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INTRODUCTION

This biennial technical report
presents the educational, advisory,
and research activities undertaken
by the California Sea Grant Coflege
Program during fiscal years 1980-
81 and 1981-82, as required by the

National Sea Grant College Program.

Unlike its companion volumes, the
1980-81 and 1981-82 summaries,
the blennial report presents the ac-
complishments of our program in the
words of the project leaders who
conducted the research. The infor-
mation is not diluted or summarized
— it is meant to be a technical
record of our accomplishments for
- use by individuals in academia,
govarnment, and industry.

For readers unfamiliar with our
program, the California Sea Grant
College Program is the largest of 29
Sea Grant programs underway in
more than half the nation’s states.
Its purpose is clearly stated in the
1966 National Sea Grant College
and Program Act responsible for its
creation: "to increase the under-
standing, assessment, development,
utilization, and conservation of the
nation's ocean and coastal
resources by providing assistance
to promote a strong educational
base, responsive research and train-
ing activities, and broad and prompt
dissemination of knowledge and
technigues”

California's Sea Grant College
Program is administered by the
University of California Institute of
Marine Resources, located at
Scripps Institution of Oceanography
on the University of California, San
Diego campus. Policy guidance
comes from the Institute of Marine
Resources Advisory Council, ap-
pointed by the president of the
University of California. The Califor-
nia Sea Grant Committes, composed
of representatives from the UC and
state university systems and private
universities, provides administrative
guidance on matters pertaining to
the conduct of the Sea Grant pro-
gram and the pursuit of its objec-
tives. The committee also reviews
the program subject areas and ap-
points independent review panels to
assist it in this task.

A seafood industry advisory com-
mittee, an aquaculture industry ad-
visory committee, and several other

committees help in creatirig program
policy. The Resources Agency Sea
Grant Advisory Panel provides valu-
able program planning and develop-
ment efforts to help Sea Grant iden-
tify and meet state needs.

We hope you find this publication
useful, and we welcome your com-
ments and suggestions.

James J. Sullivan
Program Manager
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SEA GRANT TRAINEES

James J. Sullivan

Associated Staff: William T. Doyle, Richard F. Ford,
Robert Holmes, John H. Martin, Bernard Schweigert, Robert Thompson

The major functions of most Cali-
fornta universities and colleges are,
properly, to provide education and
conduct research. The purpose of
the Sea Grant Act closely matches
the purpose of the University of Cal-
ifornia — a Sea Grant College —
since it calls for education and
training, research, and public ad-
visory services. Collegiate research
often enhances the educational pro-
¢ess: graduate students conduct
research under faculty guidance,
thus performing significant research
and satisfving the educational re-
quirements of a graduate degree.

Many of the research projects
conducted by Sea Grant trainees
are initiated by the graduate stu-
dents and supervised by the faculty
members who are listed as project
leaders. Some trainee projects are
portions of larger, faculty-initiated
studies that are taken over by a gra-
duate student to become the basis
of thesis work. Other trainees work
on Sea Grant projects to acquire
skills and experience they need to
conduct thesis research. Trainees,
therefore, are a vital part of Sea
Grant’'s research program,; they per-
torm useful applied marine research
while acquirtng an education.

Progress to Date

Since the first Sea Grant project
at UC San Diego in 1968, which
developed an interdisciplinary Ap-
plied Ocean Science curriculum,
graduate students have been heavi-
ly involved in Sea Grant's research
program. During the first year, 9
graduate students were awarded
Sea Grant traineeships. These
pioneering trainees were the
foererunners of those who have since
conducted research with leading
California sclentists, producing sub-
stantive results in such areas as
coastal wetland management, aquat-
ic animal reproduction, seawesd
maricuMure, fishery stock assess-
ments, storage and processing of
seafood, marine pharmaceuticals,

and assessment and engineering of
ocean structures and equipment.

The diverse experience acqulred
by Sea Grant trainees has helped
provide a workforce ready to meet
the changing demands for wise utili-
zation of our ocean and coastal
resources. Since 1972, at least 95
master's degrees and 92 doctorates
have been sarned through work re-
lated to traineeships. Following
their traineeships, most of the grad-
vates secured jobs at universities or
in private industry. Most of the indi-
viduals who found work in the
private sector had master's degrees,
while most of those hired by univer-
sltles had Ph.Ds.

The following highlights from the
California Sea Grant Cellege Pro-
gram show how the knowledge
developed under the aegis of the
traineeship project is useful in fu-
ture endeavors.

Sea Grant trainee Wen Gen Liao
received hig Ph.D. in Civil Enginger-
ing at UC Berkeley. As a traines,
Wen Gen conducted research on
the effects of earthquake forces on
offshore structures. He is currently
a project engineer for Interactive
Structural Engineering Consultants
of San Francisco, and he reporis
that his present job relates directly
to his work as a trainee.

Susan Miller, a graduate with an’
M.S. in food science and technology,
conducted research as a trainee on
extending the shelflife of fish using
modified atmospheres. Susan
writes, "My time spent as a Sea
Grant trainee has been a valuable
experienca in terms of my educa-
tlonal goals. In particular, | had the
opportunity to particlpate in *hands
on' research. This entailed the
planning, execution, and ¢ompletion
of those experiments necessary for
my thesis project. Upon completion
of my degree, | have entered a
research-orlented position with Ar-
mour. The background | have re-
ceived as a Sea Grant trainee has
amply prepared me for such a posi-

Institute of Marine Resources
E/G-2
1980-82

tion.”

Currently a lecturer at San Diego
State University, Sandra Slivka com-
pleted her trainee research in the
area of shrimp immunization. San-
dra says the traineeship gave her
the opportunity to tearn about mari-
culture and to pursue studies in
theoretical and comparative immu-
nelogy. As a trainee, William Fisher
researched bacterial and fungal
diseases of externally brooding de-
capod crustaceans. Today, Bill Is a
postgraduate researcher in the En-
vironmental Toxicology Department
at UG Davis. Robert Fisher recelved
his master's degree in agricultural
engineering at UC Davis and is
working with Universal Foods Cor-
poration in Greenfigld, Californla.

Stephen Craig Cary received an
M.S. for his Sea Grant research on
the purple-hinge rock scallop. Craig
writes, "The Sea Grant Trainee Pro-
gram has provided essential and in-
valuable experience in the figld of
aquaculture. The program provided
not only technical training in many
aspects of bivalve hatchery
research, but has allowed indepen-
dent personal growth as a research
sclentist. The traineeship has sup-
plied all of the data on which my
thesis and several recent publica-
tions have been based. This past
work, and my present research, aid-
ed in my recent appointment to the
faculty of San Diego State Universi-
ty as an Ad)unct Research Associ-
ate in the Department of Natural
Sciences.”

Lisa Levin recently received a
Ph.D. in Biological Oceanography
tfrom Scripps Institutlon of Oceanog-
raphy, UC San Diego, and has ac-
cepted a postdoctoral fellowship at
Woods Hole Oceanographic Institu-
tton. About her traineeship she
writes, "My Sea Grant work has al-
lowed me o participate in all phases
of the scientlfic process, including
grant preparation, site visits, data
collection, data reduction and publi-
cation. Through this work, | have
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broadened my knowledge of marine
systems, further developed my skills
as a researcher, and have had the
opportunity to work with many fine
scientists.”

Sea Grant trainee Cris Norby is
continuing work in the area of
coastal wetlands management. He
recently completed his thesis on the
utilization of estuarine waters as
spawnling grounds for fishes. He
writes, "I have learned the impor-
tance of scientist-government in-
teraction in determining wetland
management policies. Sea Grant
support has allowed me to work
closely with a respected researcher
in the fleid of marsh ecology."

Hamidrez Bagheri, a trainee at
San Diego State University, complel-
ed his master’s degree in civil en-
gineering. As a trainee, Hamidrez
studied the liquefaction potential of
coastal fills. Today he is working
with Rick Engineering Company in
San Diego. He writes, "My assign-
ment as a Sea Grant trainee provid-
ed a unique opportunity for me to
study ocean engineering and partic-
ularly marine geotechniques. These
studies had high educational value
for me and would not have been
possible without the Sea Grant
traineeship.”

After earning his Ph.D. in physio-
logical economics, John Lynn is a
postdoctoral fellow at the University
of Miami. As an applied scientist
studying the culture of marine
bivalves, Michae! Rice completed
his master’s degree in comparative
physiology and has been advanced
to Ph.D. candidate. He will take an
extended leave to serve with the
Peace Corps in the Philippines as
an adviseor in fisheries biology and
shelifish mariculture.

Kurt Shusterick completed his
Ph.D. with his dissertation, "The Poli-
tics and Policy Implications of Deep
Seabed Mining: U.S. Options" He
feels his work will become invalu-
able with the increase in seabed
mining actlvity. Kurt is now a post-
doctoral fellow at Woods Hole
Qceanographic Institution.

Marcia J. Kooda-Cisco earned her
master's degree in biology at UC
Riversida for her work in developing
procedures for lobster artificial in-
semination and sperm storage. She
now works with the Department of
Biology at UC Riverside and wrltes,
"The numerous but nevertheless in-
valuable techniques learned

throughout the course of my study
were instrumental in he!ping me ob-
tain a professional career in
scientific research. Therein ligs the
value of the Sea Grant traineeship
as an educatlonal tool”
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JOHN D. ISAACS MEMORIAL SCHOLARSHIP

James J. Sullivan and Dale Ingmanson

Until the John D. Isaacs Memorial
Scholarship was established in
1981, there were no prizes or fel-
lowships available to recognize
unique, creative science fair pro-
jects in the broad area of marine re-
lated studies.

The scholarship is sponsored by
the California Sea Grant College
Program to honor the memory of
Professor John D. 1saacs, a monu-
mental figure in marine research.
Nominally, he was Professor of
Qceanography at Scripps Institution
of Oceanography and Director of the
University of California’s Institute of
Marine Resources. But he was
much more than & professor and ad-
ministrator.

John Isaacs was full of energy,
enthusiasm, and unfettered imagina-
tion. He devoted most of his adult
lite to unravelling the mysteries of
the ocean and sharing his knowl-
edge through his books, courses,
and inventions. His research in-
terests ranged widaly, from deep
ocean ecology to climate studies
and from developing ocean energy
sources to designing satellites.

Professor Isaacs will always be
remembered for his unique ability to
agk the right questions, as well as
his use of parables and stories to
make complex topics easier to
understand. His attitudes were
reflected in his favorite expression,
which was "When | meet the maker
of the universe, | would like to be
able to tell him a little of how it
works.”

The John D. Isaacs Memorial
Scholarship was established to
recognize excellence in research by
a high school senior who exhibits
those characteristics most admired
in John D. Isaacs and 1o encourage
interest in marine science education
at the high school level,

The California Sea Grant College
Program supports high quality ap-
plied marine research and with the
establishment of the John D. Isaacs
Maemorial Scholarship, hopes to en-
courage high school scholars to
pursue higher education in marine
studies.

The scholarship was awarded for

the first time in 1981 to Amy Kimball
for her project, "The Ecological As-
pects of an Intertidal Limpet” Amy, a
graduate of Point Loma High School,
is presently attending the University
of California at Santa Cruz.

In a recent letter to the California
Sea Grant Program Office, she
wrote...

"...] will begin working with a
graduate student who will
teach me histological tech-
niques. She is working with a
very small clam, trying to learn
its reproductive behavior. | am
pleased that she can use my
help; this is a perfect way to
learn histology.”

According to Kimball, the Sea
Grant-sponsored Isaacs Scholarship
was the only one of its kind avail-
able to her as a graduating high
school senior. "There were some
general science lellowships avail-
able" she said, "but none
specifically for marine science ex-
cept the Isaacs Scholarship.”

John David Wikert won the 1982
scholarship for his project on
developmental and structural
differences among species of nudi-
branchs, or sea slugs. Hoping to
dispe! the "slimy slug” image of nu-
dibranchs, Wikert displayed many
nudibranch species in a 10-gallon
seawaler aquarium and prepared a
report on the ways these unusual
creatures defend themselves. Wi-
kert is currently majoring in aquatic
biclogy at the University of Califor-
nia, Santa Barbara.

Any high schoot senijor in Califor-
nia is eligible to receive the scholar-
ship. The student must enter a Re-
gional and/or County Science Falr
and be advanced to the California
State Science Fair. A selection
committee will be made up of five
people appointed annually by the
California Sea Grant College Pro-
gram Manager. The award will be
given to the Callfornia college or
university chosen by the student,
and will be passed on to the student
by the university in monthly incre-
ments during four college years. At
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the end of each academic year, the
racipient will submit a progress re-
port and will receive continued sup-
port provided that he or she makes
reasonable progress toward the
bachelor's degree and remains com-
mitted to marine-related studies.
The award will be coordinated
through the California State Sclence
Fair and will be awarded only in
those years when the selection
committee decides that a worthy
candidate has been identified.

The selection committee will
determine that the awardee has

1. a unigue, creative marine-
related science fair project in
the California State Science
Fair

2. heen accepted at and will at-
tend a Callfornia college or
university

3. a number of those characteris-
tics {originality, curiosity, depth
of intellect, etc.) that were most
admired in John D. |saacs.

The John D. Isaacs Mamorial
Scholarship consists of an award of
$10,000 with an annual stipend of
$2,500 per year for 4 years, to a
student who will attend a college or
university in Callfornia. The award
is intended to recognize excellence
in research by a high school senior
and to encourage further pursuit of
axcellence in higher education in
California by the student.
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MARINE ADVISORY PROGRAM

Robert J. Price

The continulng goals of the Ma-
rine Advisory Program are to pro-
mote the sound development,
management, and use of California’s
marine resources; to identify Cali-
fornta marine resource audiences
and their needs; to provide technical
information and assistance to those
involved in managing, developing,
and utilizing the state’s marine
resources; to Improve communica-
tion and cooperation among marine
resource audiences, and between
these audiences and researchers; to
actively encourage and spesad the
adoption of new technologies gen-
erated from university and
nenuniversity research information;
to identify needs and opportunities
for future Sea Grant research, and
effectively communicate these
needs to the academic community;
and to develop and improve Marine
Advisory Program staff capabilities
to 'accomplish these goals.

Two vacant marine advisor posi-
tions, one in the San Franclsco Bay
Area and ane in Los Angeles and
Orange counties, wlit be filled during
1982. A proposed new position in
the Ventura County-northern Los
Angeles County area will remain
unfilled for an indefinite period due
to budgetary constraints. Advisory
se[vices for these areas are current-
ty handled by marine advisors and
specialists from nearby areas. Ma-
rine Resources Specialist Christo-
ph:er Dewees was rodesignated as
Marlne Fisheries Specialist in Sep-
tember 1981. This reassignment
reflocted changes in overall Marine
Adlvisory Program priorities and ex-
panded Christopher Dewees' role in
coordinating advisory activities in
the San Francisco Bay area.

Two statewide and six local
newsletters were prepared and dis-
tributed by specialists and advisors
on,a monthly or quarterly basis.
These newsletters provided currant
and pertinent information on Marine
Advisory Program activities and on
other marine-related topics. Special
publications on specific topics were
also prepared in response to the ex-
pressed needs of clientele. A
variety of workshops, short courses,

and training sessions were held, and
these continue to be our major
means of encouraging the adoption
of new technologles, Individual con-
tacts between specialists and advi-
sors and their constituencigs con-
tinue to be an important mechanism
for providing technical asslstance to
marine resource audiences and for
applying Sea Grant knowledge
where it is needed.

Workshops and training sessions
in fisheries were conducted along
the entire California coast and were
attended by about 3,000 fishermen.
A series of workshops designed to
asslst salmon fishermen in improv-
ing their efficiency was attended by
ahout 1,000 commerclal fishermen.
These fishermen learned how lure
speed, currents, and water tempera-
ture affect catch rates and used this
information to improve fishing
efficiency. Additional workshops
were held on Pacific whiting utiliza-
tion, abalone fishery enhancement,
fisheries management, hydraulics,
trawling and other gear development
subjects, salmon stream enhance-
ment, refrigeration, antitrust laws,
tisheries economics, federal assis-
tance programs, and forming
cooperatives, Workshops on alter-
native fisheries such as shark, oc-
topus, scallops, sea cucumbers,
sablefish, Pacific whiting, rockfish,
squld, and rock crab enabled fisher-
men 1o generate off-season income.
Following these workshops, several
vessels began longlining for shark in
San Francisco Bay and landed over
$10,000 worth of shark. Other
fishermen are currently experiment-
ing with octopus gear.

In cooperation with NMFS, NESS,
JPL, NASA/Ames, and Scripps Insti-
tution of QOceanography, Marine Ad-
visory Program staff conducted
workshops on the effective use of
satellite remote sensing temperature
and ocean color charts to conserve
fuel and searching time in locating
fishing grounds. ln northern Califor-
nia, the marine advisor worked with
a local television statlon to adapt
these charts for television. Fisher-
men in northern California and
southern Cregon can now trace
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charts from their television screen
before leaving port in the morning,
or can pick up the station within 30
miles of major cities if they have
televisions on board their vessels.
Estimates have shown that west
coast salmon and albacore fisher-
men could save $500,000 yearly in
fuel by using remote sensing data {0
locate fishing grounds.

Marine Advisory Program research
projects have provided valuable in-
formation to the seafood industry,
sports fishermen, and consumers. A
feasibility study of the onboard
mechanical skinning of blue shark,
and a West Coast Fisheries
Development Foundation-funded
project to develop a blue shark
fishery in southern California were
completed. The shark skinning
study showed that while the tech-
nology is available to design a
marketable skinning machine, the
device would not be economically
viable until a larger market for the
blue shark is developed. The blue
shark fishery project resulted in
further development of southern
California’s blue shark fishery and
increased sales of blue shark in the
area. Marine advisory staff will con-
tinue to work with the fishing indus-
try in California and other Pacific
coast states to further develop
shark fisheries. )

A project to develop Pacific whit-
ing products and markets is con-
tinuing and, if successful, could ex-
pand our domestic Pacific whiting
fishery. This project has led to an
expanded Pacific whiting fishery in
northern California and Oregon
where several trawlers are currently
supplementing their traditional
deliveries of dragfish with dressed
Pacific whiting. Projects on salmon
stream enhancement have attracted
public attention and support
throughout northern California. Ma-
rine Advisory Program technical as-
sistance in a San Francisco Bay
salmon enhancement project has
resulted in increased sport and
commercial catches during the
1980 and 1981 seasons. Qver
1,000 king salmon released in 1977
were harvested with a markst valuge



of over $50,000.

Refrigeration workshops held in
1982 spawned a research project
on the effectiveness of the new bar-
rel systems for holding salmon at
sea. In cooperation with commercial
fishermen and seafood processors,
Marine Advisory Program staff in-
vestigaled the effects of using
chilled fresh water, chilled diluted
seawater, and ice on salmon quality
and shelf life. The results of this
project will be used to develop
recommendations to improve salmon
quality.

A research project started in 1980
to design and develop an air-
powered fish processing knife is
nearing completion. A prototype
knife, developed in cooperation with
Ghio Seafood Products and the
Food Science and Technology
Department, has been successfully
tested under commercial conditions.
A record of invention for the knife
has been filed with the University of
California.

Group meetings, publlcations, and
individual contacts have assisted in
resolving conflicts involving multiple
uses of marine resources. Mestings
between commerciat fishermen and
oil industry representatives have im-
proved communications between
these groups and have resulted in
progress toward resolving conflicts
involving seismic survey vessels,
bottom obstructions, and underwater
pipelines. These efforts have result-
ed in the removal or identification of
all abandoned submerged wellheads
{under federal jurisdiction) in the
Santa Barbara Channel. A publica-
tion, in seven Aslan languages, on
Califernia Tide Pool Regulations and
a publication in Vietnamese sum-
marizing commercial fishing regula-
tions have been successiful in
minimizing conflicts between Asian
immigrants and commercial and
sports fishermen. A forum entitled
"Management of Sea Otters and
Shellfish Fisherles in California™ at-
tracted over 300 people and provid-
ed the opportunity for groups with
divergent views to discuss manage-
ment issues in a nonthreatening at-
mosphere, Although the sea otter-
shellfish conflict was not resolved,
the forum did serve to improve com-
munications among the various
groups and to point out the difficult
decisions that marine resource
managers must make in resolving
this confiict under existing federal

laws,

Seafood technology workshops
and short courses included six food
canning short courses, six sanitation
workshops, three food microbiology
short coursaes, two aguaculture pro-
cessing workshops, and additional
workshops on salmon quality, ma-
rine refrigeration, sensory evalua-
tion, quality management, and
Pacific whiting marketing. Individual
processors were assisted with
waste management, quality control,
and product development problems
and in developing in-house training
materials. Data from research pro-
fects on Pacific whiting product
development, modified atmosphere
storage of seafood, and water con-
servation in Pacific shrimp process-
ing was provided through group
meetings and newsletter items.

A variety of seafood processing
companies, Inctuding Van Camp
Seafood Co., Far West Services, Inc.,
Callfornia Sunshine, Inc., Pt. St. -
George Fisheries, and Schnaubell
Fisheries, have used information
provided on sanitation and quality
control to develop their own in-
house tralning programs. Schnau-
belt Fisheries, Machado Fisherles,
and others have adapted processing
waste utilizatlon processes provided
by our program. Tarantino Fish Co.,
Race Strest Fish and Poultry,
Schnaubelt Fisherles, Tom Lazio
Fish Company, and others have
used information provided on
modified-atmosphere packaging and
continue to seek advice and infor-
mation on new packaging and pro-
cessing methods. Meredith Fish
Company, Eureka Fisheries, Pt. St.
George Fisheries, Ghlo Seafocd Pro-
ducts, Sushi Seafoods, and others
have used research data from pro-
fects on water conservation, pro-
cessing technigues, shark jerky, and
seafood marketing,

information and technical assis-
tance provided by the Marine Ad-
visory Program to Crescent City en-
abled the city to obtaln a permit
from the state of California to
discharge screened seafood pro-
cessing waste water directly into the
ocean. This is the first permit for
direct ocean discharge of seafood
wastes granted in California.
Sewage discharge costs for most
Crascent City seafood processors
have dropped from an average of
about $1,200 a month to $500-800
a month. In 7-10 years, after the
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project Is paid for, discharge rates
will be further reduced.

Information on the Marine Adviso-
ry Program and on current seafood
research projects was prepared and
distributed to over 900 licensed
seafood processors in California.
Information and assistance were
given to the Department of Health
Services and the seafood industry to
publicize, explain, and limit the
elfects of the 1980 paralytic
shelifish poisoning outbreak. News
releases and an updated publication
entitled "Paralytic Sheflfish Poison-
ing and Red Tides" were prepared
and distributed throughaut the state.
information on home seafood pro-
cessing and on seafood safety and
nutrition was provided to home
economists, food editors, and con-
sumers through numerous consumer
seafood workshops, news releasges,
and personal contacts.

A research forum on ports and
transportation was held, and the
praceedings were written and distri-
buted. The Ports and Transportation
forum proceedings have been used
by researchers and state agencies
to identify and address the ressarch
needs in port and harbor manage-
ment and marine transportation. A
survay of waod piling performance
was conducted to identlfy and
characterize dock deterioration from
weathering and marine borers. Port
and harbor districts were provided
with information on dock piling
specifications and maintenance pro-
grams to minimize major dock :
deterioration. Through group meet-
ings and individual contacts, port
and harbor districts were given in-
formation on seafood handiing and
processing facility needs, harbor ex-
pansion planning, projecled vessel
berthing needs, and comimnercial ma-
rine fisheries,

Educational information and as-
sistance were provided to the Cali-
fornla Coastal Commission, regional
coastal commissions, and to local
coastal planners on fishery- and
aquaculture-related coastal prob-
lems. Information was also provided
to these groups on harbor planning,
coastal recreational access,
offshore oil drilling, wetlands
management, commercial and re-
creational fisheries, and marine
aquaculture.

County planning departments and
coastal commissions have used this
information to develop local coastal
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plans. The Port of Los Angeles,
Dana Point Harbor, Ventura Harbor,
Santa Cruz Harbor, the Port of Oak-
land, the Port of San Francisco, and
Crescent City Harbor are examples
of the many ports and harbors which
have requested and received assgis-
tance in ptanning future commer¢ial
fishing facilities.

The California marine aquaculture
industry was assisted in developing
the West Coast Aquaculture Foun-
dation, and in uniting the entire
aquaculture industry under the Cali-
fornia Aquaculture Assaciation.
University research in oyster genet-
ics and marine pathology has been
initiated, resulting from the estab-
lishment and recommendations of
an advisory program-industry-
university advisory committee. A
disease diagnostic service tor the
marine aquaculture industry was or-
ganized. The oyster industry was
assisted in obtaining information on
Neﬁlional Marine Fisheries Service
and U.8. Department of Agriculture
disaster relief loans during and fol-
lowing the 1980 paralytic shellfish
poisoning outbreak. A publication
on aquaculture in the coastal zone
was revised and reprinted to provide
needed and current information to
coastal planners, and an overview
paper entitled "The California Oyster
Industry” was prepared and present-
&d at the National Oyster Workshop
and will be published next year.
Through group meetings,
newsletters, and individual contacts,
information on shellfish depuration,
aquaculture production and market-
ing, disease prevention, industry
grant programs, aquacultural
research, and aquaculture feasibility
was provided to the industry and to
prospective aquaculturists.

Aquaculture operations have used
Marine Advisory Program informa-
liojn in developing and monitoring
production facilities and in develop-
ing and marketing aquaculture pro-
ducts. With our assistance, Pacific
Ocean (abalone) Farms submitted a
proposal for, and was awarded, a
National Science Foundation-
industry grant, and a Small Business
Administration marketing study for

-the shellfish industry was complet-
ed. Meetings were held with the
aquaculture industry and the Cali-
fornla Department of Fish and Game
to propose and review changes in
Title 14 regulations affecting the
marine aquaculture industry.

Marine educaticnal activities in-
cluded a diversitfied program ranging
from assisting in the development of
formal university-level marine sci-
ance curriculum to radio and televi-
slon consumer-aducation programs.
Methods used to extend this Infor-
mation included career days, news
releases, radio and television pro-
grams, class talks, training sessions,
and mobile outreach projects. A 4-
H Leaders’ Guide In marine educa-
tion was completed in 1981, and a
proposal was submitted to the San
Francisco Foundation to do an in-
depth marine education pilot project
in Marin County. In several coun-
ties, 4-H groups were assisted in
starting marine science clubs and in
developing marine education
displays. A Mobile Marine Science
Qutreach project was initiated at
California State University, Long
Beach with our assistarce and has
been extremely popular and suc-
cessful in southern California. A
publication on recognizing, treating,
and preventing salmon poisoning in
dogs was completed.

An experimental vocational edu-
cation program was initiated in
1981 for fishermen in San Luis
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Obispo County. This program,
developed in cooperation with Cues-
ta College and the local Commercial
Fisharmen's Association, provides
self-learning opportunities for any-
one needing technical marine infor-
mation.

The Marine Advisory Program
continues to be regarded as an ex-
cellent sourcs of unblased technical
informatlon and assistance on ma-
rine resource topics. Requests for
information and assistance are re-
celved from a broad spectrum of
marine audiences Including consu-
mers; sports fishermen; port and
harbor managers; seafood proces-
sors, wholesalers, and dealers;
aquaculture firms; commercial
fishermen; environmentalists; local,
state, and federal regulatory and
service agencies; oll and gas com-
panies; educational institutions;
investors; and home economists.
The Marine Advisory Program pro-
vides a useful and needed service,
directly or indirectly, to the entire
population of California.

S,




Cooperating Organizations

Alaska Sea Grant College Program

American Fisheries Society

Bodega Bay Fishermen’s Marketing Association

Burnt Hill Salmon Ranch

Cal Poly San Luis Qbisp6

California State University, Long Beach .

California Aquaculture Association

California Agsociation of Harbormasters and Port Captains

California Association of Port Authorities

California State and Regional Coastal Commissions

California Department of Boating and Waterways

California Department of Fish and Game

California Department of Food and Agriculture

California Department of Health Services

California Farm Bureau

California Fisheries Association

California Institute of Technology

Californla Maritime Academy

California State and Regional Water Quality Control Boards

California Seafood Institute

California Shelifish Company

California State Lands Commission

Catfish Farmers of America

Commercial and Sport Fishermen

Commercial Fishermen's Wives of Humboldt

Counties of Del Norte, Humboldt, Mendocino, Sonoma, Marin, San Francisco, San
Mateo, Santa Cruz, Monterey, San Luis Cbispo, Santa Barbara, Ventura, Los Angeles,
Orange, and San Diego

Crescent City Harbor Commission

CGrown-Simpson Pulp Company

Cybertext Corporation

Del Norte Fishermen’s Marketing Association

Del Norte School District

Eureka Fisheries

Eureka Ice and Cold Storage

F/V Colintino Rose I

Fishermen's Wives of Bodega Bay

Fishermen’s Wives of Fort Bragg

Florida Sea Grant Program

General Electric Company

Ghio Seafood Products

Hawail Sea Grant College Program

Hoopa Indian Tribe

Hopkins Marine Station, Stanford University

Humboldt Bay Pilots Association

Humboldt Fish Action Council

Humboldt Fishermen’s Marketing Association

Humboldt State University

Industrial Components, Inc.

International Longsharemen's and Warehouseman's Unicn

KEKA-Radio, Eureka

KIEM-TV, Eureka

Louisiana-Pacific Corporatlon

Luhr-Jensen, In¢.

Meredith Fish Company

Milter-Rellim Lumber Company

Monterey Bay Salmon and Frout Project

Moss Landing Commercial Fishermen's Association

Moss Landing Marine Laboratories

National Aeronautics and Space Administration

National Environmental Data Service

National Environmental Satellite Service

National Marine Fisheries Service

National Minerals Management Service

Mational Shellfisheries Association

National Weather Service

New England Fisheries Development Foundation

Northwest Steelheaders Association

Noyo Pride Fisheries

Oregon Department of Fish and Wildtife

Cregon Sea Grant College Pragram
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Pacific Coast Federation of Flsherman's Associations
Point St. George Fisherlas

Port of Oakland

Port of San Francisco

Prairie Creek Fish Hatchery

Producers Seafood

Quality Refrigeration

Rek-Wor Indian Community Association
Rowdy Creek Fish Hatchery

Salmon Unlimited

San Diago State University

San Francisco Tyee Club

San Jose State University

Santa Barbara Mugseum of Natural History
Smith River Alllance

Smith River Anglers Association

Smith River Kiwanis Club

Soil Conservation Service

Star Shipping

United Indian Development Association
University of California, Berkeloy

University of California, Bodega Marine Laboratory
University of California, Cooperative Extension
University of California, Davis

University af California, Division of Agricultural Sciences
University of California, Irvine

University of Callfornia, Los Angeles
Unliversity of California, San Diego

University of California, Santa Barbara
University of California, Santa Cruz

University of California, Scripps Institution of Oceanography
University of Southern California

U.S. Bureau of Land Management

U.5. Coast Guard

U.S. Corps of Engineers

U.S. Fish and Wildlife Service

U.S. Forest Service

U.5. Geological Survey

U1.S. Trout Farmers Association

Washington Sea Grant College Program

West Coast Aquaculture Foundation

Waost Coast Fisheries Development Foundation
Wastfall Stevedore Company

Western Oil and Gas Association
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COMMUNICATIONS, PUBLICATIONS,

AND PUBLIC ADVISORY SERVICES

James J. Sullivan
Associated Staff: Kelly E. Anderson

Sea Grant has access to a wealth
of information that concerns the
nation's ocean and coastal
resources. Because this information
could affect decisionmaking in the
use, management, and development
of our resources, Sea Grant must
disseminate the results of its
research 1o a variety of concerned
groups in government, the scientific
community, industry, the general
public, and Sea Grant’s statewide
and national programs.

To accomplish etfective informa-
tion dissemination, the communica-
tions office performs a variety of
services, including:

— writing and publishing Sea
Grant project results in techni-
cal, reference, and educational
publications aimed at a variety
of audiences;

— distributing the books, reprints,
technical reports, and an-
nouncements produced or
sponsored by the Sea Grant
program;

— advising program investigators,
administrators, and advisory
personnel about effective tech-
niques for communicating with
user groups, the scientific
community, and the general
public;

— providing the public with infor-
mation about Sea Grant's pro-
jects, services, products, and
activities.

| The overall project objective is to
disseminate research information to
an ever-growing network of acade-
micians, government and elected
officials, ocean user groups, and the
general public to improve the under-
standing of and decisionmaking
concerning the wise use of coastal
and ocean resources.

Improving and broadening our ex-
isting information dissemination sys-
tem required a number of internal
and external changes in 1980-81,
which resulted after a lengthy exam-

ination and evaluation of publica-
tions policy, program statf and
equipment, current and potential au-
diences, information markets, and
special interest needs.

The major goals for 1980-B1 were
1} to assess and expand the scope
of communications activitles, 2) to
support and develop the publica-~
tions program, 3) to distribute
several publications, including a
technical biennial report and a pop-
ular summary of it, 4) to consolidate
and expand an in-office distribution
mailing list system, and 5) to expand
the new computer-based information
management system. Significant
progress was made in all of these
areas.

The position of communications
coordinator, established in August
1979, was evaluated and redefined
to emphasize the need for greater
participation in liaison activities with
the National Sea Grant College Pro-
gram, other state and Sea Grant
programs, state and local govern-
ment agencies and committees,
university public information offices,
the Marine Advisory Program, and
project leaders.

Communications activities were
expanded to include the above
groups more directly, with the com-
munications coordinator primarily
responsible for initiating and main-
taining an open communications
network between the California Sea
Grant College Program {CSGCP)
and these groups.

Support and developmeant of the
publications program was accom-
plished by instituting the publica-
tions policies developed in 1980
and by defining three new publica-
tion series for technical, education-
al, and reference publications.

Several publications were pro-
duced and distributed in 1980-81,
including the California Sea Grant
publications policy, the program's
first biennial technical report, and
the 1980-81 program summary.
Other particularly noteworthy publi-
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cations produced and gistributed in-
ciude the first publication in our
technical publication series: The
Suitablity of the Purple-Hinge Rock
Scallop to Marine Aquaculture; the
first publication in our educational
series, a filmstrip-tape package with
written narrative: "Palau's Marine
Ecosystems"; and the third pubfica-
tion in our reference series: Directo-
ry of Academic Marine Science Pro-
grams in California; Community Col-
feges, Four-Year Colleges, and
Universities.

The directory is especially impor-
tant to Sea Grant's goal to support
development of marine education
and training. It is the only volume of
its kind that provides comprehen-
sive information about marine
academic programs available at
Californta’s colleges and universi-
ties, and it is a particularly vatuable
reference tool to help students
select a college and plan an
academic program with a marine
focus. More than 1000 copies of
the directory have been sent to Cali-
fornia high school guidance coun-
selors and libraries, marine science
teachers and professors, and
members of the general public who
have expressed an interest in our
marine education publications.

In addition, copies of 46 reprints,
reports, and proceedings resulting
from Sea Grant-funded projects
were distributed by the California
Sea Grant College Program office in
1980-81.

In 1980-81 more than 21,000
copies of publications were distri-
buted to members of the following
groups according to their specified
area of interest:

State assembly members and stalf

State senate members and staff

U.8. representatives and staff

U.S. senators and staff

Local, state, and federal agencies

Sea Grant network
directors



communicators

marine advisory leaders
project leaders

trainees

University
public affairs offices
administrative officials
regents

Educational leaders at
elementary schools
high schools
colleges and universities

Industry ofticials

Nonprofit organizational heads
The news media

The general public

The above groups have received
Califarnia Sea Grant publications
and activity announcements in the
areas of aquaculture, fisheries, tech-
nology, nonliving resources, energy,
education, seafood, chemistry, toxi-
cology, mammals, recreation, ecolo-
gy, man in the sea, ports and har-
bars, transportation, wetlands, ma-
rine flora, and marine legislation.

In 1981 we received 4,000 more
publication requests than we did in
1980, an increase of 41%. The ma-
jority of these requests {43%) came
from the educational community,
which includes universities and col-
leges, public schools, libraries, and
students. The general public re-
quested 32% of our publications; lo-
cal, state, federal, and special in-
terest agencies requested 15%; and
commercial interests — including in-
dustries, fishermen, and seafood
processors — accounted for 10% of
the publications requests.

In 1981-82 we continued to work
towards our 1980-81 goals and ad-
ded the following new goals: 1) to
expand the range and variety of
communications activities, 2) to pro-
mote Sea Grant research resulis
and accomplishments to a broader
variety of audiences, 3) to improve
the general public's awareness and
understanding of Sea Grant program
activities locally, regionally, and na-
tionally, 4) o improve the interna-
tional dissemination of key technical
publications, 5) to distribute several
publications, including three new
books in the technical series, the
annual summary, and the program
directory, 6) to cut costs associated
with the production of standard pub-
lications, without sacrificing quality.

In 1981-82 we were involved in a
broader range of activities to in-
crease the regional, national, and
international visibility and dissemi-
nation of California Sea Grant
research results and accomplish-
ments. During the year, the com-
munications staff improved program
visibility and product dissemination
by representing California Sea Grant
research results and accomplish-
ments at more than 20 local, state,
regional, and national meetings
sponsored by universities, Indus-
tries, government organizations, and
private associations. A partial list of
events during which California Sea
Grant program products were
presented is provided below.

Local

Hopkins Marine Station (Stanford
University) Open House

Center for Coastal Marine Studies
{UCSC) Open House

Scripps Institution of Oceanogra-
phy (UCSD) Public Affairs press
conferences

State/Regional

California Aquaculture Association
Conference

California Coastal Commission
Ocean Study Project

California Museum of Science and
Industry "MUSE's Marine and
Biological Sciences/Engineering
Symposium”

Sacramento County Office of Edu-
cation, Environmental Education
Week

-California Seafood Institute Con-
vention

Southwest Marine Education
Conference

Tiburon Center for Environmental
Studies Wetlands Workshop

Aquaculture in San Francisco Bay
Workshop

National

Gulf and Caribbean Fisheries In-
stitute

Fish Expo '82

Coastal Zone 7

Oceans '82

Third Annual Big Island Aguacul-
ture Conference

Sea Grant Week

The communicalions staff also
provided information and assistance
in support of the following events
and programs:

Marine Mammals Symposium (spon-
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sored by the Scripps Institution of
Oceanography Aquarium)

Boating Safety Classes (sponsored
by the California State Resources
Agency, Dept. of Boating and Wa-
terways)

Sea Otter and Shetitish Fisheries
Forum

Third Annuai Big Island Aquacuiture
Conference

Oceans '82

National Sea Grant Internship Pro-
gram

Sea Grant Today

In 1981-82 the California Sea
Grant communications staif also
worked closely with numerous Sea
Grant programs, including the USC
Sea Grant program and the Sea
Grant programs in Alaska, Hawaii,
Massachusetts, New York, Oregon,
South Carolina, Texas, and Wash-
ington, to preduce regional and na-
tional Sea Grant publications and to
support events of mutual interest.

The communications staff also
focused on improving program visi-
bility and information dissemination
by tssuing short press release an-
nouncements highlighting California
Sea Grant program accomplish-
ments and research results. During
a 5-month period, the communlca-
tions office prepared six press
releases and distributed more than
7000 copies to elected officials;
federal, state, and local agencies;
university public affairs officers;
educational leaders; industry
officials; non-profit organization
heads; the news media; members of
the Sea Grant network; and the gen-
aral public.

In many cases these short press
releases generated further dissemi-
nation of Sea Grant program infor-
mation to national and international
audiences. For example, a press
release on the squid cleaning
machine developed by Sea Grant
researchers at UC Davis resulted in
a feature story released to 390 radio
stations in the U.S. through the Cop-
ley Radio Network. A press release
on mollusc cultivation techniques
daveloped by a Sea Grant research-
er at UC Santa Barbara led to a cov-
er story and four-page article in
Aguaculfure Magazine, a
subscription-only special interest
magazine currently circulated in 50
states and in 82 foreign countries.

An important goal of the communi-
cations project in 1981-82 was to
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increase dissemination of California
Sea Grant program information to
regional, national, and international
audiences. )

This year we produced two valu-
able technical publications that
have wide audience appeal. A
Manual for Researching Historical

.Coastal Erosion, written by a sci-
ence writer intern from UC Santa

‘Cruz. was a departure from the tra-

ditional technical publications pro-

duced by our program. Instead of

reporting the research data resu'lting

from Sea Grant’s seven-year com-

| mitment to historical erosion

[ research in California, Sea Grant
produced a practical guide outlining
the basic steps involved in
researching historical erosion in a
given area. Because the manual
can be used by professionals and
laymen, we actively pursued wide
distribution of this publication. To
date, more than 850 copies of the
manual have been distributed to lo-
cal, state, and federal agencies; city
and county planning directors;
coastal commissioners; conserva-
tion organizations; university geolo-
gy department chairmen; state and
federal elected officials; libraries;
and interested individuals
throughout the U.S. and abroad.

Requests for the publication have
come from all parts of the U.5. and
the world, including Arizona, Califor-
nia, Maryland, Massachusstts, New
Jersey, Oregon, Virginia, and Aus-
tralia, Japan, Mexico, and Nigeria.
Kudos for the publication have come
from many audience sectors, includ-
ing the California Coastal Commls-
sion, the U.S. Department of the
Army (Corps of Engineers), the New
York State Department of Environ-
mental Conservation, the University
of Rhode Island, the Advisory Coun-
cil on Historic Preservation, and the
National Oceanic and Atmospheric
Administration.

In 1981-82 California Sea Grant
also produced Mariculture of Red
Seawseads, by Dr. Hansen, et al. Red
seaweeds, relatively unknown by the
layperson, are much needed by food
processors and biomedical
researchers. U.S. dependence on
imported seaweed stocks has creat-
ed a demand for red seaweed that
exceeds the supply provided using
traditional harvesting techniques.
This book relates seaweed maricul-
ture — in both its historical and po-
litical perspectives — to the

development and recent success of
red seaweed cultivation research in
the U.S. and abroad.

Bacause the development of our
seaweed resources is of widespread
concern, California Sea Grant com-
munications staff worked with
researchers at the University of
Guam and the editors of Aquacui-
ture Magazine to promote the book’s
national and international dissemi-
nation. This cooperation resulted in
the publication’s wide distribution
and acclaim in public, private, and
government sectors. Letters we've
received to date praising the book's
value have come from Calitornia,
New York, Qregon, Virginia, Canada,
Guam, India, Puerto Rico, Sweden,
Switzerland, and Taiwan.

Copies of the book were provided
by request to participants of an
international course in marine algae
sponsared by the European Council
and UNESCO, which brought togeth-
er researchers from Belgium, Chile,
England, France, Germany, [taly,
Morocco, Spain, Sweden, Switzer-
land, Turkey, and the West Indies.
Requests within the U.S. have come
from Alaska, California, Washington,
and Washington, D.C. In response
to its high demand, the publication
was reprinted six months after its
first press run. To date more than
1500 copies have been distributed.

In 1981-82 we also introduced
our fourth new publication series,
the Working Paper Series. The
series was established to make
preliminary cata, research tech-
niques, and reports under publica-
tion consideration available to
government agencies, industry,
fishermen, and related user groups.
In a working paper, neither the
research results presented nor the
publication itself has undergone
critical peer revliew according to the
guidelines of the California Sea
Grant College Program publications
policy.

The first publication produced in
the Working Paper Series was The
California interindustry Fisheries
(CIF) Modei, Volumes | and Il, by
Drs. Dennis King and Kenneth Shell-
hammer of the Center for Marine
Studies at San Diego State Universi-
ty. The CIF Model was prepared to
evaluate the direct, indirect, and in-
duced economic impact of fisheries
on California’s economy. To data
the model has been used to evalu-
ate the economic impact of four sit-
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uations affecting the state: a pro-
posed ban on gill net fishing, clo-
sure of a portion of the salmon sea-
son, a plan to translocate sea otiers,
and a proposal for a fish offloading
facility for the port of Santa Cruz.

Coples of the CIF Model have
been distributed by request to near-
ly 300 legislators, consultants,
government agency offictals, and
private groups interested in deter-
mining the economic value of the
state's fisheries.

We designed the 1980-81 sum-
marty in a news magazine format to
help “get the word out" about Cali-
fornia Sea Grant research results
and, at the same time, to reduce
production costs of standard publi-
cations. With the summary's head-
lines, datelines, and bold type,
readers were quickly able to identify
California Sea Grant research in
their geographic area. By using less
expensive paper and moditying the
summary’s design, we reduced our
unit production cost nearly 40 per-
cent for a total savings of nearly
$3000.

The summary’s news magazine
format proved especially valuable to
elected officials, university public
affairs officers, government agency
heads, and media contacts whose
interest in Sea Grant research and
accomplishments is limited to
specific regions and subject areas.
In particular, the summary proved to
be an effective tool in introducing
our program to the media and in-
teresting them in Sea Grant
research results. New media con-
tacts made in 1982 in response {0
stories reported in the summary in-
cluded representatives from KPBS
{the local public broadcasting sta-
tion}, United Press International
{UPI) in San Francisco, Walt Disney
Productions, and L'Espresso Maga-
zine, (the ltalian equivalent of Life
Magazine).

In 1981-82 we also redesigned
the program directory to improve its
elfectiveness and to reduce un-
necessary production costs. The
directory was typeset and printed in
a format suitable for mailing in a
business size envelope, a reduction
in total size of more than 60 per-
cent. By producing a smaller direc-
tory, we reduced unit production
cost more than 40 percent and mail-
ing costs by 73 percent, for a com-
bined savings of $7600.

In 1981-82 our computerized dis-
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tribution system continued to grow
by about 5-10 names per week.
Each individual in the system Is
coded according to the areas of in-
terest selected on a mail list card.
With this coding, the system can
provide split-second compilation of
lists of individuals by subject area.
Using this capability, we sent publi-
cation announcements to individuals
according to their expressed areas
of interest. The response was
dramatically successful: response
rates that are traditionaily 1 to 5
percent increased to 28 to 48 per-
cent, with an average response of
36 percent. Nearly 13,000 fliers an-
nouncing California Sea Grant publi-
cations were mailed in 1981-82.

QOur increased dissemination
efforts in 1981-82 resulted in a
dramatic 71 percent average in-
crease in requests for publications
in the CSGCP publications series,
which do not include publications
produced and distributed by the Ma-
rine Advisery Program {MAP) at UG
Davis. Overall, we received 12,000
unsolicited requests for publications
in FY 82, representing a 7 percent
increase over FY 81,

Broken down into audience sec-
tors, CSGCP publication requests
{not including MAP} are listed in
table 1. With the improved dissemi-
nation efforts put into place in FY’
82, it is anticipated that the com-
munications project will continue to
experience similar growth.

Table 1

Group

Gavernment Agencies

Industries

Educational Institutions

General Public
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Percentage
of Requests
28
15
37
22

# of Requests
Percentage Increase over FY 81
16
47
79
143




—

Publications

Anperson, K. E. 1981, Directory of academic marine science programs in Caltfornia:
community colleges, four-year coflages, and univarsities. Report No. B-CSGCP-003.
Californla Sea Grant College Program, La Jolla, CA.

AnpERSON, K. E. 1982. Californla Sea Grant College Program Annual Summary 1980-
€1. Report No. R-CSGCP-008. California Sea Grant College Program, La Jolla, CA.
Cuave, E. H., Mccoro, C., Aberkerol, D., Bukernou, H., Katosana, S.,aND Sapang, P. 1981,
Palau's marine acosystems: filmstrip narrative. Report No. E-CSGCP-001. Califernla

Sea Grant College Program, La Jolla, CA.

Excunp, L. F. 1981, Using California’s marine resources: A summary report on the Cali-
fornia Sea Grant College Program 1979-80. Report No. R-CSGCP-005. California
Sea Grant College Program, La Jolla, CA.

FawceTT, J. A., Manus, A, T., anp SORENSEN, J., EDS. 1981. Proceedings of a Forum on
Recraational Access to the Coastal Zone. Report No. T-CSGCP-005. California Sea
Grant College Program, La Jolla, CA. {In cooperatlon with the University of Southern
California, IMCS Report).

iFuLton, K. 1981. A manual for researching historical coastal erosion. Report No. T-

| CSGCP-003. Calitornia Sea Grant Coltege Program, La Jolla, CA.

! Gerwick, B. C.. HoLLanp, T. C., aND KomenpanT, G. J. 1981, Tremie Concrete for Bridge
Piers and Other Masslve Underwater Placements. Report No. T-CSGCP-004. Gali-
fornla Sea Grant College Program, La Jolla, CA. (In cooperatlon with the Federal
Highway Administration, Report No. FHWA-RD-81 ),

HanseN, J. E., Packaap, J. E. anp Dovie, W. 7. 1961. Mariculture of red seaweeds.
Report No. T-CSGCP-002. California Sea Grant College Program, La Jolla, CA.

ILES, A. AND AnDERSON, K. E. 1982. California Sea Grant 1982-83 program directory: -
making waves. Report No. R-CESGCP-009. California Sea Grant College Program, La
Jolla, CA.

| King, D. M. AND SHeELLHAMMER, K. L. 1981. The California interindustry fisheries (CIF)
model: an economic impact calcutator for California fisheries {(volume 1). Report No.
P-T-5. Californla Sea Grant College Program, La Jolla, CA. (In cooperation with the
Center for Marine Studiaes, SDSU, Technical Report No. 82-1).

KING, D. M. AND SHELLHAMMER, K. L. 1981. The California interindustry lisheries (CIF)
model: an input-output analysis of Californla fisheries and seafood industries (volume
H). Report No. P-T-8. Californla Sea Grant College Program. La Jolla, CA. (In
cooperation wilh the Center for Marine Studies, SDSU, Technical Report No. 82-1).

LEigHToN, D. L. anp PHLEGER, C. F. 1981, The suitability of the purpls-hinge rock scallop
to marine aquaculture. Report No. T-CSGCP-001. Californla Sea Grant College Pro-
gram, La Jolla, CA. (In cooperation with the Center for Marlne Studies, San Diego
State Unlversity contribution No. 50).

PUBLIGATIONS PoLicy Anp Review Commmtee. 1980, Publications palicy: California Sea
Grant College Program. Report No. R-CSGCP-002. California Sea Gran! Collega Pro-
gram, La Jolla, CA. :

Sea GRanT. 1980. Callfornia Sea Grant College Program directory 1980-81. Report
No. R-CSGCP-001. California Sea Grant College Program, La Jolla, CA,

Sea GranT, 1981. Californla Sea Grant College Program: ocean rasearch, ocean edu-
catlon, marine advisory service. Report No. R-CSGCP-006. California Sea Grant Col-
tege Program, La Jolla, CA. (Brochure).

Sea GranT. 1981. Californla Sea Grant College Program directory 1981-82. Report
No. R-CSGCP-007. California Sea Grant College Program, La Jolla CA.

THoRwLEY, K. 1981. Summary report of marine education in California-public schools,
kindergarten through twelith grade. Report No. E-CSGCP-002. California Sea Grant
College Program, La Jolla, CA. +



“—

OCEAN EDUCATION FOR THE PUBLIC

Donald W. Wilkie, Davld Coon,

William T. Doyle, Jennifer Anderson,
Michael S. Foster, Bruce A. Stewart

John D. DeMartini and John G. Hewston

Scripps Institution of
Oceanography, UC San Diego

The objective of this project is to
increase public understanding of
both marine science and the Callfor-
nia coastal marine environment
through education programs for stu-
dents, teacher-training programs,
museum exhibits, and information
services for the general publle.
Knowledge-of humanity's impact on
the ocean and its inhabitants is vital
for current and future voters who
will help shape natlonal policies on
ocean resource management.

The Aquarium-Museum has re-
ceived Sea Grant support for public
education since 1970. The original
grant provided administrative and
operating expenses for a field-trip
program given at the Aquarium-
Museum by trained docents. Mod-
est increases in subsequent grants
initiated a burgeoning of educational
activities. These activities are
described below.

Since 1978, Sea Grant support
has become more necessary than
ever as county and city funds for
education have diminished due to
the effects of Proposition 13 and the
national recession. As the Sea
Grant marine advisors have less and
less time for public education be-
cause of budget and staffing con-
straints, communication of Sea
Grant aims and goals may be more
effectively promulgated by the
universities taking part in ocean
education for the public.

School field trips. All tield-trip
programs in Califorpia are in a state
of flux due to budgetary cuts pro-
duced as a result of Proposition 13
{enacted in 1978), the court-ordered

- busing for desegregation creating a
shortage of buses for field trips, and
the natlonal recession. The number
of field-trip participants increased
from 33,209 In 1970 to 62,504 in
1977, but has declined since 1978,
Last year, there were only 37,615
participants.

Docent training program. Do-
cents are volunteer guides trained

to work with the student groups who
make field trips to the Aquarium-
Museurm. The docent-training pro-
gram has been expanded into a 12-
week lecture and laboratory course,
with slides, films, living and
preserved specimens, and pertinent
field trips. Gngoing monthly lec-
tures by staff members provide con-
tinuing training and information. A
$10.00 fee helps defray expenses
for workbooks and biological speci-
mens,

Outreach program. In an effort to
reach clagsses that are unable to
make field trips to the Aquarium-
Museum, our docents travel to the
schools. In 1980-81, they went to
36 schools to teach 2,558 students.
In 1981-82, we more than doubled
this program to reach 5,841 stu-
dents serviced by eight docents pro-
vlding thelr own transportation.

GATE. The Gifted and Talented
Education Program is a state-
mandated program for gifted stu-
dents. For the fifth year now, they
have requested we teach a 1-week
course on marine biology and
oceanography at 14 schools. The
state pays our teacher's salary, and
we provide the teaching materials.

Enrichment courses. We have
taught a variety of classes, ranging
in length from 1 hour to 1 week, In
conjunction with various federally
funded programs. For S years, at
the request of the Emergency
School Asslstance Aid directar,
three of our docents traveled to six
minority schools to give special
units in marine science. We also
teach in the sclence and math mag-
net schools in San Diego city
schools. Such enrichment courses
depend on the amount of federal
funding available and vary year to
year.

In-service training for teachers.
The Aquarium-Museum offered its
twelfth annual environmental sym-
posium for teachers, with lectures
on current research primarily by
Scripps scientists on marine mam-
mals. In response to continual
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teacher requests for more training
programs, we developed two inten-
sive (14-hour) weekend courses
{one given in the fall and cne in the
winter} entitled "Living in a Watery
World." One was entitled "Tidepool
Life" and the other "Fishes, Shore-
birds, and Marine Mammals” Two
30-page workbooks were developed
for ¢classroom use.

Summer minicourses. During the
summer, we are able to offer more
intensive courses from 1 to 6 weeks
in length. Eleven courses have
been developed covering tidepools,
estuaries, marine mammals, ecology,
and oceanography. Over 600 stu-
dents from first through twelfth
grades attended last year, learning
about the foodstocks, the minerai
resources, hydrothermal vents, and
the effects of humanity on the ocean
and its inhabitants. One of these
courses Is an intensive 6-week fisld
axperience course for high school
students who are considering a
career in ocean sciences or
aquariology. Fees charged for all
these courses pay for salaries and
materials, and also provide income
for such materials as films,
fiimstrips, and lab materials.

Junior Oceanographer Corps.
Between 100 and 150 families be-
long 1o this organization for fourth
grade through high school students.
There are monthly lectures primarily
by Scripps scientists, and weakend
field trips studying various marine
environments.

San Diego-La Jolla Underwater
Park guides. The beach and
tidepool areas near Scripps are part
of a marine preserve dedicated to
research. For many years,
Aquarium-Museum docents have
participated in a tidepool patrol to
provide information to the public
and by their visibility to encourage
conservation and protection of the
intertidal environment.

National Marine Education Asso-
ciation conference. This August,
the Aquarium-Museurmn hosted a na-
tlonal conference of 241 teachers
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from California and across the na-
tion on our University of California,
San Diego campus. Among the 71
speakers were 15 senior Scripps
scientists with reports on the latest
oceanographic research, exchanges
of teaching materials developed by
various teachers on ocean-related
topies, curriculum specialists, and
suggestions of classroom activities
at different grade levels. The
Aquarium has participated in the
NMEA for several years, and was in-
strumental in organizing the south-
ern California branch last year
(Southwest Marine Education Asso-
ciation.) This group of teachers,
aquarium and natural history muse-
um scientists, Sea Grant college
specialists, and department of edu-
cation personnel Is a particularly
concerned group dedicated to en-
riching students’ background knowl-
adge of ocean sociological effects,
history and literature, and the
current and future impact of man-
kind on the inhabitants and mineral
resources of the world's oceans.
The enthusiastic exchange of ideas,
education materials, and classroom
activities at the meeting was partic-
ularly pleasing and efficacious.

Preparlng and publishing educa-
tional materials. Providing educa-
tional materials for teachers to use
in their classrooms has been a con-
tinuing project at the Aquarlum-
Museum Two bibllegraphies have
been produced, ane on oceanogra-
phy and one on sharks. An aguari-
um manual, "Maintaining Marine An-
imals," and a booklet, "Tides and
Grunion,” were written. Two teach-
ing manuals for use in elementary
schools are "Living In a Watery
World,” Part | {Tidepool Life) and Il
{Flshes. Shorabirds, and Marine
Mammals) Saven workbooks for
our summer school minicourses
have been developed: grades 1,2,3,
Oscar Oceanographer and Sammy
the Sea Otter; grades 4,5.8,
Tldepool Life, Estuaries and Wet-
lands, and Marine Mammals; grades
7.,8,9, Marine Ecology and Physical
Oceanography In preparation is a
flflh and sixth grade manual on
oceanography designed to be useful
for teachers throughout the state.
Education packsets for all teachers
who make field trips to the
Aquarium-Museum are updated an-
nually

Advlsory services. Staff
members have replied to both writ-

ten and verbal requests on a wide
variety of marine subjects, from
scientific investigation to maintain-
ing marine aquaria. Teachers and
school districts have been assisted
in developing marine courses,
workshests and teaching materials.
In addition, slides, films, and
filmstrips have been loaned to
}eachers and scientists for a modest
eea.

This project is designed to in-
crease and enrich publlc awareness
of the world's oceans and the Cali-
fornia coastal zone. The key target
group is today's school chlldren who
will be tomorrow's voters, decision
makers, and implementors. Sea
Grant support is the foundation of
the education program at Scripps
Aquarium-Museum.

Marine Science Institute, UC Santa
Barbara

The goals of this program are o
increase community awareness of
marine resources and the research
activity of the University of Califor-
nia in the field of marine science.
The program is designed to fill an
existing need by responding to a
demonstrated interest in marine sci-
ence in the regional communities.

With Sea Grant support, the Ma-
rine Science Institute at the Univer-
sity of California, Santa Barbara
(UCSB) annually hosts visitors from
the local region (some travel more
than 100 miles to reach the lab) on
special tours at the campus Marine
Laboratory. These tours are
scheduled for 4-5 days at the end of
sach academlc quarter, when ma-
rine laboratory classroom space is
not in use. Groups are taken
through the lab under the guidance
of UCSB undergraduate and gradu-
ate studants, who have been given
an orientation session in which the
topics and areas of emphasis are
defined. Extensive diving collec-
tions of local organisms are used to
create displays which accurately
represent the dlversity of the local
marine and coastal environment.

For each group, the typical pro-
gram includes a tour of the marine
laboratory lower level, where UCSB
student guides discuss organisms In
permanent and temporary aquarla
displays, flora and fauna in special
shallow "handling tanks,” diving gear
and boatyard equipment, and larger
animals {such as small sharks,
moray eels, large lobsters, etc.) and
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plants held in large circular seawa-
ter tanks. Microscope displays,
shallow aquarium tables that permit
handling of the organisms, and post-
er presentatlons are set up in la-
boratory areas normally occupied by
university classes. Depending on
group interests and time, beach
walks and visits to research labora-
tories are provided. The undergra-
duate and graduate students em-
ployed under this program assist in

collecting the organisms, arranging

the displays, and conducting the
tours. The modest economic
benefits for the guides are impor-
tant, but the students find working
on the program very rewarding in
other ways as well. They have an
opportunity to use and review their
knowledge, to share with others
their intarest in this field of study,
and to organize and practice com-
municative skills. Many students
"repeat’ as guides and provide ex-
perienced help for the program.

During the past year, due to budg-
et reductions, the evening tour pro-
gram was dropped. Because late
afternoon hours were the'last to be
scheduled by visiting groups, an ad-
ditional day of tours was added, and
the number of tours per day reduced
by one. This schedule resulted In
our being able to accomodate al-
most as many visitors as before and
will be retained during the present
year.

Since the program'’s initiation, it
has been our procedurs to ask par-
ticipants for their views and sugges-
ttons for improvements.  Evaluation
forms are sent out following each
quarter’s activity for return by mail.
The high rate of return of these
formg {50-80% over the last 2
years) is in itself an indication of the
value of the program to the partici-
pants.

Specitic commants also indicate
that we are providing a useful public
educational experience: "fills a void
in Santa Barbara,” "l fit my program
around your tour,” "an *adult educa-
tlon' item and more." Many of the
comments show that the benefits
are extended by outside preparation
and coursework. Particlpants are
often part of a special class or sci-
ance group, involved in marine life
studies in their regular lessons, or
doing marlne life projects. Instruc-
tors may make special lessons to
correlate with the visit.

Increased public interest in the



research activities of the university
is beneflcial to UC and te Sea Grant.
Qur student guides, frequently com-
plimented on their work, help in-
crease public awareness and appre-
ciatlon for the undergraduate sdu-
cational program at UCSB.

In summary, this small public edu-
catlon program provides an oppor-
tunity for visitors to learn firsthand
about the marine life of the Santa
Barbara region and to become ac-
gualnted with the marine research
programs of Sea Grant and the
University of Calitornia.

Center for Coastal Marine Studies,
UC Santa Cruz

Program development for the
Ocean Education for the Public pro-
gram Is a continual process. On-
going review and evaluation focuses
ptimarily on the Interpretive and
academic training for the interns,
the quallty and variety of offerings
to the public, program administra-
tion, and the cooperative links with
other participating agencies. This
year the following changes, addi-

-tions, or ohservations were made.

The cooperative program with
Long Marine Lab has added new
depth and dimension to the Ocean
Education for the Public program. It
allows the public the opportunlty to
see and to understand a marine
research facility, the students the
chance to become aware of current
research projects and to work in an
indoor interpretive setting, and the
faculty a way to disseminate infor-
mation {through the interns} result-
ing from their most recent work.
Many scheool and other groups visit-
ed both the intertldal arga at Natural
Bridges and Long Marine Lab and
felt that the two visits complemented
and enriched each other. It was
alse an advantage to be able to offer
an alternative trip to Long Marine
Lab when the tides were high or the
weather was bad.

The Interaction between the exist-
ing docent program at Long Marine
Lab and the student interns also
proved to be a mutually bensficial
exchange of Information and tech-
nlques. The docents had a series of
tralning and educational sesslons
that the interns attended, and the In-
terns brought strong academic
backgrounds and new interpretive
ideas to the docents.

The development of the training
manual for interns was a critical

step in assuring program continuity
from quarter to quarter and year to
year. It established clear pro-
cedures for general functions of the
Internship including scheduling and
sample tours and provided a frame-
work for interpretive and sclentific
information. TIme spent in seminars
introducing the internship can now
be saved by having the students
read the manual and can be used in
more constructive on-site training
activities.

A large variety of slide shows and
tour sites now exist within the pro-
gram. The slide shows include the
following:

a. Intertidal, grades K-3
b. intertidal, grades 3-6

c. Intertidal, junior and senior
high

d. Elkhorn Slough {developed this
year in conjunction with Moss
Landing Marine Lab}

&. Natural History of Afo Nuevo
(added to the program this
year)

f. Natural History of Elephant
Seals {added to the program
this year)

Normally student interns take
these slide shows out to schools
and present them. if no intern is
avallable, slide shows may be
checked out with an accompanying
script. The following sites are now
available in the program;

a. Natural Bridges State Beach
{intertidal and sandy beach}

b. Elkhorn Slough {Nature Con-
servancy land)

c. Long Marine Lab (interpretive
center and surrounding land
including Younger Lagoon)

d. Santa Cruz City Museum

A program coordinator was hired
instead ¢f using student interns to
handle administrative and training
aspects of the program. It was felt
that this was an extremely success-
ful model and we will continue to
use it this year. In addition to the
development of curricular materials
such as the Elkharn Stough silde
show and the tralning manual for in-
terns, the posltive accomplishments
in¢lude altering the coordinator’s
posltion to provide program con-
tinuity throughout the year, In-
creased lialson and personal con-
tact with the outside agencies that
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particlpate in the proegram, organiza-
tion of training seminars, mora fre-
quent field evaluation of students,
coordination of more relevant term
projects for students and agencies -
involved {(see attached list in narra-
tive), and reorganization and
refinement of procedural aspects of
the program, especially scheduling.
There has been a marked increase
in the number of students and pub-
lic who participate in the program
and also in the quallty of the pro-
gram in general. This can be direct-
ly attributed to the coordlnator's po-
sition.

Part of the interpretive training for
the Elkhorn Slough interns was a
field visit to the newly established
estuarine sanctuary at the slough
managed by the Callfornia Depart-
ment of Fish and Game. Possible
connections between our two pro-
grams were discussed and some
very Interesting possibilities were
presented. It seemed premature to
follow up on these this yvear be-
cause of access problems to the
site; however, a cooperative pro-
gram will continue to be explored.

Student Interns again participated
In the University's open house by
presenting current slide shows and
by being available to expiain the
Ocean Education for the Public pro-
gram. This year part of the open
house was at Long Marine Lab, and
because our students were famitiar
with this site, they also led tours of
the lab and made displays for the
open house.

The class, Environmental Interpre-
tation, Environmental Studles 179,
was taught far the second time and
it continues to be the major source
of interpretive preparatlon for all the
interns in the program. It also
serves as an arena to foster pro-
gram development ideas, to share
and implement successtul tech-
nigues and experiencas, and to dis-
cuss problems which occur In the
program. [t will be continued this
year.

Adding the Ano Nuevo slide
shows to our Quireach program not
only enriched our offerings, but also
allowed us to reach a more diverse
audience. Since the program
focuses primarily on the presenta-
tlon of slide shows, it enabled us to
contact professional community
groups and senior citizen groups
who were not necessarlly concerned
with a follow-up field trip. There



— A

was also a very fruitful interaction
between this aspect of the Ocean
Education for the Public program
and the Environmental Studies in-
terns who were giving tours at Ano
Nuevo.

The record keeping for program
participants which was implemented
last year was continued this year
and a complete list of groups served
is now being compiled. The number
of interpretive contacts this year has
increased dramatically as well as
the student participation {agaln, this
Is attributed to our revised and more
efficlent form of program administra-
tion}.
|
Moss Landing Marine Laboratories

The overall goal of Moss Landing
Marine Laboratories” {(MLML's)
Ocean Education for the Public pro-
gram Is to Increase public under-
standing of marine science and
coastal marine environments. The
followling activities were carried out
to achieve this goal.

" MLML Visitor Day. Since 1979,
approximately 4,000 students have
toured MLML during Visitor Days. In
response to an overwhelming
demand, the original 3-day format
has been expanded to 4 days.
About 1200 students from private
and public schools and service
groups {such as Cub Scouts, Girl
Scouts, and 4-H) attended the 1981
Visiter Days. Several stations were
set up, including a touch tank area;
alholding tank with large inver-
tebrates, sharks, and other fish; a
plankton room with sampling equip-
ment and microscopes; a room with
diving equipment displays, aquaria
representing local marine communi-
ties, and representatives of local
mariculture organisms; and a marine
geology display.

Responge to the 1981 Visitor
Days invitation was so great that by
lhe first morning of registration, ail
the slots were full. These students
represented a cross section of Mon-
terey Bay student population. Ages
ranged from preschool to high
school and several handicapped
groups attended including aphasic,
hearlng impaired, phystcally handi-
capped and mentally retarded. A
variety of economic and cultural
backgrounds were represented;
some classes were bilingual. Large
groups wera broken down into sub-
groups of 10to 15 each and led
through the various stations by

MLML graduate students.

Evaluations and thank you letters
from teachers and students indicat-
ad that the Visitor Days program
was both enjoyable and educational.
Previslt materials were sent to the
teachers and some teachers made
up study guides and work shests for
the visit which was Incorporated into
a marine biology unit. At least 20
different MLML students served as
docents for the groups and ques-
tionnaires distributed to MLML per-
sonnel Indicated a very positive
response to the Visitor Days pro-
gram.

Annual Spring Open House.
Each spring, MLML students, faculty,
and staff stage an Open House for
the general public. This year visi-
tors observed {and at times took
part in) displays of live marine an-
Imals, demonstrations of lab equip-
ment (such as scanning electron mi-
croscope, computers, diving and
sampling equlpment and equipment
for seawater analysis}, displays con-
cerning ongolng research, nature
walks, and a variety of slide shows
and movies. A puppet show
presented marine ecology concepts
in a way children could understand
and received snthusiastic response
from vlewers of all ages. The 1978
Spring Open House was so well at-
tended (over 5,000 in one day) and
appreciated by the public that fol-
lowing open houses were extended
over 2 days. This resulted In de-

-¢reased crowds and Increased in-

terpretive quality. The duration of
the 2-day open house is Saturday
from 10 a.m. to 12 noon for special
guests (politicians, professors, and
potential students from consortium
campuses, governing board
members, representatives of other
marine labs on Monterey Bay, and
families of lab personnel}, 12 noon
to 4 p.m. for the general public, and
Sunday 10 a.m. to 4 p.m. for the
general public.

The theme of the 1981 Open
House was "Research at Moss
Landing Marine Laboratories,” a re-
peat of the very popular 1980
theme. Students and faculty made a
special effort to present most facets
of current research activities at
MLML to the public, with an em-
phasis on in-person interpretation of
displays.

The general success rating from
teedback questlonnaires was 9 on a
scale of 10 (1 designated & "waste
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of time," 10 a "great experience"),
with 10 receiving the most votes.
One hundred percent felt the Open
House was educational and 87% fell
the technlcal level of the exhibits
and presentations was just right (9%
felt the level was not technlcal
enough; 3% felt the level was too
technical). At the top of a long list
of items in the "most liked” column
were the live exhibits {aquaria,
touch tanks, etc.) and MLML per-
sonnel participation {their
enthusiasm, energy, and willingnass
to communicate). In the "least liked"
category, only 23% responded {(oth-
ers left this space blank or wrote
"nothing™ or "liked it ali’). The "least
liked" responses referred to
"crowds” (15%) and other responses
were varied (none represented mors
than 0.5% of all respondents). Most
people sald they attended the Open
House for information (76%) or
entertainment {50%) and some {5%)
indicated they were planning to at-
tend MLML. Others (4%) sald they
were planning to study marine sci-
ence or that they wanted to help
thelr children learn about the marlne
environment.

Mentally Gifted Minor (MGM)
Marine Blology Workshop. In -
response to a request by the North
Monterey County Unified School
District, MLML students presented a
1-month MGM marine biology
workshop in October 1980 for stu-
dents in grades 2-8. A local com-
munity center provided space,
MLML provided materials {micro-
scopes, aquariums, live animals,
etc.) and boat time, and the Sea
Grant Public Education Coordinator
organized and supervised the
workshop. The school district MGM
program providad $900 which paid
10 graduate students a stipend for
their time. The course consisted of
a series of six lecture-lab sessions
(two per day for each age group)
and culminated with a field trip in
boats up Elkhorn Slough. Each ses-
sion was prepared and taught by a
graduate student in that area of
concentration.

Continuation High School Elk-
horn Slough Minlcourse. This sum-
mer, & local continuation high
school requested a repeat of last
summer's minicourse on the ecology
of Elkhorn Slough for their students.
Approximately 15 students were
given previsit materials and an as-
signment to study available careers



in wetlands biology, and each stu-
dent researched a bird which could
be expected to be encountered in
Elkhorn Slough, noting feeding
behavior, migratory patterns, habitat
preference, etc. On site, they were
given a tour of MLML facllities fol-
lowed by a boat trip up the slough to
-observe man’s influences on the
slough {now an Estuarine Sanctu-
ary), shore birds, and fish. Two otter
trawls were conducted, one in the
upper slough and one in the lower
tor comparison. Students
enthusiastically helped each other
identify "their" birds and fill out fish
species lists. The instructors and
students enjoyed the trip and found
it educational. The students offerad
to do some ecological work for
MLML in appreclation for the trip.

A 2-week minicourse on Elkhorn
Slough was provided for another
continuation high school in 1979.
This course included five lecture/fab
sessions and five field trips covering
such subjects as physical oceanog-
raphy, plankton, plants, inver-
tebrates, fish, birds, and mammals.
Students learned first-hand about
the controversy surrounding the im-
pending designation of Elkhorn
Slough as a Federal Estuarine
Sanctuary by acting out a communi-
ty meeting In such roles as fisher-
men, developers, biologlsts, and
conservationists.

Intern Program. An Intern pro-
gram was Initiated In which Interest-
ad high school students take part in
field research at MLML (for academ-
ic credit) under the supervision of
an MLML scientist. Twelve students
so far have participated in studies
invelving benthic and salt marsh
ecology and trace metals and plank-
ton.

Summer Marine Biclogy
workshops. Over 200 children at-
tended 2-week summer marine biol-
ogy workshops in 1980, 1981, and
1982 at MLML. The courses, taught
by MLML graduate students, con-
sisted of five lab sessions covering
physical oceanography, biology, and
ecology and four field trips to vari-
ous local marine habitats.

The Lyceum of the Monterey Pen-
insula provided $540 for stipends
for two graduate student teachers.

Ad Hoc Tours of MLML. Lack of
time, space, and funding make It im-
possible to fill this nead completely.
Such tours would also disrupt
teaching and research. The Visitor

Days program, the general Open
House, and our outreach program
alleviate some of the need, but we
still get many requests for tours
from schools and other community
groups as well as from drop-in visi-
tors. In 1981 and 1982 we aver-
aged about three tours per month.

Outreach Program. We respaond
to as many raquests for speakers as
possible, mainly to local schoois and
cormunity groups. We have gone
as far as Qakland and San Jose for
large assemblles. Sometimes
presentations are given to one
classroom, but more often to some
type of larger assembly (e.g., career
day or science fair). Presentations
range from slide talks to bringing in
diving equipment or a variety of live
anlmals In a portable touch tank for
the children to explore. In response
to an ever-increasing demand, we
expanded our outreach programs in
1981 and 1982. About 6,000 stu-
dents of all grade levels (preschool
through college) received slide talks
on marine research activities and
higher education and career oppor-
tunities, and/or live animal demon-
strations. We averaged three
outreach presentations per month in
1981,

Miscellansous. MLML also as-
sists other organizations with their
marine education programs. For ex-
ample, lab rooms, boats, and equip-
ment are made available for such
things as Audubon Society trips and
adult school classes. )

Humboldt State University

The objective of this profect is to
interpret marine environments and
their attendant biotas, especlally
those of the Trinidad Bay area and
of northern California, for the public.
The Telonicher Marine Laboratory is
the center of such activity, with
Greg Pic'l, graduate student, Depart-
ment of Natural Resources and
Planning, atding the principal inves-
tlgator. A portion of Pic'l's work will
serve as substance for his master's
dsagree project.

Our major thrust for meeting aob-
joctives has cantered on the
development of raw Interpretive ma-
terials near and within the laborato-
ry. For example, photos of living
marine organlsms have been taken
in the Intertidal zone and In shallow,
subtidal habitats using scuba.
Working in concert with Jay Brown,
a graphle artist from Instructional
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Media and Developmental Services,
Humboldt State University, we con-
structed panels Including Ci-
bachrome prints produced using
35-mm photos, graphics, and draw-
ings. We are utilizing tanks for
simulations of intertidal and subtidal
habitats. We have visited various
places like Steinhart Aquarium, San
Francisco, to obtain ideas for con-
structing an Intertidal tank. Howev-
er, a lean budget has not allowed us
to begin construction. Also, some
competing needs of fisheries
classes servad as a deterrent.

To measure the effectiveness of
our displays, we constructed test
questions for the public. Dr. James
Cunnlngham, Director, Institutional
Research and Testing Center, as-
sisted us in designing the test. A
TRS-80 computer has bean pro-
grammed so that individuals may
take Individual tests that monitor
responses o multiple-cholce ques-
tions, lets the testee know whether
he has made the correct response
and, if net, allows him to respond
again. All responses are put into
memory and can be subsequently
retrlieved. Dr. Dennis Anderson, Pro-
fessor of Botany, helped us to
develop the fairly lengthy computer
program.

Durlng the academic year, school
groups, elementary through junior
college, and others visit the labora-
tory. We attempt to have either
Greg Pic’l or the principal investiga-
tor available to talk to groups. A
speclal program can include ex-
plaining displays, conducting a com-
plete tour of our facility, and giving a
slide presentation on an aspect of
marine biology. During our Open
House held in May, 1981, we had
wall over 1000 visitors on a Friday
and a Saturday. Various aids
devsloped in this project and by stu-
dents In fisheries, biology, and
oceanography made for successful
actlvity.

Curing the summer, many tourists
visit the laboratory. The laboratory
was not budgeted for being opsn on
weskends. Dr. Allstair McCrone,
Presldent, Humboldt State Universi-
ty, was instrumental in procuring
funds to have the laboratory open
on weekends.

The edugation program has be-
come known beyond the laboratory
resulting in requests for programs {o
be delivered away from the laborato-
ry. Local clubs and service groups,



———— e A

such as the local Audubon Society,
Rotary Club, and Trinidad Garden
Club, have requested presentations.
After a recent presentation given by
Pic'l to Trinity High Schoal, Weaver-
ville, California, he was asked to
give an assembly on oceanography
in the near future. Redwood Nation-
al Park's interpretive staff is having
about 50 of our 35-mm transparen-
cies copied in triplicate for their In-
terpretive programs. We have also
been asked to conduct workshops.

| The Callfornia Department of
Parks and Recreation has been
served by helping with the construc-
tion of an Interpretive panel for
Trinidad Beach State Park and by
offering a workshop on marine in-
terpretation for local state park
rangers.

A master’s thesis in natural
resources interpretation entitled
"Design, Development and Evalua-
tion of Marine Interpretation for the
Fred Telonicher Marine Laboratary”
by Greg Pic'l is near completion.
Mr. Fic'l has evaluated various
means of carrying out interpretation
mcludlng display panels, environ-
mental simulations in tanks, and
slide-sync-tape presentation. This
information will be available upon
completion of the thesis.

Cooperating Organizations

Amaerican Shellfish Enterprises

California Department of Parks and Recreation
California State Parks

Channsl Islands Natlonal Park

Departments of Education of Monterey and Santa Cruz Counties
Humboldt State University Faundation

Long Marine Lab

Nature Conservancy

Santa Cruz City Museum

UCSC Marine Studlas

Publlcations
Pic'L, G. 1982. Design, development and evatuation of marine interpretation for tha
Fred Telonicher Marine Laboratory. Mastar’s thesis, Humboldt State University.
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ANALYSIS OF COASTAL OCEAN MIXING MODELS

E. J. List and J. J. Margan

It has been recognized for some
time that most pollution of coastal
waters |s associated with fine parti-
culate matter. Heavy metals and
pesticides are carrled to coastal wa-
ters by storm waters and treated
waste waters discharged to the
ocean. Whether these particles stay
in suspension or are deposited as
sediment depends upon two basic
physical mechanisms, namely the
ocean turbulence and the particle
coagulation rate. Three physical
phenomena cause particle collisions
and, therefore, possible coagulation:
Brownian motion, fluld shearing, and
differentlal sedimentation. The first
mechanism is well known and was
described mathematically by Ein-
steln and others. The second
dspends on the fluid turbulence, the
third, the particle size distributlon,
which is, of course, a consequence
of the coagulatlon.

Hunt (1980) succeeded in his
Ph.D. thesis in describing coagulat-
ing particle size distributions under
some rather restrictive hypotheses.
These are primarily that only one
mechanism is aclive over a size
range, and that an squilibrium or
steady state occurs with a uniform
mass flux through the size distribu-
tion. Although the basic ideas were
confirmed experimentally, the ade-
quacy of these assumptions was not
completely resolved because of an
inability to describe the overall colli-
slon process in a time-dependent
way. Extending these results to
ocean waters Is complicated by a
lack of knowtadge of the fluid tur-
bulence within the denslty-stratified
ocean.

The two recent goals of this pro-
ject are, therefore, 1) to develop
mathematical models of particle col-
lision processes so that coagulation
can be vlewed as a time-dependent
process, and 2) to measure fluld
shearing motlons in the turbulent
coastal waters so that data is avail-
able for the modsels developed. Pro-
gress In each of these areas will be
considersd In turn.

Hunt succeeded in extending the
work of air pollution physicists on
aerosol particie size distributions to

the coagulation of suspended parti-
cles In solutlons of high ionic
strength, such as seawater. The
basic results obtained by Hunt were
predictions of the number density of
particles In a given size range that
would result from each physlcal col-
lision mechanism. The fundamental
assumption was that an equilibrium
would be established in which a
steady flux of mass would travel
through the size distribution from
the smallest slze particles (where
mass is input) to the largest sizes
where the mass would fall out from
sedimentation. The theory applied
dimensional analysls, as developed
by Kolmogorov in fluld turbulence
theory in the 1940s, to arrive at
predictions for the size distribution
in size ranges approprlate for each
of the three collision mechanisms.
Hunt's results ara as follows:
Brownlian motion

% =3
niv) = A, |K£I2 y 2
b

Fluid shear

1
nlv) = Ag, |% 2

v—2

Differential sedimentation
L i3
7 =12
nlv) = Ag N
Kas

where n(v) is the number density of
particles in volume size range (v,
v+ av), E is praportional to the flux
of mass through the size dlistribu-
tion, K, is the Brownlan motlon
coefficient specified by the tem-
perature and viscosity of the fluid, G
is the fluid shear rate, K, Is related
to the fall velocity of the particles
and A, A,, and Ay, are numerical
constants. Hunt was able to confirm
these results experimentally for the
first two mechanisms. The difficulty
with Hunt's work is that it depends
upaon the two basic assumptions
noted above.

In an effort to improve upon this
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approach, and at the same time
evaluate the validity of the assump-
tions, a numerical computer slmula-
tion collision model has been
developed that describes particle
kinetics. The first model construct-
ed was for the well-known Brownian
motion. It was recognized that If the
results already known for this pro-
cess could not be reproduced, there
would be little hope of prograss in
other areas. There was no difficulty
in reproducing the equilibrium partl-
cle size distribution appropriate to
Brownian statistics and for laminar
fiuid shearing motions. All of the
known features of such collislon
processes were easily reproduced.

Including both Brownlan motlon
and laminar shear motions simul-
taneously gives a readlng on the de-
gree of interference between
mechanisms. lndicatlons are that
two distinct particle slze ranges
develop for the particle number den-
sity in a given size range (figure 1).
The smaller particles colllde by a
Browntan mechanism to give the
-3/2 slope, and the larger particles
by the shear mechanism to give the
-2 slope, on a number density-
particle volume plot as predicted by
the equilibrium theory. Both por-
tions of the distribution seem to be
the same as if the other process
were absent, indicating Indepen-
dence of the processes.

The major recent progress has
been in the development of a tur-
bulence model (figure 2) in which
the collision "box" is based on di-
mensions of the turbulence Kolmo-
gorov microscale 5 = {p3/€)"4, with
v the fluid viscosity and ¢ the rate of
dissipation of turbulent kinetic ener-
gy per unit mass (related to the
mean rate of strain {e/v}¥2 In the
fluid}). The collision model box con-
tains a three-dimensional strain field
that varies on a time scale of
[v/€)1f2_

The maodel has been successful in
raproducing the collislon rate of
monodisperse (uniform size range)
particles predicted by Saffman and
Turner {1956) (allowing for an error
of 712 in their paper). An interest-
ing feature is that the equllibrium



results are appropriate te a uniform
laminar shear with the laminar shear
rate replaced by 1.73 (e/v)172, which
strongly suggests that one-
dimensional laminar shear models
may be able to simulate the complex
three-dimenslonal shearing of tur-
bulent motlong, so far as collisions
are concerned.

In summary, we belleve that we
now have effectlve models capable
of directly simulating two of the ma-
jor particle colllsion processes for
particle coagulation in the coastal
ocean. Work |s now proceeding on
the differential sedimentation model.
Technlcal scientific publications are
being prepared describlng the
rasults obtained so far.

Oc¢ean Turbulence Measurement

As noted above, one of the key
elements in the description of turbu-
lence-induced particle coagulation
is the rate of dissipation of turbulent
kinetic energy within the fluid {usu-
ally called e). Thers are also indica-
tions that the variance of concentra-
tion fluctuations may have a secon-
dary Intluence on the coagulation
procass. Very little data exists to
describe the variation of ¢ within
coastal watars, elther with respect
to depth or lateral displacement.
The goal of this part of the project is
to use a laser-Doppler velocimeter
to determine € and its distribution in
the field. In figures 3 and 4 the lay-
out of the laser transmission and re-
celving instrument packages is
shown in photographs of the velo-
cimeter. In figure 4 two laser beams
are visible with the scattering beam
appearing very bright and the refer-
ence beam weaker.

Progress with the development of
this instrument has been disappoint-
Ingly slow. Numerous laser failures
occurred and a significant and
difficult noise problem appeared in
the photo diode output amplifier.
However, the Instrument has now
been tested in the water and data
collection will begin within a month
or two,

An Instrument simillar to this has
revolutionized veloclty data mea-
surement [n the laboratory and there
ls evary reason to believe that once
the "bugs" are out, it should do like-
wise for coastal oceanographers.

The work to date has been pri-
marily performed by two postdoc-
toral fellows and one graduate stu-
dent. Dr. Gregory Gartrell is respon-
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sible for the laser-velocimeter
development, and Dr. Henry Pearson
and graduate student, [raklls
Valioulls, for the particle simulation
studies.
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Figure 1. Particle number density versus particle volume for a collision process In
which both Brownlan motion and laminar shear are activa. Note -3/2 law approprlate to
B-M and -2 law for laminar shear process.
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Figure 2. Particle number density versus particle volume for a turbulent shear-Inducad
collision process. Note that simulation mode! produces the -2 law as for the ons-
dimenslonal laminar shear.
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GaRTRELL, G. AND PeaRson, H. J. On the scaling of the vertical diffusivity in stably
stratified flows. Journal of Physical Oceanography. (Submiltted).

GaRTRELL, G. Vertical flux measurements in a density-stratified shear flow. In Proceed-
ings of the second International symposium on stratified flows. The Norwegian Insti-
tute of Technology, Trondhelm, Norway, June 1980,

Huny, J. R. Particle dynamics In seawater, implications for predicting the fate of
discharged pariicles. Environmental Science and Technology. {Submitted).

Hunt, J. R. Self-gimllar particle size distributions during coagulation: theory and experi-
menial verification. Journal of Fluld Mechanics. (Submitted).

Figure 3. Photograph of lagser-Doppler velocimeler showing laser beams in operation.
Note high-intensity scattering beam and weaker reference beam. Recsiving photo
diodes in back hull.

Figure 4. Laser Instrument package revealed by hull ramoval.
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COASTAL WETLANDS MANAGEMENT:
RESTORATION AND ESTABLISHMENT

Joy Zedler

During 1980-82, the overall pro-
ject goal "to provide ecological
guidelines for the restoration and
establishment of wetland communi-
ties" was achieved through prepara-
tion of several publications and
through direct interaction with
managers from state and local
agencies. The research project
neared completion just as several
wetlands were designated for res-
toration by the California Coastal
Commission and the California
Coastal Conservancy. Hence, Sea
Grant-sponscred research has
played a major role in directing the
course of coastal wetland restora-
tion.

Three documents prepared
specifically for the management
communily have provided informa-
tion to a broad range of interested
groups. The first, "The Ecology of
Southern California Coastal Salt
Marshes: A Community Profile”
(Zedler, 1982d), summarizes infor-
mation from the project and cites
180 references pertaining to the to-
pic. The final chapter on manage-
ment implications gives general ad-
vice on restoration, but experimental
results and specific technigues are
summarized in a companion docu-
ment entitled "Salt Marsh Restora-
tion: A Guidebook for Southern Cali-
fornia" {Zedler, in prep.). The first
draft has been circulated to users
for their information and review.
The state-of-the-art of marsh vege-
tation restoration was reviewed and
presented to an audience of 240
users at the Wetlands Restoration
Workshop in February 1982 (Zedler,
Josselyn, and Onul, in press).

We bave also achieved the
specific rasearch objectives of 1)
understanding the natural distribu-
tions of marsh vegetation, 2} estab-
lishing cordgrass (Spartina foliosa)
and determining limiting factors for
successtul transplantation, 3) pro-
pagating cordgrass from seed, and
4) providing information to wetland
managers. These findings are sum-
marized below, with reference to ap-
propriate publications.

Factors Controlling Natural
Distributions

Examination of changes in
cordgrass and other salt-marsh
species under a variety of environ-
mental conditions revealed rapid
changes in distributions and pro-
ductivity in response to changes in
soil salinity. These soil and vegeta-
tion dynamics have been summar-
ized to incorporate events in wet
and dry years {Zedler, 1982b). The
low marsh usually has the most
stable soil salinity, but extreme
flooding can remove salts temporari-
ly and stimulate vegetative growth.
Events following the 1980 floods at
Tijuana Estuary included increases
in cordgrass density (24%), height
(23%), and August standing biomass
(40%). Substantial expansion of its
range occurred at two abandoned
sewage lagoons in Tijuana Estuary.
Existing patches nearly doubled in
diameter, and the number of patches
tripled during the 1980 growing sea-
son (Zedler, 1982d).

The relatively dry weather in 1981
provided an opportunity to follow
vegetative responses as hypersaline
conditions returned. In the natural
salt marsh, height, density, and Au-
gust biomass of cordgrass declined
to 1979 values, while at the sewage
lagoons, expansion rates declined
and many of the original Spartina
patches decreased in size. The ra-
pid return to preflood conditions
demonsirated the resiliency of the
marsh to natural disturbance events.
However, observations of man-made
disturbances at olher marshes indi-
cate that the system is not resilient
to abnormal stresses. Excessive
freshwater influence at the San
Diego River marsh eliminated halo-
phytes and allowed rapid invasion
by freshwater marsh species over a
large area where solils were leachad
of salts (Zedler, 1981). At Los
Penasquitos Lagoon, alkali heath
{Frankenia grandifolia) underwent a
major decline in occurrence and
biomass, coinciding with extensive
drought {due to long periods without
tidal circulation). In both of these
cases, recovery is expected to be
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extremely slow for the fallowing rea-
sons. Many salt-marsh species
(especially Spartina foliosa) have
poor astablishment ability. Most
species reproduce best by vegeta-
tlve means, and expansion occurs
adjacent to existing ¢clones. Seed-
lings are rarely seen, and expansion
by seed seems to depend on
chance events, such as flooding and
the lowering of sail salinities (Zedler,
1982t and in press). Even if indivi-
duals become reestablished, their
abundance and growth rates are
hindered by competition with pre-
existing vegetation. Field experi-
ments showed Spartina foliosa tri-
pled their density and nearly dou-
bled their biomass when its chief
competitor, Salicornia virginica, was
removed by clipping (Zedler,
1982d).

Artifictal Establishment of
Cordgrass

Three sites were available for ex-
perimental establishment of Spartina
foliosa. Many of our 1979 trans-
plants at the San Diego River marsh
survived the 1980 flood, although
they were temporarily lost in the in-
vading cattall marsh which overgrew
the area in summer 1980. Following
the raturn of tidal influence and
hypersaline soils in 1981, the cat-
tails declined and surviving halo-
phytes, including our transplants,
are now expanding their distribu-
tions. These experimental plots
have shown that both competitors
and grazers reduced growth and
survival of cordgrass transplants.
With removal of competitors and ex-
clusion of grazers, survival was 97%
and each sprig planted produced an
average of 3.2 new shoots. With
other vegetation left intact, grazers
tended not to find or damage the
transplants, but only 74% of the
sprigs survived, and each of these
produced only two new shoots in
response to the presence of com-
petitors {Zedler, in press).

With additional assistance from
the U.S. Navy, we have expanded
the range of Spartina foliosa at the
Tijuana Estuary abandoned sewage
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lagoons. Conditions following the
1980 floods were very favorable for
expansion of transplants; densities
increased from 36 10 269 an the
average. Transplantation efforts
have involved both seedlings and
mature plants.

With assistance from the Port of
San Diego, we rescused a variety of
salt marsh species from Chula
Vista’'s J Strest Boat Basin, which
was about to be dredged for marina
development. Nearly 2700 plants
were transplanted to the dike sur-
rounding the South San Diego Bay
dredge spoil island. (Slow settling
of that island has prevented breach-
ing of the dikes, so that intertidal
habitats available for marsh estab-
lishment are restricted to the outer
dikes.) Plants were utilized in exper-
iments to assess the effect of eleva-
tion, slope exposure, and single-
versus two-species mixtures., High
mortality occurred in species plant-
ed outside their usual elevation
range and on the slope exposed to
heavy wave action. Best establish-
ment occurred in a protected corner
near a developing sand spit. The
experiments suggest that Spartina
foliosa and other marsh species

have limited ability to stabilize dikes

in southern California. Under nor-
mal hypersaline conditions, dike or
shoreline stabilization would occur
slowly, even with dense planting of
Spartina foliosa. Unless planting
coincides with years of heavy rain-
fall, or with freshwalter irrigation,
cordgrass will not achieve maximum
growth rates.

Cordgrass Propagation
Transplantation of cordgrass from
natural marshes is feasible, but
marsh vegetation is too important
for wildlife habitat to be disturbed by
plant removal. Hence, artificial pro-
pagaltion is necessary for the estab-
lishment of low marsh vegetation.
Woe determined that the germina-
tion and early seedling stages are
the most critical in propagation of
Spartina from seed, and investigated
the factors which aifect seedling
survival and growth (Zedler, in
preparation). A major factor
influencing germination ability is the
condition of seeds collected. It is
difficult to tell in the field whether
seeds are likely to be viable. How-
ever, after a month's cold storage
{4°C) in fresh walter, seeds which
are likely to germinate have swollen.

Experiments with these "ripened”
seeds showed that high tempera-
tures with long photoperiods (12
hours light at 35°C and 12 hours
dark at 20°C) shorten the average
time for germination from about 2-3
months to 1 month. Germination
stimulators were found ineffective
(e.g., potassium nitrate) or detrimen-
tat (e.g. kinetin, gibberellic acid,
thiourea, and slitting of seed coats)
to germination of Spartina.
Seedlings grew best under green-
house conditions. Qutdoors, fresh
water and shade were advanta-
geous, suggesting that cordgrass is
poorly adapted for establishment in
the harsh environment of exposed
mudflats. Insect grazing was sub-
stantial for seedlings grown in fresh
water (51% were grazed). Seedlings
growing in brackish and seawater
showed less grazing (9% and 4%
respectively). Seedling survival was
higher {42%) in continuously sat-
urated soils than in flats watered at
intervals by a drip system (11%).
Attempts to increase tillering rates
of cordgrass by pruning potted
plants were detrimental. Hence,
propagation from seed, although
subject to the above difficulties,
remains the best method for off-site

Figure 1

production of Spartina foliosa. As
an alternative management strategy,
on-site propagation of cordgrass is
advisable. A portion of the proposed
marsh site should be set aside for
initial planting and subsequent re-
movel of sprigs for transplantation to
larger areas. This calls for a
longer-term implementation program
than a single planting of seedlings,
but costs should be lower because
on-site propagation would be less
labor-intensive.

Transferral of Information to Users

Involvement in a number of
planned wetland restoration projects
has brought the project resulis
directly to the management com-
munity. In return, working with
users has improved our understand-
ing of their information needs. -
Basic information on vegetalion re-
quirements and establishment ability
have proved especially useful. De-
tailed information on an endangered
plant {Dunn, 1982) has been used
by the U.S. Fish and Wildlife Service
in preparing its recovery plan for
salt marsh birds beak. In addition,
information on bird {e.g., Boland,
1981) and fish (Nordby, 1982} utili-
zation of wetland habitats is in high
demand.

A Conceptual Model of the Dynamics of Southern

California Marsh Solls and Plants

Profile of marsh:

MSL

Usual Soil 35-45 ppt 30-70 ppt 0-80 ppt
Salinity:
Variability nearly moderately highly
of soil ppt: constant variable variable
Factors Heavy floods Rainfall [eaches
decreasing temporarily soil salts; each
soil reduce salinity, rainfall event
salinity: but this reduces salinity.

rarely occurs.
Importance Cordgrass Seeds germinate;
of reduced productivity growth is stimulated.
salinity: Increases; its

range expands.
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COASTAL WETLANDS MANAGEMENT:
APPLICATION OFBIOLOGICAL CRITERIA

Christopher P, Onuf, Robert W. Holmes, and Charles H. Peterson

During the last 2 years, we have
completed most of the major anal-
yses of our research on the
rasponses of the Mugu Lagoon
coastal wetland to the major pertur-
bations of storm-caused sedimenta-
tion. Because of the unexpectedly
great magnitude of these events, the
analyses now encompass major
morphological alterations of the
lagoon, a second aspect of our pro-
posed research. We continue the
third section of our project, the
evaluation of increased tidal flush-
ing as a technique for the enhance-
ment of coastal wetlands as bird ha-
bltats. We are now In the process of
subjecting the full data set (cen-
suses of 20 sltes, 24 times each
year for 6 years) to an analysis of
what habitat characteristics govern
the kinds and numbers of water-
related birds that use the different
areas.

The bottom of Mugu Lagoon
differed in substrate texture depend-
ing on location, but was predom-
inantly sandy untll the storm of
February 1978. Thereafter it was
uniformly muddy, except in the en-
trance channel and the landward
extremities of the lagoon. There
was little change In primary produc-
tivity; however the change in pho-
tosynthetic pigments suggested a
switch from an assemblage of pri-
mary producers dominated by dla-
toms to one dominated by blue-
green algae. Also, benthic commun-
ity resplration increased to the ex-
tent that the benthic community no
longer was strongly autotrophle.
Rather, It produced barely as much
as was consumed In place. Ma-
croalgae have become more abun-
dant over more of the year. Eel-
grass Is much reduced, especially in
deeper water.

In 1980 we reported a prelimlnary
analysis of the effect of the major
storms in 1978 and 1980 on the
growth of Saflcornia virginica, the
dominant vascular plant of the salt
marsh at Mugu Lagoon. Based on
the biomass of green growing tips
harvested at the time of peak stand-
ing crop In 1977, 1978, 1979, and
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Figure 1. The blomass of green growlng tips of Saifcornia virginica at different dig-

tances from the mouth of Mugu Lagoon in the 4 years of the study (1 = 1978t0 4 =
1881, gdw = grams dry weight). Top: each ysar plotted as a lnear regression. The
overall yearly means are above the vertical bar on the x-axls. Bottom: the individual

locatlon means (n = 5} plotted for each year.

1980 we concluded that flooding led
to stimulation of plant growth in the
growing season after the flood but
the effect did not persist to the next
growing season. (This short-term
stimulation of productivity was
presumably caused by the leaching
of salts from the marsh soil or addi-
tion of nutrlents.) On that basis we
predicted a reduction In blomass
from the 1980 mejor storm year to
1981, a minor storm year. After the
1981 harvest we were able to carry
out a much more thorough analysis,
taking tocation into account. The
rasults indicate a more complex
response than did our preliminary
analysls {(and, incldentally, proved
wrong our prediction of a reduction
In biomass from 1880 to 1981).

The more Important effect evident in
the analysls of varlance is the highly
significant Interaction between loca-
tion and year (llustrated In figure 1,
top). When each yoar Is deplcted as
a llnear regression of biomass on
sample location, the interaction ap-
pears as a unidiractional counter-
clockwise rotation from year 1 to
year 4, Indicating a gradual shift in
the distribution of blomass away
from the mouth of the lagoon. In the
plots of the Indlvidual locatlon aver-
ages (n = 5 for each location) for
each year (figure 1, bottom), it can
be seen that between years 1 and 4
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the biomass of growing tips has de-
creased from 291 to 115 gdw.m= at
location 1, closest to the mouth,
whereas at location 6, farthest from
the mouth, blomass has increasaed
from 70 to 140 gdw.m2. This per-
sistent unidirectional change over
time suggests a successlonal pro-
cess, Our Interpretation is that the
deposition of new, fine sediments on
what had been a well-dralnsd, rela-
tively sandy substrate near the
mouth has made it less suitable for
marsh plant growth, whereas depo-
sition on previously waterfogged,
fine sediments away from the mouth
actually have been an improvement
by raising the marsh surface slight-
ly, thus reducing waterlogging and
allowling better aeration of roots. In
contrast to the persistent shlift in the
distribution of biomass away from
the mouth of the lagoon over time,
all of the year-to-year variation for
the marsh as a whole is accounted
for by the deviation between year 2
{1979) and the other years. Our
earler interpretation of short-term
stimulation of growth would have re-
quired year 4 to be lower as well,
These results were reported at the
Sixth Blennial International Estua-
rine Research Conference, 1-6 No-
vember 1981.

QCur studies are revealing that
storms of similarly large magnitudes
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will have drastically different etfects,
depending on the sediment load of
waters actually reaching the study
site. Peterson (1975) made his first
observations at Mugu Lagoon in
1969 by chserving the rapid
recovery of molluscs and echino-
derms from the major storm of Janu-
ary 1969. Because those marine
animals least tolerant of reductions
in sallnity below normal were [ow in
density in his first collections, In-
creased rapidly, and then stabilized
at a much higher density, he inter-
preted that a reduction in salinity
caused by floodwaters had been
responsible for the effects on mol-
luscs and echincderms. He report-
ad no evidence of sedimentation.
Woe witnessed the effects of the next
major storm at Mugu Lagoon in
February 1978. However, in con-
trast to 1969, vast amounts of fine-
textured new sadiments were depo-
slted everywhere in the lagoon. In
the entrance channsl they remained
on the surface only briefly, but in
the main body of the lagoon they
stayed. On the average, 13 cm of
sediment was deposited in subtidal
areas. Also in contrast to 1989, we
are observing long persistence of
effacts on the biota. Another major
storm, depositing another 6 cm of
frash sediments, occurred in Febru-
ary 1980. The timing of these two
major natural environmental pertur-
bations provided us a superb oppor-
tunity to analyze rigorously the biot-
jc responges to normally infrequent
extreme events. We have one full
year of observations before and
after each storm, plus a subsequent
vear of observations for most groups
of organisms. The symmetrical se-
quence of minor and major storm
years for the 5 years of study
{minor-major-minor-major-minor)
{rom February 1977 to January
1982 gllowed clear discrimination
between short-term eftects (com-
parlsons between adjacent years,
i.e., years of different kinds} and
persistent effects {comparlsons
between 1 year and subseguent
years of the same kind, i.e., does
part of the short-term, or difference
between unlike adjacent years, car-
ry over Into the next vear, similar to
the first in terms of the occurrence
of storms?). By way of illustration,
the significant differences between
years in the abundance of fish are
as follows: Year 1 > 2 < 3> 4 <«
5. In othar words, numbers of fish

Figure 2. Monthly statistics for the tolal catch of fish from four sites in the eastern arm
of Mugu Lagoon, February 1977 to February 1982. a. Total abundance (N) (left axls}
and numba'{ of sp‘qcies (S) (right axis}. b. Shannon-Weaver index of diversity

H* = — == In (7}, whers n, is the abundance of the I'th species, and evenness J =
H/InS. c. The number of individuals of the common species caught each month during
the study. *Samples not collected at Slte 1 in June 1977, Site 2 in February, May, June
1977; and Site 4 in March 1978. Caiches for these months were deleted for those
sitas In all other years for the statistical analyses.

decline in the years of major storms
and increase in the following minor
storm year, a clear case of short-
term effect. However, In addition,
Year 1 > Years 3 and 5, indicating
that some part of the short-term de-
clines of the major storms carry
over into subsequent minor storm
yaars, that s, effects persist.

For animals, our most complete in-
formation is on the effects of the
storms on fish., Qur analysis of the
dynamics of the fish community of
Mugu Lagoon Is from monthly
catches by beach seine within the
eastern arm of the lagoon over 4
years. Most of the annual changes
In the populations of fish could be
explained by the major storms of
Years 2 and 4 (ilgure 2). As dis-
cussed earller in the description of
the analytical procedure, the storms
caused both short-term and per-
sistent effects on the total abun-
dance of fish in the tagoon. This
was also true for the number of
specles. All catch statistics with the
exception of Shannon-Weaver even-
ness are down In year 4 compared
to year 1 (figure 3a and b). Total
number and number of specles
caught each year have been 8421,
5873, 6002, and 3881 and 36, 20,
23, and 19 respectively, from year 1
to year 4. Shannon-Weaver diversl-
ty {H") and evenness (J") were
highest at the end of the study
{figure 3b). Both of these measures
take into account the relative abun-
dance of species and are higher for
more even distribution of individuals
among species. Thus, the fact that

35

the two dominant species of Year 1,
topsmelt {Atherinops affinis) and
shiner surfperch (Cymatogaster ag-
gregatus), suffered much heavier
reductions in number than the other
common species (figure 3c) ac-
counts for the difference in
response of H" and J* compared to
abundance and number of species.
Other features of the storm-related
effects weare 1) bottom-dwelling
species changed little despite dras-
tic changes in substrate texture; 2)
species assoclated with eligrass
beds were strongly vet differently
affected depending on their depth
prefarence, e.g., bay pipefish. Syng-
nathus leptorhynchus almost disap-
pearad with the instantaneous burial
of most shallow-water eelgrass and
then racovered at a different loca-
tion where a new bed developed in
shallow water; shiner surfperch de-
clined less abruptly but did not re-
cover, paralleling the deep-water
eelgrass’ gradual deterioration and
lack of recovery; 3) species that
spend the majority of their time in
the water column were adversely
affected to a greater extent than
bottom-dwelling species, probably in
response to the 38% decrease In the
low-tide volume of the lagoon.
Because the four sampling sites
had different characteristics at the
beginning of the study and were
affacted differentially by the storms
{table 1), we have been able to sort
out much of the cause and effect in
the observed changes in the fish
fauna as a whole. The gradual in-
crease In the proportion of total



catch for site 1 at the expense of
sites 2 and 3 but not site 4 (figure
3¢} is consistent with the assess-
ment of physical changes to the
sites. Apparently the short-term
destruction of food resources was
not instrumental In causing the de-
clines of the major storm years be-
cause there was no difference in -
catches betwesn flrst and second
halves of major and minor storm
years. Since dense populations of
food organisms were re-established
within 6 months of the major storms,
declines because of food reduction
by major storms would have been
revealed by these comparisons. In-
stead, the storm-related effects ap-
pear to be persistent and addltive
(see the annual catches by number
and number of apecles In the previ-
ous paragraph). This suggests that
a permanent change in lagoon mor-
phology is the primary determinant
of the characterlstics. On the basis
of the gross qualitative changes in
bottom characteristics, we predicted
that we would see major changes In
demersal fish populations, with
mud-lovers increasing dramatically
and sandy-bottom assoclates de-
creasing corraspondingly. We did
not expect changes In the total
abundance of pelagic flshes,
although with the elimination of eel-
grass beds the relative abundances
of different pelagic species would
change. Contrary to our expecta-
tions, we have not witnessed major
increases in the mud-lovers, and the
overwhelming change Is the reduc-
tlon in the abundance of the pelagic
forms (figure 3a). Totals over the 4
years have declined from 69085,
4733, 3262, to 2604. Abundance In
vear 4 is three-elghths of year 1.
Another observation Is that the
overwhelming numerical dominants
of year 1 have suffered bigger de-
clines than the subdominants.

The analyses for invertebrates
and birds are incomplete at this
time. However, available Information
indlcates that affects were
differential within and between
species of bivalves depending on lo-
cation; the effects being less in the
sand channel and on species with
higher rates of growth and repro-
ductlon. Small, vertically migrating
crustaceans were reduced In abun-
dance only briefly, but the dominant
species remain different from what
thay were before the storms. Sand
dollars were absent from the sand

channe! for 4 years, instead of re-
cruiting immediately as in 1969.
Shorebirds that feed preferentially in
muddy areas have become more
common since the storms.

Apparently, the major sedimenta-
tion of the 1978 and 1980 storms
and its effects on the blota of the
eastern arm of Mugu Lagoon are
unprecedented, and it is not be-
‘cause sclentists weren't there to ob-
serve them, nor because major
storms did not occur. Biological
research has been carried out there
every year sInce 1962. Bigger
storms than 1978 or 1980 occurred
in 1962 and 1969. No mention was
mace of sedimentation in the -
eastern arm of Mugu Lagoon until
1978.

This report hegan by drawing a
contrast in the effects of similar,
major storms In 1969 versus 1978
and 1880: short-term effects on the
biota In the absence of sedimenta-
tlon In 1989, long-term effects and
major sedimentation in the later -
storms. We discuss four possible
causes of the change In severity of
storm-related effects for its
relevance to the analysis of poten-
tial effects In other systems. 1} If
storms colncide with neap tides,
there will be no effact. The volume
of sediment-laden water will be too
small to cause an effect. 2) In
1978 the February storm had been
preceded by the fourth wettest
January In 32 years of meteorologi-
cal cbservations at Pt. Mugu Naval
Alr Stalon, which in turn followed 3
years of subnormal precipitation. It
is possible that a watershed will be
more liable to erode when it Is al-
ready close to saturation. The sus-
ceptibllity would be aggravated by
the poor condition of the vegetation
after sustained drought. 3) Large-
scale residential and commercial
development of the upper parts of
the watershed have preempted the
valley bottoms and forced citrus
groves and subsequent residentlal
development onto steep slopes. if
this activity has been extensive
enough and concentrated In the last
decade, the accelerated erosion
might account for Increased sedi-
mentatlon downstream. 4) The cen-
tral basin was dredged 30 feet deep
to provide the fill for the construc-
tlon of the naval alr station In the
1940s. In 1961, it was dredged to a
depth of 9 m. Deposltion In this
basin untll it was filled would have
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buffered the eastern arm from silta-
tion. Apparently this buffering capa-
city was exceeded during the 1978
storm.

Tide records for the storm dates
Indicate that spring tides are a
necessary but not a sufficient con-
dition for major effects In the
eastern arm. The 1978 and 1980
storms both coinclded with spring
tides, but so did the 1969 storm,
without apparent effect. We have no
data to test the long-drought-then-
presaturation hypothesis. Examina-
tion of asrial photographs of the
upper watershed of Calleguas
Creek, the major inlet stream, Indl-
cated that larga tracts of hilly terraln
were belng devsloped In 19789,
Comparisons with the USGS topo-
graphic sheet for the same area
showed that 25% had been
developed by 1947, another 15%
was developed In the 22 years lead-
ing to 1969, and the remalning 60%
of the development of hilisides has
occurrad since 1989, The great ex-
panse of bare hillsides, evident In
the 1979 photographs, certalnly
contributed heavlly to the sediment
ioad carried to the lagoon. Simllar
activities are common in most of the
coastal watersheds of this reglon.
As residential and commercial
davelopment preempt the vailley bot-
toms, agriculture, especially citrus
and avocado groves, are pushed up
the hillsides. Examination of aerlal
photographs of the lagoon ltself n-
dicate a minor deita in the central
basin as late as March 1977 and
virtually complete filling of the cen-
tral basin by May 1978. The only
remaining subtidal parts are rela-
tively narrow channels radiating to
the extremlties of the lagoon west,
north (Calleguas Creek), and east.

On the basis of these observa-
tlons, we conclude that at least the
proximate cause of the unpre-
cedented etfects of the 1978 and
1980 storms, despite more severs
storms occurring in 1962 and 1969,
is that the storms not only coinclded
with spring tides but also the sink
for sediments provided by the cen-
tral basis was fillad before the end
of the 1978 storm. The climatic pat-
tern Immediately praceding the
1978 storm and changes In land
use In the upper reaches of the
watershed may have aggravated
erosional processes, theraby aug-
menting the supply of sedimeants;
however, these probably were not
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'the main causes of the major
changes in the eastern arm.

We can summarlize the results of
our work In the form of a general
projection for the coastal wetlands
jof this ragion. The rare eplsodes of
major sedimentation that occur
when extremaly heavy rains coln-
clde with spring tides should pro-
duce a step-wlse shoaling of these
smali coastal lagoons. According to
our observations, each apisode wli
cause a sharp reduction in the
abundance of fishes, followed by an
increase that willl not achieve pravi-
ous levels. Pelagic species and
perhaps more speclalized spectes
wlll decline the most. The despest
parts of the lagoons wil! fill the
fastest. Land use In the surrounding
watershed wlll Influence the sevarlty
of these effects. All of these factors
should be consldered In the
management of these systems.

It is obvious from this brief sum-
mary of a broad array of data that
the effects of major storms on the
blota of Mugu Lagoon have been
major and diverse. Of greatest
significance for the management of
coastal wetlands is the fact that
some effects have persisted as long
as our study and show every evi-
dence of persisting longer. Accord-
ing to our intarpretatton, these
long-lasting effects are linked to
changes of lagoon morphology
caused by sediment deposition.
Others concerned with the manags-
ment or preservation of coastal wet-
lands are aware of the threat posed
by sedimentation. Here, we have
provided a thorough documentation
of the effects on the biota and some
of the causal machanisms. Knowling
the basic physlcal characteristics
and land use Iin coastal watersheds
and the baslc morphology and bilolo-
gy of their associated wetlands, it
should be possible to anticipate fu-
ture changes in the blota of other
wetlands of this reglon. This should
provide fruitful directlon for manage-
ment. Clearly, control of sediment
sources would be most desirable. In
the absence of effective sediment
controls, other avenues to follow are
to limit programs of rasource
enhanc¢ement t0 wetlands isolated
from floodways, or to divert inlet
streams, preferably only during ma-
Jor floods. The latter would be feasi-
ble only in conjunction with a major
flood control project.

.. - & {815 PAAT €]
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Flgure 3. Monthly statistics for the total catch of fishes from four sites in the eastern
arm of Mugu Lagoon, February 1877 to February 1981. a. Abundance of demersal and
pelagic species, tolal abundance (N) and number of spacles (S). b. Shannon-Weaver
incex of diverslty H* = — & Ff tn (w’l. where n; is the abundance of the i’th species,
and evenness J = H/InS. ¢. The percent contribution of diffarent sites to the tota!

catch in each month. The sites are displayed altarnatsely In black and white from 1 on
the bottom to 4 on the top.
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PHOSPHORITES ALONG THE CENTRAL
CALIFORNIA CONTINENTAL MARGIN

Henry T. Mullins

Phosphorites, widely used as a
s'ource of agricultural fertllizers and
a potential source of uranium, are
common in today's ocean along
conlinental margins and isolated
seamounts {figure 1). However,
most of these deposits appear to be
rellcts of the Miocene epoch (5-25
millien years ago) as contemporary
phosphorites are known only from
the continental margins of Peru
{Burnett, 1877}, Namibia (Baturin et
at, 1972), and Australia {(O'Brien
and Veeh, 1980). On land, major
phosphorite deposits ranging in age
from 22 hundred to 14 mlllion years,
are known from a wide variety of lo-
cations (Cook and McElhinny, 1979;
Sheldon, 1981).
| Here in California, phosphorites of
Miocene age occur both on land and
in offshore areas {Wilson and Mero,
1966; Dickert, 1966; Roberts,
1981) Phosphorites off the shore
of southern California have been
studied extensively (Deitz ot al,
1942; Emery, 1960; Mero, 1961),
whaereas those off the shore of cen-
tral California have not previously
been examined in any detail. The
purpose of our study is to evaluate
the distribution, mineralogy, petrog-
rath. geochemistry, age, and
resource potential of phosphorites
offshare central California.

Distribution of Phosphorites
Offshore Central California

| When we began our study, only a
few reports of phosphorites offshore
central California existed in the
literature (Hanna,1852; Emery and
Uchupi, 1963; Greene, 1977).
These papers reported occurrences
of phosphorltes seaward of Cordell
Bank, Pescadero Point, Monterey
Bay, and Point Sur. We decided to
concentrate our sampling efforts in
these areas as well as off Cape San
Martin where we noticed two prom-
inent knolls on the sea floor. We
spent 20 days at sea dredging and
mapping the dlstribution of phos-
phorites offshore central California.
Our results {figure 2) indicate 1)
Ithat signlficant concentrations of
phosphorites exist offshore Point

Sur (Sur Knoll) and Cape San Martin
(Twin Knolls), 2} that minor phos-
phorites are present offshore Pes-
cadero Point, and 3} that phosphor-
ites are not common near Cordell
Bank nor in Monterey Bay. The
overall distributlon of phosphorites,
however, appears patchy. Most of
our field work concentrated on the
Point Sur-Cape San Martin area.
The bathymetry and location of
dredge stations for Sur Knoll and
Twin Knolls are shown in figures 3
and 4 and photographs of typical
dredge hauls in figures SA and B.
Note that these phosphorites were
recovered from relatively deep water
(800-1400 m). We have not yet
prepared sample locality maps for
the Pescadero area.

Mineralogy

Mineralogy of phosphorite sam-
ples from Twin Knolls, Sur Knoll,
and off Pescadero was determined
by standard X-ray diffraction tech-
niques {figure 6). All samples are
dominated by the mineral francolite,
a carbonate fluorapatite {Ca;[PO,,

San Jose State University
R/CZ-54
1980-81

CO,l,IF, OHD). Detrltal grains of
quartz, feldspar, and rock fragments,
as well as authigenic glauconite
constitute secondary minerals in
maost of the samples. Chert (SIQ,)
and dolomite (Ca MgCQ,} were also
found associated with phosphorltes
at Twin Knolls.

Petrography

Approximately 50 phosphorite
samples were thin sectioned and
examined by petrographic micro-
scope. To date, we have completed
only cursory petrographic examina-
tion; detailed studies are now
underway. Our preliminary observa-
tions indicate that all the phosphor-
ites offshare central California are
primary, and not the result of lime-
stone replacement. These phos-
phorites, however, do appear to
have undergone multiple episcdes
of diagenetic phosphatization and
reworking and concentration by
currents, commonly resulting in a
conglomeratic fabric. Most of the
samples that we have examined are
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Figure 1. Worldwide distribution of offshore phosphorites
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pelloidal or oolitic phosphorites.
"Ooliths" are very common (figure 5,
C and D) and typically show con-
centric laminations of apatite around
a nucleus of quartz, glauconite, or
tests of foraminifera. The surround-
ing matrix is fine-gralned, isotropic
apatite that may represent a primary
interstitlal precipitate.

Geochemistry

Wo have analyzed 41 rock sam-
ples from our dredge hauls for their
phosphorous content (P,0O;} by
spectrophotometric techniques. Our
rosults indicate that the central Call-
fornia phosphorites are rich in phos-
phorous containing 14-31% (P,0;)
{table 1), in addition, we have also
had elemental analyses completed
on nine samples from central Cali-
fornia and two from southern Califor-
nia' by X-ray fluorescence (table 2),
done commercially at Northerrr Cali-
fornia Analytical Labs, and four
samples from central California by
neutron activation analysis (table 3),
done at Lawrence-Berkeley Labs.
The results from these analyses
have just recently arrived, and we
have not had an opportunity to
analyze them completely. However,
one can readily evaluate the urani-
um concentrations In the central
California samples which range from
47 to 170 ppm with an average
value of 92 ppm. This average
value Is slightly lower than the aver-
age phosphorite which has 105 ppm
uranium (Altschuler, 1980).

Age

The age of the phosphorites
ofishore central California is not
presently known. Three samples
have recently been sent to Dr. W. C.
Burnett at Florida State University
for uranium-series dating, which will
tell us whether or not our samples
are contemporary (i.e., less than
800,000 years old). If these sam-
ples are greater than 800,000 years

1 Samples from southern California
borderland provided by Don
Giorsline of USC.
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Figure 2. Generalized balhymetry, cruise-track lines, and location of bottom samples

from ceniral California contlnantal margin.
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Figure 3. Bathymetry and dredge sample locations for Sur Knoll off Point Sur. See

figure 2 for reglonal location.
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1o0ld, they wil! have to be dated by
foraminiferal or diatom biostratlgra-
|phy. Once we roeceive the results
‘from Dr. Burnett, we will decide if
biostratigraphic analysls is needed.
Cur suspicion is that these phos-
phorites are not contemporary, but
rather Miocene in age, similar to
on-land phosphorites in California
(Dickert, 1966).

Resource Assessment

Based on our P,0g data (table 1),
we know that the offshore central
California phosphorites are low to
medium grade deposits (24-31%
P,Q; Is consldered medlum, and
greater than 31% P,05 high; Roberis
and Vercouters, 1981}). The
offshore central California phos-
phorites have a range of P05
values of 14.0-31.0% with an aver-
age value of 24.1% (table 1), We
also know that these phosphorites
are slightly depleted in uranium,
although such values {tables 2 and
3) are fairly typical.

Two other important points must
be consldered in any resource as-
sessment: 1) concentration/volumes
and 2} accessibility. We do not
have any data on concentration or
calculated volumes. The best way
to approach this question is with
deep-sea photographs. Unfor-
tunately, we have had little success
at obtaining bottom photographs of
phosphorites offshore central Cali-
fornia. Qur deep-sea camera s now
working well, and we will make one
final attempt at deep-sea photogra-
phy in April 1982.

Although phosphorites offshore
central Callfornia appear to be lo-
cally concentrated (figures 2-4} and
of medium phosphorous content, it
is unlikely that they will be an
economlical minable resource in the
near future for two reasons: 1} their
depth of occurrence is 800-1400 m,
much deeper than other known
deposits, particularly otfshore south-
ern California {table 4); and 2) ex-
tensive phosphorite deposits exist
on land in California (Dickert, 1966;
Roberts, 1981). It seems to us that
phosphorites found on land or in
shallower offshore waters would
have more resource potentlal than
those offshore central California.
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Flgure 4. Bathymetry and dredge sample locations for Twin Knolls off Cape San Martin.

Ses figure 2 for regional location.

Figure 5. (A and B} Photographs of rock dredge hauls from Sur Knofl and Twin Knolls
offshore central California. Dark brown slabs and nodules are phosphorites. Lighter
color rocks are mastly unphosphatlzed Pliocene (?) siltstones. Scate Is In centimeters.
Sample numbers correspand to dredge sltes in figures 3 and 4. {C and D} Thin section
photomicrographs ol phasphorites offshore central Callifornia. Note dominance of con-
centrically taminated "ocliths” D Is a closeup of an "oolith” in C. Scale for C — approx-
Imately 2 mm across photo. Scale for D — approximately 0.5 mm. Dredge sample 42
from ofishore Pascadero Palnt.
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Table 1

P,0s Analyses of Central California

Phasphorltes

Sample # P.O:%
Sur Knol!

2A-2 143
2A-3 28.0
2A-5 145
2A-6 28.0
2F 245
35-1 240
as-2 23.3
35-6 21.8
358-7 225
35-8 31.0
35-9 258
3A 24.0
3B 234
ac 24.8
3D 22.0
3E 206
3G 27.3
4E 26.5
Range: 14.3-31.0%  Average: 23.7%
Twin Knolls

115-1 29.0
1A 240
11B 258
11F 23.2
111G 27.7
111 21.2
11M-1 274
11M-2 289
12C 194
12E 26.2
12G 14.0
12K 208
138-2 24.5
13N 27.7

Range: 14.0-29.0%

Pescadero FPolnt

Average: 24.2%

420C 243
42D 276
49F-E 245
42F-M 28.8
42K 247
42M-E 25,0
42N 23.5
42P 27.3
42Q-M 271

Range: 23.5-28.8%

Average: 25.8%

Range of All Samples: 14.0-31.0%
Avarage of All Samples: 24.1%

r
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Figure 6. Typical X-ray diffractograms of phosphorltes from Sur Knoll (top) and Twin
Knolls {middte). Note dominance of francolite and undifferentiated apatite with onfy
minor quantitles of quartz. Also shown is a diffractogram (bottom} of an unphospha-

tized dolostone from Twin Knolls.
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Table 2
X-ray Fluorescence Analyses

Sample Sites
Southern
Sur Knoll Twin Knolls Pescadero California

Elemant CP-1 CP-2 CpP-2 CP-2 CcpP-2 CP-2 CP-3 CP-3 CP-3 sC 8C
*(ppm) #2 #3 #4E | #11M  #12H  #13 | #42C  #42F  #42FL | 14407 14414
Al l% - 1.53 - - 1.73 1.68 - 0.53 - - 042
As - 34 - - 26 - 30 - 12 - 20
Ba - 210" - 222t 636 - 268" 1.80 1.52 218 0.47
Br 64 - - 16 - 15 - - - - 27
Ca% 08t 25.81 33.33 31.51 23.37 28.76 33.18 3057 3048 34.35 30.49
Cu 122 111 83 52 a5 87 136 96 a9 - 72

Fe % 4.54 3.51 054 277 345 215 1.61 1.10 145 1.19 1.85
K % 0.44 - - 0.61 1.08 1.08 0.48 0.45 0.33 0.34 0.48
Mg % 12.28 167 - - - 0.67 - - - - -
N!nI - 322* - - - - - - - - 228*
Na l% - - - - - 0.28 - - - - -

Ni % - - - - - 145 - - - - -
P%lI 017 10.79 14,08 12.21 a.71 11.38 12.28 1219 12.27 13.65 1229
PB - - - - 8 25 - - 10 - -
Rb 11 N - 28 41 72 22 21 11 13 15

8 % 052 0.80 - 0.79 0.43 0.80 117 1.53 1.39 0.72 1.05
i "I.o 255 797 - 3.32 11.28 6.94 412 3.51 2485 1.69 3.3
Sr ‘3:6 56* 017 0.18 0.1 0.15 015 0.21 0.25 0.25 0.23 0.22
Ti 53* 010 - - 0.14 018 246" - - - -

u - 54 47 17 75 az 170 162 119 86 68

v 50 - - - - 229 75 - - - -

Y - - 15 77 21 61 81 108 61 16 20

Zn 82 - 223 as 78 125 a6 103 45 - 53

Zr 7 a8 - - 138 85 56 57 - - 59
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Table 3

Neutron Activation Analyses

Sample Sites
Sur Knoll Twin Knolls

Element {ppm) 3A 2F 11M 12E
Al % 1.48 118 0175 0.250
Ca% . 274 285 308 290
Na % 1.256 1.095 1.222 1.053
K % 0.99 099 0.45 0.82
8r 1980 1830 2560 2390
Mn 88.1 67.2 459 437
Dy 3.02 293 3.44 5.96
Cu <30 =42 £53 554
As 16 £32 16 17
Mg % £.98 0.81 1.16 1.39
U ~76 -85 ~B66 ~B67
Sm 3.04 3.77 3.81 5.29
La 15 33 £25 46
Ba 161 114 525 279
Sb 29 1.7 1.9 4.2
Ag £24 £1 1.7 1.9
Sc 414 3.05 1.15 110
Fe % 30 271 209 3.88
Co 34 393 194 2.40
Cr 104 95.1 66.4 110
NI 29 £18 40 17
Th 213 1.80 0.49 0.52
Cs 277 2.38 1.22 377
Ta 033 0.26 0.18 017
H¥ 1.13 1.03 0.418 0.527
Ce 271 215 13.7 256
Yb 215 2.2 248 3.78
Table 4

Comparison of Offshore Central California Phosphorites to Selected Other Known Deposits

Location Depth {m) Type P05 Age Reference
Centrat Californla 800-1400  Primary 14-31 Miocene {7} This paper
Southern California 75-2200 Primary and replaced 22-29  Middle Mlocene  Dietz et al. {1942)
Peru 200-500  Primary 13-29 Recent Burnett (1977)
Chatham Rise <400 m Replaced 15-25 Early to Cullen {1980)
New Zealand middle Miocene
Blake Plateau 250-1000  Primary and replaced’ 22-24  Mlocens Marnheim et al. {1980)
Southeast U.S.
Nambla, S.W. Africa 50-1000 Primary and replaced  17-33  Mlocene and Baturin et al, (1972);

recent Birch {1980)

Baja Callfornia, 25-200 Primary 6-30 Miocene and D’Anglejan {1967);
Mexico racent " W. C. Burnett {pers, comm.)
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SALT MARSH RESTORATION: AN ECOLOGICAL
EVALUATION OF AN ESTUARINE MITIGATION PROJECT

Roger Barnhart and Milton Boyd

Because 70-80% of California’s ti-
dal marshes have been destroyed,
the California Coastal Act (Section
30233(b)) now requires mitigation
measures to minimize adverse en-
vironmental effects for any diking,
filling, or dredging. One present mi-
tigation technique is restoratlon —
the rehabilitation and return of part
of the ecosystem, formarly altered or
removed from wetiand production,
back to effective wetland productivi-
ty. According to Section 306071 of
the California Coastal Act, restora-
tlon is acceptable if an equivalent
area is available that provides equal
or greater habitat values to the
same type and variety of plant and
animal species that used the area
affected by the diking, filling, or
dredging. Simply removing dlkes to
return tidal ftushing has become an
acceptable restoration technique,
although information is lacking to
evaluate the effectiveness of such
efforts as a vlable mitigation
method.

Construction of the Woodley Is-
land Marine Project in Humboldt
Bay, Cailfornia began in August
1979. Humboldt Bay is known as
an important embayment in Califor-
nia providing habitat for approxi-
mately 96 fish species. Humboldt
Bay is also a nursery area for many
organisms including English sole,
dungeness crab, Pacific herring, and
northern anchovy. The Woodley [s-
land project has disrupted approxi-
mately 3000 feet of shoreline by
dredging of intertidal and subtidal
mud flats and filling of the adjacent
salt marsh. A mitigation area to re-
place the lost habitat was selected
up Freshwater Slough (see figure 1).
The mitigation site is approximately
22 acres which was formerly margi-
nal pasture land. In December
1880, it was returned to tidal flush-
ing by breaching the existing dike.

Vegetation

Vegetation maps of the study site
(Park Street Marsh) and controf site
(Bay Street Marsh) were prepared
prior to breaching of the dike sur-
rounding the Park Street site in De-

cember 1980 (figures 2 and 3). The
control site contained species
characteristic of salt marshes sur-
rounding Humboldt Bay, with thres
species accounting for over 90% of
the plant cover: Salicornia virginica,
Distichiis spicata, and Spartina
follosa. The study site at Park
Strest contained a more complex
mixture of plant species that includ-
ed freshwater marsh species,
species characteristic of disturhed
grassland (particularly Deschampsia
caespitosa), and small patches of
salt marsh species. These salt
marsh specles appear to have beean
growing in areas where brackish
water from the adjacent slough In-
truded through the dike and in-
croaged the soil salinity. Following
breaching of the dike, a noticeable
die-back of the disturbed grassiand
species began to occur, but this was
difficult to describe quantitatively
because the same time period
corresponded to winter dormancy of
all plant species at the site. During
the spring and summer months of

Humboldt State University
R/CZ-56
1980-81

1981 {5-9 months after breaching
the dike), salt marsh species al-
ready established at the study site
flourished but did not expand no-
ticeably in areal coverage. The
grasses that had grown throughout
the former pasture were dacaying
and were covered by both brown
and green filamentous algae, not yet
identlfied. The freshwater marsh at
the southwest corner of the study
site was little affected by saltwater
intrusion. Seasonal growth of cat-
tails (Typha iatifolia) was evident
from spring through summer.

Wa conclude from these prelim-
inary findings that establishment of
salt marsh plant species throughout
the restoration site wlll require con-
siderably longer than one growing
season. Even though salt marsh
species op the site were observed
to flower and set seed during the
summer of 1981, garmination of the
seed and establishment of progeny
will not be obvious until summer
1982, at the earliest.

Figure 1. Location map of Woodley Island Marine site, Park Street mitigation study

area, and Bay Street contro! study area.
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Salt Marsh Invertebrates

Sampling sites for major species
of salt marsh invertebrates were es-
tablished in January 1981, at both
the study and contro! sites (figures
4 and 5). The two most abundant
gastropods at the control site were
Assiminea californica and Qvateila
myosotis, detritus-feeding animals
found in high numbers at well
developed salt marshes around
Humboldt Bay. Single specimens of
each species were collected only
once at the study site, in March
1981, and must be treated as in-
cidental occurrences. The salt
marsh amphipod Orchestia traskia-
na was conslstently present at the
control site but did not begin to ap-
pear in abundance at the study site
until July and August 1981. Other
crustaceans collected at the control
site were the isopods Gnorimos-
phaeroma cregonensis and Armadil-
foniscus coronocapitalis.

' Gnorimisphaeroma oregonensis
began to occur sporadically in sam-
ples from the study site from April
through August 1881. The most
consistently present invertebrate at
the study site was the amphipod An-
isogammarus confervicolus, a
species we have collected from the
adjacent slough and from other es-
tuarine benthlc habitats around
Humboldt Bay. It appears that this
species was carried into the study
site on rising tides and some an-
imals were stranded on decaying
vegetation during receding tides.
The animals were most abundant at
sample stations near the breach and
were absent from stations in the
southern part of the marsh most dis-
tant from the breach. Complete
species lists for the control and
study sites are prasented in table 1.
| Spacies characteristic of estua-
rine benthic habitats (Eteone califor-
nica, Streblospio benedicti, Polydora
figni, Pseudopolydora kempi, Alderia
modesta) were occasionally en-
countered at the study site in sedi-
ments near the breach in the dike
and have also been collectad in
abundance from the adjacent
slough. These findings suggest that
specles with pelagically dispersed
larvae may becoms established ra-
pidly at lower elevations of the study
site. The two salt marsh gastropods
brood their young, however, conse-
quently there i3 less opportunity for
rapid dispersal to newly available
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Figure 3. Bay Street control siudy area: vegetation typa map.

habitats. It will probably be some
time before these two species be-
come established in large numbers
at the study site.

In an attempt to objectively com-
pare the invertebrate faunas of the
two sltes, Jaccard's Coefficient of
Similarlty was calculated from the
species lists of table 1. This
coefficient accounts only for the
presence or absence of species at
the two sites.
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=__C_
A+B-C

where C = the number of co-
occurring species at the two sites,
A = the number of species at ong
of the sites, and 8 = the number of
species at the other site. Jaccard's
coefficient calculated from the
specles occurrences at the contro!
and study sites is 35.7%, Indicating
a modest degree of similarity.
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It appears that in consonance with
the vegetation data, invertebrate
populations characterlstic of salt
marshes surrounding Humboldt Bay
are beceming established slowly at
the mitigatlon site, Qur data do not
allow us to predict how much time
will be required for salt marsh inver-
tebrates to become established at
the study site, but it will certainly be
on the order of years rather than
months:

Fish

The fisheries resources of the res- e
toration site were monitored (figures
1 and 8} and the area's abundance
of fish, diversity, and degree of use
were compared to that of a nearby
undlsturbed salt marsh (figures 1
and 7) and to the waters adjacent to .
Woodley Island. Preliminary sam- ”
pling began in Decamber 1980: the
major field effort started in mid-July
13131 1 gg%wm fg?rll?l‘a"t‘l:ﬁ Zte:'?\?:cli titl};lr'ln ggt:;?e:: Park Street mitigation study area. Filled clrcles are sample stations for inver-
this Investigation will increase the
understanding of how fish use
coastal marshlands and will assist
in determining future acceptable mi-
tigation sites.

The sampling equlpment neces-
sary to meet the research objectives
was developed or obtained and test-
ed first. Prior to fish sampling, a
grid system was established and
elevations at each point determined
within both the restoration site and
the comparative marsh. The sleva-
tlon of the comparative marsh aver-
ages approximately 1.3 feet higher
than the restoration site. Only the
highest of spring tides flood the
comparative marsh whereas most
high tides will at least partially cover
the restoration site. Both study
areas are covered with dense vege-
tation, making sampling difficult.
Because of the vegetation prablem
and elevation differences, a diverse
sampling program was developed
and is stlil in progress.

The channe!l created where the Figure 5. Salt marsh mitigation project: contro! study area. Filted circles are sample
dike was breached at the restoration statlons for invertebrates.
marsh and second slough at the
comparative marsh are being sam- -
pled for larval and Juvenlle fishes
moving into and cut of the marsh
areas using a modiffed channel net
with a %>-m plankton net sewn inte
the center (figures 8 and 9). During
sampling the net Is staked In place
and fished in a stationary position
facing the tidal current. A flow me-
ter is also staked adjacent to the net
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Figure 6. Restoration marsh showing elaevations (helght above mean high tide = 3.6 ft.),
channel net placement, and drop-trap stations { @ ).

Flgure 7. Salt marsh mitigation project. Control study area showing elevations (halght
above mean high tide = 3.6 ft), channel-net placement, and drop-trap stations { @ ).
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to estimate the volume of water
filtered in order to determine density
of fish captured (flsh/m3). Because
both channels are dry during low
tide, this net is used only during
high tide. Because we have only
one channel net, sampling is done at
one slte during the first day and is
followed, if possible, by sampling at
the other site the next day. The
sampling schedule for a 24-hr
period is divided according to tide
stages in order to sample separately
the flood and ebb halves of both
high tides {figure 10), Four collec-
tions of approximately a 45-minute
duration are taken during each high
tide sampled. Fewer than the
desired four collectlons often are
made because the tide helght is too
low or tidal current Is not sufficient
to operate the flow meter or open
the net. To date, the number of fish
collected by this technique have
been determined for each sample,
and later these fish will be
identified, weighed, and measured.
Sampling is conducted bimonthly at
each marsh as close to the same
day each month as possible to
prevent bias with respact to tide,
light, and weather condltions. Con-
current to each sampling, salinity,
water temperature, turbidity, tide
stage, and water height are also not-
ed. Component-factor analysis is
being investigated as a method 1o
assist in determining the relation-
ship between the physiochemical
parameters and biological findings.
Related variables would be subse-
quently evaluated by analysis of
variance. To date, 44 channe! net
samples have been taken in each
marsh in the 3%z months of field
effort completed. As many as 1487
larvae and 23 juvenile fish have
been collected in a single 45-min
sample at the restoration site.
Sampling on the marsh flats Is
difficult bécause of dense vegeta-
tion and shallow water. When de-
ciding on a primary sampling device
we wanted the equipment to have
several characteristics. 1) The de-
vice nesded to be able to sample
quantitatively all developmental
stages of fish in the marshes. 2)
The equipment must not disturb the
habitat and was required to be port-
able. We consider thatthe 2m x 2
m x 4 ft. trap shown In figure 11
meets our requirements. It takes a
quantitative sample by rapldly en-
closing a known volume of water.



Three traps have been constructed
of wood frames with transparent
plastic panels to avoid attracting or
frightening fish by shadow casting.
The traps are set on stlits until
tripped. After release the 4-m? area
enclosed is seined with a
specifically constructed plankton
net that filters the entire trapped
water column {flgures 12 and 13).
The restoratlon marsh is sampled
maonthly during or near the highest
tide. The comparative marsh does
not fiood every month, so it is sam-
pled enly when the tide s
sufflelently high to make operatlon
of equipment feasible. Bscause ti-
dal cycles are fixed, the light and
weather conditlons and the date
sach month that sampling occurs
varies. Durlng most tidal cycles
each trap Is set and released once.
Therefore, three drop-trap samgples
are taken each month in the restora-
tion marsh and when possible each
month at the comparative marsh.
Three stations in each marsh have
been selected (figures 6 and 7),
based primarily on distance from
floodwater source. At the peak
spawning time, during the spring
and summer of 1982, three addition-
al stations wlil be sampled in the
restoration site to better typlfy the
fish use and location in that marsh.
To date, the fish collected in each
trap sample have been enumerated.
These fish will be identifiad,
weighed, and measured later,

Twelve samples have been made
in the restoration marsh. As many
as 28 larvae and 45 juvenile fish
have been collected in a single
sample. Preliminary observation In-
dicates that the domlnant specles
residing In the marsh |ls the three-
spine stickleback, Gasterosteus
actleatus. To date, no fish have
been collected In the comparative
marsh in six drop-trap collectlons.
The reason for this may be that the
increased elevation of the compara-
tive marsh resists flooding and de-
creases the transport of ichthyo-
plankton inte this marsh. In addi-
tion, larval and juvenile sticklebacks
have been observed and collected
at the restaratlon site in high tidal
poals. These pools may offer
spawning habitats for the adults and
rearing areas for the tarvae and ju-
veniles of stickleback and other fish.
Pools only exist at the restoration
site where dralnage channels have
not yet daveloped.

Figure 8. Channel net with attached 1/2-m plankten net and cod end. The flow meter
that is staked adjacent to the net is also shown to the right.

Figure 9. Channel net and flow meter stakad and flshing at breach in restoration marsh
dike.
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Figure 10. Typical tide curve and sampling perlods used in each 24-hr study.
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In August 1981, a monthly
beach-seining program in the res-
toratlon marsh was begun to provide
information on drop-trap and
channel-net efficlency and to sam-
ple fish missed by these technidques.
The same area is selned each
month so that the samples can later
be compared. The August and Sep-
tember collections were almost ox-
clusively composed of Juvenile
topsmelt, Athernops affinis.

In September 1981, a monthly
feeding study of the fish collected at
the restoration slte was begun. This
study is heing conducted by Chrls
Toole and is separate from this Sea
Grant research project but Is
designed to complement and to sup-
ply valuable Informatlon relating to
it. A small, tine-mesh beach seine is
employed at a number of locations
throughout the marsh. The stomach
cantents of the flsh collected are
analyzed to determine how and to
what extent these fish are using the
restoration marsh habltat. The Sep-
tember selning collected larvae of
sticklebacks, topsmelts, and arrow
gobies, Clovelandia ios. Preliminary
work-up, by Mr. Toole, of several of
the sticklebacks and topsmelt indi-
cates that topsmelt are feeding
predominately on winged insacts
and that sticklebacks fead on am-
phipods. We suspect that these
food items are found in the marsh
and are being taken there.

The adjacent source water for the
marshes and the Woodley Island
Marine Project has also been sam-
pled for larval, juvenile, and adult
fishes to determine what fish are
available to use the marsh, By sam-
pling the water near Woodlay Island,
a quantitative comparison between
the waters ad)acent to the marshes
and that of the marine project can
be made. This willl facilitate evalua-
tion of what fish might have used
the Woodley island marsh and in
what density they occurred. By
comparing fish [nslde and outside
the marshes to what probably exist-
ed at Woaodley Island, the success
of the marsh restoration project can
be determined and recommendation
for future mitigation made.

A 16-foot otter trawl and 2 1.0-m
plankton net fltted with a flow meter
i3 trawled a standard 1000 . The
dyed plankton net is towed twice at
the surface in front of each marsh
and Woodley Island while the otter
trawl is hauled once across the bot-

Figure 11a. 2 mx 2 m drop trap being prepared for setting.
Figure 11b. Drop trap set and ready to be released.

Figure 12. Plankion net used to seine inslde drop trap after trap Is released.

Figure 13. Plankton net being used to selne entrapped fish.

tom for adult and juvenile fish and
other organisms. We sample once a
month with planktaon tows on one
day and otter trawls the next day.
Fish-density and species-
composition comparisons of
plankton-net catches between areas
will be determined. Otter-traw! ¢ol-
lections will be compared using
catch per unit effort. The standard
physiochemical parameters and
analysis methods employed by the
previously discussed sampling tech-
niques will again be used. After
completion of tield work In July
1982 the analyzed data will be sum-
marized and presented along with
conclusions and recommendations
in a Master's thesis and an ap-
propriate publication.
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Table 1.
Invertebrate Species Collected from the Control and Study Sites®

Park Street Marsh Bay Street Marsh
Gastropods
Assiminea californica Assiminea californica
Ovatella myosotis Ovatella myosotis
Alderia modesta
Crustaceans®
Anisogammarus confervicolus (A) - Orchestia traskiana (A)
Corophium spinicorne () Armadifioniscus coronocapitalis (1)
Qrchestia traskiana (A) Gnorimosphaaroma oregonensis (1)

Gnorimosphaeroma oregonensis (I} Littorophiloscia richardsonae (1)
Porcellio sp. {1}

Polychaetes

Eteone californica Eteone californica
Streblospio benedicti

Polydora ligni

Pseudopolydora kempi

alnsects, arachnids, and oligochaetes were collected rarely at both sites.
These were not identified.
b = |sopod; A = Amphipod.

Cooperating Organizations -

California Coastal Commission

California Department of Fish and Game

Coastal Conservancy

Humboldt Bay Harbor and Recreation Districts

Humboldt State University

Lazio's Sea Foods

Local Harbor Districts

Nationat Marine Fisheries Service, Tiburon Laboratory

Young Adult Conservation Corp (YACGC)

U.S. Fish and Wiidlife Service, California Cooperative Fisheries Research Unit, and the
Wildlife Research Field Station
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PLANNING METHODS FOR CALIFORNIA’S
COASTAL WETLAND WATERSHEDS

Thomas G. Dickert

Protection of coastal resources,
such as wetlands, is partially depen-
dent on land-use activities which
occur within the upstream
watersheds. The purpose of this
research has been to invastigate
those aspects of urbanization, agri-
cultural development, and forestry
practices which may affect the es-
tuarine environment, using as case
studies Elkhorn Slough {located in
Monterey County} and Jacoby Creek
watershed (on Humboldt Bay in
northern California). The work has
focused on the hydrelogic
processes of stream flow and sedi-
meni movement, which are perhaps
the single most significant
processes linking uplands to wet-
lands, and are processes which can
be positively or negatively
influenced by a land-use planning
program.

The initial focus of the research
has been the development of a
model land-use planning system to
relate the type and intensity of land
use proposed within the watershed
to the capacity of the wetland. The
planning system includes an erosion
susceptibility map for the watershed
and land-development targets for
.each subwatershed. If development
is allocated to subwatersheds ac-
cording to the suggested target level
of allowed site disturbance, and is
located on lands in the lower ero-
sion susceptibility classes, then the
rate of change in the wetland en-
vironment attributable to sedimenta-
tion will not accelerate beyond the
rates now occurring.

The intent of the erosion suscepti-
bility map and disturbance targets is
to account for the cumulative etfect
of development within the entire
walershed on the estuarine system.
it will then be possible to review on
a project-by-project basis the con-
tribution of a single development in
relation to its cumulative etfect on
the entire watershed system.

Elkhorn Stough Watershed

During .1980-81, multivariate sta-
tistical analysis of the historical time
series and erosion pin transect data

was completed. Results of this
analysis were used to better corre-
late field data on erosion with
mapped land characteristics. The
goal of this analysis was to develop
a more refined measure of erosion
susceptibility in the watershed,
based on characteristic landform
types. The latter stage of this
analysis included the use of Landsat
data which was registered to the
Elkhorn Slough watershed data

- base. It is hoped that Landsat can

be used as a too! with which to
monitor future changes in land dis-
turbance levels.

The North Monterey County Local
Coastal Program Land Use Plan was
certified in 1981-82. The erosion
control measures of the plan are
heavlly based on earlier results of
our study. The county has adopted
a planning system which sets per-
missible levels of development
within the watershed, based on our
recommended target levels for each
subwatershed. Responsibility for
the plan's implementation is current-
ly being passed from the California
Coastal Commission to the county.
We have been actively Involved in
this process, mesting with local
officials and recommending
methods of carrying out the intent of
the plan. We will also contlnu:e to
provide advice and assistance to
the Callfornla Coastal Commission
and local agencies in applylng simi-
lar planning systems within other
coastal watersheds.

A computerized bibliography was
initiated on the UNIX system listing
references in support of the
methods usead in this study. The
bibliography annotated referances
on watershed studies, nonpoint
source pollution, soil erosion, sta-
tistical analysis of geographic data,
and systems of geomorphological
land classificiation. The bibliogra-
phy currently contains 100 refer-
ences, with new references being
added as they are acquired.

Jacoby Creek Watershed

Testing the transferability of the
approach developed at Elkhorn
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Slough has begun with a second
case-study site on the northern Cal-
ifornia coast. The Jacoby Creek
watershed tributary to Humboldt Bay
was selected, as it represents con-
ditions sufficiently similar to the Elk-
horn site to provide an adequate
test of the methods, but is
sufficiently different in climate and
physiography to provide new infor-
mation on coastal watershed-
wetland linkages. The watershed in-
cludes one of the few remaining
salt-water wetland areas adjoining
Humboldt Bay and is subject to a
mix of urbanization and timber har-
vesting activity comparable to the
urban and intensive agriculture mix
at Elkhorn Slough.

Specific research tasks closely
parallel those conducted in Mon-
terey County, with particular note
being made of any preblems that
occur in applying the techniques in
the north coast field setting. Within
the upland watershed, 28 erosion
pin transects have been established
to documaent the relationship
between the type and intensity of
land use and resultant erosion and
sedimentation. The transects were
established prior to the rainy season
on sites representing the major soil
types found in the watershed, low to
high slope conditions, and land uses
representing a range of forest and
urban activities. Erosion and depo-
sition were measured at the end of
the rainy season and analysis com-
paring the erosion rates occurring
on different land uses under similar
soil and slope conditions is now
completed. (A second set of obser-
vations for the 28 sites was made in
the spring of 1982, following the end
of the peak rainfall pertod.) An im-
portant finding is that, similar to the
conclusions of the Elkhorn Slough
work, vegetative cover is a greater
determinant of surficial erosion than
soil type, even in the highly erosive
solls of the north coast.

The location and acquisition of
aerial photography for the time
series analysis of upland and wel-
land change have been completed.
Aerial photographic collections of



federal, state, and local agencies
have been searched, and full
watershed coverage has been or-
dered for six time periods {1941,
1948, 1958, 1970, 1974, 1978) as
well as wetland coverage for 1931.
Additional photographic coverage is
available for use from the Humboldt
County Environmental Data Collec-
tion and the Timber Assessor (1831,
1939, 1963, 1969). Also avallable
to us is historlc mapped information
on Humboldt Bay {1850 to present)
recently acquired from the National
Archives under the coastal retreat
Sea Grant project {Carver et al.,
Humboldt State Unlversity). In-
terpretation of the photo sets to do-
cument the changes in land uses on
the watershed and changes in wet-
land morphology Is currently under
way. The 1978 photo set was up-
dated in 1982 by a low-altitude
flight using hand-held camera and
35 mm color infrared film. Land uss
and vegetative cover were interpret-
ed from the photography and
transferred to stable base maps at a
1:24,000 scale; wetland units were
mapped at 1:12,000. Photo in-
terpretation ¢lasses include an ex-
tensive set of logged and revegetat-
ed units for the upland watershed
and discrete deltaic units in the
downstream wetland and mud flat.
The minimum mapping unit ranges
from 1 to 5 acres for the upland
units, and 2 acre for the wetland,
depending on unit type. Multivariate
statistical analysis will be used to
assess the correlations hetween
periods of Intensive logging and ur-
banization, eplsodic rainfall and
flooding events, and changes in the
delta and wetland at the mouth of
the creek.

An automated gecgraphic informa-
tion system was used to prepare an
erosion susceptibility map for the
watershed area. The system con-
tains data on watershed soils, geolo-
gy, and physiographic characteris-
tics. Slope categories were based
on county and ¢ity development cri-
teria and California Board of Fores-
try forest practices rules. Land use -
and erosion susceptibility units were
measured using an automated digi-
tizing system and graphical analysis
package. Land use and erosion
variables were aggregated by
subwatershed.

Site disturbance (impervious sur-
face and bare ground) associated
with major land-use activities in the

basin Is belng measured from large
scale (1" = 800’} infrared aerial
photography. Projections of future
disturbance will be made for the full
bulldout of the newly revised Jacoby
Croeck general plan. The site distur-
bance informatlon will be coupled
with the historic change analysis to
produce a land-use budgeting sys-
tem similar to that developed for the
Elkhorn Slough watershed, and will
be used to evaluate the proposed
local coastal program.

The success in using the methods
in this second case study support
the workability of the approach for
other cities and counties In develop-
ing and evaluating their local ¢coast-
al plans.

Cooperating Organizations

California Coastal Commission

Humboldt County Planning Department

Manterey Counly (Planning and Public Works Departments)
State Lands Commisslon

Publications

Bean, M. 1980. A sila disturbance Index for California coastal watersheds: Elkhorn
Slough case study. MLS thesls, Department of Landscape Architecture, University of
California, Berkeley.

Dhekent, T. May, 1981. Evaluating Lhe cumulative impacts of coastal development.
invited paper at Estuarine Processes and Impacts of Alterations, Cregon Marine Sci-
ence Institute, Newport, Cregon.

Dickear, T. October, 1981. Planning methods for linking the cumulative impacts of
watershed development to coastal wetlands. Paper presented at the Seventh Annual
Meeting of tha Coastal Society, Galveston, Texas.

Dickert, T.anp Tutmee, A. 19B0. Linking the cumulative impacts of watershed develop-
menk to coastal wetlands. Report to the Catlfornta Coastal Commission and Monterey
County. Institute of Urban and Regional Development, University of California, Berke-
ley. {Revised Aprll, 1981), ~

OusHansky, R. 1982. Eroslon susceptibility measures for land use planning in coastat
wetland watersheds; Elkhorn Slough case study. MCP thesis, Depariment of City and
Regicnal Planning, Unlversity of California, Berkeloy.
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SEA URCHIN DISEASES

Ralph Hinegardner, James Pearse, Eugene Cota-Robles

Observations to date indicate that
diseased sea urchins are present at
low Incldences in many or most
healthy populatlons. So far, howev-
er, we have not witnessed a mass
mortallty or epizootic event.
Nevertheless, the few naturally oc-
curring diseased animals that we
have found have enabled us to ex-
amine the basic characteristics of
disease, to Isolate and characterize
a number of bacterlal speciles, to
perform leslon transplant experi-
ments, and to raise a number of
questions concerning host defenses
or the role of the sea urchin immune
system,

Since we have found sea urchins
to be very resistant to disease we
have Investigated and found condi-
tions which cause lesion formation
and we have developed an in vitro
cell culture technigue to study the
cellular nature of defense.

Disease Characteristics

Externally the most characteristic
features of sea urchin disease are
logs of spines and development of
an easily recognized and very .
characteristic lesion. Histelogical
sectlons of diseased portlons of the
base of the spine revealed massive
bactarlal invasion. A lesion
develops in the area of spine loss,
inltially appearing as a large red clot
owing to migration of the red
granule coelomocyte cells.

A leslon |s characterized by two
distinct areas, an inner portion sur-
rounded by an outer portion of very
different appearance. The inner
portion Is a loosely aggregated,
dark, frlable material that is heavily
Infested with a variety of microor-
ganisms Including clliates,
copepods, amphipods, nematodes,
and bacteria. The masses of highly
motile bacteria include a large
variety of forms. Superficially they
can be long, short, fat, thin rods,
spherical, and spiral (figures 1, 2,
and 3).

The outer portion that surrounds
the center is swollen, light in color,
and eppears to be enclosed within a
membrane. Phase microscopy of
this material indicates it is very cel-

fular with very prominant vibratile
and red granule cells. Both of these
cell types ars found in coglomic
fluid. This portion is not infested
with microorganisms. This is
surprising and future research will
be directed at understanding why.

Other characteristics associated
with diseased sea urchins include
edema, weak tube feet adherence,
peeling apithelium, and impaired
ability of the urchin to right itself.

Internal changes observed in
diseased sea urchins include a
masslve increase of clumping in the
circulation, phagocytosis, and ex-
cretion by constricting spheroids
from the glll structures, tube feet,
and other external surfaces. There
are also changes in the coelomic
cells.

Bacterial Isolation

A number of bacteria were isolat-
ed from both coelomic fluid and le-
sions of diseased sea urchins.
Thirty-two biochemical tests were
utilized to characterize the bacteria.
In addition, antibiotic sensitivity,
MaCl requirement, optimal tempera-
ture tor growth, and sensitivity to the
vibriostat compound 0/129 were
determined. The majority of the isc-
lates are Gram-negative motile rods.
Only two Isolates can grow at 37°C
and all except one have a NaCl re-
quirement that matches sea water.
The results of thess tests, summa-
rized In table 1, identify the isclates
as Vibrio anguiflarum (1, 10, 11),
Aeromonas salmonicida {18, 25),
several species of flavobacteria (2,
3, 4,13, 14, 26, 28, 31}, and a pseu-
domonad (29).

Agarose gel electrapharesis, used
in screening for the presence of ex-
trachromosomal plasmid DNA in the
above isolates, determined that iso-
late numbers 1, 2, 3, 10, 11, 16, 25,
and 26 contain plasmids. Isolates
28, 29, and 31 do not contain
plasmids and isolates 4, 13, and 14
have ylelded Inconclusive results.
Isolates 3, 10, and 11 {10 and 11
are V. anguillarum) may contain two
different molecular weight plasmids.
The signiflcance of the presence of
plasmid DNA is being studled to
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further elucidate the role it may or
may not play in enabling its host
bacterla to cause disease. (J. H.
Crosa, Universlty of Oregon, recent-
ly determined that the highly virulent
strain of the marine fish pathogen,
Vibrio anguiltarum, harbors a
plasmid.)

Infectivity experiments

Various types of infectivity experi-
ments Included the transplantation
of lesion matertal, application of
bacteria directly onto the sea urchin
epithellum, and suspension of bac-
terla In water containing the sea ur-
chin. Parameters such as stress
(starvation or mechanical abrasion)
and repeated exposures over time
were Incorporated info the experi-
ments.

Experiments involving transplanta-
tion of lesion material determined
that the characteristic lesions would
form on the healthy animal only if
the external epithselium was
mechanically abraded first. Close
contact of a wounded sea urchin
{via mechanical abrasion} with oth-
ers having lesions led to formation
of small leslons on the wounded
area which healed quickly. Transfer
of lesion materlal onto nonwounded
{healthy} animals Increased phago- -
cytosis of the aforementioned ame-
bocytes but no lesions developed.
Close contact between healthy sea
urchins and those with lesions did
not cause leslon formation.

The rasults of experiments involv-
ing application of bacteria directly
onto the epithellum indicated a simi-
lar requirement for prior mechanical
abrasion bafore a lesion would
develop. The interesting rasult,
however, was that lesions would
develop only when Isolate numbers
1,10, 11, 16, or 25 (all of which
contain plasmlds) were applied to
the wounded area. Even when ap-
plied to the wounded surface the
other |solates did not cause lesion
development,

Animals that had been starved in
addltion to mechanically abraded
before exposure to the above bac-
tarial tsolates dled within 2 days
with a much reduced characteristic



leslon formation occurring.

Experimants Involving suspension
of bacterla in water containing
healthy sea urchins determined that
the sea urchin Is very resistant to
this type of exposure. Neither of the
bacterlal species mentioned above
(V. anguiliarum and A. salmonicida)
were found to cause lesion forma-
tion when suspended in the water.
Howaver, the addition of either of
these bacterlal species to the water
containing the sea urchin caused
visible distress to the animal such
as tube feet and spines drooping
and remalning motionless for the
length of exposure to the bacteria,
Repeated exposures (5 exposures, 1
each day, 5 days duration)} gave
similar results.

in vitro cell culture

In the process of developing a
culture medium to maintain sea ur-
chin coslomic cells in vitro the coe-
lomic fluid from healthy and
stressed or diseased animals was
analyzed for ionic and protein con-
tent. Also, the appearance and
abundance of the four coelomic cell
types and the viscous nature of the
coelomic fluid was compared. The
ionic composition of the sea urchin
coelomic fluld Is very similar to that
of seawater with the exception of
phosphate. The phosphate content
in coslomle fluid is 31 mgAiter com-
pared to 0.09 mg/liter in seawater,
A Lowry protein assay determined
that the healthy sea urchin coelomic
fluid contains 6 mg/ml protein com-
pared to 27 mg/m! protein content
in coelomlc fluid of the stressed or
diseased animal. Comparison of the
appearance of the coslomic fluid
and the abundance of the coelomic
cell types revealed the following
differences: healthy animals had rel-
atively clear fluid with abundant
cells of all four types, whereas
stressed or diseased animals had a
dark, debrlis-filled, turbid and
viscous fluld, and few red granuls,
clear granule, or vibratile cells. The
fourth cell type, a phagocytic cell
{the amehocyte), was observed to
contain farge quantities of engulfed
material in the stressed animal.
Based on the lonic content of sea
urchin coelomic fluid the following
¢ulture medium was prepared: NaCl,
25.4 g/liter; KCI, 0.9 g/liter; CaCl, -
2 H,0, 1.6 g/liter; MgCl, - 6 H,0, 9.9
g/liter; Hepes 25mM, 5.95 g/liter; 1

N NaOH, 100 ml; distilled water to
volume; pH 7.4.

The initial objectives of the cell
culture technlque were to observe
and malntain the cells in vitro, Ad-
ditionally, response of the cells to
an Inoculum of bacteria has been
observed. Coelomic cells from
healthy animals formed a well-
spread monolayer. The cells exhib-
lted great mobllity and moved to-
ward and away from each other by
extending and retracting pseudo-
pods. Theay actively phagocytized
bacterla into phagosomes or vacu-
oles which were transported to and
accumulated around the nuclei.
Over time, degradation of the bag-
teria in vacucles was observed.
After 24 hours in the culture medl-
um healthy cells continued to
phagocytize bacteria.

Coelomic cells from the stressed
animal (starved or diseased) did not
exhlbit all the alorementioned
characteristics in the in vitro cul-
ture. They spread but appeared to
have more debris and other cells
adhering to their surface. Upon
withdrawal from the coelom of the
sea urchin, the cells contained
numerous large vacuoles surround-

trotus purpuratus).
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Flgure 1. Low magnification {2x) of a lesion on a diseased sea urchin {Strongylocen-

ing the nucleus. Most of the vacu-
oles appeared empty with some
containing red granules or other
dabris. The cells were not observed
to actively phagocytize an tnocutum
of bacteria. Over time, the cells
from stressed animals disintegrated
in culture.

The above results have led to an
understanding of the basic disease
characteristics and the course of In-
faction In the sea urchin, Although
none of the bacterial isolates were
able by themselves to induce
disease in normal, healthy animals,
several species were found to be
highly Infectious under conditions of
stress such as starvation or
mechanical abrading. The role that
extrachromosomal plasmid DNA
plays in the ability of the bacterial
host to cause disease is yat to be
determined. Also still to be deter-
mined is the specific nature of cellu-
lar defense of the sea urchin coe-
fomic cells. The in vitro culture
technique has raised many ques-
ttons and studies on the activities of
the sea urchin coelomic calls are
pertinent to understanding their role
in host defense.

i




Figure 2. Characterlstic appearance of a lesion on a diseased sea urchin showing the
dark, friable material in the center surrcunded by a swollen, shiny, membrans-enclosed
outer part {S}. 3x.

Figure 3. SEM of a sectlon of test from a diseased sea urchin, Arbacia punclulata,
showing the test flaking” away and filamentous bacteria. 770x.
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Table 1

Characteristics of Bacteria Isolated from Diseased 8. purpuralus®

Isolate Number

4

10

11

13

14

16

25

26

28

Gram stain
Motllity
Plasmid DNA

Temperature Sensitivity

37°C
22°C
12°C

Carbon source

Saccharose
Dextrose
Glucose
Sucrose
Mannito!
Maltose
Lactose
Inosltol
Sorbitol
Rhamnose
Melibiose
Amygdalin
Arabinosse

Antibiotic sensitivity

Penicillin

Chloramphenicol
Naladixic Acid

Tetracycline
Ampicillin
Erythromycin
Polymyxin B
Streptomycin

Blochemical Tests
Gelatin Hquefaction
H,S production
Nltrate reduction
Arginine dihydrolase
Lysine decarboxylase
Ornithine decarboxylase
Vogues-Proskauer

Indole
Urease
Citrate
Oxldase
Catalase
ONPG

Tryptophane deaminase
NaCl Requirement (2.6%)

Starch
Chitinase
Lipase
Protease
TCBS

Vibriostat 0/129
Agar digestion
Bioluminescence
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WATER CURRENTS AND MIXING RATES IN KELP BEDS

George Jackéon and Clinton D. Winant

Qur project was designed to
measure the magnitude of currents
In a kelp bed, to determine how
different these currents are from
those in a kelp-free area, and to ex-
plore how current regime affects
transport of substances around a
kelp bed. We proposed to deploy
current meters in the Polnt Loma
kelp bed and a site to the north dur-
Ing two different seasons, to analyze
this data statistically, and to develop
models of the processes involved.

We have made five current meter
deployments to date, under winter
and summer conditions for periods
ranging from about a week to almost
a month. QOur analysls of the data
thus far has shown that currents
within the kelp bed are significantly
slower than those outside, about
one-third as fast. The dampening of
water motions within the bed is not
uniform for all frequencies but is
much less pronounced for the semi-
diurnal tidal motion that occurs in
the longshore directlon. Currents
are slow enough for water to have
residence times in the bed as long
as a week.

Measurements of the vertical
current structure show that kelp bed
currents have much less vertlcal
shear. This suggests that various
baroclinic motlons, such as internal
waves, are more heavily damped
than barotropic motions. The seml-
diurnal motion that is more pro-
nounced in the kelp bed is one such
barotropic motion.

We have compared the drag ex-
pected for a kelp bed with that ob-
served for a sandy bottom. The
differences in the drag for the two
coastal situations are compatible
with differences in current velocities
at the two sites. These differences
in drag and current velocities imply
a transition region at the upstream
edge of the kelp bed on the order of
100 m.

We have twice deployed arrays of
meters at various locations within
the kelp bed to study spatial varia-
bility of kelp bed currents and tem-
perature fluctuatlons.

Because of Instrumental failures
during the first deployment, our data

records are incomplete and our
analyses only praliminary. We have
just complated the second deploy-
ment but have not yet begun to
study these data.

To discuss spatial variation within
the kelp bed during @ summer de-
ployment we will use the limited
1981 record. Current-meter moor-
ings ranged over a longshore dis-
tance of 2.4 km and had cross-
shore position relative to the sea-
ward edge ranging from 140 m gut-
slde to 550 m inside, Current me-
ters were near the surface (4 m
below MLLW) In about 14 m water.’

Temperature records show a very
high correlatlon among tempara-
tures at the different surface waters.
Fluctuations are strong [n tidal fre-
quencies and can change as much
as 4°C in a few hours. Spectral
analysis shows dampening of high
frequency motlons but not those of
low frequency. Most of the varlance
is associated with low frequencles.

Longshore currents decrease
dramatically across the kelp bed.
Qutside the bed, at station O, mean
and standard deviation of the
longshore current were 2.1 and 8.6
cm/second, respectively. At the in-
nermost statlon, station C, mean and
standard devlatlon were -0.3 and
0.9 cm/second, respectively. Sta-
tions closer to the seaward edge
had intermedlate means and stan-
dard deviations.

Cross-shore currents also de-
crease dramatically across the bed.
At station O, mean and standard de-
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viation were -0.1 and 3.8
cm/second, respactively. At station
C, mean and standard deviation
were 0.3 and 0.8 cm/second,
respectively. Again, stations nearer
the seaward adge had values higher
than those closer to the outside
edge.

Preliminary spectral data show
that cross-shore currents in the Kelp
bed are cohsrent with semidiurnal
tides. This is somewhat surprising
because currents in a kelp-free area
at Del Mar (some 20 km north} were
not, presumably because pure tldal
currents were relatlvely unimportant.
The situation seems to differ in the
weak currant reglme of the kelp bed.

During the winter important flows
in the kelp bed are longshore.
These are fairly uniform vertically.
During the summer, when a strong
thermocline forms at middepths in
the kelp bed, longshore currents are
very weak. Cross-shore movement
— whether 1t be onshore at the sur-
face, offshore below the surface, or
some other mode — becomes more
important for moving water in and
out of the kelp bed.

Qur results show that the kelp bed
influences its physical environment
just as a terrestrial forest does. We
are working to decipher the mecha-
nlsms so that we can describe the
exchange of materials with the sur-
rounding area and within the bed.
Experience with terrestrials shows
that this will be vital to understand-
ing the kelp ecosystem.

Jackson, G. A, 1982. Elfects of a kelp bed on coastal currents. Talk presented at
Ocean Scionces, AGU/ASLO Joint Meeting, San Antonio, Texas, February, 1982,
Jackson, G. A.anD WinanT, C. D. 1982. Effect of a kelp forest on coastal currents.

(Submilted to Continental Shelf Research).
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LIQUEFACTION POTENTIAL OF COASTAL FILLS

tra] Noorany

The purpose of this research was
to study the soil condltions at Har-
bor Island in San Diego Bay and to
evaluate its liquefaction potential.
Harbor Island is typlcal of many-
coastal fills in Callfornia.

The constructlon history of Harbor
1sland was studied and, based on
the available recards of soll borings,
soil profiles along different cross .
sections were developed. The re-
glonal selsmology of southern Cali-
fornla was studied to identify the
significant earthquakeas that would
affact the site. A liquefaction
analysls was performed utllizing a
method developed at the University
of California, Berkeley based on ob-
servatlon of the performance of
sand and silty sand deposiis in pre-
vious earthquakes {(Seed and ldriss,
1981). A study of mitigating mea-
sures for reducing or eliminating the
llquefaction potential Is currently
belng performed.

Soll Conditions in Harbor Island

Harbor Island was constructed as
a result of a bay dredging project by
the U.S. Army Corps of Englneers in
1961. Approximately 3.4 million cu-
bic yards of material were dredged
from the hay and deposited to build
the 70-acre island. Immediately
after completion of the filling opera-
tion, the perimeter of the Island was
rlprapped to protect it from eroslon.

tn 1967, the isthmus portion of the
island was widened by approximate-
ly 200 feet. The materlal for this
addition was obtalned from dredging
the marina area north of the island
and flll that was trucked ovar from
the viclnity of the airport.

The average ground surface
elevation of Harbor Island ls + 14
MLLW, The site is underlaln by ap-
proximately 23 feet of hydraulic fill,
underlain by about 10 feet of Holo-
cene bay deposits, underlain by very
dense Pleistocene terrace deposits.
The average ground water elavation
Is at + 4 MLLW and fluctuates as
the tide fluctuates from approxi-
mately -2 to + 6 MLLW.

The hydraulic fill conslsts of clean
to slity sands that classify as SP,
SP-SM, and SM by the unifled soll

classlfication system. The bay
deposits consist of clean to siity
sands and classify as SP, SP-3M,
and SM soils.

Seismic Exposure of Harbor Island

Harbor Island Is located within a
wlde zons of faults bounded on the
east by the San Andreas fault and
on the west by the San Clemente
fault. Within this wide zone, six oth-
er fault systems have been
Identified to characterize the sels-
mi¢ exposure of the Harbor Island
site. Thase are listed in table 1 and
their locations are shown in figure 1.

To date, no direct evidence has
been established of Helocene dis-
placement In the San Piego area.
However, most of the Quaternary
faults in the coastal zone are gen-
erally considered by the California
Division of Mines and Geology to be
*potentially actlve" Because of lack
of sufficient historic or recorded
earthquake data in this study, the
selsmic actlvity of most of these
faults has been estimated primarlly
based on the available geologlc evi-
dence.

Figure 2 shows that the degree of
selsmic actlvity of each fault zene is
characterized by a magnitude re-
currence curve which shows the ax-
pected cumulative annual events of
each fault. This figure was prepared
based on the available instrumental
records of selsmic events, geologlc
conslderatlons, estimates of average
fault slip rates {table 1), and other
seismologlcal considerations
(Woodward-Clyde Consultants,
1681). The magnitude recurrance
curves in figure 2 were used togeth-
er with ground attenuation relation-
ships developed by Schnaubel and
Seed (1973) and Idriss (1978) In
order to relate earthquake magni-
tude, distance of site to fault, max-
imum ground acceleratlon, and re-
currence [nterval. From this
analysis, a set of curves was
developad showing probabilities of
oxceedance of peak ground ac-
celerations at Harbor 1sland caused
by each fault and the combinsd pro-
bability caused by all relevant faults
for several return pericds. An exam-
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ple for a return perlod of 50 years is
shown in flgure 3.

It must be emphasized that the
results shown In figure 3 are based
on relatively limited earthquake and
geologic data and may be modified
as new or more reliable data regard-
ing fault activities become available.

Liquefaction Analysis

The liguefaction analysis was
made based on a semi-empirical
method developed at UC Berkeley.
This method is based on field obser-
vations of the performance of sand
and silty sand deposits in previous
earthquakes and requires the use of
standard penetration resistance-
blow counts of the soil deposit.

In order to use the above method,
the measured penetratlon rasistance
blow counts (N) at Harbor Island
were corrected for the effective
overburden pressurs, the type of
sampler, the siit content (Seed et al.,
1981) and the length of drill rods
{Schmertmann, 1977). The resul-
tant blow count is referred to as the
modified standard penstration resis-
tance, N,. After a statistical treat-
ment of the N, values, cumulative
distribution curves were plotted to
obtain the median and range of
values for each type of soil deposit.
These characterlstic blow counts
will be used to evaluate the
liquefaction potential of each layer.

The most recently developed gen-
eral tiquefaction analysis curves
(Seed et al, 1981) relating cyclic
stress ration causing llquefaction
and modified penetration rasistance,
N,, were utilized to prepare two
site-speclfic liguefaction analysis
charts for Harbor Island (figures 4
and 5). These charts can be used
along with the representative adjust-
ed blow counts, N,, to evaluate the
peak acceleratlon ratios, a,,,/g, that
will cause liquefaction if exceeded.
This part of the analysis and an
evaluation of the probability of such
an event is currantly under way.

Work is also in progress fo evalu-
ate the extent of potential damage
upon liquefaction and mitigating
measures that would halp reduce
the potential for lquetaction.
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Fault Characteristics
"Length  Slip Rate  Distance Maximum
Fault Name Type (km) {mm/yr) (km) Magnitude
Rose Canyon Oblique 64 02 2 6-1/2
La Nacion Normal 25 0.1 10 . B-1/2
Coronado Banks Right-Lateral 122 0.2 20 6-1/2
San Diego Trough  Right-Lateral 106 0.2 30 6-1/2
San Clemente Right-Lateral 356 2 77 7-1/4
San Andreas Right-Lateral 416 25 146 8-1/2
San Jacinto Right-Lateral 260 71 102 7-1/2
Eisinore Right-Lateral 230 1.2 69 6-3/4

(From: Woodward-Clyde Consultants, 1981)

Cooperating Organizations
City of San Diego

Unified Port District
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DEVELOPMENT OF THE SCIENCE AND
TECHNOLOGY OF CRUSTACEAN AQUACULTURE

Wallis H. Clark, Dougtas E. Conklin, and Cadet Hand

During the years 1978 through
1981 we pursued multidisciplinary
research on significant problem
areas in crustacean aquaculture.
These problems are categorized into
the subproject areas of broodstock
development, endocrinology and lar-
val biclogy, nutrition, pathology and
engineering; some major accom-
plishments of each subproject are
described here.

Broodstock Development

Control of the reproductive cycles
is necessary to ensure seed supply
and allow genetic improvement of
cultured crustaceans. Our research
has focused on gamete biology and
on environmental and physiological
controls of reproductive cycles.

We have characterized the
gametes and examined tertllization
in five species of shrimp — Sicyonia
ingentis, Penaeus aztecus, Macro-
brachium rosenbergii, Palaemon ma-
crodactylus, and Pandalus danae —
chosen as representative of com-
mercially important penaeid and
caridean natantians.

Preliminary studies of S. ingentis
indicate that eyestalk exiracts may
mediate the breakdown of the ger-
minal vesicle and release of the
eggs from their surrounding matrix
of follicle cells. Following spawning
in S. ingentis and P. aztecus, the
next critical event is the cortical
reaction (jelly release) of the eggs
which has been morphologically and
biochemically characterized.

We have also made significant
progress in understanding the fertili-
zation events in S. ingentis (e,
binding, activation, and fusion of
gametes; figure 1). The acrosome
of the sperm has been character-
ized, and the acrosomal reaction
has been successfully induced in vi-
tro with the ionophore A23187 and
an egg envelope fraction. Other stu-
dies have shown that the caridean
shrimp, M. rosenbergil and P. macro-
dactylus, possess identlcal gametes.
The sperm of these animals have
been structurally and physiologically
characterized, and the events of fer-
tilization in M. rosenbergii have been

thoroughly documented. In prelim-
inary work, we have morphologically
characterized the gametes of P.
danae and examined the early
events of sperm-egg assoclation.

A series of experiments and ob-
sarvations on lobsters (Homarus)
has provided tha first definitive evl-
dence for a decapod crustacean
that secondary vitellogenesis and
extrusion are controlled by photo-
period and molting. Four months of
short days (8 hr L:18 hr D) appear
te ready the ovary for final egg
development; under short days
secondary vitellogenaesis is inhibited
and molting has no effect on the
timing of eventual egg extrusion.
Following long day onset (16 hr L: 8
hr D), secondary vitellogenesis com-
mences and extrusion occurs in
about 125 days. Moiting within the
first 45 days following long day on-
set has no effect on the timing of
egg extrusion, but molting after this
time delays extrusion (figure 2) with
the molt-extrusion interval averaging
about 90-100 days.

Although details of the lobster’s
reproductive and molting cycles re-
quire further study, photoperiod con-
trol appears to offer a relatively
inexpensive means of controlling
seed supply In lobster culture. For
example, females held under short
days untll late August were exposed
to long days in late summer and
thereby induced to spawn in
midwinter. Hatching larvae were
thus available in early spring when
they would have otherwise been
difficult to obtain from wild-caught,
berrled females.

Endocrinology and Larval Biology
During the past 3 years of the
grant perlod, we have established a
tunctional endocrinology laboratory
that is equipped to conduct experl-
ments involving immunological tech-
niques, chromatography (thin-layer,
column, and high-performance
liguid), radiolabeled compounds, and
gel electrophoresis. Specifically, we
have examined alterations in the e¢-
dysone titer of juvenile lobsters by
means of a sensitive radiolmmu-
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noassay (RIA). Levels of this molt-
Ing hormone are low durlng postmolt
and intermolt but increase dramati-
cally at premolt {figure 3). In addl-
tion, we have determined that molt
acceleratlon in eyestalk ablated lob-
sters Is correlated not with an
overall elavation of molting hormone
concentrations but with a reduction
in the length of time that ecdysone
titers are low.

In the larval states, we have deter-
mined for the first time In any crus-
tacean species that 20-
hydroxyecdysone is the only detect-
able molting hormone and that it
changes in concentration during the
larval molts. Thus-this hormone ap-
pears to coardinate not only juvenile
and adult molting, but larval
development as well.

Recently we have demonstrated
that fifth stags lobsters are a suit-
able bioassay for the detection of
molt-inhlbiting hormone (MIH} activi-
ty In extracts from adult lobster
sinus glands. We are currently us-
ing this bloassay system to purify
and chemically characterize the MIH
molecule and to determine its mode
of actlon in preventing molting.

Nutrition

After 2.5 years, our growth experi-
ments involving juvenile lobsters
grown exclusively on artificial diets
continue successfully (figure 4}.
Presant growth rates indicate that
some lobsters will attain market size
{500 grams) within 2.6 years. In the
near future we will be able to deter-
mine whether our diets will be ade-
quate for normal sexual maturation
and fertility,

Studies using radliclabeled
cholesterol have substantiated our
hypothesis regarding the relation-
ship between the absence of lec-
ithin in a purlfied diet and mortallty.
Absence of leclthin is assoclated
with significantly lower transport
rates of cholesterol from the hepato-
pancreas to the hemolymph (figure
5). An associated study of serum
cholesteral titers throughout the lob-
ster molt cycle has shown that vast
quantlties of cholesterol are mobi-



lized from the hepatopancreas to the
hemolymph just prlor to molting but
before the premalt increase In ec-
dysteroid titers discovered by Dr.
Chang.

We have attempted to substitute
the cholesterol in our diet with phy-
tosterols {plant source sterols).
Cholesterol is a required nutrient
but a comparatively expensive In-
gredient; substitution with plant
sterols would allow a slgnificant
reduction in feed costs. With phy-
tosterols present in the diet survival
is good but growth rates are
significantly lower than the control
diet containing cholesterol.

Through replicate experiments we

have conlirmed that the proteln con-.

tent of the artificial dlets can be re-
duced to 30-35% (dry welght)
without any signlficant reductlons in
growth rates. This success Is par-
tially dependent upon the quallty of
protein In the dist. Diets containing
casein with shrimp meal or fresze-
dried euphauslids provide a good
source of protein. We have begun
to investigate the optimal levels of
various fats and carbohydrates as-
sociated with the low protsin diet.
This approach is designed to ensura
that the available proteln s used ex-
clusively for growth rather than
respiratory activitles.

Pathology and Water Quality

The Microbiology/Pathology lab
continues to provide free disease di-
agnostic services for California
aquaculturists. In addition it pro-
vides assistance in all disease-
related problems for other research
groups at BML. Disease organisms
are Isolated and identified, and
corrective measures are recom-
mended.

A survey of reported bacterial
pathogens of marine fish and
shellfish was completed and a diag-
nostic flow chart developed to help
the agquaculturist acquire economi-
cal, on-site procedures for isolating
and identifying bacterial pathogens.
This facilitates a more rapid appli-
catlon of appropriate treatments.

QOur Water Quality Laboratory
maintained its state certification and
assisted other subprojects with wa-
ter and chemical analyses such as
gas chromatographic identification
of fatty acids for nutritlon.

Engineering

Several design iterations of a new
concept for handling individual cul-
ture cells in high-density, high-
water-quality systems have been
considered. The basic concept in-
volves long racetrack trays in which
cell modules circulate by means of

Figure 1. Electron micrograph illustrating sperm-egg intaraction in the ridgeback prawn.

b6

frictlon drive. The trays are stacked
directly on top of one another in
staggered fashion to allow access to
alternate trays at opposite ends; the
stack is self-supporting. Water
powered actuators drlve an under-
water cable that In turn causes
floating cell modules to circulate.
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Figure 3, Hemolymph molting hormons concentration (RIA actlvity) during the course of
the molt cycle of Homarus americanus. Animals were either evestalk ablated (triangles)
7 days postmolt or left intact {circles} and kept at 20°C. Vertical lines represent stan-
dard deviations. The arrows indicate the time of ablation (A) or molt (M).

Figure 4. Elghteen-month-old kybrid (H. americanus x H. gamimarus) lobster grown
since It was 2 weeks old on a pigment-free purlfied dlet.
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CONTROL OF REPRODUCTION IN THE DECAPOD

CRUSTACEANS

Prudence Talbot

Our overall project objective is to
acquire an understanding of the
basic mechanisms involved in de-
capod fertilization and ovulation and
to develop methods for controlling
these reproductive processes in

commercially important crustaceans.

The lobster Homarus ammericanus
has been our primary model in these
studies.

In previous years, we analyzed the
structure and acrosome reaction of
mature sperm from Homarus. lono-
phore A23187 induces acrosome
reactions in these sperm. This year
we found a positive histochemical
reaction in the acrosoma for protei-
nases; this suggests that proteoclytic
enzymes are required for sperm to
penetrate the oocyte's investing
coat {chorion). This work has given
u$ insight into mechanisms which
may be important in lobster fertlliza-
tion and also provides baseline in-
formation essential to our current
studies on sperm storage.

Lobster sperm are transferred to
the female receptacle in a packet
termed the spermatophore. We
have analyzed the ultrastructure of
frashly extruded spermatophores,
and have developed a technique for
electrically stimulating their release
from living male lobsters. We have
collected data on repeated extru-
sions from males over a 5-year
period. Males will release sperma-
tophoras in consecutive trials 1
week apart, but successful extru-
sions appear to be less during the
summer months. We have also not-
ed infected areas in the vas de-
ferens of some males; these infec-
tions interfere with extrusion, and
unless treated such a male would
probably be sterile.

Ovulation or release of mature
oocytes into the lumen of the ovary
is a key event in lobster reproduc-
tion. We have developed a tech-
nique to induce In vitro ovulation of
oocyles in seawater solutions con-
taining the enzyme collagenase.
This procedure has been helpful in
our analysis of ovulatory mechan-
isms in lobsters and may provide a
source of ococytes for in vitro feriili-
zation. The procedure only works

well on ovaries which are mature
and probably close to natural ovula-
tion. We do not yet know if oocytes
ovulated in this manner are fully ma-
ture and tertilizable.

To understand factors involvad In
ovarian maturation and ovulation, we
are undertaking series of morpho-
logical studies on the lobster ovary.
Scanning and transmission electron
microscopy have been used to
analyze the structure of the mature
ovary. The overall ovarian architec-
ture has been determined to be
comprised of 1) an outer muscular
wall, 2) extensions of the wall {mus-
cle cells and blood vessels), 3) ma-
ture and immature follicles, and 4)
epithelial cells. The wall muscles
are of interest as they contain pri-
marily microtubules rather than ac-
tin and myosin; their physiology
deserves further study. The wall
muscles send extensions to the ma-
ture follicles. While we do not yet
know the complete significance of
this observation, it is Intriguing as it
suggests that a contractile mechan-
ism may be involved in lobster ovu-
lation. Similar contractile cells are
present in ovarian follicles of many
phyla. We have also analyzed in de-
tail the structure of the mature folli-
cle and the formation of the chorion.
These observations have been valu-
able in extending our understanding
of ovarian processes in the lobster.
We hope to eventually achieve pre-
cise control of the time of ovulation.
We have also begun marphological
analysis of several ovaries in early
stages of maturation.

We would like to develop a
method for long-term storage of lob-
ster sperm. All our efforts to freeze
sperm have begen unsuccessiul;
morphological damage |s always
noted in the acrosome. However, we
are currently experimenting with al-
ternate approaches. Whole sperma-
tophores are being stored in our la-
boratory at 4°C. Several have been
analyzed for sperm viability after 1-
6 months of storage. Viability is
determined by assessing sperm for
1} morphologically normal appear-
ance with phase contrast micros-
copy and transmission electron mi-
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croscopy, 2) ability to exclude
trypan blue, and 3) ability to under-
go normal acrosomal reactions. Our
pilot data suggest that this pro-
cedure wili enable us to hold viable
sperm for extended times at 4°C.



|Figures 1a and 1b. Photograph showing the ventral surface of the femals lobster and
'the extrusion of a spermatophore through gonopore in response to an slectrical
:stimulus. (M. Koeoda-Cisco)

PSL
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OB L

Figure 2. Schematic diagram of the lobster spermatophore in cross section. SM =
sperm mass, PSL = primary spermatephore layer, IL = intermediate layer, In = inclu-
sions, Gr = granules, N = network of acellular processes, OBL = outer bounding layer.

(M. Kooda-Cisco)
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Figure 3. Scanning electron micrograph showing the muscular wall (W} of the lobster
ovary and muscular extensions {E) of the wall. These extensions insert on mature folli-
cles. {P. Talbot)

Flgure 4. Scanning electran micrograph showing epithelium (E}, immature follicles {1},
and mature follicles (M) In a lobster ovary. Numerous "threads” pass among the mature
follicles; these are muscle extensions as shown in figure 2, They may have a role in
ovulation. (P. Talbot)
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Figure 5. Transmisslon electron micrograph of the ¢chorion surrounding a mature lob-
-gter cocyte. The chorion containg & number of "bottle-brush” structures whose function
is not yet known. [t |s thought that sperm contain a proteinage which helps them digest
a path through this barrier. (P. Talbot)
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CULTURE OF MARINE BIVALVES: EFFECTS OF THE UPTAKE OF
AMINO ACIDS

Grover C. Stephens

Dr. Donal T. Manahan and | have
succeeded in producing bacteria-
frea suspensions of the larvae of
Crassostrea gigas and maintaining
them In the laboratory for periods of
up to 10 days. We have verified the
absence of bacteria by liquid culture
medium techniques and also have
implemented a direct method using
epifluorescence microscopy.

We have shown In a preliminary
way that such suspensions take up
C-labeled amino acid substrates
provided in the medlum. Using high
performance liquid chromatography
(HPLC) we have shown there is a
net influx of amIno aclds from an
ambient concentration of 0.25 uM
for aspartic acid, serine, and glycine.
These are major naturally occurring
amino acids in seawater.

We have collected samples and
conducted the analyses of seawater
systems at a commercial hatchery
and at a research-orlented aguacul-
ture facllity at kay points from intake
to culture tanks. This work Is baing
prepared for publication.

James Davis, the Sea Grant
trainee assoclated with this project,
has succeeded in develping another
bacteria-free larval suspenslon
which we will use for comparative
purposes.

Michael Rice, the Sea Grant
trainee untll April 1, 1981, submitted
his M.S. thesls based on his work as
a trainee and was awarded that de-
gree.

Cooperating Organizations
Plgeon Polnt Aquaculture Center
UC Marine Blology Lab

Publicatlions

Ricg, M. A. 1981, Amino acld transport in European flat oysters, Ostrea edulls. M.S.
thesls, Unlversity of Callfornia, Irvine.

Rice, M. A, WaLLis, K., anp STepHENS, G, C, 1880. Influx and net flux of amino aclds Into
tarval and juvenile European tlat oysters, Ostrea edulfs (L.}, J. Exp. Mar, Biol.
Ecol, 48:51-59.

SterHens, G. C. In preass. Dissolved organic materlal and the nutrition of marine
bivalves. In Procaeedings of the Second Intarnational Conference on Nutrition in
Agquaculture . World Mariculture Soclety. Delaware, November 1981.

74

University of California, Irvine
R/A-33
1980-81



———ee A

AN EXPLORATORY STUDY OF THE VEGETATIVE
PROPAGATION OF BENTHIC MARINE ALGAE

Aharon Glbor and Michael Neushul

We undertook an exploratory
study to examine the possibility of
applying the modern plant propaga-
tion techniques, such as tissue and
cell culture, to commerctally impor-
tant marine algae. These pro-
cedures provide obvious advantages
for genetic improvement and propa-
gatlon of desirable new varieties of
plants. We concentrated our effort
during the first year of the project
an developlng procedures for ob-
talning axenic algal material.
Bacterla-free cultures are & prere-
quisite for any further manlpulations
whlch necessitate the addition of or-
ganic nutrients to the cultures. We
were successful in axenically grow-
ing several important algae.

The basic procedure which we
adapted consists of physlcal scrub-
bing of the algal surface by ul-
trasound combined with a chemical
treatment with a mild antiseptic
agent. lodinated polyvinyl pyrroli-
done (Betadine) proved to be & most
pramising antiseptic reagent for use
with these algae. Further treatment
with a mixture of antiblotics was
nacessary for producing sterlle tls-
sues.

The usefulness of this procedure
for obtaining axenic algal material
for physiological and biochemical
studies cannot bhe overemphasized.
We subsequently concentrated our
efforts on developing procedures for
dlssociating the sterile tissues and
obtalning viable cell suspension.

We worked primarlly with the red
alga Porphyra. We started with this
plant because of Its commerctal im-
portance, especially in Japan, and
because we felt that it should be
simpler to dissociate a two-
dimensional piece of tissue than a
bulky algal thallus.

At the same time we also started
to study the growth requirements of
the axenic tissues, We grew small
fragments, rather than isolated cells,
of tissue In different culture media.
In these cultures we obtalned two
types of growth patterns. Some tis-
sues developed many new plantlets
of the leafy-thalli type. From other
tissues only the conchocells type of

University of Callfornia, Santa Barbara
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growth appeared, while on other tls-
sue fragments both leafy -thalli and
conchocalis grew. We still do not
know the physiclogical conditions
which determine one pattern of
growth or the other.

We were also successful in isolat-
Ing live cells from the leafy thalll.
These isolated cells could be in-
duced to grow and form new
plantlets. We did not yet succeed in
obtaining proliferation of Isolated
cells in suspension.

Our studies with Porphyra are
very encouraging and indicate the
teasibillty of using these cultivation
technigques for further studies on the
commerclally important algae.
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PROTECTIVE MEASURES AGAINST

FUSARIUM DISEASE IN SHRIMP

James F. Steenbergen and Donald V. Lightner

Considerable Interest has racently
developed in the mass culture of
marine shrimp (Peneaus sp.), pri-
marily due to the successes of the
cormmerclal pllot planis using green-
house runways In Puerto Penasco,
Sonora, and Hawaii, and the pond
culture techniques used In southern
Texas by the Texas A & M Universi-
ty Marine Statlon and by Ralston
Purina Company in Central America.
One of the major problems encoun-
tered In shrimp mariculture Is
disease; the meost serlous of the
known diseases |s infection by the
fungus Fusarium solani,

One approach, to the Fusarium
problem Is to Immunize the shrimp
against Infectlon. In earlier Sea
Grant-funded research, we
developed techniques for the im-
munization of the Amerlcan lobstar,
Homarus americanus, against the
bacterial pathogen, Asrococeus viri-
dans (Schapiro et al, 1974;
Schapiro and Steenbergen, 1974).
Our overall goal in this project was
to apply these lobster immunization
techniques to shrimp.

QOur major goals in the first vear of
the study were to adapt our in vitro
 phagocytosis assay for use in’

shrimp and to develop techniques
for preparation of Fusarium vac-
cines. The major goal for the
second year was to test the sfticacy
of these vaccines.

The most signiflcant obstacle to
the direct application of the in vitro
phagocytosis techniques to shrimp
was the smaller volume of hemo-
lymph which could be drawn from
individuals. In larger crustaceans,
2-10 m! can be routinely drawn from
individuals. The equivalent volume
from the size shrimp which we use
{12-15 gm) is about 0.1-0.2 ml. We
have developed a microscale slide
technigue for working with these
small samples. Hemolymph samples
are withdrawn from the shrimp intoc a
syringe contalning a balanced salts
solution. Allquots (0.1 m!) of the di-
luted hemolymph are placed onto
glass microscope cover slips and
the hemocytes are allowed to
adhere to the glass. After washing,

the cover slips are inveried and
placed over a drop of the test an-
tigen on a glass microscope slide.
After incubatlon, the cover slip is
washed and exmamined under the
microscope.

One difflculty with using Fusarium
macroconidla as antigens In the
aforementioned technigue is that,
owing to the large size of the macro-
conidla with respact to-the hemo-
cytes, the mechanisms of attack is
encapsulation rather than engulf-
ment. Consequently, we Investigat-
ed the posslbility of using a
respirometric assay of the
hemocyte-antigen interaction. The
rate of respiration before and after
addition of antigen particles to the
hemocyte suspension provides an
Index of the extent of phagocytic in-
teraction. Unfortunately, the tech-
nigue can only be used with pooled
hemolymph because only small
volumes are avallable from individu-
al shrimp. Therefore, the slide tech-
nique was used for most of these
studies.

We have recently developed a
very promising new technique for
the study of in vitro phagocytosis.

In this technique, the test antigen Is
iabeled with radioactive lodine-125.
The radloactlvity associated with
hemocyte monolayers after Incuba-
tlon with the antlgen, with reference
to appropriate controls, is a direct
measure of phagocytosis.

Different species of peneald
shrimp have marked differences in
thelr susceptibllity to Fusarium In-
fections. P. stylorostrus is suscepti-
ble to Fusarium disease by eplcuti-
¢le lesions, but is comparatively
resistant to inJected macroconidia.
For this reason, we used this
species for assessment of the com-
parative antigenicity of killed and
live vacelnes. Because of the rather
general nature of invasion |In Fusari-
um infections, an avirulent vaccine
may not be possible for the mora
susceptible, but more economically
desirable, species of shrimp, such
as P. japonicus.

The opttmum temperature for in v/i-
fro phagocytosis was determined to
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be 25°C (figure 1). This correlates
well with the optimum growth tem-
perature, and serves as a warnlng to
mariculturists: the use of elevated
temperatures to achieve higher
growth rates may also lead to in-
creased disease problems (Steen-
bergen et al, 1978).

Heat-killed vaccines were used
for most of the work due to the
difflcuity of obtaining conslistent
results with avirulent cultures.
Heating Fusarfum spore suspen-
slons for 10 min at 55°C results in
complete ioss of viabllity.

The effect of immunization of P.
stylorosirus with Fusarium vaccines
is shown in figure 2. Thereisa
marked rise In the phagocylic index
which reaches a maximum in about
6 days after Injection. This rise in
phagocytic index correlates wall
with increased resistance to chal-
lenge with lethal doses of Fusarium
soiani. There is also a correspond-
ing decrease In the time required for
clearance cof Injected spore suspen-
sions from the hemolymph of im-
mune animals. There Is no fungici-
dal actlvity in the cell-free hemo-
lymph either before or after immuni-
zation, so the response is entirely
cellular.
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ASSESSMENT OF SPERM-EGG INTERACTIONS DURING
FERTILIZATION AND HYBRID FORMATION OF CALIFORNIA

ABALONES

Victor D. Vacquier

Our 1980-81 objectives were to
biochemically characterize the
gamete components important to
abalone tertilization and to promote
fertilization of heterologous gametes,
ultimately producing hybrid
abalones. We studied the factors
preventing heterologous gamete fer-
tilization and the differences
between conspecific and hybrid
abalone.

Gametes

The morphology of Haliotis rules-
cens spermatozoa has been
described before and after oc-
currence of the acrosomae reaction
(AR) (Lewis et &/, 1980). The AR is
necessary for release of sperm pro-
ducts that break down the egg vitel-
line layer (VL) and for subsequent
fusion of the sperm to the egg plas-
ma membrane during fertilization.
Exocytosis of the acrosome granule
from within the bullet-shaped sperm
occurs first, followed immediately by
extension of the acrosome process.

A soluble sperm protein dissolves
the egg VL (Talbot et al, 1980; in
prep). The purifled sperm lysin is
about 10,400 daltons subunit
molecular weight. We isolated and
characterized the egg VL because it
is the natural substrate of the sperm
lysin. VLs are approximately §4%
carbohydrate and 36% protein, con-
taining a large proportion of fucose
and threonine. Hundreds of milli-
grams of the pure lysin and VLs can
be obtained with ease.

Lysin’s mechanism of action is not
clear. Lysis is temperature- and
concentration-dependent, and ac-
tivity is lost when boiled. Lytic ac-
tivity was not blocked by myriad
protease inhibhitors, nor did it act on
a variety of synthetic substrates.
Other highly positively charged
molecules do not lyse the VL. Lytic
activity appears to be accompanied
by inactivation of the lysin. Lysin
activity may not be enzymatic or due
to a charge effect. Instead, lysin
may bind to a small linker molecule
in the VL that releases large molec-
ular weight repeating subunit

molecules.

The purpose of another study was
to determine whether cyclic nucleo-
tides (cN) play some role in the in-
duction of the AR and whether lev-
els of these ¢N could be modulated
by extracellular Ca?*,

Addition of exagenous Ca?* in-
duces the AR In abalone sperm.
Ca?* also appears to play a primary
role in the elevation of sperm ¢cN
levels and in induction of the AR by
biclogical factors in other species of
sperm. We observed that methyl-
xanthines (MX), which are known in
many ¢ell types to inhibit cN phos-
phiodiesterases, were effective in
inducing the AR.

We found that Ca?* added to
abalone sperm elevates cAMP lev-
els, MX in the absence of Ca2*
elevates cAMP levels and that syn-
ergistic increases (up to 200 fold)
occur when both are added. The
time course of these agents on oN
were identical to their effects on the
AR. Our data suggests that 1) ex-
tracellular Ca2* is intimately related
to the cN metabolism of abalone
sperm, 2) cN may play some role in
the AR, but is probably not the pri-
mary mediator, and 3) MX effects on
cN matabolism may be partlally due
to interactlons with adenyl cyclases
and CN phosphodiesterases, but 4}
are primarily due to their ability to
alter Ca2* transport (Kopf el af,
1981; a, b, in prep.).

Sperm-Egg Interaction

From 1 to 100 initial sperm con-
tact the VL, acrosoma react, and
enter the VL. Most nonfertilizing
sperm are reversibly bound at the
VL and do not acrosome react. The
sperm that enter the VL ¢continue to
swim across the perivitelline space.
Only the first spermatozoan contact-
ing the oolemma fuses with the egg.
Theretfors, blocks to polyspermy of
homologous fertilization occur at
two levels: 1) the VL and 2) the
oolemma (Lewis, in prep.).

We have found that fertilization by
heterologous gametes is more tenu-
ous than by homologous gametes.
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Egous are receptive to heterologous
sperm for only a short time after
spawning and must be surrounded
by a critical minimum number of
those sperm. Heterologous sperm
have no difficulty traversing the egg
jelly and reversibly attaching to the
VL, but they do have difficulty
traversing the VL. This may be due
to some partial species-specificity
of sperm lysin. If heterologous lysin
is not as eftective as homologous
lysin, a critical minimum number of
sperm releasing heterologous lysin
may overwhelm the VL reactive
sites, thus, weakening the VL
sufficiently for some sperm to enter.
Theseé aspects have been exam-
ined further through controlled fertil-
izations using homologous and
heterologous gametes.

Controlled Fertilizations

In all spawning experiments (21
dates) gametes were collected
through concurrent spawning of H.
rufescens, and either H. fuigens, H.
corrugala, or H. sorenseni. In addi-
tion, several hybrids from wild and
cultured stocks were spavimed for
back-cross and F, x F, combina-
tions.

Under the conditions of our exper-
tments (Leighton and Lewis, in
prep.), the concentration of sperm
yielding maximum fertilization with
lsast abnormality in subsequent
development was approximately 105
sperm/ml for homologous combina-
tions, and 107 sperm/ml for heterol-
ogous fertitizations (figure 1). Con-
centrations greater than 107
sperm/mt generally caused lysis of
the VL with subsequent abnormal
development.

Early combination of eggs with
sperm was essential to maximum
hybrld fertilization. Eggs fertilized
by heterologous sperm within 5
minutes of release generally
displayed 40-80% development, but
after 80 minutes, yielded less than
20% cleaving eggs. In contrast,
success of homologous fertilizations
wa$s usually greater than 90% even
when gametes were combined 2
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hours after spawning (figure 2).
Rapid development of blocking
mechanisms with nonspecific
effects was studied by a two-step
fertilization procedure (Leighton and
Lewis, in prep.). Freshly spawned
eggs, first combined with heterolo-
gous sperm, and then 30 minutes
later exposed to homologous sperm,
exhiblted no marked increase in
percentage development over that
for eggs fertilized by heterologous
sparm alcne. Control homologous
zygotes proceeded to develop in
large numbers. An example is pro-
vided for a cross of H. rufescens
with H. fulgens (table 1). These
results suggest that the block estab-
lished in the presence of "foreign”
sperm prectudes significant fertiliza-
tion by "same” sperm. Once used
for hybrid production, excess unfer-
tilized eggs may not be salvaged as
nonhybrid zygotes. We are now ex-
amining this subject In detail.

Success of Hybrid Production

Spawning and the success of fer-
tilization are summarized in table 2.
In addition to the four primary Cali-
fornia abalone species studied, hy-
brids were back-crossed with
parental species and hybrids were
crossed with like and unlike hybrids.
The back-cross of H. rufescens/H.
walallensis female x H. rufescens
male yielded juvenile progeny which
exhibited phenotypic characters dis-
tinguishable in a ratio of 1:1, sug-
gesting simple Mendelian inherl-
tance. Crosses of F, H. rufescens/H.
fulgens to give F, larvae yielded ju-
veniles separable by species and
hybrid characters in the ratio 1:2:1
{Leighton and Lewis, in prep.}.

Larvae from homologous and
heterologous fertilizatlons (and re-
cipracal crosses) were cultured
through metamorphosis t¢ juvenile
stages. Growth of representative
groups of cultured conspecific and
hybrid progeny has been followed to
at least 1 year (table 3). Some com-
binations suggest improved growth
rates (e.g., H. rufescens x H. soren-
seni), while others exhibited im-
proved survival rates (e.q., H. rufes-
cens x H, corrugata). Survival of
conspecilic H. corrugala in culture
is often very low (ca. 0.1%), but hy-
brid H. rufescens x H. corrugata in
this study have shown remarkable
vitality {survival 3.3%).

Planned research includes experi-
ments to study the nature and con-

trof of hybrid block mechanisms, to
test the growth and survival of hy-
brids to special culture and environ-
mental conditions, and to explore
the genetics and fertility of hybrids
through back-cross and F, x F,
combinations.

Table 1

Two-step Fertilization of Red Abalone Eggs with Conspecific and
Heterospecific Sperm

Female Male(s) Fertilization % Development
First Second
(Minutes after Egg Releasa)
Series. |
Red Green 8 - 23.1
Red Green + Red 8 40 26.2
Red Red 10 - B85.3
Series |
Red Green 45 - 4.0
Red Green + Red 45 75 7.3
Bed Red 50 - 64.6

In this experiment, H. rufescens (red) eggs were promptly fertilized (Series
1} by H. fulgens (green) sperm, or for the conspeclfic control, by red sperm.
After flushing excess sperm, one hybrid-fertilized group (ca. 500 eggs) was
combined with red sperm 30 minutes later. In the Series Il experlment eggs
were aged for 45-50 minutes before first fertilization.
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Table 2
Gamete Combinations and Fertillzation Success!

Female x Mata  Number of Development %? Remarks
Spawnings  Average Range .
Conspeciflc
R R 17 928 82.4-1000  Standard contral; poor
success In summer
G G 2 94.0 93.0-85.0 Few crosses less than 1 hr.
P P 3 89.2 86.5-94.2 Few crosses less than 2 hr.
] S ¥ - - Spawning of both sexes not
coincident

Heterospecific

R G 8 32.1 21.7-53.3  ca. 0.1% survival of Juveniles

R P 4 16.4 4.3-240  ca. 5% survival of juveniles

R ] 1 19.4 ca. 5% survival of Juvenites

G R 4 298 9.5-61.1  ca. 1% survival of juveniles

G P 3 36.1 9.0-72.3 ca. 1% survival of juveniles

P R 10 23.2 7.5-45.7  ca. 5% survival of juveniles

P G 7 35.0 10.5-84.3  ca. 0.1% survival of juveniles

s R 1 88.7 Highest fertilization rate;

ca. 5% survival of juvenilas

Hybrid crosses

R GR 1 8.0 ca. 0.1% survival of juvenl|les

S GR 1 264 ca. 0.1% survival of juveniles
RW? R 1 41.4 ca. 5% survival of juveniles
RwWR GR 1 48 ca. 0.1% survival of postlarvae
GR R 1 349 ca. 0.1% survival of postlarvae
GR GR 2 225 - 6.0-389 ca. 0.01% survival of juveniles

'Fertilizations were all within 1 hour of egg release. R = H. rufescens, G = H. fulgens,
P = H. corrugata, and S = H sorenseni.

*Measured at 4-16 cell stage.
3RW = H rufescens x H. walaliensis hybrid female from field collectlon.
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Table 3

Sizes of Laboratory-reared Conspecific and Hybrid Abalone
at 1 Year of Age

Combination Size at 1 Year {mm)
Female Male n Msan Range Source
"R R |50 | 1566  99-200 Lelghton, 1974
G G 36 29.7 23.7-33.7 Leighton et al
P P i8 183 12.2-264 Leighton, 1974
S s 19 13.4 8.0-21.0 Leighton, 1874
G R 61 28.0 21.2-37.4 This study
R P 45 173 B.9-26.1 This study
R L] 17 249 156-33.4 This study
S R 27 .

*(8.4 mm at 7.5 mo,, this writing date)

Postlarvae and juveniles cultured at the Scripps Institution of
Oceanography and the Southwaest Fisherles Center {NMFS), La

Jolla.

Abbreviations as in table 2.
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REGULATION OF THE PRODUCTION OF DORMANT CYSTS BY University of California, Davis
THE BRINE SHRIMP, ARTEMIA SALINA, AND FACTORS 1950.81
INFLUENCING THE VIABILITY OF SUCH CYSTS

John H. Crowe

Iron Transport and Cyst that cysts that show low hatchabllity

Production ) may exhibit a low pH,. Such cysts
Previous investigators have shown could be induced to hatch by

that female brine shrimp produce artificially elevating pH, with per-

dormant cysts under the Influence meant weak bases such as NH,.

of environmental Fe*3, reduced O,, We are currently investigating these

or elevated salinity. We have inves- possibllities.

figated the mode of interaction

between these factors, and have

found that the animals possess an

active transport system for Fe*?

{figure 1), which is activated by in-

creased salinlty and decreased O,

{figure 2). A curious feature of this

transport system is that it shows 100
distinctly slgmoidal kinetics, rather

than the hyperbolic kinetics seen In

most [on transport systems. We 59
now suspect, based on these data, —
that induction of the production of -
dormant cysts may be related en-
tirely to Fet?2 availabllity. B

B —Total Fe
Fe

Cyst Hatchability

Many laboratories and commercial
facilitles store cysts in freezers. We
have investigated the conditions BM 501
under which ¢ysts may be stored at
low temperatures, with the following 5
results. So long as the water con-
tent [s < 0.6 g H,0/g dry weight, the

' cysts survive liquld nitrogen tem-

peratures (figure 3). We have also
shown that this fraction of the water -
In hydrated cysts is nonfreezabls.
Thus at water contents <0.6 g/g B
there Is no ice formation. As an ad-
junct to this work, we have

Q L 1 1 1 1 1 1
developed a single means for vacu- 0 30 60 50
um drying decapsulated cysts. The Minutes
decapsulated cysts were formerly
stored in concentrated brine, which Figure 1. Fe*3 In the medium around adull brine shrimp as a function of time.

is often inconvenient. Detalls of the
mathaod are available on request.
Recently, we have investigated In-
tracellular pH {pH,) in dormant cysts,
and have found that pH, Is low dur-
Ing dormancy (ca. 6.5}, When
development is resumed, pH, rapidly
rises to about 7.5. Since It Is now
known that many metabollc
processes, including glycolysis, are
strongly inhiblted at pH 6.5, we
suspect that the malntenance of
dormancy may be directly related to
pH,. Therefore, a possibility exists
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Figure 2. Effects of salinity of Op in the medium on the rate of Influx of Fe {JI} into
brine ghrimp.
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Figure 3. Effects of water content and cooling rate on survival of freezing by cysts.
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FOOD AND FIBER FROM SEAWATER,

ISAND, AND SOLAR ENERGY

Emanuel Epsteln

The main goal of this Investigation
was to examine the feasibility of us-
ing seawater or dilutions of it to
raise crops specifically selected or
bred for seawater culture. The pro-
ject is based on the following facts.
1) There are vast stretches of
coastal deserts representing a con-
stellation of resources not now used
for producing crops: expanses of
sandy land, seawater and the
mineral nutrisnts In solutlon in it,
and solar energy. 2) Plant lite is not
nacessarily incompatible with even
highly saline conditions, as evi-
denced by the existence of the halo-
phyies — wild plants that grow
atong the seacoast, in salt marshes,
on saline desert solls, and In other
sallne habltats. 3) Even within crop
species there exists constderable
genstic variabllity in respect to salt
tolerance. The project was
designed to test whether the facts
set out above can be used to gen-
erate, by selection and breeding,
straing or varietles of economically
useful plants capable of being
raised by seawater or brackish wa-
ter culturs.

Crops

It was decided to use two grains,
bartey and wheat, and a vegetabla,
the tomato, in this project. Gralns
were chosen malnly for their impor-
tance as staple foods, and the toma-
to because of its high value as a
cash crop not necessarlly requiring
large acreages for economic pro-
duction.

Biclogical Methodology

For the grains, available sources
of genstic variability were used — a
composite cross for barley {Compo-
slte Cross XXI} and the world col-
lection of wheat for this crop.
Intraspecific selection showing little
promisa in the tomato, the domestic
Lycopersicon esculentum was
crossed with the exotlc, salt tolerant
L. cheesmanii and progeny from this
cross was used.

Physical Methodology
The baslc method was the same

for all three crops: seeds or seed-
lings were salt stressed by exposure
to nutrient solutions salinized with a
synthetic sea salt mix. The concen-
trations chosen were such as to el-
iminate the large majority of all
plants; they ranged from 50 to 90%
geawater salinity. The most salt-
tolerant plants were grown out for
seed. These selections were then
field tested at the University of Cali-
fornia Bodega Marine Laboratory,
where they were irrigated with sea-
water and dilutions of it. The sea-
water also supplied all mineral nu-
trients except nitrogen and phos-
phorus, which were furnished in the
form of slow-release and conven-
tional fertillzer. (The concentrations
of these two nutrlents in seawater
are very low.) Figure 1 shows the
Bodega site during the 1881 project
year. The canopy protected the
grain plots from rain so that the sa-
line treatments would not be diluted
by fresh water. The two small plas-
tic shelters served to grow the
tomato selections, the climate at
Bodega Bay being too cool to grow
tomatoes in the open. The tank
trailer In the toreground was used to
haul the seawater or dilutions of it to
the site. The town of Bodega Bay
can be seen in the background,
beyond the bay. '

Results

Table 1 shows the grain vields for
the 1980 and 1981 seasons {for
wheat, 1980 only).

The control {fresh water) treat-
ments for 1980 resulted in unduly
low vields, because overirrigation
caused an excessive loss of nu-
trients. This same factor probably
reduced the vields in the saline
plots as well, although to a lesser
extent.

The results show that selected
lines of barley can be grown under
brackish water Irrlgation, yislds on
the order of the world average belng
attainable at 33% seawater salinity,
and even (1980} at 66% seawater
salinity. (The latter value
corresponds to 23,000 parts per
million salt; in conventional irriga-
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tion agriculture, water of one tenth

_that salinity Is considered marginal.)

Wheat, not considered to have as
good a potential for salt tolerance,
yielded much less, but selectlons
nevertheless survived and produced
some grain even at full seawater sa-
linity, and higher yields in two
brackish water treatments.

The tomato selections produced
very flavorful tomatoes the size of
cherry tomatoes at salinities up to
70% seawater, or 24,500 parts per
millian. The results demonstrate the
feasibllity of genetically transferring
salt tolerance from a wild, economi-
cally useless species Into a domes-
tic variaty,

Overall Assessment

Can seawater or water with a high
percentage of seawater be used to
raise crops specifically selected and
bred for this purpose? The answer,
based on this project, is yes, if the
question is confined to the matter of
biological feasibility. If the question
is meant to include economic feasi-
bility, the answer will depend on
many factors not inciuded in the
present study: the area where the
crop is to be grown; social and
economic conditions; the level of
expertise available; the amount and
cost of fresh water avgilable; the
amount and variability of rainfall, if
any, and its seasonal distributlon;
and finaily, the availabllity of salt-
tolerant crops tailored to the local
conditions. Availability of such seed
stocks will depend on conslstent
support for research and develop-
ment on a much larger scale than
was available for this pilot study. Fi-
nally, support will be needed for
research on appropriate irrigation
technology; drip irrigation and surge
flow are two methods that particu-
larly merit attention.
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Table 1
Barley and Wheat Yields Kilogram/Hectare

Percentage Seawater
Control 33 67 100

Barley, 1980 268 2390 1436 456
Barley, 1981 3643 2080 568 689
Wheat, 1980 1140 579 213 11
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Figure 1. The field test site among the dunes at Bodega Marine Laboratory, Bodaga
Bay, Callfornia.
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BIOCHEMICAL ENGINEERING FOR IMPROVED
PRODUCTION OF COMMERCIALLY VALUABLE

MARINE SHELLFISH

Daniel E. Morse

in cooperation with industry and
other researchers, we have demon-
strated that madern methods of
biochemical research and develop-
ment can be used to improve the re-
liability, yield, and economic
efficiency of production of a large
number of abalone species and hy-
brids and other commaercially valu-
able molluscan shellfish. Critical
life-cycle stages which thus far
have proved amenable to improved
control by this biochemical en-
gineering approach include repro-
duction, larval settlement, metamor-
phosis, and the acceleration of early
growth.

Analysis of the physiological and
biochemical mechanisms which
'contrel reproduction in molluscs re-
vealed a prostaglandin-dependent
regulation of spawning in abalones
'and certain other specles. Using
techniques based upon this finding,
we have found that spawning of gra-
vid adults can be Induced by the ad-
dition of prostaglandins to the sur-
rounding seawater. Even more reli-
ably and inexpensively, spawning
can be induced at will by activation
of the natural enzymatic synthesis
of prostaglandins in gravid animals
in response to added hydrogen
peroxide. Peroxide aclivation of the
prostaglandin-dependent spawning

. reaction has been found widely use-

'ful for obtalning synchronous and
copious release of fully compstent
gametes (both eggs and sperm) in a
large number of species of
abalanes, Qyslers, scallops, clams,
and other valuable molluscs
throughout the world.

Wae have found that the efficient
induction of settlement and
metamorphosis of abalone larvae
normally requires the presence of
specific crustose red algae which
are uniquely associated with natural
recruiting substrates. This require-
ment can be met by providing com-
petent larvas with the essential al-

gae or with specific proteins purified

from these algae, although produc-
tion of these inducers is both time-
consuming and costly. Most con-
veniently and inexpensively, we find,

this natural requirement can be met
by providing the larvae with certain
unique amino acid constituents nor-
mally associated with the inducing
proteins. Thus, y-aminobutyric acid
(GABA)} can be used simply, safely,
and inexpensively to induce com-
plete and rapid larval settlement and
metamorphosis — with minimal mor-
tality — in a number of commercially
important abalone species. This
and similar neurctransmitter-related,
amino acid-derived compounds are
proving comparably effective for the
reliable induction of settlement and
metamorphosis in a number of other
valuable molluscan species.

From our most recent studles of
the biochemical mechanisms by
which the planktonic larvae detect
and recognize their required en-
vironmental (blochemical} inducers,
and related studies of the mechan-
isms by which these inducers act to
induce settlement, metamorphosis,
and development, we also are
developing a new class of biochemi-
cal inducers of even lower cost and
wider applicability.

Recent analyses of the natural re-
quirements for rapid early postiarval
growth in abalones reveal a
mechanism of growth contro! which
is susceptible to hormonal accelera-
tion. Results of these experiments
indicate that the extreme hatero-
geneity of sizes and growth rates
generally observed in the cultivation
of abalones {and other molluscs) is
not the result of genetic variation,
but reflects instead physiclogical
deficiencies in cultivatlon which
may be corrected by external
biochemical control. These rasults
also indicate that genstic breeding
programs based upon selection for
apparently desirable growth rate
properties cannot effectively be
started until the physiological and
biochemical requirements for op-
timal growth are fully defined.

Improved Production of Abalones:
Further Development and
Extension of Techniques for
Improved Production of Many
Species and Hybrids
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Working in close cooperation with
rapresentatives aof industrial
hatcheries, other Sea Grant-
supported research programs, and
public research and development
efforts in the U.S, and abroad, we
have expanded the application of
the techniques described above to
improve the productlon of a huge
number of abalone species and hy-
brids (table 1).

Gametogenesis, spawning, and
larval development and metamor-
phosis of thermophilic {warm-water)
Calitornia species (the green, black,
and pink abalones, which previously
had proved very ditficult to produce
by other methods), now have been
accomplished with highly efficient
methods. Efficient and accelerated
gametogenesis was shown to re-
quire saturation feeding at elevated
temperatures; spawning was found
to be reliably inducible using our hy-
drogen peroxide method at high
temperature {(ca. 20°C, rather than
the previously used 15°C); and lar-
val development, and the induction
of settlement and metamorphosis
using our GABA induction method,
also were found to be rapld,
efficient, and yielding high survival
rates, when conducted at elevated
temperatures (ca. 17-20°C). The in-
creased efficiency of abalone pro-
duction resulting from these tech-
niques is illustrated in figure 1,

Successful application of our
results to the efficient production of
interspecific hybrids {bred for their
extended range of cultivation,
desired qualities of meat value,
growth rate, etc.) has been demon-
strated in related Sea Grant
research projects under the direc-
tion of Dr. Kenneth Chew at the
University of Washlngton, and Drs.
Victor Vacquier, Jr., David Leighton,
and Cindy Lewis, at the University of
California, with consultation and in-
struction in methodology from our
research group. Similar cooperativa
interactions with other groups in the
U.S. and abroad also have proven
successful.

These results thus have increased
the economic efficiency of produc-



tian of a large number of abalone
species, they have Increased the
number of species and hyhrids suc-
cessfully cultivated, and they have
significantly extended the geograph-
ic range of potentially efficient
abalone cultivation.

Development of Applications for
Improved Production of Other
Species of Commercially Valuable
Shellfish

Improved Control of Reproduc-
tion. In research which we have
conducted, and in which we have
cooperated with other Sea Grant-
supported and locally sponsored
programs in California, Washington,
Oregon, Hawali, Palau, Guam, and
abroad, we and our ¢colleagues have
demonstrated that the hydrogen
peroxide method we developed pro-
vides a simple, tnexpensive, and re-
liable means for spawning many
valuable shellfish species: abalones,
oysters, giant scallops, mussels
(Mytilus), giant clams, limpets, top
snails, turban snails, musssis (Bran-
chidontes), and clams.

Species induced to spawn by this
meathod include several with which
other induced-spawning methods
had not been reliable.

Improved Control of Larval Set-
tlement and Metamorphosis. |n our
detailed biochemical analysis of the
mechanisms by which planktonic
molluscan farvae detect required in-
ducers and recognize suitable and
inducing substrates on which settle-
ment and metamorphosis occur, we
have determined that the inducers
of a large number of valuable
species are protein-linked, amino
acid-derived, neurotransmitter-
related compounds associated with
the normal recruiting surfaces. We
have found that these complex,
protein-linked substances, or, in
many cases, the simple, amino
acld-derived, neurotransmitter-like
active analogs themselves, are re-
quired for the efficient induction of
rapid settlement and metamorphosis
with high survival rates. In our most
recent research and in cooperation
with other researchers and Sea
Grant-supported programs in Call-
tornia, Washington, Oregon, Hawaii,
Guam, Delaware, Maryland, Mas-
sachusetts, and Florida, we and our
colleagues have found that such
amino acid-derived inducers {such
as GABA and DOPA) and their pro-
tein conjugates induce setllement

and metamorphosis of larvae of a
number of economically important
gastropod and bivalve molluscs and
other marine invertebrates, as
shown in table 2.

While the use of GABA provides
an inexpensive, convenient, and ful-
ly reliable means far complete in-
duction of settiement and metamor-
phosis of a large number of abalone
and other valuable species, the
development of a comparably
eftective Inducer for settlement and
metamorphosis of larvae of the com-
mercially valuable bivalves (oysters,
mussels, scallops, etc.) is still under
active investigation in our own la-
boratory and In other laboratories in
the U.S. and abroad. Much work still
remains to define the complex rela-
tionships beiween the inducing sub-
stances thus far identified (DOPA,
DOPA analogs, and their conjugates
in quinone-tanned proteins), and
other unidentified factors which ap-
parently control their activity and
effectiveness.

As a potentially valuable spinoff
trom this research, we and our col-
leagues are learning how to controi
the settlement and metamorphosis
of economically important damaging
matine animals, including those
which cause costly damage and
fouling of boats, ships, immersed
struciures, and harbors.

Development of New Biochemical
Induction Techniques of Even
Lower Cost and Potentially Wider
Applicability

In studies of the underlying
biochemical and cellular mechan-
isms by which planktonic molluscan
larvae detect stereochemically
specific signal molecules raquired
for induclion of settlement and
metamorphosis, and the mechan-
tsms by which metamorphosis is be-
gun, we have focused on the trans-
ducers of the GABA slgnal required
by abalone larvae. In the experi-
mentally tractable larvae of this
gpecles, we have found that induced
transmembrane fluxes of specific
ions functlon as early and essential
transducers of the biochemical sig-
nal required for efficlent settlement
and metamorphosis. We have found
that it is possible, in abalone larvae,
to clrcumvent completely the use of
the biochemical Inducer normally
required (i.e., GABA), and to induce
completely successful settlement
and metamorphosis simply by in-
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ﬁuclng a temporary specific ioni¢
UX.

, Previously we have shown that
fluxes of calcium ion and cyclic
AMP in larval tissues apparently
mediate the induction of settlement
and metamorphosis, and that
artificially induced fluxes of calcium
or cyclic AMP are sufficient to in-
duce metamorphosis in the absence
of GABA. In our most recent work,
including experiments by one of our
project trainess, Andrea Baloun, we
have found that an earlier-acting,
strong efflux of chloride ion appears
to be one of the lirst direct media-
tors of the GABA signal in abalone
larvae. (Apparently, GABA
receptor-proteins control the activity
of ¢hloride-ion channels in the
abalone larvae, just as they do in
mammalian nerve cells.) Taking ad-
vantage of this recent observation,
we have found that it is possible to
induce completely successful settle-
ment and metamaorphosis of the
abalone larvae, simply by inducing
the temporary sfflux of chioride ions
from the larvae under carefully con-
trolled conditions. This is easily and
inexpensively done, simply by
transferring the larvae from seawa-
ter to an inexpensive solution of
defined ionic {salt} content for a
given period of exposure, and then
transferring the larvae back to nor-
mal seawater. The result is the fully
dependable induction of completaly
successful settlement and metamor-
phosis (100%), with no mortality.

If similar induced ion fluxes (ot
chloride or other ions) normally
mediate the action of the inducing
signal in the control of metamor-
phosis in other shellfish as well, use
of this simple technigue may pro-
vide an inexpensive, slmple, and
effactive means for inducing fully
successful, physiologically normal
settlement and metamorphosis in
those valuable species for which
other “recruiting” biochemical induc-
ers of seftlement and metamor-
phosis may not yet be fully
identified. We will, therefore, lest
the applicability of this simple and
Inexpensive technique to other com-
mercially valuable species.

Acceleration of Growth in
Abalones

Woe recently discovered that twe
peptide hormones — insulin and
growth hormone — can significantly
accelerate the growth ot abalones
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when these hormones are provided
exogenously in very low concentra-
tion. Most significantly, we found,
the extreme hetercgenelty of sizes
and growth rates generally observed
in the cultivation of abalones (and
other molluscs) is not the result of
genetic variation, deficits in sperm
or egg, or inadequate nutrition (as
frequently cited in the semipopular
aquaculture literature), but Instead
reflects physiologlcal deficiencies in
cultlvation conditions which may be
corrected or enhanced by external
biochemical control. These results
also Indicate that genetic breeding
programs based upon selection for
apparently deslrable growth rate
properites {In abalones or other mol-
luscs) cannot effectively be started
until the physiologlcal and biochem-
Ical requirements for optimal growth
are fully defined. We are further in-
vestigating the mechanisms of regu-
lation and acceleration of spacific
somatic protein and hormone syn-
thesis and the regulation and ac-
celeration of growth in abalones.

Synchronous Induction of Larval
Settlement, Metamorphosis, and
Rapid Postlarval Growth

in our continulng studies of the
basic biochemical mechanisms
underlying the control of molluscan
development and growth, we have
found that naturally occurring
neurotransmitter-mimetic proteing
are requlred for the induction of set-
tlament, metamorphosis, and rapid
postlarval growth in a number of
vaiuable abalone and bivalve
species. We have found that neuro-
chemical transducers play a critical
part|in the induction and early con-
trol of these critical processes.
Binding of naturally occurring
neurotransmitter-mimetic inducing
proteins 1o specialized chemosenso-
ry epithelial receptors on the larvae
induces rapid transmembrane tluxes
of lons, in turn resulting in the depo-
larization and firing of specitic sen-
sory neurons which activate
development and growth.

On the basls of these findings, we
are investigating the practicality and
generality of an inexpensive new
technique for the synchronous in-
duction of larval settlement,
metamorphosis, and rapid postlarval
growth. In the case of abalones,
GABA and GABA-mimaetic proteins
act to Induce rapid afflux of chloride
ions, just as GABA acts at the mem-

branes of neuronal cells in other
species. As the rapid efflux of
chleride results in rapid depolariza-
tlon of the chemosensory neurcnal
membrane, we were able to predict
that a similar depolarlzation pro-
duced by artificial manipulation of
the larval environment should simi-
larly induce synchronous settlement,
metamorphosis, and rapld postlarval
growth. This prediction has been
borne out In recent experimental
results, in which we have found that
simply by providing an excess of
potassium lons (added as any of
several inexpensive salts), we can
most easily, reliably, and nexpen-
slvely trigger depolarization and
resulting setttament, metamorphosis,
and rapid growth.

Woe are presently testing the appli-
cability of these basic new findings
to other commercially valuable
aquaculture species. The resulting
new method offers the potential of
being simpler, less expensive, and
even more widely applicable than
methods previously available.
Results of these new findings will be
published socon.

Figure 1. Results of Bicchemical Engineering: new versus old technology. Seed
abalone (Haliotis rufescens) 1 month ald, produced using conventional hatchery tech-
nology (left), and new biochemical engingering technology with induction by GABA
{right). These siblings were cultivated In parallel, with conventlonal feeding with dia-
toms and microalgas. Survival to 1 month with Induction by GABA was 93%, without
GABA, less than 1%, Average length of seed approximataly 2 mm.
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Table 1
Abalone Production improved with Hydrogen Peroxide and GABA

Hallotls Specles Common Name Industry Base
rufescens Red abalone LUSA

fulgens Gresn abalons USA, Mexico
corrugata Pink abalone USA, Mexico
cracherodii Black abalone USA, Mexico
kamischatkana Pinto abalone USA, Canada
tuberculata Ormer Ireland, France, UK
midae African abalone Southern Africa
iris Blue abalone New Zealand
ruber Black-lipped abalone  Australla

Table 2

Induction of Larval Settiement and Metamorphosis by Amino
Acld-derived Neurotransmitters and Their Protein Conjugates

GABA and GABA Analogs Conjugated to Proteins

Abalones (9 species of Haliotis, & several hybrlids)
Top shells (2 species of Trochus)

Chlton 1 species of Mopalla)

Gone shall (1 species of Conus)

Sea hares (specles of Aplysia; partial Induction only)

Wood borers (3 genera of shipworms; partial induction only)

DOPA and DOPA Analogs Conjugated to Proteins

Qysters (2 species of Crassostrea: gigas & virginica)
Mussels (2 species if Mytilus: californianus & edulis)
Gregarious

toullng )

organisms {certaln tube-building worms)

Eooperatlng Organizations
b

Advanced Chemical Corporation

Amarican Phllosophical Society

Burroughs-Wellcome Foundation

California Abalone Assoclation

Calitornia Department of Fish and Game

Commerclal shellflsh producers and brokers in California, Washington, Oregon,
Dalaware, Maryland, Virginia, Massachusetts, New York, and abroad

Delmarva Tri-State Development Agency

Dynasen Mariculture, Inc.

Gaiway Mariculture Laboratory, Iretand

Government and Industrial aquaculture labs (CNEXO}, France

Government and industrlal labs, United Kingdom

Humboldt State University

Micronaslan Marlculture Demonstration Project

National Institutes of Health

Santa Barbara Abalone Fishermen’s Association

Southern California Coastal Water Research Project
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|
Tasmanlan Figheries Developmen! Authority, Australia
University of California
Universlty of Delaware
Unlversity of Guam
Unlversity of Hawaii
Unlverslty of Maryland
Unlversity of Washington
U.S. Navy Office of Naval Research
Washington Department of Fisheries
Woods Hols Oceanographic Institution
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ARTIFICIAL CONTROL OF GAMETOGENESIS, SPAWNING, AND
LARVAL PRODUCTION IN THE PURPLE-HINGE ROCK

SCALLOP

David L. Leighton and Charles F. Phleger

Culture research on spawning and
larval production of the purple-hinge
rock scallop has traditionally been
limited because gravid adults could
only be obtained during peak
periods of reproductlve cycles in
spring and fall (San Diego popula-
tions). The aquaculture Industry,
whlle most eager to embark upon
rock scallop culture programs, has
been reluctant to commence serious
operations knowing spat avallability
would be sporadic. Our research
has provided encouraging results
suggesting adult broodstock may be
conditioned to spawning readiness
independent of season using rel-
atively simple procedures and inex-
penslve foods.

Essentlal to this project Is the
newly renovated San Dlego State
University {(SDSU) Aquaculture
Research Laboratory at the Scripps
Institutlon of Oceanography, La
Jolla. Tanks, restructured floors and
water tables, utility lines, and a sea-
water system supplying both filtered
and unfiltered coastal water were
completed in spring 1981. Ambient
phytoplankton In unfiltered seawater
is supporting optimal growth In ju-
venile scallops. A controlled photo-
pericd and water temperature sys-
tem, tested initially at the SDSU Ma-
rine Laboratory in Misston Bay, has
been in use in broodstock condition-
ing observations since midsummer
1981 at the Scripps Institution of
Oceanography laboratory.

There are five principal findings
and suggested conclusions from
research in the flrst year of this pro-
ject. 1) Gametogenesis in young
adult broodstock rock scallops may
be controlled through imposition of
seasonal light and temperature re-
gimes provided an adequate source
of nutrition is provided. 2) Tetra-
selmis suecica, an alga easlly and
inexpensively cultured in our labora-
tory using liquid plant ferttlizers, is
sufficient nutriticnally to support
gametogenesis and gonadal growth.
3) Larvae produced by artificlally
conditioned broodstock are normal
and viable. 4) A mixture of the Tahi-
tian strain of Isochrysis, Teiraselmis

suecica, and Dunalieila salina has
proved to be a superior food for both
larvae and juveniles. 5) Finely di-
vided particulate matter 1s utllized
as food by juvenile rock scallops.

These lindlngs are supported by
the following results. 1} Adult
broodstock Introduced to the experi-
mental photoperiod and thermal re-
gime ({four situations: 8 hours of
light, low (14-16°C) and high (18-
22°C} temparatures, and 16 hours of
light, low and high temperatures) in
late July responded to ultraviolet
(UV) stimulation in both September
and October.

Rock scallops held experimentally
for 3 to 6 months under several
photopariod and temperature re-
gimes spawned with ultraviolet (UV)
induction repeatedly at 1-month In-
tervals. Groups of six Individuals
(8-8 cm shell diameter) occupled
each situation, divided into two sub-
groups of three each. Spawning oc-
curred among most Indlviduals in
the low-temperature groups and in
half those in high-temperature,
long-day situations when provided
UV-irradiated seawater September
15 and October 12. A long day, low
temperature regime (16-hour light,
14-18°C) was most effective in pro-
motlon of spawning readiness re-
gardless of time of the year. 2) Dai-
ly feedings of 2-3 liters of concen-
trated cultures of Tetraseimis
{—20,000 c/mi} to each subgroup
{in 12 liters seawater) was sufficlent
to support gonadal growth. Somatic
growth during the first two condi-
tioning month-long periods has been
negligible. Tetraselmis Is cultured in
clear acrylic 100-liter bowls ("caul-
drons”) using "Atlas® or "Ortho” fish
emulsion liguid fertilizer at 10 ml|
stock/100 liters medium. 3) Larvae
developing from sggs and sperm
from conditloned adults appear in all
respects to be normal. Survival In
recent batches has been compar-
able to that for earlier spawnings of
wild-nourished broodstock. During
the last year (October 1981-October
1982}, 18 separate spawnings have
occurred in the SIO/SDSU Bivalve
Culturs Facllity. Flftean of these
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spawnings were induced with UV-
irradiated seawater, the remaining
three were spontaneous. The data
shows a significant seasonal varia-
tion in larval vigor. Larvae produced
between January 17 and April 5,
1982 showed greater growth and
survival than those spawned bafore
and after these dates. Greater
numbers of deformed larvae were
also associated with these outside
dates. 4} A 1:1:1 mixture of Tahi-
tian Isochrysls, Tetraselmis suecica,
and Dunalieila salina supported an
Increase in mean shell diameter of
2.00 +0.50 mm (SD) after 4 weeks
when used as a diet for juvenile
rock scallops (reported at the World
Aquaculture Cenference, Venice,
ltaly, September 1981). Significant
growth also occurred in juveniles
fed Tahltlan fsochrysis, T. suecica,
Isochrysis galbana, and Rhodomo-
nas sp. as dlet supplements. Gym-
nodinium splendens, Monochrysis
futheri, and Dunalislfa salina alone
were poor foods for juvenile rock
scallops. 5) Finely divided particu-
late matter fed as radiolabeled
abalone fecal matter was utilized as
food by juveniles, That the particu-
late matter was incorparated into
metabolic pathways Is evident from
the significant YC activity In
blochemical fractions including
DNA, RNA, lipld, protein, and car-
bohydrate. These data suggest that
particulate artificlal feeds might be
added as diet supplements for early
juveniles in a rock scallop hatchery.

Experiments were conducted to
determine optimal concentrations
that should be used during con-
trolled fertiltzation to prevent poly-
spermy. Optimal concentrations for
culture chambers contalning ap-
proximately 30 eggs/mi was found
to be 5 x 10¢ sperm cells/ml. Under
controlled conditions, at these con-
centratlons, 95% of the eggs
developed normally ylelding strong
healthy larvae.

Late larval mortality has been at-
tributed to heavy metal contam-
inants at detrimental levels in the
ambient seawater. Experiments
were designed to examing the
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offects of EDTA (a heavy metal che-
lator) on the growth of Hinnites lar-
vae. Data shows that there was no
significant positive effect on [ate lar-
val mortality in the systems treated
with the EDTA. It Is unllkely that
heavy metals are the detrimental
factor causing the late larval mortal-
ity.

The use of antibiotics has been a
standard procedure in rock scallop
aquaculture. However, the effects of
long- and short-term usage had not
been investigated. A saries of stu-
dies have demonstrated that only 4
days of antibiotlc treatment are re-
quired following hatching, and that
continued use for more than 10
days produced slower growth and a
significant increase in mortality.

An innovative culture system uti-
lizing a plunger mechanism to keep
the larvae suspended with minimal
agltation was used with developing
Hinnites larvae. Each of three 175-
liter containers had a large plunger
that moved up and down at a rate of
one cycle per minute. This was
found to be sufficient to keep the
larvae up in the water column, Pre-
liminary results of two separate tri-
als demonstrate the effectiveness of
the system by producing larvae
slgnificantly larger and with less
mortality than in the static control
buckets. Continued work with this
gystem is planned for the future.

This past year has produced
much advancement in our hatchery
methodology for the purple-hinge
rock scallop. This last season has
provided consistently excellent
results with early and mid-life lar-
vae. These encouraging results are
somewhat dampened by the con-
tinual problems during the late larval
period. Lethargic larvae sink to the
bottom cf the culture chambers, be-
come rapidly contaminated with
bacterla, and mortality scon results.
We believe the prablem lies in nutri-
tion and culture methods which are
now being improved.

Collection of early juveniles in the
natural environment using collectors
received renewed interest. Mesh
bags (1 mm onion bags) packed
with bundles of nylon monofilament
line (giil net) were placed in mid-
channel Mission Bay for a 1-year
study of seasonal recrultment of
settling larvae. The collectors were
similar to those used to trap young
stages of Patinopecten yassoensis
in Japanese aquaculture, and of

Placopecten mageilanicus in Cana-
dian aquaculturs.

The time of settlement is impor-
tant in planning spat collector
placement for rock scallops. More
spat appeared during $pring and
early summer than during the
preceding winter and late summer at
the same location in Mission Bay.
Numbers of Hinnites spat per bag
ranged between 14-43 during 3
months in spring (March 24-June
24, 1982) whereas numbers collect-
ad during the preceding winter
ranged between 2 and 24.

The fact that spat cotlectors dur-
ing spring and early summer also
contained massive numbers of bay
mussel (Mytilus edulls) spat (2000-
20,000 per bag) indicates that the
Hinnites spalt population might have
been much greater had there not
been such competition for space.
Winter bags had only a few hundred
Mytitus spat per gill net collector.

Leaving spat collectors in the
ocean for more than 4 months is not
advisable. Factors important in Hin-
nites spat mortality after 4 months
may include the following: 1) anoxia
detected in spat collectors (held 5-6
months) by H,S odor and black sed-
iment, and 2) increase in crab or
starfish predation (species of Can-
cer, Pisaster, and unknown crab
species were numerous in these
collectors). It must be noted that
Pecten shells are thinner than Hin-
nites and therefore more susceptible
to predation. In spat collectors held
3-4 months, all Hinnites were alive,
vet there were many empty or frag-
mented Pecten shells.

Cooperating Organizations
The Johnson Oyster Company

Publications

Collectively, these new observa-
tions and findings concerning
hatchery culture of the rock scallop
should benefit the technology and
should stimulate adoption of this
shellfish by the aguaculture indus-
try.
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AQUATIC ANIMAL PRODUCTION

Douglas E. Conklin and Wallis H. Clark

During this past year we have
focused our multidisciplinary
research efforts on significant prob-
lem areas that restrict the culture
and domestication of aquatic an-
Imals important to California aqua-
culture and fisheries interests. Lob-
sters of the genus Homarus, stur-
geon of the genus Acipenser, and .
oysters of the genus Crassostrea
are the three principal animals used
in our research. Although the par-
ticular complex of biclogical ques-
tions that need to be answered
varies for each species, the basic
problems can be grouped into two
main toples: 1) control of the repro-
ductive ¢ycle and the development
of reliable stocks and 2} the optiml-
zation of husbandry for maximum
productivity. In resolving the biolog-
ical problems within these two maln
areas we employed the special ex-
pertise of the various principal in-
vestigators assoclated with the pro-
ject within the fields of reproductive
biology, genetics, endocrinoiogy,
physiology, nutrition, and pathology.
Some of the major accomplishments
of these investigators are summar-
ized in this report.

Control of the Reproductive Cycle
in Homarid Lobsters

Current concepts of intensive
farming of the lobster Homarus
americanus imply year-round har-
vasting, thus the year-round availa-
bility of seed larvae for continuous
stocking. Significant progress in the
development of techniques for con-
trolling spawning and larval produc-
tion in lobsters has been achieved
at Bodega Marine Laboratory (BML).
In particular, the demonstration that
a change in photoperiod from short
to long days triggers final vitello-
genesis has allowed unprecedented
insight into how environmental fac-
tors such as temperature and photo-
period affect the complex and large-
ly antagonistic interactions between
growth and reproductive processes
ln) a decapod crustacean (see figure
1. .
This basic research has allowed
Dr. Hedgecock to develop an opera-
tional hypothesis for the manage-

ment of Iobhster broodstock. The
chief requirements of a broodstock
husbandry scheme are as follows:
1) control over molting and vitello-
genesis; 2} aveidance of conflict
between the antagonistic processes
of growth and reproduction; 3) elimi-
nation of alternating barren and fer-
tile molt cycles; and 4) production
of eggs in virtually all months of the
year. We hypotheslze that these
goals may be achleved by manipu-
lating temperature and photoperiod
such that a complete ovarian cycle,
including brooding and hatching, is
contained within each molt cycle
(see figure 2}.

During the past year various as-
pects of this husbandry plan have
been tested. First, an expariment
was made to see if 3 months of
short days were as effective as 4
months in setting the stags for
long-day induction of vitellogenesis.
Although the percentages of extru-
sions in the 3- and 4-month treat-
ments, 13 and 33% respectively,
suggested that 3 months might be
insufficient, the overall low rate of
extrusion led us to question the
suitability of our deep-tank experi-
mental broodstock system. At the
same time we began cycling BML
broodstock through a short-day
room where the animals are simply
maintained for 4 months in Qur usu-
al racked-trough systems before
moving to similar systems under
long-day conditions. The extrusion
rate of these females has been high
overall (~60%), but varies depend-
ing on how soon after molting the
female is transterred to short days
to Initiate the husbandry cycle
(figure 2). A lower rate of extrusion
(only 27%) by females not placed
under short days within 3 weeks of
molting probably results from subse-
quent interference of long-day-
Induced vitellogenesis by the up-
coming molt. Medifications of the
husbandry system that would have
molting occur during the short-day
perlod or within a 120-day "safe
wlndow" after long-day onset are
being tested. Reduction of the
short-day period below 4 months Is
also being reexamined as this might
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allow the original husbandry cycle
to be effective when the molt cycle
is less than 12 months in duration.

Successful induction of egg laying
by lobsters has uncovered a prob-
lem with egg loss. Only about half
of the females that successfully lay
eggs in the laboratory carry their
eggs until hatching, and in many of
these cases, clutch size is reduced
to a few hundred eggs. As egg loss
represents the most immediate con-
straint upon commercial develop-
ment of lobster farming. this problem
became the focus of a related Sea
Grant project (R/NP-1-11G) that
brought together Dr. D. Hedgecock,
Dr. P. Talbot of UCR, and Mr, P, Wil-
son of Aquaculture Enterprises to
investlgate several possible causes
of egg loss. Progress on solving this
problem is detailed in the annual re-
port for that project.

Using the operational breodstock
husbandry plan and conservative
estimates of the rates of successful
mating, spawning, brooding, hatch-
ing, and larval and juvenile survival,
the number of broodstock needed
for a commercial lobster farm is ¢al-
culated to be about 1,000 reproduc-
tive females. This is only about live
times as large as the existing BML
research broodstock and the likeli-
hood of further improvements in
broodstock sefficiency, such as a
reduction in egg loss, appears to
bring the goal of year-round mass
production of larval lobsters well
within reach.

The Reproductive Cycle in Other
Crustaceans and Molluscs

Aspects of reproduction in crusta-
ceans are also being examined in
the rock prawn, Sicyonia ingentis
through a collaborative etffort
between Dr. Chang’s and Dr. Clark’s
research groups. Correlations have
been cbserved between the molting
and reproductive cycles during the
year. They have also characterized
the yolk proteln and developed
methods for analyzing ovarian
development.

Recent studies under the direction
of Dr. Chang have examined tech-
nlques for the successful spawning
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| of the potentially important native
mollusc, Mytifus californianus. It

| was found that scraping of the
shells in combination with hydrogen
peroxide treatment was the most
successful. Various feeding and
temperature regimes have been
tested to determine the optimal con-
ditions for larval development. Ob-
servations have also been made on
the physical and chemical factors

. necessary for larval settlement in

this moliusc.

' Endocrine Control of Growth in
' Crustaceans

The chemical identity of the lob-
ster molting hormone has been
determined to be 20-
hydroxyecdysone. By means of a
radioimmunoassay, the levels of this
molting hormone have been deter-
mined by Dr. Chang's group in nor-
mal and eyestalk-ablated animals.
The levels of the hormone may
serve as a useful means of deter-
mining the molt stage. Progress has
been made in the elucidation of the

_control of the concentration of the

molting hormone. It appears that
there is a hormone secreted by the
X-organ sinus gland complex of the
eyestalk. Both a biological and a
chemical assay for the isolation of
this factor have been developed. Dr.
Chang is in the procass of collecting
sufficient glands to carry out further
chemical characterizations.

Development of larvae of lobsters
and other crustaceans also appears
to be regulated by the molting hor-
mone. We have observed that the
addition of exogenous arthropod
growth regulators, including 20-
hydroxyecdysonse, create develop-
mental abnormalities.

Formulated Rations for Lobster
Aquaculture

Juvenile lobsters fed exclusively
on artificial diets have continued to
grow successfully for the last 3.5
years. Females cultured on thesa
diets have reached reproductive
maturity and some have already
been mated with males that are part
of our laboratory holdings. Within
the next year we will be able to
determine how adequate these
artificial diets are for normal vitello-
genesis, fertllity, and fecundity.

Qur work investigating sterol re-
quirements and metabolism in the
Ichster continues. We have followed
cholesterol titers in the serum

throughout the molt cycle and have
observed reduced levels throughout
the molt cycle when phosphatidyl-
chaline is absent from the diet. In
association with Dr. Chang, Dr.
Conklin's group has used a radicim-
muncassay technique to quantify
ecdysteroid {crustacean hormones
derived from cholesterol) levels in
the serum. The absence of phos-
phatidylcholine in the dlet apparent-
ly exerts no effect on ecdysteroid
titers throughout the molt cycle.
After two experiments there is
strong evidence indicating that ju-
venile lobsters have no raguirement
for vitamin D5 (cholecalciferol).
Growth and survival were not
significantly different among loh-
sters fed artificial diets containing
D, concentrations of 0, 500, 5,000,
and 50,000 [U/100 gm of diet. We
have attempted to completely sub-
stitute cholesterol in our purified
dlet with less expensive plant-
derived sterols called phytosterols.
Complete substitution has been un-
successful; growth rates and sur-
vival are significantly reduced.
Howaever, there is some indication
that dietary phytosterols may exert a
cholesterol-sparing effect.

In our continuing attempt to
understand the lobster's critical re-
quirement of phosphatidylcholine in
our purified diet, we are currently
analyzing a possible sparing effect
as it relates to the addition of
crustacean-derived protein to the
dist.

Our work with the role of dietary
llpids has recently involved caro-
tenoids. Dr. D’Abramo has evaluat-
ad the sffectivenass of various pure
carotencids and crude sources of
these compounds in producing pig-
mentation in the lobster. Results
have permitted us to suggest possl-
ble biosynthetic pathways involving
the oxidation and hydroxylation of
these compounds {zsee figure 3).
Proximity of the carotenoids to as-
taxanthin (the red pigment charac-
toristic of cooked lobsters) in the
biosynthetic scheme and provision
of the pigment dissotved in a trigly-
ceride source appear to be two im-
portant factors contributing to
offectiveness.

The leaching of water-soluble nu-
trients and a possible requirement
of vitamin C (ascorbic acid} are be-
ing studied concurrently. Because
of its high solubility, proper dietary
provision of vitamin C will be critical
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if there is a requirement in lobsters.
Initlal analytical investigations of the
ascorbic acid content of lobster tis-
sue provided equivocal results. An
experiment is currently being con-
ducted which should partially assist
in our understanding of a possible
ascorbic acid requirement as well
as the significance of leaching.

Using a prototypical metabolism
chamber we have begun analyses of
the utilization of macronutrients in
artificial diets fed to juvenile lob-
sters. In the two diets studied, pro-
tein and lipid digestion was > 90%.
Carbohydrates, represented as
nitrogen-free extract and primarily in
the form of corn starch, were only
65% digested. Further protein, lipid,
and carbohydrate digestibility stu-
dies are planned.

Disease Diagnosis for Calitornia
Aquaculture Industries

The pathology laboratory under
the direction of Dr. Hedrick contin-
ues to provide diagnostic services
for California aquaculturists at no
cost. These services are also avail-
able and utilized by research groups
at the BML when disease problems
are encountered. The capabilities of
the laboratory to detect viral
diseases among cultured finfish has
been greatly expanded to a total of
20 continuously cultured cell lines
from assorted species.

The water quality laboratory con-
tinues to serve all research groups
by monitoring the water for both
chemicals and bacteria detrimental
to experimental animals.
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Figure 1. Representative relationships between extrusion and molting In laboratory-
held female lobsters. "LDO" is long day onset. ~Active premolt™ terminating In ecdysis
is represented by finely hatched block ending with a heavy vertical line at M. Range of
observed L.DO-molt intervals are given by double-headed arrows about M {with qusestion
marks where it Is uncertain). Presumably delayed premolt periods and molts are indi-
cated by broken lines and single-headed arrows. Perlods of cocyte and zygote
davalopment are ropresented by coarse hatches with heavy vartical lines at e and H
indicating extruslons and hatches, respectively. Cases A through C represent success-
ful reproduction by females that A) postpone molting until after hatching (EM*); B) mott
soon enough (t.e. less than 45 days) after LDO to cause no delay In vitellogenasis
(MEM* }; or ¢} molt between 45 and 120 days post-LDO with a compensatory delay In
egg extruslon (MEM*} In all cases, brooding of eggs and perhaps vitellogenasis itself
apparently delays malting. Cases D through F show possible scenarlos for conflict
between molting and reproduction; D) molting outside of the 120-day window is rarely
followed by extrusion (MEM-); E) egg loss irom females that extrude shortly after molt-
ing may Indicate an effect of malting upon normal egg development: and F) egg loss
from females that molt shortly after extrusion may Indicate a fallure of the molt inhibi-
tion usually assoclated with vitellogenesis (from Nelson et af. submitted).
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Figure 2. This represents a working hypothesls for successful management of
Homarus broodstock. Cycling of female Iobsters through three holding systems with
Indicated temperatures and photoperiods should result In egg extrusion and hatching
within each intermolt Interval. Schedullng of hatching in all months would be achlevaed
by developing {through temperature manlpulation) cohorts of broodstock molting In
each month of the year {from Hedgecock, 1982),
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Figure 3. Probable blosynthetic pathways used by lobsters to produce astaxanthin, the
primary plgment of the carapace. Not all intermediaries in the varlous schemes are
presented (from D'Abramo et al, submitted).
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:DEVELOPMENT OF PROCEDURES FOR ARTIFICIAL
INSEMINATION AND SPERM STORAGE IN LOBSTERS

Prudence Talbot

Qur work during the past 12
months has been focused on the fol-
lowing three projects to begin 1}
long-term storage of lobster sperm,
2) arlificial insemination of freshly
molted female lobsters, and 3)
analysis of the mechanism of sperm
storage in naturally mated female
lobsters. Each of these areas will
be considered separately.

Long-term Storage of Lobster
Sperm

Qur long-range goal is to bank
lobster sperm for subsequent use in
artificial inseminatlon. Our initial at-
tempts at freezing lobster sperm
were completely unsuccesstul;
freezing or thawing kllled all sperm
cells. We have modlfled our storage
technique to resemble that used by
the female. Entire spermatophores
{sperm plus coating materlals) are
submerged in mineral oll and stored
in sterlle tubes at 4°C. This past
year we have collected numerous
spermatophoraes from males at
Market Basket (UCR samples). |
also traveled to Aguaculture Enter-
prises and Bodega Marine Laborato-
ry to introduce the collection tech-
nique in these laberatories. We
have obtained additlonal spermato-
phore samples from these sources.
The spermatophores are sampled
perfodically to evaluate sperm via-
bllity. We have recovered viable
sperm from spermatophores stored
as long as 8 months.

As an important extenston of this
project, we sampled all the males at
Aquaculture Enterpriges, Oxnard
and Bodega Marine Laboratory for
spermatophore production {Cathy
Thaler [ater made equivalent as-
sessments at the Monterey laborato-
ry). We learnad that laboratory-
maintained males usually produce
gpermatophores of excellent quallty.
Those males that did not were
Identified and can be excluded from
subsequent matings. We wers
disappointed to learn that unequivo-
cal hybrid males [H. gammarus (fe-
male) and H. americanus (male)]
produced the spermatophore wall
but no sperm. This knowledge is

Important as it indicates these
males should not be used in mat-
tngs.

Artificial Insemination of Freshly
Molted Female Lobsters

Qur data are prellminary but very
encouraging. In Aprll, | traveled to
Aquaculture Enterprises, Oxnard to
teach Phil Wilson and Cathy Thaler
how to artificlally insemlnate lob-
sters. We performed several in-
seminations that day. Since then,
Cathy Thaler has been artificially in-
seminating all the freshly molted fe-
males at the Monterey Laboratory.
To date, five of these females have
extruded eggs. In two cases, the
egg samples were taken close to
spawning and cleavage could not be
evaluated. These females lost their
clutches before more samples could
be taken. The other three artificially
Inseminated females had unequivo-
cally cleavaged eggs. The cleavage
patterns were normal indicating fer-
tllization had probably taken place.
We are especially encouraged by
these preliminary data on lobster
artificial insemination and will con-
tinue monitoring these females in
collaboration with Cathy Thaler.

Analysis of the Mechanism of
Sperm Storage In Naturally Mated
Female Lobsters.

Through the efforts of Will Borge-
son and Linda Sautter (Bodega Ma-
rine Laboratory} and Phil Wilson and
Cathy Thaler (Aquaculture Enter-
prises) we have obtained, fixed, and
stored over 50 annuli (female recep-
tacle for sperm). We have not yet
had time fo analyze these, but plan
to do so during the coming year.
Qur analyses will provide back-
ground data on the sperm slorage
mechanism used by the female.
This knowledge will be valuable in
subsequent assessments of how the
famale treats the artificlally insem-
inated spermatophores.
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Table 1

Mean Length {mm) of Spermatophores
Collected from H. americanus at
Bodega Marine Laboratory

Spermataphore
Date Length (mm) £ SE. N#
3-18-82 91+ 20 20
6-10-82 167 + 2.0 16
6-26-82 23.2 + 3.1 13
7-14-82 176 + 31 13
7-28-82 154 + 49 11
9-16-82 189 + 3.1 13
10-26-82 135 + 24 13

N# = number of males

Table 2

Mean Length of Spermatophores
Reported for Individual Males

Spermatophore
Male N# Length {mm) + SE.
1 6 223+ 598
5 7 160 + 25
6 6 19.0 + 6.1
7 6 213+ 83
g 5] 16.2 + 8.7
11 7 268.1 + 3.8
12 7 139 + 4.3
13 7 117 + 34
14 8 11.1 = 34
15 G 215 + 2.7
16 7 230 x 22
17 5 19.6 + 5.1
18 5] 138 + 4.7
19 7 59+ 36
20 6 87+ 27

N# — number of trials

Cooperating Organizations
Aguaculture Enterprises, Monterey and Oxnard
Bodega Marlne Laboratory
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spermatophore from the lobster, Homarus americanus. J. Morph. 172:193-207.
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VARIATION IN INTRACELLULAR PH AND [TS EFFECT ON
| HATCHABILITY OF CYSTS OF THE BRINE SHRIMP ARTEMIA

| SALINA

John H. Crowe

Despite the commercial signlfi-
cance of the Arfemia cyst In aqua-
culture, our understanding of the
biochemical and physiological
events involved in the development
and hatching of these cysts Is rudi-
mentary, because of the refractory
nature of this living materlai. Ar-
temia hatching failures are a com-
mon and costly problem for aqua-
culturists, suggesting the impor-
tance of basic research into the
mechanisms regulating the transi-
tion from dormancy to development.
By applying the new technique of in
vivo nuclear magnetic resonance
spectroscopy we have gained the
first glimpse into the intraceliular
fonic milleu of the embryo, and have
shown that large intracellular pH
changes (In fact, the largest ever re-
ported) accompany the activation of
metabolism and development; In
contrast, no such pH, changes occur
In nonhatching cysts. Treatments
which block the natural pH, change
also block the initiation of metabo-
lism and development in a reversible
fashion.

Goals

Our direct goals during the first
12 months of this grant have been
1) to confirm and amplify our initial
observations of intracellular pH (pH,)
changes accompanying the transi-
tion betwesn dormancy and
development in hydrated Artemnia
cysts and 2) to achieve an assess-
ment of the physiological
slgnificance of pH, in the mainte-
nance and termination of dormancy
in these cysts.

Summary of Progress

Using the noninvasive technique
of in vivo 3P nuclear magnatic reso-
nance spectroscopy (NMR) we have
recently documented that encysted
embryos of the brine shrimp Artemia
salina undergo pronounced pH,
changes during transitions between
anaseroblc dormancy and aaroblc
development inltiated by transtfer
between nominally O,-free and Q,-
saturated buifers (Busa et al, 1982).

Anaerobic dormant cysts display an
acidlc pH, of 6.3, which Increases
during the first 4 hours of aerobic
incubation to a maximum of 2>7.9
{the upper limit of detection with this
technique). Similarly, when early
aercbic development is interrupted
by an interval of anoxia {during
which the embryos re-enter dorman-
cy) pH, decreases from 2 7.9 to 6.8
during the first hour and continues
to decreasse, more slowly, to 6.3 dur-
ing extended anoxia. We have also
shown that the pH, of dormant cysts
is Independent of external pH {pH,)},
ptobably due to the general imper-
meabllity of the cyst shell to ions. In
light of the pronounced sensitivity of
most biochemical reactions te pH,
we have hypothesized that these pH,
changes may be fundamental in re-
gulating the metabollc transition
between dormancy and develop-
ment, as has recently been demon-
strated for the pH, change accom-
panying sea urchin egg activation.
Recent dermonstrations by other
workers that similar large pH;
changes accompany the germina-
tion of yeast and bacterial spores
(see Busa 1882a,b for reviews)
make thls hypothesis evan more at-
tractive.

Qur second goal - to demon-
strate the physiolological slgnifi-
cance of these pH, changes — has
proven quite technlcally challeng-
ing; nevertheless, we have achieved
considerable progress. Qur ra-
tionale has been to manipulate pH,
experimentally using weak acids
and bases which are able to
penetrate the cyst shell; to monitor
with the NMR spectrometer the pH,
changes achieved; and o determine
the effects of such treatments on
hatching, respiration, and carbohy-
drate metabolism.

CO, readily penetrates the cyst
shell, enters the cells, and acidifies
pH; by hydrating to form H,CG;,
which rapldly dissociates into HCOy
and H*. By superfusing cysts within
the NMR spectrometer with
oxygen-containing buffers equili-
brated with various partlal pressures
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of CO,, we have recently achieved
depressions of pH, (below Its normal
aerobic value of >7.9) to 7.4 under
7% CO, and to < 6.8 under 60% CO,
(40% O,) (Busa and Crowe, 1983).
Using flow-through Clark-type O,
electrodes, we have simultaneously
observed that respiration is strongly
Inhibited at the low pH; typlcal of
dormant cysts; under 60% CO; (pH,
6.8) respiration is inhibited by about
66%. It seems quite likely that the
low residual respiration under these
conditions is due to the ability of
membrane-permeable weak aclds
such as CO, to uncouple oxidative
phosphorylatlon.

The inhibition of respiration at low
pH, is paralleled by a dramatic [nhi-
bition of development. Cysts incu-
bated under 40% 0,/60% CO, do
not hatch for at least 110 hours
(controls commence hatching at
about 12 hours and are finished by
72 hours). Hatching proceeds nor-
mally upon removal of CQ,. Thus, as
judged by both developmental and
physiclogical criteria, the low pH,
typical of dormant cysis appears to
be directly involved In the establish-
ment of dormancy. Obviously, it
would be desirable to reproduce
these results using some other weak
acid to depress pH, (to rule out
non-pH-related effects of CO,), and
we are at present surveying other
acids for their ability to cross the
cyst shell.

In keeping with our ultimate goal
of improving the hatchability of Ar-
temia cysts used in aquaculture, we
have very recently initiated studies
involving experimental elevation of
pH, using the weak, permeable base
NH,. The observation that ammonia
activates sea urchin egg develop-
ment dates back to the turn of the
century, and this effect has recently
been shown to be due to the ability
of ammonia to elevate pH,. To the
extent that hatching failure in Ar-
temia involves a failure to alkalinize
pH,, ammaonla treatment might ba ex-
pected to improve hatchability by
activating otherwise viable cysts.

As these efforts are still in their Ini-



tial stages we have no results to re-
port at present. Howaver, in view of
the dramatlc effects of CQO, on
depressing pH, and cyst metabollsm,
we believe we have good reason to
suspect that permeant gases such
as NH, will have the opposite
effects. We intend to test that hy-
pothesis In the next year.

Application of Project Results

We have recently shared our ox-
perience in in vivo spectroscopy
and superfuslon of these cysts with
Dr. Patricia Ssitz {of Dr. Carlton
Hazelwood's lab at Baylor College of
Medicine), who is now applying
these techniques to study the
hydration-dependence of cyst meta-
balism. We feel it Is likely that
these techniques wlll see wider ap-
plication in the near future, yielding
important insights into Artemia cyst
metabolism. Such insights will al-
most certainly lead to applications
of importance to aquaculture, i.e.,
improvement of hatchability by
artificially manipulating pH,.

Cooperating Organlzations
University of Califarnia, Davis Aquaculture program
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CULTURE OF MARINE BIVALVES; NUTRITIONAL ROLE OF
: DISSOLVED ORGANIC SOLUTES

Grover C. Stephens

The basic geal of this project is to
assass the role of naturally accur-
ring organic sclutes in the nutrition
of marine bivalves. Related goals
directly relevant to mollusc maricul-
ture are 1) the investigation of the
feasibility of supplementing particu-
late diets in mariculture to improve
product survival and quality and 2)
the investigation of natural
resources to permit precise esti-
mates of water quality in maricul-
ture.

Two recent advances permit an
affactive attack on these goals.
First, the use of high performance
liquid chromatography (HPLC) al-
lows precise measurement of organ-
ic solutes at the extremely low con-
centrations which are typically
found in natural waters. Second,
bacterla-free experimentai material
can now be produced in the labora-
tory which permits an additional
goal to be added: precise descrip-
tion of nutritional requirements of
bivalve larvae.

In the past year, we have refined
HPLC techniques significantly. We
have demonstrated net entry of na-
turally occurring free amino acids in
both larval and adult marine
bivalves. We have shown that free
amino acid concentrations are pro-
foundly modlfied by typical pro-
cedures employed in commercial
mariculture operations. These
modifications are produced by filtra-
tion and by inadvertent addition of
major ameounts of dissolved organic
solutes as contaminants in particu-
late food. Finally, we are currently
invastigating quite remarkable mi-
crovariations in the availability of
dissolved resources in the inshore
habitat.

Cooperating Organizations
Bodega Marine Laboratory (UC)
Unlverslty of California, Irvine
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PHYSIOLOGICAL ASPECTS OF PORPHYRA PERFORATA
MARICULTURE: THE EFFECT OF DESICCATION ON
PHOTOSYNTHESIS AND ON THE CONTROL OF EPIPHYTES

Isabella A. Abbott

The work being reported here
represents a mariculture test of phy-
siological hypotheses derived from
dissertation research by Sea Grant
trainee, Celia M. Smith. This disser-
tation research probes photosyn-
thesis adaptations among intertidal
algae which allow species-specilic
tolerance to environmental stresses.
Algal ability to grow under intertidal
conditions is linked with their pho-
tosynthetic tolerance to intertidal
stress. Many of these intertidal al-
gae are commercially significant
species such as agarophyte Gelidi-
um coufteri and carrageenophylte
Rhodoglossum affine and are
representative of the edible genus
Porphyra, P. perforata, and P. nergo-
cyslis.

Algal mariculture studies, such as
Sea Grant project R/A-34, document
increases in intertidal algal growth
when these species are placed in
continual submergence culture rath-
er than daily exposures typical of
field conditions. But, continual sub-
mergence in tank culture has an ad-
verse side effect of allowing epi-
phyte growth beyond levels ob-
served in field conditions.

Epiphytes present a serious foul-
ing problem causing decreased pro-
duction and quality of commercially
grown and harvested algae. Some
epiphyte species can cause
diseases as well. Japanese investi-
gators have demonstrated aka-
gusare, the red wasting disease of
Porphyra field culture, is the result
of a fungal infection which can
cause crop failure in only 2-3
weeks. Despite the economic im-
pact that epiphytes can have on
crop value, little is known of their
species identity or physiological
tolerances to field or tank condi-
tions.

It is apparent that intertidal plants
tolerate the stresses of intertidal ex-
posure well enough to exist in that
zone. Epiphytes are not found as
abundantly as macroalgae in interti-
dal areas. Because of reduced ex-
posure lime, continual submergence
culture alters environmental condi-

tions and could actually favor smali,
quickly dividing epiphyte species
over more slowly growing macroal-
gae. This would explain dramatic
epiphyte increases observed in tank
culture.

We originally proposed that epi-
phyte species possess reduced
physiological tolerances to expo-
sure, in contrast to those of interti-
dal macroalgae, and that this re-
duced lolerance may be important in
determining epiphyte distributions.
It this is so, then exposure condi-
tions could be applied to culture
conditions which waould slow epi-
phyte growth but do not impair more
tolerant macroalgal growth. This
type of epiphyte control for tank or
end field culture has the potential to
be a cost-effective way to enhance
quantity and quality of macroalgal
cultures, with a minimum of han-
dling. Exposure tolerance by epi-
phytes and macroalgae can be test-
ed in two ways: 1) studying pho-
tosynthetic tolerances to exposure
and 2} documenting growth as a
function of exposura levels.

Three goals were astablished for
this study: 1} to determine what the
impact of exposure is on intertidal
macroalgal growth in tank or field
culture, 2) to discover what the
effect of exposure is on photosyn-
thesis for macroalgae and epi-
phytes, and 3) to examine what the
impact of exposure is on epiphyte
growth and distribution.

A powerful tool used in these stu-
dies is the ability to concurrently as-
say photosynthesis and plant )
growth. With this comparative ap-
proach, we are able to diagnose
whether poor plant growth is caused
by harsh seasonal conditions or
poor photosynthetic performance.
This type of information should be
the basis for efficient strain selec-
tion as well as effective resource
management,

Resuits

1. Growth rates for Porphyra per-
forata were calculated as changes
in fresh weight, as well as length of
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plants, for all experiments. Dual
monitoring of growth in this fashion
eliminates bias of solely measuring
weight changes, which may be
caused by epiphyte additions to
plant weight. Measure of plant
length against their weight was sta-
tistically tested (figure 1} and shown
to be remarkably linear for substan-
tial sample size {n = 61, di = 59,
R?2 = 0.516, p < 001, with Y gm
fresh weight = 0.064 cm length +
0.138).

To study the effect of air drying on
short-term growth, tank cutture ex-
periments exposed 272 plants to air
fram O to 12 hours a day. Figure 2
demonstrates a linear trend esta-
blished by these experiments;
growth of plants is directly propor-
tional to amount of time spent ex-
posed to air-drying conditions: R2 =
0.883, p < .005, Y growth rate = -
0.622 X hours exposure + 8.776
based on weight changes. This de-
crease in produclion was observed
both for changes in length (figure
2A) and weight (figure 2B).

Short-term exposure of 2 hours
shows no statistical distinction in
length or weight measurements from
continually submerged plants {figure
2}, However, plants desiccated for 2
hours a day sustained stable growth
at < 6% a day for aver 3 weeks,
twice the time continually sub-
merged plants were abserved to
sustain growth. In summary, con-
tinually submerged plants were able
to maintain high growth rates but
only for short pericds. Even if mild
desiccation slightly slowed growih, it
had the advantage of extending
stable growth for long-term mea-
sures.

2. The labor-intensive, high-cost
tank cultures make field farming an
attractive low-cost alternative. The
next logical step was to test tank
growth results against growth under
field conditions. Racks of algae
were placed in a gradient of expo-
sure at low (+ 1.5 ft), mid (+ 3.0 ft),
and high (+ 5.0 ft) intertidal sites
(figure 3). Both photosynthesis and
growth were monitored for these in-
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dividuals. Photosynthetic perfor-
mance was highest for low intertidal
transplants {mean = 6.93 pxmol/m?2
s) and lowest for high intertldal indi-
viduals {mean = 2.84 umol/m? 8},
This time, photosynthetic response
describes a linear decline with in-
creasing exposure {figure 4) in =
18,df = 18, R? = 0.834, p < .001,
Y photosynthetic performance =
-0.880 ft. intertidal height + 7.838).
Table 1 documents other physiologi-
cal changes which also follow this

trend: fresh welight of plant/cm? and .

desiccation tolerance of photosyn-
thesis. Seasonal changes In expo-
sure must also be considered.

Porphyra growth |n response to
fleld condltions did not follow trends
astablished by physiological mea-
surements for the same plants.

High intertidal plants, with lowsst
measurad photosynthetic perfor-
mance, were the only group to show
any net growth after 10 days in new
fleld conditions. MId and low interti-
dal plants, exposed to greater wave
actlon, dld not regaln posltive
growth after 10 days. Epiphyte den-
sities weres also greater on plants
transferred to lower intertidal
ranges, repeating epiphyte denslty
observations made of natural plant
populations at these tidal heights
{flgures 5 and 8). At 20 days, pho-
tosynthesis measurements declined
for low intertidal plants. This corre-
lates with an increase in epliphyte
density. It Is clear from this experi-
ment that seasonal physical factors,
such as wave action, can
significantly modlfy net growth of
plants. As a result of this study, the
best slte for field culture is a tidal
height which imposes enough expo-
sure for epiphyte control {approxi-
mately 2 hours a day) but does not
impose severa seasonal stress for
macroalgal growth. Best tidal
heights can be expected te change
with seasonal and tida! exposure
level changes.

3. Epiphyte colonization,
identificatlon, and desiccation sensl-
tivity experiments form the third part
of this report. Recrultment of dia-
toms on four surface types was stu-
died (filter paper, plastic, killed, and
living Porphyra). We observed epl-
phyta attachment on all substrates
after 24 hours, with maximum colo-
nizatlon occurring on continugusly
submerged substrates. Living Por-
phyra supported a more diverse epl-
phyte community than did other

substrates, and was also colonized
by many protozoans.

Table 2 lists the species of diatom
eplphytes found in tank and field
transplant culture. The same taxa
occurred under both conditions,
although tank culture favored rapid
growth of long Fragilaria and Melo-
sirg stands. Observations of Por-
phyra perfarata grown [n culture
tanks demonstrates that diatoms
can make up as much as 50% of
plant net welght. Figures 7 through
10 show scanning electron micro-
scopic details for select species.

Fragilaria calffornica, our most
troublesome tank eplphyte, has its
photosynthetic recovery drastically
impaired by mild desiccating condi-
tions (figure 11). The host plant,
Porphyra perforata, 13 photosyntheti-
cally tolerant of a near threefold
desiccation level. From this
ditferentlal tolerance to desiccation,
based on photosynthetic measure-
ments, it Is clear that tank or field
desiccation offers a significant bio-
logleal control of unwanted epi-
phytes. Users of this technlque
must consider the exposure toler-
ances of both host and epiphytes,
with the complication of seasonal
varlations in these tolerances.

Table 1

Characteristics of Mid Intertidal Porphyra
perforaia Thalli and Photosynthesis after

Transfer to New Tidal Heights

Tidal helght WeighUaEea % Recovery after
{mg/cm*) desiccation shock

+ 1.5 feet 1201 + 0.36 50.01

+ 3.0 feet 1043 + 0.96 68.34

+ 5.0 feet 9.36 + 0.29 96.99

105



Table 2

Diatom Species Found as Epiphytes on
Porphyra perforata , al

Achnanthes longipes Agardh

Achnanthes species #2

Biddulphia longicrurus var. hyalina (Schrod.) Cupp
Cocconeis species #1

Coceonels species #2

Coscinodiscus radiatus Ehr.

Fragitaria californica Grunow

Grammatophora marina (Lyng.) Kutz

Licmorpha abbraviata Agardh

Molosira moniliformis (Muller) Agardh '
Navicula species #1

Nitzschia biblobata var. minor Gronow
Nitschia closterlum (Ehr.} W. Smith L
Nitschia species #3 o 20 40 60
Nitschia species #4 FLANT LENGTH ca

Synedra species #1

PLANT WEIGHT gms

RZ=0.5%, P< 0,001

N=di, DF=5%
To0.084X +0.438

Figure 1. Length to weight correlation for Porphyra perforata thalll.
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Figure 2. Growth of Porphyra perforata as a function of air exposure time in tank cul-
ture experiments.
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Figure 4. Photosynthetle performance of Porphyra perforata in response to intertidal

exposure in rack culture experiments.
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Figure 3. Intertidal gradlent sltes for rack culture experiments at Hopkins Marine Sta-
tion, Paclflc Grove, Callfornia. High (A}, mid {B), and low (C} intertidal sltes were
chosen along a marine railway to glve a range of field exposure conditions.
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Flgure §. Typical epiphyte density for upper Intertidal Porphyra
perforata thalli. (X 250 magnification)

Flgure 6. Typlcal epiphyte denslty for low Intertidal Porphyra
parforata thalll, with abundant Licrmorpha and Cocconels eplphytes.
(X 250 magnllication}
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Figure 7. Scanning slectron micrograph of epiphytic diatom
Grammatophora marina isolated from Porphyra perforata thalli.
{X 1.5 K magnification)

Flgure 8. Scanning electron micrograph of epiphatic diatom
Coscinodiscus sp. with an unidentifled small pennate diatom, both
isolated from Porphyra perforata thalli. {X 3.3 K magnilication)
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Figure 9. Scanning electron micrograph of epiphytic diatom
Achnanthes longipes, isolated from Porphyra perforata halli.
{X 1.5 K magnification}

Figure 10. Scanning electron micrograph of epiphytic diatom
Cocconeis sp. present on surface of Smithora naiadum thalli.
(X 1.5 K magnification)
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Figure 11. Photosynthetic recovery following desiccation stress by select intertidal
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DEVELOPMENT OF MULTISPECIES MANAGEMENT FOR KELP
|BED RESOURCES WITH AN EMPHASIS ON SEAIURCHINS

Mia J. Tegner and Paul K. Dayton

Sea urchins are functionally the
‘most important herblvores in the
kelp forests of southern California
and many temperate seas; their
grazing activities can profoundly
affect the distribution and abun-
-dance of numerous other organisms,
‘The recent history of kelp bads in
this region emphasizes the recurrent
episodes of destructive sea urchin
grazing and demonstrates the seri-
ous limits of single-species manage-
ment or lalssez-faire ecanomic
schemes. An understanding of the
-natural controls of sea urchin abun-
dance and distribution I8 Important,
not only for managing the red sea
urchin (Strongylocentrotus francis-
canus) fishery but also for tormulat-
Ing a multispecles approach to
management of all kelp forest
| resouUrces.

. Competitlon and predation are In-
teractions with other specles which
have the potential for regulating the
abundance and distribution of an
organism’s population. For the case
of sea urchins In southern Califor-
nla, fisherles have heavily Impacted
populations of both potentlal com-
petitors {the abalones, members of
the genus Haliotis) and predators
{the sea otter, Enhydra lutris; the

. 8piny lobster, Panulirus interruptus;

"and the California sheepshead,
Semicossyphus puicher). While it is
well known from studies in Califor-

I nia and Alaska that sea otter preda-
tion keeps sea urchin populations at
very low levels, sea otters had been
gone from southern Californla for
more than a century when destruc-
tive sea urchin overgrazing was first

- recognized as a major problem.
Clearly other factors were affecting
urchin populations in the intervening
period (Tegner, 1980).

We investigated the Interactions
t:etwesn red sea urchins and red
abalones {H. rufescens), the conspi-
cuous large Invertebrate herbivores
of southern Callfornia kelp forest
communitles (Tegner and Levin,
1981). These anlmals co-gccur and
are often found close together on
the same resfs. They employ the

same primary mode of feeding, show
similar food preferences and are
both nocturnal. Competition for food
was analyzed in long-term laborato-
ry experiments comparing growth at
three ditferent food levels. Large
red abalones tended to depress the
growth rates of large red urching
aven in the presence of excess
food. Small urchins were unaffected
by competition. Red urchins are
physlologically and behavioralty
better adapted to cope with limlted
food supplies. The urchins are
about 1.5 times more efficient than
red abalones at converting both
organism's preferred food, Macro-
cystis, to body welght. While the
two grazers showed no difference In
time to starvation in the laboratory,
the urchins' more aggressive forag-
ing behavior and more generalist
feeding strategy suggest that they
would do better than abalones dur-
ing food shortages.

Qur data do not indicate that com-
petitlon with red abalones is likely to
be a major factor regulating red ur-
chin populations, but the consisten-
cy of trends in the laboratory growth
experiments argue that weak com-
petitive interactions are real.
Abalones may be able to decrease
the urchins’ relatlve fithess when
food supplies are adequate through
interferance competition. Yet sven
with the greatly increased abalone
standing stocks of the past, com-
petitive exclusion would be unlikely
because of the red urchins’ more
opportunistic characteristics: better
abillties to cope! with food stress,
higher reproductive rates, and wider
dispersal. Nevertheless, competition
may have been more iImportant in
the past when larger standing
stocks of both herbivores and thelr
predators limited both food and
spacs resources and made foraging
tactics and habitat selectlon more
critical (Tegner and Levin, 1981).

In contrast, the case for predation
affecting the distribution and abun-
dance of sea urchins is strong. QOur
field studies (Tegner and Dayton,
1981) in the Point Loma kelp forest
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near San Dlego showed that red ur-
chin population structure is dlfferent
in areas where lobsters and sheeps-
head are commaon from areas where
these predators are absent. Urchin
test collactions of natural mortali-
ties, small scale urchin distribution
patterns, and grazing mortality of
Macrocystis all suggest that lobsters
and sheepshead control urchin pop-
ulations. Representative red and
purple {S. purpuratus) urchin popu-
lation structures from an arsa where
these predators are common are
shown In figure 1. {Because the
population structures were similar
from year to year, the data were
summed for the entire study; see
Tegner and Dayton, 1881 for de-
tails.)

A major focus of our efforts this
past year has been to undarstand
the interactlons between red and
purple sea urchins and thelr preda-
tors and to explain the observed
population structures and higher
rates of pradation in purple sea ur-
chins. Spiny lobsters, more amen-
able for work in aquaria than
sheepshead, were used for an ex-
tensive series of feeding experi-
ments. The lobsters showed a
strong prefarence for purple urchins
over their longer-spined congeners
(X,2 = 10.8, p <.005). WIthin each
species, smaller urchins are pre-
ferred.over larger urchins, but pur-
ple urchins under 60 mm are pre-
ferred ovar even the smallest red ur-
chins. Large and mid-sized lobsters,
which are capable of handling large
red urchins (Z100 mm}, showed a
distinct preference for red urchins
less than 60 mm when presented
with & range of sizes. The largest
lohsters were somewhat more likely
to take sea urchins betwaen 60 and
90 mm. None of the lobsters chose
urchins larger than 90 mm as their
prey. Earller we described the
unusual nursery association of small
red urching spending about their
tirst year of lite under the spine
canopies of conspecific adults, an
assoclation which enhanced the
settlemant and survival of Juveniles



in the field (Tegner and Dayton,
1977). We tested the effects of the
adult spine canoples on lobster pre-
dation of small red urchins in the ta-
boratory and found that the pras-
ence of the canopy clearly inhibits
predation (X;2 = 9.8, p £.025).

Thus the bimodal slze-frequency
distribution of red urchins can be
explained by lobster predation pat-
terns. The first peak is accounted
for by protection of juveniles under
the splne canopy and the region
between the peaks represents the
most vulnerable size category. The
reluctance of even large lobsters to
take on large red urchins shows that
the second peak represents a par-
tial refuge in size. This peak is
large desplte heavy predation on in-
termediate sized urchins because
several year classes are accumulat-
ed here as growth rates slow down.
Purple urchins, which make little
use of the spine canopy association
and do not attain any refuge in size,
are unimodal. Lobster preferences
for the shorter-spined purple ur-
chins in the lab show the impor-
tance of handling considerations
and explaln the higher predation
rates ohserved in the field.

In an attempt to determine the ral-
ative importance of lobster versus
sheepshead predation In the field,
an experlment was initiated last
spring near Point La Jolla. The ob-
servation that sheepshead are ac-
tive by day and urchins at night sug-
gests the urchins’ behavior pattern
may have evolved as a response to
the predation pressure of this fish.
All of the sheepshead were removed
from the area surrounding an isolat-
ed reef and migrants are being re-
moved monthly. Lobsters are not
being manlpulated. If sheepshead
are the more important red urchin
predators, we would expect to see a
substantlal reduction of the bimo-
dality in their populatlon structure in
about a year's time. Studles of the
gut contents of sheepshead re-
mecved from this reef show that ur-
chinsg are their major food item.

- Further verificatlon of the impor-
tance of lobster and sheepshead
predation comes from several years
of data from Channel Island popula-
tions. Red urchin populations on
San Clemente and-Santa Barbara
Islands are consistently, strongly bi-
modal and these predators are com-
mon to abundant. At Santa Rosa
and San Miguel islands, these pre-

dators arg both at the northern end
of thelr distrlbutions and are uncom-
mon or absent. Red urchin popula-
tions are not bimodal In these areas.
The size of red urchin populations
on the southern islands appears to
be regulated by predatlon on mld-
sized animals and in the north by
the success of recruitment to benth-
ic populations.

S. franciscanus
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Figure 1. Representative red, Strongylocentrotus franciscanus, and purple, 8. pur-
puratus, sea urchin size-frequency distributlons from an area In Point Loma where two
Important pradators, the spiny lobster, Panuifrus interruptus, and the California sheeps-
head, Semicossyphus pulcher, are common. The bimodal nature of red urchin popula-
tlons results from protectlon of juvenlles by the spine canapy association, the high vul-
nerability of intermediate slzed animals to predation, and a partial refuge from predatian
in size by large adults. Purple urchins, which make little use of the spine canopy asso-
clation and have no refuge In glze, characterlstically exhlblt a unimodal population
structure.
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ENDOCRINOLOGY OF NORMAL AND ABNORMAL SALMON
SMOLTIFICATION AND.ADAPTATION TO SEAWATER

Howard A. Bern

This year various aspects of the
morphological and physiological
changes accompanying ¢oho sal-
mon smoltification have been stu-
died using fish from the lron Gate
Hatchery near Eureka in northern
Californla. Preliminary studies on
king salmon wers begun. Fish were
sampled from January to June, gen-
erally every 2 weeks and coincldent
with the new and full moons. Much
of our emphasis has been on thyroid
function and the influence of various
hormonal and environmental factors
thereon.

An ultrastructural study of certain
endocrine glands of the ¢coho sal-
mon, conducted in arder to assess
their activity during normal and ab-
normal smoltification, has been
completed. Emphasis was placed
'on those endocrine cells and glands
.considered important in the
smoltification process. Prolactin
cells appeared active in normal
smolts and inactive in the (seawa-
ter} stunt, but growth hormone cells
appeared active in all groups. Thy-
rotropin cell activity was reduced in
the stunt, and the thyroid eplthelium
was clearly atrophic. Simllarly, the
corticotropin cells in the stunt ex-
hibited diminished activity compared
with the cells of normal smoilts, and
'the interrenal cells appeared clearly
linactive with deformed mitochondria,
sparse smooth and rough endo-
‘plasmic reticulum, and limited mem-
brane development at the vascular
pole. Other endocrine glands of the
stunt, including the ultimobranchial,
.pancreatic islets, and caudal neu-
rosecretory system, showed gen-
erally diminished actlvity in com-
parisen with normal fish. In many
respects, the abnormal stunt ap-
pears to be hypoendocrine; howev-
er, the growth hormone cells and the
corpuscles of Stannius showsd ul-
itrastructural signs of appreciable
activity.

in California it was determined
that the thyroxin surge occurred on
the new moon closest to the vernal
equinox in previous years. This
year a sampling schedule was
designed to be particularly Intensive

at the new moons likely to be the
timas of the thyroxin surge. Be-
cause a full moon fell on the vernal
equlnox, a rare event which results
in the equal spacing of two new
moons about the equinox, the thy-
roxin surge would have an equal
probabillity of occurring at either
new moon. Two peaks indeed oc¢-
curred on each of the new moons in
March and April. It now appears
that the smoltification-related thy-
roxin surge includes two com-
ponents: a slow rise which occurs
over several months and a "spike"
release which occurs in coincidence
with the new moon. The most strik-
Ing feature of the spike phase is the
abruptness of the surge, which oc-
curs within 5 days and possibly
much less time. Sampling frequen-
cy will be increased in 1982.

We planned to test whether down-
stream movement is correlated with
the rise in thyroxin on the new moon
nearest the vernal equinox. A study
utilizing the smolt-trap devised by
Kearstetter was begun in mid-
February, 1981, Two thousand coho
salmon presmolts were put into a
raceway with a smolt-trap installed
at its lowest end. However, after the
first two samples were taken, the
raceway was vandallzed and about
1500 fish were stolen or destroyed
just prior to the naw moon in March.
if indeed coho salmon show a pro-
pensity to move downstream
through the smoit-trap in conjunc-
tion with the new-moon-associated
thyroxin spike, a volltional release
study can be readily planned using
this technigque; a more extensive
study is planned for the spring of
1982,

In order to determine the effect of
timing the release of coho salmon
smolts on their ability to survive and
grow in seawater, more than
300,000 binary-coded wire nose-
tagged coho salmon have been
released from two northern Califor-
nia hatcheries. Release dates were
chosen in consultation with our la-
boratory, based on the lunar hy-
pothesis of the smoltification-
associated thyroid hormone spike,
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Inasmuch as coho salmon spend 2
to 3 years at sea before returning to
spawn, it will be some time before
the relative appropriateness of the
several release dates can be as-
sessed. Tagged releases will con-
tinue in 1982 and 1983,

King salmon which are retained in
fresh water undergo multiple thyrox-
in spikes (al! coincident with the
new moon). In terms of king salmon
enhancement, the multiple thyroxin
spikes may serve as saveral oppor-
tune times for hatchery release. We
plan to suggest a controlled release
of tagged fish at selected dates
based on the lunar calendar com-
parable with what is belng done at
present with coho salmon.

In a davelopmental study of the
structure of the thyroid gland in
coho salmon, we-examined its histo-
loglcal and ultrastructural features
during smoltification. Hlistotogical
observation of 1-gm-thick sections
showed that the height and the
number of nucleoli of follicular cells
increased from January to March,
decreased in April, then Increased
again in May. Ultrastructural ocbser-
vations revealed that starting in late
winter, thryoid follicle cell organelles
showed increased development until
mid-April and decreased thereafter.
Thyroid ultrastructural features were
in accord with plasma thyroxin lev-
els as indicators of thyroid activity.

A histological and ultrastructural
study of the influence of thryotropin
on thyroid gland morphology at two
time periods during coho salmen
smoltlfication was completed. Using
graded doses of bovine thyrotropin
ranging from 0.05 to 0.8 IU, fish
were injected daily for 4 days and
killed on day 5. Plasma thyroxin
values were directly related to thy-
rotropin dosage and ranged from
0.64 ng/ml in controls to 24.5 ng/ml
in maximally stimulated fish. Histo-
logical examination revealed that
thyrotropin treatment increased the
thickness of follicular cells, the size
of the nucleus and the number of
nucleoli. Thyrotropin decreased the
electron density of follicular cell
cytoplasm, but increased cell height
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and quantity of rough endoplasmic
reticulum Including ribosomal
rosettes, smooth endoplasmic reti-
culum, lipid droplets, formation of
lobules from the apical membrane,
and the number and size of mito-
chondria and Golgi bodles. These
changes ars similar to those de-
scribed in other vertebrates and
provide a basis for determining the
level of thyroid gland actlvity.

A study of the clearance kinetics
and plasma concentration of thyrox-
in in response to thyrotropin and
seawater entry during smoltification
was conducted in order to determine
whether the decrease in plasma
throxin following entry of smolt-age
salmon into seawater results from
inhibition of thyrotropin release,
changed effectiveness of thyrotropin
at the level of the thyroid tissue, or
from increased clearance of thyrox-
in. The maximum response to 0.1 1U
thyrotropin occurred at 24 hours.
Thyroxin levels ware higher In fish
from fresh water than in those from
seawater in both thyrotropin-
injected {50.9 + 15.7 vs. 20.1 + 8.3
ng/ml) and saline-injected (11.7 =
1.3 vs. 4.3 + 0.9 ng/ml} groups. We
also determined that the rate of
clearance of thyroxin from the plas-
ma of fish Injected with 0.1 IU thyro-
tropin and placed in seawater was
54.0 ml plasma/hour compared with
20.7 ml plasma/hour for fish placed
in fresh water.

Chronlc effects of transter into
seawater on plasma sodium and
thyroxin levels was conducted over
the entire course of coho
smoltification. Fish were transport-
ed to Berkeley and acclimated for
24 hours and an initial blood sample
was taken. One group was placed
directly in seawater and the control
group was placed in fresh water.
Blood samples were taken at 24
hours, 3 days, 6 days, 12 days, and
28 days after transfer. Praliminary
resulls show that direct entry into
seawater causes a surge in plasma
sodium levels {at 24 hours); over
the longer time course, plasma sodi-
um returns to the level of the fresh-
water group. An immediate drop in
thyroxin also occurs; levels at later
times have yet to be determined.

Prolactin effects on the clearance
kinetics and plasma concentration
of thyroxin show that it does not
significantly change thyroxin titers.
However, the kinetics data are irreg-
ular, suggesting that somsthing of

potentiai Interest is occurring. We
plan to alter our experimental proto-
col and pursue this topic during the
next smoltification period.

Trout reared in blue tanks become
silvery and also more tolerant to
seawater transfer. The objective of
our study was to determine whather
caho salmon would underge similar
changes and whether these
changes correlate with thyroid gland
activity. As soon as the data anal-
ysis is complete, we shall be able to
determine if the salmon silver earlier
in blue tanks and whether this
silvering reflects true smoltification
or is merely a pigmentary response
to the blue background color.

We continue our studies of ep-
ithelial transport using a varlety of
fish membranes In order to elucldate
the ways In which hormones act to
alter ion and walter transport in
preparation for migration to the
ocean. Changes in osmoregulatory
mechanisms compatible with sea-
water entry, including the plateauing
of increases in Intestinal fluld tran-
sport, increase in opercular )
¢hloride-secreting cell numbers, and
the abolition of salt resorption by
the urinary bladder all appear to oc-
cur 2-4 weeks after the thyroxin
spike. These data suggest that -
osmoregulatory competence for sea-
water survival and growth may be
phase-related to the thyroxin spike.

Efforts to characterize salmon
prolactin and growth hormone are
continuing. Using our prolactin
bloassay system, which explolts the
plasma sodium-retaining effects of
prolactin in the hypophysectomized
teleost fish Fundufus heteroclitus,
we have characterized and
Identified a prolactin-like hormone
from the coho salmon rostral pars
distalis. Based on SDS gel slectro-
pheoresis and |soelectric focusing,
this molecule appears to be similar
to those purified by Kawauchi (Ki-
tasato Unlversity, Japan) and by
Prunet (Laboratory of Fish Physiolo-
gy. Rennes, France) from chum and
king salmon, respectively. These
proteins have molecular weights in
the range of 20,000-24,000 and "
iscelectric points near pH 9. Qur
bicassay system shows the promise
of becoming the basis on which
present and future attempts to pro-
duce large quantitities of salmon
prolactin can depend.

We have collected an additional
1,000 coho salmon pituitarles,
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separated into rostral and proximal
parts of the pars distalis. These will
be employed by our coltaborator,
Martial, at the University of Llege in
Belgium, toward the sequencing and
possible production of coho prolac-
tin and growth hormone using gene
insertion techniques. In an initlal
study using the two parts from 600
pliultaries, molecules of approxi-
mately 22,000 MW (compatible with
the two harmones) have been pro-
duced. If the genes for these
molecules can be successfully in-
serted into a suitable bacterium, and
the biological activity of the prohor-
monal products established, a sup-
ply of coho salmon prolactin and
growth hormone may become avall-
able in meaningful amounts.

Robert Rawstron, the newly ap-
pointed chief of the Anadromous
Fish Branch of the California
Department of Fish and Game has
selected a committes of five
members represanting the different
Fish and Game reglons to come up
with specific recommendations for
the improvement of hatchery prac-
tices that could be implemented as
early as 1982. Selected were four
members of California Fish and
Game and either Nishioka or Grau
from UC Berkeley to help implement
timing of release based on lunar
cycle-associated thyroxin spikes
and the advantages of using
"smolt-trapping" for volitional
release directly or indirectly from
the hatchery.
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EXPERIMENTAL ABALONE ENHANCEMENT PROGRAM,

Mia J. Tegner

The objectives of this program are
to develop an understanding of the
natural history and ecology of the
major species (red, Haliotis rufes-
cens; pink, H. corrugata; and green,
H. fulgens) of abalones in southern
California and to use this knowledge
to design and execute four experi-
mental approaches aimed at deter-
mining the scientific and economic
feasibilities of enhancing abalone
populations in depleted areas. The
four approaches are seeding
hatchery-reared juveniles, habitat
moditlcation to provide nursery
areas, fishing closures to allow na-
tural recovery, and transplantatian
of adults as broodstock.

Seeding of hatchery-reared Ju-
veniles to enhance fishable standing
stocks is an approach ploneered
and practiced on a very large scale
by the Japanese. Seeding experi-
ments testing size-speclfic survivor-
shlp, the effects of habitat type on
survlval (inciuding offshore as com-
pared to mainland sites), the effects
of denslty on dispersal, and the
offects of different planting methods
have been initiated for red and
green abalones. The hatcherles
have not been able to solve the
problems associated with the pro-
duction of pink abalones, so this
species has been dropped from the
program.

Five large-scale experiments are
underway with red abalones. Two
experiments on the Palos Verdes
Peninsula with medium sized seed
were designed to test survivorship
in difterent habitat types. Lunada
Bay | is located in a somewhat pro
tected cove which supports an ex-
tenslve Macrocystis pyrifera forast.
Point Vicente, receiving conslder-
ably more water motion, |s charac-
terized by the lower standing palm
kelp, Eisenia arborea. Our major
tast of size-specific survivorship
and clean water control to the Palos
Verdes Peninsula was established at
Tyler Bight on San Miguel Island.
About 10,000 abalones in each of
four size classes (11, 20, 28, and 34
mm) were planted in 1979, Be-
cause it was very difficult for a diver
to handle the smallest seed, we

deslgned a test to compare survival
of hand-ptanted seed versus those
on artificial substrates. In Lunada

‘Bay I, 5,000 red abalones averaging

13 mm were planted in our standard -
manner and 5,000 more were al-
lowed to attach to oyster shell prior
to transport from the hatchery and
were planted by placing the artlficial
substrate in cryptic spots. Recon-
naissance dives 1 and 2 days after
this plant suggest that immediata
survivershlp was comparable for the
two methods despite large
differences In the amount of han-
dling stress the animals received.
The advantage of the oyster shell
method is a 2/3 reduction in the
effort required for planting. A disad-
vantage may be a tendency of the
seed to remaln on the shell.

Inous, of the Kanagawa prefectur-
al laboratory in Japan, found that
survivorship of planted H. discus
seed levels off at 70% for 40 mm
animals (parsonal communication).
Because our hatchery had been un-
able to supply us with 40 mm an-
imals for the San Miguel experiment,
we seeded 175 red abalones
averaging 45 mm and 501 averag-
ing 71 mm Into an area near Palos
Verdes Point this spring. Although
the experiments were initiated at
differant times, we have now planted
five size categories of red abalones
at Palos Verdes; these data will aug-
ment the size-specific survivorship
results from San Miguel. The obvi-
ous factor varylng with abalone slze
is the amount of eftort required for a
predator to handle its prey; shell
thickness increases with size pro-
viding increasing degrees of refuge
from predation. Our results show
that movement also varies with size.
Mapping experiments indicate that
the larger the sead size, the slower
the dispersal rate fron planting sites.
Since abalones are more vulnerable
to predation when they are not
firmly attached to the substrate,
differential dispersal rates as well
as changing shell thicknegs are
likely to contribute to size-specilic
variations in survivorship.

Lunada Bay |, the first large-scale
experiment, was seaded with 10,500
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rod abalones in 1978 and has been
resurveyed annually for live animals
and shells. While we found few live
animals in the most recent survey,
the seed are stlll In a cryptic size
category and are difficult to sample.
Pata from native populations sug-
gest that red abalones become
emergent between 120 and 150
mm, thus the Lunada Bay | animals
should be more readily assessable
in late 1981 or 1982. The fact that
we have not found large numbers of
shells and that the few shells we
have found are larger each year
further suggest that we are not able
to adequately sample cryptic-stage
red abalones. The results from Lu-
nada Bay | will be used to determine
the optimal time for evaluating the
other red abalone seeding experi-
ments.

No attempts were made to mani-
pulate predators during the initiation
of the Lunada Bay | seeding experi-
ment and 173 shells were found
within the first month. Field obser-
vations and laboratory experiments
indicated that crabs {(Cancer sp. and
Loxorhynchus grandis), lobsters
{Panulirus interruptus), oclopuses
(Octopus sp.), gastropods {especial-
ly Kelletia kelletii), starfish (As-
tromelis sertulifera and Pycnopodia
helianthoides), and the cabezon
(Scorpaenichthys marmoralfus) are
the major seed abalone predators.
We tried collecting thess predators
during preplant surveys and the ac-
tual seeding process to reduce pre-
dator pressure during the critical
period of adaptation to a new en-
vironment. This procedurs, now part
of our standard planting technigues,
reduced the number of shelis found
after 1 month at Lunada Bay Il to
36.

Two large-scale experiments were
inltiated with green abalones during
1980-81. Eight thousand seed were
planted at two different densities at
Haggarty's on the Palos Verdes
Peninsula to determine the effects
of density on dispersal. About
20,000 greens in a variety of sizes
were planted at a site on
southeastern Santa Cruz Island.
This experiment is our offshore con-
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itrol to Palos Verdes and our test of
slze-specitic survivorship for greens.
Work to date shows that hatchery-
reared greens {and thelr size at
planting) are clearly distinguishable
from native abalones after 1 year In
the fleld, a factor which will greatly
facilitate evaluation of both experi-
‘ments.

. Qwr early studies of abalone na-
tura history suggested tha Impor-
tance of adequate nursery habltat
[for maintaining red abalone popula-
|tion size. Most juvenlle red
Iabalones are found under small,
turnable rocks, a habitat which ap-
lpears to offer maximum protection
ifrorn predators. This suggests that
{the addition of nursery rocks to ha-
|bltals whose physical structure does
not offer adequate cryptic shelter for
juveniles but which could support
farger animals, would improve the
survival of both naturally settled and
'seeded abalones. Southern Callfor-
nia Edison requested that the
|Department of Fish and Game
Idasign a multipurpose reaf to
enhance marine resources in the
|waters near Camp Pendleton. The
|ol:ajeeclive was to develop and test
Several designs to see whether such
reefs could be used In the future as
‘mitigation for the potential adverse
'effects of power plants. Using our
design spacifications, eight reefs
were constructed in September,
i1980. Four reefs were bullt with
‘nurgery habitat and four without. To
Fcaur knowledge, thase are the first
lartificial reefs in the United States
designed to enhance invertebrate as
well as fish populations.

To test the role of nursery habitat
for young abalones, two of each
type of reef are being seeded with
hatchery-reared abatones and two
of each type will be used to follow
natural recruitment. Macrocystis is
being transplanted to each reef and
other algae are recrulting naturally.
fA preliminary test plant has shown
that red abalones ara surviving on
these reeis but the full-scale plant
has been delayed until new Macro-
'cystis transplants are well estab-
IIisshed. Unusually warm water con-
ditions last spring destroyed the first
transplants but conditions have im-
proved and the new transplants ap-
pear to be growing. If our hy-
pothesls is correct, habitat
modificiation may be an effective
approach for enhanclng abalone
populations in certain areas where

poor habltat apparently {imits
abalone productivity, In addltion to
providing a new dimenslon to
artificial reefs. We may also find, as
the Japanese apparently have, that
some degree of habiltat modification
would be a cost-effoctive way to in-
crease the return from seeding
operatlons.

The California Legislature closed
the coastline between Palos Verdes
Point and Dana Point to the sport
and commercial take of abalones for
a 5-year period beglnning in March
1977. We have censused rocky ha-
bitats within the closure and to the
north of Palos Verdes Paint. If all
specles are pooled, there are
significantly more emergent
abalones inside the closed area {t
test, p £.05). None of the more
highly deslred specles, reds and
pinks, were counted outside the
closed area (although they are
known to have occurred there)
which 1s comparable in habltat to
the closed area. Black abalone
densitles are 6-7 times higher Inside
the closed area. Size data also Indl-
cate a trend for higher recruitment
rates inslde the closure, but we
have not been able to detect a
slgniflcant change In the natlve red
or black abalone populations at one
location in the closed area over 3
years of sampling. These data sug-
gest that the closure is having an
affect but, given the very low densi-
tles we are deallng with, more ob-
servations will be required to deter-
mine the significance of the effects
and the rates of change.

A striking result from these cen-
suses |s that there are considerably
more red than green abalones at
Palos Verdes today although both
apparently were abundant In the
past. If one assumes that abalone
populations were reduced to levels
too low for effective reproduction to
taks place during the ysars when
there was no Macrocystis and
standing stocks of other algas were
drastically reduced, then present
specles compositions should reflect
adaptabillty to present condltions or
the relative colonlzing abllitles of
oach species. The excellent growth
rates we are observing for native
and hatchery-reared red and green
abalones at Palos Verdes today sup-
port the second hypothesls. In an
attempt to explain the present
species composition and to deter-
mine whether the closure approach

121

is feasible for green abalones in the
near future, we are conducting a
drift-bottle experiment to determine
the relative importance of endemic
varsus external sources of green
abalone larvae for the recolonization
of Palos Verdes. Drift bottles were
released during the two peaks of the
green abalone spawning season
over the major present and past
green abalong beds in southern Cal-
ifornia. Results from the first de-
ployment suggest that endemic
sources of larvae are very important
for an organism with a short larval
life such as H. fulgens. For example,
drift bottles from Channe! island
sites made it to the mainland but
most of the transport times were
considerably longer than the life
span of a green abalone larvae. If
the results from the second deploy-
ment are similar, we will recommend
to the Department of Fish and Game
a large-scale transplant of sublegal,
reproductive green abalones into
the closed area at Palos Verdes.

In summary, we have leamed
much about abalone biology and
made progress with each of the ap-
proaches to population enhance-
ment and have encouraging evi-
dence that some of the approaches
will work. However, given abalones’
slow growth rates and the 2- to 4-
year time lag from initiation of an
experiment to the time for meaning-
ful evaluation, It Is too early to
demonstrate feasibility.
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ECONOMICS OF FISHERIES AND AQUACULTURE

DEVELOPMENT

Warren Johnston, Cadet Hand, and Louis W. Botsford

The original aims of the fisherles
portion of this project were to de-
scribe the biologlcal factors contri-
buting to cyclic fluctuations In the
northern California crab fishery, de-
scribe the important economic as-
pects of the fishery, and then, based
on these, formulate better manage-
ment policy. These were later ex-
panded to includs a survey of west
coast crab populations for the pres-
ence of a predator worm. WIith re-
gard to the cause of the cycles,
fluctuations in effort have been
ruled out as a mechanism. Remain-
Ing potential causes are environ-
mental factors and denslty-
‘dependent recrultment steamming
from either cannibalism, the egg-
predator worm, or another as yet
unidentified mechanism. With re-
gard to new fishery pollicy, since the
cause of tha cycles Is not known,
these results are preliminary. We
have, however, derivad a policy that
increases returns to the fishery

- whether the cause is density-
dependent or environmental. With
regard to the egg-predator worm,
samples indicate that It exists at
high levels In both California
fisheries and In Oregon and Wash-
ington,

The starting point of this project
was an analysis of multiple age-
class, density-dependent recruit-
ment models that showed that a
size-gselective fishery could render
Ithe models unstable, and that tha
Iexistence of potential unstable re-
cruitment mechanisms could be
tested in the field {Botsford and
Wickham, 1978). We planned to
test two known mechanisms: cannl-
balism and an egg predator worm,
Carcinonemertes errans.

Fisld work on canniballsm began
in 1979 in Humboldt Bay by collect-
Ing crabs with an otter trawl and
analyzing thelr gut contents. Heavy
levels of cannlballsm by 1-year-olds
on newly settled crabs were ob-
sarved, These were the only two
age classés in the bay in any abun-
dance. In the June sample, out of
48 crabs examined, 10 crabs had
remains of 17 young-of-the-year
{YOY) crabs. Since laboratory ex-

periments showed that YOY crabs
were digested within 24 hours, this
was a daily rate. Trawls taken out-
side the bay showed greater densi-
ties of YOY than inside.

In 1980 very few YOY crabs and
no 1-year-old crabs were found in
Humboldt Bay.

In 1981 sampling was conducted
with both trawl and pots from a
fishing boat off Trinidad Head. No
YOY wers caught, but many were
found in guts of older crabs. Table
1 shows the high levels observed.

From these studies, which show
rates as high as 330%, we can con-
clude that cannibalism is strong
enough to significantly influence
abundance. However, to completely
evaluate this as a mechanism, we
must determine the changes in mar-
tality rates from cannibalism from
year to year. These samples will
continue at slations outside the bay.

Northern California worm samples
have shown that egg mortality from
worm predation has increased in re-
cent years (1974-75, 11%; 1975-76,
29%; 1977-78, 30%; 1978-79, 44%;
1979-80, 47%). The likelihood that
this mechanism causes the cycles
depends on behavior through the
next decline in crab numbers and
the subsequent increase. From the
data gathered thus far we cannot
tell whather we have observed an
unstable dynamic Interaction
between crabs and warms, or merely
an increase in worms that will
remain high in the future.

With regard to the density-
dependent recruitment mechanism,
McKelvey et al. (1980} recently con-
cluded from a modeling study that
cannibalism was not the cause of
cycles because the observed cycle
period did not match the period of
cycles produced by their model.
This disparity of periods is not new,
and was noted in Botsford and
Wickham (1978). Qur approach has
been to test cannlbalism in the field
rather than reject It on the basis of a
model and Its assumptions. The
logic that led to their conclusion is
criticized In Botsford (1981).

Analyses of both the influence of
environmental variables and fluctua-
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tions in effort in rasponse to abun-
dance require estimates of presea-
son abundance. These were
developed using the Leslie method
{Methot and Botsford, submitted).
The results (figure 1) show that In-
stead of the smooth, increasing cy-
cles inferred from the catch record,
the population actually exhiblted
much more erratic fluctuations In
abundance. This result increasss
the likellhood that environmental
factors are involved. Note that
abundance in 1957 was possibly as
high as in 1977.

Knowledge of how effort changes
from year to year Is valuable for two
reasons: 1} it may cause cycles (as
in predator-prey cycles) and 2) even
if not the primary cause, It may
influence the causal mechanism,
We have shown that neither a
predator-prey mechanism nor
price-dependent escapement with
price depending on past catch
causes the cycles in this fishery.
The response to cyclic changes In
abundance has been a lagged
response of effort (i.e., effort does
not "track” abundance}. This lag de-
creases as price (deflated) in-
creases. The existence of this
response implies that not only are
returns from the fishery low in years
of low abundance, but they are also
lower than the possible level in
years of high abundance when effort
can't respond to rapid increases.
This lagged effort response also
causes a density-dependent recruit-
ment mechanism to be less stable
and to cause cycles of longer
period. The former may be a valu-
able management tool. The oppo-
site of a lagged effort responss,
higher effort during high abundance
than during low abundancs, stabil-
izes a fishery with density-
dependent recruitment. We are
evaluating the use of this in
management (see later discussion
of fishery pollcy results). The fact
that a lagged effort response
lengthens the period of the cycles
implies that the disparity between
observed and computed periods s
not as great as praviously thrught,
These rasults regarding the catch-



effort dynamics are in Botsford et al.
(submltted).

Examination of the size distribu-
tion from the preseason cruises of
California Department of Fish and
Game over the past 30 years has
just begun. Increases in the mean
size during high periods imply that a
low number of year classes (1 or 2)
are responsible for each high period
rather than the 5 or 6 years seen in
the catch.

Two mechanisms were examined
that could have caused the decline
in the central California fishery. The
first is a nemertean worm that preys
on dungeness crab eggs. This worm

has been at high enough levels to
cause about 50% egg mortality in
racent years. It has also increased
to the same level recently in Wash-
ington and is at the same level in
Oregon. Samples from British
Columbia and Alaska do not show
these high levels. These studies are
centinuing under Sea Grant R/F-75
and are described in Wickham
(1979a, b, ¢, 1980).

The second mechanism is a
depression of equilibrium population
level following an increase in indivi-
dual growth rate (Botsford, 1981a).
This mechanism may not apply to
this fishery since high growth rates
are observed only in San Francisco
Bay (.2, rather than a recent in-
crease in growth rate, we may be
seeing normal high growth rate in
bays). This mechanism may apply
to other fished species and is
currently being tested in laboratory
populations.

The economic portion of the study
has focused on developing the in-
puts for a model to simulate the
behavior of the Eureka crab flest.

Under the auspices of the California
Sea Grant Marine Advisory Program,
interviews were conducted with varl-
ous fishermen both individually and
In small group sessions to solicit in-
formation on fishing costs,
Representative fixed and variable
costs were estimated for a variety of
activities for various vessel sizes
operating in the Eureka c¢rab, sal-
mon, and albacore fisheries. Addi-
tional price and landings data for
Eureka vessels were obtalnad from
California Department of Fish and
Game, Long Beach. Annual and
monthly summaries of activities of
crab vessels have been derived

from the various data sources. The

pounds, revenues, number of land-

ings, and number of boats operating
in various size classes are now
available on a monthly basis. This
represents an important data base
on a portion of the California crab
fleet.

This data is now being used to
construct a simulation model of the
behavior of the Eureka crab fleet.
Various policy variables are includ-
ed in the model, and the effect of
management on the fleet will be stu-
died by manipulating variables in
the model. The primary concern is
with the interdependence among the
various fisheries brought about by
economic forces.

The first step toward formulating
policy for this fishery was to develop
optimal policy results for the type of
models that could describe a cy-
cling fishery in which age structure
and density-dependence are Impor-
tant. One of the results of this anal-
ysis was that puise fishing was

better than constant policy (Bots-
ford, 1981b). While this result is
somewhat theoretical and its practi-
cal implicatlons require further elu-
cidatton, it is commensurate with the
recent result showing that a pulse of

high harvest during peaks of the cy-
cles can stabillze the fishery (Bots-
ford et al, submitted). Although this
is a provocative result and a poten-
tially valuable management tool, its
full ramifications on the fishery are
still being evaluated. It appears,
however, that this policy would not
only stabilize the fishery if density-
dependent recruitment were the
cause of cycles, but aiso would im-
prove returns if environmental fluc-
tuations are driving the cycles.

Work on the predator worm is
continuing under Sea Grant project
R/F-75. We are engaged in further
sampling, evaluation of the effect of
real growth ratés on cycles, further
evaluation of environmental effects,
and obtaining numerical fishery poli-
cy results.

The agquaculture portion of this
project has involved updating
economic paramaters in the lobster
model and revising cost projections.
Culture costs increased approxi-
mately 37% from 1976 to 1980
{(Johnston and Botsford, 1980). We
have also continued work on the
monograph, The Biceconomics of
Aquaculture: A Systems Approach.

NORTHERM CALIFORNIA
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Figure 1. Results of analysis of environmental variables and fluctuations in eftort in

response to abundance.
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Table 1
Levels of YOY in Older Crabs’ Guts

Month Depth  Number in Sample  Number in Guts

April 30m 10 33
June 10m 51 2
20m 12 4
30m 11 8
July i0Om 10 3
20 m 6 16

Cooperating Organizations
California Department of Fish and Game
Mational Marine Fisheries Service
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AN ECONOMIC ANALYSIS OF THE CALIFORNIA ABALONE
FISHERY AND THE EXPERIMENTAL ENHANCEMENT

PROGRAM .
Robert T. Deacon

The commergial fishery for
abalone in California has experi-
enced several dramatic changes
during the tast 30 years. The com-
mercial catch, which exceeded 5
million pounds in the mid 1950s, {ell
to tess than 1.5 million pounds in
the late 1970s. During the same
period, the number of vessels
licensed to operate in the fishery
nearly tripled until a limited entry
program reversed the trend in 1977.
Exvessel prices, which had been
refatively stable in real terms during
the 1950s and early 1960s, almost
doubled between 1967 and 1978.
These patterns have been popularly
attributed to a variety of factors, but
principally to increased predation by
seg otters and commercial
overfishing. Concern over the latter
possibility was reflected in certain
regulatory policies such as changes
in legal size limits and the introduc-
tion of a limited entry program in
1977. It also led to public interest
in the study of resource enhance-
ment measures such as the Experi-
mental Abalone Enhancement Pro-
gram proposed by Tegner (1977).

In accordance with the above con-
siderations, the present program of
economic analysis was directed to-
ward development of an economic
model of the California abalone
fishery. The development and appli-
cation of this model was intended to
serve three related goals: 1) to gain
an understanding of the economic
and biological factors that contribut-
ed to the observed trends in the in-
dustry {summarized above), 2} to
provide a vehicle that would permit
one to analyze economic aspects of
public regulation of the fishery, and
3) to provide estimates of the likely
benefits and costs of the proposed
enhancement measures. The
research involved in developing and
estimating the economic model, as
well as applications in which it has
been employed to date, are summa-
rized below.

The first component of the model
is a demand function for abalone, a
behavioral relationship between
price, ingome, population, and other

determining factors, and the demand
for the commercial catch. The com-
mercial fishery harvests five sub-
species of abalones {reds, pinks,
greens, blacks, and whites), and
species-specific price data werse
available for only a few years of the
study period. An analysis of relative
prices of the subspecies for years in
which price data were available in-
dicated that the different varieties
may be substituted; that is, relative
prices remained essentially constant
despite significant variations in the
distribution of the catch among
species. Given this constancy of
relative price, it is theoretically ap-
propriate to aggregate the catch
(using estimated relative prices as
weights for landings of individual
subspecies), and to treat the resuit-
ing aggregate as a single product.

The total supply of abalones avail-
able to U.S. consumers is dominated
by imports {of fresh and canned
product), primarily from Mexico.
Moreover, the close correlation
between domestic exvessel prices
and reported import prices (simple
correlation exceeds .99) indicates
that the two supply sources are
close substitutes. Since the domes-
tic exvessel price will, as a result,
be strongly influenced by the availa-
hility of supplies from imported
sources, it was necessary to esti-
mate the supply elasticity of imports
to the U.S. Treatingthe US.as a
competitor in the international mar-
ket for abalone, supply to the U.S. is
the residual or excess supply from
other producing nations. To esti-
mate this excess supply, it was
necessary to estimate world supply
and demand functions for abalone
products. Demand was expressed
as a function of price, income, and
population in the major consuming
nation, Japan. Supply was treated
as a function of current price and
lagged catches. (Al nominal vari-
ables were expressed in "real"
Japanese yen.) The estimation rou-
tine utilized was developed by Fair
(1972), and is essentially a
simultaneous-equations technique
that allows for the presence of
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lagged endogenous variables and an
autocorrelated error structure.
Although the import supply elasticity
estimates obtained varied with the
exact specification of supply and
demand models estimated, all esti-
mates exceeded 10.0. From this it
follows that domestic price levels
are virtually completely determined
by conditions in international mar-
kets. This result is highly con-
venient in that it allows price to be
treated as an exogenous or
predetermined variable in subse-
guent analysis. It is also of interest
in that it provides insight regarding
the trends in U.S. prices observed
since 1950. Between 1850 and
1967, both (inflation adjusted) U.S.
prices and international prices
showed only slight increases. This
was, of course, also a period of rela-
tively stable currency values. After
1967, the rapid rise in U.S. prices
coincided almost precisely with the
decline in the value of the U.S. dol-
lar vis-a-vis the currencies of other
consuming nations (particularly the
Japanese yen). When U.8. prices
are expressed in terms of the
inflation-adjusted Japanese yen,
they are seen {0 have remained vir-
tually ¢constant since 1967,

The second component of the
model consists of a specification of
the dynamic behavior of the stock.
Afthough a traditional logistic ap-
proach was initially investigated, it
was deemed inappropriate for anal-
ysis of this fishery, in which size
selection is highly important. As an
alternative, an age ¢lass or multipte
cohort approach was pursued (Bev-
erton and Holt, 1957, Ricker, 1975).
Because the desired final product
was a specification that could be
used in empirical analysis, the stan-
dard theoretical development of the
model was modified in certain
respects. The stock, and all flows
contributing to changes in the stock
{recruitment, mortality, harvest) were
specified in the numbers rather than
mass. All of the flow prices were
modeled in discrete (rather than
continuous) time, and fishing and
maortality were assumed to operate
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in a sequential {rather than simul-
taneous} fashion. The result is a re-
curslve equation that expresses the
change in the stock in terms of the
annhual harvest, recruitment, and a
natural mortality rate. When iterated
over time, it is possible to express
the stock in any year as a function
of a sequence of lagged catches
and recruitments, where the lag
coeflicients form a declining
geometrlc series. An analysis of
avallable biological information re-
garding survivorship, growth, and
fecundity among abalenes indicated
that, given the size limits in force
durlng the sample period, recruit-
ment could be considered to be in-
dependent of the level of commer-
clal harvests. Hence, recruitment
was assumed to be a (linear) func-
tion of measurable environmeantal
variables alone. It should be noted
that within this framework, both the
natural survival rate and racruitment
are parameters to be estimated.

The current commercial harvest
was specified to be the product of
the size of the stock and the fishing
mortality rate. Fishing mortallty Is
expressed as a nonlinear function of
current fishing input levels and
weather conditions. (The only input
for which a consistent and complete
series of data could be located was
the number of licensed vessels)
The level of inputs involved in
fishing was assumed to respond to
product price, such cost factors as
fusl prices and wage rates, and to
fishing success as measured by
catch per unit effort.

When these relationships are
combined, the net result is a system
of two simultaneous equations. The
first expresses current catch as a
function of current effort and the
size of the stock. The second
specifies effort as a function of
price, costs, and fishing success.
The catch equation is highly non-
linear in its arguments, but rather
economical in terms of the number
of parametars that need be estimat-
ed. Due to an absence of ¢atch and
offort statistics over an adaquate
sample period for estimation, or to a
lack of knowledge regarding ¢ertain
biological factors, empirical applica-
tion of the model has been confined
to tha fishery for pink abalone. Esti-
mation was accomplished by use of
a nonlinear two-stage least-squares
technigue developed by Amemiya
(1974). The nonlinear estimation

routine converged rapidly and pro-
duced estimates that are plauslible
in sign and magnltude and highly
significant in a statistical sense.
Overall, the model was able to ac-
count for slightly more than 90% of
the observed variation in the com-
mercial catch during the postwar
period.

The catch equation provided esti-
mates of annual recrultment, the na-
tural survival rate, the marginal pro-
ductivity of fishing effort, and (in-
directly) the fishing mortality rate
and stock level in each year. In the
case of natural mortality, It was pos-
sible to relate the estimates ob-
tained from the model to those avail-
able from independent biological
research. Here, the general level of
agreement was quite close. The
economic model yields estimates
that were within 2-13% of biological
estimates.

By using the estimates to simulate
c¢hanges in the stock over time, it
was possible to gain insight regard-
ing the factors that contributed to
declining catches during the
postwar period. The reductlon in
catch and catch per unit effort ex-
perienced in the pink abalone
fishery during the early 19508 ap-
pears to be attributable to the inevit-
able decline in accumulated stocks
that must occur when a commercial
fishery is introduced to a previously
unexploited resource. (Commercial
catches of pink abalone were first
recorded in 1947.) The model indi-
cates that by 1960, stocks of pink
abalenegs had reached a rough
equifibrium that was maintained
{with minor fluctuations) throughout
most of the following decade. Thus,
the rather high commercial landings
of pinks recorded during the 1960s
appeared to be sustainable. Ac-
cording to the model, the size limit
increase {from 6.0 to 6.25 inches
maximum diameter) introduced in
1970 reduced effective recruitment
to iegal size by over 70%. Thus, the
sharp declines in catch during the
early 1970s are largely atiributable
to this policy change. Combining
this finding with the result that the
catch levels observed prior to the
size limit increase were apparently
sustainable, the policy change ap-
pears to have been ill-advised.

Parameter astimates from the
model were also incorporated in a
dynamic programming problem fo
compute optimum steady state lev-
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els of effort and yield under varying
assumptions regarding prices, cost,
interest rates, and the size limit in
force. Using price cost and interast
rate levels observed in 1975, and
assuming that the Initial size limit
(6.0 inches) was restored, the indi-
cated optimum leve! of etfort was
about 63% of that actually observed
under unregulated (open access)
conditions. The optimum was found
to be quite sensitlve to price and
cost conditions, but relatively insen-
sitive to differing interast rates {a
result similar to that obtained by
Hannesson {1974) In his study of
the North Atlantic cod fishery). For
a variety of reasons, including an
absence of projected cost and price
changes, the above findings are not
regarded as conclusive or as a
sufficient basis for policy recom-
mendations. They do, however, il-
lustrate the potential uses of the es-
timates obtained and of the general
approach to fishery economics
developed in this project.

Limitations of space do not permit
the elaboration of further details of
the analysis carrled out during the
completion of this project. Chief
among these omltted topics are the
estimation of mortality rates from
age distribution data; the analysis of
growth, mortality, and fecundity as
they relate to possible stock-
recruitment relationships; theoreti-
cal analysis of the relationship
between fishing effort and fishing
mortality; and the analysis of costs
experienced during experimental
abalone seeding and other enhance-
ment efforts.
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DEMOGRAPHIC ANALYSIS OF PORPOISE POPULATIONS
SUBJECT TO TIME-VARYING TUNA-NET MORTALITY

Daniel Goodman

In the late 1950s the American
tuna fleet [n the eastern Pacific
adopted purse seine gear as the
most effectlve method of capturing
yellow-fin tunga. During the first de-
cade of this fishery, there were mas-
sive incidental porpoise kills. The
tuna schools were specifically locat-
ed by looking for porpoise, as the
two school together, and the tuna
school could, to an extent, actually
be "herded" at some depth by herd-
ing the porpolse at the surface.
When the porpoise were encircled In
the net, along with the tuna, they
often became aentangled in the net
and drowned or suffered other inju-
ries.

in time, modlflcatlons were made
to the gear, and net-handling tech-
niques were dovelopad that facilitat-
ed the release of porpoise before
the final phase of drawing in the
catch. While these improvements
substantially reduced the incldental
kill of porpoise, the populations of
several species of porpoise had al-
ready been considerably reduced In
the area of the fishery. Therefore,
under authority of the Marine Mam-
mal Protection Act, the status of
-these creatures became an impor-
tant component of those factors
considered in the regulation of the
tuna fishery.

One important Index to the status
of the populations is their growth
rate, the estimation of which be-
came an object of concern within
the responsible agency.

A population's growth rate is com-
puted roughly as a difference
between its birth rate and death
rate, with certaln corrections being
made for the age composition of the
population at any given time. For
these porpolse, extensive data on
reproductive status of females sam-
pled from the kills provided informa-
tion on age and frequency of repro-
duction, from which a birth rate can
be computed.

There are two components to the
death rate: the mortality owing to
the incidental kIll and the natural
mortality. The mortality rate owing
to the incidental kill is readily es-

timated from the reports of ship-
board observers, but there are no
direct data concerning natural mor-
tality rates. To fill in this gap, we
have undertaken an analysis of the
age distributlons reported in the
kills, in an effort to deduce the mor-
tallty rate from the age structure.

The stable age distributlon associ-
ated with a life table reflects the
survival rates discounted by the
growth rate of the populatlon. [f the
population is in stable age dlstribu-
tion, graphical techniques may be
employed to relate the population
growth rate to partial information on
the relative abundances and relative
mortality rates of a few age classes.
This would suffice for computing a
natural mortality rate from the avail-
able data on porpoise, except that
this population is not in stable age
distribution, so the method, in its
simplest form, does not apply.

Attainment of stable age distribu-
tion in a population requires that the
effective birth rates and death rates
be essentially constant for a prior
period corresponding in duration to
a few generations. The incidental
monrtality for the porpoise has varied
by an eorder of magnitude in the re-
cent past, and indeed this mortality
factor only began to operate in the
population a few generatlons ago, so
the porpoise populatlon cannot rea-
sonably be assessed as If it were in
stable age distribution. However,
provided the fluctuations In inciden-
tal kill are the primary sources of
variation in the dynamics of the por-
polse population, we can correct for
this variation, since we have a
record of those fluctuations. Thus
the mathematical key to our
analysis is to reconstruct something
like a stable age vector which incor-
porates the known effacts of the
time varying incidental kill.

We accomplish this through
analysls of the following equation:

P = Any — By

where n, is the vector of abun-
dances of individuals, age class by
age class at time t, and A is the
projectlon matrix {Leslie matrix)
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representing the time constant na-
tural age specific ratas of birth and
death, and the vector i is the
number of individuals killed, age
class by age class, in year {.”In-
terastingly, when this difference
equation is projected forward to a
final time t from an initial time o, the
effacts of the underlying natural
rates and the effects of the time
ugrylng kill can partlally be separat-
ed:

-1
o= Atn, — 3 Al

=0
We note that the first term involves
only the natural rates and the initial
age distribution of the population,
whereas the second term is a sum-
matlon involving the natural rates
and the sequencs of kills. In our
actual case, of course, the initial age
distribution, which Is to say the age
compaosition of the porpoise popula-
tion before the incidental kills be-
gan, is unknown, so Its appearance
in the formula adds to the number of
things we would have to estimate.
Fortunately, if f is not small, the ex-
pression A'n, converges to the vec-
tor representing the stable age dis-
tribution of the matrix A, regardless
of the values in the initlal popula-
tion, 50 we may rewrlte the equation
in terms of the stable age distribu-
tien, and not trouble ourselves over
our ignorance of the initial composi-
tlon of the population. The second
term in the equation consists simply
of the record of kills, which is
known, and elements of the natural
rates — namely the birth com-
ponents, which are known, and the
natural mortality components, which
we are trying to estimate. In this
form, the equation can be thought of
as an expression for the stable age
distribution corrected for the effects
of the history of kills.

This expression Is a vector equa-
tion, so it really corresponds to
several simple equations (essential-
ly one equation for every age class
In the population), and in fact it
glves us sufficient equations to esti-
mate the unknown natural mortality
rate. This can be approached as a
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curve-fitting exercise in a number of
ways, such as comparing the final
observed age distribution in the
population (not the age distribution
of the kill) with a computed age dls-
tribution, or comparing the sequence
of age distributlons of the kill with a
computed sequence based on an
assumption that the age selectivity
of the kill has not changed {or if it
has changed, by incorporating that
change into the equations). The
stability of the curve-fitting opera-
tien rests on the above convergence
property, which reduces the number
of unknowns In the system of equa-
tions, by removing the influence of
the unknown initlal age distribution.

We have designed a number of
such curve-fitting programs for a
variety of data configurations, and
have written tha computer codes for
actually carrylng out the calcula-
tions with some specific data sets.
The method is a powerful extension
of the conventional analysis of age
distributions which are presumed
stable, and it wlll doubtless see
many more appllications, for it is
common that the historlcal data on a
harvested population consist pri-
marily of a record of the harvests,
and that is precisely the information
our method uses.

We have presented the theory and
applications of the method at
several workshops and symposla,
and have prepared manuscripts for
journal publication {In addition to
symposium proceedings). The Sea
Grant funding of this project has
now run its course, and we look
back with considerable satisfaction
at our accompllshments. The
mathematical convergence property
proved to be of such fundamental
importance that we were able to use
It as the basis for a theoretical
analysis of a related problem {op-
timal life histories, and parameter
estimation, where birth rates vary
randomly in time)} which was pur-
sued with National Sclence Founda-
tion funding, and which has resulted
in two papers {one In press in a
lournal and one to appear in a sym-
posium volume). And finally, the ac-
tual estimation of mortality rates for
the porpoise population, which is of
greatest concern regarding regula-
tion of the fishery, wlll be carried out
under a National Marine Fisheries
Sservice contract next year using the
latest data provided by the agency.
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ASSESSMENT OF AGING TECHNIQUES AND THEIR
APPLICATION TO ELASMOBRANCH FISHERIES

Gregor M. Cailliet

Utilization of elasmobranch fishes
from Californla waters is increasing
at a tremendous rate. Historically,
sharks were used tor their oils and
for reduction purposes {Byers,
1840), for the vitamIns in their livers
(Frey, 1971}, and as a human food
{Frey, 1971; Hart, 1973). Their use
as a human food is rapidly gaining
favor.

A major problem that arises with
this increased use of elasmo-
branchs is that very little is known
of life histery characteristics that
are essential to their effective
management. For example, age
determination has not been evaluat-
ed sufficiently for most California
elasmobranchs, and therefore, age
at first reproduction Is not known.
The usual means of aging fishes —
by examinging scales, otoliths, or
bones — are not applicable to
elasmobranchs, and there has bean
no other method for easily determin-
ing their age. (Stevens, 1975; Hol-
den, 1977). The evidence that does
exist indicates that growth rates are
slow and time to sexual maturity is
very long, estimated at about 9
vears for Galeorhinus zyopterus
{Holden, 1973; Holden and Vince,
1873; Jones and Geen, 1977a).
First reproduction occurs relatively
late in life, and fecundity is low {Hol-
den, 1973, 1974, 1977; Jones and
Geen, 1977b). Since stock and re-
crultmment are more closely related
in elasmobranchs than in teleostean
fishes, fishing premature fish can

| quickly deplete populations. The
age and size at which first repro-
duction occurs s information that is
vital to fishery management.

The approach to this project has
been twofold. During the first year,
we tested aging techniques using
vertebrae collected from common
Californian elasmobranchs to deter-
mine which techniques were appli-
cable to specific spacies and which
had the widest applicability and
highest accuracy. In the second
year, we applied these techniques to
as many commercial and potentially
commerclal elasmobranchs as pos-
' 8lble from Callfornia waters.

We have spent over 200 days col-
lacting more than 1,100 specimens
from 23 species of sharks, skates,
and rays. We have experimented
with cleanling, slicing, and grinding
procedures to prepare vertebrae for
subsequent aging, and have found
that the amount and type of work
nacessary dlffer considerably
among different species. We have
used numerous methods of expos-
ing the rings for counting, including
silver nitrate impregnation, radiogra-
phy, formic acld etching, oll clearing,
and several types of staining pro-
cedures. Different ring counting
methods were sultable for different
species, but no one technique could
be used for all {table 1). For exam-
ple, both the silver nitrate and x-
radiography technigues dellneated
circuli wall on vertebrae of the bonl-
to shark, but only silver nitrate
worked conslstently well with the
leopard shark. We have prepared
vertebrae and counted thelr rings in
684 individuals of 14 species of
elasmobranchs, including 191 bat
rays, 131 leopard sharks, 88
smoothhounds, 85 skates, §7
thresher sharks, 41 angel sharks,
and 26 bonito sharks (table 1). In
addition, we have collected ver-
tebrae from eight other specles, but
were not able to process them or
test the varlous tachniques on thelr
centra.

We have produced reliable growth
curves for flve specles commonly
available in central California (bat
ray, leopard shark, gray and brown
smoothhounds, and blue shark) and
preliminary curves for three others
{thresher shark, bonito shark, angs!
shark). For example, using siiver nl-
trate and formic acid techniques, we
determined that the leopard shark
lives at least 14 years and its
growth curve closely approximates
the von Bertallanfy growth mode!
{figure 1).

We have been able to use some
limited age verification methods
such as size and number of rings In
centra of newborn Indlviduals, size
frequencles of young age classes,
seasonal changes in the dimensions
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and clarity of edge circuli, and tag-
recapture size information on three
of the spacles for which growth
curves ware produced. For these
species, the bands appear to be an-
nual, but such verification Is stil|
needed for the majority of the many
elasmobranch species with realized
or potential commercial importance.

in order to correlate growth data
with maturity, we have developed
gualitative, descriptive techniques to
assess reproductive state and more
quantitatlve techniques to evaluate
features such as fecundity In fe-
males and sperm maturation in
males. We have appliad these data
on reproduction to those five
species for which we have reliabla
growth curves. In general our
results agree with those found for
other elasmobranchs {Steven, 1836;
Ketchen, 1972, 1975; Holden, 1973,
1974, 1977, Jones and Geen,
1977a, b). Growth is relatively slow,
time to sexual maturity relatively
long, first reproduction occurs rela-
tively late in life, and fecundity is
low. For example, the leopard shark
does not reproduca for the first time
until the tenth year for females and
the eighth year for males (see figure
1). The female has a gestatlon
period of approximately 1 year and
has up to 36 offspring per birth.
Similarly, bat rays live at least 23
years, malas first mature at 3 years
and females at 5 years, and fernales
produce an average of four offspring
after a year-long gestation period.

In summary, we have succeeded
In developing techniques for aging
elasmobranchs, have applied and
tested them for numerous species,
and hope that our methodology will
allow other specles of sharks,
skates, and rays to be aged. The
rasulting Information on age compo-
sition, growth, and size-specHic
repreductive habits will increase the
management capability for these
emerging resources.
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Figure 1. Von Bertalanffy growth curve derived from silver nitrate treated circuli
{bands) of 131 male and female lecpard shards (Triakis semifasciata) from central Cali-
tornla. Estimated size and age of first reproduction are indicated for males and

females.

Table 1

Summary of Collection and Processing Actlvities from 1879 to 1981°

Technlque
Silver X-Radio- Oll Number Number

Common Name Scientific Name Mitrate graphy Clearing | Sampled Aged
Bat ray Mytiobalis californica - + + 191 191
Leopard shark Triakis semilasciala + - ? 136 131
Brown smoothhound  Mustelus henlei + + ? 50 50
Gray smoothhound Mustelus californicus + + ? as 38
Common thresher Alopfas vulpinus <+ + + 57 57
Bonito shark Isurus oxyrinchus + + <+ 23 23
Blue shark Prionace glauca + - + 26 26
Pacific angel shark Squatina californica + + ? 56 41
Soupfin shark Galeorhinus zyopterus + ? ? 70 0
Longnose skate Raja rhina - - + 196 35
Blg skate Raja binoculata - - + 188 50
Spiny dogfish Squalus acanthlas - - ? 70 40
Basklng shark Cetorhinus maximus + + + 2 1
White shark Carcharodon carcharias + + ? 9 1

1,112 684
8 additional species 7 ? ? 40 0
Total 1,152 684

* Table shows the number of each specles of elasmobranch collected and aged and the relative effectiveness

of threa technlques for clarifying circull In vertebral centra. These techniques were evaluated as those
which worked well (+), worked poorly {-), or were not tried (?).
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MULTIPLE SPECIES UTILIZATION OF THE HERRING EGGS-ON-

SEAWEED FISHERY

Isabella A. Abbott and Judith E. Hansen

The red alga Gracilaria sp. is one
af the primary sources of agar. This
colloid is used by food Industries for
its unigue gelling properties and as
the base for microblological and tis-
sue culture media. The foods and
health-related flelds and rasearch
institutes require predictable
sources of good to high quality agar.
Currently, the majority of agar used
in the United States is imported.
The commercial agar blends are
composed of extracts from many
agarophyte species {(and sometimes
carrageenophytes) collected from
natural populations worldwide and
at different times of the ysar. This
haphazard seawesad gathering
results in importatlon of agar with
unpredictable quallties, a significant
problem especially to health fields
which rely on agar-based media for
diagnostic purposes. A solution is
mariculture of stable, domestic
agarweed species — a complex, bio-
logical problem.

Gracilaria and other seaweeads
{Laminaria, Macrocystis, etc.) pro-
vide the basis for yet another indus-
try — the herring eggs-on-seaweed
fishery of the U.S. west coast. This
small, but lucrative fishery depends
upon large, stable, "preferred”
seaweed crops in the herring
spawning grounds during the winter
spawning season. The harring
eggs-on-seaweed is harvested,
salt-cured, and exporied to Japan
where it is considered a delicacy. |t
retails for $2.50-25.00 per pound
depending upon the seaweed and
the number of egg layers on it.

These seemingly diverse areas of
endeavor are unlted by a common
nesed; both require a stable and
predictable seaweed source. The
overall goal here is to explore the
potential for mariculture of a high
quality agarophyte which is also
sultable as a substratum for the her-
ring eggs-on-seaweed fishery. Gra-
cliaria has both characteristics. The
problem lies in biologlcal timing.
The Gracilaria crop must be cul-
tivated and located within the her-
ring spawning grounds at the proper
time; thereafter, it can be harvested

as an agar source. The approach to
this problem involved three areas of
study: field, mariculture, and labora-
tory.

Gracilaria Population Field Study

Elkhorn Slough, Monterey Bay,
California was the site for Gracifaria
and herring field studies. A Graci-
faria population was randomly sam-
pled seasonally for a 2-year period
to determine 1) gseasonal changes in
standing crop, 2) growth rates fol-
lowing harvesting, and 3) 3-month
regrowth following seasonal har-
vests. The initial Gracfiaria standing
crop {X = 3170 + 350 gFW/.5 m2)
was devastated (to 3 = 1 gFW/.5
m?} by severe water motion associ-
ated with winter storm activity. Re-
population was slow and peak crops
to date (1 Oct. 1981) have reached
only 12% of the original biomass.
The reduced populations show an
annual pattern characterized by
peak crops in autumn-winter fol-
lowad by significant crop reductions
to low points in spring. Harvesting
by cutting the initial crop and plots
at the beginning and end of 3-month
periods had no significant effect on
regrowth; biomass levels were simi-
lar to controls (figure 1).

Agar extractad from control
biomass samples had high gel
strength throughout the studies
(700-1200 gm/cm?; Guiseley, Ma-
rine Collgids of FMC).

Herring Eggs-On- Gracilaria

Vegetation maps for Elkhorn
Slough were prepared prior to her-
ring spawning assassments during
the winters of 1979-80 and 1980-
81. Methods developed during Cali-
fornia Department of Fish and Game
herring studies were used (Miller
and Schmidike, 1956; Hardwick,
1973). Herring spawned between
December and March in different lo-
cations during the 2-year study.
The estimated spawning blomass
was 2-4 short tons {1879-80) and
0.2-1 ton (1980-81). Estimations
were made using two independent
techniques developed by Haegele et
al., (1979} and Spratt {in press).
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The herring eggs-on-seaweed in
Elkhorn Slough was considered light
to very light by commercial stan-
dards. Measured Gracilfaria biomass
and estimated spawning herring
biomass were correlated.

Mariculture Study

Native Gracifaria from Elkhorn
Slough was used as "seed material®
for cultivation experiments in a 10 x
30 m raceway. A technique was
developed for the vegetative propa-
gation of Gracifaria on monolines.
Thallus fragments were bundled to-
gether using transparent polypro-
pyvlene ties and attached to the
menolines. Growth rates (10-20%
per day)} vary with bundte stocking
density {10-500 g).

Prior to the 1980-81 winter her-
ring spawning season, a monoline
structure was located within the
spawning grounds in San Francisco
Bay. A Gracilaria crop was planted
and cultivated on the monolines to
provide a substratum for spawning
herring. The crop was spawned on
at commercial levels twice during
the season. The primary herring
eggs-on-seaweed fisherman for
1980-81 (San Francisco Bay), T.
Ichinose, was given hands-on in-
struction in using this successful
marlculture technique for future
86a50NS.

Laboratory Studies

The effects of seawater oxygen
{O,) (figure 2) and carbon (C)
(figure 3) levels on Graciiaria pho-
tosynthetic rates were determined.
Initlally, an oxygen probe {Rank
Bros., England) was used that gave
low and variable results. A modified
winkler technique {accuracy: 0.02
ml O,/1) {Hansen, 1980) proved to
be more appropriate for this alga.
Based on preliminary experiments it
is suspected that Gracilaria spp. ex-
crete either volatile or low melecular
waight sulfur compounds that inter-
fere with the oxygen probe mem-
brana (W. Fenical, personal com-
munication}. Experiments were car-
ried out using 700 pE-m?sec=2, 15
+ 2°C, 0.5 to 1.0 h duration with
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filtered seawater and a thallus
waight-to-chamber volume (g/1) of
0.2-0.6 g wet wifi.

|Experimental plants were strains
selected from and cultivated in Elk-
horn Slough, California.

Net photosynthetic rates for Gra-
citaria in seawater with oxygen con-
centrations between 2.8-3.9 ml/I
(19.6 + 2.0 ml O,/gDW/hr) were
significantly greater {p=.02) than
rates measured with either low O,
(< 1.7 mi/1) or higher O, levels {4.0-
5.8 ml/l) in seawater. However, high
photosynthetic rates were also
measured for plants in supersaturat-
ed seawater (5.2-6.9 m! O,/1). It has
been reported that photasynthesis
of some algae is inhibited by high
lavels of O, in seawater {Downton &t
al, 1976; Littler, 1979). Results
from this study indicate that such a
relationship is questlonable for Gra-
cifaria (Elkhorn Slough typs).

Photosynthetic rates for Gracilaria
|in seawater enriched with 2 mM
(p=.005) and 5 mM C {p= .02} were
significantly greater than rates in
- jambient seawater {approx. 2.2 mM

IC). Higher levels of C enrlchment
had no stimulatory effect on net
photosynthesis (figure 3}.
| Gracilaria from Elkhorn Slough,
Moss Landing Harbor, and Agassiz
'Beach (Hopkins Marine Station),
California were grown in flow-
through seawater tanks in salinities
from 20-35 parts per thousand to
determine the effects of sallnity on
thallus morphelogy and growth.
During the three replicate, 1-month
experiments, no morphological
changes were observed. Plants
from Elkhorn Slough grew
significantty faster at ambient salini-
ty, whereas salinity had no con-
sistent effect on plants from the oth-
er populations tested.

Conclusions

Gracilaria from Elkhorn Slough,
Monterey Bay, California is a good
source of agar. There is a con-
sistent annual pattern In standing
crop of this alga, though the magni-
tude from year to year varies. Entire
populations ¢an be devastated by
severe winter storms. Harvesting
the standing crops has littte effect
on growth or re-establishment of the
population studied.

Gracilaria is the primary spawning
substratum for herring in the slough,
Herring eggs-on-seawead in the
slough was light (< 4 tons; 1979-

80) to very light (<1 ton; 1980-81}
by commerclal standards and varied
in location during the 2-year study.

Mariculture of Gracitaria on mono-
line structures was successfully
developed and tested. Cultivated
crops on monolines provided sub-
stratas for two commercially har-
vestable herring eggs-on-seaweed
crops in San Francisco Bay (1980-
81). The technique is flexible and
cultivation structures and seawesd
crops can be moved from bay to bay
for various purposes.

Gracilarfa photosynthetic rate is
most appropriately measured using
the Winkler technique. Oxygen
probes can give ambiguous results
probably due to interaction with pro-
ducts excreted by stressed thalli in
certain seasons.

Net photosynthesis of Gracifaria is
not signlficantly inhibited by high
seawater O, levels. Gracilaria (Elk-
horn Slough type) is carbon limited
in unenriched seawater. However,
enrichments above 5 mM have no
stimulatary effect.

Salinity (20-35 parts per
thousand} has no effect on Graci-
faria merphology. Growth of plants
from Elkhorn Slough was depressed
at 25 parts per thousand.

It is concluded from this 2-year
study that vegetative cultivation of
Gracilaria is feasible and can be
successfully used to provide a sub-
stratum for extending the herring
eqggs-on-seaweed fishery. Agar is
consistently of good quality; howev-
er, natural populations are unstable.
Physiological results indicate that
Gracilarig (Elkhorn Slough type)
production can be enhanced by
manipulation of cultivation regime.
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Figure 1. Elkhorn Slough Gracifaria blomass. Controls = unireated population. Exparl-
mantal = blomass regrowth (cumulative) following a one-time, Dec. 1979 harvest, 3-
Month regrowth = blomass accumulated in discrete 3-month periods.
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ECONOMICS OF MULTIPURPOSE FISHING VESSELS:

ASSESSMENT AND POLICY

Suzanne Holt

This 2-year project’'s overall goal
is t0 examlng, theoretically and em-
pirically, the behavior of multipur-
pase fishing vessels with respect to
effort and investment decisions, and
to draw implications for appropriate
multipurpose fisheries management
policy. In the first year, the project
aimed at 1)} developing theoretical
models of effort and investment de-
cisions, 2) deriving policy implica-
tions from the theory, and 3} con-
ducting a prellminary Investigation
of the data for testing these models.

The project was timed to coincide
with a National Marine Fisheries
Service (NMFS) contract collecting
effort and investment data by fishery
from a sample of 385 west coast
multipurpose vessels. NMFS agreed
to make data available to this pro-
ject for analysis and testing of the
models.

This project cooperated with the
contractors in the selectlon of vari-
ables and the design of the survey
instrument. Unfortunately, the
NMFS contract suffered setbacks in
data collection and processing.
These selbacks forced some reor-
dering of the goals and tasks of both
years of the project.

Specifically, the primary and
unexpected task of the first year be-
came data cleanup — the correction
of extensive errors in transferring
data from the guestionnaires to
keypunched cards, both keypunch-
ing errors and insufficlent vesssl
data disaggregation by fishery. Until
it could be assured that model test-
ing would be posslble, it was unrea-
sonable to devote substantial time
to mode! building. The data cleanup
was completed at the end of 1980,
with a complete data file prepared
for this project and for NMFS.

In addition, the foundations for the
effort and investment models were
laid. The models generally assumed
declining stock abundance, sequen-
tially avallable stocks, constraints
on the physical length of each sea-
son, and the absence of fleet quo-
tas.

In the final year, the project has
aimed at 1) refining theoretical

models of effort and investment de-
cisions, 2) deriving policy implica-
tions tor successful fisheries man-
agement from these models, 3)
evaluating the reliabllity of available
data for testing the models, and 4)
testing the models when rsliable
data were avallable.

After the project spent much of its
first year cleaning up the data col-
lected under the NMFS contract, it
becama clear that the data were un-
reliable. They could not be expect-
ed to present an accurate sample of
multipurpose vessels because the
original interviewers were unfamiliar
with fishing and with information
they received, and they had failed to
collect sufficient fisheries-specific -
effort and investment data. Conse-
quently the bulk of the second year
was devoted to modeling and policy
implications.

Three papers were written. "How
Severe Can Fisheries Management
Be?: The Limits of Capital Stuffing”
was delivered at the Western
Economic Association annual meet-
ing in San Francisco, California July
4, 1981. "Inetficiencies in Fisheries:
A Closer Look at Open Access and
Mismanagement” is forthcoming in’
Land Economics. "Multipurpose
Fishing Behavior under Open Ac-
cess and License Limitation” is
forthcoming in the Canadian Journal
of Fisheries and Aquatic Sciences.
"Heterogeneity in Multipurpose Fish-
ing" is in progress.

The modsling and policy results
discussed in the papers are to some
extent counterintuitive. The resuits
include the following: 1) in fisheries
where stock abundance varies over
the season, vessels may be of either
too large or too small a scale, re-
gardless of the kind of management
policies chosen; 2} it may be practi-
cally Impossible to determine the
optimal vessel scale independant of
management policies chosen; 3)
gear and capacity restrictions gen-
erally disfavored by economists may
be among the best practical man-
agement policies; 4) poorly regulat-
ed vessels will fish too little on more
profitable stocks in a multipurpose
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fishery, and either too much or too
little on less profitable stocks;

5) the appropriate management of
multipurpose fisheries requires
sufficient fleet reduction so that
vessels fish the more profitable
stock its entire season; B) there
may be too little idle fishing capacity
available for the less profitable
stocks; 7} license limitation may
adversely affect less profitable
stocks; 8} when vessel characteris-
tics differ, unregulated fleets may be
multipurpose when they should be
species-specific; 9 unregqulated
multipurpose fleets can be approxi-
mately optimal under certain cost
conditions; and 10) cost-eifective
management may involve discrimi-
nation against certain kinds of
vessels,
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A NEW METHOD FOR ESTIMATING THE ENERGY AVAILABLE

TO FISHERIES

Michae!l M. Mullin and Daniel Goodman

The project we are engaged in
consists primarily of comparing two
techniques for estimating the pro-
duction of zooplankton, which con-
stitute the primary source of food for
fish. The two techniques we set out
to compare were cohort analysis
and the "weight-dependent” tech-
nique {a new method). Both of
these techniques require certain
data in order to be used. In an ex-
periment conducted this year in the
Scripps Institution of Oceanography
deep tank, we obtained data and
samples from which both techniques
can be used,

Cahort Analysis

The production of a species of
zooplankton, according to cohort
analysis, is defined according to the
general equation

aduil _
P = ):, a: B (1)
J=N2
where P is the production rate
{mg C-m~2h~"), g, is the weight-_
specific growth rate {day'), and 5,
Is the biomass of the stage of
copepod (between stage N2 —nau-
plius 2- and adult), corrected for
mortallty, —M,.

The weight-specific growth rate,
g, is obtained from a regression of
the natural log of body weight, In W,
on the development time, DT; i'th
stage according to the equation

InWe=Inc+ g DT, (2)

where ¢ is a constant {the intercept
of the regression), g, is the weight-
specific growth rate ({the slope of
the regression}, and DT; is the
development ttme of stage i, which
is calculated from time-frequency
distributions of the stages. Follow-
ing the calculation of development
times of stages, one calculates the
mortality, —M;, of each stage. One
can then determine the value of the
mortality-corrected biomass of a
state i on a given sampling day from
the eqguation

— -M,
N W |eM -

3
8, o~ W (3}

where N; is the abundance of stage
i (numbers/m2 or numbers/m3) on
the sampling date. By substituting
into equation 1, one can then calcu-
late the production.

Essentially, the data required for
this technique is

- N, the abundance of the stage
on a given sampling day, and

— W, the weight of an individual
of that stage.

Weight-dependent Method
The expression for production, ac-
cording to this technique, is .

i
P=YNlabCW-k&|
=1
where a, b, n, k, and m are
empirically-determined constants
(already known), N and W are as al-
ready defined, and C is the food
concentration, in terms of carbon.
Essentially, this technique re-
quires the same data as the cohort
analysis technique, except that it
also requires an estimate of the food
concentration.

Results to Date

In the deep-tank experiment con-
ducted earlier this year, we obtained
all the samples necessary to calcu-
late production according to both
technigues given above. We have
used several different types of anal-
yses to estimate the concentration
of food. Details on all sample anal-
ysis, and progress in the analysis,
are given helow,

Copepod abundance. A total of
approximately 200 samples have
been completely analyzed for the
enumeration and identlfication of the
12 developmental stages of Calanus
pacificus population ¢ollected dur-
ing the deep-tank experiment.
These samples were collected at
36-hour intervals as planned. From
these, we have already calculated
the development times of all stages
in all three gensrations (necessary
for cohort analysis).

Copepod welghts. These were
calculated from a regression of
cephalothorax length on body
weight obtained from animals which
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have been prepared for weighing.
Body weight in a given sample was
estimated from measurements of
cephalothorax length.

Food concentration. Electronic
particle counts have been complet-
ed (a total of more than 200 sam-
ples), and the data has been com-
pletely analyzed. An example of the
data is shown in figure 1 and table
1.

A total of more than 200
chlorophyll-a concentration samples
{the entire experimant) have been
analyzed.

The analysis of the samples col-
lected for species identification and
phytoplankton enumeration was be-
gun by Dr. Huntley and continued by
Jonathan Trent, our Sea Grant
trainea.

Temperature. All temperature
measurements ware taken during
the deep-tank experiment, and this
data set is complete.

Discussion

We have had two unexpected oc-
currences associated with this pro-
ject, both of them welcome. We ob-
tained some very valuable informa-
tion on the vertical migration
behavior of Calanus pacificus and
how this behavior is related to the
ontogeny of the species. We invited
Mr. Kenneth Richter, a graduate stu-
dent at S10, to sample the deep-
tank experiment with his high fre-
quency sonar equipment, which re-
molely senses the abundances and
locations of zooplankton in the wa-
ter column. The data which Mr.

- Richter collected will appear in his

Ph.D. dissertation.

The major results of our 60-day
expeariment in the Scripps Institution
of Oceanography deep tank, in
which we compared the estimation
of zooplankton production by a)
cohort analysis and b) the weight-
dependent method, are summarized
in figures 2 and 3. Figure 2 shows
the total production in the deep tank
{mg C/day) versus time {measure-
ments made at 36-hour intervais)
using the cohort analysis approach
(solid line) and the weight-
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dependent approach (dotted line).
On the whole, the agreement Is quite
good, as shown by a Bartlett's least
square regression {figure 3,12 =
0.68). However, some subtleties
which give rise 10 a nonperfect
correlation are worthy of note; these
~will be discussed in detall in a paper
|now in preparation.

Our results on vertical migration
are discussed fully in Huntley and
Brooks (1982). Qur results on
selective feeding are fully discussed
‘in Huntley et af. (submitted
Imanuscript).

Table 1
|
Example of the Electronic Particle Count Data from the Deep-tank Experiment*

Sample:

May 8,1981 02m 1000h Replicate 1

Volume counted (ml): .5

Time counted (sec): 49.4

Flow rate {ml/sec): 1.01214574898E-02

Total counted: 154883

Total counted {per mi): 309766.000001

Total volume {cubic millimeters/liter): 4.61002893183
Total carbon {micrograms/liter}): 874.215951937

Correct Volumes Carbon
_ Percent  Percent  Numbers {(Cuble mm (UG Per  Percent
Channel Volumes Volumes {Per ml) Per Liter) Liter) Carbon
1 0.0 0.00 0.0 0.0000 0.00 0.00
2 0.0 0.00 0.0 0.0000 Q.00 0.00
3 1.5 1.68 98405.5 0729 4017 4.59
4 1.9 2.00 6823235 0923 4308 493
5 31 3.27 508429 1508 59.52 6.81
6 38 400 311618 18446 61.77 7.07
7 49 5.16 20091.1 .2381 67.46" 772
g8 87 917 17836.0 4227 101.42 11.60
g 17.2 18.12 17631.0 .B385 189.75 1942
10 14.1 14.86 72268.7 6849 117.83 13.48
11 9.8 10.33 2511.4 4762 6935 793
12 54 569 6919 2623 32.35 370
13 8.1 8.54 5189 3935 4110 4.70
14 16.4 17.28 5253 7964 7043 8.08
15 0.0 0.00 0.0 0.0000 000 0.00
16 0.0 0.00 0.0 0.0000 0.00 0.00

|

*Such data were used to construct the graph shown in figure 2. A total of more
than 200 such samples were obtained from the experiment. All data have now
been processed to the point demonstrated here.
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Table 1

Example of Electronic Particle Count Data {Continued)

Sample:
May 8, 1981

0.2m
Volume counted (m1): .5
Total counted: 156291

1000 h

Replicate 2

Total counted (per ml): 312582.000002
Total volume {cublc millimeters/ilter): 4.6238275442

Total carbon (micrograms/iiter): B885.254069821

Correct Volumss Carhon

Percent ~ Percent Numbers (Cubic mm (UG per Percent

Channel  Volumes Volumes  (Per mi) {Per Liter) Liter) Carbon
1 0.0 0.00 0.0 0.0000 0.00 0.00
2 0.0 0.00 0.0 0.0000 0.00 0.00
3 1.5 1.54 96463.1 0714 39.37 4,45
4 20 2.06 843088 0952 44 .45 502
5 3.2 3.30 514470 15624 60.22 6.80
) 40 412 321544 1808 63.74 7.20
7 49 505 186946 2334 66.13 7.47
8 93 9.58 18689.7 4429 106.27 12.00
9 179 18.43 17986.4 .B524 17317 19.56
10 150 15.45 7536.2 7143 122.87 13.88
11 10.7 11.02 26879 5086 74,23 839
12 4.8 494 6029 2286 28,19 3.18
13 84 8.65 5275 4000 41.78 4,72
14 154 15.86 483.6 7331 64.83 7.32
156 0.0 0.00 0.0 0.0000 0.00 0.00
16 0.0 0.00 0.0 0.0000 0.00 0.00
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Table 1
Example of Electronic Particle Count Data {Continued)

Sample:

May B, 1981 02m 1000 h Replicate 3
Volume counted (mi): 5

Total counted: 156761

Total counted (per ml): 313521.999999

Total volume (cublc milllmeters/liter: 4.38025649054
Total carbon (micrograms/liter): 854.322370228

Corrrect Volumes Carbon

Percent Percent Numbers  (Cubic mm  {UG Per  Parcent

Channel  Volumes  Volumes  (Per ml) Per Llter) Liter) Carbon
1 0.0 0.00 0.0 0.0000 0.00 0.00
2 0.0 0.00 0.0 0.0000 0.00 0.00
3 1.7 1.70 100202.7 0742 40.80 4.79
4 21 210 61889.9 0917 42.78 5.01
5 35 3.50 515749 1528 60.37 707
8 44 4.40 324185 1920 €4.27 7.62
7 5.4 5.41 19893.2 2357 66.79 7.82
8 103 10.31 189722 4496 107.88 1263
9 19.2 19.22 17682.8 8380 170.24 19.93
10 161 1512 6953.4 6590 113.37 13.27
11 10.8 10.81 2486.6 47156 68.67 8.04
12 47 470 5411 2051 25.30 296
13 88 8.81 506.5 3841 40.11 470
14 13.9 13.01 400.1 6065 53,63 6.28
15 0.0 0.00 0.0 0.0000 0.00 0.00
16 0.0 0.00 0.0 0.0000 0.00 0.00
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Table 1
Example of Electronic Particle Data {Continued)

Average of the previous three replicates

Total countad {per ml): 311956.666666

Total volume (cublc millimeters/iter): 4.53137098886
Total carbon (micrograms/titer): 871.264130661

Volumes Carbon
Numbers {Cuble mm (UG Per

Channel {Par mi} Per Llter) Liter)
1 0.0 0.0000 0.00
2 0.0 0.0000 0.00
3 98357.1 0728 4015
4 62840.7 0931 43.44
5 51288.3 1819 60.04
6 31911.6 1890 63.26
7 19893.0 2357 66.79
8 184990.3 4384 105.19
Q 17766.7 8420 171.05

10 72387 6861 118.02
1 2562.0 4858 70.75
12 6120 2320 28.61
13 CB17.7 3925 41.00
14 469.7 7120 62.97
15 0.00 0.0000 0.00
16 0.00 0.0000 0.00

NAS5081 is file name for numhers/m!.
VAS081 is flle name for volume (cubic mm/)

CAS5081 is file name for carbon (ug/f) ' 250
2zs |
200
175 [
158
125 |
190 |-

’S

CELL CAREBON (ug~s1)

a5

.
gl et

-1 5] H 2 3 q ] 33
LOG CELL VOLUME (cubic mlerons)

Figure 1. Example of electronic cell count data from SIO deep-tank experiment {see
table 1). May 8, 1981; 0.2 m; 1000 h,
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Figure 3. Bartlett's least square regression showlng agreement between results of
c?hort analysis and weight-dependent approaches.
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FUNCTIONAL STRUCTURE OF FISH ASSEMBLAGES OF THE
SOUTHERN CALIFORNIA SUBLITTORAL SOFT-BOTTOM

HABITAT

iRichard Rosenblatt and M. James Allen

The predominant bottom habitat
for fishes along the mainland shelf
of southern California consists of
sandy and muddy sediments. The
fishes living in this zone are sub-
jected to a commercial trawl fishery
'in the Santa Barbara Channel and to
deapwater {60-100 m} municipal
sewage discharge at several points
along the southern California coast.
| As a consequence of the lack of
knowledge of the organization of the
fish assemblages, management of
this fishery resource has, of neces-
sity, focused upon individual
species rather than upon the fish
community as a unit. This has ham-
pered our ability to understand
changes in populations and to
Idetermme underlying causes. A
description of the trophic and
resource partitioning ralationships
01 the fish species within these as-
semblages allows alterations in the
struclure and composition of these
assemblages to be identified and
examined more thoroughly. This
study describes the resource parti-
tioning relationships of the soft-
bottom fish assemblages of the
southern California shelf.

This study consists of six parts:

. 1) Samples of the fish fauna were
coltected by otter trawl along the
soulhern California shelf to a depth
of 200 m to obtain size and distribu-
tional data on the fishes.

2) The fish assemblages were
described in terms of their species
compaosition.

3) The feeding habits of the
species that live together in the as-
semblages were determined by exa-
mining their stomach contents and
their capture and sensory morpholo-

Y.
. 4) Species that feed in a similar
way were classified in feeding
guilds.

5) The depth and size relation-
ships of the species in each guild
were described.

6) The depth displacement
graphs of each species were ar-
ranged in a way that describes what
feeding guilds and what species of

each feeding guild is found at that
depth.

Data on the depth, geographic,
and size distribution of fishes of
southern California have been col-
lected by a number of agencies and
institutions using small (i.e., 24-foot
headrope) otter trawls since 1912,
From 1972 to 1973, 343 otter trawl
samples from 100 stations were col-
lected to determine size and depth
distributions of the species and re-
current groups. The stations were
located near the center of the main-
land shelf of southern California and
off Santa Catalina Island to depths
of 200 m. The catches ware dom-
inated by pleuronectiform (ie.
flatfish) and scorpaeniform fishes
(e, rockfishes, sculpins, poachers,
and combfishes). The most fre-
guently occurring species were the
Dover sole {Microstomus pacificus),
stripetail rockfish (Sebastes saxico-
{a), and Pacific sanddab (Cithari-
chthys sordidus).

Fish assemblages were defined
using recurrent group analysis
(Fager, 1957, 1963}, a simple form
of cluster analysis. Recurrent group
analysis shows which species of the
123 taken are most characteristic of
the habitat. At the Q.50 level of
aftinity, 30 species (about 24% of
the total species taken) were impor-
tant community members. Seven re-
current groups with two to seven
species per group and seven closely
associated nongroup species were
identified {Allen, 1977). These
groups were ganerally distributed
over three major depth zones: 10-70
m, 30-130 m, and 80-400 m. Most
groups contain pleuronactiform and
scorpaeniform tishes, but in shallow
water separate groups of schooling
perciform fishes (i.e., surfperches
and croakers) occurred. Recurrent
groups identified in this analysis
agree in general with those in other
similar data sets (SCCWRP, 1973;
Mearns, 1974).

Species that occur together in the
recurrent groups were generally
morpholagically different {particular-
ly with respect to structures that re-
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lated to foraging behavior), and
those that were most similar were
found in different recurrent groups
{usually at different depths). These
morphological differences suggest
feeding difterences.

The foraging behavior of the most
commonly occurring fish species
was inferred from their diet and
morphology. To determine the diet,
1013 stomachs of the 40 most com-
mon fish species were examined.
Of these, 561 (about 55.4%) con-
tained food. These stomachs con-
tained 17,556 prey individuals. Four
hundred and sixty-one species of
prey from 218 families and 31
classes were identified in these
stomachs. Gammaridean arthro-
pods were the most important
groups of crustacea occurring in 35
stomachs, with calanoid copepods
and crabs (Reptantia) each occur-
ring in 27 fish species. An average
of 5.0 prey species were found in
each stomach, ranging from a high
average of 22.2 in the black perch
(Embiotoca jacksoni} to a low aver-
age of 1.1 in the California lizardfish
(Synodus lugioceps). The calico
rockfish {Sebastes dalli) ate the
greatest numbers of prey {averaging
316.9 prey items per stomach) and
the California lizardfish ate the least
(1.2 on the average). The sablefish
{Anoplopoma fimbria) ate the largest
prey (8,817.2 mm? on the average),
and the shiner perch (Cymatogaster
aggregata) ate the smallest (averag-
ing 0.6 rnm?3).

In general, recurrent group
species showed feeding differences
that correspond to those predicted
from their morphology. The major
separation, as shown by the species
that occur together most frequently,
is related to the orientation of the
species with respect to the bottom.
Using bottom orientation as the ma-
jor separation, species were
classified into guilds with minor
differences in foraging behavior
generally being related to the use of
different sense organs.

A typical fish community at any
depth contains at least threr



species of flatfish, a large-mouth
species with symmetrical jaws (e.g.,
-a sanddab) that teeds on actively
moving prey at or above the bottom,
and two species with small, asym-
metrical mouths {e.g., turbots and
soles) that feed on the bottom. Usu-
ally one of these specles finds its
food visually and the other uses oth-
er sense organs (such as those as-
sociated with touch or smell) in ad-
dition to or instead of sight. Afso on
the bottom one typically finds at
least two roundfish species that
lack swimbladders, usually a short-
bodied sedentary form {e.g., a scul-
pin or poacher) and an elongate
form {e.g. a combfish) that forages
more widely and actively. Above the
bottomn there are usually at least two
species that forage in the water and
iwo that forage on the bottom.
Those that forage in the water gen-
erally include a species that locates
its food visually (e.g., a rockfish,
surfperch, or croaker) and one that
uses lateral line organs in addition
to sight (e.g., a midshipman). Bot-
tom foragers also include a diurnally
aclive visual forager {e.g., surfperch}
and nocturnally active foragers that
utitize other sense organs {e.g.
croakers).

Species within a guild are gen-
erally separated from each other by
depth or size. Depth displacement
grapbs for each guild generally
show an overlap zone where two
displacing species coexist and in-
clude from two to four displacing
species of the depth range from
shore to 200 m.

A set of the depth displacement
graphs for each guild was arranged
to describe the functional structure
and species composition of the
soft-bottom fish assemblages of the
southern California shelf. The strug-
ture is described in terms of the
number and type of feeding guilds
represented at each depth and the
composition is described in terms of
what species of each guild dom-
Inates at each depth. Otter trawl
samples can then be collected at a
particular depth and compared to
this chart to determine what species
are missing or added.

The alterations that one might ex-
pect to find include the following:

1} Alt guilds are represented at a
given depth but the dominant
species in a particular guild differs
from that predicted for that depth.

In this case, the community strug-

tura has not been altered but the
species composition has been al-
tered. Further studies would investi-
gate factors occurring at that depth
that might shilt the advantage from
one species to another within the
same gulld and thus resultina
change of dominance.

2) A guild is not represented at a
particular depth. This might occur
because the food organisms upon
which the guild members typically
feed are absent, in which case fac-
tors that contribute to the absence
of the {ood organisms should be
studied. Alternatively, food organ-
isms may be available and the guild
may not be represented because of
other reasons {ie., pollution, preda-
tion, fishing, recruitment, etc.). In
this way, alterations in community
structure and composition can be
identified and studied further along
with factors that contribute to the
overall organizatlon.

Coaperating Organizations

County Sanilation Districts of Los Angeles County
County Sanitation Districts of Orange County
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Crange County Department of Education
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Southern Calilornia Coastal Water Research Projecl
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ANCHOVY MANAGEMENT AND STOCK ASSESSMENT: SEABIRD
REPRODUCTION AS AN INDICATOR

George L. Hunt

The purpose of our Sea Grant
research project was to test the idea
that seabirds, in particular the
western gull (Larus occidentalis)
and the Xantus' murrelet {En-
domychura hypoleuca) could be
used as biological indicators of
nerthern anchovy {Eugraulis mor-
dax) availability in the Southern Cal-
ifornia Bight. Additionally, using the
same study, we wished to determine
anchovy population levels neces-
sary to sustain populations of top
carnivores, such as seabirds,
dependent on these forage fishes.
The 1982 season concludes this
study, as funding was terminated.

Our approach to the problem has
been to compile, with the help of the
National Marine Fisheries Service,
data on anchovy abundance to com-
pare with data on seabird numbers
and reproduction.

In our investigations of anchovy
availability, we have concentrated,
as a first effort, on the use of aerial
spotter pilot logs of anchovy sight-
ings in the area where western gulls
and Xantus' murrelets nesting on
Santa Barbara Island forage. Even-
tually, we will also compare other in-
dices of anchovy abundance {egg
and larval counts, spawning female,
acoustic survey) with our bird data.
At present we have data from pilot
logs available through 1980, which
gives us 7 years of data to compare
hirds and fish populations.

As measures of bird reproductive
activity, we have been recording 1)
the number of pairs of western gulls
breeding on Santa Barbara Island,
2) the hatch and fledging success of
nests in large, consistently studied
grids, 3) the growth rates of young,
and 4) the foods brought to young.

Results of this work, prior to Sea
Grant funding, were published in
1980 in CalCOFI Reports (Hunt and
Butier, CalCOF| Rep. 21:62, 1980).
Since then, we have added 5 years
of data on gull numbers, reproduc-
tive success, and growth rates.
Food samples were gathered in
1981 and 1982 with Sea Grant sup-
port, and 1982 data are being
worked up at present. The resuits

of these new, Sea Grant-supported
efforts are presentad in table 1.

Numbers of breeding gulis over
the full term of the study show a
significant correlation with our Index
of anchovy abundance for the first
quarter of each year {r = 0.853,p
<.01}. Most recently, numbers of
breeding gulls were correlated with
the anchovy abundance index in
1978 and 1980, but in 1979 gull
numbers went up while anchovy
sightings in the first quarter were
zero. The zero figure may have
been due to lack of effort resulting
from a closure, as larger numbers of
anchovies were seen in the second
quarter of 1979, We were planning
to develop a new, more sensitive in-
dex of anchovy abundance based
on tons per entry in which tonnage
was reparted for the months of
March, April, and May, when food
should be most critical to gulis, but
with the cessation of funding, this
may not be possible. The use of an-
chovies to feed chicks was also
significantly correlated to the index
of anchovy abundance for the first
guarter of each year {r = 0.89, p
<.005).

Data on growth rates in relation to
chick foods are awaiting completion
of the identification and tabulation
of foods brought to chicks in 1982,
We still find a significant relation-
ship between chick growth and sur-
vival {r = 0.83, p<.05), although
this correlation is less strong than
we first reported. Chick survival
and anchovy use also remains
significantly correlated (r = 0.61,p
< .05), although there is not a
significant relationship between
growth rates and anchovy use (r =
0.38, p < .05). Thus, our results
from 1979-82 have generally
agreed with the results published by
Hunt and Butler (1980} and confirm
that there are significant relation-
ships between anchovy sightings
and seabird reproduction.

James Sayce, the Sea Grant
trainee on this project, has gathered
a variety of very interesting observa-
tions while obtaining the seabird
data for the Sea Grant project.
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While following up on growth rates
of known-sex chicks, he discoverad
that male chicks may be more sen-
sitive to food availabillty than famale
chicks and that males are more like-
ly to fledge underweight than fe-
males. If this is true, it could pro-
vide a mechanism for understanding
the skewing of sex ratlos in gulls,
and in particular in the western gull.

Sayce has also found variation in
foods used from one part of the
colony to another and oblained
some limited data on the dynamics
of gull foraging at sea. In this pro-
ject, hae has determined gull densi-
ties during boat transects and then
chummed gulls to the boat with bait.
The number of gulls attracted divid-
ed by the density of the birds in the
area gives a measure of the area
from which gulls are attracted.



Table 1

Summary of Data on Anchovles and Western Gulls, Santa Barbara Island

Growth
Anchovy Anchovy Pairs of Rates® of % Survivalc Anchovy
Index® 1st  Index 2nd  Western Gulls Gull Gull Use
Quarter Quarter Breeding Chicks Chicks % Volume

1972 1448 64 1510 285 85 45.0
1973 157 177 - - - -
1974 218 142 - - - -
1975 443 1642 1162 28.0 91 320
1976 309 428 1120 225 66 282
1977 a0 195 896 2949 96 178
1978 51 126 425 28.0 .28 177
1979 D 550 700 23.0 48 5.2
1880 d d 500 274 .46 93
1981 d d 750 22,2 33 15.0
1682 d d 750 254 .83 d

a Anchovy index = tons sighted/entries into area of sighting

b Growth rate = grams/day between weights of 150 and 600g
€ % Survival = chicks hatched surviving to 500g
¢ Data not yet avallable for tabulations
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IPARASITES AS BIOLOGICAL TAGS FOR PACIFIC HERRING

STOCK IDENTIFICATION

Mike Moser

The goal of this project is to
determine the possible use of
parasites as blological indicaters of
herring stock separation and re-
cruitment. Although this study was
only funded for the 1980-81 fiscal
year, further collections will be
necessary during the 1981-82
spawning season. Also, the select
organs have yet to be examined for
the presence of parasitic protozoa.

Results

One hundred fish, 50 of each sex,
were collected from each of the fol-
lowing sites: Monterey, San Fran-
cisco, Tomales, and Humboldt bays
and off Crescent City. Fish were
fresh frozen and examined at UC
Santa Cruz. The prevalence and the
intensity of the crustacean and hel-
minth parasites are given in table 1.
The presence of a possible
saprolegnia-like fungus was report-
ed from the muscle tissue of all fish
examined.

Sex Differences. There were
several cases where one sex of fish
had a signlficantly higher pre-
valence (P) and/or intensity (1) of
parasites (Mann-Whitney). Bu-
cephalidae larvae: San Francisco
Bay, P = malaes 76, females 46; To-
maleg Bay, P = males 96, females
72, Crescent City, P = males 67, fe-
males 59 and | = females 5.2,
males 3.5. Lacistorhynchus tenuis:
Crescaent City, P = males 39, fe-
males 16.

Area Differences. San Francisco
Bay (SFB) and Tomales Bay (TB)
were shown to differ significantly in
the P and | for several parasite
species. San Francisco Bay had
significantly higher P and | for La-
cisthorhynchus tenuis and Anisakis
and a higher [ for Contracaecum/
Hystarothylacium. Tomales Bay had
a higher P for Bucephalidae larvae.
When Crescent City {CC) was com-
pared to Humboldt Bay (HB), HB had
a greater P for hosts infected with
Bucephelidae larvae and a higher |
among the male hosts. Crescent
City had a higher P for L. tenuis.

Large Tomales Bay Fish. An-
isakis and Lacistorhynchus larvae

found In 30 fish exceeding 185 mm
from TB were compared to smaller
fish from this bay. In addition, larger
TB fish were also compared to the
hosts from SFB, HB, and CC. For
the larger TB fish, the P and | for
Anisakis were 100 and 45.2 respec-
tively. Lacistorhynchus was P = 63
and | = 3.5. For Anisakis, the larger
TB fish had a greater P and | than
SFB fish. The larger TB fish also
had a greater P than the smaller TB
hosts. The Lacistorhynchus larvae
were found in greater P and 1 in
iarge TB fish than in hosts from both
CC and HB. The 1 of these larvae
from largar TB fish was greater than
in the small fish from this area.
However, SFB hosts had a greater P
and | of Lacistorhynchus than both
the larger and smaller TB fish.

Discussion

These data are not complete,
hence this discussion is preliminary.
MNevertheless, several interesting as-
pects of this study are emerging.
For example, only the 1- and 2-
year-old fish from MB were infected
with digenetic trematodes. Older
fish from MB and fish from all other
areas, regardless of age, lacked
these parasltes. These infections
are probably the result of the availa-
billty of the intermediate hosts and
the longevity of the digenetic trema-
tode.

Presently there is no ready expla-
natlon for the differences in P and |
of infections between males and fe-
males.

In the use of parasites as biclogi-
cal tags, only fish of the same age
can be compared. As a result, fish
from SFB could not be compared to
those from CC and HB. The size
differences in the catch were the
result of differences In the fishing
techniques used in the different
areas. This problem will be correct-
od in next year's collections. There
weare considerable differences in the
P and | of parasitism between SFB
and TB. The fact that the hosts
most probably were not infected
with these parasites in their respec-
tive bays durlng the 1980-81
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spawning season may suggest the
possibility of earller stock separa-
tlon. This will be further studied as
more samples are collected. The
differences in P and | of parasitism
between CC and HB is less than the
differences detected between the
southern bays. Monterey Bay lacks
a commercial fishery for herring. As
a result, it was difficult to obtain
herring of the proper age classes for
this study. These collections will
continue through the 1981-82
spawning season. For the final re-
port, these data, in addition to future
work, will include comparisons by
ANOVA techniques.

The age of a tish often influences
the P and | of parasitic infections.
This was shown to be the case in
fish greater than 185 mm from TB.
This size is comparable to the
specimens from HB and CC but
larger than those from SFB. The
larger TB hosts had comparable An-
isakis infections to CC and HB, but
a greater P and | than SFB fish.
Larger and smaller TB fish differed
in the P of infections. Hence, for
Anisakls the differences in P-and 1 is
most easily explalned by the age of
the host and not geographic
differences. This is understandable
because Anisakis has a long life
span and can accumulate in a host
over a perlod of time. The
differences in P and | of Lacis-
torhynchus larvae, however, can not
strictly be attributed to age
differences in the hosts. The CC
and HB fish were less infected than
the larger TB fish. Further, SFB fish
had a greater P and | than both the
larger and smaller TB hosts. Since
larvae are relatively long lived, it ap-
pears that these infections may be
restricted to certain geographic
areas.

Elgctrophoresis. The following
loci were examined: PGI, PGM, ADA,
PEP-2, LDH-1, LDH-2. There was
no signiticant difference between
the 100 fish each tested from SFB
and TB and those same loci report-
ed for herring off Washington.



Table 1
Prevalence and Intensity of Crustacean and Helminth Parasites

*MB SFB TB HB cC
**P/I P/ P/l P/l P/l
Nematode larvae
Anlsakis sp. 16/1.7 60/4.1 92/88 100/505 100/44.5
Contracaecum sp. 100/104 96/108  100/6.2 93/4.4 93/5.8
Hystorothylacium sp. 100/104 96/108 100/6.2 93/4.4 93/5.8
Fungus {?) 100/- 100/- 100/- 100/~ 100/-
Cestode larva
Lacisltorhynchus tenuis 72/3.7  97/1041 62/1.9 6/1.6 27/18
Digenetic trematodes
Parahemiurus merus 87/7 0/0 /0 0/0 0/0
Bucephalidae (larvae) 49/3.9 61/25 84/38 80/7.4 62/4.4
Copepod
Bomolochus sp. £58/2.3 16/1.0 8/1.0 9/1.1 9/1.0
Caligus sp. 0/0 5/1.4 0/0 0/0 2/1.0
Acanthocephala
Rhadinorhychus trachuri 0/0 0/0 0/0 5/1.2 0/0

* MB = Monterey; SFB = San Francisco Bay; TB = Tomales Bay; HB = Humboldt Bay;
CC = Crescent City

** P/l = Prevalence {percent infected)/Intensity (number parasites per infected fish). No
Intensity for fungus (?) given.

Cooperating Organizations

Californla Dapartment of Fish and Game

Fishermen in Monteray, Tomales, and San Franclsco bays
University of Callfornia, Santa Cruz, Department of Marine Studies
Washington Department of Fisheries
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IMPROVING EFFICIENCY OF COMMERCIAL
SHELLFISHING BY ANALYSIS OF BAIT AND TRAP FUNCTIONS

James F. Case

In order to define precisely the
mechanisms of orientation of com-
mercially valuable crustaceans to
traps, we have conducted field and
laboratory experiments utilizing a
large behavior tank as well as con-
ventional electrophysiological and
behavloral studies on restrained an-
imals. Our field experiments are
now largely concluded.

integrated field and laboratory
data trom our investigations on prey
localization by the Callfornla spiny
lobster {Panulirus interruptus) are
belng used to develop a model of
foraging behavlor. Development of
the model requires 1) precise dster-
mination of composition, physical
condition, and amount of effectlve
baits; 2) analysis of the initial
effects of chemoreception on
behavior; 3) determination of the
influence of environmental factors
such as light and water turbulence
on foraging; and 4) the role of social
factors and other phenomena col-
lectively characterized as central
excitatory state on the initiation and
persistence of foraging. The major
emphasis during 1980-81 was on
testing aspects of foraging strategy
revealed in our previous studies in a
large observation tank (32 x 8 x 2 ft;
26 ft working section) equipped for
precise stimulus control and for
low-light level observation.

|
Field Experiments

Two types of field tests were con-
ducted: to complete the previous
year's large bait specificity field
study, and to determine stimulant
concentrations in the vicinity of nor-
mally balted traps.

In the first test, a series of 118
palred casts were made at the pre-
viously used More Mesa trapping
site to examine the efficacy of intact
live and injured prey. Intact
mussels, urchins, abalones, and
various polychaetes were ineffective
attractants for either Panulirus or
Cancer, Injured mussels, urchins,
and abalones were effective but not
as effective as standard chopped
bait. We conclude that foraging
does not involve tracking of prey

species by means of "normal”
odorants. Abalone and mackerel
tissues were attractive to Iocbsters
but not to crabs, while shark was al-
most uniquely altractive to crabs.
Therefore, It appears unlikely that
such odorants are responsible for
the marked specificity of certain of
these prey organisms for icbsters or
crabs when used in chopped formu-
lations. We thus feel justified in
proceeding with conventional frac-
tionation studies. These tests were
done using ground abalones packed
in cut-off tubing with suriace expo-
sure of the two types of tubing ad-
justed to correct for their differing
dialysis rates for smaller molecules.

Abalone muscle Increased in at-
tractivity following 1-2 days field ex-
posure. Molecular weights of stimu-
lants released by both weathered
and fresh abalone were £ 10,000
with evidence suggesting that the
1000- to 10,000-dalton fraction may
contribute significantly to attraction.
Concentrations of total primary am-
ines released trom abaloneg muscle
failed to differ from background lev-
els, following an initial 3-hour (0- to
3-h) period. Primary amines thus
appear not to contribute directly to
captures of lobsters, since animals
were usually caught more than 7
hours after baits were positioned.
Amino acids were the dominant con-
tributors to present measurements
of total primary amines, suggesting
that these molecules may not direct
lobster foraging behavior in the
present expariments.

In the second study, two types of
experiments have been done to
refine the precision of our estimates
of stimulus concentrations around
traps under field conditions. To
augmeant our previous measure-
ments, further studies of weight loss
of standard abalone baits were con-
ducted in closed traps under field
conditions. (All weight loss was as-
sumed to represent attractant loss.)
Another approach to this question
has been provided by determining
the levels of primary amlnes
released from a natural bait under
field conditions. This technique is
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described in a paper submitted to
Analytica Chimica Acta. A standard
bait container was loaded with 180
gm of ground abalone tissue and
placed in a trap at More Mesa pro-
vided with nine variously placed
sampling parts leading to the sur-
face. Samples were taken at inter-
vals for 47 hours and assayed for
primary amines by fluorescence
after reaction with O-
phthalaldehyde; those data ware
then converted to glycine
equivalent.

Investigations of rates of bait dis-
solution, direct measurements of pri-
mary amines leaching from baited
traps under fisld conditions, and
calculations based on the equations
for turbulent flow show decisively
that effluent concentrations fell to
not more than 3 x 107 g/llter within
0.5 m of the trap. This value is so
close to the absolute behaviorally
measured chemoreception threshold
{Zimmer-Faust and Case, submitted)
that chemically induced direct
long-range orientation to traps is im-
possible. We, therefore, propose
that chemical induction of locomo-
tion does not occur but rather that
chemical stimulation modulates ex-
isting locomotor activity. Lobsters
are spontaneously active in dark-
ness and it is likely that chemical
excitation during such activity
modulates an endogencus motor
pattern. Under large tank conditions
masking the eyes of lobsters does
not materially lengthen search for
food, making it likely that search ac-
tivity relies on tactile and contact
chemosensory input superimposed
on the endogenous pattern. Experi-
ments in progress seek to determine
if this pattern is characterized by
more frequent turns during random
chemical excitation, this being the
most likely search program that
would bring the lobster to the balt
source under turbulent conditions.

Laboratory Studies

We now have a very effective sys-
tem of eight small tanks in which
the initial stages of chemosensory
activiation can be studied during ap-



plication of precisely known stimu-
lant concentrations. A hierarchical
system of acts culminating in
chemosensarily induced locomotion
has been defined and is used in
determining the effectiveness of
stimulants of interest in the program.
Perhaps the most interesting of
thosse currently under study is the
crustacean molting hormone, 8-
ecdysone. While a-ecdysone is
inactive, the arousal threshold to 8-
ecdysone, as measured by
significant increases in antennal
flick rates, is at about 1014 M.
Walking is triggered at 10 M. No
sexual diftarance is seen.

This remarkable observation has
led to Investigations of the electro-
physiclogy and behavior of the an-
tennules. Using conventional
recording techniques, antennular re-
ceptors have been located that
respond sfgniflcantly to 101" M 8-
ecdysone, and their specificity and
other properties are now under
study. Currently, a new preparation
is in use in which flick rates are
measured with doppler techniques
on antennules chronically externally
perfused in a closed system. This
has the advantage of insuring that
responses noted are initiated in the
antennulas rather than possibly sys-
temically, as might occur in the usu-
al behavioral tests. Much of the
work [n developing this most useful
preparation was done by Dr. Y. C.
Siew, a visltor from the Unlversity of
Malaysia. It promises to be most
useful in differentiating between
systemic and receptor effects of
toxicants.

While we have characterized dac-
tyl and antennular chemoreceptors
sufticiently for purposes of modsling
behavior by means of our 1964
recording methods, new approaches
are clearly desirable. Intracellular
recordings from more than 50 an-
tennular chemorsceptor calls show
resting potentials averaging 58 mV,
Only one cell In this series splked,
suggesting either that these very
small ¢cells are damaged or that the
spike initiates in the proximal axon.
Recordings with glass suction elsc-
trodes from the axon bundle just
central to the cell body clump at the
base of a receptor hair reveal spikes
from dozens of cells. Currently this
technique is being perfected to al-
low determination of the chemore-
ceptive spectrum of single receptor
hairs.

A chronic indwelling electrode
technique has been developed that
allows recording of massed
chemoreceptor activity from anten-
nules of restrained lobsters for
saveral days. Currently this tech-
nique is being used to assess long-
term adaptation to stimulants. It is
hoped that the method ¢an be
adapted to unrestrained animals in
small behavior tanks so that the re-
latlonship between chemoreceptor
input and behavioral arousal to
chemical excitants may be deter-
mined.

Large Behavior Tank Studies

Much of the year has been devoi-
ed to constructing a large behavior
tank, enclosing it to provide an ade-
quate light regimen, and equipping it
for investigations of chemoreceptive
orientation as affected by social and
other factors. The 26-foot working
section is fltted with windows in the
sides and bottom to allow video
recording of behavior with a low-
light system able to provide clear
viewing of the details of behavior at
egven lower light [svels than those
that normally occur during foraging.
The tank is provided with lobster
"habitats” which interfere minimally
with water flow and which may be
placed over a bottom window to al-
low detailed observation of
chemoreceptive behavlor.

While flow and stimulant metering
calibrations are still in progress,
preliminary experiments have shown
that the tank will be most valuable
for the final phase of the program:
investigation of long-range orienta-
tion to baits and behavior at trap en-
tries. These preliminary tests show
that, even though lobsters will not
leave their habitats during daylight,
they show all the behavior charac-
teristlc of food-induced arousal
while remaining in the habitat.
Search activity is maximal in the
first 2 hours of darkness. During
thils period, long-range orientation
along the edges of stimulus plumes
in smoothly flowing water does oc-
cur. We are now able {o proceed to
direct examination of such matters
as search sirategy upon stimulus
interruption, social Interactions dur-
ing food arousal, and the problem of
optimizing capture once a trap has
been located.
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Conclusions

In brief, our studies have 1)
scientiflcally demonstrated for the
first time a clear-cut species
discrimination among commonly
used baits, 2) determined the rate of
balt dissolutlon necessary for
efficient trapping, 3) empirically es-
tablished the odorant concentratlon
field around traps, 4) ascertained
the contribution of vision to balit lo-
callzation, and 5) determined that
there exists a social factor in search
behavlor. In addition, work stifl in
progress is revealing important de-
talls of the physiology of the
chemoreceplive sensilla mediating
search behavior. Most recently the
latter studies have resulted in a
method for electrophysiologically
recording from the sensory
afference of a single, defined anten-
nular chemoreceptor organ.

Finally, it may be appropriate to
mention that, ameng the tralness on
the project, two have gone on to ap-
proprlate related employment. Dr.
Katherine Hamilton Is now a post-
doctoral fellow Investigating
chemoreceptlon in Florida Panulirus
at the Whitney Marine Biomedical
Laboratory of the University of Flori-
da. Dr. Richard Zimmer-Faust has
just received a 2-year fellowship to
investigate problems in food-search
strategy in prawns and other crusta-
ceans [ointly with the University of
Queensland and the C.S.I.R.O.
Northeastern Regional Fisheries La-
boratory, Cape Cleveland, Queens-
land.
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SEAFOOD SCIENCE AND TECHNOLOGY: MODIFIED

ATMOSPHERE STORAGE

W. D. Brown

Seafood products are particularly
susceptible to deteriorative post-
mortem ¢hanges, including those of
a physical and chemical nature as
well as those due to microbiological
spoilage. The distribution of fresh
fish, particularly, is [Imited because
of short sheif life and resulting
losses due to spoilage. Adverse
changes in quality likely are respon-
sible for the low per capita con-
sumption of fresh fish in this coun-
try, in splte of the tact that, when
quality is assured, fresh fish is pra-
ferred by most consumers,

There Is a need for the develop-
ment of new technologies for han-
dling fresh seafood products. One
such technology showing great
promise is the use of modified atmo
spheres {MA), particularly those
containing high levels of carbon
dioxide. There is a possibility that
MA technology ultimately can be
employed in the packaging steps of
distributlon as well as for bulk ship-
ping or storage of fresh seafood
products.

The overall goal of this research
project Is to study the use of such
atmospheres In the hope of provid-
ing technological advances for Im-
proved handling and distribution of a
varlety of seafood products. ltis
anticipated that innovative use of
this technology will lead to improved
product quality, significant extension
of the distribution range for fresh
seafood, and greater utilizatlon of
marine food resources.

[l

Madified Atmosphere (MA)

Storage of a Variety of Seafood
We have employed rockflsh fillets,

dungeness crab, and crayfish in

these studies. Most of the research -

to date dealing with the application
of MA systems had involved the use
of CO, concentrations of 60% or
lower. Qur own earlier work had
suggested that higher levels of CO,
might be even more etfective. Con-
sequently these studias were aimed
at evaluating the effectiveness of at-
mospheres highly enriched with
CQ,, i.e, at the 80% leveal.

The products used in these stu-

dies were held in atmospheres con-
taining 80% CO, and balance alr,
and quality was measured by com-
mon microblological and chemical
indices, accompanied by sensory
panel evaluations; comparisons
were drawn between samples held
in MA and controls held in air. AN
samples were held refrigerated at
35 = 2°F.

Aerabic plate counts and tri-
methylamine levels were
significantly lower (P < 0.1%) for
samples held in MA compared to
those held in air. The production of
trimethlylamine generally is con-
sidered to be responsible for the

fishy odor of spoiling fish, hence in- ~

hibition of its production is highly
desirable. Since the production of
trimethylamine from the odorless tri-
methylamine oxide (commonly found
in fish) is microbialogical in nature,
it is logical that bacterial counts and
trimethylamine levels should be re-
lated. The lower levels of both in
the fish held in carbon dioxide Is a
desired result. Controls and sam-
ples of rockfish held in modified at-
mospheres show similar behavior for
3 days, at which timse the levels of
trimethylamine begin to increase in
the controls. Levels were substan-
tially higher in the air contro! sam-
ples at 7 days, and were particularly
striking at the 10- and 14-day sam-
pling periods (figure 1).

A decline In surface pH was ob-
served on all samples stored in MA,
presumably due to the absorption of
CQ, and its convarsion to carbonic
acid. Oxidation-reduction potential
measurements suggested that there
was a more aerobic environment on
tish stored in MA. There were no
slgnificant differences in weight loss
between control and treatment
groups. Sensory evaluatlons indi-
cated that samples held under MA
were of cansistently better quality
than ¢ontrols. Figure 2 shows pH
data obtained In our crayflsh study.

Use of Modified Atmospheres and
Chemical Preservatlves in Retail
Packs

Trials have been initiated to deter-
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mine the effect on sheif life of
rockfish fillets packed in retail size
plastic bags as affected by MA
and/or chemical preservatives.
Samples were vacuum-packed in ei-
ther an MA containing 80-85% CO,
or in air {contrals}, with or without
chemical preservatives, including
EDTA, potassium sorbate, sodium
benzoate, and chlortetracycline
(CTC). Treatment with sorbate CTC
has been particularly effective so
far. Indices of spoilage measured
included trimethylamine, ammonia,
surface pH, surface oxidation-
reduction potantial, total plate count,
and sensory analyses. The latter In-
volved evaluation of odor, flavor, and
color in comparison with fresh sam-
ples.

Factors Involved in Myogtobin
Oxidation

The use of MA containing high
levels of carbon dioxide leads to an
enhancement of the oxidation of the
muscle pigment, myoglobin. It is
therefore of interest to understand
this reaction, and means of its re-
versal, including enzymatic reduc-
tion of the oxidized product, met-
myoglobin,

We have now isolated 1he enzyme
metmyoglobin reductase from tuna
muscle, and it is being characterized
and Its enzymatic properties deter-
mined. We are hopeful that better
knowledge of this enzyme may help
us utilize the enzyme’'s action in fish
muscle.
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SEAFOOD SCIENCE AND TECHNQOLOGY: MICROBIOLOGY OF

FISH

E. L. Barrett and David M. Ogrydziak

The abjectives of this project were
to enumerate microbial counts of
rock cod stored in air and modified
atmosphere (MA) using ditferent in-
cubation temperatures and atmo-
spheres, Initiate taxonomic identifi-
cation of predominant microbial
groups involved in spoilage of air-
and MA-stored rock cod, and search
for food-borne disease microorgan-
isms in rock cod stored in air and
MA at 4°C.

Fresh rock cod fillets were stored
in air or MA (80% C0O,/20% air) at-
mospheres at 4°C. At intervals of 0,
7. 14, and 21 days, samples were
removed and subjected to microbio-
logical analyses. The enumeration
plates wera incubated aerobically at
4, 20, and 35°C; under MA at 4, 20,
and 35°C; and anaeroblcally at
35°C. The day O counts were 5 x
10% to 1 x 10¢ for plates incubated
aerobically and 1 x 103to 7 x 104
for plates incubated anaerchically or
under MA. After 7-day storage in
air, the fillets were obviously spoiled
and had a 3- to 4-cycle Increase in
microbial counts. For the air control
samples, the experiment was run for
only 14 days due to the bad or-
ganoleptic condition of the fillets by
this tims. The MA samples on the
other hand, were organoleptically
acceptable even after a 21-day
storage period; the counts had in-
creased only 2 log cycles and the
fillets did not seem spolled. At all
the incubation conditions, the
counts obtalned from the MA-stored
fillets were consistently lower than
counts from air control samples at
days 7 and 14 (table 1).

Within both the air control and MA
sample counts, the plates incubated
in MA consistently yielded lower ini-
tial counts than plates incubated in
air at the same temperature. As
storage proceeded, counts obtained
from MA plates increased slightly
more rapidly than for alr-incubated
plates. At the end of the storage
periods, the MA- and alr-incubated
plates at the same temperature gave
roughly similar counts. The counts
obtained from air control samples on
plates incubated at 35°C revealed

an interesting trand. After a sharp,
3 log cycle increase within the first
7 days of storage, the counts actu-
ally declined over the next 7-day
period. The above results show ex-
plicitly that high carbon dioxide con-
centrations are effective in inhibiting
or retarding micrabial growth.

Identification studies were carried
out on day 0 isolates obtained from
all incubation conditions, except 4°C
in MA which consistently gave <1.0
x 103 counts per gram of fillet. The
compositions of the bacterial popu-
jation were consistent with previous
reports on the microflora of fresh
seafood. The Pseudomonas spp.,
Moraxeila spp., Acinetobacter spp.,
and Arthrobacter spp. were predom-
inant. Another bacterium which was
consistently present could not be
readily placed into any of the estab-
lished genera. This isolate, here-
after referred to as Aeromonas-like,
exhibited all the characteristics of
FPseudomonas as outlined by Bau-
mann and Baumann {1979) except
that it grew slightly anaerobicalily.
Lower counts of Micrococcus spp.,
Enterobacteriaceae, Flavobactorium
spp., Lactobacillus spp., and Ba-
citfus spp. were also obtained.

The population of bacteria isolat-
ed at 35°C in air consisted predom-
inantly of Acinetabacter, Micro-
coccus spp. Enterobacteriaceae,
and Laclobaciflus spp. (table 2}.
The Pseudomonas spp., Moraxelia
spp. and Beacilius spp. were present
in lower amounts. The fillets pur-
chased from Santa Rosa also car-
ried Staphylococcus spp. which was
coagulase-negative and comprised
4% of the 35°C (air) isolates. The
composition of the bacterial popula-
tions isolated at 20 and 35°C under
MA and 35°C under anaerobic con-
ditions were similar to that of popu-
lations isolated at 35°C in air. The
differences were in the appearance
of Proteus spp. and the disappeat-
ance of Pseudomonas spp.

The bacteria isolated from fillets
held under MA for 21 days were lim-
ited to isolates obtained from aerob-
ically and anaerobically ingubated
plates. The isolates from 4 and
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20°C in air were about 70% Lacto-
bacillus and the remaining were the
Aeromonas-like isolate (30%). The
35°C plates incubated both in air
and anaerobically yielded almost
exclusively Laciocbaciflus (table 3).
These results indicate that, either
directly or indirectly, storage under
MA selects for Lactobaciflus and
this Asromonas-like isolate. In a re-
cent conference, Lee (1981) report-
ed similar observations except that
he found Afteromonas pulrefaciens
instead of the Asromonas-like bac-
teria.

Except for the Staphylococcus
isolated from the fillets from Santa
Rosa, none of the pathogenic bac-
toria associated with marine en-
vironments was found. These in-
clude Vibrio parahaemolyticus, Clos-
{ridium spp., and Yersinia enlerolyti-
ca.
Based on the enumeration and
identification studies, enumeration
and isolation of microorganisms
present on seafood samples stored
under MA at 4°C should be carried
out at 20°C in air. At 20°C in air, the
plate counts were the highest of any
of the conditions examined and the
greatest diversity of bacterial types
was found. Also isclates grew ra-
pidly enough so that the plates
could cenveniently be counted after
only 2-3 days.

Lactobacillus and the Aeromonas-
-like isolates from fish stored 21
days under MA were found o grow
more slowly under MA than air. The
growth rates of three Aeromonas-
like strains isolated from 21-day MA
storage were compared with those
of three Asromonas-like strains iso-
lated from "fresh” fish. All three of
the 21-day isclates grew more ra-
pidly under MA. This was true even
if the inocula were preincubated in
air. This result strongly suggests
that selection for faster growing
variants is occuring during MA
storage.



Table 1

Bacterfal Counts on Rock Cod Flllets Stored at 4°C In the Modiflad Atmosphere (MA) (80% CO2/20% Alr)

Log Standard Plate Count Per Gram

Incubation of Sample [ Sample 11 Sample Il
isolation plates | Day0 Day7 Day 14 Day 21 DayQ Day7 BDayi1d4 Day21 DayQ Day7 Day14 Day?21
Alr, 4°C 5.2 88 7.4 82 5.1 48 54 6.4 a 47 5.7 83
Alr, 20°C 56 85 7.5 83 §3 5.1 57 8.6 4.4 50 5.9 8.2
Alr, 38°C 5.4 8.2 7.2 8.2 4.7 4.8 5.2 6.3 3.9 43 54 6.2
MA, 4°C £3 <3 £3 €3 £3 <3 <3 £3 £3 £3 £3 <3
MA, 20°C 40° 8.1 7.2 84 4.5 48 57 6.7 3 4.8 5.6 83
MA, 35°C 50 50 55 58 | €3 €3 £3 £3 £3 <3 £3 <3
Anaerobic, 35°C 4.2° 58 72 8.2 a7 43 5.1 65 | €3 <4 53 6.1
* Estimated standard plate count
Table 2
Microbial Flora of Fresh Rock Cod Fillets Ohtained from a Retall Qutiet
Percentage of Isolates ldentifiad
Incubation Condition of Isolation Plate
Anasroblc
Microbial Group Alr, 4°C  Air, 20°C  Alr, 35°C MA, 20°C  MA, 35°C 35°C
Pseudomonas Type | 10 4 4 0 0 0
Pseudomonas Type || 10 2 0 0 ) O
Pseudomonas Type Il 15 14 6 0 0 0
Aeromonas 0 0 0 0 28 0
Aeromonas-llke 4 8 0 0 0 0
Acinetobacter 28 24 17 10 0 0
Moraxelia 18 10 o 0 0 o
Flavobacter 0 4 0 4 0 0
Cytophaga 2 8 0 0 0 0
Arthrobacter 6 9 0 0 0 0
Micrococcus 7 10 36 0 0 0
Bacillus 0 3 7 0 0 0
Lactobacillus o 0 14 & 9 a
Enterohacteriaceae 0 2 13 - - -
Enterobacter nd nd nd 30 48 80
Citrobacter nd nd nd 32 4 7
Proleus nd nd nd 16 1 0
Others 0 2 3 2 4] 4
No. of isolates
identified 200 204 156 100 84 55
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Table 3

Microbial Composition of Rock Cod Fillets Stored for 21 Days Under Modifled

Atmosphere (MA) (B0% CO,/20% Air)

Percentage of Isolates Identifled

Incubation Condition of Isolation Piate

Microbial group® | Alr, 4°C  Alr, 20°C  Air, 35°C  MA, 20°C__ Anaerobic, 35°C

Asromonas-llke 31 28 0 0 0
Lactobacillus 69 69 a8 100 ) 100
Yeast 0 2 0 0 0
Others 0 1 2 0 0
No. of Isolates

identified 105 105 108 106 105

* |dentification methods used would have detected all micrcorganisms listed in table 1.
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CHITIN WASTE UTILIZATION

Paul A, Carroad and David M. Ogrydziak

The project extends projects R/F-
34 (Bioconversion of Chitin Wastes)
and R/F-50 {Genetic Improvement
of a Chitinase-Producing Microor-
ganism) as a comblned project. The
project had several related goals,
One goal was to design and conduct
a feasibility analysis of a shrimp
waste treatment process for the
bioconversion of chitinous shell ma-
terial to a useful product {single-cell
protein). More specifically this in-
volved completion of the preliminary
design and economic analysis of the
process by incorporating recently
developed data on waste pretreat-
ment. Other goals included comple-
tion of work on strain development
of a chitinase-overproducing ml-
croorganism and investigation of the
possibility of using recombinant
DNA techniques to substantially in-
crease the production of a chitinase
enzyme system by Serratia marces-
cens.

In the bioconversion process,
shrimp processing waste is pretreat-
ed by size reduction, deproteination,
and demineralization to yield a ma-
terial sultable for bioconverslon.
Protein can be recovered by precipi-
tation. Some pretreated chitin is
used as substrate for microbial chi-
tinase production. The bulk of the
pretreated chitin is mixed with the
chitinase to hydrolyze the chitin to
the monomer N-acetylglucosamine.
The hydrolysate sugar solution
serves as substrate for production
of yeast single-cell protein.

Within this project it was deter-
mined that size reduction to the 20
mesh to 60 mesh range was
sufficient to yietd significant protein
extraction in 60 minutes. Deprotei-
nation was accomptished at pH 11.5
and 30°C. Demineralization was
best accomplished with 100 g chitin
per liter of 8% HCl at 30°C in 8
hours. Elghty percent conversion of
¢hitin 80 pretreated could be
achleved in 24 hours. Fermentation
experiments on prelreated chitin
identified the most favorable condi-
tions for enzyme production as
27.9°C, pH 7.64, based on response
surface methodology analysis. A
general kinetic model! of growth and

enzyme production was fitted to the
data.

The overall mass balance results
for the process design are shown in
figure 1. The design basis Is 1,670
kg dry waste per day. The design
was predicated on current results
and those of Sea Grant project
R/F-34. Process equipment and
operating costs were based on pub-
lished correlations. Product value
was related to fish meal on an
equivalent protein basis. An after-
tax cash-flow analysis shows a
negative cash flow from the process
of $0.062 per kg of wet waste. The
new present value of the process is
negative, as expected for a pollution
treatment process whose by-product
value does not offset process costs.
Increase in product value, substitu-
tion of cheaper construction materi-
als than stainless steel, and
changes in federal tax policy may
allow closer approach to the current
break-even point.

Characterization of the chitinase-
ovarproducing strain IMR-1E1 of
Serratia marcescens was completed.
This strain in shake flasks produced
about three times as much as the
wild type of the enzymes of the ¢hi-
tinolytic enzyme complex. Howsaver,
in the 14-liter fermentor the in-
crease in enzyme production was
significantly lower, This was shown
to be due to reversion of the IMR-
1E1. If the high levels of chitinolytic
activity are due to gene duplication,
then this would explain instability of
chitinase production and IMR-1E1
might be stabilized by genetic
means.

There was significant progress in
the investigations of the posslbilities
of using recomblinant DNA tech-
niques to make a chitinase-
overproducing Serratia marcescens.
The major problem of how to reintro-
duce plasmid DNA into S. marces-
cens was solved by development of
a transformation procedure. The S.
marcescens strain used in the chi-
tinase studies could not be
transformed with pBR322 using the
standard transformation procedures
used for Escherichia coli. Heat
shocking the cells before transfor-
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mation and selecting for hign levels
of ampicillin resistance solved the
problem. Evidence for transforma-
tion is shown in figure 2. Plasmid
(pPBR322) DNA was extracted from
£. coli and presumed 8. marcescens
transformants. The DNA was digest-
ad with the restriction sndonuclease
Haglll and the same number and
size of restriction fragments were
praduced (lanes g and h). Plasmid
stability and copy number were
similar in E. coif and S. marcescens
and the plasmid could be amplified
by inhibiting protein synthesis. One
problem encountered was that hy-
brid plasmids of pBR322 with S.
marcescens DNA inserts were not
stably maintained in S. marcesceans.
This most likely indicates a restric-
tion enzyme system in the S. mar-
cescens strain which would have to
be removed genetically.

Attempts at cloning genes of the
chitinase enzyme complex were un-
successful but suggested alternative
procedures and vielded insights into
8. marcescens physiology. Partial
digests of 8. marcescens DNA were
llgated into the various restriction
sites of pBR322 and the hybrid
plasmids transformed into £. cofi.
Several thousand transformants
{with §. marcescens DNA inserts)
were screened for endochitinase ac-
tivity (clearing of chitin Impregnated
agar plates) and for chitobiase ac-
tivity (cleavage of p-nitrophenyl-N-
acetyl-8-D-glucosaminide [NPgiu),
an analogue of chitobiose). One
transformant which cleaved NPglu
was found, but the NPgluase activity
was inaclive against chitobiose.
However, the chitobiase activity of
S. marcescens was active against
NPglu. Based on the size of the S.
marcescens DNA inserts, sufficient
transformants were screened so that
chances of not tinding the chitinase
genes wore less than 20%. Cbvi-
ously, more transformants should be
examined. However, perhaps the
chitinase gene products are lethal to
E. coli or E. coli cannot secrete
them. Alternative E. coli hosts and
plasmids and cloning directly into S,
marcescens (when a restrictionless
strain is obtained) should be considered.
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Figure 2. Transformation of 8. marcescens QMB1466 with plasmid pBR322. Restric-
tion endonuclese digests of plasmid DNA were fractionated on a 7.5% polyacrylamide
gel. Plasmid DNA from RR1 transformed with pBR322 (tanes a, d. 1, and h) was
prepared by CsC1-Pdl density gradient centrifugation. Plasmld DNA from QMB1466
transformants {lanes ¢, e, and g) was prepared by the miniscresn procedure. Lanes a,
g, and h are Haelll digests, lanes c, and d are EcoRl digests, lanes e and f are EcoRl
and Safl double digests, and lane b is phage A digested with Hindlll (BRL) as a molecu-
lar weight standard.

163



Cooperating Organizations '
Canada Packers Co., Lid.

University of Californla Agricultural Experiment Station

Publications

Rewm, J. D anp Ogavoziak, D. M. 1981. Chilinase~overproducing mutant of Serratiz mar-
cascens. Appl. Environ. Mlcroblol. 41:664-869.

Rep, J. D., StoureR, S. D, ano Oaryoztak, D, M. In press. Efficient transformation of Ser-
raifa marcescens with pBR322 plasmid DNA. Gene.

Revan-Morseev, 5. anp Carroab, P, A. 1981, Converslon of the enzymatic hydrolysate of
shellfish waste chitin to single-cell protein. Blotechnology and
Bloengineering 23{5):1067-1078.

Towm, R. A.anp CARROAD, P. A. 1981. Effact of reaction conditions on hydrolysls of chitin
by Serratia marcescens QMB1466 chitinase. J. Food Science 46(2):646-647.

Youns, M. E. anp Canroap, P. A. 1981. Dependence of extracellular chllinase activity of
Serratia marcescens QMB1466 on continuous culture dilution rate. Canadlan J. of
Micro. 27(1):142-144,

Youna, M. E., GarroaD, P. A, anp Bewe, R. L. A mathematical model for chitlnase produc-

tion. Second World Congress of Chemical Enginesring, Montreal, Canada, October
1981.

164



e —————————————————————————————————

WATER CONSERVATION AND POLLUTION ABATEMENT IN
SEAFOOD PROCESSING THROUGH WATER RECYCLING

Paul A. Carroad and Robert J. Price

The mechanical processing of
Pacific shrimp currently demands
huge quantities of water, on the or-
der of 25 to 40 gallons per pound of
finished product in the peeling
operatlon alone. Supplying this wa-
ter not only consumes a valuable
resource from community reservoirs
or from private wells, but also contri-
butes to high flows of polluted
affluent and is consumptive of ener-
gy. The 13 milllon pounds of shrimp
processed In California in 1978 re-
quired between 65 and 100 million
gallons and contributed as much
polluted effiuent. The economic
consequances of excessive water
use are at least twofold, leading to
expense for both water supply and
for eventual treatment. Environmen-
tal restrictions may further increase
the need to reconslder processing
methods to reduce effluent flows.

The overall abjective of this pro-
Ject was to assess the technologlcal
and economlc feasibllity of incor-
porating water recycling in shellfish
processing plants to achieve water
conservation and pollution abate-
ment while maintaining product
quality, The specific goals of this
project were to 1) coliect data from
several shrimp processing plants on
water use and other processing
parameters; 2) selact one plant for a
detalled study involving installing
water-flow monltoring devices and
sampling and analyzing water and
product to determine water use, mi-
croblal load, and other significant
parameters; 3) evaluate processing
data to suggest water-recycling
design alternatives which would
reduce water use and volume of
effluent; 4) select a processing
plant in which vne or more lines
could be modified for water recy-
cling and tast the proposed recy-
cling system under operating condi-
tlons to provlde necessary compara-
tive data on product quallty, water
flows and quality, and on
confirmatlon of deslgn alternatives;
and 5} perform an engineering and
economic feaslbility evaluation to
provide speclfic design recommen-
dations to the seafood processing

industry for water conservation and
pollutlon abatement.

The 10 Paciflc shrimp processors
in Callfornla were surveyed by mail
to obtaln data on water use, pro-
cessing paramenters, and produc-
tion volumes. This survey was fol-
lowed by an on-site inspection of
eight major processing plants to ob-
tain more detailed data on water
use, shrimp processing equipment
design and Installation, and plumb-
Ing configurations. Processors were
consulted for current ideas and
redesign conceapts undertaken or
envisioned to reduce water use in
mechanical shrimp processing.

Data obtalned from the survey, on-
site Inspections, and consultations
with processors will be used in
phase two of this project to evaluate
water-racycling deslgn alternatives.

A large Sacramento-based shrimp
processing plant, Meredith Fish
Company, has been selected for de-
tailed processing studies. This plant
was selected based on the promised
cooperation of the processor, on its
logistical convenlence, and, most
Importantly, because the plant
operates elght mechanical shrimp
peelers in two banks of four each.
With this processing operation, it
would bs possible to medify one set
of four peelers to recycle water and
to obtain comparative data simul-
tansously on the modified and
unmaodified systems.

Water pipes supplying fresh water
to four of the shrimp processing
machines and waste water pipes
have been modified to contain pilot
tubes. These tubes are in-line dev-
ices that yield a differential pressure
proportional to water flow rate. The
differential pressure was measured
on a transducing meter. Flow rates
in open flumes were monitored
volumetrically. Water flow rates
ware monhitored during peak shrimp
processing periods, and a water-
flow balance was determined based
on average flow measurements.
Water samples taken during water-
flow monltoring operations were
analyzed for residual chlorine and
microblal load. Shrimp samples, be-

165

University of California, Davis
R/F-T1
1980-82

fore and after processing, were also
examinad mlcrobiologically. The
results of these analyses formed the
basis for further studies on recy-
cling design altérnatives.

A typical shrimp processing plant
with four peeling machines may pro-
cess sbout 1,720 pounds of Pacilic
shrimp {Pandalus fordani) per hour.
At this processing rate, water use
may be about 264 gallons/minute
{gpm). Our data Indicates that
Laltram PCA mechanical shrimp
peelers can be adequately operated
using enly 38 gpm, although 45 gpm
is more practicable. When com-
pared to the 68 gpm per machine
often used by shrimp processors,
this represents a saving in fresh and
waste water of about 42%.

The bacterlal counts of shrimp be-
fore processing averaged about
500,000 colony-forming units per
gram. These counts are evidently
the result of a lag time of about 2
days between harvesting and pro-
cessing. This lag time increases the
water holding capacity of the shrimp
meat and improves shrimp meat
recovery. Precooking by live steam
for about 2 minutes results in a
reduction in bacteria counts by one
to two log cycles. Mechanical ac-
tlon and fluming cause a further
reductlon in bacterial counts.

Conveylng cooked shrimp through
simulated flume systems of various
configurations showed similar
reductions In the bacterial load of
the shrimp meat. When the shrimp
were passed through the same
flume configuration several times
{equivalent to repeatedly fluming the
shrimp in 30-foot segments over
several hundred feet}), some
differences in reductions were ob-
served. When fresh flow or counter-
current configurations were used,
there was a 25% greater decimal
reduction In bacterial load than if
co-current recycling was used.
When the water source for the co-
currant systems was chlorinated to
a residual of about 8 ppm, there was
a 25% greater decimal reduction
when compared to fresh flow or
countercurrent methods without



chlorination. Based on these data, a
countercurrent recycling system us-
ing ¢hlorinated water would prob-
ahly provide the greatest reduction
in bacterial load on the shrimp meat.

When a typical shrimp processing
plant employing four mechanical
shrimp peelers was theoretically
modified to Incorporate water con-
servation and recyeling, a substan-
tial reduction in water use was ob-
served. Capital expenditures to in-
stall a countercurrent recycling sys-
tem would include the purchase of
about 50 feet of sanitary pipe, two
or three pumps, a chlorinator, and
perhaps a small tangential screen.
Water use would theoretically be re-
duced from 264 to 152 gpm, a
reduction of about 42%. For a plant
processing one million pounds in a
6-month season, the total savings
resulting from water conservation
and recycling modificatlons would
ba between $1,400 and $4,500
depending on municipal water and
sewer rates.

An initial goal of this project was
to install a recycling systeam in a
commercial shrimp processing plant
and to test this system under com-
merctal operating conditions. Ques-
tions raised by processors and pub-
lic health officials concerning the
potential for public health problems
resulting from a possible build-up of
pathogenic microorganisms in recy-
cled flume water prevented this goal
from baeing achieved. In our study,
low numbers of fecal coliforms and
coagulase-positive staphylococei
were found on finished shrimp meat,
The source of these bacterla is
probably the final hand-sorting
operation, usually done by workers
without gloves because of the dex-
terity required to remove the defects
from the small Pacific shrimp. Stu-
dies on the occurrence, source, and
fate of pathogenic bacteria In
mechanical shrimp processing is
continuing.

Cooperating Organizations
Californta Seafood Institute
Castle Rock Seafoods
Crascent Fisherles

Eureka Fisherles

Meredith Fish Company
Nor-Cal Sealoods

Pt. St. George Fisharies
Tarantino Fish Company
Tom Lazlo Fish Company
Woest Coast Crab
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VITAL STATISTICS OF THE FEMALE STOCK OF DUNGENESS
CRAB [CANCER MAGISTER) IN NORTHERN CALIFORNIA

‘David C. Hankin

The overall project objective for
this study Is to obtaln an adequate
field-supported deserlption of the vi-
tal demographic statistics of the fe-
‘male stock of dungeness crabs in
|northarn California. To develop this
idescriptlcm. we have identified the
following components: female
'growth curve, fecundity-size rela-
itionship, female age composition
'and abundance, and female survival
Irates.

[Female Growth Curve

Development of a growth curve for
female crabs requires collection of
data necessary to establish molt in-
croments (given initlal size) and
molt frequency. Our study has used
a dual approach to colleétion of
these data: 1) an ocean tag-
recovery program and 2)
laboratory-generated data concern-
ing molt Increments and molt fre-
guency.

QOcean Tag Recovery

During the period 1 October 1980
to 1 October 1981, substantial pro-
gress toward this objective was
made. In field activities nearly
5,000 adult female crabs were
measured, tagged with a FLOY an-
‘chor tag at the crab carapace suture
line, and released off Trinidad and
Eureka, California for subsequent
recovery by commerclal fishermen.
As of 1 October 1981, about 100
tags had been returned; of these
about 30 had molted prior to cap-
ture, thus generating desired molt
increment data. We expect perhaps
‘another 100 crabs (all molted) to be
returned during the early 1981-82
crab season.
" In the fIrst two project years we
tagged a total of 9952 adult female
crabs (versus a goal of 10,000} and
received a total of about 400 tag
recoverles (for a recovery rate of
about 4% versus an anticipated
recovery rate of about 2%). Of the
total recoverles, about 120 have
molted, giving us needed data on
molt increments and molt frequency.
At least one recovery has been a
definlte double molt, giving clear

proct that the FLOY anchor tags
which we are using can hold
through more than one molt. In ad-
dition, length-frequency data have
been collected for about 12,000
adult females during the first 2 pro-
ject years, and we have developed a
modified crab trap design which al-
lows us to sampie all adult female
sizes without selaection problems.
Crab trap gear selsctlon work Is
further discussed In the Female Age
Composition, Abundance, and Sur-
vival Rates section.

Laboratory Studies

Laboratory experiments designed
to generate molt Increments and to
evaluate possible effects of tagging
on molt incraments were of two
types. First, crabs were held and
fed for several months, with and
without tags applied, in an elegantly
designed statistical array In large
aquarta at the Humboldt State
University {HSU) marine laboratory.
The intention of these experiments
was to generate molt increments
among tagged and untagged crabs
held under controlled lahoratory
condltions. Second, female ¢rabs
were removed from premating em-
braces during sampling on board
the contracted commercial vessel.
These crabs were returned to the
HSU marine laboratory, measured,
and subsequently measured after
molting took place within 1-4 days.
Of the two approaches, only the
latter proved successful in generat-
ing useful molt increment data. Fe-
male crabs held for long periods of
time in the laboratory fatled to molt
when the peak of natural molting
actlvity occurred; perhaps 3 or 4 out
of 100 animals had molted in this
experiment by the apparent end of
natural moliing In the ocean. In ad-
dition, there was an unacceptable
(although low} level of mortality for
crabs in these groups. In contrast,
at least 50 useful observations on
molt increments were obtained from
those femalas removed from
premating embraces and returned to
the laboratory.

Both molt Increments from
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recovered tagged crabs and from fe-
males removed from premating em-
braces showed a stight but
significant decline in size with in-
creasing initial crab size, As crabs
removed from premating embraces
would presumably show the least
possible "laboratory effect® on gen-
erated molt increments, molt incre-
ments from this group of crabs may
be logically compared with molt in-
crements from recovered tagged
crabs. Such a comparison has re-
vealed no detectable tagging effect;
molt increments for recovered
tagged female crabs have fallen
along the same line as for those
generated in the laboratory from fe-
males removed from pramating em-
braces. QOur tentative conclusion is
that application of the tags produces
no detectable efiect upon subse-
quent molt increments. During the
first 2 project years, a total of 186
molt increments have bean generat-
ed from female crabs ranging In
carapace width from about 30 to
160 mm.

In addition, laboratory studies
have examined tag retention rate
and possible loss of tags due to
physical abrasion by adult males
during actual mating activities.
These studies have indlcated a fair-
ly high tag-retention rate through
one molt (about 85%) and have
failed to suggest that mating activi-
ties result in any statistically
significant tag retention differential
when females which molt in the ab-
sence of males are compared to fe-
males which molt in the presence of
males.

Tentative Concluslons — Female
Growth Curve

Statistical comparison of regres-
sion lines for molt increment versus
initial ¢crab carapace width for tag-
recovery data and laboratory-
generated data has failed to show a
signiticant difference in molt Incre-
ments between field and laboratory
crabs. Tag retention rates are ap-
parently quite high and are not
influenced to a significant extent by
mating activities; however, there is



probably greater loss of tags by
crabs that molt than by crabs that
fail to moit.

For both field- and laboratory-
collected data, molt increment
shows a statistically significant de-
cline with increasing initlal female
crab carapace width. Variance
about the regression line appears
quite constant. On the basis of ini-
tial analyses of tag-recovery data, It
appears that molt frequency de-
clines with crab age {or size}, and
there are indicatlons that female
crabs may have a terminal molt.
However, interpretation of collected
data for estimation of molt frequen-
cy is fraught with difflculties caused
by gear selection, by biased
recoveries by commercial fishermen,
and by an unknown but probable
ditlerential tag retention between
molted and nonmolted recoverles.
These topics are further addressed
in the Female Age Composition,
Abundance, and Survival Rate sec-
tion. Statistical analyses of
taboratory-generated molt Incre-
ments betwesen the first 2 project
years have shown no significant
difference in molt increments across
these 2 vears.

Fecundity-Size Relationshlp
Qcean sampling for purposes of
collecting berried female crabs {for
egg-mass fecundity measurements)

did not take place untll 1 January
1981. Unfortunately, hatching of
egg masses and release of larvae
took place abnormally early during
1980-81. By mid-January berried
females were no longer usual and
those few found were at too ad-
vanced a stage in development to
warrant fecundity determinations.
As a result, no fecundity determina-
tions were made during 1980-81;
instead, an undergraduate student
performed an exhaustive lliterature
roview of crustacean fecundity
measurement. This information will
be used to develop our procedures
for the 1981-83 sampling periods.
Although fecundity determinations
were not made during the first pro-
joct vear, a total of nearly 40 adult
females carrying full egg masses
was collacted during December and
early January of 1981-82. Of these
crabs, a total of 34 allowed subse-
quent valld estimation of fecundity.
Techniques for preservation and
processing of dried female crab egg
masses and for statistical subsam-

pling were developed and refined
during this past year and then suc-
cessfully applied to fecundity esti-
matlon. Females ranged in size from
about 130 to 165 mm, and total es-
timated fecundities ranged from
about 500,000 to 1,600,000, similar
to figures that have been reported in
the literature. However, we found no
statistically significant relationship
between female crab fecundity and
inltial female size. Collection of fe-
males during the third project year
will be revised In an attempt to dis-
cover the possible reasons for this
apparent lack of dependence of
fecundity on crab size and to deter-
mine If this result is real or an ar-
tifact of sampling or collection pro-
cedures. We are confident that our
point estimates of total fecundity are
good.

Female Age Composition,
Abundance, and Survival Rates

Determination of the age composi-
tion of the female stock of dunge-
ness crab in northern California re-
qulres knowledge of size at age,
molt frequency, and gear selection.
The tag-recovery program and relat-
ed laboratory studles should give us
adequate estimates of size at age
and molt frequency, although molt
frequency estimatlon is an extreme-
ly difficult problem. Molt frequency
is usually estimated from tag
recoveries. However, analysis of
tag-recovery data is complicated by
at least the following confounding
factors:

1) The commercial crab traps,
which are the primary recovery
gear, are highly selective for
larger female crabs. Hencs, for
female crabs tagged at a small
inltial size, there is positive
blas for recovery of these an-
imals that have molted; reten-
tion rates for crabs that have
not molted will be much lower.

2) If crabs that moit have a lower
tag retention rate than do
crabs that do not molt, then
racoveries are blased toward
animals that do not moilt.

Interestingly, our search of the crus-
tacean literature regarding determi-
nation of molt frequency has sug-
gested that neither gear selection
nor relative tag retention rates have
been considered in previous molt
frequency estimation contexts. This
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we hope to rectify. We have had ex-
cellent success with determination
of the selection curve for our initial
experimental crab trap gear. This
year we will use our modified non-
selective gear to determine the
selection curve for commercial crab
traps with open escape ports and
large mesh.

We now have the MacDonald-
Pritcher FORTRAN computer pro-
gram for separation of distribution
mixtures on line on the Humboldt
State University {(HSU) CYBER com-
puter. Preliminary analyses using
this approach have shown good
promise far eventual successful
separation of age (or size) groups,
but they have also shown that as-
sumptions regarding the pattern of
variance with age are critical. Until
we are satisfied that we have
achieved reasonable separation of
component groups in our length-
frequency data, we will not attempt
estimation of female abundance or
survival rates.

Other Project Activities

Wae held a 2-day dungeness crab
workshop in November 1880. This
successful get-together of dunge-
ness crab researchers, partially
supported by the Pacific Marine
Fisheries Commission, was
described in the 1980-82 {sacond
year) renewal proposal of our Sea
Grant project.

A drawing was held in October
1981 with a $500 reward for the
fisherman who had returned the
tagged crab whose tag was selected
in the drawing. This technique ap-
pears to have two advantages over
more standard reward systems that
pay fishermen for returned tags: 1)
administrative paperwork necessary
to process unknown numbers of
recoveries is eliminated, and 2) a
substantial, rather than trivial, in-
ducement for returning tags (albeit
an uncertain reward) is craated.
The return of tagged crabs has been
promising thus far.

The project was successfully pub-
licized in several different ways.
The principal investigator was inter-
viewed on television about the pro-
ject and its goals. Project-related
infarmation was disseminated to lo-
cal fishermen through the area Sea
Grant Marine Advisory publication,
Coastal Currents, and the Humboldt
Fishermen's Marketing Association
newsletter. Brief presentations were
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given in Crescent City and Eureka
before commercial flshermen by a
Sea Grant trainee and the princlpal
investigator.
. In September 1981, the principal
investigator and one Sea Grant
trainee traveled to the Pacific Bio-
logical Statlon, Nanaimo, B.C,, and
had a lengthy and helpful discus-
sion with Terry Butler. Mr. Butler is
in the process of writing a book on
the biology and management of the
dungeness crab and has expressed
excitement at our new findings con-
cerning the basic life history of fe-
male dungeness crabs. Our work,
although in a preliminary form, will
probably be presented in his up-
coming book. This past June, the
principal investigator delivered a
talk on his previous modeling work
{McKelvey ot al,, 1980} at the Na-
tional Marine Figheries Service
{NMFS) Tiburon Laboratory. This
talk resulted in an extremely lengthy
discusslon and was a warthwhile
project activity.

| A reply to L. Botsford's comment
concerning the role of cannibalism
in dungeness crab dynamics was
published in the October 1981 issue
of the Canadian Journal of Fisheries
and Agqualic Sciences. In part, this
reply utllizes project Information
developed during the 1980-81 year.

Cooperating Crganizations

California Depariment of Fish and Game
Humboldt Fishermen's Marketing Assoclation
KVIQ, Eureka

Paciflc Biological Station, Nanaimo, B.C.
Pacillc Marlne Fisheries Commission

Publications

MckeLvey, R.ano Hankiv, D. 1981, Reply to comment on cycles in the northern Callfor-
qla dungeness crab population. Can. J. Fish. Aquat. Science 38(10):1295-1297.
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EVALUATION OF THE EXPERIMENTAL ABALONE

ENHANCEMENT PROGRAM

Mia J. Tegner

A small-scale red abalone
{Haliotis rufescens) seeding expetri-
ment was concluded at Palos
Verdes this year. Large seed were
used in this experiment (499
averaging 70 mm and 175 averag-
ing 45 mm) because of Japaness
results suggesting that survivorship
of seeded abalones levels off above
40 mm and because the thicker
shells of the larger animals, which
are rarely destroyed by predators,
would give us a better understand-
ing of sources af mortality.

Shells were collected monthly,
and 1 year after the abalones were
seeded, the entire 625-m? site was
sampled for live animals and cryptlc
shells. We recovered six {or 1.2%)
of the larger seed and two of the
smaller seed alive, a 1.1% recovery
rate. Based on the collection of
shells, 42% of the larger seed and
34% of the smaller seed wera known
to be dead.

The size-frequency distribution of
growth of the recovered shells
shows that about half did not grow
at all and that mortality rates ap-
parently decreased considerably as
the animals grew. Thirty-two per-
cent of both types of seed and 38%
of the native shells found within the
site were drilled by Qclopus spp.
This underestimates the importance
of octopus predation because these
animals do not drill all their prey.,
Spiny lobsters, Panulirus interruptus,
and sheep crabs, Loxorhyncus
grandis, are also known to prey on
abalones and about one-third of all
the shells had the chipped edges
characteristic of crustacean prada-
tion. A live animal found 10 m from
the site and shells up to 50 m away
suggest that the unaccounted for
animals have dispersed over a large
area.

A comparison of seed mortality
with that of native red abalones in
the same area has general implica-
tions for the recovery of red abalone
populations on the Palos Verdes
Peninsula. The number of native
red abalones in the planting area
was estimated In preseeding sur-
vays and native shells were collect-

ed along with thase of the seed
abalones during the year-long study.
Based on those numbers, the mor-
tality of native red abalones was
69%. The native red abalones aver-
aged 28 mm at the start of the ex-
periment, and the greater suscepti-
hility of smaller animals to predation
doubtlessly contributed to the higher
mortality rate than that observed for
the hatchery-reared animals. .
Nevertheless, these results suggest
that predation, especially by octo-
puses, and not lack of recruitment is
limiting the recovery of red abalone
populations at Palos Verdes. Forty
oclopuses were removed from this
area over the course of the year.

We had hoped to test the hy-
pothesis that appropriate nursery
habitat enhances the survival of
seeded abalones as well as the set-
tiement and survival of native
abalones on artificial reefs near
Camp Pendleton. When eight reef
medules were constructed by
Southern California Edison in 1980,
four were "lced” with appropriate
sized rocks to provide nursery habi-
tat for juvenile red abalones. We
assisted the Department of Fish and
Games in seeding two of each type of
reef with red abalone seed In 1981.
Unfortunately, the kelp transplants
to the reels have not been success-
ful so there has been virtually no
food for the abalones. The few
abalones tound 4 and 6 months
after planting exhibited little or no
growth and had shrunken tissues
and badly encrusted shells — all in-
dications of poor physiological con-
ditions. It appears likely that most
of the animals starved.

We concluded our drift boitle
study of the dispersal of green
abalone (H. fulgens) larvae in the
southern California bight. Twelve
hundred driftars were dropped dur-
ing each of the two peaks of the
green abalone breeding season over
the elght major past and present
green abalone beds in the state.
The directions of transport varied
with seasonal current patterns but

_ the general concluslon remained the

same. Less than 4% of the drifters
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released near Channel Island popu-
lations were later recovered on the
mainland and of these, less than 7%
were within the green abalone larval
lite span; most were recovered con-
siderably later. We conclude that
successful iarval dispersal from the
Channe! Islands to the mainland is
relatively rare. On the other hand, a
high proportion of the drifters
released over green abalone beds
along the coast were found severai
kilometers away along the coast
within time periods appropriate for
larval colonization. There was
minimal transport between isolated
maintand sites; for example, only 1
drifter out of 134 recovered on the
Palos Verdes Peninsula was from
another mainland site {and 1 was
from Santa Catalina Island). Thus,
while an isolated area such as Palos
Verdes is likely to receive a few
green abalone larvae from distant
spawning popuiations, the short lar-
val life and coastal current patterns
suggest that endemic sources of
larvae would be much more impor-
tant.

The Californla Legislature closed
much of the Palos Verdes Peninsula
to all abalone fishing in 1977 to give
seriously depleted stocks a chance
to recover. The drift bottle results
suggest an explanation as to why
green abalons populaticns are
responding very poorly to this clo-
sure. In order lo provide a source of
larvae, 4,400 reproductively mature
green abalones were transplanted
into areas of the Palos Verdes Pen-
insula where the drift bottle resuits
suggest that the probability of larval
retention on the peninsula is high.
The transplanted abalones appear
to have adapted well to their new
environment as evidenced by shell
growth and gonadal development.
Final analysis of broodstack trans-
plantation as an approach to
abalone enhancement will depend
upon a demonstration of increased
natural recruitment in target popula-
tions as compared to controls out-
side the apparent range of the lar-
vae.

In an effort to understand the fate
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of hatchery-reared abalones after
ithey are planted in the ocean, we

have been comparing the behavior
of native and hatchery -reared green
'abalones in aquaria. The abalones
were offered four habitats to choose
from which offered different degrees
of protection from predators; three
of the hatitats were similar to habi-
tats where abalones of varlous sizes
are found in the field. Qur results
'show that native abalones select
hatitats differently than hatchery-
reared anlmals of the same size
‘category and that this choice affects
their survival. Spiny lobsters were
able to consume significantly more
of the hatchery-reared abalones of
all sizes tested (20 to 50 mm) than
natives. These experiments are
currently being repeated with red
abalones and expanded to very
small {5-10 mm) animals to look at
the effects of size (and thus length
of time in hatchery environment} on
behavior.

Cooperating Organizations

California Department of Fish and Game

Doheny State Beach and Los Angeles County lileguards
Los Angeles County Fish and Game Commission

Publications
Levin, L. A. 1982. The roles of lile history, dispersal and inlerference competition in the

' population and community structure of a dense infaunal polychaste assemblage.
Ph.D. thesis, University of California, San Diego.
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FIELD EVALUATION OF AN ABALONE

ENHANCEMENT PROGRAM

R. J. Schmitt and J. H. Connell

Abalone landings in California
have decreased sharply throughout
the past decade {Richards, 1977).
By 1975, the Calitornia Department
of Fish and Game had Initiated pro-
grams to ensure the long-term via-
bility of the abalone fishery (Burge
gt af, 1975). Among the most
promising technlques for rapidly re-
vitalizing depleted areas is the out-
planting of juvenile abalones reared
in hatcheries (Morse et af., 1980).
Such a method became feasible
when technigues for culturing red
abalones (Haliotis rufescens) were
developed. Accordingly, a joint
research program of California
Department of Fish and Game and
Sea Grant was established to exam-
ine the scientitic feasibility of
enhancing abalone stocks using
outplants of hatchery animals. A
series of test outplants were con-
ducted independently by a research
group at Scripps Institution of
Oceanography (directed by Dr. Mia
Tegner) and by a group at University
of California (UC) Santa Barbara
{headed by Drs. R. J. Schmitt and J.
H. Connell).

One test planting by the UC Santa
Barbara program proved particularly
successtul in the short term
{Schmitt et al, 1981}, The planting,
initlated in May 1980, involved the
transter of nearly 9,000 juvenile red
abalones from the hatchery to a
study area near Santa Barbara. The
rasult of careful monitoring of the
outplant during the following 17
weeks indicated that juvenile red
abalonaes can be successfully
transferred to the tield with high
survivorship at slzes ranging from
10 to 45 mm shell length
{corresponding to approximately
0.5-2.0 years of age). Mortality of
the cohort was on the order of 1%
per week for the first 17 weeks after
planting.

The aim of the current study was
to evaluate the performance of this
outplant after 2 years. Long-term
success is necassary for outplant-
ing to result in an enhanced popula-
tion of abalones that can be fished;
the evaluation of the Initially suc-

cessful outplant at Santa Barbara
{Naples Reef} can provide direct in-
formation on this crucial topic.

In May 1982, 2 years after out-
planting 9,000 juvenile red
abalones, the experimental and con-
trol sltes were revisited and abalone
density determined. Abalones were
placed into two categories based on
size, juveniles (<80 mm shell
length) and adults (>80 mm) (see
Young and DeMartini, 1970; Giorgi
and DeMartini, 1977). Juvenile
abalone density was estimated from
four permanent transects each 20
m? in each of the control and exper-
imental {where animals were plant-
ed) areas.

The results, summarized in table
1, illustrate the following pattern.
Juvenlle abalones were relatively
scarce before the planting was con-
ducted. However, 17 weeks after
outplanting, the experimental area
displayed a significantly greater
density of juvenile abalone com-
parad with the control site. ANOVA
revealed that only the experimental
site displayed a slgnificantly greater
density (the significant time x site
interaction), indicating that our out-
plant was responsible for the
greater density at 17 weeks. The
slightly higher (but nonsignificant)
density of juvenile abalones in the
control site at 17 weeks can be at-
tributed to the migration of outplant-
ed abalones Into the area.

A posteriori comparisons of cell
means for juvenile abalone density
(table 1) reveal an important pattern
through time. In the control site,
none of the estimates for juvenile
density differed through time (before
planting versus after 17 weeks
versus after 2 years). The sltuation
in the experimental area was a
significant increase In juvenile
abalone density 17 weeks after out-
planting. However, there is no
difference in the abundance of
young abalones in the experimental
site 2 years after planting compared
wlth the density either immediately
before the test plant or at 17 weeks
after the test planting was done
{table 1).
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There are several explanations for
such a pattern. All assume that na-
tural recruitment of abalones was
relatively iow subsequent to the
planting. First, juveniles outplanted
could have grown out of the juvenile
size class into adults {i.e., grown
past 80 mm shell length). Thisis a
likely explanation if growth ratas of
juvenites were an the order of 20-30
mm/year, as the average size out-
planted was nearly 18 mm. This
result, of course, is that desired to
demonstrate that ouplanting will
enhance adult abalone stocks.
Second, outplanted animals could
have emigrated out of the study
area. We attempted to minimize this
possibility by systematically search-
ing a wide area surrounding the
study site (roughly 200 x 200 m).
Finally, the outplanted juveniies
could have died. These possibilities
are addressed later.

It is not clear whether the live ju-
venile red abalones found after 2
years in the study area were those
wa outplanted. The average size of
juvenlles found in May 1982 was 24
mm, barely 6 mm greater than the
average size at planting. However,
we found that survivorship during. -
the first 17 weeks was inversely re-
lated to size at time of outplanting;
by far the highest initial mortality
was In larger abalones whereas the
smallest sizes {8-10 mm) showed
the lowsst initial mortality. Assum-
ing that only the smallest of the
abalones outplanted survived, their
growth increment would stlll only be
about 7 mm per year. This figure is
well below that expected based on
{isld and laboratory growth studies
(Lelghton, 1974; Tutshulte, 1976).

It seams uniikely that many of the
juvenile abalones we observed in
May 1982 were individuals outplant-
ed in May 1980. Most of the ju-
venile red abalones abserved in May
1882 were probably individuals that
recruited subsequent to the out-
plant. Wide searches of the area
surrounding the study site failed to
resolve the issue of emigration of
outplanted individuals; vary few
abalones were seen in general.
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/A direct test of growth into the

‘adult size class (greater than 80 mm
shell length) is a vitai concern. If
ladult abundance was greater in the
experimental area (but not the con-
trol) in May 1982, compared with
May 1980, this would be strong sup-
-port for long-term success of the
‘outplant. However, table 2 shows
'that adult red abalone density {and
'density of all other species of
|abalone) declined from about one
per 20 m2 in May 1980, to zero in
{May 1982. Clearly, adults of all
isizes at both sites disappeared.
Systematic searches of the general
area revealed only seven live adult
red abalones (in approximately
40,000 m?).

The data described above strongly
indicate that the 1980 outplant of
juvenile red abalones failed to pro-
duce adults or to increase abalone
density in general during the 2
years following planting. Of consid-
erable interest is the reason(s) why
the planting failed. The marked de-
cline in abundance of adult red
abalones can be explained, and in
turn suggests why the test plant
failed. The most iikely explanation
for the disappearance of adult
abalone is a catastrophic mortality
event that occurred following a
severe winter storm in 18980, The
once-in-a-century storm occurred in
late February, just prior to the May
1880 oulplant. Swells greater than
6 m in wave height battered Naples
Reef and removed a majority of the
larger algae {especially Macrocystis
sp. and Pterygophora sp.). Remain-
ing large algae were consumed by
sea urchins (Strongylocentrotus
spp.) that began searching wide
areas on the reef for food after the
storm. Thus, it seems quite possible
that adult {and outplanted juvenligs)
died from starvatlon. These pattarns
of algal abundance and sea urchin
activity following the storm have
been (and continue to be) Investi-
gated by Dr. A. Ebeling of UC Santa
Barbara.

Two observations support the
starvation hypothesis. First, a large
number of intact shells of adult red
abalones accumulated in the study
area during the 2-year period fol-
towing outplanting. Table 3 lists the
size-frequency distribution of these
shells collected from the study area.
The mean size of adult shells was
146 mm, which matches well with
the average size of live adult

abalones {148 mm) found at Naples
Reef in May, 1980. Second, the
seven live abalones encountered at
Naples Reef were collected and
carefully examined. These abalones
were compared with red abalones of
the same size collected from a near-
by mainland area (Isla Vista) where
lush stands of large algae persisted
after the storm. The resuits,
presented in table 4, illustrate that
adult red abalones from Naples Reef
were in extremely poor physiclogical
health. For a given shell length,
weight of tissues of abalones taken
from Naples Reef was only half that
of animals captured at Isla Vista.
The appearance of adult abalones
from Naples Reef was startling; the
flesh of the abalones was shrunkaen,
arid the animals could easily be
picked from the substrate by hand.
Isla Vista abalones appeared nor-
mal,

It seems possible that the failure
of outplanted abalones to survive up
to 2 years after planting is attribut-
able {0 the same cause, that of
storm-induced food shortage lead-
ing to starvation. Because we can-
not separate this source of mortality
from that expected of hatchery-
reared juvenile abalones that were
outplanted, the May 1980 test plant
cannot be used to evaluate the
long-term succeass or failure of the
outplanting technique.
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Table 1

Density of Juvenile Red Abalones {up to 80 mm Shell Length) at the
Naples Reef Quiplant Study Slte*

Mean No/10 m? (+ 95% Confidence Limits)
Time from Qutplanting

Site Immediately Before 17 Weeks After 2 Years After
Experimental site 0.25 (0.80) 3.63 (1.00) 1.00 (2.25)
Control slts 0.38 (0.76} 113 (1.77) 0.25 (0.46)

Two-way ANOVA: Time from Outplanting X Area

Source of Variation df MS F. p Value
Time from outplanting 2 39542 14164 <0.001
Site {control vs. experimental) 1 26.583 9522 £001
Time X site interaction 2 14.292 5119 £0.025

Scheffe's A Posteriori Procedure

Experimental Site
Time X experimental site cell means 17 weeks two years  before

Control Site
Time X control site cell means 17 weeks twoyears Dbefore

* The control site was not seeded with hatchery abalones while the
experimental site received nearly 9,000 juveniles in May 1980.
Density of juvenile abalones is given for the time immediatsely before
seeding, 17 weeks after the outplant, and 2 years after planting. The
data are the mean density per 10 m? {+ 95% confidence interval}.
Below are the results of a two-way ANOVA (with factors being time in
relation to outplanting and site [control versus experimentall). A
posteriori comparisons of cell means were made using Scheffe’'s
procedure. Means not different are connected with underline.

Table 2

Density of Adult Red Abalones (Greater Than 80 mm
Shell Length) at the Naples Reef Study Site*

Density of Adult Red Abalone
Mean No./10 m2 {+ 95% Confidence Limlts)

Site Time in Relation to Outplanting
Immediately Befare Two Years After

Experimental area 0.54 (0,30} -0-

Gontrol area 0.47 (0.23) -Q-

* A total of 12 belt transects each 60 x 1 m were
examined at each of the contro! and experimental areas
betore outplanting and 2 years after outplanting. The
data are the mean density per 10 m? (+ 95%
confidence intervals). No adult red abalones were found
on the transects in May 1982.
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Table 3

Size Frequency Distributions of Live Red Abalones Found in Random
Transects During May 1980, and Dead Shells of Red Abalones Collected by
Systematic Searches of the Naples Reef Study Area in May 1 982"

Abalone Size Class {mm) Live Abalones Dead Shells
May 1980 May 1982
Juvenlles (€ 80 mm) No. Proportion No. Proportion
0-20 7 0.18 1 0.08
21 - 40 14 0.35 5 0.42
41 - 60 11 0.28 3 0.25
61 - 80 8 0.20 3 0.25
(Mean slze) {40 mm) {43 mm)
Adults = 80 mm) No. Proportion No. Proportion
81 -100 ig 016 10 0.11
101 - 120 17 0.15 12 013
121 - 140 18 016 19 0.21
141 - 160 16 0.14 16 0.18
161 - 180 20 017 21 0.23
181 - 200 13 011 7 0.08
201 - 220 9 0.08 5 0.05
221 - 240 5 0.04 1 0.01
{(Mean size) (148 mm) {146 mm}

* Adult abalones were considered to be anlmals greater than 80 mm shell length.
Also presented are the mean sizes of juvenile and adult abalones in each
category.

Table 4
Shell and Tissue Characteristics of Adult Red Abalones*

Abalone Characteristic Location Where Abalane Collected Signlificance
Level
Naples Feef (N = 7) Isfa Vista (N = 6)
Shell length {mm) 181.3 {10.4) 174.8 (15.7) not significant
Shall weight (g) 3409 (81.2) 344.4 (137.5) not significant
Total tissue weight (g) 273.7 (92.7) 56809 (178.7) p= 00
Foot tissue welght only (g) 167.1 {62.5) 403.8 (135.2) p= 001

* Data collected from the Naples Reef study area and from a nearby mainland area, Isla
Vista. Naples Reef supported abundant large algae up until mid-1 980. Isla Vista
supported abundant large algae continuously since at least 1978. Presented are the
mean values (£ 95% confidence limits} and the results of paired student’s t-tests.
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Cooperating Organizations

Ab Lab

Callfornia Abalone Association

Cellternia Department of Fish and Game

Santa Barbara County Fish And Game Commlsslon
Santa Barbara County Parks Department
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EFFECT OF NEMERTEAN EGG PREDATORS ON THE

DUNGENESS CRAB FISHERY

Armand Kuris

The landings of the dungeness
crab (Cancer magister) are cyclical,
with a period of 7-10 years in Cali-
fornia, Oregon, and Washington. In
1958, after deciining from the peak
catch of the mid-1950s, the central
California fishery collapsed. To
study the role of the abundant nem-
ertean worms (Carcinonemertes er-
rans) preying on dungeness crab
egas and the brood mortality in gen-
eral in this tishery, it is necessary to
continue to expand the sampling of
crab stocks begun by D. E. Wickham
(examining worm density and
dungeness crab egg loss) through at
least one complete cycle of the
fishery. Other noncyclical stocks
and a related crab fishery are now
being monitored for comparison.

Collections of eggs from dunge-
ness crabs fished in central Califor-
nia, northern California, Oregon, and
Washington continued to show high
levels of infestation of C. errans in
1981. We estimate brood losses of
40-60% on crabs from these re-
glons. In contrast, crabs from Brit-
ish Columbia and southeastern
Alaska continued to have low-
density worm Infestations with brood
losses estimated from 5-15%.
Cancer anthonyi, the yellow rock
crab that supports a southern Call-
fornia fishery, also exhibited low-
density Infestations of a Carci-
nonemertes sp. at Santa Barbara.
These were associated with a loss
of 2-15% of the brood. Additionally,
a sample of the shore crab, Hemi-

grapsus oregonensis, an unexplaited

species, disclosed densities of 1
worm per 50 eggs and complete
brood failure in Bodega Harbar.

These samples were collected us-
ing improved sampling procedures
that increased the reliability and
precision of astimating worm densi-
ty, mortality, and fecundity. The new
procedures incorporate the
differentlal mortality of eggs in
different regions of the egg cluich
and differencas in ¢crab embryocgenic
stages.

The continued high density of
worms and the continued egg
losses, observed as the dunganess

crab catches decline to their cycli-
cal low, extend our observations on
this apparent epidemic and support
the possible importance of this mor-
tality source on the crab fishery.
Noncyclical stocks of C. mag/ster as
well as C. anthonyi do not show epi-
demic levels. The recent discovery
of epidemic levels of Carcinone-
mertes on H. oregonensis is surpris-
ing. Extensive samples of this crab
from 1969-70 indicate that the new
outbreak represents an increase in
worm densities by a factor of 50.
This system now represents the
second documented outbreak of
nemertean egg predation and sug-
gests that epidemics can occur In
unfished crab stocks.

[n the course of sampling C. mag-
ister and C. anthonyi populations,
we also recorded (for the first time)
nemertean egg predators on the spi-
ny lobster (Panulirus interruptus) at
Santa Barbara; the tanner crab
(Chionoacetes bairdi} at Seward and
Juneau, Alaska; Telmessus chelra-

onus at Seward, and the king crab
Paralithodes camichatkana) at
Juneau. These include the first
record of nemertean egg predators
from any spiny lobster or anomuran
{lithodid) crab.

To provide information on worm
growth, predation rates, and repro-
duction for improved simulation
models, we compared growth of
worms in sifu, in the egg mass, with
in vitro laboratory predation rates
using newly designed feeding
chambers. Surprisingly, in vitro
worms grew better and reproduced
earlier than worms feeding in situ.
The in vitro worms grew to smaller
maximum sizes (3.5 versus 5.0 mm)
and ceased reproduction earlier
than in situy worms, however. These
differences suggest the hypothesls
that feeding in situ may be inhibited
by unknown factors early in the em-
bryogenic period. Also, they show
that worm growth and maturation
are not closely tied to the host em-
bryogenic sequence.

Worm feeding rates in vitro
reached a maximum of about 0.75
eggs eaten per worm-day on day 10
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after host oviposition. During the
first 20 days of feeding, about 30%
of the eggs are only partially eaten.
However, these eggs are unable to
complete development and may ulti-
mately succumb to fungal or micro-
bial infections. This predation rate
declined to 0.25 eggs per worm-day
by day 50. Few eggs were eaten
during the last 30 days of host em-
bryogenesis when worm reproduc-
tion also ceased.

Ega survival in our feeding
chambers was quite high. Fungal
infections (in 20% of the eggs) were
obsarved during the first 40 days of
the 90-day brooding period. in the
last 50 days survivorship was high,
few further fungal infections were
observed, and many eggs completed
development. This observation may
have application to crustacean mari-
culture systems where rearing eggs
in vitro is often difticult to achieve.

Cross-feeding experiments of Car-
cinonemertes from C. magister on
eqqs of H. oregonensis have been
successful. Worms have grown and
matured on this diet. This suggests
that host specificity in the genus
Carcinonemertes is likely to be eco-
logical rather than physiological in
nature,

Laboratory transmission from
worm larvae hatched in the labora-
tory has not been attained. The lar-
vae are strongly photopositive at
birth. Attractants used unsuccess-
fully include whole crabs, whole
crab homogenate, crab urine, lysine,
GABA, crab water, crab zoea larvas,
and adult Carcinonemertes. Field
transmission studies have been ini-
tiated as we have developed tech-
niques to rid crabs of worms without

- damage to the host.

Studies of juvenile warm transmis-
sion have shown that worms
transfer from the late premolt exuvi-
um of female crabs to the new cuti-
cle shortly before ecdysis. At this
time, worms become active and mi-
grate to the epimeral suture. As the
suture widens at the start of ec-
dysis, over 85% of the worms suc-
cessfully transfer (see figure 1). No
such behavior is cbserved for ju-
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venile worms on male crabs. We
have also observed the transmission
of large numbers of juvenile worms
from male to female crabs during
copulation {see figure 2, worms on
male copulatory pleopods). Taken
together, these observations indi-
cate that an unexpectedly high pro-
portion of worms are retained by the
crab population and transmitted to
reproductive female crabs. This
{ends to maximize the impact of the
worms on the crab population.
These new observations on worm
population dynamics will be includ-
ed in future simulation models.

Figure 1. Worms at the sutura of a molting female crab.
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Figure 2. Worms on abdomen of a male crab.

Cooperating Organizations

California Department of Fish and Game

National Marine Fisheries Service, Juneau

Oregon Institute of Marine Biology, University of Oregon
Washington Department of Fisheries, Pacific Biological Station
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Wickham, D. E. 1981. Carcinonemeries: predator-prey or host-parasite? Paper
presented at Symposium on Marine Parasites, Annual Mesting of the Western Society
of Naturalists, Santa Barbara, December, 1981.
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GENETIC STRUCTURE OF COHO

SALMON POPULATIONS ON
THE PACIFIC COAST

G. A. E. Gall and F. W. Utter

Standard starch-gel electrophoret-
ic techniques have been applied to
the analysis of over 20 protein sys-
tems in samples of coho salmon
smolis from 10 hatchery stocks.
The electrophoretic patterns ob-
served for these systems represent
the expression of at least 45 genetic
loci. Designations for the 10
hatchery stocks and the number of
fish sampled are listed in the table
below.

Genetic variability has been found
at 16 loci for which the genetic
mechanism controlling the observed
phenotypes can be deduced from
results published on saimonids.
Variation has also bean observed in
three additional protein systems
representing variability at a
minimum of three loci, but genetic
interpretation of the phenotypic
differences has not been deter-
mined, '

Estimates of standardized genetic
distance (D'}, based on the 16 po-
lymorphic loci anly, ranged from
0.001 for the Rogue River and Iron
Gate stocks to 0.070 for the Rogue
and North Nehalem River stocks.
There was a general tendency for
geographically neighboring popula-
tions to be gensetically more similar
than populations distant from each
other. However, there were some
important exceptions to this gen-
eralization. The estimated genetic
distances between the Rock Creek
and Alsea, the Rock Creek and Eel
Lake, and the Cequille and Rogue
stocks were all about 0.022 while
the distance hetween Trask and the
Coquille and Rogue stocks averaged
0.061. Three stocks, Alsea, Eel
Lake, and lron Gate had pairwise
distances of about 0.048,

A few specific genetic differences
were observed hetween stocks that
will be particularly useful In a mixed
fishery analysis. Fish Hawk
possesses the variant AAT-4{120)
allele at a frequency of 11%, which
was not found in any of the other
hatchery stocks. The Salmon Rlver
stock is characterized by a high fre-
quency of a slow EST varlant (23%),
a high frequency of the ACON{80)

University of California, Davis

National Marine Fisheries Service, Seattle

aliele (11%), and the rare GL-1{120)
allele (3%). Iron Gate was found to
have a rara LDH-4 fast variant {1%)
and a very high frequency of the
TFN({A) allete (84%). The only other
stock with a frequency of the
TFN(A) allele greater than 55% was
the Rogue.

The Rogue stock has a high fre-
quency of a phenotype-1 muscle
EST, the rare IDH-4{8B0) allele (2%),
and the GL-2(B) allele (86%). Eel
Lake and Coquille are similar in that
both are fixed for the common PGI-
2(100} allele; they also have a high
frequency of a phenotype-3 muscle
EST and possess a rare
phenotype-4 muscle EST. However,
they differ in that Eel Lake has vari-
ability at the IDH-4, blood EST-2,
and ACON loci whereas Coquille is
fixed at these loci.

The rasults are consistent with
those obtained in a preliminary
study undertaken in 1980. The ab-

Table 1

R/F-76
1981-82

sence of the fast LDH-4 variant from
the Oregon stocks analyzed so far
distinguishes them from the Green
River stock imported from Washing-
ton by Oregon Aqua-Foods. The
Green River stock also possessed a
relatively high frequency (6%) of the
GL-1 variant that was found at low
frequency in only two Oregon
stocks, Salmon River and Rock
Creek.

The signiticance of the observed
genetic variation to coho salmon
management cannot be assessed at
this time. Howaever, the first objec-
tive of establishing the existaence of
useful genetic variation has been
achieved. The history of the
hatchery populations and the poten-
tial analysis of fish transfers among
hatcherias will be addressed as ad-
ditional populations are sampled.

Coho Salmon — Sampling of Hatchery Smolts

Stock® Sample Size  Stock Designation and Source
9 80 Fish Hawk {M. Nehalem River)
5 103 North Nehalem River
2 87 Trask River
1 86 Salmon River
B 92 Alsea River
4 74 Rock Creek (Umgua River)

7 120 Eel Lake (Tenmile Lakes)
6 74 Coquille River
3 70 Rogue River

10 93 Iron Gate {(Klamath River}

*Stocks listed in order of geographic location from north

to south.

Cooperating Organizations
Calitornia Departmeant of Fish and Game
Cregon Department of Fish and Wildlife
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ARTIFICIAL IMPRINTING OF CHINOOK AND COHO SALMON

IN A MULTISPECIES HATCHERY

Thomas J. Hassler

The Mad River hatchery is one of
six salmon and steelhead hatcheries
operated by the California Depart-
ment of Fish and Game. It is the
only hatchery designated for the
maintenance and enhancement of
saimonid runs in California. The
hatchery, located 19 km from the
ocean on the Mad River (at Blue
Lake, Californial, produces chinook
salmon, coho salmon, and steelhead
trout. 1t is equipped to raise 5 mil-
lion fingerling chincok salmon to an
age of 90 days, 200,000 coho sal-
mon and 700,000 steelhead trout to
the yearling stage.

To produce the chincok finger-
lings, 7 million eggs from about
1,500 mature feamales must be tak-
an. An egg take of 280,000 from
140 mature females is needed for
coho salmon. The mean number of
adult female chinook and coho sal-
mon spawned at Mad River hatchery
from 1972 through 1981 has been
only 61 and 1086 respectively — far
below the numbers needed for full
production. The low return of ma-
ture salmon may be due, in part, to
poor homing of fish to the hatchery
fish ladder.

The hatchery raceways are sup-
plied by recirculated well water,
whereas the fish ladder is supplied
with single-pass river water. Of the
water in the ladder, about 15% is
from the hatchery and 85% from the
river water. Thus the halchery wa-
ter, upon which the juvenile salmon
are imprinted, may not be fully used
as a homing attractant and returning
salmon may fail to locate or recog-
nize the fish ladder, and continue
migrating upstream.

Chinook and coho salmon,
hatched and raised in Mad River
hatchery, were marked and imprint-
ed with morpholine. The fish were
divided into two groups, treated and
control, and fin-clipped or marked
with wire tags. The treated fish
were exposed to about 5 x 105
mg/liter of morpheline in the
hatchery raceway for at least 17
days before being released into the
Mad River. The chemical was
metered into the raceway from a

stock solution by a preset piston
pump. The morpholine stock solu-
tion was refilled every 48 hours.
The control fish were placed
upstream in the same raceway and
were not exposed to the morpholine.
Thus, both groups were reared
under nearly the same environmen-
tal conditions.

Four experimental groups of fish
were used in the project (table 1).
All the 1977 brood year (BY) chi-
nook salmon and the 1977 and
1978 BY ¢oho salmon were fin
clipped.and used in the experiment.
Only 39% of chinook salmon of the
1979 BY were tagged with coded
wire tags because the tagging
machines were available for only a
short time.

The Na*, K*-activated adeno-
sinetriphosphatase (Nat, K-
ATPase) activity was monitored to
determine the optimal release time
for coho salmon and the 1979 BY
chinook salmon. The 1977 BY chi-
nook salmon, which had severe
disease problems at the hatchery,
were released when the fish silvered
and began to display smolting
behavior. The 1977 and 1978 BY
coho, and the 1977 BY chinook sal-
mon were released directly from the
hatchery into the Mad River; the
1979 BY chinook salmon were
trucked 9 km downstream and
released.

When the mature chinock and
coho salmon began to return to the
hatchery in September, sufficient
morpholine was added to the water
passing over the hatchery fish
ladder to maintain the compound
near the concentration at which the
fish had been imprinted. Morpholine
was added to the ladder water from
mid-September through sarly Janu-
ary from a stock solution delivered
by a preset piston pump. Hatchery
personnel sorted returned fish
weekly from September through Oc-
tober and twice a week from Oc-
tober through December. The
numbers of imprinted and control
fish that had returned to the
hatchery were counted each time
the fish were sorted. Returns of
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treated and control chinook and
coho salmon were compared to test
null hypotheses that there were no
significant differences in returns by
breood year and species betwean Im-
printed and control groups. G-tests
were used for all comparisons.

A total of 39 morpholine-imprinted
and 28 control chinook salmon and
157 imprinted and 43 control coho
salmon returned to Mad River
hatchery during the 1979, 1980,
and 1981 spawning runs {table 2).
In both experiments with ¢oho sal-
mon (experiments 2 and 3, table 2)
the percentage of morpholine-
imprinted fish that returned was
significantly higher than that of con-
trol fish {p < 0.005). There was no
significant difference between re-
turns of imprinted and controt chi-
nook salmon.

Only 5 experimental adult fish re-
turned to the hatchery during 1981,
but 33 chinook grilse of 1979 BY
returned (table 2), There was no
significant difference between the
return of imprinted and control chi-
nook grilse.

In two separate experiments over
a pericd of three spawning seasons
there was a significantly greater re-
turn to Mad River hatchery of
morpholine-imprinted coho salmon
than of control fish. There was no
significant difference in the returns
of imprinted and control chinook
salmon, however the return of 1979
BY fish were all grilse and more fish
returned in 1982 and more are ex-
pected to return in 1983.

The return of 1977 BY fish was
less than expected: only 32 fish re-
turned to the hatchery during the
three spawning seasons. This may
have been due to their severe
disease problems prior to release,
the late release date, and the low
river flows at release and during the
1979 and 1980 spawning seasons.
This group {experiment 1) had "Ich”
{ichthyophthirius multififis}) and were
treated twice with acetic acid, once
several months before the fish were
marked and imprinted and again
after they were marked. The first
outbreak occurred while they were



in a raceway where water was belng
treated with ultraviolet light (UV).
The chinock salmon were at the end
of the raceway and probably con-
tracted the disease from fish placed
higher up In the same raceway for
treatment. Before the fish were
marked they were moved to a race-
way without UV, After the fish were
marked, abnormally high water tem-
peratures occurred and the disease
reoccurred causing mass mortali-
ties. About 15% of the imprinted
fish died in the hatchery raceway
from late September to early No-
vember. Only 9% of the control fish
died during the same period, under
the same conditions. The
morpholine-imprinted fish were
probably in poorer health than the
contral fish at the time of release.
This difference may have contribut-
ed to the low return of treated fish.
Many fish of both groups were prob-
ably too weak to undergo the phy-
siologleal stress that is associated
with migration and entry into seawa-
ter. This condition alone could ac-
count for the poor returns of fish of
this brood year. Also, the situation
was further complicated by an
unusually late fall freshet. The first
rain did not occur until December,
atter the fish had been held for an
extended period.

Several factors extrinsic to the
design of the experiment made in-
terpretation of the results difficult.
Durlng the fall of 1979 and 1980
the rainfall was irregular and sparse
in the Mad River Basin. After some
small rainstorms early in the spawn-
ing seasons of both years, fish
moved into the river. Immediatsly
thereafter the river flows decreased.
The reduced flows caused the sal-
mon to stop moving and to remain in
deep pools. Many of these vulner-
able fish were caught, legally and
illegally, during this time. Conse-
quently, many fish did not survive to
reach the fish ladder site. The
hatchery also ran an electric welr
continuously during the salmon
spawning season with the hope of
incraasing hatchery returns. The
welr was immediatety above the en-
trance to the fish ladder. During the
fall of 1979 the river was usually
high enough for some salmon to
swlm around the weir. During the
fall of 1980 the first significant
freshet did not occur untll December
2 and the welr completely spanned
the river and effectlvely stopped
most migrating fish. The fish

remained in the pools bslow the
weir and many salmen that would
normally have entered the hatchery
were caught and snagged by fisher-
men. This could have further re-
duced hatchery returns.

Because it is possible to imprint
coho salmon te morpholine, it should
be possible to direct the final stages
of the spawning migration. There
are several management Implica-
tions of artificial imprinting. Fish
could be directed to return to a par-
ticular hatchery, to an area with
favorable spawning conditions, or
led away from hazardous conditlons
{landslides, waterfalls, sluice-outs,
efc). Some previously damaged tri-
butaries could be restocked cheaply
by imprinting salmon at a hatchery
and then later decoying them to
these streams.

In summary, it appears that mor-
pholine can be used as an imprint-
ing compound in an anadromous
fish hatchery and that the freshwa-
ter migrations of some species of
salmonids can be manipulated.
Coho salmon in two separate exper-
iments were imprinted to morpholine
and returned to the hatchery fish
ladder in significantly greater
numbers than nonimprinted tish.
However, there was no difference In
returns of chinook salmon. The
poor return of 1977 BY chinook sal-
mon was probably due to disease,
late release date, low river flows
both at release and during the fall
when the fish were trying to return
to the hatchery. In additlon, it ap-
pears that a June release for chi-
nook salmon favors survival. The
1979 BY had a good grilse return 1o
the hatchery in 1981, and many fish
were caught In the ocean flshery,
some as far away as Alaska, Be-
cause of the grilse return In 1981
and the appearance of the fish in
thé acean fishery we expect a good
return to the hatchery in 1982 and
1983 of 1979 BY chinook.
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Table 1

Description and Treatment of Salmon Used in Imprinting Experiments with Morpholine,
Mad River Hatchery, California, 1978-1980

Broed Days Number Released and Mark? Date
Expariment Species Year Imprinted imprinted Contro! Released
1 Chinook 1977 40 40,180 LV 41,800 LP Dec. 1978
2 Coho 1977 41 50,800 LV 38,418 LP Apr. 1979
3 Coho 1978 42 11,170 LV 8,367 RV Apr. 1880
4 Chinook 1979 17 18,164 CWT 18,218 CWT June 1980

2l ¥ = |aft ventral, LP = left pectoral, RV = right ventral, CWT = coded wire tag and adipose
clip.

Table 2
Return of Experimental Fish to Mad River Hatchery, California 1979-1981

Year Brood Number Number Returned
Returned  Experiment Species Year Released® Grilseb Adult G-tost
1979 1 Chinook 1977 40,180 | 9 -- P > 0.650
41,800C 2] --
2 Coho 1977 50,8001 25 - P = 0300
38418 C 13 -
1980 1 Chinook 1977 40,1801 - 9 Pz 0200
41800C - 4
2 Coho 1977 50,8001 - 54 P = 0.005
38,418 C -- 8
3 Coho 1978 11,1701 76 -- R 2= 0005
. 8,367 C 21 -
1981 1 Chinook 1977 40,1801 -- 1 --
41,800 C -- i
2 Coho 1977 50,8001 -- 1 -
38,418 C - 1
3 Coho 1978 11,1701 -- 1 -
8367 C -- 0
4 Chinook 1979 18,164 | 20 -- R = 0.200
18,218C 13 -
Total 1 Chinook 1977 40,1801 19 P = 0.200
41,800C 13
2 Coho 1977 50,8001 a0 P =2 0.005
38,418 C 22
3 Coho 1878 111701 77 P = 0,005
B367 C 21
4 Chinook 1979 18,164 | 20 P = 0.200
18218 C 13

3| = mprinted, C = control
PPrecocious spawners
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ENDOCRINE CONTROL OF SALMONID DEVELOPMENT AND

SEAWATER ADAPTATION

Howard A. Bern, Charles S. Nicoll, and Richard S. Nishioka

When young salmon, especially
coho (Oncorhyncus kisutch), that
have not or are not ready to undergo
smoltification are transferred to sea-
water in an aquaculture or fish hus-
bandry operation, there is high mor-
tality and/or drastic stunting (parr-
reversal). A slmilar condition may
prevail when Improperly smaltified
fish are released in large numbers
from hatcheries. A thorough under-
standing of the endocrinological
basis of stunting may provide a
method of reducing economic loss.
Qur studies are particularly con-
cerned with attempts to reduce or
elimlnate stunting or parr-reversal,
which is known to occur within the
confines of seapens, to minimize po-
tential losses at sea, and to improve
success in transfar and returns with
the use of hormones.

.In the second year of a continuing
study, more than 350,000 binary-
coded wire nose-tagged coho sal-
mon have been released from the
Trinity and lron Gate Hatcheries In
northern California. Based on our
lunar hypothesis of smoltification-
associated thyroid hormoné surge,
release dates from sach hatchery
were determined in consultation
with our {aberatary. Five releases of
about 50,000 fish from the Trinity
Hatchery and four releases of about
25,000 fish from the Iron Gate
Hatchery were made in the spring of
1982. The five dates chosen this
year for Trinity Hatchery were
February 16, March 4 and 25, and
April 8 and 23 {with the March 4
date omitted for the Iron Gate
Hatchery). The production of young
salmon with the ability to migrate
successfully to the ocean and to
thrive and grow there is the goal of
this project.

Coho salmon normally spend 2 to
3 years at sea prior to returning to
fresh water to spawn. However, a
small percentage of fish return to
the hatchery after spending less
than a year at sea. These small,
precociously mature early returnees,
known as grilse or jacks, do not
contribute to the fishery but have
been used as an indicator of migra-

tory success and seawater survival
of the major group. In 1981, 999
grilse returned in October and No-
vember to Trinity Hatchery from five
spring release dates in 1981; of
these, 320 (32%) were from the
group released on April 16, the date
of the new moon coincident with the
thyroxin peak in 1981. Only 54
grilse returned to the Iron Gate
Hatchery, and no pattern of better
oceanic survival could be discerned.
Mature adult returnees late this fall
(1982}, in addition to ocean harvest
of tagged fish, should provide a
better basis for selection of optimal
fish release dates and lead to im-
proved hatchery practices.

Our identification of lunar phasing
as an element in the timing of the
smoltitication-associated thyroxin
surge led us to question what ele-
ment of the lunar cycle was used as
the timing cue. To this end, an in~
vestigation employing three treat-
ments was established at the Pacitic
Biological Station in Nanaimo, Brit-
ish Columbia. Groups of coho sal-
mon were maintained in a natural
moonlight cycle, without the light
component of the lunar ¢ycle, and in
an artificial moenlight cycle 180 de-
grees out of phase with the natural
cycle. Moonlight does not appear to
be a factor timing the occurrence of
the smoltification-associated thyrox-
in surge.

An investigation of the change in
circulating thyroxin level that occurs
during smoltification and upon entry
into the marine environment was
conducted. The experiment was
designed to provide answers to
these questions: 1) What is the time
course (profile) in the plasma thy-
roxin response to a single injection
of 0.1 1U bovine thyrotropin {TSH)?
2) How does this profile compare
between salmon in the presmolt parr
stage {March 19, 1982} and in the
smolt stage (May 24, 1982)7
3) How does this response change
when the salmon are transferred to
seawater following TSH injection?
4) Does the response to seawater
entry following TSH injection differ
between presmolt- and smolt-stage
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salmon? The results suggest that
thyroid gland activity, as measured
by plasma thyroxin concentration, is
stimulated by TSH in presmolt- and
smolt-stage salmon in both fresh
water and seawater.

Thyroid function in juvenite coho
salmon was evaluated at different
stages of development and environ-
mental salinity. In this partlcular
study, performed on presmolt-stage
{March) and smolt-stage {(May) coho
salmon, radiclabeted thyroxin was
injected into the heart, and small
volumes of blood were sernally sam-
pled from the caudal vasculature.
Three samples were obtained within
0.5 hour from ane group of fish, and
another group of fish was sampled
at 24 hours and 48 hours. All tish
were sampled at 3 minutes to
confirm Intracardiac delivery of the
labeled hormone. Preliminary
analysis indicates that thyroxin se-
cretion and plasma clearance rates
are generally simliar in presmolt-
stage and smolt-siage salmon re-
gardless of freshwater or marine ha-
bitat. The results suggest that the
increase in thyrold actlvity which
accurs during smoltification may be
due to a higher set-point for the
negative feedback of thyroxin at the
hypothalamo-pituitary level.

In order to determine the long-
term effects of seawater transfer on
the growth of coho salmon during
and after smoltitication and to test
the hypothesis that stunted coho
gsalmon have low thyroxin lavels, in
August 1981 (Group |, 1200 fish),
February 1982 (Group |l, 360 fish)
and March 1982 (Group llI, 360
fish) coho salmon from the Iron Gate
Hatchery in northern Californla were
transported to the Bodega Marine
Laboratory and were transferred to
three large Indoor tanks {freshwater,
seawater, and a seawater acclima-
tion tank). Blood samples, abserva-
tions of smolt characteristics, and
length and welght measurements
weare taken on an Irregular basls
from mid-August to November 1981
{Group 1), and from mid-February
and mid-March 1982 to September
1982 (Groups Il and I11). Plasma



thyroxin levels have not yet been
analyzed. By late October Group |
seawater (SW) fish weighed more
than freshwater (FW) fish and SW-
acclimated fish. Fish from Groups )
and It directly transferrad to SW
weighed considerably less than their
FW counterparts after 4 or 5 months
in SW (July 1982). Seawater-
acclimated fish were growing as
well ag FW fish at the time of the la-
test sampling (July 1982} in Groups
Il and 111. Nsither Group Il nor Il un-
derwent dramatic growth In FW or
SW from February to July. These
studies should help to assess prop-
er times of transfer to SW for
seapen culture with the alm of
reducing high mortality and stunting
of growth.

In order to ascertain whether the
time of smolitfication can be ad-
vanced In steslhead trout by treat-
ment with thyreld hormones and
whether thyroid hormones will Im-
prove home-stream imprinting,
differentially marked (freeze-
branded) steelhead trout at the
Coleman National Hatchery were
kept on an experimental feeding
program from January 25 to Febru-
ary 23, 1982, with 45,000 triiodothy-
ronine (T,)-fed (12 ppm) and 45,000
control fish as the two groups. Ob-
servations of smolt characteristics
and collections for blood samples
and iength and weight measure-
ments were scheduled for full, new,
and quarter moon days from mid-
January to late May 1982. Data
analyzed to this point show that 1)
there Is a substantial negative feed-
back effect of T; In lowering thyrox-
In levels prior to the thyroxin surge;
2) both control and T;-fed groups
underwent a sharp increase In thy-
roxin at the last quarter of the moon
in February, with no negative feed-
back effects of T, on thyroxin lev-
els; 3} after completion of T, feed-
Ing, there Is no difference in thyroxin
levels between T,-fed and control
groups; and 4) there is no
significant difference in growth, as
reflected by weight, between T,-fed
and control groups in frash water or
seawater. However, some indication
of behavioral changes was noted in
T;-fed fish. Future studles will con-
sider behavloral changes, and T,
feeding will begin earlier.

In order to determine if new
moon-assoclated peaks in thyroxin
{T,) levels occur during the fall in
king salmaon In the Sacramento sys-

tern as well, blood samples were
taken at the Merced, Mokelumne,
and Nimbus Hatcheries in the fall of
1981. Merced Hatchery fish
showed a distinct (T,) peak on the
new maon in November, with a pos-
slble secondary peak in December.
Mokelumne Hatchery flsh showed
evidence of new moon peaks In late
September and late October, while
Nimbus Hatchery fish did not show
any peaks.

We have developed a rapid, sensl-
tive, and specific bioassay for sal-
mon prolactin (PRL) using the hypo-
physectomlzed kllifish, Fundulus
heteroclitus. These animals
respond to PRLs of both mammalian
and teleost orlgin but are much
more sensitlve to the latter. The
effectlve dose of a highly purified
chinook salmon (Oncorhynchus
ischawytscha) PRL (250 pg/gm)
was two orders of magnitude lower
than that for ovine PRL {NIH-P-
$10). Coho pituitaries have been
incubated to provide secreted PRL
and growth hormone for develop-
ment of radioimmunoassay and ra-
dioreceplor assays.
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BIOCHEMISTRY OF FAT DEPLETION DURING SALMONID

SMOLT TRANSFORMATION

Humboldt State University
R/F-79
1981-82

Theodore Kerstetter and Witliam V. Allen

This t-year project was intended
to define the changes in tissue and
blood lipid compositlon which attend
smolting in steelhead trout and to
identify the enzymatic agents of said
changes. The work was an attempt
to explain the often-noted fact that
smolting salmonids utllze much of
their tissue lipld stores.

A population of steelhead trout
from Prairie Creek Hatchery, Hum-
boldt County, was sampled biweekly
from January through April, 1982,
Smolt status was assessed by gill
ATPase activity; total lipid and llpid
class composltions of serum and
tissues (mesenteric fat, liver, dark
muscle, and light muscle) were
determined.

A decrease in the total lipids of
serum, dark muscle, light muscie,

" and liver occurred as smolting pro-
gressed. Most of the decrease in
total lipid could be attributed to a di-
minution in triglycerides. Smaller
declines were noted for such other
lipid classes as wax esters,
c¢holesterol, cholesterol esters, and
free fatty aclds. The pattern of de-
pletion of triglycerides from dark
muscle, light muscle, and liver sug-
gested that all of these tissues as
well as mesenteric fat serve as fuel
stores which are drawn down during
smolting.

An enzyme that is key to trigly-
ceride utilization, hormone-sensitive
lipase, was purltied from mesenteric
fat by affinlty chromatography. Pre-
liminary results indicated that the
activity of this enzyme in dark mus-
cle (a tissue rich in trigiycerides) in-
creased during smolting. This
finding may mean that fat depletion
In smolting salmonids is controlled
by endocrine mechanisms similar to
those that have been demonstrated
in mammails.

Some incldental findings of the
project included: wax esters, a lipid
class rarely found in the serum of
vertebrates, occurred In both serum
and liver but not other tissues of
steelhead; chylomicron-like lipopro-
teins appear in the serum of steel-
head shortly after eating fat-rich
food — a result that is at odds with

presently accepted accounts of lipid
absorption and transport by the gut
of fish.

Sea Grant trainee Mark Sheridan
is continuing work on hormone-
sensitive lipases as part of his doc-
toral research at the Unlversity of
California, Berkeley.

Cooperating Organizations
Pralrie Creek Fish Hatchery (operated by Humboldt County)
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MARINE CHEMISTRY AND PHARMACOLOGY PROGRAM:
PHARMACOLOGICAL SCREENING AND EVALUATION

Robert S. Jacobs

Qur effort to test and develop new
pharmacological compounds has
yislded biologically interesting com-
pounds in three areas: inhlbition of
coll division, inhibition of the
inflammatory process, and effects
on skeletal muscle and neuromus-
cular activity. Based on this experi-
ence, in 1981-1982 we added new
assays to screaning procedures: the
mouse ear edema assay for inhibi-
tion of topical Inflammation, the
electrically stimulated frog ventricle
strip for effects on heart muscle,
and the sea urchin sperm motility
assay for spermicidal activity.
These assays provide consistent
resulls in precise areas and promise
to detect a significant number of
marine compounds with potential for
clinical use. Their addition has al-
lowed transfer of less productive

- procedures to the status of "follow-
| up" testing.

Three compounds continue o be
of overriding interest due to their
apparently unique mechanisms of
actlon. These are lophotoxin,
manoalide, and stypoldions.

Lophotoxin

The toxin (lophotoxin) Is a rare

| chemical structure obtalned by

' chloroform extraction from three
Mexican Lophogorgia species (L
alba, L. cuspidala, and L. rigida), and

_the California gorgonian, L.

I chifensis. Studies of the crude ex-
tracts were made by William Fenical
and myself, along with a group of
graduate students and staff from

| Scripps during May and June of

1978 on board the Alpha Helix.
During that expedition we found the
extracts to be toxic to fish, and
thin-layer chromatography suggest-

' ed the presence of an as yet
unidentified chemical entity. Subse-
quent to this, Fenical isclated and
purified the lophotoxin and passed
the compound on to us for further
investigation.

Pau! Culver (graduate student) un-
dertook an investigation of lophotox-
in, beginning with parenteral injec-
tion In mice. We observed acute
toxlclty that was qualltatively similar

to administration of curare, although
the onset of toxicity was consider-
ably delayed. Careful inspection of
the animals during the onset of toxi-
city indicated that death was due to
respiratory paralysis. Thus, to
determine if the paralysis accured
by an action on the central nervous
system or the peripheral nervous
system, we initiated a study in the
isolated rat diaphragm in vitro. We
sought to discover 1) if lophotoxin
paralyzes in vitro preparations, 2)
what the pharmacokinetics of the
response are compared to known
drugs, 3) if lophotoxin is reversible,
and 4) what lophotoxin’s site of ac-
tion is — does It act presynaptically
on the nerve or postsynaptically
(e.g. on the end plate or on one of
the postjunctlional steps involved in
excitation-coupling of muscle con-
traction).

In the rat diaphragm our findings
are as follows. Lophotoxin is a po-
tent neuromuscular toxin, it is ir-
reverstble, and the pharmacokinet-
ics of Its action are |dentical to the
snake venom a-bungarotoxin. lt is
quite difterent from d-tubocurare or
any of the known reversible neu-
romuscular blocking agents, both
pharmacologically and chemically.
That is, lophotoxin is devoid of the
cationic groups common to reversi-
ble curare-like agents and has no
chemical relationship to any of the
known irreversible toxins — these
substances are largely polypeptides
composed of 32-684 amino acid se-
quences. Like the curare-like
agents, the binding of «-
bungarotoxin to receptors requires
nitrogen-containing functional
groups. Lophotoxin is a hydropho-
bic molecule that we suspected may
bind to sites other than the classical
sites.

In studies of diaphragms in which
we applied direct stimulation to the
muscle, we were unable to produce
a paralysis with lophotoxin —
paralysis was only produced in
nerve-stimulated preparations.
Thus, the site of action of lophotoxin
was believed to be primarily on the
nerve or synapse.
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The pharmacokinetics of the ac-
tion of lophotoxin is also a very in-
teresting guestion. The latency of
the response — the time before
paralysls ensues — is delayed In
comparison to other drugs. With de-
creasing concentrations of lophotox-
in, there is a lengthening of the la-
tency interval and a reduction in the
rate at which the neuromuscular
blockade develops. Concentrations
as low as B x 108 M require over 3
hours for paralysis to develop. It is
always irreversible and a given con-
centration does not require constant
exposure to the preparation in order
to produce paralysis. That is, a
given dose can he added to the
bath, subsequently washed out and
full paralysis still ensues. We do
not believe this latency of response
is due to diffusion barriers because
we have observed the same latency
during the blockade of end plate po-
tentials recorded intracellularly in
surface cells of frog sartorius mus-
cles.

The next question we have at-
tempted to answer is whether lopho-
toxin acts at the sams site at the
muscle end plate in rat diaphragms
as radiolabeled «-bungarotoxin.
Briefly, we have demonstrated that
curare competes effectively with a-
bungarotoxin for its binding site.
Lophotoxin, on the other hand, is a
weak competitor for the a-
bungarotoxin sita, suggesting to us
that our original suspicions were
correct — lophotoxin may act by
blocking at a site other than the
classical nicotinic raceptor or, at
least, the process or mechanistn is
different from known drugs.

Continuing study of this unusual
molecule has produced further evi-
dence that lophotoxin acts post-
synaptically. Microelectrode studies
have ruled out effects on transmitter
release, rate of nerve conduction,
and membrane resistance and capa-
citance.

Manoalide

We have discovered that
manoalide, an antibictic sesterter-
pene from the marine sponge
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Luffariglla variabilis, is a potent topi-
cally active anti-inflammatory and
analgesic agent. This substance,
origlnally isolated by de Silva and
Scheuer, was also Isolated by
Faulkner in substantive quantities
and sent to us for study as part of
our overall collaborative marine
chemistry and pharmacology pro-
gram.

We sublected this compound to
extensive study after finding it ac-
tive against phenytquinone-induced
pain. The anset of action of
manoalide was delayed in compari-
son to other standard analgesics
active against phenylquinone; the
peak effect was detected about 2
hours after adminlstration (subcu-
taneous).

On the basis of these results we
undertook studies to determine if
manoalide had a profile of actlvity
similar to aspirin and indomethacin,
ar similar to morphine. (If it were
similar to the former compounds,
manoalide should have actlvity as
an anti-inflammatory agent; if simllar
to morphine it should be active in
speciallzed assays sensitive to mor-
phine and the endorphins.)

In order to detarmine if this com-
pound had activity simitar to mor-
phine, we explored manoalide's ac-
tion on the electrically driven lleum
and assessed its actlon as an anal-
gesic using the Hafiner technique.
In the lleum, manoalide neither
blocked electrically Induced con-
tractions, an effact common to both
morphine and the endorpttins, nor
did it antagonize the morphine block
as would be expected if it had pro-
pertles common {o nalorphins.
Similarly, high doses of mancallde
did not significantly affect paln In-
duced by the Haffner technique,
whereas marphine was unlformly
active,

Because of these results, we de-
cided to determine If manoalide had
- anti-inflammatory activity similar to
indomathacin. This Is based on the
observation that indomethacin Is
also active against phenylquinone
writhing and is an effective anal-
gesic. In this case we utilized the
PMA-induced inflammation in the
mouse ear. We had several reasons
for doing this. Flrst, the hydraphobic
nature of manoalide, along with its
weak analgesic action, suggested
that there could be significant
nonspecific binding of the molecule
that would limit this drug's action

{i.e., high doses are required to
demonstrate the analgesic effect
when [t is administered subcutane-
ously). Second, other test madels
reguired chronic administration of
manoalide and they did not land
themseives to basic investigations
as easily as the mouse ear. In the
latter case, the agonist and antago-
nist are applied topically 1o the ear
and the response measured over a
3-hour period. In manoalide-treated
ears there is a marked reduction of
Inflammation due to PMA Induction
when doses as low as 20 g were
applied. Histological examInation of
the ear showed that manoalide gave
results quantitatively similar to both
hydrocortisone and indomethacin.
Manoalide, when topically applied, is
more potent than Indomethacin and
less potent than the steroldal anti-
inflammatory agent, hydrocortisone.

The next guestion posed was
whether manoalide had a mechan-
ism of action similar to hydrocor-
tisone or to indomsathacin. In this
case the working hypothesis we em-
ployed was from recent reports in
the literature dealing with the
mechanism of action of PMA-
induced inflammation.

Simply stated, PMA causes the
ralease of arachidonic acid {(ARA)
from lysosomes. The released ARA
is the substrate for the synthesis of
prostaglandin (PGE} which Is be-
lleved to contribute to pain and
inflammation. Hydrocortisone is be-
lieved to exert its anti-inflammatory
eftect in part to "stabilizing lyso-
somes" and thereby preventing
release of ARA. Indomethacin, on
the other hand, acts to inhlbit pros-
taglandin synthetase and by this
mechanism prevents formation of
PGE. Using this model, wo hy-
pothesized that direct adminlstration
of ARA should produce an - '
tnflammatory response qualitatively
similar to PMA inflammation if it is
sufficlently absorbed when apptied
topleally. We found this to be the
cagse. When ARA s applied to the
mouse ear toplcally, edema and
inflammation develop within 1 hour
of application., PMA administration,
on the other hand, takes 3 hours for
the inflammation to develop.

ARA Inflammatlon is effectively
blocked by indomethacin over the
same dosage range as PMA
inflammation. Neither manoalide nor
hydrocortisonse affected the ARA
inflammation at any of the doses
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employed.

For comparison of manoalide with
steroidal anti-inflammatory agents,
chronic studies were undertaken.
Injection of manoalide {50 mg/kg) or
hydrocortisone (25 ma/kg) daily for
7 days showed that manoalide's
spectrum of activity is not the same
as that of hydrocortisone (i.e., no
thymus involution or effect on adre-
nals} but that manoalide is acutely
Immunosuppressive.

Our current focus is on the ability
of manoalide to {1} inactivate phos-
pholipase A, /n vitro and (2) inac-
tivate a-bungarotoxin's neurotoxic
effects in vitro.

Stypoldione

When isolated from the brown
alga, 8. zong! stypoldione was
shown to be toxic to reef-dwelling
fish. This compound is the most po-
tent inhibitor of cell division in sea
urchin eggs we have identlfied in
our studies. The dihydroxy analog
(stypotrlol) was reported more toxic
to fish than stypoldione, vet this
close derivative proved inactive
against cell division. This prompted
us to-.conduct further studles of -
stypoldione with the view that block-
ing cell divislon may involve a
mechanism separate from fish toxi-
clty.

Stypoldione was administered to
groups of mice at doses up to 100
ma/kg. No deaths were observed
after 24 hours following a single
dose. In experiments where ad-
ministration was repeated daily (25,
50, and 100 mg/kg) in mice Infected
with Ehrlich ascites tumor cells over
a 12-day perlod, the following ob-
servations were made. [n rapidly
growing ascites tumor cells in vivo,
treatment with stypoldione at 50

.mg/kg daily {(subcutaneously)

prevented excessive accumulation
of ascites fluid. Weight gain was
similar to normal uninfected mice.
Samples of ascites fiuid from these
mice revealed the presence of tumor
colls, but when compared to con-
trols, the ¢concentration and total
numbers were reduced.

At 100 mg/kg the mice lost weight
relative to normal mice, and a toxicl-
ty of greater Incidence than that
seen in tumor-infected anlmals was
evident. In the surviving treated an-
Imals ascites fluid was minlmal, and
a relatively small number of tumor
cells were present. The experiment
at 100 mg/kg was repeated to verify
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the toxicity. In this case there was
a mean weight increase of 41% in
the control animals and 29% in
thosa treated with 100 mg/kg
stypoldione. Mortality was 3/10 in
controls and 2/10 in the treated an-
imals. Thus in the second experi-
ment the benelicial effects of the
stypoldione were seen, but not the
mortality. In summarizing these
data, | have concluded that stypol-
dlone is able to inhibit dividing
Ehrich ascites tumaor cells in vivo
as well as inhibit cell division in di-
viding sea urchin eggs. The toxiclty
observed at 100 mg/kg is not con-
clusive and requires further investi-
|gation.

I Because there is uncertainty as to
‘the ralavance of the sea urchin egg
and the Ehrlich ascites tumor cell to
human cancer, invastigations were
undertaken with stypoldione to
determine if cell division was inhibit-
ed in human cancer cells grown in
tissue culture. Thus far our results
indicate that stypoldione inhibits
growth of human melanoma cells in
vitro. In control cells aver a 3-day
reproduction cycle, the melanoma
(cell number increased approximate-
ly 200%. At concentrations of
stypoldione from 2 wg/ml to 16
wg/ml, melanoma growth was re-
duced at the lowest concentration
and abolished at the highest con-
cantration. Visual observations of
the growing cells revealed that at
the highest concentration the cells
did not divide following subcuiture
and were observed to be rounded
and floating in the medium. Some
cells had adhered to the culture
flask In a normal fashion but did not
replicate. There was little evidence
of lysed cells at any concentration.
Lower concentrations of stypoldlone
allowed growth to occur to some de-
gree.

Wae conclude that this substance
is worthy of further investigation into
its anticancer potential. Special
studies are planned to explore its
site and mechanism of action.
Stypoldione is of interest to other in-
vastigators active in cancer
research. It has been shown to inhi-
bit assembly of microtubules in Dr.,
Les Wilson's laboratory, and he and
graduate students Tim O'Brlen and
Steven White are exploring its ac-
tion In several systems. It is also
actlve in the National Cancer Insiti-
tute scresns. In my laboratory we
ara examining Its effect on cell cy-

cle kinetics in synchronously and
asynchronously dividing cells. We
are particularly interested in deter-
mining at what step(s} during cell
division this type of compound may
act. Since this represented a new
area of research for my group, we
devoted considerable time to
developing cell culture technlques
and evaluating standard drugs in
which the mechanism of action is
known, We found pharmacological
specificity in some of the cell lines
— particularly the fertilized sea ur-
chin eggs (see Jacobs gt al, 1981).

Recent Invastigation by graduate
student Tim O'Brien in Dr. Leslle
Willson's laboratory has shown that
stypoldione is a fairly potent inhibi-
tor of bovine brain assembly.
Stypoldione inhibits the binding of
the classical microtubule Inhibitor
colchicine to tubulin in a fashion
that indicates binding at a separate
site. In our laboratory, attempts to
determine the precise point in the
cell cycle at which stypoldione acts
have shown that, in sea urchin aggs,
stypoldione inhibits amino acld and
nucleoside uptake, inhlbits amino
acid incorporation into protein, but
does not inhibit nucleoside incor-
poration. This finding, along with
the facts that microscopic evalua-
tion shows no mitotic figures (in sea
urchin eggs or in cells in culture)
and that cell division Is inhibited at
concentrations lower than microtu-
bule assembly, points to a site of
action prior to mitosis but following
S1 DNA synthesis. Investigation of
the site and mechanism of action of
stypoldione in the cell cycle and in
microtubule assembly are continu-
ing, and we have begun study of its
newly discovered ability to Inhibit
sperm motility. At this point, stypol-
dione has strong potentlal both as
an anticancer and as a spermicidal
agent.

We have also begun specific
study of the actions of the pseudop-
terolides, a group of compounds
from Pseudopterogorgia acerosa.
These compounds produce inhibi-
tion of cell division in a most unigue
manner — microscopy shows pro-
grassion of synchronous nuclear
division with no cytokinesis, produc-
ing cells with 2, 4, 8, 16 and mare
nuclei. Cytochalasing have been re-
ported to produce cells with multiple
nuclei, but not in such synchroncus
fashlon and not without apparent
disturbance of the cell membrane.
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We have several active com-
pounds from marine sources that we
hope will prove useful as pharmaco-
logical probes. It is my plan to ex-
ploit these cbservations by investi-
gating each compound and separat-
ing out those that may have a novel
mechanism of action.
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MARINE CHEMISTRY AND PHARMACOLOGY PROGRAM:
CHEMICAL STUDIES OF TROPICAL MARINE ALGAE AND

COELENTERATES

William H. Fenical

The Marine Chemistry and Phar-
macology Program is a collaborative
effort between investigators at three
campuses of the University of Cali-
fornia {(San Dlego, Santa Barbara,
and Santa Cruz), aimed at biomedi-
cal investigation of marine natural
products. The program consists of
three chemists and one pharmacolo-
gist, and the strength of the program
is the frequent and continual dialo-
gue between investigators of
different disciplines.

This project emphasizes the isola-
tion of novel bicactive compounds
from marine algae and from gorgoni-
an and alcyonacean soft corals
found mainly In tropical and sub-
tropical habltats. The long-term
goals of the Marine Chemistry and
Pharmacology Program are to inves-
tigate marine natural products, as-
sessing their physiological proper-
ties, and, where appropriate, to pur-
sue the development of substances,
as new pharmaceuticals and
research chemicals. The project is
conducted In close affiliation with
several pharmaceutical and agri-
chemical industries to allow com-
mercial interest to guide develop-
mental activities. Since 1980, more
than ten potentially useful com-
pounds have been discovered and
three in particular continue along a
progressive line toward being util-
ized as mentioned above.

Field Programs

An Indispensible component of
this project is the continuing pro-
curement of marine specimens from
various marine habitats. The suc-
cess of this project depends upon
the collection of large samples of
marine organisms known to possess
some form of unique biological ac-
tivity and chemistry. In field activi-
ties, Professor Jacobs and | work
closely together to make elfective
collections, and our collecting ac-
tivities are usually guided by in situ
bictesting of crude extracts. The
deciston to research tropical organ-
Isms was made based upon the
higher levels of toxicity noted in

these organisms, and fruitful yields
have been recognized. Qur main
field programs are in the Gulf of
California and in the Caribbean Sea;
expeditions are made at least once
each year. For the past 2 years we
ware fortunate to be able to utilize
the University of Miami's ORV
CALANUS in the Bahama Islands.
While funded mainly by NSF, this
collection was made on a "not to in-
terfere" basis as part of another
research project. In the past 2
years, over 200 specimens of
Caribbean-based plants and animals
were evaluated during this expedi-
tion. Extracts were tested onboard
for antibacterial and antiyeast ac-
tivity, for toxlcity against Insect lar-
vae (Tenebrio larvae), and for gross
effects vupon intraperitoneal injection
in mice. Numerous activities were
discovered including several potent
antibacterial extracts. One gorgoni-
an coral, in particular, was found to
be amazingly toxic. The need to re-
collect many of these has been real-
ized.

Chemical Studies

Since the initiation of this project
in 1980, numerous chemically
unique and blologically active sub-
stances have been isolated from
marine plants and animals. The al-
gae have vielded several cytotoxic
compounds with potential in the
treatment of cancer. Stypopodium
zonale, for example, gave the ortho-
quinonse stypoldione (1) which inhi-
bits cell division by the inhibition of
tubulin polymerization (figure 1).
From Spatoglossum schmittii we
isolated another cytotoxin, spatol (2)
posseassing a unique diepoxide com-
position. The red alga Liagora fari-
nosa yielded the toxic, acetylene-
containing lipid 3, and numerous
phenolic antibiotics, such as 4, were
isolated from brown algae of the
genera Zonaria and Lobophora.

Recent studies of tropical green
algae have yielded several interest-
ing new bioactive compounds. Av-
rainviflia longicaulis was found to
produce the brominated diphenyl-
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methane 8, which shows antimicro-
blal activity. Caulerpa bikinensis
was found to produce a series of cy-
clic toxins related to 8, and
numerous Halimada species were
found to contain the unigque diter-
penoid trialdehyde 7. Compound 7
showed broad-screen antimicrobial
activity and was found to inhibit sea
urchin sperm motility at 107 M con-
centrations.

Studies of tropical coelenterates
have also yielded interesting new
secondary metabolites. The soft
corals from Palau were investigated
and Clavularia inflata was found to
produce the toxic hydrocarbon 8.
The sea fans and whips, though,
represented our most important
resource for bioactivity leads. The
Caribbean gorgonian Erythropodium
caribaeorum yielded the unique di-
terpencid 9 while numerous Pseu-
doplerogorgia species have been
found to produce diterpenoid pento-
sides related to 10. Eunicea caly-
culfata has been found to possess
diterpenoids of several unique
types. Bicyclic compounds such as
11 are produced, along with mono-
cyclic compounds (12) of the novel
cubitene ring system. Several of
these latter substances show cyto-
toxic and anti-inflammatory activity.

From Pacific Ocean sea fans and
whips, we have isolated several new
compounds over the last year. Muri-
cea fruticosa has vielded a group of
exceptional amino-galactose sapo-
nins, such-as 13, which vary as to
their nature and degree of
esterification. These compounds
showed initial activity in the neu-
romuscular preparation. Several
new substances have been
described from Pacifigorgia species.
Two examples are the lactone 14
and the rearranged diester 15,
which are now being biotested.
Pacifigorgia adamsii was found to
produce the toxic alcohol 186, which
showed selective toxicity only to-
ward fish.

Developmental Investigations
The results of this project are now



sufficient that significant time is be-
ing invested in the advanced study
and development of several bigac-
tive natural products. Stypoldione
(1) ts being prepared for patenting
through UC based upon its novel
mechanism of ¢cytotoxic action,
Stypoldione is active {T/C = 140) in
the National Cancer Institute's P-
388 Leukemia assay. Eiatol {17),
another cytoxic agent, is also still in
developmental stages. Five other
compounds have been retained
based upon their cytoxic properties.

Our most exclting discoveries dur-
ing the past year have deait with the
chemistry of gorgonian corals from
both Pacific Mexico and the Carib-
hean Sea. An investigation of the
toxic sea whip Lophogorgia rigida
resulted in the isolation of a potent
nonprotein neurotoxin we called [o-
photoxin {LTX}. LTX (18) shows ir-
reversible neuromuscular blockade
{figure 2) in the isolated rat
hemidiaphragm-phrenic nerve
preparation with concentrations as
low as 10r® Molar. This compound
is as toxic as snake venoms but
possesses an unrelated structure.

This compound may possess
beneficial activities below the toxic
dose and this possibility is under in-
vestigation. The potential for LTX to
be a useful research tool is also
quite high. Along with lophotoxin we
isolated a series of related com-
pounds (19-23}, each of which
shows some activity in the phrenic
nerve preparation. Since the
theories to explain neurotoxicity in-
volve the proximity of nitrogen
atoms in numerous toxin models,
LTX, which lacks nitrogen, may
cause revisions in the accepted
theories.

Nationwide, four independent lab-
oratories are studying various facets
of the pharmacology of LTX
designed to define Its unique
mechanism of neuromuscular toxici-
ty. Chemical synthesis is also in
progress in at least one laboratory.
Lophotoxin appears to be a very
useful probe for physlological stu-
dies of nerve transmission. We
have received numerous requests to
supply this interesting compound,
and to date we have done so. How-
aver, this situation has reached a
point where it is affecting our basic
research, and efforts have been
made to subjugate this activity to a
major biochemical company.

Studies of the purple sea plume,

Pseudopterogorgia acerosa, from
the Caribbean Sea, have yielded a
very potent inhibitor of cell division.
This compound, called pseudoptero-
lide (24) {figure 3), Inhibits overall
cell cleavage In the fertilized urchin
egg assay (figure 4}, but it does not
inhibit nuclear division. This effect
has been previously noted in the
unusual fungal metabolite
cytochalasin-D, which has bean
highly used in cell research. The
etfects of this compound in other
assays and agalnst cancer cells
remain to be determined. Pseudop-
terolide possesses an unusual car-
bon skeleton that has not been ob-
served as a natural product.

The Pacific gorgonta Pacifigorgia
adamsii has yielded a potential
ichthyotoxin which we have as-
signed as structure 25 (figure 3),
This compound, which we refer to
as pacifigorgiol, seems to possess
specific toxicity exclusively toward
fish, and the structure of this toxin is
unigque among the rearranged
sesquiterpencids. It is, indeed, un-
common to find such potent toxicity
from such a simple molecule. A
series of chemically related sub-
stances from related gorgonians of
the genus Pacifigorgia are under
current investigation.

Lastly, an investigation of the sto-
loniferan coral Clavuiaria inffata has
yielded another toxin of an unpre-
cedented type. The C,, hydrocar-
bon 26 (figure 3} was found to
comprise over 5% of the dry weight
of C. inflata and to possess ichthyo-
toxi¢ properties in the 5 pgm/ml
range. It appears that a compound
of this type must be a degradation
product of a larger terpenoid precur-
sor. More extensive testing of these
fish toxins is in progress.
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Figure 1. Compounds Isolated from marine algae.
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Figure 2. Neuromuscular actlvity relative to lophotoxin.
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Figure 3. Compounds isolated from marine soft corals.

CONTROL TREATMENT WITE PSEUDOPTEROLIDE {5ug/ml)

INHIBITION OF CELL
NORMAL CELL DIVISION 16 NUCLEI

CLEAVAGE — 4 NUCLEI

Figure 4. Inhibition of sea urchin egg cleavage by pseudopterolide.
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MARINE CHEMISTRY AND PHARMACOLOGY PROGRAM:
CHEMISTRY OF SPONGES AND OPISTHOBRANCH MOLLUSCS

D. John Faulkner

During the past year we made ma-
jor collections in Palau, Western
Caroline Islands, and in the Gulf of
Callfornia. The primary purpose of
the Palau expedition was to collect
further samples of the sponge that
contained JF-133, a polent anti-
inflammatory agent. We succeeded
in this task and obtained a S-cu. ft.
box of frozen sponge. This will pro-
vide encugh JF-133 to complete the
evaluation by Dr. Jacobs and to sup-
ply samples to pharmaceutical com-
panies for thelr evaluation as a po-
tential new drug. We are also per-
forming some simple reactions on
JF-133 in order to prepare an active
derivative that will allow a stronger
patent position to be obtained
should JF-133 have commercial po-
tential.

Wo collected a total of 126
sponge samples in Palau. The
crude extracts have been screened
agalnst seven microorganisms and
in an assay for inhibition of cell divi-
sion in the fertilized sea urchin egg.
Fifty-six of the crude extracts
showed antimicrobial activity, gen-
erally against Gram-positive bac-
teria. In the sea urchin assay, 42
methanolic extracts inhibited cell
division at 200 pwg/ml in seawater.
These samples were partitioned
betwesen dichloromethane and water.
Nine aqueous sxtracts were active
at 100 ug/ml in seawater, 9 di-
chioromethane extracts were active
at 10 pg/ml, and a further 10 di-
chloromethane extracts were active
at 50 ug/ml. We have assigned a
high priority to 16 samples that will
be studied during the next year.

Chemical studies on Palau
sponges have resulted in the isola-
tion and identitication of polybrom-
inated diphenyl ethers from Dysidea
herbacea, Dysidea chlorea, and
Phyllospongia follascens. The po-
lybrominated diphenyl ethers inhibit-
ed the growth of both Gram-positive
and Gram-negative bacteria. Qur
sample of D. herbacea contained
two known compounds and 2-

(2 4'-dibromophenoxy)-3,5-
dibromophenol (1). D. cholorea con-

tained only 2-{2' 4'-
dibromophenoxy)-4,6-
dibramophenol {2). P. foliascens
contalned 2-(3',5'-dibromo-2'-
methoxyphenoxy)-3,5-
dibromoanisole (3), 2-(3',5'-
dibromo-2'-hydroxyphenoxy}-3,5,6-
tribromopheno! (4), and 2-(3',5-
dibromo-2'-hydroxyphenoxy)-
3,4,56-tetrabromophenol (5). Since
tetrachlorodioxin was known to be
extremely toxic, we prepared 3,5,4'-
tribromodioxin (8). The brominated
dioxins could not be detected in the
sponge and we have since been in-
formed by Dr. J. T. Baker that "they
are not regarded as partlcularty tox-
ic”

Wa are particularly interested in
v-hydroxybutenolides since they
seem to have very interesting phar-
macological properties. Two
unidentified sponges from the 1979
Palau collectlon contained sester-
terpenes with the -
hydroxybutenclide group at one ter-
minus. The sesterterpene {7),
identified from spectral data only,
was obtained in very small quanti-
ties. The second sesterterpense (8)
was identified by interpretation of
spectral data and by a chemical in-
terconvarsion with illimaquinone {9).
Both compounds 7 and 8 inhibited
the growth of Gram-positive bacteria
and compound 8 is undergoing
evaluation at UC Santa Barbara.

Our interast in sponges that bur-
row into calcareous substrates led
to an investigation of an unidentified
Siphonodictyon sp. found In coral
heads at Palau. The major antimi-
croblal metabolite was a sesquiter-
pene 10 having a guanidine func-
tionality. The identlfication was
based on interpretation of spactral
data of the compound and a stable
derivative. The corresponding al-
cohol 11 was a minor metabolite of
the sponge. The sesquiterpene 10
is being screened by Dr. Jacobs at
UC Santa Barbara.

During the last year we supplied a
total of 25 pure compounds and 24
crude extracts for evaluatlon.
Twelve of the pure compounds are
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minor constituents of the sea hare
Dolabeffa californica and live are
metabolites of the sponge Reniera
sp. The results of the evaluations
will be presented by Dr. Jacobs
(R/MP-21}.

We have recently found some in-
teresting metabolites that are
thought to be responsible for the
lack of fouling arganisms on the San
Diego sponge Toxadocia zumi.
These compounds are sulfated
sterols with the general structure 12
where R represents a mixture of
common sterol side chains. The
sponge contained three steroidal
sulfates (13-15) having a carboxyl-
ic acid group in place of the usual
methyl group at C-19. These com-
pounds are strongly antimicrobial
and inhibit cell division in the fertil-
ized sea urchin egg assay. It is rare
to find & new class of sterol, particu-
larly one with such pronounced bio-
legical activity.

The 1981-82 period has been one
of consolidation. We have em-
phasized research aimed at
developing new potential pharma-
ceuticals from natural products hav-
ing interesting pharmacautical pro-
perties. Fewer compounds have
bsen submitted for broad pharmaco-
logical screening but, for the first
time, these have included semisyn-
thetic compounds prepared from na-
tural proeducts having promising
pharmacological activity. Research
on isolation and structural elucida-
tion has emphasized the
identification of the more polar na-
tural products which appear to pos-
sess greater biological activity.

Research on manoalide (18) by
Dr. Jacobs and his group has indi-
cated that it is a nonsteroidal anti-
inflammatory agent having activity
comparable to that of cortisoneg. In
order for Dr. Jacobs to pursue stu-
dies of the mode of action of
manoalide (16), we have devised a
very short method of isolation that
enables manoalide to be isolated ra-
pidly and in high yield from crude
extracts of the sponge Luffariefla
variabilis. We have also prepared



several semisynthetic derivatives of
manoalide, one of which appears to
be a superior anti-inflammatory
agent. Further testing of the deriva-
tives is anticipated.

The isolation of the renieramycins
A-D (17-20) is proving to be a most
interesting discovery. The
renieramycins are closely related to

“the saframycins, a group of antitu-
mor antiblotics from the microorgan-
ism Streptomyces lavendulae.
Research on the saframycins has
been underway for several years
and interest in that group of com-
pounds is still increasing. We have
recently been able to supply sam-
ples of renieramycin A to groups
that have previcusly studied the
saframycins. If their resuits Indicate
a similar mode of action, we expect
to develop our research on the
renieramy¢ing using saframycin
research as a model. Our major
problem at present is to obtain more
material.

We have isolated a number of new
marine natural products during the
past year, but some of these were
obtained in qulte small quantities.
Howevaer, the structures are of
sufficient Interest to warrant recol-
lection and re-isolation for the
screening program.

The tambjamines {21-24) were
isalated from the nembrothid nudi-
branchs Tambjfe eliora, Tambje ab-
dere, and Robostra tigris during a
study of defensive behavior of the
nudibranchs. Hydrolysis of the non-
brominated compounds 21 and 23
gave an aldehyde 25 that had previ-
ously been prepared as an inter-
medlate in the synthesis of the anti-
blotic prodigiosin. Initial screaning
has revealed that all of these com-
pounds (21-25} inhibit cell division
in the fertltized sea urchin ogg as-
say at 1xg9/ml In seawater. The iso-
butylamines 23 and 24 showed an-
timicroblal activity against C. albi-
cans, S. aureus, B. sublilis, and V,
anguiflarum at 5 ug/disc.

The antimicroblal actlvity of Age-
fas mauritiana was found to be due
to diterpenoid bases of which the
purine derivative 26 |s an example.
This is the first diterpenoid base to
ba completely described. We have
to re-isolate this and ather related
compounds for pharmacological
screenlng.

The flrst marine natural product
containlng a brominated furan
moisety has been Isolated from the

sponge Dendrilla sp. collected in
Palau. The brominated diterpene 27
Is one of a serles of diterpenes
under investigation by Brian Sul-
livan.
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MARINE CHEMISTRY AND PHARMACOLOGY PROGRAM:
NATURAL PRODUCTS FROM TOXIC MARINE ORGANISMS

Phillip Crews

The ocean's natural resources
and natural phenomena continue to
provide important stimuli to basic
and applied research. Marine or-
ganic chemistry represents an im-
portant area of Inquiry in which both
of these apply. We are studyling the
organlc chemistry of a select group
of organisms as sources of new bio-
togically active substances. That
this is a worthwhlle pursult can be
illustrated by recent, widespread in-
terest on the potential of drugs from
the sea: see for example, D. J.
Faulkner, Oceanus 22, No. 2, pp.
44-50 (1979), or "The Pharmacolo-
gy of Marine Natural Products — A
Symposium,” Federation Proceed-
ings, 40, 7-36 {1981). it s algso
signlficant that this subject has cap-
tured the interest of the Under Sea
Medical Society: it was a focus of a
recent special workshop entitled
"Collection and Analysis of Biologi-
cally Active Material from the Sea,"
UMS publication #37 (8/15/80).

Qur major goal is to systematically
explore the pharmacological poten-
tial of organic natural products from
soft-bodied invertebrates, in particu-
far sponges. Bakus (Science,
211:497, 1981) has pointed out that
tropical coral reef soft-bodied or-
ganisms seem to have evolved
chemical detense mechanisms for
protection against predators and
grazers. Our past chemical work on
such organisms {Crews et al,, 1981)
agress with this. Moreover, some
valuable leads have been uncovered
by bioactivity results on marine na-
tural products that we have isolated
since this project began.

During the last few years we have
devoted considerable effort to col-
lecting and identlfying promising
samples, which are summarized in
table 1. Our focus has been upon
three rather different coral reef
areas. These include the Caribbean
Honduras Bay Islands, islands In
south Pacific Tonga group, and sites
in French Polynesla. We have im-
plemented an effective procedure
which involves collection of an or-
ganism followed by immediate ex-
tractlon {dichloromethane) and sub-

gsequent concentration of its oll. A
further operation involves partition-
ing active extracts between a hex-
anemethano! (1:1) mixture which is
followed by purification via standard
preparative chromatography
methods. Purlfied compounds (PG}
suchas11,9,11,17, 20, 22, 43,
52, 68, 69, 82 (see raport R/MP-
21) have been identlfied as having
interesting actlvity. Work now in
progress should reveal the exact
structures of PC-43, 68, 69, and 82,
whereas the structures of the rest
are known.

Algae

Mixed collections of two toxic
brown seaweeds, Dictyota linearis
and D. divaricata were studied from
flve collection sites in the Honduras
Bay Is. Two known dolastane diter-
penes were isolated, while five new
ones (1-5) were also characterized.
A combination of carbon-13 and
proton nuclear magnsetic resonance
experiments or chemical correla-
tions supported structural and
stereochemical assignments.
Several of these metaholites showed
pharmacological actlvity. Diol 6 at
16 a/ml exhibited 71% reversible
histamine antagonism on guinea pig
ileum preparations. Compound 1
showed a 27% increase of the twitch
height at 16 wg/m! in a rat hemidi-
aphragm preparation, while 4
showed a 48% decrease at the same
concentration. This latter compound
also exhibited a 17% Inhibition of
cell division in an urchin egg assay.

Some especially interesting chem-
ical comparisons are evident based
on the above results. The close
similarity bstween natural products
such as 1, known from seaweeds
and herbivorous molluscs {e.q., com-
pound 7), is not surprising. The ur-
chin egg cell division inhlbition ac-
tivity seems also to correlate with
the antileukemia activity reported
for crude extracts contalning com-
pound 7 (Pettit, 1976).

Sponges

A very abundant south Pacific
sponge, Heteronsmia sp., has at-
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tracted our attention because it
yielded a sesterterpene that shows
100% urchin egg csll division inhibi-
tion at 16 pwg/ml. Its structure was
secured as B and work in progress
should reveal other bloactive minor
metabolites.

A crude extract of a mixed collec-
tion of two color forms of Phylio-
spongia sp. from Tonga Is. shows
100% urchin egg cell diviston inhibi-
tion at 1 wg/ml. Bloassay-directed
isolation experiments have yielded a
semipure crystalline fraction which
is a mixture of three compounds
which are aromatic polybromides. A
new collection ylelded the pure 9
whose activity in the urchin assay is
being further explored. Work in pro-
gress on active extracts from a
dozen other south Pacific sponges
should reveal additional fascinating
new active natural products,

Toxic marine sponges are of par-
ticular interest to us. As an exam-
ple, a Tengan sponge, BD-I-1, has
extract fractions with 100% inhibi-
tion of urchin egg cells at 16 pg/ml.
A hexabromopheny! ether 10 {PC-
102) has been purifiad fram this ex-
tract and submitted for additlonat
assay. Various debromo analogs
are being prepared for further
evaluation of this potent bloactivity.
Another Tongan sponge, DA-I-7, ex-
hibited 100% jonotropy, which was
revarsible, in the frog ventricle strip
assay lagain, see report R/MP-21).
Compound 11 {PC-52} has been
identified as the major secondary
metabolite in that extract. It, along
with synthetic analogs 12 {PC-96})
and 13 (PC-103}, has been submit-
ted tor turther evaluation. A rather
abundant red Tongan sponge, DM-
I-1, has displayed mild activity in
three assays (see table 1) and its
crude extract contains chiral ether
glyceride 14 (PC-100). This com-
pound {positive Ichthyotoxicity at
400 pg/mi) along with its enantio-
mer 15 (PC-99) has been syn-
theslzed and submitted for turther
testing. Stimulated by the success
with crude extracts, we anticipate
that pure compounds will show a
similar high percentage of actives in



| anti-inflammatory assay (tabte 1). In

i order to explore this we have resub-
mitted 12 pure compounds for assay
in this area and suggested that
another four compounds an hand be
evaluated. If the results are en-
couraging here, we can obtain addi-
tional samples of 15 other pure
compounds for similar evaluation.

Soft Corals

OQur work has continued on the
toxlc extracts of the comman Carib-
bean gorgonlan Briareum asbesti-
num. A new asbestinin, 18, was iso-
|ated and characterized, and this
compound was of interest because
of the biogenetic information that it
supplied. In addition, this compound
along with several other asbestinins
mentloned in our report last year
showed activity in the sea urchin
anticell division assay.
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Table 1
Summary of Pharmacological Actlvity

(PMA) Sea
Frog Mouse Urchin GF
Coll. Ventricle Ear Egg Auricles/
Sample # Strip (Infl) (% Inh) lleum
08 OCTARIENE 76 W GPI
11 PAGCIFENOL 100 W GPI
{ed= 4.5)
17 DIHYVIOL - 155 GPA
(38) A. FULVA 100 - GPI/A
42 APLYS-1 - 100 GPA
43 CPD-A-44 100 69 GPA
{44) BD-I-LB 65 + GP!
{45) BD-1-1C 100 100 GPI
{58} BG-M-1A - 100 GP!
(63) BJ-IGC 51 100 GPI
69 CPD-A-65 100 + GPI
(76) DA-1-1 + - 51
(77} DA-|-2 - +32 -
(78) DA-I-3 +10/-19 + 60 100
{79) DA-1-4 + -20 -
{80) DA-1-7 100(R) -48 21
(81) DB-I-1 + -52 -
82 x-tals-B1 - -27 - -
(83) DC-HI-1 - -1.5 -
(84) DD-1-1 - -7 .
(85) DE-1-1 + -9 -
(86) DE-I-2 + - -
{88) DG-V-1 - -186 100
(89) DM-|-2 + -5 7
(30} DL-I11- + -5 -
(92) DM-1-1 - -12 21
(93) DM-I-3 - - 8
(94) DM-1-4 - - 11
(a5) DM-I-5 - +13 -
26 synthetic + -3 - -

{} extracts, others are pure compounds
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EARTHQUAKE-INDUCED FORCES ON NONAXISYMMETRIC

OFFSHORE STRUCTURES

Robert L. Wiegel, William C. Webster,

Joseph Penzien, and Ben C. Gerwick, Jr.

Introduction

The reliable analysis of seismic
loading on large offshore structures
is a subject of conslderable interest
and effort. This is because of the
probability that mora of these struc-
tures will be placed in earthquake-
prone areas off the California coast
and in other similar regions such as
the Gulf of Alaska. Under some
conditions earthquake-induced
foundation forces are very large,
greater aven than those inducad by
a 30-meter, 15-second wave. Ow-
ing to uncertaintles associated with
the design of large gravity struc-
tures for these conditions, and since
there is little or no field data for
reference to problems that are
unigue to this particular case, safe
design is often an economic over-
design owing to large safety factors
being used in the design.

One major area of uncertainty has
been the nature of the fluid-
structure interaction and, in particu-
lar, the characteristics of the inertia
torces on large-diameter submerged
tanks and caissons due to earth-
quake excitation. The focal point of
a previous Sea Grant study (R/E-
14), which was begun in September
1976 and which was completed last
year, was axisymmetric structures.
The first 2 years of the program
concentrated on defining the forces
on a representative structure by
tests made with a physical model of
the large bottom portion (oil storage)
of a gravity structure, using the
University of California Berkeley
{UCB) earthquake simulator. The
model was constructed to a scale
such that its foundation characteris-
tles could be varied and its dynamic
properties accurately measured. A
numerical modsl with a computer
program, using the finite element
method, was developed to calculate
the hydrodynamic pressure and ad-
ded mass of a rigid submerged cais-
son subjected to a horizontal, har-
moni¢ ground excitation.

This data vielded a great deal of
information about the magnitude,
frequency dependence, and cou-

pling of the Inertia force coefficients
retating to submerged tanks and
caissons. The initial results of this
study were published In a Ph.D.
thesis by Robert C. Byrd in May
1978. A 1-year extension of the
project (1978-79) was obtained to
continue the analysis of the existing
data, and to perform additional tests
with a modified version of the physi-
cal model. After the tests with the
model of the base had been com-
pleted, data reduced, and the results
compared with existing theory, it be-
came evident that a new direction
was needed in regard to the physi-
cal model. This occurred many
months after the renewal proposal
had been submitted and acceptad
by Sea Grant. A large-scale model
of the large-diameter surface-
piercing ¢ylinders was needed.

That is, an array was needed that
could be modified In configuration
and in spacing between individual
cylinders. This was necessary in
order to measure the total array.

The new model required a
modification of the surface plate,
which was done. It was necessary
to design and fabricate several clr-
cular cylinders, one of which was an
instrumented model with strain cells,
accelerometers, and pressure gages
mounted inside it. Upon complstion,
the instruments were calibrated, and
many tests run. The data were re-
duced. An additional 1-year exten-
sion permitted the completion of this
work and the compietion and testing
of the numerical model.

The experlmantal resulis were
adequate to determine the relative
effects of axisymmetric and nonax-
isymmetric structures. However, a -
design flaw in the system made it
impossible to obtain data of
sufficient rellabllity to make it
worthwhile to proceed with expen-
sive detailed analysis of the data.
This three-dimensional effect is very
difficult to handle analytically. A
comprehenslve analysis of the icad
cell portlon of the medel and the
results obtalned from a series of ex-
periments on the earthquake simu-

213

University of California, Berkeley
R/OT-1
1980-82

lator revealed that the second-order
effects being studied were such that
a modification of the load cells was
required. A new design was com-
pleted and tested by a numaerical
model. The new model was con-
structed, under a no-cost extension
of R/E-14, tested in the laboratory,
and found to be satisfactory. Owing
to scheduling difficulties with the
earthquake simulator, a further no-
cost extenslon was obtained, and
tests were made on the earthquake
simulator for the axisymmetric case.

The work that was done on this
previous grant resulted in the
development and testing of a nu-
merical model that is adequate for
the prediction of earthquake-
induced loads on an axisymmetric
large offshore gravity structure.
This was published in a second
Ph.D. thesls by Fukij Nilfrat in May
1980. A companion Ph.D. thesls by
Wataru Kioka was published in April
1980 (unsupported thesis). This
work is not adequate, however, for
the calculation of earthquake-
induced loads on nonaxisymmetric
structures, as was shown by the last
series of tests made with the physl-
cal medel.

Present Project

The overall objective of the
present project (R/OT-1) Is to pro-
vide a rational basis by which the
offshore industrlal and regulatory
agencies can assess the safety of
proposed nonaxisymmetric large
offshore structures subjected to
earthquake-induced loads. The la-
boratory portion of this project was
delayed, because it was based upon
the assumptlon that the instrument
package used in Project R/E-14
would be operational, which it was
not. This was dlscussed earlier.

A physical model study of the
behavior of structure components
immersed in water was performed
during May and June 1981 using
1:200-scale, geometrically similar,
and efastically distorted physical
modals (figure 1). Time-scaled forc-
ings were generated appropriately,



“

using the UCB earthquake simulator.
Three hundred fifty-nine test runs
were performed consisting of 277
dynamic and 82 static tests.
Several geometrical configurations
with one, two, three, and four clreu-
lar cylindrical models were tested
(table 1). Two water depths were
used. Both symmetric and nonsym-
metric interactlons of the structures
and water were studied. Pressure
distributlons on the surface of the
models were measured to determine
the contributions of normal stress to
the total stress acting on structures.
During the tests some of the de-
grees of freedom were partially re-
stricted 1o vield independent sets of
equations for obtaining the added
mass coefficients. Data analysis Is
underway and software has been
developed to analyze the data
recorded during the tests. Spacial
software has also been developed to
correlate different channels of data
of any test run to one another, yield-
ing important information about the
nature of Interactlons. The analysls
of these tests has been completed,
and the Ph.D, thesis on the subject
by G. R. Ansari |s expected to be
completed by 31 December 1982.

After working on the problem of
the numerical analysis of
earthquake-induced loads on a
nonaxisymmetric offshare structure,
It was decided to use a finite gle-
ment method approach, rather than
an alternative method, as a way
around the high cost was found. A
mathematical mode! was developed,
and a computer program was
prepared for "rigld® columns. In ad-
dition, a mathematlcal model was
developed for flexlble columns. The
Ph.D. thesis on this phase of the
work was completed by Wen-Gean
Liao, and has been approved. Soms
comparisons of theory and results
from the tests on the earthquake
simulator are given In figure 2.
Some of his conclusions follow:

1. An effectlve numerical pro-
cedure to investigate the hydro-
dynamic interaction between struc-
tures submerged In fluid induced by
ground motion has been developed.

2. If the structures have uniform
cross sections in the vertical direc-
tion, this boundary value problem
can be reduced to a two-
dimensional one. Otherwise, a
three-dimensional analysis Is re-
quired for the nonaxisymmetrical
problem. For high frequency ground

excitation, the reduced boundary
conditions are acceptable. Howev-
er, a transmitting boundary and free
surface condition should be con-
sidered for low frequency excitation
such as incldent waves,

3. The agreement of the results
from the experiments of physical
model on an earthquake simulator
and the numerical analysis has
been shown In Example A in
Chapter V. However, some minor
discrepancles are chserved. The
discrepancies may be caused by the
following reasons: a) the lineariza-
tion of the boundary value problam
in numerical analysis such that the
hydrodynamic forces, which are
along the center line connecting the
centers of the cytinders and are In-
duced by the ground motion perpen-
dicular to this center line, are
neglected; b) the square basin being
constructed to simulate the un-
bounded fluid domain such that the
boundary conditions of experiments
and numerical model are not exactly
the same; and ¢) the uncertaintles
in laboratory works including the ex-
perimental equipment, techniques,
and data reductlon.

4, The numerical analysis to find
the hydrodynamic forces on a
nonaxisymmoetrical structure can
also be applled to an axisymmetrical
structure. For solving the structural
responses of an axisymmetrical
structure, It shows that the results
from the thearetical analysis and the
numerical analysis are very similar.
As the number of wave modes in-
creases, the numerical analysis
results approach to the theoretlcal
analysis results asymptotically.

5. When the distance between
cylinders is small, the structural re-
sponses induced by ground motion
decrease in the symmetrical case
and increase in the antisymmetrical
case. Comparing the structural re-
sponses when twe cylinders are far
from each ¢ther so that the interac-
tion is no longer significant, 50%
variation for both symmetrical and

. antisymmetrical cases is illustrated

within the examples in Chapter V.
Generally speaking, the hydro-
dynamic interaction is negligible as
the relative distance exceeds 4,
while it becomes relevant as the rel-
ative distance |s less than 2. This
phenomenon depends on the
characteristics of structures, water
depih, amplitude and frequency of
ground excltation and the relative
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distance between cylinders.

Legend for Figure 1

Model Positions on the Table and
Their Coordinates

Cylinder X ¥
: cm cm
N-0O 18. -17.
N-1 16, -38.9
N-2 16, -57.
N-3 16. -74.2
N-4 16. -102.7
N-5 16. -131.4
-0 16. -17.
1-1 -6.9 -17.
-2 -24, -17.
-3 -41.2 -17.
-4 -69.7 -17.
I-5 -98.4 -17.
B-0 16. -17.
B-1 -0.2 -33.2
B-2 -12.3 -45.3
B-3 -24.4 -57.4
B-4 -44.6 -77.6
B-5 -64.8 -97.8

Note: The coordinates shown above
are measured from the center of the
earthquake simulator.

Flgure 1. The force meter.
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HYDRODYNAMICS OF HARBOR ENTRANCES AND THE
MANEUVERABILITY OF SHIPS MOVING THROQUGH

ENTRANCES

William C. Webster and Robert L. Wiege!

The research project described
| below |s aimed at investigating two
important and interrelated aspects
of the navigabllity of harbor en-
trances. The first of these topics
concerns the generation of currents
in the harbor entrance through
_second-order wave effects. The
second treats the effect of these
currents on the maneuverability of
-.ships through the entrance. The
'progress on each of these topics is
presented below.

Generation of Currents

Currents at harbor entrances arise
from many causes; the principal one
is an gutflow of soma river feeding
the harbor basin. Although the ex-
Istence and characteristics of these
currents are reasonably well under-
stood, the observed, significant
currents emanating from nonestua-
rine harbors remains a puzzle. ltis
this latter situation which we are in-
vestigating, partlcularly the eftect of
wave action as opposed to effects of
tides or harbor resonance. The ap-
proach which is adopted is twofold,
including a theoretical analysis and
scale-model experiments.

Since nonlinear effects are crucial
to this study, the mathematical
analysis is baing conducted using
the simplest possible geometry. The
geometry selected is a simple, de-
fached breakwater in an otherwise
infinite expanse of shallow water of
a constant depth. The first and
second order velocity potential
problems are formulated using
Green function methods, and a solu-
tion procedure has been developed.
Once a solution is obtained, more
complicated harbor geometries will
be attempted. In both cases mass
transport and currents arising from
the variation in radiation stresses in
the region will be evaluated.

Experimental investlgations of the
creation of currents in harbor en-
trances will also take place. To this
end the wave basin in O'Brien Hall
of the University of California has
been selected and modified. The
basin bottom has besn surveyed in

detail {every 15 cm) and has been
found to be flat within =2 mm. The
decrease of surface elevation due to
water loss through cracks and eva-
poration has been stabllized to 3
mm/day. As a result, this will have a
negligible effect on experimental
runs of the order of 1 hour. The
wavemaker mechanism has been
modified to provide the capability of
changing wave steepness and/or
froquency during a run. This is ac-
complished by placing a remotely
controlled actuator on the eccentric

driving the paddle.

Effects of Currents on Ship
Maneuverability

The maneuvering response of
ships in harbor entrances is not well
known. Various factors play a role.
These include the speed and
geometry of the ship, the topography
of the channel, and the current dis-
tribution in the channel. The
research program here is aimed at
just one of the complicated interac-
tions, that of maneuvering a ship in
a current over an uneven bottom.
This situation is a potentially
dangerous one since both current
and bottom unevenness are not
easily cbserved by the ship's mas-
ter. Therefore, these represent un-
known disturbances to him until he
sees their effect. Because ship
responses are so slow It may take a
minute or two to recover from such
a course deviation.

It was the original intent of our
study to use the Ship Model Towing
Tank at the University of Californta’s
Richmond Field Station. An exten-
sion to the towing carriage is avail-
able which can support a ship
model close to the tank bottom.
When a small depth of water is
used, experiments can be conduct-
ed which model the passage of a
ship in a shallow water channel. In
December 1980 a series of experi-
ments was conducted using this fa-
cllity in which the current was zero
but the bottom was uneven. Mea-
surement of the force on the re-
strained ship madel revealed that
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the nolse arlsing from the mechani-
cal vibrations in the towing carriage
completely masked the torces due
to the bottom unevenness. Attempts
to filter out this nolse did not meet
with success since much of the
noise was in the same frequency
range as forces we ware {rying to
measure. ln an attempt to remedy
this difficulty, several further at-
tempts were made through the year
to conduct meaningful expariments.
These attempts included towing the
ship medel and using a self-
propelled model. These tests were
not successful because of Instabili-
ties of the towed ship trajectories
and difficulties in measuring the tra-
jectory of the self-propelled model.

This lack of success prompted us
to contact several other test facili-
tias to ingquire about their pro-
ceduras and the difficulties they en-
countered during simllar experi-
ments. This Informal survey
confirmed that these other facilities
also had observed similar problems.
In fact, the Maneuvering Baslin at
the University of Michigan was
closed permanently in part because
ol thelr difficulty in being able to
perform similar experiments.

In light of the poor prognosis for
results and because of a change in
degree goal of the student trainee
from Ph.D. to Master of Engineering,
it was decided to have the trainee
complete a theoretical project on a
distantly related subject of drift
forces caused by waves actingon a
fixed platform. This project was
completed satisfactorily and is
currently being written up in the
torm of a technical paper by the
traines {Mr. Marc Corona). We hope
to be able to publish this paper in
the next year.

We are currently reevaluating the
prospect of conducting further tests
In our facility. The difficulties are
primarily ones of instrumentation
and procedure. if we determine that
it does not make sense to pursus
this line of attack, we will attempt to
develop an analytical approach to
the problem.
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TV/SONAR IMAGING SYSTEM

V. C, Anderson

This project has as its objectlves
the investigation of the effective-
ness of a combined display of TV
and sonar imaging of underwater
objects on the seafloor. There are
two phases of the project: to fabri-
cate the sensor and display
hardware, and to evaluate the effec-
tiveness of the display in the con-
text of manipulation and cbservation
in an underwater environment.

Fabrication of both the TV inter-
face and the two-dimensional scan-
ning sonar system was completed in
the first year of the project. The
transducer configuration and drive
electronics for the sonar did not
aperate properly at flrst. Because of
either unbalanced phase drivers or
mechanical coupling between the
segments of the transducer, or both,
the system exhibited unacceptably
high sidelobes. The effort in the
second year has been devoted to
debugging the real-time software
programs in both the TV formatting
microprocessor and the sonar con-
trol microprocessor.

The software Is now performing
properly and Initlal composite
TV/sonar displays have been gen-
erated. The buffer memory system
to store the sonar image data has
been completed and tested. The
mixing method selected is that of
multiplying the three color vectors
by the black and white TV video sig-
nal prior to introduction Into the
color modulator.

Driver software was completed for
both the sonar and the TV modulator
system. Two single-board micro-
computers (Rockwell AIM-65) wers
used as controllers. The interface
between the sonar and TV systems
was implemanted through the 8-bit
170 ports of the AIM-85. However,
after considerably extended effort at
¢reating a suitable sonar range and
sonar amplitude to coler hue and
color saturation transtormation ma-
trix, we have finally concluded that
the quantization of our stored color
veclors is 100 coarse to generate a
well-graded matrix. Hence, we are
in the process of upgrading our 12-
bit wide color storage memory to 24
bits wide. This will allow 8-bit color

vectors to be used for the sonar
data. High-speed multiplying 8-bit
digital-to-analog converters will be
incorporated in place of the 8-lavel
decoded switches used in the ear-
lier design.

As a result of change In owner-
ship, PaR Systems (now a part of
GCA Corporation), is unable to con-
tribute to the loan of a manlpulator
for use in the project. In lieu of this
we have rejuvenated an older, larger
manipulator {the model 500) which
was used on the Marlne Physical
Laboratory's remote underwater
manipulator RUM |l and mounted it
on a carriage to operate in the
Electrical Engineering and Computer
Sciences Department acoustic tank.
This will be used in the manipulatar
tests.

Tests to date have been carried
out in a small {3'x4'x2’ deep) tank.
When the new memory hardware s
completed, the tests wlll be moved
to our larger 20" dlameter x §' deep
tank where the manlpulator ts locat-
ed.

Cooperating Organizations
Hydro Products
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DEVELOPMENT OF A METHODOLOGY FOR THE DESIGN,
CONSTRUCTION, AND QUALITY ASSURANCE OF THE CORE
OF RUBBLE-MOUND BREAKWATERS

Ben C. Gerwick

This study started in October
1981. The main purpose Is to
davelop a more comprehensive and
thorough methodology for the
deslgn, construction, and quality as-
surance of the core of rubble mound
breakwatars and its interation with
the foundation and the riprap or ar-
mor.

Technical reports and data on the
state of the art of rubble mound
breakwaters with emphasis on the
core have been raviewed in depth.
Four parts of this study have been
accomplished. The first partis a
technical investigation about the
breakwater foundation. The second
part is a study of core materials.
The third part deals with construc-
tion procedures, and the fourth part
is a technical comparison,

The selectlon of an offshore site is
essential for most seafloor engineger-
ing projects. So, the first step in
breakwater construction is an Inten-
sive local condition Investigation.
Complete and detailed hydrographic,
bathymetric, and geotechnical sur-
vVeys are necessary.

The toundatlon analysis can be
made by means of ¢orings, probings,
wash borings, or drillings. It is very
difficult to obtain undisturbed sam-
ples of surficlal cohesionless sedi-
ments. If the bottom s very soft or
unstable to a significant depth, an
excessive amount of rock may be
required to reach a satisfactory sup-
porting medium. Settlement, ero-
sion, and liquefaction have occurred
at the Crescent City outer breakwa-
ter and the Noyo Harbor north jetty
near Fort Bragg, California, resulting
in a hole or gap under the rigid cap.
The foundation fallures are
classlfied and studled carsfully;
special attentlon should be given in
the selaction of a good method for
the stabilization of the soil.

In some important recent projects,
vartous economlcal and practicable
compaction techniques have been
performed to prevent liguefaction.
Provision for dralnage, so the ex-
Cess core water pressure can es-
cape, is another possible solution.

Several methods for strengthening
the foundation soils artificially are
discussed in this first part.

In the second part of the study,
materials of the core were studied.
Ditferent types of rock material were
compared and several laboratory
tests were performed to determine
the criteria and characteristlcs
needed. Investigation of typical
guarries was included.

Core materials must be sound,
durable, hard, free from laminations
or cleavages, and of such character
that they will not disintegrate from
the action of air or seawater. They
must be sturdy enough to withstand
both the short-term processes asso-
ciated with quarrylng, transportation,
and placing as well as the long-term
dynamic processes assoclated with
the lite cycle of the breakwater. The
rock selected for the protective
layers and core materlal should un-
dergo different tests to determine
acceptability. These test results
can best be evaluated If accom-
panied by a service record of this
source or type of rock. No tests
have been specifically designed for
breakwater materials; therefore, ap-
plicable tests are selected from
ASTM procedures which are used
for aggregates for concrete.

The third part deals with the con-
struction procedures, As soonasa
contractor has been awarded the

- project, the design team and the

contractor should collaborate to
determine if any changes can be
made to provide a better structure
and to facilitate a more efflcient
method of construction.

We have completed a technical
comparison of design and construc-
tion practices between rubble
mound breakwaters and other simi-
lar aquatic and marlne structures
such as dams, levees and offshore
islands. It includes a detlailed re-
view of the criteria and requirements
for these structures and an exami-
nation of the problems encountered
in construction and service. We
have, of course, concentrated on the
core of these structures and their
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properties. Several types of equip-
ment are discussed and some ex-
amples are provided,

Woe continue to study surveying
and control practices that present
special difficulties because of the
shallow water, exposure to waves,
and the rough nature of the break-
water rock. Various recent develop-
ments in electronic and photograph-
ic techniques are being investigated
for their applicability.

Cceoperating Organizations
U.S. Corps of Engineers
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DESIGN OF A SEA-FLOOR WORK SYSTEM

V. C. Anderson

The primary tasks accomplished
durlng this first year have been a)
the development of a "plan of ap-
proach" considering the complete
system design concepts, potential
problem areas, and logical sequence
of development; b) the detallad
stress analysis and mechanical
design of the mantpulator boom; ¢)
the design and fabrication of the
seawater servovalves and flowme-
ters for the control of the manipula-
tor boom; d) the development of the
manlpulater boom control software;
3) the detailed mechanical design of
the thrusters; t) the mechanical
deslgn of a 7-inch L.D. elactronic
pressure case; g) near complstion
of the electronic design of the power
transmission and distributlon sys-
tem; h) near completlon of the elec-
tronic design of the telemetry sys-
tem; i) near completion of the elec-
tronic design and testing of the
vehlcle peripheral processor (VPP)
and development of its monitor
flrmware; j) the detailed electronic
design and control software for a
three-phase controller; and k) the
procurement of the shipboard
development computer components.

A technical workshop was con-
ducted on October 15, 1981, pri-
marily to gain general design infor-
mation for RUM I[l1, especlally look-
Ing for potential prablem areas and
thelr possible solutlons. Partici-
pants In this workshop included
Robert Cordy, NCEL; Richard Blid-
berg and Richard Currier,
MSEL/UNH; Fred Spiess, MPL/SIO;
James Walton, NOSC; and various
MPL personnel who were involved in
RUM Il and the planning for RUM III.
The total system concept and most
of the subsystems were discussed.
Valuable ideas were gained from
Robert Cordy about track systems,
seawater hydraulics, and cable
dynamics. A cooperative exchange
of information about computer
hardware and software continues
between MPL/SIO and MSEL/UNH.

The design, fabrication, and test-
ing of RUM Ill is a complex task be-
cause of the many subsystems that
interface. It requires conslderable
planning and scheduling to provide

orderly and logical initiation and
completion of tasks. A detailed
milestone chart has been complated
to ald In this effort.

The Initial design effort has
focused on the manipulator boom
since it is central to the total system
design. This effort was to analyze
the forces and stresses occurring in
the manlipulator boom and thereby
determine the specific dimensions
of its compeonents. Computer pro-

-grams have been completed for

analysis of the forces on each
structural member of the boom for
any location of the boom end or any
orientation of the three major arms
of the boom. A program has also
been completed to determine the
preferrad orientation of the three
arms that allows the maximum verti-
cal lifting force for a given end loca-
tion.

Results of the computer programs
have clarified the complex dynamics
of a boom that has an extra degree
of freedom, determined the useful
work area of the manipulator and
the maximum force that it can exert
in any directlon, examined the max-
imum mechanical stresses in all
parts of the boom for the proper
selection of materials and optimum
design of component parts, and pro-
vided the necessary information for
the boom control and actuation sub-
systems for optimal boom move-
ment.

The mechanical design of the
boom has been completed and fab-
rication has begun. A prototype
low-pressure seawater hydraulic
cylinder made from fitament-wound
FRP pipe has been successfully
tested and the remaining com-
ponents have been ordered.

Design and fabrication of the sea-
water hydraulic valve system for the
manipulator beom have been com-
pleted. This system includes main
control valves, pilot valves, flow me-
ters, and two microprocessor sys-
tems. The main control valves con-
sist of plastic irrigation valves for
control of 100 psl seawater to and
from the hydraulic cylinders of the
manipulator boom. The throttling of
the control valves Is done by pilot
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valves constructed from electrical
solenoids modified to act as pinch
valves. Flowmeters and a micropro-
cessor along with the valves form a
closed servo loop to eliminate the
nonlinearities of the system. A
second microprocessor will "com-
municate" with the rest of the RUM
Il system, receiving deslred manip-
ulator beom commands and sending
status reports back. This entire
system is packaged in an oil-filled,
pressure-compensated box that will
be mounted on the turret near the
manipulator boom,

The concept of the software for
the control of the manipulator boom
is complete and the beginning pro-
gram has been written. It is antici-
pated that the debugging process
will continue for at least one year
because of the many dynamic vari-
ables that can only be determined
empirically.

The basic thruster design and
testing have heen completed in
another development project (deep
tow thruster pod). The design uses
several seawater-lubricated bear-
ings, a helicopter type wobble plate
providing dynamically variable blade
pitch, and lightwaight plastic con-
struction. Test results indicate the
design exceeds expected perfor-
mance goals. Fifty RPM has been
chosen as the optimum rotational
velocity, giving a thrust-power ratio
of 49.6 Kg/HP for a pitch angle of
14.8 degreas. The design for the
mounting of the thrusters on the
turret and the power drive system
will be incorporated in the turret
design.

Design of an electronics pressure
case has been completed. It uses
7075-T6 aluminum for a cylindrical
case and spherical end caps result-
ing in a minimum weight case and
an abundance of space for electrical
penetrators. .

The design of the power transmis-
slon and distribution system is 80%
complete. A specialized power
transformer has been developed for
the deep tow thruster pod that can
also be used for the RUM Il vehicle
power transformer. This transformer
is designed to operate at saturation



In the low-load condition, utilizing cropracessor will be 68000 mi-
the resistance of the tether cable as croprocessor systems using con-
a hallast load. This permits a varted MPL-ADA monitor and
slgnificant decrease in transformer development system software.

welght while providing some voltage

regulation at the vehicle. Testing of Cooperating Organizations

this transformer has been completed ~ Naval Ocean Systems Center {NOSC)
with good resuits. Flelschmann Foundation

The directional signal transmis- ﬁgg_
slon and cable termination schemes MSEL /UNH
have been designed, breadboarded,
and tested with good results. The
receiver output shows less than 60
db attenuation of transmitted signal
without filtering for frequency
discrimination.

The design of the telemstry sys-
tem is 80% complete. Carrler fre-
quencies and bandwidths have been
selected. Standard filter design
types for all filtering other than hi-
pass/lo-pass crossover In line ter-
mination networks have been
selected. Prototype inductors have
been designed for the crossover
networks. Detailed electronic
design of the telemetry transmitters
and receivers is complete. A 20-
waltt power amplifier for use as a
line driver in the vehicle has also
been designed and a prototype has
been successfully tested.

Development of the vehicle peri-
pheral processor (VPP) Is 95% com-
plete. A prototype clrcult has been
tabricated and tested. Its major
components are a 6502 micropro-
cessor, 2K of RAM, 2K of ROM, 4K
of either RAM or ROM, 2 dual VIA
input-output ports, and an advanced
data link controller. A VPP monitor
has been developed and tested suc-
cessiully. Additions to this monitor
will he made as the total computer
system is implemanted.

The 6502 vehicle peripheral mi--
croprocessor program that produces
the control waveforms for the vari-
able speed 3-phase track drive mo-
tors has been completed and de-
bugged.

The shipboard development ¢om-
puter has been procured. It con-
sists of a Q-bus back plans, an LSI
11/23 CPU board, three VT100 ter-
minals, a Cipher magnetic tape
drive, a Honeywell 8-inch disk drive,
a Microline line printer, a system
power supply, and varicus memory
and peripheral control boards.
These components have been test-
ed and are being assembled. UNIX
will be the operating system.

The shipboard telemstry micropro-
cessor and the vehicle telemetry mi-
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STATISTICAL FORECASTING METHODS FOR FISHERIES

MANAGEMENT

James Wilen and Richard Howitt

Definition of a Case Study Fishery
This project focuses on develop-
ing statistical forecasting models to

better aid fisheries managers in
making regulatory declslons. The
shrimp fishery is particularly In-
teresting because little formal work
has been done to analyze the deter-
minants of fishing pressure, particu-
larly the pressure on specific
grounds. We have developed
models of fishermen's expectations
and of optimal search/flshing deci-
sions In order to predict where
fishermen will concentrate effort and
how affort will shift in response to
c¢hanges in their decision environ-
ments.

The principal problem in deflning
a suitable fishery for a case study of
the stochastic nature of flshing de-
cisions was finding a suitable data
set. The ability to detect the stra-
tegic reaction that fishermen may
have to updated information neces-
sitated continuous time data on
fishing location, effort, and catch by
boat. In the absence of this detailed
information one would be unable to
empirically detect wheather fisher-
men were reacting to updated Infor-
mation in the form of recent catch
and location data, or whether they
were following a pattern of fishing
that was not modified by short-run
information.

From the outset, we decided that a
practical method of incorporating
updated information would be on a
"decision relevant’ basis. Clearly if
strategic behavior alters the use
fisharmen make of the information,
the value of providing updated infor-
mation has to be modified. After ex-
tensive interviews and several field
trips, the California pink shrimp
fishery was selected since It had
enough boats (20) in a small area to
provide incentives for strategic
behavior and a complete data set
that covered boat number, trlp
number, port where the landings
were made, Loran A number for both
the get and the lift, time of day for
set and lift, depth of set, estimate of
catch for that set, and the actual
landings for the trip. Boat charac-

teristics such as length, beam, net
tonnage, horse power, year built,
year purchased, and home port were
collected. Some additlonal informa-

" tion on the rlg and equipment was

collected.

The data had to be hand tabulated
from the Department of Fish and
Game records and shrimp licenses
and then punched, verified, and
transfaerred to computer tape. This
data set Is being used to estimate
statistical models of fishing deci-
sions.

Preliminary Strategy Analysis

Analysis of the data has been
ongoing most of the past year. The
underlylng theory for the equation
specification is that fishermen act to
maximize their expected profits. At
any given time, fishermen's expecta-
tions are a stochastic function of the
alternative catches and costs of a
subset of possible fishing locations.
We assume that the expectations
are constantly being revised on re-
ceipt of additional information on
catch and location throughout the
season. Clearly the new information
is weighed against a set of more
permanent expectations or practices
based on less rapidly changing vari-
ables. The present statistical formu-
lation is a multinominal togit
specification.

The lagit framework is favored be-
cause the expected catch is as-
surned to be based on lagged values
of catch from each area, the
relevant information set from which
past catches are drawn being based
on statistical tests. The fishing area
covers approximately 200 miles of
coastline ranging from just south of
California’s northern border to just
north of Fort Bragg in 60 to 100
fathoms of water. The fleet is based
mainly at Crescent City and Eureka.
This suggests the possible grouping
of beats with the same home ports
into information groups, that is, past
catches for boats In a group may
come from boats only within that
group. Unfortunately, it is certainly
not this simple, and other schemes
will be formulated.
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The final product of this estima-
tion will be a statistically estimated
set of probabilities that are function-
ally related to the included indepen-
dent variables. This will allow pre-
diction of destination cholce by
fishermen. It should yield a picture
of the organization of information
axchanges and some welfare and
policy statements, such as an esti-
mate of producer’s surplus. ltis
also possible to invert the resuiting
probabilities and obtain the expect-
ed caich, which would be helpful in
management of the fishery.



Cooperating Qrganizations

California Department of Fish and Game {Statistical Divislon)
Califarnia Sea Grant Marlne Advisory Program

Dennls King — private fisheries consultant

Natlonal Marine Fisheries Service {Seatilo, WA)

National Marine Fisherles Service {La Jolla, CA)

QOrsgon Department of Fisherles

Unlversity of Catifornia, Santa Barbara

Universlty of Californla, Berkeley

Publlcations

EaLes, J. anD WILEN, J. 1982, An empirical example of searching behavlor In the pink
shrlmp fishery. Pregented at the Society for Industrial and Applied Malhematics
(S1.AM) Conference, Stanford Universily, August 1982.
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MANAGEMENT OF MULTISPECIES SYSTEMS:

THE PACIFIC HAKE EXAMPLE

Dante! Goodman and Payson Stevens

Two landmark pieces of legisia-
tion, the Fishery Conservation and
Management Act of 1972 (FCMA)
and the Marine Mammal Protection
Act of 1976 (MMPA), expllicitly set
ecosystem lavel criterla under which
biological resources of the sea
should bs managed. These substl-
tute for the traditional goal of max-
Imum sustainable yield (MSY),
based on single spacies concepts, a
goal of population management that
takes into account the effects of
other species on the target popula-
tion and the effects of the target
population on other specles In the
system. Management of a mul-
tispecles system will be investigated
using the Pacific hake example.

Pacific hake, Merluccius pro-
ductus, are found off the coasts of
Washington, Oregon, and California
In numbers that could support a
much larger harvest than is current-
ly taken. The hake is not very desir-
able as a food item In the United
States, so the market for it Is weak
and the U.S. fishery is under-
developed. Foreign fleets, especlal-
ly Russlan, have at times taken a
substantial hake catch inside the
U.8. 200-mile limit {Bailey et al. in
press). The history of the catch per
unit effort of hake by the USSR and
Poland in U.S. waters Indlcates that
stock size of hake, over a 14-year
period, was not affected by these
foreign harvests.

Many policy questions arise with
regard to the merits of encouraging
development of a U.S. fishery for
hake, and appropriate pollcy for reg-
ulating the foreign catch. Underly-
Ing these are fundamental blological
questions regarding the conse-
quences for the ecosystem of har-
vesting a species which stands in
the relation of competitor, predator,
and prey to various other specles
involved In Important fisheries. The
complexity of these biologlcal ques-
tions is well known. The complexity
of the policy considerations bearing
on regulation of the foreign catch Is
lltustrated by the fact that recent
political events having no direct
connéctions to fisheries led to a de-

cision to close U.S. waters to the
Russian fleet, with the consequence
that the Russian flshery is now con-
ducted via a formal institution of
joint ventures.

In practice, it has proven difficuit
to specify mathematically how the
new multispecles management pro-
gram should be formulated. Further-
more, there is serious concern
whether the data requirements for
the application of the criteria set in
the Fishery Conservation and
Management Act and Marine Mam-
mal Protection Act to actual
fisheries can be met.

Wa intend to investigate both the
thearetical and practical problems
by carrying out an analysls of mul-
tispecies considerations bearing on
the management policy for the
Pacific hake fishery.

The overall project objective is to
produce a multispecles modse! that
will focus on the ecological and so-
cial consequences of management
decisions regarding the Pacific hake
fishery. The intaractions that will
receive most careful examination
are hake predatlon on pink shrimp,
marine mammal predation on hake
and shrimp, and Incidental catch of
other related-specles during the
course of hake fishing. The model
and its analyses will then serve as a
test case for application of mul-
tispecies management criteria, and
these will be examined in light of
our experlence with the hake model.
The first year of this study was de-
voted primarfly to accumulation of
background materlal concerning the
basic biology of the hake, the
economics of the hake fishery, and
likely important interactions of hake
with other speciss.

We have concluded our review of
the natural history of the Pacific
hake, and have produced a mono-
graph on that tople and contributed
to a review coauthored with two Na-
tional Marine Fisharies Service
{NMF8) scientists. Thls accumula-
tion of background Information be-
dan with a compendlum of data on
abundance and distribution. The
natural history and annual migration
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pattern of the hake is shown Iin
figure 1. Seasonal abundance pat-
terns of the larvae indicate that
between 1963 and 1979, the
greatest number of hake larvae were
found between January and Febru-
ary (Balley et al, in press). The
geographic distribution of reproduc-
tion Indicates that along the Callfor-
nia coast, from San Francisco to
San Diego and from central to
southern Baja California, large
numbers of Pacific hake eggs and
larvae are found in January. A his-
tory of larval abundance, by Staulfer
and Smith (1977), shows that
spawning stock of hake decreased
in the late 1960s to early 1970s
compared to earlier years, and re-
cently has increased to pre-1960
levels {Bailey &t al, in press). Bailey
ot al. {in press, data from Alton,
1972} In their study on the depth
distribution of hake with respect to
season, showed that there was a de-
crease in the average dapth of
catches In bottom trawls in the early
summer and an increase In the fall.
In the temperature-salinity structure
of waters where hake have been
found abundant, spawning appears
to commence when adults migrating
south arrive in warm, saline south-
ern waters (Bailey et al., in press).
Major blological interactions are
schematized most convenlently in a
food web. Figure 2 represents a
simple food web for the hake, and
includes those interactions which
are probably the most important.
Our current sfforts are devoted
malnly to attempts to attach specific
numbers to the stock slzes and rate
coefiicients which are important
quantities and linkages in that web.
To date, we have had best success
in locating data relative to the
hake's role as a significant predator
in the coastal system. Information
on prey composition (data from
Gotshall, 1969; Outram and Haegls,
1972; and Alton and Nelson, 1970)
show that the rate of hake predation
on suphasiids is a function of hake
body size (i.e., larger hake eat more
fish and less euphasiids). Seasonal
variation in retative frequency of the



hake's food items show that crusta-
ceans, which are the hake'’s major
food source in the spring and sum-
mer, decline in frequency as a prey
item in the winter. In winter, fish be-
come the dominant food source.
The diurnal migrations of the hake
have been compared to the migra-
tien of their primary prey, seuphasi-
ids, as a possible adaptive mechan-
ism {Alton and Nelson, 1970). The
question of biologlcal interactions
was motivated by the thought that if
the hake is an Important competitor
of (or predator on) some species
which is the basis of a U.S. tishery,
then it might be desirable to en-
courage a higher hake catch for the
indirect benefit which would accruse
through the reduction In that com-
petition or predation pressure. A
prime candidate for such an inlerac-
tion is the predation of hake on pink
shrimp.

Important pink shrimp fishing
grounds overlap the range of the
hake population {Stevens, submit-
ted}. Data on occurrence of pink
shrimp in the diet of the hake have
been shown by Stevens (submitted).
The relative shrimp consumption by
different size classes of hake indi-
cate that the larger hake appear to
consistently eat more shrimp than
smaller hake. The pressntly avail-
able quantitative Information can be
utilized to computa the actual im-
pact of total hake predation on the
stock of pink shrimp (Stevens, sub-
mitted; Ehrich et al, 1980}, These
calculations indicate that the impact
could be very substantial. The his-
tories of hake and plnk shrimp fand-
ings show an increase In shrimp
catch concurrent with Increases in
the hake catch (Bailey at al, in
press), suggesting that the hake
fishery might indeed improve condi-
tlons for the shrimp. However, when
this information is reexpressed as
calch per unit eftort, which ought to
be a better indicator of the respec-
tive abundances, this relationship is
not apparent {Stevens, submitted).

We are now ogcupled in attempts
to refine the estimates of those
parameters which contrlbute most to
the present range of uncertainty re-
gerding our assessment of the pos-
sible role of hake in depressing pink
shrimp populations. Incidentally, we
thought there might also be a hig-
loglcal question concerning the role-
of hake as an important food item in
the diet of other organisms.

Data on the consumption of hake
eggs and larvae by likely predators
indicate more predation on yolk sac
larvae than on eggs but consump-
tion of both could be substantial.
These larvae seem vulnerable to in-
vertebrates such as some specias
of amphipods, ¢crab larvae,
copepods, and medusae. We be-
lieve that there might alse be an im-
portant blological and management
question concerning the role of

hake as a major food item In the diet _

of some marine mammals, notably
sea lions, in which case there might
then be reason to discourage har-
vest of the hake, In order to maintain
the mammal population {though it
might be argued that marine mam-
mals compete with us for fish). This
interaction will be pursued in the
current year’s investigations.

One additional Interaction that is
more a function of the fishery pro-
cess than of stricily blological in-
teraction, is the involvement of in-
cidental catches, such as sable, in
the hake harvest. Since these can
have important policy implications,
resulting in the closing of this and
other figsheries when some limit is
exceeded, these too are being in-
vestigated. . :

Qur efforts during the first year
were based on literature searches
and personal interviews. To this
end, the trainee on this project, Pay-
son R. Stevens, hag traveled to  ~
Seattle, Portland, and Santa Cruz to
use the libraries at NMFS and
University of Washington, and the
files at NMFS and the Pacific
Fishery Fishery Management Coun-
¢ll, and to discuss matters with
sclentists at these institutlons and
with representatives of the fishing
industry.

Finally, in order to convert infor-
mation on stocks to information on
rates, we have considered available
life table data for the hake. These
include the vital rates deduced in
part from data on age distribution
(Bailey and Ainley, in review; and
Balley st al,, in press), the calculat-
ed mortality rates based on fertility
and survival {Bailey et al, In press),
the growth rates of hake as a func-
tion of age or size (Balley et al., in

" press; and Bailey and Ainley, in re-

view), and the fitted Bertalanffy
growth equation (Balley et al, in
prass).

The primary 1981-82 gbjectlves
have been to construct a working
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computer model of the Paclfic hake
system based on relevant stock and
rate processes. Specific objectives
include 1) reviewing mathematical
theory of multispecles fisheries, 2)
incorporating into the model addi-
tional Information on the interaction
of Incidental catches in the hake
harvest, 3) evaluating the conse-
guences of possible policy options
based on the model, and 4) explor-
ing the predictive capacities of
present uncertainties in the data.

Preliminary ecological modeling
has been approached through com-
pilatlon of Information for energy -
budgets of hake feeding and arowth,
and for relating these quantities to
the potential impact of hake feeding
on the stock of pink shrimp.
Theoretical modeling has been pur-
sued via analysis of the nature of
regulatory feedback in a variety of
one-, two-, and three-species model
systems. In the final year of the
projact, these models will be
analyzed in greater detall with re-
gard to the consequencas of
different sorts of regulatory feed-
back under harvest.

The work of the: past year and a
halt has resulted in the production
of two major papers presented at
workshops {the November 1981
First Western Groundfish Confer-
ence at Glendon Beach, Oragon,
and the January 1882 U.S.-
Canadian Technical Subcommittee
Pacific Whiting Workshop). The first
of these papers (CalCQOFI Reports,
October 1982) deals mainly with
background biological information.
The second paper emphasizes poli-
cy optlons bearing on development
of the fishery and describes the in-
stitutional framework within which
these decisions must be made. Key
features of the discussion are an
analysls of the present rale of joint
ventures in the fishery, and an as-
sassment of the possible interaction
betwesn the hake and pink shrimp
fishery {(which appeared as a techni-
cal report to U.S.-Canadian Sub-
committee on Pacific Whiting).
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Figure 1. Migratory patterns of Pacific whiting.
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Figure 2. Food chain: Paciflc whiting, Merfuccius productus.

229




Cocperating Organizations

Natlonal Marine Fisherles Service
Qrogon Department of Flsh and Wildlife
Paclfic Fishery Management Councll

References

Auton, M. 5. anp NeLson, M. O. 1979, Food of the Paclfic hake, Meriuccius productus,
in Washington and northern Qregon coastal waters. USFW Clrc. 332:35-42.

Baey, K. M. anp AmLey, P, The dynamies of the Californla sea llon predation an Pacific
hake. (in review).

BalLeY, K. M., FrRancis, R. C., anD STEvens, P. R. 1982, The life history and fishery of
Paclflc whiting, Merluccius productus. Processad Report 82-03. Northwest and
Alaska Fisherles Center, NMFS. (Under review).

ExricH, S., Momeeck, F., ano Speiser, G. 1980. Investigations of Paclfic haka stoek in
the NE Pacific. Arch. Fiach. Wiss. 30{1)L:17-38.

GorsnauL, D. W. 1969. Stomach contents of Pacific hake and arrowtooth flounder from
northern California. Cal. Flah. Game 55:75-82.

Outram, D. N.anp Hagawe, C. 1972, Food of Pacific hake, Merlucciug groductus, on an
offshore bank southwest of Vancouver Island, British Columbia. J. Fish. Res. Bd.
Can. 29:1792-1795.

STAUFFER, G. D. anD SMim, P, E. 1977. Indices of Paciflc hake from 1951-1976. Admin.
Rept. No. LJ-77. Southwest Fisherles Center. -

Stevens, P. R. Submiited. Paclfic whiting: a multispecles management problem.

Publications

BaiLev, K. M, Francig, R. C., anp STevens, P. R, 1982. In The life history and fishery of
Paclfic whiting, Merlucclus productus, J. Olfe and M. L. Cook, eds. CalCOF] Repori.
Volume 23.

Baney, K. M., Francis, R. C, anp Stevens, P. R. 1982, The life history and fishery of
Pacltic whiting, Merlucclus productus. Processed Report 82-03. Northwest and
Alaska Fisheries Center, NMFS. (Under raview).

Stevens, P. R. In press. 1981. A llterature review of the natural history of Paclfic whii-
Ing. NMFS Report.

Stevens, P. R. Submitted. Paclfic whiting: a multispecles management problem.

230



—_— A

IMPROVED PROCEDURES FOR SALMON MANAGEMENT IN
CALIFORNIA: BIOECONOMIC APPROACHES

James E. Wilen and Louis W. Botsford

With limited time and funding, we
cenfined our efforts to two specific
issues: the cycles In abundance of
salmon catch and estimatlon of fac-
tors Influencing effort In the sport
fishery. We also collected data and
background material for further work
on predicting salmon abundancs.

We first showed that cycles in sal-
mon catch ware significant and just
as strong as cycles In crab catch
(Botsford et af, Submitted). We then
showed that the cycles were not as
strong In gilver salmon as In King
salmon, but this result |s tempered
by the paucity of silver salmon data.
The cycles were present in central
California before the decline of the
c¢rab population but ware not as
strong following the decline. Since
salmon and crab fishing seasons
overlap, decreased northern Califor-
nia salmon catch in years of high
northern California ¢rab catch could
have been caused by decreased
effort in the salmon fishery bacause
of fishermen continuing to fish crab
rather than switching to salmon. We
showed that this was not the case.

~ Thus, the cause of cycles in salmon
catch Is stlll unknown.

The economic segmeant of this
study was impacted by a 3-month
dselay In obtaining environmental
data. While some of the aggregate

- catch, effort, and meteorologlcal
data has been analyzed for possible
interrelationshlps, much better
results are expected from recent
data at shorter time scales.

In addition to the above concrete
results, we have also gathered infor-
matlon on available Californla data
and related work conducted by the
California Department of Fish and
Game, on significant factors
identifled as affecting salmon abun-
dance In Oregon and Washington,
and on methods used to predict sal-
mon abundance in Alaska.

University of California, Davls
R/MA-3
1980-81

Cooperating Organizations

Califarnia Department of Figsh and Game

Natlonal Climate Center

Paclfic Environmental Group, National Marine Fisheries Service
Salmon Plan Pevelopmant Team, Paclfic Fishery Management Council
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ANALYSIS OF INDUSTRIAL ORGANIZATION OF COMMERCIAL
PACIFIC MARINE FISHERY MARKETS

Leon Garoyan

Data for the analysis of specified
marine specles were obtained from
the Pacific Coast Fisheries data
base for the years 1974-76 from
respective fish regulatory agencies
in California and Washington, and
for the year 1976 in Qregon. In
1982 this data base was supple-
mented with data for 1978-80 for
California, Oregon, and Washington.
Additional information was obtained
this year on dealer {buyer) concen-
tration for each selected species for
each port in order to complete the
process of data-base preparation.
Many technlcal problems have besn
encountered with the Washington
data, requiring large expenditures of
time and money for preparing the
data for analysis. Also, Oregon has
been unabte to provide buyer con-
centration data, preciuding the use
of one variable deemed significant
by the project leader.

Analysis of variance has indicated
prices paid to fishermen for identi-
cal species, during identical weeks,
vary in like ports (ports having simi-
lar fishing fleets, market, and trans-
portation conditions). Two
econometric models were developed
and tested to help explain such
price variations, uslng cross-
sactional time serles data. A price
differential model was selected over
a seemingiy unrelated model, largely
because of the nature of the avail-
able data. In addition, the selected
model enables a more precise test
of significant price differences than
did the earliesr ANOVA.

The price differantial model has
been tested with ground fish pur-
chases during each year (1974-76)
in the port groupings shown in table
1

Regression analyses utilizing the
price differential model applied to
Dover sole, Rex sole, and sablefish
prices in those ports where the
price differential was statistically
significant ylelded the conclusion
that the market supply {quantity) of
these species was the significant
variable explaining price differences
between ports. 1h the application to
price differences for sablefish, buyer

concentration was a significant vari-
able In some port groups.

Results of the regressions will be
used during Interviews in appropri-
ate ports to determine institutional
explanations far other price varia-
tions not accounted for statistically.

Table 1

California: Avallability of Data for Testing Specified

Bottom Fish, 1974-76

Unlversity of California, Davis

Dover Sole Rex Sole  Sablefish
Port Group 1
Crascent City Y Y Y
Fort Bragg Y Y Y
Eureka Y Y
Port Group 2
Bodega Bay Y Y Y
San Franclsco Y Y Y
Sausalito N N N
Port Group 3
Moss Landing Y Y Y
Monteray Y Y Y
Port Group 4
Morro Bay Y Y Y
Santa Barbara . Y Y Y
Port Hueneme N N N

Y = Data available for testing all variables through

regression analysis.

N = Signiflcant data gaps preclude testing of the modal.

Cooperating Organizations

Callfornla Department of Fish and Game

Californla Sea Grant Marine Advisory Program

National Marine Fisheries Service
Oregon Department of Fish and Game
Washington Department of Fisheries
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A STUDY OF DIRECT AND INDIRECT ECONOMIC LINKAGES
ASSOCIATED WITH THE CALIFORNIA SEAFOOD INDUSTRY

AND AN ANALYSIS OF THEIR IMPACTS ON THE
EMPLOYMENT, INCOME, AND LEVEL OF ECONOMIC

ACTIVITY IN CALIFORNIA
Dennis M. King

The overall goal of the project was
to construct an Input-output model
of California fisheries and seafood
Industries. The model must de-
scribe how Callfornla fisheries are
linked with the rest of the California
economy and be capable of gen-
erating economic multipliers to show
how biological, economic, and regu-
latory changes related to fisheries
throughout Californla.

. The fish harvesting and process-
Ing Industries in Callfornla were ag-
gregated Into Industrial sectors {19
harvesters and processors), and a
400-sector input-output model of
the 1977 California economy was
collapsed to 30 sectors and updated
to 1980. Economic information for
fish harvesters and processors was
collected from secondary data, mail
surveys, face-to-face Interviews, and
data review sessions with industry
and government [eaders.

The research resulted in three
tables that are useful for evaluating
the economic impact of fisheries.
First, the fish production matrix
shows the dollar value of each of 14
species of fish landed by each of 19
Calltornia fleets. Second, a fish-
processing matrix shows the value
of fish purchases of each of the 14
species by each of 9 fish-
processing sectors. Third, and most
usefui, the Leontlefi-type input-
output model shows the dollar trans-
actions that link the 19 harvesting
sectors and 9 processing sectors
with each other and the 30
nonfishery sectors of the California
input-ouiput model. The mode! also
shows fishery-related purchases
and sales from outside California
and transactions with California
households through the payment of
wages, rents, and Interest, and the
selling of fishery products.

The analysis of the data through
the input-output model also results
In economic multipliers which are
useful for governmeant and industry
decision-makers. Each dollar of
sales by each sector generates

sales, income, and taxes in other re-
lated industrlal sectors estimated
through the model. The impact of
changes that affect one or mors flsh
harvesting or processing sectors
can likewlse be estimated by apply-
ing multipliers to projected direct
changes in salas by each sector.
The modal describes the 1980
California economy and needs to be
adjusted when conditlons change
significantly from those that existed
during 1980. However, the techni-
cal relationshlps described In the
model and the general magnitude of
the multipliers will remain useful for
several years and provide a founda-
tion for updated or extended modasls.

Cooperating Organlzations
California Department of Fish and Game
California Sealood Instiluia

Center for Marine Studies, San Diego State University

Nationat Marine Flsherles Service

Pacific Coast Federatlon of Fishermen's Organizations

U.S. Coast Guard
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TECHNOLOGICAL CHANGE IN THE SALMON CANNING
INDUSTRY: BLAINE, WASHINGTON, 1890-1930 '

Harry N. Schelber

The investigation's main purpose
is to study patterns of technolegical
change in the canning Industry and
Interrelationships between such
change on the one hand and public
policy, business strategy, labor, and
marketing on the other. Initially the
focus was on a single cannery, at
Blaine, and on the San Francisco-
based Alaska Packers' Association.
In his research, trainee Patrick
O'Bannon investigated a wide
varlety of data sources — including
government documents, company
records, trade journals, newspapers,
and private letters — making it
feasible to expand the scope of the
study to encompass the entire
Pacific Coast salmon canning indus-
try in the 1890-1930 period.
Significant differences in innovation

patierns between major lisheries re--

glons_have been Identified, and
these differences apparently were
ag significant as common patterns
that have been identifled.

Research — conducted in libraries
and archives in all three Pacific
Coast states and In British Columbia
— has vielded much data on wages,
labor force, production techniques
and costs, marketing, and profits.
When completed, O'Bannon's
dissertation will offer not only an
analysis of technological innovation
and historic development of a major
flsheries industry but also a reposi-
tory of systematized quantitative
data on important aspects of the
history previously given little atten-
tion by scholars. Research to date
has revealed that the canneries
owned by the Alaska Packers Asso-
¢clatlon in Alaska contlnually exhlbit-
ed a higher degree of mechanization
than canneries located elsewhere.
The study will identlfy specific link-
ages — to fishery ylelds, labor sup-
ply, market changes — that explain
differential regional patterns of inno-
vation in the industry; it will also
cast light on economies of scale In
relation to historic technological in-
novatlon.

Thus, the dissertation, now naarly
completed, will provide a regional
history of an important Pacific Coast

industry. The initlal goals of the
study — to reveal patterns of
change in the Blaine operation —
have been broadened to embrace
collection of data on the entire
Pacific Coast region; but the metho-
dology remalns essentlally that of
the history of technology and of
business and economic history.
O'Bannon presented a portion of
his work to an audlence of scholars,
government personnel, and industry
representatives at a conference on
agricultural marketing, sponsored by
the Agricultural History Society, at
the University of Callfornla, Davis in
June 1981; the paper wlll appear
shortly in the society's fournal, Agri-
cultural History. The dissertation
should be completed and submitted
to the UC San Dlego department of
history during the late winter of the
current, 1981-82, academic year.

Cooperating Organizations

University of Callfornia, Berkeley
Unlversity of California, San Diego
R/MA-6

1980-81

Alaska Packers Assoclatlon, a division of Del Monte

Alaska State Historical Library

Bancroft Library of the Unlversity of Calliornla at Berkeley
Center for Paclfic Northwest Studies at Western Washington Unlversity

Oregon Historical Soclety
Unlversity of British Columbla
University of Washington
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A HISTORY OF THE COMMERCIAL FISHERMEN
OF MONTEREY BAY—THE ROLE OF PUBLIC POLICY

W. Elllott Brownlee

DOuring 1980-81 the trainee
identifled, collected, and partially in-
terpreted data relating to the history
of the Monterey Bay fishery. The
emphasls was on how public pollcy
declsions have affected the fishing
community. After collecting docu-
'ments, reports, newspaper articles,
etc., a decision was made to con-
centrate first on the relationship of
the fishing community with public
pollcy agencies at all levels of
government. The result of this ap-
proach |s entitled, "Commercial
Fishermen and the Process of Verti-
cal Mobility: A Working Paper.”

The paper demonstrates the his-
torical relationship of fishing com-
munitles within the larger communl-
ty — both local and national. This
approach recognizes that commer-
clal fishermen have been mainly
southern Europeans who faced the
hardships of belonging to an ethnic
minerity group that was Catholic
and whose native tongue was not
English. Furthermore, as fishing
was and Is conceptually nonindus-
trial, fishermen had little prospect of
upward social mobility in the U.S. In-
dustrial setting from the late
nineteenth century to the present,

During 1981-82 the trainee was
engaged In the interpretation of data
collected over the previous year. He
concentrated mainly on material col-
lectad from state and federal agen-
cies relating to the sardine Industry
from 1900 to 1949 in Monterey Bay.
Basically the data indicates that
there was a reluctance on the part
of the California State Legislature to
delegate any meaningful authority to
the state's fish and game authorities
to enable them to regulate the
state's largast fishery.

The demise of the sardine fishing
population was not something that
was unexpected when it ¢ceurred in
the late 1940s. From 1919, at the
beginning of the large-scale com-
mercial sardine fishery, various
state fish and game researchers
warned of the impending disaster in
the commercial sardine fishery.

Only once, in 1929, was there a
strong movement — supported by

fishermen, processors, and state
agencies — to control the yearly
catch. Unfortunately, offshore
reduction plants, working outside of
the state’s jurisdiction, became the
scapegoat for the regulation of the
industry. Reduction interests, based
on shore, complained that they
would be unable to compete
economically with the offshore
reduction plants if they were forced
to adopt a yearly quota. This and
the worsening economic depression
of the 1930s put a halt to Imposing
a yearly catch limit on the sardine.

However nacessary this may have
been during the heyday of the
"floaters,” once they disappeared in
the mid-1930s the shore-based
reduction interests used other argu-
ments to put off any serlous action
toward establishing a yearly catch
limit for sardines. At first the reduc-
tion interests used the depresslon
as an argument against the enact-
ment of a ¢catch limit; unemploy-
ment, then as now, is a strong politi-
cal weapon. In addition, due to the
heavy profits on the resulting meal
and oil, more and more reduction fa-
cilities were installed In canning
plants. These investments plus the
threat of idle workers resulted in
yearly catches of 500,000 to
700,000 {ons of sardines, a far cry
from the 250,000 to 300,000 tons
recommended by fishery scientists.

The Califarnia commerclal sardine
fishery was able to come to prom-
inence because of World War |.
Canneries in Monterey were built
one after another to supply both ex-
port and domestic demands for a
meat substitute from 1915 to 1918,
With the advent of another war in
1939, the canning part of the sar-
dine industry, which was on the de-
¢line in the 1930s, received a shot
in the arm as it was revltallzed, first
for export trade with the allies, then
for domestic usage. The wartime
need further stalled any thought of a
yearly catch limit on sardines.

With the end of the war came the
end of the sardine industry. From
1948 to 1949 the catch was very
sporadic, forcing Monterey's fishing
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fleet to go farther south each sea-
son until there was little reason for
Monterey's cannerles to remain
open. One by one, the plants along
Montarey's famed Cannery Row
closed. One plant, built at the end
of the war in antlcipation of contin-
ued prosperity, was never opened;
its equipment was finally sold to a
Peruvian company in the early
1950s.

There are two maln scientific ar-
guments for the demise of the sar-
dine fishery. One group of scien-
tists, from the U.S. Department of
Fish and Wildlife, argued that
changing environmental conditions
forced the sardine spawning popula-
tion into other waters and this led to
a decline of adult fish., Another
group, represented by the California
Fish and Game Department scien-
tists, argued that the decline was
simply due to overtishing, an argu-
ment they first proposed in the in-
fancy of the Industry. Regardless of
which argument is correct, or if the
truth lies in a combination of the
two, this is not really the whole is-
sue in the sardine matter. What lies
at the heart of the sardine failure, in
the 1940s {or at a future date), we
believe, was the reluctance of the
California State Legislature to allow
its own scientists and regulatory
agencies to have a meaningful say
in the future of the fishery. Instead,
it seems the legislature took the po-
litically expedient way out and noth-
ing was done.



THE ROLE OF INDIVIDUAL PERCEPTION AND STRUCTURAL
POSITION IN THE DEVELOPMENT QF FISHERY

MANAGEMENT POLICY

Michael K. Orbach and Biliana Clcin-Sain

This 1-year project had three ma-
Jor goals: 1) to trace and define the
set of actors and issues involved in
the development of the northern an-
chovy Fishery Management Plan ap-
proved by the Secretary of Com-
mercs in 1978; 2) to reconstruct the
course of pollcy formulation as the
Fishery Management Plan pro-
gressed through the development
and implemantation process; and 3)
to map, through in-depth interviews
with all of those in the policy net-
work, the differing perceptions and
representations of policy issues and
their Implications for the policy pro-
Ccess.

Beginning in November 1980, a
series of preliminary interviews were
performed with individuals known to
have played key roles in the ancho-
vy Fishery Management Plan (FMP).
Using an iterative key informant ap-
proach, a network of individuals was
Identified which ran from the fisher-
men and thelr representatives in
southern California at one end to
persons In the Office of the Ad- |
ministrator of the National Oceanic
and Atmospheric Administration
(NOAA) at the other. Using a varisty
of boundary test procedures, this
network was validated and used as
the universe of interviewees.

Te reconstruct the course of poli-
¢y formation as clearly as possible
prior to the interviews with network
participants, several sources of in-
formatton were collected and
analyzed., Minutes of the Pacific
Fishery Management Council meet-
Ings from the council's inception in
1978 to the present were searched
for references to material or discus-
stons related to the anchovy FMP
and for general information concern-
ing the nature of the FMP process In
the 1977-78 period during which
the anchovy FMP was beaing
developed. The National Marine
Fisherles Service's ARIS file was
searched for all material related to
the anchovy FMP, and the relavant
data collected and summarized. All
drafts of the FMP itself were assem-
bled, and the changes from draft to

draft noted and keyed to councll,
NMFS, and other activitles occurring
concurrent with the production of
each draft. All available technical
and popular reports and articles
concerning the anchovy fishery in

- general, and specilically the way in

which the various scientific parame-
ters were taken into account In the
development of the management op-
tlens, were collected and anaiyzed.,

Beginning in March 1981, Inter-
vliews were conducted with all of the
individuals identified in the task cit-
ed above. All 30 of the individuals,
who were widely dispersed in Cali-
fornla, Oregon, and the Washington,
D.C. area, expressed interest In and
agreed to be interviewed, and a
100% sample of the network was
obtained. The interviews averaged
approximately 2 hours each, and
some Individuals were contacted
one or more times after the inltial In-
terview for further informatton or
clarification. The interviews were
admin|stered from a common inter-
vlew instrument and addrassed the
FMP process, policy issues, the
Informant's role in the process, the
roles of other individuals, agencies,
and instltutions, the role of flexibility
and personnel turnover, the impact
of the Figsheries Conservation and
Management Act on anchovy
management, and the informant's
evaluation of outcomes. Information
from these interviews is presently
being coded and analyzed.

Prellminary analysis of our data
indicates that all three of the origl-
nal hypotheses set out in the
research proposal were valldated
and accepted.

Hypothesis One. For a given
FMP, there exists a speclfic network
of individuals ranging from fishery
constituents to persons in the Office
of the Secretary of Commerce
whose activities and decisions play
primary roles In policy developmaent
and implementation for that FMP.
Further, these individuals may not
be the "normative” decision-makers
but staff personnel, attorneys, or
even individuals outside of the
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agencies or counclils themselves.
The network we identified for the
Northern Anchovy FMP numbered
approximately 30 people, relatively
evenly distributed among the
numerous organizations involved
with the anchovy fishery or fishery
management, but who as a group
constltuted an interconnected and
definable network that was relatively
constant over time, and whose
behaviors and perceptions were
regular and recordable,

Hypothesis Two. The different
structural positions, backgrounds,
and information resources of the in-
dividuals in this network result in
significantly different perceptions of
pollcy questions and issues with
respect to a given FMP. A case in
point is the question of the U.S.-
Mexlco relationship with respect to
anchovy management. At the local
and regional levets of the network,
this guestion was raised as a major
policy Issue. At the national Jevels,
however, this was often not even
ralsed as an issue. This was a
somewhat unexpected finding, the
apparent cause of which is the per-
ceived lack of any approprlate con-
text within which to effectively deal
with such an issue on the part of
senior NMFS and NOAA persannel.

A second example is the problem
of "multiple hats” worn by key indivi-
duals at the regional level of the
network. Many of these Individuals,
bacause of their particular back-
grounds or expertise, found them-
gelves having to adjust their partlci-
pation in the process to fit the par-
ticular context in which they were
expected to perform at a given time,
contexts which were switched fre-
quently. Thus a member of the Plan
Development Team who was also an
employee of the California Depart-
ment of Fish and Game had to
"switch hats" depending upon
whether he was performing a given
function for the California Fish and
Game Commission or the Scientiic
and Statistical Committee of the
Council. This created considerable
role stress for these individuals,
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Many such examples were collected
from the Interviews to validate this
hypothesis.

Hypothesls Three. The structural
and perceptual differences that ex-
ist within the network create poten-
tlal and actual Impediments to uni-
form and coherent policy develop-
ment and Implementation. Some of
the same examples clted previously
address this hypothesls also. The
preoccupation of many of the re-
gional network participants with the
Mexlcan issue, an issue which was
not even considered a realistic por-
tion of this particular FMP process
when the original FMP was belng
developed by others in the process,
led to some degree of Inefficlency of
effort In the development of the FMP
by siphoning off effort that could
have been more usefully directed at
an outlet with more potential for
effective actlon.

As another example, the general
assumptlon at the reglonal level was
that the tnnovative optimum yield
"formula" contained in the anchovy
FMP was a less-than-welcome per-
turbation in the process at the
Washington, D.C. review leval. This
turned out to be in fact quite untrue,
in that the NMFS (Washington
offlce) personnel in particular, after
some lnitlal procedural and legal
questions, welcomed the formula
approach as an Integral part of a
new process they themselves had
hesn attempting to develop for some
tima. A third example is the very
uneven distribution of knowledge
and awarenass of the facts con-
cerning ability and Inclination of the
Department of Fish and Game and
the National Marine Fisheries Ser-
vice to actually regulate the fishery,
an abllity which historically has lain
— and even with the FMP in place
contlnues te lay — with the state.

In addressing these three hy-
potheses, this project has un-
covered a series of interesting and
in some cases unexpected proper-
tles of the policy development and
implementation process as it was
constituted In the case of the north-

ern anchovy FMP. Many of the Cooperating Organizations
- findings are also generalizable to Callfornia Department of Fish and Game
the policy process in gensral, and Californla Fish and Game Commission
further analysls of the data in the Department of State
next few months will elaborate on Fisheries Management Division of the National Marine Fisheries Service
these findings. Living Marine Resources Inc.

Natlonal Marlne Fisheries Service

MNatlonal Oceanic and Atmospheric Adminlstration
Offlce of Resource Conservation and Managemant
Pacific Fishery Management Council
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MARINE MAMMALS/FISHERIES CONFLICTS:
EMPHASIS ON SEA OTTER/SHELLFISH FISHERIES

CONFLICTS IN CALIFORNIA
Biliana Cicin-Sain

This project was concerned with
analyzing conflicts between marine
mammals and fisheries at two lev-
els: at the national level, through
study of the congressional passage
and national implementation of the
Marine Mammal Protection Act, the
Endangered Species Act, and of re-
lated fisheries |egislation; and at the
regional level, through intensive
study of the sea otter/shellfish
fisheries controversy in California,
with.particular emphasis on the ad-
ministrative and political history of
the issue, and on analysis of the
management options. Because of
the complexity and controversial na-
ture of the sea otter issue In Califor-
nia, most of our efforts during the
past year focused on the regional
issue. Mence, accomplishmants on
the regional study are discussed
first.

Four major tasks were accom-
plished in the regional part of the
study: 1) a detailed administrative
history of the sea otter/shellfish
fisheries issue was compiled, 2) the
complexity of the current manage-
ment framework was reviewed and
explained, 3} the available manage-
ment options were analyzed in terms
of a set of very explicit evaluative
criteria, and 4) the results of the
study were disseminated in a large
scale regional forum on the issus,
which | cosponsored in January
1981.

Results of research tasks 1—3 are
summarized in the paper "Sea
Otters and Shellfish Fisheries in
California: Management Framework
and Options" (forthcoming in B.
Cicin-Sain, P. Grifman, and J.
Richards, eds., Intardisciplinary Per-
spectives on Marine Mammal/Fish-
eries interactions). Research on
this paper entailed analysis of ex-
tensive internal agency memoranda
and other records which the Califor-
nia Department of Fish and Game
kindly made available to me;
analysis of materials from other
state and tederal agencles, most
prominently the U.S. Fish and
Wildlife Service; analysis of a wide
range of secondary sources: and

personal interviews with key actors
{both from the public and private
sectors) who are currently involved
{or who had historically been in-
volved) with the sea otter/shellfish
fisheries controversy. The paper
presents, first, a detailed administra-
tive history of the relationship
among sea otters, shellfish fisherles,
and humans since the early part of
the century {when the sea otters
were discovered along the Big Sur
coast in California) to the present.
Analysls of the administrative record
reveals a history of long-standing
controversy whereby similar issues
have been debated for at least the
past 25 years without much pro-
gress toward resolution.

Management positions have
changed markediy little over this
long time span, with the exception of
the Californta Department of Fish
and Game which at first did not fully
recognize the impact of sea otter
foraging on the human exploltation
of shellflsh fisheries. Although de-
talls have changed over time, the
baslc posltions of other groups {e.q.,
conservation groups protecting the
animal, commercial fishing interests}
have remalned essentially un-
changed. The controversy has also
been punctuated by a number of
sclentiflc debates, many of which
stlil persist. Most prominent among
these are the taxonomic status of
the sea otter, its role in structuring
the nearshore environment, its im-
pact on shellfish resources, and its
susceptibllity to oll pollution and
other environmental hazards.

Analysis of the current manage-
ment framework reveals a complex
and somewhat confusing diffusion of
responsibilitles for sea otter
research and management
throughout the U.S. Fish and Wildllfe
Service, with subsldiary roles being
played by the U.S. Marine Mammal
Commission and by the California
Department of Fish and Game, and
with other agencles playing key
roles over related marine resources
{(e.g., the Bureau of Land Manage-
ment and oll resources). The lack of
a clear focus of authority on sea
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otter issues within the U.8. Fish and
Wildlife Service, state and federal
conflicts over who should have
management authority, the slow
pace and unclear procedural ele-
ments characterizing the recovery
plan process under the Endangered
Species Act — are all administrative
factors that have bafiled local
groups not accustomed to dealing
with the intricacies of federal
government bureaucracy and have
confounded their efforts to provide
public input into agency decisions.
The administrative complexity has
prebably, in fact, worked to exacer-
bate the conflicting nature of the is-
sue by making the administrative
process appear unduly "mysterious,”
protracted, and impenetrable.

In addition to analyzing the admin-
Istrative history and current
management framework for sea
otter management, this research
also reviewed the array of axisting
management options and detailed
the management preferences of
different interest groups and govern-
ment agencies. An evaluative
framework on the basis of which al-
ternative management options could
be assessed was also presented.
The major proposed evaluative cri-
terla included biological protection,
socioeconomic impact, technologi-
cal feasibility, administrative feasi-
bility, enforcement feasibility, and
administrative costs,

The rasults of this Sea Grant
research on the administrative his-
tory and management framewark
concerning the sea otter/shellfish
fisheries conflict were directly ap-
plied In & public education confer-
ence designed to elucidate the sea
ofter issue and to facilitate its reso-
lution. | cosponsored the confer-
ence with the California Sea Grant
Marine Advisory Program and the
Santa Barbara Museum of Natural
History in January 1981. This
conference, "Management of Sea
Otters and Shellfish Fisheries in
California: Policy Issues and
Management Alternatives.” held
January 8-11, 1981 in Arroyo
Grande, California, was designed to
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achisve three major goals.

The first goal was to apply the in-
terdisclplinary knowledge resources
of the university to better under-
stand the phtlosophical, social,
aconomlc, and political differences

- that underlie the sea otter/shellfish
fisherles conflict. This was accom-
plished through papers and discus-
stons by a variety of social scien-
tists and humanists who provided
frash insight and novel perspectives
on a subject area — marine mam-
mal/fisheries interactions — that
had traditionally been discussed pri-
marily from a biological perspective.

Second, we sought to provide a
neutral meeting ground for groups
holding divergent points of view on
the issue and to foster interchange
of information among government
agencles, academics, special in-
terasts, and the general public. This
was accomplished through intensive
workshop discusslons of both the
bread philosophical issues involved
In the controversy as well as of
specific management options. As
each workshop included representa-
tives from all sides of the issue, this
was the first occasion for many to
intaract closaly with apparent "op-
ponents.” In the evaluations we re-
celved after the contference, mast
ohservers praised us on the useful-
ness of the workshop approach,
commenting that it fostered the
identificatlon of potential areas of
compromlse among otherwise mutu-
ally antagonistic groups.

The third objective was to inform
and educate the general public,
Although the resources at stake are
common-property resources, the
general public has seldom been in-
volved In discussions of marine
mammal/fisheries conflicts. Involve-
ment of the genaral public in this is-
sue was accomplished through ex-
tensive advertising of the confer-
ence throughout the state and
through a public comment session
during the conference.

The results of our Sea Grant
research wera used in the confer-
ence effort in three major ways:
first, directly, as a paper presenta-
tion on the management issues and
options on the "Management” panel;
second, to better structure the
conference format and sessions
(alven our knowledge of the issues
and actors}; and third, to prepare
the background materials for the
conference and the discussion

-2-

questions which served as the focus
for deliberations in the workshop
sessions.

The conterence was attended by
approximately 300 participants from
local, regional, state, national, and
international locations. Following
the meeting, we réceived very posi-
tive feedback on the conference
effort in media reports and in
evaluative |etters representing all
sides of the spectrum (e.g., govern-
ment officialg, environmental groups,
and the fishing community}.

In conclusion, | feel that this Sea
Grant research as well as the
conferaence effort has facilitated the
eventual resolution of this contro-
versial issue. The conference dis-
cusslons worked as a catalyst in
bringing together mutually anta-
gonistlc groups. Fallowing the
conference, these groups have met
together on various occasions to
discuss methods of reaching a mu-
tually acceptable solutlon to the Is-
sue. Speclfic governmental actions
incorporating a number of sugges-
tions proposed at these meetings
have subsequently followed. While
the issue is still far from baeing fully
resolved, movement toward a
compromise sclution has definitely
occurred. These developments are
discussed In the epllogue of the
proceedings of the conference (in-
tordisciplinary Perspectives on Ma-
rine Mammals/Fisheries Interac-
tions) which we are currently com-
pleting.

With regard to the nationa! part of
our Sea Grant research, the follow-
ing tasks were accomplished. The
congrassional passage and national
implementation of the Marine Mam-
mal Protaction Act {(MMPA) and the
Endangered Species Act (ESA) were
studled through analysis of congres-
slonal hearings on the passage of
the two acts, congressional over-
sight, appropriatlons, and amend-
ments of the acts, agency internal
memoranda and other reports, and
interest-group literature concerned
with these two pieces of legislation.
To supplement these sources of
data and to lend further depth to our
understanding of the dynamics of
the passage and Implementation of
the ESA and MMPA, we conducted a
serles of personal interviews in
Washington, D.C. with agency per-
sonnel, interest-group spokesper-
sons, and congressional staff
mambers involved with these two
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These data are now belng
analyzed. A number of scholarly
journal articles comparing the politi-
cal dynamles involved in the pas-
sage and Implementation of the
MMPA and ESA to those prasent in
the passage and implementation of
the Fishery Conservation and
Management Act (which were stu-
died in previous Sea Grant work)
are being prepared.



Cooperating Organizations

Bureau of Land Management

Callfornla Abalone Assoclation

Callfornla Council for the Humanities
Califarnia Department of Fish and Game
Center for Coastal Marine Studles, UCSC
Frlands of the Sea Qtter

Leegue of Women Volers

National Marine Fisherles Service

Nautilus Press

Pacllic Coast Fedaratlon of Fishermen, Inc.
Save Qur Shellfish

Sea Otter Management Eduction

Senate Office of Research

U.C. Cooperative Extension

U.S. Fish and Wildllfe Service

U.S. Marlne Mammal Gommiaslon

Wast Coast Fisheries Development Foundation

- Publicatlons -

Cicn-Sam, B. In press. 1981. Sea otters and shellfish fisherles in Callfornia: manage-
ment framework and optlons. In Interdisciplinary Perspectives on Marine
Mammalis/Fisheries Interactions, B. Cicln-Sain, P. Grifman, and J. Richards, eds.
Merlne Palicy Program, Unlvaersity of Caltfarnia, Santa Barbara.

GRriFMan, P. 1980. Framework for pollcy evatuation: an application of the marine mam-
mal protection act of 1972. University of California at Santa Barbara.

GriFvan, P. 1981, In Preserving vuinerable species: the U.S. Fish and Wildiife Sarvice.
Univarslity of Callfornla at Santa Barbara.

Manning, L. 1981, Righard Nixon and the endangered apecles act of 1973: a study of
his divided goals and economic use of power. Unlversity of Callfornla at Santa Bar-
bara.
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COASTAL TRANSIT SERVICE OPTIONS AND POLICY

James H. Banks and Frederick P. Stutz

Major goals of the project were to
conduct a survey of existing transit
service In coastal areas and to
develop a set of planning guidelines
relating to the feasibility and design
of coastal transit services.

The coastal transit survey in-
volved establishment of contacts
with planning agencies and transit
operators in coastal areas, follow-up
letters, telephone conversatlons, and
personal visits intended to gather
information about the design and
operating characteristics of coastal
transit services.

There ara a number of different
types of coastal transit services,
each type tends to be most suc-
cessful at a particular type of coast-
al recreation site. Urban and subur-
ban day-use sites are normally
served by regular transit services,
remote day-use sites near large ur-
ban areas by access-ariented sea-
sonal express services, and densely
developad resort communities by
circulation-oriented seasonal ser-
vices. Park-and-ride shuttles have
been attempted at congeasted
urban/suburban day-use sites and
in places where there is no other
vehicular access to the immediate
viclnity of the shore, but have usual-
ly been successful only in the latter
case,

Two potential roles in the overall
coastal access system are common-
ly suggested for transit services.
Their main function may be 1o pro-
vide access for transit dependents
{that is, those without access to au-
tomobiles) or it may be to relieve
parking or traffic congestion by pro-
vlding an alternative to automobile
access. Coastal transit services ap-
pear {o be fairly effective in provid-
ing access for transit dependents,
but they do not often seem to be
successful as an alternative to auto-
mobila access or seem to result in a
significant reduction in congestion.

There appear to be few significant
difterences in the design and
operating characteristics of regular
transit routes in coastal areas as
opposed to noncoastal routes in the
same metropolitan areas. There do
appear to be some operational prob-
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lems which are characteristic of the
coastal environment. These stem
from highly variable demand and
traffic congestion and include over-
crowding and difficulty in maintain-
ing schedules.

Operating results (ridership, costs,
and revenues) far specially
designed seasonal services are raa-
sonably similar to those of other
transit services, although there does
appear to be some tendency for rid-
ership to be low and, consequently,
cost per passenger to be high. Also,
in some cases, seasonal services
are able to achieve signiflcant cost
savings compared to regular transit
operators through use of low-wage
nofi-union labor.

Planning guidelines for coastal
transit services have besn prepared
on the basis of the results of the
coastal transit survey, genearal litera-
ture related to transit system plan-
ning and design, and the rasults of
four transit planning case studies at
coastal sites in the San Diego area,
ane of which involved evaluation of
an expsrimental parking shuttle ser-
vice that was operated in a beach
area during the summer of 1982,
The planning guidelines are to be
published-in the form of a planning
manual for coastal transit services.
The guidelines cover the role of
transit service in providing access
to coastal sites, site types and type
of service, design characteristics,
institutional arrangements, market-
ing, and evaluation.

Cooperating Organizations

Divislon of Mass Transportation of the California Departmant of Transportation

Information used in the coastal transit survey was provided by approximately 50 organ-
izations, including the National Park Service, state departments of transportation,
state park agencies, local governments, local planning agencies, and transit opera-
tors.

Publications

Banks, J. H.anp Srutz, F. P. 1881, Coastal transit service and environmantal manage-
ment. In Proc, Fourth Annual Applied Geography Canference. Tempe, Arizona,
COctober 1981.

Banxs, J. H., Sturz, F. P, anp Jageanl, [ 1982, Coastal transit options and pollcy. Cali-
fornia Sea Grant Interim Report, San Diego State University, Caenter for Marlne Stu-
dies.

Jassanl, 1. 1982, Coastal transit service optlons in northern Callfornia. M.S. thesis, San
Diego State University, Civil Engineering Report Series No. 82181.
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LAW, ECOLOGY, AND ECONOMIC CHANGE;
THE CALIFORNIA FISHERIES, 1850-1980

Harry N. Scheiber

As antlcipated, the project is pro-
ducing data and analysis of interest
to public policy officials and
fisherles industry officials by its ap-
plication of histarical and legal
rasearch methods to the history of
state law and public policy. Work In
progress reveals important continul-
tles and discontinuities in the histo-
ry of pollcy. The California sardine
depletion and the governmental and
institutlenal responses to the crisls
offer a case study that will II-
luminate the genesis of present-day
cooperatlon among industry,
scientlfic, and governmental agen-
cies. The larger question — how
law provides a framework for
resgurce exploltation, with what
rasults under changing political,
economle, and social conditions —
is baing illuminated by the project
study in all its aspects. It Is antici-
pated that several significant publi-
cations will result from the work: al-
ready, In 1983, lecture and seminar
presentations in university and
conference settings have evoked an
interested response from academic
and public officials alike.

Throughout 1981-82, the project
leader and the trainee conducted
research on the history of resources
faw at the Univarsity of California
(UC) Berkeley's Boalt Hall and In i~
braries at Monterey, Scripps Institu-
tion of Oceanography (SI0) in La
Jolla, Sacramento, and the San
Francisco Bay Area. Qut of that
work has come, in particular, an
understanding of the importance of
the initiative and referendum pro-
cess In California resource-law hls-
tory, which we have decided to
make an independent project for
purposes of publication and which
is nearly completed. We have also
made a very promising start on the
history of the Marine Research
Committee, Its relationship to the
sardine crisls and the Scripps Ma-
rine Life Program, and the origins of
CalCOF| — all illustrating the record
of interplay among scientists, policy
makers, and the industry in the
pertod from 1946 to the present.
SI0O Archives were indispensable.

The associate investigator spent
the summer and fall of 1982 on
leave from Northwestern University
as a rasearch appointee at Berke-
ley; he continued his own maln pro-
{ect on the book manuscript and
jolned In the research on the post-
1945 period. He further pursued
the material available at SIO Ar-
chives, but he also Investigated doc-
uments housed at Californla State
Flsheries Laboratory, Long Beach,
and he conducted interviews with
Drs. Richard Croker and Francess N.
Clark on the record of their careers
with the state Department of Fish
and Game.

In September 1982 the first formal
results of the post-1945 period Joint
study were presented at NMFS-
SWFC, La Jolla, by the assoclate in-
vestigator. In November 1982 the
project leader and assoclate investi-
gator will present a more developed
version of this analysis, largely
based on manuscripts in SIO Ar-
chives, at the Law and Society
Center, School of Law, UG Berkeley.
In October 1982 the associate in-
vastigator spoke at CalCOFI at
ldyllwild, on "Scientific Research
and the 20th Century Fishing Indus-
try," a study of institutionat and
ideological barriers to the effective
implementation of scientHfic knowl-
edge in managing the sardine
fishery. There was a full discussion
by conference participants, center-
Ing on the capacity and responsibili-
ty of scientific workers In taking ac-
tive roles in policy phases of
fisheries management. The assooi-
ate investigator has also held dis-
cussions with federal officlals
(NOAA, USFWS) concerning the his-
torical and legal backgrounds of the
Klamath River suit concerning the
NMFS 1982 management plan for
ocean salmon and alleged Infringe-
ments of Indian rights.

The project leader has presented
rasults of his own and |oInt research
(with the assoclate investigator, the
trainee, and with both) in several
lectures held at Stanfard University,
Harvard University, UC Berkelsy,
and the International Economic His-
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tory Congress, Budapest.

In the second year of the grant,
1982-83, it Is anticipated that both
the projected major book and
several articles will be compteted
and ready for publication.
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Cooperating Organizations

California Department of Fish and Game

National Archlves and Records Service, San Bruno
NOAA

Scripps Institution of Oceanography

University of California

USFWS, Arcata

Publications .

Mcevoy, A. 1982, Scientific research and the 20th-century fishing industry. Report
23. CalCOFI.

Scheser, H. N. 1982, Lectures at Stanford University, December 1981 and at Harvard
Unlversity, May 1982 on the history of Callfornia rescurce law. (Also in Budapest,
Hungary, on a related theme, August 1982))

SchelEer, H. N. In press. 1983. Public rights and the rule of law in American legal his-
tory. Boalt Hall Centenary Lecture, April 1982, at the School of Law, Berkeley.
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THE POLITICS AND POLICY IMPLICATIONS
OF DEEP SEABED MINING: U.S. OPTIONS

‘Dean E. Mann and Kurt M. Shusterich

This report summarizes the
research findings from four major
areas of the project. The first was
an analysis of the ocean mining in-
dustry. This industry was found to
have been successful in influencing
U.S. ocean mining policy at both the
legislative level and at the Third
United Nations Conference on the
Law of the Sea (UNCLOS III}. It has
failed, however, in its effarts to ob-
tain complete "grandfather rights"
protection in the deep seabed min-
ing legislation that was signed into
law by President Carter on June 28,
1980.

Of the five joint ventures involved
in ocean mining, only two, basically
American, consortia have been suc-
cessful in maintaining their research
and development programs. Ocean
Mining Associates (OMA), for exam-
ple, plans o start producing 1.8 mil-
lion tons of nodules each year from
the seabed by 1989. As of 1980,
OMA had spent $70 million on
research and development with
plans for another $100 million.
Ocean Minerals Inc. has also been
successful in maintaining its
research and development program.
This is mainly due to the large
amounts of oil money available
through one of the members of the
consortium.

All of the ocean mining ¢onsortia
agree that a Law-of-the-Sea (LOS)
treaty could kill off most major com-
mercial projects. The American and
German companies have had some
success in securing ocean mining
legislation that provides them
enough legal protection to go ahead
with research for full-scale opera-
tions. At present, however, the
costs assoclated with nodule mining
and processing are toe high and the
rewards too meager for several con-
sortia to maintain research and
development levels. Mining execu-
tives say they will need a return of
20-30% on their investment {6 com-
pensate for the risks involved. The
likely rate for first-generation opera-
tions, however, appears to be only
about 8-10%. Despite industry’'s
claim that it has held back on full-

scale operations because of legal
and political uncertainties, research
has shown that they have not pro-
gressed further primarily because of
the poor metals market and low re-
turns on investment.

Consequently, the remaining com-
panies involved have either govern-
ment financial and research assis-
tance — in the case of German,
French, and Japanese groups — or
they have substantial quantities of
oil money backing them. This fact
raises important questions beyond
the scope of deep seabed mining
alone. Specifically, should the Unit-
ed States assist American corporate
resource interests, and if so, in what
ways? For instance, should there
be more or less of a government
role in American ventures that are
competing with other government-
aided foreign companies in the
international marketplace — espe-
cially for minerals? If American
corporate interasts succeed in
securing a sizable share of resource
markets, then there is no need for
special government consideration.
If, on the other hand, they find them-
selves unable to do so, then govern-
ment assistance in the form of spe-
cial loans or less governmental re-
striction may be in order.

A second area of the project was
concerned with the political and in-
stitutional actions of the U.S.
government regarding international
ocean resource problems and poli-
cies. This section includes a history
of the deep seabed mining legisla-
tion that had been in Congress
since 1971 before it became law in
1980. In general, it was found that
different departments and agencies
within the administration have
ditferent goals and objectives tor
U.S. ocean palicy. This situation ac-
counts for some of the concessions
made by the U.S. delegation at the
Law-of-the-Sea negoliations. A ma-
jor difticulty for American represen-
tatives to the LOS negotiations was
that the ocean mining industry often
gave misleading, or failed to provide,
information and data to State
Department negotiators at UNCLOS
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[1l. This resulted in a proindustry
stance at the negotiations up to
1978. Industry's lobbying emphasis
on the need to secure varied supply
sources of valuable minerals by the
turn of the century has met with a
good deal of support throughout the
government.

The research pointed to several
international and domestic factors
that have influenced U.S. ocean
mining policy over the past two de-
cades. Internationally, there has
been 1) an increase in the number
of new nations, 2} an increase in the
number of multilateral conferences
for dealing with basic economic and
resource issues — and an increase
in the politicization of those confer-
ences, 3} a decrease in the econom-
ic power of the United States vis-a-
vis western Europe and Japan, and
4} a decrease in the technology
monapoly held by the United States.
Domestic factors include 1) the ma-
jor role of personalities in early
ocean mining legislation and in the
official American UNCLOS IIl nego-
tiating stance, 2) the generally con-
servative nature of the State Depart-
ment (as the key American negotiat-
ing apparatus at UNCLOS Ill), and
3) an increase in the number of
technocrats involved in several
bureaus associated with ocean poli-
cy formation.

A third area of the project dealt
with the relationship between the
efforts of the Group of 77 to press
for a New International Economic
Order at UNCLQS {Il. We tound that
ideology and basic philosophical
differences have long been a major
problem in resolving ccean resource
use issues at the LOS sessions.
Eftorts by the Group of 77 to have
the International Seabed Authoritly
{ISBA) set an example for a new
international order account for the
delays in reaching agreement on the
deep seabed mining aspects of the
treaty. 1t is likely that even if the
LS. delegation signs the present
draft treaty, the Senate will not ratify
it. This situation gives added
relevance to the passage of unila-
teral legislation.



Whiile there have been splits tages in the coming decades when
within the Third World coalition resources become more scarce and
between coastal, geographically strategically critical.
disadvantaged, and noncoastal
states, the Group of 77 has heid to- Cooperating Organizations
gether throughout the negotiations. Charles River Assoclales
The LOS conference has taught the Department of Cormmerce
Group of 77 a great deal in a short Departmant of the Interior
period of time concerning its Massachussetts Instlitute of Technology

economic and political relationships ~ State Department

with the industrially advanced LS, oy of Soulhern California
states. This point is well illustrated )
by the increasing pressure put on Publications
the northern states to share technol-  SwusTenics, K. M. 1981. The palitics of deap seabed mining: a case study in interna-
ogy for seabed mining and for ac- tional resource management. Ph.D. dissertation, Political Science.
cess to the resources of Antarctica SHugrericH, K. M. In press. Mining the deep seabed: a complex and innovative indus-
and outer space. iry. Marine Policy.
The fourth area of the project :
dealt with possible precedents for
management regimes for Antarctica
and outer space. We have found
growing pressure from the Third
World for a sharing of technology
and of the benefits from the exploi-
tation of international resource com-
mons. Many of the arguments used
by the Group of 77 for access 1o
these areas are based on the com-
mon heritage concept that is at the
ideological heart of the ISBA. The
Moon Treaty, for example, bears re-
markable similarities to philosophic
underpinnings of the common heri-
tage concept found in the Law-of-
the-Sea draft treaty.
In general, the findings of the
study led to the following conclu-
sions. First, resource access and
ownership is taking on greater politi-
cal and economig significance in
international relatlons. This is espe-
cially so since the 1973 OPEC em-
barge of oil to the west. Technology
alone does not carry the same
aeconomic weight it did for the Unit- .
ed States following the Second ’
World War.
Second, because of the Impor-
tance of access to resources, many
industriatly advanced nations are
working very closely with thelr
resource-related industries. In
ocean mining this has resulted In
more nationalist-minded enterprises
in and a breaking up of the interna-
tional nature of some of the consor-
fia.
Third, because of this, the U.S.
government may have to work more
closely with, and be much more
supportive of new, high-technology,
infant resource industries such as
seahed mining If the nation is to
secure access to resources and
maintain its technological advan-
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MOBILE MARINE SCIENCE OUTREACH PROGRAM

Rager D, Bauer

The mohile marine van was
developed as a means of taking in-
tormation and educational materials
about our marine resourcas dlrectly
to the general public. To achieve
this end, a 26-foot van was convert-
ed to a mobile science museum.
‘For 2 years the van visited schools,
public places, and community
groups giving people an opportunity
to learn about marine science and
the marine environment.

A workshop was held on July 2,
1980 to develop display ideas and
methods. This was co-sponsored by
the Marine Advisory Program. A to-
tal of 19 Individuals attended in-
cluding 9 faculty; 2 advanced sci-
ence students; Dr. Norma Wilbur,
Superintendent’s Office of Los
Angeles County Schools; Barbara
Katz, Area Marine Advisor; Dale Ing-
manson, Sea Grant College Pro-
gram; and Arnie Korporaal,
Superintendent’s Office of Los
Angeles County.

A variety of display materials in
marine science were prepared.
Mike Schaadt, a graduate student in
marine biology at CSU Long Beach,
was employed to develop and to
coordinate the development of
displays. When this grant expired,
Schaadt was placed on the school
staff to carry out these activities on
a part-time basis.

The mobile museum visited 13
schools and a number of other sites
Including the Los Altos Shopping
Center, Girl Scouts of Long Beach,
and the Long Beach Recreation
Department. The displays were con-
sistently well received regardless of
the age or educational backgrounds
of the participants.

One of the "grabber" displays in-
volved shark jaws and fins. This
display was always eftectlve in at-
tracting visitors when placed near
the entrance to the mussum.

An effort was made to ailow the
participants "hands on" activitles.
This included a touch tank which
contalned many specimens found in
local tidal areas. The preparation of
a cooled saltwater system presented
some special difficulties which were
surmounted ultimately. Colored

photographs of our specitic displays
were prepared and mounted ad)a-
cent to the touch tank. This allowed
the participants to identify the vari-
ous specimens themselves. The
photographlc display is shown in
tigure 1.

The mobile museum activiiies
were as well received and exciting
as we had projected when we ini-
tiated this program. The responses
we received from participants were
most gratifying. We were especially
pleased to raceive a grant from the
ARCO Foundation to help continue
the activities of the museum as this
initial grant expired.
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Victor C. Anderson

The testing of individual chemi-
cals and pesticides for toxic effects,
especlally for sublethal effects, is
currently lagging behind the intro-
duction of new chemicals. Because
of time lags between Introducticn,
ecological effects, regulation, and
removal from the environment of
toxic substances, laboratory testing
is required. Current bioassaying
technigues for invertabrate toxiclty
are (skilled} labor intensive and ex-
pensive. Electronic monitoring of
behavlor has the potential of being
automated and greatly reducing
cost.

The obijective of this project is to
develop a means of measuring
bioelectric signals as a too! for
evaluating pesticide toxicity in gas-
tropods. The myoelectric signals of
intact, unoperated gastropods willl
be received with an array of silver-
silver chloride electrodes, recorded,
and analyzed for changes in ampli-
tude, spectral content, and spatial
correlation, in response to chronic
axposure to pesticides.

In preparation for the experimental
measurements, we have maintained
10 Carithidea californica In an 8-
liter aquarlum for a period of 100
days to evaluate them as test
specles for use with the array.

The electrode array design was
modified to eliminate the agar well
used in preliminary wark. This
design was considerably easier to
fabricate, but still required a man-
month to complete. The new design
has a single 0.5-mm hole per elec-
trode and the back side to the array
is sealed with a soft sllicone potting
compound. The 272 outputs of the
array are hardwired to the low-noise
preamplifiers.

In the 272-channe! preamplifler,
oscillation became a problem as
more channels were ¢connected.
This necessitated the redesign of
the preamplifier printed clrcuit
boards to Include a ground plane.
The combined array of silver elec-
trodes and preamplifiers has been
tested and found to perform excel-
lently.

The multlplexer is 75% completed
and connectad to the outputs of the

preamplifier. Channe! Isolation is
satisfactory and the design has
been verified so that completion is
straightiorward. The nearly com-
pleted myoslectric array system is
shown in figure 1.

The equipment is now being inter-
faced to a PDP 11/15 computer for
data recording and processing.
Throughout the Integration of this
system both electronic signals and
live gastropods have been used to
verify the design. Most of the
software for data collection and
analysis is precanned, so the pro-
gramming task for data collection
and analysis is nearly complete.

Figure 1. Myoelectric array systam. A) 272-slament silver-silver chloride sensor array.
B) 272-channel preamplifler bank. C) 256-channel to 4-channel multiplexer. D) 4-
channel rapld zeroing amplifier. E) Address interfaca for multiplexer.
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‘A PRELIMINARY INVESTIGATION OF INDOCHINESE REFUGEE
ADAPTATION TO THE MONTEREY BAY FISHING INDUSTRY

Michael Orbach

The major goals of the second
phase of our Rapid Response Indo-
chinese project were as follows: 1)
to conduct a preliminary investiga-
tion Into the relationships between
harvesting, processing, and other
sectors of the Monterey Bay fishing
industry and related agenciss and
organizations as they apply to new
entrants such as the Indochinese;
2) to outline the historical and exist-
ing relationships between various
social and cultural groups within the
Monterey Bay fishing Industry, with
spaecial attention to the history of
present and potential Indochinese
participants; 3) to apply the results
of the above work to current deli-
berations by various local and state
agencies concerning new restric-
tions on gill-net fishing, the primary
fisheries in which the Indochinese
participate.

Based on our 1980 work with the
indochinese community and prelim-
Inary interviews throughout the
Monterey Bay area with indlviduals
knowtedgeable about the Indo-
chinese situation, we developed an
open-ended interview instrument
that addressed issues of perception
and opinion concerning Indochinese
partlcipation in the local fishing in-
dustry, problems that have arisen
from this participation and their po-
tential solutions, and attitudes about
Irrdochinese immigrants in general.

The instrument was used In Inter-
views with 35 representatives of lo-
cal fish buyers, merchants, service
industry personnel, social service
agencles, the media, non-
Indochinese fishermen, and
management and law enforcement
agencles. The interviews vielded a
picture of a local community and in-
dustry divided within itself concern-
Ing the real or potential impact of
the Indochinese on the local fishing
industry and community, as well as
several severely distorted percep-
tions of Indochinese attitudes and
lita-style and the kinds and degrees
of services available to the Indo-
chinese from various government
agencies. In addition, there was an

apparent sharp division of attitudes
between non-Indochinese inter-
viewees in Monterey and Moss
Landing.

On September 18, 1980 Governor
Jerry Brown signed into law a blll In-
troduced by a southern Californla
assemblyman and co-authored by
another southern California agssem-
blyman. The bill, Assembly BIlt
2566, dealt with the issue of
licenses for commercial gill-net
fishing. It provided for revocable,
nontransferable licenses to be is-
sued by the state. The normative
basis for the new law was this: "The
Legislature finds and declares that it
is in the best interests of the people
of the state, the commercial fishing
industry, and California’s marine
resources that fishermen who use
gill nets be experienced in the use
of such nets" (A.B. 2566). The bill
also provided that, "The Director {(of
the Department of Fish and Game)
shall establish an advisory commit-
tes, consisting of fishermen experi-
enced in the use of gill nets, to ad-
vise the department in developing
regulations to be proposed to the
{Fish and Game)} commission
governing the use of gill nets."

Although it came at a time very
crucial to the entry of the Indo-
chinese — who use gill nets almost
exclusively — into California's
fishing industry, the development of
A B. 2566 had virtually nothing to do
with the Indochinese. The bill was
generated out of a series of
conflicts that had arisen between
sports fishermen, environmentalists,
and commercial gill-net fisharmen in
southern California. Commercial
gill-net fishermen would either tar-
gat on fish species that were also
prized by sportsmen or, as in the
case of gill-netting shark and
swordfish, would also inadvertently
ensnare marlin and other highly
prized recreational fishery spacies.
These conflicts, in addition to a gen-
eral distaste for gill-net fishing
resulting from the "ghost net"
phenomenon, prompted the assem-
blymen to initiate the legislation. It
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is important to note that traditionally
the northern and southern portions
of California have been quite
different political arenas, with
different issues and opinions
characterizing the two portions. The
tishing issues that generated this
legislation were typically southern
Californian.

The Indochinese in fact have a
representative on the gill-net ad-
visory committee, but this has
proved to be of only marginal
benefit. There is now activity in the
California legislature to consider
even more restrictive laws and regu-
lations concerning gill-netting, par-
ticularly in the Monterey Bay area.
We have recently been contacted by
representatives of the Indochinese
community for advice on this matter
and for copies of our work, which
they wish to distribute to the local
legislators to ensure that the legisla-
tive staffs are properly informed
from all perspectives on the current
situation and issues. As we pointed
out in the report from the first phase
of our project, the problems of the
Indochinese will continue for some
time to come, and we expect to
structure our applied social
research efforts to aid in the rational
and fair resolution of these prob-
lems.



Cooperating Organizations
Monterey Bay Counties' Refugee Services Program
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OnbeacH, M. K. 1n press. The loglc of social systems analysis In the coastal zone: the
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OnpacH, M. K. ano BeEckwiTh, J. Submilted. 1981. Indochinese adaptation and local
government policy: an example from Monterey. Anthropologlca!l Quarteriy.

OnrpacH, M. K. ann Becrowrm, J. 1981, New country, new community, ofd occupalion: the
Indachinese fishermen In Monterey Bay. In Day on the Bay. Center for Coastal
Marine Studies, Santa Cruz.

OreacH, M. K. anp Beckwime, J. 1981, Report on the adaptation of Indochinese refugees
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APPLICATION OF ADVANCED METHODS OF MAGNETIC

RECONNAISSANCE

Ken C. Macdonald and Steven P. Miller

The objective of this research

. study |s the application of advanced
methods of magnetic Interpretation
to crustal structures in the southern
California borderlands area. The

- magnetlc analysis involves the use
of two-dimensional (2-D) forward
modeling and inversion and three-
dimenslonal (3-D) forward modaling
and inversian.

The 2-D analysis is applied to
fault-related features In the border-
lands region; given reasonable
models of magnetization vectors for
opposing crustal blocks, 2-0 model-
tng is used to locate a fault. The
analysls is first applled to a well-
located, known fault and then ex-
tendsd to an area where fault joca-
tion is less preclsely known.

The 3-D forward moedeling and
inversion technigues are applled to
specific bathymetric features to ex-
tract the local magnetizetion vector
and accurately correct for topo-
graphic effect. One target, San
Clemente Island, is belng analyzed
to provide a "ground truth" test for
the method. The magnetization vec-
tor extracted from aeromagnetic
data over the island will be com-
pared with the paleomagnetic vector
obtained directly from rock samples
collected on the island.

Although only preliminary results
have been attained for each fault of
this research project, It Is possible
to draw some Important implicatlons
from these results.

Concerning the analysis of fauit-
ralated features, the San Clemente
Excarpment Fault is belng analyzed
directly northwest of the island and
southsast of the Island through San
Clemente Canyon and San
Clemente Rift Basin. Forward
modeling of two profiles perpendicu-
lar to San Clemente Canyon 15 and
20 km southeast of the Island indi-
cates that magnestic anomaly pat-
terns are not attributable to the San
Clemente Escarpment Fault, recog-
nized in seismic reflection records.
The fault cannot be located on the
basis of the magnsetic measure-
ments available for this study;
although with a continuous record-

ing of the magnetics along this
proflle it may be possible to pinpoint
the fault. This is belng attempted
along twa other profiles approxt-
mately 40 km southeast of the is-
land through San Clemente Rift
Basin. For one profile the data was
provided from NOAA from the
CONMCALF Cruise In 1970. The
other profile is from data collected
aboard the R/V Thomas Washington
in June of 1982 by Scripps Institu-
tlon of Oceanography (SI0) and
Bruce Luyendyk. Both forward and
inverse modeling techniques are
planned for these data sets. The
profile directly northwest of San
Clemente island does offer the pos-
sibility of a strong correlation
between magnetic anomaly pattern
and fault trace. Forward and In-
verse modsling of the data along
this profile are in progress.

The Implication is that in the
southern California borderlands re-
gion the analysls of magnetic anc-
maly patterns can be only a supple-
mental tool in the location and map-
ping of faults and fault-related
features. This i mainly due to the
primarlly northwest-southeast trend-
ing strike-slip nature of faulting,
which may or may not Juxtapose
rocks of contrasting magnetic pro-
perties. However, these methods
may be useful for identifying rota-
tional strain of crustal blocks, areas
of dip-slip faulting, and areas of
strike-siip faulting where the mag-
neti¢ properties of adjacent crustal
blocks are different.

Another major facet of this
research project is the analysis of
the total magnetic vector over
specific igolated features. Rodri-
guez Seamount, San Juan
Seamount, and San Clemente island
were chosen as targets for varlous
reasons among which were the in-
terasting magnetic anomaly pat-
terns, the avallability of quallty data,
the simple geometry and supposed
simple geology of each target. Un-
fortunately, the 3-D forward model-
ing completed to date has vielded
ambiguous results.

Rodriguez Seamount and San
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Juan Seamount may turn out to be
simple case studies; however, prob-
lerns have been encountered in ac-
curately defining and removing the
regional magnetic gradient; this par-
tially attributable to the Patton Es-
carpment in the viclnity of each
seamount. The magnetic analysis is
continuing; a technique for 3-D
inversion has recently been ac-
quired with plans for application to
the seamount data. Optimistically,
the intent is to help verify that Ro-
driguez Seamount and San Juan
Seamount are oceanic In origln and
to determine whether or not they
have been rotated.

Analysis of the asromagnstic data
available over San Clamente Island
has provided more questions than
answers. The assumptlons of sim-
ple bodles and uniform magnstiza-
tion to define the island has proven
to be unrealistic. A more sophisti-
cated mode! of the island is being
developed, taking into account the
posslble magnetic contrasts on the
island itself and at depth, as well as
the aeffects of faults crosscutting the
island in an east-wast direction.
Some constraints on the variation of
magnetic properties and on the
structural complications of the geol-
ogy of the island may be provided
by the work In progress of Marc Ka-
merling, formerly at the University of
California, Santa Barbara {UCSB).

So far, the only conclusions to be
drawn from this study are that, due
to the complax geologic setting in
the southern California borderlands,
the analysis of magnetic anomalies
yields minimal results of a definitive
nature and, due to its indirect ap-
proach, magnetic analysis can only
be a supplemantal tool in geologic
interpretation. We hope that more
positive conclusions will result from
our continued modeling as
described in this report.



Cooperating Organizations
Nationa! Geophysical and Sdar Terrestrial Data Center, NQAA

Seripps Institution of Oceanography
U.3. Geological Survey
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SEASONAL GROWTH RESPONSES OF VEGETATIVE AXES AND
SPORES OF AN AGAR-PRODUCING MARINE ALGA

Joan G. Stewart

This project was designed to as-
sess potential for vegetative growth
throughout a year in an agar-
producing marine alga. Several oth-
er questions about regeneration,
spore germination, and relative
growth rates under dlifferent experi-
mental condltions were considered
in the 1-year research plan. This
species, Pterocladia capitiacea, has
a life history that corresponds to
perennial terrestrial plants, yet there
was evidence that a seasonal or
monthly cycle In vegetative growth
might be lacking. To test this idea,
vegetative tips were cut from field-
collected thalli 11 times, in 10 of the
past 12 months, and grown under
six different sets of laboratory con-
ditions. These aplces were mea-
sured biweekly for up to 14 weeks, or
as long as growth continued. Each
time that tetrasporangial plants were
found in the natura! population, an
attempt was made to germinate
spores. Regrowth of basal
"rhizoids,” the prostrate branches
that propagate the plants vegeta-
tively, was examined each time api-
cal cultures were established.
Throughout the year, the growth of
contaminant epi- and endophylic al-
gae under the different conditlons
was recorded.

This briefly summarizes the pur-
pose, method, and scope of the pro-
ject. The following sections will
describe these three aspects In
somewhat greater detail and con-
clude with a list of tentative results.

Pterocladia capiliacea is a warm-
water red algal species closely re-
lated to Gelidium, a well-know
source of agar. 1t grows along the
coasts of the Mediterranean, Japan,
Baja California, California, New Zea-
land, and the Hawalian Islands and
is brought to San Diego in the form
of dried, baled seaweed for process-
ing at American Agar (Difco Co.).
Other colloid businesses likewise
buy naturally grown Gelidium and
Pterocladia thalli. Worldwide, agar-
producing seaweeds occur in limited
and uncertain supply, resulting in
recent huge Increases in the price

of the manufactured product. At-
tempts to cultivate several Gelidium
taxa in small-scale projects have
been discouraging primarily be-
cause of very slow growth rates and
because it was thought probable
that, whether the species under
study was an annual or long-lived, a
single annual peak in growth was to
be expected. Because Pterocladia
capiliacea on the U.S. coastline oc-
curs only as far north as Santa Bar-
bara in California, and is abundant
and widely distributed largely in San
Diego County, it has not been in-
cluded in prior studies and its
growth characteristics had not been
separately evaluated. It is, however,
considered a perennial species, on
the basis of studies in Europe and
California. Vegetative thalli are most
abundant in late fall and winter on
the Channel Islands off California
and in San Diego County, although
the amount of rock substrate
covered by the persistent basal and
prostrate branches remains con-
stant. It is not known what factors
contribute to the apparent annual
fluctuations in the size of the plants.
To establish whether the vegeta-
tive growth of this species was re-
gulated by intrinsic mechanisms
that produced seasonal or monthly
differences in elongation rates of
axes, plants from the same popula-
tion were collected during low tides
on successive months, beginning in
October, 1980. Apices, 3 mm long
and including a single primary api-
cal cell and, insofar as possible, un-
branched, were cut from these
plants and divided into six "treat-
ments” as shown in figure 1. These
apical portions were individually
measured; early and incomplete
data for October-January collscted
thalli are included in the figure.
Subsequent measuremeants, through
December 1981, will be incorporat-
ed into final graphs. This set of data
constitutes the major positive result
of the work. Information has also
been obtained concerning relative
importance of several means of
reproduction and propagation, and
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common endo- and epiphytic con-
taminants were identified. All work
utilized static cultures in enriched
natural seawater medium —
deflnitely a nonoptimal system for a
plant the size of Pterocladia capilla-
cea. It is likely that the growth in-
crements indicated on the vertical
axes of the graphs represent
minimal rates more than maximal.
Because of the untavorable and
variable conditions inherent in the
experimental system, the absolute
values are clearly of little
significance. The important trends
are the similarity of the curves in
any single condition and different
slopes under difterent conditions.

The trends already observed after
4 months persist in later data. The
following conclusions must still be
confirmed by analyses of final com-
plete data sets.

1) Plerocladia capillacea shows
no seasonal or monthly ¢cycle of in-
trinsic vegetative growth potential
that would correspond to seasonal
optima of many terrestrial perennial
plants. :

2) Growth rates, as predicted
from studies of related genera, were
uniformly very slow,

3) Increased growth was correlat-
ed with increased water tempera-
tures between 10 and 20°C; longer
light periods favored growth.

4) Attempts to germinate
tetragpores were unsuccessful,
while rhizoids both regenerated and
initiated growth at all seasons. This
substantiates the opinion that
vegetative propagation will be useful
in any management program involv-
ing this alga.

5} Five important contaminating
epi- and endophytes weare recog-
nized that presumably would be ma-
jor competitors for nutrients in cul-
ture systems.

6) Healthy thalli, usefut for trans-
plants or inocula, can be main-
tained in running seawater in low
light for up to several weeks.

7} Standard static culture tech-
niques, despite anticipated limita-
tions, provided useful information
about this macroalga.
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Figure 1. Relative growth of flrst four sets of Plerocladia capitfacea cultures, March

1981.
Publications

StewART, J. G. Prellminary Report. Presented at Hopkins Marine Statlon at a Sea Grant

Subject Area Mesetlng, March 1881.
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John E. Tyler

This project was in the form of a
symposium held on December 29,
1980. The symposium was held in
Sealtle, Washington and was hosted
by the University of Washingten.

To understand the goal of this
symposium, it is necessary to recall
the early research on the spectral
visibility of the human eye that was
inltiated in about 1917 at the U.S.
Bureau of Standards. This research
resulted in the definition of the
lumen (as well as other visual units
such as the lux) in 1931. These
units were developed in order to
specify that portion of the light from
any source that was visible to an
average, young human aye.

It was also in the early 1930s that
an international group of biological
oceanographers searched for a light
measurement that would make it
possible to relate phytoplankion
photosynthesis with available light
at different locations and depths in
the ocean.

In 1936-37 a special conference
for the discussion of submarine day-
light was organized at the Interna-
tional Council for the Exploration of
the Sea. This conference was
attended by both physicists and bio-
loglcal oceanographers, the intent
being to achieve a standardization
of submarine light measurements for
correlation with oceanic photosyn-
thesis.

It is obvious today that the physi-
cists at that meeting did not under-
stand the true needs of the biolo-
gists and the biological oceanagra-
phers did not understand the lux
unit developed and defined by the
physicists. The unfortunate result of
this conference was the adoption of
the lux unit for correlation with pho-
tosynthesis in the ocean,

This misunderstanding resulted in
what has been called "the dark ages
of biological oceanography" during
which phytoplankton photosynthesis
has been persistently and
incorrectly correlated with the spec-
tral region of natural light that is
least absorbed in photosynthesis.

This gross error has persisted into
the 1970s as a habitual disinclina-

tion to accept the teachings of E.
Steemann Nlelsen {1957}, Eugene
Rabinowitch and Govindjee (1969),
and the Stark-Einstein Law. For the
past several years | have beaen
called upon to review, and have
rejected, manuscripts based on this
misconception that have been sub-
mitted for publication in the
scientific literature. The cost of this
misconception in terms of research
effort has been carried by research
funding agencies and has been
enormous.

The Seattle symposium was
arranged to demonstrate the current
and correct approach to the study of
the interaction between light and
photosynthesis (speakers: T. T. Ban-
nister, C. Yentsch, R. C. Smith, N. A,
Welschmeyer, and C. R. Booth) and
to demonstrate the gross errors
associated with the correlation of
photosynthesis with lux units
(speaker: J. E. Tyler).
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AN ISOTOPIC ARAGONITE-WATER TEMPERATURE SCALE
DETERMINED FROM SELECTED SHELL-BEARING MARINE
ORGANISMS

Charles Shu!l and John S. Killingley

The first phase in the work of the
project was obtaining and fitting ap-
propriate laboratory space with an
aquarlum to grow experimental
specimens of shell-bearing marine
organisms. Although agreemsnt had
been reached for the use of a por-
tion of the bivalve laboratory being
set up by Drs. Phleger and Lelghton
under the pier at Scripps Institution
of OQceanography in November
1980, the laboratory was not ready
tor use until late May 1981. At thls
time it was immediately stocked with
several specimens each of about a
dozen species of mollusks. Tem-
perature recording apparatus was
acquired and instalied and sampling
began on several of the species and
has continued to the present.

The stable isotopes of oxygen and
carbon have been determined for
species of shell-hearing marine or-
ganisms, about half of which pos-
sess aragonite mineralogy and half

of which possess calcite mineralogy.

The inltlal list of specles examined
consisted of the following:
Aragonite:
Kallatia kelletii*
Tegufa regina*
Megathura crenulata
Serputorbis squamigenus*
Serpulids

Calcite:
Mytilus cafifornianus*
Mytilus edulis*
Littorina planaxis*
Haliotis fulgens
{Chicne californiensis)

The species marked with an as-
terisk showed the most promise in
terms of rate of growth in the
aquarium and so0 became the
species subjected to systematic
analysis.

Growth periods are represented in
table 1, where the values for several
specimens of each species are
recarded for the time intervals in-
volved. Column [ lists values ob-
talned from specimens sampled at
the time of acquisitlon and is head-
ed "Initlal Value" Because the am-
bient temperature in which these

specimens had grown was unknown,
little can be sald about the tempera-
ture changes except that it appears

that they came from a colder region.

The aragonite has an average
value of §'80, about 1 part per
thousand heavier than the calcite
group. This is consistent with gen-
eral observations that the aragonite
temperatures {calculated from
paleotemperature equations} appear
"colder” than calcite.

There are two important charac-
teristics of temperature change dur-
ing the interval reported here.

First, the total average tempera-
ture change from June { to October
1 was -1.4°C, which, If precisely
reflected in isotoplc composition,
would mean a change of about
+ 0.35 parts per thousand. The
spread of values for a given species
over the temperature range Is seen
to be as high as 0.5 parts per
thousand and with no consistency
with respect to direction. The tem-
perature effect In this range (204 -
19.0°C) is obscured by experimental
uncertainty.

A second characteristic of the
temperature In the interval reported
is a rather large short-period varia-
tion of as much as 7 degrees lead-
ing to rather large standard devia-
tions of the average. This praperty
of the temperature history has an
unknown effect on the growth of the
specimens and may contribute to
the scatter of data points.

It is expected that In the coming
months the change in the average
temperature wiil be much greater
and at the same time the range
between maximal and minimal tem-
peratures for each perlod of growth
measurement will be smaller and
therefore provide a more represen-
tative temperature in which shell
growth actually takes place.

If this expectation |s not realized,
plans are baing made to control the
temperature of the water into the
aquarium, eliminating the extremely
low temperatures. This will maintain
a more uniform temparature gra-
dient.
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Conclusion

The data reflect a definite
difference in aragonite and calcits
shells growing in the same environ-
ment, the aragonite §'20 being
about 1.0 part per thousand heavier
than that of the average calcite
specimen.

Continued work through the
remainder of the vear will provide
the data for comparing the aragonite

“with calcite at markedly different
temperatures and provide data for a
complete temperature squation.

While the oxygen isotope compo-
sition seems to have a straightfor-
ward relationship to the tempera-
ture, the carbon composition is
much more complex. Carbon Iso-
tope data has heen gathered for all
the samples but no attempt has yet
been made to analyze this informa-
tion.

This grant has made possible a
promising start on the development
of a definitive [sotopic fractionation
relationship to temperature for ara-
gonite which has hitherto not been
reported.
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Table 1
Oxygen and Carbon Isotope Composition in ppt PDB

Initial Value 6/5 - B/16/81 6/18 - 7/7/81 7/7 - 7/24/81 8/26 - 9/3/81 9/3 - 10/1/81
Temp= Natl. Habitat  Temp=204°C  Temp=204°C  Temp=20.1°C Temp=19.12°C  Temp= 18.96°C
5180 313C 180 813G 5180 $13C 580 513C 580 813C 5180 $13C
Calcite Species
M. californianus  -0.21 0.95 -088 210 -080 069 0.86 -09 -0.25
-0.90 0.40
M. edulis -0.14 1.15 -1.30 -057 -1.22 085 -143 0.50 -099  -0.51
-109 -033 -1.38 025 -1.08 057 -11 -0.53 -1.21 -0.02
-1.02 060 -1.47 -0.40 -117 065
L. planaxis -0.20 1.68 -1.06 1.2 -1.16 1.14 -0.07 1.46 -0.67 0.22
-1.37 1.00 -0.78 -0.82
Haliotis fulgens -0.66 1.03 -0.64 1.1
0.11 0.78
Aragonite Species
K, keftetil 0.40 0.06 -0.33 -0.26 009 -004 -005 -042 1.1% -0.03 0.56
0.31 0.53 -0.45 -0.15 015 0.21 -0.01 0.07 -0.16 061 -012 0.33
0.81 0.73 -0 048 -0.25 0.41 D2 062 -0.78 0.77
-0.45 013 -0.09 0. -0.15
-0.46 -038B
-017 003
A. undosa 0.41 1.35 051 104 -061 1.00 -0.91 1.44 -1.15 1.47
-0.04 123 -0.33 1.20
M. crenulata -0.14 0.28
-0.35 0.76
0.48 047
T. regina 0.62 0.57
Chione
californfensis  -0.45 039
0.26 0.68
8. squamigerus -0.78 280 -047 0.44 -0.25 2,50 -0.22 350
-0.93 234 -063 0.77 -0.89 0.33
Serpulid worms -0.30 1.24 0.51 1.3

Cooperating Organizations
Scripps Institution of Oceanography
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COASTAL ZONE GEOLOGY AND RELATED SEA CLIFF AND
BLUFF EROSION: OCEANSIDE SOUTH TO BATIQUITOS
LAGOON, CARLSBAD, OCEANSIDE LITTORAL CELL, SAN

DIEGO COUNTY, CALIFORNIA

Francis P. Shepard

The beaches, bluffs, and estuarine
environments of Callfornia — and
specifically San Diego County — are
undergoing extreme developmental
pressures, These areas are atirac-
tive from many points of view, but
the basic background Information
available on which to make valld de-
cisions pertaining to land use and
resource management is very limit-
ed, particularly with regard to en-
vironmental hazards of a geological
nature.

Objectives

The project's original goals were
initlated in Sea Grant project R/CZ-
43. The central objective was to
demanstrate the methodology of col-
lecting and preparing geological in-
formation essential to resourge
planning and management decl-
sions. This involved the computa-
tion and use of many existing public
records such as plat maps, old land
surveys, tax assessor records, aerlal
photographs, and environmental im-
pact statements and reports for ma-
jor projects. Such information was
to be augmented by interviews with
long-term residents, information
derived from newspaper files, and
collections of old photographs, to-
gether with data gathered from
sciaentlfic literature. This base infor-
mation was to be used as a guide to
detailed field investigation and map-

ping.

Results

During the first 4 months of this
project In 1977-78, an informatlon
data base was acquired, researched,
and arganized on important
meteocrological events (floods,
storms, and earthquakes) that may
have had a marked influence on the
coast in past years. The winter
storms of 1977-78 were destructlve
along the San Diego County coast-
line. A photographic documentation
of coastal changes was conducted
during and after each storm for

evaluatlon,

During the firat year, 1977-78,
field mapping was followad by ex-
tensive literature and record search
for all pertinent historical informa-
tion on the area. In the event of
heavy winter or spring storms, ob-
servations were made to determine

what erosional effects have resulted.

Apparent effects wlll be recorded
photographically. During the sum-
mer of 1978, efforts were concen-
trated on analysis of field and his-
torical data, and preliminary maps
were prepared.

Between 1977 and 1979 the
coastal zone from Batiquitos Lagoon
{south of Carlsbad) to the southern
boundary of Camp Pendleton {north
of Oceanside) was mapped on pho-
togrammetric maps of a 1:2,400
scale, and comprehensive geologi-
cal data relevant to land use was
compiled. This Involved the follow-
ing procedures:

1) Researching and organizing in-
formation on Important past
meteorological events (floods and
storms) that may have had marked
influence on the coast.

2) Collecting and comparing his-
torical maps showling the shoreline
features and development for com-
parison with each other and with
modern maps to document stability
or change. Old plat maps were par-
ticularly useful for this purpose.

3) Searching tax assessment
records of shoreline parcels for in-
formation as to diminished land area
or elimination of parcels from the
tax roles as a result of inundation.

4) Inspecting newspaper files for
accounts of the effects of natural
events such as storms at sea, heavy
rains, and sarthquakes.

5) Interviewing long-time
residents of coastal areas to obtain
observer accounts of catastrophic
changes.

8) Searching collections of histori-
cal photographs and memoirs for
documentation of changes.
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7} Mapping the individual geologl-
cal lithologic units and thelr charac-
teristics with relation to weathering
processes and cliff erosion.

8) Determining the general en-
gineering properties of the soils and
rock units, particularly those types
that are especially susceptible to
ergsion under natural, undisturbed
conditions.

9} Mapping all faults, joints, frac-
tures, and sea caves that are likely
to aggravate sea-cliff erosion in the
form of landslides, slumps, and
sloughing of the bluff-forming sands.

10) Monitoring the flow and effect
of groundwater and induced spring
sapping and piping through geologi-
cal unlts.

11) Evaluating performance of ex-
isting shore pratection warks.

12) Mapping the coastline to the
inland boundary set by the Califor-
nla Coastal Act of 1976 on a
1:24,000 scale. This scale will
show the regional geology including
stratigraphy and structure and willl
supplement the 1:2,400 scale maps.
All pertinent previous geologlcal
studies will be incorparated inte the
phase of the study.

13) Photogeological examination
and interpretation of aerial photog-
raphy from earliest available photos
to the present will be compared
along with recent available landsat,
infrared and/or near-infrared pho-
tography in order to define ragional
topographi¢ lineations and afign-
mants ralated to faulting and folding.

14} Ildentifying areas subject to
slope-stability problems.

The results derived from this pro-
ject were made available as they
were uncovered to the California
Coastal Commission, other State of
California agencies, California clty
pltanners, San Diego County agen-
cles, concerned citizens, planning
groups, consulting firms, attorneys
at law, corporations, high schools,
and colleges. The final project
results of this study are divided into
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two reports. Sea Grant has recently
published A Manuval for Researching
Historfcal Coastal Erosion, written
by Kim Fulton {(a Sea Grant writing
intern). This manual describes the
methodolagy devlsed by the project
leaders. The final project results of
this study will be published by the
LS. Army Corps of Englneers in
order to assist in future shoreline
planning. -

'Cooperating Organlzations

‘Californla Coastal Zons Commisslon, San Diego Region
Callfornla State Lands Commisslon

County of San Dlago

Publications

Aanew, D. C., LEas, M. R., anp Staanp, C. 1979. Earthguake history of San Diego. In
Earthquakes and other perils In San Disgo, P. Abbott and W. Elliott, eds. Geol. Soc.
Amer. fisld trip, by S.D. Assn. of Geolopists.

EMeny, K. O.anp Kunn, G. G. 1880. Erosion of rock shores at La Jolla, Callfornia. Mar.
Geol. 37:197-208.

EMeRy, K. O.aND Kunn, G. G. [n press. 1981. Classification of seacliffs. Geol. Soc. of
Amar, Bull.

FuLton, K. 1981, Coastal reireat. Sea Frontlers 27(2):82-88.

Furton, K. 1981. A manual for researching historical coastal erosion. Report No. T-
CSGCP-003. California Sea Grant Cotlege Program, La Jolla, CA.

Kunn, G. G. 1977. Coastal zone geology and related sea cliff erosion, San Dlegulto
River to San Elijo Lagoon, San Diego County. Also funded by San Diego County con-
tract #11598-0800E. Includes material from Sea Grant project R/NP-1H,

Kurn, G. G. 1981, Coastal arosion atong Oceanside littoral cell, San Diago County,
Callfornla. Sea Grant draft working paper, prepared for the California Coastal Com-
mission.

Kunn, G. G. aND SHEPARD, F. P, 1979. Accelerated beach-cliff erosion related to unusual
storms In southern California. Calif. Geol. 32(3):58-59.

KuHn, G. G. AND SHeParD, F. P. 1979, Coastal erosion in San Diego County, Callfornia.
In Earthquakes and other perils, San Diego region, P. Abbott and W. Elliott, eds. For
Geol. Soc. Amer. fleid trlp by 5.D. Assn. of Geologists.

Kunn, G. G. aND SHEPARD, F. P. 1981. Should southern California build defenses against
violent storms resulting In lowland flooding as discovered in records of past century?
Shore and Beach 49{4):3-10.

‘Kunn, G. G., SHEPARD, F. P., AND FRAUTSCHY, J. D. 1979. Erosion threat to the coastal
bluffs of San Dlego County. 11(7). Presentation to the Geol. Soc. Amer. Annual
Meeting, San Diego. (Abstract).

Leca, M. R. 1980. Seismiclty and Tectonics of the inner continental borderland of
southern California and northern Baja California, Mexico. M.S. thesis, Qceanography,
University of Calllornla, Davis.

Lecs, M. R. anp Agnew, D. C. 1879. The 1862 earthquake in San Diego. In Earth-
quakes and other perils in San Diego, P. Abbott and W. Elliott, eds. For Geol. Soc.
Amaer. field trip, by S.D. Asen. of Geologists.

LEaa, M. R. anD KeNNEDY, M. P, 1979, Faulting offshore San Diego and northern Baja
California. In Earthquakes and othor perils in San Diego, P. Abbott and W, Elliott, eds.
For Geal. Soc. Amer. fisld trip by S.D. Assn. of Geologists.

Lege, M. R. anp OrTeGA, V. W. 1979. New evidence for major faulting in the inner bor-
derland olf northern Baja California, Mexico. EOQS 59:1134, (Abstract).
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INVESTIGATION OF COASTLINE RETREAT, HUMBOLDT
COUNTY, NORTHERN CALIFORNIA

Derek Rust, Gary Carver, Lori Dengler, and Don Tuttle

The Project's original goals were
as follows:

1} Produce detailed geologic and
geomorphlc maps of the coastline in
the Trinldad and the Shelter Cove
areas so that interrelationships
between rock type, geomorphic set-
ting, and failure process could be
assessed, and to make comprehen-
sive maps of the coastline available
for ptanning land use along the
coast.

2) Instrument several active
coastal slope failure sites to monitor
rate and amount of movement in
relation to a number of controlling
physical factors {e.g. rainfall and
tidat changes).

3) Assemble all available histori-
cal information relating to coastline
retreat in the Trinidad and Shelter
Cove areas,

4) Combine all the information
abtained in final reports for Trinidad
and Shelter Cove. An objective of
combining the Information is to pro-
duce a factor analysis of the vari-
ables invelved In the Trinidad area,
which then might be applicable
elsewhera. Comparisons of histori-
cal retreat rates with rates at the
Instrumented sites are another
example of the benefits of a mui-
tifaceted approach.

Project Results

Geologlc and geomorphic maps of
the Trinidad coast at a scale of
1:6,000 have been produced and
are now heing drafted. The geologic
maps show badrock distribution and
type, while the geomorphic maps
show on a separate sheet the loca-
tlon and type of coastal failure pro-
cess. These maps show that retreat
mechanism and rate are predom-
inantly Influenced by bedrock resis-
tance and geomorphic selting. How-
ever, because the bedrock is
characteristically very variable even
on a small scale, the nature and rate
of coastline retreat are constantly
changing as the ¢oast recedes.
This typically results in rapid retreat
of certaln parts of the coastline until
more rasistant bedrock condltions
and/or until a more favorable

geomorphlc setting are encountered.
Relative stabillty is then enjoyed
while other parts of the coastline
begin phases of retreat; ultimately
the tavorable conditions at the origl-
nal part of the coastline are lost and
it begins another phase of
accelerated retreat. This picture
applies over a wide range of scales
in time and spaca.

Movement histories for seven
monitored sites on two massive
coastal slump-earthflows have been
obtalned for the 1979-80 and
1980-81 storm seasons. Prelim-
inary analysis of thls data shows a
complex pattern of movemant

characterized by the following:

1) Numerous continually chang-
ing blocks bounded by discrete
shears and slip surfaces interacting
within the larger slide mass.

2) Individua! and dlfferent move-
ment histeries for different blocks.

3} Movement characterized by
sudden slip events resulting in a few
millimeters to a few centimeters of
rapid slip and separated by intervals
of a few hours to several days of
quiescence or very gradual continu-
ous creep.

4) A general increase in fre-
quency and magnitude of movement
events toward the toe of the slump-
sarthflows.

No direct correlation between
ralnfall and movement patterns of
the monltored sites was evident
from the monitoring records, but a
large proportion of the movement
events occurred within a few hours
of high tide. Continugd monitoring
efforts are underway for the 1981-
82 storm season to further assess
the relationship of coastal slump-
earthflow movement, rainfall, and
surf and tide activity.

Compilatien of historical informa-
tion and analysls of enlarged air

‘photographs of the coastline cover-

Ing a S50-year perlod show consider-
able vartation of coastal bluff retreat
rates, especlally in areas of hetero-
geneous bedrock lithologies. Many
areas, partlcularly those composed
of massive resistant Franciscan
lithologies, have remalned stable
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during the past 50 years. The
coastal reaches composed of highly
sheared Franclscan melange fre-
quently show up to 20 meters of
progradation of the shoreline result-
ing from active advancement of
slump-earthflow toes. Rapid retreat
of the crest of the coastal slope by
as much as 120 meters is locally
assoclated with these active
slump-earthflows. Coastal bluffs cut
into poorly consolidated late ceno-
Zoic deposits have retreated
between 10 and 30 meters since
1831 throughout the study area.
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Cooperating Organizations

California Coastal Commission

Humboldt County Department of Public Works
Scripps Institution of Oceanography

Publications

Turnig, D. €. 1981. Investigation of methods for determining coastal bluff erosion: his-
torical section. Saa Grant Report.
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LONGARD TUBE SURVEY AND DOCUMENTATION, DEL MAR,

CALIFORNIA

Reinhard E. Flick and B. Walton Waldorf

De! Mar and numerous other
southern California communities are
seeking remedles to slow the beach
erosion caused by both episodic
and long-term loss of beach sand. If
the Longard Tube s effsctive in sta-
bilizing an otherwise ratreating
beach, it may be a relatively inex-
pensive and environmantally more
suitable alternative to seawalis,
groins, or other more permanent
structures.

To judge the effectiveness of the
Longard installation, it was essential
to accurately survey the tube and
the adjacent beach te establish their
inlttal configuration. This has been
accomplished during the Initlal year
of surveys. It is now essentlal to
measure any changes in this
configuration over a period of time
and to relate thess changes to the
drlving forces of waves and
currents.

Cooperating Organlzations
City of Dal Mar
Californla Department of Boating and Waterways
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WORKSHOP ON COASTAL WETLAND RESTORATION AND

ENHANCEMENT

Michae) Josselyn and James J. Sullivan

A workshop was held in February
1982 at the Californla State Univer-
sity, Hayward entitled "Wetland res-
toration and enhancemant In Cali-
fornia." The workshop was jointly
sponsored by Callfornia Sea Grant
College Pragram, California Coastal
Commission, San Francisco Bay
Conservation and Development
Commission, California State
University, Hayward, and San Fran-
cisco State University. Seven
presentations were given at the
workshop.

Each paper was a review of the
topic and outlined areas in need of
further investigation. The papers
waere critically revlewed by a pane!
of experts who had recelved copies
of the prosentation 2 weeks befora

the workshop. The following Is a list

of panel members:
Panel 1:
. Eric Metz, California Coastal
Commission
Calvin Fong, U.S. Army Corps of
Engineers
Fellx E. Smith, U.S. Fish &
willdlife Service
Robert Radovich, California
Department of Fish and Game
Panel 2:
Nancy Wakeman, Bay Conser-
" vatlon and Development Com-
mission
. Emy Chan, Association of Bay

Board

Terry Bursztynsky, Association

of Bay Area Governments
Panel 5:

Fran Demgen, Demgen Aguatic
Biology

Tom Harvey, San Jose State
University

John Oliver, Moss Landing Ma-
rine Laboratory

Christopher Onuf, University of
California, Santa Barbara

Pansl 6:

Tom Nlesen, San Francisco
State University

Paul Springer, Humboldt State
University

Robert Holmes, University of
Callfornta, Santa Barbara

Steve Balling, Unlversity of Cali-
fornia, Berkeloy

Howard Shellhammer, San Jose
State University

Panel 7;

Roger Barnhart, California
Cooperative Fisheries
Research Unit

Nona Dennis, Madrone Associ-
ates

James Schooley, California
State University, Hayward

Tom Dickert, University of Cali-
fornia, Berkelay

Margaret Race, Stanford Univer-
sity

San Franclsco State University
R/NP-1-10H
1981-82

the panel conveners. Their papers
were then revised and rasubmitted
for publication in the proceedings
volume, Wetland Rastoration and
Enhancement in California. It
represents a major review of the
status of wetland restoration in the
state and provides & guide to the
research and analyses needed to
improve the techniques and
effectiveness of wetland restoration.
The volume wlll be used by the U.S,
Army Corps of Enginsers, U.S. Fish
and Wildlife Service, Environmental
Protection Agency, California
Department of Fish and Game, State
Coastal Conservancy, California
Coastal Commission, and California
Sea Grant College Program.

An eighth paper entitled "Summary
of available technical information on
past wetland enhancement and res-

Area Governments
Bob Jonaes, Jones & Stokes As-

sociates toration projects” was presented b
Martin Cohen, California Coastal Michael ?losjselyn and ﬂ’ames Y
' Conservancy Buchholz.
Panel 3:

The conference was attended by
225 people. Affiliation of confer-
ence attendees was 20% university
personnel, 51% government agen-
cies, 14% consulting firms, 6%
private indlviduals, and 7% environ-
mental organization representatives.

Michael Wilmar, Bay Conserva-
tion and Development Com-
mission

Fred Roberts, Alameda County
Mosquito Abatement District

Dave D. Smith, Dave D. Smith

Associates Followin
g each presentation and
-StevenGKaufmann. Deputy Attor- panel review, presenters answered
Pang{"ﬁ_ eneral questions from the audience.
: ) Contributed posters were shown
Phil \ﬂ:‘illiams, Phil Williams As- In the evening. Nineteen posters
sociates weare presented on various technical
Thomas Firle, S8an Dlego Unified aspects of marsh restoration
Port District .

The conference proceedings were
transcribed, edited, and forwarded to

265

Tom Inouyse, State Water Control



Table 1

Panel Conveners Affillation

Title

Susa Gates Callfornia Coastal Conservancy

John Zentner Callfornla Coastal Commission

Scott McCreary Calilfornla Coastal Conservancy

Ray Krone Unlversity of California, Davis

Joy Zedler
Michael Josselyn

San Diego State University
San Francisco State University

Milton Boyd Humboldt State University

Jens Sorensen Jens Sorensen Consulting

An inventory of California
wetlands with a potential for
restoration and development

Regional goals for watland
restoration In California

Legal and institutional
constraints and opportunities
In wetland restoration

Engineering wetlands:
circulation, sedimentation,
and water guality

Restoration techniques,
research, and monitoring:
vegetation

Restoration techniques,
research, and monitoring:
animals

Toward an overall strategy In
designing wetland restorations

Cooperating Organizations

Bay Conservation and Development Commission
Catifornla Coastal Commission

Californla Coastal Conservancy

Catifornla State University, Hayward

San Francisco State University

Tiburon Center for Environmental Studles

Pubiications

Jossewyn, M., En. 1982, Wetland restoration and enhancement in California. Report #
T-CSGCP-007. Californla Sea Grant College Program, La Jolla, California. Proceed-
ings of a workshop held California State University, Hayward, February 1982,
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AQUARIUM ENERGETICS AND GROWTH RATES OF

ANOPLOPOMA FIMBRIA

G. N. Somero and K. M. Sullivan

Energetics studies of sablefish
were initiated to learn more about
energy allocation patterns in a
wide-ranging, relatlvely deep-living
benthopelagic flsh. Sablefish have
an extremely broad gaographic
range along the continental siope
from Baja California to the Bering
Sea and westward to Japan. The
bathymetric distribtion of this fish is
equally broad, extending from sur-
face waters in the northernmost
areas of its range to a depth of over
1,500 meters off southern California.
Throughout its range, the sablefish
is fished commercially, although the
center of its abundance is off
southeast Alaska and its abundance
decreases moving from north to
south. Off southern California, the
extreme southern end of its range,
the sablefish is notably smaller and
of lower commaercial value because
of higher water and lower lipid con-
tents of the muscle. It is uncertain
whether sablefish successfully
spawn south of Point Conceptlon,
California. In the laboratory, we
wanted to investigate the energetics
patterns of sablefish starved and
malntained on low ration levels be-
cause it has been suggested that
sablefish occurring off southern Cal-
ifornia are smaller due to low food
availability at the depths they occur.

This study examined the physio-
loglcal response of sablefish col-
lacted off San Dlego, California at a
depth of 500 meters to three ration
levels: starved, half ration (7% of
fish wet-weight per week), and full
ration (15% of fish wet-weight per
week). The diet consisted of
chopped mackerel and squid. Eigh-
teen fish ranging from 0.8-1.95 kg
were kept in chilled (6-8°C) seawa-
ter tanks for up to 6 months. The
summary of growth and ingestion
rates is given in table 1.

It has already been noted that
sablefish are capable of surviving
soveral months of food deprivation
In the laboratory {Sullivan and
Smith, 1982). Examinlng respiration
and excretlon rates during the
course of starvation in this investi-
gatlon offers insight into the ener-

getic strategies for coping with
long-term food deprivation in
laboratory-held fish. During the first
9 weeks of starvation, raspiratlon
rates were sxtremely variable during
a given 24-hour period, and are
comparable to respiration rates of
fed fish in postabsorptive condition.
Very high oxygen consumption to ni-
trogen excretion {O:N) ratios are
characteristic after several weeks of
starvation. This would indicate that
the fish is utllizing lpid stores rather
than protein as an energy source,
accounting for the low nitrogen ex-
cretion rates. The highly variable
respiration rates could be associat-
ed with a response to moving or mi-
grating to Increase the chance of
the sablefish encountering prey.
After 18 weeks of starvation,
sablefish respiration rates are lower,
and more uniform over a 24-hour
period. Nltrogen excretion rates in-
crease, and are comparable to post-
absorptive excretion levels in fed
fish. The resulting decrease in the
O:N ratio suggests that the fish is
both congerving energy by lowering
metabalic rates and utilizing both
protein and lipld stores. Based on
this investigation, it appears that
sablefish can survive at least 200
days without food under laboratory
conditions. This estimate does not
take into account the cost of swim-
ming, however, the fish is very inac-
tive after more than 10 weeks of
starvation. The change in the
respiration patterns of individual
starved fish over the course of the
experiment is illustrated in figure 1.
The actions taken by sablefish
when faced with food deprivatlon or
limited food appear to follow a se-
queance fairly consistent between In-
dividuals. Half-ration fish, with lImit-
ed tood, maintain high lipid stores in
the muscle and liver tissue at the
expense of loging weight (i.e., shunt-
ing enargy away from growth). In
the case of short-term food depriva-
tion, the sablefish can utilize Its lipld
stores in both muscle and lipid tis-
sue. With prolonged starvation, the
species utilizes both lipid and pro-
tein stores, drawing on functlional
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proteing and selected structural pro-
teins In white muscle. Judging from
the diel pattern of respiration rates
in fed fish at the beginning of the la-
boratory experiment, sableflsh may
have a diel actlvity pattern associat-
ed with feeding. Sablefish Initially
faced with a lack of food may spend
a prescribed amount of energy on
elevated metabolic rates in order to
move and increase the probability of
prey encounter. All these actions
give the spacies flexibiity to exist
on relatlvely large, infrequent meals
or on a seasonally abundant food
item. Itis not known if key prey
items for sablefish off southern Cali-
fonia are seasonal in thelr availabili-
ty. This flexibility in starvation phy-
siology of the sablefish could ac-
count for the success of the specles
in increasing its bathymetric range,
and thus its geographic range at
lower latitudes.
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Figure 1. Changes in fish respiration patierns during starvation perlods.
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Table 1

Growth, Ingestion and Percent Change In Welght for Sablefish (Anoplopoma fimbria)

Malntained on Three Ration Sizes for up to Six Months (24 Weeks)?

Initlal .  Final Ingestion

Fish # Welght  Weight {Average g Months % Change in Kg Change/

{Sex) {ka) (kg) /wk + SD)  Observed Waight Month
Starved
81 {F 110 1.00 0 1.2 - 1% -.008
52 (M) 0.97 0.76 0 6.0 ~22% —.036
383 (M) 0.79 0.71 0 6.0 —-10% -.013
-84 {M) 0.97 077 0 6.0 —18% -.029
S5 (F) 1.59 1.37 0 8.0 —14% —.037
S6 (F) 1.78 1.48 4] 6.0 —17% ~.051
Half-ration?
H1 (F) 1.28 140 623 + 34 6.0 + 9% +.01¢
H2 (F) 1.30 109 148 + 24 4.5 —16%
H3 (F) 1.99 1.92 785 + 39 8.0 — 4% -~012
H4 (F) 1.59 1.41 69.7 £ 28 4.0 —11% =045
H5 (M) 0.80 1.10 656.2 + 32 6.0 +37% +.048
H6 (M) 113 0.99 684 + 8 3.0 —12% —,045
Full-ratlon®
F1 {F) 1.25 1.40 1048 + 79 8.0 + 12% +.025
F2 (F) 0.98 1.10 104.7 + 64 4.0 +12% +.030
F3 (R 1.41 1.87 136.4 + 87 8.0 + 33% + 077
F4 (F) 1.56 2.24 211.5 = 80 8.0 + 43% +.113
F5 (F) 0.81 1.27 188.8 + 62 4.0 +57% +.116
F6 (F) 118 1.60 1794 + 83 45 +31% +.082

! Fish are grouped Into "starved,” "half-ration," and “full-ration” treatment groups. Ration
slze was determined by previous laboratory experiments (Sullivan and Smith, 1982).

2 {7% of wat body weight per week)
- 3 {15% of wat body weight per week)

Cooperating Organizations
Sandla Laboratories

Publications

Suurwan, K. M. Submitted. Changes in respiration, excretion and growth rates of
starved and fed sablalish, Anoplopoma fimbria. Canadlan Journal of Fisheries and
Aguatic Sciencas.

Suruwvan, K. M. anp Smime, K. L., Jr. 1882. Energetics of sablefish, Anoplopoma
fimbria, under laboratory conditions. Canadian Journal of Fisheries and Aquatic Sci-
ences. 39(7).

SuLuvan, K. M. ano SoMero, G. M. In press. Size and dist-related varlatlons In enzymic
iac;}lvity and tissue composition in the sablefish, Ancplopoma fimbria. Biological Bul-
etin.
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VEGETATIVE PROPAGATION OF COMMERCIALLY

IMPORTANT BENTHIC ALGAE

A. Gibor

We are continuing to grow axenic
tissues of Porphyra. Wae originally
obtained these tissues (2 years ago)
from single cells derived from
dispersed vegetative tissues.

A large number of the growing
colontes produced masses of cells
with a typical "callus™ appearance
(figure 1). Calluses grew espeacially
at the interface between the air and
the soft-agar medlum. Whether the
semldry environment is canduclve to
this type of growth has not been es-
tablished yet. These calluses varied
in degrae of pigmentation; some
were quite red while others ap--
peared colorless. These
undifferentiated cell masses were
transferred for further growth under
a variety of culture conditions. The
czalluses are relatlvely brittle; we are
attempting to obtaln dispersed cell
suspenstons from them by growing
them in liquid with vigorous aglta-
tion.

A viable growling cell suspenslon
will be valuable for future studies on
obtaining genetic mutations and for
studies on the factors that induce
these unditferantiatad cells to
develop into plantlets.

With the ald of a graduate student,
Muftabh Zarmouh, we are studying
the cultivation and breeding of the
kelp Macrocystis. We isolated ax-
enl¢ cultures of the gametophytes of
this plant. We are maintaining
separate cultures of male and fe-
male gametophytes. We are able to
disperse these plants to viable sin-
gle cells which ¢can be regrown to
produce gametophytlc colonles
(figure 2).

We are now defining the condi-
tions for induction of sexual maturity
of these gametophytic plants. We
are also determinlng morphological,
physiological, and biochemical
parameters by which the male and
female plants are distinguishable.
Such gametophytic cultures wiil
serve subsequently for the Isolation
of mutants as well as production of
desirable hybrids of these valuable
plants.
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Flgure 1. Callus-type growth of axenic Porphyra tissue cultivated on semisolid culture
medlum.
a) Surface view of a culture plate {X12}.
b) Closer view of a callus, note several rhizolds growing from the clamp (X200}, Por-
tlons of the clump were heavily pigmented while others were pale.
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ECONOMIC ANALYSIS OF THE IMPACT OF AQUACULTURE
ON COMMERCIAL FISHERIES

University of Callfornia, Davis
R/NP-1-11B
1981-82

Warren Johnston and James Wilen

The primary goal of the project, to
develop and analyze a serles of
mode!s that characterize the in-
teractive behavior of commercial
aquaculturists and fishermen, is
nearly complete. This article sum-
marizes the models and results, all
of which are currently being re-
viewed and refined.

The first model is of an open-
access fishery facing market com-
petition from the entry of a purely
competitive aguaculturist. This
model uses stability analysls of
differential equations representing
fish population dynamics, demand
adjustment, and capltal adjustment.
The general conclustons are 1) the
range where price and quantity will
tend to be unstable is reduced, 2}
the natural fish populatlon will tend
to Increase, and 3) the commercial
fishery will become more efflcient as
entry occurs.

The control theory model is uti-
lized to analyze the optimal reaction
of a cooperatively managed com-
mercial fishery to shifts in net
demand caused by entry of a com-
peting agquaculture supply. The
results indicate that if net demand is
decreasing, the fishermen should
temporarily extract extra profits, tak-
ing advantage of the lagged entry of
the competitor. If the net demand is
Increasing, the optimal policy would
be to temporarily enter a price war
strategy.

The contro! theory model is again
employed to analyze the optimal
behavior of a large corporate agua-
culturist. Results indicate market
power could be used to influence
the exit and entry aof flshermen by
indirectly controlling the supply and
stock of natural fish,

The preceding modsls are ex-
panded to include biologlcal interac-
tion as exists in salmon ranching.
Results indicate that when demand
is low, the equilibrium supply comes
from the natural stocks alone. As
demand shifts outward, the equilibri-
um supply will be both from the
aquaculturist and the fishermen who
catch both natural and aquaculturad
flsh. Finally, when demand shifts

further, the natural stock may be
destroyed by overfishing or competl-
tion from aquacultured stock. The
range of demands under which both
natural and aquacultured stock exist
is sensltive to fisheries policies
which rasult in changes in effort or
natural stocks. Another conglusion
of this model is that there are
theoretical cases where a large
aquaculturist may wish to drive the
natural stocks to zero, thereby gain-
ing relatively more control,

The second goal of applying these
models to case studies of salmon
ranching and the potential develop-
ments in the lobster industry is still
in progress. Results are not yet
avallable.

Cooperating Organizations

California Department of Fish and Game
QOregon Department of Fish and Wildllfe
Oregon State University

Paclllc Fisheries Management Council
University ol California, Davis
Washington Department of Fisheries
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AGE AND GROWTH OF PELAGIC SHARKS: MANAGEMENT
INFORMATION FOR CALIFORNIA'S EMERGING FISHERIES

Gregor M. Callliet

Commerclal fishing for elasmo-
hranchs Is increasing at a tremen-
dous rate in Californta. Three
pelagic species have comprised the
maority of the catch. Blue shark
{Prionace glauca) landings in San
Pedro, California, have increased
from virtually nothing In 1978 to
over 188,000 pounds in 1980.
Similar trends have occurred for
common thresher (Afopias vulpinus)
and shortfin mako {/surus oxy-
rinchus) sharks. Landings of com-
mon thresher and shortfin mako in-
creased from 15,500 pounds and
1129 pounds in 1978 to 994,000
pounds and 62,000 pounds, respec-
tively, in 1980.

A major problem with this in-
creased commaercial use is the lack
of life-history information necessary
for effective management. For ex-
ample, age determination has not
been evaluated sufficiently for the
majority of elasmobranchs in Cali-
fornia, and therefore, such critical
Information as age at first maturity
is not known. Therefore, the objec-
tives of this project were to use re-
cently developed techniques to
enhance growth bands on centra for
these three west coast pelagic
sharks, make estimates of age
based on counts of these structures,
and construct preliminary growth
curves. Finally, because these
pelagic sharks appear to range
widely over the oceans (Strasburg,
1958), very little information has
been gathered that could verify the
annual nature of bands in their ver-
tebral centra. We attempted to use
what little informatlon was available
on their size and repraduction to
evaluate our growth curves.

We obtained spscimens of these
three species from our own fishing
actlvities and from commercial
fishermen, the California Department
of Fish and Game, and various Cali-
fornia museums. Sharks were mea-
sured and weighed and their sex
and reproductive status noted, if
possible. For age determination, a
section of the vertebral column was
removed, usually just anterior to the

first dorsal fin, or from the caudal
region of previously cleaned market
specimens. For all three species,
several Individual vertebra were
cleaned uging a comblnation of
steps. The agling technique used for
hlue sharks was sllver nitrate im-
pregnation, while x-radlography was
used on commen thresher and
shortfin make sharks.

For both of these techniques, pro-
cedures for counting the concentric
lines were standardized. We
defined any concentric line found on
a centrum a "ring." We further
defined "band" as a group of rings.
Two kinds of bands occurred, those
which appeared transparent with
transmitted light, and those which
were more opaque. We assumed
that opaque bands were more heavl-
ly mineralized and represented sum-
mer growth on the centrum (see
Jones and Geen, 1977). To ensure
the accuracy of band counts, at
least two observers made indepen-
dent replicate counts of the most
opaque bands on each centrum.

For simplicity and the widest ap-
plicability of thls preliminary age in-
formation, we fit our data on age and
length for all three species to the
von Bertalanffy growth equation.
Growth was characterized for all
three species by plotting individual
total length (TL) values against es-
timated ages, and by plotting the
predicted von Bertalanffy growth
curve based upon the parameters
L... k. and t, for combined sexes.
For the shortfin mako, we also used
the logistic growth equation.

Blue Shark

We caught a total of 120 blue
sharks between 1974 and 1977,
with an addltlonal 42 specimens
coming from museum collections
and the commercial catch in south-
ern California taken over a wider
range of years.

Based on counts of 130 silver
nitrate-treated centra, the von
Bertalanffy growth curve for blue
sharks aged, whilch ranged between
280 and 2521 mm TL, rose steeply
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and leveled at an estimated TL of
2655 mm for both sexes combined
{flgure 1). The oldest fish in our
sample was a 2450 mm TL male
that had 9 bands, while the young-
st were two near-term embryos
that had no bands and were
between 350 and 400 mm TL. The
male asymptotic length was close to
that of the largest common speci-
mens collected in the Pacific
(around 3100 mm TL, Strasburg,
1958), but was considerably smalier
than the largest reported blue shark
(3962 mm TL; Bigelow and
Schroeder, 1948). Extrapolating
from our growth curve for combined
sexes using the von Bertalanffy
equation, a fish at the asymptotic
length of 2655 mm TL would be ap-
proximately 20 years old.

Our estimate of size at birth (435
mm TL), derived from the von
Bertalanfty growth curve, was situat-
ad between the reported sizes of
free-living young {340 and 530 mm
TL; Bigelow and Schroeder, 1948;
Tucker and Newnham, 1957; Stras-
burg, 1958; Hart, 1973; and Pratt,
1979). Qur growth curve
corresponds to that of Stevens
{1975, 1976), up to about 2000 mm
TL. The difterences between these
two studies could be due in part to
the methods used to calculate the
von Bertalantfy growth parameters.
Of course, blue sharks living under
different cceanlc conditions could
exhibit different growth characteris-
tics. According to Pratt (1979), the
blue shark reaches maturity at ap-
proximately 2200 mm TL, which, ac-
cording to our age estimates, Is 6 or
7 years of age. Thus, blue sharks
become reproductively mature at
about 56% of their maximum report-
ed size, 83% of their estimated
asymptotic fength, and 30% of their
estimated maximum age.

Thresher Shark

A total of 167 thresher sharks was
collected from the southern Califor-
nia gill net tishery and museum col-
lections. The x-radiography tech-
nique was chosen to age thrasher
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sharks, because it worked con-
sistently well and easily processed
many vertebrae In a short time. The
von Bertalanffy growth curve for the
143 common thresher sharks aged,
which ranged between 360 and
5733 mm TL, rose gradually and be-
gan to leve! toward the estimated
asymptotic length (L.,) of 6508 for
both sexes combined (figure 2).

The two oldest fish aged had 15
bands and measured 5102 and
5389 mm TL, and the youngest were
eight embryos ranging between 360
and 1605 mm TL, having no bands.

The combined asymptotic length
from the von Bertalanfly growth
curve was 6509 mm TL, which is
only 14% smaller than the maximum
reported length of 7600 mm TL, and
within the size range of the com-
monly occurring largest specimens
collected in the Paclfic {Strashurg,
1958; Hart, 1973). Using our
growth curve, a fish at the asymptot-
ic length of 6509 mm TL would be
close to 50 years old.

Qur estimate of size at birth,
derived from the von Bertalanfly
growth model {1580 mm TL) is
slightly higher than reported smaller
sizes of free-living young, which can
be as small as 1168 mm TL (Bi-
gelow and Schroeder, 1948) and
range up to about 1500 mm TL (Hix-
on, 1879). Common thresher shark
females range in length from 2600
to 4267 mm TL (Blgelow and
Schroeder, 1948; Strasburg, 1958;
and Gubanav, 1978). These lengths
at first maturlty represent sharks
ranging from 3 to 7 vears old {figure
2). Using our asymptotic length of
6509 mm TL, common threshers ap-
parently mature at a size which is
between 39 and 66% of this length.
However, if we use the maximum re-
ported size of 7800 mm TL, these
sharks mature at between 34 and
58% of their maximum length. Using
age at first maturity versus project-
ed oldest age, the figures would be
much lower, reaching maturity at
between 6 and 14% of their lifespan.
More observations on older and
larger sharks need to be made.

Shortfin Mako

Fewer specimens (50) of the
shortfin mako shark were available
from the commercial catches
between 1978 and 1982 and muse-
um collections, the smallest belng a
free-living 900 mm TL male, and the
largest a 3210 mm TL female.

The x-radlography technique was
used to age shortfin mako sharks in
this study. The von Bertalanffy
growth curve for the 44 shortfin
mako sharks we aged demonstrates
a relatlvely slow growth rate which
levels off at an asymptotic length of
only 3210 mm TL {figure 3). The
oldest fish was estimated to have 17
bands and was our largest speci-
men, measuring 3210 mm TL, exact-
ly the same length as our estimated
asymptotic length. The estimated
asymptotic length is only 9% less
than the maximum California report-
ed length of 3507 mm TL (Ap-
plegate, 1977), but I1s 16% less than
the largest Indian Ocean specimen,
measuring 3800 mm TL, (Gubanov,
1974), and 19% less than the max-
imum world size of 3962 mm TL (Bi-
gelow and Schraeder, 1948; Roedel
and Ripley, 1950; and Miller and
Lea, 1972). Using the logistic
growth equation on the same data
produces a different curve and a
more reasonable estimate of asymp-
totlc length of 4081 mm TL (figure
3), which Is only 3% higher than the
reported maximum sizes weorldwlide.

Qur gstimates of size at birth,
derived from either the von
Bertalanffy or the logistic growth
curves, agree with the scanty Infor-
mation available about the smallest,
free-living shortfin mako sharks
(Strasburg, 1958; Garrick, 1967;
and Gubanov, 1978). Extrapolating
the age at which these sharks reach
asymptotlc lengths estimates
longevity to be about 45 years,
based upon both growth madels.

Shortfin mako sharks reportedly
do not mature untll they reach a
length of 1800 mm TL (Gubanov,
1978) to 1828 mm TL (Bigelow and
Schroeder, 1948), which
corresponds to an age of about 7 to
8 years {figure 3). Thus, shortfin
makos reach first maturity at a size
which Is only 56 to 57%, or 44 to
45% of the asymptotic lengths es-
timated by the von Bertalanffy and
logistic growth models, respectively.
They reach first maturlty at a size
which is only 51% of the maximum
length reported off California, and
45% of the maxImum world size.
UUsing age at first maturity and the
predicted age at which asymptotic
length is reached (45 years), the
figures would be much lower, with
the sharks reaching maturity at
between 15.5 and 17.8% of their
lifespan.
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In concluslon, our preliminary data
and the available literature indicate
that these three pelagic sharks at-
tain large sizes and exhibit relatively
slow growth rates, long lifespans,
and relatively low but variable
tecundities. Therefore, as first pos-
tulated by Holden (1873, 1974,
1977), it is quite possible that this
combination of life history traits
could make these species suscepti-
ble to overfishing, depending upon
their population abundance, distri-
bution, and migration patterns.
However, this conclusion may be
countered by cur estimate of a rela-
tively early age of first reproductive
maturity. More extensive samples of
all sizes over a wider geographical
range, an equal representation of
sexes, and more detailed analysis of
age, growth, and reproduction need
to be conducted before definitive
statements can be made about the
life histories of these species. Only
then will be be able to accurately
predict the future of these fisheries,
angd perhaps satisfactorily manage
them.
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Figure 2. Von Bertalanfiy growth curve for 143 common thresher sharks collected in
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Departmant of fish and Game, pers. comm.
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Callfornla Academy of Sclences
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Chesapeake Fish Company

Commarcial Fishermen of Santa Barbara
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Los Angeles County Museum of Natural Hlstory

Santa Barbara Museum of Natural History
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teray
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Seafood Specialties, Santa Barbara

Tiburon Center for Environmantal Studles

United Fishermen's Organization, LA.
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THE DISTRIBUTION AND INTERPRETATION OF THE 1980 CIF
MODEL AND THE REFINEMENT OF USER-ORIENTED

COMPUTER PROGRAMS

Dennis M. King

Research conducted during
1980-81 under this Sea Grant pro-
Ject resulted in a fishery-related,
‘input-output model of the 1980 Call-
fornia economy. The response to
the Sea Grant survey conducted as
part of that research was better than
expected; at the end of that project
there were approximately 80 re-
turned questionnalres labsled "other
fishing actlvities" which could not be
processed within the scope of the
original study. A review of these
questionnaires indicated that, with a
small amount of additional work,
these questionnaires could be used
to specify between two and five ad-
ditional fish harvesting sectors In
the CIF model. This project was
developed to adapt those question-
naires to the mode!, respecify the
mode! to accomodate new Informa-
tion, and assist users of the CIF
modeal as they addressed varlous
fishery management problems.

Approach

The general approach was to sort
the questlonnaires into logical
categories, analyze them, and merge
them where appropriate with the 19
|flsh harvesting sectors already
speclfied In the CIF model. The pro-
'cessing of the additional question-
‘nalres resulted in the respeclfication
of the original dlveboat sector into
two separate sectors (sea urchin
and abalone) and the specification
of a new rod and reel sector in the
CIF model. These changes required
some corresponding changes in text
and tables contalned in the Sea
Grant reports describing the CIF
mode! and in the computer pro-
grams used t¢ run the C{F modal.
Since coefficients, multipliers, etc.
for all fishing sectors changed
slightly as a result of the
modifications, all tables contained in
the original report were modified
slightly.

Results

The revised CIF mode! has 21 fish
harvesting sectors instead of the
original 19 but is otherwise identical

to the mode! described in the
1980-81 reports. All of the fishery-
related coefficients changead slightly
with the inclusion of the new sectors
but not encugh to cause problems
for current users of the original
model. The revised model has more
dotall and is more precise than the
original model, but since the orlginal
is stlll reliable and additional
changes are expected during 1983,
no attempt was made to distribute
the revised model to all users.
Current revisions and those to be
made during the 1983 project will
be incorporated into a single publi-
cation at the end of the 1983 pro-
ject.

Copies of the revised CIF model
wlith tables and charts showing re-
vised multipliers and "make” and
"use" tables are available at the
Center for Marine Studles, San
Diego State University.

Cooperating Organizations

Calitornla Division of Fish and Game

Califarnia Seafood Institute

National Marine Fisheries Service

Pacific Coast Federation of Fishermen's Assoclations
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REORGANIZING AND UPDATING AN ADVANCED COURSE IN

MARINE POLICY

University of California, San Diego
R/NP-1-11E
1981-82

Roger Revelle

During the spring quarter of the
1979-80 academic year, a prototype
course in marine policy was offered
for the first time at the University of
California, San Diego {JCSD). The
organization of this course was
funded through Sea Grant project #
R/NP-1-8D. Jens Sorensen, the
project leader, organized a theoreti-
cal and factual framework of lec-
tures based on a perceived set of
contemporary marine policy issues.

The course was Initially offered in
a lecture format. Response {o the
course was excellent and demand
tor the course during the 1980-81
academic year was very high. Un-
fortunately, administrative changes
did not permit the course to be
offered that year.

Interast In the subject matter sur-
vived well through that year and was
prevalent during the fall quarter of
the 1981-82 academic year. On
that basis it was the mutual decision
of Professor Revelle and the Depart-
ment of Political Science that the
course should be offered -during
spring quarter of this new year.

The initial task, or objective, was
to begin organizing a seminar
course around the most current and
relevant marine policy issues. A
brief look at the organization of to-
pics for the 1980 prototype course
indicated that a completely new ap-
proach was necessary. In 2 years,
the entire spectrum of marine policy
issues and their emphases had
heen completely altered. Those is-
sues of greatest national concern
were quickly becoming more and
more International In character.
Subsequently, the seminar took on a
_ more international approach. For
example, many weasekly seminar to-
pics were introduced in relation to
the Third United Nations Conference
on the Law of the Sea.

Our second aim was to astablish a
network of cooperative communica-
tlon between every major U.S.
university offering marine policy
courses. We identified 10 universi-
ties or institutions where similar in-
struction was currently taking place.
We mailed an outline of the weekly

topics, their corresponding reading
lists, and a request for feadback as
wall as their course information
and/or materials. We received just
such feedback and course descrip-
tions from nearly every one of these
institutions as wall as the under-
standing that instltutions within this
network would maintain contact with
respect to future course offerings or
changes.

Cooperating Organizations

Iinter-American Tropical Tuna Commission

Publications

Mouron, M. 1982, The U.S. deep seabed mining reguiations: the legal basis for an al-

ternative regime. San Diego Law Review 19(2}.
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THE EFFECTS OF ENVIRONMENTAL FACTORS ON THE ABILITY
OF CHEMICAL CUES TO TRIGGER SETTLEMENT AND
METAMORPHOSES OF BIVALVE LARVAE

William N. Shaw

Simple chemical compounds have
been shown to trlgger attachment
and metamorphosis of the larvae of
several species of marine |nver-
tebrates. The simplest molecules
with which settlement-inducing ac-
tivity has been demonstrated are L-
3,4-dihydroxyphenylalanine {DOPA),
gamma-aminobutyric acid (GABA),
and choline. These molecules occur
in the marine environment covalent-
ly bound to compounds assoclated
with adhesives, lubricants, exoskele-
tal proteins, and pigments.

A revlew of numerous studies
clearly Implicates these chemical
cues in successful habitat selection
by the larvae at the termination of
the planktonic stage of the life ¢y-
cle. The similarity between these
molecules and neurotransmitters
suggests that the chemoreceptors
are modified either ontogenetically
or phylogenetically from receptors
specific to the neurotransmitters
dopamine, GABA, and acetylcholine.
Selectivity in response by a larvae
to a given chemical appears to
depend on the neurotransmitter-like
porticn of the compound, whereas
specificity appears to depend on the
protein, carbohydrate, or lipid con-
stituents.

Pediveligers of the mussel Mytilus
gdulis and the oyster Crassosirea
gigas settle in response to the ami-
no acid DOPA. Implementing the
use-of chemicals to commercial set-
ting systems depends on belng able
to either modify the chemoreceptors
s0 that they respond to an inexpen-
sive and easily avallable chemlcal
and/or manipulating settlement
behaviors. The initial objactive of
this study is to determine the
response of oyster larvae to DOPA,
examine the potential for application
to existing commercial setting sys-
tems, and examine the effect of
several environmental factors on the
degree of response.

Aliquots of hatchery-reared C. gi-
gas pediveligers were tested for at-
tachment in culture dishes to both
aged oyster shell and the smooth
glass surface of the culture dish.

The oyster pedlveligers were reared
at 34 ppt and at 25°C. WithIn Indivi-
dual tests the settlement response
by the pediveligers was examined
following exposure to DOPA at
0.00001 M while varying the salinity
{25-35 ppt) and temperature 20-
30°C. Controls were run without the
addition of DOPA. The results
presented are preliminary findings
and only indicate observed trends.

In tests that offer only a smooth
glass surface for setttement, attach-
ment of the larvae to the glass oc-
curred after 24 hours with, but not
without, DOPA being added to the
seawater. In the tests to which
DOPA was added the highest per-
centage of attachment occurred at a
salinity and temperature combina-
tion of 35 ppt at 30°C. Tha
pediveligers also attached to the
glass surface at the following salini-
ty and temperature combinations
listed in order of decreasing percen-
tage response: 35 ppt at 256°C, 35
ppt at 20°C, and 30 ppt at 30°C.
After 48 hours, a relatively high
number of pediveligers attached to
the glass surface in the runs without
DOPA at a salinity and temperature
combination of 35 ppt angd 30°C.
Also at 35 ppt 30°C in the runs with
DOPA a smaller yet significant per-
centage of the pediveligers
metamorphosed f{indicated by new
shell growth} without attaching to
the glass surface. This did not oc-
cur in any of the other runs.

The oyster pediveligers were next
tested for attachment to aged oyster
shell in response to the additlon of
DOPA. Preliminary results indlcate
that there is a slightly greater set
after 24 hours onto the shells in the
tests with DOPA. However, expo-
sure of the larvae to DOPA also pro-
motes attachment to the glass sur-
faces of the culture dishes. The
consequence is that after 48 hours
the set onto the shell is greater in
the runs without DOPA, although to-
tal percentage of larvae that under-
go metamorphosis appears to be the
same. In the runs with DOPA a
significant percentage of the larvas
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either attach to the glass surface or
metamorphose without attaching to
any substrate.

A greater percentage of larvae
metamorphose and/or attach to a
substrate when kept under condi-
tions of constant light than under
constant darkness. There appears
to be no clear correlation between
gither an increase or decrease in
response by the eyed oyster
pediveligers within the age range
examined.

These findings suggest that DOPA
will not increase the percentage of
sat onto oyster shells when the set-
ting is allowed to occur over several
days. Rather, these findings clearly
suggest that the use of DOPA pro-
motes extraneous setting onto oth-
erwise unfavorable substrates.
However, these findlngs do not
discount the possibility that chemi-
cals can be used to obtain a more
rapid set. The use of chemlcal cues
appears to be more applicable to
setting systems in which no pre-
ferred setting substrate is used,
such as in the case of the setting of
clams and cultchless oysters.

Cooperating Organizations
Coast Oyster Company, Eureka



CONTROL OF EGG DROP IN THE LOBSTER, HOMARUS

AMERICANUS

Prudence Talbot and If)ennls Hedgecock

Our project had two major goals:
1) to determine if sperm production
in laboratory-maintained male lob-
sters is seasonal, and 2) to develop
a treatment to eliminate or control
prollferation of bacteria on the sur-
face with the egg coat and stalk.
The latter goal was started but em-~
phasis wes placed on determining
how frequently epibiotic bacteria
caused egg drop.

Twenty-two male lobsters were
shipped to the Bodega Marine La-
baratory {BML) where they are now
permanently housed. Sixteen of
these males are still alive and
healthy. These are tested for sper-
matophore extrusion every 2 weeks.
Spermatophores are placed in a lob-
ster sperm bank at the BML. These
males will be maintained and sam-
pled indefinitely.

QOur immed|ate goal was to estab-
lish an experimental male population
at BML. This has been accom-
plished. Our long-term goal is to
continue spermatophore collection
over a 1-year period. This will es- -
tablish if spermatophores are pro-
duced continually or seasonally.
Second, the collected sparmato-
phoras will be banked and used to
artificlally Inseminate freshly malted
females. The latter project will re-
quire several years to complete.
Tables 1 and 2 summarlze data on
spermatophores ¢ollected at the
Bodega Marine Laboratory.

Preliminary work on regulating the
number of bacteria on egg surfaces
was begun by Renee Harper.
Several antibiotics were found to
arrest growth of egg coat bacterla,
and a series of bacterlostatic
reagents were also tested using an
Innovative system developed by
Renee Harper. Most effort, hawever,
was spent on examinlng the mor-
phological types of bacteria on egg
coats from five different groups of
Homarus. The number of bacteria
on egg coats was also correlated
with egg drop-off to determine if the
two events are related.

Our resuits show that eggs and
their stalks may have at least four
morphological types of bacteria on

their surfaces. These bacteria ap-
pear on the coats several days after
spawning, and reach maximum
numbers by 10-24 days after
spawning. Wild females as well as
lab-maintained females had epibiot-
ic bacterla on their eggs. H. gam-
marus females had fewer total bac-
teria on their eggs than H. ameri-
canus females. Also H. gammarus
coats never had the filamentous
Leucotrix type bacterla uniess the
eggs were collected from the tank
bottom. Hybrid temales (H. gam-
marus x H. americanus) resembled
H. americanus in types and numbers
of epiblotic bacteria.

Some females dropped eggs be-
fore eplbiotic bacteria had an oppor-
tunity to flourish, and some females
retalned eggs even though populat-
ed by large numbers of epibiotic
bacteria, Mast females, howsver,
dropped eggs as the number of bac-
terla on them increased. We think
that some egg coat material is of in-
ferlor quallty and is more suscepti-
ble to bacterial growth than are nor-
mal coats. This point requlires fur-
ther investigation.

Table 1°

Mean Length (mm) of
Spermatophores Collected from H.
amaricanus at Bodega Marine
Laboratory

Spermatophore

Date Length {mm) + SE, #NP
3/18/82 91+ 20 20
6/10/82 167 £ 20 18
6/26/82 23.2 + 31 13
7/14/82 176 + 3.1 13
7/28/82 154+ 49 11
9/16/82 189 £+ 3.1 13
10/26/82 135+ 24 13

& These data show that
spermatophores can be collected
from taboratory-maintained males
between March and October. As yet
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there is no clear evidence that
spermatophore production is
seasonal.

b #N = number of mates

Table 2

Mean Length of Spermatophores
Reported for Individual Males®

Male  #Nv Spermatophore
Length (mm) + SE.

1 6 223+ 59
5 7 160+ 25
6 6 190 + 6.1
7 6 213+ 863
9 6 16.2 + 8.7
11 7 26.1 + 38
12 7 139 + 43
13 7 117 + 34

14 6 11.1 + 34
15 6 215 % 27
16 7 230+ 22
17 5 196 + 5.1
18 6 138 + 47
19 7 59 + 36
20 6 87+ 27

& When data are examined for
individual males, it is evident that
the length of the spermatophores
varles congiderably from male to
male. Male #11 consistently
produced large spermatophores of
good quality, while male #19
produced either no
spermatophores or small, poar
quality spermatophores. In
aquacuiture facilities, it would be
advisable to cull-males producing
poor quality spermatophores from
the breading population.

b #N - number of trlals

Cooperating Organlzations
Aquaculture Enterprises, Monterey
Aquaculture Enterprises, Oxnard
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EXPLORING CONFLICTS BETWEEN OFFSHORE OIL
DEVELOPMENT AND COMMERCIAL FISHING

IN CALIFORNIA

Dean E. Mann

Interactions between the commer-
cial fisheries and offshore hydrocar-
bon resources development have
become increasingly conflicting in
California, where intenslive explora-
tlon of outer continental shelf and
state tidelands is taking place. In
the near future, conflicts can be ex-
pected to Intensify, bacause of ma-
jor il and gas discoveries in the
Santa Barbara Channsl and in the
Santa Maria Basin, which are both
historical and current areas of valu-

able commercial fisherles resources.

-Qur preliminary findings reveal
five major sources of conflict
between the oil and gas industry
and the commercial fisherles.
Essentially, all of these conflicts in-
volve disputes over the interference
of all activities with ongoing
fisherles axploitation.

The first interaction, and the one
that has received the most attention,
concerns damage caused to fixed
fishing gear such as crab and lob-
ster traps by vessels conducting
geophysical surveys. In a number of
cases, expenslve traps have been
lost when seismic survey vessels
cut loose the mooring lines holding
them in place. Another interaction,
again related to the exploratory
phase of oil development, concerns
exploratory drlliships that disrupt
trawi fishing grounds and prevent
flshing access to them. in areas
near Point Conception in particular,
flshermen from Port San Luls and
Morro Bay have suffered declines in
catch because of the interference
posed by drillships and associated
anchor systems and buoys.

The third interaction concerns
mud mounds left when pipelines are
set between offghore production
platforms and shore-based facilities.
Large furrows left by barges when
the pipelines are put into place have
disrupted tishery resources, and
when trawlers pass gear over these
areas, they suffer demage to their
expensive nets and other equip-
ment.

Thus tar, fixed platforms them-
selves have posed minor problems

of access to fishermen. in the fu-
tura, however, as more platforms are
put into place for devsloping
offshore fields, fishermen may lose
access to preferred fishing grounds.
Conflicts over vessel traffic in the
Santa Barbara Channel may alzo
become increasingly severe, given a
projected increase in the number of
oil supply and crew boats, as well as
in the amount of oll tanker activity,

Qur research results have re-
vealed that conflicts betwsen the oll
and fishing industries have been ad-
dressed at the regional level through
a variety of information-sharing and
coordination efforts. While the actu-
al effectiveness of these measures
is impossible to determine precisaly
at this time, one major finding has
been that the intervention of a neu-
tral third party plays an important
role in amellorating conflict. A third
party familiar with the sources of
conflict, who has the confidence of
the various partiss involved, can ald
immeasurably in forestalling an
intensification of hostillties.

For example, John Richards, the
Cooperative Extension Sea Grant
Marine Advisor, has played a vital
role in catalyzing coordination
mechanisms between fishing and oll
interests. Rlchards has bsen a ma-
Jor force acting to prevent interac-
tlons from escalating into an in-
creasingly hostile and contentious
situation. He has acted as medlator
between the two industries by ar-
ranging meetings where involved
parties could present their perspec-
tives on actual, as well as potential,
conflict. He has also educated the
fishing community as to which state
and federal agencies would be most
appropriate for registering com-
plaints and for seeking mitigation
measures. Particularly in the con-
text of seismic vessel, exploratory
drilling, and pipeline-related
conflicts, Richards has actively
sought to forestall an intensification
of hostilities. Representatives of
many of the involved agencies, oil
companies, and fishing interests
have told us that "without Richards’
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intervention, the sltuation would be
much worse" than is currently the
case,

Our findings at this time reveal
also that state and federal agencies’
personnel {in the State Lands Com-
mlssion and Minerals Management
Service, respectively) are cautiously
optimistic about recent information-
sharing initlatives between oil and
fishing interests. In the seismic sur-
vey vessel situation, for example,
vessel operators must now notify
fishermen up to 2 weeks before sur-
veys commence, in order that fixed-
gear fishermen may remove their
gear from the survey area. Again,
Richards has been instrumental in
seeing that information reaches the
fishing community in a timety
tashion. Currently, all of those in-
volved are taking a "wait and see"
attitude regarding the effectiveness
of the new information-sharing and
coordination system.

In concluslon, it must be noted
that conflicts between oil activities
and commercial fisheries will exist
for some time to come. With the ex-
pected increase in offshore oll ac-
tivity, commercial fishermen will
suffer increasing disruptions of thelr
own activities. Thus, a means for
mitigating impacts on fisheries and
for minimizing conflict between the
various Interests will grow in impor-
tance. It is our feeling at this time
that creative solutions to these
conflicts will require a great deal of
coordination and planning on the
part of the fishing and oil industries,
as well as by local, state, and
tederal planners.



Cooperating Organizations

Attantic Richfisld Carporation

Californta Coastal Commission

Califarnia State Lands Commission

Chevron Carporation

Minerals Management Service of the Bureau of Land Management
San Luis Ohispo Board of Supervisors

Santa Barbara Board of Suparvisors

Publlcations

CigiN-Satn, B. ano Griruan, P. 1982, Management of marlne conflicts: the role of third
parties. Conference on Marine Resource Management and the Future Role of the
State of California, Asllomar, Callfornia, November 1982,

GriFman, P. [n prep. Conflicts between offshore oll development and commereial
fisheries in California. (Working title).
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VITAMIN AND MINERAL METHODS DEVELOPMENT AND
STANDARDIZATION FOR ASSESSING THE NUTRITIONAL VALUE

OF COOKED FISH

Ronald V. Josephson and Audrey A. Spindler

The basic gross composition
information of many common fish in
the raw state has been reported, but
Information on vitamin and mineral
content is limited. Furthermora, data
on nutrient losses (versus retention)
caused by commercial or home
cooking practices, and as affected
by commercial storage, are severaly
lacking. At present, the pauclty of
data on this subject limits public
access to important dietary informa-
tion and potential proportional
benefits to be gained from availabll-
ity of this information.

Therefore, a pilot study was ini-
tiated through partial funding from
the National Fisherles institute, the
trade assoclation for the fisheries
industry, to determine the etfects of
cooking on the nutritional value of
chill-stored marine fish, beginning
with the Bocacclo rockfish,
Sebastes paucispinus. Available
year-round and marketed as Pacific
red snapper, this fish species has a
moderate to high protsin {19%) and
iow lipld (1%) content and is highly
utilized commercially, but is of low
to moderate market value. While
nutritional information gained will
have direct application and usage
for other species of rockfish utilized
locally and throughout the country, a
study of larger scale is needed for
fish of different compositions.

In order to obtaln these data,
modern analytical methodologies for
vitamin and mineral quantification
need to be adapted and standard-
ized for fish. Sea Grant has pro-
vided rapid response funding {June
1982) for methodological develop-
ment and standardization to set the
groundwork for the fish nutrition
study. The methods investigated
Included high performance liquid
chromatography (HPLC) for vitamin
assesament, and atomic absorption
{AA) spectrophotometry for evalua-
tion of mineral content of fish.

Vitamin Quantification by High
Performance Liguld
Chromatography (HPLC)

High performance liquid chroma-

tography (HPLC or simply LC) is an
analytical too! for quantification of
vitaming that was adapted to the
analysis of fish. At present with
standard ACAC methods of analysis,
each vitamin must be analyzed indi-
vidually by widely different chemi-
cal, physical, and microblolagical
methods that are time consuming
and often difficult to quantify due to
interferences with other components
in foods. HPLC offers the potential
for rapid, selective separation and
estimation of a variety of vitamins
instead of the problematical, indivi-
dual determinations. In fact, the
ditficulty with the currently used
individual vitamin methods has been
a prime facter in discouraging
research on vitamin contents of fish
and other food products.

The major focus in the rapid
responsa study has been to adapt
HPLC to the resolution and
quantification of water soluble vita-
mins (thiamin, riboflavin, niacin, and
B} known to be present in fish. The
investigation has included determin-
ing optimal condltions for separa-
tton, resolution, and quantlficatlon of
these vitamins. Separation and
resolution were accomplished by
using reverse phase columns and
manipulating the type of mabile
phase solvent system (i.e., concen-
tration of aqueous versus organic
solvents), the concentration of ion
pairing reagent, and column length
and solvent flow rate. Published
reports indicate that reverse phase
HPLC has been successfully used
for quantifying vitamins in pharma-
ceutical formulations and some
enriched food products.

Optimal separation and resolution
of vitamins were achieved under the
following conditions: reverse phase
column: ultrasphere ODS (C18), 5-
micron particle size, 15 cm x 46 mm
0.D.; tlow rate: 2 mi/min; mobile
phase: 90% water, 10% acetonltrile,
0.0025 M hexanesulfonic acid (pH
2.8) In the water phase. Controlled
salvent conditions and flow rate
were achieved by using Altex Model
110A sclvent metering pumps.
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Quantification of vitamins
separated by HPLC required ultra-
violet (Hitachi Model 100-10 Spec-
trophotometer) and fluorescence
{Laboratory Data Control Fluoro
Monitor 1ll Model 1311) detectors
and an integrating recorder
{Hewlett-Packard Mods! 3390).
Niacin in fish muscie is in
quantifiable amounts by ultraviocliet
spectrophotometry, but riboflavin
and thiamine must be quantitied by
fluorometry. Work is still in pro-
gress on separation for
quantification of thiochrome, the
fluorescent derivative of thiamine.

Another major objectlve of this
investigation was to determine
appropriate procedures for optimal
extraction and recovery of vitamins
from fish muscle. Ditferent aqueous
acids (hydrochloric acld or sulfurle
acid} digesting with and without
enzymes and autoclaving have been
evaluated. Interfering compounds
have been removed by using protein
precipitation agents, cantrifugation,
and membrane filtration. Results
indicate some residual ultraviolet
absorbing chromatographic peaks
near nlacin {nicotinic acid and nia-
cinamide) peaks. Chromotographic
conditlons are belng modified to
improve resolution of nlacin peaks.

It is anticipated that refinement
and standardizatlon of HPLC metho-
dologies and fish digestlon pro-
cedures will be completed by the
end of 1982 in time for their use in
the study of the nutritional assess-
ment of cooked flsh.

Mineral Quantification by Atomic
Absorption Spectrophotometer
Currently, methodology standard|-
zation for quantification of mineral
content In fish has been focused on
establishing two things: 1) if possi-
ble, a single digestion procedure
appropriate for all minerals under
consideration and 2) conditions for
analyzing mineral contents using
flame analysls. A National Bureau
of Standards (NBS) reference stan-
dard sample, albacore tuna, has
been used for methods development



since its mineral content is some-
what simllar to that of Sebastes
paucispinus.

Few reports exist In the literature
relevant to digestion with an acld
digestion bomb. Conditions
appropriate for complete digestion
using the bomb have been esta-
blished as 45 minutes at 150°C in
concentrated nitric acid. Tempera-
tures above 150°C are likely to
cause exploslons, but lower tem-
peratures (100-125°C) have pro-
duced Incomplete digestion, unless
the time was extended extensively
(2 hours). The bomb reduces loss
from volatility and significantly shor-
tens digestion time; however, since
the maximum sample capactity is
only 0.1 g {dry weight), use of the
bomb for minerals found in very low
concentration (ppb), such as Mn
and Cu, may be precluded.

The approximate concentration of
minerals found in ppm In fish (Zn,
Fe, Ca, Mg, Na, and K) can be
estimated on the acid digest, but to
eliminate matrix interferences, di-
gested samples are chelated with
sodium diethyldithiocarbamate
{NDDC) and extracted with methy!
isobutyl ketone (MIBK). Conditions
for and recoveries with standards of
zinc are within the ranges esta-
blished by the albacore reference.
Presently these same approaches
are being used for the other
minerals found in ppm. It is
expected that another digestion pro-
cedure, employing a larger sample
size and flameless technigues {(gra-
phite furnace), will have to be
developed for quantifying minerals
at ppb. Progress is envisioned so
that these procedures will be final-
ized for the cocked fish study in
January 1982,

Cooperating Organizations

J. J. Camillo Seafood Brokerage Company
Chesapeake Fish Company, Inc.

Ghlo Sealood Company

Nattonal Fisheries Institute

286



e —————————————————

USE OF UNDERWATER HABITAT AS CORAL REEF RESEARCH University of California, Davis
TOOLS . 1980-81

Steve Neudecker

The purpose of this project was to
organize and conduct a special ses-
ston of the Fourth International
Coral Reef Symposium at Manila,
Philippines, May 1981.

At the invitation of Dr. Edgardo
Gomez, chalrman of the symposium
arganizing committee, on November
19, 1980, | began to prepare a spe-
cial session on the use of underwa-
- ter habitats as coral reef research
tools. Internationally known sclen-
tists who had habllat experience
waere contacted for their ideas and
asked to join the session as pans!
members.

On April §, 1981, | traveled to
Hawali to meet with directors of the
Hawailan Undersea Research La-

" boratory (HURL) regarding the spe-
cial session. | also stopped In
Guam en route to Manila to confer
with panel member Dr. Charles
Birkeland. | arrived in Manila May
17 and began final preparations for
the mesting.

About 150 persons attended the
session, asked questions, and re-
celved writtan materials. The meet-
ing went vary well and much valu-
able information was exchanged.

Cooperating Organizations
National Oceanic and Atmospheric Adminisiration
Unlversity of Calitornla, Davis

Publications

Neupecker, S. 1981. Effects of substratum orlentation, depth, and time on coral recruit-
ment at Guam. Paper presented at Fourth International Coral Reef Symposium, Mani-
la, Phillipines, May 1981,

Nevoecker, 5. 1981. Growth and survival of scleractinian corals exposed to thermal
effluents at Guam. Paper presented at Fourth Intarnational Coral Reef Symposium,
Manila, Philtlpines, May 1981,

NeupDECKER, S. anp LogeL, P. S. In press., 1981. Mating systems of chastodontid and
pomacanthid fishes at St. Croix. Paper presented at Fourth International Coral Reef
Symposium, Manila, Phlllipines, May 1981. Alsoin Z Tierpsychol.

287



288



APPENDIX



—————————————

SEA GRANT PROJECTS LIST
1980-1982

Management
Program Management (M/A-1, Sullivan)
Program Planning and Development {M/P-1, Sullivan}

Marine Education
Sea Grant Trainees (E/G-2, Sullivan)

Ocean Engineering and the Future: Long-Range Planning: A Graduate Semlnar
{E/G-8, Webster/Tulin)

A History of the Santa Barbara Channel (E/UG-2, Talbott)
John D. Isaacs Memorial Scholarship (E/UG-4, Sullivan)
Reorganizing and Updating an Advanced Course in Marine Policy {R/NP-1-11E, Revelle)

Marine Advisory

Marine Advisory Program (A/EA-1, Price)

Publications and Public Advisory Services {A/P-1, Frautschy)
Communications, Publications, and Public Advisory Services {A/P-1, Sullivan)
Ocean Education for the Public (A/PE-1, Wilkie et al)

The Golden Gate Marine Center (R/NP-1-90D, Caya)

Mobile Marine Science Outreach Program (R/NP-1-9.J, Bauer)

Coastal Resources

Wetlands Management in Coastal Zone Planning: A Prototype Framework for Relating
Natural Sclence and Land-Use Planning (R/CZ-45, Dickert/Nybakken)

An Experimenta! Program to Develop Methods for Kelp Bed Expanslon and
Enhancement (R/CZ-46, Neushul/Coon)

A Study of the Entrance Problems at Humboldt Bay (R/CZ-47, Isaacs/Kerstetter)
Analysis of Coastal Ocean Mixing Models (R/CZ-48, List/Morgan)

Coastal Wetlands Management: Restoration and Establishment (R/CZ-51, Zedler)
Coastal Wetlands Management: Application of Biologlcal Criterla (R/CZ-52, Onuf et al.)

Investigation of Coastal Bluff Retreat for the Trinidad Headland Area of Northern
Callfornia (R/CZ-53, Carver)

Phosphorites Along the Central California Continental Margin (R/C2-54, Mullins)

Salt Marsh Restoration: An Ecological Evaluation of an Estuarine Mitigatlon Project
(R/CZ-56, Barnhart/Boyd)

Planning Methods for Califarnla's Coastal Wetland Watersheds (R/CZ-57, Dickert)
Sea Urchin Diseases (R/CZ-58, Hinegardner et al.)

Water Currents and Mixing Rates in Kelp Beds (R/CZ-58, Jackson/Winant)
Liquefaction Potential of Coastal Fills (R/CZ-61, Noorany)

Evaluation of the Mad River Estuary (R/NP-1-9C, Crandell}

The Role of Nutrients in Supporting Phytoplankton Productivity in Humboldt Bay
{R/NP-1-8E, Pequegnat)

Sea Cliff Eroslon and Beach Accretion Along San Oncfre State Park and Camp
Pendieton, San Diego Gounty, California {R/NP-1-9G, Shepard)

Aerial Survey of Humboldt Bay, Califernia (R/NP-1-8l, Stork/Costa)
Studies of Light and Life in Natural Waters {R/NP-1-10C, Tyler)

Coastal Zone Geology and Related Sea Cliff and Bluff Erosion: Oceanside South to
Batiquitos Lagoon, Carlsbad, Oceanside Littoral Cell, San Dlego County, California
(R/NP-1-10E, Shepard)
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Investigation of Coastline Retreat, Humboldt County, Northern California
(R/NP-1-10F, Rust)

Longard Tube Survey and Documentation, Del Mar, California (R/NP-1-10G, Flick)
Workshop on Coastal Wetland Restoration and Enhancement (R/NP-1-10H, Josselyn)
Use of Underwater Habitat as Coral Reef Research Tools (A/C-P-1, Neudecker)
Aquaculture

Development of the Science and Technology of Crustacean Aquaculture
{R/A-28, Clark/Hand et al.)

Control of Reproduciion in the Decapod Crustaceans (R/A-29, Talbot)

Studies to Refine Hatchery and Ocean Rearing Methods for the Purple-Hinge Rock
Scallop (R/A-31, Phleger/Leighton)

Biochemical and Genetic Control of Critical Physiological Processes in Molluscan
Life-Cycles: Basic Mechanisms, Water-Quality and Sensitivities to Poliutants
{R/A-32, Morse)

Cutture of Marine Bivalves: Effects of the Uptake of Amino Acids (R/A-33, Stephens)
Aquaculture of Red Algae (R/A-34, Abbott)

An Exploratory Study of the Vegetative Propagation of Benthic Marine Algae
(R/A-37, Gibor/Neushul)

Protective Measures Against Fusarium Dlisease In Shrimp
(R/A-38, Steenbergen/Lightner)

Assessment of Sperm-Egg Interactions During Fertilization and Hybrid Formation of
California Abalones (R/A-39, Vacquier)

Regulation of the Production of Dormant Cysts by the Brine Shrimp, Artemia salina, and
Factors Influencing the Viabllity of Such Cysts (R/A-41, Crowe)

Food and Fiber from Seawater, Sand, and Solar Energy (R/A-42, Epstein)

Biochemical Engineering for Improved Production of Commercially Valuable Marine
Shellfish {R/A-43, Morse)

Artificial Control of Gametogenesis, Spawning, and Larval Production in the
Purple-Hinge Rock Scallop (R/A-44, Phleger/Leighton)

Aquatic Animal Production (R/A-45, Clark/Conklin)

Development of Procedures for Artificial Insemination and Sperm Storage in Lobsters
{R/A-46, Talbot)

Variation in Intracelular pH and {ts Effect on Hatchabllity of Cysts of the Brine Shrimp
Artemia salina (R/A-47, Crowe)

Culture of Marine Bivalves; Nutrltional Role of Dissolved Organic Solutes
(R/A-48, Stephens)

Physiological Aspects of Porphyra perforata Mariculture: The Effect of Deslccation
on Photosynthesls and on the Control of Epiphytes (R/A-49, Abbott)

Pathology and Bacteriology of a Disease of Crustaceans Caused by a Marine Bacterium
(R/NP-1-9H, Baumann/Bowser)

QOva Development Success as a Function of Temperature and Delay in Fertllization
Post Spawning (R/NP-1-9L, DeMartini)

Seasonal Growth Responses of Vegetative Axes and Spores of an Agar-Producing
Marine Alga (R/NP-1-10B, Stewart}

Vegetative Propagation of Commerclally Important Benthic Algae (R/NP-1-11A, Gibor)

The Effects of Environmental Factors on the Ability of Chemical Cues to Trigger
Settlement and Metamorphoses of Blvalve Larvae (R/NP-1-11F, Shaw)

Control of Egg Drop in the Lobster, Homarus americanus
(R/NP-1-11G, Talbot/Hedgecock)

Fisheries

Improved Marine Food Products and Marine Food Technology (R/F-32, Brown)

Dasign and Development of a Squid Processing Machine (R/NP-1J, R/F-33, Singh)

Bloconversion of Chitin Wastes {R/F-34, Carroad)

Development of Multispecies Management for Kelp Bed Resources with an Emphasis
on Sea Urchins {R/F-36, Tegner)

292

FYB0 FY81
— N
- N/C
— N
- N/C

FYB80 FY81
0] C
o C
c —
c -
0 C
c -
0] C
N C
N C
N C
N c
— N
- N

N/C —

N/C -
— N/C

FYB0 FY81
C —_
c -
c -
0] c

FYs2
c

0

FYg2

FY82



——————————

The Effects of Food Availability on the Growth and Survival of Callfornia Jack
Mzckere! Larvae (R/F-44, Mullin/Lasker)

Endocrinology of Normal and Abnormal Salmon Smoltification and Adaptation to
Seawater (R/F-45, Bern)

Artlficlal Imprinting of Chinook Salmon in a Multispecies Hatchery (R/F-46, Hassler)
Experimental Abalone Enhancement Program (R/F-47A, Tegner)
Experimental Abalone Enhancement Program (R/F-478, Connell)

Sensory and Behavioral Effects of Pollutants on the Crab and Lobster Fishery
{R/F-48, Case)

Genetic Improvement of a Chitinase-Producing Microorganism (R/F-50, Ogrydziak)

Coordination of Federal, Reglonal, and State Policies for Managing Marine Flsherles
{R/F-51, Mogre/Wyner/Cicin-Saln)

Economlcs of Fisherles and Aquaculture Development (R/F-52, Johnston/Hand)

An Economic Analysls of the California Abalone Fishery and the Experimental
Enhancement Program (R/F-53, Deacon)

Assessment of Aging Techniques and Their Application to Elasmobranch Fisheries
(R/F-57, Cailliet)

Multlple Specias Utilizatlon of the Herring Eggs-on-Seaweed Fishery (R/F-58, Abbott)

Storage Stabllity of the Purple-Hinge Rock Scallop, Hinnites multirugosus
(R/F-59, Josephson)

Demographic Analysis of Porpoise Populations Subject to Time-Varying Tuna-Net
Mortality (R/F-56, Goodman)

Economlcs of Multipurpose Fishing Vessels: Assessment and Policy {R/F-61, Holt)

A New Method for Estlmatln? the Energy Available to Fisherles
(R/F-62, Mullin/Goodman

Functional Structure of Fish Assemblages of the Southern California Sublittoral
Soft-Bottom Habltat (R/F-63, Rosenblatt}

Anchovy Management and Stock Assessment: Seabird Reproduction as an Indicator
(R/F-64, Hunt)

Parasites as Blological Tags for Pacific Herring Stock Identification (R/F-65, Moser)

- Improving Efflclency of Commercial Shell- fishing by Analysis of Bait and Trap
Functions (R/F-87, Case)

' Seafood Sclence and Technology: Modlfied Atmosphere Storage (R/F-68, Brown)
Seafood Science and Technology: Microbiology of Fish (R/F-69, Barrett/Ogrydziak)
Chitin Waste Utilization {R/F-70, Carroad/Ogrydziak)

Water Conservation and Pollution Abatement in Seafood Processing Through Water
Recycling (R/F-71, Carroad/Price)

Vital Statistics of the Female Stock of Dungeness Crab (Cancer magister} In Northern
California (R/F-72, Hankin)

Fvaluation of the Experimental Abalone Enhancement Program (R/F-73, Tegner)
Fiald Evaluation of An Abalone Enhancement Tast Piant {R/F-74, Schmitt)
Effect of Nemertean Egg Predators on the Dungeness Grab Fishery {(R/F-75, Kuris)

Genetic Structure of Coho Salmon Populations on the Pacific Coast
{R/F-76, Gall/Utter)

Artificial Imprinting of Chinook and Coho Salmen in a Multispecies Hatchery
(R/F-77, Hassler)

Endocrine Control of Salmonid Development and Seawater Adaptation
(R/F-78, Bern/NIcoll)

Biochemistry of Fat Depletion During Salmonid Smolt Transformation
{R/F-79, Karstetter/Allen)

An Economlc Analysis of the Gains from Joint Management of Fishery Stocks
(R/NP-1-8A, Johnston/Howitt)

Feaslbllity of Mechanical Skinning of Blue Shark (R/NP-1-9B, Singh/Katz)
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An Isotopic Aragonite-Water Temperature Scale Determined From Selected
Shell-Bearlng Marlne Organisms (R/NP-1-10D, Shull)

Aquarium Energetics and Growth Rates of Anopfopoma fimbria (R/NP-1-101, Somero)

Age and Growth of Pelagic Sharks: Management Information for California’s Emerging
Fisherles {R/NP-1-11C, Callliet)

VitamIn and Mineral Methods Development and Standardizatlon for Assessing the
Nutritional Value of Cooked Fish {R/NP-1-11J, Josephson/Spindler)

New Marine Products

Marine Plants as & Source of Insect Growth Inhibltors (R/MP-14, Crews)
Pharmacological Evaluation Program (R/MP-15, Jacabs)

Marine Natural Products for Pharmacologlcal Evaluation (R/MP-18, Faulkner)
New Agrlcultural Chemicals from Marlne Organisms {R/MP-18, Fenical)
Antiviral Compounds from Algas (R/MP-20, Vedros)

Marine Chemistry and Pharmacology Program: Pharmacological Screening and
Evaluation {R/MP-21, Jacobs) :

Marine Chemistry and Pharmacology Program: Chemlcal Studles of Tropical Marine
Algae and Coelenterates {R/MP-22, Fenical)

Marine Chemistry and Pharmacology Program: Chemistry of Sponges and
Opisthobranch Molluscs (R/MP-23, Faulkner)

Marine Chemistry and Pharmacology Program: Natural Products from Toxic Marine
Organisms {R/MP-24, Crews)

Ocean Technology

Earthquake Loading on Large Offshore Structures: An Application of Experimental
Data to Practical Structure Forms {(R/E-14, Penzien)

Side-Scan Sonar Mappling and Computer-Alded Interpretation of the Geology of the
Santa Barbara Channel {R/E-18, Luyendyk/Simonett)

A Condensing Turbine for the Distlilation of Seawater (R/E-22, Manalis/Lee)

Temperature Tolerances of Benthic Marine Invertebrates and Their Relationship to
Regulatory Requirements for Thermal Effluent (R/E-23, Ford/Van Qlst)

Earthquake-Induced Forces on Nonaxlsymmetric Offshore Structures (R/QT-1, Wiagsal)

Hydrodynamics of Harbor Entrances and the Maneuverabillity of Ships Moving Through
Entrances (R/OT-2, Webster)

TV/Sonar imaging System (R/0T-3, Anderson)

Development of a Methodology for the Deslgn, Construction, and Quality Assurance
of the Core of Rubble-Mound Breakwaters (R/OT-5, Gerwick)

Design of a Sea-Floor Work System {R/OT-6, Anderson)
Bioelectric Toxicity Assaying (Phase I) (R/NP-1-9M, Anderson)

Application of Advanced Methods of Magnetic Reconnalssance
(R/NP-1-10A, Macdonald/Miller)

Marine Affalrs

Statlstical Forecasting Methods for Fisheries Management (R/MA-1, Wilen/Howitt)

Management of Multispecies Systems: The Pacific Hake Example (R/MA-2, Goodman)

Improved Proceduras for Salmon Management in California: Bloeconomic Approaches
{R/MA-3, Wilen/Botsford)

Analysis of industrial Organization of Commerclal Pacific Marine Fishery Markets
(R/MA-4, Garoyan)

A Study of Direct and Indirect Economic Linkages Assoclated with the California
Seatocd Industry and an Analysls of Their Impacts on the Employment, Income,
and Level of Economic Activity in Callfornia (R/MA-5, King}

Technological Change In the Salmon Canning Industry: Blaine, Washington, 1890-1930
(R/MA-6, Schelber)
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FYBO FYB1 FY82
A History of the Commaercial Fishermen of Monterey Bay—The Role of Public Policy

(R/MA-7, Brownles) — N C
The Role of Individual Perception and Structural Position in the Development of Fishery

Management Policy {R/MA-8, Orbach) - N Cc
Marine Mammals/Fisherles Conflicts: Emphasis on Sea Otter/Shellfish Fisheries

Conflicts In California (R/MA-9, Cicin-Sain) — N/C -
Coastal Transit Service Options and Policy (R/MA-10, Banks/Stutz) - N 0
Law, Ecology, and Economic Change: The California Fisheries, 1850-1980

(R/MA-13, Scheiber) - - N
The Politics and Policy Implications of Deep Seabed Mining: U.S. Options

(R/NP-1-81 Mann) N C —
A Proliminary Survey of the Impact of Limited Entry Regulations upon Califernia

Fishermen (R/NP-1-8K, Petterson/Balley) N/C —_ -
A Prefiminary Investigation of Indochinese Refugee Adaptation to the Monterey Bay

Fishing Industry {R/NP-1-9N, Orbach) N C -

The Deep Seabed Hard Mineral Resources Act: Was There a Neead to Precedse the
Development of International Law Through U.S. Unilateral Action?
{R/NP-1-9"Q", Lynch) N/C - -

Economlc Analysls of the impact of Aquaculture on Commercial Fisheries
(R/NP-1-118, Johnsion/Wilen) - - N

The Distribution and Interpretation of the 1980 CIF Model and the Refinement of
User-Criented Computer Programs {R/NP-1-11D, King) - - N

Exploring Conflicts Between Offshore Qil Development and Commercial Fishing in
California (R/NP-1-11H, Mann} - - N/C

Rapid Response
Rapid Response Capabllity (R/NP-1, Sullivan) 8] Q 0

C = Completed; N = New; O = Ongoing; R = Restructured
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ACTIVITY BUDGETS

Activity Budget

1980-1981
NOAA Matching
Grant Funds Funds
Marine Resources Development
Agquaculture $ 437,842 $ 521,256
Living Resources 236,626 169,030
Mineral Resources 10,022, 23,900
Marine Biomedicinals & Extracts 171,478 112,333
Socloeconomic and Legal Studles
Marine Economics 130,205 96,482
Marine Recreation 31,059 21,869
Soclopolitical Studies 25,560 22,025
Marine Technology Research and Development
Ocean Engineering 66,802 60,034
Resources Recovery and Utilization 70,269 95,594
Transportatlon Systems 50,756 36,448
Marine Environmental Research
Research and Studies in Direct Support of
Coastal Management Decisions 20,737 25,428
Ecosystems Research 77,095 51,596
Environmental Models 79,403 31,959
Marine Education and Training
Other Education 477,360 49,140
Advisory Services
Extension Programs 587,684 253,916
Other Advisory Services 188,255 114,903
Program Management and Development
Program Adminlstration 286,907 229,350
Program Development 221,940 45,267
TOTAL $3,150,000 $1,960,628
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Activity Budget

1981.1982
NOAA Matching
Grant Funds Funds
Marine Resources Development
Aquaculture $ 387,105 $ 385,228
Living Resources, Other Than Aquaculture 266,216 194,508
Marine Biomedlcinals & Extracts 177.661 113,688
Socioeconomic and Lega! Studies
Ocean Law 22,294 25,931
Marlne Recreation 30,508 26,680
Soclopolitical Studies 12,771 10,413
Marine Technology Research and Development
Ocean Engineering 139,348 174,900
Resources Recovery and Utllizatton 89,784 87474
Transportation Systems 57,757 16,084
Marine Environmental Research
Research and Studies in Direct Support of
Coastal Management 32,037 26,233
Ecosystems Research 89,736 52,125
Environmental Models 89,743 31,795
Marine Education and Training
Other Education 481,174 18,069
Advisory Services
Extension Programs 555,809 160,912
Other Advisory Services 198,244 87,759
Program Management and Development
Program Administration 270,657 194,439
Program Development 249,159 27,494
TOTAL $3,150,000 $1,633,732
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MATCHING FUNDS SOURCES

Matching Funds Sources 1980-1981

State of California:

California Resources Agency $ 392,500
Department of Fish and Game 31,733
Aguarium-Museum Docents 30,262
Bristol-Myers 7,860
California Seafood Instltute 21,150

Counties of: Monterey, San Diego, San
Francisco, San Luis Obispo, San Mateo,

Santa Barbara, and Sonoma 50,640
Donations 38,948
Hydro Products Inc. 6,460
Johnson QOyster 2,010
Marine Colloids 12,640
Meredith Fish Company 2,620
P&R Systems 2,000
Syntex Corporation 45,195
TransFresh Corporation 5,930
Zoecon 1,500
California Institute of Technology 8,200
Humboldt State Unlversity 23,677
Humboldt State Unlversity Foundation 753
San Diego State University 90,189
San Diego State University Foundation 3,260
San Jose State University/Moss Landing

Marine Laboratories 32,966
Stanford University 16,350
University of Arizona 48950
University of California 1,125,064
University of North Carolina 2,971

TOTAL $1,960,528
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Matching Funds Sources 1981-1982
State of California; :

California Resources Agency $ 196,250

Department of Fish and Game 99,148
State of Washington:

Department of Fish and Game 2,400
Bristol-Meyers 8,000
Canadian Fisheries Research Board 2,400
Donations 9,497
Hydro Products 12,160
Johnson Oyster Company 1,500
Meredith Fish Company 3,000
Program and Remote Systems 10,000
Santa Barbara County Parks 7,247
Syntex Carporation 34,500
Humboldt State University 18,383
San Diego State University 74,985
San Jose State University 5,222
Stanford University 23,476
Universlity of Californla 1,123,166
University of Oregon 2,400

TOTAL $1,833,732
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THE REGENTS OF THE UNIVERSITY OF CALIFORNIA

Regents Ex Officio

Edmund G. Brown, Jr.
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of the Regents
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Lieutenant Governor of Californla

Wiilie L. Brown, Jr. )
Speaker of the Assembly

Wilson Riles
State Superintendent of Public
Instruction

Lois W. Weeth
Prasident of the Alumni Association
of the University of California

Stanley A. Walner

Vice-president of the Alumni
Assoclation of the Unlverslity of
Californla

David 8. Saxon
President of the Unlversity

Appeointed Regents

Edward W, Carter
DeWitt A, Higgs

Glenn Camphel!
Willlam French Smith
Robert O, Reynolds
Dean A. Watkins
Joseph A. Moore

John H. Lawrence, M.D.
William A. Wilson
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John F. Henning
Stanley K. Scheinbaum
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Faculty Representatives
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OFFICERS OF THE SYSTEMWIDE ADMINISTRATION

David S. Saxon
President of the University

David A. Wilson
Executive Assistant to the President

William B. Fretter
Vice-president of the University
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Academic Vice-presldent
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Chancellor, Emeritus; Professor of
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Chancellor, Emeritus; Unlversity
Librarian, Emeritus; Professor of
Anatomy, Emeritus; Professor of
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Emeritus
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Chancellor, Emeritus; Professor of
Statistics, Emeritus
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Chancellor, Emeritus; University
Provost, Emeritus; Professor of
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Emeritus; Professer of Agricultural
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Relations, Emeritus
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Vice-president—Business and
Finance, Emeritus; Professor of
Political Science, Emeritus
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RESOURCES AGENCY SEA GRANT ADVISORY PANEL

E. C. Fullerton, Chairman
Director

Department of Fish and Game
12th Floor, Resources Building
Sacramento, California 85814

Michael L. Fischer

Executive Director

California Coastal Commission
631 Howard Street

San Franclsco, California 84105

Jeffery D. Frautschy

. Retired, Assoclate Director

Scripps Institution of Oceanography
2625 Ellentown Road

La Jolla, California 92037

Tom Gay

Chief Deputy State Geologist
Division of Mines and Geology
14186 9th Street, Room 1341
Sacramento, Californla 95814

Stephen P. Henderson**

Aquaculture Marketing Services, Ltd.

P.O. Box 1872
Monteray, California 93940 .

Marty Mercado
Director

Department of Boating and Waterways

1629 “S" Street
Sacramento, California 895814

Richard Ridenhour

Dean, College of Natural Resources
Humboldt State University

Arcata, California 95521

Rob Ross

Associate Director of Legislative -
Relations

California Seafood Institute

11th and "L" Building, Suvite 1003

Sacramento, California 95814

Hugh W. Staton

Estero Bay Mariculture
P.O. Box 136

Cayucos, California 93430

Wilbur M. Thompson, Manager
Long Beach Operations

- State Lands Commission
100 Oceangate Street, Room 300
Long Beach, Californla 20802

Donald Walsh

Director

USC Instltute for Marina and
Coastal Studles

Unlversity of Southern California

Unlversity Park

Los Angeles, California 90007

Elmer P. Wheaton

Retired, Vice-president, Lockheed
127 Solana Road

Partola Valley, Californla 94025

* Membaers serving in 1980-1882
** Term ended September 1981
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IMR ADVISORY COUNCIL 1980-1982

Willlam A. Nierenberg, Chairman
Director

Scripps Institution of Oceanography

Vice-chancellor—Marine Sciences
University of Callfornla, San Diego
A-010

L.a Jolla, California 92083

lzadore Barrett

Director

Southwest Fisherles Center
National Marine Fisherles Service
P.0. Box 271

La Jolla, Callfornla 92038

Willard Bascom

Director

Southern Californla Coastal
Water Research Project

646 West Pacific Coast Highway

Long Beach, Callfornla 80806

Hugo Fisher

San Dlego Superior Court
Department 22

220 West Broadway

San Diego, Californla 82101

Tod Ghlo

Ghio Seafood Products
5232 Lovelock

San Diego, California 92110

W. F. Grader, Jr.
General Manager
Pacific Coast Federatlon

of Fisharmen’s Assaociations
3000 Bridgeway Bldg., Suite 104
P.O. Box 1626
Sausalito, California 94966

F. J. Hortig*

Consulting Englnesr

2216 Westboro

Alhambra, Callfornia 91803

Robert A. Huttenback

Chancelior

University of California, Santa
Barbara

5221 Cheadle Hall

University of Callfornia

Santa Barbara, Californla 93106

Herbert R. Kameon

Chairman of the Board

National Coalition for Marine
Conservatlon, Paciflc Reglon

365 - 25th Street

Santa Monica, California 90402

Gerald G. Loehr

Group Vice-president
AMETEK .

790 Greenfield Drive

El Cajon, California 92022

Max Loewe

Technical Director

Star-Kist Foods, Inc. .
Terminal Island, California 20731

Hayden A. Moore*
3749 Rosecroft Lang
San Diego, Callfornia 92106

Russell R. O'Neill

Dean, Schoo! of Engineering and
Applied Sciences

7400 Boelter Hall

University of Californla

Los Angeles, California 90024

John J. Royal*
Seacretary-treasurer

Fisherman's Union ILWU Local 33
806 South Palos Verdes Street
San Pedro, Californla 90731

M. Lea Rudee

Provost, Warren College

Protessor of Electrical Engineering
University of Californla, San Diego
Q-022

La Jolla, California 92093

Nathan Sonenshein

RADM, USN (Retiraed)

Assistant to the President

Global Marine Development, Inc.
P.O. Box 3010

Newport Beach, California 92663

Ellen Weaver

Professor of Biologlcal Sciences
Schoo! of Science

San Jose State University

San Jose, Callfornia 95192

Elmer P. Wheaton
Vice-president, Lockheed, Retired
127 Solana Road

Portola Valley, California 94025

Nicholas Yaru

Vice-president and Assistant
Group Executive

Hughes Aircraft

P.O. Box 3310

Fullerton, California 92634

* Term ended August 1981
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IMR EXECUTIVE COMMITTEE

IMR

F. N. Spless, Chairman
Directar

Institute of Marine Resources
A-028

University of California

La Jolla, California 92093

Berkeley

J. R. Paulling

Naval Architecture & Offshore
Engineering, 202-A NAB

University of California

Berkeley, Californla 94720

Davis

Wallis H. Clark

Director

Aquaculture Program
254 Animal Science
University of California
Davis, California 95616

Irvine

Grover C, Stephens

Dean

School of Biological Sciences
331 Steinhaus Hall

University of California

Irvine, California 92717

Los Angeles

R. R. O'Neill

Dean

School of Engineering & Applied
Science

7400 Boelter Hall

University of California

Los Angeles, California 90024

Riverside

James J. Sims

Plant Pathology

3401 Webber Hall East
University of California
Riverside, California 92521

San Diego

Willlam A. Nierenberg

Dirgctor

Scripps Institution of Oceanography
A-010

University of California, San Dlego
La Jolla, California 92093

Santa Barbara

Henry W. Otfen

Director

Marine Science Institute
University of Callfornia

Santa Barbara, California 93108

Santa Cruz

William T. Doyle

Dean

Divislon of Natural Sclences
391 Applied Sciences Building
University of California

Santa Cruz, California 95064

Sea Grant College

James J. Sullivan

Program Manager

California Sea Grant Coliege Program
Institute of Marine Resources

A-032

University of California

La Jolla, California 92093

*Members serving in 1983.
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James J. Sulllvan, Chairman
Program Manager

Sea Grant College Program
A-032

Unlversity of Callfornia

La Jolla, Californla 920983

Victor C, Anderson

Deputy Director

Marine Physical Laboratory

P-001

University of Californla, San Diego
La Jolla, Callfornia 82093

William T. Doyle

Dean, Division of Natural Sclences,

and Director, Center for Coastal
Marlne Studles

University of Callfornia

Santa Cruz, California 95064

Richard F. Ford

Director

Center for Marine Studies
San Diego State University
San Diego, Callfornia 92182

Jeffery Frautschy

Assoclate Director

Scripps Institution of Oceanography
A-010

University of California, San Diego
La Jolia, California 92093

Robert Friedheim

Director

Sea Grant Program

Unlversity of Southern California
University Park ‘

Los Angelés, Californla 9C089-0341

Cadet Hand

Director

Bodega Marine Laboratory

P. 0. Box 247

Bodega Bay, California 9497

Robert Holmes

Professor of Marine Blology
University of California

Santa Barbara, California 93106

Theodore Kerstetter

Protessor of Biological Sclences
Humboldt State University
Arcata, Californla 95521

Bernard Schweigert

Chairman, Department of Food
Science and Technology

University of California

Davls, California 95616

George Shor

Assoclate Director

Scripps Institution of Oceanography
A-010

University of California, San Dlego
La Jolla, California 92093

Robert Thompson*

Professar of Oceanography and
Sea Grant Coordinator
Humboldt State Univarsity
Arcata, California 95521

Ellen Weaver

Professor of Biological Scisnces
San Jose State University

San Jose, California 95192

Joy B, Zedler*

Associate Director
Center tor Marine Studies
San Diego State Unlversity
San Diego, California 92181

* Term ended September 1981
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Isabella Abbott

Hopkins Marine Station
Stanford Unlversity

Pacific Grove, California 93950

Kelly Anderson
Communications Coordinator
Sea Grant College Program
A-032

University of California

L.a Jolla, California 92093

W. Duane Brown

Institute of Marine Resources

Department of Food Science
and Technology

University of California

Davis, California 95616

Wallis Clark

Diractor, Aquaculture
245 Animal Science
University of Californla
Davis, California 95616

Maynard Cummings'

Extension Wildlife and Sea Grant

554 Hutchison Hall
University of California
Davis, California 85616

William Fenical
Institute of Marine Resources
A-027

Scripps Institution of Oceanography
University of California, San Diego

La Jolla, California 92093

Suzannhe Holt?

102 Crown College

University of California

Santa Cruz, California 95064

Dale Ingmanson

Department of Matural Sciences

San Diego State University
San Diego, California 92182

Warren Johnston

Department of Agricultural Economics

University of California
Davis, California 95616

Robert Price

Marine Advisory Program
101A Cruass Hall

Food Science & Technology
University of California, Davis
Davis, California 95616

Mia Tegner

Ocean Research Division

A-001

Scripps Institution of Oceanography
University of California, San Diego
La Jolla, California 82093

William Webster

201 Naval Architecture
University of California
Berkeley, California 94720

Joy Zedler

Department of Biotogy

San Diego State University
San Diego, California 92182
! Term ended June 1981

2 Term ended September 1981
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Stephen Henderson, Chairman*
Calitornia Sea Farms

P.O. Box 1872

Monterey, California 93940

George Lockwood
Monterey Abalone Farms
300 Cannery Row
Monterey, Californla 93940

Richard Mack"

c/o Gerrapata Fisheries
P.O.Box 3178

Carmel, California 93921

James McBeth

Shellfish Unlimited

3739 Cascade Ct.

San Diego, California 92122

John McMullen

Ab Lab

Civil Engineering Lab

Port Hueneme, California 93043

Nate Shafer

QOcean Farmers, Inc.

P.O. Box 22173

Carmel, California 83922

Hugh W. Staton

Estero Bay Mariculture
P.O. Box 136

Cayucos, California 93430

Anthony Weaver

Pigeon Point Aquaculture Center
921 Pigeon Point Road
Pescadero, California 94080

* Term ended September 1981
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Tod Ghlo, Chairman

Ghio Seafood Products
5232 Lovelock

San Diego, Callfornla 92110

Les Amundsen

Pt. St. George Fisherles

P.O. Box 1386

Santa Rosa, Callfornia 95403

Maurice Camillo

J. J. Camillo Seafood Brokerage
545 Harbor Lane

San Diego, Callfornia 82101

Robert Dean

International Paclflc Seafood
11264 Rush Street

South E| Monte, Callfornia 91733

Tom Elliott

Washington Fish and Oyster Company
185 Berry Avenue

P.0. Box 3894 Rincon Annex

San Franclsco, California 94120

Mike LeMol

K & C Food Sales

656 South Alameda Strest
Los Angeles, California 90021

Bill Merry

W. R. Merry Seafood Company
636 Stanford Avenue

Los Angeles, Californla 90021

Ernest W. Peterson

Van Camp Seafood Company
11555 Sorrente Valley Road
San Diego, Callfornla 92121

Ray Swanson

Tom Lazio Fish Company, Inc.
Foot of "C" Street

Eureka, California 95501

Jerry B. Thomas

Eureka Fisheries, Inc.

P.O. Box 217

Fields Landing, Californla 95537
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