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INTRODUCTION AND HISTORICAL OVERVIEW

Since the California Department of Fish and Game pub-
lished California Ocean Fisheries Resources (o the Year | 960
¢1961) and California’s Living Marine Resources and Their
Uritization(1971), major changes haveoccurred in California’s
marine resources and their management. Fisheries landings
peaked in 1976 at 900,967,215 pounds, but declined to
371,457,722 poundsby 1991. Tropical runas, which dominated
landings, arcscldom landed for canning in California. Aredsea
urchin fishery started and now it is the statc’s leading value
fishery. Significant fisherics developed for widow rockfish,
hake and herring. Specialized new fisheries and aquaculture
enterprises have begun.

Resource management changed significantly with Con-
gress’ establishment of Regional Fisherics Management Coun-
cils in 1976 having jurisdiction nationwide over fisheries
resources beyond three miles from the coast. Public concern
withthe eavironmental effects of increased pressures on manne
resources has grown tremendousty. Legislation concerning
marine mammals, coastal and offshore development, pollution,
and endangered species strongly affects marine resource man-
agement today. Thesc changes suggest that (his revised bock is
needed and perhaps overduc.

In the two decades preceding 1971, California’s 1una
canning industry had recovered from a post-World War 1
slump brought on by competition from importstobecome one of
the largest, most profilable fisheries in the world. By 1971, a
modern fishing flect of purse seiners based in San Diego and
San Pedro fished throughout theeastern Pacific Ocean and was
beginning to expand onto new fishing grounds in the western
Pacific and Atiantic Oceans. Tropical tunas landed at
California's canncries comprised almost half of the state's
marine fish landings. During the early 1980's, California’s tuna
industry faced rising domestic labor costs, ageing processing
facilities, more stringent waste discharge regulation. and in-
creased competition from abroad. By 1985 the industry left
California in favor of facilitics located in American Samoa and
Puento Rico, dropping California tuna landings to about 53
million pounds annually.

Japan's economic growth during the 1970’ and 1980's
fucled a growing demand for fishery products from throughout
the world and opened a lucrative market for species which had
been largely ignored until then by California fishermen. Start-
ing with landings of Iess than 77,000 pounds in 1972,
California's fishery for red sca urchins, whose gonads are
carcfullyextracted in Californiaplants for export to Japan, grew
tobecome California's most valuablcfishery, harvesting over 51
million pounds worth over $21 million to fishermen in 1989.

California's market fishermen ranged along the coast of
Baja California to capture white scabass. yellowtal and other
specicsfor California's fresh fish markets asthey had done since
the close of World War 1. In an auempt 1o dovelop its own
fishing industry, Mexico began limiting Califormia market
fishermen's acoess to Mexican termitorial walers inthe early 1970’
and by 1975 had iotally excluded all American fishing vessels.

The number of participants in recreational fishing, which
had grown substantially throughout the decades of the 1950

and 1960's, was relatively static in the 1970's and 1980's. The
number of active commercial passenger fishing vessels {open
partyboats) declined from 467 in 1970 to 308 in 1989, and the
number of sportfishing Ticenses rernained static despite a sub-
stantial increase in California's population.

Originally prepared for the California legislature,
California’s Living Marine Resources and Their Utilization
proved to be one of the most valuable general reference works
available on California’s economically importani marine spe-
cies. Over the years it has been widely used by fisherics
researchers and managers, policymakers, enforcement officers,
the fishing industry, and educators. increased concern about
marine environmental issues suggests a broadening need for
the information in this book. A primary purposc of the book is
to provide a baseling of information for all concemed with
living marine resource management in California.

We have retained the style and format of the 1971 edition.
Many of the conventions of scientific writing are foregone
because we fael this style better serves the broad interests of the
readers of this book. Following each section, there isa short list
of references. These are not necessarily the references which
were consulted or cited in the preparation of each section, but
are gencral references for further reading. We have updated the
landings statistics with graphs inappropniate chapters. Detailed
fish and shellfish landings statistics arc found in appendices.
Readers of the 1971 edition will quickly notice the increased
knowledge available today about California’s marnne resources.

We were fortunate 10 be able to recruit the top expenis from
agencies, universities and private industry o write the sections
on each specics. Each chapterwas peer reviewed. The author’s
name and affiliation appear at the end of the sectionthey wrotc.
We want to thank the reore than 200 authors and reviewers whe
enthusiastically volunteered their tme and expertise. The
strong support of California Department of Fish and Game
Director Pete Bontadelli, National Marine Fisheries Service
Southwest Region Director E.C. "Charl ie" Fullerton, and
NMEFS Southwest Fishcries Center Director [zadore Barrett
was vital to the project. Rob Collins provided commercial and
recreational fisheries landing data. Jill Frommelt prepared the
manuscript for publication and Leon Davics provided editortal
assistance. Sus Kato provided enthusiastic suppott as the
Project monitor.

This project was supported primarify by the National
Marine Fisheries Service Saltonstall-Kennedy Program, grant
number NAQOAA-H-SK 124, Additional support was supplicd
by the National Sca Grant Collcge Program. National Oceanic
and Atmosphenc Administration, U. S. Depariment of Com-
merce, under grant number NA89 AA-D-SGI38, project num-
ber A/EA-] through the California Sca Grant College. and in
part by the California State Resources Agency.

Christopher M. Dewees
William §. Leet

Robson A. Collins
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MARINE PLANT RESOURCES

GIANT KELP

History of the Harvest

Various species of kelp have been uscd for hundreds of
years in many parts of the world as food for humans amd
animals. Kelp has also been uscd for many years in Asia and
Europe as a fertilizer and as 2 component of gunpowder.

Gian kelp (Macrocystis pyrifera) was first harvested
along the California coast during the early 1900, Many
harvesting companies operated from San Diego 0 Santa Bar-
bara beginning in 1911; onc large company, the Hercules
Powder Company, operated from San Dicgo beginning in 1915.
These companics primarily extracted potash and acetone from
kelp forusein manufacturingexplosives during World War L. In
the carly 1920's, kelp harvesting virtually stopped.

In the late 1920's. giam kelp was again harvested off
California. Philip R. Park, Inc., of San Pedrobegan harvesting
the kelpin 1928 to provide ingredicnts for livestock and poultry
food. The Keloo Company of San Dicgo (now a Division of
Merck & Co.. Inc.) began harvesting and processing giant kelp
in 1929 10 extract algin. A unique natural compound, algin is
found in the ccll walls of kelp. It is vaiuable as an efficient
thickening, stabilizing, suspcnding, and geiling agent. Alginis
used in a wide range of food and industrial applications

including desserts, gels, milk shake mixcs, dairy products, and
canned Toods. Tt is also used in salad dressings 1o cmulsify and
stabilize them, inbakery products to improve iexture and relain
moisture, in frozen foods (o assure smooth texture and uniform
thawing, and in beer 1o stabilize the foam. 1n industrial applica-
tions. it is used for paper coating and sizing, textile printing,
and welding-rod coatings. In pharmaccutical and cosmetic
applications, il is usod in tableting, dental impression com-
pounds, antacid formulations, and facial creams and lotions.

Giant kelp also has other commercial uses. It is harvested in
California to supply food to soveral aquaculture companies for
rearing abaloncs. 1tis atso used for the herring-roe-on-kelp fishery
in San Francisco Bay.

Today, giant kelp is harvested between Imperial Beach, near
the 1.8.-Mexico border, and Montercy Bay, California. Itisone of
California’s most valuable Iving marine resources and in the mid-
1980's supporied an industry valued at more than $40 million a
vear. The annual harvest has varied from a high of 395,000 tonsin
1918 w0 a low of less than 1.00C tons in the Tate 1920°s. During the
10-year period 1970 to 1979, the harvest averaged nearly 157,000
tons, while dunng 1980 to 1989 the average harvest was only
80,400 tons. The harvest was low in the 1980's because the kelp
forests were dovastated by the 1982-1984 El Nifo and the accom-

panying storms, and by the "200 year storm” that ocowred in
January, 1988 In most arcas, the beds of giant kelp recovered
quickly Harvests increased o more than 130,0001ons in 1989 and
to more than 150,000 tons in 1990,

The Keleo Company harvests giant kelp with specially
designed vessels that range in length from 140 10 180 feet. The
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California kelp harvest, 1970-1991.

cutting mechanism and system to convey the kelp into the
harvester bin are kocated on the stern. A propeller on the bow
slowly pushes the harvester stem-first throughthekelpbed, and
the reciprocating blades mounted atthe base of the conveyor are
lowered (0 a depth of three feet into the kelp as harvesting
begins. The cut kelp is gathered on the conveyor and deposited
in the bin. These vessels can each collect up to 600 tons of kelp
in one day.

Other methods of harvesting are used throughout the statc to
suit the harvesters” purposes and needs. For example, the Pacific
Kelp Company harvests giant ketp off central California with a
madified U.S. Navylanding craft, the catting device and conveyor
systern being mounted on the bow. This vessel holds approxi-
mately 25 tons of kelp. In the herring-roe-on-kelp fishery, kelp
is harvested by hand from small skiffs or other small boats and
then transported by truck north to San Francisco Bay.

Since 1917, kelp harvesting has been managed by the
California Department of Fish and Game (CDFG) under regu-
lations of the Fish and Game Commission. Although the kelp
surface canopy can be harvested several times each year without



damage to the kelp bed, regulations state that kelpmay be cut no
deeper than four feet beneath the surface. There are 74 desig-
nated kelp beds and each is numbered; a kelp harvesting permit
is required, and specific beds can be leased for 20 years, No
more than 25 square miles or 50 pereent of the total kelp bed
area (whichever is greater) can be exclusively leased by a
company holding a harvesting permit. In addition to leased
beds, there are “open” beds that can be harvested by any
company holding a permit. Permit holdersalso pay an addition-
al $1.91 per wet-ton of kelp harvesied. In 1990, 150,922 wet
tons were landed throughout the state of California, creating
more than $250,000 in revenues.

Kelp cutter operating near Santa Barbara.

To facilitate harvesting operations, Kelco conducts regu-
lar aerial surveys. The information is uscd to direct harvesting
vessels to mature areas of kelp canopy. This optimizes the use
of kelp because the surface canopy can be harvestcd before
natural dieback ocours. Modem harvesting techniques do not
adverscly influence the rich fauna associated with kelp beds.

Status of Biological Knowledge

Forests of giant kelp occur in the temperate oceans of the
Northern and Southern Hemispheres. These forests are espe-
cially well developed along the west coast of North America
from southern Baja California, Mexico, to San Matco County,
They create a unique habitat that provides food, shelter, sub-
strate and nursery arcas for nearly 800 animal species. Many of
the animals and some plants are of importance to sport and
commercial fisheries.

Typically, giant kelp flourishes in wave-exposed areas of
nutrient-rich, cool water that is 20 to 120 feet deep. By means ofa
root-like structure catled a holdfast, the kelp attaches to rocky
substrate. Along the protected shoreline of Saniz Barbara County,
however, giant kelp also grows on sand substrate. Here, it attaches
1o exposed worm tubes or the remainsof old holdfasts. Kelpfronds
originate from the holdfast, andeventually grow1o the surface. A
frond is composed of a stem-like stipe and numerous leaf-like
blades. A gas-filled bladder (preumatocyst) at the base of the cach
blade helps buoy the frond in the waler column.

GAMETUPHYTES
(MICrBCOmE )

TINY
SPORDPHY TE

SPLITYING
BLADE

Giant keip life cycle.

Giant kelp absorbs nutrients from the water through all its
surfaces. Under optimal condlitions of high nutricnt leveisand low
ocean femperatures (50-60°F), frondscanelongate upto 24 inches
a day. Fronds can reach a length of more than 150 fest, and large
plants can have more than 100 fronds. The fronds cvenmually
malure, dic, and break away (slough) naturally, giving way 10
young fronds. Although giantkelp plantscan live uptoeightyears,
individual fronds survive for only about six 1o nine months, and
individual blades about four months.

Giant ke)p reproduction involves two very different growth
forms, the large canopy-forming sporophyte and the microscopic
gametophyte. Specialized reproductive blades (sporophylls), lo-
cated just above the hokifast on an adult sporopiyic, liberate
trillions of microscopic zoospores each year. The zoospores then
scttle on thebottom and develop into microscopic male and female
gametophyte plants. Festilization of the fomale gametophyte
produces an anbryonic sporophyte. This tiny plant will develop
into a canopy-forming aduli within scven to 14 months if it
survives competition with other plants and avoids being catenby
grazers or being destroyed by undesirable environmental factors.

The density and abundance of a kelp canopy varies by
location, year, and season. In central California, sloughing and
deterioration occurs in late summer and early fall. Canopies
virtually disappear during the late fall and winter, when storms
cause frond and plant loss. Canopies usually begin forming
again in the spring, becoming dense in the summer off
southern California, kelp canopies frequently grow throughout
the ycar in the mild weather conditions. Dense canopies often
develop during the winter, when therc are vinually no Canopics
in central California.

MARINE PLANT RESOURCES
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The healthand survival of the kelp forests are influenced by
a variety of faciors, including: gfazing by fishes, sea urchins,
and crustaceans, plant competition; storms; El Niflo events;
sedimentation; pobution; and disease. In southem California,
fishes g,chasopaleytandhalmmnmgulaﬂygmzcmonkclp,
mumbers of these fishes can damage the kelp forests,
ﬁ,gcially when conditions ar¢ unfavorable for kelp growih.
purple, white and red sea urchins can create “wrchin barrens,”
where kelpand other vegetation havebeen destroyed and young
plants art prevented from becoming established. Crustaceans,
such as amphipods, isopods and crabs, can also graze and
damage kelp.

Excessive wave action from storms and surge can break
kelp fronds and dislodge entire plants. Dislodged plants in-
ceease kelp loss by entangling nearby plants, pulling them from
their atiachment. The E{ Nifio event of 1982-1984 was charac-
terized by severe stormsand the northward movement of warm,
autrient-poor water into California These conditions devas-
tated kelp forests along the entire coast.

Compctition for substrate, light and nutrients also influ-
ences giant kelp growth and survival. Sedimentation of the
rocky bottom can retard kelp growth and even bury young
plants, preventing development and reproduction

Pollution can affect kelp forests ina variety of ways. Industrial
and domestic wastewater discharges carrying toxins, including
pesticides and heavy metals, are released into coastal waters where
they can accumulate in the sediments. Such chemicals alter the
physical and chemical environment near the discharge and may
decrease growth and survival of the kelp forests. Thermal outfalls
from power plants also have localized effects on kelp forests.
redistribuie sediments into ncarby kelp forests, affecting kelp
growth and survival. A variety of pathogens are known to affect
kelp but their broad impadts on kelp forasts have not been studied.
While tumors, galls and kesions have been obscrved on kelp, only
occasionally have they causad severe damage.

Kelp Restoration

In the 1950's and 1960's, ance-productive kelp forests off
Point Loma and La Jolla, in San Dicgo County, and Palos
Verdes Peninsula (PVP), in Los Angeles County, began o
deseriorate. This was attributed to biological and physical
factors related primarily to human activitics. Pollution from
domegtic and industrial wastes contributed 1o the long-term
Ioss::_s of kelp forests by increasing trbidity, altering substrates
and introducing toxic substances into the nearshore environ-
ment. Intensive fishing for sea urchin predators such as
sheephead and spiny lobster, and for sca urchin compelitors
such as abalone, has altered the sez urchin populations in the
forest, Asaresult, sea urchin populations increased in density
and overgrazed (he kelp.

In 1963, Scripps Institution of Occanography and Kelco
began a cooperative project todevelop techniques to protect and
Festore kelp forests off San Dicgo. Work involved both sea
urchin control and kelp transplanting. Kelco continucs kelp
Testoration work in San Diego forests today.

MARINE PLANT RESOURCES

Giam kelp forest.

Between 1967 and 1980, kelp restoration was conducted
along the PVP by the Institute of Marine Resources andihe CDFG.
This work also combined sea urchin control and kelp transplant-
ing. The dbjective was to establish several small stands of kelp
which would provide “seed stock” for new and expanding forests.
In 1974, the first naturally expanding kelp stand in 20 years was
observed off PYP. By 1980, when restoration work was discontin-
ued, nearly 600 acres of kelp had become established. By 1989,
acrial surveys revealed over 1,100 acres of kelp off PVP.

Kelp restoration work has also boen condicted in storm
damaged areas off Sania Barbara and Orange Countics. Shortly
after the 1982-1984 El Niiio, Keloo began developing kechiiques
for restoring thekelpbeds in SantaBarbara County. In 1987, under
contract with CDFG, Keloo implemented operations for anchor-
ing giantkelpinthe sandy habitat ncar Santa Barbara. Severalkelp
forest nuclei have been established; however, sea urchin grazing
and deleterious water conditions have slowed progress. Lossof the
Orange County kelp forests, from Newport Harbor 1o San Mateo
Point, wascausedby heavy minfall andsiltation in 1980, the 1982-
1984 El Nifio, and the effects of urchin grazing. Under contract
with CDFG, MBC Applied Environmental Sciences company
established kelp forest nuclei between Newport Harbor and La-
guna Beach. This was done by transplanting adult and juventle
giant kelp and controlling sca urchins. Those kelp forests south of
Laguna Beach recovered naturally after a few years.

During the last 25 years, restoration techniques have
proven usefill for rehabilitating and protecting kelp forests in
southern Califomia. Improvements in wastewater treatment, a
continued sea wrchin fishery and continued kelp restoration
work should insurc that forests of giant kelp prosper.



Status of Population

During the 1980’s, two major cvents affected kelpbeds: the
1982-1984 El Nifio and a devastating storm. The warm water and
sworms associated with the El Niflo destroyed plants, resulted in
poor growth, and yielded minimal canopies throughout southern
and central California, Efects of the El Nifio havelingered into the
1990°s. The giant kelp forests on sand substrate near Santa
Barbara have not yet retumed. Though restoration work is pres-
ently being done in this area, recovery is slow. In 1967, there were
approximately 18 square miles ofkelp canopy near Santa Barbara,
compared to only $ix square miles in 1989,

The siorm that cocurted on Janvary 18, 1988, produced
swells exopeding 20 feet in height and destroyed exposedkeipbeds
throughout southern California overnight. In most areas, signifi-
cant canopies did pot return until 1989. At San Clemente Island,
however, plants that had scttled following the storm produced
harvestable canopy by the end of July, 1988

During the last 20 years, the size, distribution and location of
the kelpcanopy throughout Californiahas fluctuated considerably.
Decreases in canopy area were due to natural and man-induced
disturbances and increases were due 10 natural growth and restora-
tion efforts. During the most recent statewide kelp forest survey,
conducted in 1989, a total of 68 square milcs of giant kelp was
charted along the California coast, 40 square miles from Point
Argucllo to the Mexican border and 28 square miles from Point
Axguelio to Afio Nuevo.

In summary, forests of giant kelp in California musi
continue tobe managed and restored. Giant kelp forests provide
essential habitat for a diverse assemblage of marine fishes and
invertebrates and their loss would reduce the populations of
many marine species. Kelp forests are also important to spott
and commercial fishermen, kelp harvesters, recreational
divers, photographers, sightseers, and for their highly-valucd
aesthetic quality

John A Tarpley
California Department of Fish and Game

Dale A. Glaniz
Kcleo Division of Merck & Co., Inc.
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AGAROPHYTES AND
CARRAGEENOPHYTES

History

The term agar is detived from a Malayan word, although
its initialdiscovery and use are steeped in a Japanese folk legend
that originated about 1670. A fapanese Emperor and his Royal
Party were lost in the mountains during a snow storm, and,
arriving at a small inn, they were ceremoniously treated by the
innkeeper, who offered them 2 seaweed-jelly dish with their
dinner. Maybe the innkeeper prepared too much jelly or the
taste was Dot so palatable, but some jelly was thrown away. It
froze during the night and crumbled afterwards by thawing and
draining, leaving a cracked substance of low density. The
innkeeper took the residue and, to his surprise, found that, by
boiling it up with more water, the jelly could be remade. Thus,
a trivial historical incident created the basts for a billion doHar
scaweed industry. Similarly, carrageenan was originally de-
rived from the red alga, Chondrus crispus (InshMoss), and has
a 600 year folk history in Ireland that inchudes milk puddings
thickened by boiling sweetened milk with the dried alga. The
root word of carrageenan is the Irish carraigeen meaning rock
moss. Since the 1940°s, the best known use of carrageenan has
been in products such as chocolate milk and ice ¢ream. The
California agar industrywas developed initially by Matsuoka in
1921 with US. patents for the extraction and processing.
Horace Selby (the founder of American Agar & Chemical) and
C K. Tseng added additional information and refined methods
prior to and during World War IL, when agar was not availabic
from Japan. The German microbiologist, Dr. RobertKoch, first
established the use of agar in prepating solid culture media for
bacteriological research in 1881.

Status of Biokogical and Technical Knowledge

Agar and carrageenan are derived from galactan polysac-
charides of marine red algae. Galactans are the major polysac-
charide constituents of the cell walls of most marine red algae.
The types and quantity vary from species to species and thisisan
important character in biosystematics. The amount present also
varies with ceological factors such as lighi, nutrients and
temperature. Polysaccharides have an important role in the
gencral biology of these algae: proieciion from wave action.
physical support of cells, ion exchange system, water binding
for protection from desiceation. The galactans have a common
backbone which consists of galaciose units inked aliernatel v by
o {1-3)and f{1-%). The alpha {c) unit is with either D-orL-
galactose whereas the beta () unit is always D-galactose. n agar
the cr-linkages are all with L-palactose and in carragecnanthey are
all with D-galactose. All this contributes 1o a complex chemistry.

Agar is available in several diffcrent wpes for different
products. The lessexpensive types ($8-3 15 per pound) are used
for their gelling and watcr barrier propertics in food products
{frozen foods, bakery icings, meringues, desscrt gels, candies
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and fruit juices). Asa gelling agent in foods, it is used at greater
than one per cent concentration. For viscosity control and
asbilization, lower levels (0.2-0.8%) arc used. Agar is not
assimilatedby the human digestive systemand, in fact, servesas
a laxative. Industrial applications are paper sizing/coating,
adhesives, textile printing/dyeing, castings, impressions, etc.
The mid-quality (5100/pound) agars are used as the gel sub-
strate in biological culture media. Most agar media are made at
a 1,0-1.5 percent concentration in water, melt above 185°F and
gel at 105°F. They are also important in medical/pharmaceuti-
cal fields as bulking agents, laxatives, suppositories, capsules,
{ablets and anticoagulants. The most highly purified and upper
market types (>$250/pound) are now used in molecular biology
for separation ScCiences {immunodiffusion, diffusion, electro-
phoresis and gel chromatography).

Carrageenans arc far more widely used than agar as
ernuisifiers/stabilizers in numerous foods, especially milk-
pased products. Kappa and iola carrageenans are especially
important for use in milk producis such as chocolate milk, ice
cream, evaporated milk, infant formulas, puddings, whipped
¢cream toppings and egg nog, because of their thickening and
suspension properties. For these uses, concentrations range
from about 0.01 to 0.2 percent. In water-based food products
(jellics, jams, salad dressings, syrups, dessert gels, meat prod-
ucls and pet foods), carrageenan concentrations are somewhat
higher (0.2-0.5%). Kappa carrageenan forms a firm, brittle gel
and iota yiclds a flexible and very dry gel. Blending of these in
different ratios is used for different products. Most recently, it
has received substantial publicity as a binder in low-fat ham-
burger meat of fast-food chains and other low-fat meat prochucts.
Industrial products incorporating carrageenans are air fresh-
ener gels, cleaners, etc. Pharmaceutical and medical applica-
tions are similar 1o those of agar. Kappa, jota and lambda
carrageenans differ in gelling and milk reactivity and are the
three most widely used types in commercial products.

Status of Populations

The agarweeds most frequent to California are Gelidium,
Pterocladia, and Gracilaria. Of the six species of Gelidium in
California, only G. robusturt is available in sufficient wild
stocks 10 warrant limited harvest for agar production. Before
and during Worid War Il and until American Agar and Chemi-
cal Company in San Diego closed in about 1986, G. robustum
was collected by divers along the southern California coast
Resource management of wild stock of G. robustum was
investigated carefullyto establish control of scason, amountand
method of harvesting, but it proved difficult to enforce regula-
bons. Today, there is no harvest of wild stocks for commercial
agar production. Wild stocks are still harvested in Baja Califor-
nia, Mexico, by local fisherman for processing in Ensenada and
subscquent export of refined agar. I is very slow growing in
nature and cven slower in mariculture, thus making it unlikely
a5 a major resource. Several other species, including G.
Cosf!{en'_. show much faster growth in nature and in tank culture,

providing an acceptable quality agar. Unfortunately, the cost of
these cuiture systems in California s 100 high for competition
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with either wild stock harvest or cultivation inother countries. The
Gracilaria specics in California and elsewhere offer considerable
potential, because of their fast growth and yield of agar. Several
species are extensively aultivated in Chile, China and Thailand,
for exarnple. The best candidate for large scale culture in Califor-
niais G. lemaneformis. Although extensively cultivated in open
bays of other countries, it is unlikely that such cultivation could
occur in California, because of povernment restrictions.

There are many other genera of red algae in California that
vield agars and carrageenans.

Compared to agars, carrageenans generalty are more plen-
tiful and less costly, because the carrageenan weeds are more
widely available from harvest of wild stocks and extensive
cultivated stocks (e.g., Eucheuma and Kappaphycus in the
Philippines, Indonesia, Malaysia, China and Thaiiand), The
carrageenan weeds common in California are Gigarting,
Iridaea, Masto-carpus, Rhodoglossum ard Sarcodiotheca.
Several California species can be grown successfully in mari-
culture, but the low value of carrageenan makes both wild
harvest and culture economically unrealistic.

John West
University of California, Berkeley
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MARINE PLANTS: DISCUSSION

The decline of once-luxuricus kelp forests has been vari-
ously attributed to major storms, prolanged periods of nutrient-
drought, over-grazing by sea urchins, sewage outizils, power
plant cooling water, oil drilling and oil production water
discharge. Considerable sums have been spent on studics trying
10 understand why our marine plant resources are not what they
nsed to be. Many such studies have been documented only in
unpublished reports which are hard to find and have not been
subjected to careful scientific revicw. Moreover, some fail to
answer the question of why our marine plant resources are not
thriving as in the past. Obviously, this situation must change if
we are {o protect and restore our marine plant resources.

Californians have not yet tried to domesticate and cultivate
marine plant resources on a large scale. In China, Japan and the
Philippincs macroalgal cultivation is 2 multi-million doltar busi-



ness employing thousands of people and producing exports that
are marketed world-wide. As the preceding discussions indi-
cate, the harvest of natural stands of both agarophytes and kelps
in California has been financially rewarding, and kelp is still
harvesied. The enormous productivity of the giant kelp forests
was demonstraied during the first world war, when over
400,000 tons per year were harvested and used for the produc-
tion of acetone and other products. Kelp domestication and
cultivation has been achicved in California, but only a few acres
have been farmed to date.

The commercial cultivation of agarophytes has been at-
tempted both in the sca and in tanks on land with somewhat
encouraging results, particulardy with regard 1o the red alga,
Gracilario. However, the most valuable agar and agarose produc-
ing Gelidium has been cultivated in California only on an experi-
mental scale. Nonetheless, acommeraial source ol high-value agar
and agarose would be a boon for the growing California biotech-
nology industry, where these substanccs are used.

There is litlle disagreement among those who harvest
abalone and sea urchins in California that an abundant supply
of kelp and other macroalgac is an essential element for the
maricultural production of these valuable herbivores. Indeed, it
is the shortage of macroalgal foods that limits the present
Japancse and Chinese abalone mariculture industries. Given
the fact that the south-flowing California Current, and the
upwelling it produces along the coast of California, provide
year-round cool and nutrient-rich water, growing conditions for

macroalgac are good here and large-scale year-round com-
mercial cultivation of kelp is possible. California giant kelp is
perennial and long-lived. A small experimental kelpbed estab-
lished in 1981 is still flourishing ten years later.

The allocation of resources for the management and experi-
mental farming of Califomia marine macroalgae could provide a
sound basis for preserving natural submarine kelp forests enjoyed
by sport fishcrmen and recreational divers, as well as providing an
important resource for mariculture. Large scale, commercial
macroalgal cultivation could provide raw materials for the produc-
tion of agar and alginales, as well as maricultural feeds for a
sustained abalone and sca wrchin industry.

Michael Neushul and Peter Neushul
University of Californiz, Santa Barbara
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OCEAN SHRIMP

History of the Fishery

The commetcial fishery for ocean shrimp (Pandalus
jordani), alsocalled pink shrimp, started in 1952 after commer-
cial quantities wercfound by California Department of Fishand
Game (CDFG) rescarch vessels in 1950 and 1951. Regulations
for the new fishery, including net type with mesh restrictions
and a scason, wereestablished by the California Fish and Game
Commission in 1952. The first caiches were made later that
same year. Three regulation areas were also designated and
catch quolas established for each, The three regulatory areas
were Area A, Oregon border to False Cape; AreaB, False Cape
1 Pigeon Point; and Area C, Pigeon Point 10 the Mexican
border. In 1956, Arca B was divided into two areas; B-1
extended from False Cape to Point Arena and B-2 from Point
Arena to Pigeon Point.

Catch quotas governed the shrimp1ake from 195210 1976.
Quotas were based on recommendations of the CDFG and were
sct each year by the Fish and Game Commission. In 1976, ali
quotas were dropped in favor of four criteria believed to protect
the resource. The crileria were: 1) a season from April 15
through October 31 designed to protect egg-bearing females; 2)a
net mesh size of 1 3/8 inches 1o aliow escapement of small 0-
and 1-year-old shrimp; 3) a count per pound of 170 or less
intended to protect one-year-old shrimp, and 4) a minimum
catch rate of 350 pounds per hour to protect shrimp when the
population is at a low level. If these requirements were not met,
the CDFG had the option to close the fishery. In 1981, the
regulations were changed again to bring them into accord with
an agreement with Oregon Department of Fish and Wildlife
and Washington Department of Fisheries 1o have uniform
regulations. The new regulations included a season from April
1 through October 31, a maximum count per povnd of 160, and
aminimummesh size of 1 3/8 inches measured inside {theknots.
These regulations are siill in effect. From 1952 to 1963, shrimp
fishermen were limiled to the use of beam trawls with a
minimum mesh size of 1.5 inches berween the knots, In 1963,
shrimpers were permitted to use otler {rawls with the same size
mesh. The mesh size was reduced from 1.5 inches to 1 3/8
inches in Arcas A, B-1, and B-2 in 1975.
~ Priorto 1974, alf shrimp boats in California pulled a single
ng of e net and two doors, but starting with the 1974 season
vessels which towed a double rig from outriggers, one on each
side of the boat, entered the fishery. The double-ngged vessels are
approximaiely 1.6 times moreeffective than single-rigged vessels.

During the first year of the fishery, only six boats partici-
pated. The number of hoats increased to 27 by 1960, then

averaged 24 boats per season over the next 16 years until the
record caich in 1977 started a rapid influx of boats into the
shrimp fishery. A record high of 104 vesscls fished for shrimp
during 1980, but the number declined to 33 during 1983 when
the catch fell 10 a low of 1,176,000 pounds. As the caich
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recovered from that El Nifio-induced low, many boats reentered
the fishery. The number of vessels per season averaged 63 from
1981 through 1990,

California landings have averaged 3,720,000 pounds annu-
ally from 1952 through the 1990 season, ranging from a low of
206,000 poundsin 1952 toa high of 15,640,000 poundsin 1977.
Average landings have increased each decade since the start of
the fishery in the 1950’s: 969,000 pounds in the 1950,
1,810,000 pounds in the 1960’s, 5,679,000 pounds in the
1970°s, and 5,871,000 poundsinthe 1980’s. Area A hasbeenthe
most consistent producer and, since 1954, has had the highest
annual landings. The only exception was the El Nifio year of
1983, when Area C had the highest landings. Since the incep-
tion of the fishery, 84.3 percent of the shrimp have been landed
in Arca A ports, 6.1 percent in AreaB-1, 4.4 percent in Area B-
2, and 5.1 percent in Arca C.

The price paid tothe fishermen (cx-vessel price) has ranged
from a low of $0.07 per pound in 1555 to a high of $0.87 per
pound in 1987. The ex-vessel price remained fairly constant at
$0.10 per pound during the 1950’s and 1960’s, increased in
price from $0.12 per pound to around $0.30 per pound in the
1970, and since has fluctuated around $0.50 per pound.
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Calch of ocean shrimp comes aboard a trawler.

The largest portion of ocean shrimp landed in California is
picked and sold frozen in vacuumn cans. Small amounts are sold
fresh unpicked, as cooked picked meat or, most recently, as
individually guick-frozen shrimp. Most of California’s shrimp
catch was hand picked until 1969, when machines were intro-
duced in the FEureka area. Shnimp machines have enabled the
shrimpindustry to pick much smaller shrimp than was possible
with hand picking.

Status of Biclogical Knowledge

Ocean shrimp are found from Unalaska in the Aleutian
Islands to off San Diiego, California, at depths from 150 to 1200
feet. In California, this species is generalty found from depths of
240 10 750 feet. Spawning probably occurs throughout the range,
but commercial harvest is limiled 1o the arca between Vancouver
Island, British Columbia, and Point Argucllo, California.

Concentrations of shnmp generally remain in well defined
arcas or beds from year to year. These areas are assoaated with
green mid and muddy-sand bottoms. Although there is evidence
of onshore-offshore and coastwide movement within the confines
of abed throughout the year, no set patiern is apparent. Horizontal
movements probably are governed by feeding activitics and
prevailing cunents. Ocean shrimp also exhibit vertical migra-
tions. These movements 10wards the surface during periods of
darkness appear to be associated with feeding on plankion. Adults
from the different beds probably intermix rarely, but the planktonic
larvae undoubtedly intermingle, as there are no indications of
gemetically distinct subpopulations. Genetic stock identification
work on occan shrimp has failed to isolate any genetic differences
between oocan shrimp from off the coasts of Cafifornia, Oregon,
Washington and British Columbia.

Ocean shrimp feed mostly at night on planktonic animals.
The siomach contents of shrimp taken at night indicated tha
the most common food items were euphausiids and copepods,
while the stamachs of shrimp collected during davtime con-
tained little food. Identifiable food items included polychaete
worms, sponges, diatoms, amphipods, and isopods.

Many species of fish prev on ocean shrimp. Major fish
predators include Pacific hake, arrowtooth flounder, sableftsh,
petrale sole and several species of rockfish,

Ocean shrimp are protandric hermaphrodites; that is, during
their first year and a half of life most will function as males, then
pass through a transitional phase to become females. During some
years, a large percentage (up o 60 percent} of the one-year-old
shrimp become females and never rate as males. Female shrimp
usually carry between 1,000 and 3,000 eggs. Small individuals in
their second year have been found carrying as few as 900 eggs.
whereas larger shrimp intheir third or fourth yearoflife have been
found withupto 3,900 eggs. Mating takes place during September
and October, and the external fertilization of the eggs takes place
when the females begin extruding eggs in October. The female
carries theeggs between the posterior swimming appendages until
the larvae hatch. The peak of hatching occurs during late March
and early April. Ocean shrimp go through a larval period which
lasts 2.5 to three months. Shrimp grow in steps by imoiting or
shedding their sheils. Growth rates for ocean shrimp vary accord-
ingto regionand alsoby sex and year class. Thereis a clear pattemn
of scasonal growth despite the variations mentioned, with very
rapid growth during spring and summer and slower growth over
the winter, The growth rate decreases as the shrimp age. Ocean
shrimp may reach 5.5 inches in tolal length, but the average catch
size is about four inches. In California, few shrimp survive beyond
their fourth year, Studics on natral mortality have indicated that
the survival between fishing seasons (over winter) is estimaled to
be 46 percent, 76 percent, and 43 percent for ocean shrimp during
their first, second, and third winters of life, respectively.

Status of Population

Population estimates of the various shrimp bods were
obtained by CDF G sea surveys from 1959 to 1964; catch quotas
were set at ot quarter of the estimated population. Arez A sea
survey continued until 1969. The highest Area A population
estimate from sea surveys was 10,700,000 pounds in the fall of
1967. Because the cost of sea surveys was quite high, another
method of estimating population was needed. A mathematical
population model designed by CDFG statisticians was used 1o
estimate the popalation size and sct the quota from 1969 untit
1976, when the mode! was dropped and no further attems 1o
estimate the population were made. It was established that the
ocean shrimp population sbundance off California is deter-
mincd by environmental conditions which cause natural fluc-
taations in recruitment that are apparenily unrelated to com-
mercial fishing effort. Since the abandonment of quotas, the
shrimp population, as cvidenced by the commercial cateh, has
gonc throughtwoextreme highs (1977 - 15,600,000 pounds, 1989
- 13,300,000 pounds) and one low (1983 - 1,200,000 pounds -
primarily in Area C). The landings are apparently headed for
another low in 1991, due to a vear-class failure in 1989

Patrick C. Collier
California Department of Fish and Game

References

Dahlstrom, WA, 1970. Synopsis of biological data on the ocean
shrimp Pandalus jordani Rathbun, 1902 FAG Fish. Rep,
57{4)1377-1416

CRUSTACEAN RESOURCES



. 1973. Status of the California ocean shrimp re-
" souwoe 1d its management. Calif. Deps. Fish and Game, Mar.
Pacific Fishery Management Courcil. 1980. Draft of the fishery
management plan and environmental impact statement for the
piak shrimp fishery off Washington, Oregon and California. Pac.
Fish. Mgmt. Comgcil, 526 S.W. Mill St Portland, OR. 191 p.
Pexxcy, W.G. 1970 Vertical migration of the ocean shrimp, Pandelus
Jjordani: 8 feeding and dispersal mechanism Calif. Fish and
Game, 56:125-129.

SPOT PRAWN

History of the Fishery

The fishery for spot prawn (Pandalus platyceros) origi-
nated nearly 60 years ago in Montercy when prawns were
caught incidentally inoctopus traps. It was a minor fishery with
landings averaging around 2,000 pounds annually until the
carly 1970°s; but, in 1974, trawl fishermen fishing out of Santa
Barbara caught over 182,000 pounds. The Santa Barbara area
became the major center for spot prawns and trawl gear the
main method of caplure. Landings continued 1o increase fol-
lowing a decline in 1977. By 1981, landings rcached a record
high of 370,536 pounds, most of this total coming from the
Santa Barbara-Ventura area. Catchesbegan to decline in 1982,
and fell significantly in 1984, when a closed season for trawl
gear was imposed by the California Department of Fish and
Game (CDFG). Reasons for the periodic declings in landings
may have been overfishing, market conditions, ornatural cyclic
fluctuations due to environmental conditions. Trawl fishermen
alsobegan fishing for ridgeback prawns during the period. With
a closed season on trawt gear, inkerest developed in a trap fishery
in southern California beginning in 1986, Trap fishcrmen
began fishing off Catalina and San Clemente Istands, as well as
in submarine canyons. Soon, this mode of fishing became
profitable and popular, With traps, prawns could be kept alive
using holding tanks st at optimwm water temperatures, and a
market for live prawns developed primarily for the restaurant
and Asian markets. Price for live prawns ranged from $5.00 to
$6.50 per pound, whereas dead (heads-on) prawns brought only
$3.50 perpound. Landings again increased in 1986, reaching a
near record total of 311,000 pounds by 1990. Currently, trap
Bear accounts for nearly 75 percent of all prawns landed, while
235 percent is taken by traw] gear.
The trawler fieet consists of 20 to 25 vessels operating out
of Morro Bay, Santa Barbara, and Ventura, Standard gear is a
Singie-rig shrimp traw] of a semi-baltoon, or Gulf Shrimp Act,
design. Occasionally, double-rig shrimp trawls are used. The
Munimum mesh requirement is 1.$ inches, but many fishermen
use larger-mesh nets. Trap fisheries are located in Monterey
Bay and in southen California. The Monterey Bay trap fishery
Continues to produce prawns, although it has never reached the
large volume of the southern California fishery. Monterey-area
are about 30 10 40 feet in length and usually fish for
salmon during the summer. Currently, thereare only afew boats

CRUSTACEAN RESOURCES

10

g OF MoUDS

California commercial landings of spot prawns, 1921-1969.
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California commercial landings of spot prawns, 1970-1991.

fishing the Monlcrey Bay arcaand they fish only three 1o four
months a year. The Scuthern California trap fleet numbers
between 30 and 50 boats. Theseboats range insize from 30 to 60
feet. Trapdesigns are variable, with plastic oval-shape traps and
rectangular wire traps being most popular. Normally, a long
line or string contains 25 1o 50 traps. In both fishing areas, traps
are set at depths of 500 to 900 feet along submarine canyons.

Status of Biological Knowledge

The distribution of spot prawn ranges from Alaska to San
Diego, California, in depths of 1 50 ta 1,600 feet. Major concen-
trations of populations in California waters ocour off Montcrey
and the Channg] Islands. This species is a protandric hermaph-
rodite beginning life as a male. Sexual maturity is reached
during the third year when they average 1.5 inches carapace
length (CL), By the fourth ycar, many males begin to change sex
to the transitional stage. By the end of the fourth year, the
transitionals become females averaging 1.75 inches CL. Maxi-
mum observed age is estimated at over six years. There are
considerable differences in age and growth of spot prawns
between arcas. Animals from Canada Yive no longer than four



years, whereas the prawns from southern California can reach
six years. Studics indicate that prawns grow faster in a temper-
ate environment than in a cold environment.

Spot pmwn, Pemdalus platyceros

Spawning occurs once a vear, and each individual mates
once as a male and once or twice as a fomale. Females spawn at
four years and older at a carapace iength of 1.75 inches.
Spawning takes place at depths of 500 to 700 feet, September
appears to be the spawning month, when the egps are extruded
onto the female's swimmerets. She carries the eggs for a period
of four to five months before they hatch. By April, only 15
percent of the females still carry eggs. Fecundity varies with
size, ranging from 1,400 to 5,000 eggs for the first spawning
down to 1,000 eggs for the second spawning. Eggs hatch over a
10-day period and the larvae are pelagic. As the animals
develop to the juvenile stage, they begin to settle out at depths of
175 feet, but move decper when they reach adulthood.

Spot prawns feed on other shrimp, plankton, small mol-
lusks, worms, sponges and fish carcasses. They usually forage
on the bottom throughout the day and night

Status of Population

Exploratory surveys conducted by the CDFG during the
1960’s revealed the presence of prawns along the coast, but no
estimates of population size were made, During the 1980’s,
additional surveys were conducted along southemn Califomia
for distribution and range. Fishermen began using traps during
this period, locating prawns in new areas, and now this species
appears 0 be more numerous than previously believed A
substantial fishery has now developed in southem California.

John 8. Sunada
California Depariment of Fish and Game

John B. Richards
University of California
Sca Grant Extension Program
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RIDGEBACK PRAWN

History of the Fishery

The fishery for ridgeback prawn (Sicyonia ingenfis) is
comparatively young. Until recently, interest in the species was
Iacking becanse of the absence of demand. Prior to 1966, trawl
fishermen in the Santa Barbara area occasionally observed
small numbers of ridgeback prawns in their bottomfish catches.
Fishing started in 1966 afier regulations were formulated 1o
harvest this resource with srnall-mesh nets. Landings in 1966
totaled about 30,200 pounds, but the fishery quickty faded as a
result of poor marketability. Annual landings were below 5,000
pounds from 1974 to 1977, except in 1975 when they were
28,000 pounds. The catch increased 1o 356,000 pounds in 1979,
but declined to 129,000 pounds three years later In 1985,
landings peaked at nearly 900,600 pounds, but they subse-
quently declined to 142,000 pounds in 1988 following several
yearclass failures.

1
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Califarnia commercial landings of ridgeback prawns, 1974-1991.

The fishery is centered in the Santa Barbara Channel and
off Santa Monica Bay. Twenty trawlers ranging from 33 10 73
feet (average 48 fect) engage in the fishery. Standard gear has
been a single-rig shrimp trawl with a mesh size of 1.5 inches or
greaier. Seasonally, as many as seven Pacific northwest shrimp
trawlers have entered the fishery. These boats, which averaged
67 feet, used a double-rig shrimp trawl, increasing the fishing
efficiency by 60 percent. When the fishery declimed in the early
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Aavor and low price make it 2 favorite among fresh fish buyers.
Asthisspedesdoesnolfremwcll, it is primarily sold fresh.

Ridgeback prawn, Sicyomia ingentis

Status of Biological Knomedge

Ridgcback prawns occur from Monterey, California 10
Cedros Istand, Baja California, at depths ranging from iessthan
145 feet 1o 525 feel. Major population concentrations are the
Ventura-Santa Barbara Channel arca, Santa Monica Bay, and
off Oceanside. Other pockets of abundance are found off Baja
Califomnia, Thisqnciesocmrsonmbstmcsofmm,shellam
green mud. As these animals are relatively sessile, little or no
intermixing occurs, Their maximum life span is five years and
Bexes are separate. Females reach a maximum length of 1.8
inches carapace fength (CL), and males 1.5 inches CL.

‘mmmnpmﬁecmawnmasopposedtooﬂler

shrimps which carry cgps. Both scxcs spawn as early asthe first
?ear.bmnmwwnduﬁngthemndyearatasimoﬂl
inches CL. The spawning period is more scasonal than with
other penaid shrimp. Studies suggest that this species under-
goes multiple spawning during June through October. Follow-
ing spawning, both sexes undergo molting and continue molt-
ing throughout winter and spring. The number of eggs pro-
duced averages 86,000,

Food habits of the ridgeback prawn are not known, but it
may be a detritus feeder like closely related species.

Status of Population

Yearly sea surveys havebeen conducted aver the past cight
?ﬁmmfdaﬁwahmdmandym-classsumglhs
Juvenile ndgebadc prawns. Relative abundance in terms of
ggnb.crs oranunals_pcr 15-minute tow began increasing from
m[ﬁmwtqw in 1982 to 1,200 animals per tow by 1984,
™ £anto decling in 1985 when the catch fell to 132 per tow.
cse rends mirrored the rise and fall of yearly commercial
catches. The poputation of ridgeback prawn in the Ventura area
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increased dramatically during 1983 to 1985, but subsequently
began declining. Potential causes for this increase arethe cfiects
of El Nifio, which provided optimum conditions; reduced
predator populations; and regulatory restrictions on the fishery.
No population estimates were available for any of the major
fishing grounds, although the majority of caiches consisted of

two- and three-year-oid animals.
John S. Sunada
California Department of Fish and Game
John B. Richards
University of California

Sea Grant Exiension Program
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BAY SHRIMP

History of the Fishery

The commercial fishery for bay shrimp in San Francisco
Bay began in the early 1860's. Historical accounts differ con-
cerning the circumstances and earliest participanis; they may
have been Italiansusing small-meshed bag seines. By 1871, the
Chinese had set up fishing camps along the shores of the bay
and introduced Chinese shrimp nets. These finnel-shaped nets
were anchored in place and shrimp were captured as they were
carriedintothe netsby the tide. Between 1890 and 1893, fishing
:xmpsalsoexistedinTmmksBay.By 1897, 26 Chinese fishing
mmpsoperaseduplomminSanmeisooBaywithdaily
landings of 400 {0 8,000 pounds of shrimp. Since the 1870°s,
these camps had been supplying large quantities of dried
shrinp meat and shrimp meal (dried heads and shells) to an
market for China. At the height of the fishery in the
1890’s, annual landings exceeded five million pounds.
Between 1857 and 1911, studics were required by the
California Fish and Game Comumissioa to respond (o concerns
that many young fish, particularly striped bass, were being



killed in the shrimp nets. This led to a May to Avgust season
closure and eventually the prohibition in 1911 of Chinese
shrimp nets. In 1915, the Legislatare again allowed their usc,
but only in south San Francisco Bay. About this time, beam
trawl nets began to be used by commercial shrimp harvesters in
northern San Francisco Bay and San Pablo Bay. Annual
landings gradually increased over the next two decades and
peaked at 3.4 million pounds in 1935. A steady decline then
began in response to a decline in demand for fresh and dried
shrimp as food. In the early 1960’s, annual landings averaged
about 1,500 pounds, and in 1964 no shrimp were landed.
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Califomia commercial Jandings of bay shrimp, 1970-1991.

In 1965, a new fishery devcloped to supply bay shrimp as
live bait for sturgeon and striped bass sport fishing, Since then,
the commercial harvest has been entirely by beam trawl.
Annual landings exceeded 100,000 pounds in 1980 and since
then have averaged 142,000 pounds. A small percentage of the
catch is still consumed fresh as food.

In 1990, 14 vessels participated in the bay shrimp fishery.
Most boats are between 25 and 40 feet long. The shrimp trawls
are spread by either a woodcen or galvanized steel pole. Netsare
20to 25 feet wide with a mesh of 7/8 to onc inch in the cod end.
Live tanks are used on all vessels, and shrimp arc transported to

local bait shops by truck in either live tanks or wed-down
wooden trays with burlap lining,

Vessel using beam trawl to harvest bay shrimp in San Pablo Bay.

Primary fishing locations are southern San Francisco Bay,
including Coyote Creek and Redwood Creek, northern San
PFablo Bay, and Carquinez Strait. There is relatively litte
movement between northern and southern shrimping grounds
by fishermen. Fishing gencrally occurs in waters less than 20
feet deep in the channels of the estuary’s shatlow reaches.

Regulation changes in the 1980’ eliminated fishing in most
of Suisun Bay due to the high incidental catch and associated
mostality of small stripod bass in shrimp trawis. No quota or season
closure is in effcct for the commercial fishery, and tandings are
influenced primanty by demand. Sport regulations allow the use of
hand-powered shrimp trawls no greater than 18 by 24 inchesat the
mouth and a daily bag limit of five pounds.

Status of Biclogical Knowledge

Bay shrimp, also kmown as grass shrimp, are actually an
aggregate of four species. The primary component of the
commercial landings is the California bay shrimp (Crangon
Jranciscorum). Although it ranges from southeast Alaska to
San Diego to a depth of 180 feet, it is found primarily in
estuaries and enclosed bays. The blacktail bay shrimp (C.
nigricauda) ranges from Alaska to Baja California to a depth of
200 feet and is cormumon in bays and cstuaries. The biacksported
bay shrimp (C. nigromaculata) is a very minor component of
the catch in San Francisoo Bay. It ranges from the Gulf of the
Farallones to Baja California at depths of 10 to 100 feet and is
uncommon inestuaries, The fourth species, the oriental shrimp
(Palaemon macrodactylus), has become an increasingly large
component of the catch since its accidental introduction into
San Francisco Bay.

Fishermen have long known that shrimp migrate within
the estuary Bay shrimp larvae hatch in high salinity waters,
including the lower portions of San Francisco Bay and the
nearshore ocean area, in winter and spring. Small, post-larval
shrimp migrate into the bay and upstream 1o the brackish-water
nursery area in spring and early summer. In late spring and
sursutier, most commercially-caught shrimp are small (1.0 10
1.5 inches)as large numbers of juvenile shrimp enter the fishing

CRUSTACEAN RESOURCES
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inches, while the blacktail and blackspotted bay shrimps rarcly
mz.um.mmmwdwyﬂmm,fmﬂu
. 4y and reach a larger size than makes. Maxi-

B length of the oricntal shrimp is just over 2.5 inches.

Catch of bay shrimp with bycatch of a few small sculpin and
striped bass,

California bay shrimp tolerate a wide range of salinity and
teraperature, and juveniles may be found throughout the estuary
where salinity is greater than one part per thousand. Blackiail bay
shrimnp prefor higher salinity and lower temperature and generally
occur where salinity exceeds 15 parts per thousand and tempera-
ture is Joss than 68° F. The biackspotted bay shrimp prefers cven
higher salinity waters and in the San Francisco Bay estuary is
limited o the area downstream of central San Pabio Bay. All three
spocies ooour in the ocean, it the California bay shrimp is
water than the shove species and is most comunon in the extreme
southern portion of San Francisco Bay, northern San Peblo Bay,
and the arcas upstream of San Pablo Bay. It occurs more frequently
where salinity is less than 10 parts per thousand

Although egg-bearing California and blacktail bay shrimp
may be found throughout the year, the main egg-bearing season for
the California bay shrimp extends from December 0 May. For
ovigerous blacktait bay shrimp there are two peaks of abundance,
spring-summet and falt. In years with high ficshwater inflow 1o
the cstuary, the majority of the reproductive population of Califor-
nia bay shrimp migrates o of the bay. Ege-bearing oricntal
shrimp oocur from March to September in the bay.

Bay shrimp arc an important component in the diets of
m and estuarine fishes. Twenty-four predator specics
m::a‘ identified in the San Francisco Bay estuary and 20 in

jacent ocean environment. Major predators include green
and white sturgeon, striped bass, leopard shark, brown
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smoothhound, big skate, white croaker, staghora sculpin, starty
flounder, English sole, pile and rubberlip surfperch, Pacific
tomcod and brown rockfish Bay shrimps and the oriental
shrimp are opportunistic feeders, consuming a wide variety of
organisms such as bivalves, polychaetes, amphipods, mysids,
copepods, crustacean larvae, fish larvae and insects, as well as
animal detritus and plant material.

Status of Populations

The absolute abundance of bay shrimp has not been
estimated. However, relative abundance indices during the past
decade have shown population changes of a factor of ten. The
abundance of California bay shrimp increases with increased
river inflow to the estuary, probably because of the increased
low-salinity habitat for the rearing of juveniles. Abundance of
blacktail bay shrimp has increased recently during a series of
years with Jower river inflow, although it has not replaced
California bay shrimp in abundance. Given the short life cycle
of bay shrimp (1.5 10 2.5 years) and the relatively low level of the
present harvest compared with the sustained high level of the
1930’, it isunlikely that thebait fishery is negatively impacting
the biomass of bay shrimp in the San Francisco Bay estuary.
Howeves, the current overall abundance of the bay shrimps may be
lower due t0 Joss of, or change in, habitat during the last 60 years.

Paul N, Reilly
California Department of Fish and Game
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SAND CRAB

History of the Fishery

The first complete commercial catch records for sand crabs
(Emerita maloga) were collected in 1963, when 4,673 pounds
were landed. By 1967, landings totaled over 8,300 pounds of
sand crabs worth $17,152 to the fishermen. Since 1977, carch
records indicate a greatly rechuced wtilization of sand crabs for
bait. This is probably due to reduced effort directed at harvesting
them and replacement of sand crabs with other baits such as
ghost shrimp, clams and mussels.



Sand crabs are collected in a wire mesh net measuring 30
to 36 inches in width. Mesh size varies from .25t00.5 inch. The
fisherman wades into the surfand places the net on the bottom
as a wave begins to recede. The backwash carries the sand crabs
inio the net, from which they are removed and placed in a
container held on a belt around the fisherman’s waist. Usually
only "soft shelled” crabs (those that have molted recently) are
saved. These are sold, and priced, by the dozen. Size varies
widely, depending on season and location where the crabs are
caught. Though price per dozen has remained quite constant,
price per pound varies with the sizc of the crabs. When only
small sand crabs are available, the price per dozen may drop,
Demand for sand crabs remains high through the winter
months because of the presence of barred surfperch along the
coast. The demand is increased by frequent perch fishing
contests (derbies) sponsored by bait stores. In winier, when soft
shelled sand crabs are difficult to find, hard shelled crabs can
also be sold. These are usually sold by the gallon. There is a
limited but constant market for sand crabs as bait.

Sand crab, Emerita analoga.

Status of Biological Knowledge

The sand crab occurs from British Columbia to Panama.
Although found on nearly all open-coast sandy beaches, there
are gaps in this range where no sand crabs can be found.

When feeding, sand crabs burrow tail-first into the sand
leaving only the tip of their heads and the large feathery
antennae protmading. The antennae are extended into the
backwash of a receding wave and strain food particles from the
water. Food particles are transferred to the mouth by wiping the
antennae through the mouth parts, It is the extended antennae
which produce characteristic V-shaped rippk marks on the
beach that indicate the presence of sand crabs.

Mating occurs mostly in spring and summer, but some
mating and ¢gp-bearing females are seen year-round. Females
are larper than males, reaching 1.5 to two inches in length;
males seldom exceed .75 inchin }ength. A two-inch female may
produce 11,000 eggs. The number of eggs varies withthe size of
the animal as well as with temperature and food availability.
The eggs are carried on the female’s abdomen (pleopods) until
hatched The young pass through five larval stages before they
tesemble adults. The various tarval stages drift at the mercy of
the cumrents and may be carned for long distances, Shifting

currents, which carry the larvae "off course,” account for
popalation fluctuations on a givenbeach. In southern Califor-
nia the megalops larvae arrive on the beach in the greatest
numbers from May to July. Sand crabs reproduce doring their
first year of life and may not live more than two or three years.
Sand crabs that settle in suboptimal habitat may not survive
their first winter.

Many animals ¢at sand crabs, including surf fish, such as
corbina, croakers and barred surfperch, and many shore birds,
For this reason, they make excellent bait for sport fish, espe-
cially for fishing from sandy beaches. They al so make good bait
when fishing from rocky shores or breakwaters for opaleye.

Status of Population

The reported harvest in 1967 was 8,303 pounds or about
two million sand crabs. Most of the catch came from about 20
miles of beach in the southern part of the state. California has
over 200 miles of sandy beaches, and the total population of
sand crabs, while undetermined, is extensive. Since only the
recently-molted soft shelled sand crabs are usually taken and
the hard shelled crabs are retumed, there is litle danger of over-
fishing. A high market demand for hard shell crabs, however,
perhaps for purposes other than bail, could result in a fishery
that would be detrimental to the population. Though extensive
in range, sand crabs are valnerable (o capture because of their
habit of forming dense aggregations, especially at night, fre-
quently near piers and jetties. Although population sizes are not
well known and the number of sand crabs on any given beach
may fluchiate from vear to year, the resource appears 1o be in
good condition.

Kevin Herbinson
Southern California Edison
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DUNGENESS CRAB

History of the Fishery

Dungeness crabs (Cancermagister), alsoknown as market
crabs of edible crabs, were first taken commercially off San
Franciscoin about 1848, The fishery blossomed early, and now
the harvest of this important marine resource occurs from Avila
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Oregon border. Before the 1944-1945 scason, the fishery
:::: arourd San Francisco and the average annual
gzewide production was 2.6 million pounds. The fishery

into the Eureka-Crescent City area as World War 11
ended. In the early 1940, crab traps replaced the hoop net,
leading to significantly increased tandings with strong coatri-
tations from northem Califomia. Average annual statewids pro-
duction sinoe the 1945-1946 scason has been 9.9 million pounds.

A small fishery deveioped in the Morro Bay-Avila area in
1947 and production there peaked at 434,000 pounds in the
1930-1951 scason. Landings were good through the 1950°,
declined sharply in the 1961-1962 season, and have remained
= low Jevels since. _

The sinall fishery around Monterey reached its peak before
1945, continued on & small scale through the 1950's, and in
1961-1962 foilowed the same downward pattern as Morro Bay.
Landings reached a low of 300 pounds in 1971-1972 and have
never recovered.

San Francisco landings were relatively stable from 1945-
1946 10 1955-1956, and peaked at 8.4 million pounds in the
1956-1957 season. The fishery then declined at a rate of more
than one million pounds per scason until 196 1-1962, whenonly
710,000 pounds were landed. Subsequent scasonal landings
have averaged less than one million pounds, although 3.1
million pounds were landed in 1987-1988.

Unloading a day’s catch of Dungeness crabs at Fishermen's Wharf
in San Francisco,

The Eurcka-Crescent City fishery increased substantially
aﬂqr 1945, Landings reached a peak in the late 1950°s but,
unlike other areas which peaked and then experienced sus-
tained low levels, the north coast exhibited 10-year cyclic
patierns of production. Six-year periods of good landings as
hlgh‘as 25.6 million pounds were followed by four years of poor
landings as low as 350,000 pounds. This pattern changed in
1982-1983 with eight successive seasons averaging only five
'l‘;i” 1or pounds. The catch jumped to about 10 million pounds in

90-1991, valued at more than 15 million dollars.
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California commercial landings of Dungeness crab, 1970-1991.

The commercial fishery for crabs oocurs in two arcas,
northern and central California, with separate seasons for each
The seasons are established to allow harvesting only when crabs
are in prime condition for the market. Other restrictions inchude
no commercial harvest of female crabs and a minimum size
limit on the males of 6.25 inches across the back.

The dividing line between the northern and central Cali-
fornia areas is the Mendocino-Sonoma county line. The central
California scason opens the second Tuesday of November and
continues through June 30. The opening and closing are two to
three weeks earlier than the northern season, because crabs in
central California molt earier and reach primne condition
sponer than in the north. Fishing areas include Avila-Morro
Bay, Monterey, and San Francisco-Bodega Bay. The Morro Bay
and Mornterey fisheries have been of minor importance; the
combined flect for these two areas consisted of 35 to 40 boats
during the 1950’s bat is now minimal.

The San Francisco region is the major production area for
central California The fishery utilizes an arca of over 400
square miles, including the Gulf of the Faralloncs north to the
Russian River. The fleet consisted of 200 to 230 boats during the
1950's. When the fishery declined in the 1960°s, a reduction in
the number of boats followed and the fleet now consists of about
100 vessels. The central California crab fleet has evolved from,



but still includes, the old "Monterey” style vessel, Larger
multiple purpose vessels are now the nomm.

The scason in the northern California arca (Mendocino-
Sonoma county line to the Oregon border) is from December 1
to July 15. Although December 15 may be a more desirable
cpening date with respect to crab quality, fishermen believe that
the opening dale should coinerde with Oregon’sopening, which
has been December 1 for many years.

The northern Cslifornia fishing grounds are over twice the
size of those in central California. They extend from Fort Bragg
to the Oregon barder with the prime area between Eureka and
Crescent City. The northern California fleet fluctuated between
100 and 200 vesselsin the 1950°s and 1960’s, dropped toa low
of 61 in 1973-1974, then peaked at 410 during 1976-1977,
Since then, effort has been high, averaging 330 vessels per
scason. Before the mid-1970's, most vessels were converted
salmon trollers 30 1o 60 feet in length; however, the complexion
of the fleet changed during the record production years of the
1970°s. Vesscls ranging in size from 22-foot dories to otter
trawlers in excess of 100 feet entered ihe fishery. There was also
an increase in the number of traps per boat, averaging 200 but
ranging up to 1,000 traps on some large vessels. Before 1980-
1981, crab landings were normally spread throughout the
season. Now, 80 percent of totat landings are made in December
because of increased effort and the ability of many vessels to fish
during day and night, cven in heavy scas.

Commercial pear for Dungeness crab is essentially the
same throughout Catifornia. It consists of a circular steel trap
three te 3.5 feet in diameter weighing 60 to 120 pounds, Each
trap is required to have two 4.25-inch openings to allow small
crabs to escape, and must possess a destruction device which
allows crabs to escape should the trap be lost. The trap rests on
the bottom and each is buoyed independently 1o the swrface. Traps
are left overnight or longer depending on fishing conditions.

Incidental catches of crabs are landed by otter trawlers.
While these vessels are allowed 500 pounds per trip during the
regular season, only a few thousand pounds of trawl-caught
crabs arc landed annually.

Dungeness crab, Carcer magister.

Depending on crab condition, the amount of meat ranges
from 2010 28 percent of the total weight of the animal. Because
crab is highly perishable, it must be oooked while alive, then

kept refrigerated. Approximately 7% percent of the catch is sold
as whole crab (fresh or frozen) and the remainder is picked and
vacuum packed.

There is limited sport use of Dungeness crabs in central
and northern Califoraia. The spont size limit is 5.75 inches
across the back, and a limit of 10 crabs of cither sex may be
possessed. The annual sport harvest is less than one peroent of
the commercial take.

Status of Biological Knowledge

Dungeness crabs range from the eastern Aleutian Islands,
Alaska to perhaps Santz Barbara; however the specics is
considered rare south of Point Conception. Earlier reports from
Magdalena Bay, Baja California, ate now thought tobe in error,
Temperature apparently determines the distribution, and the
38-65° F surface isotherms are considered the limits of the
range. The geographic range is probably more dependent upon
the temperature tolerance of the larvae than of the adulis.
Optimal temperatures for larvac are 50-57° F,

This species has a preference for sandy to sandy-rnud
boitoms but may be found on almost any bottom type. Dunge-
ness crabs may range from the intertidal zone to a depth of at
Ieast 750 feeq, but are not abundant beyond 300 feet.

The resource off California has been demwonstrated by
tagging experiments to consist of five subpopulations: oneeach
in the areas around Avila-Morro Bay, Montercy, San Francisco,
Fori Bragg, and Eureka-Crescent City. Only the latter three arc
of commercial importance. California Department of Fish and
Game surveys indicate the combined San Francisco and Fort
Bragg populations are not as large as the population extending
from Eureka into Oregon. Little or no intermixing occurs.

Tagging studies have also demonstrated random move-
ment by both sexes. At times an inshore or offshore migration is
observed, bui most movement is restricted £o less than 10 miles,
travel up to 100 miles has been noted, however.

Mating occurs from March through July. Male crabs are
able to sensc when a female is about to molt. The male carries
the female in a protcctive embrace for scveral davs until she
molts, then mates with the freshly molted, soft-shell female.
Sperm deposited in the female may remain viable for up o 2.5
years. Eggs are spawned between October and December and
are carried beneath the abdominal flap of the female The
number of eggs is dependent upon the size of the female. The
smalilest individuals will carry about 500,000 eggs and the
larpest from 1.5to 2 0 million. There is evidence, however, that
freshly molted females carry larger numbers of eges than do
gravid females which have missed a molt. The eggs range in
diameter from 0.016 t00.024 inches and are bright orange after
extrusion, becoming progressively darker as they develop.
Hatching occers between November and February.

The newly hatched larvae pass through five zocal and one
megalops stage before metamorphosing imo the adult form.
Larval development is inversely related to water temperature,
and in central California 105 to 125 days are required
complete the larval stages. Zoeae are hypathesized 10 have an
offshore movement regulated by factors such as depih. tempera-
ture, salinity and ocean currents. They are found near the
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.nfancatnightsndssdeepas 80 feet in daytime. Megalopae
are to nearshore waters beginning in April.
is pocurs from April to Yune. Estuarine areas such
g Hunbodt Bay and San Francisco Bay are important mursery
aress for young Dungeness crabs.

Gmhismomplishedinswpsthrwghaseriﬁofmolts.
In porthern California, Dungeness crabs of both sexes molt an
Mdﬁxﬁm&ninglhd:ﬁrstywandaminan
average widthofone inch. Six more molts are required to reach
mmmuityatth:endoﬂheirsecmﬂ)m,whemhcym

ximately four inches across. Onot maturity is reached,

of the fiemales becomes slower. Male crabs usually molt

twioe during their third year and once per year thereafter. The

msimd’mahsthmﬁmra:ﬂﬁvcmoﬂgc is six,

scven and cight inches, respectively. Males may undergo a

total of 16 molts during a lifetime, reaching a maximum size of

nine inches and age of six years. A small fraction of females
yeach sizes exceeding the legal size limit for males.

Dungencss crabs are opportunistic feeders not limited by
shundance or gcarcity of a particular prey. Clams, fish, isopods
and amphipods are preforred, and cannibalism is prevalent
among all age groups.

Prodators on the various life stages of Dungeness ¢rabs
inciude octopuses, larger crabs and as many as 28 species of
fish, including cobo and chinook salmon, flatfishes, lingood,
cabezon and various rockfishes.

Status of Popuiation

Few wital population estimates have been made; however,
commercial landings have been nsed a< a relative indicator of
population size. Bay and ocean surveys conducted by the
California Department ofFish and Game have shown that year-
class strength of Dungeness crabs can fluctuate dramatically
from year o year. Annual commercial fishing mortality of legal
male crabs is thoupht (0 be as high as 87 percent, byt during
years of high abundance a significant carry-over to the follow-
Ing Season Can QCour,

] mgmﬂmmﬂmcmﬂaﬁmshmmmm
Bze 1s not. The Eureica-Crescent City area supports the major
Population, accounting for as much as 95 peroent of the
Ratewidecatch. A very small population exists in the vicinity of
Fort Bragg, but most of the crabs landed there arc caught off the
Eureka coast. Landing trends in northern California indicate a
healthy resource.

Central California stocks have resainod at low levels of
abundance since the decline of the fishery in the early 1960’s.
Canases for the decline are mot known but have been the subject of
Considerable research into such factors as the effects of changes in
bocanographic climate on crab eges and larvae, the ok of
femerican worm predation on crab eggs, and the effocts of
Pollution in San Francisco Bay on juvenile crabs.

Ronald W. Wamer
California Depantment of Fish and Game
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ROCK CRABS

History of the Fishery

Rixk crabs are fished along the entire California coast. The
caich is made up of three species; the yellow rock crab (Cancer
anthomyi), the brown rock crab (C, antenmarius), and the red rock
crab (C. productus). The commerdial fishery is most important in
southern California (from Morro Bay south), which produces 95
percent of the landings, and of lesser importance in northern areas
(Monterey and Halfmoon Bay produce four percent), where a
fishery for the more desirable Dungeness crabtakes place. A major
recreational fishery has not developed, but recreational crabbing is
popular in many areas and is often conducted in conjunction with

In 1950, a separate reporting category for commercial rock
crab landings was established. Since then, landings have risen
from 20,000 pounds to over two million pounds in 1986.
Landings increased by 10 percent per year from 1957 to 1971,
jumped by nearly 50 percent in 1972, and continued a steady
increase to two million pounds in 1986. Priorto 1987, a portion
of the landings was calculated whole-crab weights based on
landings of claws only. Sincethen, whole crabs and claws have
been reported separately, and whole crab landings have shown a
commensurae decline. Rock crab landings for 1990 were 1.8
million pounds, inctuding the landings of claws converted o
whole weight

Commercial crabbing has expanded from nearshore arcas
around major ports such as San Diego, San Pedro, Santa Barhara,
and Mosro Bzy to more distant mainland areas and the Channel
Isiands. Most rock crabs are landed alive for retail sale by fresh fish
markets. Often the crabs are cooked and eaten on site and,
depending on the tastes of the consumer, ruscle tissue, as well as
other organs (ovaries in particular) are consumed. Rock crab meat
has notbeen successfully marketed when frozen or canned. During
1990, ex-vessel prices for whole rock crabs averaged about $1.00
per pound, while daws brought $1.25 ta $1.50 per pound.
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Red rock creb, Cancer productus.

Several trap designs and materials are used in the rock crab
fishery. The most popular are singic chamber, rectangular traps
of 2x4- or 2x2-inch welded wire mesh. Several types of molded
plastic traps are used by some because the traps are collapsible
of nest together on a boat deck. Traps are setand buoyed singly

Brown rock arab, Cancer antennarius.

or, perhaps, in pairs if 1oss to vessel traffic is a concern. Most
trapping ocours indepihs of 90 to 240 feet on open sandy bottom
or near rocky reef-type substrate. Two hundred or more traps
may be fished by one boat, with a portion pulled up andemptied
each day. Traps are usually "soaked" for 48 10 96 hours prior to
pulling. Commercial crabboats are usually small, ranging from
skiffs to vessels of 40 feet or more.

Recreational gear ranges from a diver’s or shore picker’s
hand to baited hoop nects or collapsible star traps fished from
piers, jetties, and boats. Most of this effort takes place along the
shallow nearshore open coast and in bays.

Commercial regulations have beenenacted toprotect crabs
betow reproductive size. Prescat regulations require a mini-
mum harvest size of 4.25 inches carapace width and escape
rings measuring 3.5-inches in diameter in each trap. Due to the
malti-species nature of the fishery, the minimum size was
chosen toaccommodate the different characteristics of the three
rock crab species. The recreational take is controlled by a four
inch minimum carapace width and a personal bag limit of 35
crabs per day.

Status of Biological Knowledge

Yellow rock crabs range from Humboldt Bay into southern
Baja Califomia, brown rock crabs from northern Washington to
central Baja California, and red rock crabs from Kodiak Island
toCentral Baja California_ All three species inhabit waters from
the low intertidal zone down to depths of 300 feet or more.
Although these species may occur tagether throughoul much of
their range, yellow rock crabs are most abundant in southern
California, brown rock crabs in central California, and red rock
crabs in northern California. Yellow rock crabs prefer open
said or soft bottom habitat, while brown and rod rock crabs
prefer rocky or reef-tvpe substrate.

Rock crabs, like other crustaceans, grow in a sicp-wise
fashion with each molt of the external sheil. Yeliow and brown
rock crabs molt 10 o 12 times before reaching sexual maturity
at about three inches carapace width. Crabs of this size may
molt twice a year, while crabs as large as six inches carapace
width or more may molt once a year or less. Growth per molt, as

CRUSTACEAN RESCURCES



of size, decreases as the Crab increases in size and
Mal of ali three specics attainsizes 1010 15 percent larger
dhan fernal demmbsgww‘toexmdmnimmm
:lmmmmm&MGSMﬁﬂlﬂrﬂ!mm
a‘;hlhchu.wmclhehngevilyoffwkcrﬂ)smmwel]
nown Mycmbsnnyrmhﬁvcmﬂx}wsofagc.

Yellow rock arab, Cancer antham,

Mating takes place after the females molt and ace still inthe
soft sheli condition. In southern California, mating is most
comman in the spring, bt occurs throughout the year. About
three months afier mating, the eggs are Laid, then ferniilized from
2 sperm packet keft by the male during mating. The developing
eggs are camied in a mass under the abdomen of the female.
Depending on size and species, nearly four million eggs may be
carried by a female rock crab. After six to eight weeks, the eggs
hatchinto planktenic larvae which undergo seven developmen-
tal molts before settling to the bottom as juveniles.

 Rack crabs are both predators and scavengers, feeding ona
variety of other inverichrates. Strong crushing claws allow
them to prey on heavily shelled animals such as snails, clams,
sbalone, barnacles, and oysters. The olfactory senise of crabs s well
developed and allows them to detect and locate food at a distance.

_Rock crabs, especialty juveniles, are preyed upon by a
vanety of other marine organisms. Fishes such as cabezon,
hlmdm\dhassandsweralswciesoimdcﬁshmkmwnw
fzed onrock mbs.’lmponan! inveriebrate predatorsinclude the
octopus and certain sea stars. As rock crabs grow larger, they
become less susceptible to predators except during the soft-shell
post-molt period, however, the sea otter is one animal which is
an effective Predator on large rock crabs.

Rack crabs do not appear to migrate or to undertake large-
scale movements. Tagged adults have moved several miles, but
nopastem was apparent. Some local movements also may oocur
@ relation 1o mating or molting, Egg-bearing yellow rack crabs
are known 10 congregate in rock-sand interface habitats,

Status of Populations
Informationis ot available onstock sizes, recruitment and
fmoniality rales, or poiential yield of rock crab populations. The

commercial fishery, however, has hag 2 localized cffect on crab
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abundance and size. Fishing areas intensively exploited over an
extended period show a lower catch per trap and a reduced size-
frequency distribution compared to lightly exploited areas. In
Santa Monka Bay, an arca closed to commercial crab fishing
for decades, experimentat catch rates were higher, crab sizes
larger and size-frequencies broader than in adjacent areas.
Future research should be aimed at a better understanding of
fishery-related rock crab population parameters.

David Parker
Califormia Depariment of Fish and Game:
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SHEEP CRAB

History of the Fishery

Until 1984, the sheep crab (Loxorfynchus grandis) was of
little commercial or recreational value, Before that, they were
occasionally landed as by-catch and were also taken by some
recreational divers. Santa Barbara fishermen and processors
began to experiment with marketing them and by 1984 30,000
to 40,000 pounds of whole crabs were landed. The fishery for
this undenstilized species expanded rapidly, stimulated by
development of a market for claws. The fishery peaked in 1988
with landings of 107,609 pounds of live crabs and 385 886
pounds of claws (combination of sheep and rock crab clsws).
The sheep crab is the only fishery in the United States with
sizable landings of both claws and whole crabs,

The California sheep crab fishery is centered in the Santa
Barbara Channel and around the northern Channel Islamds.
The bulk of the landings are in Santa Barbara and Ventura
countics. The fishery primarily operates over sandy bottom,
where pear is set in shallow waters (30-70 feet) in spring and
surnmer and then moved to deeper waters (120-240 feet) in fall
and winter months.

Because of the heavily calcified carapace of the crab,
processing the body meat is presently uneconomical. Alterna-
tively, processors accept only the claws, while whole crabg



continue to be used in live fish markets. Crab and lobster trap
fishermen supply the bulk of tive crabs. Halibut and angel shark
gill netters contribute substantially to the claw market, usually
killing the crab in the claw removal process.

mlnlalalnlelelalel|wl=]
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California commercial landings of sheep (spider) crab, 1976-199]

The retail value of the combined catch isabout $1.9 million
per year, with claws being sold for $5.75 per pound and whole
crabs going for $3.00 per pound live and $4.235 per pound
cooked in 1990. Clawlandings and value far exceed those of the
wholebody fishery. Since fishermen gencrally have to establish
their own live markets and have tobe able to hold the crabs alive
for periods of up to a week or more, only a few fishermen have
targeted the whole body market.

Trappers fishing for sheep crabs use modified rock crab or
lobster traps with an enlarged funncl. This permits entry of
large adult male crabs as well as smaller aduit female crabs.
Sheep crabs were a nuisance to gil! net fishermen because they
become tangled in the gear and their removal from the nets is
time consuming, usually resulting in damage 1o the animals.
Since the development of the claw fishery, however, the crabs have
become a valuable resource for gill netters. Claws are not taken
from fermales, as only claws of adult male crabs reach marketable
size. Prior to 1991, rock crab and spider crab daw landings were
combined inthe landingsdata In 1991, asize limit went intoeffect
for rock crabs, and fishcrmen were prohibited from taking any
"part” of those crabs. The ioss of supply of rock crab claws may
increase demand for sheep crab claws.

Current landing pattems are expected to change dve to a
1990 Califomnia state initiative which will ban the use of gill
mets in shallow watcr by 1994, It is uncertain if claw landings
will continue once the gill nets are completely phased out. New
marketing efforts may help to further develop the live market,
which uses the whole crab. In either event, there secms to be
interest and demand for the continued expansion ofthe Califor-
iz sheep crab fishery.

Status of Biological Knowledge

Sheep crab isthe common namg of one member of a family
of crabs (Majidae), which collectively are often calied spider
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crabs. Consequently, the sheep crab is often called a spider crab.
They range from Cordeil Bank (Marin County) south to Cape
Thurloe, Baja California, in water depths of 2010 410 foct, It is
not known whether the entire resource consists of just one or of
a oumber of different populations. Sheep crabs appear to be
most ahindant off southern California,

Lengevityis currently unknown, but many adultsappear to
be at least four years old. In contrast to most other commercialty
important crustaceans, most rajid crabs are belicved to cease
molting upon rcaching maturity. Studies of molt siaging, kmb
regeneration and melting frequency support the existence of a
terminat moit in sheep crab. After this molt, crabs do not
increase in size nor do they regenerate imbs. This pheromenon
is an imporiant biclogical characteristic that may require
development of a management scheme different from those of
other California crab fisheries.

Maturation is defined only in morphometric terms. At
maturity the rlative width of the abdomen of femmales and the
length of the claw of males increase markedly when compared
to a standard measure of body size such as carapace length.
Females become morphometrically mature between 4. 2and 6.8
inches carapace length (from margin of orbit), Adult males range
insize from 4.2 10 9.6 inches. However, morphometrically juvenite
male crabs can reach a length of 6.8 inches; thus, size alone is
insufficient to determine maturity. The presence of a gap in the

Sheep crab, Laxorfnmchus grandis.

serratcd gape of the claw of adult male crabs distinguishes them
from juvenile males. It is uncertain how morphometric marunity
refates 19 physiological and behavioral maturity.

The abundance of berried fermales peaks in late spring and
remains high throughout the summer, although they can be
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found throughout the year. Adult females are able to mate when
soft or hard shelled. Sperm storage altowsfor multiple broods to
be oviposited ¢ven in the absence of males. Egg numbers
probably increase with size of brooding female crabs. Small
broods contain 125,000 cggs, whereas large broods can have as
many a8 500,000 eggs. Laboratory observations suggest that
Mm&dmawwdpm.mmdilywd&adﬂsl}
crushed mussels and kelp. Cannibalism of newly molted ani-
mals oocurs in the laboratory when ¢rabs are not well fed. No
observations are available on foraging behavior in nature, nor
have gut confents been analyzed

Predatory interactions have not been observed in the ficld
cither, but it is likely that small crabs are preyed upen by
cabezon, sheephead, octopus, sharks and rays. Small sheep
crabs disguise themselves by decorating their carapace with
algae, sponges or other encrusling materials. Large crabs
probably have few predators.

Two parasitic infections could potentially impact recruit-
ment: an undescribed species of nemertean or ribbon worm and
arhizocephalan bamacic. The former consumes the developing
embryo in the egg. The latter eliminates reproductive output
and also inhibits growth of the crab. Preliminary observations
indicate that certain areas contain a high prevalence of indi-
viduals parasitized by the shizocephalan and that crabs are
infected as juveniles.

Male crabs winter in deep water. Both sexes migrate
onshore in carly spring, and piles of adult females have been
observed in spring and summer. Large adult males have been
mmwmdumagmﬁmmﬁologcal
significance of the piles is unknown, but similar phenomena
have been reported for other spider crabs,

Status of Population

The abundance of sheep crabs is unknown. Although this
q:iducrnbhasbacnaby—mtchform;-ym,tlmeism
cviduuxofducliningpopulaﬁmsinl!wSamaBalbaraChan-
nel where most fishing takes place. Furthermore, abundant
pop{hﬁmhavebeenmponeduﬁ'LosAngelesandSanDiegn
I this fishery, which is presently unregulated, continues 1o
expand, management of the resource may become .
Sorrllc unigue features of the fishery require additional biologi-
cal information to guide management policies, including its
dual nature (whole body and claw markets) and the existence of
a terminatl moit,

Carolynn S. Cuiver

University of California

Sea Grant Extension Program

o Armand M. Kuris
University of California, Santa Barbara

References

Ananymaus. 1983, Guide 1o underutilized * ifornj
: - Gu species of California,
Nationa] Marine Fisheries Service Admin Rept T-83.01 29p.

CRUSTACEAN RESOURCES

Culver, Carolynn S. 1991. Growth of the spider crab, Loxorymchuy
grandis. MLA. Thesis, Univ. of Calif. Santa Barbara, Califorsis
101 p.

Pleschney, D.B. 1985 . Fish of the Month: Spider Crab. Pacific Fishing
Magazine. 8(6): 33-39.

CALIFORNIA SPINY LOBSTER

History of the Fishery

The California spiny lobster (Pamulirus interruptus) has
been the object of a commercial fishery in southern Californig
for over 100 years. Most commercial fishermen use box-like
traps constructed of heavy wire mesh to capture spiny lobsters,
but traps of other materials such as plastc are allowed. About
10G to 300 traps per fisherman is common, but some fish as
many as 500 at the peak of the scason. These traps are baited
withwhole or cut fishand weighted with bricks, cement or steel.
They are fished on the sea floor, and cach trap is marked witha
buay bearing the fisherman’s permit number. High speed boats
in the 18- to 30-foot size range are popular in this fishery, but
evenything from 15-foot skiffs to 50-foot fishing boats are ussd.
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California commencial landings of spiny lobster, 1916-1969.
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Commercial lobster fishing occurs in the rocky coastal
arcas from Point Conception to the United States-Mexico
border and the islands and banks (such as Cortes and Tanner
Banks) off southern California. Some marine life refuges and
reserves are closed to the take of lobster, as are areas in Santa
Monica and Newport Bays and at Santa Catalina Island,
Improved loran and sonar equipment is enabling trappers (o
find lobster habitat in decper water and relocate their teaps
there. Some traps have been fished as deep as 350 feet, but 90
percent are fished in waters of less than 90 feet,

From a modest beginning, seasonal landings rose follow-
ing the second World War and peaked in the 1949-1950 season,
when a record 1.1 million pounds were landed. A general
decline followed for the next 25 vears, reaching a low of 152,000
pounds in the 1974-1975 season. In the 15 seasons since (hen,
landings have increased to 729,000 pounds in 1989-1990, the
most recent complete scason. During this period, however, land-
ings remained between 400,000 and 500,000 pounds for nine
consccutive seasons from 1979-1980 to 1987-1988.

About 90 percent of the legal fobsters taken in the commer-
cial fishery weigh about 1.25 10 2 pounds each, which produces
the size of tail desired for restavrant trade, The price paid the
fisherman has continued to rise from an average of 70 cents per
pound from 1959 to 1965 to around $6.00 per pound at present.
An illicit market also exists for "shorts” (undersized lobsters),
as shown by citations issued to commercial trappers and others
for possession of these animals.

California spiny lobster, Panuliris interrupius.

Commercial and recreational lobster fishermen currently
ar¢ restricted to a minimum size limit of 3 1/4 inches carapace
length (CL). The season forboth historically has run from early
Qctober to mid-March. Beginningin 1992, the sport season will
open a few days earlier than the commercial season. Commner-
cial fish traps, including lobster traps, must have a destruct
device of a type approved by the Department of Fish and Game.
This is to ensure that lost or abandoned traps do not continue to
caplure marine life indefinitely. Since the 1976-1977 season, il

has been required that lobster traps be fitted with rectangular
escape ports (2 3/8 by 11 1/2 inches) to minimize the retention
of undersize lobsters. This requirement has been credited with
reversing the downward trend in landings of legal lobsters
which had occurred previous to that season.

Sport anglers need only a valid sport fishing license and
may us¢ hoop nets or bare (gloved) hand when skin or scuba
diving for lobster. No appliance may be used, although occa-
sionally some sport divers illegally employ a fish spear or a short
hooked pole to snag the animals from deep crevices or caves.
The daily bag limit for sport fishing is scven lobsters, reduced
from 10 in 1971,

Status of Biclogical Knowledge

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

Mating of spiny Icbsters generally occurs from November
through May. The male attaches a putty-like packet of sperm (o
the underside of the female’s thorax. When the female extrudes
her eggs, they are fertilized by sperm from the packet. Egg
extrusion takes place primarily in May and June in water less
than 30 fect deep. Females are "berried”, carrying the eggs on
their tail, for about 10 wocks. The larger the size of the female,
the more eggs she produces. Females sampled at San Clemente
Island carried between 120,000 (2.6 inches CL) and 680,000
(3.6 inches CL) gpgs.

Spiny lobster eggs hatch into tiny, transparent larvac
known as phyllosoma that go through 12 molts. They have
flattened bodies and spider-like legs and drift with the prevail-
ing currents feeding on other planktonic animals. They may
drift offshore out to 350 miles and may be found from the
surface te a depth of over 400 feet. After five to nine months, the
phyllosoma transform into the pucrulus stage and may make a
dirccted return to shallow coastal waters where they settle to the
bottom. At this stage, they are still transparent but fook like
miniature adults. Growth rates arc variable but appear to be size
and sex dependent. An annual growth rate of 0.15 inch CL has
been reported for male spiny lobsters ranging from 2.0 ta 1.5
inches CL. For females in the same size range, the annual
increase was 0.19 inch CL

The spiny lobster’s shell serves as its skeleton and is
referred 10 as an exoskeleton. To grow, a lobsier sheds ils
exoskeleton. This process is known as molting and is preceded
by the formation of a new, soft shell under the old one. An
uptake of water expands the new shell before it hardens. Right
after a lobster molls, it is very vulnerable to predation and
physical damage until its new shell hardens.

Molt rates for the California spiny lobster are assumed tobe
stmilar to those of the Japanese spiny lobster. A 0.24-inch CL
specimen poes through 20 molts to reach 1.18 inches CL at the
end of its first year. Four molts during the second vear will take

CRUSTACEAN RESGURCES



“Whngmmminchm,andﬂlmmthreemhsin
mm,w.lttakesakbstﬂfrm?tollyeamomchalega!
mm,zsmdwsCL. After spiny lobstersreach 2. S inches CL,
an annwal molt following the reproductive period appears o be
mm.ﬁmﬂhmﬁempcmdbﬂwecnmltscanbeinﬂu—
m@bymoonditionsasmﬂ asby the age, health, and sex
of the individual. ) )

Juvenile lobsters usually spend their first two years in
ncarshore surfgrass beds. Subadults have also been found in
shallow rocky crevices and mussel bods. Adult lobsters are
found in rocky habitat, although they also will search sandy
areas for food During the day, spiny lobsters usually reside in a
crevice or hole dubbed 2 den. More than one tobster is usually
found in a den. At night, the animals leave their dens to search
for a wide range of food. Adult lobsters are omnivorous and
consume algae and a wide variety of marine inveriebrates and
fish. Lobsters are caten by sheephead, cabezon, kelp bass,
octopuses, California moray eels, hom sharks, leopard sharks,
rockfishes and giant sea bass.

A large portion of the spiny lobster population makes an
annual offshore-onshore migration that is stimulated by
changesin water temperature. During winter months, male and
female jobsters are found offshore at depths of 50 feet and
doeper, although individuals ofboth sexes have also been found
in shallow water in winter. In late March, April and May,
lobsters myve into the warmer onshore waters of 30 feet and
lesg, The higher temperatures onshore shorien the development
time for lobster eggs. Nearshore waters also have a more
plentiful supply of food. In latc September and October, the
onshore waters cooi and most lobsters move offshore. Winter
storms that cause increased wave action in shallow water
encourage this movement. Lobsters gencrally move after dark
and in smafl groups across the sand.

California spiny lobsters of both sexes reach maturity at
fiveor sixyearsand 2.5 inches CL. After maturity, male lobsters
grow faster, live longer and reach larges sizes than the females.
Males can tive wp to 30 years, and females at least 17 years.
There are records ofbull California spiny lobster weighing over
26 pounds and atiaining total lengthis up to three feet. Today,
lobsters aver five pounds are considered 1rophy size.

Status of Population

It is not known how many California spiny lobsters there
are. However, fishing regulations appear adequate 1o guarantee
the exisience of the population. Commercial landings generally
have increased since the 1974-1975 season, No measure of the
recreational catch exists,

. ,l‘l“uﬁ{lg the time of year when fishing occurs and the

mimum size of lobsters taken helps to ensure the existence of

Population. The closed season protects female lobsters while

mc{l?" camrying eggs and protects both sexes while they are

ther Ing and vulnerable to damage. The size Limit ensures that

vere will be several year ctasses of brood stock even if all legal-
Size lobsters are caught each scason,

Kristine C, Barcky

Phillip G. Swarizell

Californiz Department of Fish and Game
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CRUSTACEAN RESOURCES: DISCUSSION

California's marine crustaccan resources are NUMETOUS
and diverse. In addition to the crab, shrimp and lobster re-
sources presented in this volume, other crustacean resources
range from the sand {mole) crab familiar tobeach-goers, to mud
flat burrow-dwelling phost shrimp, to a vartety of attached
barnacles. Besides crustaceans which are the subject of com-
mercial or recreational harvests, many other species of crusta-
ceans inhabit California marine waters where they form impor-
tant functional components of marine ecosystems,

The: nine crustacean groups presented here are among the
most important and well lmown in California. They cover the
geographic range of our marine waters, with ocean shrimp and
Dungeness crabs in the north and spiny lobster and ridgeback
prawns in the south. Harvest methods range from trawls pulled
by large ocean-going vessels (shrimp), to traps fished from
smallerboats (lobsters, crabs, and prawns), toring nets and bare
hands (recreational lobsters and crabs).

Commercial crustacean harvests have grown in recent
decades in ferms of volume and number of species targeted
Total mean annual harvests dusing the decades of the 1970's
and 1980's were 17.2 million pounds, up from 11.2 miltion
pounds during the 1960’s. The species or groups reported in the
harvest have increased from six in 1960 io 15 in 1990. Crusta-
ceans are traditionalty high-value fishery products. In 1990, the
total crustacean comumercial harvest of over 24 million pounds
represented ondy six percent of California’s total commercial
landings but made up over 18 percent of totat landed value as
$28.7 million.

Recreational harvests of crustaceans center around crabs
and spiny lobster, Dungenass and rock crabs are targets of
scattered recreationat effort throughout California. However, it
is the spiny jobster which supports an intense and popular
recreational fishery in southern California, Most lobsters ar
caught by divers with their hands, while some are also taken in
baited ring nets from skiffs, piers and jetties. Many divers have
developed specialized techniques and vast stores of logal
Imowledge in pursuit of lobeters. A commercial passenger
fishing vessel industry which caters to divers schodules special



trips during lobster season. The total size of the recreational
lobster harvest is not known, but a recent Federal survey
estimated over 115,000 individual trips targeting spiny lobster
in 1989,

Management of crustaccan resources in California has
foliowed a traditional approach. Measures such as minimum
sizes, Closed seasons, gear or equipment restrictions, bag limits
and closed areas have been used to help protect stacks, sustain
harvests and allocate the resource. Commercial fisheries for
crustaceans are currenily not under limited access or entry
regulations. However, opportunities to participate in many
other California fisheries have been increasingly restricted.
Under such conditions, the open-acoess crustacean resources
have attracted increased attention and may be candidates for
further management restrictions, including limited entry sys-
tems, to prevent over utilization.

A variety of life-history patterns which need io be consid-
ered when making management decisions are found in
California’s crustacean resources. Some appear tobe long-tived
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and slow growing {spiny lobster, sheep crab}; others have short
life spans and can undergo rapid increases or declines in
population size (ocean shrimp and ridgeback prawn). Separate
subpopulations of Dungeness crabs and ridgeback prawns may
exist within California. The spiny Jobster population is shared
with Mexico, and ocean shrimp and Dungeness crab popula-
tions span the Oregon border. Management and fishing prac-
tices in those political entitics may affect California’s portion of
such shared resources,

Future management and research on California’s cnsta-
cean resources should focus on mote frequent and efficient
resource assessment methods and a better underganding of the
various factors, both natural and human-induced, which deter-
mine population levels and patterns of change. With such
information at hand, resource managers will be better able to
match the growing demands on California’s crustaceans with
their productive capacity.

David Parker
California Deparunent of Fish and Game
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LITTLENECK CLAMS

History of the Fishery

There are seven species commonly known as “littleneck
"~ of “chiones™; banded chione ( Chione californiensis),
smooth chione (Chione fluctifraga), wavy chione (Chione
wndatetla), rough-sided litheneck (Profothaca laciniata), com-
mon littleneck (Profothaca stamiinea), thin-shelled littleneck
(Protothaca tenervima) and Manila clam or Japanese littleneck
(Tapes philippincrurm). They are grouped here because they are
regulated by an aggregatebag and size limit. All are members of
the famuly Venendae (Venus ¢lams) and all but the Manila clam
are native 1o California. The Manila clam is a native of the
Orient and was introduced unintentionally into California
walers in the 1930's.

Although seven specics have been aggregated for regulat-
ing molluscan resources, only four (smooth chione, wavy
chione, common littleneck and Manila clam) arc of major
importance; they comprise more than 95 percent of the little-
neck clam harvest in California. Since commercial clammers
are restncted o the same daily bag and size limits as sport
fishers (30 clams, all species combined; minimum length 1.5
mches), it is not feasible for them to make a living harvesting
these bivalves. Thus, most exploitation is by sport diggers.

All digging is by hand (with rake, shovel, garden hand
fork, or trowel) and is carried out in intertidal areas during
daylight hours, generally at Jow tides of 0.0 feet or less.

Common Lintleneck, Protothaca staminea.

Status of Biological Knowledge

on ;T‘c three species of chiones occur souths of Point Concep-

"“"-‘Tlid:;m and sand {lats of sfoughs and bays, primarily in the

Subticl. Zone. Banded and wavy chiones may, however, occur
Hdally 10 3 depth of 165 oo,
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Thin-shelled and rough-sided littlenccks are both uncom-
mon in Califormia except in Alamitos Bay (Los Angeks
County) where the latter species is abundant. Thin-shelled
littienecks occur throughout the state in firm, sandy mud of
bays, in the low interiidal zone, and offshore to a depth of 165
feet. They occupy burrows up to 16 inches deep. Rough-sided
littlenecks occur in California from Montcrey Bay south to the
Mexican border in sand or muddy sand in bays, the low
intentidal zone, and in adjacent shallow subtidal areas. Larger
individuals may burrow up 10 12 inches below the surface, The
locally abundant population in southern California is in water
too deep for stand-up diggers, and the underwater visibility is
too poor for skin divers to harvest them.

The common littleneck occurs throughout California in
bays, coves and cobble paiches along the outer coast in the
middic and low intertidal zones. This species generally occurs
within six inches of the surface and deep digging is not required
for harvesting. Clam beds known to resident sport diggers
receive relatively heavy exploitation during minus tides. Other
clam beds remain underutilized due to difficulty of access or
lack of public awareness, This is one of the most abundant clams
on the west coast and is highly estecmed for food.

The Manila clam continues o expand its range on the west
coast and row occurs from southern California to British
Columbia. Itis particularly abundant in San Francisco Bay and
other estuarics to the north in the intertidal zone. It is easily dug,
as it generally occurs within two inches of the surface. It prefers
a substrate of coarse, sandy mud with a mixture of larger gravel
and cobbles and may attach itself with byssal threads 1o any
suitable substrate, including broken glass or ceramics. It also
occurs sub-tidally in the extensive oyster shell beds of south San
Francisco Bay.

Maximum length of the three species of chiones is approxi-
mately 2.5 inches. Of the four types of Littlenccks, the thin-
shelled is the largest, attaining a length of 4.3 inches. The other
three spocics reach approximately three inches in length,

Ofthe scven species, life history information is best kngwn
for the Manita clam population in San Francisco Bay. By
examining the length-frequency distribution of a strong year
class overtime, minimum legal size was estimated tobe reached
in 2.5 10 3 years. This was verificd by examining internal and
external growth rings on the shells formed each year in the &ll
as growth slows down or ceases. Maximum age is estimated to
be eight or nine years.

Manila ciams have a three-week plankionic larval period.
They are first recognizable in the substrate at about 0.04 inch.
At 0.75 to 1.0 inch, they are capable of reproducing and are
repeat spawners. The primary spawning period is late spring 1o
early summer, and they are known as dribble spawners, relcas-
ing eggs and milt over a prolonged tme period. A secondary
spawming period is thought to occur in the winicr. Sexes are
separale, as they are in all littieneck clams.

Natural mortality of sublegal Manila clams may be as high
as 50 percent per year. Known predators include bat ravs, mud



crabs, lined shore crabs, Cancer crabs, channeled whelks and
scoter ducks, Large clams are capable of movements of up to three
feet duning a single tidal cycle, although marking studies have
shown virually no net movernent over a several-month period.

Commen littleneck clams have a similar early life history
and are capable of reproducing at about one inch in length. In
southern California, they may reach the minimum legal size in
one to 1.5 ycars. External growth checks are prominent on the
shell, but these are not annual nngs. The spawning season in
southern Califomia is generally from March through July.

Meat yield from harvested littteneck clams has been esti-
mated. A limit of 50, 1.7-inch common littlenecks yiclds 9.5
ounces of meat, while a limit of 2.5-inch clams would provide
24.5 ounces. In contrast, a limit of 50 Manila clams from San
Francisco Bay with a typical mean length of 1.6 inches would
vield 6.4 ounces of meat

In the past, linleneck clams have been cultivated and
transplanted. Aquacultusists have reared the Mantla clam from
0.25inches to 1.5 inches in 10 months with 64 percent survival,
Manila clams were transplanicd in 1953 from San Francisco
Bay to several southern California bays and sloughs. Many of
the ransplants survived for more than a year but there was no
natural reproduction,

Status of Poputation

In 1981, population estimates of Manila clams were de-
nved for beds in San Francisco Bay. In the 10 most important
beds, the peak estimate in the sumimer was 19,3 million clams
with 3 4 million of legal size. One bed in south San Francisco
Bay, covering approximately 75,000 square feet, has been
surveyed annually since 1980, population estimates have
ranged from 80,00010 1,525,000, Forthe highest estimate, only
two percent of the population was of legal size. Since 1980,
maximum density of legal-sized ¢lams in this bed has been 2.5
per square foot. Densities of juvenile Manila clams may exceed
100 per square foot in the most productive intertidal beds.
Typically, intertidal densities in San Francisco Bay range from
20 to40 per square foot during years of good recruitment. In the
subtidal shell beds, density averapes one-tenth of that in the
intertidal zohe.

Survevsof clammers in San Francisco Bay in 1981 resulled
in an estimated annual total effort of 900 user days. However,
water quality problems have Limited and still limit recrcational
harvest opportunities.

Small beds of common Littlencck clams are generally the
tule in northern California. One bed in San Mateo county has
sustained an annual harvest estimated to exceed 10,000 clams.
San Onofre, in southemn California, coniains an intertidal
cobble bed over onc mile in length and at least 115 feet wide, A
1967 population estimate vielded 4 5 million icgal-size clams;
however, the bed had never been open to the public before the
survey. In terms of fegal limits, this bed could have furnished
90,000 user days of recreation.

The cobble beach at San Onofre probably is the most
productive bed of littienack clams in the state, However, the
population is unsiable and fhuctuates greatly even when unex-
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ploited Heavy runoff from a nearby creek in 1969 taused
expansive sanding-in of the cobbles and destroyed much of the
bed. Recovery time was estimated at five vears.

Little is known about the populations of the other littleneck
species, The smooth chione is in danger of extinction in areas
where hatbors are being developed. Habitat lossor degradation,
particularly by man-induced or natural siltation, can cause
permanent population reductions. Extreme variations in physi-
cal conditions, such as rainfall, can depress populations
dramatically.

Paul N. Reilly
California Departmeni of Fish and Game
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PISMO CLAM

History of the Fishery

The Pismo clam, (Fivela steltorum) has been found in
25,000-vear old Pleistocene (ice age) deposits and in Indian
kitchen middens 200 to 2 000 vears old. Indians used the clam
for food and the shells for digging, scraping and omaments.
The name Pismo comes from the Indian word pisnu meaning
1ar; deposiis of tar are found in the Pismo Beach area.

Reocords of the commercial harves! of Pismo clams began
in 1916 and were kept through 1947, when the commercial take
m California was prohibited. During that period, approxi-
mately 3,137 tons were commercially harvested. The majority
were harvesied from the Pismo Beach and the Morro Bay areas,
with a small percentage from Monterey Bay. Average annual
harvest was 98 tons. Landings ranged from a highof 3328 tons
in 1918 10 a low of 13 tons in 1945. Approximately 98 600
clams (average two pounds each) were harvested annualty with
a high of 334,700. They were purchaszd by restaurants, were
sold whole and canncd in markets, and were used as bait and
animat food.

The imponation of Pismo clams from Haja California
occurred as early as 1919 and continued through 1962 (232 2
tons). Mest of the imporied meat was canned. After 1962,
imports into the United States are not identified by species, but
commercial clamming continues at several locations in Baja
California Hooka gear is used 10 harvest smail (four inch)
clams at a rate of 1,000 per hour at Bahia Tortugas.

The ysual method of coliection by today's recreational
clammer is by means of a four- to six-tined gardenfork Durnmng
low tide the clammer selects a section ofbeach with exposed wet
sand or water of wading depth and probes in the sand ustil

MOLLUSK RESQURCES



ins 3 clam. Another method is to shuffle one’s bare
“mmcbommmlilasiwnnormcllisfelt.?ismm
can also be found by looking for the haif“inch-long tufts of a
Mmmmﬂ\eﬂﬁlmtmﬂmm
Mmfnw.Dhmmrchfott!! clams by probing with a
ynife of looking for exposed shells or siphons. Regulations
mm&nimmdiatemﬁngmﬂ:dmﬁaliﬂheclamiskss
Pismo clams have a distinctive and excellent flavor; they
ane pr a8 chowder and seafood cocktail, and are also fried
and eaten raw. Unfostunately, they have becn implicated in
geveral human fatalities involving paralytic shelifish poison-
ing. Pismo Beach preseatly provides the best Pismo clamming
in Califoenia despite the loss of the fishery from 1982-199C due
0 se otier predation. The number of Pismo clammers in
California is not known, but in late 1990 and eazly 1991 an
estimated 500 clammers were on Pismo Beach at one time.
Recreational clamming és regulated by bag limits, a minimum
size, and closed seasons and arcas. The objective of these
regulations is to prevent the depletion of the clam population
and to maintsin a populatiot of sexually mature clams that have
& chance o spawn several times before being harvested,

Pismo clams, 7ivela stultgrum, have a variety of color patterns.

Status of the Biological Knowedge

'I’qushelioflheﬁmclamist]\ick, beavy and strong, and
=€ Outside is smooth with fine conceniric growth lines. The
thside of the shell is white and the outside has a vamnish-like
Peniestracum, usually yellowish, tan or greenish, Shells of
indivicual clams vary considerably in both cofor and pattern,
m"_g“?g from pale beige 10 brown, occasionally with brown

ngnmrtsnuuﬁngﬁmmheumbommemrginonalighl

Eround. The Pismo clam is about 0.009 inch at metamor-
m“ﬂmymmm?ﬁmmlmgm
Calif, _hmmc range of the Pismo clam was Half Moon Bay,
Char fMua to Socorro Island, Baja California, including the

"::ISH?;dsN;ESantalba:a. However, it has not been

n Bay for decades and its present range
“tends only as far north as Momterey Bay, It is found in the
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intertidal zone and offshore to 80 feet on relatively flat, sandy
beaches of the open coast. Occasionally it is also found in
entrance channels to bays, sloughs and estuaries. Because of its
short siphons, the Pismo clam generally lives close to the
surface of the sand and seldom burrows deeper than six inches,
but has been found cight to 12 inches deep in souther Califor-
nia The clam characteristically orients vertically with the
hinge and excurrent siphon toward the ocean, the mantle eipe
and incurrent siphon toward the beach, and the ligament at the
center of the hinge oriented up. Burrowing is accomplished by
moving the foot rapidly to loosen the surrounding sand, Then
Jets of water eject the Joosened sand up along the shell sides, and
the weight of the clam and pull of the foot together drag the clam
dovwn through the sand.

In the majority of Pismo clams the sexes are separate with
equal mumbers of males and females. They are mature at one
year in southern California and two years in central amd
northern California. The smallest known mature clam in
southern California was 0.7 inch and in northern California
was 0.5 inch.

Spawning can occuranytime, but the majority spawn from
June to September. The number of eggs per femals increases
with increased shell size and ranges from 10to 20 million eggs
per female, with an average of 15 million per five-inch female,
In taboratory-heid clams, egg numbers were roughly propor-
tional to clam size. The number ofeggs ranged from as many as
4.7 million in a 2.9-inch female to 0.4 million in a 1.2-inch
female. Egps range in diameter from 0.00296 10 §.00324 inch.

The larvac metamorphose, sctile to the sandy bottom, and
attach themselves tothe sand grainsby means of byssal threads.
After several months, when the clam is more able to maintain a
position on the sandy boitor, the byssal threads degenerate. In
laboratory culturing experiments, fertilized eggs haiched into
larvac in approximately 48 hours. Larvae 60 to 72 hours old
displayed unusual behavior by sertling 10 the bottom and
remaining benthic or near-benthic throughout tarval develop-
ment. However, other species being cultured failed to exhibit
this benthic phenomenon. If tarval Pismo clams in nature also
exhibit abenthic phase, larval transport by nearshore currents may
be limited. Larvae larger than 0.009 inch and 22 to 50 days old
have completed metamorphasis, developed a foot, and buried
themselvesinthe sand. Atday 120, post-larval clams (0.048 inch)
have the triangular appearance of an adult. Nobyssal threads were
observed on laboratory-cultured post-larval Pismo clams,

Little is known of post-larval conditions in nature; how-
ever, in laboratory cultures post-larval growth was relatively
slow, and survival generally poor. Although spawning probably
occurs every year, it is not always measurably successful.
Considerable numnbers of years have gone by during which
virtually no young-of-the-year clams setticd on beaches. Re-
cTruitment success appears to be influenced by oceanographic
conditions (water temperature, airrents), which in turm influ-
ence phyteplankton availability. Unfortunately, the necessary
conditions for optimum spawning sucocss are not kKnown.

The Pismo clam is a filter feeder. Water taken in through
the incurrent siphon passes over the gills, where food particles
are removed. Food inclodes organic and inorganic particles



such as phytoplankton, bacteria, zooplankton, eggs, sperm, and
detritus from the disintegration of plants and animals. The
inhalant siphon has a very fine net of delicately branched
papillae across the opening, forming a screen that excludes the
entrance of large particles but permits the intake of water and
food particles. Despite this elaborate system, halfofthe stomach
contenis is sand. An actively feeding three-inch clam filters as
much as 15 gallons of water per day.

The age of Pismo clams has been determined by observa-
tion of marked individuals and by growth rings on the shell. In
California, a growth zing is gencrally formed during the winter
months when water temperatures are cool and food abundance
is relatively low. In Baja California, most clams form a growth
ning during the August-October period, although some may
form a ring at any time of the year. Growth is continwous
throughow the clam’s life, with the average length increasing
by approximately 0.84 inch per year for the first three years.
Increases in shell length are greatest in spring, sumumer and
eariy fall. Growth of older clams is slow. Atage 10, the increase
in shell length is usually not more than 0.2 inch per year. The
minimum legal size of 4.5 inches is reached in about five years
but may not be reached until eight or nine years. At Pismo
Beach, clams reach 4.5 inches between ages seven and eight.

The oldest and largest Pisimo clams on record from Califor-
nia were both taken from Pismo Beach. The oldest, taken in
1929, wasestimated to be 27 yearsold and was 6.88 inches long.
The largest was taken in 1930, measured 7.32 inches, and was
estimated to be 23 years of age. Scveral Pismo clams from Baja
California have been aged at over 43 years. The smallest Pismo
clam recorded from natural habitats was 0.92 inch long.

Pismo clams have many predators, including meon snails,
rock crabs, shatks, round stingrays, some surf fishes such as the
California cortbina in southcrn California, gulls, sea ofters and
man The extension of the sca otter's range to Monterey Bay
(1972), Motro Bay (1973) and Pismo Beach (1979) precluded
the recreational fishery for Pismo clams in those areas until the
latter halfof 1990, Otters were estirnated to have eaten 520,000
to 700,000 Pismo clams in one year at Monterey Bay. A single
sea otter was observed to eat 24 clams in 2.5 hours. In 1990,
legal-size Pismo clams were again found at Pismo Beach, the
first since 1981.

Parasites of the Pismo clam include a polychaete worm
which bores into the clam shell and larval cestodes which have
been found inside the clam as 0.15-inch diameter vellowish-
white cysts. The cestodes can impair the clam’s sexual develop-
mentbut are not harmful to manifeaten. Commeensal pea crabs,
occasionally found in the mantle cavity, feed on food particies
collected by the clam’s gills.

Status of Population

The Department of Fish and Game first examined Pismo
clam recruitment in 1919, and annual surveys have been
conducted from 1923 to 1991 to obtain information on age,
recruitment, year class strength, and exploitation trends.
Through 1948, only Pismo Beach was surveyed. Morro Bay,
Cayucos, and beaches from San Diego County to Santa Barbara
County were subsequently included.
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During the storms of 1982-83, Pisme ¢lam populations
along souwthern California beaches were severely depleted,
resuiting in little or no clamming after 1983, The Pismo Beach
clam populations had three suocessive strong year classes
(1986, 1987, and 1988), resulting in the largest number of
sublegal clams ever recorded from surveys on Pismo Beach.
Because of the exceptional recruitment in the Pismo Beach arca
and low abundance in southern California, 10,000 clams were
transplanted from the Pismo Beach area to Huntington State
Beach in 1989. The first follow-up survey found only 142
clams, the second only 14 clams and three partial sheils.
Biologists arc uncertain as t5 the fate of the clams. Also,
approximately 1,000 clams were transplanted within the Chan-
nel Island National Park.

In 1990, recruitment of young Pismo clams appeared tobe
a widespread phenomenon along southern and central Califor-
nia from San Diego to Pismo Beach. Densitics were docu-
mented at Pismo Beach and Ventura County beaches of 26
<lams per square foot (one- to six-year olds) and five clams per
square foot (one- to three-year olds), respectively.

No population estimates have been made for the total
Pigmo clam resource in California; however, itappears tobe in
a healthy state in a number of areas in southern and central
California. Whether successful recruitment will result in ongo-
ing recreational fisheries in light of continuing human and sea
oiter population growth is unclear,

Christine A. Pattison
California Department of Fish and Game
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PACIFIC RAZOR CLAM

History of Fishery

The Pacificrazor clam (Siligua patulay is one of the tastiest
food clams in Catifornia and is diligently pursued by sportsmen
on the beaches where it is abundant. The best California
beaches for razor clams are in Del Norte and Humboldt
counties. Before 1949, a small commercial fishery existed, it
only a few pounds of clams were ever sold. Commercial fishing
for razor clams is presently prohibited.

MOLLUSK RESOURCES



werc no scasonal restrictions on razor claaming
mﬂlgﬁ,wwadacliminthenum«soﬂargerdamsat
MﬁmaamBeadiinHmnbold:Cunnymdeedintoa
mﬂdmﬂlbudltolinﬂtﬁshmgcﬁ‘mmnaﬂy.m
Mwmapmtodamnﬁng only in odd-murabered
while the north beach was open during even-numbered
Y, e similar restriction went into effect for the razor clam
o at Crescent City, Del Norte Couty in 1955,

A 1960 stndy on Clam Beach concluded that the alterate-
)’Mmrﬁponsibleﬁ)radeclimmoldcrmdhrgm
dams oca the south beach because of the concentration of
cammers there. As a result, all of Clam Beach was opened to
damming from 1971 to 1973, During that three-year period,
cawch and cffort were monitored and public reaction noted. It
was found that instead ofbeing evenly distributed, 86 percent of
the clamming effort took place on the north beach. The high
pressare on the north beach resulted from a combination of easy
accessto the northbeach, difficult acoess to the south beach, and
much greater clamming success on Nosth Clam Beach than on
South Clam Beach. There was also a strong sentiment among
clan diggers to retumn to alternate year closures because of the
declining average size of clams. In 1974, the alternate year
fishing pattern was reinstated with the north beach open during
odd-numbered years and the south beach open during even-
numbered years. In the years immediately following the rein-
satement, the catch per digger and the average clam size
A daily bag limit of 30 razor clams was changed w 20 in
1963. In addition, all clams dug were required 0 be kept
regardiess of size or broken condition.

Pacific razor clamn, Siliqua patuda.

Status of Biological Knowledge
_ The Pacific razor clam ranges from western Alaska to
Pismo Beach, California, and is generally found on flat or
Sently sloping sandy beaches with a moderate to heavy surf,
E:w <lam shells are long and thin, with fragile, shiny valves,
What one would expect in a surf-loving animai. Being an
exocllent burrower, it depends on digging speed for protection
Wave shock. Individuals laid on top of the sand have buried
completely in Jess than seven seconds. A digger
un:lam‘lm&ty tocapture a clam before it burrows to depths
are difficult to reach. At the surface of the sand, the clam
ASNMES an almost vertical position with orly siphons exposed,

MO
LLUSK ResouRrcEs

30

Waterisdrawn into the inhalant siphon by a current setup by the
action of cilia lining the mantle cavity. As water is passed across
the gills, planktonic food organisms are guided by cilia and 8
pair of paips to the mouth. Respiratory exchange takes place as
the water passes over the gills, and waste products are passed
out in the water through the smiatler exhalant siphon

The life cycle of the razor clam is typical of most clams.
Sexes are separate, fertilization is external, and free swiruming
larvae develop three or four days after fertilization. Approxi-
mately eight weeks later, the larvae settle into the sand and the
Juvenile phase of life begins. Sexual maturity in razor clams
may be related to size as well as age. While maturity is
comemonly achieved ata length of about four inches, the age at
maturity varies with peographic location but is usually at an age
of two years in California. The optimum temperature for tazoc
clam spawning is around 55° F, Razor clams usually spawn in
May and Fune in California, mid- May to July in Washington,
and as late as August in Alaska.

Razor clams attain their maximum rate of growth during
their first yearof tife. The growth rate remains high throughthe
second or third year, after which it slows markedly. The larpest
razor clam on record in California was a seven-inch specimen
taken from Clam Beach in 1979.

The montality rate of razor clams on Clam Beach increases
rapidly afier the third year of life, with few clams living to be
sevenyearsold. Inthe northern part of the range, the maximum
age is greater. Razor clams in Alaska live 18 or 19 years but the
typical life-span is shorter.

Status of Population

There are only three arcas along the coast of California
which have had significant populations of Pacific razor clams.
The Pismo Beach-Morro Bay area supported a very small sport
fishery which has diminished over the years. Currently, this
population is quite small and seems (o consist mostly of one- or
two-inch individuals. The Clam Beach and Crescent City
fisheries are similar to each other in several respects. Both beds
are divided into north and south beaches with alternate-yeas
closures in effect, In both areas, the northern beach was more
heavily fished and more productive than the southern beach for
many years, This is no longer truc in Crescent City as the
southern beach has shown an increase in effort and in catch per
digger during the 1980's,

No population estimates are available for any of
California’s razor clam beds. Beginning in 1974, a sampling
scheme was initiated 0 provide estimates of fotal catch and
effort for Clam Beach. Estimates of annual catch, number of
diggers and annual calch per digger (C/D) were made for the
vears 1974 through 1989 for North and South Clam Beach and
for the years 1980 through 1989 for Moonstone Beach, Esti-
mates of annual clam catch for North Clam Beach ranged from
LI00 w 116,400; for South Clam Beach the range was from
2210 to 45,500; and for Moonstone Beach the range was from
zero to 74,800, The annual estimated number of diggers ranged
from 880 to 12,670 on North Clam Beach, from 22012 6,900 ony
South Clam Beach, and from 50 t0 5,510 on Moonstone Beach,



Annual C/D for North Clam Beach, South Clam Beach and
Moonstone Beach ranged from 1.3 10 9.5, 0.0 t0 6.6 and 0.0 to
13.9 clams, respectively. Catch, effort and C/D exhibited no
particular trends but fluctuated over time.

Patrick C. Collier
California Department of Fish and Game
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GAPER CLAMS

History of the Fishery

The fishery for the gaper clams, the Pacific gaper (Tresus
nuftalli) and the fat gaper (Tresus capax), is almaost exclusively
sport; however, the Fish and Game Code provides that these
clams may be harvested commercially in Humboldt Bay for
daily restavrant or market orders and by special bag limits. For
the 20-year period from 1950 1o 1970, annual commercial
landings averaged 1,000 pounds with 2 maximum of 6,000
pounds and a minimum of 200 pounds. More stringent public
health regulations concerning the marketing of shellfish and
the retirement of a long-1ime commercial clammer essentially
eliminated the commercial clam fishery in the early 1980’s.

These species are the object of a heavy sport fishery that
takes place in intertidal areas of bays with sand and mud
bottoms. Humboldt Bay, Bodega Bay, Tomales Bay, Drakes
Estero, Elkhorn Slough and Morro Bay are popular digging
arcas. At Tomales Bay, which is one of the major producing
areas, as many as 1,200 people have been counted during one low
tide: on the two sand bars. These popular areas are calied Clam Bar
and Seal Bar and can be reached only by boat. With alegal limit of
10 gaper clams per day, an estimated 11,000 people dig Lhere each
year and take about 55,000 clams. The gaper clam catch in other
areas of Tomales Bay is quite small compared to thisarea.

Gaper clamsare also abundant in Humboldt Bay, where the
rumber of sport fisherman has averaged about 4,300 diggers for
the past 10 years. While the number of sport fishermen is not as
great as in central California areas, especially Tomales Bay, the
estimated take (56,000) is approximately the same, as the bag
limit in Humboldt Bay is higher.
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Utilization of gaper clams has increased through the years,
and it appears that it will continue & increase in proportion to
population growth in the coastal counties where these clams
occur. There is no season or size limit, but there are bag limits
set for sport and commercial harvesting. An angler may take 10
clams per day throughout the state, except in Elkhorn Siough
where the limit is 12 clams per day and in Humboldt Bay where
atake of 25 ciamsper day is allowed. The fact that gaper clams
have refatively thin shells which do not ¢lose tightly enough to
maintain their moisture restricts the commercial use of these
¢lams io a fairly local market.

X1

Showing off gaper clam catch from Tornales Bay.

Diggers generally use skiffs to get to the better clam
digging areas. Transportation by barge is available to Scal Bar
and Clam Bar in Tomales Bay. Shovels are used to dig the
clams, which may be as deepas four feet in sand ormud In more
muddy areas, PVC pipes about 12 1o 15 inches in diameter are
often used to assist in getting to deep clams by preventing the
hole from caving in.

Gaper clams generalty arc used in clam chowder or fried
and scrved as a main meat dish.

Pacific gaper clam, Tresus metalli,

Status of Biological Knowledge

Gaper clams are found from Alaska to Scammon’s La-
goon, Baja California Both specics tive in fine sand or fism
sandy-mud boitoms inbays, estuaries and more sheltered outer
coast areas, They are found from the intentidal zone to depths of
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ot least 150 feet. The Pacific gaper is the most commonly taken ~ Moare, TO. 1991. Distribution, abundance and use of clam populs-

cam in Catifornia. A closely related species, the fat tions in coastal Marin and Sonoma counties, Califernis. Cakif
gt is the predominant gaper clam taken in Humboldt Bay, Dept. Fish andGm‘wt unpl.}blished. .
BT, it is vesy common in the intertidal zonc. Further south, Wendell, ¥, J.D. DeMartini, P Dinnel, and I. Sicke. 1976. ]heoeolug-
“u; occurs mastly subtidally but can make up to five of the gaper or horse clam, Tresus capax {Gould 1850) (Bivalvia:
ﬂ;ml?;m taken ia the intertidal zone at Tomales Bay. Mactridae), in Humboldt Bay, California. Calif. Fish and Game:
Reproduction oocurs year around in central California but 62:41-64.

is predominant during spring and peaks in the months of
i etion of a free-swirmi

R D oo o st S L“";’%‘g WASHINGTON CLAMS

s comparatively inactive existence, About the .
mwwmm‘dasthcdmnmoldummm History of the Fishery
in size. After reaching a size of about three inches, little The Washington clam fishery is almost exclusively a sport
downward movement 0ccurs. fishery. The Fish and Game Code provides for commercial

Ageand growth studies reveal that most gaper clars taken — fishing in Humboldt Bay by daily market or restaurant order
in central California range from about three 1o ¢ight years old. and by special bag limits. These clams are highly perishable and
For the first four years, the clums average about oncinchof growth — are cyg as required and consumed locally. From 1954 to 1963,
inlength peryear. The growthrate sppears toslow downafterthis  commercial landings averaged 5,000 pounds per year, with a
period Gapes clams live to & maximwm age of 17 years and aan high of 11,000 pounds in 1956 and a low of 2,000 pounds in

stiain 3 kength of 10 inches and a weight of around five pounds. 1960. Landings decreased following this period, and by the early
The gaper clams reach sexual maturityand spawn at about 1980 commercial landings of Washington clams had ceased.
twolothree yearsof age. At this time, they are two 10 2.75 inches Two species are involvedinthe take. The Washingtoa clam
in size. Spawning appears to begin in the spring. coinciding  (Saxidomusmettaliiy is the principal species sought, and the best
with the seasonal water lemperature minimum yielding localities are Humboldt Bay, Bodega Bay, Tomales

Gaper clams are suspension feeders, feeding on suspended Bay, Drakes Estero, Bolinas Lagoon, Elkhom Slough and Morro
perticics which include phytoplankion and detritus. In inter-  Bay, Another specics, the butter darn (Saxidomus giganteus),

tidal beds, foeding occurs during the high tide period. formerly known as the smooth Washington clam, is seldom taken
south of Humboidt Bay. Inoaly one California locality, nearFields
Status of Population Landing in Humboldt Bay, is this clam common enough to support

Although densitics of gaper clams in areas of certain bays a ik fishery. Results of a sport damming survey of
havebocnduanﬁned.wmplaeintaﬁdalmdsﬂ:ﬁdalpmlﬂa- Bay from 1975 theough 1989 produced a mean estimated total take
tion estimates have not been made. Gaper clams have been  ©F both clams of 42,000 per year.
fmmdindensitiesdupmwclanspcrsquarefoot,wilha : :
density of two clams per square foot considered commercially
viable. Intertidal siphon counts by biologists using a stratified
random sampling design on Clam Bar in Tomales Bay supplied
data for estimating intertidal population sizes of 540,000 gaper
clams in 1968 and 430,000 in 1969. No population estimates
hawbecnnmdeforﬂ:em:lgaperc]ammnminmifmnia:
Mm,bomminmnidalmﬁmbﬁdalmmeappearswbe
n a healthy state. Subxidat populations are relatively unavail-
_ablcmdnnusedbysponclanmmandﬂmypmﬁdﬂm
Ing refuge. Spawni & stock reserves seem adequate (o sustain
the population.

Thomas O, Moore

California Department of Fish and Game
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the Washington clam and the butter clam comprised 20 percent
and 13 percent, respectively, of the total estimated harvest of all
species taken in that bay. In Bodega Bay, Washington clams are
the prodominan lake, comprising an estimated 30 to40 percent of
the total clarn harvesy, with an occasional batter clam also taken,

Sport clammers may take 10 Washingion clams per day
throughout the state except in EXkhorn Slough, where the limit is
12 in combination with gaper clams, and in Humboldt Bay, where
the limit is 50 in combination with no more than 25 gaper ctams.

Skiffsare used to transport diggersto intertidal areas where
these clams occur , but some Jocations have populations acces-
sibleby fool. The clams are dug by shovelsto adepth of 12 to 18
inches near the low tide line. Washington clams may be used in
clam chowder, or fried and served as 2 main meat dish

Status of Biological Knowledge

The range of the Washington clam is from Humboidt Bay,
California, to San Quentin Bay, Baja California. This species
lives at depths of 12 to 18 inches in mud, sandy mnud or sand of
bays, lagoons and estuaries. Its shel{ is thick and firm, oval in
outline, and roughened on the outer surfaces by numerous
concentric ridges. Inside, the shells are shiny white with dark
purple markings at the posterior end. Though the harvest is
from bottoms exposed at low lide, this clam also occurs
subtidally in the same general area.

The butter clam ranges from Sitka, Alaska to San Fran-
cisco Bay, California, but is infrequently taken south of
Humboldt Bay. Its shell is thick and firm, oval in outline, but
more rounded than that of the Washington clam. The interior of
the shell is entirely white with no purpie markings. This clam tives
atdepths of 10 to 14 inches in mud or sandy mud of bays, lagoons
and estuaries in areas that are usually exposad at low tide.

Spawning occurs during a period from spring to fall,
presumably as a result of warmer water temperature. A study of
the Washington clam in British Columbia revealed that about
half of these clams spawned at the end of their third year. The
larvae appeared asbivalve veligers in two wocks and, a1 the end
of four weeks, when Jess that 0.2 inches long, seitled to the
bottom. Tidal currcnts play an important role in the distribution
of these animals because of their pelagic larvac. Successful
spawning and settfement may be somewhat sporadic, with a
period of years between scttlements of consequence. Upon
completion of a free swimming larval period, both species setile
down to a fixed position and a comparatively inactive existence.
About the only movement is downwarsd as the clams grow older
and increase in size. Age studies reveal that most Washington
tlams harvested in central California are from four to eight
years old. Occasional individuals of both species up to 10 years
old are found in California, while some butter clams over 20
vears old have been found in British Columbia. The Washing-
ton clam grows 10 3 length of nearly seven inches and attainsa
weight of about two pounds. The butter clam may attain a length
of five inches.

Status of Population

Densities and distributions ofthese ctams have been deter-
mined for some of the more frequently used bay and estuarine
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intertidal areas, but knowledge is lacking about subtidal densi-
ties and distribution. Estimates have not been made of the 1otal
population size of the Washington clam resource in Califormia;
however, the present level of harvest can be easily sustained.
Pollution of arcas such as Bolinas Lagoon, where a public
health warming for possiblc scwage contamination is posted,
can affect their vtilization by man

Thomas O. Moore
California Department of Fish and Game
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ABAl ONES

History of the: Fishery

Archaeological evidence indicates that California Indians
fished abalones extensively from coastal areas and the Channel
Islands prior to European and Asian setilement of California,
During the 1850's, Chinese Anmxricans slarted a fishery in
California that tarpeted intertidal grecn (Faliofis fulgens) and
black (. cracherodiiy abaloncs, with peak Eandings of 4.1
million pounds of meat and shell in 1879, The Chinese worked
shallow waters with skiffs, gaffing abalones disiodgedbvalong
pole with a wedge on the end. This fishery was eliminated in
1900 by closure of shallow waters to commercial harvest.
Japancse divers foliowed the Chinese by exploiting virgin
stocks of subtidal abalones, first as free divers from surface
floats and later, more sucoessfully, as hard-hat divers. Califor-
nia Departrnent of Fish and Game statistics showed an increase
in landings from 1916 1o a peak in 1935 of 3,900,000 pounds
followed by adecline to 100,000 poundsin 1942 as fishermenof
Japanese heritage were moved to relocation camps during
World War II.

The red abalone (. rufescens) was the only species
reported in landing figures from 1916 to 1943. By 1960, the
center of the fishery had moved from Monterey to the Morro
Bay area, where the regions from Cape San Martin to Cayucos
in the north and Point Buchon to Pecho Rock in the south were
fished. Declining stocks of red abalones, caused largely by
competition with a growing population of sez olters, forced a
shift southward in the late 1960°s. More recenily landings have
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percent of the 1988 red abalone Landings. Evidence indicates
that some of these abalones may have been poached from
noncommercidl grounds north of the Farallon Islands. The
19901andings of red abalones declined 10 17 percent of the 1931
to 1967 average of 2,135,000 pounds,

Californaa commercial landings of shalone
(all species), 1916-1965.
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Califormia commercial landings of abalone
(all species), 1970-1991.

Commercial barvest of abalones was prohibited in south-

e Califoria from 1913 through 1943, then reopened to
IhCcrease wartime food production. The fishery in this area has
““d"EMeSImesshfcdewmpmnanddedimasimrmsingly
less desizable species were exploited. The fishery proceeded
¥ed 1o pink (/] Corrugata), o green, and finally to black
542 <'111:oombined-spedslamingsmdwdamnﬂ
342,000 pounds in 1957, Pink abalone landings reached 3
TaNImum 3,385,000 pounds in 1952 and in 1990 were one
PETCent of the 2,146,000 pounds averaged from 1948 to 1970,
Green abatones peakod in 1971 at 1, 147000 pounds, declining
TPl 10 a qurrent six percent of their 1968 1o 1972 average

MOLLUSK ResouRrcES

.

catch of 488,000 pounds, Black abalones peaked in 1973 &t
1,913,000 pounds, declining in 1990 to 13 percent of their 1972
o 1984 average catch of 687,000 pounds. A minor whik
abalone (/1. sorensen)fishery started in 1968, increased v a peak
landing of 143,000 pounds in 1972, and has since declined to 0,62
percent of the 1972 10 1976 average andings of 99,000 pounds.

The efficiency of taking abalones has increased dramati-
cally with the development in the late 1950s of “hooka” gear,
which supplied air from the surface 1o divers using light masks,
fins and neaprene suits. Between 1965 and 1970, hooka divers,
having largely abandoned hard-hat gear, began using boats
without tenders to reduce costs. Since the 1970's, multi-hose
hookagwmmghﬁpeed,smwonhyhoatshawbemth
mainstay of the fleet, aliowing ease of access to the Farallon and
Channel Islands,

In recent years, demand for abalones has increased
throughout the world. In California, the fisherman’s price-per-
pound in the shell for red abalones has increased from $0.50 ia
197310$3.80 in 1988 or 2.7 times the rate of inflation based oa
the Consamer Price Index.

Prior to World War II, most sport fishing was by
"shorepickers” wading into tide pools during low tides. The
advent of rubber skindiving suits following the war accelerated
sport diving effort throughout California.

In souithern California, where SCUBA is allowed for sport
take, litle information is available on the extent and success of
ﬂwredNomﬁshery.Eﬁ‘onhﬂnepink,greenandead
abalone fisheries has been reported only for commercial pas-
senger fishing vessels, increasing from 1,700 to 30,000 diver-
days between 1958 and 1986, Catch success has declined from
an average 1.2 abalones per diver in 1968 t0 0.8 sbalones per
diver in 1986,

Shell of red abalone, Halioris rfescens.

Spent ﬁshingfmabalomnoﬂhufYankaePoim in
MnmemyCmmtyisrestﬁctcdtoﬁ'ecdivingandShmepid:ing
Abaloncdivingeﬂ'orthasincmsedinrelaﬁomoslmwpidcing
andhsshiﬁednuﬂawardnimﬂwexpansionofmouasin
certral California. In 1960, an estimated 11,000 diver-days
were expended to take ll&,OOOpmndsctt’tedamlbladc



abalones, compared with 29,000 diver-days io take 192.000
pounds in 1972, By 1985 to 1988, an average 202,000 diver-
days and 92,000 shorepicker-days per year were focused on red
abalones in central and northern California, with 93% of this
effort north of Santa Cruz County. Estimated landings of red
abalones innorthermand central California for combined divers
and shorepickers reached a high of 3,472,000 pounds in 1986
and have decreased to 1,161,000 pounds by 1989.

Status of Biological Knowledge

In additon to the five species which have been commer-
cially fished, flat (77, walallensis), threaded (. assimifis) and
pinto (. kamtschatkana) abalonesare also found in California;
all have limited distributions and none is common. Depth and
geographical distributions of all California haliotids are best
described by seawater tempcerature. Black abalones are found
from Orcgon to southern Baja California and are largely
intertidal, extending to a depth of about 20 fect in southern
California. Red abalones, which also extend from Oregon into
Baja Califomia, arc intertidal and shallow subtidal in northemn
and central California but are exclusively subtidal in southern
California, where they are restricted to upwelling locations
along the mainland and the northwestern Channel Islands.
Pink, green, white and threaded abalones are characteristic of
the warmer watcrs south of Point Conception extending into
Baja California and the soutbeastern Channet Islands. These
species further sort out by temperature in their depth distribu-
tions’ greens are centered at shallower depths than pinks, which
ate shallowcer than white abalones. Flat and pinto abalones are
generally found in the cooler waters north of Point Conception.

Limited growth information from tagging studics of a full
size range of animals is available for the commercial species.
Sport fishing size Iimits of six inches for pinks and greens and
scven inches for reds are reached afler a minimum of eight
years. Commercial sizes of 6.25 inches for pinks, seven inches
for greens and 7.75 inches for reds are reached aftera minimum
of 10 to 15 years in southern California. There is considerable
inter-annual and between-site variability. Sexual maturity is
reached at a small size, and fecundity, which increases expo-
nentially with size, is high. Spawning scason varies among
species withblack, green and pink abalones spawning between
spring and fall (greens and pinks scveral times during that
period). Red abalones in some locations may spawn throughout
the year, Setiling rates also appear to be quite variable.

California abalones feed primarily on algal drift, frag-
ments of macrophytesmoved by currentsand surge; foraging on
attached plants 1s rare. They feed preferentially on giant kelp
and other Jaminarians; minor variations in preference appear to
reflect the habital where each is found. Specialization on drift
algae puls abaloncs in competition with three species of sea
urchins. S¢a urchin grazing has becn reported to limit kelp and
abalone distributions in many regions of the state.

Abatones, especially juveniles, are preyed uponby a wide
variety of animals including crabs, lobsters, gastropods, octo-
pases, seastars and fishes; larger abalones achieve a partial
refuge in size from most of these. However, two predators, the
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bat ray in southern California and the sea otter in central
Caiifornia, prey selectively on larger abalones.

California abalones prefer high energy, open coastal envi-
ronments with good water circulation. Abundance is highest
where physical conditions allow good kelp growth and the
substrate promotes Uapping of drift kelp. Central and southern
California, with their perenmial giant keip forests, offer a more
constant food supply for abalone growth than do northern
regions, where alpal drift availability is highly seasonal In the
late 1950’s, abalone populations on the Palos Verdes Peninsula
n southern California apparcatly crashed in concen with their
food supply when giant kelp disappeared during a period of
unregulated sewage disposal.

Storms can be an important source of mortality and may
limit abalone distributions in areas of greatest exposure. Al-
though freshwater runoff and siltation associatzd with storms
can be Iethal, the broken condition of most shells afier storms is
evidenoe for mortality by wave-induced rock rotling.

Recreational diver searching for abalone at Catalina Iland Scuba
gear is allowed only in southern California for taking abatone.

Status of Populations

Cutrent stocks of most species of abalone in central and
southern California are overutilized This is the combined
result of commercial harvest efficiency, increased market de-
mand, spori fishery expansion, an expanding population of sea
otters, pollution of mainland habitat, and loss of kelp poputa-
tions associated with E] Nifio events. Management efforts 10
protect stocks through size limits and limiis on the number of
comimercial abalone fishermen have been ineffective. Stack
declines have continued in spite of the reduction of commercuai
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) decline of black abalone populations in
,o..m"“""&‘f'fm"; have been unexplained mortalities duc o
condition known as “withering syndrome. Mass mortalitics
pave spread AIDONE populations on several of the Channel
Istands and the mainland coast since 1987. While a potential

has been found, its ol¢ is pot clear. Speculation as to
wwmomdudcsmﬁromnemal stre&sesspf:hastennpu’a-
cure and low food availability, The high mortalities, nearly 100
percent in some cascs, suggest that fishing pressure §hoqld be
soverely reduced of climinated for this species to maintain the
poterdial for future stock recovery. )

The poor survival rates observed in most abalone seeding
experiments suggest (hat seeding will nol be a panacea for
restoration of depressed stocks in southern California. Effort
should be expended 1p protect remaining stocks from further
decline. Closure of already denuded areas such as the Palos
Verdes Peninsuia has proven ineffective. Spawning rescrves or
refugia inareas with viable stock have been suggested andcould
be created while such areas are still available in southem
California. An alicrnative to permanent refogia are temporary
area closres, or “pulse fishing,” which combined with size
and effort restrictions would produce a more conservative
management approach.

In northem California, the exclusion of commercial fish-
ing and restriction of sport harvest to shorepickers and free-
divers have protected a significant portion of fishable red
shalones, even in traditional hegvy use areas. Nevertheless,
timely management changes may be needed to reduce the level
of harvest in this area considering: 1) legal take by the sport
fishery alone may already exceed sustainable levels, 2) the
additional suspected illegal commercial take, and 3) lower
levels of recruitment and growth rates than are found in
southern California.

Emergent abalone distributions that have allowed sport
and commescial fisheries in California are probably recent
phenomena resulting from the demise of the sea otter in most of
Califomia in the 18th and 19th centuries. These fisheries may
be climinated if the ofter range is not contained. While debate
:;l:cﬁﬁ whether oyerﬁshmg Or sea otters caused the
s from s £ ;:Hlod&smcequal California, size structure

s a Iishery reserve in this area make it clear that even
protectad populations canne suppart a fshery within the sea
range in central California today.

o Konstantin A. Karpov
California Department of Fish and Game
MiaJ. Tegner
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CALIFORNIA MARKET SQUID

History of the Fishery

The fishery for California market squid (Lolige
opalescens) began in Monterey Bay in 1863 when a Chincse
fishing village was established near Mussel Point. A skiff with
ablazing torch at thebow was rowed about thebay at night until
a schoot of squid was attracted to it. Two accompanying skiffs
would then seta small hand-held purse seine around the school.
Large numbers of squid were taken in this laborious manner,
sun-dried, and exported, chiefly to China. In 1905, lampara
nets capable of taking 20 tons in a single haul were introduced
by Italian fishermen. The Htalians took control of squid fishing
using this superior equipment, although the Chinesc and Japa-
nese continued drying and marketing the caich.

From 1916 to 1923, annual statewide landings only once
excesded 600 tons (1919). Landings averaged over 2,000 wons
per year from 1924 to 1932, most of which was dried and
shipped to China During the 1920°s, canning and freezing
squid began for the domestic market. In 1933, 1the Asian market
was closed due to financial conditions, and virtually no squid
has been dried since then

Canned and frozen squid for the domkstic market sup-
ported the fishery after 1932, with annual landings averaging
578 tons from 1933 to 1942, In 1943, annual landings began to
rise, reaching a peak in 1946 when just over 19,000 tons were
landed. Thiswas due to an abnormal demund by various United
States and intermational aid programs.

Statewide landings from 1947 1o 1967 fluctuated greathy;,
with a high in 1959 of 9,822 tons and a low of 1,281 tons the



following vear. Annual landings for this period averaged 6,200
tons. Most recently, landings have fluctuated widety froma low
of 622 tons in 1984 1o a record high of 45,076 ons in 1989,
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California commercial landings of market squid, 1970-1991.

Large-scale fluctuations are characteristic of the fishery
and may be due, in part, to the short life span of the squid
combined with fishing pressure of the previous vear. Another
probable reason for the fluctuations is climatological changes.
A comrelation has been suggested between temperature and
squid catch 18 months later in Monterey Bay. Warmer than
usual water temperatures usually preceded good landings.
However, Ei Nifios, periodic extrem temperature elevations,
were followed by substantial declinesin squid landings, notably
in 1958, 1973, 1983 and 1984,

Since 1961, the Catifomnia squid fishery has expericnced a
major change. Prior to 1961, the fishery had been centered
mainly inthe Montercy Bav area, while a much smaller fishery
existed off southern California. Starting in 1961, the southern
California squid fishery began to expand with a dramatic rise in
landings in Santa Barbara area ports. From 1961 to 1982, the
southern California annual landings averaged stightly more
than those in central California. During 1983 and 1984, annual
landings in both arcas dropped below 1,000 tons following the
1982-83 Fl Nifto. Since 1985, the southern California fishery
has dominated staiewide landings, averaging over 22,000 tons

<]
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annually, while those of central California averaged abow
5,700 tons. Southern California landings reached a record high
in 1989, when 37,200 tons were landed. In 1990, southern
California landings dropped to approximately 22,500 tons as
some buyers and processors limited their daily purchase from
each boat becanse smaller, less marketable squid prevailed
throughout the area.

Central California landings recovercd fromthe 1982-1983
dectine wath 2 peak in 1990, when 8,728 tons were landed.
Annual landings, however, did not increase as dramatically as
those of southem California, and did not exceed average
historical levels. Monicrey Bay squid also apparently decreased
inaverage size from 198910 1990, but this did not affect market
demand as in southern California,

Fishing for squid in Monterey Bay.

Southern California fishermen have, in recent years, ex-
panded the arca fished for squid Much more effort is now being
directed toward catching squid around the Channe] Islands off
the coast of Santa Barbara, resulting in the increased landings
of the 1980s.

The California squid fishery targets schools moving into
shallow waters (about 30 to 100 feet deep) to spawn. Most of the
boats use strong liphts to attract squid to the surface, where they
are caught using roundhau] nets or braits. Nearly all squid in
southern California are taken by purse scine or brail vessels. A
small amount also is taken by the Live bait flect using either
lampara or dram seine gear.

While atiracting lights have been used in the southern
California fishery continucusly for many years, in the centrai
California fishery a regulation was enacted which prohibited
theiruse between 1959 and 1988, Fishermen sponsored the ban
for protection from dealers whoused lights in conjunction with
dip nets on their piers and floating unloading platforms. In this
manner, they had effectively eliminated the need for many
fishing boats. Some fishermen also believed that attracting
lights disnipted squid spawning activity, but no studies to date
have addressed that issue. In 1988, fishermen were allowed to
use atracting lights in the Montercy Bay area. except in the
southern portion of the bay. The following vear, atiracting lights
were permitied throughout the arca

MOLLUSK RESCURCES



Starting in 1989, fishermen were aliowed to use all types of
mundhmﬂgear(purses:inc,dmn seing, etc.) in the southern
bight of the bay, which previously had been restricted (o
wmwsforz;uid.Byﬂlemdofl%,maﬂym:mﬁre
flect had switched over (o purse seine or drum seinc gear and the
wse of lampara nets had virtually ceased in Monterey Bay.

Currently, the vast majority of squid is frozen for human
mpﬁonMuchoflhisisexpmiedtola]nnaMEumpc‘
Other uses include fresh and canned squid for human con-
sumption, and fresh or frozen squid for bait.

Merket squid, Loligo apalescens.

of Biological Knowled

The California market squid ranges from southeastern
Alaska to Bahia Asuncién, Baja California, Mexico. This
pelagic mollusk attains alengthof 12 inches, including its eight
arms and two feeding tentacles. Several other squid species
occur off the California coast, but these are normally associated
with deeper offshore waters,

Spawning market squid tend to congregate in scmi-pro-
lected bays, usually over a sand bottom with rocky
oulcroppings. Mass spawning starts around April in central

ifornia waters and ends about November. In southern Cali-
fornia waters, mass spawning starts around October and ends
about Apri] or May. During some years, however, squid spawn-
ing. and landings, may oocur througheut most of the year.

Adults typically spawn at one w0 1.5 years and die after
Spawning. Some may delay spawning and live to a maximum
4gc of two years. The male transfersa bundle of spermatophores
Wit a specialized IRt ventral arm into the female’s mantle
EvIty near the oviduct. The ¢pgs arc laid in elongate capsules,
¢ach of which may contain as marny as 300 eggs embedded ina
£elalinous marrix Each female produces from 20 (o 30 cge
Capsules, atiaching one end of cach capsule to the sea floor or
other suitable site. Females arc visually simulated to lay their
CEES by the presence of other €gg masses, resulting in cgg
capsule clusters covering areas as large as 700 to 1,100 square
Teet. Several hundred to many thousand capsules may be laid
1ogether o form massive clusters. Small red polychaete worms
have been obxerved boring in the capsules’ gelatinous sub-
stance, byg apparently do not feed on the developing embryos.

SBES, however, are preyed upon by bat stars and sea urchins,

Eggs hatch in (hree to five weeks. Newly hatched lanvae

arc about ¢ p inches long, already resembling miniature
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adults. Schools often are composed of animals with a similar
body size. Schools of smaller animals are not as cohesive as
those of older animals,

Squid feed predominantly on euphavsiidsand copepods, as
well as other small crustaceans, gastropods, polychaete worms,
small fishes and smaller squid. Squid are prey for many fishes,
birds and marine mammats. Several studies indicate the market
squid plays an important role in the food web of many organ-
isms along California’s coast,

Packing squid at a processing plant in Monterey Bay area.

Status of Population

Little isknown about the present size, structure or status of
the population, but historical evidence from research CTuises, as
well as recent catch data, indicate the biomass is large. The
California fleet fishes only spawning populations and in limited
geographic areas, mostly in central and southern Californig
Other fishable concentrations of squid have been found occa-
sionally along the cast from central Califomia to British
Columbia and southeastern Alaska, and short-term fisheries
sometimes have developed in these areas.

Historically, the squid resource was considered by some to
be underutilized; recently demand has sometimes exceeded the
catch. Until more objective estimates of abundance are avail-
able, the true status of the population will remain untknows)

In 1977, the California Department of Fish and Game
propased yearly limits of 16,500 short tons each for the cenirai
California and southern California fisheries, These limits were
designed to be conservative and allow for adjustment up or
down, depending on how much biomass was assessed. How-
ever, appropriate assessmenl methods were never developed
and this propesal was not adopted.

During the past several years, littie work has been done to
design squid population assessment methodology for Califor-



nia. Past work, and work elsewhere, has included acoustic
surveys and various colicction techniques. Acoustical assess-
ment of squid has been aticmpted off the ceniral Ovegon coast.

Squid can be more intensively harvested than can long-
lived animals. But the fishery is ofien subject to extreme
fluctuations based on each previous year’s recraitment. How-
ever, as typically seen in short-lived, highly fecund animals, the
squid population scems to have the ability to recover fully in a
relatively short period of time.

Terri Dickerson and Robert Leos
California Department of Fish and Game
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MOLLUSK RESOURCES: DISCUSSION

In 1990, Catifomia mollusk resources were valued at over
$7.4 million (o commercial fishers. Squid accounted for 99
percent of the total Janded weight of 63 3 million pounds but
only 68 percent of the total value. The five species of abalone
accounted for 0.8 percent of the total landed weight but 31
percent of the total value. Other harvested molluscan species
are of relatively minor commercial imporiance; local markets
hawve developed for thern due 1o availability and regional taste
preferences.

Sport harvest for bait or human consumption exceeds
commercial harvest for most molluscan species except squid,
octopus, and probably whelks. Other species not considered in
thissection, such as limpets, jackknife ctams, mussels and rock
scallops, are frequently harvestod by sport fishers.

Water quality problems, both natural and man-made, may
prevent commercial and sport harvest of bivalve mollusks,
primarily clams and mussels. Since most bivalves are filter
feeders, they ingest microscopic plant and animal matter from
the water column, At certain times during the year, paticularly
during the spring and summer upwelling scason, heavy plank-
ton bleoms occur in nearshore waters, and filter feeders may
ingest and concentrale toxins which are harmfial to humans if
consumed. California sea mussels are in this category, and each
year the California Depantment of Health Services (CDHS)
imposes a quarantine on them from May 1 1e Ociober 31. The
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mussel (oxin can cause paratytic shellfish poisoning (PSP), and
sampling and analysis of mussel tissue occurs througha the year.
The CDHS may impose other temporary quarantines if elevaied
PSP levels are found outside of the normal quarantine period.

A new toxin called domoic acid was discovered in central
California in Scptember 1991 and was linked to the deaths of
pelicans and cormorants near Santa Cruz. This toxin is pro-
duced by a single-celled marine organism (diatorm) unrclated to
those which produce the PSP oxin, and it may be concentrated
by mussels feeding on this organism_ The toxin causes amnesic
shellfish poisoning (ASP) and has caused deaths in persons
consuming contaminated mussels from Prince Edward Island,
Canada. It is likely that the toxin has always been present in
Californiz waters but until now has never been at 3 level high
enough 1o cause problems. The CDHS began routine testing of
mussels for domaic acid in October 1991.

Man-made water quality problems continte to prevent or
discourage harvest ofbivalvesin theurbanized areasadjacent to
California’s coast and estuaries. Although wastewater treat-
ment standards have stgnificantty reduced the amouns of pollut-
ants entering California’s waters, bio-accumulation processes
still result in cenain bivalve populations being unsafe to eat. For
example, a potentially significant resource of Manila clams
exists in the San Francisco Bay estuary, but water quality
problems discourage public use in many clam beds.

California’s molluscan resources are subject to a wide
range of natural factors affecting their relative abundance.
Annual recruitment of young-of-the-year animals is highly
variable, and single year classes, such as that of the Pismo clam
in 1990, may comprise a significant propartion of the toial
population for many vears.

Severe storms may destroy local populations, either di-
rectly due to wave action on exposed coastlines, or indirectly.
For example, lowered salinity in estuaries due to excessive
rainfall and stream and river outflow may cause mortality in
sedentary clam populations. Oceanic phenomena such as Et
Nifio events may adversely impact squid stocks.

Rock crabs, starfish and ravs prey heavily on clams and
mussels. Many species of fish and birds are successful in
foraging on bivalves. Natural predation may significantly re-
duce a population ifa prey species increases its density or range.
Awell documented example is the effect of the extension of the
sea ofter population on central California’s Pismo clam and
abalone resources.

Discase has not often been implicated in reducing popula-
tions of California’s moltusks. However, the “withering syn-
dromc™ i the black abalone population, coupted with fishing
pressure, has resulied in a drastic dectine in the southern
California stock.

H is extremely difficult or impossible to obtain iotal
populatien estimates for any of California’s molluscan re-
sources. Becanse of this, management recormmendations re-
garding sport and commercial harvest rely primarily on bag
limits, minimum size limits and seasen closures. If accurate
population estimatcs are obtained, a management syvsiem
based on annual or seasonal quotas and a fixed hanvest rate
may be more desirable.
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Specific Management Recommendations

(1) Continue to investigate the use of marine reserves in
whjohmgponormmmciallmrveslispenniucd, as a tool for
enhancing mollusk populations.

(z)mhydmamusﬁcmq;sofﬂwsquidmm
determine absoiute population abundance.

(3) Continue to work with the U.S. Fish and Wildlife
Service to develop an effective management strategy for the
Californis sea oter in regard 1o its potential impact on the
northem California red sbalone population.
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(4) Continue to investigate causes of the “withering syt
drome” in southern California biack abalone.

(5) Continue to conduct studies of recruitment of red
abalone in northern California

{6) Change the sport limit for red abalone in northern
Califomia to three per day and six in possession,

Paul N. Reilly
California Department of Fish and Game
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SEA URCHINS

History of the Fishery

Sea urchins have been used by humans in California for
thousands of years. Archaeological evidence shows that coastal
Native Americans harvested sea urchins frequently. Inthe more
recent past, prior to the early 1970°s, relatively few people
harvested sea urchins for focal consumption, Only in the last 20
years has a large commercial fishery developed for sea urchins,

A commercial fishery for red sea urchins (Strongyio-
cenfrofus franciscanus) began in southern California during
1971 in the Avila and San Diego areas, as part of 2 National
Marine Fisheries Service program to develop fisheries for
underutilized marine species. A fishery was also seen as a way
toroducethe population of red sea urchins, which were regarded
as pests due to their destructive grazing on giant kelp. Since then,
seaurchinlandings have increased greatly and effort hasexpanded
throughout the nearshore arcas of southern California.

By 1973, sea urchin processing technology and connec-
tions with Japanese markets had developed sufficiently to
support landings of more than 3.5 miltion pounds. In 1974, the
southern California landings were twice those of 1973 and, by
1981, increased to nearly 25 mitlion pounds. Contributing to
the rapid escalation of the fishery was a ready pool of fishermen
and boats involved i the similar, but declining, commercial
abalone fishery. The 1990 ex-vessel value for whole sea urchins
in southern Califormia is estimated at nearty $14 million.

The majerity of sea urchin landings in southern California
have come from the northern Channel Islands off Santa Bar-
bara, where large and accessible stocks occur. During the period
1973 through 1977, 80 to 90 percent of total Iandings came from:
these islands. In more recent years, however, there has been a
relative decrease in the contribution from the northern Channel
Tslands as harvesting effort has increased at other locations such as
San Clemente Island, San Nicolas Island, the Palos “erdes
Peninsula, and the San Diego area. The smalter purple sea urchin
(S purpuratus) has fishery potential, but has been harvested on
onlyalimited, experimental scale. A minor recreational fishery for
sea wchins takes place in southern Californiz.

A small commercial sea urchin fishery began in northern
California in 1972, but it remained insignificant until 1977,
when 386,000 pounds were harvested in the Albion to Font
Bragg region. An exponential increase in landings began in
1985, due partlyto a more favorable monetary exchange rate for
exported goods. Northemn California (Half Moon Bay north)
landings jumped from 1.9 million pounds in 1985 to 304
million pounds in 1988, Noerthern California landings ex-
ceeded those of southern California from 1987 through 1989,
Northern California sea urchin landings were worth an ¢sti-
mated $8.3 million ex vessel in 1989. Virtally all of the
northern Califomia sea urchin landings had been red sca
urchins until 1990, when a small fishery for purple sea urchins
began. Northem California sca urchin landings began to de-
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cling in 1989, and preliminasy landings data for 1991 show a 45
percent decline from the high of 1988, In northern California
Fort Bragg remains the center of the fishery, The ports of Point
Arena, Bodega Bay, and Half Moon Bay soon became active,
expanding the fishery from the San Mateo coast and Faralion
Islands north to the Shelter Cove area The recfs around
Crescent City alsosupport a small fishery, There is a very minor
recreational fishery for sca urchins in northern California.
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California commercial landings of sea urchin, 1971-1951.

Commercial divers harvest seaurchins using comventional
"hooka™ gear, consisting of a low-pressure air compressor
which feeds air through a hose to the diver. Harvesting takes
place in depths of five to 100 feet, with most effort in the 20- to
60-foot range. Sea urchins arc harvested from the ocean botiom
with a hand-held rake or hock and put into a hoop-net bag or
wire basket which is winched onto the boat and emptied into a
larger net bag. Most boats used for harvesting sca urchins are
small, ranging from 25 to 40 feet in length, and capable of
holding cne to three tons of sea urchins, an amount usually
harvested in a day's fishing by one 1o three divers. In areas far
from port, such as the outermast southern California islands, a
larger "pick-up" boat may, for a fee, take the day’s catch from
several boats back to port

Sea wrchin processing is labor-intensive and invohves
cracking open the shell, gently removing and cleaning the
gonads, and firming thern in an alum-salt solution. The gonads
ofboth scxes are equally vatuable and are collectively referred 1o
as “roe” or "uni”. Roe quality is very important and depends on
gonad size, color, texture, and firmness. Major factors affecti ng
these criteria are the sca urchins’ food supply and the stage of
gonadal development. Sea urchins lacking a good food supply
may have small, dark, coarse-textured gonads, unacceptable for
the market. Gonadsthat are very ripe or spawned-out are of powor
quality. A low price is oficn paid for sea urching with marginal
roe quality, and those with poor quality roe may be rejected by
the processor. Divers frequently check roe quality while har-
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ying 1o ensure that il is marketable. Southern California

rs are located in the Ventura-Oxmard, Les Angeles-

Long Beach, and San Dicgo areas. Northem California sea

grchin processors are in Fort Bragg, Sacramento, and the San

Francisco Bay area. It is estimated that over 90 percent of fresh
gca urchin roc is air-freighted 1o Japan.

Packing ses urchin ganads or "uni® for export to Japan,

_ Management of the sea urchin fishery has evolved
Since 1987, when the fishery expanded into northemn Catifor-
M, and more than doubled in size. A limited-entry permit
System: for divers, minimum size limits, and scasonal closures
are used for reducing harvest effort and landings, to protect the
Fesource and stabilize the fishery.

Status of Biological Knowledge

Sea urchins, which are members of phylum Echine-
d‘c_"“al& possess a hard shell, called a test, which is covered
Wth a thin epithelium and is armed with spines. The spines are
?se:d for locomotion, protection, and for trapping drifting algac
ror food. Between the spines projoct tube feet, which are used in
h‘:}‘: Capture, locomotion, and for holding to the substrate, The
o0 OM. or oral, side of the sca urchin contains the mouth,

(ISisting of five calcarcous jaws called Aristotle’s lantern.
pc“c“"’d food enters the digestive system and is excreied as
1S through the anus on the top, or aboral, side of the test. In
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addition to spines and tube feet, sea urchins possess small pinchers
called pedicellariae, used for defense and for clutching food.

Four species of sea urchins occur in the nearshore waters of
California The red sea urchin is the largest and supports the
present fishery. Both the red sea urchin and the purple sea
urchin, a smaller species, occur statewide. The two remaining
species occur mostly in southemn California. The white sea
urchin (Zyfechinus anamesus) and the Coronado sea urchin
(Centrostephanus coronatus) arc both small, limited in distri
bution, and consequently of no intercst to the fishery.

The red seaurchin is probably the most abundant herbivore
of the kelp forest community in both numbers and biomass. It
playsan important ecological role in kelp forest ecology and can
affect the distribution and abundance of other nearshore species
through its feeding behavior and physical presence.

Red sea urchins provide protection and living space for &
varicty of smatler marine animals, A microhabitat exists under
sea urchins where shrimps, crabs, brittle stars, fish, abalone,
Juvenile sea urchins, and other inveriebrates can be found
Although moest of these animals may not depend solely on the
spine-canopy habitat, the sea urchin’s presence contributes 1o
their abundance in the kelp community.

Red ses urchins feed mainly on algae. The perennial giant
kelp is the preferred algal food in southern California, whereas
sea urchins in northern California feed on the annual bull kelp
and perennial brown algae. Red sea urchins feed mainly on
sloughed or broken drift algac produced in the kelp bed. i
preferred algae are lacking, sea urchins will cat other algae or
small animals. Sca urchins may also resorb their own tissues in
times of prolonged food shortage. Some evidence suggests that
red sea urchins can subsist on dissolved nutrients in sea water,
The red seaurchin’s ability o survive during long periods of very
low food availability is probably responsible for dense sca uschin
Ppopulations persisting in many areas with poor algal growth.

Sea urchin feeding on kelp.

Although sexes are scparate, the sex of a sea urchin is
difficult to differentiate without microscopic examination of the
gonads. Studies indicate that, under most conditions, red ses
urchins become sexually mature at 1.5 10 2.0 inches (lest
diameter, exclusive of spines), which may be two years of age.
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Fecundity is high: female sea urchins spawn up to scveral
million ¢ggs. Following fertilization, a multistage planktonic
larval period cnsucs which may last six fo eight weeks. As the
larvae mature and encounter suitable habitat, they settle to the
bottom and metamorphose 10 the familiar spined benthic form.
Owing to the relatively long planktonic phase, recruitment of
Juvenile sea urchins at a given location may not necessarily be
dependent upon adult spawning at that location.

Sea urchin spawning appears to be cyclic. The spawning
season can vary from year fo year and from one locality to
another. Food supply plays a role in the timing and magnitude
of spawning. In most southern California locations, spawning
generally occurs in winter. In northern California, major
spawning occurs in spring and summer, with some spawning
activity also in December.

Recruitment of juvenile red sea urchins in southemn
California is high and relatively constant inmany areas. Overa
three-year period, almost 50 percent of the population was less
than two years old in the San Dicgoarea. Innorthern California,
recruitment seems to be lower and more sporadic. At several
sites in 1989, juveniles made up only sevento 13 percent of the
population. Sea urchin growth rates depend on an adequate
food supply. Growth toa harvestable size af 3. 5 inches probably
requires four to five years or more. A reliable method of
determining theage of adult sea urchins is not available, but sea
urchins are comparatively tong-lived, capable of reaching at
least 30 years of age.

Several significant predators of red sea urchins are known,
For example, California shecphead and Califomia spiny lob-
sters both prey on them, and rocent studies show that red sea
wrchin populations in habitats with shecphead and lobsters may
be regulated to some degreeby these two predators. Inaddition,
starfishes, crabs, white sea urchins, and other fishes are known
fo eat red sea urchins. The most effective predator of red sea
urchins is the sea otter; within the otter’s present range, the red
scaurchin resource has been reduced 1o a level which precludes
fishery utilization.

Compctition between red sea urchins and other benthic
invertebrales is a matter of some conjecture. Red seaurchins are
frequently mentioned as competing with abalone for both space
and food. Sea urchins may be more successful in competing for
limited food because of their aggressive foraging behavior;
abalone may be more successful in competing for preferred
living space if food is not limited. No doubt, intensive harvest-
ing of abalone or sea urchins could alter these relationships.

Competition has been shown to occur between red sca
urchins and purple sea urchins. Red sea urchins may aiso
compete with white and Coronade sea urchins. Present patierns
of distribution and abundance suggest that red sea wrchins
outcompete the cthers in middepth (15 1o 65 feet) habitats. The
response of small, nonharvested sea urchin species 1o intense
harvesting of red sea urchins is unknown but may include an
increase in the distribution and abundance of these small
species. Sea urchin social behavior manifests itself in the
formation of aggregations, which in some instances form fronts
or masses of urchins that move through and overgraze stands of

43

foliose algae. Juvenile seaurchins are ofien found in association
with larger sea urchins, apparently gaining feeding benefitsand
protection from predation under the spine canopy of the Larger
sea urchins.

Status of Population

In southemn California, the red sea urchin resource remains
productive. Although fishing has significantly reduced density
in many areas and caich per unit of effort has declined, strong
Juvenile recruitment has supported harvesting pressure. The
high recruitment in southern California may be partly due 1o
ocean current patterns in the Scuthem California Bight, which
increase the chances for larvae to encounter habitat suitable for
settlement. Continued high recruitment, however, is not guar-
anteed, in fact, intensive sea urchin harvesting in northern
California and Baja California, Mexico could result in a de-
crease in sea urchin larvae in southern California in the future,

The northern California fishery has been character-
ized by rapid growth and decline. Catch per unit of effort
declined during this period, as did mean testdiameter of landed
red urchins prior to the establishment of the 3. 5-inch size limit,
Low recruitment combined with intensive harvesting on the
north coast could have a serious impact upon future harvests.
The recently established size limit and scasonal closures may
help prevent fishery collapse but may not improve recruitment,
particularly if its success is primarily a function of oceano-
graphic factors. Research efforts are underway to determine
whether stocks can be augmented by seeding of hatchery-reared
Juvenile red sea urchins.

A notable consequence of intensive harvesting of
north coast red sea urching is an increase in size and number of

kelp beds in intensively harvested areas.
David Parker
Peter Kalvass
California Departmeni of Fish and Game
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SEA CUCUMBERS

History of the Fishery

The first recorded commercial landings of sea cucumbers
mca]ifonﬁawercmdeml.wsmtheus Angeles area.
Annual landings remained under 100,000 pounds undl 1982
when the principal fishing area shifted to the Santa Barbama
Channel Inthat year 140,000 pounds were Janded with anex-
vessel value of about $25,000. Recorded landings fluctuated
from aver 160,000 pounds the following year 0 almost nothing
in several years, finally reaching 147,000 pounds in {990 at an
ex-vessel vahue of $16,000. Over 90 percent of the sea cucum-
pers harvested in California are caught by trawling, mostly in
the Santa Barbara Channel. Two species of sea cucumbers are
harvested in California; the giant red sca cucumber (Para-
stichopus catifornicus), also called the California sea cucum-
ber, and the warty seacucumbet (P, parvimensis). The warty sea
cucumber, which yiclds a more desirable product and brings a
higher price, 1 generally harvested by divers and makes up a
small percemage of the towal landings. The giant red sca
cucumber is largely caught by trawling in southemn California,
but is the object of dive fisheries elsewhere. Most of the
California product is shipped to Hong Kong, Taiwan, and
Chinese markets within the United States. The most commaon
product form is dried.

There is no significant sport fishery for sca cucumbers in
California due in part to regulations restricting take of certain
marinc invertecbraies in nearshore tidal areas and because at
present relatively few sport fishermen have shownan intercst in
sea cucumber as a food item. The possession of a special permit
10 fish for sea cucumbers commercially will be required begin-
ning with the 1992-1993 fishing scason. Qualification for the
permit willbebased upon meeting a minimum landing require-
mcnt in previous years.

Status of Biological Knowledge

Although sea cucumbers are in the same plrylum as sea
stars, sand dollars, and seaurchins, their cylindrical shape gives
them the appearance of being misplaced in this group. Rather
than possessing the dorso-ventral compression with mouth on
the bottor and anus on top which is characteristic of other
echinoderms, sea cucurbers are clongate with mouth and anus
at opposite ends and have the appearance of lying on one side.
Both species of Parastichopus possess tube feet on their ventral
side which are used for Jocomotion, respiration, and sensory
perception. The dorsal side contains papiliae which arc modi-
fied rbe feet. The giant red sea cucumber is the largest
California species and can grow up te 16 inches in kngth. It
Possesses fewer papiliac than the warty sea cucumber, whose
papiliae are short and biack- tipped. These sea cucumbers both
are surface deposit feeders, using tentacles to ingest mud, sand,
and detritus. Large amounts of indigestible debris are ingested
al the oral end with the aid of tentacles and voided via the anus.

The giant red sea cucumber is found on the west coast of
North America from Baja California 10 the castermn Gulf of
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Alaska. The warty sca cucumber is found from Montercy Bay to
Baja California. Although the giant red sea cucumber is found
in low intertidal and subtidal waters in the northern part of its
range, itis usually subtidal to 300 feet in California. The warty
sea cucumber is commonly found intertidaily toat least 90 feet.
1t is uncommon and subtidal north of Point Conception.

r
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Giant red cucumber, Parastichopus califormicus.

Both species are unusual in that they undergo seasonad
gains and losses in weight. During the winterthey loscup to 25
percent of theirweight duetoaprocess called auto-evisceratiorn
During this process animals undergo visceral atrophy during
which the gonad, water circulatory sysiem, respiratory trees, arsd
digestive system are reduced to primordial tissue by latc wintex.
Regencration starts soon after and condition is recovered during
the feeding period in spring and summer months.

Like other echinoderms, sea cucumbers are broadcast
spawners, with mature giant red sca cucumber fernales releas~
ing up to several million eggs during a spawning period.
Reproduction is associated with spring and sumnet warming;
trends. Length of the larval period has been shown 1o be quite
variable with laboratory estimates at between 51 and 127 days
from egg fertilization to larval settlement. Settlement tends 1o
occur in areas where adults are present, though population
densities of the giant red sea cucumber are generally low, muach
less than 0.05 per square foot in northern latitudes. Ape of first
maturityranges between four and eight years and the maximaam
age is thought to be 12 years.

The giant red sea cucumber prefers areas without strong
wave agion. Adulis tend to clump in rocky intertidal amnd
subtidal areas with the largest individuals apparently found on
sand; juveniles are thought w prefer mats of filamentous red
algae away from adults. Sea cucumbers are preyed upon by sea
stars and occasionally by sea otters, kelp greenling, and herynyit
crabs. Some species can crawl up 1o 300 feet per day and the
giant red sea cucummber can avoid predators by a bhpe of
swimwming motion ’
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Status of Populations

A typical vessel used by divers in the sea urchin, abalone, and
sea cucumber fisheries.

There is presently very little known about sca cucurmber
populations in California. Distributions on recky or sandy
substrates are characterized as patchy, without any apparent
seasonal aggregating spawning or feeding behavior. Sea ¢u-

cumbers have a relatively short life span. a low maximum
might,alowagealﬁrstmmﬁty,andundergospomdic
recruitment and a relatively high natural mortality. Species
with these traits tend to have a low maxirmum yield per recruit
and are particularly volnerable tooverfishing. While itappears,
based upon catch data, that southern California populations can
sustain a small fishery, northern Califormia populations, particu-
lmiyinSonmxaandMendwimomnﬁes,cmndbcmhalinﬁted.

Peter Kalvass
California Department of Fish and Game
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FISH RESOURCES

SHARKS, SKATES AND RAYS

PACIFIC ANGEL SHARK

History of the Fishery

Discardad as a nuisance species by halibut gill net fisher-
men for several decades, the Pacific angel shark (Squatina
californico) became one of the most sought after commercial
shark species in the Santa Barbara Channel during the 1980’
Changes in consumer acceptance of sharksas high quality food
fish and a concentrated marketing effort by an innovative
processor working with local fishermen, stimulated develop-
ment of the angel shark fishery in the Santa Barbara Channel
area in 1976. Two key elements led to the rapid growth of this
fishery: maintenance of quality and freshness of the shark by
cleaning and dressing (removal of head and fins) at sea; and
development of @ method to fillet this irmegularty shaped shark
1o satisfy retail distnbutars and consumers.

In 1977 landings of dressed angel shark totaled 328
pounds. By 1981, landings rose to 258 thousand pounds, and by
1984, to 610 thousand pounds. L.andings of angel shark ex-
coeded one million pounds annuatly in 1985 and 1986, replac-
ing the thresher shark as the number one species of shark taken
for food in California
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California commercial landings of angel shark, 1977-1991

Fishing effort throughout the early development and ex-
Pansion phase was concentrated off Santa Barbara and Ventura
counties and around the Northern Channel Islands, especially
;3';‘;8(;1'02 and Santa Rosa Islands. Landings began to decline

» dropping to 940 thousand pounds with an ex-vessel
g:uc 0f$542.000 and further declining 1o 248 thousand pounds
c 66.000) in 1990, Most of the catch continucs to come from the

Islands with increasing effort at Santa Catalina,
ver The Ex-vessel price for angel shark in 1977 was 15 cents
Pound. The price rosc ta 35 cents per pound in 1982 (§1.60
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to $1.70 per pound at retail markets) as demand increased for
the firm_ whitc fleshed shark. With continucd market demand
and lower landings, ex-vessel prices in 1991 are 75 cents per
pound dressed (head off) and 55 cents per pound whole. Retail
prices have increased 1o $3.50 per pound.

Market development was linked (o the popular but sea-
sonal thresher shark, which is caught by the drift gill net flect in
the summer and fall. As supplies of thresher shark diminished
in the winfer, angel shark was promoted as a viable substitute.
Local demand prew rapidly as Santa Barbara scafood retailers
and restaurant owners found ready acceptance among consim-
crs. In addition, angel shark taken by the set gill net fleet is
available throughout the year,

Nearly every part of this shark, with the exception of skin,
cartilage, and offal is utilized. The head and fins arc sold as crab
bait, large fillets are cut from the trunk, and portion-controtled
pieces from the tail arc used in fish and chips dishes. Small
itregular shaped pieces are used to make shark jerky. A yield of
50 percent of the dressed shark (25 percent of the live weight) is
generally cxpected.

The development of markets for angel shark was a sipnifi-
cant benefit to halibut fishcrmen, providing them with a
supplemental source of income. Asdemand increased for angel
shark, innovative fishermen developed nets to harvest them
specifically. Now most nets are 16-inch mesh (stretched diago-
nally), as such netsyicld better results with lessincidental catch.
Because of their selectivity for market-sized angel shark, these
nets catch only a few large California halibut. Nonetheless, 8 172
inch mesh gill nets designed for halibut continuc 1o be used to
take angel shark. Vessels used inthe fishery are generally in the
25 to 40 foot range, suited for inshore coastal operations,

The inshore set net fishery will be allowed to continue only
through 1994 due 1o the passage of Proposition 132, which bans
gill mets in Califomia state waters (inshore of the three mile
tinc). Trawl vessels often catch a few angel shark incidentally,
but landings are insignificant compared to the set gill net
harvest. Fishing methods for small commercial boats which
duplicate the ease of operation, efficiency. size selectivity, and
return on investment of set gill nets have not, as yet, been
developed. The periodic catch of marine mammals is a factor
which contnbutes to a negative public perception of gill nets.

A cooperative fisheries research effort between Santa
Barbara Channel angel shark fishermen, processors, Depart-
ment of Fish and Game (DFG) biologists, university research-
ers and extension personne] began in 1979 to obtain informa-
tion on angel shark distributions, migrations, growth rates, and
cventually reproductive rates. Members of the commercial
fishing industry, some of whom had experienced the dramatic
decline of the soupfin shark fishery in the 1940°s, helped initiate
the investigations. Coupled with university rescarch, the
investigations helped fisheries managers devefop a man-
agement planin 1986, with the participation and cooperation of
the fishing community. Development of regulatory guidelines
for this, and a few other fisheries, is an cxampie of a “co-



management” approach involving a partnership of managers
and resource users. The drop in landings afler 1986 was
partially attributed 1o a new size limit, though fisheries biolo-
gists and fishermaen agree that management regulations were
iniiated too late to maintain a sustainable yield angel shark
fishery with the harvest levels experienced in the mid-1980's.

Pacific angel shark, Squaring californica.

Status of Biciogical Knowledge

The Pacific angel shark is reported to occur only in the
eastern Pacific ocean from southeastern Alaska to the Gulf of
California and from Equador to southern Chile. A pap in
distribution scparaiing subpopulations of S. califoraica ocours
between the cquator and 20° north latitude. The southemn
population was earlier reported as a separate species, 5. armata.

Angel sharks are relatively smatl, bottom-dwelling elas-
mobranchs, ataining a recorded maximum length of five feet
and a weight of 60 pounds. Angel sharks caught commercially
in the Santa Barbara Channel generally range in size between
three and four feet total length, although size limits now allow
the take of females 42 inches and above and rmales 40 inches or
more. Angel sharks are reported to range in depth from three to
over 600 feet. Researchers observed the species frequently
between 50 and 130 feet around Santa Catalina Tsland and
fishermen working the northern Channel Islands report that
most of their catches are between 30 and 240 feet.

Pacific angel shark are usually found lying partially buried
on flat, sandy bottoms and in sand channels between rocky reefs
during the day, but they may become active at night with tagged
specimens near Catalina moving from a few feet to four nautical
mmules per night. However, individual sharks have been observed
10 remain in the same place with no apparent movement for up
to 10 days.

Sonic tagging studies conducted at Santa Catalina Island
indicated that 11 sharks with transmitter tags remained near the
Istand for up to 90 days, although movement around the Island
was extensive. Convenlional tagging expeniments have also
been conducted at Santa Cruz Island, Santa Catalina Island,
and along the Santa Barbara County coastline. Recovery of 30 tags
indicate that all but one angel shark remained in the same general
vicinity in which they were agged. The lonc exceplion was a shark
tagged on the coast and captured three and a half vears later at
Santa CruzIstand. Without further evidence from Lag and rocovery
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data, resource managers are assaming that isolated stocks ray
exist near islands, separated from the mainland and other
islands by deep water channels (including San Clemente, San
Nicolas, Santa Barbara, and Santa Catalina Islands).

Several techniques have been utilized in an effort 10 age
angel shark, but to date aging this species has been unsuccess-
ful. Researchers have observed that angel sharks areborn with
six to seven bands in their vertebral centra, but growth curves
based on size and band counts were found to be atypical. Both
centrum edge histology and size frequency analysis have
proven inconclusive. Sharks grown in the laboratory, along
with fieldtagged, tetracycline-injocted returns, indicated no peri-
odic basis for band deposition in the vertebrae, but indicated that
calcified band deposiion is more related to rapid somatic growth,

Using combined tag and recapture data from several
sources, along with juvenile growth data, esiimated param-
eters of the von Bertalanffy growth equalion were determined
for the angel shark. These were utilized to plot growth curves
to aid in constructing life tables and in developing manage-
ment recommendations.

Reproductive studies using specimens collected from com-
mercial gill net boats off the Santa Barbara County coast
showed that sexual matunty in both males and females occurs
between 35 and 39 inches total length. Embryos present per
female range between one and 11, with a mean of six pups
produced annually from March to June. A 10 month gestation
period was estimated for this species.

Major prey items of ange] shark reported by researchers at
Catalina include queenfish and blacksmith in the summer and
market squid in the winter. Fishermen in the Santa Barbara
Channel report that mackerel and Pacific sardines are found in
angel shark stomachs during the fall and early winter, along
with squid which predominates during the winter and spring.

Status of Population

The rapid increasc in angel shark landings between 1983
and 1986 led to concern that stocks were being over-expioited
Over 79,000 individual angel sharks were reported to have been
taken duning the 1985-86 season (March to April}, Considening
the low fecundity and apparent lack of significant migrations of
angel sharks, the need to develop a management plan became
critical. A minimum retention size limit was proposed by DFG
in 1987 and became law in 198%. Because these sharks are
nearly always retrieved alive, limiting rctention size is a viable
repulation. However, landings had decreased before the incep-
tion of the regulation, indicating a declining population along
the San{a Barbara-Ventura County coastline and around the
Northern Channel Islands. The minimum size restriction is
believed to have been effective in decreasing the numbers of
immature sharks harvested and also to have decreased harvest
pressure on exploited stocks. However, additional population
studies are needed to confirm this effect.

John B. Richards
University of Califoria, Santa Barbara
Sea Grant Exiension Program
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LEOPARD SHARK

History of the Fishery

The leopard shark (Triakis semifasciata) is valued as both
afood and game fish in California; it is not uncomnon in fresh
fish markets and has a firm, mild-tasting flesh. The distinctive
markings and hardiness of this fish also make it desirable for
aquarium displays.

The scope of the fisheries for leopard shark is difficult to
estimale for two reasons: an unknown portion of the commer-
aial catch may be landed under the general category "shark,
unspecified”; and statistics on leopard sharks caught by recre-
ational anglers have been inadequate until the beginning of the
last decade.

Total commercial landings for California reporied under
the “lcopard shark™ category have ranged from 9,270 pounds
in 1958 1o 101,309 pounds in 1983, The valw to fishermen
averaged around $37,000 per year in the 1980’s. These land-
mgs, while not extensive, have increased in the south and
decreased in the north over the past decade. Landings in
southern California began increasing in 1981, and in 1985
surpassed landings in northem California for the first time
since the colioction of statistics began in the 1940°s. Legislative
auriailment of inshore giltnctting in the San Francisco/Monte-
ey Bay area probably contributed to much of the decline in
northern California landings after 1986.

Judging from estimaies made since 1980 by the National
Marine Fisheries Service (NMFS) Marinc Recreational Fisher-
ics Statistics Survey, the recreational leopard shark catch ap-
pears to be greater, although these estimates are subject to large
E"“;EP""!? vanability. According to the survey, sport landings in

fornia between 1980 and 1987 averaged over 270,000
pounds per year and were estimated at 719,608 pounds in 1987,

The importance of recreational anglers as users of the
:Z:';:;‘x % central Califomia was confirmed by analysis of
tsco B’; patierns of 948 tagped fish released in the San Fran-
108 reco{ area in 1979 by the NMFS. About 82 percent of the

peseent CTIES were returned by sport anglers, while only 12
Were returned by commercial fishermen. Of the recrea-
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tionally caught returns, 54 5 percent came from skifffprivate
boat anglers, 40.9 percent came from shore anglers, and only
4.5 percent came from partyboat anglers. Leopard sharks are
commonly taken from piers and jettics, and arc known to
congregate around the wartn water outfalls of power plants.

Avariety of fishing methods and gear types are used in the
fisherics for leopard sharks: angling with baited hooks,
spearfishing by divers, gillnetting along the coast, and some
commercial longlining. Recreational spearing reportedly oc-
curs in Humboldt Bay in shallow water. Gillnet catches will
probably continue to decline with increasing legislation re-
stricting use of these netsin coastal waters. Some leopard sharks
are also taken incidentally in ocean bottom trawl catches.

Because of its slow growth rate, late sexual maturity, low
fecundity, and easy accessibility to fishermen, this species is
considered susceptible to fishing pressure. Fishing mortality
rates and life history parameters indicate that with the current
amount of fishing pressure, some measure of protection would
be necessary fo assure population replenishment,

Leopard shark, Triakis semifasciata.

Status of Biological Knowledge

The lcopard shark, also known as "tiger shark" and "cat
shark," ranges from Mazatlan, Mexico, into the northern Gulf
of California, and north to Oregon. Abundant in cool to warm
temperate zones, it is most common in shallow water from the
intertidal down to 15 feet and less so in decper water down to
304 feet. This species seems to favor enclosed muddy bays and
stoughs, especially in northern California, although it is not
unusual to find it along the open coast and around islands off
southern California, where it frequents ketp beds and sandy
bottoms near rocky reefs.

‘The popuiation structure throughout its range is not clearty
understood, but is thought 1o consist of regional stocks among
which there is relatively little exchange. Nevertheless, tagging
studies in central California have shown that there is some
mixing between stocks in San Francisco Bay and Elkhom
Slough in Monterey County. There is no information on ex-
change among other regional stocks, but such exchange is
presumed tobe limited.

By cxamining calcificd growth zones in vertebral centra,
age and growth of leopard sharks from central California have
been determined. Growth rate is generally slow (averaging less
than on inch per year), with considerable individual variation.
The maximum recorded and verified length is about six feet,
however, most adults are smaller than that. The maximum age
is presumed to be around 30 years; the oldest ages that have been
determined by reading calcified rings on vertebrae, are 24 years
for a 33-inch male, and 20 years for a 51-inch female. The



largestfemale aged so far (a $5-inch specimen) was estimated at
19 years, Size atbirth is about cight to 10 inches in total length.

The live-bcaring female leopard shark produces from
seven to 36 offspring in an annual reproductive cvcle. Males
mature at seven years, and females at 10 years, when fish reach
lengths between 40 and 42 inches 1otal length. The gestation
period is estimated at 10-12 months. Birth apparently takes
place in the spring from March through Juty. The only known
eve-witness account of leopard sharks giving birthinthe wild is
that of a fisherman who observed pupping activity at Catalina
Island in sputhern California in the 1940’s. Dozens of large
females, with backs and dorsal fins breaking the surface of the
water over a shallow mudflat in Catalina Harbor, were observed
releasing their pups in the three tofour-foot deep water; some of the
pups were seen milling around i water only about a foot deep.

This shark is an opportunistic benthic feeder. Invertebrates
taken include crabs, ghost shrimp, clam siphons and sometimes
whole clam bodics, polvchacle worms, fal innkegper worms,
and octopi. Fishes in the diet include herring, anchovy,
topsmelt, croakers, surfperches, gobies, rockfishes, midship-
man, flatfishes, and small elasmobranchs such as
smoothheunds, guitarfish, and bat ray. Leopard sharks season-
ally consume the eggs of herring, topsmelt, jacksmelt, and
midshipman

Predators of the leopard shark are not known, but young or
smaller individuals may be preyed upon by larger sharks such as
the sevengill and sixgill sharks, which are known to cater bays.
The phenomenon of young sharks being preved on by larger
sharks is not uncommon.

These strong swimming, nomadic sharks often occur in
schools, sometimes with smooth-hounds, which also belong 1o
the houndshark family. Numbers of animals may suddenly
appear in an area, then move on. Although generallytimid and
wary of divers, there is one record of an attack ona skindiverin
1955 in California. Pectoral fin nipping of smaller individuals
by larger ones has been observed in fish held in captivity.
Evidence altests to the hardiness of these fish, both in their
ability tothrive in captivity, and in their capacity to recover from
the trauma of hooking injuries.

Migrations of this species have been studied in central
California. Results of the San Francisco Bay tagging project
revealed that at least 10 percent of the resident population
moves out of the bay into the ocean during fall and winter. A fish
tagged in San Francisco Bay was recaptured in Elkhorn Slough
and vice versa, indicating some exchange between these stocks.

Status of Population

The siz¢ of the California leopard shark population has not
been estimated, and the only information on relative changes in
stock abundance is that which can be inferred from catch
statistics. There is evidence, however, that fluctuation in
catches may not be a reliable indicator of changes in stock
abundance, as cnvironmental conditions may also affect pat-
terns of availability or valnerability of lcopard sharks to capture.
Increased commercial and recreational catches have been ob-
served in the San Francisco area in heavy delta outflow years,
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increases that tagging results indicate do not appear related to
immigration of sharks from other arcas.

Susan E. Smith
National Marine Fishenes Service
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THRESHER SHARK

History of the Fishery

Forashortspanof 10yearsbeginning in 1977, the thresher
shark (Alopias vuipinus), also known as the common thresher,
was the subject of an important commercial fishery. Duning its
peak year, 1982, over 2.3 million pounds of dressed meat were
processed for California fresh fish markets. This fishery began
and cxpanded rapidly, driven by a new pubiic health conscious-
ness and consumer acceptance of shark meat as a dietary alterna-
tive. It ended almost as suddenly due to overfishing, necessitating
the implementation of increasingly strict regnlations.

During the early years of commercial harvesting, threshers
were pursued in waters off southern Califomia and the Channet
Islands. But cach ycar afier 1 982 brought a new expansion to the
north, first to Morro Bay, then to Monterey and San Francisco.
During the later vears, experimental fishing was conducted off
the Columbia River mouth off Oregon and Washington,

The thresher shark is still pursued to a far lesser extent by
local fishermen from ports between San Diego and Morro Bay.
but now prisnanly as an incidental catch in the more profitable
drift gil net fishery for swordfish. The coastwide fishery for the
once abundant thresher is now a thing of the past. It mav be
many years before stocks can once again begin to support the
demands of commercial exploitation.

The commercial thresher shark and subsequent swordfish
fisheries brought with them the introduction of the large mesh
(14 to 20 inches), surface or dnft gill net. These are nets
measuring up to 6,000 feetin length and spanning to a depth of
60 to 100 feet. When fished, thedrift gill net hangs vertically in
the water column stretched between a baoyant corkline and a
lead-core line. During fishing operations the boal remains
attached to onc end of the net in order to keep the net stretched
toits full length. These nets have proven tabe highly efficient in
capturing pelagic shark species.

FISH RESOURCES
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Califiymia commerdal landings of commien thresher shark, 1977-1991.

Over the |ast several years some important steps have been
taken to further reduce harvests of the thresher shark. Out of
concern for declining stocks, Oregon canceled experimentation
with the development of a coastal thresher shark fishery.
Simultaneously, Washington canceled its experimental fishery,
although the reasons given had more to do with the incidental
take of marine mammals and sea turtles, than with concerns
that the thresher shark stock might be declining. In California,
seasonal restrictions on the usc of drift gill nets have now
climinated the directed fishery for these sharks.

Common thresher shark, Alopias vilpinus.

Status of Biological Knowledge

 The thresher shark is distributed throughont the coastal
regions of the warm and temperate oceans of the world. Tt
appears to be abundant only within a distance of about 50 miles
ﬁ'om _land: Thiscoastal habit, along with its worldwide distribu-
Uon, implics (hat there may be many isolated subpopulations or
sloc}rs, _The hypothesis that a local stock exists in the eastern
mﬁc 15 Supported by evidence pathered from the west coast
tshery. During the short duration of (his fishery, some age
Scpments of threshers were depleted. These have not been
replaced by immigration from the outside. Other evidence
:-:g!udcs differences in size at reproductive maturity from
umcrgp:ngﬂeognpm arcas within the world population distribu-
mrﬁedlby arly, there are differences in the number of young
e Pregnant females. For example, studies conducted in

ndsan Ocean found that 8 5-foot females were mature and
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bore only two pups. Off California femates do not mature prior
to reaching 14 feet and typically bear four pups.

If such alocal stock does exist, then observational evidence
suggests thal its distribution ranges seasonally from approxi-
mately mid-Baja California, Mcxico, to Vancouver Island,
British Columbia, Canada.

It has been estimated that thresher sharks may live for more
than 30 years, although estimates of age for individuals are still
somewhat crude. Females may attain a total length of about 20
feet. Males are smalier, growing 10 & maximuim length of about
16 feet. Off the U S. west coast, female threshers mature at a
iotal length of approximately 14 feet, malcs at about 11 feet.
Since the tail of the thresher makes up about half its total length,
these lengths may seem deceptively large. The female will
attain this length in about seven years; the male will reach his
mature 5ize in about five years.

As with all shark specics, reproductive rates are very low,
This is uncharactetistic of most fishes and is similar to repro-
duction in mammals. The thresher shark gives live birth to fully
developed pups. Mating takes place during the midsummer.
The gestation period lasts nine months. Annually during the
spring monihs, the female may give birth to an average of four
pups, each having alrcady attained a length of four (o five feet.
Reprodiction is ovoviviparous, meaning there is no placental
attachment to nourish the developing embryos. Instead, they
obtain their nourishment by eating othereggs within the uterus.
This amrangement is entirely unique to some shark species.

The shallow nearshore waters off southern California
provide a suilable nurscry area for thresher sharks where they
spend the first couple of years of life. During most years
concentrations of younp threshers may be found within two or
three mrles off the beaches from Santa Barbara County through
Santa Monica Bay. During unusually warm-water years these
young fish may be found as far north as Montercy Bay.

Diespite their large size, thresher sharks have relatively
small teeth and a small mouth. Their diet consisis mostly of bait
fishes, the principal one being the northern anchovy. Unlike the
other pelagic shark species off California, the thresher does not
appearto be an opportunistic feeder. During warm-water years,
when pelagic red crabs are present in greal guantities, it has
been observed that threshers taken from a net that also contains
blue sharks or shortfin makos will have only anchovies in the
stomach, while the other sharks may be gorged on the far more
abundant pelagic red crabs.

Probably few predaiors exist for the thresher shark due to
its large size even at birth. Aside from man there is only one
known . A large mako shark approximalely seven fect in length
was found to have two thresher pups in its stomach.

1t is apparent fom the records of the drift gill net fisheries
from California, Oregon, and Washington, and from the Cali-
fornia inshore set gill net fisheries, that a migration of thresher
sharks moves north and south annually along the west coast.
Large adult threshers pass through southern California waters
in the early spring of th¢ vear. They appear to remain in these
offshorc waters fromone to two months. This coincides with the
time of pupping, after which the newborn pups move into shallow
nearshore waters. The adults then continueto follow the warming



waterand perhaps schools ofbait northward. By late summer these
large adults have arrived off Oregon and Washingtor.

During early summer subadult members of the stock arrive
off southern California. As summer progresses these subadult
threshers also move up the coast but do not appear to continue
much farther north than about San Francisco.

By fall this migration has reversed. Subadulis once again
arrive in waters around the Channel Islands. Tt is not known
what happens to the targe adults which are not seenagain untl
the foliowing spring. Perhaps they do not retarn {o waters off
southern California until winter, when fishing activity has
normally ceased. Very young individuals remain in local,
nearshore shallow waters off southern California until they
reach two of three years of age. At that tisme, they too presum-
ably begin the annual migration.

Status of the Population

Between 1977 and 1982 the subadult {4- to 6-year olds)
portion of the thresher shark population made up the bulk of the
commercial shark fishery. During those years this ssgment of
middle-size fish was effectively removed from the population,
so that afier the mid-1980’s these subadult fish were almost
undetectable in our daily sampling of the catch. The impact of
this hole in the age structure of the coastal thresher stock will
probably be felt for many ycars.

Therc can be little doubt that the thresher shark population
of the west coast has been reduced substantially from what it
wasinthe mid-1970’s. During theearly 1 980’s webelieved that
the reported Pacific wide distribution would act as buffer
against overharvest and would, in effect, provide time to study
the critical biclogical attributes of this species. Hindsight has
shown that to be a poor and costly assurnption. The repeated
failures of other shark fisheries elsewhere in the world under-
scores the need for a fresh, more conservative approach to shark
management. If there is a positive note, it is that the thresher
shark may have provided west coast fisheries managers with a
valuable lesson while there are still many other shark species in
a relatively unexploited state,

Finally, while the thresher shark s low rproductive capac-
ity places limits on its capacity to recover, there are recent
reporis from researchers sampling wholcsale markets, that
some mdsize sharks are bepinning to reappear in their
sarnples. This is a positive sign that the very restrictive fishing
regulations of recent ycars may be having a desirable effect.

Dennis W Bedford
California Depariment of Fish and Game
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SHORTFIN MAKO

History of the Fishery

Since the late 1970's the shortfin mako (fsurus
oxyrinchus), also known as the bonito shark, has been taken
incidentally in the commercial drift gill net fisheries for
thresher shark and swordfish. Not until 1987 was a fishery
begun which specifically sought mako.

"There are good reasons why the mako is only now becom-
ing the primary target of acommenrcial fishery. Although readity
marketable, the makos off southern California average only 34
pounds dressed. The thresher, which generated a major fishery
during the Iate 1970’s, had an average dressed weight of about
150 pounds. AsJong asthreshers were plentiful, fishermen paid
little atiention to the mako. This sitsation might have changed
during the mid-1980°s when the ihresher population began to
show signs of a serious decline. But the drift gill et fleet which
pursucd the thresher aiso took a more valuable species -
swordfish. These fish had a commercial value of $4 per pound,
compared to $1 per pound for mosi sharks, and averaged nearly
200 pounds dressed. It is not surprising, then, that the drift gill
net flect has given little regand to the mako.
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Tt took the application of an entirely different fishing gear
1o creale il imerest in the mako, During 1988, the
Califomia Fish and Game Commission established an experi-
mental shark fishery for makos and blue sharks using drift
Jonglines. These longlines consist of three- 10 four-mile lengths
of stainless steel cable to which leaders and baited hooks are
artached. Thecableis buoyed at intervals of approximatety 250
10 300 feet so that the entire length of the longline remains in the
near-surface zone. Ten vessels were given permission to use the
gear in hopes that a market coufd be developed for the blue
shark After three years, little progress has been made towards
achieving this objective, but it has been demonstrated beyond
doubt that longlines are a potent gear for capturing makos.
During the first year of operation, 240,000 pounds of make were
delivered by 10 vessels. Landings equaled the entire incidental
caich by the 250-vessel drift gill net fleet.

Al some point during the mid-1980°s, the mako captured
the attention of the southern California sport fishing public. It is
curious that litile attention had been given makos prior to that
time since makos have been esteemed as game fish for many
years along the U.S. east coast. But between 1986 and 1989,
estimates of the number of California angler trips for makos
grew tea fold from 41,000 to over 410,000 anrually. Commer-
cial passenger fishing vessels (party boats) now run shark
fishing trips ona regular basis from nearly all southem Califor-
nia ports. The number of mako tournaments now takes second
position only 0 marin tournaments as southern California's
most prestigious saltwater fishing events.

Shortfin mako shark, Jserus axyrinchus.,

StatusofBiobgicalKnowledge

. The shortfin mako is distributed throughout the warm and
Mid-lemperate oceans of the wortd. In the eastern Pacific, it
fanges from Chile to the Columbia River, although during most
YE4rs it is seldom seen north of Point Conception. 1t is consid-
erod an oceanic species and does not tend to venture into the
5réen nearshore waters off our coastline. Evidence from track-
Mg using sonic depth transducers indicates that while off
southern California the mako remains in the warm offshore
Surface waters.

o VEry little is known about the existence of subpopulations
¥ stocks from differing parts of the world’s aceans, although
g;’ﬁn the shortfin mako's warm-water distribution, geographi-
a\'aj'tabls'?jhw Slocks must surely exist Evidence from size
em Call'rty' tag-recapture, and caich data suggests that south-
define l;’:;;mf waters and waters off Baja California, Mexico,
Mitsof an important nursery area for some segment
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of thePacific shortfin mako population. High recapture rates for
tagged juveniles reveal thal newly born makos remain in these
waters for about two years aficr birth. Mature and subadult
individuals are rare off California. The commercial and sport
catch consist almost entirely of newborn to two-year-old fish.

There is an ongoing disagreement surrounding the proper
aging of shortfin makos, particularly in the large size classes.
Young makos appear to grow fairly rapidly. A two-year-old fish
may reach nearly five feet in total length. After two years,
however, growth rate is less well defined. The maximum size
reported was about I3 feet. Itis possible that this fish was as oid
as 40 vears.

Males mature at six feet, while females do not mature uniil
they reach approximately nine feet. Females either mature at a
muchlater age than malcs, or the sexes grow at greatly differing
rates. The truth probably lies somewhere in between. Accord-
ingly, males may mature as early asfouryears, but females, even
by the most generous estimates of growth, donot mature prior to
seven of cight years.

A preghant female may have up to 18 pups. Like the
thresher, shortfin makos are ovoviviparous. The embryos have
no umbilical attachment to the mother and receive all their
intrayterine nourishment by eating other eggs. At birth, the
pups arc approximately 2.5 feet inlength. Given what isknown
of the growth rate of young pups, this birth size is consistent
with a gestation period of less than a single year. Much basic
information is still to be learned about this important species.

The shortfin mako is a top carnivore in the ocean food
chain. It is known to prey upon many specics of fish. With its
powerful streamlined frame and great speed, adults arc known
to prey entunas. ther items in the adults’ diet probably include
several manne mammals. But the mako, like many of its
oceanic relatives, is an opportunistic fecder. It may eat whatever
is abundant in its surroundings.

Status of Population

The shortfin mako population, like other truly oceanic
shark popalations in the Pacific, is believed to be healthy and
relatively unexploited. This evaluation, however, is based
largely on a lack of information concerning exploitation rather
than a positive affimmation of the health of the population.

Adult makos do not frequent California’s coastal waters
and so are not subject to local fisheries. The real threat 1o the
mako population off California and elsewhere in the eastern
Pacific lies in the potential for overdevelopment of fisheries
within the coastal nursery. This threat is particularly insidious,
as the effect of overfishing may not manifest itself for a number
of years until the missing juveniles would themselves have
become the spawning stock A sudden popultation collapse
mi ght follow. One can only hope that the lessons leamned from
the thresher and other shark fisheries around the world will
inspire a more conservative approach to future fisheries devel-
opment on the shortfin mako and other shark species.

Dennis W. Bedford
California Department of Fish and Game



References

Caillict, G. M. and 2 W, Bedford. 1983 The biology of three pelagic
sharks from California waters, and heir emerging fisheries: a
review. Calif. Coop. Oceanic Fish. Invest. Rep. 24:37-69.

Cailliet, G.M., L. Martin, J. Harvey, I Kusher, and B. Weldon. 1983.
Preliminary studies on the age and growth of blue (Prionace
glauca), common thresher (Alopias vulpinus), and shortfin mako
{Isurus oxyninchus) sharks rom southern California waters.
Pages 179-188 inE.D. Prince and L. M. Pulos {eds. ) Proccedings,
international workshop on age detenmination of ocean pelagic
fishes. NOAA Tech Rep. NMFS 8.

Compagne, L.J.V. 1984, FAO species catalogue: sharks of the world,
vol. 4. U.N. Development Programme, Rome.

Pratt, H1.. and J.G3. Casey. 1983, Ageand growth of the shortfin mako,
Isurus oxyrinchus, using four methods. Can. J. Fish. Aquat. Sci.
40:1944-1957.

Slevens, J.D. 1983, Observation on reproduclion in the shortfin mako
Isurus oxyrinchus. Copeia 1983:126-13.

BLUE SHARK

History of the Fishery

Until recently blue sharks (Prienace glauca) were not a
major target of California’s recrcational or commercial fisher-
ies. Urea stored in their blood system quickly turns to ammonia
when the shark dies, thus rendering the meat unpalatable.
Development of a quality meat product has been the limiting
factor in creating commercial interest. Only two serious at-
fempis at developing a quality food product in California have
occurred. The first took place in 1979 and 1980 whenone vessel
fished blue sharks experimentally with longline gear. Product
quakity was judged to be good enough to establish blue shark as
a viable alternate fshery, and 150,000 pounds dressed meat
were sold at about $0.25 per pound. Although market interest
developed in several western states, & steady demand could not
be assured and the fishery was discontinued.

The second attempt at developing a food product began in
1988 with an experimental longline fishery directed at shortfin
mako (Iswrus oxyrinchus) and blue shark. Participants in the
fishery were required to develop a market for human consump-
tion with the bycatch of bluc sharks which were not released
alive. In 1989 and 1990, a total of 54,000 pounds of blue shark
was sold for making jerky and “fish and chips.” It was clear from
these attempts however that a quality food product and related
market had not been achieved. Participants in the fishery
substantially reduced the incidental moriality of blue sharks by
developing a hook removal tool which allowed up to 88 percent
of the blue shark caich tobe released unharmed. Asaresult, the
requirement to develop a wholesale market for blue sharks was
dropped in 1991.

The recreational catch of blue sharks has grown tremen-
dously in recent years. Estimaled annual caich increased 10-
fold between 1981 and 1988 with over 400,000 angler-tnips on
private boats which had "sharks" (including mako sharks) as
the primary or secondary target species. Most southern Califor-
nia sport fishing areas offer shark fishing trips aboard charter

53

boats from two to seven nights per week. Catches average 1010
40 blue sharks per trip, although this varies throughout year.
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The greatest source of fishing mortality for southem Cali-
fornia blue sharks over the past two decades probably occurted
as a result of thetr incidental capture during the developing
vears of the drift gill net fishery for swordfish and thresher
sharks. Annual estimated bycatch in the late 1970°s and early
1980°s wasbetween 15,000 and 20,000 blue sharks. Changes in
scason length, flect size, time-area closures and the use of karge
mesh nets substantially rechiced blue shark mortality, atthough
there are no reported esbmates of curment mortality in this fishery.

Blue shark, Prionare giauca.

Status of Biological Knowtedge

The blug shark is circumglobal in tropical and tempcrate
waters. It is epipelagic and generally considercd abundant in
the coastal and offshore waters of the western United States and
Mexico. In the north Pacific, seasonal migrations occur be-
tween 20% and 50° N latitude. The nonthward moverment

-extends into the Guif of Alaska as waters warm in the sumener

maonths, reversing southward dunng winter. A scasonal segra-
pation by sex may be influenced by water temperature. Mature
females tend to start their northward jourmey as warmer water
moves northward while juveniles of both sexes follow close
behind. Earpe males start Iater and tend 10 stay further offshare.

Blue sharks are viviparous. As such, developing embnyos
are nourished instiatiy from a yolk sac. Once the volk sac is
exhausted, developing young obtain nounshment and oxygen
from the maternal blood stream through a placenta. Blue sharks
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fi and independent at birth. Gestation is
ar'c ﬁmﬂm sizc varies considerably depending on
ﬁ:'cnmics size and condition, with over 100 young in_a single
brood reported, although 20 to 40 young are more typwal. off
California, mating occurs 1 lat; spring 0 er'y winter, Thc
Southern California Bight (SCB)isa ma:torbmhmg arca andis
gencrally considered a nurscry area for immaturc blue sharks,
where they are often seen cruising slowly with their dorsal fin
and dorsal tail lobe sticking out of the water. fcmales‘mature at
five Lo six years and malcs malure ayear earlicr. Maximum age
is estimated to be at least 20 years.

Biluc sharks feed opportunistically on small pelagic fishes
including jack mackerel, northern anchovy, Pacific herring,
market squid, and red crab. Juveniles make shoreward move-
rments af night to fecd in shallow water especially in the SCB,
where numerous islands and submerged banks provide ample
prey. They also feed an marine mammal carrion but are not
known 10 attack healthy individuals.

Status of Population

The size of California’s blue shark stock is unknown.
Loczl abundance undergoes major seasonal fluctuations with
juveniles to three year-olds most abundant in the coastal waters
from early spring 10 early winter. Mature aduits are uncommon
in coastal waters.

Fishery-dependent data needed for determining abun-
dance, mortality, efc. are lacking because blue sharks are
usually discarded at sea and the catch often goes undocumented.
Local abundance depends on recruitment of juveniles and
immigration of individuals from Mexico and offshore into
California waters. Although there are no abundance cslimates
(local or Pacific-wide), some fishcrmen and field biologists
speculate that there are fewer blue sharks than there were 10
years ago. The combined mortality from recrcational anglers,
cormmercial set net and drift net fisheries, Mexican fisheries
and fereign high-seas fishenies undoubtedly has the potential to

impact the population and the Jocal blue shark stock to an
unknown extent.

David B, Holts
National Marine Fisheries Service
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COW SHARKS

History of the Fishery

Two species of cow sharks (family Hexanchidae) occur
along the California coast: the sixgill shark (ffexanchus
griseus) and sevengill shark (Notorynchus cepedianus).
Sevengill sharks were among the most common specics taken
during shark fisheries of the 1930’sand 1940’s. Even afier this
fishery collapsed, thesc sharks were taken in considerable
numbers during fishing competitions in San Francisco Bay in
the 1950's and 1960's. The popularity of Jaws movies in the
mid-1970’s brought renewed interest in shark fishing. Several
operators in the San Francisco Bay arca targeted their charters
on sevengill sharks, and as recently as the mid-1980's these
sharks were still the object of a popular sport fishery in San
Francisco Bay. Although caught primarily by recreational
fishermen, scvengills are caught incidentally in commercial
fishcries for other species.

The sixgil! shark is also an incidental catch, especiatly in
trawl and gill net fisheries. It frequently appears in fish
markets and at dining cstablishments, but exact data on the
extent of this fishery is lacking Both specics are typically
either discarded or sold as "shark, unidentified,” making it
difficult to quantify landings.

Status of Biological Knowledge

The scvengill shark has a world-wide distribution in most
temperate seas, the only notable exception being its absence
from the temperale waters of the North Atlantic. In the eastern
North Pacific, sevengill sharks range from southcasi Alaska to
the Gulf of California, with their distribution becoming spa-
radic south of San Fraicisco Bay.

Tt is a [airly common coastal species which frequently
enters bays and, although rarely occurring below depths of 300
feet, is found occasionally to depths of over 600 feet.

Sevengill sharks are ovoviviparous. Males mature at about
five feet and grow to about eight feet. Females mature at around
seven and a half fectand may grow loat lcast ten feet. The young
are born during the spring at between 14 and 18 inches aftera
year’s gestation petiod. The litters are large, with 80 te 100
young being born per pregnancy. Humboldt Bay and San
Francisco Bay are areas that sevengills use asbreeding grounds.
The young remain within the vicinity of the nursery grounds for
the first few vears of life, before ranging farther afield upon
entenng adolescence,

The sevengill shark is an active prodator that feeds at or near
the top of the food chain. The mainprey itemsinclude other sharks,
batoids, (eleosts, and marine mammals. In maost arcas where it
occurs, the sevengill shark is displaced only by the white shark and
kilter whale as the top nearshore marine predator.

The sixgill shark is one of the widest ranging of all shark
specics, with a ciroumglobal distribution from northern and
temperate arcas (o the tropics. It occastonally occursclose inshore,
but is most common below a depth of 300 feet and has been
recorded a1 dkepths of over 7,500 feet. In the eastern North Pacific,
this species occurs from the Aleutian Islands at least to southern
Baja California.



The sixgill shark maturcs at about 10 feet for malesand 13
feet for females. Adult males typically remain in deeper water,
where mating and courtship take place. Females move onto the
continental shelf during the spring to drop their litter. This is
one of the most focund species of sharks with a litter size
between 50 and 100 young. The size at birth is between 24 and
29 inches. Newborn and juvenile sixgills usually remain on the
shelf and uppermost slopes until they reach adolescence, at
which time they move further down the slope and into deeper
water. It is the newborns and juveniles that typically seem to stray
chose inshore and occasionally even occur in bays and harbors.

The sixgill shark is a large, active, powerful predator that
feeds on a wide variety of prey specics, including other sharks,
rays, chimaeras, and bony fishes, as well as squids and crabs.

Status of Populations

The main concentrations of sevengill shark populations in
California appear to be in Humboldt and San Francisco Bays,
both of which serve as nursery grounds for newborns and
juveniles. Damage to ¢ither of these areas could havean adverse
effect on the population. Outside these bays there is little reliable
information reparding the status of sevengill shark popukations.

There is no information on the population slatus of the
sixgill shark.

David A. Ebent
Ocean Resource Consulting Associates
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OTHER MACKEREL SHARKS

History of the Fishery

The mackerel sharks (Order Lamaiformes) are a smalt, but
diverse group comntaining seven familics, fve of which occur
along the California coast. In addition to mako and thresher
sharks, there are three additional mackerel shark species that
are caught or have been fished along the coast: (ke basking
shark (Cetorhinus meaximus), white shark (Carcharodon
carcharias), and salmon shark (Lamna ditropis).

The basking shark has been the object of occasional
localized harpoon fisheries off the California coast and else-
where. The fishery has been sporadic duc to periodic declines in
the stocks. As with most shark specics the basking shark is sfow
growing, long-tived and probably produces relatively few
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young. The California basking shark fishery began in the
1930’s and peaked during the }940°s and 1950°s. The meat is
wtilized fresh or dried for human consumption, the fins may be
used for soup, and the oil-rich liver for tanning Jeather and as a
base for paints and cosmetics.

There has never been any directed fishery for white shark
off California. However, they are often taken incidentally in
commereial catches and by sport fishermen and, when caught,
they bring a fairly high price, mainly due to their reputation as
a man-cater. The jaws of a white shark can be sold for up to
$5,000 a set. It has been estimated by one researcher that between
10 and 20 white sharks are caught per year along the California
coast. Unfortunately, more accurate data are unavailable.

Salmon sharks are not very abundant off Califomia, but are
an occasional incidental catch in other fisheries. and are readily
sold when caught. The flesh is good, and the fins are sought for
shark fin soup. Salmon sharks are often considered an annoy-
ance by fishermen because they destroy fishing pear used in more
commercially important fisherics such as those for salmoit.

Status of Biological Knowledge

A cold to warm temperate species, the basking shark’s
range in the eastern Pacific Ocean is from southeast Alaska o
Chile, from the surfline and into enclosod bays, to well offshore.
These sharks are sometimes common in coastal waters, usuatly
when the water temperature isbelow 57°F.

Basking sharks are presumed to be ovoviviparous, but
whetherthey have intrauterine cannibalism like other lamnoids
is uncertain. Gravid females have never been observed in this
species. Males mature at about 13 to 16 feet, and females at
about 26 1o 29 feet. The smallest recorded free-living basking
shark measured 5.6 feet, but size atbirth is unknown. Maturity
has been estimated at six fo seven years, although the aging
technique has never been verified for this species and may
underestimate the age by one-half.

The basking shark is one of three gigantic filter-feeding
specics of shark and feeds almest exclusively on small plank-
tonic organisms that it qaps in its git rakers. The prev items
include small copepods, barnacles, crustaceans, and fish eggs
and larvae. Approximately one-halfton of food material may be
present in the stomach of an indrvidual shark. It has been
estimated that an adulil basking shark cruising at a constant
speed of two knots passes approximately 2,000 tons of water
over its gills per hour.

Basking sharks are highly migratory, appearnng and then
disappearing seasonally at specific localities. These sharks are
especially abundant between October and April off the Catifor-
ma coast but move northward to Washington and British
Columbia during late spring and summer. Basking sharks are
very social animals and are often observed 1n smali groups of
three to 10, but at times up 1o 30K or more individuals.

The white shark has a world-wide distribution from cold
temperaic 10 tropical walers, though it is most common in
temperaie to warm temperate walersbetween 54° and 68°F. Inthe
castern Nogth Pacfic the white shadk occurs from the Gulf of
Alaska to the Gull of California Tt is fairly common off central
California and arcund the offshore islands of southern Califormnia.

FiSH RESOURCES



occuss along the nearshore waters of the
California coast, including pays and estuaries, but sometimes
be occanic since individuals are common around the
offshore istands. There scems 10 be some spatial scgregationby
iye. as yOUNE white sharks under eight fect and olderones over
S et asc commonoff southern California, while intermediate
sized ani are more common innorthern California waters.
White sharks are thought to be ovoviviparous with intra-
uterine cannibalism. Litters of three, seven, and nine have been
reported, but other details such asthe mother ‘s or embryos” size
are not _Male white sharks mature at about 12,Bizeetand
grow to at least 18 feet. Female maturity is less certain since no
fernales have been captured and accurately measared,
it appears that 15 t0 16 feet is a close approximation. The
:‘:‘at birth is probably between three and four fect. The
Channel Islands off southern California seem to be an arca
where large females and small white sharks arc occasionaily
leading o speculation that females may give birththere.
The largest reliably measured white shark from California
waters measured about 20 feet; however, there is an uncon-
firmed record of one individual that measured 295 feet. The
ymhrat:ofwhilesmﬂts}nsbccnestimmdmbemmda foot
per year, and they may live 102 maximum age of 30 years or more.
“The white shark is perhaps the most formidable of large
marine predators. It has a broad spectrum of prey species that
includes bony fishes, other sharks, rays, and marine mammals.
Sharksover 10 feet long tend to feed on marine mammals while
those Jess than six feet feod more on bony and cartilaginous fishes.
White sharks tend (o congregate around seal rookeries, especially
when these mammals are breeding. Subadult and young non-
becoding aduit seals appear to be more suscepiible 1o predation.
The salmon shark range in the eastern Pacific Ocean is
from the Bering Sea to southern California and possibly to Baja
California. It is a coastal and oceanic shark of subarctic and
lemperate watcrs, most often found in temperatures of less than
64" F and depths less than 500 feet. The salmon shark is
commaon in continental offshore walers 1o close inshore, but also
ranges far from land in decp oceanic walers.
~ Salmon sharks are ovoviviparous with ulerine cannibal-
sm. They mature at about six feet for males and at about eight
fect for femalcs. Salmon sharks give birth to between two and
four young per litter. Estimated age at maturity is five years for
males and nine or 10 years for females and maximum age is
probably between 20 and 30 years.
fcuc:hc r:lmm- shark foeds mostly on bony fishcs. They may
Norih I-:a iT main prey, salmon, as they migrate around the
Cific Occan basin,

The while shark

Status of Populations

e -ghe basking shark has not been commercially fished for
!"112 years and no recent stock assessment has been made.
coast | ¢ population status of white sharks along the California
1S not known,

waleme salmon shark is an uncommon species in California
TS and its abundance is not known.

David A. Ebcert
Ocean Resource Consulting Associates
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SKATES AND RAYS

History of the Fishery

Skates and rays are not specifically sought by commercial
fishermen, but are laken incidentally, primarily by bottom
wawlers offshore in central and northern California waters. A
few nearshore species, most commonly the bat ray (Ayfiobatis
californica) and shovelnose guitar fish {(Rhinobatos productus)
are the target of small sport fisherics.

Only the wings of skates caught in the commercial fishery
are marketed. The bodies are cither discarded at sea when the
skates are landed, or occasionally sold as bait for the rock crab
fishery. Skate wings are sold, fresh and frozen, predominantly
inthe oniental fresh fish markets in southern California. Wings
are also dried or salied and dehydrated for the oriental trade.
The economic value of the skate fishery relative to California’s
total fishery is extremely small. From 1958 to 1969 the ex-
vessel price for skate wings ranged from 3.01 to $.02 per pound.
Theex-vessel price increased from $.12 per pound inthe 1970°s
to $.25 per pound in 1991
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Historically, skates have been processed for fish meal, but
most such enterprises experienced economic fatlure. Seafood
restauranis and retail markets have been suspecied at times of
punching out rounds of skate wing toserve as cheap substitutes
for scallops.

Central California (Manterey and San Francisco) had the
majority of the skate catch from 1948 through 1989, accounting
for 41 1o 100 percent of the total landings. The northern
California areas (Eurcka, Crescent City, Fort Bragg) have
played an increasing role since about 1975. Areas south of
Montcrey are relatively insignificant in terms of total landings.
From 1916 to 1990 skate landings, which ranged from 36,247
pounds (1916) to 631,240 pounds (1981), comprised two to 90
percent of the total efasmobranch catch (11.8 percent average).
Like the shark fishery, which had peaks from 1937 t0 1948, and
more recendy from 1976 to 1990, the skate catch has fluctuated
widely during the last half century.

Status of Biological Knowledge

Skates and rays (batoids) can be distinguished from the
sharks by having pectoral fins which extend above and in from
of the gills, attaching to the head and forming an expanded and
flaltened disk with its gilt slits located completcly on the
underside. They can be thought of as sharks flattened to accom-
modate 2 life spent on the sea floor. Twenty species of rays and
skates have provisionally been recorded from California waters.

Rays and skates occur in all marine habitats, from pro-
tected bays and estuaries to open seas, ranging from the surface
to 9,328 feet deep. While sorue species are common, others are
known from only a few specimens. So far as is known, batoids
follow the typical elasmobranch reproductive strategy in which
sexnal maturity is attained relatively Iate in life, brood size is
relatively small, and fecundity is generally low. These characteris-
tics make populations of these species susceptible to overfishing.

All batoids have internal fertilization, but have two differ-
ent modes of development. The skates are oviparous. Following
fertilization, thevolk is enclosed ina tough, permeable eg gease,
which isdcposited on the sca floor. The embryadevelops within
the cggease, feeding on nourishment stored in the foro of an
attached yolk mass. Afier hatching, eggcases (known as
"mermaid’s purses”) are frequently washed ashore to be found
by beachcombers. All other batoids are live bearing, or vivipa-
rous. The embryo is protected by, and develops within, a portion
of the female’s oviduct which functions as a wterus. The
pestation period for skatesand raysvaries widely; depending on
the species it may range from two to 18 months,

Batoids feed on a variety of worms, mollusks, crustaceans,
other invertebrates, and fishes. Somelie buried on the bottom o
wait for prey, while others actively forage. As a groupthey have
a wide varicty of feeding strategies, ranging from straining
ptankton (manta}, to electric shock (electric ray), to excavation
and suction (bat ray). In turn, batoids are preyed upon by marine
mammals, sharks and other large fishes. Their predator avoidance
adaplations inchude cryptic (camouflage) coloration and burying
themselves in sand or mud. In some species, rows of sharp spincs
on the back and/or tail also serve as protection. Only a few of the
batoid species are dangerous to humans: electric rays are capable
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of producing a powerful shock, and stingrays can inflict
serious wounds on unwary waders and fishermen.

Big skate, Rafa binoculata.

THE SKATES

The skatcs are the largest group of batoid fishes. Nine
species in two genera are presently known to occur in California
waters. California’s three commercially imponant skales are
the California skate (Raja inorrata), big skaie (Raja
binoculiata) and longnose skate (Raja rhina).

The skates have a greatly flattened, usuaily rhomboidal
shaped disk. Most species have enlarged thoms or sharp spines
(denticles) on disk and tail. Adult males have rows of enlarged,
hooked thorns along the front edge {malar thorns) and latcral
edge {alar thorns) of the disk. The tailis slender, with two small
dorsal fins located near the tip. The caudal fin is small or absent,
and there are no stinging spings. Skates have paired electric
organs along the sides of their tails which generate weak, low-
voltage clectric currents believed to be used in intra-specific
communication, possibly for mate recognition or 1¢ demon-
strate aggression.

The California skate ranges from the Strait of Juan DeFuca
to off central Baja California. It is common inshore in shallow
bavs at depths of 60 feet or less, but also occurs in deeper water
to a depth of 2,200 feet. Fernales and miales both reach scxual
maturity at a total length of about 30 inches. They fecd on
shrimp and other invertebrates.

Thebig skate ranges from the Bering Sea to off central Baja
California, but is rare south of point Conception. It occurs at
depths from 10 to abowt 2,600 feet, being most common at
moderate depths. It is the only known California skate with
more than one embryo per egg case. The big skate growsto a
length ofup to eight feet, but usually does not cxceed six fectand
about 200 pounds. Females matarc at12 to 13 ycarsand alength
of 51 10 55 inches; malcs mature at seven 1o eight vearsand a
kength of 39 to 43 inches. Tt feeds on crustaceans and fishes.
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from 80 to 2,250 feet. It attains a maximum length of

4.5 feet Females mature at eight years and a length of 28
nches; ma]esmturealﬁwycarsanda!mgthofn inches.

THE GUITARFISHES

The guitarfishes derive their name from their similarity to
{he musical instrument; head tapered or round, flattened, and
broader than their sturdy, shark-like tail. They arc
mﬂyfwndonlhebottomandclosc inshore, All are vivipa-
rous, the emdryos being nourished by nutrients siored in their
yolksac. Guitarfishes have small, blunt teeth used for crushing,
and feod on invertebrales such as worms, crustaccans, and
moHusks, as well as small fishes, and are generally harmless to
man. Three specics are known from California waters. The
shovelnose guitarfish has a sharply pointed snout and a tapered,
somewhat shovel-shaped disk. It ranges from San Francisco to
the Gulf of Califomnia, but is rare north of Monlerey Bay. It is
found in shallow coastal waters, bays, sloughs and estuarics
over sandy or muddy bottoms toa depth of about 50 feet. Mating
occurs during the summer months and the females givebirth ta
live young the following spring or summer. Newborn are six
inches long, with up to 28 per litter. Females reach a length of
5.5 foet and a weight of about 40 pounds; males are srnaller.

THE ELECTRIC RAYS

Electric rays are found worldwide in all tropical and warm-
temperate seas. They have a greatly expanded sub-circular disk
which is fleshy toward (he margins, and specialized to accom-
maodate the two kidney-shaped electric organs. These are modi-
fied muscles capable of producing a powerful electrical shock.
Only one species is known from California waters.

Round stingray, Urolophus heller.

l1!0._“':;111;-. Pacific electric ray (Torpedo californica) ranges from
from ]ngnush Columbia to central Baja California, at depths
alse to 1,400 fect. Commonly found over sandy bottoms, it

Oocurs in rocky areas and kelp beds. Femalesreacha length
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of over 4.5 feet, while males may reach three feet. It feeds
exclusively on fish, including anchovies, herring, kelp bass,
mackere] and halibut. One four foot female ray was observed to
consume a two-foot silver salmon. Unlike mast predatory fish,
however, it does not initially scize its prey with its mouth, but
firstimmobilizes it with electric discharges. Tt then manipulates
the prey toward its mouth, using its remarkably dexierous disk,
before swallowing it.

Sometimes aggressive when approached or provoked by
divers, it may swim toward them with pectoral fins curled
downward in a challenging manner. While its electric shock
may be quite powerful, reaching up to 60 volts in larger
individuals, it does not extend a great distance from the ray’s
body. Its shock apparently is not fatal to humans, but often snaps
the backbone of prey fish.

THE MYLIOBATIDIFORM RAYS

The mylichatidiform rays are a large and rather diverse
group, most of which have a greatly flattened disk and whiplike
il with one or more serrated stinging spines that are readily
replaced when they become old or worn. This group includes
both the smallest and largest batoids. Most are bottom-dwetlers,
occurring in shallow inshore waters, bays, estuaries and
sloughs, but some are also found in deeper waters. At lcast on¢e
species of stingray and all mantas and mobulas are epipelagic.

They bear live young and are unique among the elasmo-
branchs in their method of nourishing the developing embryo
on a nutritive fluid called uterine milk, secreted from hairlike
processes called trophonemata which line the oviduct wall.
They feed on soft benthic invertebrates, mollusks, crustaceans,
and benthic, midwater and schooling nektonic fishes.

Rays arc usually popular when displayed in public aquaria;
eagle rays and bat rays are especially suited for shatlow petting
tanks. Used by cultures throughout the world for food,
myliobatidiform rays arc of little interest to California commer-
cial fishcrmen, who mostly consider them to be a nuisance,
Because most species have a stinging spine, care should be
taken when handling them, especially the stingrays. Scven species
of nyyliobatidiform rays are known from California waters.

The round stingray (Urolophus haileri), our most common
stingray, has a nearly round disk and short, stout tail with well-
developed caudal fin and stinging spine. It ranges from north-
emn California to Panama, but is most abundant south of Point
Conception. A benthic species with restricted habitat require-
ments, this ray is limited to a relatively shatlow coastal zone at
depths from three to 100 feet, ocouming primarily in water fess
than 50 fect deep. It can be found off beaches and in profected
bays, sloughs, channels and inlets, where it requiresbottoms of
loose sand or mud.

The round stingray’s stinging spine is localed far cnough
back on its tail to afford a powerful stinging reflex. When larpe
mumbers of round stingrays congregate off beaches, injuries 0
bathers can result. This danger can usuatly be avoided, how-
ever, by shuffling one’s fect or pushing a stick along the bottom.
Injuries from the spine may also result when rays are removed



from nets ot hooks. While the wounds do not appear 10 be fatal,
they can be severely painful, and can cause vomiting, diarrhea,
sweating, cramps and difficult breathing.

The bat ray is a common seasonal inhabitant of shallow
inshore waters from Oregon to the Gulf of California. It occurs
in muddy or sandy bays and sloughs as well as rocky areas and
in kelp beds from near the surface to depths of 150 fect.

Gestation is estimated to take from nine to 12 months, with
two to 12 young per litter. Size rangeat birth is 8. 71013 8inches
disk width (wing tip to wing tip). Onset of sexual maturity in
males occurs at an age of two to throe years and a disk width of
17.7 t0 24.5 inches; maturity in females occurs at five to seven
years and disk width of 35 to 40 inches,

Fernale bat rays reach a greater size than males, attaining
a maximum disk width of 70.9 inches and weight of 210
pounds. Thelargest reported male is 40 inches wide at a weight
of 37 pounds. Bat rays grow slowly, rcach scxual maturity
relatively late, have few young, and scem tobe fairly long lived.
A 59 8 inchdisk width female was estimated to be 24 years old.

Bat ray feeding on oyster beds is a major reason for the
fencing seen around commercial beds. Centra, tooth plates and
sting fragments have been identified from coastal shelimounds,
suggesting that bal rays were a regular diet item of early
California Indians.

Status of Populations

Skate populations in California do not appear to be ad-
versely affected by the current level of fishing. Taken inciden-
tally in several commercial fisheries, they remain an nnderuti-
lized resource. Nonetheless, rescarch should accompany any
significant expansion of the fishery. Skates and rays, like other
¢lasmobranchs, have relatively slow growth rates, late age at
maturity, and bear relatively few young compared to the bony
fishes. Skate populations are susceptible to overfishing, as
indicated by the decrease in annual batoid landings over the last
five vears in the Japanese fishery.

Little is known about the impact of sport fisheries on skates
and rays. Data from 48 shark derbies in Elkhorn Slough, from
1950 to 1990 show, however, that shovelnase guitarfish, which
inthe 1950’s and 1960's were the second, and in some years the
most abundantly caught elastnobranch, have virtually disap-
peared from the catch. In the 1990's there hasbeen a two thirds
decrease in the catch per unit effort for bat rays conipared to the
1950’5 catch ratcs. Reasons for the catch decline and change in
specics compasition include numerous possibilities, only one of
which is gverfishing,

George D. Zorzi

California Academy of Sciences
Lindz K. Martin

Monterey Bay Aquarium
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SHARKS, SKATES AND RAYS: DISCUSSION

Over the past two decades a tremendous amount of fishing
pressure has focused on clasmobranchs. Reported catches
world-wide exceed 600,000 tons annually. Just 15 years ago
sharks, skates and rays were considered one of California’s
most underutilized resources. But commercial and recreational
fisheries targeting California’s elasmobranch resources have
experienced dramatic growth during this shont period, and the
growth has made a significan! impact on portions of that resource,

The value of these fisheries grew in response to public
acceptance of shark asa wholesome and enjoyable alternative to
traditional meat products. Led by landings of the common
thresher shark in the carty 1980°s, California’s efasmobranch
fisheries peaked in 1981 and 1982 at over four million pounds.
Landings continued high into the late-1980"s, led by the Pacific
angel and shortfin mako shark fisheries. The value of shark
meat (ex-vessel price) averaged a dollar, or more, per pound for
most species throughout this period. Common uses of shark
producis other than for human consumption include fins, skin,
teeth, squalene, liver oil and medical products. The fins, while
taken extensively on the east coast for oricntal markets, have not
developed into a sizeable market in California.

The importance of shark fishing torecreational anglers has
also grown rapidly in recent years. Shark fishing trips for
shortfin mako and blue sharks on charter vessels are availabile
nightly throughout southern California Shark derbies have
become increasingly popular and angler ¢ffort directed at
sharks an skates is estimated at a half a million trips annuatly.

Sharks, skates and rays have existed and adapted (o their
environment for over 400 million years. Generally, the pelagic
species evolved into apex predators whille inshore and bottom-
dwelling species either approximated apex status or, like the
pelagic species, had few natural predators. Elasmobranch
reproductive strategy is simple but efficient. They produce afew
well developed, strong individuals whose survival is assured
because of their advanced development. All elasmobranchs
have a slow growth rate, mature relatively late (30-50%of their
life span), have a long gestation pericd or lay large, slowly
maturing egg cases. Brood sizes are generally small. Annual
production averages two to eight for ovoviviparous species, 20
to 40 for viviparous and perhaps a hundred or more egg cases in
the oviparous species.

While this reproductive strategy has served them well in
the past, it makes them quite vulrerable to modern day com-
mercial and recreational fishing pressure. Clearly in a popula-
tion where each mature female produces onlya small number of
young in each breeding cycle, recruitrment is highly dependent
on the nurmber of mature females in that popuiation. As Holden
pointed out in the mid-1970’s, success in establishing a sus-
tained fishery on such a resource is dependent on maintaining a
large population of mature individuals. This has not been the
case in most fisheries targeting California’s sharks. While
many of these pelagic species may be found Pacific- or even
world-wide, local stocks have expericnced a high degree of
exploitation. The Southern Catifornia Bight (SCR)s, at lzastin
part, a nurscry area for several species including the common
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n mako and bluesharks. Nearly all sharks taken
“";‘fﬂ:m are immature. Removing a large segment of
Wi s from the population may create a reduced adult
juvent lation in later when those exploited juveniles would
m pecome adults and begun reproducing themselves. The
ability of local stocks 1o recover from ovcr-explollauoq depends
Mmyyonruhringﬁsmﬂgfﬂbﬁa but also on the size of the
virgin stock, natwral mortality, and migration rates. Also im-
porant (0 certain skatcs, rays and shallow waier sharks is
preserving breeding habitat and water quality.

We have leamed much about biology and stock structure of
many of California’s elasmobranch species but there are stitl no
stock size estimates available. Specics distributions are poorty
anderstood o known only from fishery dependent data, Many
species have contiguous distributions into Mexican and adja-
ocnt state waters where they are also subject to fisheries. We
have secn much variability in the apparent abundance of
shortfin mako, blue, pelagic and bigeye threshers; siill others
like the Pacific angel and common thresher show a steady
decline in apparent abundance. There is no direct evidence that
skates and rays have experienced abundance declines, but if a
major fishery wereto developora loss of nursery habitat were to
occur through coastal development, pollution, or increased
recreational use, they, oo, might suffer.

Speacific Management Recommendations

Management of California’s elasmobranch resources
shou!d be a high priority task for fishery managers inthe 1990°s.
This stewardship will not be an easy task. Regulations enacted
by special interest groups to benefit only one segment of the
resource, combined with the lack of biological information, can
only slow progress wward achieving rational management for
sustained harvests. Coast-wide and stock-wide data gathering
agrocments are necessary for stock assessmenis. Only through
decisive action by fishery managers and through public educa-
tion can these resources be maintained at healthy levels.

Specific recommendations include:

§] Pevclup a coast-wide fishery management regime that
recognizes and address the low reproductive capacity of
Cahfm‘s clasmobranchs. A major objective is to develop a
coast-wide management plan to prevent over-fishing and wastage,
while maintaining healthy stocks. This is especially important for
the common thresher, shortfin mako, blue, leopard and Pacific
WIM.AOmsmraﬁwappmchisrmnmuhdwhae
Actual spocies-specific fishery and biological data are lacking.

2) Cc_m!inue 1o monjtor current fisheries through skipper
:’f‘- landing reccipts and port samplers with increased empha-

On coverage rates and data quality. On-board observers
SJ\Ou;c; t;'—_ef\'lpl()}‘ed when appropriate.
nitale & special monitoring or reporting system for
shark derbies and on commercial passenger vessel trips target-
ng mako and blue sharks,
Cal ;‘1 Begin efforts immediately to conduct a cooperative
tlornia-Mexico assessment of transhoundary shark popuia-

fone : :
ons, mcluc.lmg the collection of data from Mexico's Pacific
fisheries.
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5) Develop educational programs to elevate the public’s
perception of sharks and to promote a conservaiion attinde
towards themn.

6) Expand existing CDFG tagging programs (o provide
critically lacking fife history information. This should include
taking advantage of lagging opyportunities provided by shark
derbies, and aboard party boats, private anglers and commercial
shark vessels.

David B, Holts
National Marine Fisheries Service

ANADROMOUS FISHES

SALMON

History of the Fishery

Two species of salmon are regularly taken in the Califomnia
ocean sport and commercial salmon fisheries. Chinook salmon
(Oncorhynchus tshawytscha) make up the bulk of the catch and
poho salmon (0. kisufch) most of the remainder. Small numbers
of pink salmon (Q. gorbuscha) are taken, mostly in odd-
numbered years. Chum salmon (0. keta) and sockeye salmon
(O. nerka) are rarely seen in California.

Salmon have supported a variety of important California
fisherics, some of which were significant before European
settlers made their first appearance in the state. The Native
American population of the lower Klamath River has been
estimated at 5,000 at that tinte, and salmon was their most
important food. The fish were harvested by a variety of methods
and were dried for use throughout the year. Salmon were of such
significance to these early fishers that ceremonies hononing
their existence and impontance were created.

By 1850, commercial salmon fisheries existed in the lower
Sacramento and San Joaquin rivers, in Suisun Bay, and in San
Pablo Bay. Gill nets were the most effective river gear and the
type that remained legal longest. The inland comumercial salmon
fishery gradually spread to include other rivers north of San
Francisco, but the Sacramento-San Joaquin fishery remained the
largest and lastod longest. The Mad River fishery was closed bry
legistation in 1919, the Edl in 1922, the Smith and Klamath in
1933. The legal fishing arca in the Sacramento-San Joaquin
system was reduced, and finally that fishery was closed in 1957,

Early development of the salmon fishery was stimulated by
the canning industry. The first salmon cannery on the Pacific
coast started operations on the Sacramento River in 1864, By
1876, there were twocanneries in operation in the area, and in
another five years there were 20. The industry collapsed after
two peak years in 1881 and 1882, and by 1885 there werc only
six canneries operating on the Sacramento-San Joaquin river
sysiem. The industry gradually faded away; the last cannery
closed in 1919,



The ocean trolt fishery started in the 1880°s in Monterey
Bay, and the first iroilers used small sailboats. About 1908,
some Sacramento River fishermen began taking their powered
gill net boats to Monterey Bay to troll for saimon. These boats
were a great improvement over sailboats, but were small by
present standards. Trolling had spread north to Point Reyes by
1914 and, in another twoyears, boats were operating off Bureka
and Crescent City:

A typical troller of the 1920"s or 1930’s fished up to nine
Lines which might each carry five or more hooks and up to 30
pounds of lead to keep them at the proper depth. Pulling
weights, fish, and lines onto a moving boat by hand was a back-
breaking job. Around that time, power gurdies were devised to
pull the lines, and, by the late 194(’s, most of 1he professional
trollers were using them.

Additions to the salmon troll fleet during the 1960°s and
1970s included many summer fishers who had other jobs
during the remainder of the vear. Some of them were serious
about commercial fishing and had adequate ocean-going boats,
but many were using sport-type boats that coutd conveniently be
towed on a trailer.
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California commercial landings of salmon, 1916-1969.
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California commercial landings of salmon, 1970-1991.

The modern, full-time salmon troller still uses the basic
fishing techniques developed in the 1920°s and 19307, includ-
ing powered gurdics and four 10 six main trolling lines. Now,
however, the vessels arc equipped with a myriad of electronic
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devices that greatly aid in finding and staying on the fish. Radio
communications are possible among scveral vessels
simultancously, and distance betwesn vessels for effective com-
munications is virtually unlimited. Highly semsitive sonar
equipment aids the troller in finding the salmon or bait-fish
schools and in pinpointing the depth at which to position lures.
Precise vessel positioning is made possible through the use of
digitized loran ang satcllite signal receivers. It is no problem
today to replicate a troll path or Mack" within a few feet of a
previous or sugpeested path. Collectively, the instruments have
probably more than doubled the efficiency of the modemn troller
compared ta those of 60 years ago.

From its start through the early 1970s, the ocean trot
fishery was regulated by seasons and minimumn size limits. In
the 1970’s, occan fisheries management was extended from
three t0 200 miles off the United States and was conveved to the
U.S. Secretary of Commerce. Thereafter, the California salmon
fisheries were increasingly regulated under quotas. Barbless
hooks were required in ocean salmon fisherics north of Point
Conception, 1o reduce hooking mortality of sublegat or out-cf-
scason salmon. The 1970°s also marked the resumption. by
court order, of commercial salmon fishing in the Klamath River
by Native American fishers, whouse gill nets. Quotas were used
by the Department of Interior to regulate the catch.

Typical commercial salrmon iroller.

In 1980, a moratorium was placed on the issuance of
permits to new participants in the ocean commercial salmen
fishery, This was done to increase profits of individual fishers
and 10 reduce overall fishery impacts on the resource. In 1983,
a limited-entry program, which capped the fishery at about
4,600 commercial salmon vesscls, was implemented. By 1991,
the fleet had declined 30 percent to about 3,200 vessels.

Salmon catch statistics, of a sort, are available in somg
years starting as carly as 1874, Over the vears, there have been
wide flectuations in the commercial catch. Changes in weather
and ocean conditions hav e contributed. However, dams, water
diversion, and habitat degradalion are primarily responsibie for
the recent downward trend.

Ocean sportfishing for salmon has been important only
since World War I1. The sport fishery hastiaken about 14 percent
of the satmon janded since 1950, Commercial passenger fish-
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ing vessels (CPFV’syhave taken about 65 pereent of this catch.
Most of the salmon CPFV’s operate ot of San Francisco Bay
ports; pevertheless, vessels operating in the Monterey and more
outhern areas catch significant numbers of salmon in some
years. Numerous private boats fish for salmon out of many ports
from Montercy northward, but relatively few small private
boats fish out of San Francisco Bay, because of the long trip,
strong tides, and rough water encountered poing through the
Golden Gate. The total marine sport cffort on salmon has been
about 200,000 angler-days per'year throughout the 1980’s.
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California commercial passenger-~armying fishing vessel (CPFV)}
landings of salmon, 1947-1%69.
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Mooching, or drifting, for salmon using a baited hook
Inwen:d‘ © the depth of feeding fish began increasing in
populatity in the late 1980's. Previously, trolling a baited hook
or lure behind the boat was by far the most common method
tised by sport salmon anglers. Many anglers prefer mooching to
rolling as lighter pear can be used, and at times it appears tabe
more eﬂme Mooching has been successful commercially,
:“Cﬂ]aﬂ? in the San Francisco and Bodega Bay areas. The

h“‘:l“e‘smmﬂymdw}xnsam:m arefeeding on forage fish
such as anchowvies or herring in nearshore, fairly shallow areas.
Cm“ga;‘ salmon anglers are attracted to streams from Santa
the Sa Y north. Historically, aimost half of the effort wasin

Cramento-San Joaquin River System. Mostof this activity
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occurs from the city of Sacramento upstrearn. The main stem of
the Sacramento River is the most important valley stream,
followed by the Feather and American rivers. Of the coastal
streams, the Klamath System receives by far the most effort,
followed by the Smith and Eel. Much of the fishing in coastal
river systems oocurs in esnuaries. The Klamath and Smith river
mouths draw large numbers of anglers from great distances and
concentrate them in a small area. The term "madhouse” is
appropriate during the peak of a pood run. Chinook salmon
muake up the bulk of the catch in both of these rivers, and in the
Fel. Many smaller coastal rivers have runs of coho salmon that
enter during brief periods after the first heavy fall rains and
move upstream intoareas where they areunavailable to anglers.

Status of Bidlogical Knowledge

AJl Pacific salmen are anadromous, and all dic after
spawning. Both chinook and coho salmon have similar spawn-
ing requirements and similar spawning habits. Successful
spawning requires water temperatures less than 56°F, clear
water, suitable gravel riffles, and a stream velocity sufficient 10
permit excavation of nests, ar redds, and o cover up the
deposited, fertilized eggs. The female digs the nest, lays the
eggs, and covers them afier they are fertilized by the male. After
a period of time, depending primarily on water tempcrature
{usually 50 to 60 days in California), the juveniles hatch and
wriggle up out of the gravel. The length of stream residency by
juveniles varies according to species and race.

Chinock salmon, Oncortnnchus tshuawyischa.

CHINOOK SALMON

Chinook salman spawn in suitable rivers from the Sacra-
mento-San Joaquin system northward. Chinooks are the largest
of the salmon species. The State record for a sport-caught
chinook in fresh water is 88 pounds. The largest chinook on
record is a 127-pounder taken from a trap in Alaska. California
chinook mature at two to five years of age, varying somewhat
between rivers and races or runs of chinook within individual
tivers. Ocean fishenies can have a significant impact on the
average age of spawning chinook. This isbecause ocean fishing
gear selects for larger, older fish and because minimum size
limits allow for the harvest of chinock in the sport fishery
starting at age 2 (20-inch minimum) and in the commercial
fishery at age 3 (26-inch minimum). Ocean harvest rate and
average age of spawner are inversely related. it has not been
documented that the selectivity of the ocean fisheries for older
maturing fish has adversely affected the genetics of the popula-
tions, but it has probably reduced the utilization of spawning



habitats that are best swited for larger, older fish. Larger fish, for
example, are probably beticr able 10 utlize the larger gravel
found in the main stems of most Tiver sysiems. High rates of occan
harvest in recent decades have led to the virtual disappearance of
five-year-olds in chinook salmon runs throughout the Statc.

The small peroentage of chinook that mature atage two are
predominatety males and arc commonly referred to as “grilse.”
or "jacks.” The older age classes of chinook are composed of
about equal proportions of malcs and females.

Populations of chinook salmon in some rivers include
more than ong 1ace, or run, each spawning at a different time
and ofien in a diffcrent area. There are four distinct runs in
California, named after the time they enter fresh water: fall,
late-fall, winter, and spring. The Sacramento River system is
used by all four runs, while smaller coastal rivers have onty fall
runs. On the coast, the Klamath, Eel, Mad and Smith rivers
have fall and late fall runs. Spring chinook arepresent in several
sireams within the Klamath River basin and occasionally
appear in the Ecl and Smith rivers. Spring chinook formed the
major ran in the San Joaquin River before completion of Friant
Dam in 1942 and subsequent climination of the mn. Comple-
tion of Shasta Dam in 1945 eliminated the large runs of spring
chinook in the upper Sacramento drainage. Spring chinook
were believed to be comparable in abundance to fall chinook in
the Klamath River before complction of barrier dams in upper
river areas in the late 1800°s. In a river where afl four runs of
chinook spawn, adults migrate upstream and juvenilcs migrate
downstream during all months of the year. In general, the
timing of chinook spawning varies somewhat from river to
rver, and even within river systems, often being influeaced by
stream flow and water lempcrature.

Fall run. Fali-run chinook salmon are the most numerous
salmon in California today. They armive in spawning areas
between Seplember and December, depending upon the river
system, but peak arrival time is usually during October and
November. Under current ocean harvest rates, the fall chinook
runs are dominated by three-year-oid fish followed by jacks and
four-year-olds. Five-year-old fish are rare. Spawning occurs in
the main stem of rivers, as well as in tribularies, from early
Qctober through December. In gencral, there is a large
outmigration of fry and fingerlings from the spawtang areas
between January and March. An additional outmigration from
the spawning areas, consisting primarily of smolts, occurs from
April through Junc. The juveniles enter salt water as smolts
between April and July.

Late fall run. Tn California, late fall-run salmon are found
primarily in the Sacramcnto River system, bul have been
reported from the Eel and Klamath riversas well. They arrive in
upper Tiver spawning areas between October and mid-April.
The runs of late-fall chinook tend 1o consist of equal numbers of
three- and four-year-old fish, Spawning occurs from January
through mid-April, primarily in the main stem of the Sacra-
mento River. Some of the juveniles start migrating seaward as
fry during May, but the bulk of the juveniles leave the upper
river between October and February. Late fall smolis enter the
ocean between Novernber and April.

Winter run. Winter-run saimon are unigue to the Sacra-
mento River system. Adults arrive in the upper Sacramento
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River spawning area from mid-December through sarly Au-
gust, with a peak in March. Spawning occurs primarily in the
main stem of the upper Sacramento River below Shasta Dam
between late-April and mid-August. May and June are peak
spawning months, The juveniles migrate seaward from early
July though the following March, but the bulk of the juveniles
move seaward in September. Winter-nun smolts enter the oocan
between December and May. The adults mature and spawn as
thres-year-olds, unlike the other races which include many
four-vear-old fish. Because of winter chinook’s unique life
history, ocean fisheries which are structured to harvest the more
abundant fall chinook runs during spring and summey months
presumably have a relatively minor impact on winter chinook.

Spring run. Spring-run salmon amrive in the SPawTLng
areas between March and June, with the peak time of arrival
usually occurring in May or June, depending upon flows. They
rest in the deep, cooler pools during the summer and then move
onto the gravel riffles and spawn between late August and early
October. There are generally two overlapping juvenile
outmigration periods, onc between November and June when a
portion of the production moves scaward as fry and fingerlings,
and the other between October and December when the
outmigrants are primarily yearlings Most of the uvenilesenter
the ocean as smolts from March through June, and the remain-
der enier the ocean as yearlings from October throngh Decem-
ber. Spring chinook runs tend tobe dominated by three-year-old
fish followed by four-year-olds and jacks.

Ocean distribution. The development and widespread use
of the coded wire tag since (he mid-1970°s have provided
extensive data on the ocean distributions of Pacific coast salmon
stocks. Tagging studics in California, particularly on Central
Valtey and Klamath River fall chinook salmon stocks, have
provided better definition of the coastal areas used by these
stocks, as well as the mix of stocks in a particular ocean area.
Central Valley fall chinook are found to range widely, entering
fisheries in significant numbers as far nonth as WestporL,
Washington. Klamath River fall chinook are found more nar-
rowly distributed between Point Arena inccatral California and
Cape Blanco in southern Orcgon. Occan conditions have also
been found 1o affect the ocean distribution patterns of these and
other Pacific coast salmon stocks.

The coded wire tag has been limited to those stocks readily
available for tagging, mainly hatchery fish. The 1980°s saw the
development and refinement of a genctically-based system 1o
differentiate chinook salmon stocks in ocean fishery landings.
The technique has verificd tag data for hatchery stocks, and has
provided indications of ocean distribution for the naturally
produced stocks for which tag studies have not been feasible. It
has also aliowed estimation of the way many different stocks
mix in ocean arcas, as well as the rate at which they contribute
to the fisherics.

COHO SALMON

Coho salmon are smaller than chinook salmon; the aver-
age size of a mature coho is seven 10 twelve pounds. The
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California record for 3 freshwater sport-caught coho salmon 15
72 pounds. The world record is a 33-pound spori-caught coho
landed in British Columbia

Coho salmon, Oncorfanchus kisutch.

In California, coho spawn in suitable streams from north-
ern Monterey Bay northward, but they rarely cnter the Sacra-
mento-San Joaquin River system. Coho enter many small
coastalstmmsmatamnotuﬁlimdbychinook.butmcyalsu

n in some larger river sysiems where chinook occur.
Compared 1o chinook salmon, there are relatively few coho in
California today. Most California streams utilized by cobo
salmon are short in length, but some coho do make relatively
long migrations, particularly into the Ecl River system.

Within California river systems, coho salmon populalions
include only one race, or run, which is penerally consistent as to
spawning area used and time of spawning. Most Spawning
occurs between October and February. The juveniles vsually
spend alittle more than ayear in fresh water before igrating to
the ocean; a few spend two years, Most coho mature at the end
of theirthird year oflife. Cohosalmon older than three years ate
relatively rare. A few males, or grilse, mature al age two.

Genetic analysis of California coho populations has indicated
a wide degree of mixing of the stocks in the past, probably
reflexting past stocking and transplantation practices involving
haichery fish.

Coded wire tagging of California hatchery coha stocks has
indicated nearly all are harvested in ocean fisheries as three-
year olds. Some are caught as far north as the central Washing-
{on coasy, but most are caught within 100 miles of the stream
from which (hey entered the ocean.

Status of Spawning Populations

There have been declines in all of California’s salmon
Populations since the 1950°s and 1960’s. In the Sacramento
Ruver system, the numbers of fall-run chinpok salmon have
decreased from 513,00040 1953 10 124,000in 1991, and the late
m"“ll’li_'mm 37,000 in 1967108,000 in 1991, ajossof about 75
Percent in each instance. Winter-run salmon have declined by
99 percent, and the race is now listed as endangered by
California and as threatened by the U.S. Government. In the
San Joaquin River, the spring run was eliminated with the
“ompletion of Friant Dam in 1942, and the fall run has
a])cﬂcnccd wide fluctuations since the early 1950°s and num-

red about 1,000 fish in 1991. Spring-runchinook in the upper
KJCI"amcmu River and the Trinity and Salmon rivers in the
" :;'na{h basin have been at very low levels in recent years, The
h are sp Iqw that the race may soon qualify for listing under
¢ California Endangered Species Act
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Reasons for the decline in California’s salmon populations
vary somewhat from river to river, but there are two major Causes:
{1) destruction or koss of habitat, and (2) water diversion.

In the Central Valley, a multitude of factors has contributed
10 the decline. These include several hundred unscreened
irrigation diversions in the Sacramento Valley, 1,800
unscreened diversions in the Delta and about 150 unscreened
diversions in (he San Joaquin Valley; poor or lost gravel
deposition in salmon spawning and reanng areas; pollution
aberrant river flow fluctuations caused by allernating water-
release schedules from dams to meet downstream water-quality
standards and water diversion contracts, elevated water
temperatures stemming from power generation operations and
reduction in cold water storage as reservoirs are emplicd to meet
agricultural contracts, and impediments to migration such as
dams or diversions. The massive and increasing export of water
from the southern Sacramento-San Joaquin Delta has probably
been the greatest cause of decline in Central Valley salmon.

Rod Bluff Diversion Dam on the upper Sacramento River
continuecs 10 be 2 major impediment (o adult upstream migyation,
a major point of diversion and loss of downstream migraling
juveniles, and ahaven for predatory squawfish. Lifting ofthe gates
at this facility has been implemented in the spring (o protect
winter-run chinook, but may be needed year round in the very near
future as the runs of the other races of chinook in the upper
Sacramentocontinue ip decline. Alternative methods of delivering
water from the river at Red Bluff are currently being considered.

Declines in coastal iver chinook and coho salmon popula-
tions have been caused by many of the same factors. But, in
addition, these areas have been affected by past and, in some
instances, present timber harvest praclices. These practices
have reduced stream shading, resutting in high temperatures,
and have accelerated erosion and filling of pools. Logjams have
formed impediments or blockages to aduit migrations.

Runs of hatchery chinook salmon have becn stable or
increasing, except in the San Joaquin, stemining from ex-
panded rearing facilities and improved rearing and discase
control techniques. Trucking operations in the Central Valley
have greatly increased hatchery fish survival by reducing
instream losses of fish at diversions and to predators, Improved
disease prevention and treatment techniques have substantially
increased the chances of a hatchery fish surviving to proper
release size. Rearing of juvenile salmon to larger sizes has also
benefitted production.

The trucking of haichery fish in the Central Valley has
increased the rate of straying of returning adults, possibly to the
detriment of the naturally produced fish. Hatchery fish have
bectt important to maintaining ocean and in-river fisheries, and
have incorrectly been perccived as a viable alternative to
maintenance of natural spawning populations. Unfortunately, a
successful hatchery program can mask the decline in the natural
run due to straying of the returning adults, and this appears tobe
the case for chinook in many areas of the Central Valley and the
Klamath River basin.

Hatehery adults spawning in the wild can compete with
naturally produced fish for adult spawning and juvenile fish
rearing areas. Interaction of hatchery and naturally produced



salmon is most acute in the close vicinity of the rearing
facilities. Batue Creek below Coleman Hatchery and Bogus
Creck adjacent to Iron Gatc Hatchery typically are overloaded
with spawning fish each fall due (o straying of hatchery adults.

L.B. Boydstun

Richard J. Hallock (Retired)

Terry J. Mills

Califormia Department of Fish and Game
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SALMON: DISCUSSION

Maintaining salson runs in California depends more on
preserving an adequate freshwater envirorunent than on regu-
lating ocean and inriver fisheries. A poor law or regulation can
be changed long before the damage it causes beoomes perma-
nent, but a stream that is blocked near its mouth by an
impassable dam will produce no more salmon. A stream kept
dry through the spawning season by diversion is no better, but
may prove salvageable if waler can eventually be provided.
Diverting all the waicr from a stream during the downstream
migration period of juveniles will prevent any of them from
reaching the ocean, even if adequate fish screens keep them
from entering the irrigation canals. Reducing stream flows of
shade may result in a stream becoming too warm for salmon
Siltation from logging or road construction can smother salmon
eggs or divert water away from them. Although habitat destruc-
tion of these and certain other forms can be quite cbvious,
sometimes the causes of serious damage can be considerably
less obvious.

Challenges to Injand Salmon Management

In 1960, the salmon runs of the San Joaquin Valley
consisted of about 50,000 fish and seemed to be doing weil. The
next year they were down 10 2,500, about a 95 percent drop. A
careful investigation revealed that salmon habitually refused or
were unable to go up the San Joaquin River past a polluted arca
below Stockton until flows there were sufficient 10 raisc the
dissolved oxygen content 10 five parts or more per million
Although the situation in this area is quite compiex, the basic
problem is refatively simpty understood: heavy pumping at the
Bureau of Reclamation’s Tracy plant and the State Water
Project’s Byron Facility withdraws much of the San Joacuin
River flow and reduces. stops, of cven reverses the flow past
Stockton.

In a dry spring most of the San Joaquin water flows o the
state and Federal pumping plants near Tracy and Byron. and the
young salmon move with it Fish screens at the two plants
prevent complete disaster, but there are losses directly atteibut-
abic 10 the screens and probably others due to the dislocation
and interruption of the migration. Of particular concern is the
loss of juvenile salmon in Clifton Court Forebay. Clifton Court
is an enclosed body of water which feeds the massive pumps of
the State Waier Project. The forebay is refilied on a regular basis
and the schedule is influenced by tidaj sequences in the Delta.
Experimental studies have revealed that losses of prvenile
chinook salmon passing through the forebay have ranged from
65 to more than 90 percent. Most of the losses are attributable to
predation by striped bass and other piscivorous fishes.

In 1989, the California Fish and Game Commission listed
the winter-run chinook salmon as an "Endangered Species®
under the California Endangered Species Act (CESA). In 1990,
the Federal government followed by listing the winter-run as
threatened pursuant to the Federal Endangered Species Acl
(ESA). Species management under provisions of the ESA
requires that exasting and proposed Federal actions and permit-
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«od activities e conducted ina manner that will not jeopardize Hatcheries commonly produce a surplus of adult returns
(he oon(illl-led existenceof the animal or resultin the destruction for their egg-take needs. Commercial and sport fishers then
or adverse modification of habitat essential to l!'-e oontinuz_uion want iess restrictive fishing regulations in order to harvest the
of the SPEcies. Federal agencies must consult with the Nannal hatchcry‘surplus. This is detrimental to the naturally spawning
Marine Fisheries Service when ﬂlﬂypmpﬂfﬁﬂaﬂﬂnmﬁmﬁ. fish, which cannot sustain nearly so high a rate of harvest
or carty outan action which could potentially adversely affect Responsible hatchery management means not only producinga
{he winter-run chinook salmen. Likewise, State-sponsored  healthy and robust fish, but also educating the sport and
octivities that might affect winter-run must be reviewed under commercial fishers on the importance of managing the fisheries
the provisions of CESA. for natural production whileaccepting a surplus of hatchery adults.
ion of the Federai Central Vatiey Project (CVP) and

the State Water PI'D]W‘ (SWP), bath of which strongly irdluence Cha“enges to Ocoean Management

the survival of winier-run chinook salmon, are presently under
revicw and various operational and structural alternalives are
veing evaluated. These include: reduction in waterexports from
the Sacramento-San Joaquin Delta during peak migrations of
winter-run fry and smolts; installation of a multi-level water
e control device at Shasta Damy; closure of the Delia
Cross Channel during peak winter-run outmigration; extend-
ing the period of unimpeded passage for adults and juverules at
Red Bluff Diversion Dam (.., raising the gates), implementa-
tion and installation of altemative operational procedures and
diversion structures for delivering water to the Tehama-Colusa
Canal {replacing (he existing gravity-feed method which re-
quires closure of Red Bluff Diversion Dam); and temporary
cessation of water diversion from Montezuma Slough during
peak period of juvenile salmon cutmigration.

Hatcheries have become increasingly important for pro-
ducing fish to be caught inocean and in-river fisheries. Near the
coast, both chinook and coho are reared in four State facilities
{[ron Gate, Trinity River, Mad River, and Warm Springs). Inthe
Central Valley, chinook is the sole emphasis in the one Federal
(Coleman) and four State hatcheries (Feather River, Nimbus,
Mokzlummne River and Merced River). AH chinook hatcheries
rear fail run fish, while the Trinity and Feather River hatcheries

The following statement is excerpted from the Pacific
Fishery Management Council’s Framework Plan for salmon:
"When the Pacific Fishery Management Council was formed in
1976, it recognized that the salmon resources of Washington,
Oregon, 1daho, and California required immediate attention
because of conscrvation and allocation problems.”

These management conkerns continue 1 exist and cur-
rently shape ocean salmon management as it applies 1o the
California fisheries. Relative to conservation, fishing regula-
tions have been enacted that limit harvest via quolas or time/
areaclosures so that adequate sumbers of fish can return to river
spawning arcas. Greater restrictions have been enacted follow-
ing droughts (such as in the early 19807s) or because of poor
ocean survival conditions (such as the severe 1983 El Nifio),
while Iess restrictive fishing regimes have been enacted intimes
of abundance (such as in the mid-1980’s in central California).
These conservation measures, however, have been overshad-
owed, interms of controversy, by the need to allocate the salmon
resource in recent years among and between ocean and inriver
user groups. For instance, higher allocation of chinook salmon
to Klamath River users (Native American and inriver recre-
ational anglers) in the mid-1980°s led to restrictive ocean
also rear spring chinook. Chinook generally are reared for fishing regulations off mnhcm_Ca,hfoEm aar:l sod:ln};m 0r-
l“clcu;la? ;n E]ring at an average size of 90 per pound or to 10 per egon,Acs\w sg;‘mz;;egri;;;:gomgﬁw;&om‘ more
po or fall release, al h summer Teleases at 1 i- - .
ale sizes are also mmu;lg,m mm;mm“y E?Ieau;cdﬁzﬁe restrictive, the fishers, especially the gommercmal harvmcl_'s,
rng ayering  an g s of ot [2per ot 28 Sebnel CUNIO SR L G

£ in :

Central Valley are m,f;wd and released :l ;ms?nuﬂﬁ:: lsj;c‘m_ levels and reguiation of the other fisheries, most notably
mento-San Joaquin Delta Trucking is done to bypass the rockfish and sablefish.

numerous water diversions and predatory animais the young Ocean salmon managers must continually be prepared to
salmon have 1o avoid in reaching the ocean. This practice has  Tespond to changes in th fisheries. The advent of “mooching™
significantly increasod their survival. In recent years, hatchery- in central California, as opposed to the traditional trofling
produced chinook have probably contributed halfof theoverall  method of catch, may lead to different resource impacts. Like-
;dr‘;:mf:ﬁ“m to Central Valley and the Klamath River basin  wise, theocean environment continaes to change, physicaily as
coho i1 ;‘:‘ckﬁ‘l?m coho have comprised most of the  well as biojogically. Relative (o the salmon resource, coastal
small in Kla].lla'[h R“"_:L although the returns h"“’c been water quality needs to be monitored and protected. There also
u comparison to chinook. The Mad and Russian River 50051 19 he increasing condlicts between ocean fishers (both
p,on;m cach received significant contributions of hatchery- 1o o4 0na) and commercial) and marine mammals, harbor

chinool ,

Distase prma;:?u?l;?ﬁ control is a major concern of seals and sea lions in particular. Federal legi_slation aimed at
hatchery managers and is one of the important arguments protecting these anirnals has been very effective in increasing
?nﬂ l'ellanoe‘on hatchery production for the conscrvation of their “““"b‘:‘s and has ledtoincreased depredation on sport and
losm‘;_“ populations, Discasc ouibreaks can result in the tolal  commercialty hooked salmon. Most of the problems have been
mh: acohort of fish in a hatchery setting, whileinthewildthe  in the marine area, particularly in the Monterey-San Francisco

M has access to alternative rearing habitats. region, but problems have also occurred in some lower river



areas, such as the Klamath River estuary where Native Ameri-
can and sport fishers annually seek to harvest salmon.

Anglers show of their chinook salmon catch.

Specific Management Recommendations

The major threat to California’s salmon sesource is further
degradation and elimination of its freshwater and estuarine
habitats. Restoration of inland spawning and rearing habitats
and renegotiation of inland water management poticies, par-
ticularly in the Central Valley, must be pursued if salmon
production levels are ever to return to their former levels.
Prudent regulation of the fisheries will be required to oquitably
distribute the available fish between the various ocean and
inriver users and to meet spawning escapement needs. To these
ends, the Catifornia Department of Fish and Game should:

1} Continue its ¢fforts to improve, restore, and erthance
freshwaler and estuarine habitats for salmon. Specific focus
should be on:

a. Screening of water diversions;

b. abatement of poliution sources, chemical and thermat,

¢. reductions in siltation and gravel compaction levels,

d elimination of gravel removal operations in important
spawning and rearing areas;

e reduction of vegetation encroachment into major spawti-
ing areas;

f. maimenance of suitable stream flows and (emperatures;
and

g.contro] of diseases, particularly bacterial kidney disease
in hatcherics.
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2) Support studies to differentiate races of salmon, particu-
larty in the Central Valley, where winter-run chinook are close to
extirpation and spring-nm chinook are severely depressed.

3) Develop and implement plans to reverse the status of
depleted salmon stocks, winter-nin and spring-run in particular.

4) Investigate the feasibility of constructing a salmon (and
steelhead) hatchery within the San Joaquin basin.

5} Continuc to work with the Klamath Fishery Manage-
ment Council in developing a long-term harvest sharing agree-
ment between and among ocean and inriver users.

6) Support studies to compare hooking mortality rates
following release for sublegal salmon caught by trolling and
mooching.

7) Operate hatcheries and rearing facilities at full capacity
gtriving to minimize effects on namral production.

L.B. Boydstun

Richard J. Hallock (Retired)}

Terry . Mills

California Depaniment of Fish and Game

STEELHEAD

History of the Fishery

Steelhead (Oncorfiynchus mykiss) and Pacific salmon
were an imperiant part of Native American culture prior to the
arrival of European settlers. Native Amencans utilized this
resource for subsisience, trade, and ceremonial purposes.
Salmon and steeihead were harvested year-round by central
coast and Central Valley tribes, and primarily dunng late
summer and fail months by north coast tribes. Nets, spears,
traps, and weirs were utilized to capture the fish. Today, Native
Americansemploy gill nets to captizre salmon and are limitedto
the Klamath River system. The large-mesh gill nets used inthis
fishery are targeting salmon, and so the smaller-sized steelhead
arc not taken in large numbers.

There is no commercial steelhead fishery in California
today. Commercial salmon trollers cannot legally possess steel-
head, and very few are taken incidently in the commercial
salmon catch.

There is a well-established steelhead spont fishery in
California The majority of angkr effort is expended in river
systems and coastal streams of the north coast, the central coast
north of San Francisco Bay, and the Sacramento River sysiem.
There are 2 few rivers and streams of the central coasi south of
San Francisco that still support a stecthead sport fishery, but
these have become limited in recent vears due to a decline in
populations. The steethead fishery of southerm California
(south of San Luis Obispo) is almost nonexastent, duc to severe
declines and extirpation of many of the runs. There arc a fow
historical acconnts of a steelhead fishery in the San Joaquin
River system, at present, though. it dogs not support a steclhead
sport fishery.

Steelhead sport fishing is important not only for tik
recreation that it provides, but also for its cconomic benefits. A
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analysis of (he anadromous sport fishery of the
Sacramento-Sap Joaquin river system estimated that sales
revente generated from steethead sport fishing in the Sacra-
‘mento River and tributaries was over 7.2 million doltars. When
ponfishing activities were included, Sacramento River steel-
head generated over 9 miltion dollars annualiy

1985 economic

Steelhead, Oncorfymchus mykass.

Status of Biological Knowledge

Steclhead arc anadromous rainbow trout, a salmonid na-
tive 10 western North America and the Pacific coast of Asia. In
Nonh America, steclhead are found in Pacific Ocean drainages
from southern California to Alaska. In Asia, they are found on
the east and west coast of the Kamchatka Peninsula, with
scattered populalions on the mainiand. In California, spawning
populations are found from Malibu Creck. in Los Angeles
County, to the Oregon border and in the Sacramento River
svstem. The present distribution of steelhead in California has
been greatly reduced from historic levels.

e

tstorical ranges (left} and present {right) of stzelhead in
Cabifornia.

St‘a::lhd arc similar 10 some Pacific saimon in their
ecological requirements. They spend most of their lives in the
ocean, where they grow to alarge size, and then return 1o fresh
waier to spawn. Unlike salmon, steelhead do ot necessarily die
afler Spawning. Post-spawning survival rates, however, are
Benerally quite low,

o ‘":"Wi_) principal races of steethead are defined by the migra-

mang of aduits and the degree of maturation of the gonads
of the adults upon entry into freshwater. Summer steelhead
(also called “spring-un” steelhead) enter fresh water in spring
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and carly summer with only slightly developed gonads, ascend
to headwater tributaries, and hold over during summer in deep
pools. They spawn in latc fall andearly winter. Winter steelhead
have well-developed gonads when they begin their spawning
migration in late fail and winter, and are usually ready to spawn
within a few weeks or months of the time they enter fresh water.

Prior 1o the intensive watcr development of this century,
summer steelhead were much more common in California than
they are today. They may have been the morc prevalent of the
two races in the Sacramento system (and probably the San
Joaquin system) until the construction of large dams on masy of
the major spawning tributaries blocked access to the headwa-
ters. Today, summer steelhead are found only in north coast
drainages, mostly in tributaricsof theEel, Klamath, and Trinity
river systems. Winter steclhead are also prescnt in north coast
drainages, as well as thc Sacramento River system, and central
and south coast drainages.

Steclhead generally spawn in small tributaries where cool,
well-oxygenated water is available year-round. Like salmon,
the female digs a nest, or "redd." deposits eggs while an
attendant male fertilizes them, then covers the eggs with gravel.
Fry emergence from the gravel is dependent upon water fem-
perature, but usually occurs within 60 days.

The lifc history of steclhead differs from that of Pacific
salmon principally in two aspects: juveniles have a longer
freshwater tearing requirement (usually from one to three
years); and the amount of time spent in fresh and salt water is
much more variable both for adults and juveniles. In the classic
study of sieelhcad biology by Shapovalov and Taft on Scottand
Waddell Creeks in Santa Cruz County, it was found that the
majority of adults returning to the stream to spawn had spent
two years in fresh water and one ot two years in the ocean.
However, stecthead showing other life history patterns were nol
uncomumon: scale analysis of adulls indicated that they spent
from one 10 four years in fresh waterand from one to three years
in the ocean.

Unlike sal mon, stecificad do not necessarily migrate at any
set age. Some individuals will rerain in a stream, mature, and
cven spawn without ever going to sea, others will migrate to sea
at less than a year okd, and some will return to freshwater after
spending less than a year in the occan. The well-known
Klamath River "half-pounders” are scxually immature steel-
head that return to fresh waterafter spending only a few months
at sca. These fish do not spawn, but return to the ocean and
eventually ascend the river ina second upstream migrationasa
larger, mature stecthead

The variability in life history patierns is a survival mecha-
nism that may have evolved in response to seasonal vanations
in rainfall patierns. This is evident in southern California,
where steelhead exist at the southemmost limit of their range,
‘The major river systems in this arca arc subject to extreme
variations in rainfall which can result in high volume, flash
flood runcff or droughts lasting scveral years. It is common for
the lower reaches of many of these rivers to dry up completcly
during (he summer. Juvenile steelhead rearing in the perennial
headwaters of these rivers would, al times, have no accessio the
ocean for several vears. The flexibility to survive in freshwater



until the next storm opened a migratien corridor 1o the ocean
has allowed steelhcad to exist in this marginal environment.

Status of Population

Because of the difficulty in assessing steelhead popula-
tions, we have few good estimates of adult numbers and a
statewide population estimaie is not available. Carcass surveys,
a dependable method 10 estimate salmon spawning popula-
tions, are not very useful for assessing steclhead spawning
populations, because steelhead do not necessarily die after
spawning. Counts made at weirs and fishways can be difficuft,
because adult steelhead tend to migrate on high, turbid winter
flows. Despite the lack of accurate numbers, other reliable
indicators show that sicclhead, like most other anadromous
salmonid stocks in California, are declining.

Southemn steclhead stocks (those occurring south of San
Francisco Bay) are the most jeopardized of all of Califomia’s
sicclhead populations. The southernmost range of steethead
formerly extended to northern Baja California and they were
present in streams and rivers of Los Angeles, Orange, and San
Diego countics. At present, Malibu Creek in Los Angeles
County is the southernmost stream containing a spawning
population, although there may be isolated population rem-
nants present in other streams further south.

Stecthead numbers have declined drastically in nearly all
southern California streams. The 1943-1944 run in the Santa
Ynez River, one of the largest of the southern California rivers,
was estimated to befrom 13,000 to 25,000 adults. Other streams
that historically suppoerted larpe steelhead runs include the
Ventura, Santa Clara, and Carmel rivers. Today, these streams
support very few steelhead, if any at all. About 20 adult
steelhead were observed in the Ventura River estuary in 1991,
none have been scen in the Santa Clara River system for several
years, and very few adult steelhead have retumed to the Carmel
River during the past five years.

These populations are clearly on the verge of extinction.
Major impacts are from urbanization and other watcrshed
disturbances, blocked acoess to headwaler spawning and rear-
ing arcas, and partial and total dewalering of streams by water
diversions and groundwater pumping,

Steelhead numbers in the Sacramento River system have
been steadily declining since the 1960’s and 1970°s. Mean
annual run for the total system (calculated from tag recovery,
creel censuses, and direct observation) has declined from
30,300 adults in the 1960’s 10 about 13,000 adultsinthe 1980,
Steclhead counts at the Red Bluff Diversion Dam on the
Sacramento River ncar Red Biuff have declined from an
average anmmal count of 13,300 adults in the 1960°s o 2,500
adults in the 1980’s. Hatchery counts at Coleman National Fish
Hatchery and Nimbus Hatchery also show a declining trend

Approximacly 95 percent of the adults returning to spawn
in the Sacramento system are of hatchery origin. The decline of
natural reproducing populations of wild stocks has been more
precipitous than that of the haichery-produced stocks. Wild
stocks in the Sacramento system are mostly confined to upper
Sacramento River tributaries such as Clear, Battle, Deer, and
Mill crecks and the Yuba River. Annual counts made at Clough
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Damon Mitl Creek from 1953 to 1963 ranged from 41710 2,269
adults. In 1964, 1,006 adult steelhead were counted at Vina
Dam on Deer Creek. There has been no recent evidence of
steelhead spawning in Deer and Mill crecks. These are indica-
tiens that stecthcad were present in tributaries of the San
Joaquin River, although this system has not supported a viable
population for at least 50 years.

Major impacts to natural and hatchery-maintained stocks
in the Sacramento River system are duc mostly to water
development resulting in inadequate instream flows caused by
excessive water diversions for irngation, rapid fiow fluctua-
tions due 0 water conveyance nceds, high summer water
temperatures in streams immediately below reservoirs, diver-
sion dams whichblock access, and entrairunent of juveniles inio
unscreenied or poorly screened diversions. The operations of the
federal Central Valley Project and the State Water Project,
particularly the pumps in the south delta, have had a major
detrimentat effiect on steclhead. These massive imigation and
municipal water supply projects are the hub from which water
is distributed in California, and they have exacted a heavy toll
on California’s aquatic resources, Reverse flows, entrainment
of fish into the pumps, and increased predation al water
facilities are the major problems caused by the operations of
these projects.

The greatest abundance of steelhead in California ocours in
norih coast streams and nivers. The largest run of stecihead
California waters is in the Klamath-Trinity river sysicm. The
Eel River also supports a sizeable run. Unfortunately, we do not
have estimates of the size of the current run for these systems.
Because many of the spawning and reanng tibutanes are
largely undeveloped and still fairly rermote, the north coast runs
are in better condition than other areas of the state, although
these populations are also declining,

Major factors impacting nerth coast stecthead stocks are
watershed disturbances caused by logging onunstable and steep
slopes, grazing, and road building. Poaching is a major prob-
lem, especially for summer steethead, which must oversymmer
in pools, often in crowded conditions. This renders them
susceptible to snagging and netting, especially if the pools arc
located in accessible areas,

Management

Admittedly, the Department of Fish and Game is behind
the times in stecihead management and research. From the
1930°sthrough the 1950"s, the Department was in the forefront.
producing such classic studies as Shapovalov and Taft's steel-
head life history study on Waddell Creck, and Hallock's evalu-
ations of stocking of hatchery-reared sieclhead in the Sacra-
menio River The Department’s steelhcad management and
rescarch efforts have been greatly reduced since this time. The
peed for information regarding salmon stocks has infensified
over the past decade, and this has led to a redirection of the
Department’s anadromous rescarch and management effons.

The Department of Fish and Game has recently begun a
Steclhead Management and Rescarch Project One of the
primary tasks of this project will be 10 develop a statewide
stecthead management plan that will identify goals. objectives.
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;on needs. In 1993, California will institute a caich
and Tcz:l:ﬂuimwnt for all steclhead anglers. This require-
;de much noeded angler harvest information and
also funds 0 pe used for management, rescarch, and specific
restoration P jects. Restoration of wild and native stecibead

populations will be 2 major objective of the Steelhead Project.

ment will

Dennis McEwan
California Department of Fish and Game
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WHITE STURGEON

History of the Fishery

Histonical by, the white sturgeon (1 cipenser fransmontanus)
resource has becn very important to Californians. Sturgeon
scutes and skul plates arc found in native American middens in
the San Francisco Bay, Sacramento - San Joaquin Delta, and
Elkhorn Slough areas, indicating that these large fish were
Important sources of tribal nutrition. An early commercial
fishry developed for white sturgeon between the 1860's and
1901, Stimulated by a growing acceptance of smoked sturgeon
and caviar on the East Coast of North America. The California
harvest was concentrated in the San Francisco Bay and Delta,
Fishing gear included gillnets, longlines, and multiple
unbaited hooks for snagging sturgeon. The commercial catch
peaked ai 1.65 miflion pounds in 1887, declined to 0.3 million
Pounds in 1895, and to 0.2 million pounds in 1901 when the
:::‘mcfcial fishery was closed. Small commercial catches ina
smpcncd fishery from 1905 to 1917 indicated that white

T890n populations were still tow, and commercial fishing
ceasedin 1917,
““hspoq fishing for white sturgeon was legalized in 1954,

340 inch total length minimum size and a one fish per day
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California commercia) passenger-carvying fishing vessel (CFFV)
landings of sturgeon, 1970-19%0.

per person limit. Ln 1956, snagging for sturgeon was outlawed,
and the lcgal size minimum was raised to 50 inches through
1963. The small sport fishing catch increased dramatically in
1964 when the minimum sizc reverted to 40 inches and grass
shrimp were discovered to be cffective bait. By 1967, 2,258
sturgeon were landed by partyboat anglers. Possibly due 1o
reduced stocks of other estuarine and coastal manne species
such as striped bass, angling for white sturgeon hashecome very
popular. Although exact sport caich data are nol available, the
California Department of Fishand Game estimatcs that harvest
rate during the 1980°s was 40 percent greater than it was during
the previous two decades. In 1990, 272 inch maxinnim sizelimit
becanwlawmdﬂxenﬁrﬂmumsimwashmeasedbyminclmper
year until a new minimum size of 48 inches is reached (1993).

White sturgeon, Acipenser IransmonRtanis.

Status of Biclogical Knowledge

White sturgoon are generally found in cstuaries, and their
range extends along the Pacific Coast of North America from
Ensenada, Mexico, to the Gulf of Alaska. However, spawning
populations have been found only in large rivers from the
Sacramento-San Joagquin sysicm north, Indeed, most Califor-
nia while sturgeon arc found in the Suisun Bay-San Pablo Bay-
San Francisco Bay estuarine sysiem. Some white sturgeon
move into the Delta and lower Sacramento River during fall and
early winter. Some of these fish move up the Sacramenio River
10 ihe Colusa arca or into the Feather River for spawning. A
smaller number move up the San Joaquin River. The Klamath
River supporis the other California sub-population of white
sturgeon. A few fish have shown extensive movements along
the Pacific coast. Some tagged fish from San Pablo Bay have
been caught in Oregon and Washington.



California white sturgeon grow very rapidly. Young stur-
geoncan reach 7.5-12 inches fork length inone year. This rapid
growth slows somewhat and they reach 40 inches after six to
twelve years. Subsequently, they grow one to 2.5 inches per
year. Ages and growth rates of field-caught fish have been
determined frem the number and spacing of annuwlar rings,
visible in sections of first pectoral fin rays. Laboratory experi-
ments have shown that voung-of-thc-ycar white sturgeon
growth is affected by watcr temperature and dissolved oxygen
concentration. They grow significantlyfasterat 68°F than at 59°
F, but an increase to 77°F does not significantly increase growth
rate. When dissolved oxygen concentrations dropto 56 percent
of air saturation at any of thesc three temperatures, juvenile fish
show a significant decrease in growih rate, presumably due to
reduced food consumption. The white sturgeon’s rapid growth
rate has attracted the interest of some California aquacultirists,
who grow sturgeon in freshwater tanks which have consistently
moderate iemperatures and high dissobved oxyge s concentrations.

The largest sturgeon were caught before 1900 when size
records were vaguc. However, the largest of these fish was
probably more than 13 feet long and weighed more than 1,300
pounds, making white sturgeon the largest freshwater-inhabit-
ing fish in North America! This fish may have been 100 years
old. The largest white sturgeon captured in California waters
during the pasi 40 years (a 9.2 foot, 460 pound, 47 ycar-old
fermale) was inadvertently caught in a Sacramento River fish
frapin 1955 In a U.C. Davis study of white sturgeon during the
1980°s, many fish werecaught, measured, examined forsexand
stage of maturity, and released. Median male size was 3.6 feet
and median female size was 4.6 feet in San Francisco Bay.

Compared with most freshwater or anadromous fishes,
white sturgeon are quite old when they become sexually mature,
but they evidence impressive fecundity at this large size. Inthe
U.C. Davis study during the 1980°s, sexually mature males
were 3.6-6.0 feet long (10-15 years eld), whereas mature
females were generally 4.6-6.6 feet (12-20 years old) in San
Francisco Bay. However, high natural variability in the size at
sexual maturity was noled, especially among female white
sturgeon. For example, the smailest pre-spawning ferniale white
sturgeon weighed enly 25 pounds, whereasa 120 pound female
was caught which, from gonadal analysis, was determined to
have not yet spawned in her life! Preliminary studics indicate
that whitc sturgeon females probably do not spawn cvery year,
Several years may lapse between successive spawnings in an
individual fomale. In the study on San Francisoo Bay fish,
approximately 50 percent of the males captured were approach-
ing spawning condition for that year, compared with only about
15 percent of the caplured females. Fecundity scales with
femalc siz¢. Smailer females (under five feet) contain about
100,000 eggs, whercas the 9.2 -foot record female contained 4.7
million epgs!

Spawning occurs in the Sacramento River between mid-
March and early June when water temperatures are 30-75°C.
Little is known about spawning behavior, White sturgeon
spawn their cggs onto deep gravel riffles or rocky holes in the
wpper Sactamento and Feather Rivers. The fertilized eggs are
very adhesive and hatch aficr one or two weeks on the bottom.
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Larvae stay close to the bottom and are washed into the upper
reaches of the Sacramento-San Joaquin estuary. Young juvenile
sturgeon become increasingly tolerant of brackish water as they
grow and develop.

White sturgeon feed on a wide variety of bottom-dwelling,
estuarine animals. Sturgeon feed by suction with their ventral,
protrusible mouths. Dense aggregations of taste buds on their
four barbels presumably assist in identification of food on the
bottom. When their mouths are blocked by food, white sturgeon
can ventilate their gills by flushing water in via the dorsal pan
of the gill slit and out via the ventral part Young sturgeon (eight
inches} feed pnmarity on small crustaceans such as amphipods
and opossurm shrimp. Asthey develop, they take awider vanety
of benthic invertebrates, including various species of clams,
crabs, and shrimp. Larger sturgeons’ dicts include fish such as
herring, striped bass, anchovy, smelt, starvy flounder, salmon,
and trout. White sturgeon in San Francisco Bay porge them-
sehves on herring roe, when it is available during the winter.

Little is known about predators on white sturgeon. Srnaller
fish are undoubiedly taken by various fish and bird predators.
although the five lines of bony sartes along their bodics
probably make them less desirable prey than other estuarine
species. Anplersundoubledly mount the largest predatory effort
on the adul fish.

Status of Population

The nineteenth century history of white sturpgeon fishing in
California waters shows this species’ vulnerability to overfish-
ing. Delayed sexual maturity and infrequent spawning by the
females exacetbates this vulnerability compared to most bony
fishes. California Department of Fish and Game gillnef surveys
during the 1980°s in San Pablo Bay sherwed that angler hanvest
was high, and new size limits (including initiation of a first-cver
maximum size limit in 1990) reflect the Department’s manage-
ment conocrns. Their analysis of the supply-demand relation-
ship indicates that the “white sturgeon cannot sustain the
current 10 percent annuat harvest rate. "

Besides mortality associated with fishing, white sturgeon
populations are influenced very much by recruitment of young
fish. California Department of Fish and Game sunveys of young
and acult fish spanning the 1975-1986 period show that recruit-
ment of voung fish is directly proportional to freshwater outflow
through the Sacramento-San Joaquin estuary. Thus, recruitmentis
highest in years with high rainfali and runoff, although the
mechanism driving this phenomenon is not vet known.

Joseph J. Cech. Jr.
University of California
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STRIPED BASS

History of the Fishery

In 1879, 132 young striped bass (Morone saxatilis) from
the Navesink River, New Jersey were released into the Sacra-
mento-San Joaquin Estuary 21 Carquinez Strait A second plant
of 300 fish from (he Shrewsbury River, New Jersey followed in
1882, Shortly after these introductions, siriped bass experi-
cnoed a population explosion in the estuary. Commercial har-
vesting started in theearly 1880 °s and, by the turn of the century,
exceaded one million pounds annually. The greatest recorded
commiercial cateh, over two million pounds, occurred in 1903.
Subsequently, annual catches declined due to increased restric-
tions on the fishery.

In 1935 the commercial fishery for striped bass was closed,
although the stock was not depleted. The closure stemmed
largely from a social conflict between sport and commercial
fishing interests which culminated in the closure of the com-
merciat gill net fisheries for chinock salmon and American
shad in 1957. Thousands of striped bass which could not be
legally marketed were killed annually in nets fished for these two
spocies. Closure of the salmon and shad fisheries reduced fishing
mortality for striped bass, but the magnitude of the reduction
cannot be estimated because the precise extent of the incidental
harvest is unknwwn, Some illegal netting contimies today,

The striped bass sport fishery has become the most impor-
tant fishery in the Sacramento-San Joaquin Estuary and one of
the most important fisherics on the Pacific coast. From 1969 1o
1989 there has been a general decline in catch associated with a
decline in striped bass abundance. Over this period, the annunal
catch varied from about 403,000 fish in 1975 to 68,000 fish in
1989. During the early 1960's the annual catch of striped bass
was even larper, probably around 750,000 fish In 1985 an
economistestimaled the annual vatue of the siriped bass fishery
10 exceed 45 million dollars,

~ Striped bass angling occurs year-round, but fishing bocali-
ues vary seasonally in accordance with the stoped bass migra-
lory pattern. Tag recoveries indicate that many adults inhabit
salt water—San Pablo Bay, San Francisco Bay, and the Pacific
05‘;“"“"—m the summer. The proportion entering the ocean
varies fromyear to vear, These fish begin refuming o the delta
in the fail,

The distribation of fishing effort and catch has changed
ﬁ;"f‘?ﬂually‘over the vears, Before the late 1950’ there was
oh;’;eishmg in San Francisco Bay and the Pacific Ocean. Most

catch came from San Pablo and Suisun bays, the delta,
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and rivers upstream. From the latc 1950’s to early 1980's,
however, postspawning striped bass gencrally migrated farther
downstream and stayed there longer. Thus, fishing improvedin
San Francisco Bay and the Pacific Ocean and declined in the
delta. Also, the use of the Sacramento River as a spawning area
appeared to have incrcased, improving fishing there in the
spring. Now the migrations have shifted upstream again with
Suisun Bay and the delta providing the bulk of the catch in the
1980’s. While significant environunental changes have oc-
curred, data are insufficient to develop conclusions regarding
causes of these changes in striped bass migrations.
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California commercial passenger-carying fishing vessel (CPFV)
landings of striped bass, 1970-1990.
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Based on tag veturns from 1969-1979, privaie boat anglers
acoounted for an average of about 65 percent, shore anglers for
21 percent, and commercial passenger fishing vessels for 14
percent of the annual striped bass catch. During creel checks
over this same period, predominantly in the bay area, the
average length of censused fish ranged from about 23 inches v
1979 to 28 inches in 1977, Average catch per hour ranged from
about 0.1t0 0.3 fish.

Striped bass are generally caught by bait fishing or trolling,
although under some conditions fly fishing or casting plugs or
jigs is effective. Common dead baits include threadfin shad,
anchovics, cut sardines, staghom sculpins (bullhcads), gobies
(mudsackers), shrimp, blood worms, and pile worms. Drift
fishing with live anchovies or shiner perch is pepular in San
Francisco Bay and the Pacific ocean, and live golden shiner
minnows sometimes are used in the Delia. Trolling methods are
specialized. Many types of plugs, jigs, and spoons are used in
trolling, frequently in double combinations.

Present fishing regulations include an 18-inch minimur
length and a daily bag limit of two fish. From 1956 t0 1981, the
minimum length was 16 inches and the bag limit was three fish.
Prior to 1956, regulations were more liberal. A 12-inch mini-
mum length and five-fish bag limit generally was in effect.

Exploitation rates have been estimated almost annually
since 1958. They have varied from nine percent (1989) to 28
percent (1963 ) except for an unusually high 37 percentin 1958.
Exploitation in the Sacrarnento-San Joaquin Estuary is lower



tham for Atlantic coast stocks which are fished commercially
and have becn exploitod at rates as highas 50to 70 percent of the
population annually.

While the primary California population of siriped bass is
located in the Sacramento-San Joaquin Estuary, striped bass
also have been introduced into many other arcas including the
lower Colorado River, several reservoirs, and the Pacific Ocean
insouthern California. Conditions are generally not suitable for
siriped bass spawning in the reservoirs or in marine waters off
southern California, and so those fisheries usually depend o
maintenance stocking from hatcheries. However, at least two
tescrvoir populations, Millerton and New Hogan, do reproduce
successfully A striped bass fishery also has devcloped im
reservoirs which arc pant of the State Watcr Project (SWP) and
the federal Central Valley Project (CVP), such as San Luis
Reservoir, O’ Neill Forebay, and Pyramid and Silverwood Jakes.
These reservoirs are unintentionally stocked by young bass
contained in water diveried from the Sacramento-San Joaquin
Delta, and their fisheries have tended to decling in response to
the decline of the Sacramento-San Joaquin population.

Stiped bass, Morone saxatilis.

Status of Biological Knowledge

Adult Striped Bass Abundance. The decline of the striped
bass fishery in the Sacramento-San Joaquin Estuary between
the early 1960's and the present is a direct result of a substantial
decline in the striped bass population. The California Depart-
ment of Fish and Game (CDFG) has measured adult (larger
than 16 inches, about 3 years old) striped bass abundance with
mark-recapture {tagging) population cstimates since §969.

According to the estimates, the striped bass population
ranged from about 1.4 to 1.8 million acultsbetween 1969, when
the estitnates began, and 1976. Subsequently, abundance has
declined teless than one mitlion adults. A combination of much
greater catches by the fishery and tag returns suggest that the
striped bass population had about three million adults in the
early 1960's. The reduction in the adult stock is principaity due
to Teduced recruitment of young fish.

Spawning and Early Nursery Period. Striped bass begin
spawning in the spring when the watcr temperature reaches 60°
F. Most spawning occurs between 61° and 69° F, and the
spawning period usually cxtends from April to mid-Jure. They
spawn in fresh water where there is moderate to swifi current.
The section of the San Joaquin River between the Antioch
bridge and the mouth of the Middle River, together with the
other channels in the area, is one very imporiant spawning

73

ground. Another is the Sacramento River from Sacramento to
Colusa. About one-halfio two-thirds of the eggs are spawned in
the Sacramenio River and the remainder in the San Joaquin
River system. Female striped bass usually spawn for the first
time in their fifth year when they are 22 10 25 incheslong. Many
males mature whentwoycarsold and ondy about 11 incheslong.
Most males are mature al age three.

Stripers are very prolific. A five-pound, five-year-old
female may spawn as many as 250,000 eggs in one season, and
a 12- pound, eight-year-old fish is capable of producing over 8
million eggs. Some striped bass live for more than 20 years.
these fish may exceed 50 pounds in weight and spawn several
million eggs. Because of this great reproductive potenitial,
striped bass were able 1o establish a large populavon within a
few years afier their introduction in Caitfornia.

Striped bass typically spawn in schools at night during
periods of wanm weather when water lermperalurcs rise. On
Tune 9, 1967, CDFG biclogists observed several thousand
striped bass at the surface along the bank of the Sacramento
River above Knights Landing. Small groups of from three to six
bass were observed splashing and churning in the main current
of the river in the act of spawning, At times, five or more groups
of bass were observed spawning af one time. Usually a large
femalc, was accompanied by scveral smaller malcs.

During the spawning act, cggs and milt are released into
the water. The milt contains microscopic sperm celis which
penetrate the eggs and cause them to begin to develop. While
the eggs are still in the female they are only about .04 inch in
diarneter, but upon their release they absorb water and increase
to about 0.13 inch in diameter. At this time they ar so
transparent that they are virally invisible.

Striped bass eggs arc only slightly heavier than water; soa
moderate current will suspend them while they develop. With-
out any water movement they sink to the bottom and die. The
larval bass hatch in about two days, alihough the length of time
depends upon the temperature. Development is faster when the
water is warmer.

The newly hatched bass continue their development while
being carried along in the water. At first, the larval bass subsist
on their yolk, but in about a week they start feeding on tiny
crustaceans which arejust visible tothe naked eve. Aficr scveral
weeks, they beginfeeding on opossum shrimp. Atthis time they
generally inhabit the delta and Suisun Bay. By late July or
August the young bass are about two inches long,

Young Striped Bass Abundance. Reduced juvenile produc-
tion is the principal cause of the adult striped bass populaton
decline. Since 1939, the CDFG has sampled young-of-the-year
striped bass each summer (except 1966). Ancxtensive survey is
conducted every second week from late June o 1ate July or carty
August throughout the nursery habitat. The fish are measured
and, when their mean fork length reaches 1.5 inches. avoung-
ofthe-year index is calculated on the basis of cateh per net tow and
the volurme of water in the areas where the fish are @ught.

Young-of-the-vear striped hass abundance has suffered an
erratic but persistent decline from high index levels sometimes
exceeding 100 in the mid-F9607s to the all time low of only 4.3
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in 1990. From 1959 to 1976, average abundance of young
striped bass was morc than three times sub_wquem levels.

Substantial effort has gone into evaluating factors control-
ling Young striped bas production. Initially (1959-1970),

fluctuations in young bass abundance could be ¢x-
plained by 8 simple model based on deita freshwater outflow
which indicated that young bass production was much greater
inyearswi‘h high spring-carly summer flowsthan inyears with
low flows. The mechanism causing the most abundant year
classes to occur under high flow conditions was unlmown.
However, one potential explanation was that when flows were
high, a lower peroentage of the flow 10 the delia was diverted by
the combination of major water projects (CVP and SWP) and
local Delta agriculture. Hence, under those conditions, fewer
young bass would be entrained in diverted water and removed
from the estuary. Other potential explanations for the greater
abundanceinhigh flowyearsincluded: 1)expansion ofthe nursery
area resulting in greater habitat availability and less competition,
2) higher food production, 3) dilution of toxicity, and 4) reduction
in predation losses due 1o more turbid conditions.

In the carly 19705, production of young bass began to fall
pelow Lhe levels expected based on the initial models, and this
decline was most acute in the delta portion of their nursery.
During this pericd the SWP and CVP substantially increased
their water export from the delta, resulting in greater diversion
rates being associated with any particular flow. Minimum
estimates of losses, which do not include fish smaller than 0.8
inches, in these water exports were approximately 1-30 mil-
lion young striped bass annually. Maximum logs cstimates
approached or excecded 100 million young bass in some years,
Contrasting these losses with estimates of abundance at the 1.5
inch stage of about 15-30 million fish indicates that sigrificant
population impacts could be expecied. Potential effects were
taken into account by developing 2 new model which consid-
cred the delta and Suisun Bay separalely and included both
outflow and diversion terms in the delta portion of the model,
This model yielded reasonable predictions of young bass abun-
dance from 1959 to 1976 and provided additional evidenoe that
losses of young fish to diversions were an important factor
regulating striped bass abundance.

However, since 1977, the abundance of young striped bass
has been considerably lower than predicted by the 1959-1976
model. Biologists evaluating this decline initially focused on
four poiential explanations: 1)the smalleradultbass population
produced fewer eggs; 2) production of food for voung striped
bass has been reduced due to changes in abundance and species
composition of the zooplankion which have occurred from
unintentional introduction of exotic zooplankton by ship ballast
discharges and possibly partly from unexplained changesin the
phytoplankton; 3) large numbers of striped bass eggsand young
Were removed from the estuary with water diverted for agnicul-
ture, PO\'\'ET plant cooling, and other uses, and 4) point and
NOnpoing discharges of toxicants may cause mortality of adults,
feduce their ability to reproduce, of reduce the survival of their
eggs and young,

An important distinction between these explanations is

that IncTeased losses of voung fish to starvation, diversion, and
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toxicity would cause the survival rate to decrease, whereas the
reduced egg supply concept does not require a decrease in
survival rate—fewer eggs alone would yield fewer fish.

Statistical testing provided no evidence that survival rates
differed significantly before and after 1977, although survival
varied annually during both periods. Furthermore, the egg
supply and young striped bass abundance have declined simi-
larly since 1977. Averages compared for 1969-1976 with 1977-
1990 indicate young striped bass abundance has declined 67
percent while the egg supply has declined 60 percent. Thus, in
the opinion of CDFG biologists, the decline in the spawning
stock and egg production isthe proximate cause of the decline
in young striped bass abundance. The root of the problem,
however, mlates to the causc of the initial decline in the
spawning stock. A meent cvaluation showed that the stock
decline lagged the high water exports and associated losses of
young fish in the early 1970°s by the five- to eight-year interval
appropriaie for those losses to have substantially reduced egg
production starting in the late 1970’s,

Fishery Restoration. The CDFG is committed to stabiliz-
ing, restoring, and then improving the striped bass fishery of the
Sacramento-San Joaquin Estuary, with the objective of restor-
ing a self-sustaining striped bass population of more than three
million adult fish. Specific actions have included the develop-
ment of a restoration and management plan which defines the
following problems detrimental to striped bass: delta water
diversions, reduced delta outflows, lower San Joaquin River
flows, water pollution, dredging and spoil disposal, bay-fill
projects, illegal take, diseases and parasitcs, an annual spring-
summer die-of, by-catch inthe commercial bay shrimp fishery,
and accidental introductions of exotic aqualic organisms
through the discharge of ship ballast waters.

Other actions by the CDFG include: 1) testifying about
water management impacts on striped bass at State Water
Resources Control Board (SWRCB) hearings which will set
new water quality, low, and water diversion standards for the
Sacramento-San Joaquin Estuary; 2y negotiating for mitigation
from the Pacific Gas and Electric Company for losses caused by
power plant operations and for mitigation from the California
Department of Water Resources (DWR) and U.S. Burcau of
Reclamation (USBR); 3) increasing study effort to improve
understanding of processes controlling striped bass aburndlance
with study funding coming from several sources including the
DWR, USBR, SWRCB, Federal Aid to Sport Fish Restoration
funds, and sales of striped bass stamps required of all striped
bass anglers; and 4) annuat stocking of scveral million striped
bass which have been raised in the CDFG's own hatchery or
purchased from private aquaculturists as the result of negoti-
ated mitigation requirements or with striped bass stamp funds.

The extent to which the wild striped bass population of the
Sacramento-San Joaquin Estuary is eventually restored de-
pends ultimately on the degres to which five critical things
happen: 1} how well the CDFG does its job of describing and
justifving what needs to be dong; 2) how well watcr develop-
ment agencies, water-uscr groups, and other parties all work
together tasobve problems, 3) how well local, State, and Federal
regulatory agencies establish controls and regulations to benefit



aquatic life; 4) how well the public, including angler and
envirgnmental groups, comumunicates ils inlerests toall parties;
and 5) how well the Legislature is able to develop legislation
and other aids to promote fishery restoration.

Donald E. Stevens
California Department of Fish and Game
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SMELT

TRUE SMELTS

General

True smelts (Osmeridac) are a family of small fishes highly
prized for their delicate flavor. The 12 species in the family arc
charactenistic of cold coastal, estuaring, and fresh waters of the
northern hemispherz where they support both commercial and
sport fisheries. They are also important forage fish for marine
mammals and birds, as well as for predatory fishes such as
salmon and cod. Seven of the 12 species occur in California:
whitebait smelt, Allosmerus elongatus, found from San Fran-
cisco Bay northward; surf smelt, Hypomesus prefiosus, com-
monly known as day smelt, found along most of California’s
coast but spawning only from Santa Cruz northward; delta
smelt, Hypomesus transpacificus, found only in the upper
portions of the Sacramento-San Joaquin estuary, wagasaki,
Fypomesus nipponensis, a Japanese freshwater species intro-
duced inte California rescrvoirs; night smelt, Spirinchus
stariesi, found from Pr. Arguello, northward; longfin smelt,
Spirinchus thaleichthys, an estuarine species found mainly in
the Sacramento- San Joaquin estuary and Humboldt Bay; and
eulachon, Thaleichthys pocificus. an anadromous specics
found mainly in the Klamath River.
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The six native smelts have all supported commercial
fisheries in the past but probably only surf and night smcits
coniribute significantly to fisheries today. The combined fisher-
ies are quite large and fairly stable, with a catch of about 0.5 to
1.3 million pounds per year (1970-1921). In 1989, forexample,
almost 750,000 pounds of smelt were landed, with a value of
over §180,000. In addition, there is a large, but largety unse-
ported, sport fishery for surf smelt and night smelt, as wellas a
bait fishety. In contrast, populations of delta snedt, Iongfin smel,
and enlachon have dropped to poing in California where they may
merit designation as enudangered or threatened species.
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California commercial landings of ali smelt, 1970-1991.

Unfortunately, most catch records for smelt have lumped
species together, so tell little about the relative importance of
each species in the fisheries. The records of the California
Department of Fish and Game for 1916-1969 are for "smeli”
and "whitgbait smelt" Their "smelt” includes not only surf
smelt but jacksmelt, topsmelt, and grunien, all three of which
are not smelt ai all bat silversides (atherinids). After 1969, the
sitverside catch was removed from the "smelt” statistics and
supposedly all smelt except whitebait and night smelt were
lumped into the catcgory "true smeit.” The whitehait smelt
category is supposed to include both whitebait smelt and, yntit
1977, night smeit. However, it is unfikely that whatebail smelt
are, in fact, harvested in amy nurnbers. Furthermore, "whitebait
smelt” is usually the only smelt category available 1o fish
processors who fill out the required CDFG "pink slips” on
which catch is recorded. Thercfore, it is quite likely that
"whitebait smelt” in the fisheries statistics includes all species
of smelt harvesied (but mainly surf and night smelt) The
distinctionbetween “whitebait™ and "true” smiclt in the statistics
seems tobe meaningless, and so only the total smelt catch simce
1969 is presented here.

WHITEBAIT SMELT

History of the Fishery

Although about half the commercial smeh catch is called
whitebait smelt, the specics itself is apparently uncommaon
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Mhomnsmngeomnl}’lowlyabundamand so it probably
infrequendy taken in the fishery.

Status of Biclogical Knowledge

Onc indication of the uncommonness of whitebait smelt is
that comparatively little is known about its biology. Like other
smelt, they Jive in 1arge schools and are voracious feeders on
zooplankton. They tend to faver productive inshore areas and
bays, where they are presumably prey of many other fishes as
well as seabirds and mammals. They live onie to three years and
reach lengths of seven inches. Spawning takes place in sandy,

sublidal areas.

Status of Population
mwwﬁmbemﬂyabudammmcntmme
ﬁslww.}mw,whavcmideaifithasbecnnmd)unchmin
t}cpaslorifilsp(p\ﬂaﬁommaable or not. Smelt catches shaltbe
paiodimllycxamimdfurmcpmsamoﬁhisspeds,

SURF SMELY

History of the Fishery

The fact that surf smelt spawn on selected beaches at
predictable times of the day and year has made them a favorite
sport fish. The standard A-frame dip net used to catchthe smelt
is a based on one uscd by Native Americans in the aboriginal
fishery. It consists of a three- to four-foot long triangle of netting
with poles on two sides and bag at the apex, 1nto which fish can
be flipped by tilting the net upwards. Beach seines ("jump nets™)
up to 20 fect long (with mesh sizes of at least 778 inch) are also
legal in the sport fishery, as are cast nets. In 1991, the sport catch
Timit for smelt was 25 pounds per day, a regulation that hasbeen
in place for many years. The commercial fishery uses stmilar
techniques to the sport fishery but also catches smelt in purse
seines on occasion. This species is probably the dominant
species in the commercial smelt catch as well as 1n the sport
ctch. Unfortunately, there are no reliable records of the sport
calch {it wasestimated as 400,000 pounds, roughly four million
fish, in 1958) and the commercial statistics arc hopelessly
mixed with those of other smelk species. It is likely, however,
that the commercial and sport catches combined average about
400,000 10 600,000 pounds per year. Surf smelt (and night
smelt) are sold fresh in the coastal markets or sold to public
aquarnia 1o feed fish and marine mammals.

Status of Biological Knowledge

~ Surfsmeltare the most widely distributed smelt in Califor-
nia bui_ are only common north of San Francisco Bay. They are
E’:Wlmg plankton-feeding fish that can reach 10 inches in
gth, making them the Largest smelt in California. Females
xﬁny grow the ht_gest and Iive the Tongest (up to five years),
Mturemhlae\iamw live Tonger than threc years. Fernales are
’ VET, 1N one 1o two years, producing 1,300-37,000

eges. In California, most spawning oceurs in June through

FISH RESQURCES

76

September, in the surf zone of beaches, especially during
periods of hightides. The spawning smelt congregatein the surf
during the day, usually while the ude is falling. The biggest
congregations oocur when hightideisinthe 1ate afterncon. The
fertilized eggs adhere to sand and pebbles. The most favored
spawning beachies are those madc up largely of coarse sand and
pea-sized gravel, with some freshwater seepage. During peri-
ods of heavy spawning, some beaches are litcrally coated with
eggs. The eggs haich in two to three weeks. Littie is known
about their larval life or ofthe habitsof juvenile and adults in the
occan environment. They presumably spend their lives in
waters close 1o shore, however, as smelt are 2 common bycatch
in the shrimp fishery.

B G

Surf selt, Hypomesus preiiosus.

Status of Population

While the fishery for surf smelt (and for night smelt) seems
to be siable, the fishery is in fact poorly regulated and moni-
1ored. Given their short life cycle, excessive fishing could cause
smelt populations to plummet in just two or three years. Heavy
recreational use of the beaches may also compact gravels and
crush recently spawnedeggs. It is also possible that the develop-
ing eggs may depend on water percolating through the gravels
from above, s0 alierations of inflowing streams ot 1agoons may
affect the suitability of the spawning habitat for egg survival.

DELTA SMELT

History of the Fishery

Inthe nineteenth century, Delta smelt and longfin smch were
the obiect of a commercial fishery that supplied markets in San
Francisco. Much of the market seems to havebeen fordried fish for
the Chinese community and most of the fishermen were Chinese.

Status of Biclogical Knowledge

Delta smelt are unusual in that they are endemic to the
Sacramento-San Joaquin ¢stuary, with one of the most limited
distributions of any fish species. The species was fairly abun-
dant in the estuary until its population coliapsed in the 1989's.
Although a number of factors probably contributed to the
decline of the smelt population, the singlc most important factor
saemns §0 have been an increase in the amount of fresh water



being diverted from the upper estuary (the Delta) in the spring,
when the smelt are spawning. This not only diverted larval
smelt out of the estuary but reduced the amount of habitat
available for larval rearing.

Delia smelt arc small, rarely exceeding three inches i
tength and rarcly living longer than one year. They feed
primarily on copepods and live primarily upstream of the
estuarine mixing zone, in salinitics of less than 10 parts per
thousand. In winter they gradually move upstream 10 Spawning
areas in the freshwater portions of the estuary, where they
spawn mainly in March and April. Each female produces
1,400-2 800 eggs.

Status of Population

After the fishery was abandoned, delta smelt were largely
ignored until it was realized that the species was becoming so
scarce that it was a potential candidate for listing as an
endangered species. It has been recommended for listing as a
threatened species by the US Fish and Wildlife Servicein 1991
The short life history and low fecundity make Delia smcit
exceptionaily vulnerable to changes in the estuary and contrib-
e o its precarious status.

NIGHT SMELT

History of the Fishery

Night smclt are also taken in numbers, both inthe cormumer-
cial and sport fisherics, in much the same ways as surf smelt.
Because of smaller size and noctumal habits, they are pre-
sumably taken in lesser numbers than surf smelt, but the
statistics are uncertain, Like surf smelt, night smelt are caught
maindy with A-frame dip nets, Most arc caught in area around
Fureka, which accounts for about 70 percent of all commercial
smelt landings. The smelt are either sold for consumption as
fresh fish or shipped to oceanaria for consurmption by fish, birds,
and mammais.

Status of Biotogical Knowledge

Like surf smelt, night smelt are schooling, plankton-
feeding fish that are important prey for other fishes as well as
marine mammats and birds. They rarely exceed six inches in
length or three years in age.

Spawning has been recorded from January through Sep-
tember on the same beaches as those used by surf smelt. Much
of the spawning takes placc carlier in the season than the
spawning of surf smelt; 5o it is likely that most of the smelt catch
pefore June is night smelt, with surf smelt the predominant
species in the summer. However, both species have been
observed wsing the same beaches on the same day, with night
smelt spawning at night and sarf smelt spawning during the
day, Peaks of spawning occur between dusk and midmght on
outgoing tides, although night smelt spawning scems much jess
tied to tidal height than is the spawning of surf smelt. A
distinguishing feature of night smelt spawning aggregations 1s
the prevalence of males close to shore (and in the shore fishery).
The male tofemale ratio carly in the season is eight-to-one, but
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by the end of the season it is nearly 100-t0-ome. The ratio is close
to one to one in offshore catches of smelt. Females apparently
spawnrepeatedlydminglhemson,dashingintorelase their
eggs among crowds of cager males. The fertilized eggs stick to
the gravel and hatch in about two weeks.

LONGFIN SMELT

History of the Fishery

Lhngﬁn smelt were once harvested along with Delta smelt
in the Chinese fishery but were subsequently ignored

Status of Bioogical Knowledge

Longfin smelt are primarily an estuarine species and scem
1o have two main populations in California, one the Sacra-
mento-San Joaquin estuary (including San Francisco Bay) and
one in Humboldt Bay. The southem population was once
recognized as a distinct species (Sacramento smell) and may
still deserve recognition as such Little is known about the
Humboldt Bay population, but it appears 10 be small.

The Sacramento-San Joaquin population iswidely distb-
uted in brackish parts of the cstuary, where juveniles feed on
copepods and adults feed on mysid shrimp. Longfin smcil live
up to three years and reach lengths of six inches, but most
spawning adulis are around four inches. Spawning takes place
in the freshwater portions of the estuary from February through
April and the larvac apparenily concentrate in the mixing zone.
The abundance of longfin smelt, like that of striped bass, is
strongly tied to the amount of freshwater outflow flowing
through the estuary in the spring.

Status of Population

In receni years, numbers of longfin smell have declined
alarmingly and they have become rather scarce. Their decline is
associated with that of othey species with strong ties tofreshwater
outflows; so it is most likely caused by the increase in diversions of
freshwater from the estuary during the same period

EULACHON

History of the Fishery

Eulachon is also known as candicfish, because they are so
oily that Native Americans once dried them to burn like
candles. They arc highty prized as afood fish, being considered
one of the tastiest of the smelis. Until the mid 1970%s or 50,
eulachon supported a fairty consistent river sport dipret fishery,
as well as a dipnet fishery by Native Americans. The commer-
cial catch in California has apparently never been large (al-
though statistics are lacking) bul eulachon are imporiant
commercially in British Columbia.

Status of Biological Knowledge

In California. they are found along the coast as far south as
Monierey Bay and seem to prefer the outer continental sheif,
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wherethey school at depthsof 150-750 feet. They reach a length
of uptofour inchesoad diet of zooplankton, and reach matunity
in two to three years. They canbe important food for predatory
marine animals, including salmon and sturgeon, especially
mmminmbaysonﬂueirmym spawn in fresh water.
The principal spawning run in California is in the Klamath
mbmmn;havcalsobeenmrdcdfromlthadRivaand
Redwood Creck to the south. They spawn in gravelly riffles
cmmﬁcmmmﬂhmdym\dingnmumsixmn
miles. Most culachon dicafler spawning, buta few apparently live
mmamﬂ&m.&chfermlclaysabmtzsmﬂeggswhich
,ﬁd‘mwgmdmmhinmto!hmem.

Status of Population

In recent years, eulachon numbers seem to have declined
drastically; so they are now rare or absent from the Mad River
and Redwood Creek and scarce in the Klamath River. However,
the eulachon and its fishery have been largely ignored in the past,
and so we do not known if the fish are ata low point in a natural
population cycke or if they have been reduced by tuman related
factors. The evlachon populations in California need investiga-
tion tp see if the fishery for this fascinating fish can be restored.

Discussion

California smelt provide examples at two ends of the
spectrum of California fisheries, At one end arc the surf smelt
and night smelt, which together support a fairly constant sport
and commercial fishery, The fishery is one of the largest in
California in terms of numbers and pounds of fish caught,
although its value is relatively low. It is also one about which
surprisingly littke is known and could conceivably decline or
coltapse from a combination of overexploitation and alicrations
o the 19-20 principal spawning beaches, which are receiving
increasingly heavy recreational use. At the other end of the
fisheries spectrum are eulachon, longfin smelt, and Delta smelt,
all specics which once supported fisherics but that are now in
such low numbers they may qualify for endangered species
status, These three species require fresh water for spawning and
their declines are probably all related to alterations of the
spawning and rearing habitats. It is clcar that we need to know
much more about all of California’s smelt, so that they can be
managed for fisheries of the future and 1o maintin their
umportant roles in coastal and estuarine food webs.

Peter B. Moyle
University of Catifornia
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SILVERSIDES

There are three species of silversides (family Atherinidae)
in California occan waters, the grunion (Lewresthes tenuis), the
topsmelt (A#herinops affinis), and the jacksmelt (Atherinopsis
californiensis). Information on grunion is presented in a separaic
section. Even though“smelt” is included in the common namesof
these species, siversides differ in part from true smelts (family
Osmeridae) in having two dorsal fins (one with spines), while the
true smelts have one dorsal fin and an adipose fin near the tail.

History of the Fishery

Silversides are marketed fresh for consumption or bait
The commercial fishery for silversides has been conducted with
gill nets, lampara nets, and round haul nets. Historically, set
lines have been used in San Francisco Bay for jacksmelt, and
duringthe 1920 sbeach nets, pulledashore by horses, wereused
at Newport Beach. Commercial catches of jacksmelt have
varied sharply over the past 70 years. The high year for ths
fishery was 1945, when over two million pounds were taken.
During the 1980’s, the catch varied between £8,770 pounds in
1982 to 4,902 pounds in 1986, with most of the caich being
landed in the Los Angeles area. This is an occasional or
incidental fishery, and fluctuations obscrved in catch records
reflect demand, not true abundance. Principal commercial
fishing areas are usually in harbors and bays such as San Pedro,
Monterey, San Francisco, Tomaies, and Humboldt. Conumer-
cial catches of topsmelt are not as large as thosc of jacksmelt
because of the smaller size and more scattered distribution of
topsmelt, There are no commercial or sport bag and possession
limits on these two Specics.

ur
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California commexcial landings of jacksmedt and topsmelt, 1976-199%.

Jackemelt and topsmelt make up a significant portion of
the pier and shore catch throughout California, and private boas
anglers fishing ncar shore caich them occasionally. During
1958 to 196} these two species comprised about 10 percent of
the total hook-and-tine sport catch by numbers (272,000 jacks-
melt and 43 000 wosmelt} in central and northers California.
These are among the most abundant fishes available to pier and



shore anglers and represent a very important recreational
fishery, espeaally for children. When taken with light fishing
gear, they are easy (o calch and excellent fighters.

Tacksmelt are caught by a variety of sport fishing methods.
Asinng of half- a-dozen bright red artificial flies or smalt hooks
baited with shrimp or squid is the most successful terminal
tackle used by pier anglers. Single baited hooks are also used
from piers and by shore and skiff anglers. The larger jacksmelt
isquitea game fish and will take a small spinner or lure cast out
and retrieved with a series of quick jerks. Young jacksmelt and
topsmelt are quickly attracted with bread crumb chum thrown
into the water. A rapid feeding activity takes place, making it
easier to catch fish attracted to the chum.

Topsmelt, Atherinops affinis.

Status of Biological Knowledge

Topsmelt range from the Straits of Juan de Fuca, British
Columbia, to the Gulf of California. They attaina totaflength of
14.5 inches, but individuals in sport catches are usually six to
eight inches in length. There are seven subspecies of topsmelt,
three of which are in California. These numerous subspecies
demonstrate varied behavior and reflect the different environ-
ments occupied by this species: kelp beds, harbor areas, and
sandy beach arcas. They usually form loose schools but will
vengregate when feeding.

Topsmeit grow about 2.5 to four inches the first year, gain
anather two inches the next vear, and grow proportionally less
cach year untl they reach maximum size of about 14 inches.
The largest topsmelt that hasbeen aged was seven oreight years
oid Some topsmelt spawn by their second year but most reach
maturity during their third year. The spawning period is from
May t0 July. This specics attaches itscggs in a masson eglgrass
and low growing algae in harbors and bays, and possibly on
kelp. The egg mass from each female is intertwined to the
substrate by fine string-like filaments attached to each egg.

The food of topsmelt consists primarily of plankton species
including crustaceans. Intertidal inhabitants eat algae and fty
tarvae, as well as crustaceans. Bay forms have been observed
working along muddy bottoms for food items. Topsmelt have
the ability to withstand high salinity concentrations. They have
been known to live in salt ponds with salinities as great as 1.5
times that of open ocean water.

Topsmeltare a very important specicsin bay and nearshore
ecosystems in southern California. Collections of fishes by
beach seine in bays are almost always numericatly predominat-
ed by young topsmelt. Young-of-the-year topsmell were found
tacontribute RS percent of the total annual fish production inthe
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shallow water areas of upper Newport Bay. Topsmelt have been
shown to be the most ubiquitous and numencally abundant fish
specics in submarine meadows of surfgrass on the open coast.
They are one of the five primary species brought 10 thebreeding
colonies of the least tern, an endangered seabird.

Jacksmelt form dense and larger schools than topsmelt and
range over much of the inshore area of California. The geo-
graphic range isfrom YaquinaBay, Oregon to Sania Maria Bay,
Baja California. This species atiains a length of 22 inches, with
17-inch fish commonly taken Jacksmeit are relatively fast
growing, reaching 4.5 to five inches in the first vear and up to
cight inches during the second year. The oldest aged jacksmelt,
a 16-inch male, was 11 years old. The spawning szason is
during winter from October to April. Large masses of eggs,
about the size of small BB'’s, are attached toeel grass and algac
by means of long filaments. Pinkish egg masses have been
observed along with herring eges during winter months in
Elkhorn Slough

The larvae and young are distributed near the surface in
harbaors, along sandy beaches, and in the kelp canopy. Their
food habits are not well known, but it can be assumed that fish
as fast as jacksmelt, that readily take a moving lure, arc
predatory aramals. Small fish as well as crustaceans make up
part of their dict.

The species is not desired by some sport anglers because of
the presence of refatively large sized worms in the flesh. These
are an intermediate stage of 2 spiny-head worm that is thought
tobe a parasite in sharks and pelicans. It probably is harmless to
man, and definitely is harmless when the flesh is cooked.

Status of Population

Stock sizes of these two species have not been determined.
At present, there are no indications that topsmelt or jacksmelt
are being overfished in California. However, as these species
occur in inshore walers, they are apt tobe affected try pollutants
and loss of habitat through development.

Paul A Gregory
California Depanment of Fish and Game
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GRUNION

History of the Fishery

The commercial use of grunion (Leuresthes fenuisy isvery
timited, this species forming a minor portion of the commercial
»smelt” catch. Grunion are taken incidentally in bait nets and
other round hayl nets, and limited quantities are used as live
tait. In recent years, no commercial landings have been re-
ported. Howevet, since grunion usually are taken with other
emall fish and are not separated out, catch records would not
show any iandings.

The grunion's principal value is as the object of 2 unique
recreational fishery. These fish are famous for their spawning
habits, which are so remarkable as to arouse an "1 don’t believe
it* response from a person hearing about them for the firsttime,
They are subjects of widespread popular intercst, bringing
thousands of people tobeaches during night high tidesin spring
and summer months 1o catch the fish or just to observe them
Grunion hunting has become one of the famous sports of
southern California. As the fish leave the water to deposit their
eges. they may be picked up while they are briefly stranded.
Racing for fish spotted far down the beach and clutching for the
small bits of slippery, wriggling energy provide an ¢xhilarating
time for yomg and old alike. The attraction provided by
grunion can only be realized when one sees the numbers of
people tining the more popular beaches in the Los Angeles area
on the night of a predicted run. Offen there seem to be more
people than fish, but at other times everyone catches fish.

Status of Biological Knowiedge

Grunion are members of the silversides family,
Atherinidae, along with the jacksmelt and topsmelt. They nor-
mally oceur from Poind Conception, California, to Point Abreojos,
Haja California. They are found more rarety from Monterey Bay
on the north to San Juanico Bay, Baja California, on the south,
They inhabit the nearshore waters from the surf to & depth of 60
feet. Marking experiments indicate that they arc nonmigratory.

‘ Grunion spawn at night on the beach, from two to six
l'l_lghls after the full and new moon, beginning a linle after high
tde and continuing for scveral hours. As a wave breaks on the
beach, the grunion swim as far up the siope as possible. The
fcma_llc arches her body, keeping her head up, and excavates the
semifluid sand with her tail. As her tail sinks, the female twists
het body and digs tail first until she is buried up to her pectoral
fins, After the female is in the nest, up to ¢ight males atiempt (o
mate with her by curving around the fersale and releasing their
milt as she deposits her eggs about four inches below the
surface. Afier spawning, the males immediately retreat toward
the ocean. The milt flows down the fomale's body until it
reaches the eggs and fertilizes them. The female twists free and
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returns to the sea with the next wave. The whole event can
happen in 30 seconds, but some fish remain on the beach for
stveral minutes.

Spawning may continue from Marchthrough Avgust, with
possibly an occasional extension into February and September.
However, peak spawning is from lateMarch throughearly June.
Once mature, an individual may spawn during successive
spawning perids at about 15-day intervals. Most females
spawn abowt six times during the scason. Counts of maturing
ovato be Laid atone spawning ranged from about 1,600 to about
3,600, with the larger females producing more eggs.

The eggs incubate a few inches deep in the sand above the
level of subsequent waves. They are not immcrsed in sea waier,
but are kept moist by the residual water in the sand. While
incubating, they are subject to predation by shore birds and
sand-dwelling invertebrates, Under normal conditions, they do
not have an opportunity to hatch until the next tide series high
enough to reach themy, in 10 or moredays. Most of the eggs will
hatch in 10 days if provided with the sca water and agitation of
the rising surf, which probably triggers the releaseof a hatching
enzyme that softens the covering of the egg. One can witness the
spectacle of grunion eggs hatching. If you gather a cluster of
eggs afier a grunion nun, keep them in a loosely covered
container of damp sand ina cool spot. Afier 10 to 15 days, place
some in a jar of sea water shaken briefly, and they will hatch
before your eyes in a few minuics,

Grunion reach an average total length of five to six inches
with a maximum of about seven inches. Average body lengths
for males and females respectively are 4.5 and 5.0 inches at the
end of one year, 5.5 and 5.8 inches at the end of two years, and
$.9 106.3 inches at the end of three years, Grunion mature and
spawnat the end of the first year. Afier this, growth slows andtheir
numbers decline rapidly. Only a few reach four years of age.

Grunion food habits are not known. They have noteeth, so
they are presumed to feed on very small organisms. Man, larger
fish, and other animals prcy wpon grunion. An isopod, two
species of flies, sand worms, and a beetie have been found
preying on the eggs. The reduction of spawning habitat due to
beach crosion, harbor construction, and poliution is probably
the most critical problem facing the grunion resource.

Status of Population

Despite local concentrations, the gninion is not an abun-
dant species. In the 1920’s the fishery was showing definite
signs of depletion, and a regulation was passed in 1927 estab-
lishing a closed season of threc months, Apnl through June.
The fishery improved, and in 1947 the closure was shortened to
AprilthroughMay. Grunion may be taken by sport fishers using
their hands only. With these regulations, the resource secms to
be maintaining itself at a fairly constant level. While the
pquﬂalionsimisnolhnmt,a]lmhpoimsmaraﬂm
restricted resource that is adequatcly harvested under existing iaw.

Paul A. Gregory
Califomia Departient of Fish and Game
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SMELT: DISCUSSION

While the fishes in this group are quile similar in appear-
ance, they belong 1o two diffcrent famities, Osmeridae (the true
smelt) and Atherinidac (the silversides). The smelt resources of
California collectively provide an annual income of approxi-
mately $140,008 (1977-86) to the commercial fishers. They are
also the obiject of several very important sport fisheries. The
grunion fishery is quite unique since fishers may use only their
hands to capturc the fish. The smelt sport fishery incentral and
northeru California is one of the few sport fisheries inthe State
in which it is permissible to use a net.

There is no apparent competition or interrclationship
betweenthe various species of smelt other than that the young of
one species may fall prey incidentally to an adult of another
species living inthe same arca. Fishesin this groupundoubtedly
form impartant links in the food chain of larger predatory fish,
mammals, and birds.

Fishes composing this group occur in bays, estuaries, and
inshore areas along the outer coast. Beacheroston, bay fill, and
pellution may have deleterious effects on their spawning areas,
general habitat, and populations.

Paul A. Gregory
California Department of Fish and Game

PELAGIC WETFISH

NORTHERN ANCHOVY

History of the Fishery

Northern anchovy (Engraulis mordax) arc exploited by
three separaic fishenics in both California and Mexico. Anchavy
tanded by the reduction fishery are converted to meal, oil and
soluble protein products thal are sold mainly as proicin supple-
menis for poultry food bat also as feed for farmed fish and ather
animals, Meal obtained from anchovy is aboul 65 percent profein
compared to about 50-535 peroent for meal from other fishes.
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Anchovy harvested by the live bait fishery are not landed
but kept alive for sale to anglers as bait. Transactions between
buyers and scllers of live bait take place either al sca or at bait
wells tied up at docks. Live-bait dealers generally supply bait lo
partyboats on a contract basis and receive a perceniage of the
fees paid by passengers. Bait is also sold by the "scoop” to
anglers in private vesscls,

Anchovy landed by the non-reduction (other than live bait)
fishery are used as dead frozen bait, fresh fish for human
consumption, canned fish for human consumption, animal
food, and anchovy paste.

Relisble records of California landings of northern an-
chovy date from 1916. Landings were small until scarcity of
Pacific sardine caused processors to begincanning anchoviesin
quantity during 1947, when landings increased o 9,464 tons. In
order to lower the quantity of anchovies being reduced to fish
meal, the California Fish and Game Commission required each
processor tocan a large proportion of the harvest {(40-60 percent
depending on can size). Anchovy landings declined with the
temporary resurgence of sardine landings through 1951. Fol-
lowing the collapse of the sardine fishery in 1952, anchovy
landings increased to 42,889 tons in 1953, but subsequently
declined, largely due to low consumer demand for canned
anchovy and increased sardine landings Landings remained
low through 1964. During the early years of the anchovy
fisheries (1916-1964), anchovy were harvested almost exclu-
sively by California fishermen. Mexico did not begia harvest-
ing anchovy until 1962.
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California commercial landings of northern anchovy, 1916-1969.
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California commercial landings of northem anchovy, 1970-199]1 .
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Beginning in 1965, the California Fish and Game Com-
mission managed anchovy on the basis of a reduction quota.
mmmbmtakenbyaﬂeetof approximately forty small
purse scine vessels known collectively as the “wetfish™ fleet,
which fishes for other species in addition to anchavy. Anchovy
tanded for reduction in California increased from 171 tons in
1965 to 27,330 10ns in 1966, and ranged from 13,785t092,893
1ons per year during 1966-1972, and from 80,855 to 155,966
wnspefmrduling 1973-1977. In response (o a decrease in the
price of fish meal, landings declined to an annual average of
51,223 tons during 1979-1982. Reduction landings have been
extremely low since 1983, largely as a result of low prices
offered to fisherman.

The non-reduction flect in recent years has consisted of
about ¢ighteen boats that are distributed along the California
ooast to serve the principal sport fishing markets, mostly in
southern California.
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California landings of northern anchovy for live bait, 1977.1991.

The live bait boats fish for a variety of species, but
anchovies comprise approximalcly 85 percent of the catch.
Historically, the anchovy live bait catch ranged from 4,000 to
8,000 tons per year and averaged 5,748 tons annually in recent
years. Non-reduction (other than for live bait) landings aver-
aged about 2,189 tons per year from 1965 to 1989 and, since
1985, have exceeded reduction landings in California because
of a major decline in the reduction fishery

~ Anchovy landed in Mexico are used primarily for reduc-
tion, although a small amount is used asbait. Mexico's harvest-
ing and processing capacity increased significantly in the late
1970°s when several large sciners were added tothe fishing fleet
and alang: reduction plant was constnucted in Ensenada, Mexican
landings reached a high of 284,975 tons in 1981, fell to 196,078
tons in 1982, and have ranged from 7,024 10 136,554 tons per
year since 1983, The fishery ccasod operation in 1991,

The U S. northern anchovy fisheries have been managed
by the Pacific Fishery Management Council since 1978. Cur-
fent regulations impose no numeric imit on live bait catch and
Provide a 7,711 ton quota for other non-reduction uses. The
;"Eﬂhums also specify an optimum yield for the reduction

ranging from zero 1o 220,000 tons depending on the size
of the spawning population.
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Alihough the northern anchovy is harvested by fisheries in
Mexican as well as U.S. walers, there is no bilateral man-
agement agreement with Mexico. In the absence of such an
agreement, fishery managers in the U.S. assumc that US.
fisherman are entitled to T0 percent of the total optimum yield
and quotas are set on this basis. The assumption is based on an
estimate that 70 percent of the shared northern anchovy re-
source is, onaverage, found in U.S, watcrs. The Mexican fishery is
managed independently and is not restricted by a quota.

Economicsexplain a great deal about the current dynamics
of anchovy fisherics in California, because the fisheries are
more limited by prices and markets than by biological con-
straints. The price paid to fisherman for anchovy landed aslive
bait has been about $6 18 per ton. On this basis, revenues in the
live bait fishery during 1989 were about $3. 1 million. Although
prices and revenues for live bait tend to be surprisingly high,
annual catches have been modest because of market limitations.

During 1980 to 1988, the price paid for anchovy landed
for non-reduction purposes other than live bait averaged about
$261 per ton. As with live bait, market limitations have
resulted in modest annual caiches despite relatively high
prices paid to fishennen.

The average price for anchovy landed by the U.S. reduction
fishery during 1974 to 1988 was about $55 per ton, butthe price
paid during 1988 was only $29 per ton. Low prices, as well as
market problems, have prevented a significant U.S. reduction
fishery in recent years.

Nortbern anchovy, Engronulis mordax.

Status of Biological Knowledge

Northem anchovy are distributed from the Queen Char-
lotte Islands, British Columbia to Magdalena Bay, Baja Cali-
fomia. The populaiion is divided inte northern, central, and
southemn subpopulations or stocks. The central subpopulation
ranges from approximatety San Francisco, California 1o Punta
Baja, Baja California, with the bulk being located in the
Southern California Bight.

Northem anchovies are small, short-lived fish typically
found in schools ncar the surface, They rarely cxceed four years
of age and seven inchestotal length, although individuals as old
as seven years and nine inches have been recorded. There is a
great deal of regional variation in age composition (number of
fish in cach age group) and size atage with older fish and larger
fish found at relatively offshore and northerly locations. In
warm years relatively old and large fish arc found farther north
than during cool years. These patterns are probably due 10
northern and offshore migration of large fish, regional differ-
ences in growth rate, and water temperatures. Northern ancho-
vies in the central subpopulation are typically found in waters
that range from 54° to 71°F



Information about changes in anchovy abundance during
1780to 1970 is available from scales counted in sediment cores
from the Santa Barbara basin. These data indicate significant
anchovy populations existed throughout the time period and
that biomass lcvels during the late 1960°s were modest relative
to those during most of the 15th and carly 20th centuries.

The age at which northern anchovy become vulnerable 1o
California fisheries depends on the location of the fishery and
type of fishery. Fish become vulnerable to the inshore live bait
fishery at an earlier age than they become vulnerable to the
reduction fishery, However substantial nurabers of zero and one
year old fish are taken by both fisheries in most years.

Anchovy are all sexually mature atage two. The fraction of
one-year-olds thatis scxually mature in a given year depends on
waier temperature and has becn observed to range from 47 to
100 percent. They spawn during every month of the year but
spawning increases during late winter and early spring and
peaks during February to April. Spawning has been observed
over a temperature range of 54° to 71° F. Individual females
spawn batches of eggs throughout the spawning season at
intervals as short as seven to ten days. The ¢gps are found near the
surface, and require two to four days (o hatch, depending onwater
tesaperatures. Eggs and tarvae are both found near the sarface.

Northern anchovy are subjcct to intense predation
throughout ail life stages. Anchovy eggs and larvae fall prey to
an assortment of invertebrate and vericbrate planktivores. As
juveniles in nearshore arcas, anchovies are vulnerable to a
variety of predators, including birds and some recreationalty
and commercially important specics of fish. As adults offshore,
anchovies are fed upon by numerous marine fishes (some of
which have recreational and commercial value), mammals, and
birds, including the endangered California brown pelican. A
link between brown pelican brocding success and anchovy
abundance has been documented.

Northern anchovy eat plankion cither by filter feading or
biting, depending on sizc of the food. Adultanchovy areknown
1o flter anchovy eggs and it is possible that this type of cannibalism
is an important facior in regulating population size.

Status of Population

Biomass of northern anchovy in the central subpopulation
averaged 440,000 tons during 1964 10 1970, increased rapidly
to 2,029,000 tons in 1974 and then declined to 543,000 tons in
1978. Since 1978, biomass levels have tended to decline stowly.
Anchovy biomass during 1989 was 338,000 tons,

Maximum sustained yield of northern anchovy in the
central subpopulation is estimated to be about 241,000 tons per
year at a total biomass level of about 646,000 tons. However this
harvest is a long4erm average, and annual fluctuations are large.

Although total anchovy harvests and exploitation rates
since 1983 have beenbelow the theoreticat levels for maximom
sustaincd yicld and historical levels, abundance continues to
decline siowly, Annual harvests in the near future are expected
10 be lower because the Mexican reduction fishery has report-
edlybecomeunprofitable and has ceased operations, The size of
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the anchovy resource is now being determined mostly by
natural influences.

Lawrence D. Jacobson
National Marioe Fisheries Service
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PACIFIC SARDINE

History of the Fishery

A sustained fishery for Pacific sardines (Sardinops sagax)
first developed in response (o the demand for food during World
War . Demand grew, and fishing <ffort and landings increased
from 1916 to 1936, when the catch peaked atover 700,000 tons.
The Pacific sardine supported the largest fishery in the western
hemisphere during the 1930°s and 1940, with landings occur-
ring in British Columbia, Washington, Oregon, and Califormia
Thefishery collapsed beginning inthe late 1940°s and declined,
with short term reversals, to less than 1,000 was per yearin the
late 1960°s. There was a southward shift in the catch as the
fishery decreased, with landings ceasing in the northwest in the
1947-1948 scason and in San Francisco in 1951-1952
Through the 1945-1946 season, most California landings were
at Monterey and San Francisce, but San Pedro accouniad foe
most subsequent landings.

Sardines wers used primarily for reduction to fish meal and
oil and canned for buman consumption, with small quantities
taken for live bait. Although most fish landed north of Cali-
fornia were reduced, California processors began as canners,
and expanded to reduction asa lucrative supplement Reduction
was ofien more profitable, and for many years reduction ton-
nage exceeded tonnage canned. An extremely lucrative dead
bait market for sardines developed in central California in the
1960’s and was primarily responsible for continued fishing on
the depleted resoutce,

Prior to 1967, management of the sardine resource In
California was mostly limited to: 1} control of tonrage afwhole
fish used for reduction, 2} case pack requirements (specified
number of cases of canned fish per ton of whole fish), and 3)
restriction of the fishing scason. The firgt two conirols wer
intended 1o lower the quantity of sardines used for reduction,
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since this was regarded as a less desirable use and demand for
reduction products was high The latter control was designed 10
limit canning to periods when sardines were in prume condition
andto impmvethe market for canned products. The total catch,
however, was not regulated. From 1967 to 1973, California
tandings of sardincs were limited to an incidental take of 13
percent sardines by weight mixed with other fish. Liberal
provisions for use of incidental catch, and later a 250-ton dead
bait quota, still supplied the demand for bai. In 1974, a
moratorium on fishing sardines was established, which re-
stricted landings 10 the 15 percent incidental limit and elimi-
paied the use of sardines for dead bait. This legislation also
established (he state’s intent to rchabilitate the resource.
Through 1981, sarding landings were less than 50 tons per year.

Since the earty 198('s, sardines have been taken inci-
dentally in the southern California fishery for Pacific and jack
mackerel. Most sardines from this source were canned for pet
food, with a lesser amount canned for human consumpiion. A
smal! directed fishery for sardines has been permitted annually
since 1986. The quota (excluding bait fisherics) was limited o
1,000 tons per year from 1986 through 1990, and was increased
10 8,150 tons in 1991. Sardines landed in the directed fisheries
in southern and central California are primarily canned for
human consumption and soid overseas, with minor amounts
sold fresh for human consumplion and animal food. Small
quantities are harvestod for dead bait and live bait. No reduction
of sardines, except of waste produced from other processing
operations, is currently taking place in California. Total annual
landings of sardines have increased, from Jess than 100 tonsin the
1970°s and earty 1980, 10 1,283 onsin 1986, and 8,543 tons in 1991
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California commercial 1andings of Pacific sardine, 1916-1969.
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Commercial landings of Pacific sardine, 1970-1991,
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Landings of sardincs in Mexico have increased steadily
during the 1980's, and were similar in magnitude to California
landings through 1990, Tn 1991, however, sardine landings in
Ensenada totaled 34,600 tons. Sardines landed in Mexico prior ©
199 1 were used for canning and reduction. Tn 1991, miost sardines
were used for reduction. The recent increase in sardine landings
has been due in part to a dectine in the availability of anchovies.
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Commercial landings of Pacific sndine in Ensenada, Mexico, 1983-1991.

A fishery management plan for coastal pelagic species,
including sardines, is being developed by the Pacific Fishery
Management Council. Uniil the new management plan is
adopied, the sarding fishery in California will continue to be
managed by the state. Current state regulations provide for a
1,000-ton directed fishery when the spawning biomass is
greater than 20,000 tons. This quota may be increased as
warranted, provided any increase is consistent with the contin-
ued growth and rchabilitation of the resource. A quota of 250
tons (500 tons when the directed quota is 2, 500 tons or greater)
is reserved for dead bait. The live bait quota may be increased
above a minimum level of 350 tons if such increase is consiste ng
with the continued rehabilitation of the resource. At present, the
live bait quotais 1,00010ns. Incidental take (in effect when directed
or dead bait quotas are filled) is presently limited to 35 percent by
weight. Current policy limits the total annual harvest of
sardines to L0 percent of the spawning biomass, The sardine
resource will be considered 10 be rehabilitated when the
spawning biomass is at least on¢ million tons, the population
occupies much of its former range, and the age structure of the
population resembles that of the papulation duning previous
periods of high abundance.
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California landings of Pacific sardine for live bait, 1980-1991.



The price of sardines landed incidentally with mackerel
decreased from about $190 per ton in the mid 1980's to about
$150 per ton in 1991. The price for sardines landed in the
directed fishery and canned for human consumption has ranged
from $80 ta$105 per ton. Only Limited markets exist for canned
products currently being produced. The traditional wetfish fleet
and procassing sector are in poor econommnic condition and have
not successfully developed new products or markets. It remains
to be seen whether markets will develop to utilize a fully-
recovered population of Pacific sardines.

Pacific sardine, Sardinops sagax.

Status of Biological Knowledge

Sardines are smail pelagic fish and members of the herning
family. The genus Sardineps occupies the coastal areas of warm
temperate zones of nearly all ocean basins, The genus is
considered monotypic, and Sardineps sagax is the correct
scientific name for sardine populations in the Alguhas,
Benquela, California, Kuroshio, and Peru currents, and for
populations off New Zealand and Australia. In the northeast
Pacific Ocean, as in most other areas, the Pacific sardine ocours
wilh anchovy, hake, and mackerel. 1t is generally accepted
that the Pacific sarding population consists of three subpopula-
tions or stocks: a Gulf of California subpopulation, a southemn
subpopulation off Baja California, and the principal northern
subpopulation ranging from northern Baja California to
Alaska. These stocks were distinguished on the basis of sero-
logical techniques. A fourth, far northern subpopulation was
alsopostulated. Recent clectrophoretic studics and cxamination
of morphological variation showed no genetic variation among
sardines from central and southemn California, the Pacific coast
of Baja California and the Gulf of California.

Historically, the northern subpopulation of sardines made
extensive migrations, moving north as far as British Columbia
in the summer months and returning south to southern Califor-
nia and porthern Baja California in the fall. Northward mave-
ment was greater with increased age. The migration was
complex, and the timing and extent of movement were affected
10 some degree by oceanographic conditions. At present, the
population is relatively small, and is found primarily off central
and southern California and Baja California. Contraction of
range and spawning area has been associated with decreases in
sardine population size around the world.

Estimates of sardine abundance from A.D. 280 10 1970
have been derived from the deposition of fish scalcs in sediment
cores from the Santa Barbara Basin. Significant sardine popu-
lations existed throughout the time period and varied widcly in
size, typically over periods of soughly 60 years. Population
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declines and recoveries averaged about 36 and 30 years, respec-
tively. Scale data indicate that sardine populations were much
more variable than anchovy populations. Studies of deposits of
otoliths have shown that, while the anchovy hasbeen present for
amillion years or more, ne trace of sardines has been found that
is more than seven thousand years old The tendency for
tremendous variations in sardine biomass may be acharacteris-
tic of a species that has only recently occupied its habiat,

Pacific sardines reach about 16 inches and live aslong as
13 years, but arc usually lessthan 12 inches and eight years old.
Most sardines in the historical and recent commercial catch
were five years and younger. There is a good deal of cgional
variation in growth rate, with average size attaincd ata given
age increasing from south to north. Sardine size and age a
maturity may decline with a decrcase in sardine biomass,
although latitudinal and temperature effects may also play a
part. At low biomass levels, sardines appear to be fully mature
at age two, while at high biomass levels, only some of the two
year okds are mature.

Sardines age three and older were nearly fully vulnerableto
the historical fishery until 1953, but two and three year old fish
became less available as the population declined and fewer
southern fish moved northward. Recent catch data indicate
sardines begin o become available to the fishery at age one, and
are fully vulncrable by age three. Sardines probably become
vilnerable to the Live bait fishery, which is located close o
shore, at a younger age.

Spawning occurs in loosely aggregated schools in the
upper 165 feet of the water column, probably year-round, with
peaks from April 1o August from Point Conception 1o Magdalenz
Bay, and from January to April in the Gulf of California. The
main spawning areza for the northern subpopulation is between
Point Conception and San Diego, out fo abowe 100 muies
offshore, with evidence of spawning as far as 350 miles off-
shore. Historically, spawning also occurred off central Califor-
nia and may have been a fairly regular occurrence. Sporadic
occurrences of spawning have been observed off Oregon and
British Colurnbia.

Most spawning occurs between 55° and 63°F, with an
apparent optimum between 59 and 61°F, and a minimum
threshold temperature of 55°F. The spatial and temporal
distribution of spawning is influenced by temperatwe; the
center of sardine spawning has shified nonhward and contin-
ued over a longer period of time during warm water conditions.
Pacific sardines arc scrial spawners and spawn several times
over aspawning seasor, although the number of spawnings is
not known. Egps and larvae are found near the surfacc. The
eges are spheroid. have a distinct, large penivitelline space, and
require about three days to hatch at 5 F.

Recruitment of Pacific sardines is highly vanable. Anal-
scs of the stock-recruitment reiationship have been inconclu-
sive and controversial, with some studies showing a densin-
dependent relationship and others finding no relanonship
whatsoever. From 1932 10 1965, mean recruitment only slightly
exceeded potential replacement of spawners at all levels of
abundance, indicating Little resilience to fishing, Recnitment
oocurs in strings, with several years of successful recruitment

FiSH RESOURCES



followedbysimilarpcriodsof poor recruitment. The iming and
durationof thesestrings hasa large effect on population growth,

Sardines are filter feeders and prey on crustaceans, mostly

,and other plankton, including fish larvae and phyto-
plankton. Larval sardines feed extensively on the cggs, larvae,
and juvenile stages of copepods, as well as other zooplankton
and phytoplankion A _

Through all life stages, sardines are eaten by a vaniety of

tors. Eggs and larvae arc consumed by an assortment of
invericbrate and vertebrate plarktivores. Although it has not
been demonstrated in the ficld, anchovy predation o sardine

and larvae hasbeen postulated asa possible mechanism for
increased larval sardine morality during the 1950°s and
1960's. Juvenile and adult sardincs arc consumed by other fish,
including yellowiail, tarracuda, bonito, tunas, marlin, mack-
erel, hake, and sharks; sea birds, such as pelicans, gulls, and
cormorants, and marine mammals, including sea lions, seals,
porpoises, and whales. 1t is likely that sardines will become
more important as prey for numerous specics, including endan-
gered species such as the California brown pelican, as the
sardine resource continues to increase.

The Pactfic sardine and other closely-related species un-
dergo similar interannual changes in abundance in several
other lemperate coastal regions of the world. Scientists in
scveral countries have conducted joint studies of recruitment
and biomass of these coastal pelagic stocks under the Sardine-
Anchovy Recruitment Program. Knowledge of the population
dynamics and variability of these clupeoid fishes may eventu-
ally contribut to the detection of the oceanographic effects of
global climate change.

Status of the Population

Spawning biomass of the Pacific sardine averaged
3.881.00¢ tons from 1932 to 1924, and fluctuated from
3.136,000 01,324,000 10ns from 1935 1o 1944. The population
then declined siceply over (he next two decades, with somie short
reversals following periods of particularly successful recruit-
ment, 1o Yess than 100,000 tons in the earty 1960’s. During the
1970’, biomass levels were thought to be as low as 5,000 tons.
Since the early 1980, the sardine population has increasad, and
the spawning biomass in 1990 was estimated to be 130,000 tons.
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Pacific sardine estimated biomass, 1532-1990.
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Maximum sustained yield of Pacific sardine in the histori-
cal northern subpopulation was estimated tobe 250,000 tons of
about 22 percent per year, far less than the catch of sardines
duringthe height of the fishery. Althoughcombined landi ngsin
the U.S. and Mexico are still well below this level, landings
have increased substantially in recent years. In the absence of a
bilatera} management agreement between the U 8. and Mexico,
combined U.S. and Mexican catches of Pacific sardine may be
high ¢nough to retard the continued recovery.

Disagreement over whether the decrease in the sardine
population was due (o overfishing or to natural changes in the
enmvironment has persisted for many years. It is now apparent
that both factors arc important. Following the cessation of
fishing and with the development of favorable environmental
conditions, the sardine resource is recovening.

Patricia Wolf
Califomia Depariment of Fish and Game

Paul E. Smath
National Marine Fisherigs Scrvice
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PACIFIC HERRING

History of the Fishery

The Pacific hemming (Clupea pallasi) fishery has peaked
three times during this centwy in response 1o demand for
herring. During the intervening vearshernng catches were low,
with most of it used as pet food, bait, or animal food at zoos. The
herring reduction fishery peaked in 1918 a1 eight million



pounds, but this fishery ended in 1919 when reduction of whole
fish into fish meal was prohibited.

From 1947 to 1954 herring were canned to supplement the
declining supply of Pacific sardines, and landings peaked in
1952 at 9.5 million pounds. Canned herming proved tobe a poor
substitute for sardines and the fishery for human consumption
ended in 1954

Since 1973, herring in California have been harvested
prmarily for their roe. The current herring roe fishery began
when Japan became interested in herring from the west coast of
North America due to poor catches of herring by Japanese
vesscls inthe Bering Sea and a change in Soviet policy which
closed the Sca of Okhotsk to Japanese herring vessels. By 1973
California, Oregon, and Washington were all exporting herring
10 Japan. California 10e hetring landings peaked in 1982 at 23
million pounds. Landings declined in 1984 when EI Nifio caused
a corresponding decline in the herring population. However, most
stocks have recovered, and landings have been over 18 million
pounds from the 1987-1988 through 1989-1990 scasons.

Most of the herring catch is frozen whole and exported to
Karea, where inexpensive 1abor is utilized to strip the roe from
the carcasses. The roe is then graded and packed in salt before
shipment to Japan.
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In Japan, herring roe is an expensive delicacy called
"kazunoko.” The 1990 import wholesale price for top quality
kazunoko was about $20 per pound, with retail prices believed
to be $40 to $50 per pound. Herring roe is graded by size and
color, anct herring roe from California is often of swch high
quatity that it is marketed under its own “Yellow Diamond”
label. Although the Japanese herring market is primarity for
herring roe, small amounts of whole herring are also marketed
for human consumption.

Herring roe is availablc from California only during the
November to March spawning scason, Herring must be caught
within one day of spawning or while spawning is in progress to
provide the best quality roe. Herring within a few days of
spawning are considerod green by Japanese herring buvers and
are of litle value to them.

The herring roe fishery is limited 10 California’s four
largest herming spawning areas: San Francisco Bay, Tomates-
Bodega Bay area, Humboldt Bay, and Crescent City Harbor
San Francisco Bay has the largest spawning population of
herring and supplies over 90 percent of the state’s herring catch,

The four spawning areas are managed scparately by the
Califormia Department of Fish and Game. with catch quotas
based on the Iatest population cstimates from acoustic surveys
and spawning-ground surveys. Quotas are adjusted annually
and are generally set at about 15 percent of the amount aof
heming expocted to return to spawn at each spawning area
Since quotas are set before the start of the spawning season, they
are conservative and allow for potential declines in herring
biomass. If the herring biomass declinesand spawning ¢escape-
ment is dess than expectad, the herring quotas may approach the
Department’s recommended maxirum harvest rate of 20 percent.

Anorderly expansion of the fishery was allowed from 1975
1o 1983. Since 1983, only five ncw permiis have been issted,
and the number of annual herring permits has stabilized at Just
over 450. About 400 of the permits are for the San Francisco
Bay fishery. Tomales-Bodega Bay, Humboldi Bay, and Crescent
City Harbor are restricted to gill nets only. In San Francisco Bav
the catch is allocated 66 percent to gill net vessels and 34
percent to roundhaul vessels {purse seine and lampara).

Since 1980, with the exception of the 1983-1984 season,
the ex-vessel seasonal value of the herring roe catch in Califor-
nia has averaged over $10 million. The value of a given catch is
dependent on roe reoovery: a yield of 10 percent or higher is
considered good. Male herring are of littke value; the higher the
percentage of males in a given catch, the lower the price the
fisherman receives. In 1990 the hase price for 10 percent roc
reoovery was $1,000 per ton of whole fish. The price increases
$100 per ton for each percentage point of roc recovery over 10
percent and can reach as high as $2,000 when stanting from a
base of $1,000 per ton. The base price for 10 percent roe
recovery peaked at about $2,000 per ton in 1979 when some
herring catches brought $4,000 per ton. In recent vears the base
price has been fairly stable at about $1,000 per on

Another lucrative phase of Lhe hemming industry is the roc-
on-kelp fishery. Beginning in 1963, scuba divers hanested
species of marine vegetarion with herring eggs atlached from
Tomales and San Francisco Bays. This product known as
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mkazunoko kombu® is also a Japanesc delicacy. This fishery has
evolved into the present roe-on-kelp fishery. Giant kelp is
harvested from the Channel Tsiands off soutiern: California,
brought to San Francisco Bay, and suspended from 60 by 40 foot
ficating rafis. The rafts are towed to areas where herring
mﬁngisemedtnmrmdamamhomd. After spawn-
ing has ended, the kelp with herring eggs attached is removed
from the rafis and packed in salt. This product reporiedty hasa
per pound value much higher than herring roe. There are 10
roe-on-elp permits for the 1991 fishery in San Francisco Bay.
These permits are available to parse scine, lampara, or gilt net
permittecs who are willing to exchange their net permits for
foc-an-kelp permits.

Herring regulations changed vearly as the fishery ex-
panded and new conflicts or issues were addressed. Manape-
ment concepls new 1o commercial fishing in California were
introduced as the herring fishery developed—limited entry,
permits issued by lottery, individual vessel quotas, quota alloca-
tion by gear, the platoon system usod 0 divide gill net vessels
into groups, and finalty herring roc fishery permits ray now be
sold. Many of these were controversial management decisions,
but they have proven to be effective solutions to socioeconomic
conflicts in a congested fishery.

Pacific herring, Ciupea paflasi.

Status of Biokgical Knowiedge

Pacific herring range from Baja Califorrua 10 Alaska and
across the Pacific nm to Japan and China. KnowT spawning
arcas in California include San Dicgo Bay, San Luis River,
Morro Bay, Elkhorn Slough, San Francisco Bay, Tomales Bay,
Bodega Bay, Russian River, Novo River, Shelter Cove,
Humboldt Bay, and Crescent City Harbor. Most spa whing areas
are characicrized as having reduced safinity, calm protected
waters, and suitable spawning habitat such as marine vegeta-
tion beds or rocky intertidal areas.

Results of tag and recovery studics from Canada indicate
that 25 percent of the hersing may stray between adjacent
spawning areas in British Columbia. The problem of stock
identification has not been resolved in Califormia, and itis not
known whether adjacent spawning areas contain genctically
distinct stocks. However. each spawning area in Califomia
where herring fishing is allowsed is managed on the assumption
that separate stocks exist. i

Duringthe spawning scason, large schools of herring enter
shallow bays and estuarics. where they may renaif up to threc
weeks before spawning. When a school is ready 10 spawn, male
hefing initiate spawning by releasing milt. A pheromonein the
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mill triggers spavmning by fe males which lay their adhesiveeggs
on suifable substrate. Fecundity is 220 ¢ggs per gram of body
weight, and alargefe male herring may lay 40,000-50,000 2ggs.
Female herring come in contact with the substrate while
spawning. They lay astrip of adhesive cpgs that is two to three
eggs wide rather than broadcasting their eggs over a large area.
Repeated passes by thousands upon thousands of females can
uild the eggs up toa thickness of 10to 15 layers. Spawn depth
distribution generally is shallower than 30 feet decp, but has
been found to a depth of 60 feet in San Francisco Bay. Atarge
spawning run may last aweek and can result in 20 milesor more
of shoreline covered by a 30-foot-wide band of herring eggs.

Heming eggs will haich in about 10 days. During the
incubation period the eggs are vulnemble to mortality from
predation hry marinc birds, fish, and inveriebrates. They may also
die from desiccation or freezing during low tidal cycles. Nomally,
between 50 and 99 percent of herring eggs die before haiching,

The distribution of larval herming in bays and estuarics is
not well known, but juvenile herring from San Francisco Bay
have been found as far inand as the Delta Pumping Plant at
Tracy. Juveniles may remain in the bay until summer or early
fall, when they migrate to the open ocean.

Adult herring leave the bay immediately after SpAWIING,
and their life history while in the ocean is not well known.
Herring first mature at age two, when they are about seven
inches in length, and may live to be nine or 10 years old and
reach a maximum length of about 11 inches.

While in the ocean, adult herring feed on macroplankton
such as copepods and euphausiids. Larval and juvenile herring
while in bays and estuaries are believed to feed on molluscan
larvae and other zooplankton,

Herring themselves are a forage species foradiverse group
of marine fishes, birds, and mammals. Such high level preda-
10rs are opportunistic feeders and, while berring may compose
a high percentage of their dict at times, herning are thought 1o
make upa minor part of theirannual foodconsumption. No species
iss known 10 be completely dependent on herring for survival.

Status of Population

The herring spawning populations in Tornales and San
Francisco Bays arc cstimated annually from hydroacoustic and
spawning-ground surveys. The San Francisco Bay hernng
biomass peaked in 1982 at 99,600 tons just priorto the 1983 El
Nifio. In the 1983-1984 season the population declined to only
40,000 tons. Since 1984, the San Francisco Bay population has
been rebuilding and the spawning biomass has been over
65,000 tons from 1987-1988 1o 1989-1990 seasons.

In Tomales Bay, on the other hand. spawning cscapement
declined about 90 percent during E! Nifio and has not recov-
cred. From the 1983-1984 season to the 1986-1987 season.,
Tomales Bay alierated between very poor and normal spawn-
ing escapement. This paltem isbelieved to have been caused by
amovement of herring initiated by the E1 Niflo. The California
drought, beginning with the dry winter of 1986-1987 has
compounded (he problem. During the seasons of 1987-1988,
1988-1989, and [989-1990, heming spawning escapement in



Tomales Bay has been poor, averaging 600 1ons, During these
three years herring nearly abandoned Tomales Bay. The four-
year drought, coupled with new water impoundments and
diversions, has reduced the amount of freshwater runoff into
Tomales Bay (o a trickle. The lack of turbid, low salinity water
during the spawning season was g major change in the caviron-
ment of Tomnaics Bay and is belicved to be the primary factor
causing the decline in spawning escapement.

In the 1930-1991 season, the herring population estimate
for Humboldt Bay was 400 tons. The success of this small
Bishery suggests that the 60-ton quota s appropriate forthe ares.
Individual spawning runs have been estimated in Crescent City
Harboer, but no seasonal population estimates have ever been
made for the area. However, observed spawning suggests that
the population is large enough to support the minor fishery that
occurs there.

Jerome D. Spratt
California Department of Fish and Game
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JACK MACKEREL
Ristory of the Fishery

The jack mackerel (Trachurus symmetricus) was reported
in the commercial catch as carly as 1888, but was of minor
mmportance before 1947, Commercially, it was less significant
than the befter known, more profitable, and more abundant
Pacific sardine and the more desirable Pacific mackerel. Much
of the catchbetween 1926 and 1946 wastaken in schools mixed
with sardine and Pacific mackerel and was sold at fresh fish
markets where i1 did not spoil as quickly as Pacific mackerel.
Landings were low, vanying between 200 and 15,000 tons,
During those years it was referred to as "horse mackerel” and
had relatively little appeal as a canned product. Dunng the
194748 season, the canning industry. after being hit hard by
poor sardine landings, turned to jack mackerel as a substitute for
sardines and the fishery landed approximatch 71.60010ns, The
U.S. Food and Drug Administration authonzed the common
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name jack mackere] for use on all labeling ; i
had more consumer appeal than ms;:lacl:ﬁ]mmsdmg;c
n?ackerel has been a major contributor to California ‘,s commer-
cial landings ever since.
Over 90 percent of the jack mackere] lan g
caught in southern California waters by purd:cd :nib:nﬂc:
lampara vessels. Sporadic catches also oceur off Monterey, 10
the north, as well as Ensenada, Mexico, tack mackerel ;m:
fished throughout the year by the southemn California fleet.
nearshore from Point Conception to San Diego and offshore as
far as San Nicholas Island and Tanner and Corter banks.
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Commecrcial landings of jack mackerel, 1970-19%1.

In the early days of the fishery, shortly after 1947, the
monthly catches were closely related to the activity of the flect
searching for sardines and Pacific mackerel. Fleet activity was
most intcnse in the fall, when fishermen were searching _for
sardines, and slowest during the spring. when the sardine
scason closed and Pacific mackerel were scarce. Landings were
highest in the fall and lowest in spring and summer This
scasonal trend soon disappeared when jack mad:cr?I WCrT
found to be available througheut the year. In the 1970's land-
ings were slightty highcr in the summer “-hcq the anchovy
fishery was closad and anchovy fishermen sought Jack mackerel.

Jack mackerel landings have fluctuated widels. Many of
these Nuctuations were refated 10 changing market demand and
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the ability of the fleet tofish for other species which were more
profitable or more available. More fishing effort was directed
toward jack mackerel when alternative species were unavail-
able. This happened with the decline of Pacific sardinesin 1947
and of Pacific mackerel in 1966. When the Pacific mackerel
population started to recover in 1978, the focus of the purse
scine fleet’s effort soon shifted back to that species, and jack
mackerel became a secondary target.

The availability of jack mackerel ajso plays a part in the
erratic catches, since there are unpredictable times when sein-
ers cannot find jack mackerel schools for scveral months. Purse
sciners can catch jack mackerel only when the young fish, less
than six years old, form schools near the surface. As jack
mackerel grow older, their behavior changes and they inhabit
deeper waters farther offshore. There is currenily no directed
fishery for these older jack mackerel, but they are caught
incidentally from California to Alaska, nearshore by salmon
trollers, bottom and midwater trawlers, and offshore by alba-
core troliers,

In the first decade of the southern California fishery, the
catch was mostly fish of age Uuee to age six Since 1965 the
caich has been primarily fish of age zer, one, and two; fish
older than age two have comnposed less than 20 percent of the
catch. The reasons for the change in the age composition of the
catch are not known. Because the purse seine fleet catches
primarily age zeros, ones, and twos, the fishery depends on just
three scasons’ spawning production. If three seasons occur
together which produce few young fish there will be very few
Jjack mackerel available to the fishery.
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California commercial passenger-carrying fishing vessel (CPFV)
landings of jack mackerel, 1H47-1969.
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California commercial passenger-cartying fishing vesset (CPFV}
landings of jack mackerel, 1970-19%0.
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Large jack mackerel have occasionally contributed to the
pantyboat sport fishery In 1953, a nun of large fish was
encountered in southern California which coniributed 13 per-
cent of the partyboat catch in southern California and 8.6
percent statewide. That was an exceptional year and, since then,
jack mackerel have been of minor imponance to the party beat
fieet. Smaller jack mackerel are caught at times from fishing
piers in southem and central California

Jack mackerel, Trachurus symmetricus.

Status of Biclogical Knosedge

Jack mackerel are actuatly members of the jack family,
Carangidag, and are not true mackerel. There are two different
behavior patterns during their life. Small fish are found over
shailow rocky reefs, generally less than 200 feetdecp, and along
rocky shorclines of the coast and islands off southem California
and Baja Catifornia. Large fish, more than 16 inches in length,
are found offshore and farther north; they do not form the dense,
shallow water schools observed in young fish, but are either
solitary or in loose aggregations. The older jack mackerel
extend to the Gulf of Alaskaand as far west as 162° W longitude.
Their movement into the Gulf of Alaska appears tobe related to
summer warming of the surface waters. Not ail the farger fish
migrate north, since some large jack mackerel are caught off
southern and Baja California waters throughout the year.

Like anchovy and Pacific mackerel, jack mackerel appear
10 be multipie spawners, but it is not known how frequentty a
female spawns during a season. Most (70%) female jack
mackerel from the southcrn California fishery become mature
near or just after their first binthday in July. By their second
birthday, 90 percent of the females are spawning. Very young
spawners produce fower eggs and reach reprodiktive condition
later in the season than do older spawners. Most of the eggs are
spawned in 57° to 61° F water. Eggs are about .04 inch in
diameter and float free in the ocean for three to five days before
hatching, depending on the water temperature,

Jack mackerel spawn offshore from Punta Eugenia to Point
Conception from March through August. Their eggs and larvae
are uncomamon within eighty miles of shore, and often are found
as far as 400 miles offshore. This indicates the important
contribution of eggs from the large offshore fish Spawning
extends to northem California waters and closer to shore in the
Southern California Bight from July through September. Lar-
vac have been taken 100 to 1,000 miles off Oregon and
Washington in Aagust and October; they feed primarily on
copepods. Juvenile jack mackercl appear to move inshore (o
concentrate over shallow rocky reefs in the southem California



Bight and along the Baja California coast, for few young fish are
found elsewhere,

Young jack mackerel secm to prefer copepods, pteropods,
and euphausiids, although at times they feed almost exclusively
on juvenile squid and anchovies. Food habits of the older
offshore fish arc unknown. Jack mackerel, in turn, may be quite
important food for billfish. They also contribuite to the diet of
scals, sea lions, some porpoiscs, vellowtail, white seabass,
bomnito, bluefin tuna, striped marlin, angel, and blue sharks,

Status of Population

The most recent cstimate of biomass was made in 1983,
Spawning biomass was estimated at 1,50, and total biomass at
1.63 to 1.99 million tons. These estimatcs must be viewed as
tcntative approximations of the population because of two
factors. First, the spawning frequency of Jack mackerel isnot yet
known, and so estimates were based on the spawning frequen-
cics of other pelagic species. Second, estimates were derived
from CalCOFI egg and larval surveys which did not caver the
entire range of the spawning population, so assumptions were
made for the contribution of older jack mackerel outside the
CalCOFI arca. The occurrence of only young fish in the fishery
leaves the age structure of the rest of the population unknown,
anditis uncertain how much the reproduction of these older fish
contributes (o the population of young fish in the Southemn
California Bight.

There hasbeen a decrease in the percent of older fish in the
catch since the 1960°s, which has caused some concern. It is
unclear whether this change is due to a decrease in the number
of older fish or to a change in the distribution of the three to six
vear old fish. The population can probably continue to support
the current level of fishing exploitation from the purse scine
fieet, but it is difficudt to predict the effects of increased
exploitation, duc to the limited knowledge of the composition
and behavior of the older segment of the population and to the
Lmited knowledge of rcproduction and recruitment in jack
mackerel.

Jan Mason
National Marine Fisheries Servioe
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PACIFIC MACKEREL
History of the Fishery

Pacific sardine,

_ Pacific mackerel supported one of California’s major fish-
enes_dunng the }930‘sand 1940’s and againin the 1980, The
canning of Pacific mackerel began in the late 1920°s and
increased as greater processing capacities and more marketable
packs were dcveloPei Landings decreased in the early 1930%
duc to the economic depression and a decline in demand, ang
then rose 10 a peak of 73,214 tons in 1935. During this period.
Paci]jc mackerel was second only to Pacific sardine in anmual
landings. The mackerel fishery then experienced a long flucty-
aling decline, A moratorium was pLaced on the fishery in 1970
after the stock had collapsed.

In 1972, Iegislation was enacted which imposed a landing
quota based on the spawning biomass. A series of successful
year classes in the late 1970’s initiated a recovery, and the
fishery was reopencd under a quota system in {977, During (he
reoovery period from 1977 to 1985, various adjustments were
made 1o quotas for directed take of Pacific mackerel and to
incidental catch limits. These measures were intended to lessen
the tmpact of the recovering population on the jack mackerel
fishery, and to accommodate the development of the Pacific
mackerel fishery as the population increased. From 1986
through 1991, Pacific mackere! accounted for 74 percent of
total mackerel landings in Californmia Pacific mackerel ranked
first in volume of landings of finfish in California from 1984
through 1991.

Before 1928, when canning began, Pacific mackere! were
landed incidentally in the sardine fishery and used primarily as
fresh fish. For many years, demand for canned mackerel was
stcady and exceeded supply. Since the recovery, the market fot
canned mackerel has fluctuated duc w availability and eco-
nomic condiions. At present, most Pactfic mackere! is canned
for human consumpton and for pet food, with a small but
increasing amount sold as fresh fish. Minor amounts of Pacific
mackerel are used by anglers for live and dead bait. Mackerel
prices increased from $45 per ton in E956t0 $315 in 1981, but
have declined to $233 per ton in 1990. Domestic dcm for
canned Pacific mackerel appears to have decreased in Teoemt
years, and southern California processors and the traditional
purse seine flect are in economtic difficulty. During the carly
fishery, Pacific mackerel were taken by lampara boats, which
were replaced in the 1930’ by the same purse seine flect that
fished for sardincs. The purse seirers fished for Pacific mack-
erel until the moratorium in 1970, and were able to fish forjack
mackercl. northern anchovy, and other specics until the fishery
reopened in 1977, Originally. fishing occurred near port. bm:b,\
the latc 1930's, it extended along the entie coasi fom San
Diego to Santa Barbara and included the southern Caldom
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stands. Beginning in the 1952-1953 season, fishing extended
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California commercial landings of Pacific mackerel, 1916-5969.
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California commercial landings of Pacific mackerel, 1970-1951.

Unti! the mid-1950's, there was a scasonal pattern to the
fishery. Pacific mackere] were mostly unavailable from Fanuary
through May, then increased in availabilty until late fall. Most
of the catch was taken by purse seiners until September, when
the sardine fishery began. During the declining years of the
fishery, catches became more sporadic, with 1o apparent sea-
sonal paticrns.

At present, the purse seine flect fishes the Southern Cali-
fomia Bight, including the southern California islands and
offshore barks. A small portion of the catch (typically less than
5 percent) is taken in the Monterey Bay area. The purse seine
ﬂ“-’-l_ fishes vear-round. Landings arc typically slow dunng
April and May, increase beginning in Junc, peak during the
‘-h‘fd_ quarter of the year, and decrease after September. Ap-
proximately 75 purse seiners participate in the mackerel fishery
and take Pacific mackere!, jack mackerc), Pacific sardine, 2nd
squid. Other types of pear take Pacific mackerel incidentally.

Pacific mackercl fisheries in Californda are currently man-
aged by the state, but a fishery management plan for coastal
Plagic species, including Pacific mackerel. is being developed
by the Pacific Fishery Managciment Council. State regulations,
Chacted in 1985 impose a moratorium on directed fishing when
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the total biomass is less than 20000 tons, and limit the
incidental catch of Pacific mackerel to 18 peroent during a
momatorium. A season quota equal to 30 percent of the total
biomassin excess 0f 20,000 tons is allowed when the biontass 1s
between 20,000 and 150,000 tons, and there is no quota when
the total biomass is 150,000 tons or greater. Since 985, the
biomass has exceeded 150,000 tons and no quota restriclions
have been in effect.
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California commercial passenger-carrying fishing vesscl{ CFFV)
landings of Pacific mackerel, 1947-1969.
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California commercial passenger-carrying fishing vessel (CPFY)
landings of Pacific mackerel, 1970-1990.

Pacific mackercl have ranked among the top i1 most
important sportfish caught in southem California waters, pri-
marily because they are abundant rather than desirable. The
recreationat catch of Pacific mackerel averaged 1,473 tens from
1977 through 1991, During the commercial fishing morato-
rium, the sport fishery became the largest exploiter of Pacific
mackere] inCalifornia. Therecreational catch increased during
the late 1970°s and early 1980’, with over one million fish
caught during the period 1979-1981. Recent estimates of
annual recreational catchesindicate a sieady decline since 1981
to about 442,000 fish in 1991.

Demand for Pacific mackerel in Baja California, Mexico
increased afier World War I1. Landings remained stable for scveral
years, Tose 10 25,000 tons in 1963, then declined toa low of 1,334
tons in 1968. Catches remained insignificant untl the mid-1570's,
By 19%, landingshad increased to 39,433 tons. Atpresent Pacific



mackerel landed in Mexico are mostty reduced to fish meal and oi
in place of anchovies, which have been unavailable.

Facific mackercl, Scomber japonicus.

Status of Bickgical Knowledge

Pacific mackerel occur worldwide in temperate and sub-
tropical coastal waters. In the castern Pacific, they range from
Chile 1o the Gulf of Alaska, including the Gulf of California.
They are common from Monicrey Bay, California to Cape San
Lucas, Baja California, but are most abundant south of Point
Conception, California. Pacific mackerel usuafly oocur within 20
mites of shore, but have been taken as far offshore as 250 milcs.

Adults are found in water femperatures ranging from 50.0
to 72.0° F and larvae in $7.2 to 70.0° F. Adults occur from the
surface to 1,000 foct deep. Sub-adult and adult Pacific mackercl
in the northeastern Pacific move northward along the coast
during the summer. The most northerly records occur during El
Nifioevents. Thereis an inshore-offshore migration off Califor-
nia, with increased abundance inshore from July to November
and increased abundance offshore from March to May. Pacific
mackerel are typically found near shallow banks, and juveniles
arc commonly found off sandy beaches, around kelp beds, and
in open bays.

The targest recorded Pacific mackercl was 24.8 inches and
weighed 6.4 pounds, aithough commercially harvested Pacific
mackerel seldom exceed 16 inches and two pounds. Growth is
believed to be density-dependent, as fish reach much higher
weights-at-age when the population size is small. The oldest
recorded age, determined by otolith reading, was 11 years, but
most Pacific mackerel in the commercial catch are less than
four vears old. Some Pacific mackerel mature as one-year olds,
although most are net sexually mature until age two or three.
Pacific mackerel become available to the coramercial fishery in
their first year of life and are not fully recruited to the fishery
uriil age four. However, substantial numbers of younger fish are
takenbry the commercial fishery and make upthebulk of the catch.

Recruibnent of Pacific mackere] is variable and loosely
linked to the size of the spawning biomass. Reproductive
success is somewhat cyclical, with periods of roughly threc to
seven vears. The annual rate of natural mortality is thought tobe
approximately 40 percent in the absence of fishing.

There are thrce spawning stocks in the northeastern
Pacific: one in the Gulf of California; one near Cape San
Lucas; and one along the Pacific coast north of Punta
Abreojos, Baja California. Spawning occurs from Ev-
reka, California to Cape San Lucas, two to 200 miles oflf
shore, and in the Gulf of California.

Off California, spawning occurs from {ate April to July at
depths to 300 feet. Individual fish may spawn eight times or
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Baja California, spawning occurs from June through October.
Pacific mackerel larvac eat copepods and each other. Larvac
normally begin to feed within 5O hours of haching. Juvenile
and adult Pacific mackerel feed primarily on small fishes, fish
larvae, squid, and pelagic crustaceans such as cuphausiids,

Pacific mackerel lanae are subjoct to predation from a
numbet of inveriebrate and vertebrate planktivores. Juvenile
and aduits are eaten by larger fishes, marine mammals, and
seabirds. Pacific mackerel school as a defense against preda-
ton, often with other pelagic specics, including jack mackerel
and Pacific sardine. Principal predators include porpoises,
California sea lions, brown pekicans, striped marlin, black
martin, sailfish, bluefin tuna, white seabass, yellowtal, giant
sca bass, and various sharks.

Status of Population

Historical estimates of Pacific mackerel biomass along the
Pacific coast indicate a decline in total biomass from 1932 until
1952. After a brief resurgence, the population reached a peak in
1962, then declined to less than 10,000 tons by 1966 and
remained low until the late 1970s.

A scries of successful vear classes beginning in 1974
brought about a resurgence, and the biomass peaked in 1982,
Since then it has declined. Preliminary estimates indicate that
the 1991 biomass of Pacific mackercl is about 160,000 tons.
Information derived from deposits of Pacific mackerel scales oa
the sea floor indicates that the prolonged period of lugh biornass
during the late 1970's and 1980’s was an unusual event that
might be expected 1o occur about once every 60 years.

It is estirnated that the maximum long-term yield of Pacific
mackerel might be 29,000 to 32,000 tons under management
systems similar to that in current use. It is difficult to assess the
effects on the catch of recent warm temperatures, possible
changes in availability of young fish, and the deteriorating
markets. However, it is unlikely that the recert high harves
levels can be sustained.

Eddy S Konno
Patricia Wolf
California Department of Fish and Game
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PELAGIC WETFISH: DISCUSSION

For the most part, "pelagic wetfish” is an out-of-date
expression which no longer aptly describes this group of
species. The term "wetfish® was historically used to describe
how these fish were processed in canneries. Unlike the tunas,
which are cooked and then packed in the can, wetfish are first
packed in the can, in a "wet” condition, and then cooked.
Throughout the history of commercial utilization of this group,
each species has, for varving periods of time, been taken
primarily for canning for human consumption. Currently only
jack mackerel and Pacific mackerel are taken primarily for
canping, The industry has not yet been able to reestablish a
viable market for canned sardines; 5o this resurgent resource is
being caught primarily for bait, animal fooed, and fresh fish
markets. Herring are caught primarily for their roc¢ and ancho-
vies are used primarity for bait and human consumption. Most
of the herring roe is exported to Japan, while much of the fresh-
frozen anchovy is shipped to Spain and Portugal.

Although there are many similaritics in the Jife histories of
these species, there also are differences. They are all open-
ocean, relatively-nearshore, schooling fish for most of their life
cycles, but heming is the only one dependent on estuarine
habitat for part of its life cycle and jack mackere! is the only one
known 1o ocour as much as 600 miles offshore, Fach matares at
a relatively young age, one to three years oid; and while jack
mackeret live 1obe 20 10 25 yearsold, relatively fow individuals
of the other specics attain half this age. In coastal areasthe eggs
and larvae of all the species are common, butbeyend 200 miles
from the coastline they are common only for jack mackerel.
Anchovies, Pacific mackerel, and sardines are known to mi-
grate scasonally along the coast. Herring migrate intobays and
estuaries to spawn, but little is known about their seasonal
movements when they retum to the ocean. Jack mackerel
migrale away from the nearshore banks and islands at a
relatively young age (4-6 years) and, while they range from at
least off Baja California, Mexico to the Gulf of Alaska, littie is
kngwn about their migratory habits as older adults The herring
caich is concentrated in the bays of central and northern
California, while the other species are primarily caught in open
walers and near the islands and banks of the Southern Califor-
nia Bight The commercial landings of each has been closely
monitored, creating annual time series of age and length
composition data that span several decades for most of the
species. Time series estimales of biomass date back (0 the
1930 for sardines and Pacific mackerel, the late-1940’s for
anchovies, and the mid-1978's for herming. While there are no
time series estimates of jack mackerel biomass, age and fength
composition data is available since the late 19407,

The management history foreach speciescanbecharacter-
ized as almost lacking for jack mackerel (considercd
undenutilized) to extensive for the other four species. Prior tothe
1970’s, management was generally nonexistent for all these
species. When sardine ard Pacific mackerc]l biomasses were
declining 0 virtual economic extinction (in the mid 1960's),
the commercial fishing industry began a quest w cstablish an
anchovy reduction fishery. By the late 1960%, a reduclion
fishery was authorized by the California Fish and Game Com-
mission, complete with quota, season, area, and size restric-

FISH RESOURCES

94

tions. Quick 1o follow was legislation in the early 1970's that
established moratoria on the commercial take of Pacific mack-
crel and sardines. The resurgence of the Pacific mackerel
resource, the establishumient of the herring-roe fishery, and the
transition to foderal management (Pacific Fishery Manage-
ment Councily of anchovy during the mid to late 1970°s, were
accompanied by strict management regimes which included
requirements for annual quotas and assessments of biomass.
The more recent resurgence of the sardine resource off Califor-
nia hasalso resulted in annual quotas and assessments. In 1991,
the Pacific Fishery Management Council elected to develop a
Coastal Pelagic Species Management Plan which would in-
clude sardines, Pacific mackerel, jack mackerel, and anchovy.
The tasget date for plan implementation was early 1993. Pacific
herring will continue to be managed by the California Fish and
Game Commission,

The outlock for these resources and their fisheries ranges
from optimism to thoughts of gloom. The herring resource
should continue to support a viable fishery under the strict
management of take by the California Fish and Game Commis-
sion and with continuing good markets for herring ro¢ in Japan.
The anchovy fishery’s largest historical components were the
reduction fisheries in California and Baja California. These
have ceased to exist, primarily for economic reasons, and yet
anchovies continue to be valued as live bait for the recreational
fishing industry and, more recently, as a fresh-frozen product
for human corsumption in Europe. Pacific mackerel have
sustained the southern California purse seine flect for over a
decade, with record average landings forthis time span; but the
recent transition of the Mexican fleet 1o this species and record
landings suggest that this fishery and resource is overdue for a
substantial decline. The Pacific sardine resource seemed des-
tined to recover to levels of the 1930% under strict control of
catches during the recovery period; yet Mexion’s recent in-
creases in catches of this specics off northern Baja California
has put a hold on this optimistic outlook. Jack mackerel, long
thought 1o be underutilized, has previded much of the resource
necessary for the southemn California purse seine fishermen to
survive the lulls cansed by declines in the Pacific mackerel,
sardine, and anchovy fisheries. However, a presumed large
biomass of older fish loams somewhere outside the Southern
California Bight Itz availability toothergear (e.g. large factory
trawlers) has yet 10 be determined, but could result in a new
chapter for the harvest of wetfish off California, particularly given
thetrend forcontinuing cannery closures over the last two decades.

Richard A. Klingbeil
California Depantment of Fish and Game

FLATFISHES

CALIFORNIA HALIBUT
History of the Fishery

California halibul (Paralichthys californicus) is an impor-
tant latfish species in both the commercial and recreational



fisheries of centrat and southern California. The highest re-
corded commercial landing of halibut was 4.7 mitlion pounds
in 1919, which was followed by an overall decline to a low of
950,000 pounds in 1932. Since 1932, the average annual catch
has been 910,000 pounds, with four notable peaks in tandings:
1336 (1.58 million pounds), 1946 (2.46 miltion pounds), 1964
(1.28 million pounds), and 1981 (1.26 million pounds).
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Califormia commercial landings of California halibut, 1970-1991.

The decline in halibut landings after 1917 has been attrib-
uted 10 increased fishing pressure during World War I and to
cverfishing. Fishing restraints during World War I may have
allowed halibut stocks to increase, resulting in peak landings in
the late 1940, followed by low catches in the 1950%s. Warm
water (El Nifio) years in the late 1950°s were followed by
inxreased fandings in the mid-1960°s. The lowest landings
ocourred in the carly 19707, with the lowest recorded catch in
1970 of 257,000 pounds. Landings increased during the late
19707s to a peak in 1981, Since 1981, landings have remained
relatively constant, exceeding one million pounds cach year
through 1989,

Catches by commercial passenger fishing vessels displayed
trends similar to the commercial landings from 1947 through
1974, with peaks in 1942 (143,000 halibut) and 1964 (141,000
halibut). While the commercial catch increased in the laie
1970°s and stcadied in the 1980's, the recreational caich
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temained Jow and variable with an a

8,620 fish from 1971 (0 1989, Verage annual caich of
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California commercial passenger—carrying fishing vessel (CPFV)
landings of California halibut, 1947-1969.
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California commercial passenger-carrying fishing vessel (CPFV}
landings of California halibut, 1970-1990.

To assist with the restoration of the California halibut
resource through the protection of sub-adult fish, a regulation
was adopted in 1971 thal set a minimum size limit of 22 inches
for sport-caught California halibut. Commercial landings in-
creased slowly after this legislation, whereas recreational land-
ings remained low and did not recover to formicy catch levels.

Although California halibut range from the Qui?h)ule
River, Washingion to Magdalena Bay, Baja California, the
commercial fishery is concentrated from Bodega Bayto(_?cmral
Baja California. The contribution to California landings of
halibut captured in Mexican waters has varicd but has generally
been insignificant since 1966. The fishery was _hlsmngl]y
centered off southern California and Baja Catifornia, but since
the 1980 the greatest landings have been in Ventura and Sania
Barbara counities, with eceptional landings in the San Francisco
area during 1982 and 1983, coinciding with the 1982-1983 El
Nifio event Aljmitedamwmofﬁﬂliﬂgmm‘dme
Channel Islands of southern Catifornia, with a catch of subsian-
tially Jarger halibut (average length =27 inches) than thosecaught
it the nearshore mainland fishery (average kength = 24 inches).

FisH RESOURCES



Gill and trammel nets aswell as otter trawls arcused for the
of California halibut. Gill and tramumel
nets with 8 5-inch mesh and maximum lengih of 6,000 fect are
the principal type of gear used in southern California. Gill and
prayumel net fishing is prohibited in shallow coastal waters
notth of Point Sal, in Santa Monica Bay, and is subject 1o many
depth, area, and seasonal closures throughout the state. A
Marine Resources Protection Zone was cstablished in 1991
extending three miles off the southern California mainland
coast from Point Conception the Mexican border and within
onc mile or 70 fathoms (whichever 1s kess) around the Channel
1slands, Within this protectionzonc, the use of gill and trammcl
nets will be prohibited after December 31, 1993,

Trawling is permitied in federal waters (3 to 200 nautical
miles offshore) using trawls with a minimum mesh size of 4.5
inches. Within three nautical miles, bottom trawling is prohib-
ited except in the designated “Califormia halibut trawl
grounds,” which encompasscs the arca between Point Argueilo
and Point Mugy in waters farther than one nautical mile from
shore. Bottom trawls used in this area musi have a minimum
mesh size of 7.5 inches, and trawling is closed from March 15
1o June 15 to protect spawning adults.

Comumercial fishing taws prohibit the sale of California
halibut less than 22 inches in total length. unless the weight is
atlcast 4 pounds whole, 3.5 pounds dressed with thehead on, or
3 pounds dressed with the head off. Four halibut less than the
legal minimum size may be retained forpersonal use. The average
price per pound to southern California shermen is $2.25.

Recreational regulations also require a minimunm size: 1limit
of 22 inches and generally no more than five halibut taken per day
{onty three per day in Bodega and Tormales Bays). Halibut can be
taken in recreational fisherics using hook and line, spear, or hand.

commercial

California halibut, Paralichthys californicks.

Status of Biclogical Knowledge

Adult California hatibut inhabit soft bottom habitais in
coastal walers generally Icss than 300 feel deep, with greatest
abundance at depths of less than 100 feel Adults spawn
throughout the year with peak spawning in winter and spring.
:zlaglc eggs and larvae occur over the shelf, with greatest
Ofn.*;lut:s;m “?terless than 250 feci decp and within four miles

shore. Halibut 1anyvae appear to move inshore as they ap-
{Jécozzgmclamqrphosis. Early larval stages {about 0.1 10 03
o occur in _mldwaxcr more than one mile offshore,
Teas transforming larvae occur within 0.6 mile of shore and
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occupy the neuston (surface zone) at night and the botlom
during the day.

California halibut have a relativcly short pelagic larval
stage (less than 30 days), transforming and scttling to the
bottom at a small size (0.35 Lo 0.5 inches). Newly-settled and
larger juvenile halibut are frequenily taken in shallow-wates
embayments and infrequentiy on the open coast, suggesting
that embayments are the important nursery habitats. However,
setilement either in bays or along the open coast varics yearly
and may reflect variability in nearshorc currents that influence
the onshore transport of larvac. The advantages of bays as
nursery areas are probably a decrease in the risk of mortality of
newly-settied juveniles and an increase in the growth rate of
larger juveniles that feed upon the abundant small fishes in the
bays. Juveniles emigrate from the bays to the coast at about one
vear of age and 6.9 to 8.7 inches in length,

Tagging studies have indicated that California halibut do
not tend to move extensively. Sublegal halibut 1agged and
released frorn commrcial passengerfishing vesselsin southern
California were recovercd mostly within five miles from their
g sites, with only 12 percent found 10 miles or more from
where they were lagged. Larger halibut appear 10 travel the
grealcst distances. One large tagged halibut (33 inches) was
recovered 64 miles away 39 days afier rclease.

California halibut may live to 30 years and reach 60 inches
in length, The maximum recorded weight 15 72 pounds. Male
halibut mature at two o three years and eight 10 nine inches,
whercas females maturcat fourto five years and 1510 17inches.
Female halibut atain larger sizes at age than males and
represent a greater fraction of the commiercial landings (60 1o
80 percent). Female halibut reach legal size (22 inches)atSw
6 vears of age, ahout a year before males.

California halibut are ambushing predators. Adults prey
primarily upon northern anchovics, squid, and other ncklonic
ncarshore fish species. Small juvenile halibut in bays eat
crustaceans primarily, including copepods and amphipods,
until they reach about 2.5 inches. They are then large enough to
eal gobies that are found commonly in bays but not on the open
coast. Juvenile hatibut become increasingly piscivorous with
size. On the coast, juvenile halibut from 10 to 12 inches m
length feed primarily on mysids and anchovies.

Status of Population

Abundance of larval California halibut in plankton surveys
is correlated with commercial landings of halibut, suggcsting
that this species has a cycle of abundance approximatcly 20
vears in Jength, However, the size of the halibut population may
be limited by the amount of available nursery habitat, as
juvenile halibut appear to be dependent on shallow watcr
embayments as nurscry areas. The overal] decline in California
halibut landings corresponds to a decline in shallow water
habitats in southern California associated with dredging and
filling of bays and wetlands.

Recreational and commercial fishermen are in conflict
over the California hatibut resource in southern California. A
possible management alternative under consideration is a dif-
ferential minimum size limit of 22 inches for the recreationat
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fisheryand 26 inches for the commercial fishcry. This strategy
would alkow recreational anglers to harvest halibut between 22
and 26 inches in length before fish had grown large enough to
recruit to the commercial fishery. Yield-per-recruit (Y/R)
analysis indicated that: I} differential size limits would provide
an increased Y/R for the recreational fishery, whereas the
commercial fishery would expericnce a loss; 2) that overall
fishing effort was about twice the optimuim level; and 3) that Y/
R would probably increase with diminished fishing effort.

Prohibitions on the use of gill and trammel ncts in
ncarshore wailers off southern California beginning in 1994 are
expecied 10 reduce the commercial harvest of California hali-
but. This should result in increased availability of halibut 1o
recreational anglers,

The total California biomass of the halibut resource ob-
tained from virtual population analysis estimates in the late
1980°s was 5,720,000 to 13,200,000 pounds, with annual
recruitment of fish at age one estimated 10 be between 0.45 and
L0 million fish, The number of juvenile halibut emigrating
from southern California bays to the open coast (age onc)
estimated from beamn traw] surveys ranged between 250,000
and 400,000 in the 1ale 1980,

Sharon H. Kramer
MBC Applied Environmental Sciences

John §. Sunada
California Department of Fish and Game
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DOVER SOLE

History of the Fishery

The stature of Dover sole (Microstomus pacificus) has
evolved from that of an undesirable by-product of bottom
rawling prior to the 1940°s to become the most abundant
groundfish in statewide landings. This phenomenal rise was the

a7

result of market demand during and following World WarH and
technolegical advances in fish handling and processing,

At the advent of rawling in the 1870°s, Dover sole were
inadvertenty caught by lateen sailboats using paranzella nets.
California’s Dover sole fishery expanded from its beginning in
San Francisco Bay to its present scope extending from Santa
Barbara to the Oregon border. The developing trawl fishery
experienced major changes in vessels and netting, Sailboats
were replaced by steam, gasoline, then dissel-powered vessels.
The original paranzella traw] net was supplanted by the more
efficient otter trawl in the 1920’s. By the 1980°s, some trawl
fishermnen began to use rolker or bobbin trawls 1o capture Dover
sole and other deep-slope groundfish instead of more conven-
tional trawls with rubber mudlines between the traw! doors and
footrope to create a fish-herding mud cloud. A quick-freezing
method, developed during Wortd War I, hardened the soft flesh
of the Dover solc to produce marketable fillets. This advance
and the wartime demand for fish allowed trawlers to tum their
attention to the large north coast population of Dover sole.

The directed Dover sole fishery began in 1943 when 28
tons were landed. Between 1944 and 1947, landings ranged
from 62 tons to 1,400 wns. The fishery expanded to 3,600 tons
in 1948, at which time Dover sole landing records were
scparated from nominal or unspecified sole landings, and rose
further to 5,850 tons by 1952, Annual tandings then remained
stable at approximately 4,000 tons untl 1969. From 1969
through 1989, landings have averaged 10,200 tons annually.
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California commercial landings of Dover sole, 1970-1991.
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Actua) historical catches of Dover sole were undoubtedLy
pigher than reported landings duc to at-sca discarding as a
cesult of market-imposed landing limits. Dover sole from deep
depths are often "jellied" (have flesh with a high water content)
and consequently have reduced market appeal. Because Dover
sole are typically captured jointy with other marketable

ndfish, especially sablefish and thornyheads, trawling
would ofien continu¢ for co~occwrming species, even afier Jand-
ing limits had been reached

Commercial Dover sole landing limits were imposed
coastwide in 1989 and 1990y the Pacific Fishery Management
Council asa trip limit on the aggregate poundage of Dover sole,
thornyheads, and sablefish on board. Prior to that time, markel
demand and gear regulations, not resource availability nor
quotas, were Uk dominant forces controfling statewide Dover
soie landings. The intent of this regulation was (o reduce the
harvest of sablefish by restricting decp water rawl effort for the
complex of Dover sole, thornyheads, and sablefish.

The port of Eurcka has historically supporied the largest
Dover sole fishery, followed by Fort Bragg, Crescent City, San
Francisoo, and Monterey. The Morro Bay-Port San Luis arca
supported a very minor deep water trawl fishery until 1983
(annual landings of 50 tons), at which time a wintertime influx
of trawlers from northern California and Oregon began target-
ing Dover sole. Good winier weather, an abscnce of market
limits, and a relatively unexploited resource caused landings to
rise dramatically. From 1983 to 1989, landings into Morro Bay
and Pon San Luis have averaged 1,760 1o0ns.

Sport utilization of Dover sole is practically noncxistent.
The depth distribution of Dover sole normally places them
bevond most sport fishing activity, and Dover sole, because of their
foeding habis, are not vulnerable to hook-and-line fishing,

Dover sole, Microsiomus pacificus.

Status of Biological Knowledge

_Dovlcr sole occur from the Bering Sca to northern Baja
Californiz on mud bottoms at depths from 180 to 4,800 fest.
Although early tagging experiments off Oregon and California
sugeesied Dover sole move inshorte in the summer, a more
tecent California Department of Fish and Game (CDFG)
tagging study discovercd that not all Dover sole participate in

< summer inshore movement. In fact, most of the mature fish
tagged and released in decp water were recovered in deep water
mgardiess of season. Thus the CDFG tagging data indicate that
™o substocks may exist - one that migrates and one that does
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not. Juvenile Dover sole settie on the continental shelf and
gradually move down the slope over their lifctime, reaching the
oxygen-minimum zone as they become sexually mature. Thus,
fish composing the migratory substock may be younger than
those composing the nonmigratory subsiock.

Fish size changes markedly with ocean depth. For ex-
ample, the average weight of females increases from 0.61
pound in depths shallower than 1,500 feet, to 1.80 pounds in
1,500 to 3,300 feet, then to 2 46 pounds from 3,300 to 4,200
feet. The propertion of females also increases with depth, from
two-thirds of the total biomass in shallow waters to over 90
percent at depths greater than 3300 feet,

Growth is rapid during the early years of life but decreases
with age. Five-year-old Dover sole grow 0.65 inch per year, but,
by 10 ycars of age, growth slows to ¢.42 inch annually. Dover
sole may attain an age of over 50 years and reach 30 inches in
length. Fifty percent of Dover sole females 12.2 inches long are
mature. The smallest mature Dover sole in 1987-1988 studies
was six years old, whereas carly studies reported mature five-
vear-old females.

Dover sole may spawn nine batches to relcase all eggsina
spawning season. Egg production is corrclated with size. Fish
of 0.55 pound produce 33,000 cggs, while 2.36-pound fish
produce 54,000 eggs on average. The buoyant Dover sole eggs
may experience a wide range of water temperatures, from 37
degrees F ncar the bottom o 59 degrees F at the sea surface.
Thus, incubation time may vary from 10 days 1o one month.
Larvae have aprolonged pelagic life of at least one year and are
unusually large {one 1o two inches long) before settling to te
bottom. Larvae have been found along the entire California
coast, as far as 60 miles south of the U.S.-Mexico border and up
1a 280 miles offshore,

Dover sole feed commonly on polychacte worms, pelecy-
pod and scaphopod mollusks, shrimp, and britde stars. Only
Pacific sleeper sharks and spiny dogfish are known (o prey on
Daver sole.

Status of Population

Population estimates of Doversole in California waters are
only available for limited geographic arcas in central and
northern California. In 1987 and 1988, the Nationat Marine
Fisheries Service (NMFS) conducted two surveys to assess the
adult biomass of Dover solc in the area from Point Conception
to Montercy Bay. The surveys found that 98 percent of the
spawning biomass of Dover sole in central California waters
live on the continental slope between 2, 100 and 3,300 fect decp,
an area characterized by low oxygen concentralions and very
cold temperatures. Estimated biomass was 11,250 1ons using
one survey melhod and ranged from 15,400 to 18,700 tons
using the other.

A Dover sole stock assessment using | 990 NMFS bottorn
{raw] survey data and population medelling provided estimates
of current biomass and yields for the area from Cape
Mendocino, California to Cape Blance, Oregon. Femalc
spawning biomass was ¢stimated tobe 20,200 tons, with a likely
range of 16,500 10 34,000 tons Estimated maximam sustain-



able yield for the Fureka area is 3,000 to 4,100 tons. The stock
in thisarea was in equilibrium and near the target biomass level
that would provide maximum sustainable yield.

A quantitative asscssment has not been conducted yel on
the Dover sole population in central California between
Montercy Bay and Cape Mendocino.

Francis D. Henry
California Department of Fish and Game

N. Chyan-huei Lo
National Marine Fisheries Service
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ENGLISH SOLE
History of the Fishery

English sole (Plewronectes vetulus) has been commer-
cially important since the introduction of the first trawl net, the
paranzella, in San Francisco in 1876. The use of traw] nets
made the catch of "sole” species onc of the leading catcporics of
fish landed in California, and English sole was the leading
flarfish in that group until Dover sole took first place in 1949,
Since then, English sole has been second in pounds landed
except for 1970-1972, when petrale sole was second. The peak
year for English sole was 1929, when 8.7 million pounds were
caught off central California and at new fishing arcas off Fort
Bragg and Furcka. Annual landings during the past 10 vears
have averaged just under three million pounds, mostly from
grounds off the Evreka and San Francisco areas. Little istaken
commercially south of Point Conception.

English sole are fished primarily by trawling in water 120
io $00 fect deep on sandy bottoms. They become vulnerable to
the commercial fishery at three years of age (10 inches), but
four- to eight-year-old fish (11-17 inches) predominate land-
ings because markets request fish of at least 11 inches in order
0 produce reasonable size filiets. Female fish are often more
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abundant in the landings because they tend to be Jonger and
heavier than the males. Fishing for English sole can be done by
relatively small vessels bocause of the shaltow water in which
thisspecies is found. Very litile istaken by commercial hook and
line or by gillnet, and it is not an important species for
recreational fishing,
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Commercial landings of English sole, 1970-199].

English sole is a desirable fish for the market and restau-
rant trade, primarily as a filleted product, but landings are
affected by market dernands and abundances of other fiarfish
and roundfish, Currently there are landings restrictions on
certain rockfish and deep-waler complexcs of fishk, and proces-
sors may request English sole from the fishermen to supplement
1otal landings. Notwithstanding, landings of English sole have
not increased since the implementation of restrictions on other
fish. Demand for English sole is also affected by availability and
price of imported fish products.

Status of Brological Knowledge

English sole range from San Cristobal Bay, Baja California
to northwest Alaska in water as deep as 1,800 feet. Fish 1endto
move to deeper water in the winter and shallower walcr in the
summer, and fishing effort follows these movements
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English sole, Pleuaronectes veiulus.

Tagging studies in California, Oregon, Washinglon, and
British Columbia show that, although there is little overall
migration, small seasonal north-south movements probably
accur, and some fish have been found to move in excess of 200
miles. Analysis of tag returns also supgest that four scparale
stocks are found in Califonia: south of Point Conception, Point
Conceplion 1o Bodega Bay, Monterey to Eurcka, and Eurckato
southern Oregon. The overlap in areas is a result of apparcnt
north-south movement of the stocks. Some seasonal intermin-
gling between stocks probably also occurs.

Femaie English sole are usually maturc at threeyears (10 to
14 inches), while males mature ai two (8 fo 11 inches)
Spawning occurs over sand and mud-sand botioms at depths of
200 to 360 feet from September to April, alihough some
spawning probably oocurs im all months. In California peak
spawning occurs from December through February, with an-
nual variations in liming apparently related 10 waler tempera-
ture, Each fish probably spawns only once per year. A three-
year-old, 12-inch female releases approximately 530,000 cggs,
while a 10-ycar-old, 17-inch fish will relcasc almost two
million. Egg diameter is approximaicly 0.04 inch. Fertilized
eggs are buoyant when first released, but shortly before hatch-
ing they begin to sink into the water column,

When the eggs haich, in four 1o 12 days, the larvae are
approximately €.1 inch long. Typically the larvag are in the
mid-water columa but sink deeper as they approach melamor-
Phosis. During development, the larvae can be carried towards
shore on upper-level water currents. Spawning and develop-
ment during times of rapid plankton growth may resultin good
fecrwiment. During their pelagic phase of six to 10 weeks, the
larvae grow to about 0.75 inch, then seitle o the bottom and
metamorphose to the adult benthic body form. Afier metamor-
phosis, and for the first year of life, juvenile English solc arc
found in shallow bays and estuaries and feed all the way up 10
the intentidal zone, Juveniles are found in sand, mud, and
celprass habitats. The population density of juvenile English
solc in mﬁﬁ is several times higher than on the open coast,
ho‘_"e"e': ttis notknown how important estuaries aretosurvival
of juvenile English sole. In southern California the shatlow
1?1’““ S0ast may be more important as irvenile habitat than it is
urther north. As the fish grow they tend to move to deeper water.
was ;f;lg largest recorded English sole, from British Columbia,
The o inches, and 2 1-inch fish have been takenin California.
o Oldest recorded age is 22 years. English sole are aged by

unting the annual rings on the interopercular bone,
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While in the estuary and nearshore shallow-water environ-
ment, juveniles feed on copepods, the palps of segmented
wornms, siphons of small clams, brittle stars, and other small
invertcbrates. At the end of their first year of life (about five
inches) most juveniles have moved to offshare waters. Adult
fish are scldom found in estuaries. They are opportunistic
feeders eating shallowly burrowed or surfacc-active prey such
as worms, small crustaceans, clams, and occasionally small
fish, crabs, and shrimp. Adultscan also dig into the sediment 1o
reach deeper prey.

The English sole is capable of interbreeding with the starry
flounder producing an intergeneric hybnid called the hybrid or
forkline sole or flounder.

Status of Population

Little information is available to estimaic the status of the
English sole stock in California. Catch-per-unit-of-cflort data
exist but are complicated by the multiple species aspect of trawl
fishing. Analysis of caich information for the late 1970
suggests that stocks are at levels that produce maximum
sustainable vield. Currently there isno quota onthe English sole
fishery, but landings are monitored and populations continually
asscssed for signs of biologicat stress. The fishery is curmenily
managed by the Pacific Fishery Management Council through
gear regulations such as mesh size for trawl nets.

Donald E. Pearson
National Marine Fisherics Service

Sandra L. Owen
California Department of Fish and Game
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PETRALE SOLE

History of the Fishery

The California fishery for petrale sole (Fopsetta jordani)
began in the San Francisoo area during the late 1880's. Petrale
were then, asihey are now, a highly desirable flatfish. Most are




filleted for the fresh fish wrade, with the remainder being
cleaned ang smoked or dried. The majority of the petrale solc
landed are taken commercially with otter trawls, along with
various other flatfishes and rockfishes, although some are
caught by longline or entangling neis. The sport fishery is
negligible, with only a few thousand pounds being landed
annually. The principal sport catch is made by partyboats
fishing for battomfish specics such as rockfishes.
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California commercial landings of petrale sole, 1931-19689.
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Commercial landings of petrale sole, 1970-1991.

In 1924, there were 66,000 pounds of petrale sole landed.
From 1924 through 1933, annual landings averaged about
250,000 pounds, with over 1.4 million pounds being landed in
1931. The trawler fleet increased greatly in size and efficiency
following World War II. New gear allowed trawling on new
grounds at greater depihs, resulting in larger landings. Also
coninbuting to increased production was the discovery of the
vinter spawning grounds in depths of 900 to 1,200 feer
Concentrations were very dense and caiches increased accord-
ingly. Over five million pounds were landed in 1948. Between
1982 and 1991 landings averaged 1.7 miltion pounds.

Status of Biological Knowledge

Petraie sole are found from the Bering Seato northern Baja
{alifornia on sandy bottoms at depths ranging from 60 to 1,500
o1, These fish have been known to move great distances;
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tagged fish released off Eureka have been recovered in British
Columbia. Nevertheless, most tagged petrale sole are recovered
within short distances of the release point. Tagging studies in
Washington, Oregon, and California indicate that petrale sole
spawn in deep water during winter and, shortly after spawning,
move inshore and northward through spring and summer
months. During fal] and winter months, there isan offshoreand
southerly movement associated with spawning, Within Califor-
nia four spawning populations of petrale sole have been
delineated by tagging experiments and by locating spawning
fish. These are in the Cape Mendocine, Point Delgado, Point
Montara, and Point Sal areas. Individuals tagged on spawning
grounds indicate that there is some interchange of fish among
these areas. Most movement among spawning populations has
been northward. Seasonal caich distributions show the same
patter. Petrale sole are at their maximum concentrations during
winter months in relatively deep water, where a targeted fishery
develops. During summer, they disperse into nearby shatlow
walers and are caught in association with other groundfish.

Peirale sole, Eopseita jordani.

Age and growth studies in California have been very
limited. However, growth appears 0 be rapid during the first
few years for both malc and female fish, after which the growth
rate becomes very disproportionate, with the females growing
more rapidly than males. The maximum recorded sizes and
ages of California petrale solc are 19.5 inches and 2 1 vears for
males and 25.2 inches and 25 vears for femalas. Petrale soie
enter the fishery at about three years of age, but most of the
petrale caich consists of females between five and seven years
0ld and about 14 to 17 inches long,

Petrale sole reproduce in water berween 900 and 1,200 feet
deep from November through March, with peak spawning
during January and February Malesfirst reach maturity at three
yearsaf ageand 11.7 inches long, and females at four vears and
12.5 inches. About 50 percent of the males are mature when
they are seven ycars old and 16 inches long. The largest
immanure male recorded was 15.2 inches and eight years old;
the largest immature female, about 18,5 inches and nine years
Theepgs are pelagic and hatchinabout 8.5 davs in44 .6 Fwaler

This fish is larger than most California flatfish and hasa
large mouth. Petrale solz feed on cuphausiids, shrimp, ancho-
vies, herring. juvenile hake, small rockfish, and other flatfish.

FiSH RESOURCES



Status of Population

Recent investipations into petrale sole yicld-per-recmiit
relationships in the Washington-Oregon region suggest that
stocks there are being harvested at or near maximum sustain-
able levels. On that basis, and using historical Ianding data, the
maximum suslainable vield (MSY) for California stocks is
estimated to be 3.3 million pounds. Recent landings are stable but
about half the estimated MSY. At this time the Pacific Fisheries
Management Council has not sct a quota for this species.

David H. Thomas
Califomia Department of Fish and Game
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REX SOLE

History of the Fishery

The rex sole (Errex zachirus) is taken commercially by
bottom trawl nets from southern California Lo the Bering Sea at
depths of 300 to 1,200 feet. Despite its wide distnbution, this
species does not lend itself to a high-production targeted fishery,
because it rarcly aggregates in any one location al any cortain
time of year. 11 is rarely taken by sponts fishermen,

The commercial fishery for rex sole in California has been
steady and stable for the past 20 vears, with most catches made
incidental to other groundfish species. Annual California land-
ings of rexsole from 1970 1o 1989 averaged 1.6 million pounds,
with a range of 1.3 to 2.0 million pounds. Most of the landings
in California have come from the Eureka-Crescent City area,
where 900,000 pounds ( 56 percentof the annual catch) hasbeen
landed annually, Since 1985, rex solc landings from the Eu-
reka-Crescent City area have been 38 percent of the annual
total, white Jandings at Fori Bragg and Morro Bay have become
significant at 13 percent and 19 percent, respeciavely.

Rex sole is primaniy processed for the fresh food market,
wherc it is held in high esteem by seafood connoisseurs because
of itsbright. white flesh and its sweet, distinctive taste. Most rex
sole are marketed i a drcssed form (eviscerated with the head
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off), which gives pracessors a 35 1045 percent yield by weight.
Rex sole is generally not filleted because its thin, slight body
does not allow for efficient recovery.
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Commercial landings of rex sole, 1970-1991.

Status of Biclogical Knowledge

The rex sole belongs w the family Pleuronectidae, the
right-eyed flounders. It is distinguished by a long nammow
pectoral fin on the cyed side of the body, a short compressed
head, a small mouth, and a nearly straight lateral line which
lacks an accessory branch.

Rex sale, Errex rachirus.

Rex sole first appear in the trawl caich when they are about
12 inches long and 10.5 years of age. Theycanautaina length of



23 25 inches and an age of 24 years. Male rex sole first spawn in
their scoond year when about five inches long. Females first
spawn at age three and about cight inches. Rex sole become
fully mature at age four and about nine inches in length. Afler
3.5years ofage, females grow somewhat faster than males; they
also tend to live longer.

There appears to be no definitive spawning season, as rex
sole in spawning condition have been collected throughout the
ycar. Peak spawning activity is from February through March
off San Franciscoand during the summeroff Eureka. Spawning
Tex sole arc most abundant at depths of 300 to 900 feet,

The number of eggs produced by a single female rex sole
increases with size. A 9.5 inch female will produce about 3,900
eggs, while a 23.25 inch female can have as many as 238,000
eggs. Rex sole eggs average about 0.10 inch in diameter, are
fertilized near the sca bed, become pelagic, and probably
require a few weeks 10 haich.

Rex sole epgs hatch to produce pelagic larvac which are
about 0 25 inch in length. Larvae have been collected from
nearshore o 200 miles offshore during CalCOFI surveys and
are most abundant from April to July. The larvac retain an
extended pelagic existence for about a year before settling out to
abotiom existence as two-inch-long juveniles. The long pelagic
phase may make rex sole larvae more susceptibic to dispersal
and drift by currents, a factor that might affect survival and
subsequent year-class strength. Juveniles are common on the
outer edge of the continental shelf, which is possibly used as a
nursery area, at depths of 490-660 foct,

Litde is known about rex solc movements and migrations.
They are found from shallow water (60 feet) todepths of 2, 100 feet,
usually deeper than 200 fect. They show a preference for amuddy-
sandy botsom, but also frequent both sand and mud bottoms.

Stomach anatyses show that rex sole feed primarily on
amphipods and polychactes: shamparealso eaten, Rex sole are
preyed upon by sharks, skates, ravs, lingeod, and some rockfish.

Status of Population

The rex sole is listed under the "other flatfish” category in
the Pacific Coast Groundfish Plan. 1t is belicved to be
underharvested because a regulated 4 5-inch trawl mesh size
results in the retention of only the larger fish. Insufficient
information is available 10 determine stock abundance.

Lawrence F. Quirollo
Catifornia Department of Fish and Game
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STARRY FLOUNDER
History of the Fishery

.The starry flounder (Platichthys siellagus) i

Species in both the commercial ar:: recr:atjor)lalls f?sl?mm
northern and central California Though scldom targeted it s
oﬂcr! taken by commercial fishers secking more valuable
species such as petrale sole or California halibut. Historicaf]
most of the commercial catch has beep made by otier traui'
During the 19&0’5. nmn)’stanyﬂounderswrclakcnbygiﬂmﬂ
tramume} pets in central California. However, trawlers mug
generally stay three miles off the Coast, and, inrecent years, gill
and trammel nets have been prohibited from rmuch of the
_nearsl‘lorc area. The bulk of the starry Bounder population
inhabits the nearshore waters now closed to these pears and is,
therefore, not available to them,
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California commercial landings of starry flounder, 1970-1991.

Commercial landing figures for this species are imprecise,
owing foan anspecified “flounder” category -.\I’hjch, in northern
California, may include an unknown quantity of a:_mwtoqdl
flounders. Also, starry flounders are sometimes mixed w:ﬂh
misceltaneous flatfishes and recorded as unspucnﬁed_ *sole.

The recreational catch of starry flounders is from piers, boats.
and shore, usually in estiarine and adjaoent crm!alumersm
estimatod annual recreational catch for this species in California
from 1981 10 1986 ranged from less than 30,000 1 §3,000 fish.

Status of Biological Knowiedge |
i ily recogmiz-

The starry flounder is probably the most eastly
able of California’s fladishes The dorsal and anal fins ar¢
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pfomineﬂﬂy maskedwithalternating yellow or orange and dark
tars. The body surface is rough owing to modified slar-shaped
scalesthat give rise to the names “starry” and "roughjacket,” as
this fishis often called by fishermen. Itis very gond at assuming
{he coloration of the substratc upan which ’!l finds itself. Starry
floundets in California are about equalty divided between lefi-
eyed and right-eyed fish, while those of Japan are nearly all left-
qedéw flounders range from Korea and Japan, north to the
Bering and Chukchi Seas and the Arctic coasts of Alaska and
Canada, and southward down the coast of North America to
southern California, although they are uncommon south of
Paint Conception. They are prienarily a coastal species, living
on sand and mud botloms, and avoiding rocky areas. Though
found 1o depths of 900 feet, they are much more common in
shaflower waters. They are frequently found inbays and estuar-
jes, oftcn one of commonest fishes in these settings. They are
tolerant of brackish and even fresh water.

Tagging studies have not demonstrated extensive migra-
tions, although ther is some movement along the shore. There
are also thought 1o be seasonal inshore-offshore movements of
these fish, possibly refated to spawning.

Maost spawning seems (o oocur in shallow waters near the
mouths of rivers and ¢stuaries during the winter. In central
California, December and January are the peak months of
spawning. The number of eggs produced by each female
depends upon her size: a 27-inch fish may produce about 11
million eggs. Fertilization is external.

Eges of the starry flounder are pelagic, floating near the
occan’s surface. Under laboratory conditions, eggs held at S1°F
hatched in 4.5 days, while those held at 54 5° F hatched in 2.8
days. Newly hatched larvae are less than one-tenth inch long.
Mclamorphosis occurs 39 to 75 days after haiching. Newly
scttled juveniles less than one-half inch long are common in
low-salinity estuarinc waters, although seitling also occurs
along the open coast.

Females grow faster and reach larger sizes than do males.
In central Catifornia, most males are sexually mature af two
vearsaveraging 14.5 inches, most females at three years and 16
inches. The maximum size reported is 36 inches.

Larval starry flounders feed on plankionic organisms.
Newly metamorphosed fish feed largely on copepods and
amphipods. As they grow, their diet changes. Five-inch fish
have developed jaws and teeth that allow them to crush small
clams and pull worms from their burrows. At 19 1o 12 inches,
they tend to graze on tips of siphons of clams too large to be
ingesicd whole. Crabs and pofychacte worms are also taken.
Sand doltars, brittle stars, and fish are included in the diets of
larger starry flounders.

Wading and diving scabirds such as herons and corno-
Tants, as well as marine mammals such as harbor seals, feed on
Juvenile starry flounders in estuaries. However, sea lions and
x;z?‘fs‘sealr: feeding on fish caught in gill nets will pass up a
much arry ﬂounderstp cat amore valuable California halibut,

uch to the consternation of the fisherman.
!erig%ns?cfmm,a fishis caught that displays physical chargc-
sole and‘:_‘n;"“@ﬂ!aie between a starry flounder and an English
¥ be a hybrid of those specics.

FiISH RESOURcES

Status of Population

No studies have been conducted to determine population
size of the starry flounder, however, there is no evidencs that the
resource isbeingoverexploited. Recruitmentis largely determined
by survivaloflarval and juvenilc fish. Givenheimportance ofbays
and estuarics to the young of this species, the continued environ-
mental health of these areas may be the most irportant factor in
maintzining healihy populations of starry flounder.

Charles W. Haugen
California Department of Fish and Game
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SANDDABS

History of The Fishery

Commercial sanddab landings consist of three species.
The Pacific sanddab (Citharichthys sordidus) is the most abun-
dant and makes up the buik of the landings. It is taken chiefly in
central and northern California waters, The longfin sanddab
(Citharichthysxanthostigma)is taken only in southern Califor-
nia waters. The speckled sanddab (Citharichthys siigmaeus} is
taken all along the California ooast. Because of their smaller
size and fewer numbers landed, longfin and speckled sanddabs
are not important contributors to commercial sanddab land-
ings. Although not as impornant commercially as other flat-
fishes in quantity landed, sanddabs are nevertheless highly
prized by the comumercial industry and tecreational anglers for
their excellent edibility.

Recorded sanddablandings were highestin 1917 when 2.6
million pounds were landed. In 1918 landings decreased to 1.8
millionpounds, andfrom 19190 1921 they remained less than
0.8 million pounds. Beginning in 1922 annual landings in-
creased, reaching approximately two million pounds in 1925
From 1930 to 1974, annual landings were below a million
pounds. Since 1975, landings fluctuated between 1.4 million
pounds and 0.6 million pounds annually, During the last
decade, Jandings have been above the historical annual average,
except for 1983 and 1984, These were years with strong EL Nifio
events. Landings rebounded in 1985 and have increased since
then, Approximately 1.44 million pounds were landed in 1990,
making it the third highest year since 1916.

The major portions of sanddab landings have been in
northem and central California. Since 1970, for examiple, 42.5
percent have been in the Eureka area, 42.6 percent in the San
Francisco Bay area, and 12.6 percent inthe Montercy Bay arca.

Sanddabs arc caught mainly by otter trawls and some by
hook and line, especially in the Monterey Bay area. Many
recreational anglers pursue them, mostly from smal boats.



California commercial landings of sanddabs, 1916-1969.

; f N\
5 - // fﬂ \\ f
/ H\n Jﬂ’

Lo

California commercial landings of sanddabs, 1970-1991.

Status of Biclogical Knowledge

Sanddabs belong to the family Bothidae (lefteye floun-
ders). The Pacific sanddab ranges from Cape San Lucas, Baja
California, to the Bering Sea and is found on soft sand to sandy-
mud bottoms at depths from 30 to 1,800 feet. The largest
individual recorded measured 16 inches and weighed two
pounds. Most, however, are smaller than 10 inches and weigh,
at most, one-half pound. They live to a maximum of 10 years.

Pacific sanddab, Citharichthys sordidus.

Pacific sanddabs mamre at about ihree years of age.
Spawning begins in July, peaks in August, and ends sometime
in September. Females may spawn twice during a scason. The
spawning periodis anexception to that of other flatfishes, most
of which generally spawn during latc winter to early spring.

Sanddab larvae are pelagic and may be found near the
surface and out to many miles offshore. Juveniles and adults
feed on a variety of food, including shrimp, crabs, manne

worms, squid, octopus, eges, and smail fishes. They, intumn, are
preyed upon by larger fishes, diving birds, and [marine mammals,

Status of Population

Commercial landing records indicate that sanddab popu-
lations are in good condition and currendy are not being
overharvested. The Pacific Fishery Management Council has
not recommended a change in the minimal acceptabic biclogi-
cal caich of incidentally caught "Other Flatfish™ (which in-
cludes sanddabs) during the past decade, indicating a stabk and
likely underutilized resource.

Roberi Leos
California Department of Fish and Game
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OTHER FLATFISHES

History of The Fishery

Several flatfish species are taken incidentally in commer-
cial groundfish fishcries. These include the rock sole
(Pleuronectes bilineatus), butter sole (Pleuronectes isolepis),
fantail sole (Xystreurys liolepis), sand sole (Psettichthys
melanosticius), slender sole (Eopsetta exilis), curtfin urbot
{(Pleuronichthys decurrens), hornyhead turbot (Plewronichthys
verticalis), spotted turbot (Plexronichihys ritteré), C-O usbot
(Pleuronichthys coenosus), diamond turbot (Hypsopseita
guttulala), arrowtooth flounder (Atheresthes stomias), and
Pacific halibut (Hippoglossus stenolepis). Some of these, nota-
bly the Pacific halibut and diamond turbot, are taken bty
recreational anglers as well, but most are caught primarity by
commercial boats.

Landings of most of these flatfish are difficult to extract
from landings data for the early ycars (beginning in 1916},
because many were combined with other categories of flatfish.
For ¢xample, prior to 1931 turbots were included with soles.
Alsn, some specics such as Pacific halibug are included in
California landings, even though most were landed elsewhere
and shipped to California ports. Starting in the earty 1950's,
some of these flatfish fandings, primarily arrowtooth flounder
(1950)and soles(1953), were listed separatelyin thecaichdata.

Generally, incidenial flatfish carches have contributed only
a small amount 1o the annual statewide commereial landings.
From 1953 10 1989, these annual flatfish landings averaged
about 0.1 percent of the toial statewide landings. During this
period, soles comprised 40.4 pereent of incidental flatfish
landings, flounders {mostly arrowtooth flounder) 49 6 percent,
turbots 8.4 percent, and Pacific halibut 1.6 percem.

FISH RESOURCES



A mixed catch of flatfish,

Incidental sole landings since 1953 averaged about
265,000 pounds per year, with 2 peak in 1979 when 800,000
pounds werelanded. Since 1950, arrowtooth flounder averaged
307,300 pounds per year with high landings (about 600,000 to
1.1 million pounds) from 1954-1961. These high landings were
due, in part, 10 the less desirable fishes, such as arrowtooth
flounder, finding a market with the animal food indusiry,
primarily as mink food. During 1962-15%4, landings dropped
considerably. In 1965 flounder tandings increased somewhat
and have averaged about 200,000 pounds per year since then,
Turbot landings averaged about 51,000 pounds per year, with a
peak of 176,000 pounds in 1954. Since 1969, annual trbot
landings have averaged about 29,000 pounds. Pacific halibut
contributed heavily 1o the commercial fisheries prior o the mid-
1950°s. The last good year for Pacific halibut landings was 1952,
when 242,600 pounds were landed. These landings then began a
rapid downward trend. From 1968 to 1985, only trace amounts
were landed. In 1986, however, 34,500 pounds were landed.

Most of the incidentat flatfish arc taken by ofter trawls.
Trammel nets are used 1o catch some flaifish in central and
southern California waters, and many small-boat commercial
fishermen use hook and line to take flatfish, Recreational
anglers occasionally catch soles or turbots while fishing for
sanddabs, starry flounder, or California halibut Diamond
turbols arc sought by recreational anglers in quiet coastal
watcrs, bays, and sloughs.

Status of Biological Knowledge

In gencral, flatfish spawn during late winter and early
spring. The larvae are pelagic and undergo metamorphosis to
the adult form. After flatfish settle on thebottom, they cal small
Crustaceans, polychaetes, and mollusks. As they grow, they eat
lager food farms of the same groups. Some, such as sand soke
and Pacific halibut, include fish in their diet

Status of Populations

Major fluctuations of commercial landings of soles, turbot,
and flounder have occurred since 1950, Despite these fluctua-

FISH RESOURCES

tions over the years, market sampling and commercial landing
records indicate that these populations are in good condition
and currently are not being overharvested. Although Pacific
halibut landings in California have declined since the peak
years during the 1930's and the specics is considered uncom-
mon in California waters, the population is apparcntly in good
condition in waters north of California where it is more abundan.

Robert Leos
California Department of Fish and Game
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FLATFISHES: DISCUSSION

Flatfishes have been important commercial and sport
species since the beginning of Califernia fishcries. Over 15
species are caught in waters along the California coast in areas
extending from bays and estuaries to continental slope depihs
exceeding 3,000 feet. The leading flatfishes in landings are
Dover sok, English sole, petrale sole, Pacific sanddab, rex sole,
and California halibut. Smaller amounts of Pacific halibut,
sand sole, rock sole, arrowtooth flounder, stamy flounder,
curlfin lurbot hornyhead turbot, diamond turbot, and several
other species arc also landed.

The largest part of the catch is taken in trawls. Entangling
nets (gill nets and trammel nets) are the second most productive
gear. Hook-and-line gear acoount for the remainder of the catch,

Trawling began in California in 1876 with the introduction
of the paranzella, a trawl net towed by two vessels. At first,
sailboats were used. They were replaced by steam trawlers, then
gasoling vessels, and finally diesel-powered vessels. The
paranzellawasthe predominant rawluntil 1946; thereafier, the
one-vessel ofter trawl gradually replaced paranzellas and be-
cam the standard trawl.

San Francisco was the center of trawling for the first half
century of commercial fishing. In 1929, trawlers began regular
summer fishing off Fort Bragg and Eureka. The center of
trawling operations shifted to Eureka around 1938.

Flatfish landings slowly increased until World War I, when
Iandings increased to 17 million pounds in 1917. Flatfish
landings declined to a low of 4.5 million pounds in 1942, when
rawl fishermen were attracted to the lucrative shark-liver
fishery and when early wartime restrictions were imposed on
California’s lalianfishermen. World War Il was another period



of increased demand for fish products. Demand, along with
technological advances in fish handling and processing, led to
utilizationofDover sole. The Dover sole fishery began siowly in
1943, when 56,000 pounds were landed Im 1949, Dover sole
became the State’s leading flatfish in landings. Factors which
contributed to the rapid rise in Dover sole and flatfish caiches
were the expansion of fishing in 1948 to depths of over 1,200
feet and the transfer of wartime improvements in depth finding
and navigation. Increased trawl effort in deep water also led to
the discovery of petrale sole spawning grounds in 900 to 1,350-
foot depths. Since 1948, annual flatfish landings have exceeded
17.5 million pounds. The peak year was 1979, when 37 million
pounds were landed For the 10-year period 1981 to 1990,
annual landings of flatfishes have averaged 30 million pounds.
Recent high landings are due in part to higher demand. Health
consciousness and the benefits of fish in diets have added to
product demand. During the past two decades, new trawlers
have entered the fishery. State-of-the-art navigation electron-
ics, high-resolution depth sounders, and hydraulic winches and
net reels have become standard equipment of trawlers,

Old wooden trawler from nodhern California.

Euntangling nets are used in central and southern Califor-
nia for California halibut. A small part of the commercial catch
is 1aken by hook-and-line gear. Pacific halibut are taken by
longlines in northemn California. All the recreational catch of
Ratfishes is by hook and line.

Flatfishes are marketed as fillets, whole fish, or dressad
fishwithhead and fins removed. Pacific halibut and a few large
California halibut are sold as steaks. A specialty Asian market
exists for large petrale sole which are dressed heads on. salted,
anddried. Allflatfish specics are processed and marketed in the
fresh state. Dover sole, English sole, and petrale sole are the
main filleted specics. Fower starry flounder, sand sole,
ammewtooth flounder, and rock sole also enter the fillet market.

'y

Sole fillets, especially Dover sole, are frozen to fulfiil military,
institution, or fish broker orders. Sanddabs and rex sole are
usually marketed whole or dressed with head and fins remaved.

Californis halibut is the leading and most prized flatfish
caught by recreational anglers. Other flatfishes taken by sport
anglers are sanddabs, starry flounder, turbots, and petrale sole.

Current managament of flatfishes include arcas closed 0
trewling and gill and tramme! netting, minimum mesh size
regulations, and in some cascs trip limits on deep-water
fish associations.

Tom Jow
California Department of Fish and Game, Retired
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SABLEFISH

History of the Fishery

The sablefish (drnoplopoma fimbria) resource off Califor-
nia has a lengthy history of commercial exploitation. Before
World War Il, landings averaged about 500 tons anmually. By
1933, annual landings had risen to 1,400 tons at a time when
sblefish lvers, bocause of their high vitamin A content,
commanded a higher price than the edible parts of the fish
Landings increased to over 3,000 tons in 1943 due to strong
wartime market demand, then varied from approximately 770
102,200 tons per year until 1972, More intensive exploitation of
sablefish began in 1972 with the development and widespread
use of sablefish traps, which proved highly effective. Distant-
water fishing fleets from the U.S S R, Japan, and the Republic
of Korea fished for sabiefish off Catifornia from 1967 to 1979,
caiching relatively minor quantitics in most years. However, in
1976 the Republic of Korea reported catches of 9,500 tons off
California. The establishment of the U.S. 200-mile fishery
conservation zon¢ in 1977 phased out foreign fishing in those
waters; conscquendly Japan, the principal foreign market for
sablefish, became increasingty reliant on imports of U, S-caught
sablefish. Japanese demand for sablefish helped drive Cafifor-
nia landings to a record high of 14,287 tons in 1979, followed by
amarket coltapse the next vear tojust 5,141 tons.

The first commercial sablefish landing limils were im-
poscd coastwide tn 1982 by the Pacific Fishery Manapement
Council (Council). Prior to that time, market demand, not
resource availability nor quotas, was the dominant force con-
wolling statewide sabicfish landings From 1982 to 1989,
Counrcil regulations constraincd statewide sablefish landings o
an average of approximately 6,175 tons. Annual coastwide
[anding quotas remained at 19,183 tons from 1982 1 1984, ¢hen
gradually declined to 9,800 tons in 1990 as the stock was fished
down 1o the recommended fong-term target level.

The economic importance of sablefish to Califomnia has
increased considerably in recent years. In 1989, sablefish.
worth $3.63 million, ranked fourth in ex-vessel value among
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ish specics. Sablefish arc marketed commonly as
mplack cod” and smaller fish arc often filleted and sold as
wputterfish.” The high oil content of the flesh produces an
exoellent smoked product, and most of the large individuals are
sold domestically in this form. Sablefish are typically exporied
in frozen, dressed (headed-and-gutted) form. There is a large
price difference with size.

California commercial landings of sablefish, 1916-1369.
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California commercial landings of sablefish, 1970-1991.

Sport ulilization of sablefish is negligible, with rare in-
stances of larpe catches when schools of small sablefish concen-
trate around public piers. The depth distribution of sablefish
normally places them beyond most sport fishing activity.

Sablefish are captured with longline, trap, bottom trawi,
and gill net gears. Before 1943 sablefish were landed princi-
pally by small two- to three-man longline boats fishing deep for
large sablefish for the snoked fish market. Catches by trawlers
became significant in 1944, The distribution of Jandings among
gear types has vaned considerably over time, but bottom
u:em'lcrs have accounted for aboul 70 percent of annual Califor-
nia landings in recent vears.

Trawls and gill nets capture sablefish in mixed-species
catches with 3 variety of other groundfishes, whereas longline
and trap gears target on sablefish. Off California. most trawl-
«caught sablefish are taken in association with Dover sole and
thornyheads in deep (1,200~4,200 feet) water. Longlines and
traps are also fished at such depths for sablefish, but gill net-
caught sablefish commonly are captured with rockfish at depths
tess than 900 feet,

Because of the immense fishing power of the west coast
groundfish flect and a robust market demand, rather intensive
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management of sablefish became necessary in the 1980°s to
prevent overexploitation and to accomplish other management
goals. Trip landing and frequency limits, a 22-inch minimurm
size limit, user-group allocations, as well as more commonty
used quotas and gear restrictions. have been applied to the
commercial sablefish fishery by the Council. Trip landing and
frequency limits prevent carly quota attainment, thercby reduc-
ing the discard of sablefish by<catch in non-directed fisheries
and providing year-round availability of fresh sablefish to
domestic consumers. The minimum size limit, implemented in
1983, prevents the excessive harvest of juvenile sablefish.
Quota allocation distributes the harvest among user groups 10
achieve social and economic goals. Quotas and gear restrctions
ate designed to ensure the optimat long-term harvest of sablefish.

The sablefish resource is unique among west coast ground-
fishes, for 1h¢ annual commercial caich quota has been allo-
cated between trawl and nontrawl gears since 1986. Trawl/
nontrawl allocations, based on historical shares and incidental
catch requirements, have ranged from 58:42 to 52:48 during
1986 to 1990. Separate allocations are needed because trawl
landing restrictions put trawlers at a disadvantage with
nontraw! fishermen when both groups compete for a joint
quota. Most nontrawl fishermen land only sablefish; thus an
unrestricted open fishery followed by a closure is acceptable (o
them. Quota allocation allows cach group to use their optimal
harvest strategy within regulatory constraints.

Sablefish, Anoplopoma fimbria.

Status of Biological Knowledge

The geographic distribution of sablefish extends from the
Asiatic coast of the Bering Sca to northern Baja California.
Tagging studies by the National Marine Fisheries Service
(NMFS), Depariment of Fisheries and Oceans-Canada, and the
Alaska Department of Fish and Game indicated that adult
sablefish are relatively sedentary, as most fish were recaptured
within 50 nautical miles of release sites. However, some sable-
fish, particulatly those tagged in southern Califomnia, have
moved in excess of 1,000 nautical miles. Adult sablefish are
found from less than 300 to more than 4,800 fect deep, but peak
abundance off California is at aboul 1,200 to 1,800 feet. Length
and age generally increase with depth.

The spawning season extends from Ociober through Feb-
ruary. A central California study determined that spawning
occurs at depths greater than 2,700 feet. Initially, larval sabie-
fish are found in surface waters oflshere; later they move into
nearshore nursery arcas Juveniles aggregate in water depths of
less than 900 feet, then eventually disperse as sub-adults into



continental slope and abyssal areas. The diet of juvenile sable-
fish includes copepods, amphipods, euphausiids, fish eggs, and
fish larvae. Adults eat euphausiids, tunicates, and fish.

Approximately 50 percent of female sablefish reach matu-
rity at 23.6 inches long and six years of age off California.
Females grow faster than males from agetwo and attain a larger
maximum size. Sablefish may attainan age of over 50 years and
reach a size of 47 inches and 126 pounds, but are usually less
than 30 inches and 25 pounds. Sablefish enter the trawl fishery
as earty as one year of age, but are fully selected by trawt and
rontrawt fisheries at ages four to six. Large, older fish arc most
selected by the trap and longline fisheries.

Status of Population

For management purposes, a unit stock is assumed 10 exdst
in waters off California to the Canadian border. Considerable
progress has been made in the 1980°s towards understanding
the dynamics, structure, and sizc of this stock. Two types of
fisheries-independent surveys were conducted by the NMFS,
triennial groundfish trawl surveys (initiated in 1977) from
Monterey Bay to the Canadian border and biennial sablefish
trap surveys in the INPFC Canception o Eureka areas (Mexi-
can border to 43° 00' N latitude). In addition, a systematic
landings sampling program and trawl logbook data provided
insight into catch-per-effort, and age- and length-composition
vends. In general, these disparate data sets presented a some-
what equivacal picture of stock status in California waters.

Bottom trawl groundfish surveys were conducted on the
continental shelf in 1977, 1980, 1983, 1986, and 1989, Survey
samples from the shelf arca off California for fish greater than
16 inches (approximately two years and older) exhibited no
apparent trend in abundance over this time series. Similary,
sablefish trap surveys in 1984, 1986, and 1988 revealed no
wrend in sablefish abundance off California. Age composition
from the 1986 trap survcy (the only available trap survey age
data} revealed a considerable proportion of old (age 20 and
older) individuals, Traw! fishery length and age distributions
from 1986-89 were relatively stable, revealing no pronounced
fluctuations in year class strength. These data depicted a stabic
sablefish population over this time period. However catch-per-
ffort data, from California trawl logs for the period 1978-1987
for the depth interval with the greatest historical landings
suggested a 42 percent decline in fishable biomass. Tt is unclear
whether this decline is real or is aftributable to other causes.

A comprehensive coastwide sablefish stock assessment by
NMEFS scientists in 1990 cilaulated that the biomass of sablefish
three years old and older in the INPFC Conception-Eureka areas in
1990 ranged from 59,500 to 140,000 tons. The best estimate was
believed to be 96,600 tons, which wasabave the level calculated to
produce a maximum sustainable yicld of 4,850 tons.

Francis D. Henry
California Department of Fish and Game
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PACIFIC HAKE

History of the Fishery

The Pacific hake (Merfuccius productus), also known as
Pacific whiting, makes up over 50 percent of the polential
annual harvest of west coast groundfish off Washington, Or-
egon, and California and is the largest groundfish resource
managed under the Pacific Groundfish Management Plan
Pacific hake was considered an undentitized domestic species
until 1991, the first year the entire harvest was captured and
processed by the U.S. seafood industry.

The fishery has been multi-national in character, having
been exploited commercially since before 1900 by the U.S.
fishing industry and since 1966 by foreign fleets. U.5. fisher-
men harvested the entire annual hake quota in 1989, climinat-
ing the foreign directed fishery,

A small domestic fishery has existed for coastal hake since
at east 1879, Most catches prior to 1960 were madg incidentat
10 the pursuit of more valuable rawl-caught species and were
cither discarded or delivered 1o reduction plants producing
animal food and fish meal. The average annual California carch
from 1959 to 1966 was 248 tons.

In 1964 (he National Marine Fisheries Service, Seaitle,
demonstrated that karge catches of hake (to 60,000 pounds per
half-houar haul) could be achieved off coastal Washington and
Oregon using newly developed depth telemetry sysiems on
large midwater trawlers. This fishery grew from 484 tons in
1954 to 15,883 tons in 1967,

Knowledge of the large hake resource off the west coast
artracted a large flect of Soviet trawlers and accompanving
support vesscls m 1966, Between 1973 and 1976, Poland. the
Federal Republic of Germany (West Germany ), the German
Demaocratic Republic (East Germany), and Bulgaria entered
the fishery, Japan also panicipated in the fishery before 1977
their peak harvest was 9,104 tons in 1974, The estimated
catches of Pacific hake during this period of expansion ranged
from 130,000 tons to 262,000 tons. Catchespeaked in 1976 and
were subscquently reduced due to restrictions on foreign effon
imposed by the Magnuson Fishenes Conservation and Man-
agement Act (MFCMA) of 1976

FISH RESQURCES
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California commercial landings of Pacific hake, 1916-1969.
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Californis commercial landings of Pacific hake, 1970-1991.

Two types of fishing operations involving foreign vessels
were conducted off Washington, Orcgon, and northern Califor-
nia after the implementation of the MFCMA in 1977, In one
fishery, known as (he foreign traw] fishery (sometimes called
the "dirccted fishery™), fish are caught and processed by foreign
vessels. In a second fishery, known as the joint venture {JV)
fishery, U.S. traw] vessels deliver their catch to foreign process-
ing vessels at sea.

Traw! net fitll of Pacific hake.

The joint venture fishery for Pacific hake started in 1978
belwe?en foreign nations and the United States and Canada.
Consistent with the intent of the MFCMA fo encourage
development of domestic fisherics. landings ol hake declined in
the foreign directed fishcry while increasing in the JV fishery:
In 1978 the foreign catch amounted to 98 pereent of the total
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hake catch in the U.S. managcment zone. The foreign catch
declined to 13 peroentofthetotalby 1988, and in 1989there was
no foreign catch.

Combined U.S. and Canadian hake catches werc below the
recommended quota harvest levels from 19770 1986.1In 1987,
1he combined catch exceeded the acceptablebiological catch for
the first time, leading to full utilization of the coastal stock. The
1989 combined catch reached 340,000 tons, the largest yicld
since the inception of the fishery.

Although shore-based dcliverics of Pacific hake have
grown, they have comprised less than five percent of the total
annual foreign and domestic harvest since 1978. The domestic
shore-based fishery has been concentrated off northern Califor-
ma with processing plantsat Eurekaand Crescent City. Califor-
nia landings have increased from 41 tons in 1980 10 7,772 1008
in 1989.

The Pacific hake has becn given littie respect. Tt has been
considered a trash fish by commercial fishcrmen arxl 4 nuisance
species by sports fishermen, who have described it as a swim-
ming sausage with a big mouth. It could not even go to market
under its own name (hake), but had 1o assume the moniker of
whiling to pleasc finicky buycrs. Its reputation was tarnished
even further when it was discovered that the muscle tissue of
one-half 10 one-third of the coastal stock of hake contained a
myxosporidian parasite which triggered rapid postmortern
enzyrnatic decomposition of the flesh, The fish had to be chilled,
processed, and frozen within four to six hours of harvest, Freezing
stops the decomposition and rapid high-lemperature cooking
prevents fiurther docomposition during preparation.

Despite all its shortoomings, the Pacific hake fishery repre-
sents the archetypical high-volume, low-value fishery (ex-vessel
prices have ranged from $0.04-80.08 per pound). It ispopular with
aryone who appreciates high quality protein at bargain prices. It
comtains, on average, about 15 percent protein and three percent
fat. Domestic production has boen primarily geared towards the
frozen headed-and-gutted market, shipped in high volume on a
penny-a-pound margin, Market expansion has beentowards filfet,
breaded products. and high grade surimi consumers.

Foonomic contributions to the Pacific coast states of hake
harvesting/processing varies according 1o product form and har-
vest/processing mode. Each pound hanvested and processed in
headed-and-gutted form contributesabout $0.38 perround pound.
For surimi, the contribution isbetween $0.27 and $0.32 per round
pound. The 1991 hake fishery 15 expected 10 have a cumulative
immpact of $140 ruillion 1o $151 million on the state coonOMics.

The Pacific hake fishery in the 1990’s will probably
involve a redistribution of the caich among processors rathes
than an increase in landings. Growth in west-coast processing
capacity could come from either existing Alaskan al-sea proces-
sors which move south or from increased shore-based process-
ing. The demand for Pacific hake by processors greatly ex-
ceeded the amount available for the first time in 1991. Most of
the expected increase in domestic production comes from
displaced al-sca fish processors which were built to harvest
poliock resources in Alaska. Reduced quotas, shortened sea-
sons, and excess fishing capacity in Alaska have forced these
vessels to scek other opportunities, such as the hake fishery, to



maintain a continual revenue base throughout the year. Most of
the technology used for pollock is directly transferable to hake.

An enzyme inhibitor has been developed recently which
eliminates texture degradation of minced Pacific hake and
allows for the use of hake in the vast production of "surimi,” a
highly refined form of minced fish. Surimi 15 used by the
Japanese in "kamaboko" products and in the United States for
the production of imitation crab meat, scallop, and shrimp
products. The U.S. market of surimi has grown from about
60,000 tons in 1985 to over 276,000 tons in 1989,

Pacific hake, Merfkccius productus,

Status of Biological Knowledge

Pacific hake are distributed from the Gulf of Alaska to the
Gulf of California, Four major spawning aggregations of Pa-
cific hake have been identified within this arca. The most
abundant and widely distributed stock (which is the subject of
this report) spawns between central California and northern
Baja California and is referred to as the ncoastal stock.™ Two of
these aggregations are generally referred to as the "inside
stocks™ they live and spawn in Puget Sound and the Strait of
Georgia. A fourth major spawning aggregation 0ocurs off the
wesl ¢oast of southern Baja Catifornia.

The hake which spawn in Puget Sound during winter are
considered a scparatc genetic stock from occanic ooastal hake.
Puget Sound hake spawn and live their lives entirely within
Puget Sound, are small in size (14-18 inches total length), and
lack the specific myxosporidian parasite which causes rapid
postmortem flesh decomposition in coastal stocks. The differ-
ences in parasitization between inside and offshore stocks
indicate the absence of interchange between populations.

The oceanic coastal stock of adult Pacific hake is migratory
and inhabits the continental slope and shelf within the Califor-
nia cusrent system from Baja California to Brtish Colurmbia. it
is often classified as a demersal species (iving onor near the sea
bed), but its distribution and behavior suggesis a pelagic
existence. It exhibits extreme night and day movement during
spring and summer feeding migrations as it feeds on a variety of
peiagic fishes or animal plankton. It is commmonly found at
depths of 160 to 1,500 feet, but hasbeen found from the surface
10 2,600 feet.

Coastal Pacific hake are pelagic spawners which spawn
during late winter and early spring {December to April) from
San Francisco to Baja California at depths of 660 10 1,600 feet
and as far as 300 miles offshore. Active spawncrs aggregate in
broad, loose, stationary bands which canbe up o | S0feet thick

Coastal stock females mature at 16 inches total length or
larger, and at weights greater than 0.9 pounds. These minimum
sizes are achieved by some three-year-old fish and most four-
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year-old fish. Fecundity estimates range from 80,000 to
500,000 eggs per female, depending on body size. The pelagic
eggs drifi with the ocean currents and hatch in about three days.
Larval hake are abundant from December through Aprilwithun
25 miles of the coast from central California to porthem Baja
California. Peak occurrences of eggs and small larvae pinpoint
January and February as the chief spawning months. The maority
of:ggsmﬂhnmamfmmuﬂtmofumcommmw] slope
where bottom depths ranged from 430 to 1,640 feet.

Hake teach about 70 to 75 percent of their maximue
length and about 50 percent of their maximum weight by 4.3
years, ihe age of sexual maturity and the onset of differential

between the sexes. Average maximum sizes are 22
inches fork length (FL) and 2.25 pounds for males, and 24
inches FL and three pounds for females. The largest female
hake measured off California was 34 inches FL.

In spring, adult hake migrate northin decp wateroverlying
the continental slope to the summer inner-shelf feeding

off northern California, Oregon, Washingtor, and
Vancouver Island. Large spawncd-oul hake arrive off San
Francisco by earty March, off Oregon and Washington by the
third week in April, and off Vancouver 1sland by late May. The
lead schools contain the largest aduits, travel north at a ratc of
three o six miles per day, and make the most northerly
migration. Hake caught from Oregon 1o Vancouver Island
range from 16 to 18 inches FL and are four to 10 years old.
Juveniles are concenirated off central and northern California,
Pacific hake Jess than four years old and less than 16 inches FL.
are rarety found north of Cape Blanco in southern Orepon.

‘When northward-migrating hake inhabit waters overlying
the continental shell and siope, they form schools which may be
characterized as long, narrow bands whose axis is usually
oriented parallcl o the depth contours. Exceplions 10 this
generality are those schools which align perpendicular to the
edge of the continental shelf and extend offshore at a uniform
depth, suchihat ihey are highoff thebottom over the continental
slope. School sizes may vary in length from several hundred fect
1012 miles. The widihs of schools have reached 7.5 mulcs at tmes.
Mast schools usually have a vertical height of 20 0 70 feat.

During the summmer when feeding adulis are distribuied
over the continental shelf, schools exhibit pronounced move-
ment info midwater associated with night-time feeding actvi-
ties. Hake feed during the cvening on eupbausiids. shrimp, and
pelagic fishes. Vertical movement away from the scabed occuts
at nightfall and descent back towards the bottom oocurs ncar
dawn. At dawn, coastal hake descend and begin to regroup into
schools near the seabed (7 to 70 feet above the ocean floor),
usually in the same area where they were the dav before. The
degree to which hake congregate during the day appears to be
related fo the type of food which was available during the
feeding period. Schools are morc dispersed when fecding on
fish and other mobilie nekion, but more compact when feeding
on euphausiids.

The southward spawning migrations of the adults begins
in autumn and may be tri ggered by the shift of wind direction in
the fall and the appearance of the Davidson current. The schools
begin their return migration by early Scpiember. MOvIng west-
erly over the contincntal slope and southward. Availabulity of
Pacific bake to botiom and mid-water trawls off Oregon
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Washington, and Vancouver Island drops sharply in November
and is practically nil during winter.
Hake are 8 favorite prey for a great many Creatures,
ty marine mammals such as seals, sea lions, porpoises,
and smal] whaes. Hake have also been found in the stomachs of
swordfish, lingood, souphn sharks, Pacific halibut, electric
rays, and an assoriment of other piscivorous fishes.

Status of Population

‘The coastal Pacific hake fishery has been characterized
throughout its history by irregular occurrences of strong ycar
classes which appcarabmnevcrythrecorfourym and remain
mmﬁshcryforabomﬁvetoscvenycars,Recmitmemishigh}y
variable and appears to be strongly influcnoed by oceanic
environmental conditions, especially water temperature at the
timne of spawning. The current fishery isbeing supported by the
1980, 1984, and 1987 year classes, which contributed 24
percent, 42 percent, and 26 percent respectively towards the
total U.S. hake catch in 1990,

The prospects for the Pacific hake resource in the immedi-
ate future arc for stable or declining yields, depending on the
timing of the next stong year class. An assessment survey
conducted by the National Marine Fisheries Service in 1989
estimated the population biomass at 1.804 million tons, a
decline of 24 percent from estimates made during a previous
survey in 1986. The 1989 survey also found that there was no
significant recruitment to the population since the 1984 year
class and that 88 percent of the population biomass was age five
and older, The total harvest of Pacific hake by the U.S. and
Canada in 1990 was 296,000 tons, down froma highof 341,000
tons in 1989. The potential coastwide yield, including Canada,
for 1991 is calculated 10 be 359,000 tons.

Lawrence F. Quirollo
California Department of Fish and Game
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OPAH

History of the Fishery

al Although opah (Lampris guttatus) has been taken inciden-
Y in the Pacific halibut, sardine, satmon and albacore
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fisheries, ondy recently has it become an imporiant commercial
species in California. Prior to 1976, fow opah were {anded inthe
state, but landings increased dramatically following the open-
ing of the drift gillnet fishery. From 1976 to 1989, a total of
1,660,856 pounds of opah was landed in California. Annual
landings ranged from zero to 516,126 pounds with the highest
landings in 1984, following the El Nifio event of 1982-1983,
About 99.9 percent of the landings occurred from 1981 to0 1989,
with an annual average of 184,266 pounds. Most of the opah
catch wasfrom Santa Barbara to San Diego from depthsof 1810
78 feet in drift gillnets set at the surface. Longline fish are taken
in excess of 1,000 feet deep.

-r

Califomnia commercial landings of opah, 1981-1991

Commercial landings of opah off California from 1976 to
1939 had a total ex-vessel value of $533,206, with nearly all of
that value caming in the 1981-1989 period. The ex-vessel value
per pound ranged from $0.10 in 1976 t0 $0.58 in 1981, with a
mean value of $0.40 from 1981 through 1989. The retail price
of fresh opah ranges as high as $5 00 per pound.

Opah are caught incidentally in the sport fishery for
albacore from British Columbia to Baja California, aithough
most are taken in southern California from the Channe] Islands
10 the Coronado 1slands, just south of the U.S.- Mexico border.
Sport fishermen using albacore gear take opah with live bait or
artificial lurcs, which are hit by opah with considerable fury.

Opah flesh is tasty, can be prepared in a wide variety of
ways, and is excellent when smoked. The salmon<olored ficsh,
darker overthe pectoral fin, is very fatty just below the skin but
is otherwise rich, dry, firm, and delicate.

Status of Biclogical Knowledge

Opah is a West African name. Also called Adrican pompand,
giant pompano, Hawaiian moonfish, moonfish,mariposa, and
Jerusalem haddock, the opah has a compressed, oval body with
a small, toothless mouth, an iridescent sitvery-bluc surface with
white spots, and scarlet fins and mouth. It’s forked caudal finis
probably used for low-speed swimming, both the caudal finand
body for acceleration, and the moderately long pectoral fins for
maintaining nosmal cruising speeds.

Opah occur worldwide in temperate and tropical seas. In
the eastern Pacific, they occur from Chile to Gulf of Alaska but



arc gencrally uncommen off California. All life stages of this
specics are pelagic and oceanic, occurring from the sea surface
10 a depth of 1680 feet. Scasonal movements are not known in
the northeastern Pacific but, in the northeastern Adlantic, opah
move into the North Sea and waters off Norway in the summer.

Opah, Lampris gutialus.

Spawning locations and seasons ar¢ not known. However,
aripe individual was taken in the spring off California. Neither
fecundity nor the size of extruded eggs are known, but larvae
range from 0.2 to 0.4 inches. By 0.4 inches opah rsemble
miniature adults in body form, have a complete st of fin rays,
and are considercd 1o be juveniles. Size and age at maturity are
00t known, but fish up to at least eight inches are juveniles and
thosc greater than 41 inches are adults. Opah areknown o grow
to atleast 54 inches (4.5 foct) inlength, although they have been
reported to reach 72 inches (6.0 feet). They are known to reach
aweightofat lcast 160 poundsbut are reporied 1o reach 500-600
pounds. The maximum age of an opah is not known.

Larvae or juveniles probably eat small planktonic organ-
isms. As adults, opah are midwater predatorsthat eat cephalopods,
crustaceans, and bony fishes such as anchovy, lancetfish, and
cutlassfish. Aside from man, prodators of opah are not known.

Status of Population

The size of the opah population worldwidcor off California
is not known. Opah are probably solitary fish and few are taken
al any onc time. Because the population is worldwide in
temperate and tropical seas, landings from California probably
have litle impact on the species as a whole. It is not known
whether local subpopulations exist or how far individual opah
travel. If recent landings reflect the local availability of the
specics, then the species is likely to become more abundant off
California following El Nifio events. Although commercial
landings of opah are recorded by the California Department of
Fish and Game, opah is not presently a target species and the
fishery is not managed.

M. James Allen
MBC Applied Environmental Scicnces
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LOUVAR

History of the Fishery

Off California, louvar (Luvarus imperialis) are taken inci-
dentalty bydrift gill nets and by purse seines set for bluefin runa
They are also cocasionally found stranded on the beach or
drifting dead at the sea surface. They seldom are caught by
recreational fishermen

From 1984 through 1989, a total of 48,796 pounds was
landed in Catifornia; annual landings ranged from zero 0
18,009 pounds, with the highestlandingsin 1984, oilowing the
El Nifio event of 1982-1983. About 63 percent of the Iandings
occurred from 1987 through 1989 with an average of
10,262 pounds per year. Most of the caiches were from Santa
Barbara to San Diego, with past catches being highest near San
Clemente Isiand. In this drifi gilinet fishery, louvar are caught
at depths of 18 to 78 feet.

Landings of louvar off California from 1984 through 1939
had an ex-vessel valuc of $68,288, with 82 percent of the value
occurring from 1987 through 1989. The ex-vessel price per
pound ranged from $0.83 in 1984 t0 $2.82 in 1988, witha mean
in the 1987-1989 period of $2 25. Louvar flesh is delicate and
white, and is considered by many fishermen to be ameng the
most delicious of fishes.

Status of Biological Knowledge

This striking tuna-like fish hasa strongly compressed body
and a blunt head with a small, terminal, toothless mouth and a
horizontal groove above the eyes. The caudal fin is lunate with
a keel on the caudal peduncle. Males have long filaments in
front of the soft dorsal and anal fins. Adults have frothy pink
bodies covered with dark spots and crimson fins, although afier
death the body umns silvery. Except for the blunt head, louvars
are adapied for rapid swimming, with their lunate caudal fins
and keeled candal peduncies. When swimming slowly, Jouvar
presumably scull with their caudal fins.

Louvar cocur worldwide in temperate and tropicat seas In
the eastern Pacific, they arc found from central Washington to
Chile. Although generally uncommon, they are relaavely abun-
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dant in southcm California. All life stages of this species are
pchgicmdowmﬂc.Adlmsmufrommeseasurfacetoa
of 1,970 feet, but most aze found atdepths below 660 fect.

The larvac have been taken at temperatures of 70.9-82.2° F.
Spawning OCOUTS in lemperate waters between 40° Nand 40° S
latitude, from late spring 1o summer in the northern hemi-
sphere. ATipe individual was 1aken off Morro Bay, California,
in May. Louvar fecundity is very high, which is typical of
nonschooling, oceanic fishes; a fernale 66.9 inches (5.6 feet)
long had a fecundity of 47.5 million eggs.

Louvar, Luvarus imperialis.

Larvae range from 0.14 to 0.42 inches in length. The
larvae and small juvenilcs fook sufficiently different from the
adult that they were once thought 10 be different species. They
have strong, serrated dorsal and anal spines and a short body.
The smallest juveniles have long, deep fins and dark spots on
the body. Larger juveniles (four to eight inches) are similar to
the adult but have longer dorsal and anal fins.

The size and age of kouvar al maturity is not known; however,
a295-pound female was mature. Louvar growto at lcast 74 inches
(6.2 feet) in length and 305 pounds. Because the otoliths are tiny
and not useful for agring, the maximum age is unknown,

As midwater browsers, they feed primarily on gelatinous
zooplankton such as jelltyfish, ctenophores, and salps (includ-
Ing pyrosomes) but occasionally eat small fish. Only aboul 20
percent of the foyvar taken have had food in their stomachs.

The louvar siomach is lined with numerous papillac and
the coiled intestine is extremely long. The intestine of adults is
about eight to nine times as long as the fish, These features
presumably are adaptations for feeding on jeliyfish.

FiSH RESOURCES

Angight-inch louvar was found in the stomach of a wahoo.
Otherwise, predators other than man are not known. Louvar
guts are often parasitized by digencan trematodes.

Status of Population

The size of the louvar population worldwide or off Califor-
nia is not known. Louvar are solitary fish and few are taken at
any onetime. Because the population is worldwide in temperate
and tropical seas, landings from California probably have little
impact on the species as a whole. It is not known whether local
subpopulations exist or how far individual louvar travel. If
recent Jandings reflect the local availability of the species, then
the species is likely to become more abundant off California
following El Nifio events. Although commercial landings of
louvar are recorded by the California Department of Fish and
Game, the louvar is not presently atarget species and the fishery
is not managed.

M. James Allen
MBC Applicd Environmental Sciences
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ROCKFISHES

ROCKFISHES: OVERVIEW

History of the Fishery

Rockfishes (Sebastes spp.) comprise one of the most
important groups of commercial and recreational fishes, from
the standpoint of economic value and biological diversity,
occurring off the coast of Califormia. Fifty-nine species are
known from cur marine waters, of which aver 85 percent are
utilized either incormunercial or sport fisheries. In the scheme of
classification, rockfishes belong to the family Scorpaenidae or
scorpionfishes. In addition to the genus Sebastes, five other
members of the family are known from Californian waters: the
shortspine thomyhead (Sebastolobus alascanus), longspine



thormyhead (Sebastolobus altivelis), California scorpionfish
(Scorpaena guitafa), stone scarpionfish (Scorpaena mystes),
and rainbow scorpionfish (Scorpaenodes xyris). The
thomyheads are imporiant commercial traw] fishes, while the
California scorpionfish is taken both commercially and as a
sport fish. These three species are treated in their own sections.
(Editor’s note: Until the mid-19807s, all landings of Sehastes
and Sebastolobus were aggregated as rockfish. In recent years,
landings are reported by species and groups of species.) The
stone scorpionfish and rainbow scorpionfish are tropical spe-
cies which are rare in Californian waters and their ooCUITenCes
are most likely correlated to warm-waer events such as the El
Nifio of 1982-1984.

Rockfishes have been utilized commercially since the mid-
1800's, and many of the species were originally described from
market samples taken during this period by such distinguished
ichthyologists as David Starr Jordan, Charles Girard, William
Ayres, Chares Gilbert, and Cart and Rosa Eigenmann. Rock-
fish historically and currently are sold primarily under the
names of rockcod, red snapper, and snapper. These names arc in
fact misnomers as rockfishes are neither cods (farmily Gadidae)
nor snappers (family Lutjanidae), however, the names are well
entrenched and are for the most part understood by the con-
sumcr. For many years the rockfish catch was marketed fresh,
sold both in the round and as fillets. Recently, much of the catch
has been processed as frozen fillets. The carcasses that remain
afier fillcting are oflen reduced to meal for livestock and poultry
feeds, A certain number of “frames" are also sold 1o crab
fishermen for baiting traps. Small specics which are considered
unmarketable due to size have been used for meal or at times far
mink food

Species such as bacaccioand chilipepper havebeen primarily
commercial species and are covered in theirown chapters. Blue
and olive rockfishes are principally sport specics and are also
covered in individual chapters. As recreational fishermen have
developed the capabilitics to fish at depths in excess of 600 fect
and are now approaching the 1,200-foot mark, rockfishes
which in the past were taken only by commercial vessels are
now becoming a greater part of the sport take. These rockfishes
include such decp-waler forms as bark, blackgill, chamcleon,
rougheye, sharpchin, and other species previousty beyond the
range of the hook-and-line angler. A number of rockfishes are
ot covered in individual chapters and these are for the most
pari the small, uncommon, or little-witized species.
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California commercial landings of rockfish, 1916-1969.
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Status of Biclogical Knowledge

Rockfishes range in size from smail, dwarf species suchas
dwarf-red, Puget Sound, and pygmy rockfishes which scldom
exceed six inches in lengsh to the gigantic forms such as cow
cod, yelloweye and shortraker rockfishes which can reach over
36 inches in length and 40 pounds in weight.

FiSH RESCOURCES



Cﬂﬂsfaphimny’ rockfishes occur in both the Atlantic and
Pacific oceans. However, the vast majority of specics are found
in the North Pacific Occan, and the grealest number of these
exist between the Gulf of Alaska and central Baja California;
severa) specics are also present within the Gulf of California.
The copper rockfish is an example of one of the most broadly
distributed species, known from the Kenai Peninsula, Alaskato
the San Benito Islands off Baja California. Other species have
more restricied distributions, such as the black-and-yellow
rockfish, which ranges from Eurcka to central Baja California.

Bathymetrically, rockfishes occur from the intertidal to
over 2.400 fect. Grass and black-and-yellow rockfishes and
wreefish are examples of shallow-dwelling species which are
found tost commonly at depths of less than 60 fect, grass
rockfish are often taken intertidally. Pacific ocean perch and
rougheye rockfish occur at maximum depths {(more than 2,000
feet) for members of the genus.

Raockfishes occur on and over various types of substrate
including rocky bottom, siltstone, shale, sand, and mud. The
association with substrate type is often quite specific. Gopher,
black-and-yellow, and China rockfishes are rocky-bottom
fishes, while brown and redbanded rockfishes occur on Jower
profile siltistonc. Several nearshore species show a strong
affinity for kelp forests; included inthis category are blue, kelp,
and olive rockfishes. A pelagic, midwater existence best de-
scribes such species as shonbelly, speckled, squarespot, and
bank rockfishes.

Mode of reproduction is an important characteristic of this
group and has been the focus of numerous scientific studics.
Rockfishes are ovoviviparous, or live-bearing, the females
releasing hundreds of thousands of relatively undevcloped
larvae. These larvac become part of the plankton and remain in

the water colurmn for a period of one month to in excess of one
year, depending upon species. The larvae then settie out as
juveniles, often in association with the bottom.

Food items utilized by rockfishesvary widely and are often
species specific. Juvenile rockfishes most commonly feed upon
microcTustaceans, predominately copepods. Subadultand adult
rockfishes feed predominately on lasger crustaceans, cephalo-
pods, and fishes. Bocaccio foed heavily on the young of other
rockfishes. Young-of-the-year bocaccio are at times a major
predator on young-of-the-year blue rockfish. All larval and
juvenile rockfishes are important links in the food chain of the
marine ecosystem. Shortbelly rockfish, for example, are major
prey for chinook salmon off northern California.

As might be surmised by the numbser of species which are
found in Californian waters, our biological knowledge for the
various species of rockfishcs varies greatly. Blue and olive
rockfishes and bocaccio are species for which life-history
parameters have been well established. At the other end of the
spectrum, semaphore and dwarf-red rockfishes are species
which are known from fewer than scven specimens. The
diversity of the genus Sebastesoff California makesitone of cur
most fascinating groups of marine fishes.

Status of the Resource

For many of the rockfishes our understanding of population
size and their biological characteristics is incomplete. Within the
scientific cornmunity there arc concerns about the gencral status of
rockfish stocks and the potential for over utilization.

Robert N. Lea
California Department of Fish and Game

Rockfishes Known to Occur off Califomia and Their importance to Commercial and Recreational Fisheries.

COMMON NAME SCIENTIFIC NAME IMPORTANCE!'
Aurora rockfish Sebastes aurora c 5,

Bank rockfish Sebastes rufus C S,

Black rockfish Sebastes melanops C 8
Black-and-yellow rockfish Sebastes chrysomelas C 5
Blackpill rockfish Sebastes melanostomus C S,

Blue rockfish Sebastes mystinus C 5
Bocaccio Sebastes paucispinis C $
Bronzespotted rockfish Sebastes gilli C, 5, U
Brown rockfish Sebastes auriculafus C s

Calico rockfish Sebastes dalli C, 8

Canary rockfish Sebastes pinniger C 8
Chamelcon rockfish Sebastes phillipsi C 5, U
Chilipepper Sebastes goodei C 8

China rockfish Sebastes nebulosus C 8

Copper rockfish Sebastes courinus C S

Cow cod Sebastes levis C S
Darkblotched rockfish Sebastes crameri C S
Dwarf-red rockfish Sebastes nufinanus Rare

FISH RESOURCES



Rockfishes Known to Occur off Califomia and Their impartance 1o Commercial and Recreational Fisheries.

{continued)
COMMON NAME SCIENTIFIC NAME IMPORTANCE'
Flag rockfish Sebastes rubrivinctus C s
Freckled rockfish Sebastes lentiginosus 8, y
Gopher rockfish Sebastes carnafus C S
Grass rockfish Sebastes rastretliger C, S
Greenblotched rockfish Sebastes rosenblaiti 5, U
Greenspotted rockfish Sebastes chlorostictus C 8
Greenstriped rockfish Sebastes elongatus C, 5
Halfbanded rockfish Sebastes semicinctus s
Honeycomb rockfish Sebastes wmbrosus S
Kelp rockfish Sebastes atrovirens C 5
Mexican rockfish Sebastes macdonaldy C, 8, U
Olive rockfish Sebastes serranoides cC s
Pacific occan perch Sebastes alutus C, U
Pink rockfish Sebastes eos C 5, U
Pinkrose rockfish Sehastes simulator C, S, U
Puget Sound rockfish Sebastes emphaeus Rare
Pygmy rockfish Sebastes wilsoni U
Quillback rockfish Sebastes maliger C S
Redbanded rockfish Sebastes babeocki C, S, U
Redstripe rockfish Sebastes proriger C, 5 U
Rosethorn rockfish Sebastes helvomaculatus C, S,
Rosy rockfish Sebastes rosaceus C 5
Rougheye rockfish Sebastes aleuticus C u
Semaphore rockfish Sebastes melanasema Rare
Sharpchin rockfish Sebastes zacenfrius C, 5
Shortbelly rockfish Sebastes jordani S,
Shortraker rockfish Sebastes borealis Rare
Silvergray rockfish Sebastes brevispinis C U
Speckied rockfish Sebastes ovalis C 8
Splitnose rockfish Sebastes diploproa C S,
Squarcspot rockfish Sebastes hopkinsi S
Starry rockfish Sebastes constellatus C s
Stripetail rockfish Sebastes saxicola C S5,
Swordspine rockfish Sebastes ensifer S, U
Tiger rockfish Sebuastes nigrocinctus C, S, U
Treefish Sebastes serriceps C, 5
Vermilion rockfish Sebastes miriatus C 5
Widow rockfish Sebastes entomelas C 8
Yelioweye rockfish Sebastes ruberrimus C 5
Yellowrmouth rockfish Sebastes reedi Rare
Yellowtail rockfish Sebastes flavidus C 8

'Symbals defined: € - commercial, 5 -tecreational ar sport, U -uncomimon, o - occasionally taken, Rare - species which are either very poorlyinown
or which have only been encountered in a few cases in California. E g, S,rcpmsemsamﬁmal species which isonly occastonally taken inthe

spart catch

BLACK ROCKFISH

History of the Fishery

Black rockfish (Sebastes melanops), also known as black
bass and black snapper, occur in the commercial and sport
fisheries of California; however, they comprise only 2 moderate

proportion of these fishcries. Eurcka is the only pon where
black rockfish are numerous in the commercial catch. In recent
years, the commercial landings of black rockfsh have flucw-
ated from 42,402 pounds landed in 1987, with a value of
£15,458, 10 229,663 pounds landed in 1989, with a salue of
$82,558.

FiSH RESQURCES



lek rockfish, hqwever, do constitute an important sport
species 10 hook-and-hge fishermen in northern and central
Califormia. South of Point Conception, a few are found off the
northern Channel Istands and occasional tyas far southas Santa
m Two surveys of recreational angiers reveal the chang-
ing importance of black rockfish. The first of these surveys was
conductcdbetween 1957 and 196 1. The most recent survey was
conducied between 1979 and 1986 For all of Califomia black
rockfish ranked 1 7th by number and 10thby weight inthe 1979-
1986 survey. Looking only at locations from central and north-
ern California, black rockfish ranked scventh by number and
fourth by weight. This is a 6.6-fold increase in numbers landed
and a 4. 4-fold increase in weight from the 1957-1961 survey.
The average weight of each fish dropped 25 percent from 2. 89
poundsper fishinthe 1957-1961 survey t02.19 pounds per fish
in the 1979-1986 survey.

Black rockfish are important to divers, too. In 2 1972
survey of divers, biack rockfish constituted 7.7 percentofall fish
taken. During that year, divers took 1,852 black rockfish
between Pismo Beach and the Oregon border.

Status of Biological Knowledge

Biack rockfish range from Alaska 1o Sanla Monica Bay in
southern California. They are most commonly found swim-
ming ten to twenty feet above shallow (to 120 feet) rocky reefs,
but occasionally they are found midwater over decper {fo 400
feet) reefs. They have becn reported as deep as 1,200 feet and
occasionally wander far from their normal habital; one fish that
had recently spawned was caught 240 nautical miles from the
ncarest shallow rocky reef. Black rockfish attain a maximurm
length of 24 inches and a few individuals are known to have
reached the ripe old age of 21 years.

As with all members of the genus Sebastes, fertilization
and development of embryos take place within the female’s
body. Mating generally lakes place between Seplember and
November. Females store the sperm until their eggs mature in
December or January, at which time the cggs are fertilized by
the stored sperm. The Yarvae develop within thinty days, and
their black eyespots cause the €pgs to change from a yellow-
orange to a gray color between carby January and March. The
eved larvacare released into the water from late January to May,
ﬁéaking in February off California. Half of the males have
spawned by the time they reach seven years of age and average
15 8 inches long, Half of all fcmales have spawned by the age of
six years when they arc 13.8 inches in length '

Frequently, a few black rockfish are found in schools
composed primarily of other rockfishes such as blue rockfish.
These similar specics do not compeic with one another because
they have differeni diets. The diet of black rockfish between 12
and 20 inches Jong consists of crab megalopac, cienophores,

H and i s.
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of larval release to the age of one year This predation is by all
larva-cating predators including Some f’l'.]'e' rockfish species.
Larger black rockfish are preyed upon by ingood, scalions, and

the larger rockfishes.

FISH RESOURCES

Status of Population

Population size and structure are unknown, and until
recently black rockfish have not been reported separately from
other rockfishes in caich stati stics. Some relative changesinthe
population have been identified, however. The average length
and weight of black rockfish have declined over the past 30
vears. This docline is almost certainly the result of fishing
i:urmmre. Allhough there are still plenty of adults to replenish
the population, it will eventually be damaged if the decline
continues. Black rockfish make up a larger portion of the
recreational angler’s catch now than they did 30 years ago
because fishermen turned to fishing for black and blue rock-
fishes when the abundance of red rockfishes declined.

James L. Houk
California Department of Fish and Game
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BLUE ROCKFISH
History of the Fishery

The blue rockfish (Sebasies mystinus), also kngwn as
bluefish, blue bass, and reef bass, is most commonly caught
from the nerthern Channel Islands {in the Southern California
Bigh¢) to the Otcgon border. Only a small portion of the blue
rockfish landings is made by commercial fisheries, commercial
cafches between 1987 and 1989 having averaged 25,670
pounds with an average value of $9,287.

The blue rockfishis one of the most IMPOTtant SpoTt Specics
in California. It is taken by all fishing methods, ranking firstin
commercial passenger fishing vessel (partybeat) catches, sec-
ond in skindiver catches, and from first to fifth in skiff catches.
In a2 1979-1986 survey of sport fish taken by hook and line
between the southern boundary of Monterey County and Or-
egon, blue rockfish averaged fourth by numbers (902,000 fish)
and second by weight (1,035,325 pounds). This is almost 2
three-fold increase in numbcers and a2 6-fold increase in weight
since a similar survey was conducted from 1957 through 1961,
In a diver survey conducted in 1972, blue rockfish ranked
second in importance (to lingcod) with 10.5 percent of alk the



fish landed and were the aost common rockfish taken by divers,
comprising 29.6 percent of rockfish taken, They have been the
subjoct of many management and research projects, and regula-
tions (a bag limit of 15 fish) have been in effect for almost 20
years to prolect the specics from overfishing,

Usually filleted and skinned, with the white flesh baked or
fried, blue rockfish are cxcellent in flavor.

Blue rockfish, Sebastes mystinis.

Status of Biological Knowledge

Blue rockfish range from the Bering Sea to Punia Baja,
Baja California. They are not caught in large numbers south of
the California Channel Islands or north of Eurcka, California.
They range in depth from tide pools to 2 maximum of 300 feet
Relatively small in comparison to other rockfishes, this species
altains a maximum sizc of 21 inches, with the bulk of the catch
ranging from 10 to 15 inches. Larger blue rockfish are most
often taken in areas more than three to five miles from a public
access point, usually over rocky depths of 80 to 120 feet.

Rockfishes are generally siow growing, but blue rockfish
arc among of the faster growing rockfish specics. At the end of
their first year, they reach a length of three 10 3.5 inches. They
are about six inches long by theend of the second year and aftain
a maximum size of about 21 inches in 23 years. Females grow
at a slightly faster rate than males.

Agc at first spawning is protracted for both sexes. Only
about 10 percent spawn for the first ime at ttree yearsof age. At
five vears (10.2 inches) half of the males have spawned. Al six
years (11 inches) half of the females have spawned.

In males the gonads increase in size from May to July, but
in femalcs the eggs begin maturing from July o Ociober. Males
transfer sperm to the females in October, but the embryos do not
begin o developuntil December when the eggs arc fertilized by
the stored sperm. Embryos develop within the fernale and hatch
immedialely upon being released into the water in January.
Lzrvae live in the surface waters for several months, where they
may be carricd many miles in the ocean currents. Juvemiles
appear inthe kelp canopy and shallow rocky areas by April or
May, when they areabout 1.2to 1.4 inches in length. They are
mottled reddish in color and appeas in magsive swarms in
cenain years in inshore areas, cspecially in the kelp canopy.
Recent studies indicate that blue rockfish may be cammied into
nursery areas with fronts of cold vpwelled water. In 1990, such
events occurred at the same time over 2 substantial distance
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(130 miles) in central California. Continuing research is direcied
toward understanding the importance of fish refuge areas 1o
protect adult spawning fish and to understand larval life history
and juvenile recsuitment to all areas of coastline in Califorrua.

Feeding habits vary considerably depending upon depth
and locality. Deeper-water fish fecd almost entirely on
macroplankton consisting of tunicates (salps}, scyphozoids
(gonadal material of jeltyfish), and crustaceans. In shallow
areas and kelp beds, biue rockfish foed on the same types of
mactoplankton as those in deeper water, but they also fecd on
algae (several varietics), small fish, hydroids, and many typesofl
crustaceans including amphipods and crab larvae.

Larval blue rockfish and juveniles. during their first few
months on nearshore reefs, are preyed upon by most larger
fishes. As adults. their predators include lingcod, harbor scals,
sea lions, and, occasionally, larger rockfishes. Blug rockfishare
most often found inhabiting kelp beds, where food is pleatiful
and protection from predators is provided by the kelp.

In inshore kelp bed areas, they form loose (o compact
aggregations. They canalso ofien be found as sofitary, wander-
ing individuals moving in and about the kelp or swimming
along with other rockfish species such as olive rockfish, yel-
lowtail rockfish, black rockfish, and kelp rockfish. Under dense
kelp canopies, they will sometimes forrn a column as wide as 12
feet and asdecp as 80 feet and be as compact as sardines inacan.
In decperwaters, they formdense aggregations that may extend
from the surface (o the bottom, but are usually in the mid-depth
jevels from 60 to 120 feet.

The California Depanment of Fish and Game has con-
ducted marking studics on all sizc ranges of blue Tockfish
between 1.3 inches and 18 inches. A population smdy using
freeze branding as a marking fechnique resulted inover 80,000
recently-seftled biue rockfish being marked in a five-week
period. These fish showed very littte movernent froman isolated
reef 100 x 150 feet and. in fact, showed very lide movement
from one part of the recf to another.

Other tagging studics of adult blue rockfish indicate they
do not migratc lateraily along the coast. Nearly all recoveries of
taggod adult fish were within one mile of the releasc point. The
longest wandening movernent was 15 miles. Several tagged
individuals were captured and relcased up 10 five times at the
same spot over a period of two years. While these studies show
adult bluc rockfish populations are moge or 12ss discreet at cach
fishing pott, it is not known how much larval drift occurs
between fishing areas.

Status of Population

The numbers of blue rockfish caught cach vear have
increased over the last 20 years. but the population appcars
heaithy. Arcas in central and nosthern California that have
heavy fishing pressure (Monterey, Santa Cruz, Mormo Bav.
Princeton) record smaller fish being landed. This 15 a normal
occurrence and is offset by encountering larger fish in more
remote. lightly utilized areas. There are periodic influxes of
stronger blue rockfish year classes appearing at first in skiff
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caiches when the fsh are three to five years old. Fishing
pressure reduces these strong influxes in two to three years.

James L. Houk

California Depariment of Fish and Game
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BLACKGILL ROCKFISH

History of Fishery

Blackgill rockfish (Sebastes melanostomus) are the most
important commercial rockfish species in southern California,
and substantial numbers are also laken as far north as Font
Bragg. Until the late 1970’s, blackglls were not a major
commercial species, though they were targeted by a few of the
Newport dory fishermen. In the late 1970’s, fishcrmen extend-
ing their operations into decper walers began targeting these
fish, first by hook and fine and then, in the 19807, by gill nts.
Currently, blackgills arc also a common catch of the trawlers
operatingbetween Morro Bay and Eurcka. In California waters,
from 1986-1989, between 284,000 and 648,000 pounds were
landed, worth between $1 34,000 and $321,000 1o fishermen.
Because they inhabit deep water, usually depths greater than
1.000 fect, blackgills are rarely taken by sport fishermen.

Blackgiil rockfish, Sebasies melanosiomus.

Status of Biological Knowledge

This specics ranges from Washington State southward o
central Baja California. Previous records of blackgills from
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Canada, Alaska and the Soviet Union probably refer to
misidentified rougheye tockfish or other similar appearing
species. Young fish aretaken inwatcras shallow as 600 feet, but
adults inhabit 720-2,520 foot depths. Though they can be found
over soft bottom, blackgills are most abundant over hard
botiom, steep dropoffs and sea mounts.

Blackgill rockfish grow to two fect and a few are mature
when 13 incheslong, Fifty percent are mature by 14 inches and
all reproduce by 15 inches. Blackgills are probably viviparous;
females spawn from January through June (peaking in Febru-
ary) and produce as many as 770,000 eggs. The larvae are
spawned in one batch per scason, arc pelagic and are seldom
taken below about 300 feet. Beginning in June, when they are
gbout three-quanters of an inch Jong, the larvac metamorphose
into pelagic juveniles and at one and a half inches these fish
begin to scitle onthe bottom at a depth of about 600 feet. Asthe
fish mature, they seek out deeper waters.

Status of Population

As of 1991, there had been no study of the blackgill
rockfish population.

Milton Love
University of California
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BOCACCIO

History of the Fishery

Bocaccio (Sebastes paucispinis), sometimes called red
snapper, rockeod, grouper, salmon grouper, or tomcod (as
juveniles), was the dominant rockfish in California’s early
longling fishery. It was the most abundant rockfish in the ofter
trawl fishery from Morto Bay to Fort Bragg until the mid-
1980's. By 1989 two-thirds of the bocaccio landed were taken
by oficr trawl, with the remainder being taken by set net,
longline, and the recreational fishery.

Accurate cstimation of commercial bocaccio landings
bepgan in 1978, In the late 1970’s, trawl landings averaged
approximately four million pounds per year. Landings in-
creased sharply, peaking in 1981 at about 10 million pounds,
then gradually feli to about eight million pounds in 1984,
Landings plummeted 10 ncar 2.5 million pounds by 1985 and
have remained near this lower level. In 1978, nearly 40 percent
of the sampled trawd landings contained half or more by weight
bocaccio, but by 1990 less than 15 percent did. Since 1985,
chilipepper has replaced bocaccio as the dominant rockfish in
trawl landings.



<
S

ML OF PO
P

California commercial landings of the bocaccio-chilipepper
rockfish group, 1979-1931.

Recreational catches of bocaceio are generally made on
rocky reefs by partyboat fishermen at depths of 250 to 750 feet
Insome years, however, juveniles concentrate in shallow sandy
arcas near piers off central and southern California, where they
ate easily taken on small baited hooks. Estimated caiches forthe
recreational fishery are available from 1980 orward and aver-
aged 27 percent of the trawi landings over the same period.
Recreational catches since 1984 have showed the same decline as
the trawl fishery. In general, the receni recreational catches have
been greaker in southern California than in northern California.

Since 1982, bocaccio have been managed under the
Groundfish Management Plan of the Pacific Fishery Manage-
ment Council. In response to concerns about stock condition,
she Council established for the first time, a harvest guideline of
1.4 million pounds for 1991.

Bocaccio rockfish, Sebastes pascispinis.

Status of Biological Knowledge

Bocaccio range from central Baja California to Kodiak
Island, Alaska and are common from northern Baja California
to the Washington-British Columbia border. Migration and
movements of bocaccio are not understood.

Among rockfishes, bocaccio are noted for their relatively
rapid growth, large adult size, and high variation in year-class
strength. They are known (© attain a lenglh of 36 inclics, a
weight of 15 pounds, and a maximum age of about 50 years.
Some fast growing individualsarc caught with trawl gear at age
one, and substantial numbers are landed by age twoat lengthsof
about 16 inches.
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Bocaccio are live-bearing fish. At extrusion (release),
larvae are about 0.25 inch in length and absorb yolk from the
egg stage during the first cight 10 12 days. They grow rapidly 10
about seven inches by the end of their first year, A few mature
when they are three years old. about 14 inches long and one
pound. Fifty percent are mature at 16.5 inches and four years.
Males mature at a slightly smaller size than fernales. By the time
they are 10yearsold, they average over 24inchesandweighfive
pounds, The number of developing eggs increases from 20 000
ina 15-inch fish toabout 2.3 million ina fish 30.5 inches fong.

Off central and northem California, larval release occurs
from January throngh May, peaking in February, In southemn
California spawning takes place from October through July,
peaking in January. In central California, most larvae that
survive to the juvenile stage are bori in January and February,
but months of successful reproduction can shift substantially
from year to year. Insouthern California, some females produce
as many as three broods in 3 seaso, but multiple brooding is
unoormmon farther north.

Larval bocaccio are initially pelagic and arc most COMMON
within 100 fect of the sea surfacc, where they feed on plankion.
Larvat bocaccio have been captured in plankton ncts as far as
300 miles from shore. By late May or carly June, they setile o
the bottom at lengths of 1.5 1o 2.5 inches, often in kelp beds.
Before completing their first year of life, these fast growing
young of the year start eating the young of other rackfishes,
surfperch, jack mackerel, and various small inshore fishes.
Adults are found from depths of 60 to 1550 feet. They feed on
smaller rockfishes, sablcfish, anchovies, lanternfish, and squid.

Status of Population

During the past decade bocaccio landings have been
dominatedby the 1977 and 1984 year classes. Asaconscquence
of the high variability in year<lass strength, the size and age
structure of the population fluctusics greatly over time. It
appears that recruitment in the latc 1960"s and carly to mid-
1970°s was, on average, substantally higher than average
recruitment over the 1978- 1989 period.

Stock analyses, using fishery age-composition data, recre-
ational cffort data, and trawl survey data. strongly indicate that
biomass and spawning stock size have declined substantially
over the 1978-1989 period. Estimated biomass has fallen from
about 150 million poundsin 197810 approsimately 20 msllion
in 1989, The recommended yield for ail fisheries combined
ranged from £.6 million to 3.4 mullion pounds compared to
1989 landings of 2.6 million pounds.

David H. Thomas
California Department of Fish and Game

James R Benge
National Marine Fisheries Senvice
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CHILIPEPPER

History of the Fishery

The chilipepper (Sebastes goodei) is one of Califomia’s
most important rockfish species; it is a major contributor 10
commercial and sport landings. In 1989, chilipepper ranked
second in stalewide esu mated commercial rockfishlandings at
over 4.5 million pounds. Estimated value for these landings
1o1a! over 1.4 million doltars. Important ports of landing arc
Fort Bragg, Bodega Bay, San Francisco, Princeton, Monterey,
Moss Landing, and Morro Bay. Chilipepper also contribute,
although not so heavily, to southem California rockfish tand-
ings. Percent composition of chilipcpper in rockdish landings
from Santa Barbara to San Diego ranged from two percent in
1986 1o over 13 percent in 1983,

In the latc 1800's. chilipcpper and other rockfish were
caught by Portuguese longline fishermen wha fished Monterey
bay from small two- or three-person vessels, Longlines provid-
od most, il nol all, rockfish landings until the mid-1940's.
Improvemcents in otter trawl technology a few years iater led to
the replacement of longlines as the primary gear used to caich
rockfish. Trawl gear enabled fishcrmen to make much larger
landings with larger vessels. Trawlers have since accounted for
the bulk of chilipepper landings, followed by sct gillnet and
hook-and-line gear

Mademn steel-hulled trawder that oflen targets tockfish and fatfish.

n th’Ehilip«:‘pper enter the fresh and frozen markets and are sold
19 Tound or asfillets. The average price paid tofishermen in
30 was $0 33 per pound.
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Historically, chilipepper was not considered an important
component of the partyboat angler’s caich in central and
northern California due to its deep offshore distribution. In the
early 1980’s, Monterey and Santa Cruz partyboat skippers
began fishing chilipepper schools appearing near the Monierey
underwater canyon in late spring through summcr. In contrast,
southern California chilipepper partyboat landings peak during
the winter months. Chilipcpper was ranked third among rock-
fish taken by central and northern California anglers inter-
viewed in 1989 to 1990,

Chilipepper rockfish, Sebastes goodei.

Status of Biological Knowledge

Chilipepper range from Queen Charlotte Sound, British Co-
lumbia to Magdalena Bay, Baja California. Adults are found on
deep rocky reefs as well as on sand and mud bottoms, from 150
to 1400 feet; juveniles school and are frequenty found in
shaltow nearshore waters, particularly in kelp beds. Spawning
occurs from September to April with a peak occurnng in
December to January. About 50 percent of female chilipepper
arc sexually mature at four years when they arcbetween 11 and
12 inches, while males mature at two years and between eight
and nine inches. Chilipepper atlain a maximum age of at least
20 years and a size of up to 22 inches.

Adults foed on small crustaceans, small squid, and assorted
small fishes. Probable predators of chilipepper include marine
birds and mammals, king salmon, lingcod, Pacific hake, sable-
fish, and other rockfish.

Status of Population

In 1986, a biological asscssment of the chilipcpper re-
source was completed and the resource appeared to be in good
condition, The acceptable biological catch (ABC) was set at
3,960 short tons, an increase of 1,430 10nsover 1985. The ABC
has remained at 3,960 tons for 1990. Due to the decline in
bocaccio abundance, chilipepper has become an increasingly
important component of the rockfish fishery and will be the
focus of further study.

Kenncth T. Oda
California Department of Fish and Game
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OLIVE ROCKFISH

History of the Fishery

Olive rockfish (Sebastes serranoides), also called yohnny
bass or johnathans, are caught primarily by sport angiers near
rocky reefs and kelp beds at depths less than 150 feet. They are
often found schooling in mid-watcr in association with blue
rockfish and yellowtail rockfish. This species is taken by shore
and pier anglers and by divers but is mostimportant to skiff and
commercial passenger fishing vessel (CPFV) anglers.

During a 1958-1961 survey of sport fishing from Point
Arguello to the Oregon border, olive rockfish averaged fourth
ty number and scventh by weight of all rockfish taken. During
this survey, an average of 48,28] olive rockfish werc caught
annually, averaging 1.9 pounds cach. A state-wide spofl fish
survey conducted from 1980 through 1986 ranked it among the
top 10 rockfish specics taken by skiff and CPFV anglers in
northern California (Monterey-San Luis Obispo County ling 10
the Oregon border). Here an average of 115,000 olive rockfish
were taken annually, averaging 1.8 pounds cach. In southern
California (Montercy-San Luis Obispa County line to the
Mexico border), the survey ranked this species as one of the six
most important rockfish to CPFV anglers and one of the top
three rockfish taken by skilf anglers. The cstimated average
annual caich for southern California was 260,000 olive rockfish
weighing an average of 1.0 pound gach.

Commercial catches, primarily for the fresh fish market,
were made in the past with gill nets and hook and line. Today,
commercial catches are taken onty with hook and line. Because
alive rockfish are not separated from other commiercial rockfish
landings as a market catcgory, the commercial landings of this
species are unknown.

Olive rockfish commonly occur in kelp beds and on rocky
reefs from Monterey Bay south and also near offshore islands,
particularly Santa Barbara and San Nicolas. CPFV and skiff
anglers commonly take this fish using 2 multihook bottom fish
rig, When fishing in kelp beds, some anglcrs prefer to use flies,
greamers, or live bait on spinning gear. Ofive rockfish will
strike this gear near the surface and put up a lively fight.

Status of Biclogical Knowledge
Olive rockfish eccur from Crescent City to the San Benito
Islands, Baja California, nearshorctoa depth of 480 feet. They
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reach a maximum age of 25 years and can reach a length of 24
inches and weigh as much as seven or eight pounds. Half of all
olive rockfish mature and begin reproducing when they are
about 13 to 14 inches long an four or five ycars old. Large
females can produce up to 500,000 cggs per ycar. As in afl
rockfishes, eggs are fertilized internally, and the embryos
develop within the female. They hatch into larvae and are
released into the plankton from December through March. The
lmvacampdagicfumumtosixmnhsmﬂmeywuleomomd's
and mkclpbodsasjwenileswhcnmeyareamnwinchlmg.

Olive rockfish, Sebastes serranoides.

Thggingstudiahavcshownthatmisspccimcndsmspend
its entire lifc near the same reef. This characteristic makes
ncarshore rockfish species particularly susceptible 10 overfish-
ing. As fishing removes mafure fish from a reef. they are
replaced only through the transport of larvae and the sefilement
of juveniles produced elsewhere.

Olive rockfish are active, midwater predators. Juveniles
feed on zooplankton and small fish. while aduits feed on fish,
squid, crab, and shrimp.

This specics looks very similas to the yellowtail rockfish,
although its body is more clongate and compressed. Olive
rockfish have mine soft fays in the anal fin and vellowtail
rockfish usually have eight.

Status of Population

Thi population size of This species is unknown. Like all
nearshore species of rockfish, olive rockfish are susceptible 1o
overfishing, and in heavily fished areas, it is comumaon for
anglers 1o catch immature fish. Typically, the average size of
fish taken increases with distance from port

Diana L. Watters
California Department of Fish and Game
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VERMILION ROCKFISH

History of the Fishery

vermilion Tockfish (Sebastes miniatus). though highly
desirable, are only of modcrate importance in commercial and
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sport i sheries. Itis difﬁa:lt 0] t_idcrminc lh;_pcrccntage of the
o mmercial 1ch that is comprised of vermilions, because I.htf:y
are combined with other red- and orange-colored rockfishes i
the market catcgory qr "r_ods.“ During 1981 and 1982, vermil-
ion rockfish ranging in size from 8.7 to 21.8 inches accounted
for fess than oT¢ percent of the combined hook-and-ling and
sh take of sport fishermen in Monterey. Information
from competitive spearfishing meets indicates that this species
may be quickly reduced by concentrated fishing. In 1981,
vermition rockfish comptised 11 percent of the take at competi-
(ive free diving spearfish contests held at Piedras Blancas. Six
ater in 1987, the number of vermilion rockfish taken was
less than one percent. Thisareaisone of the few locations along
the Big Sur coasl 1hat is easily accessible and is, therefore, heavily
wtilized by spost and commercial hook-and-line fishermen.
intense fishing also causes a decreasc in the sizeof the fish
taken. In 1981, the average size of vermilion rockfish taken by
hook-and-line fishermen from Point Pinos {0 Yankee
Foint in Monterey County was 18.8 inches. The average size
dropped 1o 16. 1 inchesin 1983, 15.5in 1985,and 14.3inchesin
1987 In 1989, surveys of commetcial passcnger fishing vessel
(CPFV) trips from Pont San Luis and Merro Bay in San Luis
Obispo County, vermilion rockfish averaged only 13 inches in
length and comprised 13 percent of the total catch. Along
lightly fished arcas of the central coast, fish of the same size
comprised eight percent of the toial CPFV catch. Fish taken
north of Monderey were slightly larger but accounted for less
then two percent of the catch.

In a survey of southern California CPFV’s from 1985
through 1987, vermilion rockfish ranked third in species com-
position at 8.1 percent of the total rockfish catch. Between 1983
and 1988 they ranged from 2.2 1o 5.2 percent of the sampled
commercial catchof rockfish landed south of Point Conception.

Vermilion rockdish are marketed primarily in 3 fresh
dressed form. Because the flesh has a short freezer life, it is
rarcly frozen. These rockfish are best when filleted, skinned,
and deep fried. They are also delicious when baked with
vegetables in the oven or microwave. As with most other
members of the family, the flesh is white, fine in texture, and
mild in flavor.

Vermilion rockfish, Sebasies mimiaius.

Status of Biological Knowledge

Bmi:f;nnilion rockfish are found from Vancouver Island,
P f-‘olmbia 10 San Benito Island. Baja California, and
OVer rocky bottoms from 40 1o 660 feet. Larpe fish are
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more common at depths greater than 100 feet due to the
combined fishing pressure in shallower waters from commer-
cial and recreational fishermen. Vermilion rockdfish gencrally
remainon the same recfsystem on which they settle during their
first year. Tagging studies have shown no movement of fish at
liberty for one to three years. Vermilion rockfish are extremely
long lived. The oldest individual aged was 25 ycars old,
measured 20 inches, and weighted 54 pounds. Lengthsupto 30
inches have been reported. They also have lengthy juvenile Life
stages. Fifty percent of the population is mature at cight years
and these fish average 14 inches. The slow growth and long
juvenile period make vermilion rockfish very susceplible to
overfishing, Once large individuals are removed from a reel
system they are replaced only by larval setilement.

Peak spawning months are September in central and
northern California and November insouthern California. The
number of developing eggs increases from 63,000 inafish 12.5
inches long toabout 1.6 millionin a21.5-inch fish. Femalesare
fenilized internally by males. Newly released larvac are free
swimming and lead a pelagic existence for three to four months,
then settic to thebottom. Juvenilesare not strong swimmersand
tend to be very secretive, ofien taking refuge in dense algae.

The pelagic young of vermilion rockfish feed primarily
upon crustaceans, while adults feed on octopus, squid, and
small fishes such as anchovies and biue lanternfish, At times,
macroplanktonic organisms such as euphausiids, pelagic red
crabs, and pyrosomes {pelagic colonial tunicates) are found in
their stomachs.

Status of Population

No population estimates are available for vermition rock-
fish, and the magnitude and size composition of the commercial
and sport catch is poorly understood. The present exploitation
rale is unknown.

David A. VenTresca
California Department of Fish and Game
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WIDOW ROCKFISH

History of the Fishery

The widow rockfish (Sebastes enfomelas) is one of the top
thivee species in commercial landings of rockfish in California
and is a minor component of recreational landings. Although
there were reports of occasional large trawl catches made
incidental to fishing for other species, commercial landings
were minoruntil marketsimproved in 1979 and midwater trawl
fishing began. At this time, fishermen began targeting on the
species, and California landings exceeded 10,000 tonsby 1982,
Since 1983, strict regulations have limited commercial land-
ings Recent landings are about 1,500tons, Annual landingsare
restrained by a quota that applies to the fisheries of California,
Oregon and Washington. Trip landings and frequency are also
regulated in order to maintain a long open $cason. Widow
rockfish comprise about 60 percent of the commercial rockfish
1andingsin Eureka, 35 percent in Crescent City, and 25 percent
in Bodega Bay, they occur as smaller proportions oflandings as
farsouthas Santa Barbara, Most widow rockfish are filletedand
marketed as Pacific red snapper or rockood. The landed value
approached $1,000,000 in 1989. Widow rockfish are mostly
caught by trawlers. Before the advent of restrictive trip landing
limits, most of the fish were caught with large midwater trawls.
It can be difficult to avoid capturing more widow rockfish in a
single tow with a midwater trawl than trip limits allow, and
many vesselsare now using only the less cfficient bottom trawls.
Widow rockfish are also captured with gill nets and fonglines.
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California commerciai landings of widow rockfish, 1981-1991.

Status of Biological Knowledge

Widow rockfish are found from Todos Santos Bay. Baja
California, to Kodiak Istand, Alaska. Peak abundance is off
northern Oregon and southern Washington, with significant
aggregationsoccurring south to central California. While many
commercial catches occur at bottom depths between 430 and
750 feet, young fish occur near the surface in shallow waters,
and adults have been caught over bottom depths to 1,200 feet.
Widow rockfish ofien form midwater schools, usually at night,
over bottom features such as ridges or large mounds near the
shelf break. The schooling behavior of widow rockfsh is quite
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dynamic and probably related t feeding and oceanographic
conditions. There appears to be some seasonal movement of fish
annngadjaoemgrounds.andlhereise\idummatﬁshm’eﬁom
ammmasﬂtyage,wimﬁshdﬂnmsiumingmgﬂa

Widow rockfish, Sebastes entomelas.

The maximum recorded age for widow rockdish is 59 years,
but fish older than 30 years are uncommon. Most arc iess than
31 inches in length, which corresponds to a weight of about 4.7
pounds. The maximum size is 24 inches arabout 7.3 pounds. At
first, growth is fairly rapid and by age five widow rockfish
average 13.4 inches. By age 15 growth has slowed, and ihe
average size is 18.7 inches for females and 176 inches for
males. About 50 percent of widow rockfish are mature by age
five, and almost all arc mature by age eight when they are 16 6
inches. Off California, fecundity ranged from 55,600 eggs fora
12 8-inch female to 915,200 eggs for a 18.8-inch fish. The
release of larvae by widow rockfish peaks in January-February
and appears 1o occur in the same areas where they are caught
during that season, The larvae are about 0.2 inchwhenreleased
The young fish lead a pelagic existence until they are about five
months old. During the latter part of the pelagic stage, the two-
inch fish feed mostly on copepods and small stages of euphausi-
ids. Adult widow rockfish feed on midwater prey such as
lantern fish, small Pacificwhiting, euphausiids, sergestid (decp
water) shrimp, and salps. Juvenile rockfish, including widow
rockfish, are important prey items for sea birds and ¢hinook
salmon in May and June. Little is known about predation on
adult widow rockfish.

Status of Population

The population was virfually unfished prior to 1979 By
1982, it became obvious that the population was being rapidly
fished down and would soon be overfished, if catches were not
restricted. The fishery was placed under stnngent regutations in
1983. The population is now estimated to be at aboul the level
chosen by management to maintain a viabie spawning stock.
The 1991 quota is 7,700 tons for the combined landings of
California, Oregon and Washington. While the annual quota is
likely to change as weak or strong year classes pass through the
fishable stock, the lang-lerm average is expected to be at about
the 1991 level.

William H. Lenarz
National Marine Fisheries Service
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shortbelly rockfish for surimi, but they have not submitied 3
permit request.
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Proceedings of 8 workshop, Tiburon, Califonia, December 10-  Status of Biological Knowledge
11, 1980. U.S. Dept. Commer., NOAA Tech. Rep. RMES 48 Shortbelly rockfish are found from Punta Baja, Baja Cali-
fornia, tolLa Perouse Bank, British Columbia. Peak abundances
are between the Farallon Islands and Santa Cruz, and off the

SHORTBELLY ROCKFISH Channe) Islands. Young-of-the-ycar shortbelly rockfish have
. been observed in the surf line, and adults havebeen reported as
History of the Fishery deep as 930 fect, The peak abundance of adulis is aver bottom

The shortbelly rockfish (Sebastes Jordaniy is the most depths of 400 to 700 feel Adults commonly form very large
abundant rockfish off California but has been fished very little. schools over smooth boltom near the shelf break, Schools arc
A directed fishery occurred in 1982, when a joint venture with often near or on the bottom during the day and tend to be less
the USSR caught 700 tons off central California. (thenwise, 2 dense and higher in the water column during the night. The size
few shortbelly rockfish occastonally appear with other rockfish of shortbelly rockfish tends to increase with bottom depih.
landed in California ports. There is no domestic market for The maximum recorded age for shortbelly rockfish is 22
shortbelly rockfish at present. If a market develops, special years, but fish older than 10 years areuncommon. Most are less
permits will be required, because fishing with legal mesh sizes than 11.§inches in length, which correspondsto aweightof 0.5
is not practical for this small species. Larpe catches of shortbelly pound. The maximum size is 12.8 inches, or about 0.7 pound.
rockfish can be made using midwater or botiom trawls with finc Early growth is fairly rapid, and by age three the average size is
mesh cod ends. Rescarch has shown, however, that while 7 % inches for malcs and 8.3 inches for ferales. Growth has
directed fishing for shorbelly rockfish results in low incidental slowed by age cight, and the averagesizeis 9.7 inches for males
catches of other specics when mid-water trawls are used, high and 10.3 inches for females. About 30 percent of female
incidental caiches can occur when bottom trawls are used shoribelly rockfish arc mature by age three, and atmost all are
Because of the concern that bottom trawls would 1ake unaccept- matare by age four. The fecundity ranges from 6,200 eggs fora
ably high numbers of small fish of other important specics,  6.8-inch fish to 56,000 eg2s for a 12.0-inch fish.
scientists have recommended against the use of bottom trawls Piankton surveys during the January-April parturition
for shortbelly rockfish. season indicate thal larvae are released in the same arcas

_ The potential fishery for shortbelly rockfish is controver- inhabited in the summer and fall by large aggregations of
sial. Fishcrmen express concemn that significant amounts of adults. However, the fish may be more dispersed during thelate
salmon may be caught incideniatly to fishing for shoribelly winter season because aggregationsof adults have been difficult
tockfish, but scientists have not observed incidental salmon tolocatethen. Thelarvacareabout0.2 inch whenrelcased. The
calches and belicve that 3 fishery for shoribelly rockfishis likely young fish lead a pelagic existence until June, when they are
o be offshore from concentrations of salmon. Fishermen and about five months old. In June, the young shortbelly rockfish
environmental groups also express concern because voung-of- begin to take on the behavior of adulis. Divers occasionally
lhe-m shortbelly rockfish are forage for salmon, seabirds and obscrve them in large, compact, schoolsin fairly shallow water.
marine mammals. Scientisis have recommended quotas that Large numbers of moribund young-of-the-ycar shonbelly rock-
aretl}mg,hq to be sufficiently low so as not to impact cither the fish are sometimes found on beaches afier periods of wind
recruitment or the availability of young-of-the-year shartbelly patterns that are thought to cause currents which carry them
rockfish for forage. Scientists have also recommended cdJose  into shallow waters. These fish have not appeared to be either
monitonng of fishing for shortbelly rockfish 1o verify that high starved or discased. They appear to be maladapled to contact
incidental catches and/or depletion of forage do not 0ccur. with the abrasive bottom when in the nearshore environment
Washmc 1991 quota for catches off California, Oregon and During the latter part of the pelagic stage, the twoto three-

inglonis 14,300 tons. Recent applications by joint venturc inch shortbelly rockfish feed mostly on copepods and small
_fﬁ.mpamas o fish for shortbelly rockfish were not approved. stages ofeuphausiids. Adultsfeed primarily on euphausiids, but
al s:'-"'c b::mpame_sinlcnded touscthe catch for surimi. There has also consume some copepods. Young-of-the-ycar shortbelly
1 some interest expressed by domestic firms 1o utilize rockfish are important prey items for salmon and sea birds
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during the latter part of the pelagic stage. They have also be
found in the diet of lingcod and northem fur seals. Adult
shortbelty rockfish are occasionally found in the diet of larger
predators such as lingood.

Status of Population

The population is at the unfished level. Biomass estimaics
have been attempted on four hydroacoustic surveys from Santa
Crwz tothe Farallon Islands. Large aggregations needed for the
hydroacoustic technique were found only for two of the four
surveys. The two biomass estimates were 168,000 tons and
325,000 wns. It was estimated that the biomass in this area
could support annual catches of at least 14,800 tons without
reducing the spawning stock below levels thought to be needed
to maintain good recruiument.

William H. Lenarz
National Marine Fisheries Service
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BROWN ROCKFISH

History of the Fishery

There is no regular monitoring of commercial landings of
brown rockfish (Sebastes auriculatus), however, oocasional
large catches of brown rockfish do occur. In the San Francisco
Bay area, freshly caught whole fish are in demand for sale in
orerial restaurants.

The brown rockfish recreational catch from 1979 10 1986
averaged 296,000 pounds, or two 10 four percent of the total
recreational rockfish catch in California. Northern and southern
California caiches are almost oqual. In the Puget Sound area,
bmwnmckﬁshateamjaporﬁoncflhemmlionalcmdl

Status of Biological Knowledge

Brown rockfish, sometimes called bolina rockfish, range
from southeastern Alaska to central Baja California, They are
widely distributed in shallow walers and bays, but have been
taken 1o depths of 420 feet. Subadultsare strongly residential o
their home sites and often occur near picrs and rocky points.

Both male and female brown rockfish begin maturing at
about three years old, at which time they are around 10 inches
long. Half of these are mature at five years old, when they are
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about 12 inches long, and all are maturc by age ten, when they
are about 15 inches long. A 12-inch female will have approxi-
mately 42,500 eggs, a 15-inch female 76,600 eggs, and an 18-
inch female 266,000 eggs. Maximum adult size is 22 inches.

Brown rockfish, Sebastes auricwlarus.

Brown rockfish, as do all rockfish, bear their young live.
Fernales release larvae into the pelagic environment duting
Decemmber and January, and may do so again during May and
Tune. The larvae remain in the pelagic environment until they
transform into juveniles, after which they eater benthic habitats
near shore. Benthic juveniles are known to inhabit shailow
water habitats, often in bays, and to migrate to decper wallrs as
they grow older.

Brown rockfish feed on progressively larger prey as they
grow. Dusing their early benthic stage, juveniles foed on small
crustaceans, amphipods, and copepods, but when they grow 10
ammdSinches,shiﬂtocrabsandmllﬁsh Adultbrown rockfish
{greater than 12 inches) foed on larger fish, shrimps, and crabe.

Little is known about predation on brown rockfish, but
probably it is similar lo predation on other rockfish species.
Presumably, they experience the maost predation during their
pelagic larval and juvenile stages, and less predation as they
grow lasger. Probably adults are only occasionally taken as prey.

Status of Popuiation

Without regutar mamtoring of catch data, there is no way
t0 assess the brown rockfish population size. Currenily, there
are no indications of stress on these popalations.

Peter B. Adams
National Marnine Fishcries Service
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COPPER ROCKFISH

History of the Fishery

Copper rockfish (Sebasies caurinus) ocour only sporadi-
cally in Californi2 commercial catch records. Commercial
landings of copper rockfish are small and often included in the
category of “ather rockfish”; however , three-month landings
of over 14,000 pounds have been recorded from Euwrcka
Although cumenily there are no significant commercial land-
ings of copper rockfish in the United States, they were reported
2 the most commonly caught fish in otier trawls in Puget Sound
in the 1930°s.

Copper rockfish are a small, consistent portion of the
aatewide recreation caich of rockiish, averaging from two 10
three percent. The catch has no apparent trend and ranges from
a high of over 500,000 fish in 1980 to 233,000 fish in 1986,
Approximately twohirds of the California recreational caught
copper rockfish are taken from Monterey south versusone-third
from north of Monterey: Copper rockfish are a major compe-
nent of the recreational fishery further north, particularly inthe
Puget Sound-British Columbia area.

Copper rockfish, Sebasies caurinus.

Status of Biological Knowledge

The copper rockfish and the whitebelly rockfish (S.
vexilfaris) are virtually identical in appearance, except that the
whitebelly rockfish tends 1o be more reddish. The meristics of
the two species are the same, but there are chromosomal
differences. Both are shallow water species usually found in
rocky arcas, but may be founid as deep as 600 fezt. Very limited
lagging indicates that adult copper rockfish are strongly resi-
dential. The copper rockfish ranges from the Kenai Peninsula,
Gulf of Alaska, to Monterey, and the whitebelly rockfish from
Crescent City to San Benito Islands, Baja Catifornia.

Male copper rockfish begin maturing at three years old
;he" they areabout 12 inches; one-half are matureat four years

4 or 13 inches; and at! are maturc by seven years old or 16
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inches. Females begin maturing at five years old or about 12
inches; one-half are mature at six years old or 13 inches; andall
are mature by cight years old or 16 inches. A 13-inch female
will have approximately 97,000 cggs, a 16-inch female
245,000 eggs, and a 20-inch female 654,000 eggs. The oldest
copper rockfish found to date is 35 years old and is from
Canadian waters.

n California, larvae are rclcased from the female in
February, but, in Washington and British Columbia, they are
released in March and April. These fish remain as pelagic
larvae and juveniles in offshore waters until May. From late
May until July, juvenile copper rockfish first appear n kelp
habitats high up in the water column, and later migrate to the
bottom. As they grow, copper Tockfish move into more typical
adult tocky recf habitats.

Adult copper rockfish feed primarily on crabs and fish.
Studies in Humboldt Bay found juvenile Dungencss crab tobe
a major part of their diet. Copper rockfish feed on siall fish
such as herring, anchovies, blennies, and small surfperch, but
also on occasion have eaten spiny dogfish. Juvenile copper
rockfish feed on calanoid copepods, caridean shriimp, and
gammarid amphipods.

Like other rockfish, coppers are most vulnerable to preda-
tion as larvae and juveniles. During these stages, they are prey
to salmon, lingcod, other rockfish, maring mammals and birds.
As they grow older and larger, they are susceptible only 10
occasional predation by lingeod or marine mammals.

Status of Population

Although there are no population or mortality estimates for
copper rockfish, thereis no indication thatstocks of this species
are overfished in California watcrs. In the Gulf of Alaska and
British Columbia, copper rockfish are the target of an expanding
hook and line commercial fishery, and this fishery is having a
significant impact on thase stocks. [fsuch a fishery wereto develop
in California waters, this species would require monitoring.

Peter B, Adams
National Marine Fisheries Service
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CANARY ROCKFISH

History of the Fishery

The commercial trawl catch of canary tockiish (Sebastes
pinniger) in California has declined from over two millon
pounds to 183 thousand pounds in the nine-year period from
1981 10 1989, (Previous to 1981, rockfish landings were not
recorded scparately by species.) Eurckaand Fort Braggtogether
contribute 88 percent of the canary rockfish trawl caich, which
is only seven percent of the rockfish landings for Eurcka, and
eight percent for Fort Bragg. The only non-trawl commercial
tandings are ina small hook-and-linc fishery that operates from
San Francisco southward.

Canary rockfish represent a small but consistent portion of
the sport catch, From 1979 to 1986, the average annual catch
was 280,000 fish per year, slightly less than three percent of the
total for al! rockfish spocics. The average catch from Monterey
northward was more than twice what it was to the south: 194,000
fish per year {five percent of the rockfish catch) as compared to
86,000 fish per year (one percen of the rockfish catch).

Canary rockfish, Sebastes pinniger.

Status of Biclogical Knowledge

Canary rockfish, referred to as orang¢ rockfish in older
reports, occur from Baja California to southeast Alaska Their
center of distribution is the Washington-British Columbia area,
and in California they have commercial importance only as far
south as Bodega Bay. Electrophoretic differences indicate that
canary rockfish may have two separate subpopulations: one
north. the other south of centrat Orcgon. Canary rockfish have
been caught at depths below 1,000 feet, bt are taken in
abundance anly to 500 fect.

Canary rockfish grow rapidly until they reach maturity at
about 16 inches, then more slowly to a maximum age of 60
years. Most populations have few individuals clder than 20
years. For cxample, at one year, females average 6.7 inches and
males 7.9 inches; at 4 years, femalesare 13 .4 inches and males
13.8 inches; by age 12, females average 20.4 inches and males
19.7 inches. By age fifty they have added linde length {females
=322 4 inches; males 21.2 inches))

Females begin o ature sexuaily at 10.6 inches, reaching
50 percent maturity af 17.3 inches, and 100 percent maturity at
21.2 inches, Males begin to mature at 11 inches, reaching 50
percent maturity at 15.7 inches, and 100 percent maturity at
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177 inches. A 10.6-inch female carries about 69,000 eggs. a
17 3-inch female about 489,000 eggs, and a 21.2-inch female
about 1,113,000 eggs.

Canary rockfish are viviparous, meaning that the females
bear free-living young and contribute some encrgy to their
young while they are inside the mother. Males fertilize the
females around Deoember, and the females hold their young
until December to March. Pelagic juveniles occur in the upper
100 feet of the surface waters from April to June. Itis assumed
that the juveniles descend 1o benthic habitats after mid-June.

Adult canary rockfish feed primarily on euphausiids. Nexat
in importance as prey are fish: mainly myctophids and aduit
shorthelly rockdish which are mast abundant in 21} and winterdiet.
Gdaﬁnmszouplankmmandassociaiedh)mrﬁdamptﬂpodsm
common prey, but are a minor part of the diet Pelagic juvenile
camxymdcﬁshfeedonwpcpﬂd&anduq:hamﬁdeggsmﬂhnm.

Predation on canary rockfish is most severe during the
pelagic larval and juvenile Slagcs. Juveniles (one to three
inches)are commonly found inthe stomnach contents of chinoak
satmon. Undoubtedly other predators of juvenile fish {other
fishes, mammals and birds, including the ComuTION MUITE} prey
on juvenile canary rockfish. After the juveniles descend to the
benthos and become adults, they are much less vulnerable to
predators,

Status of Population

The canary rockfish catch has declined sharply during the
last Ten years, paxﬁmﬂarlyinEurckz.Themnlcnglhofcalury
rockfish has declined approximately 10 percent during this
period at both Eureka and For Bragg. While estimates of
population size of exploitation mates for canary rockfish in
Catifornia waters are unavailable, these declines warrant in-
creased surveitlance of this species.

Peler B. Adams
National Marine Fisheries Service
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BANK ROCKFISH

History of the Fishery

From abowt Fort Bragg to the Mexican Border, bank
rockfish (Sebastes rufus) are an imporiant part of the commer-
cial rockdish caich, taken primarily by gill net and olter trawis
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equipped with roller gear, but also oocasionally by hook and
um_m,wgmyws,miswishasbeenamng the three most
commonly taken commercial rockfish species from Morro Bay
Untilthelate 1970°s, they madeup a very minor part
of the fishery, but surged in impontance as fishermen began 1o
arget rockfishes with monofilarnent gill nets and with otier
trawls equipped with roller gear {the rollers allow the trawls 1o
be towed over the hard botiom favored by bank rockfish). Until
1987, catch statistics from bank rockfish were grouped with
those from all other rockfish species and so the exact poundage
and value are unknown, In 1987, about 1,000 pounds, worth
£33,000 (ex-vesel) were taken; in 1988, 114,000 pounds
($36,000) and, in 1989, 35,000 pounds ($9,376). They are also
taken by sport fishermen fishing for decpwatcr rockfishes, but
rarcly do bank rockfish compase a majority of the catch.

Bank rockfish, Sebastes rufus.

Status of Biological Knowledge

Found from off Newport, Oregon to central Baja Califor-

nia, bank rockfish are common from about Fort Bragg south-
ward intonorthem Baja California. These are midwater, aggre-
gating fish, which live over hardbottom and onbank edges over
depths of 102810 fect. Fragmentary evidence SUggests that
juveniles usually inhabit waters shallower than adults. Mature
fish are usually found in 600 feet or MO,
_ Bank rockfish reach 20 inchies. A few fish mature at 12-13
inches, 50 percent are mature by about 14 inches, and all are
reproductive at 15 inches. Theseare slow growing fishes; some
live (0 at least 50 years. Bank rockfish spawning ocours from
December through May, peaking in January in southern Cali-
fomia and in February in central and porthern California. In
southern California (but apparently not farther northward)
females spawn two or more times per season. Females produce
between about 65,000 and 610,000 eggs per scason. Bank
rockfish are midwatcr feeders, cating mostly gelatinous plank-
10ni¢ organisms such as funicates, but also preying on small
fishes and krill,

Status of Population

As0f1991, there had beenno study of the status of the bark
rockfish population.

Milton Love
University of California
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OTHER NEARSHORE ROCKFISH

History of the Fishery

Several species of rockdish that inhabit nearshore rocky
arcas and kelp forests make small contributions 10 sport and
commercial fisheries in California Kelp rockfish (Sebastes
afrovirens), black and yellow rockfish (Sebastes chrysomelas),
gopher rockfish (Sebastes carnalus), China rockfish (Sebastes
nebulosus), grass rockfish (Sebastes rastrelliger), and treefish
(Sebastes serriceps) arc the most commonly encountered spe-
cics in this group. While some of these species are quiie
distinctive in appcarance, others are difficult to distinguish; 50
catch records for these and other rockfish are often lumped
(consciously or not) and records for the different species are
frequently unreliable.

China rockfish, Sebeastes nebulosus.

Commercially, these specics are taken largely by hook and
line and sold unfilleted (and somctimes alive) in fresh bsh
markets. Landings dunng the period from 1987 (when the
specics were first segregated in summary statislics) to 1989,
ranged from about 100,000 1o 175,000 pounds and up to about
$210,000 in value, Landings of misidentified individuals of
other specics, such as copper or brown rockfish, could be
included in these figures.

The largest catches of (hese species are probably recre-
ational. Their nearshore habits make them available to divers
and to anglers working from shore, skifls, and party boats.
Recause of its shallow depth distribution, the grass rockfish is
best represented in the shore fishery. Kelp, black and yeliow,
gopher, and China rockfish are well-represented in catches by
divers and skiff anglers. Gopher and China rockfish are rela-
tively better represented in the party boat fishery, because of



their deeper depth distributions. None of thesc specics is the
dominant component of any fishery, but asa group may contribute
from one percent o over 20 percent of the total catch in these
fisheries, and may make larger contributions in particular areas.

Angler fishing rocky arca under the Golden Gate Bridge.

Several of these species arc also important in non-CoR-
sumptive uses. Coforful, accessible, or both, treefish and kelp.
Black and yellow, gopher, and China rockfish are frequently
observed and photographed by divers.

Status of Biological Knowledge

Kelp, black and vellow, and gopher rockfish are relatively
well-studied, while treefish, China rockfish, and grass rockfish
are, to differing degrees, less well-known.

Most of thesc species occupy somewhat restricted ranges of
grography or habitat. The trecfish is most common indepths of
lessthan 100 feet orsoonroclcyreefs,andismaricted largely to
the region south of Pi. Conceplion. The kelp, black and yeliow,
and gopher rockfishes arc not abundant north of Sonoma
County, and range south to the region of Point Eugenia, Baja
California. Each has a restricted habitat, with kelp rockfish
occurring almost exclusively in kelp forests, black and yellow
rockfish occurring in high-relief rocky bottom at depths shal-
lower than about 60 fect, and gopher rockfish OCOUTING ON
rocky recfs from 40 feet to perhaps 150 feet. The geographical
range of the grass rockfish extends throughout California and
into southern Oregon, but its habitat is restricted to rocky arcas
shallower than about 20 feet. The China rockfish is abundant
into Washington, British Columbia, and southeastern Alaska,
declining in abundance south into California. It is quite rare
south of Point Conception, and sccms to inhabit progressively
deeper waler in the southern part of its range.

Five of the six species are relatively smali for mckfish. The
grass rockfish, at about 20-22 inches, reaches the largest size of
the six species. The largest individuals of the other five species
rarely exceed 15-17 inches; among the five, the China rockfish
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may seach slightly larger sizes than the others, followed In
rough order by trecfish, kelp rockfish, and gopber andblack and
yellow rockfish. Grass rockfish and trecfish have nolbecnaged,
and ageing for kelp, black mdyellow,audgopharodﬁshhas
been mmmﬂmﬂnnerMMmddsh.Mfw@edw
msimmlb'machagesinemessofmyws,andtypimlly
mature atthree to four yearsof age. Treefish and kelp, black and
yellow, gopher, and China rockfish appear io reproduce once
per breeding season, and litile is known of the spawning habits
of grass rockfish. The latter fmuq)eciﬂmemmrepru:lucein
winter-spring, later than many other nearshore rockfish. Kelp
rockﬁshbwyoungmelatcstinmeyw, preceded by black and
yellows and gophers. The period of parturntion in China rock-
fish has not been defined as clearly as the others.

Gopher rockfish, Sebasies carnatus.

The adult movemnent of most of these specics may be even
more restricted than other rockfishes. Individual black and
yellow, gopher, and kelp rockfish have been shown (@ inhabit
restricted home ranges, and it is likely that grass rockfish,
China rockfish, and trecfish share this behavior. Aggressive
behavior has been observed in all except grass rockdish (for
which observationsare limited), and gopher rockfishand black
and yellow rocklish are definitely territorial. However. some
evidence from artificial reefs suggests that typically sedentary
individuals may occasionally wander i ndeterminate distances,
on the order of tens of yards, from their home ranges.

Status of Populations

Mliletherehavebecnscveralstudiesoﬂocalabundmwe n
some of these species (particularly black and veliow, gopher.
and kelp rockfish), there is ne comprehensive assessment of
their populations. Each species is probably subject to local
depression in abundance and average size where diving, skiff
fishing, and party boat activity is concentrated. The low fecun-
dity, restrictod habitats, and limited movemens of these species
make them vulnerable to local fishing pressure. Depending on
theextent of larval dispersal, however, arcas with limited access
for divers and skifls may act as populalion rEseTves.

Ralph } Larson
San Francisco State Unfversity
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THORNYHEADS

History of the Fishery

The two species of thomnyheads (genus Sebastolobus) in
California waiers are most abundant at depths where Dover sole
and sablefish live. Shortspine thornyhead (S, alascanus) are
taken by the commercial fishery at depths as shallow as 600 feet,
and it is likely that thornyhead landings were predominately
shortspine during the early years when the fishery operated in
relatively shallow water, Longspine thornyhead (S altivelis)
were probablynot landed in large quantities until laterwhen the
fishery expanded into deeper water. Although there are consis-
tent differences between the two species, distinguishing be-
tween them can be difficult under field conditions. Landings
and other data for each species may, therefore, be Jess reliable
than data for thornyheads as a group.

From 193310 1969 to1a} thomyhead landings in California
ranged from just over 3,000 pounds to 900,000 pounds.
Thormyheads became commeon as incidental catch when Cali-
fornia trawlers began fishing intensively for Dover sole in the
early 1970’s. In 1970, total thornyhead landings in California
exceeded one million pounds for the first time and averaged 2.8
million pounds per year from 1970 to 1979, Thomyhead
landings increased to an average of six million pounds per year
from 1980 to 1989.

Thomyheads were originally marketed as a rockfish prod-
uct (usuaily fillets) in domestic markets. Increased landings
during the 1980’s were the result of increased prices and
demand for thormyheads, primarily as 2 headed and gutted
product exported to Japan. Changes in species composition and
markets for thoryheads occurred during the Jate 1980’ as the
fishery moved into deeper water to harvest longspine
thomyheads. As export markets developed, prices paid to
fishermen more than doubled from $0.17 to $0.40 per pound
(all prices and revenues in 1989-gquivalent dollars). Gross
revenucs for thormyheads landed in California rose from
$576,000 in 1980 to §5,425,000 in 19%) as the result of
increased prices and landings. The relative value of
thormyheads in the groundfish fishery also increased duning
that time. Revenues from thorivheads were only 12 percent of
total vevenues Tos the deepwater fishery (thormyheads, sablcfich,
and Daver sole) during 1980, but increased to 39 percent by 1999,
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California commercial landings of thomyheads, 1977-1991.

Fishing for thomyheads is typically by bottom trawl and
longline gear in relatively deep water (1,800 to 3,000 feet) on
sand or fine sediment. Fishermen report that there are areas
where shortspine and longspine thorny heads are found together
and other areas where longspine thomyhead predominate.
Most of the thomyheads landed in California are taken in the
Eureka, Fort Bragg, and MorroBay areas. Few thomyheads are
taken south of Point Conception. With the 4. 5-inch meshin cod
ends currently wsed in the commercial trawl fishery,
thornyheads become vulnerable tobottom trawls at about five to
seven inches in length and at an age of about eight to ninc years.
Thomyheads are seldom taken by gill nets or in the recreational
fishery because of the depths at which they lrve.

Thornyheads are managed by the Pacific Fishery Manage-
ment Council under the Groundfish Management Plan.
Shortspine and longspine thornyheads are managed as a group
because of difficulties in separating the two species during
fishing and in the landings. Catchquotas for thornyheads were
first used in the fishery during 1990.

Shortspined thornyhead, Sebastolobus alascanus.

Status of Biological Knowiedge

Thomyheads belong to the same family (Scorpaenidae) as
the rockfishes (Sebastes spp ) but are distinguished from them
in having more dorsal and head spines, in losing their swim
bladder at the time they scttle to the bottom, and in spawning
gelatinous egg masses. Shortspine thomvheads grow to larger
size and are found in shallower water than longspine
thormybeads. The adulls of boih species are major components
of the assernblage of fishes of the continental slope where they
co~oocur gver a broad depth range of 1.600 to 4,900 feet. Both



spef:ies have special enzymatic adaptations which allow meta-
bolic activity despitc the high pressure and low temperature at
the depths where they live.

Shortspine thornyhead are found at depths of about 100 to
over 5000 feer along the west coast of North America from
northern Baja California to the Bering Sca and across the north
Pacific to the coast of Japan. It is not known if scparate stocks
exist. Off California, shonispine thornyhead spawn during late
winter and early spring. Males off Alaska may spawn at about
6.5 inches in length (estimated age 5). About half of all females
off California are sexually mature at 8.25 inches in jength
(estimated age 13) and almost all are sexually mature at 13.5
inches (estimated age 28). Estimatesof ages arcbased oncounis
of growth rings in thin-sectioned otoliths. This approach has
not yet been validated for either specics of thomyhead, so all
ages must be regarded as estimates. A female may release as
many as 400,000 eggs annually in gelatinous egg masses that
float to the surface. Larvae free themselves from the egg when
about 0.25 inch inlength and transform tojuvenile fish at about
.75 inch. Lasvae and young juveniles are pelagic for 14to 15
months and scttle to the bottom when about one inch long
during January to June of the year after they hatch. Juveniles
settle in shallow water along the upper boundary of their habital
and move 1o deeper watcr as they Erow. They spend the rest of
their lives closely associated with the boitom.

Shortspine thomyheads can grow 10 30 inches and may be
fuite long-lived. 1t is particularly difficult to determine the age
of older individuals, but recent estimates indicate that the
maximum age of shortspine thornyheads off California may be
in excess of 100 years.

Shortspine thornyhcads in Alaska are known to¢at crusta-
ceans, crabs, worms, clams, octopus, s¢a cucumbers, and fish.
Longspine thomnyheads feed primarily on polychaetes and
small crustaceans.

Longspine thomyheads are found from Cape San Lucas,
Baja California to the Aleutian Islands in water from about 1,000
to over 5,000 fect deep. It is not known if separate stocks ex1st.

Like shortspine thormyheads, longspine thornyheads
q;awninmelatcwimexandearly spring, Half of the females are
sexually mature atabout 7.5 inches in length (estimated age 14)
and most are mature at 8.75 inches (cstimatedage 18). Afemale
may produce as many as 100,000 cggs annually, which, like the
cggs of the shortspine thomyhcad, arc released in gelatinous
egg masses that float to the surface. Twoto four baiches of epgs
may be spawned each year. Larval fish are pelagic after hatch-
ing and transform into juveniles during July 1o December.
Young juveniles are pelagic for as long as 20 months and begin
sentling 10 the occan botiom when about two inches long
Settling starts during the sunumer of the year after they hatch.
Juvenile longspine thoryheads settle on decper bottoms than
do shortspine thomyheads, with newly scttled juveniles oocupy-
ing a broad range of depths from approximately 1,600 to 4,000
feet. There docs not appear © be a tendency for individuals to
move deeper as they grow. Longspine thomyheads grow 10
maximum jength of 15 inches. Their maximum age is probably
at lcast 45 years.
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Status of Population

Recent estimates from research trawl survey data indicale
that total biomass of thomyheads off California north of Point
Conception is between 34,100 and 151,800 tons. Most of the
1otal biomass (14,400 to 101,200 tons) probably consists of
longspine thomyheads. The extent to which fishing has re-
duced abundance of thornyheads is not known since no
information about historical biomass levels is available.

Sandrz L. Owen
California Departmemnt of Fish and Game

Lawrence D. Jacobson
National Maring Fisheries Service
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CALIFORNIA SCORPIONFISH

History of the Fishery

California scorpionfish (Scorpaena guttara) form 3 mInOF
commrial fishery in California They are taken almost exclu-
sively with hook and line (primarily set lines} and incidentally
by otter trawl androu:ﬂhaulnas;aliﬁsharesoldﬁesh. This
fishery (in California centercd betweeh Santa Monica Bay and
San Diego) has experienced a very tong decline, with peak
catches of 223,000 pounds in 1925. This was followed by a
downward trend until 1933, when 64,100 pounds were landed.
Commescial caiches averaged 130,000 pounds from 1935~
1940 but were under 100,000 pounds during World War IL
Although the commercial catch rebounded in the late 1940°s,
catches nevey approached the previous peak year. Since about
1950, catches have fluctuated, but generally in a downward
direction. Catches in the 1980's ranged from 17,000 10 62,000

, worth between $16,000 and $5 1,004 o fishcrmen:.

Currently, muchof the catch is made by dory fishermen out
of Newport, who specialize in this species. These fishermen
concentrate their activiticsonthe spawning grounds offshore of
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Long Beach. Asthe precise time of fish aggregation varies from
year 10 year, occasional exploratory trips are made to the
grounds beginning in May. Using long tines, the fishermen
deploy 1,200-2,000 hooks on the bottom. The hooks (baited
with anchovies, cut mackerel or other fish) are usually set about
one hour before sunrise and pulled one to two hours later.
Traditionally, almost all of the catch is made from June through
August, when fishermen target spawning aggregations. The
recent birth of a live fish fishery (where fish are delivered alive to
restaurants and markets} has increased interest m this species, as
soorpionfish are very hardy and quite popular with conszmers.
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California commercial landings of scorpionfish, 1970-199%,

California scorpionfish are a moderately important part of
the sport fishery in southern California. They are taken prima-
rify aboard party and private vessels, occasionally from piers
and jettics, mostly from Pt. Mugu southward. A creel census
conducted in the mid-1970's indicated that this species ranked
twelfth in abundance among all fish taken aboard sport fishing
party vessels from Pt. Mugu southward
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Califomia commercial passenger-carrying fishing vessel (CPFY)
landings of scorpionfish, 1947-1969.
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California commercial passenger-carrying fishing vessel (CPFV)
landings of scorpicenfish, 1970-1990.

Status of Biclogical Knowledge

California scorpionfish live from tide-pool depths to about
600 feed (usually in about 20-450 feet) from Santa Cruz south
along Baja California and inte the Gulf of California. Preferring
warmer waler, the species is common as far north as Santa
Barbara Whilc they are most abundant on hard botiorn (such as
rocky reefs, scwer pipes and wrecks), they are also found on
sand. California scorpionfish make exiensive spawning migra-
tions in late spring and early summer, when most adults move
to 12 to 360 foot depths, forming large spawning aggregations
on or near the bottom. Spawning occurs in the same areas year
after vear, and it is likely that the same fish return repeatedly to
the same spawning ground. When spawning ends, the aggrega-
tions disperse and many (though not all) of the fish move into
shallower waters.

California scorpionfish grow to 17 inches and some Five at
least 21 years. After four years of age, females grow faster than
males and reach a larger size. Although a few fish mature at six
inches (one vear), over 3 percent are mature by seven inches
{two years) and all reproduce by nine inches (four years).
Spawning occurs from April to August, peaking in Junc and
July. During spawning. scorpionfish aggregations rise up off
the bettom, sometimes approaching the surface. Scorpionfish
are oviparous, have external fertilization and females produce



Eggs imbedded in the gelatinous walls of hellow pear-shaped
egg-balloons.” These paired stiectures, cach five 1o 10 inches
long, are joined at their small ends. The walls of these "bal-
loons” are_about 0.1 inchthick, transparent or greenish in color,
and containa single layer of eggs. Each egg is about 05 inchin
dmncm_', The ¢gg masses float necar the surface and the cggs
h;tch within five days. Very young fish live in shallow water,
hld-dcr_l away in habitats with dense algae and bottom-encrusting
OTgAnismS. Small crabs are probably the most important food of
Callfqmia scorpionfish, although otheritems, such as small fishes,
oclopi, shrimps and even pebbles arc sometimes eaten. These
animals are primarily nocturnal and catch food at night.

California scarpionfish, Scorpaena gutiaa.

The sharp spines on the dorsal, anal, and pelvic fins are
poisonous. The toxin is produced in glands which lie at thebase
of each spine and run up to the tip through a groove. A wound,
although painful, isseldom faial, and the pain canbe reducedby
bathing the wound in hot water. The heat alters the toxin’s
structure making it harmtess.

Status of Population

No population estimates exist for California scorpionfish.
The decline in numbers of fish taken in the commercial fishery
over the past 65 years is at least partly due to a decrease inthe
number of fishcrmen targeting this species (fishing cffor),
rather than an actual decrease in abundance, However, data
from trawl studies conducted by the Southern California
Coastal Water Rescarch Project and the Orange County Sanita-
tion District from 1974-1984 show that therc are substantial
short term fluctuations in California scorpionfish ahundance
within the southemn Califoria Bight.

Milton Love
University of California
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ROUNDFISH: DISCUSSION

The diverse roundfish group is compased of benthic (bot-
iom~dwelling) and a fow pelagic species which are typically
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harvested as an assemblage (with some notable exceptions such
as Pacific hake). Roundfish form the mainstay of California’s
commercial trawl, trap, and line fisheries, as well as the
commercial passenger fishing vessel fishery in central and
northern Califomia. The relative importance of this group 1o
the southern California sport fishery is dirinished by the
seasonal availability of other desirable fish, such as tunas. jacks,
and basses.

In 1990, the commercial roundfish fishery in California
was worth $21.3 million dollars 1o the fishermen. Most of the
commercially valuable roundfish, particularly roddish, arc
marketed in fillet form. The marketing of line-caught rockfish
and lingoodin whote, and even live, form has riscn dramatically
in recent years, due in part 10 a prohibition on the use of gifl nets
1o take rockdish in state waters, declines in salmon troll fisher-
ies, and heightened consumer demand for high-guality fresh
fish in major urban centers.

This is a mature, relatively stable fishery. and pronounced
landings fluctuations are unlikely in the forgsecable fulure.
However, the unfished population of shoribelly rockfish in
central California holds great fishery potential, for scienlists
estimate that at least 14,800 tons could be harvested annually.
The domestic fishery for Pacific hake (marketed as whiting) off
California could expand as well. Unul the Jate 1980, the hake
population was only moderately exploited and a small shore-
based traw] fishery existed in Eurcka and Crescent City. But
heightened forcign and domestic demand for headed-and-
gutied whiting and the development of a surimi or minced fish
product has caused greater landings and completc coastwide
utilization of the fishable population. The Pacific Fishery
Management Council (PFMC) has an allocation plan under
development to appartion the available catch among shorc-based,
trawder/processor, and offshore proctssoT SeCors Such a plan
could benefit California’s raditional shore-based hake fishery by
prividing an increased quota share to shore-based operations.

Most roundfish populations are at or near full utilization
In addition, the fishing power of vessels rargeting roundfish has
increased tremendously. Consequently, catch quotas, addi-
tional gear Testrictions, and other regulations have become
increasingly necessary 1o prevent overexploitation. In 1992,
catch limits were applied to bocaccio, widow, chilipepper, and
shortbelly rockfishes, sablefish, and Pacific hake. Future regu-
latory actions are likely to focus on user group conflicts, ¢xcess
fishing effort, and other socio-cconomic issues. Currently,
commercial/recreational user conflicts over rockfish catches on
commen fishing grounds and wrawl/nontrawl disputes over
sablefish catch allocations haveengendered complicated depth.
season, and area prohibitions, as well as contcntious catch-
sharing ratios. To curb surplusfishing effort, the PPMC plansio
implement license limitation in the commereial groqndﬁsh
fishery in 1994 and is studying the desirability of individual
fishing quotas.

Francis D. Henry
California Department of Fish and Game
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ALBACORE

History of the Fishery

The albacore (Thunnus alalunga) is a highly migratory
species valuable to commercial and sport fisheries in Califor-
nia. Commercial atbacore fishing began off southern Califorma
ocar the turn of this century. I 1903, an experimental pack of
100 cases of albacore led to the development of the U.5. tuna
canning industry, The fishery expanded quickly in response to
the almost instantaneous high demand for canned tuna, which
quickly outpaced the supply of albacore. By the 1920's, bluefin,
yellowfin, and skipjack tunas were alsobeing canned. However,
albacore is the only tuna species which may be marketed as
rwhite meat tuna," and it brings a premium price at the dock and
in the can

The geographic range of the U.S. north Pacific albacore
fishery has expanded during the past eight decades. Early
commercial fishermen made one-day tips within coastal wa-
ters off southern California. The fishery extended northward
and scaward, and by the late 1930’ it reached to waters off the
Pacific northwest and several hundred miles offshore. There
was a major offshore extension in the mid-1970's across the
central Pacific to about the Dateline. However, beginning in the
mid-1980's, there has been a general shrinking of the breadth of
the fishery to within about 500-600 miles of the Pacific westcoast.

Since the early 1980%s, abous 90 percent of the annual
albacore catch has been made by trolling figs and 10 percent by
live-bait pole-and-line fishing. In carlier years, live-bait fishing
somctimes accounted forupto 40 percent of the annual catch. In
some years, up to a fow hundred tons of albacore may be caught
by pursc scine vessels, usuatly incidental 1o blucfin tuna fishing.
California-based drift gillnet vesselsalso catch small quantities
of albacore incidental 10 shark and swordfish fishing. Gener-
ally, two fisheninen conduct fishing operations from troll ves-
scls and three to five fishermen from live-bait vessels. Many
vessels which fish for albacore also take part in other fisheries.
Their participation in the aibacore fishery depends on the price
and availability of albacore, the success of other fisheries, and
weather conditions during the albacore season. In the 1940°s,
there were about 500 vessels in the albacore fleet. A high of
3,000 boats was reached in 1950; the number dropped to about
1,000 vessels by 1960, climbed 10 2,300 vessels during the
1970°s. and dropped to fewer than 500 boats inthe late 1980,
Theaverage size of albacore jighoats is about 45-50 feet, with 2
sea-koeping capability of about one 1o two weeks. In Tecent
years, there has becn a steady increase in vesscls of 60-80 feet,
which are capable of fishing at sea for six 10 eight weeks. The
larges vessels may participate in a virtual year-round albacore
ﬁsheq_- by fishing in mid-North Pacific waters, the North
American caastal fishery, and in the recently established south
Pacific athacore riS]'lEl}

The NorthPacific albacore stock is also harvested by Asian

fisherics, including a Japanese pole-and-line fishery in the
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spring. which targets two to five year old fish off the Japanese
coast eastward to near the Emperor Searnount chain. There are
also Japanese, Taiwanese and South Korean longline fisheries,
which target five to seven plus year old albacore in subtropical
and iemperate waters across much of the Pacific during winter,
Beginning in the early 1980°s, Asian high-seas dnift gillnet
fishcries have targeted two to four yvear old albacore across
much of the Pacific. In addition, there is a relatively small
Canadian troll fishery for albacore during years when they are
distnbuted in waters off British Columbia.
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California commercial landings of albacore, 1916-1969.
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California commervial landings of albacore, 1970-1991.

In the late 1890°s and early 1900, sport fishermen on
private boats would fish for large bluefin tuna inside the
Channel Islands. The 10-20 pound albacore, which would
strike the bait intended fora 100 pound bluefin, were considered
a nuisance and were usually tossed over the side after landing.
Gradually, sorme boats began to carry sports anglers as paying
passengers, who quickly came to appreciate the fighting and
eating qualitics of the albacore, or "longfin tuna," as they are
often called. Thefishing for hire partyboats gained in popularity
in southem California, and, by the 1950 s, about 100-150 fished
for albacore in nearshore waters.

In the 19607s, (he albacore runs began to shift outside the
Channel Islands and to waters off upper Baja California, over
50 miles from southern California ports. In response fo this,
larger commercial passenger fishing vessels with a greater
range were buill. Teday, there are about 40 large commercial
passenger fishing vessels, mostly in southern California and
some in the Morro Bay and San Franciscoarea, that are capable
of carying 20 to 60 sport fishcrmen on one to three-day fishing



trips. In addition to the large vessels, therc are about 50 to 60
smaller vessels that typicaltly are chartered to smaller fishing
parties of around six.
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California commercial passenger-carying fishing vessel landings
of albacore, 1947-1969.
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California commereiat passenger-carrying fishing vessel landings
of albacore, 1970-19%0.

As the resuit of increased numbers of private boats, the
ready availability of modern commercial Passenger-canying
fishing vessels (CPFV), and improvements in sport fishing
gear, albacore sport fishing has become increasingly attractive
1o California anglers. In fact, the first albacore of the season
caught in southern California waters scts off "albacore fever"
among recreational fishermen. No other sport fish in southem
Califomia. elicits the excitement exhibited each year by the
thousands of fishermen pursuing atbacorc. Over 120,000 an-
glers goout on southern California CPE Vs in scarchof albacore
during the course of aseason. Albacore sport fishing in southem
California contributes about $23 million to the local coonomy
through the purchase of the boat ticket, tackle, food, gas,
Licenses, and lodging.

Status of Biological Knowledge

The albacore is a highly advanced teleost with many
specialized adaptations. It is capable of thermoregulation, hasa
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high metabolic rate, an advanced cardiovascular system,
specializations in the circulatory system and blood/gas ex-
change systems, distinctive enzyme and complement systems,
and high encrgeticcosts for migration which may be partly met
by utilization of stored fat.

Albacore, Thunnus alahinga.

The distribution of albacore is cosmopolitan in subtropical
and temperate waters of all occans. Off the coast of North
America, the distribution during sammer and fall months may
range from lower Baja California, northward to the Queen Char-
Jorte Islands, Canada, and occasionally into the Gulf of Alaska

There is a growing body of evidence that the Norh Pacilic
albacore population is not as homogeneous as is usually as-
sumed. Resulls from albacore tagging studies suggest that at
least two proposed subgroups of fish constitute the North Pacific
albacore population and that these subgroups have different
migratory patterns, modal sizes in the U.S. fishery, growth
rates, and peak spawning periods. While the subgreups are
geographically scparated and are differcntiated by dissimalari-
ties in biological or fishery stafishc criteria, they are not
believed to be genetically distinct.

Albacore makeextensive movements during theirlifetime.
The degree of migration is geographically most expansive in
the pre-adult ages between about two and five years. Fish of
these ages may conduct trans-oceanic migrations in lemperate
and subtropical waters, following well-defined routes between
ihe eastern and western or central Pacific. However, the spawni-
ing adults, above about six years, undertake relatively limited
movements, mostly within the subtropical an tropical regions
of either the western, central or eastern Pacific.

Results from extensive albacore tagging indicate that the
northern suhgmtqaofaibaooreisﬁshcdby the U.S. fishery north
of about 40¢ N, the Japancse pole-and-line fishery in the western
Pacific, and the Asian longline fishery The sowrtheim subgroup
appears tobe fished by the U.S. fishery south of about 40°N, and
the Asian longline fishery, but only to a limited extent by the
Japanese pole-and-line fishery.

Based on physiological research findings, the normal
habitat of albacore is within a temperature range of sr64° F,
with dissolved oxygen saturation greater than about 60 percent.
While individuals may temporarily move into waters outside of
these values, thermoregulation and respiration functons will be
adversely affected and operate marginaily. The acoustic track-
ing of free-swimming albacore has demonstrated that albacore
customarily live within the depths of the thermocline, rather
than the upper mixed Layer as hasbeen generally presumed.

FISH RESQURCES



oo distribution, availability, and vulncrability
of IThcl ME:I:;’O@}JJ influenced by oceanographic condi-
< s in the Paci Ocean, notably oceanic fronts. The seasonal
tioms i e e tbacore into North American coastal wafers is
mw; with the North Pacific Transition Zone water and 1S
assoclat ndarics. In addition, occanographic conditions also
; role in the local concentrations and move-
zl:ymsano;r:m in coastal waters ‘uﬁ' North Al_ncrica. Alba-
coretend (oaggregalcon the warm _sudz_: gf umvcl}:ng fronisand
move away from the fronisupon thclrdl.smtcgmuqn inresponse
to wind shifts unfavorable for upwelling. Satelite images of
ocean color and sea surface mperature and concurrent alba-
core caich data clearly show that the distribution and availabil-
ity of albacore off California are related to coastal upwelling
fronts and that albacore are most abundant in warm, clear, blue
oceanic waters near iemperature and color fronts at the seaward
edge of coastal watcr masses. .

It is presumed that albacore aggregate in the vicinity of
upwelling frontsto feed on small fishes, squids, and crustaceans
that are pientiful in thesc areas. Yet it remains unclear what
physical factors prevent albacore from crossing to the cooler
side of these fronts in order to reach the highest potential forage
biomass. Past beliefs have stressed confinement to a physiolog-
ical optimum temperature range; however, explanations for
environmental preferences of albacore are changing as new
knowledge is acquired. The finding that albacore can regulate
thesr body temperatures suggests that iemperatures on the cool
side of an upwelling front should not be limiting. Studies of
frec-swimming albacore in relation Lo ocean thermal structure,
wsing acoustic telemetry and coincident oceanographic sam-
pling, have shown that, while albacore would niot cross from the
warm side to the cool side of an ypwelling front which had a
horizontal sea surface temperature gradient of about a4°F over
a few miles, the fish would routinely swim through vertical
temperature gradients up to about 18° F. The fish made exten-
sive vertical excursions up 1o several hundred yards and crossed
the thermocline in waters adjacent to the upwelling front.
Recem rescarch involving acoustic telemetry of freeswimming
albacore, satellite measurements of ocean color and tempera-
ture, and oceanographic sampling of water optical and other
characteristics, and potential forage abundance, indicates that
waler clanity as it affects the ability of albacore to detect prey is
an imporiant mechanism underlying the aggregation of alba-
core on the warm, clear sides of upwelling fronts.

Status of Population

an dE:f:;:g ;‘foﬂ and caich of albacore in the Japancsc pole-
inthe early 19!;;‘1 S. surface fisheries have declined, beginning
longline fishery $. In contrast, recent landings in the Japanese
been 3 rapi ddcwhﬂ% been rel?m'ely constant and there has
targe n:;":me lopment of Asian gillnet fisherics that harvest
Seve s of albacore in the North Pacific.

m“mm'l‘“mﬁctors arc associated with the decline in the
unknown. Ita ace ﬁshencs,_ but their relative importance is
the decting inpczeam that no single factor is responsible, but that
factors, includ, 1Ches is a result of complex interactions among

10g (1) a reduction in overall fishing effort for
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albacore, (2) lack of fishing in arcas of traditional high caich,
(3) indications of population decline and (4) major anomaly
patterns in occanographic conditions across much of the North
Pacific in the mid-1980’s and early 1990%s.

R Michael Laurs and Ronald C. Dotson
National Marine Fisheries Service
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NORTHERN BLUEFIN TUNA

History of the Fishery

Fishing fornorthern bluefin tuna {Thunrus Hymnus) began
in California as a sport in 1898. Prior to World War 1, many
large fish were taken, particularly by vessels based at Catalina
Island. The largest of these fish weighed 251 pounds. More
recently, the average size of the sport-caught fish has been
roughly 25 pounds, although large fish are still taken. Most of
the sport-caught fish are taken by fishermen who are directing
their efforts primarily toward albacore.

The commercial fishery for northern bluefin began in
1918. Since bluefin are rarely caught by the troll, baithoat, or
gillnet fisheries, the catches by purse seiners have far exceeded
those by any other type of gear. From 1918 until about 1960,
maost of the vessels were relatively small, with capacities less
than about 200 short tons. None of them fished exclusively for
bluefin. The smaller ones, sometimes referred to as wetfish
vessels, fished chiefly for sardines, mackerel, and pelagic fish
other than tropical winas, and the targer ones fished mostly for
vellowfin and skipjack. During 1959 ad 1960, most of the
larger tuna baitboats were converted to purse seiners and,
during the ensuing vears, many new purse seiners were bailt.
During the 1960’s, 19705, and 19807, many of the smaller,
older vessels sank or dropped out of the fishery, and the new
vessels which teplaced them tended to be larger. As a result,
there are now more larger purse seiners and fewer smaller ones
than there were during the early 1960’s. Bluefin arc now taken
by vessels of all sizes, but the smaller ones (capacities less than
about 400 short tons) account for a proportionally larger share



of the catch. The proportion of the bluefin catch made by the
wetfish flect is less now than it was during the carly years of the
fishery, because increased exploitation in the southern halfofits
range has shified the center of abundance of the blucfin
population sonthward beyond the area where these vessels
normally fish. Most of the fish caught by parse seiners weigh
less than about 50 pounds, but larger ones are sometimes
caught, including one weighing 1,009 pounds.

A
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California commercial landings of blue[in tuna, 1918-1969.
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California commercial landings of bluefin tuna, 1970-1991.

Most of the information regarding distribution of the
catches of northern bluefin by tuna purse seiners has been
abtained from the logbook records of these vesscls. Bluefin are
rarely encountered south of Cabo SanLucas, Baja Califomia, or
north of Point Conception, California. Within this area, a
considerable change has taken place during the 20th century.
Until 1930, fishing was conducted only off Catifornia. During
that year, bluefin were discovered off Isla Guadalupe, Baja
California, and about 40 percent of the catch was made sn that
area. From 1930 through 1947, fishing was conducted off
California and Baja California, but in mostycars the majority of
the catch came from off California. From 1948 to the present,
however, most of the catch has been made off Baja California.
The average annual catches made off California during the
1960°s, 1970’s, and 1980°s havebeen considerablyless thanthe
average annual catches made in the same areaduring the 1918-
1929 period. This may be because, during more recentyears, the
targer vessels fishing off Baja California have tended 10 inter-
cept the fish before they reach the waters off Cal ifornia.
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During January through April, there are typicatly only
light and sporadic catches. Most of these arc made off the coast
of Baja California between 24° N and 26° N and in the vicinity
of Isla Guadalupe. In May and June, the catches increase, and
most of them are made between 24° N and 27° N. in July, the
fishing area spreads to the north and is at its broadest distri-
bution of the year; most of the catch is made between 25 Nand
33* N, In August, there are usually only light catches at the
southern end of the fishing area, most of the catch being made
between 28° N and 33° N. In September, most of the catch is
made in the same area as in August, but the amount of calch is
usually considerably less. In October, the catches continuc 10
dec]inc,andmsloﬂhcmmmadcnonhofSWN_ Tn November
and December, as in the ficst months of the year, the catches are
light and sporadic.

Small amounts of northern bluefin are caught off the
California coastby driRt gillnets and further offshoreby longline
vessels, Extremely large bluefin are caught in some years off
southern California, principally during November and Decem-
ber. Nearly 1,000 such fish were canght during the period from
October 31, 1988 w January 3, 1989. Most of thesc were flawn
10 Japan, where they brought high prices.
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California commercial passenger-carrying fishing vessel landings
of bluefin tuna, 1947-1969.
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California commercial passenger-carrying fishing vessel landings
of blucfin tuns, 1970-1990.
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The total annuat caiches of northern bluefin by commercial
and sport vessels in the castern Pacific Ocean priorie 1518 were
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negligible. The data for 1918 through 1960 inchsde only the
catches landed in California, but it is believed that the catches
landed elsewhere prior 1o 1961 were inconsequential. The
su catches are not included in the figure, but these are
also believed to be inconsequential. The catches tended to be
greatet during the 1960’s and 1970's than during the previous
period, probably because of the conversion during 1959 and
1960 of most of the funa baitboats 1o purse sciners, and the
Mﬁmofnmnympumseimrstomeﬂeet

Bluefin tuna, Thunnus thynnus.

Status of Biological Knowledge

Spawning of northern bluefin occurs between Japan and
the Philippines in April, May, and June, off southern Honshu in
July, and in the Sea of Japan in August. The larvae, postlarvae,
and juveniles produced south of Japan are carried northward by
the Kurashio Current toward Japan. Fish in their first year of
lif, about six to 24 inches inlength, are caught in the vicinity of
Japan during the summer, fall, and winter. The results of
tagging experiments indicate that some of these remain in the
western Pacific Ocean and others depart for the eastem Pacific
during the fall or winter of their first year of life or the summer,
fall, or winter of their second year of life. The journey from the
wesicrn to the castern Pacific takes as little as seven months, or
perhaps even less.

The fish which migrate from the western to the eastern
Pacific form the basis for the fishery in the eastern Pacific. Most
of the fish caught are in their second or third year of life, but
somk older, larger fish are also taken. Afier a sojourn in the
casiern Pacific, which may or may not be infernupted by
temporary visits to the central or western Pacific, the survivors
feturn to the western Pacific, where they eventually spawn.
Spawning first occurs at about five or six years of age.

The approximate length and weight attained by northemn
blu_dina various ages are: age 1, 23 inches and 10 pounds; age2,
33 inches and 28 pounds; age 3, 43 inches and 60 pounds; age 4,
53 inches and 109 pounds; and age 5, 63 inches and 177 pounds.

Northern bluefin consume many species of fish and inver-
lebra}tcs in the eastern Pacific, including anchevies, red crabs,
;?“"CS, squid, and hake. Red crabs are a significant part of the

1 only south of 29° N “Boiling” and jumping schools of fish
g“— Much more common north of that latitude, where fish arc

©principal item of the dict. The differences inbehavior in the
‘f:;iamas could be due to differences in the food, i.c., filter
pu & might be employed for feeding on red crabs, while

Uit of indivigual fish would be required for feeding on fish.

J L
aPanese scientists have reported that blucfin arc heavily depen-
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dent upon sardines for food in the western Pacific. Albacore,
yellowtail, barracuda, and mackerel compete with northern
bluzfin for food in the eastern Pacific.

Status of Population

There hasbeen a decline in the catches of northern bluefin
in the eastern Pacific in recent years. Catch data, length-
frequency data, and data on fish tagged in the western Pacific
and recaptured in the eastern Pacific suggest that this decline is
duc to a decrease in the availability of bluefin in the castern
Pacific (i.e., a decrease in the proportion of the population
which has migrated to the eastern Pacific).

William H. Bayliff
Inter-American Tropical Tuna Commission
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YELLOWFIN AND SKIPJACK TUNAS

History of the Fishery

The failure of the historic sardine runs off southern Califor-
nia in 1903 reputedly led 10 the development of the tuna
fisheries. Tuna was first canned in California in that year, and
by 1907 the industry was well established. Enitially, it depended
on albacore for raw material and developed at a moderate rate
until landings became erratic. Asaresult, the fishery expanded
southward aleng the coast of Baja California and the Mexican
mainland, tuming toward yellowfin (Thunnus albacares) and
skipjack {Kofsuwornus pelamis) tunas in search of stcady sup-
plies to satisfy increasing demand. The spectacular decline of
the albacore fishery in 1926, and its almost complete failure in
1928, caused the industry to rely more heavaly on yellowdfin and
skipjack, and these two species became of major importance.

During the carly days of the fishery, boats were small and
catches were preserved on ice. With these limitations, the tuna
caught from southern California south along the coast of Baja
California and the mainiand of Mexico were captured near
shore and on cutlying banks and istands. The bait used to attract
the tuna was atso caught near shore and camied ative aboard the
baitboats for use in the pole-and-line fishery. In 1927, the first
two tuna clippers, large baithoats over 100 feet in length, were
constructed. In time, the larger boats began to explore further



offshore. Fishing was conducted at the equator by 1931, and by
1934 some vessels cxpanded operations to the Gulf of Panama
and Galapagos Islands; some went still farther souh to Peru
Bank by 1950,
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California commercial landings of yellowfin tuna, 1970-1991.

The development of brine refrigeration in the late 1930
contributed to the geographical expansion of the fishery by
permitting vessels 1o increase in size and stay at sca for longer
peniods, thereby also increasing their range. Developments
prior to 1957 that also helped fishing eperations included radio
telephones, depth meters, direction finders, and the periodic use
of airplanes with floats. During the mid-1960's some of the
larger vessels in the fleet also began using helicopters 1o search
for fish. In 1957, however, the evolution of strong light-weight
nvlon nctting and the introduction of the power block for
rapidly hauling such large ncts, set in motion the irreversible
and rapid conversion of baitboats to purse seincrs. This new
gear, much more efficient than baitboats, relied on encircling
fish schools with a vertical wall of suspended netting that could
alsobe pursedat the bottom to prevent escape. The development

144

of this gear also hastened the production of new vessels such
that the ratio of pursc seiners to baitboats that existed in 1961,
124 10 93, peaked in 1979 at 268 10 45 Since then, the number
of surface vessels of all nations operating in the eastern Pacific
Ocean has consolidated to the 1989 ratio of 172 seiness to 30
baitboats, with total capacities of 133,500 and 3,000 tons,
respectively. The development of the purse scine eliminated the
previous dependence on bait and liberated the tuna flect 1o
search for fish far offshore. By 1968, vessels had penetrated the
eastern Pacific as far west as 115°W longitude, and continued
fishing success stimulated further expansion to about 145" Why
1974, At present, and with the exception of the arca around
French Polynesia, the fishery for yellowfin and skipjack funas
in the eastern Pacific inctudes the tropical and subtropical
regions between 150° W and the mairland of the Americas.
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California commercial jandings of skipjack tuna, 1970¢-1991.

The U.S. Pacific tuna flect based in southern California
developed to legendary proportions through many decades of
enterprise and innovation. Asan integrated industry imohang
nearly 2,000 fishermen, about 6,000 additional employess were
also engaged in canning. boat building and repair facilities.
Ovex the brief span of two vears, however, from 1982 through
1984, the major canneries in southem California relocated
oulside the continental U.S., and the presence of this major
industry virtualky disappeared from the area. The total number
of U.S. baithoats and purse seiners fishing in the castem Pacific
also declined from the average values of 150 and 184 vesselsin
the 1960’s and 1970°s respectively, to an average of 74 during
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the 1984-1989 period. Approximately 75 percent of the purse
seiners registered in Califormia now fish in the western Pacific,
and transship or unload their catches to canneries in Asia,
American Samoa, various ports in Central and South America,
and Puerto Rico,
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Califomnia commercial passenger-carrying fishing vessel landings
of yellowfin tuna, 1970-1990.
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California commersinl passenger-carrying fishing vessc] landing
of skipjack tuna, 1970-1990.

Yellowfin tuna, Thunnus albacares.

Status of Biological Knowledge

The distribution of adult yellowfin is widespread in the
tropical Pacific, ranging north and south into temperatc waters
during warm months when sca-surface temperatures are in the
mid-70"s. Inthe eastem Pacific, individuals have been recorded
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from northern Chile to southern California. Skipjack tuna are
cosmopolitan in distribution; they twlerate cooler watcr than
yellowfinand range throughout thetropical and temperate seas.
In the eastern Pacific individuals have been recorded from
northern Chile to Cape Blanca, Oregon.

Tunas generally travel in schools varying insize froma few
fish to several hundred tons. Individuals of similar size tend to
school together; however, at times there is considerable varia-

" tion in the sizes of tuna in a school. The yellowfin and skipjack

in mixed schools tend (o be similar in size, but the sizes of
yellowfin in pure schoolsare more variable. Although yellowfin
are found in association with dolphin during the daytime
some degree in all the world occans, the relatianship is particu-
larly well developed in the eastern Pacific. In contrast, few
skipjack associate with dolphins in any locality.

Experiments in which yellowfin have been tagged and
recaptured at a later date indicate that there is a single popula-
tion in the eastern Pacific. Seasonal migrations appear (o be
primarily along the coast, with some mixing offshore. Therc is
no large-scale movernent offshore, and to date no yellowfin
tapged inthe casiern Pacific has beenrecovered in the central or
western Pacific. Skipjack represent a morecomplex siation in
that the fishery in the eastern Pacific is supported by migration
from the central Pacific. There appear to be two entry points,
one group catering the castern Pacific to the north near Baja
California, and the other spreading southward toward Central
and South America, Skipjack enter the shery when they are
about one to one and a half years old, and after several months
maost ara thought to return to the central Pacific to spawn at the
age of two 1o two and 3 half years. The skipjack in the northern
group move northalong the Baja Califomia coast during spring
and early summer, and southward in late summer and fall. The
southern group (hat appears mostly off Panama also undergoes
scasonal movements northwest to Cenitral America and south-
ward to Ecuador, Peru and northern Chile.

Yellowfin spawn acress the Pacific in tropical and sub-
wopical waters, generally at temperatures above 78°F, and the
larvae are found ycar round near the equator. Tn the eastern
Pacific, although spawning takes place al) year, thereare peaks
that occur in different areas at differcnt times. The spawning
intensity off the coasts afMexico and Central America resultsin
two major seasons, but it is more evenly distributed farther
offshore. The proportion of fish that are spawners also appears
1o be greater offshore than near the coas. On the other hand,
although skipjack larvac are also more abundant in equatorial
regions, their numbers increase from east 1o west across the
eastern Pacific. During late winter and spring reonths some
skipjack spawning takes place off Central Amenica, and during
April through November, off Baja California. Yellowfin larvae
arc known to migrate to the surface during the daytime, but
skipjack larvae prefer to do so at night.

Several different methods have been used to estimate the
ages of yellowfin and skipjack tunas. These have included
tagging, the markings on hard parts, such as otoliths, vertebrac
and scales, as well as the growth over time of recognizable size
groups of fish. The estimated sizes of both sexes of yeHowfin
during the first five years are 19, 35, 50, 61, and 67 inches,



respectively. After reaching maturity, fernale yellowfin tend 1o
grow more slowly than males, and most females have also
disappeared from the fishery by the time they are about three
and a half years old, In the castern Pacific, yeHowfin {emales
can begin to maturc when they are nearly two years old,
producing one million eggs at that age. Their fecundity in
creases rapidly, though, such that the average threc-year old
produces five milfion eggs. In the eastern Pacific, the eslimated
lengths of skipjack during the first four yearsare 17,27, 33, and
36 inches, respectively. Skipjack femalcs mature earlier than
yellowfin, at about one year or older. Their fecundity also
increases with size, a 24-inch female producing 400,000 cggs
compared to about one million for a 29-inch fish.

Skipjack tuna, Katsuwonus pelanis.

Status of Population

During the mid-1960s, the increasing number of vessels
and the efficiency of the cmerging pursc-seine fleet began to
reduce the nearshore abundance of yellowfin in the castern
Pacific. The catch limits recommended by the international
body conducting fisheries rescarch in the region, the Inter-
American Tropical Tuna Commission, were first implemented
in 1966, and annual quotas were in efect thereafier until 1979.
The fishery began to recover in the late 19607s as the fishery
simulianeously expanded offshore, but during most of the
1970's the fishermen began to concentrate more on catching
younger and smaller fish than larger adults. Although the
offshore expansion helped 1o increasc the tonnage caught, the
net effect was a steady crosion of the overal! number of fish. This
situalioncamc 102 head in 1982 whenthe declining harvest was
further reduced by adverse cnvironmental conditions. and a
substantial portion of the flect moved to the western Pacific,
where a number of vessels had been fishing successfully for
several years. The absence of heavy fishing on the castern
Pacific stock, and successive years of exceptional survival of
young fish, brought about the recovery of the stock. By 1985, as
fishing activity in the eastern Pacific began 1o incrcase again,
the fishermen alse concentrated on catching the larger and
oider fish rather than the smaller fish that had not reached their
full growth potential. As a resulg, the total catch during 1987
through 1989 averaged 315,000 tons per year, 8 quantity that
exceeded all previous records.

Yellowfin is the principal tuna species harvesied i the
castern Pacific, and the caiches of skipjack are therefore fre-
quently influenced by the amount of effort directed toward
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yeilowfin. While this accounts for some of the annual variability
in skipjack catches, the most important factor is that the caich is
dependent upon the variable amount of immigration from the
central Pacific. The catches inthe southern fishery are generally
abmnmiceasla:gcasthoseinwnonh,bmheqmnﬂythe
improvement in one region is partiatly offsct by a decline in the
other. This may be due to the influx of young fish from the
central Pacific favoring different regions. The relative abun-
dance of skipjack declined during the early 1970’5, asdid that of
yellowfin, but it recovered during the latter part of the 1980’s.
The average catch of 88,000 tons during 1987 through 1989
comparcs favorably with the average of 65,000 tons during the
1960's. Consequently, the historic levels of fishing intensity and
past events do not seem 0 have a predictable influence on the
future abundance of skipjack.

Adex Wild
Inter-American Tropical Tuna Commuissiont
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PACIFIC BONITO

History of the Fishery

The Pacific bonito (Sarda chiliensis) has becn ranked as
one of the top 10 species sought by recreational fishermen in
southern California. With the expansion of the commercial
passenger fishing vessel (CPFV) industry after Worid War I,
recteational fish catches increased from afew thousand in 1947
to over one million fish in 1960, Borilo, #nimporiant mainstay
of that industry, was ranked fourth in importance among recre-
ational fishes of southern California by CPFV landing operators.

During the 1980’s, morc than one-half of the bonito catch
was made from private boats as this method of angling becamne
increasingly popular. Recreational catches have ranged from
152,000 to 2.7 million bonito per ycar. Of these, annual CPFV
landings ranged from 120,000 10 654,000 fish. The bulk of the
catch consists of one-year-old bonito approximately 18 mches
long. Duning fall and spring migrations, larger two-vear-old
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fish become availableto anglers. About five toten percent of the
landings consists of fish larger than 24 inches.
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California commercial passenger-carrying fishing vessel landings
of Pacific bonito, 1947-1969,
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California commercial passenger-carrying fishing vessel landings
of Pacific bonilo, 1970-1990.

The concentration of angling effort off populous southern
California probably accounts for over 75 percent of the catch
being taken from coastal waters extending from Malibu Beach
to the Coronado Islands. However, bonito extend their range
northward with warming sea temperatwres, and during the
1982-1983 Fl Nifio an estimated 70,000 fish were caught off
northern California. Significant caiches were also made there
in 1984 and 1986,

Bonito are well known for their fighting ability. They are
taken by anglers using live anchovies or sardines for bait, or by
casting or trolting with metal lures and feather jigs. The blood-
rich muscle tissue of bonito degrades rapidly afler capture, and
some anglers do not keep them for food. Immediate bleeding and
refriperation will maintain bonito asa high quality food fish.

The major commereial fishing gear for bonito is the purse
scine. The purse seinc flect consists of two generat groups: the
local "wetfish” vessels with fish load capacities of 30-100 tons,
and the larger tuna seiners capable of carrying 150-500 tons.
Wetfish boats harvest mackerel and sardines, but scasonalty
targetbonito, squid, and bluefin tuna, Nearty all of these wetfish
seiners arebased in SanPedro and fish in the Santa Barbara and
San Pedro channels. The large tuna seiners, now all but absent
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from California, operated primarily in the tropical waters off
Mexicoand Central and South America. Although the primary
target was yellowfin tuna, these fishermen ofien took bonito
while returning to the United States to help compensate for a
poor tunacatch. Also, during the 1970°s, seasonal closures were
placed on the directed 1ake of yellowfin tuna. Bonito were
harvested by these vessels so that an incidentally allowed catch
of the more valuable tuna could be landed.
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Califomnia commercial landings of Pacific bonile, 1916-1969.
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California commercial landings of Pacific bonito, 1970-1991.

Historically, commercial landings of bonito have fluctu-
ated from 127,000 to over 30 million pounds per year. During
the 1980’s, landings varied between 533,000 and 16.6 million
pounds, By total weight, bonito currently ranks among the top
20 species landed by California fisheries. Market demand or
price, and the availability of other desirable species usually
determing the amount of bonito landed. A trend of increasing
prices, from $50 to $90 per tonin the 1960’s, peakedat $550 per
ton in 198 1. The price then declined to $200 to $300 per ton in
the mid 1980's. High availability cfbluefin tuna with a value of
$1,550 per ton resulted in the wet fish seiners shifting their
effort toward that species; as a result, bonito landings were
reduced to a low of 533,000 pounds in 1986,

Commercially-landed bonito are primarily canmed for
human consumption, but the offal may beutilized for pet food or
for teduction to fish meal. Cannery orders are limited. Gener-
ally higher demand exists for vellowfin, skipjack, albacore, and
bivefin tunas for human consumption; for Pacific mackerel and
jack mackerel as pet food, and for norhern anchovy as fish
meat. Small amounts of bonito are processed by curing and
smoking, and some are sold fresh or frozen.

Bonito are also taken commercially by trolf gear, gill nets,
and pole and line, but the landings of fish caught by these



methods usually average less than two percent of the total The
local market for fresh bonito is supplied from these sources.

During the years 1943-1958 and 1975-1978, at least 30
percent, and often more than 90 percent, of the bonito landed
were taken off Baja California, Mexico. More recently, Mexico
has restricted access 1o foreign vesscls fishing her nearshore
watets, and California landings originating from Mexico have
declined 1o less than 10 percent of total landings.

Typically, bonito off California are caught south of Point
Conception from July through January, and north of Point
Conception during the fall and early winter, many were caught
as far north as Cresoent City during the 1982-1983 El Nifio.

Pacific bonite, Sarda chiliensis.

Status of Biological Knowledge

The Pacific bonito is an epipelagic schooling fish of the
castern Pacific Ocean. 1t has a discontinuous distribution. A
southern population ranges from Panama (o Chile, and a
northern population ranges from southern Baja California to
the Gulfof Alaska Typically, however, the northern population
centers between southern California and central Baja Califor-
niia and is uncommon north of the state except during Ei Nifios.

Bonito grow rapidly during their first years of life. Atone
year they average 20 inches fork length and weigh about four
pounds; at two yearsthey average 25 inches and about 8 pounds.
Growth slows in the latter half of life, and at six years they may
reach a maximum of 32 inches and 17 pounds. Occasionally
larger ones are reported; the California angling record was
established by a 22-pound fish taken off Malibu Beach in 1978.

Pacific bonito broadcast their sexual products into the
seawaler where fertilization takes place. In aquarium-heid fish,
pairing ocourred. During courtship, a ripe female displaying
exaggerated wobbling swimming movement was followed
closely by a mak. The breeding pair then synchronized the
release of gametes at the onset of a tight circle swim. Other
males vied for position behind the ripe femalc. Threat displays
between cornpeling males consisted of vertical barring colora-
tion changes, erected fins, and a lateral positioning of the body
to the competitor.

The females begin to mature at two years and are fully
smature at the minimum legal size limit of 24 inches. Males are
more prococious, about 44 percent of the one-ycar-old males
spawn, and all are mature when two years old and longer than
20 inches. Spawning begins in February o March and contin-
wes for a five-month period. Peak spawning occurs off central
Baja California, but some takes place off southcmn California
latz in the season or during El Nifio episodes. Some localized
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spawning may take place near the warm-water discharges from
clectrical gencrating stations in southern California. Individu-
als may spawn more Lthan once during a season. No relishle
estimate of fecundity, the number of cggs spawned by a femalc,

sbout six percent of their

Bonito consume prey equaliing
body weight daily. Whea obsarved in a large aquarium,
abandoned their typicat i i
presumably aggressive vertical baming
compaingtommfemalsisalsommi“ﬁhfwdingNmﬂm
anchovies are common prey, but market
to predation while spawning, sometimes
the diet. Pacific sardines may also be a significant food

Bonite swim continupusly to maintzin oricatation and
respiration. Swimming is powered by
muscle tissucs near the tail. Ag a fish grows,
red muscle tissue increases, hence larger fish become relatively
more swimmers. At the continuous-mainienance
swimming speed, aquarium-held fish averaging 22 inches in
lcnglhsummabomﬂmiladajly. While most of the fishinatag
and recapture stdy were recovered near the releasc site, a
rnigration of about 600 miles was indicated by bonite that swam
southward from southern California in the winter and north-
ward from Baja California in the summer. Such migrations
appear tobe a response 10 changing 5¢a temperalures. Individu-
als tagged and released at the wanm- water discharges from
cloctrical generating stations, appeared to forgo migration, as
thcywererecapmrednearthcrclmscsiteuptodumywrslater.

Status of Population

An asscssed decline in banito abundance, and 3 draslic
reduction in the size of the fish harvested commercially,
brought about areduced bag limit and minimuim size regulation
in 1982, Thestanlsuflkwpop\ﬂaﬂonhasmtbemreasseswd
since then, but warm waler conditions in the 1980°s have
apparently provided pood conditions for bonito survival, and
large caiches have besn made.

Ken Miller and Marija Vojkovich
California Department of Fish and Game
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TUNAS AND BONITOS: DISCUSSION

Tunas and bonitos belong to the family Scombridac, as do
seerfishes (wahoo and Spanish mackerels) and true mackerels.
The tunas are muscular fishes which swim at great speeds for
prolonged periods. Their high rates of metabolism obligate
thesn 1o consume iarge amounts of food to stay alive. They are
unique among bony fishes in that they maintain their body
tcmperaturc atalevel higher than that of the water in which they
tive. This is accomplished by countercurrent heat exchangers
(retia mirabilia), networks of small arteries and veins in which
the retatively cool arterial biood coming from the gills is
warined by the relatively warm venous blood coming from the
muscles, brain, and eyes.

The eastern Pacific Ocean is one of the most important
fishing areas in the world for tunas. For many years, most of the
tnascaught inthe eastern Pacific were taken by ULS -flap vessels
and landed and canned in Califomia or Pueno Rico. The preat
majority of these were yellowfin and skipjack, caught off Latin
Ainerica from Mexicoto northern Chile. The weight and valuc of
tunas landed in California exceedad those of any other fish,

Tuna sciners in San Diego.

During 1980 and 1981, the profitability of fishing in the
tastern Pacific was reduced due 1o everfishing of yellowfin.
Then there was a severe El Nisio episode during 1982-1983,
which reduced the vulnerability to capturc of both yellowfin and
skipjack. In response to this, many of the large California and
Pucrio Rico-based vessels transferred their operations to the
western Pacific Ocean, landing their calches at American
Samoa, tobe canned, or at various Pacific islands, from which
they are transhipped 1o canneries in Pucrto Rico, Thailand, and
elsg“hcrc. Duc principally to high tabor costs, all but one of the
major una canneries in California were closed during the carly
1980’s. Fishing conditions in the eastern Pacific Ocean im-
Proved during the mid-1980's, but two other factors induced
most of the U S -flag vessels which were in the western Pacific
10 remain there and other vessels to go there for the first time.
First,all the Latin American coastal states had by then extended
their jurisdictions for fisheries to 200 miles, excluding U.S
vessels from many of the best fishing areas Second, legislation
and other actions carricd out to reduce the kill of dolphins have
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made it difficult to fish outside the 200-mile Limits of the Latin
American countrics, as the catches of tunas in that area consist
mostly of large yellowfin associated with dolphins.

The majority of vessels now partictpating inthe fishery for
yellowfinand skipjack in the eastern Pacific Qcean arebased in
Mexico, Ecuador, and Venczuela, Fish caught by these vessels
are canned in various places, including Ecuador, Mexico,
Puerto Rico, Venezucla, and Furope. Small amounts of yellow-
fin, skipjack, blucfin, and albacore caught by U .S flag vessels
are still canned in California. These fish are not caught in
association with dolphins, as the major U.5. canneries do not
accept such fish.

There are substantial sport fisheries for yellowfin, alba-
core, and bluefin in the castern Pacific Occan. Long-range
vessels based in San Diego and Oceanside take passengers on
fishing trips of one to three weeks to the Revillagigedo Islands,
off Mexico, and to Clipperton Island, where many trophy-sized
yellowfin are caught.

Research on yellowfin, skipjack, and bluefin in the eastern
Pacific Ocean is conducted by the Inter-American Tropical
Tuna Comimission, and studies of albacore are carried out by the
U.S. National Marine Fisherics Scrvice.

William H. Bayliff
Inter-American Tropical Tuna Comnussion
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BILLFISHES

STRIPED MARLIN

History of the Fishery

Striped marlin (Tefrapturus audax) have been fished off
California since the carty 1900's. The Avalon Tuna Club
reported the first "marlin swordfish” landed by an angler in
1903. During the early years of the fishery, sport and commer-



cial landings were allowed. In 1935, the legistature prohibited
theuse of harpoons in the commercial harvesting of marlin, and
landings dropped significantly. In 1937, the legislature climi-
nated the commescial fishery entirely by prohibiting the baying
orselling of striped marlin in Californua. Since 1937, California
sport fishermen have had the local fishery to themselves. Some
commercial fishing by the Japanese takes place off lower Baja
California, Mexico, as well as in the central and south Pacific
Ocean. Longlines are used almost exclusively in this commer-
cial fishery.

During the early years of the sport fishery, most siriped
marlin were landed by anglers using the scrvices of a hired
guide. The guide would supply the boal, tackle, and crew for a
day’s fishing, Veery little fishing effort occurred from privately
owned boats, becausc most people felt that a professional
skipper was needed to catch marlin, This trend continued
through the early 1950's but started to decline rapidly with the
proliferation of small boats. Currently, most marlinare pursucd
by private boat anglers using vessels 20 to 60 feet in length,
Some marlin are still taken by anglers chartering boats, but they
amaount to only 10-20 percent of the catch.
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Califarnia commercial passenger-carrying fishing vessel landings
of striped marlin, 1947-1969.
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California commercial passenger-<arrying fishing vessel landings
of striped marlin, 1970-1990.

Striped marlin season in southern California gencrally
runs from early July through October. However, during years
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whmElNiﬂosoocm,mcse.asonnmysmnaswlyasbhyand
run through February of the following year. Striped marlin are
usually found south of Point Conoeption. Excelient sport fish-
ingcantakeplact:asfmmnhasMormBaydm'inganElNiﬁo,
andoneﬁshwastaknninMonIemyBaydmingMan cvent.
Within southern California, marlin are usually taken from San
Pedro somhuarda:ﬂuﬂ‘shommcualimmdSan Clemente
Istands. When marlin concentrate 1o this area, spori catches
may exoeedz,m()ﬁshperywbemuscofmcmmessonhc
fishery. Abnormalty cool or warm walers tend to reduce marlin
availabilityinswttm‘nCa!ifonﬁ:a.Duringmchﬁmes. the catch
may slip to less thars 100 fish per year because the fish do nat
enier the prime fishing area. Most marlin taken in California
are intentionally caght !
live bait at fish on the surface. Occasionalty, striped marlin may
be taken incidentalty to funa fishing.

Recelucatchﬁgumm}eaordyﬂ:enuubcrofsuiped
marlin cavght (i.e., successfully brought 1o the boat), not the
number kept and brought to port. There is a rpidly growing
to release or tag-and-release fish.
10 land their fish so that
they could be weighed and photographed, and tourists would be
attracted to the weigh station. Currently, approximately 30
peroemo:fthcmchisrehmed,wimabanom-thndohhosc
fish being tagged. Greater recognition by fishing clubs and
wcighstaﬁonsofthevalucofrel:asingﬁshhashdpadm
enoourage the release of marlin.

Striped marlin, Terrapiuris audaz,

Status of Biological Knowledge

Smpednmlinmrmainiyinuupiczl o lemperale waters
of the Pacific and Indian occans. Occasionally, an individual
may be taken in the Atlantic off the tip of South Africa. In the
Pacific, they are found in a horseshoe-shaped band, with the tips
oﬁhehorsashoeoﬁ'IapanandAuﬂmhaandlhebaselocalcd off
the coast of Central America. Along the North American coast,
striped marlin have bean taken as far north as Oregon The
southern range for fish in the eastern Pacific is off Chile.

By using longline catch and tag recovery data, sCientists
have hypothesized that there are two stocks of striped marlin
occurringin the Pacific. The stocks are separaied by theequator.
although mixing oocurs off the coast of Central America The
northern stock, which contnibutes to the California fishery, is
the larger of the two. Movement of fish within the northern
stock appears 10 be correlated with scasonal changes in waler
temperatures. During the winier, marlin follow a peneral
pattern of movement 1o the west. As spring approaches, fish in
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the central Pacific move cast while those in the eastern Pacific
mupﬂ\ccoaﬂof central America. Throughout summer, fish
alongtthaﬁiﬁc wﬂmmnﬁnuﬂy mov_ingto the southeast,
parallclingthcouasl. During the fal], (here wﬁnﬂx§r nmven.\enl
mmmm“&mamwﬂwwm in the winter. Striped
marlindo not migratearound the Pacificona yearly basis, asdo
albacore, but instcad make the journey over several years.
While most fish taken off California are thought to be
mnmrecmdsixyearsoldandweighfmmmmmo
pounds, an occasional fish over 300 pounds is landed. During
the carly years of the fishery, 3 405 pound striped mariin was
taken. The cusrent siate record (the program started in 1930) is
339 pounds, while the world record, listed by the International
Game Fish Association, is 494 pounds. Striped marlin as large
as 570 pounds have been recorded by commercial fishermen.
Spawning ocours primarily in the central and western
Pacific, with lesscr activity oocurring around the Rivella
Gigedo Islands in the eastern Pacific. May and June are Lhe
moniths of greatesl Spawning activity for the northern stock.
While mature females are found in the three spawning arcas,
larval fish are known from only the central and westen Pacific.
Striped marlin are primarily piscivorous although they
will consume invertebrates such as squid or pelagic red crabs.
Off southern California, where they spend most of the ime near
the surface, fish make up most of their dict. Anchovies, sauries,
flyingfish, and jack and Pacific mackerels are the most fre-
quenty found prey items when marlin stomachs are examined.

Status of Population

The North Pacific stock of striped marlin docs not appear to
be fully exploited. Data collected from Japanese longline fisher-
ics show 1o cormelation between catch and effort. Because of the
large variation in catch per unit of effort, coupled with o trend
towards decreasing total catch, the stock appears to be exploited
below maximum sustainable yield. The current harvest rate of
9,000 10 11,000 tons per year appears to be at a safe level,

Steven J. Crooke
California Department of Fish and Game
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SWORDFISH

History of the Fishery

Swordfish (Xiphias gladius) support a valuable worldwide
fishery which currently produces about 55,000 tons annually
The Pacific fishery lands about 40 percent of the world catch.
The primary fishing areas in the Pacific coincide with frents
where major currents meet off Japan, southeast Australia,
northeast New Zealand, Peru, and Fcuador, as well as Califor-
nia and Baja California. Most of the non-Californian Pacific
tandings arc taken as an incidental catch in the large tuna
longline fishery, Off California, swordfish are targeted diroctly
by fishcrmen. Currently about 10 percent of the Pacific 00ean’s
swordfish landings com¢ from California.

Significant swordfish fish landings first occurred in 1927,
when 130,000 pounds were caught. Since then, California
landings have varicd widely, between 23,000 pounds in 1934
anda 1985 high of 5.2 million pounds (worth $13.4 million).
The large Nluctuations in landings over the years are influenced
by changes in swordfish availability and migratory paticrns due
to variations in oceanographic conditions, changes in sword-
fish markets, availability of alternative target species (such as
albacore), and changes in fishing techniques.

Until the late 1970's, hand-thrown harpoon was the pri-
mary fishing method in California. Most vessels were 30 to 50
feet long with a 20 to 30 foot plank extending beyond the bow.
The harpooner stands on the end of the plank as the vessel
sneaks up on 2 fish that has been spotted sunning itself on the
surface. After harpooning, an altached line, buoy and marker flag
are thrown overboard. When the fishtires after several hours, it is
landed, headed and gutted, Gin-trimmed, and refrigerated.

The swordfish fishery landings averaged about 400,000
pounds per year caught in the Pt. Conception to San Dicgo area,
uniil 1970 when high mercury levels were detected in sword-
fish. Tn 1971, no swordfish with mercury levels over 0.5 parts per
million were allowed to be imported, At first, the demand for
swordfish dropped drastically but, by 1973, it started to recover.
Increasing demand and reduced competition from imports Jed 10
rapid growth of the harpoon fishery from 150 permitiess to 1,200
permittees by 1979. The intense competition in the flect led to the
use of aircraft to improw: fish finding capabilitics.

By 1978, ihe demand for swordfish had returned to previ-
ous levels and fishermen targeting thresher and mako sharks
with large-meshed (8 to 20 inches) drift gill nets notced that
they could catch swordfish, The nets, usually to 120 feet deep
and 6,000 feet long, are fished at night in surface waters. One
end of Lhe net is connected tothe vessel as it drifts. By 1982, the
drift gillnetters expanded the swordfish fishery northward and
offshore, with sizesble catches off San Frarncisco. Many har-
pooners switched to the drift gillnet flect, and in recent years
about 95 percent of Calilornia’s swordfish caich has been
landed by gillnetters.

The expanded capability and range of the fleet, plus
increasing worldwide demand for swordfish, conributed to
large increases in the landings between 1980 and 1985. The
catch peaked at 5.2 million poundsin 1985. While calches have



declined about 30 percent since 1985, they remain well above
the long-term historical average.
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California commercial jandings of swordfish, 19 16-1969.
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California commercial landings of swordfish, 1970-1991.

Swordfish are also a highly esteemed catch for recreational
anglers. Only a few are caught by anglers cach year. This couldbe
due toswordfish feeding primarily at night when most anglers, in
the words of U.C. Santa Barbara fish biologist R. M. Lovc, “are
drinking lite beer and waiching reruns of Three § Company”

Swordfish, Xiphias gladius.

Status of Biological Knowledge

Swaordfishare found worldwide intropical, subtropical and
temperate seas (50° N to 500 § latitude). In the castern Pacific,
they occur in harvestable quantitics from Chil¢ to Oregon.
Swordfish (family Xiphiidac) lack pelvic fins, have only onc
keel on their candal peduncle, and have a flattencd bill. These
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features distinguish them from other willfishes (family
Istiophoridae). Swordfish grow1o at least 1,200 pounds and 14
feet in length. Females grow larger than males, probably
because of a faster growth rate. The limited data from tagging
studies indicates that swordfish live at least ning vears.

Spamﬂngmkmplacchﬁﬂto?S“chrs in the north
Pacific, primarily from March throegh July. A mature female
produces tens of millions of eggs and fertilizaton is external.
Larvae and juveniles tend to concentrate near the 75° 1sotherm
in areas with high productivity. Swordfishlarvae feed primarnly
on fish larvae and zooplankton. Tuveniles target squid and small
fishes. Adult swordfish appear t0 be opportunistic feeders on
squids, pelagic and demersal fishes and crustaceans. The thin,
snake-like larvac and juveniles grow quickly and become
bulkier as they mature. One-year oid fish are 20 to 24 inches
long. Two-year old fishbeginto enter the fishery and the bulk of
the swordfish landings appear to be 4 and 5 years old. Onx study
indicated that they reached sexual maturity af five Of Six years
old. Young swordfish are preyed on by billfishes, tunas and
sharks.Orﬂywhala,lmgcsharks,andhummappearablem
prey on adult swordfish.

Limsted data exist on swordfish migrations. Catch records
off California indicate they move porthward from Baja Califor-
nia in the Spring to California during the Summer ard Fall
Then they mave offshore for spawning. Swordfish tend 10
concentrate along food-rich temperature fronts between cold
upwelled waters and warmer oceanic waler masses, Fishermen
usc satellite images to IIp locate these thermal fronts.

The daily local movements of swordfish arc of interest 10
fishermen and biologists. Swordfish rise 10 surface walers 1o
feed at night and spend most of the day in deep water. This
makes them susceptible to drift nets at night. In the temperaie
waters of the Atlantic and Pacific, swordfish will bask on the
relatively warm surface. This is thought to aid digestion
California fishermen took advantageof this behavior to develop
the earlier harpoon fishery for swordfish.

Swordfish are able to move from warm (60 to 75°) surface
waters todepths up 10 2,000 feet (41-50%) for feeding. They are
also able to migrate across sharp thermal boundarics to feed
near the surface This is quite 2 physiological challenge.
Biologists have found that swordfish have an extraordinary
heater organ, madc up of specialized skeletal muscle below the
beain, This heater organ maintains elevated temperatures in the
head region which may enable swordfish to function surcess-
fully (especially the eyes) af sharply reduced temperatures.

Status of Population

Ttisdifficult toasscss the statusof the swordfish population
in the Pacific because of a tack of consistent long-tcrm data.
Catch per unit cffort (CPUE) in the fisheries has been the
primary source of data. The miost recent assessment uscd data
from the Japancse longline fishery for 1952~ 1980, whicharethe
best available data. Afler examining both the single Pacific-
wide stock situation and the situation if three regional substocks
exist, National Marine Fisherics Service rescarchers conchuded
that the exploitation through 1980 was not heavy enough 10
causc a notceable decting in catch per unit effort Generally. the

FigH RESOURCES



Pacific-wide CPUE rose slowly from 1952-1962, dropped about
one-third in 1963-1965, and remained leve! through 1980. In
the eastern Pacific, the CPUE trend was level from 1966-1980.

Christopher M. Dewecs
University of California, Davis
Sea Grant Extension Program
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NEARSHORE FISHES

KELP BASS

History of the Fishery

The kelp bass (Paralabrax clathratus) has been the 1arget
of southern California anglers and commercial fishermen since
the early 1900's. For many vears, catch statistics grouped kelp
bass and the two other Paralahrax species, barred sand bass and
spotted sand bass, into a single "rockbass” category. It is safc to
assurne kelp bass comprised most of this catch calegory.

The largest commercial landings of rockbass occurred
during the 1920%s and 1930's; annual landings averaged
500,000 pounds. During and after World War II, there was a
sharp decline in fishing activity and landings never exceeded
150,000 pounds from 1941 through 1953, Rockhass imported
from Mexico contributed to the landings, sometimes in
amounts greater than the California caich. The decling of the
rockbass resource prompted consenvation measures which, in
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1953, made commercial fishing for rockbass illegal in Cali-
fornia waters. Legally sold fish imported from Mexico have
dwindled to insignificant levels since the laic 19507,

Sport anglers using light hook-and-line 1ackle catch kelp
bass while fishing from picrs, beaches, private boats, and
commercial passenger fishing vessels (CPFVs). There are few
catch records for anglers fishing from piers, beaches, and
private boats. Sport catch records for rockbass taken by CPFVs
havebeenavailable since 193 3, but enly since 1975 have CPFV
records reliably differentiated kelfp bass catches from the other
rockbass. Early sport anglers considered the kelp bass a nui-
sance when attempting to catch more desirable gamefish. Coly
the largest "bull bass" were sought. In 1939, a limit on sport fish
caiches in California, 15 total fish in an aggregate of several
species, was the first management atiernpt at preventing deple-
tion of popular sport fish populations.
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Califernia commercial passenger-carrying fishing vessel landings
of kelp and sand bass, 1947-1969.

" ol L [ - "
n ) n L1} L] “r "

California commercial passenger-carrying fishing vessel landings
of kelp and sand bass, 1970-1990.
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Intense fishing immediately after the war caused aprogres-
sive decrease in the size of landed bass, and some arcas were
fshed out. The popular kelp bass fishery was deteriorating. The
Califormia Department of Fish and Game (CDFG) institwed
comprehensive studies in 1950 that resulted in size and bag
limits for sport caught kelp and sand bass combinced. The new
size limitbegan at 10.5 inches and was increased several times
until the 12 inch limit was reached in 1959



Thekelpbass catch has fluctuated greatly sincethe 1 560's,
The largest CPFV catches occurred during the rud-1960"s,
estimated at over 1,000,000 fish annually. Since 1975, the
CPFV kelp bass catch has ranged from 220,000 10 496,000 fish.
The recent Federal Marine Recreational Fishery Statistics
Survey estimated that the catch from shore, pier, and private
‘boat anglers approaches that of CPFV fishermen and exceeds it
in some years. This means that 1,000,000 or more kelp bass, on
average, are caught annually by southern California anglers,

The most productive fishing areas in recent years have
bean off the Coronado 1stands, Baja California, Mexico; Point
Loma and La Jolla in San Diego County; Dana Point and
Huntington Beach in Orange County; Santa Catalina Island
and Horseshoe Kelp in Los Angeles County; and around the
Channel Islands in Santa Barbara and Ventura Counties.

Kelp bass, Paralabrax clathratus.

Status of Biological Knowledge

Kelp bass range from the Columbia River to Magdalena
Bay, Baja Califomnia, although they are infrequently caught
northof Point Conception. They are gencrally found associated
withkelp bods, rocks, and seawecds. Large adults often inhab it
rocky arcas with listle or no seaweed in depths to 150 feet. Kelp
bass range throughout the water column, but concentrate
berween 8 and 70 feet. In general, they live solitary lives but
form assemblies to spawn and to foed on smail schooling fish.

Tap and relcase studies have shown litie movement forthe
majorsity of kelp bass. If they move at all, it is to nearby rocky
reefs or short distances to gather into breeding assembties.

Kelp bass have the broad diet of a gencralized camivore.
They prefer to feed in decp calm areas of recfs or clear water
areas of kelp bed margins. Occasional bottor feeders, they
forage primarily at mid-water. Young kelp bass feed on small
c1abs, copepods, and plankton. Largekelpbass eat larger and more
motile prey: swnall fish (anchovies), squid, octopus, and various
bottom dwelling crabs, shrimps, and amphipods. Theyfeed lightly
in the winter and most heavily during May through Septernber.

Kelp bass spawn from April through the fall months.
Femalcs relcasce pelagic cggs 0.04 inches in diameter. Spawn-
ing occurs in and around kelp forests or over rocky reefs,
generally, in depths down to 150 feet. Scveral hundred ripe
adults may aggregate in a small arca during spawning. Some
kelp bass are maturc at seven to eight inches and two to three
years of age. Other individuals of the same size and age may
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require another year of Toore (o reach maturity. Larger females
may spawn more than once if they mature early in Lthe scason.

Growth is slow and alarge size may ultimately be attained
The largest angler-caught kelp bass weighed 14 pounds 7
ounces. Maximum leagth is 27 to 28 inches. Kclp bass are
believed to live long lives; one individual was estimated tobe32
years old.

Status of Population

Throughout the 1980's, kelpbass haveconsistently ranked
among the top five fishes caught by CPFV anglers. CDFG
surveys indicate the estimated total calches of kelp bass hne
increased since the mid-1970's. Low periods of kelp bass
landings in the mid-1970's and carly-1980'sarc attributed 10 El
Nifio events that provide anglers with alternative species 1o
catch. Peak landings have followed each El Nifio event. CDFG
surveys of the CPFV industry indicate a stable spawning
papulation is being maintained because of the large number of
age classes that are caught and kept by anglers. Approximaiely
85 percent of the kelp bass kept by CPFV anglers measure
berween 11.4 to 15.9 inches, representing up to seven age
classss. A number of vears with conditions unfavorablc fo the
survival of immature kelp bass would have to oocur before 2
population decline could reduce angler catches.

Robert Read
California Department of Fish and Game
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SAND BASSES

History of the Fishery

Two sand bass species are commonly caught by anglers in
California, barved sark bass (Paralabrax nebulifer) and spotted
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sand bass (P maculatofasciatus). Of the two, barred sand bass
is the mote abundant and widely distributed species and, since
the latc seventies, has consistently ranked among the top 10
species in the southern California marine sport fish caich. The
major barred sand bass fishing sites include the Huntington
Flats area off Orange County, the inshore portion of nonthern
Santa Monica Bay off Pacific Palisades and Santa Morica in
Los Angeles County, and the Ventura Flats area off notthern
Ventura County.

Spoxted sand bass are of lesser importance to sport anglers,
because their distribution is limited to a few bay, estuary, and
harbor habitats, San Diego Bay, Mission Bay, and Newport Bay are
the primary spotted sand bass fishing sites in southern California.

Both sand bass species are targeted exclusively by spoit
anglers; the commercial harvest of these species hasbeen illegal
since 1953, Throughout the 1930's and early 1940's, the sand
basses, as well asthekelp bass, were not considered to be quatity
angling fare but gained tremendously in popularity as game
fishes by the mid-1950°s. At that time, concern about the
resource by sport fishermen and fishery managers resulted in
the initiation of life history studies and the formulation of
conservation measures, By 1959, a 10-fish bag limitand a 12-
inch minimum size limit hadbeen imposed onall three kelp and
sand bass specits, measures designed to counteract the declin-
ing numbers and shrinking size composition of the bass
catches. The commercial passenger fishing vessel (CPFV) bass
fishery responded positively to this management regime, and
landings of kelp and sand bass increased substantiatly through
the 1960's and early 1970’s. From 1975 through 1989, the
CPFV barred sand bass catch expanded threefold to a peak of
400,000 fish in 1988,

Although lacking some of the sporting qualities of kelp
bass, barred sand bass are much more susceptible to hook and
line gear and are somewhat easier to catch. When CPFV
skippers target barred sand bass schools, they can usually
produce substantial catches for their passengers, even for
novice anglers possessing minimal fishing skills, In 1985, 1987
and 1988, barred sand bass was the leading bass species in the
CPFV catch, exceeding kelp bass landings for the first time
since 1961 when kelp bass and sand bass landings were first
reported scparately, Estimates of annual barred sand bass
landings from all sportfishing activity (shore, pier, privaieboat,
CPFV’s, etc.) ranged as high as 2,100,000 during the 1580’s.

Spotted sand bass landings are greatest from private boats
and rental skiffs fishing the bays and estuaries of southern
California. A skiff survey conducted by the California Depart-
ment of Fish and Game (CDFG) cstimated that the southem
California annual catch ranged from 12,790 to 23,933 fish
between 1976 and 1981. Other estimates of (he annual sport
catch of spotted sand bass, including both boat and shore
fishing effort, ranged from 53,000 10 170,000 between 1980
and 1989,

Status of Biological Knowiedge
Barred sandbass range from MagdalenaBay, Baja Califor-
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nia to Sania Cruz, California, although they are infrequently
taken nerth of Point Conception. They inhabit sandy bottom
areas from shallow waler depths to 600 feet, but the greatest
concentrations are found between 60 to 90 feet. They feed on
small fishes and invertebrates such as crabs, clams, and squid.
The largest barred sand bass on record measured 26 inches n
Jength, and the maximum recorded weight was 11.1 pounds.

Barred sandbass spawn during thelate spring and sumamer
months and form large aggregations at this time. Pelagic eggs
are released and juvenile young of the year appear in nearshore
areas during the fall and winter. A juvenile barred sand bass is
approximately seven inches long after one year, and reaches
sexual maturity at 10 inches in three to four years. The
maximum verified age for barred sand bass is 24 years.

Spotted sand bass range from Mazatlan, Mexico to
Monterey, California and are present throughout the Gulf of
California. They inhabit sandy or mud bottoms in bays or
harbors at depths ranging from the intertidal zone to 200 feet
They are diurnally active, seeking shelter near cel grass beds,
rocks, or other structures, and feeding on small fishes, cephalo-
pods, and crustaceans. Maximum recorded size is 22 inches,
and the maximumn recorded weight is 5.8 pounds. They are
known to reach an age of over 20 years.

Spotied sand bass, unlike the other two Paralabrax spe-
cies, are protogynous hermaphrodites; that is, all spotted sand
bass start out asfemales and after a period of time transform into
males. This transformation may begin in fish as small as five
inches long, although female spotted sand bass up to 10 inches
long have been noted. Spawning occurs during the spring and
carly summer, during which time they release pelagic eggs.
Young of the year begin appearing in the intertidal zone the
following winter.

Spotted sand bass can tolerate an extremely wide range of
water temperatures, from 90° F in the Gulf of California to 45°
F in experimental situations. This attribute is a physiological
adaptation to the temperature extremes occurming in the shal-
low-water, bay environmeni preferred by spotted sand bass.

Status of Populations

While there are no current population estimates for gither
barred sand bass or spotted sand bass, examining the sport caich
trends gives an indication of the health of both stocks.

'The barred sand bass catch has risen stcadily since 1975,
challenging kelp bass as the premier bass species in the
southern California sport fishery. Several factors seem to ac-
count for the upward trend. Most significantty, CPFVs, which
acoount for the greatest portion of the barred sand bass catch,
have begun to target them more frequently, especially during
the summer spawning period. The fish are concentrated at that
time, usually in well defined areas along the coast. Also, new
barred sand bass spawning sites have been discovered over the last
10 years and are now being exploited by CPFV's and private boats.

As fishing effort targeting barred sand bass has increased,
there has been concern that the stock may become over-
exploited. Recent studies have indicated that the CPFV sand



Bass fishery is supported by multiple year classes, and that most
sublegal (<12 inches) fish are released. This is indicative of a
bealthy sport fishery operating on a sustained yield basis.

More data are needed to define barred sand bass growth
rates, majuration, spawning, and migration. A tagging study
initiated in 1989 by the CDFG and a group of southem
California CPFV owner-operators should help define the
growth and migration parameters for the species. An earlier
(DFG tagging study revealed barred sand bass movements of
from five to 40 miles.

Poor waier quality may have an adverse affect on barred
sand bass. There isevidence that tumors, deformitics, and other
anomalies found in barred sand bass may result from industrial
and domestic wastes discharged into the nearshore environ-
ment, Survival of egg, larvae, and juvenile stages is alsa
diminished by waste discharges.

Probably the greatest threat o spotted sand bass stocks is
the degradation and destruction of bay and estuarine habitats.
Encroaching development, landfills, and the degradation of
watet quality all negatively impact the spotied sand bass
population. The maintenance of the quality and quantity of
suitable habitat iskey to the reproduction, growth, and survival
of spotted sand bass in southern Califormia waters.

David 5. Ono
California Department of Fish and Game
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GIANT SEA BASS

History of the Fishery

Commercial fishing for giant sca bass (Stereolepis gigas)
in California has occurred since 1870 and a sport fishery has
exisied since 1895. In 1982, the California State Legislature
banned commercial fishing for giant sea bass (except for the
current one fish per trip tolerance for gill net boats), while the
California Fish and Game¢ Commission has banned sport
landings from California waters. However, the Commission
has allowed anglers fishing in Mexico to and two fish per trip.

The commercial fishery for giant sea bass initially targeted
southern California fish but moved south into Mexico as local
populations declined. Off Mexico, the fishery occurred along
the coast between Cape Colnett and Magdalena Bay as well as
on the offshore banks of lower Baja California. Early commer-

cial fishermen relied on handlines to catch fish, but later shifted
to gili nets as the resource declined. Landingshave ranged from
a high of 861,498 pounds in 1934 1oa low of 3,666 pounds in
1983. During 1931, over 254,000 pounds were caught in
California waters, the highest year on record for the local
fishery. Mexican production reached 807,746 pounds in 1934,
the highest year for forei gn-caught landings. Landing weights
are for“clcaned” fish, since commercial fishermen behead and
eviscerate the fish immediately alter capture.
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California commervis! landings of giant sca bass, 1916-1969.
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California commercial landings of giant sea bass. 1977-1991.

During the early vears of the sport fishery, most activity
took place at Santa Catalina Island. Anglers generlly fished
from small charter vessels, but some fish were landed by beach
fishermen, Most fish were taken incidentally in directed fisher-
ies for other species, although some anglers did target giant sea
bass. Fishing for giant sea bass was considered boring because
bites were infrequent. Since this outweighed the excitement of an
anticipated hook-up, directed effort on giant sea bass was small.

With the expansion of the commercial passenger fishing
vessel (CPFV) fleet following World War 11. sport fishing for
giant sea bass expanded 1o include ali the offshore istands and
banks, as well as most of the mainland coast south of Point
Conception. Most fish were still taken incidentally to other
species, although some directed effort ocowrred during summer
when giant sca bass formed Spawning agerepations.
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With the advent of long range CPFV trips to Mexico, the
fishery moved south, much as the commercial fishery had
done earlier. During the late 1960's and early 1970's, long
range boats advertised summer "black sea bass specials” to
Mexico. They were very successful (50-100 fish per trip) until
the Jocal stocks were reduced to a Jevel where anglers no longer
found it worthwhile to fish for them,
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California commercial passenger-carrying fishing vessel landings
of giant sea brss, 1947-1969,
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California commercial passenger-carrying fishing vessel landings
of giant sea bass, 1970-1990.
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Landings of giant sea bass from Mexican and California
walcrs reported to the California Department of Fish and Game
{CDFG) on CPFV logs have varied between 13 and 816 fish per
Year. The highest figure was recorded in 1973 during the "black
sca bass special” era, while the lowest landings were recorded
during 1983, the first full year of the moratorium. Most fish
landed on CPFV's weighed less than 80 pounds, although fish
Over 500 pounds have been taken. Within California, the vast
magority of fish weighed less than 30 pounds, while those taken
in Ml??_tico are in the 60 to 80 pound range.

Divers have played an active tole in the giant sca bass
22*’3‘; Originally, they would frec dive, but switched

A diving after World War IL. They were especially adept
at exploiting spawning aggregations. since skilied divers had
T troubie approaching the fish. Additionally, once they found
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a spawning aggregation, some tended to return on a daily basis
until most of the fish had boen taken.

Giant sea bass, Stereolepis gigas.

Status of Biological Knowledge

Limited information exists about giant sea bass, as the
species has never been the subject of a directed study. The data
that exist have been collected in conjunction with other investi-
gations. One individual, the 1ate John E. Fitch, is responsible for
most of the current biological knowledge.

Giant sea bass range from Humboldt Bay on the north to
the tip of Baja California on the south. They are also found inthe
Gulf of California, more often in the northern half. Within
Califomia, fish are commonly taken between Point Conception
and the Mexican border. Catches north of Point Conception are
rare. Adults tend to prefer rocky bottorn habitats located next to
kelp beds. They are also commonly found in 1101e 150 feet of
water adjacent to arcas where the bottom drops away quickly.
Juveniles are usually found in and around kelp beds as well as
sandy bottom areas, generally at depths of 40 to 70 fect.

Giant sca bass are the largest resident marine bony fish in
Californta. They grow to scven fect five inches in length. Fish
upto 563 pounds have been recorded from the sport fishery, and
commercial fishermen believe that 600-pound fish exist. They
have been reliably aged to 75 yearsold (a 43 5-pound specimen).
Theage of the 563 pound fish was not determined, but may have
been 90 to 100 years old.

Spawning takes place between Junc and September. Fe-
males start 10 mature at seven to eight years of age and all are
spawning by the time they are 11 years old. Large females are
capable of producingenormous numbersof eggs. The ovaries of
2 320-pound fish contained an estimated 60 millioncggs. While
spawning, large fish will form spawning aggregations and
remain together for one or two months. During this time they
are especially vulnerable to skin divers and less so to hook-and-
line fishermen

Small fish feed primarily on inshore species such as
anchovics, sardines, and squid. Larger fish also feed on these
specics but their diet consists primarily of larger food organ-
isms. Pacific mackerel, bonito, ocean whitefish, midshipmen,
slingrays, white croaker, small sharks, crabs, spiny lobsters,
and mantis shrimp all have appeared in the stomachs of aduit
fish. Predation on giant sea bass is confined to man, marine
mammals, and some of the larger sharks. Older fish usually are
heavily parasilized.



Status of Population

Giant sca bass populations off California, and probably
those off central and northern Baja California, appear to be
depressed. Because of this, giant sea bass cannot be taken off
California by recreational anglers. Commercial fishermen are
limited to one fish per trip if taken incidentally in gill or
tramumel net operations. However, fish are still landed by sport
anglers fishing south of the border. Mexico has expressed an
interest in protecting piant sea bass. Legislation by Mexdico
could offer total protection by the fatl of 1992,

Since 1983, sport anglers have reported catching and
releasing increasing numbers of giant sea bass. The trend
appears to indicate that juvenile fish are increasing in abun-
dance and it may soon be possible to reopen the fishery. Should
the sport fishery be reopened, sirict size and catch limits would
be necessary to prevent overfishing. The minimumisize fimit for
giant s¢a bass should be 48 inches (60 pounds), the size at which
all females are spawning. Spear fishing for giant sea bass
should also be prohibited during the spawning season (June
through August).

Young giant sea bass in the 30 to 60 pound range have
ptoven to be particularly vulnerable to capture in ncarshore gill
and trammel nets. Passage of a recent State Constitutional
amendment prohibiting these nets in southern California
nearshore waters after 1993 should help to conserve the sub-
adult population and may hasten the recovery of the giant sea
bass stock.

Steven J. Crooke
California Department of Fish and Game
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YELLOWTAIL

History of the Fishery

Sport and commercial fisheries for yellowtail (Serfola
lalmmdi) have existed off Califomia since the late 1800
Comroercial or subsistence fishing is the older of the two, with
modemn hook-and-line sport fishing petting its stant in 1898 at
Santa CatalinaIsland. Prior to 1898, sponsmenused handlines,
a practice which faded with the advent of hickory rods, func-
tional recls, and linen line. Both the sport and commercial
fisheries in California are confined to the area south of Point
Conception. The fishery usuaily occurs in nearshore areas,
ofien adjacent 1o kelp beds. During the summer, fish may be
found offshore under floating mats of kelp.
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California commercial landings of yellowtail, 1916-1968.
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California commercial Jandings of yellowtail, 1970-1991.

Commercial landings of yellowtail have fluctmated greatly
inthe past, ranging from a high of 1 1.5 million pounds in 1958
to 2 low of 28 000 pounds in 1989, Market conditions appear 10
dictate landings more than does the health of the resource.
When market demand for fresh yellowtail was high or the
cannenes needed fish because tuna were unavailable, the price
to the fishcrman was great enough to encourage trips for the fish.

The commercial fishery for vellowtail was resmicied to
small live bait boats working off southern California or the
Coronado Islands, Baja California, Mexico, antil 1933 Atthat
ume, purse seiners began fishing in Mexican waters, as the
supply of vetowtail off Catifornia had decreased and it was
illegal to seine them north of the intcrnational border. Gill net
boats also started landing yellowtail taken incidentalfy to white
seabass fishing. Currenily, the gill net fleet catches most of the
yellowtail landed commercially in Cafifornia. However,
nearshore gill net fishing will be banned beginning in 1994,
This should virally eliminate the commercial fishery, as
hook-and-line fishermen land few vellowtail

Data from commercial passenger fishing vessel (CPFV)
logs provide a gencral indication of the magnitude of the sport
fishery for yellowtail in southern California. During vears when
the water was warm, CPFVs landed over 450 000 fish. When
the water was cold. yellowtail catches were sometimes 1ess than
10,000 fish. Prior to the early 1930°s, CPFVs were respansibic
for most of the sport catch. However, in the 1950°s private
boaters began taking a significant number of fish. Dunng sone
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rivate boalers land more yellowtail than do CPFV
anglers. For instance, during 1984, private boat anglers landed

105,000 fish compared 1o 96,000 recorded by CPFV anglers.
The, increase of private boat anglers may impact the vellowtail
resource MO than continued effort by CPFV anglers or

commercial fishermen.
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California commercial passenger—carrying fishing vessel landings
of ycllowtail, 1947-1969.
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California commercial passenger-carrying fishing vessel landings
of yellowtail, 1970-1950.

~ Major fishing areas for CPFV and privatc boat anglers
include the Channel Islands, Santa Monica Bay, Dana Point to
m's'de, La Jolla, San Clemente Island, Santa Catalina
AnC, and the Coronado Islands. Long-range CPFVs fish
g;xflyf'“m&dmslslandmhmmenmmmmlhe
‘ f?:mﬁ._esmcia]lymtthagchiemBaym The com-
mercial fishery is conducted in the same arcas as the sport fishery.

Status of Biokogjcal Knowledge
Yellowtail are found from British Columbia, Canada to
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Yellowtail, Seriola lalandi.

Mazattan, Mexico. They are present in the Gulf of California,
occurring as far north as the Bay of Los Angeles.

Most yellowtail spawn during the summer months, June
through September. During this period, adults move offshore
and form spawning aggregations. Some two-year-old femalcs
may spawn, butall females overthreeycars of age are capable of
spawning. Young fishspawn anly ance during the season, while
those seven vears of age (20 pounds) and older are capable of
muliple spawnings. A 20-pound fish is capable of producing
940,000 eggs during a single scason.

Yellowtail are opportunistic davtime feeders. Off southern
California, yellowtail slomachs contain sardines, anchovies,
jack mackeref, Pacific mackerel, and squid. Fish taken off
Mexico frequently are full of pelagic red crabs.

Age and growth studies conducted on yellowtail indicate
the fish are relatively slow growing. They gain approximately
three to four pounds a year during most of their lives, although
very large individuals may gain onlyone to two pounds peryear.
Growth can vary considerably from ycar to year and also
between and within geographical arcas. The largest recorded
individual weighed 80 pounds. The average sizes at selected
ages are: age 1, 20 inches and 3 8 pounds; age 2, 25 inches and
7.4 pounds; age 3, 28 inches and 9.9 pounds; age 4, 31 inches
and 13.2 pounds; age 5, 33 inches and 15.9 pounds; age 10, 44
inches and 35 pounds.

Within southern California and at the Coronado Islands,
sport anglers generally land yellowtail that weigh € to 12
pounds. Long-range CPFV anglers fishing off central Baja
California usually catch 12 (o 18 pound fish. Commercial
fishermen generally land 10 te 20 pound vellowtail, because of
the selective nature of gill nets.

Results of a 12gging study conducted by the California
Department of Fish and Game indicate there are two stocks of
yellowtail off Baja and southern California. One group occurs
south of Cedros Istand, Baja California, while the second group
occupies the area from Cedros Istand northward. Thereissome
interchange of fish between the two proups around Cedros
Island. Because of limited mixing between the two stocks, the
southern California fishery is wholly dependent on fish re-
cruited from the northem population.

The number of yellowtail available to southem California
fishermen in any given year is dependent on whether warm
water conditions exist off northcrn Baja California. Excellent
vellowiail catches have occurred during years when water
temperatures were at keast three to five degrees F above normal



in the spring. Conversely, periods of cool water produce low
caiches. When fish are available, they usually are found
nearshore in the spring and fall but offshore during the
summer months,

Status of Population

While no population cstimate is available for the northern
stock of yellowtail, the resource appears tobe healthy. The stock
is probably not as large as it was in the early 1950’s but can
support significant sport and commercial fisheries when oce-
anic conditions are favorabie.

Data collected during the 1970’°s and early 1980’s indicate
that the northern population has undergone a shifi in fish size.
Twoand three year olds now dominate the catch, whereas sixto
nine year olds made vp the majority of the catch in the past. The
shift in size could be an indicator of either population stress or
good recruitment.

Because more of the northern stock is available to sport
anglers during warm water conditions, CPFV catches during El
Nifio events should provide an indication of the health of the
resource. Three major EI Nifio events havetaken place in recent
years: 1959, 1973, and 1983, While CPFV activity has re-
mained relatively stable, catches have declined from 457,000
fishin 1959 to 221,000 fish in 1973 and 179,000 in 1983. The
decline is probably reflective of a reduced but still viable
yellowtail poputation off northern Baja California.

Steven J. Crooke
California Department of Fish and Game
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CALIFORNIA BARRACUDA

History of the Fishery

The California barracuda (Sphyraena argenfea), also
known as the Pacific barracuda, has played a significant role in
the growth and developmens of California’s commercial and
sport fishing industries. Taken primarily off southern Califor-
nia and northern Baja California, Mexico, barracuda fipured
promincndly in the development of the purse scine fishery.
Additionally, they have long been a major component of the
southern California sport fish catch.

Annual records of commercial barracuda landings date
back to 1889, but only nine years of intermitient records exist
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thurough 1915, and these are not specific asto catch areas. Since
1916, landing records have differentiated barracuda caught in
California watcrs {essentially off southem Califernia) from
those caught "south of state” (northern Baja California waters).
Commercial landings for 1889 were 0.5 million pounds, and by
1915 they were 3.6 million pounds. A purse seinct was operat-
ing off southern California as early as 1893, and its landings
may have contained barracuda. By 1916, the purse scine fleet
had at Jeast seven vessels. Influenced by the economic impetas
of World War I, the commereial barracuda fishery grew concur-
renily with the rapid development of the purse scine fleet.

Attempts to manage the barracuda fishery began in 1915
with a2 minimum size limit of 18 inches for hook-and-line
caught barracuda. Sirce then, many commercial and sport
regulations on gear, seasons, weight, size, and bag limits have
been enacted, modified, or repealed. Today, mest barracuda are
taken by gill nets with 3.5-inch mesh, although some are taken
by hook and line. The minimum size limit is 28 inches. Mayand
June are usually the peak months of commercial fishing activity
for barracuda.
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California commercial landings of California barmcuda. 1916-1965.
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California commercial landings of Califorma barracuda, 1970-1921.
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Annua) commercial Jandings of barracuda taken in Cali-
fornia walcrs averaged 3.1 million pounds from 1916 through
1948, but onfy about 290,000 pounds from 1949 through 1991
Landings taken south of state” averaged 1.1 million pounds
annually from 1916 through 1968, but only 440 pounds from
1969 through 1989. The major reason for the decline was the
imposition of commercial fishing regulations by Mexico which
bemmeim@singly restrictive to Californiafishermen overthe
years. From 1916 through 1989, annual commercial landings
o 1aken in southern California waters have exceeded
Californiatandings of barracuda taken "south of state” inall but
10 years. ] _

In general, commercial barracuda prices are a function of
supply and demand. Historically, the price paid 1o fishermen
has boen low. In 1989, commercial fishermen received an
gverage $0.71 per pound.
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California commercial passenger-carrying vessel landings of
California barracuda, 1947-1963.
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California cotmnmercia) passenger-carrying fishing vessel landings
of California barracuda, {970-1990

The popularity of California barracuda as a game fish goes
back 1o at least the mig-1920's, as is evident from photegraphs
and newspaper accounts. However, the California Department
of Fish and Game (CDFG) did not begin callccting records of
commercial passenper fishing vessel (CPFV) sport fish land-
g‘g;;“lﬂ 1936, Records from 1936 through 1940 reveal that

landings (in numbers of fish) exceeded those
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of other sport fishes, and that they often equaled or exceaded
commercial landings (in weight) for barracuda taken in Cali-
fornia waters. Annual landings for these five years averaged
roughly 630,000 fish. Records were not kept from 1941 through
the first halfof 1946G. As interest in marine sport fishing grew in
the post-World War Il era, the sport take of barracuda greatty
exceeded that of the commercial ficet in California waters.
From 1947 through 1970, the avcrage annual CPFV landings
were nearly 450,000 fish, In 1971, the current 28-inch mini-
mum siz¢ limit for all sport-caught barracxda became cffective,
causing an 87 percent decline in CPFV barracuda landings
from the previous year. From 1971 through 1990, barracuda
CPFV landings fluctuated between 26,289 fish and 157,913
fish and averaged about 79,500 fish annually.

The Marinc Recreational Fisheries Statistics Survey has
shown that, on average, 54 percent of the total barmacuda catch
is from CPFVs, 45 percent is from private and rental boats, and
1 percent is from share. A recent CDFG study has determined
that roughly 60 percent of CPFV-caught barracuda are released
(a¥most all of which are less than 28 inchces). 1.os Angeles County
accounts for 58 percent of the CPFV barracuda landings.

Sport anglers, especialty aboard CPFVs, usually usc live
anchovies 1o fish for barracuda. Anchovics are also used to
chum and hold barracuda schools close to the boat. Metal or
plastic artificial lurcs in a variety of shapes and colors are also
popular. Spori-caught barracuda are taken mainly near the
surfacc. Most fishing activity occurs from May through Sep-
tember, when surface watet lemperatures range between 62°
and 70°F.

California barracuda, Sphyraena argentea.

Status of Biclogical Knowledge

The California barracuda is a nearshore, epipelagic,
schooling fish found from Cabo San Lucas. Baja Califorma to
Kodiak Island, Alaska. Catch origins indicate the population is
centered between San Quentin, Baja California and Point
Conception, California. During warm water 0Ceanic events,
such as El Nifios, a portion of the population may shift north-
waid into central California. Frequently seen at the surface,
barracuda have been taken at depths of 120 feet.

Growth in length is most rapid duriag the first year of life.
Barracuda reach a total length of 14 inches at one year. At two
vears they have grown to 20 inchesand weigh about onc pound.
However. the maximum growth by weight of neardy one pound
per year is achieved by four- and five-year-old fish The
minimum size limit of 28 inches, approximately athree-pound
fish, is near the average sizc for a four-year old. At this age,
ferales are about 0.75 inches larger than males, and the
differcnoe increasesto aboul 2.5 inches infish over sixyears old,
The oldest fish aged was an 11-year old measuring 41 inches



and weighing about nine pounds, Larger and presurably older
fishinclude the state angling record of 15 pounds 15 ounces and
a 17-pound fish caught off Carpenteria in 1958 that mcasured
46 5 inches.

California barracuda produce pelagic eggs and larvac.
Fertilization takes place externally as the scxes simultaneousty
release their gametes. Al two years, almost all males and 75
percent of females are sexually mature. All are mature at three
years of age. Full sexual maturity occurs in males ata length of
20 inches and in females at 22 inches. In asingle spawning, a
two-year-old fomale may produce 50,000 cggs, increasing to
about 400,000 by age six. Individuals may spawn mofe than
otice during a spawning scason. Off southern California,
spawning takes piace from April to September, peaking in June.

Feeding habits of California barracuda are not well docu-
mented, bul some potential prey species can be mentioned.
During pelagic schooling movements, barracuda may feed on
other open water schooling fishes such as nonthem anchovy,
Pacific sardine, Pacific mackeret, jack mackerel, and Pacific
saury. In association with kelp beds or shallow water habitats,
they may feed ontopsmelt and California grunion. Opportunis-
tic feeding on markel squid made vulncrable during their
spawning activity is likely.

Previous refcrences to the predators that feed on California
barracuda have listed sea lions, seals, porpoises, and glant sca
bass. Analyses of the gut contents and scal from marine
mammals have failed to discover barracuda remains, Observa-
sions of California sca lions and harbor scals opportunistically
feading on barracuda injurcd or entrapped by fishing gear are
common, but these animals niore typically feed on the same size
prey asadultbarracuda. Gianl sea bassare more likely predators
on juveniles and adull barracuda.

California barracuda have an inshore distribution during
Uheir carly life history. Fish a few inches long are obscrved in
profected bays and marinas. Larger young-of-the-year fish
school below the canapy of semiprotected kelp-bed habitats.
Older juveniles and adults form large schools that disperse
widely in the open-water covironment.

Movements of California barracuda have been studlied by
tagging. Fish tagged during May 1959 al locations off northern
Baja California and off southcrn California were recovered at
intermixcd locations, indicating a single population. Move-
ments of up to 100 miles north and south occurred during the
summer, buta portion of the recovenes werc al the releasc siles.
However, a gencral migration patiern that was distinctly porth-
ward during the summer and less distinctly southward during
the fall was indicated. Movements arc presumably a respansc 1o
sca temperature, and warm overwintering temperatures off
southern California reduce the southward return. High caich
sucocss during spring and summer off southern California has
been correlated with warm sea temperatures the procoding winter.

Status of Populaton

The status of the California barracuda population is un-
known, becausc dala concerning catch, fishing effort, and age
composition are Scarce. Barracuda catches off California are
variable for many rcasons, onc of which is that barracuda are
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migratory with a preference for warmer waters. During an El

Nifio event, when warmer than Rormal water masses move up

the coast, barracuda are caught far nonh of their norma! range
and in greater than average numbers off southern California,
suggestinga higher population level. This was apparent during
the 1957-1959 E1Nifio event, onc of the most intense on record

However. during the similarly intense 1982-1983 El Nifio
event, barracuda catches did not increase appreciably. Assum-
ing fishing effort and the peroentage of the population migrat-
ing northward weve similar, the difference suggests that the
barracuda population was depressed during the latter E1 Nifio
period. Catches inthe late 1980’s have incrcased above those of
reccnt previous years, indicaling & possible resurgence in
population level. Only during one threc-year period, 1958-
1960, has the number of barracuda off southern California been
estimated by the CDFG. Estimates ranged from 1.6 102.9
million fish,

Angler placing a Californis barracuda in en experimentsl
refrigecration system.

Becausc of uncontrollable factors such as migraton, water
temperature, and Mexico's management policies, the CDFG’s
management policies for this species probably havea limited effoct
on its population level. Nevertheless, the regulations are intended
to reduce the likelitiood of overfishing this valuable resource.

3R Raymond Ally and Ken Miiler
California Department of Fish and Game
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CABEZON

History of the Fishery

As game fish, cabezon {Scorpaenichihys marmoratus) are
pﬁmdbysportdivmforedﬂaility, size, and ease of capture. The
recyeational take by persons aboard commercial passenger
fishing vessels (CPFVs) does notcomprise a large proportion of
the cawch, but those that are taken are usually of 3 goed size,
averaging around 3.5 pounds. Santa Barbara generally has the
highest landings by CPFVs in the state.
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California commercial landings of cabezon, 1970-1991.

Cabezon are taken incidentally in commercial caiches by
boats fishing for rockfishes using hook and line or gill nets.
Although the meat is tasty, the greenish or turquoise coler of the
flesh renders it undesirable 10 some fish market cusiomers.
Cabezon make up a minor proportion of the total catch; the
majonty of fish are landed in Monierey.

Sport and commercial landings both peaked during the
period 1950-1958 Since that time, sport fishcatches have never
come close tg the 18,000 fish taken in 1956. Since 1970, the
calch has averaped under 6,000 fish a year. Commercial
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landings peaked again between 1979 and 1982 at over 62,000
pounds. This topped the previous peak of 35,000 pounds in
1951. Sport landings have generally been higher than commer-
cial landings, although between 1979 and 1985 this trend
apparcntly reversed. Overall, total landings have fluctuated

greatly over the years.

California commereial passenger-carrying fishing vessel landings
of cabezon, 1947-1969.
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California commercial passenger-carrying fishing vessel landings
of cabczon, 1970-1990.

Status of Biological Knowledge

The cabezon is the largest member of the cottid family. In
Spanish cabezon means big-headed or stubborn, and, propor-
tionally, the massive head is definitely the largest feature of this
fish. The specific name marmoratus refers to the marbled or
mottied appearance of the body, which cantbe reddish, greenish,
or bronze. Generally the belly is a pale turquoise or white, and
there are no scales on the body.

Populations range along the eastern Pacific coast from
Point Abreojos, Baja California to Sitka, Alaska. They are
found on hard bottoms in shallow waier from intertidal pools to
depths of 250 feet. Fish froquent subtidal habitats inor around
rocky reef areas and under kelp beds.

Cabezon may reach an age in excess of 20 years. The
largest recorded size is 39 inches in length and over 25 pounds.



Juveniles can reach a size of nearly eight inches in two years, at
which time males may become sexually maturc:; by three years
of age all males have matured. Some femalcs begin to mature in
their third vear between 10 and 19 inches in length, and by the
fifth year all females are sexually mature.
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Cabezon, Scorpaenichthys marmoratus.

In California, spawning commencesin late October, peaks
in January and continues until March, while, in Washington,
the spawning season begins in November and ¢xtends to
September with a peak in March and April. There 15 some
evidence that, at icast in Washington, fernales may spawn morc
than once in a season. Females spawn their eggs on subtidal,
algac-frec rocky surfaces, which can be horizontal or vertical in
orientation. Up 1o 152,000 cggs can be expected from a large
ferale (30 inches, 23 pounds). Masses of thepale greenor reddish
oges are wp to 18 inches in diameter and up to two to four inches
thick. As the eggs develop they change to an olive green color.

There have been several reports on the toxicity of cabezon
roe. In the 1950, the well-known ichthyologist Carl Hubbs
published a personal account from 1923 of eating cabezon roe.
As part of an ongoing search for another caviar, Hubbs and his
wife consumed the roc and flesh of a cabezon for dinner. Four
hours later they *... awoke in misery ... and were violently ill
throughout the rest of the night.” Both were very weak the
following day, but there were no lingering sympioms. Labora-
tory evidence indicates that the roe is lethal to mace, rats, and
guinea pigs. Anecdotal information on gg masses exposed at
low tide suggests they are not preyed upon by natural predators
such as raccoons, mink, or birds. Observations of captive
cabezon have documented a female eating her own cggs with 1o
resulting il effects.

Males fertilize the cggs afier they are spawned by the
female, and the mak: guards the nest. Apparently the same nest
sitcs are used from year toyear. Fishare very protectivcof the nests
for!hehwlolhrcemecksiltakesmeggslodwdapaldhalm

Pelagic juveniles are silvery when small, spending their
first three to four months in the open ocean feeding on tiny
crustaceans and other zooplankton. At a size of about 1.5
inches, juveniles leave the open water and assume 4 demersal
existence. They appear in kelp canopies, tide pools, and other
shallow rocky habitats such as breakwaters from April to June
in California

Cabezon can be apUly described as "sitand wait” predators.
Their mottled coloration lets them blend in with the surround-
ings as they sit motionless 10 wait for their next meal. With
large, robust pectoral fins sct low on the body and a powerful
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tail, they quickly lunge after unwary prey, engulfing it in their
large mouth.

Their dict consists mainly of crustaceans, although large
and small cabezon have different diets. Adult fish eat crabs,
small lobsters, mollusks (abalone, squid, octopus), smalt fish,
and fish eggs. Small juveniles depend mainly on amphipods,
shrimp, crabs, and other small crustaceans.

Juveniles are taken by rockfishes and larger cabezon, as
well as by lingcod and other sculpins. Large cabezon may be
taken by harbor scals or sea lions, as well as by humans.

Cabezon normally occut nearshare, exceptas larvac. Usu-
ally solitary, juveniles and adultsboth are common onany rocky
bottom arca with dense algal growth They are often in the
vicinity of kelp beds, jetties, isolated rocky reefs or pinnacles,
and in shallow tide pools.

Most of their time is spent sitting in holes, on reefs, in
pools, or on kelp blades beneath the canopy, bat not actively
swimming. As fish get older and larger they tend t0 migraie io
deeper water. In shallower water they migrate in and out with
the tige to feed. Their habit of sitting makes them an easy farget
for sport divers.

Status of Population

Limited information is available on population biology or
changes in biomass over time. As sport diving and spear fishing
become more popular, it is possible populations living in
populat fishing spots will begin to decline.

Deborah Wilson-Vandenberg
California Depantment of Fish and Game
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LINGCOD

History of the Fishery

The tingcod (Ophiodon elongatus) is one of the largest
northem California sport fishes, 1t is an aggressive predator thag
readily takes either abaited hook oF ar anuficial lure, and it is a
prized food fish. Ahhough the raw flesh sometimcs hasa biue or
green color, the flesh when cooked is whiteand of a mild flavor.
From 1981 to 1986, lingeod provided more pounds of fish to
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central and northern California recreational fishermen than
any other species, including salmon. Only the rockfish group
provides more pounds of fish 1 northern California recre-
ational fishermen.

Annual landings averaged 51,250 lingcod from 1957 to
1961. At an average weight of cight pounds each, the annual
yield was 410,000 pounds. The recteational fishery produced
20 10 25 percent by weight of all lingcod landed in those years.
Twenty years later recreational fishermen were landing five
times as many lingcod, but they were 20 percent smaller. From
1980 through 1986, annual landings averaged 254,000 fish per
yeat, These fish averaged 6.2 pounds each yielding 1,575,000
pounds per year. The recreational fishcrmen's share has in-
creased from a quarter to half of all lingood landings.
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Californiz commercial passenger fishing vessel landings of
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California commercial passengercarrying fishing vessel landings
of lingeod. 1970-1590.
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Lingcod are most abundant north of Santa Batbara county,
with cighty (o ninety percent of the recreational landings being
made north of San Luis Obispo County. Divers and recreational
anglers both take lingeod Drivers use spears, and anglers use
several styles of hook-and-line gear from a variety of fishing
platforms. They may use either live or dead bait or artificial
lures. Anchovies, squid, sanddabs, small rockfishes, kelp
greenlings, and white croakers are used as lsve bait, while squid
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is the most common dead bait. Chrome plated jigs are the most
popular artificial lures.

Recreational anglers catch lingeod while fishing from
commercial passcnger fishing vessels (CPFVs), privately
owned boats (skiffs), piers, and the shore. In the late 19507, 61
percent of the lingcod caught by recreational anglers were taken
aboard CPFVs. However, the CPFV share of the landings
declined to 33 percent in the early 1980°. Skiffs picked up the
difference, increasing their share of lingood landings from 32 60
58 percent. Shore and pier anglers and divers take a relatively
small portion of lingcod landings; there appears to have been
litile change in their share.

Several steps have been taken (0 halt the decline in size of
lingcod available to anglers. A 22-inch size limit was estab-
lished in 1981, and the bag limit was reduced from ten to five
fish one year later. These measures have stowed the decline but
have not stopped it entirely
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The lingood is also a valuable species in the fresh-fish
market trade and is caught primarily north of SantaBarbara. It
is frequently sold wholc when landed in small quantities. A
large lingcod makes an impressive addition to a display of fresh
fish on a bed of ice. Hook-and-line caught lingeod are preferred
for these displavs, and fishermen receive a premium price for
such fish because the fish’s skin is not marred when they are



caught. Large catches of lingcod are usually filleted. Boncless
poriions can be cut from large fillets, and the flesh is slow to
develop strong odors, These qualities contributeto thelingcad’s
commercial vatue. Commergial fishermen received $ 1,020,000
for the lingcod they sold in 1989

Recorded commercial landings in California have ranged
from a low of 400,000 pounds in 1924 10 a high of 3.8 million
pounds in 1974, Larger quantitics are taken off Oregon, Wash-
ington, British Columbia, and Alaska. Most of the landings
preceding World War 11 were caught by hook-and-line fisher-
men Before 1946, commercial landings fluctuated between
1,288,000 pounds in 1930 and 314,000 pounds in 1942,
averaging 758,000 pounds per year.

With the introduction of the balloon trawl during World
War I, trawl gear became the most important source of lingcod
landings. Landings increased 10 2,056,000 pounds in 1948, and
then declined to 800,000 pounds in 1966. Landings began 10
recover in the late 19607, and climbed sharply in the carly
1970's reaching a new high of 3,824,000 pounds in 1974. This
increase in tandings during the 1970’5 had at least (wo causes.
Lingood expericnced exceptional reproductive Success during
the late 1960's, and gill nets became an imporiant means of
catching rockfish and lingcod at Monterey. Since 1970, a large
portion of the commercial lingcod catches south of San Fran-
cisco have been taken in gill nets.

During the 1980's, two-thirds of the commercial lingcod
landings were taken by rawlers. Eighteen percent were taken
with unknown gear and at least 13 percent were taken with gill
nets. On average only 2.7 peroent of the lingcod sold in the
1980’s were caught on hook and line. However, as salmon
populations declined and gillnetting was restricted, many fish-
ermen converted to fishing for rockfish and lingeod with hook
and line. Hook-and-line landings of lingeod increased scven
fold from 1985 to 1989, producing 30 percent of the commercial
lingcod landings in 1989.

Trawling is generally prohibited within three miles af
shore. Most of the adult males and many of the adult femalcs
and juveniles feed in thesc nearshore areas. Gillneiting for
rockfish has recently been prohibiled in state wailrs, further
protecting both juvenile and adult lingcod.

Lingcod, Ophiodon elorgatus.

Status of Biclogical Knowledge

Lingood are found only off the west coast of North
America. They are disttibuted in pearshore waters from porth-
ern Baja California to the Shumagin Islands along the Alaska
Peninsula. Their center of abundance is off British Columbia,
and they bocome less comman toward the southern end of their
range. Lingood are found over 2 wide range of substratcs at
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depths from 1010 1,300 fect, but most occur in rocky areas from
30 to 330 feet

Adult lingcod are strongly residential, iending to remain
near the reefs of rocky area where they live. Large-scalke tagzng

studies in Canadian waters have found that the vast majority of
mature lingood are recaptured within six mikes of where they
were tagged. Individual fish g make long movements, how-
ever, and one fish that was tagged at Cordell Bank was
recaptured nine months later at Coquille Bank, Oregon, over
430 miles away, Juveniles tend 10 disperse and travel over a
wider range than adults.

Lingood growth follows a typical pattern of rapid increases
inlength during the first years of life, followed by progressively
smaller increascs. Although there is large variation in length at
age, the average one-year-old fishis 13 inches, and atwo-year-
old is 17inches. Afieragetwo, femalesbeginio grow fastcr than
males, The average four-year-old female is 24 inches, an eight-
year-old is 32 inches, and a 12-year-old is 35 inches. The
average four-year-old male is 22 inches, an gight-year-oldis29
inches, and a 12-year-oldis 32 inches, In California, the oldcst
lingood on record is a 14-year-old, 37-inch female, while the
longest is 43 inches. The maximum age recorded anywhere is 20
years,anda59-inchBritishC0hm1bia lingcod weighed 70 pounds.

Boih sexes mature over a wide size range. In California,
some females mature a1 20 inches, half are mature at 23 inches,
and all arc mature by 28 inches. Some males mature at 14
inches, half are mature at 16 inches, and all are matre by 22
inches. Size at waturity is larger for lingcod in more portherly
latitudes because these fish grow faster.

Lingood have a unique form of reproduction which in-
cludes spawning migrations 1o nearchore habitats, reproduc-
live territoriality by males, spawning of anegg mass o formthe
nest,andﬂmpresenocofagnardiannm]eatﬂnc nest until the
eggs hatch. In California waters, spawning begins by Novern-
ber and continues until March, with a peak in December and
January, Males move into the spawning grounds first 1o estab-
lish territories, and it appears that larger males sclect the most
suitable nesting sitcs. Preferred nest sites are rocky areas in
shallow water {low tide ling to 100 feet) where there are StoRg
cutrents. A relatively strong current is neccssary 10 oxygenate
the egg mass and prevent death of the embryos. Ofien, egg
masses are located on rocky ledges with an opening directly
behind the eggs to allow walcr to pass over the nest. Laboraiory
studies show that 2 current with a velocity of four tosix inches
per sccond is necessary to providc adequale OXYECR fevels
throughout the egg mass.

Lingcod probably spawn at night. Aftera femalechooses a
male and a nesting site, she swims over the site and deposits a
layer of several eggs. The male then swims over the site and
fertilizes the eggs. This process is repeated until spawning 1is
completed, afler which the female immediately leaves the
spawning grounds. The eggs become firmly cementad to each
other within the gelatinons mass in 24 to 48 hours. A 24-inch
fermale can produce 50,000 cggs, a 32-inch female 124.000
eggs, and a 36-inch female 170,000 eggs. Egg masses of three
10 68 quants have been reported.

Afier spawning, males femain to guard the nests from
predation untif hatching is complete. Males postvon themn-
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sehves within three feet of the nest and drive away potential
predators. On occasion, males have been found guarding two
nests if they were close together. If the male ts removed, a new
male will sometimes assume the guardian rok. Males have very
apgressive behavior during nest guarding and, therefore, are
particularly vulnerable to fishing at this time. An unguarded
cgg mass is invariably eatcn by predators. The eggs generally
hatch about seven weeks afier they are laid, but incubation can
last from five to 11 wecks, Eggs on the outside of the egg mass
hatch first. Hatching may continue for 24 to 48 hours, afler
which the guardian male leaves.

Newly hatched larvae (0.25-0.5 inch) occur in January and
February in Humboldt Bay and San Francisco Bay. In Canadian
walters, the first appearance of these larvae is in early March,
From March until June, lingcod grow about 0.04 inch per day,
transforming into pelagic juveniles. Juvenile lingood may be
caught off central California from April (at two inches in
length) 1 June (at three inches) in pelagic trawls in the upper
100 fee of the surface waters. Afler June, these juveniles
disappear from surface waters and migrate to bottom habitats,
frequently around kelp and cclprass beds. Lingcod appear in
typically aduit habitats at about 12 inches.

Larval lingcod feed prnimarily on vanous life stages of
copepods. During the pelagic juvenle stape, there is a pradual
transition from a diet of small copepods to one of larger
copepods, crab larvae, amphipods, cuphausiids, and herring
larvae. As small benthic juveniles, lingeod feed on herring,
flatfishes, shiner perch, and other fishes, Even voung lingcod
have a very large mouth for their body size, allowing them o
fieed on prey much larger than other fish of their age and size.

For large juvenile and adult lingcod, fish is the dominant
prey, accounting for about 80 percent (by volume) of the
stomach contents. In California watcrs, juvenile rockfishes are
the mogt important prey When the stomachs of nest-guarding
males are examined, they are invanably found to be empty.

Most predation on lingood ocours during the egg stage, and
predation becomes less common with age. The presence of 2
nest- guarding male prevents fish predators, often other green-
lings and surfperches, from consuming the entire egg mass,
when the guardian malc is removed, the entire egg mass is lost.
Invenebrate predators such as predatory snails commonly feed
on egg masses and are not repudsed by guardian males. On rare
occasions, pelagic juvenile Iingeod (1.5 t0 2.6 inches) are found
in the stomachs of chinock salmon from the Gulf of the
Farallones. It can be assumed that other predators of juvenile
fish, such as seabirds, particularly the commen murre, and
matine mammals, prey on juvenile lingood at a simifar rate.
Smail benthic lingood are not usual prey of nearshore predators.,
Because of their large size, farge juvenile and adult lingcod
escape all but the occasional predator.

Status of Population

Fishing successis currently our only long-term indicator of
changes in the abundance of lingood. Commercial and recre-
ational landings exhibit regular fluctuations with a periodicity
of aboul ten years, commeercial landings having peaked seven
times in the past 73 years.
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Recreational fishing success has exhibited regular fluctua-
tons over the past 40 years, with each peak falling within two
years of a peak in commercial landings. Peak landings of
lingood have been preceded by reports of sightings of small
lingeod SCUBA divers occasionally sec large nambersof small
lingood less than one year old. Sightings were reported three to
five years before ¢cach of the last three peaks. The years of
exceptional lingcod abundance are probably the result of espe-
cially good survival of lingcod larvae. Although divers saw
some small lingcod in 1988 and 1990, they were much less
abundant than the 1984 cohort that produced the peak sport and
commercial landings of 1989

The populationis still strong andis still providing landings
of a size similar to those made early in this century. Thereis no
long term trend in commercial landings. There has, however,
been a five-fold increase in recreational landings in the past two
decades and a 20 percent decline in the average weight of
recrcationally-caught lingeod. The decline in average weight is
accompanicd by a considerable reduction in longevity of ling-
cod. This trend must be stopped to ensure the existence of a
spawning biomass large enough to produce an abundance of
larvae when oceanic conditions are conducive to their survival.

Peter B. Adams
National Marine Fisheries Service

James E. Hardwick
California Department of Fish and Game
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KELP GREENLING

History of the Fishery

Kelp greenling (Hexagrammos decagrammus) are fished
primarily for sport, but there is a small commercial fishery
based largely on catch incidental to the lingcod or inshore
rockfish fisheries. Because of their abundance in nearshere
rocky areas, they are frequently caught by people fishing from
shore or small boats and are a common target for spear
fishermenunderwater. Sport fishing surveys madefrom 1958 o



1961 showed that kelp greenling were the most frequent calch
of shore fishermen noith of San Francisco, where in somce areas
they made up more than 30 percent of the total catch. In each of
those years in California, an average of 54,000 kelp greenling
were caught by hook-and-line fishcrmen and another 2,000 by
spear fishermen. In later surveys from 1979 to 1986, the
estimated sport calch averaged 116,000 fish per year, with
109,000 of these taken between Montercy County and the
Oregon border. It should be noted that the two sport fishing
surveys used different sampling designs, and so resuits may not
be comparable. By comparison, the commercial catch reported
from 1987 1o 1989 averaged about 5,000 fish per year. Most of
these were sold in the fresh-fish market. Though fillets from
kelp greenling are not as large as thosc from their more popular
relative the lingcod, texture and taste are comparable.

Kelp greenting, Hexagr

o5 decagr

Status of Biological Knowledge

Kelp greenling range from San Diego 10 the Aleutian
Islands, but are common only north of Morro Bay. Here they are
one of the most conspicuous fishes in rocky nearshore habitats
oficn in and around kelp beds. The male and female look so
different that they were first described as scparate species. The
body color is variabl¢ in both sexes, ranging from light gray to
brown. Males, however, have large irmegular blue patchcs
anteriorly, while females arc uniformly covered with smaller
dark spots.

These solilary fish are common at depths between 10 and
60 feet, and range down to 150 foet. Sport catches indicate that
larger fish live in deeper water. For example, fish caught a1 80
1o 100 feet range from 12 to 18 inches long while those caught
a1 20 to 40 feet tend tobe eight to 13 incheslong. Kelp greenling
grow faster than most nearshore fishes during their first three
years. After the third year, growth slows, especially inmales (as
it does in lingood), so that by the fifth or sixth year males are
smallerthanfemales, The maximum reportedage and size is 16
years and 21 inches. At age 3, males average 10.6 inches and
females 9.1 inches. By age 5, the males average 12.6 inches
while femalies are 14.7 inches. Ten year olds average 15.5and
16.4 inches, respectively. These studies were done in Puget
Sound, Washington.

The reproductive behavior of greenling is similar tothat of
the lingcod, Females are mature by their fourth year and spawn
adhesive egg masses on the seabed and encrusting biota within
the terrilories of courting males. In Puget Sound, fcmales
deposit cgg masses that range from golf-ball to tennis-ball size,
with an average of about 4,000 eggs pey cluster. Males fertilize
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the eggs and guard them unti} larvae about one third of an inch
long emerge four 1o five weeks later. Often, males guard more
than one egg mass at a tme, each possibly produced by a
different female. Hatching occurs from December through
Februaty in northern California and geis progressively earlier
to the nerth, November through January inPugetSoumdgnd

faadmsnmuoopepodsandmﬂabmnomymrinﬂtpelagic
environment before entering the nearshore benthic COLMAINIty.

After they scttle in the ncarshore envifonmenL, kelp grecn-
ting have flexible food habits. During most of the year, they
consuime a variety of prey that is consistently available in the
habitat, incinding crabs, amphipods, polychactes and ascidiarns.
Mmbﬂdpeﬁodsu&wnowﬂmmhas}nuﬁlcﬁﬂmm
Mﬁngspawnbummem:ﬂ.iomllyahmdam, and kelp green-
ljngshiﬁmeirfoodhabitsmlzkeadvamageo[&eseoppummﬁes

The primary predators of adult greenling are lingeod, and
the harbor scal. As juveniles they probably are prey of many
ncarshore predators.

Status of Population

There are no estimates of abundance for kelp grecnling in
California. The yearly sport catch remained relatively constant
during the cight vears (1979-1986) it was surveyed. Since
decline in catch is one symptom of overfishing, there is no
indication that current levels of fishing are having adverse
effects on the population, Spear fishermen may overfish lacal
populations, however, because they can select individual tar-
gets, and greenling arc particularly vulnerable to spears when
guarding their nests. Other data that could reveal changes i the
population structure are not available.

Dran Howard
National Marnine Fisheries Service
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WHITE SEABASS

History of the Fishery

White scabass (A#ractoscion nobifis) have been favored by
California anplers and consumers for at least 2 century Coastal
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Indian middens have yielded many seabass ear bones {otoliths)
supgesting that this fish was highly regarded for food and
possibly used for ceremonial purposes.

Commercial landings of white seabass have fluctuated
widely over the nearly 75 years of record keeping, Almost throe
million pounds were reported in 1922, 599,000 in 1937, 3.5
million in 1959, and 70,000 in 1982. Since 1959 the trend has
been one <f decline, although landings have been over 100,600
pounds for the Last esght years (1984-1991). Although there wasa
commercial fishery in the San Francisco area from the late 1800’s
10 the mid-1920's, landings of fish caught north of Point Concep-
Gon ranely exceeded 20 percent of the total California catch.

Today, catches of while seabass are concentrated along the
coast from Point Conception to San Diega and around the
Channe! Islands. Before 1982, California commercial fisher-
men landed thousands of pounds of white scabass taken in
Mexico. Ofien these landings comprised more than 80 percent
of Ihe annual caich. Since then, the Mexican government has
denied access permits 1o U.S. fishermen and the fishery is
concentrated in California
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California commercial landings of white seabass, 1916-1969.
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California commercial landings of white seabass, 1970-1991.

Dunng the early years of the fishery, commercial catches
were made by gill nets, hook and line, and round-haul nets such
as lamparas and pursc scincs. Purse seining was curtailed in the
kale 1920's because decreasing catches made it uneconomical.
Since all round haul nets were prolubited in the early 1540’s,
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gill nets have been the major commeicial fishing gear. Tech-
nological changes in gill nets have occurred, but basically the
nets of today are constructed and fished as in the past. Some
commercial hook-and-line fishing takes place during the carly
spring, when large seabass arc available.

Although the legal size limit for white seabass is 28 inches
(about seven pounds), (he average commercially caught fish is
nearly 40 inches (about 20 pounds). Because of consumer
demand, seabass has always commanded relatively high prices.
In 1991, commercial fishermen were paid about $2.25 per
pound for whole fish. At the retail level the fish are sold fresh,
primarily as fillets and steaks.

Recreational fishing for white seabass began around the
fum of the century, Because of their size and elustve nature,
seabass are popular with anglers. Historical records show that
anglers on commercial passenger fishing vessels (CFFVs)
tanded an average of 44,600 fish annuatly during the period
1947-59. The caich steadily declined to an average of 11,000
fish in the 1960’s, 4,300 fish in the 1970°s, and 1,400 fishin the
1980’s. These figures are somewhat misleading, as addigonal
seabass are caught by anglers aboard private boats, for which
accurate catches are difficult to estimatc.
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California commercial passenger-carrying fishing vessel landings
of whitc scabass, 1947-1969.
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California commercial passenger-carrying fishing vessel landings
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Today, anglers catch mostly small white scabass, and they
have difficulty locating and catching large ones. While the 28-
inch size limit also applies to recreational anglers, most of the
catch (kept and relcased) is between 20 and 24 inches. In a
survey of private boaters at launch ramp facilitics during 1978-
1982, biologists found that only 6 to 16 percent of the white
seabass kept were of legal size. In a similar survey aboard
CPFVs during 1985-1987, biologists reported that 16 to 25
percent of the seabass caught were legal. However, during short
periods inspring, large scabass are caught. Thesc fishcan range
in size from 35 10 55 inches (15 to 45 pounds).

White seabass are more often caught with live bait than
with dead bait or lures, but ali are cflective when the fish are
actively feeding Scabass can somctimes be brought to the
surface by heavy chumming with live bail. Anglers fishing
around Santa Catalina Island have reported consistendy good
calches using blacksmith and silversides as bait. However,
when available, live squid and Pacific sardines are popular
baits. Spearfishing for large seabass by free-divers (without
SCUBA) ts successful in kelp beds.

Regulations covering white seabass have been in effect
since 1931 and have included a minimum size limit, closed
seasons, bag limits, and fishing gear restrictions. Such regula-
tions are in effect today, with shght variations.

White seabass, Atractoscion nobilis.

Status of Biological Knowledge

White seabass is the largest member of the croaker family
(Sciaenidae) in California. Fish weighing nearly 90 pounds
with lengths of five feet have been recorded, but individuals
larger than 60 pounds are seldomn seen. White seabass range
from Magdclena Bay, Baja California, Mexico to the San
Francisco area. They arc also found in the northern Guif of
California. During the strong El Nifie of 1937-1959, scabass
were reporicd as far north as Juneau, Alaska and British
Columbia, Canada,

The center of the white scabass population presently
appears to be off cenral Baja California. Recent genctic re-
scarch of seabass populations shows a definite mingling of fish
from Californiz and Mexico. However, there may be local
subpopulations of fish that do not mix regularly. While the
question of population continuity remains unresolved, there is
evidence that each summer the fish move northward with
warming ocean temperatures (as demonstrated by catches).
Biologists believe the movement is probably spawning-related.

Spawning occurs front April to August, with a peak in the
late spring to early summer. Fecundity (e8g productivity) for
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this species has not been determined, but a maturity study in the
late 1920's reported that femalcs begin mataring when fous
years old (nearly 24 inches), and some males were sexually
mature at three years (20 inches). All white seghass have
probably spawned at least once by age six (nearly 32 inches).

'Ihccggs,w}ﬂchamﬂ\elargwtofanycmakeronmewcsl
coast, are plankionic. The larvae, which are hardy and darkly
oolored, have been collected from Santa Rosa Island, California
to Magdclena Bay. Most are found in the inshore areas of
Schastian Visczino and San Juanico Bays, Baja California, indi-
cating that rajor spawning occurs off central Baja California.

Young-of-the-year white seabass, anging in length from
0.25 inchto 2.25 inches, inhabit the open coast in waters 12-30
feet deep. They associate with bits and piecesof drifting algae in
arcas of sandy ocean boftom. By the time they are two or three
years old, they move into protected bays where they wtilize
eelgrass communities for cover and forage. Older juvenilcs are
caught off piers and jetties and around beds of giant keip. Adult
scabass occupy a wide range of habitats including kelp beds,
reefs, offshore banks, and the open ocean Aduft white scabass
eal Pacific mackerel, Pacific sardines, squid, pelagic red crabs,
and Pacific herring.

Laboratory spawning of white seabass was first induced in
1982. Shortly thereafter, a pilot program was begun 1o test the
feasibility of raising scabass for population enhancement. By
1991, more than 100,000 juvenile white seabass had been
released off San Diego. Additionally, valuabic life history
information has been gathcred during this program. More work
is necessary to determine if artificial propagation is successful
in enhancing the seabass population.

Status of Population

The range of the white scabass population has contracted
since the early part of this century, and few are found north of
Point Conception. Fow data are available conceming the status
of seabass in Mexico, and it is difficul{ to detereine whelher
the decline in California waters indicates problems for the
entire population.

Population estimates have not boen made. Fishery biolo-
gists have been concerned about the decling in landings since
the late 1920’s. Today, this concem still exists within the
scientific community, commercial fishing industry. and with
the angling public Human-induced changes, such as potlution,
overfishing, and habitat destruction have probably contributed
tothis long-term population decline. However, naturalenviron-
mental changes can also influence the population. The large
numbers of small scabass caught in recent years suggests that
the 1982-1983 El Nifio heiped to increase young fish survival
1t is unknown whether this wilk subsequently enhance the adult
spawning population,

Marija Vojkovich
California Department of Fish and Game
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CALIFORNIA CORBINA

History of the Fishery

The California corbina (Menficirrhus undulatus) is te-
served as a recreational Tesource. It has been illegal to take
corbina with nets since 1909 and illegal 1o sell or buy them since
1915, This wary species is a real challenge to anglers. Some-
times corbina can be seen in small scattered schools, smimaming
slowly along the bottom secking sand cvabs. While feeding in
this manner, they seldom take bait. The corbina is considered
one of the most difficuit fish to catch in southern California,
although on occasion it throws caution 10 the wind and takes
fishermen’s bait without hesitation. Iis temperamental behav-
ior and fine fighting qualities make corbina a popufar sarf fish,
acoounting for about 15 perocnt of the surf fisherman’s bag in
southern California. Corbina can be taken throughout the year,
but summer and early fall provide the best fishing.

A 1963-1966 survey estimated that 38,000 corbina were
taken by southemn California anglers, making it the third ranked
species in the surf fisherman’'s creel. Marine Recreational
Fishery Statistics Survey cstimates for 1979 through 1989
ranged between 30,000 and 96,000 fish caught; the eleven year
average was 55,700,

California corbina, Menticirrhus kndulatus.

Status of Biological Knowledge

Cotbina, which grow to at least 28 inches, are found along
sandy beaches and shallow bays to depths of 43 feet, from Point
Conception, California, south to the Guif of California. A
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verified specimen weighing seven pounds, four ounces was
caught in 1955 at San Onofre. Males mature at an age of two
vears (10 inches) and females at age three (12 inches). A 20-
inch corbina was eight years old.

The spawning season is from Junc through September and
is heaviestin July and August. Spawning apparently takes place
offshore, since running-ripe fish are not often found in the surf
zone. Eggs arc pelagic. Young about one inch long have been
chserved outside the suef in four to eighi feet of water.

The diet of juveniles is small crustaceans. As they grow,
they gradually progress to clam siphons, and then primarily
sand crabs by the time they reach a lengthof about eight inches.
Adults may be seen feeding in the surf, at times inwaler so shallow
their backs are exposad. They scoop up mouthfuls of sand and
separate out the food by pumping sand through the gill openings.

Tagging studies indicate that movement is limited, and
that corbina have no discernible migratory pattems. The great-
est distance traveled was 51 miles.

Status of Population

Population size, recruitment, and mortality are unknown,
however, given the fairly stable catch estimates, the population
appears to be sustaining itsclf under the present lovet of
Tccreational harvest.

Malcolm $. Oliphant
California Department of Fish and Game
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SPOTFIN AND YELLOWFIN CROAKERS

History of the Fishery

Spotfin croaker (Rorcador stearnsi) and yellowfincroaker
(Umbring roncador) arc reserved for sport fishing only. In
1909, it became illegal to take them: with nets and, in 1915,
illegal 10 sell them. The two species together make up about 10
percent of the southern California surf fishermen’s caich. A
1963 survey estimated that anglers fishing from piers, jttics,
and the shoretine caught 29,000 spotfin and 17,000 yeliowfin
croakers between Peint Conception and the U.S.-Mexico bor-
der. Some can be caught year-round. but fate summeris the best
time for spotfin croaker fishing. Good fishing depends on runs,
and when "croaker holes” are found, all present can enjoy the
bonanza, whether in a bay, on a pier, or in the surf.
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California commercial passenger-carrying fishing vessel landings
of yellowfin croaker, 1947-1969.
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Califormia commercial passengercarrying fishing vessel landings
of yellowfin croaker, 1970-1950.

Most of the spotfin croaker catch consists of smali- to
medium-size fish. There is an offshore reserve of larger fish that
rarely is exploited. In a study by the California Department of
Fish and Game, several hundred of these offshore fish were
tagged, but only about one percent of them were subsequently
caught by surf fishermen. The small- and medium-size fish
tagged onshore had a rcturn of over six pereent. The tagging
program also showed that spotfin croaker move around consid-
crably withouta discemible pattcrn. Fishtagged in Los Angeles
Harbor were later taken off Oceanside. Surf fishermen use
conventional and spinning gear. Preferred baits are marine
worms, clams, and mussels. Their fighting spirit and delicate
taste make spotfin croaker a prized catch.

Yellowfin croaker are caught by the commercial passenger
fishing vesse1 (CPFV) flcet, as well as from piers, jetties, private
vessels, and the shoreline. Annual CPFV catches of vellowfin
croaker have varicd widely, ranging from just under 100 fish to
a high of just over 8,000 in 1947.

Siatus of Biological Knowledge

Spotfin croakers range from Point Conception to San
Juanico Bay in southcrn Baja Califormia, while vellowfin
croakers occur from San Francisco southward into the Gulf of
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California. In California, these twa species are most common
south of Los Angeles Harbor. They live along beaches, in bays,
and in shallow sloughs over bottoms varying from course sand
to heavy mud at depths from four fect to 50 feet.

Spotfin croaker, Roacador stearnsi.

Spotfin croakers prefer depressions and holes near shore.
Many "croaker holes* are well known to surf anglers. Spotfin
croaker aggregate in small groupsor schools of 50 orfewer fish,
however, schools containing several hundred fish are occasion-
ally encountered.

Spotfin croakers may reach a weight of 10 or more pours.
A fish weighing 10.5 pounds was eight or nine years old. while
onc large male 26.5 inches long was at least 15 years of age.
Large males area golden color and commonly are called golden
croaker. Males first spawn at two years of age, when they are
about nine inches long. Most females spawn at three years and
average about 12.5 inches. All are mature at four years, when
they measure about 14.5 inches. Spawning occurs from June 1o
Septernber, probably offshore, since no nipe fish have been
captured in the surf zone. One-inch juveniles appear inthe surf
zone in the fall.

Yellowfin croakers are smaller, a medium size fish being
about 16 inches long. A 10-inch fish is four ycars ofd. while a
15-inch fish is about age 10. A few fish have been caught which
weighed over five pounds, but most are three pouss or less.
Indications are that spawning occurs during summer months.

Status of Population

Population size, recruitment, and extent of fishung pres-
sure on thesea species arc unk nown. Californiaison the northem
fringe of the populations, and the stock size has not been
determined for either species. From 1947 to 1958, there was a
downward trend in CPFV landings of yellowfin croaker. Since
1958, catches have been highly variable, with the £,300 fish
reported in 1989 being the highest since 1947 Modifications of
the inshore emvironment, including developmenL land fills, and
dredging have had anadverse cffectonthe habitats ofhothspecies.

Malcolm 5. Oliphant
California Depantment of Fish and Ganwke
References

Carlisle, J.G., Jr. 196). Spatfin creaker Pages 28-2% in Califomia
ocean fisheries resources fo the vear 1960 Calif. Dept Fish and
Game. 79 p.

FiSH RESOURCES



Joseph, D.C. 1962. Growth cheracteristics of two southern California
’ & hes, the California coebina and spotfin croaker, family
Scinenidae. Calif. Dept Fish and Game, Fish Bull. 119. 54 p.
Skogeberg, T. 1939. The fishes of the family Sciaenide (croakers) of
California. Calif. Div. Fish and Game, Fish Bull. 54.62 p.
Starks, EC. 1919. The Gshes of the croaker family {Sciaenidae) of
California. Calif. Fish and Game. 5:13-20.

WHITE CROAKER

History of the Fishery

Although not a highly-prized species, the white croaker
(Genyonemus Jineatus) is an important constitucnt of commer-
cial and sport fisheries in California. Before 1980, the com-
mercial catchof white croakers was primarily by roundhaul net
{mainly lampara}, although some were taken by trawl, gill net,
and hook ani line. Since 1980, most white croakers have been
1aken by gill net, and some are still taken by the other gears.
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Californiz commercial landings of white croaker, 1970-1991.

Pre-1980 white croaker landings averaged 638,000
pounds annually and exceeded one million pounds in several
years. Peak landings in 1952 (88 percent in southern Califor-
rua).werc probably in responsc to the total collapse of the
srdine fishery that year. Simce 1980, total landings have
averaged 1.1 million pounds and were above onc million
poundsinallbut four years, Before 1980, 73 percent of the catch
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was in southern California. Since 1980, 58 percent of the catch
has been in central California. The changes in fishing method-
ology andarea of greatest landings since 1980 are due primarily
1o the entrance of southeast Asian refugees (mainly Vietnam-
ese) into this fishery. Many of these refugees who settled in
California’s coastal areas were gilinet fishermen in their home~
lands and sought to earn their living here by that method of
fishing. The underutilized white croaker resource (especially in
central California) and moderate start-up costs required for
gillnetting (small to medium-size boats and moderale gear
costs) offered many of them an opportunity (o enter the com-
mercial fishing business.

Most of the commercial catch is sold in the fresh fish
market, although a small amount is used for live bait. In the
past, the species was sold under the name “kingfish,” and a
number of markets stili usc that name. Also, small quantities of
another croaker, the queenfish (Seriphus politus), are included in
the commercial landing records, mostly for southern California
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California commercial pussenger-carrying fishing vessel landings
of white croaker, 1970-1990.

Federal recrealional fisheries statistics estimate that about
two to three million white croakers were taken each year in
California’s sport fishery from 1980 through 1986. At an
average weight of about 0.4 pounds per fish, the average annual



weightof the estimated whitc croaker sport catch was about one
million pounds, nearly equaling the commercial catch,

Over 80 percent of the sport catch is in southern California.
Anglers fishing from piers, breakwaters, and private boats
account for about 90 percent of the catch. Anglers aboard
commercial passenger fishing vesscls often consider white
croakers a nuisance.

White croaker, Gemyonemus lineaus.

Status of Biological Knowledge

The white croaker is an abundant, nearshore species in
California, usualty found near the bottom over sardy substrates.
They range from Vancouver Island, British Columbia 1o
Magdalena Bay, Baja California, but are not abundant north of
Paint Reyes, California. They usually swim in loase schools,
and are found from the surf zone to depths as great as 600 feet
and in shallow bays, sloughs, and lagoons. Most of the time,
they occupy offshore areas at depths of 10 10 100 fect, but
sometimes are fairly abundant 1o a depth of 300 feet.

White croakers up to four pounds have been reported, but
those weighing over two pounds are extremely rare. Theyliveto
about 12 yearsand reach alength ofupto 16.25 inches. Femalcs
grow slightly faster than males. By one year (about 5.5 inchcs
for males, 6 inches for females), over 50 percent of both s¢xes
are sexually mature. By threcor four years of age and 7.5 inches
in length, all white croakers are mature.

In southern Caiifornia, white croakers spawn mainly from
November through April, with peak months being January
through March. In central California, they spawn all year and
may have winter and summer spawning peaks (ovary weights
were found tobe highest in January and September and lowest
in May). Females may spawn about onoe every five days and
about 1810 24 times cach season, depending upon their sizeand
age. Baiches of eggs ranged from an estimated 800 cggsina 6-
inch female to 37,200 in a 10-inch female. The fertilized eggs
are pelagic and occur where ocean depth ranges from about 25
to 120 feet. The larvae initially are peiagic and most abundant
where ocean depth ranges from about 501075 fect. Asthe larvae
grow, they descend toward the bottom and migrate towards
share. Juveniks occur near the bottom where ocean depth is about
10 10 20 feet. As they mature, they migrate to decper waler.

Thediet of white croakers includes avariety ofsmall fishes,
shRmps, crabs, squid, octopi, clams, wormis, and other items,
living ordcad. They arc preyed upon by seals, sca lions, hatibut,
giant s¢a bass, bluefin tuna, and other fishes.
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White croakers which live near marinc waste discharges
may concentrate toxic materials in their bodies at Jevels that arc
considered hazardous for human consumption. These materi-
als build up in the food chain and accumulate at high levels in

ors such as (he white croaker. Included arc pestcides
(DDT, DDE, etc.), polychlorinated biphenyls (PCR's), metals
(zinc, selenium, meTcury, eic.), and petroleum products. Some
white croakers in these areas are diseased and malformed and
Current health guidelines

southern California waters in Santa Monica Bay, off the Palos
Vhﬂesmﬁ:mﬂa,and&nlmhngek‘s-mgﬁwdl}larboram

Status of Population

The size of the white croaker population is not known
However, increasing calches with greater fishing cffort, the
species’ fecundity, and age and size at sexual maturity relative
10 harvest sizes indicate that the overall population is healthy
and is sustaining itself under current fishing pressure.

Paul W. Wild
California Department of Fish and Game
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SURFPERCHES

General

The surfperches, family Embiotocidae, are a srrall abun-
dant assemblage of 23 species found predominantly intemper-
ate easternt North Pacific waters. Nineteen of the 20 SpCCics
found in California ocour in inshore coastal waters. Tulepesch
(Hysterocarpus traski) 0cCupics freshwaler and estuarine habi-
tats. Collectively, the nineteen marine species are found in a
variety of habitats, including beaches, rocky substrate, inter-
tidal and subtidal kelp beds. A few species irhabit several of the
habitat types. Included in this group are the isiand scaperch
(Cymatogaster gracilis), pile perch (Rhacochilus vacea), rib-
berlip seaperch (Rhacochilus toxotes), shiner perch {Cvmmaro-
gaster aggregata), wallcye su tiperch (Hyperprosopon
argenteurn), and the white seaperch (Phanerodon furcataus).
The majority of surfperciks occupy only one type of habitat.
Species most commonly found along beaches include the
barted surfperch (4mphistichus argenteus), calico surfperch
(Amphistichus koelzi), rediail surfperch (dmphistichus
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rhodoterus), sitver surfperch (Ffyperprosopon ellipticuns), and
the spotfin sufperch (Hyperprosopon anale), Black perch
(Embiotoca jocksoni), dwarf perch (Micrometrus minimus),
kelp peech (Brachyistius frenatus), rainbow perch (fypsurus
caryi), reef perch (Micromefrus aurora), sharpnose seaperch
(Phanerodon atripes), and siriped seaperch (Embiotoca
lateralis) tend to be associated with rocky substrate and kelp
beds. The pink seaperch (Zalembius rosaceus) inhabits decp
water and is seldom taken in the sport catch.

The surfperch fishery in California includes both sport and
commercial components. The sport fishery is enjoyed by an-
glers of all ages who fish for surfperch from piers, jetties, sandy
beaches, and boats. The recreational cateh of surfperch for 1986
totaled 2,538,000 fish, with the majority being caught in
northern California.

Surfperch are easy to catch, which makes them highly
sought. They can be caught using light gear and a variety of
baits sach as clams, tube worms, or sand crabs. A spinning or
casting outfit nsing 10 to 15 pound test menofilament line, and
a standard two-hook surf leader with size six hooks, is ideal for
shore based surfperch fishing.
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Califomia commercial landings of surfperches, 1970-1901.

Annual commercial landings of surfperches have also
been highly variable. While the market for fresh *perch” fillcts
is relatively small, the total catch for the fishery was 129,749
pounds in 1989. The California Depantment of Fish and Game
did distinguish between species in their statistics until 1987,
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simply listing the category as surfperch. Currently, there is a
large commercial fishery for various surfperches in the south-
emn part of the state and a moderate fishery focusing on redtail
surfperch in northern California.

Surfperches can be identified by their elliptical, com-
pressed body forrn and forked tail. Most are marked withbars ar
stripes. They have a continuous dorsal fin with 9-11 spines and 19-
28 soft rays. The anal fin has three spines with 15-35 soft rays.

The dict of surfperches consists of isopods (e g., rock lice)
of all sizes, and gastropod mollusks {e.g., snails); various
amphipods (e.g., skeleton shrimp), polychaete worms, brittle
stars, and small crabs, also arc included. Surfperches are
usually bottom grazers, but apparently will feed mid-water
when competitors are absent.

Surfperch reproduction is viviparous, their young being
highly developed and free swimming at birth. Newborn males
of a few species are reproductively mature.

Much information is lacking on this group. Although the
taxonomy has been recently refined, life history and habitat
requirements are areas in need of more research.

BARRED SURFPERCH

History of the Fishery

The commercial fishery for barred surfperch is minar
compared to the sport fishery. Its popularity as a sport fish stems
from abundant numbers and accessibility. In 1986, the southern
California sport fishery for barred surfperch reached over
530,000 fish, with 99 percent being caught from beaches and
Jetties. Similarly, 99 percent of northern California’s catch also
came from shore, but only 178,000 fish were landed. The best
months for fishing are December, January, and Febmary with
the majority of large individuals being gravid females. Sand
crabs are the best bait for barrcd surfperch, especially female
sand crabs carrying orange colored eggs. Small jigs and spin-
ners also work well. Although barred surfperch are excellent
sport fish for the light 1ackie angler, they arc somefimes
considered a pest (o anglers pursuing other fish such as Califor-
nia halibut or cotbina,

Status of Biological Knowledge

Barred surfperch have eight to 10 rust-colored, irrcgular
bars on their sides with spots in between. The background color
is usually silver or white, and the back can take o a bluc or
grayish coloration. Similar species are the calico surfperch and
the redtail surfperch, but the barred surfperch can be distin-
guished froma the redtail and calico because it lacks red color-
ation in its fins,

Barred surfperch are found in small schools along sandy
beaches and near jetties, piers, and other sources of food and
cover. They range from Bodega Bay in northern California 1o
north central Baja California. While the majority arc found in
the surf zone, some have becn caught in water as deep as 240
feet. The largest individual ever taken was a female that
weighed 4.5 pounds and was 17 inches in length. Most fish are
in the one- to two-pound range and arc highly prized by anglers.



Barred surfperch, Amphistichus argenieus.

Barred surfperch mate during the fall and winter months,
and young are reteased during spring and summer. Males and
females both darken considerably during courtship, and males
make "figure-cights” around femates before mating. A female
can produce from four to 113 young, depending on her size.
Females undergo a five month gestation period, and juveniles
areborn at about 1.75 inches in length. Juveniles are miniature
replicas of the parents and are independent at birth. The young
nsually live relatively close to where they were born.

Status of Population

The spot fishety in southern California has yielded up to
600,000 pounds of barred surfperch (1981), while northern
California may produce upwards of 250,000 pounds annuatly,
but no estimates have been made of the size or current status of
the barred surfperch population.

CALICO SURFPERCH

History of the Fishery

The calico surfperch is of moderate sport value along the
California coast. Due to its striking similarity and frequent
misidentification with the redtail surfperch, calico surfperch,
until recently, have been considered of minor importance in the
sport catch. The calico fishery has historicalty inchided fishing
from piers, sandy shores, and skaffs.

Status of Biclogical Knowiedge

The calico surfperch can be identificd by its sitvery surface,
which is covered by olive-green mottling and broken bars down
each side. The calico reaches a length of 12 inches and rarety
weighs mote than ane pound

The range of the calico surfperch is from north central
Washingtonto northern Baja California. Theprimary habitatof
the calico is sandy beaches, although they can occasionally be
found aver rocky substrate. The vertical distribution of the
calico includes depths from the surface down to 30 foct.
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Calico susfperch, Amphistichus koelsi.

Status of Population
At this time, little information is available on the poputa-
tion status of the calico surfperch.

PILE PERCH

History of the Fishery

Pile perch sustain alimited commercial fishery inDel Mar,
California, and Papalote Bay, Baja California, but do not contrib-
ute substantiaily to annual comumercial landings in the state.

'[‘heyareofimemasasporlﬁshuuouglmn the state, but
are of more importance in the southem part of the state. Marry
are caught from picrs, jetties, beaches, or skiffs. Pile perch may
be caught year-round on any number of popular baits, including
clams, sand shrimps, and worms.

Status of Biological Knowledge

Pile perch can be identified by the sitvery sides with a dark
vertical bar about midbody, and a unique dorsal fin withthe first
few soft dorsal rays longer than any of the others, giving the fin
a peaked appcarance. They arc equipped with strong, well
developed tocth, enabling them to feed on hard shelled mol-
lusks, crabs, and other crustaceans. Their speciatized dentation
differs encugh from rubberlip surfperch (o convinee Somc
ichthyologists to place them in their own genus (Damalichtins).

Pile perch are found between southcastern Alaska and
northern Baja California, inclading Guadalupe Istand. They
usually live along rocky shores, from the surface down to 150
foet, and may grow 10 around 17.5 inches in length.

Fecundity increases with age and size of the females.
Average fecundity at first reproduction is 117 young and
sometimes exceeds 60 in older females. Adult longevity of pile
surfperch is seven o 10 years.

Status of Population

Because accurate landings data for pile perch ar laciing,
little can be concluded about the current population status in
Californua.
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REDTAIL SURFPERCH

History of the Fishery

Redtail surfperch sustain a sport fishery from central
California to Vancouver Island, British Columbia. They sup-
port a commercial fishery only in northern California, espe-
cially in the inshore waters of the Eurcka arca. These fish are
taken primarily from sandy beaches or the mouths of nivers and
streams entering the sea, but also canbe caught from jettics and
piers inside harbors and bays. Humboldt Bay in northern
California is the primary location of the winter redtail commer-
cial fishery. Fishing is mostly from open beaches using seine, or
hook and line. The best catchesarein March and Aprilwhen the
fish are concentraled for spawning. Commercial fishing is
closed from May | to July 15. The annual commercial harvest
averages about 25,000 pounds, with ahigh catchin 19835 inexcess
of 35,000 pounds and a low catch of 21,200 pounds in 1988,

A

Redusil surfperch, Amphistichus rhodoterus.

Sport fishing for redtails occurs in the same areas where
they are commercially laken. They are taken year round by hook
and line, but are usually targeted during the spawning season.
No recent information is available on sport catch.

Status of Biological Knowledge

Redtail surfperch are distinguished by the mine or ten
vertical, orange-to-brassy bars alternating at the lateral line and
the light red pelvic, anal, and caudal fins. The body is moder-
atcly deep and lateraliy compressed, with a light green back and
silver sides and belly. Adult redtail average 1010 12 inches and
weigh about 1.8 pounds, The largest recorded individual was
16.5 inches long and weighed 3.7 pounds. Females produce
eight to 45 young about one vear after fertilization, sometime
between May and August.

Redtail surfperch are found from Vancouver Isiand,
Canada, 1 Monterey Bay, California, but the fishery is centered
north of the San Francisco Bay area.

Status of Population

There are no estimates of the size of the redtail surfperch
stocks in California coastal waters, Based on the consistent
commercial harvest it appears probabic that the population is
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being adequately maintained. The Eureka area, where about 95
percent of the commercial rediail fishery occurs, has consis-
tently produced between 20,000 and 30,000 pounds annually.

RUBBERLIP SEAPERCH

History of the Fishery

The rubbertlip seaperch is one of the many imporiant
surfperch sport fish along the California coast_Itis caught along
Jetties and piers, and also taken by skiff anglers ncarshore orin
kelp beds. There is no current information on sport and com-
mercial landings of rubberlip seaperch,

Status of Biological Knowledge

The large, thick lips of the rubberlip distinguish it from
other surfperches. Its coloration varies from olive- to brassy-
brown on the sides, with oneor two dusky bars on adult fish. The
pectoral fins arc yellow to orange, and the pelvic finsare usually
black. The maximum length of rubberlip scaperch is 18.5
inches, making the rubberlip the largest of the surfperches.

Rubberlip surfperch are found frotn Russian Guich State
Beach (Mendocino County). California, to centrat Baja Califor-
nia, including Guadalupe Island. These fish range from inshore
waters to depths of 150 feet.

Although no data have been collected on age at sexual
maturity, gravid rubberlip surfperch have been caught from
April to June. Time of birth is estimated to be midsummer.

Status of Population

No recent estimates have been made of the rubberlip perch
population its size is unknown at this time,

STRIPED SEAPERCH

History of the Fishery

Striped scaperch is one of the eight to ten species that make
up the small commercial “perch™ fishery . However, it is a
minor component when compared to such species as the barred
surfperch. Conversely, striped seaperch do comprisc a substan-
tial portion of the state’s sport fishery. These perch are casily
taken from piers, jettics, beaches, and skiffs, and are favorites of
anglers due (o their beautiful coloration.

Status of Biological Knowmedge

Striped seaperch can be casily identified by the red, blue,
and yellow lines which run laterally along the length of the
body. Maximum length is 15 inches. These fish are sexually
mature in their third year of life and produce about 18 young per
female. At age seven, the average number of young produced
per female is 32. The maximum life expectancy for this fish is
approximately 10 years,

Striped seaperch are found from southeastern Alaska to
northern Baja California.



Status of Population

Population cstimatcs of striped seaperch have not been
made, but recent landing figures indicate that this species is able
to sustain an estimated annual sport catch of 123,000 pounds.

WALLEYE SURFPERCH

History of the Fishery

The walleye surfperch is an important commercial specics.
Although generally small in size, it is found in densc schools
that measure up 1o eight feet across and contain scveral thou-
sand individuals. Such large schools make an easy target for
scines and gillncts. Sport anglers also enjoy fishing for wall-
eyes. In 1986, anglers caught 171,000 individuals, well over %0
percent being caught from shore, jettics, and piers. Walleyes
can be taken onsand crabs and other invertebrates, as well ason
senall spinners and jigs. They are excellent eating,

Walleye surfperch, Hyperprosopon argenteum.

Status of Biological Knowledge

Walleye surfperchare silver (0 bluish above, with very faint
pink bars that fade quickly after death. Most notable are the
lasge eyes and black tipped pelvic fins. Similar species are the
spotfin surfperch and the silver surfperch. However, the spoifin
has black spols on its dorsal and anal fins, while the silver lacks
any black coloration.

Walleye surfperch are found in large schools along sandy
beaches, jetties, kelp beds and other habitats with rich inverte-
brate life. They range from Vancouver Island, British Colum-
bia, to central Baja California, including Guadalupe Island.
They reach a length of 12 inches and arc found to depth of 60 foet.

Walleye surfperch mate from Novernber to December and,
after a five month gestation period, give binth in mid-April.
Males engage in an aggressive “swooping” courtship before
mating. Females, depending on size, wilt have five to 12 young
which are about 1.5 inches at birth. The young are miniature
replicas of the parent and mature the fall or winter following
theirbirth.

Status of Population
The recent combined sport and commercial harvest has
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exceeded 500,000 pounds. However, the total stock size is
unknown at this time.

SURFPERCH : DISCUSSION

Surfperches are important both commercially and as sport
fish. Most of the California coasial speciesare 12ken in the spon
catch. Theredtail, pile, and barred surfperches are the most notable
inthe commercial catch and maybe important to local economies.

Fishing for surfperch in S8an Francisco Bay.

Surfperch habitats have been, and wit] continue tobe, areas
ofconflict. As humans develop the shoreline, areas inhabited by
surfperches may become polluled or destroyed. Althoagh surf-
perches may adapt to structures such as jetties and picrs, it
should not be assumed that they can continue to adapt 1o aji 1he
changes that are forced upon them.

Ronald A. Frizsche, Glenn Harkiercad. Phi} D. Lam,
Scott Kennedy, Tom Cady, David Slama, and Mike Farmer
Humboldt State University
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CALIFORNIA SHEEPHEAD

History of the Fishery

Although the cormnmercial catch of California sheephead
{Semicossyphus pulcher) dates back to the late 1800's, a
renewed interest in this fishery has developed only recently. It is
exploited today by sport divers, anglers, and a small but
growing commercial industry.
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California commercial landings of sheephead, 1970-1991.

Inthe Iate 1800's, Chinesc fishenmen took large quantities
of sheephead for drying and salting. However, except for brief
periods, sheephead was not a targeted species until the 1980°s,
In the recently developed fishery, the fish are trapped and taken
alive to supply Asian scafood restavrants. Because small fish,
usially females, are easier to keep alive in small aquaria,
prereproductive individuals are often taken.

The largest commercial catches of California sheephead
were from 1927-1931, peaking in 1928 at more than 370,000
pounds. During and shortly after World War 11 (1943-1947) the
sheephcad catch increased from about 50,000 pounds to
267,000 pounds, probably because of their easy availability
close to port. Since the 1940, but prior to modern interest in

Californin commenrcis! passenger-carrying fishing vessel landings
of sheephead, 1947-1969.
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California commercial passenger-carrying fishing vesse! landings
of sheephead, 1970-1990.

scafood, annual landings were usually around 10,000 pounds.
The price during this period stayed under $0.10 per pound,
During the 1980, the price and catch increased, with catches
nivaling those of the 1940°s, and the price paid by restaurants for
live fish reachied as much as $9.00 per pound. The catch peaked
in 1987 when the market price dropped to $0.27 per pound, but
the live catch for 1988-1989, less than one seventh as large, had
almost the same market value, the price having increased to
$1.70 per pound.

The estimated recreational catch of sheephead between
1983 and 1986 averaged 312,400 pounds, with a maximum
estimate of 448,800 pounds in 1986. Commercial passenger
carrying vesscl data from 1947-199Cindicate an average take of
29,200 fish per year, with a maximum of about 69,000 in 1983.
Using an average weight of two pounds per fish (a low esti-
mate), the sport catch, except in the above cited maximum
periods, appears to be equivalent to or higher than the commer-
cal catch. During the 1930°s, shecphead were considered
“junk fish” by most recreational anglers and were not kept
because of their soft fiesh. However the large size, fine flavor
and us¢ as a lobsler substitute in salads and other recipes has
more recently made them a preferred and even targeted species
by anglers and sport divers.

California sheephead, Semicossyphus pulcher.



Status of Biological Knowledge

The California shecphead ranges from Monterey Bay,
California south into the Gulf of California in depths to about
280 feet, but is not common north of Point Conceplion. Itis a
protogynous hermaphrodite, beginning its sexual life as a
female with older, larger females developing into secondary
males. Fermale sexual maturity may occur between threc and six
years and fishes may remain fomale for as long as fifleen.
Timing of the transformation to males involves population sex
ratio as well as size of available malcs and sometimes doesn’t
occur at all. Males have been aged at around 50 years. As
growith rates are higher and mortality lower atthe northern end
of the range, Lhe sexual transformation occurs later there and
the males are larger. Batch spawning occurs between July and
September, and estimates of yolky oocytes present in the ovary
vary from 36,000 to 296,600 for fish from eight to 15 inches
Jong. Larval drift averages about 37 days (range 34-52). The
sheephead has a broad diet, with crabs, barnacles, mollusks,
urchins, polychastes and even bryozoa occasionally dominant.
There appears 1o be no evidence of its preference for abalone
and lobster as cited in earlier literature.

Status of Population

There has been no syslematic analysis of the status of
California sheephead. In studies at two localities, Palos Verdes
Point and King Harbor breakwater, it was not abundant during
the cooler water period of the early 1970°s, but the population at
bath sites increased with the El Nifio of 1977-1978. Since then,
the population at King Harbor has gradually dwindled while the
Palos Verdes population, coincident with the reestablishment of
kelp beds there, peaked in 1981, and hasn’t declined since. The
sheephead population appears to be relatively stabie, but the
newly-developed fishery for prereproductives suggesis that
monitering in the future would be desirable,

John Stephens
Occidental College

References

Cowan, R.J. 1985 Large scale patterns of recruitment by the labrid
Semicossyphus pulcher, causes and implications. J. Mar. Res.
43(3)1985:715-742.

. 1990. Sex change and life history patterns of the
tahrid Semicossyphus pulcher across an epvironmental gradient.
Copeia 1990(3).781-795.

Victor, B.C. 1987. Growth, dispersal, and identification of planktonic
labrid and pomocentrid reef fish larvae in the Eastern Pacific
ocean. Mar. Biol. 95(1):145-152.

Warna, R.R. 1975, The reproductive biology of the protge-gynous
hermaphrodite, Fimelometopon puichrum (Pisces:Labridac)
Fish. Bull, U.5. 73:262-283.

OPALEYE AND HALFMOON

History of the Fishery

Opaleye (Girella nigricans) and halfmoon (Afedialuna
californiensis) are members of the sea chub family
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(Kyphosidac). Neither species is part of adesignated fishery but
both appear regularly as incidental caich in commercial and
recreational fisheries.
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California commercial passenger-carrying fishing vessel landings
of halfmoen, 1947-1969,
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California comenercial passenger-carrying fishing vessel landings
of halfinoon, 1970-1950.

The commercial catch of opaleye and hatfinoon generally
has been smalt. During the 40 years that commercial catches of
halfmoon have been recorded, the average catch has been
16,724 pounds, with a high of 50,007 in 1956. Recent recorded
caiches have been well below this mean The mean caich of
opaleye in 43 recorded years is 4,748 pounds, with a high of
23 688 pounds in 1973. Recent catches have been about aver-
age. Neither species was recorded in large numbers in the
California Department of Fishand Game'sgilland trammel net
study, although the opaleye was al one time a bycatch of
nearshore purse seincrs. Recent party boat andings for opaleye
are small (less than 600 fish per year) but halfmoon are taken in
abundance, especially from istand kelp beds. By contrast. both
species were abundant in the pier and jetty survey of 1965-1966
and are likely an imponant clement of that fishery today.

Status of Biological Knowledge

The sea chubs are important in southern Califorrua prima-
rily because of their habit of herbivorous grazing. These arethe

FISH RESOURCES



only fishes that mgularly harvest giant kelp and are effective in
destroying isolated kelp plants, such as newly transplanted
individuals.

Cpaleye, Girella nigricans.

‘The opaleye reaches a maximuam length of about 26 inches
and weight of about 16 pounds, while the halfimoon reaches 19
inches and five pounds. Both species range from central
Californis to Baja California While the opaleye is more
commen than the halfmoon north of Point Conception, the
halfmoon extends its range to the south into the Gulf of
California. Opaleye are found to a depth of about 100 feet and
halfmoon to about 130 feet,

Both opaleye and halfmoon browse on algac and take
associated invenebrates. Larvac of both are pelagic and are
followed by a pelagic juvenile schooling stage which appears in
the nearshore emvirosumenit. Larval distributions mirmror those of
the adults iatitndinafly, with the larvae primarily distributed in
the surface neuston. CalCOFI data indicate that halfmoon
larvac are occasionally taken well offshore, while most opaleye
larvag are taken within 70 miles of the coast. Young opaleye
leave this pelagic habitatand enter the intertidal zome whenthey
are about one inch long. They are found in relatively hightidal
pools preferring warm water (>75°F), and feed largely on
invertebrates. As they growto alength of three o six inches, the
young leave the tide pools and eventually form smali schools
which feed in the keip beds and on epiflora.

Young halfmoon stay in the shallew subtidal and kelp bed
habitats, rarely entering the intertidal zone. Juvenike opaleye
are known to clean parasites from other fish species on occasion.

Status of Population

The abundance of opaleye and halfmoon, and their status
as incidental catch rather than as tarpeted species, make it
unlikely that either the sport or commercial fisheries will have
an effect on the population. Data gathered over the last 17 years
indicate that, in the arcas studied, both species are maintaining
themselves adequately under the present fishing pressures and
show regular recruitment.

John Stephens
Occidental College
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NEARSHORE FISHES: DISCUSSION

The nearshore fishes discussed in this section are an
ecologically diverse group. Inchuded are species that are typical
of coastal reefs, nearshore and offshore sandy bottoms, and
bays, as well as species which primarily inhabit the water colunmn.
Pacific bamracuda, yellowtail and white scabass are migratory
species from the south that are typical of the water cohumn of the
nearshore zone, although younger white seabass are found over
sandy bottorns in shallow water. All three species migrake indo
southern California during the spring and summer months, before
returning to the coast of Baja California for the winter,

In addition to white seabass, several other species of
croakers are charactenistic of sandy or muddy areas of the coast.
These include the white croaker, which ranges from shore to
deeper waters, the spotfin croaker and yellowfin croaker of
shallow waters offshore of the surfzone, and the California
corbina of the surfzone. All are most abundant in southern
California, but white croaker is also abundant in central Cali-
fornia. In addition, scveral species of surfperch, including the
barred surfperch, calico surfperch, rediail surfperch, and wall-
eve surfperch, commonly occur on sandy bottoms in or near the
surfzone. Redtail and calico surfperches are most abundant in
northern and central California, respectively, whereas barred
and walleye surfperches are abundant in southern Catifornia,
Rarred sand bass are typical of deeper sandy areas of the
nearshore coast and spotted sand bass are abundant in southern
California bays.

Rocky reefs in southern California provide habitat for
cabezon, giant sca bass, kelp bass, opaleye, halfmoon, Califor-
nia sheephead, rubberlip seaperch, and pileperch. Cabezonand
pile perch are also found along reefs of central and northem
California, where lingood, kelp greenling, and striped seaperch
are important members of the reef community, Most of these
species feed on fish or invertebrates, but opaleye and halfmoon
are primarily herhivorous.

These nearshore specics are important in the recreational
fisheries of Califormia. Size and seasonal restrictions limit the
recreational take of some species, and anglers are not atlowed 1o
keep giant sea bass canght off California.

Commercial utitization of nearshore species occurs prima-
rily as a result of incidental catches in fisheries targeting other
species. However, lingeod is important in traw! fisherics in
central and northern Catifornia. The comunercial catch of white



scabass and giant sca bass is restricted, and commercial fistung
for ketp bass, barned sand bass, spotied sand bass, California
corbina, spoifin croaker, and yellowfin croaker is not allowed.
White croaker fisheries are tesiricted in contaminated areas of
southern Californiz. The commercial fishery for while scabass
and yellowtail may disappear when the nearshore gillnet fish-
ery is stopped in 1994,

Although information is frequently limited, most species
appear 10 have healthy populations that arc able to withstand
present fishing cffort. Kelp bass and barred sand bass popula-
tions appear to have increased during the past decade, but giant
sca bass, yellowtail, and white seabass populations have de-
creased Giant seabass populationsare sodepressed that fishing
is sevesely restricted in the U 8. and may be similarly restricted

179

inMexican waters, Individual lingood and yellowtail caught 100
recreational fisheries are smaller and younger, suggesting
present harvest levels are 100 high. Although populations
cabezon, spotted sand bass, spatfin croaker, yellowfin T,
surfperches, and California sheephead are healthy at present,
they may be affected by human activities in the nearshore ZOTHE.
As human activities (including recreational fishing effort)
increase along the California coast, it is expected that the
number of species with healthy populations will decrease. Thus,
it will be important to monitor the populations of nearshore
fishes during the next decade.

of

M. James Allen
MBC Applied Environmental Sciences
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AQUACULTURE

ABALONE

Remarkable progress has been madein recent years in the
cultivation of abalone in California. The fledgling abalone
aquaculture industry that began in the mid-1960’s in central
California had, by 1990, achieved a significant production
level. But progress has not come casily.

Prospective abalone farmers are confronied with a number
of regulatory constraints in the coastal zone. Suitable sites are
relatively scarce and expensive, and the permitling process is
lengthy, often exceeding a year, and can be expensive. Despite
these obstacles, interest in cultivation of shalones remains high,
prompted in pan by a sharply declining commercial fishery, a
continuing high market demand fer abalone, and a good price 1o
groweds for the farmed product.

California’s private sector principally grows three abalone
species: the red (Haliotis rufescens), pink (H. corrugata), and
green (H. fulgens). The latter two are warm water species and
are grown at some of the southern California hatcheries. The
red abalone is the mainstay of the industry and comprises more
then 95 percent of total production. Aquaculturists grow out
abalone either in land-based tanks or ¢lse an in-ocean barrel or
cage culture system. With the latter (culture systems), the
barrels and cages are either tethered from a dock or a floating
raft or, in onc instance, cages are positioned directly on the
seabed. Abalone in the barrels and cages are harvested at about
two- to thres-inch shell lengths. Ocean ranching of abalone on
state leased seabeds, exclusive of containment structures, has
been tested, but has not yet proven feasible.

In 1991, there were 15 regisiered abalone aquaculturists in
California. However, only three companies are at full produc-
tion; another three companies are in a pilot-production phase
and undergoing expansion, while the remaining nine compa-
nies are in vanous pilot or experimental phases.

In a typical haichery operation, brood stock abalones are
induced to spawn using hydrogen peroxide. The swimming
larvae are reared for about one week, whereupon they are
transferred to fiberglass nursery tanks, metamomhose and
become benthonic, feeding on single-celled algae (chieflv dia-
toms). After five to six months, when the juvenile shalone are
about 3/8-inch long, they are transferred to plastic mesh bas-
kets. The abalones remain in these baskets for another three to
four months, foraging on giant kelp. They are then ransferred
e concrete grow-out tanks and continue tabe nurtured on giant
kelp. Growing in these tanks for 20 months or fonger, they
atiain three- to four-inch shell lengths and are then ready for
harvest. Econornics and market demand strongly influence
harvest size. The export market prefers the four-inch live
abalone. The two- to threg-inch product is typically processed
for the domestic market The three-inch abalene viclds a steak
of about one ounce.

Statewide production of farmed abalone is somewhat
difficult to estimae; based on information provided by the two
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largest growers, it was about 150,000 pounds in 1990 and is
estimaied at 175,000 pounds for 1991, The 1990 aquaculture
harvest was almost 30 percent of commercial fishery landings.
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Abalone nursery tanks at the Ab Lab, Port Hueneme.

Research

Although a considerable amount of research on abalone
agquaculturc has been done by the private sector, particularly
from a technological standpoint, university and Depariment of
Fish and Game scientists have made major contributions. The
California Sea Grani program has supported abalone aquacul-
ture research since 1971. Sea Grant-funded investigations have
greally increased our understanding of abalone developmental
biology. Also, a spawning induction procedure and larval
settlement inducer technique were developed by researchers
funded through this program.

The Department began abalone culture investigations in
1971 at its Granite Canyon Laboratory near Monterey. Depart-
ment biologists, working closcly with industry, focused on the
biotechnology of abalone cultivation. Notcworthy was the
development of athrough-flowing larval rearing sysiemandihe
development ofa flush-fill 1ank system that has been adopted by
the industry. In 1978, the Deparuncnt constructed a pilot-
production abalone hatchery at Granite Canyon. The purpose
was three-fold: 1) to train scientists and others in abalone
cultivation procedures; 2) to grow seed abalene for a fishery
restoration program; and 1) to disseminate information. In
1987, the Department began to phascout the abalone aquacul-
ture program al Granitc Canyon, and, bry the end of 1990, the
program was terminated.

Future Prospects

Coastal land sites suitable for abalone aquaculture are
becoming limited and expensive 1o obtain and develop. The
declining commercial fishery may make ocean ranching a more
attractive option. Ocean ranching may yct prove feasible but



will require considerable research. Also, given the expanding
sea oter population in California, and the otler’s known
predacious habits on abalone, some type of exclusion con-
tainment structure would be required. Such structures may
prove cost-prohibitive,

Harvesting red abalone at the Abalonc Farm at Cayucos, near
Morro Bay.

Abalone culturists depend upon giant kelp as the principal
food for abalones. Giant kelp beds are cxtensive along the
centrat and southern California coastal regions and effshore
istands. The supply could be limiting, on a short-term basis,
during anEl Nifio event. Some progress has been made on the
devclopment of artificial dicts for abalone. Presently, some
hatcheries employ an artificial dict for juvenile stages, but
principally as a supplement 1o natural algal foods. Research is
in progress on the development of an artificial abalone diet for
later growth stages, in order to reduce the dependency on giant
kelp. Abalone agquaculture will continue to expand in Califor-
nia, in spite of the various constraints, until, or unless, the
commercial fishery recovers.

EarlE. Ebert
California Depaniment of Fish and Game
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MUSSELS

Mussels of the genus AMyiius have fluctuated 1n impor-
tance in Califomia as commercial and sport shellfish for food
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and bait since the early 1900’s. Experiments in culturing wild
sced stock and in developing hatchery and grow-out methodsin
the 1980’s have increased the economic potential of mussels,
panicularlyMythusgaﬂaprmﬁncialis(mc Mediterrancan mus-
s¢!), which occurs primarity in southern and central California.
The Pacific Northwes: mussel, Myrilus trosswius, and hybrds of
M. galioprovincialis and M. trossulus have been found in
central and nerthern California. In the past, these mussels were
thought to be one species, Myilus edulis, on the west coast, but
recent studies have shown that California "bay® mussels are
genctically distinct from M. edulis found on the east coast of U
United States, Canada, and other parts of the world.
The sea mussel, Myfilus coliforniames, is of minor eco-
nomic importance in California at present, though itis taken by
harvesters and its landings are increasing as a food and
bait shellfish. Wild harvested sea mussels are ghly esteemed
bygmmldchd'sinOxegonandmayhaveaﬁminCaﬁfumn
Between 1916 and 1927, over 470,000 poands of mussels,
ranging from 9,000 to 69,000 pounds per year, were Ianded in
California. Afler 1927, most areas were closed to harvest by the
California Dcpariment of Health Services due 10 2 major
outbreak that vear of paralytic shellfish poisoning. Mussel
landings declinedto 1,610 pounds in 1928 and stayed depressed
uniil 1972, when a record 111,000 pounds were landed, prismanly
for bait. Bait sales continued to be the most significant com-
mercial activity for California mussels until improved methods
af harvesting wild stocks were developed, new culture methods
were adopted, and west coast markets began developing for thus
tasty shellfish in the early 1980’s.

Divers harvesting mussels from overshore platforms for Ecomar.

Research on harvesting wild-set Meditcrrancan mussels
from offshore oil-production platforms for food was initiated in
ihe Santa Barbara Channel in 1979. Fouling organisms wer
moutinely removed by divers from the submerged legs and
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support structures of the offshore platforms, at considerable
expense 10 ol companies. An ecological consulting firm, hired
10 suggest ways to control the biofouling, found that various
stages of the succession of organisms included settlement and
growth of edible mussels, both M. gafloprovincialis and AL
californianus. Recopnizing the potential for food production
and increasing market demand for high quality shellfish, the
owners of the firm contracted with various offshore 0il compa-
nies 10 fest the feasbility of harvesting and marketing the musseis.

Growing from the surface (o 50 feet deep, Mediterrancan
mussels typicalty reach market size (2.5 to 6 inches) in nine
months to two years on the offshore plaforms. Using long
handied scrapers and a ventun air-lift device, divers harvest
clumps of mussels from the platform legs and lift them to the
surface using large suction hoses. Mussel harvesting and mar-
keting is generally a 10-month operation in the Santa Barbara
Channel, with a two-month period of low productton during the
Spring spawning season.

In 1985, approximately 104,000 pounds of mussels were
harvesied, primarily from offshore platforms, but by then a
company in Tomaics Bay also had begun to utilize European
longline methods 1o grow a high quality mussel. Over the next
scven years, three to five other Tomales Bay oysier growers
diversified into mussel production. These growers utilized
wild-caught and haichery reared secd, with the latter being
relied upon more, as natural recruitment ofien proved to be
erratic and unreliable.

The total state mussel production tripled in 1986, reaching
more than 334,000 pounds, with over 90% harvested from
platforms in the Santa Barbara Channcl and the remainder
from Tomales Bay. Statewide production dropped slightly in

1987 1o approximately 286,000 pounds and decreased further
in 1983 to 151,000 pounds, due to major winter storms which
distodged market-ready mussels from platform structures. Pro-
duction jumped 10 over 300,000 pounds in 1989, but dropped 10
130,000 pounds in 1990 when 3 San Diego firm ceased produc-
tion. The mussels harvested between 1986 and 1990 provideda
return of $1.17 million to California growers. The price per
pound has increased from $.80/pound in 1985 10 $1 40/pound
to wholesale distribators for large lots and $2.00/pound 1o
resianranis in 1991,

Califomnia growers face stiff competition from mussels
imporied from Maine, Canada New Zealand, and Washington
stale, ducto the adventof low cost air ransport of fresh shelifish
and individual flash freezing methods. Competing on the worid
market is a challenge to California producers, because of
massive production of mussels from China, Korea, New
Zealand, Australia, and other Pacific Rim countries, Expansion
of the industry is highly dependent on the maintenance of clean
growing areas, a supportive regulatory environment, aggres-
sive marketing, and a dependable source of secd.

Until 1986, all mussels grown commcreially in California
were sct or collected as wild or natural seed. In 1985, a
cooperative effort involving a northern California shellfish
nurseryman, an Oregon hatchery operation, and a University of
California researcher was initiated to produce the first commer-
cial quantities of hatchery-rearcd musset seed an the west coast.
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Approximately 20 shellfish growers in California, Oregon, and
Washington participated in ficld grow-out trials using various
mussel seed stocks and sizes. Growers utilized a vanety of
substrates and set the spat at different densitics. A wide range of
resulis, from zero survival to excellent survival and growth,
were reported. The methods for growing out seed have evolvexd
and matured in Tomales Bay, but have not, as yet, been proven
onacommercial scalein south-central and southern California.
Growcers are optimistic, however, and experiments continue.

Currendly, the five growers in Tomales Bay ofien purchase
larger (0.5-1.0 inch) seed which can be grown to market size in
six 10 nine months. Predation by scoler ducks continues tobe a
problem in Tomalcs Bay, as it has been in most other west coast
imussel operations.

Status of Biological Knowledge

Genetic studics utilizing protein electrophoresis in the late
1980’s showed that there were two distingt forms of edulis-like
mussels on the west coast which are morphometrically simitar.
One of these formsis electrophoretically indistinguishable from
M galloprovincialis, the Mcditcrranean mussel, which is
known 10 have recently colonized many disparate shores
around the world. The other form is also distinct from the
Atlantic M. eduiis and was designated Af. trossulus, the Pacific
Narthwest mussel. It was found 10 occur from Alaska wo central
Califommia. The galloprovincialis and trossuius forms occur
together and are reported to hybridize with one another. In
southern California, only AL galloprovincialis has been docu-
mented, though more detaifed studies are being conducted to
further define the taxonomic status and geographic range of
these mussels and other pan-Pacific mytilid species.

The hybridization and geographic range issues regarding
M. trossulus in central and northern California confound the
interpretation of carlier life history studics of musscls taxo-
nomically classified as M. edulis, but, repardless of the taxo-
nomic issue, alt mussels share many common biological traits
asthey are all members of the bivalve class Pelecypoda (hatchet
feet). Mussels have separate sexes, though some
hermaphrodism ocours. There is evidence that changes in water
temperatures, physical stimulation (such as disturbance by
winier storms), variation in light levels, or phytoptankton
blooms may cornitribute to spawning.

Spawning in A{, californianus occurs throughout the vear
at a very low level, with peaks reported in July and December,
The spawning and recruitment of AL galloprovinciolis also
occurs year round, although it is heaviest in February, March,
and April and again in September and October in southern
California Mussclsreaching 1.6 inches in lengthare found to have
gonads in vanious stages of development ang are able to spawn.

When spawning occurs in the natural environment, eggs
and sperm are discharged through the excurrent chamber and
fertilization takes place in the open acean or estuary. Within 24
hours, the embryo develops into a frec-swimming trochophore
larvae which grows into a more advanced veliger stage within
24 hours. The development of the ciliated velum (approxi-
mately 48 hours after fentilization) gives the larvae more control
in swimming and in gathering food. The veliger is alsa known



as the "straight-hinge” stage, denoting the appearance of the
first shell. In two to three weeks, veligers begin metamorphosis,
a stage preceded by (he development of an eyespot (a photo-
sensitive organ) and a foot. This is the pediveliger stage, duning
which the veliger changes from a swimming larvac to a bottom
dwelling juvenile mussel or spat (seed).

Newly settled mussels attach to substrates with proteina-
coous threads (byssus or byssal threads) which are secreted by
the postlarvae. Young mussels have the unique ability to detach
their byssus, crawl to a different location, or drift away in a
cumrent 10 seck a more Tavorable substrate, and reattach. This
trait is considered 1o be a significant probicm for growers, as
postlarvae have disappeared from various substrates soon after
placement in open water.

Girowth rates of both spocies of sea mussels in southern
Califomia have been reported to be at least 0.25 inch per month
and as high as 0.5 inch per month in the Sania Barbara
Channel. Growth rate was influenced primarily by the quantity
and quality of food, rather than temperature, and mussels
achieved a two-inch shell length in six to eight months.

Food consumed by mussels includes dinoflagellates, or-
ganic particles, small diatoms, Zoospores, protozoans, unicellu-
lar al gae. bacteria, and detritus. Phytoplankion is considered to
be the main food item providing coergy for rapid growth.

Competition for space is an important factor influencing
growth and survival of mussels, both in wild and culturcd
populations. Mytilids of the same and diflerent species compete
for limited space in the rocky intertidal and subtidal growing
areas. Cultured mussels on artificial substrates also can become
overcrowded if seed stocking densitics are too high. Crowding
causes instability of mussel masses and. when coupled with
high current speeds, turbulcnce, and drifling materials, losses
frequently occur. Barnacles and sca ancmones also compete for
space with musscls.

Predators of California mussel species are abundant. They
include two sea stars, five specics of muricid gastropods, and
three crabs. Scoier ducks, the black oyster catcher, and the sea
otter arealso impertant predators in coaslal waters.

Status of Populations

The population size of wild mussels can vary extensively
from season to season and year to year in relation fo natural
factors such as weather patterns, food availability, predation,
tidal exposure, and competition for space. Pollution isa signifi-
cant determinant in the health of mussel populations, especially
to growers considering a new site for musscl culture. Clean
growing waters are essential for health of mussels and for
humans consuming them. Consequently, mussels are excellent
bivindicatots of water quality.

John B. Richards
University of California, Santa Barbara
Sea Grant Extension Program

George A, Trevelyan
Abalone Farms, Inc.
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OYSTERS

History of the Fishery

Catifornia’s oyster fishery and oyster aquaculture industry
have had a rich and colorful tradition. The fishery began inthe
1850's, when Eastern immigrants with an appetite for oysiers
were aftracted to California by the prospect of gold and new
opportunilics. Increases in population and market pressure for
oysters had immediate impact on the state’s shellfish resources.
The only available oysier was the native ovster (Ostrea furida),
which was intensively fished, causing a rapid decline in the
natural population. [nresponse, native oysters were transporied
from Shoalwater Bay, Oregon (Willapa Bay) and fater from
other bays in the Pacific Northwest and Mexico, representing
the initial anempts at oyster cufture on the West Coast. Oysiers
were transplanted into San Francisco Bay, where they were
maintained on ovster beds and then marketed throughout
central California. The Sheoalwater Bay trade of Olympic
oysters dominated the California market from 1850 through
1869 Market demand fora larger, hall-shell product stimulated
experiments in transporting the Easlern ovster (Crassostrea
virginica) from the Atlantic states to the West Coast. Several
failed attempts were made 10 establish ransport of the Eastern
oyster 1o California by sailing ships. Successful transport of
ovslers was achieved only afler the compiletion of the transcon-
tinental railroad. Shipmenys of market-sized ovsters were trans-
ported by rail in barrels of sawdust and ice and transplanicd into
San Francisco Bay. Cool summer waler temperaturcs, however,
prevented successfud natural reproduction of the eastern oyster.

In 1875, transcontinental trade for Eastern ovster seed was
established. Small, one- inch seed was transplanted for further
growth in San Francisco Bay. The Shoaiwater Bay trade for
Olympic oyslers was gradually terminated and, from 1872 yntl
the earty 1900°s, California’s San Francisco Bay Eastern ovster
induslry was the larpest oyster industry on the West Coast.
Maximum production was reached in 1899 with an eslimated
2.5 million pounds of oyster meal praduced
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With California’s population and industrial prowth came a

degradation of water quality in San Francisco Bay. By 1903,
Eastern gyster production fell by 50 percent. By 1921, the
quality of oyster meats produced declined to the extent that
shipments of seed from the East Coast were terminated, and by
1939 the last of the San Francisco oysters were commercially
harvested. Owsters were still transported and held in Tomales
Bay untif they could be marketed in San Francisco, but the
industry based on the Easiern oyster did not recover. The
industry and state began re-examining earlier experimental
plantings with the Pacific oyster (Crassostrea gigas). In 1929,
the California Department of Fish and Game (CDFG) and
commercial entities made experimental plantings in Tomales
Bay and Etkhom Slough. In the 1930’s, experimental plantings
continued in a number of bays, including Drakes Estcro,
Badega Lagoon, and Morro, Newport, and San Francisco Bays.
Humboldt Bay was excluded from plantings, as the CDFG was
trying to re-establish natural populations of native oysters.
Several Pacific oyster plantings proved successful, demonstrat-
ing that imported Pacific oyster seed could be grown commer-
cialty in Californéa. Shipments of seed from Japan were made
through the 1930°s, were suspended from 1940 through 1946,
and increased significantly in 1947, The seed was inspocted in
Japan by CDFG personnel who were looking for organisms
considered harmful if introduced into state waters. Boxes
containing culich with spat were shipped by boat, and the
industry began its recoveryon the West Coast. The CDFG lifted
its restriction on Pacific oyster seed in Humboldt Bay in 1953,
and in the next thirty years the Califomnia industry showed rapid
growth. Production was centered in Humboldt Bay, Drakes
Estero, Tomales Bay, Elkhorn Slough, and Morro Bay.

In the early 19807, the oyster industry initiated other
significant changes. These included the development of U S.-
based shellfish hatcheries and the ability to ship advanced
oysler larvae for setting on cultch in heated tanks at remote
growout locations. Currently, over 98 percent of the oystets
grown in California are produced from hatcheries in Washing-
ton and Oregon and from several smaller specialty hatcheries
located withan the staw. Oyster larvae shipped by milkions are
set on mother shell (cultch), or as culichless seed where the
larvae is set on a lpose substrate such as sand or crushed shelt
The latter, a California product, results in oysters grown as
individuals instead of clusters attached 10 a mother shell. The
hatchery systems aiso produce new species of Pacific oysters
including the Mivagi and, to 2 lesser extent, the Kumamolo.,
Orher minor specics preduced by hatcheries over the years
indude the European oyster (Ostrea edulis) and the Eastem
ayster. Theability to ship oyster larvae long distance and set the
spal at the growout areas has significantly reduced the cost of
sced. Although the industry as a whole uscs domestic sced,
small shipments of Japanese seed are periodically imported to
maintain these trade channels as insurance against problems in
the domestic hatchery systems.

The production activity within the various bays has varied
throughout (he years, primarily based on water quality, site
selection, and the financial viability of the oyster operations.
Growing areas are leased from the state through the Fish &
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Game Commission, Harbor Districts, and Navigation Districts.
Current production is primarily in Humboldt Bay, Drakes
Estero, and Tomales Bay. The industry is testing the feasibility
of offshore culture in the Santa Barbara Channel and culture in
San Diego Bay. Tomales and Morro Bays have experienced
reduced production in the past ten years; however, Tomales Bay
is currently experiencing a resurgence of production by new
growers using culichiess seed and targeting the half-shell
markets. At present, about 90 perccnt of the state’s oyster
production is in Humboldt Bay and Drakes Estero. A variety of
oyster culture methods are being used; each depends upon the
physical characteristics of the production bay and the need to
protect the younger oysters from predators suchas bat rays, rock
crabs, and drills (snails). Culture methods are influcnced by
factors such as substrate type, current velocity, tidal range, and
phytoplankton productivity. California oysters are grown from
spat to market size in 13 to 18 months, depending on thebay and
the method of culture used.

Examining a contsiner of cultchiess oyster sced.

Discasc has not been a major factor in the oyster industry
since the 1960's, when major dic-offs of Pacific oysters were
attributed to anunidentified syndrome called "summer mortali-
ty." Semeproducersattribute recent avoidance to harvesting the
oysiers at a smaller, younger age. Pathologists have identified a
"summer moriality syndrome” that can cause mortalities under
certain conditions, but large mortalitics have not been attributed
to this discase, and the cause of the original disease has never
been identified. West Coast producers have not expericnced the
cyclic, catastrophic haplosporidian diseases that have occurred
with the Eastern oyster, even though extensive transplants of
the oyster have been made. Culture of European oysters has
declined in recent years because of the introduction of Bonamia,
a disease organism that has caused significant montalities
among pre-market stocks. Many producers have switched to
varigties of the Pacific ovster.

The primary culture technique used in Humboldt Bay is
bottorn culture. Tn bottom culture, culich with attached spat are
spread over sclected areas in thebay, the ovsters grown to asize



of about four inches, and harvesied by hydraulic dredge. Some
off-bottom techniques are used, including bags of oysters sup-
ported by low racks and oyster bags attached to longlines.

Drakes Estero has one aof the largest off-botiom, rack
culture systems in the country. Off-bottom culture is uvsed
primarily to avoid predators, usc more of the water column, and
avoid silation. The systent of rack culture uses mother shells
containing spat that are strung on lines. Each mother shell is
separated by a tube spacer and the lines secured to hang over the
rails of macks set in the bav. Another method, stake culture,
consists of three mother shells separated by spacers and
threadedon a solid stake that is dnven into the substrate. This is
used in selected shallow areas within the bay.

Hanging sced oysters from racks at Drake's Estero.

Tomales Bay growers use a variety of off-bottom tech-
niques, including rack-and-bag, stake culture, and bag and
longline. Rack-and-bag culture uses cultchless seed that is first
grown in trays, then transferred to mesh bags that are positioned
on low racks placed in the bay. Bag and longline culre use
cuhichless seed in mesh bags that are attached to an anchored
line which suspendsthe bags in the water or secures the bags on
a stable, hard botiom, intertidal area.

Production in Morro Bay has declined, buttechniqueshave
included bottom, rack-and-bag, and stake culture. Producersin
the SantaBarbara Channel have used a system of longlines with
attached bags of European oysters suspended from offshore
rafts in the deep waters. San Diego Bay producers have used
rack-and-bag culture for oysters, but are currently moving
toward the culture of mussels.

Total annual gyster production for the state was about 1.5
million pounds of shucked meat in 1989 and is expected io
increase. The product is marketed as shucked meat in galions
and 10-0z jars, and as shellstock for the hali-shell and barbecue
markets. The shucked product is marketed as small (200/
gallon), medium (140/gallon), and large (100/gallon). Shell-
stock is marketed as small (2.5-3.5 inches), medium (3.54.5
inches}, larpe (4.5+ inches), and clusters (attached. mixed).
The demand for oy ster products far exceeds the state’s produc-
tion level, and the majority of shellfish products consumed in
the slate are imponted from the Pacific nonthwest and the

Atlantic and Gulf siates. The California product is considered
prime, and the production areas are among the best in the country:

The California Depanment of Health Services has regula-
tory authority over product safety and conducts programs that
determine growing area sanjtation conditions. Two essential
programs are the monitoring of the bays for indications of
contamination by human sewage and for the occurrence of
natural biotoxins such as paralytic shellfish poison produced by
toxic phytoplankion. The programs provide a safe product for
the consumer and an carly waming system for people sport-
harvesting shellfish in noncommercial areas. The water and
meat quality monitoring programs alse provide an assessment
of the biological condition of the natural resource in the hope of
preventing a repetition of events that led to thecontamination of
San Francisco Bay. The state looks on the oyster industry asa
wise investment in the natural resource, a valuabie renewable
resource, and a guardian of water quality.

Status of Biological Knowledge

Qysters are bivalve mollusks that exhibita variety of 9zes,
shapes, shell textures and colors, and vary in their mode of
reproduction and sexual expression. These biological and
physical features influence such aspects as where they grow and
how they reproduce, which in turn influsnce commercial
aspects such as culture practices and marketing strategy. Indi-
vidual oysters conform to the shape of the substrate to which
they are attached, and are therefore highly variable in shape.
Shape is also influenced by other oysters or substrates pressing
on their shells. Shell shape, texture, and color are all influenced
by the ovster’s genetics and physical environment such as
salinity, attachment substrate, and food. They foed on phyto-
plankion and nutrient-bearing detritus by pumping water over
their gills, which fifter the food material and pass it into the
oyster's mouth,

All oysters have typical moltuscan trochophore larvae that
develop into a veliger larval form capable of filiering food,
swimming, and selecting a suitable substrate for atiachment
The microscopic veliger setiles, cements its left valve 1o the
substrate, and undergoes metamorphosis inlo an oyster spat.
For the rest of its life the attached spat will compete for space
and nutrients and, if it survives, will grow inte the adult form,
The four gysters now found in California all befongto the same
family. They represent two groups characterized v biological
variations, including different modes of sexual expression,
reproduction, and dispersal of young. The exact temperature al
which the oysters will spawn and the rate of lanvaldevelopment
and growth depend on a varicty of factors, including the
genetics of the specics and variety and the latimde of the
breeding population. Natural spawning is aiso influenced by
Tunar periodicity and tides.

The native and European aysters are rhythmucal consecu-
tive hermaphrodites; they can change sex either annually or
within a closer interval. In their first vear they are strongly
protandric; the first expression of sex at maturity ismale. They
may become female in the same vear or in the foliowing vear i
the environmental conditions are good and food is plentiful.
They are also larviparous (brooders). fenilization of eggs is
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internal and the larvae are held a period before release. Mature,
egg-carrying females spawn at about 59-63° F. The cggs are
released into the female's own maritle cavity and are fertilized
as she takes in water containing the male’s sperm. When the
eggs hatch, the veliger larvae are held by the gill-blades and
incubate for about 10 days before release. Once expelied, the
advanced larvae swim freely and feed on phytoplankton for an
additional period before settlement and metamorphosis(native,
14-18 days; European, 10-14 days).

The Pacificand Eastem oysiers are alternative hermaphro-
dites; sex change occurs, but its timing is erratic. They have a
tendency for protandry in their first year, but the tendency is not
as strong as that of native and Eastem oysters. They are
oviparous (broadcast spawners), the cggs are immediately
released and ferlifization takes place in the environment.
Mature, egg-carryingfemales spawn al about 63-77°F, depend-
ing on the species, variety, and latitude. These oysters require
higher water temperatures 10 establish a natural population
than are consistently found in California. Since spawning and
successful reproduction rarely take place in California, the
oysters are spawned and reared in shellfish hatcheries at about
77° F. The eggs hatch into frec-swimming trochophores, then
veliger larvae; and within three 1o five days these settle, attach
to a substrate, and metamerphose to the spat.

The native ayster is California’s only indigenous oyster
species, and ocours along the Pacific Coast from Sitka, Alaska
to Cape San Lucas, Baja California. The larpest concentrations
ocaur in the Pacific Northwest along the coast of Washinglon's
Puget Sound, and in Willapa Bay. Although still grown
commercially in Washington in specially constructed beds,
natural concentrations are not abundant enocgh to support
commercial endeavors. In California, populations of the native
oyster are still relatively low and it is a protected species. The
adult is about two to three inches in length and more oficn
irregular in shape. Shell textures vary from smooth to rough
withconcentric growth lines; and the exterior has purple-brown
to brown axial bands. The two shell valves are symmctrical;
their interior is colored as shades of olive-green or with a
metallic sheen. The adult internal shell’s muscle scar isusually
centrally located and unpi gmented.

The native oyster is found in many of the state’s coastal
inicts, cspecially mud flats and gravel bars located near the
mouth of small rivers and streams. It cannot withstand high
temperatures nor frost when exposcd, and does not survive low
salinity or turbig watcr conditions. In bays the natural beds are
invariably located in the subtidal zone, where the oyster isbetter
protected from both prolonged hot summer surface water
temperatures and extreme cold winter watcr conditions. They
are often found clinging to rocky outcroppings or other strue-
tures that offer protection from rays and other predatory fish.

Adult Eurgpean oyslers are about three to four inches in
length, with a pooriy developed beak that gives the valves an
oval to round shape. The left or attachment valve is larger and
docper-cupped than the right valve, with 20 to 30 mbs and
irregular, concenéric lamellae The upper, smaller vaive is fat,
with sumerous concentric lameliae but no ribs. The hinge liga-
ment consists of tree parts: a middic flat part on the lefl valve and
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two prajections on the right. The internal valves are white, and
the muscle scar is eccentrically positioned and unpigmented.

Adult Eastern oysters may vary in length from two to six
inches. The shells are asymmetrical, highty variable in texture
andshape, and greatly influenced by environmental conditions,
The external shell is usually a shade of gray, and the infernal
valves white with a variable-colored mruscle scar, usually deep
puple. The leR valve is longer tham the right, not deeply
cupped, and the beak is usually elongated and strongly curved.
The shell margins are usually straight or only slightly undulat-
ing, and the inner margins of the valves are smooth.

The adultPacific oyster averages about four to sixinches in
length. The shell is coarse, with widely spaced concentric
lamella and ridges. The shell is thinner than that of Eastern
oysters, but more decply cupped. The Kumamoto variety
spawns in the fall in nature, grows slower than the Mivagi, is
smaller, but is highly prized for its decper cup. More recent
work using genetic markers has suggested that the Kumomoto
is a separate species from C. gigas. The Miyagi is the principal
Pacific oyster variety grown on the West Coast. The Pacific
oyster’s shape may be highly variable and greatly influenced by
environmental conditions. The upper, flat, right valve is
smaller than the left, and the inner surface of the valves is white
with a faint purple hue over the muscle scar.

L

Harvesting oysters from hanging culture racks at Drake’s Estero.

Status of Populations

Native ovsters can still be found in sporadic distribution
among various bays, but in very low densities. There is periodic
interest in attempts to revive the population at specific sites, ar
least in densities high encagh to support limited sport harvest,
It remains a noncommercial, protected species.

‘The commercial species will continue to be cultured in
increasing numbers as long as the water quality of the bay
systems is maintained and protected. The Pacific oyster contin-
ues to be the dominant species cultured, and producers will
explore varieties and intra-specific variety cresses such as the
Kumamoto X Miyagi. Because hatcheries can control repro-
duction, they are starting work to develop improved perfor-



mance through genetics and production of triploid (3n-sterile)
stocks of Pacifiic oysters that grow faster and do not undergo
gonadal development.

Fred S. Conte
University of California
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ROCK SCALLOP

History of the Fishery

Purple-hinge rock scallops (Crassadoma gigantea) are
very popular among sport divers and shore collectors in Califor-
mia, Mexico and the Pacific Northwest. The shelifish is prized
for its flavorful, almost sweet meat (adductor muscle). No
recent commaercial harvest of rock scallops has been allowed in
California. it was judged scveral decades ago by the California
Department of Fish and Game that these mollusks were patchy
in distribwtion and commercial exploitation would endanger
their survival. Thus, Tock scallops have remained in the domain
of sportsmen. It isdifficult to estimate total landings since many
are wken incidentatly. However, records of the Department of
Fish and Game for the years 1978-1987 indicate an average of
928 were taken per year by divers from commercial passenger
sport diving boatsoperating largely at the Channel Islands. The
scallops are usually pried from their attachment surfaces with
an abalone iron. The large adductor muscle is easily shucked
from the opened shells and separated from mantle and viscera,
and divers often eat the scatlops fresh from the shell, either
underwater or above! By almost all criteria, rock scallops
ranked superior to other scallops in taste tests conducicd by a
professional taste pane] engaged by investigators at San Diego
State Unuversity.

Status of Biological Knomledge

The purple-hinge rock scallop is distinctive, having an
irregular oval cutline, a rugose (ridged) upper free shell (left
valve) and a tentacle-bearing mantle, usually orange or gray.
The interiot aspect of the hinge line on both valves bears a zone
of purple pigment. Adults typically are firmly attached to the
subsiratum, in contrast to most other scallops that live fresonor
above the bottom. While passing a free-living juvenilc life,
attachment is achieved by temporary byssal threads. Permanent
attachment occurs through deposition of shell material by the
right valve in conformity to the microrelief of the substratum.

Throughout its range from Sitka, Alaska, 10 Magdalcna
Bay, Baja California, the rock scallop is generally found from

the lowerintertidal zone to depths as greatas 100 feet. Offshore
reefs are typically populated, but concrete pier pilings and jetty
rock at entrances 1o bays in southern California have also
become favored habitats, Commonly ¢his shellfish measures
five to sixinches in shell diametes, but occasionally individuals
exceeding eight inches are found.

Purple-hinge rock scallop, Crassadoma gigantea.

Sexes are separate, although cases of hermaphroditism
have been reported. An increase in number of females relative
10 males among larger adults has suggested proandry {func-
tioning early as males, buf later becoming femaies). Other
possible explanations for this finding include differential
growth rates and/or survival. Southern California rock scallops
exhibit a bimodal annual reproductive cycle, with spawning
periods in late spring-early summer and again in mid-fall.

Rock scallops are filicr feeders, deriving the bulk of their
nutrition from phytoplankton and, 10 a jesser extent, detntus.
Predation may limit numbers of rock scatlops. chiefly due to
losses of early free-living and newly cemented juveniles o sca
stars and crabs. Adults enjoy a high degree of immunity to
predation by virtue of their ability to close their sharp-margined
valves quickly However, sea otters may suocesd inbreaking the
shells of adult rock scatiops.

A study ofthe biology and aquaculture potential of the rock
scallop underiaken at San Diego State University found that.
under the most favorable conditions, growth rate of juveniles
and young adults held in the sca in suspended culture exceeded
two inches per year. It was found that the rock scallop could be
reared from the microscopicegg 1o marketabie size (fourto five
inches) in about two and a half years.

Rock scallops are intoleramnt of salinity reduction greater
than 30 percent, and are not found in estuaries and bass where
freshwater dilutes the saline water @ levels below 25 ppl In
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areas with well circulated oceanic water, adults are hardy and
survival is high
For many years, oyster farmers at Point Reyes have reared
rock scallops in pens for sale at a loca) retail market. Tuveniles
sct naturally among the ovsters under cultivation in Drakes
Estero are recovered and placed in submerged mesh cages for
rearing to a size of about five inches (aboul two years). These
scallops are sold for about $t each. The adductor muscle in
scallops of that size: weighs about a tenth of a pound; scallop
meats, therefore, were valued {1582) at $10 per pound.
Year-round spawning can be achieved in the haichery,
Larvae are reared through their planktonic stages {about five
weeks) and fed unicellular algae until settlement and the onset
of metamorphoasis. Juvenile stages as small a5 0,2 inch begin 1o
cling to the substrate by byssal threads. These anchoring
filaments may be detached by the young scallop, aliowing
swimming for brief periods and relocation if necessary. When
the juvenile scillop reaches one-half to one inch (about six
months), attachment becomes permanent through cementation.
Plastic surfaces are provided for cementation in aquaculture.
Several aquaculiure groups in California, Washington
stale, and British Columbia, are currently testing the concept of
rock scallop spat collection as an alternative to preduction of
young in the hatchery. The principal difficulties encountered so
far are coincident collection of pink and spiny scallops in
northemn waters and kelp scallops in southern waters, making
separations tedious. Typically, a single spat collection bag,
approximaiely one cubic foot, immersed at a depth of 20 feet for
two months, will yield between 500 and 1,000 juvenile scallops.
About 25 percent of those would be rock scallops. Until
commercial hatcheries are developed to produce substantial
numbers of juvenile stock available to growers ai a few cents
each, the use of spat collectors seems a preferred practice.
Generally, rock scallops have not been subject to problems
associated with pollutants. The adductor muscle, which is
usually all that is cotisumned, is not a storage organ for metabo-
lites ortoxins. A single case of paralytic shellfish poisoning was
reported in 1980 during a red lide off northern California. In
this instance, which was fatal, 2 diver consumed viscera in
addition to the adductor muscle from several scallops.

Status of Population

This shellfish is common on offshore reefs and other
favored habitats, but in no case is it numerous. Heaviest 1ake of
rock scallops occurs at spots frequented by sport diving vessels.
Largeradults are becoming rare in these Jocations and individu-
als as small as two inches are being laken in large numbers. The
present bag It is 10, but vock scallops may benefit from some
size and seasonal limitations.

The rock scatlop is a valuable marine resource to the sport
diver, as well as 2 highly promising candidate for extensive
cultivation in the sea by new methods of aquaculture.

David L. Leighton
Mazrine Bioculture
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SALMON

History

Threz types of operations are involved in salmon aquacul-
ture: salmon ranching, land-based tank operations, and net-pen
rearing, Alsalmonranch hatcheries, aduli fish are spawned, the
¢ggs are hatched, and the young are reared in tanksto increase
their size and tobetier their chance of survival in the wild. The
salmon are then released and grow to market size while at
liberty inthe ocean. When they mature, the salmon returntothe
hatchery, where they are harvested. If at least three to five
percent of the released salmon return to be harvested, the
salmon ranch may be successful. It is not uncommon, however,
for 98to 99 percent of the salmon to be lost to natural and fishing
mortality before they can return to the hatchery.

Land-based tank operations maintain all of the fish on the
facility until harvest. Fish are kept in tanks made of concrete,
fiberglass, or other materials. Round tanks are often 20 to 30
feetindiameter. Water is pumped throughhe tanksto maintain
good water quality, and growth comes from manufaciured feed
provided by the aquaculturist.

In areas where net-pen rearing occurs, young fish are
produced in hatcheries, then placed into pens and grown to
market size. The pens are made from flexible netting matcrial
suspended from floats and can range in size from a few hundred
square feet at the surface to many acres. The net-pens are
usually placed in sheltered salt water areas where protection
from ocean storms is provided, but where good water quality is
maintained by natural currents.

Salmon are produced in California by both private and
pablic hatcheries. While the history of private trout production
in California dates back to the 1800°s, private commercial
production of salmen in California is just now developing, The
first evidence of recent interest in commercial salmon produc-
tion was the authorization by the California Legislature in 1968
for the first {and only) private salmon ranching operation. In
1979, the Legislature authorized the operation’s move to its
current siteon Davenport Landing Creek in Santa Cruz County,
where it remains an experimental pilot project. In California,
land-based tank operations began in 1983 and have been the
source of the State’s private aquaculture production of salmon.
Currently, salmon culture is not a major component of the
State’s private aquaculture sector, contributing css than five
percent o the total value of the industry’s production,

Public salmon haichery operations play a key role in the
management of California's natural resowces. Hatcheries are



built and operated to supplement natural salmon resources orto
mitigate for the loss of natural production that occurs when
waler and power generation projects eliminate salmon spawn-
g habitat. Thus, hatcheries help to provide for the multiple
beneficial use of the State’s water resources. Public hatcheries
produce approxamately 50 million fish each year and arc critical
10 maintaining the State's sport and commercial salmon fisher-
ics. Seventy percent of California’s salmon harvest comes from
south of Point Arena, where hatchery-produced fish generally
make up over half of the catch,

Public hatchery production of salmon in California dates
back 1o 1872 with the establishment of Baird Hatchery on the
McCloud River in the upper Sacramento River drainage,
Scveral other salmon hatcheries and egg taking stations also
began operations in the late 1800°s and early 1900, Baird
ariginally operated as an independent hatchery, then as an egg
collecting station for salmon and trout reared at Mount Shasia
Hatchery (then called Sisson Hatchery), Afier the construction
of Shasta Dam, Mount Shasta Hatchery and the upper Sacra-
mento spawning grounds were separated from the lower Sacra-
mento River and the Pacific Ocean. Coleman Naticnal Fish
Hatchery was built in 1942 to mitigate for those losses. It
replaced many of the early hatcheries, including most of the
salmaon operations at Mount Shasta. Coleman is the only
federally-operated fish hatchery in California,

Today there are seven California Department of Fish and
Game-cperated salmon mitigation hatcheries and two State-
operated salmon restoration and enhancement hatcheries. All
nine of these State-operated hatcheries have been built since 1955,

The mitigation hatcheries are located on central valiey and
porth coast rivers downstream from dams constructed for water
or power developmend. Iron Gate Hatchery is on the Klamath
River below Copoo Lake. Trinity Hatchery is on the Trinity
River below Clair Engle Lake. Feather River Hatchery is
Incated below Lake Oroville. Mokelumne River Fish Installa-
tion is located below Camanche Rescrvoir. Nimbus Hatchery is
on the American River below Folsom Lake, Van Arsdale
Fisheries Station is on the Eel River below Van Arsdaie
Reservoir. Warm Springs Hatchery is on a tributary to the
Russian River below Lake Sonoma. Coleman National Fish
Hatchery is on a tributary to the Sacramento River at Anderson,
sousth of Redding.

The Department’s two restoration and enhancement
hatcheries are the Mad River Hatchery near Eureka and the
Merced River Fish Installation below Lake McClure.

In addition, public or privately funded nonprofit salmon
restoralion and enhancement projects use a variety of habitat
improvement, artificial spawning, and rearing technigucs 1o
improve runs of wild fish or to contribute additional fish 1o 1he
fishery. Most are located on coastal streams in porthern and
centrai California. Saltwater pen-rearing operations are located
# Tiburon, Port San Luis, and Ventura. In 1989-1990, atotal of
twenty-ope projects planted an average of 54,000 fish per project.

Status

Cuarrently, private aguaculture-preduced salmon from
California may come from cither salmon ranching operations

or from land-based tank rearing facilities. With the exception of
the smali sport-fishing salnon enhancement projects, there is
no net-pen rearing of salmon in California, Commercial net-
pen rearing is not prohibited; however, suitable sites have not
been identified or developed which do not conflict with other
established uses.

Volunteers tagging salmon for future cvaluation of success of a
non-profit salmon restoration project.

Every private aquaculiure operation in California is re-
quired to register with the Department of Fish and Game.
Before approving an application for registration, the Depart-
ment must determine that each facility will not cause significant
negative impacts on adjacent native fish and wildlife. Private
salmon culture may be permitted throughout California, except
that aew commercial salmon farming is prohibited from the
Smith River watershed.

Most commercialiy produced salmon have been fromtank-
rearing operations located in northern California, where the
oold water suitable for salmon culture is more readily found.
Fish are grown to market size in tanks using cither fresh or salt
water. Steclhead rainbow trout (Oncorbyrchus mkiss) are
produced from domestic brood stock maintained by California
aquaculturists. However, coho salmon (Oncormmcius kisutch)
and Atlantic salmon (Selme safer) eggs or fingerlings are
umported from out of state to the California farms. The eggsare
hatched and the juvenile fish are grown to market size,

Private salmon production in 1990 is estimated at around
one million pounds. Most of this production entzred the fresh
fish market for human consumption. Seme small quantities
were used to stock reservoirs for recreational fishing, Total
production for 1991 is expected 10 decrease from 1990 levels
due 1o reduced productian from the major tank-rearing operation

The lone California commercial satmon ranching projct
opcrates under a permit from the Fish and Game Commission,
which reviews the permit annually. Commission authority to
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ismx the salmon ranching penmit is granted by the California Legisla-
ture. TheLegislature reviews the authonzation periodically and
in 1990 extended authority to issue the permit to January 1,
1996. The propct is authorized to ranch chinook salmon
(Oncoriyymchus tshawytscha), coho, and steelhead.

State and federal hatcheries produce chinook and coho
saimon and steelhead using the same production techniques as
other salmon ranching operations. Retwrning adults are artifi-
cially spawncd and the offspring are reared to smolt or yearling
size before they are released at the hatchery, or a1 other
freshwater sites, o migrate to the ocean where they grow 10
adults. Chinook salmon return to be spawned, usually three or
four years afler release. Coho penerally spend one year in
freshwater and return from the ocean to be spawned as two- or
three-yearolds. Steelhead most often spend two scasons in fresh
water and one or two seasons in the ocean.

Public hatchery production remains relatively constant,
therefore, years of Jow natural production result in harvests with
a larger proportion of haichery fish. Depending upon the
suceess of each year’s natural production, Deparunent of Fish
and Game biologists estimale that hatchery-produced fish
generally contribute from 30 to 50 percent of California’s sport
and commergial salmon harvests,

Trinity River Hatchery

Most of the public hatchery production of salmon in
California is conducted to mitsgate for the loss of habitat caused
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by construction of dams for watcr and power development. The
concept of providing mitigation for losses to fish and wildlife
caused by the building of a government project was originally
established by the U.S. Congress when it enacted the Fish and
Wildlife Coordination Act of 1934. The need to replace the
natural fishery resources eliminated by these projects continues
to have high priority with the people of California.

Bob Hulbrock
California Department of Fish and Game
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AQUACULTURE OF MARINE SPECIES:
DISCUSSION

California’s location, marine influences, and coastal to-
pography that contribute so significantly to the rich Pacific
assemblage of marine species have also supported substantial
commercial and sporis fisheries and a significant aquaculture
industry. Although emphasis here is on aquaculture, the com-
mercial and sports fisheries have had a strong relationship to
aquaculture in the past and will be more strongly linked in the
future. These relationships are recognized by state government
and have resulted in legislative mandates assuring
aquaculture’s place in California’s future.

A first link is aguaculture’s relationship to commercial
fisheries. Interest in aquacullure has increased over the past
several decades as a result of public demand for aquatic
products and the realization that our traditional natural fisher-
ies are limited in their ability to meet this increased demand.
Adquaculture now accounts for approximately 10 to 12 peroent
of fishery products consumed worldwide. Traditional marine
figheries, once considered unlimited, are now thought capable
of producing a maximum susiained level of harvest at 100 to
120 million metric tons per year without harming the natural
resource. This limit may be reached or exceeded for our
traditional fishenies early in the next century. Options include
increasing landings by use of nontraditional underutilized
specics and through the use of agiaculture, which isthe controlled
cultuze of aquaticorganisms. Aquaculture is not being designedto
repiace the natural fishery, bt to supptement the demand for
fishery products as demand exceeds matural production.

A second link to aquaculture exists with both the commer-
cial and sports fisheries, both of which have been major
contnbuiors lo the state’s economy. The link is aquaculture
production of aquatic species that are rcleased into the state's
natural waters to mitigate the loss of wildstock through human
acuvilies, natural occurrences, or the cffects of both. The State
Resources Agency has a long history of public aquaculture for
mitigation through its hatchery systems. More recently, the
privale sector has joined with agencies in cooperative programs



operaied under state control to produce aquatic species primarily
for mitigation of sport fishing specics.

California’s 1,100 mile coast has a number of bays and
inlets suitable for aquaculture, and most commercial operations
from Crescent City to San Dicgo are located in these sheltered
bays and inlets. Most of the coastlinc is dominated by rocky
inshore areas with rough, steep cliffs, and recently facilities
have been built that pump water over the cliffs to onshore tank
culture eperations, Strict coastal zonc regulations also mandate
compatibility with environmental and other local regulations.

Aquacuiture in California is not new. In cach instance it
has matured from a fishery (hrough developmental steps o
controlied culture of the specics. From its early application of
culturingoystersinthe 1860’s and trout inthe 1870°s, the siate’s
industry producesover 35 specics. Ex-farmvalue is estimaied to
be in excess of 35 million dollars annually. The marinc aquac-
ulture industry has a good mix of commercially viable specics
and species under research and development that are expected
to make the transition to economic viability in the future.

Marine aquaculture makes up almost onc-half the 1otal
aquacullure industry, with the major food species produced
being oysters, mussels, salmon, and abalone. Some marine and
brackish water species, such as sturgeon and striped bass, are
cultured al inland sites, thereby taking advantage of their
anadromous nalure and adaptability to fresh water. Other
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important aquacultural contributions to the staie inchade non-
profit salmon and steelhead production facitites operated by
citizen organizations incooperation with the resource agencyto
mitigate the natural fishery.

The future of Caiifornia marine aquaculture is bright and
essential, both for increased food production and to maintain
the state’s naturat resources. Ifthe quality of our coastal walers
is maintained, the state’s aquatic production of the species
raised now will increase and become an even greater contribu-
tor 10 the state’s economry. Research and development by
industry and institutions will continue toadd additional species
to the list of those being cultured, both for feod and in supportof
the natural resource where species are threatened or endan-
gered Aquaculture is a valuable inclusion within the coastal
zone and can be compatible with the objectives of coastal zone
management. A healthy environment and clean water are
cssential to aquatic production, and more eften the monitoving
programs mandated to assurc seafood safety of aquaculwre
products are the sentinels that measire the quafity of our coasial
waters. California has a rich assemblage of marine species that
contribute to owr food base, to the economy of (he slate, and of
equal importance contribute to our quality of life as a direct
reflection of nature’s gifis,

Fred §. Conte
University of California, Davis
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UNDERUTILIZED SPECIES

BOX CRAB

History of the Fishery

While they have rarely been marketed in Califormia, box
crabs {Lopholithodes foraminatus) have been used commer-
cially in Oregon for scveral years. The meat, which is found
mainly in the claws and legs, is tasty and has good texture, and
the meat vield of about 25 percent of the total weight is high
compared tothatofthe more familiar rock crabs. Theshell iakes
on an appealing reddish tinge when cooked, but moderately
sharp spines on the carapace and legs detract somewhat from
the box crab’s marketability. The shell is not as hard as that of
rock crabs, however, 50 the meat is easier to extract.

Box crabs are a common bycaich in the groundfish fisher-
ies of northern California. They are often entangled in gillmets
that are used 1o catch rockfish in deep water, and are also
captured, sometimes in large numbers, intrawl nets. Traps used
o catch fish or Dunpeness crab are also effective for catching
box crabs, which are readily attracted to bait. Captured box
crabs are usually discarded, or are eaten by fishermen, because
of the lack of a market. No reguiations apply to the commercial
or sport ake of box crabs.

An experimental trap fishery for box crab camried out in
August and Sepiember, 1989, in southern Califomia at the
northern Channel Islands, produced only a few crabs. Most of
the fishing was conducted in the shallow end of the box crab’s
range, which may partly account for the poor resulis, Observa-
tions made during that study suggest that long soak times are
needed to catch box crab, which may not be as mobile as other
crabs and lobsters. In fact it was suggested that trawling may be
more efficient than trapping as a means of catching box crabs
comraercially. Box crabs do poorly in captivity in ambient
surface sea water temperatures in southcrn California; so
refrigerated systems are needed in order to keep them alive. On
the other hand, they will remain alive out of water for at least
two or three days if kept in temperatures under 45°,

The marketability of box crabs was discovered in Oregon
in 1983, when El Nito conditions forced fishermen and dealers
1o look to substitute species for the many normal target species
no longer available, Calches jumped from 16,000 pounds in
1983 to 272,000 pounds in 1984, then declired to 93,000
pounds in 1985. Much of the product was sold in the form of
picked meat to buvers on the east coast, who needed substitutes
for declining resources of "Jonah" crab. The crabs were caught
mainly in Dungeness crab pots withentrances made abit higher
10 accommodase the shape of box crabs.

Status of Biological Knowledge

When its legs and claws are folded under its body, the box
crab resembles an oval rock or, arguably, a smail box. Boxcrabs
have a light brown carapace and are white below. The entire
front margin of the carapace is armed with short, sharp spines.
When the legs are folded inward, a round hole is formed at the
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angle of the middle joint between the claw and the first walking
leg, from which the scientific name * foraeninafus” was derived.

Box crab, Lopholithodes foraminatus.

In northern California, box crabs are abundant indepths of
300 to 800 feet. Further south, they are more common in
somewhat greater depths of about 600 to 1,000 feet. The record
depth of capture is 1,800 feet. Box crabs are found on sandy,
muddy, and rockybotom. They may possibly undergo migrations
from deep to shallow waters and vice versa during cerain seasons.

Litile is known about the biology, behavior, or population
parameters of this species. Egg-bearing females are common
off southern California in February, and hatching probably
oocurs sometime in spring. Mature males weigh about 1.3 pounds,
and the largest individuals are about 2.5 pounds and measure
seven inches across the back. Females are smaller than males.

Like other crabs, box crabs probably feed mainly on
invertebrates that occur in their habitat. The strong claws are
used 1o grasp and tear their prey into manageable size. The
major predator of box crabs is probably octopus. Other animals
find it difficult to cat box crabs when they assume their defensive
position, with all the appendages folded under the body.

Status of Population

Nothing is known about the abundance of box crabs.
Occasional reports of catches of large numbers box crabby trawd
fishermen in both northem and southern California suggest
that the populations may be sizable. Near San Diego, research-
ers regularty caught box crabs in baited traps sct in depths of
125-175 fathoms. We need to learn more about the ife history as
well as abundance ofbox crab inorder to determine appropriate

catch levels.
Susumn Kato

National Marine Fisheries Service
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KELLETS WHELK

History of the Fishery

Relatively few Kellet's whelks (Kefletia kelletii) are taken
commercially, and these arc usually sold alive in southern
California at local fish markets that specialize in live fishes,
Consumers represent various ethnic groups used to eating
similar kinds of shellfish, such as conch from the Canbbean,
and other neptunid snails found in southeast Asia. The whelks
are usually boiled whole, then the meat extracted and viscera
removed The shell can also be cracked and (he meat removed
before cooking. Live Kcellet's whelks are presently sold by
fishermen to wholcsalers for 25 fo 40 cents per pound. Some
Kefletia meat is also imported from Mexico.

Presently, small commercial landings are made primarily
by rock crab fishermen whe catch Kellet s whelk incidentally in
their traps. Lobster fishermen also catch and deliver whelk at
tmes. Most of these catches are made ncar shore, from San
Diego to Pt Conception, and at the Channel Islands. Because
landings of Kellet's whelk are recorded with other shellfish
under the collective terms "sea snail," "miscellaneous mol-
Lusks," or "whelk" in catch statistics maintained by the Depart-
ment of Fish and Game, the actual amount janded is unknewn.
However, except for some landings of "miscellaneous mol-
lusks” with high unit value, tandings under these categories
recorded from San Dicgo to Santa Barbara can be safely
assumed to be composed primanly of Kellet’s whelk. From
1977 through 1989, the estimated catch in southern California
ranged from 16,000 10 40,000 pounds, with an average of
28,000 pounds. No Kellet’s whelk are caught commercially
north of Point Conception.

Mo restrictions apply to fishing for whelk, but the high
vulnerability of spawning aggregations may reqquire seasonal
protection ofthe species if the fishery shouldexpand. Diverscan
easily harvest dense clusters of Kellet's whelk found in shallow
water during the spring spawning season. The most productive
fishing pcriod using traps is from June through November, and
the least productive is during the spawning scason,

Kellet's whelk, Kelletia kelleni.

Status of Biological Knowledge

Among the largest gasiropods found in seuthern Cali-
fornia, Kellet’s whelks are common there inshallow water. The
ponderous shell is grayish white, often with a greenish tinge
They are common from central Baja California 10 Pt Concep-
tion, and occur northward at least to Morro Bay. They are
usually found in and adjacent to kelp beds and in nearshore
areas with rocky boitom, in depihs of six to 130 feet, and
occasionally to 200 feet. They seem to prefer arcas with
boulders, Jedges, and outcroppings rather than smooth recky
bottom, but can also be commondy found on sandy bottom
adjacent 1o rocky areas.

The sexes are separate, and reproduclively active pairs are
frequently found during spring. Spawning usually startsaround
April at SanDiego, where bottorn temperatures at depths of 65-
82 feet range from about 51° to 57° F. Females reach sexual
maturity at a shell length of abowt 2.8 inches, while males
mature when slightly smatler. Spawning is annual and each
female deposits egg capsules for at least a month during the
spawning season. Individuals have been observed laving 22
capsules in 24 hours and 8BS capsules during four spawning
episodes overa period of 30 days. Each capsule usually contains
400 to 1,000 eggs, but occasionally has over 2,000.

The egg capsules are attached in clusters to hard substrate,
including dead shells, rocks, and shells of live whelks. Incuba-
tion time is around a month at 60° F, Little is known about the
life history after the free swimming veliger larvac are hatched.
One researcher estimated that adult whelks 2.5 to 3.0 inches
long were about seven or eight years old. The maxirum shell
length is about six inches.

Kelletia 1s a carnivorous scavenger, feeding primarily on
dead and dyving animals found on the sea floor. Large numbers
of the whelk are ofien found aggregated sround carcasses of
dead fish. Live animals eaten by Kelletia include bamnacles,
gastropods, pelecypods, polychaete worms, and ascidians. A
long proboscis allows them o feed in crevices and namow
spaces where they are not able to enter.

Octopus and stasfish are the major predators of large
Kellet's whelk, while the young are eaten by these animals as
well as various fishes.

Status of Popuiation

Spawning aggregations of 15-20 whelks are common in
some kelp beds, and as many as 200-300 whelks have een
found within an area of 25 square yards, at a depth of 60 feet.
During non-spawning seasons, densitics of 28 to 60 whelks per
100 square yards were counted during underwater surveys of
areas with good whelk habitat. Because annual calches have
been low, populations of Kellet's whelk have probably not been
adversely affected by fishing. Estimates of population size are
not available for this species.
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OCTOPUSES

History of the Fishery

Cctopuses have been reported in California’s commercial
fishing records in¢very year since 1916 when the records were
first coliected. Between 1916 and 1990, iandings ranged froma
low of 1,160 pounds in 1960 to a high of 166,291 pounds in
1924. The average annual catch is about 45,000 pounds.

Very few published records exist regarding the nature of
the fishery. Philtips gave a detaited description of the fishery in
the Monterey Bay area in the period between 1920 and 1933
The "devilfish® pots in use then were cone-shaped wicker
baskets with a funnel shaped mouth; the Lraps were four (o five
and a halffeet high and about twoto three fect in diamcter at the
wide end. They were constructed of rattan which was deemed
beuer than wire because of its flexibility when in contact with
rocks. The catches were made from rocky areas in 20 (o 30
fathoms of water. Most of the catch was the giant octopus (Octopus
dafleiniy with an average weight of between 20 and 10 pounds.

From 1919t 1944, almost the entire catch was landed at
Monterey; then San Francisco became the leading port for a
year, only to lose out 10 Eurcka in 1946, San Francisco and
Monterey then regained thelead, although landings at all ports
were declining between 1950 and 1960. Landings reboundod
surongly for about four years at San Francisoo in the early
1960%s. Catches then declined again, until only 1,804 pounds
were fanded stalcwide in 1971, Another sinking up and down
cycle ook place between 1972 and 1984,

Since 1972, most of Califomia’s catch has come from the
Eureka arca and was incidental totrawl netiing for rockfish and
fatfish. Southern California annual landings since 1950 have
been less than 10,000 pounds, with the bulk of that catch
coming from the Santa Barbara area.

There is a slighl declining scasonal rend in average
monthly catch during the period 1947-§990, with the highest
caich in January (average = 4,555 pounds) and the lowest in
November (average = 2,205 pounds).

Earty investigators commented that the commercial caich
of octopuses is of litlle importance compared with most other
Califormia fisheries. This slatus continued between 1950 and
1970, with the average ex-vessel price at Jess than 10 cents per
pound. Since then, however, there has been a steady trend of
increasing ex-vessel value. Betwegn 1970 and 1982, the aver-
agevalueincreased from 1010 55 cents per pound; over the next
six years, the average price deubled.

A short-lived, high value, timited volume fishery for live
aoctopus began in the Los Angelss area tn 1983, [n 198) and
1982, the Los Angeles area vaiue had been 75 and 93 cents per
pound. respectively, while the statewide average was 50 and 55
cents, In 1983, the Los Angeles price climbed frem $3.14 per
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pound to akmost $13.00 (1987, before dipping slightly to
$11.75in 1988 and plunging lo only 64 cents per pound in 1989,
The ex-vessel vatuc in the rest of the State remained under
$1.00 per pound during this time.

Thete are no season or bag limits relating to the take of
octopuses for commercial purposcs.

Status of Biciegical Knowledge

The six species of octopuscs commonly found in
California’s waters are all bottom dwellers as juveniles and
adults, They are found from the intertidal zone 10 depths of
about 500 fathems and in many diverse habitats, including
rocks, kelp holdfasts, and sofl boltom substrates such as sand
and mud. The giant octopus contribuics most of the catch in
northern California, while the California bigeye octopus (O.
cafifornicus) and the red octopus (0. rubescens) probably
contribute most of the catch in Sants Barbara and to the south.
Other species found in southern California are the California
lilliput octopus {O. micropyrsus) and two nearly mor-
phelogically identical specics, both calied the California two~
spot octopus (O, bimaculatus and O. bimaculoides). These latter
two can be separatexd by differences in body size, color paticms,
behavior, egg size, and kinds of parasites found in the lidneys.

The sexes are scparate. During copulation, the male places
packets of sperm (spermatophores) in the body cavity of the
female by means of a modified am (hectocotylus) with a
suckerless, groove-shaped tip. The females lay eggs attached
singly or in grape-like clusters to a hard substraie. The eggs
range in number from 3 few hundred to the thousands. They are
brooded for severat weeks Lo several monthsby the females who
usualty do not feed while guarding the nest and often dic when
the cggs hatch. Young of some species hatch out with well-
developed ink sacs and arms capable of feeding and crawling
and take up benthic life, while young of other specics enter a
pelagic larval phase upon hatching.

Octopuses are voracious predators, feeding on a wide
vanicty of invertebrates, principally crustaceans and other mol-
lusks, and smallfish. Theyuse the suckers on theis arms to catch
and hold, the radula 10 rasp ficsh, and the beak to bite.
Octopuses often doll tiny holes in Lhe shells of crabs, clams, and
snails through which they inject a poison 1o paralyze and ikt
their prey. They in tum are fed on by marine birds, mammals,
fishes, and man,

California octopuscs are generally short lived, with alife
span of from six to 18 months, although the giant octopus is
thought to live to an age of three 10 five years. They range in
weight from a few ounces 10 over 400 pounds and in size fram
two inchesto about 30feet in diameter (from arm tip toarmtip).

Status of Population

No surveys have heen made to determine the abundance
and distribution of California octopuses. At the present time it
appears 1hat the incidental fishery is far from utitizing the full
potendial of the resource. Recent cach levels of 10,000 to



30,000 pounds per year are about 20 percent of the record catch,
163,000 pounds, taken in 1924,

John M. Duffy
California Department of Fish and Game
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PELAGIC RED CRAB

History of the Fishery

Pelagic red crabs (Pleuroncodes planipes) constiwle a
large fishery resource when they periodically appear off the
southern California coast. The bulk of the resource is centered
oY southern Baja California, but during warm water ycarsmany
crabs arc carried as far northas Monterey. Although this species
is ot now fished commercially, in the past it has been used in
pet food and aguaculture feed, and other uscs have been
suggesied. The Besh is edible (red crab is closely related 0
“kangosting,” which has been imported from Chile for many
years), and the shell can be converted to “chitosan,” a compound
sumilar to cellulose with a number of practical applications. The
carotenoid pigment in red crab can be used to enhance pig-
mentaiion in the flesh and skin of fishes, as well as feathers of
birds such as captive flamingos. It also gives a desirable golden
bue to the skin of chickens.

Midwater trawl cateh of pelagic red crabs.

A small fishery for pelagic red crab was initisled in the
early 1970’s, with practically all of the catches being made off
southern Baja California, Mexico. The fishery iasted uniil
around 1977, when extended jusisdiction effictively closed all
areas of dense concentration of red crabs to American fisher-
men. Throughout the fishery's existence, a single boat made all
commerctal landings of red crabs.

Although large numbers of red crabs are periodically seen
off southern California, atermpts (o catch them in commercial
quantitics have proven difficult, Thus, the fishery was con-
ducted in southern Baja California, particularly in and near
Magdalena Bay. All the landings were made in San Pedro.
Initially the crabs were used asan ingredient in canned cak food,
but later they were minced and included in the formulation ofa
salmon feed known as "Oregon Moist Pellets,” used extensively
by salmon growers. The value of red cmb lay in ils high
concentration of carotenoid pigments which, when ingestod
and assimilated by salmon, gave the fish flesh its characteristic
color, Without the inclusion of carolenoid pigments in the: diet.
the flesh of cultured salmon is pale.

Both midwater and bottom trawls have been successfully
used to catch pelagic red crab. A special problem occurs in
unloading the catch from the trawl nets, because the crabs
interlock with each other and splitting off manageable amounts
in the cod end is difficult, On-board handling and storage are
alsa difficult, because the crabs are light and bulky. Further.
enzyme activity quickly causes spoilage. In order 1o store large
quantities aboard 3 vessel, it was found that grinding and
freezing the product in plastic bags was most practical.

Pelagic red crib, Pleuroncodes planipes.

Status of Biokgical Knowledge

The pelagic red crabis a striking red crustaceanbelonging
to the family Galatheidae, which includes a number of jobster -like
crabs. Adult red crabs atain body lengihs of only about 2.5 inches.
and 100 or more individuals are needed to make W) 2 pound.
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Pelagic red crab is normally found off southern Baja
California, Mexico, but in years when strong northward trans-
port of water occurs along the west coast it can be found as far
north as Monterey. They are found in surface layers, and onthe
botiem from shallow depihs Lo around 150 fathoms. Although
they have been found in temperatures of 48 o 827, they scem o
prefer water temperatures between 39 and 70 F.

Larval and young stages of red crab lead a planktonic life
for about a year. In the second year, maturing crabsarcabout 0.6
inch in carapace length and spend some time on the bottomm. By
the end of the second year they are slightly larger than one inch
long and become stnctly benthic,

Red crabs beoome reproductively mature sometime in their
second year. Each female may have two or threc broods of eggs
in onc seasor, with up 10 3,600 eggs in abrood. Eggs hatch about
two weeks afler Lhey are camied externally. Spawning, peaks in the
winter, mainly off southcn Baja California, but in warm waker
years spawning can occur as far north as southern California,

Planktonic red crabs feed on phyvto- and zooplankion by
Gltration. Benthic stages probably feed primadily on detnius,
but can also feed ondead animal matter and can even cach live
copepods by using their chelipeds.

In nature, the red crab is an imponant food sem for many
fishes, birds and marine maminals, because of its greal abua-
dance and availability. Predators of red c¢rab include most
camivorousfishes, especially tuna off scuthern Baja California,
several species of birds, sca lions and some whales. Off scuthemn
California, they constitute an important food item for gulls and
probably marine mammals as well, especially during El Niflo
years when other feed such as squid and anchovy are scarce.

Younger stages of pelagic red crab hve up 10 their name,
and are transporied in all directions by currenis from the
primary spawning grounds off south-central Baja California.
Windrows of these crabs are ofien scen sireiching for miles an
ang near Lhe surface. Mass sirandings of pelagic red crabs oecur
regularly onbeachesin Baja California and periodically happen
as far north as Montcrey,

Status of Population

Little information is available about the abundance of
pelagic red crab. One survey by a Russian rescarch vessel found
around 100,000 tons of rod crabs in an area of 77,000 square
miles off Baja California. In ancther study, stomach contents of
tenas caught in thisarea indicated that the fish ate around a ping
of red crabs daily, 5o the toal abundance must be considerable.
Off Califormia, however, large quantities occur only infre-
quently, when warm currents carry the erabs northward from
the center of abundance off Baja Calufornia.

Susumu Kalo
National Marine Fisheries Service
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PACIFIC HAGFISH

History of the Fishery

Hagfish are primitive, eel-like vertcbrates that are often
catled "slime ccls” because of their ability 10 produce large
amounts of mucus. Until the late 1980s, most fishermen in
California thought of hagfish only as pests which would atiack
fish caught in gillncts, longlines and traps. This perception
changed when buyers from the Republic of Korca (South
Korca) came to California in scarch of hagfish. In Korea,
hagfish are highly valued for their edible flesh and for their thin,
durable skin, which is used (¢ make "eclskin™ leather,

A fishery for Pacific hagfish (Eptamretus stoutiiy began in
the San Francisco and Montcrey arcas in 1988, Eight boats
panticipated in Lhe fishery the first year, landing approximately
690,000 pounds of hagfish. The fishery grew rapidly, spreading
north (o Eureka and south to San Dicgo. The number of boats in
the fishery increased to cighty in 1989, and landings increased
to 2.6 millien pounds. Landings rose again in 1990 10 4.9
million pounds with an ex-vessel value of over two million
dollars. Fishing effort began to decline at the end of 1990 and
the decline continued in 1991, due primanly to the decrease in
the ex-vesscl prices brought about by the availability of other
sources of hagfish.

Hagfish traps onboard a Morro Bay fishing vessel.

Hagfish are caught with baited traps that are set on the
ocean bottom, Several types of traps have been used in the
fishery. The first type, imponed from Korea, was a molded
plastic tube pedforated with small heles. It mcasured about five
inches indiameicrand twofeetin length. One end of the Korean
trap was closed, and the other had a removable one-way funnel.
As the fishery developed, fishermen in California designed
other traps. Some were made from four to six gallon plastic
buckets, while others were made from 32 to 55 gallon plastic
trash cans or pickicbarrefs. Allthe traps had small holes intheir
sidewalls and all had one-way funnel emtrances. The lids or
funnels of the wraps were held in place by rubber bands tied to



degradable cotton line. which served as a destruct device,
requiredby Iaw, ta kecp lost traps from continuing to catch and
retain fish

Mot of the boals in the fishery were 30to 50 feet in length
and carried a cyew of twa to three people. They set 500 w0 1,500
Korean traps, 200 1o 500 bucket traps or %0 10 120 barrel iraps
at one time. The Korean and bucket traps were usually unon a
single longline, while the barrel traps were run on three ot four
separale lincs each with about 30 uaps. Fishing occurred at
depahs ranging from 240 to 1,200 feet, with soak times from
four 10 24 bours,

Pacific hagfish, Epratrelius stoutii.

Status of Bicogical Knowledge

Pacific hagfish range from southeast Alaska to Baja Cali-
formia, They are bottom dwelling and occur at depths from 60 to
3,100 feet, but generally shallower than black hagfish (£
deani}, whose range overlaps. Pacific hagfish inhabil a variety
of substrales including mud, gravel and rock. However, they
appear o prefer mud, in which they make burrows.

The smallest frec-swimming Pacific hagfish on record is
2.36inches long; the Jargest is 32.3 inches. Fish from 12 inches
to 18 inches predominate in the commercial landings. Very
listle is known about the growth rate of Pacific hagfish, since
they are difficult to age because they lack bones and other hard
parts thatbear annual marks. The few tagging experiments that
have been conducied suggest a slow growth rate.

Hagfish have a single gonad that runs the length of the
abdominal cavity. Sexual differentiation is a gradual and highly
wvariable process; nevertheless, maost differentiate into male of
female before reaching nine inches in length Undl Pacific
hagfish are about 7.8 inches in length, the anterior part of the
gonadundergocs carly stages of femalc differentiation. Females
continue this development and most are mature by nine inches
ins lenglh. 1n males, the ovanan structures in the anterior part of
the gonad degeneraic, and the posterior part of the gonadbegins
o differentiate into a testis; most males are mature by 11 inches.

Early rescarchers speculated that Pacific ha gfish were
hermaphrodites, but more recent studics have demonsirated
that normally they are not. Rare cases of hermaphroditism as
well as gonadal bisexuality do occur, however.

Fertil ization is thought to be external. Femalcs lay large
yolky eggs which are covered by a horny shell. The oblong eggs
range in length from 0.9 to 1.3 inches, and have tufis of
filaments at each end which anchor the eggs to the bottom and

10 each other. Fecundity is low. Typically. 10 10 30 eggs mature
during a reproductive cycle.

There is no apparem breeding scason. The proportion of
fernales with large (0.8 inchor longer) cggs isconstant through-
out the year. In addition, al anytime of the year, individual males
contain testicular follicies in various stages of SpermaloRenesis.
Pacific hagfish are (hought to be repeat spawners bocause empty
follickes, indicating recent ovulalion, arc often present in fish
with developing eggs. The interval between successive
spawnings is unknown.

Hagfish are scavengers of dead and injured animals, and
may also be predators on benthic organisms. A study of Pacifi
hagfishin Monterey Bay showed that they cata wide assortment
of animals including cephalopods, polychastes, shrimp, fish,
and amphipods. They are notorious for devouring large prey
from the inside out. Hagfish enter such prey through an orifice
or by boring into the body cavity, then using their rasplike teeth
they consumc the flesh and viscera of the prey leaving behind 3
bag of skin amd bones.

Aside from man, there are few known predalors of Pacific
hagfish. Hagfish eggs have been found in the guts of male
Pacific hagfish and in sablefish. Adult black hagfish have been
found in the guls of sablefish, and itis likely that sablefish also
prey upon Pacific hagfish, since their distributions overlap.

Status of Population

As of 1991 there has been no study of the population of
Pacific hagfish

Constance J. Ryan
University of California
Sea Grant Extension Program
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SPOTTED RATFISH

History of the Fishery

The spotted ratfish or chimacra {Hvdrlagus colliei) s
presently not used commercially 1n Californta, and probabiy is
caten only rarely on the occasions when it is caught by
recreational fishermen, However, fillets of chimacra have re-
cently been imported inte California, probably from Argentina
and Chile, and have been sold in restaurants as well as fish
markets. Chimaeras, called “ghostsharks” in New Zealand
where the fillets are sometimes marketed as *pear fillets,” have
been eaten there as well as in South Africa for many years.
Chimacras are also used as food in China, but no information s
available on the amount consumned. The large liver also yields
an all-purpose oil of good quality, which has been usog as an

197 UNDERUTILZED SPECIES




external and internal medication as well as a lubricant. Spotted
ratfish is commonly taken in trawl nets, and may represent a
sizable underutilized resource in California. Total world land-
ings arc on the order of 3,000-4,000 tons annually, primarily in
New Zealand, Chile, and Argentina.

Spotted ratfish are commonly found in the bycaich of
bottom trawl ncts. They are also caught by baited hooks that arc
fished near or on the bottom, and in bottom set gill nicts.

Spotted ratfish or chimaera, Fvdrolagus colliei.

Status of Biological Knowledge

The spotted ratfish is an extraordinary fish, with asilveryto
bronze body dolled with numerous white spots, and a smooth,
scalciess skin often having a metallic cast. Large green cves are
st in a head that resembles that of a rabbit. The strong dorsal
spine contains 2 venom which, though not lethal, can cause
severe pain. Chimacras are similar lo sharks in having a
canilaginous rather than bony skelcton.

Found from western Alaska to the tip of Baja Calilornia,
and inthe northern part of the Gulf of California, itis commoen
in depths from 1,000 1o 1,300 feet in spring. It is a bottom
dwcller, and occurs in shatlow waters inthe northern extremes
of its range, but has been found as deep as 3,000 feel.

Studics which use muarks on vertebrae and spines have not
been suceessful in estimating the age of ratfish, nor have those
which usc ¢ye lens woghts and body length modes. Females
apparcntly growto a larger size than males. Inone cotlection of
448 ratfish, no males were as long as 20.4 inches, while ten
females were between 20.4 and 21 inches. The largest recorded
length 1s 38 inches.

Some femaies are malture al a length of 18 inches, while all
are mature by the time they are 20 inches long. Fertilization is
iniernal. Males have two hooked clasping organs in front of the
pelvic fins and, like male sharks, are eguipped with a paic of
claspers which arcused to transfer sperm capsules into females.

The female lays leathery £gg cases which are five to six
inches long and are wide at one end and narrowly tapered at the
other, which sticks into the mud bottom. Egg-laying usually
oceurs inspring and sumuncr, bul some females and most malces
are reproductively active throughout the vear. Egg capsules are
probably laid in pairs, and it is possible that fertilization of a
sccond pair of eges may follow soon after the first pair is
released, and 1hat those are released soon thereafter.

The teeth of ratfish are arranged in three pairs of large flat
plates. two pairs in the upper jaw and one pair in the lower.
Feeding habits reflect an oppontanistic nature, and the diet
inctudes clams, snails, shrimps, nudibranchs, annelid and
polvchacte worms, coelenteries, amphipods, smadl fishes, and
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heart urchins. Many large fishes such as lingcod, rockdish, and
halibut, as wejl as scveral species of sharks and marine mam-
mals, probably cat ratfish.

Spotted ratfish inthe Gulf of California apparsently migrate
seasonally, but this may be duc 10 special hydrographic condi-
tons within the Gulf and may not be indicative of distibution
patterns ¢lsewhere.

Status of Population

Nothing is known about the size of the population of
spotted ratfish, The species has never been purposely sought in
California, but is caught regularly by fishermen targeting other
specics. Spotted ratfish are common in relatively shallow
smooth bottom grounds where trawlcrs work, and are also
found in rocky arcas. Since they are not greparious, it is rare to
catch them i large numbers. Fecundity is low and, like sharks,
chimaeras are probably more susceplible tooverfishing thanare
bony fishes, which produce a large number of offspring.

Susumu Kato
National Marine Fisheries Senice
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PACIFIC GRENADIER

History of the Fishery

Pacific grenadicr (Coryphaenoides acrolepisyhas scarcely
been utilized in California, bul its catch and consumption is
growing. Annual landings of this species have increased inthe
1980°s 1o an average of 128,000 pounds from around 85,000
pounds inthe 1970's. The catch for 1989 amounted to a record
263,000 pounds. There is no directed fishery for grenadiers.
Rather, they constinge a significant partof theby-catch inthe deep-
water bottom trawl fishery for Dover sole, thornyhead, and
sablefish. Pacific grenadier are found off the entire California
ooast, but most landings have been made at Eurcka. Some Pacific
grenadier havealsobeen caught and sold at Monicrey, pnmarily by
sablefish trap fishermen, but also by decp-water trawlers,

The Pacific grenadicr has several attributes that make it a
desirable market fish. The color of the meat is light, and the
flavor mild. Moreover, its low oil content, around 0.5 percent,
contributes. to a long shelf 1ife, as rancidity is not a problem.
Because grenadiers are among the most abundam speciesonthe



deep continental slope, they constitute an important Latent
resource that may be utilized fully one day.

Presently, most catches of Pacific grenadier are made wath
trawl gear, but hook and line is also cffective. In fishing trials,
vertical lenglines caught fish on about 50 percent of baited
hooks in areas where {he fish werc abundant. A hook and line
fishery would be quite selective for grenadiers, except in shallower
depths of their range, where sablefish are also abundant.

Pacific grenadicr are included with a group of miscella-
netas species that bring just $0.14 per pound to trawl fisher-
men. Reasons for the low price include a low fillet yield, small
Average size, and an enfamiliarity among the industry and
pablic with the good attributes of the flesh. The annual ex-vessel
vahe was around $25,000 in 1988 and 1989. All the fish were
filleted by processorsand sold lo markets in northern California
and Oregon.

Pucific grenadier, Coryphuenoides acrolepis.

Status of Biological Knowledge

Pacific grenadier are distribuicd along the coast of North
America from northern Baja California to Alaska, across the
Bering Sea to the Okhotsk Sea and the coast of northern Japan.
They are inhabitants of continental slope waters from about
1,000 ta 10,000 fect, although occasionally are taken much
decper. OfT California and Oregon, they are most commonly
capturcd al depthsof 2,00010 6,500 fect and are among the most
abundant fishes at these depths.

Pacific gremadier are amaong the larger of the 300 plus
members of the family Macrouridac, attaining lengths of 38
inches and 8.8 pounds. Most, however, are less than 31 inches
iekength, with females attaining slightly larger sizes than males.

Spawning appears ta take place mostly from late winter
through earty summer off southern California, although spent
females are found throughout the vear. Tn more norther areas,
ripe females are found earlier, beginning in September and
October. Fecundity is relatively high, with estimates given in
the literature of 22,000 (0 118,000 eg gs in females from Oregon,
to as much as 150,000 from a 4 4-pound female ofl California.
Size at maturity is around 26 inches in females and about 20
inches inmales Calculations of age using otoliths suggest that
thase sizesare reached in 10 ormore years. Larvae and juveniles
are eare, and egps are not known from the plankton. The
youngest larvac are found in the upper 660 feet, whereas older
larvae and juvenilesoccur decper. Spawning depth is unknown,
One hypothesis would have the fish spawn in the upper water
layers and descend to the battom as juveniles of about three
inches. Alternatively, the fish may spawn at lower levels and the
cgps float toward the surface, where they hatch and the fish
desoend as suveniles,

Pacific grenadiers feed primarily on pelagic cephalopods,
crustaceans, and fish, althoughyoung individuals probably feed
mostly on bottomn-dwelling inverichrates. These food Hemms.
and the occasional capture of adults well off bottom, SUBECSt
that Pacific grenadiers sometime rove up into the water column
to feed. It has been suggested that the larger species of squid
found in the stomachs of grenadiers were eaten afler they had
died and scttled on the ocean floor. That grenadicrs are good
scavengers is suggested by their ready attraction to baited traps
and hooks set on the bottom.

Status of Population

The status of the population is unknowa, Although the
species is broadly distrbuted in California and the North
Pacific, only a small segment of the population is currently
being fished.

Tomio Iwamolo
Californiz Academy of Sciences
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PACIFIC SAURY

History of the Fishery

In California, interest in fishing Pacific saury {Cololabis
saira) was initialed in the 1950°s, when the decline in abun-
dance of Pacific sardine caused fishermen and processors 1o
look for substitute species which could be used 10 make fish
meal Sporadic landings of saury were made in San Pedro,
where the fish were reduced into 0il and meal. In thelate 19607
and early 1970’s, Japan, the Soviet Union, andthe U S became
interestod in harvesting saury off the US. wesl coast because
western Pacific stocks had fatlen to all-ime low Iovels.

Fishing trials by U.S. researchers and fishermen were
conducted north of Monterey, where larger saury were more
commion. Most of these trials, which involved the use of purse
scines and a Japancse fishing method using light attraction
together with a type of blankct net (called bo-wke armu), were
largely unsuccessful. Japanese saury fishing vessels which
fished off the west coast around the same time were a title more
successful. From 1969 through 1972 they canght 507, 3,600,
1,430, and 77 tons. Japanese vessels were larger than those of
the U.S., and used attracting lamps with 50 kilowatls of power,
Catches per unit of effort were not considered high enough for
economical fishing, however. Rough seas off the Oregon and
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Washington coasts, and scarcity of dense concentrations of
large saury, were blamed for the low calch rate. The fish averaged
just eight to nine inches in length and had alow oil content.
After wesiemn Pacific stocks rebounded in the mid-1970°s,
efforts to harvest saury here were discontinued. Because of its
large biomass and good eating qualities. the saury resource will
likely be wtilized some day off California and elsewhere in the
eastern Pacific. However, economics of fishing, handling, and
processing, coupled with the present lack of a domestic market
make fishery development doubtful in the near tevin. Export as
afood product isalso unlikely, because of thelarge catchesinthe
western Pacific and because the Japanesc prefer their own fish,
which appear 10 have a higher fat content. Externally attached
copepods alsodetract from the appearance of eastern Pacific saury.

Pacific saury, Cololabis saira.

Status of Biological Knowledge

Pacific saury are slender, silvery fish common throughout
the entire temperate north Pacific Occan. They grow to about
12-13 inches "knob length " the distance from the tip of the
lower jaw to the muscular knob at the base of the @il fin
(approximately 94%total length). The flesh of saury is firm and
rather oily. The fish is widely used in Japan, where it is sold in
fresh, frozen, dried, and canned form. The meat yield is around
60 percent, and the oil content varics from three to 10 percent.
In addition to its use as food and fish meal, saury is apreferrod
baitfish in the longline fishery for tuna.

Pacific saury are found in a broad band across the Pacific
Ocean, from around 20-25° north latitude to the Gulf of Alaska
Within this broad area, three groups of saury are distin-
guishable: one in the eastern Pacific, the second inthe central
Pacific and the major group in the western Pacific. Off the U.S.
west coast, saury occur from near shore to perhaps 300 miles
offshore. but are most common from 40-100 miles off the coast.

Young fish appear to remain in California waters, while
older fish migrate to the north, probably to the southern Gulf of
Alaska, when ooastal waters warm up insummer. Asthe water
cools in fall and winter, saury again move south to preferred
temperatures off California. One study found mean lengths of
7.9,9 3, and 10.9 inches for sauwry from California, Oregon, and
Washington. No fish greater than 12 inches were found off
California and, conversely, all fish caught off Washington were
larger thanseven inches, Optimum temperafure range for saury
off California is 57-63°F.

During the day saury are usually found in depths of 100-
230 feet, where they feed, but have been found as deep as 750
feet At night, thev usually swim near the surface and arc
attracted to light. Large numbers often accumulate under the
lights of siationary or slow-moving vessels Fish over } I inchcs
show poor atiraction to light, however, especially during
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spawning periods. In California, fishing for adult saury is apt to
be most siceessful in the fall. north of San Francisco, and from
40-120 miles oflshore.

Growth rate and longevity of Pacific saury have been
subjects of controversy for many years, Interpretations of
growth marks on scales and otoliths, as well as results denved
from analyses of sizes of fish caught by commercial fisheries,
have produced conflicting hypotheses. Various carlier workers
in Japan and the Sovict Union felt that western Pacific sausy had
a lifc span of threc 10 six ycars, and that saury were capable of
spawning at age two. Females were thought to spawn three
times a year, releasing S0 o 2,000 eggs, or perhapsas many as
5,000 eggs depending on their size, during each spawning
episode, in a scason of around seven months starting in late
August. Later Japanese studiesindicated that two rajor groups
existed, one spawning in spring and the other in autumn, and
that the probable life span was two or two anda hal{years. Mare
recent studics involving daily growth rings on saury otoliths
suggest that most saury in the western Pacific live for only a
vear, while some may reach two years of age. Fish around 11 4
inchics, which are commonly caught in the Japanese commer-
cial fishery, are thought to be nearly a year old. Fish over 12.6
inches, relativelv scarce in the catch, may be 1.5 to two years
old. Examination of otoliths of larval and carly juvenile saury
grown from eggs in tanks showed that the growth rings were
indeed laid down daily, at least for the first month.

Daily growth rings found on the otoliths of eastern Pacific
saury suggest that the growth rate is considerably lower than
that of fish from the western Pacific. By the end of the first year,
eastern Pacific saury are thought to grow to nine inches, while
western Pacific fish attain 12 inches, Some researchers think,
however, that eastern Pacific saury reach a length of only 6.5
inchesat the end of the first vear, and are about 10.6 inchesat the
end of the fourth vear. Thelargest fish are about 13 4 inches and
6.5 ounces. Fish of this size arerare, and only a few are thought
to survive bevond age five. Scxual matunty occurs during the
second year, when the fish are around 7.9 inches. Fecundity was
estimated at 1,600 eggs for a female of 10 inches, for each of
three spawning episodes in a season. Spring-and autumn-bomn
groups were also identificd in the eastern Pacific, with the
former predominating in fish sampied from California 1o
Washington. Studies on genetics of the two spawning groups
revealed no differences.

Spawning occurs primarily in spring off California, and in
August, October. and winicr off Washington. In California, the
highest number of eggs was found in the plankton from Morro
Bay to San Dicgo, mostly from Apnl through June. Although
saury spawn at all hours, peak number of eggs arc found around
midnight, earty morning, and mid-afternoon. Eggs normalty
attach to each other and to {loating objects by mcans of
filamentous threads. The larvae hatch out in 10 days a1 68° F,
and 17 days at 58° F, and are usually found just under the water
sarface. Juveniles can be found down to depths of 80 fest
Prevailing currents in southern California dispersesome larvae
to the west as well as northward, but most remain near the
spawning grounds.

Pacific saury fecd on small zooplankion, particularly cope-
pods, euphausiids, crab megalops, and other steall crustaceans.



Yellowtail, bluefin and alhacore tuna. and striped marlin are
major predatorsof saury. as arc fur seals, sei whales, some birds
and squid.

Status of Population

Although there is some disagreement among rescarchers.
it is gencrally thought that the eastern and western stocks do not
mix, while the central stock mixes with the westernand perhaps
also to a lesser degrec with (he castern Pacific stock. Genetic
studies of western saury stocks indicate that they are comprised
of perhaps four subpopulatians, but cxchanges of gencs often
ocour among the groups.

The westernand ceniral stocks appear to be indistinguish-
able genetically, so mixing may be considerable. The castermn
Pacific stock may provide recruits to the central area also.
Rather large differences in growth ratc and longevily suggest
that eastern and western Pacific stocks, however. arc isolated.

Recent estimates of population size of eastern Pacific
stocks of saury are unavailable. In the past, surveysby research
vessels showed (hat the number of cggs and larvae, and by
extension the spawning populations. of saury off Mexico and
California fluctuated considerably through the years. The esti-
mated quantity of adult saury in the arca between central Baja
California and San Francisco ranged from 97.000 to 194,000
tons per year, averaging 200,000 tons, between 1950 and 1966.
The size of the total population in the northeastern Pacific is
probably on the order of 450.000 1wons. An annual timit of
around 33,000 tons of adult saury, half of the estimated maxi-
mum sustzinable yield, has been suggested for the entire wost
coast stocks, including Canada.

Susumu Kato
National Marine Fishcties Service
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OCEAN WHITEFISH

History of the Fishery

Ocean whitefish (Caulotatilus princeps).isa popular sport
fish in southern California. is also a commercial species, but
landings in recent years have been rather Jow. The greates!
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landings of whitefish were made in 1926, when 368.000 pounds
were recorded in southern California. Some of these fish may
have been caught off Baja California. Landingssincethen have
declined, but the value of ocean whitcfish catch almost tipled
from 1978 to 1989,

Annual catches made from commercial passenger fishing
vessels ranged from 22.000 to 84,000 fish from 1977 throogh
1989. Most of these fish were caught near the Channel Islands
and at offshore banks, particularly Concz and Tanner Banks
near San Clemente Island. They are caught exclusively with
baited hooks, and no special fishing regulations pertain to their
catch. The vicinity of the Coronados Istands off Mexico isa
favorite whitefish fishing area for sport fishermen.

It is 2 food fish favored by sportsmcn. and the small amoont
of ocean whitefish that is landed commercially is soid in fresh
fish markets. 1t makes excellent sashimi, being comparable in
fiavor and texture to any of the most estezmed white-fleshed fish
used for this purpose. In Japan, specics of tilefish siislar to
ocean whitcfish command premium prices in the fresh fish
market, In fact, several vears ago. two longline fishing vessels
were sent from Japan to fish for ocean whilefish a1 offshore
banks near southem Baja Catilornia. Unforunately. here in
California ocean whitcfish has acquired a mixed reputation
because a few bitter-tasting individuals turn up every now and
then. The cause of the bitter flesh isunknawn, but these fish are
cvidently restricted to shallow walcts, especially near kelpbeds.
Smaller individuals make excellent aquariam pets, as they are
hardy, handsom, active, and alert when placed in 1anks.

Ocean whitefish, Caulolatilus princeps.

Status of Biological Knowledge

Ocean whitefish arc attractive fish with robust, elongate
bodics. They are white below and Jight brown on the back, with
fins marked with biue and ycllow sticaks and yellow margins.

The range of ocean whitefish is from Vancon-es, British
Columbia 1o Peru or possibly to Antofagasia, Chiic, and 1he
vicinity of the Galapagos Islands. Ir California, it 1s common
south of PL. Conception and rare o the noeth. Its depthrange is
30-450 feet, and its principal habitats appear 10 be near offshore
istands and over shallow banks, at depths of 50-150 fect

The southern California population of ocean whitefish is
derived from central and southern Baja California. No informa-
tion is available on the timing or thesize at which most of these
fish migrate nonthward. Jts also not known if the fish move
south again to spawm, of if any spawning occurs ol Califormaa

Fish close to spawning havebeen fourd in Baja Califormia
from October through April. Most lanvae ocour within 10K
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miles of the central Baja California coast. These larvae are
found throughout the year, but their numbers peak in summer.
Pelagic prvenile stages barety one-half inch long have been
found far offshore from Baja California. Juveniles move inshore
twthetime the fish reach 2.5 inches o1 s0. At an age of six years
whitefish are 20-21 inches long and weigh three to four pounds,
while at age 13, which is about their life span, they average
around 25 inches and 7.5 pounds. Ocean whitefish may grow to
a maximum of 40 inches and 12 pounds,

Ocean whilefish have a relatively small mouth, and ac-
cordingly they feed upon small animals, including shrimps,
crabs, pelagic red crab, octopi, squid, and various fishes,
especially anchovy and lantemnfish. They are usually encoun-
tered over rocky grounds, and anglers find that they usually take
baited hooks before the lures reach boitorn.

Young ocean whitefish are eaten by a number of fishes,
includingalbacore tuna. Older stages are prey for giant sea bass,
sharks, and no doubt other large fishes. Otoliths {(earbones) of
whitefish found in middens at San Clemente Island atiest that
this fish was an imporiant food fish for Native Americans.

Status of Population

Because the center of distribution of ocean whitefish is far
to the south off central Baja California, the numbers of occan
whitefish near southern California have never been very high.
The decrease in commercial landings after the mid-1940’s may
pot reflect reduction in availability or abundance of ocean
whitefish, but rather a disinterest by the market. Noinformation
is available on the size of the populations, either in southern
Californiz or in Mexico.

Sasumu Kato
National Marine Fishenies Service
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OCEAN SUNFISH

History of the Fishery

The ocean sunfish (Aola mele) is presently not sought by
most commercial or sport fishermen here. However, a few
fishermen who have learned from Mediterranean or Asian
counterparts about its excellent cating quality consider it a
delicacy. In Japan the liver is also used as a condiment for
sunfish meat sashimi, and in Taiwan the intesting is the most
expensive part of the fish

Ocean sunfish is not sold here, but wholesale prices in
Japan for the meat and liver are well over $5.00 pet pound, and
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in Taiwan the intestines bring over $11 .00 per pound. The flesh
of ocean sunfish has at times been reported to be toxic, but a
thorough review and investigation of such reports disclose no
authenticated case of poisoning fromeating it. On the contrary,
it is considered delectable by those that eat it. Since the flesh is
somewhat watery, it is better to parboil the meat to remove some
moisture. The meat then becomes finm, and the (exture similar
to that of shellfish. The flesh is sometimes infested with long
string-like parasites, butthesecan be easily removed and, inamy
case, are not harmful when ingested. Another negative attribute
is the low yield of meat found in sunfish. Becausc the skin and
cartifaginous skeleton are 50 heavy, only about 20 percent of the
weight of the fish is edible flesh.

Only a few ocean sunfish are brought in by fishesmen for
food, and very little reaches the fish market. The fish are often
caught in drift gilinets which target swordfish and sharks. At
times as many as 200 sunfish are caught ina mile-long net, but
nearty all the fish are released alive by the fishermen, Some
sunfish are also caught incidentally in roundhaul ncts together
with mackerel, anchovy, or sardine. Most incidental catches of
ocean sunfish are made in southern California, but attimes drift
gillnetters also catch substantial numbers between San Fran-
cisco and Pt. Conception. Roundhaul net catches are also made
primarily in southern California, but the small wetfish flect in
Monterey also captures some sunfish. A few sunfish arc also
caught on hook and line, as well as with harpoons. No fishing
restrictions apply 10 ocean sunfish.

Ocean sunfish, Mola mola.



Status of Biological Knomledge

The occan sunfish is a peculiar looking fish, with a
truncaied body and no tail. Tis silvery body is oval and com-
pressed, ‘with tall slender fins sticking out near the posterior
end Iis skin is leathery, and underlined with a thick layer of
heavycartilage. Ocean sunfish arc found in most temperate and
warm seas of the world. Most sightings of this fish in California
are from south of Point Conception during winter and spring,
and from there 0 San Francisco in summer and early fall.
Ocean sunfish are usually observed swimming casually on the
surface, with their long dorsal fin sticking high up inthe air, but
they are also sometimes seen lying on their side at the surface.
Sunfish 1o doubt also occur in midwater, wherever food organ-
isms are abundanl.

Little is known about the nataral history of occan sunfish.
Most sunfish caught in drifinets in southern California are
under two feet long and less than 20 pounds, but larger
individuals to 100 pounds or more arc not uncommon. The
larges: individuals reporied inthe literature were estimatedio have
beenover 10 feet long and nearly as wide between the tipsof dorsal
and anal fins, and weighing perhaps as much as 3,000 pounds.

Spawning grounds have been found in the northwestern
Pacific Ocean, at around 30° N latitude and 130 E longitude.
Omz largefemale of about 4. 5 feet was cstimated to have had 300
million eggs, although not all of those would be 1aid at one time.
A few planktonic post-larvae of sunfish have been found on the
high scas, but fertilized eggs or early larval stages are absent
from plankion collections. The shape of young larvae is similar
1o that of other fishes, but the sunfish larva soon loses its tail and
acquires a number of long spike-like projections all over the body.

The: ocean sunfish has a small mouth and its teeth are fused
into a sharp-edged plate in both the upper and lower jaw. Tt
nsually eats small crustaceans, fish, mollusks, jeltyfish and
other soft-bodied forms that are found near the ocean surface.
Larger fish have also been found in their stomachs at times. The

203

Jong intestine of ocean sunfish is reminiscent of algae eaters,
and indeed seaweed has also been found in their stomachs.
Sharks and sea lions are the major predators of ocean sunfish

Occasionally they are seen on the surface hovering pa-
tiently while seabirds peck on their tough hides, apparenily
picking off external parasites. They alsohave been observed by
divers being “cleaned” of these parasites by smalt fishes wiich
do this service for many species of fish Occan sunfish have
frequently been seen Jeaping high in the air, though it’s hard to
imagine how they can find enough momentum without the aid
of a tail fin. Mass mortalities of small ocean sunfish have
ocourred from August through October in Monterey Bay, where
dozens of the silvery fish have been found dead on the shallew
bay floor or floating on the swface. No expianations have been
offered for such mass deaths.

Status of Population

Nothing is known about the population size or structure of
ocean sunfish. Since they occur throughout most temperate and
warmseas, it is possible that all ocean sunfish are partof a single
population, at least in the Pacific Ocean. In California, those
that are caught are usually returned to the oocan alive by
gillnetiers and, since there is no directed fishery for them,
abundance of ocean sunfish here is probably rather uniform
from year to year. The effect of mass mortalities is unknown, but
they no doubt cause lowared population levels in localized arcas.

Susumu Kaw
National Marine Fisheries Service
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MARINE RECREATIONAL FISHERIES

History of the Fisheries

Marine recreational fishing is an important social, cul-
tural, and economic influence in California. The National
Marine Fisheries Service's Marine Recreational Fishery Statis-
tics Survey (MRFSS) data for California indicate that some two
million people made over scven million trips and caught nearly
32 million sali water fish in 1989, Anglers’ expenditures in
1989 were estimated to be $260 miliion in northern California
and $536 million in southern California, for a total value of
$796 million. About two thirds of the marn¢ recreational
fishing activity is in southern Califoraia, from San Luis Obispo
County to the Mexican border. California marine recteational
fishing is broad hased and involves numerous species {eg.
billfish, salmon, striped bass, tuna, bottomfish. and shellfish),
as well as various forms {eg. picr/jctty, beach/bank, commetcial
passenger fishing vessel (CPFV), and privale boats).

An angler enjoying a peaceful morming of fishing off the rocks.

A mnatural geographical separation exists between
California’s marine recreational fisheries in northem Cali-
fornia and in southern California. The region off Point Con-
ceptian IS an oceanic transition zone between the north and
south. North of Point Conception the water is cold and sea
conditions are often scvere. To the south, waters are usually
warmer, and sea conditions more moderate. The species
compasition of the tworegions is alsodifferent. Sport fishes thae
are common in northern California are rockfish. lingood,
surfperch, smelt, salmon. striped bass, shark, and sturgeon.
Those which charactenize soutbern California include rockfish.
Pacific mackerel, kelp/sand bass, California barracuda. Pacific
borite, Califormia sheephead, white seabass, California halibug,
yellowail, and sriped marlin. in warm periods vellowfin and
bigeve tuna, dolphin {fish), jumbo squid. and other species com-
moa in Mexican waters find their way into southern California

Manine recreational fishing is a vear-round activity invoky-
ing many gear types, and ranges from single to multi-species
fisherics. The most prevalent gear tvpe in the fishery is the rod
and reel, which may be used with antificial furcs, live bait, or
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Fishing for sharks, such as this leopard shark. has grown in
populanty in recenl years.

dead bait. Hoop nets, spears, shovels, hands, and various other
implements are also used. Hoop netters generally target crabs,
lobsters, or shimp. Spear fishers, pnmaniy skin and SCUBA
divers, targct a widc vanety of finfish {invericbrates are also
targeted by divers but without the aid of spears). Shore pickers
usually target invericbrates, most commonly working at low
tides when searching beneath rocks or digging in the sand is
most productive. Shore pickers also target finfish. particularly
the California grunion (southern California) and surf smelt
{northern California).

Analyzing the condition of marinc recreational fishing in
California is a complex matter affected by numerous variables
(e.g. species abundance, fishing pressure, regulations, oceanic
and weather conditions, and the tpe of equipment used).
Oceanic and weather canditions can affect species” health and
composition as well as accessibifity. The condition of targeted
fish stocks affects fishing pressurc and catch trends. Fishing
methods and gear may influcnce catch and catch-per-unit-of-
effort. Regulations related to size limitations, area or scasonal
closures, bag limits, and specics closures also have pronounced
cffects on catch statistics bul are not easy to intcrpret when
reviewing only the numerical data It is also necessary to
distinguish bciween catch and landings. terms that are ofien
used interchangeably. Catch refers to the number of fish
brought to the boat and landings to the number of fish kept.
Differences between caich and landings result primarily from
catch-and-release fishing and adherence to minimum size
limitations. Tn 1989, forty-cight percent of all fish caught were
released alive, Forty-two percent of the fish released in southern
California were in the mackerel group (low value to many
fishermen) or the kelp/sand bass group (all have minimum size
limits). Fish having size limits arc tvpically released in large
numbers. [n 1989, for example, 93 percent of all California
halibut and 87 percent of all California barracuda were released,

Fishing participation varies annually, but since 1980 has
nsually been about two millior people. In 1989, 2.2 million



marine recreational anglers made about seven million fishing
trips, a decline of 26 and 34 percent. respectively, for northern
and southern California when compared to 1980. Dunng
approximatcly the same period (1980-1990) there hasbeena 29
percent decrease in the sale of annual resident fishing licenses.
Reasons given by survey respondents for the decrease included
loss of interest, lack of timg, no available fishing parner, and
concern about pollution. A fourfold increase in State fishing
licemse fees between 1979 and 1990 (to $20.50 per year) may
alsobe afactor inthe reduced sales, although, a study conducted
for the California Department of Fish and Game did not find
such acorrelation. The recent decline in California recreational
fishing is even mor¢ dramatic than the above trends indicate if
the 25 percent increase in California’s population between 1979
and 1989 is considered.

Thousands of anglers utilize fishing piers daily, especiaily in
southern Califomia.

In 1979, the MRFSS was staricd by the National Marine
Fisheries Service in cooperation with the California Depart-
ment of Fish and Game and the Pacific States Marine Fisheries
Commission. Through 1989, no consistent trend in total catch
was apparcnt. Between 1980 and 1989, catch averaged 40
milbon fish per year (plus ar minus scven million fish), except
for the peak catch of 72.2 million fish in 1980. Sport caught
salmon (nol included in the above data) do not have a signifi-
cant ¢lect on the total calch numbers. as they averaged only
115,000 fish per year during the same time period. Neverthe-
less, the salmon fishery is important economically in centrai
and northern California.

Between 1980 and 19835, fishing from private boats was the
dominant fishing method (35 percent), fishing from manmade
structures was next (23 perceat}, while CPFV's and beach/bank
werecachabout 20 percent. Recently. there hasbeen an increase
in the CPFV mode to about 30 percent. while the beach/bank
and manmade structure modes have declined.

Trends in marine recrcational fishing prior to 1980 arc
reflected in CPFV landings data. CPFV landings increased
gradually from two million fish in 1947 to nearly six million
fish in 1969. This rend was generally accompanied by an
increase in fishing cffor(, better equipment, and larger and
newervessels, Since 1969, there have beenonly five vears when
CPEV landings exceeded the 196% peak.
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Commercial passenger-carrying fishing vessel (CPFY) trolling
for salmon near the Farallon Islands.

Data on the total number of anglers using CPFV's have
been available since 1960, These data show that there was 2
steady increase from about 600,000 angiers in 1960 to 373.000
in 1970. Generally, participation has remained above 700,000
since then, with the exception of a dip in 1986 10 666,000
Although angler participation on California CPF W 's has gradu-
ally increased since 1985, the increase has not been great
enough to prevent some vessels from going out of business.
Starting in 1947, the number of CPFV's rose steadily from 343
1o a peak in 1954 of 612. A decline in the number of vessels
ensued, reaching a low of 287 in 1985. Since then. there has
been a modest increase to 309 in 1990. The recent decline inthe
viability of the CPFV indusiry is related to a2 nunber of factors,
such as reduced fish avaitability, high operating costs. competi-
tion with other recreational activities, and a sluggish economy.

The late 1960 s, early 1970’s and early 1980 s vielded the
best CPFV landings. However about 50,000 more anglers
landed the same number of fish in 1988 as were landed in 1963,
Conversely, it took about 70,000 more anglers in 1967 1o cqual
the 1988 landings. The lack of consistent tends in catch-per-
unit-of-effort for CPFV's may be misleading in that less decir-
abic species and/or smalier size fish seem tobe mosecommon in
recent landings. (See CPFV statistics for 194721990 in appendin}

The upturn in CPFV landings since 1986 can be attmbuted
largely to steady increases in the landings of the keip/sand bass
complex and rockfishes. Rockfishes have been the most abun-
danl component of annual CPFV landings in recent vears,
peaking in 1967 at about four million fish. Rockfish landings
were about three million fish peryvearthrough 1982, dropped to
about 2.3 million fish in 1983, and have been below that leved
ever since {through 1990). The kelp/sand bass complex gener-
ally comprised the second most abundant catcgory during this
time period, excepi between 1977 and 1985, when the Pacdic
mackerel moved to sccond place. The high CPFV Pactlic
mackerel landings between 1977 and 1983 were coincident
withawarming trendbetween 1975 and 1983 that included two
El Nifio cvents (1576-1977 and 1982-1983). Recenihy kelps
sand bass CPFV landings have averaged about (8 000 fish per
vear, with a peak of 1.3 million in 1968.

The MRFSS and the California Department of Fish and
Game CPFV landing data for the coincident periad of record
(1980-1989) terd fo agree on the most abundant species taken
in California. Actual ranking of different species varies annu-
ally but is relatively similar. For example. rockfesh. kelp sand
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bass, and Pacific mackerel, respectively, usually ranked as the
top three species landed ; the order, however, was not always the
same in both surveys.

The harvest of invertebrates is an important efement of a
number of marine recreational fishing activilies. Abalone and
lobster are the most important specics for marine recreational
divers. Shore picking targets a wide variety of invertebrate
species, such as moon snails, mussels, and various clams.
Abalones, pismo clams, and rock crabs are the most important
specics for shore pickers. A recently completed southem Cali-
fornia sport fish economic survey showed that in an cight-
month period (March-October 1989) some 380,000
shellfishing trips were madc, 46 percent for abalene, 30 percent
for lobster, and 24 percent for clams. Catch and effort data for
the sport shellfish fishery are sparse, although there arc indica-
tions that both are declining. Abalone catch and caich-per-unit-
of-effort are clearly on the decling, a situation that can be
attributod o a combination of factors, including increased sport
and commercial fishing pressure, expanding s¢a ofter popula-
tions, pollution, and poaching.

Califomia marine recreational fishing is not confined to
California waters. Annuallv, between 1985 and 1990, approxi-
mately 127,000 trips were made to Mexico, most of them
originating in San Dicgo. Recreationaf fishing trips te Mexico
can be generally separated inlo long-range, multi-day Lrips and
short-range trips of on¢ day or icss. Target species for the long-
range fishery are yellowtail, dolphin (fish) and tunas. Short-
range Lrips concentrate on rockfish, kelp bass and barracuda.
Since 1980, catches of tuna (albacore, bluefin, skipjack, yellow-
fin) were the most abundant in five of the years and rockfishes
in four. Annual landings have averaged 271,000 fish, with a
peak of 404,000 and a low of 183.000 between 1980 and 1990,

Marne Recreational Fishenes Issues

Amang the concerns reporied by anglers arc the impact of
marine mammals on fisherics resources, habitat deterioration,
and overfishing. Some sport fishing groups are becoming active
in fisheries management issues from both a political and
scicntific perspective.

California sca lions and harbor scal populations have
generally been increasing since the passage of the Marine
Mammal Protection Act of 1972, Since their diel consists of
fish, they competc with many favored sport species for food. In
some cases Lhey also compete directly with fishermen. At the
mouth of the Russian River a sizeable harbor seal population
feeds on steclhead. The expanding range and population of sea
otlers is increasing the competition for shellfish such as the
abalone, pismio clam, and lobster. Whether the compelition is
for prey speciesor species targeted by the fisheries. the impact of
increasing marine mamunal populatons is felt by sport fishermen.

Habiiat deterioration is a direct threat tothe health of many
fisheries resources. Water management in California has nol
placed a hagh priority on maintaining fish habitat compared o
other uses. Abouwtl 85 percent of the State’s water use is Jor
agriculture, often at the expense of fish. Water diversions
deprive estuanne zoncs of cssential nutrients and freshwater
inflow, confuse and delay migrating fish, and kill fish in
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pumping plants. The last six years of drought has esacerbated
water problems in California, but that is not the primary cause
of the deterioration of fish habitat. The water problems of ihe
State will probably continuc as long as agricultural waier costs
are subsidized. Largely as a result of past water management
practices, the Sacramento River winter run chinook salman has
been designated as threatenced (August 1989} and the striped
bass, delta smelt and other populations have declined signid-
icantty. Most salmon and steclhcad runs face similar problems
inCalifornia. [ndeed, the runs have all butdisappearcd from the
San Joaquin River systcm,
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Recreational fishing is often a family activity.

Groundwatcr removal and irrigation return flows present
additionat threats. Lowcering of the water lable, a consequence
of groundwaler removal, causes sireams to dry up or run
intermittenUy. [rigation return flows are polluted with fertiliz-
¢rs, pesticides, and herbicides, and are warm and turbid, all of
which canbe lethal or chronically debilitating tofish. Industrial
cffluents cause similar results.

Wetland destruction also has taken a significantioll. Since
the late 1800’s, about 90 pereent of California’s coastal wet-
lands have been climinated. Wetlands are an essential element
in the production of many kinds of nutnents, and their elimi-
nation has had a permanent adwverse impact on fisheries re-
sources al every trophic level.

Arguments persist over the allocation of fish stocks be-
tween commercial and sport Tishers. High seas drift gillnet
fisheries (beyond 200 miles from shore) have been implicated
asafactorin reduced salmon and albacore catches. A perceived
concern {not substantiatcd by data) that coastal gillnetting is
having a significant cffect on the sport catch {especially rock-
fish and California halibut)} was an issu¢ in the 1991 referen-
dum by Califomia voters that will eliminate the use of gill-nets
in State watess by Janvary 1, 19934, Concern for scabird and
marine mammal kills was also an important factor in the
passage of the referendum.

Species presently closed to marine sport fishing in Califor-
niaare the garibaldi, giant (black) sca bass {sport limit was ong
fish until 1982), broomuail grouper, and Gulf grouper. The



chosure for thesc fish is due largely to their vulnerability 1o spear
fishing; additionally, the groupers comprise small populations
extending into southcrn California from Mexico.

Green sturgeon, eulachon, delia smeld, longfin smell and
various runs of chinook and coho sal mon are being reviewed for
nomination to threatened or cndangered status. Althoughrock-
Fushes continue te be a key componrent of the sport catch, they
have potential tobe overfishod as they are a slow-growing long-
tived fish (some may live 50 (o 70 years). Sharks arc another
long lived group of fishes that have recently bocome popular
among sport fishermen. Recent rescarch indicates that at least
some rockfish and shark stocks arc being overfished and that
additional management requirements may be necded.

Many private and public projects arc conducted to enhance
mmanne recreational fishing in California. Since 1958, the
California Department of Fish and Game has built 32 anificial
reefs, which attract aggregations of sport fishes and prey species
and contribute te production of fisheries resources. Additional-
1y, anumber of hatchery projocts have been undertaken, mostly
by private organizations, 1o raise fish for occan release. Most
notable are scveral salmon rearing projects, a California hali-
but, and a white scabass rearing project. Hatchery programs
acoount for about hatf of the State salmen production, The State
of California has also conducted a number of expenimental
Pprojects o reestablish abalone stocks in depicted areas; how-
ever, survival has penerally been Tow. A common coneern for
many of these projects is a need for betier evaluation of the
success, effectiveness, and benefits they are designed to provide.

Marine refuges, rescrves, and sanctuaries are also being
used 1o provide a safe haven for various kinds of marine life.
Suchareascan provide a source of seed stock to areas outside of
the haven Havens have been established by various govern-
ment agencies for many purposcs, and include small estuaries,
short stretches of shoreline, subtidal areas and expansive arcas
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of ocean. Each has its own set of regulations, and may be
managed 1o protect a single specics, selected groups of manne
life all marine life, or to protect a habital, Califormia has 53
marine havens; only a few, however, are managed 10 Pf"h‘-_b"
the take of all marine life. The 1991 gillnet referendum -
cluded a provision for adding four new marine Tefuges 10
California by January 1, 1994, )
Presently, with the exceplion of a few species, the manne
recreational fisheries in California are in reasonably good
shape. However, he cumulative effect of various envi
problems coincident withoverfishing of some species, may lead
10 declines in more of the resources il effective management
policies are not implemented.

Martin F. Goidm‘
National Marine Fisheries Scrvice
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MARINE MAMMAL RESOURCES

PINNIPEDS

History

There are six pinniped species inhabiting the California
coast and offshore islands: the California sea lion (Zalophus
californianus), Steller (or northern) sea lion (Eumnetopiasjuba-
tus), Pacific hatoor seal (Phoca vituling), northem elephant
seal (Mirounga angustirostris), northern fur seat (Callorhinus
ursinus) and Guadalupe fur seal (drcfocephalus townsendi).
The ribbon seal (Phoca fasciate) and the hooded seal
(Cystophora cristora) have been repotted in California waters,
but these were extremely rare eventsand they are nolconsidered
nomal California visitors.

The Califomia sea lion and Pacific harbor seal are probably
the best knowm and most ofien scen pinnipeds in California
waters. Californians and visitors from around the world enjoy
watching the playful behavior of these animals cavorting in the
water near shore or hauled oul 1o rest on buoys, rocks and other
solid objects. They also enjoy secing them in public display
aquaria or as performers in animal shows at zoos and parks.
Pinnipeds are amusing and intcliigent entertainers, bat there is
another aspect of the pinniped story which is related to their diet
of fish and their expanding populations.

In recent years, California sca lions have gained notoriety
by taking over portions of marinas in Monterey and San
Francisco Bays and by eating endangered or threatened salmnon
and stcclhcad moving upstream 10 spawn. Marina operators
and boat owners consider them a major nuisance, but revenue
brought by tourists eager to sec them has quicted many of their
complaints. Some who fish commercially or for spon believe
that pinnipeds compete for fish or are costly pests consuming
tons of valuable fish, destroving valuable fishing gear and
interfering with fishing operations. They comiplain that any sea
licn isattracted tefishing operations and that the mere presence
of a sea lion scares fish away from the fishing area. Research
hiologists speculate that moest of those problems are caused by a
relatively few "roguc” pinnipeds. Those rogues have learned
that 2 fish caught in a net or hooked on a line is an easier meal
than a free-swimmung fish. A major concern is {hat this
behavior will spread as the pinniped populations grow.

Faced with decreasing catches, increasing marine mam-
mal poputations and increasing fishery interactions, some sport
and commercial fishers contend that sca lion populations have
reached the point where nuisance animals should be extermi-
nated. On (he other hand, environmental groups and marine
mammal aficiorados support these animals and feel their
populations should be allowed to increase unimpeded by hu-
man interests or needs.

Food habit sudics conclude that pinnipeds consume a
variety of prey species, depending on avatlability, and that,
contrary to claims made by many fishers, the normal pinniped
diet does not usually include fish which are considered valuable
for sport or sale. Their main dict consists of fish such as
anchovies, mackerel, herring, hake, rockfish, salmon, and
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cephalopeds such as squid and octopus. An example of their
opportunistic feeding behavior was séen during the 1982-1983
El Niiio event. Pelagic red crabs, usually not found in large
numbers off California, were very abundant at that tme, and
were found to e a major dict component for sca lions uniil
ocean conditions retumed to normal.

In the 1860's and 1870’s, many pinnipeds were killed for
their oil or body parts and many females (cows) were captured
for displays or animal acts. Pinnipeds were hunted commer-
cially until 1938, when California law gave them cemplete
protection from hunting. Nevertheless, sport and commergial
fishers were free to kill sea lions and harbor seals that were
destroying gear or otherwise interfering with fishing opera-
tions. in 1972, the Marine Mammal Protection Act was passed
prohibiting the take (pursuit, harassment, capture, or kill) of
marine mammals except under special permitied conditions.
Such conditionsinclude research, public display, certain fishery
interactions, or entanglement in fishing gear.

To determine the extent of the intenticnal and accidental
kils in various fishcrics, obscrvers were placed aboard fishing
vessels. Their obscrvations, along wilth calculations of fishing
effort, were used to estimate lotal numbers of marine mamaimals
killed during fishing operations. In California watcrs, it was
estimated that 2,000 to 4,000 California sea lions, fewer than
i00clcphant seals and between 860 and 2,000 harbor seals were
kitled annually during the 1980-1990) period.

Research has been conducted on methods of reducing the
impacts (hat pinnipeds have on certain fisherics. Tasie aversion
substances and acoustic harassment devices have been tested
but have met with only moderale success. In most cases, the
animals appear to acclimate to the deterrents, and somelimes
have used the purported scare devicesas "dinner bells* signify-
ing active fishing boats and an casy food source.

Status of Biclogical Knowledge

California sea Lion, Zalophus califernianus.

California sca lion, The Califomnia sca lion ranges from
British Columbia south 16 Tres Manas Islands off Mexico.



Broeding grounds are mainiy on offshore islands from the
Channel Istands south into Mexico. Breeding takes place in
June and early July within a few days afler the females give
birth. The pups ar weaned al six months to @ ycar of more,
Males and females reach sexual maturity betwoeen four and five
vears of age. Males weigh between 500 and 1,00¢ pounds and
reach seven to eight fect in length. Females weigh between 200
and 600 pounds and reach six feet. Adult males have a pro-
nounced sagittal crest (a ridge on lop of the skull extending from
the forehead to the rear of the skull), a characteristic distin-
guishing this species from the Steller sca lion. Food of the
California sea lion consists largely of squid, octopus, and a
vanety of fishes (anchovics, mackerel, herring, rockfish, hake,
and salmon).

Steller sca lion, Eanetopias jubatus.

Steller sca bion. The Steller sealion’s distribution partially
overlaps that of the California sea lion. It ranges from the
Bering Strait off Alaska to southern California. Breeding
grounds extend from the Pribilof Islands 1o the Channel Is-
tands; however, only a small percentage breeds south of Afio
Muevoland Thelargest breeding colanies in California arc at
Afio Nuevo and the Faralion Islands. Breeding is in late June,
after which the amimals nugrate northward. This specics is a
lawny or yellowish-brown color in contrast to the darker
redddish color of thie California sca lion. Matesare 1,500 162,200
pounds and reach alength of 13 fect. Females can weighalitile
over 600 pounds and reach a length of nine feet. Food of the
Steller sea lion consists primarnily of squid and fish. Because of
recent declings im the population, Stellar sea lions have been
desi gnated as threatened under the Endangered Species Act.

Pacific harhor seal, Phoca vituling.

Pacific harbor seal. The Pacific harbor scal ranges along
the nonthwest coadt of America from the Gulf of Alaska w

Cedros Istand off Baja California. For management purposcs,
the U.S. harbor seal population has been divided into three
stocks as follows; I} Washington inner coastal waters, 2)
Washington and Oregen outer coastal, and 3) California. In
California, harbor seals are abundant along the entire coast
Adult male Pacific harbor scals reach a length of six fect and
weight of up to 240 pounds, while females reach 5.5 foet and
275 pounds (when pregnant). The coloration patterns of adulls
vary from black with white spots 1o white with black spots.
Breeding season varies with latitude, starting in ApnilioMay oo
the Channel Islands of southern California and continuing later
up the coast. Age at sexual maturity is three to four years for
females and five years for males, Newborn pups are approxs-
mately 32 inches in lengthand weigh about 22 pounds. They are
weaned at five 1o six weeks at an average weight of 50 pounds.
Adult females ovulate and mate at the end of weaning, witha
two-month delayed implantation of 1he developing embryo.
Theirdiet consists of fish suchas flounders, herring, tomcod, hake,
and lampreys, and cephalopods such as scuid and octopus.

Northem fur seal, Callorhinus wrsinus.

Northern fur seal, The northem fur seal is one of the best-
known scals in the world because of its valuable fur, for which
it was hunted to near extinction. Historical populations cen-
tered on the Pribilof Islands, Alaska, are eshimaled at two
million anirals, but in 1911, when i nternational treaties were
esablished o protect and manage this species, there were fewer
than 125,000 animals. San Miguc] Island, off Santa Barbara,
California, hosis a smal] breeding colony and is the southern-
most extent of itsrange. The peak breeding and pupping period
is in July. After breeding, the males migrate out to sea where
they spend as many as 13 months. The pops are weaned at Four
months of age and are lefl to travel in the northwand migrations
on their own. Fur szals are distinguished from sea hions by their
pelage, composed of a very dense underopal and 2 thinner,
coarser layer of guard hairs, and by their reiativelylong flippers.
The northern [ur seal is closely related 10 the Guadatupe fur seal
and is distinguished from its close relative by its veny shont
muzzle. Males reach a length of eight feet and weigh up to 700
pounds. Fernales are only four o five feet in length and weigh
aboul 130 pounds. Sexual maturity is akained between three
and sevenvears of age. withlongevity repored to be upy Lo 26 vears
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Guadalupe fur scal, Arciocephalis townsendi.

Guadalupe fur seal. The Guadalupe fur seal was
presumned extingl until 1926, when a group of 60 animals was
discovered on Guadalupe Island, Mexico. The population is
recovering stowly from near extinction brought about by scalers
in the last century. This is a rare pinniped in California waters,
secn only occasionally a1 islands in the Southern California
Bight. They breed only on Guadalupe Island and the total
population is estimated to be less than 2,500 animals. They are
identificd by a "collie-like,” long poinled muzzle. Males reach
up to six feet in length; females are slightly smaller.

Northem clephant scal, Mirounga argustirosiris.

Northern elephant seal. The comeback of the northern
elephant seal, the largest of all the seals, is one of the great
success stories for an animal threatened with extinction, Maile
¢lephant seals reach a length of 15 to 16 feet and weight of about
4,000 10 5,000 pounds. Females reach a length of 11 feet and
weigh about 1,700 pounds. The male develops a bulbous
F“lﬂfgemcn( of the snout from which, along with its size, it gels
its common name. Breeding colonies exist on San Miguel
Island, Santa Barbara Istand, San Nicolas Island, Afio Nucvo
Island, Southeast Farallon Island, and Point Reyes Peninsula
'l'.hcy have also begun hauling out at several other mainiand
Sites where historically they did not haul out. The breeding
scason is from December through March. Harems consist of
one male and erght to 40 females. The gestation period is about
11.5 months. Pups arc weaned by four wecks but remain on the
rookery another eight 10 10 weeks, sleeping during the day and
gradually starting 10 cnter the water at night. Departure from
the rookery ocours at an age of approximatcty throe months,
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Females begin breeding as young as two years of age. Males
reach sexual matucity at five years; but older, larger males
prevent young and socially immature males from mating until
they arc at least eight or nine ycars old. Males and females both
livc about 14 years.

Elephant seals do most of their feeding at night and
probably in decp water as evidenced by the fact that they have
been caught in nets at 2,000-foot depths. Time-depth recorder
experiments show that clephant seals can dive to 5,200 feet, and
stay beneath the surface for up to an hour. Stomach content
anatyses indicate that they fced on small sharks, rays, ratfish,
rockfish, and squid.

Status of Populations

The Marine Mammal Protection Act recognizcs marine
mammals as components of the marineecosystem and requires
maintcnance of stocks above levels at which they would lose
their function in the ecosystern. In practice, marine mammal
management is directed toward maintaining the optimum
sustainable population size (OSP) for each species within its
geographical range. To be optimal, the population size should
be between the tate at which maximum growth occurs and the
camying capacity of the environment. A variety of procedures
are used o asses population status.

California sea lion. California sea lions breedingon U.S.
rookeries are assumed 1o comprisc a single stock, Their status
was last assessed in 1986. At that time, there were approxi-
mately 17,800 pups counted on U.S. rookeries, Teprescniing
21,000 births. That number of births would represent a total
U.S. population (stock) size of about 87,000 animals. More
recent unpublished data suggest that the population had grown
10 about 120,000 animals by 1991, The growth rate was assumed
tobeequat to that observed before the 1983 EINifo event, atwhich
time the California sea lion population in the Southern California
Bight was near the lower end of the OSP range.

Steller sea lion, Population estimates for northern sea
fions are based on counts of animals hauled-out during the
breeding season. A decline of this species isoccurring through-
out its range, including the Gulf of Alaska and Alcutian Islands,
which support 75 percent of the world's population. The current
west coast poputation of northern sca Lions is around 68,000
animals, which is less than haif of the population level during
1956-1960. The dramatic decline in numbers of Stellersea lion
throughout most of its range has prompted its listing as threat-
cned under the Endangered Species Act and depleted under the
Marine Mammal Protection Act.

Pacific harbor seal, From aerial census data, the harbor
seal populationalong the California coast appears tobe increas-
ing, and concurrently, the number of occupied sites has in-
creased. In 1991, the mainland count was 18,346 scals, and the
count for 1he eight Chanacl Isfands was 4,743 seals, for a
minimutn population estimate of 23 089 scals inthe Califomia
stock This is a minimurm population estimate because a substan-
tal fraction of the population is not hauled out during the census.

The 1986 assessment did not confirm that the stock was
largeenough tofall withinthe range of 'SP, but the counts since
1982 indicate that the rate of growth may be slowing. However,



the oocurrence of the 1983-1984 El Nifio and the possibility of
increased incidental fishing mortality might have affected the
population dynamics of this stock. It 1 likely that the survival
and reproduction of harbor seals were altered during the El
‘Nifio period and that some of those effects persisted for several
years. Additionally, fishing effort in the gill net fishery in-
areased substantially during the 1970-1990 period and the
resultant kit] of harbor seals undoubtedly altered the population
stracture. Fishing effort in the gill net fishery is currently
dedlining and should become less of a mortality factor for
harbor seals.

Northern fur seal. In 1983, the cslimated abundance was
about 1.2 million. No significant changes have been docu-
mented sisice that time, although recent counts of Aleutian
Island animals decreased. The adult count at San Miguel
Istand, the only place in California where the northern fur seal
beeeds, wasaround 4,000, which was a very small percentage of
(he worldwide population in 1984. Fur scals are occasionally
taken incidentally ins the high-seas gillnet fisherics for salmon
ard squid. They also entangle in discarded fishing debris and
die. Although entanglement mortality is not known, there is
evidence that it may be contributing to declining trends in the
PribilofIsland population. That population has been desi gnated
as depleted under the Endangercd Species Act and the Marine
Mammal Protection Act. Further rescarch on population as-
sessment and trend analysis for the California Channel Island
population is needexd to determine its size and growth rafcs.

Guadalupe fur seal. The historical distribution and abun-
dance of the Guadal upe fur seal are unknown because commer-
cial sealers and other observers failed to distinguish between it
and the northern fur seal in their records. This species, onoe
thought 1o be extindt, has an estimated popufation of about
1,500 to 2,000 animals, with an annual pup production of
approximately 200 pups. Although the primary breeding
colorny is on Guadalupe Island, recent sightings of adult and
juvenile seals on some of the Channel Islands suggest that
necolonization of that arca may occur in the future. The Gua-
datupe fur seal is listed as threatened under the Endangered
Specics Act and depleted under the Marine Mammal Protection
Act. These listings are based on the concept that the population
could become endangered within the foreseeable future, even
though it curently does nol appear to be indanger of extinction
The population is being closely monitored.

Northern elephant seal. The exploitation and subscquent
recovery of the northern clephant seal population isa remark-
able story, Biclogistsestimatc that only 100 (o 500 animalswere
left on Guadalupe Island before protective legislation was
passed. They clairm that the entire current population may have
originated from this small group of animals. Based on pup
counts, the current U, S. population has grown to an estimated
80,040 animals, ranging from Alaska to Baja California. The
apparent growth rate sinoe 1980 has becn about 8.75 peroent
annually. Annual surveys indicate that this species has
reoccupied wmost or all of its historical rookeries and hauling
grounds. Using datathrough 1986, the population appears tobe

within the OSP. Presumably, the increased size of the popula-
tion may lead to increased interactions with fisheriesand other
human activities.

Doyle Hanan
California Department of Fish and Game

Joyce Sisson
National Marine Fisheries Service
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WHALES, DOLPHINS, AND PORPOISES

History

Marine mammals played an important role ia shaping the
early history of California. By the late cighteenth century,
English whaieships had voyaged to the waters of California in
search of sperm whales. Portuguese 1mMmigrants from the
Azores and Cape Verde followed in the 1840's, manming and
operating the first shore-based whaling industry. Shore whaling
was distinct from nincteenth century Yankee pelagic whaling,
because whales were pursued from a vessel launched from a
neartry coastline. Deploying row boats from shose and using
haspoons, whalers typically pursued, capturedd, and towed
whales back to the whaling stations. At shore-based whating
stations, workers extracted oil from the whale’s blubber. The
lure of gold and quick prosperity brought numerous crewTmer
from New Enpgland’s whaling industry in the lae 1840’s and
early 1850°s. After the gokd rush abated, many returned o their
previous ocoupations on whaling ships. The eatly shore-based
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whaling industry it California primarily caught gray and
humpback whales, because shore whalers were Limited to
within 10 miles of thecoastline. However, whalers occasionally
iook the right, blug, and fin whales. more highly prized duc to
the greater oil content of their blubber. Until 1901, at least 15
stations operated al various Jocations between Crescent City
and San Diego.

Afier mote than 40 years of whaling along the Califernia
coast, whale populations and the demand for expensive whale
oildeclined, and subsequently the whaling industry bccame less
profitable in the late 18007s. Nevertheless, modern whaling
vessels caught a small number of gray whalcs and many
humpback whales in California waters aficr the tum of the
century. Powered by engines, modern whaling vesscls hunted
whales more ediciently through the use of explosives, mounted
cannons, and grenades. Whalers would deliver carcasses 10
floaling processing plants where the oil was cxtracted. Modem
catcher boats originating from share stations also periodically
took whales during this period. The last remaining whaling
station in the United States, near Richmond, California, closed
in 1971

In 1931, 5O nations, including the United States, agreed
upon the International Convention for the Regulation of Whal-
ing. This agreement was the first international ¢ffort to control
the decimation of the world’s whale populations. The primary
protection measures included full protection for night whales
and, forall other species, aban on the killing of calves, suckling
whales, immature whales, and females with calves. The agree-
ment was ineffective, however, because the major whaling
nations did not join. Several international agreements followed
which attempied to improve upon this initial document. In

1946, the Inlernational Whaling Commission (IWC) was es-
tablished, both to ensure the development of the whaling
industry and to conserve the world's whale stocks for the
interests of future generations. For many years, the 1WC
concentrafed its efforts on maximizing the leve! of removal of
whales rather than on whate conservation. However, in recent
years, the IWC has moved noticeably towards whale conservation.

Tn 1972, the United States Congress enacted the Marine
Mamumal Protection Act (MMPA), which established a com-
plex and comprehensive foderal policy of marine mammal
management. The MMPA made it unlawful to take (defined as
kill, capture, pursue, or harass) marine mammals in the walers
of the United States and it also prohibited U. S. citizens from
taking marinc mammals on the high scas. Under limited
circumstances, exceptions may be authorized for the taking of
somw: marine mammals, provided that the leved of removal will
not cause the population to decline below sustainable levels. For
mm, marine mammals may be removed for public display
and scientific rescarch, or incidental o activities such as
shipping and commercia! fishing.

Cunment Utilization

Since the enactment of the MMPA in 1972, the focus of
ooncer has shifted to the incidental capture of marine mam-
mmais during commercial fishing operations. Du¢ 10 the rapid
expansion of several of California’s coastal fisherics, there has
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been an increasc in the incidental capture of marine mammals
in recent years, Nonetheless, in California, the level of take of
cetaceans is lower than it is for other marine mammals (i.e.,
pinnipeds). The National Marine Fisherics Service (NMFS) is
currently developing a management regime 10 govem the
incidental taking of marine mammals in commercial fishing
opcrations. Moreover, the California Department of Fish and
Game (CDFG) has developed regulations to help minimize the
incidental take of marine mammals in the coastal pillnet fishery.

Due 10 the recovery of the gray whale population and
accessibility of migrating gray whales along the California
coastling, a large and diverse whalewatching industry has
developed. Since the 1970's, commercial whalewatching has
become an important recreational, educational, and economic
activity, The 1983-1984whalcwatching scason alone gencrated
an estimated total pross income of $2.6 million, This estimate
did not include regional economic benefits from the sale of
meals, fuel, lodging, whale parsphernalia and other whale-
related activities. In 1985, the corumercial whalewatching
industry in California was the largest in the United States, with
74 boats in operation.

The rapid growth of commercial whalewatching, and
increased interest by privateboalters in observing and approach-
ing whales inthe wild, have been accompanied by concerns that
these activitics could cause adverse biological impacts 1o
whales. In California, NMFS adopted whalewatching guide-
lines that established minimum approach distances (100 yards)
for vessels and aircraft, as well as additional operational
guidelines for vessels. Nevertheless, each year there are numer-
ous reports of harassment of whales by commerciat whale-
watching vesscls and private boaters. NMFS is currently devel-
aping regulations that will provide mechanisims to enforce
minimuom approach distances.

Partly as a result of the protcction and managemend
achicved from regulatory measurcs, and panly because of
incrcased public awareness and appreciation of marine mam-
mals, some populations have rcbounded since the years of
commercial exploitation. Marine mammals that inhabit the
coastal walers of California now represent resources that en-
hance both the wealth and recreational benefits of the State, For
many people, a commercial whalewatching cruise is their first
conlact with the marine environment. Thus, the value of
observing marine mammals in the wild not only increases
public awareness of thcse animals, but aiso contnbutes to
increased public appreciation of the diversity and abundance of
ether living marine resources.

The waters of California provide cssential habitat toa large
variety and abundance of whales, dolphins, porpeises. and
oiher mari ne mammals. These animals play an important role
in maintaining the balance of marine ecosystems. Consoquently,
protecting California’s marine mammals is an intzgral part of the
conservation of all tving marine resources in California.

Status of Biological Knowledge and Populations

Humpback whale. Humpback whaics {AMegaptera
novaeangliae) arc distinguished by their exceptionatly long,
almosl entircly white flippers and robust body that may reacha



Humpback whale, Megapiera novaeangliae.

length of over 50 feet. There appear to be two distinct popula-
tons of humpback whales in the North Pacific. The Alaska
feeding population migrates to its breeding grounds in Hawaii
and offshore islands in Mcxico. The California, Orcgon, and
Washington feeding population migrates to coastal Mexicoand
{entral America to breed. During their scasonal migrations,
kumpback whales may frequently be scen along the Califomia
coast from April through November. Some individuals appear
o remmain in Califomia year-round. In the Gulf of the Farallons,
mpbacks may be observed feeding during August and Sep-
ember. Off southern Califormia, humpbacks ofter migrate
glonp submarine ridges (e.g., Santa Rosa-Cortez Ridge) and
occasionally enter the coastal waters of the SanPedro and Santa
Barbarz Channels. They obtain their food by straining krill
{small shrimplike crustaceans) and schools of small fish with
their baleen. Humpback whales are well known for their
complex songs, thought to be used in courtship or male
competition, The songs on their breeding grounds can lastup to
several hours.

Near the turn of the century, an estimated 15,000 hump-
back whales inhabited the North Pacific Ocean. Commercial
whaling reduced this population 1o dangerously low levels, and
in 1966 the TWC established a moratorium on harvesting them
Despite this protection, (he population has recovered only to a
sze of 1,200 to 2,100 individuals. The California feeding
population is thought to consist of at least 400 animals. The
Iumpback whale has been listed as an endangered spacies under
the United States Endangered Specics Act (ESA) since 1970.

Blue whale, Balaenoptera musculus.

Blue whale. Blue whales (Balaenoptera musculus)arethe
largest animals in the world, sometimes aftaining a size of over
90 feet. An individual blue whale may consume up to eight tons
ofkrill in a single day. The majority of the eastern North Pacific
population spends the summcr on feeding grounds between
central California, the Gulf of Alaska and the Alcutian Islands.
Like all baleen whales, the blue whale seasonally migrates to
lower latitudes in the winter to calve and breed. Migratory
routes zenerally foflow the continental shelf and slope, but blue

whales are occasionally found in deep oceanic zones and
shallow inshore areas. Blue whales are wsuaily seen off the
California ooast traveling alone or in pairs, from June 10
January,althmghthcyhzvebmnubmwdinwerymomhd
me}w.ﬂwyﬁwmﬂymaybemfmdinginthefmaﬂm
Islands between ]ulyamoaoherandmionajlymsighwd
in Monterey Bay and ovex deep coastal submarine canyons off
central and southem California_Historically, the North Pacific
population may have been comprised of over 5,000 individuals
before its severe depletion by modemn whaling operations. An
cstimated 1,000 to 1,500 blue whales currently inhabit the
North Pacific Ocean. The California feeding population is esti-
m:dtobccomprisadnfaﬂmmwinlm,mumwhalems
been listed as an endangered specics under the ESA since 1970.

Fin whale, Balaenoptera physalus.

Fin whale. The fin whalc (Balaenoptera physaius) 18 a
common, large cetacean occurring off the California coasi. Fin
whales can reach asize ofup to 87 feet and may be distingui shed
by the white coloration of their lower right lip and V-shaped
head. They are distributed throughout the world's oceans, bt
littleis known of their seasonal movements inthe North Pacific.
The North Pacific population reporiedly winters between cen-
tral California souttrward to 20° N tativade and summers from
Baja California to the Chukchi Sca. Fin whales have bern
observed in every month of the year in California The Nonh
Pacific population is estimated 1o consist of nearly 15,000
animals. This species uses its baleen to filter krill, capelin, sand
lance, squid, herring, and lantemn fish from the waier. They have
been listed as an endangered species under the ESA since 1970,

Minke whale, Balzenoptera acuiorostrala.

Minke whale. Minke whales (Bolaenoprerc
acutorostrata) inhabit both the high scas and nearshore walers
where they are known 1o enter bays, inlets, and estuaries. This
species is the smallest of the baleen whales in California watcrs,
attaining a size of up 10 32 fect, and is distinguished by 2
transverse white band on its flippers and its retatively all and
falkcate (hooked) dorsal fin. In the summer months, minke
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feed on krild, copepods, sand lance, and herring in the
Bering Sea and Arctic Ocean. During the winter months. they
migrale south along the North America masth:_le 0 MEXIFO,
There are some year-round residents off California. Population
estimates arenotavailable for minke whales, although they may
aumber over 10,000 in the North Pacific Ocean. Minke whales
are occasionally scen from whalewatching and sport fishing

vessels in California.

whales

Gray whaie, Eschrichiius robustws.

Gray whale. Gray whales (Fschrichtius robustus) are
distinguished by their mottied gray body, narrow head and
absence of adorsal fin. They can reach a length of over 45 feet.
The gray whale undergoes one of the longest migrations in the
animal kingdon. Perhaps the best knownof the great whales off
California, the eastern North Pacific gray whale migralcs from
its feeding grounds in the Bering Sea and Arctic Ocean to its
calving andbreeding areas in the subtropical lagoons along the
west coast of Baja California. This population gencrally mi-
grates along the coastline, often within afew mulcs of shore. The
gray whale migration can be observed from several locations in
California such as Point Loma, Point Vincente, Point Sur, and
Point Reyes. They begin o enter California waters nt late
November and December on their southward migration. In
mid-February, gray whales begin their refurn migration north,
passing through southern California waters untii late May of
carly June. Some immature whales reportedly rermain in kelp
beds to feed over the winter months off California. The north-
bound cow/calf migration usually occursduring Aprl and May.
Gray whales use their baleen to sift out crustaceans. moliusks
and other invertebrates which they suck up from bottom sedi-
ments. The most recent population estinale is approximaiely
21,000 animals Although still listed as cndangered under the
ESA, the number of gray whales appears to be appaching &
level that existed prior 10 exploitation by whalers,

Killer whale, Orcinus orea.

MARINE: MAMMAL RESOURCES

214

Killer whale. Killer whales (Orcinus orca), actuallv
largest of the dolphins, are year-round residents in California
They have been seen entering kelp beids, bays, or inlets, but are
more common offshore. The killer whale is widely known due
10 its populacity in oceanana. It is easily distinguished by it
striking black and white color pattern and erect dorsal fin,
which can be up to sixfeet (all in adult males. This species may
reach a sizc of nearly 30 feet. Killer whales are top predators in
the ocean. using their sharp conical teeth for grasping and
tearing prey. They have been obscrved attacking the largest
animual on Earth, the blue whale. Killer whales were so named fix
their habit of attacking scals and whalcs, however, fish are the mast
important comporent of their dict. Sreall groups of related indi-
viduals (pods) often hunt in a coordinated and cooperative manner.
Killer whales have strong social bonads, remaining in pods of five
1030 individuals for decades. Thereare no estimates of population
abundance for kilier whales in California.

Shont-finned pilot whale, Globicephala macrorhynchus.

Short-finncd pilot whale. The short-finned pilot whale
(Globicephala macrorkynchis) can reach asize inexcess of 17
feet_ and is distinguished by its bulbous forchcad and broad
based slightly falcate dorsal fin. In California, these whales are
commonldy found south of Point Conception, but there have
been sightings as far north as San Francisco Bay. Following
movements of local squid populations, short-finned pitot
whales may move seasonally ncarshore in the winter and
offshore during other times of the ycar. Before the El Nido event
in 1982 and 1983, the number of short-finned pilots whales was
ncar 2,000 during peak periods off southem California. How-
ever their numbers declined during the El Nifio, presumably
due to crmigration, and the population has not returned (o its
previous level. One hypothesis for the population’s failure to
rebound is that it was competitively excluded by the Risso’s
dolphin population in California. Noone is certain where the
remainder of the popul ation has gone. Currently, the population
size is unknown, bul there appears to be no more than a few
hundred individuals present in the nearshore waters of Califor-
nia. This species was the first “whale” displayed in captivity
and is stifl used widcly in oceanaria.

Common dolphin. The common dolphin {Deiphinis
delphis) is the most abundant celaccan in California. Common
dolphins can reach nearly eight feet in length and can be
distingutshed by the unique hourglass coloration on their sides
which appears as a V-shaped black or dark grav saddle when
they are observed at sca. Among the most gregarious of
cetaceans, common dolphins often form groups of over 100
animals, somelimes numbering i the thousands, Population



Common dolphin, Delphinus delphis.

surveysconducted over a decade ago estimated that over 57,000
commeon dofphins inhabited the waters off southern California
between summer and autumn, diminishing to around 15,000
individuals between winter and spring. Common dolphins
frequently engage in bow-riding and aerial acrobatics. Two
tvpes of common dotphins have been idenuficd in California.
One form, “Baja neritic,” has a relatively longer beak and
occurs from offshore southern California waters south to Islas
Tres Marias and throughout the coast in the Gulf of California.
The other formy, “northern,” hasa relatively shorterbeak and is
more common offshore from Isla Cedros north.

Bottlenose delphin, Tursiops truncatis.

Bottlenose  dolphin, Bottlenose dolphins (Twrsiops
runcatusy are readily recognizable by the public due to their
antics on television, their performances in oceanaria, and
because the coastal form is occasionally seen surfing in the
waves along populated southern California beaches. This spe-
tics may reach a size of over 12 feet and is distinguished by its
gray coloration, lighily colored belly, and moderately tall and
falcate dorsal fin. South of Point Conception, bottlenose dol-
phins are common, whereas few animals are encountered
furthernorth. InCalifornia, both a coastal and offshore formare
found. The coastal form inhabits shallow water just beyond the
surfzone, and is known 10 frequent bays and cstuaries from
Santa Monica south. Groups of 10 to 25 animals may tavel
together and make regular migrations along this area of the
coastline. There are reportedly seasonal north-south shifts in
their distribution, but the extent to which this occurs is uncer-
win. It is estimated that the coastal form is comprised of
approximately 240 animals, No population estimate is avail-
able for the offshore form, although it hasbeen characterized as
gbundant in the southern California arca. This species aflen rides
the bow wave of vessels, and swims in the wake of large whales.

Risse’s dolphin. Risso’s dolphins (Grampus griseus) arc
known 1o reach a size of over 13 feet, usually have extensive
scarring over their white to light-grav colored body. and lack a
beak. The last surveys, conducted in the early 19807, indicated
that from 15,000 10 30.000 Risso’s delphins resided off Califor-
nia at the time. Since E1Nifio (1982-1983), their rumbers are

Risso’s dolphin, Grampus griseus.

believed to have increased. Risso’s dolphins normally appear in
pods of 2510 50 individuatsand do not usually bow ride but will
perform some acrobatics such as spy-hopping and breaching.
They are distributed widely, frequently being found in deep
water areas with warm temperate 10 tropical water conditons,
Risso’s dolphins are occasionally obscrved in central and
northern California waters.

Northem right-whale dolphin, Lissodelphis borealis,

Northern right-whale dolphin. Northern nghi-whale
dolphins (Lissodelphis borealis) have 0o dorsal fin and have a
very slim and graceful black body that may ailain a lengthofien
feet. They appear to prefer offshore, cold temperale waters and
only occur inshore over deep submarine canyons. The nosthern
right-whale dophinis commonly found in the waters off central
and northern California, although they also appear in winter
and spring off southern Catifornia. There appears 1o be some
seasonal north-south shift in their distribution as a result of
water temperature changes and prey availability, Population
surveys in the early 1980°s estimated that over 80,000 nonhern
right-whaledo!phins may have been present Ln Calilbrnia at the
time. This gregarious specics somelimes occurs in large herds
ofup te several thousand and is noted for its fleetness. Northern
right-whale dol phins rarcly approach vessels.

Pacific whitc-sided dolphin, Lagenarkynchus obligusdens.

Pacific white-sided dolphin. The Pacific whitc-sidad
dolphin (Lagenoriynchus obliquidensy has a shon. thick beak,
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a falcate dorsal fin and may reach a size of at least scven fect.
The species is thought 0 be the seoond most abundant dalphin
off southern California, and the most common off northern
California. The Pacific white-sided dolphin is seen year-round,
frequenting the continental shelf and slope waters, sometimes
appearing in Monterey Bay, They may occur in herdsof overa
few thousand individuals but groups of several hundred are
more common. In the early 1980°, seasonal abundance of
Pacific white-sided dolphins in California, north of Point
Conception was estimatzd to fluctuate from 26,000 animals in
the summer 1o 86,000 animals in the avtumn. This species 1s
known for its acrobatic behavior and bow riding abilities. Pacific
white-sided dolphins are occasionally displayed in oceanaria.

Harbor porpoise, Phocoena phocoena.

Harber porpoise. The harbor porpoise (Phocoera
Phocoena) is the smallest cetacean found in California waters,
rarcly reaching a length of over six feet. [t may be distinguished
by its lack of a beak and its triangular dorsal fin. Harbor
porpoises frequent the cooler walers of central and northern
California, seldom straying south of Point Conception. Locally
abundant concentrations exist between Cape Mendocino and
Point Reyes and in Monterey Bay. They are oot known to
migrate extensively, but may move between inshore and off-
shore areas. The harbor porpoise occurs primanly in relatively
shallow nearshore water and, thus, is vulnerable to human
activities such as the coastal gillnet fishery in California. In
response to the general increase in gillnetting, CDFG has
implemenied several management mechanisms to reduce the
incidental take of harbor porpoises. This species never ap-
proaches vessels or bow rides. The harbor porpoise populalion
off California may consist of over 11,000 individuats.

K'.

Dall's porpoise, Phocoenoides dalli.

Dall’s porpoise, The Dalt’s porpoise { Phocoenoides dalli)
has a stocky body;, and the striking white patiern on its klly,
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flank, and tips of dorsal fin and 1ail, contrasts with its generally
black body. This species may attain a size of over seven feel, The
Dall’s porpoisc inhabits the cooler waters of the continental
shelf in ocntral and northemn California, and also frequents a
variety of other areas including ncarshore deep-water canyons
and the open sea. The Dall’s porpoisc can be found off northemn
California in autumn and winter, however individual s can also
be found in southern California at this time. There appear tobe
nearshore-offshore shifts in their distribution whereby they
rermain inshore in autumn and move northward and offshore in
the late spring. Dall’s porpoiscs travel in small groups of 10 1o
20 individuals and are known to bow ride. A population survey
in the early 1930°s estimated that approximately 461,000
individuals inhabit the eastern North Pacific. The size of the
Dall’s porpoise population off California is unknown.

Irma Lagomarsino
National Marine Fisheries Service
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SEA OTTER

History

Sez otters (Enftydra futris} once ranged from exreme
northern Japan through the Kuzil Islands, southern Sakhalin
Island, southern Kamchatka Peninsula, Commander Istands,
Aleutian Islands, southern Alaska, British Columbia, Wash-
ington, Oregon and California, cxtending south 1o about the
midpoint of the Pacific coast of Baja California, Mexice. Prior
to 1741, human contact with sea otters was limited to native



cuttares through much of the range and to Spanish colonists in
California and Mexico.

Commercial utilization of sca olters followed the Berning,
Expedition of 174 othe mainland of southern Alaska and the
Aleutian and Comunander islands. Reporis of vast numbers of
sea okters stimulated the fur trade and contributed to the
mentual sefilement and economic development of the west
coast of North America by nonnative people. Russian fur
traders developed facilities at several locations on the North
American coast, most notably at Kodiak Island and Sitka. The
southernmost outpost, at Fort Ross, California, was cstablished
im 1812, Rassian hunters worked at least as far south as the
iskands off Santa Barbara, but the Russian presence in Califor-
nia was contested by Spanish colonists. Spanish trade in sea
otierpeltsbegan in 1786 and was the most important industry in
caastal California for scveral decades.

The carly Russian otier traders utilized enslaved Alcut
oatives as huniers. The Aleuts worked from native canoes,
tunting with spears and clubs. Later, American and European
tumters enteved the trde using fircarms as primary tools of
capture. By the 1840%, the sea otter population in Califomia
was greally reduced in numbers as a result of overexploitation.

Sea ofters were approaching extinction at the beginning of
the twentieth century. Thirieen remnant populations, totaling
perhaps 1,000 to 2,000 individuals, survived in the North
Pacific in 1911. Sea otters were widcly regarded as extinct in
California by 1900, but scicntists and pame wardens were
aware of 2 surviving group near Point Sur in Monterey County
ascarlyas 19 £ 4. Roughpopulation estimates in the carly 1900°s
ramged from less than 50 to about 1(X) sca otters in California.
Other remnant populations were knpwn 10 exist in 1911 in
Mexico, Canada, Alaska and Russia. The remnant populations
in Mexico and Canada were thought o be extinet by 1920,

Sea otter, Enfrydra huris.

The Inlernational Fur Scal Treaty was signed in 1911 by
Canada (for Great Britain), Japan, Russia andthe United Stales.
The Treaty recopnized the scrious overexploitation of northern
fur seals and sca otters and provided fiell protection for both
species. State law has prohibited take or possession of sca otters
or their pelts in California since 1913, With the termination of
the tracke in sea otter pelts, the California sca otier population
began to grow in numbers and ranpe. State Highway 1 was

opened between Monterey and San Simeon in 1937, traversing
a coastal segment previously not accessible by automobile.
Highway access led to the much publicized "rediscovery”™ of
Califomnia sea otters by the general public at Bixby Creek in
1938 The sea otter poputation numbered mughly 300 individa-
als at that time. The state of California provided additional
protection for sea otters by creating the Sea Oner Game Refuge,
extending along 100 miles of coastline from the Carmel River,
ncar Monterey, to Santa Rosa Creek, near Cambria.

Passage of the federal Marine Mammal Protection Act of
1972 peovided new authority for protection of sea otters in all
U.8. waters. The Act transferred management responsibility for
Califomia sca otters from the state to the federal povernment.

Between the 19307s and the fate 1970°s, the California sea
otier population grew at an average annual rate of about five
percent, extending its range to more than 200 miles of coastline
from Santa Cruz to Pismo Beach. In the early £980 s, a reduced
ratc of population growth was recognized, and some argued that
the population was deciining in numbers. Studiesby federal and
state agencies determined that the nearshore set-net fishery for
halibut was causing significant mortality of sea oticrsas a result
of incidental entanglement and drowning, Estimates of annnal
mortality in nets ranged as high as 80-100 animals, a rate
sufficient to account for the diminished rate of population
growth. Legislationby the state imposed mstrictions on set-net
activity, greatly reducing incidental take of sca otters in nets, By
the middle 1980s, it was apparent that population growth had
returned to levels previously observed.

Status of Biclogical Knowledge

The subspecific statns of various populations of the sca
otter has been in dispute for many years. The most recent
studies, based on skuall morphology, identified the California
population as a separate subspecies. Definition of the subspe-
cies of sea otters likely will remain controversial,

Sea otters in California occur predeminanty alorg rocky
shoressupporting forests of the large kelps. Along the maintand
coast the kelps typically form extensive surface canopies in
walers less than 80 [eet in depth where the substraturm is rock.
Sca oters commonly fonn groups, known as rafis, in kelp
canopics, especiaily when at rest. Rafis typically contain up o
10 individuals, but under cortain circumstances may include
mare than 104 otters. Most sea otters remain within one mile of
share, but in some situztions, such asin Monterey Bay, oilers are
regularly seen foraging and resting three miles or more off-
shore. Juvenile mailes tend to range farther offshore than other
age/sexcalegorics. Sca ofters also are able o sucoessfuibvutilize
habitats with sofl substrates. In California, records from the fus
trade suggest that sea otters once were sbundant in the soft-
bottom habitats of San Francisco Bay.

Adult male sea otiers inCalifornia typically weigh 60 to 75
pounds, reaching a length of four to 4.5 faet, Adult females
typically reach a weight of 40 to 55 pounds and 2 length of four
feet. The largest sea otter recorded in California was a2 malke
weighing 92 pounds.

Sea otier pelageinchudes outer guard hairs and dense, fine
underfur. Density of sea otter fur is higher than that of any other
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mammal. Sea ofter pelage provides the primary thermoregula-
tory barrier between the animal and the chilling cfiects of sea
water. Most other marine mammals rely on subcutaneous fat
rather than pelage for thermal protection. The effectiveness of
the peiage as a thermal barrier depends on frequent Erooming
and consequent cleanliness. Soiling of the fur {arpety climinates
the insulative qualities, resulting in rapid heat loss. Food
consumption rates equivalent to 25 percent of more of indi-
viduat body mass must be consumed daily 10 maintain thehigh
metabolic rate typical of sea otters.

Male sea otters reach sexual maturity at five to six years of
age. In California, adult males establish and defend teemitones
in areas of high fernale density, seasonally in some areas and
year-round in others. Younger males typically are excluded
from breeding arcas by teritorial malcs. Female sca ofters
beoome reproductively mature at thice to five years of age.
Mature females typically conk into estrus within a few days to
a few weeks afler weaning of pups. Gestation is four to six
months and involves delayed implantation. After implantation,
development 1o birth normally requires about four months.
Virtuaily all births are single. Twinning has been observed, but
females apparently arc unable to carc successfully formore than
one pup at a time. Care of dependent pups is entirely maternal.
Period of pup dependency averages six months in California,
with a range of 4.5 to 9.5 months. Studies suggest that pre-
weaning mortality rate for firstborn pups may exceed 50
percent. Survival of dependent pups improves with the experi-
ence of the mother. Most adult females praduce one pup per
year. In cases of premature death of dependent pups, females
may come back into estrus and be reimpregnated within a few
wecks afier loss of the pup. In Califomia, rates of pup birth
apparently peak in latc winter, with a secondary peak in late
summer or carly fall. Pupping may be nonseasonal in certain
California locations.

Sea oiters typically weigh four to five pounds at birth, and
20 to 30 pounds at weaning. In most sea otter populations,
maximurmn fongevity probably is in the range of 11 10 15 years.
Captive animals are known to have lived as long as 20 years.

Known predators of sea otters include sharks, eagles,
coyotes and bears. Attack by white sharks probably occurs ata
fow rate throughout the California range. Predation generally is
regarded as less important than food limitation in controlling
the size of sea otter populations.

Pattemns of activity vary widely among sea oiter popula-
tions and among individuals within sea otter populations. In
California, most otters forage during morning hours, rest from
late morning through mid-afiernoon and resume foraging in
late afternoon. Somctimes a third period of foraging occurs at
night, between aboct 11:00 p.m. and 2:0G a m.Juvenile females
typically spend more time foraging than other categories, often
feeding during hours when other otters arc at rest.

In California, home ranges of adult males during the
principal breeding season (summer and fail) have a mean
coastlinelength of about 0.5 mile and anarcaof about 100 acres.
During winter the mnge approximaicly doubles for those
individuals that remain in breeding tcrritories. Long-distance
movements among high-use areas range from 33 to 6¢ miles
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and often are seasonal. Males may remain within a high-use
area for months at a time, but travel between such areas rarely
requires more than a few days. Females follow the same general
patiern as malcs, but high-use areas are typically 1.5 10 two
times larger for females than for males. Females alsotravel long
distances in short periods, but such travel is much less frequem
for females than for males. Substantial short-term movement of
females among high-use areas ofien occurs in association with
pupping. Juvenilc males tend to utilize larger areas and travel
greater distances than other age/sex categorics. Various studies
have shown that sea otters arc capable ofhoming from distances
as great as 300 mules.

Sea otlers generalty feed on large-bodied, bottom-dwel ling
invertebrates oblaincd during dives. They are able to dive to at
least 320 feet, but most foraging dives in California are in
watcrs less than B0 feet deep. Dive duration may be as long as
four minutes, but mare typically is 50 to 80 scconds. Individual
otters typically feed on a rclatively few specics of prey, At the
population level, howcver, sea otters are dietary generalists.
More than 160 species have been reported as sea otier prey.
Composition of sca otter diet relates to pattems of population
growth, In California, diet is predominantly sca urchins, abalo-
nes, large crabs and large clams when otters have recenlly
reoccupied a foraging area. As the period of occupation in-
creases, preferred prey decline in availability and the diet
diversifies. In cases of occupation by sea otters for more thana
few vears, the most common prey in California are crabs ard
smatl snails. Other frequent prey include octopus, mussels and
clams. Sea otters are well known for their abilities in using
stones as tools while foraging. Stones may be used as hammers
to distodge prey fram the substrate during divesand may beusedias
anvils for breaking shells of prey during surface intervals Fish are
common prey for sca olters at certain locations in Alaska and
Russia. Consumption of fish by sea ofters is rare in California.

Sea otters have important effects on the character of
nearshore biclogical communities. In a number of circum-
stances it hasbeen reported that otlers substantially reduce prey
abundance and individual size. The best-known cases involve
species such as abalones and sea urchins that are sought in
comumercial or recreational fisheries. Such interactions have
provided grist for intensive political discord for many years
regarding approaches to management of sea otter populations.
Such conflicts first arese in regard to the central California
abalone fishery inthe 1960's. More recent conflicts involve sea
urchins, Dungeness crabs and several species of clams. Human
over-harvesting of sheflfish populations sometimes contributes
to management difficulties and political controversies associ-
atod with conflicts of sea otters and shellfisheries.

The contral of herbivorous invertebralcs by sea otters
allows secondary development of dense algal populations,
inctuding kelps, that may substantially alter the siructure and
dynamics of nearshore ecosystems. Proliferation of algae asa
consequence of growing sca otter populations hasbeen reported
at a number of locations throughout the range of the species.

The 1989 Exyon lalder disaster in Prince William Sound
demonstrated the potential vulnerability of sea otter popula-
tions Lo catastrophic oif spills. About 1000 sea olter carcasses



were recovered after the spill. Most apparently had died as a
result of contact with oil. Total mortality of sea otlers rcmains
amiknown. Over 350 oiled seaotiers were captured aliveafier the
spil, but survival was less than 50 percent despitc intensive
effotts to treat and rehabilitate oiled animals. Oiled sea otters
dicd primarily from toxic effects of oil ingested during futile
gooming efforts, from hypothermia resulling from matied
pelage, and from stress.

Status of the Population

The sea otter population in California currently ranges
along 225 miles of coastline from Afie Nuevo Island, north of
Santa Cruz, to approximately the Santa Maria Rivet, south of
Pismo Beach. Determination of trends in the number of sca
atters has been complicated by the variety of survey techniques
wed, differing in accuracy and precision. In 1982, a standard
survey method was adopted for asscssments of the Califormia
population. The most recent count in California, inthe springof
1892, located 1,810 adults and 291 dependent pups. The
Catifornia popufation continues to grow at arate of about five to

SCVEN PEFCENt per year.

Table 1. Results of spring surveys, Catifornia sea otter
population, 1983-1992.

Independent
Survey animals Pups Total
1583 1156 12} | g
1984 1180 123 1303
1985 e 242 1361
1986 1358 228 1586
1987 1435 226 1661
1988 1504 221 1725
1939 1571 285 1836
19%0 1466 244 1680
1991 1700 241 1941
1952 1810 291 2101

In 1977, the California sea otter was listed as threatened
ander the federal Endangered Species Act of 1973, requinng
development of a Recovery Plan for sea otters in California. A
primary element of the Plan, issucd in 1982, was establishment
of anew colory of sea otters by translocation within Califoraia,
The colony was o be well scparated from the existing mainland
range, thereby reducing the possibility that asingle Large oil spitl or
similar disaster could contamninate afl sea otters in California.

Between 1987 and 1990, 139 sea otters were translocated
from their mainland range to San Nicolas Island, off southern
California. The most recent survey at the island, in July 1992,
found 10 adult sea ottcrs and four dependent pups. The status
and future of the sca otter colony at San Nicolas Tsland remain
uncertain.

The Recovery Plan for sea otters in California i currently
(summer 1992) in revision. The primary poal of the new Plan,
like the old, will be attainment of a sea otter population with
sfficient numbers and range to climinate the possibility of

disasters such as the Exvon Valdez exposing all California sea
otters 1o contamination and possible injury or death.

Glenn R. VanBlaricom
11.S. Fish and Wildlife Service

Robert A Hardy
Califomia Department of Fish and Game
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MARINE MAMMALS: DISCUSSION

Most of the maring mammals known from California
waters havebeen revicwed in this section, including California
populations of whalcs, dotphins, porpoises, seals, sea lions, and
sea otters. The previous articles have indicated that manne
mammals are an important part of the living marine resources
of California. From their initia) historic valuc as a harvesiable
resource for world trade as seal and sea otser furs, through the
comumercial whaling era, to their primary present-day vahie as
tourist atiractions, marine mammals have continually ranked
among the most economically valuable of all marine resources
in California. The variety and abundance of marine mammals
alsoplayan important rolein the balance of marine ecosystems

Some marine mammal populations that occur in Califoria
are stillin arwmuyptmmaﬂase\mram:ﬁmﬁnmmmm
harvest during the ninicenth and carly twentieth centuries. Reco-
ery of populations ranges from slight in some._ such as g
humpback“hale,lnoums,awhast}:mﬂmdmtml that
may be nearing the CarTying capacity of their habitat

Populations of other marinc mammals, because they have
increased so dramatically, have been affected more recently by
interactions with increased commercial fishing activity. Mor-
tality in the central California set net fishery dunng the carly
1980's was significant for sea otters and probabh for harbor
porpoises. Restrictions on set net activity greathy reduced (nct-
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dental take of both species, as well as harbor seals, Califomia
sea lions, and northern elephant seals.

Authority to manage marine mammal populations rests
with the National Marine Fisheries Service and Fish and
Wildlife Sarvice. Currently, the take of marine mammals
incidental to commercial fisheries is authorized under a five-
year exempion, enacted in 1988, from the moratorium on
taking marine mammals. The purpose of the exemption is 10
enable commercial fisheries to continue to operate whiie infor-
mation essentia) for long-term management of maring mam-
mal-fishery interactions is being developed.

The 1988 amendments to the Marine Mammal Protection
Act dirscted the Secretary of Commerce, afler consultation: with
the Marine Mammal Commission, regional fishery manage-
ment councils, and other interesied agencies and organizzations,

MARINE MAMMAL RESOURCES
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10 provide to Congress a suggested regime to govern incidental
taking after October 1, 1993,

Marine mammal management in California’s future will
need to provide for larger populations of marine mammalsthan
are now present. Some populations, such as northem elephant
scals, already occupy rockeries in arcas that were probably not
available to them historically because of access to predators
such as wolves and grizzly bears. The curreat push toward
complete protection for all marine mammal populations will
result in continued growth for some of them and will require
innovative techniques to reditce the likelihood of serious inter-
actions as human usc of marine resources also increases.

Robert A. Hardy
Califoria Department of Fish and Game



MARINE BIRD RESOURCES

Seabirds are a diverse assortment of bird species that wading birds, and shorebirds) that live mosly in the coastal
ihabit salt or brackish water environments for at leasta partof ~ marshareasornestin arctictundra or inland lakes and marshes.
their anmal cycle. This discussion is limited to the pelagic Seabirds can be further divided into resident (bresding) and
species of birds that breed on offshore islands and make their non-resident {not brecdmg_) species. Birds in these ecological
tiving by utilizing the food web in the upper layers of the ocean caleporiesare very diffcrent in howthey affect ox areaffected by the
in contrast to the waterfowl (ducks, geese, grebes, looms, natural environment and human-related events along our coast.

Table 1. Seabirds which breed off the Califomia coast, their distributional status relative to areas north and south of
Caifornia, the approximate sizes of their breeding populations in the 1980's and their status in the 1980's (X indicates
presence, 0 indicates absence).

Distribution in: Estimated CA

Coramon Kame Breeding Pop. CA Status
(Scientific Name) Alaska Califomia' Baja Cfa int the 1980°s* in the 1990°s
Forkad-1ailed storm-petrel X X 0 300 Unknawn
{Ooeanodroma furcata)

Leach's storm-petrel X X X 18,300 Declining
{Ckeanodroma leucoritoa)

Ashy storm-petrel 0 X 0 5,200 Unknown
(Oeesrodrama homochrog)

Black storm-petre] 0 X 0 150 TUnknown
(Ceeanodroma melamiar)

Brown pelican o X X 2,700 hureasing
{Precarmus occidentalis)

Double-crested cormorant X X X 1,900 Stable/Increasme,
(Phalacrocorax curitiis)

Brendt’s comorant 0 X X &4 200 Stable/Increasing
(Phalacrocorar penicillatis)

Pelagic cormorunt X X 0 15,900 Susble/Increasing
{Fialacrocerae pelagicus)

Western gull 0 b ¢ 0 51,000 Increasing

{Lorus ocardentalis)

Comumon purre X X a 363,200 Declining

{{'niz aalge)

Pigeon puillermot X X 0 14,700 Stable

{Cepphut colum ba)

Marhled manmelet X X 0 2,000 Declining
{Brochyromphues marmoraius)

Xartus' murmelet 4] X X 1,600 Stable/Declining
(Symthliboromphus ypoliucis)

Cassin’s auklet X X X 131,200 Unlnown
{Ptchoramphus aleuticus)

Rhinoceros auklet X X 0 400 Increasiag
{Cerorhinca monocerata)

Tufled puflin X X 0 250 Stablz

(Fratercule cirrhariay o I
HNumber species in common 10 - 7
Tedal breeding species 28 {30) 16 (23} 14 (22)

ISome specics in Alaska or Baja California are not isted because they do rot ocouwr off California  The number of breeding species in
California can be increased by adding up to five terms {Sterna sp.), the black skammer {Rinchops niger). and the Califorrua gull (Larus
gnb ormicusY, mmnbers i, parentheses indicate additions of this type for each area. )

extimated Alaskan breeding seabird total population is about 40,200,000 compared to about 700,000 for Califorma. These numbers
represent approximate mean levels throughout the 1980°s, and recent updates will be published in 1993, Ten 1o forey percent should be added
1o melude non-brecders and immatures, a proportion which vanies from yeat to year and specics 1o specics. In California four species {commmon
muire, Brandt's cormerant, Cassin’s auklet, and western gull} comprise almast 90 percent of the towal number of breeders.
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There are 23 species of seabirds that breed along the coast
of California. Point Conception is gencrally considered a major
area of transition between characteristically northern seabirds
{such as those found in the Gulf of Alaska and Washington) and
subtropical seabirds (such as those found in the Guif of Califor-
nia). North of Point Conception, marine waters are dominatod
by the California Current System in which cold, nutricat-rich
water is upwelled along the coast. South of Point Conception,
upwelling mainty occurs only far offshore, and warmer, clearer,
nutrient-poor waters extend up from the Subtropics. Ecologi-
cally, this makes California’s marinc birds among the most
interesting and taxonomicalty diverse inthe northern hemisphere.

California’s breeding seabirds are about evenly divided

between southern and northern species. The northern seabird
species have a greater biomass, however, One of the reasons for
this is that northern waters are penerally more productive and,
therefore, support greater scabird populations. In California,
many of our breeding seabirds, such as common murrcs,
Brandt's cormorants, and Cassin’s auklets (all primarily northern
species) are concentrated al the Farallon Islands (off San Fran-
cisoo) and Castle Rock National Wildlife Refuges (near Crescent
City). The Farallons are the most important single seabird breed-
ing site in California, and large seabird populations there arc
associated with abundant avaitability of suitable and protected
nesting habitat, coupled with strong and productive upwelling
systems that provide large prey resources in the same area,

A brood of three California brown pelicans on Anaczpa Island off
southern California. Improvement in reproductive success is linked
to & decling in DDE resideues in the offshore environment.

Another major California breeding area south of Point
Conceptior in (he Southern California Bight is the Channel
Istands. These islands harbor imporiant nesting colonies for
some scabirds of northern affinity (such as Cassin’s aukdets) but
also the staie’s entire nesting population of brown pelicans
(presently a recovering endangered specics) and the rare
Xantus' murrelet. Both species have southern breeding distri-
butions and also nest off Baja California: but the brown pelican
is of tropical affinity (origin), whereasthe Xantus® murzclet isof
subarctic affinity. One of the most unique and iMeresting
breeding seabirds off central and northern Californi is the
marbied murrelet, a small seabird that nests inland in coastal,
old-growth coniferous forests, often over a hundred feethigh in
the tree tops. Unfortunately, this litile bird is becoming endan-
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gered becanse of the loss of its nesting habitat due to logging,
andbecause of mortality causedby oil spillsand gill-net fishing,

Usually, between the end of summer after the Upwelling
Penod and before the end of the year, the California Curtent
System experiences an immigration, emigration, and reshuf-
fling of seabirds from the north, south, and within Cafifornia.
Theabundanceand diversity of seabirds increases immensely at
thistime. One of'the most abundant seabird species in the world,
the sooty shearwater, comes through California waters by the
millions, mostly from New Zealand. Another exciting sighting
involves one of several species of albatrosses which seem to be
showing up ofl California in increasing numbers. Similarly,
southern scabirds, such as boobies, red-billed tropichirds, and
magnificent frigatebirds, can provide the highlight of any boat
trip. From the Mexican Sea of Cortez around July, come several
species of storm-petrels, Heermann's gulls, elegant tems, and
many mote brown pelicans than nest in California. From the
norh, especially into the winter, we witness the arrival of
nodhern seabirds like the norhern fulmar, tufted and homed
puffins and other alcids, the black-legged kittiwake, the brant
(one of the few species of wild geese that migrates along the
coast to wintering areas in Mexico), and many others. Such
diversity and abundance adds to the overall richness and value
of California’s total marine resources.

Tabie 2. Scientificnames of hirds mentioned in text bul not
included in Table 1.

Adbatross Diomedia sp.

Boobies Suela sp.

Black-legged kittrwake Rissa tridactyla

Brant Branta bermicla
California least tern Stema antillarum
Elegant tem Thalasseus elegans
Heermann's gull Larus heermanni
Homed puffin Fratercuia cormiculata
Magnificent frigalebird Fregata magnificens

Northemn fulmar
Red-billed tropichirds
Sooty shearwater

Fulmarus glacialis
Phaethon aethercus
Puffinus griseus

History and Utilization

Marine birds or seabirds are the most conspicuous and
familiar cicments of marine communitics, and are a source of
pleasure and enjoyment for people at sca or along the coast.
They are unique and important biotic clements of marine
ecosystems and are good indicators of the general health of
coastal offshore cavironments. Yet, people working ot recreat-
ing at sea often know little about thern. And, although often
omitted from marine resource reference works such as this,
seabirds require managemen: and protection, just as do other
elements of marine eCosystems.

Seabirds are prominent elements in the biodiversity of
marine coosysiems. They perform what ecalogist Paul Ehrlich
calls "ecofogical services,” such as nutrient cycling and scav-
cnging of biclogical waste materials and debris from watersand

T



beaches. They ofien guide fishermen to fish. They are fun to
watch, and consequently, contribute to local cconomics by
. miracting tourists. Healthy seabird populations give us the
Justified feeling that all is well at sca, and a "missing," sick, or
* piled bizd tells us that it might not be.
* - Like most marine wildlife, marine birds have historically
suffered severe and relentless exploitations by man. In Califor-
w2, this was especially true at the Farallon Islands during and
~ afier the gold rush in the late-1800's, where common murres
were heavily exploited for their eggs. There was no regulation
of ke, and the murre populations incurred severe declings, so
a ovly a few thousand individuals were left by the late-
- 1920’5, The Faralion murre population did not recover for
.several decades and even now is far below numbers of the
‘¥800°s. Expioitation of seabirds or seabird products is neithera
ol or ecent phenomenon. Recall the ancient, managed
harvest of guano by the Incas of Peru, or the harvest of guano for
wenafacturing gunpowder by the imperialistic navies of Eu-
mpe in the 16th-18th centuries, Empires were won or lost over
condrol of the seabird islands! Early sailors and explorers often
mtilizad seabirds or theircggs, driving some specics to the point
. ufainction. In general, however, there has been Little sucoess
~ worldwide in utilizing scabirds for sustainable food or other
product sources. The few exceptions include guane harvests in
Peru, harvest of eider down from seaducks in Iccland,
*mutionbird” harvests (shearwaters) for oil in New Zealand,
#nd the harvest of seabird guano from man-made islands off
Sowth Africa. There is no successful, sustainable harvest of
scabirds or seabind products in California or the West Coast,
Since the carly days of exploitation, management has usually
msolved putting the nesting islands into a protection system.
This is the case for most islands off California.

After World War 1. California's abundant seabird popula-
tioas began o sufler from new problems. For example, birds
ad marine mamemals expericnced population depletions as a
result of offshore chemical pollntant discharges from industries
in Southern California. In a different kind of example, bird
populations in central and southern California declined from
excessive sardine fishin g, Many specics of seabirds feed almaost
exclusively en surface-feeding fishes which are also sought in
commexcial fisheries. The depletion of sardines off Monterey is
thought 10 have had delcterious <ffccts on some species of
seabirds. H is not well known, however, how long it takes to
bring about 2 population docline of scabirds and how effectively
vanous kinds of marine birds can switch to other peey. Since the
1950’s, large oil spills and chronic wastc oil discharpes have
hexome increasingly frequent, and large numbers of scabirds
ke been kilied. Although acute oiling of seabirds (oil spills
aml the associated publicity they gel) receives more attention, it
mightbe that chronic oiling of the offshore environment causcs
. the greatest damage 10 scabirds and other marine wildlife.
Rehabilitation of ciled birds and mammals has not been very
saccessiul. Most birds die before rehabilitatton can be at-
empied and many birds that recerve care die amyway. Proven-
tion of ot] spilts and chronic oiling is still the best solulion.

Since seabirds are visibly aflected when people misuse
manine resources, the well-being of our scabird populations

helps tell us about the health of our oceans. Potential effects on
scabirds are often examined to help evaluate the overall pro-
Jjected effects on the marine environment of future development
activities. Such activities include increased levels of offshore oil
extraction and transport; mining of other ocean resources;
development of alternate forms of encrgy; use of new fishing
techniques; fish famning and fish ranching af sea; and new
marine product development and exploitation. Increasing lev-
els of marine debris, inchading fishing gear and scemingly
edible items made of plastic and other malerials present other
hazards. Additionally, "eco-tourism,” a rapidly growing indus-
try, can lead to unregulated intrusion onto nesting istands that
arc important to seabird populations. There is already a history
of disappearance of seabird colonies on islands visited too
frequently by unsepervised tourists. Global warming, if it
occurs, may have detrimental effects on seabirds.

Recognition of the importance of seabirds as indicators and
of the effects thal human activitics can have on them has led o
a surge of activity and interest in seabird conservation and
management. In addition to many governrnental agencies,
there are five "seabird groups" around the world composed of
interested professionals which have been orpamized o study
and help conserve these imnportant elements of marine wildlife.
The Pacific Seabird Group focuses on our West Coast from
California 10 Washington, plus Alaska, Hawaii, Bnish Co-
lumbia, and Mexico. In California, statc and foderal govern-
mental agencies, anglers and commercial fishermen. and ma-
rine bird conservationists are beginning to work together
help conserve and manage marine wiidlife.

Seabird Ecology

Almost all important adaplations in body form and behav-
ior of seabirds reflect specialization for either breeding or
feeding. Methods of marine bird feeding depend on tvpes of
foods and where these foods are found in the water column
Seabirds are, therefore, influcnced by the emvironmental factors
which influence the marine emironment. During the breading
scason, scabirds are confined to feeding within a reasonable
distance from their nesting islands. En addition 1o providing
suitable nesting habit, nesting islands must be free of predators
and disturbances. Outside the breeding season, when not con-
strained to iending offspring, many seabird specics are highiy
mobile and can move fong distances to find food. Other species
may remain in arcas of abundant and predictabie food supplics.
Just like fishermen. Distribution a1 s2a is heavily influencedtn
the physicat oceanography of the area. For example. plankton
feeders will be found where ocean cyrrents favor growih and
accumulation of planktonic species. Such areas, in tum, pro-
vide food for shoals of pefagic species such as nerthern anchovy.
Pacific sardine, herring, mackerel, or juvenile demersal fishes
suchas rockfishes. These midwater fish in turn are preved upon
by fish-feeding seabirds. The species of fish is usuallv not as
imporian asis the fact that the fish are availabls apd abundam

Some scabirds feed at the surface and others flv or paddie
underwater to extend their reach lower into the water column,
Some California specics can dive to a depth of 330 feet. Water
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clarity influences which type of feeding method will be most
successful. For example, clear, tropical waters typically best
support species that catch fish by plunge-diving {(boobies and
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pelicans). Incontrast, northern waters arc usually tooturbid for
aerial plungers to see prey, but are better suiled to underwater
swimmers or {lyers (like the murres, auklets, and cormorants).
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Sesbird feeding methods in relation to depth of water column penetration and morphological vanation of different specics (described by
N P. Ashmole and drawn by }. Ahlquist, reprinted with permission from Academic Press).

While nedling, seabirds are moreor Jessbound toanestthat
requires protection from predators and parentat care. The
breeding season is the period of time it takes from courtship,
nest-building, and egg-laying to the point of fledging, when
young leave the nest or becorne independent. During breeding,
seabirds are strongly influenced by local food supplics and,
thus, the oceanographic and meteorological conditions. Repro-
ductive success is influenced by the biomass, availahility, and
consistency of local food supplies. For instance, when E1 Nifio
weather patterns occur, seabirds reproduce poorly or not at all
because prey resources are less abundant and available,

Since offshore istands with ncarby, stable food suppliesare
in short supply for nesting seabirds in California, suchbirdsare
almosi always found concentrated into tightly-packed nesting
colonies, with different spocies usually segregated onto differ-
ent kinds of micro-habital. As a consequence, nesting colonies
are vulnerable to destruction by mammalian predators such as
foxes and raccoons. Therefore, nesting islands must be free
from terrestrial predators and human disturbance 1o provide
seabirds with suceessful nesting opportunities Evolutionary
development on islands facking temestrial predators has left
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many seabirds with no defenses against predatars, except to
abandon their colonies. Undisturbed roosting and loafing sites
are also critical to seabirds. Tourism and introductions of rats,
cats, dogs, pigs, goats, and other feral animals has repeatedly
led to extermination of scabirds from islands that were former-
Iy predator-free.

Management

Many agencies are involved in the management and
conscrvation of marine birds, and many statutory and executive
provisions contribute to their protection. In addition, California
has one of the finest systems of sanctuartes and refuges for
seabirds in the world. However, our coasial wetlands now
comprisc only a small percentage of their former extent, and
these habitats are critical to many species of seabirds. Offshore
waters arc becoming increasingly ocoupied and unlized by people,
yet many offshore islands and rocks are as clos to their natural
states as one might reasonably expect in our modern world.

Nonetheless, some of California’s seabirds arc threatened
or endangered, and others may warrant such designation.
Examples arc the California Icast tern, the California brown



pelican, the marbled murmrelet, the Xantus® murrelet, and the
ashy storm-petrel. The brown pelican may soon be downlisted
because its popul ations are recovering; onc of the few success
stofics in recent times.

Common murres and Brandt's cormaorants on Flatiron Rock off
Trinidad, north of Eurcka.

Seabird populations have a mumber of characteristics in
common which make them susceptibic to harm from environ-
mentai changes:

1) Resident seabirds concentrate their nesting efforts over
several months at small arcas, and they traditionally use the
s|ame nesting areas year after year.

2) Some seabirds (pelicans, cormorants, gulls) concentrate
im roosts or resting sites. Night roosts provide protection from
peedators and disturbances and may have beneficial thermal
characteristics. Day roosts are located closer to food supplies
and may have good plumage drying propertics.

3) Many scabirds depend on concentrated food supplies,
often commercially valuable fisheres resources. Maring fisher-
ics biologists are working with marine wildlife biologists 10
balance recreational and commercial fisheries with other wild-
life needs.

4) Mamy seabirds tend to be long-lived with low annual
reproductive rates. Thus, seabirds cannot usually recover very
rapidly from large impacts on their populations,

5} Seabirds are often componenis of assemblages with
interdependent elements, which means that they are closely
allied o other species in their system. Distuption of one or more
iferacting elemcnts may affect the entire assemblage in some way.

Seabird and Fisheries Interactions

Seabird-fishenics interactions have been caleporized as
kllows: i) direct competition, with negative population impli-
cations etther for fish or seabird populations; 2) mutuatism,

where the interaction is bepeficial, or commensalism, where
there is neither benefit nor detriment to the interaction; and 3)
physical injury, where birds are killed or damaged by fishing
activities, or bird activities damage operations or pear. Caiego-
ries 1) and 3) describe conflicts in resource use that should be
minimized. Malli-species or coosystem management instead of
manzgemnent that is single-species oriented may be the key o
minimizingsuch conflicts. The management plan of the Pacific
Fishery Management Council (PFMC) for anchovies was one
of the first in the nation to consider the multiple uses of the
anchovy resource, including seabirds, marine mammals, and
bait fisheries for sport fishermen. With the rapidly recovering
Pacific sardine resource, the PFMC is revising its anchovy plan
to include multi-species management of small pelagic fishes.
Fishery management plans are beginning to inciude concepts
such as reserves, multiple-neads, ecosystem balance, and
thresholds of minimum resource abundance.
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PFilewp of brown pelicans, Heermann's gulls, and Brandt's
cormorants feeding on anchovies at Shell Beach, Other
individuals are roosting on nearby rocks.

The future of fishing pgear/seabird interactions is also
improving, Gill netting has been banned in many areas, and
some fishermen have swilched to other fishing methods that do
0ot harm seabirds, Situations are more difficult to contyol when
the commercial fishing occurs outside areas of state or federal
Jurisdiction. Interactions between recreational fishcries and
marine wildlife also occur. While each individiual interaction
may involve only one angler and one bind, together they can
havea significant effect on seme seabird populations, especially
threatened or endangered species. In many instances the best

management approach is education,
.. Deniel W Andersan
University of Cabfornis, Pavis
Deavid G. Amley
Point Reyes Bird Obsenalen
Harrv R Carter
U.S. Fish and Wildhife Service
Kemneth 7. Briges
University of Califormus, Davis
Alee D MacCal}

Natiopal Marme Fishenes Service
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ECONOMIC UTILIZATION OF OCEAN RESOURCES

Background

Economic as well as biological factors affect the utilization
of California’s living marinc tesources. A particularly notable
economic phenomenon has boen the increase in trade activity
between the domestic seafood industry and its foreign counter-
parts. California’s commercial landings are increasingly being
marketed abroad, and California consumers are satisfying their
cosmopolitan taste for seafood with an array of imported products.

The economic value of a commercial fishery is appropn-
atety measured by the benefits that it provides toconsumers and
the net ecoBOMIC Teturn (Zross revenue minus costs) that it
generates to businesses at the ex-vesscl, wholesale and retait
levels. This chapter’s discussion of commercial landings con-
siders ouly the ex-vessel component of value, and reflects gross
rather than net economic return in that it ignores the cost of
harvesting fish. Similarly, the discussion of scafood imports
and exports includes only the wholesale component of value
and ignores costs incurred by import/export businesses. These
ex-vessel and wholesale values provide a useful but incomplete
picture ofthe cconomic valu of California’s commercial fisherics.

All monetary estimates of value provided in this chap-
ter have been corrected for inflation and are expressed in
1990-cquivalent dollars.

Supply

Trends in Landings and Revenues. Seasonal and annual
variations in commercial landings are affected by a vaniety of
factors, including species abundance and availability, manage-
ment restrictions, market demand, ex-vessel prices, harvesting
and processing technology and weather. The picture is further
complicated by the multispecies nature of many fishing opera-
tions (For instance, small combination boats target salmon and
albacore with troll gear and crab with pot gear, round haul
vessels target pelagic wetfishes, squid, bonito and bluefin tuna;
trawlers target rockfish, sablefish, Pacific whiting, flatfish and
shrimp). In multispecies fisherics, fishing strategies, and there-
fore, landings of each species are affected by the avatlability and
profitability of all species targeted in the fishery. Trends in
landings are properly viewed in the context of these coninb-
uting factors and the interactions among them

The State of California requires poundage landed, price
received, and other information, to be recorded on 2 “pink
ticket" each time a commercial fishing vesse] lands its catch at
a California port. The landings described in this chapter are
basext on pink ticket data and reflect most of the harvest but
exclude discards, Iive bait catch and capture of live specimens
for aquarium use, In particular:

1) Commercial fishing operations ofien yicid a byvcatch of
non-targeted species, which may be landed and sold or dis-
carded at sea. Even targeted species may be discarded if, for
instance, they are sub-legal or non-marketable insize, or partof
a catch that exceeds a trip 1umit. Tnformation on the levei of
discards and discard mortality is generally unavailable.

ECONOMIC UTILIZATION OF OCEAN RESCURCES

2) Live bait sold in the recreational fishery is generally not
landed, since iransactions between buyers and sellersoflive bait
take place at sea orfrom receivers that arctied up near the docks.
Logbook data indicatc that bait haulers harvest up to twelve
mitlion pounds of live bait per year, most of which consists of
northem anchovy.

3) A variety of marine specimens are harvested live, for
display in home and public aquariums. These include animals
such as gobics, juvenile sheephead, juvenile leopard shark and
even "live rocks” (picces of substrale with attached communi-
tics of living organisms). The harvest of such specimens,
though not recorded on pink tickets, has likely increased in
recent years, due to increases in domestic and foreign demand.

Total finfish and shellfish landings in California declined
by almost half from 1970 to 1990, while tota} U.S. landings
doubled over the same period. California’s share of the U.S.
harvest, which was 14 percent in 1970, declined to four peroent
by 1990, Ex-vessel revenues followed a similar patiem (Table 1).

Table 1. Commercial landings (1,000 Ibs. landed weight)
and ex-vessel revenues ($1,000's) in 1990-equivalent
dollars of finfish and sheilfish in California and the Uniled
States in 1970, 1875, 1580, 1985 and 1890.

Langings (1,000 pounds)
Year California United States
1970 703216 4,917,220
1575 861,315 4,877443
1580 800,723 6,482.354
1985 356,90 6,257642
1990 355,753 9708421

Ex-Vessel Revenues ($1,000's)

Year California United States
1970 290,551 2,065417
1975 307,900 2,357
1580 501,121 3,548,572
1985 154,002 2,825,643
3,572,437

1990 158,851

The major reason for California’s diminished profile was
the nine-fold decline in tuna landings from 1970 to 1590 (see
appendix for landings figures). The proportion of ex-vessel
reveniues from all species attibutable to tuna decreased from 74
percent in 1970 ta 17 percent in 1990 (Table 2). High interest
rates, the relocation of tuna processing operations from Califor-
nia to American Samoa and Puerto Rico, and competition from
imports of canned tuna packed in water creafed econiomic
hardship for the fishing fleet. Tuna landings in California
dropped precipitousty as many of the superseiners transferred
flags or converted to other fisheries.



In 1970, California’s top revenuc-gencrating species were
yetlowfin ($141.1 million), skipjack ($40.7 million) and alba-
core ($26.4 million); together, these three tunas accounted for
72 percent of total revenues from all specics. By 1990, the top
revenue-generating species had become sea urchin ($24.7
million), yellowfin tuna ($19.7 million), rockfishes ($16.9
million), Dungeness crab ($16.3 million) and chinook salmon
($11.3 million), together accounting for 56 percent of total
revenues from all species. California’s commercial fishing
industry, once dominated by the tuna fishery, has evolved into a
more heterogencous mix of smaller fisheries.

Commercial fishing vessel at San Pedro.

In addition to the tuna fishery, a number of other fisherics
have also experienced a decline in recent years. For instance,
botk biological and economic factors (e.g., habitat loss, compe-
titin. from aguacultwre) have contributed to the decline in
sdlmon landings. Concerns about abalone stocks have
prompted increasingly restrictive management measures to
reduce fishing effort, and abalone harvest has declined despite
a strong market. Anchovy landings have fallen dramatically
since 1983, when the decline in the ex-vessel reduction price
prompted the round haul fleet to redirect their fishing effort to
higher-priced species such as mackere] and squid.

Landings and ex-vessel revenues attributable to species
other thana tuna increased from $74.7 million in 197010 $131.9
million in 1990, indicating that declining harvesis of some
species have been more than offsct by increases in others. For
tnstance, mackere! landings increased dramatically in the late
1970, when the Pacific mackerel population rebounded to
levels of abundance not experienced since the carly 1940°s.
Market derand for calamari has prompted the upward trend in
squid landings, which reached a record high of 62.7 million
pounds in 1990,

A number of major fisheries in California are driven by
market demand in the Pacific Rim. For instance, the fishery for
rad sea urchins developed in the early 1970’s, when Califormua
gained acoess to the Japanese market for "uni” (scaurchin gonads,
abso referred toas roe for marketing purposes). Currently, about 30
percent of all urchin roe imported by Japan eriginates in the U.S.
and over 75 percent of the U.S. product originates in California. In
addition to being marketed fresh in Japan, California uni 1s also
soid in the growing domestic sushi market.

Pacific herring landings also increased significantly dur-
ingthe 1970’s, as California fishermen obtaincd accessto Asian

Market squid (Loligo opalescens) gathered under hights at right.

markets. The harvesi is shipped frozen 10 South Korea, where
the roe are stripped and sold as a delicacy in Japan. Although
prices have declined and stabilized from the record high of
1980, the fishery generates higher ex-vessel revenues dhan any
other pelagic wetfish species.

The expansion of California’s groundfish fishery during
the 1970’s wasfucled by expanding markets as well as improve-
ments in harvesting and processing technology. Asia is the major
market for thomyheads, sablefish and other groundfish specics.

Many of Califoria’s fledgling fisheries are also driven by
Asian markets. The hagfish fishery developed in response to a
hagfish shortage in the Republic of Korea, where the meat is
eaten and the skin made into leather goods. Herring roz on kelp
is packed in brine on kelp fronds and marketed as a deficacy in
Japan. Landings of sea cucumber (boiled, dned and salted for
sabe in foecign and domestic Asian markets) doubled between
1985 and 1990. Anexperimental fishery has recently developed
for purple sea wurchins for both the roe and live sca urchin
markets in Japan. Live fish markers that cater 0 California’s
own Asian population have developed for spot prawns, cabezan,
California sheephead, white croaker and other small fishes.

Part of the commcreial fishing flect owned by immigrant famiics
from Vicinam 2t Moss Landing harbor.

A fishery which has been virtually inactive during 1 970-
1990, but has perhaps the greatest potential for development, ks
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Pacific sardine. During the heyday of the sardine fishery (1934-
1945), California landings averaged 1.1 billion pounds per year
and acoounted for almost 80 percent of total statewide landings
of all species. The late 1940’s signalled the beginning of what
was to be a long term collapse of the fishery. Subsequent State
restrictions on sardine harvest culminated in 1974 with a
moratorium on all directed harvest and a smal) allowance for

incidental take. The State lified its moratorium in 1986 and
currently allows modest levels of directed and incidental har-
vest. Once sufficiently recovered, the sardine population may be
able to sustain an annual yield of 500 million pounds. Whether
and when this actually oocurs will depend on the timetable for
recovery of the stock and development of markets for sardine
products, both of which are highly uncertain at this time.

Table 2. Ex-vessel revenues (in 1990-equivalent dollars) from finfish and shellfish in Californiain 1970, 1975, 1880, 1985

and 1990, by species category ($1,000s).

Species 1970 1975 1980 1985 1990
CRUSTACEANS
Dungeness Crab 134325 6,781 6 15496.8 10,8440 162738
Pac. Ocean Shrimp 19106 16155 3464.8 1,442 4181
Spiny Lobster 9038 1,0429 2,140.2 2,362.0 3,9623
Rock Creb 201.1 642.6 12191 1.867.2 18139
Spot Prawn 55.2 488.8 7188 401.0 1,526.0
Bay Shnmp 37 68 Q0 0.0 480.5
Ridgebsck Prawn 0.0 389 218 669.0 1525
Other 0.0 824 192 855 376
Total 16,506.9 10,6995 233807 17,6709 28,7497
TUNA
Yellowfin 141,09%.5 149,560.2 1784850 18,061.6 19,7159
Bonito 2,1943 9.463.6 45115 7123 1,934 8
Albacoge 264283 12,2379 15,156.0 8,997.7 1,794.9
Bluefin 53755 09,7534 5,1B5.3 31.576.3 1,786.2
Skipjack 40,7033 41,4800 145,883.7 23351 1,676.4
Other iL.§ 2018 20552 1,102.1 §3.7
Total 2158123 2227869 3512767 34,7851 269959
ECHINCDERMS
Sca Urchin 0.0 1,493 5813.5 5,876.3 247148
Other 0.0 60 86 18.3 35.9
Tolal 0.0 1,491.1 58221 58046 24,7507
ROUNDFISH
Rockfish,
Thornyhead 00 0.0 1,280 19717 44,5750
Sculpin 1563 172.7 0.9 372 1659
Other 27774 7,808.5 12,3029 12,991 4 12,18%.9
Subtotal 21,9337 79812 §3,611.8 15,000.3 16,540.8
Sablefish 1,075.6 3,401.1 27818 34321 14872
Pacific Whiting 07 49 1727 479.4 7.7
Total 40100 11,387.2 16,566.3 189118 21,205.7
PELAGIC WETFISE
Pacific Herring 1240 5337 26,514.7 73252 T.014.0
Mackevel 6,503 3 4,149.8 15,4404 25115 57758
Northern Anchovy 72667 12,166.3 40395 118 B 604.1
Pacific Sardine 3412 0.7 67 1.7 178.6
Total 14,2352 16,8505 46 001.3 17,1772 13,5712.5
SALMON
Chmook N/A NA N/A N/A 11,299.7
Coho N/A NiA N/A NA 6214
Other N/A N/A NA N/A 1252
Total 17.183.7 16,936 6 212334 142399 12,046.3
FLATFISH
Daover Sole 41534 6,090.4 58036 76516 3,681.7
California Halibut 3072 8707 1,636.6 27716 2,126.7
Petrale Sole 1,787 1,9%2.9 1,692.4 1,694.5 1,220.6
English Sole 1,090.4 1,936.7 21250 9709 6826
Sanddab 2368 4592 605.4 449.2 4370
Rex Scle 639.4 7393 1.006.6 8601 4283
Sand Sole 782 810 217.5 2178 156.7
Other 715 2541 3908 2618 954
Total 83716 12,3473 13,5379 148838 8,829.0
ECONDMIC UTILIZATION OF OQCEAN RESOURCES 230



Table 2. (continued)

Species 1970
MOLLUSKS
Market Squid 22458
Abalone:
Red N/A
Black N/A
Green N/A
Pink N/A
Other N/A
Subtotal 3,191.7
Other 3,528.6
Total §.%66.1
SWORDFISH 1,798.8
NEARSHORE FISHES
Lingcod 467.2
Calif. Sheephead 1.3
White Croaker 150.2
White Seabass 1,300.9
Other 4002
Total 2,319.8
HAGFISH 0.0
SHARKS/RAYS/SKATES
Mako Shark N/A
Common “Thresher Shark NA
Pacific Angel Shark N/A
Soupfin Shark N/A
Other NA
Total 1329
HERRING ROE ONKELP 00
SMELTS 269.1
SUBTOTAL _289,656.4
OTHER 894.1
250,550.5

GRAND TOTAL

307,7238

307,899.6

1975

2,007.9

1415.6
555.1
3314
908.6
1654

3,376.1

2,007

80847

3,3929

1,0252
27
2264
1,613.3
3574
3,225.0

0.0

N/A
N/A
N/A
N/A
N/A
3185

0.0
2016

17538

Imports and Exports. The U.S. has experienced a persis-
tent trade deficit with regard to scafood products. The value of
U.S. imponts of ediblc fishery products more than doubled from
$2.4 billion in 1970 to $5.2 billion n 1990. Exports, although
significantly lower invahue thanimports, increased almost tenfold

from $0 3 billion in 1970 to $2 8 billion in 1990 (Tabie 3).

California’s seafood trade deficit is disproportionately
large. In 1990, the value of imported seafood products exceeded
the value of exported products by two to one forthe U5 asa
whola (Table 4) and by almost eighttoonefor California {Tables
5 and 6). About 28 percent (1.5 billion) of the imported value
of fishery productsin 1990enteredthe U S. ata California port. By
comparison, Califormia’s shasc of US. exports in 1990 was a

relatively modest seven percent ($0.2 billion).

Tltpasluvodecatbshavemﬂedewhpm1
market for fishery products and the increasing promi

of a global

inence of

Pacific Rim countries as trading parnncrs. Whereas 29 percent of
the value of U.S. exports involved trade with Asia in 1970, this
proportion had increased to 71 percent by 1990 (Tahle 3). Our
major trading partners in 1990 were Japan (§1 785.9 million) and
Canada ($313.6 million). The import picturc is more diverse. In

234

1980 1985 1990

48129 45179 46837
16228 1,545.0 1,843.9
9n.7 956.2 38l.l
2230 1249 178.9
4613 3141 1400
84 i62 1.9
328712 2,956.4 2,547 8
1,962.7 1761 58.0
10,0628 7,650.4 7.289.5
49834 16,3363 7.1400
1,046.% 5552 931.2
52 28 4564
4843 639.2 1.2
1,903.6 2946 2870
5878 4310 300.9
4,0278 19428 2,367
0.0 0¢ 2,1182
1578 2347 7418
1,9602 2.2005 641.3
473 7009 164.7
1267 2576 102.7
1,3076 2584 155.6
3,599.6 3,692.1 1,806.1
00 .0 1,5254
2262 3100 23540
500,718.2 153,494.9 158,380.7
403.2 506.6 2706
%01,121.4 154,001.5 1588313

1990, Asia and North America ¢ach accounted for abaut one-
third of the value of U.S. impons (Table 3). More than half of
U.S. imports in 1990 originated from the i ollowing five coun-
gies: Canada ($1,174.5 million), Thailand ($552 2 million),

China ($399.4 million), Ecuador ($340 6 mill
{52789 million).

ion} and Mexico

The species composition of imports and exports differs
somewhat between California and the U.S. asa whole. Shrimp
accounted for $2 percent of the value of foreign imporis 1n10
California (Table 4) and 31 percent of imports nto the U.S.
(Table 6) in 1990. Fresh and frozen salmon accounted for
percent of the total value of U.S. exports (Table 6) but onty four
percent of the value of California’s exports (Table 5). Fresh sea
urchin was California’s major exported product in 1990, ac-
counting for 23 percent of the value of all seafood exported from

the State (Table 5).

The seafood industry in California has created busingss
opportunities for NUMEIONS Processors, IMPOTICTS, brokers,
wraders and distributors. While the import/export figures
(Tables 4 and 5) are indicatrve of the size of the seafood market
in California, the complex and circuitous interactions among
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middlemen make it difficult totrace imports and exports totheir
final destination. Imports are not necessarily consumed in the
statcofcntry.Furins:ame,mewafoodinmﬂsmatenwmc
U.8. at Nogales, Arizona and Honohihu, Hawaii likelyend up in
California markets. In addition, it isnot safe o assume that exports
from 2 stale were necessarily produced within that state. For
instance, Touch of the abalone exported from California is har-
vested in Mexico and funneled to other countries via California,

Despite the difficulty of determining exactly how much of
the seafood imported into the U1.S. ends up in California
markets, available information suggests that Californians rely
heavily on imports to satisfy their substantial demand for
seafood. By one estimate, less than 10 percent of the seafood
sold in California is derived from California fisheries; 13
perecnt comes from Pacific Northwest and Alaska fisheries,
and most of the remainder consists of foreign imports,

Table 3. Value in 1980-equivalent dollars of U.S. imports/exports of edible fishery products by continent of origin/
destination in 1970, 1975, 1980, 1985 and 1990 ($1,000%).

IMPORTS FROM: 1970 1975 1980 1985 199
Asia 587,756 696,697 993,671 1,374,528 1,954,106
North America 971,795 1,391,666 1,798,200 1,732,183 1,729,076
South America 220344 312,849 474,884 707,176 764,016
Furope 304,309 614,229 612,851 62,636 487,013
Australia 183,455 160,851 258673 274233 262376
Afiica 106,531 145,092 116266 86.141 36,578
TOTAL 2,374,190 3,321,384 4254 545 4,936,897 5,233,165
EXPORTS TO: 1970 1975 1980 1985 1990
Asia 85,140 190,190 706,158 881,539 1,983,666
Fusrope 112,769 263,625 393,907 150,043 425523
North America 86,077 185,623 273014 166,517 343,980
Australia 4409 7196 37318 25,352 20453
Africa 1283 1,482 16,551 1.794 3611
South America 1,614 1,399 13,522 1872 2m
TOTAL 291,292 649,513 1,434,470 1,227,157 2,779450

Table 4. Value of 20 top imports of edible fish and fish

Table5. Valse of 20top exports of edible fish and fish products

products into California from foreign countries in 1990 from California to foreign countries in 1990 ($1,000%).!

{$1,000%).
Product Category Value Product Category Value
Shritnp, frozen 774,540 Sea urchin, fresh 44,436
Misc, frozen 129,912 Abalone, prepared 30,392
Lobster, frozen 91,178 Misc., frozen 15,750
Tuna, canmed 76,547 Cod, frozen 11,235
Tuna, prepared 64,387 Roe, frozen 9,695
Mollusk, frozen 45299 Lobster, frozen 9,383
Abalone, prepared 35,209 Shrimp, frozen 7344
Misc., fresh 2337 Misc., dried 7257
Mallusk, live 19,291 Squid, frozen 6,79
Shrimp, canned 18,263 Herring, frozen 6,726
Squid, frozen }}g Salmon, frozen 5,928
Oyster, canned ; uid, prepared 4,772
Crab, canned 13,667 Tszqunac,l,fresh 3012
Sardipe, prepared 13,003 Clams, frazen 2,263
Tuna, fresh 11,941 Mottusk, prepared 2175
Misc., prepared 10,799 Salmon, canned 1,990
Salmaon, fresh 10,524 Crab, frozen 1,868
Crab, frezen §,880 Salmon, fresh 1,855
Clams, canned 7,724 Shrimp, canned 1,491
Crustacesn, frozen 7715 Sablefish, frozen 1.470
Other 97,746 Other 17255
TOTAL 1,491,000 TOTAL 193,000

*Source: Unpublishad data from U.S. Buresu ofthe“Cu-Jms.
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Table 6. Value of U.S. exports, imports and net exports of
fishery products in 1990, by product category {$1,000's).

Product
Category Exports Imports Net Exports
FRESH & FROZEN:

Shrimp 112,212 1,639,181 -1,526,96%

Fillets 66,320 809,932 743,612

Lobster 82,622 439,972 -357350

Tuna 45,085 339,300 294215

Blocks 214,679 373,292 -158,613

Scatlop 19,518 130,453 110,935

Groundfish’ 298,568 19,987 218,581

Salmon 666,583 252,880 413,703

Other Fish and

Shellfish 814,885 456,311 358,574

Total 2,320,472 4,521,308 -2,200,836
CANNED:

Salmon 104,277 4,241 100,036

Tuna 13,211 293,873 280,662

Ohher 68,140 244 510 -176,370

Total 185,628 542,624 356,99
CAVIAR &

ROE 223,836 15,007 208,829
CURED} 32,831 118,581 85,750
OTHER 16,683 35,645 -18,962
GRAND TOTAL 2,779,450 5,233,165 -2453,75

Inroundfish® includes all fresh and frozen product forms (except
fillets and blocks) of cod, haddock, hake, poliock, sablefish and
fatfish. "Fillets"and "Blocks" cover a variety of species, including
groundfish.

Demand

During 1986-1988, .S, consumption of fish and shellfish
averaged 45.2 pounds per capita (live weight equivalent),
Similar consumption rates canbe found in Western Eunrope and
Canada. Consumption rates in northern Europe and industrial-
ized Asian countries asc (wo to four times the U8, average,
while consumption rates in Mcxico and other less industri-
alized countries tend to fall below the U.S. average (Table 7).

Consumption of commercial finfish and shellfish in the
1.8, (edible meat) increased from about 24.0 billion pounds in
1970 to 38.8 billion pounds in 1990. The reasons for this are
twofold: a 23 percent increase in the U.S, population and a 31
pammmpercapﬁacmsunpﬁmﬁmn 11.8 pounds in
1970 o 15.5 pounds in 1990. About two-thirds of total consamp-
tion is accounted for by fresh and frozen products (Table ).

Assaming that per capita seafood consumption in Califor-
nia is equal to the pational averages described in Table 8, total
consumption in California (edible meat) is estimated to have
increased from approximately 2.4 billion poundsin 197010 4.5
billion pounds in 1990. These, however, should be considered
conservative estimates, since the sgong seafood preferences
exhibited by sizeable segments of California’s population (€.g..
upscale health-conscious CONSUMKTS, Asian immigranis) sug-
geslthatpcrcapitaconmmptjon in California likelyexcesds the
national average.

Table 7. Annual per capita consumption of fish and
shellfish in selected countries, 1996-88 average {pounds

live weight equivalent).

Founds
Coumntry Live Weight

Teetand 203 -3
pa;’:ﬁga] 132.5
Hong Kong 1122
Republic of Korea 1093
Norwsy 97.;
Spain 83.
France 639
Canada 593
Peru 514
United States 452
United Kingdom 423
Crermen Democratic Republic EL
Mexico 216
People’s Republic of China 176
Brazil 146

Tsble 8. U.S. annual per capita consumption of commer-
cial fish and shellfish by product category in 1970, 1975,
1980, 1985 and 1990 (pounds edible meat).

Product Category 1970 1975 1980 1985 1990
Fresh and Froeen 6.9 7.5 18 98 101
Canned 45 4.3 4.3 50 51
Cured 04 0.4 0.3 03 03
TOTAL L8 122 12.5 15.% 158.5
Qutiook

California’s commercial fishing industry, once dominated
by the tuna fishery, has evolved inte a more heferogensous mux
of smaller fisheries. Many of these fisherics have developed in
response to demand in Pacific Rim countries (most notabhy
Japan). Future fishery development in the State will depend
targely on the ability of the industry to compete in the global
seafood market This ability will depend, not only on the
quantity and quality of domestically caught seafood, but also on
success in overcoming barriers to trade.

o i

The dory fleet at Newport Beach where fishermen have marketed
their catch directly to consumers for many decades.
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Commercially caught seafood must also compete with
aquaculture prodixts for the consumer’s dollar. Aruaculture
contributes significantly 1o the woridwide trade in seafood
products. While the competition offered by farm-raised im-
ports (particularly salmon and shrimp) probably reduces the
ex-vessel prices received by U.S, fishermen, it also provides
benefits toU.5. oonsumers in the form of lower seafood prices.

In additionto market pressures, California’s commercial
fisherics face growing competition from other users, includ-
mgq:orlanglcrsmdmrimmm:mls(mostnmblysea
otters and sea lions), for limited marine resources. Activities
that alter the marine environment (Such as oil and gas
development, discharge of sewage, thermal and chemical
wastes, diversion of water from instream to agricultural and

ECONOMIC UTILIZATION OF OCEAN RESOURCES
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other uses, dredging of harbors, climination of wetlands, and
ather forms of coastal development} also affect the abundance of
Arne FESONICES.

Scafood safety is also an impoctant health and economic
issue. Quality control from harvest to market, and adequate
inspection, provide important safeguands. However, even iso-
lated instances of tainted seafood can erode consumer confi-
dence, with significant repercussions for the entire industry.

Cynthia Thomson
National Marine Fisheries Service

John Dentler
National Marine Fisheries Service



APPENDIX

HISTORICAL REVIEW OF LANDINGS, 1916-1969 AND 1970-1991

Unless noted otherwise, the data used in this historical which have relisbielandings figures. Mostchangesin reporing
review comes from the California Department of Fish and practices occurred in 1977 and 1987 when more species were
Game. The 1916-1969 data are reproduced directly from the reported individually (sharks, rockfish, surfperches, salmon,
1971 edition of California’s Living Marine Resowrces and ¢ic.). For groups of specics which are likely to be incorrectly
Their Utilization. recorded, such as the rockfishes, smelis and surperches, we

The reader should be aware that over the years reporting have aggregated the landings figures for 1970-1991. The
categories and practices have changed. For the 1970-1991 complete landings figures are available from the Californiz
histotical review we have included most important species Department of Fish and Game.
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INSHORE BAIT LAMDINGS IN POUNDS

Specie 1963 1064 1985 1966 1967 1484 199
184,079 214,382 442,548 &§24,082 S, 055 108, 006 571154
X 72,500 B2 82,302 51,144 55,588 67,184
1,358 10,788 18,7%% 2,110 24,008 £2,65
_— R 54 1.03% R T3 57
4.671 5,130 L% -] B2 K,303 7908 4,019

R - R . 28 18 ]
Mudsecker. . ... X1 1308 §1.384 175 4,742 29z 1,278
Mumeh .. __..... 108,118 £.827 4400 102,844 45,110 91,472 104,884
Perch, Shiner....__ I [ f— 40 ) 138 X
Seulpina, Staghorn_ _ a—— 881 il o.081 1,548 1,829 1,237
Bhrimp

Bay...o ..o . asan 4,505 25,510 37,588 472,301 01,040
Ghoat_ | - 8190 4, 1578 1,780 2684 7,748 8,839

. 4,065 1448 4587 2.356 1581 5113 LK
Miscellaneoia. ... . 4,084 .71 12 cean R R .
Total...oveme. s 380,900 379,981 04,007 MR 732,883 HR.830 937,584
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Abalone 33, 180

Agar 5

Albacore 136

Anchovy 81

Angel Shark 45
Arrowtooth Flounder 105
Atlantic Salmon 189
Banded Chione Clam 26
Bank Rockfish 129
Barracuda 157
Rarred Sand Bass 151
Barred Surfperch 172
Basking Shark 55
BatRay 56

Bay Shrimp 12

Big Skate 57

Black Abalone 33
Black and Yellow Rocldish 130
Blackeod 108

Black Perch 172

Black Roddish 117
Blackgill Rockfish 120
Blue Rockfish 118
Blue Shark 53

Blue Whale 213
Biuefin Tuna 138
Bocaccio 120

Bonito 143

Bottlenose Dolphin 215
Box Crab 192

Brown Rock Crab 18
Brown Rockfish 127
Batter Sole 105

Botter Clam 32
Butterfish 108

C-O Turbot 105
Cabezon 160

Calico Surfperch 173
California Sea Lion 208
Califomnia Skate 57
Canary Rockfish 129
Carrageenan §
Chilipepper 122
Chimaera 197

China Rockfish 130
Chinook Salmon 60, 190
Chub Mackerel 91
Chum Salmon 60
Clams 26,27, 29,31, 32
Coho Salmon 60, 189
Commeon Dolphin 214
Commea Littieneck Clam 26
Copper Rockfish 128
Corbina 168
Coronado Sea Urchin 42

INDEX

INDEX

Cow Shark 54

Crab 14, 15, 18,20
Croakers 168, 170
Curlfin Turbot 105
Dall’s Porpoise 216
Deita Smelt 75
Diamond Turbot 105
Dolphins 211

Dover Sole 97
Dungeness Crab 15
Dwarf Perch 172
Eastern Oyster 183
Electric Ray 58
Elephant Seal 210
English Sole 99
Eulachon 75
European Oyster 184
Fantail Sole 105

Fat Gaper Clam 31
Fin Whale 213

Flat Abalone 35
Flounder 103, 105
Fur Seals 209, 210
Gaper Clam 31

Giant Red Sea Cocumber 44
Giant Sca Bass 153
Gopher Rockfish 130
Grass Rockfish 130
Gray Whale 214
Green Abalone 33, 180
Grenadier 198
Grumion 78
Guadalupe Fur Seal 210
Guitarfish 58

Hagfish 196

Hake 109

Halfmoon 177
Halibat 94, 105
Harbor Porpoise 216
Harbor Seal 209
Herring 86
Homyhead Turbot 105
Humpback Whale 212
Island Seaperch 171
Jack Mackerel 89
Jacksmelt 78
Japancse Littleneck Clam 26
Kellet's whelk 193
Kelp 2

Kelp Bass 150

Kelp Greenling 164
Kelp Perch 172

Kelp Rockfish 130
Killer Whalc 214
Kingfish 170
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Leopard Shark 48
Lingcod 161
Littleneck Clams 26
Lobster 22

Longfin Sanddab 104
Longfin Smelt 75
Longnose Skate 57
Longspine Thomyhead 132
Louvar 113

Mackerel 89,91
Mackeret Shark 55
Manila Clam 26
Marine Birds 222
Market Squid 36
Marlin 146

Minke Whale 213
Mussels 181

Native Oyster 183
Night Smeht 75
Northern Fur Seal 209

Northern Right-Whaie Dolphin 215

Ocean Shrimp 8
Ocean Sunfish 202
Ocean Whitefish 201
Octopus 194

Olive Rockfish 123
Olympic Oyster 183
Opah 112

Opalcye 177
Oriental Shrimp 13
Oysters 183

Pacific Gaper Clam 31
Pacific Halibut 105
Pacific Mackerel 91
Pacific Oyster 184
Pacific Sanddab 104
Pacific White-sided Dolphin 215
Pelagic Red Crabs 195
Petrale Sole 100

Pile Perch 173

Pink Abalone 33, 180
Pink Salmon 60

Pink Seaperch 172
Pinniped 208

Pinto Abalone 35
Pismo Clam 27
Porpoises 211

Prawn 10, 11

Purple Sea Urchin 41
Queenfish 170
Rainbow Perch 172
Ratfish 197

Rays 56

Razor Clam 29

Red Abalone 33, 180



Red Algae 5

Red Rock Crab 18
Red Sea Urchin 41
Redtail Surfperch 174
Reef Perch 172

Rex Sole 102
Ridgeback Prawn 11
Risso’s Dolphin 215
FRock Crab 18

Rock Scallops 187
Rock Sole 105
Rockfishes 114
Rough-sided Litfleneck Clam 26
Round Stingray S8
Rubberlip Seaperch 174
Sablefish 107
Salmon 60, 188
Salmon Shark 55
Sand Basses 151
Sand Crab 14

Sand Sole 105
Sandabs 104

Sardine 83

Saury 199
Scorpionfish 133
Sea Bass 153, 165
Sea Cucumbers 44
Sea Lions 208
SeaOtter 216

Sea Urchin 41
Seabass 165
Seabirds 221
Sevengill Shark 54
Sharks 46
Sharpnose Seaperch 172

Sheep Crab 20
Sheephead 175
Shiner Perch 171

Short-finned Pilot Whale 214

Shortbelly Rockfish 126
Shortfin Make 51

Shortspine Thornyhead 132

Shovelnose Guitar Fish 56
Shrimp 8, 12

Sitver Seaperch 172
Sitversides 78

Sixgill Shark 34

Skates 56

Skipjack Tuna 140
Slender Sole 105

Smelt 75

Smeoth Chione Clam 26
Sockeye Salmon 60
Sole 97,99, 100, 102, 105
Speckled Sanddab 104
Spider Crab 21

Spiny Lobstes 22

Spot Prawn 10

Spoifin Croaker 168
Spotfin Surfperch 172
Spotted Sand Bass 151
Spotted Turbot 105
Squid 36

Starry Flounder 103
Steelhead 67, 189
Steller Sea Lion 208
Striped Bass 72

Striped Marlin 146
Striped Seaperch 174
Sturgeon 70
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Sunfish 202

Surf Smelt 75
Surfperches 171
Swordfish 148
Thin-shelled Lintlenack Clam 26
Thornyheads 132
Threaded Abalone 35
Thresher Shark 49
Topsmelt 78

Treefish 130
Tuleperch 171

Tuna 136

Turbo 105

‘Vermilion Rockfish 123
Wagasaki Smelt 75
Walleye Surfperch 175
Warty Sea Cucumber 44
Washingion Clam 32
Wavy Chione Clam 26
Whales 211

Whelk 193

White Abalone 34
White Croaker 170
White Sea Urchin 42
White Seabass 165
White Seaperch 171
White Shark 55
White Sturgeon 70
Whitebait Smelt 75
Whitefish 201
Whiting 109

Widow Roxckfish 125
Yeliow Rock Crab 18
Yellowfin Croaker 168
Yellowfin Tona 140
Yellowtail 155
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