources. Resources such a sea otters and sea birds
are either unable to avoid these craft or are frequently
alarmed enough to significantly modify their behavior
such as cessation of feeding or abandonment of young.”
Indeed, the narrow draft and smaller size of MPWCs
allows them to access the most fragile nearshore habitats,
causing significant environmental impacts including: flight
responses in shorebirds and alteration of nesting habits;
destruction of critical bird and fish habitat, including eel-
grass beds; and harassment of or collisions with marine
mammals (several of which are federally protected spe-
cies under the Endangered Species Act) and other wildlife.
While these impacts are most critical in the nearshore
environment, the risk of collision with or harassment of
marine mammals and seabirds is significant throughout
areas frequented by MPWC.

Fishing

here is growing evidence that fishing has a significant

impact on coastal habitats. For example, the complex-
ity of the marine habitat can be altered by the scraping,
shearing and crushing effects of fishing gear. Physical
effects of trawling include plowing and scraping of the
sea floor and resuspension of sediments. Resulting benthic
troughs can last as little as a few hours or days in mud
and sand sediments over which there are strong tides or
currents, to between a few months to over five years in
sea beds with a mud or sandy-mud substrate at depths
greater than 100 meters with weak or no current flow.
Longline gear has similarly been observed to shear marine
plants and sessile organisms from the bottom. Pot gear
may damage demersal plants and animals as it settles,
and longlined pots may drag through and damage bottom
fauna during gear retrieval. Boat anchors also can inflict
serious, though localized, damage in some areas.

In addition to directly altering the bottom habitat, fishing
can result in lost gear that is left to “ghost fish,” thereby
causing additional habitat alterations. Fishing activities
also affect the water column through discharge of offal
from fish processed at sea. These discards in deeper
water could redistribute prey food away from midwater
and bottom-feeding organisms to surface-feeding organ-
isms; in low-current environments, these discharges can
decompose and create anoxic bottom conditions. The
water column also can be impacted by fuel leaks from
fishing boats.
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Measures to minimize these impacts include prohibiting
the use of damaging gear in sensitive areas and modifying
gear so that damage to bottom habitats is minimized.

Ecosystem-wide Implications

An ecosystem can be defined as the balanced and
sustained interaction of a biological community with
its physical and chemical environment. The fish, inverte-
brate, marine mammal, aquatic bird, and aquatic plant
populations in California’s coastal, bay, and estuarine
waters are all components of a vast array of discrete and
overlapping communities and ecosystems. Although most
members of a biological community are linked through
elaborate food webs based upon predation, competitive
and mutualistic relationships also play an important role.
Add to this complexity the myriad of effects on individual
organisms and populations from changes in the chemical
and physical environment, and measuring and evaluating
ecosystem responses to these changes becomes a chal-
lenging task.

The current state of environmental science allows us to
use both individual evaluation measures and combinations
of measures depending upon the information at hand.
These may include population numbers and structure,
biological testing (e.g., bioassays, bioaccumulation, etc.),
concentration of contaminants in organisms or the sur-
rounding habitat, movement of contaminants into aquatic
ecosystems, and size and/or availability of habitat. Based
upon these and other measurements, it appears that bay
and estuarine ecosystems are much more threatened than
those of the nearshore coastal environment with regard
to habitat quality and quantity. This is particularly true
with regard to contaminants in the water column and
benthic sediments, and impacts from dredging and filling,
point and nonpoint source discharges, oil spills, and non-
indigenous species introduction. On a localized or regional
basis, however, areas of the nearshore coastal environ-
ment may be in worse condition than our bays and estuar-
ies with regard to specific contaminants or conditions.
Examples include DDT-laden sediments in the area of the
Palos Verdes shelf and radioactive waste dumped near the
Farallon Islands.

Although California’s population continues to increase,
thereby putting added pressure on our limited resources
and habitats, there are a number of efforts and initiatives
underway in the state to begin to curtail impacts and
improve the quality and quantity of our marine and
estuarine habitats. These efforts include greater
regulation of point and nonpoint source discharges,
improved identification of toxic hot spots, increased
emphasis on beneficial reuse opportunities for dredged
materials, reduction of the frequency and extent of oil
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spills, development and coordination of large-scale water
quality and habitat monitoring and assessment programs,
restrictions on the import of non-indigenous species in
ballast water, and increased marine habitat restoration
and enhancement projects.

Regulatory Structure for Addressing
Water Quality and Habitat Issues

Federal

Clean Water Act

he Environmental Protection Agency is the foremost

federal agency with responsibility for protecting the
health of the nation’s waters. The Federal Water Pollution
Control Act (“Clean Water Act”) addresses the major cat-
egories of discharges into coastal and marine waters with
varying degrees of stringency. California’s State Water
Resources Control Board (SWRCB) and Regional Water
Quality Control Boards (RWQCB) currently hold the author-
ity, delegated by U.S. EPA, to implement the Clean Water
Act in state waters.

Permit Program

ection 301(a) of the Clean Water Act prohibits the

discharge of "any pollutant by any person” into waters
of the United States, unless done in compliance with
specified sections of the Act, including the permit require-
ments in Section 402. Under the National Pollutant Dis-
charge Elimination System (NPDES) set up under Section
402, U.S. EPA requires permits for most point source
discharges of waste. These permits contain discharge con-
ditions, including technology-based controls and water-
quality-based effluent requirements, to ensure that the
discharges meet all applicable standards set to protect
uses of the water body, such as use by aquatic life and
for fishing.

NPDES permits for discharges into the territorial sea
also must comply with “ocean discharge criteria” spe-
cifically designed to prevent the degradation of those
waters, pursuant to Clean Water Act Section 403. These
permit requirements may increase in stringency in the
near future due to a recent presidential Executive Order
on this topic.

Nonpoint Pollution Program

Section 319 of the Clean Water Act sets up a voluntary
program to control polluted runoff. This program was
established through the 1987 Clean Water Act amend-
ments, and states soon thereafter submitted nonpoint
source pollution management plans to EPA in order to
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receive federal 319 funds for projects to control polluted
runoff. Significant limitations of this program include low
levels of funding in comparison with the significance of
the problem and the fact that the programs are voluntary.
As a result, over a decade after establishment of the “319
program,” polluted runoff continues to be the major - and
growing - source of pollution into the nation’s waters.

Regulation of Discharges into Impaired Waters

Section 303(d) of the Clean Water Act requires states

to identify specific water bodies where water quality
standards are not expected to be met even after full
implementation of required permit controls and other con-
ditions imposed on point source discharges. States must
then establish a priority ranking of those impaired waters
and identify the pollutant stressors that are causing the
water quality problems. In accordance with those rank-
ings, the state must then establish limits on all pollution
discharges, both point and nonpoint, in order to ensure
attainment of water quality standards within a “margin

of safety.” These limits are referred to as the “total
maximum daily loads” (TMDL) for the identified pollutants
and waters. The state’s impaired water body list currently
tops 500, with more likely to be listed. Because many of
these waters are vital to the health of the state’s coastal
ecosystems and wildlife, full and prompt implementation
of these TMDLs is essential to a thriving marine ecosystem.

Discharges under Federal Licenses or Permits

Section 401 of the Clean Water Act requires a certifi-
cation from a state that federal agency actions and
permits comply with state water quality standards and
other Clean Water Act requirements. Congress stated in
enacting this provision that the purpose of Section 401
is to “provide reasonable assurance that no license or
permit will be issued by a federal agency for any activity
that through inadequate planning or otherwise could in
fact become a source of pollution.” When implemented
fully, this adds an important layer of protection over
existing regulations protecting coastal water quality and
habitat health.

Dredge Disposal and Fill

ection 404 of the Clean Water Act grants the U.S. Army

Corps of Engineers authority to regulate any project
involving fill, construction, or modification of the waters
of the United States. This would include, for example,
dredging and filling of coastal harbors. Corps actions
are subject to Clean Water Act Section 401 certification
that the proposed activities will not violate state water
quality standards.

U.S. EPA sets the standards for suitability of dredge mate-
rial destined for federally approved sites in the ocean
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beyond three miles from shore. These standards are found
in the 1991 Ocean Disposal Testing Manual, or “Green
Book,” which specifies the physical, chemical, and biologi-
cal tests required to determine suitability. Disposal within
state waters (i.e., inside three miles) is authorized by state
and federal agencies which use standards from the “Inland
Testing Manual.” State agencies involved in authorizing
disposal within state waters through a permitting process
include the Regional Water Quality Control Boards, State
Lands Commission, California Coastal Commission, and the
San Francisco Bay Conservation and Development Commis-
sion. Federal agencies involved in the permitting process
for the disposal of dredged materials in state waters
include U.S. EPA and the U.S. Army Corps of Engineers.
Federal and state resource agencies such as the Depart-
ment of Fish and Game, U.S. Fish and Wildlife Service,

and National Marine Fisheries Service act as consulting
agencies on dredging projects.

Antidegradation

he Clean Water Act and accompanying regulations

state that both point and nonpoint source pollution
control programs must specifically address antidegrada-
tion, or preventing further pollution of the nation’s
waters. Water quality standards, which all waters must
meet, consist of three elements: (1) the designated ben-
eficial use or uses of a water body; (2) the water quality
criteria necessary to protect the uses of that water body;
and (3) an antidegradation policy. Both federal and state
antidegradation policies must ensure that water quality
improvements are conserved, maintained and protected.

Despite the fact that antidegradation in general, and pro-
tection of relatively clean waters in particular, is a spe-
cific component of the water quality standards, it is given
relatively little attention in point source pollution control
and permitting programs, and essentially no attention in
nonpoint pollution control programs. A lack of attention to
maintaining the health of cleaner waters threatens those
waters with impairment that will be far more expensive to
address than prevention. Water quality programs should
contain specific descriptions of how new and continued
discharges into all waters, both impaired and clean, will
be reduced.

Ocean Dumping Act

Title 1 of the Marine Protection, Research, and Sanc-
tuaries Act (Ocean Dumping Act), prohibits the unper-
mitted dumping of “any material transported from a loca-
tion outside the United States” into the territorial sea

of the United States, or into the zone contiguous to the
territorial sea, to the extent discharge into the contiguous
zone would affect the territorial sea or the territory of
the United States. “Dumping” is defined broadly as “a
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disposition of material.” The statute contains only a

few, very specific exemptions from this term. The Act is
administered by U.S. EPA and is on top of any Clean Water
Act requirements.

The National Environmental Policy Act

he National Environmental Policy Act of 1969 is the

basic national directive for the protection of the envi-
ronment. NEPA requires that federal agencies prepare an
Environmental Impact Statement (EIS) for “major Federal
actions significantly affecting the quality of the human
environment.” In doing so, the agencies must provide
a "full and fair discussion of significant environmental
impacts” of the proposed project.

An EIS is intended to help public officials make decisions
that are based on an understanding of the potential
environmental consequences and decide whether to take
actions that avoid these consequences. The EIS also

must “inform decision makers and the public of the
reasonable alternatives which would avoid or minimize
adverse impacts” and must analyze such project alterna-
tives comprehensively. In addition, the EIS must discuss
"appropriate mitigation measures not already included in
the proposed action or alternatives.” Finally, the lead
agency must state at the time of its decision “whether
all practicable means to avoid or minimize environmental
harm from the alternative selected have been adopted,
and, if not, why not.”

Endangered Species Act

he federal Endangered Species Act (ESA) is the

nation’s charter for protection of threatened and
endangered species, including coastal and marine life.
The Endangered Species Act contains both consultation
requirements and a substantive requirement prohibiting
certain activities that threaten listed species. Under Sec-
tion 7 of ESA “[e]ach Federal agency shall, in consultation
with and with the assistance of the Secretary [of the
Interior and/or Commerce, as appropriate], insure that
any action authorized, funded, or carried out by such
agency . . . is not likely to jeopardize the continued
existence of any endangered species or threatened spe-
cies or result in the destruction or adverse modification
of habitat of such species . . ..” In addition, federal
agencies must consult with the Secretary of the Interior
and/or Commerce, as appropriate “on any agency action
which is likely to jeopardize the continued existence of
any species proposed to be listed . . . or result in the

destruction or adverse modification of critical habitat pro-

posed to be designated for such species.”

Section 7 is an important tool that can be used to protect
and conserve the habitats of threatened and endangered
coastal and marine wildlife. ESA Section 7 is used, for
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example, to require the U.S. Army Corps of Engineers

to consult with U.S. Fish and Wildlife Service and the
National Marine Fisheries Service regarding how proposed
Corps dredging projects will affect listed species.

In addition, Section 9 of ESA prohibits the transport or
take of listed species, and Section 4 sets up a program to
acquire lands and habitat associated with listed species to
enhance recovery efforts.

Marine Mammal Protection Act

he federal Marine Mammal Protection Act (MMPA) pro-

tects the marine mammals that make their home in
the waters off California’s shores. One of the more sig-
nificant provisions of the MMPA prohibits the “take” of
marine mammals. “Take” is defined broadly to include
actions that kill or “harass” marine mammals, where
“harassment” refers to “any act of pursuit, torment,
or annoyance which (i) has the potential to injure a
marine mammal or marine mammal stock in the wild;
or (ii) has the potential to disturb a marine mammal or
marine mammal stock in the wild by causing disruption of
behavioral patterns, including . . . feeding . . . .” As
defined, “take” is not limited to a direct physical taking
of the animal, but also other actions that indirectly harm
the animal.

National Marine Sanctuaries Act

Title 3 of the Marine Protection, Research, and Sanc-
tuaries Act is the National Marine Sanctuaries Act
(NMSA), which protects the nation’s most unique marine
habitats, waters and wildlife. California is fortunate to
have four National Marine Sanctuaries: Channel Islands,
which lies nine to 46 miles offshore and encompasses
1,658 square miles of marine waters and habitats; Mon-
terey Bay, which lies adjacent to the central coast and

is 5,328 square miles; Gulf of the Farallones, which lies
adjacent to shore along Marin County and extends 12 miles
out to the Farallon Islands, encompassing 1,255 square
miles; and Cordell Bank, the smallest at 526 square
miles, which lies near the continental shelf seven to 23
miles offshore (adjoining the Gulf of the Farallones Sanc-
tuary). The NMSA is designed to “maintain, restore,

and enhance living resources by providing places for spe-
cies that depend on these marine resources to survive
and propagate.” NOAA’s Sanctuary offices use the NMSA
to provide for “comprehensive and coordinated manage-
ment” of these unique marine areas.

To meet these goals, the NMSA requires federal agencies
to consult with sanctuary officials if federal actions are
likely to injure sanctuary resources. So, for example, U.S.
Army Corps of Engineers staff would need to consult with
sanctuary staff on proposed dredging in sanctuary waters.
The NMSA also makes it illegal to “destroy, cause the loss
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of, or injure any sanctuary resource managed under law
or regulations for that sanctuary,” with specified actions
allowed under sanctuary permits or authorizations. Under
the NMSA, management plans must be prepared for each
sanctuary and reviewed every five years. These plans
must take into account management of the diverse marine
wildlife in California’s sanctuaries.

Like the Ocean Dumping Act, the NMSA adds an extra layer
of protection for marine resources in certain areas. For
example, the San Francisco and Central Coast Regional
Water Quality Control Boards report to the Monterey Bay
NMS office on proposed new and revised permits for dis-
charges into sanctuary waters and allow for staff review
and comment. Sanctuary staff may in some instances
place conditions on these permits as needed to protect
Sanctuary resources. Violations of these permits is an
infraction of both state water quality law and the NMSA,
subjecting the violator to fines under both acts.

The Coastal Zone Management Act

he Coastal Zone Management Act (CZMA) of 1972

established a federal-state partnership to manage
development and use of the coastal zone. CZMA, which
is administered nationwide by NOAA, provides federal
funding for the development and implementation of state
Coastal Zone Management Programs. The state agency
charged with developing and implementing a state coastal
plan in accordance with CZMA is the California Coastal
Commission. Significantly, CZMA grants the commission
the authority to review federal activities in the coastal
zone and ensure they comply with California’s Coastal
Zone Management Program.

Coastal Zone Management Act Reauthorization
Amendments of 1990

he Coastal Nonpoint Pollution Control Program, estab-

lished by the Coastal Zone Reauthorization Amend-
ments of 1990 (CZARA), addresses the control of nonpoint
source pollution, which is the number one cause of water
contamination in the state. The impacts of nonpoint
source pollution in coastal areas include beach closings
and advisories, loss of habitat, closed or harvest-limited
shellfish beds, declining fisheries, red tides and other
harmful plankton blooms, reduction in tourism revenues
and threats to the drinking water of coastal communities.

The State Water Resources Control Board and the Califor-
nia Coastal Commission have submitted to U.S. EPA and
NOAA a Nonpoint Pollution Control Program Plan that

is intended to control nonpoint source pollution in accor-
dance with CZARA Section 6217 requirements. The plan
lays out a general outline of nonpoint source pollution
management measures that will be implemented over the
next 15 years.
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U.S. EPA and NOAA approved California’s plan in July
2000. Additional requirements on the contents of the Plan
imposed under state law (particularly with respect to
enforcement) should be completed by February 2001.

Magnuson-Stevens Fishery Conservation and
Management Act

s amended and reauthorized in 1996, the Magnuson-

Stevens Fishery Conservation and Management Act
includes substantial new provisions designed to protect
habitats important to all federally managed species of
anadromous and marine fish. The amended Act defines
“essential fish habitat” (EFH) as “those waters and sub-
strate necessary to fish for spawning, breeding, feeding,
or growth to maturity.”

The act requires the eight regional fishery management
councils around the country and the Secretary of Com-
merce to amend each regional fishery management
plan to:

e Describe and identify EFH;
« Identify adverse impacts to EFH;

«  Minimize, to the extent practicable, adverse impacts
from fishing to EFH; and

«  Develop suggested measures to conserve and enhance
EFH.

Before a federal agency may proceed with an activity that
may adversely affect a designated EFH, the agency must
consult with NOAA Fisheries with regard to measures that
avoid or minimize adverse impacts on the EFH.

The Pacific Fishery Management Council has defined
groundfish EFH as waters of the entire Pacific Coast, and
described the types of measures needed to protect the
habitat from fishing and non-fishing impacts. However,
the Council, like other councils nationwide, has required
almost no protection for EFH from fishing itself, despite
growing evidence that fishing often poses a significant
threat to EFH.

Qil Pollution Act of 1990

he Oil Pollution Act (OPA) of 1990 streamlined and

strengthened EPA’s ability to prevent and respond to
catastrophic oil spills. A trust fund financed by a tax
on oil is available to clean up spills when the reponsible
party is incapable or unwilling to do so. The OPA requires
oil storage facilities and vessels to submit plans to the
Federal government detailing how they will repond to
large discharges. EPA has published regulations for above
ground storage facilites; the Coast Guard has done so for
oil tankers. The OPA also requires the development of
Area Contingency Plans to prepare and plan for oil spill
response on a regional scale.
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State

California Environmental Quality Act

Like NEPA, the California Environmental Quality Act
requires the state to take a hard look at the environ-
mental impacts of projects that require state or local gov-
ernment approval. Unlike NEPA, CEQA also requires appro-
priate mitigation of projects that contain significant envi-
ronmental impacts. Specifically, CEQA states that agencies
must adopt feasible mitigation measures in order to
substantially lessen or avoid the otherwise significant
environmental impacts of a proposed project. A “signifi-
cant” impact is a “substantial, or potentially substantial,
adverse change in any of the physical conditions within
the area affected by the project including land, air, water,
minerals, flora, [and] fauna...”

CEQA also mandates that the responsible agencies con-
sider a reasonable range of project alternatives that offer
substantial environmental advantages over the project
proposal. CEQA adds that the agency responsible for the
project’s approval must deny approval if there would be
“significant adverse effects” when feasible alternatives
or feasible mitigation measures could substantially lessen
such effects.

Porter-Cologne Water Quality Control Act

nder California’s Porter-Cologne Water Quality Control

Act "any person discharging waste, or proposing to
discharge waste, within any region that could affect the
quality of the waters of the state” must file a report
of the discharge with the appropriate Regional Water
Quality Control Board. Pursuant to the act, the regional
board may then prescribe “waste discharge requirements”
(WDRs) that add conditions related to control of the dis-
charge. Porter-Cologne defines “waste” broadly, and the
term has been applied to a diverse array of materials,
including nonpoint source pollution.

When regulating discharges that are included in the fed-
eral Clean Water Act, the state essentially treats WDRs
and NPDES as a single permitting vehicle. Where Porter-
Cologne is more stringent than the Clean Water Act, such
as for discharges of nonpoint source pollution, WDRs alone
must be applied to or waived for such discharges. This
requirement, however, is not implemented as it should
be, and indeed is simply ignored in a number of cases,
particularly with respect to nonpoint source pollution.

A bill passed in 1999 now requires the state and

regional boards to review existing waivers of WDRs in

an effort to ensure that needed regulatory controls are
properly imposed.
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California Endangered Species Act

he California Endangered Species Act (CESA) generally

parallels the main provisions of the Federal Endan-
gered Species Act and is administered by the California
Department of Fish and Game. Under CESA, the term
“endangered species” is defined as a species of plant, fish,
or wildlife that is in serious danger of becoming extinct
throughout all, or a significant portion of its range and is
limited to species or subspecies native to California. CESA
states that it is the “policy of the state” that state agen-
cies should not approve projects as proposed which would
“jeopardize the continued existence of any endangered
species or threatened species or result in the destruction
or adverse modification of habitat essential to the con-
tinued existence of those species,” if there are “reason-
able and prudent alternatives available consistent with
conserving the species or its habitat which would prevent
jeopardy.” However, CESA goes on to add that, in the
event “specific economic, social, or other conditions make
infeasible” such alternatives, individual projects may be
approved if “appropriate” mitigation and enhancement
measures are provided.

McAteer-Petris Act

U nder the McAteer-Petris Act of 1965, the Bay Con-
servation and Development Commission (BCDC) has
authority to plan and regulate activities and development
in and around San Francisco Bay through policies devel-
oped in the San Francisco Bay Plan. This is essentially

the San Francisco Bay counterpart to the California
Coastal Act.

California Coastal Act

he California Coastal Act of 1976 granted state

authority to the California Coastal Commission, in con-
junction with local governments, to manage the con-
servation and orderly development of coastal resources
through a comprehensive planning and regulatory program
for the coast (excluding areas covered by the McAteer-
Petris Act). The state’s management program for the
1,100-mile Pacific Coast program was approved in 1977 by
NOAA as consistent with the requirements for planning
in the federal Coastal Zone Management Act. NOAA’s
approval was made pursuant to an agreement between
the Coastal Commission and the Bay Conservation and
Development Commission to develop mechanisms to
integrate their two programs.

The Coastal Act contains specific policies relating to man-
agement of coastal development activities that affect the
marine environment and coastal land resources. These
policies are the standards used in the commission’s plan-
ning and regulatory programs to ensure that the commis-
sion meets the act’s mandate that the state “[p]rotect,
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maintain, and, where feasible, enhance and restore the
overall quality of the coastal environment and its natural
and manmade resources.” The act also delegates planning
and permitting authority to local governments through the
Local Coastal Plan process.

Oil Spill Prevention and Response Act of 1990

he state’s Office of Spill Prevention and Response

(OSPR) was created in the aftermath of the Exxon-
Valdez oil spill and the American Trader oil spill at Hun-
tington Beach. The Lempert-Keene-Seastrand Oil Spill Pre-
vention and Response Act of 1990 created OSPR within
the Department of Fish and Game. The bill provided fund-
ing for OSPR’s work by levying a tax on oil brought into
the state and another on oil transported across the state
by rail, truck, or pipeline. OSPR’s mandate is to work
with other DFG units, interested public, other agencies,
clean-up companies, and oil companies to prevent oil
spills, to develop response plans, and to implement those
plans when spills occur.

The U.S. Coast Guard is OSPR’s federal counterpart

and response partner for these efforts. In addition,

OSPR has responsibility for determining injuries to living
natural resources and seeking compensation and restora-
tion through civil litigation. More recently, OSPR’s role
has expanded from a focus on oil spills to a broader

focus on spills of any material deleterious to living natural
resources, and has expanded from marine waters to spills
that may happen anywhere in California.

In addition, the act makes the State Lands Commission
responsible for ensuring that all marine terminals and
other oil and gas facilities within their jurisdiction use
the best achievable methods to prevent accidents and
resulting oil spills. The State Lands Commission has juris-
diction over all of California’s tidal and submerged lands.
Management responsibilities extend to activities within
submerged lands and those within three nautical miles
of shore.

Regional

umerous regional and local initiatives have been

launched to protect marine resources and wildlife.
A few of the more significant initiatives are highlighted
below.

CALFED

he San Francisco Bay-Delta Estuary is a significant

habitat for numerous coastal and marine species and
directly impacts the viability of many of the state’s coastal
watersheds and resources. However, years of mismange-
ment of this invaluable resouce has left its health seriously
threatened. State-federal cooperation to restore the estu-
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ary was formalized in June 1994 with the signing of a
framework agreement by the state and federal agencies
with management and regulatory responsibility in the Bay-
Delta Estuary. These “CALFED” agencies include the state
Resources Agency, the California Environmental Protection
Agency, the Department of the Interior, the Environmental
Protection Agency, the Department of Commerce, the U.S.
Army Corps of Engineers, and the Department of Agricul-
ture. The framework agreement pledged that the state
and federal agencies would work together on implementa-
tion of water quality standards, coordination of State
Water Project and Central Valley Project operations with
regulatory requirements, and development of long-term
solutions to problems in the Bay-Delta Estuary.

The long-term goal of CALFED is to develop a comprehen-
sive and balanced plan that addresses all of the resource
problems in the estuary. A group of more than 30 citizen-
advisors selected from California’s agriculture, environ-
mental, urban, business, fishing, and other interests with
a stake in finding long-term solutions for the problems

of the Bay-Delta Estuary has been chartered to advise
the CALFED program on its mission and objectives, the
problems to be addressed and proposed actions.

The program is following a three-phase process to achieve
broad agreement on long-term solutions. First, a clear
definition of the problems to be addressed and a range

of solution alternatives were developed. Second, environ-
mental impact reports are being prepared to identify
impacts associated with the various alternatives. The pro-
gram’s final EIS was released in June 2000, proposing
more reliable water deliveries to the Estuary to protect
habitats, water quality and wildlife. Environmental impact
reports will be prepared for each element of the selected
solution. Implementation of the final CALFED Bay-Delta
Estuary solution is expected to take 30 years.

Monterey Bay National Marine Sanctuary Water
Quality Protection Program

he proximity of the Monterey Bay National Marine

Sanctuary to the coast and its sheer size make the
sanctuary vulnerable to numerous pollution problems in
the eleven watersheds that drain into it. The quality
of the water in the sanctuary is directly linked to the
quality of the rainwater runoff and irrigation water from
mountains, valleys, rivers, streams, and wetlands on the
adjacent coastline. Key problems identified in the sanctu-
ary and its watersheds include sedimentation, toxic pollut-
ants in sediments, fish and shellfish, high fecal coliform
levels, fish population declines, low flows in rivers and
streams, wetlands alteration, and habitat degradation.

Recognizing that water quality is a key to ensuring protec-
tion for all sanctuary resources, a memorandum of agree-
ment (MOA) was signed by eight federal, state, and local
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agencies in 1992, committing the agencies to working
together to develop a Water Quality Protection Plan for
the sanctuary. Led by sanctuary staff, over two dozen
federal, state, local agencies and public and private
groups have developed much of the planned comprehen-
sive Water Quality Protection Program, addressing urban
runoff, marina and boating pollution, monitoring, and
runoff from agricultural activities and rural lands, in order
to enhance and protect the sanctuary’s physical, chemical
and biological conditions. Implementation has begun on
many of the action items in the plans.

Local

Implementation of CEQA and NEPA

One of the more common ways that coastal and marine
resources are protected on a local level is through
implementation of environmental review requirements
under CEQA and NEPA. Projects requiring local, state

or federal approval are generally subject to the review
requirements in these statutes. Local and state projects
also are subject to required mitigation under CEQA.

Coordinated Resource Management Planning

oordinated Resource Management and Planning

(CRMP) is a community-based program established by
the federal Natural Resource Conservation Service. It uses
a watershed-based approach to manage upstream lands in
order to improve downstream water quality. CRMP empha-
sizes direct participation by everyone concerned with nat-
ural resource management in a given planning area. The
concept underlying CRMP is that coordinating resource
management strategies will result in improved resource
management and minimized conflicts among land users,
landowners, governmental agencies, and interest groups.
The goals of CRMP are to protect, improve and maintain
natural resources by addressing resource problems based
on resource boundaries and through those who live, work
and recreate on a given piece of land, and by avoiding
artificial constraints by individual, agency or political
boundaries.

CRMPs work with University of California Cooperative
Extension program and the Resource Conservation Dis-
tricts, who are signatories to the CRMP Memorandum

of Understanding and who support this process through
technical and other assistance to the local CRMP groups.

Marine Protected Areas

arine Protected Areas (MPAs) are special ocean areas
Mthat are protected in some way above other

marine areas in order to minimize disturbance.
Depending on the level of use of such areas, benefits
include biodiversity conservation, ecosystem protection,
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improved fisheries, enhanced recreation, improved water
quality and expanded knowledge and understanding of
marine systems.

As a tool for enhancing ocean resources and wildlife, MPAs
are becoming increasingly popular. In 1999, the legislature
passed the Marine Life Protection Act, which sets up a
system for evaluating and coordinating MPAs in the state.
In May 2000, President Clinton issued an executive order
supporting MPAs and further defining their purpose.

Regulatory Gaps

alifornia has lagged in implementing federal and state

laws designed to protect the health of the state’s
waters. Years of budget cuts and bond act failures have
left California’s water quality protection programs under-
funded and poorly implemented. Until the recent passage
of Propositions 12 and 13, of the $2.9 billion in water
bonds approved by California voters since 1970, only $10
million had been earmarked for nonpoint source pollution,
the number one source of water pollution in the state. In
addition, acquisition funding for protection of the state’s
lands, which helps prevent increasing pollution from urban
and other runoff sources declined 80-90 percent over the
last 10 years.

As a result, use of the vast majority of the state’s sur-
veyed tidal wetlands, bays, harbors, and estuaries is
impaired or threatened in some way by water pollution.
Examples of uses that are being impaired or threatened by
pollution include drinking, fish consumption, aquatic life
support, swimming, and aquaculture. The primary source
of pollution in these waters is nonpoint source pollution.
The state’s lack of a detailed, comprehensive approach for
addressing nonpoint source pollution is a major stumbling
block in our efforts to stem the continuing degradation of
these water bodies.

These water-use impairment figures are even more alarm-
ing in light of the fact that many of the state’s waterways
are monitored only infrequently or not at all. California
does not yet have a system to comprehensively monitor
water quality in the inland watershed, enclosed waters,
or nearshore ocean zones, and the vast majority of Califor-
nia’s waterways and small estuarine systems are not moni-
tored by the state on a regular basis. Because of these
deficiencies, it is difficult to comprehensively determine
the health of these water bodies. In other words, the
number of impaired water bodies that we know about

is the minimum number of polluted water bodies in

the state.

Federal water quality control programs that are not being
implemented fully include the Clean Water Act’s storm-
water permitting program; the Clean Water Act’s Section
303(d) program; and the state and federal antidegradation
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programs, which are designed to prevent cleaner waters
from sliding down towards contamination.

With respect to the storm-water permit program, the
state has allocated far fewer staff and other resources
than needed to ensure full compliance with federal
requirements. For example, at the current rate of facility
inspections, the Los Angeles Regional Water Quality Con-
trol Board will not be able to make even one full

round of inspections of regulated industries in its jurisdic-
tion in 100 years. Moreover, the regional board has not
moved forward with more than a handful of enforcement
actions against non-filing facilities, even though there are
between 12,000 and 17,000 facilities in the Los Angeles
region that have not filed permit applications as required
by law. For this reason, several environmental groups
recently petitioned U.S. EPA to take away the state’s
authority to conduct the storm-water permit program in
that region.

The state has identified over 500 water bodies as impaired
under section 303(d) of the Clean Water Act. The

limited monitoring information available indicates that the
number of impaired waters is likely to be much higher.
However, the state has completed only a scattering of
plans for reducing pollution into these impaired waters,
with the pace of production of new plans extremely slow
and implementation uncertain.

With respect to antidegradation, the state has paid virtu-
ally no attention to protecting its cleaner waters, choosing
instead to spend much of its limited time and funds on
already impaired waters. Protecting the state’s waters
from increased pollution is not only beneficial to the
health of those waters and the people who depend on
them, it is also more cost-effective than cleaning up con-
taminated waters. Regulations implementing the federal
Clean Water Act as well as State Water Board Resolution
68-16, call on the state and regional water boards to
consider and address the impacts of their decisions on the
overall health of the waters affected. However, this man-
date has not been implemented fully, particularly with
respect to nonpoint source discharges, leaving cleaner
waters and associated habitats vulnerable to pollution.

Other state programs that are not being implemented
fully include the state water board’s Bay Protection and
Toxic Cleanup Program (BPTCP) and its program of issuing
waste discharge requirements for nonpoint source pollu-
tion under the Porter-Cologne Water Quality Control Act,
as well as the Department of Fish and Game’s program for
addressing pollution under Fish and Game Code Section
5650.

The Bay Protection and Toxic Cleanup Program required
monitoring for toxic pollution, identification of cleanup
priorities, and development of standards for toxics in sedi-
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ment, plans for cleaning up the toxics, and a funding
mechanism to ensure that the dischargers that created the
problem will pay for the cleanup. Much of the BPTCP’s
goal of identifying "hot spots” of toxic coastal contami-
nation has been completed, leading to significant new
knowledge about threats to marine wildlife. However,

the original goal of actually cleaning up these hot spots
remains unmet, and is unlikely to be met in the foresee-
able future.

With respect to Porter-Cologne, the state has the author-
ity to issue waste discharge requirements for both point
and nonpoint source discharges. However, the full extent
of this authority has never been used, particularly

with respect to nonpoint source discharges, where such
requirements are routinely waived. Increased permitting
would increase the number of conditions on discharges,
which would reduce this significant source of pollution in
coastal and marine habitats.

Finally, implementation of Fish and Game Code Section
5650 has been weakened through recent statutory amend-
ments and a lack of allocated funding. This section stated
broadly that “it is unlawful to deposit in, permit to

pass into, or place where it can pass into the waters

of this state...[a]ny substance or material deleterious to
fish, plant life, or bird life.” This language gave the
department wide latitude to protect marine habitats from
problem discharges. However, the program was amended
recently to exempt dischargers who hold state or regional
water board discharge permits, on the assumption that
those discharges are already being controlled. But, as
noted above, the regional water boards are behind on
fulfilling state and federal permit mandates. As a result,
there is no assurance that permitted discharges will not be
“deleterious” to fish, plants and birds.

Linda Sheehan
The Ocean Conservancy

Robert Tasto
California Department of Fish and Game
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Human Ecosystem

Dimension

Human Benefits of the Marine Ecosystem

Marine ecosystems provide opportunities for consump-
tive and non-consumptive uses of marine resources.
Some activities, such as commercial, recreational and
subsistence fishing, kelp harvesting and harvesting of
marine specimens for aquarium use, are consumptive in
the sense that they result in permanent removal of eco-
system resources. Other activities (tidepooling, marine
mammal and bird watching, kayaking and observational
diving) are more commonly characterized as non-con-
sumptive. However, the distinction between consumptive
and non-consumptive use is not always clear cut, as activi-
ties that are not necessarily intended to be consumptive
may sometimes result in inadvertent injury to marine
animals or disruption of their habitat.

Marine ecosystems also benefit people who may never use
or even see marine resources but nevertheless value their
existence. Non-use value may be motivated by the desire
to have ecosystem resources available for future use or

by the satisfaction of knowing that such resources exist,
regardless of whether they are ever put to human use.

The remainder of this report focuses on the two major
consumptive uses of marine resources— commercial and
recreational fishing. The intent is not to diminish the
importance of other sources of use and non-use value

but rather to address informational and reporting require-
ments of the Marine Life Management Act.

Factors Affecting Commercial and
Recreational Fishery Activity

Commercial and recreational fishery landings are
affected by many factors. Landings tend to increase
with stock abundance, as fish are easier and less costly
to locate and harvest when they are at higher levels of
abundance. The availability of some species on local fish-
ing grounds may vary across seasons or years, depending
on ocean temperature and other environmental factors.
Weather conditions and economic circumstances (market
demand and prices) may discourage or encourage fishing
activity. Fishing behavior is also affected by regulatory
restrictions, which are imposed for a variety of reasons
and take a variety of forms.

Regulations may be imposed for biological reasons. For
instance, harvest restrictions may be imposed to protect a
particular fish stock or to reduce incidental take of other
stocks that are caught simultaneously with that stock.
Regulations may be imposed to protect habitat or to
reduce injury or mortality to marine mammals or seabirds
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that may result from interactions with fishing operations.
Regulations may be imposed for economic reasons. For
instance, seasons may be set to coincide with periods
when a fish stock is in prime marketable condition

or when market demand is high. Regulations may be
imposed for social reasons, such as providing equitable
harvest opportunities or reducing the potential for conflict
among different sectors of a fishery.

Regulations can take a variety of forms, including license
and permit programs, harvest quotas, season closures,
area closures, trip limits, bag limits (for recreational
anglers), size limits and restrictions on quantity and type
of gear. Reporting requirements such as landings receipts,
logbooks or on-board observers may be imposed to ensure
that fishery monitoring, management, enforcement and
research needs are met. A particular type of regulation
may serve different objectives, depending on the context
in which the regulation is imposed. For instance, trip
limits may be used to discourage targeting on a particular
species while allowing a limited amount of incidental
take of that species. Trip limits may be used to

slow the harvest rate to enhance real-time monitoring
capability in fisheries where quotas would otherwise

be quickly exhausted. Trip limits may also serve eco-
nomic objectives, such as lengthening the duration of the
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fishing season or ensuring that landings do not exceed
processing capacity.

For fishing vessels and fish dealers, net economic benefit
is properly measured as the difference between their
gross revenues and economic costs. However, net eco-
nomic benefits cannot be estimated for either of these
fishery sectors, due to lack of complete economic data.
Instead, landings by fishing vessels and landings receipts
by fish dealers are described in terms of their ex-vessel
value. Ex-vessel value overstates the economic value of
the fishery to fishing vessels, as it does not include any
consideration of harvesting costs. For dealers, ex-vessel
value represents the cost of obtaining fish. Information on
revenues earned from processing/marketing these land-
ings is not generally available. In addition, some dealers
may also process/market fish imported from other states
or countries; the revenues and costs associated with these
imported products are also not known.

Commercial Fisheries Landings and
Ex-vessel Value

his section describes trends in the volume and ex-

vessel value of California commercial landings. The
harvest information presented here is based on landings
receipts and therefore excludes discards and live bait
catch. Fish may be discarded in commercial fishery opera-
tions for a variety of reasons. Discards may include fish
that are of sublegal size, exceed a vessel’s hold capacity
or trip limit, or are not of marketable size or species.
Information on the level of discards and discard mortality
is generally not known. Live bait used by recreational
fishermen is also not reported on landings receipts, since
transactions between buyers and sellers of live bait typi-
cally take place at sea. Logbook data indicate that bait
haulers harvest a maximum of 12 million pounds of live
bait each year.
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Commercial landings in California decreased from 791.4
million pounds in 1981 to 472.1 million pounds in 1999.
Ex-vessel revenues also fell during this period from $475.7
million to $144.4 million in 1999. All dollar values pre-
sented here and throughout the remaining of this report
have been corrected for inflation to 1999 dollars. The
precipitous decline experienced during the early-1980s
was largely the result of a shift in tuna landings from Cali-
fornia ports to less costly cannery operations in American
Samoa and Puerto Rico. The decline in tuna landings and
revenues has been compounded by declines in landings of
species such as groundfish, urchin, shark and swordfish,
salmon, abalone. Other species (e.g., market squid, lob-
ster, prawn, coastal pelagics) have been the target of
expanding fisheries, while still others (e.g., crab, Pacific
herring, shrimp) exhibit no obvious pattern or trend in
landings and revenues.

From 1995 through 1999, the species groups accounting
for most of the ex-vessel value of California landings
were (in descending order of value) groundfish, market
squid, crab, albacore/other tunas, sea urchin, herring,
shark/swordfish, salmon, coastal pelagics, lobster, prawn,
shrimp and abalone. The species composition of landings
and revenues varies significantly by area. Over 90 percent
of the ex-vessel value of landings in northern California
consists of groundfish, crab, shrimp and sea urchin. In
central California, 90 percent of total ex-vessel value is
contributed by groundfish, herring, salmon, crab, prawn,
shark/swordfish and coastal pelagics. In southern Califor-
nia, 90 percent of total value is contributed by squid,
albacore/other tuna, sea urchin, coastal pelagics, shark/
swordfish, lobster and groundfish. Landings and revenues
have historically been higher in southern California than
in central or northern California. The major reason for
this difference is the large contribution made by the high-
volume squid and coastal pelagic fisheries to southern
California landings and revenues.

The State of California requires that all commercial fishing
vessels, crew members, and fish businesses be licensed
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to operate in the state, and further requires that all
businesses and fishermen who accept seafood for com-
mercial purposes maintain landings receipts. The state
also imposes additional license and permit requirements
that are specific to certain types of fishing activities. In
addition, federal permits are required for vessels that
qualify to participate in the groundfish and coastal pelag-
ics limited-entry fisheries. Permits and licenses represent
upper-bound estimates of fishery participation, as not all
permit/license holders actively engage in fishery activity
each year. The next two sections of this report describe
the extent of actual participation in the harvesting and
processing sectors.

Harvesting Sector

he number of commercial fishing vessels that land fish

in California declined from 6,897 in 1981 to 2,690 in
1999. While the majority of these boats land fish solely at
California ports, a significant minority also makes landings
in Oregon or Washington. California boats may fish in
other states as well (e.g., Alaska); however, the extent of
such activity is not known.
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Categorizing vessels according to their “principal area”
(i.e., the area in which they made the plurality of their
revenues from California landings), the statewide pattern
of declining fleet size is evident in all areas. From 1981

to 1999, the number of boats declined from 2,256 to 532
(76 percent) in northern California, from 2,848 to 1,191 (58
percent) in central California, and from 1,793 to 967 (46
percent) in southern California. The number of boats has
been consistently higher in central California than in the
other two areas.

Just as some vessels engage in interstate fishing activity,
a small but significant minority of vessels lands fish both
inside and outside of their principal fishing area within
California. From 1981 through 1999, 82 percent of vessels
whose principal area was northern California made land-
ings in northern California only, while the remaining 18
percent also made landings in other areas (mostly central
California). Of vessels whose principal area was central
California, 87 percent made landings in central California
only, and 13 percent also made landings in northern
and/or southern California. Of vessels whose principal
area was southern California, 88 percent made landings
in southern California only, and the remaining 12 percent
also made landings in other areas (mostly central California).

The percent of boats earning less than $5,000 per year
declined from 53 percent during the period from 1981
through 1985 to 34 percent during the 1995 through 1999
period, while the percent of boats accounting for 90 per-
cent of the ex-vessel value of statewide landings increased
from 20 percent (1981-1985) to 35 percent (1995-1999).
The highly skewed revenue distribution characteristic of
the early 1980s reflects the sizeable contribution of tuna
fishery participants to total statewide revenues during
those years. The tendency toward a less skewed distribu-
tion of revenue after the mid-1980s was apparent in north-
ern, central and southern California as well as statewide.
Nevertheless, the commercial fishery remains character-
ized by a large number of low-revenue vessels and a

small number of high-revenue vessels, with hook-and-line

Street fish market, Fisherman’s Wharf, San Francisco, CA
Credit: UC Davis Sea Grant
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salmon and groundfish vessels disproportionately repre-
sented in the low-revenue segment.

From 1981 through 1999, ex-vessel revenue from California
landings averaged $46,500 per boat and did not exhibit
any consistent trend or pattern. However, the statewide
average masks significant regional differences in this
regard. From the 1981-1985 period to the 1994-1999
period, average revenue per boat increased significantly
in northern California from $24,500 to $60,800, increased
less dramatically in central California from $20,800 to
$30,100, and declined in southern California from $126,000
to $74,900. The fishing opportunities that developed in
southern California after the mid-1980s were not sufficient
to compensate for the decline in revenues from the highly
lucrative tuna fishery. Nevertheless, average revenue per
boat is still higher in southern California than elsewhere
in the state.

For the years 1995 through 1999, commercial landings
and revenues were categorized into 23 different com-
binations of species and gear that depict major types

of fishery activity in the state. Table II-7 describes aver-
age annual landings and revenues in each major fishery
in northern, central and southern California during the
1995-1999 period, presented in declining order of revenue.
For each fishery, the table also includes the number

of participating vessels (defined as vessels who earned
at least five percent of their California revenue from
that fishery) and the number of participating vessels for
whom the fishery is their “principal fishery” (that is,

the fishery from which they derive the plurality of their
California revenue).

Table 11-8 characterizes the vessels in each principal fish-
ery category in terms of average landings and revenues
per year from the vessel’s principal California fishery, from
other California fisheries, and from Oregon and Washing-
ton fisheries. Average revenue per boat varies widely
among fisheries, and tends to be lowest in the groundfish
and salmon hook-and-line fisheries and highest in the
trawl and seine fisheries. The distribution of average rev-
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enue per vessel among fisheries is suggestive of vessels’
economic dependence on their principal fishery relative to
other California fisheries and to Oregon and Washington
fisheries. For instance, some vessels (e.g., shrimp trawl in
northern California) earn more revenue from their out-of-
state landings than their California landings. For these
vessels in particular, adverse conditions in their out-of-
state fisheries can result in a significant diversion of effort
to the California fisheries in which they also participate,
and vice versa. At the other end of the spectrum are ves-
sels that derive most if not all of their revenue from their
principal fishery (e.g., urchin diving in central California).
Because of this lack of diversification, such vessels are
particularly vulnerable to changing conditions in the
fishery in which they do participate. It should be cau-
tioned that ex-vessel revenue comparisons are merely sug-
gestive of differences in economic value, as such compari-
sons do not account for differences in operating costs
across fisheries.

According to Tables II-7 and 1I-8, the highest-revenue fish-
eries do not necessarily support the largest numbers of
boats or generate large ex-vessel revenues per boat. For
instance, the salmon hook-and-line fishery is the third
largest contributor to ex-vessel revenue in central Cali-
fornia (56.5 million) and serves as the principal fishery
for 579 vessels, yet generates only $9,000 in ex-vessel
revenue per boat per year. The tuna seine fishery is the
third largest contributor to ex-vessel revenue in southern
California ($9.6 million) and yields higher revenue per
boat than any other fishery statewide ($914,600 per boat
per year); yet tuna seine is the principal fishery for only
10 boats.

The Tables in 1I-3 describe the most common combinations
of fisheries in which vessels participated from 1995
through 1999. The number in each rectangle represents
the average annual humber of vessels that participated
solely in that fishery during the 1995-1999 period, and the
number on each line connecting the rectangles represents
the average annual humber of vessels that participated
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in that particular two-fishery combination. The asterisks
denote the most common three-fishery combinations. Only
fisheries or fishery combinations that represent an annual
average of at least three vessels appear in the figure.
Since the abalone dive fishery has been closed to com-
mercial fishing since 1998, the 1995-1999 statistics on that
fishery included in Tables II-7, 1I-8 and 1I-3 include the
recent years of zero fishing activity (1998-1999).

Patterns of behavior vary significantly by area. In north-
ern California, crab pot is the predominant fishery in
terms of the number of vessels that participate solely

in that fishery (153) and the frequency with which crab
pot vessels also engage in other fisheries. In central
California, the largest numbers of vessels engage in the
salmon hook-and-line (419), groundfish hook-and-line (332)
and herring (121) fisheries. The most common combina-
tions involve salmon and groundfish hook-and-line (92),
and salmon hook-and-line and crab pot (88). In southern
California, the largest numbers of vessels engage in the
sea urchin (156), groundfish hook-and-line (119) and lob-
ster pot (102) fisheries. Groundfish hook-and-line vessels
are also notable in terms of the number of other fisheries
in which they participate. While interactions exist among
the prawn, groundfish and cucumber trawl fisheries, trawl
fisheries in southern California are seldom pursued in
combination with other gear types.

The Processing Sector

Between 1981 and 1999, the number of fish dealers
increased statewide from 519 to 888. Categorizing
dealers according to their “principal area” (e.g., the area
of California accounting for the plurality of the ex-vessel
value of their landings receipts), the number of dealers
increased from 86 to 143 (+66 percent) in northern Califor-
nia, from 213 to 366 (+42 percent) in central California,
and from 220 to 379 (+72 percent) in southern California.
The number of dealers has been consistently lower in
northern California than in other areas of the state.

CALIFORNIA DEPARTMENT OF FISH AND GAME
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The increase in numbers of dealers has followed a distinc-
tive pattern: a relatively stable number of dealers during
the 1981-1986 period, followed by a stepwise increase in
1987 and relatively stable (albeit higher) numbers there-
after. The ex-vessel value of average annual landings
receipts per dealer shows a parallel though opposite step-
wise pattern. From the 1981-1986 period to the 1987-1999
period, the average annual number of dealers increased
from 547 to 825, while the value of landings receipts

per dealer decreased from $531,500 to $209,500 over the
same period. The decline in average value per dealer

is largely due to the post-1986 increase in the number

of dealers for whom the value of landings was less than
$5,000. Many of these small dealers are commercial fish-
ing vessel operators who sell their landings directly to
restaurants and markets rather than to a processor. The
decline in annual value per dealer has been particularly
severe in southern California (falling from $805,500 in
1981-1985 to $233,900 in 1986-1999), where the effect of
the post-1986 increase in the number of small dealers was
compounded by the drastic reduction in high-priced tuna
landings experienced in that area through the early 1980s.
Since the decline of the tuna fishery, northern California
has generally replaced southern California as the area
with the highest average value of landings per dealer.
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The distribution of landings receipts among dealers is
highly skewed, with 16 percent of the dealers responsible
for 90 percent of the value of landings from 1987 through
1999. This pattern is repeated throughout the state, with
20 percent of dealers in northern California and 16 percent
of dealers in central and southern California accounting
for 90 percent of ex-vessel value in their respective areas
of the state.

The Trade Sector

G enerally speaking, imports into the U.S. are catego-
rized by their initial port of entry, which is not neces-
sarily their final destination. Thus, some imports that
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enter the U.S. at Nogales, Arizona and Honolulu, Hawaii
likely end up in California markets. For this reason, sea-
food imports into California should be considered sug-
gestive rather than definitive estimates of California con-
sumer demand for imported seafood.

Like imports, exports from the U.S. are categorized in
terms of the port from which they left the U.S. Thus,
not all exports from a state necessarily originate from
fisheries in that state. California exports may include
fish landed in Mexico and subject to additional handling
or processing in California before being sold to a third
country. Exports also include fish that were imported
and not sold, then re-exported in substantially the same
condition as when imported.

The dollar value attached to imports represents the Cus-
toms value, that is, the price actually paid for merchan-
dise when sold to the U.S., excluding U.S. import duties,
freight, insurance and other charges incurred in bringing
the goods to the U.S. The dollar values attached to
exports and re-exports is the “free alongside ship” value,
that is, the value at the port of export, defined as

the transaction price including charges and transportation
costs incurred in bringing the merchandise to the port

of exportation.

Between 1989 and 1999, the value of seafood products
imported into California increased from $1.6 trillion to
$2.4 trillion, while imports into the U.S. as a whole
increased from $6.9 trillion to $9.0 trillion. About 30
percent of the value of U.S. imports enters the country

at California ports. Shrimp imports, which have increased
dramatically over the past decade, have consistently com-
prised about 60 percent of the value of California seafood
imports. The average annual value of shrimp imports
was $1.6 trillion during the 1997-1999 period. Significant
though much smaller amounts of tuna ($187.6 million),
unspecified marine fish ($104.1 million), scallop ($65.1
million), lobster ($62.2 million) and squid ($47.0 million)
were also imported during that period. The countries
from which California received most of its seafood imports
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during the 1997-1999 period (in order of declining annual
import value) were Thailand ($999.6 million), Indonesia
($179.1 million), China ($162.5 million), Ecuador ($157.9
million), India ($148.6 million) and Taiwan ($99.4 million).
Imports from all of these countries except China have
been on a generally increasing trend over the past decade.

From 1989 through 1999, the value of seafood products
exported from California and from the U.S. as a whole
averaged $246.2 million and $3,215.3 million respectively.
About eight percent of total U.S. seafood exports origi-
nated from customs districts in California. In recent years
(1997-1999), squid has replaced sea urchin as California’s
major export. The major species groups comprising Cali-
fornia exports during the 1997-1999 period (in order of
declining average annual value) were squid ($37.9 million),
sea urchin ($28.5 million), shrimp ($18.3 million), lobster
(517.4 million), salmon ($16.6 million) and groundfish
(514.7 million). Although exports to Japan have declined
significantly over the past decade, Japan remains the
major recipient of California exports. California’s major
seafood export trading partners from 1997 through 1999
(in order of declining annual export value) were Japan
(561.7 million), Taiwan ($30.6 million), China ($22.2 mil-
lion), Australia (5$15.7 million), Mexico ($11.9 million) and
Hong Kong ($10.8 million).

Sport and Subsistence Fisheries

ome fishermen do not earn revenue from their catch
but rather fish for pleasure and/or to provide food
for personal consumption. The economic value of the
sport/subsistence (hereafter loosely referred to as “recre-
ational”) fishery depends on which segment of the fishery
is being considered. For instance, the value of fishing
to anglers would be measured by consumer surplus, that
is, the maximum amount that anglers would be willing
to pay for the fishing experience over and above what
they actually pay. The value of fishing to businesses that
provide services to anglers, such as commercial passenger
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fishing vessels (CPFVs), would be measured by the differ-
ence between their gross revenues and economic costs.
The economic impact of fishing on local economies would
be measured by the multiplier effects on income and
employment that occur as money spent by anglers moves
through the economy. Collection and analysis of data
needed to estimate these various types of economic
effects are underway. Until such studies are completed,
all that is available at this time are approximate estimates
of angler expenditures.

Effort and Harvest

pproximately 4.7 million marine recreational angler

trips were made annually in California during
1998-1999 — 2.9 million trips (61 percent) in southern
California (Santa Barbara County and southward) and 1.9
million trips (39 percent) in central/northern California
(San Luis Obispo County and northward). The proportion
of total effort in each area associated with man-made
structures (e.g., piers), beaches, CPFVs and private boats
was 22 percent, 10 percent, 22 percent and 46 percent
respectively in southern California, and 24 percent, 18
percent, nine percent and 49 percent in central/northern
California. Approximately 17.8 million fish were harvested
annually during 1998-1999, of which 9.6 million were
landed in whole condition, 7.1 million were discarded
alive, and 1.2 million were used as bait, filleted, given
away or discarded dead.

Harvest levels vary significantly across species groups.
During 1998-1999, the major components of harvest
included rockfish (3.4 million fish), sea basses and tuna/
mackerel (2.5 million fish each), and smelt, surfperch,
croakers and Pacific barracuda (1.1 million fish each).
Flatfish, silversides, jacks, sharks, rays, scorpionfish,
striped bass, herring greenlings, sculpins and sea chubs
made smaller though significant contributions to total
harvest. The percentage of total catch retained by
anglers or discarded dead (e.g., not released alive)

CALIFORNIA DEPARTMENT OF FISH AND GAME
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varies widely, ranging from a high of 85-90 percent for
smelt, rockfish, jacks and herring to a low of 11 percent for
cartilaginous fish.

Harvests vary across fishing modes and areas as well as
species. During 1998-1999, annual harvests (excluding fish
released alive) ranged from highs of 1,995,000 fish for
CPFV anglers and 2,171,000 fish for private boat anglers in
southern California, to lows of 344,000 fish for southern
California beach anglers and 600,000 fish for central/
northern California anglers fishing from man-made struc-
tures. Sea basses, tuna/mackerel, Pacific barracuda, Cali-
fornia scorpionfish and jacks are much more commonly
caught in southern California, while striped bass and
salmon are more commonly caught in central/northern
California. Rockfishes are an important component of
boat-based harvests in southern California and the domi-
nant component in northern California.

Recreational Fishery Expenditures

Based on the average annual number of marine rec-
reational fishing trips made in U.S. waters during
1998-1999, aggregate annual trip-related expenditures
were estimated to be approximately $202.0 million for
southern California and $107.9 million for central/northern
California. These estimates, combined with license, fish-
ing gear and boat-related expenses of $128.4 million in
southern California and $68.6 million in central/northern
California, bring total annual statewide angler expendi-
tures to $506.9 million.

Additional Information on the Salmon
and CPFV Sport Fisheries

FG sponsors a number of data collection programs
that provide detailed information regarding certain
segments of the marine sport fishery. One such program is
the Ocean Salmon Project (OSP), which provides informa-
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tion on harvest and effort in California’s ocean salmon
fisheries (both recreational and commercial). It also spon-
sors a CPFV logbook program. Not all CPFVs participate

in the program and the participation rate varies somewhat
from year to year. Nevertheless, logbook-based estimates
of effort and catch are generally considered to be useful
indicators of trends in the CPFV fishery.

According to data collected in the OSP, recreational
salmon landings and effort in both central and northern
California were lower and less variable in the years prior
to 1985 than they have been in subsequent years 1985
through 2000. Record low levels of landings and effort
were experienced by both CPFV and private boat anglers
in 1992 and record highs in 1995. While CPFV and private
boat landings have been markedly similar over time, fish-
ing effort has been consistently higher for private boats
than CPFVs. From 1985 through 2000, annual salmon land-
ings averaged 91,600 fish for CPFVs and 93,600 for private
boats, while annual effort averaged 86,200 CPFV trips and
128,300 private boat trips. Neither landings nor effort
exhibit any consistent long term trend.

According to data collected in CPFV logbooks, the number
of CPFVs that participate annually in the marine recre-
ational fishery averaged 297 boats from 1980 through
1998. Categorizing CPFVs according to their “principal
area” (e.g., the area in which they made the plurality

of their fishing trips), the number of northern California
CPFVs increased from an annual average of 18 boats
during the 1980-1987 period to 30 boats during the
1988-1991 period, then decreased to an average of 13
boats during the 1992-1998 period. The number of central
California CPFVs declined from an annual average of 137
boats during the 1980-1991 period to 105 boats during the
1992-1998 period. The CPFV fleet in southern California,
many of which fish in Mexican as well as U.S. waters,
increased in size from an average of 145 boats (1980-1994)
to 183 boats (1995-1998). Of these 183 boats, 119 fished
exclusively in U.S. waters, 58 fished in both U.S. and
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Mexican waters, and five fished exclusively in Mexican
waters.

The number of CPFV angler trips in northern California
averaged 6,782 (1980-1984), increased to 13,271
(1985-1991), then declined to 6,087 (1992-1998). In central
California, fishing effort declined from an annual average
of 206,121 angler trips (1980-1991) to 159,634 angler trips
(1992-1998). For CPFVs based in southern California, fish-
ing effort in U.S. waters experienced peaks in 1980-1982,
1990 and 1997-1998, while effort in Mexican waters peaked
in 1984-1985 and 1997-1998. Fishing effort in southern
California (in both U.S. and Mexican waters) displays no
obvious trend over time.

Paralleling the changes in fishing effort, CPFV landings

in northern California also increased through the 1980s,
peaked in the late 1980s and early 1990s, then declined
throughout the 1990s. This same trend was followed by
both major components of northern California landings

- rockfish/lingcod and salmon. Landings of “other”
species, which have historically been very modest, were
augmented by crab harvests from 1995 through 1998,
when CPFVs began employing crab pots on fishing trips

to help supplement declining harvests of finfishes. Cen-
tral California landings, which ranged from 1.5 to 1.8 mil-
lion fish during the early 1980s, have declined to well
under one million fish in recent years. This decline has
been largely driven by the precipitous decline in rockfish/
lingcod landings. Salmon landings and landings of “other”
species (including species such as crab, striped bass, stur-
geon, flatfishes, mackerel, tuna, shark) followed no obvi-
ous trend. Landings associated with southern California
trips in U.S. waters declined from well over four million
fish during the early 1980s to around two million fish
during the late 1990s. Increases in sea bass and barracuda
landings during 1980-1998 were overshadowed by much
larger declines in rockfish, mackerel and bonito landings.
Tuna/jack landings do not follow any obvious long term
trend, although they have been unusually high in recent
years. “Other” landings include a diversity of species,
including California scorpionfish, ocean whitefish, sea
chubs, wrasses, croakers and flatfishes among others.

Since 1995, the CPFV logbook database has included infor-
mation that allows fishing trips to be distinguished from
diving trips and also allows trips to be distinguished by
target species. From 1995 through 1998, diving trips
comprise a very modest proportion of total CPFV activity
in both northern and central California. CPFV fishing trips
in northern California were targeted largely at salmon (39
percent), rockfish/lingcod (48 percent) and salmon and
rockfish/lingcod combined (10 percent). CPFV fishing trips
in central California were targeted at salmon (45 percent),
rockfish/lingcod (35 percent), salmon and rockfish/lingcod
(three percent), and striped bass/sturgeon, shark, tuna
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and other/unspecified species (17 percent). From 1995
through 1998, the contribution of salmon to total CPFV
landings in northern and central California (seven percent
and 10 percent respectively) was much lower than the
proportion of trips targeted at salmon. Conversely, the
rockfish/lingcod contribution to total northern and central
California landings (88 percent and 84 percent respec-
tively) was much higher than the proportion of trips tar-
geted at rockfish/lingcod. Such marked disproportion-
alities between landings and effort highlight the large
differences in catch-per-unit-effort that can exist among
species groups. The singular reliance of northern

and central California CPFVs on salmon, rockfish and ling-
cod harvests and the unprecedented regulatory restric-
tions on harvests of these species in recent years are
significant contributing factors to the decline in effort and
landings experienced in northern and central California in
recent years.

Southern California CPFVs participate in a range of fishing
and diving activities. From 1995 through 1998, about

79 percent of angler trips made by southern California
boats involved fishing in U.S. waters, 14 percent involved
fishing in Mexican waters, seven percent involved diving

in U.S. waters, and less than one percent involved dive
trips in Mexican waters. Of the 183 CPFVs that operated in
southern California during 1995-1998, 63 fished in Mexican
waters. Mexican as well as California fishing regulations
are an important consideration for this significant minority
of southern California CPFVs.

From 1995 through 1998, 91 percent of southern California
CPFYV fishing trips in U.S. waters were not targeted at any
particular species, reflecting the prevalence of freelance
trips on which anglers are provided with the opportunity
to catch a diversity of species. Of the remaining nine per-
cent of trips, two percent were specifically targetine tuna
and seven percent rockfish/lingcod. About 55 percent

of total rockfish/lingcod landings in southern California
were made on trips specifically targeting rockfish/lingcod
and the remaining 45 percent landed on freelance trips.
This highlights one of the complexities associated with
management of the southern California CPFV fishery,

that is, how to meet harvest goals for managed species
(like rockfish and lingcod) that are taken jointly with
other species without unduly restricting harvests of these
other species.

Cynthia J. Thomson
National Marine Fisheries Service
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Table II-1. Commercial landings (millions of pounds), by year and species group, 1981-1999.

Year  Groundfish Squid Crab  Alb/Other Tuna
1981 94.4 51.8 1.8 3311
1982 116.7 36.9 8.2 251.6
1983 90.0 4.0 6.7 248.7
1984 90.1 1.2 70 182.4
1985 95.0 22.7 19 68.2
1986 92.5 46.9 9.8 69.0
1987 91.8 44.1 8.6 80.6
1988 88.5 82.1 12.7 157
1989 94.4 90.2 1.2 55.5
1990 86.7 62.7 12.3 374
1991 197 83.2 6.0 19.0
1992 773 289 9.9 20.6
1993 624 94.4 13.5 249
1994 54.8 122.0 14.6 26.0
1995 63.5 154.9 10.4 26.1
1996 624 177.6 13.6 424
1997 65.5 155.1 1.3 37.2
1998 50.6 6.6 12.1 38.1
1999 331 201.8 9.6 24.6
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Urchin Herring  Shark/Sword Salmon
26.5 13.1 48 6.0
19.5 234 57 8.0
17.8 17.7 5.8 24
15.1 8.5 16 29
20.1 17.6 8.9 43
341 16.9 6.7 13
46.1 18.6 53 8.8
52.0 191 43 14.2
514 20.6 4.5 5.6
453 16.5 35 43
42.3 16.3 31 37
33.2 14.2 33 1.6
270 9.6 35 2.5
239 6.7 34 31
22.3 104 24 6.6
20.1 12.2 25 41
18.1 20.8 31 5.3
104 45 28 18
14.2 5.2 38 38
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) Table lI-1. Commercial landings (millions of pounds), by year and species group, 1981-1999." (continued)
o
= Year CPS Lobster Prawn Shrimp Nearshore Abalone All Else Total
g 1981 232.6 0.5 0.6 53 2.6 1] 3.2 7914
1982 25.7 0.5 04 54 2.3 1.2 3.2 697.8
e 1983 122.9 0.5 0.3 21 1.5 0.8 1.7 522.8
o 1984 123.7 04 0.6 3.0 2.3 0.8 1.5 4413
o 1985 102.0 04 1.0 4.6 3.0 0.8 1.3 357.6
< 1986 1208 05 08 70 21 0.6 1 416.]
o) 1987 124.7 04 0.3 8.2 21 0.8 1.5 4421
= 1988 129.2 0.6 0.3 11.5 2.3 0.6 1.7 494.8
@ 1989 136.1 0.7 04 14.6 21 0.7 3.6 4815
5 1990 106.2 0.7 04 10.3 2.0 0.5 6.0 3949
- 1991 99.9 0.6 04 1.8 29 04 1.7 371.2
el 1992 85.7 0.6 0.3 19.6 1.8 0.5 1.3 298.9
B 1993 679 0.6 04 8.6 21 0.5 1.8 319.8
1994 51.6 0.5 0.6 12.] 3l 0.3 1.7 3304
g 1995 115.7 0.6 0.8 6.8 3.2 0.3 14 4254
7 1996 107.5 0.7 11 10.6 34 0.2 33 461.6
— o 1997 151.2 0.9 1] 15.7 2.7 0.1 4.2 492.3
9 1998 147.2 0.7 1.3 3.0 14 0.0 33 2839
- 1999 163.4 0.5 2.0 5.8 14 0.0 29 4711

! “Nearshore” includes non-rockfish species caught in nearshore areas (e.g., California sheephead, white croaker, white seabass).

Table 1I-2. Ex-vessel value (Smillions, base year=1999), by year and species group, 1981-1999.!

Year  Groundfish Squid Crab  Alb/Other Tuna Urchin Herring  Shark/Sword Salmon
1981 38.3 8.5 17.2 317.6 8.4 79 9.6 25.3
1982 46.5 5.6 13.6 198.7 5.6 15.8 12.5 315
1983 36.5 1.1 14.0 163.1 5.8 18.9 13.7 1.0
1984 35.8 04 143 118.2 53 28 20.7 114
1985 399 53 14.7 36.6 6.8 8.7 23.1 15.3
1986 428 6.2 179 38.3 134 16 208 20.2
1987 44.5 53 15.2 48.3 17.9 19 18.2 32.6
1988 40.1 10.2 21.0 55.1 25.2 74 15.2 52.5
1989 40.7 8.7 1.3 32.8 284 59 16.6 16.5
1990 37.2 57 238 18.4 29.7 10.5 10.7 141
1991 344 1.2 10.0 9.4 39.5 1.1 9.3 10.5
1992 349 28 141 11.5 339 10.5 9.6 51
1993 28.0 11.3 16.4 15.2 294 2.8 10.9 6.3
1994 28.2 15.6 214 16.5 217 35 11.5 7.0
1995 38.7 23.7 16.9 1.4 241 10.3 78 124
1996 378 228 19.5 235 19.6 15.8 71 6.3
1997 35.8 21.2 20.8 20.1 15.7 15.6 13 1.5
1998 250 1.7 21.8 19.0 8.0 0.6 6.7 31
1999 224 333 18.2 16.3 134 2.2 9. 74
Year CPS Lobster Prawn Shrimp Nearshore Abalone All Else Total
1981 23.7 2.7 1.6 5.3 2.8 3.5 4.0 475.7
1982 211 3.0 17 54 1.2 3.6 4.0 369.6
1983 15.5 3.0 0.8 21 0.9 2.6 1.2 286.3
1984 147 2.6 0.8 3.0 1] 32 1.2 2384
1985 1.5 2.7 1.3 4.6 1.8 34 1.0 1744
1986 127 31 1.5 10 13 2.6 0.9 194.7
1987 11.0 29 1.0 8.2 1.3 3.3 1.2 218.7
1988 127 4.2 13 11.5 14 2.6 13 256.7
1989 12.3 5.0 1.3 14.6 1.2 3.9 2.0 193.4
1990 19 48 19 103 1.2 3.0 3.6 176.5
1991 8.3 44 21 1.8 1.5 21 1.5 158.8
1992 71 44 17 19.6 1.0 32 14 1493
1993 4.2 4.0 2.6 8.6 0.6 3.5 2.6 141.2
1994 41 38 32 121 20 29 20 157.0
1995 5.6 5.1 3.3 6.8 21 2.7 1.0 170.5
1996 5.6 5.3 44 10.6 20 23 14 180.5
1997 8.4 7.0 5.8 15.7 1.8 1.1 1.2 176.5
1998 6.8 48 6.4 3.0 1.6 0.0 13 109.0
1999 74 3.7 5.8 5.8 1.3 0.0 11 144.4

! “Nearshore” includes non-rockfish species caught in nearshore areas (e.g., California sheephead, white croaker, white seabass).
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Table 11-3. Average annual landings and ex-vessel value during 1995-1999, by area and major species group. -
o=
Northern California =
Species Group Pounds x 1000 Percent (Base Year $=1999) Percent &
Groundfish 30,233.7 57% 13,564.4 38% =
Crab 8,067.0 15% 13,257.6 3% ey
Shrimp 6,425.7 12% 3,531.2 10% o
Urchin 3,321.6 6% 21249 8% o
Albacore/Other Tuna 1,105.3 2% 951.8 3% w
All Else 3,402.0 1% 1,467.9 4% k§)
Total 52,555.3 100% 354978 100% —
=
Central California -,
Species Group Pounds x 1000 Percent (Base Year $=1999) Percent —e
Groundfish 22,77.8 27% 14,985.8 32% E
Herring 10,431.2 12% 8,800.1 19% o
Salmon 41315 5% 6,939.9 15% )
(rab 24280 3% 5135.0 1% w
Prawn 335.6 0% 22190 5% ’5
Shark/Swordfish 758.9 1% 20934 5% =
Coastal Pelagics 32,000.3 38% 1,499.2 3%
Albacore/Other Tuna 1,618.6 2% 1,448.6 3%
Shrimp 1,912.5 2% 1,314.0 3%
Market Squid 77094 9% 1,197.8 2%
All Else 1,192.4 1% 1,181.2 2%
Total 85,290.2 100% 46,874.0 100%

Southern California

Species Group Pounds x 1000 Percent (Base Year $=1999) Percent
Market Squid 131,468.9 45% 19,344.8 26%
Albacore/Other Tuna 30,9244 1% 15,662.8 2%
Urchin 13,057.8 5% 12,906.9 18%
Coastal Pelagics 104,979.2 36% 52614 7%
Shark/Swordfish 2,059.3 1% 5229.5 7%
Lobster 683.1 0% 5174.6 1%
Groundfish 2,007.4 1% 3,382.5 5%
Prawn 915.9 0% 2,813.2 4%
(rab 891.2 0% 1,067.1 1%
All Else 22318 1% 2974.6 4%
Total 289,225.0 100% 73,8174 100%

Total California

Species Group Pounds x 1000 Percent (Base Year $=1999) Percent
Groundfish 55,012.9 13% 31,932.7 20%
Market Squid 139,187.8 33% 20,546.4 13%
(rab 11,386.1 3% 19,459.6 13%
Albacore/Other Tuna 33,648.2 8% 18,063.1 12%
Urchin 17,040.0 4% 16,151.1 10%
Herring 10,628.9 2% 8,910.9 6%
Shark/Swordfish 29153 1% 7,609.2 5%
Salmon 4,348.7 1% 1,341.7 5%
Coastal Pelagics 137,003.8 32% 6,764.9 4%
Lobster 683.2 0% 5175.5 3%
Prawn 1,261.4 0% 51577 3%
Shrimp 8,373.9 2% 4,876.8 3%
Abalone 121.7 0% 1,205.1 1%
All Else 5458.6 1% 2,988.4 2%
Total 427,070.5 100% 156,189.2 100%
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- Table 11-4. Number of vessels that make commercial landings in California, categorized according to whether or not
E they also make landings in Oregon or Washington, 1981-1999.
=
& Year CA Only CA&OR CA&WA (A OR& WA Total
— 1981 5,832 787 135 143 6,897
@S 1982 5162 555 106 130 6,553
e 1983 5,257 396 83 94 5,830
o 1984 4719 261 103 31 5174
w»» 1985 4451 235 87 37 4810
< 1986 4,305 365 106 69 4,845
ﬂ 1987 4162 352 104 76 4,694
g~} 1988 4,204 354 135 92 4,785
B 1989 4376 309 125 64 4874
1990 4,155 273 122 48 4,598
) 1991 4,032 214 102 40 4,388
— 1992 3,536 170 118 46 3,870
B 1993 3,271 196 93 58 3,618
D 1994 3,102 161 107 52 3422
— 1995 3,074 184 83 35 3,376
«. 1996 2,994 205 74 30 3,303
=) 1997 2,857 190 96 20 3,163
= 1998 2,505 119 51 24 2,699
1999 2495 128 45 22 2,690

Table II-5. Number of vessels by principal area, categorized according to whether or not they also make landings
outside their principal area, 1981-1999.

Principal Area=Northern CA Principal Area=Central CA Principal Area=Southern CA
No.CA No.& Other Cen.CA No.& S0.& Other So.CA S0.& Other
Year Only Cen. Comb. Total Only Cen. Cen. Comb. Total Only Cen. Comb. Total
1981 1920 311 25 2256 2488 259 82 19 2848 1635 135 3 1793
1982 1842 289 36 2167 2274 232 110 29 2645 1566 155 19 1740
1983 1472 141 10 1623 2269 190 139 21 2619 1325 159 35 1519
1984 1066 160 16 1242 2008 177 102 15 2302 1313 230 20 1563
1985 891 198 3 1112 2033 147 105 13 2298 1160 152 pL 1336
1986 1127 198 20 1345 1935 164 108 16 2223 12 121 26 1259
1987 951 241 57 1249 1843 244 99 21 2207 1025 132 3 1180
1988 940 1 49 1200 2035 250 101 16 2402 979 90 53 122
1989 858 240 60 1158 2069 296 69 20 2454 1056 89 64 1209
1990 842 130 48 1020 2011 184 84 14 2293 1m 76 40 1227
1991 767 127 40 934 1944 189 82 18 2233 1080 101 7 1208
1992 597 7 83 751 1778 90 83 18 1969 998 90 4 1135
1993 605 94 65 764 1562 132 63 20 1771 954 73 42 1069
1994 521 101 33 655 1370 155 101 23 1649 958 107 42 1107
1995 470 76 33 579 1539 97 116 14 1766 903 96 21 1020
1996 507 12 24 643 1428 92 70 7 1597 929 95 25 1049
1995 512 68 24 604 1406 88 84 9 1587 858 86 18 962
1998 445 76 17 538 1105 64 76 1 1256 806 64 17 887
1999 459 59 14 532 1057 56 74 4 191 846 98 1 955
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Table II-6. Average annual number of boats that make California landings, ex-vessel revenue per boat from -
California landings, number and percent of boats earning less than $5,000 per year from California landings, and ]
number and percent of boats accounting for 90 percent of ex-vessel value of aggregate landings, by principal B
area and time period. g
1981-1985 1986-1994 1995-1999 =
Principal Area=Northern CA: 8
Number of Boats 1,680 1,008 579 e
Ex-Vessel Revenue Per Boat $24,500 $48,300 $60,800 <
#(%) Boats Earning <S5K Per Year 983(59%) 386(37%) 162(28%) 92
#(%) Boats Accting for 90% of Ex-Vessel Value 8
of Northern California Landings 419(25%) 341(35%) 236(41%) B
Principal Area=Central CA: )
Number of Boats 2,542 2134 1479 —
Ex-Vessel Revenue Per Boat $20,800 $25,100 $30,100 B
#(%) Boats Earning <S5K Per Year 1,420(56%) 967(46%) 627(43%) o
#(%) Boats Accting for 90% of Ex-Vessel Value =
of Central California Landings 727(29%) 737(34%) 512(35%) c£
Principal Area=Southern CA: g
Number of Boats 1,630 1,201 988
Ex-Vessel Revenue Per Boat $126,000 $67400 $74,900
#(%) Boats Earning <S5K Per Year 682(42%) 402(33%) 256(26%)
#(%) Boats Accting for 90% of Ex-Vessel Value
of southern California Landings 290(18%) 401(34%) 382(39%)
Total California:
Number of Boats 5,853 4,344 3,046
Ex-Vessel Revenue Per Boat $50,600 541,800 $50,700
#(%) Boats Earning <S5K Per Year 3,085(53%) 1,755(40%) 1,045(34%)
#(%) Boats Accting for 90% of Ex-Vessel Value
of Total California Landings 1,119(20%) 1,375(32%) 1,072(35%)

Table II-7. Average annual 1995-1999 landings, ex-vessel value of landings, and vessel participation in major
commercial fisheries, by area.

# Vessels

Major Northern CA Landings Value (51000s, # Participating Participating As
Fisheries (1000 Ibs) Base Year=1999) Vessels Principal Fishery
Crab trap 7,886.0 13,095.5 309 247
Groundfish trawl 28,683.7 11,3229 Il 56
Shrimp trawl 6,084.1 31795 58 25
Urchin dive 3,318.9 27421 64 61
Groundfish H&L 1,562.8 19254 158 103
Tuna H&L 966.4 837.6 43 7
Salmon H&L 406.1 654.5 86 44
Groundfish/misc. trap 3639 4594 35 16
Shark/swordfish gillnet 102.0 308.9 9 4
Herring 121.1 104.4 5 4
# Vessels

Major Central CA Landings  Valve ($1000s, # Participating Participating As
Fisheries (1000 Ibs) Base Year=1999) Vessels Principal Fishery
Groundfish trawl 17406.2 9,097.8 73 6l
Herring 10,014.2 8,585.5 149 136
Salmon H&L 38471 6,512.4 704 579
Crab trap 2,564.3 5,209.2 207 127
Groundfish H&L 4,056.2 4,710.2 520 415
Prawn trawl 3179 2,039.2 18 13
Shark/swordfish gillnet 581.9 1,683.5 30 21
Squid seine/other net 8,817.7 1,282.9 13 5
Tuna H&L 1,470.] 1,248.1 123 44
(CPS seine 20,333.9 961.6 13 7
Shrimp trawl 985.7 956.9 19 10
Urchin dive 686.7 546.9 17 10
Groundfish/misc. trap 153.1 3825 34 13
Abalone dive 31.8 3131 9 8
Prawn trap 344 249.2 8 3
Shark /swordfish H&L 101.2 2409 9 3
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) Table II-7 (continued).
e
B # Vessels
o Major Southern CA Landings Value ($1000s,  # Participating Participating As
) Fisheries (1000 Ibs) Base Year=1999) Vessels Principal Fishery
Squid seine/other net 129,556.2 19,150.2 87 70
ey Urchin dive 13,007.9 12,835.5 223 207
e Tuna seine 23,001.5 9,644.1 2 10
2 Tuna H&L 7473.2 5736.9 15 65
= CPS seine 115,869.4 5,671.8 46 23
w» Lobster trap 680.7 5157.5 202 168
8 Shark/swordfish gillnet 1,053.9 2,548.2 80 50
5 Groundfish H&L 1,588.5 21938 205 157
Shark/swordfish H&L 795.6 1,875.9 42 277
U Prawn trawl 745.3 1,679.9 27 19
—- Groundfish/misc. net 810.8 1,232.3 58 3
B Crab trap 900.4 1,097.2 76 35
o Prawn trap 135.1 1,011.9 28 18
= Abalone dive 87.6 877.0 33 13
w Groundfish/misc. trap 219.1 663.2 66 19
5' Shark /swordfish dive 119.3 632.0 24 20
— Groundfish trawl 255.0 525.3 32 20
= Cucumber dive 398.6 244.3 22 21
Salmon H&L 89.8 1711 18 7
Cucumber trawl 236.4 167.1 12 5
Shrimp other net 63.5 222 3 3

Table II-8. Average annual 1995-1999 landings and ex-vessel revenue per boat from the principal fishery, from other
California fisheries and from Oregon and Washington fisheries, by vessels’ principal area and principal fishery.

Landings/Boat/Year (1000 Pounds) Ex-Vessel Revenve/Boat/Year ($1000s)

Northern California Principal Other Principal Other

Principal Fisheries Fishery CA OR/WA Total Fishery CA OR/WA Total
Crab trap 26.0 171 9.8 529 438 127 8.8 65.2
Groundfish trawl 473.1 61.1 385.7 919.8 185.1 372 44.8 267.2
Shrimp trawl 110.2 38.9 2494 398.5 58.6 30.1 134.5 2232
Urchin dive 54.2 07 27 57.6 439 1.5 25 479
Groundfish H&L 10.6 31 1.6 15.3 127 43 23 194
Tuna H&L 271 27 30.6 60.5 24.0 3.6 283 55.9
Salmon H&L 1.8 0.8 0.2 2.8 3.2 1 0.3 4.6
Groundfish/misc. trap 10.8 37 35 18.0 14.8 51 6.3 26.2
Shark/swordfish gillnet 13.2 10.3 107.6 131.0 423 1.3 102.9 156.5
Herring 259 1.2 0.0 271 194 1.2 0.0 205
Groundfish trawl 275.3 18.8 3339 628.0 1454 1.1 529 209.4
Herring 64.2 18.5 1.8 84.5 534 29 1.3 517
Salmon H&L 5.3 1.4 1.9 8.6 9.0 1.8 23 13.1
Crab trap 16.] 9.1 19 27.0 327 84 19 431
Groundfish H&L 8.6 0.8 0.2 9.6 10.2 1 0.2 1.5
Prawn trawl 233 447 874 155.4 153.8 340 46.3 2341
Squid seine/other net 573.8 479.3 0.0 1053.1 85.7 46.0 0.0 131.6
Tuna H&L 171 27 179 376 144 4.0 16.7 35.2
CPS seine 20309 3349 0.0 23659 99.2 53.2 0.0 1524
Shrimp trawl 26.1 42 787 109.0 527 49 524 110.0
Urchin dive 60.3 1 0.0 614 47.6 2.2 0.0 49.7
Groundfish/misc. trap 8. 2.2 0.0 10.3 20.8 43 0.0 251
Abalone dive 23 20 0.1 44 22.5 21 0.1 24.7
Prawn trap 8. 16.2 09 25.2 59.8 12.6 0.5 728
Shark/swordfish H&L 1.2 217 0.7 14.6 21.0 15 1.9 36.4
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Table 11-8 (cont.) -
Landings/Boat/Year (1000 Pounds) Ex-Vessel Revenue/Boat/Year ($1000s) L]
Southern California Principal Other Principal Other E
Principal Fisheries Fishery CA OR/WA Total Fishery CA OR/WA Total =
Squid seine/other net 1516.9 674.7 5.2 2196.7 226.0 449 45 2754
Urchin dive 60.2 3.0 51 68.2 58.8 4.2 0.9 63.8 T
Tuna seine 1882.1 1288.6 49 3175.6 806.4 104.0 41 914.6 =
Tuna H&L 105.0 15.1 36.2 156.3 70.5 94 31.3 1m.3 8
(PS seine 2475.8 482.5 04 2958.8 132.0 89.5 0.1 221.6 <
Lobster trap 37 38 0.1 1.6 28.2 6.4 0.1 34.7 wn
Shark /swordfish gillnet 164 235 8.3 482 429 197 71 69.7 8
Groundfish H&L 8.9 1.7 0.3 1.0 12.2 14 0.3 139 Eg
Shark/swordfish H&L 26.8 6.7 30 36.5 62.8 15.3 24 804
Prawn trawl 32.5 9.2 56.5 98.2 794 1.6 12.2 103.2 U
Groundfish/misc. other net 17.5 12.1 0.6 30.3 28.1 10.6 0.5 39.2 —-
Crab trap 15.1 14 0.0 16.6 18.3 47 0.0 230 Eg
Prawn trap 6.1 2.6 0.5 9.1 474 9.1 04 56.9 o
Abalone dive 21 9.1 04 1.7 214 9.7 0.3 315 =
Groundfish/misc. trap 46 29 0.0 15 14.0 12 0.0 21.3 w
Shark /swordfish dive 5.2 1.2 0.0 6.3 2713 1.8 0.0 29.1 5
Groundfish trawl 9.0 8.0 79 249 209 6.0 2.7 29.6 =
Cucumber dive 2.6 40 0.5 329 15.1 9.8 0.0 24.8

Table 1I-9. Number of fish dealers by principal area, categorized according to whether or not they also receive landings
outside their principal area, 1981-1999.

Principal Area=Northern CA Principal Area=Central CA Principal Area=Southern CA
No.CA  No.&  Other CenCA  No.&  So.& Other So.CA  So.&  Other CA
Year Only Cen. Comb. Total Only Cen. Cen. Comb. Total Only Cen. Comb. Total Dealers
1981 81 3 7 86 182 15 12 4 N3 201 17 2 220 519
1982 77 8 1 86 209 9 1 4 233 221 18 2 2147 566
1983 67 6 0 73 m 14 12 4 251 217 7 4 248 572
1984 53 n 0 64 1 8 9 4 232 207 28 2 237 533
1985 59 9 0 68 200 9 19 2 230 187 35 1 223 521
1986 65 7 2 74 213 4 18 3 238 188 24 6 218 530
1987 103 12 4 119 420 2 17 4 463 275 29 5 309 891
1988 102 6 2 110 361 yAl 15 2 399 272 29 10 311 820
1989 108 10 5 123 329 15 12 5 361 294 37 11 342 826
1990 85 n 5 101 322 14 VAl 2 359 285 34 12 331 91
1991 85 12 3 100 312 )| 19 6 358 290 26 9 325 783
1992 85 10 6 101 307 yAl 24 n 363 257 26 15 298 762
1993 104 14 4 122 318 )| 21 5 365 237 3] 17 285 172
1994 98 14 12 124 333 24 27 9 393 331 59 15 405 922
1995 54 14 12 80 284 9 27 6 326 292 37 8 337 743
1996 88 13 6 107 274 19 18 6 317 267 30 12 309 133
1997 89 24 4 117 301 17 18 8 344 297 30 7 334 795
1998 78 19 6 103 360 16 19 5 400 312 29 10 351 854
1999 120 16 7 143 339 1 13 3 366 328 43 8 379 888
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- Table 1I-10. Average annual number of fish dealers, ex-vessel value of California landings receipts per dealer,
o number and percent of dealers accounting for less than $5,000 per year in California landings receipts, and number
B and percent of dealers accounting for 90 percent of ex-vessel value of aggregate landings receipts, 1981-1986 and
g 1987-1999, by dealers’ principal area.
1981-1986 1987-1999
t Principal Area = Northern CA:
8 Number of Dealers 75 12
by Ex-Vessel Value of CA Landings Receipts/Dealer $542,700 $380,300
= #(%) Dealers With<S5K Per Year in CA Receipts 18(23%) 52(46%)
W #(%) Dealers Accounting for 90% of Ex-Vessel Value
8 of Northern California Landings 25(33%) 22(20%)
5 Principal Area — Central CA:
) Number of Dealers 233 370
— Ex-Vessel Value of CA Landings Receipts/Dealer $246,700 $138,800
5 #(%) Dealers With<S5K Per Year in CA Receipts 76(33%) 186(50%)
oS #(%) Dealers Accounting for 90% of Ex-Vessel Value
= of Central California Landings 50(21%) 58(16%)
wn»
5' Principal Area — Southern CA:
= Number of Dealers 239 344
Ex-Vessel Value of CA Landings Receipts/Dealer $805,500 $233,900
#(%) Dealers With<S5K Per Year in CA Receipts 69(29%) 131(38%)
#(%) Dealers Accounting for 90% of Ex-Vessel Value
of southern California Landings 28(12%) 55(16%)
All California:
Number of Dealers 547 825
Ex-Vessel Value of CA Landings Receipts/Dealer 531,500 $209,500
#(%) Dealers With<S5K Per Year in CA Receipts 163(30%) 369(45%)
#(%) Dealers Accounting for 90% of Ex-Vessel Value
of Total California Landings 103(19%) 134(16%)

Table II-11. Volume and value of imports and exports of edible fish products at California customs districts and at
all United States customs districts, by year, 1989-1999.

Imports Exports

SMillions SMillions

Millions of Pounds (Base Year=1999) Millions of Pounds(Base Year=1999)

Year Calif. u.s. Calif. u.s. Calif. u.s. Calif. u.s.
1989 569.8 3,243.0 1,636.7 6,863.7 106.6 1,406.0 255.2 2940.8
1990 6274 2,884.6 1,808.6 6,289.9 99.2 1,947.3 21.7 3,463.1
1991 687.0 3,014.8 1,895.1 6,595.2 131.6 2,058.6 260.1 3,6609.5
1992 710.3 2,894.0 2,015.5 6,491.3 105.2 2,087.6 223.6 39427
1993 708.9 2917.2 1948.3 6,477.0 86.7 1,986.0 216.6 3407.3
1994 A 3,034.8 2,325.8 7207.3 1359 1,978.5 284.8 3,390.6
1995 729.8 3,066.5 2,230.8 1275 183.8 2,047.2 293.8 3,466.8
1996 759.6 3,169.8 22229 7017.3 218.7 21121 281.8 3,161.9
1997 832.0 3,338.8 25335 7961.2 248.3 2,0189 269.7 2,785.5
1998 911.1 3,047.0 2,513.8 8,289.2 142.6 1,663.9 1589 2,291.8
1999 979.0 3,887.9 24715 9,013.9 2854 1,961.1 232.3 2,848.5
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Table IlI-1. Average annual marine recreational fishing effort and harvest during 1998-1999 in southern and
central/northern California, by fishing mode (1000s of fish).

1000s of Landed Released Other

Area/Fishing Mode  Angler Trips Whole Alive Disposition Total E
Southern California B
Man-made 624 837 644 233 1,714 &5
Beach 281 37 247 17 590 =
CPFV 641 1,733 973 262 2968 s
Private 1,324 1960 4,075 2 6,246 A
Total 2,869 4,857 5939 113 11,518 o
97]
Central/Northern California =<
Man-made 440 533 192 67 192 Z,.
Beach 344 1,582 206 7 1,805 %)
CPFV 168 1,131 122 17 1,423 B
Private 9 1,459 648 205 231
Total 1,872 4705 1168 460 6,331 -}
o ©
Total California B
Man-made 1,064 1,370 836 300 2,506 ®
Beach 625 1909 453 34 7395 =
CPFV 808 2,864 1,095 433 4,391 “.
Private 9,245 3419 4723 s 8,557 =)
Total 4741 9,562 7107 1,183 17,849 =

Source: Marine Recreational Fishery Statistics Survey.
Includes harvests in U.S. waters only. “Other Disposition” refers to fish used as bait, filleted, given away or discarded dead. All landings are in 1000s of fish.

Table IlI-2. Average annual marine recreational harvest (excluding fish released alive) during 1998-1999 in southern
and central/northern California, by fishing mode and species category.

Southern California Central/Northern California

Species Category 1000s of Fish (%) Species Category 10005 of Fish (%)
Man-Made
Tuna/mackerel 413 (39%) Silversides 185 (31%)
Croaker 204 (19%) Surfperch 164 (27%)
Silversides 150 (14%) Croaker 78 (13%)
Herring 145 (14%) Herring 61 (10%)
Surfperch 71(7%) Anchovy 47 (8%)
Other 87 (8%) Other 65(11%)
Total 1,070 (100%) Total 600 (100%)
Beach
Surfperch 218 (63%) Smelt 1,145 (72%)
Croaker 59 (17%) Surfperch 343 (21%)
Silversides 24(7%) Silversides 41(3%)
Sea chub 16 (5%) Other 70 (4%)
Other 27 (8%) Total 1,599 (100%)
Total 344 (100%)
CPFV

Rockfish 668 (33%) Rockfish 1,204 (92%)
Sea hasses 313 (16%) Salmon 50 (4%)
Tuna/mackerel 281 (14%) Greenling 21 (2%)
Pacific barracuda 269 (13%) Other 27 (2%)
Calif scorpionfish 151 (8%) Total 1,302 (100%)
Other 313 (16%)

Total 1,995 (100%)

Private Boat

Sea hasses 502 (23%) Rockfish 1,034 (60%)
Tuna/mackerel 379 (17%) Tuna/mackerel 89 (5%)
Rockfish 328 (15%) Croaker 85 (5%)
Pacific barracuda 192 (9%) Flatfish 80 (5%)
Jucks 168 (8%) Striped bass 70 (4%)
Croaker 156 (7%) Greenling 68 (4%)
Flatfish 125 (6%) Salmon 55 (3%)
Calif scorpionfish 86 (4%) Other 237 (14%)
Other 235 (11%) Total 1,718 (100%)
Total 2,171 (100%)

Source: Salmon harvest estimates obtained from DFG's Ocean Salmon Project. All other harvest estimates obtained from Marine Recreational Fishery Statistics Survey.

CALIFORNIA DEPARTMENT OF FISH AND GAME

December 2001

California’s Living Marine Resources:

A Status Report




- Table IlI-3. Estimated average annual expenditures by marine anglers during 1998-1999 in southern and central/
§ northern California (Smillions, base year=1999), by expenditure category.
g Expenditure Category ~ Southern CA Northern CA Total CA
Trip-Related Expenses
(bsj Man-Made S 181 $132 S 313
o Beach 9.8 15.1 249
w»» CPFV 814 17.0 98.4
< Private 92.7 62.6 155.3
2,, Total $202.0 $1079 $309.9
®
5 Licenses/Fishing Gear 54.3 29.0 83.3
Boat-Related Expenses 74 39.6 113.7
) Grand Total $3304 $176.5 $506.9
[—gy
5 Source: Trip-related expenses based on average annual 1998-1999 effort estimates (Table I11-1) and estimates of average expenditures per trip by fishing mode derived from Thomson
q°) and Crooke (1991) for southern California and from Thomson and Huppert (1987) for central /northern California and corrected for inflation to 1999 dollars. License/gear and
o boat-related expenses based on the observation from Thomson and Crooke (1991) that license/gear and hoat-related expenses are 27 percent and 37 percent respectively of total frip
«. expenditures in southern California, and extrapolating that result to central /northern California.
o
o=

Table IlI-4. Number of CPFVs participating in the marine recreational fishery during 1980-1998,
by vessels’ principal fishing area.

Year NoCA CenCA U.S.Only SoCA:U.S. &Mex MexOnly Total All Boats
1980 14 142 83 51 6 147 303
1981 15 125 85 52 14 151 291
1982 20 136 92 50 9 151 307
1983 21 145 96 52 6 154 320
1984 19 140 80 65 17 162 3
1985 17 142 78 58 19 155 314
1986 18 140 82 53 7 142 300
1987 22 134 76 45 10 131 287
1988 27 132 102 4 8 157 316
1989 4 146 83 55 14 152 339
1990 32 135 87 45 1l 143 310
1991 21 125 87 23 15 125 m
1992 16 120 9 39 3 133 269
1993 16 107 90 32 6 128 251
1994 13 107 98 34 7 139 259
1995 13 99 117 47 6 170 282
1996 10 105 1271 4 6 174 289
1997 1 105 125 66 4 195 311
1998 13 95 114 13 5 192 300

Source: CPFV logbooks. Southern California CPFVs distinguished according to whether they fish in U.S. and/or Mexican waters.
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Table 11I-5. Number of CPFV angler trips, by year and area. -
=

Year NoCA CenCA SoCA Total U.S. Waters Mexican Waters Grand Total B

1980 5,605 204,146 492,290 702,101 59,739 761,840 o

1981 6,948 205,380 556,721 769,049 61,460 830,509 =

1982 6,694 213,206 503,280 723,180 52,756 775,936

1983 8,024 180,898 433,514 622,436 69,210 691,646 t
1984 6,577 188,275 415,036 609,888 91,666 701,554 8

1985 11,591 210,894 413102 635,587 81,601 717188 >

1986 11,064 189,780 407,614 608,458 51,755 660,213 !

1987 13,251 208,989 396,309 618,549 59,862 678,411 w

1988 12,496 217,284 427,610 657,390 53,967 711,357 8
1989 15,595 226,333 420976 662,904 74,681 737585 =

1990 14,724 222,149 474,761 711,634 57433 769,067

1991 14179 175,329 434945 624,453 37100 661,553 -,
1992 7,586 164,792 407,831 580,209 55,258 635,467 —
1993 5,617 169,566 377125 552,308 40,626 592,934 =

1994 4949 161,637 364,774 531,360 51,765 583,125 e

1995 6,806 169,402 408 547 584,755 58,074 642,829 =

1996 6,021 137,312 435,940 579,273 74,846 654119 P

1997 5,456 165,899 554117 725472 99 304 824,776 =
1998 6,175 133,133 483,420 622,728 106,504 729,232 =

Source: CPFV loghooks. “Mexican waters” pertains fo trips departing from southern California ports to fish in Mexican waters.

Table 1lI-6. Landings on CPFYV fishing trips (1000s of fish), by year and area.

Year NoCA CenCA SoCA Total U.S. Waters Mexican Waters Grand Total
1980 24.2 1,545.4 45171 6,086.6 321.2 6,407.8
1981 51.9 1.747.0 42670 6,065.9 248 6 6.314.5
1982 424 1,781.8 3,363.5 5187.7 182.9 5,370.6
1983 609 16549 7 547.0 42627 362.2 46249
1984 335 1,485.3 2,249.5 3,768.3 404.0 4172.3
1985 53.5 1,364.3 2471.2 3,889.0 290.1 4179.1
1986 41.6 1,198.9 26179 3,858.4 271 4,075.5
1987 504 13143 2485.0 3,849.7 256.2 41059
1988 56.9 1,390.1 2,651.2 4,098.2 254.2 4,352.4
1989 824 1574.] 26189 47754 3216 4,597.0
1990 1111 1,606.5 2,824.5 45421 2435 4,785.6
1991 73.0 13459 26945 41134 1759 4789.2
1992 09.7 1,526.7 2,275.1 3,872.1 219.6 4,091.7
1993 314 1312.3 2112.2 34559 166.7 3622.6
1994 30.8 1,049.1 1,945.7 3,025.6 1894 3,215.1
1995 439 923.2 1,980.0 29471 222.8 3,169.8
1996 321 743.7 2,350.6 3,126.5 249.0 3,375.5
1997 434 957.3 2,356.1 3,536.8 384.2 3,921.0
1998 537 882.8 2,008.1 2944.6 3779 3,322.5

Source: CPFV loghooks. “Mexican waters” pertains o harvests on trips that depart from southern California ports to fish in Mexican waters.
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- Table IlI-7. Annual nhumber of CPFV boat and angler trips in 1995-1998, by area and trip type.
o
= Area/Trip Type 1995 1996 1997 1998 Avg.
% Northern California
Total Fishing Trips: 6,806 6,021 5,456 6,175 6,115
3! Salmon 2,948 3,264 1,808 1,554 2,394
8 Rockfish/lingcod 3922 2161 2839 3410 2908
by Salmon/rockfish/lingcod 321 519 553 1,034 607
<= Other/unspecified 314 77 256 177 207
<z Total Dive Trips 26 15 0 10 13
< NoCA Total 6,832 6,036 5,456 6,185 6,128
5 Central California
U Total Fishing Trips: 169,402 137,312 165,899 133,133 151,437
= Salmon 86,899 56,567 78.202 48,645 67578
B Rockfish/lingcod 58,008 52,865 52,233 51,795 53,725
oS Salmon/rockfish/lingcod 5,098 3,408 5135 3,777 4,354
= Sirbass/sturgeon 2,522 3,720 5,572 5,349 4,291
wn Shark 1,012 526 628 428 648
5' Tuna 140 1127 6,500 4,014 2,945
= Other/unspecified 15723 19,099 17,629 19125 17894
Total Dive Trips 1,126 1,249 716 38 782
CenCA Total 170,528 138,561 166,615 133,171 152,219
Southern California
Total Fishing Trips-CA: 408,547 435,940 554117 483,420 470,506
Rockfish/lingcod 31,684 34923 30,525 26,595 30932
Tuna 12,006 2992 13,586 18124 11,677
Other/unspecified 364,857 398,025 510,006 438701 427897
Total Fishing Trips-Mex: 58,074 74,846 99,304 106,504 84,682
Tuna 35,691 34692 56,029 62,164 47144
Other/unspecified 22,383 40,154 43,275 44,340 37,538
Total Dive Trips-CA 37,089 43128 44938 33014 39,542
Total Dive Trips-Mex 446 790 394 659 572
SoCA Total 504,156 554,704 698,753 623,597 595,303

Source: CPFV loghooks.
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Marine Law
Enforcement

Introduction

he Fish and Game Code states that “(t)he protection

and conservation of the fish and wildlife resources of
this state are hereby declared to be of utmost public
interest. Fish and wildlife are the property of the people
and provide a major contribution to the economy of the
state, as well as providing a significant part of the peo-
ple’s food supply and therefore their conservation is a
proper responsibility of the state.”

In keeping with this responsibility, the Marine Region
enforcement staff is charged with enforcing the regula-
tory aspects of marine resource management. This formi-
dable challenge encompasses approximately 1100 miles of
California coastline out to sea for 200 miles — 220,000
square miles. Marine Region law enforcement focuses its
efforts on commercial fisheries (including fishing vessels,
shore facilities and all fisheries-related infrastructures
throughout the state), illegal commercialization of the
public fishery resources, sport fisheries, market inspec-
tions and landing taxes. Enforcement efforts include

the inspection of licenses, permits, catch, gear types,
vessels, fishing activity records, fish businesses, account-
ing records, and importation. The enforcement staff also
ensures that sport and commercial fishermen comply with
regulations concerning seasons, size limits, bag limits,
trip limits, fishing gear restrictions and design, quotas,
closures, sales of fish, and prohibited species. Land-based
and at-sea patrols are required to enforce all of the vari-
ous regulations.

In addition to enforcing laws, the enforcement staff is
very active in public outreach and education. The staff

takes a proactive approach in recognizing emerging fisher-

ies that may need management measures to ensure a
viable commercial and recreational environment.

In consideration of the natural history of individual
species, management and enforcement policies are
tailored to ensure the sustainability of sport and
commercial fisheries. Each species has unique regulatory
needs, challenges, and issues, but the effective man-
agement of all is dependent on accurate recording and
reporting of landed weights by fish businesses. Patrol
efforts to insure accurate documentation of landings for
all species is crucial. Enforcement is faced with identify-
ing these needs and structuring enforcement activities to
address such complex issues. Current enforcement effort
is hampered by a lack of enforcement personnel and
disinterest in prosecution by some court systems.

CALIFORNIA DEPARTMENT OF FISH AND GAME
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Resources

Personnel

The Department of Fish and Game’s (DFG) Marine Region
was established in December of 1997. This resulted in

the consolidation of marine resource enforcement efforts
which had been split between the three inland regions
bordering the coastline. Initial staffing included 21 posi-
tions transferred from the department’s Office of Qil Spill
Prevention and Response (OSPER) (responsible for marine
oil pollution regulation enforcement only).

In March 1998, 38 positions were transferred from DFG’s
inland regions. The law enforcement function was staffed
with these 59 positions until October 1998 when the
Marine Life Management Act (MLMA) was enacted by the
State Legislature. This law provided 15 additional enforce-
ment positions bringing the count to 74. In April 2000, in
keeping with statutory obligations, the positions funded
by the OSPR were removed from the Marine Region to
ensure a dedicated spill prevention and response unit.
Law enforcement personnel staffing in the Marine Region
decreased to 53 positions. In July 2000, the state Legisla-
ture provided 10 additional positions. Entering 2001, the
Marine Region’s law enforcement staff consisted of 63
positions, still well below the staffing levels of the early
1980s when DFG had a Marine Resources Region with its
own enforcement function.

JUDWIDIOJUY MET JULIB]

Patrol Boats

In 1998, the Marine Region had two 65-foot patrol boats,
the Albacore (an aluminum mono-hull) and the Bluefin (a
fiberglass mono-hull), two 40-foot patrol boats (the Yel-
lowtail and the Tuna), and 18 smaller patrol skiffs ranging
in size from 13 to 28 feet.

Funds were provided later that year to increase the
region’s at-sea patrol capabilities. A 54-foot vessel was
designed, contracted, built, and delivered in 1999. Named
the Thresher, this patrol boat is a state-of-the-art
aluminum foil-supported catamaran powered by twin 660
turbo diesels. The funds also enabled the purchase of
three 24-foot, rigid-hull inflatable (RHI) patrol boats.
These three boats joined two other similar boats to form
the north coast rapid deployment force. The boats can
be put on trailers and deployed quickly along the rugged
north coast.

In July 1998, the MLMA provided for the purchase of the
patrol boat Marlin, a sister vessel to the Thresher. This
boat was delivered in July 2001. All six large patrol boats
are equipped with an 18-foot RHI boarding vessel. In July
1999, additional funding provided for three more patrol
boats, the Swordfish, Coho and Steelhead, identical to the

Managing California’s Living Marine Resources:

A Status Report




JUDWIDIOJUY MET JULIB]

previous two. Delivery is expected in January and April
of 2002.

Teams

The Marine Region Law Enforcement function is organized
along a traditional chain-of-command structure; however,
in addition, self-directed work teams were instituted at

the inception of the Marine Region. These teams include:

1. A Policy and Procedure Team responsible for inter-
preting commercial and sport fishing laws, rules and
regulations in a consistent statewide basis and estab-
lishing standard operating procedures for marine law
enforcement activities.

2. An Enforcement Legislative Team responsible for
developing language for law, rule and regulation
changes for legislative and commission consideration.

3. A Boat Team responsible for the deployment of
the patrol boats and the at-sea operations of the
patrol fleet.

4. A Law Enforcement Training Team which develops
instructional designs for training modules to address
the training requirements of enforcing complex
commercial and sport fishing regulations.

These teams were developed to encourage fair and consis-
tent enforcement of the laws and regulations throughout
the region, clarify and make the regulations more enforce-
able, deploy and operate the patrol boats where they will
be the most beneficial, and maintain a well trained and
professional warden force to protect California’s diverse
marine resources for all of the people in the state.

Partnerships

The law enforcement function works closely with other
government organizations concerned with the manage-
ment of marine resources. The department has a Memo-
randum of Understanding with the Monterey Bay National
Marine Sanctuary which allows wardens to be deputized to
conduct federal law enforcement patrols in the sanctuary.
This partnership provides $125,000 in operating expenses,
over a three-year period, for the wardens working in the
sanctuary. A similar partnership exists with the National
Marine Fisheries Service (NMFS) which provides $300,000
to pay wardens overtime for groundfish enforcement. We
can expect these partnerships to continue.

Enforcement personnel are actively working on memoran-
dums of understandings with the Channel Islands National
Marine Sanctuary and various units of the National Park
Service in the Channel Islands and San Francisco Bay
areas. These partnerships will provide the department
with operating funds in exchange for law enforcement
patrols in federal waters. The function also provides a
law enforcement consultant to assist the Pacific Fisheries
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Management Council (PFMC) in its formulation of federal
fishery management regulations.

In addition, the enforcement staff coordinates with 1)

the NMFS in regard to Lacey Act violations for fish trans-
ported across state boundaries; 2) the US Coast Guard

on enforcement; 3) the PFMC on fisheries management
plans and fishing gear deployment; 4) the State Depart-
ment of Weights and Measures in assuring the proper
procedures for the weighing of fish and the completion

of landing receipts; and 5) the State Department of Parks
and Recreation, National Park Service, Harbor Patrol, local
police and local sheriffs departments in matters of mutual
enforcement efforts.

Fisheries-Specific Enforcement Efforts

Groundfish

Because of concerns about continuing declines of many
groundfish populations, recent additional restrictions have
been proposed and adopted to protect these resources.
Enforcement of groundfish regulations is difficult due to
the large number of species involved, their vast distribu-
tions, the frequently changing and sometimes complex
regulations, and the various fishing methods utilized in
the commercial fishing industry. Some species, such as
lingcod, have been proposed as candidates for listing as
threatened or endangered. The effectiveness of enforce-
ment effort is dependent upon the accurate recording of
landed weights.

Nearshore Fish

There are many species that can be considered as near-
shore fish, but the species that this section addresses

are those that are of primary concern to managers and
were among the first to be addressed in the Nearshore
Fisheries Management Plan. Included are black rockfish,
black and yellow rockfish, blue rockfish, brown rockfish,
calico rockfish, China rockfish, copper rockfish, gopher
rockfish, grass rockfish, kelp rockfish, olive rockfish, quill-
back rockfish, treefish, California sheephead, greenlings,
cabezon, California scorpionfish, and monkeyfaced “eels.”

These species are targeted by sport and commercial fish-
ermen. The primary commercial fishery is for the live-fish
market. The live-fish market commands a much higher
price per pound than traditional markets. The high price
and low volume of fish being handled has resulted in

the proliferation of small fish businesses. Many such busi-
nesses operate out of vehicles. The resulting highly-mobile
fishery makes enforcement difficult.
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Salmon

Enforcement problems in the sport salmon fishery include
the use of barbed hooks and other illegal hooks, multiple
poles, overlimits, group fishing, retention of Coho salmon,
sorting and discarding of less desirable fish, (i.e., "high
grading”) violations of the salmon punch card in the Klam-
ath Management Zone, and sale of sport caught fish. There
has been a trend among some sport salmon anglers toward
the use of commercial type gear in an illegal manner.

Problems in the commercial fishery include the failure

to record fish landings, violations of quota-landing limits,
fishing closed areas, retention of Coho salmon, use of ille-
gal gear such as barbed hooks or more than six troll lines,
and fishing without a commercial salmon permit. Some of
the tribal allotments of salmon are being sold outside the
reservation, both in California and other states. This has
created an enforcement problem, as there are currently
conflicts between tribal law and California regulations.

Mid-season regulation changes, for both the sport and
commercial fisheries, result in confusion and adverse
public relations. While these changes are based upon the
best biological information available, enforcement person-
nel often receive complaints about the complexity of the
salmon regulations. Standardization and earlier publica-
tion of regulations, to the extent possible, would be well
received by all fishermen. A greater effort towards public
education regarding management of salmon and the basis
for the regulations would also assist in this area.

Besides the federal fishery agencies, other entities
involved in the management of salmon include the Hoopa
and Yurok tribes. These tribes in the Klamath Management
Zone are allocated fifty percent of the available annual
harvest and have a tribal representative on the PFMC. The
department works closely with these groups to manage
the sport and commercial salmon fishery in ocean and
inland waters of the state.

Halibut

There are minimum size limits for commercial and sport
caught Pacific and California halibut. Commercial enforce-
ment efforts center on the trawl and gillnet fishery.
Efforts focus on net measurement, fish size restrictions,
and documented landings. There are several closures for
trawl and gillnets along the California coasts. Closures
are very specific to depths and distance from shore. Spe-
cific electronic equipment capable of accurately measur-
ing distances and depths is needed to monitor these fish-
eries for compliance. Personnel trained in the use of this
equipment are essential to ensure successful prosecution
through the legal system. Limited entry permits are also
required for the use of gillnets to take halibut.
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Striped Bass

Enforcement includes patrols directed toward such prob-
lems as night fishing from boats and multiple rod viola-
tions in San Francisco Bay, overlimits, gillnets, and market
checks for illegal fish. There is also public concern over
snagging of striped bass in ocean waters.

There is an active black market involving sport-taken
striped bass entering the commercial market. Fish are
caught with rod and reel and illegal gillnets. Black market
striped bass then become mixed with legally imported fish
from sources outside of California, primarily aquaculture fish.

Additional patrol time has been made available through
the Striped Bass Stamp Fund. In addition, funding is avail-
able through state and federal water projects to mitigate
impacts of those projects on this and other fisheries.
Recipients of the additional funding are the Marine Region
and the Delta Bay Enhanced Enforcement Project.

Pacific Herring

Enforcement is focused on compliance with gillnet mesh
sizes, length of nets, number of nets used, limited entry
permit requirements, quotas, and season dates. There
are special requirements for herring buyers to ensure
accurate recordings of the landings for the purpose of
quota management. The roe-on-kelp fishery is subject to
permit requirements, licensing of individuals working on
kelp rafts, special reporting requirements, quotas, and
raft size limits. The ocean harvest fresh fish permit may
not be used during the time the roe fisheries are operat-
ing, and the herring taken in this fishery may not be sold
for roe recovery. During the relatively short season, there
is a strong enforcement effort, which requires the shifting
of wardens from many other areas of the state.

Because of the numerous boats involved in the San Fran-
cisco Bay fishery, the Coast Guard is heavily involved

The department's marine patrol officers enforce the law by issuing a citation for
taking horn sharks in a marine protected area.
Credit: Chamois Andersen, California Department of Fish and Game

Managing California’s Living Marine Resources:
A Status Report

JUDWIDIOJUY MET JULIB]




JUDWIDIOJUY MET JULIB]

in monitoring the setting of nets to avoid navigational
hazards. The National Park Service is involved in some
areas of the Golden Gate National Recreation area. The
San Francisco Police Department becomes involved with
nets or boats that are tied to prohibited structures.

Coastal Pelagic Species

Sardine/Anchovy/Mackerel

Enforcement involves monitoring and sampling loads for
compliance with quotas and allowable levels of incidental
catches. Incidental catches are allowed because these
species often school together and are caught in the same
net. Round haul nets are the primary gear used for taking
these species.

Sampling techniques and monitoring of the unloading pro-
cess are labor intensive. Monitoring the landings ensures
accurate reporting of species and prevents under-report-
ing and/or landing of prohibited species. When quotas are
close to being reached or are reached, a high incidence of
unreported landings typically occurs making enforcement
activity even more important.

Squid

Enforcement for market squid includes education about
and enforcement of new regulations such as the restricted
use of lights, documentation of fishing activity in log-
books, weekend closures, light-boat shielding, and watt-
age restrictions. Consistent statewide enforcement of new
regulations is a priority. Accurate and consistent dissemi-
nation of information of regulation and policy changes to
the fishermen and fish businesses is critical to gaining
compliance throughout the fishery.

Abalone

The abalone fishery is currently the number one statewide
enforcement priority and is expected to remain. Because
of declining populations, all areas south of San Francisco
have been closed to the sport and commercial take of
abalone. The coastline north of San Francisco is open

to sport fishing only. The sport season is April through
November with the month of July closed. Restrictions
added during the 2000 season were requirements for an
abalone stamp and abalone report card. Of major concern
is the sale of sport-caught abalone. Mariculture and impor-
tation are the only legal sources of abalone for the com-
mercial markets. Enforcement problems arise when the
source of abalone cannot be determined.

Besides the usual over limit/under-size problems, enforce-
ment is directed at the illegal sale and export of abalone.
This is a major problem in California, and because of
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the extremely high value for abalone, a significant black
market exists. Traditionally, this violation revolved around
small groups taking large numbers of abalone for sale.
While this still may occur, more recent trends involve
large numbers of individuals taking their daily limits and
selling them. These individuals often make daily trips to
the coast.

Every year significant cases are made involving the sale
of sport-caught abalone. Patrol techniques used include
directed enforcement details, undercover operations, and
checkpoints. There is also DFG’s Special Operations Unit
(SOU) which is a specially funded group of wardens

who spend much of their time and effort detecting sale
of sport-taken abalone. Enhanced enforcement levels,
depend on continued stable funding from abalone stamp
revenue or other sources.

Sea Urchin

Regulations relating to the allowable size limits, log books
and permits for sea urchins are the primary focus for
enforcement. Measuring the urchins is time-consuming
and challenging because of the volume of urchins taken
and the physical make-up of the urchin. Commercial ves-
sels are often small, and it is sometimes difficult to find
workspace for at-sea monitoring. The urchin industry also
has specific time and area closures. Observing the divers
while they are in the water is necessary to identify the
divers that do not have a restricted access permit. Aba-
lone share the same habitat as urchins and this creates
additional enforcement efforts related to the illegal take
of abalone by commercial urchin divers.

Shrimp/Prawns

Shrimp and prawn fisheries are generally divided into
two gear categories. The first category includes golden,
spot, coonstripe, and ridgeback prawns, which are taken
by trawling or traps. The second category includes pink
shrimp, which are taken only by trawl nets.

Enforcement focuses on trawl mesh sizes, trap construc-
tion including destruct devices, limited entry permits,
incidental catch, and log books. With the shutdown of
other fisheries, there were concerns that new fishermen
would enter this fishery, so limited entry was established.
Apprehension over incidental take of prohibited species
has resulted in consideration of on-board observers and
fish excluder devices. Changes in the design of traps are
also under consideration.
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Lobster

Current enforcement efforts include inspection of catch,
compliance with season and area closures, gear restric-
tions, including trap construction and destruct devices,
permits, size limits, out-of-season take, illegal importa-
tion, and log books.

Patrol techniques vary on the enforcement of lobster
regulations. Techniques include routine uniformed patrols
and undercover patrols, such as underwater surveillance,
and use of marked lobster. DFG divers are also used to
locate illegally-set lobster traps. Traps set in areas closed
to commercial lobster fishing present a major problem for
enforcement.

The majority of sport taken lobster are taken at night,
requiring constant monitoring by enforcement personnel.
The majority of violations committed by sport fishermen
include out-of-season-take and taking undersize lobster.

Crab

Enforcement focuses primarily on commercial and sport
fisheries for Dungeness or rock crab, with minor fisheries
for tanner and stone crab. The sport fisheries are subject
to minimum size limits, season and gear restrictions for
all species of crabs.

Commercial Dungeness crab regulations include a mini-
mum size limit, male crab only requirement, and limited
entry permits. Commercial fishermen are allowed to bait
and pre-set their gear a certain number of hours prior

to the opening of the commercial Dungeness crab season.
Detection of violation of the pre-soak regulation requires
the use of directed enforcement. Rock crab have mini-
mum size limits as the primary restriction. All traps are
required to have escape rings and destruct devices built
into the design to prevent lost traps from continued fish-
ing. In most years, eighty percent of Dungeness crab land-
ings are taken during the first three weeks of the season.
This requires concentrated enforcement efforts during this
peak period of landings.

Other Invertebrates

The “other invertebrates” category generally includes the
large number of species for which specific permits are not
required. However, a tidal invertebrate permit is required
to take the following species for commercial purposes
between the high tide line and 1,000 feet seaward of the
low tide line: ghost shrimp, barnacles, chiones, clams,
cockles, limpets, mussels, octopus, oysters, sand dollars,
sea hares, starfish, and worms. These species, as well as
scallops, turban snails and moon snails, may also be taken
under a sport fishing license, in certain areas, with daily
bag limit restrictions. There are few commercial restric-
tions on season, size, or bag limits for these species.
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Because commercial take is permitted, unless restricted
by law, new fisheries continue to develop for invertebrate
species, which have not previously been taken for com-
mercial purposes.

Enforcement of the take of invertebrates in the tidal
zone occurs primarily from the shore. Enforcement of
incidental take is commonly checked while monitoring
another fishery. There are specific permits related to the
scientific collection of invertebrates. These permits are
very restrictive in specifying what can be taken, how
many can be taken and who can do the collecting.
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Marine Aquaria

he marine aquaria fishery involves the take of organ-

isms for the live pet, hobby or display trade. Finfish
include garibaldi, gobies and juvenile sharks. Inverte-
brates include coral, shrimp and octopus. The demand
for the marine aquaria trade has led to species being
harvested for the first time. The take of marine aquaria
species occurs statewide primarily in nearshore waters
with no seasonal closures. Illegal importation of marine
aquaria species from Mexico has become prevalent.

Marine aquarium organisms cannot be taken in any marine
life refuges, marine reserves, ecological reserves and
state reserves. One identified enforcement problem is the
killing of live-bearing adult sharks in order to remove
unborn young for the aquarium trade. Another is the
illegal fishing by release of harmful chemicals into ocean
waters. The chemicals force the otherwise inaccessible
species from their hiding places resulting in the death of
many non-targeted as well as targeted species.

Aquaculture

Enforcement focuses on working closely with biologists
to monitor aquaculture facilities.

Monitoring the collection of brood stock by the mari-
culture industry is necessary to ensure compliance with
permits and regulations. Inspection of fish businesses
purchasing mariculture products, is required to ensure
that wild stocks are not used to illegally replace mari-
culture species in the commercial trade. Current regula-
tions are not sufficient to properly monitor and enforce
mariculture activities.

Managing California’s Living Marine Resources:
A Status Report
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Commercial Fish Businesses

California’s marine resources are a public trust. The
conservation and protection of these resources have
been entrusted to DFG. One means to monitor the lawful
use of these resources is the inspection of businesses that
commercialize the wild fish populations. Persons dealing
in the sale of seafood are required to be licensed, to
maintain adequate accounting records, and to comply with
species restrictions. Wardens routinely conduct inspec-
tions of businesses to ensure compliance with all state
and federal laws. Business inspections are also routinely
conducted to ensure compliance with landing require-
ments and proper documentation.

Frank Spear and Carmel Babich
California Department of Fish and Game

Managing California’s Living Marine Resources:
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A Review of Restricted
Access Fisheries

Background

Restricted access programs in fisheries limit the quan-
tity of persons, vessels or fishing gear that may be
engaged in the take of any given species of fish or shell-
fish. Restricted access may also limit the catch allocated
to each fishery participant through harvest rights such as
individual or community quotas.

Without some form of restricted access, fisheries
resources are available to anyone who wants to pursue
them. Each individual fisherman or company is motivated
to catch the fish before their competitors, which leads
to overcapitalization of the fleet with too many vessels
and too much gear. Overcapitalizaton usually results in
reduced income to fishermen. Open access to fisheries
often leads to problems with both biological sustainability
and economic viability. Over the past 50 years, increased
demand for fisheries products, big advances in fishing
technology, and development of global fish markets have
combined to intensify the “race for fish.”

Restricting access has been used as a fishery management
tool for thousands of years to improve resource sustain-
ability, allocate catches among participants, and improve
economic and social returns from fisheries. Restricting
access to fisheries can 1) promote sustainable fisheries;

2) provide for a more orderly fishery; 3) promote conser-
vation among participants; and 4) maintain the long-term
economic viability of fisheries.

Great care must be taken in designing and implementing
restricted access programs. First, broadly recognized
goals for the fishery must be defined by managers, fisher-
men, and other constituents. Once these goals are identi-
fied, key restricted access elements can be identified

to attain them. A primary purpose of restricted access
programs is to balance the level of effort in a fishery
with the health of the fishery resource. In most situations,
except for harvest rights programs, this involves setting
an appropriate fishery capacity goal (a combination of
factors that represent the fishing power of the fleet).

History

ntil recent decades, California did not restrict fishing
Ueffort. After World War Il, fleet expansion, improved
electronics and gear technology, new net materials, larger
and faster vessels, plus increased fishing skills significantly
increased fishing power. This trend of increased fishing
capacity and adoption of new technology accelerated
during the mid-1970s after passage of the Federal Fishery
Conservation and Management Act of 1976 (Magnuson-

CALIFORNIA DEPARTMENT OF FISH AND GAME
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Stevens Act). This act began phasing out foreign fishing o=
and encouraged “Americanization” of fisheries, primarily =
for groundfish, within our 200-mile exclusive economic (g°]
zone. Federal loan and tax programs proved to be S

powerful incentives for private investment in fishing
fleet expansion.

By the late 1970s, it was clear to many in the fishing
industry, California Department of Fish and Game (DFG)
and the Pacific Fishery Management Council (PFMC) that
there was a need to limit entry to fisheries. In California,
the first limited entry program was established in 1977
for the abalone fishery. This was followed in 1979 with
legislation requiring salmon limited entry permits in 1980.
By 1983, this became a salmon vessel permit system.
While these and other limited entry programs capped the
number of fishermen or vessels and created more orderly
fisheries, they generally had little effect on overall fishing
capacity. Participants in these restricted fisheries often
increased their fishing power with larger vessels, more
gear and increased time fishing, or shifted to other fully
developed open access fisheries.
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Since the early 1980s, DFG has implemented restricted
access programs at an accelerating rate. High value fisher-
ies such as herring, sea urchin and Dungeness crab are
now under restricted access. When demand from industry
for restricted access programs intensified in the mid-
1990s, DFG decided it was time to address restricted
access in a comprehensive manner. In late 1996, DFG
formed a limited entry review committee to develop a
standard restricted access policy for the Fish and Game
Commission. A draft policy was completed in 1998 and
underwent major revision in 1999 with assistance from
outside experts and consultation with constituents. After
three public hearings and considerable public input,

the commission approved the restricted access policy in
June 1999.

California’s Restricted Access Programs

he legislature, commission, and DFG have differing,

but related roles in implementation of restricted
access programs. Historically, most of California’s pro-
grams were created through legislation. Examples include
abalone (1977), salmon (1979), and pink shrimp (1994).
Others such as herring (1986), sea urchin (1989), and
the new pink shrimp program (2001) have been the
responsibility of the commission. Since the passage of the
Marine Life Management Act of 1998 and the commission’s
adoption of a comprehensive restricted access policy in
1999, more restricted access program responsibility has
switched to the commission and department. The depart-
ment works closely with constituent advisory committees
and task forces to carefully design and evaluate restricted

California’s Living Marine Resources:
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= access plans for submission to the commission. The com- California’s Commercial Fisheries
= mission then conducts hearings for further public input. . .

q°) The restricted access plan is then returned for any nec- Restricted Access POlle

»S- essary revision by the department and advisory groups

he commission adopted its policy in order to guide

future restricted access programs. The commission
believes that restricted access programs can offer at least
four benefits:

before going before the commission for a final decision.
The legislature is kept informed and involved for fisheries
that require legislation to implement restricted access.

Restricted access programs active through 2000 are sum-
marized in the table below. Some of these programs are
revised versions of earlier programs. Restricted access
was discontinued in 1998 in the abalone fishery after

that fishery was closed. Herring round haul permits were
phased out by 1998. «  Providing a way to fund total costs for administration

and enforcement of restricted access programs;

«  Fostering sustainable fisheries by offering a means to
match the level of fishing with the capacity of a fish
population and by giving fishermen a greater stake in
maintaining sustainability;

California Restricted Access Programs Through 2000
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Permit Type Ldgs. Req. to Year Begun No. Permits No. Permits No. Permits  Current Mgmt.
Renew First Year in 1992 in 2000 Authority
(»-E General Gill /Trammel Net Person no 1985 1052 376 223 Commission
E. Drift Gillnet Person  every other year 1984 226 149 126 Legislature
@ Dungeness Crab (Resident) Vessel no 1995 614 N.A. 589 Legislature
Dungeness Crab (Non resident) ~ Vessel no 1995 67 N.A. 69 Legislature
Finfish Trap Person yes 1996 316 N.A. 142 Legislature
Herring Gillnet (Resident) Person no 1986 339 323 335 Commission
Herring Gillnet (Non resident) ~ Person no 1986 72 97 121 Commission
Lobster Operator Person no 1996 298 351 251 Commission
Market Squid Vessel Vessel no 1998 242 N.A. 198 Legislature
Market Squid Light Boat Vessel no 1998 53 N.A. 49 Legislature
Salmon Vessel Vessel no 1983 5964 2974 1704 Legislature
Sea Cucumber Diver Person no 1997 m N.A. 101 Legislature
Sea Cucumber Trawl Person no 1997 36 N.A. 30 Legislature
Sea Urchin Diver Person  every other year 1989 915 537 407 Commission
Nearshore Fishery Person no 1999 1130 N.A. 1026 Commission
Pink Shrimp (discontinued) Person no 1994 307 N.A. 90 Commission
Pink Shrimp
(new program in 2001) Vessel 1994 8 N.A. 101 Commission

Source: California Department of Fish and Game License Branch Statistics
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«  Providing long term social and economic benefits to
the state and fishermen, and;

e Broadening opportunities for the commercial fishing
industry to contribute to management of the state’s
commercial fisheries.

The key elements of the policy are summarized below.

A complete copy of the policy is contained in Guide to
California’s Marine Life Managememt Act by M. L. Weber
and B. Heneman. It is also available at the commission’s
Web site at www.dfg.ca.gov/fg_comm/index.html

General: Restricted access is one of a number of tools
for conserving and managing fisheries as a public trust
resource, and may be adopted to achieve several pur-
poses, including sustainable and orderly fisheries, conser-
vation, and long-term economic viability.

Development: Fishermen and other citizens must be
involved in the development of restricted access pro-
grams. The specific needs of a fishery must be balanced
with the goal of increasing uniformity among such programs.

Review: Restricted access programs in individual fisheries
and the Commission’s policies on restricted access should
be regularly reviewed.

Capacity Goal: Any restricted access program that does
not assign harvest rights to individual fishermen must
identify a “capacity goal” for the fishery to try to match
fishing power to the resource. This goal, which should be
developed collaboratively, may be expressed in such terms
as size or power of vessels or number of permits. Where a
fleet is above its capacity goal, the program must include
a means of reducing the capacity in the fishery. A new
restricted access program is not to allow fishing effort to
increase beyond recent levels.

Participation: Eligibility for participating in a restricted
access fishery may be based on the level of historical par-
ticipation or on other relevant factors. In issuing permits,
certain priorities should be followed. For instance, first
priority should be given to licensed commercial fishermen
or vessels with past participation in that fishery. In addi-
tion, fishermen licensed in California for at least 20 years
may be included in new restricted access programs with
qualifying criteria determined for each program by the
commission. New permits should be issued only if a fishery
is below its capacity goal.

Permit Transferability: Where appropriate, permits may
be transferable between fishermen or vessels, as long as
there is a capacity goal and a program for achieving that
goal in the fishery. Under certain conditions, permits may
be transferred from retired to new vessels. Fees to offset
the costs of management may be imposed on the transfer
of permits.

CALIFORNIA DEPARTMENT OF FISH AND GAME
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Harvest Rights: In establishing restricted access pro-
grams based on the allocation of harvest rights to individ-
ual fishermen or vessels, the state should insure the fair
and equitable initial allocation of shares, resources assess-
ments, cost recovery, limits on aggregation of shares, and
consider recreational fishing issues.

Costs and Fees: Administrative costs are to be minimized.
Review or advisory boards may be established. Funds
from restricted access programs may be deposited in

a separate account of the Fish and Game Preservation
Fund. Restricted access programs should deter violations,
while minimising enforcement costs through the use of
new technologies or other means. Administrative and
enforcement costs are to be borne by each restricted
access program.

The first restricted access program adopted under the
commission’s new policy is for northern pink shrimp fish-
ery. This program, which replaced the pink shrimp pro-
gram initiated by the legislature in 1994, took effect in
2001. It includes transferable and non-transferable vessel
and individual permits.

Currently, there are restricted access plans under devel-
opment and review for the nearshore finfish fishery,
market squid, the spot prawn trap fisheries. These plans
are created collaboratively by teams of constituents and
DFG staff convened by the director.

: . A
Commercial fishing vessels in Bodega Bay.
Credit: Chris Dewees

California’s Living Marine Resources:
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Federal Restricted Access Programs

he federally managed groundfish fishery (includes 83

species) off Washington, Oregon and California is
managed, in part, under a limited entry program
developed by the Pacific Fishery Management Council
(PFMC) and implemented by the National Marine Fisheries
Service (NMFS) in 1993. The federal program has issued
gear-specific permits to vessels using trawl, fixed longline
and fishpot and allocates a proportion of the catch to
each gear type. Those fish not allocated to the limited
entry fleet continue to be allocated to open access
vessels (primarily hook-and-line and fishpots) and those
who take groundfish incidentally in other fisheries. NMFS
was authorized by Congress in December 2000 to develop
regulations for the limited entry fixed gear sablefish
fishery which allow for stacking of up to three permits
with cumulative landing limits. These management
regulations would have effects similar to those of harvest
rights systems.

Future Actions

he Marine Life Management Act (MLMA) requires eval-

uation every five years of existing restricted access
programs and this will be an ongoing activity of the
department and the commission. These evaluations and
the increasing demand for restricted access programs
means that the department will need expanded capa-
bilities to collect and analyze economic and social data
related to fisheries. These data, combined with biological
data about fishery resources, will be critical in developing
and evaluating restricted access policy options on a
fishery-by-fishery basis. Restricted access will likely be
an important component of fishery management plans
required under the MLMA.

Experience with restricted access is growing statewide,
nationally and internationally. As our knowledge base
grows, new techniques for managing access to fisheries
will become available. There is a growing trend toward
implementing harvest rights systems in the form of
individual and community-based quotas as currently used
in Alaska, Canada and overseas. Transferable gear certifi-
cate programs are in place in trap fisheries in Florida and
Georgia and this tool may have potential in California.

It will be important that DFG and the PFMC work closely to
ensure consistency of state and federal restricted access
programs affecting fisheries managed jointly off the Cali-
fornia coast.

California’s Living Marine Resources:

A Status Report

California needs to understand the interaction of
restricted access programs with other primary types of
fishery management systems such as marine reserves,
spatial management and local co-management schemes.
Finally it is important to take into account how restricted
access programs in one fishery affect participation and
fishing effort in other fisheries.

Christopher M. Dewees
University of California, Davis

Michael L. Weber
Advisor to California Fish and Game Commission
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California’s Nearshore

Ecosystem

alifornia’s nearshore ecosystem, defined as the area

from the coastal high tide line offshore to a depth of
120 feet, is one of the most productive ocean areas in
the world. This area, comprising only about 2,550 square
miles, generates from the harvest of its resources, almost
$40 million in ex-vessel revenue, a little less than one-
third of the value of all California’s fisheries. The area
is home to a wide variety of fishes, giant kelp, marine
invertebrates (spiny lobster, abalone, sea urchin, crabs),
and marine mammals, as well as a large number of sea
and shore bird species.

The nearshore area is composed of a variety of habitats
ranging from high-relief rocky reef to broad expanses

of sand and mud. There are distinct differences in the
prevalent oceanographic conditions from north to south.
Much of the state’s shoreline is heavily influenced by the
cold California Current, which sweeps south from the Gulf
of Alaska. As a consequence, the extreme northern por-
tion of the coast is inhabited by plant and animal species
also found off Oregon and Washington. The nearshore
area here is dominated by species commonly found off
Oregon such as black rockfish and cabezon, redtail perch,
and night and surf smelt. Along the central coast, south
of Cape Mendocino, where rocky-reef habitat dominates,
prevailing onshore northwest winds cause the upwelling
of nutrient-rich waters from the ocean bottom and high
biological productivity. Kelp beds, consisting of giant kelp
to the south and bull kelp to the north, are home to

a variety of nearshore rockfish, abalone and sea urchin.
Sea bird nesting areas and marine mammals such as sea
otters and sea lions are also important members of this
community. South of Point Conception, warm waters from
the south join with the cold California Current to provide
habitat for a wide variety of seasonal sub-tropical visitors
like yellowtail, white seabass, Pacific bonito, and Califor-
nia barracuda, all found in close association with the
abundant stands of giant kelp found around the offshore
islands and along the mainland. Major resident species
such as kelp bass, sheephead, halfmoon and olive rockfish
sustain a year-round nearshore fishery.

Major issues are the impact of environmental events like
El Nifio on animal and plant species, over-harvest of spe-
cies such as abalone and nearshore rockfish, interactions
between fisheries and marine mammals, pollution from
human activities, and competition among user groups,
both consumptive and non-consumptive.

Management authority for most species found in the
nearshore continues to be split between the legislature
and the Fish and Game Commission, with the legislature
retaining the authority to manage commercial fisheries

CALIFORNIA DEPARTMENT OF FISH AND GAME
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and the commission delegated the authority to set recre-
ational angling regulations. Notable exceptions are the
white seabass and nearshore finfish fisheries, which are
subjects of fishery management plans under development
by the department for adoption by the commission late
in 2001. These two fisheries are being managed under
the provisions of the Marine Life Management Act of
1998. This act establishes the framework for the eventual
management of all the state’s marine fisheries through
the creation of fishery management plans and commission
regulatory action. A key provision of this act is an over-
arching goal of sustainable use.

The next decade will be a critical one for the manage-
ment of the resources of the nearshore, as we attempt to
successfully address the major issues listed above.

Robson A. Collins
California Department of Fish and Game

California’s Living Marine Resources:
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The Nearshore
Ecosystem
Invertebrate
Resources: Overview

California’s marine invertebrate fisheries range among
the crustaceans, mollusks, echinoderms and to a lim-
ited extent, the polychaetes. This section deals with
most of them, with the notable exception of squid, classi-
fied as a coastal pelagic in this publication. Invertebrate
resources usually associated with bays and estuaries are
considered in another section. Commercial and recre-
ational fishermen spend thousands of hours annually in
pursuit of these species, which are among the most highly
prized of our marine resources. Harvest methods include
trawls pulled by large ocean-going vessels (shrimp),

traps fished from smaller boats (lobsters, crabs, and
prawns), ring nets, and bare hands (recreational lobsters
and crabs). In 1999, commercial invertebrates (excluding
squid) accounted for only about six percent of the state’s
total commercial catch by weight, but over 30 percent of
its ex-vessel value at over $44 million. Commercial catch
records for invertebrate species, like most of California’s
fisheries, are more complete than for their recreational
counterparts. Spiny lobster is the only invertebrate fishery
with both a substantial sport and commercial component.
However the magnitude of the sport component of that
fishery is poorly known. The Marine Life Management Act
recognizes the importance of allocating marine resources
fairly between commercial and recreational users and

so an improved understanding of the amount of sport
take and effort will be a necessity in the future. Many
other species of invertebrates that are not the target

of fisheries inhabit California’s marine waters where they
nevertheless form important functional components of
marine ecosystems.

In 1999, over half of the marine crustacean catch of 16.4
million pounds consisted of Dungeness crab. Dungeness
crab and Pacific ocean shrimp have comprised the major-
ity of the crustacean catch each year since the 1950s.

In recent years there have been over 330 boats taking
Dungeness crabs in the center of the catch range from
Crescent City to Fort Bragg. Boats average 200 crab pots
each, but some carry as many as one thousand pots.

In contrast, the spiny lobster catch was almost 500,000
pounds in 1999, and ranged from 600,000 to 800,000
pounds through most of the 1990s. Recreational harvests
of crustaceans also center around crabs and spiny lobster.
Dungeness and rock crabs are targets of scattered recre-
ational effort throughout California. It is estimated that
sport fishermen take less than one percent of the Dunge-
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ness crab catch and that the sport lobster catch, while
significant, is substantially less than the commercial catch.
While the size of the recreational lobster harvest is not
known, a NMFS-sponsored survey estimated over 115,000
individual trips targeting spiny lobster in 1989. Divers
catch most lobsters with their hands, although baited ring
nets are also used, usually from skiffs, piers or jetties. A
commercial passenger fishing vessel (CPFV) industry cater-
ing to divers schedules special trips during lobster season.
CPFVs in the SF Bay area have in recent years been offer-
ing combo-trips for rockfish and Dungeness crabs, where
crab pots are set at the beginning of the fishing trip

and pulled on the way back to port. These trips could
significantly increase the sport crab catch in this region.

In addition to these major fisheries, sand crabs and red
rock shrimp are the target of small but high value-per-unit
bait fisheries.

California’s nearshore echinoderm fisheries developed in
the 1970s as a response to the growing demand for fishery
export products but were little utilized domestically. They
have been dominated by the red sea urchin fishery which
saw almost 15 million pounds landed in 1999, the second
lowest total during the 1990s, down from a high of 45 mil-
lion pounds in 1990. Sea cucumber landings have averaged
about 500,000 pounds during the 1990s, with cucumbers
taken by both commercial divers and trawlers, mostly in
southern California. There has been very little interest in
the sport take of echinoderms, other than small amounts
of sea urchins. Purple sea urchins, whose unregulated take
can cause localized depletions, have been the target of
scientific collectors for years.

Other species not considered in this section, such as
limpets, jackknife clams, mussels and rock scallops, are
frequently harvested by sport fishers and have been seri-
ously impacted by California’s expanding human popu-
lation. Water quality problems, both natural and man-
caused, may prevent commercial and sport harvest of
bivalve mollusks, primarily clams and mussels. Since most
bivalves are filter feeders, they ingest microscopic plant
and animal matter from the water column. At certain
times during the year, particularly during the spring and
summer upwelling season, heavy plankton blooms occur
in nearshore waters, and filter feeders may ingest and
concentrate toxins, which are harmful to humans if con-
sumed. The levels of toxic plankton are monitored by the
California Department of Public Health and warnings are
issued when appropriate.

Natural predation may significantly reduce a population
if a prey species increases its density or range. A well-
documented example is the return of the sea otter popu-
lation to its historic range and its impact on central
California’s Pismo clam and abalone resources. Disease
has not often been implicated in reducing populations of
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California’s mollusks. However, the “withering syndrome”
in the black abalone population, coupled with fishing pres-
sure, has resulted in a drastic decline in the southern
California stock. Periodic oceanographic disturbances such
as the warm-water event known as El Nifio can have
severe impacts on nearshore invertebrates, especially
southern populations.

California’s commercial abalone fishery was the leading
molluscan fishery for the decades up until its collapse and
closure in 1997. Indeed, the MLMA was drafted in part

as a response to this tragedy. A robust recreational-only
abalone fishery remains in northern California where an
estimated 1.2 million pounds was taken by 33,000 divers
annually during the past decade. A punch card reporting
system was established in 1999, which should make track-
ing catch and effort in this fishery much easier in

the future.

California’s nearshore ecosystem has been the target of
an onslaught of exploitation, both extractive and non-
consumptive, since the end of World War Il. California’s
population has exploded during that time period and con-
centrated along the coastal zones of central and southern
California. Intertidal areas here, particularly rocky tidal
pools, have been trampled and stripped of their flora and
fauna despite the efforts of regulatory agencies to protect
them. Offshore mineral extraction, pipelines and tanker
traffic increase the likelihood of major fouling incidents
along our coastline. Fisheries management agencies have
been largely concerned with controlling the type and
amount of marine organisms available for harvest. How-
ever, the demands of ecosystem management will require
a greater vigilance over all the elements of nearshore
ecology, including the habitats of the organisms.

The collection of timely and accurate biological and fish-
ery information can be a costly and challenging endeavor.
As a consequence, management of nearshore invertebrate
resources in California has proceeded largely on an ad hoc
basis. Measures such as minimum sizes, closed seasons,
gear or equipment restrictions, bag limits and closed areas
have been used in an effort to protect stocks, sustain
harvests and allocate the resource. For some of our fisher-
ies, management systems based on annual or seasonal
quotas and a fixed harvest rate may be more desirable.
Following a worldwide trend, during the last decade most
of our commercial fisheries for invertebrates have come
under limited access or entry regulations, and conse-
quently opportunities for entry into these fisheries have
been reduced.

A variety of life-history patterns, which need to be con-
sidered when making management decisions, are found
among California’s invertebrate resources. Some resources
are long-lived and slow growing (spiny lobster, sheep crab,
abalone, sea urchins); others have short life spans and

California’s Living Marine Resources:
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can undergo rapid increases or declines in population size
(ocean shrimp and ridgeback prawn). Separate subpopula-
tions of Dungeness crabs and ridgeback prawns may exist
within California. The spiny lobster population is shared
with Mexico, and ocean shrimp and Dungeness crab popu-
lations span the Oregon border. Management and fishing
practices in those political entities may affect California’s
portion of such shared resources.

Future management and research on California’s inverte-
brate resources should focus on more frequent and effi-
cient resource assessment methods and a better under-
standing of the various factors, both natural and human-
induced, which determine population levels and patterns
of change. With such information at hand, resource man-
agers will be better able to match the growing demands
on California’s nearshore invertebrates with their pro-
ductive capacity. Future management will undoubtedly
address the issue of marine protected areas as a

tool for ecosystem protection and enhancement of
degraded areas.

Peter Kalvass
California Department of Fish and Game
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Abalone

History of the Fishery

Archaeological evidence indicates that California Indi-
ans fished abalones extensively from coastal areas and
the Channel Islands prior to European and Asian settle-
ment of California. During the 1850s, Chinese Americans
started a fishery in California that targeted intertidal
green (Haliotis fulgens) and black (H. cracherodii) abalo-
nes, with peak landings of 4.1 million pounds of meat and
shell in 1879. The Chinese worked shallow waters with
skiffs, gaffing abalones dislodged by a long pole with a
wedge on the end. This fishery was eliminated in 1900 by
closure of shallow waters to commercial harvest. Japanese
divers followed the Chinese by exploiting virgin stocks

of subtidal abalones, first as free divers from surface
floats and later, more successfully, as hard-hat divers.
California Department of Fish and Game statistics showed
an increase in landings from 1916 to a peak in 1935 of
3,900,000 pounds followed by a decline to 164,000 pounds
in 1942 as fishermen of Japanese heritage were moved to
relocation camps during World War II.

The red abalone (H. rufescens) was the only species
reported in the commercial landing figures from 1916 to
1943. They were recorded as unidentified abalone. By
1960, the center of the fishery had moved from Monterey
to the Morro Bay area, where the regions from Cape San
Martin to Cayucos in the north and Point Buchon to Pecho
Rock in the south were fished. Declining stocks of red
abalones, caused largely by the combined effects of fish-
ing and a growing population of sea otters, forced a shift
southward in the late 1960s. Landings increased in the San
Francisco area, supplying 34 percent of the 1988 red aba-
lone landings. Evidence, including successfully prosecuted
court cases, indicates that many of these abalones were
poached from noncommercial areas in northern California.
By 1990, landings of red abalones declined to 17 percent
of the 1931 to 1967 average of 2,135,000 pounds.

Commercial harvest of abalones was prohibited in south-
ern California from 1913 through 1943, then reopened

to increase wartime food production. The fishery has
undergone successive development and decline as less
desirable species were exploited. The abalone fishery
underwent spatial and interspecific serial depletion fol-
lowing World War Il. The fishery was managed as a single
entity, and it was difficult to address the collapse of
individual species in the face of stable landings. The fish-
ery alternated from red to pink (H. corrugata) to green,
white (H. sorensensi), and finally to black abalones, but
the new target species could not provide the continuous
demand. The combined-species landings reached a record
5,420,000 pounds in 1957. Pink abalone landings reached
a maximum 3,388,000 pounds in 1952 and in 1990 were
one percent of the 2,178,000 pounds averaged from 1950
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to 1970. Green abalones peaked in 1971 at 1,090,000
pounds, declined rapidly to six percent of their 1968 to
1972 average catch of 488,000 pounds. White abalone was
the shortest lived of the abalone fishery, beginning about
1968 peaking in 1972 with landings of 144,000 pounds,
and quickly declining thereafter. Black abalones peaked in
1973 at 1,913,000 pounds, declining in 1990 to 13 percent
of their 1972 to 1984 average catch of 687,000 pounds.
Because the fishery was managed as a single entity, the
total landings stabilized with the inclusion of the pink,
green, white, and black landings, but each of these spe-
cies quickly collapsed. Red abalone again became the
dominant species with most of the landings originating
from the southern part of central California, and the
Channel Islands.

Complicating the issues was the effect of sea otter pre-
empting the central California fishing areas. Red abalone,
stocks were fully utilized around the historic center of

the range, Monterey, and the fishery expanded southward.
The expansion of the sea otter, also moving south, eventu-
ally removed much of the central California coast as a
source of legal abalones.

Increased efficiency and effectiveness of the fishery, i.e.,
faster boats and better diving technology, were factors
which caused a continual expansion of the fishing grounds.
None of these factors was adequately addressed, and
necessary reductions in the fishing power in the fishery to
protect the abalone resource never occurred.

Status of Biological Knowledge

I n addition to the five species which have been commer-
cially fished, flat (H. walallensis), threaded (H. assimilis)
and pinto (H. kamtschatkana) abalones are also found

in California; all have limited distributions and none is
common. The threaded (H. assimilis) was once thought to
be a separate species, but it has been included under the
pinto as a southern sub-species. Depth and geographical
distributions of all California haliotids are best described
by seawater temperature. Black abalones are found from
Oregon to southern Baja California and are largely inter-
tidal, extending to a depth of about 20 feet in southern
California. Red abalones, which also extend from Oregon
into Baja California, are intertidal and shallow subtidal in
northern and central California but are exclusively subtidal
in southern California, where they are restricted to cooler
upwelling locations along the mainland and the north-
western Channel Islands. Pink, green, white and threaded
abalones are characteristic of the warmer waters south of
Point Conception extending into Baja California and the
southeastern Channel Islands. These species further sort
out by temperature in their depth distributions: greens
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are centered at shallower depths than pinks, which

are shallower than white abalones. Flat and pinto abalo-
nes are generally found in the cooler waters north of
Point Conception.

California abalones feed primarily on algae, mostly the
large brown kelps that form stands along the coast and
islands. They feed on bacterial and diatom films when
small, later switching to grazing on living plants and cap-
turing algal drift, fragments of macrophytes moved by
currents and surge. Most abalones feed preferentially on
kelps but minor variations in preference appear to reflect
the habitat where each is found. Specialization on drift
algae puts abalones in competition with three species of
urchins. Sea urchin grazing has been reported to limit kelp
and abalone distributions in many regions of the state.

Seawater temperature also strongly influences abalone
growth, and reproduction. Elevated seawater tempera-
tures are low in nutrients and kelps, the food of abalone,
do not tolerate these periods well. El Nifio events bring
warm seawater temperatures northward along the coast.
This can have severe short and long-term effects on aba-
lone populations through reduced food availability and
the direct affects of warm water on the abalone. In red
abalone, El Nifo conditions have been observed to slow
growth, and decrease settlement and recruitment. If suf-
ficient stocks survive through the warm water period,
reproduction will resume with the return of normal con-
ditions, but several year classes may be absent. This

will eventually be reflected in the future availability of
fishable stocks.

Abalones are synchronous broadcast spawners, the males
and females releasing their sperm and eggs directly to

the sea. The duration and period of spawning varies

with species. The fertilized egg sinks to the bottom,
hatches and spends several days to a week in the plank-
ton, depending upon temperature and species. Various
oceanographic mechanisms are thought to keep the larvae
in the vicinity of the adults. Nevertheless, settlement to
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the benthic existence appears to be hit or miss. To com-
pensate, abalones produce millions of eggs. Additionally,
broadcast spawners must be sufficiently close together to
improve the chances of fertilization, which decrease with
distance between spawners because of dilution. Distances
greater that three or four feet may not support sufficient
fertilization. While abalones can move and aggregate for
spawning, often low numbers and physical barriers can
prevent aggregation.

Recent research has shown that abalones may not success-
fully reproduce and recruit annually, likely because of

all the reasons above. As abalones are removed during
fishing, their numbers often will decrease to the point
that few adults are sufficiently close for successful fertil-
ization. In one Australian abalone, it has been shown

that when stocks of abalone are reduced to about 40
percent of the virgin biomass, reproduction failure occurs.
Most of the California abalones are well below that 40
percent mark.

Abalones, especially juveniles, are preyed upon by a wide
variety of animals including crabs, lobsters, gastropods,
octopuses, sea stars and fishes; larger abalones achieve a
partial refuge in size from most of these. However, two
predators, sea otters and humans, including the effects

of human activity in and near the sea, are the keystone
species that control the condition of the abalone resource.

Red abalone

Red abalone is the largest abalone in the world with a
record maximum shell length of 12.3 inches. The shell
color is brick red when red algae are part of the diet.

A prominent muscle scar is visible on the inside of the
shell. Typically three to four respiratory pores are open;
these are slightly raised, tubular, and oval. The epipodium
is smooth and black.
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This abalone is associated with rocky kelp habitat ranging
from Oregon into Baja California. In northern and central
California they are found from the intertidal to the shallow
subtidal depths. In southern California they are exclusively
subtidal, restricted to upwelling locations along the main-
land and the northwestern Channel Islands. Two canopy-
forming kelps, bull kelp and giant kelp are primary compo-
nents of the red abalone habitat and diet. Several other
brown algae are reported as important food sources.

There is a clear distinction between juvenile and adult red
abalone habitat, an indication that migration occurs as the
abalone grow. There are two separate movement phases.
The first phase corresponds with settlement as postlarvae
on coralline algae and is ascribed to light avoidance (nega-
tive photoaxis) and/or downward attraction (positive geo-
taxis) into small spaces between rocks and under boul-
ders. The second phase starts at 2.0 inches when they
switch to feeding on drift kelp, moving from under boul-
ders into crevices. Abalone in exposed crevices, under
ledges, or on top of reefs are described as “emergent”
with most red abalone emergent by six inches. Red aba-
lone have been reported to move in response to environ-
mental hazards such as sanding-in of reefs. They have
been shown to move considerable distances of up to

0.4 miles. In northern California random movement in
deeper, less intensely fished populations supports some
of the replacement of the intertidal and shallow sub-
tidal fished stocks.

Red abalone generally reach sexual maturity at a shell
length of five inches, but may become mature as small as
1.6 inches for females and 3.3 inches for males in the wild.
Fecundity ranges from a few thousand eggs at first spawn-
ing to up to six million eggs in large adults. Spawning

is seasonal in northern and year round in southern Cali-
fornia reflecting northern seasonal availability of kelp. A
single spawning season from April to July with a peak

in May was reported for northern California, based on
histological evidence.

The optimal temperature for successful survival to settle-
ment for red abalone larvae is 55 to 68 F. At these
temperatures the average duration of the swimming larval
phase is four days. Post settlement larval survival varies
from year to year. Studies off southern and northern
California showed occasional strong year classes followed
by long periods of unsuccessful recruitment.

Growth is highly variable and depends on availability of
food. Mark and recapture studies demonstrated higher
yearly growth rates in southern California compared to
northern California where food is seasonally available. An
exception occurred during the 1982-1984 El Nifio in south-
ern California when kelp abundance declined dramatically.
Recent evidence suggests abalone growth rates in the
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north have increased following the fishing down of their
main competitor the red sea urchin.

Abalone are preyed upon by a broad range of predators
including sea stars, octopus, crabs and lobster, and fishes,
particularly sheephead, cabezon, and bat rays, all of
which may be found in red abalone habitat. Sea otters

are the major predator of red abalone in the current sea
otter range from Ano Nuevo (Santa Cruz) to south of Point
Conception. Inside this range a few adult abalone survive
in deep crevices.

In central and southern California, where species were
serially depleted, red abalone had declined the least of
all five species by the time the fishery was closed in 1997.
Combined landings of red abalone declined during the
period from 1969 to1982 stabilizing at 1/10 their historic
average during the 14 year period before the 1997 clo-
sure. Detailed examination of catch by area and fishery
independent assessments reveal that the stability in land-
ings masked serial depletion by area, as successive areas
declined by over two orders of magnitude. From 1952-1968
most red abalone were caught in central California, fol-
lowed by southern mainland, Santa Cruz, Santa Rosa and
San Miguel Islands. Catches declined first along the central
coast under the combined effects of expanding sea otters
and fishing pressure. Outside the sea otter range catches
declined more slowly along the southern mainland than
at Santa Rosa, Santa Cruz, and San Nicolas Islands. From
1983-1996, catch decreased off these three islands to
three percent, for Santa Rosa, and less than one percent,
for Santa Cruz and San Nicolas, of their respective peak
catches by the 1997 closure. San Miguel Island and the
north coast were the exceptions to this pattern. Catches
from San Miguel Island, the farthest and most northern

of the Channel Islands, and the north coast comprised 71
of the 87 tons landed in 1996 prior to the fishery closure
in 1997.

A successful red abalone sport only fishery continues to
the north of San Francisco county, where SCUBA has
always been prohibited and commercial take was only
allowed for a three year period during WWII. Breath-hold

A L
Red Abalone, Haliotis rufescens
Credit: DFG
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diving effort has increased in relation to shore picking
beginning in the 1960s. In 1960, an estimated 11,000 diver-
days were expended to take 118,000 pounds of red and
black abalone, compared with 29,000 diver-days to take
192,000 pounds in 1972. By 1985 to 1989, average diver-
days and shore picker-days per year were focused on

red abalone in central and northern California. Estimated
landings of red abalone in central and northern California
for combined divers and shore pickers reached a high of
3,472,000 pounds in 1986 and had decreased to 1,161,000
pounds by 1989. In 1998 an abalone stamp was first

sold to generate revenues for assessments. In 1998 and
1999 an average 33,000 stamps were sold showing effort
levels are comparable to those estimated for the 1985 to
1989 period.

Pink abalone

Pink abalones occur from Point Conception to the cen-
tral Baja California peninsula, Mexico. Its depth range
extends from the lower intertidal zone to almost 200 feet,
but most are found from about 20 to 80 feet. It has the
broadest distribution of the southern California abalones.
It may be identified by its nearly circular shell, black and
white epipodium and black tentacles, and highly arched
shell with protruding respiratory pores, two to four of
which may be open.

In the early 1950s, pink abalone comprised the largest
segment of the abalone fishery, about 75 percent, and
had a significant effect on the total abalone landings
(Figure 1). Commercial landings originated at the eastern
northern Channel Islands (Anacapa, Santa Cruz), and the
southern Channel Islands (San Nicolas, Santa Catalina,
Santa Barbara, San Clemente). Because pink abalone are
more fragile than others and grow more slowly, the level
of take could not continue. The persistence of pink land-
ings was due to expansion into unfished areas, but that
occurred so quickly that depleted areas did not have
time, or the ability, to recover. By the early 1980s the
commercial pink abalone fishery had expanded throughout
the available range and the landings dwindled to

virtually nothing.

Pink abalone was important in the recreational fishery,
being the second most taken species, after green abalone.
This is not surprising as both species are easily targeted
by sport divers. Since pink abalone inhabits areas south
of Point Conception, until recently south of the range

of the sea otter, its population condition has not been
affected by that predator. The re-occupation of sea otter
into southern California could have adverse consequences
on the already depleted pink abalone.
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Department research cruises to San Clemente, Santa Cata-
lina, and Santa Barbara Islands in 1996 and 1997, were
used to investigate pink, and other, abalones. The number
of abalones sighted per unit of time was used to quantify
stocks, and a factor was applied to estimate the number
of commercially legal pink abalone that could be collected
per hour. Estimates ranged from about one to 1.5 abalone
per hour. Similar cruises conducted in 1999, estimated
only 0.28 commercial legal pink abalone per hour. At
Catalina Island, no commercial sized pink abalone were
found. These estimates indicate how low the remaining
numbers of abalone there are at the islands. The situation
is no better on the front side of Santa Catalina Island,
where it was closed to commercial take, but open to
recreational fishing.

Fishery independent surveys conducted at the Channel
Islands reveal a close association between the presence
of small individuals and legal size sport and commercial
sizes. The best locations were where refuges were pres-
ent, e.g., Anacapa Island. These areas supported higher
numbers of legal sized abalone and had continued pres-
ence of smaller sizes. There needs to be large adults
present to provide spawn for future generations, and the
presence of the smaller sizes forms the potential fishable
resource. This situation may point out that to have sus-
tainable abalone resources the full size range must occur.

Natural climatic events may affect pink abalone both posi-
tively and negatively. Pink abalone is at the northern end
of its range in southern California, so it would not be
unusual for this species to be enhanced by the influx of
warm water during an El Nifio period, as was observed

in 1982 to 1984. On the other hand, intrusion of nutrient-
poor warm, El Niflo-driven seawater severely depresses
kelp, growth and survival, which limits the food of aba-
lone. This may depress abalone growth and reproduction.
Since pink abalone spawn throughout much of the year,
they are able to overcome the detrimental effects of
warm water and spawn successfully. Withering syndrome
(WS), a lethal disease of abalones, is exacerbated by EL
Nifo related sea water warming, and may cause severe
local decline in numbers.

Green abalone

reen abalone is found on open coast shallow rocky

habitat from Point Conception, California to Bahia
Magdalena, Baja California, including parts of the Channel
Islands that are influenced by warmer water regimes. The
species is associated with the warm-temperate California
region from Baja California to southern California. Green
abalone were commonly found in rock crevices, under
rocks and other cryptic cavities from the low intertidal to
subtidal zones. They are mostly found between 10 and 20
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foot depths, often associated with surf grass beds, but are
sometimes seen at 50 and 60 foot depths.

The shell is brown with the surface marked by many low,
flat-topped ribs which run parallel to the pores. The shell
has five to seven pores with edges elevated from the
surface and a groove that runs parallel on the outside
edge of the pores. The edge of the foot, the epipodium, is
mottled cream and brown, with a frilly edge and scattered
tubercles. The tentacles are olive green in color. Green
abalone attain a size of 10 inches but are usually smaller.

Sexual maturity occurs at about three and a half inch shell
length (approx. 5 to 7 years). Individuals average about
one half inch of shell growth per year for the first five

to seven years. After maturity, shell growth slows down.
The spawning season for green abalone is between early
summer and fall and spawning often occurs several times
during this period. Average fecundity for a population of
greens at Santa Catalina Island was estimated to be about
2.5 million eggs per female per year.

Green abalone are opportunistic drift algae feeders, and
eat a wide variety of drift algae, but they prefer fleshy
red algae. Predation of juveniles plays a major role in
shaping adult population size. Abalone experience a high
mortality early in life due mainly to predation. Some

of the predators of juvenile abalone are crabs, lobsters,
other gastropods, sea stars, octopuses, and fishes. The
two spot octopus is the main predator of young green
abalone at Santa Catalina Island. Larger individuals have a
refuge in size from most of these predators. However, bat
rays and sea otters prey selectively on larger abalones.

Since they prefer well sheltered, hidden niches, green
abalone are able to exist in the high energy area of the
low intertidal shallow subtidal areas where most other
abalone species cannot exist. They are often concentrated
in shallow subtidal surf grass beds where wave action
facilitates a steady flow of drift algae.

Green abalone may occupy a particular site, called a

homesite or scar. Abalone larger than one inch seldom
leave their home scar to forage, relying on algal drift.

Smaller individuals actively forage but return to their

home scar in the day.

Black abalone

I n black abalone the shell is smooth, black to slate gray
in color, though some may have lost much of the outer
layer leaving it white. This abalone has the most distinc-
tive shell of the California species. The shell is usually
clean though some have barnacles growing on them. There
are five to nine open pores, which are flush with the shell.
In more southern populations as many as 14 pores may be
open. The epipodium has a smooth texture and is black.
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over time. Prior to 1949, identification of abalone species landed was not

required. However, commercial abalone landings between 1916 and 1949 consisted
primarily of red abalone. The data presented here for red abalone includes

landings recorded as unspecified abalone during this fime period. There were

no commercial landings reported for pink or green abalone prior o 1950; no com-
mercial landings are reported for white abalone prior to 1959; and no commercial
landings are reported for black abalone prior to 1956.
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The interior of the shell is silvery-white nacre (mother-of-
pearl) and has a muscle scar.

Black abalone are reported from as far north as Oregon,
but most are found south of San Francisco Bay to southern
Baja California including the offshore islands. By the mid-
1990s, only remnant populations existed at the Farallon and
Channel Islands, and along the mainland southern California
shoreline they were totally absent. Small populations exist in
central and northern California.

Essential habitats includes rocky intertidal areas, often
within the high energy surf zone. Consequently, it is
exposed to a broad range of conditions, including wave
wrack, exposure during low tides to hot, dry periods of
direct sun, and to chilling cold winter conditions. Because
natural populations of black abalone form exposed, easily
accessible aggregations, protection from take is impor-
tant, particularly along the mainland coast. In light of the
growing human population in California, it is possible that
coastal populations of black abalone will never return.
Remote totally protected intertidal areas on the mainland
and the Channel Islands may be required for reestablish-
ment of natural populations.

It is not known whether subpopulations of this abalone
exist. Because of the extensive distribution of suitable
habitat, limited migration, and the method of reproduc-
tion, there may be genetic differences that have evolved
among local populations, particularly at the extreme ends
of the range, and between coastal and insular popula-
tions. Black abalone appear to recruit locally, but further
examination of the recruitment pattern in this species is
needed for better resource management and restoration.

Black abalone grow most quickly during the first five to

10 years. Growth varies between locations, and is likely
affected by stress, including disease, food availability, and
climatic variation. This abalone is a long-lived species,
attaining an age of 25 years or more. Sexual maturity
occurs at a relatively small size, with most individuals
being mature at less than two inches. Spawning occurs

in the spring and early summer, and a second period of
spawning may occur in the fall.

Black abalone larvae settle onto hard substrate, and are
often found in the vicinity of larger individuals. The newly
settled larvae are cryptic, and remain so until they attain
a length of four inches or greater. Small juveniles are
found under rocks and deep in crevices, while larger black
abalone in natural unharvested areas congregate on rocks
and in tide pools, sometimes in great numbers. Newly
settled and juvenile black abalone forage on bacterial
films. As the abalone grows it shifts to larger drift algae
brought into the intertidal areas by waves and currents.

Small black abalone are preyed upon by sea stars, octo-
pus, and several crabs found in the intertidal areas. Larger
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individuals appear to be well protected from most preda-
tors, at least as long as they remain attached to the
substrate. Sea otters are the main natural predator of
this species. The absence of sea otters from southern
California is the primary reason for the dense concentra-
tions of abalone that developed in California and Mexico.

The recent commercial fishery in California began in
approximately 1968 at the Channel Islands with the devel-
opment of an Asian market. Landings peaked in the 1970s,
and began a slow decline thereafter.

In 1985, weak, shriveled, and dying black abalone were
observed by scientists in tide pools at the Channel Islands.
Black abalone were literally falling off the rocks in large
numbers at several of the islands. The disease is char-
acterized by weight loss, pedal atrophy, weakness, and
lethargy. Early experiments showed that once an abalone
exhibited signs of this syndrome, it quickly died.

Withering syndrome (WS), caused by a Rickettsia-like pro-
caryote is the causative agent of this catastrophic disease
of abalone. It has ravaged all the Channel Islands and the
remaining mainland populations of black abalone as far
north as Pacifica, San Mateo county. Most locations experi-
enced almost total loss of black abalone populations.

A few individuals survive WS. These resistant abalone

will be the basis of any natural recovery and are also
utilized in captive breeding programs to develop resistant
strains. In 1998, the NMFS added black abalone to the
candidate species list for possible listing under the federal
Endangered Species Act.

White abalone

hite abalone inhabit deep, rocky substrata from 60

to 200 feet deep, from Point Conception, in southern
California to Bahia Tortugas, in central Baja California,
including the offshore islands and banks. Because it is
found primarily in depths greater than about 75 feet, it
wasn’t described as a species until 1941.

The shell is high and oval in shape with a row of high pores
spiraling to the highest part of the shell, the spire. Gener-
ally, the surface of the shell is free of heavy encrustation,
but often the shell is covered with pink, coralline algae.
There appears to be no harm to the abalone, and the
algae often matches the shell to the surrounding habitat.
The shell is considerably lighter in weight than the shells
of other species. The interior of the shell is silvery-white
nacre and lacks a muscle scar. Three to five of the largest
pores are open, the rest being filled in during growth.

Little is known about natural growth of white abalone.
Individuals settled in the laboratory grew at about 0.6 inch
per year, less than that of other abalones. Estimates from
a few individuals indicated that growth during the first
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five years averages about an inch per year slowing down
thereafter, which is a similar growth pattern to other
California abalones. The life span of white abalone was
estimated at about 35 to 40 years. There is no evidence
of a significant recruitment event since the late 1960s
or early 1970s; thus the remaining individuals are likely
approaching the end of their life spans.

Reproduction in white abalone is probably similar to other
species. Successful reproduction depends upon population
density, spawning period, and fecundity, and conditions
conducive to successful settlement. White abalone spawn
in the winter, with synchronous gamete release, but the
cue is unknown. The release of sperm initiates egg release
in some abalones. Abalone may reproduce annually, but
evidence suggests that settlement of the larvae may be
only occasionally successful. Because of the short larval
life, and the discontinuous habitat there are likely to

be genetic differences between remote locations, particu-
larly at the extremes of its range.

Abalone are herbivorous, feeding on bacterial and diatom
films when small, and foraging on attached and drift kelp
later. White abalone are associated with deep living kelps,
and have been observed feeding on these. They have also
been observed near the interface of sand and rock, a
position that would facilitate the capture of drift algae.

Abalone predators include sea stars, octopus, crabs, lob-
ster, and fishes, particularly sheephead, cabezon, and bat
rays, all of which have been observed in white abalone
habitat. Sea otters are likely not significant predators of
white abalone, and are not responsible for low white aba-
lone population numbers. Otters have been absent from
most of the areas where white abalone occur since well
before the establishment of the white abalone fishery.

As the nearshore abalone resources declined throughout
California, divers went farther and deeper, eventually
encountering virgin stocks of white abalone. The commer-
cial fishery for white abalone began about 1965, though
whites were probably taken incidentally before then.

The high quality of the meat and the knowledge of the
resource spurred commercial landings to a peak in 1972 of
almost 144,000 pounds. Thereafter landings declined and
became insignificant in the mid-1980s. The recreational
fishery also took white abalone, but landings are unknown,
and probably far less than the commercial landings. Rela-
tive to the whole fishery, white abalone comprised a
small part of the landings, but its high quality and value
bolstered the fishery for a short time.

In 1997, the NMFS added the white abalone to the candi-
date species list to be considered for listing under the
federal Endangered Species Act. This action required a
status review, which concluded that overexploitation was
the major cause of the decline. In May 2000, white aba-
lone became the first marine invertebrate to be proposed
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for listing as endangered under the federal Endangered
Species Act.

Status of the Populations

Currently, all five major species of abalone in central
and southern California are depleted, a result of
cumulative impacts from commercial harvest, increased
market demand, sport fishery expansion, an expanding
population of sea otters, pollution of mainland habitat,
disease, loss of kelp populations associated with El Nifio
events, and inadequate wild stock management. The
political/legislative climate and limited funding has pre-
vented the department from establishing and managing to
sustain yields for each species and area. Fish and Game
Commission and California legislative action halted sport
and commercial fishing for abalones in southern California
in 1997. Sport fishing is allowed north of San Francisco
Bay. It seems paradoxical that all fishing for abalone would
be closed in the southern two thirds of California, while

a viable sport fishery exists in the north. The difference
between the two areas is centered on the way abalones
are taken. In the south, scuba and commercial dive equip-
ment made all abalone available to harvest, while in the
north only skin diving and shore picking are allowed. In
the deeper areas beyond free diving depth, the popula-
tion is dense and individuals are large, conditions that
maximize reproduction and recruitment. It is these de
facto refuge areas that provide a sustainable resource that
can be fished year after year.

The northern California abalone fishery provides insight
into what is necessary to maintain a sustainable resource,
upon which a fishery can be allowed. In the northern
fishery significant areas of good abalone numbers are
unavailable to the fishery, including individuals larger than
minimum legal size. Such areas are maintained passively
because most skin divers cannot get to them in the often
severe oceanic conditions found there. In contrast, all
areas in southern California were available to commercial
and sport divers, and eventually the larger individuals
were taken, leaving little for stock rebuilding.

The primary regulation of the abalone fishery was the size
limit, which was set at a relatively large size, allowing
individuals as old as 15 years (in red abalone) to reproduce
before entering the fishery. Implicit in size limits is the
assumption of regular reproduction and more importantly,
settlement. To have reproduction and settlement there
must be large numbers of adults close together. Such
areas are exactly what is sought in the fishery. Man-
agement efforts to protect stocks through size limits

and limits on the number of commercial abalone fish-
ermen have been ineffective. Stock declines have led

to near extirpation of three species with red and pink
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abalone reduced to remnant populations on islands in
southern California.

The poor survival rates observed in most abalone seeding
experiments suggest that seeding will not be an effective
method for restoration of depressed stocks. Adult translo-
cation to aggregate spawners may be the only hope to
replenish depleted stocks or prevent extinction for some
species. Unfortunately for most species, few adults remain
to aggregate. Expensive artificial breeding programs may
be necessary to obtain sufficient numbers of large aba-
lones upon which to start rebuilding the resource. Addi-
tionally, unless stocks are reestablished in well-protected
refuge areas, illegal take will undermine these efforts.

In northern California, red abalone stocks continue to
provide abalone to an important recreational fishery. The
continuation of this fishery depends upon the protection
of the de facto deep water refuge, monitoring the annual
harvest to assure that the resource can accommodate
sport harvest, continued effective resource protection,
education, and assessment. Recovery of the southern Cali-
fornia abalone resource will likely require many years and
the establishment of marine protected areas to encourage
and protect dense populations of abalones.

Three natural phenomena will have a decisive effect

on California’s future abalone fisheries — disease,
oceanographic events (El Nifio), and sea otter expansion.
Each is already influencing research and management
decisions.

WS is a bacterial disease that has virtually eliminated
black abalone from large areas of its habitat in southern
California. The spread and effectiveness of the disease is
enhanced by higher than average sea water temperatures.
In black abalone, some individuals appear to be resistant
to it, but because these individuals are healthy, they
were often taken in the course of fishing. It is precisely
these healthy individuals that are necessary to obtain
natural recovery. After the discovery of WS, rather

than establishing a general moratorium on the take of
black abalone, each island was closed after populations
had crashed. The continued fishing removed most of the
potentially resistant abalones.

WS is known in each of the other California abalones, but
little is known how it affects the other species, particu-
larly along the mainland. Red abalone at San Miguel Island
are infected, but incidence seems to be low. Green aba-
lone, which overlaps with the distribution of black aba-
lone, appears to have suffered from WS at some islands.

A few northern California red abalone have been collected
with WS pathogens, but it has not caused any symptoms.
The cooler seawater temperatures off northern California
are sufficient to prevent the occurrence of symptoms, but
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if environmental temperatures increase WS could become
a problem.

WS has the capacity to eliminate abalones throughout
large areas. A significant increase of the incidence could
eliminate the remaining, already low, populations of aba-
lones. Research is forthcoming about breeding resistant
abalone and treating abalones held in captivity. Addition-
ally, any management decisions about abalone must take
disease effects into consideration.

Climatic and periodic oceanographic disturbances, par-
ticularly those that bring warm water northward can have
severe effects on abalones, especially those in southern
California. The effect of increased sea water temperature
can affect disease susceptibility; lower growth in kelps,
thus reducing abalone food sources; alter distribution pat-
terns of marine animals; and bring storms which disrupt
local habitats. Each of these could further place additional
stress on abalone populations.

The southward movement of the sea otter into its ancient
range in southern California would undoubtedly further
reduce remaining abalone, and other invertebrate popula-
tions further. Along the central coast, sea otters have
removed the larger emergent abalone populations, and
restricted them to cryptic habitat.

Paradoxically, each of these three developments, are nat-
ural events with which abalone and all marine organisms,
have endured to some extent in the past. The difference is
that historically, populations were larger and more adapt-
able, and better suited to evolve strategies to cope with
changing conditions. Today, populations are smaller, and
they cannot respond sufficiently enough or quickly enough
to adapt. In some cases, local, and perhaps total extinc-
tion of species will result.

Management Considerations

See the Management Considerations Appendix A for
further information.

Peter L. Haaker, Konstantin Karpov, Laura Rogers-
Bennett, lan Taniguchi, and Carolyn S. Friedman
California Department of Fish and Game

Mia J. Tegner
Scripps Institution of Oceanography
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California
Spiny Lobster

History of the Fishery

Since the late 1800s, there has been a commercial fish-
ery for California spiny lobster (Panulirus interruptus)
in southern California. Commercial fishermen use box-like
traps constructed of heavy wire mesh to capture spiny
lobsters. Traps of other materials, such as plastic, are
allowed, but wire traps remain the most popular. About
100 to 300 traps per fisherman is common, but some fish
as many as 500 at the peak of the season. The traps are
baited with whole or cut fish and weighted with bricks,
cement, or steel. They are fished on the bottom, and
each trap is marked with a buoy bearing the fisherman’s
license number followed by the letter P. High-speed boats
in the 20 to 40-foot size range are popular in this fishery,
but everything from 15-foot skiffs to 50-foot fishing boats
are used. Most trap boats are equipped with a davit and
hydraulics to assist in pulling the traps.

Commercial lobster fishing occurs in shallow, rocky areas
from Point Conception to the Mexican border and off the
islands and banks (such as Cortes and Tanner banks) of
southern California. Some marine life refuges and reserves
are closed to the take of lobster, as are areas in Santa
Monica and Newport Bays and at Santa Catalina Island.
Sophisticated electronic equipment enables trappers to
find suitable lobster habitat and relocate their traps there.
Traps are fished along depth contours in waters less than
100 feet, or clustered around rocky outcrops on the
bottom. At the beginning of the season the traps are
usually very close to shore. By the end of the season they
are in 100 to 300 feet of water.

Seasonal landings in the 200,000 to 400,000 pound range
rose following World War Il and peaked in the 1949-1950

season, with a record 1.05 million pounds landed. A gen-
eral decline followed for the next 25 years, reaching a

California Spiny Lobster, Panulirus interruptus
(redit: DFG
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low of 152,000 pounds in the 1974-1975 season. Landings
started back up the next season, but remained between
400,000 and 500,000 pounds for nine consecutive seasons
from 1979-1980 to 1987-1988. The next nine years the
landings ranged from 600,000 to 800,000 pounds with

a peak of 950,000 in the 1997-1998 season. Landings
dropped back down after that. The peaks and valleys that
have characterized this fishery are not unexpected in a
fishery that is strongly influenced by the weather, El Nifio
and La Nina events, and the export market.

About 90 percent of the legal lobsters taken in the com-
mercial fishery weigh between 1.25 and 2.0 pounds, which
produces the size of tail desired for the restaurant trade.
Most of the harvest in recent years has been exported

to Asian countries and France. However, depressed econo-
mies overseas have resulted in an effort to re-establish
domestic markets. The price paid to the fisherman is in
the range of $6.75 to $8 a pound. The largest portion of
the commercial and sport harvest is always taken during
the first month of the season, October, which also is the
highest month of trapping effort. The effort and catch
drop off sharply in January through the middle of March
(the season’s end). San Diego County, being the most
central to the spiny lobster’s range, usually produces the
highest landings, followed by Los Angeles/Orange, and
Santa Barbara/Ventura counties.

Commercial and recreational lobster fishermen are
restricted to a minimum size limit of 3 1/4 inches carapace
length (CL). Historically, the season for both has run from
early October to mid-March. Since 1992, the sport season
has opened the weekend before the first Wednesday in
October, the official commercial season opener. Com-
mercial fish traps, including lobster traps, must have a
destruct-device of a type approved by the Department of
Fish and Game. This is to ensure that lost or abandoned
traps do not continue to capture marine life indefinitely.
Since the 1976-1977 season, it has been required that
lobster traps be fitted with rectangular escape ports (2
3/8 by 11 1/2 inches) to minimize the retention of undersized
lobsters. This requirement has been credited with reversing
the long downward trend in landings previous to that.

A formal commercial restricted access program was initi-
ated in April of 1997. All lobster fishermen are required
to have an operator permit ($285). Deckhands that assist
them must have a lobster crewmember permit ($125).

Recreational harvesters need a valid sport fishing license
with an ocean enhancement stamp, and may use hoop
nets or bare (gloved) hands when skin or scuba diving
for lobster. No appliance, such as a fish spear or a short
hooked pole, may be used to snag the animals from deep
crevices or caves. The daily bag limit for sport fishing is
seven lobsters, reduced from 10 in 1971.
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Status of Biological Knowledge

he California spiny lobster ranges from Monterey Bay,

California to Manzanillo, Mexico. There is also a small,
isolated population of this species at the northwestern
end of the Gulf of California. The majority of the pop-
ulation is found between Point Conception, California
and Magdalena Bay, Baja California. Adult lobsters usually
inhabit rocky areas from the intertidal zone to depths of
240 feet or more.

Spiny lobsters mate from November through May. The
male attaches a putty-like packet of sperm, called a sper-
matophore, to the underside of the female’s carapace.
When the female releases her eggs, she uses the small
claws at the end of her last (fifth) pair of walking legs to
open the spermatophore and fertilize the eggs with the
sperm inside the packet. Fertilized eggs are attached to
the underside of the female’s tail primarily in May and
June. “Berried” females are generally in water less than
30 feet deep and carry their eggs for about 10 weeks. The
larger the size of the female, the more eggs she produces.
Females sampled at San Clemente Island carried between
120,000 (2.6 inches CL) and 680,000 (3.6 inches CL) eggs.

Spiny lobster eggs hatch into tiny, transparent larvae
known as phyllosomas that go through 12 molts. They have
flattened bodies and spider like legs, and drift with the
prevailing currents feeding on other planktonic animals.
They may drift offshore out to 350 miles, and may be
found from the surface to a depth of over 400 feet. After
five to nine months, the phyllosoma transforms into the
puerulus or juvenile stage. The puerulus is still transpar-
ent, but now looks like a miniature adult with extremely
long antennae. The puerulus actively swims inshore where
it settles to the bottom in shallow water and starts to
grow if the habitat is suitable.

The spiny lobster’s outer shell serves as its skeleton, and
is referred to as an exoskeleton. To grow, a lobster must
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shed its exoskeleton. This process of molting is preceded
by the formation of a new, soft shell under the old one. An
uptake of water expands the new shell before it hardens.
Lobsters are vulnerable to predation and physical damage
right after they molt, until their new shell hardens.

Molt rates for the California spiny lobster are assumed

to be similar to those of the Japanese spiny lobster. A
0.24-inch CL specimen goes through 20 molts to reach 1.18
inches CL at the end of its first year. Four molts during
the second year will result in a carapace length of two
inches, and there are three molts in the third year. It
takes a lobster from seven to 11 years to reach a legal size
of 3.25 inches CL. Spiny lobsters molt annually, following
the reproductive period, once they reach 2.5 inches CL.
Growth rates, or the period between molts, are highly
variable. They have been correlated with food availability,
size, and sex. The larger an animal, the slower it grows.
Injuries or disease will often result in a slowing or complete
cessation of growth until the injury has been repaired.

Juvenile lobsters usually spend their first two years in
nearshore surf grass beds. Sub-adults have also been
found in shallow rocky crevices and mussel beds. Adult
lobsters are found in rocky habitat, although they also
will search sandy areas for food. During the day, spiny
lobsters usually reside in a crevice or hole, dubbed a den.
More than one lobster is usually found in a den. At night,
the animals leave their dens to search for a wide range
of food. Adult lobsters are omnivorous and sometimes
carnivorous. They consume algae and a wide variety of
marine invertebrates such as snails, mussels, sea urchins,
and clams as well as fish, and injured or newly molted
lobsters. Lobsters are eaten by sheephead, cabezon, kelp
bass, octopuses, California moray eels, horn sharks, leop-
ard sharks, rockfishes and giant sea bass.

A large portion of the spiny lobster population makes
an annual offshore-onshore migration that is stimulated
by changes in water temperature. During winter months,
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male and female lobsters are found offshore at depths

of 50 feet and deeper, although individuals of both sexes
have also been found in shallow water in winter. In late
March, April, and May, lobsters move into warmer onshore
waters less than 30 feet. The higher temperatures on
shore shorten the development time for lobster eggs.
Nearshore waters also have a more plentiful supply of
food. In late October and November, the onshore waters
cool, and most lobsters move offshore. Winter storms that
cause increased wave action in shallow water encourage
this movement. Lobsters generally move after dark and in
small groups across the sand.

California spiny lobsters of both sexes reach maturity at
five or six years and 2.5 inches CL. After maturity, male
lobsters grow faster, live longer, and reach larger sizes
than the females. Males can live up to 30 years, and
females at least 20 years. There are records of male Cali-
fornia spiny lobster weighing over 26 pounds and attaining
lengths up to three feet. Today, lobsters over five pounds
are considered trophy-size. Trophy-size animals are usually
taken by recreational divers.

Status of the Population

Population size is unknown for the California spiny lob-
ster. Commercial landings have fluctuated through the
years and are influenced by some factors that are inde-
pendent of the health of the population.

The closed season protects egg-carrying and molting
female lobsters. The size limit ensures that there will be
several year classes of broodstock, even if all legal-size
lobsters are caught each season. The escape port has
been effective in reducing the capture and handling of
juvenile lobster. An illegal market has always existed for
“shorts” (undersized lobsters). Public education and ade-
quate warden enforcement are key elements in reducing
this problem.

The Department of Fish and Game has had a commercial
logbook system in place since 1973. Catch effort, the
numbers of legal and short lobsters taken, number of
traps fished, and depths where the traps are fished are
required information on the logs. The presence of shorts is
generally a good indicator of a healthy fishery.

California’s Living Marine Resources:
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Management Considerations

See the Management Considerations Appendix A for
further information.

Kristine C. Barsky
California Department of Fish and Game
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Red Sea Urchin

History of the Fishery

he commercial fishery for red sea urchins (Strongylo-

centrotus franciscanus) has been one of California’s
most valuable fisheries for more than a decade. This
fishery is relatively new, having developed over the last 30
years, and caters mainly to the Japanese export market.
Archaeological evidence however, shows that sea urchins
in California have been fished by coastal American Indians
for centuries. The gonads of both male and female urchin
are the object of the fishery and are referred to as “roe”
or “uni,” in Japanese. Gonad quality depends on size,
color, texture, and firmness. Algal food supply and the
stage of gonadal development affect quality and price. Ex-
vessel prices during the season typically range from less
than $0.20 to more than $2 per pound with the highest
prices garnered during the Japanese holidays around the
new year. Sea urchins are collected by divers operating
in nearshore waters. Divers check gonad quality and are
size selective while fishing to ensure marketability. In the
last few years the red urchin fishery has become fully
exploited throughout its range in northern and southern
California. Because of sea otter (Enhydra lutris) preda-
tion, sea urchin stocks in central California occur at densi-
ties too low to sustain a commercial fishery. The purple
sea urchin (S. purpuratus), which occurs over the same
geographical range, is harvested in California, but only on
a limited basis.

Southern California Fishery

he fishery in southern California began in 1971 as

part of a National Marine Fisheries Service program
to develop fisheries for underutilized marine species. The
fishery was also seen as a way to curb sea urchins destruc-
tive grazing on giant kelp. There have been two periods of
rapid fishery expansion in California. The first culminated
in 1981 when landings peaked at 25 million pounds in
southern California. Contributing to this rapid escalation
of the fishery was a pool of fishermen and boats involved
in the declining commercial abalone dive fishery. Sea
urchin landings then decreased following the El Nifio of
1982-1983, when warm water weakened or killed kelp,
the primary food source for sea urchins. Catches did not
recover until 1985-1986, helped in part by the strengthen-
ing of the Japanese yen relative to the U.S. dollar, favor-
ing California fishermen and exporters. Prices for urchin
from the south are typically higher than for urchins from
northern California due to the longer market presence and
consistently higher gonad quality of the former.

The majority of sea urchin landings in southern California
have come from the northern Channel Islands off of Santa
Barbara, where large and accessible stocks once occurred.
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During the period 1973 through 1977, 80 to 90 percent
of the landings originated from these islands. In more
recent years, however, there has been a decrease in
the contribution from the northern Channel Islands as
fishing effort has shifted south to San Clemente Island,
San Nicolas Island, and the San Diego area. This spatial
shift occurred at the same time that catches decreased
throughout the region. In 1990, the southern California sea
urchin catch peaked at over 27 million pounds, and has
declined steadily to 10.9 million pounds in 1999. In the
1990s, the fishery was impacted by two El Nifios and a
weakening yen; both factors have contributed to reduce
fishing effort and catches.

Northern California Fishery

he northern California commercial sea urchin fishery

began in 1972, and remained insignificant until 1977,
when 386,000 pounds were landed in the Fort Bragg
region. The second major fishery expansion began in
1985, fueled partly by decreasing landings in southern
California and favorable monetary exchange rates. The
large and unexploited sea urchin biomass in northern
California sparked a gold rush as hundreds of new fisher-
men enter the unregulated fishery. In northern California
(Half Moon Bay to Crescent City) landings jumped from
1.9 million pounds in 1985 to 30.4 million pounds in 1988,
far exceeding landings from southern California. Northern
California sea urchin landings and catch-per-unit effort
(CPUE) began a steep decline in 1989, before leveling off
in 1996 at about three to four million pounds annually and
about 700 pounds per fishing day per diver. Preliminary
landings data for 1999 show a catch of 3.2 million pounds
with an ex-vessel value of $2.4 million. In northern Califor-
nia, Fort Bragg has remained the center of the fishery,
while the ports of Albion, Point Arena, and Bodega Bay
accounted for about two-thirds of the catch in 1999. Rocky
reefs around Crescent City also support a small fishery.

Red Sea Urchin, Strongylocentrotus franciscanus
Credit: Chris Dewees
CA Sea Grant Extension Program
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Status of Biological Knowledge

Sea urchins are locally abundant subtidal herbivores that
play an important ecological role in the structure of
kelp forest communities. Sea urchins belong to the phylum
Echinodermata, which includes sea stars, brittle stars, sea
cucumbers, and sand dollars. They have a hard calcareous
shell called a test, with spines and small pinchers called
pedicellariae. Tube feet are located between the spines
which are used in respiration, locomotion, and for grasp-
ing food and the substrate. On the bottom, or oral side, is
the mouth, consisting of five calcareous plates making up
a jaw structure called Aristotle’s lantern. The mouth leads
to the digestive system which voids through the anus on
the top, or aboral, side.

Sea urchins are omnivorous, eating primarily foliose algae.
The perennial giant kelp is the preferred food in southern
California, whereas in northern California urchins feed on
the annual bull kelp and perennial brown algae. The

red sea urchin’s ability to survive during periods of food
shortages contributes to the its ability to persist in high
densities in areas devoid of algae, known as urchin bar-
rens. The formation of barrens in southern California can
follow oceanographic events such as El Nifio during which
kelp beds die-off resulting in shortages of standing and
drift algae. These food shortages may trigger urchins to
aggregate and move in fronts denuding the remaining kelp
forest. Based on examination of long-term aerial photos
and on kelp forest ecology studies in northern San Diego
county, sea urchin grazing at its most severe probably
accounts for about 20 percent mortality in a given kelp
bed. Conversely, the intense fishery for red sea urchins in
northern California appears to have had a positive effect
on kelp availability. Aerial photographs of surface kelp

at one location during the period of concentrated urchin
fishing, showed a 15-fold increase in the surface canopy
from 1982 to 1989.

Red sea urchins may compete with abalone for both space
and food. A recent study on competitive interactions

Packing sea urchin gonads
Credit: California Sea Grant Extension Program
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between these species at sites in northern California con-
cluded that there is an inverse relationship between red
abalone and red sea urchin abundance at sites where
urchin density is high. Sea urchins may be more successful
in competing for limited food because of their aggressive
foraging and ability to survive starvation conditions.
Fishing abalone and sea urchins has no doubt altered
these relationships.

Several significant predators of red sea urchins are known.
Sea otters, spiny lobsters, sea stars, crabs, white sea
urchins, and fishes such as sheepshead eat red sea urchins.
Within the sea otter’s present range, the red sea urchin
resource has been reduced to a level which precludes
fishery utilization. Urchin diseases have decimated sea
urchin populations in the Caribbean islands, however the
dynamics of sea urchin diseases in California remain poorly
understood. Sea urchins in southern California are suscep-
tible to disease during warm water El Nifio events.

There are no reliable methods of aging sea urchins since
rings on the test plates are not laid down annually. Sea
urchin growth rates vary depending on food availability.
Growth rates must be determined by tagging and recap-
turing animals. Internal tags (PIT tags) or chemical (fluo-
rescent) tags that bind to calcium have been used to
successfully tag sea urchins. Tagging studies reveal that
red urchins are long-lived, are certainly older than 50
years and large individuals may be older than 100 years.
Growth to a harvestable size of 3.5 inches (test diameter,
exclusive of spines) averages six to eight years. There
are no patterns in growth along a latitudinal gradient
from Baja California to Alaska, however there is a clear
trend in population mortality rates. Mortality estimates
for southern populations were found to be greater than for
northern populations. Likely mechanisms include higher
rates of disease and temperature-related stresses as one
moves from north to south.

Red sea urchins become sexually mature at about two
inches. The sex ratio in urchins about one to one. Sea
urchin spawning is seasonal but can vary from year to year
and from one locality to another. Food supply and ocean
temperatures play a role in the timing and magnitude of
spawning. In most southern California locations, spawning
generally occurs in winter. In northern California, major
spawning occurs in spring and summer, with some spawn-
ing activity also in December.

As for many marine invertebrates, fertilization is external
and success is highly dependent on density. Subtidal stud-
ies suggest that red urchins at densities of less than

two per square meter can have poor fertilization success.
Females spawn up to several million eggs at a time.
Larval development is dependent on temperature and the
abundance of phytoplankton (single-celled algae) and is
thought to extend for six to eight weeks. As the larvae
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mature they settle to the bottom and metamorphose into

benthic juveniles. The long planktonic phase suggests that
juvenile sea urchins may disperse long distances from the

adults that have spawned them.

Settlement patterns have been studied for red and purple
sea urchins on artificial substrates at sites in northern
and southern California since 1990 and are similar for the
two species. Peak settlement periods tend to be in spring
and early summer although there is substantial year-to-
year variation both in timing and intensity. Settlement
tends to be less variable south of Point Conception and

is depressed during El Nifio events. However, El Nifio
events appear to favor settlement in northern California.
Recruitment patterns of red sea urchins in northern and
southern California generally mirror those of settlement.
Recruitment in southern California appears to be rela-
tively constant while in the north, recruitment rates are
lower and more sporadic. The more variable pattern of
settlement in the north is consistent with more energetic
offshore advection of water during spring periods when
larvae are available, especially around headlands.

Newly settled juvenile urchins are highly susceptible to
mortality. Juveniles appear to suffer increased mortality
in the kelp forest habitat, where micro-predators are
presumably more abundant than in similar rocky habitats
just outside of the kelp beds. Adult sea urchins and
their spines are important structuring organisms in sub-
tidal communities. The canopy formed by the spines is

a micro-habitat in which juvenile sea urchins, shrimps,
crabs, brittle stars, fish, abalone and other invertebrates
can be found. The spine canopy is most likely an impor-
tant habitat for juvenile sea urchins especially in areas
where alternative cryptic habitats (e.g., crevices and
undersides of boulders) are rare or absent.

Status of the Population

I n southern California, the red sea urchin resource now
produces about 10 million pounds annually, with harvest-
able stocks (defined as exceeding the minimum legal size
and containing marketable gonads) in decline since 1990.
Between 1985 and 1995, the percentage of legal-sized

red sea urchins at survey sites in the northern Channel
Islands declined from 15 percent to 7.2 percent. Although
fishing has significantly reduced density in many areas

and catch-per-unit of effort has decreased, localized juve-
nile recruitment has, thus far, somewhat mitigated fishing
pressure. Consistent recruitment has been noted on arti-
ficial settlement substrates and along subtidal transects
over the last decade at monitoring stations along the
southern California mainland coast and the northern Chan-
nel Islands. This may be partly due to ocean current pat-
terns in the Southern California Bight, where water reten-
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tion may increase the chances for larvae to encounter
habitat suitable for settlement. Continued recruitment
at present levels, however, is not guaranteed; in fact,
intensive sea urchin harvesting in northern California and
Baja California could result in a decrease in sea urchin
larvae in southern California in the future.

Catches in southern California have exhibited a pattern
resembling the serial depletion that characterized the
decline and collapse of the abalone fisheries in the mid-
1990s. The northern Channel Islands have supplied most of
the catch over the years, but beginning in 1992 catches

in the northern islands began to decline as effort and
harvests started to increase in the southern islands of San
Nicolas and San Clemente, signaling a shift away from the
northern islands. Recently, San Clemente Island catches
have declined precipitously indicating that the fishable
stock there may be largely depleted. Whether the harvest-
able stocks can recover to their previous levels in these
heavily fished areas remains a concern, particularly if fish-
ing effort remains largely uncontrolled.

uryoa( 8IS pay

The northern California fishery has been characterized by
rapid growth to 30 million pounds in 1988 and decline to
less than five million pounds in the late 1990s. Fishery
dependent modeling of the sea urchin fishery during the
period of rapid decline estimated that the 50,800 tons of
red urchins harvested from 1988 through 1994 represented
about 67 percent of the fishable stock available at the
start of 1988. Effort declined during this period as the 126
divers who had worked exclusively in northern California
during 1991 had dwindled to 69 by 1995. Annual catch per
permittee declined by 57 percent from 1990 to 1995.

Densities of fishable stocks continue to be depressed at
subtidal survey sites examined in the Fort Bragg area
since 1988. From 1988 to 1997, legal-sized red urchins
surveyed outside of reserves, declined from 47 percent
to 20 percent of the population, and from 0.8 per square
meter to 0.2 per square meter surveyed. In contrast,
during this period densities in two area reserves averaged
over 3.0 red urchins per square meter. These patterns
were observed to continue during northern California sur-
veys in 1999 and 2000. Episodic and infrequent recruit-
ment combined with intensive harvesting on the north
coast have had a serious impact upon catches, as the
fishery has evolved into a recruitment fishery, with fisher-
men targeting harvest of newly recruited sea urchins. For
example, in 1999, 47 percent of the catch was less than
3.9 inches, just over the 3.5-inch minimum size limit. The
size limit and seasonal closures may help prevent fishery
collapse but may not improve recruitment, particularly

if its success is primarily a function of oceanographic
factors, spine canopy micro-habitat and maintaining large
spawners in the population.
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Management Considerations

See the Management Considerations Appendix A for
further information.

Peter Kalvass and Laura Rogers-Bennett
California Department of Fish and Game
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Purple Sea Urchin

History of the Fishery

urple sea urchins (Strongylocentrotus purpuratus) have

been used by humans in California for thousands of
years as shown by remains in middens left by American
Indians along the coast. Prior to the early 1970s, few
people harvested purple sea urchins and, along with red
sea urchins (Strongylocentrotus franciscanus), they were
considered to be pests because they grazed kelp.

The purple sea urchin has fishery potential, its roe being
reported to be very similar in quality to some of the highly
desirable domestic Japanese species as well as being a
desirable product in Mediterranean countries. However, it
has been harvested only on a limited and experimental
basis in California as an adjunct to the much larger and
more lucrative red sea urchin fishery. All the requirements
of the restricted access commercial sea urchin permit
fishery apply to harvest of purple sea urchins except

there are no minimum sizes or closed periods. A minor
recreational fishery for purple urchins also takes place in
southern California with a daily bag limit of 35.

Since 1990, annual purple sea urchin landings have ranged
from 14,000 to 388,000 pounds, averaging 139,000. Land-
ings were less than 50,000 pounds in five of those years,
with the highest landings of 388,000 and 316,000 pounds
in 1991 and 1992 when several attempts were made to
develop a viable fishery for this species for the Japanese
market. In recent years, purple sea urchins have also
been exported to markets in the Mediterranean region.
Harvesting has occurred in both southern and northern
California with approximately 60 percent of the landings
coming from northern areas since 1990. Unfavorable
harvesting and processing economics and limited
availability of harvestable quality purple sea urchins for
the Japanese market have been the main impediments to
growth of this fishery.

Status of Biological Knowledge

General biology of the purple sea urchin is very similar
to the closely related red sea urchin and will not

be repeated in detail here. In addition to external color
differences, maximum size is much smaller for purple sea
urchins and only rarely do they attain a test diameter over
four inches. Purple sea urchins live primarily in shallow
water and are the only abundant sea urchin in intertidal
areas along the California coast. The maximum reported
depth is 500 feet. The published range is from Cedros
Island, Baja California, to Alaska.

Feeding habits and reproduction are quite similar to the
red sea urchin. Age of first reproduction probably is one
or two years. Larvae spend an uncertain length of time in
the plankton, and it is probably at least six to eight weeks
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before metamorphosis takes place and juveniles are ready
to settle to the bottom. Peak settlement periods tend to
be in spring and early summer and there is substantial
year-to-year variation both in timing and intensity. Set-
tlement tends to be less variable south of Point Con-
ception and is depressed during El Nifio events. El

Nifo events appear to favor settlement in northern Cali-
fornia, however. Energetic movements of water to the
offshore in northern California have been associated with
reduced recruitment.

Growth is highly variable and strongly linked with food
availability. At one year of age, purple sea urchins can

be between about 0.4 and 1.2 inches. After five years,

size can range from 1.25 to 2.0 inches. Growth rates of
very small individuals up to an age of one year are not
well known.

Predators of purple sea urchins include those for red sea
urchins but, because purple sea urchins are common in the
intertidal zone, predators also include sea gulls, oyster
catchers, and raccoons. Sea otters are able to reduce

sea urchin populations to levels unsuitable for commercial
or recreational fishing, but apparently not to levels that
would threaten the species’ continued existence.

Purple sea urchins show increased mortality above 73°F,
which appears in part to be physiological stress, but ele-
vated temperatures also promote development of one or
more pathogens that can cause mass mortalities. Mass
mortalities have been observed more frequently in south-
ern than in northern California especially in association
with elevated water temperatures during El Nifio events.

Status of the Population

Larval settlement rates monitored at a number of loca-
tions in southern and northern California over the past
10 years do not indicate a change in larval production and
recruitment patterns, which indicates that the status of
this species appears to be stable.

California’s Living Marine Resources:

A Status Report
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further information.

David O. Parker
California Department of Fish and Game

Thomas Ebert
San Diego State University (emeritus)

California’s Living Marine Resources:

A Status Report

Ebert, T. A. 1968. Growth rates of the sea urchin Stron-
gylocentrotus purpuratus related to food availability and
spine abrasion. Ecology 49: 1075-1091.

Ebert, T. A., S. C. Schroeter, J. D. Dixon and P. Kalvass
1994. Settlement patterns of red and purple sea urchins
(Strongylocentrotus franciscanus and S. purpuratus) in Cal-
ifornia, USA. Marine Ecology Progress Series 111:41-52.

Gilles, K.W. and J.S. Pearse. 1986. Disease in sea urchins
Strongylocentrotus purpuratus: experimental infection
and bacterial virulence. Diseases of Aquatic Organisms
1:105-114.

Kato, S. and S.C. Schroeter. 1985. Biology of the red sea
urchin, Strongylocentrotus franciscanus, and its fishery in
California. Mar. Fish. Rev. 47(3):1-20.

Kenner, M. C. 1992. Population dynamics of the sea urchin
Strongylocentrotus purpuratus in a central California kelp
forest: recruitment, mortality, growth, and diet. Marine
Biology 112: 107-118.

Pearse, J. S. and A. H. Hines. 1987. Long-term population
dynamics of sea urchins in a central California kelp forest:
rare recruitment and rapid decline. Marine Ecology Prog-

ress Series 39: 275-283.

CALIFORNIA DEPARTMENT OF FISH AND GAME
December 2001



Dungeness Crab

History of the Fishery

ungeness crabs (Cancer magister), also known as

market crabs or edible crabs, were first taken com-
mercially off San Francisco in about 1848. The fishery blos-
somed early, and now the California harvest of this impor-
tant marine resource occurs from Avila to the Oregon
border. Before the 1944-1945 season, the fishery was cen-
tered in the San Francisco area, and average annual state-
wide production was only 2.6 million pounds. The fishery
expanded into the Eureka-Crescent City area as World War
Il ended. In the early 1940s, crab traps replaced the hoop
net, leading to significantly increased landings with strong
contributions from northern California. Annual statewide
production since the 1945-1946 season has averaged about
10 million pounds and recent ex-vessel annual value has
been about $15 to 20 million. Approximately 75 percent
of the catch is sold as whole crab (live, fresh-cooked or
frozen) and the remainder is picked and vacuum packed.

The commercial fishery for Dungeness crabs occurs in two
areas: northern and central California. Central California
fishing areas include Avila-Morro Bay, Monterey, and San
Francisco-Bodega Bay. The Morro Bay and Monterey fisher-
ies have been of minor importance and San Francisco

has always been the center of this fishery. Central Cal-
ifornia landings were relatively stable from 1945-1946

to 1955-1956, and peaked at 8.4 million pounds in the
1956-1957 season. The fishery then steeply declined at a
rate of more than one million pounds per season until
1961-1962, when only 710,000 pounds were landed. The
central California fishery remained seriously depressed
from 1962-63 through 1984-85 when annual landings aver-
aged less than one million pounds. More recent landings
have averaged closer to two million pounds.

The central California fishery utilizes an area of over 400
square miles, including the Gulf of the Farallones north to
the Russian River. The fleet consisted of 200 to 230 boats
during the 1950s. When the fishery declined in the 1960s,
a reduction in the number of boats followed and the fleet
now consists of about 100 vessels. The central California
crab fleet has evolved from, but still includes, some old
“Monterey” style vessels. Larger multiple purpose vessels
are now the norm.

The northern California fishery increased substantially
after 1945. Landings reached an initial peak in the late
1950s but, unlike the central California fishery, which
peaked and then experienced low production levels for
many years thereafter, the north coast fishery then exhib-
ited three 10-11 year “cycles” of production. In these
repeating cycles, about six years of good or outstanding
landings (a record 25.6 million pounds in 1976-1977) were
followed by about four years of poor or extremely poor
landings (as low as 350,000 pounds in 1973-1974). Since
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1982-1983, landings have fluctuated much less dramatically
and have not been as clearly cyclic. Recent landings have
ranged from 2.2 to 13.1 million pounds and have averaged
about 6.7 million pounds.

Dungeness fishing grounds off northern California are over
twice the size of those in central California. They extend
from Fort Bragg to the Oregon border with the prime
area between Eureka and Crescent City. The northern
California fleet fluctuated between 100 and 200 vessels in
the 1950s and 1960s, dropped to a low of 61 in 1973-1974,
then peaked at 410 during 1976-1977. Since then, effort
has been high, averaging 330 vessels per season. Before
the mid-1970s, most vessels were converted salmon troll-
ers 30 to 60 feet in length; however, the complexion of
the fleet changed during the record production years of
the 1970s. Vessels ranging in size from 22-foot dories to
trawlers in excess of 100 feet entered the fishery.

The dividing line for management of the northern and
central California areas is the Mendocino-Sonoma county
line. Both fisheries are managed on the basis of simple
*3-S” principles — sex, season, and size. Only male crabs
may be retained in the commercial fishery (thus protect-
ing the reproductive potential of the populations), the
fishery has open and closed seasons, and a minimum size
limit is imposed on commercial landings of male crabs.
The central California season opens the second Tuesday
of November and continues through June 30, whereas

the northern California season opens December 1 and
continues through July 15. The summer-fall closed periods
are intended to prevent fishing on male crabs when they
are soft-shelled. At this time, male crabs would be vulner-
able to fishery-related handling mortality and would have
market quality well below their potential. During open
seasons, male crabs should be in prime condition (greatest
meat content) for the market. The opening and closing
are two to three weeks earlier in central California

than in northern California, because crabs in central Cali-
fornia molt earlier and achieve adequate market condition
earlier than in the north. The director of the department

Dungeness Crab, Cancer magister
Credit: DFG
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may delay the northern California season opening to as
late as January 15, if market condition of crabs is not
sufficiently high on December 1. Depending on crab con-
dition, marketable crabs typically yield from 20 to 28
percent of their body weight as cooked meat.

Commercial gear for Dungeness crab is essentially the
same throughout California. It consists of a circular steel
trap three to 3.5-feet in diameter weighing 60 to 120
pounds. Each trap is required to have two 4.25-inch diam-
eter circular openings to allow sublegal male and small
female crabs to escape. These escape ports are remark-
ably effective in reducing handling of undersize crabs as
most male crabs that are retained are close to or exceed
the minimum size limit for males of 6.25-inches across the
back. Traps must possess a destruction device that causes
traps to open allowing crabs to escape should traps be
lost. The heavily weighted traps rest on the bottom and
each is buoyed independently to the surface. Traps are
left overnight or longer depending on fishing conditions.
Most traps are fished at depths ranging from about 60 to
240 feet, but some traps are fished in shallower and in
deeper waters.

Almost all of the California Dungeness crab catch is landed
in the commercial trap fishery. Trawl vessels are allowed
an incidental take of 500 pounds per trip during the
regular season, but only a few thousand pounds of trawl-
caught crabs are landed annually in California. (Com-
mercial trawling is prohibited within three miles of shore,
where the vast majority of Dungeness are captured.)
There is limited sport use of Dungeness crabs in central
and northern California. The sport size limit is 5.75 inches
across the back for either sex, and a limit of 10 crabs of
either sex may be possessed. The annual sport harvest is
believed to be less than one percent of the commercial
take, but there have not been any recent estimates of
total sport catch.
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Because California Dungeness crabs are caught almost
exclusively within three miles of shore and because Cali-
fornia, Oregon and Washington often undertake coordi-
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nated management activities under the auspices of the
Pacific States Marine Fisheries Commission, the fishery
has remained under effective state jurisdiction despite
repeated federal concerns regarding harvests beyond
three mile state jurisdictional authority. Although total
landings are not restricted by quota, beginning in 1995
California implemented a limited entry program that is
designed to achieve an eventual reduction in the number
of fishery participants. As of March 2000, limited entry
permits have been granted to 604 California residents and
70 non-residents.

Status of Biological Knowledge

ungeness crabs range from the eastern Aleutian

Islands, Alaska, to perhaps Santa Barbara; however,
the species is considered rare south of Point Conception.
Temperature apparently determines the distribution, and
the 38° to 65° F surface isotherms are considered the
limits of the range. The geographic range of the species
probably depends more on the restricted thermal toler-
ance range of larvae than of adults. Optimal temperatures
for larval growth and development are 50° to 57° F.

This species has a preference for sandy to sandy-mud
bottoms but may be found on almost any bottom type.
Dungeness crabs may range from the intertidal zone to a
depth of at least 750 feet, but are not abundant beyond
300 feet.

The resource off California has been demonstrated by
tagging experiments to consist of five subpopulations:
one each in the areas around Avila-Morro Bay, Monterey,
San Francisco, Fort Bragg, and Eureka-Crescent City. As
noted above, only the latter three are of commercial
importance. DFG surveys indicate the combined San Fran-
cisco and Fort Bragg populations are not as large as

the population extending from Eureka into Oregon. Little
or no intermixing occurs. Tagging studies have also dem-
onstrated random movement by both sexes. At times, an
inshore or offshore migration is observed, but most move-
ment is restricted to less than 10 miles. Travel up to 100
miles has been noted for individual males, but female move-
ments seem much more limited.

Female molting and mating occur from February through
June in California. Male crabs are able to sense when
females are about to molt (presumably through detection
of pheremones released by females) and carry such
females in a protective pre-mating embrace for several
days until they molt. Hard-shelled males then mate with
the freshly molted, soft-shelled females. Sperm deposited
by males are stored in a spermatheca inside the female.
Fertilization of eggs takes place when internally-develop-
ing eggs are extruded between October and December.
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Thereafter, they are carried beneath the abdominal flap
of the female. The smallest females carry about 500,000
eggs and the largest from 1.5 to 2.0 million. Freshly
molted females carry larger numbers of eggs than do
gravid females that have missed a molt. “Skip-molt”
females that have extruded eggs but have not molted
recently must rely on stored sperm for fertilization of
their eggs. Females may store viable sperm for at least
2.5 years. The eggs range in diameter from 0.016 to 0.024
inches and are bright orange after extrusion, becoming
progressively darker as they develop. Hatching occurs
between November and February.
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The newly hatched larvae pass through five zoeal and
one megalops stage before metamorphosing into the adult
form. Larval development is inversely related to water
temperature, and in central California 105 to 125 days
are required to complete the larval stages. Zoeae are
hypothesized to have an offshore movement regulated by
factors such as depth, temperature, salinity and ocean
currents. They are found near the surface at night and as
deep as 80 feet in daytime. Megalopae are transported
to nearshore waters beginning in April. Metamorphosis
occurs from April to June. Estuarine areas such as Hum-
boldt Bay and San Francisco Bay are important nursery
areas for young Dungeness crabs, but most rearing must
take place in nearshore coastal waters.

Growth is accomplished in steps through a series of dis-
crete molts. In northern California, Dungeness crabs of
both sexes molt an average of six times during their

first year and attain an average width of one inch. Six
more molts are required to reach sexual maturity at the
end of their second year, when they are approximately
four inches across. Once maturity is reached, growth of
females then slows as compared to males. Females molt
at most once per year after reaching maturity and rarely
exceed the legal size of males. Maximum female size is
about seven inches. Male crabs usually molt twice during
their third year and once per year thereafter. The average
size of males three, four and five years of age is about six,
seven and eight inches, respectively. Males may undergo
a total of 16 molts during a lifetime, reaching a maximum
size of nine inches and age of six to eight years.

Dungeness crabs are opportunistic feeders not limited by
abundance or scarcity of a particular prey. Clams, fish,
isopods and amphipods are preferred, and cannibalism

is prevalent among all age groups. Predators on the var-
ious life stages of Dungeness crabs, especially pelagic
larvae and small juveniles, include octopuses, larger crabs
and as many as 28 species of fish, including coho and
chinook salmon, flatfishes, lingcod, cabezon and various
rockfishes.

California’s Living Marine Resources:
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Status of the Population

ungeness crab populations in California have been

fully exploited for at least 40 years and intensity of
fisheries is extreme. In most years, from 80 to 90 percent
of all available legal-sized male crabs are captured in the
fisheries. Although such high exploitation rates on adult
males might give rise to concerns that female mating suc-
cess might be reduced as a consequence, recent studies
have shown that essentially all molting females receive
attention from males in northern California. Usually one
or no more than two year-classes of male crabs dominate
annual landings. Thus, since about 1960, annual landings
provide a reasonable notion of abundance of legal-sized
males and also provide a strong signal of variation in year-
class strength of recruited crabs. The dramatic decline in
Dungeness crab catches in the central California fishery
during the late 1950s focused considerable research atten-
tion on this resource during the 1970s. No definitive cause
for the decline in the central California fishery has been
established although researchers have assessed the pos-
sible effects of changes in ocean climate on survival and
development of crabs eggs and larvae, the role of nemer-
tean worm predation on egg survival, the effects of pol-
lution on survival of juvenile crabs in San Francisco Bay,
and possibly unstable internal population dynamics. Of
these possible causes, a shift to warmer waters during
and following the decline during the late 1950s seems the
most plausible. If correct, the abundance of crabs in the
central California fishery may improve over the next two
decades if California coastal water temperatures remain
cooler as a consequence of apparent ocean regime shifts.

The dramatic and periodic landings cycles that were
exhibited in the northern California fishery from about
1945 to 1982 have caused this fishery to receive even
greater attention from population dynamics modelers.
Possible causes for the fluctuations in this fishery have
included the nemertean egg predator, various internal
density-dependent processes reflecting fluctuations in the
abundance of unharvested females or cannibalism by
adults on juveniles, and combinations of internal den-
sity-dependent controls and variable oceanographic fac-
tors. There seems little doubt that crab populations, with
their extremely large fecundities and extremely vulner-
able early larval stages, are prone to large natural fluc-
tuations in abundance and that variable oceanographic
factors (temperature, wind, currents) have important
impacts on survival of year-classes.

Although many crustacean fisheries throughout the world
have been overexploited and are now at low abundance
levels compared to historic levels, Dungeness crab popula-
tions off northern California, Oregon and Washington have
produced landings that have fluctuated around a fairly
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stable long-term mean for more than 30 years. One

might therefore consider this resource to have a healthy
status. Compared to other fisheries of similar importance
and economic value, however, the Dungeness crab has
received less attention than other species. Among other
things, no formal fishery management plans or stock
assessments have been produced for any west coast pop-
ulations. Fishery management has rested on the very
simple, though biologically sound, 3-S principles and typi-
cally restrictive fishery regulations such as landings quotas
have never been imposed on this fishery. A casual assess-
ment of healthy status therefore rests on limited informa-
tion.

Although imposition of limited entry in California should
prevent any further increases in the total number of ves-
sels that participate in the Dungeness crab fishery, it does
not prevent increases in fishing effort - numbers of traps
fished and the intensity with which they are fished. With
declines in abundance and allowable landings of salmon
and groundfish, many larger multipurpose vessels now
devote greater attention to the Dungeness crab fishery
and fish upwards of 1,000 traps. In the early season,

these larger vessels fish continuously, day and night,

even in heavy seas. Total annual landings are largely unaf-
fected by such increases in trap-days of fishing effort,

but increased fishing effort has produced substantial shifts
in the distribution of catch over time. Prior to about

1980, crab landings were normally spread throughout the
entire open season. In a typical recent season in northern
California, more than 80 percent of total landings are
made during the month of December.

Uncontrolled increases in the numbers of traps fished by
individual vessels and the resulting front-loading of annual
landings may have important consequences with respect
to allocation of fishery income among limited entry permit
holders. Also, the shortened period of substantial crab
landings means that live Dungeness crab, the most valu-
able product, are available over a relatively short time
period, thus possibly diminishing total economic value of
the fishery.

These fishery economics issues are the subject of current
research efforts.

David Hankin
Humboldt State University

Ronald W. Warner
California Department of Fish and Game
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Rock Crabs

History of the Fishery

ock crabs are fished along the entire California coast.

The catch is made up of three species — the yellow
rock crab (Cancer anthonyi), the brown rock crab (C.
antennarius), and the red rock crab (C. productus). The
commercial fishery is most active in southern California
(from Morro Bay south), where 85 to 90 percent of the
landings occur, and of lesser importance in northern areas
(Monterey, Halfmoon Bay, and Eureka yield 10-15 percent),
where a fishery for the more desirable Dungeness crab
takes place. A major recreational fishery has not devel-
oped, but recreational crabbing is popular in many areas
and is often conducted in conjunction with other fishing
activities.

In 1950, a separate reporting category for commercial
rock crab landings was established. Since then, landings
have risen from 20,000 pounds to over two million pounds
in 1986. Landings increased by 10 percent per year from
1957 to 1971, jumped nearly 50 percent in 1972, and
continued a steady increase to two million pounds in 1986.
Prior to 1987, a portion of the landings calculated whole-
crab weights based on landings of claws only. Since then,
whole crabs and claws have been reported separately,
and whole crab landings have showed a commensurate
decline. Rock crab landings for 1999 were 790,000 pounds
and have averaged 1.2 million pounds per year since 1991,
including the landings of claws converted to whole weight.

Commercial crabbing has expanded from nearshore areas
around major ports such as San Diego, San Pedro, Santa
Barbara, and Morro Bay to more distant mainland areas
and the Channel Islands. Most rock crabs are landed alive
for retail sale by fresh fish markets. Often the crabs are
cooked and eaten on site and, depending on the tastes
of the consumer, muscle tissue, as well as other organs
(ovaries in particular) are consumed. Rock crab meat has

Yellow Rock Crab, Cancer anthonyi
Credit: DFG
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not been successfully marketed frozen or canned. During
1999, ex-vessel prices for whole rock crabs and crab claws
averaged about $1.25 per pound

Several trap designs and materials are used in the rock
crab fishery. The most popular are single chamber, rectan-
gular traps of two by four-inch or two by two-inch welded
wire mesh. Several types of molded plastic traps are used
by some fishermen because the traps are collapsible or
nest together on a boat deck. Traps are set and buoyed
singly or, perhaps, in pairs if loss to vessel traffic is a
concern. Most trapping occurs in depths of 90 to 240 feet
on open sandy bottom or near rocky reef-type substrate.
Two hundred or more traps may be fished by one boat,
with a portion pulled up and emptied each day. Traps

are usually “soaked” for 48 to 96 hours prior to pulling.
Commercial crab boats are usually small, ranging from
skiffs to vessels of 40 feet or more.

Recreational gear ranges from a diver’s or shore picker’s
hand to baited hoop nets, collapsible star traps, or tradi-
tional traps (north of Point Arguello) fished from piers,
jetties, and boats. Most of this effort takes place along
the shallow, nearshore open coast and in bays. Some
increased recreational take has occurred in central and
northern California in recent years as combination fishing
and crab trips aboard commercial passenger fishing ves-
sels have developed. Traps, primarily targeting Dungeness
crabs, are set and pulled during these trips. However,
depending on location and season, rock crabs (brown and
red) are often taken as well.

Commercial regulations have been enacted to protect
crabs below reproductive size. Present regulations require
a minimum harvest size of 4.25-inch carapace width and
escape rings measuring 3.5 inches in diameter in each
trap. Due to the multi-species nature of the fishery, the
minimum size was chosen to accommodate the different
characteristics of the three rock crab species. The recre-
ational take is controlled by a four-inch minimum carapace
width and a personal bag limit of 35 crabs per day.

Status of Biological Knowledge

Yellow rock crabs range from Humboldt Bay into south-
ern Baja California, brown rock crabs from northern
Washington to central Baja California, and red rock crabs
from Kodiak Island to Central Baja California. All three
species inhabit waters from the low intertidal zone down
to depths of 300 feet or more. Although these species may
occur together throughout much of their range, yellow
rock crabs are most abundant in southern California,
brown rock crabs in central California and red rock crabs
in northern California. Yellow rock crabs prefer open sand
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or soft bottom habitat, while brown and red rock crabs
prefer rocky or reef-type substrate.

Rock crabs, like other crustaceans, grow in a step-wise
fashion with each molt of the external shell. Yellow and
brown rock crabs molt 10 to 12 times before reaching
sexual maturity at about three inches carapace width.
Crabs of this size may molt twice a year, while crabs as
large as six inches carapace width or more may molt once
a year or less. Growth-per-molt, as a percentage of size,
decreases as the crab increases in size and age. Males of
all three species attain sizes 10 to 15 percent larger than
females. Yellow rock crabs grow to exceed seven inches
in carapace width, brown rock crabs 6.5 inches, and red
rock crabs eight inches. While the longevity of rock crabs
is not well known, many crabs may reach five or six years
of age.

Mating takes place after the females molt and are still

in the soft-shell condition. In southern California, mating
is most common in the spring, but occurs throughout the
year. About three months after mating, the eggs are laid,
then fertilized from a sperm packet left by the male
during mating. The developing eggs are carried in a mass
under the abdomen of the female. Depending on size and
species, nearly four million eggs may be carried by a
female rock crab. After six to eight weeks, the eggs hatch
into planktonic larvae, which undergo seven developmen-
tal molts before settling to the bottom as juveniles.

Rock crabs are both predators and scavengers, feeding
on a variety of other invertebrates. Strong crushing claws
allow them to prey on heavy-shelled animals such as
snails, clams, abalone, barnacles, and oysters. The olfac-
tory sense of crabs is well developed and allows them to
detect and locate food at a distance.

Rock crabs, especially juveniles, are preyed upon by a
variety of other marine organisms. Fishes such as cabezon,
barred sand bass and several species of rockfish are known
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to feed on rock crabs. Important invertebrate predators
include the octopus and certain sea stars. As rock crabs
grow larger, they become less susceptible to predators
except during the soft-shell post-molt period; however,
the sea otter is one animal that is an effective predator
on large rock crabs.

Rock crabs do not appear to migrate or to undertake
large-scale movements. Tagged adults have moved several
miles, but no pattern was apparent. Some local move-
ments also may occur in r