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Executive Summary

Fisheries in central California are part of this
region’s rich cultural history. The original inhab-
itants of central California used marine species
for food, tools, ornaments, and currency. In the
mid- to late 1800s, immigrants from many
different countries settled here and began to
harvest the abundant sea life in Monterey Bay as
they pursued their dreams and hopes for prosper-
ity. Native Americans, the carly settlers, and the
seafaring people who followed have provided
the Monterey Bay region with a rich and unique
cultural identity. The region has also prospered
from the important economic benefits related to
the pursuit and harvest of marine species.

Recent fishery collapses in many parts of the
world have led to public concern about the
health of fisheries in this region. This project
was initiated in an attempt to answer a very
simple question, “What is the status of fisheries
in the Monterey Bay region?” Unfortunately, the
answer is very complex. The status of commer-
cial and recreational fisheries and, by extension,
the status or health of fish populations is influ-
enced by numerous social, economic, environ-
mental, and biological variables.

The world economy, international politics and
trade, and demand for fish products influence the
value of locally harvested species, and thus
directly affect the economic viability of
Monterey Bay fisheries. The amount of private
and governmental funding provided to maintain
the infrastructure required for fisheries is also
important. The industry needs port facilities to
berth and maintain fishing vessels, dredged
channels to access the sea, shoreside facilities to
offload, process, store, and transport fish prod-
ucts, and markets ready to buy seafood at a price
that will support fisheries.

The ocean environment in the Monterey Bay
region is very dynamic and greatly influences the
sizes of resident fish populations. Often it is
difficult to determine if changes in fish popula-
tion sizes are the result of societal activities, such
as fishing, or environmental changes. Differ-
ences in target species, the number of vessels
fishing, and the types of gear used in the fishery

also complicate an attempt to describe the
current status of fish populations, because most
of the information used to estimate the size of
fish populations (stock size) is derived from
fisheries. Confounding the issue is the fact that
the amount of fish landed (the amount caught
and sold to processors at the dock) is sometimes
more a function of social or economic conditions
than stock abundance. Additionally, long term
data sets are usually needed to effectively model
or estimate the size of fish stocks. Unfortunately,
few such sets are available for fished populations
in this region.

In this report, we have tried to summarize, for
a general audience, the technical concepts and
information that fishery scientists use to estimate
the population sizes of harvested species. Al-
though regional aquaculture ventures also con-
tribute to local economies, we have chosen to
discuss wild populations of fishes. In addition to
summarizing scientific information, we have
also provided a brief description of the types of
fisheries operating in the region defined by the
Monterey Bay National Marine Sanctuary
(MBNMS), and a summary of fishery manage-
ment operations.

Both local and out of area vessels fish in the
Monterey Bay National Marine Sanctuary. These
vessels use five primary types of fishing gear —
pots and traps, trawl nets, hook-and-line gear,
purse seines, and gill nets. Almost all fishes
caught within the MBNMS are sold at one of
five main ports: Morro Bay, Monterey, Moss
Landing, Santa Cruz, and Princeton/Half Moon
Bay. In recent years, more than 80% of the
commercial fish landings at these five harbors
were comprised of squid, rockfishes, Dover sole,
anchovy, mackerel, sardine, sablefish, albacore,
and salmon. Landings at Monterey and Moss
Landing were higher than at the other ports in
the MBNMS, because of the large volume
fisheries for squid, anchovy, and sardine operat-
ing in southern Monterey Bay.

In 1994, commercial fishing in California
accounted for $145 million in revenue from the
dockside price paid to fishers (termed exvessel
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value). Ports within the MBNMS accounted for
$21 million of that total. Commercial fishing
activities also provided additional revenue
through indirect impacts such as the purchase of
goods and services related to commercial fish-
ing. In 1994, the fishing industry provided an
estimated $53 million in economic activity and
approximately 2,000 jobs to local economies
within the MBNMS, Although commercial
fishing is economically valuable, it accounts for
only a small portion of the total economy, both
statewide and locally. The tourism and agricul-
ture industries contribute much more to the local
economy.

Recreational fishing in the MBNMS occurs in
many forms. Anglers fish from boats, sand
beaches, rocky shorelines, and piers and other
artificial structures, and divers take fish under-
water using pole spears and spear guns. From the
1960s through the 1980s, recreational fishing in
northern and central California grew substan-
tially, but it has remained relatively stable
through the 1980s and 1990s. Salmon and
rockfishes are the species most sought after by
recreational fishers. Recreational fishing activi-
ties have a larger impact on California’s
economy than does commercial fishing. In
California in 1994, recreational fishing created
approximately $5 billion in personal income and
over 150,000 jobs.

Regulations pertaining to the commercial and
recreational harvest of species are derived from a
combination of federal statutes and state law.
Fisheries for species that are migratory in nature,
that occur entirely in federal waters, or that have
wide distributions are regulated by federal policy
developed by regional fishery management
councils and administered by the National
Marine Fisheries Service. Fisheries for species
that occur entirely within state waters are regu-
lated by the California Fish and Game Commis-
sion and the state legislature. In cases where
there is no state law or where state and federal
laws overlap, federal statutes usually take prece-
dence. In special cases, such as for some salmon
species or in small ecological reserves, local or
tribal regulations provide guidance for fishery
managers.
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Fishery managers use both fishery and scien-
tific research data (when available) to estimate
the population size of a managed species. Annual
records of catch and fishing effort are used to
develop models that produce indices of fish
abundance. The models usually include research
data collected by fishery management agencies.
As with all techniques used to model the natural
environment, this approach to estimating fish
population abundance is not perfect. Neverthe-
less, the models used by fishery management
agencies are remarkably good and provide
information needed to manage some of the
primary species harvested in central California.

Close to 200 species are caught in commercial
and recreational fisheries in the MBNMS.
Invertebrate species most frequently harvested
commercially include spot prawn, pink shrimp,
Dungeness crab, rock crab, and market squid.
Harvests of spot prawn, Dungeness crab, and
rock crab all increased from 1980-95. Pink
shrimp populations declined throughout much of
the late 1980s, then seem to have increased from
1994-95. The market squid population reached a
low during the El Nifio years of 1983-84, then
reached record levels in 1994. Most fishery
biologists believe that population sizes of the
primary invertebrate species harvested are
influenced more by environmental conditions
than by fishing activity.

Shark and ray species are no longer harvested
in large numbers in the MBNMS. Reported
catches of the ten most commonly caught species
showed a level trend from 1980-95. There is,
however, evidence to suggest that the population
sizes of some shark and ray species are lower
now than they were before 1980.

Chinook salmon is the most common anadro-
mous species caught in the MBNMS,; it provides
the basis for very important commercial and
recreational fisheries. Reported catches of
Chinook salmon have been high in the last few
years. Scientific stock assessments indicate that
the fall run Chinook salmon of the Sacramento
River is in good shape, but that populations of
Coho salmon and winter and spring run Chinook
salmon are severely depressed. Fall run Chinook
salmon are currently abundant because of



favorable environmental conditions and im-
proved management of the species.

Abundance of most pelagic species is greatly
determined by large scale environmental phe-
nomena. Albacore catches in the MBNMS
declined from 1980--95, due to patterns of water
temperature and not to population size. The
population of Pacific albacore is currently
thought to be stable or increasing. California
landings of Pacific mackerel have declined since
1990, a resuit of low population abundance.
Catches of Pacific mackerel fluctuated in the
MBNMS from 1980-95, but the vast majority of
the Pacific mackerel population occurs in south-
ern California and Mexican waters.

Northern anchovy and Pacific sardine are the
predominant nearshore pelagic fishes caught in
the MBNMS. Decadal scale shifts in the envi-
ronment largely determine population sizes of
anchovy and sardine, although high fishing
pressure can also affect the population. Anchovy
spawning biomass in central California declined
after 1985, but experienced a substantial increase
from 1994-95. Pacific sardine populations are
also increasing throughout their range after
nearly disappearing from the region in the 1950s.

In the species category we term roundfish,
biological and fishery data indicate that lingcod
may be overfished in much of their range.
Similarly, sablefish have been heavily fished in
California waters, first by foreign vessels, and
then by U.S. vessels. Sablefish catches in the
MBNMS have been decreasing since 1980, but
data from recent surveys suggest the population
may be increasing. Pacific hake are very abun-
dant seasonally in the MBNMS as they migrate
from Mexican to Canadian waters. Pacific hake
catches were high off central California through-
out most of the 1980s. Most of the catches were
delivered to San Francisco ports, however, and
are not reflected in the landings for ports near the
MBNMS.

Rockfishes are the most diverse group of
fishes living in MBNMS waters. Rockfish, the
most diverse group of fishes living in MBNMS
waters, were the subject of a California Sea
Grant workshop in 1986. For most of the rock-
fish species harvested, there is insufficient
scientific information available with which to

estimate abundance or population trends. Suffi-
cient data are available to show stable or increas-
ing trends in abundance for some rockfishes such
as bank, chilipepper, shortbelly, and splitnose.
Other rockfish species such as bocaccio, yellow-
tail, canary, and Pacific ocean perch have exhib-
ited decreasing trends in abundance along the
U.S. west coast. Most of these depleted rock-
fishes are deep water species that are slow
growing, long lived, or have experienced high
exploitation rates. Managers are concerned about
the capability of some of these species to recover
from high harvests.

Several species of fishes that occur in kelp
forests and other nearshore habitats are under
intense fishing pressure from both commercial
and sport anglers. Some of these species have
relatively short life spans and theoretically can
withstand relatively high harvest rates. The
newly established nearshore live-fish fishery,
along with sustained fishing pressure from the
recreational fishery, will test this theory as
fishing pressure increases. There is already
evidence that cabezon may be adversely affected
by the new live-fish fishery.

Flatfishes are harvested commercially using a
wide range of gear including trawls, hook-and-
line gear, and set nets. Many flatfishes are also
caught incidentally in bottom traw! fisheries for
rockfishes, other roundfish, and shrimp. Landing
data and stock assessments suggest that popula-
tions of most species of flatfishes are robust and
could withstand increased levels of harvest.

Surfperches represent a highly abundant and
diverse group of nearshore fishes in the MBNMS
waters. They constitute a large proportion of the
catches in the recreational fishery. Historical
catch data show that surfperch populations have
declined, due primarily to reductions in catches
of barred and redtail surfperch. The declines in
surfperch populations are attributed to a number
of factors including environmental variation,
lower production caused by smaller fish, habitat
degradation, and increased fishing pressure.

Several management problems need to be
solved to ensure that fisheries maintain an
economic viability and continue to provide
social and economic benefits to this region. Most

fishery scientists agree that the excess of fishing
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capacity is the primary cause for overfishing in
the world, and that fleet overcapacity is the
single most important factor threatening the

long-term viability of harvested fish populations.

The madvertent catch and discard of unwanted
fish and invertebrates are problems in a few
bottom trawl fisheries. Trawl bycatch, however,
1s not as large a problem here as it is in other
fisheries such as the Alaska groundfish fishery
and tropical shrimp fisheries.

Some people familiar with fishery manage-
ment believe that the current method of allocat-
ing catch in an open access fishery is destined to
create collapse in some fisheries. Three alterna-
tive strategies that have recently received a great
deal of attention are the use of limited entry,
individual quotas for fishers, and harvest refugia
as a means to protect declining fish stocks.
Fishers and fishery managers are also expressing
concern at the increased loss of critical fish hab-
itat as a result of human activities. Recent legis-
lative changes are requiring fishery managers to
more carefully consider habitat in fishery man-
agement plans.

More scientific information is needed to opti-
mize catches from fisheries without depleting
fish populations. Information is needed not only
on population abundance and critical life history
stages, but also on the interactions between
species, the effect of harvest activities on marine
habitats, and the effect of environmental change
on marine fishes. Increased research is also
needed to evaluate the design and effectiveness
of current methodologies, and to develop new,
more efficient management strategies. Although
the abundance of many species has been stable
for the last 15 years, some of those species had
much higher abundances prior to 1980. More
information is needed to determine if current
fishing levels are keeping those populations
depressed. In addition, the lack of information
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prior to the start of extensive harvest makes it
difficult in some cases to determine if current
populations are depleted.

The answer to the question about the status of
fisheries in the Monterey Bay region is complex.
Large-scale environmental changes alter the
numbers of fishes in the sea on a cyclical basis.
Fisheries reduce populations of marine fishes,
especially relative to preharvest levels. Increased
human use of the coastal zone also negatively
affects fish populations by degrading spawning
or rearing habitats. In the past 15 years, reported
catches have increased or been stable for about
17% of the species frequently harvested in this
region. Reported catches declined for about 10%
of the frequently harvested species. Catches of
other species are either unknown or highly
variable.

The highly variable nature of the marine
environment as well as historical evidence
suggests that the risk of overharvest is high for
numerous species. Historical evidence also
suggests, however, that depleted populations are
able to recover given appropriate management
and protection. Commercial and recreational
fisheries are also at risk because, to be economi-
cally competitive, they need community and
governmental support for maintenance of port
facilities. Commercial fishers need management
flexibility as well; they have demonstrated an
ability to survive economically by changing their
operations to harvest species that are currently
abundant. The challenge for our community is to
maintain economically healthy fisheries by
encouraging the responsible harvest of abundant
species while protecting and rebuilding popula-
tions that are currently depressed.

Richard M. Starr
Korie A, Johnson
June 1997
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« _Introduction

Catch data compiled by the United Nations’
Food and Agriculture Organization indicate that
the world catch of marine {ishes increased .~
rapidiy in the 1960s and 1970s, then peaked in-
1989 Subsequently, fishery declines have
occurred in many of the world’s most productive
fishing grounds. Those areas have experienced:
not only diminished fish abundances, but also
changes in species composition and ecological
relationships. Overfishing, environmental - -
change; habitat loss, and pollution have all been
cited as reasons for the reduction in catches of
fish. - : SRR : :

‘The worldwide decline of fisheries and the
formation of the Monterey Bay National Marine
Sanctuary (MBNMS) in 1992 resulted in an
increased interest in fisheries issues in this
region, especiaily with respect to the status of
local fisheries. Unfortunately, determining the
status of a particular fish population is difficuls,
and the information needed to assess a localized
fishery is often not readily available. Usually,:
fishery managers have little or no direct
research-based information with which to assess

the numbers of fish in a specific region and,
therefore; rely on information derived from the
fishery to estimate population sizes.

Fishery managers use data collected from
commercial and recreational fisheries to infer
population sizes or trends m fish abundance.
They do this by developing indices and evaluat-
ing trends in those indices over time. Fighery -
data used for an index may include the amount
of fish caught and sold at the dock {termed
landed catch or landings), the rate of catch of a
species (expressed as catch-per-unit-effort—rfor
example, number of fish caught per hour), the
average weight of fish landed, the average length
of fish caught; or.other biological information
such as the sex ratio or mean length of mature
fish. In addition to single indices, fishery
managers develop and use population models to
infer the status of fish'stocks. Biological infor-
mation, such as length at age by sex, is used with
fishery catch data in mathematical models to
estimate the number of fish caught by age cat-
egory. Models are then used to develop scenarios
for appropriate harvest rates for future years. -



A large number of scientific documents,
articles, and books have been written about the
many variables that influence indices of stock
abundance and population models. It is not our
intention to fully describe or discuss the methods
employed by fishery scientists to estimate the
sizes of fish populations. Instead, we attempt to
provide a summary of the population status of
the primary fishery resources that are harvested
in the MBNMS.

We chose to gather and display only informa-
tion from the ports near the MBNMS (Fig. 1) as
a construct for this overview of fisheries in the
Monterey Bay region. Fish, fishers, and fishing
vessels are mobile though, and fishery resources
in this region cannot be fully understood without
considering their distribution and harvest else-
where as well. One of the most useful references
for this purpose is California’s Living Marine
Resources and Their Utilization. Editors William
Leet, Christopher Dewees, and Charles Haugen
present a thorough description of marine re-
sources in California. They describe fishery
history, important biological characteristics of
fishery resources, and the statewide status of
many fish populations. The fishery data we
display for catches prior to 1980 were obtained
from their report.

We decided to follow the format and naming
conventions of California’s Living Marine
Resources and Their Utilization as closely as
possible, but to limit our narrative to the major
species groups harvested in the MBNMS, and
for which we have information regarding popu-
lation status. We hope this parallel construction
will help facilitate comparisons of fish popula-
tions in the MBNMS with those of the rest of
California.

One of the reasons many people have prob-
lems understanding regional fisheries is that
information related to the biology and fishery of
the many species harvested is difficult to locate.
Several different organizations and many differ-
ent scientists collect the information about
specific species or their fisheries. Thus, the
information needed to evaluate the status of
regional fisheries is located in many different
places. Most of the commercial fishery informa-
tion presented in this report originated from
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California Department of Fish and Game
(CDFQG) official landing records, which were
graciously provided to us by the National Ma-
rine Fisheries Service (NMFS). We also ob-
tained recreational catch information from the
Pacific States Marine Fisheries Commission and
from specific CDFG fishery biologists. Other
biological and fishery catch information was
obtained from published books, journal articles,
and unpublished reports.

Some historical background is provided, but
we focused on the years 1980--95. This time
period contains the most comprehensive and
accurate fishery information, and coincides with
the time that some major fisheries around the
world collapsed. Although detailed information
is available for the last 15 years, population
trends determined from that data set alone may
be misleading. A level trend in the population
estimates for a species during the period from
1980-95, for example, may mean that the
population was robust and stable, or it may
mean the fish stock was severely depressed
before 1980. A severely depleted stock will
remain at low levels if biological factors or
fishing pressure prevent recovery. Also, a 15
year time period may not be long enough to
adequately assess the population status of a
species that is greatly affected by environmental
variation. Nevertheless, the period from 1980-
95 contains the most complete data set available,
and provides an indication of trends or the
current status of fishery resources in this region.

As resource abundance, markets for seafood,
and technology have changed, so have the
participants and target species of the fisheries.
Although many changes have occurred, fisheries
today remain a strong focus in our community.
In addition to providing a summary of the status
of fished populations, we briefly describe the
types of commercial and recreational fisheries,
and their economic values. We do not discuss
the research and educational harvest of animals,
or aquaculture ventures. Research and educa-
tional harvests are minimal; and although aquac-
ulture is an important component of marine
resource use, our objective was to focus on the
commercial and recreational harvest of wild
fishery resources.
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Figure 1. Location of the five major commercial fishing ports near the MBNMS.

Historical Perspective

The fishing industry has played a large role in
the cultural and economic development of much
of the central coast of California. In Monterey
Bay, humans have been harvesting marine
resources for over 7500 years. The Costanoan
Indians fished year-round in Monterey Bay, both
from shore and from small rafts, using seines,
dipnets, weirs, harpoons, and basketry traps.
From midden deposits, we know that they har-
vested numerous types of shellfish, nearshore
fishes, and marine birds and mammals.

Beginning in the early 1800s, nonindigenous
peoples visited this area to hunt for marine
mammals. Russian vessels, often carrying
Alaskan Aleut hunters, harvested sea otters for
their fur. Intense hunting continued throughout
the 1800s until the early 1900s when the otter
population was nearly extirpated. The federal
government gave sea otters protected status in
1911. The harvesting of whales also began in the

early 1800s. Shore whaling in California was
started at Monterey Bay in 1854 by Portuguese
immigrants, and continued until the 1920s.
Hunters targeted gray and humpback whales.
Throughout this period, whaling stations were
located along the entire coast of California, and
several were within what is now designated as
the Monterey Bay National Marine Sanctuary.
During the 1850s, local fisheries were estab-
lished on the Monterey Peninsula. Chinese
immigrants settled in Monterey and Pacific
Grove and began harvesting large quantities of
marine animals for drying and shipment back to
China. Invertebrates, including abalone, urchins
and mussels were harvested from intertidal and
nearshore habitats. Small skiffs were used to fish
for sharks and marine fishes. The Chinese settlers
were also responsible for the initiation of the
squid fishery. They used torches and hand-held
purse seines deployed from skiffs to attract and



capture squid. These early small-scale fisheries
represent the beginning of a rich, post-Native
American tradition of commercial fishing in the
Monterey Bay area.

Historically, the majority of fish caught in
what is now the MBNMS were landed in
Monterey. In the early 1870s, the lighthouse at
Point Pifios was built, and the Monterey and
Salinas Valley Railroad was completed. Subse-
quently, warehouses and wharfs were built and
Monterey became a major commercial fishing
port. The port of Moss Landing was created in
1865 when Captain Moss built a wharf to house
several sailing schooners. Development of the
port, however, was slowed due to the unpro-
tected coastline and limited land transportation.
Early in this century, the Santa Cruz harbor was
known as a favorite summer beach resort, as well
as an important commercial fishing port. Morro
Bay’s port didn’t develop until the early 1900s,
when wharfs were built and catches could be
trucked to the canneries of Monterey. Princeton,
formerly known as Old Landing, and now
commonly called Half Moon Bay or Pillar Point
Harbor, was developed not with commercial
fishing in mind, but as a port for farmers to ship
produce to San Francisco.

During the early 1900s, fishing gained eco-
nomic importance in the area. Italian fishers
came to Monterey Bay bringing their double-
boat bottom seines, and later, large lampara nets.
These new fishing techniques allowed for huge
increases in squid landings and enabled new
fisheries for northern anchovy and Pacific
sardine. By 1918, the canneries that occupied
the shoreline of Monterey, now referred to as
Cannery Row, were producing 1.4 million cases
of canned sardine per year. During the late
1930s, over 100 vessels, 19 canneries, and 20
reduction plants participating in the fishery
provided hundreds of nautical and shoreside
jobs. This economic boom continued until the
1940s and 1950s, when sardine and anchovy
abundances began to decline. The decline is now
attributed to a combination of environmental
factors and excessive fishing pressure. By 1955,
sardine and anchovy populations had crashed,
the fishery in Monterey Bay had totally col-
lapsed, and many of the canneries were closed.

4

During the 1950s and 1960s, fisheries for
squid, salmon, and Dungeness crab gained in
importance. Fishers who could no longer survive
on sardine and anchovy catches used their
lampara nets and purse seines to harvest squid.
Monterey landings dominated the California
squid fishery up until the early 1960s when
southern California vessels entered the fishery.
Salmon troll fishing, which originated in the
1880s, also grew extensively through the 1960s
and 1970s. In 1980, a moratorium was placed on
the issuance of permits to new participants.

Recreational fishing increased in the 1960s.
Commercial Passenger Fishing Vessels (CPFVs)
have taken people on chartered fishing trips
since the turn of the century, but the charter fleet
grew steadily during the 1960s and 1970s. About
33 charter vessels operate in the MBNMS today.
Private boats also became increasingly popular
during this period as small boats and motors
became more affordable to the general public.
Between the time periods 1958—61 and 1980-86,
recreational fishing effort increased by 60%, due
primarily to increases in the CPFV and private
boat use.

Trawl fishing began in California in 1876 with
the introduction of the paranzella, a net towed by
two vessels. Throughout the early 1900s, most of
the trawl fishing within the state occurred in
central California. In 1946, the paranzella began
to be replaced by the single vessel otter trawl,
making trawling much more efficient and profit-
able. Increased demand for fish products during
World War Il initiated the widespread harvest of
Dover and petrale sole, causing an expansion of
the traw] fishery.

In the 1970s, trawl fisheries became a major
component of local fisheries with the enactment
of the Fisheries Conservation and Management
Act of 1976 (FCMA or Magnuson Act). This
legislation established a national fishery conser-
vation zone (Exclusive Economic Zone or EEZ)
extending from 3 to 200 nautical miles off the
coast of the United States. Primary goals of the
FCMA were to limit foreign catch within domes-
tic waters, prevent overfishing by increased
regulation of both U.S. and foreign fleets, and
encourage the expansion of American fisheries.
As a result, a system of regional committees was



developed to manage domestic fisheries and
foreign fishing was limited to species not other-
wise utilized by American vessels.

After passage of the FCMA, the U.S. govern-
ment began providing financial and technical
assistance for the domestic fishing flect, so that
U.S. vessels could take advantage of all fish
stocks in the U.S. EEZ. Easily acquired loans and
tax deferments were made available to fishers
who wished to expand or upgrade their fishing
operations. These programs resulted in fishing
fleets with larger and more efficient vessels that
were capable of landing more fishes in a shorter
amount of time. Coincidental to the passage of
the FCMA, better technology enabled vessels to
fish farther from port, remain at sea for longer
periods, and locate and capture fishes more
efficiently. Similar processes were seen in other
countries as the world fishing fleet more than
doubled in number between 1970 and 1990.

With this sudden expansion of fleet size and
catching capability, U.S. fisheries shifted to
deeper waters, thus increasing effort on ground-
fish species groups such as rockfishes and flat-
fishes. During this growth period, rockfish land-
ings from the Pacific coast of the United States
increased from 42-70% of total landings. Flatfish
landings also increased, and sablefish landings
doubled. Similar trends were seen in the
Monterey Bay area during this time. Traditional
species such as squid and salmon remained
important, but increasingly larger vessels began
targeting other species as well. The period after
the enactment of the FCMA represents the start of
the modem fishery and increased fishery regula-
tions. Now, U.S. vessels have a high degree of
fishing capability, most stocks are fully utilized,
and fishery management is complex and intense.

History of Foreign Fishing

Prior to the FCMA of 1976, the only regula-
tions on foreign vessels were those prohibiting
the take of salmon, Pacific halibut, and Pacific
herring. During the early 1960s, Japanese and
Soviet trawlers began targeting large populations
of Pacific hake and Pacific ocean perch off the
west coast of the United States. Hake must be
frozen and processed immediately in order to
prevent the meat from degrading, so large (longer

than 100 meters) ships were used to process and
store the catch. These factory trawlers became
numerous in U.S. waters. In 1967, more than 100
foreign vessels fished in domestic waters on the
U.S. west coast, including some directly off
Monterey Bay. By the 1970s, additional foreign
nations were attracted to the profitable U.S.
fishing grounds (including Japan, Poland, Bul-
garia, West Germany, East Germany, Taiwan,
and Korea). Between 1966 and 1978, annual
groundfish removals by foreign countries ranged
from 194 to 508 million pounds.

As a result of the FCMA, only foreign nations
having a Governing International Fisheries
Agreement, issued by the U.S. Congress, are
now eligible to operate in American waters. Each
permitted nation is provided a specific allocation
of target species. Allocations are only provided
for those species not otherwise utilized by U.S.
fishers, and include Pacific hake, shortbelly
rockfish, and jack mackerel. Pacific hake is the
only species that has been consistently requested
and sought by foreign countries. Further regula-
tions restrict foreign fishing to areas north of 39°
N latitude, near Pt. Arena, California, and be-
tween June 1 and October 31 of each year.
Because of these restrictions, Monterey Bay has
not been directly affected by foreign fishing
since the early 1970s.

Historically, the foreign fishery consisted of
two types of fishing operations: the trawl or
directed fishery, and the joint venture fishery in
which U.S. vessels caught fish and sold them at
sea to foreign processors. After enforcement of
the FCMA, foreign landings in the directed
fishery dropped considerably, and continued to
decline through 1981. Further declines occurred
between 1982 and 1984 when the Soviet Union
and Poland were prohibited from the fisheries for
various political reasons. In 1985, sanctions were
lifted and foreign landings again increased,
remaining relatively stable through 1988. No
allocations have been available for the directed
foreign fisheries since 1988.

Joint venture fisheries began in 1978 when the
FCMA reserved the Pacific hake fishery for U.S.
fishers. At that time, most American vessels had
neither the equipment to handle the immediate
processing or storage, nor a market in which to



sell hake. Joint U.S.—foreign ventures became
the solution to this problem. U.S. boats caught
the fish and sold it to larger foreign processors,
thus providing domestic vessels with a market
for their catches, and foreign vessels with fish
for processing. Joint ventures grew steadily
through 1989, and then declined as domestic
processing became available. By 1991, foreign
processing of Pacific hake by joint ventures was
replaced completely by the domestic processing
industry. There has been no foreign fishing in
U.S. domestic waters since that time.
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- Status of Fisheries

Commercial Fisheries
Ports and Vessels

More than 1,000 commercial vessels fish
within the MBNMS annually, but not all vessels
fish year-round. A large number also fish in other
parts of the state or nation, and enter MBNMS
waters to catch and sell fish'to local ports. The
number of nonresident vessels {ishing in
MBNMS waters depends on species abundance,
market price, and fish-abundances in other
locations. Many vessels switch gear types and
target various species during different seasons or
years, depending on abundance and demand for -
a given species, Except for a decline in the use of
gill nets and an increase in the use of longlines
caused by changes in regulations, the composi- |
tion of gear types has remained steady for the
time period from 198495 (Fig. 2).

Today, most fish caught within the MBNMS
are landed at one of five main ports: Morro Bay,
Moss Landing, Monterey Bay, Santa Cruz, and
Princeton/Half Moon Bay. More than 80% of the
commercial fish landings at these five harbors
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Figure 2, Number of vessels landing marine species in
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are comprised of squid, rockfishes, Dover sole,
anchovy, mackerel, sardines, sablefish, albacore,
and salmon. Landings at Monterey and Moss
Landing are higher than at the other ports near
the MBNMS, because of the large volume
fisheries of squid, anchovy, and in recent years,
sardine caught in southern Monterey Bay (Table
1). Princeton harbor does not receive as high a
volume of fish, but has high landings of more
valuable species such as Dungeness crab. At
Morro Bay, fishery landings are approximately
half that of Moss Landing, and include higher
numbers of Dover sole and swordfish. Landings
at Santa Cruz harbor, dominated by salmon,
constitute a small percentage of total landings in
the MBNMS. Only 5% of the main species
groups caught within MBNMS waters are taken
to ports outside of the area, although some

vessels will land large catches in San Francisco.
Some vessels from local ports fish outside the
MBNMS and then return home with their
catches. This is especially common for Prince-
ton/Half Moon Bay fishers who travel to fishing
grounds north of the MBNMS boundary. Total
catches from outside the MBNMS that are sold
at Monterey Bay area ports equal approximately
9 million pounds. This is nearly 20% of the total
landings at local ports. High value species
landed at ports near the MBNMS but which are
caught outside Sanctuary boundaries include
salmon, sea urchin, albacore, and swordfish.

Gear Types

Commercial fisheries can be grouped accord-
ing to type of gear used and species caught.
There are five primary types of gear used in the

Table 1. Average Total Landings (Ib), Average Economic Value, and Principal Species Landed at the Five

Major Fishing Ports Near the MBNMS from 1980-95

Average Total
Landings (1b)

Fishing Port 1980-1995

Average Economic
Value (%)
19801995

Principal
Species Landed

Princeton—

Half Moon Bay 4.5 million

Santa Cruz 1.2 million
Moss Landing 9.0 million
16.2 million

Monterey

Morro Bay 5.3 miltion

3.1 million

860,000

2.6 million

2.8 million

2.3 million

Market Squid
Chinook Salmon
Rockfishes

Pacific Sanddab
Market Squid
Chinook Salmon
Northern Anchovy
Rockfishes
Market Squid
Northern Anchovy
Dover Sole
Rockfishes
Market Squid
Northern Anchovy
Pacific Sardine
Rockfishes

Dover Sole
Rockfishes
Sablefish

Note: Economic value equals exvessel price times pounds sold, not adjusted for inflation.



commercial fisheries that currently operate in the
Monterey Bay region; each type of gear most
effectively catches a specific species group. The
primary gear types used include pots, trawl nets,
hook-and-line gear, purse seines, and gill nets.

Pots or traps are fished in two ways. The most
common method is to place a single pot at the
end of a line that reaches to a surface buoy.
Dungeness crab and spot prawn are captured
with this method. Typical vessels in this fishery
range from 10-20 meters in length, carry a crew
of three people, and are rigged with a large,
hydraulic winch and overhead hoist for lifting
the large pots. The fishers string a baited con-
tainer in a 1.5-meter-wide pot and leave it to
soak for 1-3 days on soft bottoms that represent
appropriate crab or prawn habitat (Fig. 3). At the
end of the soak period, a vessel pulls the pot to
the surface with the aid of the hydraulic winch.
Legal animals are kept on board, nonlegal
animals are returned to the water, and the pot is
rebaited and sent back to the bottom. Vessels
may fish several hundred pots at a time.

A second method of fishing pots is to attach a
series of baited traps to a long ground line which
is attached to a single buoy (Fig. 4). This method

Figure 3. Commercial crab pot.

of fishing pots is used to catch sablefish, octo-
pus, and hagfish. In the prevalent sablefish
fishery, baited pots that are 2 meters long by 1
meter wide are either set out individually, or tied
together in strings via a long ground line. They
are also soaked for 1-3 days, then retrieved. In
the last 12 years, an average of 53 vessels per
year fished with traps from Monterey Bay

ports (Fig. 2).
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Figure 4. Longline gear used in sablefish trap and hook-and-line fishing operations.



From 1984-95, an average of 48 vessels per
year fished with trawls from ports near the
MBNMS. Trawl gear consists of many different
styles of nets which fall into two general catego-
ries: bottom trawls and midwater trawls. Each
targets a different group within the complex of
groundfishes. The most common trawl net used
in the Monterey Bay groundfish fishery is a
bottom trawl net, also termed an otter trawl.
Vessels 1n the bottom trawl fishery typically
range from 20-30 meters in length, have a crew
of 3-5 people, and tow trawls as large as 20
meters across at the opening. These nets are
towed by a thick wire cable that is stored on
large hydraulic winches on the back of the boat
(Fig. 5). A bridle and set of wood or steel panels
(termed doors) are placed at the terminus of the
towing cable to force the mouth of the net open.
‘The mouth of the net is bounded on the bottom
by a heavy metal cable or weighted line (lead-
line) and on the top by a line with floats. As the
net is dragged along the bottom, fish in its path
are herded into the opening of the net and
pushed to the back of the net (the codend of the
net). Within this broad category of bottom
trawls, different setups are used depending on
the species being targeted and the preference of
the vessel’s skipper. For example, when target-
ing rockfishes over low relief rocky areas, rollers
are added along the leadline to facilitate move-
ment over rough terrain. Rollers may be several
inches to several feet in diameter. Bottom trawls

H
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Figure 5. Example of trawl net configuration.
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targeting flatfishes, such as sanddab and sole
that typically lay on level sand or mud sub-
strates, are often modified with a “tickler or
sweep” chain. This chain drags along the soft
sediments, chasing fish up off the bottom and
into the net.

Midwater trawls are similar to bottom trawls,
but are designed to fish within the water column
and target such schooling fishes as widow
rockfish and Pacific hake. Many of the midwater
target species are fast swimmers that react
quickly to disturbances. Thus, midwater nets are
often much longer than bottom trawl nets, with a
more tapered design, allowing them to be towed
at higher speeds while producing low turbulence
and drag. Midwater trawls also typically have a
much larger mouth opening, both horizontally
and vertically. This increases both the stability
during operation and the area capable of trap-
ping fish. Midwater traw] vessels are typically
larger than bottom trawl vessels in order to
handle the larger nets and higher towing speeds.
They range from 25-35 meters in length.

Hook-and-line gear varies a great deal but
generally consists of a series of baited hooks or
lures that are either set and recovered at a later
time or actively fished. An average of 837
vessels per year fished with hook-and-line gear
from ports near the MBNMS from 1984-95
(Fig. 2). These vessels range in size from 7-20
meters in length, and have crews of 1-3 people.
Smaller boats fish only on day trips, while the




larger vessels can stay out for days at a time.
Four major types of hook-and-line gear are in
use in the Monterey Bay. The first of these is the
long-line or set-line gear that is placed on the
bottom. This gear consists of a line anchored at
two ends with one end attached to a buoy at the
surface (Fig. 4). A line with baited hooks or lures
lays along the bottom between the anchors.
Sablefish, rockfishes, and halibut are often
caught with longline gear. A new type of set-line
fishing has begun in the nearshore areas for the
live fish market. In this fishery, termed tree or
pipe fishing, a small boat is used to set numerous
2-meter-long plastic pipes along the bottom in
shallow water. Each pipe is outfitted with 4-5
baited hooks.

A second type of longline gear is the vertical
set or drifi line, sometimes termed dinglebar or
Portuguese longline fishing. This gear type
consists of a fishing line weighted at one end
with the other end attached either to the vessel or
to a buoy. Baited hooks are arranged vertically in
the water column. This gear is often not an-
chored to the bottom and is used in a drift or
slow cruising mode. Often, this gear is used to
fish for rockfishes that may be distributed verti-
cally around pinnacles or over irregular rocky
bottoms.

A third type of hook-and-line fishing, trolling,
is designed to catch fast-swimming fishes such
as albacore and salmon. Usually, flashy lures and
bait are used in this type of fishery and are
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Figure 6. Example of troll fishing gear configuration.

Y

trolled behind the moving vessel on heavily
weighted fishing lines. The lines are mounted on
outrigger poles to ensure separation, and are
controlled by small electric or hydraulic winches
or gurdies (Fig. 6). Trolling vessels fish at
various speeds and depths depending on target
species.

A fourth type of hook-and-line gear, the
traditional setup of a rod, reel, line, and hook or
lure is used by small commercial fishing vessels
in nearshore waters. Although commercial
fishers will catch nearshore rockfishes with
hook-and-line gear, it is far more prevalent in the
sport fishery.

An average of 60 vessels per year fished with
encircling nets such as purse seines and lampara
nets from ports near the MBNMS between 1984
and 1995. The typical seine vessel averages 15—
25 meters in length and has a hold capacity of
40,000-80,000 pounds. Crew sizes for these
boats may be 5-7 people or more. Purse seines
are the most commonly used encircling nets in
this region. They are used in highly targeted
fisheries such as those for anchovy, sardine,
mackerel, and market squid. When a school of
fish or squid is located, one end of the net is
drawn away from the vessel by a skiff, while the
main vessel steams in a wide circle. The size of
the circle is dependent upon the size of the seine
net, which is typically 200—400 meters long and
less than 50 meters deep (Fig. 7). Once the end
of the net is back on the main vessel, the
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weighted bottom edge of the seine is pulled
(pursed) underneath the schooling fish, and most
of the net is hauled aboard. The portion of the
net known as the bag is strapped next to the boat
and emptied using hydraulic pumps or large dip
nets, called brails. In the squid fishery, the vessel
deploying the purse seine is typically assisted by
a second vessel that uses high intensity lights to
attract the animals to the surface at night.

Gill nets consist of a single wall of webbing,
usually made of monofilament line, bound at the
top by a float line and at the bottom by a
weighted line, and used for entangling fish by
their gills. Gillnets can range up to 450 meters
long and are deployed from smaller vessels (7—
15 meters in length) using either bow or stern-
mounted rollers (Fig. 8). Various sizes of net
webbing are used for different target species.
The primary species caught with gill nets and
landed into ports near the MBNMS include
deepwater rockfishes and swordfish. With the
passage of California Proposition 132 in 1990,
gill nets were restricted to federal waters, farther
than three miles off the mainland and one mile
from offshore islands. From 1984-90, an aver-
age of 155 vessels per year fished with gill nets
from Monterey Bay ports. Since 1990, the
average number of vessels fishing with gill nets
has steadily declined.

Target Species and Landings

Close to 200 species of invertebrates and
fishes were recorded in the commercial and
recreational catches in this region from 198095
(Appendix 1). The species list provided in

Appendix 1 was derived from a combination of
the reported commercial landings, species com-
position analyses of commercial landings, and
reported catches from recreational angler inter-
views. Appendix 1 thus may include some spe-
cies which were landed, but not caught, in re-
gional waters. It also includes only the larger
mvertebrate species which are commonly har-
vested in the recreational fishery. Undoubtedly,
many more intertidal invertebrates are harvested
in small numbers,

Commercial landing information is available
for those species that were routinely caught and
sold 1n this region from 1980-95 (Appendix 2).
These data are derived primarily from records
provided to CDFG by fish buyers. Thus, more
than one species may be included in the pound-
age reported for a group. This lumping of landed
catch into broad groups or market categories can
pose a problem for the evaluation of trends in
species abundance. State and federal fishery
biologists resolve the problem by routinely
collecting biological information on the species
sold at the docks. Biologists obtain estimates of
species composition of the landed catch by
market categories. They then apply the ratios of
species composition in the sampled market
categories to the reported commercial landings to
obtain estimates of the number and weight of
individual species caught. Appendix 3 is an
example of the results of this procedure; it pro-
vides estimates of commercial landings of indi-
vidual rockfish species from 1980-95. Note that
estimates of total rockfish landings from Appen-
dix 3 do not match the totals from Appendix 2
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Figure 8. Example of gillnet fishing gear.

because the expansion procedures used by
NMES include rockfish landed and sampled in
San Francisco as well as in other ports near the
MBNMS.

More than 100 species are frequently caught
(more than 1000 pounds/year or more than 1000
fish/year) in fisheries occurring in the MBNMS.
For regional ports as a whole, 17 species or
species groups exhibited significantly increasing
trends in reported catch from 1980-95 (Table 2).
Of these species, sardine and Dungeness crab
landings are thought to be increasing because of
improved environmental conditions, and catches
of some of the races of Chinook salmon are
increasing because of favorable environmental
conditions and improved management activities.
Sanddab, rex sole, and rock crab landings are
increasing due primarily to increased market
demand for those species. Thornyhead, aurora,
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greenspotted, cowcod, starry and rosy rockfish
catches are probably increasing because of
expanded fishing in deep water for rockfishes.
Thornyhead catches are also increasing because
of expanded fishing in deep water for rockfishes
and because of increasing market demand.
Catches of some nearshore rockfishes, such as
kelp and vermilion are probably increasing due to
increased fishing effort in the live-fish fishery.
Reported catches of 10 species or species
groups exhibited significantly decreasing trends
from 1980--95 when evaluated using linear
regression techniques (Table 2). Landings of
sablefish declined because of real declines in
stock abundance, thought to be caused by over-
fishing. Similarly, landings of bocaccio are
declining because of high fishing pressure and
poor annual survival of juveniles. Declines in
landings of albacore are due to high catches
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Table 2. Species for Which Landings in the MBNMS Increased, Decreased, or Were Highly
Variable from 1980 to 1995

Avg. Landing Cv Regression
Species 198095 {% mean) Significance
Catches Increased 198095
Pacific Sardine 1,831,668 189 **
Longspine Thornyhead 579,928 117 *x
Rock Crab 202,923 60 ok
Aurora Rockfish 87,630 100 **
Greenspotted Rockfish 81,285 76 *x
Cowcod Rockfish 38,006 56 **
Starry Rockfish 21,964 119 *®
Bluefin Tuna 6,542 165 **
Chinook Salmon 1,673,835 60 *
Dungeness Crab 401,031 72 *
Rex Sole 393,392 37 *
Vermilion Rockfish 158,765 63 *
Pacific Sanddab 19,987 303 *
Grass Rockfish 10,949 215 *
Turbot 6,850 64 *
Rosy Rockfish 6,453 168 *
Kelp Rockfish 3,887 177 *
Catches Decreased 1980-95
Bocaccio 3,400,022 58 **
Sablefish 1,741,730 27 **
Albacore 1,741,351 108 *ok
White Croaker 434,182 54 **
Pacific Herring 177,250 92 *k
Soupfin Shark 25,596 37 *oh
Smelt 9,076 93 *k
Pacific Ocean Shrimp 381,069 101 *
Sand Sole 47,047 49 *
Pacific Butterfish 13,500 88 *
Catches Highly Variable 198095
Cow Shark 1,431 384 —
Hagfish 68,728 321 —
Grenadiers 36,658 318 —
Tiger Rockfish 1,154 316 —
Silvergray Rockfish 1,292 312 —
Quillback Rockfish 2,312 286 —
Pacific Bonito 41,962 274 —
Thernyheads 154,515 269 —
Fantail Sole 2,023 259 —
Yellowfin Tuna 6,358 256 —
Spiny Dogfish Shark 1,361 248 —
Yellowtail 5,168 244 —
Ghost Shrimp 1,061 241 —
Butter Sole 3,195 228 —
Jack Mackerel 1,404,589 222 —
Shovelnose Guitarfish 1,033 219 —
Skipjack Tuna 1,423 203 —

* Regression Significant (p<0.05)

** Regression Highly Significant (p<0.01)

Note: Linear regression analysis was used to place species into significantly increasing or decreasing catch categories,
and a coefficient of variation greater than 200% of the mean was used to determine if landings of a species were highly
variable. Data were derived from CDFG landing records.

14



during El Nifio years followed by lower catches
in years with cooler water, not to changes in
population size. The population size of Pacific
albacore is currently thought to be stable or
increasing. Catches of Pacific ocean shrimp are
decreasing in the MBNMS for unknown reasons;
environmental factors may possibly be to blame.
Coastwide, populations of Pacific ocean shrimp
have been strong in the past few years.

The remaining species or species groups
demonstrated no significant trends in reported
catch. Landings for some of these species from
1980-95 had coefficients of variation in excess
of 200% of the mean, an indication that landings
fluctuated greatly (Table 2). For species such as
grenadiers and hagfish, the high variation in
catch is caused by the newness of the fishery for
those species. For species such as Pacific bonito
and yellowtail, the variation results from El Niiio
environmental conditions, which resulted in
some fishes moving northward into the MBNMS
from their usual habitats further south.

Economic Value

Commercial fishing contributes to both the
local and statewide economies. In 1994, com-
mercial fishing in California accounted for $145
million in revenue from the dockside price paid
to fishers (termed exvessel value). Ports within

the MBNMS accounted for $17 million of that
total (Fig. 9). Commercial fishing activities aiso
provide additional revenue through indirect
impacts. Indirect impacts include personal
income and the purchase of goods and services
related to commercial fishing. For example,
fishers spend money for equipment, gasoline,
gear maintenance, and crew members. These
expenditures benefit a number of additional
businesses including boat repair shops, marine
supply stores, marinas, and the fuel industry.

Dr. Hans Radtke, an economic consultant to
the Pacific Fishery Management Council,
generated total impact estimates for 1994 for the
primary species harvested within the MBNMS
using his Fishery Economic Assessment Model.
The species he used for analysis comprised
about 90% of the catches sold to processors.
Economic impacts were derived from input/
output models and include direct, indirect, and
induced income generated in the local economy
by the fishing industry. Discussions of the
methods for calculating impacts are included in
the Pacific Fishery Management Council’s
annual salmon reviews. Readers unfamiliar with
these methods are encouraged to refer to those
documents.

Based on Dr. Radtke’s calculations, the
fishing industry in 1994 provided at least $53
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Figure 9. Economic value (exvessel price times pounds landed) generated for each of the major ports near the
MBNMS from 1980-95. Economic values are adjusted for inflation to 1995 dollar value. Data provided by CDFG.
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million and more than 2,000 jobs to local econo-
mies within the MBNMS. Monterey was the
highest contributing port, with a total economic
impact of at least $23 million, followed by Moss
Landing and Princeton at $12.5 and $11.7 mil-
lion, respectively. Morro Bay and Santa Cruz
had much smaller economic impacts from
commercial fishing. At least $4.7 million were
generated at Santa Cruz, and $1.3 million were
generated from Morro Bay.

By species, squid landings had the largest
economic impact in 1994, providing more than
$30 million to the local economy. Most of this
income was generated from landings at
Monterey and Moss Landing. Salmon was the
next highest contributor, accounting for approxi-
mately $6.5 million in local income. The major-
ity of annual salmon landings occur at Moss
Landing and Princeton. Other economically
important species include anchovy, rockfishes,
sardine, Dover sole, Dungeness crab, and spot
prawn.

Commercial fishing also benefits local econo-
mies by contributing to the success of other
industries in the area. For example, commercial
fishing provides a large benefit to exporting
businesses. In 1995, seafood was ranked fifth in
value of leading exports from California. Com-
mercial fishing also creates cultural and eco-
nomic benefits by creating a venue to which
vacationers are attracted. The nautical atmo-
sphere around harbors and marinas adds to local
tourism, as do fish markets and restaurants
featuring fresh, locally caught seafood.

Although commercial fishing is economically
valuable, it accounts for only a small portion of
the total economy, both statewide and locally.
Much larger contributors include the tourism and
agriculture industries. Agriculture, primarily in
the Salinas and Pajaro valleys, is one of the
largest industries in the Monterey Bay area,
providing over 29,000 jobs. In 1994, agriculture
was worth over $2 billion to Monterey County,
and $246 million to Santa Cruz County. These
values represent wholesale prices alone, and can
be expanded by a factor of 3-5 times when
indirect expenses and personal income are
incorporated.
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Tourism is another big industry along the
central coast. In Monterey County alone, tour-
1sm accounted for almost $2 billion in combined
direct and indirect impacts in 1994. This value
includes 23,937 jobs and $422 million in per-
sonal income. In Santa Cruz County, tourism
provided over 5,300 jobs, and $527 million in
visitor spending and personal income. When
combined, agriculture and tourism in 1994
provided over 35 times the economic value of
commercial fishing to the Monterey Bay area.
Included in the values for tourism, however, are
the expenditures made by people who visit the
area to fish recreationally, tour the harbors to see
fishing boats, cat at seafood restaurants, or
otherwise enjoy the cultural heritage provided
by the fishing industry.
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Recreational Fisheries

Recreational fishing can be classified into six
major groups: commercial passenger fishing
vessel (CPFV), private/rental boat (skiff), beach
and bank, jetty and breakwater, pier and dock,
and spear fishing (Table 3). From the 1960-80s,
recreational fishing in northern and central
California grew substantially, with annual aver-
age catch increasing from 3.9 million fish in
1958-61 to 6.5 million fish in 198186, and
annual fishing effort increasing by 65%.
Although total catches have fluctuated, total
fishing effort for all recreational fishing modes
combined has remained relatively stable through
the 1980-90s.

The Pacific States Marine Fisheries Commis-
sion (PSMFC) conducts annual surveys to
collect data on recreational fishing catch, effort,
and economic information through the Marine
Recreational Fisheries Statistics Survey (Appen-
dix 4). Anglers are interviewed directly at fishing
sites for catch and fishing mode information. In
addition, a telephone survey is conducted within
coastal counties to interview fishers at home.
These data have been collected since 1979, with
the exception of 1990-92. Results from some
years, however, are highly variable and less

reliable. In addition, salmon catches, which are
extremely important in the Monterey Bay area
in some years, are not included in the informa-
tion.

Results from the Marine Recreational Fisher-
ies Statistics Survey suggest that shore fishing
is the most common form of sportfishing in
northern and central California. This is to be
expected, as fishing from shore is the most
easily accessible and least expensive form of
fishing. The three modes of shore fishing,
beach/bank, jetty/breakwater, and prer/dock,
when combined, accounted for about half of the
annual catch and fishing effort from 1981-96
(Table 3). The beach/bank method comprised
over one-half of the annual shore catch and
fishing effort. Numerous species are caught in
the shore fishery, but target groups of species
usually include surfperches, rockfishes, and
flatfishes.

Private/rental boat fishing accounted for the
highest average annual catch and effort for a
single fishing mode from 1981-96 (Table 3).
An estimated 40,000-50,000 boats/yr are
launched from boat ramps at the five ports near
the MBNMS. Many of these vessels are used in
the recreational fishery. This fishing mode

Table 3. Average Annual Total Catch, Effort, and Primary Species Caught in Northern California for Each

of the Major Sportfishing Modes From 1981-96

Avg, Catch Avg. Effort
(No. Fish) (No. Trips)
Fishing Mode 1981-96 1981-96 Primary Species Caught
Commercial Passenger
Fishing Vessels (CPFV) 1.8 million 287,000 Rockfishes, Lingcod
Private/Rental Boat (PRB) 2.6 million 972,000 Rockfishes, Lingcod
All Shore Fishing
(Beach/Bank, Jetty/Breakwater,
Pier/Dock) 3.4 million 1.3 million Surfperches, Smelts,
Flatfishes, White Croaker,
Kelp Greenling, Herring
Spearfishing ? ? Lingcod, Rockfishes, Cabezon

Note: No data were available for 1990-92. Salmon fishing effort and catches are not included. Data provided by the

PSMFC.
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targets the same species as CPFVs, including
salmon, rockfishes, halibut, and lingcod, but the
private/rental boat average annual fishing effort
1s more than three times greater than that for the
CPFV fishery. The average annual catch, how-
ever, is less than twice as high, most likely a
result of CPFV skippers being more knowledge-
able and adept at finding good fishing grounds.
CPFVs constitute the most economically
important category of recreational fishing,
accounting for a multimillion dollar business and
well over 1 million angler trips per year off the
west coast of the United States. Landings from
CPFVs have been sampled by the California
Department of Fish and Game since the 1950s.
Popular target species in northern and central
California are salmon, rockfishes, lingcod, and
haltbut. Albacore are also targeted in some years.

Primary Target Species

Generally, recreational fishers will catch what
they can, but often attempt to catch highly prized
species such as salmon, lingcod, and large rock-
fishes. Rockfishes are the most abundant fishes
in recreational catches and are targeted most
frequently. During the appropriate times of year,
however, a large amount of recreational fishing
effort is aimed towards salmon, one of the most
popular sportfishing fisheries in central Califor-
nia,

Recreational fishing for salmon has been an
important component of marine sport fisheries
since the late 1800s. In the Monterey Bay region,
almost all salmon caught are Chinook salmon,
many of which originated from the Sacramento
River basin. Between 1986 and 1994, an average
of 26,500 Chinook salmon were caught annually
in the recreational fishery. During 1995 alone,
however, over 183,000 angler trips, accounting
for a total catch of over 198,000 fish, were
recorded in the Monterey Bay area ocean recre-
ational salmon fishery. This was the largest
recorded catch and effort in 30 years. The recre-
ational salmon fishery is open during spring and
summer months, typically between March and
November. During these months CPFV and
private boats leave harbors daily to target sal-
mon. The most common and successful method
of fishing for salmon is trolling.
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Rockfishes are fished year round and com-
prise over 50% of the recreational catch in
central California. The PSMFC estimates total
sportfishing catch for rockfishes, in 1995 alone,
at over 1.1 million fishes in northern and central
California. Average rockfish catch is 10 fish per
angler trip for fishers aboard CPFVs and 5-6
fish per angler trip for fishers aboard private/
rental boats. Rockfishes are also caught from
shore, but catch rates are considerably lower.

Economic Value

Although fewer fish are caught in the recre-
ational fishery, it has a larger impact on
California’s economy than does commercial
fishing. Indirect activities related to recreational
fishing such as the purchase of fishing equip-
ment, use and storage of boats, food, lodging,
and transportation are responsible for the differ-
ence in revenues provided by recreational and
commercial fishing. In 1985 alone, resident and
visiting recreational fishers spent $2.2 miilion on
indirect costs related to fishing in California.
These indirect activities also created thousands
of jobs and billions of dollars in personal in-
come, which greatly surpass the economic
benefits from commercial fishing. In California,
recreational fishing annually provides communi-
ties with approximately $5 billion in personal
income and more than 150,000 jobs.
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~ Fisheries Management

Concept&

The goai of fiﬁherzcs manacvement is to mam~ '
tain healthy fish popu]atlons while prowdlng
social and economic benefits from fisheries.
’\Aanagemem strategies are thus based upon a

complex array of social, econoniic, and cc.,olomm;

cal concerns which must be addressed when L
decisions affecting a f 1she1y are madc

An implicit assumption of mdnagument 1s tha‘t‘

fishes represent renewable fesources which can
maintain population levels when subjecteé to
limited harvesting on a continual basis. Thls

assumption relies on the concept that fish p{)pu-' .

lations have a surplus production which is i
available to be harvested. In theory, in an
unfished populatmn the biomass (total wczgh’f)
of fish in a habitat will approach a theoretical
carrying capacity for that habitat. Older ’{ish will
dominate the hab1tat and ‘{hn;r presence prevents
all but a small percentage of the young fish pro-
duced cach year from surviving to reproduce.
Following this logic, if some larger, older fish
are removed from the habnat there will be ToOom
for a greater number of 3 younger, faster growing -
fish to take their places. These new fish thus .

represent a harvestable portion of the stock
because they represent a spawning biommass
above and beyond that needed to maintain stock
levels (Fi; g. 10). Althougbh this theory is logical,
the processes aﬂ“cchng adult mmtdhty, adult
growth and reproductive outpit, and juvmﬂe
survival are highly varzablc, and make equilib-
rium popuia’sion su’e a cencept not a stattc
num‘oer _
Stock Assessments B

P;shery sc:mntlsts dctermme the health of fish
populations by conéuctmg stock assessments,
Stock assessments combine available ’ozoiogcai
data Wlth 1nforma‘{zon about ﬁshmg activities to
assess trends in fish abundance There are sev-
eral approachcs 0 gaihermgﬁ mfoxmatmn for
stock dsscssmems Ona of the primary methods ;
involves exam;mng annual records of catch and
fzshmg effort. Fishery biologists divide the
amount of fish caught and sold at the dock
{]andmgs) by the amount Qf ﬁshmg time
expended in the fxshzng procesq The resulting
number is ’sermed catch-per- <onit-effort: (CPUE)
and is often used as an index of abundance
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Figure 10. Theoretical relationship between numbers of
adults in a fished population and the number of
progeny produced. Dashed line represents number of
adults needed to maintain the current population size.
Hatched area represents number of fish that are con-
sidered to be surplus, and thus can be harvested with-
out depleting the population.

As with all methods for assessing the status of
a stock, reviewing catch records is not a perfect
approach. A primary drawback to this approach
is that it relies on indirect evidence of population
size and is not a direct measurement of fish
abundance. Catch records alone are insufficient
to define the health of a stock because catches
can fluctuate for a variety of social and eco-
nomic reasons that are independent of fish
abundance. A less obvious problem of using
catch records is the difficulty and expense of
gathering reliable data on fishing effort.

Fishery scientists also use biological informa-
tion in stock assessments. The age structure of a
stock provides a historical as well as contempo-
rary view of the stock. It shows information
about the current status of the stock and gives
clues to events in the past that have led to the
changes in that status. The shape of the age
frequency distribution can also provide evidence
that a stock has been overfished. Some other
pieces of information that can be obtained from
catch curves are: age at first entry into the
fishery (recruitment), estimates of longevity,
year-class strength, and estimates of total mortal-
ity. Obtaining an estimate of total mortality from
catch curves is a critical component of many
fishery stock assessments. Total mortality is the
combination of mortality due to natural causes
and mortality caused by fishing efforts.

The age at first reproduction and the size and
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age structure of a population are two important
biological indicators of the heaith of fish stocks.
For example, if the average length of a given age
of fish decreases over time, managers assume
that growth overfishing is evident. Growth
overfishing occurs when fisheries catch most of
the older fish or larger, faster growing fish at a
given age. The result is that younger and slower
growing fish are left to reproduce. After several
gencrations, only younger and slower growing
fish remain in the population. The result is a
lowered mean length and weight per given age
of fish, and a reduced value of the fishery.

Recruitment overfishing is of greater concern
to fishery managers. For example, if most of the
fish in a stock spawn for the first time when they
are 10 years old, and many of the fish caught are
less than 10 years old, then the potential exists to
catch a large proportion of the stock before a
majority of animals can spawn. This is a form of
recruitment overfishing, which means more fish
are removed from the stock than can replace
themselves. When this type of recruitment
overfishing is evident, managers often move to
protect the smaller fish by imposing minimum
size limits or mesh-size restrictions in an effort
to conserve the spawning stock. Unfortunately,
protecting small fish does not necessarily pre-
vent another type of recruitment overfishing.
Recruitment overfishing also occurs when the
fishery harvests too many large, old fish. This
reduces the production of larval fish because
smaller fish produce fewer eggs than larger fish.

Once the status of a stock is known, fishery
managers employ a variety of techniques to
maintain the health of the stock. These include
use of one or more of the following management
strategies:

1. Fishing gear restrictions or prohibitions,

2. Fleetwide quotas on total fish taken per

season,
3. Seasons and/or area closures (e.g., refuges),
4. Individual quotas on total fish taken (e.g.,
commercial: [FQs, recreational: bag limits),

5. Size, species, or sex limits, or

6. Restricting or limiting access to a fishery.

Once these strategies have been enacted in the
form of regulations and are enforced in the
respective fisheries, fishery scientists have a



variety of tools at their disposal to assess
whether a fishery has met or exceeded allowable
biological catch or is presently underutilized.
Models are also available to evaluate the perfor-
mance of a fishery relative to some estimate of
optimum economic yield. Most of these methods
and models involve some fairly sophisticated
mathematical derivations based on mortality
rates and age structure of the population. Unfor-
tunately, even with the array of tools used by
fisheries managers, many species are being over-
fished. There are many reasons for this, some of
which are: .

1. Difficulties in obtaining accurate informa-
tion about species that are landed. Most species
sold at the dock are recorded as belonging to a
market category. For instance, the “red” rockfish
category recorded by fish buyers can contain
species such as vermilion rockfish, starry rock-
fish, or canary rockfish, which have different life
histories and stock sizes;

2. Difficulties in obtaining adequate biological
data, and accurate catch data from fishers,
especially for new or emerging fisheries;

3. Absence of long-term data sets needed to
effectively model or estimate the size of fish
stocks. Unfortunately, few long-term data sets
are available for fished populations. Much of
what is known or suspected about Monterey Bay
species is derived from relatively short-term data
sets. In addition, many of those short-term data
sets reside in a variety of locations and are not
easily collected for analysis;

4. Difficulties in managing mixed fisheries, or
fisheries in which more than one species is
caught at the same time. In these cases, manage-
ment options are more limited if the stock of one
of the species caught is healthy while the other is
depleted;

5. Spatial and temporal variation in fish abun-
dance, leading to localized depletions;

6. Environmental changes that affect survival
of year-classes;

7. Difficulties in estimating bycatch and
discard of animals inadvertently caught while
fishing for the target species;

8. Societal desire to maximize short-term
economic gain to coastal communities; or

9. Overcapitalization of the fleet (too much

fishing power), causing the total allowable catch
to be exceeded before managers can close the
fishery.

Regulatory Process

In the United States, most fish stocks are a
common property resource, meaning there is
open access for utilization of the resource.

Often in the case of common property resources,
many harvesters tend to maximize their short
term benefits, without regard to long term costs.
When this occurs, each participant in the fishery
has little incentive to conserve the resource. If
they do not harvest their share or more, the
resource will simply be harvested by another
fisher. Historically, common property resources
have thus been subject to inadvertent over-
exploitation, a phenomenon that has been called
the “tragedy of the commons.”

This situation, combined with the substantial
social, economic, and ecological impact of
fisheries, provides the rationale for fisheries
management. Regulations pertaining to the
commercial harvest of species are derived from a
combination of federal statutes and state law.
Fisheries for species that are migratory in nature,
occur entirely in federal waters, or that have
wide distributions are regulated by federal laws
administered by the National Marine Fisheries
Service. Fisheries for the species that occur
entirely within state waters are regulated by the
California Fish and Game Commission and the
state legislature.

In cases where there is no state law or where
state and federal laws overlap, federal statutes
usually take precedence. In special cases, such as
for some salmon species and for specific eco-
logical reserves, local or tribal regulations
provide guidance for fishery managers. An
additional special regulatory process occurs
when a stock of fish is harvested by more than
one nation. In these cases, international fishery
management councils may be established. Often,
when just two countries are involved, fishery
management will be determined through a treaty
process. In some cases, the two nations do not
agree on stock estimates or management strate-
gies and the fishery is regulated by both (or
neither) country.
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Pacific Fishery Management Council

The Pacific Fishery Management Council
(PFMC) was one of eight regional councils
created by the Magnuson Fishery Conservation
and Management Act of 1976 (FCMA). The
PFMC has responsibility for federal fisheries
management on the U.S. West Coast. 1t advises
NMES on fisheries management issues for
California, Oregon, Washington, and Idaho. The
voting members of the council include a repre-
sentative from each state fishery management
agency on the West Coast (including Idaho), a
mandatory appointee from each state, at-large

appointees from the states in the region, and the
regional director of NMFS. The councils pro-
duce fishery management plans with public
mput, which describe the nature and problems of
a fishery along with regulatory recommendations
to conserve it. After approval by the Secretary of
Commerce, regulations that implement manage-
ment measures in the plans become federal law
and are enforced by NMFS and state agencies
(Fig. 11).

The Magnuson Act sets standards with which
all fishery management plans must comply.
Management plans must include conservation
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Figure 11, Fishery management process for a federally managed species.
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and management measures that prevent overfish-
ing while maintaining optimum yield from the
fishery. Optimum yield can be defined as the
sustainable amount of fish harvested from a fish-
ery which will provide the greatest overall
benefit in terms of food production and recre-
ational opportunities as modified by any relevant
economic, social, or ecological factors. The
Magnuson Act also requires that all fishery
management plans be based on the best scientific
information available.

Fishery management plans must clearly define
overfishing and outline actions to prevent it, or
when it already exists, must propose actions to
rebuild the stocks in a definite period of time.
Overfishing can be defined in several ways but
must be measurable. Some measurable indicators
of overfishing are: exceeding predetermined
catch limits, a reduction of spawning biomass, a
decline in fishery catch rates, or a shift in popu-
lation age structure away from a stable age
distribution.

In 1996, the U.S. Congress reauthorized the
FCMA with specific amendments addressing
current fishery concerns. Modifications were
made in the limited access and individual quota
programs, including the use of fees and the
development of a central administration. The
reauthorized FCMA also enforces stricter limits
on acceptable catches and further limits bycatch
and discards. The council addressed the issue of
overfishing and authorized a fishing capacity
reduction program, if developed under specified
provisions. In addition, the new FCMA now
requires a publication list of all fisheries under
each council and all gear used in such fishing.
The new law also addresses environmental and
habitat concerns. NMFS is now mandated to
amend all fishery management plans to include
identification of essential fish habitat, to identify
existing and potential adverse impacts on that
habitat, and to ensure the conservation and
enhancement of essential fish habitat.

National Marine Fisheries Service

The National Marine Fisheries Service 1s part
of the National Oceanographic and Atmospheric
Administration, an agency in the U.S. Depart-
ment of Commerce. It is the federal agency with

primary responsibility for implementing fisheries -
management strategies in the U.S. Exclusive
Economic Zone from 3 to 200 miles from shore.
NMEFS has a broad array of duties relating to
marine resource management. A primary respon-
sibility is to provide scientific information for
use in fishery management plans. NMFS re-
searchers conduct field surveys to gather basic
biological data, publish scientific articles, and
learn about the variables that influence survival
at critical stages in the life history of a species.
They collect information about critical habitats
for a species as well. Additionally, NMFS scien-
tists model population dynamics of species,
using data from research cruises and fishery
landings. The models are then used to develop
stock assessments, which are delivered to the
NMEFS staff that supports the PFMC regulatory
process. Once fishery management plans are
enacted, and regulations promulgated, NMFS
fishery enforcement officers work with the U.S.
Coast Guard and coastal states to enforce regula-
tions.

California Department of Fish and Game

The California Department of Fish and Game
has primary management responsibility for
species that occur entirely within the state’s three
mile territorial sea, and also those that are not
managed by the federal government. CDFG has
several important functions in the process of
fishery management within the state. One of
their primary duties is to regulate fishing activity
through licensing of fishing vessels and fishers.
CDFG 1s responsible for the enforcement of
existing statutes and regulations regarding
fisheries within the state. CDFG also collects a
great deal of fishery data by monitoring regional
fisheries, both aboard vessels and dockside. The
data collected from these monitoring programs
are used to make recommendations to the PFMC
and State Fish and Game Commission, publish
scientific articles, maintain long-running data-
bases of catch statistics for all regions, and
produce annual commercial and recreational
fishing reports.

Following preparation of a fishery manage-
ment plan by PFMC and subsequent approval by
the U.S. Secretary of Commerce, the director of
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the Fish and Game Commission for the state of
California has several options to conform state
law or regulations to the fishery management
plan. These options center on the ability of the
director to either suspend existing laws and
regulations that conflict with the fishery manage-
ment plan, modify existing laws and regulations
to conform with the fishery management plan, or
enact new laws for a limited period (up to one
year) to comply with the fishery management
plan. In rare cases, the state will choose to enact
regulations which do not comply with fishery
management plans.

Pacific States Marine Fisheries Commission
Authorized by Congress in 1947, the Pacific
States Marine Fisheries Commission (PSMFC) is
one of three interstate commissions dedicated to
resolving fishery issues. Representing California,

Oregon, Washington, Idaho, and Alaska, the
PSMFC does not have regulatory or manage-
ment authority; rather it serves as a forum for
discussion, and works for coastwide consensus
on management strategies. PSMFC also ad-
dresses issues that fall outside state or regional
management council jurisdiction. The goal of
PSMFC is to promote and support policies and
actions directed at the conservation, develop-
ment, and management of fishery resources of
mutual concern to member states through a
coordinated regional approach to research,
monitoring, and utilization. It plays an important
role on the West Coast by being the primary
agency responsible for collecting, storing, and
providing fishery data from each state for coast-
wide analysis.

Fishing Organizations

Fishing organizations play an important role
in fishery management. In addition to informa-
tion generated from fishery logbooks, many
fishers work closely with researchers and
fishery managers to design studies and collect
information necessary to craft effective fishery
regulations, Often, fishing organizations help by
encouraging their members to collect and pro-
vide additional information for managers.
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In addition to numerical data, fishers provide
information on the practical aspects of fisheries.
Often, state and federal fishery plans and regula-
tions can have several different designs that meet
similar management objectives. Individual
fishers and fishing organizations provide re-
source managers with ideas for regulations to
maximize economic returns or to improve the
flexibility of fishing options. In this manner,
input from fishers often helps make management
actions more practical and enforceable.

Public Involvement

Recommendations on plans affecting federally
managed species are made to PFMC by the state
legislature, CDFG, NMFS, environmental
organizations, and the general public. Public
hearings are required by law to be held in the
area of the fishery under consideration after
recommendation of a fishery management plan
by PFMC to the Secretary of Commerce. It is the
responsibility of the director of the Fish and
Game Commission to arrange times and places
for the public hearings as well as provide ad-
equate notice to the public and appropriate
policy committees in the state legislature.

Special Management Areas

In addition to state and federal fishery man-
agement, there are a few areas within the
MBNMS that are managed by other governmen-
tal organizations. A total of 18 marine protected
areas exist in the area bounded by the MBNMS
{Table 4). The majority of these protected areas
are small and adjacent to shore. They were
established by local jurisdictions for a specific
management purpose, such as providing protec-
tion for species associated with a heavily used
intertidal area. Regulations governing these areas
are predominately established by city or county
governments. In most cases, the harvest of
selected species or species groups is prohibited.
Where harvest is allowed, regulations usually
follow state fishing regulations.

The largest reserve designed for fisheries
management in this region is the Big Creek
Ecological Reserve along the Big Sur coast. It



Table 4. Marine Protected Areas Within or Adjacent to the MBNMS

Afio Nuevo Area of Special Biological Significance

Big Creek Marine Resources Protection Area Ecological Reserve

California Sea Otter Game Refuge

Carmel Bay Area of Special Biological Significance

Carmel Bay Ecological Reserve

Elkhorn Slough National Estuarine Research Reserve

Golden Gate National Recreation Area
Hopkins Marine Life Refuge

James V. Fitzgerald Marine Reserve Extension Area of Special Biological Significance
James V. Fitzgerald Marine Reserve (Marine Life Refuge)
Julia Pfeiffer Burns Area of Special Biological Significance

Julia Pfeiffer Burns State Park

Ocean Area Surrounding the Mouth of Salmon Creek Area of Special Biological Significance
Pacific Grove Marine Gardens Fish Refuge and Hopkins Marine Life Refuge Area of Special Biological

Significance
Pacific Grove Marine Gardens Fish Refuge

Point Lobos Ecological Reserve Area of Special Biological Significance

Point Lobos Ecological Reserve
Point Lobos State Reserve

Note: Terrestrial state parks are not included in this list. Data provided by D.A. McArdle, California Sea Grant

Extension Program.

was established in January 1994 for the purpose
of scientific fisheries research, and prohibits all
sport or commercial fishing. A common miscon-
ception is that the largest marine protected area
in this region, the Monterey Bay National Marine
Sanctuary, has regulatory authority with respect
to fisheries. This is not the case. MBNMS rules
specifically state that traditional commercial and
recreational fisheries are allowable uses in the
MBNMS, and that the MBNMS has no authority
to manage fisheries. The MBNMS does have an
indirect role in fishery management by protecting
habitat and encouraging research.
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Current Management Issues

Maintenance of Viable Fisheries
Commetcial and recreational 'ﬁsheries have
provided econoimic benefits ‘and ani important
cultural heritage to the Monterey Bay region. A

current concern is the need to ensure that fisher-

ies maintain economic viability sothey ¢an con-

tinue to provide social and economic benefits to
this region. Fishery products are now shipped all
over the globe. In some cases, fishery products
purchased from a distant country cost less than
comparable products from this region: Many
local fishers now receive the same priceper
pound of fish'that they did 15 yeais ago. When™
adjusted for inflation, the price received for -
many fishery products has steadily decreased.
This reduction in value has caused some fishers -
to move or g6 out of business, and all fishers are
attempting to harvest what they can to offset

reductions in the value of their catch, Addition-

ally, the fishing industry has seen a decline in
subsidies; such as federal funding for dredging
of ports, funding for weather buoys-at sea, or
low-interest loans for Vesqci constmctmn and
maintenance. -

One way to help maintain the economic
viability of fisheries is-for coastal communities
to recognize the special needs of fishery and fish
processing businesses. Future land use and
fishery management-decisions should account:
for the-need for local fishers and processors to
become more efficient so they can compete in
world markets. Tncreased harvest of under~
utilized species i¢ another way that fisheries may
adapt and maintain economic viability. Fishers
can‘also incréase or add value to existing target
species through strategies such'as export market-
g, or selling live fish to §ocai fish’ maﬁ(eiq and
;csiaum‘ﬂts '

Gvercapitaimatmn

To'the last 30 years, the rapid increase in ~
elecironic fish finding and catching technology,”
combined with an increased number and size of
fishing vessels, has led to greater harvesting -+
capability than fish populations are capable of
supporting. The increase in global trading of
fishery resources has exacerbated this problem.
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Most fishery scientists agree that the excess of
fishing capacity is the primary cause for over-
fishing in the world, and that fleet overcapacity
is the single most important factor threatening
the long-term viability of harvested fish popula-
tions. Fishing capacity needs to be brought into
line with harvest capability in most marine
fisheries. In addition to biological problems,
excess fishing capacity can pose social problems
as well, such as conflicts for fishing space. The
Monterey squid fishery is an example of social
conflicts caused by a large number of boats
fishing in a small area with no set catch quota.

On a global scale, fishery managers have been
addressing the problem of overcapitalization by
using a variety of management tools such as
limited entry programs, harvest rotations, gear
limitations, vessel buy-back strategies, and
individual quota systems. The global experience
to date indicates that one technique alone (e.g.,
limited entry) is not sufficient to limit overcapi-
talization.

Catch Allocation

When the harvest of a stock is restricted,
fishers often find themselves competing for fish.
In these cases, fishery managers attempt to pro-
tect fishery resources while equitably allocating
the allowable catch. To do so, fishery biologists
first determine the total allowable catch for a
stock based on the best available scientific
information. Resource managers then allocate
harvest to different sectors of the fishing industry
in an attempt to maximize economic benefit to
local communities while reducing the risk of
overfishing. In an attempt to be fair, catch
allocations are often partitioned on the basis of
historical catch records. Ideally, the entire alloca-
tion for a fishery will not exceed the scientific
estimate of total allowable catch. Unfortunately,
this is not always the case because of political,
social, and economic considerations.

One of the new innovations regarding alloca-
tion which has achieved some success around the
world is the implementation of individual fishery
quotas (IFQs). IFQs are similar to the ancient
practice of “catch rights” in which a fisher is
entitled to a certain proportion of the total allow-
able catch. Some countries have found that the
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IFQ system improves economic performance,
while reducing social conflicts and the potential
for excess harvest associated with overcapital-
ized fisheries. Catch IFQs are usually imple-
mented along with a limited entry system that
places a cap on the number of vessels allowed in
a fishery. After the initial allocation set up by the
IFQ system, market demand guides actual
fishing effort and economic return of participat-
ing fishers. Although IFQs have proven to be
effective in some situations, they have received
limited acceptance in the United States because
many fishers believe IFQs concentrate fishing
(and thus market) power in the hands of a few
people.

Multispecies Fisheries

Many fishes and invertebrates occur together
in time and space, and thus are often harvested
together. In many multispecies fisheries, vessels
harvest both abundant and depleted populations
of fishes, In the groundfish fishery, for example,
rockfishes, flatfishes, and roundfishes (e.g., ling-
cod, sablefish, or Pacific hake) are often caught
together in a single trawl tow. Species in these
groups each have different life history strategies
and population abundances. Some of the species
caught in multispecies trawl fisheries are long-
lived, have low reproduction rates, and currently
have low population sizes. Others are fast grow-
ing, highly productive, and are currently abun-
dant. Managing traw! fisheries on a species
specific basis can thus result in excessive waste
of abundant fishes or overharvest of depleted
species.

The issue resource managers face is how to
maximize catches of abundant species while
mimimizing catches of species complexes with
low population sizes. In response to this issue,
PFMC managers have enacted limited entry
programs and set trip limits on species com-
plexes, or co-occurring species groups. Many
rockfish species, for example, are managed as
part of the Sebastes complex with catches regu-
lated by limited entry, trip limits, and cumulative
catch limits by month. A problem with this man-
agement strategy is that it limits catches of
abundant species; it also sets restrictive limits on
fishers’ flexibility. Many fishers have the



capability to change gear type or target species in
order to increase landings of species with high
abundances or values, often reducing fishing
pressure on low abundance species. With the
limited entry system, a fisher may be prohibited
from changing gear type to participate in a
fishery for which an entry license is unavailable.
Thus, fishers are sometimes forced to remain
within a given fishery, even if fish abundances
and landings are low.

Bycatch of Nontarget Species

The inadvertent catch (bycatch) of unwanted
fish, shellfish, or other organisms that are cap-
tured together with target species is a problem in
some fisheries, espectally those using bottom
trawl gear. This potential waste or inefficient use
of marine species may have large economic and
ecological consequences. For example, removal
of an important food item (prey species) through
bycatch may adversely affect another species
which eats that prey. In addition to the unknown
ecological consequences of harvesting nontarget
species, bycatch can be a problem when under-
sized commercial or sport fish species are col-
lected. These small fishes may be the species
that the fisher is targeting, but have no economic
value, or may be below the minimum size limit
imposed by management agencies and therefore
be illegal to catch. The bycatch of undersized
species may increase fishing mortality estimates
and thus decrease the amount of larger fish
available for harvest.

Bycatch occurs in almost all fisheries. Recent
estimates of bycatch rates for trawl fisheries in
Oregon and Washington suggest that bycatch is
5-30% of the landed catch in west coast traw]
fisheries. To minimize mortality caused by
bycatch, managers implement tools such as
minimum mesh size restrictions, season or area
restrictions, and other management methods.
Some insightful fishers are also experimenting
with new net configurations, inserts, or designs

to reduce bycatch in trawl fisheries.

Discard
In almost all fisheries, some fish are discarded
at sea. The numbers, types, and sizes of species
that are discarded are influenced by management

regulations and market conditions. For example,
some fishers discard undersized or lower-valued
fish to meet size regulations, remain within
quotas, or make space for economically more
valuable species. This occurs in all fisheries, but
is prevalent in the Dungeness crab fishery,
sablefish fishery, and in some rockfish fisheries.
Another source of discard is caused by the
bycatch of prohibited species. When unreported,
these discards make fishing mortality more
difficult to estimate and thus make stock assess-
ments more uncertain.

Many management techniques are used to
lessen the problem of discard. One of the most
common methods of lowering discards is the use
of selective gear, such as nets with larger mesh
size. This method works best, however, with
stationary nets. As nets are pulled through the
water, the net fills and effective mesh size
decreases, thus lowering the selectivity of the
net. Area or seasonal closures are successfully
used for some species, but may simply redirect
the mortality to different areas or fishes. In a few
cases, managers have crafted regulations to
favor fisheries that are more selective and result
in less discard.

A more drastic measure is the total prohibition
of discards, or enforcement of full utilization of
catch. This technique is not currently in use
because it would also greatly reduce profitability
of fisheries. If fishers were prohibited from
discarding any of their catch, then the value of
the catch would be reduced, trip lengths would
be shortened, and additional equipment and
production costs would be required to process
the additional sizes and species that are not
offset by the added value of the products. One
of the most successful techniques for reducing
fish discard is employed by experienced fishers
who reduce discard by knowing when, where,
and how to fish for target species. A new ap-
proach being considered by managers 1s an
individual bycatch quota. Placing a limit on the
bycatch of each vessel encourages skippers to
fish in areas in which their catch is “cleaner.”

Enforcement
Fishery management agencies have several
ways to monitor fishing practices, quotas, and
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regulation compliance. One of the principal
methods is the use of fishery logbooks, which
are voluntary in some fisheries, and required in
others. In fisheries with mandatory logbook
programs, fishers are required to keep a log with
information on when and where they fished, how
long they fished, the gear they used, and the
estimated catch by species during a given fishing
trip. These data are then collected and used with
landing data to evaluate trends in catch. Occa-
sionally, management agencies institute observer
programs to collect additional information at sea
on abundance, size, and species composition of
catches and discards.

All fish buyers are required to provide CDFG
with records of the type and amount of product
they purchase from fishers. These records are
termed “pink tickets™; they are collected and
summarized by CDFG, then collated on a coast-
wide basis by the Pacific States Marine Fisheries
Commission. This record keeping system is the
primary method by which management agencies
determine if catch quotas are met or exceeded.
This method is obviously contingent on fishers’
and buyers’ providing accurate information.
State and federal Fish and Game wardens and
auditors visit docks and processing plant offices
to monitor catches and watch for violations of
regulations. Fishery biologists also get some
feeling for compliance as they collect biological
information at the dock.

CDFG, NMFS, and U.S. Coast Guard enforce-
ment officers work together to patrol fishing
grounds, board fishing vessels, and check for
violations at sea. These efforts are often under-
funded, however, resulting in an irregular and
infrequent enforcement schedule at sea. Some
resource managers have discussed ways to
increase the efficiency of at-sea fishery monitor-
ing by requiring fishing vessels to install elec-
tronic transmitters. These transmitters would
enable enforcement officers to use satellite tech-
nology to track fishing vessel traffic in closed
areas or during closed seasons.

Given the complexity of fishery regulations
and the amount of funding for enforcement, the
effectiveness of fisheries management policy is
currently determined as much by the level of
voluntary compliance as by enforcement
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activities. Compliance is influenced by a num-
ber of factors such as whether fishers or their
peers agree with regulations, think they or
others can violate rules without being caught, or
believe the magnitude of the punishment (e.g.,
fine) is small compared to potential economic
gains. Probably the most effective method of
enforcement is getting fishers to agree that
management rules are necessary and good, so
they voluntarily choose to comply.

Need for More Scientific Information

More scientific information is needed for
fisheries to maximize catches without depleting
fish populations. Information is not only needed
on population abundance and critical life history
stages, but also on the interactions between
species, the effect of harvest activities on marine
habitats, and the effect of environmental change
on marine fishes.

The development of more accurate stock
assessments is difficult and is hampered by
complicated ecological relationships between
fishes, and a lack of research and reliable fishery
data. Fishers, fishery researchers, and fishery
managers often heatedly debate the variables and
assumptions used in the fishery population
models that form the basis of stock assessments.
Often a small change in one variable such as
incidental or unreported fishing mortality may
greatly affect the predicted abundance of a
species.

Accuracy of stock assessments has improved
with an improving information base regarding
marine fisheries. Nevertheless, fishers and
managing agencies agree that more research
cruises and fishery information are needed to
improve stock assessments. Attempts to increase
funding and to obtain more reliable and accurate
data from research cruises and from the fishers
are ongoing. In the last few years, managers and
fishers have been working more closely to
expand upon and improve the use of fishery data
in stock assessments.

Cost Recovery
Government moneys from taxes and fees are
used to support fisheries research and manage-
ment programs, and there is a growing concern



about the amount of money spent relative to
economic gain. As fish populations decline, the
total value of the landings usually shows a
corresponding decline, and the cost of research
and management increases relative to economic
benefits. In extreme cases in which harvest of a
depleted species is prohibited, the cost of re-
search and management exceeds the exvessel
value of the fishery. Although public funds for
endangered species are available, securing public
funds for industries with low cost/benefit ratios
can be difficult. The economic cost/benefit of
fisheries management is impossible to address
without considering the full range of social
benefits provided by fisheries. Sustained avail-
ability of high protein food resources, the cre-
ation of jobs, and the retention of cultural iden-
tity associated with fishing communities all
increase the benefits of fisheries above that of
strictly exvessel value.

The question of who should pay for research
and management programs becomes more
complicated for limited access fisheries. Limited
entry and TFQ management techniques restrict
access to fish resources to a set number of
people. By limiting access, managers hope to
improve resource conservation and increase
economic viability of a fishery. Certainly, per-
mitted fishers have a greater incentive to con-
serve and manage the resource for their future
use, and may have a better chance of reaping a
profit. But should general fees and taxes be used
to manage a fishery that is no longer a common
property resource? Fishers without access subrmit
that their tax money is being used to manage
fisheries from which they are restricted. Funding
for limited access fisheries in the future may
thus be based on fees generated by those with
vested interests; the revised FCMA allows for
increased use of fees in the limited access and
IFQ programs.

Alternative Management Strategies

Some people believe that the current method
of allocating catch in an open access fishery is
destined to create fishery collapse. This argu-
ment is based on the assumption that people
setting management strategies will always err on

the side of maximizing catches (food) for people.
When catches are always maximized, the risk or
potential for population instability increases, and
environmental change can make fish stocks
crash. Proponents of this argument suggest that
alternative management strategies are needed to
protect fish stocks.

Fishery managers are beginning to consider a
variety of alternative resource management
strategies. For example, area management, and
rotating open and closed fishing zones have
proven to be successful techniques for some
shellfish fisheries. Those management tools
work well for sedentary animals that are highly
productive, with short life spans. IFQs, indi-
vidual fishing effort quotas, and gear certificates
which limit the amount and type of gear used
have worked in some parts of the world. Occa-
sionally, the effort or catch allocations are sold in
a bidding process. Community quotas, in which
the allowable catch is distributed by a local
political group to a community, is being tried in
parts of the world as a new implementation of an
old concept.

One alternative strategy that has recently
received a great deal of interest is the use of
harvest refugia as a means to protect declining
fish stocks. There is some evidence to suggest
that excluding fisheries and other extractive
activities from reserves may be an effective
method to replenish depleted stocks. There 1s
clear evidence that refugia show increased
numbers of animals and increased diversity
relative to surrounding exploited areas. But proof
that these newly regenerated and highly local-
ized populations will significantly increase abun-
dances in the exploited areas is still forthcoming.
Several small harvest refugia are located along
the shoreline in the MBNMS. Although they
may be beneficial for some nearshore inverte-
brates and fishes, they are neither sufficiently
large nor sufficiently diverse to protect deep-
water species that are commercially fished.

Emerging Fisheries
Historically, the development of new fisheries
occurs in the absence of information. Several
years of fishery data are needed before a
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management agency can adequately regulate
harvest. In some cases, fisheries have started,
then failed because of a lack of a suitable mar-
ket, or problems with product quality. In other
cases, however, new fisheries have decimated
populations before managers have been able to
enact reasonable management strategies. An
example of a rapidly increasing fishery is the
nearshore live-fish fishery. In this fishery, small
skiffs are used to set baited hooks in water less
than 30 meters deep. The captured fish are held
in aerated containers and transported live to
seafood markets and restaurants. By marketing
in this way, these creative fishers receive a
higher price per pound for the fish, thus increas-
ing the value of their catch.

Information regarding this fishery is limited as
a result of the need for fishers to quickly trans-
port their catch to live tanks in markets. Catch
data provided by CDFG indicate that approxi-
mately 990,000 pounds of fishes were caught in
the nearshore live-fish fishery in California in
1995, an increase of almost twenty-fold between
1989 and 1995. One of the concerns regarding
this new fishery is that it targets smaller fish.
These generally represent very young animals
that have not had the chance to spawn. Large
scale harvest of immature fish could severely
affect population sizes of nearshore fishes if
exploitation rates were to increase. Already,
some biologists and commercial fishers have
observed decreasing trends in catch rates and
mean lengths, indicating stressed populations of
some nearshore species, possibly caused by the
nearshore live-fish fishery.

Over the years, the Monterey Bay region has
experienced several short lived fisheries. Often
the new fisheries exhibited patterns of boom and
bust, with an initial period of rapid expansion
followed by a rapid decline in landings. In some
cases, the boom-and-bust cycle was caused by
marketing limitations or by problems with prod-
uct quality. A large hagfish fishery, for example,
was established in San Francisco and Monterey
areas in 1988. This fishery increased steadily
through 1990, but declined in 1991 and 1992
because of a decrease in market price.

Often, however, new fisheries collapsed
because harvest exceeded the biological
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capability of the population. Sharks, for example,
take a long time to reach maturity and have a
relatively low reproductive output, making them
susceptible to overfishing. Sixgill and sevengiil
sharks are early examples of short-lived fisher-
ies. These sharks were the most common species
taken in the shark fisheries in the 1930s and
1940s, until the populations collapsed in the
early 1950s. The highly migratory basking shark
was the target of small localized harpoon fisher-
ies off California for more than 80 years. Bask-
ing shark landings peaked in the 1940s and
1950s due to high demand for the oil-rich liver.
This fishery quickly collapsed because of de-
clines in stocks and the availability of alternate
sources of oil. A commercial fishery for thresher
shark was established in 1977, but lasted only 10
years until overfishing necessitated strict regula-
tions. Short-lived fisheries have also existed for
species other than sharks. Recently, market squid
have attracted an extreme level of fishing effort
as a result of high exvessel price and market
demand. This is an example of a highly variable
resource that could disappear quickly, leading to
a rapid decline of the fishery. Because little
biological and distributional information is
available for this species, the outcome of the
fishery is still unknown. More examples of
important commercial fisheries that have grown,
then quickly declined, can be found in
California’s Living Marine Resources and Their
Utilization.

Protected Species

The federal and state governments have
enacted legislation to provide specific protection
for all marine mammals and some fish species.
In most cases, the resulting regulations have
successfully conserved or enhanced the popula-
tion of protected species. These regulations,
however, have also affected fishery operations
for those species for which there is a direct
competition between humans and the protected
species. Two obvious instances of competition
for fishery resources in the MBNMS involve sea
lions/salmon fishers and sea otters/abalone
fishers. Many sea lions have learned to follow
vessels fishing for salmon and attack the hooked
salmon before they can be brought aboard the



fishing vessel. As sea lion populations have
grown, conflicts with fishers have increased. In
some years, fishers relate that sea lions take a
large proportion of the salmon they have hooked.
The result is an increased mortality of salmon
and a decreased yield to the fishery. Similarly,
there is direct competition between sea otters and
abalone fishers. In some locations, the combined
harvest by sea otters and humans has severely
depleted abalone populations. '

Habitat Loss

Fishers and fishery managers are expressing
concern at the increased loss of fish habitat
resulting from human activities. Of primary
importance is the loss of critical fish habitat that
species require for certain life history stages such
as spawning or rearing. In order for fish stocks to
remain healthy, they must have adequate spawn-
ing, rearing, and feeding habitat. Prey species
also need adequate habitats and resources in
which to complete their life cycles.

Habitats most threatened by human activities
include estuaries and coastal wetlands, celgrass
and kelp beds, and rocky banks. Coastal wet-
lands and estuarine waters are among the most
sensitive, most accessible, and therefore most
altered of coastal habitats. They also contain
valuable nursery areas for early life stages of
several marine species. These important habitats
are easily degraded by urban and agricultural
development. Efforts are underway at many
levels to reduce the amount of destruction and to
restore valuable habitat resources off our coast
and thereby enhance our fisheries.

Fishing activities such as bottom trawling
change habitat that is important to some species
for the completion of their life cycles. Since the
advent of roller gear in the late 1970s, fishers
have been able to drag nets over rougher terrain
than before. Trawl nets towed over rocky bot-
toms alter both species composition and the
physical structure of habitats. Scientists are
currently attempting to quantify the effects of
changes caused by trawling. Some scientists
believe that trawling on soft bottom habitats
increases the productivity of the bottom for
fishes, whereas others believe that trawling
degrades the bottom by changing the diversity,

age structure, and relative abundance of benthic
invertebrates.

Recent changes in the Magnuson Fishery
Conservation and Management Act mandate that
habitat be considered in fishery management
plans. The NMFS is currently developing strate-
gies to identify and protect essential fish habi-
tats. Essential fish habitats include those waters
and substrates necessary to fish for spawning,
breeding, feeding, or growth to maturity, at
levels required to support a sustainable fishery
and healthy ecosystem. These strategies are
expected to be implemented by fishery manage-
ment councils as soon as possible.
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Environmental Factors Affecting Fish Populations

krom both a bzoioglcal and economm View-

point, & current descripizon of local fisheries is
only a snapshet in tume of a hzgei tcmpoz al

picture, The physical envir onment in the
Monterey Bay region is very ciynam;c, a,nd _
greatly influences the popu?anon size of resident
fish populatmm Recent studies have shown that
the dominant ocemographic feature in this area,
the C‘ahfomla Current, has ﬂuctuatc:d in strength
and produotwﬁy every 10 year’% or 5o for the last’
100 years. Zooplankton abundance in the Cali~ |
fornia Current, for example dcdmcd by more
than 70% from 1950-91. Paieonteiofrlcaf 1ecord<;
suggest that larger Scaie env iwnmcmai ﬂuctua—
tions hdve ocetirred wely 80-100 years. Aq ‘r,ha,

environment has ﬂuctuatc:d the dominant spe- |

cies znhabltmﬁ marine waters off Monter ey dnd
the resu]tmw €CGIOgIC&1 rc]aﬁenshlpq have also .
changed. Corle%pondmgly, in the last 100 yc:ars
the primary species or species groups | harvested _
by commercial fi sheries have changed : severai
times, as have the composmon and chazac‘le:r of
the vessels used, and people part;mpa‘tmg in’.
commercial fi sherxes

th Qopuiati(}ns have ﬂuctuated for ceniume%
long before {ishing becamr., a facter in stock
abundame For severa] mar ine species, popula~
tion ttends in the last 200 years are highly
correlated with enmronmm‘{al factors, Pelagic
larval stages are partlcuéarly vulnerable to ocean
conditions, with mortality levels determlmng
recruitment levels and year-class sirengﬂa of
qubscqm,n‘t adult populations Further reiatzon—
ships clearly exist between cnvnonmentai o
conditions and the survwai of iaiel Juvemie and
adult stageq The causes for these relatmnbhms
however, are extremely comphcated R

Physwai ocean characteristics p}ay an zmporm
tant role in determining specics composltzon and
fish abundance. The MBNMS occurs in a transi-
tion zone’ bctwccn the warmer southern Cahfor-—
nia Blght and the coider Cahfomla Carrent
waters. As the g]obai environment cha,nges the

_ dommamc of either the ccider Or Warmer wa‘ier

syqiems w1thm i“hls transition zone change% _
During warner yt,ars for cxample fish specms
common to southem Cahfomla and Mexico may
be more prevaient m the Montcrey Bay area,
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whereas they may be almost nonexistent in
colder years.

These long term shifts in local oceanographic
conditions can span from a single year to de-
cades. The results of decadal, or longer, scale
shifts are evident in fish populations beyond the
time of actual environmental change, producing
long-term cycles of highs and lows in abun-
dance. One such regime shift in the North Pacific
is determined by the mean position and intensity
of a seasonal low pressure area known as the
Aleutian Low. In the North Pacific, water masses
are driven by a clockwise-flowing central Pacific
gyre and a counterclockwise-flowing Alaskan
gyre. The boundary between these two circula-
tion systems is called the Subarctic Current (or
West Wind Drift) and is located at 45-50° N
latitude. The Subarctic Current divides into two
branches as it nears the coast of North America.
One branch, the California Current, flows south,
the other, the Alaska Current, flows north.

During years that the Aleutian Low intensifies,
the location of the boundary between the central
Pacific gyre and the Alaskan gyre moves south-
ward. In those years, the cooler, productive
subarctic waters travel shoreward and northward
with the Alaska Current. High primary produc-
tion in the Alaska Current leads to increased
zooplankton abundance, and consequently,
increased fish production off Alaska and British
Columbia. One such event began in the late
1970s and persisted into the late 1980s. During
this time Alaska salmon catches were close to
historic highs, and strong year-classes of walleye
pollock, Pacific cod, Pacific halibut, sablefish,
Pacific hake, atka mackerel, and chub mackerel
were evident. During that time, California
Current waters were less productive than in
previous years.

Conversely, during years that the Aleutian
Low weakens, the productive subarctic waters
travel south into the California Current system.
When this happens, fish stocks off Oregon and
California benefit. In both scenarios, once these
strong year-classes have passed through the
fisheries, declines in fish production and land-
ings are evident. This natural decline in fish
abundance and biomass is difficult to separate
from effects of fishing.
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On a shorter time scale, a global environmen-
tal condition termed El Nifio has been known to
affect many important fisheries. In California
waters, an El Nifio is expressed as increased
water temperature, decreased salinity, onshore
and poleward advection of water masses, and
delayed annual phytoplankton blooms. For many
species, onshore advection of water traps larvae
and pelagic juveniles in nearshore waters, where
predation is increased, resulting in poor year-
class success. This causes an additional decrease
in stock biomass when the failed year-classes are
unable to replace losses in the population due to
natural and fishing mortality. El Nifio conditions
have resulted in dramatically reduced squid
populations in California, and have had second-
ary effects on the many species of fish, birds,
and mammals that feed on squid. Rockfish
recruitment is also documented to be poor during
El Nifio conditions. Increased water tempera-
tures and delayed production result in poor adult
condition and a drop in larval survival. For some
species, such as squid and California halibut, El
Nifio years result in low catches, but the popula-
tions rebound to higher levels in following years.

A physical oceanographic condition that acts
on a seasonal basis is upwelling. Upwelling
occurs off the west coast of the United States
during the spring and summer months, when
northerly winds drive surface waters offshore.
These surface waters are replaced by deep,
nutrient rich waters, resulting in high levels of
primary and secondary production in nearshore
waters. The timing and magnitude of upwelling
can have a pronounced effect on survival of
many important fish stocks. Excessive upwelling
can result in eggs and larvae being dispersed too
far offshore, preventing fishes from reaching
essential nursery grounds. Too little upwelling
leads to a loss of spring and summer plankton
blooms, thus lowering abundance and quality of
food available to fishes. Minimum upwelling
also results in a lack of offshore transport,
causing eggs and larvae, many of which are
adapted for offshore waters, to remain in coastal
waters where predation is high. Thus, a number
of important fish species are affected, both
positively and negatively, by the effects of
seasonal upwelling.
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Fishery Status of Selected Species

invertebrates .

A wide variety of invertebrates: are harvested
in commercial and recreational fisheries off the
coast of California. Most species are harvested in
small quantities, or are collected incidentally to
trawl fishing operations, and are discarded at sea.
A few invertebrate species are harvested and sold
in large quantities. e :

In the Monterey Bay Natsonai Marme %anctu-
ary, the primary species which are harvested and
sold commercially are the maiket squid, spot
prawn, and Dungeness crab. Nearshore subtidal
species such as abalone and sea urchin, and
small numbers of intertidal animals suchas .
mussels and clams are commercially harvested -
as well, Recreational harvests consist of a smaﬂ
number of abalone and intertidal animals. Tn = -
addition to commercial and recreational fisher-
ies, small numbers of invertebrates are harvested
for research and educational purposes. Although
the commercial and recreational harvest of
intertidal animals has severely depleted popula-
tions in a few locations' it 15 poorly documented.
For that reason, we do not coverintertidal -
animals in this document. Also, the cause for the

decline of localized mvertebrate populations
cannot always be attributed to current levels of
human harvest. Insome cases, such as for aba-
lone, populations were probably overfished in
the early 1900sand have never fully recovered
because of environmental change and otter
predation, Pismo clams and sea urchins also
were once plentiful around the bay, but may
have declined because of a-combination of pre-
dation by humans and sea otters d}_’ld environ--
mental change:.

Red Abaioneﬂ-f(ﬂafiaiis r&fescms) _
Distribution: Red abalone are found from
Turtle Bay, Baja California to Sunset Bay, -

Oregon. Highest abundances occur in notthern. -
California, in"Sonoma and Mendocino coun-

ties, Red abalone inhabit rocky shores in areas
of high wave action and water currents. In
northern California, they are found intertidally
in water depths from near the hlgh tide mark
out to at least 165 m.

Life History: Red abalone spawn durmg
spring and summer months throughout -
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California. In southern California, they may
spawn twice annually. Fecundity ranges from
only a few thousand eggs for first-time spawn-
ers, to as many as 6 million eggs for older
females. During spawning, eggs and sperm are
released into the water column where fertiliza-
tion takes place. Fertilized eggs develop into
free-swimming larvae. After a period of about
two weeks, a shell begins to form, and the young
abalone begin to gradually sink to the bottom.
Once settled, they adhere to rocks in cracks and
crevices where they graze on algae. During the
first year of life, individuals typically grow to
about 2.5 cm shell length. By 4-5 yr of age, most
individuals are 7-10 cm in length.

Fishery History and Trends: Commercial
diving for red abalone began in California in the
late 1800s. During the 1940s, the coastline
between Monterey and Point Conception pro-
duced commercial landings of about 720,000 red
abalone annually. Historically, these Monterey
area landings were the majority of the California
commercial catch. In the 1950s, divers became
more efficient at harvesting abalone with the ad-
vent of the “hookah” system. This system pro-
vides air to the diver through 90--150 m of hose
connected to a full face mask, and allows for
longer dive times and a more thorough inspec-
tion of crevices. A large recreational fishery for
abalone also developed throughout California in
the 1950s. Between 1965 and 1985, the number
of recreational divers, shorepickers, and free
divers targeting abalone increased four-fold.

After 1970, commercial landings of abalone
declined drastically (Fig. 12), largely as a result
of reduced population caused by increased
fishing pressure and an expansion of sea otter
populations. With the decline of red abalone
populations, fishers began targeting other aba-
lone species, such as pink, black, green, and
white. By the early 1980s, catches of these other
species from southern California waters com-
prised over three-fourths of the California aba-
lone catch. Catches in the MBNMS averaged
83,000 Ib/yr from 1980--95, with no evidence of
increasing or decreasing trends (Fig. 13).

Current red abalone stocks throughout central
and southern California remain overutilized
because of a combination of increased harvest
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Figure 12. Reported commercial landings of all
abalone species in California from 1920-91.

efficiency and market demand in the commercial
fishery, and continued fishing effort by the
recreational fishery. Predation by sea otters
places additional pressure on red abalone stocks
in central California.

Management: North of Yankee Point (near
Carmel), no commercial harvest of abalone is
allowed, with the exception of the Farallon
Islands and the coastline of San Mateo County,
and sportfishing is restricted to shorepicking and
free diving. For the sportfishery, the catch limit is
set at four red abalone per day. All harvest of
black abalone is prohibited. The size limit for red
abalone, measured by greatest shell diameter, is
set at 7 in. All legal-sized abalone detached from
the rocks must be retained, and fishers must stop
detaching abalone when the bag limit is reached.
Abalone may only be taken during the months of
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Figure 13. Reported commercial landings of red
abalone at the five major ports near the MBNMS from
198095,



April, May, June, August, September, October,
and November. Gear provisions and set fishing
hours also apply. In the fall of 1997, state legisla-
tion closed all sport and commercial fisheries for
abalone south of San Francisco. The fisheries
will remain closed until CDFG can show that
populations have sufficiently recovered to sup-
port fisheries.
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Red Sea Urchin (Strongylocentrotus
Jfranciscanus)

Distribution: Red sea urchin are found on the
west coast of North America from the tip of Baja
California, northward to Sitka and Kodiak,
Alaska. Off California, dense concentrations
occur patchily throughout the state. Red sea
urchin usuvally occupy shallow waters, from
intertidal zones to depths greater than 50 m, but
have been found as deep as 125 m. They prefer
rocky substrates and are common in and around
kelp beds.

Life History: The spawning season of red sea
urchin varies with locality and from year to year.
In central California, spawning occurs in late
spring and early summer. During spawning
season, adult urchin release eggs and sperm into
the water column. Larval urchin then develop
through a series of free-living stages. Juveniles

settle out of the water column in 6-8 wk.
Urchins typically grow 13—-25 mm/yr, reaching
harvestable size (79-84 mm) in 4-5 yr. Growth
above this size range slows considerably. The
red sea urchin is one of the largest species of
sea urchin in the world, growing to a test
diameter of about 18 cm.

Fishery History and Trends: Sea urchins
are harvested for their roe, or gonads. Hookah
gear, similar to that used in the abalone fishery,
1s used. The red sea urchin is the main urchin
species currently harvested off the west coast of
North America. The fishery was developed in
the early 1970s for export to Japan. Fishery
managers also encouraged the fishery as a way
to reduce fishing pressure on abalones and to
reduce grazing by urchins on valuable kelp
beds.

The sea urchin fishery grew steadily through
the 1970s with landings reaching 40 million 1b
in 1987. By 1996, the sea urchin fishery was the
most valuable fishery in California. Originally,
the bulk of the landings came from the northern
Channel Islands and off the southern California
coast. Continued high fishing pressure, as well
as El Niiio conditions between 1982 and 1984,
led to lowered catches in the southern half of
the state. Total California landings were main-
tained during this time by the expansion of the
sea urchin fishery into northern California.
From 1985 to 1988, northern California land-
ings increased from 1.9-30.4 million 1b. Al-
though the sea urchin fishery has remained
productive and lucrative since the late 1980s,
total landings and catch per unit effort have
declined, especially in northern California.
Urchin landings at ports near the MBNMS
averaged 117,000 Ib/yr from 1980-95 (Fig. 14).

In addition to fishing pressure, larval survival
has a large impact on the status of sea urchin
populations. Annual recruitment is greatly
dependent on the fate of larvae as they are
carried by ocean currents either offshore or into
suitable nearshore habitats for settlement.
Ocean conditions in the Southern California
Bight appear to be especially favorable for
relatively consistent recruitment. Recruitment
in northern California, however, is less predict-
able, and urchin populations tend to exhibit
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Figure 14. Reported commercial landings of sea
urchin at the five major ports near the MBNMS from
198095,

1980 1995

cyclical patterns of rapid increases followed by
rapid declines. Surveys by the California Depart-
ment of Fish and Game (CDFG) indicate that in
northern California, red sea urchin are currently
about one-third as abundant as they were prior to
the onset of the commercial fishery.

Management: The sea urchin fishery is man-
aged by the CDFG through use of a limited entry
system, seasonal closures, and size limits. The
urchin fishing season extends through most of
the year, with certain days of the week closed
during specific months. Urchin harvested in
southern and northern California must have shell
diameters larger than 3.25 and 3.5 in, respec-
tively.
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Pacific Ocean Shrimp (Pandalus jordani)

Distribution: Pacific ocean shrimp, also
known as pink shrimp, are found from Unalaska
Island, Alaska to San Diego, California, but are
most abundant from southern Vancouver Island,
British Columbia to northern California. Adults
occur over mud or sand bottoms at depths
between 36 and 357 m, but may migrate to
surface waters at night. Pink shrimp also mi-
grate seasonally, moving to greater depths in fall
to spawn, and returning to shallower waters in
spring.

Life History: Pink shrimp are protandric
hermaphrodites, meaning they are born male
and then become female between 2 and 3 yr of
age. Individuals mate once as males and once or
twice as females during their lives. Fertilization
occurs externally, and eggs are carried on the
abdomen of the females. Females produce
between 800 and 3,900 eggs, with fecundity
varying with region and adult size. Eggs de-
velop into pelagic larvae that appear between
February and May. Demersal juveniles first
appear between June and August within the
shallower areas of the adult depth range. Pink
shrimp reach a maximum age of 5 yr in the
northern part of thetr range, and 3 yr in the
southern part of their range. Maximum recorded
carapace length is 30 mm.

Fishery History and Trends: The pink
shrimp fishery constitutes the majority of
shrimp harvest along the Pacific coast of the
United States. Pink shrimp are harvested within
discontinuous areas between British Columbia
and central California, but the majority of the
catches occur between Washington and northern
California. The pink shrimp fishery began in the
1950s after the discovery of populations large
enough for commercial harvest. Between 1952
and 1974, pink shrimp were harvested by



commercial vessels towing a single bottom trawl.
Beginning in 1974, vessels began towing nets
from each side of the boat, and catches substan-
tially increased. Annual landings were high
through the 1970s, averaging 5.7 million 1b in
California alone (Fig. 15).
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Figure 15. Reported commercial landings of pink
shrimp in California from 1952-91.

During 1983, El Nifio conditions caused
landings to drop considerably, and many vessels
left the fishery. Pink shrimp populations quickly
recovered, however, and California landings
through the rest of the 1980s remained high,
averaging 5.9 million 1b annually. California
landings of pink shrimp increased considerably
during the early 1990s, peaking at 18.7 million
b in 1992.

In central California, the majority of pink
shrimp catches occur in the Morro Bay area.
From 1980-95, landings exhibited large fluctua-
tions, reaching a high of 1.2 million Ib in 1980
and a low of 34 1b in 1991 (Fig. 16). Only a
small portion of this variability is attributable to
fishing effort. More influential factors are varia-
tions in juvenile survival and recruitment due to
environmental conditions during larval stages.

Management: Pink shrimp are regulated by
the CDFG. Pink shrimp may be harvested only
between April 15 and October 31, and in water
depths of 90 m or greater. In order to protect 0
and 1 yr old shrimp, net mesh size must be at
least 1 3/8 in, and shrimp count per pound must
be 170 or less. In addition, fishing is only al-
lowed when catch rates are above 350 Ib/hr, to
protect shrimp when population levels are low.
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Figure 16. Reported commercial landings of pink
shrimp at the five major ports near the MBNMS from
1980-95.
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Spot Prawn (Pandalus platyceros)

Distribution: Spot prawns range from Alaska
to San Diego, California. The highest concentra-
tions in the Monterey Bay area occur near
canyon heads at depths of 45-220 m, although
they are fished out to 400 m.

Life History: Spot prawns spend their early
years as males. They first spawn as males, then
transform into females after approximately 3 yr.
By age 4, all males have transformed to females
and will live for a maximum of two additional
spawning seasons. Peak spawning occurs in
September at depths of 150-220 m. Fecundity
increases with size; smaller females may extrude
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1400 eggs, whereas larger females may produce
as many as 5000 eggs. Larvae hatch in late
winter and then undergo an 83 day pelagic larval
phase. At lengths of 20134 mm, they begin to
settle as juveniles to nearshore kelp areas. Adults
migrate from kelp habitats to offshore areas.
Fishery History and Trends: Spot prawns
have been harvested by trawlers and shrimp
trappers since 1921. In the early years, Califor-
nia landings were less than 2000 1b/yr. Landings
rose considerably in the 1970s, when fishers in
Santa Barbara initiated a trawl fishery that
specifically targeted spot prawn (Fig. 17). Total
California landings reached a peak of 371,000 Ib
in 1981, of which more than 58,000 Ib, worth
$161,000, were harvested from MBNMS
waters. In 1982, catches dropped considerably,
and by 1984 the CDFG ordered a temporary
closure of the spot prawn trawl fishery. A similar
year-ltong closure of the traw! fishery for prawns
in 1986 prompted an increased interest in the
trap fishery, and created a new sales market.
Fishers were able to sell live prawns to restau-
rants for $5.00-$6.50/1b, an increase over the
$3.50/1b they received for trawl caught prawns.
With this increase in exvessel price and demand
for live prawns, trawl fishers began fitting their
boats with live wells.
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Figure 17. Reported commercial landings of spot
prawn in California from 1920-91.

Although 75% of the prawn landings in Cali-
fornia were from traps in the early 1990s, almost
all the catch of spot prawn from the MBNMS are
now taken by trawls. Trawl vessels accounted for
82% of the 1996 landings. In 1995, landings
within the MBNMS totaled 199,000 1b and were
worth $1.3 million (Fig. 18).
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Figure 18. Reported commercial landings of spot
prawn at the five major ports near the MBNMS from
1980-95.

Future trends in prawn populations are
difficult to predict because of the lack of a
documented stock-recruitment relationship.
Current concerns about the fishery relate more
to the use of trawl gear and the incidental catch
of other species than to the harvest rates of
prawns.

Management: The spot prawn fishery is
managed by a limited entry program with non-
transferable permits. Additional regulations for
trawlers include seasonal closures, minimum
mesh size, and incidental catch limits. Traps are
required to be less than 6 ft around with open-
ings of less than 5 in and must have a destruc-
tive device to prevent them from capturing
animals if lost from the buoy.
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Dungeness Crab (Cancer magister)

Distribution: Dungeness crab range from the
eastern Aleutian Islands, Alaska to Santa Bar-
bara, California, with the highest concentrations
occurring off northern California, Oregon and
Washington. They occupy all substrates from the
intertidal zone to depths of 230 m, but occur
most commonly in sand or sand/mud bottoms in
waters less than 90 m deep.

Life History: Dungeness crab males reach
sexual maturity at 3 yr of age and a carapace
width of 140 mm, whereas females mature at 2
yr of age and a width of 100 mm. Mating occurs
from March to July, when females molt.
Females carry eggs under their abdominal flap
for 7-10 months before hatching. Fecundity
increases with increasing adult size, ranging
from 500,000-2 million eggs per female. Larvac
hatch in winter and subsequently undergo a
series of planktonic stages. Benthic settlement
occurs after approximately 3—4 months. The
distribution of larvae is dependent on many
environmental parameters, such as temperature,
salinity, and currents. Males are larger than
females, reaching a maximum width of 23 cm
and weight of 3.8 1b in their lifetime (6 yr).

Fishery History and Trends: A small
Dungeness crab fishery was established in 1848
off San Francisco. Sailboats and steam-powered
engines, first used in 1885, allowed the fishery
to expand beyond the shoreline. Coupled with
the increase in boat power was a transition in
gear to baited hoop nets and ring nets. In the
early 1900s, a fishery using trammel nets was
established in Monterey. The use of trammel
nets was prohibited in 1915. In 1938, crab traps
were introduced, but they were quickly banned.
From 193943, harvest was legal only using
hoop nets. Crab traps became legal again in
1943. Thereafter, landings increased consider-
ably (Fig. 19).

The Dungeness crab fishery within the
MBNMS now comprises only a small portion of
total California landings. From 198087, repor-
ted catch ranged from 138,000 to 428,000 1b
(Fig. 20). From 198788, landings at ports near
the MBNMS rose to nearly 1 million Ib, with
additional landings from MBNMS waters
occurring in San Francisco. From 1989-93,
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Figure 19. Reported commercial landings of Dungeness
crab in California from 1916-91.

landings dropped again, averaging 478,000 Ib
and $955,000. Catches from 1994-95, however,
totaled 826,000 Ib and 988,000 1b, respectively.
This compares with a total California catch in
1994 of 13.5 million 1b worth $18.5 million.

A number of factors are thought to influence
the Dungeness crab fishery. These include: over-
fishing, ocean climate change, nemertean worm
infestation of eggs, and chemical pollution of
juvenile habitat. Some fishers are also concerned
that trawling during the molting season is caus-
ing a decline in the fishery. Total crab landings
for the coast, however, exhibit large cyclical
fluctuations, rather than a steadily decreasing
trend, despite the fact that commercial fishers
are thought to harvest over 80% of legal-sized
male crabs each year. This leads most fishery
biologists to believe that coastwide, the Dunge-
ness crab population abundance is more a func-
tion of environmental variables than fishing
pressure. Dungeness crab research conducted in
Washington supports this hypothesis.
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Figure 20. Reported commercial landings and fishing
effort for Dungeness crab at the five major ports near
the MBNMS from 1980-95.
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Management: Historically, the Dungeness
crab fishery has been heavily regulated. It is
now a limited entry fishery. In the Monterey
Bay area, Dungeness crab can be taken from
November 15 through June 30. All traps are
required to have a destruct device (e.g., twine
that rots after a set amount of time) to prevent
ghost fishing should the trap be lost. Traps must
be emptied within 96 hr of deployment, and
crabs must be harvested in prime condition.
Each trap buoy must display an identification
and permit number. No crab less than 6.25 in is
allowed to be taken and only 1% of the total
catch can be between 5.75 and 6.25 in. Trawlers
and draggers are allowed no more than 500 Ib/
boat as incidental catch. The recreational season
is open from the Saturday preceding the second
Tuesday in November until June 30, and there is
a catch limit of ten crabs per person.

Females are not legally harvested in the
fishery. Some researchers have suggested that
an all male fishery could have detrimental
effects on the population. More than 87% of all
legal sized males are taken by the fishery each
year; this lowers the ratio of males to females to
less than one. As female crab will only mate
with a male large enough to adequately embrace
her, the male must be larger than the female at
time of mating. Few males greater than 140 mm
in carapace width are available during the
mating season. Thus the larger, more fecund
females may be prevented from successfully
mating.
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Rock Crab (Cancer productus, C. antennarius,
and C. anthonyi)

Distribution: Red rock crab (C. productus)
range from Kodiak Island, Alaska to San Diego,
California, brown rock crab (C. antennarius)
range from Sequim, Washington to Baja Califor-
nia, and yellow rock crab (C. anthonyi) range
from Humboldt Bay, California to Baja Califor-
nia. Although these species are found throughout
much of the Pacific Southwest, red rock crab are
most abundant north of Point Conception, while
brown rock crab are most abundant south of San
Francisco, and yellow rock crab are most abun-
dant south of Pt. Conception. All three species
are found from the low intertidal zone to depths
of at least 91 m. Rock crab occupy a wide range
of habitats including bays and estuaries, gravel
and rocky substrates, subtidal reefs, and near-
shore areas with sand and mud bottoms.

Life History: Female rock crab mate during
the soft-shelled condition that occurs after
molting. Mating is most common in spring and
fall, but occurs year round. During mating, males
deposit spermatophores inside the female. Sper-
matophores contain sperm that is viable for a
year or longer, and may last for multiple
spawnings. Eggs are fertilized internally, ex-
truded about 11 wecks after mating, and carried
underneath the abdominal flap by the female.
Female red rock crab produce between about 0.4



million and 4 million eggs per egg mass. Eggs
develop into planktonic larvae that are abundant
over the continental shelf. Larval rock crab grow
through several developmental stages before
recruiting to nearshore habitats in spring. Growth
in adult rock crab progresses through a series of
molts. Red rock crab are the largest of the three
species with a maximum carapace width of 190
mm in males and 168 mm for females. In brown
rock crab, the maximum carapace width is at
least 155 mm in males and no more than 145 mm
in females. In yellow rock crab, the maximum
carapace width is 165 mm for males and 148 mm
for females.

Fishery History and Trends: Three species
of rock crab (yellow, brown, and red) are harves-
ted off California. These species are not sepa-
rated in landing statistics, so specific catches of
individual rock crab species are difficult to
distinguish. Rock crab are harvested using traps,
and either landed alive for retail sale by fresh
fish markets, or landed as crab claws. The most
common traps used in the rock crab fishery are
rectangular with 2 x 2 in welded wire mesh.
Traps are set and buoyed in 25-75 m of water in-
both open sandy areas and near rocky habitats.
Traps are usually retrieved 2—4 days after being
set.

Rock crab landings have been reported since
1930, but landings were low until 1950. The rock
crab fishery grew steadily through the 1960s,
1970s, and 1980s, with California landings peak-
ing in 1986 at over 2.1 million Ib. Historically,
the majority of landings in the rock crab fishery
have come from southern California. Beginning
in the 1980s, the fishery expanded into areas
north of Point Conception. Today, however,
southern California catches still account for more
than 90% of the total landings. Low rock crab
catches north of Morro Bay result from the
combination of lower fishing effort and preferen-
tial harvest of Dungeness crab, rather than low
availability of the species. Rock crab landings
from ports near the MBNMS increased from
1980-95 and averaged 203,000 Ib/yr (Fig. 21).

Little information is available on the popula-
tion status of rock crab. Catch rates are known to

500 -4

T Rock Crab
400 -

=
]
{

b2

o

<
1

Landings (1000 1b)

2
|

0

| I |
1985 1990 1995

Year

1980

Figure 21. Reported commercial landings of rock crab
at the five major ports near the MBNMS from 1980
95. Note that these data do not include landings of
only crab claws.

have decreased, however, in areas with extended
fishing pressure. Rock crab populations are also
affected by variable larval survival and recruit-
ment resulting from environmental factors.
Management: The commercial rock crab
fishery is managed by the CDFG. A minimum
harvest size for rock crab is set at a carapace
width of 4.25 in to account for sizes of all three
rock crab species. The recreational fishery is
regulated by a minimum size limit of 4.0 in and a
bag limit of 35 per day. Rock crab traps are also
required to have open rings with a diameter of 3.5
in to allow for the escape of smaller individuals.
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Market Squid (Lolige opalescens)

Distribution: Market squid range from
southeast Alaska to Baja, California. Highest
population concentrations are south of San
Francisco. Adults are dispersed over the conti-
nental shelf, then form large spawning aggrega-
tions in shallow water.

Life History: Larval market squid hatch at
2.7 mm mantle length and grow rapidly. They
stay schooled for about 4-8 wk, then disperse
over the continental shelf as they grow. Males
and females show no initial size differences but
growth rates diverge with age, Maximum obtain-
able mantle length is 190 mm for males and 180
mm for females.

Market squid aggregate in deeper water, then
move inshore to spawn. They are terminal
spawners; these squid live 1-2 yr, then spawn
and die. Spawning occurs year-round in near-
shore waters from San Francisco to Baja. In
southern California, peak spawning occurs from
October—February. In central California, peak
spawning occurs from June-September. During
spawning, adults migrate to semi-protected
nearshore bays with sandy bottoms and rocky
outcrops. Females produce 20-30 gelatinous
capsules (180-300 eggs/capsule) which are
anchored to the seafloor with thin stalks. Embry
onic development ranges from 15-90 days,
depending on water temperature.

Fishery History and Trends: Historically,
the market squid fishery has been important
throughout California. In 1863, Chinese settlers
on the Monterey Peninsula established a small
fishery using multiple skiffs with torches and
hand-held seines to capture squid. The lampara
net, a much more effective capture method, was
introduced by Italian immigrants in 1905, in-
creasing catches to 40,000 Ib/haul. In 1946,
landings increased to 38 million Ib because of
increased demand in both the local and foreign
markets (Fig. 22). Monterey catches dominated
California landings prior to 1961 when landings
in southern California began to increase. Squid
are marketed for human consumption (fresh,
frozen, or canned) or sold as bait. Currently,
most of the catch is exported.

Purse seining within Monterey Bay was out-
lawed in 1953 due its possible disruption of egg
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Figure 22. Reported commercial landings of market
squid in California from 1916-91,

clusters. In 1959, the use of lights to concentrate
squid schools also became illegal, effectively
excluding the brail and pump systems. Fishers
themselves actually requested this ban to keep
processors from directly luring squid to docks
for harvest by dip nets. Thus, fishers had to rely
on scouts and the use of lampara nets to catch
the squid. In 1987, lights were again legalized
and a modified purse seine with no bottom chain
was first used in the bay. By 1989, this modified
purse seine was used throughout the bay, and by
1990 all lampara use ceased.

From 1981-83, squid catches within the
MBNMS were relatively high, with annual
landings totaling more than 20 miliion Ib (Fig.
23), but landings decreased drastically to a low
of 1 million b in the El Nifio years of 1983—84.
From 1985-88, annual landings stabilized at
approximately 10 million 1b, then began to
increase again. In 1994, landings reached the
highest level since 1946. The fishery for market
squid was the largest and most profitable fishery
in the Monterey Bay area in 1994. A total of
35.8 million ib of squid worth over $5.2 million
was landed at the ports near the MBNMS during
1994. Moss Landing and Monterey accounted
for 30% and 57% of this catch, respectively.

The commercial squid fishery is thought to
annually harvest a large portion of adult spawn-
ing aggregates in small areas such as Cannery
Row. In more recent years, the squid fishery has
expanded from traditional fishing grounds off
Cannery Row to other areas along the central
California coast. Total squid landings have
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Figure 23. Reported commercial landings and fishing
effort for market squid at the five major ports near the
MBNMS from 198095,
historically exhibited large fluctuations, rather
than decreasing trends, despite this intense
fishing pressure (Fig. 22). This fluctuation, and
the occurrence of squid spawning in unfished
areas along the open coast, has led many fishery
biologists to believe that the market squid
population size is more a function of environ-
mental variables than fishing pressure. The
record harvests of the past few years, however,
combined with the importance of squid as prey
items for many species, have caused some
biologists to suggest a more precautionary
approach to squid fishery management.
Management: Regulations pertaining to the
harvest of squid are minimal and have histori-
cally been related more to fishery conflicts and
social concerns than to resource protection.
There is no limit on the amount of squid that
can be commercially harvested. The large
harvests of the past few years have prompted
some concerned fishers to request new legisla-
tion to restrict the number of boats in the fish-
ery. Their rationale is that a limited entry fishery
will reduce the risk of overfishing, maintain
economic viability of the fishery, and limit
negative effects of fishing gear on squid eggs.
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Sharks and Rays

Sharks and rays are cartilaginous fishes (i.e.,
elasmobranchs) whose populations often are
affected by fishing far more than most bony
fishes. They are highly susceptible to overfish-
ing because they are less abundant, reach matu-
rity at much later ages, and have fewer offspring
than bony fishes. This leads to reduced ability to
sustain continuous fishing pressure and maintain
a viable population.

Shark fisheries, including those targeting
sixgill, sevengill and basking shark, first
boomed in the 1930—40s during World War I1
because of the high demand for liver oil. Popula-
tions quickly declined in the early 1950s and the
fisheries collapsed. In the early 1980s, proces-
sors began carefully dressing and marketing
shark products, resulting in an increased demand
for shark meat as a food item. This led to the
demise of the short-lived Pacific angel shark
fishery in 1989. Similar occurrences were
recorded for fisheries on common thresher
shark, and to a lesser extent, leopard shark. The
gill net ban in the early 1990s also lowered
fishing effort on many shark species in Califor-
nia. Presently, there are no directed commercial
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fishing operations in Monterey Bay for any
shark or ray species. Commercial operations in
other areas of California are also very small.
Almost all current landings of sharks occur as
incidental catches from other fisheries.

Leopard Shark (Triakis semifasciata)

Distribution: Leopard shark range from
Mazatlan, Mexico, into the northern Sea of
Cortez, and north to Oregon. They are most
common in shallow waters and migrate season-
ally into estuaries and protected bays for spawn-
ing.

Life History: Leopard shark are live bearers
and produce from 7 to 36 offspring (pups) in an
annual reproductive cycle. Pupping occurs in the
spring from March through July. In Monterey
Bay, leopard shark use Elkhorn Slough as a
nursery ground. Males mature at 7 yr of age and
females at age 10 when they are between 102
and 107 cm in length. These sharks reach a
maximum size of about 140 cm and a presumed
maximum age about 30 yr. The oldest aged male
was 24 yr and 135 ¢m long, and the oldest aged
female was 20 yr and 130 ¢m long.

Fishery History and Trends: Commercial
landings of leopard shark have decreased in
northern California and increased in southern
California since the 1980s. The banning of gill
netting in San Francisco Bay and in nearshore
areas probably contributed to the decline in
leopard shark landings in central California after
1986. At this time abundances of leopard sharks
in the San Francisco and Monterey Bay areas
seem to be relatively stable. However, popula-
tions could decrease if fishing intensity were to
increase or fishers started to effectively target
smaller, younger sharks. Leopard shark landings
at ports near the MBNMS averaged 8,700 Ib/yr
from 1980-95 (Fig. 24).

Management: Leopard shark are a popular
game fish in San Francisco Bay and Elkhorn
Slough and are landed by recreational anglers
throughout California. Gear types used to catch
leopard shark include hook-and-line, spear-
fishing, bow and arrow, and some commercial
longline gear. Estimates of the catch of leopard
shark are confounded by the unknown quantity
which are landed under the market category
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Figure 24. Reported commercial landings of leopard
shark at the five major ports near the MBNMS from
198095,

shark/unspecified. Presently, the sport catch is
regulated by a daily bag and possession limit of
three and a minimum size of 36 in.

References

Cailliet, G.M. 1992. Demography of the central
California population of the leopard shark (Triakis
semifasciata). Australia Journal of Marine and
Freshwater Resources 43:183-193.

Cailliet, G.M., D.B. Holts, and D. Bedford. 1991. A
review of the commercial fisheries for sharks on
the west coast of the United States. /n: Proceed-
ings of an international workshop on the conserva-
tion of elasmobranchs. Sydney, Austr. pp. 13-29.

Ferguson, A. and G.M. Caillict. 1990. Sharks and
rays of the Pacific coast. Monterey Bay Aquarium
Foundation, Monterey, California. 64 pp.

Kusher, DI, S.E. Smith, and G.M. Cailliet. 1992.
Validated age and growth of the leopard shark,
Triakis semifasciatus, from central California.
Environmental Biology of Fishes 35(2):187-203.

Roedel, PM. and W.E. Ripley. 1950. California
sharks and rays. California Department of Fish and
Game, Fish Bulletin 75.

Smith, S.E. and N. Abramson. 1990. Leopard shark
Triakis semifasciata distribution, mortality rate,
yield, and stock replenishment estimates based on
a tagging study in San Francisco Bay. U.S. Fishery
Bulletin 88(2):371-38]1.

Common Thresher Shark (Alopias vulpinus)
Distribution: Common thresher shark are
found worldwide in temperate and subtropical
seas. In the eastern Pacific they are caught from
Chile to Vancouver Island, British Columbia,
excluding equatorial waters. Both adults and



subadults congregate nearshore in spring and
summer, Although most often caught in surface
waters, thresher shark have been taken from
depths of 70 m. They also appear to be highly
migratory.

Life History: Common thresher shark are live
bearers with a typical litter size of 4 pups.
Pupping generally occurs from March to June.
Off California, females reach maturity at sizes
greater than 4.25 m. Males mature at approxi-
mately 3.25 m. The estimated maximum age for
thresher shark 1s 30 yr. Maximum lengths for
males and females are 6 m and 5 m, respectively.

Fishery History and Trends: Common
thresher sharks were the target of an important
commercial fishery for 10 yr starting in 1977.
The fishery originated in southern California,
but expanded to Morro Bay, Monterey, and San
Francisco after 1982. Commercial thresher shark
landings for all of California peaked in 1982,
had declined substantially by 1986, and crashed
soon after as a result of overfishing. Today,
thresher shark are still fished between San Diego
and Morro Bay, but constitute a very small
fishery. In general, thresher shark populations
are thought to be depleted. Common thresher
shark landings at ports near the MBNMS aver-
aged 112,000 1b/yr from 1980-95 (Fig. 25).
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Figure 25, Reported commercial landings of common
thresher shark at the five major ports near the
MBNMS from 1980-95.

Management: Worldwide, thresher shark are
a commercially sought species, and off the coast
of North America, they are primarily caught in
drift gill nets. However, there are no directed

commercial fisheries for thresher shark in
Monterey Bay. Thresher shark is also a highly
prized sport fish, especially in southern Califor-
nia. The common thresher shark is not a feder-
ally regulated species. Take of thresher shark by
commercial and sport fishers is regulated under
the general provisions of the California Fish and
Game Code.
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Anadromous Fishes

Salmonids are an extremely important species
group on the Pacific coast. They have been the
attention of many researchers, and so much has
been written about them that we can only briefly
summarize their fisheries in this report.

Salmon are anadromous fishes, spending
different stages of their life in freshwater and
marine environments. Fluctuations in environ-
mental conditions of both habitats can thus
trigger large variations in population abundance.
Salmon populations are also extremely vulner-
able to human-induced degradation of aquatic
environments.

Large-scale human influences on salmon
populations began as early as the 1850s with the
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advent of the gold rush in California. During
early settlement, hydraulic dredging methods
used by gold miners released soil and debris into
streams and rivers which clogged waterways,
covered spawning gravel, and smothered eggs
and juvenile fish. As agriculture developed,
farmers began draining wetlands and diverting
rivers, resulting in a redistribution of waters
needed by salmon for reproduction and survival.
With urban development came the construction
of dams and aqueducts to provide controlled
flow, domestic water, and hydroelectric power.
All of these human activities have caused many
salmon populations to decline over the last
hundred years.

In the last 20 years, efforts have increased to
protect salmon as a food and economic resource.
Laws have been enacted to more carefully regu-
late harvest and human activities near salmon
habitats. State and federal agencies and nongov-
crnmental organizations are conducting both
habitat and stock enhancement projects. Salmon
hatcheries are run by federal and state govern-
ments and used to generate large releases of
young from small spawning runs. Improved
ocean conditions and these efforts by government
agencies and community organizations have
increased the size of salmon stocks, and we have
seen an expansion in the population of some
stocks over the last decade. In the Monterey Bay
recreational fishery alone, the average total catch
for Chinook salmon increased from 4800 fish/yr
in the period from 197686 to 26,600 fish/yr
from 198694 (Fig. 26). Salmon catches in 1995
were seven-fold larger than before, with almost
200,000 fish caught in the recreational fishery.
Commercial catches of Chinook salmon also
increased during the same time period.

Although Chinook salmon dominate the
commercial and sport catch off California, small
numbers of coho and pink salmon are also occa-
stonally harvested. In addition to the salmon
species off our coast, steelhead are an important
anadromous fish caught by sport fishers in
California. There are no directed commercial
fisheries for steelhead in California and posses-
sion of steelhead aboard commercial trollers is
prohibited.
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Figure 26. Reported sport catch and effort for Chineok
salmon in Monterey Bay from 1962-95. Data provided
by CDFG, Inland Fisheries Division.

Most of the Chinook salmon caught in the
Monterey Bay region originated in the Sacra-
mento River or its tributaries. In the Sacramento
River system, there are four distinct runs of
Chinook salmon that are named after the time
they enter fresh water: fall, late-fall, winter, and
spring. Sacramento River fall and late-fall
Chinook populations are relatively healthy at the
moment. Winter run Chinook salmon abundance
dropped from more than 100,000 fish in 1979 to
a historic low of 191 fish in 1991, and received
federal protection under the Endangered Species
Act. The spring run Chinook salmon was once
the most abundant salmon in California, with up
to 1 million fish returning to spawn in each of
the Central Valley and Klamath/Trinity water-
sheds. Today, the number of spring run Chinook
returning to these river systems has declined to
fewer than 10,000 fish annually. It is these
weaker salmon runs that greatly affect fishery
management and water policy throughout the
state of California.

Coho salmon are smaller than Chinook
salmon and use many of the coastal streams and
rivers that Chinook do not. There is only one
race or run of coho salmon in California in
contrast to the many Chinook runs. The abun-
dance of coho salmon between the Oregon
border and Monterey Bay was once estimated at
over 500,000 fish. Today, this population has
declined to less than 15,000 wiid fish. Because
of this drastic decline, southern Oregon and
northern and central California coho salmon



stocks have been listed as “threatened” under
the Endangered Species Act.

Steelhead (anadromous rainbow trout) have
two races or runs in California: summer or
spring run, and winter run. Many of the larger
streams entering the MBNMS have small runs
of steelhead. Steelhead once ranged from
Alaskan waters to San Diego, California.
Fishery managers are concerned that there are
currently no viable populations south of San
Luis Obispo county. A few river systems in
California have runs that are listed on the
federal endangered species list.

Chinook Salmon (Oncorhynchus
tshawytscha)

Distribution: Chinook salmon range from
Japan to the Bering Sea and southward to San
Diego, California. Chinook spawn year-round
in suitable river systems from the Sacramento—
San Joaquin rivers and northward. Chinook are
the largest of the salmon species with a maxi-
mum recorded length of 147 cm and weight of
58 kg.

Life History: Juvenile salmon emigrate
downriver and out to sea where they reach
adulthood. Adults mature at 3 yr of age and
most animals migrate back upstream at age 3—5
to spawn in their stream of origin. Females
create large depressions in gravel habitats and
deposit 270-20,000 eggs. Nearly all die 2 to 4
wk after spawning.

Fishery History and Trends: The ocean
troll fishery for salmon started in the 1880s in
Monterey Bay. Originally, sailboats were used
to fish for salmon, but by 1910 almost all
trollers were using powered boats. In the 1960s
and 1970s, the salmon fishing fleet grew exten-
sively as fishers who had other jobs during the
rest of the year joined the summer fishery. In
1980, a moratorium was placed on the issuance
of permits to new participants in the ocean
commercial salmon fishery in order to increase
individual profits and reduce overall fishery
impacts. A limited-entry program was imple-
mented in 1983. Chinook salmon populations
and catches have been increasing since 1985. In
1995, more than 4.3 million 1b of salmon were
landed at ports near the MBNMS (Fig. 27).
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Figure 27. Reported commercial landings and fishing
effort for Chincok salmon at the five major ports near
the MBNMS from 1980-95,

Management: Chinook salmon are a feder-
ally managed species. Regulations are set re-
garding gear types for commercial and sport
fisheries as well as bag limits, size limits, and
seasons for sport fishers. The 1997 commercial
regulations for central California Chinook
salmon were the most restrictive ever. Commer-
cial fisheries south of San Francisco were closed
from June 1-22 and July 19—August 31. The
minimum size limit is 26 in. Those races of
Chinook salmon which can be legally harvested
are caught using trolling gear with specific
regulations on the type of hooks and amount of
weight allowed per line. The recreational fishery
in 1997 was open May 24--30, June 17-July 6,
and August 12—September 14. The minimum
size limit for the recreational fishery is 24 in,
with a limit of two fish per day.
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Coho Salmon (Oncorhynchus kisutch)

Distribution: Coho salmon range from Korea
and Japan to the Bering Sea and southward to
northeast Baja California. Coho salmon spawn
in river systems from Monterey Bay northward,
but rarely enter the Sacramento-San Joaquin
system. Coho salmon reach lengths up to 98 cm
and have a maximum life span of 5 yr.

Life History: Most juveniles spend one year
in fresh water before migrating to the ocean,
although some spend two. Nearly all are mature
at age 3 and return upriver to spawn. Spawning
occurs from September to March and peaks
from November to January. Females release
1,000-7,600 eggs which they deposit in depres-
sions made in flat gravel. Eggs are immediately
covered with gravel and guarded for up to 2 wk.
Almost all coho die after spawning. Late larval
stages, known as fry, emerge from the gravel
from March to May.

Fishery History and Trends: There have
been declines in California’s salmon populations
since the 1950s and 1960s. Coho salmon abun-
dance has declined by 99%, and the race is now
listed as endangered by California agencies and
as threatened by the U.S. government. These
declines are due primarily to habitat destruction
and water diversion. Landings reflect the current
severe fishery restrictions. Excluding the
anomalously high catches in 1991, coho land-
ings at ports near the MBNMS averaged less
than 13,000 Ib/yr from 1980-95 (Fig. 28).

Management: The retention of Coho salmon
in the commercial fishery has been prohibited
since 1994, but coho salmon are still an impor-
tant sport fish in California. Coho fisheries are
regulated under general provisions of the Cali-
fornia Fish and Game Code. Although Chinook
are usually the majority of the catch, coho can
make up as much as haif of the total sport catch
in some years.
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Figure 28. Reported commercial landings of Coho
salmon at the five major ports near the MBNMS from
1980-95.
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Pelagic Fishes

Pelagic fishes dwell within the water column,
away from the protection and shelter of bottom
habitats. Pelagic fishes can be categorized into
two types: nearshore and oceanic fishes. The
oceanic forms, such as tunas, swordfishes, and
some sharks, spend much of their life cycle in
the open ocean. These fishes are known to make
extensive migrations across the open ocean,
occasionally coming close to the continents.
Nearshore pelagic fishes include herring, sar-
dine, and anchovy. These fishes live most of
their life cycle in waters close to the continents,
taking advantage of the high productivity of
coastal waters.



Population abundances of most pelagic spe-
cies are greatly determined by large-scale envi-
ronmental phenomena. Decadal-scale shifts in
the environment determine population sizes by
affecting the success of spawning and recruit-
ment. High fishing pressure at a time of chang-
ing environmental conditions can also influence
population sizes, however. Many of the pelagic
species arc sought after by large fishing fleets
with high fishing capability. The high fishing
capacity of large vessels and fleets can quickly
reduce populations of schooling fishes, because
the catchability of the fish does not diminish at
the same rate as does population size. Schooling
fishes will remain in groups that are relatively
easy to catch with large nets until population
abundance becomes very small. This makes
fishery management of schooling pelagic species
more difficult. The movements of many of the
pelagic fishes across international boundaries
also makes fishery management more difficult
than for more residential species.

Albacore (Thunnus alalunga)

Distribution: Albacore are found worldwide
in temperate seas. In the Pacific they range from
Alaska to Revillagigedo Island, Mexico. They
are a pelagic species living in open seas. Alba-
core tend to aggregate in the vicinity of ocean
fronts. During the day, they swim near the
bottom of the mixed layer and make excursions
to surface waters at night.

Life History: Spawning takes place from
January to June between Hawaii and Japan, near
the western part of the subtropical convergence.
Young albacore grow at a rate of 4 cm/mo. Later
growth slows to 7-13 cm/yr. Adults grow to a
length of more than 150 cm and can weigh up to
93 1b. Albacore migrate across the North Pacific
Ocean in the course of one year. Migration is
eastward from spawning grounds, across the
North Pacific. Albacore first appear off Baja and
southern California in mid-June and early July,
then continue to move north and into coastal
waters in response to warming surface waters.

Fishery History and Trends: Because of
their migration pattern, albacore are exposed to
fisheries of several nations. The California
fishing season extends from June to January.

Albacore were first reported in the sport fishery
off Santa Catalina Island at the turn of the
century. As the size, speed, and technology of
boats has increased, so have albacore landings.
The gear, however, has changed very little.
Because albacore travel in loose knit schools,
commercial harvesting is most effectively
accomplished by trolling with baited hook-and-
line. In the Monterey Bay area, commercial
vessels only fish albacore seasonally and switch
gears or target species to participate in other
fisheries, such as the salmon fishery. In the
commercial albacore fishery, 6.9 million 1b were
landed in California in 1994. Again, only 5%
came from the Monterey Bay area. At ports near
the MBNMS, there has been a decline in total
landings and fishing effort since the mid-1980s
(Fig. 29). Albacore fishing is now also popular in
the recreational CPFV fishery. In 1995, 1,296
albacore were landed in the California recre-
ational CPFV fishery. A total of 1,161 of those
were reported in southern California and only 82
were landed in the MBNMS.
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Figure 29. Reported commercial landings and fishing
effort for albacore at the five major ports near the
MBNMS from 1980-95.

Historically, there has been a tremendous
fluctuation in albacore landings due to changes
in nearshore distribution and surface availability
(Fig. 30) . This variability is caused by environ-
mental factors such as winds, location of cool
sea surface temperatures, and intense storms that
displace albacore offshore. During El Nifio
years, albacore may appear off Oregon and
Washington and be very near shore in California
waters. Albacore catch is greatest when surface
temperatures are 18.3-19.7° C.
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Figure 30. Reported commercial landings of albacore
in California from 1916-91.

Management: Albacore exhibit substantial
yearly fluctuations in year class strength. This
fact, coupled with the highly migratory lifestyle
of the species, makes albacore stock status
difficult to determine. Stock assessments based
on catch rates from fisheries showed a slight
decreasing trend in abundance between 1980
and 1990. In more recent years, however,
abundance estimates have increased, possibly
due to the strong year-class of 1989 and cessa-
tion of high seas drift gill net fishery by foreign
vessels.
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Pacitic Mackerel (Scomber japonicus)

Distribution: Pacific mackerel are found
worldwide in temperate and subtropical waters.
In the North Pacific they range from Alaska to
Mexico, but are most abundant south of Point
Conception. They are a pelagic schooling fish
that occur in inshore waters, but are found as far
offshore as 400 km,

Life History: Spawning occurs off California
from late April to July. Pacific mackerel are
batch spawners, spawning up to 8 times per yr
and releasing approximately 70,000 eggs per
batch. Eggs hatch three days after fertilization.
Some mackerel mature in their second year and
about half reach maturity at 33 cm. Pacific
mackerel may reach a length of 64 cm and
weigh up to 6.4 lb, but are usually no longer
than 41-46 cm nor weigh more than 1.5-2.5 Ib.
They may live 9-11 yr.

Fishery History and Trends: Prior to 1928—
29, Pacific mackerel were sold primarily as a
fresh fish item and market demand was low. In
the late 1920s, processors began canning Pacific
mackerel. With this increased market demand,
sardine fishers started using seine nets to target
mackerel. Off season albacore fishers also began
targeting mackerel by herding them into a
concentrated frenzy and using large dip nets to
scoop the mackerel out of the water. Currently,
seine nets account for nearly all the commercial
fishing effort for Pacific mackerel. Pacific
mackerel also are commonly caught as bycatch
in trawl fisheries.

The California fishery peaked in 1935 at 146
million Ib, followed by several decades of
fluctuating decline (Fig. 31). In 1953-54, the
fishery seemed exhausted, but was rejuvenated
for several subsequent years after a good recruit-
ment year. After a series of poor recruitment
years in the 1960s, a moratorium was placed on
mackerel fishing in 1970. The populations
recovered and fishing began again in 1976 with
California-based seine vessels accounting for
nearly all of the commercial fishing effort for
Pacific mackerel in U.S. waters. California
landings have been on a downward trend since
1988, with 1995 landings at the lowest level
since the fishery reopened in 1976. At ports near
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Figure 31. Reported commercial landings of Pacific
mackerel in California from 1926-91.

the MBNMS, annual landings fluctuated greatly
between 1980-95. In 1983, 1984, and 1990
landings exceeded 5 million 1b (Fig. 32).

California landings of Pacific mackerel have
declined since 1990. The decline in landings is
thought to be a result of low population size
caused by poor recruitment, which has been
below average since 1989. Stock biomass is
believed to be considerably lower than in the
1970s and 1980s. Decreased landings are also
the result in part of decreased effort by seine
fishers who have shown increased participation
in the more lucrative winter squid and summer
tuna fisheries. Less than 5% of the California
catch of Pacific mackerel is taken from MBNMS
waters.
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Figure 32. Reported commercial landings of Pacific
mackerel at the five major ports near the MBNMS
from 1980-95.
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Management: Pacific mackerel are caught in
large quantities in both the United States and
Mexico. The United States accounts for about
64% of total landings. The U.S. fishing season
for Pacific mackerel is defined as a 12 month
period from July 1 to June 30. Mackerel can be
fished every month until the harvest quota is
met. If stock biomass falls below 40 million b, a
moratorium is implemented on all directed
catch. A fishing quota of 30% of the stock
biomass is set, when biomass is between 40
million and 300 million lb. If stock biomass is
above 300 million Ib, there is no limitation on
total catch.

CDFQG set the 1995-96 Pacific mackerel
commercial fishing quota at 21.6 million Ib,
33% lower than the previous season. California
landings during the 1995--96 season remained
below the quota, totaling 15.9 million 1b. The
biomass of Pacific mackerel at the beginning of
the 199697 fishing season was estimated at 104
million 1b. Because the estimate is above the
minimum needed for a fishery, but below 300
million 1b, a coastwide quota was set for the
199697 fishing season at 19.2 million Ib. This
is the lowest estimate of biomass and most
restrictive quota since the late 1970s.
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Northern Anchovy (Engraulis mordax)

Distribution: Northern anchovy are small,
short-lived schooling fish ranging from Queen
Charlotte Island, British Columbia to Baja
California. Three genetically distinct sub-
populations of northern anchovy are recognized
within their range: a northern sub-population
extends from British Columbia to northern
California. A central sub-population extends
from San Francisco, California to northern Baja
California, and a southern sub-population
extends from northern Baja California to
Magdalena Bay, Mexico. Northern anchovy are
found from the surf zone to depths of over 300
m. They are occasionally seen in schools
hundreds of kilometers offshore.

Life History: Anchovies spawn year-round,
thus exposing larvae to a number of environ-
mental conditions. A peak in larval abundance
occurs from February—April. Pinnipeds, ceta-
ceans, and other fish prey upon anchovy, but
32% of anchovy egg mortality is due to canni-
balism. Larval anchovy require dense concen-
trations of plankton to feed effectively. Both
winter storms and strong spring upwelling
disturb ocean water masses and decrease
feeding effectiveness. Year-class strength is
highest in years when wind duration and
strength is minimal at the onset of larval feed-
ing. Larval anchovy are known to compete with
larval sardine for food. In years when sardine
biomass is high, anchovy are smaller in length
than normal. Anchovy rarely exceed 4 yr of
age, but 7 yr old fish have been documented.
They reach a maximum length of 23 cm, but
most fish are much smaller.

Fishery History and Trends: Northern
anchovy are harvested using lampara nets and
purse seines, and sold fresh frozen or as bait.
Northern anchovy are harvested as part of the
“wetfish” fishery which also targets Pacific
mackerel, jack mackerel, Pacific bonito, market
squid, sardine, and tunas. Anchovy are often
targeted when large catches of these other, more
lucrative species are not available. The anchovy
fishery was small until the collapse of the
Pacific sardine fishery in 1952. After a brief
period of high catches, low anchovy market-
ability caused landings to decline in 1954.

60

California catches remained at low levels through
1964. Landings of anchovy have fluctuated
greatly since that time (Fig. 33).
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Figure 33. Reported commercial landings of northern
anchovy in California from 1916-91.

Anchovy harvest in the MBNMS peaked in
1981 with landings of 10 million 1b, then de-
clined to a low of 1.4 million 1b in 1983 (Fig.
34). Between 1985-89, landings averaged 1.9
million Ib/yr. Landings rose to about 5 million 1b/
yr in 1990-91, but have subsequently returned to
about 2.3 million Ib/yr. In 1994, Moss Landing
and Monterey fishers harvested 2.2 million 1b of
anchovy, worth $300,000 (54% of the total value
for the California anchovy fishery). The high
exvessel price for anchovy in 1994 was due to a
7 cent increase in the price per pound. The price
had dropped by 1995, as Moss Landing and
Monterey landings accounted for 2.4 miliion 1b,
valued at $92,000.
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Figure 34. Reported commercial landings and fishing

effort for northern anchovy at the five major ports
near the MBNMS from 198095,



The northern anchovy has long been consid-
ered a boom-and-bust species. Anchovy abun-
dances were probably higher in the 19th and
carly 20th centuries than they are presently, and
may have peaked 1,600 years ago. Sediment
cores taken off Santa Barbara indicate that fluc-
tuations in population size have occurred every
30-60 years as far back as 200 AD. Population
trends derived from sediment records agree with
fishery-derived estimates when direct compari-
sons can be made. This fluctuation in population
size suggests that species interactions and
environmental factors play a large role in the
patterns seen in the fishery.

Short-term fluctuations in northern anchovy
biomass related to environmental factors are
also evident. Spawning biomass within the
central sub-population, as estimated from fish
spotter data and egg production indices, declined
after 1985 due to low recruitment. High recruit-
ment in 1993, however, resulted in subsequent
increases in population biomass for 1994-95.
Current biomass is considered to be stabie, but
low relative to historical levels. The estimated
spawning biomass in 1995 for the central sub-
population was 856 million Ib.

Management: Northern anchovy stocks cross
the United States-Mexico border, and at one
time this fishery was managed jointly between
the United States and Mexico. There is cur-
rently, however, no agreement between the
United States and Mexico to manage this species
as a unit. The Pacific Fisheries Management
Council (PFMC) and the state of California are
discussing options for anchovy management.
Until a working Fishery Management Plan is
adopted, CDFG will allow 22 million Ib to be
harvested annually.
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Pacific Sardine (Sardinops sagax)

Distribution: Pacific sardine are small pelagic
fish ranging from Guaymas, Mexico to Alaska.
Pacific sardine are found in nearshore waters out
to 50 km. In the past there were thought to be
three separate sardine stocks. In more recent
years, however, the three stocks are believed to
actually be part of one single stock that migrates
northward with increasing age and in response to
changing temperatures. The temperature toler-
ance for Pacific sardine is 55-63°F.

Life History: Pacific sardine are multiple
spawners, maturing by age 2. Age of maturity
may increase as spawning biomass increases.
Spawning occurs year-round, with peaks in
larval abundance varying spatially. Larval den-
sity peaks in August in the southern portion of
their range and in January—April in the northern
portion of their range. Some sardine recruit to the
fishery at age 2, but most are not exploited until
age 3. They attain a maximum age of 13 yr, and a
maximum length of 40 cm.

Fishery History and Trends: Sardine fisher-
ies have been important within California since
the turn of the century (Fig. 35). During the peak
harvest periods in the 1930s and 1940s, sardine
were used for fish meal, soap oil, paint mixer,
vitamins, glycerin, and shortening. The decline

61



1600 4
=) | Pacific Sardine
= 1200 -
2
E 5004
&
£ ]
3
g 400 -
A -

0 T ] T I
1920 1940 1960 1980
Year

Figure 35. Reported commercial landings of Pacific
sardine in California from 191691,

in stock biomass caused many of the canneries to

close by the 1960s. In 1974, a moratorium
limited the take to incidental catch totaling no
more than 110,000 1b/yr. These regulations
remained in place through 1981 in the hope that
this would allow the population to recover.
Catches between 1975-86 remained less than
5000 Ib/yr. In 1986, CDFG allowed the first
targeted sardine fishery since the 1974 closure,
and landings at ports near the MBNMS began to
increase. In 1992, reported catches totaled 6.8
million Ib, the highest in 20 yr (Fig. 36). Much
of this catch was trucked to southern California
and processed for use in pet foods. In 1993,
catches declined because of poor market demand
for canned sardine. A new canning line devel-
oped in 1994 that allowed fishers to target
smaller sardine, and catches rose again that year.
I 19935, landings peaked again at 12.5 million
Ib, nearly twice that of the 1992 landings, and
were worth over $500,000. In 1996, sardine
landings totaled over 17.6 million 1b and were
worth over $880,000. Exvessel price remained
consistent at $70-80 per ton, despite an increase
mn the inquiries for purchasing sardine by both
foreign and domestic companies.

The Pacific sardine has long been considered a
boom-and-bust species. Fluctuations in popula-
tion size are apparent as far back as 200 AD.
Twelve main occurrences, separated by 20-200
y1, have been documented, with the highest
population existing 1,000 yr ago. This fluctua-
tion in population size suggests that species
interactions and environmental factors play a
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large role in the pattern seen in the fishery. In
1996, CDFG estimated the coastwide sardine
biomass to be more than I billion 1b. It is be-
lieved that sardine populations are generally
increasing in abundance.

Management: Prior to 1967, Pacific sardine
were managed by seasonal closures and catch
limits of whole fish for reduction. From 1967—
85, the fishery was limited to incidental catch.
Small, directed fisheries have been allowed
since 1986 with specific catch quotas. At this
time, a joint research effort exists with the
United States and Mexico to assess spawning
biomass. Current studies show that the sardine
population is expanding at a rate of approxi-
mately 25% per year. Until a joint United
States—Mexico plan is adopted, the fishery will
continue to be regulated by the state of Califor-
nia. Based on the CDFG biomass estimate, the
1997 harvest quota was set at 119 million Ib for
the California fishery, an increase of 41% over
the 1996 harvest quota. This annual sardine
harvest quota is divided so that two-thirds are
allocated to the southern California fishery south
of San Luis Obispo, and one-third is allocated to
the northern California fishery.
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Figure 36. Reported commercial landings and fishing
effort for Pacific sardine at the five major ports near
the MBNMS from 1980-95.
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Roundfish

The roundfish category is more of a commer-
cial than ecological grouping. This group con-
tains such fishes as lingcod, sablefish, and
Pacific Hake. These species are ecologically very
different, but all are important components of
California fisheries. Several additional roundfish
species are commercially harvested along the
west coast of America, including Pacific cod and
jack mackerel, but are not specifically targeted
along the central coast of California. We have
tried to provide several references for further
information on such species.

Lingcod (Ophiodon elongatus)

Distribution: Lingcod are only found off the
west coast of North America and range from
Point San Carlos, Baja California to the
Shumagin Islands along the Alaska Peninsula.
Postlarvae to 8 cm in length are pelagic. Juve-
niles occur in shallow bays on sand and mud
bottoms from nearshore to depths to 33 m.
Adults range from the surface to 467 m deep.
The center of lingcod abundance is off British
Columbia.

Life History: Lingcod migrate inshore to
spawn in rocky habitats. Spawning occurs off
California from November through March and
peaks in December and January. Egg masses are
deposited and guarded by the male until the eggs
hatch. Fecundity ranges from 50,000 eggs
produced by a 61 cm long female to 170,000
eggs produced by a 91 cm long fish. In Califor-
nia, some females mature at a length of 51 cm,
half are mature at 58 cm, and all are mature at 71
cm. Fifty percent of males are mature at a length
of 41 cm. Maximum recorded length for a
lingcod is 150 cm and maximum weight is 32
kg. Maximum age is 20 yr.

Fishery History and Trends: Lingcod com-
prise a substantial portion of the recreational
landings and are an important commercial
species as well. Between 1980-95, an average of
180,000 lingcod were caught annually in the
recreational fishery. During the 1980s, two-thirds
of the commercial catch of lingcod was derived
from the trawl fishery. Landings at ports near the
MBNMS averaged 482,000 1b/yr from 1980-95,
but the commercial catch has fluctuated greatly
in the last 15 yr, presumably due to the influx of
periodic strong year-classes into the fishery (Fig.
37). This cyclical trend has also been evident
coastwide since the onset of the fishery in the
early 1900s (Fig. 38). Another indication of
episodic recruitment is that mean lengths of both
males and females decreased by approximately
10 cm between 1978-83 and 1992-93.
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Figure 37, Reported commercial landings of lingcod at
the five major ports near the MBNMS from 1980-95.
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Figure 38. Reported commercial landings of lingcod in
California from 1916-91.

Lingcod stocks along the West Coast have
been heavily utilized. NMFS models suggest that
from northern Oregon to southern British Co-
lumbia, lingcod catches have been just below the
overfishing level. In southern Oregon and Cali-
fornia, the commercial catch is dominated by 2—
4 yr old fish and 50% of the females are imma-
ture, leading to concerns about overharvest in
this area as well.

Management: Lingcod fisheries are regulated
in California by both state and federal regulation.
The 1996 acceptable biological catch (ABC) for
combined commercial and recreational catch set
by the PFMC for the Monterey management area
was 1.5 million b, or 63% of the area’s commer-
cial and recreational catches of the late 1980s to
carly 1990s. Sport take of lingcod in California
is limited to a daily bag and possession limit of 5
fish and a minimum length of 22 in.
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Sablefish (Anoplopoma fimbria)

Distribution: Sablefish range from Baja to
the Bering Sea, with the majority of the popula-
tion 1in the Gulf of Alaska. They are most abun-
dant in depths greater than 370 m over clay and
hard mud bottoms. In Monterey Bay they are
most abundant between 900-1200 m along the
edges of the Monterey Bay submarine canyon.

Life History: Sablefish have a maximum age
of approximately 20 yr, but most of the fish
caught are 3-8 yr old. Spawning occurs during
winter in water depths between 230 and 1,100
m. For males and females respectively, 50%
maturity is reached by age 5 and age 7. Females
each release 100,000—1 million eggs. Larvae live
in surface waters, whereas juveniles are associ-
ated with the ocean floor in waters less than 150
m deep. Adults reach 102 c¢m in length and 125
1b in weight, but are usually less than 76 cm long
and 24 1b in weight. Sablefish are first caught in
the fishery at the end of their second year when
they are approximately 43 cm long. Sablefish
have several market names including black cod,
butterfish, and Alaskan cod. The meat is very
oily with 14% fat content, making it ideal for
smoking, but difficult to freeze.

Fishery History and Trends: Sablefish are
taken in the trap fishery, in the longline fishery,



and by bottom trawlers as part of the groundfish
fishery. The U.S. commercial fishery began as
early as 1905 as incidental catch by halibut
fishers. During World War II, demand increased
greatly with the need for sablefish livers to
manufacture vitamin A. In 1958, Pacific coast
landings had increased to 21 million 1b, and all
harvesting was by Canadian and U.S. fishers. In
the 1960s, however, Russian and Japanese fac-
tory vessels began fishing for sablefish. Sablefish
removals from California waters peaked in 1972
with 144.2 million 1b caught, primarily by Japa-
nese vessels. Only about 20% of the catch was
landed into California ports (Fig. 39). In 1976,
the FCMA returned the California sablefish
fishery back to domestic fishers, and California
became the dominant Pacific coast state for
sablefish landings. Monterey is one of the main
ports for sablefish landings in California.
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Figure 39. Reported commercial landings of sablefish
in California from 1916-91.

Landings for ports near the MBNMS have
been decreasing since 1980, although fishing
effort has increased (Fig. 40). Since 1990, annual
reported catch has been below 2 million Ib. The
decline in catch has been attributed to reduced
populations caused by fishing and limited recruit-
ment. Because market demand of sablefish is
high, the value of sablefish in the marketplace
has not dropped as quickly as the catch. In 1995,
landings in this region increased slightly to 1.9
million 1b, but the value increased to more than
$2 million.

The sablefish stock along the Pacific coast was
assessed in 1994 using both traps and trawl

4 -4
e Sablefish
) — Landings -
g3 - - Effort B
E g
:
=)

g a
0-4 T T r—0
1980 1985 1990 1995
Year

Figure 40. Reported commercial landings and fishing
effort for sablefish at the five major ports near the
MBNMS from 1980-95.

surveys. Surveys indicated a substantial decline
in sablefish from 1990-93, especially for larger
females. A record high catch of young sablefish
was recorded in 1992. This may lead to strong
recruitment levels in upcoming years.

Management: Until the 1970s, little direct
management was enacted for sablefish. The
sablefish fishery is now one of the few fisheries
which allocates available harvest between
different gear types. Trip limits are used to
regulate this fishery. The 1996 and 1997
coastwide ABC were set at 20.1 million 1b,
which includes an estimated 2 million 1b of
fishery discard.
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Pacific Hake (Merluccius productus)

Distribution: Pacific hake, also referred to as
Pacific whiting, are silver, cod-shaped fish. They
range from the Gulf of Alaska to the Gulf of
California and are most abundant within the
California Current. Hake are midwater schooling
fishes which occur at depths between 10 and
900 m. Highest densities are found at depths
between 50 and 550 m.

Life History: Adults may reach 90 ¢cm in
length and at least 23 yr of age. Hake mature at
age 3—4 and 3440 cm in length. During spring
and summer they are found in the northern part
of their range at feeding grounds as far north as
central Vancouver. In autumn, adults migrate
south to southern and Baja California to spawn-
ing grounds. Spawning takes place in winter over
the continental slope. Large concentrations of
pelagic eggs and larvae float upwards and remain
at the base of the mixed layer. Juveniles 1-3 yr
old are found primarily off central and southern
Californta. Most 01 yr old fish occur farther
inshore than older juveniles.

Fishery History and Trends: Historically,
foreign vessels have dominated the Pacific hake
fishery off the west coast of the United States.
The fishery was started in 1966 by Soviet trawl-
ers, which caught more than 302 million Ib. By
1976, more than 523 million 1b were harvested
by vessels from several foreign nations. After
1976, the Fisheries Conservation and Manage-
ment Act limited the ability of foreign vessels to
fish in U.S. waters. Because Pacific hake meat
deteriorates and softens quickly after the fish is
caught, however, most domestic vessels were not
equipped to properly handle or process hake.
This instigated several joint venture efforts in
which domestic fishers would catch the fish and
transfer them at sea to foreign processing vessels.
Joint venture fisheries disappeared as improved
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processing techniques for hake were developed
for U.S.-based processors.

In recent years, catches of Pacific hake have
been largely influenced by annual recruitment.
Higher catches occur 3—4 yr following strong
recruitment years. Very large year-classes of
Pacific hake were produced in 1980 and 1984,
leading to high catches in central California
throughout most of the 1980s. Most of the
landings were delivered into San Francisco
ports, however, and are not reflected in the
landings for ports near the MBNMS (Fig. 41).
Coastwide recruitment was average or low
between 1987 and 92, but a strong 1994 year-
class is indicated from high bycatch of juveniles
in recent years.
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Figure 41. Reported commercial landings of Pacific
hake at the five major ports near the MBNMS from
1980-95.

Management: The Pacific hake fishery is
managed using quotas, geographic and seasonal
restrictions, mesh size, and incidental catch
levels. The 1996 stock assessment projected a
total ABC of 583 million Ib. The ABC for 1997
was 639 million Ib. The effectiveness of current
management plans has been limited because
there is currently no agreement between the
United States and Canada on how to divide the
predicted ABC between the two countries. In the
absence of an agreement, each country has set
quotas that sum to 114-128% of the ABC. In
1997, the PFMC set a U.S. harvest guideline of
512 million 1b, or 80% of the predicted ABC for
the stock. Since the end of joint venture fishing



n 1989, the total U.S. and Canadian reported
catch has met or exceeded the ABC by 10-15%

each year.
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Rockfishes

Rockfishes belong to the family Scorpaenidae
and the genus Sebastes, which contains the lar-
gest number of California marine fish species,
comprising 62 described species from California
waters. Commercial landings of rockfishes have
also included fish in the genus Sebastolobus,
represented by two species: the short spine
thornyhead (Sebastolobus alascanus) and long
spine thornyhead (Sebastolobus altivellis). Until
the mid-1980s, most Sebastes and Sebastolobus
landings were lumped into a single category of
rockfish. It has only been within recent years that
landings of the two genera have been reported
separately. For this report, rockfishes and
thomyheads will be discussed as a single group.

Rockfishes are important ecologically and
economically; approximately 85% of the known
rockfish species are utilized in California com-
mercial and sport fisheries. They are an extreme-
ly diverse group of animals that occupy depths
ranging from the intertidal zone to 800 m deep,
and habitats ranging from the middle of the water
column to sand, mud, and rock bottoms. In

addition to occupying different habitats, rock-
fishes exhibit many different life histories.

Reproductive capacity of rockfishes is directly
related to size, with larger females carrying
significantly more eggs than smaller females.
Fertilization and development of embryos is
internal. Females release hundreds to millions of
relatively undeveloped, free-swimming larvae
into the water column. These larvae remain in
the plankton from one month up to a year in
some species before settling out to become
juveniles, often in association with the bottom.
This extended planktonic period makes environ-
mental variation an important determinant of the
population abundance of many rockfish species.
Once on the bottom, individuals of many species
migrate into deeper water as they mature.

Rockfishes have been harvested in commercial
fisheries throughout their range since the mid-
1800s. California landings greatly increased in
the 1970s as more American vessels entered the
groundfish trawl fishery after passage of the
FCMA (Fig. 42). Between 1980 and 1993 trawl-
ing effort declined while the use of gill nets to
catch rockfishes increased. Because of these
changes in gear type, commercial fishing effort
for rockfishes as a group has remained relatively
stable, but total rockfish catch for the MBNMS
has declined (Fig. 43).
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Figure 42. Reported commercial landings for all
rockfishes in California from 1916-91.

Historically, rockfishes have been marketed
under a variety of names such as rockcod, snap-
per, or red snapper. The grouping of species into
market categories makes trends in abundance
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Figure 43. Reported commercial fishing effort for all
rockfishes in the MBNMS from 1980-95.

difficult to delineate from catch data. To provide
some idea of population trends, fishery scientists
record the species composition of samples of
fish that are sold at the docks by market cat-
egory, and then attempt to evaluate indices of
abundance by partitioning catches by species,
depth, and life history.

Of the species for which stock assessments
are available, several are considered to be
exhibiting stable or increasing trends in abun-
dance. Stock assessments published by NMFS
for bank rockfish, chilipepper, shortbelly rock-
tish, widow rockfish, and splitnose rockfish
show stable or increasing trends in abundance.
The widow rockfish population, however, is
currently stable at a low level of abundance. The
stock in 1994 was estimated to be about one-
third its size in 1980,

Stock assessments published by NMFS for
bocaccio, yellowtail rockfish, canary rockfish,
and Pacific ocean perch show decreasing trends
in abundance on the U.S. West Coast. Most of
these rockfishes are deep water species that are
slow growing, long-lived, and have experienced
high exploitation rates. Managers are concerned
about the capability of some of these species to
recover from high harvest rates. Pacific ocean
perch, for example, were overfished in the 1960s
and the population has not yet recovered. Bocac-
cio is considered to be at a population level that
is 15%-20% of what it was in 1970. Similarly,
off parts of the West Coast, the canary rockfish
population is 50% of what it was thought to be
in 1977. In addition to reduced numbers of
canary rockfish, managers are concerned that the
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age structure of canary rockfish has shifted so
that few older fish remain in the population.
Survey estimates of abundance for yellowtail
rockfish have been highly variable, but the most
recent stock assessment indicates a downward
trend. Data used in stock assessments for black
and darkblotched rockfishes, and thornyheads
are not conclusive enough to make statements
concerning the status of these stocks in Califor-
nia. More information is needed to adequately
estimate stock size for management purposes.

Recreational fishing for rockfishes has existed
in Monterey Bay since 1875. Early fisheries
focused exclusively on the nearshore, shallow
water rockfishes. Increased fishing pressure
through the 1960s caused catches of shallow
water rockfishes to drop in some locations. To
compensate for decline in catch rates, sport
fishers began traveling farther from port to fish-
ing grounds near Afio Nuevo, or Point Sur. By
1977, advanced echosounder technology al-
lowed vessels to also fish for deeper species at
the edge of the Monterey submarine canyon.
This shift to deeper water provided catches of
larger fishes at locations much closer to port.
Catches of deep water species in the Commer-
cial Passenger Fishing Vessel fishery increased
from 2% of the total catch between 1959 and
1972 to 21% of the total catch between 1986 and
1994.

Although catches have fluctuated in the past
30 yr, catch rates remained relatively stable (Fig.
44), partly due to the shift from shallow to deep
water and from near-to-far fishing locations. As
catches declined in one location, skippers simply
moved to another where catch rates were higher,
enabling fishers to continue to catch comparable
numbers of fish. Because shifts in location can
maintain catch rates, landings alone are not good
indicators of stock status. Instead, stocks need to
be evaluated by specific areas. Since 1987,
CDFG has recorded catch and effort for shallow,
deep, and mixed depth rockfish groups sepa-
rately, for both near and distant fishing grounds
in northern and central California (Table 5). For
these data, catch rates remained relatively stable
for most species. Exceptions include chilipepper
and bocaccio, which experienced declining catch
per angier hour.
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Figure 44, Total sport catch, total rockfish sport catch,
and total recreational catch per unit effort for
Monterey Bay ports from 1960-95. Data provided by
Jan Mason, National Marine Fisheries Service.

Catch statistics alone, however, are not
always a good indicator of population status.
Length data, when available, can sometimes
provide further information on stock size,
recruitment success, and fishing pressure. Rock-
fish length data were collected from the recre-
ational fishery intermittently by CDFG from
1959-73, and nearly continuously from 1977—
94. For eight of the ten species with sufficient
information to evaluate, the recent data (1987-
94) exhibit no decreasing or increasing trends in
mean length. This would indicate that fishing
has not adversely affected nearshore rockfish
populations. Eight years is too short a time
period in which to evaluate a length index,
however. When the longer 18 yr data set (1977—
94) is examined, mean lengths for eight of the
ten rockfishes show a statistically significant
decline (Table 6). CDFG has reported that some
of the decreases in mean length evident in these
data may be the result of successful recruitment
of smaller fishes in recent years. As large num-
bers of small fish become available to the
fishery, the overall mean size of rockfish caught
would thus decrease. CDFG biologists base this
conclusion on increasing catch rates coincident
with declining mean lengths.

Although the data collected prior to 1977 are
not as comprehensive as the later data, they do

provide a longer term view of trends in mean
length. When the 1959-94 data are evaluated,
six of the ten species reviewed exhibited de-
creases in mean lengths (Table 6). Lengths
recorded for bocaccio and chilipepper, and
greenstriped, olive, widow, and yellowtail
rockfishes all declined significantly from 1959
94, presumably due to fishing pressure. This
suggests that for blue and rosy rockfishes, the
decrease in mean size apparent from 1977-94
may have been duc to successful recruitment
and a corresponding increase in the numbers of
small fish available to anglers.

In the following species discussions, we have
chosen to discuss the top ten most commonly
caught rockfishes within the MBNMS. Addi-
tional descriptions of shortbelly and blue rock-
fish are provided because shortbelly rockfish are
very abundant and blue rockfish are an impor-
tant component of the recreational fishery.

Bank Rockfish (Sebastes rufus)
Distribution: Bank rockfish are found from
Guadalupe Island, Baja California to Newport,

Table 5. Species Groupings Used by CDFG for Analysis
of Fishing Trends in the Nearshore Recreational
Fishery in the Monterey Bay Area

Group Members

Shallow (<60 m)
Rockfishes

Blue
Olive
Black
Gopher

Mixed Depth
Rockfishes

Canary
Rosy
Starry
Copper
Vermilion

Deep (=100 m)
Rockfishes

Chilipepper
Bocaccio
Greenspotted
Greenstriped

Other Lingcod
Sablefish
Pacific Hake
Pacific Sanddab

Pacific Mackerel

Note: Groupings were provided by Paul Reilly, CDFG.
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Table 6. Rockfish Species Exhibiting Significant
Declines in Mean Length, for Three Tme Periods from
1959-94

Decreasing Mean Length
Species 1959-1994 1977-1994 1987-1994
Chilipepper ok >k
Olive *k **
Bocaccio * *
Greenstriped * *
Yellowtail * *
Widow *
Blue *x
Rosy **
Greenspotted *x *
Canary *

* Regression Significant (p < 0.05)
** Regression Highly Significant (p < 0.01)
Note: Data were provided by Jan Mason, NMFS.

Oregon 1n water depths from 33-270 m. Their
center of distribution ranges from Fort Bragg,
California into northern Baja California. They
seem to be very mobile and live in both hard
bottom and midwater habitats on the edges of
rocky banks.

Life History: Bank rockfish spawning occurs
from December to May, with a peak in February
off central California. Fifty percent of this
species is mature at 36 cm in length, and all are
reproductively mature at 38 ¢cm. Females pro-
duce between 65,000 and 610,000 eggs per
season. Bank rockfish reach a maximum length
of 51 cm and a maximum age of 50 yr.

Fishery History and Trends: Bank rockfish
are commercially caught using gill nets or otter
trawls equipped with roller gear; a small amount
are harvested with hook-and-line gear. In 1987,
Monterey gill net landings of bank rockfish
doubled when California regulations forced gill
net fishing operations deeper than the 100
fathom isobath. The commercial landings of
bank rockfish in the MBNMS averaged over 1.1
million Ib/yr from 1980-95. Catches steadily
declined between 1988-94 (Fig. 45). Catches in
1994 were estimated to be only about 317,000 1b
(Appendix 3). Some of this decline in landings
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may have resulted from gill net fishers changing
over to longline gear to enable them to fish
within state waters. Catches increased again in
1995, totaling over 571,000 1b.

NMFS population surveys conducted every 3
yr between 1977 and 1995 indicate that more
than 90% of the bank rockfish population occurs
off central and northern California. A bank rock-
fish stock assessment prepared in 1994 indicated
that stocks had remained relatively stable since
1986. There was, however, a significant decline
in mean length of bank rockfish landed in
central and northern California from 1978—88.

Management: Bank rockfish have a long life
span and a slow growth rate so they are not able
to sustain a high rate of harvest. Females have
Just reached the length of 100% sexual maturity
when they are of a size that is caught in the
fishery. The PFMC currently does not specifi-
cally limit the catch of bank rockfish; they are
managed as a part of the Sebastes complex.
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Figure 45. Estimated commercial landings of bank
rockfish at the five major ports near the MBNMS from
1980-95.

Within the 21.3 million Ib ABC set for the
Sebastes complex in California and southern
Oregon in 1997, the PFMC is estimating that
179,000 1b of bank rockfish will be harvested.

Sport catch of rockfish is regulated by a bag
limit of 15 fish per day of any combination of
species.
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Blackgill Rockfish (Sebastes melanostomus)

Distribution: Blackgill rockfish range from
central Baja California to Washington. Young
fish are caught in waters as shallow as 200 m,
but adults normally are located in water depths
ranging from 230-820 m. Although they have
been caught on soft bottom habitats, they nor-
mally occupy deep rocky habitats.

Life History: Blackgill rockfish spawning
occurs from January through June with a peak
off central California in February. Fifty percent
of this species is mature at 36 cm in length (age
7-8), and all are reproductively mature at a
length of 38 cm. Females produce as many as
770,000 eggs per season. Blackgill rockfish
reach a maximum length of 61 cm.

Fishery History and Trends: Blackgill
rockfish were targeted with hook-and-line
fisheries in the 1970s and also fished with gill
nets in the 1980s. Currently, blackgill rockfish
are caught primarily by trawlers along with bank
and splitnose rockfishes. Within the MBNMS
recorded catches of blackgill rockfish fluctuated
greatly from 1980-95 (Fig. 46). Much of this
fluctuation could be due to changes in fishing
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Figure 46, Estimated commercial landings of blackgill
rockfish at the five major ports near the MBNMS from
1980-95.

location or in gear used, rather than fluctuations
in actual catch or population sizes.

Management: The PFMC currently does not
specifically limit the catch of blackgill rockfish;
it 1s managed as a part of the Sebastes complex.
Sport catch of rockfish is regulated by a bag
limit of 15 fish per day of any combination of
species.
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Blue Rockfish (Sebastes mystinus)

Distribution: Blue rockfish range from Punta
Santo Tomas in Baja California to the Bering
Sea. They form schools in kelp forests and over
rocky bottoms from the surface to 100 m deep.
They are very abundant throughout much of
their range.

Life History: Mating generally occurs during
late fall. Eggs mature in December or January at
which time the eggs are fertilized with the stored
sperm. Eyed larvae are released into the water
column from January to May, with juveniles
appearing in the kelp canopy about April or
May. Age of inttial spawning is protracted in
both sexes; approximately 10% spawn for the
first time at 3 yr of age. By age 5 (26 cm in
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length), half of all males have spawned. By age 6
(28 c¢m 1n length), half of all females have
spawned. Blue rockfish reach a maximum length
of 53 cm and a maximum age of about 23 yr.

Fishery History and Trends: Blue rockfish
are primarily harvested in Monterey Bay in the
CPFV fishery and by skiff fishers and divers.
They comprise a large proportion of the total
sport catch, but are not important in the commer-
¢ial fishery. Although yearly catches and land-
ings fluctuate, the population size of blue rock-
fish in the MBNMS seems to be relatively stable.
Commercial landings declined in the early 1980s
then increased, presumably as a result of im-
proved recruitment (Fig. 47). Sport landings of
blue rockfish followed a similar pattern, drop-
ping sharply during the mid-1980s and then
increasing in the 1990s from new recruitment.
The sharp increase in blue rockfish landings in
1985 was caused by an unusually large series of
landings from gill net fishers.
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Figure 47. Estimated commercial landings of blue
rockfish at the five major ports near the MBNMS from
1980-95.

Management: This species is not currently
under management by PFMC. Sport catch of
rockfish is regulated by a bag limit of 15 fish per
day of any combination of species.
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Bocaccio (Sebastes paucispinis)

Distribution: Bocaccio form schools above
the bottom and are found individually in rocky
crevices. They range from Baja California to
Kodiak Island, Alaska, and occur in water depths
from 20-517 m. They occupy midwater habitats
as well as a wide variety of benthic habitats
ranging from kelp forests to both high and low
relief rocky outcrops. They are common from
northern Baja California to the Washington—
British Columbia border.

Life History: Eyed larvae are extruded from
January through May off central and northern
California. Young-of-the-year can be as long as
18 cm at the end of the first year of growth. Fifty
percent of bocaccio are mature when they are 42
cm in length and 4 yr old. Males mature at
slightly smaller sizes than females. Fecundity
increases from 20,000 eggs in a 38 cm long fish
to 2.3 million in a 77 cm long fish. Bocaccio
reach a maximum length of 91 ¢m and can weigh
as much as 15 Ib. Maximum age is about 50 yr.

Fishery History and Trends: Bocaccio are
important in the commercial trawl and hook-and-
line fisheries in Monterey Bay. They usually are
marketed as red snapper or rockcod. They are
also important in the sport catch as well. Com-
mercial landings at ports near the MBNMS
averaged 2.9 million lb/yr from 1980-95, how-
ever, catches consistently declined each year
during that time (Fig. 48).
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Figure 48. Estimated commercial landings of bocaccio
at the five major ports near the MBNMS from
1980-95,

Stock assessment models show that bocaccio
spawning stocks are severely depleted. Recruit-
ment levels for bocaccio are highly variable, but
have generally dropped as spawning stocks have
declined. Stock assessments suggest that bocac-
cio abundance is 15-20% that of 1970, which is
thought to have been an anomalously high
abundance year for bocaccio. There have been
no strong recruitment episodes since that pro-
vided by the 1984 year-class.

Management: This species is managed by
PFMC. From 1983-90 bocaccio were managed
in combination with other rockfish in the
Sebastes complex. The PFMC uses trip and
frequency limits to constrain total complex
landings. After 1990, specific bocaccio trip
limits were established to keep catch within the
harvest guidelines. The 1997 ABC for bocaccio
in Califorma and southern Oregon was 584,000
1b. This quota applies to all gear types and
includes the recreational fishery. The 1997 har-
vest guideline, however, was set at 853,000 1b to
account for fish discarded at sea. Some fishery
managers believe that the stock size will con-
tinue to decline with harvest provided by the
current ABC unless recruitment greatly im-
proves.

Sport catch of rockfish is regulated by a bag
limit of 15 fish per day of any combination of
species.
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Chilipepper (Sebastes goodei)

Distribution: Chilipepper range from
Magdalena Bay, Baja California to Queen Char-
lotte Sound, British Columbia from the surface to
467 m depth. Adults are found in large schools
over deep rocky reefs as well as sand and mud
bottoms.

Life History: Spawning occurs from Septem-
ber to April with a peak during December and
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January. Females reach 50% maturity at a length
of 28 cm and an age of about 4 yr . Males ma-
ture at about 20 cm and 2 yr of age. The maxi-
mum length attained by chilipepper is about 56
cm and they reach approximately 20 yr of age.

Fishery History and Trends: Chilipepper are
a very important component of commercial trawl
and sport fisheries in central California. Com-
mercial landings at ports near the MBNMS were
stable from 198095, averaging 3.0 million Ib/yr
(Fig. 49). NMFS biomass estimates of chili-
pepper in California also remained relatively
constant from 1977-95. Abundance estimates
from catch data, age composition data, and
length data all indicate that the stock size of
chilipepper is increasing. CDFG data collected
from the CPFV fishery show declining catch
rates in some locations, however, suggesting
there may be localized depletions.
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Figure 49. Estimated commercial landings of chili-
pepper at the five major ports near the MBNMS from
1980-95.

Management: This species is under manage-
ment by the PFMC. Quotas and gear regulations,
such as mesh size, are some of the measures
used to regulate this fishery, The 1996 and 1997
coast-wide ABC for chilipepper was 8.8 million
Ib.

Sport catch of rockfish is regulated by a bag
limit of 15 fish per day of any combination of
species.
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Darkblotched Rockfish (Sebastes crameri)

Distribution: Darkblotched rockfish range
from Santa Catalina Island in southern Califor-
nia to the Bering Sea. They have been observed
in water depths ranging from 6-975 m deep, but
usually occupy soft bottom habitats in water
depths from 50450 m.

Life History: Spawning occurs from Novem-
ber to March, with smaller animals spawning
later in that time period. Females reach 50%
maturity between ages 4-8 at lengths of 2739
cm. Males mature at lengths of about 27-36 ¢cm
and 4-5 yr of age. The maximum length attained
by darkblotched rockfish is about 57 cm and
they reach approximately 66 yr of age.

Fishery History and Trends: Darkbliotched
rockfish are caught primarily in deep water by
trawlers. Recorded catches of darkblotched



rockfish in the MBNMS averaged about 109,000
Ib/yr from 198095, although catches fluctuated
greatly (Fig. 50). Much of this fluctuation could
be due to changes in fishing location or changes
in gear used, rather than fluctuations in actual
catch or population sizes. There is currently
insufficient data about dark-blotched rockfish to
enable fishery scientists to produce a stock
assessment. The life history traits of old age and
slow growth suggest that harvest rates should
only be 4-6% of the stock. Declining trends in
mean size suggest that current harvest rates are in
the range of 7-11% of the stock.
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Figure 50. Estimated commercial landings of dark-
blotched rockfish at the five major ports near the
MBNMS from 1980-95.

Management: The PFMC currently does not
specifically limit the catch of darkblotched
rockfish; it is managed as a part of the Sebastes
complex. Within the 21.3 million 1b ABC set for
the Sebastes complex in California and southern
Oregon in 1997, PFMC is estimating that
104,000 1b of darkblotched rockfish will be
harvested.

Sport catch of rockfish is regulated by a bag
limit of 15 fish per day of any combination of
species.
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Shortbelly Rockfish (Sebastes jordani)
Distribution: Shortbelly rockfish are found
from southern Baja California to British Colum-
bia from the surf line (young-of-the-year) to 310

m deep (adults). Peak abundances are centered
between the Farallon Islands and Santa Cruz and
off the Channel Islands, California. Adult
shortbelly rockfish form large schools in the
middle of the water column or over smooth
bottom habitats near the shelf break.

Life History: Spawning occurs from January
through April. Approximately 50% of females
are mature by age 3, and nearly all are mature by
age 4. Fecundity ranges from 6,200 eggs fora 17
cm long fish to 50,000 eggs for a 30 cm long
fish. Maximum recorded age for shortbelly
rockfish is 22 yr, but fish older than 10 yr are
uncommon. Most are less than 29 cm long, with
a maximum recorded length of 30 cm.

Fishery History and Trends: The shortbelly
rockfish is thought to be the most abundant
rockfish off the coast of California, but it has
been fished very little. NMFS trawl surveys
estimate a population size of over 145 million
fish, equaling approximately 33 million 1b in
biomass, with over 80% of the population off
central California. If this fishery is developed in
the future, there is a major concern regarding
mesh size for nets designed to target this species.
Because these fish are relatively small, the mesh
sizes required to catch them in profitable num-
bers would also capture large quantities of other
economically important fishes that are under-
sized.

Management: The 1997 coastwide ABC for
shortbelly rockfish is 52 million lb. General
provisions of the take of finfish for commercial
and sport fisheries in the California Fish and
Game code govern the take of this species.
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Biologists have recommended against bottom
trawling for this species because of the hazard to
young fish of other commercially important
species.
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Splitnose Rockfish (Sebastes diploproa)

Distribution: Splitnose rockfish range from
central Baja California to southeast Alaska.
Juveniles have been observed in shallow water
and around floating mats of kelp. Adults occupy
soft bottom habitats in water depths ranging from
91-579 m.

Life History: Spawning occurs from January
to September with peak spawning in July. Fe-
males reach 50% maturity between ages 6 and 9
at lengths of 1823 cm. Males mature at lengths
of about 20-29 ¢m and 7-10 yr of age. The
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maximum length attained by splitnose rockfish
is about 46 cm and they reach approximately 84
yr of age. Growth is faster in the northern por-
tion of their range.

Fishery History and Trends: Splitnose
rockfish are caught primarily with trawl nets
equipped with roller gear in the deepwater
rockfish fishery. Recorded catches of splitnose
rockfish in the MBNMS averaged about 518,000
Ib/yr from 1980-95 (Fig. 51). Linear regression
analysis conducted on the landings data indicates
that catches in the MBNMS have been declining
since 1983. However, a preliminary stock evalu-
atton for splitnose rockfish conducted in 1994,
using four different types of surveys, showed no
coastwide evidence of a declining population.
Also, there was no evidence of a decline in mean
lengths of splitnose rockfish from 1978-88.
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Figure 51. Estimated commercial landings of splitnose
rockfish at the five major ports near the MBNMS from
1980-95,

Management: Splitnose rockfish have low
fecundity and low growth rates, so they are not
able to sustain a high rate of harvest. Most split-
nose rockfish caught in the commercial fishery
are larger than the size of 50% maturity, how-
ever, so this species may be less vulnerable to
overfishing than other rockfishes. The PFMC
currently does not specifically limit the catch of
splitnose rockfish; it is managed as a part of the
Sebastes complex. Within the 21.3 million lb
ABC set for the Sebastes complex in California
and southern Oregon in 1997, PFMC is estimat-
ing that 1.9 million Ib of splitnose rockfish will
be harvested.



Sport catch of rockfish is regulated by a bag
limit of 15 fish per day of any combination of
species.
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Vermilion Rockfish (Sebastes miniatus)

Distribution: Vermilion rockfish range from
central Baja California to the Prince William
Sound, Alaska. They range in depth from shal-
low subtidal waters to 472 m deep. Adults are
usually found near the bottom on rocky habitats,
but juveniles are often seen in kelp beds.

Life History: Spawning occurs from Septem-
ber through November. Vermilion rockfish reach
50% maturity at an age of 5 yr and a length of
37 cm. The maximum length attained by vermil-
ion rockfish 1s about 76 ¢cm and they have a life
span of about 43 yr. Females 32 ¢cm long will
carry 63,000 eggs, whereas a 55 cm long fish
will produce about 1.6 million eggs.

Fishery History and Trends: Vermilion
rockfish are caught primarily in the commercial
hook-and-line fishery and in the recreational
fishery. The relatively long life and slow growth
of this species, along with fishery monitoring
information suggests that vermilion rockfish

may be easily overfished in nearshore areas with
high fishing pressure. Although recorded
catches of vermilion rockfish in the MBNMS
have fluctuated greatly from 1980-95, there is
an upward trend in yearly landings with average
landings of about 149,000 Ib/yr (Fig. 52). This
1s thought to be a result of a strong year class in
1985 that has provided a boost to the fishery
since 1988.
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Figure 52. Estimated commercial landings of vermilion
rockfish at the five major ports near the MBNMS from
1980-95.

Management: The PFMC currently does not
specifically limit the catch of vermilion rock-
fish, which is managed as a part of the Sebastes
complex. Sport catch of rockfish is regulated by
a bag limit of 15 fish per day of any combina-
tion of species.
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Widow Rockfish (Sebastes entomelas)

Distribution: Widow rockfish range from
Todos Santos Bay, Baja California to Kodiak
Island, Alaska. They form large schools in the
water column from the surface to 400 m deep.

Life History: Fifty percent of widow rockfish
are reproductively mature at an age of 5 yr, and
nearly all are mature by age 8 at an average
length of 42 cm. Fecundity ranges from 55,600
eggs in a 33 cm long female to 915,200 eggs in a
48 cm long female. Larvae are extruded off
California in February. Juveniles are observed in
shallow water habitats by April. Adults are found
in large schools, often with other rockfish
species, both in the middle of the water column
and also over rocky bottoms. Widow rockfish
reach a maximum length of 61 cm and a maxi-
mum age of 59 yr,

Fishery History and Trends: Widow rock-
fish landings rank in the top three for commer-
cial fisheries in California behind chilipeppers
and thornyheads. They are also a component of
the sport landings. Commercial landings at ports
near the MBNMS averaged 1.5 million Ib/yr
from 1980-95 (Fig. 53). Widow rockfish land-
ings peaked in 1982 at 7.3 million Ib/yr when the
trawl fishery began targeting the species. Land-
ings have been much lower since that time
because of decreased population sizes and
increased regulations. The coastwide widow
rockfish stock in 1994 was estimated to be at
167 million Ib, about one-third the biomass in
1980. This stock abundance is near the level
expected at the current rate of harvest, and is
expected to remain stable if recruitment also
remains stable,

Management: This species is under manage-
ment by PFMC. Quotas and gear regulations
such as mesh size are some of the measures used
to regulate this fishery. The coastwide ABC for
1997 was set at 17 million lb.

Sport catch of rockfish is regulated by a bag
limit of [5 fish per day of any combination of
species.
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Figure 53. Estimated commercial landings of widow
rockfish at the five major ports near the MBNMS from
1980-95.
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Yellowtail Rockfish (Sebastes flavidus)
Distribution: Yellowtail rockfish range from
San Diego, California to Kodiak Island, Alaska.



The center of abundance is from Oregon to
British Columbia. They are found from the
surface to 549 m deep, but are rare at depths
greater than 329 m. Yellowtail rockfish form
large single-species and multispecies schools.

Life History: Juvenile yellowtail rockfish are
often found in shallow water habitats such as
kelp beds. As they grow, they then migrate into
deeper water, where they occur as adults. Tag-
ging studies have shown that some individuals
make only short movements, whereas others may
move up to 1,000 km. Spawning occurs in win-
ter, with a peak in February. Juveniles begin to
appear in kelp beds by April. Females mature
between lengths of 37 and 45 ¢cm and from 610
yr of age. Males mature at a slightly smaller
length (30 cm) and younger age (4 yr) than
females. Yellowtail rockfish reach a maximum
length of 66 cm. The oldest aged yellowtail
rockfish was a 64 yr old male.

Fishery History and Trends: Yellowtail
rockfish are landed commercially in both the
trawl and hook-and-line fisheries. They also
make up a considerable component of the sport
landings. Coastwide yellowtail rockfish landings
increased from 2.6 million lb in 1967 to 21.2
million Ib in 1983, then declined after trip limits
were implemented in 1985. From 1991-95,
coastwide landings averaged 10.8 million 1b/yr.
Landings of yellowtail rockfish in the MBNMS
are a very small portion of the total California
landings. Commercial landings at ports near the
MBNMS averaged 662,000 1b/yr from 198095,
but have been less than 310,000 1b/yr since 1992

(Fig. 54).
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Figure 54. Estimated commercial landings of yellowtail
rockfish at the five major ports near the MBNMS from
1980-95.

Population estimates for yellowtail rockfish
are highly variable, making conclusions concern-
ing trends difficult. Despite this high variability,
the coastwide trend in abundance appears down-
ward. Some recent stock assessments indicate
that this species has been overfished in much of
its range.

Management: The yellowtail rockfish fishery
is managed by the PFMC as two stocks sepa-
rated by a boundary at Cape Lookout, Oregon.
The PFMC currently does not specifically limit
the yellowtail rockfish catch in this region; they
are managed as a part of the Sebastes complex.
Within the 3.2 million Ib ABC set for the Sebas-
tes complex, PFMC is estimating that 571,000 Ib
of yellowtail rockfish will be harvested in Cali-
fornia and southern Oregon in 1997.

Sport catch of rockfish is regulated by a bag
limit of 15 fish per day of any combination of
species.
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Thornyheads (Sebastolobus altivelis and
S. alascanus)

Distribution: Both species in the genus
Sebastolobus range from northern Baja Califor-
nia to Alaska. The shortspine thornyhead is the
more shallowly distributed of the two species,
ranging from 28 m to 1,667 m deep, whereas the
longspine thornyhead ranges from 363 m to
1,667 m deep. These two species are distributed
over mud bottoms at the same depths and re-
gions as sablefish and Dover sole, and make up a
portion of the mixed fishery termed the deep
water complex, or Dover sole, thornyhead,
sablefish (DTS) complex. Thornyhead landings
have been recorded separately since the 1970s.
Until only recently, however, most of the
thornyhead landings were reported in the “red
rockfish” category.

Life History: The two species in this genus
are noted for spawning gelatinous egg masses.
Spawning occurs for both species in late winter
and early spring. Approximately 50% of female
shortspine thornyhead are mature at a length of
21 cm (estimated age 13 yr). Each female may
release as many as 400,000 eggs annually.
Larvae and young juveniles are pelagic for 14 to
15 months and settle to the bottom during Janu-
ary to Junc of the year following hatch.
Longspine thornyhead females reach 50%
maturity at a length of about 19 ¢m (estimated
age 14 yr). A female can produce up to 100,000
eggs per spawning event and may spawn two to
four times annually. Young juveniles are pelagic
for as long as 20 months and begin settling to the
bottom when they are about 5 cm long.
Shortspine thornyheads reach a maximum length
of 75 em and a maximum estimated age of over
100 yr. Longspine thornyheads reach a maxi-
mum length of 38 cm and an estimated maxi-
mum age of at least 45 yr.

Fishery History and Trends: Thornyheads
are important trawl caught species in the
Monterey Bay groundfish fishery. Commercial
landings of thornyheads have increased since the
1980s with increased trawling effort in deep
waters and increased market demand. Landings
for both species caught in the MBNMS from
1980-95 averaged 1.8 million 1b/yr, with
shortspine thornyheads accounting for about
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66% of the landings (Fig. 55). There is a large
amount of uncertainty in recent stock assess-
ments because of uncertainty in natural mortal-
ity, fishing mortality, growth rates, survey
results, and resulting biomass estimates.
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Figure 55. Estimated commercial landings of thorny-
heads at the five major ports near the MBNMS from
1980-95.

Management: These species are managed by
PFMC. Quotas and gear regulations such as
mesh size are some of the measures used to
regulate this fishery. In 1997, the coastwide
ABC for shortspine thornyhead was set at 2.2
million Ib, and for longspine thornyhead at 15.4
million lb. The harvest guideline for the short-
spine thornyhead, however, was set at a higher
level because of the uncertainty in the stock
assessment.
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Other Nearshore Rockfishes

Several species of rockfishes that occur in
kelp forests and other nearshore habitats are
under increasing fishing pressure from both
commercial and sport anglers. Recently, mar-
kets for live, small rockfishes have added
previously seldom caught fishes to the commer-
cial landings. Species such as black-and-yellow,
copper, grass, gopher, kelp, china, brown, and
olive rockfishes that inhabit kelp beds are
frequently caught in the recreational and com-
mercial live fish fisheries. Many of these
species have relatively short life spans com-
pared to other rockfishes and can withstand
relatively high harvest rates. Peak spawning is
often from February to March. Other than olive
rockfish, these species do not generally form
schools, and are thought to move only short
distances during their lifetimes. Most of these
fishes are caught using hook-and-line gear or by
divers. Harvest is regulated by the general
provisions of the California Fish and Game
Code for commercial and sport take.
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Flatfishes

Flatfishes are found nearly worldwide. Three
families, including the left-eyed flounders (Both-
idae), right-eyed flounders (Pleuronectidae), and
tonguefishes (Cynoglossidae) are present along
the Pacific coast of North America. Many
of these species are harvested commercially
using a wide range of gear including trawls,
hook-and-line gear, and set nets. Many flatfishes
are also caught incidentally in bottom trawl
fisheries for roundfishes, rockfishes, and shrimp.
Landing data and stock assessments suggest that
populations of most species of flatfishes are
robust and could withstand increased levels of
harvest.

Flatfish are unique n that they undergo ex-
treme metamorphosis between larval and juve-
nile stages. Larval flatfish are most often pelagic
with a symmetrical body and an eye on each side
of its head. After a certain length of time, spe-
cific to each species, dramatic changes in mor-
phology take place; one eye migrates to the other
side of the body and the skull twists correspond-
ingly. During this transition, the fish begins
swimming with a sideways tilt to compensate for
the anatomical changes. By the time the migra-
tion of the eye is complete, the fish settles to the
bottom with its eyed, pigmented side up and
swims with undulating body movements.

California Halibut (Paralichthys californicus)
Distribution: California halibut range from
northern Washington to southern Baja California.

Their habitat is variable, but they are found
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mostly over sandy bottoms. Halibut occur in
estuaries and in shallow coastal waters out to
183 m deep.

Life History: California halibut may reach
152 ¢m in length and 33 yr of age. Halibut are
broadcast spawners. The spawning season
extends from February to August, peaking in
May. Eggs and larvae are pelagic and most
abundant in the water column close to shore.
Transformed larvae settle to bays, estuaries, and
shallow coastal zones. Juveniles are most abun-
dant in bays where they remain for at least two
years before shifting to open coastal regions.
Males mature at 2-3 yr of age, and females
mature at age 4-5 yr. Adults move inshore to
spawn during spring and summer and offshore
during winter.

Fishery History and Trends: Catches of
halibut are highest during the spring and summer
in central California. Halibut are an important
species in both the commercial and recreational
fisheries in California. They are currently fished
commercially using trawl, gill net, and hook-
and-line gear. Fishers began using set nets to
catch halibut in the 1880s. Trawls have been
used since 1930, and accounted for the largest
catches of halibut prior to 1969. In 1970, new
regulations established area and season closures
making trawling too costly and shifting effort
towards set nets. In 1990, the California Marine
Resources Protection Act restricted gill netting
to outside of three miles. The measure had a
dramatic effect on halibut landings, reflected by
a 32% drop in catches in southern California
between 1993 and 1994. In 1994, trawls were
the most productive method of catching Califor-
nia halibut, followed by hook-and-line and gill
net gear.

Total commercial catch of halibut in central
California remained stable from 1980 to 1995
(Fig. 56), but there is evidence of a shift in
halibut populations to the north. San Francisco
ports alone accounted for over 49% of the
California catch in 1994. The value of halibut
landed has been increasing since 1980, reaching
as high as $989,000 in 1992.

California halibut are caught recreationally
from CPFVs, private boats, and from shore.
Private boats exert the most pressure on the
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Figure 56. Reported commercial landings of California
halibut at the five major ports near the MBNMS from
1980-95.

halibut population, accounting for 75% of the
recreational halibut fishing effort from 1980-87.
Halibut catch from private boats is difficult to
monitor, however, so trends from the private
recreational fishery are not well documented.
Recreational halibut catches in the CPFV
fishery in California fluctuated greatly between
1936 and 1995. The highest catch of 143,500 fish
occurred in 1948 following World War II. Start-
ing in 1949, annual catches declined sharply
through 1957 until a limit of two fish with a 22
in minimum length was placed on fishers.
Catches and regulations continued to fluctuate
until the fishery declined drastically in 1971
when a five fish, 22 in size limit was established.
Between 1991-95, the number of halibut caught
annually by CPFVs in the Monterey Bay area
decreased from 114 to 15 fish. At the same time,
however, catches reported for CPFVs in the San
Francisco area increased from 559 to more than
13,000 fish. This is most likely a combined result
of a northern shift in the halibut population, as
well as increased fishing effort for halibut due to
the decline in the striped bass fishery.
Management: The commercial halibut fishery
is regulated using a number of methods. Gill and
trammel nets are subject to depth, area, and
scason closures throughout the state. A minimum
codend mesh size of 7.5 in is enforced for trawls
to allow escapement of undersized fishes. A
minimum size limit for the commercial fishery is
set at 22 in. Possession of halibut as incidental
catch by gill net, trammel net, or trawl net is
limited to 4 fish. The recreational fishery is



regulated with a 22 in size limit and a catch limit
of five fish scuth of Point Sur and 3 fish north of
Point Sur.
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Dover Sole (Microstomus pacificus)

Distribution: Dover sole are right-eyed flat-
fish that range from the Bering Sea to central
Baja California. They are found over mud and
sand bottoms between 18 and 914 m deep.
Juvenile Dover sole settle in shallow water and
migrate into deeper water as they age.

Life History: Adults reach 76 cm in length
and as old as 53 yr. Dover sole spawn in deep
water during winter months. Females reach
maturity at about 7 yr of age and 33 c¢cm in
length. A 42.5 cm long female will release as
many as 52,000 planktonic eggs. At a length of
57.5 ¢m, the number of eggs can increase to
266,000. Dover sole have a prolonged metamor-
phosis from larval to juvenile stages requiring a
period of up to a year. This long planktonic stage
indicates that environmental conditions greatly
influence year-class strength. Eggs are most
abundant beyond the 200 m isobath where
current flow 1s 10-15 cm/s, resulting in south-
ward transport.

Fishery History and Trends: Dover sole are
one of the dominant fishes of the California
commercial groundfish fishery. They are har-
vested by bottom trawlers and marketed as filets.
Because many flatfish are caught together in the
trawl fishery, effort data for individual species
are not available. Commercial fishing effort for
all trawl-caught flatfishes, however, remained
constant from 1980-95 (Fig. 57). Dover sole
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Figure 57. Reported contnercial landings and fishing
effort for all flatfishes (except California halibut) at the
five major ports near the MBNMS from 1980-95.

landings at ports near the MBNMS greatly
increased in the early 1980s, reaching a high of 8
million Ib in 1985 (Fig. 58). Catches in the 1990s
have declined due to increased regulation, lower
recruitment, and reduced market demand. This
has caused trawlers to redirect their efforts
towards the more marketable thornyheads and
sablefish.

Stock assessments suggest that Dover sole
populations are depressed along most of the
Pacific coast. Off Oregon and Washington in the
late 1970s, harvest rates were appropriate for the
Dover sole abundance. Since that time, abun-
dance has declined as catches increased. Current
population models suggest that harvest rates of
the last 6 yr will result in overfishing the Dover
sole population off Oregon and Washington.
From Cape Mendocino to southern Oregon,
stock assessments indicate that biomass is low as
a result of reduced recruitment. Female spawning
biomass is estimated to be only 18% of its
unfished level.

Recent stock assessments for the Monterey
management area indicate that Dover sole bio-
mass in this region may be above the manage-
ment target level. Dover sole landings on the
West Coast for the last 5 yr have been below the
recommended ABC, and NMFS survey biomass
estimates have been stable since 1980.

Management: Dover sole are managed as part
of the Dover-Thornyhead-Sablefish complex.
Cumulative landing limits and trip limits are
used to regulate catches of this fishery. The
PFMC has implemented license limitations of the
complex, creating two fishing fleets: the
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Figure 58. Reported commercial landings of Dover sole
at the five major ports near the MBNMS from
1980-95.

permitted limited entry fleet and the nonpermit-
ted open access fleet, which has more restricted
harvest guidelines. The 1997 ABC for the
Monterey management unit was set as a range of
7-9.7 million Ib. The lower limit of the range
was determined by the 1990-94 average landing
level, the upper limit was derived from the 1995
stock assessment,
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English Sole (Pleuronectes vetulus)

Distribution: English sole are right-eyed flat-
fish. They can be distinguished from other flat-
fishes because their heads are particularly pointy
and their right eye can be seen from the blind
side of their body. English sole range from Baja
California to Northwest Alaska between depths
of 20-330 m, with yearly shifts towards shal-
lower water in spring and deeper water in winter.

Life History: Adults can reach lengths of
57 cm and have been aged to 17 yr. Spawning
occurs between January and March. All females
are mature at a length of 36 cm and 3-5 yrin
age. A female will release an average of 150,000
eggs at a length of 30 cm and 1.9 million eggs at
a length of 44 cm. Eggs are pelagic but sink
several hours before hatching. Young are pelagic
for 6-10 wk before settling out to shallow areas
such as estuaries and nearshore sandy habitats.
As the fish grow they gradually shift to deeper
waters. Reproductive success for English sole is
highly variable from year to year. This in turn
affects the amount and sizes of fish caught in the
fishery. Juvenile survival is thought to be
primarily influenced by water temperature and
transport processes occurring between spawning
grounds and nursery grounds.

Fishery History and Trends: English sole
have been harvested commercially since the
1880s as part of the California commercial
groundfish fishery. Over the last 10 yr, annual
landings of English sole in California have
remained stable at just below 3 million 1b; most
fish were caught between San Francisco and
Eureka. Annual English sole landings at ports
near the MBNMS fluctuated between 300,000
and 1 million Ib from 1980-95 (Fig. 59). A
slightly decreasing trend in both MBNMS and
total California landings is evident since 1992.
This 1s due to decreased market demand and a
switch in effort towards thornyheads and sable-
fish.

NMEFS surveys suggest that the English sole
population off Oregon and Washington greatly
increased from 1977-92. The increase resulted
from a high recruitment during that time. High
recruitment levels, combined with early age at
maturity, suggest that English sole could safely
withstand higher catch rates in the short term.
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Figure 59. Reported commercial landings of English
sole at the five major ports near the MBNMS from
1980-95.

There is no recent stock assessment for English
sole in the Monterey management area, but
NMFS survey indices suggest that population
abundance in this region was level from 1983
95.

Management: Currently, English sole are
managed through gear regulations including
trawl net mesh size. The 1997 ABC for Califor-
nia and southern Oregon was set at 2.4 million
Ib. This is about equal to the 1983-91 average
catch for that area.
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Pacific Sanddab (Citharichthys sordidus)
Distribution: Pacific sanddab are left-eyed
flatfish which occur over sand and mud habitats.
They are found from the Bering Sea to southern

Baja, but are most abundant between southern
California and the Gulf of Alaska. They range
from intertidal waters to depths greater than 550
m. Younger sanddab are found in shallower
waters with the bulk of the population occurring
between depths of 5 and 150 m.

Life History: Adults reach lengths of 41 cm
and ages of at least 11 yr. Fifty percent of female
Pacific sanddab are mature by a length of 19 cm
and 3 yr of age. Spawning takes place between
July and September. Females may spawn twice
in a season. Larvae and early juveniles are
pelagic before settling into shallow, sandy
coastal areas.

Fishery History and Trends: Pacific sand-
dab are an important species in the commercial
trawl and longline fisheries. Commercial land-
ings within the MBNMS have increased since
1980 (Fig. 60). Adult populations are currently in
good condition and are not in danger of being
overfished. This is a very stable and most likely
underutilized resource throughout its range.
Pacific sanddab are sold fresh and whole in
markets and restaurants. Sanddab are also often
taken by anglers aboard CPFV and private
vessels both for consumption and as bait fish.

Management: There is no limit, either in
number or size, for the commercial or recre-
ational take of Pacific sanddab.
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Petrale Sole (Eopsetta jordani)
Distribution: Petrale sole are right-eyed
flatfish found over sandy bottoms. They range
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Figure 60. Reported commercial landings of Pacific
sanddab at the five major ports near the MBNMS from
1980-95.

from the Bering Sea to northern Baja California.
Petrale sole have been caught from intertidal
areas to depths of more than 550 m, but are most
abundant in waters from 90-275 m deep. Adult
fishes make extensive migrations both inshore-
offshore and along the coast.

Life History: Petrale sole reach 75 em in
length and have been aged to 25 yr. All males are
mature by a length of 41 cm and all females are
mature by a length of 46 cm. Spawning occurs
from January to April off British Columbia, and
from November to March off Oregon. Females
produce from 400,000-1.2 million pelagic eggs.

Fishery History and Trends: Petrale sole are
a popular recreational fish, occasionally caught
by anglers during deepwater rockfish trips. They
are also a large part of the flatfish trawl fishery
from California to the Gulf of Alaska. Petrale
sole are the most highly prized food fish of the
small flatfishes. Coastwide, the population has
undergone substantial fluctuations. For the
management areas off Oregon and Washington,
NMEFS and Oregon Department of Fish and
Wildlife trawl surveys indicated a two-fold
decline in biomass from the mid-1970s to mid-
1980s, followed by a general increase in biomass
through 1992. Recent catch analyses suggest that
off Oregon and Washington, the petrale sole
population is near the expected long term aver-
age level of abundance. Stock assessments
indicate that the petrale sole population could
currently withstand higher catch rates.
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Small scale fluctuations in petrale sole abun-
dance have also been evident from an evaluation
of catches in the Monterey Bay area. At ports
near the MBNMS, annual petrale sole landings
fluctuated between 200,000 and 800,000 1b from
1980--95 (Fig. 61).
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Figure 61. Reported commercial landings of Petrale
sole at the five major ports near the MBNMS from
1980-95.

Management: Petrale sole are managed
through gear regulations including trawl net
mesh size. A 1993 stock assessment reported
populations equal to expected long-term aver-
age abundances. The 1997 ABC was set at 1.8
million Ib. for the Monterey management area.
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Rex Sole (Errex zachirus)

Distribution: Rex sole are small-mouthed,
right-eyed flatfish, with a long pectoral fin on the
eyed side. They range from the Bering Sea to
Baja California, and are found from the intertidal
zone to depths of more than 870 m. Rex sole are
most abundant over mud and mud-boulder
habitats.

Life History: Adults can reach lengths of 60
cm and have been aged to 24 yr. Females grow
faster and larger, and live longer than males. All
females are mature at a length of 30 cm and an
age of 9 yr, while all males are mature at a length
of 22 ¢m and an age of 5 yr. Spawning time is
extremely variable. Females produce 3,900-
238,000 eggs. Larvae take about 1 yr to meta-
morphose into bottom-dwelling adults.

Fishery History and Trends: Rex sole are
rarely taken by recreational fishers, but are a
large part of the flatfish trawl fishery from
California to the Bering Sea. Commercial land-
ings within the MBNMS are variable, but have
shown some increase since 1985 (Fig. 62).
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Figure 62. Reported commercial landings of Rex sole at
the five major ports near the MBNMS from 1980-95.

The coastwide biomass of rex sole was esti-
mated to be 6.6-8.8 million Ib in the late 1970s
to early 1980s. Biomass estimates in the mid-
1980s to mid-1990s then increased almost four-

fold to 24.3-30.9 million Ib. The biomass esti-
mates of the rex sole population in the Monterey
management area followed a similar trend.
Biomass in this region was estimated at approxi-
mately 1.9 million Ib during the 1970s and early
1980s, with biomass peaking at approximately
4.7 million Ib in 1983. The increase in commer-
cial landings since 1985 is a reflection of the
current high abundance of rex sole.
Management: Rex sole are managed through
gear regulations including trawl net mesh size. In
PFMC stock assessments, rex sole are lumped
into an “other flatfish” category. The 1997 ABC
for the Monterey management area for the “other
flatfish” category was set at 4 million Ib.
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Other Nearshore Species

Nearshore rocky bottoms and kelp beds are
areas of high productivity. They also contain a
diversity of microhabitats where fishes can
forage and find shelter. As a result, nearshore
areas are inhabited by a very diverse assemblage
of fishes, including shallow water rockfishes,
lingcod, cabezon, surfperches, croakers, green-
lings, and sculpins. Population assessments for
most of these nearshore species are not available.
A discussion of the catch trends for all of these
fishes 1s thus beyond the scope of this report. We
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describe only three of these nearshore, nonrock-
fish groups, but include a number of excellent
references that contain further information on
nearshore fishes. See Appendices 2 and 3 for
commercial landing records and Appendix 4 for
recreational catch estimates of these species or
species groups.

Surfperches (Embiotocidae)

Surfperches represent a highly abundant and
diverse group of fishes in the temperate waters of
the northeast Pacific Ocean. Nineteen specics of
surfperch are found off California; they occur in
a wide range of habitats including nearshore
sandy bottoms, intertidal and subtidal rocky
substrates, and kelp beds. They are also highly
abundant near artificial structures such as jetties
and piers. We have chosen to address surfperch
as a single group and not to describe life history
and fishery trends for individual species. Further
information on this group of fishes can be found
in the references provided.

Fishery History and Trends: Because surf-
perch are easily caught by both boat and shore-
based anglers, they constitute a significant
portion of the recreational fishery. Surfperch are
also frequently caught by divers with pole spears
and spear guns. In 1995, over 540,000 surfperch
were caught by recreational fishers in northern
and central California. The majority of these
catches occurred in shorebased fisheries. Impor-
tant species in the sportfish catches include
barred, striped, redtail, walleye, rubberlip, pile,
and shiner surfperch (Table 7). Historical catch
data show that between 1958-61 and 1981-86,
surfperch average weight per fish declined.
Catches also declined from 1.2 million to
760,000 fish/yr. The declines are attributed
primarily to reductions in catches of barred and
redtail surfperch. For the time periods from
1987-89 and 1994-96, average catch further
decreased to approximately 490,000 fish/yr.
Steady declines in surfperch populations are
attributed to a number of factors including
environmental variation, lower larval production
caused by smaller fish, habitat degradation, and
increased fishing pressure.

The commercial fishery for surfperch is much
smaller than the recreational fishery. Larger
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Table 7. Surfperch Species Harvested in the
Recreational Fishery Between 1980 and 1996,
Listed in Order of Average Annual Catch

Average Catch

(< 1000 fish)
Species 198096
Barred 157.3
Striped 98.5
Redtail 98.2
Walleye 95.7
Shiner 74.4
Silver 53.1
White 48.4
Pile 46.5
Black 26.8
Rubberlip 229
Calico 14.8
Rainbow 12.4
Sharpnose 1.6
Spotfin 1.3
Kelp 0.4
Dwarf 0.1
Reef <0.1
All species 759.5

Note: No data available for 1990-92,
Data provided by the PSMFC,

aggregating species, such as barred and redtail
surfperch, typically provide the bulk of the
commercial surfperch landings in northern and
central California. In 1995, 26,000 Ib of surf-
perches, worth $50,000 in exvessel price, were
landed at ports near the MBNMS. Commercial
landings averaged 27,000 lb/yr from 1980-95
(Appendix 2). Over 97% of these landings were
barred surfperch landed at Morro Bay.
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Cabezon (Scorpaenichthys marmoratus)
Distribution: Cabezon range from Punta
Abreojos, Baja California to Sitka, Alaska and



are found on hard bottoms intertidally to a depth
of 83 m.

Life History: Spawning occurs from late
October to March and peaks in January. Females
deposit egg masses in a nest site which is
guarded by the male until the eggs hatch. Males
begin maturing at 2 yr of age and at a length of
approximately 20 cm. All are mature by age 3 yr.
Females begin to mature during their third year
and between a length of 2548 cm. All females
are mature by their fifth year. Fecundity can
range up to 152,000 eggs from a 76 cm long
female and there is some evidence that off Wash-
ington spawning may occur more than once
during a year. The largest recorded cabezon was
99 c¢m long and weighed 24 1b.

Fishery History and Trends: Cabezon are
highly sought after by divers and recreational
anglers. They do not make up a large portion of
CPFV catches but are generally one of the larger
fishes caught by anglers, with an average weight
of about 4.4 Ib. Cabezon are harvested in the
commercial fishery primarily by hook-and-line
fishers. Commercial landings of cabezon in this
region averaged 15,000 Ib/yr from 1980-93.
Commercial landings increased substantially in
1994-95 (Fig. 63), due primarily to an increase
in the nearshore live fish fishery.
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Figure 63. Reported commercial landings of cabezon at
the five major ports near the MBNMS from 198095,

Management: Cabezon are not a federally
regulated species by PFMC. Sport catch of
cabezon is regulated under the general finfish
provisions of the California Fish and Game
Code. There is no size limit for cabezon, but a

bag limit is set at 10 fish per day. Some concerns
exist about the potential for overharvest of small
cabezon in the nearshore live fish fishery.
Recent data collected by CDFG biologists
indicate that a majority of cabezon caught in the
live fish fishery are below the length of 50%
maturity. An excessive harvest of small fish
could present problems for this species.
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White Croaker {Genyonemus lineatus)

Distribution: White croaker range from Mag-
dalena Bay, Baja California to Vancouver Island,
British Columbia. They live near the bottom
over sandy substrates from the surf zone to a
depth of 200 m.

Life History: White croaker spawn ycar
round in central California. Females can spawn
multiple times within a season, and fecundity
ranges from an estimated 800 eggs ina 15 ¢cm
long female to 37,200 eggs in a 25 cm long
female. Eggs and larvae are pelagic, and larvae
settle to the bottom as they develop. Juveniles
are found near the bottom in 3—6 m of water,
then migrate to deeper water as they mature.
Fifty percent maturity is reached by both males
and females after 1 yr of growth. By age 3—4 yr,
all white croakers are mature. White croaker can
reach a length of 41 cm and live to be 12 yr old.

Fishery History and Trends: Statewide,
white croaker are frequently caught in recre-
ational fisheries and are an important constituent
of the commercial catch as well. They are not
landed commercially in great numbers in
Monterey Bay, however, and are often sold as
bait fish. After the Vietnam War, many Vietnam-
ese fishers immigrated to the Monterey Bay area
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Figure 64. Reported commercial landings of white

croaker at the five major ports near the MBNMS from
1980-95,

and were encouraged to fish for white croaker,
These fishers have since gradually moved on to
other, more profitable fisheries. In addition, the
gill net ban in the early 1990s lowered fishing
pressure on the white croaker. As a result,
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landings have dramatically declined at ports near
the MBNMS in the last 15 yr, despite the in-
crease in biomass estimated by the NMFS (Fig.
64).

Management: The commercial fishery for
white croaker does not fall under the purview of
the PFMC. The fishery is managed exclusively
by CDFG rules and regulations. Sport catch is

regulated by the general provisions for finfish in
the California Fish and Game Code.
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Glossary

ABC

Age at 50%
maturity
CDFG
CPFV

CPUE

EEZ

Fecundity

FCMA

FMP

IFQ

MBNMS

Monterey

Acceptable (sometimes Allowable) Biological Catch. A seasonally determined catch
or range of catches based on the best scientific estimates of current stock conditions.

Age at which 50% of the population is reproductively mature.

California Department of Fish and Game
Commercial Passenger Fishing Vessel

Catch per Unit Effort. The total number or weight of fish harvested by a defined unit
of fishing effort. Measures of “unit of effort” are variable and defined separately
within each fishery (e.g., angler day, hours fished, trips, vessel days, number of
hooks, etc.)

Exclusive Economic Zone. The zone out to 200 miles in which the United States
claims control over natural resources.

The potential net reproductive output of a female (e.g., the number of eggs present in
the ovaries).

Magnuson Fishery Conservation and Management Act, or “Magnuson Act.” The
Fishery Conservation and Management Act was created in 1976 and was renamed the
“Magnuson Act” in 1980. The MFCMA established the 200-mile EEZ and the
regional fishery management council system.

Fishery Management Plan. The Magnuson Fishery Conservation and Management
Act provides that each Council shall prepare a FMP with respect to each fishery
within its geographical area of authority. Among the necessary components of such
FMPs are the conservation and management measures (1) applicable to foreign and
domestic fishing, (2) necessary and appropriate for the conservation and management
of the fishery, and (3) consistent with the seven national standards, the other
provisions of the FCMA, and any other applicable law.

Individual Fishery Quotas. IFQs are under consideration in California and are in use
in a few fisheries around the world. They are certificates or licenses given to
individual fishers which represent the right to catch and sell a certain share of the
TAC. When these certificates are transferable between fishers they are referred to as
Individual Transferable Quotas (ITQs).

Monterey Bay National Marine Sanctuary

The area from 36° N latitude to 40° 30' N latitude off central California that is

Management designated as a fishery management area by the PEMC.

Area
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MSY

NMEFS
NOAA
NPFMC

oY

PFMC
PSMFC

Recruitment

Sebastes
Complex

Stock

TAC

Maximum Sustainable Yield. An average over a reasonable length of time of the
largest catch that can be harvested continuously from a stock without reducing its
long-term productive potential.

National Marine Fisheries Service

National Oceanic and Atmospheric Administration

North Pacific Fishery Management Council

Optimum Yield. The term “optimum,” with respect to the yield from a fishery, means
the amount of fish (1) that will provide the greatest overall benefit to the nation, with
particular reference to food production and recreational opportunities, and (2) that is
prescribed as such on the basis of the maximum sustainable yield from such fishery,
as modified by any relevant economic, social, or ecological factors.

Pacific Fishery Management Council

Pacific States Marine Fisheries Commission

The stage or time at which young individuals of a species are first harvested by
a fishery.

A rockfish management group that includes bocaccio, canary, chilipepper, yellowtail,
and the remaining rockfish group. The remaining rockfish group includes all
rockfishes harvested, but not individually addressed with stock assessments.

A segment of a fish population that is selected to be harvested and managed.

Total Allowable Catch. The total amount in weight of fishes that can be harvested
from a particular fishery over a predetermined length of time.
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Apgendices

Appendix 1. Common and Scientific Names of Species Commonly Caught and Sold in Commercial (C) Fisheries and
Recreational (R} Fisheries in Central California from 1980-95

Common Name Scientific Name C R _Common Name Scientific Name C
Abalone, red Haliotis rufescens X X | Monkeyface-eel Cebidichthys violaceus X X
Anchovy, northern Engraulis mordax X X Mussel, California Mytilus californianus X X
Barracuda, California Sphyraena argentea X Mussel, bay Mytilus edulis X X
Bass, kelp Paralabrax clathratus X Octopus Octopus spp. X X
Bass, striped Morone saxatilis X X Opah Lampris guttatus X
Bonito, Pacific Sarda chiliensis X X Opaleye Girella nigricans X
Butterfish, Pacific Peprilus simillimus X X Prawn, ridgeback Sicyonia ingentis X
Cabezon Scorpaenichthys Prawn, spot FPandalus platyeeros X
marmoratus X X Prickleback, rock Xiphister mucosus X
Clam, California jackknife  Tagelus californianus X Queenfish Seriphus politus X X
Clam, common littleneck  Protothaca staminea X X Ratfish Hydrolagus colliei X
Clam, common Washington Saxidomus nuttalli X X Ray, bat Mpyliobatis californica X X
Clam, gaper Tresus nuttallfi X x Rockfish, aurora Sebastes aurora X X
Clam, northern quahog Mercenaria mercenaria X Rockfish, bank Sebastes rufus X X
Clam, northern razor Siligua patula X Rockfish, black Sebastes melanops X X
Clam, Pismo Tivela stultorum X X Rockfish, black-and-yellow Sebastes chrysomelas X X
Clam, purple Nuttallia nuttallii X Rockfish, blackgill Sebastes melanostomus X X
Clam, rosy razor Solen rosaceus X Rockfish, blue Sebastes mystinus X X
Clam, softshell Mya arenaria X Rockfish, bocaccio Sebastes paucispinis X X
Cod, Pacific Gadus microcephalus X Rockfish, bronzespotted Sebastes gilli X X
Crab, box Family: Lithodidae X Rockfish, brown Sehastes auriculatus X X
Crab, Dungeness Cancer magister X X Rockfish, calico Sebastes dallii X
Crab, rock Cancer spp. X X Rockfish, canary Sebastes pinniger X x
Crab, shore Pachygrapsus spp. X Rockfish, chameleon Sebastes phillipsi X
Crab, shore Hemigrapsus spp. X Rockfish, chilipepper Sebastes goodei X X
Croaker, white Genyonemus lineatus X X Rockfish, China Sebastes nebulosus X X
Flounder, arrowtooth Atheresthes stomias X X Rockfish, copper Sebastes caurinus X x
Flounder, starry Platichthys stellatus X X Rockfish, cowcod Sebastes levis X X
Fringehead, onespot Neoclinus uninotatus X Rockfish, darkblotched Sebastes crameri X X
Fringehead, sarcastic Neoclinus blanchardi X Rockfish, flag Sebastes rubrivinctus X X
Goby, yellowfin Acanthogobius flavimanus X Rockfish, gopher Sebastes carnatus X X
Greenling, kelp Hexagrammos Rockfish, grass Sebastes rastrelliger X X
decagrammus X X Rockfish, greenblotched Sebastes rvosenblatti X X
Greenling, rock Hexagrammos lagocephalus  x Rockfish, greenspotted Sebastes chlorostictus X x
Greenling, painted Oxylebius pictus X Rockfish, greenstriped Sebastes elongatus X X
Grenadier, Pacific Coryphaenoides acrolepis  x Rockfish, halfbanded Sebastes semicinctus X
Guitarfish, shovelnose Rhinobarus productus X X Rockfish, honeycomb Sebastes umbrosus X X
Hagfish, Pacific Eptatretus stoutii X Rockfish, kelp Sebastes afrovirens X X
Hagfish, black Eptatretus deani X Rockfish, olive Sebastes serranoides X X
Hake, Pacific Merluccius productus X x Rockfish, Pacific ocean
Halfmoon Medialuna californiensis X perch Sebastes alutus X
Halibut, California Paralichthys californicus x x Rockfish, pink Sebastes eos X
Halibut, Pacific Hippoglossus stenolepis X X Rockfish, quiliback Sebastes maliger X X
Herring, Pacific Clupea pallasii X X Rockfish, redbanded Sebastes babcocki X X
Irish Lord, brown Hemilepidotus spinosus X Rockfish, rosy Sebastes rosaceus X x
Irish Lord, red Hemilepidotus hemilepidotus  x Rockfish, shortbeily Sebastes jordani X X
Jacksmelt Atherinops californiensis  x x Rockfish, speckled Sebastes ovalis X X
Kelpfish, giant Heterostichus rostratus X Rockfish, splitnose Sebastes diploproa X X
Limpet Subclass Prosobranchia Rockfish, squarespot Sebastes hopkinsi X X
Limpet, owl Lottia gigantea X X Rockfish, starry Sebastes constellatus X X
Lingcod Ophiodon elongatus X X Rockfish, stripetail Sebastes saxicola X X
Lizardfish, California Synodus lucioceps X X Rockfish, swordspine Sebastes ensifer X X
Louvar Luvarus imperialis X Rockfish, tiger Sebastes nigrocinctus X X
Mackerel, jack Trachurus symmetricus X X Rockfish, treefish Sebastes serviceps X X
Mackerel, Pacific Scomber japonicus X X Rockfish, vermilion Sebastes miniatus X x
Midshipman, plainfin Porichthys notatus X Rockfish, widow Sebastes entomelas X X
(continued)
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Appendix 1 (continued). Common and Scientific Names of Species Commonly Caught and Sold in Commercial (C) Fisheries
and Recreational (R) Fisheries in Central California from 1980-95

Common Name Scientific Name C R Common Name Scientific Name CR
Rockfish, yelloweye Sebastes ruberrimus X X Sole, English Pleuronectes vetulus X X
Rockfish, yellowtail Sebastes flavidus X X Sole, fantail Xysireurys liolepis X X
Sablefish Anoplopoma fimbria X X Sole, petrale Eopsetta jordani X X
Salmon, chinook Oncorhynchus tshawytscha X X Sole, rex Errex zachirus X X
Salmon, coho Oncorhynchus nerka X X | Sole, rock Pleuronectes bilineata X X
Salmon, pink Oncoriynchus gorbuscha  x x Sole, sand Psettichthys melanostictus x X
Sanddab, longfin Citharichthys xanthostigma X X Squid, market Loligo opalescens X X
Sanddab, Pacific Citharichthys sordidus X X Sturgeon, green Acipenser, medirostris X
Sanddab, speckled Citharichthys stigmeaus X X Sturgeon, white Acipenser transmontanus X
Sardine, Pacific Sardinops sagax X X Surfperch, barred Amphistichus argenteus X
Scallop, rock Hinnites multirugosus X Surfperch, black Embiotoeca jacksoni X X
Sculpin, staghorn Leptocortus armatus X X | Surfperch, calico Amphistichus koelzi X X
Sea cucumber FParastichopus spp. X X Surfperch, dwarf Micrometrus minimus X
Sea stars Class: Asteriodea X X | Surfperch, pile Rhacochilus vacca X X
Seabass, white Astractoscion nobilis X X Surfperch, rainbow Hypsurus caryi X X
Sefiorita Oxyjulis californica x | Surfperch, rubberlip Rhacochilus toxores X X
Shark, bigeye thresher Alopias superciliosus X Surfperch, sharpnose Phanerodon atripes X
Shark, blue Prionace glauca X | Surfperch, shiner Cymatogaster aggregata X
Shark, brown smoothhound Mustelus henlei X X Surfperch, walleye Hyperprosopon argenteum x X
Shark, common thresher Alopias vulpinus X Surfperch, white Phanerodon furcatus X X
Shark, gray smoothhound  Mustelus californicus X X Swordfish Xiphias gladius X
Shark, sevengill Notorynchus cepedianus X X Thornyhead, longspine Sebastolobus altivelis X
Shark, shortfin mako Isurus oxyrinchus X Thornyhead, shortspine Sebastolobus alascanus X
Shark, sixgill Hexanchus griseus X X Tomcod, Pacific Microgadus proximus X
Shark, soupfin Galeorhinus galeus X X Topsmelt Atherinops affinis X X
Shark, spiny dogfish Squalus acanthias X | Tuna, albacore Thunnus alalunga X X
Sheephead, California Semicossyphus pulcher X X Tuna, bigeye Thunnus obesus X X
Shrimp, bay Crangon stylirostris X X Tuna, bluefin Thunnus thyrnus X X
Shrimp, Pacific ocean Pandalus jordani X Tuna, skipjack Katsuwonus pelamis X X
Skate, big Raja binoculata X X Tuna, yellowfin Thunnus albacares X X
Skate, longnose Raja rhina X X Turbot, C-O Pleuronichthys coenosus X X
Skate, California Raja inornata X X Turbot, curlfin Pleyronichthys decurrens  x x
Skate, thornback Platyrhinoidis triseriata X X Turbot, diamond Hypsopsetta guttulata X X
Smelt, eulachon Thaleichthys pacificus Turbot, hornyhead Pleuronichthys verticalis X
Smelt, night Spirinchus starksi X X Urchin, purple sea Strongylocentrotus
Smelt, surf Hypomesus pretiosus X X purpuratus X X
Snail, sea Subclass: Prosobranchia X X Urchin, red sea Strongylocentrotus
Sole, bigmouth Hippoglossina stomata X X Jfranciscanus X X
Sole, butter Pleuronectes isolepis X X Whitefish, ocean Caulolatilus princeps X x
Sole, Dover Microstomus pacificus X X Wolf-eel Anarichthys ocelatus X X
Yellowtail Seriola dorsalis X X

Note: This table includes a few species which are caught beyond MBNMS boundaries, but sold at local ports. It does not include those
species harvested for bait or scientific or educational purposes.

95



(panunuod)

£I8'c 0£0°€T 85+ 1€ £6L°LS IvI'61 +06'+9 LO0'PT 058°01 9EL'Y ¥85°01 £F6'S1 169t uouIes patfiaadsun)
106'TH 1€6'sS ¥S9°cE 05691 LIT'sE LLT'ET STT'8I 960°81 0620 £1¥9 0T LEO'] Feys oW uLIoyS
09Z°991 £E9°09 9PLTI 7E6 £8€°1 9TE 11 ws'T 0LE'D9 P68t 82L°6 £10°T A9 44 Uo[ES 010))
€T8'c I8y PETOL €55 6LY'Y 68701 11061 6571 PLOFPI LS HE IV LT 658°8¢ uozaqe)y
wiel €207 010°02 6L1°91 ¥PE6T 9LTIVT 0££°8¢ 908°cE 696'pL FLO0E LYO'ET L8L'LY Areys ugdnog
95Z'61 P65°6 601°7T 69LP9 101°8¢ £16'6% 990°08 0ZL'ZY 6L'E1 'l TLL'S T05'e Jopunofj Lueg
£58°7 978°g 891°01 099'61 681°81 69L°LT LST'9¢ TI9'Er 01£'pE £09°9¢ £01°8% 195°18 yIeys paniaadsuny
R6Y°61 FeL LT 890°TY €ELTN 97TRI 05£°ET CHPLS 106'85 651°06 LESTL 0 ] yedo
SE6°97 LTT'0E 06L° 1€ PRY'LE 086°tt £00°vT Tor'et We'el $98°LZ £86°S¢ ¥95']1 LO9FT yoradpng
LLT 08¢'C LPLE] 867°T6 SE9'8TI $09°CS #0081 LOOTT 89TFS 66E°LT 02102 $T91E ysy paiysadsun
9Z0°11 PP 19 TLL66 T19°'s01 L8%1ET T LY ] 0 0 0 0 0 SMe[I qB1)
LPL'81 900°T1 6LZ°11 801°7T 98691 9€0'ST §91°6¢ 01102 00°5€ T66°8L 66£°6S £5T 9P uneld jodg
91T T60°7T <19 7Ll 0 €51 60F EILET 060°T 0 0 0 SISTPRUSI)
9t $89°87 £ LLO'T LIS 157 696°¢C 9LI'S S1ZT°01 SI¥'ovl 62191 SL6'1 ¥8T ojueq Jiyioed
6vZ's 80€°11 €TTLY 969'6¢ 1¢4°5¥ 87518 £85°c6 LSS 00L'TF 989°69 86518 LEb'b6 Ysyiey paytoadsupy
9IE 1€ 189 631 FT YOT'TE 79L°0% 0.8°16 $0L°89 ¥LYSL 1169 0L £0£°ZS 86E T 3[0s pueg
0 £18°698 9£0'€ ¥90'vZT 0 ] 0 ] 0 0 0 o ysydey
108°18 $86'66 E0L'GOI 161'8¢ 08Ty 180°95 £TLLY PETPS Tr9'6L £CEPR BIESII 97569 aeyg
T01°sL LTad]| LTF'6T] 801°601 Z01°%01 £r8€y 7EP'901 9zT'TE $L9°0F I¥i'59 6L1°6% L8Y'8L Juoleqe pay
076°L81 LT6'09] L9TETT LLE'SS 1#6PE1 99¢°L6 T16°C0T ££9°381 0E°61¢€ 9¢°L1T 66L°01 96T JTeys JOUSAR]) UOWWO)
91£°¢C61 S60°T61 LBO'BTL Prei19z 6¥9°91 £66'01 8LLT 0£6°6 60672 ESHTI TANr £ LFLTT unjom eag
086'CHT £rI°18T 6EF'LT 815°8T LPOLEL LSEDIE 80°SET 91£°60T 986'S8T SEY°ISS 68L°9LT 8reCHE Suruay ayrorg
TRT'651 6T PET 6£0°087 8¥0°19T 8L 9ET 38V'BL1 8TTOLT 65€°L61 666961 £¥0°62T v01°00T 18€°8ET nqiey eruioe)
8RIVIE 81967 TRTE0E OlIt' Pl 66°THI 79¢99T 89187 L8TEF1 0T°L9 L8T'Eh 950°LE ¥89°LT GRID Yooy
23 1817 8+8°01 LET'ETE SEIELy S6£°108 PPV 018921 659°19L T9L°E’Y 182'¢L8 PIS'LOT'] dwrys uesoo oyioeg
+80°69¢ TTRISE 88T 1LY 168'L¥9 £€T°L0S LLO'GEY 1Z8'18¢ STI6L] T59'%IE STEDET LET'1IT X% WR* 3[os xay
1ZEvPE £81°957 8I5'¢¢ LS6'016 05789 OrEIPE 965 e 71 LLS'IET SSE6ST 208911 065671 ¥9L°661 qe1o ssauafungg
o01'LTY CLELLE 960°068 L1Z'8¥9 862°0T6 SLT'T89 L59°69¢ STI'E9T LOLOTE 9E8'0OPL 616 P79 S61°90L I2}ROIS YT M
TLR'T9V 6£T'¥8S £9t°L8C EPT6LL 89C°€9L LIBISE 1LESTTT 9LS LER L90°L96 81¥ ¥69 £st ysypromg
TLE9LS 06T°CEL 08665 018°92¢ 1Z1'98 91E'8rL $05'5ES £05°96T LO9E9T EE0°Clp SOL'9Ptr Gy 08k aJ0s ajensd
$TLOVE $50°29¢ ££¢'T7I8 T69'91¢ SEOCHp £F80bT 65S°LLT L86°15¢ £5T'88F 90Z'8kL 909°9.% 69L°65L poddury
171026 78¢°616 9£9°ChL 9ST'LLS 6LECOE PaR°Tiy £76°9€7 9ST LI 8ET'T1EI 61F'€LT 1L8°70T 890°6+7 qeppueg
67 1€8 601°386 8LETISL LY Er9 LST'HSY 695659 8TF oLy 659'0£€ POT'LFE £E1'619 Or1'P90 S09°56L a[os ysi[duy
L0Z'E9¢ £99°698 LEF'OIL 605°€8 EPRITH ¥ZO'SIE'T  +IG'E86'Y  OPS'OLYS 75£°989°1 050" LOY s 98606 [31ax9ew payivadsun)
89196 878°79% 918'c8 8PF 89T PP ToT SEF'ITY £L8°T0S 0£L°TR0TT  SEI'LIT'S £0¥'819 6£€'99p 9F6'6S T [25a3RW Yorp
618'P9E°T 7870581 9CRPO6°| 668'8L5°C 699°501°1 085'0£0'T 89818 610'CEL L6S 6L 91°L95°T 8CTI'186 6£5°E16 UOWI[BS 0oLy )
Tres £69°162 T81°SLY $88°vc8 66L°06L°1 THS'LI0T LYSPIP'T  9Z€°LT6'] LOT'STI'G 6£S°LLY 968°ST1's 1SLTeEYy 210%eq |y
£95'SEE°T 16F°0L9°1 666°166'1 STI6LLT L66°658°1 T65'TTIT 81L%1T°T TEPPRST PTS6P6°T 1+2'82¢°T 786°700°C L8TR9C°T ysya|qes
GIS'IEI'T  POT'LES 889°FTS 7E59 £PRP0T 081981 L'y 6iL 13 98 ¢ 051 suIpJes dYIveq
CTL96T [01°699F  069°1¢ LYRIS TS9'80L 865°980°7 0£8°066 TLY'T01'L 85H'RTE'S LBO'ETLY LIE'686'C 195°661 [2I930BW JIdEd
T95°06¢°S 0T0°669't  SPEIR0T 696°LES T SO'16%' [ E8F'T8LT 06¥°718°T ULLIYY  FEI°LOL 91£E9L'S SSTLITOl  L69°6L9°9 AAoupue WAION
809°€56'C 0SE 616 9L TP 0EL'8SEY  096°€TS'L 6ZEGISY 155'780°8 ANy 916°79Z°¢ £56'600°7 SOI'CTE' LETTROL [0S JzA0(]
£18°21€8'9 £91°099°6 T6R0SK LT LPT'PRIR £01°878'8 60L°9LL'] 889°0£9°8 180°0F6"L 895°0€6'TT  TIRRIO'EL  1£0°p9€'8 BPLTOF 01 SAYSIND0Y
BBLOLSLT  vOF'OFYL]  668'06L°CT  BLEPSFIT  PRIETIE]  [£9°8TRCI  L06'1ESR 891°7E6 0v8°890°7 SLOESEET  £TI'69T'RT  SYT'CIL'ST pmbs ja31e[y
1661 0661 6861 8861 LB6T 9861 S861 ¥861 €861 7861 1861 0861 sapadg

30 19paQy Ul pA)sr] sATRAY 160861 W] SN 2N 1eay spiog zolepy aALf A ye sdnoay) sapadg pue saradg sofepy jo sSurpue

sSurpue] [enuuy 3desaay Suiswasdaq

'f [eIdwmo)) pajroday -7 xipuaddy

96



(penunuos)

£LT61 69€°80¢€ 108°1 P1LT £T2'8€ 2L uowes paggroadsup)
8PLTT SLE'E9E IS1°61 98Lp1 8L8°91 6YLZE JIBYS OXEW UIIOYg
P6ETT 11€°85¢ L£14 Iz Z6t SLT'8 uowes oqos
Ti'ee P8L69E 95L°ZTI 6Ty Pro's £61°6 uozaqey
965°67 8ES"601 890°L1 SoP'S1 £78°1Z SHTET Jreys eydnog
6£1°ST 127'Tor LLO'8 IS4 989°6 $O1°BT Jopunopy Auelg
866'FT L96°66% 995°¢ 01Ty ior't 618°C Areys parpioadsur)
£8T°LT 1£5'9EF FIS ¥ 68Y'vT I18€°€1 BLY'SH yedo
£6T°LT 189°9¢k 89p'9T PT9°TT 91¥'9g 168°CE yosadymg
£89°37 PT6'8st el £TE SEL'E Al gsy paygroadsun)
16£°CE 019°LIS LT6 969t POsPe 88L1S SME[2 qe1)
sTT'sy SO9'TLL £LL861 T09°6T1 P19 ££0°7C uwmerd jodg
859°0¢ zzs'ogs E16°697 1re'09 LLL'S [£6°L Sialpeuslsy
96°1r L8E°1LY £6t s61 930°C 788°1 ouoq syloeg
SEQ'PY T95P0L 0007 [AXA% 98L°¢ 697°L1 ystpe) peyproadsup)
LYO'LY 8PLTSL 858°61 T6£°91 8T6'Pr £7LT¢ 108 pueg
8TL'8Y SPO'660'1 oL POI'1 (134 LOY ysydey
118%L 086°961'1 95" EL 0zTL'LY 16v'€S 961°ZT1 S 1)
661°C8 6L1T€E"] TI6'EL SPT'LY orleL $£1°ze1 auofeqe pay
£LETIT 096°L6L'T 8LLE9 L8T9] I§1°0t 9L6V8 IBYS Io4SAI UOWIo?y
TsL'oll 970°898'1 1v9°e9 9£0°ZF gee'9zl SLE'1ST uiyam eag
0ST'LLI 900°0£3'C LYET €8 0Lyl 0 Buruoy oyroeg
rR1°981 1¥6'8L6°T £69°161 PLELOT £E6°0P1 ££6°681 mquey eruojre’
£T6°20T 9L WT'e 6£1°007 T08°50T 9£6'8EE T16 0ty qeld qpoy
690°18€ 101°£60%9 886°689 LBT'L9E 91Z vLST duwiLgs uesso ay1ong
T6E'E6E TLT'P6T'Y 986919 LYIoLy 68Y°0PE 1L0°0T€ ajos xoy
1E0°10¥ T05°91'9 65L°L86 PIL'STS IPL'ELT 69T°TLE qeso ssouafiung
[£:1 873 P16°0¥6'9 TTREL 688°v8 TeL's6l srieet ISROID ATYM,
9L8'69F 610°81S°L POOp6L 119°0¥7 PLO'PLE 9zZLOIY UsypIomg
PSO'TOr 1L8°T6E'L £95°96€ 688°€TE L6T'8LT S O RTAY 2108 ofelRd
990'78F T90°EIL'L TLY'EST 0r601Y £PSTes 0ZZvov poogury
LBY'S6V £66°0£6'L L09°868 0Z1°208 665705 FIF'LTY qeppueg
ELL'ELS SLE'08T'6 691°1T¢ 8£8°81¢ SLL'TEE I81°L8Y o108 ys1[Suy
L16'T6E'] SLOOLTTT  95S°LSTL 0 0 L9v'E Jarosjorwt payroadsuny
685 P0F'1 SIFELY'IT 0 861°ZTr 9L 19L LLO'SPT [o1ex0eW YorL
SERCLY] 19€°18L'92  GEF9ZEY WE'eL0T OT1TLIS'T L6V'898 UOULES JOOUR|y
15€°THL' ] LI9'198°LT  TI¥'1HP 788°L9¢ 091°059 £8F'esT 2lo0eqy
0ELTHL'T 189°298'L 68879151 0EE'6EL 695°016 (A7 ¥4 Al Ysyarqes
899°1£8°1 P39°90£°6T  6SSEPFTT  09S°LPO'S P68l £1e'618'9 aurpIes ayioeq
6ET°ES6T [TTRELTE  181°8STI 66¢°L8 89¢'¢8 SESPP8 [PIa¥0B J1j10€ ]
68S°EES"E [P6°9£5'9S  180°T19°T 89LTIST 618°7£8'7 126°0FE°1 Aaoloue WwapIoN
LE0'818'E LOG'880'T9  TLL'SS6'E ¥9£'678'7 IS1°81H'E L88'6LF Y 3[0s AT
L1¥0t6'8 BL9988'TFI  PEL'TSE'S 080°9t¢'9 9%£°686'0 £29°€9L°L SAYSIPI0Y
16T°C66°'ST 9SO 16'6¥T  S9F°0LO'L 9IL'6SLSE  FTOESL'6T  80£°C09°8I prabs jarepy
uBIp LA ) S661 F661 £661 7661 sapadg

sguppuer] [enuay 33e19Ay SuSeAIdN JO JIPIQ uf pHSIT SIS S6—0861 W) SIANGIN 241 TeaN sp10] Joley
aal oY) Je sdnoxn sapadg pue sanadg Jolepy Jo sEupue] [erswmo) panteday (panupuoy) 7 xipuaddy

97



(penunuos)

"SANN Aq pap1aoad pue DD AQ Paaagod a13m ele(] POPISUL JOU e JA/Q] 0001 et} 8531 sTurpue] fenuue 1M s;aadg ar0n

SLLOSY'S  69F°00LS 800°LTF'D 0TELYIL 9P1°L96'6 PSSIE6T L TEY60L°01  vRY'DSL9 L' Er9'Y L66'0E6°E 8T1°¢E61°E 8LS°CRO°E ysiery
££6'07 Lzrog 06L° 1€ PeFLE 086°ct £00'FT Z0F'TT sel $98°LT £86°S¢ 9581 LO9'YT yoredymg
£18°L£8°0  £91'099% T6BOSH' 11 LFTPR9'S £01°878°8 60L'9LL'8 289°0£9°8 180°0b6°L 89S°0E6TI TIB'B90°EL  [E0H9ER 8L IO 01 ysyyaoy
LSH'SEE'l  Z08T69°1 809°€66' ! LLRT8LT €19°198°1 6S9°ST1'T  09L°0TT% P9SLO9T LEYIS6'T STO'6TE'T  9ST'E00T  L8T'ROET ysypunoy
S0L°EIE T $8T19¥9 £E9°RCT' | 0£€'68L'1 TSSPOL'Y TLTROTL +87°£85'6 6LE6OTBI  TTS'CLEP]  6EC°THTS TPL061°8 SIFSI6d a10y4sgQ

EPO'RLE'L  098°86S°C LYT'SHYT IF1'186°1 9689617 [TPEIET S6T199'T  9TR'OSKY  6S1'SSIl £0T'F9€'9 LEO'ETSOT  948°cL0t 3loysIesy

61S'88E°6  TL6'TRFTI S1L'686°C 616'8€9°¢ THE'E9EL 81I°Er6'6 TSPLPLTL  SLETRA'PE  STI'OV6'0T  SPA'PTTTI  SII0SI6T  LLT6vl'Tl ysty o1feg
TO8'PES'T  SESOVE'T 090°600°C FLE'SFI'E £61°9Z4°1 08L901°'T  LIF'I£8 6ETP0R LTT'TOR PLF 1851 ¥20°666 7806 Us snowoIpery
§TLLRE PLE'ILE £88'22€ PE6rET RISBIE £b1°85T cIF6Ty 8768 £95°0LS 819°20€ S9LETT 889°81T skey pue sxeyg
09€'9¢5°81  0TL'BLS'SI SLEOSH'LT  OTO'EEC'Sl  6E6°CLOPI  TUS'BLEST  970°bOL°6 919FES T £66°6LT'E SOS'ERI'FT  TIO'I9F'6L  TIS6ST'LI SAPEIGIHIIAU]
1661 0661 6861 8861 L86I 9861 $861 ¥861 €861 7861 1861 0861 sdnosn srmonoxey,
1S9FILvE  I80°TOETS  SLITET'SY  QIFIS0CF  QIETHI'Sy  [9I'BI69F  0LZ°TROSH 0 PFFPS  IRULSOOF  906'0FT6S  FEG'LILVY  PEOITL0'SE Te10],

Lyl S09 969°L ¥IL's PLE v8 67 0 ¥ 8 ] 0 UsIENIng as0UBAOyS
] 0 0 IS st 08t 99T 11S°1 S6Z°01 0E0°L gIET 0 dwuys 15016y
Ak LT 9€g 96¢ 0 YiL 0 SOET 99¢*11 0 0 or euny oeldpyg
¥65°1 LTT 678°C S61°T 675 655 6L 8 8Z1 £rs SEl T'g Buuoaus djoy
L 0 9¢1 619 662 4! 0L¥ LISET $oF €19 €I€T 268°E Freys ysySop Auidg
S10'7T 0 0 0z %4 Tkl 89 L8 £9 6¥¢ 0 ] Seys M0
£08°¢ 08¢ £ 8LE'S Ti0's 0LT'1 £1T1 091 0TL'T L6 £91 €18 euny a4a81gg
8LLT 61T ¥66 085°C 9191 P16T ££9°¢ 61+'6 £88 FLL FLT 0 ey NYed
0 0 €Ty ¥ET'T ¥se So'e LST 0£0°12 £ €51 ] 0 sfos e
£6T't LETT 6S1'C 159°1 16€ £E1'L 66 918 0 $8¢T YA ZEI'S yawsoef
0 fad cor 68'1 ¥06 §79'7 Y19 9T6'F1 S0£'8 96¢ 66'T 6592 durtys pagiadsur
LL8 7689 101°1 661°1 I8 098°C SRIT £6¥°T 68t SOF'T £9¢c'T XA | SSeqEas AN
656'C €077 86E°T 850'F 68%°1 i 0867 065 CSP'T S6E 0 919 euny payoadsun
0 L9 0 £98°L 0881 1ze'se SLS 0 00z (] (] 0 3[0s Iaung
oI’ 871°¢ 1Z9°1 £FL8 LTy TE6'y SLBTI 916 0 0 0 0 reanc]
L 0 8zl L8] LEE 6FE LE1 8€1°05 ZErol 6+9°CI 890°7 9791 [TEIMO[[3R
L6F'E 98 661°6 0£8°C 980°6 FE8's 01811 998°g LY 909°6 SoE'S 018 3[0s Jooy
LEL'T €61°CT £0S°I 69€°1 90L a2 LOT'T ++9 8z1 0 0 08 eurg uyanjg
o 0 0 0 0 0 0 0 ¥9 038 0 ] qeppues ayiong
2€8°C [99°9 888°61 w1z $09'1 £ir 9t ILt'l 150°9 8S1'81 ISTL 6EFTI sndopQ
L1S°T 91¢'¢ ¥8¢ 696°¢C 0se'T ¥61°T O 19 6¥6'6 €18 055'99 <11 BUN} UIIAMO[[3L
9Lt'8 096'11 9Lt 9ILE PP9°T 0z0'F LS CRO'SC BI8'T 9Lt '8 L0S'T joquny
0597 089°¢ 180°C1 £PS°L 9WeTI FI891 19¢'91 F5S°01 915'9 £I6°LE 179 £85°C seqs predoa
PEIT ¥26'6 £TF'S 14389 £L9°G 066'C1 67601 re'e S1E1T LLSIE PLIYL LSTHT yawg
8LIET 706'9 LYY 7L6's £EL’9 LTSS $89°LT 7868 LSL'TY 0 0 0 NIRYS 1oYsay) akadig
61F'TI 808'C 12211 868°C L60'TI £L0°0€ 969°¢ 9LT'E LST'S 88¢°0T PrO'9T g’y 4sppIanng aymoeg
19¢°9 0ro'il LO1FT £76°€T L1g'et 6LOLT 76707 £90°€T (74| 8501 PPIRI vL6'S Azys [a8ue agroRg
1661 0661 6861 8861 L86T 9861 SB6l 861 £861 861 1861 0861 sapadg

PAISIT $3192dS 56086 WLy SING A 34} 18N S)tod J0lefy AL 2 1€ sdnoas saadg pue saadg tofepy Jo sSupue

sdugpue [enuny a3eraAy Suisearaag Jo Iapagy ur

1 [e1suuro)) payoday “(panupuod) 7 xipuaddy

98



"SI 4q papiaoad

pue D11 Aq Pa10s[[09 219/ TIB(] "PAPN[OUT JOU aFe I4/q] Q00 [ ULy} 5531 SSUIPUE] [ENUUR YHM S3103dS 270N

LEFE80°9 ES1°SEE' L6 BLTLLSY CE9°086'F  TET'LGO'S 185629 ysyie|]
£6T°LT 189°9¢F 89¥°9T ¥Io'TT 91¥'9T [69°€€ yoradpng
LIF0E6'8 8L0'088'THT  FEL'TCE'S 080°9+5°9 98776869 £79°C9L°L ysyo0y
6¥T0RL'T BLE'CRP'RT  POCLI6] 090°108 750°0Z6 L16°008°T gsypunoy
096'9£9°G PSETI6I06  SPLLIYE ¥eLovL 9£8'061°1 05E°165°T AAYSHO

LOIE09'S  60L°6¥9'68  LET'T90ST  695695°L  668'0VE'F  06F'PLI'S aI0ysIRAN

SSOPPOT]  TBPPICTOT T8%GLE'BL  16F'TEL'S 11Z'€6T'9 L16°010°01 yst,] o1derad
£0S'SIL'T IF0°8FF LT 06F'BTEY  9L6°CLOT $T8'65¢"1 £6F'6L8 s SNOWOIPRUY
SELP6T POL'STIL'Y  699°ELT TE9'TIL 191811 129°69C sAuy pue sj1eyg
616°L98°91  90L°9R8'6YT RSL'SBT6 IPLZOFLE  TT6'1990T  9€9°T9L%61 SANBIGALBAU]
L A (w101, S661 ¥661 €661 7661 $dnoas) HNUIGUOXE],
SPO'66E°6Y 69LFRE06L 9OLTI6T LY 6FI'THT'IO  SFTWEFTY  HIOC0I'LY [e30L,

£E0°T 178°91 0 Tt 691 0Z$ YSILIEYNE asou[asoys
190°1 186'91 0 0 0 0 duwriys jsoyn
£THT +9.°TT 626'T £T1 1844 $8¢ eumy ypeldig
TSET 79’12 FOI1 656°1 89¢ 150 Buruaaid dppy
19€°1 TRL1T 0 %31 el 881 yreys ysySop Audg
1€F°1 968°7C 0 0 0 0 AIBYS MO))
061 8¢8°cT 0 $t9 9 68€ eun} 243314
198°] cLL’6T 756 68¢°1 90L ¥ ey oyioed
£20°7 POE°TE L0€ $SF 81 5T 208 Jejue ]
T 901°6¢ 918°C 6¥8°T1 9¢$°T 78T Jowsyoef
T6¥°T 0L8°6E 0 0s ] 0 dwiLys payroadsun)
656°C IFE'Ly 0zI'e £ELS £68's £69°1 SSEQBIS AWM
101°g 079°6¥ SEO°T XA I adl SPLEL eumy payroadsur)
S61°¢ £11°1¢ 0 7Tl 0£1 ¢l 208 I3ng
GLE'S 1L9°€9 1991 16¢€'1 TEL'01 e IEAno]
891°¢ L89'T8 0 s PLT oPe's JIEIMOT 24
¥T0'e 68£°96 TIr'o1 o'c 0zTEL pir'e 2[08 }20Y
ey LLY'BOI ¥E€9'31 199'F1 £r6'6E 876 eun} uyan|g
LB661 LBL'GIE 966'1€T LT¥'98 1811 14 geppues oy1oe ]
€79°c L0006 §51 £61'1 4 W'y sndooQ
85E'9 1ZL 101 0ZT 0 9Z1°T £EF 1 BUM ULIAMO[[IL
0589 009601 888'¢ 8.8°9 9€6°¢1 0LL°91 1w0qmg,
LEL'S $8L°6¢1 067 LER'L rreE's 768y Jreys piedoay
9L'6 S1Zsk1 790'T 6rEl L18 L' N2WY
A L5L°0S1 69£'9 T10°¢ £75°1 0LH'E jaeys roysany akadrg
| $00'912 LS8Y 856°6 LO8F] FEO°L ysyaanng sroed
SSTp! $LZ21£T THo'e T0T°E BSES 9LT'S Fieys (o8ue ai1ded
eIy B0l $661 r661 £661 7661 sapadg

sSuipue| [ENUTY afetaAy SUISEIIdd( Jo JPPIQ Ut pASI sARdS "S6—0861 WoL) SIANHIN 2Y) 183N s)1od toley
3AL] ) ¢ sdnoiny sapadg pue saaadg Jolepy Jo sEmpue eruaunue)) pasoday (psnunuoed) 7 xipuaddy

99



Appendix 3. Estimated Commercial Landings of Rockfishes at the Five Major Ports, Plus San Francisco, Near the MBNMS
from 198095, Determined from an Expansion of Species Composition Sampling Conducted by CDFG. Species are Listed in

Order of Decreasing Average Annual Landings

Rockfish Species 1980 1981 1982 1983 1984 1985 1986 1987 1988
Bocaccio 7,426,744 4,500,656 6409315 6,270,772 5,191,674 2,737,095 2,643,871 3029991 2,254,595
Chilipepper 4315858 3,750,835 3,195,253 2,968,613 3,074,213 4295938 3372203 2489449 2,606,528
Widow 824,625 2,034,589  7.330,123 1,434,804 932,848 1,522,349 846,757 1,794,812 770,280
Bank 37,966 1,242,705 1635111  1,265628 1,014,704 1,267,396 2,384,034 1,712,305 1,987,809
Shortspine Thornyhead 166,634 474,992 677,362 1,225,917 1,460,985 1,982,241 817,401 255,745 1,355,963
Yellowtail 471,592 399,773 602,216 2,207,425 866,367 1,023,936 785,857 673,448 285,432
Longspine Thornyhead 33,008 9,199 46,294 42,814 8,956 13,652 120,555 123,070 769
Splitnose 171,456 395,701 452,027 861,866 833,534 945,407 592,091 56,862 542,145
Blackgill 64,300 191,240 457,080 368,243 66,950 164,249 422,029 50,644 1,044,751
Rockfishes 166,346 62,267 278,788 306,523 141,585 176,087 321,755 777,951 422,887
Vermilion 160,503 58,658 1,257 200,407 100,474 72,660 58,179 237,193 141,763
Thornyheads 149,138 4,492 3,707 1,304 465 5,821 228,780 1,683,958 12,096
Canary 89,981 77,982 39,812 60,601 107,852 365,592 1,774 12,052 32,733
Darkblotched 148,107 8,568 91,369 155,524 300,897 179,327 165,221 57.249 66,632
Aurora 5,261 0 7,557 16,754 1,432 58,094 59,373 0 185,710
Greenspotted 19,892 60,343 111,662 33,944 27,091 64,178 9,699 7,477 55,231
Blue 114,150 135,258 75,281 77,739 22,665 247,928 34,611 17,211 15,480
Brown 395,520 150,188 130,385 46,021 7,979 11,422 0 3,599 7,183
Gopher 139,911 115,748 85,030 64,929 8,873 699 247 0 12
Yelloweye 28,263 292,635 30,111 3,840 10,526 2,455 8,400 7,705 24,755
Speckled 0 30,380 28,607 195,295 17,596 45,429 81,840 9,749 16,546
Cowcod 23,614 17,567 26,977 22,482 63,947 18,765 11,773 18,705 19,831
Olve 26,022 1,660 7,010 79,195 0 1 1,573 15,486 12,739
Copper 42,849 3,857 10,213 41,165 3,859 1,235 1,993 2,065 64,599
Starry 490 268 4,930 1,050 205 9,302 448 0 14,834
China 52,671 42,459 32,532 16,420 15,064 6,537 3,701 12,642 15,835
Greenstriped 40,706 582 13,436 11,779 9,985 21,644 8,186 4,870 17,995
Back 26,537 12,414 9,582 17,790 7,767 21,801 23,749 12,684 669
Redbanded 0 2,660 7,081 2,463 116,971 44,224 7,475 45 316
Stripetail 37,600 55,619 27,640 693 1,132 11,203 4,042 653 2,281
Grass 0 133 33 0 0 0 41 3,141 0
Black-and-Yellow 0 0 0 0 0 0 0 63,768 0
Shortbelly 6,429 611 1,624 13,171 4,889 62,371 4,280 701 558
Rosy 0 0 0 5,391 0 178 100 0 217
Flag 395 0 25,153 2,694 2,428 413 6,207 2,630 1,894
Greenblotched 4,065 8,030 3,430 0 9,389 0 301 0 232
Kelp 68 25 0 2 0 204 0 11,650 0
Sharpchin 0 0 0 1,259 3,415 10,799 1,428 82 0
Quillback Y 0 0 0 0 0 0 0 0
Rosethom 0 0 0 i8 0 1,602 308 0 2,259
Silvergray 0 0 0 0 15,947 4,080 0 0 263
Rougheye 0 0 0 0 0 0 0 16,223 0
Tiger 0 14,516 0 0 0 0 0 ] 0
Pacific Ocean Perch 1,018 2,389 1,586 774 2,202 785 166 127 591
Yellowmouth 0 0 0 0 0 0 0 16,223 0

Total 15211812 14,158,999 21,859,674 18,026,136 14,458,416 15,403,546 13,031,057 13,185,031 11,986,970
Note: Species with estimated annual landings less than 1000 Ib/yr are not included. Data were analyzed and provided by NMFS,

{continued)
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Appendix 3 (continued). Estimated Commercial Landings of Rockfishes at the Five Major Ports, Plus San Francisco, Near the
MBNMS from 1980-95, Determined from an Expansion of Species Composition Sampling Conducted by CDFG. Species are
Listed in Order of Decreasing Average Annual Landings

Rockfish Species 1989 1990 1991 1992 1993 1994 1995 Total Mean
Bocaccio 3,259,889 3,045,340 1,823,350 1,918,492 1,456,909 1,388,203 1,043,451 46,973,603 2,935,850
Chilipepper 3,629,118 3,144,087 4,080,665 3,517,807 2,780,217 2449895 2,660,380 48,015,291 3,000,956
Widow 1,636,765 1,507,166 945,951 647,396 428,210 333,835 1,070,181 23,236,066 1,452,254
Bank 1,439,174 944,831 897,210 902,143 391,061 317,039 571,604 17,972,754 1,123,297
Shortspine Thornyhead 1,787,774 2,139,332 538,901 1,050,940 1,043,399 1,304,571 943,687 17,059,210 1,066,201
Yellowtail 837,565 1,091,610 391,433 620,077 227,136 308,419 265,160 10,585,854 661,616
Longspine Thornyhead 992,191 1,501,233 963,389 1,772,942 1,496,848 609471 1,524,372 9,225,755 576,610
Splitnose 524,447 480,012 768,916 413,295 461,526 454,433 508,363 8,290,625 518,164
Blackgill 502,371 582,159 219,983 547,358 261,013 305,751 301,798 5,485,619 342,851
Rockfishes 378,176 700,325 446,640 190,507 75,312 72,659 71,883 4,423,345 276,459
Vermilion 77,139 248,443 154,414 239,747 402,144 230,487 156,766 2,379,731 148,733
Thomyheads 12,090 36,677 25277 46,586 8,395 21,609 231,841 2,323,098 145,194
Canary 191,431 211,139 244,248 123,367 146,781 122,791 117,891 1,856,096 116,006
Darkblotched 107,282 300,252 150,797 51,380 35,316 12,027 66,601 1,748,442 109,278
Aurora 185,408 217,385 3,379 203,758 197,834 142,192 117,941 1,396,814 87,301
Greenspotted 40,637 69,918 180,038 148,070 188,057 142,694 141,629 1,280,668 80,042
Blue 50,908 50,811 61,878 109,704 103,860 79,470 53,744 1,136,548 71,034
Brown 16,822 14,718 86,390 77,545 104,079 79,361 40,739 776,431 48,527
Gopher 20 91 5 135,187 123,893 129,824 156,210 820,768 51,298
Yelloweye 15,909 58,215 121,531 62,139 71,498 67,014 26,951 803,684 50,230
Speckied 47,832 17,937 22,369 33,094 12,495 31,724 30,245 621,138 38,821
Cowcod 46,119 51,686 35,824 57,632 72,829 42,938 77,405 584,430 36,530
Olive 993 15,598 175,046 28,303 13,176 47,825 24,389 422,994 26,437
Copper 1,650 1,609 48,140 46,971 66,666 30,743 36,510 361,315 22,582
Starry 25,915 30,256 57.486 75,677 37,725 71,620 21,217 350,933 21,933
China 979 1,413 10,656 30,246 9,471 36,175 23,561 257,691 16,106
Greenstriped 39,385 6,901 21,532 14,024 8,154 23,005 16,829 218,307 13,644
Black 5,136 2,445 10,522 14,650 38,027 28,350 8,065 213,651 13,353
Redbanded 5,319 7,258 9,924 9,659 8,106 964 14,499 236,964 14,810
Stripetail 1,137 17,746 4,515 501 8,392 6,432 18,454 160,440 10,028
Grass 0 0 3,249 11,613 20,535 55,698 80,736 175,179 10,949
Black-and-Yellow 0 0 0 20,308 7,140 25,959 54,324 171,499 10,719
Shortbelly 1,279 4,975 2,791 936 1,327 1,967 18,835 120,315 7,520
Rosy 760 16,597 16,836 12,924 5,785 40,147 4,319 103,254 6,453
Flag 832 1,288 1,632 8,531 18,168 12,181 1,878 85,939 5371
Greenblot ched 200 2,163 548 518 16,431 19,147 21,182 81,571 5,098
Kelp 0 0 40 856 15,534 17,208 16,607 62,126 3,883
Sharpchin 69 3,966 5,332 9,867 1,717 7,103 4,114 49,151 3,072
Quillback 0 0 3,820 4,184 223 26,559 2,198 36,984 2,312
Rosethorn 5,851 8,418 1,060 2,694 0 2,502 320 25,032 1,565
Silvergray 0 389 0 0 0 0 0 20,679 1,292
Rougheye 0 0 0 0 352 0 2,387 18,962 1,185
Tiger 0 3,022 0 806 0 112 0 18,456 1,154
Pacific Ocean Perch 0 72 0 6,787 131 818 934 17,362 1,085
Yellowmouth 0 0 0 0 0 0 0 16,223 1,014

Total 15,873,787 16,537,940 12,535,725 13,172,606 10,376,205 9,110,463 10,560,422 225,488,789 14,093,049

Note: Species with estimated annual landings less than 1000 1b/yr are not included. Data were anatyzed and provided by NMFS.

101



Appendix 4. Estimated Catch of Species in Northern California Sport Fisheries,
Annual Number of Fish Caught per Year

Average Catch

Species are Listed in Decreasing Average

Average Catch

Species (Fishfyr x 1000) Species (Fish/yr x 1000)
Surf smelt 2617.67 Sablefish 19.10
Blue rockfish 752.09 White surfperch 17.03
Black rockfish 364.06 Unspecified rockfish 16.83
Yellowtail rockfish 353.06 Pacific staghorn sculpin 16.00
White croaker 33531 Calico surfperch 14.82
Pacific sanddab 328.44 Rainbow surfperch 12.80
Jack smelt 265.09 Brown smoothhound shark 12.14
Night smelt 258.74 Quiliback rockfish 10.89
Canary rockfish 188.15 Rosethorn rockfish 10.46
Lingcod 180.35 Swordspine rockfish 9.18
Chilipepper rockfish 175.78 Speckled sanddab 8.94
Brown rockfish 160.67 Unspecified surfperch 8.66
Barred surfperch 159.14 Speckled rockfish 8.65
Copper rockfish 106.39 Rainbow trout 8.19
Striped surfperch 98.85 Sand sole 7.97
Redtail surfperch 98.56 Top smelt 7.79
Walleye surfpetch 97.46 Scorpionfish 7.04
Pacific mackerel 97.06 Monkeyface prickleback 6.86
Bocaccio rockfish 95.96 Rougheye rockfish 6.18
Gohper rockfish 95.20 Spiny dogfish shark 5.61
Olive rockfish 93.05 Sea run trout 544
Kelp greenling 92.66 Coho salmon 4.71
Pacific herring 89.73 Coweod rockfish 4.54
Shiner surfperch 71.55 Flag rockfish 4.43
Rosy rockfish 63.61 Albacore tuna 4.33
Vermilion rockfish 59.49 Paciftc bonito 4.26
Cabezon 56.99 Bat ray 3.96
Northern anchovy 54.62 Longfin sanddab 3.7
Silver surfperch 53.70 Buffalo sculpin 3.70
Widow rockfish 49.84 Kelp bass 3.54
Pacific sardine 49.79 Yellowfin goby 353
White surfperch 49,12 Pacific tomcod 3.40
Greenspotted rockfish 48.06 Rock sole 3.31
Striped bass 47.09 Greenblotched rockfish 2.85
Pile surfperch 46.55 Pacific sand lance 2.76
Jack mackerel 41.72 Petrale sole 274
Chinook salmon 39.98 Shortspine thornyhead 2.61
China rockfish 37.43 Unspecified sanddab 246
Pacific halibut 36.49 Sea bass 1.91
Starry flounder 29,39 Sharpnose surfperch 1.61
Starry rockfish 28.79 American shad 1.59
Black surfperch 27.00 Squarespot rockfish 1.44
Black-and-yellow rockfish 24.86 Sevengill shark 1.39
Rock greenling 24.31 Cutthroat trout 1.35
Kelp rockfish 2427 Blue shark 1.31
Yelloweye rockfish 23.51 Spotfin surfperch .28
Rubberlip surfperch 2341 Lefteye flounder 1.21
Greenstriped rockfish 23.07 Gray smoothhound shark 1.21
Leopard shark 21.54 Unspecified sculpin 1.19
Grass rockfish 19.82 Unspecified salmon 1.15
Pacific hake 19.47 Dover sole .06
Total 8528.00

Note: Species with estimated annual catch less than 1000 fish/yr are not included. Data were provided by PSMFC.
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